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CMOS MICROPROCESSOR LINE -UP

POWER SUPPLY COMPATIBILITY
PRODUCTS | PART NAME PACKAGE REMAR
VOLTAGE | CURRENT Ks SUFPLIER | TYRE
IMAX]
40 01p
MSMBOCES& 5y 2ma | 44FLAT gz‘: MICROPROCESSOR Imel | 80BSA
4 PLEC '
SBIT CPU
4oCip B BIT MICROPROCESSOR
MEMEQCRSA-2 v 20m A 44 FLAT B #MHz Intel AOAGA-2
a4 PLCC ;
4
MSMBOCEEA s8ma | 18 BIT MICROPROCESSOR l Intet | BOBE
15 MHz !
40 0P : !
16 BIT CPU | MSMBOCSEA-2 sv BOmaA 56 FLAT | B WHz Inzel 60862
4 pLoe i [
MSMBOCEEA. 10 100m A 10 MM, .
MSMBOCESA 55ma 8 BIT MICAOPROCESSOR et | Boss
5 MHz
40 DIP
BEBIT CPU | MSMBOCESA-2 =14 Eirm i o6 FLAT B MHz Insh BO8E-2
40 PLCC
MERMBOCBEA 10 100m A 10 M-
aDw ; o
MSME1055.5 BY 5ma s FLAT i ’°:3Tﬁ"f£§m“"“ with 1i0h inel | 8385
L pLee ) an
MEMBE2C1Z 5y Tma = | 20F | 8 BIT INPUT/OUTPUT PORT intel 1
24 FLAT | UT/OUTPUT PO nte 8012
4D DIP ;
MSMB2C374.5 sv 10ma | 44 FLAT 222223:‘&?“ Bma inel | 8237A
44 PLEC
MSMEZCAS sy 1ma uBiP NPUT!QUTPUT PORT EXFANDER
™ 24 FLAT INPUTIQUTPUY
MSKBZCE1 4 oy . ;’g EII.:T PROGRAMMABLE COMMUNICA— ntel | a2g1a
MSMEZCE1 A2 TIONS INTERFACE ®
: 2pLEC
MSMB2C53.5 Sma 24 e [
sv 33 FLAT Tmf?:AMMAELE INTERVAL Intel 8263
MSMEZCES-2 ama 98 PLCC
24 DIF
] S
MEMB2C64-2 s 1W0ma |32 FLAT Cogﬁ:'_::"" BLE intel | 8254
% pLEE
MEMBZCE546 Bma A0 OIF A
110 5y a4 FLAT r:SEGRHFiI\;:\ﬁBLE FERIPHERAL | Intsl 8255
MSMBICEE A2 Bma 44 PLCC *t .
4
8 0F PROGRAMMABLE INTERRUST |
MEMAZCES A2 &Y Sy 32 FLAT Intel 82604.7
CONTROLLER
28 pLER
T
MSMIZCE4 A sy 10ma ;E :”L';T CLOCK GENERATOR and DRIVER intel | 82844
MEMA2CEd A5 10mA | £LOCK GENERATOR and DRIVER
5Y ra ol [ 15 bzt Intel 82844
4 FLAT
MEMBZCE42.2 16ma MFL CLOCK GENERATOR ans DRIVER |
{8 MHz} !
MSMBZCEE 20 01P T
e aacan.2 sV 10ma 74 FLAT BUS CONTROLLER intel | B288
aDIp
MSMBICSS sy Sma A FLAT 18384 BIT ROM with 1/Q intel | B35
44 pLCE
.
MSM5232 By tima |18 DIP REAL TIME CLOCK
PERI- MSM5B221 5V Gima |8 Dup REAL TIME CLOCK
PHERALS
G282 N LopA 18 DIP FEAL TIME CLOCK
u 24 FLAT DIRECT BUS CONNECTED

*1 44PLCC is anly aveilable for 8208542,
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hAS M.
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PACKAGING

PRO- PART NAME PACKAGE/PIN COUNT
DUCTS DIP FLAT PLCC
MBOCB5A (Note: 1) 40 44 44
MBOCB5A-2 40 44 44
MBOCBBA 40 56 44
MPU  'mB0CB6A-2/80C86A-10 | 40 56 a4
MBOCBBA 40 56 44
MB80CB88A-2/80CB3A-10 40 56 44
MB1C56/81C565-56 40 44 44
M82C12 24 24 -
M82C37A-5 40 44 44
MB2C43 24 24 -
1/0 M82C5H1A 28 32 -
M82CH1A.2 28 32 28
M82C53-5/82C563-2 24 32 28
MB2C54-2 24 32 28
MB2C55A-5/82CEH5A-2 40 44 |44(Now:2)
MB2CE8A-2 28 32 28
MB2CB4A 18 24 -
M82C84A-5/84A-2 18 24 20({Note:2)
M82C88 20 24 —
M82C88-2 20 24 20
MB3C55 40 44 44
PERI. | M5832 18 — -
PHER. | Mb8321 16 - -
ALS M6242 18 24 -
Note: 1. Model numbers suffixed by RS denote plastic DIP, white GS denotes plastic FLAT.
Ex. MSMBOCS5ARS . .. .. ... plastic DIF
MEMBOCBEAGS . .. .. ... plastic FLAT

Nota: 2, MB2CS55A-5 has no PLCC Packaga,
Mote: 3, MBZCB44-5 has no PLCC Package,




» PACKAGING =

® 20 PIN PLASTIC SKINNY DIP

| 28.0MAX 1 .
| % {unit: mm}
T e T i SN e WO s WO s SO0 e WO s S e N i I
. k3
N S
~
w
| U [ S Ry Sy VR [y W R W PO Y N |
@
1 |:_|in INDEX MARK
1 52t0.20
x
z %
% 5
Sl
=
&
o
o.6MAX
MAX
0.65 0° ~15° —j%
2 54:0.25 Seating Plang
® 16 PIN PLASTIC DIP
zg‘gMAx {funit; mm)

T s Y e Ny A s B e M e M |
N

N D N e e
1 pin INDEX MARK

6.7 MAX
7 gMAX

767030

2.54MIN | 5 JMAX

0.gMAX }'|

0°~15°
Seating Plang
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# 18 PIN PLASTIC DIP

24 sMAX {unit: rmm)
| @
i I s I s S o Y e S e I s B i A o {
%
x =
<.
w
N
g i [ A Gy Sy S R S S [ S
@ 1 pin INDEX MARK 7.62:0.30
£—%
= o
] [t}
sy =
w
1 =
=
3
oesMax || o 0.6MAX
B |4 1 o o
25410.25 0"~18
Saating Plans
® 24 PIN PLASTIC DIP
32 3MAX
: S {unit: mmi
imimininininininiaininigl
x
N s
(v
% i
Lél—lL.-JL—lI_JI_.II_II_JLJLJLJL.J
1 pin INDEX MARK
15.24+0.30
Z_ x
=3
5| 2]
=3 -
s}
0.65MAX " z 0.6MAX )Q _
%
+0.2%
2.54 Bl s
Seating Plane

13




m PACKAGING »

® 28 PIN PLASTIC DIP

38 pMAX {unit: mm}
Ql_lr"!l"lr—'!j_—_lj_—l]_—]l—lh'_.l_"_l
x
N 3
=
™
bt
|y P S B O gy ey e e gy e
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U -
2
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» PACKAGING »
& 24 PIN PLASTIC FLAT

16,0103 22102 (unit: mm)

o° ~10°

r035101

4

0.1~0.3
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® 44 PIN PLASTIC FLAT
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0.5+0.08

patdi

)

AL

&
IREEN

O

i
,02“_ 3
9 5:0”3
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o e EEMAARERE T —
== :
= Q
=
[ —
I °
=] b
== ]
= :
=
=

GETR,
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® 20 PIN SQUARE PLCC

{I.Ol"lllt‘ max. mm }
10.030 min. mm
. ‘ 9.780
4.57 9.942
4.20 B8.830
I_ll_lQl_ll‘-l
[ o
P 1 N S
15 (=30
sl - 0 -1
™| oo 8l= O J ole
afer Si° 1 1] y
r-_:n @& M a8 ©

oo/ — 1
@
MM
0.51 1 pin INDEX, MARK

CHR

8.38
7.37
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® 28 PIN SQUARE PLCC

1.277Y®

1.277YP

8.91
10.92

0.33
0.53

—*—Lﬁﬂﬂﬂﬂn
AAAL)

4,57

E

0.51MIN

0.66
s

@
(=]
a
INDEX MARK
10.92
9.91
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® 44 PIN QUAD PLCC

max. mm
min mm

funit =

17.650

_ 059°L1
_ o0F'Ll
_ 5] ®
Opr®
o= 1
2|5 3
w w i M
© J z
2 =
- 1) x
= i ]
@/ O i@/m
@ B0 @
99°0 Z
=
n
o

ok e b b b

16.00

14.99
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& 68 PIN SQUARE PLCC
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funit = R !
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RELIABILITY INFORMATION

1. INTRODUCTION

Semiconductor devices play a leading role in the
explosive progress of semiconductor technology.
They use some of the most advanced design and
manufacturing technology developed to date.
With greater integration, diversity and reliability,
their applications have expanded enormously.
Their use in large scale computers, control
equipment, calculators, electronic games and in
many other fieids has increased at a fast rate.

A failure in electronic banking or telephone
switching equipment, for example, could have far
reaching effecis and can cause incalcuiable
losses. So, the demand, for stable high guality
memory devices is strong.

Wa, at Oki are fully aware of this demand. So we
have adopted a comprehensive guality assuy-
ance system based on the concept of consisten-
cy in deveiopment, manufacturing and sales.
With the increasing demand for improvement in
function, capability and reliability, we will expand
our efforts in the future. Qur quality assurance
systemn and the underlying concepis are outlined
briefy below. )

2. QUALITY ASSURANCE SYSTEM
AND UNDERLYING CONCEPTS

The quality assurance system employed by Oki can
be divided intc four major stages: device planning,
developmental prototype, production prototype, and
mass production, This system is outlined in the fol-
lowing block diagram (Fig. 1).

1) Device planning stage

To manufacture devices that meet market demands
and satisfy customer needs, we carefully consider
functional and failure rate requirements, utilization
form, environment and other conditions. Once we
determine the proper type, material and structure,
we chack the design and manufacturing techniques,
and the line processing capacity. Then we prepare
the development planning and time schedule.

2} Developmental prototype stage

We determine circuits, pattern design, process

settings, assembiy techniques and structural re-

quirements during this stage. At the same time,
we carry out actual prototype reliability testing.

Since device quality is largely determined during

the designing stage, Oki pays careful attention

to quality confirmation during this stage.

This is how we dait:

(1) After completion of circuit design (or pattern
design), personnel from the design, process
fechnology, production technology, installa-
tion technology and reliability departments
get together for a thorough review to ensure

design quality and to anticipate problems
that may occur during mass production.
Past experience and know-how guide these
discussions.

{2) Since many semiconductor memories in-
volve new concepts and employ high level
manufacturing technology, the TEG evalua-
tion test is often used during this stage.
Note: TEG (Test Element Group) refers to

the device group designed tor stabili-
ty evaluation of MOS transistors,
diodes, resistors, capacitors and
other circuit component element
used in LS| memories.

{3) Protolypes are subjected to repeated relia-
bility and other special evaluation tests. In
addition, the stability and capacity of the
manufacturing process are checked.

3) Production prototype stage

During this stage, various tests check the retia-
hility and other special features of the production
prototype at the mass production factory level.
After confirming the guality of a device, we pre-
pare the various standards required for mass
production, and then start production. Although
reliability and other special tests performed on
the production prototype are much the same as
those performed on the developmental prototype,
the personnel, facilities and production site
differ for the two prototypes, necessitating
repeated confirmation tests.

4} Mass production

During the mass production stage, careful
management of purchased materials, parts and
facilities used during the'manufacturing process,
measuring equipment, manufacturing conditions
and environment is necessary to ensure device
quality first stipulated during the designing
stages. The manufacturing process {including in-
spection of the completed device) is followad by
a lot guarantee inspection to check that the
specified quality is maintained under conditions
identical to those under which a customer would
actually use the device. Fhis lot guarantee in-
spection is performed in three different forms as
shown below.

(1) Group A tests: appearance. labels, dimen-
sions and electrical charac-
teristics inspection

{2) Group Btests:check of durability under
thermal and mechanical envi-
ronmental stresses, and
operating {ife characteristics

{3) Group C tests: performad periodically to
check operaticnal life, ete.,
on a fong term basis.

Note: Like the reliability tests, the group B tests

conform to the following standards.
MIL-8TD-883B, JIS C 7022, EIAJ-IC-121
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m RELIABILITY INFORMATION =

taterial I *  Accapiance Inspection

i
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Equipment Conditions
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h [ i
Assembly ;”:rxt&:rnmng
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L

R
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oumms ] 5 S AT
+ Group C Test
Storage
l
Shipping

Figure 2 Manufacturing Process

Devices which pass these lot guarantee inspec-
tions are stored in a warehouse awaiting ship-
ment to customers. Standards are also set up for
handling, storage and transportation during this
period, thereby ensuring quality prior o delivery.
Figure 2 shows the manufacturing flow of the
completed device.

5} At Okl, all devices are subjected to thorough
quality checks. If, by chance, a fallure does
occur after delivery to the customer, defective
devices are processed and the problem rectified
tmmediately to minimize the inconvenience to
the customer in accordance with the following
flowchart.

Failure
regort

Sales

Customer Department

Analysis "
report

investigation

Request for

technical
improvement
Engineering
[—o==——-- —.Q” riment
Report on
' results of —

investigation
& improvement

Assurance
Department

Techmigal
direction

Request for
technical
improvement

Report on
I results of
i investigation L
& impravement
Lo - Manufacturing

Request lor
manutacturing
improvement

Qﬂmem

Figure 3 Failure report process
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3. EXAMPLE OF RELIABILITY TEST
RESULTS

We have outlined the gquality assurance
system and the underlying concepts employed
by Oki. Now, we will give a few examples of the
reliability tests performed during the develop-
mental and production prototype stages. All relia-
bility tests performed by Qki conform to the fol-
lowing standards.

MIL-STD-883B, JIS C 7022, EIAJ-IC-121

Since these reliabikity tests must determine per-
formance under actual working conditions in a
short period of time, they are performed under
severe test conditions. For example, the 125°C
high temperature continuous operation test per-
formed for 1000 hours is equivalent to testing
device life from 2 to 300 years of use at Ta =
40°C.

By repeating these accelerated reliability tests,
device quality is checked and defects analyzed.
The resulting information is extremely useful in
‘improving the manufacturing processes. Some
of the more common defects in LSI elements and
their analysis are described on next page.
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MICROPROCESSOR LIFE TEST RESULTS

2 RELIABILITY INFORMATION a

Fart name MSMBOCESA-2RS MSMB1CS5RS MSMB2C59A-2RS
Function 8 BIT 2048 BIT CMOS PROGRAMMABLE | Relarred
MICROPROCESSOR | STATIC RAM WITH INTERRUPT standarg
. O PORTS & TIMER CONTROLLER
Test Teast Sample| Tast [Failures Sampla] Tast |Failuras) Sampia[ Test |Failures
itamn condition size |hours size |houwrs siza (hours
(pos) | or (es) | & | (pes) | &
Operating Ta=125°C as |2000| O 22 |2000| O g8 |2000| O MIL-
life test Vot = 6V (H) H) ) STD-883C]
METHOD
1006
Tempacatura Ta=85°C 100 |2000] O 25 |2000| O 100 j20007 0
humidity test AH = 85% (H) (H) H)
Yoo m 6Y
Terr!paratura -55¢C=RT=150°C) 100 | 500 0 50 300 o 100 500 0 MIL-STD-
eyeling test |ag min) 1 (30 min) {cy) (v (ey) 8s3c
{5 min) M%‘:o
Pressure Ta=121°C s¢ | 200] o ‘80 | 200| o 80 | 200] o
cooker test AH = 100% H {H) (H)
2 atm
Part name MShMBe0Cas/aals MSMACCHG/BRAIS
Fungction 16 8IT 16 BIT Referred
MICROPROCESSOR | MICROPROCESSOHR | standard
{DYNAMIC VERSION)| {STATIC VERSION}
Test Test Sample| Test [Failures|Sample| Test |Failures
item cendition size fhours size [hours
fpes) | & pcs) | &
Gy 171 cydes
Cperating Ta=125°C 85 | 2000 4} B8 (1000 1] MIL-
life test Veca gy (H) {H} STD-883C
METHOD
1005
Tomperature Ta=B5°C - 100 | 2000 ] 100 11000 o
numidity test FiH = 85% (H} (H
Voo =B8Y
Temperature| — 5geC=RT=1500C; 100 | 500| © 100 | 500{ © |MIL-STD-
eyeling test | (30 min) t {30 min). (cy} (cy} B83C
(5 min) METHOD
1010
Pressure Ta=121°C 50 200 0 50 200 0
caoker test 2RH =100% (H} {H}
atm

27
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MICROPROCESSOR ENVIRONMENTAL TEST RESULTS
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Panl name MSMBOCBSA-2RS MSMA1C55RE MSMBZC59A-2AS
Function B BIT 2048 BIT CMDS PROGRAMMABLE Aaferred
MICROPAOCESSOR | STATIC RAM WITH INTERRUFPT standard
YC PORTS & TIMER CONTROLLER
Test Test Sample | Failures Sample | Failures Sampia | Failures
itam condition size {peE) size {peE) size [pos)
PRE-Bake Bake 22 4] 22 L] 22 ] s
. {125°C, € hrs)
v 260°C 22 0 22 0 22 o MIL-
Soldering 10 SEC STD-883C
Heat Test METHDD
. 2003
kL
- B5*C=RAT=150"C 22 o 22 o 22 a MIL-
Temperature | {30min) {Smin) {30min} STD-883C
Cycting Test 20 cycles METHOD
. 110
b
100°C=0°C 22 0 22 0 22 0 MiL-
Thermat (5mim)  (Srmin} STD-883C
Shack 10 cycles METHQD
Test 1011
Lead Tensiie S00 g 10SEC ML~
Integrity 14 4] 1 0 1 ¢ 3TD8a3C
i 250 g 90° BEND METHOD
Bending 3 TIMES 2004
230°C 5 SEC 22 [\ 22 =} 22 0 MIL
Solderabilit STDBBIC
¥ METHDD
2003
Part nama M3MBOCSE/E8US MSMBOCEGABEAIS
Function 16 BIT 18 BIT Referred
MICROPROCESSOR | MICROPAQCESSOR | Stendar
(DYNAMIC VERSION)| (STATIC VERSION}
Test Test Sample | Failures | Sample | Failures
itgrn condition size (pcs} size {pcs)
Bake —
g | PREBake  Liy250C, 6 i)
= ¥
‘E Soldering Vapar Phase Reflow
) Heat Test (2182 2%C 80 + . - Onac}
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4. SEMICONDUCTOR MEMORY
FAILURES

The life-span characteristics of semiconductor
elements in general {not only semiconductor IC
devices} is described by the curve shown in the
diagram below. Although semiconductor
memory failures are similar to those of aordinary
integrated circuits, the degree of integration
{miniaturization), manufacturing complexity and
other circuit element factors influence their inci-
dence. '

Semi fuctor El Failura Rate Curve

1 Inlitial SHIPPING Wear-out
- failure Random failure
H failure

=1y

© m>1
5 '
3 Generaj J

electronic

i —+ Time
Semiconductor
elemants

—_——
Debugging by burn-in
screening

1) Surge Destruction

This is destruction of the input/output stage cir-
cuits by external surge currents or static elec-
tricity. The accompanying photograph shows a
point of contact between aluminum and poly-
silicon that has been dissolved by a surge cur-
rent. A hole has formed in the substrate silicon,
leading to a short circuit. This kind of failure is
traceabte in aboul 30% of defective devices re-
turned to the manufacturer. Despite miniaturiza-
tion of semiconductor memory component ele-
ments {(which means the elements themselves
are less resistant), these failures usually occur
during assembly and other handling operations.
At Cki, all devices are subjected to static elec-
tricity intensity tests (under simulated operation-

En

Example of surge dastruction

al conditions) in the development stage to '
reduce this type of failure. In addition to checking
endurance against surge currents, special pro-
tective circuits are incorporated in the input and
output sections.

A Tl P input section
Aluminum H‘Z’?Z_i/_yfﬂéf/(

Wirg I Poly Si
Destruction
position

2) Oxide Film Insulation Destruction {Pin Holes)

Unlike surge destruction, this kind of failure
is caused by manufacturing defects. Local wea-
kened sections are ruptured when subjected to
external eiectrical stress. Although this problem
is accentuated by the miniaturization of circuit
elements, it can be resolved by maintaining an
ultra-clean manufacturing envirooment and
through 100% burn-in screening.

3) Surface Deterioration due to lonic impusities
UUnder some temperature and electric field condi-.
tions, charged ionic impurities moving within the
oxide film praviously resulted in occasional dete-
rioration of silicon surfaces. This problem bhas
been eliminated by new surface stabilization
techniques.

4) Photolithographic Defects

Integrated circuits are formed by repeated pho-
tographic etching processes. Dust and
scratches on the mask {which corresponds to a
photographic negative) can cause catastrophic
defects. At present, component glements have
peen reduced in size to the order of 10 cm
through miniaturization. However, the size of
dust and scratches stays the same. At Oki, a
high degree of automation, minimizing human in-
tervention in the process, and unparalleled
cleanliness, solves this problem.

: U3
Photolithographic Defect
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5) Aluminum Corrosion

Aluminum corrosion is due to efectrolytic reac-
tions caused by the presence of water and
minute impurities. When aluminum dissolves,
lines break. This problem is unique to the plastic
capsules now used widely to reduce costs. Oki
has carefully studied the possible cause and
effect retationship between structure and manu-
facturing conditions on the one hand, and the
generation of aluminum corrasion on the other.
Refinements incorporated in Oki LSIs parmit su-
perior endurance to even the most severe high
humidity conditions.

&) Alpha-Particle Soft Failure

This groblem occurs when devices are highly
mirdaturized, such as in 1 megabit RAMs. The in-
version of memory cell data by alpha-particle
generated by radio-active elements like uranium
and thorium (present in minute quantitiss, mea-
sured in ppb) in the ceramic package material
causes defects. Since failure is only temporary
and normal operation restored quickly, this is
referred to as a “soft” failure. At Oki we have
eliminated the problem by coating the chip sur-
face of 1 megabit RAMs with a resin which sffec-
tively screens out these alpha-particles.

Package ceramic

Y sy over

Silicon oxide
film

Substrate silicon

lanization along
the a-particle path

7) Degradation in Performance Characteristics
Due to Hot Etectrons

With increased miniaturization of circult ele-
ments, internal electric field strength in the chan-
nels increases since the applied voltage remains
the same at 5V. As a result, electrons flowing in
the channeis, as shown in the accompanying dia-
gram, tend o enter into the oxide film near the
drain, leading to degradation of performance. Al-
though previous low-temperature operation tests
have.indicated an increase of this failure, we
have confirmed by our low-temperature acceler-
ation tests, including checks on test element
groups, that no such probiem exists in Oki LSIs.

Drain
+Vpn
W | I
1
Gate 1
Source Hot electrons

Substrate silicon

Characteristic deterioration caused
by hot electrons

With further progress in the miniaturization of cir-
cuit components, failures related to pin hole
oxide film destruction and phototithography have
increased. To eliminate these defacts during
manufacturing, Oki has been continually improv-
ing its production processes based on reliability
tests and information gained from the field. And
we subjact all devices to high-temperature burn-
in screening for 48 to 96 hours to ensure even
greater reliability,
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OKIXI semiconductor

MSM80C85A RS/GS/JS

8-8IT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSMBOCE5A is a complets B-bit paraliel cantral procassor implemented in silicon gate C-MQS technology.
It is designed with the same processing speed and lower power consumption compared with MSMBOB5A, thereby

affering a high level of systam integration.

The MSMBOCA5A uses a muitiplexed sddress/data bus. The address is split between the 8-bit address bus and
the 8-bit dara bus. The on-chip address latehes of MSME1C55/MSMAICES memory products allow a direct interface

with the MSMB0CASA.

FEATURES

* Low Power Digsipation; 50 mW Typ

# Singla +4 10 +8 V Power Supply

® 40 to +85°C, Qperating Temperature

& 1.3 Instruction Cycle

# On-Chip Clock Ganerator [with External Crystal)

« On-Chip System Controller; Advanced Cycle Status
Infarmation Available for Large Systemn Control

« TTL Compatible

FUNCTIONAL BLOCK DIAGRAM

# Four Vectored Interrupt Inputs {One is non-maskablal
Plus the 8080 A-compatibie interrupt.

# Serial In/Sarial Out Part

» Decimal, Binary and Double Precision Arithrmetic

* Addrassing Capabitity to 64K Bytes of Memory

# 40-pin Plastic DIP {MSMBOCBSARS)

# 44-pin Plastic Flat Package (MSMB0CBSAGS)

# 44.pin PLCC Package (MSMB0CB5ALS) -

INT&  RETES

INTA § RSTSE | RSTZS

INTERRUPT CONTROL

TRAF
S50 500

SERIAL 1
CONTROL

i

B-BIT WWTEANAL
DATA BUS

ACCUMULATOR REG!
Bt ] lTEMF REG ua]J
FLAG [5)
FLIP FLOPS
INSTRULFION B REG (B} CREG (8}
» DECADER
BAITHMETIC AND O AES 18] E REG ig)
LOGIC MALHIME
UnEY CYCLE H RES 8 L AEG {B}
ALk {8 AEGISTER
STACK POINTER (18} ARAAY
Pevvir [ e +BW PROGRAM COUNTER (18}
—-— i N !
Swoply aRe DECREMENTE R
T k1
\,i
TIMHG AND CONTAROL
Sy —C L RESET ADDAERS DATA/ADDRESS
My —={GEN CONTROL  STaTUS  DMA —t— BUFFER (B BUFFER 18]

biibil

READY HOLD

o |omddibef | 0 y

RESET IN

ouT

Agy=hy Alz=ADy
ADDAESG BuS ADDHESS?IDAT& BUS
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PIN CONFIGURATION

% [1] ~ 301 v
MSMBOCESARS (Top Viaw) x4 ] [[@ HoLo
40 Lead Plastic DIP RESET QUT [F] (T8 HLDA
500 {] (53] CLK 10UT)
510 [ [36] RESET 1M
ThAP [§] (18] READY
RST7 5 [7] [33) 10:8
HsT6.5 [F] 33 51
RsT5 5 [F] %2 RO
INTR [0 G
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an, (2| N
ap, [ E Aya
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MSMBOCB5A FUNCTIONAL PIN DEFINITION

The following describet the function of each pin:

{input/Qutput)
Jstate

Symbol - Function
Ag—Ayg Address Bus: The maost significant 8-bits of the memory sddress or the B-bits of the 1/0
{Qutput, 3-5tate} address, 3.stared during Hold and Halt modes and during RESET.
ADg—-ADy Multipiexed Address/Data Bue: Lower 8-bits of the memory address lor 1/0 sddrest}

sppear on the bus during the first tlotk cycle | T statel of a machine cycle. ke then
becomas the data bus during the second and third clock cycles.

1Output, 3-stntell

ALE Addrets Latch Ensble: 1t occurs during the first clock staie of 8 machine cycle and enables
(Output) the address to get latched into the on-chip lateh of peripharals. The felling edge of ALE
is set to guarantes setup and hotd times for the addrass information. The fatling edge
of ALE can glio be used to strobe the status information. ALE is never 3-stated.
Sp. 51, 10/M Machine cycle status: _ -
[Qutput} 10/M 5, Sg States 10/ 5y Sy States
G 0 1 Memory write 1 1 1 Interrupt Acknowledge
0 1 0 Memoryraad + 0 0 Halt -=3state
1 0 1 I{Owrite % x Hoid - Ihigh impedance]
¥ 1 0 1fOread . % x  Resst x = unspacified
0 1 1 Opcode fetch )
5; can be used a5 an advenced R/W status. 1D/M, Sg and S; become valid at the beginning
of a machine cycle and remain stable throughout the cyclte. The falling edge of ALE may
be usad 1o latch the state of these lines.
RD READ control: A low level on AD indi the selected y or 1/C devics is 1o be

read and that the Oata Bus is awailable for tha data wrarsfer, 3-stated during Hold and Halt
modes snd during RESET.

wR
{Output, J-state)

WRITE contral: A low level on WR indicates the data on the Data Bus is to be written
into the salectad memory or 1/0 location, Date is sat up at the treiling sdge of WR,
J-stated during Hold and Halt modes and during RESET,

READY 1f READY is high during a read or write cycle, it indicates that the memory or peripheral

(Input} is ready to send or receive data, If READY is low, the cpu wilt wait an integral number
of clock cycles far AEADY 1o go high before completing the read or write cycle. READY

L. must conform to spacified setup and hold times.

HOLD HOLD indicates that another master is requesting the use of the address and data buses.

{Input) The cpu, upan receiving the hold requast, will relinquish the use of the bus as soon as the
completion of the current bus transfer. Internal processing can continue. The processar
can regsin the bus only after the HOLD is removed. When the HOLD is acknowladqed
the Address, Data, RD, WR, and 10/M lines are Jstated.

Hi. DA HOLD ACKNOWLEDGE: Indicates that the ¢pu has received the HOL D request and

[Outputl that it will relinguish the bus in the next clock cycle. HLDA goes low after the Hold
request is removed. The cpu takes the bus one half clock cycle after HLDA goes low.

INTR INTERRUPT REQUEST: s used as a general purpose interrupt. 11 is sampled anly during

{Input} the next to the last clock cycle of an instruction and during Hold and Halt states. If it is
active, the Program Counter {PC) will be inhibited from incramenting and an INTA will be
issued. During this cycle 8 RESTART or CALL instruction can be inserted (o jump to the
interrupe service routine. The INTR is enabled and disabled by software. |t is disabled by
Reset and immediately after an interrupt is accepted.

INT A INTERRUPT ACKNDWLEDGE: Is used instead of {and has the same timing as) RD

{Output) during the instruction cycle after an INTR is acceptad.

R5T 5.5 RESTART INTERRUPTS: Thase thrée inputs have the same timing as INTR axcept they

RSTH5 ~ causa an internal HESTART to be automatically inserted.

RET 7.5 The priority of these interrupts is ordered as shawn in Table 1. These interrupts have a

{input} higher priority than INTR. in addition, they may be individually masked cut using the
SIM instruction.

TRAP Trap interrupt is 3 nonmaskable RESTART interrupt. H is recognized at the same timing

{Inpyt] s INTR or R5T 5.5-7.5, It is unatfected by any mask or Interrupt Disable. It has the

highast priority of any intercupt. (See Table 1.) K
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Symbol Function
RESET IN Sats the Program Counter to zero and resets the interrupt Enable and HLDA flip-Tlops.
{Input) The data and acddress buses and the conteol lings are 3 stoted cduring RESET and because
of the asyrichronous nature of RESET, tha processor's internal registers and flags may be
sltered by RESET with unpredictable rgsults. RESET N is a Schmitt-triggered input,
stlowing connection to an R-C network for power-on RESET delay. The cpu is hatd in
the reset condition as long as RESET [N s applied.
RESET QUT Indicates cpu is being reset. Can be used as a system resat. The signal is synchronized to
{Dutput) the processor clock and lasts an integral number of clock periads.
Xy, Xg Xy and X3 arg connected to a crystal to drive the internal clock generator. X; can also
{Input) be an external clock input fram a logic gate. Tha input frequency is divided by 2 to give
the processor’s internal operating frequency,
CLK Clock Qutput for use as a systam clock. The period of CLK is twice the X, X3 input
{Qutput) pariod.
51D Serial input data line. The data on this line is lpaded into accumuiator bit 7 whanavear
[Input} a RIM instruction is exscuted, .
S00D Serial output data fine. The output SOD is sét or reset as specified by the SIM instruction.
{Output)
Vee +5 volt supply.
GND Ground Reference.
Tabla 1 Interrupt Priority. Restart Address, and Sensitivity
o Address Branched To (1) .
N P : T T
A rigrity When Interrupt O Scurs ypu Trigger
TRAP 1 24H Rmnlg gdge and high level until
RST 7.5 2 3CH Rising edge (lstched).
RST 6.5 3 34H High lsvel until sampled.
AST 55 a 2CH High level until sampied,
INTR 5 {2} High leavel until serpiad,

Notes: (1) The processor pushes the PC on the stack before branching to the indicated address.
{2} The address branched to depends on the instruction provided to the cpu when the interrupt is ac-
knowledged.
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FUNCTIONAL DESCRIPTION

The MSMBOCBSA is a complets B-bit parallel
cantral or, It is detigned with silicon gate
C-MOS5 technology and requires a single +5 volt supply.
its basic clock spesd is 3MHz, thus improving on the
presant 8080A°s performance with higher system speed.
Also it is designed 1o fit inte a minimum system of three
IC's: The cpu {MSMBOCSSA), a RAM/ID {MSMB1C55),
and a ROM/IO chip (MSMBACSE). '

The MSMSOCESA. has twelve addressable S-bit

registert, Four of them can function only as two 16-bit )

register pairs. Six othars can be uted interchangeably
s B-bit registers or a 16-bit register pairs. The MSM-
BOCEEA ragister st is s follows:

expcution of RESTART (saving the program counter’
in the stack and branching o the RESTART address)
if tha interrupts are enabled and if the interrupt mask is
not sat, The nonmasksble TRAP causes the intarnal
exscution of a RESTART wctor incependent of the
stata of the interrupt enabis or masks., {Ses Tabis 1.}

Thers are two differant types of inputt in the
restart interrupts. RST 55 end RST 6.5 are high
leval sengitive like INTR {and INT on the 3080A) and
are recognized with the same timing as INTR. RST 7.5
is rising edga-sensitive.

For RST 7.5, only a pulse is raquired to set an
intarnal flip-flop which generates the internel interrupt
requast. The RST 7.5 request flip-flop remains set untll
the raquest is mrvicad. Then it is raset automatically,
Thia flip-flop may also be resat by using the SIM instruc-
tion or by jssuing 8 RESET IN to the MSMBOCBSA.
The RST 7.5 internal flip-flop will be et by a pulm on
tha RST 7.5 pin even whan the RST 7.5 interrupt |s

Mr i Reyi: Contents
ACCor A A M B-bits
PC Program Counter | 16-bit address )
BC, DE, HL | General-Purpote |8.bit x 6 or
Registers; 16-bitx x 3
data pointer (HL)
8P Stack Pointer 16-bit address
Flags or F | Flag Register 5 flags (8-bit space)

The MSMBOCS5A uses a multiplexed Data Bus,
The addrest is split batween tha higher S-bit Addrest
Bus and the lower B-bit Address/Data Bus. During

the first T state {clock cycle) of a machine cycle the iow

order asddress is sent out on the Address/Data Bus,
Thess lower Bbitt may be latched axternally by the
Addrats Latch Enable signal {ALE}. During the rest of
the machine cycle the data bus is used for memory or
1/0 data, R

The MSMBOCB5A provides RD, WR, Sqg, S and
10/ signals for bus control. An Interrupt Acknow-
ledge signal {INTA) is also provided, Hold and all
Interrupts are synchronized with the processar’s internal
clack, The MSMB0CHSA also provides Serial Input Data
{SID} and Serial Output Data (SOD) lines for a simple
seorial interface. .

Iln addition to these fi , the MSMBDCEEA has
three maskable, vector interrupt pins and ona nonmask-
able TRAF intarrupt.

INTERRUPT AND SERIAL 1/0

The MSMEBDCA5A has 5 interrupt inputs: INTR,
RST 8.5, RST 8.5, AST 7.5, and TRAP, INTR is identi-
cal in functi~r ro the B0BOA INT. Esch of the three
RESTARAT inputs, 55, 85, and 7.5, has 8 program-
mable mask, TRAP is also a RESTART intarrupt but
it is nonmaskatxle.

The three matkabla intarrupts cause the internal

d out,

The interrupts are arranged in a fixed priority that
determinegs which intarrupt it to be racognized if more
than one is pending as follows: TRAP—highest priority,
RSY 7.5, RST 65, RST 5.5, INTR—lowest priority.
This priority schems doss not take into account the
priarity of a routing thar was stariad by a highar priari-
ty interrupr. RST 5.5 can interrupt an RST 7.5 routine
if the intgrrupts are resnsbled before the end of the
RST 7.5 routine.

The THRAP interrupt is useful for catsstrophic
evants such o4 power failure or bus srror. The TRAP
input is recognized just as any other interrupt but haes
the highest priority. It is not affected by any fleg or
mesk. The TRAP input is both adge and level snsitive.
The THAP input must go high snd remain high until
it it acknowdsdged. |kt will not be recognized apain
untii it goes low, then high again. This avoids any false
triggering dus to noise or logic glitches. Figura 3 illus-
trates the TRAP intervupt request circuitry within the
MSMBOCBSA. Mote that the servicing of any interrupt
{TRAP, RST 7.5, R5T 6.5, RST 5.5, INTRI disablas alt
future interrupts taxcapt TRAPs} until an E1 instruction
is wxeeutad,

The TRAP interrupt is special in that it disables
intevrupts, but preserves the previous intesrupt snable
status. Performing the first RIM instruction following
a TRAP interrupt allows you to determine whather
interrupts wares snabled or disabled prior to the TRAP,
Al subsequent RIM instructions provide current’intey.
rupt enable status. Performing a RIM instruction fol
lowing INTR or RST 55-1.5 will provide current
interrupt Enable status, revealing that interrupts are
disabled.

The sarisl 1/0 system is also controfed by the RIM
and SIM instructions. SID is read by RIM, and SiM
w13 the SOD data,

s CPU-MSMBOCB5ARS/GS/JS n
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EXTERMAL
TRAP
INTERRUPT

AEAUEST {TRAP

r—— INSIDE THE MSMBOCB54 -

RESET IN

0 CLK REQUEST
Q =
)
FiF
CLEAR .
INTERNAL  THAPF.F
[ TRAP
ACKNOWLEDGE

' TRAP
:D INTERRUPT

Figure 3 Trap and RESET IN Clecuit

DRIVING THE X, and X, INPUTS

You may drive the clock inputs of the MSMBOC-
H5A. with a crystal, or an external clock source. The
driving fraquency rmust be at least 1 MHz, and rmust be
twice the desired internal clock frequency; hence, the
MSMB0CS8EA is operated with a & MHz cyrstal (for
3 MHz clock), If a crystal is used, it must have the fol-
lowing charactaristics:

Parallel resonance at twice the clock frequency

desired

C|_ {load capacitancal < 30 pF

{shunt capacitance) < 7 pF
Ag {equivalent shunt registance) < 75 ohms

Driva bavel: 10 mW

Frequency tolerance: 1 005% {suggested)

" Mote the use of the capacitors batween X1, X and
ground. These capacitors are required 1o assure oscilla-
tor startup at the carrect fraquancy,

Figure 4 shows ths recommended clock driver
cErcuits, Note in B that a pullup resistor is required to
agsure that the high level voltage of the input is at least
av.

For driving frequencier up to and including & MHz
you may supply the driving signal to Xy and leave X3
open-circuited {Figurs 48}, To prevent slf-oscillation
of tha MSMBDCSSA, be sure that X; is not coupled
back to X through the driving circuit.

A.  CQubsrtz Crystal Clock Driver

- i
— L
Cy 1 :
FCINT
I
X3 !
———— - -
- Cs 4 N —

100pF Capacitor raquired for crystal frequency < 4MHz.
B50pF Capacitar required for crystat frequency = 4 MHz,

B. 1—6 MHz Input Frequency External Clock
Drive Circuit
VIH > 08Vco
High time > &0ns

Low tirme > 60ns

* X4 Laft floating

Figure 4 Clook Driver Clrouin



BASIC SYSTEM TIMING

: The MSMBOCEBA has a multiplexsd Dats Bus.
ALE is used 85 a strobe to sample the lower 8-hits of
address on the Data Bus. Figure 5 shows an instruction
fetch, mamory read and 1/O write cycle {as would ocour
during processing of the OUT instruction). Note that
during the 1/Q write and read cycle thar the 1/O port
address is copied on both the upper and lower half of
the address,

There are seven possible types of machine cycles.
Which of these seven takes place is defined by the
status of the three status lines {IQ/M, 5;, Sg) and the

m CPU MSMBOCB85ARS/GS/JS a

thrae control signals (RO, WR, and INTA}, (See Tabls
2.} The status line con be used as advanced controls
tfor devics salection, for examplel, since they become
active at the T, state, st the outsst of esch machine
‘gycle. Control lines RD and WR become active latar,
at the time when the transfer of data is 10 take place,
s0 are used as command lines.

A machine cycle normally consists of three T
states, with the axception of OPCODE FETCH , which
normatly has aither four or six T states (unbess WAIT
or HOLD states are forced by the receipt of READY
or HOLD inputst. Any T state must be one of ten
powsibla statas, shown in Table 3.

Tohle 2 MSMOOCSEA Machine Cycls Chart

Status Comirol
Machine Cycle p — — ppe—
10/M 5 Sp RD WR INTA
Opcoda Fetch {OF) 0 1 1 0 1 1
Memory Read MR} ] 1 o] ] 1
Memory Write MW} ] ] t 1 1] 1
1/0 Raad {10R) 1 1 Q 0 1 1
1/0 Write {1aw} 1 0 1 1 o 1
Acknowledge of INTR {INA} 1 1 1 1 0
Bus Idls {el}:DAD aQ 1 ] 1 1 1
AST, TRAP
HALT 1 1 1 1 1 1
TS 0 o . TS TS 1
Table 3 MSMBOCESA Machine Stete Chart
Status & Buses Control
Machine Statg — pr— ——
5|.So 10/M As——ﬁu ﬁDo-AD'; RD. WR INTA ALE
LE X x X X 1 1 149
Ts X X X X x x
TWAIT - X X x X x X 0
T X X X x X X o
Ts 1 o {2} x Lt 1 1 0
Ty 1 o (2 X TS 1 1 [
Ts . 1 o {2 x Ts 1 1 0
TRESET X TS T8 TS TS 1 0
THALT 4] Ts TS TS TS 1 a
THOLD X TS TS T8 TS 1 0
0 = Logic "0"
1 = Logic "1"

TS = High Impedance
X = Unspecified

Notet: (1} ALE not generated during 2nd and 3rd machine cycles of DAD instruction.

{20 10/M= 1 during T4~T4 of INA machine cycle.

41




m CPU-MSMB80CSB5ARS/GS/JS m

M:[ M: M3

oLK T Tof \Taf \Taf AT/ \T2 Taf AT \Taf \T:2 \:/_'
Ag~A FCH ) 10 PORT
L HIGH ORDER ADDRESS PC+ 1y
' - F LI
ILOW ORLER
ADDRESS)  DATA FROM D bamr ooRess | SATaROmMEMORY

EMORY
{INSTRUCTIONI

ALE /—\
— T —
10/M __\ ' /_ \

STATUS x §,So (FETCH) X 10 (READ) X 0t WRITE X 11

A

H >

Figure 6 MSMBOCE5A Basic System Timing

Table 4 Abwolute Maximum Ratings

Ambient Temperature under Bias . . . . . v v v v vt e e e e e e -40°C to + BE°C
Storaps TOMPBrEILIIS . . . . . . . . . it e it s e ek a e e e -56"C to + 150°C
Supply Voltage Respect to Ground . . . .. oot o i it m e e c et iaas P 0.3V to + 7.0V
Input Voltage Retpect to Ground . . . . . . 0t ittt it i e e e e -0,3V to Voo + 0.3V
Powsr Dissipetion

........................................... 1.0 Watt (DIP]-
. 0.7 Watt (FLAT)
1.0 Watt {PLCC)

Note: Stresses above those listad under “Absolute Maximum Ratings” may cause pearmanant damage to the device.
Thiz is a stre3s rating only and functionsl operation of the device at these or any other conditions above those
tndicated in the oparational sections of this apecification is not Implisd, Exposure to sbeolute maximum rating
conditions for axtencied periods may sffect device reliability,
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D.C. CHARACTERISTICS
{Ta =-40°C to + 85°C; Voo = 5V £10%: unless otherwise specified}

u CPU-MSMBOCBSARS/GS/JS =

Parameter Symbol Min, Typ. Max, Units Test Conditions

input Low Voltage VL ~0.3 +0.B v

Input High Voltage ViH 22 Voo +0.3 v

Qutput Low Voltage VoL 045 v gL = 2mA

Qutput High Voltage VOH 24 v lon = ~900uA

4.2 W lgH = «40pA

Input Leak i |- 10 gA | VL VINEVee

OQutput Laak Itp |-10 10 s OV < Voyurt < Voo

input Low Lavel, RESET | Vy g | -03 +H.8 v

Input High Level, RESET .| V4R 3.0 Voo + 0.3 v

Hysteresis, RESET VHY 0.25 v

RIS
Power Supply Currant lee Veg =475V 0 5.25V Retet
0 17 mA Ta = 0°C 1o +85°C SEEH;F
Power Supply Voltage Voo 4 [ [ v
ALC. CHARACTERISTICS
{Ta = -40°C 1o B5°C; Vg = 5V $10%)
Parametar Symbol BocasA Units
Min, Max.

CLK Cycle Period 1Yo 320 2000 ns
CLK Low Time 1§ 80 ns
CLK High Time 12 120 ns
CLK Rise and Fall Time tr, tF 30 "
X, Rising to CLK Rising IXKR 30 120 ns
¥, Rising to CLK Falling tXKF 30 160 ns
Ag~ 15 Valid to Leading Edge of Control (1) tAC 270 ns
Ay~ Walid to Leading Edge of Control taACL 240 ' s
Ag-.15 Valid to Valid Data In tAD 5756 ns
Addrass Float After Laading Edge of RD [INTA} tAFR ) m
Ag-~1s Valid Befors Trailing Edge of ALE(1) AL 115 ns
Ag~q Valid Before Trailing Edge of ALE tal L 90 ns
READY Valid from Address Valid tARY 220 ns
Address {Ag--A,y5) Valid After Control tea, 120 ns
Width of Controt Low (RO, WR, TNTA) e 400 ns
Trailing Edge of Cantrol to Leading Ecge of ALE oL 50 ns
Data Valid to Trailing Edge of WR W 420 ns
HLDA 1o Bus Enable tHABE 210 ns
Bus Float After HLDA tHABF 210 ns
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A.C. CHARACTERISTICS {cont'd)

Parameter Symbol 8acesA Units
Min. Max,

HLDA Valid to Trailing Edge of CLK THACK 110 ns
HOLD Hotd Tima tHOH Q ny
HOLD Setup Time 1o Trailing Edge of CLK tHDS 170 ns
INTR Hoid Time tINMH 0 n$
INTR, RST, and TRAP Setup Time ta Falling Edpe tINS

of CLK 160 ns
Addrass Hold Time After ALE LW Y 100 ns
Trailing Edge of ALE to Leading Edge of Control e 130 ns
ALE Low During CLK High ' I.CK 100 ns
ALE to Valid Data During Read tLDR 460 ns
ALE 1o Valid Data During Write t.DW 200 ns
ALE Width 0L 140 ns
ALE to READY Stable LRY 10 ns
Tralling Edge of RDto Re-Ensbling of Address tRAE 150 ne
RD {or TNTA) to Valid Dats AD 300 ns
Control Traiting Edge to Leading Edge of Next Control thvy 400 ns
Data Hold Tima After RD INTA {7 tRDH 0 nt
READY Hold Time tRYH 0 ns
READY Setup Time to Leading Edge of CLK HYS 110 ns
Data Valid After Trailing Edge of WR wo 100 n§
LEADING Edge of WH to Data Valid WL 40 ne

Notes: (1) Ag—A;s address Specs apply to 10/M, Sg, and 5, axcept Ag—A s ars undefined during T4~ Tg of OF
cycle whereat 10/M, Sg, and 5, are stabls.
(2] Test conditions: toyc = 320ns C = 150pF
{3) For all sutput timing where Ci_ = 150pF uta the following correction factors:
26pF £ €y < 150pF: —0.10ns/pF
150pF < C| < 200pF: +0.30ne/pF
(4] Output timings are measured with purely capacitive load.
(51 Al timings are measured at cutput voltage WV = 0.8V, Viy = 2.2V, and 1.5V with 10ns rise and fall time
N inputs.
(8] To calculate timing spacifications at other values of txyC use Table 7.
{71 Data hold time is guarantessd undar all |oading conditions.

Input Wewsform for A.C. Testy:

2.4

22 o7 22
0.8~ POINTS ™08
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Tsble 7 Rus Timing Specification ss 3 Toyc Dependant

MSMB0OCB5A
AL - (1/2)T — 45 MIN
LI - (YT - 60 MIN
I - (V2T - 20 MIN
tLeK - (H2T — 80 MIN
e - (/2T - 30 MIN
a0 - {5/2 + N)T — 225 Max
tAD - {3/2+ NIT — 180 MAX
tRAE - (H2iT - 10 MiN
ca - (/2T — 40 MIN
oW - 13/2+ N}T — 6O MIN
WD - 12T - 8O MIN
teo - {3/2 + NIT - 80 MIN
oL - 12T —= 110 MIN
tARY - (3t HT — 260 MAX
THACK - (12T - B0 MEN
tHABF - (/21T + 60O MAX
tHABE - (12T + 50 MAX
tac - (2/2)T - 50 MIN
ty - 13/2}T -~ 80 MIN
ta - 11217 - 40 MIN
tRv - {327 - 80 MIN
ILDOR - [2+NIT - 180 MA X

Note: N is aqual to the total WAIT states.
T=1wcye

tr 1§
— 'r. tg
CLK k
OuUTPUT f

IXKR i —

tXKF

Figure 8 Clock Timing Waveform
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READ OPERATION

T Ts Ty T
o m
L twex iy
Ag~Ass ” ADDRESS X
. [t AE -
'AB -—i tRDH—= |=a—
4
Abg~AD ADDRESS DATA IN|, B
-t L m—-1] A
tAF R~ . .
ALE LOR cL-jf_
[t et g
[ — W t o |
RDANTA P \ cc x
-———tAc-—-—-—--

ﬂ WRITE QOPERATION

T T2 Ts T

CLK
, |--t LCK:
Ag ~A 15 ADDRESS .
}—— tLow—e={ i‘* ca
ADg~ADy A.DDRESS ’ DATA QUT
STHR .-.-tL;\--I tow —tWD
ALE WDL
taL
tcc
__ N r
wR N b4 ._I
———mI f—--tCL
1 A ———
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Read operation with Wait Cycle {Typicall—
same READY timing applies to WRITE operation
T1 Ty Twait Ty Ty
o\ N NV S
LCK u .
. icas
Ag~Ags y ADDRESS ll:ﬂ
tAD - tnDH.--t,.ﬂﬁE-
] ™y
ADg~AD
1] T X ADDRESS‘ } LD.|I\Tﬁ iN )
t-iltLL- b A, —ae oL
1 e ad —
ALE /f el tLDR
tal R i o
tRD
RO/INTA e 17
[-tCL -~ \: i j
pt— | - bl
o tAC—=R tRYStRYH
fr——TARY ,
HEADY \ / o
Note: READY must remain stable during seatup and hold times.

Figure 7 MSMB0CES5A Bua Timing, With end Without Walt

HOLD OPERATION

Ty THOLD THOLD Ty

“«N_ /N /N
HOLD ___/ DS

‘ : ™ {r
tHDH-w= ‘
HLDA '
HABF —

{ADDRESS tHABE
BUS CONTROLS!

S

-

Figure 8 MSMSOCS5A Hold Timing
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T ry

INTR /71/f

NS

Note: {1)

10/M is alse floating during this time,

Ty Ty Ta Ts Te THoLD T Tz
RVAVAVE VA
b
Ag~18 ) "
CALL
=/ BUS FLOATING {1}
ALE_/_\ / \
RD \
INTATJ \
THABE
tiNH i "
HOLD ﬁ N/ "\
AR
tHps “HDH :'\
HLDA |
THABF S
tHACK
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Tabls 8 Instruction Set Summary

m CPU-MSMBOCS85ARS/GS/JS m

Instructiun Code (1}

Clock {2}

Mnemonic Dascription Dy Ds Ds Ds D3 'D; b, o Cyclus
MOVE, LOAD, AND STORE
MOVt r2 Move register to register Qo 1 D DD 5 § 8§ 4
MOV Mr Mowve register 10 memaory g . 1 1 ¢ § 5 -5 7
MOV M Move memory Lo register o 1 b oD 1 1 0O 7
MVIr Move immediate register o o o D D 1 1 [v] 7
MVEM Mowve immadiata memaory LV | 1 o 1 1 0 10
LXIB Load immediate registar Pair B & C 9 ¢ 0o 0 0 o O 1 10
LX1D Load immediate register Pair O & E 0 0 o 1 a o o 1 10
LXIH Load immediate register Pair M & L a o0 1 a o o 0 1 10
LXISP Load immediate stack poi 0o o 1 o o @0 1 10
STAX B Stom A indirect 0O 0 0o 0 0 o 1 O 7
STAX D Store A indiract 0O ¢ ¢ v 0 0 1 0 7
LDAX & Load A indiract 0 o o 0 1 [¢] ! a 7
LDAX D Load A indiract o o 1] 1 1 4] 1 ] 7
STA Store A direct 0o o f 10 0 1t o 13
LDA Load A direct o o 1 1 1 4] 1 h] 13
SHLD Store H & L direct 1} 0 1 0 0 1] 1 1] 16
LHLD Load H & L diract a 4] 1 0 1 ] 1 0 16
XCHG Exchange O & E H & L registers 1 1 1 0 1 0 1 1 4
STACK OPS
PUSH B Push register Pair B & C on stack 1 1 0 0 0 1 0O 12
PUSH D Push register Pair D & £ on stack 1 ] o 0 1 0 12
PUSHH Push register Pair H & L on stack | 1T 1 o o 1 0 1 12
PUSH PSW Push A and Flags on stack 1 1 1 1 o 1 ] 1 12
FOP B Pop ragister Pair B & C off stack 1 10 0 0o 0 0O 1 10
FOP O Pop registar Pair D & E off stack 1 1 0 1 0 0 0 1 10
POPH Pop register Pair H & L off stack t 1 i 0 0 0 0 1 10
POP PEW Pop A and Flags off stack 1 1 1 1 1] a a 1 10
XTHL Exchangs top of stack H & L 1 1 b+ T + TR« B | 1 16
SPHL H & L 1o stack pointer 1 1 1 1 1 a 0 1 ]
JUMP
JMP Jump unconditional 1 1 a o 0o -0 1 1 10
Jc Jump on carry t 1 0 1 1 0 1 ] o
JNC Jump on no carry ] 1 0 1 o 0 1 0 Fali]
Jz Jump on zero 1t 17 o ¢ 1+ 0 1 QO 7110
JNZ Jump on na zero 1t 1 0 ¢ O o 1 0 7/10
JP Jump on positive ] 1 1 10 0 1 0 7110
JM Jump on minus 1 1 1 1 T 0 10 7/t0
JPE Jump on parity even Tt 1 1 0 1 0 1 0 710
JRO Jump on parity odd 11 1T 0 0 o 10 7410
PCHL H & L to program counter 1 1 10 1 0 0o <]
CALL -
CALL Call unconditional 1 1 [ I | 1 0 1 18
[ s Call on carry 1 1 o 4 ] L I B ] a/18
CNC Call on no carry 1 1 0o 1 0 1 0o 0 a/18
cz Call on 2ero 1 1 o o0 1 1 0 0 9/18
CNZ Call on no zero 1 1 o 0 0 1 O ¢ a/18
ce Call on positive 1 1 4+ 1 0 1 0 0 9/18
cM Call on minus 11 11 R R + B+ 9/18
CPE Call on parity even 1 1 10 1 10 0 9/18
CPO Call on parity odd 1 1 ¢+ o o 1 0 0O 9/18
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Table B Instruction Set Summary cont'd

Mnemonic Description Instruction Code{1} Clock{)
Dy Dg Ps Dy D3 Dy Dy Dy Cycles
RETURN
RET Return 1 1 o aQ 1 1] 1] 1 10
RC Beturn on carry 1 1 9 1 1 0 0 © 612
RNC Return on Ao carry 1 1 ¢ 1 9o 0 0 0 6112
R2 Return on 2ero 1 1 0 0 1 0 0 0O 6/12
RNZ Return on no zero 1 1 0 O o 0 0 0 6/12
RP Return on positive 1 1 1 1 0o 0 1] 1] 612
RM Return on minus 1 1 1 i 1 0 0 0 612
RPE Return on parity even 1 11 0 1 0 o @ 6/12
RPO Return on parity add 1 1 1 o o 4o 0o 0 612
RESTART
RST Restart 1 1 A A A 1 1 1 12
INPUT/QUTPUT
IN input 1 10 1T 0 t 1 10
ouT Output I R I I B O 10
INCREMENT AND DECREMENT
iNRr ingrernent register ¢ 0 o D D 1 O 0 4
DCRr Decrement register 0o o D D D 1 0 t 4
INR M Increment remory o o 1 1 a 1 a o 10
OCR M Decrement memory o o 1 1 o 1 LI | 10
INX B Increrment B & C registers e o o 0 0 0 1 1 [
INX B increment D & E registers g o ¢ 1 0 0 1 1 6
INX H Increrment H B L registars e o 1 ¢ 0 0o 1 1 ]
INX SP Increment stack pointer g 0o 1 1 g o 1 1 ]
OCX B Dacremant B & C [+] Q o 1] 1 1] 1 1 6
ocx D Decrement O & E o o o 1 1 0 1 1 &
DCX H Decramant H & L o o 1 0 1 o 1 1 [
oCxX sp Dacrament stack painter o 0 1 1 o 1 1 é
ADD
ADD r Add register to A 1 ¢ ¢ 0 0 S & 5 4
ADRC Add registar to A with carry 1 g o o 1 5 5§ 5§ 4
ADD M Add memory to A 1 0 0 0 0 1 1 0 7
ADC M Add memory to A with carry 1 0 9 0 1 1 1 ] 7
ADI Add immediate to A 1 1 0 Q Q 1 1 1] 7
Al Add immediare to A with carry 1 1 0 0 1 1 L ¢ 7
DAD B AddBECtoHA&L 0o 0o 0 0 1 0 0 1 10
DAD D AddDE&EwHE&EL 00 0 i 1 ¢ 0 1 0
DADH AddHB L1WoHS L ] 4] 1 Q i o o0 1 10
DAD sSP Add stagk pointer to H & L o 0o 1 1 1 o o 1 10
SUBTRACT
sugr Subtract register fram A 1 o 0 o0 5 & §$ 4
SBBEr Subtract rapister fram A withborrow |1 0 0O 1 1 8§ § 8§ 4
sua M Subtract memory from A 1 1] 4] 1" 0 1 1 0 7
SEBM Subtract memory from Awithborrow 1 0 Q0 Tt 1 1 & 7
SLH Subtract immediate from A 1T v 6 1 @ 1 1 0 A
SBi Subtract immediate from A with 1 1 0 1 1 1 0 7
barrow




Tabls 8 tnstruction Set Summary cont'd

m CPU-MSMBOCSS5ARS/GS/JUS &

Mnemonic Description Instruction Code {1} Clock(2)
by Dg Ds Dy Dy D, Dy Dg Cyeles

LOGICAL
ANA 1 And register with A 1T ¢ 1 O O 8§ § 8§ 4
XRA r Exclusive Qr ragistor with A 1 ¢ 1 0o 1 s & 8 L)
ORA v Or register with A 1 0 3 v+ O 5 § 8 4
CMP » Compare ragister with A 1 o 1 1 1 S 5§ 5 4
ANA M And memaory with A 1 1] 1 4] 0 1 1 0 7
XRAM Exclusive Or memory with A 1 o 1 ¢] 1 1 1 "] 7
ORA M Or mamory with A 1 1] 1 1 ] 1 1 o ?
CMP M Compare mamory with A 1 o 1 1 1 1 1 o 7
ANL And immediate with A 1 1 1 1] 1] 1 1 a 7
XRl Exclusive Or i 4 with A 1 1 1 1] 1 1 1 a 7
ORI Cr immedists with A 1 1 1 1 Q 1 1 1] 7
CPi Compate immadiate with A 1 1 1 1 1 1 1 O 7
ROTATE
RLC. Rotate A left 0 o 0 o O 1 1 1 4
RAC Rotate A right 1} o 0 0 1 1 1 1 a4
RAL Rotate A laft through carry 1] o 0 1 [+] 1 1 1 4
RAR Ruotate A right through carry a o 0 1t 1 1 1 1 4
SPECIALS
CMA Camplament A a o 1 1] 1 1 1 1 4
STC Set carry 0 1] 1 1 0 1 1 1 4
CMC Complament carry o o 1 1 1 1 1 4
DAA Dacimal adjust A a 1] 1 4] ] 1 1 1 4
CONTHROL
El Enable interrupts 1 1 1 1 1 o 1 1 4
a1} Ditable Interrupt 1 1 1 1 4] 1} 1 1 4
NOP No-oparation o o0 0 0 O o 0 0 4
HLT Halt 0 1 1 1 4] 1 1 0 5
ARiM Read Interrupt Mask [+ I I | o 0 0o 0 0 4
5IM Set Interrupt Mask ¢ 0 ot 1 ¢ 0 0 0O L)

Notes: (1} DDD or 588. 8 000. C 001. D 010, E 011. H 100. L 101. Memory 110. A 111,

{2} Two possibla cyche times, {6/12) indicate instruction cyclas dependent on condition flags.
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OXKIX semiconductor

MSM80C85A-2RS /GS,/JS

8-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSMBOCRSA-Z is a compiete H-bit parallel central processor implementad in silicon gate C-MOS technology

and compatible with MSMBOCBSA.,

It is designed with higher processing speed {max. 5 MHz} and lower power consumption compared with
MSMBOCEEA and power down mode is provided, thereby offering a high leve! of system integration,

The MSMBOCE5A-2 uses a multiplexed address/date bus. The address is split betwean the 8-bit address bus and
the B-hit date bus. The on-chip address latche of a MEMB1CE5-B memory product allows a dirsct

interface with tha MSMB0C85A-2,

FEATURES

* Power down mode {HALT - HOLD}

* Low #ower Dissipation: S0mW Typ

* Single +3 to +6 V Powar Supply
=40 o +85 C, Operating Temperature

' Compatible with MSMB0CE5A,

* 0.8 Instruction Cycle Voo = 5V)

* On-Chip Clock Generator [with External Crystal)

*On-Chip System Controller; Advanced Cycle Status
Information Available for Large System Control

FUNCTIONAL BLOCK DIAGRAM

* Four Vectored Interrupt Inputs {One is non-maskable}
Plus tha BOBOA-compatible interrupt.

* Serial In/Serial Out Port

* Decimal, Binary and Double Precision Arithmetic

* Addressing Capability 10 64K Bytes of Memoary

*TTL Compatibie

* 40 pin Plastic DIP IMSMBOCA5A.2ZRE)

* 44 pin Plastic Flat Package (MSMB0CB5A-2GS)

* 44 pin PLEC Package {MSME0CB5A-245)

HETES TRAP
INTH RETE. 5] HSI’?ﬁl

510 500

| |

[INTERHUPT CONTHOL

ERIAL |f
CONTAQ

R4 mTea'NAL
oa&TA BUS

|"CC‘-'":;','-”°1 l TEMP REG (8) l

PN TALCTROM
mEGISTER Iy

& REG I5H © REG 18}
it
ARITHME Fm AND D REG B € REG ‘B'
e A CHINE
Ol CYCLE H REG (8] LAEG (&)
Pt ENTATuleG EGISTER
STACK FOINTER (16 WRRAY
Powar {_- By PROGRAM COUNTER {15
Supply | —=GND DECAEMENTER
POWER DUWN  1iminG AND CONTAOL A¥4 .
%, kO _meseT ADDRESS DAT A ADDHESS
X; —=JGEN CONTHOL SU\TUS UM& BUFFER (B} BUFFER [B)
cLK | RO WA ALE & &, !DM| HLOA ! AESET ﬂ
our ouT Ay —Ay AD, - Al
AEADY HELE AODRESS AUS ADDRESS/DATA BUS
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PIN CONFIGURATION

. % [ Voo
MEMBOCB5SA-2RS {Top View) *. F] HOLD
40 Lead Plastic DIP RESET OUT (3] g HLDA
son ] CLE (00T
51D (§ B RESET IN
TRAP [&] J READY
asT?.5 ] T 10
AsT6 S 5] 3
R5T5.5 (9] ] RO
INTR [ Wik
iWTA [ ALE
0. [ Sa
e0, [ Ay
an, i 7l A
A, Ay
AD, L™
- - Al Ay
3 'é z AD, A
- .
QS§N-89§§5§ G:D[; i:
L0
44 4342 4140 39 38 27 353534
TAAP 1 O DI READY  MSMBOCE5A-2GS (Top View)
RET?SC—] 2 /oM A4 Lead Plastic Flat Package
RST6.5C™ ) 3 NnEe—s :
RST5.5 C———t 4 3——IAD
INTRC—] & 2w——WA -
INTAC—] & 2= ALE
A, —]7 3 m— 7
ADHE—T] 8 26— A
AR ] @ 28— Au
ADy =] 10 nEe——a,
NCoE—]n p=] ——
121314161617 18 19 20 2122
§9dgggfdadz . L |z
s a g o
P28 .- 9838 Y%%
n L W o= F x T I Olod
Mo o s M e
6 5 4 3 Z 1 4443 42 41 4D
TRAP (0] READY
RST7.5 10/M
MSMBOCBSA-248 {Top Viawl . 1
44 Plastic Leaded Chip Carriar HST5.5 a0
INTR WR
NC. N.C
INTA ALE
ADO S0
AD1 A5
AD2 Al4
AD3 A13
18 19 20 2122 2324 75 26
o L WP m o O o= DN
2z2283%%23x
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MSMBOCB5A-2 FUNCTIONAL PIN DEFINITION

The following describes the function of sath pin:

Symbol Function
Py —Ag s Address Bus: The most significant 8-bits of the memory sddress or the 3-bits of tha /O
[Qutput, 3-stata) address, 3-stated during Hold and Halt modes and during RESET.
ADy —AD, Multiplexed Address/Data Bus: Lower 8-bits of the memory addrass lor 1/C addrass)

{Input/Output}
I-state

appear on the bus during the first clock cyche (T state] of a machine cycle. It then
becomes the deta bus during the second and third clock cycles.

ALE Address Latch Enable: It occurs during the First clock state of a machine cycle and enables
{Output} the address to get latched into the on-chip latch of peripherals. The falling edge of ALE
is 48t to quarantee satup and hold times for the address infarmation. The falling edge
| of ALE can also be used to strobe the status information ALE is never 3-stated.
54,5, 10/M Machine cycle status: —
{Dutput} 10/M 5, S, States I0/M_S; S States
0 0 1 Memory write 1 11 Interrupt Acknowledge
O 1 0 Memory read 0 0 Halt = 2state
1 0 1 /O write x x Hold {high impedance)
T 1 0 Oresd x x Reset x = unspecified
0 1 1 Opcode fetch
51 can be used as an advanced R{W status. (O/M, S¢ and S, becoms valid at the beginning
of a machine cycle and remain stable throughout the cycle. The falling edge of ALE may
ke used to latch the state of these lines,
RO READ control: A low level on RD indicates the selected memary or 1/0 device is to be

{Dutput, 3-statel

read and that the Data Bus is available for the data transfer, 3-stated during Hold and Halt
modes and during RESET.

WR
{Output, 3-statel

WRITE controi: A low level on WR indicates the data on the Data Bus is to be writtan
int the selected memaory or |/O location. Data is set up st the trailing edge of WR,
3-stated during Hold and Halt medes and during RESET.

READY If READY is high during a read or write ¢cycie, it indicates that the memary or peripheral

lInput) is ready 16 send or receive data. If READY is low, the cpu will wait an integral number
of clock ¢ycles for READY to go high before compigting the read or write cycle READY
must canform to specified setup and hold times.

HOLO HOLD indicates that another mastar is requesting the use of the address and data buses.

{Input) The cpu, upon receiving the hold raquest, will relinguish the use of the bus as soon as the
cormngletion of the current bus transfer. Internai processing can continue, The processor
can ragain the bus only after the HOLD is removed. When the HOLD is acknowledged,
the Address, Data, AD, WR, and 10/ lines are 3-stated. And status of power down is
controlled by HOLD. ’

HLDA HOLD ACKNOWLEDGE: Indicates that the cpu has received the HOLD request and

Qutput) that it will relinguish the bus in the next clock cycle. HLDA goes low after the Hold
request is removed. The cpu takes the bus one half clock cycle after HLDA goes low.

INTR INTERRUPT REQUEST: is used as a general purpose interrupt, M is sampléd on during

{Input) the next t& the last clock cycle of an instruction and during Hoid and Halt states, §f it is
active, the Program Counter {PC] will be inhibited fram incrementing and an INTA will
be issued. During this cycle a RESTART or CALL instruction ¢an be inserted ta jumg
10 the interrupt service routine. Tha INTR is enabled and disabled by software. It is
disahled by Reset and immediately after an interrupt is accepted. Fower down made is
reset by INTA.

INTA INTERRUPT ACKNOWLEDGE: 15 used instaad of (and has the same timing as) RD

{Qutput} during the instruction cycle after an INTR is accepted.

RST 5.5 RESTART INTERRUPTS. These three inputs have the same timing as INTH except

RST 6.5 they cause an internal RESTART to be automatically inserted.

RST 15 Tha ariority of these interrupts is ordered as shown in Table 1, Thess interrupts have a

(Input) higher priarity than INTR. |n addition, they may be individually masked out using the
SIM instruction. Power down mode is reset by these interrupts.

TRAP Trap interrupt is a nonmaskable RESTART interrupt. It is recognized at the same timing

{Input) as INTR or RST 5.5—7.5. It is unaffected by any mask or Interrupt Disable. it has the

highest priority of any interrupt. {See Table 1.) Power down mode is reset by input of
TRAP.
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Symbot Function
RESET IN Sots tha Program Counter to zero and rasets the interrupt Ensble and HLDA flip-flops
{lnput) and release powar down mode. The data and address buses and the control lines are 3-
stated during RESET and because of the asynchronous nature of RESET, the processor's
internal registers and flags may be altered by RESET with unpredictable resuits. RESET
IN is 8 Schriti-triggered input, allowing connection to an R-C network for power-on
RESET delay. The cpu is held in tha reset condition as Jong as RESET IN is applisd.
RESET OUT Indicated cpu is being resat, Can be used as a system resat, The signal is synchronized to
(Output) the processor clock and lasts sn integral number of clock periods.
Xy, Xs X, and X, are connacted to a crystal to drive the internal clock generator. X, can alsa
{Input) be an extarnal clock input from a logic gete. The input frequency is divided by 2 to give
the processor’s internal operating frequency.
CLK Clock Qutput for use as a system clock. The period of CLK is twice the X, . X, input
[Qutput} period. )
SiD Serial input data line. The deta on this Jine is foaded into accumulator bit 7 whenever
(trput) & RIM instruction is executad,
SO0 Seriat output data line. The output SOD is set or reset a5 specified by the SIM instruction.
{Output}
Voo +6 volt supply.
GND Ground Reference.
T
Table 1 Interrupt Priority, Restart Address, and Sensitivity
. Address Branched To (1] . i
Name Priority When tnterrupt Occurs Type Trigger
Rising edge and high level until
TRAF 1 24H sampled.
RST 7.5 4 3CH N Rising edge (latched).
RST 6.5 3 34H High lgvel until samplad.
RET 5.5 4 2CH High tevel until sampled.
INTR 5 {2 High level until sampled.

Notes: {1} The processor pushes the PC on the stack bafors branching to the indicsted address,

{2} The address branched to depends on the instruction provided to the cpi: when the interrupt is ac-

knowledged.
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FUNCTIONAL DESCRIPTION

The MSMBOCB5A-2 is a complete B-bit parallel
central processor. It js designed with silicon gate
C-MOS technology and requires a single +5 volt supply.
Ity basic clock speed is BMHz, ‘thus improving on the
present MSMBOCEBSA's performance with higher system
speed and power down mode. Also it is designed
to fit into a minimum system of three (C's: The epu
IMSMBOCESA-2), and & RAM/ 10 IMSME1CEE-5)

The MSEMB0OCSEA-2 has twelve addressable 8-bit
register pairs. Six others can be used interchangeably
as B-bit registers or a 16-bit register pairs. Tha M3M-
BOCA5A-2 register set is a5 follows:

Mnemonic Ragistar Contents

ACC or A | Accumulstor B-bits

PC Program Counter | 16-hit address

BC, DE, HL | General-Purposs | 8-bit x 6 or
Registery; 16 bits x 3
data pointer (HL!)

5P Stack Pointer 16-bit address

Flags or F Flag Ragister 5 Flags {8-bit spacel| -

The MSMBOCS5A-2 uses 8 multiplexed Jata Bus.
The address is split between the higher 8-bit Address
Bus and the lower B-bit Address/Dats Bus. During
the first T state (clock cycle) of a machine cycle the low
order address 15 sent out on the Address/Data Bus.
These lower 8-bits may be lstched externally by the
Address Latch Enable signal {(ALE}, During the rest of
the machine ¢ycle the data bus is used for memory or
1/Q data.

The MSMBOCEEA-2 provides RD, WHR, §,, 5, and
1C/M signals for bus controt, An Interrupt Acknow-
ledge signal {INTA] s also provided. Hold and all
Interrupts are sy nchronized with the processor’s internal
clock. Thae MSMB0CB85A-2 also provides Serial Input
Data (510} snd Serial Output Data {S0D) lines for a
simple serial interface.

In addition to these features, the MSMBOCBEA-2

- has thrge maskahle, vector interrupt pins, ¢ne nonmask-
able TRAP interrupt and power down mode with HALT
and HOLD.

INTERRUPT AND SERIAL 1/O

The MSMBOCE5A-2 has § interrupt inputs: INTR,
RAST &.5, AST 6.5, AST 7.5, and TRAP. INTR is identi-
cal in function to the BOBDA INT. Each of the three
RESTART inputs, 5.5, 65, and 7.5, has a program-
mable mask. TRAP is also a RESTART interrupt but
it is nanmaskable.

The three maskable interrupts csuse the intarnal

gxgcution of RESTART (saving the program counter
in the stack and branching to the RESTART address)
if theg interrupts are epabled and if the interrupt mask is
not set. The nonmaskable TRAF causes the internal
execution of a8 RESTART wvector independsnt of the
state of the interrupt enable or masks, 1See Table 1.)

There are two differgent types of inputs in_ the
restart interrupts. RST 55 snd RST 6.5 are high
level-sensitive like INTR {and INT on the 80BOA} and
are recognized with the same timing as INTR. RST
7.5 i rising sdge-sensitive,

Far AST 7.5, anly a pulse is required 1< set an
internail flip-flap which generates the internal interrupt
request. The RST 7.5 reguest flip-flop remains set until
the request is serviced. Then it is reset automatically.
This flip-flop may also be reset by using the SIM instruc-

_tion or by issuing a RESET IN to the MSMBOCBSA,

The RST 7.5 internal flipflop will be set by a pulse on
the RSET 7.5 pin even when the RST 7.5 interrupt is
masked aut,

The interrupts are arranged in a flixed prigrity that
determines which interrupt is to be recognized if more
than one is pending, as follows: TRAP—highest priority,
AST 7.5, RST 6.5, RST 5.5, INTR-~lowest priority.
This priority scheme does not take into account the
priority of a routing that was started by a higher priori-
ty intgrrupt. RST 5.5 can interrupt an RST 7.5 routine
if the interrupts are re-enabled ‘before the end of the
RET 7.5 routine.

The TRAP interrupt is useful for catastrophic
events such as power failure or bus error. The TRAP
input is -recognized just as sny other interrupt but has
the highast priority. It is not affected by any flag or
mask. The TRAP input is both edge and level sensitive.
The TRAP input must go high and remain high until
it- is acknowlagdged. It will not be recognized again
until it goes low, then high again, This avoids any false
triggecing due to noise or logic glitches. Figure 3 itlus-
tratgs the TRAP interrupt request circuitry within the
MSME0CE5A-2. Note that the servicing of any interrupt
{TRAP, RST 7.5, RST 6.5, RST 5.5, INTRI disables all
future interrupts {except TRAPs) until an £1 instruction
is executed. .

The TRAP interrupt is special in that it disables
interrupts, but préserves the previous interrupt enable
status. Performing the first RIM instruction following
a TRAP interrupt allows yocu to determing whether '
interrupts were énabled or disabled prior to the TRAP.
Al subsaquent RIM instructions provide current inter-
rupt enable status, Performing a RIM instruction fol-
towing INTR or RST 5.5—7.5 will provide current
Interrupt Enable status, revealing that interrupts are
disabled.

The serial /0 system is also controlled by the RIM
and SIM instructions. SID s read by RIM, and SIM
sets the SOD data,
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EXTERNAL [—— INSIDE THE MSMB0CE5A-2
TRAP
INTERRUST
REQUEST |TRAP
RESET IN| [copmiTT
TRIGGER| RESET " rRap
E INTERRUPT
+wsv—{D CLK REQUEST
Q—
D
F/F
CLE AR|
TRAP F.F
INTERNAL
TRAP
ACKNOWLEDGE

Figure 3 Trap and RESET IN Circuit

DRIVING THE X; and X; INPUTS

¥ou may drive the ¢lock inputs of the MSMB0C-
B5A-2 with a crystal, or an external clock source. The
driving frequency must ba at ieast 1 MHz, and must be
twice the desired internal clock frequency; hence, the
MSMB0CSEA-2 is operated with a & MHz crystal {for
3 MH2z clockd. i a crystal is used, it must have the fol-
lowing characteristics:

Paratlel resonsnce at twice the clock freguency

desired

C {load capacitancel < 30 pF

Cg {shunt capacitancel < 7 pF

Rg {equivalent shunt resistancel < 75 ochms

Driva level: 10 mW

Fraguency tolerance: £.005% {suggested)

Nate the use of the capacitors batwean X, , X; and
graund. These capacitors are regquired 1o assure oscilla-
tor startup at the correct freguency.

Figure 4 shows the recommended clock driver
gircuits. Note in B that a pullup resistor is required to
assure that the high level voltage of the input is at least
4y,

For driving frequencies up @ and including 6 MHz
you may supply the driving signal 10 X, and lgave X;
open<ircuited (Figure 4B}. To prevent self-oscillation
of the MSMBOCSBSA-2, be sure that X, is not coupled
back to X, through the driving circuit. '

A, Quartz Crystal Clock Drivar

c, 1

= C, 2

N — SR

33pF Capacitar required for erystal frequency 10 ta 6.25 MHz,
B0pF Capacitor reguired for crystal frequency 6.25 1o 4 MHz,
100pF Capacitor required for crystal frequency <4 MHz.

8. 1-10 MHz Input Frequency External Clock
Drive Circuit
VIH > 0.8V
High time > 40ns
Low time > 40ns

* X, teft floating

Figure & Clock Driver Circuits
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BASIC SYSTEM TIMING

The MSMB0CE5A-2 has & multiplexed Data Bus.
ALE s used as a strobe 10 sample the !ower 8-bits of
addrest on the Data Bus. Figure § shows an instruction
fetch, memery read and 1/ write aycle {as would oceur
during processing of the OUT instruction}. Note that
during the 1/O write and read cycle that the 1O port
address is copied on both the upper end lower half of
the address.

There are seven possible types of machine cycles.
Which of these seven takes place is defined by the
status of the three status lines KO/, §,. So) and the

three control signals (RO, WR, end INTA), (Ses Table
2.) The status line can be used as sdvanced controls
Ifor device selection, for example), since they become
active at the T, siate, at the outset of each maching
cycle. Control lines RD and WR become active later,
at the time when the transfer of data is o take place,
50 &7é used as command lines.

