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MOS/LSI is the Business of AMI

...and MOS/L8TI is AMI's only business. The first company to produce commercial quantities of MOS circuits
starting in 1966, AMI has ever since been among the [eaders in circuit design, process technology and new
product and market development. Today, the company is a mujor producer of standard products for the elec-
tronic data processing, telecommunications, and consumer product industries.

DESIGN EXPERIENCE — Many areas of applications in which MOS is used today were pioneered with an
AMI-designed device. This accumulated experience results in a line of high performance standard products
and imaginatively designed, cost-cffective custom circuits.

PROCESS VERSATILITY — AMI's head start in the industry gives it a mature eapability in every one of
the major production processes: P-channel — high voltage and ion implanted metal gate, and silicon gate;
N-channel — silicon gate, ion implanted silicon gate with depletion loads, high density and narrow geometry
“H” MOS; and CMOS — metal and silicon gate, and high density, isoplanar silicon gate. AMI's new patented
process, VMOS, is already producing high speed, low power state-of-the-art memory products.

PRODUCTION CAPABILITY — AMI has three major facilities worldwide. Headquarters in Santa Clara,
California has 827,000 square feet of office and manufacturing space and about 1,000 employees. Administra-
tion, R&D, the majority of the engineering staff, one of the company’s two wafer fabrication facilities, pilot
assembly and a final test facility arc located there. The other major fabrication faeility is at Pocatello, Idaho
with 103,000 square feet and about 600 employees. The plant includes an engineering group, four fabricating
lines and some final test activity. Located at Inchon, Korea is KMI, the company's major cirenit assembly
plant. It covers 116,000 square feet, employs about 1,300 persons. This combination of facililies can produce
over 2,000,000 LSI circuits per month using the latest production equipment to maximize yields in today's
more complex circuits.

PRODUCT RELIABILITY — By designing reliability into the product — a standard procedure for AMI, the
most expericneed designer of eustom MOS cirevits — problems are minimized or eliminated. Process control
{and we run more processes than any other MOS manufacturer} is the second most important step in maintain-
ing our reputation for reliability. Design and process conirol are buttressed by a closed feedback loop that
continually collects AMI internal data and [ield data from our customers to analyze and solve design, layout
and process problems. These activities are further supported by accelerated tests to determine failure rates
and the aetivation energies for observed failure modes.

IT'S STANDARD AT AMI — The company's dedication to the design and manufacture of high performance
MOS/LSI products is reflected in the variety of products listed in this catalog.

AMI and Made-to-Order MOS

Since 1966, AMI has designed and manufactured aver 1,000 custom MOS circuits. The largest design engi-
neering staff in the industry has helped to keep AMI in the number one position among custom MOS producers.

If your product can be controlled by an MOS circuit, and you plan to manufacture it in high volume, you shouid
contact your nearest AMI Sales Office or the main office in Santa Clara, California. AMI will be happy to
discuss the possibility of designing a custem cireuit for your application, or manufacturing such a cireuit from
your tooling.
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Sales Offices

Western Area

100 East Wardlow Rd., Suite 203
Long Beach, California 90807
Tel: (213) 595-4768

TWX: 910-341-7668

3800 Homestead Road

Santa Clara, California 95051
Tel: (408) 249-4560

TWX: 910-338-0018

2070% N.E. 232nd Avenue
DBattleground, Washington 98604
Tel: (206) 687-3101

Central Area

500 Higgins Road, Suite 210
Elk Grove Village, Illinois 60007
Tel: (312} 437-6496

TWX: 910-222-2853

Suite Number 204

108 South 9th Street
Noblesville, Indiana 46060
Tel: (317} T73-6330

TWX: 810-260-1753

29200 Vassar Ave., Suite 303
Livenia, Michigan 48152

Tel: (313} 478-9339

TWX: 810-242-2903

England

AMI Microsystems, Ltd.
108 A Commercial Road
Swindon, Wiltshire

Tel: (793) 31345 or 25445
TI.X: 851449849

France

AMI Microsystems, S.A.R.L.
124 Avenue de Paris
94300 Vincennes ,France
Tel: {011 374 00 90

TLX: 842-6T0500

Holland

AMI Microsystems, Litd.
Calandstraat 62
Rotterdam, Holland

Tel: 010-36 14 83

TLX: 81427402

DOMESTIC

INTERNATIONAL
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725 So. Central Expressway, Suite A-§
Richardson, Texas 75080
Tel: (214) 2316721
{214) 231-5285
TWX: 910-867.4766

Eastern Area

237 Whooping Loop

Altamonte Springs, Florida 32701
Tel: (305} 830-8889

TWX: 810-853-0269

1420 Providence Turnpike, Suite 220
Narwaod, Massachusetts 02062
Tel: (617} 762-0726

TWX: 710-336-0073

20 Robert Fiit Drive, Room 212
Monsey, New York 10952

Tel: (914) 352-5333

TWX: T10-577-2827

Axe Wood East

Butler & Skippack Pikes, Suite 230
Ambler Pennsylvania 19002

Tel: {215) G430217

TWX: 910-661-3878

taly

AMI Microsystems, S.p.A.
Via Pascoli 60

20133 Milano

Tel: 29 37 45 or 2360134
TLX: 543 32644

Japan

AMI Japan Ltd.

502 Nikko Sanno Building
2-5-3, Akasaka

Minato-ku, Tokyo 107
Tel: Tokyo 5868131
TLX: 781-242-2180 AMI J

West Germany

AMI Microsystems, GmbH
Rosenheimer Strasse 30/32, Suite 237
8000 Munich 80, West Germany

Tel: (89) 483081

TLX: 541-522743

Rapifax: (8%) 486591



Domestic Distributors

ALABAMA
Huntsville
Resistavap (205) 881-9270
ARIZONA
PPhoenix
Kierulff (6021 243-4101
Sterling Electronics (602) 258-4031
LY. Weatherford Co 160212727144
CALIFORNIA
Anaheim
BNV, Weatherlord Cao, (7141 834-9600
Glendale
B.¥V. Weatherford Ca. 12131 8493451
Irvine
Schweber Eleetronics (2131 5874420 or
1714] 5963880
Los Angeles
Kierulff (213} 685-5511
Palo Al
Kierulff (415} 968-6292
BV, Weatherford Co. 1415) 4935373
Pomona
B.¥. Weatherford Co. [T141 823-1261 or
{2131 966-5481
San Diego
Intermark Electronivs iT14) 279-5208
KierullT{714) 278-2112
B.V. Weatherford Co. ITL4} 278 740}
Santa Ana
Intermark Electronies (T14) 540- 1322 or
1213) 436-5275
Sunnyvale
Intermark Electronics (408) 738-1111
Western Microtechnology (4081 737- 1560
Tustin
Kicrolif (714 7315711
COLORADO
lenver
Kierulff 1303} 371-6500
Englewood
R.V. Weatherford Co. (303 710-2762
Wheatridge
Century Electronics (303 4241985
CONNECTICUT
Danbury
Schweber Eleetronics (2081 792 2500
Hamden
Arrow Eleeironies (203} 248.3801
FLORIDA
Ft. Lauderdale
Arrow Electronies (303) 776-7790
Holiywood
Behweber Electronics (303 9270511
Palm Bay
Arrow Electronics 1305 726 1480
AL Pelershorg
Kicrulif Electronies (8131 576-1966
GEORGIA
Atlanta
Schweber Electronies i404) 4489170
Doraville
Arrow Eleetronics {404) 455-4054
ILLINOIS
Elk Grove Village
Kierulfi (3120 6400200
Hehweber Electronies (312) 593-2740
Schaumburg
Arrow Electronics (3121 893-9420
Westmont
‘M Electronics (3120 323-9670

INDIANA
Indianapulis

H/M Elcctronies 13171 2479701
LOUISIANA
Metajrie

Sterling Electronics (504 B27-7610
MARYLAND
Baltimore

Arrow Electronics (301 247-5200
Gaithersburg

Schweber Electronics ($01) 840 5900
MASSACHUSETTS
Natick

Future Electronics Corp, (817} 2376340
Waltham

Schweber Electronics (617} 890-8484

Steriing Electronics (617) 894.6200
Wohurn

Arrow Bleclronies (617! 933-8130
MICHIGAN
Ann Arbor

Arrow Eleclronies (318) 971-8220
Livonia

Schweber Electronics (313) 525-8100
Wyoming

R/M Electronics (618) 331-9300
MINNESOTA
Bloomington

Arrow Electronics 612) 857-8400
Eden Prairie

Schweher Etectronies (612) 941-5280
NEW HAMPSHIRE
Manchester

Arrow Electronics 603 668-6968
NEW JERSEY
Moorestown

Arrow Electronies (09 235-1900
Pertl Ambuoy

Sterling Elecironies (201 142-8000
Saddlebrook

Arrow Eleclronics [201) 797-5800
Somerset

Schweber Electronics (2014696008
NEW MEXICO
Albuquerque

Century Electronics (508) 282 2700

Sterling Electronics (515 345-6601
NEW Y{RK
Farmingdale

Arcow Electronics (516) 694-6800
Fishkitl

Arrow Electronies (914 886-7330
Rochester

Schweher Electronies (T16) 4242222
Westhury

Schweher Eleetronies (5161 334-7474
NORTH CAROLINA
Kernersville

Arrow Electronjes (9191 996.2038
OHIO
Beechwood

Schweber Electronies [216) 464-2970
Eettering

Arrow Eleclronies (3131 2539176
Solon

Arrow Electronics (216} 248-3990
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OHEGON
Beaverton
Pareott (503) 641-3355
PENNSYLVANiIA
Horsham
Bchweber Electronies (215) 441.0600
TEXAS
Dailas
Component Specialities, Inc.
(214} 857 €511
Schweber Electronics 214 661-5010
Sterling Eleetronics (214) 357.9121
RV, Weatherford Co, (214) 243-1571
Houstan
Component Specialities, Ine.
(13 771-7287
Schweber Electronics 713) T584-3600
Sterling Electronics (713 627 9800
R.V. Weatherford Co. (711) RER-T406
UTahl
Halt Lizke City
Cenlury Electronics (801} 972-6962
Kierulff (801 973-6913
YIRGINIA
Richinond
Sterling Electronics (804) 226-2190
WASRINGTON
Seattle
Kierul{f (206) 575-442t
R.¥. Weatherford Co. (206} 575-1340
WISCONSIN
Quk Creek
Arrow Electronics 1414} T64-6600

CANADA,
Alberta
Edmuoiton
Bowtek Klectric Co, (403) 452-9050
British Columbia
Vancouver
Bowtek Electric Co. 1604) 7T36-1141
Manitoba
Winhepeg
Bowtek Electrie Co. i204) 635-9525
Ontarie
Thow nsview
Ceseo Electronies, Litd, (416] 661-0220
Future Electronies Corp. (4161 663-3563
Ottawa
Cesco Electronics, Litd. 813) 729-5118
Future Electronies Corp. (6131 B20-9471
Quebee
Montreal
Ceseo Electronics, Lid. (5140 735 5A11
Future Electronics, Corp. 1514 T35-5775
Lurhee
Cesea Elcetronics, Litd. (4181 524-4641
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Domestic Reps

——— -
ALABAMA MASSACHUSETTS
Huntsville Lexington
Rep, Ine. Cireuit Sales Company

Tel: (2051 881.9270
TWX: 810-726-2101
ARIZONA
Phoenix
Hecht, Henschen & Assoc., Ine.
Tel: (602) 2754411
TWX: 910-9510635
CALIFORNIA
Long Beach
Application Representatives
Tel: (213 9946608
TW X:910-341-6500
Mt View
Thrasum Associates, Ine,
Tel: (415} 965-9180
TWX: 910-379-6617
San Diego
Hadden Associates
Tel: [714) 565-9445
Tw X: 810-333-2057
COLORADO
Parker
R®Marketing
Tel: (302) 841 5822
CONNECTICUT
Orange
CP5 Corp.
Tel: {203) 795-23515
GEORGIA
Tucker
Rep, Inc.
Tel: {404) 938-4358
ILLINOIS
Elk Grove Yillage
(asis Sales Tel: (312} 640-1850
TWX: 910-222-2170
INDIANA
Ft. Wayne
Technical Representalives, Inc.
Tel: (2191 484-1432
Indianapelis
Technical Representatives
Tel: (3171 848-6454
TWX: 810-260-1792
IOWA
Cedar Rapids
Comstrand, Inc.
Tel: (319} 377-1575
KENTUCKY
Lauisville
Technical Represcntatives, Inc.
Tel: {502} 451-9818
MARYLAND
Raullimore
Coulbourn DeGreif, Inc.
Tel: (3011 247-4648
TWX: 710-236-901 1

Tel: 16171 8610567
MINNESOTA
Minneapolis
Comstrand, Ine.
Tel: 612} 788-9234
TWX: 910-576-0u24
MISSOURI
Grandview
Beneke & McCaul
Tel: iB16) 763-2998
St. Lanis
Beneke & McCaul
Tel: (314) 4346242
NEW YORK
Clinton
Advanced Components
Tel: (315! 8536138
Endicatt
Advanced Components
Tel: (607} 785-3191
Melville
Astrorep, Inc.
Tel: (518} 423-2266
TWX: 510-226-6147
NEW YORK
MNorth Syracuse
Advanced Components
Tel: {3151699-2671
TWX: 710-641-0439
Scottsville
Advanced Compnnents
Tel: (T1R) §R89-1429
NORTH CAROLINA
Raleigh
Bep, Ine.
Tel: {919) 851-3007
GHIO
Centerville
S.A.L Marketing
Tel:(5131435-3181
TWX:810-459-1647
Shaker Heights
5.A I Marketing
Tel: {2161 751-3633
TWX: 810-421-8239
Zanesville
S.A.L Marketing
Tel: (614 454-8942
OKLAHOMA
Oklahoma City
Ammon & Rizzos
Tel: (405) 942-2552
OREGON
Portland
5D-R? Products & Sales
Tel: (503) 246-3305
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PENNSYLVANIA
Pittshurgh
S.A.L Marketing
Tel: 4121 782.5120
TEXAS
Austin
Ammeon & Rizos
Tel: 1512} 454-5141
Dallas
Ammon & Rizos
Tel: (214) 233-5591
TWX; 910-560.5137
Houston
Ammon & Rizos
Tel: {713 TH1-6240
TWX: 910-R81-6382
TENNESSEE
Jetferson City
Rep, Inc.
Tel: (61514754105
TWX; 810-570-4203
UTAH
Salt Lake City
BZ Marketing
Tel; (8011 972.5646
TWX: 9109255607
VIRGINIA
Charlottesville
Coulbourn DeGreil, Ine.
Tel: (804) 977-0031
WASHINGTON
Bellevue
SD-R? Products & Sales

Tel: (208) T47-8424 or (2061 624.2621

TWX: 810.443.2483
WISCONSIN
Menomonee Falls
{asis Sales
Tel: (414} 2519431

CANADA

Ottowa, Ontario
Cantec Reps, Inc.
Tel: (613 225-0363
TWX: 610-562-8967

Point Claire, Quebec
Cantee Reps, Ine.
Tel: (514) 694-4049
Tix: 58-22790

Toronio, Ontario
Cantec Reps, Ine.
Tel: (416} 675-2460 or 2461
TWX:610-492-2655



International Reps

AUSTRALIA

Rifa Fty. Ltd.

202 Bell Streel
Preston, Victoria 3072
Tel: (03180 1211
TLX: AA31001
BRAZIL

Datronix Electronica Lida.
Av. Pacaembu, 746 - Conj. 11
Sao Paulo

Tel: 2090134

TLX: 3911122372
CENTRAL AMERICA
ROW, Inc.

3421 Lariat

Shingle Springs, Calif. 95682
Tel: (916) 6772827
ENGLAND

Ritre Electronics (UK.
Grefell Place
Maidenhead

Berkshire

Tel: (0628} 36227
FINLAND

0Y Atomica AB

PL 22

02171 Espoo 17

Tel: 8-423530

TLX: 12-1(80
FRANCE

Produits Electronique
Professionals $.A.R.L.
2.4 Hue Barthelemy
92120 Montrouvge

Tel; 8353820

TLX: 204534
HOLLAND

AMI Microsystems, Inc.

Calandstraat 62

Rotterdam

Tel: 010-36 14 83

TLX: 844-27402
HONG KONG

Apcom Systems, Lid.

1201 Kimberly Center
35 Kimberly Road
Kowloon

Tel: 3-694659

TLX: 64095
INDIA

ROW International

14% Kimble Rd.

Los Gatos, Calif,

Tel: (408) 354-7698
ISRAEL

CVS Technologies (1974) Ltd.

9 Jobotinsky St.
Box 944 Bnei Brak
Tel: T99156

TLX: 341109

ITALY
Paolo Meoni & Asgociates
Givvanni Pascoli 60
20133 Milano
Tel: 29 37 45
TLX: 843-32644
JAPAN
Micro-Sysiems, Inc.
156-29 Mita 4-Cheme
Minaie-ku, Tokyo 108
Tel: 1031 452-4894
Matsushita Electric
Trading Company, Ltd.
71, 5-Chome, Kawaramachi
Higashi-ku
Osuka
Tei: (06} 204-5510
TLX: T81-83417
MALAYSIA
Dynamar Internationsl Lid.

208 Shaw House, Orchard Rd,

Singapore 9,
Tel: 2351139
TLX: R826283
MEXICO
ROW, Inc.
3421 Lariat
Shingle Springs, Calif. 95682
Tel: (916) 677-28427
NEW ZEALAND
David ¥, Reid INZ) Ltd.
Box 2630, Auckland 1
Tel: 492-189
TLX: 791 2612
SINGAPORE
Dynamar International Ltd.

208 Shaw House, Orchard Bd.

Singapore & Tel: 2351139
TLX: RS 26283
SOUTH AFRICA
Tecneticy
P.0. Box 56310
Pinegowrie 2123, Transvaai
Johannesburg
Tel: 48-3712
TLX: 960-80838
SOUTH AMERICA
ROW, Inc.
3421 Lariat
Shingle Springs, Calif. 95682
Tel: (8161 677-2827
SWEDEN
A.B. Rifa
Fack, 8-16300 Spanga
Tel: (08} 751 00 20
TLX: 13660
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SWITZERLAND

W. Moor AG
Bahnstrasse 58,
#105 Regensdori
Zurich

Tel: (01} 8406644
TLX: 52042

TAIWAN

Dynamar (Taiwan} Ltd.

2nd Flr., No, 14, Lane 164

Sung Chiang Road
Taipei, 104

Tel: 541-8252 Lheu 54
TLX: T85-11064

WEST GERMANY
Aktiv Electronics GmbH

Leonorenstrasse 49
D-1000 Berlin 46
Tel: (030} 771 4408
TLX: 185327
Gustav Beck KG
Ellersdorfer Strasse 7
8500 Nurnberg 15
Tel: {1911) 34968
TLX: 622334
Ultratronik
Munchenerstr. 6

D-8031 Oberalting-Seefeld

Tek: iD81532) 7490
TL.X: 526459
I¥itronic, GmbH
Im Asemwald 48
D-7000 Stuttgart 70
Tel: (0711) 724844
TLX: 7255638
Mikirotee, GmbH
Johannesstr. 91
D-7000 Stuttgart 1
Tel: (0711} 22807
TLX: 722818

YUGOSLAVIA

Iskra Standard
Celovska 122

61000 Ljubljana

Tel: (061} 551093

TLX: 31300 YU ISKRA
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Ordering Information

Any produet in this MOS Products Catalog can be or-
dered using the simple system described below. With
this system it is possible to completely specify any
standard device in this catalog in a manner that is
compatible with AMI's order processing methods.
The example below shows how this ordering system
works and will help you to order your parts in a man-
ner that can be expedited rapidly and accurately.

All orders {except those in sample quantities) are nor-

mally shipped in plastic carriers or aluminum tube
containers, which protect the devices from static elec-

6 8 2

triticy damage under all normal handling conditions.
Either container is compatible with standard auto-
matic IC handling equipment.

Any device described in this catalog is an AMI Stan-
dard Product. However, ROM devices that require
mask preparation or programming to the requirements
of a particular user, devices that must be tested to other
than AMI Quality Assurance standard procedures, or
other devices requiring special masks are sold on a
negotiated price basis.

Device Number — prefix 8, followed by four {or five¥)
numevic digits that define the basic device type. If
there are versions to the basic device, the numeric
digits will be followed by additional alphanumeric
digits, in this example A-1. The last digit should always
he followed by a space.

*Organ Circuits

Package Type — a single letter designation which iden-
tifies the basic package type. The letters are coded as
follows:

P — Plastic package

E — Cer-DMP package

S —SLAM package

C — Ceramic (three-layer) package

T —TO type package



Packaging
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PLASTIC PACKAGE

The AMI plastic dual-in-line package is the equiva-
lent of the widely accepted industry standard, refined by AMI
for MOS/LS! applications. The package consists of a plastic
body, transfer-molded directly onto the assembrled lead frams
and die. The lead frame is Kovar or Alloy 42, with extemnal
pins tin plated. Internally, there is a 50uin. gold spot an the
die attuch pad and on each bonding fingertip. Gold boading
wire is altached with the thermocompression gold ball bonding
technigue.

Materials of the lead frame, the package body, and the
die attach are all closely matched in thermal expansion cocf-
ficients, to provide optimum response to various thermal
conditions. During manufacture every step of the process is
rigorously monitored to assure maximum quality of the AMI
plastic package.

Avaliable in: B, 14, 16, 18, 22, 24, 28 and 40 pin
configurations.

| GOLD BONDING WIRIE
GOLD PLATING
soDY

NUSEALANT ..
CTINPLATING. -

Cer-DIP PACKAGE

The Cer-DIP dual-in-line package has the same high
parformance characteristics as the standard three-layer ceramic
package, yet approaches plastic in cost. It is a military approved
tvpe package, with excellent reliability characteristics. Although
the Cer-DIP concept has been around for a number of vears,
AMI leads the technology with this package, having eliminated
the device instability and corrosion problems of earlier Cer-DIP
Processes.

The package consists of an Alumina {A1,05) base and
the same wmaterial lid, hermetically fused onto the base with
low temperature solder glass. Inert gasses are sealed inside the
die cavity.

Available in: 16, 18, 22,24, 28 and 40 pin configurations.

3 BUMINUR W RE FO O
OE RS WIRE SR TR
" GHOUND BOME AND
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Packaging

SLAM PACKAGE

The SLAM (single layer metallization) dual-in-line pack-
age s an AMI innovation that offers a lower cost altemative
to three-layer ceramic packages, without sacrifice of perfor-
mange or reliability.

The SLAM package uses the same basic materials ay
ceramic, but is constructed in a2 simpler and thereby mare
reliable manner. 1t uses a 96% Alumina base, one basic
refractory metallization fayer, coated with an Alumina pass-
ivation layer, and brazed-on Kovar leads, The leads arc suitable
for either socket insertion or seldering. Either a veramiv or
Kovar lid is used to hermeticalty seal the package. The ceramic
lid is attached with an epoxy resin sealant, but a gold -silizon
eutgctic solder is used for Kovar lids.

© GLAZED SERMEL
S LeME LID.
R

Avaliable in: various 14 to 40 pin confipurations.

BEFRAC FDA Y

WETAL
L AL
R - mx&t_‘gaeb
Faeap L RaTS L aeBTSDRLATER .
- U BOMBING FAWGERS
- B TIE A TTACH AL
W, BUWDED WIHES I
r T GLATED SERAMIC LD ~ EROEY SEALANT
PLATED ~r /
SOVAR —, TS 8,0, PASSIVATICN
LCACH
3 s 3 { |
AlLD, STRAMIC '
& :
MPLATING —F Ao
d PLATIN
REFRACTORY & LATING
WETAL
EPOXY SEAL PACKAGE
CERAMIC PACKAGE
KO aH MR CFSAMIC LIL -, - s'utnn\n}tl'nfi\?-:%l:s L~ CILAES OF 2. 50, BER SLaL

Industry standard high performance, high reliability
package, made of three layers of Al;0; ceramic and nickel-
plated tefractory metal. Either a low temperature glass sealed |
ceramic Jid or a gold tin eutectic sealer Kovar lid is used to form T A CERAIE LR ! |
the hermetic cavity of this package. Package leads are available e = B |

- M AND Ay

SLANED KOV AR LE-hDS—P -- AEF RANTORY MFTAI

i _avER

. . . . " - . - PLAT G
with gold over nickle or tin plating for socket insertion or M':Eri'licg,?ﬂou-/

soldering.
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Packaging

18-PIN CERAMIC

Fita 1 IDENT FIER 5

- I 43 18
0100 ; | MARKINGS
f i : . onLin
- BURFACC
: 0820 A X OHLY
.08
040

-t
- __‘ k] 05
0.090 MIN = L—l crmmax le—- - 2283

030

0. 020 ML -J - _} ofm

3

157 A 1002
b P -
- =35 i)

18-PIN Cer-DIP

PIM 1 IDENTIFIER —\

nm MAK
0. 100
I
oms
DR MIN - D00 AR “ ’“5
- - n:uo
Q00 MY BEND _TU-QW
| 1
4 |
5 i
weax 51 001y

= T e

22-PIN PLASTIC

PIty 5 IDENTIFIER —,

1

—
[ —
o

1.130 MAX

ooks

O T TR T T T

|
£.090 MIN — J——-—mmm\x |"'_n3m

D.DZDMIN—-"-— BENM. ™

@012
0008

22-PIN Cer-DIF

FIN VIUENTIFIER —\

e

nmnum—l - o ]
| nB1s MIN _..l_._ sENp——— 1410 -

{
wrmar 'Lumz
e e 2o

22-PIN CERAMIC

Pkl * [DENTIFIER

T

ey
-3 \
1 = | WARKINGS
o.iu ! : I = - Y.
} | 1-12amax -7 SUREALE
= - LY
x i
065 t
- 0.040 |
0020 _ 1 1!
DoIs =1 i
; sl 1 2
|4 . !
0,020 MIN --| l-— 0500 wax = 0393 l
’ ) 031~
l_,_ canm__
DOZGHIN = -
E Eﬁ:,
WMAX _I___o.mz

2,008

24-PIN PLASTIC

FIN VIDENTITIER - -~

120
1l
h
L
i h
P
n_}m !
b
h
bors b
i B
{ = pi3
HOAO RN - = —— Mast _._0-590__1
/ B2 MA LT

— 0.030MIN  BFNDA—— g-g;g _1




Packaging

24-PIN Cer-DIP
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40-PIN SLAM
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Terms of Sale

e

ACCEPTAMCT  THC TERMS A7 SALL COMTAINLDY FEREIM APPLY T2
ALL OUDTAT-CYS YanE Ans PURCE AT DRNLAS TMIERD ) (NTC U
TH: SEL.EZ S0ML OF THE T: RAS SET QUT HIRF KAY DIFFCIEHT HOM

THOSE FY BUYER'S PLRIHAS ZEH AND GORAE MAY LE KFWYOtHIG
ACCEPTANCE 1S CONDIT.OMAL O BUYEFR'S ASSFNT TO "HE TFRKSE
SET OUT HERZ IM LIEL 0F THE: I BLYERS PURCAASE OHDFA
SLLLERS FAILURE TO QOBIECT TC PROV-SIONS CONTAINER Ik ALY
COMMUMIZATION FROM BUYER SHALL MOT SE DEEMED & WAIVER
CIF THE PRIVERGNG OF THIS ACCEPTANCE. ANy C4aRS5ES 1W THE
TLEWE COMTAINET REREIM SWUST SPEC FICacLY B a5REED "0 N
WHITIRG BY &N 0-FICLE OF IH: LER BEFURE BECORIMG BIKLY
ANGCM THI T THE STLLLKE D THE SUYLR AL orders o cood a1 nen s
I\un’)\'((l eccbasgeitmd e e Seler gz s Povme Gb-ce These ferms csha e

vt e el sy ace atbache:] 1oom enc'oy SRR SN NI ER )
dbreneche Proces L 1wt s dessnbed aaoce 200 ackneed e e
AT, ICE VRN S, G DARE A ar T

PAYMENT:
Lab Lnless o

e agoeed, 2l evoces ara duc and pevan e oty (300 days
Framn dare musier, Mo dizenanis e authonced, Smipmeats, aclwecios, and
agefrimarn: wfowirk gnall 3t all eees oe solect o the opproval of the Sellees
cradir 4 P e S\.II'\- iy 1y b g me [ make any 57 3meeds
or dalivar iz i perionn ar g wark ax an fasint ol payinoet or upan e
encl conditions a1 seoul gy sabisi PAr e
fd 1F, v the ueginent ol e Sells, ondit o of the Buvin
Tre e Al usily conl agans o soductiva oot prien oo e aone of
pay ~end anginally gpec Lhed, ke Sellz cney 2y Wl o parlia pevi=enl in
ecvance and, nothe 2eant ml The pankeantoy or nso wency af the Suyer oroin the
vyent ary aroceeding is browght By or ggamst the Bup2r under e b3 cupicy
or osuleency laws, sz Beller shal La anntled ta cancel any codgr e culsla wl-
i) aned $imal | rece e remburserwent for s czrcelle bon coa
irl Fach shipment shall e considecce o sepzdate and cudepenilent sransast on,
ann paymear thessfor dall ke ade aceveding v 1F samemente are delayed iy
the Buyer, pay—ents snall become dua an the date adea tha Seller oy prepacod
s orgke sbooerent, F 2o wark covered hy che purchase ordan s dzlayed by e
Buvir . payiments shall ke maih: based on the purehase prce and tha percentage
ol complevon. Produets held For e Bayes shall be ar oha cisk anid expgese af
e Buyer,

TAXES: Urless otheraee provced heremn, the amoant of iy peeseal or Bature
o @5, MVIALE BEOSE Ol Othe tawes, f2R, o athar cnarges of any niture, rmposed
By wny public suthonty, (nshones: state, lovel o ather) appheabls s the
Asludrs coversd by thos arder or 1le manotaciurer or sakbe raeract, gl be
arldzd roothe garehese poce and snall be pad by the Suyer, ar in lag bgisod,
Thee Buer sha'l mocwnde 102 SeRer with o tax exempbon Cerlil. Z4te aoceptaniz to
the tasing auincrity

FO. B, POINT: Al sales are —ade F.O B poont of ssipmers. Seoor's 1T e passss
1o Buvar, angd Seller’s 1abilite as te debvery Sedases wpon making delwary o
“atandl puehased hercunder e cinier o shipping weind, ke carer acsng =3
Buye-'s aganr, All glaims Tor damages reost be filed wath the casrier, Shipments
will nor=ally be mads Ly Parcel Pos, Ralaay Exoress, far Express, o &ir
Freght. Lhsless specific inssructions fram Buyer spesfy waich of the foregaing
methads ab shipmenn is 10 be ogad, the Selles will exeicise s aoe discration,

DELIVERY. Shiaging dates ore approsimale and are based upon promet
racel from Boyer of il nedessary ofusmation. lonoeg event wall Seller be liable
tor ary re-proclerement cosls, ror Tor d2lay or noaedelivery due ta cases heyond
s reaserahble contro inclashng, bt o loced 1, gces of Gou, acls of ool ot
muhieary auihonty, progsibes, foes, stiokes, lock-guis, slowsdowns, sboragesy,
fagtory o labor condituans, #irces 0 manudactore, and nability das 1o Saeses
Beyond the Seller’s r2azgnable cont-ol to sbtan oecessary ldbor, materia g, €7
manubatn.rg tasil bes. e the event ot any such delay, the cate ot delivery
shall, a: tha recuest al tha Seller, be deferrea for a peood e20al to0he une last
by rzascn o tha delay,

I the vt Seller's production s curlaled for any of the above rcasors sa taar
Sallar cannpt galiver the Full amount reteasac hercundes, 3eller may allocate
prodactien delivzrics an g its versgus eustanes 1hen under SontraeT fur sim or
gonds, Thae allovetian will be made in a commerciafly fair and reasarable manaer,
When gllecatam s ovan inade, Buyer w ' be notified af the pstim ated gL sta
maile available.

FATENTS: “he Buyer shall hold the Salles harmless againsg any experse or by
resulting fromonfregement nf pates, trademarks, o unfar canpelin o ansng
fromn coamplianca we th Buyai's desans, speeificanons, o astruchicns, The sale
at praducts by the Seller does not corwey ary Hegnse, Sy obcalion, esoppe
ar rtierwise, ander patent clzines covering corb ranons of sod products seth
cthar devices m elrmants,

Excaut a5 sthervise provrded ir 1he preczding paragraps, the Seller shel cetend
any 5.0t or procoeding Lraughs agaim:t the Buyer, so far 45 based ar a claim that
Ay producl, or any part thereof, furished under this soriract const tutes an
infungament of sy patent o4 the Unoed States, f notifoed prompily inownting
nn guthenly . nformanoe, and assicarece [ar the Sallec's expensnl far
refuase of same, wd the Seller shall pay all damages and cos*s awarded therzin
againg: the Buyer, Incas sod product, ar any purt thereof . is, inosuch suit, keld
ta canstitute nfrirqeenest uf patent. and tee wse of sard preduct s eejo red, The
Selicr shall, ar g owe cepunse, gither procure for the Buyer the righd 10 Condinug
using said roduct o pan, TEMace 32 witn nonanininging grodeer, Modiby it
sz it becnmes non-infringing, o remave said praduet and re‘and ke purchasa
price and the sranspananon ang installagan casts thereof.  In no event stalf
Sefler's tutal sl iy 10 the BEayer under o0 as o resulc of camelisnce with Lthe
provisians of his aph sxeese lhe aggiegate sum gad by e Buyer lar o
Allggeslly wnfpeging puadper The foegoomyg states the @ngine hatnhiy of e
Geclze foopatenl riongesian by the said groducts ar any part chereot,  THIES
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FROVISION 15 STATED IN LIFLE OF aMy (OTHFA EXPIESSID, IMPLIED,
O ETATLTORY wARRAMTY A0AINST INFAR NGEWFNT AN SHAL L BE
THE tiﬂLF 247 EXCLUSIVE RZVEDY FOR 2ATENT INFRINGFMINT (OF
ANY KT

o b

INSPECTION
fragrns =l e ks aeal
e ulaze of wanolacoun.

Lo gruaressi spic Ll ardd agesed upowa, the mareial
hall e osobrece (oobhe Selisr's stanclard inspe
Il .c by bez oy agieed wpan and spec hed inthis cioder
il Buayar o 1o spess woprovesde Toe mspection gt obece af manodscture such
sapEzlion shae beosoooomiuctsd de o aot il lere onrcasonalbily sl Sellerty
saeeabues g Cormeanasnt gnpr oyl onorgjecion shall beomede befas shipmert
al the matgngl BNaba tralandl g e Bregearg o oen rezegn ol such marenasl
wrp Buyen, 1l sarbe s7al! ool te r'oniurr" ta the contrace, the Buyzr shall
Frovadutaly vty the Selze ad aen cond-tons 219 wttcod ke Sellar g ressan-
ahile Ganilorly 10 asaect [he mater 4l Mo matenal shall be retures withat
Seller's eansenT  Sel o’y Ratuen Meter al fwchonzation lorm most aceampir sy
Suna rrenknen matanal.

wanrans that o produers 10 be delivered under 13

: wcrs an material and workenarshg ander
|I|_>| < obligations woder thes Warranty are hened to
sealaging @i repa ing or giving ered foe ad s vptioe, 8115 factery, any of sad
prawlucis wlnel slall, watiin ooz 411 year afler shopeent, be setuired 1o 1he
Seller s factory ol aogen asperteTian charges wepsic and abich are, sl
weminglion, discloed i the Sellers ranslactian to be thos defectwe, THIS
WARRANTY 5 EXPRESSED IW LIZU OF ALL OTHER WARRANTIES,
EXPRESSED. STATUTORY, R IMFLIED, INCLUDING THE IMPL'EC
WARRANTIES OF MERCHANTARBILITY AND FITKESS FOR & "ARTICU-
LAR P ARPQSE, ANE CF ALL OTHFER ORELIGATIOONS OR LIABILITIES ON
THE SELLER'S PART. AYD IT NEITHER ASSUMES NCR AUTHORIZES
ANY OTHER "ERSCM TO ASSUME FOR THE SELLER ANY OTHER LIA-
EILITIES IN CONMNECTION WITH THE SALE OF TRE 3410 ARTICLES.
This Warraney shall ot qoedy ooary of sucn poducts which sha . have Leen
reparred or alleved, exoept by e Se le, oo wknch shall nave been subjacted o
ansuse, megligenes, o azodent, The aloiemanticred prowisions de ae: extend
tig ol gl aarearsy peroc of ey product wiieh has aithen been
reraced iy Saller.

WARFAAMTY: The Self
P eaasey eder el e fro
azimdl use and seevica,

Ir s nnderstand t9at it this order calls o wbe delivery of ssmiconductar cevices
which src not fimsaed and fully encgpsulated, thanr no warranly . slalutory,
expressed ar imahes, insoeng the implied wartanty of merchantabilite ard 1 1
ress Tor o particulae purpose, shall apple. AN such devices are solc 35 05 whee s,

GEMERAL:

[ab Thae walidiey. parbarmasce goc ceontrucban ol fhesd teoms and all sales
irwreunder shall wg yuver 13d by the lzws of the State of Califarnia,

fub The Sellel represents that witn respect 1o the prodichon o arhic es snd/
ur perfarmange £ e setvizas cavertd by tis order o will fuliy comply wath all
cegarenznts of the Far Labos Standerds Ace of 1938, as amended, Whiliams-
Steger Drcupational Sarety and Health Act of 1370, Excoutive Crders 11375
and 11246, Section 202 and 204,

[cl W o eeert shall Selar na liahle far conseguential ar special damages.

() The Buyer may nos unilateradiy make chaeges i the drawings, gy or
speciticanors for tha iems ta be furmished nwieendar withoot Scller's prioe
censant.

() Except 1o the éxtant proviced in Paragraph 10, Lelow, th § ards is not
suhjrct 10 cancellation or Terminatian for convenence,

(7 Buyer scknowledges that all o0 part of the pradadis o rohased heraunder
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Product Assurance Program

INTRODUCTION

Quality is one of the most used, least understood, and
variously defined assets of the semiconductor industry. At
AMI we have always known just how important effective
quality assurance, quality control, and reliability monitoring
are in the ability to deliver a repeatably reliable produci.
Particularly, through the manufacture of custom MOS/LSI,
experience has proved that one of the most important tasks
of quality assurance is the effective control and monitering of
manufacturing processes. Such control and monitoring has a
twofold purpose: to assure a consistently good product, and
to assure that the product can be manufactured at a laier dale
with the same degree of reliability.

To effectively achieve these objectives, AMI has deve-
loped a Product Assurance Program consisting of three major
functions:

# Quality Control
& (Juality Assurance
¢ Relizbility

Each function has a different area of concern, but all share the
responsibility for a reliable preduct.

The AMI Product Assurance Program

The program is based on MIL-STD-883, MIL-M-38510,
and MIL-Q-9858 A methods. Under this program, AMI manu-
factures highest quality MOS devices for all segments of
the commercial and industrial market and, under special adap-
tations of the basic program, also manufactures high rcliability
devices to full military specifications for specific customers,

The three aspects of the AMI Product Assurance Pro-
gram — Quality Control, Quality Assurance, and Reliability —
have been developed as a result of many years of experience
in MOS device design and manufacture,

Qmality Control establishes that every method meets, or
fails to meet, product patameters — G4 checky results.

Quality Contred establishes that every  method meest, or
fails to meet, processing or production standards — QC checks
methods.

Reliability estahlishes that QA and QC are effective —
Reliobility checks device performance.

One indication that the AMI Product Assurance Program
has been effective, is that NASA has endorsed AME products
for flight qualily hardware sinec 1967. The Lunar Landers and
Mars Landers all have incorporated AMI circuits, and AMI
circuits have also been utilized in the Viking and Vinson
programs, as well as many other military airhorne and recon-
naissance hardware programs.
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QUALITY CONTROL

The Quality Control function in AMI's Praduct Assut-
ance Program involves constant menitoring of all aspects of
materials and production, starting with the raw materials
purchased, throvgh all processing steps, to device shipment.
There are three major areas of Quality Control:

® [ncoming Materials Control
® Microlithography Control
® Processf Assembly Control

Incoming Materials Contyol

All purchased materials, including raw silicon, are checked
carefully to various test and sampling plans. The purpose of
incoming materials inspection is to ensure that all iterms required
for the production of AMT MOS circuits meet such standards
as are required for the production of high quality, high reli-
ability devices.

[ncoming inspection is periormed to specifications sgreed
to by suppliers of all materials. The Quality Cantrol group
continuously analvzes supplier performance, performs comp-
arative analysis of different suppliers, and qualifies the suppliers.

Tests are performed on all direct material, including
packages, wire, lids, eutectics, and lead frames. These tests
ate petformed using a hasic sampling plan in accordance with
MIL-S-19500, generally to a Lot Tolerance Percent Defective
{LTPD} level of 106, The AQL must be below 1% overall.

Two incoming material inspection scquences illusirate
the thoroughness of AMI Quality Control:

& Purchased packages are firstinspected visually. Then, dimen-
sional inspections are performed, followed by a full func-
tional inspection, which subjecls the packages to an entire
production run simulation. Finally, & lull electrical evalua-
tion is made, inciuding checks of the insulation, resistance,
and lead-to-lead isolation. A package lot which passes these

tests to an acceptable LTPD level is acceptad.

Raw silicon must also pass visual and dimensional checks.
In addition, a preferential etch quality inspection is per-
formed. For this inspection, the underlayers of bulk silicon
are examined for potential anomalics such as dislocation,
slippage, or ctch pits. Resistivity of the silicon is also tested,

Microlithography Control

Microlithography involves the processes which result in
finished working plates, used for the fabrication of wafers.
These pruocesses are pattern or artwork pencration, photo-
reduction, and the actual printing of the working plates.
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Pattern generation now is the most common practice
at AMIL. The circuit layout is digitized and stored on a tape,
which then is read into an automated patlern generator, which
prints a highly aceurate 10x relicle directly.

In cases where the more traditional method of ariwork
generation is used whether Rubylith. Gerber Plots, AMI gen-
erated or customer generated — the artwork is thoroughly in-
spected. [L is checked for level-to-level registration and dimen-
sional (olerances. Alsa, a close visual inspection of the work-
manship is made. AMI artwork is usually produced at 200x
magnification and must conform to stringent design rules,
which have been developed over a period of years, us part of
the pracess control requirements.,

Acceptable artwork is photographically reduced to a 20x
magnification, and then further to a 10x magnification. The
resulting 10x reticles are then used for producing ix masters,
The masters undergo severe registration comparisons to a regis-
tration rmaster and all dimensions are cheocked to insure that
reductions have been precise. During this step. image and geo-
metry are serotinized for missing or faded portions and other
possihle photographic omissions.

For a typical P-channel silicon gate device, master sets
are checked at all six geometry levels in various combinations
against each other and against a proven master set. Allowable
deviations within the dic are limited to 0.5 micron, deviations
within a plate are limited (¢ 1 micron, and all plate deviations
are comsidered cumulatively.

Upon suceesstul completion of a device master set, it is
released Lo manufacturing where the |x plates are printed. A
sample inspection is performed by manufacturing on each 30-
plate lot and the entire lot is returned to Quality Control for
final acceptance. Quality Controd performs audits on each
manufacturing inspector daily, by sample inspection technigues.

The plates can be rejected first by manufacturing, when
the 30-plate lots are inspected, or hy Quality Control when
the Iots are submitted for final acceptance. If either group
rejects the plates, they are rescreened and then undergo the
same inspection sequence. In Lhe rescreening process, the plates
undergo registration checks; visual checks for pin holes, pro-
trusions, and faded or missing images, as well as all critical
dimension checks.

Process Control

Once device production has started in manufacturing,
AMI Quality Control becomes involved in one of the most
important aspects of the Product Assurance Program — ihe
analysis and menitoring of virtually all production processes,
equipment, and devices.

Process controls are performed in the fabrication arca, by
the Quality Control Fabdcation Group. to assure adherence to
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specifications. This involves chzcks on operators, equipment
and emvironment. QOperators are tested for familiarity with
equipment and adherence to procedure. Equipment is closely
checked both through calibraiion and maintenance audits.
Environmental control involves close monitoring of tempera-
ture, relative homidity, water resistivity and bacteria content,
as well as particle content in ambient air. All parameters are
accurately controlied to minimize the possiblity of contamina-
tion or adverse cffects due (o temperature or humidity excesses.

Experience has proven that such cloge control of the
operators, equipment, and environment is highly effective ta-
wards improved quality and increased vields.

In addition to the specification adherence activities of
the QC Fabrication Group. a2 QC Laboratory performs constant
process monitoring of virtually every step ol all processes.
Specimens are taken from ‘all produciion steps and critically
evaluated. Sampling frequency varies, depending on the pro-
cess, but generally, oxidation, diffusion, masking, and evapori-
zation are the mast closely monitored sleps.

Results are supplied both 1o manufacruring and engine-
ering. When evidence of a problem occurs, QC provides recom-
mendations for corrections and follows up the corective
action taken.

Optical inspections are performed at severa]l steps:
quality conirol limits are based on a 10% LTPD. The chartn
Figure 1 shows process steps and process control points,

QUALITY ASSURANCE

The Quality Assurance function in the Product Assur-
ance Program involves checking the ability of manufactured
parts to meet specifications. In addition, the QA group also
is tesponsible for calibration of all equipment, and for the
maintenance of AMI internal product specifications, to assure
that they are always in conformance with customer specifica-
tions, or olher AMI specifications.

After devices undergo 100% testing in manufacturing,
they are sent to Quality Assurance for accecpiance. Lots are
defined, and using the preduct specifications, sample sizes are
determined, along with the types of tests to be performed
and the test equipment to be used. Lots must pass QA testing
either with an LTPD or 109, or less, it the specification re-
quires tighter limits.

Thiee types of tests are performed on the samples:
visual/mechanical, parametric, and functional. All (csts are
performed both at room temperature and at elevated temp-
eralure. In addition, a number of other special tempernture
tests may be performed, if required by the specification.
Generally, high temperature tests are at 125°C.

To perform the tests, QA uses AMI PAFT test systems,
ROM test systems, Macrodata testers, Fairchild Senery systems,
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Figure L. Flowchart of Product Assurance Program
Implementation
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Western Digital Spartan systems, Impact testers, and vatious
bench test units. In special instances a part may also be tested
in a real life environment, in the equipment which is to finally
utilize it.

If a lot is rejected during QA testing, it is returned to
the production source for an electrical rescreening. 1t is then
returned to QA for acceptance, but is identified as a resub-
milted lot. IT it fails again, it is discarded and corrective action
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in engineering is initiated. As evidence of the problem is detec-
ied, the parts may also be traced alt the way back to the wafer
run, to analyze the cause.

When a lot is acceptable, it is sent to packaging and then
to finished goods. When parts are seni from finished goods,
ihey are again checked by the QA group o a 105 LTPD, with
visual/mechanical tests, Also, all supporting documentation for
the parts is verified, including QA acceptance, special customer
specifications, certificates of compliance, etc. Only after this
last check ure devices considered ready for plant clearance.

If there are customer returns, they are first sample
tested by QA, to determine the cause of the return. (Many
times an invalid ¢ustomer iest will incorrectly cause returns.)
After QA evaluates all returns, they are sent to Reliability
for failure analysis.

RELIABILITY

The Reliability function in the Product Assurance Pro-
gram ipvolves process qualification, device qualification, pack-
age qualification, reliability program qualification, and failure
analysis. Ta perform these functions AMI Reliability group is
organized into two major areas:

& Reliability Laboratory
® Failure Analysis

Reliability Laboratory

AMI Reliability Laboratory is responsible for the follow-
ing functions:

New Process Qualification
Precess Change Qualification
Process Monitoring

New Device Qualification
Device Change Qualification
New Package Qualification
Device Monitoring

Package Change Qualification
Package Monitoring

High Reliability Programs

There arc various closely interrelated and interactive phases
involved in the development of a new process, device, pack-
age, or reliability program. A process change may affect
device performance, a device change may affect process repea-
tability, and a package change may affect both device per-
formance and process repeatability. To be effective, the
Reliability Laboratory must monitor and analyze all aspects
of new or changed processes, devices, and packages. It must
be determined what the final effect is on product reliability,
and then evahiate the merits of the innovation or change.
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Process Qualification

For example, AMI Research and Development group
recommends a new process or process alteration when il feels
that the change can result in product itnprovement, The
Reliability Laboratory then performs appropriate environ-
mertal and electrical evaluations of new process. Typically, a
special test vehicle, or “rel chip™, generated by R&D during
process development, is used to qualify 1he recommended new
process or process change,

The rel chip is composed of circuit elements similar to
those that may be required under worst-case circuit design
condilions. The rel chip elements are standard for any given
process, and thus allow precise comparisons between diffusion
runs. The following is an example of what is included on a
typical rel chip:

® Adiscrete inverter and an MOS capacitor
¢ A large P-N junction covered by an MOS capacitor

® A large P-N junction area {identical to the junction
area above, but withoul the MOS capacitor)

A large area MOS capacilor over substrate

Several long contact strings with different contact
geometries,

Several long conductor geometries, which cross a series
of eight deeply etched areas.

Each circnit element of a rel chip allows a specific test
to be performed. As an example, the discrete inverter and
MOS load device accummudate power life tests. As a consc-
quence, any type of parameter drift can be observed. The MOS
capacttor, covering the lfarge P-N junction, can serve to in-
dicate the presence of contamination in the oxide, under the
oxide, or in the bulk silicon. If unusual drift is evidenced, the
location of contamination can be determined through analvsis
of the additional MOS capacitor and the large P-N junction
area. The metal conductor interconnecting contacts is useful
for life lesting under relatively high current conditions, It
facilitates the detection of metal separation when maoisture or
other contaminants are present.

‘The conductors crossing deeply etched areas allow the
checking of process control. Rather than depending upon
aprical inspection of melal guality, burned out areas caused
by high currents are readily identified and provide a quanti-
tative measure of metal quality.

If the Reliability Laboratory determines that a recom-
mended new process or process change is viable for manu-
facturing purposes, further analysis is necessary to determine
that production devices can be manufactured in high volume,
in a repeatable and reliable manner.

Ry S
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Pracess Monitoring

In addition to process qualification, the Reliability proup
also conducts ongoing process monitoring programs, Onge
every 90 days cach major production progess is evaluated using
rel chips as tesl vehicles. The resulting test data is analyzed for
parameter limits and process stability. In this manner AMI can
help assure repeatability and high product quality.

Package Qualification

New packages are also quaiified before they are adopted.
To analyze packages, a qualification marrix is designed, accord-
ing o which the new package and an cstablished package (used
for contral) are tested concurrently. The test matrix consisis
of a full spectrum of electrical and environmental stress tests,
in accordance with MIL-STD-833,

Failure Analysis

Another important function of the Rehability group
is fuilure analysis. Scanning clectron microscopes, high power
optical microscopes, diagnostic probe stations, and other
equipmemnt is used in failure analysis of devices submitted
from various sources_ Tt is the function of the Relizbility group
to determine the cause of failure and recommend corrective
action.

The Relisbility group provides a failure anlaysis service
for the previcusly mentioned in-house programs and for the
evaluation of customer returns. All AMI customers are pro-
vided a failure analysis service for any part that fails within
one year from date of purchase and the results of tie analysis
are returned in the form of a written report.

SUMMARY

The Product Assurance Program at AMI is oriented to-
wards process control and monitoring, and the evaluation of
devices, The Program consisis of three major functions:
Cuality Control, Quality Assurance, and Reliability. Constant
menitoring of all phases of production, with information feed-
back at all levels, zilows fast and efficient detection of proh-
lems, evaluation and analysis, corrcetion, and vertfication of
the correction, The overall result is a line of products which
are highly repeatable and reliable, with a very low reject level,
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PROCESS DESCRIPTIONS

Each of the major MOS processes is described on the
following pages. First, the established production proven pro-
cesses are described, followed by those advanced processes,
which are starting to go into volume production now. In cach
case, the basic processes is described first, foilowed by an ex-
planation of its advantages, applications, etc.

P-CHANNEL METAL GATE PROCESS

Of all the basic MOS processes, P-channel Metal Gate
is the oldest and the most completely developed. It has served
as the foundation for the MOS/LSI industry and still finds
use today in some devices. Several versions of this process have

avolved since its earliest days. A thin slice (8 to 10 mils) of
lightly doped N-type silicon wafer serves as the substrate or
body of the MOS transistur. Two closely spaced, heavily doped
P-type repions, the source and drain, are formed within the
substrate by selective diffusion of an impurity thal provides
holes as majority electrical carriers. A thin deposited layer of
aluminum metal, the gate, covers the area beiween the sowrce
and drain regions, butiselectrically insulated from the substrate
by a thin layer {1000-1500 A) of silicon dioxide. The P-channel
transistor is turned on by a negative gate voltage and conducts
current between the source and the drain by means of holes as
the majorily carners.

The basic P-channel metal gate process can be sub-
divided in two general categories: Aigh-threshold and low-

FIGURE 10-1. SUMMARY OF MOS PROCESS CHARACTERISTICS
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threshold. Warious manufacturers use different techniques
(particularly so with the low thieshold process) to achieve
similar results, bur the difference between them always rests
in the threshold voltage Vi required to turn a transistor on.
The high threshold Vg is typieally -3 1o -5 volls and the low
threshold Vi is typically -1.5 to -2.5 volts.

The original technique used to achieve the difference in
threshold voltages was by the use of substrates with different
crystalling structmes, The high V- process vsed <111} silicon,
whereas the low Vo process used {1007 silicon. The difference
in the silicon structure causes the surface charge between the
substrate and the silicon dioxide to change in such 4 manner
that it lowers the threshold voltages.

One of the main advantages of lowering V.. is the ability
to interface the device with TTE, circuitry. However, the use
of {1007 silicon carries with it a distinct disadvantage also.
Just as the surface layer of the {100} silicon can be inverled
by a lower Vo, so il also can be inverted at other random
locations  through the thick oxide layers — by large voltages
that may appear in the metal interconnections between circuit
components. This is undesirable because it creates parasitic
transistors, which interfere with circuit operation. The maxi-
mum voltage that can be carried in the interconnections is
called the parasitic field oxide threshold voltage Vipp, and gen-
erally limits the overall voitage at which a circuit can operate.
This, then, is the main factor that limits the use of the low Vo
process. A drop in Vg between a high Vi and low Vo process
may, for example, be Mrom -28V ta -17V,

The low V. process, because of its Jower operating volt-
ages, usually produces circuils with a lower operating speed
than the high V. process, but is easier to interface with other
circuits, consumes less power, and therefore is more suitable
for clocked circuits. Both P-channel metal gate processes
vield devices slower in speed than those made by othier MOS
processes, and have a relatively poor speadipower product,
Both processes require two power supplies in most circuit
designs, but the high V; process, because it operates at a high
thrashold voltage, has excellent noise immunity.

FON IMPLANTED P-CHANNEL METAL GATE PROCESS

The P-channe] [on Implanted process uses essentially the
same geometrical structure and the same materials as the high
Vo P-channel process, but includes the jon implantation step.
The purposc of ion implantarion is to introduce P-type impurity
ions into the substrate in the limiled area under the gate
electrode. By changing the characteristics of the substrate in
the gate area, it is possible to lower the threshold voitage Vo
af the transistor, without influencing any other of jts properties.

Figure 10-2 shows the ion implantation step in a dia-
grammatic manner. [t is performed after the gate oxide is
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deposited, but before the source, pate. and drain metallization
deposition. The wafer is exposed to an ion beam which pene-
trates through the thin gate oxide layer and implants ions
into the silicon substrate. Other areas of the substrate are
protected both by the thicker oxide layer and sometimes also
by other masking means. lon implantation can be used with
any process and, therefore could. except for the custom of
the industry, be considered a special technique, rather than
a process in itself.

The implantation of P-type ions inlo the substrate, in
effect, reduces the effective concentration of N-type ions in
the channel area and thus lowers the Vo required to tum the
transistor on. At the same time, it does not alter the N-type ion
concentration elsewhere in the substrate and therefore, does
not reduce the parasitic field oxide threshold voltage Vo, (2

FIGURE 10-2. MAGRAM OF ION IMPLANTATION STEP
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problem with the low Vy P-channel Metal Gate process,
described above). The (111} silicon wsually is used in ion-
implanted transistors.

In fact, if the channel area is exposed to the ion beam
long enough, the substrate in the area can be turncd into P-
type silicon (while the body of the substrate still remains N-
type) and the lransistor becomes a depletion mode device. In
any circuit some transistors can be made enhancement type,
while others are depletion type, and the combination is a
very useful circuit design tool.

The lon-implanted P-channe! Metal Gate process is
very much in use today. Among all the processes, it represents
2 good optimization between cost and performance and thus
is the logical choice for many comimon circuits, such as memoty
devices, data handling (communication) circuits, and others.
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Because of its low Vo, it offers the designer a choice
of using low power supply voltages to conserve power or
increase supply volitages to get more driving power and thus
increase speed. At low power levels it is more feasible to im-
plement clock gencrating and gating circuifs on the chip. in
rost circuit designs only a single power supply voliage is
required.

N-CHANNEL PROCESS

Historically, N-channel process and its advantages were
known well at the time when the first P-channel devices were
successfully manufactured, however it was much more difficult
to produce N-channel. One of the main reasons was that the
polarity of intrinsic charges in the materials combined in such
a way that a transistor was on al OV and had a V¢ of only a
few tenths of a volt {positive). Thus, the transistor operated as
a marginal depiction mode device, without a well-defined
ontfoff biasing range. Altempts to raise Vp by varying pate
axtde thickness, increasing the substratc doping, and back
biasing the substrate, creaied other objectionable results and it
was not untit rescarch into materials, along with jon implanta-
tion, silicon gates, and other improverments came about that N-
channe! became practical for high density circuits.

The N-channel process pained its strength only after
the P-channel process, ion implantation, and silicon gate all
were already well developed. N-channel went into velume
productions with advent of the 4K dynamic RAM and the
microprocessor, both of which required speed and high den-
sity. Because P-channel processes were nearing their limits in
both of these respects, N-channel became the logical answer.

The N-channel process is structurally different from any
of the processes described so far, in that the source, drain,
and channe! ail are N-type silicon, whereas the body of the
substrate is P-type. Conduction in the N-channel is by means
of clectrons, rather than hoics.

The main advantage of the N-channel process is that
the mobility of electrons is about three times greater than
that of holes and, therefore, Nchannel transistors are faster
than P-channel. In addition, the increased mobility allows
more current flow in a channel of any given size, and there-
fore N-chaunel transistors can be made smaller. The positive
gate voltage allows an N-channe! transistor to be completely
compatible with TTL.

Although metal gate N-channel processes have been used,
the predominant N-channel process is a silicon gate pracess.
Amonyg the advantages of silicon gate is the possibility of a
buried layer of interconnect lines, in addition o the nomal
aluminum interconnections deposited on the surface of the
chip. This gives the circuit designer more latitude in layout

and ofien allows the reduction of the total chip size. Because
the polysilicon gate electrode is deposiied in a separate step,
after the thick oxide layer is in place, the simultaneous deposi-
tion of additional polysilicon interconnect lines is only a mat-
ter of masking. These interconnect lines are buried by later
steps, as shown in Figure 10-3.

FIGURE 10-3. CROSSECTION OF A SILICON GATE
MOS TRANSISTOR

Dirfeeraunaect degusit ol be
A Fe oexr e dhifiesnone
POLY SILICON GATE h

- m

{a} Transistor Ready for Source and Drain Diffusions

AL UM MUY OWER “HE BUEIED
FLICON [NTERCONMECT

HESURSTAATE

{h) Finished Transistor

One minor limitation associated with the buried inter-
connect lines is their location. Because the source and drain
diffusions are done after the polysilicon is deposited [see {(a}
of Figure 10-3] the interconnect lines cannot be located
over these diffusion regions,

A second advantage of a silicon gate is associaled with
the reduction of overlap between the gate and both the
source and drain. This reduces the parasitic capacitance at each
location and improves speed, as well as power consumplion
characteristics. Whereas in the metal gate process, the P
region source and drain diffusion must be done prior to de-
position of the gate electrode, in silicon gate process, the
electrode is in place during diffusion, see (a) of Figure 10-3,
Therefore, no planned overlap for manufacturing tolerance
purposes need exist and the gate is said io be selfrafigned, The
only overlap that occurs is due to the normal lateral extension
of the source und drain regions during the diffusion process.

The silicon-gate process produces devices that are more
compact than metal gate, and are slightly faster because of
the reduced gate overlap capacitance. Because the basic silicon
gate process is relatively simple, it is also economical. It is a
versatile process that is used in memory devices and most any
other circuit. )
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Because N-channel is relatively new, however, its praduc-
tion techniques and variations in applications stll are under-
going development. However, the combination of high speed,
TTI. compatibility, low power requirements, and cornpactness
have alveady made N-channel the most widely used process.
‘The cost of N-channel has been coming down also.

In addition to irs use in large memory chips and micro-
processors, N-channel has become a good general purpose
process for gircoits in which compactness and high speed are
important. The addilion of 4 second layer of polysilicon 1o
this provess has allowed the formation of overlapping electrodes
making possible charge coupled devices for very compact dy-
namic menery cells, for filters, and for analogdigital conversion,

CMOS
The basic CMOS circuit is an inverter, which consists
of two adjacent transistons — one an N-channel, the other a

P-channel, as shown in Figure 104, The two are fabricated
an the same substrate, which can be either N or P type.

The CMOS mverler in Figure 104 is fabricated on an
Ndype silicon substrate in which a P “tub” Is diffused to
form the body for the N-channel transistor. Al other steps,
including the vse of silicon gates and ion inplantation, are
much the same as for other processes.

The main advantage of CMOS is its cextremely low
power consumption. When the common input to both gate
electrodes is at a logic 1 (a2 positive voltage) the N-channel
transistor is biased on, the P-chanrnel is off, and the output is
near ground potential, Conversely, when the input is at a logic
O level, its negative voltage biases only the P-channel transis-
tor on and the ouiput s near the drain voltage +Vp. In
either case, only one of the two transistors is on at a time and
thus, there is virtually no current flow and no power consump-
tion. Only during the transition from one logic level to the
other are both transistors on and current flow increases
momentarily .

Silicon Gate CMOS is also fast, approaching speeds of
bipolar TTL clrcuits. On the other hand, the use of iwo
transistors in every device makes CMOS slightly more complex,

FIGURE 104, CROSSECTION AND SCHEMATIC DIAGRAM OF A CMOS INVERTER
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costly, and requires more chip size. For these reasons, the
original popularity of CMOS was in S8I logic elements and
MSI circuits — logic gates, inverters, small shift registers,
counters, etc, These CMOS devices constitute a logie family
in the same way at TTL, ECL, and other bipolar circuits do
and in the areas of very low power consumption, high noise
immunity, and simplicity of operation, arc still widely accepted
by discrete logic circuit designers.

Low power CMOS circuits made the watch circuit pos-
sible and also have been vsed in space exploration, battery
operaled consumer products, and automotive control devices.
As experience was pained with CMOS, tighter design rules and
reduced device sizes have heen implementsd and now LSI
circuits, such as 1K RAM memories and ricroprocessors, are
being manufactured in volume.

CMOS circuits can be aperated on a single power supply
voltage, which can be varied from +3 to about +18 volts, with
a higher voltage giving more speed and higher noise immunity.

YMOS

AMTI’s patented VMOS process is a significant departure
from the other processes described so far. The VMOS transis-
tor is constructed along the sides of a V-shaped groowve, that
has been etched into the silicon, as shown in the simplified
diagram of Figure 10-5{z). (A distinction arises between the
VMOS transistor and the planar iransistor, whose source, gate,
and drain are laid out in the usual manner, along the surface
plane of the substrate.)

The source is a heavily N doped region, diffused into
the substrate (heavy doping is denoted by + after the N).
“An epitaxially grown layer over the source conslituies the
channel. The lower part of this layer is more heavily P-doped
and its depth determines the effective channel length. The
upper part, designated w1, is very lightly P-doped and is used
as an isolating layer, to improve device performance charac-
teristics (as described below). The drain is a2 heavily N-doped
diffusion on the surface of the structure,

The gate oxide and gate electrode are deposited all along
ihe bias surfaces of the V-groove, as shown in the crosseciion
(b), and a field oxide layer extends over the drain. On the
surface of 2 die, the VMOS transistor appears as in {c¢).

1.22

In producing a VMOQS device, the source diffusion,
epitaxial growth of the channel layer, drain diffusions and
insulating oxide all are completed first and only then the
V-groove is etched. The precise V shape of the groove results
because of the interaction of the etchant with the anisotropic
crystal structure.

The VMOS process has several significant advanmiages:

Because it uses the sides of the V-groove for device
construction, the VMOS transislor requires @ much
smaller chip surface area than any planar transistor. For
this reason, very high density circuits can he huilt
with VMOS.

Devices with very short channels and large W/ ratios can
be built, making possible the design of very high speed
circuits, that can carry large currents. In any planar
process the channel length can be no smaller than the
physical limits of photolithographic masks, whereas in
VMOS the effective channel length is controlled only
by diffusion and epitaxial thickness, and can be 2 um
ot less. On the other hand. ehannel width is the perimeter
distance around all four sides of the V-groove (at the
channet elevation) and this clearly is an advantage in
getting a high W/€ ratio withoul using up a large surface
area. (The perimeter distance is 2-2 times that of a cor-
responding chip surface area planar device.)

The m type epitaxial layer isolates ihe heavily doped Nt
drain from the P channel and thus reduces substrate-
to-drain capacitance and increases drain breakdown vol-
tage. Other parasitic capacitances arc also typically
smaller than those of planar devices and so the overal]
power consumption at a given operating spead is smaller
than that of other processes (with the exception of
CMOS}.

On the strength of its density and speed advantages,
YMOS appears to be most promising for next generation
memeories - the 16K and larger RAMs, lowever, various other
device configurations, besides the floating source transistor
shown in Figure 10-5, are possible and thus YMOS can be-
come a good all-purpose process — usable on ROMs, EPROMs,
microprocessors, and random logic. For cxample, in a ROM
the NT source diffusion is eliminated and insiead, the entire
substrate is N type. In this manner all the celis have a common
grounded source and a very simple straightforward structure
results.
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FIGURE 10-5. THE VMOS TRANSISTOR

FSUBSTRATE

a. The Vegroove of a Floating Source
VMOS Transistor

FOLYSIICOR
Ean ELECTRDOE

b, Crossection of a Completed Floating Source c. Photograph of Two Parallel VMOS Transistors with
VMOS Transistor Surface V-Groove Dimensions of 6um x 23um

FIGURE 10-6. COMPARATIVE DATA ON MAJOR MOS PROCESSES
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MEMORY PRODUCTS

MOS STATIC RANDOM ACCESS MEMORIES

MAX, ACCESS MAX ACTIVE  MAX. STANDBY POWER
_ PRATNO.  ORGANZATON  PROCESS TIHE (ng) PUWER (W)  POWER (mW} SUPPLIES PACKAGE
_S68BI0 128§ IMOS 250 a20 Kik T
568410 128 ¢ 8 KMOS 36C 420 NiA A 24 PIN
540152 (02«1 VHOS 60 €50 NiA ¥ PN
$4075-2 1024 7 1 YMCS 60 660 nia +5¢ 18 PIl
T SedH nzax4 wMos D 790 Nid +5¢ 13 PN
_SaNdAL 1924 x4 YMES 150 265 iR T A 18PN
S21i4l1 1024 x4 YMES 150 379 Nid +5V 18 PIN
REE 1024 x ¢ uMoS ‘50 525 hiA +5V 18PN
s21°4A2 1024 x4 YMCS 2ng 265 N/A +5V 8 FIN
52114 1024 x4 wMos 0o o amo T ays aRN
_satidy 1024 x 4 YMOS 20 ' 525 Nin +5v RELU
5210443 104 xd vMOS ang _ 25 T Y 15 FIN
Cs2eL3  j024xd VIS 300 T am WA ¥w e
521743 1524 x 4 VMES 300 525 Nid +5V 15 PIN
$4017-3 409 % 1 umos 55 ED NA v ey
4017 angixl VMGS 7 660 nen T 15 FIN
521473 4096 51 yMes 55 945 160 +5¢ FE
S24T a0 x| VMOS 70 840 s H5 18 PIN
54028 2048 x8 UMCS Mg 525 Kib T 24 FIN
CMOS STATIC RANDOM ACCESS MEMORIES
MAX. ACCESS WAK. ACTIVE MAX. STANDBY POWER
PART NO. THGARIZATIZN TME {ng) POWER (mW) PUWER (mW) SUPPLIES PACKAGE
52222 512 % 1 350 ) »m I Y
_52222A 512 | 700 25 25 +10v HRN
§5101L 1 Whxd D 15 085 +5V 22PN
_ss101L 256 % 4 T e 15 055 +5Y 22 Pl
S6001L4 256 x 1 e 115 734 +5V 2N
S55101L-8 . 256 x 4 800 ) 115 T T ww T wmen
5E1D1-8 256 x 4 800 115 2.7 +5V FET
" 565081 1024 % 1 300 il 053 T
ses0s 1024 1 1 a0 1 55 +5V 6 il
5650841 et xt A R +4V 1 +11V 16PN
565084 10241 __460/+85° 12.5/50¢ 55 Caewmw . TEeN
56518 1 W2 x 1 T 13 55 +5V 18 PIN
5658 1024 % 1 450 13 55 ¥5V 8PN
8651841 weax1 PTEITTNE 12.5/50° K 4wy 18P
$65'BA 1024 & 1 604185 qasee +4V to +11V 1BRN
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MOS DYNAMIC RANDOM ACCESS MEMORIES

PARTHO.  mRGamZATON  phocess  MAX- ACCESS MAX_ACTNE  MAX. STANDBY POWER CACKAGE
TIME (ns) POWER (W) POWER (nW) SUPPLES o
TSUOBA ro2Aa1  RWOS A | s o +167 419 18 P N
54008" 1024 5 1 PMCS 408 250 50 __ 1213__ T
40089 024kt PWOS  B0O e s T 16PN
UV ERASABLE ELECTRICALLY PROGRAMMABLE READ ONLY MEMORIES
MAX ACCESS  MAX. ACTNE  MAX STANDBY  POWER
PART ND.  ORGAMZATION  PROCESS TME {ng) POWER (m) POWER (i) SUPPLIES PACKAEE
86834 v2xy  PMOS by ) e L +h/ =1 PN
568341 512 %8 PMOS o 70 N s5-12 24 PIN
35204.\5\"_ FILER: _ FMOS _ 740 752 ) N7A R A I PN PN o
S4716  2048xB wMos 50 e T T am 45 24 FIN
CSwE_ eNGxE VWIS a0 ey W@ b PR
MOS READ ONLY MEMORIES
PART Ni.  DESCRIPTION ORGANIZATION PROCESS M“TTM: l(:::}ss :‘:;'E: '::::; s;‘;:ﬁ:s PACKAGE
SBTTH 256D Git Stafic ROM 266 % 10 01 512 % 5 PMES Te00 00 4hi—12 L
SBSGA  6ax 7% Charac. Gen. 64 Wards PMOS By 1100 Bi-17 PREIN
535147 4096 Bit Slafic ROM 512 x8or 10745 4 PMOS  1o00 00 b1z 24BN
55232 4096 B Staic RO M2xBar1d24x4  PMOS 1000 b0 4517 2PN
" ser7t' 5120 B Static ROM ~ 512% 10 07 1624 x 5 PMDS a0 rom 45/ 12 28 PIN
S6830° 8192 Bil Static ROM  1024x8 NMOS 375 80 +5 RN
58865 8192 Bil Gynamic ROM 024 5 8 PMDS fron T 83 aBA—17 PN
T Sai16E 16384 BLSuRCROM  20BxE  WNOS 250 500 5 MPN
56831 16,384 3t Static AOM 2098 x § NMOS 450 o +5 " zapN
566314 16384 Bt Stabc ROM _ 2048% 8 NMGS T +5 24PN
S683°B 16,384 3il Siatic ROM 04858 NMOS 450 4w 4y 2PN
" S6831C' 16,384 Bil Static ROV 2048 ¥ 8 NRDS 250 T ax +5 2PN
"USBSOR' 1 384 it Dynamic AOW 096 x4 CPMOS 1Ba0 30 4ni-12 pany
58996' 14384 BitOynamuc RON 2048 x 8 __PMOS. 1800 370 +5i =12 24 PIN
 SEB132 32,796 Bit Stac ROM 096 % 8 HMOS 06X +5 T
34264 65.536 3it Static ROM 8192 # 8 VKOS 350 500 45 24 P

1

HOT AFCHMMENCED FOR MEW CESIGHS
FiEST NUMBER 15 AT +5V, SECORMD IS A1 +10V
TO BE ANNCUMNCED
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AMIL

S2114

Features

[0 High Speed Operation:

Access Time: 150ns Maximum (-1}

4096 BIT (1024x4)
STATIC VMOS RAM

Genera! Description

The AMI 82114 is a 4098 bit fully static RAM organ-
ized as 1024 words by 4 bits. The device is fully TTL
compatible on all inputs and outputs and has a single

£ High Density 18 Pin Package +5V supply. The common data inputfoutiput pins fa-
cilitate inferface with systems utilizing a bidirectional
: data bus. The stored datais read out non-destractively
Single +5 Volt Power Suppl
ol PPy and is the same polarity as the original input data.
Completely Static Operation: The 52114 is fully static requiring no clocks or refresh-
No Clocks Required ing for operation. This simplifies device operation as no
address setup times are required. The chip select func-
Completely TTL Compatible tion facilifates memory system expansion by allowing
the inputfoutput pins to be OR-tied to other devices.
U Common Data 1/O: The $2114 is fabricated using AMI’s proprietary
Three-State Outputs VMOS technology. This process permits the manufac-
O] Fan-Out of 5 TTL: Loy = 8SmA @ 0.4V ture of high performance memory devices suitable for
oL 3 high volume production.
Block Diagram Logic Symbol Pin Configuration
Aq
] . S
::”__ :ED:;;:; 1, - a0 .ﬂs[ 1 i :I\"r:l:
1 triven ARAAY a1 S w ] 8
::: g ——tl I I E 1 [] 2
Al — Az [ 4 14 ]Ag
e :: 1 I B E 5 1 %l.-m
"= Anuness 1o, g — i Ml s 1 ]
:;:' ulfgn\rDEEnﬁ 1 |.':::—::JTTS :IE; a — 110y “1[ ! " ]”“’
Ay — 1y Az [ [ ] n ]I.’Ou
Bi nnn[ 3 1 ]ﬁ
WE [+
171308 :EEedl]
Truth Table
Inputs Qutputs
e TS | WE PIN DOUT Mode
H X X Hi-Z Not Belected
Pin Names . L|lL L Hi-Z | Write'0*
.;A_(l_ Avg Address Inputs WE Write Enable L L H Hi-Z Write 17
cs Chip Belect Voo  +5V Power L H x Doyt Read
[[Oq1- /04  Daia Input{Cutput
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52114

Absolute Maximum Ratings*

Ambient Temperature Under Bias ... ... .. . . e -10°C to BO°C
Storage TEMPEIBEULE . . .\ .ot ottt et e e e e e e e e e -65°Cto 150°C
Voltage on Any Pin With Respect to Ground ... ... ... . . o i i it -05Vto TV
Bower DS Pt ON . .. e e e e e 1w

*COMMENT: Stresses above those listed under “ Absolule Maxitnum Hating'’ may cause permanent damage Lo the deviee. This is 2
stress rating ooly and Functional operation of the device at these or at any other condition sbove those indiested in the opera-
tional sections of this specification is not implied. Exposure to absclute maximum rating ¢onditions for extended pericds may

effect device reliability.

D.C. Operating Conditions (Voo = 5V 25%.Tx = 0°C to 70°C)

521144-3 52114L-1 52114-1 ‘
S2114A-2 52114L-2 £2114-2
S52114A-3 52114L-3 £2114-3 I
Symbol | Parameter | Min. | Max. | Min. [ Max. | Min. | Max. | Units ' Conditions
LI TInput Leakage Current [ 10 10 T a1 Vn - OV to 5,25V
Lo 1/0 Leakage Current l 10 10 10 A C5=2.4V;
|| \ Vo =04V to Yoo
1 15 65 a3 ma ] VIN = 5.25V;
Ioe Pawer Supply Current ! ! 'a=25C -
50 70 100 ma Vi = 5.256V;
Ta=0C
ViL Input LOW Yollage 05 | 08 | 05| 08 | -0.5 | 08 v
Vig Input HIGH Voltage 2.0 Veo 2.0 Voo 2.0 Voo v
VoL Output LOW Voltage 0.4 04 0.4 v Ipr, - SmA
Vou Output HIGH Voltage 24 Voo 24 Voo 2.4 Voo v Iog ~ -1mA
Ios Outpui Short Circuit Current 100 100 100 ma Duration not Lo
exceed 30 sec,
Capacitance (T = 25°C; f = 1,0MHz)
Symbol I Parameter Min. | Typ. | Max. | Units Conditions
Cii0 ] Input/Cuiput Capacitance i0 pF Vi =0V
Cin ‘ Input Capacitance | 5 pF Vi = 0V
A.C. Characteristics {Vie — BV 5%, T4 = 0°C to 70°C)
Read Cycle
5211441 52114A-2 52114A-3
52114L-1 52114L.2 521141.-3
52114.1 52114-2 52114-3
Symbol | Parameter Min. | Max, | Min. |Max. | Min, |Max, |Units | Conditions
tr |Read Cycle Time 150 200 200 ns
ta Arcess Time 154} 200 300 ny S
ep
too | Chip Selection Lo Outpul Valid 70 70 100 ns Test
tex | Chip Selection to Qutput Active 15 15 i5 ns Cireuit
toTn | Output 3-State from 40 60 80 ns . and
Deselection Waveforms
toHa | OQutput Hold from 30 30 30 ns
Address Change




A.C. Characteristics ([Continued)

S2114

Write Cycle
52114A-1 S2114A-2 52114A-3
§2114L-1 52114L-2 521141..3
52114-1 52114-2 52114L-3
Symbol | Parameter Min, | Max, | Min. | Max. | Min. | Max. |Units | Conditions
e | Wnte Cyele Time 150 200 300 s
iw | Write Time a0 120 150 ns See
— ; Test
lwgr |Write Release Time 0 0 0 ns Cireuit
LoTw [ Qulpul 3-State (rom Write 40 60 80 ns and
tpw | Dala to Write Time Overlap 90 120 150 ns Waveforms
tpH | Dala Held from Write Time o] 0 0 ns
Read Cycle (note 1) Write Cycle {note 2}
Propagation Delay From Address Inputs
“ag .
|—
D X
7
n('IIJT
BITHIT -
S
Propagation Delay From Chip Select
[ \\_ oW I PR
fot—pe] Tt
. V7
oLt h\\\
fry
e
NOTES:

. A read occurs during the overlap of a LOW C8 and # HIGH WE
A write peeurs during Lhe overlap of a LOW €S and a LOW WE,
. twR is referenced to the positive transition of WE,

. WE must be HIGH during all address transitions.

. If the CS LOW transition occurs simultaneously with the WE LOW transilion, then the output buffers remain in the high
impedance state.

N

=0

A.C. Test Conditions A.C, Test Load
5
8106
Input Pulsc Levels ........ 0.8V to 24V o
Input Rise & Fall Times .......... 10ns ! -
Input and Output Timing Level ... .. 1.5V I 100t o
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ADVANCED PRODUCT DESCRIPTION
S2114H

Features

o

High Speed Operation:
Access Time: 70ns Maximum

High Density 18 Pin Package
Single +5 Volt Power Supply

Completely Static Operation:
No Clocks Required

Completely TTL Compatible

Common Data [/O:
Three-State Outputs

4096 BIT (1024x4)

HIGH SPEED STATIC VMOS RAM

Fan-Out of 5 TTL: Ig,= 8mA @0.45V

General Description

The AMI $S2114H is a 4096 bit fully static RAM organ-
ized as 1024 words by 4 bits. The device is fully TTL
compatible on ail inputs and outputs and has a single
+53V supply. The common data input/output ping fa-
vilitate interfave with systems utilizing a bidireciional
data bus. The stored data is read out hon-destructively
and ig the same polarity as the original input data.

The 8§2114H is fully static requiring no clocks or re-
freshing for operation. This simplifies device opera-
tion as no address setup limes are required. The chip
select function facilitates memory system expansion
by allowing the input/output pins to be OR-tied to
other devices.

The S52114H is fabricated using AMI’s proprietary
VMOS technology. This process permits the manu-
facture of high performance memory devices suitable
for high volume production.

Block Diagram Logic Symbol Pin Configuration
Ay
A —] ) I S
e e T o] w7 b
= parwtn SRRAAY b —— g : B T J.\l,-
:i__ Az —=ad 0 nqt3 ‘3].-\9
A — as Tt w ]
1 o 1
% ::___ ' ac|:', I-'IJITJ'
4 R 1, ap — | p—— 11 Ay L8 13 :| 1oz
N nEtQDER [t cotubm 10z e . 0] 7 [T
L S 10 CIRCUITS 1y - A
Ay — et —1—1 Lo, Al —t [ il ]I-U-‘I
' At r.nu! 4 14 :|u'|:
k_ WE 4]
] g1m08 I
Truth Table
Wi B FUT E9REE Tnoat Ontouts
37308 — —,n-pu s 2 Mode
C8 | WE DIy Doyt
H X X Hi-Z Not Selected
Pin Names _ L{L L Hi-Z | Write “0"
Ap- Ay Address Inputs WE Write Enable L L H Hi-Z Write 1"
c8 Chip Seleci Voo 5V Powaer L | H X DOUT LRead
O3 - 1/0y Data Input/Output -
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Absolute Maximum Ratings*

Ambient Temperature Under Bins ... ... ... oot e et e -10°Cto 80°C
Storage Temperature . .........c.cuniirrnennennnenn., R, - $5°C to 150°C
Voltage on Any Pin With Respect to Ground ... .. ... . ... it -05Vito 7TV
Power Dissipation .. .. vt i e e e 1w

*COMMENT; Siresses above those listed under " Absolute Maximum Rating’’ may cause permanent damage to the device, This is a
siress rating only and functional operation of the device at these or at any other condition above those indicated in the opera-
tional sections of this specification is not implied, Exposnre to absolute maximum rating conditions for extended periods may
effcct device reliahility.

D.C. Operating Characteristic (Voo = 5V = 5%, Ty = 0°C to 70°C)

Symbol | Parameter Min, | Typ. | Max, | Units | Conditions
ILI Input Leakage Current 10 | pA | Vi =0V to5.25V
Hyo! | I/O Leakage Current 10 | uA | C8=24V;V(g=04Vta Voo
Ice Power Supply Current 150 mA VN = 5.25V, Tg = 0°C
VIL Input LOW Voltage -0.5 0.8 v o
Vi _ | InputHIGH Voltage =~ | 2.0 | Yee | V|
Vol | Output LOW Voltage | | | 045 | V | IoL=8mA
Vou | Output HIGH Voltage 24 | TVee |V | lou=-imA
Ips Qutput Short Circnit Current 100 mA ] Dration not to exceed 30 sec.

Capacitance (Ty = 256°C; £ = 1.0 MHz)

Symbol | Parameter Min. | Typ. | Max. | Units Conditions
Cio Input/Qutput Capacitance 10 pF Vijo = 0V
CiN Iaput Capacitance 5 pF vy =0V
A.C. Characteristics (Vog = 5V + 5%, Ta = 0°C to 70°C)
Symbol | Parameter Min. | Typ. | Max. | Units Conditions
Read Cycle
tRo Read Cycle Time 70 R ns
ta Address Access Time 70 ns See AC. Test
tona | Output Hold from Address 0 ns Conditions
tco (Ehip Seject Access Time 40 ns &
tcx Chip Select to Output Active 0 ns Load
toTD Qutput H-Z from Chip Select 30 ns
Write Cycle
twe Write Cycle Time 70 ns
tw Write Time 50 ns See A.C, Test
twr Write Release Time 0 ns Conditions
torw | Output H-Z from Write Enable 30 | ne &
tpw Data to Write Time Overlap 40 ns Load
toH Data Hold Time o 0 ns
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Read Cycle (note 1}
Propagation Delay From Address [nputs Propagation Delay From Chig Select

51
frx C BN

‘e b =

Write Cycle {note 2)

e

X -

@ mad e WL
& § m‘ o //}
oY \ @ r
" m '

NQTES:

1. A read oceurs during Lhe overlap of s LOW €8 and a HIGH WE.
2. A write oceurs during the overlap of a LOW C3 and a LOW WE.
3. ti.l,rR is referenced Lo the positive Lransition of WE.

4. WE must be HIGH during all address transitions,

5

. If the C8 LOW transition oceurs simuitaneously with the WE LOW transition, then Lhe output buffers remain in the high
hmpedance state.

A.C. Test Conditions A.C. Test Load
5y
B0
Input Pulse Levels ........ 0.8V to 2.4V . #
S71M4H
Input Rise & Fall Times .......... 1Cns J_
Input and Output Timing Level ... .. 1.5V I Ay o

2.9
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@

- ADVANCED PRODUCT DESCRIPTION

S2147

Features
O High Speed Operation:

4096 BIT (4096x1)

HIGH SPEED STATIC VMOS RAM

Atcess Time: 55ns Max. (-3}

O Automatic Power-Nown

1 High Density 18 Pin Package

O Sibgle +5V Power Supply

8 Completely Stitic Operation

O Completely TTL Compatible Inputs

O Three-State TTL Compalible Ouipul

B Fan-Out of 5 TTL: Ipr, = 8mA @ 0.45V

General Description

The AMI 52147 is a high speed 4096 bit fully static
RAM organized as 4096 onc-bil words. The device is
fully TTL compatible and has a single +6V power
supply. It has separate data input and output pins for
maximum design flexibility. The three-state output
facilitates memory expansion by allowing the output
ta be OR-tied to other devices. The stored data is
read out non-destructively and is the same polarity as
the input data.

The automatic power down feature offers significant
system power savings. This feature causes no perfor-
mance degradation, as chip enable access and address
access are equal. The 82147 is (ully static eliminating
the need for clocks or address set up and hold times as
well as maximizing data rates since access times and
cycle times are equal,

The 852147 is fabricated using AMI's proprietary
VMOS technology. The process permits the manufac-
ture of high performance memory devices suitable for
high volume producticn,

Block Diagram

RBURESE
DELUDEE e
e LT

BB
ARRAY

!

LE

ANOAFAS
BECODER [

Ay— DRIVER
A1p-

0g—

CHUMN
W EORCuITE

L1 ——

L]

razin w—

WRITE

DLTPUT EHABLS

Logic Symbol Pin Configuration
/U]
ay— auE 1 ] ]\fl:
A —] X
N i m[]z [
ag—| nz[ 3 16 ]rq
LYP a3 15 ]na
::: n[ B " jng
P as[]e 1[]s0
Er— —oour nuuT[ 7 2 :|nu
;::: iv"z[ B " jbm
LY p— oun[ ] m :lfg
WEIE
ATHn 7Tz

Pin Names

Ap- Ay Address Inputs
CE Chip Enable
WE Write Enable

Dy Data [nput

Dour Data Qutput

Voo +5V Power

Truth Tahle
— ].n&lts Output Mode Power
E‘ WE | Dy | Dorr
H X x H-Z Deselected | Standby
L| L L H-Z | Write “0” | Active
L L H H-Z Write #17 | Active
L H X Do | Read Active




52147

Absclute Maximum Ratings*

Ambient Temperature Under Bigs ... ...\ uu it in oot et et e e et -10°C to 80°C
Storage Temperablile . .. oo ot i et e e -65°C to 150°C
Voltage on Any Pin With Respect to Ground ... ... ... .. . . i, -05V 07V
Power Dissipation ... .. e 1w

*COMMENT: Stresses above those lisied under “Absolule Maximum Rating” may cause permanent damage to the device. This
is a stress rating only and functional operation of the device at these or at any other eondition above those indicated in the opera-
tional sections of this specificalion is not implied. Exposure to absolute maximum rating vondilions for extended periods may
effect device reliability.

D.C. Characteristics: V,, =5V £ 5%, T, = 0°Cto 70°C

Symbol | Parameter Min. Typ. Max. { Units Cenditions
VoL | Output LOW Voltage 0.45 v Ior = 8mA
Vou Output HIGH Voltage 24 v Ipg =-4.0mA
Vi1, Input LOW Voltage 0.8 v
Vin Input HIGH Voltage 2.1 v
1Lt Input Leakage Current 10 HA Voo = Max., Vin = 0 to Vo
Tuo’ Output Leakage Current 50 HA €8 =21V, Voo = Max.
Voyr = 0.4 to 4.5V
Iog QOutput Current Short Voo =Max., for not more than
Circuit to Ground -100 ma one second. o
_ . §2147 160 mA | Vg =Max., CE = Vg,
loc | Operating Currentloo v n sl 180 | maA | Ta = 0°C, Outputs Open
82147 20 ' mA —
b t Voo =Max.,,CE=V
Isg Siandby Curren S91473 30 T mA o ax TH

Capacitance: Ty = 25°C, f = 1.0MHz

Symbol | Parameier Min. Typ. Max. Units Conditions
Cv Input Capacitance 5 pF Vin = 0V
Coyr | Oubput Capacitance 10 pF Vaur =0V

A.C. Characteristics: Ta = 0°C to 75°C, Vg = +5V + 5%

Read Cycle
852147-3 52147

Symbol | Parameter Min. | Max. | Min. | Max, | Units | Conditions
tRC Read Cycle Time 55 70 ns
taa | Address Access Time 55 70 ns Gee AC. Test
tac | Chip Enable Access Time 55 70 ng Conditions
topg | Output Hold from Address Change 10 10 ns and
tyz | Chip Enable to Output LZ 10 IECHE ns Waveform

tyz | Chip Enable to Qutput HZ 30 [ ] 780 | ns

tprr | Chip Enable to Power Up Time 0 0 ng
tpp Chip Disable to Power Down Time 40 50 hs

2.11
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Write Cycle
52147-3 52147
Symbol | Parameter Min. | Max. | Min. | Max. | Units - Conditions
twe Write Cycle Time 55 70 ns |
tow Chip Enable to End of Write 45 55 ns |
taw Address Valid 10 End of Write [ 45 55 ns | See A.C. Test
tag Address Setup Time i B 5 ns Conditions
tywp Write Pulse Width 35 40 ns and
twr . Write Recovery Time 10 15 ns Waveforms
tpw ! Data Valid to End of Write 25 30 ns
tpH Data Hold Time 10 10 ns
twz Write Enable to OQutput HZ 0 25 0 30 ns
tow Qutput Active from End of Write 0 | 25 0 | 30 ns
READ CYCLE WRITE CYCLE
Propogation Delay From Address Inputs
- e - e - R
anuAFss X " wmss__jé J-
- hA ————— o 2 - oy - —- —
- — gy ——- _
DATA QYT  PALVIIUS nn*nanlw UATANALID t ¥
Propagation Delay From Chip Enable ECS " o
- — 1IN —— |, ;-|
™ e -
2 Jf__,_,_,_,_ ATA Iy x.— DATA N YALID _,F
- At - 7 -bl = 00—
- iz i ‘-.qu_-' Ja1a00 518 Fin:O i X naia 1N DaTAIN
nATA OLT i :-2 ¥ XX DETA ySLID [ iz o S L : * e
-ty — | e pp - :L
VEL [p—————————
SUPPLY
CURRENT lfm—mmmee o]
NOTES:

twh is refevenced to the positive transition of WE.
WE must he HIGH during all address transitions.

Lﬂ:ﬁ-m!\‘)!-‘

impedance state.

A read occurs during the overlap of a LOW CE and a HIGH WE.
A write ocetrs during the overdap of a LOW CE and a LOW WE,

If the CE LOW transition eeurs simultaneously with the WE LOW transition, then output buffers remain in the high

A.C, Test Load

51012

0pF

A.C. Test Conditions

ALLINFUT BULEES
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$4015/54025

1024 BIT (1024 x1)

HIGH SPEED STATIC VMOS RAM

Features

O Pin Compatible with 93415 (34015} and
93425 {84025)

O Single +5V Power Supply

) Completely TTL Compatible

[J Open Collector Output — S4015

[ Three-State Output — 54025

O Fan-Out of 10 TTL — Iy, = 16mA @0.45V
O Completely Static — no Clecks or Refreshing

General Description

The AMI 84015/54025 family of 1024x1 bit high speed
VMOS RAMs offers fully static operation with a single
5V supply. The device is completely TTL compatible
on inputs and output. The family is available in two
output configurations. The 34015 has an open collector
{open drain) cutput and the 34023 has a three-state out-
put. The stored data is read oul nondestructively and
is the same polarity as the original input data.

The family is completely static requiring no clocks
or rcireshing for operation. Chip Select (CS) controls
the output and simplifies memory system expan-sion.
The fast chip select time allows decoding the chip
select from the address without inereasing address
access time.

Block Diagram

% ES—

A -—1 AODRESS 292

A, —— DECDDER >

A DRVFR ARRAY

By

& —

A ——=) ADDRERS COLUMN 1D
A, —1 DECOUER CIRCUITS
A, —— DR.VER

A T

Logic Symbol Pin Configuration
L3 0y, WE
By — 11 o et [ 15 [ v
B I A [ ) e
e A E 1 3 [SWT
Ay — § -y
A — 6 A O 0 T E 4
T B ay 5 N
by S B
. —
Ay —{ 17 Mour |—_ b n ;:I".‘s
5 Wi IR aho [ 8 q &
’ [EFTE] DUU 2ITIN0
Pin Names
T8 Chip Sclect D Data Input
Ay — Ay Address Inputs Dppr Data Output
WE Write Enable
Truth Table
- ; 5 .
I"_—' np_uts O‘Utputlf Ouﬂl Mode
C5 | WE | Dy | 84015 | 84026
[ 11 [ x T x [ #H  H—2z[Notselected
LiL|L| H |H—Z, wite0" |
Llv|H]| H H—2|whe«" |
{ L | H | X | poyr | Dour | Read |
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$4016/54025

General Description {Continued}
The 34015784025 is fabricated using AMI’s proprietary VMOS process, thus aliowing the production of high

speed MOS RAMs that are fully compatible with bipolar RAMs but offering the advantage of lower power
dissipation.

Absolute Maximum Ratings*

Ambient Temperature Under Bias -10°C to +85°C
Storage Temperature o - 86°C to + 150°C
Output or Supply Voltages _ = _ . . =03Vt +TV
Input Veltages L - -0,5Vto + 5.5V
Power Dissipation T 1 Wait

*COMMENT: Stresses above those listed under “ Absolute Maximum Rating’ may cause permanent damage to the device. This
is a stress rating only and funectional operation of the device at these or any other condition above those indicated in the opera-
tional sections of this specification is not implied, Expasure to absolute maximum rating conditions for extended periods may
affect device reliability,

D. C. Characteristics: Voo = 5V £ 5%, Ty = 0°C to 75°C

Symbol | Parameter Min. | Typ. | Max. | Units | Conditions
Voo _|OutputLOWVoltage | | | 045 | V |Voo=Min lop=16ma
Vou Output HIGH Voltage (54025 Family) | 2.4 ¥ [ Vce=Min, lgu=-5.2mA
Vi Input LOW Voltage 0.8 v
V| Input HIGH Voliage N P S A 20 S
I, Input LOW Current ~-40 HA | Vopo=Max, V=04V
I Input HIGH Current 40  pA | Vgo=Max, Viy=4.5V
Output Leakage Current T N _
IcEx (84015 Family) 50 i pA | Veg=Max, Vour=4.5V
To Output Current (High %) - 50 pA | Veo=Max, Voup=24V
OFF (84025 Family) ~50 | pA | Veo=Max, VouT=0.5V
Output Current Short Circuit. to Voo=Max, for not more
Ipg . -100 | mA
Ground (54025 Family) than 1 second
. Vcc‘—‘Max
Icc Power Supply 125 | mA | All Inputs Grounded
Current
| [ Output Open
Capacitance
Symbol | Parameter Min. ]Typ ]—Max. Units :Conditions
Cmy Input Cépacitanci e | 5 pF . All inputs=0V
Cour ' Oulput Capacitance 8 | pF ' Output=0v
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A.C. Characteristics: Voo = 8V 5%, Tq = 0°C to 75°C

Read Cycle
54015(25) . 2
Symbol Parameter Min. Typ. Max, | Units Conditions
tACS Chip Select Time ] 40 “ns See Test
thCS Chip Select Recovery Time | 40 ns Circuit &
TAA Address Access Time Il 60 ns Waveforms
Write Cycle
twsg Write Disahle Time [ 40 ns
_lwr Write Recovery lime 0 40 s
tw Write Pulse Width 40 ns
twsp Data Set-up Time Prior to Write 5 ns See Test
twHD Data Hold Time After Write _ b i B o T s Circuit &
twWsa Address Set-up Time 5 | 1 _F_[ ns Waveforms
WHA Address Hoid Time 5 ns
twscs | Chip Select Set-up Time 5 s
tWHCS Chip Select Hold Time 5 ns
Read Cycle Write Cycle

Propagation Delay From Address Inputs

|
by R 53 0,
&..-, — i ’
| _h — — s " LT
. JATA o
“uur JROEFINED VALID DATA By Ay
[ — Y= = Bnea 1

2

Propagation Delay From Chip Select P x L ){
[——e | Ty

. s |-4—
t M at r
s |“_ s
| ! | e 4__41 I.-q—p-| W

Mgy 199018 1 VALIDCALA . TATA c
N Oyt 5005 UNGFFINED ks

) 07 1540251 L
arses uut UNFEFINED

477IM

A.C, Test Load A.C. Test Conditions

ALL IHRUT PLUILEES

O yr

GHD

e
A 54015 | 2702 | GOOs:
. l S4025 | 2200 | 18002

' |
TR - - !1 M ns — 1k
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PRELIMINARY

S4017

AML

4096 BIT (4096x1)

HIGH SPEED STATIC VMOS RAM

Features

]

oo oo o o

High Speed Operation:

Address Access Time: 5508 Muximum
Chip Select Access Time: 30ns Maximum
Fast Chip Select Optimizes Access Time
High Density 18 Pin Package

Single +5V Power Supply

Completely Static Operation

Completely TTL Compatible Inputs

Three-State TTL Compatible Qutput
Fan-Out of 5 TTL: Ig1, = 8mA @ 0.45V

General Description

The AMI S4017 is a high speed 4096 hit fully static
RAM organized as 4096 one-bit words. The device is
fully TTL compatible and has a single + 5V power
supply. It has separate data input and ouiput pins for
maximum design flexibility. The three-state output
facilitates memory expansion by allowing the output
to be OR-tied to other devices. The stored data is read
out non-destructively and is the same polarity as the
original input data.

The fast chip select access time offers a sigmificant
perflormance advantage. As the chip select is normally
decoded from the address, the time required to decode
the chip select will not impact the overall access time.

The S4017 is fabricated using AMI's proprictary
VMOS technology. The process permits the manufac-
ture of high performance memory devices suitable for
high volume production.

Block Diagram

L]

a ADDAFSS
’j DECDOER  p—a) b % B
hp—. OWVER HRRRY

!

LOLumMN
10 CIRTWITS

ADDREST

UELOWLH '._—..
OHIVER

Cout

r— CUTPUY TNABLF

Pin Names

Ag-Aqi Address Inputs Dy Data Input
Cs Chip Select Doyt Data Output
WE Write Enable Vgp  +5V Power

Logic Symbol Pin Configuration
A nu|:|__-u_ls:|\fl:u
POl R _
i —| —nbin 'E : (]2
1y ngL a 3 :In?
ay—| e 1574
Ly pu— =
P e 1 :]ng
P a6 1 ]ﬂw
Pl |_'DD|JI ﬂuur-‘l: T 5] ]Ns
n::_-“ m[ t n ]nm
By — Gnn[ ] "y ]ES
VT i
we oS
area L ey
Truth Tahle
Inputs Output Mode
5 | WE DN DouT
H | X X H-Z | Not Selecled
L L L H-Z Write “0”
L L H H-Z Write “1”
L H X Doyt | Read
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Ahsolute Maximum Ratings*

Amblient Temperature Under Bias .. ... .ottt e e et e e -10°Cto 80°C
Storage Temperatlure . . . ..o uu ottt e ettt e e s -65°C to 150°C
Voltage on Any Pin Wilh Respect to Ground . ... ... . i e e ~0B5Vio TV
Power Dissipalion ... e e 1W

FCOMMENT: Stiesses ahove those listed under “Absolute Maximum Rating” may cause permanent damage to the device. This
is a stress rating only and functional operation of the device at these or at any other condition above those indicated in the opera-
tional sections of thizs specification is not implied. Exposure to absolute maximum rating conditions for extended periods may
effect device reliability.

D.C. Characteristics: Vp, =5V £ 5%, T, = 0°Cto 70°C

Symbol | Parameter Min. | Typ. Max. | Units Conditions
Vpr | Output LOW Voltage 0435 v IoL = 3mA
Vol Output HIGH Voltage 2.4 v [py = -4.0mA
Vi Input LOW Voltage 1l 0.8 v
Vu Input HIGH Voltage 21 \
11 Input Leakage Current 10 pA Voo = Max., Viy = 0 to Vi
Lol | Output Leakage Current 50 RA | C8=21V, Voc = Max.
Vour = 0.4 to 4.5V
Iag Output Current Short Voo = Max., for not more than
Cireuit to Ground -100 mA one second.
Power Suppl Voo = Max., CS = v,
Ieg er Supply 125 | maA
Current Output Open
Capacitance: Ty = 25°C, f = 1.0MHz
Symbol | Parameter Min. Typ. Max. Units | Conditions
Cmy Inputi Capacitance 5 pt Viy =0V
Cout | Output Capacitance . 8 pF Vaur =0V

A.C. Characteristics: Ty = 0°Cto 75°C, Voo = +5V * 5%

Read Cyele

| $4017-3 54017
Symbol ; Parameter Min. | Max. | Min. | Max. | Units Conditions
tre | Read Cycle Time L 55 70 ns
™ . Address Access Time 55 70 ns | See A.C. Test
QE,-E_' | Chip Select Access Time ‘i’ 30 40 ns Condition
toH Output Hold from Address CHéng_e R T R A Y+ T R and
t1z Chip Select to Qutput L, — Z 10 10 ns Waveform
tyz | Chip Select to Output H — Z 30 30 ns
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Write Cycle

840173 54017

Symbol | Parametier Min. ' Max., | Min, | Max. ! Units Conditions
twe Write Cycle Time o 55 | 70 | ms
tow Chip Select to End of Write 40 50 ns
taw Address Valid to End of Write 45 55 ns See A.C. Test
tas Address Setup Time 5 5 ns Conditions
twp | WritePulseWidth | 3 | |40 | | ns | and
twg Write Recovery Time || 1w | |15 | ns Waveforms
tpw | Data Vald to End of Write 25 30 ns
tD_H- | Data Hold Time 10 10 hs
twz Write Enable to Output HZ 0 25 0 30 | ns |
tow Output Active from End of Write ] 25 0 30 ns

Write Cycle Read Cycle

Propagation Delay from Chip Enable - e .