A machine cycle normally consists of three T
states, with the exception of DPCODE FETCH, which
normally has gither four or six T states (unless WAIT
or HOLD states are forced by the receipt of READY
or HOLD inputs), Any T state must be one of ten
possible states, shown in Table 3.

Table 2 MSMBOCB5A-2 Machine Cycle Chart

Status Control
Machine Cycle — s — —
10/M S, Sy RD WwR INTA
Opeode Fetch 1OF} 1] 1 o 1 1
Mamory Read MR} 0 1 a 0 1 1
Memory Yerite MW [ 1] 1 [ 1
17O Read HaRr} - 1 1 1] ] 1 1
1/0 Write {10wW) 1 0 1} 1
Acknowledge of INTR {INA)} 1 1 1 0
Bus Idle (Bl}: DAD ] 1 0 1 1 t
AHCK. OF
RST, TRAF 1 1 1 1 1 1
HALT TS TS TS 1
Tabls 3 MSMBOCBSA-2 Machine State Chart
Status & Buses Control
Machine State — mm————
5;.5 WM Py —Ayg ADy ~AD, RD, WH INTA ALE
T: X X X X 1 1 111}
T X X X X x X 0
TwaiT X X X x .4 X a
Ta X X X X X X Q
T, 1 o2 b T8 1 1 0
Ts 1 o f2} X TS 1 1 0
Te 1 o!2) X TS o 1 0
TRESET X TS TS TS 15 1 o
THALT 0 TS TS TS TS 1 G
THOLD X TS TS TS T5 1 o
0 = Logic "0"
1 = Logic 1"

T8= High Impedance
X = Unspecified

Notes:

(1) ALE not generated during 2nd and 3rd machine cycles of DAD instruction.

12} 10/M =1 during Ta ~ T¢ of INA machine cycle.
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M, M,

CLK T, T. T, T T, T, T

- FC
As A HIGH OROER ADDHESEX (PC + 11y X 10 PORT

iLOW ORDER

DATA FAOM MEMORY DATA TO MEMORY
ADCAESS] DATA FHOM TG PORT A0DRAESS) OR PERIPHERAL

IINSTRUC'HONI

ALE /_\ /_\ /_\
Ao \__/ v/
10/M __\ . { \
STATUS X S, S, (FETCH} X 10 (READ) X 01 WRITE X 11

Figure 5. MSMB0CB5A-2 Basic System Timing
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POWER DOWN Mode {a newly added function|

The MSMBOCBBA-2 is compatible with the
MSMBOCE5A in function and POWER DOWN mode,
This reduces power consumption further,

There are two methods available for starting this
POWER DOWN made. One is through software cantrol
by using the HALT command and the other is under
hardware control by using the pin HOLD. This mode is
released Ly the HOLD, RESET, and interrupt pins
[TRAP, RST7.5, RST6.5, RST5.5, or INTR). {(See
Table 4.) :

Since the sequence of HALT, HOLD, RESET,
and INTERRUPT is compatibie with MSMBOCBEA,
avery the POWER DOWN mode can be used with no
special attention,

Table 4 POWER DOWN Mode Reloasing Method

Released by using pins RESET
and INTERRUPT Inot by pin
HOLD!

Relessed by using RESET and
HOLD pins inot by interrupt
pins)

Start by means of
HALT command

Start by mesans of
HOLDO pin

(R}

2}

Start by of HALT }

I5ee Figures 8 and 7.}

The POWER DOWN mode can ba started by exe-
cuting the HALT command.

Ar this time, the system is put into the BOLD
status and therefore the POWER DOWN mode
cannot b reteased even when the HOLD is released
later.

In this cass, the POWER DOWN mode ¢can be re-
lzased by means of the RESET or interrupt.

Start by means of HOLD pin (Sze Figure B.)
During the execution of commands other than the
HALT, the POWER DOWN mode is started when
the system is put into HOLD ststus by means of
the HOLD pin.

Since no interrupt waorks during the execution of
the HOLD, the POWER DOWN meode cannot be
relgased by meaans of interrupt pins.

In this case, the POWER DOWN mode can be
relsased either by means of the RESET pin ar by
releasing the HOLOD status by means of HOLD pin.
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1
ouT

ALE —l

THLT

TRESET

[

iy

Address Address
wonr E§— G

b1

3%

POWER
cPU RUN DOwWN RUN
MODE
JL
RESETIN -

Figure 6. Started by HALT and Relsased by RESET IN

THLT

q UL UL UUUUL
ALE j I_] 3

W

RST5.5 it
POWER
cPU RUN DOWN RUN
MODE '
Figuve 7. Started by HALT and Released by RST5.5
M. , THOLD ' ] M,
T, T: Ta | Ta | | T T.

ALE —“] 14 I_l

uhd

2k

)

HOLD l I
]

HLDA ——————*-J POWER

cPU AUN DOWN -L RUN

Figura 8. Started end Relased by HOLD
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ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol | Condition Unit
MSMBOCB5A-2RS | MSMBOCB5A-2GS5 LMSMSOCBE.A- 218
Power Supply Voltage | Voo —0.5 ~ +7 v
With respect
| t Vol v _(Q.5~
nput Voitage N © GND 0.5~ Ve +0.5 v
Output Voltage VouT =0.5 ~Vep +0.5 v
Starage Temperature Titg —55 ~ +160 ‘c
Power Dissipation PDn Ta=25C 1.0 0.7 1.0 w
OPERATING RANGE
Parameter Symbol Limits Unit
Pawer Supply Voltage Voo 3I~6 v
Operating Temperature Top —40 ~ +85 °c
RECOMMENDED OPERATING CONDITIONS
Parameter Symbc Min. Tve. Max Unit
Fower Supply Voltage Voo 45 5 55 v
Qperating Temperatura Top —40 +258 +85 °c
ML Input Voltage ViL =03 +0.8 v
“H"” Qutput Voitage VK 2.2 Yoo+ 0.3 v
RESET. IN
g b v -1 .
Input Voltage ILR 03 o8 M
., RESET IN
H . +0. v
Input Voltsge ViHR 3.0 Vect03
D.C. CHARACTERISTICS
Parameter Symbol Conditions Min. | Typ.| Max. | Unit
L™ Output Voltage Vo gL =2mA 0.45 v
IgH = —400MA 2.4 v
“H Qutput Voltage VaH °
IOH = —40LA 42 v
Ve = 4.5V ~ 6.5V
Input Laak Current I} DE VNS VCe Tae —40°C~ +85°C | 19 0 JAA
Qutput Leak Current Lo 05 VouT = Veg -10 10 | ua
Teye = 200ns 10| 20 | ma
Operating Supply | G = OpF at reset
Current cc Teye = 200ns
Gt = OpF at power 3 7 ma
down mods




A.C. CHARACTERISTICS

Te = —&0°C~ 85°C, Vep = 4.5V ~ 5.5VI

Parsmeiar Symioo! E Conditian Min. Max. | Limt
CLK Cycln Paric teve 'l 00 | 2000 | s
CLK Low Time T T 10 s
CLK High Timee T -_'_"__Ii m L
GLK Rise and Fall Time — vy | a0 | ns
X, Riving o GLK Rising IKKA |, 25 3
) tXKE 1 e ng
ae s ne |
| tagL 15 e
w g Valid Dare b i ’ ” T\AD 330 L]
Acddenss Floan Aftar Leading Eage of AD (NTA [ aen T e m™
taL o ns
T S CE
READY Walid from Address Vel tOlARY L] n=
Address LAy~ 5 | Vatidd Aher Control ea | &0 ns
Width of Coneal Law (RD, WA, INTA) we i 230 s
Trailng Edge ¢ Contral 1o Leading Edge of ALE e 25 ns
Oma valid to Trailmg Ege of WR | tow 230 s
HLDA 1 Bug Ensbie Ttase . 150 | g
ool T T v e [T ]
ALOA walie to Traiting Edge of TLK [thage | CL=1500F | a0 IS
HOLD Hold Time i thon o ny
HOLD Sten U Yme o Trachng Edge ol £ . 120 s
WTR Hold Tuma a ns
INTR, RST and TRAP Setun Time 10 Falling Edge of 01K 150 s
Address Hold Time Alter ALE ’ 50 n
Tfmhn-n Eoge 0l ALE 10 Leading Eage- of Comrol =) i
[ ALE Low During CLK High [sa m
ALE 1o valid Dara Dunng Resd 250 n;
ALE w1 Valid Dara During Weng ———— e e 140 ny
Er Bl ns
ALE to READY Stable T T 50 | ae
| Treing Eeme af AD to Re-cnabling o Acdrrs | =0 _L Loms ]
RD {or |INT&] to Valid Data 150 m
Cornrol Trasding Edge w0 Leadmg Edpe o{ Next I:onunl 220_T L
" Darta Hela Time Aftar D INTA 19 0, ns
HEADY Hokt Thme e -
| READY Setup Time to Leading Edge of CLK | “roa | n
Data Yaird Atrer Trailing Edge of WR 60 n
| UEADING Ege of WA to Date Vala __T 0| m |

Motes: (11 Ay~Ayy sddvess Bpecs apply o (M, Sq, and §; eucept Ag~dh g ara undetined during Ty~Ty of OF

eyele wharget 10/, 5, and 5 Bre sTakde.
(21 Tast conditions 1oy = 200ns ) = 150pF

131 For all cuspun timeng where ©y = 180pF uie the followsng correction faceors:

25pf £ Oy < 150pF —O0.10ns/pF
150pF < ©| < 30pF: +0 30mipF
141 Chunpa Tirngs are measered with purely £apacitoee losd.

15F AN tarpings are measured af oulput voltage ¥ = 08V, Vi = 2.2%, and 1.5% wah 1006 rise and (sdr vime

on inpuTs,

{6} To caloulswe timing wecificatrons at other values of teyg use Table 7.

{7} Doava hold trme 15 guacanteed under all lasding canditiong,

m CPU-MSMB80C85A-2RS/GS/JSH

{nput Waveform for A.C. Tests:

2.4

22,

TEST

2.2

—

08" POINTS ™Sgg

0.45
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Table 7 Bus Timing Spacificstion as a Toye Dependemt

(Ta = —40°C ~+85°C, Voo = 45V ~ 55V, C_ = 150pF)

MSMBOCBSA-2
tAL - T — 50 MIN
A - 14217 - 50 MIN
wL - {1/2)T - 20 MIN
LK - 14217 ~ 50 MIN
e - 117217 — 40 MIN
tAD - {5/2+ NIT = 170 MAX
tRD - {3/2+ NIT — 150 MAX
tRAE - (21T — 10 : MIN
toa - (1/2)T - 40 MiN
tow - {32+ NIT- 70 MIN
wp - {1/2)7 — 40 MIN
oo — (3/2+NIT - 70 MIN
oL - /21T — 75 MIN
LARY - 13/2)T — 200 MA.X
THACK - 1/2)T — 60 MIN
tHABF - (1/2)T + BO MAX
tHABE — M/AT + 50 MA X
tAC — (2/2}T — 8% MiN
L1 - 1/2}T — 60 - MIN
ty - /217 - 30 MIN
tRv — (3/}7 — 80 MIN
1ILOR - [Z+N}T — 1560 ’ MAX

Note: N is equal to the total WAIT states.
T=1wcvc

%, INPUT Ny
d ir tf
[ 1,
CLK 3 h
ouUTPLT

IXKRA N

oye—
tXKF

Figure 8 Clock Timing Waveform
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READ OPERATION

T, T:

Ty T,
) = 1LCK s tCA
Ay~ g ADDRESS h
TAD | tRDH—] [
i
AD, ~AD, ADDRESS DATA IN| B
-TLL LA
tAFR—= I—
ALE ‘LDR -tCL——)|:/
™t RO
—_—— 1'% o0 I
RDANTA we—N ’Er'
tAG

WRITE OPERATION

T,

T T
CLK ’ '
, l‘— ILC]
Ay~ y )f ADDRESS
pre Frca
AD, ~AD, | ADDRESS [ DATA OUT
Pt o T A toDw f— I D)
ALE twoL
taL
_ e
wWR ,"'
--n—th |'-'(CL
tAL '
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Reed operation with Wait Cycle |Typicall —
sarme READY timing applies to WRITE operation

T T, TWAIT T, T
wN\ TR T\
T 1LCK e tcA
Ag~Ay s :>d‘ ADDRESS —\\ ' 3‘(
tAD TROH ] R BAE™

i Ty
x~ h A
b 1) e Fmeet] A oL
LE

t i
A | tarr wLOR
1AL - 1y
RO
FO/NTA i : ce |
-tcL—=1 % X

1 i
fo o tac~LRY " TRys tRYH
t————1ARY

READY

A

Note: READY must remain stable during setup and hold times.

Figure 7 MSMBOCB5A-2 Bus Timing, With and Without Wait

HOLD OPERATION

T T, THOLD THoLo T,

«N_/ N/ N S S
o0 | s N\

THACK T h
THDH — £
HLDA //
IHABF
— t
U {ADDRAESS, ) HABE
s CONTROLS} L

Figura 8 MSMBOCBSA-2 Hold Timing



m CPU-MSMBOCBSA-2RS/GS/JSE

NST _/ BUS FLOATING (1)

T

L5

N\ T\

tHABE
WNTR :;f;,’1 \ \ 5
o
tiNg =t HNH B
¥ X 7 —f
HOLD N 7
-
HDS oL 1
HLDA "N
tHABF L ——
THACK

Note: {1} 10/M is alsa flaating during this time.

Figure 9 MSMBOCS85A-2 Interrupt and Hold Timing
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Table 8 Instruction Set Summary

tnstruction Coda 11}

Mnemonic Description Clock (2)
D; Dg D; Dy D; Oy D, Dy Cycles
MOVE, LDAD, AND STORE
MOV r2 Move ragister 1G register o 1+ b DD 5 § 8§ 4
MOV Mr Move register to memory 0 1 1 1 0O 5 S5 S8 7
MOV r M Maove memary to register 0 1 D b D 1 1 0 7
MVIr Move immediate register 9 0 D O D 1 1 1] 7
MVI M Move immadiate mermary o 0 1 1 0 1 1 0 10
LXIB Load immediate register Pair B8 & C O ¢ 0 O 0o 0 o0 1 10
LXi1 o Load immediate register Pair O & E o O 0 1 0o 0 o 1 10
LXI H Load immediate ragister Pair H & L o o 1 o 0o 0 0o 1 10
L.X1 SP Lead immediate stack pointer LUI 4 R | 1 g 0 0 1 10
STAX B Store A indirect o & 0o 0 0 0 1 0 7
SFAX D Store A indirect o o0 0 1 0 0 1 O 7
LDAX B Load A indirect 0 0 [ ] 1 [+] t 0 7
LDAX D Load A indirect b] 4] 0 1 1 b] 1 o 7
STA Srore A direct bl a t 1 0 0 1 4] 13
tDA Load A direct 0 0 1 1 1 0 1~ 0 13
SHLD Store H & L direct o9 v o ¢ 0 1 Q 18
LHLD Load H & L direct 0 0 1 0 1 0 1 [¢] 16
XCHG Exchange D & E H & L registers 1 1 1 0 t 0 1 1 4
STACK OP5
PUSH B Push registar Pair B & C on stack 1 10 60 0o 1 0 1 12
PUSH D Push register Pair D & € on stack 1 1 ¢ 1 ¢ 1 0 1 12
PUSH H Push register Pair H & L on stack 1 1 1 0 G 1 o] 1 12
PLISH PSW Push A and Flags on stack 1 1 1 1 4] t 0 1 12
POPB Pop register Pair B & C off stack t T ¢ 0 o 0 0 10
POP D Pop registar Pair D & E off stack 1 1 g 1 ¢ Q0 0 1 10
POPH Pop registar Pair H & L off stack 1 1 1 0o o o 0 1 18]
POP PSW Pop A and Flags off stack 1 1 1 1 [ [ /] 1 10
XTHL Exchange top of stack H & L 1 1 1 a ¢ o0 1 1 16
SPHL H & L to stack pointer 1 1 1 1 1 o 0 1 6
Jutap
JMP Jump unconditional 1 1 [+] o 0 1] 1 1 10
JC Jumip on carry t 1 0 1 10 1 D 7/10
JNC Jump on no carry 1 1 0 LI B « I | D 710
Jz Jump on zero 1 LI B T | g 1t 0 7110
INZ Jump on no zero 1 *t o0 o 0o 0 1 0 F10
JP Jump on positive 1 1 1 t 0 o° 1 4] 10
JM Jump on minus 1 1 1 1 1 0 1 0 710
JPE Jump on parity even 1t 1 [+] 1 0 1 1] 7710
JPO Jump on parity odd 1 1 1 0o 0 o 1 0 710
PCHL H & L to program counter 1 1 1 0 1 0 Q t 8
CALL M
CALL Call unconditional 1 1 0 o] 1 1 V] 1 8
cC Call on carry 1 1T 0 1 1 1 0 0 9/18
CKC Call an no carry 1 1 0 1 g 1 0 0o 9/18
cz Call on zerc 1 1 o 0 1 1 o G a/18
CcNZ Call on no zero t 1 04 o 0 1 4 @ 9/18
CcP Call on positive ] 1 ] 1 ¢ + 0 0 9/18
o] %] Call pn minus 1 1 1 1 1 1 0D 0 9/18
CPE Call on parity gvan ] 1 1 ] 1 t o 0 9/18
CcPO Call on parity odd 1 1 1 0 v 0 0 9/18
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Tabla 8 Ingtruction Sat Summary cont’d

Mnamonic Crescription Instruetion Code(1) Clacki2)
4, Dg D, D, D, D, D, Dy Cycles
RETURN
RET Return 1 1 o 0 3 o 0 1 10
RC Raturn an carry 1 10 1 1 0 0D © B8/12
ANC Return on no carry 1 1 ¢ 1 o 0 O © 6/12
R2 Rewm on zero ] 1 9 0 t+ 40 0 © 6/12
RNZ Return on no zero 1 0o 0 ¢ 0 90 9 612
RAp Return on positive 1 1 1 1 ¢ 0o 0 O 6712
RM Return on minus 1 1 ] 1 10 0 0 612
RPE Return on parity even 1 1 1 0 t c o 0 6112
RPO Return on parity odd 1 1 1 0o ¢ o 0 0 6/12
RESTART
RST Rastart 1 1 A A A t 1 1 12
INPUT/QOUTPUT
IN Input 1 a 1 Ju) 1 1 10
ouT Output 1 1 o 0 1 1 10
INCREMENT AND DECREMENT
INR r Increment register 0 0D D D D 1 0 0 4
DCR r Decrament register 0O ¢ D O D 1 1] 1 4
INRM Incrament memary 0o o 1 1T 0 1 0 © 10
DCRA M Decremant mamary o 0 1 10 1 O 1 10
INX B Increment B & C registers 1] 1] a 0 1} 0 1 1 6
INX D Increment D & E registers o 0 1] 1 1} 0 1 1 6
INX H Increment H & L registers 0 o 1 o o 0 1 1 €
INX, 3P Increrment stack pointer a o 1 1 0 0 1 1 5]
DCX B Decrement B & C g ¢ 0o 0O 1 4] 1 1 6
DCX D Decrement O & E o o 0 1 1 0 1 1 3]
DCXH Docrement H & L o 0 1 h] 1 4] 1 1 6
DX sP Drecrement stack pointer 0 0 1 1 1 0 1 t 6
ADD .
ADDr Add register 1o A 1 o o 0 0 5 5 s 4
ADCr Add register to A with carry 1 O 0 a 1 s 8§ ] 4
ADD M Add memory to A 1 ¢ O 0 0O 1 1 0 7
ADCM Add mamory to A with carry 1 ¢ 0 4 1 1 1 0 7
ADI Add immediate to A 1 1 9 0 0 1 1 0 7
ACI Add immediate 10 A with carry 1 1 o Q 1 1 1 0 7
oA B AdtB& CwHRL o 0 ¢ a 1 a 1] 1 10
DAD D AddD&EwH&L 1] VI 1 1 o 0 1 ib]
DADH AddH& Lo H& L ¢ O 1 1} 1 a D 1 10
oAD SP Add stack pointer to H & L g 9 1 1 1 a o0 1 0
SUBTRACT
SUB r Bubtract register from A 1 o ¢ 1 4] 5 3 S 4
SBBr Subtract register from A with borrow | 1 0 o 1 1 s § 5 4
SUB M Subtract memory from A 1 0o 0o 1 9o 1 1 0 7
SBB M Subtract mamoery from A with borrow| 1 Q 4] 1 t 1 1 0 7
sul Subtract immediate from A 1 1 o 1 o] 1 1 1] 7
SBI Subtract immediate from A with 1 1 1] 1 ) 1 1 Q 7
bBarrow
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s CPU -MSMBOCB5A-2RS/GS/JSH
Table B Instruction Sot S y cont'd
Mnemonic Description Instruetion Code(t) Ciock{2)
D, Ds D; Dy Dy D, D, Dy Cycles

LOGICAL

ANA T And register with A 1 0 1 o o 8 5 5 4
XRA ¢ Exclusive Or register with A 1 o 1 0 1+ 8 § 8 L)
ORAr Or registar with A 1 0 1 1 0 5 § 8§ 4
CMP « Comparag register with A 1 o 1 1 1 s § § 4
ANA M And mamory with A 1T 0 1 0 0 1 t 0 7
XRA M Exclusive Or Memary with A 1 g 1 g 1 1 1 0 7
ORA M Or memary with A 1T 0 1 10 1 1 0 ?
CMPM Compare memory with A 1 0 1 1 1 1 1 o 7
ANI And immadiate with A 1 11 0 49 1 1 0 7
XRI Exclugive Or immediate with A 1 1 t 0 1 1 1 d 7
QORI Or immediate with A 1 1 1 1 0 i 1 0 7
CPJ Campare imrnediate with A 1 1 1 1 1 1 1 4] 7
ROTATE

RLC Rotate A left a a o o o 1 1 4
RRC Rotate A right a 0 0o 0 1 1 it 4
RAL Rotate A left through carry 0 0 0 1 0 1 1 1 4
RAR Rotate A right thraugh carry o 0o 0 1 1 1 1 ] 4
SPECIALS

CMA Complement A o o v 0 1 1 1 1 L)
57C Set carry oD o t 1 o1 1 1 4
CcMC Complement carry g 0 1 1 1 t 1 1 4
DAA, Decimal adjust A 0o o 1 a o0 1 1 1 4
CONTROL

El Enable Interrupts 1 1 1 1 1 1} 1 1 4
Dt Disable Interrupts 1 1 1 t 0 [t} 1 1 4
NOP Mo-operation 0 o 0 g 0 e 0 0 4
HLT Halt {Fower down) o ¢ 1 T o 1 1 0 5
A Read Interrupt Mask ¢ o 1 a o o 0 0 4
ALY | Set Imerrupt Mask a 0 1 t 0 o 0 0 4q

Notes: {1} DDD or $55. B 000. C 001, D 0OIG. E0V1. H100. L 107, Memory 110. A 111,
{2} Two possible cycle times, 16/12} indicate instruction cycles dependent on condition flags.
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OXI semiconductor

MSMBO0C86ARS/GS/JS
MSM80C86A-2RS/GSUS

16-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSMBOCB6A/MSMEBOCE6A-2 are complete 168-bit CPUs implemented in Silicon Gate CMOS technola-
gy. They are designed with same processing speed as the NMOS 8086/8086-2 but have considerably less power

consumption. They are directly compatible with MSMBOCABAMSMBOCERA-2 software and MSMBOCSEAS
MSMBOC85A-2 hardware and peripherals,

FEATURES

* 1 Mbyte Direct Addressable Memory Space
# Internal 14 Word by 16-bit Register Set

* 24 Operand Addressing Modes
* Bi1, Byte, Word and String Operations

CIRCUIT CONFIGURATION

& 8 and 16-bit Signed and Unsigned Arithmetic Operation
® From DC to 5 MHz Clock Rate (MSMBOCS6A)

# From DC to 8 MHz Clock Rate (MSMBOCB6A.-2)
* Low Power Dissipation 10 mA{MHz

® Bus Hold Circuitry Eliminates Puil-Up Pesistors

EXECUTION LUNIT BUS INTERFACE UNIT
| 1 !
REGISTER FILE RELOCATION
REGISTER FILE
SEGMENT
DATA AEGISTERS
PLANTER AND AND
INDEX REGS INSTRULTION
15 WORDS! POINTER
15 WORDS!
|—— BHE 57
! A19i56
16BIT ALY 2 -
BLKS 1 81657
INTERFACE F g p ATHS - ann
fLAGS uht o
a4 »INTA, RD, WR, MO
3 »DT R OEN.ALE
GEY1E
INSTHUCTION
1 ouEue
4
TEST > - (OEX
INTR i
My i CONTROL & :"\2 as0.081
AGGTO.1 7 TIMING
AaLD = B 3R R0l
HLOA |
CLK  AESET AEADY MNME GND
WL

n




m CPU-MSMBOCBBARS/GS/JS MSMB0CB6A-2RS/GS/JSE

PIN CONFIGURATION

e
oup B E) L
MEMBOCAEARE (Top View) ac1a] 2 39 [ aoe
MSMB0CEEA-ZRS amaf 3 E1) m PILEE]
40 Load Plastic DIP s ol
EY-THE » 31 6 [} m185a
aviofd 6 P aress .
aoe 7 30 [ HHE 57
aps [ 33 [ kWX
so Q9 3z [ AT
206 10 31 g TGO HO Ly
ans [t 30 [FFG-GTT LD
s0a O 12 23 P TOCR Rl
aca Oz 357 meidn
anz O 1 2 350 m
aot s 76 [ 50 IOEN
aon s 25 PYost 1aLe:
med 17 24 [[Jusy TRl
[NL:0 = RE 23 [} TEST
[ w RE] 2z Oreany
g é cun [ 2o 21 YHESE D
N = ZEg& s Fis.2a MSMBOCB6ARS/MSMBOCS6A-2RS
2ok E 3 E ok
o oda > U ou ey 2ce
2z EE8FZ7ZRBrEE
ATR:S5 a3 42 41 40 39 38 37 36 35 34 33 32 31 30 29 5 [~ 030 14LE MSMBOCBEAGS (Top View)
ATH5 ] aa 7 [yust A MSMBOCBBA-2GS
a16:53 a5 26 [ TESY 56 Lead Plastic Flat Package
ADI5 L7146 25 P READY
Noo . ]ar 74 S RESET
Ve CHae N
LICTR . 72 AN
ne s [ Avee
she s 20 6o
ne s 1 nwc.
Ao CT]5: I3 wesw 1K
alns CT]64 O 7oL
amz U5 6 inR
api 86 1 2 3 45 6 7 8 8 10 11 12 13 14 V5 Oy NM
-ga}cur--m- I I T |
YogobdgodYyLloodioaad
z 4 d4dadadz¥daddaqda o oy @
" — oo L. W 818140
Fig. 2b MSMBOCBEAGS/MSMAOCHEA 2GS oEedsZoggERa
i d4dacl0fraaaa
& 5 4 1 2
ADH0 [} N
. ADA I ATHEE
MSMBOCE6AJS (Top Viewl  apag BrEIsT
MSMBOC26A-248 aD7 ] MM TAR
44.pin Plaatic Leaded Chip Carrier 406 {] s
a0s ([1: ROVGTD (HIILDI
AD4( ROGTT iHLD &)
a0 LOCK 1R
A02 {] 52 ame o
ant ] ST nA;
A00{] 50 (FER
2
g g0k >E-g
"EpogTpgpessd
A T ‘;‘” : ]
Ex
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ABSOLUTE MAXIMUM RATINGS

= CPU-MSMB0OCBE6ARS/GS/JS MSMBOCBEA-2RS/GS/JSm

Limits
Parameter Symbo) [MSMBICEEARS [MSMBOCBEAGS |MSMBOCBEAJS | Unit | Conditions
MSMBDCEEA-2ZABIMSM BOCEEA-2GS5 MEMBOCBEA-2IS
Power Supply Voltage Voo -056 -~ +7 W
Input Valtsge VIN -05 ~ Vg 05 v ‘:‘2‘3:’&}“’“‘
Cutput Voltage VouT -0.5 ~ Ve +05 v
Storage Temperature Tstp -85 o :50 ‘G -
Power Dissipation Po 1.0 0.7 W Ta=2%"C
OPERATING RANGE
Lirnits
Parameter Symbol v Unit
MSMBOCEGA MEMBOCBEA-2
Power Supply Voltage Ve 3~6 4.75 ~ 5.256 W
Operating Temperature Tor -40 ~ +85 0~ 470 °C
RECOMMENDED OPERATING CONDITIONS
. MEMBOCEBEA MSMB0CEEA -2
Pararrgter Symbel o ooee s e T s ——=—— Unit
’ WiN TYP MAX MM TYP MAX
Power Supply Voltage vee a5 50 55 475 | 50 | 625 v
~ Operating Temperature TOR -40 +25 +85 0 +25 +70 i)
"L nput Voliage Vi -05 +0.8 -0.5 +0.8 A"
i1} | Vep-0, Ve +05 | Vop- Vee 05 | v
“H” Input Voltage Vi cc-08 cc cc-08 cc
1"2) 20 Ve +H0s 20 Voo t05 v

“1 Only CLK,  *2 Except CLK.
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"m CPU-MSMB0C86ARS/GS/JS MSMBOCE8A-2RS/GS/JS s

DC CHARACTERISTICS

(MSMBOCBEA: Ve = 4.5V to 5.5V, Ta = —40° to +85°C)
{MSMBOCBEA-2: Vi = 4.75 10 .26V, Ta = 0°C to +70°C)

Parameter Symbol MIN TYF MAX Unit Conditions
LY Quiput Voltage VoL 0.4 v gL =25 maA
"H'" Output Voltage VOoH 3¢ v 10H = 25 mA
Veor-04 IGH=-100 A
Input Leak Current LI -1.0 +1.0 LA 0=Vy<Vpo
Output Leak Current L0 -10 +10 uh (Vo= Vegor GND
el wo | | S
e | e | oo | a | VIR0V
Bus Hold Low Overdrive IBHLO 600 ey *5
Bus Hold High Cverdrive IBHHO 660 A *6
e 10 Imamz| (175N
gzznjﬁ"cz‘::::: lces 500 uA Ou::ngg ui;z:ded
Yy = Voo or GND
Input Capacitance Cin 5 pF *7
Qutput Capacitance Cout 15 nF *7
1/0 Capacitance Ciro 0 nF *7

*3
*4
*5
*G
*7

74

Test condition is to lowsr Vi to GND and then raise VN to 0.8V on pins 2—-1§, and 35—39

Test condition is to raise V )y 1o Vg and then fower VIN to 3.0V on pins 2—16, 26—32, and 34-39.
An external driver must source at feast Ig 0 to switch this node from LOW to HIGH,
An external driver must sink at least IBHHO 1o switch this node from HIGH to LOW.

Test Conditions: al Freg = ¥ MH2.

b} Ummeasured Pins at GND,
el Vyn at 5.0V or GND.




m CPU-MSMBOC8S6ARS/GS/JS MSMBOCBBA-2RS/GS/JSe

A.C. CHARACTERISTICS

(MSMBOCEEA: Vo = 4.5V to 5.5V, Ta= —40°C 10 +85°C)
(MSMBOCB6A-2: Ve = 4.75V 10 5.25V, Ta= 0°C to 70°C)
Minimum Mods System

Timing Requiraments

MSMBOCBEA MSMBOCEBA-2
Paramater Symbol Unit
Min. Max. Min. Max.
CLK Cycte Period TCLCL 200 Dc 126 pC ns
CLK Low Time TCLCH 118 68 ny
CLK High Time TCHCL 69 44 ns
CLK Rise Time (From 1.0V to 3.5V) TCH1CH2 10 10 ns
CLK Fall Time [From 3.5V to 1.0V) ToL2CL 10 10 ns
Data in Setup Time TOVCL 30 20 ns
Oatg in Hold Time TCLDX 10 10 ng
:;2:‘3::::1'!'!'2“;9 into MSM B2C84A TRIVCL ag a5 ns
rtsl::‘NF:::: :’:r;}e into MSht B2C84A TOLR1X o o ns
READY Setup Time into MSMBOCEBEA | TRYHCH 118 31 ns
READY Hold Time inte MSMBOCEEA-2 | TCHRYX 30 20 ns
READY inactive 10 CLK (See Note 3) TRYLCL -8 -8 ns
HOLD Setup Time THVCH 35 20 ns
:;I;Hh;:tl:ﬂ;,]TEST Setup Time TINVCH 10 15 ns
Rt B . |
e . o |
Timing Responses
Parameter Symbol  }— MEMBOCEEA MSMBOCEEA 2 Unit
Min. Max, Min. Max.
Address Valid Delay TCLAV 10 110 10 1] ns
Address Hold Time TCLAX 10 10 ns
Address Float Delay TCLAZ TCLAX 80 TCLAX 50 [
ALE Width TLHLL TCLCH-20 TCELCH-10 ns
ALE Active Delay TCLLH 80 a0 ns
ALE Inactive Delay TCHLL 85 55 ns
Address Hold Time to ALE inactive TLLAX TCHCL-10 TCHCL-10 | ns
Bata Valid Delay TCLDY 10 110 10 &0 ns
Data Hald Time l TCHDX 10 10 ns
Data Hold Time sfter WR | TwHDx | ToLcH3o TCLCH-30 ns
Contral Active Delay 1 TCVCTY 10 l\ 110 0 70 ns
Contral Active Delay 2 TCHCTY 1G | 110 10 60 ns
Control Ingctive Delay TCVCTYX 10 110 10 Kl ns
Address Float to RD Active TAZRL o] ] ns
RD Active Delay ’ TCLRL 10 165 i0 100 ns
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= CPU-MSMBOCBEARS/QGS/JS MSMBOCBBA-2RS/GS/JSm

Parameter Symbol MSMBOCEE A MSMBOCE6A-2 Unit
Min, Max. Min. Max,
RO Inactive Delay TCLR H 1c 150 10 BO ns
RO Inactive to Next Address Active TRHAV. | TCLCL45 TCLCL-4G ns
HLDA Valid Delay TCLHAV 10 160 10 100 ns
D Width ' TRLRH |2TCLCL75 2TCLCL50 ns
WH Width TWLWH  12TCLCL-60 2TCLEL40 as
Addrass Valid to ALE Low TAVAL TCLCH-60 TCLCHA40 ns
Output Rige Time IFrom 0.8V to 2.0V} | TOLOH 15 15 ns
Qutput Fall Time (From 2.0V to 0.8V} TOHOL 15 16 ns

76

Notes: 1. Signal at MSM 82C83A or M5M 82CHB are shown for reference only, )
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3. Applies only ta T2 state, 1B ns into T3}




Maximum Mode System (Using MSM 82CB8 Bus Controller)

Timing Requirements

» CPU-MSMBOCB6ARS/GS/JS MSMB0CBGA-2RS/GS/JS »

MSMBOCBEA MEMBOCEE A-2
Paramerer Symbol - e | - Unit
Min_ Max. Min. Max,
CLK Cycle Period TCLCL 200 oC 125 [ ns
CLK Low Time TCLCH 118 7] s
CLK High Time TCHCL 3] 44 ns
CLK Rise Time (From 1.0V 10 3.5V TCHICH2 10 10 ns
CLK Fall Time (Fram 3.5V to 1.0V] TCLZCL 10 10 ns
Data in Setup Time TDVCL 30 20 ns
Data in Hold Time TCLDX | 10 10 ns
gl::‘rf:tt:::i;;e inte MSM 82CB4A TRIVCL 15 15 e
oY g T A e | o : -
READY Setup Time into MSM BOCBGA | TRYHCH 118 i 68 ns
READY Hold Time into MSh BOCBGA TCHRYX ki) |I 20 ns
READY insctive to CLK (See Note 3} | TRYLCL -8 . -8 ns
. - i
T TEST) (See o | TINWVCH |30 | s
RG/GT Setup Time TGveH | 30 .15 0s
A Hold Time into MSM B0CS6A TCHGX i! 40 ;30 as
o s T e o S
Fall Ti '
o AT e UK | 6 |
Timing Responses
Parameter Symbol  |—-—- MSMBOC&EA— ! MSMBO0CBeA2 Unit
Min, Max. Min. Max .
Command Active Delay {See Note 1) TCLML 5 45 5 35 ns
Command Inactive Delay 1See Note 1) TCLMH i 5 45 i 5 a5 ns
Tsi:z:t::;ive to Status Passive TRYHSH || 110 &5 ! ns
Status Active Delay TCH3Y 10 | 110 10 2] i ns
Status inactive Delay TCLSH ! 10 ¢ 130 10 70 i ns
Address Valid Delay TCLAV 10 . 110 10 60 ns
Address Hold Time TCLAX 10 10 | ns
Address Float Delay TCLAZ TCLAX 80 TCLAX 50 Y ons
Status Valid to ALE High |See Note 1} TSVLH 35 25 . ons
Status Valid to MCE High (See Note 1} TSVMCH 35 30 !; ns
CLK low to ALE Valid {See Note 1) TCLLH 35 25 0m
CLE Low to MCE High {Sae Notz 1) TCLMCH 35 25 s
ALE Inactive Delay {See Nowe 1} TCHLL 4 35 4 25 i ni
Data Valid Delay TCLDY 10 110 10 60 ns
Data Hold Time TCHDX 10 10 ng
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& CPU-MSMB0OCB86ARS/GS/JS MSMB0CB6A-2RS/GS/JSw

Parameter Symbal MEMBCseA MSMBOCBEA-2 Unit
Min, Max, Min, Max.
Control Active Delay {See Note 1} TCVNW 5 45 5 45 ns
Contral Inactive Delay (See Nate 1) TCVNX L] 45 10 45 ns
Adaress Float to AT Active TAZRL 0 0 ng
RD Active Delay TCLRL 10 165 iD 100 ns
AD Inactive Delay TCLRH 10 150 10 80 ns
RD Inactive 1o Next Address Active TRHAY | TCLCL45S TCLCL-40D ns
:::;:c;iz:; E':?ntrol Agtive De.lav T CHDT!. 50 50 ns
?si:c':li::!i(;ntmi inactive Delay TCHOTH 15 30 ns
GT Active Dolay TOLGL [+] 85 0 50 ns
GT Inactive Delay FTCLGH 0 B85 0 50 ns
AD Width TRLRH [2TCLCL-75 2TCLCL-B0 ns
CGutput Rise Time (From 0.8V 1o 2.0V} | TOLOH 15 15 ns
Qutput Fall Time (From 2.0V 1o 0.8V) TOHOL 15 15 ns

Notes:
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1.

Signal at MSM B2CB4A or MSM 82088 are shown for raference only.
2. Setup requirement for asynchronous signal only 1o guarantee recagnition at next CLK.
3.

4. Applies only to T3 and wait states.

Applies only to T2 state 18 ns into T3)




s CPU: MSMBOCB6ARS/GS/JS MSMBOCS6A-2RS/GS/JSE

TIMING CHART

Input/Qutput 8.C. Testing Load Circuit
2.4 DEVICE
UNDER
TEST POINTS 1.5
15— - TEST

0.45 Lol
I 100cF

A C. TESTING: INPLTS ARE DRIVEN AT 2.4v FOR A LOGIC i

"1 AND 0.45% FOA A LOGIC "0 TIMING MEASUREMENTS

ARE 1.5V FOR BOTH A LOGIC “1" AND 0" CL INCLUDES JIG CAPACITANCE

Minimum Maode

m T2 T3 T4
TCHICHZ TCLZCLY
TCLCL—f Tw
ViH m [.;;.\
CLK [MSM 82C84A Output) }’l X 7 g j/_\_
YIL*TCHETY 1 '
- TCHCL TCLCH
M/
_ X
TCLAV —= ToLAX - TCLDV TCHD X —+]
BHE!S7.A19/56-A16/53 BHE, A19-A1 §7-53
TLH
TCLLH— LHLL TLLAX
_—
ALE TavaLk /o
TC;EL—-J I:-—- v = TRIVCL
iH
ROY {MSM 82C84A | 3 W
CB4A lnpur) ' A
SEE NOTE 5 I e X
TRY LCLq - |
READY {MSM80CEEA Input) -] TCHRY X
TAVAL
FLiaxal"
READ CYCLE TCLAV AX~
s
AD15-ADO AD15-ADD
: FLOAT,
TAZAL RHAV.
RD
INOTE 1) -
¢ - TCHCTY | TCHETV
{WR.INTA=vaQ! - TCLRL TRLRH 1
DT/H
TCVCTY = TCVETX
GEN
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= CPU- MSMBOCBSAHSIGS/JS MSMB0OC8BA-2RS/GS/JSw

Minil Muode {Conti o b

T 2 T3 T4
TCLCL TCHicHZ,  ToLzcks W
. ViH /
CLK iMSM 82CB44 Output) Y '
iy A y A\ / N/
renery TeHeL TCLCH
/g x
W
TCLAV~ TeLov TCHDX
HE/S7.A19/56 ~ A16/S3 $7-53
TCLLH -~ TLLAX
ALE P
A
TCLOV T
WRITE CYCLE TeLava CHEt i TCLAX TCHDX | fo-
T N .
AG15.A00 Xn_ys-fmqo DATAOUT | )—C
TAVAL
TeveTV ) TWHDX] TCVETX
. NOTE 1)¢ o TLEAX
(MO, INTA, HEN
DTk =vGHI ToveTY—
TW I WH ["—"""_—"—_""
S : 7T
_ reLaz TCVCTR b
INTA CYCLE ¢ TDVCLP TCLDX
r
AD15-aD0 A FOINT ——-C
FLOAT FLOAT
— F—TCHCTY TCHETY
DT/R
INQTES 1&3)  ( i
(Rl WHR = vOH TEVCTV =1
BHE = vOLI _— .
T A
TCVETY TCWCT X
L DER
AL -~ ADO INVALID ADDRESS SOFTWARE HALT

SOFTWARE HALT-
RD.WR.INTA = VOH TCLAY ~—] -—
DT/R = INDETERMINATE
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Maximum Mods

™ T2 T3 Ta
TCHICH2 —{p-TCL2CLT
v [e—TCLCL— ™W
WM
CLK IMSM B2CB4A output} r £ ) ~ ,[ \
VL
TCLAV— [~ TCHCL TCLCH
Qs0,0s51 [
) D X X
TCHSY —~i P~ TCLSH
“ - -
o t 5 {SEE NOTE 81
52.51,50 (EXCEPT HALT!} k T /Mﬂ // W
o] TCLAY HDX
[T JCLAX TCHDX ] =
HE/S7.A19/S6 ~ A16/53 X FUE are-a16 87.52 X
TSViH=H - * e TOHL |
ALE (MSM  TCLLA® = TeHLL -
82C88 CUTPUT) J ( i
r]
SEE NOTE 5 T TRIvCL
ADY {MSM 82C84A VIH \
INFUTI \ \
ViL
TRY C_L{—_: TCLRYX
READY (MSM BOCBBA ' — L TCHRYX
INPUT) TRYHSH
TCLAX ] %
' | TAVHCH™ o |
READ CYCLE TCLAV— [+—TCLAZw TOVCL TCLDX
AD15-AD0 I AD15-AD0 DATA IN /‘
—AFLOAT 1 FLOAT
TAZRL — fe— TRHAV
. TCLRH
RD
TCHDTL —— TRLRH . TCHOTH
oOT/E s B s TCLRL ]
MSM 82CB8
OUTPUTS MRDC OR TCLML—= |"— TCLMH —
SEE NOTES 5, 6 {BRE ,L
TCVNY — h——
DEN ’
TCVNX—

s CPU-MSMBOCBBARS/GS/JS MSMBOCB6A-2RS/GS/JSH
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m CPU-MSMBOCB86ARS/GS/JS MSMBOCBEA.2RS/GS/USw

Maximum Mode |{Continued)

T T2 T3 T4
Tw
Vi
CLK (MSM 82CB4A outputl \ f ﬂ jf \‘ /"“"\l
: ViL
D., TCHSV «| |- TCLSH .
52, 57, SD (EXCEPT HALT) W ISee nate 81\ _
WRITE CYCLE TCLAV - - TeLRY TCHDX ~
AD15 ~ ADO DATA J.—C
TCVNV S TCVNX ]
DEN } \4
MSM 82C88 ;_{-TCLML TCLMH
QUTPUTS, TR
SEE NOTES 5.6 4 AMWC OR RIGWC
- TCOLMUL TCLMH
MWTC OR TOWG
INTA CYCLE
FLoAT|l 7 \ —
AD15 ~ ADO { FLOAT TOVEL FLOAT ‘e
SEE NOTE 3,4 -+ TCLAZ E - ToLDX
;—’-— FOINTER —C
(TCVNX FLOAT
TSVMCH - ' —
(MCE/ /
FOEN -—
TCLMCH = -~ TCHDETL Bl TCHOTH
DT/A
MSM B2C88
OUTPUTS oML
SEENOTES 5.6 Y iNTA
= TCVYNY ™ TCLMH
DEN )
SOFTWARE HALT — - TCVNX -~
IDEN=Vg ; RD, MADC, TORT, MW TE,
AMWC, TOWC, AIOWE, INTA, =V
AD15 ~ ADO { INVALID ADDRESS
TCLAV
L)
anm A/ N

Notes:

82

Bl Ao

. Al sighals switch between Vo and V(g unless otherwise specified,
RDY is sampled near the end of T2,T3, Ty to determine if Ty machines states are to be inserted.
. Cascade address is valid between first and second INTA cycle.
- Two INTA cyclas run back-ta-back. The MSM 80C86A LOCAL ADDR/DATA BUS is fleating during

both INTA cycles. Control for pointer address is shown for second INTA cycle.

[+

INTA and DEN} lags the active high M3M 82088 CEN.

=d

. Status inactive in state just prior to T4.

. Al timing measurements are made at 1.5V unless otherwise noted.

. Signals at MSM 82C84A or MSM B2C88 are shown for reference only.
. The issugnce of the MSM 8ZC88 command and conirol signals (MRODC,

cl

ORC.IOWC AIOWC,

C,AMW




Asynchronous Signal Ascognition

# CPU-MSMBOCBBARS/GS/JS MSMBOCSE6A-2RS/GS/JSm

— [TINVCH ISEE NOTE 11

CLK
MM
INTA ¥ SIGNAL )
TEST =
NOTE: 1.

AT NEXT CLK

SETUP REQLIREMENTS FOR ASYNCHRO-
NOUS SIGNALS ONLY TO GUARANTEE AECOGNITION

Bus Lock Signgl Timing {Maximum Mods Only| Resat Timing
ANY CLK CYCLE
£ ANY CLK CYGLE fo- 2 50 wSEC —f
. vee __/—_...
CLK
TCLAY TeLAY TCLDX
_ TDVCL
LOCK T
RESE i
£4 CLK CYCLES

Request/Grant Sequance Timing {Maximum Mode Only)

Aoy CLK Cycle

= 0 CLK Cyele

CLK
ERIHYIN
TCLGH TCLGL .
— TCLGH
PULSE 2
RQ/GT GocaEAGT
ADI1E ~ ADO COPROCESSOR ek
A'IQ."SG-'AIB.":S.CQ "GO
§2.51.%0 5M BOCEEA o P SOR
A, LOCK ™ ) COPROCES socase
BHEJST o ISEE NOTE ¥
Mote : 1 The coprocessor may nar drove the buses outside The region shawn without risking conention.

Hold/Hold Acknowledge Timing {Minimum Mode Only}

OT/A, WR, OER

21CLK CYCLE 1or2 CYCLES
THYCH
<t
HOLD
— TCLHAV —l TCLHAY i
HLDA
M L — - TCLAZ
AD15- ADD.
M5M BOCEG A -
A19i66~ A15:83, o * COPROCESSOR MESM BOCEG A
AD. ' ¥
BHE/§7, MO,
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a CPU-MSMS0C36ARS/GS/JS MSMB0OCB6A-2RS/GS/JS®

PIN DESCRIPTION

ADG -~ ADI5
ADDRESS DATA BUS: Input/Quiput

These lines are the multiplexed addrass and data
bus,

These are the address bus at the T1 cycle and the
data bus at the T2, T2, TW and T4 cycles.

At the T1 cycele, ADD low indicates Data Bus Law
{D0 — D7 Enable. These lings are high impedance
during interrupt acknowledge and hold acknowledge.

A16/83. A17/34, A18/S6, A19/86
ADDRESS/STATUS. Output

Tsees are the four most significant addresses, at
the T1 cycle. Accessing 1/Q port address, these are low
at T1 cycles. These lines ara Status lines at 72, T3, TW
and T4 cycles, S3 and 54 are encoded as shown,

53 |54 Characteristics
o 0 " Alternate Data
0 Stack
0 1 Caode or None
1 Cata -
These lines are high impedance during hoid

acknowledge.

BHE/ST
BUS HIGH ENABLE/STATUS: Qutput

This ling indicates Data Bus High Enable {BHE} at
the T1 cycle.

This line indicates Data Bus High Enable {8HE)
at the TT1 cycles.

This line is status line at T2, T3, TW and T4 cycles.

RD
READ: Qutput

This line indicates that CPU is in the memary or
/0 read cycle,

This line is the read strobe signal when CPU read
data from memory or 1/0 device,

This line is active low.

This line is high impedance during hold acknow-
ledge.

READY
READY: Input

This line indicates to the CPU that the addressed
merory or 1/0 device is ready to read or write.

This lire is active high,

If the setup and hold time is out of specification,
i{legal operation will occur.

INTR
INTERRUPT REQUEST: Input

‘This fine is the level triggered interrupt reguest
signal which is sampled during the last clock cycie of
instruction and string manipulation.

It can ke internally masked by software,

This signal is active high and internally synchro-
nized.

TEST

TEST: Input
This ling is examined by tha WAIT instruction.
When TEST is high, the CPU enters idle cycle.
When TEST is low, the CPU exits the idls cycle.

NMI
NON MASKABLE INTERRUPT: tnput

This line causes a type 2 interrupt.

NM? is not maskable,

This signal is internally synchronized and peeds
2 clock cyeles of pulse width,

RESET
RESET: tnput

This signal causes the CPU to initialize immedi-
ately.

This signal is active high and must be at iesst four
clock cycles.

CLK
CLOCK: tnput

This signal provides the basic timing for the
intarnal gircuit.

MN/MX
MINIMUM/MAXIMUM: Input
This signal salacts the CPU's operating mode,
When Vee is connected, the CPU operates in
Minimum mode,
Whin  GND
Maximum mode.

is connected, the CPU orgrates

vee
VCC: +3 — +6V supplied.

GND
GROUND

The following pin function deseriptions are maxi-
mum mode only.
Qther pin functians are already described.

§0,51.82
STATUS: Duput

These lines indicate bus status and they are used
by the MSMB2ZCB8 Buys Cantroller to generate all
memory ard 1/C access controd signsls.

These lines are high impedance during hald
acknowledge.

These status lines are encoded as shown,



52 51 |50 Characteristics
O ILOwW) ] Interrupt acknowledge
0 0 | 1 | Read 1O PO
a 1,10 [WieliQPort
a 1 1 ) Halt ]
TiHIGH) |0 | 0 | Code Access
1 Q 1 Read Mamorv. -
' 1[0 Jwoememory |
1 1 Passive
RGO
 RQ/GT1

REQUEST/GRANT: input/Cutput
These lines are used for Bus Request from other
devices and Bus GRANT to other deivees.
’ These lines are bidirectional and active low,

LOCK
LOCK: Quiput

This line is active low.

When this line is low, other devices can not gain
control of the bus.

This ling is high impedance during hold scknow-
ledge.

Qs0/Qs1
QUEUE STATUS: Output

These lines are Queue Status, and indicate internal
instruciaon gueue siatus.

Q51 Qs Charac!fnstics
G {LOW) o] No Operation
a 1 First Byte of Op Code from
Cueue
1 {HIGH) 0 Empty the Cueue
1 1.“ | -Su-bﬁ_equent Byte from Quaue

The following pin function deseriptions are mini-.

mum made only. Other
described.

pin functions are already

MAOo
STATUS: Qutput

This ling selects memaory address space or 1/O
address spate.

When this fine is bigh, the CPU selects memory
address space and when it is low, the CPU selects H/OQ
address space.

This line is high impedance during hold acknow-
lecge.

WR
WRITE : Qutput

This line indicatés that the CPU is in the memory
or 1/0 write cycle.

Thia line i5 a write strobe signal when the CPU
writes data to memory or |/Q device,

This tng is attive low.

This lina is bigh impedance during hold acknow-
ledge.

INTA

INTERRUPT ACKNOWLEDGE : Qutput

This line is a read strobe signal for the interrupy
acknowledge cycle.

This ling is active low.

ALE
ADDRESS LATCH ENABLE: OQutput

This line is used for latching the address into the
MSMB2C12 address latch, It is a possitive pulse and its
trailing edge is used to strobe the addrass, This line is
never floated.
ot/
DATA TRANSMIT/RECEIVE : Qutput

This line is used to control the output enable of
the bus transceiver.

When this line is high, the CPU transimits data, and
when it is low, the CPU receives data.

This line is high impedance during hold acknow-
ledge.

DEN
DATA ENABLE: Quiput

This ling is used 1o control the output enable of
the bus transceiver.

This line is active low. This line is high impedance
during hold acknowledge,

HOLD
HOLD REQUEST: Input
This line is used for Bus Reguest from other
devices,
This ling 15 active high.

HLDA

HOLD ACKNOWL £EDGE : Output
This line is used for Bus Grant to other devices.
This ling is active high.

s CPU-MSM80CB8BARS/GS/JS MSMBOCBEA-2RS/GS/JS e
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I. CPU-MSMBOCS6ARS/GS/JS MSM30C86A-2RS/GS/JSe

FUNCTIONAL DESCRIPTION
STATIC OPERATION

All MSMBOCBGA eircultry is of static design.
Internal registers, counters and latches are static and
raquire no refresh as with dynamic circuit design. This
eliminates the minimum operating frequancy restriction
placed on other microprocessors. The MSMB0CBE6A can
operate from DC to the appropriate upper freguency
limit. The processor clock may be stopped in either
state |high/low) and heid there indefinitely. This type of
operation is especially useful for system debug or gower
critical applications.

The MSMBOCBEA can be single stepped using only
the CPU clock. This state can be maintained 35 long as
is necessary. Sigle step clock operation allows simple
interface circuitry t0 provice ¢ritical information for
bringing up your system,

Static design also allows very low frequency cpera-
tion {down to DC). in a power critical situation, this
can provide extramely low power operation since
MSMB0CBEA pawer dissipation is directly related to
operating frequency., As the system freguency is re-
duced, so is the operating power until, ultimately, at a
DC input frequency, MSMB0DC26A power requirement is
the standby current {500 gA maximum).

GENERAL OFERATION

The internal function of the MSMB0OCSE consists
of a Bus lnterface Unit (BIU) and an Execution Unit
{EU], These units operate mutually but perform as
SEpArate ProGESSOrs.

BIV performs instruction fetch and gueueing,
operand feteh, DATA read and write address relocation
and basic bus control, Instruction pre-fetch is perforned

Mamaory Drganization

“while waiting for decording and execution of instruc-

tions, Thus, the CPU's performance is increased. Up to
&-bytes of instruction stream ¢an be queued.

The EU receives pre-fetched instructions from the
BIU gueue, decodes and executes the instructions, and
provides the un-retacated sperand addrass to BIL,

MEMORY ORGANIZATION

The MSMBOCAEA has a 20-bit address 1o memory.
Each address has sn 8-bit date width. Memory is
organized 00D00H to FFFFFH and is lagicaly divided
into four segments: code, data, extra data and stack
segment. Each segment contzing up to 84 Kbytes and

locates on a 18-byte boundary. (Fig. 3a)

All memory references are made.relative to the
segment register which functions in accordance with
aselact rule. Word operands can ba locatad on even ar
odd address boundary.

The 8IU autormatically performs the proper num-
ber of memory accesses. Memory consists of an even
adgress and anodd address. Byte data of even address
is transfered on the D0 - D7 and byte data of odd ad-
dress is transfered on the D8 — D15.

The CPU prevides tweo enable signals BHE and AD
to access either an odd address, even address or both:

Memory location FFFFOH is the start address after
reset, and ODOOCH through DO3FFH are reserved as an
interrupt pointes, where there are 258 types of inter-
rupt painters.

Each intarrupt type has a 4-byte pointer element
consisting of s 18-bit segment address and a2 16-bit
offset address.

Raserved Memory Locations

f— FFFFFH
64 KB CODE
SEGMENT
nd S XXXXOH
STACK
+OFFSET SEGMENT
SEGMENT 1
REGISTER FILE ) T
cs DATA
s3 SEGMENT
D5 . |
ES 7 [
EXTRA DATA
SEGMENT
T3 0O00H

RESET BOOTSTRAP FRFFFH
PROGRAM JUMP
FFFFOH
: .
_ IFFH
INTERRUPT POINTER
FOR TYPE 255
3FCH
-
E . -:
T L]
™
INTERRUPT POINTER
FOR TYPE1 4H
INTERRUPT POINTER | 3H
FOR TYPE 0 oH

86



8 CPU MSMBOCBBARS/GS/JS MSMBOCB6A-2RS/GS/JSe

Memary Segment Register Sagment
Reference Need Used Selaction Rule

Instructions CODE (L5} Automatic with all instruction prefetch.

Stack STACK (S5 All stack pushes and pops. Memory raferences relative to
BP base ragister excapt data refarences,

Local Data DATA {DS) Data references when relative to stack destination of str-
ng operation, or explicitly overridden,

External 1GIoball Data EXTRA {ES| Destination of string operations: Explicitly selected us-
ing a segment overriden.

MINIMUM AND MAXIMUM MODES

The MSMBOC86A has two system modes: mini-
mum and maximum, When using maximum mode, it is
easy to organize .a multi-CPU systern with a 82C28 Bus
Cantroller which generate the bus control signal,

When using minirmum mode, it is easy to organize
@ simple system by generating bus controi signal by
itself.

MN/MX is the mode sslect pin. Definition of 24-
31 pin changes depend on the MN/MX pin.

BUS DPERATION

The MSMBOCE6A has a time multiplexed addrass
and data bus. If a non-multiplexed bus is desired for a
systam, it s only to add the address latch.

A CPU bus cycle consists of at least four clock
cycles: T1, T2 T3 and T4. {Fig. 4)

The address output ocecurs during T1 and data
transfer occurs during T2 and T4, T2 is used for chang-
ing the direction of the bus at the read aperation, When
the device which is accessed by the CPU is not ready
for The data transfar and the CPU “NOT READY™, TW
cyeles are inserted between T3 and T4.

When & bus cycle is not needed, T1 cycles are
inserted batween the bus cycles for internai execution.
Quring the T1 cvclé, the ALE signat is output fram the
CPU or the MSMB2CBS depending on MN/MX, At the
trailing edge of ALE, a valid address may be tatched.

Status bits G, 51 and 52 are used in the maxi-

murm mode by the bus controller to recognize the type
of bus cperation according to the following table.

52 BERED Characteristics
0 {LOW 0 [ O | Intarrupt acknowledge
0 o |1 Read 1/0
0 1[0 | Write l/O
0 N 111 Hae
1 {HIGH} 0 | O | Instruction Ferch
1 0 | 1 | Read Data from Memory
1 1 0 | Write Data to Memory
1 1 1 Passive {no bus cycle}

Status Bits 53 through 57 are multiplexed with
A16 ~ A19, and BHE: therefore, they are valid during
T2 through T4, ’

53 and 54 indicate which segment register was
selected on the bus cycle, according te the fallowing
table.

54 53 Characteristics
0 iLow) 0 Alernate Data (Extra segment)
0 1| stack
1 IHIGH] 0 Code or None
1 1 Data

S5 indigates interrupt enable Flag.

11C ADDRESSING

The MSMBCOCBEA has 64 Kbyte of 170 or as 32
Kwords 1/0. When the CPU accesses an 1/ device, ad-
dresses AQ ~ A15 are in the same format as a memory
addrass, and A16 ~ A19 are low.

The 1/0 ports addresses are same as memaoty, so
it is necessary to be careful when using B-bit
periphersls.,

a7




a CPU-MSMB0CBBARS/GS/JS MSMB0CE6A-2RS/GS/JSH

Basic System Timing

(4 + N*WAIT) = TCY 4 + N*WAIT) = TCY
n |12 | v pwan] Ta [ T | 12| 13 pwan] T |

CLK
GOES INACTIVE IN THE STATE
JUST PRIOR TO T4

ALE_[—\ I_—\ =\ I_\
\ ] { | \
X

a
P
g

BRE, A19-A16 BH 19-A16

/ E,
27, = X

BUS RESERVED D15-0D0
AI5—-AD  FOR DATAIN vALID

A DATA OGUT
(015000

ADDR/DATA -

READY READY

WAIT WAIT

1r

S S

——] a—

MEMORY ACCESS TIME




EXTERNAL INTERFACE

RESET

CPU Initalization is executed by the RESET pin.
The MSMBOCEGA s RESET High signal is required for
greater than 4 clock cycles.

The Rising #dge of RESET terminatas present
aperation immediately. The Falling edge of RESET
triggers an internal reset sequence for approximately 10
clock cycles. Afer the internal reset sequence is finished
narmal  operation occurs from  absolute  location
FFFFOH.

INTERRUPT OPERATIONS

Interrupt operation is classified as software or
hardware, and hardware interrupt i classified as non-
maskable or maskable.

An interrupt causes a new program locatian de-
finad on the interrupt pointer table, according to the in-
terrupt type. Absolute locations O0000H through
O03FFH are reserved for the interrupt pointer table,
The interrupt pointer table consists of 266-elaments.
Each elament is 4 bytes in size and corresponds to an

interrupt Acknowladge Ssquence

8 bit type number which is sent from an interrupt
interrupt request device during the interrupt acknow-
ledge cycle.

NON-MASKABLE INTERRUPT (NMI}

The MSMBOCS86A has a Mon-maskable Interrupt
{NMI} which is of higher priority than the maskable
interrupt request [INTR],

The NMI request pulse width needs a minimum of
2 clock cycles. The NMI will be serviced at the end of
the current instruction or between string manipulations.
MASKABLE INTERRUFT LINTR}

The MSMBOCBEA provides another interrupt
requéest [INTRL which can be masked by software,
INTR is level triggered, so it must be held until the
interrupl request is acknowledged.

INTR will be servicad at the end of the aurrent
instruction or between string manipulations.

ALE

LOCK

| Tt ] v2 | 123 [Tafr| M

| 72 { T3 | T4 |

TYPE

VELTOR

INTERRUPT ACKNOWLEDGE

During the interrupt  acknowladge  sequence,
further interrupts are disabled. The interrupt enable Git
is reset by any interrupt, after which the Flag register is
automatically pushed onto the stack. During the
acknowledge sequence, the CPYU emits the lock signal
fram T2 of the first bus cycle to T2 of the second bus
cycle. At second bus cyclees, byte is fetched fram the
axternal device as a wvector which identifigd the type
af interrupt. This vector is multiplied by four and used
as a interrupt pointer address. (INTR only}

The Interrupt Return {IRET} instruction includes a
Flag pop ogeratian which retwrns the original intermupt
enabile bit when it restores the Flag.

HALT

enters the Halt state. An interrupt raquest or RESET
will forge the MSMBOCBEA out of the Halt state.

When a Hait instruction is executed, the CPU

SYSTEM TIMING — MINIMUM MODE

A bus cyele beging T1 with an ALE signal. The
trailing edge of ALE is used to Jaich the address. From
T1 to T4 the M/ID signal indicates a memory or 10
operation. From T2 10 T4, the address data bus changes
the address bus to data bus. _

The read (RD), write (WRI and interrupt ac-
knowledge {INTAJ signals causes the addressed device
to enable data bus. These signal becomes active at the
beginning of T2 and inactive at the beginning of T4,

SYSTEM TIMING — MAXIMUM MODE

At maximum made, the MSMB2CB8 Bus Cont-
roller is added to system. The CPU sends status infarma-
tion to the Bus Controller. Bus timing signals are gene-
rated by Bus Controller, Bus timing is almost the same
a5 in the minimum mode.

® CPU-MSMBOCB6ARS/GS/JS MSMB0OCB6A-2RS/GS/JSe
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BUS HOLD CIRCUITRY

To avoid high current conditions caused by float-
ing inputs to CMOS devices and to eliminate the need
for pull-up/down resistors, "bus-hold™ circuitry has been
used on MSMBOCBEA pins 2-16, 26—32, and 34—
39 {Figures Ba, 6b}). These circuits will maintain the
last valid logic state if no- driving source is present
li.e. an unconnected pin or a driving source which
goes to a high impedance statel. To overdrive the

“bus hold” gircuits, an external driver must be capa-
bie of supplying approximatelty BOO A rminimum sink
or source current at valid input voltage levels. Since
this "bus hold™ circuitry is active and not a “resis-.
tive" type element, the essociated power supply current
is negligible and power dissipation is significently
reduced when compared to the use of passive pull-up
resistors.

CUTPUT

“PULL-UP/PULL-DOWN™

BOND | EXTERNAL

DRIVER

e o o v

INFUT
BUFFER

FAD PIN

PROTECTION

iNPUT
CIRCUITRY

Input Butfer exists only on 1/0 pins

Figure Ga. Bus hold circuitry pin 2.16, 35-39.

DUTPUT

“PULL-UP”

80OND | EXTERNAL

DRIVER

BUFFER

PAD PIN

hmaomoaem

INPUT
PROTECTION
CIRCUITRY

ynput Buffer exists only on VG pins

Figure 6b. Bus hold circuitry pin 26-32, 34




DATA TRANSFER

MOV = Move: 76543210765 432107654321 0y76054321%0
Register/memory to/{rom register 100G 01t ¢ d w mod reg rim
Immediate to register/mamory 11 ¢ 001 % wmad 0 & 0 rim data datait w=1
Immediate to register 1 01 1 w reg data data if w=1%
Maermory to accumulator 1 01 0000 w addr-low addr-high
Accumulator to memory 1010001 w addr-low addr-high
Ragister/memory 10 segment registar 1 00011 1 O|mog 0 rmgg rim
Segment register o register/memory 1000 1 1 0 O|mxi 0 reg rim

I

: PLISH = Push:
Register/mamary 179 1111 1 1|med 1 1 0 rim
Register 1010 reg
Segment register Q 0 reqg 1 1 0
POP = Pap:
Register/memory 1006011131 1 mod O0CD0 rim
Ragister o101 1 rag
Segment register 00 O reg 1t 1
XCHG = Exchange:
Register/memory with register 1000 901 1 wl mod reg rim
Register with accumulator 10010 regq
IN = Input from:
Fixed port 1110010 w vort
Variable port 1110110 w
QUT = Dutput 1o:
Fixed port 11100 1 1 w port
Variable port 11101 1 1V w
XLAT = Translate byte to AL 11 0101 11
LEA = Load EA to register 19000 % 1 0 1| mod reg rim
LDS = Load pointer to DS 11 00010 1|mad reg tim
LES = Load pointer 10 ES 1100010 Gmod Teg rim
LAHF = Load AH with flags 100 Y1111
SAHF = Store AH into flags 10011110
PUSHF = Push flags 10G1t 100
POPE = Pop flags 1011101

Lie]
-
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ARITHMETIC

ADD = Add:

Reg./memary with register 1o either
Immediate to register/memary
immediate 1o accumulator

ADC = add with carry:

Reg./memory with reqister to either
| \mmediate to register/memory
Immediate ta accurnulator

INC = Increment:

Register/memaory

Register

AMA = ASCII adjust for add
DAA = Decimal adjust for add

SUB = subtract:

Reg./memaory and register to either
Immadiate from register/memaory
Immediate from accurnulator

SBE = Subtract with borrow:

Reg./memaory and register ta either
Immediate from register/memory
Immadiate from accumulatar

DEC = Decrement:

Register/memary
Register
MEG = Change sign

CMP = Comgpare:

Repister/memory and ragister
Immediate with register/memory
immediate with accumulater
AAS = ASCH adjust for subtract

=2 = = I

L= =]

L=l = =

[~ = =] L= = R =] (== e

=]

-

[=N= e

o o0 o

R

[

o0 o
L=l =y =]
- 0o

[=) [ e R —

[=]

—

-

- -

[=]

o0 0=

- -

=]

-

(=N =]

=]

reg

= o v n

2%z

S

-3

mod
o

mod
mod

miod

mod
mod

moct
mod

mod

mod
mod

1]

reg
[+
data

req

data

reg
o1
data

reg
11
data

reg
11
data

rim
rim

rim
rim

rfm

rim
rim

rim
rfm

om

rim
rim

data
dataif w=1

data
data if w=1

data
data if w =1

data
dataif w=1

data
data if w=1

data if siw = 01

dataif 0w = 01

data if s:w =01

data if 5w = 01

data if 5o = 01
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DAS = Decimal adjust for subtract
MUL = Multigly {unsigred}

IMUL = Integar muttiply [signed)
AAM = ASCIt adjust for muitiply
DI1Y = Divide {unsigned!

1DV = Integer divide (signed)

AAD = ASC|I adjust for divide

CBW = Convert byte 10 word

CWD = Canvert waord to double word

N

PN = TSy

e~ = N = I

—- o o =

- - OO0 o000 =

DO = = = oo

(=1 =R Ry R

~o0—-3F3F90F3F-

maod
rmod
]
mod
mod

OO = =

O - - 0gc

- — o - O

Q

o

rfm
rim
1
rm
rfm

0

a
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LOGIC
NOT = Invert 1+ 11011 wmed 010 rfm
SHL/SAL = Shift logical farithmetic teft 11 01 G0 v wmed 1 0 O im
SHR = Shift logical right t1 01 00 v wimod 1 0 1 rfm
SAR = 5hift arithrmetic right t 1 01 00 v wimod 1 1 1 fm
ROL = Rotate left 1101 0 0v wmod G 0 0 rim
ROR = Rotate right 1101 00 v wmod O 0 1 rfm
RCL = Rotate left through carry 1101 00 v wimod 0@ 1 0 rfm
RCR = Rotate right through carry 117 01 00 v wimod 0 1 1 tim
AND = And:
Reg./memory and register to either 00+ 00O0 d w| mod reg rfm
tmmediate to register/memory 100090 00 wimed 1 0 0 r/m data dataifw =1
{mmediate to accumuiator 01 g0 0w data dataifw=1
TEST = And function 1o flags, no result:
Register/memory and register 100G 001 0 w| mod reg rim
Immediate data and register/memory 1+t 11011 wmed 00 ¢ rfm data dataif w=1
Imrnediate data and accumulator 190101 60 w data data if w=1
OR =0r:
Regq./memory and register t¢ either 00001 0 d w|mod reg rim
lmmediate to register/memory 16¢ 00000 wmog 0 0 1 rim datz data if w=1
{mmediate to accurnulatar 0O000C1 10O wi data data if w =1
I
XOR = Exclusive or: l
Reg./rmernory and register o either 001 100D d wlmod reg rim
Immediate to registér/memory 1 D¢ 0DO G wimod 1 1 0 rfm data dataif w=1
{mmediaie 10 accumulator o110t 0 wg data dataif w =1
L
STRING MANIPULATION
REP = Repeat 1111001 ¢ I
MOVS = Move byte/word 10100 10 w
CMPS = Compare byte/word tTO01T 0011 w ‘
SCAS = Scan byte/word 101411 1 w
LODS = Load byte/word to ALIAX 1010110 wl
STOS = Store byte/word from AL/GX 101010 1 w l

RSM/SD/SHTZ-VORDOBNSH SIr/SD/SHYISI08WESN -NdD =




CJIMP = Conditional JMP
JE/JZ = Jump on equalfzero o1110100¢0 disp
JZ/INGE = Jump on iess/not greater or equal 01111100 disp
JLE/ING = Jump on less or equal/not greater 01111110 disp
JB/AINAE = Jump on below/not above or equat o1110010 disp
JBE/INA = Jump on betow or equat/not above 111011t 0 disp
JRAPE = Jump on parity/parity even 01111010 disp
JO = Jurnmp on aver flow a1 1+ 0000 disp
JS = Jump on sign 011 t1 000 disp
JNE/INZ = Jump an not equal/not zero 911 3% 0101 disp
JNLAIGE = Jump on not less/greater or equal g1 11t 1101 disp
JNLE/JG = Jump on not less or equalfgreater 1111111 disp
JNB/IAE = Jump on not below/above or equal 011 %+ 0011 disp
JNBE{JA = Jump on not below or equalfabove g1 1 10111 disp
JNP/IPO = Jurng on not parity/parity odd 91111011 disp
JND = Jump on not overflow 01110001 disp
. NS = Jump on not sign o1 1t 1001 disp
LOOP = Loop CX times 11100010 disp
LOOPZ/L DOPE = Loop while zero/equal 11100001 disp
' LOOPNZ/LOOPNE = Loop while not zero/equal 11100000 disp
JCXZ = Jump on CX zero $t 110001 1 disp
INT = Interrup1:
i Type specified 11001101 ype
Type 3 1100t 100
INTO = Interrupt on overflow 110011110
JRET = Intarrupt return 11001 1 11
PROCESSOR CONTROL
CLC = Clear carry 11111 00090
CMC = Complement carry 11110101
STC = Satcarry 134111100 %
CLD = Clear direction 11 111 v 00
STD = Set direction 11111 % 0 %
CLI = Clear interrupt T1 1110130
STI = Sat interrupt 11111011
HLT = Halt 11110100
WAIT = Wait 1001101 ¢
ESC = Escape (to external device) 11 011 x x x|mod x % x rim
© LOCK = Bus lock prefix 11 t1 0000
L]
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CONTROL TRANSFER

CALL = Catl:

Direct within segment
Ingirect within segment
Dhirect intersegment

Indirect intersagrent

JWP = Unconditional Jump:

Direct within segrment
Direct within segment-short
Indirect within segmant
Direct intersegrment

Indirect intersegment

RET = Return from CALL:

Within seqment

Within seg. adding immediate to SP
Intersegrmant

Intersegment adding immediate to SP

Sk g

R

el mr o

[T 0 = - T

[

(=R ]

—_— o -

[=Rr=T =y =]

- -Oh

- o =00

L= = ]
P - -]

—_ .t

[P

- o -0 - (=Bl =~ )

o0Q0

—_ - P

- — =

=]

O = = -

& a -

765 4 3 2

mod

mod

mod

mod

disp-low

0t g0

offset-iow
seg-low

011

]

disp-low
disp
g0
offsat-low
seg-low
01

data-low

data-tow

t

rim

rim

rim

rim

0

76 5 4321
disp-high

offset-high
seg-high

disp-high

affset-high
seg-high

data-high

data-bhigh

0

765432

t

0
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Footnotes.

AL = B-bit accumulator

AX = 18-bit accumulatar

CX = Count registar

DS = Data sepment

ES = Extra sagmant

Above/balow refers 1o unsigned value

Greatar = marg positive

Less = less positive {more negative| signed value

‘Ifd =1 then "to’ reg: if d = O than "“from’ reg.

If w = 1 then word instruction: If w = ( then byte instruction

i mod = 11 then r/m is traated as 3 REG field

If mod = 00 then DISP = {* disp-law and disp-high are absent

1f mad = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is absent
1 mod = 10 then DiSP = disp-high: disp-law

If rf/ri = 000 then EA = (BEX] + 1S51] + DISP

If rirn = 001 then EA = (BX) + (D) + DISP

If r/ma = (010 then EA = (BP} + I51) + DISP

If rimn = 011 then EA = (8P} + IDI1]) + DISP

1f rfm = 100 then EA = {51} + DISP

If r/m = 1Q% then EA = (DI} + DISP

If rfmn = 110 then EA = {BP] + OISP*

1frfm =111 then EA = (BX} + DISP

DISP follaws 2nd byte of instruction (before data if requirgd}

* except if mad = 00 and r/m = 110 then EA-disp-+high: disp-low

1 5:9¢ = 01 then 16 bits of immediate deta form the operand

tF 5:w = 11 then an immediate data byte is sign extended 1o farm the 16-bit operand
M w =0 then “count™ = 1: If v = 1 then “count” in {CL}

x = don't care

2 & usad far string primitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

oo reg 110
REG is assigned according to the fotlowing 1able:

16-Bit  lw=1) 8-Bit iw =0l Segment
000 AX 000 AL 0¢ ES
0o cx 001 CL 01 CS
010 DX 013 DL 10 38
a1 BX 011 BL 11 DS
100 5P 00 AH
1m BP 01 CH
110 Si 110 ©H
m [n]] 131 BH

Instructions which reference the flag register file a3 a 16-bit object use the symbel F LAGS to represent the file:

FLAGS = x:0x:x {OFADF LAIF:ATF LASFIAZF X {AF X (PRI X {CF
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OKI semiconductor

MSMB80C86A-10RS/GSMS

16-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSMBOCEBEA-10 are complete 16-bit CPUs implemanted in Silicon Gate CMOS tachnalogy,
They are daesigned with same processing spead as the NMOS B0B6-1 but have considerably less power
consumption. They are directly compatible with MSMB0CB8A-10 software and MSMBOCBSA/
MSMBICBSA-2 hardware and peripharals.

FEATURES

# 1 Mbyte Direct Addressable Mernory Space

® Internal 14 Word by 16-bit Ragister Set

# 24 Operand Addressing Modes

& Bit, By, Word and String Operatians

CIRCUIT CONFIGURATION

# 8 and 16-bit Signed and Unsigned Arithrmatic Operation
* From DC to 10 MHz Clock Rate

* Low Powar Digsipation 10 mA/MHz

# Hus Hold Circuitry Eliminates Pull-Up Resistors

TEST
INTR
MKl
wGETD
HOLD
HLDA

EXELUTION UNIT Bus INTERFACE LINIT

[ 1 1
REGISTER FILE RELOCATION
REGISTER FILE
SEGMENT
QATA REGISTERS
POINTER &ND AND
INDEX REGS IMSTRUCTION
12 WORDS! POINTER
(5 WORDS}
}—— BHE 57
AN9:56
16BIT ALL) I> .
BUS A1ESE3
INTERFACE ¥ 45 3 ADIE - ADO
FLAGS uNIT
4 ITa D WR. MG
» DT.A DEW ALE
| | cavve
IMNETAUCTION
1 oueut
!
> L — (5CK
—
it CONTROL & I> 080 G581
2 TIMING
" 3 » 52EED
]

T

LK

L1 17

AESET READY MN-MX GNO
Wer
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PIN CONFIGURATION

& CPU-MSMBOCB6A-10RS /GS/JS
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MSMBOCB6A-10RS {Top View) ars[)? » 3*06'553
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a CPU-MSME0CBBA-10RS /GS/JS =

ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol | pSMB0CE6A- | MSMBOCBEA- | MSMB0CS6A- | Unit | Conditions
10RS 10GS 1S
Power Supply Voltage Ve -05 ~ +7 v
e With respect
laput Vohage Vin | 0B~ Voc+0s V_|wano
Cutput Vottage Vout -0.5 ~ Voo +05 v ‘
Storage Temper.;t_ure Tstg - -6 ~ +150 °c -
Power Dissipation Pp 1.0 07 w Ta=25"C
OPERATING RANGE
Limits
Farameter Symbol Unit
MSMBOCEBA-1 [}
Power Supply Voitage Veoe 4.75 ~ 5.25 v
Operating Temperature Top 0~ +70 °c
RECOMMENDED OPERATING CONDITIONS
MSMBDCBEA-10
Farameter Symbaol Linit
MIN TYP MAX
Power Supply Voksge [ Yoo 275 5.0 5.25 v
Operating Temperature ] Top Q +25 +70 °C
“L" Input Voltage hi ViL -0.5 +0.8 v
L LN ot | Jolin
1 Veap- NMpe+05 v
"H” Input Voltage ’ Eg 08 | cco
142} 2.0 Voo +0.5 v

*i Only CLK, *2 Except CLK.
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DC CHARACTERISTICS
{MSMBOC86A-10: Ve = 4,75 to 525V, Ta = 0°C wo +70°C)

Parametar Symbeol MIN TYP MAX Unit Conditions

“L* Qutput Voltage Voo 0.4 W gL = 25 mA
3.0 IOH = -2.5 mA
“H” Output Voltage VOH v
Vee-0.4 IGH = ~100 uA
Input Leak Current [IN] =-1.0 +1.0 uA o<V <Vee
Output Leak Current Lo -10 +10 pA Vo= Vo or GND
input Leakage Current Vi =08Y
{Bus Hold Low) IBHL s¢ 400 | wA 3
Input Leakage Current Vin = 3.0V
{Bus Hold High) IBHH 50 400 A 4
Bus Hold Low Overdrive 1IBHLO s00 BA *5
Bus Hold High Overdrive IBHHO =800 HA *6
Operating Pawer lee 10 |marmmHz Vi =GND
Supply Current VIiH = Ve
Yoo = 5.Bv
g:lal‘lc:bycl’orert Ices 500 JTe:% OCutputs Unloaded
pply Curremn ViN = VCC or GND

Input Capacitance Cin 5 pF *7
Cutput Capacitance Cout 15 pF *7
1/0 Capacitance Cifo 20 pF *7

*3  Test condtition is 1o lower V |1y to GND and then raise V| to 0.8V on pins 2—16, and 35—39
*4  Test condition is ta raise VN 10 V¢ and then lower VN te 3.0V on pins 2—16, 2632, and 32439,
*5  An external driver must source at least Ig L3 to switch this node from LOW to HIGH.
*B  An external driver must sink at least gD to switch this node from HIGH 1o LOW,
*7 Test Conditons: al Freg= Y MHz.
bl Ummeasured Pins at GND.
c} Vyy at 5.0V or GND.
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A.C, CHARACTERISTICS

{MSMBOCBBA-T0: Vo= 4.76V t0 625V, Ta=0"C 10 70°C)

Minimum Mode System
Timing Requirements

MSMBOCBEA-10

Parameter Symibal Unit
Min. Max.
CLK Cycle Feriod TCLCL 100 nc ns
CLK Low Time TCLCH 46 ns
CLK High Time TCHCL 44 ns
CLK Rise Time {From 1.0V 10 3.5VI TCHI1CH2 10 ns
CLK Fall Time {From 3.5V 1o 1.0V TCL2CL 10 ns
Data in Setup Time TDVCL ns
Data in Hold Time TCLOX 10 ns
::‘52:“?::::11-:3 into MSM B2C844A TRIVGL 25 s
DY e T oSS o | o :
READY Setup Time into MSMBOCBEA | TRYHCH 46 ns
READY Hold Time inte MSMBOCBEA-2 | TCHRYX 20 ns
READY inactive to CLK {See Nots 3| TRYILCL -8 ns
HOLD Setup Time THVCH 26 ns
:;‘Lﬁﬁ::gﬂg,l TEST Setup Time i- TINVCH 15 s
o T et L0 1 5| .
e IR e
Timing Responses
Parameter Symbol MSMB0CEEA-10 Unit
Min. Max.
Address Valid Delay TCLAY 10 60 ns
Address Hold Time TCLAX 10 ns
Address Float Delay TJCLAZ TCLAX 50 ns
ALE Width TLHLL TCLCH-10 n3
ALE Active Delay TCLLH 440 ns
ALE Inactive Delay TCHLL 45 ns
Address Hold Time to ALE Inactive TLLAX TCHCL-10 ns
Data Valid Detay ¢ TCLDV - 10 £0 ns
Data Hold Time TCHDX 10 ns
Dsta Hold Time after WR TWHDX | TCLCH-25 ! ns
Cantrol Active Delay 1 TCVCTY 10 55 ns
Control Active Delay 2 _ TCHCTV 0 50 ns
Control Inactive Defay i TCVCTX 10 55 ns
Address Float to AD Active : TAZRL o] ns
RD Active Dalay ' TCLRL i0 70 ns
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—a CPU-MSMB0CEEA-10RS /GS/IS »

Parameter Symbal MSMBOC8GA-10 Unit
Min. Max,
RD Insctive Delay TCLRH 10 60 ns
RD Inactive to Next Address Active TRHAW TCLCL-35 ng
HLDA Valid Delay TCLHAV 10 80 ns
RD Width TRLAH  [2TCLCL-40 ns
WA Width TWLWH  |2TCLCL-35 ns
Address Valid 1o ALE Low TAVAL TCLCH-35 ns
Output Rise Time {From 0.8V to 2.0V} TOLOH 15 ns
Output Fall Time (From 2.0V 10 0.8V TOHOL 15 s

Notes: 1. Signal at MSM 82CB4A or MSM B2CB8 are shown for reference ondy.
2. Setup requirement for asynchranous signal only ta guarantee recognition at next CLK.
3. Applies only 1o T2 state. {8 ns into T3
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Maximum Mode System {Using MSM 82C88 Bus Contreller)

Timing Reguirsments

MSMBOCE6A-10
Parameter Symbal i " Unit
in. ax.
CLK Cycle Period TCLLL 100 1] ns
CLK Low Time TCLCH 46 ns
CLK High Tima TCHCL 44 ns
CLK Rise Time {From 1.0V 10 3.5V TCH1CHZ | 10 ns
CLK Fahl Twne (From 3.5V to 1.0V) TCL2CR E 10 ns
Diata in Setup Time TOVCL L 15 n§
Drata in Hold Time TCLDX 10 ns
ROY Setup Time into MSM B2CR4A
(See Notes 1, 2) TRIVCL 3% e
N |
ROY Hold Time into MSM 82CB4A | ;
(See Notes 1, 2} IJ TCLR1X i 0 ne
REALY Setup Time into MSM BOCBEA f TRYHCH 46 ns
REALDY Hold Time inte MSM BOCBBA | TCHRYX 20 ns
READY inactive 10 CLK {See Note 3) i TRYLCL -8 ns
Set up Time for Recognition INMI, H :
INTR, TEST) See Note 2) | Tinven Los |
ROQ/GT Setup Time ! TGVCH | 15 I ns
AT Hold Time into MSM 30CE6A | TCHGX 20 ns
Input Rise Time {Except CLKI
{Fram 0.8V 1o 2.0¥) TiLH 5 ns
Input Fall Time (Except CLK)
{From 2.0 10 0.8V} TIHIL 15 ns
Timing Responses
MEMBOLBEA-1D
Parameter Symbol  |—— M " Unit
mn, ax.
Command Active Delay {Sea Note 1) TCLML 5 ki ns
Command Inactive Delay (See Note 1} TCLMH 5 45 ng
READY Active to Status Passive TRYHSH 45 ne
{See Mote 4)
Status Active Delay TCHSV 10 45 ns
Status inactive Delay TCLSH 10 60 L ons
Address Valid Delay ;. FoLAV (] 80 | hs
Address Hold Fime | TcLax | 10 ns
i I
Addrass Figat Delay TCLAZ TCLAX 50 ns
Staws Valid ta ALE High {See Nate 1| TEVLH 25 ng
Status Valig to MCE High (See Note 1} TSVMCH 30 ns
CLK low to ALE Valid {See Note 1) \ TCLLH 25 ns
CLK Low to MCE High {See Note 1} i TCLMCH 25 ns
I
ALE Inactive Delay |See Note 1) TCHLL ! 4 26 ns
Data Valid Delay TCLDV 10 60 ns
Data Hold Time TCHDX 10 ns
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Parometer Symbol MSMEICBEA10 | unit
Min, Max.
Centrol Active Delay (See Note 1} TCVNV 5 a5 ns
Control nactive Delay {See MNote 1) TCVYNX 10 45 ns
Address Float to RD Active TAZRAL 0 ns
RD Active Delay TCLAL 10 70 ns
AD tneetive Delay TCLRH 10 €0 ns
RD inactive to Next Address Active TRHAV | TCLCL-35 ns
Ec-::c;::tl (':c].ntrol Active Delay TCHDTL 50 ns
l[)slsr:c:::; (;‘t]mtrol Inactive Delay TCHDTH 30 s
GT Active Delay TCWLGL 0 45 ng
GT Inactive Datay TCLGH 0 45 ns
RD Width TRLEH 2TCLCL-4CQ ns
Output Rise Time (From 0.8V to 2.0V) TOLOH 1% ns
Qutput Fall Time {From 2.0V to 0.BV] TOHOL 15 ns

Motes: 1. Signal a1 MSM B2CB4A or MSM 82CH8 are shown for reference anly.
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.
3. Applies only to T2 state (B ns into T3)
4, Applies onty to T3 and wait states,
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TIMING CHART

Input/Output A.C. Testing Load Circuit
2.4 DEVICE
UNDER
-— P T 15
15 TEST POHNTS —= TEST _"
0.45 -— L =

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC
1 aND 345V FOR A LOGIC 07 TIMING MEASUREMENTS
ARE 1.5V FOR BOTH & LOGIC "1 AND "0~

1000F

I

CL INCLUDES JIG CAPACITANCE

Minimum Moda

T1 T2 T3 T4
H1CHZ TCLZCL1
ViH ToLCL— G Tw
CLK (MSM 82C84A Output) 4 % ;fﬁ-\l }! \
VILYTeHeTY 1
— TCHCL TCLCH
Mo
_ X
TCLAV — TOLAX TCLOV TCHDX
BHE/S?, A1956-AY6/53 BHIIE. A19—At 57-83
TCLLH—] joperit TLLAX .
ALE TAVAL | /
- . = -
TCHLL"I - v a— TR1VCL
IH
ADY N % N W\
(1St 826844 tnout) v A
SEE NOTE 5 i e il ey
TRYLCL = [~
READY [MSM BOCB6A Input) I TCHRYX
TAVAL
X
READ CYCLE Tehayal ThLAX - TCLD
-
AD15-AD0 AD15-AD0
} FLOAT|
TAZRL TRHAV
RD
{NOTE 1) :
. % o TCHCTY } HCTY
WA, TNTA=VQu) - vy TRLAH | TCHC
oT/R
TCVCTV - TCVCTX
| DEN
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Mini Mods (Continued}
T T2 ' T3 T4
TCLCL  TCHICHZ ToLzeLl W
ViH J
CLK (MM 820844 Output) 2 LY {_L
ViL / \ ...
" TiTeHcTV TCHCL TCLCH
M0 * x
TCLAV- g Torax TCHDX —
BHE/S7,A19/56 ~ A16/53 57-51
TCLILH —= LLAX
ALE ] ’f‘
/. -——
TCLDV
WRITE CYCLE 5 TCLAX TCHDX o
AD15-ADD AD15ADO pataour | —C
TAVAL H
ToveTv~ ﬁ — TWHOXI TCVETX
__ _INOTE1 TLLAX
{RD, INTA,
DT/R =VOH} ToveTv—] |
( TWLWH {
R JCVCTX 4
INTACYCLE — \I-'rcmz —— TCLDX
. POINTER ——C
AD15-AD0 A — e
— I—-—TCHCW TCHCTV
T/ \ /
(NOTES 183)
{RD, WA = VOH TCVCTV
FHE = VOL)
iNTA
TeveTv—H |  TCVCTX
\ DEN
15 ~ ADO RESS F ARE HALT
SOFTWARE HaLT. AD18 ~ AD INVALID ADDRE SOFTWARE HAL
D, WH,TNTA = VOH TCLAV — —
DT/R = INDETERMINATE
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Maximum Mods

T T2 T3 14
TCHICH2 —J-TCL2CL
v TG LCL— ™
(H
CLK IMSM 82C84A output} i ][ ) 3 ‘f_"_i J! \
YiL
TCLAV~ [ TCHEL TCLCH
050,051 ) 4 X X b { X:
TCHSV —| | TCLSH
o '-'k -W/f ISEE NOTE 8}
§2,57,50 (EXCEPT HALT} - I I,
e I‘—TCLAV TCTIE;E:_\LX TCHDX— [~
iy
= BHE \
BHE/S7,A19/56 ~ A16/53 A19-A15 ) $7-53 ) @
TSVYLH-H[* TCHLL
ALE (MM ToLlH® L )" e
82C88 OUTPUT) f k i
o
SEE NOTE 5 -1 Wt TRIVCL
RDY {MSM B2CB4A ViH i
TRYLCL TCLRIX
READY (MSM 80CS6A ‘ ] p—TCHRYX
INPUT} THYHSH
"IiCLAX- }‘
THYHCH" h— !
READ CYCLE TCLAV— |“TC'-AZ‘ TOVCL TCLDX -
AD15-ADD AD15-ADO DATA IN
o AFLOAT FLOAT
TAZRL —= jmr TRHA W
_ TCLAH
BD
TCHDTL — ]—- - TRLRH . TCHDTH
oT/A k TCLAL ][
MSM 82C88
QUTPUTS MRDC OR TCLML= |— TCLMH —
SEE NOTES 5, 6 iBRE jK
TCVNY —] '|-—
DEN {
TCVNX ~=
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Maximum Mods [Continued}
T 12 T3 T4
Tw
VIH
CLK IMSM 82C84A oulpli;:l. { fk al !K_ iF SR /‘“‘\t
TCHSYV - l- TCLSH |
52, 51, 50 {EXCEPT HALT) {See nate 81 \
N .
WRITE CYCLE TCLAV o 3 TCLDY TCHOX
AD15 ~ ADO f DATA J‘—C
TCVNV TCVNX -+
T {
MSM 82C88 =_J:TCLML TCLMH
OUTPUTS. —
SEE NOTES 5 5 AMWC OR RIONC
TCLMH

t TCLML#
MWTC OR 10WC

FLOAT V4 A

- s
AD15 ~ ADO FLOAT TDVEL FLOAT M

SEE NOTE 3. 4 - TCLAZ TCLDX
L’—- FOINTER _C
( FLOA&T

—[TTevNX.
) TsvMCH - ( —
MCE/! '
PDEN : -

INTA CYCLE

0

P
TCLMCH - TCHOTL - TCHRTH
DT/R
MSM 82088
OUTPUTS d ToLML
SEE NOTES S, 6 NTA
- - TCVNY - TCLMH
DEN
SOFTWARE HALT -  ~ TCVNX -~
{DEN=V(q_; RD, MRDC, I0RC, MWTC,
AMWC, IOWC, AIOWC, INTA,=vap)
AD15 ~ ADO {uwm_m ADDRESS
TCLAV

—————
$2.51.50 —\_/ N

Al signals switch between Vo and V(o uniess otherwise speaiiied,

RDY s sampled near the end of T2 T3, Ty to determine if Ty machines states are to be inserted.

Cascade address is valid between first and second INTA cycle.

Two INTA cycles run back-to-back, The MSM B0CBEA LOCAL ADDR/DATA BUS is floating during
hoth INTA cycles. Control for pointer address is shown for second INTA cycle,
Signals at MSM B2CEB4A ar MBM BZCEE are shown for reference only. N
The issuance of the MSM 82CBB command and control signals (MROC, MW TC, AMWC, 10AC1OWC, AIOWC,
INTA and DENJ lags the active high MSM 82C88 CEN.

All timing measurements 3re made at 1,5V unless otherwise noted.

8. Status inactive n s1ate just prior to T4

Nates:

B =

@ o

~
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Asynchronous Signel Recognition

CLK \ E \
— TINVCH (SEE NQTE 1)

WML
INTH » SIGNAL
TEST R 1
NOTE: 1 SETUP REQUIREMENTS FOR ASYNCHRO-
NOUS SIGNALS ONLY TO GUARANTEE RECOGMITION
AT NEXT CLK
Bus Lock Signal Timing (Maximum Mods Only) Rusat Timing
ANY CLK CYCLE
£ ANY CLK CYGLE |z 50 usEC —
--= vee
CLKE
crK FCLDX
TCtav TCLAY I
I TOVCE
Lock RESET —y
24 CLK CYCLES

Request/Grant Ssguence Timing (Maximum Mode Only)

Any CLE Cycle

> DCLK Cycole

CLK
TCLGH ToLaL
P PULSE 2
Raser ROCBEAGT)
AD15 ~ ADD COPROCESSOR -
A19/56 ~ A16/S kT — f-TLAZ
§Z5Ls50, T v MEM
A0, LOCK MSM BICEEA ‘ COPROCESSCR BOCES A
sHesT o (SEE NOTE 11
Note : 1.

The toprocessor may not drive the buses ouiade thi ragion shown without rsking conlentign

Hokd/Hold Acknowladge Timing {Minimum Mods Only}

21 CLK CYCLE 1of 2 CYCLES
CLK ._/_\
THYCH
HOLD
— TCLHAY i
HLOA
' - L | |~ TCLAZ
M A 1F -]
ADTS- A00, _
. MEM A0CRE A
A19/36~ ATE/SS, o * COPRQCESSOH MEM SDCEG A
Ao, i = ]
BHE/57, MAQ,

DT!/A, WR, DEN
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PIN DESCRIPTION

ADQ — ADS
ADDRESE DATA BUS: input/Output

These lines are the multiplexed address and data
bug.

These are the sddress bus at the T1 cycle and the
data busg at the T2, T3, TW and T4 cycles.

At the T1 cycle, ADD low indicates Data Bus Low

(DO — D7} Enable, These lines are high impedance:

during interrupt acknowledge and hold scknowledge.,

AVE/S, A17/54, AVB/SE, A19/56
ADDRESS/STATUS: Qutput

Tses are the four moest significant addresses, at
the T1 cycle. Accessing 1/0 port address, these are low
at T1 cycles. These lines ara Status lines at T2, T3, TW
and T4 cycles. £3 and $4 are encoded a3 shown.

53 54 Characteristics
[ o Alternate Data
1] Stack
0 1 Code or Nane
1 Data
These Jinas ar@ high impedance during hold
acknowiedga.
BHE/S7

BUS HIGH ENABLE/STATUS: Qutput

This line indicates Data Bus High Enable (BHE] a1
the T1 cycle.

This ling indicates Data Bus High Enable (BHE}
at the T¥ cycles.

This line is status line at T2, T3, TW and T4 cycles.

RD
AEAD: Output

This line indicates that CPU is in the memary or
O read cycle.

This ling is the read strobe signal whan CPU read
data from memory or 1/0 device.

Thig ling is active low,

This hling is high impedance during hold acknow-
ledge.

READY
AEADY: Input

This line indicates to the CPU that tha addressed
memory or L0 device is ready to read or write.

This line is active high. .

If the setup and hoid time is out of specification,
illegal operation will acgur.

INTR
INTERRUPT REQUEST: Input

This line i5 the level triggered interrupt request
signal which is sampled during the last clack cycle of
instruction and string manipulation.

it can be internally masked by software.

This signal is active high and internally synchro-
nized.

TEST

TEST: Input
Thig line is examined by the WAIT instruction.
When TEST is high, tha CPU enters idle cycle.
When TEST is low, tha CPU exits the idle cycle.

NMI
NON MASKABLE INTERRUPT: Input

This line causes a type 2 interrupt.

NMI is not maskable.

This signal is internally synchronized and neads
2 clock eyeles of pulse width,

RESET
RESET: Input

This signal causes the CPU to initialize immedi-
ately.

This signal is active high and must be at least four
clock cycles.

CLK
CLOCK: Input

This signal provides the basic timing for the
internal circuit,

MN/MX
MINIMUM/MAXIMUM: Input

This signal selects the CPU‘s operating mode.

When Vo is connected, the CPU operates in
Minimum mode.

Whin GND is connected, tha CPLY grerates
Maximum mode.

Yee
Vccl +56V supplied.

GND
GAQUND

The following pin function descriptions are maxi-
mum mode only.
Cther pin functions are already described.

§0,51,52
STATUS: Output

These lines indicate bus status and they are used
by the MSMBZCS8 Bus Controller o generate  ail
memory and /0 agcess controd signals,

These lines are high impedance during heold
acknowledge.

These status lines are encoded as shown.
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527 51 % Characteristics
G {LOW) 0 | O | Interrupt acknowiedge
] o 1 Read 1/0 Port
| O 1 | 0 | Write i/Q Pont
o I 1 1 Halt
1 (HI&I;_}“* ‘E 0 | Code Ac;ﬁ:s“_"“_ T
1 Q 1 Read Memory
; T T [wemimey ]
1 1 1 Pi;_s;_ive
RS
RO/GT1

REQUEST/GRANT: Input/Output

These lines are used for Bus Aequest from other
devices and Bus GRANT 10 other dejvees,

These lines are bidirectional and active low,

LOTK
LOCK : Qutpurt

This tine is active low,

When this line is fow, other duvices can not gain
control of the bus,

This line s high impedance during hotd acknow-
ledge.

as0/081
QUEUE STATUS: Qutput

These tines are Queue Status, and indicate internal
instrucion queue status,

Q53 Q50 _ Characteristics
oiLowy | o Mo Operatian
a 1 First Byte of Op Code from

Queue

1 IHIGH} ]
1 1

Empty the Quaue
Subsequent Byte from Queue

The following pin functon descriptions are mini-.

mum mode only. Other pin functions are already
described.

M0
STATUS: Qutput

This line selects memoty address space or 110
address 5pace.

When this line is high, the CPU selects memory
address space and when it is low, the CPU selects I/C
address space.

This line s high impedance during hald acknow-
ladge.

12

WR
WRITE: Qutput }

This line indicates that the CPL) is in the memory
ar 10 write cycle.

This line is a write strobe signal when the CPU
writes data to memory aor H/C device,

Thisg line is active low.

This line 5 high impedance during hold acknow-
ledge.

INTA

INTERRUPT ACKNOWELEDGE : Qutput

This line is a read strobe signal for the interrupt
acknowladge cycle.

This line is active fow,

ALE
ADDRESS LATCH ENABLE : Ourput

This tine is used for latching the address into the
MEMB2C12 address latch, it is a possitive pulse and its
trailing edge is used 1o strobe the address, This line is
never floated.
DT/R
OATA TRANSMIT/RECEIVE: Qutput

This line is used 1o control the output enable of
tha bus transceivar,

When this line is high, the CPU transmits data, and
when it is low, the CPU receives data.

This ling is high impedance during hold ackhow-
ledge.

DEN
DATA ENABLE: Qutput

This line is used to contrgl the cutput anable of
the bus transceiver.

This line is active low. This line is high impedance
during hold acknowledge.

HOLD
HOLD REQUEST: Input
This line is used for Bus Rsguest from ather
devices.
This line is active high,

MLDA

HOLD ACKNOWLEDGE : Qutput
This line is used far Bus Grant 1o other devices.
This line is active high,



'FUNCTIONAL DESCRIPTION

STATIC OPERATION
All MSMBOCBEA circuitry is of static design.

Intarnal registers, counters and laichas are static and’

require no rafrash as with dynamic circuit design. This

himi tha mini operating frequency restriction
placed on other microprocessors. The MSMB0OCEEA can
operate from DT o the approprigte upper frequancy
{imit. The processor clock may be stopped in either
state {highftow) and hald thers indefinitely, This type of
operation is especially useful for system debug or power
critical applications,

The MSME0CBEA can be single stepped using only
the CPU clock. This state can be maintained as long a¢
i$ nacessary, Sigle step clock operation allows simple
interface cir¢uitry to provice criticel information for
Lringing up your system.

Static design also allows very low frequency opera-
tion (dawn to DCl. In a power critical situation, this
can provide axtremely low power operation since
MSMBOCBGA power dissipation is directly related to
operating frequency. As the system frequency is re-
duced, 50 is the cperating power until, uitimately, at a
DL input frequancy, MSMBOCBGA power requirement is
the standby current {500 pA maxdmum],

GENERAL OPERATION

The internal function of the MSMBOCB6 consists
of a Bus Interface Unijt {BIU) and an Execution Unit
{EU). These units operste muiually but perform as
$8pArate procesiors.

BIU performs instruction fetch and gueueing,
operand tetch, DATA read and write address relocation
and basic bus control, Instruction pre-fetch is perfomed

= CPU-MSMBOCB6A-10RS /GS/JS =

while waiting for decording and execution af instruc-
tions, Thus, the CPU's performance is increasad. Up to
6-bytes of instruction stream can be queued,

The EU receives pre-fetched instructions from the
Bl gueue, decodes and executes the instructions, and
provides the un-relocated operand address to BIU.

MEMORY ORGANIZATION

The MEMBOCEEA has 3 20-hit adidress 10 memary,
Each address has an B8-bit data width. Memory is
organized 00000H to FFFFFH and is logicaly divided
into four segments: code, data, extra data and stack
segment. Each segment contains up to 64 Kbytes and
locates on @ 16-byte boundary. {Fig. 3a)

All memory references are made relative to the
segment ragister which functions in accordance with
a salect rule. Word operands can be Ipcated on even or
odd address boundary.

The BIU automatically performs the proper num-
ber of memory accesses. Memory consists of an even
address and an ¢dd address. Byte data of even address
is transfered on the DO — D7 and byte data of odd ad-
dress is transfered on the 08 — D15,

Tha CPU prevides two enable signals BHE and AD
1o access aither an odd address, even address or both:

Memary Jocation FFFFOH is the start address after
resat, and OQ0O00H through OO3FFH are reserved as an
nterrupt pointer, where there are 266 types of inter-
rupt pointars.

Each interrupt type has a 4-byte pointer element
consisting of a 16-bit segment address and a 16-bit
offset address,

Memory Organization Reserved Memory Locations
£— FFFFFH
H
64 KB DE RESET BOOTSTRAP | /(¢
SEGMENT PROGRAM JUMP
% 1 FFFFOH
- + XXXX0H | L
- : <
f STACK
MENT - 3FFH
+OFFSEY SEG INTERAUPT POINTER
SEGMENT £ ] FOR TYPE 265
REGISTER FILE 1 . 3FCH
cs DATA, . ‘ <
85 ] SEGMENT . :
DS . ' 7H
N INTERRUFPT POINTER
ES FOR TYPE 1 4H
EXTRA DATA {NTERRUPT FOINTER | 3H
SEGMENT FOR TYPEQ DH
Tt 0000H
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Memory Segment Register Segment
Reference Nead 1sed Selection Aule
Instructions CODE (C5) Automatic with all ingtruction pretetch.
Stack STACK {SS} All stack pushes and pops. Memory references relative 1o
e BP base register except data references.

Local Data DATA {5} Dats references when relative to stack destination of str-
ing operation, or explicitly overridden.

External {Globai} Data EXTRA (ES) Destination of string operations: Explicitly selacted us-
ing 2 segment overridan.

MINIMUM AND MAXIMUM MODES

The MSMBOCBAA has two systern modes: mini-
mum and maximum, When using maximurn mode, it is
@asy to prganize a multi-CPU system with a BZC88B Bus
Controller which generate the bus contral signal.

When using minimum maede, it is easy to organize
a simple system by generating bus control signal by
itself.

MN/MX is the mode select pin. Definition of 24-
21 pin changes depend on the MNAIX pin.

BUS OPERATION

The MSMBOC86A has a time muliptexed address
and data bus. If a non-multiplexed bus is desired for a
system, it is only o add the address latch.

A CPU bus eycle consists of at least four clock
eycles: T1, T2 T3 and T4, {Fig, 4)

The address output occurs during T1 and data
transfer occurs during T3 and T4. T2 is used for chang-
ing the direction of the bus at the read operation, When
the device which is accessed by the CPU is not ready
for The data transfer and the CPU "NOT READY", TW
cycles are inserted between T3 and T4,

When a bus cycle is not needed, T1 eycles are
inserted between the bus cycles for internal execution.
During the T1 eycle, the ALE signal is output from the
CPU or the MSMB2CES depending on MN/MX, At the
trailing edge of ALE, a valid address may be latched.

Status bits SO, ST and 52 are used in the maxi-

mum mode by the bus controller to recognize the type
of bus operation according to the following table.

52 51|50 Characteristics

O ILowWI 0 |0 | Imterrupt acknowtedge
B 0 | 1 | Read /O

1] 140 | Writel/G

1] 1 1 | Hait o
| 1(HIGH) | 0 | O | Instrugtion Fstch

1 O -_‘I___‘Fie_aioata from Memory

1 1 0 | Write Data to Memory

1 1—1*1 Passiva na Eus cyclel

i14

Status birs S3 thraugh $7 are multiplexed with
A1B ~ A19, and BHE: therefore, they are vaiid during
T2 through T4,

53 and 5S4 indicate which segmant ragister was
salected onr the bus ¢ycle, sccording to the following
table.

54 53 Characteristics
O ILOW) 0 Alternate Data (Extra segment)
0 t | Stack
1 IHIGH) 0 Code or None
1 1 Dats

SE indicates interrupt enable Flag.

1/0 ADDRESSING

The MSMBOCBEA has 64 Kbyie of I/O or as 32
Kwords (. When the CPYU accesses an I/Q device, ad-
dresses AD ~ A15 are in the same format as a memory
address, and A16 ~ A9 are low,

The I/O ports addresses are same as memory, s0
it is necessary to be carefu! when using B8-bit
peripherals.
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Basic System Timing

4+ N“WAITI = TCY {4 + N"WAIT) = TCY
n | | v lTV!fAITl Ta [ T | T2 | T3 frwary] T4 '

GOES INACTIVE IN THE STATE
JUST PRICOR TO T4

/ \

[]
\ 11/ .
X

CLK

ALE ‘ l

52,51.50
BHE, A19-A16 BHE, A19—A16
ADDR/
STATUS 57-83 $7-%3

BUS RESERVED D15--D0
A15—-AD  FOR DATAIN VALID

DATA OUT
{D15-DQ)

ADDR/DATA

READY READY

WAIT WAIT

-
S U I T

— fo———

MEMORY ACCESS TIME

= U
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EXTERNAL INTERFACE

RESET

CPU Initalization i5 executed by the RESET pin.
The MSMB0OC86A's RESET High signal is required for
graater than 4 ciock cyeles.

The Rising edge of RESET terminates pressnt
operation immediately. The Falling edge of RESET
triggers an internal reset sequence for approximately 10
clock cyetas, Afer the internal reset saquence is finished
narmal operation occurs from absolute locatian
FFFFOH.

INTERRUPT OPERATIONS

Intarrupt operation is classified as software or
hardware, and hardware interrupt is classified as non-
maskable or maskabie.

An interrupt causes a new program location de-
fined on the interrupt pointer table, according to the in-
terrupt type. Absolute locations 0000CH through
003FFH are reserved for the interrupt pointer table.
The interrupt pointer table consists of 255-elements.
Each element is 4 bytes in size and carresponds to an

intarrupt Acknowlidge Sequance

8 bit type number which is sent from an interrupt
interrupt request device during the interrupt acknow-
ledge cycle.

NON-MASKABLE INTERRUPT {NMI}

The MSMEB0CEBEA has a Mon-maskable Interrupt
(MM} which is of higher priority than the maskable
intarrupt request {INTR).

The NMI request pulse width needs a minimum of
2 clock cycles. The NMI will be serviced at the end of
the current instruction or between string manipulations.
MASKABLE INTERRLUIFT {INTR}

The MSMBOCAGA provides another interrupt
request {INTR) which can be masked by software,
INTR is levei triggered, so it muse be held untit the
interrupt reguest is acknowledged,

INTR will be serviced at the end of the aurrent
nstruction or betwaen string manipulations,

| Tt { T2 ] T3 |ty T

P12 | 13 ] 14|

I

—

INTA \ ’
\ FLOAT
ADD~-AD15 > 3

TYPE
VECTOR

INTERRUPT ACKNOWLEDGE

Ouring the interrupt acknowledge seqguence,
further interrupts are disabled. The interrugt enable bit
is reset by any interrupt, after which the Flag register is
automatically pushed onto the stack. Dwuring the
acknowledge sequence, the CPU emits the lock signal
from T2 of the first bus cycle to T2 of the second bus
cyele. At second bus cyclees, byte is fetched from the
external device as a vector which identified the type
of interrupt. This vector is multiplied by four and used
as a interrupt pointer address. (INTR only)

The Interrupt Return {IRET! instruction includes a
Flag pop operation which returns the original interrupt
enable hit when it restores the Fiag.

HALT

When a Halt instruction is executed, the CPU
enters the Halt state. An interrupt request or RESET
will force the MSMBOCEBEA out of the Halt state.
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SYSTEM TIMING — MINIMUM MODE

A bus eyele begins T with an ALE signal. The
trailing edge of ALE is used 10 laich the address. From
T1 to T4 the MAC signal indicates 3 memory or 1/O
aperatien. From T2 10 T4, the address data bus changes
the address bus 10 data bus.

The read IRD). write (WR} and interrupt ac-
knowledge (INTA} signals causes the addressed device
to enable data bus. These signal becomes active at the
beginning of T2 and inactive at the beginning of T4.

SYSTEM TIMING — MAXIMUM MODE

At maximum mode, the MSM82ZC88 Bus Cont-
roller is added to system, The CPU sends status informa-
tien to the Bus Controller. Bus timing signals are gene-
rated by Bus Controller. Bus timing is almost the same
as in the minimum mode,



BUS HOLD CIRCUITRY

Tao aveid high current conditions causad by float-
ing inputs to CMOS davices and to eliminate the naed
for putl-upfdown resistors, "bus-hold’’ circuitry has been
uged on MSMBOCBEA pins 2—186, 26-32, and 34—
39 {Figures Ba, €b). These circuits will maintain the
tage valid logic state if no driving source is present
{i.e, an unconnected pin or a driving source which
goes to 3 high Impedance state}l, To qverdrive the

a CPU-MSMBOCBEA-10RS /GS/JS =

“but hold” circults, an external driver must be capa-
ble of supplying appraximately 800 uA minimum sink
or source currant at valid input voltage levels, Since
this “bus hold” circuitry is active and not a ‘‘resis-
1ive" type element, the associated power supply current
it negligible and power dissipation s significantly
reduced when compared 10 the use of passive pull-up
registory,

QUTPUT

“PLULL-UP/PULL-DOWN"

BOND L EXTERNAL

DRIVER

| L |

INPUT
BUFFER

PAD PIN

PROTECTION
CIRCUITRY

INPUT

Input Buffer exists only on 110 pins

Figure Ba. Bus hold circuitry pin 2.16, 35.39,

QUTPUT

"PULL-UP”

DRYWVER

INPUT
BUFFER

BOND EXTERNAL
T 0 [ Pin

Ty

PROTECTION =
CIRCUITRY

INPUT

tnput Buffer exists onty on /0 pins

Figure 8b. Bus hold circuitry pin 268-32, 34
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DATA TRANSFER

MOV = Move:

Imimediate to register/memory
immediate to register

Memory to accumulator
Accumulator to memory

PUSH = Push:

Aegister/memory
Register
Segment register

POP = Pap:

Register/memory
Register
Segment register

XCHG = Exchange:

Register/memory with register
Register with accumulator

IN = {nput from:

Fixed port
Variabie port

QUT = Qutput 1o

Fixed part

Wariable part

XLAT = Translate byte 1o AL
LEA = Load EA to register
LDS = Load pointer to DS

L £S5 = Load pointer to ES
LAHF = Load AH with flags
SAHF = Store AH into flags
PUSHF = Push flags

POPF = Pop flags

Regigtar/memory to/from register

Register /memory 10 SEQIMeNt régister
Segment ragister to register/mamary

P ]

e e

SO0 0oOC=0Mm

-

00O 00 = =D =

- DR === OoWn

oo o

oCcoQCooOD ==

Qoo =2o00bh
LR

-

reqg

-0
L= =]

(==~
- O

_, e e A OO =00
e e =1

T i i e

[ I = Gy N R —

iie

ooz s

£ 2

-~ oo =D = ==5x

765 4 3 21

mod
mod

mod
maod

moel

mod

mexd

mod
mod
mod

reg

000
data
addr-low
addr-low

reg

port

reg
reg
reg

rim
rim

rin
rim

rim

rim

rim

rim
rim
rim

[

76 54 3 21

data

data if w=1
adcir-high
addr-high

a

76543210

data if w=1
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ARITHMETIC

ADD = Add:

Reg./memary with register to gither
tmmediate to register/mamory
Imradiate to accumulator

ADC = Add with carry:

Reg./memuory with register to pither
Immediate tQ register/memory
Immediate to accumuiator

INC = incrarment:

Register/memaory

Register

A”A = ASCII adjust for add
DAA = Decimal adjust for add

SUB = subtract:

RAeg./memary and register to aithar
Irmediate from register/memory
Immadiagte from accumulator

SHE = Subtract with borfow:

Reg./memory and register to gither
Immediate from register/memory
Immadiate from accurnulator

DEC = Decrement:

Register/memory
Register
NEG = Change sign

CMP = Compare:
Register/memory ang register
Immediate with register/memary
Immediate with accumulator
AAS = ASCI adjust for subtract

[= I = I = )

=]

20 = o

‘oo

o000
ooo

[o = Y ) OO - -

(===

=R = e I

Do o

)

[ )

[= =N

-

L= == D= Qo

_- D -

L= = =] [=]

Q0o =

-

oo

-

reg

-0 e oo

5 &

F

E

H

WE

i 2 2 1

mod

mod
mod

miexd

maod
mod

mod
mod

mod

mod

mod
mod

reg
000
data

reg
010
data

req

data

reg
o1 1
dara

reg
111
data

rim
rim

rim
rim

rim

rim
rim

rfm
rim

rfm

rfm

rim
rim

data
data if w=1

data
datzif w=1

data
dataif w=1

data
dataif w=1

data
data if w=1

data «f s:w =01

data if s:w = 01

data if $:w =01

data if s:w = 01

data if s:w = 01
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DAS = Decimal adjust for subtract
MUL = Multiply (unsigned}

IMUL = integer muitiply {signed)
AAM = ASCII adjust for multiply
DIV = Divide {unsigned)

101V = Integer divide isigned|

AAD = ASCII adjust for divide

CBW = Convert byte to word

CWD = Convert word to double word

P~

0O = o o O

=== R

L S g

Ll = =R = = = I - B

O = b o o oo

[~ -~ T = T

~—o-35350§§~

mod
mod

mad
mod

[ QTR N

(=T~ = =]

- =

rim
rim
o1
rfm
rfm
o1

0

0
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LOGIC

NOT = lnvert 1T 11101 1 wimoad @& 1 & riem
SHL/SAL = Shift logical/arithmetic left 110100 v wimed 1 0 0 rfm
SHR = Shift logical right 1+ 31 00 v wimod 1 0 1 rim
SAR = Shift arithmetic right 11 ¢ 1 90 v wmod ¢+ 1 1 rim
ROL = Rotate left 110100 v wmod 00 G rfem
ROR = Rotate right 11 061 00 v wimod 0 0 1 rim
RCL = Rotate left through carry 1101 00 v wmad 0 1 & rfm
RCRA = Rotate right through carry 11 01 00 v wimad O 1 1 eim
AND = And:
Reg./memory and register 1o either 00100 0 d w|mod L] tfm
Immediate 10 register/memory 1060 006G 00 wmad 1 0 O t/m data dataif w=1
Immediate 10 accumulator 0010010 w data data ifw=1
TEST = And function to flags, no resuit:
Register/memory and register 10 0001 0 wimod req rim
{mwmediate data and register/memory 1T 111011 wi mad O O O £fm data data if w = 1
Immediate data and accumulator 1010100 w data dataif w=1
OR = Or:
Fleg.fmerndw and register to either 0D 0010 d w|mad reg rim
Immediate to register/memory 1000000 wmad 0 011 r/m data dataif w= %
Immediate 1o accumulator 00001 10w data data if w=1
XOR = Exclusive or:
Reg./memory and register 1o either 001100 dw mad req rien
Immediate to register/memory 1 000G 000 wmod 1 10 rim data data if w =1
Immediate 16 accumulator 0D 1 101 0w data dataif w=1
STRING MANIPULATION
REP = Agpeat 1111001 2
MOVS = Move bytefword 1 01 001t 0w
CMPS = Compare by tefword 101001 1w
SCAS = Scan byte/word 101 01 1 1 w
LODS = Load byte/word to AL/AX 10101 1 0w
STOS5 = Store bytefword from AL/AX 1010101 w
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CJIMP = Conditionsl JMFP

a $1/S9H/SHOL-VIBI08NSN-NDD =

JENZ = Jump on equal /zero 011190100 disp
JZAINGE = Jump on less/not greater or equal 0% 111+t 00 aisp
JLE/JNG = tump on less or equal/not greater g% 111110 disp
JB/INAE = jump an below/not above or equal 011100120 disp
JBE/INA = jump on below ar equal/not above 0111901130 disp
JPLIPE = Jump on parity/parity even 0111 % 010 disp
JO = Jump on over flow 01110000 disp
J8 = Jump on sign D1 111000 disp
JNE/INZ = Jump on not equal/not Zero D11 10101 disp
JNL/GE = Jump on not less/greater or equal o1 1t 1101 disp
JNLEAIG = Jump an not less or equalfareater g1 11 1111 disp
JNB/JAE = Jump on not belowfabove or equal o111 0011 disp
JNBE/JA = Jump an not below or equal/above 01110111 disp
JNP/IFO = Jump on not parity/parity odd 011t 1011 disp
JNO = Jump an not overflow 011 1t0001 disp
JNE = Jump on not sign o1 111001 disp
LOOP = Loop CX times 11100010 disp
LOOPZ/LOOPE = Loop while zero/equal 11100001 disp
LOOPNZ/LOOPNE = Loop while not zera/equal 11 ¢t 00000 disp
JCX2Z = Jymp on CX 2era 11160011 disp
INT = imterrupt:

Type specified 110011 01 type
Type 3 1100113100

INTO = Interrupt on overflow 110011140

(RET = Intercupt return 11001111

PROCESSOR CONTROL

CLC = Clear carry 111 %1 000

CMC = Complement carry 11 3 6101

5TC = Set carry 111t 1001

CLD = Clear direction 111 #1100

§TD = Set direction T 11 11101

CLi = Clear intarrupt t1 1t 1010

ST) = Set interrupt 1t 1111011

HLT = Halt 1111 00100

WAIT = Wait 10011011

ESC = Escape {10 external devigel 1 1011 x x x|mod x x x rim
LOCK = Bus lock prefix 111109090
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CONTROL TRANSFER

CALL = Call:

DQirect within segment
Indirgct within segrment
Drirget intersegrment

Indirect intersegrnent

HP = Unconditional Jump:

Oiract within segment
Direct within segment-short
Indirect within segment
Direct intersegmant

Indirect intersagment

RET = Return from CALL:

Within segment

Within seq. adding immediate to SP
Intersegment

Intersegment adding immediate to SP

[ Y

—_ = -

o= =

[

Y

L= -]

[

[= =0y = =]

o - 00 - O

(= =T = ]

[

—_

-y

[ =]

- D=0 M

O =00

[= - = -]

[P - - -

o= == S -0o

(==

766432 10766437210

mod

mod

migd

mod

disp-low

o010

offset-low
seg-low

011

1

1

disp-low
disp
g0
offset-low
seg-low
a1

data-low

data-low

rim

rim

rim

rim

disp-high

offset-high
seg-high

disp-high

offzet-high
seg-high

data-high

data-high

654321

0
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Footnotes:

AL = 8-bit accumulator

AX = 18-bit accumulatar

CX = Count register

DS = Data segment

ES = Extra segment

Above/below refers to unsigned value

Greater = more positive

Less = less positive {more negativel signed value

1fd=1then “t0" reg: If d= 0 then "from’' reg.

If w = 1 then woard instruction: It w = ¢ then byte instruction

If mod = 11 then rim is treated as 3 REG figld

i mod = 00 then DISP = O*, disp-low and disp-high are absent

if mod = 01 then DISP = disp-low sign-extanded to 16-bits, disp-high is absant
tf mod = 10 then DISP = disp-high: disp-low

If v/ = 000 then EA = {BX)} + {511 + DISP

If rim = 001 then EA = {BX) + (D)} + DISP

If rim = 010 then EA = (BP) + {SI) + DISP

If rfm =011 then EA = (BP) + (DI} + DISP

If rfm =103 then EA = (51} + DISP

IF rim = 1041 then EA = (D)) + DISP

If riem = 110 then EA = {BP} + DISP"

16 rim = 111 then EA = (BX) + DISP

DISP foliows 2nd byte of instruction (before data if required)

* except if mod = 00 and r/fm = 110 then E&-disp-high: disp-low

If 5:w = 01 then 16 bits of immediate data form the operand

1 52w = 11 then an immediate data byte is sign extended to form the 16-bit operand
If v = 0 then “count’™ = 1: If v = 1 then “count” in ICL)

% = don’t care

z is used for string primitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

001 reg 110
REG is assigned according 1o the following tahle:

18-Bit  {w = 1) B-Bit {w =0} Segrment
000 AX e AL 00 ES
001 CX 001 CL 01 CS
D1c DX 010 DL 10 58
011 BX 011 BL 11 DS
1900 5P 100 AH
1 8P 101 CH
110 51 110 DH
111 or 111 BH

Instructions which reference the flag register file as a 16-bit object use the symbeol FLAGS to represent the file:

FLAGS = x0x s {OFADFAFY TR {SF{ZF ) X {AF OGP XCCF)
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OKI semiconductor

MSM80CB88ARS/GS/JS
MSMB80C88A-2RS/GSAUS

8-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSMB0C88A/MSMBOCSBA -2 are internal 18-bit CPUs with 8-bit interface implemented in Silicon Gate
CMOS technology. They are designed with the same processing speed as the NMOS BOBE/B08S-2, but with can-

siderably less power consumption.

The processor has attributes of both B and 1B8-bit microprocessor. It is directly compatitle with
MSMBOCABA/MSMEBOCE6A-2 software and MSMBOCEBSA/MSMBOCS5A-2 hardwarse and peripherals.

FEATURES

# 8-Bit Data Bus Interface
® 16-Bit Internal Architeciure

* | Mbyte Direct Addrassable Memory Space
* Software Compatible with MSMBOCEE A
® Internal 14 Word by 16-bit Register Set

* 24 Operand Addressing Modes

FUNCTIONAL BLOCK DIAGRAM

# Bit, Byte, Word and S5tring Cperations

# 8 and 16-bit Signed and Unsigned Arithmetic Opera-
Ton

= From DC to 5§ MHz Clock Rate {MSMBOCE8A}

= From DC to 8 MHz Clock Rate {MSM BOCEBA-2}

® Low Power Dissipation [10 mA/MHz)

=« Bus Hold Circuitry Eliminates Pull-Up Resistors
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=
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B CPU-MSMBOCS8BARS/GS/JS MSMBOCSB8A-2RS/GS/JSE

PIN CONFIGURATION

MSMBOCBBARS (Top View)

MSMBOCB8A-2RS
40 Lead Plastic DIP
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Fig. 20 MSMBOCS8BAGS/MSMBOCBBA-2GS

MSMBOCEEAJS (Top View)
MSMBOCBEA-2JS
44 Pin Plastic Leaded Chip Carrier
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Fig. 22 MSMBOCBSAGS/MSMBOCBBA-2GS

MSMBOCSBAGS (Top View)
MSMBOCE8A-2GS
56-Lead Plastic Flat Package
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& CPU-MSMBOCBBARS/GS/JS MSMBOCBBA-2RS/GS/JSe

ABSOLUTE MAXIMUM RATINGS

Limits
Farameter Symbol | MSME0CBBARS MSMBOCBBAGS |MSMBpceeAls | Urit | Conditions
MEMBOCEBA-ZREMSMBOCEEA-2G5IMEMEGCEEA-21S
Power Supply Voltage Vo -0.5 ~ +7 W
With respect
Input Voltage VIN -0.5 ~ Voo H0.6 v ta GND
Output Valtage vouTt -0.5 ~ Vpp HLE v
Starege Temperature Tstg -85 ~ +150 °c -
Power Dissipation Pp 1.0 0.7 w Ta=25"C
L
OPERATING RANGE
Limits
Parameter Symbal Unit
MSMBOICEEA MSMBOCEBA-2
Power Supply Voliage Vee 3~8 4.75 ~ 5,25 W
Operating Temparature Tap . -40 — +_3_5_ ; o] N 470 °c
RECOMMENDED OPERATING CONDITIONS
MSMBOCEE A MSMBOCEEA-2
Parameter Symbeol Unit
Mt TYP MAX MIN TYP MAX
Power Supply Voltage Vee 45 5.0 5.5 4.75 5.0 5.25 v
Operating Temperature Top -40 +25 +85 o +26 +70 °c
"L Input Voltage ViL 0.5 +0.8 -0.5 +0.8 W
*1) | Vpe-08 Voot | Voo -0.8 Ve +0.5 W
"HY Input Voltage Yin cc cc cc | - ¢
{*2} 2.0 Vo +05 2.0 i Ve +0.5 '

*1 Oniy CLK, "2 Except CLK,
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® CPU-MSMB0CBBARS/GS/JS MSMBOCBBA-2BS/GS/JSI

DC CHARACTERISTICS
{MSMBOCBEA: Vo = 4.5V to 5.5V, Ta= —40° 10 +85°C)
{MSMBOCBBA-2: Vog = 4.75 to 525V, Ta=0°C 1o +70°C)

Parameter Symbaol MIN T¥P MAX Unit Conditions

“L" Cutput Voltage VoL 0. v lgL=25maA

“H" Quiput Voltage VoH 30 : v 'OH = -2.5 mA
voc-0.4 1QH = -100pA

Input Leak Current Iy -1.0 +1.00 uh 0 <V < Voo

Output Leak Current Lo -10 +10 uh Vo= Vg or GND)

:githI:::km?urrent IBHL 50 400 A VIN";O.BV

e | T | o oo | a | Vw0

Bus Hold Low Overdrive IBHLOD 600 JTr-s *5

Bus Hold High Overdrive IBHHG —600 wh 5

Stomly e o amel (Ve

VIN=VEC or GND)
StandbySupply lccs 500 A Outpu_ts Untoaded
Current CLK=GND or
Vee

Input Capacitance Cin 5 pF =7

Qutput Capacitance Cout 15 pF *7

1/0 Capacitance Cito 20 pF *7

*3. Test conditions is to lower V| to GND and then raise V| to 0.8V on pins 216 and 3539,
*4. Test condition is to raise V| ta Voo and then lower Vi to 3.0V on pins 216, 26—32, and 3439,

*6. An sxternal driver must source at least Igy). O to switch this node from LOW to HIGH,
*6. An external driver must sink at least |pRKO to switch this node from HIGH 10 LOW.
*7. Test Conditions: a) Freq =1 MHz.

b} Ummeasured Pins at GND,

cl VN at 5.0V ar GND.
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» CPU- MSMBOCBSARS/GS/JS MSMBOCSBA-2RS/GS/JIS N

A.C. CHARACTERISTICS
{MSMBOCBBA: Ve = 45V 10 5.5V, Ta= -40°C to +85°C)
IMSMBOC8B8A-2: Vpp = 4,75V 10 5.25V, Te = 0°C to 70°CI

Minimum Mode System
Timing Requiramants

MSMBOCEBA MEMBOCBBA-2
Parameter Symbol Unit
Min. Max. Min. Max.
CLK Cycle Period TCLCL 200 ! bC 125 [a] ns
CLK Law Time TCLCH 1e 58 ns
CLK High Time TCHCL 69 a4 ns
CLK Rise Time {From 1.0V 1o 3.5V TCHAICHZ . 10 10 ns
CLK Fahl Time (From 3.5V to 1.0V} TCLZCL r 10 10 ns
Data in Setup Time TDVCL 30 20 ns
Data in Hold Time TCLDX 10 : 10 ns
:?;::ﬁ::::;ri;g into MSM B2CB4 A TRIVEL ag 15 ns
TN T A | ok | o : -
READY Satup Time into MSM BOCBBA | TRYHCH 118 : 68 ns
READY Hold Time into MSM B0CBBA | TCHRYX 30 20 Pons
READY inactive 10 CLK (Ses Note 3) TRYLCL -8 -8 ns
HOLD Setup Time THYCH ki 20 ns
:SN;HQQI::‘;’] TEST Setup Time TINVCH 10 15 s
v Ty | o " s | .
e | . o |
Timing Responses
Parameter Symbol  |——— MSMBOCEEA MSMB.DCBSA_Z Unit
Min. Max. Min, Max.
Address Vahid Delay TCLAY 10 ' 110 0" &80 . ns
Address Hold Time TCLAX 10 ! 10 [ ns
Address Float Delay TCLAZ | TCLAX 80 l TCLAX 50 ns
ALE Width TLHLL TCLCH-20 * TCLCH-1D ns
ALE Active Delay TCLLH 80 50 "y
ALE Inactive Delay TCHLL 85 55 ns
Address Hold Time to ALE Inactive TLLAX TCHCL-10 TCHCL-10 ns
Data Valid Delay TCLDV 10 10 10 [1+] ns
Data Hold Time TCHDX 10 . 10 ns
Data Hold Time after WR TWHDX TCLCH-A0 | TCLCH-30 ns
Contral Active Delay 1 | TCWCTW 10 110 10 710 ns
Conitrol Active Delay 2 TCHLTY 10 110 10 60 ns
Control Inactive Detay  TCVETX 10 110 10 70 ns
Address Float to AD Active - TAZRL ] a ns
RO Acrive Delay TCLAL 10 165 10 Il 100 ns
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Parameter Symbaol MSMBDCEEA MSEJ&OCSSAQ Linit
Min. Max, Min, Max,
RD Inactive Delay TCLRH 10 150 10 80 ns
RD Inactive to Next Address Active TRHAV TCLCL 45 TCLCL-40 ns
HLDA Valid Dalay TCLHAY 10 160 10 100 ns
RD Width TRLRH |2¥CLCL-75 2TCLCL-BO ; ng
WH width TWLWH [2TCLCL-80 27CLCL40 ns
Address Valid 10 ALE Low TAVAL TCLCH-6O TCLCH40 ns
Cutput Rise Time {From 0.8Y 10 2.0} TOLCH 15 15 ns
Qutput Fall Time {From 2.0V 10 0.8V} TOHOL 15 15 ns

Notes: 1. Signals at MSMB2CB4A shown for reference only.
2. Setup requirement for asynchronous signaf only to guarantee recognition at next CLK.
3. Applies only to T2 state. {8 ns into T3}

Maximum Mode System [Lising MSM 82C88 Bus Controller)
Timing Requirements

MSMBOC8EA MSMBOCEBA-2
Parameter Symbol Unit
) Min. Max, Min. Max.,
CLK Cycle Period TCLCL 200 De 125 (1] ng
CLK Low Time TCLCH 118 68 ns
CLK High Time TCHCL 62 44 - - ns
CLK Rise Time (From 1.0V 1o 3.5V TCHICHZ 10 10 ng
CLK Fall Time [From 3.5Y to 1.0V} TCL2CUL 10 ) 10 . n§
Data in Setup Time TOVEL 30 20 Cons
Data in Hold Time TCLEX 10 10 ns
RDY Setup Tima into M5SM 82C844,
{See Notes 1, 2} TRIVCL . 38 » . "
RDY Hold Time into MSM 82C84A !
{See Notes 1, 2} TeLRIX ° ¢ s
READY Setup Time into MSM BOCBBA | TRYHCH 118 63 ‘ ns
READY Hold Time into MSM BOCBBA TCHRYX 30 20 ns
READY inactive to CLK [See Note 3] | TRYLCL -8 © -8 ns
Set up Time for Recognition INMI,
INTR, TEST) {See Note 2 TINVEH 30 s s
RG/GT Setup Time TGVCH 30 : 15 ns
RG Hotd Time into MSM B0C88A TCHGX 40 i 30 ns
Input Rise Time |Except CLK) :
{From 0.8V to 2.0V} T Lo s n
Input Fall Time (Except CLK)
{From 2.0V ta 0.8V) TiRIL 1% % s
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Parameter Symbal MSMBOCEBA MEMBOCEEA-2 Unit
Min. Max. | Min, Max.
Command Active Delay (See Note 1) TCLML 5 45 ' 5 35 ns
Command tnactive Delay {See Nate 1) TCLMH 5 45 i 5. 45 ns
{F;E:\g:t::;ive to Status Passive TRYHSH 110 } 65 ns
Status Active Delay TCHSY 10 110 : 10 ] ns
Status Inactive Delay | TCLSH 10 130 I 10 70 ns
Addvess Valid Delay TCLAV 10 ma . 10 60 ns
Address Hold Time' TCLAX 10 : 10 ns
Address Float Delay TCLAZ TCLAX 80 | TCLAX 50 ns
Status Valid to ALE High |Ses Note 1) TSVLH 25 : 25 ns
Status Valid to MCE High (See Note 1) TEVMCH 35 30 ns
CLK low to ALE Valid {See Note 1) TCLLH 35 25 ns
CLK Low to MCE High ({See Mote 1) TCLMCH 35 -] ns
ALE Inactive Delay {See Note 1} TCHLL 4 35 4 25 ns
Data Valid Delay TCLDV 10 110 10 60 ng
Data Hold Time TCHOX 10 10 ns
Caniral Active Delay {See Nowe 1} TOVNY 5 a5 5 45 ns
Control Inactive Delay (See Note 1) TCVNX 5 45 5 45 ns
Address Float to AD Active TAZRL 0 1] ns
AD Active Deiay TCLARL 10 165 10 100 ns
RD Inactive Dalay i TCLRH 10 150 10 | 80 ns
RD Inactive to Next Address Active TAHAY TCLCLA5 TCLCLR0 ! ns
i‘:;ner:c::tne (:,l;mtroi Active Delay ll TCHOTL 50 . | 50 ns
::};:c':tig; (‘:Tntrnl Inactive Delay . TCHDTH 35 J 30 s
GT Active Delay TCLGL 0 85 ] | 50 ns
@T Inactive Delay TCLGH o BS o ! B0 ns
RD Width TRLRH [2TCLCL-75 2TCLCL-E0 [ ng
Qutput Rise Time (From 0.8V to 2.0V) TOLOH 15 18 ns
Cutput Fall Fime (Fram 2.0V ta 0.8V} TOHOL 15 I 15 ns

Motes: 1. Signals at MSM B2CB4A or MSM 82088 are shown for reference only.
. Setup reguirement for asynchronous signal only (¢ guarantee recognition at next CLK,

2
3. Applies only ta T2 state I8 ns into T3)
4. Appties anly 10 T3 and wait states.
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

24
TEST POINTS e |
15 a7 7 e TEST
045 I Cy - V0D

AT TESTING. INPUTS ARE DRIVEN AT 244
FOR A LOGIC 1" AND 0.45V FOR A LOGIC

(" TIMING MEASUREMENTS. ARE 1 B¥ FOR INCLUOES 11G CAPACITA
BOTH & LOGIE 1 AND "B Cu INCLUDES NG CITANCE

TIMING CHART
Minimum Mode

1:hY, S50

|
A5 ad ( A15-A% 1Float dueng INTAL
\
TeLAv-« — rTeLey ] TEHDR —o]
TCLAX =
219:56 - A16:53 H )( ArE_atE 53
A
PTiiax _——
[
aL

; T T w ToT4
. fe— - —TELEL -~ TEHICHZ H TewxLr [
W i \-
CLK (MSM BICRAS. a..w'ﬂ _/-g 3 K ‘l J [ ‘_\\ //_\__

e N/
—f TEROTY % TCHEL 5 he— TELEH —

TLHLL —=f

I
.o
£
B
=t
o
=
.

Wid T
ROY (MEMEZCE4A Inputl b
SEE NOITE & K \
Vi s
TRYLLCL

L1

READY (MSMBOCESAIN Wt{
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Mini Muade (Conti d)
Tz ™ T4
pe— — TCLEL - —- | TCL?CH ,'
Vim ) [TCHICHT F
CLK {MSM B2CB44 Output| \ f //_\_
ViL TCHLL
TeHeTy| m— ) TCLCH
1 4
13N, 550 i
ST -
TCLAY ~ TLLAMN PTCAD R~ L-—
— I
JB19-EE - ATEED AlG-A1E 56-53 ’
TELLH TLLAX
-
! f)
ALE i M
TeHLL -+ = T
TELOW+ P
TCLAY - [TCiaxae — . TCHDK
[ 4D? ADG .:AD?-RDDI X oATaOuT '
I Tawvad - TWHOX
TOWCTh —wf TLLA t'_ — TLWOTY
WRITE CYCLE :"__
1NOTE T GERN .
iR, MTA, beN .
OTR = vpul
! TOWETY =
- —_— e
{ W \
TEVETx - l—
— \‘-— TCLAZ vacu_—-— [—TCLDx
[ apr-aDo POINTER -,
: / FLOAT /_’\_ ) FLOAT N
\ kS
\ —ToheTY o = TCHETY
oTH e Y
INTACYELE | -
INDTES b & 31
ARO, WH = wpy { TCWCTy—=f  |a—
BHE = v b H
iNTa
TOWLTY —=]
DER
SOF TWARE HALT. INVALID ADCRESS SOFTWARE HALT TCLAW
RD. W
or i - INDETERL?NATE TCLAY —~
NOTES:
1. All signals switch between VoH and Vo unless otherwise specified.
2. RDY is sampled near the end of T2, T3, TW to determine if TW machines states are to be inserted.
3 Two INTA cycles run back-to-back, The MSWMB0CEEA LOCAL ADDR.I‘DATA BUS is fioating during both INTA
cycles, Control signals shown for second INTA cycle.
4. Signals at MSM 820844 shown for reference onty.
5. All timing measuraments are made at 1.5V unless otherwite noted,
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Maximum Mods

T T2 T3 T
TCHICHZ—» — | p—TCLZXCLY
b—TcloL— ™
¥IH 1
CLK IMSMEZCE4A DUTRUT) f 3 f ‘ [{ F \
WL _J h ] h 1 l /
ToLay —) 1—— b TEHEL = e TOLCH
wo DL T X
TEHEY —a ftaisH
¥ i)
5T ET B AENCERT WALT) ‘ ////X/ /y/fynsss NCTE 8 Y
e ————
i
A1S- 48 Al5_4E )(
— TCLAY TeLoy TCHOX ] —
[TCLa% bt
! f
ATISE - ATEISI A19- ‘“5| X §6-51 }\
TiviH 1
b | TCHLL
| aLe mswmazcas TeLtH= .
QUTPUTI |
SEE NOTE S I
FDY (MSM BE2CB48 INFLT) . —=| [t TATVEL
§ “ W \\\\‘ \\\Wm
YL QW \\\\h \\\\\\ \ L
el R TELRX
T"ﬁ_‘ —
READY [MSM BOCEEA INPUTH ] R
THYHSH-'I —
—drcLadet
TAYHCH M ToLGA
READ CYCLE TCLAY - —HTCLAZ[=— TOVEL r
aDi-abg a0t —alH) DATA IN
| FLOAT FLOAT
| TCLAH
TAZAL von] |a— TRH AV
| TeuaL TALRM
- ToHOTL—— TCHDTH
ot ——q& \ !
‘.
ggrpfﬁrcs“ TCLML—=] rv— TEL MM —af
SEENOTES s | oC ORIORT ‘\
TCVNY ——= -
DEN
TCWNK —-
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Maximum Moda (Continusd)

T 17 T3 T4
™
Vil s Y, 7 Y / =, / 3,
CLE {MSMEZCEAA DUTPUTSE K F. R J 4 h A
YL
TCHSY —ay -+ TCLEH

J JJJ LY
52 51,56 4EXCEPT HALTI N //!/ﬁ I5er note BI AN
[

TCLAY —=y — o] TELDY TeMOK —=
WHITE CYOLE K TCLAX o ChOo
AB7-abE : X AD? -ADD BaTA

TOWH Y —irf TOwhNR —=
1
DEN

! - ToLML 11 M|
M3M GICEB OUTPUTS  ANWT OR

SEENOTESS 6 ANWC

H - e == TCLML —| TCLMH

W T OR
15w i

NTa SYELE

ANS -AH fHESER\.'EDFOR\ {
N

ISEE NOTES 3 & 47 T\ CASCADE AODR FLoAT FLOAT
B ) —
1/ \l__ ToLaz | ToVEL— 1cLoK
POINTER —t
Al AL 4 /'\__ FLoat

] A ||
TEVAICH — ] TCWN X, - //
| -
| i
MCE | !
POEN tininiint
TCLMEH -+ — TEHDTL ]| 4 e TCHDTH
DT.-R
TCLML
M5 A2688 DUTRUTS
SEE NOTES S B | TWTA
CEN
SOFTWARE HALT TOWhK - = Ll

IDEN V. AD. MRDC, IOHC, MW TE, ARG,

ICHAT, ATOWC, INTA v !

ADT ADD AR AR INVALID AZORF 55

TCLAY »

32,54 80 Y /

NOTES:
1. Al signats saiich between Vg and Vo) unless otheosese specid e

2 ROY s sampled near the gnd of T2, T3, TW to determine o TW mach:nes states aee 1o De wvaen bed

3 Cavcadue sddress s vahd between 1051 and second INTA cycle

4 Two INTA cycles run back to-back The MSM S0CZES LOCAL ARDADATA BUS is floatine during both INTA cycles
Contral for pomter addeess s shown for second INT A cyele

5 Sgnel gt MSM B2CE4A end MFME2CAR shown for referance onty

6 The ssuance of the MSKM E2C88 command and coantral sgnals (MBOC. MWTC . AMWE. 1ORGC, IOWC, MOWC. INTA
angt DENI lags the actwe high MSM 82083 CEN

T Al fiming measurements are made 31 1 5% unless othersess nofed

&  Stuluy macuve nostate st poar 1o T4

135




s CPU-MSMBOCBBARS/GS/JS MSMB8OC8BA-2RS/GS/JSE

Asynchronous Signal Recognition

b TINVCH {SEE NOTE 1}

L
WINTR b SIGNAL
TEST

HOTE &

AT NEXT CLK

SETLP AEQUIREMENTS FOA ASYNCHRONOUS
SIGRALS DMLY TO GUAHANTEE RECOGNI TGN

Bus Lock Signal Timing (Maximum Mode Onby)

Resat Timing

ANy Gk ch‘le-— I—-ANI CLk CYCLE-{

L

[-—— &) psec -

HESET

=

| Aok Svoles

fGrant 5

Timing (Maximum Maoda Only)

Ay CLE Cypcle

TGvCH

TCHG X

Freveous gracd

ALY—ADD, 415. AR
356 ‘

COPACCESEOR
HELE Q5L

AD7-ADG A1E AB

£:53 .
RSM BRCED A COPHOCCES0R M50 JOCEER
SFE NOTE 1)
MOTE: | THE COPROCESSOA May NOT DRIVE THE BUSSES OUTSIDE
THE REGHIN SHOWN WITHOUT RISK NG COMTEN FIGN
Hold/Hold Acknowladpe Timing (Minimum Mode Only)
= 1 QLK CYCLE POA 2 CYOLES
o _/_—\\_ ./_\\_/_\_____..
- TRVEH THWEH
H3LO
—a —TCiHAY —l TCLHAN
1
HL[ka /
L d —
. —= TCLAZ

£10058 - A16:51
AD

MEM HUCEE A

A —

COPROCESSOR

—'< MEM BOCES A
4
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PIN DESCRIPTION

ADJ—aD7

ADDRESS DATA BUS: Input/Quiput
These lines are the multiplexed address and data
bus. ’
These are the address bus at T,1 cycle and the data
bus at T2, T3, TW and T4 cycle.
T2, T3, TW and T4 cycle.
These lines are high impedance during intérrupt
gcknowledoe and hold acknowledge.

Af-A15

ALORESS BUS: Output
These tines are the address bus bits 8 thru 15 at all
cycles,
These linas do nat have to be latched by an ALE
signal.
These iines are high impedance during interrupt
scknowledge and hold acknowledge.

A16/83, A17/54, A18/5S5, A19/56
ADORESS/STATUS: Output
These are the four most significant address as at

the T1, cycle.

Accassing 1/Q port address, thesy are low st T1
Cycles.

These lines are Status lines at the T2, T3, TW
and T4 Cycle,

55 indicate interrupt enabie Flag.
$3 and 54 are encoded as shown.

53 54 Characterishics
0 o Alternate Data
1 ¢} Stack
[¢] 1 Code or Nong
-wl' 1 Ceta

These lines are high impedance during hoid acknowl-
edge,

RD

READ: Cuiput
This lines indicates that the CPU is in a memory
or 1/0 read cycle,
This line is the read strobe signal when the CPU
reads data from a memery or 1/0 device.
This line s active 10w,
This line is high /mpedance during hold acknowl-
edge.

AEADY

READY: Input
This line indicates to the CPU that an addressed
memery or /0 device is ready to reéad or write,
This ling is active high,
IF the setup and hoid time are outaf specification,
an illegal operation will oceur.

a CPU-MSMBOCBSARS/GS/JS MSMBUCEBA-2RS/GS/JSH

INTR

INTERRUPT REQUEST: Iinput
This }ina is a lavel triggered interrupt raquest signal
which is sampled during the last clock cyele of
instruction and string manipulations,
It can be internally masked by software.
This signal is active high and internally synchro-
nized,

st
TEST: input
This line is examined by a "WAIT" instruction.,
When TEST is high, the CPU enters an idle cycle,
When TEST is low, the CPLU axits an idle cycle.

NMI
NON MASKABLE INTERRUPT: Iaput
This line causes 4 type 2 interrupt,
NKH is not maskable,
Yhis signal is internally synchronized and needs a 2
clock cyele puise width,

RESET

RESET: input
This signal causes the CPL 1o initizlize immed iataly .
This signal is active high and must be at least four
clock cyclas,

CcLK

CLOCK: thput
This signal provide the basic 1iming for an internal
CIreuit.

M/

MINIMUM/MAXIMUM: Input
This signal selects the CPU's operate made,
When V@i is connected, the CPU operates in
minimum mode,
When GND s connected, the CPL operates in
maximum maode.

vee
Vo +3 — +6 WV supphied.

GND
GROUND

The following pin function descriptions are for

maximum mode only.
Other pin functions are already described,
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80,51, 52

STATUS: Qutput
These lines indticate bus status and they are used by
the MSMB2CBE8 Bus Controller to generate all
memory and /O access control signals.
These lines are high impedance during hold
acknowledge.
These status lines are encoded as shown,

52 51|50 Characteristics
QiLOW) | O 1} Interrupt acknowledge
1] [ Aead {/Q Port
a 1 0 Write /0 Port
1] i 1 ! Hah
1TIHIGHI! 0 | @ Code Access
1 a 1 Read Memoary
1 1 0 Write Memory
1 1 1 Passive
RO/GTO
RO/GT1

REQUEST/GRANT: Input/Qutput
These {ines are used for Bus Request from other
devices and Bus GRANT to other devices.
These lines are bidirectional and active low.

LOCK

LOCK: Output
This line is active low.
When this line is low, other devices can not gain
control of the bus.
This line is high impedance during bold acknowl-
edge,

Qas0/as1

QUEUE STATUS: Output
These are (Queue Status Lines that indicate internat
instruction queus status.

as1 Q50 Characteristics
O [LOW) 4] Na Operation
First Byte of Op Code from
] 1
Quaue
1{HIGH}| © Empty the Queue
1 1 Subsequent Byte from Queue

The following pin function descriptions are mini-
mum mcde only. Other pin functions are already
described,

10/m
STATUS: Dutput

This line sefects memory address space or (/O
address space.

138

When this line iz jow, the CPU selects memory
sddress space end when it iz kigh, the CPU selects
1#O address space,

This tine is high impedance during hotd ackaowl-
edge.

WR '

WRITE: Output .
This line indicates that the CPU i3 in a mamory or
1O write cycle,
This line is a write strobe signal when the CPL
writes data to memory or an |/0 device,
This ling is active low.
This line is high impedance during kold ackngwl-
sdge.

INTA

INTERRUPT ACKNOWLEDGE: Output
This line is a read strobe signal for the interrupt
accknowledge eyela,
This line is active low,

ALE

ADDRESS LATCH ENABLE: Qutput
This line is used for latching an address into the
MSMB2CI12Z address latch it is a positive pulse and
tha trailing edge is used 10 strobe the address, This
line in naver floated.

DT/R

DATA TRANSMIT/RECEIVE: Qutput
This line is used to control the direction of the bus
transceiver,
When this line is high, the CPU transmits data,
and when it is low, the CPU receive data,
This line iz high impedance during hold acknowl-
edge,

DEN

DAT& ENABLE: Qutput
This line is used ta control the output enable of
the bus transceiver.
This line is active low. This line is high impedance
during hold ackhowledge.

HOLD

HOLD REQUEST: Input
This line is used for @ Bus Request from an other
device,
This line is active high,

HLDA

HOLD ACKNOWLEDGE: Ouiput
This line is used for a Bus Grant 10 an other
devige.
This line is active high,

§80

STATUS: Output
This tine is logically equivalent to 50 in the maxi-
mum made.



STATIC OPERATION

All MSMBOCEBA circuitry is of static design. Inter-
nal registers, counters and latches are static and require
no refresh as with dynamic circuit design. This elimi-
nates the minimum operating frequency restriction
placed on other micropracessors. The MSMBOLBEA can
operate from DC to the appropriate upper frequency
limit. The processor clock may be stopped in aither
state (highflow! and held there indefiniely. This type of
operation is especially usefut for system debug or pawer
critical agpplications.

The MSMBOCSBA can be signal stepped using only
the CPU clock. This state can be maintained as long as is
necessary. Single step clock operation allows; simple
interface circuitry to provide critical information for
bringing up your systemn.

Static design also allows very low frequency opera-
tion {down to DC) tn a power c¢ritical situation, this
can provide extremely low power operation since
BOCAB A power dissipation is directly related to operating
frequency. As the system frequency is reduced, so is the
operating power until, ultimately, at a OC input fre-
quency, the MSMB0C88A power requirement is the
standby current (500 uA maximum).

FUNCTIONAL DESCRIPTION

GENERAL OPERATION

The internal function of tha MSMBOCB2A, consist
of a Bus interface Unit (BILY) and an Execution Unit
{EU}. These units operate mutually but perfarm as
SELArate processors,

Memory Organization

m CPU-MSMBOCEBARS/GS/JS MSMBOCBBA-2RS/GS/JSH

The Biil performs instruction fetch and queueing,
operand fetch, DATA read and write address relocation
and basic bus contrcl, By performing instruction pre-
fetch while waiting for decoding and execution of
instruction, the CPL's perfermance is increased. Up to
4-bytes fo instruction stream can be queued.

EU receivas pre-fetched instructions from the BiU
queus, decodes and executes instructions and provides
an un-relocated operand address to the BIU.

MEMORY ORGANIZATION

The MSMBOCBEA has & 20-bit address 10 memory,
Each address has 8-bit data width, Memary is arganized
O00000H 1o FFFFFH and is logically divided inte four
segments: code, data, extra data and stack segment,
Each segment contains up to 64 Kbytes and tocates an
& 16-byte boundary. (Fig. 3a)

All memory references are made relative 10 a seg-
ment registar according 1o a select rule. Memory loca-
tion FFFFOH is the start addrass after reset, and 00000H
through OD3FFH arg reserved as an interrupt pointer,
Therg are 256 types of interrupt pointer;

Each interrupt type has a 4-byte painter element
consisting of a 16-hit segment address and a 16-bit
offset addregs,

Reserved Memory Locations

L1 FFFFFH
FFFFFH
RESET RODTSTRAP
64 KB CODE SEGMENT PROGFA AM JUMP
FFFFOH
* L X XXX OH 1
‘I‘ b
— 3FFH
COFESET STACK SEGMENT nTERRUPT POINTER
FOR TYPE 255
SEGMENT 1 3FCH
REGISTER FILE T 3 | ' ]
- | ~
Cs DATA SEGMENT |
S8 7H
o3 | | INTERRUPT POINTER
= + 2 FOR TYPE 1 aH
INTERRUPT POINTER| 3H
EXTRA DATA FOR TYPED oH
SEGMENT
T T DODAGH
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Memory Reference Nead Segment Regqster Used Segment Selection Rule
Instructions CODE (C8) Auomatic with all instruction prefetch.

Al stack poshes and paps. Memory references
Stack STACK {88} : P o pop ¥

relative 1o BP base register except data references.

Data references when relative to stack, destination
Local Data DATA (DS} . . L )

of string operation, or explicitly ¢verriddan,

’ Destination af string operations: Explicitly selected

External {Global] Data EXTRA (ES) ) ’ 9 P P ¥

using a segment override.

MINIMUM AND MAXIMUM MODES

The MSMB0C88A has two systern modes: mini-
mum and maximum. When using the maximum mode, it
is easy 10 organize a multinle-CPU system with the MSM
B2CHB Bus Controlier which generates the bus control
signal.

When using the minimum mods, it 15 easy to orga-
nize a simple system by generating the bug contral
signal itself, MN/MX is the mods salact pin. Definition
of 2431, 34 pin changes depends on the MN/MX pin.

BUS OPERATION

The MSMBOCBBA has a time multiplexed address
and data bus. f a non-multiplexed bus is desired for the
system, it is only needed to add the address latch,

A& CPU bus cycle consists of ar least four elock
cycles: T1, T2, T3 and T4, (Fig. 4

The address ocutput occurs during T1, and data
trarisfer oours during T3 and T4, T2 is used for chang-
ing the girection of the bus during rezd operation, When
the device which is accessed by the CPU is not ready
ta data transfer and send 1o the CPU “NOT READY " is
indicated TW cycles are insgrted betwsen T3 and T4.

When a bus cycle is not naeded, T1 cycles ars
insertéd between the bus cycles for internal exscution.
At the T1 cycie an ALE signal is cutput from the CPU
or the MSME2C88 depending in MN/MX. at ths trail-
ing edge of an ALE, & valid address may be latched.
Status bits 50, $1 and 52 are uasad, in maximum maode,
by the bus conmtroller to recognize the type of bus
operation according to the following table.

52 51| 5 Chacacterstics
QiLOWl | O 0 Interrupt acknowledge
1] 0|1 Read /D
i] 1 a Write /O
0 1 Halt
T{HIGHY] O O Instruction Ferch
1 0 1 Read Data from Memory
i 1 0 Write Data to Memaory
1 1 1 Passive (na bus cycle)

140

Status bit 83 through 56 are multiplexed with
A16—A19, and thersfora they are valid during T2
through T4, 53 and 54 indicate which segment register
was selected on the bus cycle, according to the follow.-
ing table,

54 53 Charactenstics
0 {Low! { 8] Alternate Data [Extra Segment)
"0 T sk
11AGHY 0] Code or None T
_.1__ __1_ — t’_ata__.. e e e e e o

Sk indicares imerrupt enabile Frag,

1/ ADDRESSING
The MSMBOC88A has 2 64 Kbyte 1/O. When the
CPLU accesses an 1/O device, address AG—A15 are in
same format as @ memory access, and A16--A19are low,
1O ports address are same as four memory.
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Basic System Timing

| 14 + N*WAITI = TCY | 14+ N*WAIT! = TCY

I T

CLK

GOES INACTIVE IN THE

I_\ l_\ STATE JUST PRIOR TO T4 I_\—
ALE )

@\ /. 11/ A

A19-A16 A19-A16
ADDR/
STATUS ‘X S56-53 /X 56-53

ADDR A15-AB Al1G-AB

BUS RESERVED _
i AT—AQ FORDATA IN 2/ D0

T WVALID
DATA QUT (D7-00} }-

— MEMORY ACCESS [=—
TIME

14
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EXTERNAL INTERFACE

RESET

CPU initialization is executed by the RESET pin.
The MSMBOCEBA's RESET High signal is required for
greater than 4 clock eycles.

The rising edge of RESET terminates the present
operation  immediately. The falling edge of RESET
triggers an internal resat requence for epproximately 10
clock cyeles, After internal reset sequence is finishad,
narmal aperation begins from absolute location FFFFOH.

INTERRUFPT OPERATIONS

The interrupt ogeration is classified as software or
hardware, and hardware intersupt is classified as non-
markahle or maskable,

An interrupt causes 3 New program ocation which
is defired by the interrupt pointer tabia, according to
the interrupt type, Absclute location 00000 through
003FFH is reserved for the interrupt pointer table. The
interrupt pointer table consists of 258-slemants. Each
efement is 4 bytes in size and corresponds to an 8-bit
type number which js sent from an interrupt request
device during the interrupt acknowledge cycle,

NON-MASKABLE INTERAUPT {NMI)

The MSMBOCBBA has a non-maskable Interrupt
{NM1} which is of higher priarity than & maskabie
intarrupt request (INTH).