- - N R | anorFss - _X:

A R
e | LN B e L o et A
28T DT Hmnn 4 PR1A VALID JHEE - Y o - R @
EE
._ T —
114

Propogation Delay From Chip Select i i

- = - — o —— — AT R * DATA 'K AL X
ANDPRISE - HZ | -1—|nw—b|

e —— e tAA — ———
(= Ty - — BATA 00T nat A UNDLIINCO T W * QAT VT - (A=A N

0aTa0uUT  PAEVIQUS DATR VELID - DATA VALIT

NOTES:

1. A read ocours during the oveslap of a LOW CE and a HIGH WE.
2. A write oceurs during the overlap of a LOW C5 and a LOW WE.
3. lwR is referenced to the positive Lransition of WE.

4, WE must be HIGH during all address transitions,

If the TS LOW transition ocoues simultanecusly wilh the WE LOW transition, then the output buffers remain in the high
impedance state.

[l

A.C. Test Load A.C. Test Conditions

AL NP, TPLIEES

5107

oyt

EEEESH
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AMIL

ADVANCED PRODUCT DESCRIPTION

S4028

Features

!

J 13

|

High Speed Operation:
Access Time: 200ns Max.

Siﬁgle +3V¥ Power Supply

Pin Compatible with 16K EPROM/ROM
Fully Static Operation

Completely TTL Compatible

Common Data Inpui/Qutput:
Three-State Qutputs

Output Enable Function for Easy Control of
Data Output

16,384 BIT (2048 X 8)
STATIC VMOS RAM

Generat Description

The AMI S4028 is a 16,384 bit fully static VMOS random
access memory organized as 2048 words by 8 bits. The
device is fully TTL compatible on all inputs and out-
puts and has a single +5V power supply. The common
data inputfoutput pins and output enable function
facilitate interface with systems utilizing a bidiree-
tional data bus, Data is read oul non-destruetively and
is the same polarity as the input data.

The $4028 is fully static requiring no clocks or refresh-
ing for operation. This simplifies device operation as
no address setup or hold times are required. The chip
select and output enable functions facililate memory
expansion by allowing the inputfoutput pins to be OR-
tied to other devices.

The 854028 is fabricated using AMI's proprietary
VMOS technology. This permits the manufacture of
high performance memory devices suitable for high
volume production.

Block Diagram Logic Symbei Pin Canfiguration
[yp— U5 OWE DE —\
Ay — !, J, L. 2 v
4, — annacsm 15,58 BT
4y — niconty a1 — w0 7 0%
4y ——1 URIERS anmar = | — ¥ g 2 [
[
By — ! — ¥ Ay C 4 H :j“
a — — 43— L1, ] A—
by — o, a s 2 [J1E
[LN— - L 1Ay,
4 = [, a, W]
"B
Ae ADORISS t iy = — o, . ..D
» R fy — a s 17 [ ]y
V] okconEk ] A vo,
4 ——1 DAlvEAs CIREYITS 4y — N vy [ % 1w [ wn;
] | " l l ‘| T i =] roy [0 15 [Jun,
| | h = i ) o, oy T 1w [
L ny [ B BT 1 [
P l_L I uuj 110,
| Ll
—‘_\‘\-:-._ rT ll’Ds
| 1D,
~] L] ] |-’D: Truth Table
iy
QUTRUT ERSBLE Py Py p—
MODE _Lcs__ OE | WE | Data g | Duta Oug
Pin Names [ Neselerton Wi x % Hi-2
Head L L H | Hi I |Datadt
— Wri N
A, — A Address Inpuls OE Qutput Enable w:_l:r t : Il: Eq‘u :n f:l i
— ite a1a In [
EO. — I3y  Data Imputs/Qutputs WE Write Enable ! ciosted, Etpu_m._%. Tl Ted = Tz
cs Chip Select Yoo -5V Pawer Supply




AML

S$5101

1024 BIT (256x4)
STATIC CMOS RAM

Features General Description
O Ulira Low Standby Power The AMI S5101 family of 256 x 4-bit ultra low power
CMOS RAMs offers fully static operation with asingle
0 Data Retention at 2V (L Version) + 5 volt power supply. All inputs and outputs are
directly TTL compatible. With data inputs and out-
O Single +5 Volt Power Supply puts on adjacent pins, either separate or common data
I/0 operations can easily be implemented for max-
O Completely Static Operation imum design flexibility. The three-state outputs will
drive one full TTL load and are disabled (high imped-
O Completely TTL Compatible Inputs ance state) by output disable {OD), either chip enabie
(CE1 or CEZ2), or in a write cycle (R/W = LOW), This
O Three-State TTL Compatible Outputs facilitates the control of commeon data I/O systems.
Block Diagram l-ogic Symbol Pin Configuration
y—_ . S
—— WPl - N2z 1 — A& s 2 ]V
secoge ARRax e Rl EIE 21 ] 4
y—_———————— )
a 3: :: “0: 2 [T rw
- n— 4, 4[4 19 ] e
| i P 2008 12 [J oo
. St o ol l]s i flee
R e e T 1'D CINTRL N P Ay
a L ] GEconER lzn: 5 Dy 00, — 10 “JU ' 1 [] 0,
11— Dy 0o, b cuaf]e 15 [J ol
"o ol o f] s 1 [J oo
f— — —— o0 w —l oo = 8o, [] 10 13 §] 0
|01, Rt LE2 CET o, 2 fon,
ooy —zln |Il I
F
-0
??;;‘H BTTEDE BTHIG
Truth Table Pin Namas
CEL| CE2 | OD R/W | DIN Dutput | Made Ag - AT Address Inpuis ¢l Chip Enable
H X X X X High # | Mot selected DI - Dy Dgta Tnputs CE2 Chip Enable
X L X X X High Z | Not Selected DOy -DCy Data Quiputs RiwW Read/Write Input
b4 X H H X High 2 | Qutpul Disabled an Output Disable Voo +5 Volt Power Supply
Lk |EB L | x High Z | Write
L|H|L L | x High Z | Write
L|n|L H| X Dout | Read
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General Description (Continued)

The stored data is read out nondestructively and is
the same polarity as the original input data. The 85101
is totally static, making clocks unnecessary for a new
address to be accepted. The device has two chip enable
inputs (CE1 and CEZ2) allowing easy system expansion.
CE2 disables the entire device but CE1 does not dis-
able the address buffers and decoders. Thus, minimum
power dissipation is achieved when CE2 is low.

Absolute Maximum Ratings*

S$5101

The L version of the 55101 has the additional feature
of guaranteed data retention with the power supply
as low as 2 volts. This makes the device an ideal choice
when battery augmented non-volatile RAM storage is
mandatory.

The $5101 is fabricated using a silicon gate CMOS
progess suitable for high volume production of ultra
low power, high perfortance memories.

Ambient Temperature Under Bias
Storage Temperature
Voltage on Any Pin with Respect to Ground
Maximum Power Supply Voltage
Power Dissipation

~10°C to 80°C
-65°C to 160°C

*COMMENT: Stresses above those listed under ““Absolute Maximum Rating”’ may cause permanent damage to the device. This is
a siress rating vaoly snd functional operation of the device at these or at any ather condition above those indicated in the opera-
tional sections of this specification is not implied. Exposure to absoluie maximum rating conditions for extended periods may
affect device reliability.

D.C. Characteristics: T, = 0°C to 70°C, Voe = 5V ¢ 5% (Unless otherwise specified)

Limits
Symbol | Parameter Min. | Max. | Units | Conditions
Ii Input Leakage Current 1 uA Vv = 0V to Voo
CEl = V4
ILo Output Leakage Current 1 HA Vour = OV to Voo
. Outputs = Open,
Iec Operaling Supply Current 22 mA Vin = VL, to Ve
5510111, S5101L 10 A Vv = 0V to Voo
IcoL Standby Supply Current | S5101L3 140  uA except
S5101L8, 55101-8 500 {uA CE2 <0.2V
Vi Input Low Voltage ~03 | 066 |V
VIH Input High Voltage 22 | Voo (V
VoL Output Low Voltage 04 v IoL =2mA
Vou Output High Voltage 24 v Iog =-1mA
Capacitance
Limits
Symbol | Parameter Min. | Max. | Units | Conditions
Cy Input Capacitance 3 pF Vv = 0¥, on all Input Pins
Co Qutput Capacitance 12 pF Vo =0V
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A.C. Characteristics for Read Cycle: Ty = 0°Cto T0°C, Vg = 5V £ 5% (Unless otherwise specified)

861011 5510118
S5101L1 85101L3 £5101-8
Symbol Parameter Limits Limits Limits Units Conditions
Min, Max. Min Max. Min. Max.
Tr( Read Cycle Time 450 650 8200 ns
Taco Access Time 430 650 800 s
Teol CEl to Qutput Delay 400 G0 200 ns
Tocog CE2 to Output Delay 500 700 BB6D | ns Sce AC.
Too Output Disable to Enabled Conditions
Output Delay 250 350 450 ns of Test and
Tpr Ouipul Disable to Qutput . A.C, Test
Ii-Z State Delay o 130 b 150 o 200 | s Load
TOH]1 Output Data Valid into Next
: Cyrle with respect to 0 0 0 as
Address
TaH2 Dutput Data Valid Into
Next Cycle with respect i} o ] ne
Lo Chip Enatile
Read Cycle

23]

-
_./1]/

T

L4

(

bt T — =

an

DATA OUT

DATA QUT
NALIN

R

Note:
1,
2.

OD may be tied low for seaprate I/Q informaticon,
The output will go into a high impedance state if either CE1 js high, CE2 is low, OD is high or R{W is low.

Vot

X
=

T(h'l -

.

i

OATAOUI VALWD

STATE
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A.C. Characteristics for Write Cycle — Separate or Commaon Data 1/0 Using Output Disable

T, = 0°Cto 70°C, Voo = 5V + 5% { Unless otherwise specified)

$5101

55101L 5510118
85101L1 5510113 85101-8
Symbeol Parameter Limils Limits Limits Units Conditions
Min, Max, Min. Max. Min. Max.
Twi Write Cycle Time 450 880 800 ns
Taw Address To Write Delay 130 150 200 ns
Tewi CEL to Write Delay 3560 550 G50 ns See A.C.
Tews CEZ Lo Write Delay’ 350 550 650 ns Conditions
Tow Data Set-Up to End of of Test
Write Time 250 400 450 ns and A.C
TDH Data Hold After End of Test Load
Write Tinme a0 100 100 ns
Twp Write Pulse Width 250 400 450 ns
TwR End of Write to New
Address Recovery Time 50 50 100 ns
Tps Cutpui Disable to
Data-In Setr-Up Time 130 150 200 ng

Write Cycle — For Separate or Common Data [/O

N Tt | |

[i=3 e, | !
Wl 1
—_— |

oo / T l:

I
' [IT— -—
|

| I

OATA 1M 3TAR
| | r :

i tra

Riw 7 J ;

HI Z3TATE

OATA BUT f[—

weial




$5101

Low Vo Data Retention Characteristics for $5101L, 85101L1, $5101L3 and 86101L8 1
Ta = 0°Cta 70°C

Limits
Symbel | Parameter Min. Max. Units Conditions
Vpr Voo for Data Retention 2.8 v CE2=02V
. 3 , 1 A v =V
Data Retention §5101L1, S5101L 0 B oCc = Vor
Iocor Supply Current 35101L3 140 I ud Tg = Ty = 20ns
[ S5101L8 500 | uA CE2=0.2V
Tcrp Chip Deselect to Data Retention Time 4] [ ns
Tg Operation Recovery Time Trod! s
Notes:
[1] For guaranteed low Voo Data Retention @ 2.0V, order must specify 5851011, 8530111, S5101L3 or 5510118,
[2] TRC = Read Cycle Time,
Low V. Data Retention Wave Form
DaTa RETENTION JR——
MOGE
W
-— T,
@
®
®
1475w
1 v
LW
4 DAy
a7l
A.C. Test Load
1.73%
251 Bl 6002
ouT — A.C. Conditions of Test
Input Levels 0.65V to 2.2V
Input Rise and Fall Time 20ns
Timing Measurement Reference Level 1.6V
:[mn of
miglas
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$6508/S6508A

AML

Features

Ultra Low Standby Power

56508 Completely TTL Cormpatible
86508A Completely CMOS Compatible
4V to 11V Operation (36508A)

Data Retention at 2V

Three-State Output

Low Operating Power: 10mW @ 1MHz {5V)

O oo o o c 00O

Fast Access Time: 115ns @ 10V

1024 BIT (1024 x 1)
STATIC CMOS RAM

General Description

The AMI 56508 family of 1024x1 bit static CMOS
RAMs offers ultra low power dissipation with a single
power supply. The device is available in two versions.
The basic part (S6508) operates on 5V and is directly
TTL compatible on ail inputs and the three-state out-
put. The 86508 “A™ operates from 4V to 11V and is
fully CMOS compatible. The dala is siored in ultra
low power CMOS static RAM cells (six fransistor).
The stored data is read out nondestructively and is
the same polarity as the original input data. The
address is buffered by on-chip address registers. These
internal registers are latched by the HIGH to LOW
transition of chip enable (CE). The write cnable and
chip enable functions are desighed such that ejther
separate or common data I/O operations can be easily
implemented for maximum design flexibility,

Block Diagram

L —

A R

ny ADDRESS BTLR T
LATLH A ARRAY

ny NFCODER

Aq

Fat

—

A LUV
ALTHESS
IATCHE
SELDIER

.
ka%m

LaLumy
O CRINTE

Logie Symbol Pin Configuration
[ D WE
s |4
w—d LR 1 vec
i ] Zin
b — 4
Al—1 5 ]ﬁ
Ad 13 u J 19
ws—« z [ a8
o i
wa— 1R
s 5[] »
a3 r ; 1B
tauT
Pin Namas
A0-A9  Address Inputs CE Chip Enable
Dy Data Input WE Write Enable
Doyt  Data Qutput Veo Power Supply
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General Description (Continued}

The 56508 is fabricated using a silicon gate CMOS
process suitable for high volume production of high
performance, ultra low power memories, When
deselected {CE = HIGH), the 36508-1 draws less than
10 microamps from the 5V supply. In addition, it

CMOS to TTL — 56508/56508-1
Absolute Maximum Ratings

$6508/S6508A

offers guaranteed data retention with the power
supply as low as 2 volts. This process makes the device

an ideal choice where battery augmented nonvolatile

RAM storage is mandatory.

Supply Voltage
Input or Output Voltage Supplied
Storage Temperature Range
Operating Temperature Range, Commercial

8.0V
GND - 0.5V to Voo + 0.5V
-65°C 1o 150°C
0°C to 70°C

D.C. Characteristics {Voe = 5.0V £ 10%, Ta = 0°C te 70°C)

Symbol | Parameter Min. Max Units Conditions

Viu Logic;l_;:r” Input Voltage Vee- 2.0 v

ViL Logical **0” Input Voltage T Tes Tv

Iy, Input Leakage -1.0 1.0 uh oV VN < Voo

Vg2 | Logical 1" Qutput Voltage Veoe- 0.01 v . IogyT=90

Vop | Logical “1°" Output Voltage 2.4 v 10H=-0.2mA

VoL2 | Logical “0” Output Voltage GND+0.01]  V TouT = 0

VoLi | Logical “0” Output Vollage | | 045 | VvV | Igp-2.0mA

Ig Output Leakage -1.0 1.0 vA OV< Vo< Ve, CE= Vg
Iccr | Standby Supply Current %2—1—— — 11%0 ii VIN=Veo

Igc | Supply Current 86508/56508-1 2.5 ma f=1MHz

CiN | Input Capacitance | 70 pF

Co Output Capacitence 10.0 hrr_i)

A.C. Characteristics (Voo = 5.0V £ 10%, CL = 50pF (One TTL Load), Ta = 0°C to 70°C)

Symbol Parameter M'SmG.EOi-I];x. Mi:sx.65ol\?lax. Units | Conditions

tACC Access Time from CE 300 460 | ns

tEN Output Enable Time 180 285 ns

tpIs OCutput Disable Time 180 285 ns

tCcEB. | _CE HIGH 200 300 ns

tCEL CE LOW 300 460 ns See A.C. conditions of
wWp Write Pulse Width (LOW) 200 300 | ns test and A.C. test load.
1AS Address Setup Time 7 15 ns

tAH Address Hold Time 90 130 ns

tDs Data Setup Time 200 300 ns

iDH Data Hold Time 0 0 ns

tMOD Data Modify Time 0 ¢ ns
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CMOS to CMOS — S6508A/S6508A-1
Absolute Maximum Ratings

$6508/S6508A

Supply Voltage

Input or

Storage Ternperature Range
Operating Temperature Range, Commercial

Output Voltage Applied

12.0V
0.5V to Voo + 0.5V
-65°C to 150°C
0°Cte 70°C

D.C. Characteristics (Ve =1V t0 11V, T4 = 0°C to 70°C)

Symbaol | Parameter Min. Max Units Conditions
Viy | Logical “1” Input Voltage 70% Ve | v [
VII, Logical 0"’ Input Voltage 20% Vo _ Y _
I, Input Leakage -1.0 10 | uA oV < ViN < Voo
VoH | Logical 1 O_utput Voltage _VCC_—_O.DI _ v lgpr=90
Vor Logical “0"* Qutput Voltage GND+0.01 v | IppT=0
Io Output Leakage -1.0 1.0 HA Y OV V< Ve, CE=Vy
565084 500 A .
Iccr, | Standby Supply Current SB6508A .1 100 iA Vin = Voo
Supply Current Voo=5V 2.5 mA | _z I T
I6C | (565084/565084-1)  [Vpe=10V 50 | ma | ‘TiMEE
CIN Input Capacitance 7.0 pF
Co Output Capacitance 10,0 pF
A.C. Characteristics (Voo = Voo £ 10%, Ta = 0°C to 70°C)
Symbol | Parameter Voo 1\:;5083; Misf.m?\jl&ax. Units | Conditions
¢ ) Bl I
tacc | Access Time from CE 133 izg ‘llgg E: —
tEN Cutput Enable Time Tg%—f —————l,?éu—m——r—%gg g:
1
tDIS Output Disabile Time 1g¥ L 17655 ?gg Irll:
=6 5V | 175 300 ns
fCEH | CEHIGH 10v_|_ 80 135 T
== 5V | 275 460 ] _ns_ !
tCEL | CELOW 10v | i1h 185 " ns
. . bV | 175 300 ns See A.C. conditions
twp | Write Pulse Width (LOW) 7oy T 80 125 ms ] of test and A.C. test
load,
tAS Address Setup Time 1g¥ ’,; ig 22 °
tAH Address Hold Time 1g¥ ig 1(;‘300 2:
. BV | 175 300 s
ins Data Setup Time 10V 80 195 s
tDH Data Hold Time 1(5)¥ g -E g E:
. . 4]
tMOD | Data Modify Time ’%— - J! ¢ e




$6508/S6508A

Read Cycle
@
w X A N
0% Q+;L_"-_.>lﬂ—l WEL 'LEH
Al-AD x X
- 1At 'i ‘
Write Cycle

las T | LgEY CEH
A& X *

X X

Read Modify Write Cycle

o . / —

1 T [ |
A% Al ‘ TEI CFH |

r—»
A8 x x

| ]w ®

HE st %
Tatc

= e

Vpur - x :

o __! 'og ‘o

X X

NOTES:

1. The write operation is ferminated on any positive edge of Chip Enable (CE) or Write Enable (WE).
2. The duta output will be in the high impedance state whenever WE is LOW.
3. WE i5 IIIGH during a read aperation.

4. Ri d fall times of V. ual 20ns,
ise an imes of Vi eq 9.98



$6508/S6508A

Low Ve Data Retention Characteristics (T 4 = 0°C to 70°C)

Symbol | Parameter Min, | Max. Units Conditions
VDR V¢ for Data Retention 2.0 v CE = 2.0V
Tt Data Retention 56508, 86508A 106 HA Voo = VDR Min.
CCDR | supply Current S6508-1, 86508A-1 1.0 A VIN = VOO
tepr Deselect SBetup Time toEH ns |
tR Recovery Time toEH ns

L ow Vo Data Retention Waveform {note 4}

O oF =
\® ®/

CoR ——-b-‘ |e— — - {veomm

21w
Tvin
1y

® ®
® ®

BITIAZ

A.C, Test Load

EFIN

A.C. Test Conditions

a052 Input Levels ....... ... v, VIL, te VIl
ImputRise & Fall .............. . ... ... 20ns
Timing Measurement Reference Level
it SBBO8/S6508-1 . ovvvvvurineninnn vev. 1BV
o S6608A/S6508-1 ... ... ... ... .. 50% Voo

<]__|

Ttadd
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AMIL

S6518/S6518A

Features

Ullra Low Standby Power

56518 Completely TTL Compatihle
56518A Completely CMOS Compatible
4V to 11V Operation (S6518A)

Data Retention at 2V

Three-State Output

Low Operating Power: 10mW @ 1MHz (5V)

O o o o g o o0 gd

Fast Access Time: 115ns @10V

1024 BIT (1024x1)
STATIC CMOS RAM

General Description

The AMI 56518 family of 1024x1 kit static CMOS
RAMs offers ultra low power dissipation with a single
power supply. The device is available in two versions.
The basic part {56518} operates on +5V and is directly
TTL compatible on all inputs and the three-state out-
pul. The 86518 “A"™ operates from +4V to +11V and
is fully CMOS compatible. The data is stored in ultra
low power CMOS six transistor static RAM cells, The
data is read out non-destructively {into a data latch)
and is the same polarity as the original input data,
The address is buffered by on-chip address registers.
These internal repgisters are latched by the HIGH to
LOW transition of chip enable (CE). In_addition,
there are two chip selects (C51 and CS52) which
facilitate memory expansion. The write enable, chip
enable and chip select functions are designed such
that either separate or common data I/0 operations
can be easily implemented.

Block Diagram Logic Symhol Pin Configuration
Ly £st
w — — — 4 mw
81— A00RESS e ot wE d._v_—.
[ J— ¥\ /'] ) et \ wh
Moo {econen AARAY i L e
by - - 3 I &[] ? Dawls
| AD H
L s—a w© o, ] 3 15 oy
l a1 —{ al E 3 s []WE
:: - ::L::N al— & w6 e
at - —} - Jiatcan LuLUmN A= a] s 1 ':]al
[- J— | —JOECODER Ab =10 [F AP
- — | 40 CIACLITS A —dn LR B |
AT =i} P My Ugye [] F "]
A —] 1}
a1 —J oo ] 4 i AmEN
[
=3
Truth Table
WE
Lnput; " Ouput
e e T ]' o Mode
- CE|TEt [ T2 [ WE | bw | bour
® o] L] N | Wiz | Write “p"
if L tjn-z. Wrile 1"
Pin Names U Dour | Read
o X H Hi-Z | Deselected ]
Ag — Ag Address Laputs 51, C82 Chip Selects xT x Hi-z ) Tleselected
Tipy Data Input WE Write Enable &) X Hi-Z i Deselesiad
Dnur Data Catpul Vi Power Supply H L Doior : Output Latched
CE Chip Enable I To Last Dara
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AM l S6518/56518A

General Description {Continued}

The 56518 is fabricated using a silicon gate CMOS  supply. In addition, the 36518 family offers guaran-
process swtable for high volume production of high  teed data rotention with the power supply as low as
perfornance, ultra low power memories. When de- 2 volts. This makes the device an ideal choice when
selected (CE = HIGH, CS1 or CS2 = HIGH), the hattery augmented non-volatile TRAM  storage s
56518-1 draws less than 10 microamps from the +5V  mandatory.

CMOS to TTL — $6518/56518-1
Absolute Maximum Ratings

U Py VOltage o e e 5.0V
Input or Output Voltage Supplied . ... . . o o GND - 0.5V to Voo + 0_5\’
Storage Temperature Range ... .. . e -653"C tu 150°C

Operating Temperature Range, Commercial .. ... . ... .. . e 0°Cto 70°C

D.C. Characteristics (Vog = 0.5V + 10%, Ta = 0°C to 70°C)

Symbol; Parameter [ Min. I Max Umts[ (‘(mdltlons

VIH Logical 17 Inpul Voltage n VCCHQ O '_ o __}*' _T_ e

V1L Logical 0™ Input. \fultzwr' i i 08 Vo

l[i_.._ an-ut 'L'eakaue --1 o I, 16 1k i GV <y - \"(_?_C.' — I

\_’(BEQ_ Logu_dl ‘1"(_)ut.p€1“t i:'oi_t-agé- T (_- 0_01_; T | VO I()[_” =0 ~ T T

VoH1 | Logical “17 Quiput Voltage 24 TV o = -6.2ma T

Vore | Logical “0" Output Voltage JGND +0.017 ¥ our =0

Vor1 | Logical "0 Qutput Voltage : 043 ' V| I_O]_: 2o0mAa T T

o e 55 -5 o v e, BT

ooy (Swndby o gsesis LT 0 0 100 D g
| Supply Current [6551_8_1_ I L 2 y I

1oc | Supply Current S6518/86518.1" oo 2 5 mA | f= l\lllz

CIN__[Input Capacitance 77T T T T opF T T T T T T T T

Co Output Capacitance ' . 100 ' pF

A.C. Characteristics (Vo = 5.0V £ 10%, CL, = 50pF (One TTL Load), Ta = 0°C to 70°C)

S6518-1 S6518 _ .
Symbol Parameter Vin. | Max. | Min. | Max. Units | Conditions
tagc . | Access Time from CE 300 | 460 | ns
tEN 1 ‘Output Enable Time 180 285 ns
Tipis | Output Disable Time 180 285 | s
tcgy ¢ CEHIGH 200 300 | ns
{CEL " CE LOW 300 460 | ns See A.C. conditions of
twp Write Pulse Width (LOW) | 200 | 300 " | ns 1 testand A.C. test load.
tAS Address Setup Time 7 15 ns
taH Address Hold Time 1] 130 ns
tDS Data Setup Time 200 | 300 ns
tDhH Data Hold Time 0 0 ns
tMOD Data Modify Time 4] 0 ns
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AMI1

$6518/S6518A
CMOS to CMOS — S6518A/S6518A-1
Absolute Maximum Ratings
BUpD Y VOlbaE . . L i e e e et 120V
Input or OQutput Voltage Applied ... .. ... . . .. . . i i e ~-0.8V to Voo + 0.5V
Storage Teruperature RBNZE .. ..ottt ittt e -65°C to 150°C
Operating Temperature Range, Commercial .. ......... . et inerrnenrrinenans 0°C to T0°C

D.C. Characteristics (Voo = 4V to 11V, Ty, = 0°C to 70°C)

Symbal | Parameter Min. Max, Units ‘ Conditions
VIH Logical “1" Input Valtage 0% Voo v
VIL Logical “0" Input Voltage 20% Voo v
I Input Leakage -1.0 1.0 HA V< VIN < Voo
VOH | Logical “17 Voltage Vee-0.01 vV | lour=0
Vo1, | Logical “0” Voltage GND+0.01 | v loyt =0
In Output Leakage -10 1.0 uA OV < Vo< Voo, CSlor C82= VIH
I Standby | $6518A 500 pah .
CCL Supply Current [ 865184-1 | 100 wA VIN = VCC
I [Supply Curreni, Voo =5V 2.5 mi |
¢ |sesisasesisanfVoc-10v | | 50 |maj TN
CIN Input Capacitance 7.0 pF 1',
Co ]Clutput Capacitance 10.0 pF |]
A.C. Characteristics (Voo = VoC £ 10%, Ta = 0°C 1o 70°C)
) e v S6518A-1 865188 | o | comdit
Symbol | Parameter CC "Min, | Max, | Min, | Max.| ~ onditions
. = 5V 275 460 ns
tacC | Access Time from CE Tov 115 185 .
. 5V 165 286 ns
tEN Qutput Enable Time Tov 76 120 e
. . v 165 285 ns
tpis | Output Disable Time 10V 75 130 s
= 5V 175 300 ns
tCEH | CE HIGH 10V | 80 125 ns
ooy 5V | 275 460 ns
tCEL | CE LOW 10v | 115 185 rs
] . 5V 175 300 ns See A.C. conditions
twp | Write Pulse Width (LOW) 7oy T 80 125 ns ] of test and A.C. test
. 5V 7 15 ns load.
—Es Address Setup Time 10V 7 15 v
. oV 80 130 ns
tapg Address Hold Time 10V 10 60 s
, vV 175 300 ns
tDL qﬁlz_a—ta Setup Time 10V 80 195 ns
. 5V 0 0 ns
tDH Data Hold Time 10V 0 0 s
. . 5V 0 0 ns
tMOD | Data Modify Time 10V i) ) s




AMI S6518/S6518A

Read Cycle

D‘.‘“——-4 ACTIND * ¥arLio *_ il ||

Write Cycle

UTHRE = SR M -1|

T e e e —f,
EENNAANARARRNY 7717777

I— =l = = —

] S
WE \—{——

iga- —

r* B e e
Py X vaLID
Read Modify

Write Cycle Ap - Ay * wALID K

[ . b g e — ..__..,r_. = lepae—e ;
- - —fapp —= I

{11

1

. —--|I . L urp !
[P : Louge

: | - :
LM RLTIVE vALID .l

+ i

1
|- — tgg— el - 15 —h-|+ -]

Notes:

i,

2
3,
4

The write operalion occurs when CE - T51 = (83 = WE = LOW. The write operation is terminaled on any
positive edge of CST, C82, CF or WE. .

The data ontput will be in the high impedance state whencver WFE (s LOW

WE is HIGH during a read aperution,

Rise and fall times of Voo equal 20ns.
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AM l 56518/56518A

Low Ve Data Retention Characteristics (T 5 = 0°C to T0°C)

Symbhaol Parameter Min, | Max. Units Conditions
ViR Ve for Data Retentton |20 | | v | CE-z20vV
“]__ | Data Retention | 86518,86618A | | 10 | uA | Vee=VpR Min,
CCDR | gupply Current o $6518-1, 86518A-1 1 1.0 KA VIN=Vee
__ED&__.EE?@IE“ S_etup Time o _l_tCEH ns E
tR. Recovery Time toger ns _J_

Low V¢ Data Retention Waveform inote 4)

YL

_]-1-— ‘R 1wps Ml

J i

] T
LR

gritay

A.C. Test Load

Fiv
A.C. Test Conditions
908 : Input Levels . ... ... .. .. ... L. VIL Lo ViH
<
Inpui Rise & Fall ... ... ... .. ... . ... 20ns

Timing Measurement Reference Level

SR O—AOL SBE1B/SBO1B-T ... 1.5V
SE518A/$653184-1 50% Ve

—— e owbudeaishorasl e

a1
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PRELIMINARY
S4216B

AMIL

Features

o o o o o o

a

Fast Access Time: 250ns Maximum
Fully Static Operation

Single +5V + 10% Power Supply
Directly TTL Compatible Inputs
Three-State TTL Compatible Outpuis
Three Programmable Chip Selects
EPROM Pin Compatible

Fan-Out of 5 TTL: [gf, = 8mA @ 0.4V

16,384 BIT (2048 x 8)
STATIC VMOS ROM

General Description

The AMI 54216B is a 16,384 bit static mask program-
mable VMOS ROM organized as 2048 words by 8 bits.
The device is fully TTL compatible on all inputs and
outputs and has single + 3V power suply. The Lhree-
state outputs facilitate memory expansion by allowing
the outputs to be OR-tied to other deviees.

The S4216B is fully compatible with 16K UV EPROMs
(+ BV version)making system development much easier
and more cost effective. It is fully statie, requiring no
clocks for operation. The three chip selects are mask
programmable, the active level for each being specified
by the user.

The 54216B is fabricated using AMI's proprietary N-
Channel VMOS technology. This permits the manufae-
ture of very high density, high performance mask pro-
grammable ROMs,

Block Diagram

ADRRESY
Ay BECODEH i 16289
okIvER ARRAY

'

Ay ——1  apoREss
A DECODEF oL
¥ —— DRWEA fa

DUTRYT
HUFFEAS

GHIE
C87 el BELECY  [ra—ind

U8y o] DECODER®

T

d- 02 0z O4 05 05 17 Dg

*PADGAAMMARLE CHIP SCLERTS

BTN

Logic Symbol Pin Configuration
TR v B - ]
| | | s[h ~ 24 ] ves
ag (] 2]
£ et -
- ag u 1 22 Jk:}
o] . N[ a 2 :[r:.\
,-,- L ., #3{]s 2]
N S n;[s ‘Qjﬂm
Ay ——
: . aifyr e
:_ -t #0[5 1”7 ]Cs
g: 03 g [ 4 13 :| 7
a3
! l— s Gy [ w 15 :l CE
:3—1 l— oy 03[?\ u]os
— ano [{z 1] os
A1
]
LErrit] 827200
Pin Names
Ap-Ayg  Address Inputs
041 -0g Data Outputs
C8,-C8z Chip Select Inputs
Vee +5V Power Supply
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$42168

Absolute Maximum 'Rati'ngs*

Ambient Temperature Under BIas .. .ot vttt etvn it cie it e avaaeaaaaaannens -10°C to 80°C
Storage TempPeratUre . .. ... i ittt ittt et et et e e -65°C ta 150°C
Output or BUpPlY Vol age . ...t i e e e e e -05Vio TV
Input Volbage . i e e e e -0.5V to 5.5V
Power Dissipation ... ... it i e et e e e e 1w
*Comment:

Stresses above those listed under “ Absaluie Maximum Ratings’ may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or at any other condition above those indicaled in the operational sections
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

D.C. Characteristics: T, = 0°C to 70°C, Vg, = 5V + 10%

Symbol Parameter Min, Typ. Max., Units Conditions

VoL Output LOW Voltage 0.4 v | loL =8maA

Von Output HIGH Voltage 24 v Ioy = -800uA

VIL Input LOW Voltage -0.3 0.8 v

Vi Input HIGH Voltage 2.2 Vee v

Itz Input Leakage Current N IR 1_(_) L A Viy = 0to 3.5V

Iro Output Leakage Current ) 10 HA Vo = 0.4 to 5.5V, Chip

_| Deselected

Ice Power Supply Current 90 mA | Voo = Max., Ta = 0°C,

Outputs Open
Capacitance: T, = 25°C, f = 1Mhz

Symbol Parameter Min. Typ. Max. Units Conditions

Cn Input Capacitance 8 pF Vi = 0V

CouT Output Capacitance 10 pF Vour =0V

A.C. Characteristics: T, = 0 to 70°C, V¢ = 5V £ 10%

Symbol Parameter Min. Typ. Max. Units Conditions
tas | Address Access Time 250 ns See A.C. Test
tacs Chip Select Access Time 100 ns Conditions
torFF Chip Select Tum-off & Waveforms
Time 100 - l ns
Waveforms
05 - €8y T vaLim Ao - Mg
tats s —
0 -y VALID DATA 0y -0 * YALIG DATA
RLELr ] 1TEE
Propagation From Chip Select Propagation From Address
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$4216B

A.C. Test Conditions A.C. Test Load
W,
Input Pulse Levels 0.8V to 2.2V 5
Input Rise and Fall Times 10ns b
Input/Qutput Timing Levels 1.5V " 4
5418 l

b3
T 10t 3 s

RLREETL]

Custom Programming

The preferred method of pattern submission is the AMI Hex format as described below, with its built-in address
space mapping and error checking. This is the format produced by the AMI Assembler. The format is as follows
and may be on paper tape, punched cards or other media readable by AMI.

Position Deseription
1 Start of record (Letter 8)
2 Type of record
0 — Header record (comments)
1 — Data record
9 — End of file record
3,4 Byte Count
Since each data byte is represented as two hex characters, the byte count must be multiplied
by two to get the number of characters to the end of the record. (This includes checksum and
address data.) Records may be of any length defined in each record by the byte count.
5,6,7,8 Address Value
The memory location where the first data byte of ihis record is to be stored. Addresses should
be in ascending order.
9,..,N Data
Each data byte is represented by twoe hex characters. Most significant character first.
N+1, N+2 Checksum
The one’s complement of the additive summation (without carry) of the data bytes, the address,
and the byte count.
Example: S5113000049E9F10320F0493139F72000F5EQF0012686
S9030000FC
=z 3
EE
- P
il
"SE 8§ « s %
- e 2
He 8 o £
555 4 : ;
A~ 5 i
$113000049E9F10320F0493139FT72000F5E0F0012686
NOTES:

1. Only positive logic formats for Eg, B1, Eo are aceepted. 1 = VHIgH: 0 = VLowW
2. A 0" indicates the chip is enabled by a logie 0.
A *1" indicates the chip is enabled by 2 logic 1.
3. Paper tape formal is the same as the card formal above except:
a. The record should be a maximum of 30 characters.
b. Carriage return and line feed after each record followed by ancther record.
¢. There should NOT be any extra line feed between records at gll.
d. After the last record, four (4) $$88 (dollar) signs should be punched with carriage retum and line feed indicating end of file,
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PRELIMINARY
$4264

AMIL

Features

O Single +5V * 10% Power Supply

{1 High Performance:
Maximum Access Time: 350ns

EPROM Compatible for Cost Effective
System Development

O

Completely Static Operation

Directly TTL Compatible Inputs
Three-State TTL Compatible Qutputs
Fan-out of 5 TTL: I, = 8mA @0.4V

oo Qoo

65,536 BIT (8192 x 8)
STATIC VMOS ROM

General Description

The AMI 84264 is a 65,536 bit fully static VMOS mask
programmable ROM organized as 8192 words by 8
hits. The device is fully TTL compatible on all inputs
and cutpuis and has a single + 5V power supply, The
three-state ouiputs facilitale memory expansion by
allowing the outputs to be OR-tied to other devices.

The 84264 is fully static requiring no clocks for opera-
tion. Data access is simple as no address setup times
are Tequired, The byte organization of the 54264
makes it ideal for microprocessor applications.

The 84264 is fabricated using AMI's proprietary VMOS
technology, This permits the manufacture of very
high density, high performance mask programmable
RQOMs.

Blogk Diagram
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Pin Names

Ag - Ara  Address Inputs €S Chip Select
01 -0g  Data Outputs Voo +5V Power

Logic Symbol Pin Configuration
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S4264

Absolute Maximum Ratings*

Ambient Temperature Under BIas ... .o v v vt v ottt et in et e e ey -10°C to 80°C
SLorage TOIMPETEEUIE . oo ottt ottt e sttt bt o e vt e et e e e e -65°C to 150°C
Output or Supply Vollages . ... .. e e e e -0.5Vto 7V
TPt WO A EE . . .ot e e e e e e -0.5V to 5.5V
Power DHas At ON . . . e e e e e e e e 1w

*COMMENT: Stresses above those listed under ‘“Absolute Maximum Rating’ may cause permanent damage to the device. This
is a stress rating only and funectional operation of the device at these or any other condition above those indicated in the opera-
tional sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

D.C. Characteristics: T, = 0°Cto 70°C, Vo = +5V + 10%.

Symbol Parameter Min. | Typ. | Max. | Units | Conditions

VoL Output LOW Voltage 04 v o, =8mA

Vou Output HIGH Voltage 2.4 v loH = -400uA

VIL Input LOW Voltage -0.3 0.8 v

Vi Input IIJGH Voltage 2.2 Voo | V¥

Ip1 Input Leakage Current 10 A Vv = 0 to 5.5V

1o COutput Leakage Current 50 HA C8 =24V, Vg = 0,4V t0 5.5V

Iee Power Supply Current 145 mA Voo = Max., Ta = 0°C, Outputs
Open

Capacitance: T, = 25°C, f = 1 MHz.

Symbaol Parameter Min. | Typ. | Max. | Units | Conditions

Cm Input Capacitance 8 pF Vin = 0V

Cout Cutput Capacitance 10 pF Vour =0V

A.C. Characteristics: Ty = 0°C to 70°C, Voo = +5V £ 10%.

Symbol Parameter Min., | Typ.| Max. | Units | Conditions

fan Address Access Time 350 ns See Test Circuit
tacs Chip Select Access Time 150 ns &

torr Chip Deselect Time 0 150 ns Waveforms

Wave Forms

~ Propagation Delay From Address Propagation Delay From Chip Select

Ap-Ayz =

' nrE
- - -——
thh r‘ tags
040y VALID DATA fly-ng VALID DATA
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54264

A.C. Test Conditions A.C. Test Load
Input Pulse Levels 0.8V to 2.2V
Input Rise and Fall Times 10ns o e
Input/Output Timing Levels 1.5V ozsa | ¥

™

Custom Programming

The preferred method of pattern submission is the AMI Hex format as described below, with its built-in address
space mapping and error checking. This is the format produced by the AMI Assembler. The format is as follows
and may be on paper tape, punched cards or other media readable by AMIL,

Position Description
1 Start of record {Letter 5)
2 Type of record
0 — Header record (comments)
1 — Data recoxd
9 — End of file record
3,4 Byte Count
Since each data byte is represented as two hex characters, the byte count must be multiplied
by two to get the number of characters to the end of the record. (This includes checksum and
address data.) Records may be of any length defined in each record by the byte count.
56,7,8 Address Value
The memory location where the first data byte of this record is to be stored. Addresses should
be in ascending order.
9....N Data
Each data byte is represented by iwo hex characters, Most significant character first.
N+1, N+2 Checksum
The one’s complement of the additive summation {(without carry) of the data bytes, the address,
and the byte count.
Example: 8113000049 E9F10320F0493139F72000F5EQ0FC01286
59030000FC
g 3
EEEZ
S 2 & g
] o w
20 O =X 2
2 i -+
H& 38 '{':' 2
28 & 2 = <
1 N /’L \ / i Wain
$5113000049E9F10320F0493139F72000F5EOFQ0126
NOTES:

1. Paper tape format is the same as the card format above except:
a. The record should be a tnaximum of B0 characters.
b. Carriage return and line feed after each record followed by another record.
¢. There should NOT be any extra line faed between records at all.
d. After the last record, four (4) 358§ (dollar) signs should be punched with carriage return and line feed indicating end of fils,
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AMIL

‘z

S6831A/B

Features

g

Single +5V Power Supply

Directly TTL Compatible Inputs
Three-State TTL Compatible Outputs
Three Programmable Enables

Access Time: 450ns Maximum
568314: Intel 2316 A Pin Compatible
S6831B: 2716 EPROM Pin Compatible

0O00ooag

Low Power: Supply Current is B0mA Maximum

16,384 BIT (2048x8)
STATIC NMOS ROM

General Description

The AMI 6831 family of 16,384 bit mask program-
mable Read-Only-Memories offers fully static opera-
tion with a single + 5V power supply. The device is
fully TTL compatible on all inputs and three-state
outputs. The three enables are mask programmable,
the active level is specified by the user.

The 86831 family is available in two pin configurations.
One of these, the S68134, is the pin configuration of
a popuwlar ROM: the Intel 2316A. The second pin
configuration, the 56813B, is pin compatible with the
2708 and 2716 EPROMs. Software developed in
EPROMs can be put inlow cost ROM for high volume
production.

The device is organized as 2048 words by 8 bits, a con-
figuration particularly suitable for microprocessors.
The 86831 family is manufactured with an N-channel
silicon gate depletion load technology.

Black Diagram Logic Symbol Pin Configurations
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Uy—Dq [lata Outputs w
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. wa
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S6831A/B

Absolute Maximum Ratings*

Ambient Temperuture Under Bias . .............. e e e e e e -10°C to 80°C
Storage TeMDEratUIE . . . . ottt ot e s et e e et e e e e e s -65°Cto 150°C
Output or Supply Volage . ... i e e e e ~0bHVito 7V
Input Voltage . ..o i i i e e e e e, -0.8V to 5,5V
el I3 T =1 A o T T 1w

*Comment: Stresses above those listed under **Absolute Maximum Ratings’ may cause permanent damage to the device. This is
a stress rating only and functional operation of the device at these or at any cther condition above those indicated in the opera-
tional sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may
affect device reliability.

D.C. Characteristics: Voo = +5V £ 5%; Ty = 0°C to +70°C

Symbol Parameter Min. Typ. l Max, Units Conditions
VoL Output LOW Voltage | 04 v oL = 2.1 mA
Vou Output HIGH Voliage 2.4 | v lox — -100pA
Vi Input LOW Voltage -0.5 | 08 v |
Vi Input HIGH Voltage 20 Ve v |
It Input Leakage Current 10 A Vv = 0to 5.26V
Iio Output Leakage Current i0 A Vout = 0.4 to 2,4V,
Chip Deselected
70 ma Voo = Max, Ty = 25°C
P S Iy C t =
doo ower Supply turren 80 mA Voo = Max. Ty = 0°C
Capacitance: £ = 1.0 MHz; T4 = 25°C
Symbol Parameter Min. Typ. Max. Units Conditions
Cin Input Capacitance 7.5 pE Vm =0V
CouT Output Capacitance 10 pF Vour = 0V
A.C. Characteristics: Voo = +5V £ 5%; Ty = 0°C to +70°C
Symbol Parameter Min. Typ. Max. Units Conditions
teve Read Cycle Time 450 ns
taa Address Access Time 450 ns See Test Circuit
tAR : Enable Access Time 200 ns & Waveforms
torF Output Disable Time 10 150 ns
Propagation Delay From Ghip Enable Propagation Delay from Address Inputs
» . 1} YALID ><
Ep = E: A
{ B} X WAL ’K — |

}-4—';\; —] +—"urr [—1n4 ——a|
0g-Dg —.—.—-——< WALID DATA Og- B LENL:]
S
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S6831A/B

A.C. Test Conditions

Output Load .. ... i e e e e 1 TTL Gate and C, = 10¢ pF
Input Pulse Levels . ... . i e e e 0.8t0 24V
Input Risc and Fall Times {(10% t0 90%) .. .0 vttt i e e s s e enaaa e nas 20 ns

Timing Measurement Reference Lavel

Custom Programming

The preferred method of patiern submission is the AM] Hex format as described below, with its built-in address
space mapping and error checking, This is the format produced by the AMI Assembler. The format is as follows
and may be on paper tape, punched cards or other media readable by AMI.

Position Description
1 Start of record (Letter 8)
2 Type of record

{ — Header record (comments)
1 — Data record
9 — kind of file record
3,4 Byte Count
Since each data byte is represenied as two hex characters, the byte couni must be multiplied
by two to get the number of characters to the end of the record. {This includes checksum and
address data.) Records may be of any length defined in each record by the byte count.
5,6,7,8 Address Value
The memory location where the first data byte of this record is to be stored. Addresses should
he in ascending order.
9,..,.N Data
Each data byte is represenled by two hex characters. Mosi significant character first,
N+1, N+2 Checksum
The one’s complement of the additive summation (without carry) of the data bytes, the address,
and the byte count.

Example: 511300CG049E9F10320F0493130FT7T2000F5RER0OF00126
S9030C0DO0FC
A
FER
AN 5
"SES - o ~
'ﬁn.ﬁ v = @
8z s 5 ;
11/"'\/"‘ N/ : & M
$113000049E9F10320F0493139F72000F5E0F0012686
NOTES:

1. Only positive logic formats for Eg, E1, E3 are accepted. 1 = VHIGH; 0 = VILOoW
2 A "0 indicales the chip is enabled by a logie 0.
A 1" indicates the chip is enabled by a logie 1.
3. Paper tape format is the same as the card farmat above except:
a. The record should be 8 maximum of 30 charzcters.
b. Carriage return and line feed after each record followed by another record.
¢. There should NOT be any extta line feed between records at all.
d. After the last record, four {4) $35$ (dollar) signs should be punched with carriage return and line feed indicating end of file.
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PRELIMINARY

S$68332

AMIL

Features

O

|

N

O

O

a

a

Fast Access Time: 450ns Maximum

Fully Static Operation

Bingle +6V + 10% Power Supply

Directly TTL Compatible Inputs

Three-State TTL Compatible Outputs
Two Programmable Chip Selects

EPROM Pin Compatible

32,768 BIT (4096x8)
STATIC NMOS ROM

General Description

The AMI 568332 is a 32,768 bit static mask program-
mable NMOS ROM organized as 4096 words by 8 bits.
The device is fully TTL compatible on all inputs and
outputs and has a single +5V power supply. The three
state outputs facilitate memory expansion by allowing
the outputs to be OR-tied to other devices.

The S$68332 is pin compatible with UV EPROMs
making system development much easier and more
cost effective. It is fully static, requiring no clocks for
operation. The two chip selects are mask program-
mable, the active level for each being specified by the
user,

The 868332 is fabricated using AMI’s N-Channel
MOS technology. This permits the manufacture of
very high density, high performance mask program-
mable ROMs.

Block Diagram Logic Symbol Pin Configuration
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568332

Absolute Maximum Ratings*

Ambient Temperature UNGer BiS . ..ot vt ottt vn s it s en ittt araetaennann -10°C to 80°C
Storage TOMPEIAtUYE . ...\ oo\ttt it et v e et ottt ittt ss et e e e anns -85°C to 150°C
Output or Supply Vollages ... ... i i i i it i e c it e -0.8Vto 7V
NPt Vol ages . . e e e e e e -0.0V to 5.5V
Power DHssipation . .. v et e e e e e e e e e e e e 1w

ACOMMENT: Stresses above those listed under “*Absolute Maximum Rating’’ may cause permanent damage to the device. This
is a stress rating only and functional operation of the device at these or any other condition above thoee indicated in the opera-
tional sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may
gffect device reliability,

D.C. Characteristics: T, = 0°Cto 70°C, Vo = 5V £ 10%.

Symbol Parameter Min. | Typ. | Max. | Units | Conditions

VoL Output LOW Voltage 0.4 v IoL = 2.1mA

Vou QOutput HIGH Voltage 24 A Log = - 200uA

ViL Input LOW Voliage -0.5 0.8 v

VIH Input HIGH Voltage 2.0 Voo v

I Input Leakage Current 10 HA Viy = 0 to 5.5V

Iro Qutput Leakage Cwrent 50 HA Vo =04V io 5.5V, Chip Deselected
Iee Power Supply Cwrent 100 ma Voo =Max, Ta =0°C

Capacitance: T, = 25°C, f =1 MHz.

Symbol Parameter Min. | Typ. | Max. | Units | Conditions
Cy Input Capacitance 7 pF Viy = 0V
Cout Output Capacitance 10 pF Yoyt =0V

A.C. Characteristics: Ty = 0°C to 70°C, Vpe =+5V £ 10%.

Symbol Parameter Min. | Typ. | Max. | Units | Conditions

taa Address Access Time 450 ns See Test Circuit

tacs Chip Select Access Time 150 ns &

toFF Chip Deselect Time 0 150 ns Waveforms
Waveforms

£8y - 557 vaLID _X Ap-Aqt %

o AFF

——] o -
ncs ! Tan

1077320 14773 .

Propagation From Chip Select Propagation From Address
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568332

A.C. Test Conditions

Input Pulse Levels ... ... . ittt o e e e et e e 0.3V to 2.0V
Input Rise and Fall [imes ... ... . ittt it ittt tta it st iene i aaanonenantnansns 10ns
Input/Output Timing Levals . ... i i ittt e it ettt ettt et et amar e nan 1.5V
Output Load ... et e e e i e e, 1 TTL Load and 100pF

Custom Programming

The preferred method of pattern submission is the AMI Hex format as described below, with its built-in address
space mapping and error checking. This is the format produced by the AMI Assembler. The format is as follows
and may be on paper tape, punched cards or other media readable by AMIL,

Position Description
1 Start of record ( Letter S}
2 Type of recard

0 — Header record {comments)
1 — Data record
9 — End of file record
3,4 Byte Count
Since each data byte is represented as two hex characters, the byte count must be multiplied
by two {o get the number of characters to the end of the record. (This includes checksum and
address data.) Records may be of any length defined in each record by the byte count.,
5,6,7,8 Address Value
The memory location where the first data byte of this record is to be stored. Addresses should
be in ascending order.
9..,N Data
Each data byte is represented by two hex characters. Most significant character first.
N+1, N+2 Checksum
The one’s complement of the additive summation (without carry) of the data bytes, the address,
and the byte count.

Example: $113000049E9F10320F0493139F72000F5E0F00126
S9030000FC
=E g
BEE T o
@Y = i
& =
il 3
oD 0O = S
T : :
ae & 5 2 5
Vs ~— s/ A \ A
S113000049E9F10320F0493139F72000F5E0F00126
NOTES:

1. Ounly positive logic formats for C81 and C8g are accepted. 1 = VHIGH: 0 = VLOW
2. A0” indicates the chip is enabled by a logic 0,
A 1" indicates the chip is enabled by alogic 1.
3. Paper tape format is the same as the card format above except:
a, The record should be a maximum of 80 characters.
b, Carriage return and line feed after each record followed by anolber record.
¢. There should NOT be any extra line feed between records at all.
d. After the last recard, four (4) $55% (doliar) signs should be punched with cartiage return and line feed indicating end of file,
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ADVANCED PRODUCT DESCRIPTION

S4532

AMI.

32, 768 BIT (4096 X 8)

UV ERASABLE VMOS EPROM

Features

O Single +5 Volt Power Supply

[1 Fast Access Time: 250ns Maximum

OO Automatic Power Down

O Pin Compatible with AMI's 32K ROM: 568332

01 Fully TTL Compatible During Read and
Program

[ +15V Programming Power Supply:

Easy On-Board Programming

General Description

The 54532 is a 32,768 bit ultravielet light efasable,
electrically programmable read-only memory (EPROM)
organized as 4096 words by 8 bits. It is fabricated using
AMI's proprietary N-channel VMOS technology. The
deviee is fully static requiring no clocks for operation.
All the inputs and outputs are fully TTL compatible
during both the read and program modes. The 34532
operates from a single +3V supply (read mode) and has
a static power down feature thal signifieantly reduces
power dissipation.

The 84532 is pin compatible with AMI's 32K ROM, the
968332, Thus for volume production, the user can
switeh to lower cost ROM.

The 34532 requires a +15V supply {or programming
but. all the programming signals are TTL compatible.
This considerably eases on-hoard programming.
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AML

ADVANCED PRODUCT DESCRIPTION

S4716

16,384 BIT (2048 X 8)

UV ERASABLE VMOS EPROM

Features
[0 Single +5 Vglt Power Supply
O Fast Access Time: 250ns Maximum

O Pin Compatible with AMI's 16K, 32K and
64K ROMs

O Low Power Dissipation

525mA Maximum Active Power
132mW Maximum Standby Power

[1 Fully TTL Compatible During Read and
Program

O +15¥ Programming Power Supply: Easy On-
Board Programming

General Description

The 54716 is a 16,384 bit ultraviclet light erasable, elee-
trically programmable read-only memory ([EPROM)
organized as 2048 words by 8 bits. I{ is fabricated using
AMI's proprietary N-Channel VMOS technology. The
device is [ully static requiring no clocks for operation.
Allthe inputs and outputs are fully TTL compatible dur-
ing both the read and program modes. The 54718
operates from a single +53V power supply and has a
static power down feature that significantly reduces
power dissipation.

The 34716 is fully pin compatible with the 542168 and
568318 16K ROMs, the 568332 32K ROM and the 84264
64K ROM. Thus for volume production, the user can
switch to a lower cost ROM.

The 84716 requires 2 + L5V supply for programming
but all the programming signals are TTL, This consider-
ably eases on-board programming.
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S5204A

AML

512 x 8 BIT ERASABLE AND

ELECTRICALLY REPROGRAMMABLE

Features

O om;m oog

aoooo

On-Board Programmahility

Fast Access Time — 750ns Max.

High Speed Programming — Less than 1 Minute
for all 4096 Bits

Programmed with R/W, CS and Vpp(; Pins
Completely TTIL Compatible — Excluding the
VpRrogG Pin during Read or Write

Tlixaviolet Light Erasable — Less than

10 Minutes

Static Operation — No Clocks Required
Tiree-State Data I/0

Standard Power Supplies — +5V and - 12V
Mature P-Channel Process

READ ONLY MEMORY

General Description

The §5204A is a high speed, static, 512x8 bit, eras-
ahle and electrically programmable read only memory
designed for use in bus-organized systems. Both input
and ocutput are TTL compatible during both read and
write modes. Packaged In a 24-pin hermetically sealed
dual in-line package, the bit pattern can be erased by
exposing the chip to an ultraviolet light source through
the transparent lid, after which a new pattern can be
written.
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Typical Applications

ROM Program Debugging
Code Translation
Microprogramming
Look-up Tables

Random Logic Replacement
Programmahle Waveforms
Character Generation
Electronic Keyboards

oogoooOooao
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ABSOLUTE MAXIMUM RATINGS

S5204A

Voliage on any pin relative to Vgg except the Vprog pin -

Voltage on the Vppng pin relative to VSS
QOperating Temperature .
Storage Temperature (pmgrammed)
Storage Temperature (unprogrammed)

+0.3 to 20V
+0.3 to —60V
0°C to +70°C
—55°C to +85°C
—55°C to 150°C

NOTE: This device contains citcuitry to protect the inputs against damage due to high static voltages or electric fields, however,

it is advised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to
this high-impedance circuit.

DC (STATIC) CHARACTERISTICS (Ve = +5.0V £ 5%, Vo= —120V £5% Ty =0 - F0°C uniess otherwise noted).

SYMBOL CHARACTERISTIC MIN MAX UNIT
VIL INPUT VOLTAGE LOW 08 v
Vi INPUT VOLTAGE HIGH Veg -225 I Veetd v
VoL QUTPUT VOLTAGE LOW I| 0.4 hY

lopL=16ma |i
You QUTPUT VOLTAGE 1IIGH 24 | A
foy = 200pA J
g INPUT LEAKAGE CURRENT 1 10 ia
Lo OUTPUT LEAKAGE CURRENT | 20 a
cS =5V 4
o VGG SUPPLY CURRENT ] 45 ma
Ice Ve SUPPLY CURRENT ) 50 ma
Pp POWER DISSIPATION ! 750 mw
NOTE: Program input Vpg g may be tied to V- during the Read.
AC (DYNAMIC) CHARACTERISTICS (Loading is as shown in Figure 1 unless otherwise noted).
SYMBOL CHARACTERISTIC MIN MAX UNIT
Tace ACCESS TIME 750 ns
Teco : CHIP SELECT TO 400 ns
f OUTPUT DELAY
Tpp f CHIP DESELECT TO | ns
|

| OUTPUT DELAY
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FIGURE 1| —TEST CONIHTIONS

FIGURE 2 —READ CYCLE TIMING WAVEFORMS

S5204A
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PROGRAM CHARACTERISTICS (R/W G, 4. Program pulse rise and 13l time {(10% to 90% } are both at Lus max).
SYMBOL CHARACTERISTICS MIN MAX UMIT
TAS ADDRESS SET LP T'IME 10 s
Tess CHIP SELECT SET UP TIME 10 s
Tps DATA SLET UP TIML 10 s
TaH ADDRESS HOLD TIME 10 s
Tesh CHIP SELECT HOLD TIME 10 s
Ty DATA HOLD TIME 10 13
TepwL PROGRAM PULSE WIDTH 3 5 ms
LOW
TpwH PROGRAM PULSE WIDTH 500 HE
HiGH

VPROG* PROGRAM AMPLITUDE --58 50 v
lproG PROGRAM CURRENT 35 ma
Ty WRITE SET UP TIME 10 s
TwH WRITE HOLD TIME 5 Ms
Trs READ SET UP TIME 10 s

*Note that in the WRITE mode the MIN value of ¥pg g should not be exceeded and that chip select, address, and data lines may remain at TIL

lzvel, as in the READ mode
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§5204A

FIGURE 3 —PROGRAMMING CYCLE TIMING WAVEFQRMS
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S5204A

INTERFACE DESCRIPTION

Pin Label Function

(15) DO Data Lines — with the R/W line selected for Read (V1 ), the Data Lines {DO through D7) are

(16) DI set to reflect the contents of the selected memory location. When the R/W line is set for

(17} D2 Write (Vi) the Data Lines are stored at the addressed location of the 52044 when VPROG

(18) D3 is present. The Data Bus putput drivers are three-state devices that remain in the high im-

(19) D4 pedance loff) state whenever €8 is in the VIH slate or when R/W is in the V], state,

{209 D5

{213 Dé

(22} b7

(2) R/W Read/Write — When this input line is set to ¥y, the device is in the Write mode, a low (V1)
sipnal puis it into the Read mode.

(3} €S Chip Select — This input line must be set to V) for a Read or Write operation to be per-
formed. When it is High {V;y4) the output data bus is set (o a high-impedance thiee-state
condition.

“) VPROG Program — In the Wiite mode, 2 50Volt programming pulse at this input causes the data at
the Data Lines to be stored in the selected address location. This pin should be tied to Vg
for normal Read operations.

(5} AD Address Lines — These lines select the # bit word in memory lor Read or Write operation.

{6} Al

) A2

(%) A3

(%) Ad

{10) A5

(1) Ab

(13 A7

(14) A8
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CONTROL FUNCTION TRUTH TABLE

S5204A

cs R/W VPROG MODE OUTPUTS
U] 1 VPROG Write Active Data Inputs
0 Q Vee Read Active
1 X Standby Floating
OPERATION of the chip select input as during read operations.

Initially, and after each erasure, all bits of the 5204A are
in the LOW state (output 0 volts). Data is stored by selectively
programming a HIGH into the desired bit locations. The R/W
input {pin 2) is used to select the desired mode of operation.
When the R{W input is HIGH the chip is in the write enable
mode of cperation. The cutputs (Dy — D) are disabled (float-
ing) with the corresponding pins becoming the data inputs.
The word address is selected in the same manner as in the Read
mode. Data to be programmed is presented 8 bits in paratlel
and after the address and data are set up a programming pulse
(Vp = - 50 volts) is applied. Vprog electrically writes the data
into the memory array. Writing may be inhibited by deselecting
the chip with the CS input at a HIGH during the write cycle.
This feature allows true “on board” programming in bus
organized systems where the R/W and Vppog inputs are
comimon and the device to be programmed is selecled by means

2,54

The amount of program energy required to insure
memaory Tetention may be defined as a function of the number
of program pulses (N} times the program pulse width (tpw)
(N x tpw = 60 msec). This means if a 3 ms pulsc is used, 20
program pulses are required, and il a 5 ms pulse is used 12
program pulses are required.

The read operation is accomplished by a LOW at the
R/W input with the program input connected to Ygg potential.
True data (data out= date in} is valid after the address is stable.
The €S input will disable {float) the outputs when HIGH to
allow capability with bus organized systems. .

Erasure is accomplished by exposing the array toa 25374
ultra-viclet light source {such as Ultra-Violet Products, Inc.
Lamp Model 552 or UVS-54, Turner Designs PROM Eraser,
Model 30 or equivalent) for a period of 7 to 10 minutes. The
clear optical lid should be approximately one inch away from
the lamp tubes,



AlM‘I e S6834

ERASABLE AND
ELECTRICALLY REPROGRAMMABLE
READ ONLY MEMORY

Features General Description
1 Oon-Board Programmability The 86834 is a high speed, static, 512 x 8 bit, erasable
O Fast Access Time — 575ns Typ. and electrically programmable read only memory de-
O Pin Configuration Similar to the S6830 1K x signed for use in bus-organized systems. Both input
& Bit ROM and output are TTL compatible during both read and
[J High Speed Programming — Less than 1 Minute write modes. Packaged in a 24 pin hermetically sealed
for All 4096 Bits duul in-line package the bil pattern can be erased by
O Programmed with R/W, CS and Vprog Pins exposing the chip to an ultra-viclet light source through
0O Completely TTL Compatible — Excluding the the transparent lid, after which a new pattern can he
Vprog Pin written.
00 Ultraviolet Light Erasable — Less than
10 Minules
O Static Operation — No Clocks Required
00 Three-State Data [/O
O Standard Powetr Supplies +5V and -12V
3 Mature P-Channel Frocess
Block Diagram Pin Configuration
-4
oo [ 1 ul]w
- s g we al]wm
' —l 0[] 3 2] 2
M T 0; [ 4 n a B
LD ] B | B,
.:1: X DECODEA Gdxha 91~ Bj E 6 ik % Ay
ii EROMARFAY 0 E , " ] a
a5 s [] e 1] &
:: ¥ LECODEH ¥-GATING o E ! 18 ] A
A Vo [: 10 15 :| T8
- J— SENS%Q::I;I(HEHS Yepog E n 1 :| Riw
A OF €5 —[—-v LAGIE '“F;'UTF"EE”;:vT vor D 1 &l ] Ve
VPROG ———i
LU DT DPUEDA0L 0ED! Tvpical Applications
1 ROM Program Debugging
1 Code Translation
O Microprogramming
1 Look-up Tahles
O Random Logic Replacement
O Programmable Waveforms
O Character Generation
[0 Eleetronic Keyboards
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ABSOLUTE MAXIMUM RATINGS

S6834

Vaoltage on any pin relative to Vgg except the Vprog pin -
Voltage on the Vppag: pin relative to VSS .
Operating Temperature

Storage Temperature (programmed)
Storage Temperature (unprogrammed)

+0.3 to 20V
+0.3 to ~60V
0°C to +70°C

—53°C 1o +85°C

—55°C to 150°C

NOTE: This device conlains circuitry to protect the inputs against damage due to high static voltages or electric fields, however,
it is advised that normal precauiions be taken to avoid application of any voltage higher than maximum rated voltages to
this high-impedance circuit.

DC {STATIC) CHARACTERISTICS (Vo =450V 2 5%, Vo = =120V £ 5% Ty =0 — 70°C unless otherwise noted).

SYMBOL CHARACTERISTIC MIN MAX UNIT
ViL INPUT VOLTAGE LOW 08 v
Y1u INPUT VOLTAGE HIGH Yoo -2.25 Voo *-3 v
VoL OUTPUT VOLTAGE 1LOW 0.4 v

Ig = 1.oma
YoH OUTPUT VOLTAGE HIGH 24 v
IoH = 200uA
I INPUT LEAKAGE CURRENT 10 Jia
1o OUTPUT LEAKAGE CURRENT 20 Ha
C5=5V
[Fol'e) Vgg SUPPLY CURRENT 45 ma
Iee Vg SUPPLY CURRENT 50 ma
Pp POWER DISSIPATION 750 W
NOTE: Program input Vprp may be tied to V¢ during the Read.
AC (DYNAMIC) CHARACTERISTICS (Loading is as shown in Figure 1 unless otherwise noted).
: MaX
SYMBOL CHARACTERISTIC MIN (6834) | (6833—1) UNIT
Tacce ACCESS TIME 573 750 ns
Teo CHIP SELECT TO 300 4400 ns
OUTPUT DELAY
Tpp CHIP DESELECT TO 250 325 ns
OUTPUT DELAY
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FIGURE 1 —TEST CONDITIONS

FIGURE 2 —READ CYCLE TIMING WAVEFORMS
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PROGRAM CHARACTERISTICS {R/W G, 4. Program pulse rise and fall time (10% 10 90%) are both at 1us max).

SYMBOL CHARACTERISTICS MIN MAX UNIT
Tas ADDRESS SET UP TIME 10 s
Tess CHIP SELECT SET UP TIME 10 s
Tpg DATA SET UP TIME 10 e
Tan ADDRESS HOLD TIME 10 s
TesH CHIP SELECT HOLD TIME 10 s
Tpi DATA HOLD TIME 10 i
TpwL PROGRAM PULSE WIDTH 3 5 ms
LOW
TpwH PROGRAM PULSE WIDTH 500 iss
HIGH
VPROG* PROGRAM AMPLITUDE -55 -50 v
IPROG PROGRAM CURRENT 15 ma
Tws WRITE SET UP TIME 10 s
TwH WRITE HOLD TIME 5 s
Trs READ SET UP TIME 10 s

*Note that in the WRITE mode the MIN valoe of Vprog should not be exceeded and thar chip select, address, and data lines may remain at TTL
level, as in the READ mode
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$6834

FIGURE 3 —PROGRAMMING CYCLE TIMING WA VEFORMS
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INTERFACE DESCRIPTION

S6834

Pin Label Function

2) Do Data Lines — with the RfW line selecled for Read {Vy ), the Data Lines {D0 through D7)

{3) D1 ate set to reflect the contents of the selected memory location. When the R/W line is set

{4) D2 for Write {Viy), the Data Lines are stored at the addressed location of the 5204 A when

(5) D3 Vproq is present. The Data Bus output drivers are threestate devices that remain in the

(6) D4 high impedance (off) state whenever CS is in the V) state or when R/W is in the Vi,

{7) Ds state.

() D6

)] D7

{14} R/W Read/Write — When this input line is set to V}p, the device is in the Read mode, a low (V)
signal puts it into the Write mode.

(13) C8 Chip Select — Tius input line must be set to V), for @ Read or Write operation o be per-
formed. When it is HIGH (VH) the output data bus is set to 2 high-impedance three-state
condition and disables the Write operation.

(i1} VPROG Program — In the Write mode, a —50V programming pulse at this input causes the data at
the Data Lines to be stored in the selected address lacation. This pin should be fied to Vor
for normal Read operations.

(24) A0 Address Lines — These lines select the 8 bit word in memory for Read or Write operation.

23) | A1

{22) A2

(21) | A3

(20) A4

{1%) AS

(18) Ab

(17) AT

{16) AR




CONTROL FUNCTION TRUTH TABLE

S6834

(] R/W YPROG MODE OUTPUTS
¥} D VPROG Write Active Data lnputs
] i Yoo Read Active
i X X Standby Floating
OPERATION

Initially, and after each erasure, all bits of the 5834 are
in the LOW state (output O volts) Data is stored by selectively
programming a HIGH into the desired bit locations. The R/W
input pin 14 is wsed to select the desired mode of vperation.
When the RfW input is LOW, the chip is in the write enable
mode of operation. The cutputs {0 — Qg) are disabled {float-
ing} with the corresponding pins becoming the data inputs
(01 = D[N 1 etc.). The word address is selected in the same
manner as in the read mode. Data to be programmed is pre-
sented 8 bits in parallel and after the address and data are set
up a programming pulse (Vp = — 50 volts) is applied. VPROG
writes the datainto the memery array. Writing may be inhibited
by deselecting the chip with the CS input at a LOW during the
write cycle, This feature allows true ““on board™ programming
in bus organized systcms where the R/W and VpRo(G inputs
are commoen and the device te be programmed is selected by

means of the chip select input as during read operations.

The amount of program energy required to insure
mgmory retention may be defined as a function of the number
of program pulses (N} times the program pulse width (tpw)
(N x tpw 2 60 msec), This means if a 3 ms pulse is used, 20
program pulses are required, and if 4 5 ms pulse is used 12
program pulses are required.

The read operation is accomplished by a HIGH at the
R/W input with the program input connected to V5§ potential.
True data (data out= data in) is valid after the address is stable,
The CS input will disable ({loat) with the outputs when HIGEL
to allow capability with bus arganized systems.

Erasure is accomplished by exposing the array to a high
intensity ultra-violet light source (such as, Ultra-Violet
Praducts, Ine. Lamp Model 552 or UV5-54} for a period of 7
to 10 minutes. The clear optical lid should be approgimately
one inch away [rom the lamp tubes.
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AMIL

Selection Guide

THE AMI S6800 MICROCOMPUTER SYSTEMS FAMILY

PART W0. DESCAIPTION POWER SUPPLIES INPUT/OUTPUT PACKABES
SHB0D 8-Bit Microprocessor {1.0MHz Clock Rate) +5Y TTL 40 Pin
SABAUN o __E-Im_hﬂi_r.rapfuimnr_n .EM_H_Z Clqck Rate) o __* 5V - ) ) . TTL ) dl)_ Pin
63800 3-Bit Micraprocessor {?UM Hz Clnaunate_)h ) e T M T T T sem
SEEN 8-Bit Micrgcomputer +5Y T TBA
SEE2 1024 Bit {128x8) Microprocessor TTL 40 Fin
56809 High Performance Maonolithic Microprocessor + 5V TTL TBA
SEE10A 1024 Bit [12Bx8) Siatic Read/Write Memary 24 Pin
_ {4500 Access Time) _ — WV DRLATL 40 Fin
S6180A-1 1024 Bit {1288} Static Read/Write Memary - T -

[350ns Access Time) +5Y TTL/CMOS 24 Pin
SERAID 1024 Bit (12Bx8) Static Read/Write Memory

[360ns Acuess Time) +5Y TTL/CMOS 24 Pin
S6EBI0 1074 Bit {178x8) Slatic Read/Write Memory

{260ns Access Timaj +54 TTL 24 Pin
36820 Peripheral Intertace Adapter (PIA) +5Y TTL 40 Pin
56821 Perlpheal Interface Adapter (PI4) +5¢ TTL 46 Pin
SEBA2T Peripheral Interface Adaper (P14 +5Y TTL/CMOS 40 Pin
SERB21 Periphesal Interlace Adapter (PIA) + 54 TTL/CMOS 40 Pin
368314 16,284 Bit {CO4ExE) ROM +5V TTL. 74 Pin
5hE318 16,384 Bit (2048x8) RUM + 5y TTL 24 Pin
56834 4096 Bit 1312x8) EPROM + oY, —12¥ Three-State 24 Pin
56840 Programmable Timer +5Y TTL 28 Pin
ShE46 NMO% Combination ROM, 140, Timer +5Y TTL 40 Pin
56850 Asynchrongus Comunication Interface Adapier + 64 TTL 24 Pin
S68AS0  Asynchronous Communication Inlerface Adapter +5V TTL 24 Pin
SG8B50 Asynchronous Communication Interface Adapler + 5y TTL 24 Pin
56852 Synchronows Serial Data Adapter (S5DA) +5Y TTL 24 Pin
$6854 Advanced Data Link Cantrgller +5Y TTL 24 Pin
SE8AS4 Advancea Data Link Contraller +5V TTL 24 Pin
SEB047 Videa Display Gererator _ +5¢ TTL 40 Pin
SGa48s General Purpose Intertace Adapter [GRIAY ) T ey T T e T a0 Pin
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® $6800/S68A00/S68B00

8-BIT
MICROPROCESSOR

DATA
H
v wm| H
e U= P T s o H
s iT) I_- RALT —]2 39— T5C
INSTRLLTION AQCLIM A an
2o s s sl
ALELMB LECI TRG —4 - #2
(AL VMA —15 38— DBE
INETRLL 110N STACK PTR HA | STACK PTA LK sata a0 e 5 sl
BELOUE —— P RUFFER =, BA -7 - rw
[ xL |- |s28 W — | —
[ L PROGRAM PROGALW 122 :E — 2 SBEND :: | g?
o AL e 120 5 At =10 S6BA0D  a1}— Oz
Emnm JERETE 1R s2—{11 68800 a0f- 03
L TIRING AND ! j ADODAESS LD A - 29— 04
PPE CORTRAL h Ad 13 28— U5
ooR H GATA as —114 27 - 06
. x &6 —] 18 26} D7
aLs ARITHMETIC A7 —416 = Al5
Hart COhTROL : g T A8 —17 24— A4
! a9 18 23— 813
e, — | I L 410 —] 19 2z} a1z
] i : At —{z0 21~ GhD
A 2 l}
b :
4CDRELSS RUFFER | ADDAESS BUFFER ! ]
H
j ]
i39‘| [l [ELT TP RN [P feab] [REVIRET) II?IFIPEI [REI AL L aREHIRF] NN (31T WED)
TEE  A15 AN AT AIT AT AL A9 A8 AT A& A% A4 AT 02 Aol Ap
BLOCK DIAGRAM PIN CONFIGURATION
FEATURES
. Eight-Bit Parallel Processing . Separate Non-Maskable Interrupt — Internal
- Bi-Directional Data Bus Repisters Saved in Stack
. Sixteen-Bit Address Bus — 65336 Bytes . Six Internal Registers — Two Accumulators,
of Addressing [ndex Register, Program Counter, Stack Pointer
L] 72 nstructions — Variable Length and Condition Code Register
L] Seven Addressing Modes  Direct, Relative, . Direct Memory Access (DMA) and Multiple
Immediate, Indexed, Extended, Implied and Processor Capability
Accumulator . Clock Rates — 56800 — 1.0 MHz
®  Variable Length Stack S68A00 — 1.5 MH:
. Vectored Restart S68B0O0 - 2.0 MHz
L] 2 Microsecond Instruction Execution . Simple Bus Interface Without TTL
g Maskable Interrupt Vector . Halvand Single Instruction Execution Capebility
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$6800/S68A00/S68B0C

ABSOLUTE MAXIMUM RATINGS
Supply Voltage VoC Operating Temperature Range Ta 0°C to + 70°C
Input Vollage VIN -03to+ 70V Industrial Temperature Range ~40°C to +85°C
Military Temperature Range -35°C to +125°C
Storage Temperature Range Tgty - 55°Cto + 150°C
ELECTRICAL CHARACTERISTICS
(Voe =350V, £ 5%, Vg5 =0, Ta unless otherwise noted.)
SYMBOL CHARACTERISTICS MIN TYP MaAX UNIT
VIH Input High Voltage (Normal Operating Levels) Logic Vg + 2.0 - Yoo Vdo
VIHC B3, 42 Voo -0.6 - Ve 403
VIL Input Low Voltage (Normal Operating Levels) Logic Vsg-03 - Vgg+ 0.8 Vde
VILC @1, ¢2 Vg5 - 0.3 - Veg+04
N Input Leakage Current HAde
{VIN =0to 5.25Y, Vo = Max) Logic* — 1.0 2.5
{ViN =010 525V, Ve = 00V) @1, &2 — — 100
T3] Three-State (Off Siate) Input Current Do - D7 - 28 10 pAde
VIN = 04 to 2.4V, Voo = Max AD — Al5, RfW - - 100
VoH Output High Voitage Vdc
{1LOAD = - 205¢Ade, Ve = Min) Do — D7 Veg+2.4 - -
(ILgAD = - 145¢Ade, Voo = Min) AD — AlS,
R/W, VMA Vgg +2.4 - -
(ILoAD = - 100uAde, Vo = Min) BA Vgg+ 24
VoL Output Low Voltage - - Veg + 04 Vde
{(lLoAD = 1.6maAde, Vg = Min)
Pp Power Dissipation 0.5 10 w
CIN Capacitance # pF
{(VIN=0,Ta = 25°C, = 1.0 MHz) @l - - 35
@2 - — 70
Do — D7 - 10 12.5
Logic Inputs - 6.5 10
CouT AQ — ALS, R/W, VMA - - 12 pF
f Frequency of Operation S6RAO) 0.1 1.5 MHz
S65B0) 0.1 — 20
Clock Timing (Figure 1) S68A00 0.660 - 10
Wye Cycle Time S68B00 0.50 - 10 s
PWan Clock Pulse Width &1, ¢2 — S68A00 230 - 2500 ns
Measured at Voo - 0.6V @1, ¢2 — S68BO0 180 9500
tyUT Total ¢1 and ¢2 Up Tims S68A00 600 - - ns
S68BOC 440) - —
thry b Rise and Fall Times 50 - 100 ns
Measured between Vg + 0.4 and Voc - 0.6
td Delay Time or Clock separation o - 9100 ns
Measured at VOy = Vgg + 0.0V

Except }@ and NM] | which require K52 pullup laad resistor for wire-OR capability at optimum eperaiion.
#Capacitances gre perodicatly sampled eather then 100% tested.
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$6800/568A00/568B00

READ/WRITE TIMING

56500 SE8A00 SESBOD
Symbol Parameter Min. Tyvp. r Max. Min. Typ. Max. Min. Typ. Max. Units
tan Address Delay i ns
¢ = 90pF 100 301 180 1a)

) y o -6 = 30pF 185 135 )
tacc Peripheral Read Access Time 375 60 | 250 ns
o tag = bur - ap + tog! 1
tosg Data Setup Time (Read) 104 i 60 | 40 i ns
t, Input Data Hold Time 10 a0 10 |10 4 ns
by Output Data Hold Time 10 23 10 25 | 14 25 | ns
Tan Address Hold Time |I

| _iAddress, RW, VMA] ) ) _ 1 k) {__ 11 B ] | ms
ten Enable High Time ior
DEE Input 470 2ED | 220 ns
thow Data Delay Time (Write) 165 200 | 180 ns
| Processor Controls |
Ly Frocessor Conlrol
Setup Time 200 200 | 200 ns
ey teup Processor Control | %
Rise and Fall Time 10 104 ns Ir)
S Hus Availalde Delay 270 |I 270 ns
trse Three-Stale Enahle 40 | 10 ns
trso Three-State Delay 270 270 0s
g3 Data Bus Enable Down l'
Tiree During ¢l p Time 150 |I 70 ng
e . Data Bus Enable 25 | 25 ns
thaE, Rise and Fall Times _] L |
- - - - - — e = — B — Measursment polntl for ¢ and ¢2 aee shown below.

Other measurements are the same as tor MCS800.
- — — — — -, = — ko

o] b,

Suariof Cyzle
-

vpo 48V
(23 pay

i

FIGURE1 CLOCK TIMING WAVEFORM FIGURE 2 READ/WRITE TIMING WAVEFORM

B 877235
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S6800/S68A00/S68B00
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S6800/568A00/568B00

INTERFACE DESCRIPTION

Label Pin Function

ol [&]] Clocks Phase One and Phase Two - Two pins are used {or @ two-phase non-overlapping
@2 {37) cluck that runs al the Yoo voliage lgvel.

RESET (40) Reset  This inpur s nsed 1o reset and start the MPLU trom & power down condition, result-

ing trom a power tailure or an initial start-up of the processor. If a positive edge is detected
on the input, this wull signal the MPU to begin the restari sequence. This will start execution
of g routine to initialize the processor from its reset condition. All the higher order addrass
lines will be forced high. For the restact, the last two {(FFFE, FFFF} [ocations in memory
will be used to load the program that is addressed by the program counter. During the re-
starl routing, the interrupt mask bit is set and must be reset before the MPU can be inter-
rupted by (KRG

Reset mast be held low for at least eight clock periods after Ve reaches 475 volts
{Figure 43, if Reset goes high prior to the leading edge of P2, on the next 1 the lirse restart
memory vector adilress (FFFE) will appear on the address lices. This location should contain
the higher order eight bits to be stored into the program counter. Following, the next
adidress FFFF should contain the lower order cight bits to be stored into the program counter.

FIGURE 5
INITIALIZATION OF MPU AFTER RESTART
ey
Voo
B
¢2 _L' LI
Feset ! IIJ
k* — T 2 8 Clonk Timey ey ——-Ilp-t— First iwtrz Tion Loaded inta MPU
I
Whia i arary oy G,
Adelress Qut I Addrese Cht = Contents of
= FFFI FFFE + FFFF
Address Qut
- FFFF
YMA (5} Valid Memory Address - This cutput indicates to peripheral devices that there is 1 valid

address on the address bus. In normal operation, this signal should be wiilized for enabling
peripheral interfaces such as the PYA and ACIA. This signal is not three-state. One standard
TTL load and 30 pFF may be directly driven by this active high signal.
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Label Pin
AD ' (9
[ ]
-»
»
AlS (25)
TSC (39)
DO (33)
L J
-
D7 (26)
DRE (36)
RIW (34)
AALT (2
BA (7

56800/S68A00/S68B00

Function

Address Bus — Sixteen pins are used for the address bus. The outputs are three-state bus
drivers capable of driving one siandard TTL load and 130 pF. When the cutput is turned
aff, il is essentially an open circuit. This permils the MPU 1o be used in DMA applications.

Three-State Control — This input causes all of the address lines and the Read{Write line to
go into the off or high impedance state. This state will oceur 500 ns after TSC = 24 V.,
The Valid Memuory Address and Bus Available signals will be forced low, The data bus is not
affected by TSC and has its own enahle {Data Bus Enable). [n DMA applications, the Three-
State Control line should be brought high on the leading edge of the Phase One Clock. The
@1 clock must be held in the high staie and (he ¢2 in the low state for this function to
opesale properly. The address bus will then be available for other devices 1 directly address
memory. Since the MPU is a dynamic device, it can be held in this state for only 5.0 ps or
destruction of data will occur in the MPU.

Data Bus — Eight ping are used for the data bus. [t is bi-directional, transferring data to and
from the memory and peripheral devices. It also has three-state output buffers capable of
driving one standard TTL. load at 130 pF.

Data Bus Enable — This input is the three-state control signal for the MPU data bus and will
enable the bus drivers when in the high state. This input is TTL compatible; however in
normal operation, it can be driven by the phase two clock. During an MPU read cycle, the
dala bus drivers will be disabled internally. When it is desired that another device control
the data bus such as in Direct Memory Access (DMA) applications, DBE should be held low.

Read/Write — This TTL compatible output signals the peripherals and memory devices
whether the MPU is in 2 Read (high} or Write (low) state. The normal standby state of this
signal is Read (high). Three-State Control going high will turn Read/Write to the off (high-
impedance) state. Also, when the processor is halied, it will be in the off state. This output
is capable of driving one standard TTL load and 130 pF.

Halt — When this input is in the low state, all activity m the machine will be halted. This
input is level sensitive. In the halt mode, the machine will stop at the end of an instruction,
Bus Available will be at a one level, Valid Memory Address will be at a zero, and all other
three-state lines will be in the three-state mode.

Transition of the Halt line must not occur during the last 250 ns of phase one. To insure
single instruction operation, the Halt line must go high for one Phase One Clock cycle.

Bus Available — The Bus Available signal will normally be in the low state; when activated, it
will go to the high state indicating that the microprocessor has stopped and that.the address
bus is available. This will occur if the Halt line is in the low state or the processor is in the
WAIT state as a result of the execution of a WAIT instruction. At such time, all three-state
output drivers will go to their off state and other oulputs to their normally inactive level.
The processor is removed from the WAIT state by the occurrence of a maskable (mask bit
[ = Qjor nonmaskable interrupt. This output is capable of driving one standard TTL load
and 30 pF.
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Pin
(4}

(8)

S6800/S68A00/S68B00

Function

Tnterrupt Request - This level wensitive inpul requests that an mterrupt sequence be gener-
ated within the machice, The processer will wezit unil it completes the current instruction
that is being executed befure it recognizes the reguest. At that time, if the interrupt mask
bit i the Conditien Code Register i not set, e machine wifl begin an interrupt sequence.
The Index Register. Pragam Counter, Accumubators, and Conditivn Code Register are
stored away on the stack. Next the MPU will respond to the inrerrupt request by setting the
mtereupt mask bir lugh so that no turther interrupis may oceur. At the end of the cycle,
i 16-bit address will be loaded that points to o vectoring address which s located in memory
locations FEFS and FFF9. An addiass loaded a1 these locations causes e MPU 1o branch
Lo ar interrupt routine in memury,

The TR(} hus a high impedance pullup device internal to the chip: however a 3 k€2 external
resistor to Ve should be used fur wire-OR and optimum control of interrupts.

Noun-Maskable Interrupt — A low-going edge un this input requests that a non-mask interrupl
sequence be generated witlun the progessor. As with the Interrapt Request signal, the
processar will complete the current instruction that (s being executed before it recognizes
the NMI signal. The fnterrupt mask bit in the Condition Code Register has no effect on NMT.
The Index Register, Program Counter, Accumulators, and Condition Code Repister are
stored away in the stack, At the end of the cycle, & 16-bit address will be loaded that
puints fo a vectoring address which is located in memory locations FFFC and FFFD. An
address loaded at these locutions causes the MPU 1o branch o @ non-maskable interrupt
FOULINE ini Denory.

NMI has a high impedance pullup resistor mternal to the chip: however a 3 k€ external
resistor to Voo should be used for wire-OR and optimum contral of interrupts.

Inputs IRQ and NMI are hardware interrupt lines that are acknowledged during ¢2 ang will
start the interrupt routine on the ¢l following the completion of an instruction.
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FIGURE 6

$6800/S68A00/568B00

INTERRUPTS — As ouilined in the interface description the S6800 requires a 16-bit vector
address to indicale the location of rovtines for Restart, Non-maskable Interrupt, and Mask-
ahle [nterrupt. Additionally an address is required for the Software Interrupt Instruction
(SW1). The processor assumes the uppermost eight memory locations, FFF& — FFFF, are
assigned as interrupt vector addresses as detined in Figure 6.

After conpleting the current instruction execution the processor checks for an allow-
able interrupt Tequest via the TRQor NMT inputs as shown by the simplificd flow chart in
Figure 7. Recogaition of either external interrupt request or a Wait for Interrupt (WA or
Software Interrupt (SWI) instruction causes the contents of the Index Register, Program
Counter, Accumulators and Condition Code Register to be tranferred to the stack as shown
inn Figure 8.

MEMORY MAP FOR INTERRUPT VECTORS

MS Vector LS Description
FFFE FFF¥ Restart .
FFEC FFFD Non-maskable Interrupt
FFFA FFFB Software luterrupt
FFF8 FFES lnterrupt Reguest

3.10



$6800/S68A00/S68B00

FIGURE 7 MPU FLOW CHART

START SEQIUENCE

FFFE, FFFF

MACHINE
QR HALT

EXECUTE

TETCH INSTRLICTION INTERRUPT ROUTINE

EXECUTE
INSTRUCTION

{ '

FIGURE 8 SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK

1 | 1
5P = Stack Pointer L ]
CC = Condition Codes { Also called the Progessur Status Byte) N m—9]
ACCE = Accumnulater B _
ACCA = Accumulater A m
] . . m-=7 j——— §P
IXH = Index Register, Higher Qrder 8 Bits -_— ‘_r
[XL = Index Register, Lawar Qrder @ Bits . m-—8 ce
PCH = Program Counter, Higher Order § Bits m—5 ACCE
PCL = Program Counter, Lowar Order 8 Bits mo—- 4 ACCA
m—3 XM
m-—2 m—2 5L 5
m-1 m=1 PCH E
m e 5p m = @
m+1 m+ 1
m+2 E m+2
] x
W |
t I 1 | |
BEFDRE AFTER
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MPU REGISTERS

The MPU has three 16-bit registers and three &-bit regis-
ters available for use by the programmer,

Program Counter — The program counter is a two byte {16-
bits) repisler that painls to the current program address.

Stack Pointer — The siack pointer is a two byte register that
contains the address of the next available location in an ex-
ternal push-down/popup stack. This stack i normally a
random access Read/Write memory that may have any loca-
tion {address) that is convenient. In those applications that

require storage of information in the stack when power is lost,

the stack must be non-vaolatile.

Index Register — The index register is a two byle regisier
that is used to store data or a sixteen bil memory address for
the Indexed mode of memory addressing,

Accumulators — The MPU conlaing two B-bit accumulators
thal are used to hold operands and results from the arithmeltic
logic unit {ALL).

Condition Code Register — The condilion code register indi-
cates the resulis of an Arithmetic Logic Unit operation:
Negative (N}, Zero (Z), Overflow (V), Carry from bit 7 (C),
and half carry from bit 3 (H). These bits ol the Condition
Code Regisier are used as testable conditions for the condi-
tienal branch instructions. Bit 4 is the wmterropt mask bit (1)
The unused bits of the Condition Code Register {b6 and b7)
are ones.

S6800/568A00/S68B00

FIGURE % PROGRAMMING MODEL OF THE

MICROPROCESSOR
7 o
ACCA ACCUMULATOA A
7 [0
ACCE ACCLMUY ATOR B
15 o
1% INDEX REGISTER
o
FC J FRQURAM COUNTER
5 o
Bl STAL K PCINTER
4
ataldnle byl c ] conoimion cones

REGISYER

\ L CARRY (FRCKM BIT 71
OWEAT I O
ZEHL

HLGATIVO

INTEARLRT BASE BT

HALF CARRY IFROM MT 3|
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MPU ADDRESSING MODES

The S6800 eight-bit microprocessing unit has seven
address modes (hat can be used by a programmer, with the
addressing mode a function of both the typé of instruction
and the coding within the instruction. A summary of the
addressung modes for a particular instruction can be found
in Figure 9 along with the associated instrugtion execution
time that is given in machine cycles. With a clock frequency
ol | MHz. these times would be microseconds.

ACCUMULATOR ADDRESSING {ACCX)

QP CODE

A single byte instruction addressing operands only in
accumulator & o accumulator I

IMPLIED ADDRESSING

OP CODE

Single byte instructon where the operand address s in-
plied by the msiruction definition (i.e., Stack Pointer, Index
Repister or Condition Register).

IMMEDIATE ADDRESSING

HIGHER OPERAND OPERAND !
LOWER ;

Two or three byte instructions with an eight or sixteen
bit operand respectively. For accumulator operations the gight
bit operand is contained in the second byte of a two byte
instruction, For Index Register vperations (e.g. LDX) sixteen
bit operand is contained in the second and third byte of a three
byte instruction,

$6800/S68A00/S68B00

DIRECT ADDRESSING

ADDRESS
0.255

OP COGDE

Two byte instructions with the address of the operand
contyined in the second byle of the instruction. This format
allows ditect addressing ol operands withun the first 256
memry locations.

EXTENDED ADDRESSING

ADDRESS
HIGHER

ADDRLSS

0P CODE LOWER

Three byte instructions with the higher eight bits of the
operand address containad in the second byte and the lower
cight bits of address contained in the (hird byte of the instruc-
tion. This format allows direct addressing of all 65,536
memory Jocations.

INDEXED ADDRESSING

INDEX
ADDRESS

OP CODE

Two byte instructions where the 8 bit unsigned address
contgined in the second byte of the instruction is added 1o
the sixteen bit Index Register resulting in o sixteen bit
effective address, The effective address is stored In a temporary
register and the contents of the Index Register areunchanged.

RELATIVE ADDRESSING

RELATIVE

OF CODE ADDRESS

Two byte instructions where the relative address con-
tained in the second byte of the instruction is added to the
sixteen bit program counter pius two. The relative address is
interpreted as a two’s compiement number allowing relative
addressing within a range of —126 to +129 bytes of the present
mstrugtion.
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FIGURE 10 S6800 INSTRUCTION SET

Addressing Mode Londition Reg
Imphed ] Invme drate Direct Extended Jndexed Retative Boolean; Arith s|a|3]2]1]o
[N T Masmonic | OF ML PB T] OF MO PB OF ML PB OF MC FB OF MC PB aOPF ML PB Ciperatinn H|| |\||z|v1c
Load accumulatar LDAA | Boo 2 [ B B 4 1 An %7 M- A of 8] ] 1 Kje
LA II [ La 2 2 b ke 502 Wb o o] ] i Rle
Load stack poimer 1% |J' F T N W4 2 BL 5 % Al o2 M = SFpy o8+ 11 o a3 i R|e
- - 5P
Load index LUX eb aoa DE 4 7 FE S 2 LE & 2 Mo~ XM e 2) o of o] ol &|e
regisicr t XL
Store accumulator HTAA |I X B T3 1 AT B 2 AW LR A
STAR i D o3 2 vio5 3 74 2 - 2] o o | R
Store stack 518 |I UF 5" wF o 3 AF T 2 SPyy-- MOSPy - ool [|H|e
poinler M+
Store ndex 5TR NE 5 2 FF & % EF 7 2 AT I S olol il [|R]e
regisier M+
Trarsfer accumuo-
lalors TAB O | A— B o w] 1|t Kie
TBA 17 1 1 B A = o 1] t] R|e
Transfer Acc. to
cond. teg. TAF L] A—TCR Muste 12
Transler cond. rep.
o A, TPa 01 TR~ A a|ola|ninle
Transfer etck phlo
Index TEX wnoa 1 HP+ |+ X alnjele|ala
Teansier index to
sick ptr TXS 15 4 X 1-+5P +| =
Tull data PULA 3240 5P+ | — 5P, Mgp als
— 4
PULE 34t SP+ | —+5P. w|n|s|n|e]s
Msp -+ B
Push data PSHA kN A +Mgp 5P ) olejsin]ala
-+ 5P
PSHB 7oA B~ Mgp. SF | ajalnjafsle
- 5P
Add agcumulators ABa 18 2 | A+B+ A el le
Add ALDA 88 2 2 L BE 4 3 AB 5 2 At M A tejyyafeg:
ADDB e o2 2 DB 3 2 FB 4 3 g 5 2 B+M—B tlelt|tptit
Add wath carry ADCa M2 2 w3 2 B a4 13 AT 5 2 ArMtCorp A IREEY A 1
ALK e o2 2 w1 2 F9 4 3 E9 5 2 BerM+C—@ mz[t ]t
Subiract
accumulators SBa LI | A-B—A alalt]t]t]s
Subtract SUBA B 2 2 w103 2 B0 4 3 AD 5 2 A M a alm|t{tt |t
SleB 002 2 Do 3 2 0 4 3 [ B-HM—§ wlafiitlit
Subtract with
carry SBCA 8 2 2 23 2 B2 4 3 A2 5 2 A-M A wleititl [t
SBCR crox 2 Dz 3oz Fz 4+ 3 EX % 2 B-M C—B w1t
Locre me nt INCA ac 1o Atl—=a w115 o
INCE A2 01 BE+1—+8 w|e(3{1]|5
ING Woe 3 007 2 M+1=M ele|1]t]sle
Increment stack
pointer INS 31 4 | 5P+ | ~5F ele|nlefale
Increment index
reg. INY [ B | Xtl=X eleialt|sp
Decrement DECA 44 1 1 A-1 rA wleft]t]al]e
DECE a1 1 B 1=+B eleftltjd e
DEC JA 6 3 sa 7T 2 Mol=M elejl it
Decrement stack
pointer DES M 4 ] 5P 1 —-SP wlelejelele
Decrement index
register DEX L | K-l X wlelaltlom
Complement (1) COoMA a3 3 A A wlejt |t IR]|S
COMB 3 01 4 B~+8 st RE
COM 73 6 3 63 7 1 M-+M s[e|t|tIR]S
Camplement (2%) NEGA 4z | M- A=A eitith |
NEGH LU | 0 -BE—~B slpltn 2
NEG Mwoe 3 72 00 — M+ M sleli|in |2
Decimnal adjust
sccumulator DaA 221 slejt|t]r 3
OF = Dperation Code MC = Number of MPU Cyeles PB = Number of Program Bytes
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FIGURE {0 S$6800 INSTRUCTION SET (CONT'D.)

Addrewing Mode Condition Reg
Implied Lnmediale Direct Extended Indexed Relative BanleaniArith 5 |4|J |! II |0

Insiructmen e mamic OF v PB QF MC PR OP MC PB OP MC PB DF MC PB OF MC FB Operalion HII |N|Z|\"|(.'

Logcal and Aslia wa 1 I up o 1l B4 4 3 Ad 0y 2 AeM— A wlnjt]t] Ry
ANDE 4 0 2 a7 F4 4 3 Ed & BeM -B wlu|t]t Rl.

Tueluasive or IRAA A4 ol 2 w31 BA 4 3 AA 5 2 AtM— A DL HELIL
Tk A 2 LA 4+ 2 Fa a 3 Ea & 2 B+M =B wio|z|t|R|®

Exclusive or EORA whoroD Wl By & 3 AE 5 2 A@M~A w2 2 R|e
L{IKB LA O D 32 Fd 4 3 EX & 2 BEM—~E w|wl i |R|"

Shift left arithmene ASLA ag Tt A -— o|ost|t|a]t
ASLE L By O H‘-o wlalt|tia|t
ASI e 3 8 7 2 M ain|1]t|6

Ehaft right

anthmetic ASH A CEE | A w=|t]]6)t
ASRH 70101 B Letaim —o | efs]ift]e]t
ASR 7 oe 5 e T2 m) o PTowa O elelt]t]s]t

Shift right logical L5RA 44 1| A J— UUE R
1584 4 2 R} == LT —~ 0 =|a H A
LSR 7406 3 |ed 7 2 T B N R H AR

Ratate lelt ROLA L | . slalt]|t|o]t
ROLY S92 8} Lo momm-d | »|e|t]1]6]t
RO 196 3 & 7 2 MIov BT R sle|t]t]o]t

Rotete right RURA a6 7 ﬂi sleft el
RORE oo B - LI LRI L1 |
ROR P oh 3 TR Ml € 6780 o|ais)t|s]t

Compare aecumu:

latars {'BA o2 A--B LILIRIRI B 1

Cumpare TMEA &2 2 43 31 17 Bl 4 4 Al 5 2 A-M w|w t{s
CMPH orr o2 I Fl o4 3 El & 2 B-M slelt18]| 5]

Caompare index

Tégister (W3 CO3 3 aC 4 2 B3 3 AC & 2 X - M, X — (M) =|ul7{t]|8]|®

Test [zero ur

minus) TSTA 4B 2 1 A-TD s|elilt|RR
TSTE b B - o= RIR
5T oG 1 6D 7 2 M - O +|sl2lL|RIR

Bl 1esl BlTA 3 2 12 98 3 2 Bs 4 3 A5 5 % AeM s|e|1ti|R]e
BITH LA S ) ns * 2 Fs 4 3 ES ) BeM e|®| 1]t R]=

TEST

Branch BEA w4 2 L R L L

Brach il carry

clear BCC 4 4 3 C=0 o|a|n}e|e]e

Brarnch if carry

sel BCS ¥ o4 C=1 aln|o we]e

Branch i overflow

clear BYC 3 4 2 V-0 w|e|n|n]|nls

Brarch if overfiuw

sel BYS ! 4 2 V=1 alv|u|n|o]e

Branch if equal 1o

ze00 EBE( 27 4 2 £=1 s|v|ele|e|e

Hranch it greatec

o equal lo zera BGE woe 2 MEB V=0 «|o|n|n|e{=

Branch if greater

than zero BGT 2E 4 2 ZHNEVic ele|n|elafn

Branch if Tess

than zero RLT D4 2 NEV=) a|atefe]n|e

Branch if less ihan

o7 #qual W rero BLE F o4 1 ZH+NB V)= sl

Branch if net squal

Lo 2410 'BNE 26 4 2 =9 *

Branzh if minus BMi B o4 3 N=1 aleleiaie|a

Branch if plus BPFL 2A 4 2 N=0 w|a

Branch if higher BH] >4 1 C+Zag e niwiale

Branch if bawer

ar same BLS 304 2 C+Z=] .|

OP = Operation Code M = Number of MPU Cycles PB = Number of Program Bytes
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FIGURE 10 56800 INSTRUCTION SET (CONT'D.)

Addressing Vodes Conditio Heg.
— e e — el e — e SN SRV S S —
lnplied Direce Immetiate Eustended ndexed Relative Bonleon, Arifh Sl Jl .‘h li 11 @
Instruetion Muemwnke | OP MC Ph | OF MCPE | OF MU PE | OF MC PE | OF MC PE | OF MC FB Operation Hl1 [N Z]v]c
Branch 1
suhroutine (TR 1R T \] a|n|xln|n|s
Jamp te Hewe
subrouiine 158 ;10 B Alrow 2 Spezial #|vla|n|a|n
Jimp TN KL o, 40 FIpariows wl(onin|eie
Return from
subnating K15 i R | Elsininiale
Retumn frim
interrupt KT J oo ) Netg 1
Sullware itermupt W ) S | a|Lfaimlnle
Waal lar imcreap WAl [EITR f||aln|a|e
My pgratien mIE [V | JURE N *(nlnjuje|e
{lear 11K HAr [V || R[5 K[k
ULKE i | LR LA T B AL
[ o4 [o] . [LERE ] DL AR T
Llear vaey [SFe T =i w|ew|w|n|R
Clear mterrupm
ik (g a1 LI #Kelwlew
Cleyr vwertlow LY a1 n- w|w|elnil|n
Bercany BN oy > o1 [ ol EILIEAL IS
Helmterrual
WK 51 e | #(i]e|nlsn
Sel averlTiw SRV g oo IR LILIC CA R
CONDITION CODE SYMBOLS: LEGEND:
H Halfcarry leom bit 3; OF  Operation Code (Hexadecimsl):
[ Ititerruat mask MC  Number of MPU Criles:
N Negative (sign bit} Fh WNumber ol Frogram By ies;
rA Fero (hy Le) + Anthmetic Plus;
v Overtlow, 2's complement - Arithmetic Minus;
C Carry {rom bit 7 . Boolean AND,
R Reset Always Mgp  Contents ol memory lovation pointed 1o by Stack Pointer;
3 Sct Aalways + Boolean Inclusive QR
1 Test and sct il true, cleared otherwise &_) Boolcan Exclusive OR;
. Not Alfected M Complement of M;
- Transfer Into;

0 Bit = Zero;
i11] Byle - Zero;

Note - Aceumelator addressing mode instructions are included in the IMPLIED addressing.