An NM1 reguest pulse width needs minimum of 2
ciock cycles. The NM1 wil be serviced at the end of the
currant instruction or hatween string manipulations,
MASKARLE INTERRUPT {INTR}

The MSMSO0CES8A provides another interrupt
raquest {INTR} which can be masked by software.
IN'TR is feval tripgared, so it must be held until interrupt
request is acknowledged.

The INTR will be serviced at the end of the current
instruction or between string manipulations,

Interrupt Acknowladge Sequence

INTERRUPT ACKNOWLEDGE

During  the interrupt .acknowledge sequence,
further interrupts are disabled. The interrupt enable bit
is reset by any intarrupt, afrer which the Flag register is
automatically pushed onto the stack. During an acknow-
ledge sequance, the CPU emits the lock signal from T2
of first bus cycle to T2 of second bus cycle. At the se-
cond bus cycle, a byte is fetched from the external
device as a vector which identifies the type of inter-
rupt. This vector is multiplied by four and used as an
interrupt pointer address (INTR only).

The Interrupt Return (IRET) instruction includes
a Flef pop operation which returns the origingl inter-
rupt enabls bit when it restores the Fiag.

HALT

When a Halt instroction is exscuted, the CPU anter
Halt state. An irerrupt request or RESET will foree the
MSME0DCSEA out of the Halt state,

SYSTEM TIMING —MINIMUM MODE

A bus cycls begins at T1 with an ALE signal. The
trailing edge of ALE is used to latch the address. From
T1 to T4 the I10/M signal indicates a memory or /O
gperation, From T2 te T4, the address data bus changses
the address bus to the data bus,

The read (RD}, write {Vﬁ}, and interrupt acknow -
edpe (INTAI signals caused the addressed device 1o
enable the data bus, These sighals become active at the
beginning of T2 and inactive at the beginning of T4,

SYSTEM TIMING —MAXIMUM MOOE

In maximum made, the MSM82C28 8us Contraller
is added to system, Tha CPU sends status information 1o
the Bus Controller, Bus timing signals are generated by
the Bus Controller. 8us timing is aimost the same as in
minimurm mode._

ALE _/_\

]Tl|T2|T3|T4|T,|T1|72|T3|74[

LOCK \

—

ADO—AD7 \TLOAT

INTA .1 J

-

TYPE VECTOR
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BUS HOLD CIRCUITRY

Ta avoid high current congitions caused by flaat-
ing inputs to CMOS devices, and to eliminate the need
for pullup/down resistors, “bus-hold’™ circuitry has
been used on BOC8E pins 2—16, 26—32, and 34-39
{Figures &a, 6y}, These circuits will maintain the last
valid logic stete if no driving source is present {i.e. an
uwnconnected pin ar a driving source which goes 10 a
high impedance statel, To overdrive the "bus

hold" circuits, an external driver must be capable of
supplying approximately 400 uwA minimum sink or
source current at valid input voltage levels, Since this
“bus hold” circuitry is active and not & ‘resistive’” type
element, the associated power supply current is negli-
gible and power dissipation is significantly reduced
when compared to the use of passive pull-up resistors,

OUTPUT

“PULL-UP/PULL-DOWN™

BOND L eXTERNAL

DRIVER

[ S Y

INPUT

PAD PIN

BUFFER

INPUT
PROTECTION
CIRCUITRY

Input Buffer exists only on 1/O ping

Figure 6a. Bus hold circuitry pin 2-16, 35-39,

"PULL-UP"

ouTPUT sonD | EXTERNAL
DRIVER 2 ™ Fa0 [~ Fin
vee b 1
cc | !
' '
= '
'
' )
L4 |
ittt whmhet INPUT
A, PROTECTION [
CIRCUITRY

Input Buffer exists only on 1/0 pins

Figure 6b. Bus hold circuitry pin 26-32, 34
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DATA TRANSFER

MOV = Move: 5[?6543210?6543210?654321076543210
Aegister/memory to/from register 710 00 17 0 d w mod reg vim

Immediate 10 register /Imemory +t 100011 wmod 0O 0 rfm data dataif w=1
Immediate 10 register 1 01 1 w reg data data if w=1

Memory 1o accurmutator ;101 000 0 w addr-iow addr-high

Accumulator to memory 'y 170001 w addr-low atkdr-high

Register/memaory 10 segment register ; Y000y 11 0 mod QO reg rim

Segment register to register{memaory Y10 0011 0 G lmoed O reg rim

PUSH = Push:

Register /memory i1 11111 1 1| med 11 86 r/m

Register . ; 01 010 reg

Segment register i a0 O reg i1 o

POP = Pogp:

Register/memory 1000111 1|mog O 0 O rim

Register 01 o1 reg

Segment register a0 0 s 1 %1 i

XCHG = Exchange:
Registerimemory with register 100 0 0 1 1 wl mod reg r/m
Register with accumulator 104010 req
IN = Input from:

Fixed port 11 10010 w port
Mariable port 1 1 1

=]
-
-
=]
z

QUT = Dutput to:

Fixed port

‘ariahie pornt

XLAT = Transiate byte to AL
LEA = Load EA to reqister
LDS = Load pomter to DS
LES = Load pointer to €5
LAHF = Load AH with flags
SAHF = Store AH into flags
PUSHF = Push flags

POPF = Pop flags

mod reg rim
mod reg rim
mag reg rim

U U S

L B R e R ™ T e
o000 D S - -
- - - -
e - - ]
T
- -
- R -

R

NS /SD/SHZ-VEEI02WSIN SI/SH/SHYSED08WSH -NdD ®
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ARITHMETIC

ADD = Add:

Reg./memory with register 1o either
Immediate 1o register/memaory
Immediate to accumulator

ADC = Add with carry:

Reg./memory with register to gither
Immediate 10 ragister/memory
Immediate 1o accumulatar

ING = therement.

Register/memory

Register

AAA = ASCIY adjust for add
DAA = Decimal adjust for add

SUB = subtract:

Reg./memory and register 1o either
immadiate from registet /memaory
Immediata from accumulater

SBB = Subtract with borrow:

Reg./memory and register to either
Immediate from register/memaory
Immadiate from accurnulater

DEC = Decrement:

Register fmemory
Register
NEG = Change sign

| CMP = Compare:

Register/memory and register
tmmediate with register/memory
Immediate with accomulator
AAS = ASCII adjust for subtract

=T = =T

[ =1 = =

L= - N
(== =]
oo
Do 9
-0

[=J0 = =] [~ =] [= =R (=~
(===

-

[= QN = =T =)

(== - [ -

-

-

R

oo

-

(=T =T

[=N -1 -]

= R

[

-

—_—

- =00

req

-

-0 v o

- = 3 3

i

=% 33

maod
mod

mod
mod

mo

mod
mog

mod
mod

mod

mod

mod
mod

reg
t 01
data

reg
a1 %
dats

rim
rim

rim
rim

rim

rm
rim

m
rim

rim

rfm

rim
rim

data
dataif w=1

data
data if w=1

data
dataif w=1

data
dataif w=1

data
dataif w=1

data if s:w = 01

data it :w =01

data if s:w =1

data if s:w =01

data if 5:w =01

WSr/80/SHC-VEEDOSWSIN SI/SD/SHVEBDOBNSIH -NdD »
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DAS = Decimal sdjust for subtract
MLUL = Muitiply funsigned)

JMUL = Integer multiply {signed)
AAM = ASCI) adjust for muitipty
DIV = Divide lunsigned)

iTV = Integer divide {signed)

AA0 = ASCII adjust for divide

CBW = Corvert byte to word

CWD = Convert word to doubie ward

_- e

[ = J P

O D e T o o oaa

P Y

- -0 CcC 0 oO0D -

£ € — b b eh o

[ = R R o R

—-c—+55035 3%~

mod
mod
o0
mod
mod

[ = G N

L= - =

- —_— O - -

a2

o

rim
rim
1
rfm
rim

1

a

a

ASr/SD/SHT-VE8J08WSH SI/SD/SHVEBI0BWSN-NdD @
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LOGIC

NOT = Invert 11131 ¢1 1 wimod 01 0 im

SHL/SAL = Shift logicalfarithmetic lefy 11 01 00v wimod 1 0 0O rim

SHR = Shif1 logical right 1101 00 v wmod 1 £ 1 rim

SAR = 8hift arithmeatic right 11 01 00 v wmod 1 1 1 rim

ROL = Aotate left 1103 00v wmod 0 ¢ 0 rim

ROR = Rotate right 110 % 60 v wimod 0 & 1 rim

RCL = Rotate left through carry 1101 00y wmod 010 rim

RCR = Rotate right through carry 10 % 00 v wi mod D 11 rim

AND = And:

Reg./memory and register 1o either 0CG¢1 000 d w|mod reg rim

Immediate to register/memory T 000300 wimed 1 00 m data datatfw=1
Immediate 1 accumuiator DCTO0OO0O1T0 w data data if w =1
TEST = And functian to flags, no result:

Register/memary and register 100 00 1 Q0 w|mod rag rim

Immediate data and register/memory *1 11 011 wmog DOGOD rfm data dats if w =1
Immediate data and sccurmulator T01T 01T 00w data dataif w=1

CR = 0r:

Reyg. /memary and register to gither '0 D O0GCG 1 0 d w| mod reg rim

Immgediate to register/memaory 5 100G 000 wmod O 0 % rim data dataif w=1
Immediate 10 accumulator [ 0000110 w data data if w=1

XOR = Exclusive or: :

Reg./memary and register 1o either :. 001100 d w|(mod reg rim

Immediate 10 register/meamory i1 000000 wimed 1 10 rim data data if w=1
Immadiate to accumulator 1 g0 11010 w data data if w=1

STRING MANIPULATION

REFP = Repeat 1111008 1% 2

MOWVS = Move bytefword 1901 001 0 w

CMPS = Compare bytefword 1010 D 1 1 w

SCAS = Scan bytefword 1010 %1 1 w

LODS = Load bytefward 1o AL/AX 1010 110w

STOS = Store bytefword from AL/AX 1910101 w

S8SH/SD/SHZ-VE8D0BNSKH Sr/SD/SHYBED08NSIH -NdD w
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CMP = Conditional JMP

4SM/S9/SHZ-VBED02WSIN SI/SO/SUYBBD0B8NSN-NdD =

JE/IZ = Jump on equalfzera 11 +0 %1 00 disp

JZINGE = Jump on less/not greater or equal o111 11t 00 disp

JLEAING = Jump on less or equal/not greater 1111110 disp

JB/MAE = Jumg on Below/not above or egqual 111 0010 disp

JBELNA = Jump on below or equal/not abave 11 10110 disp

JPAJPE = Jump.on parity /parity éven a1 i 11910 disp

JO = Jump an over flow g1 1100 00D disp

45 = Jump on sign 0*1 11000 disp

JNE/INZ = Jumg nn not equal/not zera 01 1+ 101 01 disp

JNL/JGE = Jump on not less/greater or egqual ot 111101 disp

JNLE/IG = Jump on not less or equalfgrester [« T T T T O | disp

JNB/IAE = Jump on not below/above or equal o011 10011 disp

JNBE/2A = Jump on not below or equal/above DT 11T 0t 11 disp

JNPAIPO = Jump on nat parity/panty odd DT 111011 disp

JNQ = Jump on nat gverflow 0111 0401 disp

INS = Jump on not sign 0t 1 11001 disp

LOOP = Loog CX times 11100010 disp

LOOPZ/LOOPE = Loop while zerofegual i110000 1 disp

LOCOPNZ/LOCPNE = Loop while not zerofequal T 11090000 disp

JCX2Z2 = Jump an CX zero 110001 disp

INT = Interrupt:

Type specified i1 001 101 type

Type 3 1190t 1 D00

INTO = Interrupt on overfiow 1100111 0¢

{RET = Interrupt return 11 00 1 1 1 1
PROCESSOR CONTROL

CLC = Clear carry 1111 4 009D

CMC = Complement carry 1111 010 1%

STC = Setcarry 111 11001

CLD = Cigar direction i1 11 1100

STO = Set direction i1 1311901

CL1 = Clear interrupt 11111010

5TI1 = Set interrupt 111 i1 611

HLT = Halt 111 10100

WAIT = Wait 10011011

ESC = Escape [to extarnal device} 11911 x x x|{mod x x x rin

LOCK = Bus lock prefix 11 %1 000C
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CONTROL TRANSFER

CALL = Cali:

Direct within segrnant
Indiract within segment
Diract intersegmeant

indirect irtersegment

JMP 2 Unconditional Jurmp:

Direct within segment
Direct within segment-shart
Indirect within segment
Direct intersegment

indirect intersegment

RET = Return from CALL:

Within segment

Within seg. adding immadiate to SP
Intersagment

tntersagment adding immediate 1o SP

[

—- e .

—_— = a

[P ) o - =M

- =

= R L

[

oo aaQ
cooa
- =-0o0

——-oa

L= B = i ]

—_ -

—_ - = -

- [=R e = X

o =00

(=R = R Y = |

[ G O -

Y

O == -

-

(=D =

7T & &5 4 3 2

mod

mod

disp-low

o 10

offset-low
seglow

¢ 11

1

disp-low
disp
0 G
offset-low
seg-low
01

data-low

data-low

10

rim

rim

rim

réin

T 68 8 4 3 21
disp-high

affset-high
seg-high

disp-high

offset-high
seg-high

data-high

data-high

a

7 65 432

o

®SIr/SO/SHT-VBBI0BNSH SP/SS/SHVBGOOBWSW NdD =
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Footnotes:

AL = 8-bit accumulator

AX = 1B-bit accumulator

CX = Count register

DS = Data segment

ES = Extra sagment

Above/beiow refers to unsigned value

Greater = more positive

Less = less pasitive Imare negative} signed value

1fd =1 then 1o reg: If d = G then "from’ reg.

If w = 1 then word instruction: If w = 0 then byte mstruction

1¥ mod = 11 then rfm is treated as a REG field

1f mod = 00 then ISP = ", disp-low and disp-high are absent

M mod = 01 then DHSP = disp-low sign-axtended to 16-bits, disp-high is absent
1 mod = 10 then QISP = disp-high: disp-low

If rim = Q0O then EA = (BX) + |51} + DISP

If rim = 001 then EA = {BX] + (1] + DISP

If rim = 010 then EA = (BP) + {81} + DISP

If r/m =011 then EA = (BP} + (D1]) + DISP

If rim = 100 then EA = i§1} + DISP

If rim = 1071 than EA = (D1} + DISP

I1f rim = 110 then EA = {BP) + DISP"

If rim = 311 then EA = IBX] + DISP

DISP follows 2nd byte of instruction (befare data if required}

* except if mod = 00 and rfm = $10 then EA-disp-high: disg-low

1f 51w = 01 then 16 bits of immediate data form the operand

1 s:w = 11 then an immediate data byte is sign extended to form the 16:-bit opgrand
If v= 0 then "count’” = 1: (f v = 1 then "count” in {CL}

x = dan't care

z is used for string primitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

00t req 110
REG is assigned according to the following tabie:

16-Bit {w=1] B-Bit {w =0} Segment
000 AX 000 AL 00 ES
00 X GOl CL g1 CS
10 DX o190 DL 10 S5
a1 BX M1 BL 11 DS
100 5P 100 AH
1 BP 10t CH
"o Sl 110 DH
m [a]} 111 BH

Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS 1o represent the file:

FLAGS = x:x:x:x:{OFVADFEUFLATFRASFZF ) X (AR X (PR X {CF)
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MSM80C88A-10RS/GSUS

8-BIT CMOS MICROPROCESSOR

GENERAL DESCRIPTION

The MSMB0CBEA-10 are internal 16-bit CPU% with B-hit interfaca implamented in Silicon Gate
CMOS technology. They arg designed with the same processing speed as the NMOSB0SE8-1, ut with
considerably less power consumption.

The processor has attributes of both 8 and 16-bit microprocessor. It is directly compatible with
MSMBOCBEA-10 software and MSMBOCBSA/MSMBOCBSA-2 hardware and peripherals.

FEATURES

# 8.Bit Data Bus Interface #* Bit, Byte, Word and String Operations

® 16-8it Internal Architecture # B and 16-bit Signed and Unsigned Arnithmetic Opera-
& ? Mbyte Direct Addressable Memory Space tion

® Software Compatibie with MSMBOCHE6A # From DC 10 10 MHz Clock Rate

#* Internal 14 Word by 16-bit Register Set & |_ow Power Dissipation {10 mA/MHz)

# 24 Operand Addressing Modes # Bus Hold Circuitry Eliminates Pull-Up Resistors

FUNCTIONAL BLOCK DIAGRAM

EXECUTIOMUNIT  BUS INTEREACE LifweT

f 9 F 1
AECISTER FILE RELOCATION
AEGISTER FilE

SECMENT
DaTa HECHSTERS
PP TER AN AND
INDEX REGS InSTRUCTION
18 WORDSI POINTER
5 WORDS!
" 50
A 56
1EMT aLU [¥] X
2% Al
INTERFACE ADT- AGG
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PIN CONFIGURATION
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ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol | MSMBOCSBA- { MSMEOCESA.- | MSMBOCESA.- | Unit | Conditiens
10RS 10GS 1008
Power Supply Voltage veeo -05 ~ +7 v
With respect
Input Voliage VIN 0.5 ~ Ve +0.5 v to GND
Output Voltage VouT =05 ~ Ve +0.8 W
Storage Temperature Tstg -65 ~ +150 °c -
Pawer Dissipation Pp 1.0 0.7 w Ta= 25°C
OPERATING RANGE
Limis
Parameter Symbol Unit
MEMBOCEEA-10
Power Supply Voltage Vee 475~ 5325 W
Operating Temperature Top 0~ +70 i

RECOMMENDED OPERATING CONDITIONS

MSMBOCBRA-10
Parameter Symbol Unit
: THEZETS
Power Supply Voltage Voo 4.75 5.0 I 525 Y
Operating Temperature Tor 0 425 7 +70 T
“L" input Voltage VL -0.5 . 08 v
*1}) | Ve -08 Ve +05 W
"H" input Yaoltage VIH cc cc .
(*2} 2.0 i Voo +0.5 i W

*1 Only CLE, *2 Except CLK
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DC CHARACTERISTICS
(MSMBOCBBA-10; Vg = 4.75 to 5.25V, Ta = 0°C to +70°C)
Parameter Symbol MIN TYP MAX Unit Conditions
“L* Output Voltage VoL 0.4 v 1oL = 2.5 mA
3.0 IDH= -2.5mA
“H" Qutput Voltage VoH - v
vec-0.4 IoH = -100uA
input Leak Current 1| -10 +1.0 nA DV < Voo
Output Leak Curvent Lo -10 +10 wh Vo= Voo or GNDY
Input Leakage Current ' VIn = 0.8V
1
{Bus Hold Low) BHL 50 40 | wA '3
Input 1_cakage Current ViIN = 3.0V
1
{Bus Hald High) BHH 50 200 ;o wA v
Bus Hold Low Overdrive IBHLO 600 BA *5
Bus Hold High Cverdrive IBHHO =500 MA *65
Operating Power VIL=GND
|
Supply Current cc 16 mA/MHz ViH=Vege
VIN=VCC or GMND
StandbySupply \ Outputs Unloaded
Current ces 500 #A | CLK=GND or
Ve
Input Capacitance Cin 5 pF *7
QOutput Capacitance Cout 15 pF 7
170 Capacitance Ciyo 20 pF *7

*3. Test conditions is 1o lower VN ta GND and then raise ¥y to 0.8V on pins 2—156 and 2539, \
*4, Test condition is to raise V(N to Vg and then lower V| to 3.0V on pins 2—16, 26—32, and 34-38,

*5. An external driver must saurce at least IgH) o to switch this node from LOW to HIGH.

*6.  An extsrnal driver must sink at least |gHHQ to switch this node from HIGH to LOW.
*7. Test Conditions: al Freq = 1 MHz,

b} Ummeasured Ping at GND.
¢ VN at 5.0V or GND.
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A.C, CHARACTERISTICS
{MSMBOCBBA-10: Ve = 4.75V 10 5.26V, Ta = 0°C t0 70°C)

Minimum Mode System
Timing Requitaments

Parameter Symbol MSMa0cesA-10 Unit
Min. Max,
CLK Cycte Period TCLCL 100 ¢ ns
CLK Low Time TCLCH 46 ns
CLK High Time ' TCHCL a4 ns
CLK Rise Time {From 1.0V to 3.5V TCH1CH2 10 ns
CLK Fall Time {From 3.5V to 1.0V} TCL2CL 10 ns
Data in Setup Time TOVCL 20 ns
Data in Hold Time TCLDX 10 ns
(F;[::NS::::J;TG into M5M B2C84A | TRIVEL 15 s
?SS:NI-:::: Iir;\;a into MSM B2CB4A ; TCLRIX 0 ne
READY Setup Time inta MSM BQC884A, | TRYHCH 46 ns
READY Hold Time into MSM 0C88A | TCHRYX 20 ns
READY inactive to CLK (See Note 3} TRYLCL -8 ns
HOLD Setup Time THVCH 20 ns
::;HN:":";}TE?F Setup Time TINVCH 15 ns
vt v B T o |
eI I o E
Timing Responses
Parameter Symbol — MSMB0CEBA-10 Unit
Min. Max.
Aderess Vatid Delay TCLAY 10 60 ns
Address Held Time TCLAX 10 ns
Address Float Delay TCLAZ TCLAX 50 ns
ALE Width TLHEL TCLCH-10 ns
ALE Active Delay TCLLH I 40 ns
ALE Inactive Delay TCHLL ;I : 45 ns
Address Hold Time to ALE Inactive TLLAX TCHCL-10 I ns
Data Valid Delay | TCLDY 10 I 60 ; ns
Data Hold Time | TCHDX 10 : ns
Data Hoid Time after WH ¢ TWHDX TCLCH-25 | s
Control Active Delay 1 : TCVCTV 10 I 55 ' ns
Control Active Delay 2 " TCHCTV 1 ' 50 s
Control Inactive Delay PTevetx | 100 ;85 ! oms
Address £loat 10 RD Active | TAZRL | o ! | s
TD Acrive Delsy | TcLAL 0 1 70 | s
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MSMBOCBBA-10

Parameter . Symbal - Py o Unit
RD Inactive Delay TCLRH 10 60 ns
D Inactive to Next Address Active TRHAV | TCLCL-35 ns
HLDA Valid Delay TCLHAY 10 60 ns
FD width TRLAH [ 2TCLCL-40 ns
WR Width TWLWH 2TCLCL-36 ns
Address Valid to ALE Low TAVAL | TCLCH-35 ns
Qutput Rise Time (From 0.8Y to 2.00 TOLOH 16 ns
Cutput Fall Time {From 2.0V to 0.8V TOHOL 15 ns

Notes: 1. Signals at MSMB2CB4A shown for reference only,
2. Setup requirement far asynchronous signal anly 10 guarantes recognition at next CLX.,
3. Applies only to T2 state. |8 ns into T3}

Maximum Mode Systam {Using MSM 82C88 Bus Contraller)
Timing Reguirements

MSMBOCE8A.10
Parameter Symhol Unit
Min, Max,
CLK Cycle Period FCLCL 100 DC ns
CLK tow Time TCLCH 46 | ns
CLK High Time TCHCL 44 ns
CLK Rise Time (From 1.0V to 3.5V] : TCH1CHZ 10 s
CLK Fah Time {From 3.5V to 1.0V} l TCL2CLA 10 ns
Data in Setup Time - TDVCL 15 ns
Data in Hold Time I TCLOX 10 | ns
ROY Setup Time into MSM 82C84A | i
(See Notes 1, 21 [ TRIVCL 35 Voms
ROY Hold Time into MSM B2C8&A 5
{See Notes 1, 2 » TCLRIX ° P
READY Setup Time into MSM BOCSSA | TRYHCH 45 |, ns
READY Hold Tirne into MSM BOCEBA ‘ TCHRYX 20 .| ns
READY inaceive 10 CLK |See Note 31 i TRYLCL | -8 ' ong
Set up Time for Recagnition (NMI, i
INTR, TEST) (See Note 2) ! TINVEH 15 s
RQ/GT Setup Time | TGVCH | 15 s
AG Hold Time into M5M 80CE8A | TcHex | 20 | ns
input Rise Time {Except CLK) | H
{From 0.8Y 10 2.0V) p T i o "
Input Fall Time {Except CLK) i i ;
{From 2.0V to 0.8V I TIHIL ‘ ; 15 ns
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Timing Response

Parameter Symbol MSVBRCREATD 1 unit -
Min. Max .
Command Active Delay {58e Notwe 1} ToLme ] 35 ns
Command nactive Delay (See Note 1) TCLMH 5 45 ns
?si:z:t :\:;m to Status Passive TRYHSH 45 s
Status Active Delay ) TCHSV 10 45 ns
Status Inactive Delay TCLSH 10 60 ns
Addrass Valid Delay TCLAY 10 &0 ns
Address Hatd Time TCLAX 10 ns
Address Float Delay TCLAZ TCLAX 50 ns
Status Valid to ALE High {See Note 1) TEVLH 25 ns
Status Valid to MCE High (See Note 1) TSVMCH 30 ns
CLK low to ALE Valid (See Nate 1} TCLLH 25 ns
CLK Low to MCE High (Ses Note 1) TCLMCH 25 ns
ALE Inactive Delay {See Nate 1) TCHLL ! 4 25 ns
Data Valid Delay TJCLDV 10 60 ns
Data Hoid Time TCHDX 10 ns
Controt Active Delay {See Note 1) TCVNV 5 45 ns
Control Inactive Delay (See Note 1) TCWNX ] 45 ns
Address Fioat to RD Active TAZRL 0 ns
AD Active Delay TCLRL © 10 70 ns
RD Inactive Detay TCLRH 10 60 ns
FD Inactive to Next Address Active TRHAY TCLCL-35 ns
::)Sieric';i::e(:?ntrol Active Deiay TCHDTL 50 ns
:Jsier:c:::le (:?ntrol Inactive Delay TCHDTH 10 ns
GT Active Delay TCLGL o 45 ns
GT Inactive Delay TCLGH ] 45 ns
RAD width TRLRH |2TCLCL-40 ns
Output Rise Time (From 0.8V to 2.0V TOLOH 15 ns
Outpyt Fall Time {From 2.0V ta 0.8V TOHOL 15 ns
Notes: 1. Signals at MSM 82C84A or MSM B2C8B are shown for reference only.

2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK.

3. Apoplies only to T2 state {8 ns into T3

4. Applies only te T3 and wait states.
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A.C. TESTING INPUT, OUTPUT WAVEFORM AC. TESTING LOAD CIRCUIT

24 DEVICE

’ UNDER |
TEST POINTS TEST
1B e 1R
CL - 100pF
D45

A.C. TESTING INPUTS ARE DRIVEN AT 24v
FOR A LOGIC "1 AND D45V FOR A LOGIC

0 TIMING MEASUREMENTS ARE | S FOR C( IMCLUDES JIG CARACITANCE
BOTH & LOGIC ™17 AND D

TIMING CHART
Minimum Mode

T T2 T3 ¥ T4
TCLCL TCHICHZ H TeLZELY ,rw
e e e U e
CLK {MSM 82CBA Dul::.u:l _/J \ y, 3 , } \ 7
-+ TCHETY TEHEL b TeLEM
V3, 550 K
lla—ﬁs >( ATE-- A8 (Flam durmg INTAT
TCL Ay—= p— T TCLDVI TCHOM —a
TELAX
ATHIF6-A16/S3 )( AtB-ATE 56--53
TELLH o [pflEBEE T TLLAX e
w | TN
—=l TAvAL =TT
TCHLL‘| b— le— TRIVEL
“ VAR
ROY IMSMA2CE4A tngut) :
— TCLR1X
Tnvﬂ [
READY IMSMEICEBAINAL —= TCHRAY X
an | —_{{_ -
TCLAY ] L N TCLAZ

TDVCL—‘—'"\TCLDX""

— TCLAX
- ATAI
aDT_ADD ADT- ACH) o N TronT
TAZRAL TRHAY
RO
READ CYCLE rens
INDTE 1) — TCHCTY roLAL TALAM -] HETY
W TRTA - vou! ] b-ToLAL = ! !._
DTA J|
. TCVETV —= TOVCTX - - -|[
bEnw
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Mini Mods (Conti q)
1 T3 mw Ta
[ TeLCL —— - - p-TeLacr ¢
v TCHICHZ
IH /——\ /——\ !-\
CLK tMSK BZCE4 A Output] 3 1
e JehcL TCLEH
—={TEHETY
10/M, 550 x
—HTCLD
TCLAY - TCHOK =)
S1G/55 - AIB/SE 96 - 52
T LH=)
e TLLAX
o=
’
ALE ;
TCHLL — -—
TCLOW+
TCLAY » TCLAR - TCHEK -
ADT-A00 AD7?-ADD DATA QUT
[T HD
TCVCTY J S—
WRITE CYELE
tNOTE 1) ;
AD_INTA. GEN
DOT/A = vgpl
TEWCTY —+| t—
TWLWH
a X )
TCWCTXK —=t b
1 Tewaz TOVEL peeTCLDX
ap7-AD0 PDINTER {
’ FLOAT ELDAT \
—] —ToHoTY l-— TEHCTY
oTR
INTA CYCLE
INOTES 1 & 3t
IR WA - vay Y TCWLTY = =
ARE - vy, |
NTA
TCWCTY —= TCWLTR —=|
DEN
SOF TWARE HALT- INVALID AQDAESS SOF TWARE HALT TCLAW
WH INTA = v

BT - INDETEAMINATE TCLAY —af

NOTES:

1. AN signals switch between Vi and V| unless otherwise specified.

2. RDY is sampled near the end of T2, T3, TW to determine if TW machines states are 1o be inserted.

3 Two INTA cycles run back-to-back. The MSMBOCBEA LOCAL ADDR/DATA BLS is floating during both INTA
cycles. Control signais shown for second INTA cycle.

4. Signals at MS5M B2CBAA shown for raference only.

5. All timing mensurements are made at 1.5V unless otherwise noted,

158




= CPL-MSMSOCBBA-TORS/GS/IS =

Maximum Mods

SEE NOTE 5

MSM 2088
CUTPUTS
SEENOTE S &

READ C¥CLE

VW

CLK IMSMBICEAA QUTPUT|

YL

050,081

EF FT. WU EMCEPT HALTY

Al5-AR

A1BE6—AT6/S]

ALE IMSMB2CER

OUTFUTI

ADY IMSM S2CBAA INPUTI

READY |MSM S0CESA INPUT)

AD7 . ADDG

WRGE oR iDAT

DEN

n 7 ] T4
toHICH2 ] — |p—TeL2cu
(S (1 Ra— ™
\ \ 7
\ / h k F k
ToLAY — |-— TCHEL = P TCLCH =
TCHSY ] - tELSH §
7 ! VT
A 1 / ISEE NOTE 81 \
Mt —————
A15-A8 ){
— reLay  [TTITEMDY TEMDX + b
[FCLAX -
I -
X a1g-ar8 J‘( 5651 )f
| / \
TSVLH—]
TCLLH ] — TEHCL
bt tRIVEL
¥ v
X T
viL . N i
— —
TAYLCL TELR1X
e TCHRY X
~—{TCLAN
TLLOX
TCLAY -+ —{TeLAZ
A07T- 400
X A FLOAT
I An
TAZAL - e TAMAY
L TRLAH
- TCHOTEL—]
TELML— = TCLAMH —w
TEVNY - ]
TCVHX -—+




a CPU-MSMBOCBBA-10RS/GS/JS m

Maximum Mods (Continued)

T Tz T3 T4
™
ViH f\ "\
CLK IMSMBZEB4A CUTPUTSI
s \ ) | N A N 4\
|--——-— -i-llCHSU . : —e ) .
T v
52 51 HOIEXKCEPT WAL T! \ I 1Srr agre B \‘
e ———
! ! '
ToLay —= - —= TELDY TCHDH =
WRITE CYOLE i !" TCL AN —=] <
alr aDo l X 407 400 DATA
| ToW N =] TowhE
OEN . ,[
i
1
- - TOLML TLLMHM =
| +
MSM B2CEE DUTPUTS  ANMCOR i
SEE MOTESS 6 °IOWC |
|
]I e - TCEMYL e e TELMH
MW TS OR }
1w
PNTACYCLE
i 1
LYI X FESERVED FOR Y ] {
\SEE NOFES 5 A 41 T cssvant apor FLOAT [ FLOAT \
—| FTCL” 'F-n:wcx—— feLhs
- POWTER 4<:
1
AD7 ang ; / ! ! /’,\....._._...___. ‘l Faoat
N TEwhx - 7 |
15 MCH —y L I
. e
. o | s
j mce - | g
|POEN = - o
i TELMCH - - TCHOTIL ) II ] = TCHDYH
. |
: ! 1
FR] ! 1
} !
T i |
1RAL - . |
MEM A2CER OUTRUTS r_
SEE MOTES B & Y 'WTA
|
|
neEn
SOF TWARE HALT N
IOEN Vo AD MADC L MW T AMWC,
1owe ETTWE TNTE v
ADF ALY A1n AR X 1w AT ADDAESS
TOLAY - —
&2 51 50 A /

NOTES.

1

2
3
4

W

~

AN sagnals anch BEIwWeen Yy and Yoy s 010 ose speiied

ROY o sampred near the pnd of T2 T3, TA (o deermiooe o TW inaodines s14 05 g b be o tegd

Cascade adurass s vald brtween fest and seenned IMTA cpcte

Twa INTA cycles run Dack 10 back  The MSAM BOCEREA LOCAL ADDRIDATA BUS i floating durng bath INTA tyeles
Canirol for poiuer 3adress i shown s seconyd INTA cycie

Signal at MSM B2CB4A snd MSMBZCEE shown lor ralerence onby.

The ssuaave of 1he MSW BZCEB command and contral signats IMROC MWTEC AMWE . 10RC, 104
and DENE lagy the achive hgh MSM 2088 CEN

AlL iy rgasurements are made a1 1 5% unluess oinerwse naterl

BHAIUS AT 10 3 131e (W] poar 10 Td

S AIOWC INTA
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Arynchronous Signal Recoghition

CLK
- TiNVEH (SEE NOTE 1
MR y
INTR § SIGNAL
TEST

NGTE: 1 SETUP REQUIREMENTS FOR ASYNCHRONOUS
SIGNALS ONLY TO GLARANTEE RECOGHITION

AT HEXT CLK

Bus Lock Signat Timing (Maximum Mods Only) Reset Timing

CLKE

ToLAY

Frawnus gran

ADT -ADD A15-A8

LoeK RESET
ACLK CVELES
RAeq /Grant Seq Timing {Maximum Made Only)
fny CLK Cycle
- .+ BCLK Cycie
cLk
» T
TCLGH [Tcon
ULSE 2 ! PLILSE 3
RGGT JASM BOCES £ COPROCESSOR

FELE&SE

AT9/56 - A16!53

§7.54. 50 MEM BOCES A * COPADCEBS0A MEM EDCEBA
Ab. CACK .
ISEE NOITE 11
HOTE. ' THE COPADCESSDA MAY NOT DRIVE THE BUSSES OUTSIDE
THE REGIDN SHOWN WITHDUT RISK NG CONTEMTION
Hold/Hold Acknowledge Timing (Mi Made Only)
< ICLK CYCLE W OR 2 CYLLES
et e TR .
e ,_/_\\_ _/_\\_//_\_4
THVCH — - THWCH
HOLO
— !.-—ICLHAU —] TOLHAY
1
HLDA /
—
I — ToLAZ
ADT-ADD, Al . A8
%grse AT6:5T. ISR BOCHE A COPROCESSOR MSM BOCERE A
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PIN DESCRIPTION

ADO-AD?

ADDRESS DATA BUS: Input/Dutput
These lines are the multiplexed address and data
bus.
These are the address bus at T1 eycle and the data
bus at T2, T3, TW and T4 cycle,
T2, T3, TW and T4 cycle.
These lines are high wmpedance during interrupt
acknowledge and hold acknowledge,

AB-A1S

ADDRESS BUS: Output
These lines are the address bus bits 8 thru 15 at all
cycles.
These lines do not have to be latched by an ALE
signal,
These lines ara high impedance during interrupt
acknowledge and hold acknowledge.

A16/53, AT/ 5S4, A1B/SS, A19/56
ADDRESS/STATUS: Output
These are the four most significant address as at
the T1, cycie,
Accessing /O part address, these are {ow at T1
Cycles.
These lings are Status lines at the T2, T3, TW
and T4 Cycle.
S5 indicate interrupt enable Flag.
53 and 54 arg encoded as shown.

53 54 Charscteristics
Q O Alternate Data

1 [ o | stack

o 1 Code or None

1 1 Data

These lines are high impedance during hold acknowl-
edge.

#Db

READ: Quiput
This lings indicates that the CPU is in 3 memory
or 1f0 read cycie.
This line is tha sead strobe signal when the CPU
reads data from a8 memory or /0 device.
This line is active low.
This tine is high impedance durning hold acknowd-
edge.

READY

READY: Input
Thiz line indicates to the CPU that an addrassed
memary or |/ device is ready to read ar write.
This line is active high.
|F the setup and hold time arg outof spacification,
an illegal operation will occur,

# CPU-MSMBOCSBA-10RS/GS/US m

INTR

INTERRUPT REQUEST: Input
This line is a ievel triggered interrupt request signal
which is sampled during the last clock cycle of
instruction and string manipulations,
It can e internally masked by software,
This sigrtal is active high and imtarnally synchra-

nized.
TEST
TEST: Input

This line is examined by a “"WAIT"” instruction.
When TEST is high, the CPU enters an wle cycle.
When TEST is low, the CPY exits an idle cycle.

NM}
NON MASKABLE INTERRUPT: tnput
This line causes a type 2 interrupt,
NML is not maskable.
This signal is internally synchronizad and needs a 2
clock eycle pulse width,

RESET

RESET: Input
This signal causes the CPU to initialize immediately.
This signal is active high and must be at least four
clock eyeles,

CLK

CLOCK: Input
This signal provide the basic timing for an internal
cireuait.

MN/AX

MINIMUM/MAXIMUM: Input
This signal selects the CPU's operate mode.
When Vg is connected, the CPU operates in
minimum made,
When GND is connected, the CPU operates in
maximurn mode,

Vee
Ve +5V supplied.

GND
GROUND

The following pin function descriptions are for
maximum mode only.
Other pin functions are alraady deseribed.
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§0.531. 82

STATUS: Qurput
These tings indicate bus status and they are used by
the MSMB2CBEB Bus Controller to generste sl
memory and 1O secess control signals,
These lines are high impedance during hold
acknowledge.,
These status lines are encoded as shown

57 ERER Characteristics
op{Lowrj 0 | ©Q Interrupt acknowledge
0 0 ] Read 1/0Q Port
o] 1 0 Write 1/0 Port
0 1 1 Halt M
1LIHIGHI| © . D Code Access
1 1] 1 Read Memory
1 110 Write Memaory
1 1 1 Passive
RT/ETS
RG/GTY

REQUEST/GRANT: Input/Dutput
These lines are used for Bus Reguest from other
devices and Bus GRANT to other devices.
These lines are bidirectional and active low.

LOCK
LOCK: Gutput
This line is active {ow.

When this line is low, other devices can not gain
control of the bus.

This line is high impedance during hold acknowl-
edge,

Q50/081

QUEUE STATUS: Output
These are Queve Status Lines that indicate internal
instruction queue status,

as1 Q50 : Charactenistics
G{LOW) | 0 ; NoOperation
0 ” i First Byte of Op Code from
Quaue
1 {HIGH) o Empty the Queus
1 1 Subsgquent Byte from Cueus

The following pin function descriptions are mini-
mum mode only. Other gin functions are already
described.

10/M

STATUS: Cutput
Thig line selects memory address space or 170
address space.

164

When this line is low, the CPU selects memory
address space and when it ig high, the CPU selects
11O address space.

This line is high impedance during hold acknowi-
edge.

WR

WRITE: Gutput
This line indicates that the CPL is in a8 memory or
1/Q write cyele.
This line is a write strobe signal when the CPU
writes data to memory or an /0 devicae,
This line is active low,
This line is high impedance during bold acknowl-
edge.

iNTA

INTERRUPT ACKNOWLEDGE: Qutput
This line is a read strobe signal for the interrupt
accknowladge cycle,
This line is active low,

ALE

ADDRESS LATCH ENABLE: Output
This line is used for latching an address into the
MSMBZC12 address latch it is @ positive pulse and
the trailing edge is used to strobe the address. This
fine in naver floated.

DT/R :

CATA TRANSMIT/RECEIVE: Output
This line is used to controt the directian of the bus
transceiver,
Whan this line is kigh, the CPU transtnits data,
and when it is low, the CPU receive data.
This ling is high impedance during hold acknowi-
edge.

DEN "
OATA ENABLE: Gutput
This fine is used to control the cutput enable of
the bus transceiver.
This line is active low, This ling 15 high imgedance
during hold acknowiedge.

HOLD

HOLD REQUEST: Ingut
This tine is used for a Bus Reguest from an other
device.
This line is active high.

HLDA

HOLD ACKNOWLEDGE: Output
Thiz line is used for a Bus Grant to an other
device, '
This line is active high,

550

STaTUS: Output
This line is logically equivalent o 50 1n the max:-
mum raode.



STATIC OPERATION

All MSMBOCBBA, circuitry is of static design. Inter-
nal registers, counters and 1a1ches are static and require
no refresh as with dynamic circuit design. This elimi-
notes the minimum operating frequency restriction
placed on other microprocessors, The MSMBGCBBA can
operate fram DC 1o the approgriate upper frequency
limit. The processar ¢lock may be stopped in either
state {high/low) and held there indefinitety. This type of
pperation is especially useful for system debug or power
gritical applications.

The MSME0CB8A can be signal stepped using only
the CPU clock. This state can be maintained as long as is
necessary. Single step clock operation allows simnple
interfaca circuitry to provide critical information for
bringing up your system.

Static design also allows very low frequency opera-
tion (down to DC). In a power ceitical situation, this
can provide extremely low power operation since
80CI8A power dissipation is directly related 10 Dperating
fraguancy. As the system frequency is reduced, sa is the
operating power until, ultimately, at a DC input fre-
quency, the MSMBOCS8A power requirement is the
standby current (500 uA maximum},

FUNCTIONAL DESCRIPTION

GENERAL OPERATION

The internal function of the MSMB0OCEBA consist
af a Bus Interface Unit (BIU) and an Execution Lnit
(EV). These units operate mutually but perform as
separate processors,

Mamaory Organization

& CPU-MSMBOCEBA-10RS/GS/JS »

The BIUV performs instruction fetch and queueing,
operand fetch, DATA read and write address relocation
and basic bus control. By perfarming instruction pre-
fetch while waiting for decodding and executicn of
instruction, the CPU's performance is increased, Up to
4-hytes fo instruction stream can be queued.

EU receives pre-fetched instructians from the BiU
gueue, decodes and axecutes instructions and provides
an uti-relacated operand addyess to the BIU,

MEMORAY ORGANIZATION

The MSMBOCB8A has 2 20-bit address to memary
Each address has B-hit data width, Memory is organized
00000H to FFFFFH and is logically divided into four
sepments: code, data, extra data and stack sepment,
Each segment contains up to 64 Kbytes and locates on
a 16-byte boundary. (Fig, 3a}

All memory refarences are made relative to a seg-

ment register according 10 a select rule, Memory loca-

tion FFEFOH is the start address after reset, and 00000H
through QQ3FFH are reserved as an interrupt pointer,
There are 256 types of interrupt pointer;

Each interrupt tyoe has a 4-byte pointer element
consisting of a 16bit segment address and a 164it
offset address,

Rasarved Memory Locations

£ FFFFEH
FFEFFH
RESET BOOTSTRAP
64 KB COOE SEGMENT PROGRAM JUMP
FFFFOH
T 1 %% X X0H i h
— 3FFH
+OFFSET STACK SEGMENT |NTERRUPT POINTER)
FOR TYPE 255
SEGMENT 1 3FCH
REGISTER FILE T 3 1 . 1
i T
cs DATA SEGMENT 1 |
55 “9H
DS g o] [nTERRUPT POINTER
ES oy ¥ FOR TYPE 1 4H
INTERRUPT POINTER] 3H
EXTRA DATA FORTYPEG |,
SEGWMENT
T——T GoOOOH
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Memory Reference Need Segment Register Used Segment Selection Rule
Instructions CODE {CS) Automatic with all instruction prefeteh.
All stack pushes and pops. Memary references
Stack STACK {55} relative 1o BP base register except data references,
Data references when relative 1o stack, destination
Lacal Data DATA IDS) ’ ; L )
of string operation, or exptlicitly averridden.,
Destination of string operations: Explicitly selected
External iGloball Data EXTRA {ES! S ' P P v
using a segment override.

MINIMUM AND MAXIMUM MOOES

The MSMEBOCEBA has two system modes mini-
mum and maximum. When using the maximum mode, it
is easy 1o organize a multiple-CPU system with the MSM
82CB8 Bus Controller which generates the bus control
signal .

When using the minimum made, it is easy to args-
nize a simple sysiem by penerating the bus control
signal itself, MN/MX is the mode select pin. Definition
of 2431, 34 pin changes depends on the MN/MX pin.

BUS QOPERATION

The MSMBOCES8A has a time multiplexed address
and data bus. If a non-multiplexed bus is desired for the
system, it is onty needed to add the address latch,

& CPU bus cycle consists of at least four clock
eycles: T1, T2, T3 and T4. (Fig. 4}

The address output occurs during T1, and data
transfer occurs during T3 and T4, T2 is used for chang-
ing the diregtion of the bus during vead operation, When
the device which is accessed by the CPU is not ready
to data transfer and send to the CPU “NCT READY" is
indicated TW cycles are inserted betwaen T3 and T4.

When a bus cycle s not needed, T1 cycles are
inserted between the bus cycles for internal exscution.
At the T1 cycle an ALE signat is cutput from the CPU
or the MSMB2CB8 depending in MN/MX. at the trail-
ing edge of an ALE, a valid address may be latched.
Status bits S0, 81 and 52 arg vased, in maximum made,
by the bus controller to recognize the type of bus
operation aceerding to the following table,

52 51} 50 Characteristics
QoW | 01} 0 interrupt acknowledge
a [V I Read 1/0
0 1 0 Weite 11O
] 1 B Halkt
1{HIGH]| 0O o] Instruction Fetch
1 o) 1 Read Data trom Memaory
1 t o Write Data to Memary
1 1 1 Passive Ino bus cycie)

166

Status bit 53 through 56 are multiplexed with
A16—A19, and therefore they are valid during T2
through T4, 83 and 84 indicate which segmant register
was selected on the bus cycie, according 10 the follow-
ing table,

sS4 83 Characteristics
GILOWI| © Akernate Data (Extra Segment})
0 1 Stack
T{HIGH}Y 0 Code or None
1 1 Data ]

55 indicates interrupt enable Fiag.

1/0 ADDRESSING
The MSMBOCEBA has a 64 Kbyte 1/O. When the
CPU accesses an |/C device, address AD-A15 are in
sama format as a memory access, and A16--A19 are low.
QO ports address are same a5 four memory,
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Basic System Timing

| 4 +N"WAITI= TCY 1 {4+ N*WAIT) = TCY

]
‘ T | T2 [ T3 1TWAIT| T4-T ™ l T2 | T3 l'rwm*rl Ta |

CLK

GOES INACTIVE IN THE
]_\ [_\ STATE JUST PRIOR TO T4 !_\_
ALE _/\

py

A19-A1G

&
4
8|

\

1/

A19-A16
ADDR/
STATUS X S6-53 ‘X S6-53
ADOR A15-A8 A15-A8
BUS RESERVED p7_po
AT—AD F T
O/ DATA IN VALID
ADOR/
DATA

TA OUT (D7-D0) }»

READY

WAIT

— = MEMORY ACCESS [
TIME

W
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EXTERNAL INTERFACE

RESET

CPL} initialization is executed by the RESET pin,
The MSMB0C88A's RESET High signal is required for
greater than 4 clock cycles.

The rising edge of RESET termninates the present
operation immediately. The falling edge of RESET
triggers an intarnal resat requence for approximately 10
clock cycles. After internal reset sequence is finished,
nonnal operation beging from absalute location FFFFOH,

INTERRUPT OPERATIONS

The interrupt operaticon is clagsified as software or
hardware, and hardware interropt 15 classified as non-
markahls or maskable.

An interrupt causes a new program lacation which
is defined by the interrupt pointer table, according to
the interrupt type, Absolute location OO000H through
D03FFH s reserved for the interrupt pointer table, The
interrupt painter table consists of 256-elements, Each
element is 4 bytes in size and corresponds ta an 8-bit
type number which is sent from an interrupt request
device during the interrupt scknawledge eycle,

NON-MASKABLE INTERRUPT {(NMII

The MSMBOCE88A has a non-maskable Interrupt
N1} which is of higher priority than a maskable
interrupt request [INTR),

An NM1 reguest pulse width needs minimum of 2
clock cyeles. The NM1 will be serviced at the end of the
current instruction or batween string manipulations.
MASKABLE INTERRUPT (INTR}

The MSMBOCS8A prowvides another intsrrupt
reguest [INTR! which can be masked by software.
INTR i5 level triggered, so it must be heid until interrupt
request is acknowledged .

The INTR will be serviced at the end of the current
instfuction or between string manipulations,

Intarrupt Acknowledpe Sequance

INTERRUPT ACKNOWLEDGE

During the interrupt ack howyledge  sequence,
further interrupts are disabled. The interrupt enable bit
is regset by any interrupt, after which the Flag register is
automatically pushed onto the stack. During an acknow-
ledge sequence, the CPU emits the lock signal from T2
of first bus cycle to T2 of second bus cycle. At the se-

cond bus cycle, a byte is fetched from the external
device as a vector which identities the type of inter-

rupt. This vector is multiplied by four and used as an
interrupt pointer address {INTR onfy).

The Interrupt Return (IRET) instruction includes
a Fiag pop operation which returns the original inter-
rupt enable bit when it restores the Flag.

HALT

When a Halt instruction is executed  the CFU enter
Halt state, An interrupt request or HESET wilk force the
MEMBOCBBA cut of the Halt state.

SYSTEM TIMING — MINIMUM MODE

A bus cycle beging at T1 with an ALE signal, The
trailing edge of ALE is used to iatch the address. From
Ti to T4 the IO/M signal indicates a memory or 1/O
operation, From T2 to T4, the address data bus changes
the address bus to the data bus.

The read {ﬁai, write {'u_'\l'ﬁ}, and interrupt acknowk-
edge {INTA} sighals caused the addressed device (o
enable the data bus. These signals become active at the
beginning of 12 and inactive at the beginning of T4,

SYSTEM TIMING —MAXIMUM MODE

In maximum made, the MSMB2C38 Bus Controller
is added to system. The CPU sends status information to
the Bus Controdler. Bus timing signals are generated by
the Bus Contratler. Bus Uiming is almost the same as in
minimum moede.

LDCK \

| T b T2 | T3 |Tajm) T | T2 | T3 | T4 |

—

IN_TK*\___[—‘

\ F
ADD—ADT LOAT
_——

TYPE VECTOR
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BUS HOLD CIRCUITRY

To avojd high current conditions caused by float-
ing inputs to CMOS devices, and to eliminate the need
for pull-upfdown resistors, "tus-hold” circuitry has
been used on 80C36 pins 2—16, 26—32, and 34-39
{Figures 6a, 6b). These circuits will maintain the last
valid logic state if na driving source is present {ie. an
unconnected pin or a3 driving source which goss 10 a
high impedance statel. To  overdrive ths  “bus

hold™ ¢ircuits, an external driver must be capable of
supplying approximately 400 pg& minimum sink or
source current at valid input voltage levels. Since this
"bus hotd™ circuitry s active and not a '‘resistive’’ type
element, the associated power supply current is negli-
gible and power dissipation is significantly reduced
when compared to the use of passive pull-up resistars.

OUTPUT

YPULL-UB/PULL-DOWN™

BOND g EXTERNAL

DRIVER

L - |

INPUT
BUFFER

FAD BIN

INPUT
PROTECTION
CIRCUITRY

Input Buffer exists only on KO pins

Figure 6a. Bus hold circuitry pin 2-16, 35-39,

OUTPUT

“PULL-UP

BOND L. EXTERNAL

DRIVER

BUFFER

PAD PIN

beeseee-

INFUT
PROTECTION
CIRCUITRY

| i

Input Buffer exists only on 1/O pins

Figure 6b. Bus hold circuitry pin 26-32, 34
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DATA TRANSFER

E

MOV = Move:

Immediate 10 register/memary
Immediate to registar

Memory to accumulator
Accumulator o memary

PLSH = Push:

Register/memaory
Ragister
Segment register

A0OP = Pop:

Reqister /memory
Register
Segment register

¥.CHG = Exchange:

Register /memory with register
Register with accumulator

IN = Input fram:

Fixed port
Variable port

QUT = Output to:

Fixed port

Variable port

XLAT = Translate byte to AL
LEA = Load EA to register
LDS = Load pointer to DS
LES = t.oad pointer to ES
LAHF = Load AH with flags
SAHF = Store AH into fisgs
PUSHF = Push flags

POPF = Pop flags

Register/memory ta/from register

Register/memary ta segment register
Segment register to register/memory

[ i ]

-y

[ I (I Y

-~ oo o =M

.

L =]

DO DD = ) -

L= = = ]

)

COOC0O0CoOG ==

o B e R B S N I
- —-005 D=W

-

reg

[=]
-

P Y- - -

-~ DN

- OO

-k b ok b ok wh —k

..
o= =~

reg

=Y T = I~ NN

FE @

o0 % 5

]

~-o0OC-=C===535

76543210

mod
mod

rmod
mod

mod

mod

moad

mod
mod
modd

reg
o 00
data
addr-low
addr-low
G reg
0 reg

reg

port

rim
rim

rim
rfm

rfm

rim

rim

7654321

data

data if w=1
addr-high
addr-high

0

765 43 21

dataif w=1

¢
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ARITHMETIC

ADD = Add:
Aeg./memory with register to either

Immediate to register/memary
Immediate to accumulatar

ADC = Add with carry:

Rag./memary with register to either
Immediate to register/memory
Immediste 10 accumulstor

INC = increment:

RAegister/memory

RAegister

AAA = ASCI) adjust for add
DAA = Decimal adjust far add

SUB = subtrsct:

Reg./memory and register to either
Immediate from register/memory
Imrediate from accurnulator

SBB = Subtract with borrow:

Reg./memory and register to gither
Immadiate from register/memory
Immediate from accumulator

DEC = Decrement:

Register/mamary
Register
NEG = Change sign

CMP = Comparg:
HAegister/memary and register
Immediste with register/memary
Immediate with accumnulater
AAS = ASCII adjust for subtract

(=K =2 =2

L=J ~ B — ]

L= = L= = o] [N
(=N~ =]
oo

L=~ =]

o000

(== = =]

- )

-

- 9 -

= . - (=T

(==

- o O

(=T = = B 20 o [=0 = ]

—

[ )

=

-0

-0 o
L= 2L+

-0 a

- O

own
i:E

o«w a

£

o v a

reg

-

Y

3

-

£

“ % %3

mod
mod

mod
mod

mod

rmad
mod

mod
mod

mod

mod

mod
mod

t

reg
o0
data

reg
01
data

reg
101
dats

rag

data

rim
rim

rim
rim

rim

tim
rim

r/m
rim

r/m

rim

rim
rim

data
data if w=1

data
data if w=1

data
dataif w=1

data
data if w=1

data
data if w =1

dataif sw =1

data if s:w = 01

data if sow =

data if s:w =01

data if $:w =
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DAS = Decimal adjust for subtract
MUL = Multiply (unsigned)

JMUL = integer multiply Isigned}
AAM = ASCII adjust for multuply
DRIV = Divide lunsigned}

1D = Integer divide [signed)

AAD = ASCI adjust far divide

C8W = Convert byte 1o word

CWD = Canvert word to double ward

S =

DD - bt o= D

=Y I = R

I Y

et~ = - Y = B =

e B = J T Y

5 DD o O o om

~—o-FFCEE

mod
mact

mog
mod

O ot = S -

o= =000

o D} oms e D

rim
rim
g1
rim
rim
o1

4]

0
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LOGIC

NOT = Invert 1111011 wmed 010 t/m

SHL/SAL = Shift logical/arithmetic teft 1103 060v wmed 1 00 ©m

SHR = Shift logical right 110100y wimed 101 r/m

SAR = Shift arithmetic right 110100y wmod 111 rfm

ROL = Rotate left 1101 00 v wimed O 0 O rim

AQR = Rotate right 110100 v wimod 0 0 1 rim

AL = Ratate left through carry Tt 1T 01 00 v wimod O 1 0 rim

RCR = Aotate right through carry 1101 060 v wimod @ 11 rim

AND = And:
feg./memory and register 10 &ither 001 00D d w mod reg rfm
immediate 10 register/meamory 100000 0 wmod 1 0 0 rim data dataif w=1%
Immediate to accumulator 01T 0C010 w data dataffw=1
TEST = And function to flags, no result.

Register/memory and register 1 0000 1 0 w mod Teq rivn

Immediate data and register/mermory 1T 1 11 01 1 wimod 0 0 O rim data data if w=1
Immegdiate data and accumyiator 10101 00 w data data if w=1

OR = Or:

Reg./memory and register 1o gither 0 00010 d w; mod rag rim

Immediat's 10 register/memory 1000000 wimed DO % rfm data dataif w=1
Immediate to accumulator O 00110 w data dataif w=1

XOR = Exclusive or:

Reg./memuory and registar to eithar 0011 00 d wimod reg rm

Immaediate 10 register/memory 1000 G0 0 wmod 1 1 0 rim data data if w =1
Immediate to accumulator a0 11010 w data data if w =1

STRING MANIPULATION

REP = Repeat 111 1 30012

MOVS = Mave bytefword 101 0010w

CMPS = Compare bytefward 1037 006 1 1 w

SCAS = Scan byte/woard : 10101 1 1 w

LODS = Load byte/word to AL/AX (Y0101 Y 0 ow

5TOS = Store bytefword from AL/AX 1010101 w

& Sr/SD/SHOL-VBEI08WSW-NdD =—
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CMP = Conditionsl JMP

JE/IZ = Jump on gqualizero 1110100 disp

JZ/INGE = Jump on less/not greater or equal a1 11110290 disp

JLE/ING = Jump on less or équal/not greater agr 111110 disp

JBANAE = Jump on below!not above or equal 01110010 disp

JBE/INA = Jump ¢n balow or egual/not sbove 00111 01 1 0 disp

JP/IPE = Jump an parity/parity even p1 1171010 disp

JO = Jump on over flow o111 0D0DO0CGO0 disp

J$ = Jump on sign 01111000 disp

ANEIINZ = Jump on not equal/not zero 11 31 ¢1 01 disp

JNL/JGE = Jump on not |ess/greater or equai o111 1 101 disp

JNLE/JG = Jump on not less or equaifgreatar g1 111111 disp

JNB/IAE = Jump on net below/above or equal 011100 91 1 gisp

JNBE/JA = Jump on not betow or equalfabove oDt 110111 disp

JNPARG = Jump on not parity/parity odd o111 %1011 disp

JNG = Jump on not overflow 01110001 disp

JNS = Jump on not sign g1 111001 disp

LQOP = Loop CX times 111 00010 disp

LOGPZ/LOOPE = Loop while zero/fequal 111 909¢0 01 disp

LCOPNZ/LOOPNE = Loop while not Zerofequal 11 1 0000 0 disp

JCXZ = Jump an CX zero 11+t 000 11 disp

INT = Interrupt:

Type specified 11490011 ¢ 1 typea

Type 3 110401 100

INTO = Interrupt on overfluw 11001110

IRET = Interrupt return 110 ¢1 1 1
PROCESSOR CONTROL

CLC = Clear carry 11111000

CMC = Complement carry 1 1110101

STC = Set carry Tt 111001

CLD = Clear direction 111111 00

STD = Set direction T 1111101

£LI = Claar interrupt 1 11110 4+ 0

STI = Set interrupt tr1 11 10 %1

HLT = Halt 1111 a1 0 0

WAIT = Wait 100 %1011

ESC =Escape |to external device} 1 1 01t 1 % x x| mod x x x rim

LOCK = Bus lgck prefix 1110000
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CONTROL TRANSFER

CALL = Call:

Drirect within segmant
Indirect within segment
Direct intarsagment

indirect intersegment

JMP = Unconditional Jump:

Direct within segment
Direct within segment-shory
Indirect within segment
Direct intersegment

Indirect intersegment

RET = Return from CALL:

Within segment

Within sey. adding immediate to 5P
Intersegment

Intersegment adding immediate 1o SP

- — -

[P

(= ]

—_

[

JEPR [ Q] |

oo0ooc

O =00 =

o o0

R

[

[ -]

- (=T = X ]

oO=00

(=3 = = }

- - a0 R

P —

-]

Q==

[ = Q. R

76 5 43 21

disp-lowe

mod O 10

mod

mod

mad

offsat-low
seg-low

o111

disp-low
disp

1t 00

offset-low
seg-low
[V ]

data-low

data-low

rim

rim

rim

rfm

07 6 5 4°3 211
digp-high

offsay-high
seg-high

disp-high
offset-high

seg-high

data-high

data-high

ng

76543210
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Footnotes:

AL = 8-bit accumulator

AX = 18-bit agcurnulator

CX = Count register

DS = Data segment

ES = Extra segment

Abuove/below refers to unsigned value

Greater = more positive

Less = less positive {more negative) signad value

If 3 =1 then 'to" reg: 1t d = 0 then "from' reg.

If w = 1 then word instruction: If w = ( then byie instruction

1f mod -+ 11 then rlm s treated a5 3 REG field

If mog = 00 than DISP = 0%, disp-low and disp-high @re absent

1 mad = 01 then DISP = disp-low sign-extenged to Y6-bits, disp-bigh is absant
If mod = 10 then DISP = disp-high' disp-1ow

If rim = Q00 then E& = (BX) + {51} + DISP

If rim = 001 then EA = (BX) + (DI} + DISP

If rim = 010 then EA = (BP) + (51} + DISP

If rin = 011 then EA = (BPI + (O} + DISP

1f rim = 100 then EA = (51) + OISF

If rim = 1071 then EA = (D4} + DISP

I rim = 110 then EA = {BPR) + DISP"

Itrim = 151 then EA = [BX} + DISP

GISP follows 2nd byie of inshuction (before data it required)

" except if mod = 00 and r/m - 110 then EA-disp-high: disp-iow

If 5w — 01 then 16 bits of inmediate data torm the operand

if 2w = 11 then an immediare data byte is sign extended 1o form the 16-bit operand
If v =0 then “count’" = 1 1f v = | then "count’ n (CL)

»x = doft’t cara

2 15 used for string pomitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

Qo1 ieg 110
REG 15 assignad sccarding to the ialiowing lable;

16-Bit  bw = 1} 8Bit (w =0} Segment
0G0 AKX 000 AL 00 ES
001 CX oog1 CL 01 C5
010 DX Mo DL 10 58
un BX 1] BL 11 DS
100 -1 100G AH
109 BP 101 CH
110 S 110 DH
111 i 111 BH

Instructions which rererence the flag reqister file as 2 16-bit object use the symbal FLAGS wo represent the file:

FLAGS = w:xoix (OFFLIDFY DRV ITFEISFRIZFL X (AF X IPFEXCACF!
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OKI semiconductor

MSM81C55RS/GS/JS
MSM81C55-5RS/GSAS

2048 BIT CMOS STATIC RAM WITH 1/O PORTS AND TIMER

GENERAL DESCRIPTION

The MSME1CEE/RB1CE5-5 have 2k bits of static RAM (256 bytel with parallel 1/O ports and 2 timer. It uses
silicon gate CMOS technology and consumes a standby current of 100 micro ampere, maximum, while the chip is not
solected. Featuring a maximum access time of 400 ns, the MSMB1C55/81C55-5 can ba used in an 80C85A/80CH54-2
systam without using wait states. The parallel 1/O consists of two B-bit ports and one B-bit port {both general pur-
posel, The MSMEB1C55/81C55-5 also contains a 14-bit programmable counter/timer which may be used for sequence-

wave generation or terminal count-pulsing.

FEATURES

» High spead and low power achieved with silicon gate

CMOS technology.
® 256 words x B bits RAM
» Single powsr supply, 3 to 6V
o Completely static operation
» On-<chip address latch
# Bbit programmable 1/Q ports {port A and §)
& TTL Compatibie

FUNCTIONAL BLOCK DIAGRAM

& RAM data hold characteristic at 2V

# G-bit programmable 1/0 port (port C)

& 14t programmable binary counter/timer

« Multiplexed addrass/data bus

» 40 pin DIP package (MSM81C55RS/MSME1CE5-6RS)
44 pin flat package {MSMB1C55GS MSME1CEE-5GSH
# 44 pin PLCC (MSMB 1CS5J5/MSMB1C55-5J5)

# Direct interface with MSMB0C85A

# [Jiract interface with MSME0CE5A-2 {MSMS1C55.5)

_ ] FORT A
10/M
A <:I:> PAQ~7
ADg~q <:> 256 x 8 |
STATIC — | rorTSE
- RAM
& — : PBo~7
ALE ——=
AD ——— M | PorTC
WR — o K22 reons
RESET  ———mem
L]
3
TimeR in— L vee vsw
FIMER OUT GND 0V}
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PIN CONFIGURATION

MSME1CE5RS {Top View} sy [T vee
MSMBICES.5RS #Cy [ PCy
40 Load Plastic DIP TIMER iN [1] ¥ PC,
: HESET [] 7 PGy
PCs PBq
TIMER GUT P8
10/ PBs
tE &} PEa
@D PBy
WA PR
ALE g,
ADg PBg
Ay PAy
aD, [ PAs
AD, [ ) Pag
AD, [IH Péa
A, {17 Fhy
ADg PA,
AD, PAy
GND 21 PA,
z
i
wH E oo Py o= ow o
cEFEFR YR
44 4342 4} 80 3938 37 36 35 34
THeRouT c—— 1 O BF—r8 MSMB1CE5GS {Tap View)
I0/M === 2 ol —— MSMB1C55-568
ce——? BE=——"P% 44 Lead Plastic Flat Pack
ROC—4 30— Fa, e
WR——]+& mi-—ipa,
ALE ] & 28— p8,
apg——] 7 F1] =T
ADy C—] 8 w— Fay
ap, —o siE——avra,
ap;, —— 1o I Pay .
Nee—]1 , 23— A,
1213141516 171818 20 2122
U P |:|, U u U)|;|° UE u‘|;’|’|5|* £
aooao . [
"“"E“?‘l‘lz mggwm'ow =y
o - s
e 2g=z58099
5 4 21
TIMEROGT[f 7 @] 39
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ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol | Conditions | yemg1c55RS | MSMBICESGS | MSMBICSEEJS | Unit
MEME1C55-5RS MSMB1C55-5GS | MSMB1C58.5)5
Supply Voltage Voo -0.5 10 +7 v
Input Voltage Vin D510 Vge + 0.5 v
f -
Output Voltage Vour ':: ;':g“d <05 10 Veg + 0.5 v
Storage Tempersture | Ty =55 to + 150 °C
Power Dissipstian Pp | Ta=26°C 1.0 I 0.7 10 w
OPERATING CONDITION
Paramater Symbod Limits Unit
Supply Voltage Voo Jto6 v
Operating Temperature Top =40 to +85 °c
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Min. Typ. Max, Unit
Supply Voltage {(B1C65) Vee 4.5 5 55 v
Opaerating Temperature .
{81C55) Top 40 +25 +85 c
“L" Levet input ViL 0.3 +0.8 V'
"H" Level Input Vig 2.2 Veg +0.3 v
Supply Voltags (81C55-5) Voo 475 -1 5.25 v
Operating Temperature o
(81C555) Top -40 +25 70 c
DC CHARACTERISTICS
Parameter Symbol Conditions Min. | Typ. | Max. Unit
“L" Leval Qutput Voltage | VgL | loL = 2mA 045 v
Iy = —400uA 24 v
“H" Level Output Voltage VoH o “
loH = —40uA 4.2 W
Voo =45V to
input Leak Current Il 0< VN = Ve 5.5V =10 10 nA
Qutput Leak Current Lo [0SVouTSVee | 1a= —a0°Cro =10 10 T}
CE 2 Vgg-0.2v | 85°C
Standby Current Iccs | ViH 2 Veg0.2V 01 100 A
Vi € 02V
Mean Operating Current lcc I:ﬂ;morg cycle time: 5 mA
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AC CHARACTERISTICS

Voo =45 10 5.6V, Ta = -40 to +80°C) MSMB1CES
Ve = 4.75 10 5.25Y, Ta = -40 to +70°C) MSMB1C56-6

Paramneter Symbal MIMBICED MSMB)Coo S Unit Remarks
in. Max. ain. Max.

Address/latch Set-up Time taL 50 37 ns
Latch/address Holt Time - tL; 0 30 ns
Latch/read {write) Dslay Time t o 100 40 ns
Read/output Delay Time tRD 170 140 ns
Ems;foutput Delay Time tap 400 330 ns
Latch Width L 100 70 ns
Read/data Bus Floating Time tRADF 0 100 o 80 ns
Read Iwritel/latch Deglay Time oL 20 20 ns
Read |write} Width e 250 200 ns
Data infwrite Set-up Time tow 150 100 ns
- Write/data-in Holt Time WD 0 25 ns
' Recovery Time tRY 300 | 200 ns
Write/port Qutput Delay Time twp ) 400 300 ns

Port Input/read Set-up Time tPR 70 50 ns Load capaci-

Resd/part Input Hold Time tRp 50 10 ns tance: 150pF
Strobe/buffer Full Delay Time tSBF 400 300 ns
Strobe Width - gs 200 160 ns
Strobe/bufter Emgty Datay Time tRBE 440 300 s
Strobefinterrupt-on Dala} Time 51 400 300 ns
Read/interrupt-off Delay Time tRDI| 400 300 ns
Part Input/strobe Set-up Tirmg tpss 50 20 3
Strobe/port-input Hold Time tPHS 120 100 ns
Strabe/buffarampty Delty Tima 1SBE 400 300 ns
Writefbuffer-full Delay Time tWBF 400 200 ns
Writefinterrupt-off Delay Time Wi 400 300 ns
Time Qutput Delay Time Low tTL 400 200 ns
Time Qutput Delay Time High tTH 400 300 ns
Read/data Buse Enable Delay Time | tRpE 10 10 ns
Timer Cycle Time Yo 320 320 ns
Timer Input Rise and Fall Times te. tf 80 80 ns
Timer Input Low Level Time 1 80 44 ns
Timer Input High Level Time ta 120 70 ns

Note: Timing are measured with V| = 0.8Y and |y = 2.2V for both input and output.
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TIMING
Read Cycle
= y AN
10/M N 4 \
TAD {OATA VALID
ADg~ W ADDRESS B ?_C
l‘—‘AL | i
ALE F ,/
— tROE TADF
a0 tRD rd ’\
p=—tLC 10| e
TOC et [l [y ——m]
Write Cycla
CE / \
10/M \
| |
ADg~7 ADDRESS A pATAVALID X
TAL—=] fm—tp 2 lq—tgw-- bo—to L
ALE N
TLL—e et} C—m= o O D ) )
m \i J/ ‘ \.
tce 1RV
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Strobe Input Mode

sf N
e
tSBF } e
STROBE L .
L\-_L’ RBE
t5g—a- g
INTR _/
RO ,r
RO
tpss_|tPHs \AL/
l—-——ﬁ-l—-t
INPUT DATA X
FROM PORT ); !
Strobe Output Mode
BF y, \L
1SBE
STROBE -
WEBF .
-1
INTR / j’

Twi

w N/ A

DUTPUT DATA
TO PORT
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Bmic Ingut Mode

tRP

PR

PORT INFUT X
DATA BUS X

Bamic Output Mods

DATA BUS X %
4
PORT GUTPUT X

Mote: The DATA BUS timing is the sarme as the read and write cyclas.

Timer Wavaforms
Load Counter from Load Counter from
Count length register Count length register —a
|2 | N R s
t 13 (T.C.
TIMER IN ‘—\_/-
t 1
1CyC
——— < 7 f——
FIMER OUT \ fnote) /
(pulsal | NE—
L - [tTH
— T A
TIMER QUT (note) /{
{square wawve| | N ——
T — ) —a] pw—tTY
Count down [5*1)

Note: Pariodicslly output sccording ta the autput mada {m1=1) programming contants,
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RAM DATA HOLD CHARACTERISTICS AT LOW SUPPLY VOLTAGE

Specification
Item Symbal Condition i T " Unit
in, ¥p. ax.
Data Holding Supply Voitage VCoM Vi =0V or Ve, ALE= OV | 2.0 - - v
i . Vo = VeeH ALE=0 _
Data Holding Supply Current leeH VIN =0V or Ve 0.06 20 [
Set-up Time gy 30 - - ng
Haold Time 1] 20 - - ns
Two ways to place device in standby mode:
{1}  Method using CE
53U
i Standby mode 1o
se _vec
45V emam — _.-__J.Y___._._____ A T —
' o ¥ [ R
LA
ALE
08V —f—m———— ——— i e e - — i Yo —
ov / N
_TAL
22V ———— il ———— — — 3 ———— e v —— v ——————— —— £—————
CE
VOCH &= e oo oo v st e o

{2} Method using RESET

WV
sV cC

A B e i m— ——

Y e ———— - ———

2.2V

GND

Note: In this case, the C/S register is reset, the port is set into the input mode, and the timer stops,

186



w 1/0-MSM81C55RS/GS/JS MSM81C55-5RS/GS/JS m

PIN FUNCTIONS

Symbal Function

RESET A high level input to this pin resats the chip, places all three /O ports in the input mode,
resets atl output latches and stops timer.

ALE Nagative going edge of the ALE {Address Latch Enablel input latches ADg-4, I0/M, and
CE signals into the respective latches,

ADg~ Thres-state, bi-directional address/data bus, Eighy-bit address information on this bus is read
into the internal address latch at the negative going sdge of the ALE, Eight bits of date can
be read from or written to the chip using this bus dapending on the state of the WRITE or
READ input.

CE When the CE input is high, bath read and write operations ta the chip are disabled,

10/ A high level input to this pin selects the internal 1/Q functions, and a low level selects tha
mamory.

RO H this pin is low, data from either the memory or ports is read onto the ADyg.. ¢ lines de-
pending on the state of the 10/M line,

WR If this pin is tow, data on lines ADg..7 is written into either tha memary or into the seldtved
port depending on the state of tha 1M line.

PAg~1 Ganeral-purpose 1O pins. Input/output directions can be determined by programming the

PBg~q) command/status {C/S) registar.

PCo~s Threa pins are usable either as general-purpose 1/O pins or control ping for the PA and PB
ports. When used as contral pins, they are 1 t0 the following functions:
PCO: A INTR lport A interrupt)
PC1: A BF iport A full)
PC2: A STB {port A strobe)
PC3: B INTR (port B interrupt)
PC4: B BF {port B buffer full}
PCS: B STE [port B strobe)
TlMEFj IN Input to the counter/timer
TIMER OUT Timer output. When the present count is reached during timer operation, this pin provides

a squara-wave or pulse output depending on the programmed control status.

Voo 3—BV power supply

GND GND
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OPERATION ¢ Two 8-bit 1/O ports IPA ang PB) and a 8bit 1/O port
PC)
Descrigtion # 14-bit timer counter :
The MSMB1C55 has three functions as described The internal register is shown in the figure below,
below. d the 1/O addrasses are described in the table below,

# 2K bt static RAM (258 words x B bits)

l |
: Y 8bit INTERNAL DATA BUS S I
| @ |
| |
| lcommanc PC T;ahs‘ga 'rll_g!g R I
| - |
| STATUS TIMER MODE |
| |
I & bir 8 bin bt |
o -1
110 Address
Salecting Register
A7 AG Ab Ad A3 A2 A AD

x 3 X 3 X o ] 0 Intarnal command fstatus registar

% x X x x 0 1 Universal 1/O port A (PA]

% X X x x o 1 0 Univarsal 1/O port B (PB}

x x x x x [+] 1 1 1/Q port C {PC}

* % * x % 1 o 0 Timar count kower position 8 bits {LS8)

x X x X X 1 0 1 Timer count upper pasition 6 bits and timer mode 2 bits

{MS8)
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{11 Programming the Command/Status (C/S) Reglstar an 1/O address of xxxxx000. Bit asignments for
The contents of the command register can be the register are shown below:;
written during an 1D cycla by addressing it with

7 ] s 4 3 2 1 0

ﬁz—f ™Y | iEB I IEA [rcz [ pci | pe | pa
T 1

Definition of PAg .+ } 0 = input

—— Definition of PBg~.4 1= output

Q0= ALTt [Goe the port
. 11 = trol
b——————— Definition of PCy 5 ol = ::ﬁg ::ig:u?-nent
10= ALT4 .table.

Port B interrupt bl 0 =di

= Port A interrupt enabls } 1 = enabled

— 00 = KOP: Does not affect counter oparations.
>

01 = STOP: Stops the timar if it is running.
NOP if the timer is not running.

= Timet command —————- 10=STOP AFTER TC: Stops the timer whea it
reaches TC.

MOP if the timer is not
running,

'— 11 =START: W the timer is not running, loads the
mode and the count length, and
imrmediately starts timaer operation.

If the timer is running, 108ds & new
mogde and the count langth, and starts
timer operation immadiately after TC

is reached,
Port Control Assignment Table
Pin ALTH * ALYZ ALT3 ALT4
PCa Input port Qutput port AINTR AINTR
PCy Input port Output port A BF A BF
PCy input port Cutput part A STB ASTB
PCa Input port Qutput port Output port BINTR
PC4 Input port Output port Cutput part B BF
PCy input port Qutput port Qutput port B85TB
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12) Reading the C/S Register

The 1/O and timer status can be accessad by
reading the contents of the Stetus register Jacated

at 1JO address xxxxx000. The status word format
is shown below:

AD; ADgs ADs; ADs AD3; AD; AD,

[<rmen] "GE] ge [ Mat| er AT

Port A interrugt regquaest

————= Port A buffar full

b= Port A interrupt enable

Port B interrﬁpt request
Part B buffer full
Port B interrupt enable

Timer interrupt. Thi¢ bit is set high when the timer
reachas TC, and is reset when the C/S register is read
or 3 hardware raset occurs.

i3} PA snd PB Registers

These registars may ba usad as eithar input or out-
put ports depending on the programmed contents
of the C/S register. They may also be used either
in tha basic mode or in the strobe mode._

10 address of the PA register: xxxxxD01

HO ardress of the PB registar: xxxxx010

{4) PC Register

The PC ragister may be used as an input port, cut-
put port or control register depending on the
pragrammed contents of the C/S register. The /D
address of the PC register is xxxxx011. -

{6} Titnee

The timer is a 14-bit down counter which counts
TIMER IN pulses.

The low order byte of the timar register has an /O
address of xxxx100, and the high arder byte of
the register has an 170 address of xxxxx 101,

The count length register (CLR) may be preset
with two bytes of data, Bits O through 13 are
atsigned to the count length and bits 14 and
15 specify the timer output mode. A read opera-
tion of the CLA reads the contents of the counter
and the pertinent output mode. The initial value
~range which can initially be loaded into the coun-
ter is 2 through 3FFF hex, Bit assignments to the
timer counter and possible output modas are
shown in the following,

[Ma | Wy [ Toa [Toa | T [Fao] 75 [ 75 |
T T T

Output mode  High order 8 bits of count length

A SRR

Low arder byte of count length
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0 0 Outputs a low-level signal in the latter
half {Nate 1) of a count period.