CONDITION CODE REGISTER NOTES:

(Bit set if test is true and cleared otherwise)

1 (Bit ¥ Test: Result = 10000000?

2 {Bit () Test: Result = 000000007

3 (Bit C Test! Decimal value of most significant BCD Charactes greater than nine? (Not cleared if previeusly set.}
4 (Bit V) Test: Operand = 10000000 prior to execution?

5 {Bit ¥} Test: Operand = 01111111 prior to execution?

6 {Bil V) Test: Sel equal to result of N # C after shift has vccurred.

7 (Bit N) Test: Sign bit of most significant {MS) byte = 1?

8 {Bit V) Test: 2°s complement overflow from subtraction of MS bytes?

9 (Bit N Test: Result less than zero? {Bit 15= 1)

10 tall) Load Condition Code Register from Stack. {See Special Operations)

11 (Bit 1) Set when interrupt occurs, if previously set, a Non-Maskable Interrupt is required to cxil Lhe wait state.
12 (ALL) Set according to the contents of Accumulatr A
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SPECIAL OPERATIONS
JMP, JUMP;
PC MAIN PROGRAM (29 MAIN PROGRAM
" BE = JMP n 7€ = IMP
INDXD ntl K - OFFSET EXTENDED 4 n+ 1] KH=NEXT ADDRESS
. n+2| Kp=MNEXT ADDRESS

:
0
X+K [ MEXT INSTRUCTION :
K| MEXT INSTRUCTION

JSR, JUMP TO SUBROUTINE:

PC MAIN PROGRAM SP STACK PC SUBRQUTINE
a AD = JSR —— 5P -2 INX + K 151 SUBR. INSTR.
; INDXD n+1 K = OFFSET™ SP—1 in+2IH
| n+2 ] NEXTMAIN INSTR. sp i+ 2yl
\ *K - SBIT UNSIGNED YALUE {n 12t AND tn+ 2| FORMn - 2
PC  MAIN PROGRAM sp STACK P SUBROUTINE
\ I BD = JSR — = SF 2 5 Tst SUBR. INSTR.
| xTho 4 n 1| SH=SUBR. ADDR, |:> 8- 1 ih+3H '
ni2| SL=SUBR.ADDR. 5P n+3L 15 FORMED FROM SH AND $1}
n+3| MEXT MAIN INSTR, ——m= = $TACK POINTER
AFTER EXECUTION,

BSR, BRANCH TQ SUBROUTINE:

PG MAIN PROGRAM 5P STACK i SUBROUTINE
n 80 = BSA — = 5P ne2iK 151 SUEH. INSTHR,
nt * K~ OFFSET* |::> 5P -1 In+2kH
n+2| NEXTMAININSTR. sp h+2h L
*K = 7.BIT SIGNED VALUE; n+32 FORMED FROM fn + 2ly
AND {n + 2ht
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SPECIAL OPERATILONS

RTS, RETURM FROM SUBROUTINE:

PC SUBROUTINE sp STACK PG MAIN PROGRAM
s 38 - RTS E> s n|  NEXTmMAIN INSTR,
SP+1 H
—_— 5P+ LU
SWri, SOFTWARE INTERRUPT
PC MAIN PROGRAM PC INTERRUPT PROGRAM
" m[__w1_rourme
- STACK
—m- &P -7 mH = (H — 00045}
sP-6 6 L= {H - 0004]
H = ADDRESS WITH
$P -5 ACCE ALl ADDRESS LINES
N HIGH STATE
P-4 ACTA
8P -3 XH
P2 L
P 3 In+ 1y
SP [n+1)
Val, WAIT FOR INTERRUPT ap STACK
BC MAIN PROGRAM - SP-7 PC INTERRUPT PROGRAM
5F -5 ACCH
SP—4 ACCA mH = {H - 0007)
mp = [H - G006t
5P-3 *H H= ADDRESS WITH
ALL ADDRESS LINES
-2 L IN HIGH STATE
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SYSTEMS OPERATION

To demonstrate the great versatility of the functional
building block concept. a Iypical system configuration is
shown. This configuration will demonstrate how easily a basic
systern may be uppraded and expanded for a number of
different applications.

The Microprocessing Unit (MPU) inay be configured
with 1 Read Only Memory (ROM), Random Access Memary
(RAM), & Peripheral Interface Adapter (PJA), restart cirvuitry
and clock cirenitty to form a minimum functional system
{Figure 10). Sach i system can easily be adapted for a nuinker
of small scale applications by simply changmg the content of

the ROM.

TWO-PHASE CLOCK CIRCUITRY AND TIMING - The
MPL! requircs a two-phase non-overlapping ¢lock which has a
frequency range as high as 1 MHz for (he S6800. 1.5 MHz for
the SORAQD, and 2.0 MHx Tor the S68RB00. In addition Lo the
two phases, this chicuit should also generate an enable signal B,
and irs complement E, tr enabile ROMs, BAMs PlAs and
ACIAs. This Enable stgnal and its comolement is obtained by
ANDing ¢2 and VMA (Valid Memaory Address).

CHIP SELECTION AND ADDRESSING  The minimiem
system configuration permits direct seiection of the ROM.
RAM, ACIA and PIA without the use of special TTL select
logic. This is accomplished by simply wiring the address tines
Al3 and Al4 to the Enable or chip select lmes on the
memearies and PLA. This penmits the devices wo be addressed
as follows:

56800/S68A00/S68B00

Device Al4 Al3 Hex Addresses
RAM 9] o] 0O00— 007 F

PlA 0 1 2004-2007 {Registers)
ROM i [ 6000 63FF

Other addressing schemes cun be otilized which use any
combination of two of the lines A1O through Al4 for chip
seleetion.

PERIPHERAL CONTROL At control and timing for
the peripherals that are connected to the PLA is accomplished
by software routines under the control of the MPU.

RESTART AND NON-MASKABLE INTERRUPT-Since
thiz basic system does not have a nonvolatile RAM, special
cireuitry to handle loss of power using NML is not required.
Circuitry s, however, required 1o insure proper initialization
of the MPL when power s tuined om. This circuit should
insure that the Restart signal is held low for eipht ¢l clock
cycles afigr the Voo power supply reaches a wvoltage of
approximately 4.75 volts DC. Also, in order to insure that a
PIA or ACIA is not madveriently sclected during the power-on
sequence, Three-Slate Contro! (TSC) should be held high until
the positive transilion of Restart.

HALT—The Halt line is tied to Ve and will auto-
matically place ihe MPL in the run state when power ts turned
an. This signal may be used to halt ihe MPU if a switch is
wsed o tig the line to ground for HALT and to Ve for
RUN.
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S$6800/S68A00/568B00

FIGURE 11 MINIMUM SYSTEM CONFIGURATION
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ADVANCED PRODUCT DESCRIPTION
S6801

Features
B Expanded S6800 instruction set
® (Object code compatible with 36800

® Single chip or expandable to 65K words.
2K bytes of ROM
128 bytes of RAM (64 bytes retainable)

31 parallet If0 lines

Internal Clock/Divide-by-Four mask option
(S6801)

External Clock/Divide-by-One mask option
{S6801E)

TTL compatible inputs and outputs
Interrupt capahility
Hardware Multiply

MICROCOMPUTER
UNIT (MCU)*

General Description

The "S56801 MCU is an 8-bit microcomputer system
which is expandable, using the 56500 microprocessor
tamily. The 86801 MCU is object code compatible with
the 86800 instruction sct with improved execution
times of key instructions plus several new 16-bit and
8-bit instructions. The 36801 MCU can operate single
chip or be expanded to 65K words. The 56801 MCU is
TTL compatible and requires one + 5.0 voll power sup-
pl¥. The S6801 MCU has 2K bytes of ROM and 128
bytes of RAM on hoard. In addition, the S6801 MCU
has on board serial and parallel ItQ and three 16 stage
timer function.

*Available st Quarier 1574
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ADVANCED PRODUCT DESCRIPTION

56802

AMIL

Features

On-Chip Clock Circuit

128 x 8 Bit On-Chip RAM

32 Bytes of RAM Are Retainable
Software-Compatible with the S6300
Expandable to 65K Words

Standard T'TL-Compatible Inputs and Qutputs
8-Bit Word Size

16-Bit Memaory Addressing

Interrupt Capability

OO0 oooonao

MICROPROCESSOR
WITH CLOCK AND RAM

General Description

The 86802 is a monolithic 8-bit microprocesscr that
contains all the registers and accumulators of the
preseni, S6800 plus an internal clock oscillator and
driver on the same chip. In addition, the S6802 has
128 bytes of RAM on board located at hex addresses
0000 to 007F. The first 32 bytes of RAM, al hex
addresses 0000 to 001F, may be retaincd in a low
power mode by utilizing Voo standby, thus facilita-
ting memory retention during a power-down situation.

The 56802 is completely software compatible with the
56800 as well as the entire 86800 family of parts.
Hence, the 86802 is expandable to 85K words. When
the 56802 is interfaced with the 56846 ROM — [/O —
Timet chip, as shown in the Block Diagram below, a
basic 2-chip microcomputer system is realized.

Typical Microcomputer Block Diagram Pin Configuration
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S6802

Absolute Maximum Ratings

BUP Y VOl e . ot e e e e e e, -0.3V to + 7.0V
Ut VOl B . . o e e e e -0.3Vto + 7.0V
Operating Temperature RANEE ... ... ... i ittt e 0°Cto + 70°C
Storage Temperature Range . .............. ... ... ..o usiriuariiuannnn ... -BB°Cto+160°C
Thermal Resistante . . o . e e e e e e e 70°C/W

*COMMENT : Stresses above those listed under **Absolute Maximum Ratings™ may cause permanent damage to the device. This
is a stress rating only and functional operation of the device at these or any other condition above those indicated in Lhe opera-
tional sections of this specification is not implied. Exposure to absolule maximum raling conditions For extended periods may
affect device reliability.

D.C. Electrical Characteristics (Voo = 5.0V 4 5%, Vgg = 0, T4 = 0°C to +70°C unless otherwise noted.)

Symbol | Parameter Min. l Typ. Max. Unit

Vir | Input High Voltage Logic, EXtal Ve 120 | = | Yoo |V

Vi Input Leakage Voltage ___Logic, EXtal, Reset Vag - 0.3 ﬁ — |Vgg +0.8 Vi

I Input Leakage Current Logic* - 1.0 2.5 HA

_ | (VN =010 526V, Voo = Max) )

Vou 1 Output High Voltage v
{Ipoan = - 205p4, Voo = Min) DO D7 Vgg +24 — — v
(Iuoap = - 146u4, Voo = Min) - AD—A15, R/W, VMAE  |Vgg +2.4 — — v
(Troap = - 100uA, Voo =Min}  BA Vgg +2.4 - — v

Vou Output Low Voltage — = |Vgg +04 v
{(ILoan = 1.6mA, Voo = Min) |

Pp ** Power Dissipation L= 0.600 1.2 W

Cin Capacitance # T ] pF
(Vv = 0, Ty =25"C, {=1.0MHz= DO — D7 — 10 12.5

] Logic Inputs, EXtal — 6.5 10

Cout A0 — A15, R/W, VMA — - 12 pF

Clock Timing (Voo = 5.0V £ 5%, Vgg = 0, Ty, = 0°C to +70° C unless otherwise noted)

Symbol | Parameter Min. Typ. Max. Unit

f Frequency of Operation Input Clock=4 01 — 10 MHz

Il Crystal Frequency 1.0 — 4.0

tove Cycle Time 1.0 — 10 S

PWs1s | Clock Pulse Width 450 - 4500 ns

PWgL, Measured at 2.4V i

g Fall Time _ — — 25 ns
Measured between Vgg + 0.4V and Vgg -2.4V

*Except IRQ and NMI, which require 3K pullup ioad resistors for wire-OR capability at optimum operalion. Does not include
EXtal and Xtal, which are ¢rystal inputs.

*+*fn power-down mode, maximum power dissipation is less than 40mW.

#Capacitances are periodically sampled rather than 100% tested,
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Read/Write Timing (Figures 1 through 5; Load Circuit of Figure 3).
(Voc = 5.0V + 5%, Vgg = 0, Ty = 0°C to + 70°C unless otherwise noted.)

56802

Symbol Parameters Min. T Typ Max Unit
tAD Address Delay — { - 270 ns
tanc Peripheral Read Access Time  taep =tut- tpagr) - .I - 530 ns
tpsR Data Setup Time (Read) 100 ] — — ns
tH Tnput Nata Hold Time 10 | - — ns
talg Address Hold Time { Address, B/W, VMA) 20 — — ns
thow Data Delay Time {Wriie) - 166 225 ns
Processor Controls:
tpos Processor Control Setup Time 200 — — ns
tpoy, tpef | Processor Control Rise and Fall Time - — 100 ns
{(Measured between 0.8V and 2.0V
Fiyure 1. Read Data From Memory or Peripherals Figure 3. Bus Timing Test Load
- zav
’ N 0.4y / N‘ [
a— g ——]
an M ‘-\;
p——— —~ P—tan
ADDRESS T4 3
FROMMPY L‘L&-— e i
247 Tan oy
‘,M“_ _|.. ,.._t,.\‘ Ry * 128
tan 1 tacc YosR — TEST POWHT Pkt
DATAEROM 209 -
MPU DATAVALIO
OF PERIPHERALS 0By —— T — . "
MO IO
Ry pava wot vaup oA Equv
Figure 2. Write Data n Memory or Peripherals = =
Ve =
o / \‘ fav
——tag -+ € - 130pF FOR DO - OV.E
r3
R = 80pF FOR AD— A5, R/, AND YMA
i — JL‘_‘_";:HQQ = 30pF FOR R
ADDRESS 24Y — - R = 117 K{IFOR DA - DT E
FROMNPY___ DAY " } = 1GEKDFORAD  AT5 RAY, AND YMA
o 1‘\§ = PAKSFOR BA
o2~ Ty —aet - ‘..-IH
DATA 24y . "
FROM MPU B @j”“ VALID
AN DATA NOT vALID
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Figure 4, Typical Data Bus Qutput Delay Figure 5. Typical Read/Write, VMA, and Adtress Output
Versus Capacitive Loading Delay Versus Capacitive Loading
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Functional Description
MPU Registers

A general block diagram of the 86802 is shown in
Figure 6. As shown, the number and configuration of
the registers are the same as for the 86800, The 128
x 8 bit RAM has been added to the basic MPU. The
first 32 bytes may be operated in a low power mode
via a Vgp standby. These 32 bytes can be retained
during power-up and power-down conditions via the
RE signal.

The MPU hus three 18-bit registers and three 8-bit
registers available for use by the programmer {Figure 7).

Program Counter — The program counter is a two
hyte (16-bits) register that points to the current pro-
gram address,

Stack Pointer — The stack poinfer is a two byie
register that contains the address of the next available
location in an external push-down/pop-up stack. This
stack is normally arandom access Read /Write memory
that may have any location {address) that is conven-

ient. In those applications that require storage of -

56802

information in the stack when power is lost, the stack
must be non-volatile,

Index Register — The index register is a two byte
register that is used to store data or a sixteen-bit
memory address for the Indexed mode of memory
addressing.

Accumulators — The MPU contains two 8-bit accumu-
lators that are used to hold operands and results from
an arithmetic logic unit (ALU).

Condition Code Register — The condition code
register indicates the results of an Arithmetic Logic
Unit operation: Negative (N}, Zero (Z), Overflow (V),
Carry from bit 7 {C), and Half Carry from bit 3 (H).
These bits of the Condition Code Register are used as
testable conditions for the conditional branch instruc-
tions. Bit 4 is the interrupt mask bit (I). The used bits
of the Condition Code Register (b6 and b7) are ones.

Figure 8 shows the order of saving the microprocesser
status within the stack.

Figure 7. Programming Model of
the Microprocessing Unit

T
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T
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Figure 8. Saving the Status of
the Microprocessor in the Stack
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ACCA = ACCUMULATOR A
IXH = INDEX REGISTER, HIGHER DRDER & BITE
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PCH - PROGAAM COUNTER, HIGHER ORDER 4 BITS
PCL = PROGAAM COUNTER, LOWER ORDER B BITS
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56802 MPU Signal Description

Proper operation of the MPLU requires that certain
control and timing signals be provided to accomplish
specilic functions and that other signal lines be moni-
tored to determine the siale of the processor. These
control and timing signals for the 86802 are identical
to those of the 86800 except that TSC, DBE, ¢1, ¢2
input, and two unused pins have been eliminated, and
the following signal and timing lines have been added:

RAM Enable (RE)

Crystal Connections EXtal and Xtal

Memory Ready (MR)

Voo Standby

Enable 62 Output (E)
The following is a summary of the 86802 MPU signals:
Address Bus (A0 — A15) — Sixteen pins are used for
the address bus. The cutputs are capable of driving
one standard TTL load and 130pF.

56802

Data Bus {D0 — D7) — Eighi pins are used for the
data bus. It is bi-directional, transferring data fo and
from the memory and peripheral devices. It also has
three-state-output buffers capable of driving one
standard TTL load and 130pF.

Halt — When this input is in the low state, all activity
in the machine will be halted. This input is level
sensitive. In the halt mode, the machine will stop at
the end of an instruction, Bus Available will be at a
high state, Valid Memory Address will be at a low
state, and all other three-state lines will be in the
three-state mode. The address bus will display the
address of the next instruction.

To insure single instruction operation, transition of
the Halt line must not occur during the last 260ns of
E and the Hall line must go high for one Clock cyele.
Read/Write (R/W) — This TTL compatible output
signals the peripherals and memory devices whether
the MPTJ is in a Read {high) or Write (low} state. The
normal standby state of this signal is Read (high).

Figure 9, Power-up and Reset Timing
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SEE FIGURE 1D FOR
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NOTE: IF OFTION 1 1§ CHOSEN, RESET AND RE PINS CAN BE TIED TOGETHER.
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When the processor is halled, it will be in the logical
one state. This output is capable of driving one sian-
dard TTL load and 90pF.

Valid Memory Address (VMA)— This outpuf indicates
to peripheral devices that there is a valid address on
the address bus. In normal operation, this signal
should ke utilized for enabling peripheral interfaces
such as the PIA and ACIA. This signal is nhot three-
state, One standard TTL load and 90pF may be
directly driven by this active high signal.

Rus Available {BA) — The Bus Available signal will
normally be in the low state; when activated, it will
go to the high state indicating that the microprocessor
has stopped and that the address bus is available. This
will occur if the Halt line is in the low state or the
processor is in the WAIT state as a result of the exe-
cution of a WAIT insfruetion. At such time, all three-
state output drivers will go to their off state and
other outputs to their normally inactive level. The
processor is removed from the WAIT state by the
occurrcnce of a maskable (mask bit I = 0) or non-
maskable interrupt. This output is capable of driving
one standard TTL load and 30pF.

Interrupt Request (LRQ) — This leve] sensitive input
requests that an interrupt sequence be generated
within the machine. The processor will wait until it
completes the current instruction that is being exe-
cuted before it recognizes the request. At that time, if
the interrupt mask bit in the Condition Code Register
is not set, the machine wilt begin an interrupt sequence,
The Index Register, Program Counter, Accumulators,
and Condition Code Register are stored away on the
stack. Next the MPU will respond to the interrupt
request by selting the interrupi mask bif high so that
no further interrupts may occur. At the end of the
cycle, a 16-bit address will be loaded that points to
a vectoring address which is located in memory loca-
tions FFFEB and FFF9. An address loaded at these
locations causes the MPU to branch to an interrupt
routine in memory.

The Halt line must be in the high state for interrupts
to be serviced. Interrupts will be latched internally
while Halt is low.

The IRQ has a high impedance pull-up device internal
to the chip; however a 3k} external resistor to Vi
should be used for wire-OR. and optimum control of
interrrupts.

Reset — This input is used to reset and start the MPU
from a power down condition, resulting from a power
failure or an initial stari-up of the processor. When
this line is low, the MPU is inaclive and the informa-

56802

tion in the registers will be lost. If a high level is
detected on the input, this will signal the MPU fo
begin the restart sequence. This will start execution
of a routine to initialize the processor from its reset
condition. All the higher order address lines will be
forced high. For the restart, the last two (FFFE,
FFFF) locations in memory will be used fo load the
program that is addressed by the program counter.
During the restart routine, the interrupt mask bit is
set and must be reset before the MPU can be inter-
rupted by TRQ. Power-up and reset timing and power-
down sequences are shown in Figures 9 and 10,
respectively.

Figura 10. Power-Down Saquence
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Non-Maskable Interrupt (NMI} — A low-going edge
on this input requests that a non-nask-interrupt
sequence be generated within the processor. As with
the Interrupt Request signal, the processor will
complete the current insfruction that is being exe-
cuted before it recognizes the NMI signal. The
interrupt mask bit in the Condition Code Register
has no effect on NML

The Index Register, Program Counter, Accumulators,
and Condition Code Register are stored away on the
stack, At the end of the cycle, a 16-bit address will
be loaded that points to a vectoring address which is
located in memory locations FFFC and FFFT). An
address loaded at these locations caused the MPU
to branch to a non-maskable interrupt routine in
Memory.

NMT has a high impedance pull-up resistor internal to
the chip; however a 3k external resistor to Vpc
should be used for wive-OR and optimum control of
interrupts.

Inputls IRQ and NMI are hardware inferrupt lines that-
are sampled when E is high and will start the inferrupt

routine on a low E following the completion of an

instruction.
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Figure 11 is a flow chart describing the majordecision
paths and interrupt vectors of the microprocessor.
Table 1 gives the memory map for interrupt vectors.

RAM Enable (RE) — A TTL-compatible RAM enable
input controls the on-chip RAM of the 86802, When
placed in the high state, the on-<chip memory is
enabled to respond to the MPU controls. In the low
state, RAM is disabled. This pin may also be utilized
to disable reading and writing the on-chip RAM
during power-down situation. RAM enable must be
low three us before Vo goes below 4.75V during
power-down.

EXtal and Xtal — The S6802 has an internal oscilla-
tor that may be crystal controlled. These connee-
tions are for a series resonant fundamental crystal.
(AT out.) A divide-by four circuit has been added to
the 56802 so that a 4MHz crystal may be used in lieu
of a 1MHz crystal for a more cost cffective system.
Pin 38 of the S6802 may be driven externally by a
TTL input signal if a separate clock is required. Pin
39 is to be left open in this mode.

Memory Ready (MR) — MR is a T{L compatible
input control signal which allows siretching of E.
When MR is high, E will be in normal operation.

56802

When MR is low, it may be stretched integral mulit-
iples of half periods, thus allowing interface to slow
memories. Mcmory Ready timing is shown in
Figure 12,

Enable {E) — This pin supplies the clock for the MPU
and the rest of the system. This is a single phase, TTL
compatible clock, This clock may be conditioned by
a Memory Ready Signal. This is equivalent to 92 on
the 86800,

Voo Standby — 'This pin supplies the dc voltage to

the first 32 bytes of RAM as well as the RAM Enable
{RE) conirol logic. Thus retention of data in this
portion of the RAM on a power-up, power-down, or
standby condition is guaranteed. Maximum current
drain at 5.25V is 8mA.

Table 1. Memory Map for Interrupt Vectors

VECTDR
DESCRIPTION
Ms LS
FFFE FFFF RESTART
FFFC FFFD NON-MASKABLE INTERRUPT
FFFA FFFB SOFTWARE INTERRUPT
FFF8 FFF9 INTERRUPT REQUEST
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Figure 11. MPU Flow Chart

START SEQUENCE

FFFE. FFFF

MACHINE
DN HALT

L YES MASK no
T oL
¥ ¥
| : I EXECUTE
FETEH INSTRUCTION ] INTERRUPT ROUTINE J
¥
EXECUTE

INSTRUCTION pree =

FFFL FFFA

FEFD FEFY

4 ! ! !
Figure 12, Memaory Ready Control Function
& — SETUP B - RELEASE
1 )
24y o
E
. - <. 200N3 ="
| |—tpps =100NS — ~— =100NS
2.V 2.0v
MR
0.8v . 0.8V

Contact AMI for complete product dascriptian.
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ADVANCED PRODUCT DESCRIPTION

A\M‘l e S6809

HIGH PERFORMANCE
MICROPROCESSOR*

Features
Block Diagram
8 Upward source compatible with S6800 9
8 Bus compatible with S6800 family 15 Arn A1z Aqz Aar Ayg Ay Ag Br Ns As Re Ay kg Ay A
I6 2 13 E22 M O 18 7 16 15 34 13 12 11 1 8
[ ot fus opetaton A o o A
= Pin-out compatible with S6800/56802
QUTPUT BUFFEAS | OUTPUT BUFFERS
B On-chip Oscillation/Cilock Driver
® TTL compatible I;0
PROG RAN | PROGA A
& 3 priority Interrupts COUKTER — CaUNYER
B Fast Interrupt — Cuts Response Time '
® Inierrupt acknowledge allows vectoring by device e -— i
B Memory Ready Signal for slow memory
® +5V Power Supply staex stac
POINTER FOINTER
» Expandahble te 64 K words [
XANDEX — K-INSPEX
REGISTER [ I_ REGISTER
¥ INOEX — l— YINDEX
AFGISTER 1 r—1 RLGISTER
L DIRECT
PALF
REGISTER
INSTRULTION
DECDDE
AND
EouTRA! —— ACCUMULATOR
" A
General Description 1 [
The S6809 iz a monolithic microprocessor that contains WSTAYCTIOu —  sccunvLaron
all the registers of the 56800 plus an additional clock
oseiliator and driver on ¢hip.
The 56809 gives the user 8- and 16-hit word eapability, L] consmon
while retaining software compatibility with the basic REGISTER
56800 family. Four 8-hit-wide registers and five 16-bit-
wide ones process the data, with the 8-bit aceumulalors
supplying rouling computation. DATA BFFER [ ] ALt
The 86809 is compalible with Lhe completie set of 36800 ¢ t 3 ¢ t c t
peripheral and memoery devices. It is designed for the
middle and high end of the microprocessor scale. A
PRELIMINARY FINOUTS
*Avadable 161 Quacer 1978
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S6810/5S6810A—1

Features

Organized as 128 Bytes of 8 Bits
Static Operation
Bi-Directional Three-State Data Input/Output

Six Chip Enable Inputs {Four Active Low,
Twa Active High)

Single 5-Volt Power Supply
TTL Compatible

Maximum Access Time = 450ns for S6810A
350ns for S6810A —1

oooo

oCcd

128x8 STATIC
READ/WRITE MEMORY

General Description

The 568104 is a static 128 x 8 Read/Write Memory
designed and organized o be compatible with ihe
56800 Microprocessor. Interfacing to the 56810A
consists of an 8-Bit Bidirectional Data Bus, Seven
Address Lines, a single Read/Write Control line, and
six Chip Enable lines — four negative and two positive.

For ease of use, the 568104 is a totally static memory
requiring no ciocks or cell refresh. The S6810A is
fabricated with N-channel silicon gate depletion mode
technology to be fully DTL/TTL compatible with
only a single +5 volt power supply required.

Block Diagram

Pin Configuration

B3] el =

AII??}-—<——-| | —w] i

8221~ =] WEMORY - TR' $TATE
ADORESS WATRI % BIDIRECTIGNAL

A3l OECORE [ [F R -+ TTL BUTFEMS.

Ae09] = -+

A 18] | o] -

A6 117 | .

- (3 0]

= {31 D0
—im- 141 DF GM:II: 1 " ] e
s unl: H n :] Al

1504
mll: n ] al

{71 05
- 1B 01 o2 4 n :] a7
- 1307 03E5 w:]as

READ | gg

wlls  spaton o {] s
w{lr sa810A -1 wlas
ne s [
UJ[‘) 1) ]"h“
En[ 1 s ]E’E
3 [: 11 " ]Ei
HIE 1 ]s:l

[1H P
GWO Ve !
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Absolute Maximum Ratings

NOTES:

1. Permanent device damage may oceur il ABESOLUTE MAXIMUM RATINGS are exceeded, Funetional operation should be
restricted to RECOMMENDED OPERATING CONDITIONS. Exposure 1o higher than recommended volltages for extended
periods of time eould affect device relinbility.

2. This deviee conlains cirewitry to protect the inputs against damage due to high static voltages or electric fields, however, it is
advised thal normal precautions be faken to avoid application of any veltage higher than maximum rated vollages to this
high-impedance eircuit.

BupDly Voltage Voo ..o e e e -03 to +7.0V
Input Voltage VN o . oot e e e e -03to +T.0V
Operating Temperature BAnge Ta . ... oottt it it et e ie e e ie e e 0°Cto +70°C
Storage Temperature Range Totg ..o o0 vt ine oo -B5°C to +150°C

DC (Static) Characteristics
Voo = 5.0V £5%; Ty = 0°C to +70°C unless otherwise noted

Symbol | Parameter Min, | Typ. Max, 5 Unit ’ Condition
- . l

Vi Input High Voltage O 525 v
V[ Input Low Voltage |08 = | 08 | Vv

I | Input Current {An, R/W, Ep, En) - | = | 25 | ua

(Vv = 0to 5.25V) S (N A

Vou | Output High Voltage (Ioy = 205 ua){ 24 | — ] - v o

Vor, | Output Low Voltage (Igr, = 1.6mA) - 1 0.4 v

ILmy | Output Leakage Current (DO — D7) - 1 = 10 “A

{(Vo=24V,E=08V,E =2.0V)
ILor | Output Leskage Current (DO — D7) | — - 10 HA
(Vo =04V,E=08V,E=20V) |
lee Supply Current \
(Voo = 5.25Y, Ty = 0°C)

S68104 — — 70 mA
sésloa—1 1 — | — | 8 | mA
Cin | Input Capacitance* T = - 7.5 pF | =1.0MHz,To=25°C
" Cgopr | Output Capacitance® - — - — =1 OMHz, TA=25"C

#This parameter periodically sampled rather than 100% tested

AC {Dynamic} Characteristics
Vee = 5.0V * 5%, Ty = 0°C to +70°C

Symbol | Parameter T Min. 1 Max. I Unit
tag | Address Setup Time o - 20 —| - | ns
tay | Address Hold Time | 0 — ns
tcs | Chip Enable Pulse Width S6810A 250 1 - ns

56810A —1 180 ] — ns
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Read Cycle
{All timing with low input pulse 0.8V, high input pulse 2.0V, t; = tf = 20ns, Load of Figure 1)
Symbol Parameter Min. Max. Unit
563104A 450 — ns
Read Cycle Ti
foye (ry | Read Lycle Time $68104 — 1 350 - ng
868104 10 - ns
: t isabl i
DD Cutput Disable De]ay_Ti[t_l,(:___ S6810A — 1 10 _ ns
. S6810A - 450 ns
. S56810A 0 - ns
tros Read to Select Delay Time S6810A — 1 o _ ns
Write Cycle
(All timing with low input pulse 0.80, high input pulse 2.0V, ty = {1 = 20ns, Load of Figure 1)
Symbol Parameter Min. Max. Unit
S6810A 450 — ns
te Write Cycle Ti
CYC (W) | Write bycle Time S6810A -1 350 — ns
. S6810A 300 - ns
i Write P h
WP rite Pulse Wid¢ S6810A —1 250 - ns
s 56810A 180 — ns
tns Data Setup Time S6810A — 1 150 N ns
. - 568104 ¢ — ns
twes Write to Select Delay Time S6810A —1 0 - ns
Figure 1. AC Test Load
50V
R = 26k
TEST POINT Jupeiso
130 pF" 1.7k
M DT O
OF EQUIY
1176162 = —
*includos Jig Capacitance

3.34



S6810A/56810A—1

Timing Characteristics

Figure 2. Read Cycle Timing Figure 3. Write Cycle Timing
Yove i
el W sy L
ADDRESS HRORESS A pay ’
oav f R
a—— — e [ng - et
24Y —— -
1T \
CHIP SELECT \ ooy CHIP SELECT / w8y
' (Mo 14y Nk
T —
- -
THIFSELECT } /tu“" CFFSECELT \ / 2.0v
LE: B
o4y [
t
24y R.CS-.'i [ -
READWHRITE 2 READMRITE
D4y | . :
o 'DU
Dot z'w*ﬂh;;;i:ztz.w FLOATING -
Ll
by K 2EY nav
"7E6d BON'T CARE 76161 MIN'T CARE
Physical Dimensions Ordering Information
o~ PIN 1 IDENTIFIER
L8 s
4 [ o wankINGS
[ E]
REAE Order Na, ?i:s Package ;:T;e Description
THRMAR
o i ; B6810AP 40 | Plastic | 0 -70°C | NMOS 128 x & Static
T hunns T o | RAM, Ty 5 =450ns Max
i L 4 i " 568104 24 | Ceremic | 0—70°C | NMOS 128 x § Static
R ELAM, T 5 =450ns Max
090 MM, priile .
T T T e~ 86810a-1F | g¢ | Blastic | 0—70°C | NMOS 128 x 8 Static
’ L A0 RAM, Ty 4 =350ns Max
wa 86810A.-1 24 | Ceramic | 0—70°C | NMOS 128 x 8 Static
RAM, Ty 4 =350ns Max
T e
- qu wax
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S68A10/S68B10

AML

Features

1 Organized as 128 Bytes of 8 Bits

O Static Operaiion

O Bidirectional Three-State Data Input/Output

Tt Six Chip Enable Inputs (Four Active Low,
Two Active High)

0O Single 5 Volt Power Supply

0 TTL Compatible

T Maximum Access Time:

—360ns for S68A10
—250ns for S68B10

128 x 8 STATIC
READ/WRITE MEMORY

General Description

The S68A10 and 568B10 are static 128x8 Read/Write
Memories designed and organized to be compatible
with the S68A00 and S568B00 Microprocessors. Inter-
facing to the 568A10 and 568B10 consists of an 8-bit
bidirectional data bus, seven address lines, a single
Read/Write control line, and six chip enable lines,
four negative and two positive.

For ease of use, the S68A10 and S68B10 are a totally
static memory requiring no clocks or cell refresh. The
S68A10 and 568B10 are fabricated with N-channel
silicon gate depletion load technology to be fully
DTL/TTL compatible with only a single +5 volt power
supplyt_required,

Block Diagram

Pin Configuration

AB(TY —tp—]

a1122

MEMDIY
MATRIX
1208 28

ALRN
| ADORESS
A3 130 DECOLE
At (g

A3

Piid,

ARALT

SRISTATE
BIDIAECT HIAL
TTL BWFFERS

Grml: t # ] e

”"l: ] b2 ] AL

m[ 1 b5 ] &1

- (D0 o] B ] N
o= {3001 Da[: : * j o
- 1002 v[]s  SEBAID =[]m
I.Siﬁi i) [ r S68B10 ] A
" o
ETH o7 E # i D b

L] El E o " ] &

| g «[I=
! =Mz n]e

.f AC Test Load

!i sov

4
BRD Vg 6

Ry =25k

a1 5160
O0AEDSIY

TFST POINT

11gF*

MM 00D
OREQUIY

*Irciudrs 11y Zapaciance
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Absolute Maximum Ratings

Supply Voltage -0.3V to +7.0V
Input Voltage -0.3V to +7.0V
Operating Temperature Range 0°C {0 +70°C
Industrial Temperature Range ' -40°Cto +85°C
Military Temperature Range -B5"C to +125°C
Storage Temperalure Range -55"C to +150°C

DC Characteristics (Ve = +3.0V £5%, Vgg = 0, T3 = 0°C to +70°C unless otherwise noted.)

Symbol | Parameter Min, | Typ.| Max.| Units | Conditions

N Input Current 2.5 |pAde | Vin =0V to 5.25V

(An. R/W, CSp, CSy) L

Vor | Output High Voltage 2.4 Vde log =-205:A

Vor | Output Low Voltage 0.4 | Vde | Inp =1.0mA

Ir.o Output Leakage Current 10 {pAde | C8=0.8Vor C8 = 2.0V, Vo = 0.4V
_ [(Three-State) | | to24V

Ice Supply Current 80 |mAdc | Vpo = 5.25V, all other pins grounded,

Ty =0°C

AC Characteristics
Read Cycle (Ve = +5.0V £5%, Vgg = 0, T = 0°C to +707C unless otherwise noled. )

F S68410 1 S68R10
Symbol | Parameter | Min. Max. Min. | Max. Units
teye(R) | Read Cycle Time | 360 250 | | ms
taee Access Time | 360 250 i ns
tasg Address Setup Time .20 20 ns
tan | Address Hold Time 0 0 7S
tppR | Data Delay Time (Read) 220 iso | ms
tRCS Read to Select Delay Time 0 I 0 T 177 ns T T
thyga | Data Hold from Address 10 10 ns
tyg Output Hold Time 10 10 ns
thyw | Data Hold from Write 10 60 0 60 ns
Write Cycle (Vg = +5.0V +5%, Vgg = 0, T = 0°C to +70°C unlass otherwise noted.)
568A10 S68B10
Symbol | Parameter Min. Max. Min. Max. Units
toye(w) | Write Cycle Time 1 360 250 ns
tag Address Setup Time 20 20 ns
tAH Address Hold Time o 0 | ns
tcs Chip Select Pulse Width 250 210 | ms
twesg | Write to Chip Select Nelay Time 0 0 f ns
tpgw | Data Setup Time (Write) 80 60 | ns
ty Input Hold Time 10 10 [ ns
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Read Cycle Timing

I= ey IR
Tarr
G
ADNR:RE
nav
il g re— j 7

[~ bR J

I'<— I0HA ——— ]
- 'H e
o 'Ry ——-
o < 70 )
o \ b= 13 DATA VALID §-_~____
22’%2 NouT CAF Note: (8 and T8 can be cnabled lor conseculive read eycles prowided RfW remains at. V4.
Write Cycle Timing
Yoyein i
AGNRERE X‘::: Xk
Pet— iy e ) —
e 18w \I<

A %’/ / oo

" BON'T CARE

Nole: 08 and T can be coabled For conseculive write eycles provided R/W is strobed to Vi before or
coincident with the Address change, and remains high for fime {5,
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S6821/S68A21/S68B21

PERIPHERAL INTERFACE
ADAPTER (PIA)

Features General Dascription
J 8-Bit Bidirectional Data Bus for The 86821/568A21/568B21 are peripheral Interface
Communication with the MPU Adapters that provide the universal means of interfac-
o directional 8-Bit B for Interf: ing peripheral equipment to the 86800, S68A00 and
o berahonls Dt Buses for fnterface S68B00 Microprocessing Units (MPU). This device is
. capable of interfacing the MPU to peripherals through
O Two Programmable Conirol Registers two 8-bit bidirectional peripheral data buses and
D Two Programmable Data Direction Registers four control lines, No extemal logic is required for
[1 Four Individually-Controlled Interrupt Input interfacing to most peripheral devices.
Bm: 5! tf wo Usable as Periphera) Control The functional configuration of the PIA is programmed
utpu ] by the MPU during system initialization. Bach of the
O Handshake Control Logic for Input and peripheral data lines can be programmed to act as an
Output Peripheral Operation input or output, and each of the four control/finterrupt
0 High-Impedance Three-State and Direct lines may be programmed for one of several control
Transistor Drive Peripheral Lines modeIs.l. This ta;l]low.rsfihhi‘gh t;!efgree of flexibility in the
. 3 > Inteyrace,
O Program Controlled Interrupt and overa® operalion ol the ace
Interrupt Disable Capability The PIA interfaces to the S6800/S68A00/S68B00
0O CMOS Compatible Peripheral Lines MPUs with an eight-hit bidirectional data hus, three
Block Diagram Pin Configuration
R INTZAR PP STATE e
*—'- EAulRilL & I Cat
i —H e
:Ir ::: [ - - [— aho O 18 w [ ear
b R i oz
DR | = wd: e
pa T bR [ T ‘ wz e b
o5 ] | . rez [ s 3 [] so
i e 1 $; m rat [ 8 5 {] Rs
jl | T man [t W rs [ 7 3 |] AEZEY
; it o rag [ 3 = o
R ,;' \ \_ : E‘. - wg: 96821 ,fo
[ | ll; st ena o [Jn S68A2T » Dm
f o
_, ! [ T miy sess21 =
el i L [1EH] # [os
! oo L b :j.:" " :: I 2 [oe
:1 L : (G s [ 15 » [or
:: :::: | ] [ ﬁ.. " re [ 6 s [e
= I [ e 17 785 [ » Qo
i R B — e cor ] e x foe
el i = A re2 [ s 2 Hrso
abin | |, | ot o
NERLT Mot CACA DISFOTIIN
o B ]
i | LIpFTY
- e
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General Description {Continued}

$6821/S68A21/568B21

chip select lines, two register select lines, two interrupt request lines, read/write line, enable line and reset line.
These signals, in conjunction with the 56800/568A00/568B00 VMA output, permit the MPU to have complete
control over the PIA. VMA may be utilized to gate the input signals to the PTA.

Absolute Maximum Ratings

Supply Voltage

-0.3V 10 +7.0V

Input Voltage

-0.3V to +7.0V

Operating Temperature Range

Industrial Temperature Range

0°C to +70°C
-40°( to +B5°C

Military Temperature Range

-55°C to +126°C

Mote:

This device containg circuitry to protect the inputs against damage due to high static voltages or electric fields, hawever, it is
advised that normai precautions be taken to aveid application of any voltage higher than mazimum rated voltages to this high
impedance circuit.

Electrical Characteristics (Voo = +5.0V 5%, Vgg = 0, Ty = 0°C to +70°C unless otherwise noted.}

Symbol | Parameter Min. |Typ.| Max. | Units | Conditions
Vi Input High Voltage Vgg+2.0 Yoo Vdo
YIL Input Low Voltage Vigg- 0.3 Vgg+0.8| Vde
Ly Ingut Leakage Current KW, Heset, RS0, RS1, C30, T52, 1.0 25 |wAde| Wi =0Vdeto +3.25Vde
. L C81, CAl, CBY, Enable |
ITg1 ‘Three- State (0Off Slate) Input Current  D0-D7, PRO-PBT, CB2 2.4 10 wAde | Vip = 0.4Vdeto 2.4Vde
Ity Input High Current PAQ-PAT,CA2 | -200 [-400 whde | Vg = 24Vde
L Input Low Current PAQ-PAT, CAZ 1.2 -24 |mAdc| Vyr, - 04Vde
Yol (ulput High Voltage
D0-D7 | Vgg+2.4 Ve ILoad = * 205uAde
Other Ouiputs | Vgg+2.4 Vi 11,0ad = - 200p Adc
VoL Output Low Voltage
Do -0 Vgg+04d| Vde | I[gaq = 1.6mAd:
Other Outputs Vgg+0d| Vdo | Ipga = 3.2made
Iop Output [High Current {(Sourcing)
Do-py | - 205 pAde | Vg =24Vde
Other Qutputs - 100 whde
I PBO-FB7,CB2 | -10 |-2.5| -10 |[mAde| Vg =1.5Vde,the current
. for driving other thim TTI,
[ e.g., Darlington Base
ILOH || Output Leakage Current (Off State) IRQA, [RQB 1.0 10 pAde | Vop = 2.4Vde
3%} ] Pewer Dissipation 250 mw
Cin I Capacitanes
Di-D7 12.5 pF Vip = 0, Ty = +25°C,
PAD-PAT, PBO-PBT, CAZ, CB2 13 pF f=1.0MHz
Enable, R/W, Reset, RS0, R81. C50, €31, CSZ. Cal, CB1 75 nF
Cout | TRQA, TRAE | BO | pF

Note: The PAQ-PAT Peripheral Dala lines and the CA2 Peripheral Contrel line can drive two standard TTL loads. In the input mode, the
inlernal pullup resistor on these lines represents 2 maximum of 1.5 standard TTL loads.
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A.C. {Dynamic} Characteristics Loading = 30pF and cne TTL load for PAQ-PAT, PBO-PB7, CAZ, CB2
= 130pF and one TTL load for D0-D7, IRGA, TRQB
(Voo = +5.0V £5%, T 4 = 0°C to +70°C unless otherwise noted.)

Read Timing Characteristics (Figure 1)

Timing Characteristics (Voc = + 50V = 5%, Vgg=0, T4 = 0°C to + 70°C unless otherwise noted.)

56821 S568421 S68H21
Symbol | Parameter Min. | Max. | Min. | Max. | Min. | Max. | Units | Conditions
tppsy Peripheral Data Setup Time 200 135 100 ns
tppH Peripheral Data Hold Time i 0 0 0 ns |
Delay 'Time, Enable Negative Transition 1.0 0.670 | 0.5
toaz to (A2 Negative Transition ! ’ | 2 43
Delay Time, Enabie Negative Transition | T .
: 2 1.0 0.870 ! 0. 5
trst to CA2 Positive Transition i 2 #
tts Rise ant?l Fall Times for CAl and CAZ 1.0 10 1.0 .
__ | InputSignals | | |
Delay Time from CAl Active Transition |
2.0 1.35 1.0 |
R to CA2 Positive Transition |
Delay Time, Enable Negative Transition 7 a !
YPDW | 1o Peripheral Data Valid 10 0.670 B 'I
Delay Time, Enable Negative Transition Voo - 3006 Ve
temos | to Peripheral CMOS PAD-PAT, CA2 2.0 1.35 10 | ps FPC 6L Cu?'c
Data Valid | Figure b, Lioa
Delay Time, Enable Posilive Transition
t R " 1o 0.6T0 0.5
Ch2 to CB2 Negative Transition -
Delay Time, Peripheral Data Valid to 20
tec CHZ Negative Transition 20 20 _ns )
Delay Time, Enable Posilive Transition
" " 1.0 0,670 0.5
LRSI te CB2 Positive Transition #
Peripheral Control Qutput Pulse Width,
PW. a3l 450 550 ns
YT | caAzCcB2
Rise and Fall Time for CB1 and CB2
1.0 1.0 1.0
b b Input Signals T #
Delay Time, CB1 Active Transition to
t ! il 1.35 1.0
i CB2 Positive Transition % #s
iR Interrupt Release Time, IRQA and IRQB 1.6 1.1 085 | ps
trss Interrupt Response Time 1.0 1.0 1.0 HS
PW Interrupt Input Prise Widih 500 500 500 ns
tRL Resel Low Time* 1.0 0.66 a s

*The Reset line must be high a minimum of 1.0u4s before addressing the PLA.
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Bus Timing Characteristics (Voo = + 5.0V 5%, Vgg =0V, T4 =0°C to + 70°C unless otherwise noted.)

Read
56821 S568A21 S68B21
Symbol | Parameter Min. | Max. | Min. | Max. | Min. | Max. | Units
toveR Enable Cyele Time 1.0 0.666 0.50 §s
PWgy | Enable Pulse Width, High _ | 045 | 0.280 0.22 us
PWg, | Enable Pulse Widlh, Low 043 0.280 .21 us
Setup Time, Address and R/W Valid to .
tas ! Enable Positive Transition 160 140 i | ns
tppr_ | Data Delay Time 320 220 180 | ns
ty | Data Hold Time 10 10 10 | ns
tAH ! Address Hold Time 10 1 10 ns
tors tef | Rise and Fall Time for Enable Input 25 25 25 ns
Write
 ses21 | sesa21 | sesB21 |
Symbhol | Parameter Min. | Max. | Min. | Max. | Min. | Max. .l Units
teyer | Enable Cycle Time 1.0 0.666 0.50 P s
"PWgn | Enable Pulse Width, High | 046 [ 7~ " J0280 | | 0.22 s
_PWy, | Enable Pulse Width, Low 043 0.280 0.21 §s
Setup Time, Address and R/W Valid to
tas Enable Positive Transition 160 140 w0 us
tpsw | Data Setup Time o 195 N B0 60 ns
ia Data Hold Time 1w 10 10 ns
tan | Address Hold Time ™ 1o 10 10 s
ter tgg | Rise and Fall Time for Enable Input 25 25 25 ns
Figure 1. Peripheral Data Setup Time Figure 2. CAZ Delay Time
{Read Mode} {Read Made; CRA-5=CRA-3=1,CRA-4=0)
g )
| IFDS_

EMAELE

*Assumes part was deselected during the previous E pulse,

AT Wk
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Figure 3. CA2 Delay Time
{Read Mode; CRA-5=1, CRA-3 = CRA-4=10)

EM&dLD
LS b

Figure 2. Penipheral CMOS Data Delay Times
(Write Mode: CRA-5=CRA-3=1,CRA-4=0}

EHESLE

Fan
oAl

Figure 5. Peripheral Data and CB2 Delay Times
{Write Mode; CR8-5=CRB-3=1,CRB-4=0)

EMNAHLE

Ll H

Loz

CB2 Note:
CB2 qoes low as a result of the positive transition of Enable,

Figure 6. CB2 Delay Time
{Write Mcde; CRB-56=CRB-3=1,CRB-4=10)

I%&ilLD

*Assumes part was deselected during the previous E pulss,

ERE)

Figure 7, CB2 Delay Time
{Write Mode; CRB-5 =1, CRB-3=CRB-4 =0}

div
EHAHLE

B

.- TLE2

*Assumes part was deselected during any previous E pulse.

ERE)

Figure 8. IRQ Release Time

ERAULE

BT RE

Figure 3. RESET Low Time

-t 1#1

*The Keset line must be a V| for 2 minimum of 1.0ps
before addressing the PLA,

vIgT

Figure 10. Bus Read Timing Characteristics
{Read Information from PIA}
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Figure 12. Peripheral Data Hold Time

Figure 11. Busz Write Timing Characteristics
{Read Mode)

{Write information into PIA)
— Szl ——-
e Fvp e e PWEL
ey
[HABLL PAL-MAT FL
Ll PBIFT o
tEy ft—  — [ -

1ot 03—l b 1

¢ L [
HE G5 KW
> :r kv ENABLE

i — |-y
— .y
2V
DATABLS oy F

BT L taeel ]

Figure 13. Peripheral Control Output Pulse Width Figure 14, Interrupt Pulse Width and TR Response
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*Assumas driterrupt Enable Bits are set.

Fue] [
Figure 15, Bus Timing Test Loads LA
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Interface Description

MPU/PIA Interface

Pin Label Function

(33) DO Bidirectional Data — The bidirectional data lines {D0-D7) allow the transfer of data
(32) D1 between the MPU and the PIA. The data bus output drivers are three-state devices that
(31 D2 remain in the high-impedance (off) state except when the MPU performs a PLA read
(30 D3 operation. The Read/Write line is in the Read (high) state when the PlA is selected for
{29) D4 a Read operation.

{28) D5

27) b6

(26) D7

(23) E Enable — The enable pulse, E, is the only timing signal that is supplied to the PIA.

Timing of all other signals is referenced to the leading and trailing edges of the E pulse,
This signal will normally be a derivative of the 86800 #2 Clock,
The E pulse is used to condition the interrupt/conirel lines CAl, CAZ, CB1 and CB2.
At least one E pulse must oceur from the inactive edge to the active edge of the input
signal to set the interrupt flag, when the lines are used as inpuls.

(21) R/W Read/Write — This signal is generated by the MPU to control the direction of data
transfers on the Data Bus. A low state on the LA Read/Write line enableg the input
buffers und data is transferred from the MPU to the PIA on the E signal if the device
has been selected. A high on the Read/Write line sets up the FIA for a transfer of data
to the bus. The 1A output buffers are enabled when the proper address and the enable
pulse E are present.

{34) RESET Reset — The active low Reset line is used to reset all register bits in the PLA to a logical
zero (low). This line can be used us a power-on reset und as a master reset during sys-
tem operation,

(22) 30 Chip Select — These threc input signals arc used to select the PIA. C50 and €51 must

(24) {81 be high and CS52 must be low for selection of the device, Data transfers are then per-

(23) €52 formed under the control of the Enable and Read/Write signals. The chip select lines

must be stable for the duration of the E puise.

{36) RSO PIA Register Seleci — The lwo register select lines are used Lo select the various registers
{35) RS1 inside the PIA. These two lines are used in conjunction with intemal Control Registers
to select a particular register that is to be written or read.

The Register select lines should be stable for the duration af the E pulse while in the
read or write cycle.
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Intexrupt Reguest — The aciive low Interrupt Request lines (IRQA and IRQB) act to
interrupt the MPU either directly or through interrupt priority circuitry. These lines
are “‘open source’’ (no load device on the chip) and are capable of sinking a current of
1.6mA from an extemal source. This permits all interrupi request lines to be tied to-
getherin a wire-OR configuration.

Each Interrupt Request line has two internal interrupt flag bits that will cause the Inter-
rupt Request line to go low. Each flag bit is associated with a particular peripheral
interrupt line. Also, four interrupt enable bits are provided in the PIA which may be
used to inhibit a particular interrupt from a peripheral device.

Servicing an interrupt by the MPU is accomplished by a software routine that, on a
prioritized basis, sequentially reads and tests the two control registers in each PIA for
interrupt flag bits that are set.

The Interrupt Flag is cleared (zerced) as a result of an MPU Read Peripheral Data
Operation.

PIA/Peripheral Interface

Pin
(2)
(3)
(4)
()
(6)
(N
(8)
(2)

(10)
(11)
(12)
(13)
(14)
(15)
416}
(17)

Label

PAO
PAl
PA2Z
PA3
PA4d
PAB
PAB
PAT

PBO
PB1
PB2
PB3
PB4
PBb5
PE6
PB7

Function

Section A Peripheral Data — Each of the peripheral data lines can be programmed to
act as an input or output. This is accomplished by setting a “1”” in the corresponding
Data Direction Register bit for those lines which are to be outputs, A “0” in a bit of
the Dala Divection Register causes the correspording peripheral data line to act as an
input. During an MPU Read Peripheral Data Operation, the data on peripheral lines
programmed to act as inputs appears directly on the corresponding MPU Data Bus
lines. In the input mode the internal pullup resistor on these lines represents a maxi-
mum of one standard TTL load. '

The daia in Output Register A will appear on the data lines that are programmed to be
outpuls. A logical “1”* written into the register will cause a “high” on the cerresponding
data line while a “0" results in a “low.” Data in Output Register A may be read by an
MPU “Read Peripheral Daia A” operation when the corresponding lines are programmed
as outputs. This data will be read properly if the voltage on the peripheral data lines is
greater than 2.0 volts for a logic “1" output and less than 0.8 volts for a logic “0"
output. Loading the output lines such that the voltage on these lines does not reach
full voltage causes the data transferred into the MPU on a Read operation to differ
from that contained in the respective bit of Output Register A.

Section B Peripheral Data — The peripheral data lines in the B Section of the PIA can
be programmed to act as either inputs or outputs in a similar manner to PAQ-PAT.
Hawever, the output buffers driving these lines differ from those driving lines PAO-PAT,
They have three-state capability, aliowing them to enter a high impedance state when
the peripheral data line is used as an input. In addition, data on the peripheral data
lines PBO-PBT will be read properly from those lines programmed as outputs even if
th: voltages are below 2.0 volts for a “high.” As outputs, these lines are compatible
with standard TTL and may also be used as a source of up fo 1 milliampere at 1.5 volts
to directly drive the base of a transistor switch, )
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Interrupt Input — Peripheral Input lines CA1 and CB1 are input-only lines that set the
interrupt flags of the control registers. Tha active transition for these signals is also pro-
grammed by the two confrol registers.

Peripheral Control — The peripheral control line CAZ2 can be programmed to act as an
interrupt input or as a peripheral conirel cutput. As an cutput, this line is compatible
with standard TTL; as an input the intemal pullup resistor on this line represents one
standard TTL load. The function of this signal line is programmed with Control
Register A.

Peripheral Control — Peripheral Control line CB2 may also be programmed to act as an
interrupt input or petipheral control oulput. As an input, this linc has high input im-
pedance and is compatible with standard TTL. As an output, it is compatible with stan-
dard TTL and may also be used as asource of up to 1 milliampere at 1.5 volts to directly
drive the base of a transistor switch. This line is programmed by Control Register B.
Ground

+5Volts +5%
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Application Information
Initialization

A low reset line has the effect of zeroing all P1A regis-
ters. This will sat PAQO-PAT, PRO-PBT, CA2 and CB2
as inputs, and all interrupts disabled. The PIA musi{
be configured during the restart program which fol-
lows the reset.

Register Addressing

There are six locations within the PIA accessible to
the MPU data bus: two Peripheral Registers, two Data
Direction Registers, and two Control Regisiers. Selec-
tion of these locations is controlled by the RS0 and
RS1 inputs together with hit 2in the Control Register,
as shown in Table 1.

Table 1. Internal Addressing

Contro)
Register Bit
51 j RS0 | CRA-2 | CRB-2 Location Selecied
0 a 1 X Peripheral Register A
0 Q U X Data Directicn Register A
0 1 X X Contrel Register A
1 Q X 1 Peripheral Regster B
1 Q X 4} Data Direction Register B
1 1 X x Conirol Repister B

X = Don’t Care

Data Direction Registers (DDRA and DDRB)

The two Data Direction Registers allow the MPU to
control the direction of data through each correspond-
ing peripheral data line. All Data Direction Register
bits set at *‘0” configure the corresponding peripheral
data line as an input; all *“1%"™ result in an cutput.

Control Registers {CRA and CRB)

The two Control Registers (CRA and CRB) allow the
MPU to contrel the operation of the four peripheral
control lines, CAl, CA2, CB1 and CB2. In addition,
they allow the MPU to enable the interrupt lines and
monitor the status of the interrupt flags. Bits 0 threugh
5 of the two registers may be written or read by the
MPU when the proper chip select and register select
signals are applied. Bils 6 and 7 of the two registers
are read only and are modified by extemal interrupts
oceurring on control lines CAl, CA2, CBL or CB2,
The format of the control words is shown in Table 2.

56821/568A21/568B21

Table 2. Control Word Format

7 6 HERE 2 1j 0
Cha| IRQAL | IRGAZ | CAZ Control | DDRA | CAl Cuntrol
Access
7 é 5 a3 2 1] o
CHRB| IRGHB1 IRQRZ | CB2 Contrel | DDRE | CB1 Control
Aveess

Data Direction Access Control Bit (CRA-2 and
CRB-2) — Bit 2 in each Contrcl Register (CRA
and CRB) allows selection of either a Peripheral
Interface Register or the Data Direction Register
when the proper register select signals are applied to
RS0 and RS1.

Control of CAl and CB1 Interrupt Input Lines
{CRA-0,CRB-0,CRA-1and CRB-1}— The two lowest
order bits of the control registers are used to control
the interrupt input lines CAl and CB1. Bits CRA-0
and CRB-0 are used 1o enable the MPU interrupt sig-
nals IRQA and IRQRB, respectively. Bits CRA-1 and
CRE-1 determine the active fransition of the interrupt
input signals CAl and CB1 (Table 3).

Control of CA2 and CB2 Peripheral Control Lines
(CRA-3, CRA-4, CRA-5,CRB-3,CRB-4and CRB-5)
— Bits 3, 4 and 5 of the two control registers are used
to control the CAZ and CB2 Peripheral Control lines.
These bits defermine if the control lines will be an
interrupt input or an output control signal. If bit
CRA-5 (CBR-5) is low, CAZ (CB2} is an interrupt
input line similar to CAl (CB1) {Table 4). When
CRA-5 (CRE-D) is high, CAZ (CB2) becomes an out-
put signal that may be used to control peripheral
data transfers, When in the oufput mode, CA2 and
CB2 have slightly different characteristics {Tables 5
and 8).

Interrupt Flags (CRA-6, CRA-7, CRB-6 and CRB-7)
— The four interrupt flag biils are set by active transi-
tions of signals on the four Interrupt and Peripheral
Status lines when those lines are programmed to be
interrupt inputs. These bits cannot be set directly
from the MPU Data Bus and are reset indirectly by a
Read Peripheral Data Operation on the appropriate
section.
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Table 3, Control of Interrupt Inputs CAT and CB1

56821/568A21/S68B21

CRA-1 | CRA-O Interrupt Input CAl Interrupt Flag CRA-7 MPU Interrupt Request
(CRB-1} |(CRB-0} (CB1) (CRB-T) IRQA (IRQB)
Q 0 1 Active Set high on | of CALl {CB1) | Disabled — IR} remains high
0 1 | Active Set high on « of CAL (CB1l} | Goes low when the interrupt
flag bit CRA-7 (CRB-7) goes
high
0 t Active Set high on t of CAl (CB1) | Disabled — IRQ remains high
1 t Active Set high on t of CA1 (CB1) | Goes low when the interrupt
flag bit CRA-7 (CRB-7) goes
high
Notes:

1. t indieates positive transition {low Lo high),
2. | indicates negative transition (high te low).
3. The Interrupt flag bit CRA-7 is cleared by an MPUT Read of the A Data Register, and CRE-7 is ¢leared by an MPU Read of the
B Data Register, [
4. If CRA-0 (CRB-0) is Jow when an interrupt occurs (Interrupt disabled) and is later brought high, IRQA (IRQB) cecurs on
the positive transition of CRA-0 (CREB-0).

Table 4. Control of CA2 and CB2 as Interrupt Inputs
CRA-5 {CRB-5) is Low

CRA-3 [CRA-4 [CRA-3 | Interrupt Input Interrapt Flag CRA -6 MPU Interrupt Request
{(CRB-3) [(CRB-4)[{CRB-3)] CAZ(CB2) {CRB-6) IRQA (IRQB)
4 0 0 i Actlve Set high on | of CAZ (CB2) | Disabled — IR} remains high
0 0 1 + Active Set high on | of CAZ (CB2) | Goes low when the interrupt
flag bit CRA-6 (CRE-8) goes
high
0 1 + Active Set high on 1 of CA2 {CB2) | Dhsabled — TRQ remains high
0] 1 1 T Active Set high on t of CA2 {CB2) | Goes low when the interrupt
ftag bit CRA .8 {CRB-8) goes
high
Notes:

1. t indicates positive transition {low to high).
2. | indicates negative transition (high to low).
3. The Interrupt flag bit CRA-6 is cleared by an MPU Read of the A Data Register and CRB-5 js cleared by an MPU Read of the
B Data Register.
4. I CRA-3 (CRB-3} is low when an interrupt ocews (Interrupt disabled) and is later hrought high, IRQA (IRQB) ocrurs on
the positive (ransition of CRA-3 (CRB-3).
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Table 5. Contral of CA2 as an Qutput

$6821/568A21/568B21

CRA-5 is High
CAZ2
CRA-56 | CRA-4 | CRA-3 Cleared Set

1 0 Q Low on negative transition of E after | High on an active transition of the
an MPU Read “*A” Data operation. CAl signal.

1 0 1 Low immediately after an MPU Read | High on the negative edge of the next
“A’ Data operation. “E" pulse.

1 1 0 Low when CRA-3 goes low as a result| Always low as long as CRA-3 is low.
of an MPU Write in Contro! Register
i‘A.}!

1 1 1 Always high as long as CRA-3 is high. | High when CRA-3 goes high as aresult

af u Write in Control Register “A.”

Table 6. Control of CB2 as an Cutput

CRB-5 is High
CB2
CRB-5 | CRB-4 | CRB-3 Cleared Set

1 0 0 Low an the positive transition of the | High when the interrupt flag hit CRE-7
first E pulse following an MPU Write | is set by an active transition of the
“B* Data Register operation. CB1 signal.

1 0 1 Low on the positive transition of the | High on the positive transition of the
first E pulse following an MPU Write | next “E” pulse.
“B* Daia Register operation.

1 1 O Low when CRB-3 goes low as a result | Always low as long as CRB-3 is low.
of an MPU Write in Control Register | Will go high on an MPU Write in
“B.” Control Register “B™ that changes

CRB-3 to “one.”

1 1 1 Always high as long as CRB-3 is high | High when CRB-3 goes high us aresult
Will be cleared when an MPU Write of an MPU write into Confro! Register
Control Register “B™ results in “B.”
clearing CRB-3 to “zero.”
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Basic System Configuration

The Microprocessing Unit (MPU) may be configured
with a Read Only Memory {ROM), Random Access
Memory (RAM]}, a Peripheral Interface Adapter (PIA),
restart circuitry and clock circuitry to form a mini-
mutn functional system (Figure 16). Such a system can
easily be adapted for a number of small scale applica-
tions by simply changing the content of the ROM.

Two-Phase Clock Circuitry and Timing — The MPU
requires a two-phase non-overlapping clock which
has a frequency range as high as 1MHz. In addition to
the two phases, this circuit should alsc generate an
enable Signal E, and its complement E, to enable
ROMs, RAMs, PlAs and ACIAs. This Enable signal
and its complement are obtained by ANDing ¢2 and
VMA (Valid Memory Address).

Chip Selection and Addressing — The minimum system
configuralion permits direct selection of the ROM,

S56821/568A21/568B21

RAM, ACTA and PIA without the use of special TTL
select logic. This is accomplished by simply wiring the
address lines Al3, Al4 to the Enable or chip select
lines on the memories and PlA. This permits the de-
vices to be addressed as follows:

Device Al4  A13  Hex Addresses

RAM 0 0 0000-007F

PIA 0 1 2004-2007 (Registers)
ROM 1 1 8000-63FF

Other addressing schemes can be utilized which use
any combination of two of the lines A10 through
Al4 for chip sclection,

Peripheral Control — All contrel and timing for the
peripherals that are connected te the PIA is accom-
plished by software routines under the control of the
MPU.

Figure 16. Minimum Systern Implementation
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Expanded Block Diagram
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ADVANCED PRODUCT DESCRIPTION

56840

AML

Features

O Operates from a Single 5 Volt Power Supply

0 Fully TTL Compatible

O Single System Clock Required {Enabile)

{0 Selectable Prescaler on Timer 3 Capahle of a
4MHz Input _

(3 Programmable Interrupts (IRQ) Qutput to
MPU

O Readable Down Counter Indicates Counits to
Go to Time-Out

{] Selectable Gating for Frequency or Puilse-
Widith Compatrison

O RESET Input

O Three Asynchronous External Clock and Gate/
Trigger Inputs Internally Synchronized

O Three Maskable Outputs

PROGRAMMABLE TIMER

General Description

The $6840 is a programmabie subsystem component
of the 86800 family designed Lo provide variabile
system time intervals.

The 56840 has three 16-bit binary counters, threc
corresponding control registers and a status register.
These counters are under software control and may
be used to cause system interrupts and/for generate
output signals, The 56840 may be utiized for such
tasks as frequency measurements, event counting,
interval measuring and similar tasks. The device may
be used for square wave generation, gated delay sig-
nals, single pulses of controlled duration, and pulse
width modulation as well as syslem interrupts,

Block Diagram
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56840

Absolute Maximum Ratings

Supply Voltage Voo ..ot e e e 03w +7.0V
Input Voltage Vin ... ool e e e -03 0 +7.0V
Operating Temperature Range TA - .. o oot v it e et et et e s 0°C to +70°C
Storage Temperature Range Tstg ... 0.0ttt it ia e -55°C 10 +150°C
Thermal Resistance 0 14 .. . o oot i e e e 82.5°C/wW

This device contains circuitry to protect the inputs against damage due to high stalic voltages or clectrie fields: however, il is
advised that normal precaurions be taken to avoid application of any voltage higher than maximum rated voltages to this high-
impedance circuit.

Electrical Characteristics (Vo = 5.0V £ 5%, Vgg = 0, Ta = 0°C to +707C unless otherwise noted)

Symbol [ Characteristic Min. Typ. Max. Unit | Condition
¥ | Input High Voltage Vgg +2.0 Vee v
Vi, | Input Low Voltage [Ves-03 | |vggros lua [
In | Input Leakage Current - 1.0 2.5 I pA | V=0 1o 5.25V
Its; @ Three-State (O Stale) !
! Input Current DO — DT 20 10 | uA | Vn=041024V
Vou | Output High Voltage I My
’ DO - D7 | Vgg+24 | ILgap=-205uA
1 Other Outputs | Vag +2.4 : [LoAD - ~2004A
Vor, | Output Low Voltage ’ Vo
J DO — D7 Vss +0.4 | | Tpoan = 16mA
J'! 01 — 03, TRQ Vgg t0.4 l. loaD = 3.2mA
I.og | Output Leakage Current . |
| (OIf State) IRQ | 1.0 10 sA  Vou — 24V
Pp Power Dissipation ! 550 mW | -
T Cw | InputCapacilance | | pF | Vin=0, Ta=25"C,
DO — D7 i2.5 "f=10MHz
_ o ___ _AlOthers | 7.5 l
CouT | Output Capacitance L pF
:TA) 5.0 . Vin=0, TA=25°C,
01, 02, 03 10 £ = 1.0MHz
Bus Timing Characteristics
Read (See Figures 1 and 7}
Symbel | Characteristic Min. Max. Unit | Condition
toyer | Enable Cycle Time 1.0 1.0 1S
PWgy | Enable Pulse Width, High 045 4.5 s
PWgr, | Enable Pulse Width, Low 0.43 us
tag Setup Time, Address and R/W valid 1o enable
positive transition 160 ns
~ ippr | Data Delay Time 320 ns
ty Data Hold Time 10 s
tay Address Hold Time 10 ns
tEy. tef| Rise and Fall ?‘1’5&5?3351‘.51&7}5& I 25 ng T
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Bus Timing Characteristics {Continued)
Write {See Figures 2 and T7)

56840

Symbaol | Chavacteristic Min. Max. Unit | Condition
toycr | Enable Cyele Time 1.0 10 S
PWgp | Enable Pulse Width, High 045 | 43 is
" PWgr | Enable Puise Width, Low 043 s
tag | Setup Time, Address and R/W valid to cnable
positive transition 160 ns
tpgw | Data Selup Time ' 7105 'I__ns
ty Data Hold Time 10 ] ns
tay Address Hotd Time T T T _—_Iﬂ_‘?;—r
tgr. tuf| Rise and Fall Time for Enable input 25 ns
AC Operating Characteristics
Symbol Characteristic Min. Max. Unit | Condition
iy, Uf Input Rise and Fall Times . iI §
C, Gand Reset . 1.0 us w
W, Input Pulse Width Low (Figure 3} I|
C, G and Reset toyor ttsutthd | e
r'wy Input Pulse Width High {Figure 4) ‘
C€,G |tovertisutthd | ns
tsu Input Setup Time (Figure 5) ; T
I (Synchronous Mode) €, G and Resct 200 l ns |
C3 &8 Prescaler Mode only)} i.
thd  |Ioput flold Time (Figure 5) |
{Synchronous Mode) C, G and Reset 50 . ns
C3 (=8 Prescaler Mode only) 1
teo | Load A TTL [ 700 ns | Vog-24V
tem | Load C MOS ' 450 ns | Vop=2.4V
temos | 1oad C CMOS i 2.0 #s | Vorr=0.7Vpp
tir ; Interrupt Release Time | 16 us

*to aml bp % T % Pulse Wadth or 1,0us, whichever s smaller.
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Figure 1. Bus Read Timing Characteristics Figure 2. Bus Write Timing Chéracteristics
{Read Information from PTM) [Write Information into PTM)
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Figure 7. IRQ Relkase Time
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Device Operation

The three timers in the $6840 may be independently
programmed to operate in modes which fit a wide
variety of applications. The device is fully bus compat-
ible with S6800 systems and is accessed by load and
store operations from the MPU in much the same
manner as a memory device. In a lypical application,
a Timer will be loaded by first storing two bytes of
data into an associated Counter Latch. This data is
then transferred into the counter via a Counter
Initialization cycle. The counter decrements on each
subsequent clock period which may be an external
clock or Fnable (System ¢ 2) until one of several
predetermined conditions causes it to halt or recycle.
The timers are thus programmable, cyclic in nature,
controllable by external inputs or the MPU program,
and accessible by the MPU at any time.

Bus Interface

The Programmable Timer Module (PTM) interfaces to
the 86800 Bus with an eight-bit bidirectional data bus,
fwo Chip Select lines, a Read/Write line, an Enable
(System ¢2) line, an Interrupt Request line, an exter-
nal Reset line, and three Register Select lines. These
signals, in conjunction with the S8300 VMA output,
permit the MPU to control the PTM. VMA should be
utilized in conjunction with an MPU address line into
a Chip Select of the PTM.

Bidirectional Data (D0 — D7) — The bidirectional data
lines (D0 — D7} allow the transfer of data between
the MPU and PTM. The data bus output drivers are
three-state devices which remain in the high-impedance
(off) siate except when the MPU performs a PTM
read operation (Read/Write and Enable lines high and
PTM Chip Selects activated).

Chip Select (TS0, CS1) — These two signals are used
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to activate the Data Bus interface and allow transfer
of data from the PTM. With TS0=0 and C81=1, the
device is selected and data transfer will occur.
Read/Write (R/W) — This signal is generated by the
MPU to control the direclion of data transfer on the
Data Bus. With the PTM selccted, a low state on the
PTM R/W line enables the input buffers and data is
transferred from the MPU to the PTM on the trailing
edge of the Enable (System $2) signal. Alternately,
(under the sume conditions) B/W - 1 and Enable
high allows data in the PTM to be read by the MPU.

Enable (System # 2) — This signal synchronizes data
transfer between the MPU and the PTM. It also per-
forms an equivalent synchronization function on the
external clock, reset, and gate inputs of the PTM.

Interrupt Hequest (IRQ) — The active low Interrupt
Request signal is normally tied directly (or through
priority interrupt circuitry) to the IRQ input of the
MPU. This is an “open drain® output {no load device
on the chip) which permits other similar interrupt
request lines to be tied together in a wire-OR con-
figuration.

The IR line is activaled if, and only if, the Compos-
ite Interrupt Flag (Bit 7 of the Internal Status Register)
is asserted. The conditions under which the IRQ line
is activated are discussed in conjunction with the
Status Register.

External Reset — A low level at this input is clocked
into the PTM by the Enable (System ¢2) input. Two
Enable pulses are required 1o synchronize and process
the signal. The PTM then recognizes the active “low™
rljﬂactive “high’ on the third Enable pulse. If the
Reset signal is asynchronous, an additional Enable
period is required if sctup times arc not met. The
Reset input must be stable [Tigh/T.ow for the minimum
time stated in the AC Operating Characteristics.
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Recognition of a low level at this input by the PTM
causes the following action to oceur:

a. All counter latches are preset to their maximal
count values.

b. All Control Register bits are cleared with the
exception of CR10 (internal reset bit) which is
set.

c. Al counters are preset to the contents of the
latches.

d. All counter outputs are reset and all counter
clocks are disabled.

g. All Status
cleared.

Register bits (interrupt flags) are

Table 1, Register Selection

§$6840

Register Select Lines (RS0, RS1, RS2) — These
inputs are used in conjunction with the R/W line to
select the infernal registers, counters and latches as
shown in Table 1.

It has been previcusly stated that the PTM is accessed
via MPU Load and Store operations in much the same
manner as a memory device. The instructions avail-
able with the 86800 family of MPUs which perform
operations directly on memory should not be used
when the PTM is accessed. These instructions actually
fetch a byte from memory, perform an operation,
then restore it to the same address location. Since the
PTM used the R/W line as an additional register select
input, the modified data may not be restored to the
same register if these instructions are used.

REGISTER OPERATIONS
SELECT INPUTS
RS2 RS1 RSO R =0 RM=1
0 a 0 CRZ0-0  WRITE CONTROL REGISTER #3 | NO OPERATION
CR20=1  WRITE CONTROL REGISTER #1
0 0 1 WRITE CONTROL REGISTER #2 READ STATUS REGISTER
0 1 0 “WRITE MSB BUFFER REGISTER READ TIMER #1 COUNTER
0 1 1 WRITE TIMER #1 LATCHES READ LSB BUFFER REGISTER
1 0 0 WRITE MSB BUFFER REGISTER READ TIMER #2 COUNTER
i 0 i WRITE TIMER #2 LATCHES READ LSB BUFFER REGISTER
i 1 0 WRITE MSB BUFFER REGISTER READ TIMER #3 COUNTER
) 1 1 WRITE TIMER #3 LATCHES READ LS8 BUFFER REGISTER
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Control Register

Three Write-Only registers in the S6840 are used fo
modify timer operation to suit a variety of applica-
tionz. Control Register #2 has a uniquie address space
(RS0 = 1, RS1 = 0, K82 = 0) and therefore may be
written into at any time. The remaining Control
Registers (# 1 and # 3) share the Address Space
selected by a logic zero on all Register Select inputs.
The least significant bit of Control Register # 2
(CR20) is used as an additional -addressing bit for
Control Registers #1 and # 3. Thus, with all Register
Selects and R/W inputs at logic zero, Control Register

Table 2. Control Register Bits
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#1 will be written info if CR20 is a logic one. Under
the same conditions, Control Register # 3 will be
written into if CR20 is a logic zero. Control Register
#3 can also be written into after a Reset low condi-
tion has occwrred, since all control register bits
{except CR10) arc cleared. Thercfore, onc may write
in the sequence CR3, CR2, CR1.

The least significant bit of Control Register # 1 is
used as an Internal Reset bit. When this bit is a logic
zero, all timers are allowed to operate in the modes
prescribed by the remaining bits of the control

CR10 INTERNAL RESET BIT

CR20 CONTROL REGISTER ADDRESS BIT

CR30 TIMER #3 CLOCK CONTROL

0 ALL TIMERS ALLOWED TC QPERATE | O
1 ALL TIMERS HELD IN PRESET STATE | 1

CR#3IMAY BEWRITTEN 4
CR#1MAY BE WRITTEN 1

T3 CLOCK 'S NOT PRESCALED
T3 CLOCK IS PHESCALED BY + 8

CRX1* TIMER #X CLOCK SOURCE
0 TX USES EXTERNAL CLOCK SOURCE DN CX INPUT
1 TX USES ENABLE CLOCK
CRX2 TIMER #X COUNTING MODF CONTROL
0 TX CONFIGURED FOR NORMAL (16-BIT) COUNTING MQDE
1 TX CONFIGURED FOR DUAL B-BIT COUNTING MODE

CRX3 CRX4 CRX5

TIMER #X COUNTER MODE AND INTERRUPT CONTROL {See Tahle 3]

CRX6 TIMER #X INTERRUPT ENABLE
1 INTERRUPT FLAG MASKED ON [RQ
1 INTERRUPT FLAG ENABLED TO TR
CRXT TIMER #X COUNTER OUTPUT ENABLE
0 TX OUTPUT MASKED ON OUTPUT 0X

1 TX OUTPUT ENABLED ON OUTPUT OX

*Control Register far Timer 1, 2 or 3, Bit 1.
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Control Register {Continued)

registers. Writinga “one” into CR10 causesall counters
to he preset with the contents of the corresponding
counter latches, all counter clocks to be disabled, and
the timer outputs and interrupt flags (Status Register)
Lo be reset. Counter Latches and Conirol Registers
are undisturbed by an Internal Reset and may be
written inte regardless of the state of CR10.

The least significant bit of Control Register # 3 is
used as a selector for a — 8 prescaler which is avail-
abhle with Timer # 3 only. The prescaler, if selected,
is effectively placed between the clock input circuitry
and the input to Counter #3. It can therefare be used
with either the internal clock (Enable) or an external
clock source.

The funetions depicted in the foregoing discussions
are tabulated on the first row in Table 2 for ease of
reference.

Control Register Bits CR10, CR20, and CR30 are
unique in that each selects a different function. The
remaining bits (1 through 7) of each Control Register
select commeoen functions, with a particular Control
Register affecting only its corresponding timer. For
example, Bit 1 of Control Register # 1 (CRil)
selects whether an internal or external clock source is
to be used with Timer # 1. Similarly, CR21 selects
the clock source for Timer # 2, and CR31 performs
this function for Timer # 3. The lunction of each bit
of Control Register “X” can therefore be defined as
shown in the remaining section of Table 2.

Control Register Bit 2 selects whether the binary
information contained in the Counter Latches (and
subscquently loaded into the Counter) is to be
treated as a single 16-hit word or two 8-bit hytes, In
the single 16-bit Counter Mode {CRX2 = 0) the
counter will decrement to zero after N+1 enabled
(G = D) clock periods, where N iz defined as the 18-bit
number in the Counter Latches. With CRX2 = 1, a
similar Time Oul will occur after (L+1} « (M+1)
enabled clock periods, where L and M respectively,
refer to the LSB and MSB bytes in the Counter
Latches,

Control Register Bits 3, 4, and 5 are explained in
detail in the Timer Operating Mode section, Bit 6 is
an interrupt mask bit which will be explained more
fully in conjunction with the Status Register, and bit
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7 is used to enable the corresponding Timer Output.

Status Register/Interrupt Flags

The 86840 has an internal Read-Only Status Register
which contains four Interrupt Flags. (The remaining
four hits of the register are not used, and defauit to
zeros when being read.) Bits 0, 1, and 2 are assigned
to Timers 1, 2, and 3, respectively, as individual flag
hits, while Bit 7 is a Composite Interrupt Flag. This
flag bit will be asserted if any of the individual flag
bits is set while Bit 6 of the corresponding Control
Register is at a logic one. The conditions for assert-
ing the Composite Interrupt Flag bit can therefore
be expressed as:

INT =11+ CR16 + 12+ CR26 + I3+ CR36
where INT = Composite Interrupt Flag (Bit 7)

Il = Timer #1 Interrupt Flag (Bit 0)
[2 = Timer #2 Interrupt Flag (Bit 1)
i3 = Timer #3 Interrupt Flag (Bit 2)

An interrupt flag is cleared by a Timer Reset condition,
i.e., External Reset = 0 or Internal Reset Bit (CR10}
= 1. It will also be cleared by a Read Timer Countfer
Command provided that the Status Register has
previously been read while the interrupt flag was set.
This condition on the Read Status Register — Read
Timer Counter (RS — RT) sequence is designed to
prevent missing interrupts which might occur after
the status register is read, but prior to rcading the
Timer Counter.

An individual Interrupt Flag is also cleared by a Write
Timer Latches (W) command or a Counter Initializa-
tion (CI) sequence, provided that W or CI affects the
Timer corresponding to the individual Interrupt Flag.

Counter Latch Initialization

Each of the three independent timers consists of a
16-hit addressable counter and 16 bits of address-
able latches. The counters are preset to the binary
numbers stored in the latches. Counter initialization
results in the transfer of the latch contents to the
counter. See notes in Table 4 regarding the binary
number N, L, or M placed into the Latches and their
relationship to the oufput waveforms and counter
Time-Outs.
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Counter Latch Initialization {Continued}

Since the PTM data busis 8-bits wide and the counters
are 16-bits wide, a temporary register (MSB Buffer
Register) is provided. This “write only* register is for
the Most Significant Byte of the desired latch data.
Three addresses are provided for the MSB Buffer
Register {as indicated in Table 1), but they all lead to
the same Buffer, Data from the MSB Buffer will auto-
matically be transferred into the Most Significant Byte
of Timer # X when a Write Timer # X Latches Com-
mand is performed. So it can be seen that the S6840
has been designed to allow transfer of two bytes of
data into lthe counter latches provided that the MSE
is transferred first,

In many applications, the source of the data will he
an S6800 MPU. It should be noted that the 18-bit
store aperations of the 36800 family microprocessors
(STS and 5TX) transfer data in the order required by
the PTM. A Store Index Register Instruction, for
example, results in the M3SB of the X register being
transferred to the selected address, then the LSB of
the X register being written inte the next higher loca-
tion. Thus, either the index register or sfack pointer
may be fransferred directly intoc a selected counter
latch with a single instruction,

A logic zero at the Reset input also initializes the
counter latches. In this case, all laiches will assume a
maximum count of 65,536,, . It is important to note
that an Internal Reset {Bit zero of Control Register
1 Set} has no effect on the counter laiches.

Counter Initialization

Counter Initialization is defined as the transfer of
data from the latches to the counter with subsequent
clearing of the Individual Interrupt Flag associated
with the counter. Counter [nitialization always occurs
when a reset condition {(Reset = 0 or CR10 = 1) is
recognized. It can also occur — depending on Timer
Mode — with a Write Timer Latches command or
recognition of a negative transition of the Gateinput.

Counter recycling or re-initialization occurs when a
negative transition of the clock input is recognized
after the counter has reached an all-zero state. In
this case, data is transferred from the Latches to the
Counter.

Asynchronous Input/Quiput Lines

Each of the three timers within the PTM has external
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clock and gate inputs as well as a counter output line.
The inputs are high impedance, TTL compatible lines
and outputs are capable of driving two standard
TTL loads.

Clock Inputs (C1, CZ, and T3) — Inpus pins C1, C2,
and C3 will accept asynchronous TTL voltage level
signals to decrement Timers 1, 2, and 3, respectively.
The high and low levels of the external clocks must
each be stable for at least one system clock period
plus the sum of the setup and hold times for the
inputs. The asynchronous clock rate can vary from dc
to the limit imposed by Enable {(System ¢ 2) Setup,
and Hold time.

The external clock inputs are clocked in by Enable
(System ¢ 2) pulses, Three Enable periods are used to
synchronize and process the external clock. The
fourth Enable pulse decrements the internal counter,
This does not affect the input frequency, it merely
creates a delay between a clock input transition and
inlernal recognition of that transition by the PTM,
All references to © inputs in this document relate to
internal recognition of the input transition. Note that
a clock high or low level which does not meet setup
and hold time specifications may require an additional
Enable pulse for recognition. When observing recurring
events, a lack of synchronization will result in “jitter™
being ohserved on the output of the PTM when using
asynchronous clocks and gate input signals. There are
two types of jitter. **System jitter” is the result of the
input signals heing out of synchronization with the
Enable {System? 2), permitting signals with marginal
setup and hold time to be recognized by either the
bit time nearest the input transition or the subse-
quent bit time.

piage — L L L5 L LI M1
INPUT _I.—._I—n""""

RECOG
ey j{*‘ = —
EITHER OR HERE
HERE
_..-I |-q_ SYSTEM
BIT TIME
JITVER
OUTPUT

"

“Input jitter” can be as great as the time between
imput signal negative going {ransitions plus the system
jitter, if the first transition is recognized during one
system eycle, and not recognized .the next cycle, or
vice versa,
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Asynchronous Input/Qutput Lines {Continued)

ENADLL
1, INFUT ’DH THIS ONE
INPUT
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RECOGNIZES o, % Ry

THIS EDGE N

External clock input C3 represents a special case
when Timer # 3 is programmed to utilize its optional
—+ 8 prescaler mode. The maximum input frequency
and allowable duty cycles for this case are specified
under the AC Operating Characteristics. The output
of the+ 8 prescaler is treated in the same manner as
the previously discussed clock inputs. That is, it is
clocked into the counter by Enable pulses, is recog-
nized on the fourth Enable pulse (provided setup and
hold time requirements are met), and must produce
an output pulse af least as wide as the sum of an
Enabie period, setup, and hold times,

Gate Inputs (G1, G2, G3) — Input pins G1, G2, and
G3 accept asynchronous TTL-compatible signals which
are used as triggers or clock gating functions to
Timers 1, 2, and 3, respectively. The gating inputs are
clocked into the PTM by the Enable {System ¢2})
signal in the same manner as the previously discussed
clock inputs, That is, a Gate transition is recognized
by the PTM on the fourth Enable pulse (provided
setup and hold time requirements are met), and the
high or low levels of the Gate input must be stable for
at least one system clock period plus the sum of sctup
and hold times. All references to G transition in this
document retate to internal recognition of the input
transition.

The Gate inputs of all timers directly affect the
internal 16-bit counter., The operation of (G3 is there-
fore independeni of the+ 8 prescaler selection.

Timer Outputs (01, 02, 03) — Timer outputs 01,
02, and O3 are capabie of driving up to two TTL
loads and produce a defined output waveform for
ejther Continuous or Single-Shot Timer modes. Qut-
put waveform definition is accomplished by selecting
cither Single 18-bit or Duyal 8-bit operating modes.
The single 16-bit mode will produce a square-wave
oufput in the continucus timer mode and will
produce a single pulse in the Single-Shot Timer
mode. The Dual 8-bit mode will preduce a variable
duty cycle pulse in both the continuous and single
shot Timer modes. One bit of each Control Register
{CRX'7) is used to enable the corresponding output.
If this bit is cleared, the output will remain low
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(Vor,) regardless of the operating mode.

The Continuous and Single-Shot Timer Modes are the
only ones for which output response is defined.
Signals appear at the outputs (unless CRXT7 = 0)
during Frequency and Pulse Width comparison modes,
but the actual waveform is not predictable in typical
applications.

Timer Operating Modes

The 36840 has been designed to operate effectively
in a wide variety of applications. This is accomplished
by uging three bits of each control register (CRX3,
CRX4, and CRX5H) to define different operating
medes of the Timers, These modes are oullined in
Table 3.

Table 3. Operating Modes

CONTROL REGISTER

TIMER OPERATING MODE

CRX3 | CRX4 | CRXS
0 * 0 CONTINUCUS
Y * 1 SINGLE-SHDT
1 0 = FREQGUENCY COMFARISON
1 i | r PULSE WIBTH COMPARISON

*Delines Additional Timer Functions

In addition to the four timer modes in Table 3, the
remaining control register bit is used to modify counter
initialization and enabling or interrupt conditions.

Continuous Operating Mode (Table 4} — Any of the
timers in the PTM may be programmed to operate in
a continuous mode by writing zeroes into bits 3 and 5
of the vorresponding control register. Assuming that
the timer ouiput is enabled (CRX7 = 1}, either a
square wave or a variable duty cycle waveform will
be generated at the Timer Qutput, OX. The type of
output is selected via Control Register Bit 2.

Either a Timer Reset (CR10 = 1 or External Reset =
0) condition or_internal recognition of a negative
transition of the Gate input results in Counter Intial-
ization. A Write Timer Latches command can be
selected as a Counter Initialization signal by clearing
CRX4.

In the dual 8-bit mode (CRX2 = 1}[Refer to the
example in Figure 10] the MSB decrements once for
every full countdown of the LSB + 1. When the L3B
= 0, the MSB is unchanged; on the next clock pulse
the LSB is reset to the count in the LSB Latches and
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Table 4. Continuous Operating Modes
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CONTINUOUS MODE
(CRX3 =0, CRX5 = 0}
CONTROL REGISTER INITIALIZATION/OUTPUT WAVEFORMS
CRX2 CRX4 COUNTER INITIALIZATION *TIMER OUTPUT {0X} {CRXT7 = 1)
T th + 14T h— et s 110T]
0 0 GL+W+R I~ T_._. -
0 1 Gy +R ! - y _ I
1 0 6L +W+R i-q—-u !IHM*'”m[;PI*“—‘lQ‘HMf"[n—‘—"‘"I. v,
1 1 GI+R [ —] wHT '|-01— —=] i ‘l;l—"'m
Gi = NEGATIVETRANSITION OF GATE INPUT,
W = WRITETIMER LATCHES COMMAND.
R = TIMER RESET {(CR10=1 0R EXTERNAL RESET = D).
N = 16-BIT NUMBER IN COUNTER LATCH,
L = 8-BIT NUMBER IN LSB COUNTER LATCH.
M = 8-BIT NUMBER IN MSB COUNTER LATCH.
T = CLOCKINPUT MNEGATIVE THANSITIONS TO COUNTER.
t; = LCOUNTER INMTIALIZATION CYCLE.
TD = COUNTER TIME OUT (ALL ZERO CONDITION).

*All time intervals shawn above assume that the Gate {G) and Clack (C) signals are synchronized to enable {System $2)

with the specified setup and hold time requirements,

Figure 9. Timer Qutput Wavatorm Example
{Continuous Dual 8-Bit Mode using Internal Enable}
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Timer Operating Modes (Continued)

the MSB is decremented by 1 (one}). The output, if
enabled, remains low during and after initialization
and will remain low until the counter MSB is all zeroes,
The cutput remains high until both the LSB and MSB
of the counter are all zeroes. At the beginning of the
next clock pulse the defined Time Out (TO) will
occur and the output will go low. In the normal 16-bit
mode the period of the output of the example in
Figure 9 would span 1546 clock pulses as opposed to
the 20 clock pulses using the Dual 8-bil mode.

The counter is enabled by an absence of a Timer
Reset condition and a logic zerc at the Gate input,
The counter will then decrement on the first clock
signal recognized during or after the counter initiali-
zation cycle. It continues to decrement on each clock
signal so long as G remains low and no reset condi-
tion exists. A Counter Time Out (the first clock after
all counter bits = 0) resuits in the Individual Interrupt
Fiag being set and re-initialization of the counter.

A special condition exists for the dual 8-bit mode
(CRX2 = 1} if L = 0. In this case, the counter will
revert to a mode similar to the single 16-bit mode,
except Time Out occurs after M + 1 clock pulses, The
output, if enabled, goes low during the Counter Ini-
tialization cycle and reverses state at each Time Out.
The counter remains cyclical (is re-initialized at each
Time Qut) and the Individual Interrupt Flag is set
when Time Out occurs, If M = L = 0, the internal
counters do not change, but the output toggles at a
rate of ¥4 the cloek frequency.

The discussion of the Continuous Mode has assumed
that the application requires an output signal. It
should be noted that the Timer operates in the same
manner with the output disabled (CRXT7 = 0). A
Read Timer Counter command is valid regardless of
the state of CRX7.

Single-Shot Timer Mode — This mode is identical to
the Continucus Mode with three exceptions. The
first of these is obvious from the name — the output
returns to a low level after the initial Time Out and
remaing low until another Counter Imitialization
cycle oceurs. The waveforms avaiiable are shown in
Table 5.

As indicated in Table 5, the internal counting mecha-
nism remains cyclical in the Single-Shot Mode. Each
Time Out of the counter results in the setting of an
Individual Interrupt Flag and re-initialization of the
counter. i

The second major difference between the Single-Shot
and Continuous modes is that the internal counter
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enable is not dependent on the Gate input level
remaining in the low state for the Single-Shot mode.

Another special condition is introduced in the Single-
Shot mode. If L =M =0 (Dual 8-bit) or N = 0 {Single
16-bit), the output goes low on the first clock received
during or after Counter Initialization. The output
remains low until the Operating Mode is changed or
non-zero data is written into the Counter Latches.
Time Outs continue to occur at the end of each
clock period.

The three differences between Single-Shot and
Continuous Timer Modes can be summarized as
attributes of the Single-Shot mode:

1. Output is enabled for only one pulse until it
is reinitialized.

2. Counter Enable is independent of Gate.

3. L=M=0orN =90 disabies output.

Aside from these differences, the two modes are
identical.

Time Interval Modes — The Time Interval Modes are
provided for those applications which reguire more
flexibility of interrupt generation and Counter
Initialization. Individual Interrupt Flags are set in
these modes as a function of both Counter Time Qut
and transitions of the Gate input. Counter Initial-
jzation is also affected by Interrupt Flag status.

The output signal is not defined in any of these modes,
but the counter does operate in either Single 16-bit or
Dual 8-hit modes as programmed by CRXZ2. Other
features of the Time Interval Modes are outlined in
Table 6.

Frequency Comparison ot Period Measurement Mode
(CRX3 =1, CRXA4 = 0) — The Frequency Comparison
Mode with CRX3 = 1 is straightforward. if Time Out
occurs prior to the first negative transition of the
Gate input after a Counter Initialization cycle, an
Individual Interrupt Flag is set, The counter is dizabled,
and a Counter Initialization cycle cannot begin until
the interrupt flag is clearcd and a negative transition
on G is detected.

If CRXB = 0, as shown in Table 6 and Tahle 7, an
interrupt is generated if Gate input returns low prior
to a Time Qut, If Counter Time-Out occurs first, the
counter is recycled and continues to decrement. A
bit is set within the timer on the initial Time Out
which precludes further individual interrupt genera-
tion until a new Counter Initialization cycle has been
completed. When this internal bit is set, a negative
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Timer Operating Modes (Continued}

transition of the CGate input starts a new Counter
Initialization cycle. {The condition of G 4 « T » TO
is satisfied, since a Time Out has occurred and no
individual Interrupt has been generated.)

Any of the timers within the PTM may be programmed
to compare the period of & pulse (giving the frequency
after calculations) at the Gate input with the time
period required for Counter Time-Out. A negative
transition of the Gate input enables the counter and
starts a Counter Initialization cycle — provided that
other conditions as noted in Table 7 are satisfied.
The counter decrements on each clock signal recog-
nized during or after Counter Initialization until an
Interrupt is generated, a Write Timer Latches com-
mand is issued, or a Timer Reset condition occurs. It
can be seen from Table 7 that an interrupt condition
will be generafed if CRX5 = 0 and the period of the
pulse (single pulse or measured separately repetitive
pulses) at the Gate input is less than the Counter
Time Cut period. If CRX5 = 1, an interrupt is gene-
rated if the reverse is true.

Assume now with CRXE = 1 that a Counter Initiali-

zation has cccuwrred and that the Gate input has
returned low prior to Counter Time Out. Since there

Table 5. Single-Shot Operating Modes
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is no Individual Interrupt Flag generated, this auto-
matically starts a new Counter Initialization Cycle.
The process will continue with frequency comparison
being performed on each Gate input cyele until the
mode is changed, or a cycle is determined to be
above the predetermined limit.

Pulse Width Comparison Mode (CRX3 =1, CRX4=1)
This mode is similar to the Frequency Compariseon
Mode except for a positive, rather than negative,
transition of the Gate input terminates the count.
With CRX5 = 0, an Individual Interrupt Flag will be
generated if the zero level pulse applied to the Gate
input is less than the time period required for Counter
Time Qut. With CRXb = 1, the interrupt is generated
when the reverse condition is true,

As can be seen in Table 8, a positive transition of the
(GGate input disables the counter, With CRX5 = 0,
it is therefore possible to directly chtain the width of
any pulse causing an interrupt. Similar data for other
Time Interval Modes and conditions can be obtained,
if two sections of the PTM are dedicated to the
purpaose,

SINGLE-SHOT OPERATING MODES

{CRX3=0,CRXT=1,CRX5=1}
CONTROL REGISTER INITIALIZATION/OUTPUT WAVEFORMS o
CRX2 CRX4 COUNTER INITIALIZATION TIMER OUTPUT {QX}
0 0 GL+W+R ‘ i+ ”;:;;m . ||m—~‘
I 1
1} 1 Gl +R 5 10 To
[~ —-—{| + 1M = 1) [T ——ofmth——— L + 1| (M + £([T]
1 0 GL+W+R SN DI ™
1 1 Gl +R
N ) To

Symbals are as defined in Table 4,
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Table 6. Time Interval Mades

CRX3=1
CAXa | CRXS APPLICATION CONDITION FOR SETTING INDIVIDUAL INTERRUPT FLAG

¢ ] FREQUENCY COMPARISON INTERRUPT GENERATED IF GATEINPUT PERIOD {1/F) {5 LESS THAN
COUNTER TIME OUT {TD)

0 1 FREQUENCY COMPARISDN INTERRUPT GENERATED IF GATE INPUT PERIQD (1/F) IS GREATER
THAN COUNTER TIME OUT (TO)

1 0 FULSE WIOTH COMPARISON INTERRUPT GENERATED (F GATEINPUT “DOWN TiME" IS LESS
THAN COUNTER TIME QUT (TC)

1 i PULSE WIDTH COMPARISON {NTERRUPT GENERATED {F GATEINPUT “DOWN TIME" IS GREATER
THAN COUNTER TIME QUT (TO!

Table 7. Frequency Comparison Mode

CAX3=1,CRX4=1D

CONTROL REG
BIT 5ICRXE)

COUNTER
INITIALIZATION

COUNTER ENABLE
FLIP-FLOP SET {CE)

COUNTER ENABLE
FLIF-FLOP RESET (CE}

INTERRUPT FLAG
SET (1)

0

GI*T+*{CE+TO*CEY +R

W+R+1

G 4 BEFORE TO

1

Gl*T+R

W+R+1

TO BEFOREG 4

T represents the interrupt for 3 given timer.
Table 8. Pulse Width Cormparison Made

CRX3=1,CAX4=1

CONTROL REG COUNTER COUNTER ENABLE COUNTER ENABLE INTERRUPT FLAG
BIT 5 [CAXS) INITIALIZATION FLIP.FLOP SET {CE} FLIP-FLOP RESET (CE} SET (1)
a Gi-T+R TlsW+R"T W+R+1+G G *BEFORE TO
1 Gl*T+R GleWeR=T W+R+T+6 TO BEFDREG t
1] fL‘. T
[ T aa 1 |E28
g 1! [ |
& j e I |
: | J\ |
: = | ﬂ‘
| b i :
, 1 a3 j E
LI = = : _u[}l 5
“INOED £02 .5.545,1:
) -t 2 T_i ;
i .
o~ S R o TA Ak sa
28-Pin Ceramic Package 28-Pin Plastic Package

3.67



ADVANCED PRODUCT DESCRIPTION

AML

_ _ .

ROM-1/0O-TIMER

Featuras General Description

O 2048x8-Bit Bytes of Mask-Programmable ROM The 86846 combination chip provides the means, in
conjunction with the 86802, to develop a basic 2-chip

O 8-Bit Bidirectional Data Port for Parallel microcomputer system. The S6846 consists of 2048
Interface Plus Two Control Lines bytes of mask-programmable ROM, an 8-bit bidirec-

O Programmable Interval Timer-Counter tional data port with control lines, and a 16-hit pro-
Functions grammable timer-counter.

This device is capable of interfacing with the 56802
{basic 86800, clock and 128 bytes of RAM) as well as

. . . the 56800 if desired. No external logle is required to
O Compatible with the Complete 56800 Micro- interface with most peripheral devices.

computer Product Family

O Programmable I/0 Peripheral Data, Control
and Direction Registers

The 56846 combination chip may he partitioned into

0O TTL-Compatible Data and Periphera! Lines three functional operating sections: programmed stor-
0 Single 5 Volt Power Supply age, timer-counter functions, and a parallel I/0 porl.
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General Description (Continued )

Programmed Storage

The mask-programmable ROM section is similar to
other AMI ROM products. The ROM is organized in
a 2048 by 8-bit array to provide read only storage
for a minimum microcomputer system. Two mask-
programmable chip selects are available for user
definilion.

Address inputs A0-A1Q allow any of the 2048 bytes
of ROM io be uniquely addressed. Internal registers
associated with the /0 functions may be selected
with A0, Al and A2. Bidirectional data lines (D0-D7)
allow the transfer of data between the MPU and the
56846,

Timer-Counter Functions

Under software control this 18-bit binary counter
may be programmed to couni evenls, measure fre-
guencies and time intervals, or similar tasks. It may
also be used for square wave generation, single pulses
of controlled duration, and gated delayed signals. In-
terrupts may be generated from a number of condi-
tions selectable by software programming.

The timer-counter control register allows control of

$6846

the interrupt enahles, output enables, and selection of
an internal or external clock source. Input pin CTC
(counter-timer clock) will accept an asynchronous
pulse to be used as a clock to decrement the internal
register for the counter-timer. If the divide-by-8
presealer is used, the maximum clock rate can be four
times the master clock frequency with a maximum of
4 MIIz. Gate input {CT(G) accepts an asynchronous
TTL-compatible signal which may be used as a trigger
or gating function to the counter-timer. A counter-
timer output (CTO) is also available and is under soft-
ware control via selected bitsin the timer-counter con-
trol register. This mode of operation is dependent on
the control register, the gate input, and the external
clock.

Parallel I/O Port

The parailel bidirectional I/O port has functional
operational characteristics similar to the B port on the
56821 PIA. This includes 8 bidirectional data lines
and two handshake control signals. The conlrol and
operatiocn of these lines are completely software
propgrammable.

The interrupt input (CP1) will set the interrupt flags
of the peripheral control register. The peripheral con-
trol {(CP2) may be programmed to act as an inlerrupt
input or as a peripheral control output.

Figure 1. Typical Microcomputer
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Absolute Maximum Ratings

56846

PPy Voltame . i e e e e e

Input Voltage .....................

Operating Temperature Ranpe .. ... ..., . .. . oo oa..
Storage Temperature Range .. ............ e

Thermal Resistance .......... ... .. .. ......

cen... -0.3Vde to +7.0Vde
e eieer .. =0.3Vde to +7.0Vde

cieriiiiiiiie s 0PCto +70°C

. ~35°C to +150°C

. TOCCIW

This device contailns cireuilry to prolect the inpuls againsd damage due Lo high stalic voltages or electric fields: however, if is
advised Lhat normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-
impedance circuit.

Electrical Characteristics (Vix = 5.0V £ 5%, Vgg =0, Ty = 0°C to +70°C unless otherwise noted.)

Symbel Parameter Min. Typ. Max. Unit Conditions
Vil Input iigh Volcage All inputs Vgst 2.0 Vo Vde
Y. Input Low Voltage All Inputs Yega -0.3 Vgg + L8 Vil
Yos Clock Cremhool! Undershool — Inpul High Level Yoo -0.5 Yo + 0.5 Yo
— Enput Law Level | Veu-0.0 Yuy + L0
Lin Input Leakape Current R_.'W,Eet‘ C80, €81 | 1.0 23 #Ade Vin = 010 5.26Vde
CFl, CTG, CIC. E, 40.a11 100
ITs1 Three-Srate {Off State] Input Current D -1 20 10 rhde
TPO-PP7, CR2 ; 140 Vin 0.4 to 2.4Vde
Von Output High Voltage I Yde
no-07 Vgg+ 2.4 Lgud = -205p Ade,
CP2, PFO-PPT Vgg+ 2.4 Vi TLoad = ~145u Ade,
Grher Qutputs Vag+ 2.4 ILpad = = 100uAde
Vel CﬁuL|;-_1.1L_I..m\r Vollape - Ve
DO -DT Ygg+ 04 ILoad = 1-6made
Orher Guiputs Veg + 0.4 ILoad = 3.2mAde
logpt Curpue High Current {Spurecing) wade
Di-D7 -205 VoH — 24 Vde
Other Qlutpurs -200
CP2, PR)-FFT -l.0 =10 mADC Vi = 1.6¥de, the current
fordriving other than TTL,
v, Darlington Base
Ior Outpul Low Currenl [Sinking) mAde
Do.D7 1.4 VoL = 0.4Vde
Other Qutputs 3.2
Lol | Outpat Leakage Curvent (Off State) TRQ 10 pade Vou - 24vde
Po Power Dissipation 1000 mW
Uin Capacitance 20 pF o
DO.-DT 125 Vin = U, T'a - 25°C,
f=1.0MHz
_ PPO-PRT, CF2 10
Al-A10, B/W, Reset, CS0, C51, OPL, CTC, CTG T.5
1RG
Cout PPO.FPT, CP2, CTO 5.0 pF
in
4 Fregueney of Operation 0.1 1.0 MHx
Clack Timing
oyl Cyele Time j ] 5
LRL Roset Tow Time 2 ]
tIR Enterrupl Baleass 1.4 ME
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Read/Write Timing

Symbuol Parameter Min. Typ. | Max. | Unit Conditions
PWpL Enable Pulse Width, Low 430 ns
PWeR Enable Pulse Width, High R T ns
tas Set Up Time (Address CS0, CS1, R/W) 180 ns
tpnpr Data Delay Time 320 ns
tH Data Hold Time 10 ns
tAH Address Hold Time 10 ns
ter, tg, | Rise and Fall Time ) 25 ns
Losw Data Set Up Time 195 ns
Bus Timing
Peripheral I/O Lines
Symhbol Parameter Min. Typ. | Max. Unit Conditions
tpmgL Peripheral Data Setup 200 ns
tpe, tPe Rise and Fall Times CP1, CP2 1.0 HE
tope Delay Time E to CP2 Fall 1.0 U
tpe Delay Time [0 Data, CP2 Fall 20 s
trs: Delay Time E to CP2 Rise Tao | ws |
trga Delay Time CP1 to CP2 Rise 2.0 HS
tpow Peripheral Data Delay 10 | us
Timer-Counter Lines
tcp,tor | Inpul Rise and Fall Time CTC and CTG 100 hs
tpwH Input Pulse Width High teye + 250 ns
{Asynchronous Mode)
tpwL Input Pulse Width Low teye + 250 ns
(Asynchronous Mode)
teu Input Setup Time 200 ns
{Synchronous Mode)
thd Input Hold Time 50 ns
{Synchronous Mode)
toTo Output Delay 1.0 ps
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Figure 2. Bus Read Timing Figure 3. Bus Write Timing
{Read Information from SG6846) {Write Information from MPU}
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Figure 8. Input Pulse Widths
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Signal Description

Bus Interface — The 86846 inlerfaces to the S6802 or
$56800 Bus via an eight-bit bidirectional data bus, two
Chip Select lines, a Read/Write line, and eleven address
lines. These signals, in conjunction with the S6800/
02 VMA output, permit the MPT to control the S6846,

Bidirectional Data Bus (D0-D7) — The bidirectional
data lines (DO-D7) allow the transfer of data between
the MPL and the S6846. The data bus output drivers
are three-state devices which remain in the high-im-
pedance {Off) state except when the MPU performs
an 58846 register or ROM read (B/W = 1 and I/O
Registers or ROM selected).

Chip Select (C80, C81) — The CS0 and C51 inputs
are-used to select the two major sections of the 86846,
They are mask programmed to be active high oractive
low as chosen by the user.

Address Inputs {A0-A10) — The Address Inputs allow
any of the 2048 bytes of ROM fo be uniquely selected
when the circuit is operating in the ROM mede. In
the [/O-Timer mode, address inputs AQ, Al, and A2
select the proper [JO Register, while A3 through Al0Q
(together with C80 and C81) can be used as additional
qualifiers in the I/O Select circuitry. (See the section
on [/O-Timer Select for additional details.)

Reset — The active low state of the Reset input is
uszed to initialize all register bits in the 1/0 section of
the device to their proper values. (See the section on
Initialization for Reset conditons for timer and peri-
pheral registers.}

Enable (¢2) — This signal synchronized data transfer
between the MPU and the 58848, It also performs an
equivalent synchronization function on the extemal
clock, reset, and gate inputs of the 56846 Timer
scction.

Read/Write (R/W) — This signal is generated by the
MPU and iz used to conirol the direction of data
transfer on the bidirectional data pins. A low level on
the R/W input enables the 56846 input buffers and
data is transferred to the circuit during the ¢2 pulse
when the, part has been selected. A high level on the
R/W input enables the output buffers and data is
transferred to the MPU during ¢2 when the part is
selected.

Interrupt Request (IRQ) — The active low TRQ out-
put acts to interrupl the MPU through logic included
on the 86846, This cutput utilizes an open chain con-
figuration and permits other interrupt request outputs
from other circuits to be connected in a wire-OR
configuration.
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Peripheral Data (PO-PT7) — The peripheral data lines
can be individually programmed as either inputs or
outputs via the Data Direction Register. When pro-
grammed as outputs, these lines will drive two standard
TTL loads (3.2 mA). They are also capable of sourcing
up to 1.0 mA at 1.5 Volis (Logic “*1” output.)

When programmed as inputs, the output drives asso-
ciated with these lines enter a three-state (high im-
pedance) mode, Since there is no internal pult-up for
these lines, they represent a maximum 10z A lead to
the circuitry driving them — regardless of logic state.

A logic zero at the Reset input forces the peripheral
data lines to the input configuration by clearing the
Data Direction Register. This allows the system de-
signer to preclude the possibility of having a peripheral
data output connected to an external driver cutput
during power-up sequence.

Interrupt Input (CP1} — Peripheral input line CP1 is
an input-only that sets the Interrupt Flags of the
Peripheral Contrel register. The active transition for
this signal is programmed by the control register for
the parallel port. CP1 may also act as a strobe for the
peripheral data register when it is used as an input
latch. Details for programming CP1 are in the section
on the parallel petipheral port.

Peripheral Control {CP2) — Peripheral Contrel line
CP2 may be programmed to act as an Interrupt input
or Peripheral Conirol output. As an input, this line
has high impedance and is compatible with standard
TTL voltage levels. As an output, it is also TTL com-
patible and may be used as asource of 1 mA at 1.5V
to directly drive the base of a Darlington transistor
switch, This line i3 programmed by the Confrol Reg
ister for the parallel port.

Counter Timer Output (CTO) — The Counter Timer
Output is software programmable by selected bits in
the timer counter control register. The mode of op-

56846

eration is dependent on the Timer contrel register,
the gate input, and the external clock. The output is
TTL compatible.

External Clock Input (CTC) — Input pin CTC will ac-
cept asynchronous TTL voltage level signals to be

. used as a clock to decrement the Timer. The high and

low levels of the external clock must be stable for at
least one system c¢lock peried plus the sum of the
setup and hold times for the inputs. The asynchronous
clock rate can vary from dec to the limit imposed by
System ¢2, setup, and hold times.

The external clock input is clocked in by Enable (Sys-
tem ¢2) pulses. Three Enable periods are used to
synchronize and process the external clock. The fourth
Fnable pulse decrements the internal counter. This
does not affect the input frequency; it merely creates
a delay between a clock input transition and internal
recognition_of that transition by the $6846. All refer-
ences to CTC inputs in this document relate to internal
recognition of the input transitien. Note that a clock
transition which does not meet setup and hold time
specifications may require an additionat Enable pulse
for recognition.

When observing recurring evenis, a lack of synchro-
nization will result in cither *System jitter” or “Input
jitter” being observed on the cutpul of the 56846
when using an asynchronots cleck and gate input sig-
nal. “"System jitter” is the result of the input signals
being out of synchronization with the system ¢2 clock
{Enable), permitting signals with marginal set-up and
hold time to be recognized by either the bit time
nearest the input transition or subsequent bit time.
“Input jitter” can be as great as the time between the
negative going transitions of the input signal plus the
system jitter if the first transition is recognized during
one system cycle, and not recognized the next cycle
or vice-versa.

Figure 12.
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Gate Input (CTG) — The input pin CTG accepts as
asynchronous TTL-compatible signal which is used as
a trigger or a clock gating [unction to the Timer. The
gating input is clocked into the 56846 by the Enable
{System ¢ 2) signal in the same manner as the previously
discussed clock inputs. That is, a CTG transition is
recognized on the fourth Enable pulse (provided set-
up and hold time requirements are met), and the high
or low levels of the CTG input must be stable for at
least one system clock period plus_the sum of setup
and hold times. All references to CTG transition in
this document relate to internal recognition of the
input transition.

The CTG input of the timer directly affects the internal

16-bit counfer. The operation of CT'G is therefore
independent of the + 8 prescaler selection,

Functional Select Circuitry

I/O Timer Select Circuitry — Two chip select inputs
are provided with the 86846, and are programmed ac-
tive high or low simultaneously with the ROM pattern.
The I/Q-Timer selection can thersfore be made to

S6846

correspond to any one of the four possible state com-
binations of the lwo chip select inputs. (C80-CS81,
C80-C81, C50-C81, or CSQ-CS1}

Address lines A3, A4, and A5 are also used as [/O-
Timer Select inputs. Specifically, these lines must be
at a logic zerc (low) for the I[/O-Timer section to he
selected. Address line A§ can also be used as a guali-
fier for [JO-Timer sclection, as can any one of the
four high Address lines (A7 through A10). A6 is unique
among these selector inputs in that it is possible to
program either the high or low state of A6 as an I/O-
Timer select input.

The vircuit of Figure 13 is represenlative of the 1/0-
Timer select circuitry on the 56846, The mask pro-
grammable options are represented by switches.

Internal Addressing — Seven [/0 Register locations
within the 56846 combination circuit are accessible
to the MPU data bus. Selection of these registers is
controlled by A0, Al, and AZ as shown in Table 1.
(50 and C81 must be in the I/O state and the proper
register address must be applied to access a particular
register. The combination status register is Read -only:
all other Registers are Read /Write.

Figure 13. 1/O-Timer Select Circuitry
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Table 1. Internal Register Addresses

Repistered Selected A2 Al Al
Combination Status Register 0 0 0
Peripheral Contro! Register 0 0 1
Data QOirection Register 0 i 0
Feripheral Data Register 0 1 1
Combination Status Register 1 0 0
Timer Control Register 1 0 1
Timer MSB Ragister 1 1 0
Timer LSB Register 1 1 1
ROM Address X X X

Initialization — When the Reset input has accepted a
low signal, all registers are initialized to the Reset state.
The data direction and data registers are cleared. The
Peripheral Control Register is cleared except for hit 7
(the Resct bit). This forces the parallel port to the in-
put mode with Interrupts disabled. To remove the
Reset condition from a parallel port, an “0" must he
written into the Peripheral Control Register bit 7
(PCRT).

The counter latches are preset to their maximal count,
the Timer control register bits are reset to zero except
for Bit 0 (CCRO) (which is set), the counter ouput is
¢leared, and the counter clock disabled. This state
forces the timer counter to remain in an inactive slate.
The combinaticn status register is cleared of all in-
terrupt flags. During timer initialization, the resef bit
(CCRO) must be cleared.

ROM — The Mask Programmable ROM section is sim-
ilar in vperation to othier AMI ROM products. The
ROM is organized as 2048 words of 8-bits to provide
read-only storage for a minimum microcomputer sys-
tem. The ROM is active when selected by the unique
combination of the chip select inputs.

56846

ROM Select — The active levels of CS0O and CS1 for
ROM and I/O select are a user programmabkle option.
Either C80 or C51 may be programmed active high or
active low, but different codes must be used for ROM
or 1/O select. CS0 and CS1 are mask programmed si-
multaneously with the ROM patiern, The ROM Select
Circuitey is shown in Figure 14.

Timer Operation

The Timer may be programmed lo operate in modes
which [it 2 wide variety of applications, The device is
fully bus compatible with the S6800 system, and is
accessed by Load and Store operations from the MPU.

In a typical application, the timer will he loaded by
storing two bytes of data into the counter latch. This
data is then transferred into the counter during a
Counter Initialization cycle. The counter decrements
on each subseguent ctock cycle (which may be system
92 or an external clock) until one of several predeter-
mined conditions causes it to halt or recycle. Thus
the timer is programmable, cyclic in nature, control-
lable by external inpuis or MPU program, and acces-
sible to the MPU at any time.

Counter Lateh Initialization — The Timer consists of
a 18-bit addressable counter and 16 bits of addressable
latches. The function of the latches is to store a binary
eguivalent of the desired count value minus one.
Counter initialization results in the transfer of the
latch contents of the counter. Tt should be noted that
data transfer to the countexs is always accomplished
via the latches. Thus, the counter latches may be ac-
curately described as a 16-bit “counter initialization
data’ storage register.

In some modes of operation, the initialization of the
latches will cause simultaneous counter initialization
(ie., immediate fransfer of the new latch data into
the counters). It is, therefore, necessary to insure that

Figure 14, ROM Select Circuitry
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all 16 hits of the latches are updated simultancously.
Since the 56846 data bus is 8 bits wide, a temporary
register (MSB Buffer Register) is provided for in the
Most Significant Byte of the desired lalch data. This
is a “write-only” register selected via address lines
AQ, Al, and A2, Data is transferred directly from the
data bus to the MSB Buffer when the chip is selected,
B/W is low, and the timer MSB register is selected
(AQ = 0" Al = A2="%1").

The lower 8 bits of the counter latch can also be re-
ferred to as a “wrile-only™ regisier. Data Bus infor-
mation will be transforred directly to the LSB of a
counter latch when the chip is selected, R/W is low and
the Timer LSB Register is selected (A0 = Al = AZ =
“1"). Data from the MSB Buffer will automatically
be transferred into the Most Significant Byie of the
counter latches simultaneously with the transfer of
the Data Bus information to the Least Significant Byte
of the Counter Latch. For brevity, the conditions for
this operation will be referred to henceforth as a
“Write Timer Latches Command.”

The 56846 has been designed Lo allow transfer of two
bytes of data into the counter latches from any source,
provided the MSB is transferred first. In many appli-
cations, the source of data will be an S6802 or S6800
MPU. It should therefore be noted that the 16-bit
store operations of the 36800 family of microproces-
sors {STS and STX) transfer data in the oxder required
by the 56846. A Store Index Register instruction, for

56846

cxample, results in the MSB of the X register being
transferred to the selected address, then the LSB of
the X register being written into the next higher lo-
cation, Thus, either the index register or sfack pointer
may be transferred directly into a selecled counter
latch with a single instruction.

A logic zero at the Reset input also initializes the
counter latches. All latches will assume maximum
count. {635, 536} values. It is important to note that
an internal Reset (Bit zero of the Timer Control Reg-
ister Set) has no effect on the counler latches.

Counter Initialization — Counter Initialization is de-
fined as the transfer of data from the latches to the
counter with attendant clearing of the Individual
Interrupt Flag associated with the counter. Counter
[nitialization always occurs when a resel condilion
{external Reset - 0 or TCRO — 1) is recognized. Tt
can also occur (dependent on the Timer Mode) with
a Write Timer Latches commund or recognition of a
negative transilion of the Gate input.

Counter recycling or reinitialization occurs when a
clock input is recognized after the counter has reached
an all -zero state. In this casc, data is transferred from
the Latches to the Counter, but the Interrupt Flag is
unaffected.

Timer Control Register — The Timer Control register
{see Table 2) in the S6846 is used to modify timer op-
eration to suit a variety of applications. The Control

Table 2. Farmat for Timer/Counter Control Register

Cuntrullﬁl;iegister State Bit Definition State Definition
TCRD 0 Internal Reset Timer Enahled
1 Timer in Preset State
TCA1 0 Clock Source Timer uses External Clock (CTC)
1 Timer uses 2 System Clock
TCR2 0 + 8 Prescaler Clock is not Prescaled
1 Enablar Clock is Prescaled hy + 8 Counter
TCR3 X
TCR4 X Operating Mode Selection See Table 3
TCRG X
TCRG ¢ m"l'imermlnterr.u.ﬁ-tmEnahle TR Masked from Timer
1 IRQ Enabled from Timer
TCR? 0 Timer Qutput Enable Counter Dutput (CTO) Set LOW
1 Counter Qutput Enabied
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Register has a unique address space (A0 =1, A1=0,
A2 = 1) and therefore may be writteninto atany time.
The least significant bit of the Control Registeris used
as an Internal Reset bit. When this bit is a logic zero,
all timers are allowed to operate in the modes pre-
scribed by the remaining bits of the control registers.

B a

Writing “one” into 'Timer (ontrol Register Bit 0

{TCRO} causes the counter to be preset with the con-

tents of the counter latches, all counter clocks to be

disabled, and the timer output and interrupt flag

(8talus Register) to be reset. The Counter Laich and

Control Register are undisturbed by an Internal Reset

and may be written into regardless of the state of

TCRO.

Timer Control Register Bit 1 (TCR1) is used to select

the clock source, When TCR1 = 0, the external clock -
input CTC is selected, and when TCR1 = 1", the

timer uses system o2,

Timer Control Register Bit 2 (TCRZ) enables the

& prescaler (TCR1 = “1"}). In this mode, the clock

frequency is divided by eight before being applied to.
the counter. When TCRZ = 0" the clock is applied

directly to the counter,

TCR3, 4, 5 select the Timer Operating Mode, and are
discussed in Lhe next section.
Timer Control Register Bit 6 {(TCR6) is used to mask

or enable the Timer Interrupt Request. When TCR6 =
0, the Interrupt Flag is masked from the timer. When

S6846

TCR6 = 1, the Interrupt Flag is enabled into Bit 7 of
the Composite Status Register (Composite IRQ Bit),
which appears on the IRQ output pin.

Timer Control Register Bit 7 (TCR7) has a special
funclion when the timer is in the Cascaded Single Shot
mode. (This function is explained in detail in the sec-
lion describing the mode.) In all other modes, TCRY
merely acts as an output enable bil. If TCRT = 0, the
Counter Timer COutput (CTO) is forced low. Writing
a logic one into TCRY enables CTO.

Titmer Operating Modes — The S6846 has been de-
signed to operate effectively in a wide variety of
applications, This is accomplished by using three bits
ol Lhe control register (TCR3, TCR4, and TCRS) to
define differcnt operating modes of the Timer, out-
lined in Table 3.

Continuous Operaling Mode (TCR3 = 0, TCR5 = ) —
The timer may be programmed to operate in a con-
tinuous counting mode by writing zeros into bits §
and & of the timer control register, Assuming that the
timer output is enabled {TCRT = 1}, a square wave will
be generated at the Timer CGutput CTO (see Table 4).

Either a Timer Reset (TCRO = 1 or External Reset=10)
condition or_internal recognition of a negative iran-
sition of the CTG input results in Counter Initialization,
A Write Timer Latches command can be selected as a
Counter [nitialization signal by clearing TCR4,

Table 3. Opcrating Mades

TCR5 TCR4 TCR3 Timer Operating Mode l Counter Initialization Intersupt Flag Set

0 0 i Continuous ‘' CTGL+W+R T.0.

0 0 1 Cascaded Single Shot CTGL+R T.0.

0 1 0 Continuous CTGI+ R 7.0

0 1 1 Normal Single Shot . CTGL+R T.0.
1 0 1] Frequency Comparison . CTGL-1- W+ T.0)+R CTG Before T.0.
B 0 1 T CT6L-TiR T.0. Before CTG!
1 1 0 Pulse Width Comparison ~~ CTGL-T+R CTGT Before T.0.
1 { 1 | T.0. Before CTG*

R = Reset Condition

W = Write Ttme Latches
T.0. = Counter Time Dut

CTG{ = Megative Transition of Pin 17

CTG* = Positive Transition of Pin 17
T = Interrupt Flag (CSRO) =10
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Table 4. Continuous Operating Modes

Continuous Made
{FCR3=0, TCR7 =1, TCR5=0)

Control Register

Initialization/Qutput Waveforms

Register
TCR2 TCR4 Counter Timer Output {2X)
Initialization I AN+ 1} (T}~ ~{N + 1) (T} - ] (N +1) (T}~ ]
0 0 G+W+HR — YoH
% ! ) Vol

H i G+R to T.0. T.0, T.0.

G- Megative transition of GATE input. T = Period of Clock input to Counter.

W = Write Timer Latches Command. to = Counter initialization Cycle.

A = Timer Reset (TCRO = 1 or Externat RESET = )
N = 18 Bit Numhber in Counter Latch,

The discussion of the Continuous Mode has assumed
the application requires an output signal. It should be
noted the Timer operates in the same manner with
the output disabled (TCR7 = 0). A Read Timer Counter
command is valid regardless of the state of TCRY.

Normal Single-Shot Timed Mode (TCR3 = 0, TCR4 =
1, TCR5 = 1) — This mode is identical to the Con-
tinuous Mode with two exceptions, The first of these
is obvious from the name — the output retums to a
iow-level after the initial Time Out and remains low
until another Counter Initialization cycle occurs. The
autput waveform (CTQ) is shown in Figure 15.

As indicated in Figure 15, the internal counting mech-
anism remains cyclical in the Single-Shot Mode.
Each Time Qut of the counter results in the setting
of an Individual Interrupt Flag and reinitialization
ol the counter.

The second major difference between the Single-Shot
and Continuous medes is that the internal counter
enable is not dependent on the CTG input level re-
maining in the low state for the Single-Shot mode.
Aside from these differences, the two modes are
identical,
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T.0. = Counter Time Qut (All Zero Canditien).

Figure 16. Single-Shot Modes
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Time Interval Modes (TCR3 = 1) — The Time Interval
Modes are pravided for applications requiring more
flexibility of interrupt generation and Counter Initial-
ization. Individual Interrupt Flags are set in these
modes as a function of both Counter Time Out and
transitions of the CTG input, Counter Initialization
is also affected by Interrupt Flag status. The cutput
signal is not defined in any of these modes. Other
features of the Time Interval Modes are cutlined in
Table 5.

Cascaded Single-Shot Mode (TCR3 = &, TCR4 - 0,
TCR3 = 1) — This mode is identical to the single-shot
mode with two exceptions, First, the output waveform
does not relurn to a low level and remain low after
limeout. Instead, the output level remains at its initial-
ized level until it is reprogrammed and changed by
timeout. The output level may be changed at any
timeout or may have any number of timecuts between
changes,

$6846

The second difference is the method used to change
the output level. Timer Control Register Bit 7 (TCRT)
has a special function in this mode. The timer output
{CTQ) is equal to TCRY7 clocked by timeoul. At every
timeout, ithe content of TCR7 is clocked to and held
at the CTO ocutput. Thus, output pulses of length
greater than one timer cvcle can be generated by cas-
cading timer cycles and counting timeouts with a
software program. (See Figure 15).

An interrupt is generaled at each timeout. To cascade
timer cycles, the MPLT would need an interrupt routine
to: 1) count each timeout and determine when to
change TCR7; 2) write into TCR7 the staie corre-
sponding to the next desired state of the outpul wave-
form (only necessary during the last timer cycle before
the output is to change state); and 3) clear the inter-
rupt flag by reading the combination status register.
It is also possible, if desired, to change the length of the
timer cycle by reinitializing the timer latches. This
allows more flexibility for obtaining desired times.

Table 5. Time Interval Modes

TCR3=1
TCR4 TCRb5 Apgplication Conditian far Setting Individual Interrupt Flag
] 0 Freguency Interrupt Generated if TG Input Period {1/F)
Comparison is Less Than Counter Time Qut (T.0.)
0 i Freguency Interrupt Generated if €16 Input Period {1/F}
) Comparison is Greater Than Counter Time Out {T.0.}
1 0 Pulse Width Interrupt Generated if CTG Input “Down Time"
Comparison is Less Than Counter Time Qut (T.0.}
1 i Pulse Width Interrupt Generated if CTG Input “Down Time"”
Comparison is Greater Than Counter Time Dut {T.0.)
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Frequency Comparison Mode (TCR3=1, TCR4=0}—
The timer within the 56846 may be programmed to
compare the period of a pulse (giving the frequency
after calculations) at the CTG input with the time
period required for Counter Time Out. A negative of
the CTG input enables the counter and starts a Counter
Initialization cycle — provided that other conditions
as noted in Table 6 are satisfied. The counter decre-
ments on each clock signal recognized during or after
Counter Initialization until an Interrupt is generated,
a Write Timer Latches command is issued, or a Timer
Reset condition occurs. It can be seen from Table 6
that an interrupt condition will be generated if TCR5 =
0 and the period of the pulse (single pulse or measured
separately repetative pulses) at the CTG input is less
than the Counter Time Qut period. If TCR5 =1, an
interrupt is generated if the reverse is true.

Assume now with TCR5 = 1 that a Counter Initiali-
zation has occurred and that the CTG input has
returned low prior to Counter Time Out, Since there

56846

is no individual Interrupt Flag generated, this auto-
matically starts a new Counter Initialization Cycle,
The process will continue with frequency comparison
being performed on cach CTG inpul cycle until the
mode is changed, or a cycle is determined to be above
the predetermined limit.

Pulse Width Comparison Mode (TCR3 =1, TCR4=1) —
This mode is similar to the Frequency Comparison
Mode excepl for the limiting factor being a positive,
rather than negative, transition of the CTG input.
With TCR5 = 0, an Individual Interrupt Flag will be
generated if the zero level puise applied to the CTG
input is less than the time period required for Counter
Time Out. With TCRS = 1, the interrupt is generated
when the reverse condition is true.

As can be seen in Table 7, a positive transition of the
CTG input disables the counter. With TCR5 = 0, it is
therefare possible to directly obtain the width of any
pulse causing an inlerrupt.

Table 6. Frequency Comparisan Made

CRX3=1,CRX4=0
Control Reg Counter Counter Enzhle Counter Enable Interrupt Flag
Bit 5 (CRX5} Initialization Flip-Flop Set {CE) Flip-Flop Reset (CE} Set (1)
0 G4-1-{CE+T0-CE}+R GLW-R-I W+R+I G Before TO
1 Gi-T+R GLW-RT W+R+ TO Betare G4

! represents the interrupt for the timer.

Tahle 7. Pulse Width Comparisan Mode

CRX3=1,CRX4=1
Control Reg Counter Counter Enahle Counter Enable Interrupt Flag
Bit § {CRX5) Initialization Flip-Flop Set {CE) Flip-Flop Reset {CE} Set (1)
0 Gl-1+R GL-W-R-1 W+R+1+G Gt Before TO
1 Gi-1+R Gi-W-R-T W+R+(+6 TO Before G1
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Differences Between the S6840 and the 56846 Timers

1) Control registers 1 and 3 are buried (access
through control register 2 only) in the 863840
timer. In the 56846, all registers are directly
accessible.

The S6840 has a dual 8 bit continuous mode
for generating non-symmetrical waveforms. The
56846, instead, has a cascaded one shot mode
which can accomplish the same function, but
also allows the user to generate waveforms
longer than one timeout.

Because of the different modes, there is a dif-
ference in the confrol registers between the
56840 and the 56846.

2)

3)

Contral
Register
Bit

3

56840

16 bit or dual 8 kit
! mode control

SG846
-8 prescale enable

1

autput enable {all modes) | output next state
{cascaded one shot
mode onlyl, output

J enable all other modeas

R1 internal reset i
R2 control register select | internal resat
R timer 3 clock contral

Composite Status Register — The Composite Status
Register (CSR) is a read-only register which is shared
by the Timer and the Peripheral Data Port (of the

- 56846

56846.) Three individual interrupt flags in the register
are set directly via the appropriate conditions in the
timer or peripheral port. The composite interrupt flag
— and the IRQ Qutput — respond to these individual
interrupts only if corresponding enable bits are set in
the appropriate Control Registers. (See Figure 18).
The sequence of assertion is not detected. Setting
TCR6& while CSR0 is high will cause CSR7 to be set,
for example.

The Compaosite Interrupt Flag (CSRT) is clear only if
all enabled Individual Interrupt Flags are clear. The
conditions for clearing CSR1 and CSRZ2 are detailed
in a later section. The Timer Interrupt Flag (CSRO)
is cleared under the following conditions:

1) Timer Reset — Internal Reset Bit (TCRD) = 1
or External Reset = 0.

Any Counter Initialization condition.

A Write Timer Latches command if Time
Interval {TCR3 = 1) are being used.

A Read Timer Counter command, provided
this is preceded by a Read Composite Status
Register while CSRO is set, This latter condition
prevents missing an Interrupf Request gencrated
after reading the Status Register and prior fo
reading the counter,

2)
3}

4)

The remaining bits of the Composite Status
Register (CR3-CSR6) are unused. They default
to a logic zero when read,

Figure 16. Composite Status Register and Associated Logic
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1/0 Operation

Parallel Peripheral Pori — The peripheral port of the
56846 contains 8 Peripheral Data lines {PO-P7), two
Peripheral Control lincs (CP1 and CP2), a Data Direc-
tion Register, a Peripheral Data Register, and a Periph-
eral Control Register. The port also directly affects
two bits (CSR1 and C5R2) of the Composite Status
Regisler.

The Peripheral Port is similar to the “B™ side of a
PIA (86820 or S6821) with the following exceptions:

1) Al registers are directly accessible in the S6846.
Trata Direction and Peripheral Data in the
56820/6821 are located at the sume address,
with Bit Two ol the Control Register used for
register selection,
Peripheral Control Register Bit Two (PCRZ)
of the 568486 is used Lo select an optional input
latch function. This oplion is not available with
S6820/6821 PIA's.
3) Interrupt Flags are located in the 56846 com-
posite status register rather than Bits 6 and 7
of the Control Register as used in the $6820/
6821,
Interrupl Flags are clearcd in the S6820/6821
by reading data from the Peripheral Data Reg-
ister. $6846 Interrupt Flags are cleared by either
reading or writing to the Peripheral Data Reg-
ister — provided that a sequence of u) Flag Sel,
b) Read Composite Status Register, ¢) Read/
Write Peripheral Data Register is followed.
5) Bit 6 of the 86846 Peripheral Clontrol Register
is not used. Bit 7 {PCRT) is an Internal Heset
Bit not available on the S6820/6821.

2}

4)

Table 8. Petipheral Control Register Format (Expanded}

S6846

£i) The Peripheral Data lines {and (P2) of the
86848 fealure inlernal current limiting which
allows them to directly drive the base of Dar-
lington NPN transistots.

Data Direclion Register — The MPU can write directly
to this cight-bit register to configure the Peripheral
Data lines as either inputs or outputs. A particular bit
within the register (DDXRN} is used to control the cor-
responding Peripheral Data line (PN), With DDEN =0,
PN becomes an input; if DDEN = 1, PN is an oulput.
As an example, writing Hex SOF into the Data Direc-
tion Register results in PO through P3 becoming ocut-
puts and P4 through P7 being inputs. Hex 535 is the
Data Direction Register resulfsin alternate outputs and
inputs at the parallel port.

Peripheral Data Register — This eight-bil register is
used for transferring data between the peripheral data
port and the MPU. Any bit corresponding to an out-
put line will be used to drive the output huffer
associated with that line. [ata in these output bits is
normally provided by an MPU Write function ([nput
bits — those associaled wilh input lines — are un-
changed by a Write Command.) Any input bit will
veflect the state of the associated input line if the in-
put latch function is deselected, If the Control Register
is programmed to provide inpul latching, the mput
bit will retain the state at the time CP1 was activated
unfil the Peripheral Data Register is read by the MPL.

Peripheral Control Register — This eight-bit register is
used to control the reset function as well as for selec-
tion of optional funclions of the two peripheral control
lines (CP1 and CP2). The peripheral Control Registex
functions arc oullined in Table 8.

FCRA

] PLRT ]’ PCRE _] PCRE l
L

CP2 DIRECTION CONTROL

T -

1=CP2s DUTPUT

RESET {SET BY EXT. RESET =0 QR WRITING
OKE INTO LOCATION: CLEARED BY
WRITING ZERD TO THIS LOCATIAN}

0= HORMAL OPERATION

i~ RESET CONDITION ({CLEARS FERIPH
DATA R DATA DIRECTINN REG + CAR1 & CERIT

—

l FCRSI —r FCHZ ] PCR1 ] PLRD —I
T

—_

U= CPZis INPYT |

CP1INT. ENABLE
0- CM INT_MASKED
1-CP1INT. ENABLED

CPT ACTIVE EDGE SELECT
0~ MEGATIVE {4) EDGE
1= FOSITIVE {1) EDRE

CF1INPUT LATCH CONTROL
0 =1RPUT DATA NOT LATCHED
1=INPUT OATA LATCHED ON ACTIVE CP1

CP2 is INPUT (FCRT = 0| PCR4 PERI CP2 IS QUTPUT [PCRAS - 1)
PCRA FCR3 1} ] INTERRUPT ACKNIWLEDGE
T T [ 1 INPUT/UTPUT ACKNOWLERGE
CP2 ACTIVE EDGE SELECT CP2 INT. ERAELE PROGRAMMABLE QUTPUT
- NEGATIYE [.} EDGE 0= CP2 INT, MASKED 1 Dot [CP2 REFLECT3 DATA

1-POSITIVE (1} EDGE 1=CP2INT. ENABLED

WRITTEN INTE PCRY
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Peripheral Port Reset (PCRT) — Bit 7 of the Peripheral
Control Register (PCR7) may be used to initialize the
peripheral section of the 36848, When this bit is set
high, the peripheral data register, the peripheral dala
direction register, and the interrupt flags associated
with the peripheral port (CSR1 and CSR2) are all
cleared. Other bits in the petipheral control register are
not affected by PCRT.

PCR7 is set by either a logic zero at the External RE-
SET inpul or under program confrol by writing a “one”
into the lecation. In any case, PCRY may be cleared
only by writing a zero into the location while RESET
is high. The bit must be cleared to activate the port.

Control of CP1 Peripheral Control Line — CF1 may
be used as an interrupt request to the 56846, as a
strobe to allow latching of input data, or both. In
any case, Lhe inpul can be programmed to be activated
by either a positive or negative transition of the signal.
These options are selected via Control Register Bits
PCRO, PCR1 & PCR2.

Control Register Bit 0 (PCRO} is used to enable the
interrupt transfer circuitry of the S6846. Regardless
of the slate of PCRO, an aclive transition of CP1 causes
the Composite Status Register Bit One (CSR1) to
be set. If PCRO = 1, this interrupt will be reflected in
the Composite Interrupt Flag {CSR7), and thus at
the TRQ output. CSR1 is cleared by a Timer Reset
condition or by either reading or writing to the periph-
eral data register after the Composite Status Register
is read. The latter alternative is conditional — CSR1
must have been a logic one when the Composite
Status Register was last read. This precludes inad-
vertent clearing of interrupt flags generated hetween
the time the Status Register is read and the manipu-
lation of peripheral data.

Control Register Bit One (PCR1) is used to select
the edge which activates CP1, When PCR1 = 0, CP1
is active on negative transitions (high to low). Low to
High transifions are sensed by CP1 when PCR1 = 1.

In addition to its use as an interrupt input, CP1 can
he used as a strobe to capture input data in an internal
latch. This option is selected by writing a one inlo
Peripheral Control Register Bit Two {(PCR2). In op-
eration, the data at the pins designated by the Data
Diirection Register as inputs will be eaptured by an
active transition of CP1. An MPU Read of the Periph-
eral Data Register will resull in the captured data
being transferred to the MPU — and it also releases
the latch to allow capture of new data. Note that suc-
cessive active transitions with no Read Peripheral Data

$6846

Command between does not update the input latch.
Also, it should be noted that use of the input latch
function (which can be deselected by writing a zero
into PCR2) has no effect on output data. It also does
not affect Interrupt function of CP1.

Control of CP2 Peripheral Control Line — CPF2 may
be used as an input by writing a zero into PCR5. In
this configuration, CP2 becomes a dual of CP1 in re-
gard to generation of interrupts. An active transition
{as selected by PCR4) causes Bit Two of the Composite
Status Register to be set. PCR3 is then used to select
whether the CP2 transition is to cause CSR7 to be
set — and thereby cause IRQ to go low. CP2 has no
effect on the input latch function of the 56846,

Writing a one into PCR5 causes CP2 to function as an
output. PCR4 then determines whether CP2 is to be
used in a handshake or programmable output mede.
With PCR4 =1, CP2 will merely reflect the data written
into PCR3. Since this can readily be changed under
program contrel, this mode allows CP2 to be a pro-
grammable cutput line in much the same manner as
those lines selected as outputs by the Data Direction
Register.

The handshaking mode (PCR5 = 1, PCR4 = §) allows
CP2 to perform one of two functions as selected by
PCR3. With PCR3 = 1, CP2 will go low on the first
Enable (System ¢2) positive transition after a Read or
Write to the Peripheral Data Register. This Input/
Output Acknowledge signal is released (returns high)
on the next positive transition of the Enable signal.

In the Interrupt Acknowledge mode (PCRE=1, PCR4
= PCR3 = 0), CP2 is set when CSR1 is set by an active
transition of CP1. [t is released (goes low) on the first
positive transition of Enable after CSR1 has been
cleared via an MPU Read or Write to the Peripheral
Data Register. (Note that the previously described
conditions for clearing CSR1 still apply.)

Restart Sequence — A typlcal restart sequence for
the 56846 will include initialization of both the Periph-
eral Control and Data Divection Registers of the paral-
lel port. It is necessary to set up the Peripheral Control
Register first, since PCRT = 0 is a condition for writ-
ing data into the Data Direction Register. (A logic
zero at the external Reset input automatically sets
PCR7.)

Summary — The S6846 has several optional modes
of operation which allow it to be used in a variety of
applications. The following tables are provided for
reference in selecting these modes.
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Table 9. 56846 Internal Registar Addresses

A2 A AD Register Selected
] 0 D Combination Status Register
0 0 1 Peripheral Contral Register
L] 1 i} Data Directian Register
0 1 1 Peripheral Gata Register
1 0 0 Combination Status Register
1 0 1 Timer Control Register
1 1 1] Timer MSB Register
1 1 1 Timer LSB Register
X X X ROM Address

Table 10, Compaosite Status Register

I CSR7 ] “5“3'11:05:2:3;‘:’5”#2:;“"” | csR2 ] eshi ] £8R0 I

l L ]

COMPOSITE INTERRAUPT FLAG CP2 INTERRUFT FLAG TIMER INTERRUFT FLAG
J=N0ENABLED INTERRUPT FLAG SET 0= RO INT REQ = H0 INTREQ
1= 0ONE DR MORE ENABLED INTERRUPT FLAGS SET. T~ INT REQUESTED 1=INT REQUESTED

INVERSE OF THIS BIT AFFEARS AT IRA QUTPUT

GP1 INTERRUPT
0= N0 INT REQ
1= INT REQUESTED

ETATUSE OF THIS BIT CAK BE EXFRESSE D AS:
CSRI = £8RO - T{RG + C5R1 - PCRO+ CSA2 . PCRY

Table 11. Timer Control Register

[“orew ] mome [ rers T tem ] toes [ ot ] e [ meme ]
| [ [ ] | |
|
I
INTEARUP ENABLE L | INTEANAL RESET
0= Rl MASKED D =TIMER ENABLED
1= R0 ENABLED 1=RESET STATE
CLOCK SOURCE
TIMER BUTPUT ENABLE 0= EXTERNAL CLOEK {CTC}
0 = DUTPUT DISABLED {LOW) 1= INTERNAL CLDEK te2)
1= DUTPUT ENABLED

FOR CASCADED SINGLE 3HOT
D= OUTPUT GOES LDW AT TIME OUT
1= 0UTPUT GOES HIGH AT TIME OUT

+ 8 PRESCALE ENAELE
0= CLUCK NOT PRESCALED
t = CLOCK PRESEALED {- A]

TCAS | TCR4 TCR3 TIMER OPERATING MOOE COUKTER tNITIALIZATION INTERRUPT FLAG SET
0 0 ] CONTINUOUS CTG.+w+R T.0.
0 0. 1 CASCADED SINGLE SHOT ETGL+R T.0
i ¥ 0 CONTINUOUS ETB4+R .o
0 1 1 NORMAL SINGLE SHDT ITEi+R 1.0,
1 i 0 FREQUENCY COMPARISON ET8--1-W+T.04-R TR BEFORET.0.
1 ] 1 CTG-1-8 T.0. BEFDRE §T64
1 1 L PULSE WIDTH GOMPARISON [Thi-t-h £TBt ZEFORE T.0,
1 1 1 T.0. BEFDRE THA!

R
w

T.0. = GOUNTER TIME O UT t

= RESET CONTHTIDN
='WRITE TIMER LATCHES

CTG) = HEG TRANSITION OF PIN 17
CTGT - FOS TRANEITION OF PIN 17
= INTERRUPT FLAG {C5R0) = 0
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Table 12. Peripheral Contral Register

56846

1 PRI [ PCRS | PCRS | PR PR PRz PLR1 | PCRA |
P2 DIRECTINK CANTROL P INT ENABLE
0= CPZinINPUT 0= CP1 INT, MASKED
i 1= CPZis QUTPUT 1% CP1INT, ENABLED
RESET {SET B¥ EXT. BESET - 0 OR WRITING gf‘N’?GT;!"eri"['f}EES;;EE”
ONE INTO LOGATIUN: CLEARED BY
WRITING ZERG TO THIS LOCATION} 1= POSITIVE [1} EDGE
©- NORMAL OPERATION
1 = RESET CONDITION {CLEARS PERIPH 52',;",.?;;;::',:32 t;ﬁgﬁw
DATA & DATA DIRECTIGN REG + CSR & CSRZ) | - INPUT DATA LATCHED 0 ACFIVE £81
|
J-_ CPZvs INPUT PCRS = 0} PCA4 | PCRI GP2 IS OUTPUT PCRAS = 1}
l e | pomd 0 u INTERAUPT ACKNOWLEDGE
T I 0 1 INFUT/DUTPUT ACKNOWLEDGE
TPZ ACTIVE EDGE SELECT £P2 INT, ENABLE PROGRAMMABLE OUTRUT
T - NEGATIVE {11 EDGE D= CPZ INT. MASKED 1 0OR1 | (cP2 REFLECTS DATA
% - POSITIVE 1] EOGE 1= CRZ INT, ENABLED WRITTEN INT( PCA3)
856846 Custom Programming 9,..,N Data
The preferred melhod of pattern submission is the Each data byte is represented by two
AMI Hex format as described below with its built-in hex characters. Most significant char-
address space mapping and eror checking. This is the acter first.
format produced by the AMI Assembler/Loader. The N+i, N+2 Checksum
format is as follows and may be on papet tape, punched .

. I > t of Itiw
card or vlher media readable by AMI Tn addition the The one s con‘}plemen of the additive
value for Ep, Ey, E5* isrequired to program the mask summation (without carry) of the data

y By, Eg ' bytes, the address, and the byte count.
ASCH EXAMPLE:
Character Description §113000018ESF10320F 0 993 133F72000F5EDFDDI1D
sa030000FC
1 Start of yrecord (S) o =
Ea g 7]
2 Type of record se- 8
£22 8 z
0 -- Header record Sup = a
Fre g £ g
1 — Data record sEz B < =
9 — End of file record | | o
3_4 Byt:e(}ount S11300004BEIFIO03Z0FO0A931V3RF72000FSEBFOAY2E
Since each data byte is represented as  *Nofes:

. FFiL i . E ; 3
two hex characters, the byte count ! ?Z@VI‘?‘?S}TE ioszgfgmm for Bo, £1. Bz are accepted
must be multiplied by two to get the o 4 <97 judicates the chip is enabled by o togic 0. A 17 in-
number of characters to the end of the dicates the chip is cnabled by a logic [.
record. (This includes checksum and 7 Paper tepe formai i the same as the cord formet above

. exeept:
address d_ata') H..eccm:.ls may be of any a. The record should be @ maximum of 84 chargcters.
length being defined in each record by b. Cerriege return and line feed after each record followed
the byte count, by another record, i i
v, There should not be any extra line feed between records
h,8,7,8 Address Value at all.

The memory location where this record
is to be stored.

d. After the lost record, four (4) 3883 (dallar; signs should
be punched with corriage return and line feed indicating
end of file,
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Package Dimensions

40-Pin Plastic 40-Pin Ceramic

PIN 1 IDERTIFIER
\ FIN 1 {DENTIFIER .-

\
X 13 h a0 "
d h 155 40
[ h
i q
g
[t
I 1l ]
g t] WARKINGS
q h ﬁ:“ 2.064 M X, ]
2060 MAX ¢ 3 B SURFACE
i p - LY
] h 1
i 1] o100
i i i i
LAC 0065 1 h i o |
poag ! 1 h ! auro
n.0a0 i { P [
LT - 0 [ 0070 7
! zu::: ;21 0015 | ‘
T Il | | H i ) R i} 21
0090M|N~| | . »- 0580, .[ U040 Wy - U——i—nmmax- asss
: 0518 - Pt
G020 WIN L-}—o_zuom-x -—gg;‘aj BEND F— —iL l__ osrw

3 o=

[ h .
. i 15 WAk l’ __IL
wmAR e 0012 h pyans

a.008

Ordering | nformation {see note)

Order No. No. Pins Package Temp. Range Description
S6846F 40 Plastic 1 0°C—+70°C NMOS Combination ROM, IO, Timer
56846 40 Ceramic 0°C—+70°C NMOS Combination ROM, /O, Timer

Note: Beeause the 868448 has a ROM in chip for which the hit pattern is customer defined, the part marking will be 56846 — XXX
where 86846 is the basic die and XXX is the customer hit pattern identification number. This numher is issued at the time of
ordering. Special part marking is also available upon request.
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S6850

ASYNCHRONOUS COMMUNICATION
INTERFACE ADAPTER (ACIA)

ADVANCE PRODUCT DESCRIPTION

T -
oy 2 sLock E3 ere
e
ALl TRANSIT [ e
SHIFT
cso 20 — Yns\:]g:m $ REGISIEm e D1
et 1 cevger REGHTER o
Pl I IS
M1y CONTRML ‘f,g?l': iMuILT ﬁ o8 o3
A%
LRl D4
— 113
STATUS
REGISTER NTERALPT 7 - D8
X
[ =
i51 wrs E
/1_ _..1/ CUNTHDL R
DATS \'— REGISIER
| BUS
BUFFERS
-
L R =
I
1 , o —— 1l
man [y v/l G I 2 1.
REGISTER FREGISTER .
157 yugl ol
thwaxh & -
10
n . (L 1=\ ])
Yegsewerz PIN/PACKAGE CONFIGURATION
BLOCK DIAGRAM {Available in Pkgs, 2L, 1W - see Sec. 1}
FEATURES
L] 8 Bit Bidirectienal Data Bus for . Eight and nine-bit transmission with
Communication with MPU. opticnal even and odd parity.
L] False start bit deletion. » Parity, overrun and framing error checking.
L Peripheral/modem control functions. . Programmable control register.
] Double buffered Receiver and Transmitter L] QOptional +1, 16, and +64 clock modes.
. One or two stop bit operation. L] Up to 500,000 bps transmission.

FUNCTIONAL DESCRIPTION

The 56850 Asynchronous Communications Interface
Adapter (ACIA) provides the data formatling and control to
interface serial asynchronous data communicalions to bus
organized systems such as the $8800 Microprocessing Unit.

The 56830 includes select enable, read/write, interrupt
and bus interface logic (o allow data transfer over an eight bit

bi-directional data bus. The parallel data of the bus system is
serially transmilted and received by the asynchronous data
interface, with proper Fformatting and error checking., The
functional configuration of the ACIA is programmed via the
data bus during system initialization. Word lengths, clock divi-
sion tatios and transmit control through the Request to Send
output may be programmed. For modem operation three
control lines are pravided. These lines allow the ACIA to
interface directly with the S6860 0-600 bps digital modem.
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage Ve .3 e 70V Operating Temperuture Runge Tg 0 to +70°C

Input Voltage Vi 0.3 to+7.0V Storage Temperature Range Tyg —55 1o +150°C

NOTE:  This device contains gcircuitry to protect the inpits ageingt dumage due to high stativ voltages or clectric fields, however, 1t is advised
that normal precautions be laken 1o avoid application o any valtuge higher than maximum noed voltages o this igh-impedance
vircuil

DC (STATIC) CHARACTERISTICS
(Ve = 50V 150, Ta = 25°C unless otherwise nated )

Characteristic Symbol Min. Typ.| Max. | Unit
Loput High Voltage (Normal Operating Levali) | V1H +2.4 Vg Ve
tnput Low Valtage (Normal Operating Levelss l V1. —0.3 04 Yo
[tiput High Threshald Voltuge VIHT +2.0 - Vile
| Al Bapuis Lxcepn koable |
. fnput Low Threshold Voliage ll VLT - — LR Ve
. Al Inputy Except Lnable |
Input Leakage Current lin - 1.0 25 uAde
1Vin = 0 3.0 Vidod
R/W. RS, €80.CS1, €52, Enable
I Three-State (1T State} Tiput Current 175§ - 20 in uAdc -
iVip =0 1o 2.8 Vo, Vee =max) DO-DT,
Chirpuet High Voltage V- 124 - - Yile
(TLod = —100 zAde, ]
| Liwable Pulse Width < 25 us) All OQuiputs Except IRG
[ Ouiput Low Valtage VoL - - +0.4 Vi
(FLogd = 1.6 mAde)
Lnable Pubse Wilth <2 25 uy
: Output Leakage Current (O State) 1RO lLoH . Wi} 10 pAde *
| Puwer Dissipation D — 3003 525 mW
[ pul Capacrtanee Cin pF
(Vin=0,TaA=23"C,I'= L.OMHz)
DU-B7 _ o i 10
R/W, RS, C50,CS1, 82, RXD.CTS.DCD, CTX, CRX - -
| Enalble. - - 1g
- Outpuid Capacitanee Cont - - o pF
L_ . Vin = 0. Ta=25C = 1.0 MH») |
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AC (DYNAMIC) CHARACTERISTICS

Loading = t30 pF and onc TTL load for D-D7 = 20pF and 1 TTL load for RTS and TXD = 100pF and 3K$2 (o Vi For TRQ.

READ TIMING CHARACTERISTICS (Figure 1)

$6850

Characteristic Symbol Min. Typ.| Max. Uit

Setup Time, Address valid (o Enable posiliv., transition TACW 180 - - ns
m}l]dma pmmve Lmnsjlum 1o Data \md_on bus . TEDR - ) ns
Dats Bus Hold Time T THR 10 Z 0s
Rise and Fall Time for Enabbe inmt ItE, l{]:; - - 23 s

FIGURE 1 — READ TIMING CHARACTERISTICS

—  Tazw

24

tE oAy
ENABLE
| | |

=~ T Zay
X 20w !
ACUHESS
0.8% , oav
—- i— THR
kZ.lfl\c' 4 2av
LATaBUS X ﬁ
D8V T { 04y
WRITE TIMING CHARACTERISTIUS (Figure 'J}
Characterlsnc Symbol Min. Typ.| Max Unit
Enable Pulse Widmh Te 0.470 25 us
‘Jt“Tup Time, Address valid to Enable [Jumm lmmllmn TAEW 180 - - ns
Setup Time, Data valid 1o Enable nclative tran\mon ) TpsU 300 ns
Qetup lime, Read/ W]Ji\. negative Lransmun t(: l—rmhlt - positive trdI]SllI(‘Jﬂ Twir: 130 - ns
Data Bus Hold Time Thw 14 - ns

FIGURE 2 WRITE TIMING CHARACTERISTICS

. Tr ]

o {_L/
LHNABLE

TREH e ] fomt- . TLELF
oy
LIRSS
3.8

HEREIIN e Tol 4..<
LELS
e ]

& o
S T
_tiv A
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TRANSMIT/RECEIVE CHARACTERISTICS (Figure 3)

56850

) Characteristic . i Symbol Min. Typ. Max. | Unit

Clock Frequency
+ 1 mode f 500 KH:
£ 16 mode ¢ o0 |k
+ 64 mode 800 KHz
Clock Pulse Width, Low State FWep ;600 nseu
Clock Pulse Widih, High State PWey I w00 nsec
iI Delay Time, Transmit Clock to Data Oul TR II i.0 psec
| Set up Time, Receive Dala - i TrpsU 500 nsec
[  Hold Time, Receive Data TRDH | 500 _ | msec
IJ Delay Time, Enable to 1RO Reset TirgR | 1.2 see
{ Delay Time, Enable to RTS TRTS i.0 isce

FIGURE 3 — TRANSMIT/RECEIVE TIMING

TRARSMIT I COK
CTH

AECEIVE CLOCK

TRAKSMIT DATA
TRl

|
|
|
|
|
L

e
RESEIVE CLOCK,
ey |
“rau [
THUH 7

RECEIVE DATA
IHXOI

TRANSYI™ SLOGK
CTx)
E
- —m| 10

_-—— "

- ——— e ———— 2V
EX
nEY

iy

HE

o

N Yo

NEQUEST ToF SEND
TR

IMf=HHUPT HEQWIEST

261




MPU/ACIA INTERFACE

Pin
@2)
(1)
(20}
(19)
(18)
(17
(16}
(15)

(14}

(13)

(8
(10}
@)

an

™

. Label

D)
D1
D2
D3
D4
D3
bo
D7

E

R/W

Cs0
sl

L=

$6850

FUNCTION

ACIA BI-DIRECTIONAL DATA LINES-The bi-directional data lines {DO-D7} allow for
data transfer between the ACIA and the MPU. The data bus output drivers are three-state
devices that remain in the high-impedance {off) state except when the MPU perfurms an
ACIA read operation. The Read/Write line is in the read (high) state when the ACIA is
selected for a read operation.

ACIA ENABLE SIGNAL-The Enable signal (E} is a high impedance TTL compatible input
that enables the bus inputfoutput data buffers and clocks data to and from the ACIA,
This signal will normally be a derivative of the 86300 ¢2 clock.

READ/WRITE CONTROL SIGNAL-The Read/Write line is a high impedance input that is
TTL compatible and is used te control the direction of data flow through the ACIA's
inputfoutput data bus interface. When Read{Write is high (MPU Read cycle), the ACIA
oulpul driver is turned on and a selected register is read. When it is low, the ACIA output
driver is turned off and the MPU writes innlo a selected register. Thus, the Read/Write signal
is used to select the Read Only or Write Unly registers within the ACIA.

CHIP SELECT SIGNALS—These three high impedance TTI. compatible input lines are used
to address an ACIA. A particular ACIA is selected when €50 and CS1 are high and {SZ is
low. Transfers of data to and from ACIA are then performed under the control of Enable,
Read/Write, and Register Select.

REGISTER SELECT SIGNAL-The Register Select line is a high impedance input that is
TTL compatible and is used to select the Transmit/Receive Data or Control{Status registers
in the AC1A. The Read/Write signal line is used in conjunction with Register Select to select
the Read Only or Write Only register in gach register pair.

INTERRUPT REQUEST SIGNAL—Interrupt request is a TTL compatible, open drain active
low output that is used to interrupt the MPU. The Interrupt Request remains low as long
as the causc of the interrupt is present and the appropriate interrupt enable within the
ACIA is set.

ACIA/MODEM OR PERIPHERAL INTERFACE

Pin
4}

Label
CTX

FUNCTION

TRANSMIT CLOCK-The Transmit Clock is a high impedance TTL compatible input
used for the clocking of transmitted data, The rransmitter initiates data on the negative
transition of the clock. Clock frequency of 1, 16, or 64 times the data rate may be selected.
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Pin
(3)

(6}

(24)

(1
(i),

Label

CRX

RXD

=
—~
oA

Dep

vee
GND

$6850

FUNCTION

RECEIVE CLOCK The Receive Clock is a high impedance TTL compatible inpud used
for synchronization of received data. {In the + | maode, the clock and data must be
synchronized externally.) The receiver strobes the data on the positive transition of the
clock. Clock frequency of 1, 16, or 64 times the data rate may be selected.

RECEIVED DATA-The Received Data linc is a high mpedance TIL compatible inpui
through which dula is received in a serial NRZ{Non Return to Zero) format. Synchronization
with a clock for detection of data is accomplished internally when clock rates of 16 or 64
times the bir rate are used. Duta rates are in the range of 0 to 500 Kbps when external
synchronization is utilized.

TRANSMIT DATA--The Transmit Data outpul line transfers serial NRZ data 10 2 modem or
other peripheral device. Data rates are in the range of 0 to 500Kbps when extornal
synchranization is utilized.

CLEAR-TO-SEND-This high impedance TTL compatible input provides automatic control
of the transmitting end of 4 communications link via the modem’s “clear-to-send™ gctive low
cutput by inhibiting the Transmitcer Data Register Empiy status bit (TDRE).

REQUEST-TO-SEND—Tle Request-to-Send output enables the MPU to control u peripheral
or moden via the data bus. The active stale is low, The Requesi-to-Send outpat is conirolled
by the contents of the ACIA control register.

DATA CARRIER DETECTED-This high impedence TTL compatible input provides
automatic control of the receiving end ol o communications link by 1neans of the modem
“Data-Carvicr-Detect”™ or *Received-Linc-Signal Detect™ output. The DCD input inhibits and
initializes the receiver section of the ACIA when high, A low o high transition of the Data
Carrier Detect initiates an interrupt 1o the MPU to indicate the occurrence of a loss of carrier
when the Receiver Interrept Enahle (RIE) is set.

+5 volts + 5%

GROUND
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APPLICATION INFORMATION

INTERNAL REGISTERS - The ACTA has four internal registers
utilized For stawus, control, receiving data, and Iransmitting
data. The register addressing by the R/W and RS lines and the
bit definitions for each register are shown in Figure 4.

FIGURE 4 — DEFINITION OF ACIA REGISTERS

$6850

BUFFER ADDRESS

RS ® R/W RS @ R/W RS e /W RS ® R/W
Data Bus Transmit Receiver .
Line Data Dhate Contryl Status
Number Register Register Register Register
{Write Omly) {Read Only) (Write Only) (Read Only)
0 Data Bit 0% Data Bit 0% Clk. Divide Rx Data Reg.
' Sel. 1 (CRO) Full (RDRF)
i Data Bit | Data Bit 1 Clk, Divide [ Tx Data Reg.
Scl. 2(CR1) : Empty (TDRE}
2 Data Bit 2 Data Bic 2 Word Sel, | r _Data Carrier
(CR2) [ Det. (DCD}
3 Data Bit 3 Data Bit 3 Word Sel. 2 Clear-to-Send
{CR3) (CTSY
4 Data Bit 4 Data Bit 4 Word Sel. 3 Framing LErrar
(CR4) {FE)
5 Data Bit 5 Data Bit 5 Tx Control 1 Receiver Overrun
(CR3) {OVRN)
6 Data BiL & Dala Bit & i Tx Control 2 Parity Error (PE)
(CR&)
7 Drata Bit 7¥%* Data Bit 7+* Rx Interrupt. [nlerrupl Request
Enable {CR7) {(IRQ)
Naotes:

* Leading bit = LSB=Bit 0
*+  {Jrused data hits in received character will be “(0's.”
##%  [nused data bits for transmission arc “don’t care’s.”
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ACIA STATUS REGISTER -laformation on the status of the
ACTA is available to the MPU by reading the ACIA Stalus
Register. This Read Only register is selected when RS is low
and R/W is high. Information stored in this register indicates
the status of: transmiifting data register, the receiving data
register and error status and the maodem status inputs of the
ACIA, _

Receiver Data Register Full (RDRI?} |Bit 0] — Receiver
Data Register Full indicates that received data has been
transferred to the Receiver Data Register. RDRFE is cleared
alter an MPU read of the Receiver Data Register or by a
Master Reset. The cleared or empty stalc indicates that the
contents of the Receiver Data Register are not current, Dala
Carrier Detect being high also causes RDRF te indicate empty,

Transmit Data Register Empty (TDRE} [Bit 1] The
Transmit Data Register Empty bit being set high indicates that
the Transmir Data Register contents have been transferred snd
that new data may be catered. The low state indicates that the
register is fufl and that transmission of a new character has not
begun since the last write data command.

Data Carrier Detect (DCD}Y [Bit 2] — The Data Carrier
Detect bit will be high when the DCD input from 2 modem
has gone high to indicate that a carrier is not present
This bit going high causes an Interrupt Request to be generated
if the Receiver Interrupt Enable (RIE) is set. {i remains high
until the interrupt is cleared by reading the Status Register and
the dala register or a Master Reset occurs. If the DCD input
remains high after Read Status and Read Data or Master Reset
have aceurred, the DCD Status bil remains high and will follow
the DCD input,

Clearto-Send (CTS} [Bit 3]  The Clear-to-Send bit
indicates the state of the Clear-10-Send input from a modem.
A low CTS indicates that there is a Clear-to-Send from the
modem. In the high state, the Trahsmit Data Register Enipty
bit 15 inhibited and the Clear-to-Send status bit will be high.
Master Reset does not affect the Clear-to-Send status bit,

Framing Error (FE) [Bit 4] — Framing error indicates
that the received character is improperly framed by the start
and stop bit and is detected by the absence of the st stop bit.
This error indicates a synchronization error, faulty iransmission,
or a break condition, The lmammg error {lag is set or reset
during the receiver data transfer time. Therefore, this ervar
indicator is present throughout the time that the associated
character is avaiiable.

Receiver Overrun (OVRN) |Bir 5] — Overrun is an error
flag that indicates that one or more characters in the data
siream were lost, That is, & character or a number of characters
were received but not read {rom the Receiver Data Register
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{RDR} prior to subsequent characters being received. The
overtun condition begins at the midpoint of the last bit ol the
second character receved in swceesston without a tead of the
RDR having occurred. The Overrun does netd occur in the
Status Register vntil the valid character ptior to Overrun has
been read. The RDRF bil remains set until Overrun is reset
Character synchronization is maintained during the Qverrun
condition. The overrun indication is reset after the reading of
data from the Receive Data Register. Overrun is also reset by
e Masler Reset.

Parity Error (PE) [Bil 6] —The parity error flag indicates
that the number of highs (ones) in the character does not agree
with the preselected odd or even parity. Odd parity is defined
to be when the total number of ones is odd. The parity error
indication will be present as long us the data character is in the
RDR. Il no parity is selected, then baoth the transmitter parity
generator output and the receiver parity check results are
inhibited.

Interrupt Request (TRGY [Bit 7] The IRQ bit indicates
the state of the [RQ outpul, Any interrupt Lhat is set and
enabled will be indicaied in the status register. Any time the
RO output is low the TRQ bit will he high 1o indicate the
interrupt or service request status,

CONTROL REGISTER-The ACIA control Register consists
ol eight bits of write only buffer that are selected when RS
and R/W are low. This register controls the function of the
receiver, transmitter, interrupt enables, and the Request-to-
Send modem control output.

Counter Divide Select Bits (CRO and CR1)- The Counter
Divide Select Bits (CRO and CR1) determine the divide ratios
wtilized in both the transmitter and receiver sections of the
ACIA, Additionally, these bits are used to pruvide 4 Master
Reset for the AClA which clears the Status Repister and
initializes both the receiver and transmitter. Note that after a
power-on o1 a power-fail restart, these bits must be set High to
reser the ACTA. After resetting, the clock divide ratio may be
selected. These counter select hits provide for the following
clock divide ratios:

CR1 CRO Function.
o 1} + 1
0 ! =16
1 a 64
I 1 Master Reset




Word Select Bits (CR2, CR3, and CR4)—The Word Select bits
are vsed to select word length, parity, and the number of stop
bits. The encoding format is as follows:

CR4  CR3 CR2 Function

Q 0 0 7 Bits + Even Parity + 2 Stop Bits
Q 0 1 7 Bits + Odd Parity + 2 Stop Bit
0 1 o 7 Bits + Even Parity + 1 Stop Bit
Q i 1 7 Bits + Odd Parity + 1 Stop Bit

1 0 0 8 Bits + 2 Stop Bits

1 0 | % Bits + 1 Stop Bit

1 1 0 8 Bits + Even Parity + | Stop Bit
1 1 i ] Bits + Odd Parity + 1 Stop Bit

Word length, Parity Select, and Stop Bit changes are not
double-huffered and therefore become effective immediately.

Transmitter Control Bits (CRS and CR6)—Two Trans-
mitter Contrel bils provide for the control of the Transmilter
Buffer Empty interrupt output, the Request-to-Send output
and the transmission of a BREAK level (space). The following
encoding format is used:

CR6 CRS Function
0 0 RTS = low, Transmitting Interrupt Dis-
abled
0 i RTS = low, Transmitting Interrupt Enabled
i 0 RTS = high, Transmitting Interrupt Disabled
11 1 RTS = low, Transmitting Interrupt Disabléd

and Transmits a BREAK leve! on the Trans
mit Data Output.

Receiver Interrupt Enable Bit (RIE) (CR7)—Interrupts will be
enabled by a high level in bit position 7 of the Conirol
Register (CR7Y). Interrupts caused by the Receiver Data
Register Fuil being high or by a low to high transifien on the
Data Carrier Detect signal line are enabled or disabled by the
Receiver Interrupt Enable Bit.

TRANSMIT DATA REGISTER (TDR)—Data is written in the
Transmit Data Register during the peripheral enable time (E}
when the ACIA has been addressed and RS + R/W is selected.
Writing data into the repister causes the Transmit Data
Register Empty bit in the status register to go low. Data can
then be transmitted. If the transmitter is idling and no
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character is heing transmitted, then the transfer will take place
within one bit time of the trailing edgz of the Write command.
1f a character is being transmitted, the new data character will
cummence as soon as the previous character is complete. The
transfer of data causes the Transmit Data Register Empty
{TDRE} bit to indicate empty.

RECEIVE DATA REGISTER {RDR)-Data is automatically
transterred to the empty Receive Data Register (RDR) from
the receiver deserializer (a shift register) upon receiving a
complele characler. This event causes the Receiver Dafa
Register Full bit (RDRF) (in the status buffer) to go high
(full). Data may then be read through the bus by addressing
the ACIA and selecging the Receiver Data Register with RS
and R/W high when the ACIA is enabled. The non-destructive
read cycle causes the RDRF bit to be cleared (o emply
although the data is retained in the RDR. The status is
maintained by RDRF as to whether or not the data is current.
When the Receiver Data Register is full, the automatic transfer
of data from the Receiver Shift Register to the Data Register is
inhibited and the RDR contents remain valid with its current
status stored in the Status Register.

OPERATIONAL DESCRIPTION

From the MPU Bus interface the ACIA appears as two
addressable RAM memory locations. Internally, thereare (our
registers; two read-only and two write-only registers. The
read-only registers are status and receive data, and the write
only registers are control and trapsmit data. The serial
interface consists of serial transmit and receive lines and three
maodem/peripheral control lines.

During a power-on sequence, the ACIA is internally
latched in a reset condition to prevent erroneous output
transitions, This power-on reset laich can only be released by
the master reset function via the control regisier; bits by and
by are set “high™ for a master reset. After master resetting the
ACIA, the programmable control regisier can be set for a
number of options such as variable clock divider ratios,
variable word length, one or twe stop bits, parity {even, odd,
or none) and etc.

TRANSMITTER—A typical transmitting sequence consists of
reading the ACIA status register either as a result of an
interrupt or in the ACIA’s turn in a polling sequence. A
character may be written into the Transmitter Data Register if
the status read operation has indicated thaf the Transmit Data
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Bt syochronization o the divide by 16 and &4 muodes 15
ohtuined by the detection of the leading mark-1o-space
transition of ihe start bit. False start bt deletion cupability
insures tuwl o full hall bit ol & start bit has been received
Belvre the imternal clock is synchronized to the Bt time. Asa
chiracter s bewmg receved, purity {odd or even) will be
checked and the error indication will be available o the status
register along with franting ceror, overcun crrot. and tocgiver
data regester Tulll Joa tepical reeewing sequenve, the stutus
register is rewd Lo detenming i a character has been recoved
fron a peripheral. IF the recewar data register 1 full, the
character is placed on the 8-hit ACIA bus when a Read Data
contmand is received from the MPLL The status regiseer can be
read again te deteomine i another character is avanlable m the
receiver deta remister. The recerver s alse double buflered so
that o characier can be read from the data register as another
chavieter s being recewved o the shift repister, The above
sequence  carties  untl o gl characters have  been

received.




AMIL

ADVANCED PRODUCT DESCRIPTION

S68A50/S68B50

ASYNCHRONOUS COMMUNICATION

Features

Janoa O

oocgadg

8 Bit Bidivectional Data Bus for
Communication with MI'U

False Start Bit Deletion

Peripheral{Modem Control Functions
Double Buffered Receiver and Transmitter
One or Two 5top Bit Operation

Eight and Nine-Bit Transmission with
Optional Even and Odd Parily

Parity, Overrun and Framing Error Checking
Programmable Control Register

Optionai -1, +16, and +64 Clock Modcs

Up to 500,000 bps Transmission

IN

TERFACE ADAPTER (ACIA)

General Description

The 568A50/868850 Asynchronous Communications
Interface Adapicr (ACTA) provides the data formatting
and control to interface serial asynchronous data com-
munications to bus organized systems such as the
S68A00/868B00 Microprocessing Units,

The SGBAS0/SE8BG0 includes select enable, read/
wtite, interrupt and bus interface logic to allow data
transfer over an eight-bit bidirectional data bus. The
paraliel data of the bus system is serially transmitted
and received by the asynchronous data interface, with
proper formatting and error checking. The functional
configuration of the ACIA is progrummed via the data
bus during system initialization, Word lengths, clock
division ratios and transmit control through the Re-
quest to Send output may be programmed. For modem
operation three control lines are provided.

Block Diagram

Pin Configuration
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S68A50/568B50

Absolute Maximum Ratings

Supply Voltage ........ e e e e e, LBV to +7.0V
Input Voltage .. ... ... o R e e e -0.3V to +7.0V
Operating Temperature Range ... ..... .. O | o o £ S Sl &
Storage Temperature Range . ......... e e e e . =B5°C to +150°C
Mote:

This device contains circuitry to protect the inpuls against damage due to high static voltages or electrical fields, however, it is
advised that normal precautions be taken o avwid application of any voliage higher than maximum rated voltages to this high
impedance circuil,

Efectrical Characteristics (Voo = +5.0V 5%, Vgg = 0, Ty = 0°C to +70°C unless otherwise noted.)

Symbol | Parameter " Min. |Typ. Max. |Units Conditians
Vig Input High Voltage (normal opevating level) | ¥gg+2.0 I | Voo l; Vde
Vi1, Input Low Voltape (normal operating level) |\-’ ag 0.3 ‘Vgg+0.8 | Vde

Iy | Input Leakage Current B/W, ES, 50, U581, ©F2, Enable ! _ 1.0 25 pAde ¥y = 0Vde Lo 5.25Vde
Irg] |I Three-Slate (Off State) Inpul Current Da-o 20 G wade  Viy = 0.4Vde to 2.4Vde

Vou Cupur IMigh Voltage {all outputs except [RG)
DO-DT |Vgg+2.4 Vde 1 oAD = - 2050 Ade,
Enable Pulse Width < 85us
Ipoap = - 100sAde,
Enable Pulse Width < 25us
VoL o Outpur Low Voltage (Bnable pulse width < 25us) Vggtd4 | Ve  Ipgap - 1TAmAde,
Enable Pulse Width < 25us

Tx Data, RTS | Vyg+2.4 | Vo

lpoH | Qutput Leakage Current (Off Stale) i) 1.0 10 wAde | Vol = 2.4Vde
Pry Power Dissipation 300 525 mWw
CIN Input Capacitance
Do-D7 10 ' 125 pF
E,Tx,CLE Bx Clk,R/W,RS.Rx Data, i
€50,C81,C82,RXD CTS,DCD,CTX,CRX 70 16 PE_ v =0,7T4 - 25°C,
Carr | Qutput Capaclianee ETS, I'x Ll |10 pk f=1.0MHz
IRGQ 5.0 pk !
PWep, | Minimum Clock Pulse Width, Low +16, +64 Modes 600 ) ns
PWey | Minimum Clock Pulse Widilh, High +146, 64 Modes 600 | ns
I Clock Frequency +1 Mode 200 kHz
i | ) ) + 14, -6 Mudlfﬁ_ ‘ B0 kHz
tripn | Clock-te-Data Delay for Transtmitter '____ 1.0 us
tRDSU | Receive Dala Setup Time +1 Mode 200 } s
trDH | Receive Data Hold Time +1 Mode 300 ns

I interrupt Request Belease Time

1.2 s

LpTs | Request-to-Send Delay Time 1.0 H3
trtr Input Transition Times (Except Enable) I 1.0% us [
L

*1.0u or 10% of the pulse width, whichever is smalier,
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Bus Timing Characteristics (Voo = +5.0V 5%, Vgg = 0, T4 = 0°C to +70°C unless otherwise noted.)

Read
S68A50 S68RH0
Symbol | Parameter Min. Max. Min. | Max. Units
teyck | Enable Cycle Time 0.666 050 1 ps
PWgy | Enable Pulse Width, High 0.28 25 022 26 us
PWg1, | Enable Pulse Width, Low 0.28 021 ! bous
: P
AS | to Enable Poiiive Transition 140 0o ns
tDDR Data Delay Time 220 180 ns
i | Date Hold Time | 10 0 os
tAH Address Hold Time 10 10 | ns
tgyp, ter | Rise and Fall Time for Enable Input 25 | 25 f ns
Write
| 868A50 S68B50
Symbol Earameter Min. | Max. | Min, Max. IR Units
teyck  Fnable Cycle Time T 0.666 [ 050 | s
PWEQ | Enable Pulse Width, High ) 028 | 25 [ 0.22 25 [ _ms
PWg, ! Enable Pulse Width, Low | 028 0.21 L us
Setup Time, Address and B/W Vali
tAs to Erliable P’ositivee;‘ransc‘:tio; e l} 140 | | 70 [ e
t—DS\R’ Data gﬁup_?i'm.éﬂ- - 80 | 60 f ng
tH Data Hold Time 10 10 ' ns
taH Address Hold Time 0 | h|h 10 | ns
iFy, tpf | Rise und Faﬁmﬁor-_ﬂldm—e_fnﬁ ] 25 | 25 ns
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Figure 1. Clock Pulse Width, Low State
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Figure 2. Clock Pulse Width, High State

Figure 3. Transmit Data Output Delay
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Figure 4, Receive Data Setup Time
(=1 Mode)
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Figure 5. Receive Data Hold Time
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Figure 6. Request-ta Send Belay and
Interrupt-Request Retease Times
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Figure 7. Bus Read Timing Characteristics
{Read Information from ACIA)
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Figure 8. Bus Writa Timing Characteristics
{Write Information into ACEA)
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S68AS50/S68B50

Bus Timing Test Loads
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S68A50/S68B50

MPLI/ACIA Interface

Pin Lahel Function

(22) Do ACIA Bidirectional Datla Lines — The bidirectional data lines (DO-DT) allow for data
{21} D1 transfer between the ACIA and the MPU. The data bus output drivers are three-state
{20) D2 devices that remain in the high impedance (off) staie except when the MPIJ performs
(19) D3 an ACIA read operation. The Read/Write line is in the read (high} state when the ACIA
(18) D4 is selected for a read operation.

(17) D5

{16) D6

(15} D7

{14) E ACIA Enable Signal — The Enable signal (E} is a high impedance T'TL compatible in-

put that enables the bus inputfoutput data buffers and clocks data to and from the
ACIA. This signal will normally be a derivative of the S6800 42 clock.

{13) R/W Reud /Write Control Signal — The Read/Write line is a high impedance input that is
TTL compatible and is used to control the direction of data flow through the ACIA’s
input/output data bus interface. When Read/Write is high (MPU Read cycle), the ACIA
output driver is turned on and a selected register is read. When it is low, the ACIA
output driver is turned off and the MPU writes into a selected register. ‘Thus, the
Read/Write signal is used to select the Read QOnly or Write Only registers within the

ACTA,
(8) Cgo Chip Select Signals — These three high impedance TTL compatible inpul lines are used
{10} C51 to address an ACIA. A particular ACIA is selected when €50 and CS1 are high and CS2
(%) Cl2 is low. Transfers of data to and from ACIA are then performed under the contrel of

Enable, Read/Write and Register Select.

(11) RS Register Select Signal — The Register Select line is a high impedance inpul that is TTL
compatible and is used to seleclt the Transmit/Receive Data or Controi/Status registers
in the ACIA. The Read/Write signal line is used in conjunetion with Register Select to
select the Read Only or Write Only register in each register pair.

Interrupt Request Signal — Interrupt request is a TTL compatible, open drain active
low output that is used to interrupt the MPU, The Interrupt Reguest remains low as
long as the cause of the interrupt is present and the appropriate interrupt enable with-
in the ACTA is set.

—
-]
—
—
O

3.103



S68A50/568B50

ACIA/Modem or Peripheral Interface

Pin
{4)

{3)

(2}

(6}

(24)

(5

(23}

(12)

(1)

Label
CTX

CRX

DCD

GND

Function

Transmit Clock — The Transmit Clock is a high impedance TTL compatible input
used for the clocking of transmitted data. The transmitter initiates data on the negative
transition of the clock. Clock frequency of 1, 18, or 64 times the data rate may be
selected.

Receive Clock — The Reccive Clock is a high impedance TTL compatible input used
for synchronization of received data. (In the +1 mode, the clock and data must be
synchronized externally.} The receiver strobes the data on the positive transition of the
clock. Clock frequency of 1, 16, or 64 times the data rate may be selected.

Received Data — The Received Dats line is a high impedance TTL compatible input
through which data is received in a serial NRZ {Non Return to Zero) format. Synchro-
nization with a clock for detection of daia is accomplished internally when clock rates
ol 16 or 64 times the bit rate are used. Data rates are in the range of 0 to 500Kbps
when external synchronization is utilized.

Transmit Data — The Transmit Data output line transfers serial NRZ data to a modem
or other peripheral device. Data rates are in the range of 0 to 500Kbps when external
synchronization is utilized.

Clear-to-Send — This high impedance TTL compatible input provides automatic con-
trol of the transmitting end of a communications link via the modem”s *“*clear-to -send”
active low output by inhibiting the Transmifter Data Register Empty status bit (TDRE).

Request-to-Send — The Request-to-Send output enables the MPU to control a periph-
eral or modem via the data bus. The active state is low. The Request-to-Send cutput is
conirolled by the contents of the ACIA control register.

Data Carrier Detected — This high impedance TT'L compatible input provides auto-
matic control of the receiving end of a communications link by means of the modem
“Data-Carrier-Detect” or “Received-Line-Signal Detect™ output. The DCD input in-
hibits and initializes the receiver section of the ACIA when high. A low to high tran-
sition of the Data Carrier Detect initiates an interrupt to the MPU to indicate the oc-
currence of a loss of carrier when the Receiver Interrupt Enable (RIE) is set,

+ivolts £ 5%

Ground
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Application Information

Internal Regisiers — The ACIA has four internal regis-
ters utilized for status, control, receiving data and
transmitting data. The register addressing by the R/W
and RS lines and the bit definitions for each register
are shown in Figure 4.

S68A50/568B50

Figure 4 — Definition of ACEA Ragisters
| Buffer Address _
RSe R/W | RS e R/W RS e R/W | RS R/W
Data Bus Transmit Received ;
Line Data Data Control : Status
Number Register Register Register || Repister
(Write Only) {Read Only) {Write Only) i {Read Only)
0 Data Bit 0* Data Bit 0* Clk. Divide ] Rx Data Reg.
I Sel. (CRO) | Full (RDRF)
i Data Bit 1 Data Bit 1 Clk. Divide Tx Data Reg.
8el (CR1) Empty (TDRE)
2 Data Bit 2 Data Bit 2 Word Sel. 1 ‘ Data Carrier
{CR2) i Det. Loss (DCDY)
3 Data Bit 3 Data Bit 3 Word Sel. 2 Clear-to-Send
(CR3) (CTS)
4 Data Bit 4 Data Bit 4 Word Sel. 3 ' Framing Frror
_— (CR4) (FE)
5 Data Bit 5 Data Bit 5 Tx Control 1 Overrun (OVRN})
{CR5) B
6 Data Bit 6 Data Bit 6 Tx Control 2 ! Parity Error {PE)
(CR6)
7 | "DataBit 7%%* |  Data Bit 7%* Rx Interrupt Interrupt Request
Enable (CR7) (IRQ)
Notes:

L
L]
EE T

Leading bit = LSB = Bil 0

Unused data bits in received character will be “*0's

Unused data hits for transmission are “d

on't care’s”
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ACIA Status Register — Information on the stalus of
the ACIA is available to the MPU by reading the ACTA
Status Register. This Read Only register is selected
when RS is low and R/W is high. Information stored
in this register indicates the status ol: transmilting
daia register, the receiving data register and error status
and the modem status inputs of the ACTA,

Recciver Data Register Full (RDRF) |Bit 0] — Re-
cetver Nata Register Full indicates that received data
has been transferred to the Receiver Data Register,
RDRF is cleared after an MPU read of the Receiver
Data Register or by a Master Rescl. The cleared or
empty state indicates that the contents of the Receiver
Data Register are not current, Data Carrvier Detect
peing high also causes RDRF to indicate empty.

Transmit Data Register Empty {TDRE} [Bit 1] —The
Transmit Data Repister Empty bit being set high in-
dicates that the Transmit Data Register contents have
been transferred and that new data may be entered.
The Jow slate indicates that the register is full and that
transimission of a new character has not begun since
the last write data command.

Data Carrier Detect (DCD) [Bit 2] — The Data Carrier
Detect bit will be high when the DCD input from a
modem has gone high to indicate that a carrier is not
present. Thig bit going high causes an Interrupt Request
to be generated if the Becelver Inlerrupt Enable (RIE)
is set. It remains high until the interrupt is cleared
by reading the Status Register and the data register
or a Master Reset occurs. If the DCD input remains
high after Read Siatus and Read Data or Master Re-
set have occurred, the DCD Status bit remains high
and will fellow the DCD input.

Clear-to-Send (CTS) [Bit 3] — The Clear-to-Send
bit indicates the state of the Clear-to-Send input from
a modem. A low CTS indicates that there is a Clear-
to-Send from the modem, In the high state, the Trans-
mit Data Register Empty bit is inhibited and the Clear-
to-Send status bit will be high. Master Reset does
not affect the Clear-to-Send status hit.

S68A50/S68B50

Framing Error (FE) [Bit 4] — Framing error indicales
that the received character is improperly framed by
the start and stop bit and is detected by the absence
of the 1st stop bit. This error indicates a synchroni-
zation error, faulty transmission, or a break condition.
The framing error flag is set or reset during the re-
celver dala transfer time. Therefore, this errer indicator
is present throughout the time that the associated
character is available.

Receiver Overrun (OVRN) [Bit 5] — Overrun is an
error flag that indicates that one or more characters
in the data stream were losl. That is, a character or a
nuimber of characters were received but not read from
the Receiver Data Register (RDR) prior to subsequent
characters being received. The cverrun condition be-
gins at lhe midpoinl ol the last bil of the second
character received in succession without a read of the
RDR having occurred. The Overrun does not occur in
the Status Register until the valid character prior to
Overrun has been read. The RDRF bit remains set un-
til Overrun is reset. Character synchronization is main-
tained during the Overrun condition. The overrun in-
dication is reset after the reading of data from the He-
celver Data Register. Overrun is also reset by the Master
Reset.

Parity Error (PE) [Bil 6] — The parity error [lag in-
dicates that the number of highs {ones) in the character
does not agree with the preselected odd or even parity.
0Odd parity is defined to be when the total number of
anes is odd. The parity error indication will be present
as long as the data character is in the RDR, If no puar-
ity is selecled, then both the transmitter parily gener-
ator output and the receiver parity check results are
inhibited.

Interrupt Request (TR} [Bit 7] — The IRQ bit in-
dicates the state of the TR output. Any interrupt
that is set and enabled will be indicated in the status
register. Any time the TRQ output is low the IRQ bit
will be high to indicate the interrupt or service request
status.
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Control Register — The ACIA Control Register con-
sists of eight bits of write only buffer that are selected
when RS and R/W are low. This register controls the
function of the receiver, transmitter, interrupt enables,
and the Request-to-Send modem control cutput.

Counter Divide Select Bits {CRO and CR1) — The
Counter Divide Select Bifs (CRO and CR1) determine
the divide ratios utilized in both the transmilter and
receiver sections of the ACIA. Additionally, these bits
are used to provide a Master Reset for the ACIA which
clears the Status Register and initializes both the re-
ceiver and transmitter. Note that after 2 power-on or
a power-fail restart, these bits must be sel High to re-
set the ACIA. After resetting, the clock divide ratio
may be selected. These counter select bits provide for
the following clock divide ratios:

CR1 CRO Function
0] 0 +1
0 1 +16
1 0 +64
1 1 Master Reset

Word Select Bits (CR2, CR3, and CR4) — The Word
Select bits are used to select word length, parity, and
the number of stop bits. The encoding format is as
follows:

CR4 CR3 CR2 Function

0 0 ¢ 7 Bits + Even Parity + 2 Stop Bifs
0 0 1 7 Bits + Odd Parity + 2 Stop Bits
0 1 0 7 Bits + Even Parity + 1 Stop Bit
o 1 1 7 Bits + Odd Parity + 1 Stop Bit
1 0 0 8 Bits + 2 Stop Bits

1 0 1 8 Bits + 1 Stop Bit

1 1 0 8 Bits + Even Parity + 1 Stop Bit
1 1 1 8 Bits + Oxdd Parity + 1 Stop Bit

Word length, Parity Select, and Stop Bit changes are
not double-buffered and therefore hecome effective
immediately.

S68A50/568B50

Transmitter Control Bits (CRE and CR8) — Two Trans-
mitter Control bits provide for the confrol of the
Transmitter Buffer Empty interrupt output, the HRe-
guest-to-Send output and the trunsmission of a
BREAK level {space). The following encoding format
is used:

CR6 CRO Function

0 0 RTS = low, Transmitting Interrupt Dis-
abled

0 1 RTS8 = low, Transmitting Interrupt En-
abled

1 0 RTS8 = high, Transmitting Interrupt Dis-
abled

1 1 RTS = low, Transmitting Interrupt Dis-

abled and Transmits a BREAK level on
the Transmit Data Qutput.

Receiver Interrupt Enable Bit (RIE) (CR7) — The In-
terrupts wiil be enabled by a high level in bit position
7 of the Control Register {CR7). Interrupts caused by
the Receiver Data Register Full being high or by a low
to high transition on the Data Carrier Delect signal
line are enabled or disahled by the Recciver Interrupt
Enable Bit.

Transmit Data Regisier {TDR) — Dala is wrilten in
the Transmit Data Register during the peripheral en-
able time (E) when the ACIA has been addressed and
RS ¢ R/W is selected. Writing data into the register
causes the Transmit Data Register Empty bit in the
status register to go low. Datacan then be transmitted.
If the transmitter is idling and no character is heing
transmitted, then the transfer will take place within
one bit time of the trailing edge of the Write command.
If a character is being transmitted, the new data char-
acter will commence as soon as the previous character
is complete. The transfer of data causes the Transmit
Pata Register Empty (TDRE) bit to indicate empty.
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Receive Data Register (RDER)} — Data is automatically
transferred Lo the empty Receive Data Register (RDR)
from the receiver deserializer (a shift register) upon
receiving a complete character. This event causes the
Receiver Data Register Full bit (RDRF) {in the status
buffer} to go high (full). Data may then be read through
the bus by addressing the ACIA and selecting the Re-
ceiver Data Register with BS and R/W high when the
ACIA isenabled. The non-destructive read cycle causes
the RDRF bit to be cleared to empty although the
data is retained in the RDR, The status is maintained
by RDRF as to whether or not the data is currenl.
When the Receiver Data Register is full, the automatic
transfer of data from the Receiver Shift Register to
the Data Repister {5 inhibited and the RDR contents
remain valid with its current statusstored in the Status
Repgister.

Operational Deseription

From the MPU Bus interface the ACIA appears as
two addressable RAM memory locations. Internally,
there are Tour registers; two read-only and two write-
only registers. The read-only registers are status and
reccive data, and the write-only registers are control
and transmit data. The serial interface consists of
serial transmit and receive lines and three modem/
peripheral control lines.

During a power-on sequence, the ACIA is internally
latched in a reset condition to prevent crronecus out-
put transitions. This power-on reset latch can only be
released by the master reset function via the control
register: bits bg and b1 are set "*high”’ for a masier re-
set. Affer master resetting the ACIA, the program-
mable control register can be set for a number of op-
tions such as variable clock divider ratios, variable
word length, one or two stop bits, parity (even, odd,
or none} and ete.

Transmitter -- A typical transmitting sequence consists
of reading the AClA status register either as a result
of an interrupt or in the ACIA’s turn in a polling se-
guence., A churacter may be written into the Trans-

S68A50/S68B50

mitter Data Register if the status read operation has
indicated thai the Transmit Dala Repister is empiy.
This character is transferrcd to a shift register where
it is serialized and transmitied from the Tx Data out-
put preceded by a start bit and followed by one or
two stop bits. Internal parity {odd or even) can be
optionally added to the character and will pecur be-
tween the last data bit and the [irst stop bit. After the
first character is written in the data register, the status
register can be read again to check fora Transmit Data
Fegister Empty condition and current peripheral
status. If the register is empty, another character can
he loaded for transmission even though the first char-
acter i{s in the process of being transmitted. This sec-
ond character will be automatically transferred into
the shift regisler when the first character trunsmission
is completed. The above sequence continues until all
the characters have been transmitted.

Receiver — Data isreceived from a peripheral by means
of the Rx MNata input. A divide by one clock ratio is
provided for an externally synchronized clock {to its
duta) while the divide by 16 and 64 ratios are provided
for internal synchronization. Bit synchronization in
the divide by 16 and 64 mades is obtained by the de-
tection of the leading mark-to-space transition of the
start bit. False start bit deletion capability insures that
a full half hit of u start bit has been received before the
internal clock is synchronized to the bit time. As a
character is being received, parity (odd or even) will
be checked and the error indication will be available
in the status register along with framing error, overnin
error, and receiver data register full. In a typical re-
ceiving sequence, the status register is read to deter-
mine if a character has been received from a peripheral.
If the receiver data register is full, the character is
placed on the 8-hit AC1A bus when a Read Datacom-
mand iz received from the MPU. The status register
cun be read again to determine if another character
is available in the receiver data register. The receiver
is also double buffered so that a character can be read
from the data register as another character is being
received in the shift register. The above sequence
continues until all characters huve been received.
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ADVANCED PRODUCT DESCRIPTION

$6852

AMIL

Features

7

oooaao N

o 3

Programmable Interrupts from Transmitter,
Receiver, and Error Delection Logic

Characler Synchronization on One or Two
Sync Codes

External Synchronization Available [or
Parallel - Serial Operation

Programmahle Syne Code Register
Up to 600kbps Transmission
Peripheral/Modem Contro! Functions

Three Bytes of FIFQ Buffering on Both
Transmit and Receive

Seven, Eight, or Nine Bit Transmission
Optional Even and (dd Parity
Parity, Overrun, and Underflow Status

SYNCHRONOUS SERIAL
DATA ADAPTER (SSDA)

General Description

The 56852 Synchronous Serial Data Adapter provides
a bi-directional serial interface for synchronous data
information interchange. [L contains interface logic for
simultaneously transmitting and receiving standard
synchronous communications characters in bus organ-
ized systems soch as the 36800 Microprocessor
systems.

The hus interface of the 86852 includes select, enable,
read/wrile, interrupt, and bus interface logic to allow
data transfer over an 8-bit bi-directional data bus.
The parallel data of the bus system is serially trans-
mitted and received by the synchronous data interface
with synchronization, fill character insertion/deletion,
and error checking. The funclional configuration of
the SS5DA is programmed via the data bus duoring
system initialization. Programmable contro! repisters
provide control for variable word lengths, fransmit
control, recelve control, synchronization control, and
interrupt contrel. Status, timing and control lines
provide peripheral or modem control.

Typieal applications include (oppy disk controllers,
cassette or cartridege tape controllers, data communica-
tions terminals, and numerical control systems.

Block Diagram
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Maximum Ratings

Supply Voltage . ................ . P . o 0.8V to +7.0V
Input Voltage ................ .. . . =03V to +7.0V
Operating Temperature Range .. ... ..o iuiet i rt ot ittt ee st aieae e . 0°C to +70°C
Storage Temperature Range ............. f e e e e, -BE°C o +150°C
Thermal ResiSEATICE .1 oo vttt vttt e bt e te et t e tran s sm e s an e i +70°C/W

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is
advised that normal precautions be taken to avoid applicalion of any voltage higher than maximum rated voltages to this high-
impedance eireuit.

Electrical Characteristics (Vg = +5.0V 5%, Vgg = 0, T4 = 0°C to 70°C unless otherwise noted.)

Symbol Parameter Min, Typ. Max, Units Canditions
VIH Input High Voltage Vgg+ 2.0 Ve
ViL Input Low Voitage ¥gg + 0.8 Vde
Un Input Leakage Current Tx Ok, Rx Clk, Bx Data, Enable, 1.0 2.5 Ade Vin = 0Vde to 5.25Vdc
Reset, RS, R/W, O3, DCD, CTS
ITsr Thiree -State {Off State) Input Current H)-DT 20 10 1 Ade Vin = 0.4Vde to 2.4Vde,
Yoo - 5.25Vde
Yoir Cutput High Voltage Do-D7 Vgs+ 24 Vde I1oed = - 2054 Ade,
Enable Pulse Width < 25us
Tx Data, DTR, TUF | Vgg+ 24 Tioad = - 100pAde,
. Enable Pulse Width <<25us
VoL Dutput Tow Voltage Vgg + 0.4 Vdc ILgad = 1.6mAde,
Fnable Pulse Width <25us
ILOH Oulput Leakage Currenl {OFf Stute) IRG 1.0 10 wAde YoH = 2.4Vidc
Pp _ Power Dissipation 300 525 mW
Cin [nput Capacitance Do-G7 125 pF Vin=0,Ta~26°C,
Othet Tnputs R f=1.0MHz
Cout Qutput Capacilance Tx Data, SM/DTR, TUF, TRQ 10 pF Vin=0,Ta - 25°C,
5.0 f-1.0MHz
F¥cr Minumum Clock Pulse Width, Low 700 ns Flpure 1

> 700 ns Figure 2

PWoH Minimum Clock Pulse Width, High

! L I

r'e] Clock Frequency - R | 600 | kHe

trpgy | Kecelve Data Setup Time ! 350 | Figure 3,7
1 !

tRDILI Receive Data Hold Time 350 ns TFigure 3
tan Sync Match Delay Time 1.0 15 Figure 3
tTnD Clock -to- Data Delay for Transmitter 10 s Fipure 4
ITUF Transmitter Underfow 1.0 Jii3 Figure 4, B
tDTHR DTR Lelay Time 1.0 s Figure &
IR _ Inferrupt Request Release Time 1.2 i3 Figure &
tRes Resel Minimum Fulse Width 1.0 He
tors CTS Setup Time 200 ns Flgure &
tpen DCO Setup Time SO0 ns Figure 7
tp tf Input Rise and Fall Times (except Enahle} 1.0= Ha 0.8V to 2.0V
4] 0ps ot 10% of the pulse width, whirhever iz smaller. -
Figure 1. Clock Pulse Width, Low-State Figure 2. Clock Pulse Width, High-State-

oy ‘D-i
T Dl arre '
oR Tx Gl
Ry Dk o
wav R [tk

e Py pe|

3.110



$6852

Bus Timing Characteristics

Read
Symbol Parameter Min, | Typ. | Max. | Unit | Conditions
tovel Enable Cycle Time 1.G B8
PWgy Enable Pulse Width, High 0.45 25 | s
PWg, | Enable Pulse Width, Low 0.43 [ s
tAS Setup Time, Address and R/W valid 180 ’ ns Figures
to Enable positive transition | 8 and 10
ionR Data Delay Time 320 l ns |
tn Dara Hold Time 10 | T s
taH Address Hold Time ) - 10 1 ms |
tge,ter | Riseand Fall Time for Enable input | I 25 | ms
Write
Symbol Parameter Min. | Typ. | Max. | Unit Conditions
1
teyeE Enable Cycle Time 1.0 L Hs
PWgH | Enable Puise Width, High | o4 [ 25 | ws
PWyy, Enable Pulse Width, Low 0.43 us
tas Setup Time, Address and B/W valid 160 ns Figures
to Enable positive transition % and 10
tpsw Data Setup Time 195 ns
tH Data Hold Time 10 s
F_Addreﬁo_ﬁiﬁ; - _10 1 ns
tgr, tET Rise and Fall Time for Enable input 25 s

Figure 3. Receive Data Setup and Hold Times and Syne
Dalay Time

b,-1 o, 1]

- .u o a .
=t =

A v
R DATA tay
1

‘w—h-\ f———
1= NUMBER OF BITS IN CHARACTER
- DON'T LARE

. FE L
SYNCMATCH v

= R Gl
g FERIOD

¥
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Figure4, Transmit Data Output Delay and Transmitter
Underflow Delay Time

T

I
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Tuf

- NUMBER OF Bn[% v CHARACTEH
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Figure 5. Data Terminal Ready and interrupt Request
Release Times
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Figure 6. Clear-To-Send Setup Time
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Figure 7. Data Carrier Detect Setup Time
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Figure 8. Bus Read Timing Characteristics
{Read Information from SSDA)
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Figure 8, Bus Write Timing Characteristics
[Write Information into SSDA}
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Figure 10. Bus Timing Test Loads
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Device Operation

At the bus interface, the 85DA appears as two ad-
dressable memory locations. Internally, there are seven
registers: two read-only and five write-only registers.
The read-only registers are Status and Receive Data;
the write-only regislers are Contrel 1, Control 2, Con-
trol 3, Syne Code and Transmit Data. The sexial intey-
face consists of serial input and output lines with
independent clocks, and four peripheral/modem
control lines.

Data to be transmilted is transferred directly into the
3-byte Transmit Data First-In First-Out (FIF(Q)
Register from the data bus. Availability of the input
to the FIFQ isindicated by abit in the Status Register;
once data is entered, il moves through the FIFO to
the last empty location. Data at the output of the
FIFO is automatically transferred from the FIFO to
the Transmitter Shift Register as the shift register
hecomes available to transmit the next character. [f
data i8 not available from the FIFQ (underflow con-
dition), the Transmitter Shift Register is automatically
loaded with eilher asynccode oran all “1"'s character.
The transmit section may be programmed to append
loaded with either async code oran all ““1"’s character.
The transmit section may be programmed to append
even, odd, or no parity to the transmitled word. An
external control line (Clear-to-Send) is provided to
inhibit the transmitter without clearing the FIFO,

Serial data is accumulated in the receiver based on the
synchronization mode selected. In the external sync
mode, used for parallel-serial operation, the receiver
is synchremized by the DCD (Data Cartier Detect)
input and transfers successive bytes of data to the
input of the Receiver FIFQ. The single-sync-character
mode requires that a match oceur between the Sync
Code Register and one incoming character before data
transfer to the FIFQ begins. The two-sync-character
mode requires that two syne codes be received in se-
quence to establish synchronization. Subseguent to
synchronization in any mode, data is accumulated in
the shift register, and parity is optionally checked. An
indication of parity error is carried through the
Receiver FIFO with each character to the last empty
location. Availability of a word at the FIFO ouiput
iz indicated by a bit in the Status Register, as is a
parity error.

The SSDA and its internal registers are selected. by
the address bus, Read/Write {R/W) and Enable conlrol
lines. To configure the SSDA, Control Registers arc
selected and the appropriate bits set. The Status Regis-
ter is addressable for reading status.

$6852

Other 17O lines, in addition to Clear-te-Send (CTS)
and Data Carrier Detect (DCD), include SM/DTR
(8ync Match/Data Terminal Eeady) and Transmitier
Underflow (TUF). The transmitler and receiver each
have individual clock inputs allowing simultancous
operation under separate clock control. Signals ta the
microprocessor are the Data bus and Interrupt
Request (IRQ}.

Initialization

During a power-on sequence, the S8DA is reset via
the Reset inpat and internally latched in a reset con-
dition to prevent erroneous output transitions. The
Sync Code Register, Control Register 2, and Control
Register 3 should be programmed prior to the pro-
grammed release of the Transmitter andfor Receiver
Reset bits; these bits in Control Register 1 should he
cleared after the Resct line has gone high.