0 1 Outpists a low-level si?;nal in the latter
hatf of a count period, automatically
loads the programmed count Jength,
and restarts counting whan the TC value
is reachad.

1t 0 Outputs a pulse when the TC wvalue is
reached,

1 1 Outputs a pulse each time the preset TC
value is rgached, automatically Ipads the
programmed count langth, and restarts
from the baginning.,

Note 1: When counting an asymmetrical vaiue
such as (9}, a high level is output during
the first pericd of five, and a low level is
output during the second period of four.

Nota 2: If an internai counter of the MSMBI1C-

BSRS/GS receives a reset signal, count.

operation stops but the counter is not
set to a specific initial value or output
mode, When restarting count cperation
after reset, the START command must
he exscuted again through the C/S
ragister,
Nate that whiie the counter is counting, you may
load @ new count and made into the CLR. Bafore
the new count and mode will be used by the
counter, you must issug 3 START command to the
counter.
Plgase note the timer circuit on the BICS55 s
designed toc be a square-wave timer, not a event
counter. To achieve this, it counts down by twos
twice in completing one cycle. Thus, its registers do
not contain values directly representing the num-
ber of TIMER IN pulsa received, Aftar the timer
has started counting down, the values residing in
the count registers can D¢ used to calculate the
actual number of TIMER IN pulse required toc
complete the timer cycle if desired. To obtain the
remaining count, perform the following operations
tn arder:
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1. STQOP the counter Note: 1¥ you started with an odd count and
2. Read in the 16bit valug from the yau read the count registers before the
COUNt registers. third count pulse pceurs, you will not be
3. Reset the upper two mode bits able to recognize whather one or two
4. Resst the carry and rotate right one counts have occurred. Regardless of this,
positian all 16 bits through carry the B1C5S5 always counts out the right
5. If carry is set, add ¥ of tha full origi- number of pulses in generating the
nal count (% full count-1 if full count TIMER QUT waveforms.
is odd}.
TIMER IN Illllll
| [ L
o=y n=6 START T I T I
s ''s 3l a2 585 s
| | o |

TIMER OUT {SQUARE WAVE]

TIMER DUT (PULSEI

WR =4 START

[A)
£

L

TIMER OUT (SQUARE WAVE}

TIMER QUT (PULSE)

—-—.——-1..————.

Note: n is the value set in the CLA.
Figures in the diagram refer to counter value,

16} Standby Mode (see page 7] should be set low, Otherwisa, a buffer should be
The MSMS1CES js placed in standby mode when added to the timar output and the battery should
the high level at the CE input is fatched during the be connected to the powsr supply pins of the
negative going edge of ALE, All input ports and buffer.
the timer input should be pulled up or down to By setting the resst input 1o a high level, the stand-
gither Voo or GND potential. by mode can be selocted. In this case, the com-
When using battery back-up, all ports should be mand register is resat, so the ports automaticelly
set low or in input port mads. The timer output set to the input mode and the timer stops.
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OKI semiconductor
MSM82C12RS/GS

8-BIT INPUT/OUTPUT PORT

GENERAL DESCRIPTION

The MSMB2C12 is an 8 bit input gutput port employing 3 4 silican gate CMOS wechnology. it insures {ow opera-
ting power. This device incorporates a sarvice request flip-flop for generation and contrel of interrupts far a CPU, in
addition to an B-bit latch circuit having a threg-state sutput buffer,

It is effective whan used as an address larch device to separate the time division bus line autputs in systems
employing the MSMEOCB5A CPU or similar processors using multiplexed address/data bus line,

FEATURES

# Operated on low power consumption dug 1o silicon » Equipped with a clear terminal which operates asyn-
gate CMOS, chronously

& 31V ~ £ Viingle powar supply # TTL compatible

» Full sxatic operation # 24-pin DIP (MSMB82C12AS})

» Parallel 8-hit data register and buffer # 24-pin flat package (MSMB2C12GS)

# Provided with an  interrupt generating function ® Fynctienally compatible with tha 8212

through the adoption of a service request flip-flop

CIRCUIT CONFIGURATION

’ ) Service Request Flip-flop
051 —
! ——c ]| U
INT
052 — I‘4E:D'
MD §>_ Data Latch
[ fi
STE / Quiput Buffer
i It 1wt i
[
oIy Heo 3—!—— o0y
1 Herl | (
g oo
1 | |
o3 +oo -e-?p—'-— DO,
I Her]| | :
1
DIy S po,
I CH I 1
1
Dl o -|-:E>—n—— DOs
| ca t 1|
DI, L 151-— DOg
I +ch —Ir |
I
Dly 154 43—{-— DO+
. | cR|| 1 |
I
Dlg 110 'I'&I.‘- DOg
| CR ; |
TR—— oL b
| PO I |
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PIN CONFIGURATION

MSMB2C12RS (Top View) 24 Lesd Plastic DIP MSMB2C12GS (Top Viewl 24 Lead Plastic Flst Package
vy -y
D811 241 v, ——
|: :I _E': 0ns 1O 2 o
mp [2] 23] iNT Mo t——2 23— NT
D'IE EDls Dh 3 22— Dy
DOy —]4 21— D0y
DOIE EDOB DI, —=5 E 20——0Dls
01, [5] 120] o1 PO;=—=6 £ 1900,
DIy —=17 1] 1gf=u DI
00, [6] 9] 0o, > 2 ;
MSMa2C12RS 0O;=——8 & 17—=00
D"E 18] o1, pu—s & 16fF—=Dl;
00, E El DO, D0, =10 15— D0y
sTB——{11 14— CLRA
o1, [2] [16] o1 GND e—{12 13—>0s2
DO, [10) 18] cos
ste 1] [14] TR
GNO [12) 3] os2
PIN DESCRIPTION
Pin Mame Ite.rn Input/Qutput Function
01 ~Dlg | Detainput Input Thesa pins are 8-bit data inputs. The data input is connected
te the input D pins of the 8-bit data latch circuit built inot
the davice.
DOy ~DOyg | Data output Output These pins are 8-bit data outputs. Each bit is composad of 3-

state output buffers.
These buffers can be made into enable or disable (high imped-
ance status).

MD Maode input Input This pin is a clock input for the data latch. It is also used 1o
resét the internal servics raquast flip-flop at the same time,

sTB Strobe input Input, This pin is a clock input for the data latch. It is also used to
reset the intarnal service request flip-flop at the same time.
DS1, D52 Device select lnput The AMD of these two input functions make the status
input control of output buffers or becomes a clock input to the

data latch, It also functions to perform setiresst of the
internal service requast flip-flop.

CLR Clear ingut Input This pin clears the internal data latch in fow level. It also sets
the internal service request flip-flop at this time. Tha clear is
operated asynchranously to the clock,

INT Interrupt Output This pin is the ouput of the internal service requast flip-flop,

autput but is inverted to oupiut it in low level aperation.

Vee +&V power supply

GND GND
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FUNCTIONAL DESCRIPTION

Output Buffer Status Controf and Dats Latch Clock
gt

When the input MD is st high level, the cuptut
buffer is enabled and the device select input |D51.052)
becomes the clock input to the data latch. When the
input MD is in low level, the status of the output buffer
is determingd by the device select input (D51.052} {the
output buffer is enabled when {D51.D52) is in high
level}, At this time, the input STB becomes the clock
input to the data latch,

Service Request Flip-flop

The sarvice request flip-flop is used to genetate and
control the interrupt for the CPU when the MSM82C12
is used 88 &n input/oculput port in a Mmicrgcompuer
system. The flip-flop is set asynchronously by input
CLR. When the flip-flop is set, the system is in non-
interrupt status,

MD | {DS1-DS2) | STB DOy ~ DOy

o] ] [¢] High impedance status
0 0 1 High impedance status
1 o 0 Data latch

i o 1 Daa katch

0 1 o Data latch

0 1 t Data in

1 1 1] Data in

1 1 1 Data in

ABSOLUTE MAXIMUM RATINGS

CLR [IDS1-DS2) sT8 Q INT
] 0 ] 1 1
0 1 0 1 o
1 1 . 1 o
1 1 0 1 o
1 o 0 1 1
1 o 1 o 0
Clear

When the ¢lear input becomes low level, the inter-
nal data latch is claared irrespective of the clock and
becomes low levet.

Limits
Parametar Symbol Conditions ki " Unit
MSMB2C12RS MSMB2C12GS
Supply Voltage veo With 0.5 0 +7 v
Input Voltage VIN respact -0.5 to Voo +0.5 v
Qutput Voltage VouT to GND 0.5 to Vot0b v
Storage Temperaturs Tstg -55 to +150 °c
Power Dissipation PD Ta = 25°C 049 0.7 w
OPERATING RANGE
Parsmeter Symikol Limits Unit
Supply Valtage Voo 3tad W
Operating Ternperature Top —40 10 +85 °¢
RECOMMENDED OPERATING CONDITION
Parameter Symbol_ Min, Typ. Max, Unit
Supply Voliage vee 45 5 5.6 v
Operating Temperature Top —40 +25 +35 °c
“L” Input Voltage ViL 0.3 +0.8 v
*H™ Input Volage VIH 2.2 Voo 103 v
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DC CHARACTERISTICS

s 1/0-MSMB2C12RS/GS

Parameter Symbal Conditions Min. | Typ. Max, | Unit
L Output Voltage VoL | loL=4mA 0.4 v
“H" Qutput Voltage VoH | lpH=-4mA 3.7 v
Input Leak Curcent I | oEviNEvee Voo =5-54\}5V -10 10 | wA
1o D,
Dutput Leak Current Lo 0ZVouTa& Voo Ta<—40°C -10 10 A
ViH Z Voo -0.2v 1o +85°C
Supply Current {Standby) loes Vie 0.2V 0.1 100 uA
Average Supply Curtent
| f=
(3ctive) oo 1 MHz 1 mA
AC CHARACTERISTICS
Voo = 4.5 ~ 55V, Ta=-40°C +85°C)
Paramaeter Symbol Min_ Fyp. Max, Unit FRemarks
Pulse Width tpwy 30 1
[Data to Qutput Delay tpp 20 45 ns
Write Enable to Output Dalay tWwe 31 60 ns
Data Set Up Time t: 15 ns
RRa— SET Load J0pF
Drata Hold Time tH 30 ns
Clear to Qutput Delay tc 19 40 ns
Reset to Qutput Delay 1R 2 45 ns
Set 1a Quiput Delay 15 25 45 ns
Qutput Enable Time 13 b2 90 nE Load 20pF +
Output Disable Time o 30 55 ns 1 kf2

Note: TYP is measured where Voo = 5 Vand Ta = 25°C.
Timing is measured where VL = VH = 1.5V in both input and autput,
tg and tp are measured at Vg + 0.5V or Vg — 0.5V when the two are made into high impedance status.

OUTPUT CHARACTERISTICS (DC Charsctaristics Raference Vaius)

{1} Output “H" voltags (Voul vs.

output current {1lgy)

{2} Output “L" voltage (V) ) va.
output current (lg }

s 8 Z 5
I -
Q 7 =]
2 s Ta = ~40~+85°C T S e
8 Voo = 5.0V %
= 3 s 3
g s
T 2 2 2
=1 E] Ve =
g, é ; cc = 5.0V
& o Ta = -40~+85°C
0 o ;
o =1 =2 -3 -4 -5 o 2 3 4 5
Qutput current Igy {maA) Cutput current gL {ma)

Note: The direction of flow in s taken as positive for output current,
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OUTPUT CHARACTERISTICS (Ac Characteristies Referance Valus)

{1} tpp va. lond capacitance

&0

S0 B0
T . Kl - Voo = 4.5V
= 40 Voo = 4.5V = a0 Ve = 5.0V
I " _lvec = 5.0V g e IVOG= 5.5V
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12} tpp and tyyg vs. supply voltage
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TIMING CHART

Data Latch Operation
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Gate Buffer Oparation
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Interrupt Opacation
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Clear Operation
=-tPwW
TR )
Do
js— 1t
Output Buffer Enable/Dissbla (High impedance Status) Of
4
(DS1 - DS2)
1
Do
tn g Lis] g
e 2} ftpzL) {tpnz} {tpzH)
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EXAMPLE OF APPLICATION OF MSM82C12

Address Latch of MSMBOCESA the addrast bust and data bus by means of the ALE
Usad to separata the time division data bus (B low {Address Latch Eneble) signal.
order bits of tha address bus and 8-bit data bus) into

ADo P2 B0
AD1 :: 221
AD2 15 D
AD o Oat
soce ADS =2 D3 P Bos
BOCBSA 7 4
gl [T Ds
N [T Ds
AD Dy
Voo
ALE
an
14
CLh 4
_: Dy [=la P AO‘
7 Diz 003 -g—-v--v--—--w— Al
Dy DOz —— A,
8 D1582C12po, ”__A‘ o
2 Dlg 0Oy _19 Ag
—2-2. Dly 008 —— 4,
Dlg DOg———— A4
STBE MD DS1 J
2 N
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OXI semiconductor

MSM82C37A-5RS/GSJS

PROGRAMMABLE DMA CONTROLLER

GENERAL DESCRIPTION

The MSMB2C37A-5RS/GS/JS, DMA {Direct Memory Access) controller is capable of high-speed data transfer
without CPU intervention and is used as a peripheral device in microcomputer systems. The device features four
independent pregrammable DMA channels. :

Due to the use of silicon gate CMOS technology, standby current is 10 pA (max.}, and power consumption
is as low as 10 mA Imax.} when a 5 MHz clock is generated.

All items of AL characteristics are compatible with intel 8237 A-5.

FEATURES

* Maximum operating frequency of 5 MHz(V = 5 ¥V £10%) + DREQ and DACK input/output logic inversion

* High-speed operation at very low power consumption + DA, agdress increment/decrement selection
due to silicon gate CMOS 1echnology * Memory-to-Memory Transfers

* Wide power supply voltage range of 3 to B V * Channel extgnsion by cascade connection

* Wide operating temperature range from —40° to * DMA transfer termination by £0p mput
+86°C * 40-pin DIF (MSME2C37A.5RS}

* 4-channels independant DMA control + 44-pin PLCC package {MSMB2C37A-5J5}

* OMA request masking and programming * Intel 8237A-% compatibility

* DMA reguest priority function *TTL Compatible

PIN CONNECTIONS

{80-pin plastic DIP (top view) Ad-pin phistic flat-packege {top view)}
[F3H
l—‘l._....gg?.nmnq|3
o d gIF Iz 215 = a 2 = 4|5
= 18 nonnmnn
N N e TR DRI ER TN o
wiFE [ e T2 O 1 [ oar
e Qe EYRERY Y i ] T e RS
aran- Oa ey Cda i Y Ao
T e = 3w
anste NE. s P e Bl
ey s (R ) 7 =2 nEn
— L: e L Y ETY
= d '."5.1' I N w RETH
200N = AF Rt e 2 e Y]
ek =Bl L
NESET Qo = TR I T
oacky O
o TUUUoooooaa
e A A S22 n g oo
oHFor O E ? :- ‘i-" E é ;
v o seEe 58 44.PIN PLEC PACKAGE
it E R
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05§|g|-um 1B
an o zlelFlEle 2599318

® 5 8 3 Zz 1 44434741 a0

(8] yafi a3
1
] =1
e
b vee
nMe
N oag
1 ohi
foer
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Note: N.C. [No Connection)
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v

ABSCOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Rating Unit
MEMB2CATA-GRS | MSMAZCATAGGS | MSMB2CITA RIS
Power supply voltage Voo 3.5 ~ +7 Vv
Input voltage ViN ‘gﬁ% respect to 0.5 ~ Voo + 0.5 v
Output voltage Vourt -0.5 ~ V. + 0.5
Storage temperature Tstg —B5 ~ +150 °C
Power dissipation Fp Ta = 25°C 1.0 0.7 1.0 W
OPERATING RANGES
Paramater Symbol Range Unit
Power supply voltage Voo i~ 6 v
Operating temperature Top : —40 ~ B§ °c
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Maximum Typical Minimum Unit
Power supply voltage Vo 45 5.0 5.5 v
Operating temperature Top -40 +25 +85 °c
"L input voltage VL ~0.5 - +0.8 W
W input voltage Vi 2.2 - Yoo+ 05 v
DC CHARACTERISTICS
-
Paramater Symbol | Conditions Maximum | Typical | Minimum 1 Unit
"L output voltage VoL | 1OL=3.2mA - - 04 v
“H"* putput voltage Vou f10H=_10mA | YCC 145;553 3.7 - — v
Input leak current bLI VvEVy SV . —10 - 10 A
P urren 0 NS oC Ta= _40°C H
Output leak currant Lo 0V $VouT S Voo ~+85°C| —10 — 10 A
input freguency
Average power supply 5 M#Hz2, whenRESET)|
current during 1CC —_ —_ 10 mA
operations Vin = 0 Vivee,
Cy =0 pF
Power supply current HLDA = 0V,
) Ices | Vi = 0V, —— - 10 LA
in standiy mode VIH = vee
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AC CHARACTERISTICS

DMA {(MASTER) MODE

& I/O-MSMB2C37A-5RS/GS/JS =

{Ta = -40 ~ +85°C, V(o = 4.5 ~ 5.5V}

Symbol Item MIN MAX Unit Comments
Dalay time from CLK falling adge

TAE — —

L up 1o AEN leading edge 200 ne

Delay time from CLK rising edge

TAET — —
ug 1o AEN trailing edge 130 ns

TAFAB Delay time from C.LK rising edge . a0 s .
up 1o address floating status

TAFC Delay time fr?rn (_?LK rising_edge o 120 ns _
up to read/write signal flpating status

TAFDB Dalay time from CLII( rising edge . 170 s _
up 1o data bus flgating status

TAHR Addrelss valid hpld time to TCY-100 . s _
read signal trailing edge

TAHS Da?a_ valid hold time 1o ADSTB 30 . . _—
trailing edge

TAHW Adldres_s valid h_o.ld time 1o ToY-50 _ ns .
write signal trailing edge
Qelay time from CLK falling adge
up 1o active DACK - 170 ns {Note 31
Delay time from CLK rising edge

TAK ug 1o EQF leading sdge - 170 ns (Note 5)
Delay time from CLK rising edge

— - 170 ns —_

up ta EQP trailing edge
Time from CLK rising edge up 1o

TASM addrass vatid - 170 s -

TASS Dalta? set-up time 1o ADSTE 100 . ns _
trailing edge

TCH Clock high-level time [:1:] —_ ns INote 6
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Symbol 1tem MIN MAX Unit Coemments
TCL Clock tow-level time 68 — ns INcte 61
TCY CLK cycie time 200 — ns
lav i -
TOCL Delay nmel frm.“ CLK ”.smg edge _ 190 ns (Note 2}
10 read/write sipnal leading edge
TOCTR Dalay tlr_!'le from _QLK rising edge _ 190 nt {Note 21
to read signal trailing edge
TDCTW Oelay time from CLK rising edge — 130 ns {Note 2!
to write signal trailing edge
Delay time from CLK rising edge . .
Toa 1o HRQ valid 120 i
ECP lgading edge set-up time 10
TERS CLK fslling edge 40 ns
TEPW EOP puke width 20 | e s _
Delay time from CLX rising edge -
TFAAB to address valid _ 170 ns
Ti -
TFAC m:'re from CL_K rlfmg edge up to . 150 ns -
active readfwrite signal
TEADS Delay timel from CLEK rising edge _ 200 ns o
to data valid
HLDA valid set-up time to
THS CLK rising edge 5 - ns -
TIOH Im?ult data hold time 10 MEMR o _ ns _
trailing edge
TiDs tngl{t data setup time 1o MEMR 170 . s .
trailing edoe
TOOH Ou.t?ut data hold time to MENW 10 . ns .
trailing edge
Time from output data valid to
TOD iy — J—
obv FAEMW trailing edge 125 ns
Tas DREQ set-up time to CLK falling o o ns (Note 3}
edge
TRH READY bhold time 10 CLK falling 20 o ns —
edge
READY set-up time to CLK falling -
TRS edge 60 - ng
Delay time fram CLK rising edge
TsTL 10 ADSTB leading edge - 130 ns -
Delay time from CLK rising edge
TSTT to ADSTE trailing edge _ 20 nd _
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SLAVE MODE
{Ta = -40 ~ +85°C, Voo = 4.5 ~ 55V}

Symbol Itern MIN MAX Unit Camments

TAR Tlm.e from addrgis_valid Ior 3] 50 . ns .
leading edpe to IOR leading edge

TAW M_d.r“s valid set-up time 1o {OW 130 ___ ne _
trailing edge
CS Isading edge set-up time to

TCW prduitiy 1 - -

¢ iOW trailing edge 30 ns

TOW Da.m‘ valid set-up time 1o (W 130 . ns J—
trailing edge

TRA Ad‘d‘ress or T8 hold time to 10R o . ns -
trailing edge

TRDE Data access time to 1OR leading . 140 s o
edge
Delay time 1o data floating status

TROF — —
from ICH trailing adge ° © i

TRSTD Supply power leading edge set-up 500 _ s .

time to RESET trailing edge

Tirme to first active 1OR or 1OW
TRST - -
T8 from RESET trailing edge mey ne

TRSTW RESET pulse width 300 - ns -

TRW 108 pulse width 200 = ns -

Address hold time to [OW trailing

TWa edge 20 - ns e
TWE CS‘t‘ralling adge hold time 1o 1DW 20 _ s _
trailing edge
TWD Data hoid time to 1OW trailing edge 10 — ns —
TWWS 10W puise width 160 e ns —
Note:

1. Qutput load capacitange of 150 ipFL

2. 1OV and MEMW pulse widths of TCY-100 (ns} for normal writing, and 2TCY-100 ins} for extanded writing.
IOR and MEMR pulse widths of 2TCY-50 {ns) for normal timing, and TCY-50 {ns) for compressed timing.

3. DREQ and DACK signal active level can he set to either Jow or high. In the timing chart, the DREQ signal
has been set to active-high, and the DACK signal to active-fow.

4. When the CPU execules continuous read or write in programming mode, the interval during which the read
ot write pulse becomes active must be set to at feast 400 ns.

§.  EQPis an open drain cutput. The value given is obtained when a 2.2 kohm pull-up resistance is connected

toe VCC. )

Rise time and falf time is less than 10 ns.

Waveform measurement points for both input and output signals are 2.2 V for HIGH and 0.8 ¥ for LOW,

unless otherwise noted.

l
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TIME CHART
RESET TIMING
a
Yoo /7 TRSTD
TRSTHL
AESET 4 L
on. ow g£~T|t15'rs—-|
SLAVE MODE WRITE TIMING
TCW
3 \ _J/
Tl e
_ TWWS 'y
oW \_‘ ’Z
TAW —= |-—TWA
A~ A3 i Input valid address K
EL f
— [o— TWD
TDW
‘|oBo~-DB7 ﬁ Input vahid data -K

SLAVE MODE READ TIMING

Y E—

A~ a3

Input vald address

QR

DBO -~ QB7

L””Jf

}..._ TRA

TRUE

TREF —]

Omirpnt walied data

N

I
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DMA TRANSFER TIMING

m I/0-MSMB2C37A-5RS/GS/JS =w
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MEMORY TO MEMORY TRANSFER TIMING

s0 | s 512 513 514 521 527 523 574 sl
CLK A F r A
TSTT st
rsTy 75T
ADSTB 1
TEAAB N I..,TAHS 'L*li’&i' ..._J‘f.'is TAEAR
|
AQ- A ‘alit address &G Y wabhid address AL~ 7
E TAFD
TEADE fF A F OB . E-I
- o Wrrsss BmTEE A F oo
L0~ DHT g~ AT 4 :; nout_Freas AGal outpur P
TEAC 100 roty ToDh
BETH r o1 TAFC
MEMR haTIQE
TFALD TDCL TOCTH
P AL TAFC
T N }
T AK TAK
BAald
lintar pal ELOP
Ioutputl FEPS—eq |o TEPS e =
TEPW TEPW

vk NN\ S 77//4 NN\ 772474

READY TIMING

TOCTR

>
>
i
:
.
mE

LoCl TOQTW

N §
[Extended ’ o
wrlte —t {-I-H H_ 'ty
TRS ~{l+-TRS

READY AN (I
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- COMPRESSED TRANSFER TIMING

m /O MSM82C37A-5RS/GS/JS m

§2 S4 52 54
CLK £ 3k 7
TASM TASM
-
AR~ AT valid address X
. T '
TDCL TDCTR TOCL| TDCTR
— e 3 \“ -—
JOR. MEMR \ /
I /
[TOCTW TOCL TOCTW
—_— s y
FOW, MEMW \ 7 N\
e T | e
o
-1 Mrs
r
BN\NWITA
TAK TAK
Internalﬁ &
{output}
TEPS —>] |=—
- TEPW
External EOP \\\
inputh
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PIN FUNCTIONS

Symbaol

Pin name

input/
output

Function

Vee

Power

+6 V power supply.

GMND

Ground

Ground (D V) connection.

CLK

Clock

Input

Contrgl of MSMBZC37A-E internal operations
and data transfer speed,

Chip select

Input

€S is active-low input signal used for the CPU
to selpct the MBSMEB2C274-5 as an IfO device
in an idle cycle.

RESET

Reset

Input

RESET is active-high asynchroncus input signal
used to clear command, status, raguast,
temparary registers, and firstflast F/F, and to
set mask register. The MSME2C37A-5 enters
an idle cycle following & RESET.

READY

Ready

Input

The read or write pulse width can be extanded
to accomodate slow access memories and /0
devices when this input s switched to low
lgvel, Note this input must not changs within the
prescribed set-up/hold times.

HLDA

Hold
acknowladge

Input

HLDA is active-high input signal used 1o indicate
that system bus control has been released when
a hald request is received by the CPU.

DREQQO ~ DREQ3

DA request
Q ~ 3 channals

input

DREQ is asychronous DMA  transfer request
input sighals. Although these pins are switched
to active-high by reset, they can be programmed
to become active-low, DMA requests are received
in accorcance with a prescribed order of priority.
DREG must be hald until DACK becomes active.

DBe0 ~ DB7?

Databus D~ 7

Input/
output

L]

DB is bidirectional three-state signals connectad
to the system datz bus, and which is used as
an  inputfoutput of MSMBIZC3ITA-5 internal
registers during idle cycles, and as an output
of the aight higher order hits of transfer addrasses
during active cycles. Alsc used as input and
output of transfer data during memory-memory
transfers.

tOR

O read

Inputf
autput

TOR is active-low bidirectional three-state signal
used 35 an input control signal for CPU reading
of MSME2CI7A-5 internal registers during idle
cycles, and as an output control signal for reading
I/3 device transfer data in writing transfers
during active cycles.

11O write

Input/
Butput

TOW is active-low bidirectional three-state signal
usad as an input control signal for CPU writing
of MSMB2C37A-5 internal registers during
idke cycles, and as an ocutput control signal
for writing I/O device transfer data in writing
transfers during active cycles.
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Symbot

Pin name

Input/
autput

Function

EOP

End of process

Ingut/
output

EOP is active-low bidirectional threa-state signal.
Unlike other pins, this pin is an N-channel
open drain. During DMA operations, a low-level
output pulse is obtained from this pin if the
channel word count changes from OMOH w
FFFFH.

And DMA transfers can be tarminated by pulling
the EOP input to low level. Both of- thess
actions are called terminal count ITCH.

When an internal or external EQP is generated,
the MSMB2C37A-5  terminates the  transfer
and resets the OMA request.

When the EOP pin is not used, it is necessary
t hold the pin at high leve) by pull-up resistance
ta prevent the input of an EOF by arror. Also
note that the EQP function cannot be satisfied
in caskcade mode.

Al ~ A3

Address O ~ 3

tnput/
autput

AQ~A3 is bidirectional thrae-state signals used
as input signals for specifying the MSMEB2C37A-6
internal register to be accessed by the CPU during
tdle cycles, and as an output the four lower
arder bits of the transfer sddress during active
cyeles.

Ad ~ AT

Address 4 ~ 7

Qutput

Ad-~AT is three-state signals used as an Quipul
the four higher order bits of the transfer address
during active cycles.

HRQ

Hold request

Cutput

HRQ is active-high signel used as an output
of hold requast to the CPU for systern data
bus contrel purpases. After HRQ has become
active, at least one clock cycle s required
before HL.DA becornegs active,

DACKO ~ DACK3

DMA,
acknowledge
0 ~ 3 channels

Output

DACK is output signals used to indicate that
DMA  transfer (o peripheral devices has been
permitted. (Available in each channel.)

Although these pins are switched 1o active-low
when reset, they can be programmed to becoms
active-high.

Note that there is no DACK output signal during
memory-memory transfars.

AEN

Address enable

Dutput

AEN is activg-high output signal used to indicate
that cutput signals sent from the MSMB2C37A-5
to the system are valid, And in addition to
enabling external latch to hold the gight higher
order bits of the transfer address, this signal
is also used to disable other system bus buffers.
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Symbol Pin name Input/ Function
output
ADSTB Address strobe Cutput ADSTB is active-high signal used to strobe
: tha eight higher order bits of the transfer address
by externat latch,

MEMP Memory read Output MEMR is active-low three-state outpyt slgnal
used as 8 control signal in reading data from
memory during read transfers and memory-
mermory transfars.

MEMW Memory write Qutput MEMW is active-low three-state cutput signal

used a3 a control signat in writing data into
memory during write transfers and memory-
mamary transfers.
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Internal
external DMA
gruest

ROy MEM DY
ranster

— hd

Compressed
THmmng
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wling

Internalf

externgl EQF

Single
transfer

Irernalf
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hd Demand
~ 7
External DM A

request

Carcy o borrowr Mora: Y. ., . Yesz l&ciwel

N .. No (Inactvel

Fig. 1 DMA oparation state transition o
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QUTLINE OF FUNCTIONS

The MSMB2C37A-5 consists of five blocks = three logic sections, an internal register section, and a coun-
ter section. .

The logic sections include a tirming control block where the intemal timing and extamal control signals are
generated, a command control block where each instruction from the CPU is decoded, and a priority decision
block where the order of DMA channel priority is determined. The purpose of the internal register section is to
hold internal states and instructions from the CPU, while the counter section computas addresses and word counts.,

DESCRIPTION OF OPERATIONS

The MSMB2C37A-5 operates in two cycles (called the idle and active cycles) which are divided into indepen-
dent states. Each state is commenced by a clock falling edge and continues for a single clock cycle. The transition
from one state to the next in DMA operations is outlined in Figure 1.

IDLE CYCLE

The idle cycle is entered from the S) state when there is no valid DMA request on any MSMB82C37A-6 chan-
nel. During this cycle, DREQ and CS inputs are monitored during gach cycle. When a valid DMA request is then
received, an active cycle is commenced. And if the HLDA an_g_C_S inputs are at low level, a programming state
is started with MSMB82C37A-5 reading or writing executed by IOR or IOW. Programming details are described later.

ACTIVE CYCLE

tf 3 DMA request is received in an unmasked channel while the MSMB2G37A-5 5 in an jdle cycle, or if a software
DREQ is generated, the HRQ s changed to high level 1o commence an active cycle. The initial state of an active
cycle is the S0 state which is repeated until the HLDA input from the CFPL is changed ta high level. {But because
of internal operational reasons, a minimum of one clock cycle is required for the HLDA is be changed to high |avel
try the CPU after the HRQ has become high tevel, That is, the S0 state must be repeated at feast twice.)

After the HLDA has been changed to high level, the SO stete proceeds to operational states S1 thru 54 during
IfO-memory transfers, or to operational states 511 thru 514 and 521 thru $24 during mermory-mamory transfers,

H the memory or /O device cannat be accessed within the narmal timing, an 8W state {wait state} can be
inserted by a READY input to extend the timing.

DESCRIPTION OF TRANSFER TYPES

MSMB2C37A-5 transfers between an 1/0 and memory devices, or transfers between memory devices. The three
types of transfers between 1/0 and memory devices are read, write, and verify.

I/O-MEMORY TRANSFERS

The operational states during an 1/O-memaory transfer are 51, 52, 53, and 54,

In tha SV state, an AEN output 5 changed to high level to indicate that the control signal from the
MEMB2C37A-5 is valid. The eight lower order bits of the transfer address are obtained from AD thru A7, and the
eight higher order hits are obrained from DBG thru DBY. The ADSTE cutput is changed to high lave! at this time
to set the eight higher order bits in an externat address latch, and the DACK output is made active for the channel
where the DMA reguest is scknowledged. Where there is no change in the sight higher bit transfer address during
demand and block mode transfars, however, the 51 state is omitted,

In the $2 state, the FOR or MEMR output is changed to low level.

In the $3 state, IOW or MEMW is changed to low level. Where compressed timing is used, however, the 53
state is omitted. i

The $2 and 53 stetes are |/D-oF Memory input/outaut timing control states.

In the 54 state, iDR, IOW, MEMR, and MEMW are changed to high leve!, and the word count register is
decremanted by 1 while the address register is incremented (or decremented} by 1. This completes the DMA transfer
of one word.

Nate that in 1/O.memory transfers, data is transferred directly without being taken in by the MSMB2C274-5,
The differances in the three types of 1fO-memory transfers are indicated below.
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READ TRANSFER

Data is transferred from memory to the I/O device by changing MEMR and HOW 1o low level. MEMW and tOR
are kept at high level during this time.

WRITE TRANSFER

Dxata is transferred from the /O device to memory by changing MEMW and I0R 1o low level, MEMR and 10W
are kept at high level during this time.
Mote that writing and reading in these write and read transfers are with respect to the memaory.

VERIFY TRANSFER

Although verify transfers involve the same operations as write and read transfers {such as transfer address
generation and EOP input responses), they are in fact pseudo transfers where all 1/0 and memory readinglwriting
control signals are kept inactive, AEADY inputs are disregarded in verify transfers.

MEMORY-MEMOQA&Y TRANSFERS

Memory-memory transfers are used to transfer data blocks from one memary area to another.

Memory-memory transfers require a total of eight states to complete a single transfer  four states (511
thru $14) for reading from memory, and four states (S21 thru S24) for writing into memory. These states are
simitar to 1/O-memory transfer states, and are distinguished by using two-digit numbers.

In memory-memory transfers, channel O is used for reading data from the source area, and channel 1 is
used for writing data inte the destination area. During the initial four states, data specified by the channel O ad-
dress is read from the memory when MEMR is made active, and is taken in the MSMB2C37A-5 tarmporary register.
Then during the latter four states, the data in the temporary ragister is written in the address specified by channel
1. This complates the transfer of one byte of data. With channel 0 and channel 1 addresses subsequently n-
cremented {or decramentad] by 1, and channel 0, 1 word count decremanted by 1, this operation is repeated.
The transfer is terminated when the word count reaches FFFF{H] from OQO0Q{H), or when an EDP input is applied
from an external source, Note that there is no DACK output signal during this transfer.

The following preparations in programming are requiring to enabte memory-memory transfers to be started.

COMMAND REGISTER SETTING

Memory-mernory transfers are gnabled by setting bit 3. Channel 0 address can be held for all transfers by
satting bit 1. This setting can be used to enable 1-werd contents of the source area to be written into the entire
destination area.

MODE REGISTER SETTING

The transfer type destination is disregarded in channels 0 and 1. Memory-memory transfers are always axecuted
in block transfer mode.,

REQUEST REGISTER SETTING

Memory-mnemary transfers are started by setting the channel O reguest bat,

MASK REGISTER SETTING

Mask bits for all channels are set to prevent selection of any other channgl apart from channel 0.

WORD COUNT REGISTER SETTING

The channel 1 word caunt is validated, while the channel 0 word ¢ount is disregarded.
In order to autoinitiatize both channels, it is necessary 10 write the same valugs into bath word cOUNT registers.
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DESCRIPTION OF OPERATION MODES

SINGLE TRANSFER MODE

Irt single transfer mode, anly one word is transferred, and the addresses are incremented (or decremented)
by 1 while the word count is decremented by 1. The HRQ is then changed to low lavel to return the bus contro)
to the CPU. If DREQ remains active after completion of a transfer, the HRQ is changed to low level. After the
HLDA is changed to low level by the CPU, and then changes the HRQ back to high level to commence a fresh
DMA cycle. For this reason, a maching cycla can be inserted batween OMA cycles by the CPU.

BLOCK TRANSFER MODE

Once 2 DMA. transfer is started in block mode, the tramsfar is continued until terminal count {TC) status is
reached,

If DREQ remains active until DACK, becomes active, the DMA transfer is continued even if DREQ becomes
inactive.

DEMAND TRANSFER MODE

The DMA transfer is continued in demand transfer mode untiL DREQ is no longer active, or until TC status is
reached. _

During a DMA transfer, intsrmediate address and word count valugs are held in the current address and current
waord count registers. Consequently, if the DMA transfer is suspended as a result of DAEQ becoring inactive before
TC status is resched, and the DREQ for that channel is then made active again, the susgendsd DMA transfer is
rasumed.

CASCADE TRANSFER MDDE
Wien DMA transfers involving more than four channels are required, connecting & multiple number of

MSMBZC3I7 A5 devices in 2 cascade connection lses Figure 2] enables a simple systern extension. This mode is set
by setting the first stage MSMB2C37 A5 channel to cascade mode. The DREQ and DACK lines for the first stage
MSMB2CI7 A5 charmel set to cascade mode are connected te the HRQ and HLDA lines of the respective
MSMBZC3TAS devices in the second stage. The first stage MSMB2C37 A5 DACK signal must be set to active-high,
and the DREQ signal to active-dow.

Since the first stage MSMB2C37A-5 is only used functionally in determining the order of priority of each
channel when cascads mods is set, only DREQ and DACK are wsed — all other inputs are disregarded. And since the
system may be hung up if the DMA trangfer is activated by software DREQ, do not set a software DREQ for channels
where cascade mods has besn set.

In addition ta the dual stage castade connection shown in Figure 2, triple stage cascade connections are possible
with the second stage als0 set o cascade mode.

a
DRED .
0~3 [
(4]
DACK| 4
0-3
R:
cPu HRO DREQ HRQ
DACK HLDA
HLDA
DREQ] HRQ
DACK HLDA
DREC 4
Stage 1 0-3
MSMB2CITA-5 1o
4
DACK Z
0~3
Stage 2
MEMB20IT7A-D
Fig. 2 MSMB2C37A 5 cascade connection system
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AUTOINITIALIZE MODE

Setting bit 4 of the mods register enables autcinitialization of that channel. Following TC generation, au-
toinitialize involves writing of the base address and the base word count register values in the respactive current
address and current word count registers. The same values as in the current registers are written in the base
ragisters by the CPL), and are not changed during OMA transfers,

When a channel has been set to autoinitialize, that channel may be used in & second transfer without invalving
the CPLU and without the mask bit being reset after the TC generation,

PRIORITY MODES _
The MSMB2C37A-5 makes use of two grierity decision modes, and acknowledges the DMA channal of highest
priority among the DMA requesting channals,

FIXED PRIORITY MODE
In fixed priority mode, channel O has the highest prigrity, followed by channel 1,2 and 3 in that order.

ROTATING PRIORITY MODE

In rotating priority mode, the order of priority is changed so that the channel where the current DMA transfer
has been completed is given lowest priority. This is to prevent any one channel from monapslizing the systam.
Tha fixed priority iz regained immediately after resetting.

Tabla 1 MSMB2C 3745 priority decision modas

Priarity mode Fixed Rotating
Service tarminated channel - CHO CHt CH2 CH3
Highast CHO CHY CHZ CH3 CHO
Order of priority CHt CH2 CH3 CHO CH1
for next DMA CH2 CH3 CHG CcH1 CHZ

Lowest ) CH3 CHD CH1 CH2 CH3

COMPRESSED TIMING

Setting the MSMEB2CI7A-5 to comprassed timing mode enables the 53 state usad in extension of the read pulse
access time to be omitted {if permitted by system strugturg) for two or three clock cycle DMA transfers. If the 853
state is omittsd, the read pulse widih becomes the same as the write puise width with the agdress updated in 52
and the read or write operation executed in 54. This mode is disregarded if the transfer is a memory-memory transfer.
transfer.

EXTENDED WRITING

When this mode is set, the JOW or MEMW signal which normally appears during the 53 state is obtained during
the 52 statz, thereby extending the writs pulse width. The purpose of this sxtended write pulse is to enable the
systern to accomodate memories and 1/Q devices where the access time is slowar, Although the pulse width can
alsa be extended by using READY, that involves the insertion of a SW state 10 increase the number of states.
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DESCRIPTION OF INTERNAL REGISTERS,

CURRENT ADDRESS REGISTER

Each channgl is equipped with a 16-bit leng current address register where the transfer address is held during
DMA trensfars. The register valuz is incremented {or decremented) in sach DMA cycle. Although this register is
16 bits long, the CPY is accessed by the MEMB2C3ITA-5 eight bits at a time, therefore necessitating two succassiva
g-bit {lower and highar order bits} reading or writing operations using intemnal first/last flip-flops,

When autoinitialize has been set, the register is automegtically initialized to tha original value after TC,

CURRENT WORD COUNT REGISTER

Each channel is also equipped with a 16 bit-long current word count ragister where the transfer count is
held during DMA transfars. The register value is decremented In each DMA cycle. When the word count value
reaches FFFF{H) from QOQOQIH}, a TC is generated. Therefore, a word count vaue which is one less than the
actual number of transfers must be set.

Since this register is also 16 bits long, it is accessed by first/last flip-flops control in the same way as the address
register. And if autoinitialize has been sat, the register is automatically initialized 1o the original value after TC,

BASE ADDRESS REGISTER AND BASE WORD COUNT REGISTER

Each channel is equipped with a 16-bit long base address register and base word count register where the
initial value of each current register is held. The same values are written in each base register and the current
ragister by the CFU. The contents of the current register can be made ready by the CPU, but the content of the
base register cannot be read.

COMMAND REGISTER

This B-bit write-Only register prescribes DMA operations for 2ll MSMB2C37A-5 channels. An outline of al! bits
is given in Figure 3. When the controller is disabled by setting DB2, there is no HRQ output sven if DMA request is
active.

DREQ and DACK signals may be active high or active low by setting DB6 and DB7.

Ge7? | bBé | DB5 | DE4 | 0OB3 | DB2 | DB1 DEG

I {0 : Memory -mamory transfer disabled

1 : Memory-memory transfer enabled

{U . Channel 0 address hold disabled

1: Channel 0 address hold enabled
lirwalid when DBO = 01

0: Controller gnabled

1 : Controller disatled

0: Normal timing

1: Compressed timing
Urwvalid when DBO = ~“17)

0 : Fined priority

1. Rotating priarity

0 : Normal write pulse width

1: Extended write putse widthk

0 : DREQ sense active "H'"
1: DREQ sense active “'L"

0: DACK sense active "L"

Fig. 3 Command register 1: DACK sense active "'H"
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Each channal is equipped with a 6-bit write-only mode register, which is decided by setting DBO, DB1 which
channel is 10 be written when writing from the CPU is programming status. The bit description is cutlined in Figure 4.

This register is not cleared by Reset or Master Clear instruction.

DB7 DB6

oBs

oB4

DB3

DB2 | OB1 DBO

Fip. 4 Muode registar

00 : Channel G selected

01

: Channel 1 selected

10 : Channel 2 selected

11

: Channel 3 selected

{

G0 : Verify transfar
01 : Write transfar

10 : Read transfer

11 : Disabled

UInvalid when OB&-DB7 = "11")

0 : Aute initialize dissbled
1 : Autc initialize enabled

0 : Address increment {+1} selected
1 : Address decrement |—1} selectad

00 : Demand transfer mode selected
01 : Single wansfer mode selectad
10 : Block transfer mode selected

11 : Cascade mode selacted

REQUEST REGISTER

in additien to using the DREQ signal, the MSMB2C37A-5 can request DMA transfers by software means.
This involves setting the request bit of requast register. Each channel has a corresponding request bit in the re-
quest register, and the arder of priority of these bits is determined by the priority decision circuit irrespective of

the mask register. OMA transfers are acknowledged in accordance with the decided order of priority.

All request bits are reset when tha TC is reached, and when the request bit of a certain channel has been
received, all other request bits are cleared. When a memory-memaory transfer is commenced, the channel O re-
quest bit is set. The bit description is outlined in Figure 5.

D87 | DBB

DB5

DB4

DEB3

DEZ | DB1 DEY

Fig.5 Requast register

an
1 Channei 1 selscted
10
. Channe} 3 selected

01

11

{5

Channel 0 selected

Channel 2 selactad

: Request bit cleared
: Request bit sat

Not used
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MASK REGISTER

This register is wsed in disabling and enabling of DMA transfars in each channel., Each channel includes a
corresponding mask bit in the mask register, and each kit is set when the TC is reached if not in autoinitialize mode.
This mask registar can be set in two different ways.

The muthod for setting/resetting the register for each channel is cuttined in Figure &{al, while the methed for
seiting/resetting the register for all channels at once is outlined in Figure 6{b).

DB? DB6 DBS | DB4 | DB3 DB2 DE1 DBO

[00 » Channel 0 selected
101 : Channel 1 setacted

1G : Channel 2 selected
11 : Channel 3 sglected

{0 : Mask bit cleared
1 : Mask bit set

Mot used
fa) Single mask register {setting/resetting for each channel!
DB7 DB& OB5 DB4 CB3 na2 D81 DBO
l { 0 : Channel 0 mask bit cleared
1 : Channel O mask bit set

[D : Channel 1 mask bit cleared
1 : Channel | mask bit set

{U ; Channe! 2 mask bit clgared
1 : Channel 2 mask bit sat

{0 : Channel 3 mask bit ¢leared
1 : Channel 3 mask bit set

Mot used

ib) Al mask register (setting/resetting of all channgls at once}

Fig. & Mask registar
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STATUS REGISTER

This register is a read-only register used in CPU reading of the MSM&2C37A-5 status. The four higher order
bits indicate the DMA transfer request status for each channel, *1° being sat when the DRECQ input signal is active.

The four lower order bits indicate whether the corresponding chanael has reached the TC or not,” 1 being
set when the TC status is reached. These four lower order bits ara reset by status registar reading, or RESET input
and master clearing. A description of each bit is autlined in Figure 7,

DE7 | DB& DES | DB4 | DB3 DB2 | D8t DB

0 : Channel O has not reached TC
{1 : Channel O has reached TC

D : Channel 1 has not reached TC
1: Channel 1 has reached TC

0: Channal 2 has not reached TC
1: Channel 2 has reached TC.

1: Channel 3 bas reached TC

0 : Channel 0 is not regjuesting
1: Channel O is requesting

0 Channgl 1 is not requesting
1: Channel 1 is requesting

0 : Channel 2 s not requesting
1 : Channel 2 is requesting

0: Channgl 3 is not requeasting
1: Channel 3 js requesting

{
{
{
(0o v e T
{
{
{
{

Fig. ¥ Status ragister

TEMPORARY REGISTER
The tempuorary register is a register where transfer data is held temporarily during memory-memaory transfers.

Since the {sst item of data 10 be transferred is held after complation of the transfer, this item can be read by the
chu.

SOFTWARE COMMAND

The MSMB2C37A-5 is equipped with software commands for executing special oparations to ensure proper
programming. Software command is irrespective of data bus contents.

CLEAR FIRST/LAST FLIP-FLOP

16-bit address and word count registers are read ar written in two consecutive operations invelving sight
bits each {higher and lower order bits} under data bus port control. The fact that the lower order bits are ac_cessed
first by the MSMB2C37A-5, followed by accessing of the higher order bits, is discerned by the internal f|rs_taflast
fiip-flop. This command resets the first/last flip-flop with the eight lower arder bits being accessed immediately
after execution.
MASTER CLEAR

The same operation as when the hardware RESET input is applied, This command clears the contants of
the command, status {for lower order bits), request, and temparary registers, alsc clears the first/last flip-fiop,
-and sets the mask register. This command is followed by an idle cycle.

CLEAR MASK REGISTER
When this command is executed, the mask bits far all channels are cleared 10 anable reception of DMA transfers.
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PROGRAMMING

The MSMB2C37A-5 is switched to programming status when the HLDA input and CS are both at low level. In
this state, TOR s changed o low level with TOW held at high level to enable reading by the CPL, or else TOW is

changed 1o low level whilg 1OR is held at high leval to enable writing by the CPLU.

A list of command codes for reading fram the MSME2C37A-5 & given in Table 2, and a list of command codes

for writing in the MSM@2C37A-5 is givan Table 3.

Note: Hf a DMA transfer request s received from an 1/0 device during MSMB2C37A-6 programming, that DMA

transfer may be commenced 1o prevent proper programming.

To prevent this interfarence, the DMA channel must be masked, or the controller disablad by the command

register, or the system set so 65 to pravent DREC becoming active during the programming.

Table 2 List of MSME2C37A-5 read commands

Internal
CS |IOR} A3 | AZ | A1 | AD first/tast Read out data
flip/flop
| )
o i] ) [+] o o} o Current address 8 lower order bits
cloflo]o]o|o 1 register 8 higher order bits
Ch 10
0 1] ] ] o 1 0 Current ward count 8 lower order bits
0 0 o 0 0 i 1 register 8 higher arder bits
1] 1 | i
0 [+ o a o Current address 8 lower arder bits
st
o jo|lo|e|1|o 1 register 8 higher oroer bits
Channel 1
. 1 i
] o ] ] 1 1 a] Current word count 8 lower arder bits
olololof 1| 1 register 8 higher order bits
[} 1] 0 1 1] 4] o Current addres 8 lower order bits
o|lo|o{1]a]o0 1 register 8 higher order bits
Channal 2
[¢] o ] 1 1] 1 o Current word count 8 lower arder bits
oo | o |1 |o |1 1 register 8 higher arder bits
. .
0 Q o} 1 1 14 1] Current address 8 lower arder bits
o lolojt]|1]o 1 register 8 higher order bits
Channel 3
1 .
1} Qo 0 1 1 o Current word count B tawer arder bits
ole|lol v 1| 1 register 2 higher order bits
0 0 1 4] 1] ] X Status register
0 1] 1 i 0 1} X Temporary register
a a Other combinations X Qutput data invalid
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Table 3 List of MSMB2C37A-5 write commands
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_ Internal
CS | oW | A3 | AZ | A1 | A0 firstflast Written data
fhip-fiop

0 0 0 o a a a Current snd bse B lower order bits

olo|loje| oo 1 address registers 8 higher order bits
Channa! O

n] o 1] ] 1] 1 v] Current and base 8 lower order bits

1 regist

o |lo|o]o]|aln 1 WOrD COUNt registers | o . igher order bits

1] a 0 o 1 Q o Current and base 8 tower order bits

a o 0 4] 1 Q 1 adaress ragisters 8 higher order bits
Channet 1

0 aQ 0 ] 1 ] ¥ Current and base 8 lower order bits

ol o | aio]| s |1 ' word CoUnt rRQISars | 5 o her arder bits

0 4] 1] 1 Q- ¢ 0 Current and base 8 lower order bits

ojo|o|1]|ofe 1 acdress registers 8 higher order bits
Channel 2

0 0 0 1 i} H Q Currant and base 2 lower order Dhits

o lo|ol1]o ] 1 word Count registers | g ioher arder bits

o Q 4] 1 t ¢ c Current and 8 lower order bits

] Q (] 1 L] Q 1 addrass registers 8 higher order bits
Channel 3

1 1 . | i

o 0 ] 1 ] Current and base 8 lower ordar bits

o loflol| 1| | ! word count 1egiSters | g 1 oher order bits

0 0 1 1] o] L] X Command register

a 1] 1 1] v} 1 .4 Request register

1] 0 1 4] 1 0 X Single mask registar

o ] 1 o 1 1 X Mode register

o 0 1 1 0 0 X Clear firstflast fiip-flop (software command}

¢] 0 1 t 1] 1 X Master clear {software command}

1] 0 1 1 1 0 X Clear mask‘lragister {software command)

o 0 1 1 1 1 X All mask register
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MSM82C43RS/GS

INPUT/OUTPUT PORT EXPANDER

GENERAL DESCRIPTION

The MSMB2C43 is an input/output port expander device based on 34 silicon gate CMOS technology and design-

ed to operate at low pawer consumption levels.

ln systams employing the MSMB0CA8/49 B-bit 1-chip microcomputers, 4-bit data can be expandad by dividing
betwean four 10 lines by executing the MOVDPp. A, MOVDA, Pp, ANLDPp, A and ORLDPp, A instruttions,

FEATURES

® 3y silicon gate CMOS technology for low power

cansumgtion

*285 tw 6 V single power supply Idependeht on
MSMBOC 48/49 operating frequency .}

& Fully static operatio

n

#+ Bidirectional 1/Q ports

® TYL compatible Iports 4 thru 7}

® F-pin DIP {MSMB2CA3RS)

# 24.pin flat package {(MSMB2C43GS)

» Functional compatibility with Inta! iB243

PORT 2 <“I> Mux

PRQG ———pe] CONTROL

& ]

o

ADDAESS
CECOOER

FUNCTIONAL BLOCK DIAGRAM

IHSTALE.

DECODER

LATCH

4 POAT 4

INPUT
BUFFER

LATCH

!

4 PORT &

%H
U@

AMDDA
LOG IS

HESET
CIRCLHT

a4

INPLIT
BUFFER

-l\ LATGH

q PORT &

NPy
BUFFER

LATCH

PORT ¥

INAUT
BUFFER

=t =)

PIN CONFIGURATION

MEME2CAIAS (Top View] 24 Land Platic DIF

WGNEZCAZOS (Tog View! 24 Lead Plastic Eixi Package

Psoc:p M T ven
peo={z f] i L]
Pa1— 1 2——p52
PazCa ] =124
[E]— ] b ==Y
[l e 3 [k | =T 1]
pROGE—]7 13— re2
(=== L —1
FF—} [ =—"T3
P10 (b =15}
PO N HE=rn
GNo—]12 13E=rmn
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ELECTRIC CHARACTERISTICS

» Absoluts Maximum Ratings

w I/O-MSM82C43RS/GS =

Parameter Symbol Conditions Rating Unit
Supply Vottage Vec Ta = 26°C —0.5 ~ 7 v
Input Veltage vy Ta=25°C -0.3 ~ Ve v
Storage Temperature Tstg - —~B5~ +150 *C
o Oparating Conditions
Farameter Symbol Conditians Rating Unit
Supgly Voltage Veo - 25~g"1 v
Ambient Temperature Ta - —40 ~ +85 °C
Fanut N MOS load 10 -
TTL lasd 3'2 -
» DC Charucteristics Vgg + 4.0V ~ 6.0V, Ta = -40°C ~ +85°C)
-Parameter Symbol Conditions MIN TYP | MAX Unit
v
"L Input Valtage VL -05 = 13vcg v
“H" Input Voltage Vi C.4vee - Voo :
“L" Qutput Valtage Parts 4-7 Vor1 loL = 5mA - - 045 v
“L" Qutput Valtage Port 7 VoLz gy = 20mA — - 1 v
"L" Gutput Voltege Port 2 Vous lo =0.9mA - - 045 v
L Total Cutput Current from Ports 4-7 73 loL BmAfIPIN - - 80 mA
"H" Qutput Voltage Parts 4-7 Vad1 IgH = -240uA  |0.¥5Ve| - - A
“H" Output Voltage Port 2 Vou2 IgH = -100uA  |0.7BVep| - — v
"H™ Dutput Voltage Ports 4-7 VoH 10H = —40uA 083V — — v
"H™ Cutput Voltage Port 2 YoHz lgH = =20pA  [0.93Veo] - - W
Input Leak Current”3 Lt | 02vinsEvee | 10 - 20 HA
Input Leak Current B 2 05 vin S Voo -10 - to nA
Nouceasing | = | 5 | 100 | wA
Power Supply Current lcc For continuous
MSMBOCAD access- - 1 2 mA
ing at 11 MHz

NOTE: *1 The supply voltage during operation is dependent on MEMBQCA0 oparating frequency.

*2  Except P20 thru P23.

*3 P40 thru P43, PSO thru PS3, PGO thru PE3, P70 thru P73,

*4 P70 theu P73,
*5 P20 thru P23.
"6 P20 thru P23, C§, PROG,
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# AC Characteristics (Voo = 4.0V ~ 6.0V, Ta= —40°C ~ +85°C)
Parameter Symbol Canditions MinN MAX Unit
Port Control Setting Time {up to PROG Faliing Edge} A BOpF LOAD 50 — ns
Part Controt Holding Time {From PROG Falling Edgel 18 20pF LOAD 60 — ns
Qutput Data Setting Time e BOpF LOAD 200 — ns
Output Data Holding Time - D 20pF LOAD 20 - [}
Input Data Helding Time tH 20pF LOAD Q 150 ns
PROG Pulse Width : tK - 700 | — ns
CS Vatid Time {before and after PROG) cs - 50 - ns
Output Data Vatid Time {at Ports 4—7) tpo 100pF LOAD - 700 ns
Input Data Holding Time 2t Ports 4—71 e - 100 - ns
Input Data Yalid Time {from PROG Falling Edge) tACC B0pF LOAD - 650 ns

TIMING CHART

PROG

T

= D

P20 thru P23

Iwhen writingl DATA FLOAT

INSTRUCTION

tTACC

P20 thru P23 y
twhen reading) INSTRUCTION \ OUTPUT DATA

’ 1O

P40 thru P43

:
P70 thru P73
lwhen writing)

PREVIOUS OUTPUT DATA OUTPUT DATA

tL Pt 1Py

P40 thru P43

! PUT 1]
P70 thru P73 INPUT VAL

{when reading)

tcs ics

_— I N
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PIN FUNCTIONS
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Pin Function
PROG Clock input from MSMB0C49. Whan PROG ischangsd from “H' to "L"", MSMB2C43 STARTS
operating in accordance with an order from MSME0CAS.
<5 tnput for chig select. Outputs and internal status cannot be changed when TS is “H".
P20 — P23 4-bit bidirectional 1/0 ports. When connected to P20 thru P23 of MSMBOCA4S, direct data
transfer from part to accumuiator and from accumulator to port is possible.
:g _ :;; 4-blt bidirectionsi 1/Q ports.
P60 — P63 Data is Jatched statistically when output to ports, but is onby valid while PROG is at “'L" level
P70 — P73 when input.
veeo +8Y power supply
GND GROUND
FUNCTIONS
* Write made

Execution of MOVOPp, &, ORLDPp, A, ANLDPp,
and A by MEMBOCAD enables direct output of accu-
mulator contents 1o ports 4 thru 7, and output to the
ports after ORing or ANDing with port data. The
part data is latched statistically at this time and

level. When at "H" level, ports 4 thru 7 are switched

to tristate and port 2 is switched to input made,

« Address and instruction code

remains unchanged until execution of the next instruc- Instruction P23 P22 Port P21 P20
tion. Read o 0 Port4 | 0 o0
« Read moda Write 0 1 Part 5 O 1
Execution of MOVDA and Pp resuits in data of ports oR 1 o Port 6 1 o
4 thru 7 being accepted by the accumulator. Note .
that port data is valid only while PROG is at "L" AND 1 1 Port 7 1 '
* MEMEB2C43 Multipl i ph
|
Al
[
3]
w
-
w o o —
PORT “’ cs s cs
PROG PROG PROG
@ _ P20 __ P20 P2)
(o] —P23 —-P23 —P23
8
Z PROG
=
P20
P23
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OUTPUT CHARACTERISTICS

» Standard OC characteristics

228

# Stancdard AC characteristics

Cutput “H" voltage {VoR! va. output current {IgH!} tPO. tH, and ta oo VS, power supply voltage (Vo)
Ta = 40 ~ +85°C Ta = 25°C
35 B ]
z P 700
F
L ] 800 B
B 3 =
._g- £ s00
I
- £
T o 400 \
s ! S 1ACC
2 = 300 50
5 0 %
© 2 200
0 1 -2 -3 -4 -5 :
QOutput current | (mA}
OH 100 -
H
0
3 5 &
- Power supply voltage {Voct
Output “L* voitage (VL) vs. output current (g )
Ta = =40 ~ +85°C
E L3
-
c 4
>
$
:g 2
&
§ 1
[,
- a1
3 o —
0 -1 -2 -3 -4 -5

Output current Ig) (mA}

Operating frequency vs, powar supply voltage Hige)

Pawer supply current Igg (mA}

0

Ta=26"C

d

3 [+ 1
MSMB0C49 aperating frequency {MHz}

/ Vce = 4.5V ~ 5.5V

Mote: The direction which the outpu‘t current flows
through the device is taken as the positive dirgc-
tion.
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GUARANTEED MSMB2C43 OPERATING RANGE

H Ta = —40 ~ +86°C !

fe—Guaranteed oparating range ——s]

- MSMB0C49 operating range (MHz)

Power supply voltags (Vog)
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OX X semiconductor
MSM82C51ARS/GS

UNIVERSAL SYNCHRONOUS ASYNCHRONOUS RECEIVER TRANSMITTER

GENERAL DESCRIPTION

The MSM82C51A is a USART {Universal Syachronous Asynchronous Receiver Transmitter} for serial data
communication.

As a peripheral device of a microcomputer systern the MSMB2C51A receives parallet data from the CPU
andgl transmits serial data after conversion. This device also receives serial data from the outside and transmits
paraliel data to the CPU after conversion.

The MSMB2CE51A configures a fully static circuit using siticon gate CMOS technology. Therefore, it oper-
ates on extremely low power at 100 pA {max} of standby current by suspending all operations.

FEATURES

* Wide power supply voltage range from 3 WV to B V, ® Error datection {parity, overrun and framing)
* Wide temperature range from —40°C to 86°C. « 28-pin GIP (MSMB2CS1ARS}

« Synchronous communication upto B4K baud, » 32.pin flat package lMSMB‘)Cﬂ AGS)

& Agynchronous communication upte 384K baud,
& Transmitting/receiving operstions under double buf-
fered configuration,

FUNCTIONAL BLOCK DIAGRAM

DATA TRANSMIT
Dy—0y BUS BUFFER | & TxD
BUFFER R=5)

RESET — i} TxAOY
CLK —m = Tx
p FIEAD/WRIT TRANSMIT
C/D ——=] CONTROL w CONTRGL |— T+E
=
=1 o LOGIC o =
bl - bl f—— Tl
WR ——=g W
— s
= @
o
<L
=
’ E RECEIVE
OTA -——o MODEM Z
TS ——wd CONTROL = B;Fifn R=0
RTS w— 4

| —» RxRDY

»] RECEIVE
CONTROL

L‘ le——» SYNDET/BOD

j+——— AxT
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PIN CONFIGURATION

m 1/0-MSM82C51ARS/GS

o2[3] ~
os(2]
HxDE
GNOE
o (]

o2[1]
pa[Z]
Rx0[3]
w.c[3]
ann(s]

pal6
osfs
d os[7]
067 o[
D?E o:-'E
e (3] TC[1
WR,
wa o] I
= [E:
&[] e
c/of2) c/o[ia]
(i3] RD 5}
ﬂxRDYE AxRDY 16}
MSMB2C51ARS {Top View) MSMB2CE1AGS (Top View)
28 Lead Plastic DIP 32 Lead PMastic Flat Package
FUNCTION by setting a necessary command, reading s status and
reading/writing data,
Outline -

The MSM82CE1A's functional configuration is

programed by software.

Operation betwesen the MSMB2CS51 A ang a CPU
is executed by program control. Table 1 shows the oper-
ation between a CPU and the device.

Toble 1 Cperstion between MSMB2CS14 and CPU

T3 |[cid |RD | Wi

1 x X X Data bus 3-state

0 x 1 1 Data bus 3-state

0 t 0 1 Status +CPU

[} L 1 0 Control word +— CPU
4] o o 1 Data = CPU

0 Q 1 ] Data < CPU

It is necessary to exacute a function-setting se-
quence after resetting the MSMB2C51A, Fig. 1 shows
the function-setting seguence.

If tha function was ser, the device is ready to
receive a command, thus enabling the transfer of data.

Fig. 1 Function-Setting Saquance
{Mode tnstruction Sequence}
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Caontrol Words

i.
2,

n

There are twa types of control word,
Made instruction isetting of function)
Command {setting of operation)

Maode Instruction

Mode instruction is used for setting the func-
tion of the MSMBZC514A. Mode instruction will be
in “‘wait for write’’ at either internal raset or x-
ternal reset. That is, the writing of a control word
after resetting will be recognized as a “"'mode in-
struction.”’

Iterns set by mode instruction are as follows:

# Synchranous/asynchronous madge

® Stop bit length {asynchronaus mode)
* Character length
» Parity bit
» Baud rare factor lasynchronous mode}
* [nternalfexternal synchronization {synchronous
maode)
® No. of synchronous characters {synchronous
mode}
The bit configurstion of mode instruction
i shawn in Fig."s 2 and 3. In the case of synchro-
nous mode, it is NECEsSErY 1O Write One- or two-
byte sync characters.
If sync characters were written, a function
will be set bacause the writing of syne characters
constitutes part of mode instruction.

Dy

Dg

D4 Dy Cs Dy D3 Dy

Sa Sy EF

Bz

By

Baud rate factor

7] 1 0 1
0 a 1 ]
Refer to
Fig. 3 1x 16x Bdx
SYNC

Character length

G 1 0 1
0 .0 ¥ 1
5 bits | & bits 7 bits | 8 bits
Parity check
0 1 0 1
0 0 1 1
. Odd . Even
{Oisable parity Disable parity

Stop bit length

o 1 o 1
] 1 1
tahibit ¥ bit | 1.5bits | 2 bits
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Fig. 2 Bit Configuration of Mods Instruction {Asynchrnous)
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D Dy Ds Dy D3y Dy

Do

scs | ESD | EP | PEN| Ly | Ly

Character langth

- \] 1 o 1

o ] 1 1

Sbits | 6 bits 7 bits B bits

Parity
0 ' 0 1
o a 1 1
. Odd . Even
Disabte parity | Disable parity

Synchronous Mode

0 1

Internal | E xternal
synchro-] synchro
nization | nization

No. of synchronous sharacters

] 1

2 char- | 1 char-
acters acter

2}

Fig. 3 Bit Configuration of Mods Instruction {Synchronous}

Command

Command is used for setting the operation
of tha MSM82C514,

It is possible to write a command whenever
necessary after writing a made instruction and
sync characters.

items to be set by command are as follows:
& Transmit Enable/Disatle

# Receive Enable/Disable
= OTR, RTS Output of data.

» Resetting of error flag.
» Sending of braak characters
@ Internal resetting
# Hunt mode {synchronous mode)
The bit configuration of a command is shown
in Fig, 4,
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Dq

Dy

D3

Dz

Do

EH

RTS

ER

SERK

RxE

DTR

TxEN

1....Transmit Enabia
0....Disable

DTR
1=+DTR =0

o—+DOTR =1

..Receive Enable

—y

0....Disable

1....5end break

h

O....Normal operation|

1....Raset vrror

flag.
0....Normal operation|

RTS

1=+RT5=0
0—+RTS =1

-

...Internat reset

0....Normal opaeration

1....Hunt mode

(Note)

[Note)
0,...Nomal operation

Search modae for synchronous
characters in synchrongus made,
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Fig. 4 Bit Configuration of Command
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Status Word The bit configuration of stetus word is showh in
It is possible to see the intarnal status of MSM- Fig. 5.
82C5H1 A by reading » status word.

a8 Dy Dy Da D3 Dy D, Oy

psA SN2l ke | O | PE LT" Tx

Rx
MPTY| RDY | ADY

Partly cifferant from
TXRDY tarminal,
Refer to “Expiana-
tion of TXRDY
Terminal.

Same as terminal.,
Rafer 10 “Explana-
tion of Terminaly,

1....Parity error

1....0verrun error

. {Now} only asyn-
1....Framing error chrnous mode,
Stop bit cannot
be detected,

Shows tarminal DSA.
1..05R =~
0..DSR =1

Fig. 5 Bit Configuration of Status Word
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Stencby Status
It is possible to put the MSMB2C5 1A in “stand-
by status’™.
When the follawing conditions have been satis-
fied the MSMA2C51A is in *'standby status.”
{1} CS terminal is fixed at Voc lavel.
{2) [nput pins other than CS, Dg ta D7, RD,
WR and C/D are fixed at Ve or GND level
lincluding SYNDET in external syn-
chronous mode).
Note When all output currents are 0, ICCS
specification is applied.

Pin Descriptions

Dg to D7 (VO terminal)

This is bidirectional data bus which receive con-
trol words and transmits data from the CPU and sends
status words and received data to CPU.

RESET (Input terminal}

A '"High' on this input forces the MSMBZCH1A
inte “‘reset status.’’

The device waits for the writing of ''mode in-
struction.”

The min, reset width is six clock inputs during
the operating status of CLK.

CLK {lnput terminal}

CLK signal is used to generate internal device
timing. P

CLK signal is independent of RXC or TXC.

However, the frequency of CLK must be great-
er than 30 times the RXC and TXC at Synchronous
mode and Asynchronous *'x1'* mode, and must be
greater than 5 times a1 Asynchrongous “'x16" and
“*x64" made.

WR {Input terminal}

This is the “active fow'’ input terminal which
receives a signal for writing transmit data and con-
trol words from the CPU into the MSMB2C51A,

RD {Input terminal}

This is the "active low'’ input terminal which
receives a signal for reading receive data and status
words from the MSMBZCH1A.

/D {Input terminal)

This is an input terminal which receives a signat
for saelecting data or command words and status
words when the MSMB2CS1A is accessed by the
CPU, _

It C/D = low, data will be accessed.

If C/O = high, cormmand word or status word
will be accessed.

€5 {input terminall

This is the "active law'" input terminal which
selects the MSMB2CS14 at low level when the CPU
accesses.

Note The device won't be in "standby status’™;
anly setting C8 = High.
Refer to *‘Explanation of Standby Status.””
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TXD |Output terminal)

This is an output terminal for transmitting data
from which serial-converted data is sent out,

The device iz in *"'mark status” (high levell after
ragetting or during a status whaen transmit is disabled.

It is also possible to set the device in *'break sta-
tus” low ievel) by a command.

TXRDY (Qutput terminal}

This is an output terminad which indicates that the
MSMB82C51A is ready to accept a transmitted data
character. But the terminal is always at low level if CTS

high or tha device was set in "'TX disable status”™
by a command.

Note TXRDY status word indicates that trans-
mit data character is receivable, regardiess
of CTS or command.

If the CPU writes a data character, TXROY will be

reset by the leading adge or WH signal.

TXEMPTY {Output terminal}

This is an output terminal which indicates that the
MEMB2CS51A has transmitted all the characters and
had ne¢ data character.

In "*synchronous mode,”” the terminal is at high
level, if transmit data characters are no longer remain-
ing and sync characters are auvtomatically transmitted.

If the CPU writes a data character, TXEMPTY will
be reset by the leading edge of WR signal.

Note As the transmitter is disabled by setting

CTS “'High'' or cammand, data wtitten ba-
fare disable will be sent out. Then TXD and
THREMPTY will be “"High"".

Even if a data is written after disable, that
data is not sent cut and TXE will be
““High**. After the transmitter is snabled,
it sent out.

IRefer to Timing Chart of Transmitter Con-
trel and Flag Timing)

TXEC (Input terminatl)

This is a clock input signal which determings the
transfer speed of transmitted data.

In “*synchronous mode,” the baud rate will be the

, same as the fraquency of TXC.

In **asynchronous mode’’, it is possible 1o select
the baud rate factor by mode instruction.

It can be 1, 1416 or 1/64 the TXC,

The falling edge of TXC sifts the senal data out
of the MSMB2CBH1A.

RXD (Input terminall
This is & terminal which receives serial data.

RXRDY {Output terminal}

This is a termina! which indicates that the
MSME2CH1A contains a character that is ready to
READ.

If the CPU reads a data character, RXRDY will be
reset by the leading edge of RG signal.

Unless the CPLU reads a data character befare the
next one is received completely, the preceding data will
be lost. In such a case, an overrun errcr flag status word
will be set.
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AXC {Input terminal}

This is a clock input signal which determines the
transfer speed of received data. .

ln *“synchronous mode,”* the baud rate is the sams
as tha frequency of RXC.

In "asynchronous mode,” it is possible to select
the bauwd rate factor by mode instruction.

it can be 1, 1/16, 1/64 the RXC.

SYNDET/BD (Input or output terminall

Thiz is a terminal whose function changes accord-
ing to mode.

In ““internat synchronous mode,’” this terminal is
at high level, if sync characters are received and syn-
chronized. i a status word is read, the terminal will be
reset.

tn ""external synchronous mode,"’ this is an input
terminal.

A “'High'’ an this input forces the MSM82C51A
to start receiving data characters.

In **asynchronous made,” this is an output termi-
nal which generatas ‘'high level’’ output upon the de-
tection of & “'break’’ character if receiver data contains
a ""low-level’’ space batween the stop bits of two con-
tinuous characters. The terminal will be reset, if RXD
is at high tevel.

DSR (Input terminall

Thig is an input port for MODEM interface. The in-
put status of the terminat can be recognized by the CPU
reading status words.

DTR {Qutput tarminal)

This is an cutput port for MODEM interface. It is
possible to set the status of DTA by a command.

ETE (Input terminal)

This is an input terminal for MODEM interface
which is used for controlling a transmit circuit. The ter-
minal controls data transmission if the device is set in
“"TX Enable’’ status by & command. Data is transmita-
ble if the terminal is at low lavel.

RTS (Qutput terminal)
This is an output port for MODEM interface. It is
possible to set the status of RTS by a command.
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ABSOLUTE MAXIMUM RATINGS

. Limits
Parameter Symbol Unit Conditions
MSMB2C51ARS | MSMB2CE1AGS
Power supply voltage vee 0.5 ~ +7 v
Input voliage ViN ~0.5~Veoo+05 v With respect to GND
Output voltage VouT 0.5~ Vee +0.5 v
Storage temperature Tsig -55 ~ 150 °c —
Power dissipation Po 09 0.7 w Ta=25'C
OPERATING RANGE
Parameter Symbal Limits Unit
Power supply voltaga Voo : 3~6 A
Operating temperature Top —40 ~ 85 °C
RECOMMENDED OPERATING CONDITIONS
Parametar Symbol Min, Typ. Max. Unit
Power supply voltaga veoo 4.5 5 5.5 v
'Operating termnperature Top 40 +25 +85 °c
“L* input voltage ViL -0.3 +0.8 v
“H" input voltage Vi 2.2 Ve + 0.3 v
DC CHARACTERISTICS
(Voo =45 ~ 556V Ta = -40°C ~ +85°C)
Parameter Symbol Min. Typ. Max, Unit Measurement Canditions
“L'* output voltage Voo 0.45% v loL = 2 mA
“H*" output voltaga VoH ay v IgH = —400 uA
Input lsak currant L -0 10 ub 0SVINE Ve
Qutput leak currant ILo -10 10 A 0 S Vour SVeo
i Agynchronous X64 during
Operating supply current leco ] mA transmitting/receiving
: AH input voltage shall be
ndby & ly current
Standby supply ‘ccs 10 A fixed at Vo or GND level.
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AC CHARACTERISTICS
{Vee =4.5~ 5,5V, Ta=-40 ~ 85°C)

CPU Bus Interface Part

= I/0-MSM82C51ARS/GS m

Parametar Symbol Min. Max Unit Remarks
Address stable before RD AR 20 NS Note 2
Address hald time for RD 1RA 20 NS Note 2
RD pulse width RA 250 NS
Data delay from RG tRD 200 NS
RD to data float t0F 10 100 NS
Recovery time between AD tRVR 6 Tey Note 5
Address stable before WR taw 20 NS Note 2
Address hold time for WR WA 20 NS MNote 2
WR pulse width Tww 250 NS
Data set-up time for WR oW 150 NS
Data hald time for WR WO 20 N5
Recovery time batween WH RV 6 Tey Mote 4
RESET pulse width IRESW Tey
Serisl Imerface Part
Paramerer Symbol Min. Max. Unit Remarks
Main clock period tey 250 NS Note 3
Clack low time ) 90 NS
Clock high time L' 1) toy—90 NS
Clock rise/ffall time tR.IE 20 NS
TXO delay from faiting adge of TXC toTX 1 us
Transmitter clock frequency | 1X Baud frx oc 54 kHz
16X, Baud fTx 0c 615 KHz Note 3
64X, Baud X oc 615 kHz
Transmitter clock low time | 1X Baud tTPW 13 Tey
16X, 64X Baud TPW 2 Tey
Transmitter clock high time | 1X Baud tren 15 Tey
16X, 63X Baud tTPD 3 Tey
fReceiver clock frequency 1X Baud fax oc 64 kHz
16X Baud tRx DC 615 kHz Note 3
64X Baud fRX oc 815 kHz
Receivar clock low time 1X Baud tRPW 13 Tey
168X, 64X Baud 1RPW 2 Tey
Receiver elock high time 1X Baud ki-T-Ta 16 Tey
16X, 64X Baud tRPD 3 Tey
Time fram the center of last bit to the rise 'TXRDY 8 Tey
of TXRDY
:;Trax :T:)"; the leading edge of WR to the fall 'TXADY CLEAR NS
Tima from the canter of last bit to tha risa tRXRADY 26 Tey
of AXRDY
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Parameter Symbol Min. Max Unit Remarks
Time from the leading edge of RD 1o the fail
of RXROY 'RXRDY CLEAR 400 NS
Inter_n'a_l S¥YNDET delay time from rising adge t 26 T
of RXC 15 had
SYNDET setup time for RXC 15 14 Tey
TXE delay time from the center of last bit tTXEMPTY Tey
MDODEM A controi signal delay time from rising g T
scige of WH we oy
MODEM control signal setup time for falfing 20 T
edge of AD 'cR ¥
RX D setup time for riging edge of RXC 1 T
{1X Baud) 'RXDS il
RXD hald time for falling adge of AXC 17
{1X Baud} RXDH Tey

Caution 1) AC characteristics are measured at 150 pF capacity load as an output load Dased of 0.B V at low
levet and 2.2 V at high level for output and 1.5 V for input.

2} Addresses are $5 and C/T.

31 frx or fRx S 1/30 Tey)
fry or frx = 1745 Teyl

4

1 x baud
16 x, 64 x Baud

This recovery time is mode initialization only. Recovery time between command writes for

Asynchronous Mode is 8 1oy and for Synchronous Mode is 18 1oy
Write Data is allowed only when TXRDY =1,

5

This recovery time is Status read only.

Read Data is allowed only when RXRDY = 1,

-]

TIMING CHART
Systam Clock Input

Status update can have a maximurmn delay of 28 clock periods from event affecting the status.

CLK

Teansmitter Clock and Data

Tal (1 =MODE) X f

J— !I\-—tu‘rx

— |—toTx

TeQ X
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Receiver Clock and Data
RxBALD COUNTER STARTS HERE)
LR _\‘_,_/ STAAT @41 yd CaTA BT Y oataar
I TRPD————~]
[ [P —— ‘H,w..__.___l
A {1 WMQCE) $ j‘ \
M e e 16 AxC 16aO0E |
AvC 11EMODE |
—-| EIL chv
AN T SAMPLING PULSE
~=
Write Data Cycle {CPU - USART)
TxROY / \h
] LTuRDY CLEAR
W
WR
WD
p——10W
L
DATA IN DON'T CARE y DON'T CARE
D, B.} 4 DATA STABLE "
_ AW Wwa
¢/ N V4
— —
e taw WA
s N\ l/
Read Data Cycle {CPU +- USART)
RxRDY / Y
“—=| \AxR DY CLEAR
\ l————tAA
A6 N _
— tAD —{ |w1tDF
DATA OGUT DATA FLOAT J DATA QUT ACTIVE DATA FLOAT
D.B) A P
- tAR RA
c/D
_ taR tRA
(v
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Write Control or Qutput Port Cych (CPU -~ USART)

TR.ATS X
1-—twc——{
tww
WR
)
ht—— DWW ——wta—s
L
DATA IN DON'T CARE — ~ DON'T CARE
(0B { oaTasTAsLE
TAW WA
c/D / \
FAW WA
& \ I,

Read Control or Input Port (CPU « USART)

DATA CHAR 1

A TA CHAR 2

DaTA CHAR 1

INote]  The wara-larm chin't is based on the casr ol 7 bit deta bngth + pacry bit + 2 stop Bi.