Transmitter Operation

Data is transferred to the transmitter section in parallel
[orm by means of the data bus and Transmit Dala
FIFQ. The Transmif Data FIFQ is a 3-byte register
whose status is indicated by the Transmitter Data
Register Available status bit (TDREA) and its associated
interrupt enable bit. Data is transferred through the
FIFO cn Enable (E) pulses. Two data transfer modes
are provided in the S8DA. The 1-byte transfer mode
provides for writing data to ihe transmitter section
{and reading from the receiver section) one byte at a
time. The 2-byte fransfer mode provides for writing
two data characters in succession.

Data will automatically transfer from the last register
location in the Transmil Data FIFQ (when it conlains
data) to the Transmitter Shift Register during the last
half of the last bit of the previous character. A character
is transferred into the Shift Register by the Transmitter
Clock. Data is transmitted LSE first, and odd or even
parity can be oplionally appended. The unused bit
positions in sheort word length characters from the
data bus are ““don’t cares.” (Note: The data bus inputs
may be reversed for applications requiring the MSB
to be transferred first, e.g., IBM formatl for floppy
disks; however, care must be taken to properly program
the control registers — Table 1 will have its bit posi-
tions reversed.)

When the Shift Register becomes empty and data is
not available for transfer [rom the Transmit Daia
FIFO, an “underflow” occurs, and a character is
inserted into the transmitter data stream to maintain
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character synchronization. The character transmitted
on underflow will be either a “Mark" (all **1”s) or
the contents of the Sync Code Register, depending
upon the state of the Transmit Syne Code on Under-
flow control bit. The underflow condition is indicated
by a pulse (=1 Tx Clk high period) on the Underflow
outpul (when in Tx Sync on underllow mode). The
Underflow oulput oceurs coincident with the transfer
of the last half of the last bit preceding the underflow
character. The Underflow status bit is set until cleared
by means of the Clear Underflow control bit. This
output may be used in floppy disk systems to syn-
chronize write cperations and for appending CRCC.

Transmission is initiated by clearing the Transmitter
Resel bit in Control Register 1. When the Transmiller
Resct bit is cleared, the first fudf positive half-cycle of
the Transmit Clock will initiate the transmit cycle,
with the transmission of data or underflow characters
heginning on the negative edge of the Transmit Clock
pulse which started the cycle. If the Transmit Data
FIFO was not loaded, an underflow character will he
transmitted (see Figure 4).

.The Clear-to-Send (CTS) input provides for automatic
control of the transmitter by means of external system
hardware; ¢.g., the modem CTS output provides the
control in a data communications system. The CTS
input resets and inhibits the transmitter section when
high, but does not reset the Transmit Data FIFO. The
TDRA status bit is inhibited by CTS being high in
eilther the one-sync-characler or lwoe-sync-character
mode of aperation. In the external syne mode, TDR A
is unaffected by CTS in order to provide Transmit
Data FIFO status for preloading and operating the
transmitter under the control of the CTS input. When
the Transmitter Reset bit {'[x Rx) is set, the Transmit
Data FIFO becomes available for new data with
TDRA inhibited.

Receiver Operation

Data and a presynchronized clock are provided to the
S8DA receiver section by means of the RHeceive Data
{Rx Data) and Receive Clock (Rx Clk) inputs. The
data is a continuous stream of binary data bits without
means for identifying character houndaries within the
stream. It is, therefore, necessary to achieve character
synchronization for the data at the beginning of the
data block. Once synchronization is achieved, it is
assumed to be retaihed for all successive characters
within the block.

Data communications systems utilize the detection of
sync codes during the initial portion of the preamble

S6852

to establish character synchronization, 'I'his requires
the detection of a single code or two successive sync
codes. Floppy disk and cartridge tape units require
sixteen bits of defined preamble and cassettes require
eight bhits of preamble to establish the reference for
the start of record. All three are functionally equiva-
lent to the detection of sync codes, Systems which do
not utilize code detection technigues require custom
logic external to the SSDA for character synchroniza-
tion and use of the parallel-to-serial (external sync)
mode. {Note: The Receiver Shift Repister is set to
ones when reset.)

Synchronization

The 88D A provides three operating modes with respect
to character synchronization: - one-syne-character
mode, two-sync-character mode, and extemal svnc
maode, The external syne mode requires synchroniza-
tion and control of the receiving scetion through the
Data Cartier Detect (DCD} input {see Figure T}. This
external synchronization could consist of direct line
control from the transmitting end of the serial data
link or from external logic designed to detect the start
of the message block. The one-sync-characler mode
searches on a bil-by-bil basis until a match is achieved
between the data in the Shift Register and the Sync
Code Register. The match indicates character synchro-
nization is complete and will be retained for the
message block. In the two-sync-character mode, the
receiver searches for the first sync code match on a
bit -by -bil basis and then looks for a second successive
sync ¢code character prier to establishing character
synchronization. If the second sync code character is
not received, the bit-by-bit search for the first sync
code is resumed.

Sync codes received prior to the completion of syn-
chronization (one or two character) are not transferred
to the Receive Data FIFO. Redundant sync codes
during the preamble or sync codes which occur as
“fill characters” can automatically be stripped from
the data, when the Strip Sync control bit is set, to
minimize system loading. The character synchroniza-
tion will be retained until cleared by means of the
Clear Sync bit, which also inhibits synchronization
search when set.

Receiving Data

Once synchronization has been achieved, subsequent
characlers are automatically transferred into the Re-
ceive Data FIFO and clocked through the FIFO to
the last empty location by E pulses (MPU System ¢2).
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The Receiver Data Available status bit (RD A} indicates
when data is available to be read from the last FIFO
location (#3) when in the 1-byte transfer mode. The
2-byte transfer mode causes the RDA status bit to
indicate data is available when the last two FIFO regis-
ter locations are full. Data being available in the Receive
Data FIFO causes an interrupt request if the Receiver
Interrupt Enable (RIE} bit is set. The MPU will then
read the SSDA Status Register, which will indicate
thatl data is available for the MPU read from the Re-
ceive Data FIFO register. The IRGQ and RDA status
bits are reset by a read from the FIFO. If more than
ane character has been received and is resident in the
Receive Data FIFQ, subsequent E clocks will cause
the FIFO to update and the RDA and IRQ status bits
will again be set. The read data operation for the
2-byte transfer mode requires an intervening E clock
between reads to allow the FIFO data to shift. Option-
al parity is automatically checked as data is received,
and the parity status condition is maintained with
each character until the data is read from the Receive
Data FIFO. Parity errors will cause an interrupt request
if the Error Interrupt Enable (EIE) has been set. The
parity bit is not transferred to the data bus but must
be checked in the Status Register. NOTE: In the
2-byte transfer mode, parity should be checked prior
to reading the second byte, since a FIFO read clearg
the error bit.

Other status bits which pertain to the receiver section
are Receiver Overrun and Data Carrier Detect (DCD).
The Overrun status bit is automatically set when a
transfer of a character to the Receive Data FIFO
accurs and the first register of the Receive Data FIFO
is full. Overrun causes an interrupt if Error Interrupt
Enable (EIE) has been set. The transfer of the owver-
running character into the FIFO causes the previous
character in the FIFO input register location te be lost
The Overrun status bit is cleared by reading the Status
Register (when the overrun condition is present}, fol-
lowed by a Receive Data F1FQO Register read. Overrun
cannot occur and be cleared without providing an
opportunity to detect its occcurrence via the Status
Register.

A positive transition on the DCD input causes an
interrupt if the EIE control bit has been set. The
interrupt caused by DCD is cleared by reading the
Status Register when the DCD status bit is high, fol-
lowed by a Receive Data FIFO read. The DCD status
bit will subsequently follow the state of the DCD
input when it goes low.
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Input/Output Functions
88D A Interface Signals for MPL

The S8DA interfaces to the S6800 MPU with an 8-bit
bi-directional data bus, a chip select line, a register
select line, an interrupl request line, read/write line,
an enable line, and a reset line. These sighals, in con-
junction with the S6300 VMA output, permit the
MPU to have complete control over the SSDA.

SSDA Bi-Directional Data (D0-D7)—The bi-directional
data lines (DOD-D7} allow for data transfer between
the 5SDA and the MPU. The data bus output drivers
are three-state devices that remain in the high-impe-
dance (off) state except when the MPU performs an
S8DA read operation.

58DA Enable {E) — The Enable signal, E, is a high
impedance TTL compatible. input that enables the
bus input/output data buffers, clocks data to and
Irom the S8DA, and moves data through the FIFO
Registers. This signal is normally the continuous S6800
System #2 clock, so that incoming data characters are
shifted through the FIFO.

Read/Write (RfW) — The Read/Write line is a high
impedance input that is TTL compatible and is used
te contrel the direction of data flow through the
55DA’s inputfoutput data bus interface. When Read/
Write is high (MPU read cycle), SSDA output drivers
are turned on if the chip is selected and a selected
register is read. When it is low, the SSDA output drivers
are turned off and the MPU writes into a selected
register. The Read/Write signal is also used to select
read -only or write-only registers within the SSDA.

Chip Select (C3)}— This high impedance TTL compati-
ble input line is used to address the S5DA. The 88DA
is selected when CS is low. VMA should be used in
generating the CS input to insure that false selects will
not cccur. Transfers of data to and from the SSDA
are then performed under the conirol of the Enable
signal, Read/Write, and Repgister Select.

Register Select (R8) — The Register Select line is a
high impedance input that is TTL compatible. A high
level is used to select Control Registers C2 and C3,
the Sync Code Register, and the Transmit/Receive
Data Registers. A low level selects the Control 1 and
Status Registers {see Table 1).
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Table 1. SSDA Programming Model
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CONTROL | ADORESS |
AEGISTEA INPUTS | CONTROL ' REGISTER CONTENT
RS |RW | ACZ JAGY] BIT? BITE BIT 5 BIT 4 BIT3 BIT2 BIT1 BITO
STATUS(S) | 0 | 1 X | X ! INTERRUPT | RECEIVER | RECEIER TRANS- CLEAR-TD- DATA TRANS- AECEIVER
REQUEST PARITY QVERRUN WITTER SERD CARRTER MITTER DATA
IR} ERROA {Ax Qvrn] ~ (UNDERFLOW cTs) OETECT DATA AVAILABLE
| {PE} {TUF) {DED) REGISTER {RDA)
. AVAILABLE
(TORA}
CONTROL1 | 0 | @ | X | X | ADDRESS | ADDRESS | RECEIVER TRANS- CLEAR STAIPSYNC | TRANS. RECEIVER
ch : CONTROL 2 | CONTROL1 | INTERRUFT | MITTER SYNC  |CHARACTERS| MITTER RESET
{AC2) tach ENABLE | INTERRUPT {STRIPSYNC) |  RESET {Rx B3
{RIEH ENABLE iTx Ay
{TIE)
RECEIVE vl X [ X 07 [ 05 D4 03 hiH o1 0o
DATA FIFND
coNTROLZ [ 1 |0 | @ 0 ERROR TRANSMIT WORD WORD WORD 1-BYTE!  |PERIPHERAL |PERIPHERAL
tca INTERRUPT | SYNCCODE | LEWGTH LENGTH LENGTH 2-BYTE | CONTROLZ | CONTROL 1
ENABLE oN SELECT3 | SELECTZ | SELECT1 | TRANSFER PCY) {PLI
(EIE} UNDERFLOW tws) {wsz) ws1) 11-BYTE
{Tx Syncl 2-BYTE! .
conTROL: [ 1 o ] 0 1 | NOTUSED | WOTUSED | NOTUSED | NOT USED CLEAR CLEARCTS | ONE-SYNC- | EXTERNAL/
{c3) THANS- STATUS _ |CHARACTER/ | INTERNAL
WITTER | {CLEAR §TS) | TWO.SYNC. | SYNG MODE
UNDERFLOW CHARACTER | CONTROL
STATUS WMODE {E/1 Syne)
{CTUF} CONTROL
{1 5ynef
2 §ynel
SYNCCODE | 1 | @ 1 i o7 0§ 0% i 03 Bz 1 og
TRANSMIT |1 | 0 1 1 n? o6 13 04 03 02 D1 Do
DATA FIFQ
% = DON'T EARE
Status Register RIE Bit 5 When “1”, ensables interrupt on
[RQ Bit 7 The 1R} flag is cleared when the scurce RDA (5 Bit 0).
of the IRQ is cleared, The sovree is de- TIE Bit 4 When “1", enables interrupt on
termined by the enables in the Control TDRA (S Bit 1).
Registers: TIE, RIE, EIE. Clear S8ync Bit 3 When “1”, clears receiver char-
Bits 6-0 indicate the S5DA status at a point in acter synchronization.
time, and can be reset as follows: Strip Sync Bit 2 When “1"", strips all sync codes
PE Bit 6 Read Rx Data FIFO, ora “1™ fram the received data stream.
into Rx Rs (C1 Bit 0). Tx Rs Bit 1 When “1", resets and inhibits the
Rx Ovin Bit 5 Read Status and then Rx Data transmitter section.
FIFO, or a “1” into Rx Rs (C1 Rx Re Bit 0 When “17, resets and inhibits the
Bit 0). receiver section.
TUF Bit 4 A “1” into CTUF (C3 Bit 3} or .
into Tx Rs {C1 Bit 1). Control Register 3 _
ora “1” into Tx Rs (C1 Bit 1) and IRQ if enabled.
DCD Bit 2 Read Status and then Rx Data ~ C'e8" CTS Pit 2 When "1 cleaxs CTS (S Bit 3),
FIFO or a “1” into Rx Rs (C1 and IRQ if enabled.
Bit 0) 1 Syne/2 Syne Bit 1 When “17, selects the one-sync-
TDRA Bit 1 Write into Tx Nata FIFQ. character mode; when 07, se-
: lects the two-sync-character
RDA Bit 0 Read Rx Data FIFO. mode.

Control Register 1
Bits 7, 6 Used to access other registers,

AC2, ACL

as shown above.

E/L Sync
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Bit 0

When "1, selects the external
sync mode; when “07, selects
the internal sync mode.




Control Register 2

EIE Bit 7 When *1", enables the PE, Rx
Ovm, TUR, CTS, and DCD in-
Lerrupt flags (S Bits 6 through 2).
When *1%, allows sync code
contents to be transferred on
underflow, and enables the TUF
Status bit and output. When “07,
an all mark character is trans-
mitted on underflow.

Bits 5-3 Word Length Select

Tx Sync Bit &

WS3, 2,1

BITS5 | BIT4 | BIT3
WS3 | ws2 | ws1

0 0 0

WORD LENGTH

6 BITS + EVEN PARITY
6 BITS+0DD PARITY
7BITS
8 BITS
7 BITS + EVEN PARITY
7BITS +0DD PARITY
8 BITS + EVEN PARITY
8 BITS+ 0DD PARITY

0
0
0
1
1
1
[

N =T = B R = |
L= L = B = B
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1-Byie/ Bit 2 When “1%, enables the TDRA
2-Byte and RDA bits to indicate when
a 1-byte transfer can occur;
when ‘0", the TDR A and RDA
bits indicate when a 2-byte
transfer can occur.
PC2,PC1  Bits 1-0 5M/DTR Output Control
BIT1 | BITD ——
PL2 PC1 SM/OTR OUTPUT ATPIN &
a 1 1
0 1 PULSE T~ L_1-BITWIDE ON SM
i 0 ]
1 1 SM INHIBITED, 0

Note: When the SSDA is used in applications
requiring the MSB of data to be recelved and
transmitted first, the data bus inputs to the
SSDA may be reversed (D0 to D7, ete.} Calition
must be used when this s dore since the bit
positions in this table will be reversed, and the
parity should not be selecled.

Interrupl. Request (IRQ) — Inlerrupt Request is a
TTL compatible, open-drain (nc internal pullup),
active low output that is used to interrupt the MPLL.

The Interrupt Request remains low until cleared by
the MPTI.

Reset Input — The Resct input provides a means of
resetting the 88DA from an extemal source. In the

low state, the Reset input causes the following:

1. Receiver Reset (BRx Rs) and Transmitter Reset
{Tx Rs) bits are sel cansing boih the receiver and
transmitter sections to be held in a reset condition.

2. Peripheral Control bits PC1 and PC2 are reset to
zero, causing the SM/DTR output to be high.

3. The Error Interrupt Enable (FIE) bit is reset.
4. An internal synchronization mode is selected.

5. The Transmitter Data Register Available (TDRA)
status bit is cleared and inhibited.

When Reset returns high (the inactivae state), the trans-
mitter and receiver sections will remain in the reset
state until the Receiver Reset and Transmitter Reset
bhits arc cleared via the bus under soltware conirol.
The control Register bits affected by Reset (Rx Rs,
Tx Rs, PC1, PC2, EIE, and E/I Sync) cannot be
changed when Heset is low,

Clock Inputs

Separate high impedance TTL compatible inputs are
provided for clocking of lransmitted and received data.

Transmit Clock {Tx Clk) — The Transmit Clock input
is used for the clocking of transmilted data. The trans-
mitter shifts data on the negative transition of the
clock.

Receive Clock (Rx Clk} — The Receive Clock input is
used for clocking in received dala. The clock and data
must be synchronized externally. The receiver samples
the data on the positive transition of the clock.

Serial Input/Output Lines

Receive Data (Rx Data) — The Receive Datalineisa
high impedance T'I'L eompatible input through which
data is received in a serial format. Data rates are from
0 to 600 kbps.

Transmit Data {Tx Data) — The Transmit Data output
line transfers serial data to a modem or other periph-
eral. Data rates are from 0 fo 600 kbps.

Peripharal/Modem Control

The S8DA includes several functions that permit
limited control of a peripheral or modem. The func-
tions included are Clear-1o-Send, Sync Match/Data
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Terminal Ready, Data Carrier Detect, and Transmitter
Underflow.

Clear-to-Send (CTS) — The CTS input provides a real-
time inhibit to the transmitter section (the Tx Data
FIFQ is not disturbed), A positive CTS transition resets
the Tx Shift Register and inhibits the TDRA status
hit and its associated interrupt in both the one-sync-
character and two-syne-character modes of operation.
TDRA is not affected by the CTS input in the extlernal
sync mode.

The positive transition of CTS is stored within the
SSDA to insure that its occurrence will be acknowl-
edged by the system. The stored CTS information
and its associated IRQ (if enabled} are cleared by
writing a “1”" in the Clear CTS bit in Control Register
3 or in the Transmitter Reset bit. The CTS status bit
subsequently follows the CTS input when it goes low.

The CTS input provides character timing for trans-
mitter dafta when in the external syne mode. Trans-
mission is initiated on the negative transition of the
first full positive clock pulse of the transmitter clock
{Tx Clk) after the release of CT% (see Figure 6).

Data Carrier Detect {DCD) - The DCD input provides
a real-time inhibit to the receiver section (the Rx FIFQ
is not disturbed). A positive DCD transition resets
and inhibits the receiver section except for the Receive
FIFO and the RDR A status bit and its associated IRQ.

The positive transition of DCD is stored within the
SSDA fo insure that its occurrence will be acknowl-
edged by the system. The stored DCD information
and its associated IRQ (if enabled) are cleared by read-
ing the Status Register and then the Receiver FIFQO,
or by writing a “1” into the Receiver Raset bit. The
DCD status bit subsequently follows the DCD input
when il goes low. The DCD input provides character
synchronization timing for the receiver during the ex-
ternal sync mode of operation. The receiver will be
initialized and data will be sampled on the positive
transition of the first full Receive Clock cycle after
release of DCD (see Figure 7).

Sync Match/Data Terminal Ready (SM/DTR) — The
SM/DTR output provides four functions (see Table 1)
depending on the state of the PC1 and PC2 control
bits. When the Syne Match mode is selected (PCL =
#17, PC2 = 0V, the output provides a ene-hit-wide
pulse when a sync code is detected. The SM ocutput is
inhibited when PC2 = “17. The DTR mode (PC1 = “O)
provides an ocufput level corresponding to the comple-
ment of PC2 (DTR = “0” when PC2 = “1”). {See
Table 1.}

Transmitter Underflow (TUF) — The Underflow out-
put indicates the occurrence of a transfer of a “fill
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character” to the Transmitter Shift Register when the
last location {(#3) in the Transmit Data FIFO isempty,
The Underflow output pulse is approximately a Tx
Cik high period wide and occurs during the last half
of the last bit of the characler preceding the “Under-
flow™ (see Figure 4}. The Underflow output does not
respond to underflow conditions when the Tx Sync
bit is in the reset state.

SSDA Registars

Seven registers in the SSDA can be accessed by means
of the bus. The registers are defined as read-only or
write-only according to the direction of information
flow. The Register Select input {RS) selects two regis-
ters in each state, one being read-only and the other
write-only. The Read /Write input (R/W)defines which
of the two selected registers will actually be accessed.
Four registers (two read-only and two write-only)
can be addressed via the bus at any particular time,
These registers and the required addressing are defined
in Table 1.

Control Register 1 (C1)

Conirol Register 1 is an 8-bit wrile-only register that
can be directly addressed from the data bus. Control
Register 1is addressed when RS= ‘0" and R/W = 0",

Receiver Reset (Rx Rs), C1 Bit 0 — The Receiver
Reset control! bit provides both a reset and inhibit
function to the receiver section. When Rx Rs is set, it
clears the receiver control logic, syne logie, error logic,
Rx Data FIFQ, Parity Error status bit, and DCD in-
terrupt. The Receiver Shift Register is set to ones.
The Rx s bit must be cleared after the occurrence of
a low level on Reset in order to cnable the receiver
section of the SSDA.

Transmitter Reset {Tx Rs), C1 Bit 1 — The Transmitfer
Reset control bit provides both a reset and inhibit to
the transmitter section. When Tx Rs is set, it clears
the transmitter control section, Transmitter Shift
Register, Tx Data FIFO (which can be reloaded after
one E elock pulse), the Transmitter Underflow status
bit, and the CTS interrupt, and inhibits the TDRA
status bit (in the one-syne-character and two-sync-
character modes), The Tx Rs bit must be cleared after
the oceurrence of a low level on Reset in order to
enable the transmitter section of the SSDA.

Strip Synchronization Characters (Strip Sync), C1
Bit 2 — If the Strip Sync bit is set, the SSDA will
automatically strip all received characters which maich
the contents of the Sync Code Register. The characters
used for synchronization (one or two characters of
sync) are always stripped from the received data stream.
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Clear Synchronization (Clear Syne), C1 Bit 3 — The
Clear Sync control bit provides the capability of
dropping receiver character synchronization and in-
hibiting resynchronization, The Clear Sync bit is set
to clear and inhibit receiver synchronization in ali
modes and is resct to zerc 1o enable resynchronization.

Transmitter Inlerrupt Enable (TIE), C1 Bil 4 — TIE
enables both the Tnterrupt Request output (TRQ) and
Interrupt Request status bit to indicate a transmitter
service request. When TI1E is set and the TDR A status
bit is high, the IR@ output will go low (the active
state} and the IRQ status bit will go high.

Receiver Interrupt Enable (RIE), C1 Bit 5 — RIE en-
ables hoth the Interrupt Request output (IR@) and
the Interrupt Reguest status bit to indicate a receiver
service request. When RIE is set and the RDA status
bit is high, the IRQ output will go low (the active
state) and the IRQ status bit will go high,

Address Control 1 {AC1) and Address Control 2
{AC2), CI Bits 6 and 7 — AC1 and AC2 selecl one of
the write-only registers — Control 2, Control 3, Sync
Code, or 'I'x Data FIFO — as shown in Table 1, when
RS = 41" and R/W = *0".

Conirol Register 2 (C2)

Control Register 2 is an 8-bit write-only register
which can be programmed from the bus when the
Address Control bits in Control Register 1 (AC1 and
AC2) are reset, RS =*1" and R/W = “0".

Peripheral Control 1 (PC1) and Peripheral Control 2
{PC2), C2 Bits 0 and 1 — Two contrel bits, PC1 and
PC2, determine the operating characteristics of the
Sync Match/DTR output. PC1, when high, selects
the Syne Match mode. PC2 provides the inhibit/enable
control for the SM/DTR output in the Sync Match
mode. A one-bit-wide pulse is generated at the output
when PC2 1s “0, and a match occurs between the
contents of the Sync Code Register and the incoming
data even if syne is inhibited (Clear Sync bit = *1").
The Sync Match pulse is referenced to the nepative
edge of Rx Clk pulse causing the match (see Figure 3).

The Data Terminal Ready (DTR) mode is selected
when PC1 is low. When PC2 = “1" the SM/DTR
output = “0" and vice versa. The operation of PC2
and PC1 is summarized in Table 1.

1-RByie/2-Byte Transfer (1-Byte/2-Byte), C2 Bit 2 —
When 1-Byte/2-Byte is set, the TDRA and BDA
status bits will indicaie the availability of their respec-
tive data FIFO registers for a single byte data transfer.
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Alternately, if 1-Byte/2-Byte is reset, the TDRA and
RDA siatus bits indicate when two bytes of data can
be moved without a second status read. An intervening
Enahble pulse must occur between data transfers.

Word Length Selects (W51, W52, W83), C2Bits 3,4, 5
— Word Length Select bits W81, W52, and W53 select
word length of 7, 8, or 9 bits including parity as shown
in Table 1.

Transmit Syne Code on Underflow (Tx Sync), C2 Bit
6 — When Tx Sync is sct, the transmitter will automat-
ically send a sync character when data is not available
for transmission. If Tx Sync is reset, the transmitter
will transmit a Mark character {including the parity
bit position) on underflow. When the underflow is de-
tected, a pulse approximately a Tx Clk high period
wide will occur on the underflow output if the Tx
Syne bit is set. Internal parity generation is inhibited
during underflow except for sync code fill character
transmission in 8-bit plus parity word lengths,

Error Interrupt Enable (EIE}, C2 Bit 7 — When EIE is

set, the TRQ status bit will go high and the IR out-
put will go low if:

1. A receiver overrun occurs. The interrupl is cleared
by reading the Status Register and reading the Rx
Data FIFO.

2. DCD input has gone to a “1”. The interrupt is
cleared by reading the Status Register and reading
the Bx Data FIFO.

3. A parity error exists for the character in the last
location (#3) of the Rx Data FIFO. The interrupt
is cleared hy reading the Rx Data FIFO.

4, The CTS input has gone to a “1”. The interrupt is
cleared by writing a 1" in the Clear CT'S bit, C3
bit 2, or by a TX Reset.

5. The transmitter has underflowed (in the Tx Sync
on Underflow mode). The interrupt is cleared by
writing a “1" into the Clear Underflow, C3 bit 3,
or Tx Reset.

When EIE is a “0”, the TR status bit and the IRQ

output are disabled for the above error conditions. A
low level on the Reset input resets EIE to <07,

Control Register 3 (C3)

Control Register 3 is a 4-bit wrile-only register which
can be programmed from the bus when RS = “1”" and
B{/W = “0" and Address Control bit AC1 = “1™ and
ATZ =407,
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External/lnternal Sync Mode Control (E/L Sync), €3
Bit 0 — When the E/I Sync Mode bit is high, the
S5DA is in the external syne mode and the receiver
synchronization logic is disabled. Synchronization
can be achieved by means of the DCD input or by
starting Rx Clk at the midpoint of data bit 0 of a
character with DCD low. Both the transmitter and
receiver sections operate as parallel — serial converters
in the External Sync mode, The Clear Sync bit in
Control Register 1 acts as a receiver sync inhibit when
high to provide a bus controllable inhibit, 'The Sync
Code Regisler can serve as a lransmitier [l character
register and a receiver match register in this mode, A
“low" on the Reset input resets the E/T Sync Mode
bit placing the 88D A in the intemal sync mode.

Omne-Syne-Character/Two-Syne-Character Mode Con-
trol (1 Syne/2 Syne), C3 Bit 1 — When the 1 Syne/
2 8ync bitis set, the 85D A will synchronize on a single
match hetween the received data and the contents of
the Syne Code Registcr. When the 1 Sync/2 Synce bit
isreset, two sueeessive sync characters must be received
prior to receiver synchronization. If the second sync
character is not detected, the bit by bit search resumes
from the first bit in the second character, See the des-
cription of the Syne Code Register for more details,

Clear CTS Status (Clear CTS), C3 Bit 2 — When a ©1"
is wrilten into the Clear CTS bit, the stored status
and intcrrupt are cleared. Subsequentily, the CTS
status bit reflects the state of the G185 input. The
Clear TTS control bit does not affeet the CTS input
nor its inhibit of the iransmitter section. 'The Clear
CTS command bit is sell-clearing, and writing a “0”
into this bit is a nonfunctional operation.

Clear Transmit Underflow Status (CTUF), C3 Bit 3 —
When a ““1” is written into the CTUF status bit, the
CTUF bit and its associated interrupt are reset, The
CTUF command bit is self-clearing and writing a 0"
into this bit is a nonfunctional operation.

Sync Code Register

The Sync Code Register is an 8-bit register for storing
the programmable sync code required for received data
character synchronization in the one-syne-character
and two-sync-character modes. The Sync Code Regis-
ter also provides for stripping the syne/fill characters
frotm the reccived data (a programmahble option) as
well as automatic insertion of fill characters in the
transmitted data stream. The Sync Code Register is
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not utilized for receiver character synchronization in
the external sync mode; however, il provides storage
of receiver match and transmit fill characters.

The Syne¢ Code Register can be loaded when ACZ and
AC1 are a 1" and *'0", respectively, and R/W = “0Q"
and RS - “17,

The Sync Code Register may be changed after the de-
tection of a match with the received data (the first
sync code having been detecied) to synchronize with
a double-word sync pattern. (This sync code change
must occur prior to the completion of the second
character.) The sync match (SM) cutput can be used
to interrupt the MPU system to indicate that the first
eight bits have matched, The service routine would
then change the syncmatch register to the second half
of the pattern. Alternafely, the one-syne-character
maode can be used for sync codes for 16 or more bits
by using software to check the second and subseguent
byties alter reading them [rom the FIFO.

The detection of the sync code can be programmed
to appear on the Sync Match/DTR output by writing
a “1” in PC1 (C2 bit 0) and a “0” in PC2 (C2 bit 1).
The Sync Match output will go high for one hit time
beginning at the character interface between the sync
code and the next character (see Figure 3),

Receive Data First-In First-Out Register (Rx Data
FIFO)

The Receive Daia FIFO Register consists of three
8-hit registers which are used for buffer storage of re-
ceived data. Each B-bit register has an internal status
bit which monitors its full or empty condition. Data
is always transferred from a full register to an adjacent
emply register. The iransfer from register to register
occurs on E pulses. The RDA status bit will be high
when data is awvailable in the last location of the Rx
Dala FIFO.

In an Owverrun condition, the overrunning character
will be transferred inte the full first stage of the FIFQ
register and will cause the loss of that data character,
Bucceszsive overruns continue to overwrite the first
register of the FIFO, This destruction of data is in-
dicated by means of the Overrun status bhit. The Over-
run hit will be set when the overrun occurs and
remains set until the Status Register is read, followed
by a read of the Rx Data FIFO.

Unused data bits for short word lengths (including the
parity bhit} will appear as “0”%s on the data bus when
the Rx Data FIFO is read,
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Transmit Data First-In First-Out Register (Tx Data
FIFQ)

The Transmit Data FIFO Register consists of three
8-bit registers which are used for buffer storage of
data to be transmitted. Each 8-bit register has an in-
ternal status bit which monitors its full or empty con-
dition, Data is always transferred from a full register
to an adjacent empty register. The transfer is clocked
by E pulses.

The TDRA status bit will be high if the Tx Data FIFQ
is available for data.

Unused data bits for short word lengths will be han-
dled as “don’t cares’’. The parity bit is not transferred
over the data bus since the 88DA generates parity at
transmission.

When an Underflow occurs, the Underflow character
will be either the contents of the Syne Code Register
or an all “1”’s character. The underflow will be stored
in the Status Register until cleared and will appear on
the Underflow putput as a pulse approximately a Tx
Clk high period wide.

Statis Register

The Status Repister is an 8-bit read-only register
which provides the real-time status of the S5DA and
the associated serial data channel. Reading the Siatus
Register is a non-destructive process, The method of
clearing status bits depends upon the function each bit
represents and is discussed for each bit in the register.

Receiver Data Available (RDA}, 8 Bit 0 — The Re-
ceiver Data Available status bit indicates when receiver
data can be read from the Rx DPata FIFQ. The receiver
data being present in the last register (#3) of the
FIFQ causes RDA to be high for the 1-byte transfer
mode, The RDA bit being high indicates that the last
two registers (#2 and #3) are full when in the 2-byte
transfer mode. The second character can be read wiih-
out a second status read (to determine that the char-
acter is available). An E pulse must occur between
reads of the Rx Data FIFO to allow the FIFO 1o shift.
Status must be read on a word-by-word basis if re-
celver data error checking is important. The RDA status
bit is reset automatically when data is not available.

Transmitter Nata Register Available (TDRA), $Bit1—
The TDRA status bit indicates that data can be loaded
intg the Tx Data FIFQ Register. The first register
{(#1) of the Tx Data FIFO being empty will be in-
dicated by a high level in the TDRA status bit in the
1-byte transfer mode. The first two registers (#1 and
#2) must be empty for TDRA to be high when in the
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2-byte iransfer mode. The Tx Data FIFO can he

loaded with two bytes without an intervening status

read ; however, one E pulse must occur between loads.
TDRA is inhibited by the Tx Reset or Reset. When
Tx Reset is set, the Tx Data FIFO is cleared and then
released on the next E clock pulse. The Tx Data
FIFQO can then be loaded with up to three characters
of data, even though TDRA js inhibited. This feature
allows preloading data prior to the release of Tx Reset.
A high level on the CTS input inhibits the TDRA
status bit in either syne mode of operation {one-synec-
character or two-sync-character). CTS does not affect
TDRA in the external sync mode, This enables the
98D A to operate under the control of the CTS input
with TDRA indicating the status of the Tx Data
FIFQO. The CTS input does not clear the Tx Data
FIFO in any operating mode,

Data Camrier Detect (DCD), 8 Bit 2 — A positive tran-
sition on the DCD input is stored in the SSDA until
cleared by reading both Status and Rx Data FIFQ,
A “1" written into Rx Rs also clears the stored DCD
status. The DCD status bit, when set, indicates that
the DCD input has gone high. The reading of both
Status and Receive Data FIFO allows Bil 2 of subse-
guent Status reads to indicate the state of the DCD
input until the next positive transition.

Clear-to-Send (CT8), § Bit 3 — A positive transition
on the C'TS input is stored in the SSDA until cleared
by writing a *“1” into the Clear CTS control bit or the
Tx Rs bit. The CTS status bit, when set, indicates
that the CTS input has gone high. The Clear CTS com-
mand {a “1” into C3 Bit 2) allows Bit 3 of subsequent
Status reads to indicate the state of the CTS input
until the next positive transition.

Transmitter Underflow {TUF), § Bit 4 — When data is
not available for the transmitter, an underflow occurs
and iz so indicated in the Status Register {in the Tx
Sync on underflow mode). The underflow status bit
is cleared by writing a “1” into the Clear Underfllow
(CTUTF) control bit or the Tx Rs bit. TUF indicates
that a sync character will be transmitted as the next
character. A TUF is indicated on the outpuf only
when the contents of the Sync Code Register is to be
transferred (fransmit syne code on underflow = *“17).

Receiver Overrun (Rx Owrn), 8 Bit 5 — Overrun indi-
cates data has been received when the Rx Data FIFO
ig full, resulting in data loss. The Bx Ovim status bit
is set when Overrun occurs. The Rx Ovin status bit
is cleared by reading Status followed by reading the
Rx Data FIFO or by setting the Rx Rs control hit.
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Receiver Parity Eiror (PE), § Bit 6 — The parity error
status bit indicates that parity for the character in the
last register of the Rx Dala FIFO did nol agree wilh
selected parity. The parity error is cleared when the
character to which it pertains is vead from the Rx Data
FIFO or when Rx Rs occurs. The DCD input does
not clear the Parity Error or Rx Data FIFO status bits.
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Interrupt Request (IRQ), S Bit 7 — The Interrupt Re-
quest stalus bit indicates when the IRQ output is in
the active state (IRQ output = “0”"). The IRQ status
bit, is subject to the same interrupt enables (RIE, TIE,
and EIR) as the TRG output. The IRQ status bit sim-
plifies status inquiries for polling systems by providing
single bit indication of service requests.
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ADVANCED PRODUCT DESCRIPTION

$6854/S68A54

AMI

Features

[ 86800 Compatible

O Protocol Features

00 Automatic Flag Detection and
Svnchronization

O Zero Insertion and Deletion

LI Exiendable Address, Control and Logical
Control Fields (Optional}

M Variable Word Length Info Field —5,6, 7,
or R-bits

O Automatic Frame Check Sequence Genera-
tion and Check

0 Abort Detection and Transmission

O Idle Detection and Transmission

Loop Mode Operation

Loop Back Self-Test Mode

NRZ/NRZI Modes

oo

ADVANCED DATA
LINK CONTROLLER

Quad Data Buffers for Each Rx and Tx
Prioxitized Status Register (Optional)
MODEM/DMA/Loop Interface
MIL-STD-883, Class Band C Devices Available

ooor

General Description

The $68564 ADLC performs the complex MPU/data
communication link function for the “Advanced Data
Communication Contrel Procedure™ (ADCCP), High
Level Data Link Control {HDLC) and Synchronous
Data Link Control (SDLC) standards. The ADLC pro-
vides key interface requirements wilth improved soft-
ware efficiency. The ADLC is designed to provide the
data communications interface for both primary and
secondary stations in stand-alone, polling, and loop
configurations.
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S56854/S68A54

Absolute Maximum Ratings*

BUDPLY VO a8 . v it it it et e e e e e -3V to +7.0V
LU VOl tEE o vt vttt it ettt e e e e e i e s -0.3V to +7.0V
Operating Temperature Range .. ... ... i iiin e N G"C 1o +70°C
Industrial Temperature Range . ... ... ittt ittt im e iea e -40°C to +85"C
Military Temperature Range ... ... .. ..t it s s -55"Cto +125°C
Storage Temperature RANge ... ... .ttt e e -55°C ta +150°C
Thermal Resistance L. o vt et it ittt o e e e +70°C/W

*This device contains cireuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is
advised that normal precavtions be taken to aveid application of any voltage higher than maximum rated voltages to this high-
impedance circuit.

Elactrical Characteristics (Vge = 5.0V £ 5%, Vg = 0, Ty = 0°C to70° C unless otherwise noted.)

Symbol | Parameter Min. Typ. Max. Unit Caonditions
Vi Input High Voltage Vgg +2.0 Vde
Vi Input Low Voltage Vag+0.8 Vdc
Iy Input Leakage Current 1.0 2.5 pAde Vm=0to 5.25Vde
All Inputs Except DO — D7
Ipgg Three-State (Off State) 2.0 10 nAde V=04 to 2.4Vde
Input Current Voo = 5.25Vde
D3 — DY
Vorr Output High Voltage Vde
DO — D7 Vgg+2.4 Inoap =-205uAde
All Others Vgs+2.4 ILoap =—-100uAde
VoL QOutput Low Vollage . Vgg+0.4 Vde ILpap=1.6mAde
Iron | Output Leakage Current 1.0 10 pAde Vop =24Vde
{Off State) IR
Pn Power Dissipation 850 mW
Cmy Capacitance pF Vin =0, Ty =25°C,
DO — D7 12_5 f = IOIVIHA
Al Other Inputs 7.5
CouT pF
IRQ 5.0
Al] Others 10
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SHR54 568 AGL
Symbol Parameter Min. Max. Min. Max. Unit Conditions
PWe1, | Minimum Clock Pulse Width, Low 700 450 ns
_PWcp | Minimum Clock Pulse Width, High_ | 700 450 s
fe Clock Frequency o ) o 0.66 1.0 MHz
tRDSIT { Receive Data Selup Time a 250 200 ns
tRDII Receive Data Hold Time . 120 h 100 ns |
LRTS Regquest-to-Send Delay Time G54 4H0 ns
tTOD Clock-to-Data Dielay for Transmilter 460 320 ns
N tiaD Flag Detect Delay Time 680 460 ns
.___t_UlH DTR Delay Tim_e_ . ) | _680 o 460 | n8
Lok Loop On-Line Control Delay Time 680 460 ns
"irper | RDSR Delay Time 540 400 ns
“tTosr | TDSR Delay Time 540 400 ns
LR Interrupt Request Release Time i 1.2 0.8 Hs
TiRES | Reset Minimum Pulse Width 1.0 h 0.85 s
ty tr Input Rise and Fall Times 1.0% 1.0% s 0.8V io 2.0V
Except Enable

*1.0p8 or 10% of the pulse width, whichever is smalley.

Bus Timing Characteristics (Vo = 5.0V £ 5%, Vgg =0, Ty = 0°C to +70°C unless otherwise noted.)
Read

56854 368 A54

Symhbal Parametex Min, Max. Min. Max. Uit

toye Enable Cycle Time 1.0 0.666 Hs

PWeH | Enahle Pulse Width, High - 045 0.28 us
_PWgy, | Ensble Pulse Width, Low o - 043 | o028 _ s

tag Setup Time, Address and R/W Valid to Enable 160 | 140 ns

positive transition

DR Data Delay Time 320 220 ns

ty Data Hold Time 16 10 ns

lag Address Hold Time 14 10 . ns

ter, tRC Rise and Fall Time for Enable input 25 25 ns
Write

WYeE Enable Cycle Time 1.0 0.666 s

PWup Enable Pulse Width, High 0.45 0.28 s
" PWEL Enable Puiss Width, Low ' 043 T 7 T 028 Hs

tas Setup Time, Address and R/W Valid to Enable 180 140 ns

positive transition ] . ] .

tpaw Data Setup Time . T o1es | 80 ns

ty Data Iold Time 10 10 ns
TaAH Address Hold Time - - 10 10 ns
- tEn tRe Riar and Fall Time for Enable input 25 6 ns
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Figure 1. Bus Timing Test Loads
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Figure 3. Transmit Data Output Delay and Request to Send Delay Timing
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Frame Format

The ADLC transmits and receives data (information
or control) in a format called a frame. Al frames start
with an opening flag {F) and end with a closing flag

$6854/S68A54

(F). Between the opening flag and closing [lag, a
{rame conlains an address [leld, control field, informa-
tion field, and frame check sequence field.

Figure 6, Data Format of a Frame

*EXTENDABLE {OPTIONAL)

— . A FRAME ';i

01111110 8-BITS 8-BITS 8BITS | VARIABLE 16-8IT 21111110

PERBYTE | PEREYTE | PERBYTE = LENGTH

{5 — 8]

|
{OPENING) ADDRESS*  CONTROL* LOGICAL CONTROL FRAME CHECK  {CLOSING!
FLAG FIELD FIELD SUB-FIELD [OPTIONAL) SEQUENCE FLAG
FIELA

«—MFORMATION FIELD

Flag (F} — The flag is the unigque binary pattern
(01111110). It provides the frame boundary and a
reference for the position of each field of the frame.

The ADLC transmitier generates a flag pattern inter-
nally and the opening flag and closing flags are append-
ed to a frame automatically. Two successive frames
can share one flag for a closing flag of the first frame
and for the opening [ag ol ithe next frame, if the
“FF/F” control bit in the control register is reset.

The receiver searches for a flag on a bit by bit basis
and recognizes a flag al anv time. The receiver estab-
lishes the frame synchronijzation with every flag, The
flags mark the frame boundary and reference for each
field but they are not transferred to the Rx FIFQ,
The detection of a flag is indicated by the Flag Detect
cutput and by a slatus bit in the status register.

Order of Bit Transmission — Address, control and
information field bytes are transferred hetween the
MPLJ and the ADLC in parallel by means of the data
bus. The bit on DO (data bus hit 0, pin 22) is serially
iransmitted first, and the first serially received hit is
transferred to the MPU on D{. The FCS ficld is
transmitted and receives MSB first.

Address (A) Field — The 8 bits following the opening
flag are the address (A) field. The A-field can be
extendable if the Auto-Address Extend Mode is
selected in control register #3. In the Address Extend
Mode, the first bit (bit 0) in every address octet
becomes the extend control hit. When the bit is
“0", the ADLC assumes another address octet will
follow, and when the bit is 1, the address exten-
sion is terminated. A “oull” address (all “0%") does
not extend. In the receiver, the Address Present status

bit distinguishes Lhe address lield from other fields.
When an address byte is available to be read in the
receive FIFO register, the Address Present status bit
is set and causes an interrupt (if enabled). The Address
Present bit is set for every address octet when the
Address Extend Mode is used.

Control {C} Field — The & bits following the address
field is the control (link control) field. When the
Extended Control kield bit in control register =3 is
sefected, the C-field is extended to 16 bits.

Information (1) Field — The I-ield follows the C-field
and precedes the FCS field, The Ifield contains
“data”™ ta be fransforred but is not always necessarily
contained in every frame. The word length of the I-
field can be selected from 5 to 8 bits per byte by
control bits in control register #4. The I-field will
conlinue until it is Lerminaled by the FCS and closing
flag. The receiver has the capahility to handle a
“partial** lust byte. The last informaticn byte can be
any word length belwecen 1 and 8 bits. If the last
byte in the I-field is less than the selected word length,
the receiver will right justify the received bits, fill the
remaining bils of the receiver shift register wilh zeros,
and transfer a full byte to the Rx FIFQO. Regardless
of selected byte length, the ADLC will transfer 8
bits of data to the data bus. Unused bits for word
lengths of 5, 8, and 7 will be zeroed.

Logical Control (LC) Field — When the T.ogical
control TField Select bit in control register #3 is
selected, the ADLC separates the 1-field into two sub-
fields. The first sub-field is the Logical Control field
and the following sub-field is the “data’ portion of
the Ifield. The logical control field iz 8 bits and
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follows the C-field, which is extendable by octets, if

it is selected. The last bit (bit 7) is the extend control

bit, and if it is a “1", the LC-field is extended one
ortet.

Note: Hereafter the word ‘“‘Information Field” or
“I-field” is used as the dala portion of the infor-
mation field, and excludes the logical conirof
field. This is done in order lo keep the consisi-
ency of the meaning of “Informetion Field”
as specified in SDLC, HDILC, end ADCCP standards.

Frame Check Sequence (FCS) Field — The 16 hits
preceding the closing flag is the FCS field. The FCS
is the *“‘cyclic redundancy check character (CRCC)".
The poly-nomial x'° + x!2 + x7 +1 is used both for
the transmitter and receiver. Both the transmitter
and receiver poly-nominal registers are initialized to
all “1™s prior to calculation of the FCS. The trans-
mitter calculates the FCS on all bits of the address,
control, logical control {if selected), and information
fields, and transmits the complement of the result-
ing remainder as FCS. The receiver performs the
similar computation on all bits of the address, control,
logical control {if selected}, infermation, and received
FCS fields and compares the resuli to FOB8 {Hexa-
decimal). When the result matches FOB8, the Frame
Valid status bit is set in the status register. If the
resull does not match, the Error stalus bit is set, The
FCS generation, transmission, and checking are per-
formed antomatically by the ADLC iransmitter and
receiver. The FCS field is not transferred to the Rx
FIFO.

Invalid Frame — Any valid frames should have at
least the A-field, C-field and FCS field between the
opening flag and the closing flag. When invalid frames
are received, the ADLC handles them as follows:

1) A short frame which has less than 25 hits be-
tween flags — The ADLC ignores the short
{frame and its reception is not reporied to the
MPU. -

2} A frame less than 32 bits between the flags, or
a frame 32 bits or more with an extended A-
field or C-ield that is not completed. — This
frame is transferred into the HRx FIFQ. The
FCS/IF Error stutus bit indicatés the reception
of the invalid frame at the end of the frame.

3) Aborted Frame— The frame which iz aborted
by receiving an abort or DCD failure is also an
invalidd frame. Refer to “Abort” and “DCD
status bit.” '
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Zero Insertion and Zero Deletion — The Zero inser-
tion and deletion, which allows the content of the
frame to be transparent, are performed by the ADLC
automatically. A bhinary 0 is inserted by the trans-
mitter after any succession of b 1's within a frame
(A, C, LC, 1, and FCS§ field}. The receiver deletes a

binary 0 that follows successive & continuous 1’s
within a frame.

Abort — The function of prematurely terminating a
data link is called “aboxt™. The transmitter aborts a
frame by sending at least 8 consecutive 1’s immedi-
ately after the Tx Abort control bit in control regisier
#4 is sel Lo a “1”. (Tx FIFO is also cleared by the
Tx Abort cantral bit at the same time.} The abort
can he sxtended up to (at least) 16 consecutive 1's,
if the Abort Extend control bit in the control register
#4 js set when an abort is sent. This feature is useful
to force mark idle transmission. Receplion of 7 or
more consecutive 1’s is interpreted as an abort by the
receiver, The receiver responds to a received abort as
follows:

1} An abort in an “out of frame’ condition — An
abort during the idle or time fill has no meaning.
The abort reception iz indicated in the status
register as long as the abort condition continues;
but neither an interrupt nor a stored condition
occurs, The abort indication is suppressed after
15 or more consecutive 1's are received {Re-
ceived Idle status is set).

2) An abort “in frame” after less than 26 bifs are
received after an opening flag — Under this
condition, any field of the aborted frame has
not transferred to the MPU yet. The ADLC
clears the aborted frame data in the FIFQ and
clears flag synchronization. Neither an interrupt
nor a stored status occurs, The status indica-
tion is the same as (1) above.

3} An abhort “in frame” after 26 bits or more are
received after an opening flag — Under this
condition, some fields of the aborted frame
might have been transferred onto the data bus.
The abort status is stored in the receiver status
register and the data of the aborted frame in
the ADLC is cleated. The synchronization is
also cleared,

Idle and Time Fill — When the transmitter is in an
“out of frame"” condition (the transmitter is not
transmitting a frame), it is in an idle state. Either a
series of contiguous flags (time fill) or a mark idle
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(censccutive 1’s on a bit by bit basis) is selected for
the transmission in an idle state by the Flag/Mark Idle
centrel hit. When the receiver receives 15 or more
consecutive 1°s, the Receive Idle status bit is set and
causes an interrupt. The flags and mark idle are not
transferred to the Rx FIFQ.

Qperation

Initialization — During a power-cn sequence, the
ADLC is reset via the RESET input and internally
latched in a reset condition to prevent erroneous out-
put transitions, The four control registers must be
programmed prior to the release of the resel condi-
tion. The release of the reset condition is performed
via software by writing a “0” into the Rx RS control
bit (receiver) and/or Tx RS control hit (transmitter).
The release of the reset condition must be done after
the RESET input has gone high.

At any time during cperaticn, writing a “1” into the
Ex RS control bit or TX RS contrcl causes the reset
vondition of the receiver or the trunsmitter.

Transmitter Operation —The Tx FIFO register cannot
be pre-loaded when the transmitter is in a reset state,
After the reset release, the Flag/Mark Idle control bil
selects either the mark idle state (inactive idle) or the
Flag “time fill’ {active idle) state.This active or in-
active mark idle state will continue until data is
loaded into the Tx FIFO.

The availabilily of the Tx FIFO is indicated by the
TDRA status bit under the control of the 2-Bytef
1-Byte contrel bit. TDRA status is inhibited by the
Tx RS bit or CTS input being high, When the 1-Byte
mode is sclected, one byte of the FIFO is available
for data transfer when TDRA goes high. When the
2-Byte mode is selected, two successive byfes can be
transferred when TDRA goes high.

The first byte (Address field) should he written into
the Tx FIFQO at the “Frame Continue” address. Then
the transmission of a frame automatically starts. If
the transmitter is in a mark idle stale, the transfer of
an address causes an opening flag within two or three
transmitter clock cycles. If the transmitter has been
in a time fill state, the current time fili flag baing
transmitted is assumed as an opening flag and the
address field will follow it.

A frame continues as long as dafa is written into the
Tx FIFO at the “Frame Continue” address. The
ADLC internally keeps track of the field sequence in
the frame. The frame’ format is described in the
“FRAME FORMAT" secticn.
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The frame is terminated by one of two methods.
The most eificient way to terminate the frames from
a software standpeoint is to write the last data charac-
ter into the 'Pransmit FIFQ “Frame Terminale™
address (BRSI1, RSO = 11) rather than ihc Transmit
FIFO “Frame Coutinue’ address (RS1, RS0 = 10).
An afternate method is to fellow the last write of
data in the Tx FIFQ “Frame Continue’ address wilh
lhe setting of the Transmit Last Data control bit,
Either method causes the last character to he trans-
mitted and the FCS field to automatically be append-
ed along with a closing flag. Data for a new frame
can be loaded inlo the Tx FIFQ immediatcly after
the old frame data, il TDRA is high. The closing Flag
can serve as the opening Flag of the next frame or
separate opening and closing Flags may be irans-
mitted. If a2 new frame is not ready to he transmitted,
the ADLC will automatically transmit the Active
{Flag) or Inactive (Mark) Idle condition.

If the Tx FIFO becomes empty al any tirne during
tframe transmission (the FIFO has no data to transfer
into transmitter shift register during transmission of
the last hall of the next Lo last bil of a word), an
undernun will cecur and the transmitter automati-
cally terminates the frame by transmitting an abort.
The underrun state is indicated by the Tx Underrun
status bit.

Any time the Tx ABORT Control bit is set, the
transmitter immediately aboris the {rame (trans-
mits at least 8 consecutive 1°s) and clears the Tx
FIFQ. If the abort Extend Control bit is set at the
time, an idle (at least 16 consecutive 1's) is trans-
mitted. An abord or idle in an “out of frame™ condi-
tion can be useful to gain 8 or 16 bits of delay. (For
an example, see “Programming Considerations.’’)

The CTS (Clear-To-Send} input and RTS (Request-
To-Send ) outpul are provided for a MODEM or other
hardwarc interface,

The TDRA/FC stalus bit {when selccted to be Frame
Complete Status) ¢an cause an interrupt upon frame
completion {i.e., a flag or abort completion),

Details regarding the inputs and outputs, status bits,
control bits, and FIFQO operation are described in
their respective sections,

Receiver Operation — Data and a pre-synchronized
clock are provided to the ADLC receiver section by
means of the Receive Data (RxD) and Receive Clock
{RxC} inputs, The data is a continuous stream of
binary bits with the characteristic that a maximum of
five “1%* can oceur in succession unless Abort, Flag,
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Figure 7A. ADLC Transmitter State Diagram
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Operation {Continued)

or Idling condition occurs. The receiver continuously
(an a bit-by-bit basis) searches for Flags and Aborts.

When a flag is detected, the receiver establishes frame
gynchronization to the flag timing. If a series of flags
is received, the receiver resynchronizes to each flag,

If the frame is terminated before the internal buffer
time expires (the [rame data is less than 25 bits after
an opening flag), the frame is simply ignored. Noise
on the data input {RxD} during time fill can cause
this kind of invalid frame,

Once synchronization has been achieved and the
internal buffer time (24 bit times) expires data will
automatically transfer to the Rx Data FIFO. The Rx
Data FIFO is clocked by E to cause received data to
maove through the FIFO ito ihe last emply regisier
location. The Receciver Data Available status bit
(RDA) indicates when data is present in the last
register (Repg. #3) for the 1 Byte Transfer Mode. The
2 Byie Transfer Mode causes the RDA status bit to
indicate dala is available when the last two FIFO
register locations (Reg. #2 and #3) are full. If the
data character present in the FIFQO i3 an address octet
the status register will exhibit an Address Present
stalus condition. Data being available in the Rx Data
FIFO causes an interrupt to be initialed (assuming
the receiver interrupt is enabled, RIE = *1"}. The
MPU wili read the ADLC Status Register as a result of
the interrupt or in its turn in a polling sequence. RDA
or Address Present will indicate that recciver data is
available and the MFUJ should subsequently read the
Rx Data FIVO register. The interrupt and status bit
will then be resct automatically, II more than one
character had been received and was resident in the
Rx Data FIFO, subsequent E clocks will cause the
FIFO tc update and the RDA status bit and interrupt
will again be SET. In the two byte transfer mode
both data bytes may be read on consecutive E cycles.
Address Present provides for 1 byte transfers only.

The sequence of each field in the received frame is
automatically handled by the ADLC. The frame for-
mat is described in the “FRAME FORMAT" section.

When a closing flag isreceived, the frame is terminated.
The 16 bits preceding the closing flag are regarded as
the FCS and are not transferred to the MPU. What-
ever dala is present in the most significant byte por-
tion ol the receiver bufler register is right justified
and transferred to the Rx FIFQO. The frame boundary
pointer, which is explained in the “Rx FIFO REGIS-
TER™ section, is set simultaneously in the Bx FIFO.
The frame boundary pointer sets the Frame Valid
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status bit (when the frame was completed with no
error) or the FCS/IF Error Status bit {when the frame
was completed with error) when the last byie of the
frame appears at the last location of the Rx FIFQ.
As long as the Frame Valid or FCS/IF Error status bit
is set, the data (ransfer from the second localion of
the Rx FIFQ to the last location of the Rx FIFO is
inhibited.

Any time the Frame Discontinue control bit is set,
the ADLC discards the current frame data in the
ANLC without dropping flag synchronization. This
feature can be used to ignore a frame which is addressed
to another station.

The receplion of an abort or idle is explained in the
“FRAME FORMAT" seclion. The details regarding
the inputs, outputs, status bits, control bits, and Rx
FIFO operation are described in their respective
sections.

Laop Mode Operation — The ADLC in the loop mode
not only performs the transmission and receiving of
data frames in Lthe manner previously described but
also has additional features for gaining and relinguish-
ing loop control, In Figure 8a, a2 configuration is
shown which depicts loop mode operation. The
systern configuration shows a primary stalion and
several secondary stations. The loop is always under
control of the primary station, When the primary
wants 1o receive data, it transmits a Poll sequence and
allows frame transmission to secondary stations on
the loop. Each secondary is in series and adds one bit
of delay fo the loop. Secondary A in the figure
receives data from the primary via its Rx Data Input,
delays the data 1 bit, and transmits it to secondary B
via its Tx Data Output. Secondaries B, C, and D oper-
ate in a similar manner. Therefore, data passes through
each secondary and is received back by the primary
controller.

Certain protocol rules must be followed in the manver
by which the secondary station places itself on-loop
(connects its transmitter output to the loop), goes
active on the loop (starts transmitting its cwn stations’
data on the loop), and goes off the loop (disconnects
its transmitter output), Otherwise loop data to other
stations down loop would be interfered. The data
stream always flows the same way and the order in
which secondary terminals are serviced is determined
by the hardware configuration. The primary controlicr
times the delay through the loop. Should it exceed
n + 1 bit times, where o is the number of secondary
terminals on the loop, it will indicate a loop failure,
Conlrol is transferred to a secondary by transmitting

3.133




S6854/568A54

Figure 84, Typical Loop Configuration
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a “Go Ahead” signal following the closing Flag of a
polling frame (request for a response from the secon-
dary) from the primary station. The “Go Ahead™
from the primary is a “0” and 7 “1%” followed by
mark idling. The primary can abort its rcsponse
request by interrupting its idle with flags. The secon-
dary should immediately stop transmission and return
control back to the primary. When the secondary
completes its frame, a closing flag is transmitted
followed by all “1”s. The primary detects the final
01111111 . . . (*Go Ahead” to the primary) and
control is given back to the primary. Note that, if a
down-loop secondary (e.g., station D) needs to insert

information following an up-loop station (e.g., station
A}, the go ahead to station D is the last 0" of the
clusing flag from station A followed by “1's".

The ADLC in the primary station should operate in a
non-icop, full duplex mode. The ADLC in the secon-
daries should operate in a loop mode, monitoring up-
loop data on its receiver data input. The ADLC can
recognize the necessary sequences in the data stream
to automatically go onjoff the loop and to insert its
own station data. The procedure is the following and
is summarized in Table 1.
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Table 1. Summary of Loop Mode Operation
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LoaP
STATE RX SECTION TX SECTION STATUSBIT
OFF-LOOP | Rx section recejves data fram loop and ssarches for Inattive "
7 "¥'s"” lwhen On-Loop Control bit set) to go ON- 1) NAZ MQDE
LOQP. Tx data autput is maintained “high™ {mark).
ZINRZI MODE
Tx data output reflects the Rx dara input state
delayed by one bit time. {Not ngrmallyconnected
to logp.} The NR2I data is internally deceded
to provide error-free transitions to On-Loop
maode.
OMN-LOQP | 1} When Go-Active on poll bit is set, Bx section Inactive "
searches far 011171111 pattern {the EQP or ‘Go 1) NRZ MODE
Ahead’) to become the active terminal on the Tx data output reflects Rx data input state
loop. delayed one bit time.
2} When On-Loop control bit is reset, Bx section 2YNRZI MQDE
searches af § "1's™ to gn OFF-LOODP. Tx data outpul reflects Rx date mput state
delayed 2 hit fimes. J
ACTIVE Rx section searches for flag {an interrupt fram the Tx data originates within ADLC until Go Active on g
loop controller) at Rx data input. Received flag Pall bit is reset and a flag or Abort is completed.
causes FD output te go low. IRQ is generated it Then returns to ON-LOOP state.
HTE and FDSE control bits are sel.

(1) Go On-loop — when the ADLC powers up, the
terminal station will be off line. The first task is to
become an active terminal on the loop. The ADLC
must be connected to a Loop Link via an external
switeli as shown in Figure 8b, After hardware reset,
the ADLC LOG/DTR Output will be in the high state
and the up-loop receive data repeated through gate A
to the down Loop stations. Any Up-Loop transmis-
sion will be received by the ADLC. The Loop/
Non-Loop Mode Control bit {bit 5in Control Register
3) must be sct to place the ADLC in the Loop Mode.
The ADLC now monitors its Rx Data input for a
string of seven consecutive “1’'s™ which will allow a
station to go on line. The Loop operation may be
monitored by use of the Loop Status hit in Status
Register 1. After power up and reset, this bit is a
zero. When seven consecutive ones are received by the
ADLC the LOC/DTR ocutput will go to a low level,
disubling gate A (refer to Figure 8b), enabling gate B
and connecting the ADLC Tx Data output to the
down Loop stations. The up Loop data is now
repeated to the down Loop stations via the ADLC. A
one bit delay is inserted in the data (in NRZI mode,
there will be a 2 bit delay) as it circulates through the
ADLC. The ADLC is now on-line and the Loop
Status bit in Status Register 1 will he at a one,

(2) Go Active after Poll — The receiver section will
monitor the up link data for a general or addressed
poll command and the Tx FIFO should be loaded
wilh data so that when the go-abhead sequence of a
zero followed by seven ones (01111111 ) is detee-
ted, transmission can be initiated immediately. When
the polling frame is detected, the Go-Active-On-Poll
control bit must be set (bit 6 in Control Register 3).
A minimum of seven bit times are available to sel this
control bit after the closing flag of the poll. When the
Go-Ahead is detected by Lhe receiver, the ADLC will
automatically change the seventh one to a zero so
that repeated sequence out gate B in Figure 8b is now
opening flag sequence (31111110). Transmission now
continues from the Tx FIFQ with data {address,
control, ete.) as previously described. When the ADLC
has gone active-on-poll, the Loop Status bif in Status
Register 1 will go to a zero. The receiver searches for
a flag, which indicates thai the primary station is
inlerrupting Lhe curreni operalion.

(3) Go Inactive when On-Loap — The Go-Active-On
Poll control bit may be RESET at any lime during
transmission. When lhe frame is complete (the clos-
ing Flag or aborl is transmitted), the Loop is auto-
matically released and the station reverts hack to being
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just a one bit delay in the Loop, repeating up link
data. If the Go-Active-On-Poll control bit is not reset
by software and the final frame is transmitted (Flagf
Mark Idle bit = 0), then the transmitter will mark idle
and will not release the loop to upleoop data. A Tx
Abort command would have to be used in this case in
order to go inactive when on the loop. Also, if the Tx
FIFO was not preloaded with dala (address, control,
etc.) prior o changing the *Go Ahead Character” to
a Flag, the ADLC will either transmit flags (active idle
character} until data is loaded (when Flag/Mark Idle
Cantrol bit ig high) or will go into an underrun ceondi-
tion and transmil an Abort (when Flag/Mark Idle
control bit is low). When an abort is transmitled, the
Go-Active-on-Poll contral bit is reset automatically
and the ADLC reverts to its repeating mode, (TxD =
delayed RxD)., When the ADLC transmitter lets go of
the loop, the Loop Status bit will return to a “1°,
indicating normal on-loop retransmission of up-loop
data.

4) Go Off-Loop — The ADLC can drop-off the Loop
{go off-line) similar to the way it went on-line. When
the Loop On-Line control bit is reset the ADLC
receiver section looks for 8 successive “1’s” before
allowing the LOC/DTR output te return high (the
inactive state). Gate A in Figure 8b will be enabled
and Gate B disabled allowing the loop to maintain
continuity without disturbance. The Loop Status
bit will show an off-line condition (logical zero).

Input/Qutput Functions

All inpuls of ADLC are high impedance and TTL
compatible level inputs. All outpuis of the ADLC
are compatible with standard TTL. Interrupt Request
(IR}, however, is an open drain output (no intermnal
pull-up).

Interface for MPU

DO-I7

Bidirectional Data Bus — These data bus 1/ ports
allow the data transfer between ADLC and system
bus. The data bus drivers are three-state devices that
remain in the high impedance (off) state except when
the MPU performs an ADLC read operation.

E

Enable Clock — E activates the address inputs (TS,
RS0 and R51) and R/W input and enables the data
transfer on the dafa bus. E also move data through
the Tx FiFO and Rx FIFQO. E should be a free run-
ning clock such as the S6800 MPL system clock.
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cs

Chip Select — An ADLC read or write operation is
enabled only when the CS input is low and the E
clock input is high. (E + CS).

RS0

RS1

Register Selects — When the Register Select inputs are
enabled by (E » TS), they select internal registers in
conjunction with the Read/Write input and Address
Control bit {control register 1, bit 0). Register address-
ing is defined in Table 2,

RjW

Head/Write Control Line — The R/W input controls
the direction of data flow on the data bus when it is
enabled by (E - CB8). When K/W is high, the I/O
Buffer acts as an oulput driver and as an input buffer
when low. It also selects the Read Only and Write
Only registers within the ADLC.

RESET

Reset Input —— The RESET Input provides a means of
resetting the ADLC from a hardware soutce. In the
“low state,” the RESET Input causes the following:

T Ex Reset and Tx Reset are SET causing both the
Receiver and Transmitter sections to be held in a
resct condition.

O Rescts the following contrel bits: Transmit Abort,
RTS, Loop Maode, and Loop On-Line/DTR.

[J Clears all stored status condition of the status
registers.

U OQutputs: RTS and LOC/DTR go high. TxD goes
to the mark state (*“1's”" are fransmitted).

When RESET returns “high’’ (the inactive state} the
transmitter and receiver sections will remain in the
reset state until Tx Reset and Rx Reset are cleared via
the data bus under software control. The Control
Regisler bits alfected by RESET cannol be changed
when RESET is “low”",

RQ

[nterrupt Request Output — IRQ will be low if an
interrupt situation exists and the appropriate interrupt
enable has been set. The interrupt remains as long as

the cause for the interrupt is present and the enable is
set.

Clock and Data of Transmitter and Receiver
TxC
Transmitter Clock Input — The transmitter shifts data
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on the negative transition of the Tx(C clock input.
When the Loop Mode or Test Mode is selected, TxC
should be the same frequency and phase as the RxC
clock. The data rate of the transmitter should not
exceed the E frequency.

RxC
Receiver Clock Input — The receiver samples the data
on the positive transition of the TxC clock, RxC
should be synchronized with receive data externally,
TxzD

Transmit Data Output — The serial data from the
transmitter is coded in NRZ or NRZI {Zero Cormple-
ment) data format.

RxD

Receiver Data Input ~— The serial data to be received
by the ADLC can be coded in NRZ or NRZI (Zero
Complement) data format. The data rate of the
receiver should not exceed the E frequency. If a
partial byte reception is possible at the end of a frame,
the maximum data rate of the receiver is indicated
by the following relationship:

1

2tg + 300ns
where tg is the period of E.

faxc =

Peripheral/Modem Control

RTS

Request to Send Output — The Request-to-Send out-
put is controlled by the Request-to-Send control bit
in conjunction with the state of the transmitter sec-
is forced low. When the RTS bit returns low, the
RTS output remains low until the end of the frame,
The positive transition of RTS occurs after the
completion of a Flag, an Abort, or when the RTS
control bit is reset during a mark idling state. When
the RESET input is low, the RTS output goes high.

CTS

Clear to Send Input — The CTS input provides a real-
time inhibit to the TDRA status bit and its associated
interrupt. The positive transition of CTS is stored
within the ADLC to insure its occurrence will be ack-
nowledged by the system. The stored CTS informa-
tion and its associated IR} (if enabled)} are cleared
by writing a “1” in the Clear Tx Status bit or in the
Transmitter Reset bit.
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bCh

Data Carrier Defect Input — The DCD input provides
a real-time inhibit to the receiver section. A high level
on the DCD input resets and inhibits the receiver
register, bul daia in the Rx FIFO from a previous
frame is not disturbed. The positive transition of
DCD is stored within the ADLC to insure that its
occurrence will be acknowledged by the system. The
stored DCD information and its associated IRG (if
enabled) are cleared by means of the Clear Rx Status
Control bit or by the Rx Reset bit.

LOC/DTR

Loop On Line Control/Data Terminal Ready output
— The LOC/DTR output serves as a DTR output in
the non-loop mode or as a Loop Conlrol output in
the loop mode. When LOC/DTR output performs the
DTR function, it is turned on and off hy means of the
LOC/DITR control hit. When the Loc/DTR centrol
bit is high the DTR output will be low. In the loap
mode the LOC/DTR output provides the means of
controlling the cxternal loop interface hardware to
go On-ine or Offdine, When the LOC/DTR control
bit is SKET and the loop has “idled” for 7 bit times
or more {RxD) = 01111111 ...), the LOC/DTR out-
put will go low (on-ine). When the LOC/DTR control
kit is low and the loop has “idled’” for 8 bit times or
more, the LOC/DTR output will return high (off-line).
The RESET input being low will cause the LOC/DTR
output to be high.

D

Flag Detect Output — An output to indicate the
reception of a flag and initiate an external time-out
counter for the loop mode operation. The FD cutput
goes low for one bit time beginning at the last bit of

the flag character, as sampled by the receiver clock
(RxC).

DMA Interface

RDSR

Receiver Data Service Request Qutput — The RDSR
Output is provided primarily for use in DMA Mode
operation and Indicates (when high) that the Rx
FIFO requesis service (RBDR output reflects the
RDA status bit). If the prioritized Status Mode is
selected, RDSR will be inhikited when any other
receiver status conditions are present. RDSR goes
low when the Rx FIFO is read.

TDSR

Transmitter Data Service Request Qutput — The
TDSR Qutput is proivded for DMA mode operation
and indicates {when high) that the Tx FIFO requests
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service (TDSR reflects the TDRA status bit). TDSR
goes low when the Tx FIFO is loaded. TDSR is
inhibited by: The Tx Rscontrol bit being SET. RESET
being low, or CTS being high, [f the prioritized status
mode is used, Tx underrun also inhibits TDSR.

ADLC Registers

Eighl registers in the ADLC can be accessed by means
of the MPU data and address buses. The registers are
defined as read only or write only according to the
direction of information flow. The addresses of these
registers are defined in Table 2. The transmitter FIFO
register can be accessed by two different addresses,
the “Frame Terminate’ address and the ““Frame Con-
tinue” address. (The function of these addresses are
discussed in the FIFO section.)

Table 2. Register Addrassing

Addraess
Control Bit

Reyister Selected R | RS9 RSD {Cqhp!
Write Control Register #£1 N 1 Q ] X
| Write Eol:tful_Register #2 . q g 1 i}
Write Contral Register #3 f 0 1 1
Write Transmit FIFQ ] 1 1 0

{Frame Terminate)
Write Control Register #4 0 1 1
Read Status Registar #1 1 0 1] X
Read Status Reg?l_e"_r_-i*Z T el X

Read Receiver FIFQ 1 X X

Receiver Data First-In First-Out Register

Rx FIFQ

The Bx FIFO consists of three 8-bit registers which
are used for the buffer storage of received data. Data
bytes are always transferred from a full register to an
adjacent empty register; and both phases of the E
input clock are used for the data transfer. Each reg-
ister has pointer bits which point the frame boundary.
When these pointers appear at the last FIFO location,
they update the Address Present, Frame Valid or FCS/
IF Errer status bits.

The RDA status bhit indicates the state of the Rx
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FIFQ. When RDA status bit is “1”, the Rx FIFO is
ready to be read. The RDA status is controlled by the
2 Byte/1 Byte control bit. When overrun occurs, the
data in the first byte of the Rx FIFO are no longer
valid.

Boih Lhe Bx Reset bit and Reset input clear the Rx
FIFQ. Abort (“In Frame} and a high level on the
DCD input also clears the Rx FIFQ, but the last bytes
of the previous frame, which are separated by the
frame boundary pointler, are not disturbed.

Transmitter Data First-In First-Out Register

Tx FIFO

The Tx FIFQ consists of three 8-bit registers which
are used for buffer storage of data to be transmitted.
Data is always translerred [rom a [ull register to an
empty adjacent register; the transfer occurs on both
phases of the E input c¢lock. The Tx FIFO can be
addressed by two different register addresses, the
“Frame Continue” address and the “Frame Term-
inate’” address. kach register has pointer bits whick
puint to the frame boundary. When a data byte is
written at the “Frame Continue™ address, the pointer
of the first FIFO register is set. When a data byte is
written at the “Frame Terminate™ address, the
pointer of the first FIFO register is resel. RxRs
control bil or Tx Abort control bil resets all pointers.
The pointer will shift through the FIFQ. When posi-
tive transition is detected at the third location of
FIFO, the transmitter initiates a frame with an open
flag. When ihe negative transition is deiected ai the
third location of FIFO, the transmitter closes a
{rame, appending the FCS and closing Flag to the last
byte.

The Tx last control bit can be used instead of using
the “Frame Terminate®™ address. When the Tx last
control bit is written by a “1, the logic searches the
last byte location in the FIFQ and resets the pointer
in the FIFO register.

The status of Ty FIFQ is indicated by the TDRA
status bit. When TDRA is 17, the Tx FIFO is avail-
able for loading data. The TDRA status is conirolled
by the 2BYTE/1BYTE control bit. The Tx FIFO is
reset by both Tx Reset and RESET input. During this
reset condition or when CTS input is high, the TDRA
status bit is suppressed and data loading is inhibited.
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Tabke 3. ADL.C Internal Register Structure

RS1 RSG =10 RSt RSO =01 RS1 RS0 =10 R$1 RS0 =11
Receiver (ata
Bit # Status RAegister #1 Status Register #2 Register
0 RDA Address Present Bitl
g 1 Status #2 Frame Valid Bit1
%.,1 Read Request
€| 2 Laap On Line (nactive ldle Received Bit 2
g 3 Flag Oetected Abort Received Bit 3
= {(When Enabled) Wot Used
| 4 Ry FCS Error Bit 4
5 Tx Underrun DCo BitS
[ TDRA/Frame Tx Overrun Bit &
Complete
7 IR0 Present RO A [Receiver Data Available) Bit?
Transmitter Transmitter
Data Data
Control Aegister #1 | Control Register #2 |  Coatrol Reyister #3 | (Continue Data} | {Last Data} | Cantrol Register #4
Bit # {C1bg =10 {Cybg = 1) {Cyhp = B} Ciag=1
0 |Address Control (AG) | Prioritized Status Logical Conlrol Field Bit0 Bito Nouble Flag/Single
Enable Select Flag Intertrame
Control
1 | Receiver Interrupt 2 Bytef1 Byte Extended Cantrol BiL1 Bit 1 Word Length Selact
Enable {RIE) Transfer Field Select Transmit # 1
g 2 |Transmitter Interrupt | FlagiMark Idle Auto, Address Bit2 Bit 2 Ward Length Select
z Enable {TIE) Extensinn Mode Transmit #2
o 3 | ROSR Mode (OMA} | Frame Complete/ | 01/11 idle Bit3 Bit 3 Word Length Select
z TDRA Select Receive #1
g 4 |TDSR Mode (DMA} | Transmit Last Oata | Flag Detected Bit 4 Bit 4 Ward Length Select
= Status Enable Receive # 2
5 | Rx Frame CLR Rx Status Loap/Mon-Loop Bith Bit & Transmit Abort
Discontinue ode
E | Rx RESET CLR Tx Status Gao Active an Bit g Bit & Ahort Extend
PolifTest
7 |Tx RESET RTS Control Loop On-Line Bit7 Bit 7 NRZI/NRZ
Control DTR
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Control Registers

Control Register 1 (CR1)

bo

b1

bg

b3

by

bg
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7 G 5 4 3 2 1 0
K31 RSO RyW AC | TxRS RxRS Discontinue TDSR RDSR TIE RIE AC
0 0 0 X Mode Mode

Address Control {AC) — AC provides another RS
(Register Select) signal internally. The AC bif is
used in conjunciion with RS0, RS1 and R/W inputs
to select particular registers, as shown in [able 2,
Receiver Interrupt Enable {RIE} — RIE enables/
disables the interrupt request caused by the re-
ceiver section. 1 .., enable, 0 . ., disable,
Transmitter Interrupt Enable (TIE}— TIE enablesf
disables the interrupt request caused by the trans-
mitter. 1 .. .enable, 0. ., disable.

Receiver Data Service Request Mode (RDSR
Mede) — The RDSR Mode bit provides the capa-
hility of operation with a bus system in the DMA
mode when used in conjunction with the priori-
tized status mode. When RDSKE MODE is set, and
interrupt request caused by RDA statusis inhibited,
and the ADLC does not request data transfer via
the IRQ output. .
Transmitier Data Service Request Mode (TDSR
MODE) — The TDSE MODE bit provides the
capability of operation with a bus system in the
DMA mode when used in conjunction with the
prioritized status mode. When TDSE MODE is
set, and interrupt request caused by TDRA status
is inhibited, and the ADLC does not request a
data transfer via the IRQ output.

Rx Frame Discontinue (DISCONTINUE) — When
the DISCONTINUE bit is set, the currently re-

bg
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ceived frame is ignored and the ADLC discards
the data of the current frame. The DISCONTINUE
bit is automatically reset when the last byte ol
the frame is discarded. When the ignored frame is
aborted by receiving an Abort or DCD failurc, the
DISCONTINUE bit is alsc resct.

Receiver Reset (Rx Rs) — When the Rx Rs bit is
*1”, the receiver section stays in the reset condi-
tion. All receiver sections including the Rx FIFO
register and the receiver status bits in both status
registers, are reset. {During reset, the stored DCD
status is reset but the DCD status bit follows the
DCD  input. Rx Rs is set by forcing a low level
on the RESET input or by writing a “1* into this
hit from the data bus. Rx Rs must be resel by
writing a “0” from the data bus after RESET has
gone high,

Transmitter Reset (Tx Rs) — when the Tx Rs bit
is 17, the transmitter section stays in the reset
condition and {ransmits marks (*1%"). All frans-
mitter sections, including the Tx FIFQ and the
transmitter status bits in both status registers, are
reset (FIFO cannot be loaded}. During reset, the
stored CTS_status is reset but the CTS status bit
follows the CTS input, Tx Rsis set by forcing a low
level on the RESET input or by writinga 1" from
the data bus. It must be resct by writing a “0”
after RESET has gone high.




Control Register 2 (CR2)

ho

b1

b2

b3

b4
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7 6 5 4 a 2 1 o
R31 RS0 R/W AC| RTS CLR CLR Tx FC/TDRA FiM 2/1 | PSE
0 1 g 0 Tx3T Bx&T Last Select idle Byte

Prioritized Status Enable (PSE) — When the PSE
bit is SET, the status bits in both status registers
are prioritized as defined in the Status Register
section. When PSY is low, the status bits indicate
current slatus without bit suppression by other
status bits. The exception to this rule is the TS
status bit which always suppresses the TDRA
status.

2 Byle/l Byte Transfer (2/1 Byte) — When the
2/1 Byte bit is RESET the TDRA and RDA status
bits then will indicate the availability of their
respective data FIFO registers for a single byte
data transfer. Similarly, if 2/1 Byte is set, the
TDHA and RDA status bits indicate when two
byles of data can be moved without a second
status read,

Flag/Mark Idle Select (F/M Idle) — The F/M Idle
bit selects Flag characters or bit by bit Mark Idle
for the time fill or the idle state of the transmitter.
When Mark Idle is selected, Go-Ahead code can
be gencraled for loop operation in conjunction
with the 01/11 Idie control bit (Czbg). 1...
Flag time fill, 0 . . . Mack Idle.

Frame Complete/TDRA Select (FC/TDRA Select}
— The FC/TDRA Select bit selects TDRA status
ot FC status for the TDRA/FC status bil indica-
tion. 1 ... FC status, 0, . . TDRA status.
Transmit Last Data (Tx Last) — ‘Tx Last hit pro-
vides another method to terminate a frame. When
the Tx Last bit is set just after loading a data byle,

b5

bg

b7
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the ADLC assumes the byte is the last byfe and
terminates the frame by appending CRCC and a
closing Flag. This control bit is useful for DMA
operation. Tx Last bit automatically returng o
the 07 state.

Clear Receiver Status (CLR Rx ST) — When a
“1°* is written into the CLR Rx ST bit, a reset
signal is generated for the receiver status bits in
status registcr # 1 and #2 (cxcept AP and RDA
hits). The reset signal is enabled only for the bits
which have been present during the last “read
status” operation. The CLR Rx 8T bit automat-
ically relurns Lo the “0" state.

Clear Transmiller Stalus (CLR TxS8T) — When a
“1" 15 written into CLR TxS8T bit, a reset signal is
generated for the transmitter status bits in status
register # 1 (except TDRA). The reset signal is
enabled for the bits which have been present
during the last “read status™ operation. The CLR
TxST bit automatically returns to the “0" state.

Request to Send Control (RTS) — The RTS bit
when high causes the RTS ocutput to be low (the
active state). When the RTS bit returns low and
data is being transmitted, the RTS output remains
low until the last character of the frame (the
closing Filag or Abort) has heen completed. If
the transmitter is idling when the RTS8 bit relurn
low, the RTS ouiput will go high (the inactive
state) within two bit times.




Control Register 3 (CR3)

b

by

b2

b3

by
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7 6 5 4 3 2 1 0
RS81 RBO R/W AC | LOC/ GAP/ Loop FDSE 01/11 AEX | CEX | LCF
Q 1 0 1 DTR TST Idle

Logical Control Field Select (LCFy — The LCF
select bit causes the first byte(s) of data belonging
to the information field to remain 8 hit characters
until the logical control field is complete. The logi-
cal control field {when selected) is an automati-
cally extendable field which is extended when bit
7 of a logical control character is a “‘1". When the
LCF Select bit is reset the ADLC assumes no logi-
cal control field is present {or either the trunsmit
or received data channels. When the logical control
field is terminated, the word length of the infor-
mation data is then defined by WLS1 and WLS2.
Extended Control Field Select {Cgy ) — When Lhe
Cgx bit is a “1”, the control field is extended and
assumed fo be 168 bits. When Cgx is “0”, the
control field is assumed to be 8 bits.
Auto/Address Extend Mode {Agy) — The Agx
bit when “low™ allows full 8 bits of the address
octet to be utilized for addressing because address
extension is inhibited. When the Agx bitis “high™,
bit 0 of address octet egual to “0" causes the
Address field to be extended by one octet. The
exception to this aulomatic address [lield exten-
sion is when the first address octet is all “0%s"™
{the Null Address).

01/11 Idle (¢1/11 Idle) — The 0111 Idla Control
bit determines whether the inactive (Mark) idle
condition beging with a “0” or not. If the 0111
Idle Control is SET, the closing flag (or Abort)
will be lollowed by a 011111 . . . pattern. This is
required of the controller for the “Go Ahead”
character in the Loop Mode. When 01/11 is
RESET, the idling condition will be all“1%s".

Flag Detect Status Enable (FDSE) — The FDSE
bit enables the FD status bit in Status Register
# 1 to indicate the ocvcurrence of a received Flag
character, The stafus indicalion will be accom-
panied by an interrupt if RIE is SET. Flag detec-
tion will cause the Flag Detect output to go low
for one bit time regardless of the state of FDSE.

hs

bg

by
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LOOP/NON-LOOP Mode {LOOP) — When the
LOGOP bit is set, loop mode operation is selected
and the GAP/TST control bit, LOC/DTR control
kit and LOC/DTR cutput are selected to perform
the loop control functions. When LOOP is reset,
the ADLC operates in the point to point data
communications mode.

Go Active On Poll/Test (GAP/TST) — In the
Loop Mode — ‘The GAP/TST bit is used to res-
pond to the poll sequence and to begin transmis-
sion. When GAP/TST is set, the receiver searches
for the “Go Ahead” (or End of Poll, EQOP). L'he
receiver *“Go Ahead” is converted to an opening
Flag and the ADLC starls its own transmission.
When GAP/TST is reset during the transmission;
the end of the frame (the completion of Flag or
Abort) causes the termination of the “go-active-
on-pell” operation and the KRx Data to Tx Data
link is re-esiablished. The ADLC then returns
to the “loop-on-line” state.

In the Non-doop Mode — The GAFP/TET bit is
used for self-test purposes. If GAP/TST hit is
set, the TxD cutput is connected to the RxD
input internally, and provides a ‘loop-back”
feature. For normal operation, the GAP/TST bit
should be reset.

Loop On-Linc Control/DTR Control (LOC/DTR)
— In the Loop Mode — The LOC/DTR bit is used
to go on-line or to go offline, When LOC/DTR is
set, the ADLC goes to the on-line state after 7
consecutive *1’s” occur at the RxD input. When
LOC/DTR. is reset, the ADLC goes to the “off-
line” state after eight consecutive “*1's" occur at
the RxD input.

In the Non-Loop Mode — The LOC/DTR bit
directly controls the Loop On-Line/DTR output
state. 1. .. DTR outpul goes to low level, 0., .
DTR output goes to high level,



Control Register 4 (CR4)

S6854/S68A54

7 6

5 4 3 2 1 0

RS1 RS0 R/W AC
1 1 0 1

NRZI{NRZ

ABTgx

ABT Rx Tx “FE"/F

WLSg WLS | WLS2 WLS1

bg Doubkle Flag/Single Filag Interframe Control {“FF”
f“F”) — The "FF*/“F” Control bit determines
whether the transmitter wiil transmit separaie
closing and opening Flags when frames are trans-
mitted successively. When the “FF”/“F" control
hit is low, the closing flag of the first frame will
serve as the opening flag of the second frame.
When the bit is high, independent opening and
closing flags will be transmitted.

Transmitter Word Length Select {Tx WLS1 ang
WLS2).

— Tx WLS1 and WLS2 are used to select the word
length of the transmitter information field. The
encoding format is shown in Table 4.

b1

b2

Tabde 4, 1-Field Character Length Select

WLS4 WLSz i-Figld Character Length Length
0 0 5 hits
1 1] § bits
. — T _ ”;_ns_ I
1 i & bits
b3 Receiver Word Length Select (Rx WLS1 and WLS2)
b4 Rx WLS1 and WLS2 are used to select the word

length of the receiver information field, The en-
coding format is shown in Table 4,

Transmit Abort (ABT) -- The ABT hit causes
an Abort (at least 8 bits of 1™ in succession) to
be transmitted. The Abort is initiated and the Tx
FIFO is cleared when the control hit goes high.
Once Abort begins, the Tx Abort control bit
assumes the low state.

Abort Extend (ABTpyx) — If ABTgx is set, the
abort code initiated by ABT or the underrun
condition is extended up to at least 16 bits of

bs

bg

consecutive “1°s”, the mark Idle State.

NRZI (Zero ComplementlyyNRZ Select (NRZI/
NERZ) — NRZI/NRZ bit selects Lhe transmit/
receive data format to be NRZI or NRZ in both
Loop Mode or Non-Loop mode operation, When
the NRZI Mode is selected, a 1 bit delay is added
to the transmitted data (TxD) to allow for NRZI
encoding. 1...NRZL, 0...NRZ

NOQTE: NRZI coding — The serial date remains in the
same state to send a binary ‘17 ond swilches to the
opposite state to send g binary 07

Status Register

The Status Register # 1 is the main slatus register.
The IRQ bit indicatcs whether the ADLC requests
service or not. The 32R{} hit indicates whether any
bits in status register # 2 request any service. TDRA
and RDA, because they are most often used, are
located in bit positions that are more conhvenient Lo
test, RDA reflects the state of the RDA bif in status
register #2.

The Status Register # 2 provides the detailed status
information contained in the S2RQ bit and these biis
reflect receiver status. The FD bit is the only receiver
status, which is not indicated in status register #2.

The prioritized status mode provides maximum
efficiency in searching the status bits and indicates
only the most important action required to service
the ADLC. The priority trees of both status registers
are provided in Figure 9.

Reading the status register i a non-destructive pro-
cess. The method of clearing status depends upon the
bit's function and is discussed for each bit in the
register.
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Status Register 1 (SR1)

bo

b1

b2,

b3

by

by
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7 6

5 q 3 2 1 o

R51 RS0 R/W AC
0 o 1 X

IRQ

TDRA/FC

TXU | CTs FD) |LOOP|852RQ| RDA

Receiver Data Available (RDA) — The RD A stalus
bit reflects the state of the RDA status bit in
status Register # 2. It provides the means of achiev-
ing dala transfers of received data in the tull
Duplex Mode without having to read both status
registers.

Status Register #2 Read Request (S2RQ} All
the status bits (stored conditions) of status register
# 2 {except RDA bil)are logically OR-ed and indi-
cated at by the S2RQ status bit. Therefore S2RGQ
indicated that status register #2 needs to be read.
When S2RE is “07, 1t 18 not necessary to read
status register #2. The bit is cleared when the
appropriate bits in Status Register #2 are cleared
or when Rx Reset is used.

Loop Status (LOOP) — The LOOP status bit is
used to monitor the loop operation of the ADLC.
This bit does not cause an IRQ. When Non-Loop
Made is selected, LOOP bit stays “0", When Loop
Mode is selected, the LOOP status bit goes to “1”
during “On-Loop™ condition. When ADLC is in
an “Off-Loop™ condition or “Go-Active-On-Foll”
condition, the LOOP status bil is a 0.

Flag Detected (FD} — the FD Status bit indicates
that a flag has been received if the Flag Detect
Enable control bit has heen set. The bit goes high
at the last bit of the Flag Character received
{when the Flag Detect OGuiput goes low) and is
stored until cleared by Clear Rx Status or Rx
Reset.

Clear Te Send (CTS) — The CTS input positive
transition is siored in the stalus regisier and causes
an IRQ {if ¥nabled). The stored CTS condition
and its IRG are cleard by Clear Tx Status control
bit or Tx Reset bit. After the stored status is
reset, the CTS status bit reflects the state of the
CTS input.,

Transmitter Underrun (TxU) — When the trans-
mitter runs cut of data during a frame frans-
mission, an underrun occurs and the frame is
automatically
Abort. The underrun condition is indicated by
the TxU status hit. Tx1I can he cleared by means
of the Clear Tx Status Control bit or by T'x Reset.

terminated by ftransmitiing an .

bg

b7

Transmitter Data Register Available/Frame Com-
plete {TDRA/FC) — The TDRA Status bit serves
fwo purposes depending upon the state of the
Frame Complete/ TDRA Select control bit. When
this bit serves as a TDRA sialus bit, it indicates
that data (to be transmitted) can be loaded into
the Tx Data FIFO register. The first register
{Reg. £1) of the Tx Data FIFO being emply
(TDRA = “1") will be indicaicd by the TDRA
Status bit in the “l-Byte Transfer Mode”. The
first two registers (Heg. #1 and #2) must be
empty for TDRY to be high and when in the “2-
Byle Transfer Mode”, TDRA is inhibited by Tx
Reset, or CTS being high.

When the Frame Complete Mode of operation is
selected, the TDRAFC status bit goes high when
a Flag or Abort has been transmitted. The bit
remains high until cleared by resetting the TDRA/
FC control bit or setting the I'x Reset bit.

Interrupt Request (IRG) — The Interrupl Request
status bit indicates when the IRQ output is in the
active state (TRQ Output = “0™), The IRQ status
bit is subiect to the same intertupt enables (RIE,
TIiE) as the IRQ output. The IRQ status bit
simplifies status inquirles for polling systems by
providing single bit indication of service requests.

Figure 9. Status Register Priority Tree {PSE = 1)

SR #1
DECREASING  (Tx) (R SR£2(Rx)
PRIORITY €T
el ERR, FY, DCD,
" 1xu  szro OVRN, Rx ABT
o L ¢
TDRA/FC  RDA R“'?LE
AP
)
RDA

*Prioritized even when PSE =0

2144

NOTE: Status bit above will inhibit one below it.



Status Register 2 (SR2)
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7 6 5 4 3 2 1 0
ES1 RSO R/W AC RDA OVRN DCD | EKR | Rx Rx FV AP
0 1 1 X ABT | Idle

Address Present (AP)— The AP status bil provides
the frame boundaty and indicates an Address octet
is available in the Hx Data FIFQ register. [n the
Extended Addressing Mode, the AP bit continues
to indicale addresses until the Address field is
complete. The Address present status bit is cleared
hy reading data or by Rx Reset.

Frame Valid {FV) — The FV status bit provides
the frame boundary indication to the MPU and
also indicates that a frame is complete with no
error. The FV stalus bit is set when the last data
byte of a frame is transferred into the last loca-
tion of the Tx FIFO (available to be read by MPUT.
Once FV status is set, the ADLC stops further
data transfer into the last location of the Rx
FIFO {in order to prevent the mixing of two
frames) until the status bit is cleared by the Clear
Rx Status bit or Bx Reset.

[nactive Idle Received {Rx Tdle) — The Rx Idle
stafus bit indicates that aminimum of 15 consecu-
tive “1’%" have been rcceived. The event is stored
within the status register and can cause an inter-
rupt. The interrupt and stored condition are
cleared by the Clear Rx Status Control bit. The
Status bit is the Logical OR of the receiver idling
detector (which continues to reflect idling until a
0" is received ) and the stored inactive idla condi-
tion.

Aborl. Received (RxABT) — The RxABT status
bit indicates that 7 or morc consccutive *1°s”
have been received. Abort has no meaning under
out-of-frame conditions; therefore, no interrupt
nor storing of the status will oceur unless a Flag
has been detected prior to the Abort. An Ahort
Recetved when “in frame™ is stored in the stalus
register and causes an IRQ. The status bit is the
logical OR of the stored conditions and the Rx
Abort detect logic, which is cleared after 15
consecutive *1's™ have occurred. The stored
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Abort conditien is cleared by Lthe Clear Rx Siatus
Control bit or Rx Reset.

Framue Check Sequence/Invalid Frame Error
{ERR) — When a frame is complete with a cyclic
redundancy check (CRC) error or a short frame
exror (the frame does not have compleie Address
and Conlrol fields), the ERR status bit is set
ingtcad of the Frame Valid status bit. Other fune-
tions, {rame boundary indication and control
function, are exactly the same as for the Frame
Valid status bit. Refer to the FV status bit.

Data Carrier Deteet (DCD) — A positive transi-
tion an the DCD input is stored in the status
register and causes an TR{} (if enabled). The
stored DCD condition and its IRQ are cleared by
the Clear Rx Status Control hit or EX Resel.
After stored status is resel, the DCD status bit
follows thc state of the input. Both the stored
DCD condition and the DCD input cause the reset
of the receiver seclion when they are high.
Receiver Overrun (OVRN) — OVRN status indi-
cates that receiver data has heen transferred into
the Rx FIFO when it is full, resulting in duta loss.
The OVRN status is cleared by lhe Clear Rx
Status bit or Rx Reset. Continued overrunning
only destreys data in the first FIFO register.
Receiver DNata Awailable (RDA} — The Receiver
Data Available status bit indicates when receiver
data can be read from the Rx Data FIFO, When
the prioritized stalus mode is wsed, the RDA hit
indicates that non-Address and non-last data are
available in the Rx FIFQ. The receiver data being
present in the last register of the FIFO causes
RDA to be high for the “1 Byte Transfer Mode™,
The RDA bit being high indicates that the last
two registers are fuil when in the “2 Byte Trans-
fer Mode™, The RDA status bit is reset auto-
matically when data is not available,




Programming Considerations

1.

£«

Status Priority — When the prioritized statusmode
is used, it is best to test for the lowest priority
conditions first. The lowest priority conditions
typically cccur more frequently and are the most
likely conditions to exist when the processor is
interrupled.

Stored vs Present Status — Certain status bits
(DCD, CTS, Rx Abort, and Rx Idle) indicate a
status which is the logical OR of a stored and a
present condilion. It is the stored status thal
causes an interrupt and which is cleared by a
Status Clear control bit. After being cleared, the
status register will reflect the present condition
of an input or a receiver input sequence.

Clearing Status Registers — In order Lo clear an
interrupt with the two Status Clear control bits, a
particular status condition must be read before it
can be cleared. In the pricritized mode, clearing a
higher priority condition might result in another
IRQ cuused by a lower pricrity condition whose
status was suppressed when a stalus register was
first read. This guarantees that a status condition
is never inadverfently cleared.

Clearing the Rx FIFO - An REx Reset will effect-
ively clear the contents of all 3 Rx FIFQO hytes.
However, the FIFO may contain data from 2
different frames when an overrun, abort, or DCD
failure occurs. When this happens, the data from a
previously closed frame (2 frame whose closing
flag has been received ) will not he destroyed.
Servicing the Rx FIFO in a 2 Byte Mode — The
procedure for reading the last bytes of data is the
same, regardless of whether the frame centains
an even or an odd number of bytes. Continue to
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read 2 bytes until an interrupt oceurs that is caused
by an end of frame status (FV or ERR). When
this occurs, indicating the last hyte either has
heen read or is ready to be read, switch tempo-
rarily to the 1l-byte mode with no prioritized
status (conlrol regisler 2). Test RDA to indicate
whether a 1-byte read should be performed, Then
clear the frame and status.

Frame Complete Status and BETS Release — In
many cases, a MODEM will require a delay for
releasing RTS. An 8Dt or 16-bit delay can be
added to the ADLC RTS output by using an
Abort. At the end of a iransmission, frame
complete status will indicaje the frame comple-
lion. Afier frame complete slatus goes high, write
“1” into the Abt control bit {and Abt Extend bit
if a 16-bit delay is required). After the Abt con-
trol bit 1s set, write 07 into the BTS control bit.
The transmitter will transmit eight or sixteen 1’s
and the RTS cutput will then go high (inactive).
Note to users not using the S6800 — (a) Care
should be taken when performing a write followed
by a read on successive E pulses at a high fre-
quency rate. Time must be allowed for status
changes to occur. If this is done, the time that E
is low between successive writefread E pulses
should be at least 500ns. (b) The ADLC is a
completely static part. However, the E fre-
quency should be high enough to move data
through the FIFQ’s and to service the peripheral
requirements, Also, the period between successive
E pulses should be less than the period of RxC or
TxC in order to maintain synchronization between
the data bus and the peripherals.
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Features

1 32 x 16 (512 total) Alphanumeric Two Color
Display on Black Background with Internal
or External Character Generator ROM.

VIDEO DISPLAY
GENERATOR

General Description

The 568047 Video Display Generator (VDG) is de-
signed to produce compuosite video suilable for display
on a standard American NTSC compatible black/white

[T Two Bemigraphics Modes with Display television or celor televison or monitor.
Densities Ranging from 64 x 32to 64 x 48 in
. 8 and 4 Color Sets Respectively, plus Black. There are three major types of display which the
U Full (‘}rap.hics Mades with D if;play E)i.ans‘ities 868047 can generate. These include an alphanumerics
Ranging from 64 x 64 to 256 x 192 in 2 and mode of which there are two types, each with normal
4 Colors, or inverted video; 2 semigraphics mode of which there
0 Full NTSC Compatible Composite Video with are also two types; and full graphics mode of which
Choice of Interlaced and Non-inlerlaced there are eight types.
Display Versions,
O Provides Microprocessor Computible Interface
Signals. Alphanumeric Modes
O Generates Display Refresh RAM Addresses, The alphanumeric modes, internal and external, enable
0l NMOS l_)evice, Single 3V Supply, TTL the 868047 to display a matrix of 32 x 16 (512 total)
Compatible Logic Levels. characters. The internal mode utilizes an on-chip 64
O Color Set Select Pin Can Give 8 Color Displays ASCI1 character ROM to display each character in a
in Full Graphics Mode, % x 7 dot matrix font. In the external alphanumeric
Block Diagram Pin Configuration
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General Description {Continued)

mode, an external memory is required, either ROM or
RAM, which is used to display the 32 x 16 character
matrix with each character located within an 8x 12 dot
malrix of customized font. Switching between internal
and external alphanumerics modes and normal and
inverled video van be accomplished on a character
by character basis.

Semigraphic Modes

The two semigraphic maodes, semigraphic 4 (SG4)
and semigraphic 6 (8G6), subdivide each of the 512
(32 x 16) character blocks of 8§ x 12 dots each into
2 x 2 and 2 x 3 smaller blocks respectively. In 8G4
each block is created from 4 X 6 dots and in 3G6 each
block consists of 4 x 4 dots. In addition the SG4 and
5G6 modes can each be displayed in 8 and 4 colors
plus black.

Display switching from alphanumerics to semigraphics
modes or vice versa during a raster display is called

minor mode switching and can take place on a charac-
ter basis,

Graphiecs Modes

The eight full graphics modes are divided into two
major groups, 4 color and 2 color. The 4 colar graphics
previde 4 display densities ranging from 64 x 64 for
Graphics O through to 128 x 192 elements for Graphics
6. The 2 color graphics also provide 4 display densities
ranging from 128 x 64 for Graphics 1 through to 2536
x 192 elements for Graphics 7. The latter display has
the highest densily of the eight graphics modes. The
amount of display memory incrcases proportionately
with increasing density of display to a maximum of 6K
bytes for Graphics 7. Switching between either the
alphanumeric modes or semigraphics modes and any
of the full graphics modes is called major mode switch-
ing. Major mode switching can only occur at the end
of every twelfth raster line scan.

Applications

Anywhere data can be more usefully presented graph-
ically on a CRT and for a minimum cost, the VDG in
conjunction with a microprocessor based controller

Electrical Specifications
Absolute Maximum Ratings

568047

can utilize a standard American NTSC compatible TV
ar monitor for such a purpose. Applications are ex-
tremely broad ranpging from educational systems, video
games, small low cost business/home computers to pro-
cess control monitors and medical diagnostic displays,

The different modes of operation permit varicus cost/
display presentation twadeoffs. The alphanumervics
modes allow use of the TV screen as a video teletype
at the most limited level of operation, Only 512 bytes,
one for each character, need to be stored, each byte
being a minimum of six bils wide per the ASCII
code. If video inversion switching or alpha to semi-
graphics switching is required per character then two
extra bits are required in the display RAM as shown
in Fig. 5. The semigraphics modes each offer an inter-
mediate range of graphics densities with tradeoffs in
density versus color. Typical semigraphics display
capabilities are bar graphs, charts, mini displays, ete.
which with minor mode switching to alphanumerics
modes allow annotation or captioning of the resultant
display. The various graphics modes provide greater
density displays wilh grealer freedom of display pres-
entations. The tradeoffs in inereasing density are with
increasing display memory size and eolor versus den-
sity. A minimum Graphics 0 provides a display density
of 64 x B4 (4096) elements, each element being com-
posed of a matrix of 12 (4 x 3} dots with a selection of
four colors per element. Since each of the even
numbered 4 color graphics modes map two bits of the
data word to one picturc element. each data word of
memory provides four pieture elements. Thus
Graphies 0 requires 4096/4 = 1024 bytes of display
RAM, Graphies 2 requires 8192/4 = 2048 and so on.
Graphies 1, like all the odd numbered 2 color graphics
modes, maps one bit of data word to one picture ele-
ment, Each data word therefore maps eight elements.
GGraphies 1 density of 12§ x 8 (8192} elements therefore
requires 5192/8 = 1024 bytes of display RAM and
Graphics 7, the densest display, requires 49, 152/8 =
6144 bytes of RAM. At the higher density graphics
displays, the rate of change of elements approaches the
maximum dot frequency of 6MHz, This video rate
taxes Lhe capabilities of most commercially available
television sets and thus the qualily of the display
system (television or monitor)should be commensurate
with the highest video rate to be used.

Supply Voltage
Input Veltage ....... . .. ... .. iiiiin.
Operating Temperature
Storage Temperature

7.0V
- 0.3V to +7.0V
0°C to 70°C
-85°C to 150°C
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DC {Static) Characteristics (Voo = 5.0V & 5% ; T4 = 25°C, unless otherwise specified),

Symbol | Parameter Min, | Typ. | Max, Unit Conditions
Vi Input Voltage Iligh 2.0 Voo \
VIn Input Voltage High 4.0 Voo \'
{Color Clock only)
ViL Input Voltage Low -0.3 +0.6 v
Iy ! Input Leakage Current Vi =0- 5.25V;
{all inputs) 1.0 2.5 HA Voo =0V
ILers) | Tri-State Output 10 HA Voo = 5.26V, M8 =0V,
Leakage Current (A0 — A11) Vi =0.4-24V
ILo Qutput Leakage Current 10 pA ViN = 2.4V; Voo =0V
(HS, S, RF)
Von |Output Voltage High 2.4 v Iox =-100pA (HS, FS, RE):
(AU — All, HS, F5, EF) OnA (Ap - A11); CL = 30pF
Vo, | Qutput Voltage Low 0.4 \Y InL = 1.6mA (HS, FS, RP);
{AD—A11 HS, FS, RP OmA (Ag - A11); CL = 30pF
Ice Voo Supply Cutrent 45 mA Voo =5V; Ty = 25°C
Ciy Input Capacitance 10 pF Viy =0, Ta =25°C;
! f=10MHz
Cout | Output Capacitance 12 pF Viy =0, Ta =25°C;
f=1.0MHz

AL Electrical Characteristics (Voo = 5.0V £ 5%; T = 0 - 70°C except where noted).

Alpha Internal Mode (Figure 1)

Symbol Parameter Min, Typ. Max Unit Conditions
fye Video Clock Frequency 56 6.0 6.4 MHz
tch Character Time 143 1.33 125 s
tace Access-Time of External

Refresh RAM 0.7 “s
tdot Dot Time 178 166 156 ns

Alpha External Mode {Figure 1)

NOTE: All parameters are the same as in Alpha Internal Mode except t 4 ce

Access-time of Refresh
tace RAM + Access-time of 0.7 Hs
External ROM

Semigraphics Mode {Figure 1)

tpic Picture Element Duration 712 664 624 ns

NOTE: Alt other parameters are the same as in Alpha Internal Mode.
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Color Sub-carrier Input

568047

Symhol Parameter Min, Typ. Max. Units Conditions
foe Frequency 3.579545 MHz
+10 Hz
tr Rise Time 10 ns
if Fall Time 10 ns
PWee Pulse Width 140 ns
VIL Zeto Level 0.6 v
VI One Level 4.0 v
DR Duty Ratio 40% 50% 60%
Figure 1. Refresh RAM Interface Timing
»| jtoor
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] N | vl
| i P [ tCH[ [ N Il
[ |
[ T o ot 1T : [
- B (IREEER N
vl e e
Voretagcell 1 o1 ]
11| [ O L S A I
D0 - D7, 8§ "1 VALID |
A/S, INV, INT/EXT ! MQ QI DATA | ><§ g
R T 0 | ! R |
RERERRRRERERRRN
) i
LATCH DATA SRR ERERE R ERER
{Internal ta tha chip) [ | L] |
R ol
! ! 1| ! l oy I bl |
vevey 1 OO00CO0O0 |
[ 1 [l i
:sh|312|11m‘nlslsin',a:znlnlrls
[ e A A S R R R
00T BEING LI T T T R T RN S B
DISPLAYED \
{FULL ALPHA} 4-ONE CHARALYER -—\4—2110 CHARACTER
PICTURE ELEMENT boD | EVEW
BEING DISPLAYED L
{SEMIG AAPHICS) pic
Composite Video Timing {Figure 2}
Symbol Parameter Min. Typ. Max. Units Conditions
tayNe Syne duration 4.888889 s
tfp Front Porch duration 1.536508 15
tBLANK Horizontal Blank Duration 1144 Hs
tpg, tfs Rise time and Fall time of
Horizontal Sync 2560 ns
tyys tfy Rise time and Fall time of
Horizontal Blank 340 ns
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Figure 2. Compaosite Videos Timing on Y Pin
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Chroma R and Chroma B Output Timing; Cy, = 10pF; 1K Load {Figure 3.)

Symbol Parameter 1 Min, Typ. Max, Units Conditions
ty5, tfB Color Signals rise and Load = R-Y, B-Y
tr, R fall time \ 50 | ns input of LM1889
lgcr Color Burst to Sync lag | 410 l' ne
_ tgurgT | Color Burst Duration . 245 ps |
teR, treg | Color Burst rise and fall [ ||
times 175 hs
tert, tone | Videno to color signals lag 75 r ns

Voltage Levels

Video {Y} and Chroma (R—Y, B—Y) Qutput Levels (Figure 3.) Cr, = 10pTF; Video Clock = 5.6MIiz; Ty = 25°C;

Voo =5V + 5%

Symbol Parameter Min. | Typ. | Max. Units Conditions
VsyNC Sync Voltage 0 0.1 0.5 v
VBLANK Blanking Level 1.5 v
VBIL.ACK Black Level 1.7 v
_V:.%T_HE,_ White level 2.4 4.0 Voo y
VB1, Va1 2.4 | 4.0 | Vee v
VBo, VR0 2.0 v
VB3. Vra o 0.1 0.5 v
VBURST 0.4 v
VCHROMA BIAS 2.0 v
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Figure 3, Chroma Timing
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Video Display Format Timing (Figure 4.)

Symbol Parameter Typ. Units Conditions
H Horizontal Scan Time 63.556557 M3
v Ficld Time ' 16.683337 ms
F Frame Time 33.366674 ms
v Field Rate i 59.04004 sec !
tACTIVE Active Display Duration 41 s
tVIDED Active Display + Border
Duration 52.8 s
tgrp Row Preset Period 762.66684 s
(12 Horizontal Scans)
Figure 4. Video Display Format
BOADER o ’
ACTIVE w g B
mErLAY 2 ==z
ARER g8 g
START
OF YERT.
ELAKE
——"ACTIVE
“HDED
J— - — —H— _—




Pin Description (Figure 2.)

568047

{Data from Display Memory BAM or ROM; D4 — D& — Color Data in Semigraphics)

Voo +5V

Vas oV

CC {Color Burst Clock 3.579545 MHz)

vC {Video Clock Oscillator = 6MHz2)

AD - All {Address Lines to Display Memory; high-impedance during MS low)
DO—D5

D6, DV

{Data from Display Memory in GRAPHIC Maode; Data alse in ALPHANUMERIC Mode;

Color Data in ALPHA SEMIGRAPHIC — 6)

R—Y.B—Y,Y (Colorand Composite Video}

CHB {Chroma Bias; References R — Y and B — Y Levels)

RP (Row Presct in any ALPHA Mode; goes low in all modes every 12 lines)

HS {Horizontal Svnc)

INV (Inverts Video in all FULL ALPHA Modes; no effect in Semigraphics or Graphics Mode)

EXT/INT (Switches to External ROM in ALPHA Mode; between SEMIG — 4 and SEMIG — 6 in
Semigraphics; no effect in all Graphies Modes) _

A8 {Alpha/Semigraphics: Selects between FULL ALPHA and SEMIGRAPHICS in ALPHA
Modes; no effect in all Graphics Modes)

MS (Memory Select; forces VDG Address Buffers to high-impedance state; also used as a strobe
in TEST and RESET functions), The TV screen is foreed hlack when MS = low

AJG (Switches between ALPHA and GRAPHIC Modes)

TS (Field Synchronization; LOW during vertical blanking time)

88 {Color Set Select: Selects between two ALPHA Display Celors; between two Coler Sets in

SEMIGRAPHICS — 6 and FUILL GRAPHICS: selects Border Color in 8 Graphic Modes)

GM1, GM2
GM4
strobed low)

(Graphics Mode Select; select one of eight Graphic Modes; no affect in Alpha and Semni-
graphic Modes; GM1, GM2 select TEST and RESET mode when A/G = (0 and MBS pin is

Internal Description

Internally the VDG is the combination of four inte-
grated subsystems (timing and control, MUX, address
buffers and shift registers to form the VDG function, A
block diagram of the VDG is shown on Page 1. Each
subsystem is deseribed helow.

Timing and Control

The timing and control subsystem of the VDG uses
the 3.58MHz color [requency to generate timing infor-
mation. It accepts the color clock (generated off-chip)
(CC) input and generates timing for the horizontal
syne, horizontal blank, field sync, vertical blank and
row presef signal (RP) for external character generator
ROM. The video clock is generated on-chip by ex-

ternal RC and generates addresses A0 — All to ad-
dress the external refresh RAM.

The color-set-select (CSS) imput te the Timing and
Control subsystem of the VDG is used to determine
the color-set of the display.

The EXT/INT input has two functions, In the full
alphanumeric mode, it is used Lo select either internal
ROM or external ROM. Tt is also uscd to select be-
tween semigraphic 4 and semigraphic 6 mode in semi-
graphic modes {A/S =1).

The INV input is utilized by the timing and control
subsystem to invert the display while in full alpha
mode.
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Internal Description {Continued}

A/G, A/S, GM1, GM2, GM4 inputs to the timing and
contro] subsystem determine which of the fourteen
- VDG modes is to be used (Table 1).

MUX

The MUX provides the function of selecting the data
source to be displayed. The source can be either inter-
nal ROM or external ROM or RAM. For the internal
alphanumeric mode, the data source is the internal
ROM. For all other modes (semigraphic and graphics)
the data source is external ROM/REAM.

Address Buffers

The address buffers provide the huffering required
for external drive (ROM/RAM). The buffers are tri-
stated when the MS pin goes low and tri-states the
bufflers so that VDG does not interfere with the MPU
operatich. The F8 pin (output) from the VDG
signals to the MPU that the TV is in the vertical re-
trace mode and the MPU can directly change the data
in the display memory during that titne with no
interruption to displayed data.

Shift Registers

The two shift registers serialize bytes coming from
internal/external ROM/RAM for conversion to data

568047

on the TV screen. The shift registers output also goes
to the chroma encoder circuitry to determine the
color of each individual det. Each shift register has
4-bits.

VDG

The VDG has fourteen modes, grouped in three sets.
They are;

4 Alphanumerics Modes 2 Semigraphics Modes

0 Normal internal alpha

0O Inverted internal alpha
U Normal external alpha
3 Inverted external alpha

8 Full-graphics Modes

O 4 Graphics four-color modes
0O 4 Graphics two-color modes

O Semigraphics 4
O Semipraphics &

The six alphanumeric modes can be switched among
themselves on a character-by -character basis. Switch-
ing within the six alphanumeric modes is referred to
as minor-mode switching. All other mode switching is
referred to as major-mode switching,

The display can be major-mode switched on after
any multiple of twelve rows bave been completed.
This is signalled to the MPUf by RP output going low.
Switching among the full-graphics modes is permitted
at the end of every fwelfth row just as in major-
mode switching.

Table 1 tabulates the modes of the VDG, The data structures for each mode are listed in Table 7. Table 2 and
Table 3 show the Alpha Belect Mode and Graphic Select Mode configurations respectively. Table 4 gives the
Two-color Graphics and Full-alpha Color Specification. Table 5 shows the semigraphics and Four-color

Graphics Color Specification,
Table 1. VCHG Modes

Mode Descriptian Memory

l. ALPHA INTERNAL 32x 16 BOXES: 5x 7 CHARACTER 512x7-8

1. ALPHA INTERNAL INVERTED IN8x12BDX

118 ALPHA EXTERNAL "32x168B0XES: 5x ¥ OB ¥ x % CHARACTERS B1Zx7-8

IV, ALPHA EXTERNAL INVERTED IN8x12B0OX GR FULL 8§ x 12 LIMITED GRAPHICS

V. ALPHA SEMIGRAFHILS 4 32x 16 BOXES: 2 x 2 ELEMENTS PER BOX; B12xd -7
EIGHT COLORS PLUS BLACK

VI, ALPHA SEMIGRAPHICS 6 32x 16 BOXES 2 x IELEMENTS PER BOX; H1Zx6-8
FOUR COLORS PLUS BLACK

VIl GRAPHICS D B4 x 64 ELEMENTS: FOUR COLORS PER ELEMENT 1K x8

VIl GRAPHICS 1 128 x 64 ELEMENTS: TWD COLORS PER ELEMENT 1K x8

IX. GRAPHICS 2 128 x 64 ELEMENTS: FOUR COLORS PER ELEMENT 2K x 8

X. GRAPHICS 3 128 x 96 ELEMENTS: TWO0 COLORS PER ELEMENT 1.5K x 8

LR GRAPHICS & 128 x 96 ELEMENTS: FOUR COLDRS PER ELEMENT 3K x8

Xl GRAPHICS & 256 x 96 ELEMENTS: TWQ COLOAS PER ELEMENT 3K x8

FAlIN GRAPHICS B 128 x 192 ELEMENTS: FOUR COLORS PER ELEMENT GK x B

LiL'S GRAPHICS 7 266 x 192 ELEMENTS: TWD COLORS PER ELEMENT 6K x 8
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Table 7. Detailed Description of VDG Mode!

568047

- —— " - — e e
YOG PINS COLo® TV SCREEN
W6 | 45 INTFEIT'I ] C55 | MY | CHARACYER| BALK. BORDER | MSPLAY MODE DETAR VOG5 OATA BUS COMMENTS
| —| CLOA GRAUMD
] Blzrk { A2 Chararlers Rl L Al PHANUMZRC ANTERY AL mode uses nlerng
. lach —_—
0 ln N el l | Green 1 Bta i calurrng . m‘s Y L EE_‘:'IJI[: characler generatar welh on-crap Gd AZC0 char-
’ i ;LA Blagk. piep [ 10 Laarters it J : waT JrT— acter AUM 12 €isplay part characier in 4aF dar
T P g " raws LTRE, usen mair ¥ font
] — Z - . .
i . 32 Charaviers .- ALPHANUMERIC EXTZRNAL Mmooe uses extcaal
ol , ol o Y D leacs Blen e caturr s 4 L 1t ROM ar RAM 1 tisplay 512 coaraclers n cus
N - |0 ] Gresn ) 16 Characicrs HE BOW OF 16 “ls adeh w812 dot M
'] Eace LI P CUSTON CHARRCTER!
Ly £3 €y Ly Coler SEMISREPHICS 4 muode sutdwedes gace ul [he
o ¥ % X Blax 64 Dz 512 [32x86] Chardgler Blocks @ Bal2 2uls o
120 0 Grawe Elenzn: Laae wguel @215, Thie dorimance ol eduh 5
PL0 Y Yellow ooty :I:“ mia:]"m T L,] zelgrmnes 3y e e gspiding ot (L0-L3) an
afi 9 El 0] oL g 10 Blagk N o . —, | '"e ¥IC data b Color af each blogk 5 detsi.
1% 1 1 Ren ] NOT  coweN ueeewcE | Coned Dy 3 bers (C0-C3
11 0 0 Bie 37 Display . U=
Y101 fyanS Elumas N mes i
Shug
H 111 0 Magenta
5 11 % 1 Cremge
EMILZAPHICS B meda suadwidts aact ol Ihe
! T2 [32xHR Charactes iincks 0f Sx17 dake no
B4 Display ; Stk eoual p3:1s TOE LReRdace ol cach part 1S
BlEments in ! Jetermings by 1 Coreszangang sirs (LE-LS1 or
Lol g Ihg VDG Cus Coips ol ezch & ock 35 deles ninerd
u BEEEEERE
0l 1 il e X Rlagk LA by 2 brsaon a0
¥ A Inspuay tock LUMIKENCE
gignianty in 1A
110 Magenis)
1 1 1 Qrange
1 Cp GRAPHICS I Noje uses & mazmum of 1034
G 0 Gresn 0d {isplay Eyles o1 display RAK n % aIc one por
bt veilow BlRMenls in K G0, C1) sper IBs on Depare € @menl |Lx )
a 1 4 Cygn e anluring .- -
tpal x |ofo|o]=—x . ueen R w1 eslea]on_ ceafer]en]
1 s !
‘ o _ [sfeel EREEECED
[ER -1 Cyan? B4 [nspiay WHFNEEX = 10
ot Dyand | pye 2lements i riws
glug
10 Magerma
1 tiange
niee 128 isplay GREPHICE 1 noze uses a maxmem o 1324
wgmenls i byles ol displey AAM in which ooy bit (L
0 Loluring o - - SPELIIES DR HEI IR SR
ppr | ox fels| | T|x 4 Dipiay wlufslulifufult] | [ ] o] vl
176 Dsplay GRSPHICE 7 mote usds & masmun af 2046
5 Same ¢ 35 - elemenls n Lylas oA gicplay HAK nowkien png par o dire
= Seaph s 0 Seen | caling i]oh e [2a e[ e 0] (iCL. C1) spacties one guzire Jement 1L 1.
1 ¥ LU IR - I Tyars | 04 Display =t
Boug glmants i fiws
il x x N o " G elir 3% ) N2E Dnspiay GRAPHICS 3 more uses a manimum of i53R
7 Saphes 1 Sreen | giemnenrs ;n T r T bytes of displzy AAM in whick one bit 1La
colurag, [STwee vl ufe] | {owas[efuo]izfuoun] | spesivies oae picture semen.
Cyar? | g5 fisplay
Bl | piaments n rows
125 Display GRAFHICS ¢ Mode uses a mawiu-) M 3002
Sane caler 1% Legr, | el 0 _ bytes 61 display RAM i whiCr ong par of i
[REREE N EAREE N RS ' clurng EERE [er[eal et [en[ea]cofe]enb | (Co. (1 speces ore pichure element :Ex )
1 Gyans | 96 Display
Ble BlMENtS n A
" " 1 lals a ¥ Same calar 33 b Misplay GRAPHICS 5 mole b2es & mammu'n af 3070
! ¥ T Graphies 1 fieeen | alemenis in . bytes ol displzy FAK 0 w10 ang oo (Lad
Goéumns iurfesfenfisl 2 Li|l1;|.l' {n [1sLa uh:- SOECINIES ANE CHIGITE Elente e
Cyans .
Ak Di=play
Hije fAecnrs N s
126 Migplay GRAPHICE 6 roce uses a mawmurt | BIdd
@ Same colgr 35 o alenmenty in byles ol display HAM o wric= one pan el Rits
1% X Ty P l==13% | Gaphics 0 coumns el & 1'—|—'T'—|_|_|—i=' ERERDEE 1C0. C1) spec lies gne pojuré glemant |Ex.|
Cyans
Blue 182 usplay
SRMENLS 11 1w
it Same calon as Eob s oty GROPHICS 7 moce uses 3 maaman af 6144
1% X 11191 — i Grapfocs 1 Elemens i . ges ol displzy AAK 0 whic ong il (Lx)
' Loluras [wlea]ue va[ua] ey afea] | NoaTus[ibp [l uo] | =pradas one pickire eleTer |
Cvars o =
¥ WG Display
[ Bue | araments in rows

3.155



568047

Table 2, Alpha Mode Select

GM2 GM1 AlG AlS INT/EXT INV MS MODE
X 0 0 0 0 0 INTERNAL ALPHANUMERICS
X 0 0 g 0 1 INTERNAL INV. ALPHA
X i 0 0 1 0 EXTERNAL ALPHA
X 0 0 i 1 1 EXTERNAL INV. ALPHA
X a i 1 0 X SEMIGRAPHICS — &
X 0 0 1 1 X SEMIGRAPHICS — 6
0 1 0 X X STROBED LOW TEST ROM
1 1 0 X X STROBED LOW RESET

NOTES: 1} GM4 pin has no effect when A/G = 0.
2} Invert pin has no effect except in Internal Alpha or External Alpha.
3} Under normal operation, care should be taken not 10 take GM10in HIGH, when AJG pinis LOW, 1f this happans, any of the fallow-
ing conditions will accur depending on the status of MS and GM2 pin:
al The YOG might go to TEST mode,
bl The ¥DG might be reset.
The VDG will not return to normal vperation uniess A/G and GM1 pins are returned tu LOW level and M3 pin is strobed.
4) X =Don't care,
Takle 3. Graphic Mode Select

AlG GMa GM2 GM1 WODE
GRAPHICS O 1 ] i 0 B3 x 64 4 ~ COLOR
GRAPHICS ) 1 0 1] 1 128 x 64 2~ COLOR
GRAPHICS 2 1 0 5 | 128 x 64 4 - COLOR
GRAPHICS 3 1 0 1 1 128 x 96 2 -- COLOR
GRAPHICS 4 1 1 0 0 128 x 96 4 - COLOR
GRAPHICS 5 1 1 0 1 256 x 96 2 - COLOR
GRAPHICS 6 1 1 1 ] 128 x 192 4 — COLDR
GRAPHICS 7 1 1 1 1 256 x 192 2 ~ COLOR

NOTE:  A/S, INT/EXT, INV pins have no effect when A/G = 1.

Table 4. Two-Color Graphics and Full-Alpha Color Specification

CS5 PiN COLOR OF 'ON'DOTS
g GREEN
1 CYAN-BLUE
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Tahle 5. Semigraphics and Four-Color Graphics Color Specification

4-COLOR SEMI- SEMI-
GHRAPHICS GRAPHICS — B GRAPHICS — 4
EVEN BIT DB na
apoBIT o7 D5
£Sss G858 D& + l
COLOR 00d GREEN
SET 001 YELLOW
1 010 CYAN
01 RED
100 BLUE
COLOR i 0 CYAN/BLUE
SET 110 MAGENTA
2 111 ORANGE
NOTE: in Semigraphics — &, if any bit 00 — D5 is ‘0", then pieture elewnent corresponding to that bil would be black. In Seiugraphics - 4, if

any hit D0 — D3 is zere, then the picture element corresponding to that dot will be biack.

Table¢ 6. Two-Calor Graphics and Four-Color Graphics Border Color Specification

LSS PIN BORDER COLOR
0 GREEN
1 CYAN-BLUE

Fypical System: A typical 56800 microprocessor based
588047 system is shown on Figure b, This system has
the capability of displaying intemally and externally
generated characters, semigraphics 4 and 6 modes with
mode switching control from the microcomputer
input/output ports. A full graphics system configura-
tion would be similar in complexity with possibly
additional display RAM for the denser graphics modes.
The National Semiconductor LM1889 RF modulator
shown, has an on chip 3.58 MHz oscillator which can

Ordering Information

provide the microcomputer system clock as well as
the color burst relerence for the S68047. Other RF
modulators are available through various commenrcial
channels. Only 512 bytes are needed to display the
512 character blocks on a TV screen. However, because
of current static RAM configurations (ie. 1Kx1 &
1Kx4) the extra 512 byles available in the 1IKx9 RAM
shown can be used as scralchpad by the host micro-
. computer system,

Ordering No. No. Pins Package Temp. Range Description
868047 40 Ceramic 0-70°C VDG non-interlaced
S68047P 10 Plastic 0-70°C VDG non-interlaced
868047Y 40 Ceramic 0-70°C VDG interlaced
S68047YP 40 Plastic 0-70°C VDG interlaced
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Figure 6. Typical System (Alphanumeric Internal/External & Semigraphics 4 and 6 Modes.)
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A] M'l ® ADVANCED PRODUCT D;S;E:ﬂ;);

GENERAL PURPOSE
INTERFACE ADAPTER

Featuras General Description
O Single or Dual Primary Address Recognition The S68488 GPIA provides the means Lo interface be-
O Secondary Address Capability tween the IEEE488 standard instrument bus and the
0 Complete Source and Acceptor Handshakes S6800. The 488 instrument bus provides a means for
B Programmable Interrupts controlling and moving data from complex systems of
1 RFD Holdoff to Prevent Data Overrun mulliple instruments.
O Operates with DMA Controller The $68488 will automatically handle all handshake
LI Serial and Parallel Polling Capability rotocol needed on the instrument bus
0 Talk-Only or Listen-Only Capability P : :
O Selectable Automatic Features to Minimize
Software
O Synchronization Trigger Ouiput
0O S8800 Bus Compatible
Block Diagram Pin Configuration
l\l'nn
H i —1 o
| HOTE I: | 'ET“ T
= [ b w
s { %‘: ‘%" Sava s ve[] anf [ma
—— = o MR snm—r[ 2 J!gﬂs!
—1 OAC LN, cs]: 3 Bl jrs
AFD m[ 3 31:]850
- o ::? ] s [ ]ivd
SARMBE | _
o] LU L2 . af]s sl
Il “‘37 R ]z
- ::—;" AR o[ af] et
TRH we[] 0 n[] i
= — w[le s6e488 [®
‘ir‘: ‘%ﬂ 04 |: 11 n ]m
_i‘: o DAL GRART 05]:12 zn]m
DATAID w1 alnn
a1q3-0I08 '"l:“ z;:|'r.'ﬁz
Uik Vi oma REQUEST |15 n :] RiN
may |: 16 5 ] Eh
WOTE 1: vac [ 24| s
— RED Ew 2 :lsn'ii
| Feger |19 af| mEw
vas [J20 af]re
TYPIE I’I.ICE.S .
*The 3-wire handshake described is the subject
of patents owned by Hewlett-Packard Co.
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Functional Description

The IEEE 488 instrument bus standard is.a bit-parallel,
bhyte-serial bus structure designed for communiation
to and from intelligent instruments. Using this stand-
ard, many instruments may be inferconnected and
remolely und automalically controlled or pro-
grammed. Data may be taken from, sent to, or trans-
ferred between instruments. A bus controller dictates
the role of each device by making the attention line
true and sending talk or listen addresses on the instru-
ment bus dalalines; those devices which have matching
addresses ave activated. Device addresses are set info
each GPIA from switches or jumpers on a PC board
by a microprocessor as a part of the initialization
sequernce.

When the controller makes the attention line true,
instrument bus commands may also be sent to single
or multiple GPTAs, ’

Information is transmitted on the instrument bus
data lines under sequential control of the three hand-
shake lines. No step in the sequence can be initiated

568488

until the previous slep is completed. Informalion
transfer can proceed as fast as the devices can respond,
but no faster than the slowest device presently ad-
dressed as active, This permits several devices of dif-
ferent speeds to receive the same data concurrently.

The GPIA is designed to work with standard 488 bus
driver Tecs (S344BAs) to meet the complete electrical
specifications of the TEEE488 bus, Additionally, a
powered-off instrument may be powered-on without
disturbing the 488 bus. With some additional logice,
the GPLA could be used with other microprocessors.

The 368488 GPIA has been designed to interface be-
tween the S6800 microprocessor and the complex
protocol of the IEEE488 instrument bus. Many
instrument bus protocol functions are handled auto-
malically by the GPIA and require no additional MPU
action. Other functions reguirc minimum MPU
response due to a large number of internal registers
conveying information on the stafe of the GPTA and
the instrument hus.

Figure 1,

DATA €¥TE
TRANSFER
CANTROL

DATA BUS
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e
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S I I
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ey CALCULATDR
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DEWICE L
ONLY aBLE
T0 LISTEN
ag. RIGNAL
GENERATOA

DEVICE 2
ABLFTO ALK
AND LISTEN

SBEAEA
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Maximum Ratings

Supply Vollage ... e e e -0.3Vde to +7.0Vde
Input Voltage ... e e e e e e -0.3Vdc to +7.0Vde
Operating Temperature Range . ... .. .. e e e e 0°C to +70°C
Storage Temperalure Range ... ...t e e e s 55°C to +150°C
Thermal Resistance . . ... a i e e +82 5°C/W

This device contains cireuitry to protect the inputs against damage due to high stalic voltages or electric fields, however, it is
advised that normal precautions be taken to avoid application of any voltage higher Lthan maximum rated voltages to this high-
impoedanee cireuil,

" Electrical Characteristics (Vg = 5.0V £5%, Vg = 0, Ty = 0°C Lo +70°C unless otherwise noted)

Symbol Parameter Min. Typ. Max. Unit Conditions
VIH Input High Voltage Vgg + 2.0 Voo Vde
ViIL Input Low Voltage Vgg - 0.3 Vgg + 0.8
Ity Input Leakage Current 1.0 2.6 pAde Vin = 0to 5.25V
I1s1 Three-State (Off State) :
Input Current DG-D7 2.0 10 uAde | VN=04t024V
VoH Dutput High Voltage
D0-D7 |Vgg +2.4 Vde Tigad = - 206u A
VoL Output Low Voltage
DO-DT7 Vgg + 0.4 Vde Noad = 1.6mA
IRQ Vgg +0.4 Tlgad = 3.2mA
ILon Output Leakage Current _
{Off State) IRQ 1.0 10 wAde Vou = 2.4Vde
Pp FPower Dissipation 600 mW
CIn Inpul Capacilance DG-D7T 12.5 pF Viy =0,
All Others 7.5 Ta = 25°C,
f=1.0MHz
Figure 2. Scurce and Acceptor Handshake
i e 208 SOURCE
_X X
uAY iy
SOURCE
vALID

HED ALLR

bat

oY

SOME ADY

SOME
ROY

|

| | a1 ROY¥

| NONE | | | SCCERTER
I

AaLL

ACCERTOR

| ace ALL ACC
I |
| i
TATA DATA
TRANSTER TRANSFER
BEGIN EKD
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Bus Timing Characteristics
Read (See Figure 3)
Svmbol Parameter Min. Typ. Max, Unit Conditions
toveR Enahle Cycle Time 1.0 s
PWgrH | Enable Pulse Width, High 0.45 s
PWRL Enahle Pulse Width, Low 043 ME
tAS Setup Time, Address and 160 ns
R{W valid to enable
positive transition See
; Figure 3
tDDR Data Delay Time 320 ns |
tH Data Hold Time 10 ns
tAH Address Hold Time 10 ns
tEe, tEf | Rise and Fall Time for 25 ns
Enable input
Write (See Figure 4)
teyeE Enahle Cycle Time 1.0 Mg
PWgg Enable Pulse Width, [ligh .15 it
PWEL Enable Pulse Width, Low 0.43 us
A8 Setup Time, Address and 180 ns
B/W valid to enable See
posttive transition Figute 4
tpsw Bata Setup Time 195 ns
ty Data Hold Time 10 ns
taH Address Hold Time 10 ns
tey, tgr | Kise and Fall Time for 25 ns
Enable input
Output (See Figure 5)
tun 400 ns DAV, DAC,RFD,
Output Delay Time . L L EOI, ATN valid
tT/R1, 2D 400 ns T/R1, I/R2 valid

ENABLE

Figure 3. Bus Read Timing Characteristics

{Read Information from GPIA)

RS, C5, AW

DATABUS

Figure 4, Bus Write Timing Characteristics
{(Write Information inta GPIA)

-

ENMABLE
|

o FITY
RS, LG, K/’ 18

OATA BUS
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Figure 5. Output Bus Timing
TNARIF o \
— [ty
e, TAC, AEN, T, ATN X_ g:g:
= T k.
T:A1 TiAZ Xr
A
A.C. Time Values
Symbaol* Parameter Min. | Typ. | Max, | Unit Conditions
T, Settling Time for Multiple Message sH =2 Lg¥E
to Response to ATN SH, ALl T, L =200 ns
Ty Interface Message Accept Time § ) All =0 f
t4 Response to IFC or REN False  T.TE, L, LE ; <100 us !
ts Response to ATN « EOI PP 4200 ns

* Time values specificd by & lower case t indicale the maximum Lime allowed Lo make a slate Cransition, Time vaiues specified
by an upper case T indieate the minimum time that a function must renain (n a state before exiling.

#% 1f three -state drivers are used on the DIO — DAV and LOI lines, Ty may be:

{13 Z1100ns

(2) Or 270003 i it is known thal within the controller ATN is driven by a three-siate driver.
(3) Or Z500ns for all subsequent bytes following the first senl after each lalse transition of ATN [the (irst byle musl be sent,

in accordance with {1} or (2]].

T Time required for interface functions Lo accepl, not necessarily respond to interface messages,

$ Implementation dependent.

AP bus clock rate — The current 6800 bus clock iz <2 LMHz bar part should operate at 1.5MITz (design goal), with appropriate

settling times (T1}.

GPIA/MPU Interface Signals

The S6B8488 interfaces to the 863800 MPU with an
eight-bit bidirectional data hus, a chip select, Read/
Write line, reset line, three register select lines, an
interrupt request line, two DMA control lines, and an
address switch enable line.

Bidirectional Data (D0-D7) — The bidirectional data
lines allow the transfer of data between the MPU and
the GPIA. The data bus output drives are three-state
devices that remain in the high impedance (off) state
except when the MPU performs a GP1A read operation.

Chip Select (CS) — This inpul signal is used lo select
the GPLA. T8 must be low for selection of the device.
Chip select decoding is normally accomplished with
logic external to the chip.

Read/Write Line (R/W} — This signal is gencrated by
the MPU to control register access and direction of
data transfer on the data bus. A low state on the
seven write-conly registers when used in conjunction
with Lhe regisier select lines RS0, R81, RS2, A high
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gtate on the GPIA Read/Write allows for the selection
of one of eight read-only registers when used in con-
junction with register select lines RS0, R51, RS2,

Register Select (RS0, RS1, R82) — The three register
select lines are used to select the various registers
inside the GPlA. These three lines are used in con-
junction with the Read/Write line to select a particular
register that is to be written or read. Table 1 shows
the register select coding.

Table 1. Register Accass

REGISTER
RS2 | BS1 | RSD |RW | REGISTER TITLE SYMEBOL
0 0 0 | 1 |INTERRUPT STATUS ROR
0 a 0 | 0 | INTERRUPT MASK ROW
1] 0 1 1 | COMMAND STATUS R1R
0 0 1 0 | UNUSED -
a 1 0 1 | ADDRESS STATUS A2R
0 1 ¢ | 0 |ADDRESS MODE R2w
1] 1 1 1 | AUXILIARY COMMAND R3R
0 1 1 ¢ | AUXILIARY COMMAND R3wW
1 0 0 1 | ADDRESS SWITCH* R4R
1 U 0 | 0 | ADDRESS Raw
1 0 1 1 |SERIALPOLL RAR
1 0 1 0 |SERIAL POLL RSW
1 1 0 | 1 |COMMAND PASS-THROUGH RER
1 1 0 | 0O [PARALLELPOLL ] REW
i 1 1 1 | DATAIN R7R
1 1 1 0 | DATA OUT RTW

*External 10 568488

Interrupt Regquest (TRQ) — The IRQ output goes to
the common interrupt bus for the MPUL This is an
open drain output which is wire-ORed to the IRQ
bus. The TR is set false {low) when an enabled inter-
rupt occurs and stays false until the MP1! reads from
the interrupt status register.

Reset — The active low Eeset linc is used to initialize
the chip during power on start up. Reset will be driven
by an external power-up reset circuit.

DMA Control Lines {DMA Grant, DMA Request) —
The DMA request line is used to signal waiting data
when Byte In (BI) or Byte Out (B0} is set high for a
DMA controller, The DMA request line is set high if
either the Bl or BO interrupt flags are set in the Inter-
-rupt Status Register (ROW) and the correspending
bits in the Interrupt Mask Register (ROR) are set true.

$68488

The DMA request line is cleared when the DMA grant
is made true, The DMA grant line is used to signal the
GPIA that the DMA controller has control of the
MPU dala and address lines.* DMA Grant must be
grounded when not in use!

Address Switch Enable (ASE) — The ASE output is
used o enable the device address switch three-state
buffers to allow the instrumeni address switch to be
read on the MPU bus.

Clock Input {Clk) — The clock input is normally a
derivative of the MPU ¢2 clock.

GPIA/488 Interface Bus Signals

The GPIA provides a set of eighteen interface signal
lines between the S6800 and the IEEE Standard 488
bus.

Signal Lines (IB0-IB7) — These bidirectional lines
allow for the flow of seven bit ASCI! interface mes-
sages and device-dependenl messages. Data appears
on these lines in a hit-parallel byte-serial form. These
lines are buffered by the transceivers and applied to
the 488 but (DIO1-DI08).

Byte Transfer Lines (DAC, RFD, DAV) — These lines
allow for proper transfer of each data byte on the bus
hetween sources and acceptors. RFD goes passively
true, indicating that all acceptors are “ready for data,”
A source will indicate the ““data is valid” hy pulling
DAV low. Upon the reception of valid data by all
acceptors, DAC will go passively true, indicating that
the “data has been accepted” by all acceptors,

These lines are used to manage an orderly flow of
information across the interface lines.

Attention (ATN} — This is sent true over the inter-
face to disable current talker and listeners, freeing
the signal lines (IBG-IB7). During the ATN, aciive
state devices monitor the DTO1 for addressing or an
interface command. Data flows on the DIO1 lines
when ATN is inactive (high}.

Interface Clear (TFC) — This is used to put the inter-
face system into a known guiescent state,

Service Request (SBQ) — This is used to indicate a
need for attention in addition to reguesting an inter-
ruption in the current sequence of events. This indi-
cates to the controller that a device on the bus is in
need of service,
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Remote Enable (REN) — This iz used to select ane of
two alternate sources of device programming data,
local or remote control.

End of Identify (EOI} — This is used to sighal the cnd
of a multiple hyte transfer sequence and, in conjunc-
tion with ATN, executes a parallel polling seguence.

Transmit/Receive Control Signals (T/R1, T/R2) —
These two signals are used to contlrol the quad trans-
cejvers which drive the interface bus. It is assumed
that appropriate transceivers will be used where each
transceiver has a separate transmit;/receive vontrol pin.
These ping can support one TTL load each. The outputs
can then be grouped as shown in the Block Diagram
with SRQ hardwired high to transmit. The transmit/
receive inputs of REN, IFC, and ATN are hardwired
low to receive. RO is controlled by T/R1 through
the 834484 (or an equivalenl}, allowing it to transmit
or receive. T/R1 operates exactly as T/R2 except dur-

$68488

ing the parallel polling sequence. During parallel poll,
EOI will be made an input by T/R1 while DAV and
IBO-TB7 lines are oulpuls.

GPIA INTERNAL CONTROLS AND REGISTERS*

There are filteen locations aceessible to the MPL data
bus which arc used for transferring data to control
the various funetions on the chip and provide current
chip status. Seven of these registers are write only
and eight registers are read only. The various registers
are accessed according to the three least significant
bits of the MPU] address bus and the status of the
Read/Write line. One of the fifteen registers is external
to the IC but an address switch register is provided
for reading the address switches. Table 2 shows actual
bil. contents of cach of the registers.

FNote: Upper and lowet case type designations will be used with
the register bits Lo indicale remole orlocal messages, respoectively.

Table 2
7 ] 5 4 3 2 1 0

RO IR0 BO GET APT CMD END Bi interrupt “Mask’ Reg.
ROR | INT | BO GET APT | CMD | ERD Bl interrupt Status Reg.
RI1R UACG REM LOK " RLC SPAS BCAS | DUCG Command Status Reg.
RiW Unused
R2ZR ma to lo ATN TACS LACS | LPAS TPAS Address Status Reg.
R2W dsel Lo o hide hida apte Address Mode Req.
s:; Resat ?fﬁ\d? [::: F;:c[: msa rtl :l':: fget Auxiliary GCommand Reg.
R4R 0lak; unz uon ADS AD4 AD3 AD2 AN Address Switch Reg.
RAW Ishe dal dat ADb AD4 AD3 ADZ Al Address Register
R5R SROS .
REW S8 o 56 S5 S4 S3 52 S1 Serial Poll Reg.
RER B? BB BS B4 B3 B2 B1 BO Command Pass-thru Beg.
RGW | PPRS | PPR7 | PPRG | PPRG | PPR4 | PPRI | PPRZ | PPR1 | Paraliel Poll Reg.
R7R D17 D16 D15 D14 03 D12 D11? D10 Data In Register
R7W Doy D06 D05 D04 D03 Doz D01 Dao Data Out Register

Data-In Register RTR — The data-in register iy an
actual eighi-bit storage register used io move data
from the interface bus when the chip is a listener.
Reading the register does not destroy information in
the data-out register. DAC (data accepied) will remain
low until the MP{J removes the byte from Lhe data-in

register. The chip will automatically finish the hand-
shake by allowing DAC to go high. In RFD {ready for
data} holdoff mode, a new handshake is not initiated
until a command is sent allowing the chip to release
holdoff. This will delay a falker until the available in-
formation has been processed.
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Data-1n Register {Read Only}

568488

Interrupt Mask Register {Write Only}

oi7

DIE D13 1]

0is

Di4

D1z | on

010-017 correspond to DIO1-D108 of the 488-1975 Standerd and

IBO-1

7 of the S68488.

Data Out Register RTW — The data-out register is an
actual eight-bit storage register used to move data out
of the chip onto the interface bus. Reading from the
data-in register has no effe~t on the information in
the data-out register. Writing to the data-out register
has no effect on the information in the data-in register.

Data Out Register (Write Only}

D07 | DO6 { DOG | D04 { DO3 | BJ2 | DO1{ DOO

DO0-DO7 correspond to the DIO1-DI0& af the 488-1975 Standard
and IB0-1B7 of the S6R488.

Interrupt Mask Register ROW — The Interrupt Mask
Register is a seven-bit storage register used to select
the particular events that will cause an interrupt to bhe
sent to the MPIU. The seven control bits may be set
independently of each other. If dsel (bit 7 of the
Address Mode Regisler) is set high, CMD bit 2 will
interrupt on SPAS or RLC. If dsel is set low, CMD
will interrupt on UACG, UUCG, and DCAS in addition
to RLC and SPAS. The Command Status Register
R1R may then be used to determine which command
caused the interrupt. Setting GET bit 5 allows an in-
terrupt to oecur on Group Execute Trigger Command.
END bit 1 allows an interrupt to occur if EOI is true
(low) and ATN is false (high). APT bit 3 allows an
interrupt to occur, indicating that a secondary address
is available to be examined by the MPU if apte (hit
0 of Address Mode Register) is enabled and listener
or talker primary address is received and a Sccondary
Command Group is received. A typical response for a
valid secondary address would be to set msa {bit 3 of
Auxiliary Command Register) true and dacr {bit 4
Auxiliary Command Register) true, releasing the DAC
handshake, Bl indicates that a data byte is waiting in
the data-in register, BI is set high when data-in register
is full, BO indicates Lhat a byte from the data-out
register has been accepted. BO isset when the data-out
register is empty. [RQ enabled high allows any inter-
rupt to be passed to the MPU.

IRQ | BO | GET X APT | CMD | END 8l
IR0 — Mask bit for IR0 pin
BD  —Interrupt on byte output
GET  — Interrupt un Group Execute Trigger
APT  — Interrupt on Secondary Address Pass-Through
CMD  — Interrupt on SPAS + RLE + dsel (DCAS + UUCG + UACG}
END —Interrupt on EQ1 and ATN
Bl — Interrept on byte input

Interrupt Status Register ROR — The Interrupt Status
Register is & seven-bit storapge register which corre-
spondds to the interrupt mask register with an additional
bit INT bit 7. Except for the INT bit, the other bits
in the status register are set regardless of the state of
the interrupt mask register when the corresponding
event ocecurs.,. The TRQ (MPU interrupt) is cleared
when the MPU reads from the register. INT bit 7 is
the logical OR of the other six bits ANDed with the
respective bit of ROW.

{nterrupt Status Register {Read Only)

INT | BO | GET X APT | CMD | END Bl
INT  — Logical QR of all other bits in this register ANDed with the
respective hits in the interrupt mask register
BO — A byte of data has heen output
GET  — A Group Execute Trigger has opcurred
APT  — An Address Pass-Throuyh has oecurred
CMD - SPAS + RLC + dsel {DCAS + JUCG + UACG) has occurred

END — An EDI has ocourred with ATN =0
Bl — A hyte has been received

Serial Poll Register RER/W — The Serial Poll Register
is an eight-bit storage regiter which can be both
written into and read by the MPU. It is used for estab-
lishing the status byte that the ¢hip sends out when it
is serial poll enabled. Status may be placed in bits 0
through 5 and bit 7. Bit 6 rsv {request for service) is
used to drive the logic which controls the SR line
on the bus telling the controller that service is needed.
This same logic generated the signal SRQS which is
substituted in bit 6 position when the status byte is
read by the MPU IB0-IB7. In order to initiate a rsv
{request for service), the MPU sets bit 6 true {generat-
ing rsv signal) and this in tumn causes the chip to pull
down the SRQ line. SRQS is the same as rsv when
SPAS is false. Bit 6 as read by the MPU will be the
SPQS (Service Request State).
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Serial Poll Register {Read)

568488

Address Mode Register (Write Only)

s I SRas| sB 55 [ K] g7 51 dsel | to lo X hdte | hdla X apte
51-S8 - Status hits dsel  — Configure for automatic completion of handshake seguence
SRQS - Busin Service Request State on occurrence of GET, UACG, WUCG, SDC, or DCL com-

mands.

. . . to — Set 1o tatk-only mode.

Serial Poll Register (Write} fo — Set to listen-only mode.
hdle  — Hold-off RFD an end.
S8 rsy 56 55 54 83 52 $1 hdla — Hold-off RFD on all data,
apte  — Enable the address pass-through feature.

51-88 - Status bits
rav — Generate a service request

Paralle] Poll Register R6W — This register will be loaded
by the MPU and the bits in this register will be delivered
Lo the instrument bul IBO-IB7 during PPAS (Parallel
Poll Active State), This register powers up in the PPO
{Parallel Poll No Capability) state. The reset bit
(Auxiliary Command Hegister bit 7} will clear this
regisler to the PPO state.

The parallel poll interface function is executed by
this chip using the PP2 subsel (Omit Controller Con-
figuration Capability), The controller cannot directly
configure the parallel poll cutput of this chip, This
must be done by the MPU. The controller will be ahle
to indirectly configure the parallel poll by issuing an
addressed command which bhas been defined in the
MPL’ software.

Parallel Poll Register (Write Only)

PP8 | PR7 | PPG { PP5 | PP4 | PP3 | PP2 | PP

Bits delivered to bus during Parallel -Pal) Active State (PPAS)
Register powers up in the PPO state
Paraliel Poll is executed using the PP2 subset

Address Mode Register R2W — The address mode
register is a storage register with six bits for control:
to, lo, hlde, hlda, dsel, and apte. The to bit § selects
the talker/listener and addresses the chip to talk only.
The lo bit 5 selects the talker/listener and sets the
chip to listen only. The apte hit 0 is used to snable
the extended addressing mode. If apte is set low, the
device goes from the TPAS (Talker Primary Address
State) directly to the TADS {Talker Addressed State).
The hlda bit 2 holds off RFD {Ready for Data) cn
ALL DATA until rfdr is set true. The hlde bit 3 holds
off R¥D on EOI enabled (low) and ATN not enabled
(high). This allows the last byte in a block of data to
be continunally read as needed. Writing rfdr true (high)
will allow the next handshake to proceed.

Address Status Register R2R — The address status
register is not a storage register but simply an eight-bit
port used to couple internal signal nodes to the MPU
bus. The slatus flags represented here are stored inter-
nally in the logic of the chip. These status bits indicate
the addressed state of the talker/listener as well as
flags that specify whether the chip is in the lalk only
or listen only mode. The ATN, bit 4, contains the
condition of the Attention Line. The ma signal is true
when the chip is in:

TACS — Talker Active State
TADS - Talker Addressed State
LACS — Listener Active State
LADS — Listener Addressed State
5PAS  — Serial Poll Active State

Address Status Register {Read Only)

ma to o | ATN { TACS [LACS|LPAS [ TPAS
ma — My address has pecurred.
ta — The talk-only made is enabled.
la — The listen-only mode is enabled.
ATH — The Attention command is asserted.

TALS — GPIA isin the Talker Active State.

LACS — GPIA is in the Listener Active State.

LPAS — GPIA is in the Listener Primary Addressed State.
TPAS - GPIA is in the Talker Primary Addressed State.

Address Switch Register R4R — The address switch
register is external to the chip. There is an enable line
(ASE} te be used to enable three-state drivers con-
nected between the address switches and the MPU,
When the MPU addresses the address switch register,
the enahle line directs the switch information to he
sent to the MPU, The five least significant bits of the
cight-hit register are used to speeify the bus address
of the device, and the remaining three bits may be
used at the discretion of the user. The most probahle
use of one or two of the bits is for controlling the
listener only or talk only functions.
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Address Switch Register (Read Only}

uD3 |uDZ | UD1 | AD5 | AD4 ) AD3 | AD2 | AD1
AD1-ADS — Device address.
uo1-un3 — User definable bits.

When this “register” is addressed, the ASE pin is set, atlowing external
address switch information from bus device to be read.

Address Register R4W ~— The Address Repgister is an
eight- bit storage register. The purpose of this register
is to carry the primary address of the devica. The
primary address is placed in the five least significant
bits of the register, IT external switches are used for
device addressing, these are normally read from the
Address Switch Register and then placed in the Address
Register by the MPU.

AD1 through ADS5 bits 0-5 are for the device’s address,
The Ishe hit 7 is set to cnable the Dual Primary Ad-
dressing Mode. During this mode, the device will
respond o two conseculive addresses, one address
with ADI equal to 0O and the other address with AD1
equal to 1. For example, if the device’s address is
HEX OF, the Dual Primary Addressing Mode would
allow the device to be addressed at both [IEX 0F and
HEX 0E. The dal bit 6 is set to disahle the listener
and the dat bit 5 is set to disable the talker.

This register is cleared by the Reset input only {not
by the regel bit of the Auxiliary Command Register
bit 7).

When ATN is enabled and the primary address is
received on the IB0O-7 lines, the S68488 will set hit
7 of the address status register {ma). This places the
S68488 in the TPAS or LPAS,

When ATN is disabled, the GP1A may go to one of
three states: TACS, LACS or SPAS.

Address Register {Write Only)

tshe | dal | dat | ADS | AD4 | AD3 | AD2 | AD1
Ishe  — Enable dual primary addressing mode.
dal — Disable the listener.
dat - Disable the talker,
AD1-ADS — Primary device address, usually read from address

switch register.
Register is cleared by the Reset input pin only.

Auxiliary Command Register R3R/W — Bit 7, resct,
initializes the chip to the following states: (Reset is
set true by external Reset input pin and by writing
into the register from the MPU.}

568488

SIDS — Source Idle Stale

AIDS  — Acceptor Idle State

TIDS — Talker Idle State

LIDS  — Listener ldle State

LOCS -- Local State

NPRS — Negative Poll Response State

PPIS — Parallel Poll Idle State

PUCS  — Parallel Poll Unaddressed to Configure
State

PFO — Parallel Poll No Capability

rfdr (release RFD handshake) bit 6 allows for comple-
tion of the handshake that was stopped by BFD
(Ready for Data} holdoff commands hlda and hlde.

fget (force group execute trigger) bit 0 has the same
effect as the GET (Group Execute Trigger) command
from the controller.

ttl (refurn to local) bit 2 allows the device to respond
to local controls and the associated device functions
are operative,

dacr (release DAC handshake) bit 4 is sef high to allow
DAC to go passively true. This bit is set to indicate
that the MP{] has examined a secondary address or an
undefined command.

ulpa (upper/lower primary address) bit 1 will indicate
the state of the LSB of the address received on the
DIO1-8 bus lines at the time the last Primary Address
was received, This bit can be read but not written by
the MPU.

msa (valid secondary address) bit 3 is set true (high)
when TPAS (Talker Primary Addressed State) or
LPAS {Listener Primary Addressed State) is {rue. The
chip will become addressed to listen or talk. The pri-
mary address must have been previously received,

RFD, DAV, DAC (Ready for Data, Data Valid, Data
Accepted) bits assume the same state as the corre-
sponding signal on Lhe 568488 package pins. The
MPU may only read these bits. These signals are not
synchronized with the MPU clock.

dacd (data accept disable) bit 1 sct high by the MPU
will prevent completion of the autematic handshake
on Addresses or Commands. dacr is used to com-
plete the handshake.

feoi (forced end or identify) bit 5 tells the chip te
send EOT low. The EOI line is then returned high after
the next byte is transmitted. NOTE: The following
signals are not stored bul reverl to a false {low) level
one clock cycle (MPUg2) after they are set true (high}:

1, rfdr
2. feoi
3. dacr

These signals can he written buf not read by the MPU.
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Auxiliary Command Register

RESET rfdr | feni |daer | dacd ; WRITE
] msa | it et
DAC| DAV |RFE oipa | 0 | READ
reset — initizlize the chip to the following status:
{1} all interrepts cleared
{2} fallowing bus states are in affect: 5108, AIDS, TIDS, LIDS,
LOCS, PRIS, PUCS, and PPD
{2} bit is set by Reset input pin
msa — if GPIA isin LPAS or TDAS, setting msa will force GPIA to

LADS or TADS

il — return to local if local lockout is diszbled

ulpy  — state of LSB of bus at-last-primary -address receive time

fget - Force grovp execute trigger command frem the MPU has
oceurred

rfdr  — continug handshake stopped hy RFO holdoff

feni  — set EQF true, clears after next byte ransmitted

dacr — MPU has examined an undefined cammand or secondary
address

dacd — prevents completion of automatic handshake on Addresses ar
Commands

Command Status Register R1IR — The command
status register flags commands or states as they occur.
These flags or states are simply coupled onto the
MPU bus. There are five major address commands. REM
shows the remoteflocal state of the talker/lislener.
RLC bit 3 isset when a change of state of the remotef
local flip-flop occurs and reset when the command
status register is read. DCAS bit 1 indicates that either
the device clear or selected device clear bus been re-
ceived activating the device clear function. SPAS bit 2
indicates that the SPE command has been received
activating the device serial poll function. UACG bit 7

$68488

incdicates that an undefined address command has
been received and depending on programming the
MPU decides whether Lo execute or ignore it. UUCG
bit 0 indicates that an undefined universal command
has heen received.

Command Status Register
{Read}

UACG | REM | LOK| X |RLC | SPAS [ DCAS | UUCG

UACG — Undefined Addreszed Command

REM — Remate Enabled
LOK — Local Lockout Enatled
RLE - Remote/Local S1ate Changed

SFAS — Senal Poll Active State is in effect
DCAS — Device Clear Active State is in effect
DUEG — Undefined Untvessal Command

Command Pass-Through Register R6R — The com-
mand pass-through is an eight-bit port with no slorage.
When this port is addressed by MPU it connects the
instrument data bus {IB0-TB7) to the MPU data bus
D0-D7. This port can be used to pass commands and
secondary addresses thal aren’t automatically inter-
preted through to the MPU for inspection.

Command Pass-Through Register
{Read Only}

B7 | BB Bb | B4 | B3 B2 B1 B0

An gight-bitinput portused to pass commands and secondary addresses
to MPU which are not autematically interpreted by the GPIA.
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51883 BLOCK DIAGRAM PIN/PACKAGE CO
{Available in Pkgs. 3M, 1T - see Sec. 1)
FEATURES
. 12.5 K Baud Data Rates L Double Buffered Input/Output
» 5.5 Bit Word Length ®  Independent Transmit/Receive Rates
. Parity Generation/Checking Odd, Even, None » Start and Stop Bits Generated and Detected
. Framing and Overllow Error Detection . interlchangeable with TMS6011, COM2017,
L] I, 1.5, or 2 Stop Bits TR1602, AY-5-1013
& Tri-State Dutpuls
FUNCTIONAL DESCRIPTION preceding each character and under program control 1, 1.5, or

The 51853 Universal Asynchronous Receiver Transmitter
{UART) is a single chip MOS/LS] device that lotally replaces
the asynchronous parallel to serial and serial to parallel
conversion logic required to interfage a word parallel con-
troller or data terminal to a bit serial communication network.

Far asynchronous data transmission with a non-contiguous
data bit stream, the UART automatically inserts a START bit

3.170

2 stop bits at the end of sach character. To detect incoming
characters in a noisy environment the UART cmploys a
START bit detection network and allows errorless recovery of
data with up to 42% distertion.

The UART will transmit or receive data characters of 5, 6, 7,
or 8 bit length. Options aliow the generation and checking of
odd, even parity or ne parity. The odd or even parity hit is
automatically added to the character length for transmission,
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BLOCK DIAGRAM PIN/PACKAGE CONFIGURATION
FEATURES
L 500 KHe Data Rates . 5-8 Bit Characters
. Iniernal Syne Detection [ Qdd/Lven or No Parity
®  Fill Character Register ®  FError Status Flags
. Double Butfered Input/Output . Single Power Supply (13v)
. Bus Orjented Qutpuls *» Ingut/OQuipul TTL Compatible

FUNCTIONAL DESCRIPTION

The $2350 Universal Synchronous Receiver Transmitter
(USRT) is a single chip MOS/LSI device that tolally replaces
the serial ta parallel and parallel to serial conversion logic
required to interface a word parallel controller or data terminal
to a bit-serial, synchronous communication network.

The USRT consists of séparale receiver and transmitler
sections with independent clocks, data lines and status.
Commaon with the transmitter and receiver are word length and
parity mode, Data is transmitted and received in a NRZ format
at a rate equal to the respective input clock frequency.

Dara messeges are transmitied as o comtigaous characler
stigam, bit synchronous with respeet 1o clock sud character
synchronous with respect 1w framing or “syne™ chamcters
initiulizing each message. The USRT receiver compares the
contents of the miernal Reeciver Syne Register with the in-
caming data streamnin a bit leansparent mode. When a compare
iz made, the receiver hecomes character synchronous For-
matting a 5, 6, 7, or & bit_character for output cach character
time. The teceiver has an output butter register allowing 4 full
character time to transfer the data cut. The receiver status
autputs indicate received data availahle (RDA), receiver over-
run (ROR), receive parity error (RPE) and syne character
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AMI MICROCOMPUTER SYSTEMS

MICROCOMPUTER DEVELOPMENT CENTER

An intelligent stand-alone software debugging station,
serving completely the combined needs of the design
engineer and the programmer. It consists of a $6800
based CRT/keyboard microcomputer terminal, a dual
drive floppy disk memory, and an opiional hard copy
printer.

AMI Microcomputer
Development Center

A program in development for in operation} can be
viewed on the CRT and edited on the keyboard. Pro-
gram [iles can be asscmbled and stored in the floppy
disk memory, under control of the disk memory
operating system software. The modular bus oriented
card ecage in the CRT terminal provides versatile
facilities for developing and testing 6800 hardware.

CRT/Keyboard Terminal

O Capahility for generating 256 vnique ASCII input
characters

() 12-inch diagonal CRT display — 25 lines of 80
characters

[1 16K bytes of user available RAM, expandable (o
48K

[C Full cursor and editing conirols
L Special function controls

C Peripheral interconnects

Logic Anaiyzor

General-purpoese logic analyzer
Plugs into MDC-100

Trace memory hold 1024 steps
All patterns 40 channels wide

noornrnmn

Two separate event qualifiers

Data-dependent clock
1 Outhound trigger

M

Floppy Disk Memory

C IBM 3740 data formai compatible
C Data storage capacity of 256,256 bytes per
diskette

C  Fully supported by FDOS-II Digk Operating and
File Management System soitware

Optional Matrix Printer

C1 132 column

O Dot matrix, impact printing

[J 120 or 180 characters per second

52000 Support

52000 Designers can use the DEV-2000 Development
Board to provide a direct link between the MDC and
the user’s protoiype. As stand-alone systems, the
52000 designer can use the capabilities of either the
low-cost SES-2000 hardware emulator — which is a
pin-fer-pin substitute for an S2000 microcompnter chip
and contains its own EPROM memory — or the
TES-52000 {unetional go/no-go LesLer.
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MDC Hardware Capabilities

The AMI MDC is a multilunction development center
that single-handedly satisfics your requirements for
software development, hardware development, and
prototype checkout. The MDC can also double as a
sland-alone communications terminal., a general pur-
posc dala processing system, or as an incoming parts
tester.

Software Development — write, debug and operate
56800 and 52000 programs on the CRT terminal, us-
ing its internal RAM and the dual drive floppy disk for
storage. The MDC comes with a full complement of
support software, ineluding the FDOS-II Disk
Operating and File Management System, a Text
Editor, an Assembler, Debugger, Trace, Telecom-
munications and Utilities,

Hardware Development — breadboard such cicruitry
as interfaces or memories right on the MDC wirewrap
prototyping board and plug into the CRT terminal card
cage to operate with the MDC’s 56800-based central

MDC Software Capabilities

The AMI MDC offers total facilities for rapidly
developing applications and systems software. The en-
tire MDC software system is at the user’s instant
disposal — a few simple keystrokes are needed to in-
stantly access and execute any program. The FDOS-II
disk based operating system provides complete system
resource control to the programmer.

FDOS-II Disk Operating and File Management
System — contains a resident module for bootstrap-
ping the floppy disk memory and for disk I/0 handling.
It also contains an executive that performs all of the
disk memory command line interpretations, file
management and operational [unections of Lthe dual disk
system. In addition. there are utility I/O and EPROM
programming routines in FDOS-IL. '

The Text Editor — program provides the means for
rapidly creating, examining and modilying stored {iles,
The total capability of MDC's Text Editor exceeds that
of many large minicomputer systems, and includes
such features as storing searches and string substitu-
tions,

The Symbolic Assembler — translates assembler
language statements into executable machine
language code. In conjunction with FDOS-II Operating
and File Management Systems, assembling has been
reduced Lo a scries of simple operator keystirokes.
Results of the assembly, automatically stored on disk,
are immediately available for reference or execution.

processor in solving development problems. Use the
control panel type functions of the CRT terminal for
single step, stop-on-address, display, alter, and other
similar program operations. The bus oriented card
cage, position interchangeable plug-in card madules,
and an extender card provide the fiexibility to mzake
hardware development easy. There is also a complete
keyboard control led PROM programmer within the
CRT terminal.

Prototype Checkout — with the advantages of a real-
time test environment, rapid test program retrieval,
single or multiple step execution, and hardware as well
as software breakpoints, the checkout of prototype
32000 and S6800 circuitry is casy and eflicicnt.

Stand-slone Communications Terminal — the CRT ter-
minal has both RS-232 and current loop interfaces, sup-
ported by telecommunications firmware, for operation
as a general purpose stand-alene intelligent terminal.

MDC's Extensive Debug Program — effectively

_automates the functions of a computer control panel.

Given cvontrol by simply pressing the DEBUG key or
via program Lraps, Debug immcediately responds with
the display of machine and program status. Addition
funetions include:

Register/data display and modification
Instruction/subroutine step

User definable debug macras

Snapshot debug data of a2 running program
Breakpoints {stop-on-address compare)
Comment and header line displays

MDC's Trace Package — gives Debug the ability to
display a trace of machine register contents, instrue-
tien mnoemonics and operands hefore cxecition of any
instruction or subroutine in the user's program.
Microprocessor debugging has never been made
easier.

MDC’s Test Programs — are a scl of sclf-test and
diagnostics which verify that the hardware associated
with the MDC is operating correctly. The programs
are also helpful in isolating malfunctioning com-
ponents. The program for testing the basic hardware is
resident in EPROM and is aetivated by the keyboard
TEST key.
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EVK SERIES

Features

Expandable to 4K Bytes ROM
Expandable to 2K Bytes EPROM
Expandble to 1K Bytes RAM

EPROM Programming for S6834
Expandable to 3 PIA’s = 58 I/0 Lines
TTY Current Loop or RS232 Interface
ROM Subroutine Program Library
Selectable DMA Mode

CoOooooooao

MICROCOMPUTER
BOARDS/KITS

Ganeral Dascription

The EVK Series Board is a single PCB, hardware/
software system that can be used as a general purpose
microcomputer. It aliows system development using a
functionally compatible system and reduced develop-
ment time. With this system the basic 680¢ family of
parts can also be evaluated. The 10-1/2"x12” ecard has
two edge conneetors, one for the MPU Bus and one for
the I1{). The EVK 300 is a fully assembled and tested
board, while Lthe EVK 200, EVK 100 and EVK 99 are in
kit form. All kits are fully expandable to EVK 300
capabilities.

Series Block Diagram
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System Specifications

All of the S6800 microprocessor lines are available at
the bus edge connector and are buffered to allow 40mA
of drive capacity for expanding the development
system. The standard system clock is adjustable from
300kHz to 1MHz by using the potentiometers on the
board. An optional 1MHz crystal may be selected to
contrel the aceuracy for those applications requiring
critical Limings.

An on-board interval timer gives 1ms and 100ps timing
marks for general use and for EPROM programming.
Three types of DMA operation are possible using the
EVK Board: Halt Processor, Cyele Steal or Multiplexing.

Memory

Memory and I/ addresses are assigned to the upper
8K bytes of the available memary space. (See memory
map for address assignments.) This gives the system
feveloper the flexibility to use the remaining 36K
bytes as he wishes. All of the memory and [0 on the
board may be disabled externally by an edge connector
line called MEMORY DISABLE, leaving the MPU lree
to operate totally in an external memory.

The S6830 ROMs contain the Prototype Operating
Library (PROTO! and a ROM Subroutine Library (RS1E.
An optienal AssemblerDisassembler (M{AD} 56831
ROM is available to operate with PROTO. The 2K of
EPROM locations may ulse be used for program
verification.

The RAM is assigned to the upper 1K of availahle
memory space. The PROTO and (RS¥® programs rc
quire about 256 bytes of this RAM so the rest is
available [or general programming, With all restart
vectors automatically assigned to the upper memory
addresses, restart vectoring is forced from a set of 16
switches. This allows the restart address to be vec-
tored to any memory location.

EVK Capabilitles

EVK Series

The RAM has further been divided inte two 512 byte
sections such that the upper 512 bytes remain fixed in
the assigned address block and the lower 512 byles are
moveahle thraugh a switch seleetion option. 512 bytes
of RAM are relocatable to the lowest address space to
take advaniage of the 86800’s direct addressing mode.
This is only recommended if no external memory is
added., When adding external memory, it is advisable
to use the RAM in the upper address space and the ex-
Lernal memory as the low addresses.

o

An 36850 ACIA is used to provide & 20mA current loop
interface loa TTY or RS232 terminal. A 20mA current
loop interface and an EIA R5232 interface are both
availahle on the board. A bit rate generator allows
operalion using any of the standard communication
frequencies (see table) so a large variety of terminal
types can be used.

Three 56820 PIAs allow up to 58 [Q lines, giving flex-
ibility in I/0 through the parallel interfaces.

EPROM Programming

Unique to the AMI EVK Board is the ability to pro-
gram 56834 EPROMSs (512 x 8 on the board. The pro-
gramming software can program an EPROM from any
memory location, RAM, ROM or EPROM. Ii can verify
a word and, if desired, ehange a single bit in the
EPROM, provided that the change is from LOW to
HIGH.

Software

The EVK Board Software is comprised of a TTY
Operating Program (PROTO} and is supporied by a
ROM Subroutine Library (RSB,

TrY ROM T ALLY SGL HESTART SELELUT.
R RaM EFROM | PlA CLER SUB-RUOUTINE. | BUFFERED | +5V ADDRESRS ARLE INTERY AL TINY

Lone PROG LIEHARY | MPL LINES | PS5 | SELECTHES | DMA MODE TIMER RALN

EVK 49 2K a1z o

SWH vries hytes 1 - - - - X

e o 2K M2

EVE 10 hyes e - - s .

. 1K 1% 32 ]

LR Fytes byles mees | g - - - -

_— 1K 13 2K ]

WK 3 hytes pies byt B - - - - - - - -

“AM] BHH Ty BASIC

= A& aigh level inlerpeetae buguage derved itom the staedared Thermcnh BARIC Puralsboed 1 EVE 300 users ot 2o eharge upan aoberonal ol warean s 2egisinagon,
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1'he Proof from AMI

15 S2000 Family Compared to Other Major Low-End Single-Chip Microcompuiters
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52000 Single-Chip Microcomputer Family

AMI's 52000 family of single-chip microcomputers of-
fers a wide range of capahility to the user seeking flexi-
ble, adaptable systemis) at low cost. The 52000 family
provides the ideal solution to appliance and industrial/
process-control applications. With versatile keyboard-
oriented inputs, and outputs which can drive either
LED or fluorescent displays directly, the S2000 family is
designed specifically to minimize system parts count
and cost.

Table I. 52000 Family Features

82000 82150 82200 | S2400
ROM (x8) 1K 1.5K 2K 4K
RAM (x4) 64 #0 128 128
Imtarrupts — - 3 3
A/D GONY {8 Channef) — - 8-Bit 8-Bit
Counter/ Timer +50/+60 | +50/+60 | B-Bit 8-Bit
Max Subrowtine Levels 3 3 5 5
|nstructions a1 51 59 59
Cycle Time (us} 4.5 4.5 4.5 4.5
High Voltage
{Fluorescent Display 520004 S2150A | 52200A | S24004
Drive Version)

The 82000 family provides the advantages of computer
architecture to low cost, minimum-parts-count display/
keyboard oriented control systems.

$52000/2150 Features

O 1024 x 8 Program ROM On-Chip; Externally
Expandabie to 8192 x 8 — $2000

@ 1536 x 8 Program ROM On-Chip; Exiernally
Expandable to 8192 x 8 — 52150

[ 64 x 4 Scratchpad RAM On Chip — S2000
O 80 x 4 Scratchpad RAM On-Chip — S$2150

O 13 Outputs and Inputs, Plus 8 Bi-Directional
Three-State Lines

O Touch Control™ Capacitive Touchplate Interface
Seconds Timer for Both §0Hz and 50Hz Lines

7-Segment Decoder and LED Display Drivers
On Chip

Single 9.0 Volt Supply

Fast 4.5¢s Execution Cycle
Three-Level Subroutine Stack
TTL-Compatible Qutputs

Reset, Test, and Single Step Modes

Access to All Internal Begisters and Memory
for Debug and Tesi

Crystal Input for Accurate Clocking — 82150

Low Power RAM Retention, 20uA/Bit Typ @
4V - 52150

O o

noooaooa

1 a
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S2000A/2150A Vacuum Fluorescent Display

The S2000A/2150A are identical to the S2000/2150 but
provide high voltage fluorescent display capability. The
output buifer drive (Vpp) is changed to a vacuum
fluorescent drive (Vpp) and typically tied to 32 volts.
The Iy through D7 and Ay through Ay are changed from
LED drivers {(nominal § volts! to vacuum fluorescent
drivers [nominal 26 volts).

$2200/2400 Features

The 52200/2400 provide a quantum jump in chip
features beyond the B2000. In addition te all the
features the S2000 offers, the 52200 gives the added
flexibility of interrupts and the sophistication of an on-
¢hip A/D or DA converter capable of multiplexing 8
channels of analog data making it suitable for a wide
range of applications.

O 2048 x 8 Program ROM On Chip Expandable
to 8192 x 8 — S2200

[l 4096 x 8 Program ROM On-Chip; Externally
Expandable to 8192 x 8 — S2400

L1 128 x 4 Scratchpad RAM On Chip
O RAM Save Power Down Mode (Mask Option)

Two-Level Maskable Pricrity Interrupt
System with Provision for Software Interrupt

O

a

Programmable 8-Bit Timer/Event Counter On
Chip

13 Qutputs, 9 Inputs, Plus 8 Bi-Directional
Three-State Lines

O

Touch Control™ Capacitive Switch Interface
7-Segment Display Decoders and LED Drivers
TTL-Compatible Outputs

Single + 9V Power Supply

4.5u5 Cycle Time

59 Instructions — 52 Single Byte and Single Cycle
3-Level Subroutine Stack

2-Level Interrupt Stack

Built-In Production Test Mode

Single-Step Capability

Power-Fail Detect, RAM Keep-Alive and
Power-On Reset Circuitry

8-Bit A/D Converter (Up to 8 Channels)
D/A Converter Capability (Mask Option)
Up to 256 General Purpose Flags

6 Special Flags

Table Look-Up Capability

S$2200A/2400A Vacuum Fluorescent Display
Capability

0 Y o I O Y
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52000 Family

$2000 FAMILY

| 82000 | 52000A [ S2150 [ 821504  S2200 | S$2200A |  $2400 | S2400A
Product
Characteristics
ROM (Bytes) 1K 1K 1.5K 1.5K 2K 2K 4K 4K
RAM (Nibbles! 64 64 80 80 128 128 128 128
AD Converter {8-Bit) — - - — YES YES YES YES
Timer 50/60Hz| 50/60Hz | 50/60Hz| 5060Hz | PROG 8BIT| PROG 8BIT| PROG 8BIT| PROG 8BIT
Interrupts - - — - 3 3 3 3
Power Fail Deteet — — — — YES YES YES YES
High Voltage Outpuls YES — YES — YES - YES
Crystal Clock Option — — YES YES | YES YES YES YES
TouchControl Inputs YES YES YES YES YES YES YES YES
Levels of Subroutine 3 3 3 3 3] b ) 5
# of Flags 2 2 2 2 262 262 262 262
Power Down — — YES YES YES YES YES YES
RAM Option
MA Converier Optien - — — — YES YES YES YES
Zero — Crossing YES YES YES YES YES YES YES YES
Detect,
Cycle Time {gsect 4.5 45 4.5 4.5 4.5 45 4.5 4.5
Instructions — Total 51 51 51 51 50 59 59 59
Single Cyele & Byte | 49 49 49 49 52 52 52 52
Development Support
“g;';‘j;‘;ggf;gﬁ“gmr YES | YES | YES | YES | YES YES YES YES
Logic Analyzer YES YES YES YES YES YES YES YES
Hardware Emulator #2150 | #2150A | #2150 | #2150A #2400 #2400A #2400 #2400A

$2000 Family Support

The 52000 singlechip microcomputer femily, unlike many
microprocessors, does nat leave the designer or industrial
(GEM unsupported. The 82000 Family features a proven array
of development aids;

Mierocomputer Development Center {MDC} — AMI's MDC is
& fully equipped, dualfloppy disk-based micrecomputer
development facility, complete with FDOS-II Floppy-Disk-
Operating and File Management System. Controlled from its
CRT terminal, MDC provides instant aecess to program and
data files resident on removable diskettes.

Development Software — The MDC's software includes self-
diagnoslics and a comprehensive Texl Editor and PROM pro-
grammer package that support 52000 software development.
In addition, S2000 software includes a MACRO Assembler,
Loader, and Instruetion Simulalor.

Cross-Assemblers edilor and simulator debug — Available on
a major timesharing service,

Logic Analytzer — The MIC-140 Logic Analyzer is an ad-
vanced debug toel connected as a peripheral device of the
AMI Microcomputer Development Center iMDC) Features
include:

4.5

—Captures 1024 Events of 40 Parallel Inputs

— Captures Data Under Control of Programmable Start on
Data Content

—Delay of 1024 to + 64K Gloek Perinds

—Setup and Display of Captured Data Under Control of MDC
Software

—Display Format is User-Definable; Captured Data Can Be
Displayed in a Mix of Hex, Octal, Binary, ASCII and Special
Formals for Support of S8800, 365820, 32000, 8080, vie.

—Four Clock Sources

--Input Voltage Range —-15to + 15 volts
-Adjustable Input Thresholds

— Data-Dependent Output for Triggering an (scilloscope

SES-2150|A)/SES-2400iA] — The SES-2150/2400 Emulator
boards are pin-for-pin substitntes for 52000 microcomputer
family chips. The Emulater Boards use conventiona! UV
erasable PROMSs for program storage.

In addition, a specialized module is used te provide emulation
of the S2150A/82400A high wvoltage wvacuum flugrescent
display drivers.

Customer Agsistance — AMI's 32000 Family Applications
Engineering Staff is readily available for consultation regard-
ing any aspects of S200 Family usage. The AMI staff is also
available to discuss any special modifications to the S2000 for
high velume applications.




§2000 FAMILY

52000 Family Instruction Set Summary

The 52000 and 52150 contain 51 instructions, all single Nearly all 82000/2150 instructions are common to the
hyte, with 4% that are single eycle. The 52200 and 52400 entire family, which allows the programmer to develop
conlain &9 instructions, of which 32 are single eycle and software expertise and easily move up the S2000 pro-

single hyte. duct line.
Register Instructions
82000/2150 5220012400
LAT X LAl X X—ACC, 0=X =15; (In 52000/2150 Select I and K Inputs aiso}
LAR LAB BL—-ACC
LAE LAE E-ACC
XAB XAB BL—ACC
XABU XABU BU -~ ACC, {IN 82150, BITS 2, 1, AND {; IN OTHERS, BITS 1 AND 0 ONLY)
XAE XAE ACC-E
LBE Y LBE Y Y—-BU,E—-BL,0=Y=3
LBZ Y LBZ Y Y-BU,0—-BL, 0=Y=3
LBF Y Y—-BU,15—BL, 0=Y =<3
LBEP Y Y-BU,E+1—-BL,0=Y=3
SRB 1—-BA
RRB 0--BA
LMDI X + Xi6}—BA, X{5- 41—-BU, X{3 - 00—~BL
RAR ACCI)—ACCH - 1), ACC 0)- CARRY, CARRY — ACC@3)
XAK KSR~ ACC
LANG ACC—AR (3- 0, RAM—AR(T . 4}
LNMA ACC—NRI(3 - 0}, RAM—NR (T - 4), THEN NR—BIN
MOD ACC—MOD3 ~ (), RAM —MOD(T - 4}
RBIN BIN(3 - 0)—ACC; BIN{7 - 4-RAM
RAM Instructions
S2000/2150 §2200/2400 .
LAM Y* LAM V* RAM-ACC, BUe Y—-BU
XC ¥=* XCY* RAM-—ACC, BUaY—RU
XCI Y+ XCIY* ACC—~RAM, BL + 1-BL, BU & Y—BU SKIP IF BL - ( (AFTER
INCREMENT!
XCD Y+ XCD Y* ACC-RAM, BL - 1—-BL, BUs Y—BU SKIP IF BL =0 (BEFORE
DECREMENT)
STM 2 STM Z 1-RAMBIT Z,0=Z=3
RSM Z RSM Z 0—-RAMBIT Z,0=2=3
LMA ACC—~RAM
STMI Z + 1-RAM BIT Z, 02 <256, (RAM BANK 1)
RSMI Z + 0—RAM BIT Z, 0=Z =255, (RAM BANK 1)
Input/Cutput instructions
$2000/2150 S2200/2400
INP IND D3-D0—ACC, DT-D4—RAM
QUT ouT ACC-D3-D0, RAM—~D7-24 (NOT LATCHED)
DISN DISN ACC—~SEGMENT DECODER—DISPLAY LATCH—D6-D0,
CARRY~DISPLAY LATCH-D7
DISE DISE ACC—DISPLAY LATCH—D3-D), RAM —DISPLAY LATCH—-D7-D4
MVS MVS A-LINE MASTER STROBE LATCH—A LINES
PSH PSH PRESET HIGH [BL]-MASTER STROBE LATCH
P8I PSL PRESET LOW [BL]—~MASTER STROBE LATCH
EUR (EURQPEAN) SET 50/60Hz AND DISPLAY LATCH POLARITY
INK K3-K{— ACC, KT-K4—~RAM

+ 8 bits in'Lthe secand byle af an instruciion.

*Assembled code contains complement of those arguments ithe assembler does it automaticallyh
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52000/52150 and 52200/$2400 Instruction Set Summary
Program Control Instructions

$2000/2150 5220072400
PP X* PP X* IF PREVIOUS INSTRUCTION = PP, X~PPR (0 =X <15}
IF PREVIOUS INSTRUCTION - PP, X~PBR 0 =X <T)
JMP X JMP X JUMP TO LOCATION X, X—LR 0= X <15}
EXCEPT IF PREVIOUS INSTRUCTION = PP
JMS X IMS X JUMP TO SUBROUTINE AT X, LR - 1L STACK, PR—~P STACK,
X—LR, 15—PR EXCEPT IF PREVIOUS INSTRUCTION = PP
RT RT L STACK—LR, P STACK—~PR
RTS RTS L STACK—LR, P STACK—PR, SKIP INSTR.
NOP NOP NO OPERATION
RTI RETURN FROM INTERRUPT, RESTORE REGISTERS
TLU IF PREVIOUS INSTRUCTION WAS A PP, DO A TABLE LOOK-UP
SEQUENCE:
PC +1-STACK
RAM—PC(3 - 0), ACC—PC(7 - 4, PPR(3 - 2)~PC(9 - 8)
ROM(T - 4—RAM, ROM(3 - 01~ ACC
STACK —PC.
IF PREVIOUS INSTRUCTION WAS NOT A PP, DO AN INDEXED
SUBROUTINE CALL:
PC +1-STACK
RAM—PC(3 - 0}, ACC~PC(7 - 4)

Skip Instructions {Skip 1 Non-PP Insiruction) (RAM - Memory at BU,BL)

S2000/2150 5220012400

SZC 8ZC SKIF IF CARRY =0

SZM Z SZM Z SKIP IF RAMBITZ-0,0=xZ=3

SZK 8ZK SKIP IF K BITiS)= 0, (BIT(S) IN LAST LAl

SBE SBE SKIFP IF BL=E

S5AM SAM SKIF IF ACC=RAM

5Z1 SKIP IF I BIT{8] =0, (BIT(S! IN LAST LAD

508 SKIP IF 5F = 1, 3= S8F. (8F = 'SECONDS’ FLAG OUTPUT OF + 50¢+ 60

COUNTER!

TF1 SKIPTF FLAG 1=1

TF2 SKIPIF FLAG2=1
SZMI Z + SKIP IF RAM RIT =0, (IN RAM BANK 11 0=7 <255
SKFL X + SKIPIF FLAG-1

Arithmetic and Logical Insiructions

$2000/2150 $2200/2400
ADCS ADCS RAM + ACC + CARRY — ACC + C, SKIP IF SUM <15
ADIS X ADIS X X + ACC—ACC, SKIP IF SUM =15, CARRY UNALTERED
ADD . ADD ACC + RAM—~ ACC, CARRY UNALTERED
AND I AND ACC & RAM ~ACC
XOR i XOR ACCeRAM—ACC
STC STC 1-CARRY
RSC | RsC 0—CARRY
CMA | CMA 15— ACC—ACC (LOGICAL 1's COMPLEMENT AGC)
SF1 ! . 1-FLAG1
RF1 0—FLAG 1
SF2 1-FLAG 2
RF2 0—FLAG 2
SFLG X + 1-FLAG X
RFLG X + 0~FLAG X

+ 8 hits in the seeond hrte of an instruction
*Assembled code contains complement of those arguments [assembler does it for youl.
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AMI 52000/2150 Detailed Block Diagram
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$2000/52150 Pin Configuration

{BRD! Vgg S—\J‘—1 ap o,
0 2 9P o,
Ll I ] .
Do 4 37 11 g
RoMs ] 5 36 [1 0y
EXTQ 6 35 [ SYNC
P.C.MSB A2 ] 7 24 P run
A s 33 P Kg
Aud s 32 [ K
Ag Q10 1 MK
Ag Q11 3 [ Ky
Voo/Ven 12 21 1 Vgg Hav)
Ar gz 26 [ Ig AND TIMER
A Q14 27118
As 15 /0
Ay 16 = Ph
A3 Q17 24 [0 Kggp TOUCH CONTROL
A2 O1e 23 7 eLk*
A1 22 [ POR
(.C. LSB) An Oz 2 STATUS*

“May be used for erystal inpot on S2150/2150A
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Pin Descriptions — $2000/2150

PIN NO. NAME DESCRIPTION

1 Vsg Muost negalive power-supply input. Typically grounded.

29 Vag Most positive power-supply input. Typically +9V.

12 Vpp (52000} | Power supply input for all output buffers. Typically ticd to Vgg or to a + 5V supply.

Vi (S2000A) | Power supply input for HV drive. Typically + 32V

4 -3, DO — D7 D Lines for input and output. Gutput during instructions QUT, DISN, DISB. Input

40 — 36 during INP. Float at reset time or after an MVS instruction: or if RUN pin is low;
or after a PSL with BL = 14. Display Latch outputs (DISN, DISB} can be inverted
using EUR.

20 — 13 A0 — Al12 A Lines for addressing and control. Changed by MVS3 as set up by PSH/PSL,

i1 -7 When cxternal program ROM is used, these lines output the contents of the
Program Counter during the first half of each instruetion cycle.

5 ROMS ROM source control. Tied to a logie 1 or 0 to indicate internal ROM only, or inter-
nal plus external. Tied to BYNC to override Bank @ with an external program, and
to inverted SYNC to verify internal ROM contents.

G EXT Activelow strebe output for I Lines. Generated by an OUT instruetion during
time T7.*

35 SYNC Synechronization output for external devices or for external ROM control.
Continuous square wave, low in T1 and T3, high in T5 and T7.* foLx - fgyng =4
for 52000, 8 for 52150,

34 RUN Run/Wait control for prototyping and single-step testing. Logic 1 to run, logic 0 Lo
wait with D Lines floating.

22 POR Power-On-Reset. Needs only an external capacitor, typically .05 microfarad. A pull-
up to Vg (15p4 nominal) is provided internally.

23 CLK On-chip escillator connection. Runs at ~850kHz when connected to Vgy through
47pf and to Vg through 30k on the 32000, Crystal control possible; consult AML

21 STATUS Monitors internal status for special designs. Logic 1 vs. logie 0 indicates: Wduring
T1/* D Lines floating or not floating; (T3} BL. equal or not equal to 13 for multiplex
control; (T5} Carry is 1 or 0; [T7) Next instruction will or won't be skipped. On the
52150 a mask option allows use as a erystal oscillator pin.

24 KREF K Lines voltage comparator reference input. Typically + 3.0V, supplied by an
external resistor divider.

30 — 33 K1, K2 K Lines, tested by SZK instruction. Any combination of these lines, selected by
K4, K8 the last executed LAT instruction, are gated into the signal input of the vollage
comparator. Unselected K Lines are discharged to Vgg, at 160gA typical.
25 — 28 I1, 12, I Lines, with internal pull-ups of 100¢A nominal. Any combination of these lines,
I4, I8 selected by the last executed LAI instruction (52000, 52150), arc gated into a

common node tested by the SZI instruction. 18 also clocks a seconds timer whose
output is tested using S08.

*T1 is Lhe first quarter-ycle following the falling edyge of the SYNC outpui, T3 is the second, T3 is the third, and T7 is the fourth.
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52000/2150

Absolute Maximum Ratlngs (All voltages measured with respect Lo Vgg!

S$2000 FAMILY

Storage Temperature
Operating Temperature
Operating Temperature {special request)
Maximum Positive Voltage
Maximum Negative Voltage
Maximum Qutput Currents

—-55°Cto +125°C
0°Cto +T0°C
~40°Cto +85°C
+ 18V
- 0.3V

I1p Bupply Current [depends on output loads) .. ...t iiiiiiii it rr ettt aninras +TomA
Total Average Power Dissipation .. ... .. .t r o i i i eic it ie et ciataae e + TH0mW
852000/2150
Electrical Characteristics
(Vg =0V, Vgg = + 7.5V to + 100V, Vpp =56V*, Ty =0°C to + 70°C, fgync = 125kHz to 225kHz)
Parameter Min. Typ. Max. Units J Conditions
INPUTS K, thru Kg ! 28<Kger<3.2V
Low Level 0 Kggr— 05 v
High Level Kppyp + 0.5 V(}G V'
INPUTS I; thru Ig, POR {Note 1)
Schmitt-trigger
Low Level 0 1.7 v
High Level 5.3 Ve v
INPUTS ROMs, RUN
Low Level 0 0.8 v
High Level 3.5 Vaa
INPUTS Dy thru Dy
Low Level 0 8 v
High Level — Program 5.0 Vag v
High Level — Data 35 Voo v
OUTPUTS Apthru Ag
High Level 35 *Vop v I= - omA**
Low Level 0 08 v I= +20mA*™™
OUTPUTS Ay thru Ajp
EXT, SYNC, & 5
High Level 3.4 *¥ono v I= — bmA**
Low Level 0 6.6 v I- + SmA**
OUTPUTS Dy thru Dy
High Level 35 *Von A I= — DmA**
Low Level ] 1.0 v I= +12ZmA**
Lgo Supply Current 28 50 mA
A RAM RAM “Keep Alive” 20 wA/Bit Viam = 4.0V
30 uA/BiL Veam =90V

NOTE 1: There is an internal pull-up of 100uA rominal {(15:4A nominal on POR} from each of these inputs to Vg,
*Vpp may be connected to Vg if single power supply operation is desired.
**AL VG =BA8VDE

A Available only on S2150/82150A.
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S2000ASS52150A
Preliminary Electrical Specifications
Absolute Maximum Ratings (All veltages measured wilh respect to Vgg!

Storage TempPeTatule (.ot i e et aar e eiirarat it enaarartrasrs -55°Cto +125°C
Operating Temperatire ... ... et e et i e s e 0°Cto +70°C
Operating Temperature (special request] ... ... i it i i -40°Cto +85°C
Maximum Positive Valtage, VEn. AgAs Doy oot i et et e e i + 33V

Allother PINS . v s et s - 18V
Maximum Negative Vollage, any Pill ... oo i i i - 0.3V
Maximum Qutput CUTTENES oo vttt iiois et i a et e cir v aaanes (See Conditions below)
Souree Current, A0 PIN oo e e e e e - 10mA
Total Average Power Dissipation ... ... i e + 700mW
Rate 0f Bse 0f VR vttt tttttnr it e vttt e e e e e e aa e e 1.6V msec.
Maximum Voltage at Vrp with respect Lo VG ot e e + 22V
S2000A/52150A

Electrical Characteristics — Specifications noted only for parameters which change from the S2000/215( to the
S2000A72150A,
Veg =0V, Vg3 = 7.5 1o 100V, Vpp - Vpg + 22V, T4 =0°C to +70°C. igyng = 126kHz to 225kHz)

Parameter Min. Typ. Max. Units Conditions
QUTPUTS Dy thru Dy, Ap thru Ay

IMigh Level -35 mA Vour = Vrp - 6V**

Low Level 0.6 v I=250pA%*

QUTPUTS | Ajgthru Ayg, EXT,
SYNC, & STATUS

High Level 3.9 Vv I= -5mA**
Low Level 0.6 v I= +bmA**
Igg Supply Current 28 50 mA No Loads

NOTE 1: The outpul buifers for lines Ag Ay are supplied from Vg,

NOTE 2: The high voltage parts, when biased with normal Vpp, are not TTL-compatible; when using external program ROM, it
is necessary to interpose buffers.

NOTE & When applying power, Vg must rise with ar after Vi, at a rate oot (o execed 1.8Vimsee,
At Vo z85VDC
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Ag-Ray
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For applications such as pulse width measurement, in-
terval timing and event counting, the 522002400 has an
8bit binary down-counter which counts 256 distinet
states. The number of states {1 {0 256} is controlled by

the (Modulo-) N Register.

$2200/2400 Block Diagram

1.12

Another register, the MOD Register, controls the selec-
tion of inputs and outputs for the Programmable Counter!
Timer, as well as the Display Lateh output polarity and
the voltage comparator’s noninverting-input source.



5$2200/2400

Absolute Maximum Ratings (All voltzges measured with respect to Vgg)

$2000 FAMILY

Siorage Temperaturce

- 55°Cto +125°C

Operating T oM DE At Ul e L. et ettt o oottt s e e e e 0°Ctao +70°C

Operating Temperature {special request}
Maximum Positive Voltage
Maximum Negative Voltage
Maximum Qutput Currents

(See Conditions p. 12)

-40°Cto +85°C
+ 18V
- 0.3V

Ipp Supply Current (depends uponoutputloads) ... ..ooiio i s + 75mA
Total Maximum Power Dissipation « .. ovviv ittt ia e e isisrmisnisnsassrissterarnenaiaiaeannns + T00mW
Electrical Characteristics
{Vgs =0V, Vgg = + 1.5V to + 10.0V; Vpp = + 5V*, Ta =0°C te +70°C, fsync = 125kHz to 225kHz)
Parameter Min, Typ. Max. Units Conditions
INPUTS Ky thru Ky v For Touch-
Low Level 0 Kggr-05 v Control and
High Level Krer+ 05 Vee v Keyswitch
Inputs
INPUT Kgrer 0 23 Vg v
INPUTS | Kg thru K7 For AD
For A/D Conversion i} 213 Vgg v Conversion
Logie Low Level 0.8 v As Logic Inputs
Logic High Level 35 Vv
INPUT FOR o
Low Level (POR Reset) 0 1.0 v
High Level 12 Vg Vgo ¥
Power Fail
—No Interrupt Vag v
—Interrupt Veg+1 v
INPUTS | ROMs, RUN (Note 1)
Low Level ¢ 0.8 v
High Level 3.5 Voo v
INPUTS Dy thru Dy
Low Level 0 0.8 v
High Level 4.5 Voo 1
OUTPUTS { Ag thru As
High Level 3.5 *Vob v I- - 5mA**
Low Level 0 0.8 v I= +25mA**
QUTPUTS | Ag thru Ay
EXT, 8YNC, & 8
High Level! a5 *VbD v I= — SmA**
Low Level 0 0.6 v I= + GmA**
OUTPUTS | Dy thra Dy
High Level 35 *Voo Vv I= —5mA**
Low Level 0 1.0 v 1= +12ZmA**
Iag Supply Current 28 50 mA
Iram R%Ifrri{netep Alive 20 uiAfBit Vyam = 4.0V

"V may be connected Lo Vg i single power supply operation is desired.
AL VEG=EEVDO

Note 1: There is an internal pullup of 100uA mominal from each of these inputs to V..
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S2200A/S2400A Praliminary Electrical Specifications

Absolute Maximum Ralings (All voltages measured with respect to Vgg!

Storage TemPeratUre ... .uu. ittt it rarerasetate e ie e iaaaaeaneaaaaaeeanraan -55°Cto +125°C
Operating TemPeIatlLe ..o v it te ey et ce e iee i ee e et sneasnssraseronasetarersasnesninsann 0°Cto +T0°C
Operating Temperature {special request] ..o i i i -40°Cto +85°C
Maximum Positive Voltage, VED. Ao- AL Dot oot i i e e e st re e +33v

F2 Y | T o + 18V
Maximum Negative Voltage ... ... .o it i e et ot c e e c ittt n e anaas -0.3v
Maximum QuLPut CUPTEDES .o v e e ettt ot et et e e e s {See Conditions below)
Source Current,any pin ..... e e r e e e e et a et et e i aaen - 10mA
Total Average Power Dissipation ........ooouiiiiiiiiiii i it et e i a + T00mW
R e Ry YU P 1.6Vimsec.

Electrical Characteristics — Specifications noted only for parameters which change from the $2200/2400 to the
S2200A /2400A

{VSS =0V, Vg(;'= 7.5+ 100V, VFD = VGG + 22V, TA =0°C to + 70°C. fSYNC = 1251{HZ to 225kHz)

Parameter Min. Typ. Max, Units Conditions
OQUTPUTS Dy thru Dv, Ag thru Ay _

High Level -35 mA Voyr = Vpp — 6V**

Low Level 0.6 v 1=250uA%*

OQUTPUTS As thru Ay, EXT,
SYNC, & STATUS

High Level 3.5 v I= - SmA**

Low Level 0.6 v I= + DmA**
Igg Supply Current 28 50 mA No Loads
At Voo =85VDC y

NOTE 1: The output buffers for lines Ag-A 5 are supplied from Vi,

NOTE 2: The high voltage parts, when biased with normal Vg, are not TTL-compatible; when using external program EOM, it is necessary
to interpose buffers.

NOTE 3: When applring power, Vg must rise with or after V;;; at a rate not to exceed 1.5V/msec,

$2200A Typical Microwavel/Standard Oven Application
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A‘Mll ® Selection Guide

THE AMI §9900 MICROCOMPUTER SYSTEMS FAMILY

PARY D, DESCRIPTYON POWER SUPPLIES MPUTIUTPUT " PACKAGES
59900 16-Bit Single Chip Microprocessor +129, £5Y L 64 Pin
S99 Pragrammable Sysiems interface Circuit +5Y TTL 40 Pin
55902 Asynchronous Communicalions Controller (ACC] N ) T 18 Fin
89803 Synchranous Communications Canirober {SEC) T T opsv R T
58540 ' 16-Bit Single Chip Microcomputer +5V L 18 Pin
58980 16-Bit Single Ghip Microcomputer +5Y TIL 40 Pin
EQ_BL y 16-Bit Single Chip Microcemputer + 3 TTL 40 Fin
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ADVANCED PRODUCT DESCRIPTION

$9900

Features

O 16-Bit Instruction Word
0

* Full Minicomputer Instruction Set Capability
including Multiply und Divide
Up to 65,536 Bytes of Memary
3.3MHz Speed
Advanced Memury-to-Memory Architecture
Separate Memory, /O and Interrupt-Bus Struc-
tures
16 General Registers
16 Prioritized Interrupis
Programmed and DMA [0 Capability
N-Channel Silicon-Gate Technology

o Dbog

ocoo

16-BIT MICROPROCESSOR

General Description

The 59900 microprocessor is a single-chip 16-bit cen-
tral processing unit (CPU) produced using N-channel
silicon-gale MOS technology. The instruction set of the
59900 includes the capabilities offered by full minicom-
puters. The unique memoryto-memory architeciure
features multiple register files, resident in memory,
which allow faster response to interrupts and in-
ereased programming flexibility. The separate bus
structure simplifies the system design effort. AMI pro-
vides a compatible set of MOS memory and support cir-
cuits to be used with an 59900 system. The system is
fully supported by software and complete prototyping
systems,

Block Diagram

Pin Configuration
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$9900

59900 Electrical and Mechanical Specifications
Absolute Maximum Ratings Over Operating Free-Air Temperature Range (unless otherwise noted)*

Supply Voltage, Ve {See Note L. . oottt ireeietiearanats s iararrarereratarasers —0.3V to +20V
Supply Veltage, Vpp(See Note 1), ... oottt e e e ie e eeeeae s ~0.3V to + 20V
Supply Voltage, VggiSee Note 1) . .. ... . i it aaaranas —0.3Vto +20V
AllInput Vollages {See Note 1. .ottt ittt rr s s ce s rensnmarierrsrerrseasreran 0.3V {0 +20V
Output Voltage (with Respect bo Vgg). . ..o ova oo e —2Vito +TV
Continuous Power Dissipation . ..... ittt iiiras e titrartoasasivatonvasastossaranasaravans +1.2W
Operating Free-Air Temperature Range. . ... ..o . o i a e rriannenn- 0°Cto +70°C
Storage Temperature Range. ... ..o i i e —-55°C to +150°C

*Stresses beyond those listed under “ Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions” section
of this specification is not implied. Exposure to abselute-maximum-rated conditions Jor extended periods may affect device reliability.
NOTE I: Under absolute maximum rotings voltege values are with respect lo the most negative supply, Vg feubstratel, unless otherwise
noted Throughout the rematnder of this seclion, voltage values are with respect to Vgg

Recommended Operating Conditions

Symbhol Parameter Min. Nom. Max, Unit Conditions
VBB Supply voltage -—5‘25‘ -5 ~4.75 Vv
Voo Supply voltage 4,76 5 5.25 \'
vVop Supply voltage 11.4 12 12.6 v
Vgs Supply voltage 0 v
Vin High -1evel input voltage {all inputs except clocks) 2.2 2.4 Yoo+l v
VIH(e) High -level elock input voltage Vopp-2 VoD v
ViL Low-level input voltage (all inputs except clocks) -1 0.4 0.8 v
Vibioo Low -level clock input voltage -3 0.3 0.6 v
Ta Operating tree - gir lemperalure 1] T °C

Timing Requirements Over Full Range of Recommended Operating Conditions {(See Figures 1 and 2)

Symbol Parameter Min, | Nom. [ Max. | Unit | Cenditions
Lefo) Clock eycle time 03 | 0333 | 05 us
te( Clock rise time 11 12 ns
Lep) Clock lall time 10 12 ns
twig) Pulse width, any clock high 40 45 100 ns
taiL, w2y | Delay time, ¢lock 1low to clock 2 high {time between clock pulses) 0 2 ns
tyu1, ¢3H | Delay time, clock 2 low to clock 3 high {time between clock pulses) 0 ] s
ts3L, ¢4 | Delay time, clock 3 low to clock 4 high (time between clock pulses) 1 0 5 us
tuaL, ¢1H | Delay time, cleck 4 low to clock 1 high (time between clock pulses) 0 5 ns
ty1H, 2l | Delay time, clock 1 high to clock 2 high (time between leading edges) T0 b 11] ns
ta2H, 331 | Delay time, clock 2 high to clock 3 high (time between leading edges) 70 80 s
ts3H, o411 | Delay time, clock 3 high to clock 4 high (time between leading edges) T 80 %
tyqH, 14 | Delay time,clock 4 high to clock 1 high {time between leading edyges) 70 80 ns
tsu Data or contrel setup time before clock 1 3¢ 1 ons
th Data hold time after clock 1 10 ns
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$9900

Electrical Characteristics Over Full Range of Recommended Operating Conditions {unless otherwise noted)

Symbol | Parameter Min. Typt Max, Unit Conditions
Dzla Bus during DEIN <50 =100 Vi=Vggto Vo
WE, MEMEN, DBIN, Address .
' ’ ' 1 rl V1= Vugto Viop
I Input current | bata bus during HOLDA 50 00 4 .a 1= ¥ssio Voo
Clock® +25 +75 Vi=-0.3to 126V
Any other inputs i £1 +10 V1= Vgsto Voo
VOH High -level output voltage 24 | Voo v 1o = -0.4mA
0.65 v lg = 32.mA
VoL Low-level output voitage 0.50 I - 2mA
Ing Supply current from Vg 0.1 1 mh
Ice Supply current from Ve 50 75 mA
Inp Supply curreni trom ¥pp 25 45 mA
¢ Inpul capacilance {any inputs except 10 15 F VB = -5, = 1MHz,
! clock and data bus) P unmeasured pins at Vgg
. . Vpp = -5, f = 1MHez,
Cij¢1y | Clock-1 inpul capacitanee 160 150 pF unmeasured pins at Vag
] . Vg =-b, f=1Milz
: .2
Cijp2) | Clock-2 input capacitance 150 200 pF unmeasured pins at Vgg
. . - VBB = -5, f = 1MHz,
Ci(33) | Clock-3 input capacitance 100 150 pF unmeasured pins at Vg
- . . Vgp - -5, f = 1MHz,
. Terek - " " K,
Cijpa) Clock-4 input capacilance 100 150 pF unmeasured pins at Vg
. VBR = -5, { = 1MHe,
Cpe Data bus capacitance 15 25 pF unmeasured pins at Vsg
Co QOulput capacilance {any outpul except 10 15 oF Vgp = -9, f= 1MHz,

data bus} unmeasured pins at Vgg

TAll typical values are at T g = 25°C and nominal voltages.
*D.C. Component of Operating Clock.