O5R.CTS )
|-—10Ft—~—"
\ S =1 2 8 .
RD g
—a tRD ——~ tOF
DAT,?DQE';' DATA FLOAT & DATA OUT ACTIVE DATA FLOAT
—-—I 1AR [— —»| tRA ‘-—
c/D F i ‘F
et LAR —— —»{ 1RA —
G \ Yy
Transmitter Controd and Flag Timing {ASYNC Mode)
ey pr——
¢ THEMPTY —u] |-_ s'—"—J
ITHEMPTY - 1 r. \
STATUS 817! i i A /
T:::II)':’] '1 /_‘{
1 o
W DATA T wv DATE 2 Wr DATA D Wr DATA 4
B s V| /) s 71
Wr SBRK
!

S o wag
DATA CHAR 4

START BIT
ETOR AIT

242




eve

Receiver Control and Flag Timing {ASYNC Mode)

EREAK DETECT X
FRAMING ERROA
ISTATUS BITH
OVERRUN ERAOR paTa
[STATUS BITI -—ﬁu-'—lﬂxnmr bcHaR 4
- 14 LOST
RaRDOY La
_ . Rd DATA
cb Y, i i - 7 71
__ WrRxEn Wr ERROR
TR AU g W g
_ f
R B vy 1 % j
R=DATA —\ noppntd™ nicooondt ’ /
DaTa DATA DATA
CHAR 1 CHAR 2 CHAR 3 - BREAK RxEn Err Res
“ »
Oduwl
S E
*» 4% =
Emzw
]

{Note} The wave-form chart is based on 1he case of 7 deta bit length + parity tet + 2 stop b,

# SH/SHYISOZEWSN-OA =
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Transmitter Control and Flag Timing {SYNC Mode)

(s -1
. b
TAEMFTY y k
TeADY
(5TATUS BIT) { f'
TxROY . “
PN — { y.

o AN A i L Y A i

Wi DATA Wr DATA Wir DATA Wr DATA Wi COMMAND  Wr GATA
CHARY CHARZ CHAR 3 CHAR & SBRK CHAR &
we i
SYNC MARKING SPACING MARK ING, SYNC
MARKING STATE CHAR 1 SYNC CHAR 2N, _ CHAR ETC
TxD

{Motel  The vave-farm chart is based on the cass gl & data bt [ength + parsty it and 2 synchronous characters.

# §9/SHYILSIZSAHSN O/ B




Receiver Control and Flag Timing (SYNC Mode)

SYNDET
IPING (Nate 1]

SYNMDET ISR}

OVYERRUN
ERROR (5SB!

RxRDY (FIN

[ofin]}

RxD

_ Nl

e . )

DATA. /
§ cham 2

LOST ?

- % I

; ; i |

Ad STATUS | weger A Rd STATUS
Twea / L INL s U N [
AxEn Rd DATA Rd DATA Rd SYNC W Eto i
_ CH-I‘\R 1 CHI»QR ] L I:HI»QR 1

A\ ./

, , 1'%

DON'T CARE

SYNC SYNG | DATA
CHAR 1 CHAR 2

P&R

P AR
CTHAR ASSY BEGINS . CHAR ASSY
L I hsmms

4 ExiT HUNT MoDE

SETSYNCOET EXIT HUNT MODE

SETSYNDET (STATUS BIT}
{Nobe §)  Internal synchraniZation o bated an the casst 01 5 dets bet lengeh + parity bit and 2 synchronous ¢harac ters

(Nare I} External synchronizahon 15 based on 1he case af 5 data bir length « parity bn

SET SYNDET {STATUS BITH
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MSM82C51A-2RS/GSUS

UNIVERSAL SYNCHRONOQUS ASYNCHRONOUS RECEIVER TRANSMITTER

GENERAL DESCRIPTION

The MSMB2CS51A is a USART (Universal Synchronous Asynchronous Receiver Transmitter) for serial data
communication.,

As a peripheral device of a microcomputer system, the MSMB82C51A receives parallel data from the CPU
and trensmits serial data after conversion. This device also receives serial data from the outside and transmits
parallel data ta the CPU after conversion.

The MSMB2C51A configures a fully static circuit using silicon gats CMQS technology. Therefore, it oper-
atas on extremely low power at 100 pA {max| of standby current by suspending all operations.

FEATURES

« Wide powar supply voltage range from 3 Vto 6 V, # Errar detection (parity, overrun and framing}
* Wide ternperature range from -40°C to B5°C. *28-pin DIP {MSM82C51A.2AS)

+ Synchronous cammunication upto 64K baud, ® 22-pin flat package IMSME2C51A-2GS)

® Agynchronpus communication upta 38.4K baud, * 28-pin PLCC [MSMB2C51A-245)

# Transmittingfreceiving operations undar double buf-
" fered configuration.

FUNCTIONAL BLOCK DIAGRAM

DATA 1_\ TRANSMIT
D;-Dq <:::> BUS BUFFER | » TuD
BUFFER 1% P=5}
3
¥
Hsgf: " = TxRDY
— READ/WRAIT TRANSMIT
¢/0 — CcoONTROL w CONTROL > TxE
s LOGIC o £ - —
EE—M — hl a— TxC
WA ————rini] t.:f,)
s — 2
-
<
P
[v] —-0 E
il et RECEIVE
DR =——q MODEM z BUFFER | aup
T8 — mq TONTROL i5-9)
RTS w-—¢
3
|- —= RxRADY
RECEIVE |, T
*1 CONTROL Rx
|.\__ - SYNDET/BD
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PIN CONFIGURATION
ol S e -
o) 2o olg
nuaz] [2g]ve aan[z]
GNDE Eﬁ n <[]
[= =1 (4]
o] o= ona ] ficagssd
[ | &
os[] EEs E + 3 = o
L os[:] 1 G
o] o oF hom
o] EGESET D}E Qg
=[] e { cer
WIE Enn :_:E heoue
EE ET-EMFT\" . CE ]7:‘0
_ _ t2 13 14 15 18 17 13 P
Anfi3] [te]svnueTraD ao ] e sunoetian < £z ] %
H““D"E 5| TRy R’HDVE E"'RDV = <
MSMB2CE1A-2RS {Top View} MSMA2C51A-2G5 (Top Visw) MSMB2C51A-2J8 {Top View)
28 Lead Ptastic DIP 32 Lead Plastic Flat Package 28 Plastic |eaded
Ghip Carrier
FUNCTION by setting a necessary command, reading & status and
reading/writing data.
Outline

The MSMB2C51A's funciional configuration is
programed by software.

Operation between the MSMB82C51A and a CPU
is executed by program control. Table 1 shows the oper-
ation betwseen a CPU and the device.

Extaroal reser
Wnite moda
iNSErUtTIcn
Asynchronous

Internal resey

Table 1 Oparation batwesn MSMEB2C51A and CPU
— puliiyaley — no
CS | C/D D | WR
1 X X X Data bus 3-state Character
o x 1 1 Data bus 3-state
Q 1 [+] 1 Status > CPU
0 1 1 0 Control word < CPU
0 0 | 1+ | pa-cru st charaster
[ 1 0 Data < CPU

- ang of mode

It is necessary 10 executs a function-setting se-
quence after resetting the MSM82C51A. Fig. 1 shows
the function-setting saquence.

If the function was set. the device is ready to Fig 1 Function-Setting Ssquence
receive a command, thus enabling the transfer of data. {Mode Instruction Ssgquance)
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Control Words

1.
2.

)]

Thara sra two types of control word,
Mode instruction {seiting of function)
Command (setting of operation)

Muode Instruction

Mode instruction is used for setting the func-
tion of the MSM82C514. Mode instruction will be
in *“wait for write’" at either internal reset or ex-
tarnat resat, That is, the writing of a control word
after resetting will be recognized as & “"mode in-
struction.””

Items set by mode instructicn are as follows;

# Synchronous/asynchronous mode

® 5tap bit length lasynchronous mode}
» Character leagth
» Parity bit
# Baud rate factor (asynchronous mode)
» Interngifexternsl synchronization lsynchronous
mode)
e No. of synchronous characters {synchronous
mode)
The bit configuration of mede instruction
i shown in Fig.’s 2 and 3. In the case of synchro-
nous mode, it is necessary 1 writd ong- or two-
byte sync characters.
If sync characters were written, a8 function
will be set because the writing of sync characters
constitutes part of mode instruction.

De Dg Dx [+ % D3 D

0y

Pg

52 Sl EFP PEN Ls Ly

By

By

Baud rata factor

— ] 1 ] 1
0 0 1 1
Refer 10
Fig. 3 % 16x B4x
SYNC

Character length

Q 1 0 1
0 0 1 1
5 bits B bits 7 bits | B bits

Parity chack

[+] 1 o 1

0 1] 1 1
: Cdd : Even
Disabla parity Disable parity

Stop bit length

Q 1 0 1

0 0 1 1
Inhibit 1bhit |1.5bits | 2 Dhits
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Do D Dg Dy D3 D; D Do
SCs ESD EP PEN L3 L Q 4]
Character length
o 1 ] 1
4] o 1 1
Shits | Ghits | This | 8bits
Parity
1] 1 o 1
1] 0 1 1
Oad . Even
Disatle parity Disable parity
Synchronous Mode
Q i
internal |External
synchro-| synchro-|
nizatian | nization
No. of synchronous sharacters
0 1
2char- | 1 char-
acters acar
Fig. 3 Bit Configuration of Mode (natr ISy nch )
2} Command * Receive Enable/Disable
Command is used for setting the operation « DOTR, RTS Qutput of data.

of the MSMB2CE14.

It is possible to write a command whenever
necessary after writing a mode instruction and
sync characters.

Iterns to be set by command are a5 follows:

* Transmit Enable/DHsakyle

= Resetting of error flag.
# Sending of hragk characters
@ Intarnal resetting
# Hunt moade {synchronous moda)
The bit configuration of a command is shown
in Fig. 4.
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Dy

Dg

Dg

Dy

D3

2]

0y

Dg

EH

RTS

ER

SBRK

RxE

DTR

TxEN

1.... Transmit Enable
0....Disable

DTR
1=+DTR =0

O0—=*DTR=1

1....Receive Enable

0....Disable
1....5end break
character.

Q... Mormal operation

1....Reset error

#lag.
Q....Normal operation

ATS
1>ATE=0

0—-RATS =1

1....Internal reset

0....Normal aperation

1....Hunt mode
{Note}

0....Nomal operation |}

iNotal Search mode for synchronous
characters in synchronous mode.
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Status Word The bit configuration of status word is shown in
It is possible to see the internsl status of MSM- Fig. 5.
B2CS1 A vy reading a status word,
O Dg Ds Dy Dy Oy D Oy
S¥YNDET Tx Rx T
OsR Mgy | FE | OE | PE LMPTY RDY | RDY

Partly different from
TXRDY tarminal.
Refer to “Explana-
tion of TXRDY
Terminal.

Same a5 terminal.
Refar to "Explana-
tion of Terminals.,

1....Parity error

1....Overrun error

1....Framing error

Shows terminal DSR,
1.05R =0
0...05R =1

{Note} only asyn-
chrnous mode.
Stop bit cannot
be detected.

Fig. 5 Bit Configuration of Status Word

251



a I/0-MSMB2C51A-2RS/GS/JS =

Standby Status
It is possible to put the MSMB2C51A in *'stand-
by status’.
When the following conditions have baen satis-
fied the MSMB2C514A is in “standby status.”
(1} TS terminal is fixed at Ve leval.
{2} Input pins other than CS. Do to Dy, R,
WH and C/D are fixed at Voo or GND leve)
{including SYNDET in external syn-
chrongus modal.
Note When all output currents are O, 1CCS
specification is applied.

Pin Description
Dg to Dy (O terminal}
This is bidirectional data bus which receive con-

trol words and transmits data from the CPU and sends
status words and received data to CPU.

RESET {Ilnput terminall

A High'' on this input forces the MSMB2CS1A
into “‘reset status.”’

The device waits for the writing of *‘mode in-
struction.””

The min. reset width is six clock inputs during
the operating status of CLK.

CLK {Input terminal

CLK signal is used to generate internal davice
timing. I

CLK signal is independant of RXC or TXC.

Hawever, the frequency of CLK must be great-
er than 3C timas the RXC and TXC at Synachronous
mode and Asynchronous "x1°° mode, and must be
greater than § times at Asynchronous ""x16" and
%64 mode.

WR (Input terminall

This is the ""active low’" input terminal which
receives a signal for writing transmit data and con-
trol words from the CPU into the MSMB2C514A.

RD {Input terminal)

This is the *'active low’’ input tarminal which
receives a signal for reading receive data and status
words from the MSMB2CE1A,

CiD {input terminal}

This is an input terminal which receives a signal
for selecting data or command words and status
words when the MSMB2C51A is accessed by the
CPU.

If C/D = low, data will be accessed.
If /0 = high, command word or status ward will
be accessed.

3 (Input terminal)

This is the ""active low’™ input terminal which
selects the MSME2C51A at low level when the CPU
ACCESSES.

Note The device won't be in 'standby status’’;

only setting CS = High,
Refer to “Explanation of Standby Status.’”
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TXD {Qutput terminal}

This is an output termingt for transmitting data
from which serial-convertad data is sent out.

The device is in “"mark status’ (high level) after
resetting or during a status when iransmit is disabled,

It is also possille to set the device in “"break sta-
tus’"’ llow level) by a comrmand.

TXRDY |Output terminal)

Thig is an output terminal which indicates that the
MSMB2CG1A is ready to accept a transmitted data
character. But the terminal is always at low level if CTS
= high or the device was set in "'TX disable status’’
by 8 command.

Note TXRDY status word indicates that transmit

data character is receivable, regardlass of
CTS or command.

IF the CPL} writes a data character, TXROY will

be reset by the leading edge or WR signal.

TXEMPTY {Output terminal}

This is an output terminal which indicates that the
MSMB2CS1A has transmitted ail the characters and
had nc data character,

In ""synchronous mode,"” the terminal is at high
level, if transmit data characters are no lenger remain-
ing and sync characters are automatically transmitted.

If the CPU writes a data character, TXEMPTY will
be reset by the leading edge of WR signal. .

Note As the transmitter is disabled by setting CTS

“"High** or command, data written before
disable will be sent out. Then TXD and
TXEMPTY will ba '"High"'.

Even if a data is written after disable, that
data is not sent out and TXE wilt be ""High™*,
After the transmitter is enabled, it sent out.
{Refer to Timing Chart of Transmitter Con-
trot and Flag Timing)

TXC (lnput terminat)

This is a cleck input signal which determines the
transfer speed of transmitted data.

In **synchrenous mode,”” the baud rate will be the
same as the frequency of TXC.

In *"asynchronous mode’’, it is possible to select
the baud rate factor by made instruction.

tt can be 1, #/16 or 1/64 the TXC.

The falling edge of TXT sifts the seriat data out
of the MSMBZCS1A.

RXD {lnput terminat|
This is a terminal which receives serial data.

RXADY (Qutput terminal}

This is a terminal which indicates that the
MEMB2ZC51A contains a character that is ready to
READ.

If the CPU reads a data character, RXRDY will be
reset by the leading edge of RD signal.

Unless the CPU reads a data character before the
next ons is receivad complately, the preceding data will
be lost. In such a case, an overrun arror flag status word
will be set.
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RXT (Input terminal)

This i3 a clock input signal which determines the
tranafor spaed of received data.

In “synchronous mode,” the baud rate is the same
as the fraquency of RXC.

In "'asynchronous moda,'’ it is posgible to select
the baud rate factor by mode instruction.

It can ba 1, 1/16, 1/64 the RXC,

SYNDET/BD (laput or output terminal)

This is a terminal whose function changes accord-
ing to mode.

in “internal synchronous mode,”" this terminal is
at high level, if sync characters are received and syn-
chronized. if » status word is read, the terminal will be
raget.

in *"extarnal synchronous mode,” this is an input
terminal.

A “"High'* on this input forces tha MSMB2C51A
1o start receiving data characters,

In ““asynchronous mode,”” this is an output termi-
nat which generates "“high level’’ output upan the da-
tection of a "'break’ character if receiver data contains
8 ""low-evel” space betwean the stop bits of two con-
tingous characters. The terminal will be reset, if RXD
is ot high level.

DSR (Input terminal)

This is an input port for MODEM interface. The in-
put status of the terminal can ba recagnized by the CPU
reading status words.

DTR (Qutput terminall )
This ks an output port for MODEM interface. H is
possible to set the status of DTR by a command.

€TS ilnput terminat)

Thig is an input terminal for MODEM interface
which is used for controlling a transmit circuit. The ter-
minal controls data transmission if the device is set in
""TX Enabla’ status by a command. Data is transmita-
ble if tha terminal is at low laval.

RTS (Output terminal}
This is an output port for MODEM interface. It is
possible to sat the status of RTS by a command,
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Limits Unit Canditions
MSMBE2CS1A-2R5 Lmsmszcsmvms MSMBZCS1A-2)5
Power supply voltage| Vo ~-0.5 - +7 v
v With respect
Input voltage ViN ~0.5 ~ Vo + 0.5 to GND
CGutput voltage Vout -0.5 ~ Voo + 05 v
Storags temperature | Tgg —~88 ~ +150 °C -
Power dissipation Pp 0.9 0.7 0.8 w Ta = 26°C
OPERATING RANGE
Paramaeter Symbol Limits Unit
.Power supply valtage Ve a~6 v
Operating temperature Top —40 ~ 85 °c
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Min, Typ. Max Unit
Power supply voltage Voo 45 5 556 v
Opearating tamperature Top -40 +25 +85 °C
LY input voltage VL -0.3 +0.8 v
“H" input voltage VIH 2.2 Ve +03 v
DC CHARACTERISTICS
IVee = 4.5 ~ 5.6V Ta = -40°C ~ +85°C)
Parameter Symbol Mirn. Typ. Max. Unit Meaturemant Conditions
“L” output voltage VoL 0,45 v oL =25 mA
“H™ output voltage VOH 3.7 v IoH = =25 mA
Input leak current iy 10 10 nA 0EVNSVCe
Qutput leak current ITe) =10 10 BA 0SVayur SVee
. Asynchronous X84 during
Operating supply current lcco 5 mA transmitting/recuiving
, All input voitage shall be
) t
Standoy supply curren lecs 100 BA 1 fixed &t Ve or GND level.
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AC CHARACTERISTICS
{vec =45 ~ 5.5V, Tp = 40 ~ 85°C)

® (/0-MSMB82C51A-2RS/GS/JS m

CPMU Buys Interface Part
Parameter Symbol Min. Max. Unix Remarks
Address stable before AD taAR 20 NS Note 2
Address hold time for RD 1RA 20 NS Nots 2
RD pulse width tRR 130 NS
Data delay from RD ‘AD 100 NS
RD 1o data float toE 10 75 NS
Recovery time between AD t|ve Tey Note §
Address stable before WR taw 20 NS Note 2
Addrags hotd time for WR WA 20 NS Note 2
WA pulse width tww 100 NS
Data set-up time for WE tow 100 NS
Deta hold time for WH wo 0 N5
Recovery time between WR tRVW Tey Note 4
RESET pulse width tRESW 6 Tey
Sacisl Interface Part
Parameter Symbo! Min. Max. Unit Remarks
Main clock period ey 160 NS Note 3
Clock low time ty 50 NS
Clock high time te 70 toy~50 NS
Cloek risa/fall vime te tE 20 NS
TXD delay from falting edge of TXC tTX 1 us
Transmitter clock freq y] 1X Baud 1 oC 64 kHz
16X, Baud frx =]+ 615 kHz Note 3
64X, Baud frx [s]4 615 kHz
Transmitter clock low time | 1X Baud tTPW 13 Tey
16X, 64X Baud tTPW Tey
Transmitter ¢lock high time | 1X Baud tTPD 15 Tey
16X, 64X Baud tTPD 3 Tey
Racaiver clack frequency 1X 8aud fRX DC 64 kHz
16X Baud fRx DC 615 kHz Nots 3
64X Baud fRx DC 615 kHz
Receiver clock low time 1X Baud tRPW 13 Tey
16X, 64X Baud tRPW 2 Tey
Receiver clock high time 1X Baud tRPD 16 Tey
16X, 64X Baud tRPD 3 Tey
Time from the center of last bit to the rise
of TXADY 'TXROY 8 | Ter
:;n;; f:;)n; the leading edge of WR 1o the fall TXRDY CLEAR NS
Tirne from the center of last bit to the rise i
of RXRDY 'RXADY % | Tey
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Parameter Symbol Min. Max Unit Remarks
Time from the lsading sdge of RD to the fall
of AXADY IRXRDY CLEAR 400 NS
Internai SYNDET delay time from rising edge
of RXC '1s B | Ty
SYNDET setup time for RXC tES 18 Tey
TXE delay time from tha center of last bit tTXEMPTY 20 Tey
MODEM control signei detay time from rising 8 T
edige of WR we oy
MODEM control signal setup time for falling
edge of RD 'CR 2 Tey
RXD setup time for rising edge of RXC
(1X Boud) 'RXDS " K
RXD hold time for falling edge of RXC - t 17 T
(1X Baud} RXDH v

Caution 1] AC characteristics ars mensured at ISf) pF capacity load as an output load bated on 0.8 V ax low
levet and 2.2 V at high ievet for output and 1.5 V for input,

2) Addressas are C5 and C/D.
3) fry or fRy < 1/(30 Tey)
fryx or fry <145 Tey)

1 x baud
16 x, 64 x Baud

4) This recovery time is mode tnitiglization onty, Recovery time between command writes for

Asynchronous Mode is B toy and for Synchronous Mode is 18 toy.

Write Data is allowed only when TXRDY = 1.
S} This recovery time is Status read oniy,

Read Data is allowed only when RXRDY = 1,
6] Status update can have a maximum delay of 28 clock periods fram avent affecting the status,

TIMING CHART
System Clock Input
rgii P—=y 9 tCY: .
CLK

Transmitter Clock and Dete

TR UMODEI ¥ —}_-—\.——.——_.—_.—._/—\___

re semenes \NAANMNVNANW VANV

— i.—tm': ‘-"‘i 4—'DTX
™o X A X
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Asosiver Clock and Dats
(ReBAUD COUNTER STARTS HERE)
o Y BTART 21T /S DATA BIT X oaraarm
P —
Fat {1 aOCE 4 \ j‘ \
8 ANC FERIOOE 18 GOk
o) Rnc: 4Bk
FaC H6aMODE)
st l:\_m
INT GAMPILING PULTE
=

Whits Data Cycls (CPU - USART)

TxRDY /

«{ ITXRDY CLEAR
R
wWo
fe——tpw -
i
DATA IN DON'T CARE y L DON'T CARE
(D.B.) { DATASTABLE
_ - taw twa
c/D \ [
cs N taw A ‘,
Fisad Dwts Cycle (CPU — USART)
AxRDY /
«—s{tRxRDY CLEAR
— \ tRA
o | N
’ — }-—tRD et |wtDF
DATA OUT DATA FLOAT y DATA FLOAT
(0. B} DATA OUT ACTIVE J'—
= U\ﬂ— 'tRAr
CfD

taf 1 RA— /_
A

al
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Wriw Control or Qutput Port Cycle {CPU - USART)

DTA.ARTS

A
et twc—-l
WA \ lfl._

i WD,
r-—‘tr;'.': e
DAT&) |B|~i| DON'T CARE & DATASTABLE ) DON'T CARE
. .
_ 1AW TWA ™
c/D /' N
AW - twa
€S N 1

Read Control or Input Port (CPU +— USART)

DSRCTS X

Iq———tcn—-—--
‘ le———1RA
RO My
—={ ptRD — e tIDF
DATA OU'I; DATA FLQAT < DATA OUT ACTIVE ‘PM—L—O.A_L
{D. B. ; y
—cnl tAR fe— ——l tRA |~—
c/o /T |\__._._..
— 1AR [@—ro e tRA
s N\
Tranemitter Control and Flag Timing (ASYNC Mode)
b 4 LY
rsewrv—-ll-— /
————
ITREMPTY . \
STATUS 81T e § /
- }-‘- .
L e - /a
W DATA 1 w DATA2 WrDATA3  WrDATAW
o8 T Tl M) s \ /] g 71
we TEn W SBAK
- a -
TeD Lﬁ%—l——
DATA CHAR 1 DATA GHAR 2 DATA CHAR 3 S N
'é s
v
g 5
(Nows) The wew-form chart in basad pn the cass of 7 bil g iangth + parily bit * 24100 bit, 't; @
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Receiver Control and Flag Timing (ASYNC Mode)

BREAK DETECT
FRAMING ERRADA ]
STATUS BITH 1 |
OVERRAUN ERAROA DATA
STATUS 8IT] —el—tRrRDY CHAR
T
RxRDY (] ?Los
- Rd DATA
[T By s v Fi J N T AN S S W
Wi RxEn W ERROR
A \—j | RxEn
_ f
AD 'V S Y /
RnDATA __\mb-\m -
CATA DATAR, DATA
CHAR 1 CHAR 2 CHAR 3 BREAK RxEn Ete Res
]
g 3 w ;
g
3 =1
PR
QoD
o |

iMotsl  The wave-lorm chart is based on the case of ¥ daw bit length + parity bin + 2 stog b,

B S/SD/SUZ-VISOZTENSW -0/ B—
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Transmitter

Control and Flag Timing (SYNC Mods)

}

3
ar
1

TeEMPTY

TxROY
ISTATUS BIT)

TaADY
Wi

( {1 s

Y / 3

— Nl r \ |/ \ | [ O W/
W DATA Wr DATA i Wr DATA, Wr DATA Wr COMMAND Wr DATA
CHAR 1 CHAR 2 { CHAFL.’E CHAR 4 SB8K CHARE

SYNC
CHAR 1 SYNC CHAR 2

MARKING SPACING MARK ING

MARKING STATE

{Note! The wave-Jorm chart 15 based an the case of 5 data bit lengih + panty ket and 2 synchrongus characters.

u S/S59/SHZ-VISIZEASW-O/1 &
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Recsiver Control and Flag Timing {SYNC Mods)

SYMNDET (58]

OVERRUN
ERACHA {58}

AxADY (FIk)

CiD

3

RxD

AxC

SYNDET
IPtN} fNow 1)

| N

- 1 g

DATA 4

-

-

€HAR 2
LOST

Rd §TATUS Wr Err Ry Ad STATUS
e LT / e ] L
AxEn Rd DATA RJDATA || RdSYNE
CHAR 1 CHIﬂR k] CI-:.&R 1 |

Y L/

LON'T SYNC SYNC 0AaTA DATA DATA SYNC S5YNC
CHAR 1 CHAR 2

DON'T CARE

PAR ] PAR

$ _eXiT HUNT MODE
SET SYNCOET EXIT HUNT MODE

SETSYNDET {STATUS BIT)

{Note 1] Inrernal synchronization i based on 1he case of 5ana bit length + panity bit and 2 synchronous characters.

{Noie 2} Exrernal synchronizetion » based an the case af 5 data bit length + parity bil,

2 ; &
PAR . CHAR SASH
CHAR AS5Y BEGING ¥
f ” hsmms

SET SYNDET (STATUS BiT)

N Sr/SH/SHT-VISITBWSN O/l &
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MSM82C53-5RS/GS/JS
MSM82C53-2RS/GSUS

CMOS PROGRAMMABLE INTERVAL TIMER

GENERAL DESCRIPTION

The M5MB2C63-6R5/GS/)S and M5MB2CE3-2R5/GS/JS are programmakle universal timers designed for
use in microcomputer systems. Based on silicon gate CMOS technology, it requiras a standby gurrent of onty
100 pA Imax.} when the chip is in the nonselected state. During timer oparation, power consumption is still very
low with onty B mA {max.} at 5 MHz of currant required.

The devices consist of thres independent couwnters, and can count up to a maximum of 5 MHz iIMSM82C53-5)
ang B MHz {MSMB2CE3-2}. The timer features six different counter modes, and binary count/BCD count func-
tions. Count values can be set in byte or word units, and all functions are freely programmable.

FEATURES

» Maximum aperating frequency of § MHz

(MSMB2C53-5)

= Maximum operating frequency of 8 MMz IMSMB2CE3-2)

& High gpesd and low power consumption
through silicon gate CMOS tachnology.

» Completely static operation

& Three independent 165-bit down-counters

» 3V 10 6V single power supply

achieved

FUNCTIONAL BLOCK DIAGRAM

# 5ix counter modes availeble for each counter

» Binary and decimal counting possible

* 24-pin DIP IMSMB2C53-6RS/MSMEB2C53-2RS)

# 32-pin flat package (MSMB2C53-5G5/MSMB2053-2GS)
* 28-pin PLCC Package (MSMB2CE3-5JS/MSME2C53-2.5)

k=1 - (]
o W o - oo
¥ = = ¥ F £ ¥ =k
> 2 =)
052 263 353
. 1123
COUNTER COUNTER COUNTER 3
#0 #1 H#2 -
<
Z i
11 ] B
=
Iy §! z
Fl -
L /8 . {
7
=~
DATA: READ/ CONTROL
BUS WRITE WORD !
BUFFER TLOHSIC REGISTER
i ﬁ 8
i X2 |
(4 0a) =] - 4T=] 2 . Fw
o A
gg nl |3 |u:
~
A
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PIN CONFIGURATION

B |/O-MSM82C53-5RS/GS/JS MSMB82C53-2RS/GS/JS =

o, [1]

Vee
Wa
"G

21| €5

0] A

] 40

o) Cikz
h7] ouTz
el GaTEZ

5] cLx

pa] GaTer

3} oumy

MSMB2CS53-5RS {Top View)
MSMB2C53-2RS Nl
24 LFAD PLASTIC DIP s E
mlz
[+ E
o1 fg]
e (7]
B [1]
cLko [g]
ouTe i
GATEO [11]
anp [i3]
NC
MSMB2CS3EGS (Top View) o
MSMB2C53-2GS Dy
32 LEAD PLASTIC FLAT PACKAGE Dy
NG

MSNE2C53-508 {Top View)
MSM32.53-2J8 .
28 Plastic Leaded Chip Carrier

O
Il

B D LoD DT AN

e}
D6
o7

19{] GATE2
16 16 17

2 2K
]

o
GATE*
CLE1
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ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol Cenditions Unit
MSMB2C53-5RS | MSME2C53.5G5 | MSMB2C53-515
MSEMEZCSI-2RS | MSMB2CE3-2G5 | MSMB2CE3-205 |
Ssupply Voltage Vee -5t +7 v
Input Voltage V)N  |Respect to GND| -0.5t0 Vg + 0.5 v
Output Voltage VouTt -0.6to Ve + 0.5 v
Storage Temperature Tatg —-5% t0 +150 °C
Power Dissipation Pp Ta = 25°C 0.9 0.7 0.9 w
OPERATING RANGES
Paramater Symbol Limits Conditians unit
Supply Voltage Voo 36 VL =02V, V|y = Voo - 0.2V,
. v
operdting fraquency 2.6 MHz
Operating Temperature Top —40 10 +85 °C
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Min, Typ. Max . Unit
Supply Voliage Voo ‘4.6 5 5.5 v
Cperating Temperature Top -40 +25 +85 ‘c
"L" input Voltage ViL -0.3 +0.8 v
“H" Input Voltage ViR 2.2 Voo +0.3 v
DC CHARACTERISTICS
Parameter Symboi Conditions Min. | Typ. | Max Unit
“L" Quiput Voltage VoL | loL=4mA 0.45 v
IoH =-tmA azr v
“H" Quiput Voltage VoM )
Input Leak Current [N} 0s ViN S Ve Veog=45V o 55y | -10 10 RA
Output Leak Current ILo | 95 VouT SVoe | Ta=-40°C to +B5°C| =10 10 uA
CS 2 vog ~0.2v
Standby Supply Current | Iggs | VIH& Voo - 0.2V 100 1A
VL& 0.2V
= - s ma
Operating Supply Current] oo 1oLk = 2009 € - 0oF
fcLx = 12618 C =0pF | MSMB2C53-2 B mA




. AC CHARACTERISTICS
(VoG = 4.5V ~ 65V, Ta= ~40 ~ +85°C}

= )/O-MSM82C53-5RS/GS/JS MSM82C53-2RS/GS/JS =

MSMB2C53-5 | MSMB2C53-2
Parametar Symbel | Min, | Max. Min, Max. Unit Conditions
Address Set-up Time before reading TAR 30 30 ng ) Cp = 150pF
Address Hold Time after reading TRA o 0 n | Read
Read Pulse Width ' TRR 150 150 ns | Cycie
Read Racovery Time “TTRVR | 200 200 ns
Address Seruip Time before writing TAW 0 0 ns
Address Hold Time after writing TWA 30 20 ns J
Write Pulse Width "rww | 180 150 ns | Write
Dota Input Set-ug Time pefore writing | TDW 100 100 ns | evcle
Data Input Hold Tif‘.l-'l—e after writing TWD ) 30 20 ns
Write Recovery time TRYW | 200 200 ns
Clock Cycle Time TCLK 200 D.C. 125 D.c. ns
Clock “H” Puise Width TPWH &0 [4)] ns
Clock “L" Pulse Width TPWL 60 60 ns Clock
"H" Gate Pulse Width ~ |tew | s0 | N ns :::1
"L Gate Pulse Width TGL 50 50 ng timing
Gate Input Set-up Time before clock TGS 50 5D ng
Gate input Hold Time aftar clock TGH 50 50 ns
Output Detey Time after reading TRD 120 120 ns
'c:us::; Floating Delay Time after TDF 5 00 5 20 s
Output Delday Time after gate TODG 120 120 ns 3::?
Quiput Detay Time after clock TOD 150 150 ns
Output Delay Time after address TAD | 180 180 ns
Mate: Timing measured at V| = 0.8V and V) = 2.2V for both inputs and outputs.
TIME CHART
Write Timing
. —_ ¥
Ag-1.C8 ‘x
A F,
e TAW—| TWA
Do~7 xr
k.
TOW TWD
— I 4
WR
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Read Timing
- s
Ag-~q,.C8
o
Lahms e T A R — i ] TRA
— ¥
RD' TRA
TRD |= w TDF [=—
TAD.
Do~ { VALID (
HIGH WPEDANCE & l HIGH IMPEDAMNCE
Clock & Gute Timing
[ TCLK

4
CLK 2

GATE

-—TGH

=T O DG -

TGS

\--—TG L ——n] /
g TaW

joutt-T O D-eme

ouT
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DESCRIPTION OF PIN FUNCTIONS
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Pin Symbol Nama Inputfoutput Function
07 ~ DO Bidirectional Inputfoutput Three-state E-bit bidirectional data bus used when writing
data bus controal words and count valles. and reading count values
upon receprion of WR and RD signals from CPU,
= .
cs Chip select lnput Data transfar with the CPU is anabled when this pin is at low
input level. Whan st high laval, tha data bus (Dg thru D4) ia
gwitchad o high impedance state where neither writing nor
ding can ba ted. Internal registars, howaver, ramain
unchangad.
RD Bead input Input Data can ba transferred from MSMB2CE3 to CMUJ when
this pin is at low level,
WR Write input Input Data can be transfarmed trom CPU o0 MSMBZCE2 when
this pin is at low level.

AQ, A Address input Inpst One of the three internal counters or the control word'rogis»
ter is selected by AD/AT combination. Thess two pins are
norraally connected 1o the two lower order bits of the
address bus.

CLKO~2 Clock input Input Supply of three clock signals to the three countsrs incorpo-
rated in MSMB2C53.

GATED~2 Gate input Input Control of starting, interruption, and restarting of counting
in the thres respective countars in accordance to the set con-
trol word contents,

OUTO~2 Counter output QOutput Output of counter output wewferm in accordancs with the
set mode and count valua.

SYSTEM INTERFACING

2 ADDRESS BUS / )

Al lao "18 bits
) CONTROL BUS o
) DATA BUS /!

" 8 bits

Al AQ cs

COUNTER #0

82C53-5/82C53-2

Bbiul
RD

EHow—

070

COUNTER #1 COUNTER #2
1 1 L

1

!
OUT GATE CLK_  OUTGATECLK OUT GATE CLK
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DESCRIPTION OF BASIC OPERATIONS

Data transfers betwsan the internal reglsters and the extsrnal data bus B outiined in the following table.

Cs | RO | WRr | A1 Ao Function
o 1 Q 1] o Data bus to counter # 0 Writing
] 1 4] 0 1 Data bus te counter # 1 Writing
o 1 0 1 o Data bus to counter # 2 Writing
o 1 4] 1 1 Data bus to control word register Writing
o 0 1 o <] Date bus from counter # 0 Reading
o o o 1 Data bus from counter # 1 Raading
1] o 1 i L] Data bus from counter # 2 Reading
Q Y] 1 1 1
1 x x x x Data bus in high impe.danw status

1 1 x X

% canotes ‘‘not apacified’’,

DESCRIPTION OF OPERATION

B2C53 functions are selected by a control word
froun the CPU. In the required program sequence, the
controf word setting is followed by the count value
setting and execution of the desired timer oparation.

Control Word snd Count Value Program

Each counter operation mode is set by comtrol
ward programming. The control word format is out-
fined below.

* Mode (M2, M1, MO}: Operation waveform mode

D7 D§ 05 D4 D3 D2 D1 DO
[ sc1|sco|aLi|aLo] m2 | m1| mo iBco)
L i 1 1Y H -

Select
Counter

{CS=0, A0, A1 =11, RD =1, Wi = 0}

Read/Load Mode BCD

satting

M2| M1 | MO Set Contents

01 0] 0 | Mode 0 {interrupt on Terminal Count)
0| 0| 1 | Mode1 {Programmable Ona-Shat}

x| 1] 0 | Mode2 {Rate Genarator)

x| 1| % | Mode 3 iSquare Wave Ganerstor}

1| 0| 0 | Mods 4 {Software Triggered Strobe)

1 0t 1 | Mode 5 {Hardwara Triggarad Strobe)

x denotes 'not spacified”,

# BCD: Operation count mode serting

*  Select Counter (SCO, 3C1}: Sslection of s8t counter

s SCO Set Contents

Counter # 0 salsction

[:Tada} Set Contents
0 Binary Count {16-bits Binary}
1 BCD Count {4-detades Binary Coded
Ducimal)

Counter # 1 selection

Counter # 2 selection

After sarting Read/Load, Mode, and BCD in each

- = oo
= | |=10

Illegal combination

& Read/Load (RL1, RLO):
Loading format satting

Count value Resding/

as outlined abave, next sat the desired count
vatue. {In some Modes, counting it started immediately
after the count value has beerr written). This count
value setting must conform with the Read/Load format
sot in advance. Note that the internal counters ars
reset to OO0OH during control word setting. The
counter value (QOQOH) can.t ba read.

If the two bytas {LSB and MSB) are written at this
stage (RLO and RLY = 1.1}, take note of the following
tion, .

Ri1 | RLO Sat Contants
a Q Courter Latch oparation
o 1 Reading/Loading of Leest Significant
byte {L5B) o
' o Reading/Loading of Mast Significant
byts {MSB}
Reading/Loading of LSE followed by
V| mse
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Aithough the count velues may ba set in the three
counters in any sequence after the control word hae
besn set in sach counter, count valuss must be wet
conmcutively in the LSB — MSE order in any o
counter.



¢ Exampls of control word and count velue setting

Counter # (Q: Read/Losd LSE only, Mode 3,
Binary count, count value 3H

Counter #1: ReadflLond MSB only, Mods 5,
Binary count, count valus AAQQOH

Counter #2: Aead/Losd LS8 and MSB, Mode 0,
BCOD count, count value 1234

MVI A, 1EH
OUT n3
MYLA, BAH
OUT n3

] Counter #0 control word mtting

] Counter #1 control word serting

MVI A, B1H .
AUT n3 ] Counter #2 control word setting
MVI A, 03H ] "
OUT n0 Counter #0 count value setting
MVL A, AAH] .
OUT ni Counter #1 count valus setting
MVi A, 34H

OUT n2 Counter #2 count value sstting

MVI A, 12H | (LSB then MSB)
QUTn2

Note: n: Counter #0 address
n1: Counter #1 acdress
n2: Counter %2 addrass
nd: Control word register address

# The minimum snd maximum count veluss which can

be counted in sach mode are listed below.

Mode | Min, | Max, Remarks

0 1 o Q emcium 10000H count
{ditto in other modes)

1 1 0

2 2 0 1 cannot ba counted

3 2 1 1 axecutes 10001H count

4 1 1]

5 1 0

Mo Definition

*  Mode D (mminal count}

The counter output is et to “L™ level by the mode
matting. f the coumt velus is then written in the
counter with the gate input at “H" level {that is,
upon completion of writing the MSB whan thers are
two bytes), the clock nput counting it started.
When the terminal count is reached, the sutput is
switched to “H'" level and is maintained in this
status ol the control word snd count value are st
agein,

Counting is interrupred if the gate input is switched
1 “L” tewel, and restarted when switched back to
“H" level.

When Count Values ara written during counting,
the operstion is as follows:

a 1/0-MSM82C53-5RS/GS/JS MSMB2CE3-2RS/GS/JS ®

1 byte Read/Load,,., Whan the new count
valueg is writtan, counting is stoppad
immediately, and thsan restarted at
the rew count valus by the next
clock.

2-byte Read/Losd.... When byte 1 (LSB) of
tha rBw count value b written,
counting i% stopped immediately.
Counting i5 restarted at the new
count value when byte 2 {MSB) is
writtan.

Mods 1 {programmable one-shat)

Tha counter putput is switchad 10 "H" lewel by the
mode setting. MNote that in this mode, counting is
not starced if only the count valug is written, Since
counting has to be started in this moda by using
the leading edge of the pate input as a trigger, the
countar output is switched to L kevel by the next
clock after the gate input trigger. This “L"™ level
status is maintained during the set count value, and
is switched back to "H” level when the terminal
count is reached.

Once counting has been started, thers ¥ no inter-
ruption until the terminal count is reached, even if
the gate input is switchad to “'L" level in the mean-
time, And alithough counting continues even if a
mew count value is written during the counting,
counting is started at the new count value if angthar
trigger s applied by the gate input.

Mode 2 (rate generstor}

The countar output is switched to “H" level by the
maode setting. Whan the gate input is a1 “H*" lawal,
counting is started by the next clock after the count
valug has bean written. And if the gate input is at
L™ ievel, counting is started by using the rigsing
edga of the gate input as a trigger after the count
valug has been sat,

An ‘L' tevel putput pulse appears at the countsr
output during a single clack duration once every
n clack inputs whare n is the set count value,  a
néw count value is written during while counting
it in prograss, counting is started at the new count
value following output of the pulta currently baing
counted. And if the gate input is switched to L™
lavel during counting, the counter cutput is forcad
to switch to “H™ level, the counting being restarted
by the rising adge of the gate input,

Mode 3 (squars waveform rate generator)

The counter output is switchad to “H" lsval by the
moda stting. Counting is started in the same way a5
described far mode 2 above.

The repeated square wave output appearing at the
counter output containg half the number of counts
at the et count valus. If the sat count value (n} is
an odd numnber, the repeated squars wave autput
corgists of only i{n+ 112 clock inputs at “H*" lavel
and {n = 112 clock inputs at “L" lawel,

it a new count value is writtan during counting, the
new count value is reflected immediately after the
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change {"H™ to *L"™ or “L" to "H"} in the next
tounter output to be executad. The counting opera-
tion at the gate input is done the same as in mode 2,

» Muode 4 {software trigger strobe}

The counter output iz switched to "H* level by the
mode setting. Counting is started in the same way
as described for mode 0. A single 'L* pulse equiva-
fent ta one clock width is generated at the counter
output when the terminal count is reached.

This mode differs from 2 in that the “L" level out-
put appears one clock earlier in moda 2, and that
pulses are not sepeated in mode 4. Counting is

stopped when the gate input is switched te “L**
level, and restarted from the st count value when
switched back 0 ““H" level.

Mode 5 (hardwars trigger strobe)

The counter output is switched to “H" leval by the
mode setting, Counting is started, and the gate input
used, in the same way at in mode 1.

The counter output is identical to the mode 4 out-
put.

The various roles of the gate input signals in the
abowe modes are summarized in the following table,

Mode Gote L' Level Falling Edge Rising Edge “H'" Level
4} Counting not possible Counting possible
1 {1} Start of counting
{2} Retrigpering
{1)  Counting not possitde . . .
2 {2) Counter output forcad to “H™ tevel Start of counting Counting potsible
{1} Counting not passible . .
2 (2) Counter output forced to “H” leval Start of counting Counting possible
4 Counting not possible Caunting possible
5 ' (1} Start of counting
{2} Retriggering
Mods 0 ]
r — ' .
WR l'ln-4|'§ ! i{n*Zl'
tll 3 2 ] 2 1 4]
OUT (GATE = 'H") t I I I
~ i
WR (n=4} | ‘ I
i
GATE ! l |
4 + + + 3 2 1 Q
| OuT ! [
Mods 1
WR (n=4) | I
GATE ’
3 1 L1}
| out l |
[ GATE } 1 1
4 3 4 3 2 1 0
OUT {n=4) i I
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Mods 2
CLK |_||‘]r1]—||_||_||—|[‘||_||—||_||"||"|
WR | in=4) { Lin=2 ]
4 3 2 1 4 3 - 2 1 2 1 2
QUT (GATE = *H'} l | | } | |
GATE | | §
4 3 2 1 4 4 3 2 1
ouT (n=4) L_J L
Mode 3

OUT (GATE = ‘H’} l | | | I |
GATE ' | l
5 4 2 5 2 5 4 2 5 2 5 4
ouT (=5t | l J |_|
Mods 4

4 3 2 1 90
OUT {GATE = 'H") | i
GATE 1 [}
4 4 3 2 1 0
ouT | |
Moads §

GATE"

OUT (n=4) | |
GATE f ] § 1
4 3 2 1" 4 3 2 1 0
OUT {n=4) I I

Mota: "n” is the valus set in the countsr,
Figures in these diagrams rafer to counter valoes,
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Reuding of Countsr Valuss E ple of Practical Application

ANl B2CE3  counting it down-counting, the » 82053 usad a8 8 32-bit counter,
counting being in staps of 2 in mode 3. Counter values
can be read during counting by (1) direct reading, and
2) counter jatching (“read on the fly™),

82C83.5/82C53-2

&  Dirwct reading
Counter values can be read by direct reading opera- O—————CLKD ouvtol———o
tions,

Since the counter value read according 10 the timing
of the AD and CLK gignals i not guarantoed, it i
necessary to stop the counting by a gate input signal,
or 19 interrupt the ctock input temporarily by an
gxtarnal circuit to ensure that the counter valus s

—ck1 outi}——o—T

correctly read. Mo CLK2  OuT2
&  Counter lstching
In this method, the counter value is latched by
writing 8 countsr larch command, thersby enabling
a stable wvalue to be read without effecting the
counting in any way at all. An example of 3 countsr
latching prograrm is given below. Use counter #1 and counter #2
Counter laxching exacuted for counter #1 (Read/ Counter #1: mode O, upper order 16-bit counter
Load 2-bwyte settingl value
Coumter #2: mode 2, lowar order 16-bit countar
MVIA O100xxxx value .
Denotes counter latching This setting enables counting up 10 » maximum of 292,
ouUT n3 Write in control word address
| (n3)
The counter value at this point
is iatched
iN n1 Reading of the LSB of the
counter value Jatched from
countar #1.
nl: Caunter #1 address
:LO': 8. A Reading of MSB frem counter
MOV C, A #.
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OXKI semiconductor
MSM82C54-2RS/GS/JS

CMOS PROGRAMMABLE INTERVAL TIMER

GENERAL DESCRIPTION

The MSMB2C54-2RS/GS/JS is a programmable universal timer designed for use in microcomputer systems. Based
on silicon gate CMOS technelogy, it requires a standby current of only 10 @A {max.} when the chip is in the non-
selected state. And during timer operation, the power consumption is still very low with only 10mA {max,) of current
required.

It consists of three ingependent counters, and can count up to a maximum of 10 MHz The timer features six
diffarent countar modes, and binary count/BCD count functions. Count values can be set in byte or word wnits, and
alt functions are frealy programmabla,

FEATURES
& Maximum operating frequency of 10 MHz (Vo n=5V) # 8ix counter modes available for each counter
# High speed and low power consumption achieved by * Binary and decimal counting possible
silicon gate CMOS technology. » 24-pin DIP {MSM82C54-2R5}
o Complately static operation ® 32-pin flat package {MSMEB2C54-2G5)
# Three independent 16-bit down-counters » 78-pin PLCC package {MSMB2C54-2)5}

® Status Read Back Commound

FUNCTIONAL BLOCK DIAGRAM

o - [x]
o w o -w o oW
P T ¥ = £ ¥ =
| 2 -}
383 383 363
o
COUNTER COUNTER COUNTER | @
#0 #1 #2 1
o
T ey z
: r &
: =
H U 2
] e
l /8 {
7
H 7
DATA READ/ CONTROL
BUS WRITE WORD -
BUFFER LOGIC REGISTER
| ‘ﬂ 8
i R |
(&R a] o 1 4Ta] o= |n
8t <418
5 9 L
~
[a]

273




= }/O-MSM82C54-2RS/GS/JS m

PIN CONFIGURATION

p—4
MSMB2C54-2RS { TOP VIEW) ea 11 e veo
24 LEAD PLASTIC DIP 04 (7] 23] Wk
G EY 22 7B
0. o 1] &5
s [5] 29 A
Dy E E’ Bg
oy 7] ih] cukz
05 [a] [17] ouTz
cLko [ 16} caTe2
ouTo g B
GaTeo [ i} GaTer
aho 7 i3] ou

NE Ne
MSMB2CS4-2GS { TOP VIEW) 0; vee
32 LEAD PLASTIC FLAT PACKAGE Dg WA
Ty AD
NG nNC
D, \1=' ='/_. Ag
B, ] cuK2
0, 7:= 2 ouT?
CLKG /: GATE2
NE N.C
oute CLKt
GATED GATE1
GND ouT
NE INC danotes “not connected™) NC
s8sglike
MSMB2C54-245 (TOP VIEW) yAREEEEE
28 Plastic Leaded Chip Carrier PACKAGE oaffs 9] 25 ne
pifls 2N EE
o2f]7 2300
orfls 22[JA0
] 21lcLkz
cLko[]a 20fJouT2
ne ] 1) Gatez
12 13 14 15 16 17 18
o [+
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ABSOLUTE MAXIMUM RATINGS
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Parameter Symbao? Conditions Limits Unit
MSEMB2CH4-2RS | MSMA2CHEA-2GS | MSME2C54-2)5
Supply vohage Vee -0.5t0 +7 v
Input Voltage Yin Respect to GND ~0.8t0 Vg, + 05 v
Cutput Voltage Vout 0.5 10 Vg + 0.5 v
Storage Temperaturs | Tgg —65 10 +150 °C
Power Dissipation Pp Ta = 25°C 0.9 0.7 0.9 w
RECOMMENDED OPERATING CONDITIONS
Parameter Symbal Min Typ Max Unit
Supply Voltage Voo 45 5 5.5 v
Operating Temperaturg Top -0 +25 +85 "C
“L” Input Voltage ViL -0.5 +0.8 v
“H” Input Voltage ViH 2.2 Voo +0.5 v
DC CHARACTERISTICS
Parameter Symbol Conditions Min | Typ | Max Unit
L' Qutput Voltage VoL lgL = 2.5mA 0.40 v
“H* Cutput Voltage Vol Ilz::—]zt;zum:, TA_-:;BCD—DA Y
Input Lesk Current Iy |PSVinEVee | vge=d5vto 5.5V | -10 10 uA
Qutput Leak Current g (92 VouTZ Veg] Ta=-40°C to +85°C | -10 10 ly
CS2 vog 0.2V
Standby Supply Current | kgos [ VIHE Voo - 0.2V 10 uh
Vi 202V
QOperating Supply Current! o [toLk=100ns CL=0pF 10 mA
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AC CHARACTERISTICS
{Veg = 4.5V ~ 5.5V, Ta= —40 ~ +85°C)

Parameter Symbol Bac5e-2 uUnit | Conditions
Min | Max

Address set-up tims 1o falling edge of RD tAR 30 ng

Chip select input sat-up time to fatling edoe of RD tSR ) 0 ns
Address held time from rising edge of RD tRA a | n$ 2
R pulse width tRR 95 ng™| E
Cata access time from falling edge of RD tAC 84 | n8 E
Data accass time aftér address determination tAD 186 | n§ &‘
Crelay time from rising edge of B to data floating state tDF 5 65 | nS

AL recovery time tRY 165 ng
Addrass set-up time to failing edge of WR tAW Q n§

Chip selact input set-up time to falling edge of WH t5W a ng
Address hold time from rising edge of WR WA 0 ns | 2
WH pulse width W 95 - ns | £
Data determination set-up time to rising adge of WR tDW 85 n§ g
Data hold time after rising edoe of WR WO Q n$

VW recovery time tRv 165 ng [ICL=180pF
CLK cycle time tCLK_H 100 |DC. | n8
CLK “H" level width tPWH 30 ns

CLK L' level width WL 50 n$

CLK rise time tR 25 | ng

CLK fall time tF 25 | n§
GATE ““H" lavel width 1GW 50 ng
GATE "L leved width tGL 50 ns @
GATE input set-up time before rising edge of CLK tGS 44 n$ E
GATE input hold time bafore rising edge of CLK 1GH 50 ns ;:_;
Dutput delay time afver falling edga of CLK toD 100 | n8 E‘
Qutput delay time after falling edge of GATE 10DG 100 | nS g
CLK rise delay time aftar rising sdge of W for count valua loading tWC 0| 65| nS
GATE sampling cielay timaafter rising sdge of WH for countvalueloading | tWG <51 40 | n§
Qutput delay time after falling edge of WR for made set w0 240 | n§

CLK fall set.up tima to falling sdge of for counter Jatch command | 1CL =40 | 40 | nS

Nata:  Timing measured at V= 0.8Y and V4 = 2.2V for both inputs and cutputs.

TIME CHART
‘Writa Timing

Ao ):

p— WA

Do 1 hii

276




m {/O-MSMB82C54-2RS/GS/JS w

Raed Timing
|
fae X
bt AR ] -] tRA
s |\
tS_R_‘ '
—
§ [~ tRR
RD
7
= tRD = - tDF =
o { vaup 5—
i~ N -
[ tAD
Recovery Timing
‘—*tRV‘——l
RD, WR
Clock & Gata Timing

"\

CLK

== 4F
GATE [*tPWL
ouT
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DESCRIPTION OF PIN FUNCTIONS

Pin Symbol Name Inputfautput Function
D7 ~ DO Bidirectional Inputfoutput Thres-state B-bit bidirectional data bus used when writing
data bus control words and count valles, and reading count values
upon reception of WR and RD signals from CPU,
c3 Chip salect Input Data tansfer with the CPU is enabled when this pin is at low
input fevel. When at high level, the data bus (Dg thru D4l is
switched to high impedance state where neither writing nor
reading can be executed, Internal registers, however, remain
unchanged.
RD Read input Input Data can be transferred from MSMB2C54-2 to CPU when
this pin is at low level).
WR Write input Input Data can be transferred from CPU 10 MSMS2C54-2 when
this pin i at low level,

A, A1 Address input Input One of the three intarnal counters or the control word regis-
ter is selected by AO/A1 combination, These two pins are
normally connectad 1o the two lower order bits of the
address bus.,

CLKG~2 Clock input input Supply of three clock signals to the three counters incorpo-
rated in MSMB2C54-2. :

GATEQ~2 Gate input Ingut Control of starting, interruption, and restarting of counting
in the three respective counters in accordance to the set con-
trol word contents,

QUTO~2 Countar output Qutput Dutput of counter gutput wavefarm in accordanoe with the
st made and count vatue,

SYSTEM INTERFACING

I
) ADDRESS BUS / )
[ .
Al |a0 18 bits
) CONTROL 8US {
i
L DATA BUS / 2
'8 bits
8 hits
Tl o) o)
Al AD cs D7~0 D Wh
82054-2
COUNTEFI #0 COUNTER #1 COUNTER #2
OUT GATE CLK OUT GATE CLK OUT GATE CLK

1
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DESCRIPTION OF BASIC OPERATIONS
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Data transfers between the internal registers and the sxternal data bus is d in the following table,
CS | AD | WR | A1 | AQ Function
0 1 [+] 0 0 Data bus to counter # 0 Writing
o 1 o 0 1 Data bus 1o counter # T Writing
4] 1 [+] 1 o Data bus to counter # 2 Writing
4] 1 0 1 1 Data bus to control word register Writing
4] 0 1 0 1] Data bus from counter # 0 Reading
+} !l 1 1] 1 Data bws from counter # 1 Reading
1] a 1 1 o Data bus from counter # 2 Reading
a o 1 1 1
1 x » x » Data bus in high impedance status
4} 1 *
x danotes *‘not specifiad’’.

DESCRIPTION OF OPERATION

82(C54-2 functions are sedected by controd words
from the CPU. In the required program sequence, the
control word satting is followed by the count value
setting and execution of the desired timer operation.

Control Word snd Count Velue Progrem

Each countsr oparating mode is set by control
word programming.  The control word farmat is outlin-
ad balow.

* Mode (M2, W1, MO)}: Operation waveform mode

setting
M2l M1 Mo Set Contants

0 | 0 | Mode O {Interrupt on Terminal Counth
0t 1 | Mods 1 {Programmable One-Shoth

x| 1| 0 | Mode 2 {Rate Generator}

x 1 1 | Mode 3 {Square Wave Genevator}

11 01 0 | Mede 4 (Software Triggered Strobe)

1] 0| 1 | ModeS {Hardwars Triggered Strobe)

D7. D§ D5 D4 D3 D2 DI_ DO
['sc1|scofmLi[Ruo] m2 [ M| mo [acD]
[ | | —k | S

x denotes “not specified’”.

¢ Read/Losd (AL1, RLO:
Loading format setting

Count weslue Reading/

AL1 ] RLO Set Contents

4] 1] Counter Latch oparation

o 4 | Resding/Loading of Least Significant
byte (LSB)}

1 o Rwading/Loading of Most Significant
byte {MSB}

1 1 Reading/Loading of LSB followsd by
MSB

Select Read/Load Made BCD & BCD: Operation count mode sgtting
Counter
{iCS=0, AD,A1=1,1, RD=1, WR =0} BCD Sat Coments
0 Binary Count {16-bits Binary)
o Select Counter SCU, SCT): Selaction of set count o ki
1 BCD Count {4-decades Binary Coded
SC1 SCo Set Contents Decimal)
o o Counter # {} selection
i After satting Read/Load, Mode, and BCD in each
1 #1 ’
0 Counter selection counter as outlined above, next sat the desired count
1 0 Counter # 2 sslaction value. {In some Modes, the count value is set
1 1 READ BACK COMMAND first. In naxt clock, loading is performed, then

counting starts.} This count value setting must

confarm with the Read/Load format set in

advance. Note that the internal countars are resst
to OOOOH during control ward setting. The countar
value (O000H) can't be read.

The program sequence of the B2C54-2 is flexible.

Free sequenca programming is possible as long as the

two following rules are observed:

(il Write the contro! word before writing the initial
count valug in each countar.

(it Write the initia) count valug according te the count
value read/write format specified by the control
word.

(Note) Unlike the B2C53-5, the §2C54-2 allows count

value setting for another counter batween LSB
and MSB settings.
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*  Example of control word and count valus satting Nots: nlk Counter #0 sddress

Counter #0: Read/Losd LSEB onty, Mode 3, n1: Counter #1 address
. n2: Counter #2 address
Binary count, count valug 38 03 Control word register sdd
Counter #1: Read/Load MSB only, Mode 5, O ward regis kel
. Binary count, count wvalus AADOH
Counter #2: Read/Load LSB and MSB, Mode O,
BCD count, count value 1234

*  Ths minimum and maximum count valuss which can

"O"t‘j_:_:; EH] Countsr #0 control ward setting ba counted in sach mode are listed balow.
MVI A, GAH] .
OUT n3 Counter #1 control word setting Mode | Min Max Remarks
MVI A, B1H Counter #2 control ward setting 0 gxgcutes 10000H count
ouT n3 0 1 0 Dt
MYI A 03H |ditto in other modes)
OUT no ] Counter #0 count value satting 1 1 P
gg.:.:"AAH] Counter #1 count value setting 2 2 2 1 cannot ba counted
MV A, 34H 3 2 0 1 cannot be counted
OUT n2 Counter #2 count valus setting 4 1 o
MVI A, 12H | (LSB than MSB) 5 1 o
QUT n2
iNTERNAL BLOCK DIAGRAM OF A COUNTER
< INTERNAL DATA BUS >
T — TP
‘:ONT;‘E'- STATUS
REGISTER LATCH
i | CRm cAaL
STATUS
REGISTER
e ~
CONTROL ce
LOGIC
— 4t 1l
OLm oL
[—|
CLKA}pCUTn NOTE CAM : Count Register MSH
GATER CAL : Count Reghitsr LSB
CE :Counter Elament
OLm : Quiput Lawh MSE
OLL : Qurput Larch LSB
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Mode dafinition
Mode O

# Use: Event counter

# Dutput operation: The output is set 1o “L" level by
the control word setting, and kept at L' level until
the counter value becomes 0.

» Gate function: “H* level validates the count opera-
tion, and 'L level invalidates it. The gate does not
affect the cutput.

# Count value load timing: after the control word
and initial count value are written, the count value
is losded to the CE at the falling edge of the next
clock pulse. The first clock pulse does nat cause the
count value 1¢ ba decremented. in other words, if
the initial count value is N, the output is not set 10
“H" level until the input of (N+¥) the clock pulsa
after the initial count value writing.

* Count valug writing during counting;

The count value is lcaded in the CE at the faliing

adoge of the next clock, and coynting with the new

count value continues, The operation for 2-byte
count is as follows:

1] The counting operation iz suspended when the
firgt byte is written. The output is immediately
set to L level, (no clock pulse is required )
After the scond byte is writtan, the new count
value is loaded 1o the CE at the falling edge of
the next clock.

For the output to go to “H" level again, N+1

clock pulses are necessary after new count

value N is written,

¢ Count wvalue writing when the gate signal is ““L"
leved :

The count value is also Inaded to the CE at the

falling edge of the next clock pulse in this case,

When the gate signal is set to “H" lavel, the output

is set to “H" level after the lapse of N clock puises.

Since the count value is already loaded in the CE,

no cleck pulse for loading in the CE is nacessary,

2

Mode 1

o Use: Digital one-shot

« Qutput aperation: The output is set to “H* level
by the control word setting. It is set 10 “L* level
st the falling edge of the clock succeeding the gate
trigger, and kept at "L lewvel until the counter
valua bacomes 0. Once the output is set to “H" level,
it is kept at “H" level untii the clock pulse suc-
ceeding the next trigger pulse.

® Count valug load timing:

After the control word and initial count value
are written, the count value is lsaded to the CE
at the falling edge of 1the clock pulse succeeding the
gete trigger and set the output to “L” level. The
one=shot pulse starts in this way. If the initial count
valué is N, the oneshot pulse interval equals N clock
pulses, The one-shot pulse is not repetitive.

« 3ate function: The gate gignal setting to L' level
after the gate trigger does not affect the output.
When it is set to “H" levei again from “L" level, gate
retriggering occurs, the CR count value is loaded
agein, and counting continues.

o Count velue writing during counting
i does not affect the oneshot puise being counted
Uit retriggering occurs.,

Mode 2

= Use: Rate generator, real-time intarrupt clock,

& Qutput operation: The output is set to “H" level
by eontrol word setting, When the initial count
value is decremented to 1, the output is set ta "L
level during one clock pulse, and is then set to “H"
level apain. The initial count value is reloaded, and
the above sequence repeats. In mode 2, the same
sequence is repeated at intervals of N clock pulses
if the initial count vaiue is N Tor example.

# Gate function: “H" level validstes counting, and
“L™ level invalidates it. If the gate signal is set to
“L" level when the output pulse is "L level, the
output is immediately set to “H™" level, At the
falling edge of the clock pulse succeeding the trigoer,
the count value is reloaded and counting starts. The
gate input ¢an be used for counter synchronization
in this way.

= Count value load timing:

After the contrel word and initial count value is
written, the count value is loaded to the CE at the
falling edge of the next clock puise, The output is
sat to "L" level upon lapse of N clock pulses after
writing the initiat count value N, Counter synchro-
nization by software is possible in this way.

# Count value writing during counting:

Count value writing does not affect the current
counting operation sequence, |If new count value
writing completes and the gate trigger arrives before
the end of current counting operation, the count
valie is toaded 10 the CE at the falling edge of the
next clock pulss and counting continues from the
new count valug. Mf no gate trigger arrives, the new
count vaiue is loaded to the CE at the end of the
currgnt counting operation cycle. In mode 2, count
value of 1 is prohibited.

Mode 3

# lJse: Baud rate generator, square wave genarator

+ Dutput operation: Sama as mode 2 except that the
output duty is different.

The output is set 1o “H" level by control word
setting. When the count becomes half the initial
count value, the output is set to “L" level and kept
at “L" level during the remainder of the count,

Mode 3 repeats the above sequence periodically,
If the initisl count value is N, the output becomes a
sgugre wave with a period of N.

e Gate operation: “H" level validates counting, snd

“L™ level invatidates it. If the gate signal is set to
“L" levet when the output is “L" level, the cutput
s immediately set to “H" lavel,
The initial count value is reloaded at the falling
edge of the clock pulse succeeding the next gate
trigger. The gate can be used for counter synchroni-
zation in this way,
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& Count value ioad timing:
After the control word and initial count value are
written, the count value is loaded to the CE at the
falling edge of the next clock pulse. Counter syn-
chranization by software is possible in this way,

# Count valug writing during counting:
The caunt value writing does not affect the current
counting operation, When the pate trigger input
arrives before the end of a half cycle of the square
wave after writing the new count vslue, the new
count value is lgaded in the CE at the falling sdge
of the next clock puise, and counting continues
using the new count value. If there is no gate trigger,
the new count value is loaded at the end of the
half ¢yecle and counting continues,

« Even number counting oparation:
The output is iritially set e “H" level. The initial
count value is toaded to the CE at the failing edge
of the next clock pulse, and is decremented by 2
by consecutive clock pulses. When the counter
value becomes 2, the output is set to L™ level, the
initial valug is reloaded amnd then the sbove opera-
tion is repeated.

# Odd number counting operation:
The output is initially set to "H" levsl. At the
falilng edge of the next clock pulse, tha initial
count valug minus one is Icaded in the CE, and then
the vaiue is decremented by 2 by congecutive clock
puises, When the counter vaiue becomes Q, the out-
put is set ta “L" level, and then the initizl count
value minus 1 s relcaded ta the CE. The value is
then dacremented by 2 by cansecutive clack pulses,
When the counter value hecornes 2, the gutput is
again set to “H' level and the initial count value
minus 1 is again relocaded. The above operations
are repopated. In other words, the output is set
to "H" level during (N+1}/2 counting and to "L
level during {N—1}/2 counting in the case of odd
number counting.

Mode ¢

# Usa: Software trigger strobe

o Qutput operation: The output is initially set to
“H" level. When the counter value becomes 0, the
cutput goes to 'L" Jevel during one clock pulse,
and then restoras “H* level again,
The coumt seguence starts when the initial count
value is written,

® Gate function: "H" level validates counting, and
LY level invalidates counting. The gate signal does
not affect the output,

# Count valug joad timing: ]
After the contral word arg initial count value are
written, the count value is loaded to the CE at the
falling edge of the next clock pulsé. The ctock puise
does not decrement the initial count value, If the
initial count value is N, the strobe is not output
unless N+§ clock pulses sre ingut after the initial
count value is written,
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& Count vatue writing during counting:

The new count yalue is written to the CE at the

falting edge of the next clock pulss, and counting

continues using the new count value. The operation
far 2byte count is as follows:

1} First byte writing does not affect the counting
operation.

2} Afwer the second byte is written, the new count
value is loaded te the CE at the falling edge of
the next clock pulge,

This means that the counting operation is retriggered

by software, The output strobe s set to L™ level

wpon input of N+1 clock pulsas after the new count
vatue N is written,

Made 5

® Use: Hardware triggsr strobe

= Qutput operation: The cutput is initially set to “H*
leval. Whan the counter valua becomaes O after trig-
gering by the rising edge of the gate pulse, the out-
put goes to “L* level during one clock puise, and
then restores "H* level,

® Count value Joad timing:
Even after the control word and initial count value
are written, loading to the CE deas not ocour until
the input of the clock putse succeeding the trigoer,
Far the clock pulse for CE loading, the count value
it not decremented. If the initial count value is N,
therefore, the output is not set to L™ level until
N+1 clock puises are input after triggering.

» Gate function:
The initial count vatue is loaded to the CE at the
falling edge of the clock pulsé succeeding gate
triggering. The count sequence can be retriggered,
The gate pulse deewnot affect the output.

« Count value writing during counting:
Tha count valug writing does not affect the current
counting sequence. If the gate trigger is generated
after the new count value js written and before the
current counting ends, the new count value is loaded
to the CE a8t the failing edge of the next ciock pulse,
and counting continues using the new count vajue.
The various roles of the gate ingut signals in the
aghove modes ara summarized in the following tabie.
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Mode Gote *L*" Level Falling Edge Rising Edge “H" Leval
o Counting not possible Counting possible
1 {1} Start of counting
{2} Reeriggering
{1} Counting not possible . . .
f
2 {2} Counter putput forced 1o “H* tevel Start of counting Counting possible
{1} Counting no1 possible . .
3 {2) Counter output forced to “H" level Start of counting Counting possible
4 Counting not possible Counting possible
5 11]  Start of counting
{2) Retrigpering
Mods 0

QUT (GATE = 'H'}

T ln=_!4| j

GATE : | : [

4 < S |
ouT t
L 1
Mode 1

WR {n= 4} I [
GATE }
4 3 2 1 0
| our i f
GATE ; | 4 |
3 3 2 & 3 2 0
OuT in= 4} i [
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WR | in=4] [ |1n-21|
1 4 3 2 1 2 1 2
CUY (GATE = 'H"} | [ | | | |
1

GATE ‘
OUT (n=4) I I L

WER | in = 4} } ]tn-al]
a4 2 4 2 4 2 3 2 3

4 2
QUT IGATE = 'H'’} I ' | I | l

GATE I l
4 2 0 4 2 4 2 4] 4 2 4
QUT In=5) ' ‘ I l l

OUT (GATE = 'H') | |
GATE 1 £
' 10

4 3 2

ouT

Mods 5
GATE ’
OuT (n=4a}) |'

GATE § ] B
3 2 1 o
OuUT In=4) l I

Mote: ““n"" is the value set in the counter,
Figures in theye diagrams refer to counter values,
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Rawding Counter Valuss

All B2C64-2 counting is downcounting, the
counting being in steps of 2 in mode 3. Counter values
cen be read during counting by, {1} direct reading, {2)
counter latching (*'read on the fly''}, and {3} read
back command.

(1} Direct reading
Countar values can be read by direct reading opera-
tions.
Since the counter value read according to the timing
of the RD and CLK signals it not guaranteed, it is
necatsary 10 stop the ¢counting by a gate input signal,
or to ntarrupt the clack input temporarily by an
aexternal circuit to snsure that the countar value is
correctly read.

(2} Countar letching
In this mathod, the counter value is latched by
writing 8 cou {atch col d, thereby enabling

a stable value to be read without effecting the
counting in any way at all. The output latch {OL)
of the selected counter Jatches the count value
when a counter latch command is written, The count
value is held unti it is read by the CPU or the con-
trol word is set again.

If a counter latch command is written again before
reading while a certdin counter i% latched, the second
counter latch command is ignored and the value
latched by the first counter latch command is
maintsined.

The 82C54-2 features independent reading and
writing from ardl to the same countar.

When a counter is programmed for the 2-byte

counter valug, the following sequence is possible:
1. Count value {LSE) reading

2. New count value (LSB) writing

3. Count value IMSB) reading

4, Mew count value (MSB) writing

An le of a latching program ig given
below.
c tatchi d for counter #t {Read/

Load 2-byta setting)

MVIA 0100xxxx
Denotes countar latching

OUT n3 Write in control word address
{n3)
The counter value at this point
is latched

INnt Reading of the LSEB of the
counter wvalue latched from
countar #1,
nt: Countar #7 addras

::Ior:fl B.A Reading of MSB from counter

MOV C, A .

{3} Read Back Command Operation

Use of the read back command enables the user to
check the count value, program mode, output pin
state and nul! count flag of the selected counter.

The command is written in the control word register,
and the format is as shown below. For this com-

mand, the counter selection occurs according 1o bits
D3, D2 and D1.

o7 LH o8 Od == ] o2 =1] o0
I_ 1 ! 1 |mf§ﬁ‘l‘ﬁ!r cNTz| CNTIICNT€I| o |

[C5=0,A0 A1=1,RD=1,WR=0

D5: O = Selected counter latch operation

D4: 0 = Selected counter status latch operation
D3: 1 = Counter #2 selection

D2. 1= Counter #1 selection

D1: 1= Counter #0 selection

DO: O Fixed

It is possible to latch multiple counters by using the
resd back command, Latching of 8 read caunter iz
sutomaticelly cancelled but other counters are kept
latched, If muttiple reed back commands are written
for the same counter, commands other then the
first one are Wnared,

It s also possible to latch the status information
of each countsr by using the read back command,
The status of a certain counter is read when the
countyr i read.

The counter status format is as follows:

Bits D5 1o DD indicates the mode programmed by
the most recently written control word,

Bit D7 indicates the status of the output pin,

Use of this Bit makes it possible to monitor the
counter output, s0 the correspordding hardware may
be omittad.

W b b5 D4 B3PI DY R
r
P“wric%lflLNLTi ALY | AL | w2 | M1 | Mo l acoJ

D7: 1= 0utput pin status is 1.
0 = Qutput pin status is 0.
D6: 1= Null count
0 = Count value reading is effective
D6 — DG: Programmed mode of counter (See the
control word format.)

Null count indicates the count value finally written
in the counter register {CR) has been loaded in the
counter olement {CE} The time when the count
values was loaded in the CE depends on the mode of
gach counter, and it cannot be known hy reading
the counter value because the count value does not
tell the new count vatue if the counter is latched.
The aull ccunt oparation is shown balow,
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Operation
A, Control word register writing
8. Count register {CR] writing
C. MNew count loading to

CE {CR -+ CE}

Result
Mull count = 1
MNull count = §
MNull eount =0

IMote! The nauMd count operation for each
countar is independent. When the 2-
biyte count is programmed, the null
count is set 10 1 when the count value
of the second byte is written.

I status latching is carried aut multipie times before
status reading, other than the first status lawch is
ignored,

Simultanecus latching of the count and status of
the selected counter is also possible. For this pur-
pose, set bits D4 and D3, TOUNT and STATUE bits,
to 00. This is funcrionally the same as writing two
separate read back commands at the same time. If
counter/status latching is carried out multiple
times before each reading, other than the first ocne
is ignored here again. The example is shown below.

Commoend Counter 6 | Counter 1 | Counter 2
7| DBbdDdbSlDﬂDl OO Gontents Count Status (Count|Status Count Smtuy
1|1[0]|0(0]|0]1]|0| Read back status and count (counter 0} L L - - - -
1|1[1|9]|077 (0|0 | Read back status (counter 1} L L - L - -
1{+j1|D|1]|7]0|0 | Read back status {counters 1 and 2) L L = | aka | - L
411011 (1 [0]|0 |0} Read back count (counter 2| L L - L L L
1{1 (0|0 [0[%]|0|0 | Rem back status and count loountar 1) L L L b L L
1]1[1]0]00|1|0 | Read beck status [counter O} L |k | L L L L

L Lstiched, —: Not latched

(Mota} The latch command at this time point is ignored, and the first iatch command is valid.

If both the count and status are latched, the status
{atched in the first counter read operation is read.
The order of count latching and status latching is
irrelevant,

The countlst of the next one or two reading opera-
tions is or 2re read.

Example of Practical Application
* B2C54-2 used as a 32-bit counter.

JUL o cLK2 ouT2

82(C54-2

Oo—{CLKD oUT—0

—ckr  ouTi—o0—1

Use counter #1 and counter #2

Counter #1: mode O, upper order 16bit counter
value

Counter #2: mode 2, tower order t8-bit counter
valug

This setting enables counting up to a maximum of 2%,
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MSM82C55A-5RS/GS
MSM82C55A-2RS/GS/VJS

CMOS PROGRAMMABLE PERIPHERAL INTERFACE

GENERAL DESCRIPTION

The MSMB2C55A is a progremmable universal I/0 intarface device which operates as high speed and on
low power consumption due 1o 3 u silicon gate CMOS rechnology. b is the best fit as an 170 port in a system
which employs the B-bit parallel processing MSMBOC85A CPU. This device has 24-bit 140 pins equivalent to three
B-bit 1/0 ports and all inputs/outputs are TTL interface compatible.