Switching Characteristics Over Full Range of Recommended Operating Conditlons (See Figure 2)

Symbol Parameter Min. Typ. Max. Unit Conditions

tPT.H O LPHI, Propagation delay Lime, clocks to outputs 20 40 ng Cr, = 200pF
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Figure 1. Clock Tirmning
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Figure 2. Signal Timing
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tThe number of cycles gver which input/output data must/will remain valid cant be determined from the number of wait states required for
memory access, Note that in all cases data should not change during 1.
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Pin Description
Table 1 defines the 39900 pin assignments and describes the function of each pin.

Table 1. 59900 Pin Assignments and Functions

Signature Pin 10 Description

ADDRESS BUS
Al (MSB} 24 auT Al throrgh A14 comprise the address bus. This 3-state bus provides the memory-address vee-
Al 23 OUT | tor to the external-memory system when MENEN is active and 1/0-bit addresses and external-
A2 22 OUT | instruction addresses to the /0 system when MEMEN is inactive, The address bus assumes the
A3 21 OUT | high-impedance state when HOLDA is active.
Al 20 out
Ab 1% pDuT
AB 18 ouT
A7 17 ouT
A3 16 ouT
A9 15 out
Al0 14 ouT
Al 13 ouT
Al2 12 ouT
Al13 1 out
Al14 (LSB) 10 ouT

DATA BUS

D0-{MSB) 41 110 D0 through D15 comprise the hidirectional 3-state data bus. This bus transfers memory data
n1 42 1/0 to (when writing} and from {when reading) the external-memory system when MEMEN is
D2 43 1/0 active. The data hus assumes the high-impedance state when HOLDA is active.
D3 44 1/0
D4 45 1/0
G5 46 1/0
DB 47 0
o7 48 /0
08 43 [0
D9 5D /0
D10 51 1/C
Bt 52 110
b12 53 /D
013 54 10
D14 55 1/0

D15 (LSB} 56 10
POWER SUPPLIES

Vag i Supply voltage {-5V NOM)

Vee 2,59 Supply voltage (5 NOM). Pins 2 and 59 must be cornected in parallel.
Vop 27 Supply volage {12V NDM)

Veg 26,44 Ground reference. Pins 26 and 40 must be tonnected in parallel.

CLOCKS

el 8 IN Phase-1 clock
¢2 g N Phase- 2 ¢lock
$3 28 IN Phase-3 clock
T 25 IN Phase-4 clock
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Table 1. $9900 Pin Assignments and Functions {Continued}

Signature Pin (1] Description
BUS CONTROL

DBIN 29 ouT Data bus in. When active {high), DBIN indicates that the $9300 has disabled its output buffers
o allow the memary to place memory-read data on the data bus during MEMEN. DBIN re-
mains low in ali other cases except when HOLDA is active.

WMEMEN 63 ouT Memory enable. When active {low), MEMEN indicates that the address bus contains a memory
address.

WE 61 OUT | Write enable. When active {low), WE indicates that memory-write data is available from the
59900 to he written inta memary.

CRUCLK 60 ouT CRU clock. When active {high}, CRUCLK indicates that external interface logic should sample
the putput data on CRUOUT or should decode external instructions on AD through A2.

CRUIN N IN CRU data in, CRUIN, normally driven by 3-state or open-collector devices, receives input
data from external interface logic. When the processor executes a STCR or TB instruction, it
samples CRUIN for the leve! of the CRU input hit specified by the address bus {A3 through
Ald).

CRUOUT 30 ouT CRU data gut. Serial 1/0 data appears on the CRUDUT line whenan LOCR, $8Z, or $BC in-
struction is executed. The data on CRUDUT should be sampled by external 1/0 interface logic
when CRUCLK goes active {high).

INTERRUPT CONTROL

INTREQL 32 IN Interrupt request. When active {low), INT REQ indicates that an external-interrupt is requested.
If INTREQ is active, the processor loads the data on the interrupt-code-inpuilines 1C0 through
IC3 into the internal interrupt-code-storage register. The code is compared to the interrupt
mask bits of the status register. If egual or higher priority than the enabled interrupt level
{interrupt code equal or 'ess than status register bits 12 through 15) the S2200 interrupt se-
quence is.initiated. If the camparison fails, the pracessar ignores the request. INTREQ should
remain active and the processor will continue to sample IC0 through YC3 until the program
enables a sufficiently low priority to accept the reguest interrupt,

1C0 (MSB) 36 IN Interrupt codes. |G is the MSB of the interrupt cade, which is sampled when INTREQ is ac-

iCy 35 IN tive. When IC0 through 1C3 are LLLH, the highest external-priority interrupt is being requested

Ic2 34 IN and when HHHH, the iowest-priority interrupt is being requested.

IC3 (LSB) 33 IN

MEMORY CONTROL
HOLD B4 1IN Hold. When active {low}, HOLD indicates ta the processar that an external contraller (e.g.,

DMA device) desires to utilize the address and data buses to transfer data to or fram mem-
ary. The $9900 enters the hold state following a hold signal when it has completed its present
memory ¢ycle.* The processor then places the address and data buses in the high-impedance
state (along with WE, MEMEN, and OBIN) and responds with a hold-acknowledge signal
{HO1LDA), When HO LD is removed, the pracessor returns to normal aperation,

*|f the cycle following the present memory cycle is also a memary eyele, it, too, is completed before the $9300 enters the haold state. The maximum
number of consecutive memory cycles is three.
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Table 1. S2900 Pin Assignments and Functions (Continued)

Signature Pin 1/0

HOLDA ] GuT

Descriptinn
Hoid acknawledge. When active (high), HOLDA indicates that the processar is in the hald state
and the address and data buses and memory control outputs (WE, MEMEN, and DBIN) are in
the high impedance state.

READY 62 iN Ready. When active {high}, READY indicates that memory will he ready to read or write dur-
ing the next clack cycle. When not-ready is indicated during a memugry operation, the S5900
enters a wait state and suspends internal operation until the memary systems indicate ready.

WAIT 3

GUT | Wait. When active (high), WAIT indicates that the $39900 has entered a wait state because of a

not-ready condition from memory.
TIMING AND CONTROL

140 7 ouTt Instruction acquisitinn. 1AQ is active {high) during any memary ¢ycfe when the S93D0 is ac-

quiring an instruction. 1AQ can be used to detect illegal op codes.
L0ab 4 IN Load. When active {low), LOAD causes the S9300 to execute a nonmaskable interrupt with
rmemory address FFFCyg containing the trap vector {WP and PC}. The load sequence begins
after the instruction being executed is completed. LOAD will also terminate an idle state, if
LOAD is active during the time RESET is released, then the LOAD trap will occur after the
RESET fuction is completed. LOAD should remain active for one instruction period. 1AQ can
be vsed to determine instruction boundaries. This signal can be used 1o implement cold-start
ROM loaders. Additionally, front-panel routines can he implemented using CRU hits as front-
panel-interface signals and softwarg-control routines to centrol the panel aperations.

Reset. When active (low), RESET causes the processur to be reset and inhibits WE and CRUCLK.
When RESET is released, the 8900 then initiates a level-zero interrupt sequence that acquires
WP and PC from locations 000C and 0002, sets all status register bits te zero, and starts ex-
ecution. RESET will alsa terminate an idle state. RESET must he held active for a minimum
of three clock cycles.

“If the cycle following the present memary cycle isalso a memory cycle it, too, is completed before the $3900 enters the hold state, The maximum
number of consecutive memary cycles is three,

Timing The READY signal, which allows extended memory
eycles, is shown high during ¢1 of the second clock cy-
Memory cle of the read operation. This indicates to the 59900

that memoty-read data will be valid during &1 of the
next clock eycle. If READY is low during ¢1, then the
39900 enters a wait state suspending internal opera-
tion until a READY is sensed during a subsequent ¢l.
The memory read data is then sampled by the S9900

A basic memory read and write cycle is shown in
Figure 3. The read cycle is shown with no wait states
and the write cycle is shown with one wail state.

MEMEN goes active (low) during each memory cycle,

At the same time that MEMEN is active, the memory
address appears on the address bus bits AQ through
Al4. If the evcle is a memory-read-only cycle, DBIN
will go active (high! at the same time MEMEN and AQ
through Al14 become valid. The memory-write signal
WE will remain inactive (high) during a rcad cycle. If
the read cycle is also an instruetion acquisition cycle,
1AQ will go active (high) during the cyele.

o1

during the next @1, which completes the memory-read
cycle.

At the end of the read cycle, MEMEN and DBIN go in-
active (high and low, respectively). The address bus
may also change at this time; however, the data bus re-
mains in the input mode for one clock cycle after the
read cy:le,



A write eyele is similar to the read cycle with the ex-
ception that WE goes active {low) as shown and valid
write data appears on Lhe dala bus at the same time
the address appears. The write cycle is shown as an ex-
ample of 4 one-wait-state memory eycle. READY is low
during ¢l resulting in the WAIT signal shown.

Held

Other interfaces may utilize the 59900 memory bus by
using the hold operation {illustrated in Figure 4} of the
59900. When HOLD is active {low}, the S9900 enters
the hold state at the next available non-memory cycle.
Considering that there can be a maximum of three con-
seculive memory cycles, the maximum delay between
HOLD going active to HOLDA going active {high) could
be 1g4 (for setup) + 6 + 3W) tyy + tugy (delay for
HOLDA), where W is the number of wait states per
memory cycle and Loy is the clock cycle time. When
the 59400 has entered the hold state, HOLDA goes ac-
tive (high) and A0 through A15, DO through D15 DBIN,
MEMEN, and WE go into a high-impedance state to
allow other devices Lo use the memory buses. When
HOLD goes inactive (high), the 53900 resumes process-

$9900

ing as shown. If hold accurs during a CRU operation,
the 59900 uses an extra clock cycle (after the removal
of the HOLD signal} to reassert the CRU address pro-
viding the noermal setup times for the CRU bit transfer
that was interrupted.

CRU

CRU interface timing is shown in Figure 5. The timing
for transferring two bits out and one bit in is shown.
These transfers would occur during the execution of a
CRU instruction. The other eycles of the instruction
execufion are not illustrated. To outpui a CRU bit, the
CRU-bit address is placed on the address bus .AD
through Al4 and the actual hit data on CRUQUT. Dur-
ing the second clock cycle a CRU pulse is supplied by
CRUCLK. This process is repeated until the number of
bits specified by the instruction are completed.

The CRU input operation is similar in that the bit ad-
dress appears on A0 through Al4. During the subse-
quent cycle the S9900 accepts the bit input data as
shown. No CRUCLK pulses oceur during a CRU input
operation.

Figure 3. $9900 Memory Bus Timing
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Figure 4. 59900 Hald Timiny
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Architecture

The 59900 operation is shown in Figure 6 and its ar-
chitecture illustrated by Figure 7.

Figure 6. $9900G CPU Flow Chart
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Figure 7. Architecture
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Registers and Memory

The S9900 employs an advanced memory-to-memory
architecture. Blocks of memory designated as
workspace replace internal-hardware registers with
program-data registers. The memory word of the
S990C is 16 bits long. Each word is also defined as 2
bytes of 8 bits. The insiruction set of the 59900 allows
hoth word and bhyte operands. Thus, all memory loca-
tions are on even address boundaries and byte instrue-
tions can address either the even or odd byte. The
memory space is 65,536 bytes or 32,768 words. The
word and byte formats are shown below.

MSB LSB
[oT1T2]3T4]5]6] 78] 9 10]ua]r2[13]14][15]
SIGN
BIT

W
MEMORY WORD (EVEN ADDRESS)

M5B L.SH MSH LSB
of1j2[3j4)af6]|7[8]9]10{11]12])13|14[1a
SIGN SIGN
BIT BIT
bt £
N il
EVENBYTE ODDEBYTE

The 59900 memory map is shown in Figure 8. The first
32 words are used for interrupt trap vectors. The next
contiguous block of 32 memory words is used by the ex-
Lended operation (XOP) instruction for trap vectors,
The last two memory words, FFFC; and FFFE g, are
used for the trap vector of the LOAD signal. The re-
maining memory is then available for programs, data,
and workspace registers. If desired, any of the special
areas may also be used as general memory.
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Figure 8. Memory Map

AREA GEFINITIDN

INTERRUPT VECTORS

XOP SOFTWARE TRAF VECTORS

GENERAL MEMORY FOR
PRDGRAM, DATA AND
VIDRKSPACE REGISTERS

LOADSIGNAL YECTOR

NOTE: 1 interrupt level 0 is reserved for RESET.

MEMORY
AODRESS g MEMORY CONTENT
] 15
O00E WP LEVEL D INTERRUPT
oog2 PC LEVEL D INTERRUPT
(i1 ] WP LEVEL 1 INTERAUPT
000§ PC LEVEL 1 INTERRUPT
‘b
03¢ WP LEVEL 15 INTERRUPT
003E FC LEVEL 15 INTERRUPT
a0 WP X0P D
iz PC XOPO
< {‘
0o7e W0 XDP 16
107E FC XOP 15
LT
.
.
.
GENERAL MEMHORY AREA
MAY BE ANY
COMBINATION OF
FROGRAM $PACE
CRWDRKSFALE
.
.
FFFC WP LOAD FUNCTION
FFFE PC LOAD FUNCTION

Three internal registers are accessible to the user. The
program counter (PC) contains the address of the in-
struction following the current instruction being ex-
ecuted. This address is referenced by the processor to
feteh the next instruction from memory and is then
automatically incremented. The status register (ST}
contains the present state of the processor. The
workspace pointer {WP) contains the address of the
first word in the eurrently active sct of workspace
registers.

A workspace-register file occupies 16 econtiguous
memeory words in the general memory area (see Figure
2). Each workspace register may hold daia or ad-
dresses and funetion as operand registers, aec-
cumulators, address registers, or index registers. Dur-
ing instruetion execution, the processor addresses any
tegister in the workspace by adding the register
number to the contents of the workspace pointer and
initiating a memeory request for the word, The relation-

ship between the workspace pointer and its correspond-
ing workspace is shown below.

GENERAL MEMORY

L-\ $3300
—i we 8}

PROGAAN A

<

WORKSPACE REGISTER I

i
WORKEFALE &

WORKSFACE REGISTER 15

< b

FROGRAM &

WORKSPALE B

514



The workspace coneept is particutarly valuable during
operations that require a2 context switch, which is a
change from one program environment to another (as
in the case ol an interrupl) or Lo a subroutine. Such an
operation, using a conventional multi-register arrange-
ment, requires that at least part of the eontents of the
register file be stored and reloaded. A memaory cycle iz
required to store or fetch each word. By exchanging
the program counter, status register, and workspace
pointer, the S9900 accomplishes a complele context
switeh with only three store cycles and three feteh
cycles. After the switch the workspace pointer con-
tains the starting address of a new 16-word workspace
in memory for use in the new routine. A corresponding
time saving occurs when the original context is
restored. Instructions in the 59900 that result in a con-
text switch include:

1. Branch and Load Workspace Pointer (BLWP)
2. Return from Subroutine (RTWP)
3. Extended Operation {(XOP)L
Device interrupts, RESET, and LOAD aiso eause a con-

text switch by foreing the processor to trap to a ser-
vice subroutine.

Interrupts

The 59900 employs 16 interrupt levels with the highest
pricority level 0 and lowest level 15. Level 0 is reserved
far the RESET function and all other levels may be
used for external devices. The external levels may also
be shared by several device intcrrupts, depending
upon system requirements.

The 59900 continuously compares the interrupt code
(ICO through IC3} with the interrupt mask contained in
status-register bits 12 through 15. When the level of
the pending interrupt is less than or equal to the enabl-
ing mask level {higher or equal priority interrupt), the
Pprocessor recognizes the interrupt and initiates a con-
text switch following completion of the currently ex-
ecuting instruction. The processor fetches the new con-
text WP and PC from the interrupt vector locations.
The, the previous context WP, PC, and ST are stored
in workspace registers 13, 14, and 15, respectively, of
the new workspace, The 89300 then forces the inter-
rupt mask to a value that is one less than the level of
the interrupt being serviced, except for the level-zero
interrupt, which loads zero into the mask. This allows
only interrupts of higher priorily to interrupt a service
routine. The processor also inhibits interrupts until
the first instruction of the service routine has been ex-
ecuted to preserve program linkage should a higher
priority interrupt occur. All interrupt requests should
remain aetive until recognized by the processer in the

-4

$8900

device-service routine. The individual service routines
must reset the interrupt requests before the routine is
complete.

If & higher priority interrupt occurs, a sceond context
switch occurs to service the higher priority inferrupt.
When that routine is complete, a return instruetion
(RTWP) restores the first service routine parameters
to the processor to complete processing of the lower-
priorilty interrupt. All interrupt subroutines shouid
terminate with the return instruetion to restore
original program parameters. The interrupt-vector
locations, device assignment, enabling-mask value, and
the interrupt code are shown in Table 2.

Input/Cutput

The S9900 utilizes a versatile direet command-driven
I/O interface designated as the communications-
register unit {CRU). The CRU provides up to 4096
directly addressable input bits and 4096 directly ad-
dressable output bits. Both input and output bits can
be addressed individually or in fields of from 1 to 16
bits. The 39900 employs three dedicated I/0 pins
{CRUIN, CRUOUT, and CRUCLK) and 12 bits (A3
through A14) of the address bus to interface with the
CRU system. The processor instructions that drive the
CRU interface ean set, resct, or test any bit in the CRU
array or move hetween memory and CRU data fields,

Single-Bit CRU Operations

The 89900 performs three single-bit CRU {functions:
test bit (TB), set bit to one (SBO), and set bit to zero
{SBZ). To identiiy the bit 1o be operated upon. the
59900 develops a CRU-bit address and places it on the
address bus, A3 to Al4.

For the two output operations {SB( and SBZ}, the pro-
cessor also generates a CRUCLK pulse, indicating an
output operation to the CRU device, and places bit 7 of
the instruction word on the CRUOUT line to ac-
complish the specified operation (bit 7 is a one for SBO
and a zero for SBZ). A test-bit instruction transfers the
addressed CRU bit fromn the CRUIN input line to bit 2
of the status register (EQUAL),

The 59900 develops a CRU-bit address for the single-
bit operations from the CRU-base address contained in
workspace register 12 and the signed displacement
eount eontained in hits 8 through 15 of the instruetion.
The displacement allows two's complement addressing
from base minus 128 bits through base plus 127 bits.
The base address from W12 is added to the signed
displacement specified in the instruction and the resutt
is loaded onto the address bus. Figure 9 illustrates the
development of a single-bit CRU address.

1E
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Table 2. Interrupt Level Data

§9900

GET T0 ZERD
TdA ALL CRU
OFERATIDNS

EFFECTIVE CRY BIT ADDRESS

Vector Location Intetrupt Mask Values to Interrupt
Interrupt Level (Memory Address Device Assignment Enable Respective Interrupts Codes
In Hex) {ST12 through ST15} ICO through 1C3
{Highest priority} 1 jili] Reset 0 through F7* aoog
1 04 External device 1 through F 0001
2 pg 2 through F 6010
3 ac 3 through F 001
4 10 4 through F 0100
b 14 5 through F 01
B 18 G through F 0110
7 1C 7 through F 0n
8 20 8 through F 1000
9 4 Y through F 1001
10 28 A through F 1010
11 2C B through F 1011
12 30 C through F 1100
13 kL D through F 1
. 14 38 ¥ Eand F 1110
{Lowest priority} 15 3c External device F only 111
I *| avel 0 can not be dizabled.
Figure 9. 59900 Single-Bit CRU Address Development
3 1 1 1 4 § L] 7 1 ¥ 10 11 12 13 1 15
pODEEEEESESEEEEDE
DON'T CAAE
+
; B 3 10 " 12 13 1C] 16
B
81T % SIGN
EXTENOLD
] 1 H 3 4 L] B 7 1 a1 1 12 13 14
‘ ’ [ | ‘ ‘ J| ADDRESEAUS




Multiple-Bit CRU Operations

The 39900 performs two muliiple-bit CRU operations:
store communiecations register {(STCR} and load com-
munications register (LDCR). Both aperations perform
a data transfer from the CRU-to-memory or from
memoty-to-CRU as illustrated in Figure 10, Although
the figure illustrates a full 16-bit transfer operation,
any nuriber of bits from 1 through 16 may be involved.
The LDCR instruction feteches a weord from memory
and right-shifts it to serially transfer it to CRU output
bits. If the LDCR involves eight or [ewer bits, those
bits come from the right-justified field within the ad-
dressed byte of the memory word. If the LDCR in-
volves nine or more bits, those bits come from the
right-justified field within the whole memory word,
When transierred to the CRU interface, each suc-

$9900

cessive hit receives an address that is sequentially
greater than the address for the previous bit. This ad-
dressing mechanism results in an order reversal of the
bits; that is, hit 15 of the memory word (or bit 7)
becomes the lowest addressd bit in the CRU and bit 0
becomes the highest addressed bit in the CRU field,

An STCR instruetion transfers data from the CRU to
memory. If the operation involves a byte or less
transfer, the transferred data will he stored right-
justified in the memory byte with leading bits set Lo
zero, If Lhe operation involves from nine to 16 bits, the
transferred data js stored right-justified in the
memory word with leading bits set to zero.

When the input from CRU device is complete, the first
bit from the CRU is the least-significant-bit position in
the memory word or byte.

Figure 10. $9900 LDCR/STCR Data Transfers
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S$9900 Instruction Set

Definition

Each 859900 instruction performs one of the following
operations:

O Arithmetic, logical, comparison, or manipulation
operations on data

O Loading or storage of internal registers (program
counter, workspace pointer, or status)

0 Data transfer beiween memory and external
devices via the CRU

Z1 Conirol functions.

Addrassing Modes

59900 instructions eonlain a variety of available modes
for addressing random-memory data {e.g., program
parameters and flags), or formatted memory data
(character strings, data lists, etc). The following
figures graphically deseribe the derivation of the effec-
tive address for each addressing mode. The applicabili-
ty of addressing modes to particular instructions is
described later along with the description of the opera-
tions performed by the instruction. The symbols
following the names of the addressing modes [R, *R,
*R +.@LABEL, or @TABLE (R)l are the general
forms used by 59900 assemblers to select the address-
ing mode for register R.

Workspace Register Addressing R
Workspace Register R coniains the operand.

Register R

Workspace Register Indirect Addressing *R

Workspace HRegister R contains the address of the
operand.

Ruegister R
lPC}iWPHZR-—i Address I—-l Operand |

S$9900

Workspace Register Indirect Auto Incremeni Addressing
*R +

Workspace Repgister R contains the address of the
operand. After acquiring the operand, the contents of
workspace Register R are incremented.

Register R

Address

Uperaod

NI

1 fayler
or 2 [word

Symbolic (Direct) Addressing @ LABEL

The word following the instruction centains the ad-
dress of the operand.

[PO) s Insleuction

[PCY e 2 —w

Indexed Addressing @ TABLE (R)

Label

The word following the instruction contains the base
address. Workspace Register R contains the index
value. The sum of the base address and the index value
results in the effective address of the operand.

Register B

{FCI Instruction Index Value

WP+ 2R

iPC]+2~| Table I

Effective
Address
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Immediate Addressing

The word following the instruction contains .the
operand.

[P{} =t
(PO 4+ 2 =]

Instruction

Dperand

Program Cnuﬁter Relative Addressing

The 8-bit signed displacement in the right byte {(bits 8
through 13) of the instruction is multiplied by 2 and ad-
ded to the updated contents of the program counter.
The result is placed in the PC.

Jump Instructien
0P CODE |

next memeory word

Program Counter

Address
[ |

DisP |—= 2 . DISF

CRU Relative Addressing

The 8-hit signed displacement in the right byte of the
instruction is added to the CRU base address (bits 3
through 14 of the workspace Register 12). The result is
the CRU address of the selected CRU bit.

instrection

iPCl——={ OPGODE | DISP
0 T8
CRU Bit
Address
Hegisler 12
(WPi-2.12-#] | CRUBaseAdd |
b 23 ™ 15

$9900

Terms and Definitions

The foilowing terms are used in describing the instrue-
tions of the 5990(:

TERM DEFINITION
B Byte indicator (1 = byte,
0 = word)
C Bit count
D Destination address register
DA Destination address
10P Immediate operand
. Least significant (right most) bit
LSB(n) o g (rig }
Most significant (left most) bit
MSB(n} of(0) & ( )
N Don’t care
PC Program counter )
Result Result of operation performed

by instruction
] Source address register

SA Source address

ST Status register

§Tn Bit n of status register
Tn Destination address modifier
Tg Source address modifier
W Workspace register

WERn Workspace register n

(n) Contents of n

a—b a is transferred to b

[l Absolute value of n

+ Anrnthmetic addition

- Arithmetic subtraction
AND Logical AND

OR Logical OR
® Logical exclusive OR

n Logical complement of n

5.19




Status Register
The status register contains the interrupt mask level and information pertaining to the instruetion operation.

$9900

0 1 2 3 4 5 [ 7 8 9 10 11 12 13 i4 156
STO [ST1 | 3T2 | ST3 | 8T4 | STS | ST not used (=0) 5T12 8T13 ST14 ST156
L> | A> = C O P X Interrupt Mask
Bit Name Instruction Condition to Set Bit to 1
8T0 LOGICAL C,CB If MSB(SA) = 1 and MSB(DA) = 0, or if MSB(SA) = MSB(DA)
GREATER and MSB of [{DA)-(8A)] =1
THAN Cl If MSB(W) =1 and MSB of [OP = 0, or if MSB{W} = M5B of
1OP and MSE of [IOP-(W)] =1
ABS If (SA)#0
All Others [fresult # 0
8T1 ARITHMETIC C,CB I MSB(SA) = 0 and MSB(DA) = 1, or if MEB({SA) = MSB(DA)
GREATER and MSB of [(DA)-{SA)] = 1
THAN CI I MSB(W) = 0 and MSE of IOP = 1, or if MSB(W) = MSB of
IOP and MSRB of [IOP-{W)] = 1
ABS If MSB(SAY=0and (3A)F 0
All Others 1f MSB of result = 0 and result # 0
5T2 EQUAL C,CB If (SA) = (DA)
Ci If{Wy=10P___
CcocC If (SA) and (DA) = 0
CZC If (SA) and (DA) = 0
TB IfCRUIN=1
ABS I (SA)=0
All Gthers If result = 0
ST3 CARRY A, AB, ABS, Al
DEC, DECT, -
INC, INCT, NBG If CARRY OUT =1
3, 8B
%Ig:‘:‘, SSEE?I\.’ If last bil shiffed out =1
5T4 OVERFLOW A, AB If MSB{SA) = MSB(IDA) and MSB of result ¥ MSB({DA)
Al If MSB(W) = MSB of 10P and MSB of result # MSB(W)
8, 8B If MSB(SA) # MSB(DA) and MSB of result # MSB(DA)
DEC, DECT It MSB{SA)=1 and MSB of result = 0
INC, INCT If MSB{5A) = 0 and MSB of result =1
SLA If MSBE changes during shift
DIV If MSB(SA) = 0 and MSB{DA) = 1, or if MSB(SA) = MSB(DA)
and MSB of [(DA)-(8A)] =0
_ ABS, NEG If (3A) = 800015
ST5 PARITY CB, MOVEB Tf (SA) has odd number of 1's
LDCR, STCR If1< C< 8and(3A) has odd number of 1’s
AB, SB, S0CB, . )
SZCB If result has odd number of 1°s
STé XOP XOP If XOP insiruction is executed
§T12-| INTERRUPT LIMI If corresponding bit of I0P is 1
ST15 MASK RTWP If corresponding hit of WR15is 1
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{nstructions
Dual Operand Instructions with Multiple Addressing Modes for Source and Destiration Operand

0 1 2 3 4 53 6 7T 8 9% 10 11 12 13 14 15
General format; OP CODE |B l Tp | D l Tg ] 5

Ii B = 1 the operands are bytes and the operand addresses are byte addresses. If B = 0 the operands are words
and the operand addresses are word addresses.

The addressing mode for each operand is determined by the T field of that operand.

Ty or Tp SorD Addressing Mode Notes
[o]4] 0,1,...16 Workspace register 1
o1 0,1,...1b6 Workspace register indirect
10 0 Symbolic 4
10 1,2,...15 Indexed 2,4
11 0,1,...15 Workspace register indirect auto-increment 3
Notes:

1. When « workspace register is the operand of ¢ byte instruction (bit 3 = 1), the left byte (bits 0 through 7) is

. the operand and the right byte (bits 8 through 15) is unchanged.

2. Workspace register ( may not be used for indexing.

3. The workspace register is incremented by 1 for byie instructions (bit 3 = 1) end is incremented by 2 for
werd instructions (bit 3=10),

4. When fs = Tp = 10, two words are required in addition to the instruction word. The first word is the source
operand base address and the second word is the destination operand base address.

RESULT STATUS
MNEMOXNIC OOP C;] D2E g MEANING COMPARED RBRITS DESCRIPTION
TOD AFFECTED
A 101190 Add Yes 0-4 {SA)+ (DAY= (DA)
AB 0 1 |1 Addbytes Yes 0-5 {SA)+(DA)~(DA)
C 10010 Compare No 0-2 Compare (SA) to (DA) and
set appropriate status bits
CE 1 001 Compare bytes No 0-2,5 Compare (SA) to (DA) and
set appropriate status bits
s 011 |0 Subbract Yes 0-4 (DAY — (SA}~ (DA}
5B 01111 Subtract bytes : Yes 0-5 (DAY — (SA) (DA}
soc 1 11 [0 Setonescoresponding Yes 0-2 (DA} OR (SA)~{DA4)
S0OCE 111 (1 Set ones carresponding bytes Yes 0-2,5 (DA) OR (SA)—~({DA)
520 0100 Set zeroes corresponding Yes 0-2 (DA) AND (ﬁ)a( )
SZCB 01071 Set zeroes corresponding byfes Yes 0-25 (DA) AND {(SA)—~(DA)
MoV 1 10|90 Move Yes 0-2 (BA)—> (DA}
MOVE 1 10 |1]| Movebytes Yes 0-2,5 (SA)~(DA)
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Dual Operand Instructions with Multiple Addressing Modes for the Source Operand and Workspace Register Ad-
dressing for the Destination

o 1 2 3 4 5 6 97 8 9 10 11 12 13 14 15

General format: [ OP CODE | o I 1 | S |
The addressing mode for the source operand is determined by the Ty field.

Ts b ADDRESSING MODE NOTES

00 0,1,...15 Workspace regisler

01 0,1,...15 Workspace register indirect

10 0 Symbolic

10 1,2,...15 Indexed

11 0,1,...15 Workspace register indirect auto increment
NOTES: 1. Workspace register 0 may not be used for indexing.

2. The workspace register is incremented by 2.
OP CODE RESULT STATUS
MNEMONIC 012345 MEANING COMPARED BITS DESCRIPTION
TO O AFFECTED

COC 001000 |Compare ones No 2 Test {1) to determine if 1% are in each bit

corresponding position where 1% are in (SA). If so, set ST2.

CZC 001001 |Compare zeros Na 2 Test (1}) to determined if 0's are in each bit

corresponding position where 1's are in (84). If so, set 5T2,

XOR 001010 Exclusive OR Yes 0-2 (D)ID(SA)~>(D)

MPY 001110 |Multiply No Multiply unsigned (D) by unsigned {SA) and
place unsigned 32.bit product in T {most
significant} and D+1 (least significant). If
WHRI15 iz D, the next word in memory after
WR15 will be used for the least significant
half of the product.

nv 0D1111 |Divide No 4 If unsigned (SA) is less than or equal to un-
signed (D), perform no operalion and set
ST4. Otherwise, divide unsigned (D) and
(D+1) by unsigned (SA). Quotient —+ {D),
retnainder — (D+1). If D = 15, the next
word in memory after WR15 will be used for
the remainder.
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Extended OQperation {XOP) Inatruction
o 1 2 38 4 65 6 7 & 9 10 11 12 13 14 15
General format; ¢ ¢ 1 0 1 1 D Tg 5

The Tg and S fields provide multiple mode addressing capability for the source operand. When the XOP is ex-
ecuted, ST6is set and the following transfers oormr:

(4015 + 4D) = {WP)

42,5 + 4D) — (PC)

SA — (new WR11)

{old WP) —~ {new WR13}

{0ld PC) — (new WR14)

(old ST} — (new WR15)

The 59900 does not test interrupt requests INTREQ) upon completion of the XOP instruction.

Single Operand Instructions

6 1 2 3 4 5 6 7 8 9% 1 11 12 13 14 15

General farmat: OP CODE Ts S |
The Tgand 8 fields provide multiple mode addressing capability for the source operand.
OP CODE RESULT STATUS
MNEMONIC 01234567388 MEANING COMPARED BITS DESCRIFTION
TO O AFFECTED
B Q000010001 ]| Branch No — SA=(PC)
BL 0000011010 )| Branch and link No — {PC)={WR11); SA—~+(PC)
BLWP 0000010000} Branch and load No - (34)=(WP); (3A+2)~>(PC);
workspace pointer {old WPB)—{new WR13);
{old FC)—~({new WR14);
{old ST)—(new WR15);
the interrupt inpul (INTREQ)
is not tested upon completion
of the BLWP instruction.
CLR 0000010011 |Clear operand No - 0—+({5A)
SETO 0DO0DD11100|8Settoones Ko — FFFF16—+(8A)
INV 0000010101 |Invert Yes 0.2 (ﬁ)"‘*(SA)
NEG 0000010100 |Negate Yes 0-4 —(SA)=>{54)
ABS 0O00011101 | Absolute value* No 0-4 {SA) (S A)
SWPR 000G01L1011 | 5wapbytes No - (5A), bits @ thru 7—(SA), bits
8 thru 15; (5A), bils 8 thru 15
- (SA), bits 0 thru 7.
INC 0000010110 |Increment Yes 0-4 {SA)+1-+{5A)
INCT 00000106111 |Incrementbytwo Yes 0-4 [SA)+2—+(8A)
DEC 0000011000 | Decrement Yes 0-1 {SA)—1—+{SA)
DECT 0000011001 |Decrement by two Yes 0-4 (SA)—2->(34)
Xt 0000010010 |Execute No - Execute the instruction at SA.

*Operand is compared to zero for status bit

T1f additional memory words for the execufe instruction are requived to define the operands of the instruction locaied af SA,
these words will be gecessed fram PC and the PC will be updated necordingly. The instruction goguisition signe? {TAQ) will not
be frue when the 59900 accesses the instructioh gt 8A, Status bits are affected in the normal menner for the instruction executed.
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CRU Multiple-Bit Instructions

0 1 2 3 4 5 8

S9900

7T 8 9 10 11 12 13 14 15

General format: OP CODE

C Ts 8

The C field specifies the number of bits to be trans-
ferred. If C = 0, 16 bits will be transferred. The CRU
base register (WR12, bits 3 through 14) defines the
starting CRU bit address. The bits are transferred
serially and the CRU address is incremented with each
bit transfer, although the contents of WR12 is not af-
fected. Tg and S provide multiple mode addressing
capability for the source operand. If 8 or fewer bits are

transferred (C = 1 through 8), the source address is a
byte address. If 9 or more bits are transferred (C = 0,9
through 15}, the source address is a word address, If
the source is addressed in teh workspace register in-
direct auto increment mode, the workspace register is
incremented by 1 if C 1 through 8, and is in-
cremented by 2 otherwise,

OP CODE RESULT STATUS
MNEMONIC ¢ 1 2 3 45 MEANING COMPARED BITS DESCRIPTION
TO 0 AFFECTED
LDCR 00 1 1 0 O |Loadcommmunicalion Yes 0-2.57 Beginning with LSB of {SA),
register transfer the specified number
of bits from (54) to the CRIL
STCR 0 0 1 1 ¢ 1 | Storecommunication Yes 0-2.57 Beginning with LSB of (54),
register transfer the specified number of
bits from the CRU to (SA). Load
. unfilled bit positions with 0.
815 s affected ondy If 1 S C 8.
CRU Single-Bit Instructions
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
General format: OF CODE SIGNED DISPLACEMENT
CRU relative addressing is used to address the seleeted CRU bit.
STATUS
MNEMONIC 5T a<oPE——1  MEANING BITS DESCRIPTION
: AFFECTED
SBO 00011101| Setbittoone — Set the selected CRU output bit to 1.
SBZ 00011110 Setbhitiozero — Bet the selected CRU output bit to 0.
TB 000121111 Testhit 2 If the selected CRU input bit=1, set 5T 2.
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Jump Instructions
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
General format: OP CODE | DISPLACEMENT ]

Jump instructions cause the PC to be loaded with the is a word count to be added to PC. Thus, the jump in-
value selected by PC relative addressing if the bits of struction has a range of - 128 to 127 words from
ST are at specified values. Otherwise, no operation oc- memory-word address following the jump instruction,
curs and the next instruction is executed sinee PC NoS8T bits are affected by jump instruction.

points to the next instruction. The displacement field

OP CODE . o
MNEMONIC 0 1 2 3 145 6 7 MEANING ST CONDITION TO LOAD PC

JEQ o0 910011 Jump equal §T2=1

JGT 0 0010101 Jump greater than STl=1

JH c o011 011 Jump high STCG=1and ST2=0

JHE 0 0 01 01 0 0 | Jumphigh or equal STO=1orST2=1

JL 0 0011010 Jump low STO=0and §T2=10

JLE 0 0010 010 Jump low or equal STO=0orS8T2=1

JLT 0 ¢ 019 001 Jump less than ST1=0and ST2=10

JMP o0 a1 0000 Jump unconditicnal uncenditional

JINC ¢c 00190111 Jump no catry ST3=0

JNE 0001 0110 Jurap not equal ST2=0

JNO 00011 001 Jump no overflow 8T4=10

JOC ¢ ¢ 011 000 Jump on carry 8T3=1

JOF 0 0 01 1100 Jump odd parity STh=1
Shift Inatructions

¢ 1 2 3 4 5 6 7T 8B 9 10 11 12 13 14 15

General format: OP CODE ! C W

If C = 0, bits 12 through 15 of WRO0 contain the shift count. If C = 0 and bits 12 through 15 of WR0 = 0, the shift
count is 16.

OP CODE RESULT STATUS
MNEMONIC D i 23450867 MEANING COMPARED BITS DESCRIPTION
TO O AYFECTED
SLA 000D 190 1 O |B5hiftleft arithmetic Yes 0-4 Shilt (W) left. Fill vacated bit
positions with 0,
SRA 000010 0 0 |5hift right arithmetic Yes 0-3 Shift (W) righi. Fill vaceted bit
positions with originai MSE ol
{W).
SRC 000010 1 1 |Shift right cireular Yes 0-3 Shift (W) right. Shift previous
L3B into M5B,
SRL 00007100 1 |Shift right logical Yes 0-3 Shift (W) right. Fill vacated bit
positions with 0.
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Immediate Register Instructions

$9900

0 1 2 3 4 5 7 8 9 10 11 12 13 14 16
CGeneral format.: OF CODE l N [ W
10P
OP CODE RESULT STATUS
MNEMONIC 012345678910 MEANING COMFPARED BITS DESCRIPTION
TO 6 AFFECTED
Al 0000001000 1|Addimmediate Yes 0-4 (W) + LOP— (W)
ANDI Q000001001 0 |AND inumediate Yes 0-2 (W) AND IOP-+ (W)
Cl 0000001010 C|Compare immediate Yes 0-2 Compare (W) to IOF and set
appropriate status bits
Li 0000001000 0 |Load immediate Yes 0-2 I0P (W)
ORI 0000001001 1]ORimmediate Yes -2 (W} OR IOP—{W)
Internal Register Load Immediate Instructions
0 1 2 3 4 b5 7 8 9 10 11 12 13 14 15
(General format: QP CODE N
10P
OF CODE -
MEANING DESCRIFTION
MNEMONIC | 0™y 34 56 7 8 9 10
LWPI 000DCGO0O01011 1 Loadworkspace pointerimmediate | IOP—{WP), no ST bits affected
LIMI 0000001100 D|Loadinterrupt mask I0P, bits 12 thru 15+8T13
thru 8T15
Internal Register Store Instructions
0 1 2 383 4 5 6 7T 8§ 9 10 11 12 13 14 15
General format: | ~ OPCODE [ ~ W l
No 8T bits are affected.
MNEMONIC OF CODE MEANING DESCRIFTION
0122345678910
S8TST 0000001011 0| Storestatus register {8T)—> (W)
STWP 0000001010 1| Store workspace pointer (WP)= (W)
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Return Workspace Pointer (RTWP) Inatruction

$9900

01 2 3 4 5 6 7T 8 9 10 11 12 13 14 15
General format: |0]0|0|0|0|0]1|1l1|0|0l N
The RTWP instruction causes the following transfers o occur:
{WR15) - (ST)
{(WR14) - (PC)
(WR13} — (WP)
External Instructions
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
General format: OP CODE [ N

External instructions cause the three most-significant address lines (A} through A2} to be set to the below

described levels and the CRUCLK line to be pulsed, allowing external control functions to be initiated.

OF CODE STATUS ADDRESS
MNEMONIC 012345678910 MEANING BRITS DESCRIPTION BUS
AFFECTED Al Al A2
IDLE 00000011010 Idle - Suspend 59900 instruction | L B L
execution until an interrupt,
LOAD, or RESET occurs
RSET oaoco0oo0oo01:1011 Reset. 12-15 0—8T12 through ST15 L H H
CKOF gooo0ono00trt1110 User defined - H H L
CKON oco0oo0o0001T31190 1 User defined - H L H
LREX gocoo0D0OD1111 2 User defined - H HH
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$9900 Instruction Execution Times

Instruetion execution times for the 39900 are a fune-

tion of:

1} Clack cycle time, tyy,

2) Addressing mode used where operands have multi-

ple addressing mode capzability

3} Number of wait states required per memory ac-

cess,

Table 3. Instruction Execution Times

S$9900

Table 3 lists the number of elock ¢ycles and memory ac-
cesses required to execute each 59900 instruction. For
instructions with multiple addressing modes for either
or both operands, the table lists the number of clock
eycles and memory aceesses with zll operands ad-
dressed in the workspace-register mode, To determine
the additional number of clock cyeles and memory ac-
cesses required for modified addressing, add the

CLOCK | MEMDRY ADDRESS CLOCK | MEMORY ADDRESS
INSTRUCTION CYCLES ACCESS | MODIFICATIONT iNSTRUCTION CYCLES ACCESS | MODIFICATIONT
C M SOURLCE | DEST C M SOURCE| DEST
A 14 4 A A LWPE 10 2 -
AB 14 4 B B Moy 14 4 A A
ABS (MSB = D) 12 2 A - MOVE 14 4 B 3]
{M3B =1} 14 4 A — MPY ‘52 5 A -
Al 14 4 - - NEG 12 3 A -
AN 14 4 - - ORI 14 4 - -
B 8 2 A - RSET 12 1 - -
aL 12 3 A - RTWP 14 4 — _
BLWP 26 [} A - S 14 4 A A
C 14 3 A A 58 14 4 B B
CB 1 3 B B $80 12 2 - -
cl 14 3 - - SBZ 12 2 - -
CKOF 12 1 - - SETQ 10 3 A -
CKDN 12 1 - - Shift (C=0} 12420 3 - -
CLR 10 3 A - {C=0, Bits 12-15
coc 14 3 A - of WRO=0} 52 4 - -
CZC 14 3 A - {C=0, Bits 12-15
DEC 10 3 A - of WRP=N=0) 20+20 4 — -
DECT 10 3 A - soc 14 4 A A
01 {ST4 is sat} 16 3 A - S0CH 14 4 B B
01y (ST4 isresety* | 92.124 6 A - STCR{C=0} 60 4 A -
IDLE 12 1 - - {l=C=7) 42 4 B -
INC 10 3 A - {C=8} 44 4 B -
INCT 10 3 A - {9 0= 15) 58 4 A -
INY 10 ki A - STST 8 2 - -
Jump {PCis STWP 8 2 _ _
changed) 10 ] — — SWPR 10 3 A -
{PCisnot SZC 14 [ A A
changad) 8 1 - - SZCB 14 4 B B
LOCR {(C=0 52 1 A - 8 12 i - -
(1=C<B} 0+2C 3 B - A= 8 2 A -
{9=C=15) 20+2C 3 A - Xop 38 8 A —
LI 12 3 - - XOR 14 4 A -
LIMI 16 2 -
LREX 12 1 - -
RESET function 26 5 - - Undefingd op codes
LOAD function 22 5 - - 0006-01FF, 0320 5 1 _ _
Interrupt context 033F, OCO0-0FFF,
switch - 22 5 - - 0780-07FF

*Exerution time is dependent upon the partial quotient after sach clock cycle during execution,
**Execution time is added to the gxecution time of the instroctinn Jocated at the source address minus 4 clock cycles and 1 memory access time.
TThe latters A and B refer to the respective tables that follow,
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Table A Address Modification

$9900

Tzhle B Address Modification

CLOCK | MEMORY
ADDRESSING MODE CYCLES | ACCESSES
C M
WR {Tg or Tp = 00} 0 0
WR indirect (Tg or Tp = 01) 4 1
WR indirect auto-increment
{Tg or Tp = 11} 8 2
Symbolic {Tg or Tg = 10,
SorD=0) 8 1
Indexed (Tg or Tp = 10,
Sor0=0) 8 2

CLOCK | MEMDRY
ADBDRESSING MODE CYCLES | ACCESSES
C M
WR (Tg or Tp =00} 0 0
WR indirect {Tg or Tp = 01) 4 1
WR indirect auto-increment -
{TgorTn =11} 6 2
Symbolic (Tg or Tp = 10,
SorD =0} 8 1
Indexed {Ts ar Tp = 10,
S or D=0} 8 2

appropriate values from the referenced tables. The
total instruction-execution time for an instruction is:

T = tupiC + W-M)

where:
T = total instruction ¢xecution time;
toer = clock eyele time;
C = number of ¢clock cyeles for instruction execu-

tion plus address medification;

W = number of required wait states per memory
access for instruction execution plus ad-
dress modification- — no wait states used
unless accessing slgw memory;

M = number of memory dccesses.

As an example, the instruction MOVB is used in a
system with t,, = 0.333 us and no wait states are re-
quired 1o aceess memory. Both operands are addressed
in the workspace register mode:

T = tyy (G + WM} = 0,333 (14 + 0+4) ps = 4.662us.

I[f two wait states per memory access were required,
the execution time is;

T = 0333 (14 + 2«4} us = 7.326ps.

5.29

If the source operand was addressed in the symbolic
mode and Lwo wail stales were required:

T = tc[,m (C + W=D}
C=14+8 =22
M-=-44+1=25

T = 0.333 (22 + 245} us = 10.656ps.

System Design Examples

Figure 13 illustrates a typical minimum 89900 system.
Eight bits of input and output interface are im-.
plemented. The memory system conlains 1024x16
ROM and 1024x16 RAM memory blocks. The total
package count for this system is 13 packages.

A maximum S9900 microprocessor system isillustrated
in Figure 14. ROM and RAM are both shown for a total
of 65,536 bytes of memeory, The IfO interface supports
4096-output bits and 4096-input biis. Fifteen external
interrupts are implemented in the interrupt interface.
The clock generator and control section contains
memory decode logie, synchronization logic, and the
clock electronies. Bus buffers, required for this max-
imally configured system, are indicaled on the system
buses.




$9900

Figure 13. Minimum 59800 System
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Instruction Summary

$9900

RESULT

MNEMONIC | OP CODE | FORMAT | cOMPARED | STATUS INSTRUCTIONS
o e | AFFECTED
A ADDD | Y 0-4 ADD(WORD)
AB 8000 i y 0-5 ADD{BYTE)
ABS 0740 6 y 0-4 ABSOLUTE VALUE
Al 0220 8 Y 0-4 ADD IMMEDIATE
ANDI 0240 8 Y 0-2 AND IMMEDIATE
B 0440 6 N - BRANCH
BL 0830 6 N - BRANCH AND LINE {W11)
BLWP 0400 8 N - BRANCH LOAD WORKSPACE POINTER
c 8000 1 N 0-2 COMPARE (WORD)
c8 9000 1 Y 0-25 COMPARE (BYTE)
c1 0280 8 N 0-2 COMPARE IMMEDIATE
CKOF 03CD 7 N _ EXTERNAL CONTROL
CKON D3AD 7 N _ EXTERNAL CONTROL
CLR 0400 B N - GLEAR OPERAND
coc 2000 3 N 9 COMPARE ONES CORRESPONDING
C2C 2400 3 N 2 COMPARE ZEROES CORRESPONDING
DEC 0600 6 v 04 DECREMENT (BY ONE)
DECT 0640 8 ¥ 0.4 DECREMENT {BY TWO)
DIV 3000 9 N 2 DIVIDE
IDLE 0340 7 N - COMPUTER IDLE
ING 0580 B v 0-2 INCREMENT (BY ONE)
INCT 1560 B Y 0-4 (NCREMENT (BY TWD)
INV 0540 6 v 0-2 {NVERT {ONES COMPLEMENT)
JEQ 1300 2 N _ JUMP EQUAL {ST2=1)
16T 1500 7 N _ JUMP GREATER THAN (ST1-1)
H 1800 2 N - JUMP HIGH (STG=1 AND ST2=0)
JHE 1400 2 N - JUMP HIGH OR EQUAL (STO OR ST2=1)
n 1A00 2 N _ JUMP LOW (STO AND ST2=0)
ILE 1200 7 N Z JUMP LOW OR EQUAL (S70=0 OR §T2=1)
LT 1100 2 N - JUMP LESS THAN {ST1 AND ST2=0)
JMP 1000 2 N - JUMP UNCONDITIONAL
INC 1700 2 N - JUMP NO CARRY {ST3=0)
INE 1600 7 T - JUMP NOT EQUAL (8T2=0)
IND 1900 2 N - JUMP NO OVERFLOW (ST4=0)
J0C 1800 2 N - JUMP ON CARRY (ST3=1)
0P 1C00 7 N - JUMP 0DD PARITY (ST5=1)
LDCR 3000 7 Y 0-25 LOAD CRU
Lt 0200 8 N 0-2 LOAD IMMEDIATE
LIl 0300 8 N 12-15 LOAD IMMEDIATE TO INTERRUPT MASK
LREX 03E0 7 N 12415 | EXTERNAL CONTROL
WPl 02E0 8 N - LOAD IMMEDIATE TO WO RKSPACE
POINTER
MOV cooo ] ¥ 0-2 MOVE WORD)
MOVE [H1]1]1] 1 Y 0-2,5 MOVE (BYTE)
NPY 3500 N - MULTIPLY




Instruction Summary [Continued)

59900

RESULT | cratus
MNEMONIC | OP CODE | FORMAT | COMPARED INSTRUCTIONS
D eme | AFFECTED
NEG 0500 5 Y 0-4 NEGATE (TWO'S COMPLEMENT)
0l 0250 8 Y 0-2 OR IMMEDIATE
RSET 0360 7 N 12-15 | EXTERNAL CONTROL
RTWP 0389 7 N 0-6,12-15 | RETURN WORKSPAGE POINTER
5 6000 ] Y 0-4 SUBTRACT (WORD)
SB 7000 ! ¥ 0-5 SUBTRACT (BYTE)
SEO 1000 2 N - SET CRU BIT TO ONE
$87 1£00 2 N - | SETCRUEBITTO ZERD
SETD 0700 6 N - SET ONES
SLA 0ADD 5 Y 0-4 SHIET LEFT {ZERQ FILL)
s0C £000 i Y 0-2 SET ONES CORRESPONDING {WORD)
$0C8 CFoob |1 ¥ 0-25 SET ONES CORRESPONDING {BYTE)
SRA 0800 5 Y 03 SHIFT RIGHT {MSB EXTENDED)
SRC aB0D 5 Y D-3 SHIFT RIGHT CIRCULAR
SRL 0900 5 Y 0-3 SHIFT RIGHT {LEADING ZERD FILL)
STCR 1400 4 y 0-25 STORE FROM CRU
STST 0260 8 N - STORE STATUS REGISTER
STWP 02A0 8 N _ STORE WO RKSPAGE POINTER
SWPB 4500 8 N - | SWAPBYTES
$7¢ 4000 1 Y 0-2 SET ZERDES CORRESPONDING (WORD)
SZC8 5000 i Y 0-2,5 SET ZEROES CORRESPONDING (BYTE)
T8 1FD0 ) N 2 TEST CRU BIT
X 0480 8 N - EXECUTE
XOP 2600 g N § EXTENDED OPERATION
XOR 2800 3 Y 0-2 EXCLUSIVE OR

JILLEGAL OP CODES D000-01FF, 0320-033F, 0780-07FF, QCDQ-QFFF

Physical Dimensions
B4-Pin Ceramic
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ADVANCED PRODUCT DESCRIPTION
$9901

AMIL

Features

N-Channel Silicon-Gate Process

9900 Series CRU Peripheral

Performs Interrupt and 1/0 Inlerface Functions
— 6 Dedicated Inlerrupt Inpul Lines

— T Dedicated 1/0Q Ports

— 9 Ports Programmable as Interrupts or 1/O

Easily Stacked for Interrupt and I/Q Expansion

Interval and Eveni Timer

Single 5V Supply

Programmable Systems
Interface Circuit

General Description

The 59901 Programmable Systems Inierface is a
multifunctioned component designed to provide low
cost interrupts and [/O ports in a 9200/9280 micro-
processor system. It is fabricated with N-channel
silicon-gate technology and is completely TTL
compatible on all inpuls including the power supply
(+5V) and single-phase clock. Figure 1 is a block
diagram of the $9801, The Programmahle Systems
Interface provides a 9900/9980 system with interrupt
control, I/O ports, and a real-time clock as shown in
Fipure 2.

Figure 1. Block Diagram
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S9901 Electrical Specifications
Absolute Maximum Ratings Over Operating Free Air Temperature Range (Unless Otherwise Noted)*

Supply Voltages, Voo 8nd VEg . oo i it ittt e e 0.3V to +10V
All Input and Output Voltages ... ... i o e 0.3V to +10V
Continuous Power Dissipation .. .. ... .. i e e 0.76W
Operating Free- Air Temperature Bange .. ... .. ... 0 i e e e 0°Cto +70°C
Storage Temperature RANge ... .. ..ottt it e e s -65°C to +150°C

#SLresses heyond Lhose listed under “*Absolute Maximum Ratings™ may cause permanent damage to the device. This is a stress
rating only and funetional operation of the device at these or any other conditions beyvond those indicated in Lthe “"Recom-
mended OQperating Conditions’ section of this specification is not implied. Exposure to absolute maximum rated conditions
lor extonded period may aftect deviee reliability.

Recomrmended Operating Conditions

Parameter Min. Nom. Max. Unit
Supply Voltage, Vo 4.75 3 5.25 v
Supply Voltage, Veg 0 Vv
Iligh - Level Input Voltage, Viy 2 v
Low-Level Input Voltage, Vi, 0.8 Vv
Operating Free- Air Temperature, T s 0 70 C

Electrical Characteristics Over Full Range of Recommended Operating Conditions {Unless Otherwise Notad)

Symbol | Parameter Min, |Typ. |Max. | Unit | Conditions
I; Input Current (Any Input) +10 HA | V=0V ito Voo
VoH High Level Output Voltage 2.1 v lop; = 100u4
2 v Iopg = -400u A
Var, Low Level Output Voltage 0.4 V | IgL = 3.2mA
Ice Supply Current from Ve 100 mA
Iss Supply Current from Vgg 200 mA
leciavy Average Supply Current from Vg 60 mA Lejp) = 333ns, Ty = 25°C
G Capacitance, Any Input 10 pF | F=1MHz,
Co Capacitance, Any Output 20 pF | All Other Pins at 0V
Timing Reguirements Over Full Range of Operating Conditions
Symbol Parameter Min, |Nom. |Max. Unit
tege) Clock Cycle Time 333 ns
Lei) Clock Rise Time 10 ns
tip) Clock Fall Time 10 ns
twisL) Clock Pulse Low Width bb ns
twiaH} Clock Pulse High Width 240 ns
gy Setup Time for 50-84, CE, or CRUQUT hefore CRUCLK 200 ns
s, Setup Time, Input Before Valid CRUIN 200 ns
ten Setup Time, Interrupt Before ¢ Low 40 ns
twicrUCLK) | CRU Clock Pulse Width 100 ns
th Address Hold Time 80 ns
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Switching Characteristics Over Full Range of Recommended Operating Conditions

59901

Symbol | Parameier Min. | Typ. | Max. |Unit | Tesl Condilions
¢ Propagation Delay, ¢ Low to Valid 80 ns Cy, = 100pF,
FD INTREQ, Ico-Ics 2 TTL Loads
Propagation Delay, S0-54 or CE _
trp to Valid CRUIN 100 ns | Cn = 100pF
Figure 3. Switching Characteristics
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Pin Definitions
Table 1 defines the 59901 pin assignments and describes the function of each pin.
Table 1. $9901 Pin Assignments and Functions

Signature Pin /O Description

INTREG 11 ouT INTERRUPT Request. When active (low) INTRE® indicates that an en-
abled interrupt has been recelved . INTREQ will stay aclive unlil all enatdled
interrupt inputs are removed.

1CO (MSB} 15 ouT Interrupt Code lines. 1CQ-1C3 output the binary code corresponding to

™M 14 ouUT the highest priority enabled interrupt. If no enabled interrupts are active

1c2 13 oUT 1C0-1C3 = (1,1,1,1).

IC3 (LSB) 12 arT

CE 5 IM Chip Enable. When active (low) data may be transferred through the CRU
interface to the CPL). CE has no effeet on the interrupt control section.

S0 39 Jivi Address select lines. The data bit being accessed by the CRU interface is

g1 36 i} speciflied by Lhe &-bit code appearing on 80-54.

52 35 N

53 25 IN

54 24 IN

CRUIN 4 QuUT CRU daia in (ta CPU). Data specilied by 30-54 is transmitted 1o the CPU
by CRUIN. When CE is not active CRUIN is in a high -impedance slate.

CRUOUT 2 N CRU data out {from CPU). When CE is active, data present on the CRUJOUT

input will be samplad during CRUCLK and writter inte the command bit
specified by S0-54.

CRUCLEK 3 IN CRU Clock (from CPU). CRUCLK specifies that valid data is present on
the CRUOUT line.
RST1 1 IN Power Up Reset. When active {low) RET1 resets all interrupt masks to

“0v, disables the clock, and programs all I/ ports to inputs. RST1 has
a Schmitt-Trigger input to allow implementation with an RC circuit as
shown in Figure 8.

Ve 40 Supply Voltage. +5V nominal.

Vas 16 Ground Reference

¢ 10 System clock (#3 in 59900 system, CKOUT in S9980 system).

INT1 17 IN Group 1, interrupt inputs. When active.

INT2 18 IN {Low) the signal is ANDed with its corresponding mask bit and if enabled
INT3 g IN sent to the interrupt control section. INT1 has highest priority.

INT4 8 N

IWNT5 ki IN

INT6 é IN

INT7/FLE 34 L;O Group 2, Programmable interrupt {active low) or 1fO pins (true logic)
TNT&/P14 33 /0 Each pin is individually programmable as an interrupt, an input port, or an
INT9;/P13 32 IO output port.

INTL0/P12 21 IO

INT11/P11 30 /O

INT12/P10 29 I/

INT13/p9 - 28 1o

TNT14/F8 27 Lo

INT15/P7 23 1o

PO 38 IO Group 3, I{O ports {true logic). Each pin is individually programmable as
Pl 37 Lo an input port or an output port.

P2 26 o

P3 22 /0

P4 21 /O

Pa 20 I/O

PB 19 113
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Functional Description
CPU Interface

The 89901 interfaces to the CPU through the Com-
municalions Register Unit (CRU) and the interrupt
control! lines as shown in Figure 1. The CRU interface
consists of b address select lines (50-54), chip enahle
(CE}, and 3 CRU lines (CRUIN, CRUQUT, CRUCLK).
When CE becomes active (low), the 5 select lines point
to the CRU bit being accessed (see Table 2). In the
case of a write, the datum is strobed off the CROUT
line by the CRUCLK signal, For a read, the datum is
sent to the CPU an the CRUIN line. The interrupt
control lines consist. of an interrupt request line
(INTREQ) and 4 code lines {ICO-IC3}. The interrupt
section of the §8901 prioritizes and cncodes the high-
est priority active interrupt inte the proper code to
present to the CPU, and outputs this code on the
1C0-1C3 code lines along with an active INTREQ.
Several 89901 can be used with the CPU by con-
necting all CRU and address lines in parallel and
providing a unigue chip sclect to each device.

Systern Interface

The system interface consists of 22 pins divided into
3 groups, The 6 pins in Group 1 (INT1-INT6) arc nor-
mally dedicated to interrupt inputs (active low), but
may also be used asinput ports {true data in). Group 2
(INT7/P15-INTL5/P7) consists of 9 pins which can
be individually programmed as interrupt inputs {active
low), input gorts (true data in), or output ports (true
dala out), The remaining 7 pins which comprise Group
3 (P(3-PH) are dedicated as individually programmauble
[/ ports (true data).

Interrupt Control

A block diagram of the interrupt control section is
shown in Figure 4. The interrupt inputs (6 dedicated,
9 programmable) are sampled by ¢ {active low) and

59901

are ANDED with their respective mask bits. If an in-
terrupt input is active (low) and enabled (MASK=1),
the signal is passed through to the priority encoder
where the highest priority signal is encoded into a 4-bit
binary code as shown in Table 3. The code along with
the interrupt request is then ouiput via the CPU inter-
face on the leading edge of the next ¢ to ensure proper
synchronization to the processor,

The output signals will remain valid until the corres-
ponding interrupt input is removed, the interrupt is
disabled (MASK=0), or a higher priorily enabled
interrupt becomes active. When the highest priority
enabled interrupt is removed, the code corresponding
Lo the nexl highest priority enabled interrupt is output.
If no enabled interrupt is active, all CPU interface
lines (INTREQ, IC0-1C3) are held high. R8T1 (power-
up-reset) will force the output code te (0,0,0,0) with
INTRE® held high and will reset all mask bits low
{interrupts disabled). Individual interrupts can be sub-
sequently enabled (disabled) by programming the
appropriate command bits. Unused interrupt inputs
may be used as datum inputs by disabling the interrupt
{(MASK=0).

Input/Cutput

A block diagram of the I/O seclion is shown In Figure 5.
Up to 16 individually contrelled [/Q ports are available
(7 dedicated, 9 programmable). RST1 or RST2 {a
command bit) will program all ports to the input mode.
Writing a datum to any port will program that port to
the output mode and latch out the datum. The port
will then remain in the output mode until either RST1
or RST2 is executed. Data present on the Group 2
pins can be read by either the Read Interrupt Com-
mands or the Read Input Commands. Group 2 pins
being used as input ports should have their respective
Interrupt Mask values reset (low) to prevent false in-
terrupts from occurring, In applications where Group 1
pins are not required as interrupt inputs, they may be
used as input ports and read using the Read Input
commands. As with Group 2 ports, any pins being
used as input ports should have their respective Inter-
rupt Masks disabled.
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Table 2. CRU Bit Assignments

$9901

CRU Rit S0 51 52 83 54 CRU Read Data CRU Write Data
0 1] 0 0 0 0 CONTROL BITi1) CONTROL BIT(1}
1 0 0 0 0 1 INT1/CLK1(2} Mask 1/CLKL(3}
2 ] 0 0 1 0 INT2/CLK2 Mask 2/CLK2
3 0 0 ) 1 1 INT3/CLK3 Mask 3/CLK3
4 0 0 1 0 a INT4/CLK4 Mask 4/CLK4
5 0 0 1 0 1 INT5/CLKE Mask 5/CLK5
6 0 0 1 1 0 INTB/CLKS& Mask 6/CLKG6
7 0 0 1 1 1 INT7/CLK7 Mask 7/CLKT
8 0 1 Q 0 0 INT8/CLKS Mask 8/CLK38
9 0 1 0 0 1 INTH/CLKS Mask B/CLK9
10 0 1 0 1 0 INT10/CLEL0 Mask 10/CLK10
11 0 1 Q 1 1 INT11/CLK11 Mask 11/CLK11
12 0 1 1 0 0 INT12/CLK12 Mask 12/CLK12
18 0 1 1 0 1 INT13/CLK13 Mask 13/CLK13
14 0 1 1 1 U] INT14/CLK14 Mask 14/CLKI14

15 0 1 1 1 1 INT15/INTREG Mask 15/RST2(4)
i6 1 0 0 0 0 PO INPUT{5} PO Qutputis)
17 1 0 0 0 1 P1 Input P1 Qutput
18 1 1] 0 1 0 P2 Input P2 Output
19 1 0 0 1 1 P3 Input P3 Output
20 1 0 1 0 0 P4 Input P4 Output
21 1 0 1 0 1 P5 Input P5 Output
22 1 0 I 1 0 P6 Input P8 Qutput
23 1 0 1 1 1 PT Input P7 Output
24 1 1 0 0 0 | P8 Input P8 Output
25 1 1 G 0 1 P9 Input P9 Output
26 1 1 ¢] 1 0 P10 Input P10 Qutpui
27 1 1 0 1 1 P11 Input P11 Output
28 1 1 1 0 0 P12 Input P12 Qutput
29 1 1 1 0 1 P13 Input P13 Output
30 1 1 1 1 0 P14 Input P14 Output
31 1 1 1 1 1 P15 Input P15 Output
KOTES: {1) 0 - Interrupt Mode 1 = Clock Mode

(2) Data present on INT input pin (or clock value) will be read regardless of mask value,

{8) While in the Inierrupl Mode {Conlrol Bit = 0) writing a **1"" inlo mask will enable interrupt; a **0” will disable.
(4) Writing a zero Lo bit 15 while in the clock mode (Control Bit = 1) executes a software reset of the IfO pins.
{5) Data present on the pin will be read. Qutput data can be read without affecting the data.

{6) Writing data to the port wil! program the port to the output mede and output the data.
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Figure 4. laterrupt Control Logic
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Table 3 Interrupt Code Generation
Interrupt/State Priority ICo 1c1 Ic2 IC3 | INTREGQ
INT1 1 (HIGHEST) 0 0 ] 1 0
INT2 2 0 0 1 0 0
INT3/CLOCK 3 0 0 1 1 0
INT4 4 0 1 0 0 0
INTS 5 0 1 0 1 0
INT6 g 0 1 1 0 0
INT7 i 0 1 1 1 0
INTS 8 1 0 0 0 0
INT9 9 1 0 0 1 0
INT10 10 1 0 1 0 0
INT11 11 1 ] i 1 4]
INT12 12 1 i 0 0 0
INT13 13 1 1 4] 1 0]
INT14 14 1 1 1 ] li]
INT15 15 (LOWEST) 1 1 1 1 0
NO INTERRRUFPT - 1 1 1 1 1
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Programmable Real Time Clock

A hlock diagram of the programmable veal time clock
section is shown in Figure 6. The clock consists of a
14-bit counter that decrements at a rate of F{s¢)/64
{at 3MHz this results in a maximum interval of 349ms
with a resolution of 21.3xs) and can be used as either
an interval timer or as an event timer.

The clock is accessed by writing a one into the control
bit (address Q) to force CRIS bits 1-15 to clock maode.
{See Table 1,) Writing a nonzerc value into the clock
register then enables the clock and sets ils [requency.
Dauring system set up this entire operation can be ac-
complished with one additional I/0 instruction (LCDR)
asshown in Table 4. The clock functions as an interval
timer by decrementing to zero, issuing an interrupt,
and restarting at the programmed start value. When
the clock interrupt is active, the clock mask {mask bit
3) must be written into (with either a “1” or a ““0”)
to clear the interrupt.

If a value other than that initially programmed is re-
quired, a new 14-bit clock start value is similarly pro-
grammed by executing a CRU write operation to the
same locations., During programming the decrementer

59901

is restaried with the current start value after each start
value bit is written, A timer restart can be easily imple-
mented by writing a single bit to any of the clock bits.

The clock is disabled by RST1 (power-up-clear} or
by writing a zero value into the clock register. Enabl-
ing lhe clock programs the third priority interrupt
(INT3) as the clock interrupt and disables generation
of interrupts fram the INT3 input pin. When accessing
the clock all interrupts should be disabled to ensure
that system integrity is maintained.

The clock ean alse function as an event timer since
whenever the device is switched to the clock mode, by
writing a one to the control bit, the current value of
the clock is stored in the clock read register. Reading
this value, and thus the elapsed event time, is accom-
plished by execuling a 14-bit CRU read operation
(addresses 1-14). The software example (Table 3)
shows a read of the event timer.

The current status of the machine can always be ob-
tained by reading the control (address zero} bit. A “0”
indicates the machine is in an interrupt mode. Bits 1

Figure 5. 1/0 Interface
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through 15 would normally be the interrupt input
lines in this mode, but if any are not needed for inter-
rupts they may also be read with a CRU input com-
mand and interpreted as normal data inputs. A “1”
read on the conirol bit indicates that the 9901 is in
the clock mode. Reading bits 1 through 14 completes
the event timer operation as described above. Reading

Table 4 Software Examples

$9901

bit 15 indicates whether the interrupt request line
is aclive.

A software reset RST2 can be performed by writing a
“1™ to the control hit followed by writing a “1" to
hit 15, which forces all [/O ports to the input mode.

Assumptions

— System uzes clock at maximum interval
— Total of 6 interrupts are used
— 8 bits are used as cutput port.

System LI R12,PSIBAS
Setup for LDCR @X,0
Interrupt LDCR @y,7
System LI R12 PSIBAS+ 16
Setup for LDCR R1,8
Output
Ports
Read LI R12 PSIBASt 24
Programmed STCR R2,8
Inputs
{X) —»FFFF
(Y)—mTFXX
Don't cares
BLWP CLEVCT
CLKPC LIMI a
LI R12,PSIBAS+ 1
SBO -1
STCR R4.14
SBZ -1
RTWP
CLEVCT DATA CLEWP, CLKIPC

— 8 bits are used as input port
— RST1 (power up reset) has already been applied

Setup CRU Base Addyess to point 9901
Program Clock with maximum interval
Re-enter interrupt mode and enable top 6 interrupts

Move CRU Base to point [/0 port
Move most signilicant byte of R1 to output port

Move CRU Base to point L0 input poris
Move input port to most significant byte of B2

Save Interrupt Mask

Disable INTERRUPTS

Set up CRU Base

Set 9901 into Clock Mode, Latch Clock Value
Store Read Register Latch Value into R4
Reenter Interrupt Mode and Restarting Clock
Restore Interrupt Mask
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Figure 6. Real Time Clock

CRU
Logic

CRU
INTEAFALE

TLUGK RETISTER

fec-1 CLECK

INTERRUFT

||

CLack TEH

REAN REEISTER

System Operation

During power up RST1 must be activated (low) for a
minimum of 2 clock cycles to force the $9901 into a
known state. RST1 will disable all interrupts, disable
the clock, program all IO ports to the mode, and force
ICO-IC3 to (0,0,0,0) with INTREQ held high, System
software must then enable the proper interrupts, pro-
gram the clock (if used), and configure the IfO ports
as reguired (see Table 4 for an example). Affer initial
power up, the 39901 will be accessed only as needed
to scrvice the clock, enable (dissble) interrupts, or

Table 5 9980 Interrupt Level Data

read (write) data to the [/O ports. The [/O ports can
be reconfigured by use of the RST2 command hit.

Figure 7 illustrates the use of an 599201 with an $9900,
The 89204 is used to generate RST to reset the 9900
and the 9901 {connected to RST1). Figure 8 shows
an 59980 system using the 89901, The reset function,
load interrupt, and 4 maskahle interrupts allowed in a
9980 are encoded as shown in Table 5. Connecting
the system as shown ensures that the.proper reset will
be applied to the 9980,

Interrupt Vector Loeation Interrupt Mask Values
Code Function {(Memory Address Device Assignment Ta Enable

(ICO-1IC2) In Hex} {ST12 through 8T15})
110 Level 4 0010 External Device 4 Through F
101 Level 2 0o00C External Device 3 Through F
100 Level 2 0008 Exteinal Device 2 Through F
011 Level 1 0004 External Device 1 Through F
001 Reset D0CQGD0 Reset Stimulus Don’t Care
010 Load 3FFC Load Stimulus Don’t Care
000 Reset 0000 Reset Stimulus Don’t Care
111 Nao-Op - — Don’t Care
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Figure 7. $9900-59901 Interface 59901 40 Pin Ceramic Package
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ADVANCED PRODUCT DESCRIPTION
S$9902

Asynchronous Communications

Features

5- to 8-Bit Character Length

1,1 1/2, or 2 Stop Bits

Even, Odd, or No Parity

Fully Programmable Data Rate Generation
Interval Timer with Resolution from 64 to
16,320 us

Fully TI'L Compatible, Including Single
Power Supply.

Controller (ACC)

General Description

The 88802 Asynchronous Communication Controller
(ACC) is a peripheral device for the 58900 family
of microprocessors. The ACC provides an interface
belween the microprocessor and & serial asynchronous
communication channel, performing the {iming
and data serialization and deserialization, thus facili-
tating the control of the asynchronous channel by the
microprocessor,

Figure 1. Block Diagram

Figure 2. Pin Configuration
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89902 Electrical Specifications

Absolute Maximum Ratings Over Operating Free Air Temperature Range {Unless Otherwise Noted}®

PPy Vol ame, Vol o o it it i e vttt e e e e e e e 0.3V to +10V
All Inputs and Ouiput Voltames . .. .. . ... i i it ettt e e -0.3V to +10V
Continuous Power DissiPatIOn . ... ... ..ttt it it ettt et et e 0.7TW
Operating Free-Air Temperature Range ... ..ottt in it tiieneiintenesnnes 0°C to +70°C
Storage Temperature RANEE . .. ittt ettt r et e e et et et e e -85°C to +150°C

*Stresses beyond those listed under *Absolute Maximum Ratings'” may cause permanent damage to the device. "This is a stress
rating only and functional operation of the device al these or any other conditions beyond those indicaled in the “Recommended
Operaling Conditions™ section of this specification is not implied. Expasure to Absolute Maximum Rated conditions for extended
periods rnay alffect device reliability.

Recommended Operating Conditions

Parameter Min. Nom. Max. Unit
Supply Voltage, Voo 4.5 5 5.25 \'
Supply Voltage, Vss 0 v

_High-Level Inpul Voltage, Vi o 2.2 24 Vee v
Low-Level Input Voltage, Vi, 0.4 0.8 v
Operating Free-Air Temperature, T 5 0 70 “C

Electrical Characteristics Qver Full Range of Recommended Operating Conditions {Unless Otherwise Noted}

Symbol | Parameter o Min. | Typ. | Max. | Unit | Conditions
I | Input Current (Any Input) T 0 [ wa Tvi=ovie v
Vou High-Tevel Qutput Voltage 2.2 3.0 v Ton = - 10024
20 | 25 Toy = 400z A
VoL Low-Level Output Voltage 0.4 G.85 v Ior = 3.2mA
Iooravy | Average Supply Current from Vg 2.5 | 100 | mA |tee; = 250ns, T4 = 25°C
C; Capacitance, Any Input 10 oF f=1MHz,
Co Capacitance, Any Output 20 All other pins at OV

Timing Requirements Over Full Range of Recommended Cperating Conditions

Symbol | Parameter o Min. | Typ. | Max. | Unit
befo? Clock Cycle Time 300 | 333 | 2000 ns
tuis) Clock Rise Time ' 10 12 | ns
tega) Clock Fall Time 10 12 ns
tHe) Clock Pulse Width (11igh Level) 225 2490 ns
tLia) Clock Pulse Width {Low Level) 45 55 ns
tsufad) Setup Time for Address and CRUQUT Before CRUCLK 220 ns
tswicEy | Setup Time for CE Before CRUCLK 190 ns

“tup | Hold Time for Address, CE and CRUOUT After CRUCLK 90 ns
taee CRUCLK Pulse Width 120 ns
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Switching Characteristics Over Full Range of Recommended Operating Conditions

Symbol | Parameter Min. | Typ. | Max. | Unit | Conditions
Tpcied) | Propagation Delay, Address-to-Valid CRUIN 400 ns Cr = 100pF
TpeycE) | Propagation Delay, CE-to-Valid CRUIN 400 ns Ct, = 100pF
ty CRUIN Hold Time After Address 20 ns

Figure 3. Switching Characteristics
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$9902 Pin Description

59902

Table 1 defines the 89902 pin assignments and describes the function of each pin as shown in Figure 2.

Interrupt — when active {low), the INT output indicates that at least one
Transmitter serial data output line — XOUT remains inactive (high) when

Receiver serial data inpuf line — RCV — must be held in the inactive (high)
state when not receiving data. A transition from high fo low will activale

Serial data output pin from 89902 to CRUIN input pin of the CPU.

Request-to-send output from 59902 to modem. This output is enabled
by the CPU and remains active (low} during transmission from the $9302.
Clear-to-send input from modem to S9902. When active (low), il enables

Data set ready input from modem to 89902. This input generates an in-

Serial data input line to 9902 from CRUOUT line of the CPU,

Address bus S0-84 are the lines that are addressed by the CPU to select a

CRU Clock. When active (high), $2902 from CRUQUT line of the CPU.

Chip enable — when CE is inactive (high), the 39902 address decoding is
inhibjted which prevents execution of any S9902 command function.
CRUIN remains at high-impedance when CE is inactive (high).

Table T
Signature Pin /0 Description
INT 1 Q
of the interrupt conditions has occured.
XOouT 2 O
S9902 is not transmitting.
RIN 3 1
the receiver circuitry.
CRUIN 4 0
RTS Y O
CTS8 6 I
the transmitter section of 3¢902.
DSR 7 I
terrupt when going On or Off,
CRUQUT 8 I
Vs 9 I Ground reference voltage.
84 (LSB) io I
53 11 I
32 12 I
sS1 13 I
50 14 I particular S9902 function.
CRUCLK 15 I
@ 16 I TTL Clock.
CE 17 I
Vo 13 1 Supply voltage (+5V nominal).

CPU Interface

Device Interface

The relationship of the ACC to other components in
the system is shown in Figures 4 and 5. The ACC is
connected to the asychronous channel through level
shifters which translate the TTL inpuls and cutputs
to the appropriate levels (e.g., RS-232C, TTY current
loop, ete.). The microprocessor transfers data to and
from the ACC via the Communication Register Unit
{CRU).

The ACC interfaces to the CPU through the Communi-
cation Register Unit (CRU). The CRU interface con-
sists of five address-sclect lines (S0-354), chip enable
{CE), and three CRU control lines (CRUIN, CRUQUT,
and CRUGCLK). When CE becomes active (low), the
five select lines address the CHU bit being accessed.
When data is being transferred to the ACC from tlhe
CPU, CRUOUT contains the valid datum which is
strobed by CRUCLK. When ACC data is being read,
CRUIN is the datum output by the ACC.
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Figure 4. 59902 ACC in an 52900 Systern
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Asynchronous Communication Channel Interface

The interface to the asynchronous communication
channel consists of an output control line { RTS), two
input status lines (DSR and CTS), and serial transmit
(XOUT) and receive {RIN} data lines. The request-to-
send line (HTS) is active {low) whenever the trans-
mitter is activaled. However, before data transmission
begins, the clear-to-send (CTS) input must be active,
The data set ready {DSR} input does not affect the
receiver or transmitter. When DSR or CTS changes
level, an interrupt is generated,

$9902

Interrupt Qutput

The interrupt cutput (INT) is active (low) when any
of the following conditions occurs and the corre-
sponding interrupt has been enabled by the CPU:

{1) DBSR or CT'S changes levels (DSCH = 1);

{2) a character has been received and stored in the
Receiver Buffer Register (RBRL = 1);

the Transmit Buffer Register is empty (XBRE =
1); or

the selected time interval has elapsed {TIMELPF
=1).

The logical relationship of the interrupt ouiput is
shown below.

(3

(4)

TNT Qutput Generation

O3LR

DSLINT

DSLENE

g

REAL

RINT

KIENE

XBRE

chHuy
STATUE

T LIHES

XIENB

TIMELP

TIMINT

TIMERE

U U

INT

L

=

- DUTPYT

Clock tnput

The clock input to the ACC {(#) is normally provided
by the ¢3 output of the clock generator (9900 sys-
tems) or the 532980 (9980 systems). This clock input
is used to generale the internal device clock, which
provides the time base for the transmitter, receiver,
and interval timer of the ACC,

Device Operation
Control and Data Output

Data and control infermation is transferred to the
ACC using CE, 30-84, CRUOUT, and CRUCLK. The
diagrams below show the connection of the ACC to
the 39900 and S9980 CPUs, The h__rih-order CPU
address lines are used to decode the CE signal when
the device is being selected. The low-order address
lines are connected to the five address-select lines
(80-84). Table 2 describes the output bit address
assignments for the ACC.
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Connection of the ACC to the S9900
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p:x Ald
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.
] DECOTE <j A0-AR
Connectian of the ACC to the S99B0 CPU's
9902 ELT)
7l 1%
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ERUDUT a3
ERUIN CRUIN
w | »
g1 |- 23
52 219
- att
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i

Al-A7

5.50



$9902

Table 2 59902 ACC Qutput Bit Address Assignments

S0 Si&ddsrgssgs 3 84 Addressig Name Description
1 1 1 1|1 31 RESET Reset device.
30-22 Not used.
1 |0 1 0|1 21 DSCENB | Data Set Status Change Interrupt Enable.
1 (0|1 |0]|D 20 TIMENR | Timer Interrupt Enable
1 1010 (1)1 19 XBIENB | Transmitter Interrupt Enable
i |/04j0 (110 18 RIENB Receiver Interrupt Enable
1 (0 (0 |01 17 BREKON Break On
1 (0 {0 DO 16 RTSON | Request to Send On
0 |1 1 1|1 15 TSTMD Test Mode
0 11 1 1|0 14 LDCTRL | Load Control Register
o |1 1 0|1 13 LDIR Load Intetrval Register
0 |1 1 0|0 12 LRDR Load Receiver Data Rate Register
0 |1 o (1|1 11 LXDR Load Transmit Data Rate Register
10-0 Control, Inferval, Receive Data Rate, Transmit Nata
Rate, and Transmit Buffer Registers

Bit 31 {(RESET) —

Bit 30-Bit 22 —

Bit 21 (DSCENB) —

Bit 20 (TIMENB) —

Bit 19 (XBIENB) —

Bit 18 (RIENB) —

Writing a one or zero to Bit 31 canses the device to be reset, disahling all interrupts, in-
itializing the transmitter and receiver, setting RTS inactive (high), setting all register load
control flags (LDCTRL, LDIR, LRDR, and LXDR) to a logic one level, and resetting
the BREAK flag, No other input or output operations should be performed for 114 clock
cycles after issuing the RESET command.

Not used.

Data Set Change Interrupt Enable. Writing a one to Bit 21 causes the INT output to he
active (low) whenever DSCH (Data Set Status Change) is a logic one. Writing a zero to
Bit 21 causes DSCH interrupts to be disabled. Writing either a one or zero to Bil 21
causes DSCH to be reset.

Timer Interrupt Enable. Writing a one to Bit 20 causes the INT cutput to be active
whenever TIMELP {Timer Elapsed) isalogic ane. Writing a zero to Bit 20 causes TIMELP
interrupts to be disabled. Writing either a one or zero to Bit 20 causes TIMELP and
TIMERR (Timer Error) to be reset.

Transmit Buffer Interrupt Enable, Writing a one to Bit 19 causes the INT output to be
active whenever XBRE (Transmit Buffer Register Empty) is a logic one. Writing a zero
to Bit 19 causes XBRE interrupts to be disabled. The state of XBRE is not affected by
writing to Bit 19.

Receiver Interrupt Enable. Writing a one to Bit 18 causes the INT output to be active
whenever RBRL {Receiver Buffer Register Loaded} is a logic one. Writing a zero to Bit
18 disables RBRL interrupts. Writing either a one or zero to Bit 18 causes RBRL to be
reset.
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Bit 17 (BRKON) —

Bit 16 (RTSON) —

Bit 15 (TSTMD) —

Bits 14-11—

59902

Break On. Writing a one to Bit 17 causes the XOU'T (Transmitter Serial Data Output)
to go to a logic zero whenever the transmitler is active and the Transmit Buffer Register
{XBR} and the Transmit Shift Register (XSR) arc empty. While BRKON is set, loading
of characters into the XBR is inhibited. Writing a zero to Bit 17 causes BRKON to be
reset and the transmitter to resume normal operation.

Regquest-to-Send On. Writing a one to Bit 16 causes the RTS output to be active {low),
Writing a zerc to Bit 16 causes RTS tc go to a logic one after the XSK and XER are
cmpty, and BRKON is resei. Thus, the RTS oulpul does not become inactive {high)
until after character transmission has been completed.

Test Mode. Writing a one to Bit 15 causes RTS to be internally conneeted to CTS, XQUT
to be internally connected to RIN, DSR io be internally held low, and the Interval
Timer to operate at 32 times its normal rate. Writing a zero to Bit 15 re-enables normal
device operation.

Register Load Control Flags. Output Bits 14-11 control which of the five registers will
be loaded by writing to Bits 10-0. The flags are prioritized as shown in Table 3.

Table 3 §9%902 ACC Register Load Setection

Register Load Control Flag
Status Register Enabled
LDCTRL LDIR LRIR LXDR

1 X X X Control Register
D 1 X X Interval Regisier
0 0 1 X Receive Data Rale Register
0 G X 1 Transmit Datu Raie Register
0 H 0 0 Transmit Buffer Register

Bit 14 (LDCTRL) —

Bit 13 (LDTR) —

Bit 12 (LRDR) —

Load Control Register, Writing a one to Bif 14 causes LDCTRL to be set to a logic
one, When LDCTRL = 1, any data written to bits 0-7 are directed to the Control Reg-
ister. Note that LDCTRL is also set to a logic one when a one or zero is written to Bit
31 (RESET). Writing a zero to Bit 14 causes LDCTRL to be reset to a logic zero, dis-
abling loading of the Control Register. LDCTRL is also automaticully reset to a logle
zero when a datum is written to Bit 7 of the Conirol Register which normally occurs as
the last bit written when loading the Control Register with a LDCR instruction.

Load Interval Register. Writing a one to Bit 13 causes LDIR to be set to a logic one.
When LDIR = 1 and LDCTRL = 0, any data written to Bits D-7 are directed to the In-
terval Register. Note that LDLR is also set to a logic one when a datum iz written to Bit
31 (RESET); however, Interval Register loading is notl enabled until LDCTRL is set to
a logic zero. Writing a zero to Bit 13 causes LDIR to be reset fo logic zero, disabling
loading of the Internal Register. LDMR is also automatically reset to logic zero when a
datum is written to Bit 7 of the Interval Register, which normally occurs as the last bit
written when loading the Interval Register with a LDCR instruction.

Load Receive Data Rate Hegister. Writing a one to Bit 12 causes LRDR to be set to a
logic one, When LRDR — 1, LDIR = 0, and LDCTRL - 0, any data written to Bits 0-10
are directed to the Receive Data Rate Register, Note that LRDR is alsc set to a logic
one when a datum is written fo Bit 31 (RESET); however, Receive Data Rate Register
loading is not enabled until LDCTRL and LDIR have been set to a logic zero, Writing a
zero to Bit 12 causes LRDR to be reset to a logic zero, disabling loading of the Receive
Data Rate Register. LRDE is also automatically reset to logic zero when a datum Is
written to Bit 10 of the Receive Data Rate Register, which normally ocecurs as the last
bit written when loading the Receive Diata Rate Register with a LDCR instruction.
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Bit 11 (LXDR} —

Control Register

59902

Load Transmit Dala Ratce Register. Writing a one Lo Bit 11 causes LXDR to he sef to a
logic one, When LXDR = 1, LDIR = 0, and LDCTRL = 0, any data written to Bits 0-10
are directed to the Transmit Data Rate Register. Note that loading of both the Receive
and Transmit Data Rate Begisters is enabled when LOCTRL =0, LDIR =0, LRDR =1,
and LXDR = 1; thus these two registers may be loaded simulianeously when data are
received and transmitted at the same rate, LXDR is also set to a logic one when adatum .
ig written to Bit 31 (RESET); however, Transmit Data Rate Register loading is not en-
abled until LDCTRL and LDIR have been reset to logic zero, Writing a zero to Bit 11
causes LXDR to be reset to logic zero, disabling loading of the Transmil Data Rate Reg-
ister. Since Bit 11 js the next bit addressed after loading the Transmit Data Rate Reg-
ister, the register may be loaded and the LXDR flag reset with a single LDCR instruc-
tion where 12 bits {Bits 0-11) are written, with a zero written to Bit 11,

The Control Register is loaded to select character length, device clock operation, parity, and the number of
stop bits for the transmitter. Table 4 shows the bit address assipgnments for the Control Register.

Tahle 4 Control Register Bit Address Assignments

Addressip Name Description
7 §BS1 ,
6 SBS2 ] ~—-——— Stop Bit Select
] PENB Parity Enable
4 PODD Odd Parity Select
3 CLEK4M ¢ Input Divide Select
2 — Not Used
1 RCL1

. } - Character Length Selecl
0 RCLO
7 6 G 4 3 2 1 0
| sBs1 | sBs2 | penB | PODD | CLK4M | NOT USED |RCL1 | RCLO |
MSB L3B

Bits 7 and 6
{SBS81 and 5B32) —

Stop Bit Selection. The number of stop bits to be appended to each transmitier character
is selected by Bits 7 and 8 of the Control Register as shown below. The receiver only
tests for a single stop bit, regardless of the status of Bits 7 and 6.

SBS1 | SBS2 | Number of Transmitted
Bit 7 |Bit6 Stop Bits

0 0 1%

0 1 2

1 0 1

1 1 1

Stop Bit Sefection
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Bits 5 and 4
PENB and PODD) ~—

Bit 3 (CLK4M) —

Bits 1 and O
(RCL1 and RCLO) —

$9902

Parity Selection. The type of parity to be generated for transmission and detected for
reception is selected by Bits 5 and 4 of the Control Register as shown below, When parity
is enabled (PENB = 1}, the parity bit is transmitied and received in addition to the
number of bits selected for the character length. Odd parity is such that the total number
of ones in the character and parity bit, exclusive of stop bit(s), will be odd. For even
parity, the total number of ones will be even.

el | v
0 0 None
0 1 Naone
1 0 Even
1 1 Odd

Parity Selection

¢ Input Divide Select. The @ input to the 39902 ACC is used to generate internal dy-
namic logic clocking and to establish the time base for the Interval Timer, Transmitter,
and Receiver. The ¢ input is internally divided by either 3 ar 4 to generate the two-phase
internal clocks required for MOS logic, and to establish the basic internal operating fre-
quency (fint) and intcrnal clock period {tint). When Bit 3 of the Control Register is set
to a logic one (CLKAM = 1), ¢ is internally divided by 4, and when CLK4M = 0, ¢ is
divided by 3. For example, when f3 = 3 MHz, as in a standard 3 MHz 89900 system,
and CLK4M = 0, ¢ is internally divided by 3 to generate an internal clock period tint of
lps. The figure below shows the operation of the internal clock divider circuitry. The
internal elock frequency should be no greater than 1. 1 MHz; thus, when f¢ > 3.3
MHz, CLE4M should be set to a logic one.

- n=4 if CLK4m=1 $1 int
ML +n to internal logic
n=3 if CLK4m=0 $2 int tF
fint =4~
I 1
i i B

Intemnal Clock Divider Cireuitry

Character Length Select. The number of data bits in each transmitted and received
character is determined by Bits 1 and 0 of the Control Register as shown below.

RCL1 | RCLO Character

Bitl | Bit 0 Length
0 0 b Bits
0 1 6 Bits
1 o 7 Bits
1 1 3 Bits

Character Length Selection
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Interval Register

The Interval Register is enabled for loading whenever LDCTRL = 0 and LDIR = 1. The Interval Register is
used for selecting the rate at which interrupts are generated by the Interval Timer of the ACC. The figure
below shows the bit address assignments for the Interval Register when enabled for loading.

7 8 5 4 3 2 1 0
| TMR7 |TMR6 | TMR5 | TMR4 | TMR3 | TMRZ | TMR1 | TMRO |
MSB LSB

Interval Register Bit Address Assignments

The figure below illustrates the establishment of the interval for the Interval Timer, As an example, if the Interval
Register is loaded with a value of 8015 (1281g) the interval al which Timer Interrupts are generated is trpy =
tine » 64 M = (1us) {» 64) (- 128) = 8,192 ms. when ty; = Lus.

+ TIMELP
; FINT | . o m
signal 64 " = (TMR7-TMRO)
frequency fint, fint/64 fint/{64) (m)
time tint 64 tint 64 m tint

Time Internal Selection

Receive Data Rate Register

The Receive Data Rate Register is enabled for loading whenever LDCTRL = 0, LDIR = 0, and LRDR = 1. The
Rececive Data Rate Register is used for selecting the bit rate at which data is received. The diagram shows
the bit address assignments for the Receive Data Rate Register when enahbled for loading.

10 9 8 7 6 5 4 3 2 1 0
lRDVB |RDR9 | RDR& !RDRT |RDR6 !RDR.’) IRDR%!{ RDR3 | RDR2 [RDRI [RDRU I
MSB L3B
Receive Data Rate Register Bit Address Assignments

The following diagram describes the manner in which the receive data rate is established. Basically, two pro-
grammable counters are used to determine the interval for one-half the bit period of receive data. The first
counter either divides the internal system clock frequency (fy,:) by either 8 {(RDVE = 1) or 1 (RDVE = 0). The
second counter has ten stages and may be programmed to divide its input signal by any value from 1 (RDR©2-
RDRO = 0000000001) to 1023 (RDR&-RDR0O = 1111111111). The frequency of the cuiput of the second
counter (frppr) is double the receive-data rate, Register is loaded with a value of 11000111000, RDVS8 = 1,
and RDR9-RDRO = 1000111000 = 23815 = 568 10. Thus, for fy; = 1 MHz, the receive-data rate = 1 X 106 =
8+ 568 + 2 =110.04 hits per second.
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T m *n

signal GINT __ ofm=8(RDV8=1) |w n={(RDRO.RDRO) |~ RHEY
orm=1{RDVE=10)

(requency finl fl_:;t flrrlt - fREBT

Receive Data Rate Selection

Quantitatively, the receive -data rate froyv may be described by the following algebraic expression;

ftRHBT i fint

frov = =
2 2mn  (2) (8RDVS) (RDR9-RDRO)

Transmit Data Rate Register
The Transmit Duta Rate Register is enabled for loading whenever LDCTRL = 0, LDIR = 0, und LXDR =1,

The Transmit Data Rate Register is used for selecting the data rate for the transmitter. The figure below shows
the bit address assignments for the Transmit Data Rate Register.

10 9 8 7 6 5 4 3 2 1 0
[xnvs |XDR9 | XDRS | XDR7 | XDR6 | XDR5 |XDR4| XDRS | XDR2 | XDR1 | XDRO |
MSB LSB

Belection of transmit data rate is accomplished with the Transmit Data Rate Register in the same way that
Lhe receive data rate is selected when the Receive Data Rate Register. The algebraic expression for the Trans-
mit Data Rate fyy is:

fxuBT fint

2 (2) (8%DVE) (XDR9- XDRO)

fxmr =

For example, if the Transmit Data Rate Register is loaded with a value of 03110100001, XDV8 = 0, and
XDRY-XDRO = 1A1,; = 417, the transmit data rate = 1 X 108 + £ 1+ 417 = 11993.04 hits per second.

Transmit Buffer Register

The Transmit Buffer Register is enabled for loading when LDCTRL = G, LDIR = 0, LRDR = 0, LXDR =0,
and BRKON = 0, The Transmit Buffer Register is used for storage of the next character to be transmitted.
When ihe {runsmitier is active, the contents of the Transmit Buffer Register are transferred to the Transmit
Shift Register cach time the previous characler has been complelely transmitted, The bit address assignments
for the Transmit Buffer Register are shown below:

7 6 5 4 3 2 1 0
XBR7 | XBR6 [ XBR5 | XBR4 | XBR3 | XBR2 | XBR1 | XBRO
MSB LSB

Transmit Buffer Register Bit Address Assignments
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All 8 bits should be transferred into the register, regardless of the selected character length. The extraneous
high-order bits will be ignored for transmission purpuses; however, loading of bit 7 is internally delected to
cause the Transmit Buffer Register Empty (XBRE) status flag to be reset.

Status and Data Input

Status and data information is read from the ACC using CE, 80-54, and CRUIN. The following ligurcillustrates
the relationship of the signals used to access data from the ACC. Table 6 describes the input bit address assign-
ments for the ACC.

¢t 1 1
S0-54 don't care | n [ n+1 [ n+z | n+3 | dan‘t care
Hi- 2 - - Hi- Z
CRUIN { bitn T bitn+1 7] bitn+2] bitn+3}
Tahle 5. CRU Output Bit Address Assignments
a1 n 23 e n % Erl 74 Fess 2z 21 0 19 1R 7 1%
| RESET [ MNOT USED [ DSCENB[ IIMI:NB] XBIENB} FIENE | HHKUN] FTSON |
15 4 T e I e a 8 7 G 3 4 3 2 I @
I T3TWMD [ LJCTAL i LR | LRORA LXDA ] COMTROL, WTEAYAL, AECEIVE DaTa RATE, TRANSAMIT DaTa RATE, AND TRANEMI™ BUFFEA REGISTERS ]

CONTROL RFGISTCR

T T A | ! [ 5657 sz I fEND | PooD ] CLR AN ] _]_ RCL i RCLO ]
N > A v e - J
| | ! | | i Saep B | Pany lint - Charactar Lengtt
@ 1z X anng wo§
. | | | | ] . | o 2 | 10 even fpaaeLk e ot &
1% 1 " akd 11 7
i =
| | | i i | | i | | I I
INTERV AL AEGISTER g
| [ T TP I | | [[Twrs ] rure l TMHG l TWRY l MRS ] TMRZ i TMR1 ] ThMAR | 7]
8 - 4
| | : | | | | | ' | i THA

TiTwl - bn X B4 X TRA

[ | | | I | t | i [

AECEIVE DATA RATE AEGISTER
| o |« | v | o [ sove | ks | mons | reR? [ AoAs [ apAs | more [ oaAnAn [ oeoez | oAoer Ao |
! | ! | | | | [ [ I hon

roe - hint = 8 30VB < row - 2
] | | | | | | | | [ [ |
THARSMIT 0ATA RATE AFTATFR
[ o | = | = | v [ xtve  w0RS | w0ma | =D | xDRE | MORS | xOR4 | xCA3 | NORZ | xDR1 | XORO |
e
| [ | | [ . ] i [ [ o |
Garst - B L BXUME - xDA ;3

| | . | I | ! I | I i

TRANSEMIT HUFFEH HEGISTET

ioe | e b e | e | I | [ menr T xewe | xeus | xema | xumsz | ke | xeH1 | xs |

ROTE 1 LOAC WG OF THE 3T INCICATED BY [ | GALBES IHE LUAD CONTRIL
FLAG FOR THAT AEGISTER T0 B aUTIMATICA LY RESET
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Table 6. 89902 ACC Input Bit Address Assignments

S0 SlAdd_bl";ssgss S4 Address10 Name Description

1 1 1|11 31 INT Interrupt

1 1 1 1 0 30 FLAG Register Load Contro] Flag Set

1 1 1 |01 29 DSCH Data Set Status Change

1 1 110 |0 28 CTS Clear to Send

1 1 01 |1 27 DSR Data Set Ready

1 1 011 |0 26 RTS Request to Send

1 1 o|0 |1 25 TIMELP Timer Elapsed

1|1 |ofo]o0 24 TIMERR | Timer Error

1 0 1 ]1 |1 23 XSRE Transmit Shift Register Empty

1 0 1 (1|0 22 XBRE Transmit Buffer Register Empty

1 0 1|01 21 RBRL Receive Buffer Register Loaded

1 0 1|0 |0 20 DSCINT Data Set Status Charge Interrupt (DSCH - DSCENB}
1 o 0|11 19 TIMINT Timer Interrupt (TIMELP - TIMENB)

1 0 0 1 0 18 — Not used (always = 0}

1 0 0|0 |1 17 XBINT Transmitter Interrupt (XBRE - XBIENB)
i 0 ¢ (0 |0 16 RBINT Receiver Interrupt (RBRL - RIENB)

0 1 1 1 |1 15 RIN Receive Input

0 1 1711 |0 14 RSEBD Receive Start Bit Detect

0 1 1011 13 RFBD Receive Full Bit Detect

0 1 1 |6 |0 12 RFER Receive Framing Error

0 1 0|1 1 11 ROVER Receive Overrun Error

0 1 0[1]0 10 RPER Receive Parity Error

0 1 0101 9 RCVERR Receive Error

0 1 O 0|0 8 — Not used (always = 0)

7-0 RER7-RBRO | Receive Buffer Register (Received Data)

Bit 31 (INT) —
Bit 30 (FLAG) —

Bit 29 (DSCH) —

Bit 28 (CTS) —
Bit 27 (DSR) —
Bit 26 (RTS) —

Bit 25 (TIMELP) —

INT = DSCINT + TIMINT + XBINT + RBINT. The interrupt output (INT) is active
when this status signal is a logic 1.

FLAG = LDCTRL + LDIR + LRDR + LXDR + BRKON. When any of the register load
control flags or BRKON is set, FLAG = 1.

Data Set Status Change Enable. DSCH is set when the DSR or TTS input changes state.
To ensure recognition of the state change, DSR or UTS must remain stable in its new

staté for a minimum of two internal clock cyeles. DSCH is reset by an output to bit 21
(DSCENB). .

Clear to Send. The CTS signal indicates the inverted status of the CTS device input.
Data Set Ready. The DSR signal indicates the inverted status of the DSR device input.
Request to Send. The RTS signal indicates the inverted status of the ETS device output.

Timer Elapsed. TIMELP is set each time the Interval Timer decrements to 0. TIMELP
is reset by an output to bit 20 (TIMENB).
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Bit 24 (TIMERR) —

Bit 23 (XSRE) —

Bit 22 (XBRE) —

Bit 21 (RBRL) —

Bit 20 (DSCINT) —

Bit 19 {TIMINT) —
Bit 17 (XBINT) —
Bit 16 (RBINT) —

Bit 15 (RIN) —
Bit 14 (RSBD) —

Bit 13 (R¥BD) —

Bit 12 {RFER) —

Bit 11 (ROVER) —

Bit 10 (RPER)} —
Bit 9 (RCVERR) —

Bit 7-Bit 0
{RBR7-RBRO) —

59902

Timer Error. TIMERR is set whenever the Interval timer decrements to 00 and TIMELP
is already set, indicating that the occurrence of TIMELFP was not recognized and cleared
by the CPU before subsequent intervals elapsed. TIMERR is reset by an output to bit
20 (TIMENB).

Transmit Shift Register Empty. When XSRE = 1, no data is currently being transmitted
and the XOUT output is at logic 1 unless BRKON is set. When XSRE = 0, transmission
of data is in progress.