FEATURES
& High spesd and Jow power consumption dus to 3 x ® Bit sat/reset function (Port C)
silicon gate CMOS technalogy * TTL compatible
# 3 V1o B V single power supply # 40-pin DIP (MSMB2C55A-GRS/MSMBZCS5A-2RE)
» Full static operation # 44.pin flat package .
# Programmable 24-bit 11O ports [(MSMB2C55A -6GS/MEMB2C55A-2G5)
» Bidi i | bus operation {Port A} ® dd-pin PLCC {MSMB2CE5A-245]

& Compatible with B265A-5

CIRCUIT CONFIGURATION

| 8

vVee o= ]
: ,/ 8 | ]
ROUP A
GND : PORT A . PAp ~ PAy
{8

B
DATA
Dg ~ D4 BUS
: BUFFER

INTERNAL BUS LINE

o READ/ :
WR WRITE TROL | V7
CON-
RESET TROL
LOGIC
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PIN CONFIGURATION

S
MSM82CEBA.5RS (Top view) 22 (L] 35 P,
MSMB2CE5A-2RS Pa; 2] PAg
A0 Lasd Plastic DIP PA; [T ) pa,
2 paq
35 WA
3% RESET
4] Dy
5 o,
33 D,
3 0,
33 Dy
Dy
Dy
[77] D4
3 Ve
73 pe,
PB
S o oot L e owm ow T @« Zﬂ 5
REFLLeddssk 73 P,
PB4
E PEy
_ 444342 41 40 3938 37 36 35 34
s ] 33
GND —] 2 O 32
Ay —3 NnE—uo; )
Ap —] ¢ nE—o, MSMB2C564.-2G5
PCr—— 5 2——D, 44 Luaad Plastic Flat Package
PCg ] 6 8f=—— p,
PCs ey 7 =0,
PC, L3 B b1} s i P
PC, — 9 25— p,
pC, c===10 24— v
PC, C—n 23— PB4
1213141516 17181 2122

P P ]
e ©Ea
GND[a]
Al[3]
MSMB2CS5A-2VJS (Top View! A0 [iD]
44-pin Plastic Leaded Chip Carrier PC?E
M.C. i3]
PCE 3]
PCS5 [14]
PC4 15|
PCO [i¢]

PC1 E
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ABSOLUTE MAXIMUM RATINGS

Lirnits
Paramater Symbol Conditions Unit
NBMBchB::::: MSMGRCESA-EGE | msmmzcEsA-2IS
Ssupply Voltags Veo Ta = 25°C «0.5to +7
with
Input Voltage VIN respect -0.5t0 V. + 0.6
Cutput Voltage Vout | to GND =05t Ve + 0.5 v
Storage Temperature Tstg - ~E5to +150 *C
Power Dissipation Pg Ta = 25°C 1.0 0.7 1.0 w
OPERATING RANGE
Parameter Symbol Limits Unit
Supply Voltage Voo 316 v
Oparating Tamparsture Tor =40t 85 °c
RECOMMENDED OPERATING RANGE
Parsmeter Symbol Min, Tvp. Max, Unit
Supply Voltage Voo 4.5 5 85 v
Operating Tamparature Top -40 +25 +85 ‘c
“L" Input Voltage ViL -0.3 ' +0.8 v
“H” input Voltage Vi 2.2 Vog +0.3 v

DC CHARACTERISTICS

! MSMB2C55A-6 | MSMB2CBEA-2
Parameter Symhal Conditions Unit
Min, Tye.|Max. | Min. [Typ.|Max.
“L” Output Voitage VoL | oL =25mA 045 04 | V
VaH = -400 A 24 _ v
"H" Quiput Voltage VOH | 10 = -40uA 4.2 v
| lgH = -2.5mA - 37 v
| oH Ver =45V o
tnput Leak Current | 1) | 0 Vg < Vge 55V -10 0 | -1 1| wA
Qutpur Lesk Current | 1o | 0< Voyut <Vgg | Ta=-40°C1e [ -10 1 |-10 0 | wA
i — +86°C
| CS 2 Ve -0.2v -
f;::;‘;c;‘"e"' Iccs | Vin 2 Voe -02v | L= 0P 0.1 | 100 0| 10 | wA
v VL 202V
Average Supply [TEy— -
Currant tactive) lcc |t - amiery s il i
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AC CHARACTERISTICS
{Vpo =45 1055V, Ta= -40 to +80°C}

MSMB2CE5A-5 |MSMB2CESA -2

Parameter Symbol - Unit  [Remarks
Min. | Max. | Min, | Max,

Setup Tima of address 1o the falling edge of AD AR 20 20 ns

Hold Time of address to the rising edge of RD 1A 20 0 ns

AD Pulse Width tRA 300 100 ns

Delay Tima from the falling edge of RO to the 120

output of defined data 'RD 200 ne

Dalay Time from the rising edge of AD to the

1 7

floating of data bus tDF 10 100 0 5 ns

Timne from the rising edge of RD or WH to the next

falling edge of RD or WH Ry | 850 200 ) ns

Setup Time of address before the falling edge of WR | taw o 0 ns

Hold Time of address after the rising edge or WR twa, 30 20 ns

WH Pulse Width tww | 300 150 ns
-Setup Time of bus data before the rising edge of WR|  tpwy 100 4] ns

Holt Time of bus data after the rising edge of WR WD 40 30 ns

Delay Time from the rising edge of WH to the

output of defined data WE 350 200 ne

- : f -

Setup Time of port data before the failing edge of - 20 20 ns

RD

Hoid Time of port dats after the rising edge of RD tHR 20 10 ns

ACK Pulse Width tax | 300 100 ns

STH Pulse Width gy | 300 100 ns | Losd
Setup Time of port data before the rising adge of 3 150pF
STB trg 20 a ns

Hold Time of port data after the rising edge of STB tPH 180 50 ns

ime frem the falling adge of
Oelay Time from the falling adge of ACK to the tAD 300 | 150 ns

output of defined data

Delay Time from the rising edge of ACK to the

flosting of port (Port A in mode 2) Ko 20 | 250 20 | 250 ns
QD‘::\!D:'E\B&Ffwm the rising edga of WR to the falling WoB 50 150 N
3;'::;‘:?;;%%;“ felling sdge of ACK o the TAOB 30 150 ns
g::::e‘:zao:rm tha falling edge of STB 1o the - 300 150 ne
E:;ewo;"i';; from the rising edge of RD to the falling e 300 150 | s

Dalay Time from the falling adga of RD ta the
falling edye of INTR

Delay Time from the rising edge of STB to the

RIT 400 200 ns

rising edge of INTR ST 300 150 | ne
Delay Time from the rising edge of ACK 1o the
rising edge of INTR TAIT 350 150 |
Detay Time from the falling edpe of WHR to the

Ay ing edoe WIT BEO 250 | ns

falling edge of INTR

Note: Timing is measured et V| = 0.8 V and Vi = 2.2 V for both input and outputs,
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Basic Input Operation (Mods 0)

AR

AD \ Af
|"' 1 R i A™=
Port input X X
j—t A R——=] —tR A__.I

[=+——1RD 1DF———=
Basic Outpyt Operation (Mode O
WA \ ww r
Ty
r-—tDw—o--—r':—I
X X
f————taw Y Ar———m]
€5, A, A
1. R0 :X K

Port autput )

g

Strobe Input Operation (Mads 1)

p—— g T —
sT8 Y 4
(—
1 ts1B
8F / 1SIT . \.
| i "—‘RIB""";‘I|
INTR IRIT
/
RD Sm—
i z)
Port input  we s = : >——°—- ______________ f—
tps
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Strobe Output Operetion (Mode 1}

WR W }
e—a-tADB
A
GBF woe
INTA /)
=ty T— ~
—_— \ ./
ACK
p=—tAK—>=—AI T —*
Port output j
ws
Bidirectional Bus Operstion (Mods 2|
-1 A8
OBF \
INTR fwos /
o 1 et A K
ACK . h Y
15T —
T8
IBF 'siey t tkE
'% —-N?-— —r] it
POt A == o v o e e e _<:_ >_...-..-‘: >. _____ —
P tRIB
AD
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OUTPUT CHARACTERISTICS (REFERENCE VALUE}
1 Output “H* Vahage (Vg va. Qutput Current (Igy)

9 R
2 44 Ta= -40~85°C
X
£ Voo =50V
i’ 3
g
: 24
S
2 14+
=)
Q
o4 ]
0 -1 -2 -3 -8 s
Output current I {mA}

2 Output “L" Voltage {Vo} vs. Dutput Current ligL)

51L
2 4+
|
=]
-
§ 3.L
®
PR Vee = 5.0V
-4 4 Ta= —40~85°C
8 {
o-.

Output current lg {mA)

Nots: Tha dirsction of flowing into the device is taken a3 positive for the output current.
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FUNCTIONAL DESCRIPTION OF PIN

Pin No. Item Input/Cutput Function
D7~ DO Bidirectional input and These are three-state 3-bit bidig:tionaﬁuses uted to write and
date bus output read date upon receipt of the WH and RD signals from CPUand
also usad whan control words and bit set/recet data are trans-
ferred from CPLU wo MSMB2CE5A,

RESET Resat input Input This signal is used to raset the control ragistar and all internal
registers when it is in high level. At this time, ports are all made
into tha input made {high impedance status).

a3 Chip selact Input Whan the CS is in low level, data transmission is enabled with

input CPU, When it s in high lavel, the data bus is mada into the high
impedance status where no write nor read operation is parformad.
Internal registers hold thair previous status, hawsver,

RO Read input Input When RD is in tow tevel, data is transferrad from MSM82CE6A
to CPU.

WR Write input Input When WR is in low level, data or control words are transferred
from CPU 1o MSMB2CEEA,.

AD, A1 Port salsct Inpux By combination of AQ and A1, aithar one Is selactad from among

input part A, part B, part C, and control register. Thesa ping sre usually
(addrass) connected to low arder 2 bits of the address bus.

PAT ~ PAD | Port A Input and These are yniversal 8-bit 1/Q ports, Tha dirgction of inputs/out-

: output puts can be determined by writing a controi word. Especially,
port & can be used as a bidirectionsl port whan it is set to moda 2,

PB7 ~ PBO Port B Input and These are universal 8-bit 1/0 ports. The direction of inputt/out-

output puts can be determined by writing a control ward.

FC7 ~ PCO PortC Input and These are unjvarsal 8-bit 1/O ports. The direction of inputs/out-

output puts can be daterminsd by writing a control word as 2 ports
with 4 bits sach. Whan port A or port B is used in moda 1 or
made 2 {port A only), thay bacome control pins. Especially
when port C is used as an output port, sach bit can be set/reset
independently.

Yoo +5 V power supply.

GND GNO

BASIC FUNCTIONAL DESCRIPTION

Group A and Group B

When setting a mods 1o a port having 24 bits, set
it by dividing it into two groups of 12 bits each.

Group A: Port A {8 bitt) and high order 4 bits
of port C {(PCT ~ PC4}
Port B {8 bits) and low order 4 bits of
port C (PC3 ~ PCO}

Group B:

Maode 0,1, 2
There are 3 types of modes 10 be set by grouping
as follows:

Mode 0:  Basic input operation/output operation
{Avaiiable for both groups & and B}
Mode 1: S input aperation/output opera-
tion
{Available for both groups A aend B}
Moda 2:  Bidirectional bus operation

{Awvailable for group A only)
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When used in mode 1 or mode 2, however, port C
has bits to be defined as ports for control signal for
operation portt {port A for group A and port B for
group B) of their respactive groups.

Port A, B, C
The internal structure of 3 ports is as follows:

Port A:  One Bbit data output laxch/buffer and
one 8bit data input latch

Port B: One B8-bit data input/output latch/buf-
fer and one 8-bit data input buffer

Port C: One B-bit data output tatch/buffer and

one B-bit data input buffer {no latch
for input}

Single bit set/resat function for port C

When port C is defined as an output port, it is pos-
sible 10 set ito turn to high level) or reset to turn to
Jow level} any one of 8 bits individually without affect-
ing other bits.
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OPERATIONAL DESCRIPTION

Control Loge
Operations by addresses and control signals, #.p., read and write, stc. are a2 shown in the table below:

Operation Al | A | C5 |WR | AD Ogperation
[} ] 0 1 0 Port A —~Data Bus
Inpwat 0 1 0 1 o Port B —+Data Bus
1 ) o 1 D Port C ~+Data Bus
o i] 0 o 1 Data Bus —+Fory A
Output o 1 0 ] 1 Data Bus —+Port B
1 ] L] 1] 1 Data Bus —+Port C
Conrgl 1 1 i} 1] 1 Datp Bus —+Control Register
1 1 1] 1 4] titagal Condition
Others % x 1 x % Data bus is in the high impedance status.
Setting of Control Ward
The control register is composed of 7.bit latch circuit and 1-bit flag as shown below,
Group A Control Bits Group B Control Bits
-
=1 Dg Ds Dy D3 Dy Dy Do
L Dafinition of input/
output of low order ?: E‘ut&ut
4 bits of port C, P
L———————a= Dfinition of input/ -
output of Abits of - ?3 E""“’t‘"
port B pu
——— = Made definition 0= Mode O
of group B 1 = Mode 1
- Definltion of input/ -
output of high order .~ E‘"tptut
4 hits of port C Py
- Definition of input/
output of 8 bits of - [1}: ?"‘:'t"'t
port A np
a= Mode defini ’ of group A
Ci | word identification flag Dy | Dy Mode
Bé sura to sat 1 for tha control
ward to define a mode and input/ ol0 Mode O
output. 0|t Mode 1
{Whan set to G, it bacames the
control word for bit set/reset.} 1 [{x Mode 2
Precaution for mode selection Bit St/Resat Function
The putput registers for ports A end C are cleared Whan port C is defined 83 output port, it is possible

to ¢ sach time data is written in the command repister to st (st output to 1} or resst (set output 10 OF any
and the mode is changed, but the port B state is un. ons of 8 bits without affecting other bits as shown
defined, next page.
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D-j' D. Ds 04 Da ng D]

ré’

Definition of set/raset 0 = Resot
for a desived bit 1= Set
i ——
Dafinition of -
bit N PortC |Dy [Dg | Dy
to ba set or PCa 0|0 |0
-] reset PC, oo
Don't Care PCs ol1]|0
PCs el
———== Control word identification flag PC, 1 |o o
Be surs to sat to O for bix set/
reset PCg 1o
{When set to 1, it becomes tha PCq 111190
control word to dafine 8 mode PCo 1111
and inputfoutput ]

interrupt Control Function

When the MSMB2CESA is used in mode 1 or
moda 2, the interrupt signal for the CPU is providad.
The interrupt request signal is output from port C. When
the internal flip-flop INTE is set beforehand at this time,
the degired interrupt request signal is output. When it
is raset beforehand, however, tha interrupt request sig-
nal is not output. The set/reset of the intemal flip-flop
is made by the bit set/reset operation for port C virtuaily.

Bit }et > INTE is sat ~* Intarrupt allowed
Bit raset — INTE is rosat ~* interrupt inhibited

Operstionel Description by Mode

1. Mode 0 (Basic inp

£

P

Mode O makes the MSMEB2C 554 operate as a bas-
ic input port or output port. Mo control signais such
as interrupt request, etc. are requirad in this mode.
All 24 bits can be used as twao-B-bit ports and two
4-bit ports. Sixtesn combinations are then possible
for inputs/outputs. The inputs are not latched, but

the outputs are.

Control Word Group A Group B
Type Dy | D | Dy | Dy | D3 |Dy) Oy | By Part A Higho?:::,: éaiu Port B Lmo?;’?r: 4C Bits
1 1|/0|0|0!0 |00 |0 Qutput Qutput Qutput Quiput
2 1 [+ B O T 1 I I 1 Quiput Qutput Output tnput
3 110|000 |0 o Cutput Output Input Output
q 1 o|o|O0D([0 |0 1 1 Output Output Input Input
5 1 o0l 0|1 o|(o0 |0 Qutput Inprat Quiput Output
-] 1 0| ;0|1 0101 Qutput Input Qutput Input
7 1 o|loj|O|Y]|]Oo|1]o0O Output Input Input Output
8 1 |00 1 4] 1 1 Ouiput Input Input input
] 1| |0|r]|]0jc]|0 |0 Input CQurput Qutput Qutput
10 1 o0 /|1 0|0 |01 Input Output Qutput Input
11 1 G|l o |1 olo |1 Q Input Qutput Input Qutput
12 1 G| 0 1 00 1 1 Input Cutput Input Input
13 1({o0jo|1{1|l0olo]o Input Input Output Output
14 1 ] 0 1 1 Q 1] 1 Input 1nput Qutput Input
15 1 0|01 1 0l1 0 Input Input Input Output
16 1 0|0 1 1 a T |1 -lnput Input Input Input

Nots: Whan used in mode O for both groups A snd B
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2, Mode 1 (Btrobe input/autput operstion) and low level at the falling edge of the AD whan

In mode 1, the strobe, interrupt and other control the INTE is set.

signals are used when input/owtput operations are INTE 5, of group A is sat when the bix for PCy is
made from a specified port. This mode is available sot, while INTER of group B i st when the bit
for both groups A and B. In group A at this time, for PCy is mt,

port A is used as the data line and port C as the con-

Following is a description of the output opera-

trol signal. tion of mode 1
Following is a dascrption of the input operation in oBE .
: buffes full
1 {Output full Hag output)

—— * This signal when turned to low level indicates
STE (Strobe lput) . that data iz written to the specified port upon

& When this signal is low level, the data output racaipt of the WH signal from the CPU. This sig-
from terminal to port is fetchad inta the internal nal tums 1o low level at the sising ed.ge of the

latch of the port. This can be made independent ; P
from the CPU, and the data is not output ta the —WR and high level at the falling edgs of the ACK.
data bus until the RO signal arrives from the ACK (Acknowledge Input}
CPU. - & This signal when tumed to low level indicates
IBF \nput butier full flag output} that tha terminal has racalved dats,
® Thic is the responsa signal for the STB. This INTR {Interrupt request output)
signal whan turned to high lavel indicatas that *  This is the signal used o interrupt the CPU when
data is fetchad into the input latch. This signal a terminal raceives data from the CPU via the
turns to high levet at the falling edge of T8 and MSMB2C56A-5. It indicates the occurrence of
1o low level at the rising edge of RD. the interrupt in high lovel oniy when the inter-
INTR (Intevrupt request output) nal INTE flip-flop is set. This signal turns to high

leval at the rising edge of the ACK (OBF = 1 at
this time) and low tevel at the falling edge of WR
when the INTEg is set.

INTE 5 of group A is set when the bit for PCg
is sot, while INTEg of group B is tex when the
bit for PCy is sat,

* This is the interrupt request signal for the CPU
of the data fetched into the input latch. It is in-
dicated by high level anly when the internal INTE
flip-flop is set. This signal turns to high level at
the rising edge of the {IBF = 1 at this tims}

Mods 1 Input Mode 1 output
{Group A)
8 {Group A} 8
N PAy I
r -= i CI’ £ :
|'NTEa;  FPho } INTEA PAg
| NS | Lo
PCy | S5THa, PCy -I-_OBF;\
PCs [~ 18F PCy -—mj\
AD ™ WR —ad
PC; p= INTRg | pey |- iNTRA
G 8)
= 8 {Group B)
_— FB, 8
- ' - Y
[ I | ]'NTEB| Bo
PC, I+ g':i-"'BB | W |
PC; = OBFg
PCy == I6Fp
PC; [ ACKp
— —
RO PCy = INTRg WR ~—=
PCy b= INTRg
Note: Although belonging to group B, PC; vperates
as the control signal of group A functionally.
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Port C Function Allocation in Moda 1

Combination of
input/Qutput Group A: Input Group A: input Group A: Qutput Group A: Outpyt
Part Group B: Inpyt Groupg B: Output Group B: Input Group B: Output
PCq INTRg INTRp INTRg INTRg
PC) iBFg OBFp 1BFp OBF g
PCy §Tep ACKg 5THp ACKp
PC3 INTRa INTR A, INTR INTR 5
PCy T8, 5TBa o g
PCy 1BF 5 IBF A 110 110
PCs [FLe] 1o ACK ACK
PCy 10 1] OBF 5 OBF 5

Note:

Examples of the relation between the control words and ping when used in mode 1 i3 shown below:

{a} When group A is mode 1 output and group B is mode 1 input.

1/Q is 2 bit not used & the control signal, but it is available as a port of mods 0.

Dy Ds

Dy, By D; Du

Dg

Controt word 1

0 10 1 1

X

Selection of 1O
of PC4 and PCy
when not defined
as a control pin,

1 = Input
0 = Cutput

3l

i

3|
i

B
Phqy~PAg [

—- OBF
—— mg
[—= INTRA,
o 1/0
PBy~PBo i

f— S_TBG
[~ IBFg
| — INTRg

[—-— At all of PCy~PCy

bits bacome a control
pin in this case, this
bit is ""Don’t Care”’,

Group A: Mode 1 output
Group B: Mode 1 input
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{b) When group A is mode 1 input and group B is mods 1 output,

Dy Ds Ds 04 0s; Dy 0, Dy
1 ] 1 1 1/0 1 4] X
I Sal ion of 1/ of PCE
and PCT when not de-
fined as a control pin
1= Input
0= Output
8
PAq~PAg e+
AD —e= PCq|=— 5TB,
PO = IBF 5

PCy—= INTR,
2
PCs. PCq l-qsv- 170

Group A: Mode 1 input
Group B: Moda 1 output

PB;~PBglwe
PCy}—= OBFg
WR —= PCy ACKg

PCof—— INTRg

3. Made 2 (Strobe bidirectional bus 1/Q operation)

In mode 2, it is possible to transfer data in 2 direc-

tions through a single 8-bit port. This operation is

akin to a combination between input and output
operations. Port C waits for the control signal in this

case, 100, Mode 2 is available only for group A,

however.

N_e_xt, a description it made on mode 2.

OBF (Output buffer full #ag output}

# This signal when turmed to low level indicates
that data has been written to the internal out-
put latch upan receipt of the WR signal from the
CPU. At this time, port A is still in the high im-
pedance status and the data is not yet output
to the outside. This signal turns ta low level at
the rising edge of the WR and high level at the
falling edge of the ACK.

ACK, {Acknowledge input}

# When a low level signal is input to this pin, the
high impedance status of port A is cleared, the
buffer is enabled, and the data written to the in-

ternal output latch is output to port A. When the

input returng to high level, port A is made into
the high impedance status.

STB (Strobe input}

* When this signal turns to low level, the data out-
put to the port from the pin is fetched into the
internal input latch. The data is output to the
data bus upon receipt of the RD signal from the
CPU, but it remains in the high impgdance sta-
tus until than.

IBF {Input buffer full flag output)

®  This signal when tumed to high level indicates
that data frorn the pin has been fetched into the
input latch. This signal turns to high level at the
falling edge of the STB and low level at the ris-
ing edge of the RD.

INTR {Intervupt request output}

* This signal is used to interrupt the CPU and its
operation in the same as in mode 1. There are
two INTE flip-flops internally available for input
and output to select either infarrupt of input or
output operation. The INTE1 is used to control
the interrupt request for output operation and
it can be resat by the bit set for PCE. INTE2 is
used to control the interrupt request for the in-
put operation and it can be sat by the bit set for
PC4.




B /O-MSEM82C55A-5RS/GS MSM82C55A-2RS/GS/VJS ®

Made 2 1/Q Operstion Part C Function Allocetion in Mods 2
Port C Function
PCq
| INTFt 5, PG Confirmed to the
8 1 group B mode
w PC,
PC3 INTR
—= DBF 4 PG4 8T8,
—— ACK 4 PCs 18F 4
P06 QCKA
PC4 OBF 4
—— STBa ' ,
Following is an example of the relation between the
[~ 18F 5 control word and the pin when used in mode 2.
When input in mode 2 for group A and in mods 1
forgroup B,

D4 Ds [ Dy Dy Da Dy Dy

Ax all of B bits of port C be-
come control pins in this
case, D3 and DO bits are
traated as “Don‘t Care”,

When group A is set to !

mode 2, this bit is s }

b 2 "Don't ’ No 1/0 specitication is mquimd
for mode 2, sinca it it & bidirec-
tional operation. This bit is
tharefore treated as "'Don’t Care™.

PCyp—e INTR 4
PCy e DBF ,
PCe—— ATK
PCy[=—— STBy
PCs|— IBF,

D e pa,~Pso---,s¢-—
PCy pae-— STBg

WR PCy |——= 1BFg Group A: mode 2
#Cof——== INTRg Group 8: mods 1 input
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4. When Group A is Different in Mods from Group B possible to set the one not defined as a control pin
Group A and group B can be used by setting tham in port C to both input and output as a part which
in diffarsnt modes each other Bt the seme iims, operates in mode 0 at the Ard and Oth bits of the
When eithsr group s st 10 modal ar mods 2, it is control word.

iMode combinations that define no control bit at port C}

Port C
Group A Group B
PCq PCy PFCq PC4 PG4 PGy PCy PCo
1 :;ﬁ‘: ! Made 0 1o 1o IBFs | 5TBa | INTRa | 1O 1O o
2 | MadeO | gm0 |OBFs |ACKA | VO | WO |INTRA| wo | wo | 1o
output
3 | Modso :::‘:: 1 wo { wo | wo | wo | uo | ST8g | I1BFg |INTRR
Mode 1 — —
4 Mode 0 output VO ’o 70 o 170 | ACKg | OBFg | INTRg
Mode 1 Mada 1 J— —
5 input input o (1] IBF 5 TBa | INTRp | STBg | 1BFg | INTRg
Moge 1 Mode 1 —_ — —_—
6 inpat output Vo Vo IBEs | STBy | INTRA | ACKg | OBFg | INTRg
Mode 1 Mods 1 —_— —
7 output mput OBEg | ACKg 170 I/0 [ INTRas | STBg | 'BFg | INTRg
Moda 1 Mode 1 — —_ —_ J—
8 output output OBFa | ACKp 110 WO | INTRp | ACKg | O8Fp | INTRg
9 Mode 2 Mode 0 | OBFa | ACKa | IBFs | STBa | INTRA | 11O o 1o
Controlled at the 3rd bit (D3) Controtied at the Oth bit (DO)
of the control word of tha cantrol ward ﬂ
When the I/Q bit is set to input in this case, it is pos- The bit sat/reset function can be used for all of
sible to access data by the normal port C read PC3 ~ PCO bits. Note that the status of port C
operation. ) varigs according to the combination of modss like
When set to ocutput, PC7 ~ PC4 bita can be ac- this.

cessed by the bit setireset functicn only.
Meanwhile, 3 bits from PC2 10 PCQ can b accessed
by normal write operation.
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5. Port C Status Read bus status signal can be’ read out by reading the

¥When port C is used for tha control signal, that is, content of port C, .
in either mode 1 or mode 2, gach control signal and The status read out is as follows:

Status read on the data bus

Group A Group B

D4 Dy Dg D4 Dj Dy Dy Dg
1 ?::3: V| Modeo | o | vo | 1BF5 |INTE |INTRA| WO | WO | WO
Mode 1 ——
2 output Mode O BFs | INTE5 | 11O o | INTRa | 1O 1o (Te]
3 Mode 0 :‘::: L Y o | wo e 7o | INTEg | 18Fg | INTRg
Mode 1 —
4 Moda 0 output Ho 1o (Ta} (Fs) o INTEg | OBFg | INTRp
Mods 1 Maode 1
5 input input WO o 1BFa [INTEa |INTRa | INTER | 1BFg | INTRg
Mode 1 Mode 1 N
[ input output o VO 1BFs |INTE, | INTRa | INTER | OBFg | INTRg
Maode 1 - Mode 1
7 output input OBFs |INTE4 | 1O 140 INTRp | INTEg | IBFg | INTRg
Moda 1 Mode 1 | —— —_

8 cutput output OBFp |INTE4 o Tfs] INTR,, | INTEg | DBFg | INTRg
9 Mode 2 Mode 0 | OBF, | INTEy | IBFs | INTE; [ INTRs | KO F{a} o
10 Made 2 ::x ! OBFs | INTEy | 18Fs | INTE2 | INTRa | INTEg | 18Fg | INTRg

Mode 1 = —_—
1 Mode 2 outpt OBFg4 | INTEy | IBFA | INTEz | INTRA | INTEg BFg | INTRg
6. Remst of MSMB2CS5A becomes the input mode at a high level pulss above
8o sure to keep the RESET signal at power ON in 500 ns,

the high level at Ilesast for 50 us. Subsequently, it

Nota:

After 3 write command s executed to the command register, the internal {atch is cleared in PORTA PORTC, For
instance, O0H is output at the baginning of a write command when the output pare is assigned. However, if PORTH
is not cleared at this time, PORTS is unstable, In other words, PORTB only outputs ineffective data (unstabte value
according to the device) during the period from after a write command is axecuted till the first data is written 1o
PORTH.
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OKI semiconductor
MSM82C59A-2RS/GS/JS

PROGRAMMARBLE INTERRUPT CONTROLER

GENERAL DESCRIPTION

The MSM82C59A-2 is a progremmable interrupt controllar for use in MSMBOCBSA/ A2 and MSMBOCSG/SS
MICrDCOMPULer Systams.

Based on CMOS silicon gate technology, this device features an extremely low standby curent of 100 zA
imax.) in chip non-selective status. During interrupt control status, the power consumption is very Jow with only
B mA (max.) being required.

Internatly, the MSMBA2C59A-2 can control priority interrupts up 1o 8 levels, and can be expanded up to 64
levels by cascade connection of 8 number of devices,

FEATURES
® Silicon gate CMOS technology for high speed and low * Programmable interrupt mode
POWer consumption. + Maskable intarrupt
#3V to 6 V single power supply * Automatically ganerated CALL code (85 maode)
# BOCB5A systern compatibility (MAXEMHz) » TTL compatible
» BOCHG/88 system compatibility (MAXSMHz) & 28.pin plastic DIP (MSMB82CEDA-2RS)
® Bavel priority intarrupt cantrol & 32-pin plastic flat package {IMSMS2C59A-2GS)
# Intercupt lavels expandable up to 64 levels * 28-pin PLCC Package (MSMB2CE9A-245)

CIRCUIT CONFIGURATION

THTA INT

,-0. O - DATA BUS CONTROL LOIC
BUFFER <:> l

3
i A fi

AT +q READS fr— iy
WRE—+3 wrRite | b o
o LogIe INTERRUPT 'R,
e} |: seln:lf PRIORITY REQUEST | IR,
—3 E_Glssmi AESOLVER REGISTER lu— IR,
= 0 uARl  la R,
LN

=— IR,

CAR, w—] CASCADE

COMPARA.
CAS  apr—in TOR

SPEN "—‘—"?

Cas, -] BUFFER! 1 | [ INTERRUPT MASK REGIETER {IMA

INTERNAL BUS 8 bat

| MSMBICEA-Z Ineernal Block duagram
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PIN CONNECTIONS

MSMB2C59A-2RS (top view) MEMB2CE9A-2 GS {1op view) MSMBZC59A-2JS (top view)
2Bpin lead plastic DIP 32-pin lead plastic flat package 28-pin ptastic isaded chip carrier
- g 1 [!5
= ) 2 vee 5IEiEB S 2l
i;g g : :; g % 4 3 2 1 28 27 28
neCa f] e E'X-3 oiffs @) 254) IR7
°TE s 22 A, os[je 24[lirs
o, s A,
o, 0=17 %3, Dafl? 22[)1Rs
o, =]8 BN IR, o3f]a 22[]iRa
2y e 1] 23R,
. T ozf]e 21 [JiR3
o, = n 2R, o1 20[)tR2
o, g2 2R, el 19{1m
o e 12 13 14 15 15 17 18
cas, C=q14 190 INT s /
cas, C=] 15 18y ER 2 7 8 Efzgo .
] = 13 = cas, 258 gi?o\f— c
NC: Not Connected
ELECTRICAL CHARACTERISTICS
Absoluts Maximum Ratings
Parameter Symbol Conditions Limits Unit
MSMB2C59A-2RS | MEMBZCE9A-2GS | MEMAZCERA-2U5
Powar gupply voltage Voo ~0.5 ~ +7 v
Input voltage Vin  jRespect to GND ~0.5 - Voo + 0.5 v
CQutpirt voltage YouT ~0.5 - Voo + 0.5 v
Storage temparature Tstg —_ ~B5 —~ +150 °C
Pawer dissipation Pp Ta = 26°C 0.9 0.7 09 W
Operating Ranges
Farameter Symbol Range Unit
Power supply voitage vee 3~ v
Operating remperatute Top =40 ~ +86 *c
Recommendad Opaerating Conditiom
Parameter Symbaol Max, . Typ. Min, Unit
Power supply voltage Vee 45 5 5.5 v
Operating temperature Top -40 +26 +86 °c
“L" lawel input voltage viL 05 +0.8 v
“H" level input valtage ViM 22 Vep 05 v
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DC Charactaristics N
Pararmeter Symbol Congitions Min. | Typ. | Max. Unit
“L" level outgut voltage VoL loL =25 maA 0.4 W
loH = 2.6 mA 30
"H" leve! output voltage YoH v
ioH = =100 uA Yoe — 04
Input leak current I Vs, ~ -1 1 e
Y Jovevingvoe |35 b o
IR Input leak eurrent LA | Ta=-aU'C~+85C | _300 10 wA
Output leak current ho Ve Vautiveo -10 1¢] BA
Standby power supply Cs=vpe, IR = Voo
1 = A
current ccs VILTOV. ViH=vop 0 00 A
Average operatian power V=0V Ve
Supply current lce CL=0pF 5 mA
AC Characteristics
Ta=-40°C ~ +85°C, Vg =5V £10%
Parameter Symbal Min. | Max, | Unit TEST Conditions
Address setup time (to RD} TAHRL 10 n$
Address hold time {after RD) TRHAX 5 nS Read TNT A timing
RB/IRTE puise width TRLAH 160 | nS
Address setup time Ito WR) TAHWL i nS
. Address hold time {aftar WH) TWHAX o0 nS
WR pulse width TWLWH. | 190 ns Write timing
Data setup time (to WRI TOVWH 160 nS
Data hald time {afrer WA TWHDX 0 ns
R input width {Low) TJLIH 100 ns
FNTA sequence
CAS input setup time (to INTA} {slave} TCviAL 40 nS
End of AD 1o Next RO
— TRHR 1
End of INTA to Next INTA L | 160 n$
— —— Fer timi
End of WH to NextWR TWHWL | 190 ns Other timing
End of Command to Next command TCHCL 400 nS
Data vatid following RD/INTA TALOV 120 ns
Data floating following AD/INTA TRHMDZ 10 85 nS 2
INT autput delay time TJHIH 300 nS 1
— Delay times
CAS valid following 1st. INTA imaster) TIALCY 360 -] 1
EN active following RD/INTA TRLEL W00 | nS 1
EN inactive fallowing RD/INTA TRHEH 150 ns 1
Data valid after address TAHDY 200 nS 1
Data valid after CAS TCVDY 200 ng 1
AC TEST CIRCUNTS AL TESTING INPUT, OUTPUT WAVEFORM
vi
INPUT
oUTPLT a1 VIH 08V = e
FROM TEST POINT VIL - 0.4V v oL
DEWVICE UMDER TEST
“INCLUDES STRAY AND R¥—- C1*
J1G CAPACITANCE I
AL, Toniog Al ioput sighils Hivey mvitch bewien VIL—0.4Y wwd
VIHSOAV. Ty and Ty mvust e less than or squal to
TEST CONDITION vi ay o [ I 18 r.
1 trv | 621 | oPeN | 00
H asv [raxf) | 1axQ2 | et
TEST CONDITHON DEFINITION TABLE
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TIME CHART :
Write Timing

W_R.
\""-‘— "-'—T\i'hlL\i\rH--~—---—»~--~-¢-/z
K.

—] P TAHWL — TWHAX
<5
4
Address Bus
A0 N

TDVWH - TWHDX
4
Data Bus

Read/INTA Timing

AD/NTE o smreeeee
_ \ [ TRLAH ————

Dt Bus == e o o o o e o e e e e e e _<

~ A
— TRLEL — TRHEH
ER
I
— — TAHRL — TRHAX
[+:3 "
Address Bus

AD R

[— TRLOY —— —i] TRHDZ

l—em TAHOY ————¥

QOther Timing

RO/NTA

TRHRL
WR

TWHWL -

RO/NTAMNR |

TCHCL

ADHNTAMNR




INTA Sequence (85 mods}
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-.-I ft— TJHIH

TJLIH

INF

TCVIA L —

S i [0 S L DS G S
\

TCVDV jor—
CAS Address Bus 7

TIALCY

.
:

INTA Sequance {86 mode}

wo— \
"~ /S S

N LT 11 —— -..-.-D— ——————————
CAS Address Bus / \
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PIN FUNCTION DESCRIPTION

Pin Symbol Name Inputioutput Function

D7~ DO Bidirectional inputfoutput| This 3-state 8-bit bidirectional data bus is used in reading sta-
data bus tus registers and writing command words through the RD/WR

gignal from the CPU, ang alse in reading the CALL instrug-
tion code by the INTA signal from the CPU.

[+ Chip select Input Data transfer with the CPU is enabled by RD/WR when this pin is
input at fow level, The data bus (DO thru D7) is switched to hlgh impe-

dance when the gin is at high {evel. Note that TS does not effect
INTA.

RO Read input input Data is transferred from the 82C59A to the CPLU when this pin is
at low Jevel. |IAR {Interrupt Request Registerl, ISR {In-Sarvice
Registert, IMR (!rterrupt Masik Register), ar a Poll word is
selected by OCW3 and AD.

WR Write input input Commangds are transferred from the CFU to the 82C59A when
this pin is at {ow {evel.

Al Address input Input This pin is used together with the €5, WR, and RD signals to
write commands in the command registers, and to select and read
status registers. This is normally connected to the least significant
Bit of the address bas, (AD for 80C85A, and A1 for BOCEG/88}.

CASBQ ~ 2 Cascade agdress | Inputfoutput] These pins are outputs when the S2C59A is used as the
master, and inputs when usad as a slave (in cascade mode).
These pins are outputs when in single mode.

SP/EN Slave program Inputfoutput | This dual function pin is used as an output to enable the data bus

input/enable buffer in Buffered mode, and as ﬂinput far daciding whather
buffer output the B2C59A is to be master {(SP/EN = 1} or a stave (SP/EN = 0)
during Non-buffered mods,
When an interrupt requast is made to the B20 594, the INT

INT Inte t o t . -

ouu::p uta output is switched to high level, and INT interrupt is sent to
) tha CPU.

INTA 1ntarrupt Input When this pin is at low lavel, the CALL instruction code or
acknowledge the interrupt vector data is enabled onto the data bus. When
input the CPU ackrnowledges the INT Interrupt, INTA is sent to the

82CS9A. (Interrupt acknowledge sequencel.

RO~ 7 Interrupt Input These interrupt request input pins for the B2C59A can be set
y . to edge trigger made or lavel triggar mods (by ICW1). In edge

equest input ) . H .
wrigger mode, interrupt reguest is executed by the riging edge
of the IR input and hglds it until that input is acknowledged
by the CPU. In level triggar mode, interrupt requests are ax-
ecuted by high level IR inputs and holds them until that input
is acknowledged by the TPU. These pins have a pull up
resistor,
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SYSTEM INTERFACE

! Address bus \

5 Control bus 5

s Data bus _S

]
Q .y d

c5 A0  D7~D0 RO
pmes—eani] CASO
-+ CAS1 MSMB2C59A-2

IR IR IR IR IR IR
o0_ 1 2 3 4 5
Slave

Program/ L )

1
Enable Butfer Interrupt Requests

Cascade
Address bus
D —— Y

SP/EN

BASIC OPERATION DESCRIPTION

Data transfers between the B2C594 intarnal registars and the data bus are listed below.

A0 [ D4 | D3 {RG | WA | C8 Function Operstion
Q X X 0 1 Q IRR, ISR, or Poll word — Data bus Read
1 X X 0 1 [+ IMR = Data bus ' Read
0 0 0 1 0 Q Data bus — QCW2 Write
¢ 0 1 1 0 0 Daota bus ~ QCW3 Write
1] 1 X 1 4] 4] Data bus = ICWI Write
1 X X 1 1] 4] Data bus — OCW1, IOW2, IOW3, ICW4 Write
x x X 1 1 0 .

Data bus set 1o high impadance (when TNTA = 1} -

X X X X X ?

X X X a o X Cnmbénatiom prohibited -
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OPERATION DESCRIPTION deviges. Selection of priority mode involves progrem
exgcution, and enables the method of requesting inter- -
rupts 1o be processed by the B2C59A to be suitably
configured for system requirements. That is, the pridfity
mode can be dynamically updated or reconfigured
during the main program at any time. A complete inter-
rupt structure can be defined as required, based on the
antire System environment,

The 82C59A has been designed for real time in-
terrupt driven microcomputer systems. The 82C59A is
capable of handling up to B lavels of interrupt requests,
and can be expanded to cover a maximum of 64 levels
when connected to other 82U59A devices.

Programming involves the use of system software
in the same way 8 other microcomputer pevipheral /0

{1} Functions! Description of Each Block

- Block name Description of function

IRA, ISR IR inpait line intarrupts are processed by a cascaded interrupt request register
{IRR} and the inservice register (ISR). The IRR stores all request levels wherg
interrupt service is requested, and the ISR stares all interrupt levels being

sarvicad,

Priority resolver This togic block determines the priority levet of the bits setin the IRR. The
highest priarity level is selected, and the corresponding ISR bit is set during

TNTA putses.

Read/write logic This block is capable of receiving commands from the CPU. These command
words (ICW) and the operation command words (OCW) store the various
controt formats far B2CS59A operations. Thig block is also used to transfer

the status of the B2C59A to the Data Bus.

Cascade buffer comparator This functional block is involved in the output and comparison of all B2C59A
1Ds uted in the system., These three 1/O ping (CASO thru CASZ) are autputs
when the 82C59A operates as a master, and inputs when it operates as a stave.
When operating as a master, the B2CE9A sends a slave 1D output to the slave
where an interrupt has been applied.

Furthermore, the selected slave sends the praprogrammed subroutine address

onto the data bus during next one or two INTA pulses from the CPLU.

{vi} Thess two TNTA pulses result in a prepro-
grammed subroutine address being sent from
the B2C59A to the data bus. The lower B-
bit address is released by the first INTA pulse,
and the higher B-bit address is released by the
second pulse.
The Falling Edge of the second TNTA signal

{2) Interrupt Sequance
The major features of the 82C59A used in
microcomputer systems are the programnmability
and the addressing capability of interrupt routines.
This latter feature enables direct or indirect jump-
ing to specific interrupt routines without polling
the interrupt devices. The oparational sequence

during an interrupt varies for different CPUs.

The procedure for the 85 system {8085A/80CB5A)

is outlined below.

{i} One or more intérrupt requests (IRQ thry
IR?} becomes bigh, and the corresponding

IRR bit is set.

{ii) The B2CG58A evalustes these requests, and
sends an INT signal 1o the CPU if the request

is judgad to e suitable.

{iii} The CPU issues an INTA ocutput pulse upon

reception of the INT signal.

{ivl Upon reception of the INTA signal from the

CPU, the 82CB9A releasas the CALL instruc-
tion code (11001101} 1o the 8-bit data bus.

{v) A further two WNTA pulses are then sent to
the B2CS59A from the CPL) by this CALL

instruction.
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sets the ISH bit with the highest priovity, and
the Rising Edge of it resets the IRA bit.

{viit 3-byte CALL instructions are thus relessed
by the 82C59A. In Automatic End Of Inter-
rupt (AEOI} mods, the ISR bit is reset at the
end of the third INTA pulse. In other cases,
the ISR bit remains set until reception of a
suitable EOI command at the end of tha inter-
rupt routine.

The procedure for the 86 system (BOCB6/BB) is

identical to the first three steps of the BS system,

The subsequent steps are described below.

{iv) Upon reception of the INTA signal from the
CPU, the ISR bit with the highest priority is
set, snd the comvesponding IRR bit is; reset.
I this cycle, the 820594 sets the data bus to
high impedance without driving the Date Bus.



CALL code 1 1 0|10 |1 110 |1

{v) The CPU generates 8 second INTA output
pulse, resulting in an Bbit pointer to the
data bus by the 82C59A,

The Falling Edge of the HNTA signal sets the
15K bhit with the highest priority, and the
Rising Edge of it resets the IRR bit.

{vi} This completes the interrupt cycle. In AEQI
mode, the ISR bit is reset at the and of the
second TNTA pulse. In other cases, the ISR
bit remmains set until reception of 3 suitable
EQl command 2t the end of the interrupt
routing,

If the intercupt request is cancelled prior 10 step
{ivl, that is, before the first INTA pulse has been
received, the B2C59A operates as if a level 7 inter-
rupt has besn received, and the vector byte and
CAS tine operate a5 if a levet 7 interrupt has been
requested.

InterTupt Ssquenca Output

85 Mods (BDCBSA)

The sequance in this case consists of three TNTA
pulses. A CALL cperation code is released to the
data bus by the first TNTA pulse,

Contants of the first interrupt
vector byte

D07 |D6 |D6 |D4 (D3 (D2 (D1 D0

The lower address of the interrupt service routine
is released to the data bus by the second INTA
pulse. 1 A5 ~ A7 is programmed with an address
interval of 4, AD ~ Ad, is automatically inserted.
And it A6 and A7 are programmed at an address
interval of 8, AD ~ A5 is putomatically inserted.

Contents of the second interrupt vector byte

IR Intervel = 4

D7 |06 D5 |D4 |D3 | D2 |DY | DO

7 A7T|ABIAS 1T |1 31 1D

o

6 {A7 |AB| AR | 1 10
B 1a7|aglAaS 1 | O |1
4 AT|AGB (A1 |0 | O
3 [AT7 |AB |AS

1 |A7 |AG |AS

-
Sc|lo|jlo|le|le|lo|o
c|lojo|lo|lec|lao]|o

o

2 (A7|lAB AS[ O 11 1O
o
0

0 |A7 |A6 | A5

a |/0-MSMB2C59A-2RS/GS/JS m

;] Interval = 8

D7 |06 D5 D4 | D3 D2 |D1 DO
viariagf1 L1 |1 lolo |o
6 |A7|A6 |1 1|0 (D |0 |0
S5 |A7 A8 |1 [ ] olo 0
4 ATIAB:YT (OO0 OO
I ATAG |11 01D 0
2/AA6| 0|10 |0 OO
1 [A7;AB| 0 |0 | v 10 0|0
0 |A7[AB| O |D]|O|O|O|O

The higher address of the interrupt sentice routing
programmed by the sscond byte (A8 ~ A15} of
the initialization sequence 8 relessed to the data
bus.

Contents of the third interrupt
vector byte

D7 {06 |05 [p4 |D3 D2 (01 |DO

A15)A14[A13[A12|A11 |A10| AD | AB

86 Mods (S80CEG/B8)

Apart from the two interrupt acknowledge cycles
and the absence of a CALL operation coda, the 86
mode is the same & the BS mode. Tha first INTA
cycle freezes interrupt status to resolve the
priority internally in the same way 2t in 85 maode,
When the device is used as a master, an interrupt
code is issued to the cascade tine at the end af the
TNTA puise. During this first cycle, the data bus
buffer is kapt at high impedance without any data
ta the CPU. Duringythe second TNTA cycle, the
82C59A sends a byte of interrupt tode to the CPU.
Note that in 86 mode, the Address intervat {ADI]
control status is ignored and A5 ~ AT0 is not used.
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Contents of imarrupt vectar byte in
86 system mode

D7 |06 | DS |D4 |D3 |D2 |01 | DO

IRF|TY |T& | TS| T4 | T3 | 1 1 1

IRG| T |T6 | TS| T4 | T3] 1 110

IRG[T?|Te|[¥s|[T4|Ta| 1t |0 [ 1
IRA|T7|TE|TH|T4|TI|1 |0 | O
IR T?|Te|T65 | Ta|T3| 0 |1 |1
2| T7|TBlTS|(TA{TI| 0 |t | O
IRt T?|TE| TS5 |Ta Ta |0 {0 |1
IRO|T7 |TB|T5|Ta]Ta|o |0 |0

{4} Programming the 82C59A

The B2CBE3A raceives two types of command

words generaed hy the CPU.

i} Initialization Cor d Words (ICW1 thru
10w 4} )
Before commeancing normal oparations, each
B2C59A in the system must De initialized by
two to four WR pulse sequence.

NO {1C4=(0)

| IcwW4 I

Interrupt request re-
ception preparations
completed

Initialization sequante

{iit Operation Command Words {OCW1T thru
O0ON3)
Thase commands are used in operating the
82C59A, in the following modes.
a. Fuily Nasted Mode
b. Rotating Priority Moda
. Speciat Mask Mode
d. Polled Made
The OOW can be written into the B2CS9A
any time after initialization has besn com-
pleted.

Initinlization Command Words (ICW1 thru ICW4)

When & command is issued with D4 = 1 and AD

= (Q, it is always regarded as an Initialization Com-

mand Word 1 {ICW1). Starting of the initiakzation

sequence by ICW 1 results in automatic execution

of the following staps.

a.  The edge sense circuit is reset, and a law to

high transition s necessary to genarate an

interrupt.

The interrupt mask register is clearad,

The IR7 input is assigned priority 7 {lowest

pricrity b '

d. Slave mode addrass is set w T,

e. The Special Mask Mode is cleared, and the
Status Read is set to IRR,

£ All ICW4 functions are cleared if 1C4 = 0, re-
sulting in & change to Non-Buffared made,
no-Auto ECI, and 85 mode.

Note: Master/slave in |[CW4 can only be used in
buffared mode.

g

{i) Initialization Command Words 1 and 2

{ICW1 and ICW2}

Ad thru (Sterting address. of interrupt

A1S; service routines)
In 85 mode, B request levels CALL
8 logations a1 equivalent intarvals in
the memory. The memory location
interval can be set at this stage to 4
or 8 by program. (- ADI} Hencs,
either 32 or 64 bytes/page re-
spectivaly are used in the B
routines,
The address format is 2 bytes long
(AQ thru A15}. When the routine
interval is 8, AQ thru A4 is insarted
automatically by the B2CH8A, and
A5 thru A15 is programmed extern-
ally. When tha interval is 8, on the
other hand, ADQ thru AS are inserted
automatically by the 82CE59A, and
Al thru A15 are programmed ex-
ternally. In 86 mode, T3 thru T7
are inserted in the 5 most signifi-
cant bits of the vector typa, and the
820594 sent the 3 least signifi-
cant bits according 1o the interrupt
leval, AQ thru A10 are ignored, and
the ADI (address interval) has no
sffect.



{ii}

LTIM:

The S82CS9A is operated in lewel
triggered mode when LTIM = 1,
and the intarrupt iNput edge cir-
cuit becomes disabled,

AD: Designation of the CALL sddress

SNGL:

intarvel, Interval = 8 whan AQ =1,
and intervel = 8 when ADI =0,
SNGL = 1 indicates the existence of
onty one SICESA in the System.
ICW3 is not required when SNGL
=1,

1Ca: ICW4 is required when this bit is

sat, but not required when 1C4 = 0,

initialization Command Word 3 (ICW3)

This command word is written when there is
mora than one B2C59A used in cascade con-
nections in the system, and is loaded into an
B.hit slave register, The functions of this slave
register are listed below,

In a master mode system (BUF = 1 and M/
$=1inICW8 or SP/EN = 1), “1” is setin
gach bit where a slave has been con-
nectad.

In B5 mods, the master 82C59A releases
byte 1 of the CALL sequence to enable the
corresponding slave to release byte 2 or
3 lonly byte 2 in B6 mode} through the
cascade line,

Saiad Y Cie
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. In sieve mode (BUF = 1 and M/ =0 in

ICW4 or SP/EN = 0). Bits O thru 2 identi-
fy the slave. The sleve comparsa these
bits with the cescade input, and relsases
bytes 2 and 3 of the CALL sequence (only
byte 2 in 86 mode) if 8 matching result is
abtained.

izati 1 Word 4 {ICW4)

SFNM:

BUF: Buffered mode

AEOQH:

Specisl Fully Nested Mode is pro-
grammed when SFNM = 1,

is programmed
when BUF = 1, In Quffered mode,
SP/EN is an output, and Master/
stove is selected by the M/S bit,

M/S: If buffered mode is selected, the

B2CH9A is programmed 5 the
master whan M/5S = 1, and as a sigve
when M/S = 0, M/S is ignored, how-
avar, when BUF = 0.

Automatic End Of Interrupt mode
is programmed by AEQI = 1.

uPM {Microprocessor mode)

The B2C59A is set to BS systam
operation when gPM =0, and 1o 86
system operation when g PM =1,
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1OW1 AQ D7 DB bE D4 03 o2 D1 DG
a9 AT AL A5 t LTIM | ADI (SNGL | I1C4
] I 1: 1CW4 regquired
& ICW4 not required
1: Sifgle
Q: Cascade
! CALL address interval
1. Intervai = 4
Q: Interval « 8
1: Level wriggerad mode
0: Edye triggared mode
Intarrupt vector address AS thru A7
(Valid only in B% mode|
owp |20 | 07 |06 | Ds | 04 |03 [ 02 | v | o0
1 ATST? A14f1'5]h13ﬂ'5lﬁ12ﬂ4ﬂl1.‘73 AlD AS AB
Interrupt vector address A8 thru A5
85 made)
intarrupt vactor addvess T3 thru T7
{86 mode|
AD D7y D6 D& O D3 D2 o1 Do
IcWa
i ) 1 57 56 85 54 53 82 51 S0
N N I N O B B oy erren
&: IR input dous not hold dave
AD D7 [+]] D5 D4 D3 062 D1 Do
lewa b] DO
{siavel ] ) o ] o 0 102 [0} ]
Siave 1D
o|1[2|3|4[8|6 7
o100 1|01
oja|1{v]0|0]|1 |1
Qo|o|o|1]|9}1}1
Note: Siave 10 indicates the IR ingut of the correspond-
g magtar,
AU o7 né D5 D4 o3 D2 o Do
1ICW4
1 o | O 4] SFNM | BUF M/E AEDI | uPM
11 BE moda
: 85 moda
1: Automatic EQI mode
0: Noemal EQH mode
L] x | Non-butfersd mode Note: X danotes not specified
1 D | Buiferad moda Islave)
1 1 | Bufterad mode imastar]
f1: Special Fully Nested mode
0: MNat Special Fully Nested mode
Initislization Command Words (ICW1 thru ICWA)
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(8) Oparation Cammand Words {OCW1 thru OCW3) combinations sre listed in the
When Initislization Co d Words {ICW) are operation command word format
programmed in the B2C59A, the interrupt input table.
fine is ready to receive intarrupt requests. The L2, L1, These bits indicate the specified
Operation Command Words {OCWs) enable the LO: interrupt leval when SL = 1,
82C594 to be operated in various modes while the (iii} Qperation Caommand Ward 3 [DCW3)
device is in operatian, ESMM:  This enables the Special Mask

(i} Oparation Command Word 1 {(OCW 1) Mode. The speciat mask mode can
OCW1 sets and resets the mask bits of the be set and reset by the SMM bit
Intarrupt Mask Register (tMR), MO thru M7 when ESMM = 1. The SMM bit is
represent 8 mask bits. The channal is ignored when ESMM = 0.
maska: when M = 1, but is enabled when SMM: (Special Mask Mode}

Tha 82CE9A is set to Special Mask
Mode when ESMM = 1 and SMM =
1. and s returned to normal mask
mode when ESMM = 1 and SMM =
0. SMM is ignored when ESMM = 0,

(i} Operation Command Word 2 {OCW 2
R,SL, The Priority Rotation and the End
EOQ1L; of interrupt mode plus combina-
tions of the two are controtlad by
combinations of these 3 bits, These

Al o7 +] 05 04 D3 0 ™ o0
oCwy 1 LF L) M5 M4 L. L F] L1 M
T ] ] ] | Totarrune Mask
1: Mt
3, Wmak cwort
.
a0 [ 02 [ o6 [ o6 | o4 [ 09 {02 | 01 | ve
ocw2l o | m [ sc e [ o [ ¢ [ 12 ] u | e
Active IR ipwel
D11 2[3)4|5[6|7
of1jol1jal o)1
ololt|1|afajr|
Olo|Ojaj [y
] 0 1 Non-Specifee EO1 commad
= End ot pi
[+] 1 1 Soecific EOI command INavel
1 [ 1 Hoints an Non-Spetific £Q)
1 [1] ] Fotaté i Automatic EC1 mode (e} A
[] 1] [] Rotui in Antomatic £Q1 mode icir}
[ 1 1 Rotsre on Specitic EOI command  (Nom) .
Specilic
1 1 a Set Prioriy command (Mo}
0 1 N aparanon
Mote: LD thiu L2 usad.
AG or D& [:5] Da o3 [+ o1 [+11]
ocwal o 0 [ESMmsmm [ 0 1 F | AR | s
| Forad TagHEr Commund
o 1 L] 1
-] o 1 t
FAand  [Fand
_ |IRR by |1SR By
mm.mn ext ol
FE:  |AD
Polling
¥ Poll
0: No-polt commend
Specisl Mtk mode
NI a
c |0 1
Resat [5e
rpacipl omcisl
Mo operation itk
mode e
Opmration Command Words (DDON1 thru OCW3I
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Fully Nasted Moda

As long ag the 82C59A has not bean programmed
to another mode, this Fully Nested mode is set
automatically after initiatization. The intwarrupt
requests are ordered in priority sequentiaily from
O to 7 {where O represents highest priority]. If an
interrupt is then reguested and is acknowledged
highest priority, a_corresponding vector address is
released, and the corresponding bit in the in-service
register {ISRA) is set. The IS bit remnains set until an

_End of Interrupt [EQI} commang is issued from

the microprocessar before raturning from the inter-
rupt service routine, or until the rising edge of the
Jast TNTA pulse arrives when the AEOl bit has
been set.

When the IS bit it set, interrupts of the same or
lowet priority are inhibited - only interrupts of
higher prigrity can be genersted, In this case, intér-
rupts can be ackowledged onty when the interng
interrupt enabte F{F in the microprocessor has
been enabled again through software. Following
the initialization sequence, IR0 has the highest
priority, and IR7 has the lowest. This priority can
e changed by rotating priority mode in OCW2,

End of interrupt {(EOII

When the AED! bit in ICW4 is sat, the in-service
{15} bit is automatically resey by the rising edge of
the last TNTA pulse, or else is raset only when an
EQt command is issued to the B2CE3A prior to
returning from the interrupt servica rautine.

And in cascade mode, the EQI command must be
issued twice - once for the master, and once for the
corresponding slave.

EQI commands are classifiad into specific EQI
commands and Non-Specific EQOl commands,
When the B2C59A is operatad in Fully Nested
mode, the IS bit to ba reset can be determined on
EQL. If the Non-Specific EOt command is issuad,
tha highest IS bit of those that are set is reset au-
tomatically, bacause the highest IS level is always
tha last servicing level in the Fully Nested mods,
If, however, it is not in the fully Nested mode, the
82C59A wiil no longer be able to determine the
tast acknowledgad levet. In this case, it will be
necessary to issue a Specific EOl which includes
the IS level to be reset as part of the command.
When the 82C594A is in Special Mask mode, care
must be taken to snsure that IS bits masked by
the IMR bit can nat reset by the Non-Specific EQI.

Automatic End of Interrupt (AEOI} Mods

When AEQI = 1 in ICW4, the 82C58A continues 1o
operate in AECI mode untit programmed again by
ICW4. In this mode, the 82CE9A automatically
purforms Non-Specific ECH operation at the rising
edge of the last INTA pulse (the third putse in B85
systems, and the second pulse in 86 systems]. In
terms of systems, this mode is best used in nested
muktiple level interrupt configurations. It is not
neceassary whan there is only one B2C59A., AEQI
rmode is only used in 3 master B2CB9A device, not
in a slave.

15 status glrio!v]|a|O |00

15 status ol|¥1’|0 (0 ,0|0|0]|0

{10} Automatic Rotation (Devices with Equal Priority}

in some applications, there is often & number of
devices with equal priority. In this mode, the
device where an inteTrupt service has just been
completed is set 1o the lowest priority. At worst,

_ thergfore, a particular interrupt request device may

have 10 wait for saven other devices to be serviced
at least once aach, There are two methods for
Automatic Rotation using OCW2 - Rotation on
Non-Spacific EOI 1, and Rotation in
Automatic EQl mode.

Before Fotation (IR4 the highest priority request-
ing service)

IS7 | 156 | 1S5 [ (S4 [ 153 [152 [151 [150

Pri_oritvstatusl?|B,5l4l3|2]1Il_:IJ

Lowest Highest

After Rotation {IR4 wat serviced, all other priori-
ties rotated correspondinglyt

157 | 156 | 1S5 [ 154|153 152 [151 150

Prioritystatus|2]1lOITlB[SIdlS]

Highest
Lowest

111} Spacific Rowtion {Specific Priasity}

All prigrity levels can be changed by programming
the lowest priority level {Set Priority Command in
OCW2Z). For example, if IRS is programmed at tha
devica of lowest priority, IR6 will have the highest
priority. In this mode, the internal status can be
uvpdated during OCW2 by software cantrol, This is
unrelated, however, to the EOY command in the
sames QCW2,

Priority level can also be changed by using the
OCW2 Rotate On Specific EON command.

{12} towrmupt Mask

Interrupt inputs can be masked individually by
Intéerrupt Mask Registers [IMR} programmed
through the QCWI1. Each interrupt channel @
masked {disabled] whan the respectiva IMR bit is
set t¢ 17, IRQ is maskad by bit O, and 1 is
matkad by hit 1, Masking of any particulor channel
has no effect on ather channgls,
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{13} Specisl Mask Mods

In some applications, there is a need for dynamic
updating of the system'’s priority level struciure by
software contrel during exscution of an interrupt
service routing. For example, it may be necessary
to inhibit the lower priority requasts for part of
the exacution of a certain routine while enabling
for ancther part. In this case, it is difficult 1o ena-
bie alt lower prisrity requests if the IS bit has not
yot baen resat by tha EQl command after an in-
terrupt request has been acknowladged {during
axecution of a service routing]. All of these re-
guests would normally be disabled.

Hence the use of the Speciat Mask mode. When a
mask bit is set by OCW1 in this mode, the
carrasponding interrupt level requests are disabled,
And all other unmasked lsvel rag {at both
higher and lower priority lavels} are anabled. In-
tetrupts can thus be enabled selectively by load-
ing the mask register.

In this made, the specific EQ) Command should
be used.

This Special Mask mode is set by DCW3I ESMM = 1
and 5MM = 1, and resat by ESMM = 1 and SMM =
0.

{14) POLL Commsnd

tn this mode, the INT cutput in not used, the in-
ternal interrupt enable F/F of the microprocessor
iz raset, and interrupt inputs are disabled. Servic-
ing the WO device is executed by software using
the Poli cornmand.

The Poll command is issued by setting P in OCW3
to “1*. The S2C59A regards the next RD pulse o5
reception of an interrupt, and if there is a request,
the corresponding IS5 bit is set and the prigrity level
it read out. Interrupts are frozen between WR and
RD.

D7 |06 (D6 |D41D3 | D2 DN DO

WO thru W2:  Binary caded highest priority level of

service baing requasted.
1: Set to “1'" when there is an interrupt.

This mode is useful when there is a common
routing for a number of levels, and the TNTA
sequence is not required. AOM space can thus be
savad.

{18} Rawding B2CS9A Status

Tha status of 3 number of intarnat registers can be

ead out for updating user information on the

systerm. The following registars can be read by

means of OCW3 (IRR and ISR} and OCW1 (IMR).

8 JAR: (intarrupt Aequest Registerl 8-bit
register for storing interrupt requesting
levels. )

b. ISR: (In-Service Register} 8-bit regi for
storing priority levels being serviced.

. IMR: [(Interrupt Mask Hegister] 3-bit register
for storing interrupt request lines to ba
matked.

The IRR can be read when a Read Register Com-

mand is issuad with OCW3 (AR = 1 and RIS = Q)

prior to the RD pulse, and the ISR can be read

when & Read Register Command is issued with

OCW3 (AR = 1 and RIS = 1) prior to the AD pulse.

And 83 long as the read status does notr change,

QCW3 is not raquired gach time befora the status is

rapd, This is because the B82C59A remembers

whether IRR or ISR was sal d by the pravi

COCW3. But this is not true when poll is used.

The B2C59A is sex to IRR after initialization,

OCW3 is not required te read IMR. IMR is issued

1o the data bus if R = 0 and AD = 1 {DCW1).

Reading status is disabled by polliing when P = 1

and AR = 1 in QCW3,

{18} Edge and Lavel Trigger Made

This mode is progrommed by using bit 3 (LTIM)
in ICW1, When LTIM = 0, the interrupt request is
recogrized by the IR input transition from Low to
High. As long as the IR input is kept at High, no
other interrupt is generated. Since interrupt re-
guests are recognized by the 1R input "'H" lavel
when LTIM = 1, adge detection is not required.
The interrupt request must be cancelled before
output of the EOl command, and before the inter-
rugn is enahled in order to prevent the generation
of a second interrupt by the CPU.

The IR input must be held at Migh level until the
falling edge of the first INTA pulse, irvespective of
whether edge sense or level sanse is employad, If
the IR input is switched to Low level before tha
first INTA puise, the defeult IR7 is generated when
the interrupt is acknowladged by the CPU. This |
can be an effective safeguard to be adopted to
datect interrupts ganarated by the noise glitches on
the IR inputs, To take advantage of this feature,
the IR7 routine is used a3 a “clean up’' routine
where the routine is simply executing a return in-
struction and the interrupt is subsequently ig-
nored. When the IR7 is required for other
purposes, the default IR can be detacted by read-
ing tha ISR. Although correct IR7 interrupts in-
volve setting of the corresponding ISR bit, the
default IRT is not set.

{IR noise
detestion)
o YES
IR warvice
B Bassing
RETURN
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{17} Special Fully Nested Mode

This mode it used in large systems whers the cas-

cade mode it used and the respective |nterrupt

Requests within each slave have to be given priori-

ty lovels. In this casa, the Special Fully Mesiad

mode it programmed to tha master by using

ICW4. This mode is practically identical to the

normal Fully Nested mode, but differs in the

following two respects.

& When sn interrupt request is received from a
particular slave during servicing, a new interrupt
raguast from an IR with a higher priarity level
than the intarrupt lavel of tha slave being servic-
ad is recognized by the master and the interrupt
is applied to the processor without the master
priority logic being inhibited by the slove, In
normat Fully Nested mode, if the requast is in
satvice, 8 slave is masked and no other requests
can be recognized from the same slave. ’

b. When sxiting from an interrupt service routine,
it is first necessary 1o check whether or ndt the
interrupt which hes just bean serviced by soft-
ware was the only interrupt fromn that siave.
This is done by sending a Non-Specific EQI
command to that slave, followed by reading of
the In-Service Register {ISR} to see whether
that register has bacome all ‘0. A Non-Specific
EQI is sant to the master too if the ISR iz
empty, and if not no ECH should be sent.

{18} Ruffersd Mods

318

Control for buffer enabling is required when the
B2CBYA is used in a large systam where a data bus
drive buffer is needed and cascade mode is used.
When buffersd mode is sslected, the B2C59A sends
an enabla signal on the SP/EN pin to enable the
buffer. in this mode, the SF/EN output siways be-
comes active while tha B2CE9As data bus output
iz snabled. Therefore, the B2CE9A requires pro-
gramming to enable it to distinguish master from
sleve. Buffered mode it programmed by bit 3 in
(CW4, and the ability to distinguish master from
siave is programmed by bit 2 in ICWA4,

{19) Cascede Mods

To enable the 82C59A to handle up to 64 priority
levels, a maximum of 8 slaves can be easily con-
nected t¢ ana master device.

The master controls the slaves through three
cascade lines, the cascade bus executes like a slave
chip setsct during the TNTA saquence,

In cescade configuration, slave interrupt outputs
{INT} are connsctsd 1o master interrupt request
inputs (IR}. When a siave 1R becomes active and
is acknowladged, the master enables the cor-
responding slave to release the routine address for
that device during bpes 2 and 3 {only byte 2 in
86 mode) of the INTA sequence.

The cascade bus line is normally kept at low lay-
el, and holds the slave address during the pericd
from the rising edge of the first INTA pulse up to
thae rising edge of the third INTA pulse {or the se-
cond INTA pulse in 86 mode),

Each B2CHE9A devica in the systern can operate
in different modes in accordance with their initiali-
zation sequences. EQl commands must be issued
twice, once for the master once for the cor-
responding slave. Each 82C594A requires an ad-
dress decoder to activate the respective chip
salect {CS) inputs.

Since the catcade Line is normally kept at low level,
note that slaves must be connectad 1o the master
IRQ only after all slaves have been connected 1o
the other IRs.
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MSM82C84ARS/GS

CLOCK GENERATOR AND DRIVER

GENERAL DESCRIPTION

The MEMB2CI4ARS/GS is a clock generator designed 1o generate MEMBOCES and MSMBOCES system clocks.
Dug 1o the ute of siticon gate CMOS technology, standby current is only 100xA (MAX.), and the power con-
sumption is very low with 10 mA (MAX.) when a 5 MHz clock is generated.

FEATURES

» Operating frequency of 6 to 15 MH2 ICLK output 2
w5 MHz]

® 3u silicon pate CMOS technology for low power con-
suMmption

# Built-in crystal oscillator circuit

® 3V ~ 6V single power supply

FUNCTIONAL BLOCK DIAGRAM

» Built-in synchronized circuit for MSMBOCBSE and
MSMBOLCSE AEADY and RESET

* TTL compatible

® Built-in Schmitt triggar circuit (RES input}

# 18-pin DIP {MSMB2CB4ARS)

» 24.pin flat packege (MSMB2CBAAGS)

AES @ b 3 RESET
ci
xt+— cavsrar | Mo osc
x2 4| ostiLLaTOR L
— 1 1
¥ 1T+ 3 ? PCLK
EFI 3 3
¥ v
N N
c L c
.———D——CLK

cid
1u] (leo READY
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PIN CONFIGURATION
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1B Lead Plastic DIP

24 Leed Plastic Fiat Package

RDYll L)
HEADY' 5

RDYZE

csyne

PCLK ——3
[\ ] ——
AENT ]
RDY1 o]
READY ——
[ 1 of s
RDY2 [ —]

RENG (o]

N-C ]
ek 1

cly o] m—

{N-C not connected}

18| Veo

Em

16| x2

15| ASYNC

14 | EFI

13|FiE

12 osc

7] es

10| RESET
b 21 ammenn RYFYS
i) e 4
2/ X2
I N-C
20 ASYNC
19 EFt
18 N-C
17— FiC
1 N-C
141 RES
13|: RESET

»
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ABSOLUTE MAXIMUM RATINGS

Limits
Paramater Symbol - Unit Conditions
MSMB2CB4ARS | MSME2C34AGS
Supply Voitage Voo -0.5 ~ +7 v
Input Voltage ViN 0.5~ Vep +0.5 v Respect to GND
Output Voltage VouT ~0.6 ~ Voo +0.5 v
Storage Temperature Tstg =56 ~ +150 °c -
Power Dissipation o) 0.8 0.7 w Ta=25°C
OPERATING RANGES
Paramater Symbol Limits Unit
Supply Voltage Vee 3~6 v
Dperating Temperature Tap —40 ~ +85 °c
RECOMMENDED OPERATING CONDITIONS
Parameter Symboi MIN TYP MAaX Unit
Supply Voltage Voo 4.5 5 R v
Operating Temperature Top -40 +25 +86 °C
“L" Leval Input Voltaga ViL 0.3 +0.8 A
"H'" Level input Voltage (except RES) 2.2
— VIH Voo 3 v
“H* Level Inpuy Voltage (RES) 3.0
DC CHARACTERISTICS
Parameter Symbol | MIN | MAX Unit Conditions
"L Level Qutput Voltage Vol - | vas v IgL = 5mA
“H" Level Output Voltage VOH 3.7 - v IgH = -1mA.
TRES Input Hystaresis VIHR | 925 | - v -
=ViILR
- < <
input Leak Current i 10 10 A BEVINE VO Voo =45V
X12 vgg-0.2v ~ 6.5V
X2502v
Standby Supply Current lees | - | 100 | A FICZ Ve -0.2V Ta= -;E"C
Vin 2 Vog 0.2V ~ +85°C
Vi 20.2v
nput frequency
A 15 MHz
Operating Supply Current Iee — 10 mA Output load capsitance
CL= OpF
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AC CHARACTERISTICS
Ve = 5V £10%, Ta = —40 ~ 85°C)

{1}

Parametar Symbol MIN MAX Unit Conditions

EF1 ""H" Pulse Width tEHEL 20 ns S0%—90%%
EF1 *“L" Pulse Width 1ELEH 20 ns 10%—10%
EFI Cygle Time TELEL 686 ns
Crystal Oscillator Frequency ] 15 MHZ
Set Up Time of RDY1 or RDY2 10 ¢ ) a5 ns ASYNC
CLK Falling Edge {Active) R1vCL = High
Set Up Time of RDY 1 or RDY 2 10 t 35 ns ASYNC
CLK Rising Edge {Active) R1VCH = Low
Set Up Time of ADY1 or RDY2 to t 15 ns
CLK Falting Edge [Inactive!) R1VCL Output load
Hold Time of RDY1 or RDYZ 1o LAt R N “epacitance
CLK Falling Edge CLK output
Set Up Time of ASYNC to CLK . 50 s C = 100pF
Falling Edge AYVCL

N pu— Others 30pF
Holg Time of ASYNC to CLK 1 o ns
Falling Edge CLAYX
Set Up Time of AEN1 {(AEN2} 1o ¢ 15 ns
ROY1 (RDY2) Rising Edge AIRIV
Hoid Time of AEN1 IAEN2) 1o o s
CLK Falting Edge eLAaIx
Set Up Time of CSYNC to EFI t 20 ns
Rising Edge YHEH
Hold Time of CSYNG to EFI Rising . 10 ns
Fege . EHYL _
CSYNC Pulse Width tyHYL | 2% tELEL ns
Set Up Time of RES to CLK Falling
Edge 1IHCL 65 ns
Hold Time of RES to CLK Falling . 20 ns
Edge ) CLIMH
Input Rising Edge Time tLIH 20 ns
Input Falling Edge Time tiMIL 20 ne

Note: Paramaters where timing has not been indicated in the above table are measured at V= 1.5V and Vi = 1.5V
far both inputs and sutputs,
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AC CHARACTERISTICS
{Vee = 5Y £10%, Ta = -40 ~ 85°C}

2)
Parameter Symbol MIN MAX Unit Conditions
CLK Cyele Time tcLcL 200 ng
CLK “H" Pulse Width TCHCL 65 ns
CLK “L" Pulse Width tCLCH 1s ns
CLK Rising snd Falling Edge Times {CH1CH2 18 ns | 10v-35V
CL2CLT
PCLK “H' Pulse Width tPHPL 130 ns
PCLK L™ Pulse Width tPLPH 180 ns
Tirna from READY Falling Edge ta ¢ -8 s :
CLK Falling Edgs RYLCL Output load
capacitance
Time from READY Rising Edge to ¢ 114 ns
CLK Rising Edge RYHCH CLK output.
Delay from CLK Falling Edge to . 20 s CL = 100pF
. CLIL
Fall E .
RAESET Falling Eclga Others 30pF
Delay from CLK Falling Edge to
PCLK Rising Edge CLPH 2 ns
Delsy from CLK Faliing Edge 10
PCLK Falling Edge 'cLPL 22 ne
Delay from QSC Falling Edge to CLK
Rising Edge toLCH S 22 ns
Delay from OSC Falling Edge to CLK
Falling Edgs toLcL 2 35 ns
QOutput Rising Edge Time (Except tOLOM 15 s 0.8V~2.2V
CLK}
Qutput Falling Edge Time [Except
2v~0.
CLK) OHOL 15 ns 2.3v~0.8v

Nota: Parameters where timing has not been indicated in the above table are measured at Vi = £.5V and Vi = 1.5V
for both inputs and outputs.
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Fin symbol

Name

input/
output

Function

CSYNC

Cleck
synchronization
signal

Input

Synchronizipg signal for output of in-phase CLK signals when more
than one MSMB2CBAA is used.

The internal counter is reset when this signal s at high level, and a
high lavel CLK output is generated. The internal counter is sub-
sequently activated and a 33% duty CTLK output is generated when
this signal is switched to low level,

When this signal is used, external synchronization of EFI is necessary,
When the internal oscillator is used, it is necessary for this pin to
be kept to be law levei,

FCLK

Peripheral clock
output

Output

This peripberal circuit clock signal is cutput in a 50% duty cycle at
a frequency healf that of the clock signal.

b
mi|
2|

»
m
=
3

Agddress enable
signals

input

The AENT signa! enables ADY1, and the AENZ signai 2nables RDY2.
The respective RDY inputs are activated when the level apptied to
these pins is low,

Although two separate nputs are used in muiti-master systems, only
the AEN which enabies the RDY input to be used is to be switched
10 low level in the case of not using multi-master systems,

ADY1
ROV2

Bus ready signals

Input

Completian of data tws reading and writing ty the device connected
to tha system datd bus is indicated when one of these signais s
switched to high level.

The relevant RD'Y input is enabled only when the corresponding AEN
is at low level,

READY

Aeady output

Output

This signal i1s obtained by synchronizing the bus resdy signal with
CLK.

This signal is output after guarantesing the hold time for the CPU in
phase with the ROY input,

Cleck putput

Output

This signal is theé clock used by the CPU and peripheral devices con-
nected to the CPU systemn data bus, The sutput waveforrm is gener-
ated in a 33% duty cycle at & frequency 1/3 the oseillating frequency
of the crystal escillator connected to the X1 and X2 ping, or at 2
frequency 1/3 the EF) input frequency.

X
m|
)

Reset in

Input

This low-level active ingut 15 used 1o generate a CPU reser signal.
Since a Schmitt trigger is included in the input circuit for this signal,
“power on resetting’” can be achieved by connection of a simple RC
circuit.

RESET

Aeset output

Output

This signal is obtained by CLK synchronization of the input signal
applied to RES and is putput in opposite phase 1o the RES input,
This signal is applied to the CPU as the system reset signai.

Clock select signal

Input

This signal selects the fundamental signal for generation of the CLK sig-
nal. The CLK is generated from the crystal oscillator output when this
signal is at low level, and from the EFl input signal when at high lgvel.

External clock
signal

Input

The signal applied to this input pin generates the CLK signal when
F/C is at high level. The frequency of the input signal needs to be
three times greater than the desired CLK frequency.

X1, X2

Crystal osciliator
cannecting pins

Input

Crystal osciflator connections.
The trystal ascillator frequency needs to be thres times greater than
the desired CLK frequency.

0OsC

Crystal resonator
outpui

DOutput

Crystal oscillator output. This Gutput freguency is the same as the
oscillating frequancy of the oscillator connected to the X1 and X2
pins. As long as a Xtal oscillator is connected to the X1 and X1 ping,
this output signal can be obtained independently even if F/C is sat to
high levet to enable the EFI input to be used for CLK gensration
purposes.
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; Input/ ;
Pin symbol Name output Function
ASYNC Ready input Signal for selection of the synchronization mode of the READY
synchronization signal generator circuit. When this signal is ar low level, the READY
setect sipnal signal s gendrated by doubla synchronization. And whan at high |
level, the READY signal is generated by single synchronization, '
Since this pin has not been equipped with internal pull-up resistance,
this pin muyst nat be opened.
Voo +5V power supply
GNRD GND
TIMING CHART

CLK *» PCLK - OSC wavetorms

0sc

CSYNC

1l " —e—ICH1CHZ
L toLce  [EHCL
1ICLCH 1
— —CLPL

— 1

tPHPL —=f—1CL2CL1
PLPH

—+ P—ICLPH

RESET waveform
CLK J L ‘ t f ] J ] ]—
— l=—111HCL
AE —e  B—ICLIHH
g
1 i
—* }'—tCLIL

RESET: / _'\'_.___
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READY waveform (ASYNC = L)

—=| |—tR1VCH
CLK / B f ) f_

l—to LRIX — [—tR1VCL

RDY1-2

—— —TATRV — p—tCLR1X

AENT-Z
- 3
——

——= —1CLAIX
——te} f—1AYVCL

ASYNC [_-“

— —ICLAYX

-+
READY
— [=—TRYHCH —={—R¥LCL
READY waveform [ASYNC = H}
et et YCL —y —tR1VCL
CLK /o J 7 ] [
J— fag— 1,
CLRIX " P——1CLR1X
RDY1-2
— l—tatRIV — [—tcLAaix
AEN1-2 e
h— —IAYVCL et e TCLAYX
— + r
ASYNC
b—tRYHCH
READY
—=| —tRYLCL
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DESCRIPTION OF OPERATION

(3} Oscillator Circuit

The MSMB2CBAA internal oscillator circuit can be
driven by cannecting 8 crystsl oscillator to the X1 and
X2 pins.

The frequency of the crystal oscillator in this case

needs 1 be three 1imes greater than the desired CLK .

frequency.

Since the oscillator circuit autput {the same out-
put as for the crystal resonator frequancy) appears at
the QSC pin, indepandent use of this cutput is also
possibie.

Recommuendsd Oscillator Circuit

Crystal oscillator

|1 osCp——
C,

MEME2CEa A
cx 1 |
X2

When nput frequency is & to 16 MHz,
C,=C, =33pF

{2) Cloek Generator Circuit

This circuit generates two ciock autputs—CLK
obtaingd by dividing the input gxternal clock or crystal
ascitlator circuit output by three, and PCLK obtained
by halving CLK, CLK and PCLK are generateq from the
external clock apptied to the EFI pin when F/C is at
high level, and are generatéd from the crystal oscillator
circuit when at low level,

{3l Rwwn Circuit

Since a Sehmitt trigger circuit is used in the RES
input, the MEMB2CB4AA can be reset by “power on'™ by
conngction to a simgde AC circuit. If the B0CB6 or
BOCS8SE is used as the CPU in this case, it is neces-
sary 10 keep the RES input at iow level for at least 50
us after Voo reaches the 4.5V lavel.