Transmit Buffer Register Empty. When XBRE = 1, the transmit buffer register does
not contain the next character to be transmitted. XBRE is set each time the contents of
the transmit buffer register are transferred to the transmit shift register, XBRE is reset
by an output to bit 7 of the transmit buffer register (XBR7), indicating that a charac-
ier has been loaded.

Receive Buffer Register Loaded, RERL is set when a complete character has been
assembled in the receive shiff register and the character is transferred to the receive
buffer register. RBRL is resct by an output to bit 18 (RIENE).

Data Sect Status Change Inlerrupt. DSCINT = DSCH (input bit 29) - DSCENB (output
bit 21). DSCINT indicates the presence of an enabled interrupt caused by the changing
of state of DSR or CTS.

Timer Interrupt. TIMINT = TIMELP (input bit 25) - TIMENB (cutput bit 20). TIMINT
indicates the presence of an enabled interrupt caused by the interval timer,

Transmitter Interrupt. XBINT = XBRE (input bit 22) - XBIENB (output bit 19).
XEBINT indicates the presence of an enabled interrupt caused by the transmitter.

Receiver Interrupt. RBINT = RBRL (input bit 21) + RIENE {ouiput bit 18). RBINT
indicates the presence of an enabled interrupt caused by Lhe receiver.

Receive Input. RIN indicates the status of the RIN input to the device.

Receive Start Bit Detect. RSBD is set one-half bit time after the 1-to-0 transition of
RIN indicating the start bil of a characler. If RIN is not still 0 at this point in time,
RSBD is reset. Otherwise, RSBD remains true until the complete character has heen
received. This bit is normaily used for testing purposes.

Receive Full Bit Detect. RFBD is set one bit time after RSBD is set to indicate the
sample point for the first data bit of the received character. RSBD is reset when the
character has been completely received. This bit is normally used for festing purposcs.

Receive Framing Error. RFER is set when a character is received in which the stop bit,
which should be a logic 1, is a logic 0. RFER should only be read when RBRL (input
bit 21) is a 1, RFER is reset when a character with the correct stop bit is received.

Receive Overrun Error. ROVER is set when a new character is received before the
RBRL flag (input bit 21} is reset, ndicating that the CPU failed to read the previous
character and reset RBRL before the present character is completely received. ROVER
is reset when a character is received and RBRL is 0 when the character is transferred to
the receive buffer register.

Receive Parity Error. RPER is set when a character-is received in which the parity is in-
correct. RPER is reset when a character with correct parity is received.

Receive Error. RCVERR = RFER + ROVER + RPER. RCVERR indicates the presence
of an error in the most recently received character.

Receive Buffer Register. The receive buffer vegister contains the most recently received
character. For character lengths of fewer than 8 bits the character is right justified, with
unused most significant bit(s} all zero{es). The presence of valid data in the receive
buffer register is indicated when RBRL is a logic 1.
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Transmitter Operation
Transmitter Initialization

The operation of the transmitter is described in the
following flowchart. The transmitter is initialized by
issuing the RESET command {output ta bit 31),
which causes the intemal signals XSRE and XBRE to
be set, and BRKON to be reset. Device outputs RTS8
and XOUT are set, placing the transmitter in its idle
state. When RTSON is set by the CPU, the RTS out-
put becomes active and the transmitter becomes active
when CTS goes low,

|ISTART|
| BIT |

59902

Data Transmissicn

If the Transmit Buffer Register contains a character,
transmission begins., The contents of the Transmit
Buffer Regisier are transferred to the Transmit Shift
Register, causing XSRE {0 be reset and XBRE to be
set. The first bit transmitted {start bit} is always a
logic 0. Subsequently, the character is shifted out,
LSE firsl. Only the number of bits specified by RCL1
and RCLO (character length select} of the Control
Register are shifted. If parity is enabled, the correct
parity bit is next transmitted. Finally the stop bit(s}
selected by SBS1 and SBSO0 of the Control Register
are Lransmiited. Stop bits are always logic one. XSRE
is set to indicate that no transmissjoil is in progress,
and the transmitter again tests XBRE to determine if
the CPU has yet loaded the next character. The wave-
form for a transmitted character is shown below.

PARITY
| BT |

STOF
EITISE |

TAAMNSMITTED CHARACTER | | |

LER |LSE-1

. b
XCUT
o
|

NUMHBEF | t

OF BITS R

5.5 T.ORY

|
I 1 |
JOOR 11,1120/ 2|

TRAMSMITTED CHARACTER WAVEFORM

BREAK Transmission

The BREAK messuge is transmilled only if XBRE=1,
CTS = 8, and BRKON = 1. After iransmission of the
BREAK message begins, loading of the Transmit
Buffer Register is inhibited and XOUT is reset. When
BRKON is reset by the CPL), XOUT is set and normal
operation continues. It is important to note that
characters loaded into the Transmit Buffer Register
are transmitted prior to the BREAK message regard-
less of whether the character has been loaded into the
Transmit Shift BRegister hefore BRKON is set. Any
character to be transmitted subsequent to transmission

of the BREAK message may not be leaded into the
Transmit Buffer Regiser until after BRKON is reset.

Transmission Termination

Whenever XSRE = 1 and BRKON = 0, the transmiiter
is idle, with XOUT set to one. If RTSON is reset at
this time, the RTS device output will go inactive,
disabling further data transmission unlil RTSON is
again set. RTS will not go inactive, however, until any
characters loaded into the Transmit Buffer Register
prior to resetting RTSON are transmitted and
BREKON = 0.
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S9902 Transmitter Operation

SET RSAL
5t 1 XBAE

LT XQUT
RESET AT
RESET BREON

RESET ¥OUT

AR -x%A
RAESET X3AE
SET KEARE
MIT 514RT
BAKDNY
BITOXQUT = 0F
1]

ﬂ. |

XMIT PARITY
BT

y

XMIT 5TOP
BITIS) [4guT=1|

SEY XSRE

l

Receiver Operation
Receiver Initialization

Operation of the 89502 receiver is described in the in the Receive Buffer Register, and the REBD and
following flowchart. The receiver is initialized any RFBD flags are reset. The receiver remains in the
time the CPU issues the RESET command. The RBRL  inactive state until a 1 to O transition is detected on
flag is reset to indicate that no character is currently  the RIN device input.
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Start Bit Detection

The receiver delays one-half bit time and again samples RIN to ensure that a valid start bit has been detected.
If RIN = 0 after the half-bit delay, RSBD is set and data reception begins. If RIN = 1 no data reception occurs.

59802 Receiver Oparation

RESET REAL
OELAY 1 BT
L
RESET ILFED
DELAY 1 BIT

SET ROVER

AESET ROWER |

DELAY 112 BIT

SET RS8O0
PARITY
VALID
L] !
SCT RAFER
[}
| RESET APER |
DELAY 1 BIT
3EY RFBO
STOF BIT
YALIOD

BAMPLE BIT

SET RFER

| RESET RFER |

LAST Ll
bt

YES
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Data Reception

In addition to verifying the valid start bit, the half-bit
delay after the 1-to-0 fransition also establishes the
sample point for all subsequent data bits in this char-
acter. Theoretically, the sample point is in the center
of each bit cell, thus maximizing the limits of accept-
able distortion of data cells. After the first full bit
delay, the least significant data bit is received and
RFBL} is set. The receiver continues to delay one-hit
intervals and sample RIN until the selected number of
bits is reeeived. If parity is enabled, one additional bit

59902

is read for parity. After an additional bit delay, the
received character is transferred to the Receive Buffer
Register, RBRL is set, ROVER and RPER are lcaded
with appropriate values, and RIN is tested for a valid
stop bit. If RIN =1, the stop bitis valid. RFER, RSBD,
and RFBD are reseil and the receiver waits for the
nexistart bit to begin reception of the next character.

If RIN = 0 when the stop bit is sampled, RFER is set
to indicate the occurrence of a framing error. RSBD
and RFBD are resef but sampling for the start bit of
the next character does not begin until RIN = 1.

PARITY
JSTART| I BIT | sTor]
| BT | RECEIVED DATA ] I BIT ¢+
|
AN —t LSB |LSB+1 MSH
SAMPLE FOINTS * ’ + "‘ ’ f _f + + * *

|
I
1
NUMBER OF BITS | 1

1 . e
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CHARACTER RECEPTION TIMING

Interval Timer Qperation

A flowchart of the operation of the Interval Timer is
shown below, Execution of the RESET command by
the CPU causes TIMELP and TIMERR. to be reset and
LDIR to he set. Resetting LDIR causes the contents
of the Interval Register to be loaded into the Inferval
Timer, thus beginning the selccted time interval, The
timer is decremented every 64 internal clock cycles
(cvery 2 internal elock cycles when in Test Mode) un-
til it reaches zero, at which time the Interval Timer is
reloaded by the Interval Register and TIMELP is set.
If TIMELP was already set, TIMERR. is set to indicate
that TIMELP was not ¢leared by the CPU before the
next time period elapsed. Each time LDIR is reset the
contents of the Interval Register are loaded into the
Interval Timer, thus restariing the time.

Device Application

This section describes the sofiware interface between
the CPU and the 52902 ACC and discusses some of the
design considerations in the use of this device in asyn-
chronous communications applications.
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Interval Timer Operation
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Device Initialization

The ACC is initialized by the CPU issuing the RESET
command, followed by loading the Control, Interval,
Receive Data Rate, angd Trasmit Data Rate registers.
Assume that the value to be loaded into the CRU
Base Register (register 12) in order to point to bit 0
is 004075. In this application, characters will
have 7 bits of data plus even parity and one stop hit.
The ¢ input to the ACC is a 3MHgz signal. The ACC
will divide this signal frequency by 3 to generate an
internal clock frequency of 1MHz. An interrupt will
be generated by the Interval Timer every 1.6 milli-
seconds when timer interrupts are enabled. The trans-
mitter will operate at a data rate of 300 bits per second
and the receiver will operate at 1200 bits per second.

LE R12,>40
SBO 31
LDCR  @CNTRL, 8
LDCR  @INTVL, 8
LDCR @RDR, 11
LBCR  @XDR,12
CNTRL BYTE =AZ
INTVL BYTE 1600/64
RDR DATA >1Al
XDR DATA  >4DO

The RESET command initializes all subcontrollers,

disables interrupts, and sets LDCTRL, LDIR, LRDR,
and LXDR, enabling loading of the control register.

Control Register

$9902

Had it been desired that both the transmitter and
receiver gperate at 300 bits per second, the “LDCR
@RDR,11" instruction would have been deleted, and
the “LDCR @XDR,12" instruction would have
caused both data rate registers to be loaded and LRDR
and LXDR to have been reset,

tnitialization Program

The initialization program for the configuration pre-
vicusly described is as shown below., The RESET
command disables all interrupts, initializes all con-
trollers, sets the four register load control flags
(LDCTRL, LDIR, LRDR, and LXDR). Loading the
lasi. bits of each of the registers causes the load control
flag to be automatically resct.

INITIALIZE CRU BASE

RESET COMMAND

LOAD CONTROL AND RESET LDCTRL
LOAD INTERVAL AND RESET LDIR
LOAD RDR AND RESET LRDR

LOAD XDR AND RESET LXDR

The options described previously are selected by loading the value shown below.

? 6 5 4 3 2 1 0
5851 | 5852 | PENB | PODD|CLKM|  — | RCLY [RGLOD
M58 LS8
VALUE
1 o i v o o 1 0 = Al
e A A Y e

“— 1S8TOPEBIT

TEIT CHARACTER

i

5 DivIDE-BY -3

— EWEMFARITY
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Interval Register

The interval register is to be set up to generate an interrupt every 1.6 milliscconds. The value loaded into the
interval register specifies the number of 64 microsecond increments in the total interval.

TMRT | TMRE | TMAS | TMR4 | TMRS | TMRZ | TMR1 | TMRD

L ¥15° By

25X 64 MICRDOSECONDS = 1.8 MILLISECONDS

Receive Data Rate Register

The data rate for the receiver is to be 1200 bits per second. The value 1o be loaded into the Receive Data Rate
Regisier is as shown:

10 g £ 7 [ ) 4 3 2 1 D

ROVE | RDHS | RDAS |ACR7 | RDRE| RDAS | RDA4 | RNDRE (RDARZ | ROR1 | ADAQ

o 0 1 1 il 1 1] 1] 4] o 1

e . J

L ROVE . 4 |_
L 14145 =417y

108141752 + 113904 BITS PER SECOND

Transmit Data Rate Register

The data rate for the transmitter is to be 300 bits per second. The value to be loaded into the Transmit Data
Rate Register is:

10 2] i ? 3 5 4 3 2 1 u

XDVE| XxDR9 | xDAS | XDR7 | XORE | XDRS | XDH4 | XDRI| XDR2| XDR1 | XDRO

1 1] 1} 1 1 4] 1 4] *) 4] 1]
[S— v 4

[— DO4g = 208

1% 085 8+ 208 + 2 = 30048 BITS PER SECOND

gXDve-g
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Data Transmission

The subroutine shown below demonstrates a simple loop for the transmitting of a block of data.

Li RO, LISTAD INITIALIZE LIST POINTER
LI R1, COUNT INITIALIZE BLOCK COUNT
LI R12, CRUBAS INITIALIZE CRU BASE
SBO 16 TURN OFF TRANSMITTER
XMTLP TB 22 WAIT FOR XBRE =1
INE XMTLP
LDCR  *R0+38 LOAD CHARACTER INCREMENT POINTER RESET XBRE
DEC R1 DECREMENT COUNT
JNE XMTLP LOOP IF NOT COMPLETE
SBZ 186 TURN OFF TRANSMITTER

After initializing the ligt pointer, block count, and CRU base address. RTSON is set to cause the transmitter
and the RTS output to become active. Data transmission does not begin, however, until the CTS input becomes
active. After the final character is loaded into the transmit buffer register, RTSON is reset. The transmitier
and the RTS output do not become inactive until the final character has been complelely transmitted.

Data Reception
The software shown below will cause a block of data to be received and stored in memory.

CARRET BYTE >0D

RCVBLK LI ‘R2, RCVLST INITIALIZE LIST COUNT

L R3, MXRCNT INITIALIZE MAX COUNT

LI R4, CARRET SET UP END OF BLOCK CHARACTER
RCVLP TB 21 WAIT FOR RBRL =1

JNE RCVLP

STCR *R2,8 STORE CHARACTER

SBZ 18 RESET RBRL

DEC R3 DECREMENT COQUNT

JEQ RCVEND END IF COUNT = ¢

CB *R2+, R4 COMPARE TO EOB CHARACTER, INCREMENT POINTER

JNE RCVLP TLOOP IF NOT COMPLETE

RCVEND RT END OF SUBROUTINE

Register Loading After Initialization

The control, interval, and data rate registers may be reloaded after initialization. For example, it may be de-
sirable to change the interval of the timer. Assume, for sample, that the interval is to be changed to 10.24
milliseconds, The instruction sequence is as follows:

SBO 13 SET I.OAD CONTROL FLAG
LDCR  @INTVL2,8 LOAD REGISTER, RESET FLAG

INTVL2 BYTE 10240/64
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Caution should be exercised when transmitter interrupts are enabled to ensure that the transmitter interrupt
does not occur while the load control flag is set. For example, if the transmitter interrupts between execution
of the “SBO 13" and the next instruction, the transmit buffer is not enabled for loading when the transmitter
interrupt service routine is entered because the LDIR flag is set. This situation may be avoided by the follow-
ing sequence:

BLWP  @INTVCHG CALL SUBROUTINE
ITVCPC  LIMI 0 MASK ALL INTERRUPTS
MOV @24(R13), RIZ LOAD CRU BASE ADDRESS
SBO 13 SET FLAG
LDCR  @INTVLZB8 LOAD REGISTER AND RESET FLAG
RTWP RESTORE MASK AND RETURN

ITVCHG  DATA  ACCWPR, ITVCPC
INTVL2 BYTE 10240/64

In this case all interrupts are masked, ensuring that all interrupts are disabled while the load control flag is set.
Mechanical Data

18-Pin Plastic Dual-in- Line Package 18-Pin Ceramic Dual-in-Line Package
PIN 1 IDENTIREER —, FIN 1IDENTIEIER
100 TP ® 010 f " MARKINGS
mmuu =] ON LI
i = SURFACE
Sﬁw '—]_ 0.920 MAX ‘ ayLY
0065
00 pp [ — o'
T o.0:
L= N " T I h
I ‘J }_ el 1 3 1
o | L om Y
At o max 0080 MIN.‘ a0 200 wax gg‘;g
—-pazowMn  Benp “'“ )
T 1”‘0 0020 010
. N [ ©.280

10

1w .'l L
I-' i n?.‘.? 1% MAKJ

‘i_
I

|___O.D|2
2008
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ADVANCED PRODUCT DESCRIPTION
$9903

SYNCHRONOUS

COMMUNICATIONS CONTROLLER

Features

"] Versatile CRU interface to synchronous and
asynchronous serial devices for the 539XX
seties of microprocessors

D{C to 250 KBPS data rate, half- or full-
duplex

Dynamic character length selection

Line protocels include BI-SYNC, SDLC, and
HDLC, as well as others
Programmabhle-polynominal CRC generation
and detection

Interface to unclocked or NRZI dats with 32x
clocks

R I I

D

Two programmable sync registers
Interval timer (645 to 16.32ms| on chip

Automatie zero insert and delete for SDLC
and HDLC

Single -+ 5V supply, 20-pin DIP, all inputs
and ouiputs TTL compatible
N-channel Silicon-Gate technology

o

n

General Description

The 39903 is a versatile device which provides the
system designer with a wide range of capabilities in
synchronous and asynchrenous communicalions control,
The 89903 operates in a multi-mode configuration that
allows a broad range in the degree of active participa-
tion required in the control of high-speed serial vom-
munications. Most synchronous data-link eontrol pro-
tocols ean be supported through seftware control of
syne and fill charaeters, timing, CRC generation and
detection, ele. Established protocols sueh as BISYNC,
SDLC, and HDLC are implemented directly in hard-
ware, with others implemented Lhrough various eom-
binations of hardware and software,

Universal applicability is further assured through the
capability for dynamic character length selection from
5 to 9-bit data words plus parity. Definition and opera-
tion of all communications control is under software
control and as such make upgrading to another pro-
tocol simply a matter of changing software with no
hardwarc changes required.

Block Diagram

Pin Configuration
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ADVANCED PRODUCT DESCRIPTION
S9940

AMIL

Foatures

AU LM

gy

I

16-Bit Instruction Word

Minicomputer Instruction Set Including
Multiply and Divide

2048 Bytes of ROM on Chip

128 Bytes of RAM on Chip

16 General Purpose Registers

4 Prioritized Interrupts

On Chip Timer/Event Counter

32 Bits General Purpose 1/0

256 Bits IO Expansion

Multiprocessor System Interface
Single 5 Volt Power Supply

Power Down Capability for Low Stand-by
Power

N-Channel Silicon Gate MOS

MICROPROCESSOR

General Description

The 59940 is a single-chip, 16-bit microcomputer con-
taining n CPU, memory (RAM and ROM), and exten-
sive [/0). The instructicn set of the 89940 is a subset of
the 59900 instruction sel and includes capabilities of-
fered by minicomputers. The unique memory-to-memory
architecture features multiple register files, resident
in the RAM, which allow faster response to interrupts,
and increased programming flexibility. The memory
consists of 128 bytes of RAM and 2048 bytes of ROM.
The 89940 implements four levels of interrupts, in-
cluding an internal decrementer which can be pro-
grammed as a timer or an event counter. All members
of the 89900 family of peripheral circuits are compati-
ble wilh the 59940,
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ADVANCED PRODUCT DESCRIPTION
S9980A/S9981

AMI

Features

16-Bit Instruction Word

Fuil Minicomputer Instruction Set Capability
Including Multiply and Divide

Up to 16,384 Bytes of Memory

8-Bit Memory Data Bus

Advanced Memory-to-Memory Archilecture
Separate Memory, J/0, and Interrupt-Bus Strue-
tures

16 General Registers

4 Prioritized Interrupts

Programmed and DMA 1}/0 Capability
On-Chip 4-Phase Clock Generator

40-Pin Package

N-Channel Silicon-Gate Technology

onoponon godgdg ogd

The S9980A and the 59981 although very similar, have

several differences which are:

1. The S9980A requires a Vgp supply (pin 21) while
the 39981 has an internal charge pump to generate
Vgp from Vpg and Vpp.

16-BIT MICROPROCESSOR

2. The 89981 has an opiional on-chip crystal oscillator
in addition to the external clock mode of the
S9980A.

3. The pin-outs are not compatible for D0-D7, INTO-
INT2, and ¢3.
Description

The 59980A/59981 is a software-compatible member of
AMI's 9900 family of microprocessors. Designed to
minimize the system cost for smaller systems, the
SD9BDA/SI9E] is a single-chip 16-bit central processing
unit {CPU which has an 8-bit data bus, on-chip clock,
and is packaged in a 40-pin package {see Figure 1). The
instruction set of the S9980A/89981 includes the capa-
bilities offered by full minicomputers and is exactly the
same as the 9900’s. The unique memory-to-memory ar-
chitecture features multiple register files, resident in
memory, which allow faster response tointerrupts and
inecreased programming flexibility. The separate bus
structure simplifies the system design effort.

Block Diagram
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TELECOMMUNICATIONS
PART NO. _ DESCRIPTION _ PROGESS POWER SUPPLIES INPUT/IUTPUT PACKAGES
51883 " Universal Asynchronous P -T2V, #5Y e 40 Pin
Receiver /Transmitler (LART)
52350 Universal Synchronpus N-SiGate +5¥ TTL 40 Pin
. Rereiver /Transmitler (USRT) B o
$25504/8 " Digital Tane Gereratar CMOS +3.5V 10 413V TTIL/CMOS 16 Fin
§2559C/D Digital Tone Generator CMOS +2.75 to +10V TTL/CMOS 18 Pin
52560A/B Key Pulser CMOS +12v 18 Pin
52561 Tone Ringer CMOS +13.5¥ . 18 Pin
_82562 Repertery Dialer _ CMODS o 40 Pin
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S2558A/B/C/D

AML

Featuras

0O Wide Operating Supply Voltage Range: 3.5 to
13 Volts (A, B) 2.75 to 10 Vaelts (C, D)

O Low Power CMOS Circuitry Allows Device
Power to be Derived Directly from the Tele-
phone Lines or from Small Batteries, e.g., 9V.

0 Uses TV Crystal Standard {3.58MHz to Derive

all Frequencies thus Providing Very High

Accuracy and Stahility

MUTE and Transmitter Drivers On Chip

Interfaces Directly to a Standard Telephone

Push-Button or Calculator Type X-Y Keyboard

The Total Harmonic Distortion is Below

Industry Specification

On Chip Generation of a Reference Voltage

to Assure Amplitude Stability of the Dual

Tones Over the Operating Voltage and Tem-

perature Range

Dual Tone as well as Single Tone Capability

Four Options Available:

A: 3.5 to 13V Modce Select

to 13V Chip Disable

5 to 10V Mode Select

5 to 10V Chip Disable

O O Qg

oo

B: 3.5
C: 2.7
D 2.7

DIGITAL
TONE GENERATOR

General Description

The S2559 Digital Tone Generator is specifically de-
signed to implement a dual tone telephone dialing
system, The deviee can interface directly to a standard
pushbutton telephone keyboard or calculator type
X-Y keyboard and operates directly from the tele-
phone lines. All necessary dual-tone frequencies are
derived from the widely used TV erystal standard pro-
viding very high accuracy and stability. The required
sinusoidal wave lorm for the individual tones is digitally
synthesized on the chip. The waveform so generated
has very low total harmonic distortion. A voltage ref-
erence is generated on the chip which is stable over
the operating voltage and temperature range and regu-
lates the signal levels of the dual tones to meet the
recommended telephone industry specifications.
These features permit the 82559 to be incorporated
with a slight modification of the standard 500 type
telephone basic circuitry to form a pushbutton dual-
tone telephone. Other applications of the device in-
clude radic and mobile telephones, remote control,
Point-of-Sale, and Credit Card Verification Terminals
and process control.

Block Diagram

Pin Configuration
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' S2559A/BICID

Absolute Maximum Ratings

DC Supply Voltage (VDD — VS8 82050 A, B .. . e e +13.5V
DC Supply Voltage (VDD — VSR 820580 C, D) L i i e e +10.5V
Operating Temperatire . ...ttt t et et et e et e et et e e —25°C to +70°C
Storage TempPeratULE . . .\ ot vt ettt etn et sat e n ettt e e et e —55°Cto +125°C
Power Dissipation ab 2570 ot vttt e ot e e 50mW

Input Voltage .. ... oo i e e e ~0.6 = Vin < Vpp + 0.6

$2559A & B Electrical Characteristics (Specifications apply over the operating temperature range of - 25°C to
+70"C unless otherwise noted. Absolute values of measured parameters are specified. )

Symhol Parameter/ Conditions (\’D\E};]:;SS) Min. Typ. Max. Units
Supply Voltage
VoD Tane Out Mode with One Valid Key Depressed 3.5 13.0 \i
VD Non Tone Out Mode (No Keys Depressed) 2.0 13.0 v
Supply Current
IDD Standby {No Keys Selected, Tone, MUTE and 13.0 130 uA
XMIT Cutputs Unloaded}
I Operating (One Key Selected, Tone, MUTE and
oP XIIi'l'IT Oft](mts Unl};aded) 5.0 18 mA
Tone Qutput!
VOR Single Tone Raw Tane R, = 60002 5.0 490 6a0 m¥rms
Mode, Gutput Row Tone Ry, = 32002 12.0 440 600 mVrms
Voo Voita:ge Calumn Tene Ry, = 6008 5.0 650 BB mYrms
Column Tone R, = 32082 12.0 590 70 mVoms
dBCR Ratio of Column to Kow l'one 3.5-13.0 1.75 2.85 3.7 dB
% DIS Distortion (Any Dual Tone)* 3.5-13.0 10 24
XMIT, MUTE Outputs
XMIT, Output Voltage Ioy = 15mA 3.5 1.5 vV
voH Iligh (Pin 2) Ion = 530mA 10.0 8.0 v
No Key Depressed
vor, MUTE Qutput Voltage (Pin 10} Low 3.5 0.1 v
No Key Depressed, No Load 13.0 1.0 kY
1.5 2.6 v
VoH One Key Depressed, No Load 56 50 . v
Tot, MUTE Output Sink VoL = 0.5V 5.0 02 mA
Current 10.0 0.5 mA
IoH MUTE OQutput Source VOH = 2V 3.0 0.5 - mai
Current Vo = oV 10.0 0.5 mA
Oscillator
oy Output Current Sink Vi1, = 0.5V 3.5 0.34 mA
Source Vi = 3.0V 3.5 0.23 ma
tsyu Startup Time 3.5 ) 6.0 mS
Input Currents
Row, Column Inputs, VIH= 3.0V 3.5 0.45 mA
HH Pull-up (Source) Current VIH = 12.5V 13.0 148 mA
IiL Pull-down (Sink) Current ViL= 2.1V 3.5 0.1 mA
- VIL =91V 13.0 0.6 mA

*Distortion measured in accordanee with the specification described in Ref. 1 as the “ratio of the total power of all extranecus
frequencies in the voiceband above 500Hz accompanying the signal to the total power of the frequency pair.”
1 Amplitude specification limits apply at room Lemperature (+25°C) enly.
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§2659C & D Electrical Characteristics (Specifications apply over the operating temperaturc range of -25°C
to +70°C unless otherwise noted, Absolute values of the measured parameters ave specified.)

V-V , .
Symbol Parameter/Conditions ( D\If)gl tSSS ) Min. Typ. Max. Units
Supply Voltage
VDD Tone Out Made with Valid Key Depressed 2.75 10.0 \d
Nem Tone Out Mode (No Key Depressed) 2.25 | 10.0 v
Supply Current N
Standby (No Key Selected, Tone, XMIT 3.0 0.3 30 BA
| and MUTE Outputs Unloaded ) 10.0 1.0 100 A
bD Operating (One Key Selected, Tone XMIT 3.0 1.0 2.0 mA
and MUTE OQutputs Unloaded) 10.0 8.0 16.0 mA
Tone Output!
v ) Row Tone, R], = 39082 5.0 424 546 667 mVrms
OR Single Tone Row Tone, R, - 24082 10.0 376 501 526 | mvms
Vo Qfgl‘iz ‘2“”’“ Column Tone, B[, = 30082 5.0 573 731 889 mVYrms
oC § Column Tone, B[, = 24082 10.0 504 672 840 mVrms
dBCR Ratio of Column to Row Tone ' 3.0-10.0 1.75 2.54 3.75 _ d_B_
% DIS Distorticn {Any Dual Toney® T 3.0-10.0 10 %
7T 77 XMIT, MUTE Cutputs
v XMIT, Output Voltage, High | (IoH = 15mA} 3.0 1.5 1.8 V
OH {No Key Depressed) (Pin 2) (IoH — 50mA) 10.0 B.5 8.8 v
[fe] XMIT, Output Source Leakage Current, 10.0 100 A
VOF = OV : #
VoL MUTE (Pin 10) Output Voltage, Low, 2.78 0 0.5 v
{No Key Depressed}, No Load 10.0 0 0.5 v
N MUTE, Output Voltage, High. 2.75 2.95 2.75 v
on {0One Key Depressed), No Load 10.0 a.5 10.0 vV
- . 3.0 0,53 1.3 ma
I MUTE, Qutput Sink Current VoL =05V :
OL P OL 10.0 2.0 5.3 mA
I MUTE, Outpul Source Yoir= 2.5V 3.0 017 0.41 mA
OH Current VOH = 9.5V 10.0 0.57 1.5 mA
T " Oscillator lnﬁﬁtf’Output
1oL Output Sink Current Yor. = 0.5V 3.0 .21 0.52 mA +
One Key Selected VoL = 0.6V 10.0 0.80 2.1 mA E .,
oM Output Source Current VOH = 2.5V 3.0 0.13 0.31 mA E é
One Key Selected VOH = 4.5V 10.0 0.42 1.1 mA L
. Input Cwrrent
I Leakage Sink Current, _ . .
One Key Selected VL = 10.0V 16.0 1.0 pA
Leakage Source Current _ .
MH | OneKey Selected _ VooV | 109 -0 Ha
I Sink Current : 3.0 47 93 pA
No Key Selected VIL = 0.6V 10.0 65 130 HA
. . ! . 2.75 0.4 1.2 mS
LSTART Oscillator Starfup Time 100 0.25 0.7 S
Cio Input/Cutput Capacitance 136?0 13 le g g

1 Amplitude specification limits apply at room temperature {+25°C) only.
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S2559C & D Electrical Specifications {continued)

S$2559A/B/CID

Symbol Parameter/Conditions (VD‘?O_IESS ) Min. Typ. Mo, Unite
Input Currents
Sink Current,
N ViL, = 3.0V (Pull-down) a.0 6.5 16 A
Sink Current, 10.0 0.2
Row & Vi1, = 10.0V (Pull-down) ' . 24 wA
Column Inputs Source Current,
IIn VIH = 2.5V (Puli-up) 30 85 210 A
Source Current,
ViH = 9.5V (Pull-up) 10.0 280 740 “A
Source Current,
i Mode Select VIH = 0.0V (Pull-up) 3.0 1.4 3.3 2A
Input (S2659C) Source Current, 10.0 18
VIH = 0.0V (Pull-up) - 46 rA
Sink Current,
1 Chip Disable V{1, = 3.0V (Pulldown} 3.0 3.9 9.5 GA
IL Input {(52559D) Sink Curent, oo - "
VIL = 10.0V (Pull-down) : A

*Distortion measured in accordance with the specification described in Ref. 1 as the “ralio of the tolal power of all extraneous
frequencies in the voiceband above 500Hz accompanying the signal to the total power of the frequency pair.”

Table 1. Comparisons of Specified vs Actual Tone Freguencies
Generated by 25568

Table 2. XMIT and MUTE Output Functional Relationship

ACTIVE OUTPUT FREGUENCY Hz % ERROA ‘DIGIT"KEY | “DIGIT" KEY

INPUT SPECIFIED ACTUAL SEE NOTE ouTPUT RELEASED DEPRESSED COMMENT
2; ??; sgg; iggg XMIT vop High impedance I(:ea;r:tsgar::; aatt
R3 852 8474 -0.54 10V with 1.5V
R4 941 948.0 +01.74 max. drop
€1 1,209 1,159 +0.57
€2 1,336 13317 -0.32 MUTE Vsg VoD Can source or
c3 1,477 14719 -0.35 sink current
cd 1,633 1,645.0 +0,73

ROTE: % Etror does not include ascillator drifz.

6.6



Circuit Description

The 82559 is designed so Lhat it can be interfaced
casily to the dual Ltone signaling Lelephone system and
that it will more than adequately mccet the recom-
mended telephone industry specifications regarding
the dual tone signaling scheme,

Design Ohjectives

The specifications that are important to the design
of the Digital T'one Gencrator are summarized below:
The dual tone signal consisis of linear addition of two
voice frequency signals. One of the two signals is
selected from a group of frequencies called the “low
group”™ and the other is selected from a group of
frequencies called the “high group.™ The low group
consists of four frequencies 697, 770, 8562 and 941
I1z. The high group consists of four freguencies 1209,
1336, 1477 and 1633Hz. A kevboard arranged in a
row, column format (4 rows x 3 or 4 columns) is
used for nwmber entry. When a push hutton corre-
sponding to a digit (0 thru 9) is pushed, one appro-
priate row {R1 thru R4) and one appropriate column
(C1 thru C4) is selected, The active row input selects
one of the low group frequencies and the active
column input selects one of the high group frequencies.
In standard dual tone telephone systems, the highest
high group frequency of 1633Hz (Col. 4} is not used.
The frequency tolerance must be 11.0%. However,
the 82559 provides a better than .75% accuracy. The
total harmonic and intermedulation distortion of the
dual tone must be less than 10% as seen at the tele-
phone terminals. {Ref. 1.) The high group to low group
signal amplitude ratio should be 2.0 +2dR and the
absolute amplitude of the low group and high group
tones must be within the allowed range. (Rel. 1.)
These requirements apply when the telephone is used
over a short loop or long loop and over the operating
temperature range. The design of the S2559 takes
into account these considerations, :

Oscillator

The device containg an oscillator circuit with the
necessary parasitic capacitances on chip so that it is
only necessary to connect a 10M{2 feedback resistor
and the standard 3.58MHz TV crystal across the Osci
and Osco terminals to implement the oscillator [unc-
tion. The oscillator funetions whenever a row input
is activated. The reference frequency is divided by 2
and then drives two sets of programmable dividers,
the high group and the low group.

6.7
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Keyboard Interface

The 52559 employs a calculator type scanning cir-
cuitry to determine key closures. When no key is
depressed, active pull-down resistors are “on” on the
row inputs and active puli-up resistors are “on’ on
the column inpuis. When a key is pushed a high level
is seen on one of the row inputs, the ascillator starts
and the keyhoard scan logic turns on. The active
pull-up or pull-down resistors are selectively switched
on and off as the keyboard scan logic determines
the row and the column inputs thal are selecled. The
advantage of the scanning technigue is that a keyboard
arrangetiient of SPST switches are shown in Figure 2
without the need for a common line, can be used.
Conventional telephone push button keyboards as
shown in Figure 1 or XY keyboards with common
can also be used. The common line of these keyboards
can be left unconnected or wired “high.”

Logic Interface

The 52559 can interface with CMOS logic outputs
directly. The S2558 requires active “high™ logic levels,
Since the active pull-up resistors present in the 32559
are fairly low value (5008} typ}, diodes can be used as
shown in Figure 3 to eliminate excessive sink current
Rowing into the logic cutputs in their “low™ state.

Tone Generation

When a valid key closure is detected, the keyboard
logic programs the high and low group dividers with
appropriate divider ratios so that the output of these
dividers cycle at 16 times the desired high group and
low group frequencigs. The ocutputs of the program-
mable dividers drive two R-stage Johnson counters.
The symmetry of the clock input to the two divide
by 16 Johnson counters allows 32 equal time seg-
ments to be generated within cach output cycle, The
32 segments are used to digitally synthesize a stair-
step waveform to approximate the sinewave function
{See Figure 4.} This is done by connecting a weighted
resistor ladder network between the outputs of the
Johnson counter, Vpp and VREF. VREF closely
iracks VD over the operating voliage and tempcra-
ture range and therefore the peak to peak amplitude
VP (VDD — VREF) of the stairstep function is fairly
constant. VR K is so chosen that Vp falls within the
allowed range of the high group and low group tones.
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Figure 1. Standard Telephone Push Button Keyboard

]
e

e

[“"——O—F
1
1

r - = - - 3
]
1 I I
1 |
OO
Rz
1 1 |
1 |
RI gt
1 1 |
1 ! I
O OO .
1 | [
: & ] - *  COMMON
N . [CONNELT T0 ¥y OR
(; LEAVE FLOATING}
% T T T T MEGHANICAL LINKAGE
(] ra
61ir73

RON [cantset resistance) : ThEL

Figure 2. SPST Matrix Keyboard Arranged in the 2 of 8 Row, Column Format

|

2
e

Sciorony

T

oI
o

C4 (OPTIQNAL COLUMN]

o
&
©
1)

L1

SPST MATRIX KEYSOATED-

o=




S2559A/BIC/ID

Figure 3. Logic Interface for Keyboard Inputs of the 52559
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The individual f{ones generated by the sinewave synthe-
sizer are then linearly added and drive a bipolar NPN
transistor connecled as emitter follower to allow
proper impedance transformation, at the same time
preserving signal level,

Dual Tone Mode

When one row and one column is selected dual tone
output consisting of an appropriate low group and
high group tone is generated. If two digit keys, that
are not either in the same row or in the same column,
are depressed, the dual tone mode is disabled and no
output is provided.

Single Tone Mode

Single tones cither in the low group or the high group
can be generated as follows. A low group tone can be
generated by activating the appropriate row input or
by depressing two digit keys in the appropriate row.
A high group tone can be generated by depressing
two digit keys in the appropriate celumn, i.e., select-
ing the appropriate column input and two row inputs
in that column.

Mode Select

S2559A and S2569C have a Mode Sclect (MDSL)
input (Pin 15). When MDSL is left floating (uncon-
nected) or connected to VDD, both the dual tone and
single tone modes are available, If MDSL is connected
to Vgg, Lthe single tone mode is disabled and no out-
put tone is produced if an attempt for single tone is
made. The 325588 and S2559D do not have the
Mode Select option.

Chip Disable

The 525598 and $2559D have a Chip Disable input
at Pin 15 instead of the Mode Selecl input. The chip
disable for the 8256098 and S2559D is active “high.”
When the chip disable is active, the tone cutput goes
to Vgg, the row, column inputs go into a high imped-
ance state, the oscillator is inhibited and the MUTE
and XMIT outputs go into active states. The effect is
the device essentially disconnccts from the keyboard.
This allows one keyboard to be shared among several
devices,

Crystal Specification

A standard television color burst crystal is specified
to have much tighter tolerance than necessary for

S2559A/B/CID

tone generation application. By relaxing the tolerance
specification the cost of the crvstal can be reduced.
The recommended crystal specification is as [ollows:

Frequency: 3.579545MHz £0.02%
Rs < 10082, Ly = 38MHY
Cp = 0.02pF Cp, = 5pF

MUTE, XMIT Qutputs

The 82559 A, B, C, D have a CMOS buffer for the
MUTE output and a bipolar NPN transistor for the
XMIT output. With no keys depressed, the MUTE out-
put is “low’ and the XMIT output is in the active
state so that substantial current can be sourced to a
load. When a key is depressed, the MUTE output goes
high, while the XMIT outpul goes into a high imped-
ance state. When Chip Disable is “high” the MUTE
output is forced “low™ and the XMIT output is in
active state regardless of the state of the keyboard
inputs.

Amplitude/Distortion Measurements

Amplitude and distortion are two important para-
meters in all applications of the Digital Tone Gen-
erator. Amplitude depends upon the operating supply
voltage as well as the load resistance connected on
the Tone Output pin. The on-chip reference circuit
is fully operational when the supply voltage equals or
exceeds 5 volts and as a consequence Lthe tone ampli-
tude is regulated in the supply voltage range above
5 volts. The load resistor, value also controls the
amplitude. If R1, is low the reflected impedance into
the base of the cutput transistor is low and the tone
output amplitude is lower. For RJ, grealer than
5K02 ihe reflected impedance is suflficiently Jarge and
highest amplitude is produced. Individual tone ampli-
tudes can be measured by applying the dual ione signal
to a wave analyzer (H-P type 3581 A) and amplitudes
at the selected frequencies can ba noted. This measur-
ment also permits verification of the preemphasis
between the individual frequency tones.

Distortion is defined as *‘the ratio of the tolal power
of all extraneous frequencies in the voiceband above
500Hz accompanying the gignal to the power of the
frequency pair.” This ralio must be less than 10% or
when expressed in dB must be lower than —20d4B.
(Ref. 1.) Voiceband is conventionally the frequency
band of 300Hz to 3400Hz. Mathematically distortion
can be expressed as:

VIIVLIZH(V2)2+ .. +(Vy)2
VIVLYZHVE)2

Dist. =
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where (V1) ... (V) are exirancous [requency fle.,
intermodulation and harmonic} components in the
500Hz to 3400Hz hand and VT, and VH are the indivi-
dual frequency components of the DTMF signal. The
exprassion can be expressed in dB as:

\/v 24{Vo32+ (Va2
DISTaR = 20 log (V1)2+{Va) (V)

VI(VL2+HVR)2
=10{log [(V1)%+ . . (Vn)2] - log [(VLIZH{VEI2]}. . . (1)

An accurate way of measuring distortion is to plot
a spectrum of the signal by using a spectrum analyzer
(H-P type 3880A) and an X-Y plotler (H-F type
T046A}). Individual! extraneous and signal frequency
components are Lhen noted and distortion s calcu-
lated hy using the expression (1) above. Figure 6
shows a spectrum plot of a typical signal obtained
from a S2559D device operating from a fixed supply
of 4Vde and Ry, = 10k in the test circuit of Figure
5. Mathematical analysis of the spectrum shows

S$2559A/B/IC/ID

distortion to he —30dBE {3.2%}. For quick estimate of
distortion, a rule of thumb as ocutlined below can
be used.

“As a first approximation distortion in dB equals the
difference between the amplitude (dB) of the extra-
necous component that has the highest amplitude and
the amplitude (dB) of the low fregquency signal.’”
‘This rule of thumb would give an estimate of -28dB
as distortion for the specirum plot of Figure 6 which
is close to the computed result of —30d3B.

In a telephone application amplitude and distoriion
are affected by several factors that are interdependent.
For detailed discussion of the telephone application
and other applications of the 2559 Tone Generator,
refer to the applications note “‘Applications of Digital
Tone Generator.™

Ref. 1: Bell Svstem Communications Technical
Reference, PUB 47001, “Electrical Characteristics
of Bell System Network Facilities at the Interface
wilh Voiveband Ancillary and Data Equipment,”
August 1976.

Figure B. Test Circuit for Distortion Measurement
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Figure 6. A Typical Spectrum Plot
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ADVANCED PRODUCT DESCRIPTION
$2560A/52560B

AMIL

Features

OO0 Low Voltage CMOS Process for Direct
Operation From Telephone Lines

O Inexpensive R-C Oscillator Design Provides
Better than +3% Accuracy Over Temperature
and Unit to Unit Variations

O Dialing Rate Can Be Varied By Changing the
Dial Rate Oscillator Frequency

[0 Dial Rate Select Input Allows Changing

of the Dialing Rate by a 2:1 Factor

Without the Need of Changing Oscillator

Components

Two Selections of Mark/Space Ratios

(33-1/3 j66-2/3 or 40/60)

Twenty Digit Memory for Input Buffering

and for Redial With Access Pause Capability

Mute and Dial Pulse Drivers on Chip

Accepts Standard Telephone DPCT Keypad

Arranged in a 2 of 7 Format; Also Capable

of Logic Interface

O Ignores Multi Key Entries

oo o d

KEY PULSER

General Description

The 82560 Key Pulser i5 2 CMOS integrated circuit
that converts pushbutton inputs to a serics of pulses
suitable for telephione dialing. It is intended as a
replacement for the mechanical telephone dial and
can operate directly from the lelephone lines with
minimum interface. Storage is provided lor 20 digits,
therefore, the last dialed number is available for
redial until a new number is entered,

Unique Features of 32660A {18 Pin Package)

1DP scaled to the dialing rate such as to produce smaller
IDF at higher dialing rates. Additionally, the IDP can
ir2 changed by a 2:1 factor at a given dialing rate by
means of the IDP select input.

Unigue Features of $2560B (24 Pin Package}

Separate IDP oscillator for selecting an IDP indepen-
dent of the dialing rate. Provision for changing of the
IDP by a 2:1 factor without the need of changing ex-
ternal compenents.

Alternating pacifier tone output simulates dual tone
effects coincident with each keyboard number entry.

Data subject to change at any time without notice, These sheets transmitied for information only.,

Black Diagram
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$2560A/52560B

Absolute Maximum Ratings

Supply Voltage +b.5V
Operating Temperature Range - 40°C to +85°C
Storage Temperature Range -40°C to +125°C
Voltage at Any Pin Vgg- 0.3V to Vpp + 0.8V
Lead Temperature (soldering, 10 Seconds) 200°C

Electrical Characteristics Specifications apply over the operating temperature range and 1.5V < Vpp to Vgg
< 3.5V unless otherwise specified. Absolute values of the measured parameters are specified.

VpDp-Vss
Symbol Parameter [Volts) Min. Max. | Units Conditions
CQutpul Current Levels
IoLpp | DP Qutput Low (Sink) 3.3 125 wA | VouT = 0.4V
Currenl
IgHDP DP OQutput High (Source) 1.8 20 b A Vour =1V
Curreni 3.8 126 1, Vout = 2.5V
LoLmM MUTE Output Low [Sink) 356 125 nA VouT = 04V
Current
IonM MUTE Outpuot High 1.5 20 rA VouTr =1V
[Source} Current 3.5 126 rA YouT = 2.5V
IoLT Tone Output Low (Sink) 1.5 20 17y VouT =04V
Current
IngT Tone Output High {Source) 1.3 20 1.3 Yopyr=1V
Current
inp Quiescent Current 3.6 1 wh “On Hook™
HE = Vpp
ItL, I1H | Input Current Any 3.5 1 10 nA VIN = Open or VDD
Pin {Keyboard Inpuils)
I I1H | Input Current Any 3.5 100 ni ViN=Vggor VDD
Other Pin
Inp Qperating Current 3.5 ag nA DFP, MUTE open, H3=Vgg
{(*Off Hook")
Keyboard processing and dial
pulsing space fo = 2400Hz
3.8 &0 LA DP, MUTE sourcing 20x A, other
conditions as above
fo Oscillator Frequency 1.5 10 kHz
afoffe Frequency Deviation 1.5l -h +5 % Fixed R-C oscillator components
2.5 50k = Rp = 750k ;
2.5 to -5 +5 3 100pF = Cp* = 3000pF;
8.5 1Ma < RE < 5Me
*330pF mosl desirable value
for Cp. Indicated and over the operating
Lem perature range and unik to unit
variations
Input Voltage Levels
VIH Logical ©1™ Yoo | Voo v
- 0.26
VIL Logical *0" Vgs | ¥eg+ v
0.25
Cin Input Capacitance 7.5 pF
Any Pin

The device power supply should always be turned on before the mput signal sources, and the input signals should be Lurned off
hefore the power supply is turned off (Vgg = V1 = Vpp as a maximum limit). This rule will prevent over-dissipation and
possible damage of the input-protection diode when the device power supply is grounded.
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Functional Description

The key pulser is available in two package configura-
tions: 18 pin and 24 pin. The pin function designa-
tions for Lthe two packages are outlined in Table 1.

18 Pin Configuration

This package is specifically designed for the most
common telephone application where the rotary dial
is to be replaced by a keypad to dial pulse conversion
system. Figure b shows a typical telephone interface
scheme.

OFF Hook Operalion: The device is continuously
powered through a 27k resistor during OFF hook
operation. The DP outputis normally high and sources
base drive to fransistor & to turn ON transistor Qo.
Transistor @» replaces lhe mechanical dial contact
used in the rotary dial phones. Dial pulsing begins
when the user enters a number through the keyboard.
The DP cutput goes low shutting the base drive to G
OFF causing @y to open during the pulse break, The
MUTE ocutput also goes low during dial pulsing allow-
ing muting of the receiver through transistors @z and
Q4. The relationship of dial pulse and mute cutputs
are shown in Figure 4,

ON Hook Operation: The device is continuousty pow-
ered through a LOMS resistor during the ON hook
opetation. This resistor allows enough current from
the tip and ring lines to the device to allow the inter-
nal memory to hold and thereby providing storage
of the last number dialed.

The dialing rate is derived by dividing down the dial
rate oscillator frequency. Table 2 shows the relation-
ship of the dialing rate with the oscillator frequency
and the dial rate select input, Diffevent dialing rates
can be derived by simply changing the extemal resis-
tor value. The dial rate select input allows changing of
the dialing rate by a factor of 2 without the necessity
of changing the external component values. Thus,
with the oscillator adjusted to 2400Hz, dialing rates
of 10 or 20 pps can be achieved. Dialing rates of 7
and 14 pps similarly can be achieved by changing the
cscillator frequency to 1680Hz2.

The Inter-Digit Pause (IDF) time is alse derived from
the oscillator frequency and can be changed by a
factor of 2 by the IDP select input. With [DP select
pin wired to Vgg, an IDP of 800ms is obtained for
dial rates of 10 and 20 pps. IDP can be reduced to
400ms by wiring the IDP select pin to Vpp. At dialing
rates of 7 and 14 pps, IDP's of 1143ms and 572ms

$2560A/525608

can be similarly obtained. If the IDP select pin is con-
nected to the dial rate select pin, the [DP is scaled to
the dial rate such that at 10 pps an IDP of 800ms is
obtained and at 20 pps an IDP of 400ms is obtained,

The user can enter a number up to 20 digits long from
a standard 3 x 4 double contact keypad (Figure 1) or
a matrix keyboard arranged out of 12 5PST switches
to produce a 2 of 7 format (Figure 2}. It is also pos-
sible to use a logic inlerface as shown in Figure 3 for
number entry. Antibounce protection circuitry is
provided on chip {min. 13ms)} to prevent false entry.

Any key depressions during the on-hook condition
are ignored and the oscillator is inhibited. This insures
that the current drain in the on-hook conditien is
used to retain the memary.

Normal Dialing

The user enters the desired numhers through the key-
board after going off hook, Dial pulsing starts as soon
as the first digit iz entered. The entered digits are
stored sequentially in the internal memory. Since the
device is designed in a FIF(Q arrangement, digits can
be entered at a rate considerably faster than the out-
put rate. Digits can be entered approximately onece
every 50ms while the dialing rate may vary from 7 to
20 pps. The number entered is retained in the memory
for future redial. Pauses may be entered when required
in the dial sequence by pressing the “#’* key, which
provides access pauses for future redial. Any number
of access pauses may be entered as long as the total
entries do not exceed twenty.

Auto Dialing

The last number dialed is retained in the memory and
therefore can be redialed out by going off hook and
pressing the “#” key. Dial pulsing will start when
the key is depressed and finish after the entire num-
ber is dialed out unless an access pause 15 detected.
In such a case, the dial pulsing will stop and will
resume again only after the user pushes the “#" key.

24 Pin Configuration

All the functions previpusly described for the 18 pin
package configuration can be performed in this con-
figuration. Additionally, the following features are
incorporated:

1. A separate IDP oscillator is provided. This allows
generation of an [DP time independent of the

6.15

‘=
Z
E
2
&
3.
]

e




24 Pin Configuration {Continued)

dialing rate. The LDP select input allows genera-
tion of two IDP's with a 2:1 ratic without the
need of changing oscillator components. Thus,
for an oscillator frequency of 2400Hz, an IDP of
400ms is obtained with IDP select pin wired to
Vpp and an IDP of 800ms is obtained with the
IDP select pin connected to Vgg. Table 2 shows
the relationship between the IDP and the IDP

oscillator frequency. Typical resistance and capa- 3

citor values are also provided, The IDP oseillator
input can be driven by the dial rate oscillator out-
put if scaling of IDP to dialing rate is desired,

2. A pacifier tone output is provided. As entries
from the keyboard are made, the pacifier tone

S$2560A/52560B

output alternates between two frequencies for
successive digits. This provides simulation of the
dual tone signaling in the user's earpiece. The
tone frequency is derived from the dial rate
oscillator and therefore depends on the dialing
rate selected. The pacifier tone output alternates
between a pair of audio frequencics.

A test input is provided to allow testing of the
dial rate and TDP oscillators. With the test pin
connected to Vgg, the dial rate and TDP oscil-
lators can he gated on. This facilitates calibration
of the required frequencies. In the normal opera-
tion, the test input musi be connected to Vpp.

Table 1. Pin/Function Descriptions

18 Pin Configuration

Pin Number

Function

Keyboard 1
(R1, Rg, R3, R4, C1,C2, C3)

Inter-Digit Pause Select {IP3) 1
Dial Rate Select (DRS) 1
Mark/Space (MS) 1
Mute Out (MUTE) 1

These are 4 row and 3 column inpuis from the key-
beard contacts. These inputs are open when the key-
board is inactive. When a key is pushed, an appropriate
row and column input must go to V. A logic interface
is also possible as shown in Figure 3, Active pull up and
pull down networks are present on these inputs when
the device begins keyboard scan. The keyboard scan be-
gins when a key is pressed and starts the oscillator. De-
bouncing is provided to avoid false entry (typ. 20ms).

One programmable line is available that aliows selec-
tion of the pause duration that exists between dialed
digits. It is programmed according to the truth table
shown in Table 3. Note that preceding the first dialed
pulse is an inter-digit time egual to the selected IDP,
Two pauses either 400ms or 800ms are available for
dialing rates of 10 and 20 pps. IDP’s corresponding to
other dialing rales can be determined from Tables 2
and 3.

A programmable line allows selection of two different
output rates such as 7 or 14 pps, 10 or 20 pps, ete. See
Tables 2 and 3.

This input allows selection of the mark/space ratio, as
per Table 3.

A pulse is available that can provide a drive to turn on
an external transistor to mute the receiver during the
dial pulsing.
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Table 1. (Continued}

Pin Number Function

Dial Pulse Out {DE) 1 Output drive is provided to turn on a transistor at the
dial pulse rate. The normat output will be *low” during
“space’” and “high” otherwise,

Dial Rate Oscillator 3 These pins are provided to connect external resistors
Rp. Rg and capacitor Cp to form an R-C oscillator
that generates the time base for the Key Pulger. The
output dialing rate and IDP are derived from this time
hase.

Hook Switch (18) 1 This input detects the state of the hook switch contact;
“off hook™ corresponds to Vgy condition.

Power (Vop, Vig) 2 These are the power supply inputs. The device is de-
signed to operate from 1.3V to 3.5V.

18

24 Pin Configuration

In addiiion Lo the 18 pins listed above, the following pins are provided:

Pacifier Tone Out (Tone) 1 Square wave oulpul that aliernales belween two fre-
quencies as defined in Table 3 when keypad huttons
are depressed.

IDP Oscillator (Ry, Ry, C1) 3 These pins are for connecting external resistors Ry,
Ry and capacitor ¢ to form an R-C oscillator that
determines the duration of the inter-digit pause. This
oscillator functions independently of the dial rate
oscillator and thus permits the dialing rates and IDP to
be independent of each other.

Test 1 This inpul when connected to Vgg turns the dial rate
: and IDP oscillators on to allow easy calibration of the
frequencies desired. In normal operation it must be con-

nected to Vpp.
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Figure 1, Standard Telephone Pushbutton Keyhoard é B
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Table 2. Table far Selecting Oscillator Component Values for Desived Dialing Rates and Inter -Digit Pauses

Dial Rate Osc. Freg. Ry (Rp) REe {R]) Cp € Dial Rate [ppz) IBP (ms}
Desiced (Hz) (k) (ks2} (pF) DR3=Vgs | DRS=Vpp | IP8=Vs5 | IFS=VDDo
5.5/11 1320 5.5 11 1454 727
6/12 1440 [ 12 1334 667
6.5/18 1560 6.5 13 1330 515
7114 1880 7 14 1142 571
7.5/15 1800 7.5 15 1066 533
816 1920 . 8 16 1000 500
8.6/17 2040 To Be Determined 8.5 17 942 471
9/18 2160 9 18 888 444
9.5/19 2280 9.5 19 849 421
10720 2400 10 20 800 400
{faf240)/ 4 {fa/240) {1/120) (1;.320 x 103) (% % 103)
{17120} i i
o SN

1. In the 18 pin package configuration, IDP is dependent on the dialing rate selected. For example, for a dialing rate of 10
pps, an IDP of either 800ms or 400ms can he selected, For a dialing rate of 14 pps, an LDP of either 1142ms or 571ms can
be selected,

2. In the 24 pin package econfiguration, the dialing rale and IDP can be independently selected of each ather. The general for-
mula outlined in the table may be used to figure cut any IDP and dialing rate independent of each other where fq = dial rate
oscillator frequency in Hz as determined by components R, RE and Cp and fj = IDP oscillator frequency in Hz as deter-
mined by components Ry, Bjand C.

Note: 1 is the nseillator frequency and is determined as shown in Figure 5.

Tabte 3.

Funetion Pin Designation Input Logic Level Selection

Dial Pulse Rate Selection DRS Vgs (£/240) pps
Vop (£/120} pps

. . 960

Inter-Digit Pause Selection IPs Von =5 §
Ves ‘19f20 s

Mark/Space Ratio M/S Vg 33-1/3/66-2/3
Vop 40/60

On Hook/Off Hook HS Vpp On Hook £
Vsg Off Hook £

B

Figure 4. Timing
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Figure 5. AMI Key Pulser Application
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ADVANCED PRODUCT DESCRIPTION
AMIL s2561

TONE RINGER

Features
[ CMOS Process for Low Power Operation O Auto Mode Allows Amplitude Sequencing
[J Operates Directly from Telephone Lines such that the Tone Amplitude Increases in
with Simple Interface Each of the First Three Rings and Thereafter
[J Also Capable of Logic Intexface for Continues at the Maximum Level
Non-Telephone Applications [1 Single Frequency Tone Capability
O Provides a Tone Signal that Shifts Between
Two Predetermined Frequencies at General Description
Approximately 16Hz to Closely Simulate
the Effects of the Telephone Bell The 82561 Tone Ringer is a CMOS integrated circuit
O Push-Pull Quiput Stage Alows Direct Drive, that is intended as a replacement for the mechanical
Eliminating Capacitive Coupling and telephone bell. It can be powered directly from the
Provides [ncreased Power Qutput telephone lines with minimum interface and can
L1 50mW Output Drive Capability at 10V drive a speaker to producc sound effects closely
Operating Voltage simulating the telephone bell.

Data subjecl to change at any time without notice, These sheels Lransmitted for information only.
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Absalute Maximum Ratings

Supply Voltage _ +12V
Operating Temperature Range -25°C to +70°C
Storage Temperature Range -40°Ctn +125°C
Voltage at Any Pin Vgy - 0.3V to Vpp + 0.3V
Lead Temperature (Soldering, 1{sec) 300°C

Electrical Characteristics Specifications apply over the operating temperature range and 3.5V < Vpp to Vsg
< 12V unless otherwise specified.

Symhol Parameter o :' ~ Min. ' Max. Units | Conditions
VD3 Operating Voltage (Vpp te Vgg) Ir _8.0 i3.5 v Ringing, TIIC pin open
Yps Operaling Voltage 4.0 v “Auto’” mode, non-ringing
Ipg Operating Current ) &S00 A Non-ringing, Vpp = 10V, THC
) pin apen, DI pin open or Vag
Ipg Operating Current ' 25 BA Non -ringing, Vpp = 6V, THC
pin open

Output Drive i

ipic | Output Source Current 5 maA | Vpp = 10V, VoyuT = 2V

|| (OUTY, OUT autputs)

IpLe OQutput Sink Current 5 mA | V= 10V, Vaur = 0.6V
(OUTyY, OUT¢ outputs)

Ipgm  Output Source Current 2 mA | Vpp = 10V, VoyT = 9V
{OUTp output}

loLm Qutput Bink Current 2 mA | VDp =10V, ¥ouT = 0.5V
(QUTp output) i

LoHL Qutput Source Current 1 mA | Vpp =10V, VouT =9V
{OUT, output)

ToLL Output Sink Current 1 ! ma Vpp = 10V, VapT = 0.5V
{OUTT, autput} i
CMOS to CMOS |

VIH Input Logie “1"" Level 0.7 ¥po |Vop + 0.3 v All inputs

V1L, Input Logic “0" Level Vg -0.3| 0.3VpD v All inputs

VOHR Output Logic 1" Level {Rate output) 0.9Von . Vv Io = 104 (Source}

VOLR Cutput Logic “0" Level (Rate output) ' .8 v I = 10pA (Sink)

Vo, Output Leakage Current 1 uh Vpp = 10V, Vgur = 0V
(OUTYH, OUTy oulputs in high -1 pA Vpo = 10V, VouT = 10V
impedance state)

Cin Input Capacitance 7.5 pF Any pin

Afaflo Oseillator Frequency Deviation -5 +5 % Fixed RC component values

1Mo = Rgj, Ry = 6Ma;

100ke = Rgm, Rim = 750ka
150nF = Cgn, Cpp = 3000pF

330pF recommended value of Cgy
and Ciq, supply voltage varied from
9V + 2V (over temperature and unit-
unit variations)

RLOAD { Output Load Impedance Connected £00 n Tone Freguency Hange = 300Hz to
Avross OUTH and DUT . 3400Hz
T Iy, I, Leakage Current, Vi = VDD or Vgg ’ 100 nA | Any input, except DI pin Vpp = 10V
VTH POE Threshold Voltage 6.3 -] v
Vg Internal Zener Voltage 11 13 V. Iz, = SmA

The device power supply should always be turmed on before the input signal sources, and the input signals should be turned off
before the power supply is turned off (Vgg < Vi < VDD a5 a maxitnum limit). This rule will prevenl over -dissipation and pos-
sible damage of the input-protection diode when tha device power supply is grounded.
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Functional Description

The 52561 is a CMOS device capable of simulating
the effects of the telephone bell. This is achieved by
producing a tone that shifts between two predeter-
mined frequencies with a frequency ratio of 5:4 at
approximately 16Hz rate.

Tone Generation: The output tone is derived from a
tone oscillator that uses a 3 pin R-C oscillator design
consisting of one capacitor and two resistors. The
oscillator frequency is divided alternately by 4 or 5 at
the shift rate. Thus, with the oscillator adjusied for
5120Hz, a tone signal is produced that alternates be-
tween 512Hz and 640Hz at the shift rate. The shift
rate is derived from another 3 pin R-C oscillator
which is adjusted for a nominal frequency of 5120Hz.
1t is divided down to 16Hz which is used to produce
the shift in the tone frequency. [t should be noted
that in the special case where bath oscillatars are ad-
justed for 5120Hz, it is only necessary to have one
extermal R-C network for one oscillator with the other
oscillator driven from it. The oscillators are designed
such that for fixed R-C component values an accuracy
of £5% can be obtained over the operaling supply vol-
tage, temperature and unit-unit variations. See Table 1
for component and frequency selections. In the single
frequency mode, activated by connecting the SFS
input te Vg3 only the higher frequency continuous
tone is produced by using a fixed divider ratio of 4
and by disabling the shift operation.

Ring Signal Detection: The incoming 20Hz ring signal
can be applied to the “ENABLE" input after proper
voitage limiting by diode clamping (see Figure 2). It is
first squared up and then processed by an 2ms filter
followed by a dial pulse rejecl filter. The 2ms filter
removes undesirable neise transitions that may occur
on the ring signal. The dial pulse reject filter is clocked
by an 8Hz signal derived from the rate oscillator and
insures that frequencies below 16Hz will not pass
through. This helps eliminate dial pulse interference
and insures that the tone ringer will not trigger during
dial pulsing, Another benefit of the dial pulse reject
filter is that an outpui tone is not produced unless
the ring signal duration exceeds 125ms. This insures
that the tone ringer will not respond to momentary
hursts of ringing less than 125 milliseconds in dura-
tion (Ref. 1).

In logic interface applications, the 2ms filter and the
dial pulse reject filter can be inhibited by wiring the
Det. INHIBIT pin to Vppy. This allows the tone ringer
to be enabled by a logic ‘1’ level applied at the
“ENABLE” input without the necessity of a 20Hz
ring signal,

S$2561

Voltage Sensing: The 52561 contains a voltage sensing
circuit that enables the oulput stage and the rate and
tone oscillators, only when the supply voltage cx-
ceeds a predetermined value, Typical value of this
threshold is 7.3 volts. Thiz produces two benefits.
First, it insures that the audible intensity of the out-
put tone is fairly constant throughout the ringing
period; and secondly, it insures proper circuit opera-
tion during the “auto’ mode operation hy reducing
the power consumption to a minimum when the
supply voltage drops helow 7.8 volts. This extends
the supply voltage decay time beyond 4 seconds (off
period of the ring signal) with an adequate filter capa-
citor and insures the proper functioning of the
“amplitude sequencing” counter, It is important to
note thai the operating supply voltage should be well
above the threshold value during the ringing period
and that the filter capacitor should be large enough so
that the ripple on the supply voltage does not fall
below the threshold value. A supply voltage of 10 to
12 volts is recommended.

In applications where the tone ringer is continuously
powered and below the threshold level, the internal
threshold can be bypassed by connecting the THC pin
to Vpp. The internal threshold can also be reduced
by connecting an external zencr diode between the
THC and Vpp pins.

Auto Mode: In the “auto” mode, activated by wiring
the “auto/manual” input to Vgg, an amplitude se-
quencing of the cutput tone can be achieved, Resistors
Ky, and Ry are inserted in series with the Qutp, and
Qutpy outputs, respectively, and paralleled with the

Outyy output (Figure 1). Load is connected across

Outy and Outy pins. R, is chosen to be higher than
Ry In this manner the first ring is of the lowest am-
plitude, second ring is of medium amplitude and the
third and consecutive rings thereafter are at maximum
amplitude. For the proper functioning of the “am-
plitude sequencing” counter the device must have at
least 4.0 volts across it throughout the ring sequence.
The filter capacitor is so chosen that the supply vol-
take will not drop below 4.0 volts during the off per-
iod. At the end of a ring sequence when the off period
substantially exceeds the 4 second duration, the coun-
ter will be reset. This will msure that the amplitude
sequencing will start correctly beginning a new ring
sequence, The counter is held in reset during the
“manual”’ mode operation. This produces a maximum
ring amplitude at all times,

Output Stage: The output stage is of push-pull {ype
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Functional Description {Continued}

consisting of buffers L, M, H and C. The load is con-
nected across pins Qutyy and Oute: (Figure 2). During
ringing, the Outyy and Outp outputs are out of phase
with euch other and pulse at the tone rate. During a
non-ringing state, all outputs are forced to a known
level such as ground which insures that there is no DC
component in the load, Thus, direct coupling can be
used for driving the load, The major benefit of the
push-pull arrangement is increased power output.
Four times as much power can be delivered to the
load for the same operating voltage. Buffers M and H
are three-state. In the “auto’ mode buffer M is active
anly during the second ring and in the “high impe-

$2561

dance™ state at all other times, Buffer H is active
beginning the third ring. In the “manual” mode buf-
fers H, L and C are active at all times while buffer M
is in a high impedance state. The output buffers are
50 designed that they can source or sink S5mA at a
Vpp of 10 velts without appreciable voltage drop.
Care has been taken to make them symmetrical in
both scurce and sink configurations, Diode clamping
is provided on all outputs to limit the voltage spikes
associated with transformer drive in both directions
Vpp and Vgg.

Normal protection circuits are present on all inputs.

Table 1. Pin/Function Descriptions

Function

Pin Number
Power (Vpp, Vgg! 2
Ring Enable (EN, EN) 2
Auto/Manual (A/M) 1
Outputs (Outp,, Outyg, Outy, Outg) 4
Oscillators

Rate Oscillator 3
(QSCRj, OSCRy,, OSCR,)

Tone Oscillator 3
(OSCTj, OSCTp,, 0SCT,)

Thresheld Controi (THC) 1

These are the power supply pins. The device is designed
to operate over the range of 3.0 to 13,56 volts. A range
of 10 to 12 volts is recommended for the telephone ap-
plication.

These pins are to connect the 20Hz ring signal. EN can
also be used for DC level enabling by wiring the DI pin
to Vpp.

““Auto” mode for amplitude sequencing is implemented
by wiring this pin to Vgg. “Manual’’ mode results when
connected to V. The amplilude sequencing counter
is held in reset during the “‘manual™ made,

These are the push-pull outputs. Load is directly con-
nected across Outy and Oufp outputs. In the “auto™
mode, resistors R, and Rpg can be inserted inh series
with the Outp and Outyy outputs for amplitude se-
quencing (see Figure 1}.

These ping are provided to connect external resistors
RR,, RR,, and capacitor CR to form an R-C oscillator
with a nominal frequency of 5120Hz, See Table 2 for
components selection,

These pins are provided to connect external resistors
RT;, RT,, and capacitor CT, to form an R-C oscillator
from which the tone signal is derived. With the oscilla-
tor adjusted to 5120Hz, a tone sighal with frequencies
of 512Hz and 640Hz results. See Table 2 for compo-
nents selection.

The internal threshold veltage is brought out to this pin
for modification in non-telephone applications. It can
be bypassed by wiring the THC pin to Vpp. It can be
reduced by connecting a suitable zener diode between
THC and V.
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Tahle 1 (Continued)

Pin ) Number Function

Detector Inhibit (DI) 1 When this pin is connected to ¥y, the dial pulse reject
lilter is disabled to allow DC level enabling of the tone
ringer. This pin should be hardwired to Vgg in normal
telephone-type applications.

Single Frequency Select (SFS) 1 When this pin is connected to Vgg, only a single fre-
quency continuous tone is produced as long as the tone
ringer is enabled. In normal applications Lhis pin should
be hardwired to VDD.

Table 2. Selection Chart far Oscillator Components and Output Frequencies

Tone/Rate
Oscillator Oscillator Components
Frequency RBp Ry Co Rate Tone
(Hz) (k2) (ke2) (pF) (Hz) (Hz)
5120 16 512/640
6400 20 640/800
3200 To Be Determined 10 320/400
8000 25 200/1000
fo fo | fo /fo
320 10/ 8

H
g
g 2
g3
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Applications

Typical Telephone Application: Figure 2 shows the
schematic diagram of a typical telephone application
for lhe 852561 tone ringer circuit. Power is derived
from the telephone lines by the network formed by
capacitor €1, resistor Ry, diode bridge dq through d4,
ahd filter capaciter C2. C2 is chosen to be large
enough so as to insure that the power supply ripple
during ringing does not fall below the internal thresh-
old level (typ. 7.3 volts) and to provide large enough
decay time during the off period. A typical value of
C2 may be 47uF. C1 and R1 are chosen to satisfy the
Ringer FEquivalence Number (REN) specification
(Ref. 1). For REN = 1 the resistor should be a mini-
mum of 8.2kil. It must be noted that the amount of
power that can be delivered Lo the load depends upon
the selection of C1 and Ry.

The device is enabled by limiting the incoming ring
signal through resistors Ro, i3 and diodes dg and
dg. Zener diode Z1 (typ. 9-27 volts) may be required
in certain applications where large voltage transients
may occur on the line during dia! pulsing. The internal
2ms filter and the dial pulse reject filter will suppress
any undesirable components of the signal and will
only respond to the normal 20Hz ring =ignal. Ring
signals with frequencies above 16Hz will be detected,

The configuration shown will produce a tone with
frequency components of B12Hz and 640Hz with a
shift rate of approximately 16Hz and deliver at least
50mW to an 80 speaker through a 20000 :8C trans-
former. I “manual” mode is used, a potentiometer
may be inserled in series with the transformer primary
to provide volume contrel. If “automatic” mode is
used, resistors R, and Bp can be chosen to provide
desired amplitude sequencing. Typically, signal power

RLoap

will be down 20 log | ——————— ] dB during the
(RL + RLOAD)

o Rroap
first ring, and down 20 log|~———— | dB during
By + Rroabn

the second ring with maximum power delivered to the
load beginning the third and consecutive rings,

52561

In applications where dial pulse rejection is not nec-
essary, such as in DTMF telephone systems, the
ENABLE pin may be connected direclly to VDp.
Det. Inh pin must be connected to Vpp to allow
DC level enabling of the rinper.

Non-Telephone Applications: The configuration
shown in Figure 3-A may he used in non-telephone
applications where it is desired to simulate the tele-
phone bell, The internal threshold is bypassed by
wiring THC to V. The rate cutput {16Hz) is divided
down by a T stage divider type 4024 to produce two
signals: a 2 second on/2 second off signal and a 4
second onf4 second off signal. The first signal is con-
nected to the EN pin and the second te the DI pin to
produce a 2 second on/4 second off telephone-type
ring signal. The ring sequence is initiated by removing
the reset on the divider. If “auto” mode is used, a
reset signal must be applied to the “*amplitude se-
quencing' counter al the end of a ring sequence so
that the circuit will respond correctly Lo a new ring
sequence. This is done by temporarily connecting the
“auto/manual” input to Vgg.

Figure 3-B shows a typical application for alarms,
buzzers, etc. Single frequency mode is used by con-
necting the SFS input to Vgg. A suitable on/off rate
can be determined by using the 7 stage divider circuit.
If continuous tone is not desired, the 16Hz output
can be used to gate the tone on and off by wiring it
into the ENABLE input.

Many other configurations are possible depending
upon the user’s specific application,

Reference 1. Bell system communications technical
reference:

PUB 47001 of August 1976

“Electrical characteristics of Bell System Network
Facilities at the interface with Voiceband Ancillary
and Data Equipment” — Sections 2.6.1 and 2.6.3.
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Figure 1-A. Qutput Stage Connacted
for Auto Mode Operation
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W

Figure 3-A. Simulation of the Telephone Bell in Non- Telephone Applications,
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ADVANCED PRODUCT DESCRIPTION

AMIL s2562

REPERTORY DIALER

Features
O CMOS Process Achieves Low Power Operation 0O Inexpensive, but Accurate R-C Qscillator
O 8 or 16 Digit Number Capability Design Provides Better Than 3% Accuracy

Over Supply Voltage, Temperature and Unit-
. Unit Variations and Allows Different Dialing
0O Dial Pulse and Mute Output Rates, IDP and Tone Drive Timing by

O Tone Outputs Obtained by Interfacing with Changing the Time Base

(Pin Programmable)

Standard AMI 82559 Tone Generator £l Power Fail Deteetion
0 Two Selections of Dial Pulse Rate O BCD Output with Update for Number Display
L Applications
0 Two Selections of Inter-Uigit Pause
O ‘I'wo Selections of Mark/Space Ratio General Description
(33-1/3 766-2/3 or 40/60) P
O Memary Siorage of 32 8-Digit Numbers or The 52562 Repertory Disler is a CMOS integrated
16 16-Digit Numbers with Standard circuit that can perform storing or retrieving, normal
AMI 85101 RAM dialing, redialing or auto dialing and displaying of

one of several telephone numbers, [t is intended to be
used with the AMI standard S5101--258x4 RAM that
functions as lelephone number storage. With one

O 16-Digit Memory for Input Buffering and for
Redial with Access Pause Capability

3 Aceepts the Standard Telephone DPCT §5101 up to 32 8-digit or 16 16-digit numbers can
Keypad or SPST Switch X-¥ Matrix be stored. It can provide either dial pulses of DTMF
Keyboards; Also Capable of Logic Interface tones with the addition of the AMI S2559 tone

[- Ignores Multi Key Entries generator for either the dial or tone line applications.

Data subject to change at any time wilhout notice. These sheets transferred for inflormation only.
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Absolute Maximum Ratings

Supply Voltage 13.5V
Operating Temperature Range -40°C to +85°C
Storage Temperature Range -40°C to +125°C
Voltage at Any Pin Vgg -0.3V to Vpp +0.3V
Lead Temperature (Soldering, 10 sec.) 200°C

Electrical Characteristics Specifications apply over the operating temperature range and 4.5V < Vpp to Vsg
< 5.5V unless otherwise specified. Absolute values of measured parameters are specified.

Symbol | Parameler Min. | Max. | Units { Conditions
Output Drive
[n1Dp DF Output Sink Current A00 uA Vour = 0.4V, Vpp = 5V
Ioune | DP Output Source Current 400 pA | Voyr=3.6V,Vpp = BV
loLm MUTE Quiput Sink Current 400 uh | Vour = 0.4V, Vpp = 6V
lonum MUTE Qutput Source Current 400 gd | Vgur=3.6V,Vpp = 53V
IoLpr | PF Qutpul Sink Current 100 gA | Vogr = 0.4V, Vpp = 3V
Ioupr | PF Output Source Current 100 ud | Voyur = 3.6V, Vpp = 5V
CMOS to CMOS
ViL Logic *0" Input Voltage 1.5 v All inputs, Vpp = 5V
Vin Logic “1" Inpul Voltage 3.5 v Ml inputs, Vpp = 3V
VoL Logic “07 Qutput Voltage 0.5 v All outputs except. DP, MUTE, PF,
I = 10uA, Vpp = 5V
Vou Logic *1™ Output Voltage 4.5 Vv | All outputs except DP, MUTE, PF,

Io=-10uA, Vpp = 6V

Current Levels

Inp Quiescent Current 25 uh | Standby, Vpp = 5V
Ipp Operating Current 500 | A [ All valid input combinations, DP,
MUTE, PF outputs open Vpp = 5V
L, Iy | Input Current Any Pin 10 100 uA | Vin=Vggor Vpp, Vop = 5V
{keyboard inputs)
Iin, Iir | Input Current All Other Pins 100 nd | Vv = Vss or Vpp, Vpop =5V
Inz Qutput Current in High 1 us | Vpp = 5V, Voyr = OV data
Impedance State outputs (D1-D4)
-1 ud | Vpp =5V, Vaur =5V
fo Oscillator Frequency 4 10 | kllz | Vpp = 5V {min. duty cycle 30;70)
Afoffo | Frequency Deviation -3 +3 % Vpn-Vgg from 4.5V to b.5V,

Fixed R-C ogscillator components
502 < Ry < T50kQ;

1MQ < By < 5MQ:

150pk = Cy = 3000pF;

330pF most desirable value for

Co, fo < 10kHz over the operaling
temperature and unit-unit variations

CiN Input Capacitance, Any Pin 7.5 pF

The device power supply should always be turmad on bafore the input signal sources, and the input signals should be turned off
before the power supply is lurped off {(Vgg < Vi = Vo asa maximum limik). This rule will proveni over- dissipation and pos-
sible damage of the input-protection diode when the device power supply is grounded,
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Functional Description

The 32562 is a CMOS controller designed for storing or
retrieving, normal dialing, redialing or anto dialing and
displaying of one of several telephone numbers. It is
intended to be used with the AMI standard 85101
256x4 BAM that functions as a telephone number
storage. A single S5101 RAM will store up to 32 8-
digit or 16 16-digit telephone numbers. The 52562
can be programmed to work with either 8-digit or
16-digit numbers by means of the Number Length
Select (NLS) input.

The 52562 uses an inexpensive, but accurate R-C
osciliator us a time base Irem which the dialing ralc
and inter-digil pause duration (IDP) are derived. Dif-
forent dialing rates and IDF durations can be imple-
mented by simply adjusting the oscillator frequency.
The dialing rate and IDP can be further changed by a
2:1 factor by means of the dialing rate select (DES)
and inter-digit pause select {IPS) inputs. Thus, for the
oscillator frequency of 8kHz, dialing rates of 10 and
20 pps and IDP's of 400 and 800ms can be achieved.
The mark/space ratio is fixed independent of the
time base and can be selected to beeither 33-1/3 /66-
2/3 or 40/60 by means of M/S input. Over supply vol-
tage (5V £10%), operating temperature range and unit-
unit variations, timing accuracy of *3% can be a-
chieved. A mute output is also available for muting of
ihe receiver during dial pulsing. See Figure b for timing
relationship.

The 52562 can be programmed by means of the MODE
input for dual tone signaling applications as well, In
this mode, it can interface directly with the AMI
standard 52559 Tone Generator tc produce the re-
quired DTMF signals. The tone onfoff rate during an
auto dial operation in this mode is derived from the
time base. For the oscillator frequency of 8kHz, a
tone drive rate of 50ms on, B0ms off is obtained.
Different rates can be implemented by adjusting the
time base as desired. See Tables 2 and 3 for the various
combinations. In the tone mode, the mute culput is
used to gate the tone generator on and off. The 8 ad-
dress lines that are normally used for addressing the
RAM are also used to address the tone generator row,
column inputs. Figure 6 shows a typical system
application.

The 52562 can perform the following funclions:
Normal Dialing

The user enters the desired number digits through the
keyboard after going off hook. Dial pulsing starts as

soon as the first digit is entered. The entered digits
are stored sequentially in the internal memory. Since
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the device is designed in a FIFO arrangement, digits
can be entered at a rate considerably faster than the
output rate. Digits can be entered approximately
once every 30ms while Lhe dialing rate may vary from
7 to 20 pps. Debounving (min. 20ms) is provided on
the keyboard entrics to avoid false entries. The num-
ber entered is retained for future redial. Pauses may
be entered when required in the dial sequence by press-
ing the “#" key, which provides access pauses for
future redial. Any number of access pauses may be
entered as long as the total enttics do not exceed the
total number of digits (8 or 16).

An update pulse is generated to update the display
digit as a new entry is made.

In the tone mode the tones will be transmitted at the
rate the user enters the digits.

Redialing

The last number entered is refained in the internal
memory and can be redialed by going “off hook™ and
depressing the “redial” {(RDL} key. The RDL key is a
unique 2 of 12 matrix location {(R5, C3). The numher
being redinled out is displayed as it is dialed out.

[n the tone mode, the redial tone drive rate depends
upon the lime base as discussed before.

Storing of a Normally Dialed or Redialed Number
into the External Memory

After the normal dialing or redialing operation, the
telephone number can be stored in the external mem-
ory for future repertory dialing use by going on heook
and initiating the following key sequence.

1. Push “store” (8T) button.

2. Depress the single digit key corresponding to the
desired address location.

Note that the “ST" key is a unigue 2 of 12 matrix

location {(Rg, C1).

Storing of a Telephone Number into the External

Memory

This operation is performed “on hook'™ and no out-

dialing cccurs. A telephone number can be stored in

the desired address location by initiating the following
key sequence.

1. Push the “*#" key (This instructs the device to
accept a new number for storage into the internal
memory).

2. Enter the digits (including any access pauses) cor-
responding to the desired number.

3. Push the “ST” key.
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4, Push the single digit key corresponding to the de-
sired address location.

The entire sequence can he repeated to store as many
numbers as desired.

Displaying of a Stored Telephone Number

This is an “*on hook™ operation. Either the last dialed
numhber or the number stored in the external memory
can be displayed one digit at a time. The key sequence
for displaying the last dialed number is as follows:

1. Push the “read” (R) key.
2. Push the “*RDL" key.

The number in the external memory can be displayed
as follows:

1. Push the “R’" key.

2. Push the single digit key corresponding to the de-
sired address location.

Note that the “R" key is a unigue 2 of 12 matrix lo-
cation (R, C2).

The number is displayed one digit at a time at a rate
determined by the time base. With atime base of 8kHZ%
the display will be on 500ms, off 500ms, The display
is updated by producing an update pulse. The update
pulse must be decoded with external logic {one inverter
and one 2-input gate) as shown in Figure 8,

The display is blanked by outputting an illegal (non
BCD) code such as 1111, The 4511-type BCD to 7
segment decoder driver latch will blank the display
when the illegal code is detected. When other driver
circuits are employed, exlernal logic must be used fo
detect the illegal code.

Repertory Dialing

This is the most common mode of usage and allows
the user to dial automatically any number stored in
the memory. This mode is initiated by the following
key sequence after going off hook.

S$2562

1. Push the “#" key.

2. Push the single digit key corresponding to the de-
sired address location.

The number is displayed as it is dialed out. In the tone
mode, the tone driver rate is dependent on the time
hase as described earlier.

Pause

Note that the out dialing in the repertory or redial op-
eration continues unless an access pause is detected.
The outpulsing will stop and resume only when the
uscr terminates the access pause by pushing the ©*7
key again.

Power Fail Detection

This output is normally high. When the supply vol-
tage falls below a predetermined value, it goes low.
The output can then drive a suitable lalching device
that will switch the memory to either the tip and
ting or an auxilliary battery supply.

Memory Expansion

The memory can be expanded by paralleling additional
55101 RAM’. External logic musi be used to enable
the desired RAM corresponding to a desired address
location, The S2562 can drive up to 2 RAM’s without
the need of buffering address and data lines.

Keyhounce Protection

When a key closure is detected by the 82562, an in-
ternal timeout (min. 4ms at fo = 8kHz) is started, Any
transitions that occur during this timeout will reset
the timer to zero so thal a key will only be accepted as
valid after a noise free timeout period. The key must
remain closed for an additional 16ms before released.
Thus, the total make time of the key must be at least
20ms. The key must be released for at least Lms before
a new key is activated. Any transitions occurring when
the key is released are ignored aslong as the make time
does not exceed 4ms.
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Table 1. Pin/Function Descriptions

52562

Pin

Numbhber

Function

Power (VDID, V33)

Keyboard {H1-Rg, C1-Cg)

Number Length Select (NLS)
Mode Select (MODE)

Dial Rate Select (DRS)

Inter-Digit Pause Select (IPS)

Mark/Space Ratio Select (M/S)

Mute Output {MUTE}

Dial Pulse Qutput (DE)

Display Memory I/0 Data (D -D4)

12

These are the power supply inputs. The device is designed
to operate from 3.5V to 13.5V.

These are 6 row and B column inputs from the keyboard
contacts. When a key is pushed, an appropriate row and
column input must go to Vpp or connect to each other,
Figures 1 and 2 depict the standard telephone DPCT and
X-Y matrix keyhoard arrangements that can be uzsed. A
logic, interface iz also possible as shown in Figure 3, De-
beuncing is provided to avoid false entry (typ. 20ms for
oscillator [(requency of 8kHz). Key pad entry options
are shown in Figure 4.

This input permits programming of the device io accept
either 8-digit numbers or 16-digit numbhers.

This input allows the use of the device in either dial puls-
ing applications or tone drive applications,

This input allows selection of two different dialing rates
such as 10 or 20 pps, 7 or 14 pps, etc, See Tables 2 and
3.

This allows selection of the pause duration that exists
between dialed digits. It is programmed according to the
truth table shown in Table 3. Note that preceeding the
first dialed digit is an inter- digit time equal to the selected
IDP. Two pause durations, either 400ms or 800ms are
available at dialing rates of 10 and 20 pps. [DP’s corres-
ponding to other dialing rates can be determined from
Tables 2 and 3.

This input allows selection of the mark/space ratio as
per l'able 3.

A pulse is available Lhat can provide drive to twrn on an
external transistor to mute the receiver during dial puls-
ing. See Figure 5 for mute and dial pulse output relation-
ship. It is also used as a keyboard disable in the tone
drive applications. See Figure 6.

Output drive is provided to turn on a transistor at the
dial pulse rate. This cutput will be normally high and go
low during “space® or “break.”

These are 4 bidirectional pins for inputting and output-
ting data to the external memory and display driver.
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Tahle 1, {Continued)

52562

Pin

Number

Funetion

Memory Enable (CE)

Memory Read/Write (R/W)

Tone Generalor/Memory Address
(AQ-A7)

Hook Switch (ITS}

Power Fail Detect (PF)

Oscillator (0O8C;, O58C, 08Cq)

This line controls the external memory operation.

This line controls lhe read or the write operation of the
external memory. This output along with the CE output
can be used to produce a pulse to update the external
display. See Figure 6,

These are 8 output lines that carry the external memory
address and tone generator row/column information.

This input conveys the state of the subset. “Off hook’”
corresponds to Vgg condition.

This outpuf ‘is normally high and goes low when the
power supply falls below a certain predetermined value,

These pins are provided to connect external resistors Ry,
RM and capacitor CO te form an R-C oscillator that gen-
erates the time base for the repertory dialer. The output
dialing rate, tone drive rate and IDP are derived from
this time base.
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Figure 1. Standard Telephone Pushbutton Kevhoard
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Figure 3. Logic Interface For the 52662
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Table 2. Table for Selection of Oscillator Component Values far Desired Dialing Rate, Ipp or Tone Drive Rate.

g::lirl:date Osc.fz‘req, O:::Iator E;)mpor::e;ts Dial Rate (PPS) IDP (ms) T(:;i:!g:ifve
(PPS) (Hz) ®ke) | ko) | ipF) DRE=Vgg |DRS=Vpp | IM8=Vgg | IP5=VpDn Time (ms)
5.5/11 4400 6.5 11 1454 727 50/90
6/12 4800 & 12 1384 667 83,3/83.3
_6.5/13 5200 6.5 13 1230 815 7777
Ti14 5600 7 14 1142 571 71471
7.5/15 G000 To Be 75 15 1066 533 66.7/66.7
8(16 | 6400 Determined 8 16 1000 500 62.5/62.5
8,517 6800 8.6 17 942 471 59/59
918 7200 _ 9 18 388 444 B5.5/55.5
_9.5/19 7600 9.6 19 842 421 52,6526
10/20 | sooo 10 20 800 400 a0/50
(fo/ROV) fo f0f800 fof400 | 6400 x 103 | 3200 % 103 400 x 1037400 x 103
{fo/d400) fo fo fo fo
Table 3.
Function Pin Designation Input Logic Level Selection
Dial Rate Selection DRSS Vg {(fo/800) pps
Vbb (f0/400) pps
Inter-Digit Pause Selection IPS Vop {3200/f0) 8
Vss (6400/f0) 8
Mark /Space Ratio M/S Vg 33-1/3/66-2/3
VoD 40/60
Hook Switch HS von On hook
Vg Off hook
Mode Selection MODE Vgs Dhal pulse
VDD Tone drive
Number Length Selection NLS Vg 8 digits
Von 16 digits

'
=
Elﬂ
2
&3
CER
[

Note: o is the oscillator frequency and is determined as shown in Table 2.

Figure 5. Mute and Dial Pulse Output Timing Relationship
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Figure & Typical Application of the 52562
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ADVANCED PRODUCT DESCRIPTION
S2811

AML

SIGNAL PROCESSING
PERIPHERAL

Features {3 Bus Oriented Parallel 1/0O for Easy Micro-
processor Intlerface
-1 High Speed VMOS8 Technulogy I Additional Serial 1/0 for Kasy A/D-D/A

T Programmable for Digital Processing of Signals Interface
in Voice-Grade Cammunications Systems and
Other Applications with Signal Frequencies in

the Range of DC to 10K Hz

O Extremely Fast 12-Bil Parallel Multiplier On
Chip (30005 Max. Multiplication Thne}

O Built-In ROM (256 x 17), 3-Port RAM (256 x
16) and Add/Subtract Unit { ASL))

I Pipeline Structure for High Speed Instruction
Execution (300ns Max. Cycle Time)

General Description

The 82811 Signal Processing Peripheral (SPP) is a high
specd special purjsose arithmetic processor with on-
chip ROM, RAM, multiplier, adderfubtractor, accumu-
lator and 1/0O organized in a pipeline structure to
achieve an effective operation of one multiply, add
and store of up to 12-bit numbers in 300 nanosceonds,

Block Diagram

S (38 .
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Lagic Diagram
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ADVANCED PRODUCT DESCRIPTION
$2900/52901

CMOS SINGLE CHANNEL

u-LAW PCM CODEC/FILTER SET

Features

Full independent Encoder with Filter and
Decoder with Filter Chip Set

Meets or Exceeds AT&T D3 and CCITTG. 712
Specifications

On-Chip Phase-Lock Loop Derives All Timing
Low Power Dissipation -~ Power Down Mode
Wide Supply Voltage Range

Low Absoluie Group and Relative Delay
Distortion

Single Negative Polarity Voltage Reference Input
Encoder with Filter Chip Has Built-In Auto
Zero Cireuit that Eliminates Long Term Drift
Errors and Need for Trimming

Seriul Data Rates from 56KHz to 3.088MHz
at 8KHz Nominal Sampling Rate
Programmable Gain Input/Output Amplifier
Stape

CCIS* Compatible A/B Signaling Option

J0 popomn noo

C

General Description

The 52900 and 82901 form a monolithic CMOS Com-
panding Encoder/Decoder chip set designed Lo imple-
ment the per channel voice frequency. CODECS used
in PCM Channel Bank and PBX systems requiring a
u-255 law transfer characteristic. Each chip contains -
two sections: (1) a band-limiting filter, and (2) an
analog = digital conversion circuit that conforms to
the u-255 law transfer characteristic. Transmission and
reception of 8-bit data words containing the unalog
information is performed at 1.544Mb/s rate with
analog sampling cccurring at 8KHz rate, A strobe
input is provided for synchronizing the transmission
and reception of time multiplexed PCM information
of several channels over a single transmission line.

FCommuoun Channel Interaflice Signaling

52900 Block Diagram Encoder with Filter
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§2901 Block Diagram Decoder with Filter
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52900/52901 Typical Group Delay Characteristic

$2900/52901

Device

Abs. Gr. Delay
Hs

Relative Gr. Delay
Distortion (Over Band
of 1000Hz to 2600Hz

f=1000Hz f =2600Hz wrt 1000Hzl.8
Encoder Low Pass 166.4 250 83.6
Encoder High Pass 104.0 22 —82.0
Eneoder (Total) 270.4 72 1.6
Decoder Low Pass 153.0 250.0 97.0
Encoder +Decoder (Tolal) 423.4 H22.0 08.6
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M}Io Selection Guide

REMOTE CONTROL CIRCUITS

PART NO. DESCRPTION PROLESS POWER SUPPLIES /0 BITS PACKAGES
52600 Remote Control Transmitter CMOS +7V to +10¥ I 16 Pin
82600 Remote Control Receiver P-1¥ + 10V to + 18V 5 22 Pin
32742 Remote Control Decoder F-M0S +9V 18 Pin
52743 Remole Control Encoder P-M03 + 9y 16 Pin
TOUCHCONTROL™ INTERFACE CIRCUITS
PART NO. DESCRIETION U 7T 7T "7 oaoeess 0 POWEA SUPPLIES  INPUT/OUTPUT PACKABES
39260/ 61 Seven-Switch Interface P-12 =13.5V to =18V CMOS/TTL 22 Fin
S0263/64/65 Sixteen-Swilkch Interface p-12 —-13.5V o —18BY CMOS/MOS/TTL 40 Pin
59262 Fourteen-Switch [nterlace p-1* —13.5¥ to —18Y MOS/TTL 22 Pin
59266 Thirty-Two-Swilch Intertace P12 —13.5V Io — 18V MOS/TTL 40 Pin
CONSUMER CIRCUITS

PART WO. DESCAPTION o PROCESS POWER SUPPLIES ~ DIBITS  PACKAGES
514244 Five Function LCD Walch with alternating T emos T sy 3 Oie

time/date mode and voltage tripler

display options
514240 Five Function LGD Walch Cirouit CMOS +1.5V I Dig
514254 Five Functign LCD Walch Circuit CMOs + 1.5 R Chip Carrier
S1427A Fws Function LCD Waleh Ciret (MO8 T Ty v "7 a0 A
51865 Digital Clock Circuit — LED/Gas P-|t +6¥ to + 16V 3t 40 Pin

Discharge Auto Clock
519584 50/60Hz Line LED Clogk Cirguil P-|2 +8Y g + 26V 4 40 Pin
519988 50/60Hz Line Clock — Bas Discharge P-|* +8Y 0 + 3 4 40 Fin
S2t00 " Fluorescem Automotive Digitat Clock P-|? +12¥ 4 22 Pin
52733 Six Function LCO Wailch Circuit CMQS +1.5Y 4 40 Pin

ORGAN CIRCUITS
PART MO, DESCRIPTION PROCESS POWER SUPPLIES POWER PACKAGES
DISSPATION

510110 hnalog Shift Register p-|2 -2y B Pin
510111 Anglog Shift Register p-|¥ — 2y B Fin
$10120 7 Gix-Stage Frequency Divider P12 —1ay, — 27y 350mw ~ 14Pin
510130 Six-Stage Frequency Divider P-I? 14y, =27 350mW Pin
S10tH Six-5Stage Frequency Divider P-|t — 14y, — 27 I30mn 14 Pin
S'Iﬂ_?? Analog Shitl Register B-1t MOS 3 Fin
§10430 Divider-Keyer  PI'MODS ap Pin
52193 Seven-Stage Frequency Divider e Ty, ey 300mw 14 Fin
S2567 Rhythm Counter HI ¥ - 15V, =27y 400w 14 P
58890 Rhythm Generator P-I2 -1y 400min 40 Pin
89660 Bhythm Generator o P-|1 —12v A00mW . 28 Pin
550240 Top Oclave Synthesizer o p-I2 — 1Y, — 1Y 360 18 Pin
320241 Top Oclave Synthesizer P- —11Y, —16Y 3I60mW 16 Pin
550242 Top Octave Synthesizer P-I* 11, —16Y 360mwW 16 Pin
550243 Top Dclave Synthesizer p-I* —11¥, —16Y¥ J60mW 16 Pir
850244 Top Uclave Synthesizer P-I? 11V, —16Y 360mw : 16 Pin
550145 Top Oclave Synthesizer F-r — 11V, ~ 16V 360mw 1A Pin
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S$2600/52601

ENCODER/DECODER

REMOTE-CONTROL 2-CHIP SET

Features

0 Small Parts Count — No Crystals Required

[J Easily Used in LED, Ulirasonic, RF, or Hard-
wire Transmission Schemes

O Very Low Reception Error

0O Low Power Drain CMOS Transmitier for
Portable and Battery Operation

O 31 Commands — 5-bit Qutput Bus with Data
Valid

3 Analog (LP Filterable FWM) Qutputs
Muting (Analog Ouiput Kill/Restore)
Indexing Qutput — 2% Hz Pulse Train
Toggle Output (On/Off)
Mask-Programmable Codes

ooooao

Block Diagram
$2600 Encoder 7!

Pin Configuration
52600
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Block Diagram
52601 Deci;-c_ier

Pin Configuration
82601
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Functional Description

The 52600/52601 is a set of two LSI circuits which
allows a complete system to be implemented for re-
mote control of televisions, toys, security systems,
industrial controls, ete, The choice of transmission
medium is up to the user and ¢an be ultrasonic, infra-
red radie frequency, or hardwire such as twisied pair
or telephone.

The use ol a synchronizing marker techniyue has eli-
minated the need for highly accurate frequencies
generated by crystals. The S2600 Encoder typically
generates a 40klz carrier which it amplitude-modu-
lates with a base-band message of 12 bits, each bit
preceded by a synchronizing marker pulse.

Bits 1 and 12 denote sync and end-af-message, respec-
tively, bits 2 thru 6 constitute a lixed preamble which
must be received correctly for the command bits to
be received, and bits 7 thru 11 contain the command
data. The 52601 Decoder produces an outfput only
afler two complete, consecutive, identical, 12-bit
transmissions. Marker pulses, preamble bits, and
redundant transmissions, have given the S2600/
52601 system a very high immunity to noise, with-
out a large number of discrete components,

82600 Encoder

The 82600 is a CMOS device with an on-chip oscilla-
tor, 11 kevhoard inputs, a keyboard enceder, a shift
register, and some control logic. The osciilator
requires only an cxternal resistor and capacitor, and
to conserve power, runs only during transmission.
Kevboard inputs are active-low, and have internal
pull-up resistors to Vpp. When one keyboard input
from the group A thru E is activaled with one from
the group F thru K, the keyboard encoder generates
a 5-bit code, as given in the table entitled ((52600/
82601 CODING,” below. This code is loaded into
a shift register in parallel with the sync, preamble,
and end bits, to form the 12-bit message.

The transmitter output is a 40 kHz square wave of
50% duty factor which has been pulse-code-modulated
by (ie. ANDed with) a signal having a recurring
pattern, a bit frame of 3.2 millisecond duration. This
bit frame is comprised of threc signals: the Start
signal which is 0.4 milliseconds of logic “1"*; followed

by the Data signal which is 1.2 milliseconds of the.

lowest-order shift register bhit; followed by the Mark
signal which is 1.6 milliseconds of logic 0" (except
in the first bit frame where Mark = 1 to facilitate
receiver synchronization ).

$2600/52601

The shift register is clocked once per bit frame, so
that its 12-bit message is transmitted once in 38.4
milliseconds. The minimum humber of tranmissions
that can occur is two, but if the keyboard inputs are
active after the first 3.6 milliseconds of any 12-bit
transmission, one more 12-bit transmission will result.
Transmissions are always complete, never truncated,
regardless of the keyboard inputs.

The Test Input is used for functional testing of the
device. A low level input will cause the oscillator
frequency to be gated to the Data Output pin. This
input has an internal pull-up resistor to Vpp.

52601 Decoder

The 82601 is a PMOS LSI device with an on-chip
oscillator, five keyhoard inputs, a2 40 kHz signal
input, and 11 outputs. The oscillator requires only an
external R and C. The [ive keyboard inputs are active-
low with internal pull-up resistors to Vgg; activation
of any two causes one of 10 possible 5-bit codes to
be gencrated and fed to the outputs of the 32601,
averriding any 40 kHz signal input.

Two counters, the signal counter and the local
counter, arc clocked respectively by the signal input
and a 40 kHz signal from the local RC oscillator
timing chain. A 40 kHz input lasting 3.2 milliseconds
(i.e., an initial bit frame} causes the signal counter to
overrun and resel both itself and the local counter.
At specific intervals thereafter, the local counter
generates pulses used to interrogate the contents of
the signal counter. Resynchronization of the counters
occurs every bit frame so that the interrogation yields
valid data bits even if the {ransmitter oscillator fre-
quency has deviated up to L 24% with respect to the
receiver oscillator frequency.

Decoded data bits from the next five bit frames
following the initial synchronizing frame are compared
with the fixed preamble code. The next five decoded
bits, the command bits, are converted to a parallel
format and are compared against the command bits
saved from the prior transmission. If they match, and
if the preamble bits are correct, the command bits
are gated to the receiver outputs. However, a mismatch
causes the receiver outpuis to be immediately disabled,
and the new command bits are saved for comparison
against the command bits from the next 12-bif trans-
mission. In the case where 2 identical, proper, 12-bit
transmissions are immediately followed either by
trensmissions with erroneous preamble codes or by
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nothing, the receiver outputs will be activated during
the end-frame of the second transmission, and will be
disabled 4% milliseconds thereafter. In the rest (dis-
abled) state the five Binary Outputs are at a ‘1™ logic
level; when not in Lhe rest staile, one or more of the
open-sourced outpuf transistors will conduct to Vpp.
The Data Valid cutput is low during the rest state, and
high whenever data is present at the Binary Outputs.

The 2601 has five other outputs: Pulse Train, On fOff,
Analog A, Analog B, and Analog C. The states of these
gutputs are controlled by the 10 particular Binary
Output codes whi