{4}  Ready Cirouit

The READY signal generator circuit can be $8t 10
synchrenization made by ASYNC,
i} When ASYNT is at low level
The RDY input is output 85 the READY signal by
doubie synchrontzation.
The high-level RDY input is synchronized once by
the rising edge of the CLK of the first stage flip-
flop {F1 in the circuit diggraml, and then synchro-
nized again by the falling edos of the CLK of the
next stage flip-flop (F2 in the circuit diagram},
resulting in outpul of a high-level READY output
signal {see diagram below).
The low-level RDY input is synchronized girectiy
by the falling edge of the CLK ot the next stage
flip-Hop, resuiting in output ot a low-leval READY
output signal Isee diagram balow}.

ul

CLK [ l

[

RDY

READY
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(il When ASYNC is at high level synchronized by the falling edge of the CLK of the
The ROY input is output ac the READY signal by next stage flip-flop, resukting in output of respec-
single synchronization. tive low-level and high-level READY cutput signals

o Both low-leve! and high-level RADY inputs are (see diagram below|.

CLK

RODY

EXAMPLE OF USE (CSYNC) .

switched 1o low level, CLEK 15 output from the next
input clock rising sdge, and is divided by 3.

If CSYNC has not been synchronized with the
input clock, usé the following circuit to achieve the
required synchronization,

The BZC84A 143 frequency divider counter is un-
settied when the power is switched on. Therefore, the
CS5YNC gin has been included 10 synchronize CLK with
anather signal, When CSYNC is at high level, both CLK
and PCLK are tugh-level outputs. If CSYNC is then

MSMB2C84 A
External :
synchronizing 0 Q D s} C5YNC
signai
External
clock sngnal—u—i—v CKt P CK
(EFI) EFl CILK CLK
Whan an axtarnal clock EF| ik used a5 tha clock source
. MSMB2CE4A
X1
CSYNC
External | X2
synRchranizing D Q o] [»]
signal
hCx t we 0SC Fft_—;,
CLKb—————s LK
When the crystal oscillator is used as tha clock source
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OX X semiconductor
MSM82C84A-5RS./GS

CLOCK GENERATOR AND DRIVER

GENERAL DESCRIPTION

The MSMB2CBAA-5RE/GS is a clock generator designed to generate MSMBOCBE and MSMBOCEE system clocks,
Due 12 the use of silicon gate CMOS technology, standby current is anly 40 HA { MAX ], and the power con-
sumption is very low with 10 ma (MAX.) when a 5 MHz clock is generated.

FEATURES

* Qperating frequency of 6 10 15 MHz ICLK output 2 * Built-in  synchronized circuit for MSMBOCES and
to 5 MHz2) MSMBOC28 READY and RESET

* 314 silicon gate CMOS technology for low power con- *TTL compatible
sumption . * Buitt-in Schimitt trigger circuit (RES inpur}

* Built-in erystal oscillator circoit " 18.pin DIP IMSMB2C84A-5RS)

=3V ~ 6V single power supply = 24-pin flat package IMSMB2CB4A.6GS)

" FUNCTIONAL BLOCK DIAGRAM

RES @ B4 RESET
cd
X1= CRYSTAL I~ [
' osc
x| OSCILLATOR 1P )
1]
[}
T i
Fii ? ?
PCLK
EFI 5 )
Y Y
N L N
c
CSYNC ¢ ¥ 1
ROY$ -] b——‘D——-—CLK
- 1 ]
AENT d
AENE l
D ct c+
ROY2- 1@ —53 0 g0 READY
S
ASYNC
L]




PIN CONFIGURATION

m 1/0-MSM82CB4A-5RS/GS ®

18 Lead Plastc DIP

24 |ead Plastic Flat Package

csmcl M g
PCLKI 2

AEN?] 3
F{DY1I.4
READY|5

esyne —— 10
PCLKE —— »
NC =3
AENT ] 4
ADY1 C—— 15
READY 5
NC 7
RDY2 C—s
AEnz —9
N-C e
CLK [ In
GND 12

2y V¢
2ap— X1
A x2
2i—INC
20=—3 ASYNC
TOE——J EF)
isE—/—NC
1723 T
16 f—xdJ OSC
Y e T

1o [—RES
13 [—JRESET

IN-C not cannected)
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ABSOLUTE MAXIMUM RATINGS

.

Parameter Symbol Limits Unit Conditions
M3MSB2CB4A-5R5 | MSMB2CR4A-5GS
Supply Voltage veo =05~ +7 v
Ingut Voltage Vi 0.5~ Ve 05 v Resnect 1o GND
Output Voltage YouT -05~ Voo +0.5 v
Storage Temperature Tstg —B5 ~ +150 °¢ -
Power Dissipation fp ] 0.7 w Ta = 25°C
OPERATING RANGES
Farameter B Symbo! Limits Unit
Supply Voitage Voo 3-8 ¥
Operating Temparature T - Tor —40 ~ +8§ °C
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol MIN TYP MAX Unit
Supply Voltage Voo 4.5 5 55 v
Operating Temparature Top —40 +25 +85 °c
“L7 Level input Yaltage ViL ~G.5 +(.8 v
“H” Level tnput Voltage {except RES| 22
a 2 Texcen Vin Voo +0.5 v
"H™ Level {nput Voltage (RES) 0.6V
DC CHARACTERISTICS {Veg =5V 2 10%, Ta = —40 ~ 85°C)
Parameter Symbol MIN MAX Unit Conditicns
“L" Leval Output Voitage (CLK) VoL - 04 A laL =4 mA
"L Level Qutput Voltage (OTHERS) VaLr - 0.4 v g = 2.5mA
"H" Level Output Yoltege {CLK} VoM Veoo~0.4 - v toH = —4mA
“H" Level Output Voltage {OTHERS! VOH Voo —04 v IoH = —1mA
s VIHR [
RES | t Hyst i 02V v
nput Hysteresis -ViLa [ o]
frput Leak Current { EXCEPT ASYNC } [P —1 +1 HA D <€ Vip € Vo
Input Currert { ASYNC } INTY —100 +10 HA 0 £ Vin £ Voo
Standby Supply Current lces +40 A NOTE 1
Cperating Supply Current oo 0 mA. f=156MHz, C = OpF
Input Capacitance Cin 7 pF f=%MHz

NOTE 1: X1 > Voo — 0.2V, X2 < 0.2V
FIC z Voo — 0.2V, ASYNC = Vg or open
ViH 2 Voo - 02V, VIL 5 0.2V
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AC CHARACTERISTICS
Ve =BV £ 10%, Ta = —40 ~ 85°C)
1}

Paramegter Symbol MIN MAX Unit Conditions
EFI “"H'* Pulse Width 1EHEL 20 ns H0%—30%
EFI “L" Pulse Width tELEH 20 ns 10%—10%
EFI Cycle Time tELEL 66 ns
Crystal Oscillator Frequency 6 15 MHZz
Set Up Time of RDY1 or RDY2t0 - R 35 ASYNC
CLK Falling Edge {Active) RIVCL ne = High
Set Up Time of RDY1 or RDY2 1o . a5 ns ASYNC
CLK Rising Edge {Active) RIVCH = Low
Set Up Time of RDY1 or ROY2 1o t ag ns
CLK Falling Ecge {Inactive) R1vCL : Output load
Hold Time of ADY1 or RDY2 to . R capacitance
CLK Falling Edge CLRA1X ns CLK output
Sat Up Time of ASYNG to CLK . 0 . Cp = 100pF
Falling Edge AYVCL Others 30pF
Hold Time of ASYNG to CLK . 0
Falting Edge CLAYX ns
Set Up Time of AEN1T [AEN2) to . 15 s
RDY1 (RDY2) Rising Edge ALRIV
Hold Time of AENT (AENZ] 10 ¢ o ns
CLK Falting Edge CLAIX
Set Up Time of CSYNC 1o EF} . 20
Rising Edge tYHEH ns
Hold Time of C8YNC 1o EFI Rising . 10 ns
Edge . EMYL,
CSYNC Pulse Width tYHYL 2xtELEL s
Eet Uip Time of RES to CLK Falling :
Edge tIHCL 65 ns
Hold Time of RES to CLK Falling
Edge CLH 0 ns
input Rising Edge Time tiLiH 158 ns
input Falling Edge Time HHIL 15 ns

Mote: Parameters where timing has not been indicated in the above table are measured at V) = 1.5V and Vy = 1.5V
for both inputs and quiputs. -
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AC CHARACTERISTICS
{¥og =5V £10%, Ta = —40 ~ 85°C)

2}
Paramster Symbol MIN MAX Unit Conditions
CLK Cycle Time toLcL 200 ns
CLK “H" Pulse Width teHEL %TCLCL +2 ns
oy e . 2
CLK "'L™ Pulse Width 1CLCH ?TCLCL —15 ns
- ; ¥ .

C!.,K Rising and Falling Ecige CHICH2 10 ns 1.0V—1.5V

Timas 1CL20L1 .

PCLK "H" Pulse Width tpHpL | ToLcL — 20 ns

PCLEK L' Pulse Width tPLPH TeLeL — 20 s

Time from READY Falling Edge ¢ 8

to CLK Falling Edge RYLCL ne Output ioad

Time from READY Rising Eoge | 2. 15 . capacitance

to CLK Rising Edge RYHCH 3 cLeL- * CLK output
L = 100pF

Delay from CLK Faiting Edge

to RESET Falling Edge teLiL 40 ns Others 30pF
?:'rféf??iﬁ::szﬂi"“ e 'CLPH 22 ns

E:I:g &Taﬁ.t: ;::;"” e tCLPL 22 ns

iegr.érgzigj gd';:"ing i 10LCH =5 22 ns

g:::&?:ﬁ:c;:;“ng oe toLcL 2 35 ns

({:l‘fu;::;t?iiz Fose Tome OLOH 15 ns | 0.BV~22V

Output Falling Edge Time 1OHOL ) 1 N 2 2v~08Y

{Except CLK)

Note: Parameters whare timing has not been indiceted in the above table arg measured at V= 1.5V and V¥ = 1.5V
for both inputs and outputs.
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PIN DESCRIPTION

Pin symbaoi

Name

Input/
output

Function

CSYNC

Clock
synchranization
singal

Input

Synchronizing signal for output of inphase CLK signals when more
than ane MSME2CB4A.-5 is used.

The internal counter is reset when this signal is at high level, and 2
high jevel CLK output is generated. The internal counter is sub-
seqently activated and # 33% duty CLK output is generated when
this signat is switched 1o low level.

Whean this signal is used, externat synchronization of EFI is necessary.
When the internsl osciltator is used, it is necessary for this pin to be
kept to be low level.

Peripheral ciock
output

Output

This peripheral ¢ircuit clock signal is output in 8 50% duty cycle at
a frequency half that of the clock signal,

Address enable
signals

Inpust

The AENT signal enables RDY 1, and the AEN2 signal enables RDY2.
The respective RDY inputs are activated when the level applied to
these pins is low.

Although two separate inputs are used in multi-master systems, only
the AEN which enables the ADY input 15 be used is to be switched
te iow level in the case of not using multi-master systems.

RDY1
RDY2

Bus ready signals

Input

Completian of data bus reading and writing by the device connected
to the system data bus is indicated when one of these signals is
switched to high level.

The relevant ADY input is engbles only when the corresponding AEN
is a1 jow level.

READY

Ready output

Outpu

This signal is cbtained by synchrenizing the bus ready signal with
CLK.

This signal is output after guaranteeing the hold time for the CPU in
phase with the RDY input.

Clock output

Quiput

This signal is the ciock used by the CPLU and peripheral devices con-
nected to the CPU system data bus, The autput wavefarm is gener-
ated in 2 33% duty cycle at a frequency 1/3 the oscillating frequency
of the crystal owillator connected 10 the X1 and X2 ping, or at a
frequency 113 the EFI input frequency.

]
m
in

Ageset in

input

This low-level active input is used 10 generste a CPLU reset signal,

Since a Schmitt trigger is included in the input circuit for this signal,
“‘power on resetting’’ can be achigved by connection of a simple RC
circuit.

RESET

Rasat output

Qutput

This signat is ocbtained by CLK synchronization of the input signal
applied to RES and is output in opposite phase 1o the RES input.
This signal is applied to the CPU a5 the system resat signal.

FiC

Clock select signal

Inprut

This signal selects the fundamental signal for genaration of the CLK
signal. The CLK is genarated from the crystal oscillator output when
this signal is at low level, and from the EFl input signal when at high
lavel,

EF|

External ciock
signal

Input

The signal applied to this input pin generates the CLK signal when
F/C is at high level. The frequency of the input signal needs to be
three times greater then the desired CL!_( frequency.

A1, X2

Crystal oscillator
connecting pins

Input

Crystal oscillator connections.
Tha crystel oscillator frequency negds to be three timas greater than
tha desired CLK frequency.

Qsc

Crystal resonator
autput

Qutput

Crystal oscillator output. This cutput frequency is the same as the
oscillating frequency of the oscillator connected to the X1 and X2
pins. As long 8s 8 Xtal oscillator is connected to the X1 and X2 pins,
this output signal can be obtained independently even if F/C is set 1o
high level to enabde the EFI input 1o ba used for CLK generation
PUTpOses.
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Pin symbol MName Input/ Function
output
ASYNC Ready trput Signat for selection of the synchronization mode of the READY
synchronization signal generater circuit. When this signal is at low lawel, the READY
select signal signal is generated by double synchronization. And When at high
levet, the READY signal is genarated by single sy nchronization.
This pin is equippidt with internal puil-up resister.
Voo +6V power supply
GND ' GND

TIMING CHART
CLE » PCLK + OSC waveforms

[ ‘ELEL

‘cLcL

“tCHICHZ
iy f=-tOLCL SHCL

eLk——d \ I .

1
CLCH —e Pe=tCLPL
tPHpL - -‘CL?CU
POLK—d L i u ]
tPLPH
—{ [—tcLem

AESET waveform

cLK / L ] .S J ] o [~
RES _'.-_-.....tcum [THHCL
L a
— —tciiL
RESET / .
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READY wavetorm |ASYNC = L}

s 1/0-MSM82CB4A-5RS/GS m

el e—tRIVCH
cLK ] o [ / u [
™ [ ICLRIX e —tR 1 VCL
ADY!.2 L
—= —tAaiRrIV — = tCLR1X
AEN1.Z ———————y -
. ] fe—TCLANX
svie — — tAY VCL ——
—=1 —ICLAYX
READY
— b tAYHCH e fetRYLCL
READY waveform {ASYNT = H}
—= P—tRivCL —- pe—1R1 V(L
SR p S o : e S
-t o | e tGLR1X
ROYT.2 [ ]
—_ — b— (A VRV —— ey,
AENT-2 _———CLMX
— AYVEL —= |j=—tcLaYX
ASYNC > S
— je— tRYHCH
READY N
caeed L tRYLCL
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DESCRIPTION OF OPERATION

{1} QscHlstor Cireuit

The MSMB2C84A-5 internal oscillator circuit tan
ba driven by connecting 8 crystal oscitiator 1o the X1
and X2 pins.

The fraquency of the crystal oscillator in this case
needs 10 be three times greater than the desired CLK
frequency.

Since the osciltator circuit putput {the same out-
put as for tha crystal resonator frequency) sppears at
the O5C pin, independent use of this output is also
possible.

Ascommendaed Oscillater Circuit

Crystal osiilator

f X1 0SC|
=

MSMB2CB4A.5
e 1 |
%2

When input frequency is 6 10 15 MHz.
€, =Cy =33 pF

{2) Clock Generator Circuit

This circuit generates two clock outputs—CLK
obtained by dividing the input external clock or erystal
oscillator circuit output by three, and PCLK obtained
by halving CLK. CLK and PCLK are ganerated from the
external clock spplied to the EF1 pin when F/C is at
high !evel, and are generated from the crystal oscillator
circuit when at kow level.

(3] Reset Circuit

Since a Schmitt trigger circuit is used in the RES
input, the MSMB2CB4A-5 can be reset by “power on'’
by connection to a simple RC circuit, If the S0CE6 or
BOCAS is used as the CPU in this cese, it is neces-
sary to keep the RES input at low Jevel for at least 50
ps after Voo reaches the 4.5V level.

{4) Ready Circuit
The READY signal generator circuit can be set to

sy nchronization mode by ASYNC.

i) When ASYNC is at low level
The ROY input is putput as the READY signai by
double synchronization.
The high-level RDY input 8 synchronized once by
the rising edge of the CLK of the first stage flip-
flop {F1 in the circuit diagraml, and then synchro-
nized again by the falling edge of the CLK of tha
next stage flip-flop (F2 in tha circuit diagram},
resulting in output of a high-level READY output
signal (see diagram balow).

o The low-ievel ROY input is synchronized directly
by the faliing -edge of the CLK of the next stage
Hlip-flop, resulting in output of a low-ltevel READY
output signal (see diagrarm below},

CLK

RADY

1

[}
1

\

\
i
|
|

1

READY
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{ii]  When ASYNC is at high level synchronized by the falling edge of the CLK of the
The ROY input is output as the READY signal by next stage flip-flop, resulting in output of respec-
single syrchronization. tive low-lavet and high-levei READY output signals

e Both tow-ievel and high-level ROY inputs are {see diggram betow].

CLK

a0y

EXAMPLE OF USE (CSYNC)

The B2CB4A-5 1/3 frequency divider counter is switched to low level, CLK is output from the next
unsettied when the power s switched on. Therefare, the input clock rising edge, and is divided by 3.
CSYNC pin has been included to synchronize CLK with If CSYNC has not been synchronized with the
another signal. When CSYNC is at high level, both CLK input clock, use the following circuit to achieve the
and PCLE are high-level gutputs. If CSYNC is then requirad sy nchronization

MSMB2CB4A-5
External
synchronizing———— a D a CSYNC
signal
External E
ciock signai—q»—D- CK2 b CKa
{EF1} ——EFl CL———=(CLK
When an external clock EF$ is used as the cluc.k source
MSMB2CE4AS
] 2E3
CSYNC
External X2 — I
synchranizing———————— | D Q n} Q
signal
oKt oKy SC FJC77
CLKpmrr—=-CLK
When the crystal oscillator is used as the clock source




OKI semiconductor
MSM82C84A-2RS, GS, JS

CLOCK GENERATOR AND DRIVER

GENERAL DESCRIPTION

The MSMB2CBAA-2AS/GS is a ¢clock generator designed to generate MSMB0CEE and MSMB0CEB system clocks.
Due to the use of silican gate CMOS technology, standby current is only 40 A (MAX .}, and the power con-
sumption is very Jow with 16 mA (MAX.) when a 8 MHz clock is generated.

FEATURES

* Operating frequency of 6 10 24 MHz (CLK output 2 * Buitt-in  synchromized circuit for MSMBOCE6 and
to 8 MHz} MSMB0C88 READY and RESET

* ) silicon gate CMOS technatogy for low power con- * TTIL compatible _
sumption * Buiit-in Schmitt trigger ¢ircuit IRES input}

* Built-in crystal oscillator circuit *+ 18.pin DIP (MSMB2CB4A-2RS)

* 3V ~ BV single power supply * 24-pin flat package {M5MB2C844-2G5|

+ 20-pin PLCC (MSMB2CBAA-2JS)
FUNCTIONAL BLOCK DIAGRAM

AES @ 4 RESET
cd
X1+ CRYSTAL [
. fol%
74— OSCILLATOR 1P )
1
1
_ T T
FIC] 3 3
PCLK
EFi s s
Y Y
N N
c
CSYNC : £ ) I
ROYY = »——I > 1 CLK
I 1
AENT
AENZ |
o ct c¥
ROY24 ”:”05:)—— D pgQ READY
1
ASYNG




PIN CONFIGURATION

_m 1/O- MSM82C84A-2RS/GS/IS

18 Lead Plastic THP

csmcE
PCLK ]Z
RENT[3 |
RDY1 E
READY E

24 Lead Plastic Flat Package

nIHES

10 IFIESET

csyne E=—— 10
PCLK 1 3
SR s—
AENT C———] 4
ADY1 20 s
READY g

23
22
21

204

19

F— Voo
—— x1
1 x2
—JN-C
1 ASYNC
[ EFI

| m— R4

—— Y
[———J0sC
—In-C

— T
[——reser

{N-C not connacted)

NC C—}7
RDYZ I8
20 Lead PLCC agn2 C—a
= v g 5 Ne C—ho'
e
(4] s
< 2 8 5 X Ctk 1
[[l[s] M BB oo =,
/ O
ROY1{4 18] x2
READY [5 17) ASVNC
rovz [s EEH
BHEN2 |7 15| F/C
n.C.[8 1| N.C
.\ .
=} 8] [5] (=] 1=
2 o |$ 3
5 Iz E L QO
i
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ABSOLUTE MAXIiMUM RATINGS

Farameter Symbaol Limixs Unit Conditions
MEMBZCEAA-ZREMIS | MEMEZCBAA-2GS
Supply Vohage vee 0.5~ +7 v
Input Yoltage Vin 0.5~ Vge +0.5 v Respect to GND
Qutput Voltage VouT —0.5~vpe HLS v
Starage Temperature “Tstg —55 ~ +150 °c -
Power Dissipation Po 08 0.7 w Ta = 26°C
OPERATING RANGES
Paramgtar Symbol Limits Unit
Supply Valtage Voo 3~8 v
Operating Temperatura Top —40 ~ +85 °c
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol MIN TYP MAX Unit
Supply Voltage Voo 4.5 5 55 v
Qperating Temperature Top — 40 +25 +85 °C
“L* Level Input Voltage ViL —-0.6 +).8 v
""H" Level Input Voltage lexcept HES} 2.2
i e e ViH Voo t05 v
“*H** Level Input Valtege IRES} 06*Vee
DC CHARACTERISTICS (VoG =5V & 10%, Ta = —40 ~ 85°C}
Parameter Symbol MiN MAX Unit Conditions
“L" Level OQutput Voltage {CLK) VoL - 04 A toL =4 mA
"L Leve!l Qutput Voltage (OTHERS) VoL — 0.4 v gL = 2.5ma
"H” Leval Output Voltage {CLK) VoH Vo —04 - A IoH = —4mA
“H" Lgvel Output Voitage (OTHERS) VOoH Voc—04 v lon = —1TmA
=== L VIHR
RES Input Hysterasis 02*v v
2 ¥ _ vlLR cC
Input Leak Current { EXCEPT ASYNC ) ful —1 + HA 0 < Viy < Voo
Input Current [ ASYNC ) L1A =100 +10 A 0 < Vip £ Veo
Standby Supply Current lcos 490 A NOTE 1
Operating Supply Current ice 18 mA = 24MHz, Ct = OpF
Input Capacitance Cin 7 pF f=1MHz

NOTE 1: X1 2 Voo — 0.2V, X2 g 0.2V

FIC = Voo — G2V, ASYNC = Voo or open
VIH 3 Vee — 0.2V, VIL 5 02V
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AC CHARACTERISTICS
{Voe =6V £ 10%, Ta = —40 ~ 85°C)
{1}

Parameter Symbol MIN MAX Unit Conditions
EFI “H"* Pulse Width tEHEL 13 ns 90%—90%
EFI "L" Pulse Width tELEH 17 ns 10%—10%
EFI Cycle Fime ELEL 36 ns
Crystal Oscillator Frequency 6 24 MHz
Set Up Time of RDY1 or ROY2 to ' 35 ns ASYNC
CLK Falling Edge {Active) RIvVCL = High
Set Up Time of ADY1 or RDYZ to ' 15 n ASYMNC
CLK Rising Edge {Activa) RIVCH - e = Low
Set Up Time of RDY1 or RDYZ2 10 . 15 s
CLK Falling Edge {1nactive) RIVCL Qutput load
Hold Time of RDY 1 or BDY2 10 ] 0 e capacitance
CLK Falling Edge CLR1X CLK output
Set Up Time of ASYNC to CLK . 5 R C = 100pF
Falling Edga AYVCL § Others 30pF
Hotd Time of ASYNC to CLK ¢ o s
Falting Edge CLAYX "
Set Up Time of AENT (AENZ} to X 15 .
ROY1 (RDYZ) Rising Edge ARV "
Hotd Time of AENT {AEN2) to ¢ ¢ ns
CLK Faiting Edge CLAX
Set Lip Time of CSYNC 1o EFI
Rising Edge tYHEH 20 ns
Hold Time of CSYNC to EFI Rising
Edge tEHYL 10 ns
CSYNC Pulse Width tYHYL 2% tELEL ns
Set Up Time of RES to CLK Fatfing
Edge tItHCL 65 ns
Hold Time of RES to CLK Falling
Edge 1CLItH 20 ns
tnput Rising Edge Time LIH 15 ns
Input Falling Edge Time L 156 ns

Note: Parameters where timing has not been indicated in the above table are measured at V| = 1.5V and Viy = 1.6V
for both inputs and outputs.
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AC CHARACTERISTICS
fVoe = 5V £10%, Ta = —40 ~ 85°C)

{2)
Parameter Symbaol M MA X Unit Conditions
CLK Cycle Time teLcL 125 ng
1
CLK "H'' Pulse Width toHCL ETCLCL +2 ns
oy . 2
CLK L™ Pulse Width LCH ETCLCL —15 ns
et . t
C!_K Rising and Falling Edge CHI1CH2 10 s 1.0V—3.5V
Times 1cL2CLI
PCLK ""H" Pulse Width tPHPL ToroL — 20 ns
PCLK "L Pulse Width tPLPH TeLeL —20 ng
Time from READY Falling Edge . ey s
to CLK Falling Edge RYLCL Output (oed
- T capatitance
Time from READY Rising Edge 2 _ .
t CLK Rising Edge | tRYHCH | 3 TcicL — 15 ns CLK output
' Cy = 100F

Delay from CLK Falling Edge

to RESET Falling Edge Lt 40 " Others 30pF
e | =]
oo RSN | e ik
Delay from QSC Falling Edge toLcH -5 2 ns

to CLK Rising Edge

Delay from OSC Falling Edge
10 CLK Fatling Edge toLcL 2 35 ns
Qutput Rising Edge Time
{Except CLK)

Cutput Falling Edge Time
{Except CLK)

1OLOH 15 ns 0.8V~2.2v

LOHOL 18 ns | 2.2v~0.8V

Nots: Parameters wherg timing has not been indicated in the above table are measured at V| = 1.5V and V= 1.5V
for both inputs and outputs.




PIN DESCRIPTION
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Pin symbal

Namea

Input/
output

Function

CSYNC

Clock
synchronization
singal

lnput

Synchranizing signal for output of inphate CLK signals whaa more
than one MSMB2CB4A-2 is used.

The intermal counter is reset when this signal is et high level, and &
high tevel CLK output is gensrated. The internal counter is sub-
seqently activated and & 33% duty CLK output is genersted when
this signal is switched to low fevel.

When this signal is used, external synchronization of EFI is necessary.
When the intarnal oscillator is used, it is necessary for this pin to be|
kept to ba law level.

PCLK

Peripheral clock
Qutput

Qutput

This pariphersl circuit clock signal is cutput in a 50% duty cycle at
a frequency half that of the clock signal.

Address gnable
signals

input

Tha AENT signel enables RDY 1, and the AENZ signal enables ADY2.
The respective RDY Inputs are activated when the leval applied to
these pins is low,

Although 'wo separate inputs are used in multi-master systems, only
the AEN which enables the RDY input to be used is to be switched
to low leval in the case of not using multi-master systems.

ROV
RDY2

Bus ready signals

Input

Completion of data bus reading and writing by the device connected
to the systemn data bus is ingicated when ong of these signals is
switched to high level.

The relevant ROY input is enables only when the :orrespondingﬁl\_l
it at low level. )

READY

Ready output

Quiput

This signal is obtained by synchronizing the bus ready signal with
CLK.

This signal is output after guarantesing the hold time for the CPU in.
phasa with the ROY input.

Clock gutput

Qutput

This signal is the ¢lock used by the CPU and peripheral devices con-
nected to the CPU system data bus. The sutput waveform is gener-
ated in a 33% duty ¢ycle at a frequency 173 the gscillating frequency
of the crystal oscillator connected to the X1 and X2 pins, or at a
frequency 1/3 the EFI input frequency.

]
m
w

Reset in

Input

This low-lavel active input is used to generate a CPL reset signai,

Since a Schmitt trigger is included in the input circuit for this signal,
‘'sower on resetting'’ can be achieved by connection of a simple RC
cincuit,

RESET

Resat output

Qutput

This signal is obtained by CLK synchronization of the input signal
applied to RES and is output in opposite phase to the RES input.
This signal is applied to the CPU as tha systermn reset signal.

Clock select signal

Input

This signa? selects the fundamental sipnal for generation of the CLK
signal. Tha CLK is generated from the crystal oscillator output when
this signai is at low level, and frorm the EFI input signal when at high
tevel.

EFI

External clock
signal

Input

The signal spplied to this input pin generates the CLK signal when
F{C is st high lavel. The frequency of the input signal needs to be
three times greater then the desired CLK frequency.

X1, %2

Crystal oscillator
connecting ping

Input

Crystal oscillator connections.
The crysial oscilator frequency needs tO be three times greater than
the desired CLK frequency.

05C

Crystal resonator
outpuy

Qutput

Crystal oscillator output. This output frequency is the same as the
oscillating frequency of the oscillator connected to the X1 and X2
pins. As long as a Xtet oscillator is connected to the X7 and X2 pins,
this output signal can be obtained independently even if F/C is set 10
high levet to enstde the EFI input to be uted for CLK generation
purposes.
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. Pin symbol MName loput/ Function
output
ASYNC Ready tnput Signal for selection of the synchronizetion mode of the READY
syhchronization signal generator circuit. When this signal is at low level, the READY
select signal signal is generated by double synchronization. And When at high
tavel, the READY signal is generated by single synchronization.
This pin is equipped with internal pull-up resister,
vee +5V power supply
GND GND

TIMING CHART
CLK « PCLK - O5C waveforms

EFy

asc

t .
ChCL —F1CHICH2
—torce  HeHCk
+ n R

1

CLCH N | :
tPHPL =g lCL2CLT

PLPH
— }"‘tc_LPH

RESET waveform

[

CLK

RES

’-"nHCL

p-—tCL"H

RESET

} -

)—-—tm_.n.




READY wavefarm (ASYNC » L}

m {/0-MSMB2C84A-2RS/GS/JS

—= |—tRIVCH
CLK / u u / ¥ [
- ™ WCLR1X —= —tR1VCL
ADY1-2 A s
I'—tmnw — —tCLR1X
AENTZ ———— —
tay —=n]  p—TCLAX
—_— —] __—
ASYNC AYVEL ———
—rf oL AYX
READY
— ’-—tnmcu —te] [ tRYLCL
READY waveform LASYNC = H)
——t e tRIVCL —= f=—tR1VCL
CLK [ R ] 73 I
M7 CLRIX ] o 1GLRIX
RDY12 i ]
— e tA IRV ] et
AENTZ ] :M‘_
— be—tAYVCL —i fu—toLavx
—_— j S
ASYNC
— o IRYHCH
READY :
] fu—tRYLCL
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DESCRIPTION OF OPERATION

{1} Oecillstor Circuit

The MSMBZCBAA-5 internal oscillator circuit can
be driven by connecting a crystal oscillator to the X1
and X2 pins.

The frequency of the crystal oscillator in this case
needs t0 be three times greater than the desired CLK
frequency.

Since the oscillator circiuit outpret ithe same out-
put as for the crystal resonator freaquency! appears at
the OS5C pin, independent use of this output is also
possible.

Aescommaended Ouxclilator Circult

Crystal oscillator

_L——ﬂ}— X1 osc——
¢

MEMBICE4A.2
| X2

C:

Whan input frequency is 6 to 24 MHz.
C, =C; =33pF-

{2) Clock Gensrator Circuit

This circuit generates two clock outputs—CLK
ohtained by dividing the input external clock or crystal
oscillator gircuit output by three, and PCLK obtsined
by haiving CLK. CLK and PCLK are generated from the
external clock applied to the EFi pin when F/C is at
high level, and are generated from the crystal oscillator
circuit when at low level.

(3} Resst Circuit .

Since a Schmitt trigger circuit is used in the RES
input, the MSMB2CB4A-2 can be reset by “power on”
by connection to a simple RG circuit. If the 80CB6 or
80CES is used as the CPU in this casa, it is neces-
sary to keep the RES input at low level for at laast 50
us after Voo reaches the 4.6V lavel. ’

(4] Ready Cireuit
The READY signal ganerator circuit can be set to

synchranization mode by ASYNG.,

(i) When ASYNC is at low level
The RDY input is output as the READY signal by
double synchronization.
The high-levei RRDY input is synchronized once by
tha rising edge of the CLK of the first stage flip-
flop (F1 in the circuit diagram), and then synchro-
nized sgain by the falling edge of the CLK of the
next stage flip-flop {F2 in the circuit diagram),
resulting in output of a high-level READY output
signal {see diagram below},

o The towdsvel RDY input is synchronized directly
oy the falling-edge of the CLK of the naxt stage
flip-flop, resulting in output of a low-levet READY
cutput signal {see diagram below].

CLK

RDY

READY
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(i) When ASYNC is at high levet synchronized by tha falling edge of the CLK of the
. The RDY input i output as the READY signal by next stage Hip-flop, resulting in owiput of respec-
single synchronization. tive low-level and high-level READY output signals

o Both low-level and high-level ADY inputs are {see diagram below].

CLK

ADY

EXAMPLE OF USE (CSYNC)

The 82{84A.2 1/3 freauency divider counter is switched to low level, CLK is output from the next
unsettied when the power is switched on. Therefore, the input ctock rising edge, and is divided by. 3.
CSYNC pin has been included to sy nchronize CLK with If CSYNC ha: not besn synchronized with the
anather signal. When CSYNC is at high level, both CLK input clock, use the following circuit to achieve the
and PCLK are high-level outputs. i CSYNC is then required synchronization

MSMB2CB4A-2
Externsl 1
synchronizing——r———— 0 a D o [CS'Y NC
signal
Extarnal
clock signal———-——V cKt b CKs :
{EFN ———EFl CLK——uCK
When an external clock EFI is used as the clock source
MSMEZCRAA-2
X
: CSYNC
Externat X2
synchronizing™—— 10 Q o Q
signa!

oK ke sC Fré_—rb

CLKp————— L K

When the crystal oscillatar is used as the clock source
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MSM82C88AS/GS

BUS CONTROLLER

GENERAL DESCRIPTION

The MSMBZCSBE is a bus controlier for the MSMB0C86 and the MSMB0CE8 CPUs. Based on silicon gate
CMOS technology, a low-power 16-bit micreprocessor systam can be realized.
The MSMB2CERB generates commands control timing signals on reception of status signals from the CPU.

FEATURES

® Silwcon gate CMOS technology for low gower con-
sumption

* 2 to BY wide voltage range and single power supply

* 40 to 85°C wide guaranteed operating temperature
range

CIRCUIT CONFIGURATION

® Advanced writé control output

® Three-state command output driver
* Systemn bus mode & 1/C bus mode
* 20-pin DIP {(MSMBZCBRAS

® 24-pin flat package (MSMBZCE8GS)

‘ 2 | staTus > WRDC
STATUS 5 *| SECODER > MWTC
INPUT 5 N COM-
: MAND > AMWC | commano
SIGNAL > TOR B
GENER. QUTPUT
ATOR = 1OWC
- AIOWC !
INTA |
CLK - » OT/HR
— CONTROL _
CONTROL AEN *1 CONTROL SIGNAL = DEN CONTROL
INFUT CEN » LOGIC GENER- » MCEPDEN | o rpyr
ATOR i
108 » ALE ]
i {
Ve (+5V) GND {0V)
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PIN CONFIGURATION

m I/O-MSMB2CBBAS/GS =m

MSMB2CBBAS {top view)
20-lead DIP [f2]:]

CLK

OT/R

ALE

MSMBZCBEGS (top view!

24-i9ad plastic f1st packege loe

CLK

Nota: NC pin must not be connected.

[E][e][=] [S1[=] {=] {=] =] [S] (5]

AOOaoaaaaain

L= - R - L

M- D

[20] veo
5] 5,
1] 5
17] mcessBER
[16] oeEn
EI CEN
E INTA
13] ioRc
17] Aiowe
1] Towe
24 71 veg
s
22 (] ne
FAN -9
20 [ MCE/PDEN
19 ] DEN
18 ] CEN
17 [ ] TNTA
16 [] ©RC
1517 NG
14 |1 AIGWC
13 [ OwE
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ABSOLUTE MAXIMUM RATINGS

Limits
Parameter Symbol Canditions Unit
MSMB2CBBAS | MSMB2CBBGS
Power Supply Vottage Voo =0.5 ~ +7
With respect -
Input Voltage VIN o GND 0.5~ Vpe H0.5
Qutput Valtage YouTt 0.5 ~ Vo +0.5 v
Storage Temperature Tstg — -55 ~ 150 e
Power Dissipation Pp Ta= 25°C 11 0.7 w
OPERATING RANGES
Parameter Symbal Limits Unit
Power Supply Voitage Ve 3~6 v
Operating Temperature Top -40 ~ BS °C
RECOMMENDED OPERATING CONDITIONS
Parameter Symbal Min, Tvyp. Max, Uinit
Power Supply Voltage vee 45 5 55 v
Operating Temperature Top -40 +25 85 °c
“L” Input Voltage Viu 0.3 - +.8 v
"H' Input Voltage ViH1 3.0 - Voo +03 v
“L" Input Voliage LATR ] 03 - 0.8 v
“H* Input Voltage ViH2 2.2 - Veg +0.3 v

Note: V) 1 and V|1 are input voltages for CLK, 5,5, and 5.
VL2 and V|7 are input voltages for AEN, CEN, and tOB.
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DC CHARACTERISTICS

Ve = 4.5V 10 5.5V, Ta = -40°C to +85°C)

8 /O MS8MB2C88A5/GS =

Paramater Symbol Conditions Min, Typ. Max. Unit | Remarks
Command output _ _ 0.45 v
gL = TidmA
“L" Ourput Voltage Vou
Control gutput
- - .45 v
ioL = 8mA
Command output 37 _ _ v
Ion = -BmA
“H*" Qutput Voltage VoH
Control sutput
3.7 - - v
IgH = -1mA
Input Leak Current I 0 < Viy < Voo -10 - 10 e Note 1
Output Leak Current ILo 0< Voyr<Vpe | -10 - 10 A
Status Input Current s 0< V)N < Voo ~100 - 10 HA Note 2
. Cp =0pF
Operation Power Supply Current ] - - b L] mA
cco fcLoL = 200ns
Standby Power Supply Currant ices Note 3 - - 100 A

Nots 1. This input leak current is the 1Bk cureent on input pins except status inputs (5, , 5, .andE,),

Nots 2. The status input leak current is the leak current at the statys inputs {5,, 5, and T ).

Note 3. The measuring conditions tor the standby power supply current include the 5, &, , 8nd 5, status inpuls being
at Ve potential, and the other inputs being at Vo or GND. All putput pins are left open. '

AC CHARACTERISTICS

(Ve = 4.5V to 55V, Ta = -40°C to +85°C)

Timing conditions
Parameter Symbal Min, Max. Unit
Clock Cycle CLEL 200 - nS
Clock Low Time tCLCH 118 - ns
Clock High Time tCHCL 65 — n5
Status Active Setup Time tSVCH 35 - nS
Status Inactive Hold Time tOHSY 10 - n$
Status Inactive Setup Time tSHCL a5 - nS
Status Active Hold Time tCLSH 1] - nS
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Timing responss

Parameter Symbol Min, Mex.. Unit Taest Circuit RAamarks
Dealay from CLK Leading Edge 10 DEN,
SDEN Active tCVNY 5 46 n5 4
Delay from CLK Trailing Edge tc DEN,
PDEN Inactive ICVNX 5 45 nS 4
Dalay from CLK Traiting to ALE
Active L | - 38 |ns 4
Delay from CLK Traiting Edge to
MCE Active e ewmen |- 3% in§ 4
Dalay fram Stetus Input Falling Edge
to ALE Active 1SVLH - 35 05 4
Delay from Status Input Failing Edge
10 MCE Active 'SVMCH | - ‘| nS 4
Dalay from CLK Leading Edge 1o
ALE Inactive WCHLL 4 35 n§ 4
Delay from CLX Trailing Eoge to
Command Qutput Active toLmL 5 a5 ng 3
Delay from CLK Trailing Edge to
Command Output [nactive ICLMH 5 45 ns 3
Dalay from CLK Leading Edge to
DT/R Active teHDTL | — 50 n$ 4
Delay from CLK teading Edge to
DT Inactive tCHDTH - 35 nS 4
Crelay from AEN Leading Edge to 45 s 2
Command Enabie YAELCH - n

Delsy from AEN Trsiling Edge to
Command Disable tAEHCZ - 40 nS 1

‘Deiay from AEN Leeding Edga to

Command Output Active tAELCY 80 250 n$ 3
Dalay from AEN to DEN TAEVNY - a5 nS 4
Delay from CEN to DEN, POERN CEVNY - i5 nS 4
Dulay from CEN 1o Commend Qutput | tCcELRH - iteLmi*20| nS 3
Output Rise Time tOLOH - 20 nS 3,4 From 0.8V 10 2.2V
Output Fall Tims tOHOL - 12 nS 3.4 From 2.2V 10 0.8V

Note: AL timing messurements are made at 1.5V for both iogic 1" and 0",
Input rise and fall times are
5 : 2 nS between 0.8V and 2.2V for AER, CEN and 108,
8t 2 nS betweaen 0.8Y ang 3.0V for 5y, 1), £ and CLK.

Tost Circuit

Test Circuit | Viyy | RiL2) | CiPF}

1.5 180 S0

1.5 300 150

W
%.
Out Test Paint

2.74 190 150

A P fRY | -

1

3.34 360 80

I
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TIME CHARTS

. :
tae CICt tCLCH,

/X

N
CHOL ¢
LCHEY — —f L t5veH = T ISHCL
o 1CLSH— J[—
5..5,.5, \
"k 7
ADOR WRITE
ADDRESS/DATA XVALlDX DATA vaLID D

1
TCLLH = r—I‘CHLL |

1o LMH—| —

TELML - —} eLMme

I
?.'

]
=
2
]

WY == - IewNX

DEN WRITE]

— TCWNY - TCW N X

T

[CHOTH 1-— t
o IREADN ""_""(
OT R HNTAL *

FOEN (WRITES

! —] [—- e HDTL TCHDTH —
T
MCE 2
FCLMC =y o] — tCviX
I“ 'SYMCH

Note 1. The ADDRESS/DATA bus signal 15 showa for relerence purposes.

Naote 2. The ALE and MCE leading edges are synchrondged with the talling edge of CLK or status going actve,
whithever ooqurs bast

Note 3. Adl t-mqu measurements are made at 1 5V unless specified otherwise
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DEN,PDEN Timing
cEN )I(
AEN
TAEVNY
DEN
CEVNY
POEN
AEN Timing
_ tAELCY
AEN {1.5\.Ir *1_5\;
TAELCH TAERCE
All command outputs _‘] VOH 0.5V
when in system bus 1 YOH
mode, MROG, MWTC, ! \ * M—__
and AMWT when in .
§/C bus mode. CELHH‘_
CEN

ICELRH

Nots: To contral the command and contrel signal outputs, CEN must be switched to low level befare T,
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Fl

Pin Name Inputfoutput Function

O 1 S Input These pins are input pins far status signals 15,, ,, and 5, |, output from
the CPL (MSMBOCSE, 80CEE), The MSMB2CEB generates commands and
control signals after decoding thase status signala. Since these pins are
CONT d to an ir | publ-up resistor, they are sat to high lewvel when
the CPU status output is at high impedance.

CLK Input This pin is the input pin for clock signal output fram the clock generator
IMSMB2CB4A]). The timing of all MSMB2CBE output signals is controlled
by this clock signal.

ALE Output Stroba signal for latching output address from the CPU o address lateh.
Address latching occurs on the trailing edge of ALE.

DEN Qutput Control signal for setting the data bus transceiver ‘to data enable. The local
bus or system bus transceiver is enabled when this signal is high.

DEN is switched to low when the CEN input is low,

oT/R Qutpur Control of the direction of dwta Hlow in the data buy transceiver, Whan the
CPU is switched to write moda, this signal is high, and when switched to
rend mode, this signad is low.

AEN Input Addrass enable signal.

& 108 = L {SYSTEM 8US MODE}
When the AEN input is switched to high level, all command outputs are
switchad 10 high impedance status.
& |08 = H (O BUS MODE)
When the AEN input is switched 1o high level, only the MRDT, MWTC,
and ARMWE command gutputs are switched 1o high impedance status,
When AEN is switched from high to low level, high impedance command
outputs are not switchad 1o active status {low level) for at least 80 n§,
irrespective of the 10B input status,
CEN Input Command enable signai.
All command outputs, DEN and PDEN outputs are switched 1o inactive
status whan a low tevel input is apptied to CEM. All command outputs, DEN
and PDEN outputs ara switched to active status when a high lgvel input is
applied to CEN,
[{¢]:] Input {/0 bus mode signal,
The MSMS22C88 is switched to 1/0 bus mode when a high fevel input is
applied to 108, and 10 system bus made when a taw leve! input is applied.
TOWE J.state This pin is active-low, and three-state output. This signal is Tor writing data
output into the /O device.
AIOWC I-stare This gin is active-low and three-state output. Although this signal is also
cutput used for writing into /0 devices like the 1/0 write command [10WC), it is
made active one clock earlier than HOWC,

IORC J-state This p\in is 'activeAlow and. three-state output. This signal is for reading data

Sutput from 1O devices.

MWTC 3-state This pin is active-dow and three-stare output. This signal is for writing data
output N memoery.

"AMWC J-state This pin is active-low and three-state output. Although this signal is also
output used for writing into memory like the memory write command (MWTC],

it is made active one cycle earlier than MWTC.

MRDC I-stee This pin s active-low and thres-state output. This signal is for reading data
output _from mamory,

TNTA Jstate Thit pin is active-low and thrae-state output. This signal informs the inter-

autput rupt controller that the interrupt has been accepred, and then requests

output of a vector address onto the data bus.

367




= I/Q0-MSMB2C88AS/GS =

Pin Name Input/output

Function

MCE/PDEN Qutput

on the /0 bus.

This pin has two functions.

MCE (10B = Low) master cascade enable function,

This is an active-high signal and is used to enable a slave PIC {priority in-
terrupt centrolier) to read the cascade address cutput on the data bus by
the master PIC during an interrupt sequence.

PDEN (IOB = High) peripharal data enable function.

This is a an active-low signel and is used to enable the data bus transceiver

FUNCTION

Command Logic

The command autput is decided by decoding
status signals (5, 5, , 5; ) output from the CPU.

Thase status signals have the folawing meanings,

5 5 % CPU status Cm:;\d

0 0 0 | Interrupt scknowledge TNTA

0 0 1| 1/Oreaq 10RC

0 1 0 | 17O write TOWC, ATOWC
o 1 1 Halt —
100 tastruction fetch MROC

1 O 1 | Memary read MRDC

1 1 0 | Memory write MWTC, AMWC
1 1 1 Passive -

1/Q Bus Moda (I0B = High)

When an 1/Q access status signal is received from
the CPU in /O bus mode, one of the 1/0 commands
NORC, 10WC, AIOWC, INTA) corresponding to the
status signal becomes active jrrespective of the AEN
status. At the same time, the PDEN and DT/R outputs
which control the data bus transceiver are generated,

As in gysterm hus mode, the memory commands
(MRDC, MWTC, and AMWC) are not switched to low
level for at least 90 ng after AEN is switched to low
leval,

System Bus Mods (108 = Low]

When the bus is usable, the M5MB2C88 is ena-
bled by the AEN signal from the bus arhiter, Conse-
quently, no command cutput becomes active unless
the AEN signal becomes low. Also note that there is
adelay of at Isast 90 ns before any command output
becomas active after the AEN signal is switched to
tow level.

System bus made is used when more than one CPU
is connected to a single bus, and the bus /O, memory,
etc. are used in common.

Command Outputs

The advanced write commends (AIOWC and
AMWC! become active one cycle earlier than ngrenal
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write commands {I{OWC and MWTC). This prevents the
CPU from being switched to an additional period of
wait status.

INTA linterrupt acknowledge) is output during the
interrupt acknowledge cycle in the same way as
MRADC in the read eycle. The purpose of this signal is
to inform the device which has requested the interrupt
that the interrupt has been accepted, and requests a
vector address output on the data bus.

MRDRC — Memory read command

MWTC — Mamory write command
ORC - 14O read command
TOWC - 1/O write command

AMWCGC — - Advanced memiory write command
I — Advanced 1/0 write command
INTA — Interrupt scknowledge

Control Quiput

The contred output signals are DEN (Date Enable),
DT/A (Transmit/Receive), and MCE/PDEN (Magter
Cascade Enable/Peripheral Data Enable).

The DEN signal enables the local bus or system
bus, when it is high.

The DT/H signal determines the dirsction of the
deta on the local bus or system bus.

The tunction of the MCE/PDEN pin is. switched
sccording 1o IOB. The PDEN function is selected in /O
bus made {HOB = high! to provide the 1/ or peripheral/
system bus data enable signal. When the MCE function
is selected in ‘system bus mode (10B = lowl, the MCE
signal is active (highl ievet at an interrupt acknowledge
status,

The MCE signal is used when a master and slava
interrupt controller exigts ir the system.

ALE {Addrest Latch Enable}
ALE is generated in each machine gycte to latch
the current address to the address latch,

CEN (Command Ensble)

This signal is used 1o enable commend outputs. All
command outputs become ingctive if a lowr Jevel input is
applied to the CEN pin. '
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BUS CONTROLLER

GENERAL DESCRIPTION

The MSMB2C88 is a bus controller for the MSMB0CE6 and the MSMEOCSS CPUs. Based on silicon gate
CMOS technology, a low-power 15-bit microprocessor system can be realized.
The MSMB2C88 generates commands contol timing signals on reception of status signals from the CPU,

FEATURES

® Silicon gate CMOS technology for low power con- & Advanced write control output
SUMPLion # Three-state command output driver

# 3 o 6Y wide voltage range and single power supply * System bus mode & 1/C bus mode

® —40 to B5°C wide guaranteed operating temperature * 20-pin DIP {MSMB2CE8-2RS)
range * 24-pin flgt package (MSMB2CBE-2GS)

® 20-pin PLCC (MSM82CC88-2JS)

CIRCUIT CONFIGURATION

S STAT = MADC
STATUS R s AR » NWTC
INPUT 3 COM- = AW
1 MAND - ¢ COMMAND
SIGNAL » TORC
CENER: . owe | OUTPVT
I‘Q_ ATOR .
> AIGWC
» TRTA
CLK - DT/R
M CONTROL _
CONTROL | AEN CONTROL SIGNAL DEN | conTROL
INPUT CEN «| LOGIC GENER- w MCEFDEN | quTeuT
o8 ATOR ALE
Ve 46V GND (0V)
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PIN CONFIGURATION

MSMB2CBE-2RS (Top View) -
204ead DIP 108 [7] 20} vee
CLK E E 5,
5 [ re] 5
o7 [4] [17] mce/POER
ALE E 18] peEn
AEN E 5] cen
TARDE E 1a] iWTA
aniwe (2] 13] iGRe
MWTC E E A1O0WC
GND E 1__1] GWC
MSMB2CE8-2GS {Top View}
24-1ead plastic flat package 108 T O 24 1 vee
¢k 2 28[7%,
ne 13 22 [ 1 ne
5 [« 2 [Ms,
oT/R & 20 [[] mce/PGEN
aLe [ ]e 19 [7] oen
aew 17 18 [ cen
wRDE |8 17 [] WTA
MSMB82CE8B-2JS (Top View) Awwe [ 16 [] TorC
20 Pin PLCC PACKAGE NC 10 15 ] NC
< o mwTe [ 18 14 [ ] ATOWT
o
- a 0
|mu o 3 I GND ]2 13 [ ] TOWT
F;] I—ﬁ] r:] m rg—\ MNots: NC pin must not be connectad.
/ (®)
o1/ [4] 18| 52
ace[5] [17] Mce/FOEN
AEN 6] 16} DEN
MRDE [7 15] CEN
AMWC (s E!NTA
X, — »
te) (2] [ =) 13l
a v jo
E Z 2 [ @
$ R PP
<
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditians AL Unit
MSMB2CHE-2RS/JS | MSMB2C8B-2GS
Power Supply Voltage Voo 0.5~ +7 v
Input Vaoltage ViN Wi:: g;pgct =05~ v t05 v
Dutput Voltage VouTt -0.5 ~ Voo 0.5 v
Storage Temperature Tstg — -B5 ~ 150 °c
Power Dissipation PD Ta=25°C 0.7 l Q.7 W
OPERATING RANGES
Parameter . Symbal Limits Unit
Power Sugply Valtage Voo 45 ~8.5 v
Operating Temperature Top —40 ~ 85 C
RECOMMENDED OPERATING CONDITIONS
Parametar Symbol Min. Typ. Max. Uit
Power Supply Voliage Voo 45 - 55
Operating Temperature Top —40 26 +85 ¢
"L Input Voltege Vil 03 - +H).8 v
“H" Input Voltage ViH1 30 — Vep H0.3 v
"L Input Voltage ViLz 03 - +0.8 W
"H'" Input Voltage ViHZ 22 - Voo +0.3 v

Note: V|1 and V|1 are input voltages for CLK,5;.%, . and 5, .
V|2 and V|2 are input voliages for AEN, CEN, and 10B.
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DC CHARACTERISTICS

Voo = 4.5V t0 5.5V, Ta= ~40°C 10 +85°C)

Parameter Symbol Conditions Min. | Typ. | Max. Unit | Remarks
’ Command ocutput
- - 5 v
gL = 20mA, 0
"L Qutput Valtage YoL
Control gutput
- - 045 v
IgL = 8ma
Command output 3.7 _ _ v
IgH = -BmA
"H" Qutput Voltage YOH
Control output 37 _ _ v
Ion = -4mA '
Input Leak Current Il 0= Vi< Vor -1 - i0 [T MNota §
Qutput Leak Current ILo o< Voyt < Ve | -10 - 10 [T
Status Input Current g 0 VN Voo -100 - 10 uA Mote 2
o €|, = OpF
Operation Power Supply Current leeo - - 10 ma
cc oGl = 200ns
Standby Power Supply Current lees Note 3 - - 100 uA

Note 1. This input leak current is the leak current on input pins except status inputs {5, 5, , and 5, |
Mote 2. The status input leak current i the leak current at the status inputs {5, €, and §; |
Note 3. The measuring conditions far the standby power supply current include the 5, §,, and 3, status inputs being

at Vo patential, and the other inputs being at Ve or GND. All putput pins sre left open.

AC CHARACTERISTICS

Vg = 4.5V to 5.5V, Ta = ~40°C to +85°C)

Timing conditions

Parameter Symbol Min. Max. Unit
Clock Cycle eLeL 125 - ns
Ciock Low Time ICLCH 66 - nS
Ciock High Tima tCHCL 40 — nS
Status Active Setup Time iSVCH 35 - n§
Status Insctive Hold Time ICHSV 10 - ns
Status Inactive Setup Time tSHCL k] - ns
Status Active Hold Time tCLEH 10 - nS
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Timing response
Parameter Symbol Min, Max. (Unit | Test Cirguit Femarks
Delay from CLK Leading Edge to DEN,
PDEN Active vy |5 45 | nS 4
Delay from CLK Trailing Edpe 10 DEN,
POEN inactive tcvmx | 8 4% |nS 4
Delay from CLK Yrading to ALE ’
Active WCLLH - 25 nS 4
Delay from CLX Trailing Edge to
MCE Active fcLMCH | = % 08 4
Delay from Status Input Filling Edge
10 ALE Active tSVLH |~ 25 | s 4
Delay from Status Input Falling Edge
10 MCE Active tSYMCH | 30 | ns 4
Delay from CLK Leading Edge to
ALE Inactive ICHLL 4 L 4
Delay from CLK Trailing Edge 10
Command Qutput Active LML S 35 ns 3
Dalay from CLK Trailing Edge to
Command Qutput hnactive CLMH 5 45 0§ 3
Delay from CLK Leading Edge to
DT/A Active tCHOTL - 50 n$ 4
Delay from CLK Leading Edge o
DT/R Inactive 'CHDTH - 30 n$ 4
Delay from AEN Leading Edge a0 s 2
Command Enable tAELCH - n
Deday from AEN Trailing Edge to
Command Disabig tAEHCZ - 40 n§ !
Delay from AEN Leading Edge to
Command Qutput Active tAELCY | 100 250 n§ 3
Delay from AEN to DEN TAEVNY - 35 ns 4
Delay from CEN to DEN, FDEN LCEVNY - 35 ns 4
Datay from CEN to Command Qutput | tCELRH — |tcLmL +10| nS 3
Output Rise Time 1OLOH - 15 n$ 3.4 From 0.8V to 2.2V
Output Fall Time tOHOL - 15 nS 3.4 From 2.2V to 0.8V
Naote: AC timing measuraments are made at 1.5V for both logic 1" and “0"',
Input rise and fall times are
5+ 2 nS betwsen 0.8Y and 2.2V for AEN, CEN and 108,
8 + 2 nS between 0.8V and 3.0V for 55, %, , §2 and CLK.
Test Circuit
\i Test Gircuit § Vyyi | Bigd | Cipm
1 1.5 187 50
2 1.5 187 150
Ot Test Point 3 2.29 1] 150
l 4 213 220 80
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TIME CHARTS

§ T- Tn T: Ta T‘
Taie WCLCL | tCLCH, ’
CLK 7 K 7 N o /K
) tCHCL .
TCHEY — —~  [—tsvch — - SHCL
o . 0L SH—w|
5,.5,,5, \
\k K 4
ADDR x WHITE
ADDRESS/DATA X_VALID DATA VAL_iD(D
ICLLH— — 1
I-—I CHLL
| b—tsviH
ALE € \L
o 1CLMH—
AMWC, Al C
WCLML ~» —e} TCLML
WMWTC, TOWC
{READ!
DEN nTa)
1CVNY —= — CVYNX
SrEn IREAD)
PBEN nTa
DEN (WRITE}
e} 1oWNY VN X —
FOEN (WRITE}
CHDTH — I_
=READ) T
PR inra) /{
— WCHDTL CHOTH -
mce D
rcLMcH—| | — TCYNX
b 1SVMCH
Nate 1. The ADDRESS/DATA bus signal is shown for reference PUFpPOsEs.
Nate 2. The &LE and MCE ieading edges are synchronized with the falting edge of CLK or status going acrive,
whichever occurs last,
Note 3. All timing measurements are made al 1.5% unless specified otherwise
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DEN, PDEN Timing

X

AEN
TAEVNY
DEN
tCEVNY
PDEN

AEN Timing
TAELCY
AEN {1_.5\! * 1.5V
TAELCH TAEHCZ
i

All command putputs _.l VoR 0.5v
when in systemn bus \ 9 1 Vo
mode, MRDC, MWTC, 1 E f q————_
and AMWT when in _
1/Q bus mode. ICELRH

CEN

ICELRH
~
Note: To controt the command and control signal autputs, CEN must be switched to Jow level before T,
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PIN DESCRIPTION

Pin Name Inputfoutput Function

Bo .8 05, Inprut These pins are input pins for status signals (5;, 5, and &, }, output from
the CPU (MSMBOCSG, BOCBE). The MSMS2CBR generatas commands and
control signals after decoding these status signals. Since these pins are
connected to an internal pull-up resistor, they are set to high level when
the CPU status output is at high impedance.

CLK loput This pin is the input pin for clock signal output from the clock genarator
IMSM82C84A). The timing of all MSMB82CB8 output signals is controlled
by this clock signal.

ALE Output Strobe signal for latching cutput address from the CPU to address latch.
Address latching occurs on the trailing edge of ALE,

DEN Qutput Control signal for setting the data bus transceiver to data enable. The local
bus or system bus transceiver is enabled when this signal is high,

DEN is switched to low when the CEN input is low,

DYR Output Control of the dirsction of data flow in the data bus transceiver, When the
CPU is switched to write made, this signal is high, and when switched to
read mode, this signpl is low.

AEN lnput Address enable signal.

* |OB = L (SYSTEM BUS MODE)
When the AEN input is switched to high {evel, 3ll command gutputs are
switched to high impadance status, -
* |0B = H |10 BUS MODE}
When the AEN input is switched to high level, ony the MRDC, TWWTC,
and ANMWC command outputs are swi_tched to high impedance status.,
When AEN is switched from high to low level, high impedance cormmand
outputs arg not switched 1o active status (low level) For at least 90 nS,
irrespective of the 1OB input status.
. CEN fnput Command gnable signal,
Al command outputs, DEN and PDEN outputs are switched to inactive
status when a low level input is applied to CEN. All command outputs, DEN
and PDEN qutputs are switched to active status when a high level input is
applied to CEN,
[[a]:] Input 1/ bus mode signal,
The MSMB2C88 is switched to 1/O bus mode when a high level input is
apptied 1o 0B, and 1o system bus mode when a low leve) input is applied.
TOWC 3-state This pin is active-low, and threestate output. This signal is for writing data
output into the /0 device.
AlIOWC 3state This pin 5 active-low and three-state output. Although this signal is also
autput used for writing into 1/O devices like the /O write command {(IOWC), it is
made active one clock garlier than 10WC,
10RE 3-state This pin is active-low and three-state output. This signal is for reading data
output from 1D devices,

MWTC 3-s1ate This pin is active-low and three-state output. This signal is for writing data
output o memary.

AMWC 3-s1ate Thig pin is ective-low and threa-state output. Although this signal is also
output used for writing inta memory like the memory write command (MWTCI,

it is made active one cycle earlier than MWTC.

MRDC 3-state This pin is activedow and three-state output. This signal is for reading data
output from memory,

INT A Istate This pin is sctive-low and three-state cutput. This signal informs the inter-

output rupt controller that the interrupt has been accepted, and then requests

output of a vector address onto the data bus.
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Pin Name inputfoutput

Function

MCE/PDEN QOutput

MCE (10B = Low}

This pin has two functions.

cascade anable f ion.

on the 1/Q bus,

This is an active-high signat and is used to enable a slave PIC {priofity in-
terrupt controller} to read the cascade address output on the data bus by
the master PIC during an interrupt sequence.

PODEN (HOB == Migh} peripheral data enable function.

This is an active-low signal and is used to enable the data bus transceiver

FUNCTION

Command Laogic

The command output is decided by deceding
status signals {3, 5, , 5, ) output from the CPU.

These status signals have the following meanings.

55 5 CPU status Cgr:tr:um:d

0 0 O | Interrupt scknowledge TNTA
00 1| 1/Dread TORC

0 1 0} VO write TOWE, ATOWC
0 1 1 Halt -

1 0 0 | Instruction fatch MRDC

1 0 1 | Memory read MRADC

1 1 0 | Memory write MWTC, AMWC
1 1 1] Passive =

$/0 Bus Mads {108 = High}

When an /O access status signal is received from
the CPU in 1/O bus mode, one of the /O commands
(IOAT, TOWC, ATOWC, INTA) corresponding to tha
status signal becomes active irrespective of the AEN
status. At the sama tima, the POEN and DT/R outputs
which control the data bus fransceiver are generated.

As in systam bus mode, the memory commands
(MRDCT, MWTC, and AMWC) are not switched to low
level for st least D0 ns after AEN is switched to low
levet.

Sywtsm Bus Mods {10B = Low)

Wheen the bus is usable, the MSMB2C88 is ena-
bled by the AEN signal frem the bus arbiter. Conseug-
natly, n¢ command output becomes active unkess the
AN signal becomas low. Alsa note that there is a de-
fay of at laast 90 ns befors any command output be-
comes active after the AEN signal is switched to low
level.

System bus mode is used when more than ong CPY
is connected 10 a single bus, and the bus IO, memory,
ete. are usad in common,

Command Outputs
The advanced write commands {AIDWC and
AMWC! becoma active one cycle sarlier than normal

write commands {[OWC and MWTC), This prevents the
CPU from beinp switchad to an additional pericd of
wait status.

TNTA linterrupt acknowledge} is output during the
interrupt acknowledge cycle in the same way as
MADEC in the read cycls. The purpose of this signal is
to inform the device which hai reguested the interrupt
that the interrupt has been accepted, and requests a
vectar address output on the dats bus.

MRDC — Memory read command

MWTC — Memory write command

WRT - /0 read command

1IOWE - 1O write command

AMWC — Advanced memory write command
ATOWC — Advanced I/O write command
iNTA — Interrupt acknowledge

Control Output

The control cutput signals are DEN [(Data Enablel,
OT/R (Transmit/Receivel, and MCE/PDEN (Master
Cascade Enable/Peripheral Data Enable}.

The DEN signal enables the local bus or system
bus, when it is high.

The DT/R signal determines the direction of the
date on the locel bus or system bus,

The function of tha MCE/PDEN pin is switched
sccording to 108, The PDEN function is selected in 1/O
bus mode (108 = high} to provide the 1/ or peripheral f
system bus data enable signal. When the MCE function
is selected in system bus mode {IQB = low}, the MCE
signal is active {high) level at an interrupt acknowledge
status.

The MCE signal is used when a master and slave
intarrupt controtler exists in the system.

ALE (Address Latch Enablal
ALE is generated in #ach machine cycle to latch
the current address to the address latch.

CEN {Command Enabla}

This signal is used to enable command outputs. At
command outputs become inactive if 2 low level input is
applied to the CENM pin.
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OKI semiconductor

‘MSM83C55-XXRS/GS/JS

2048 x 8 BIT MASK ROM WITH: I/0 PORTS

GENERAL DESCRIPTION

The MSMB3ICES is a combination of MROM and 170 devices used in 8 microcomputer system. Owing to the adop-
tion of the CMOS sitican gate technology, it operates on a power supply as small as 100 A {max.} standby cur-
rent in the chip non-selact status, Since the ROM is composed of 2048 words » 8 bits and its access time {max. |
is 400 ns, it can be applied without using the wait state in tha BOCA6A systemn, toc. The /O circuit is composed
of 2 univarsal 1/Q ports. Each of these I/ ports has 8 port lines and each of thess port lines can be programmed

as input or output line independentty.

FEATURES

# High speed and low power consumption owing to
adoption of siticon gate CMQS

» Composed of 2048 words x 8 bits

3 ~ 6V single powsr supply

# Address latch circuit incorparated

& Provided with 2 universal B-bix 1/O ports

» TTL Compatible

CIRCUIT CONFIGURATION

» Indivisual 1/O port line programmable as input or
output

& Time division address/data bus

» 40-pin DIP IMSMB3C55-xxA S}

# 44-pin fiat package (MSMB3ICEG-xxGS)

® 44-pin PLCC Package (MSMB3ICHS-xx.J5)

® Direct interface with MSMB0OCBEA (3MH:2)

CLK -—_*

READY -

ADg-. g ©

As~io T

CE? e 2K n 8
1O/ —————e] ROM
ALE s

(1, J—

PORT A
A 8 PAg~ny
PORT B

’— VCC

GND
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PIN CONFIGURATION
MEMEICIB-xxAS (Top View)
40 Lead Plastic NP
P PR
FEFFE88447¢
444342 41 20 3939 37 36 3534
Ne e P — Y MSME3CE5-xxGS (Top View)
Pa, o] 2 nk—uNe 44 Lead Plastic Flat Package
Py ] 3 npE—ra,
POy ——J4 E ] ——. T
PE; 15 B A,
vee —— s B &
T, c— 1 b1 ==—=T1"
cE; C— & wm—y ang
CLe === & 25— ADy
RESET ——]n0 24 —=2 a0y
REMDY Co—]1t nf—o Ne
1213141516 171819 20 21 22

MSMBICSE-XXJS {Top View)
44-pin Plastic Leaded Chip Carrier
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ABSOLUTE MAXIMUM RATINGS

Parameter Syrbot Conditions Limits Unit
MSMB3ICE5RS [ MSMBICEEGS MEMBICEEIS
Supply Voltage Vee =05t +7 v
Input Voltage VIN \g;:g respect ta =0.5to V. + 0.5 v
Output Voltage Vout —0.5to Ve + 0.5 v
Storage Temperature Tsig —B5 10 + 150 °C
Power Dissipation Pp Ta = 256°C 1.0 0.7 1.0 W
OPERATING RANGE
Parametar Symbol Limits Linit
Supply Valtege Ve 3wk v
Operating Terperature Top 40 to +85 °c
RECOMMENDED OPERATING RANGE
Parameter Symboal Min. Typ. Max, Unit
Supply Voitage vee 45 5 6.5 v
Qperating Temperature Top AD +25 +85 ¢
“L" Input Voltage ViL 03 08 v
“H" lnput Voltape VIiH 22 Voo 0.3 V'
DC CHARACTERISTICS
Parameter Symbol Conditions Min. | Typ. | Max. Unit
“L" Output Voltage Voo loL=2maA 0.45 v
lQH=-400:A 24 v
“H* Qutput Voltage VoH . OH -
IoH=-A0RA 4.2 v
Input Leak Current T 0S5 VN S Voo Voe=4.5V o 65V | 10 10 A
Output Leak Current o |0SVouTr=2Vpe | Ta=40°Cto+85°C | 10 10 BA
- | BT zvggoav
Supply Current
standoy) Ices CE25.0.2V 0.t 100 1.8
ul
V4 & Veo0.2v
VL a0.2v
10 write
Average Supply ’
iee cycle tima: ] ma
Current {active) .
us
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AC CHARACTERISTICS
(Voom4.56V 10 6.5V, Ta=40°C to +85°C}
Parameter Symbol Min, Max, Unit
Clock Cycle Time tove 30 ng
Clock Pulse Width T 80 ns
Clock Pulse Width Ta 120 ns
Clock Rise and Fall Tima tf, ty 20 ns
Address to Latch Setup Time AL 50 ng
Address Hold Time after Lateh tLA 3o ns
Latch to READ/WRITE Control wo 100 ns
Valid Data Qut Delay from AEAD Control tRD 1730 ng
Address Stable to Data Out Valid tAD 400 ns
Latch Enable Width L 100 ng
Data Bus Float after READ tRDF Q 100 ns
RAEAD/WRITE Cantrol to Latch Enable toL 20 ns
READ/WRITE Contral Width e 250 n
Deta in to WRITE Setup Time tDW 150 na
- Data In Hold Time after WRITE two 10 ns
WRITE to Port Output twp 400 ng
Port Input Setup Time PR 50 ns
Port Input Hold Time ) tRp 50 ns
READY Hold Time tpyYH o 160 ns
Address to READY ;‘.ARY 160 ns
R y Tima b Controls tRY 300 ns
Data Out Delay from READ Control tADE 10 ns
ALE to Data Qut Valid Lo 3Is0 n

Notw: 'I'iminb is measured at V| = 0.8 V and V4 = 2.2 V for both input and output
Load condition: C|_ = 150 pF

L

-—T|—-

tcye

Fig. 1 Clock Signat for MSMB3CES
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8. Qutput made
10W

Port qutput

*Data bus

*See Figure 2 for th

Ag~10 A avoress K X AbDRESS
= 1AD
ADg~7 X aooress y--4 X oata  p-—-~={ ADDRESS )~
e 0 ‘o .
—j tAL
et o
CE; TN / 7
CE; F N\ \
IRDEw] [== IRDF=] |-
10R AD Vi 3
fmt— | C—tn] [ 1R D==T——t DY WD
oW N
tce 3 e 1) e
RY
Fig.2 Timing for ROM Reading and for 1/0 Reading and Writing
A. lnput mode
— R .
RD OR 1OR
PR ev-ot—tRP
Port input )q k
i I
*Data bus

® timing of data bus.

Fig. 3 1/0 Port Timing

/\

/ N\

cx /N\__/\L J\_\ /\

{CEy=1) {CE (=0 ,ﬁ

ALE / 1

READY

TRYH

—=ftary =~

Fig. 4 Wait State Timing IREADY = 0)
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PIN DESCRIPTION _ .

Pin aymbot ' Function
AESET Whaen this signal becomas high leval, ports A and B become the input mode.
ALE This pin is usad to farch the AD 0~7, & 8~10, I0/M, CE1, and CE2 signais to thair

raspoctive tatch circuits at the fatl of the ALE {Address Latch Enable) signal.

CEi, CE2 When CF1 fetched to tha latch circuit is high level or CE2 is low tevel, no read or
write oparation is parformed. The AD 0~7 and READY qutput signals are mads into
the flosting status.

ADO~7 Three-stake bidirectional address/data bus. This bus fetches 8-bit address informa-

tion to the latch circuit upon the fail of the ALE signal. When CE1 in holding is tow
levet and CE2 is high level, data is output from chip to but if RD or IOR is low level
and it is fetched from bus to chip if IDW is low lavel.

Ag~10 Thesa are high order bits of ROM address and have no relation to |/0 operation.

10/M When RD is low level, this pin selects the /O port i the I0/M in hold is high lavel
or ROM if it is low level.

RO If RD is low level, the memory data is output to AD 0~ 7 when ths ROM cycle is
selected, but the selected port data i output to the same port when the /O cycle
is selected.

OR The port data selected at low level is output to AD 0~7. When turned to the low (svel,

the TOR becomes the same function as that when MO/M is turned 1o the high lsve and
RD to tha low level. When both AD snd TOR become high level, the output of ADO~7
is made into tha floating state.

0w At the low feval, the AD 0~7 data is written to the sslected port.

CLK This signél is used to generate the READY signal for the generation of 1 wait cycle
built into the B3C55.

READY This signal becomes low level when the ALE is high ievel and the CE1 and CE2 are active,
It becomes high level at the rise of CLIK after the fabl of the ALE.

PAQ~Y These are universal 1/0 pins and the input/output it determined by the content of the data
dirsction register. When writing data to port A, make the chip enable active and turn the
TOW to low level pfter sslscting AD O, 1 to 0, 0. Whan reading it, turn the 108 to low
levet instead of TOW and FO/M to high leval.

rBO~} Same as the operation of PAO~?, excepting that ADQ is selected to 1 and AD to 0,
Voo +5 V power supply
GND v

373



m I/O-MSMB3C55-XXRS/GS/JS =

OPERATIONAL DESCRIPTION

ROM Biock

The ROM block in tha chip is specified in address
by the chip enatsle and 11-hit address. Upon the fall of
the ALE signal, the address and chip enable are fetched
in the address latch circuit. When the chip enabla is
active and HO/M is low level, B-bit content of ROM at
the address beld in the address latch circuit is transmitt-
ed t¢ the bus through the output buffer of A 0~7 upon
the fall of the AD.

170 Block

The W tlock in the chip is specified in the ad-
drass by the value of 2 bits of AD 0~ 1 and chip
enable. Two B-bit data direction registers (DDR)
buitt in the MSMB3CES are used to turn cor-
responding individual. part pins to the input mode or
cutput made. It becomes the input mode when set
to O and the autput made when set to 1. It is im-
passibla to read the DOR from outside, however.

AD; | ADg Salaction
o Port A
1 Port B
1 4] Port A data direction register [DDRA)
1 1 Port B data direction register {DDRBJ

Upon the fall of TOW when the chip enable is
active, the AD 0~7 data is written 1o the |/Q port to be
determined by the vatue of AD 0-1 in hold. During
this oparation, tha selected side 1/0 bits are all sub-
ject to its influence irrespective of the /0 status
and 10/M status. Tha output levei remains un-
changed until the 1OW returns to high level. The
data can be read from the ports when the chip ena-.
ble in holding is_active and IQ/M is high leve! and
yet the RD or 10OR signal falls. In both input and out-
put, the data on the selected side exists on the line
of AD 0~ 7. The function of 1D ports and DDR
Idata direction register} is shown in the block dia-
gram below:

PN

OUTPUT
Gy
D LATCH a

CLK

—D,_

¢

WRITE PA

DDR
LATCH

D
L a

INTERNAL DATA BUS

CLR CLK

OuUTPUT
ENABLE

PIN PAg

RESET WRITE DDRA

I b

s

]
|
|
|
t
|
|
|
|
|
READ P

A

Writing ‘0" 1o the DDR is equivalent to the
RESET operation when the port oustput is put into
High impedance status and the input mods is speci-
fied. MNote that the data can be written to the ports
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even if the output pin was slready in the high im-
pedance statys {input mode) by the DDR, Likewise,
it is also possitle to read the data once set to those
pors, :
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MSM5832RS

REAL TIME CLOCK/CALENDAR

GENERAL DESCRIPTION

The MSMSB3I2RS is a metal-gate CMOS Resl Time Clock/Calendar for use in bus-orl d
applications. The on<chip 32.768Hz crystel controlled oscillator time base is divided to provide sddrsuabh &-bit
1/Q date of SECONDS, MINUTES, HOURS, DAY-OFWEEK, DATE, MONTH, and YEAR. Data sccess is
controllad by 4-bit address, chip select, read, write and hold inpots. Other functiont include 12H/24H format
selaction, lsap year identificetion and manual 130 second correction,

The MSMEE32ZR5 nommally operates from a 6V +5% supply. Battery backup operation down to 2.2V allows
continuation of time keeping when main power is off. The MSMEBB32RS is offered in an 18-lead dual-in-line plastic
{RS suffix) packape.

FEATURES

+ 7 Function — SECOND, MINUTE, HOUR, DAY, * Referance signal outputs — 1024, 1, 1/60, 1/3600H2
DAY-OF-WEEK, MONTH, YEAR * 32.768BkHz crystal controlled operation

+ Automatic leap yesr calendar + Single BY power supply

* 12 or 24 hour format + Back-up battery operation to Voo = 2.2V

+ £30 second error correction * Low power dissipation

* 4-BIT DATA BUS 90 W Mex, ot Vo = 3V

* 4-BIT ADDRESS 2.5 mW Max, at Vpp ~ 5V

* READ, WRITE, HOLD, and CHIP SELECT inputs + 18 pin plastic DIP package

FUNCTIONAL BLOCK DIAGRAM

Lom P Bus K 110
T T N

o ¥
E
It
> sare
o CIWNTAOL, o vim
L= [ TTT TTT]
PRCCEI0 I R W SO J
i
e ofcoe L |
Kl
] —
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PIN CONFIGURATION

) ./ '
AD 1o A3 . Address inputs Voo n E HOLO
WRITE  : Write Enable WRITE [ Z] 77 X¥
READ : Read Enable
HOLD 1. Count Hold READ | 3) E xT
cs$ : Chip Select Ao [4] [15) =30 A0y
DO to D3 : Data Input Qutput A 73] TEST
TEST : Test Input A‘ N 3
+30ADJ  : 230 Second Correction nput g 13) ono
XT & XT : xtal oscillotor connections As 7] 12] D,
VoD 1 +BV Suppiy
GND : Ground cs| 8] 1] o
De n E D
REGISTER TABLE
Address Data inputfOutput
Input Register o] Data
Mame Limit Remarks
Ay | AL | Ay | Ay Do | Dy [ Dy | Dy
olo |o| 0 51 ot * . o~8 51 or 510 are reset to zZero rrespective
’ of input data DD—D3 when write
instruction is executed with address
t |0 |0]|0O 8§10 L T Q~86 selection.
0 1 o |0 M1 . - - . o~9
1 1 alo MG . hd * 0~5
eolo4{1]0 H1 LA L I ¢ o~9
D2 = 1" for PM D3I =*'1" for
o~ 24 hour format
1 |o|v]oO H10 LI L B O I D2 = “0" for AM D3 = “0" for
. 0~2 12 hour format
aQ 1 1 1] W . * * o~6
1 1 4] D1 * * ) - - 0~
' D2 = “1" for 20 days in month 2
- - —
olo0 |0 ! D10 f 0~3 D2 = “0" for 28 days in ;onth 2 2
110|011 MO1 N I L A o~9
o ottt MO0 * 0~1
ti1 |0t A *l=]=1* 0~9
oo |11 Y10 L I I 0~9

[

{2}

378

*data valid a5 "0" or 1",
Blank does not exist (unrecognized during a write and held at *'0" during a read)
Tdata bits used for AM/PM, 12/24 HOUR andi leap vear.
1f D2 previously set 1o "1, upon compigtion of month 2 day 29, B2 will be intemally reset to 0",

Table 1
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OSCILLATOR FREQUENCY DEVIATIONS

Fraquency Devistion vs Temparature

{ )
Ta = 25°C ppm
Vo= 3V T = 10000000 us
10 ppm |
Vop= 5V T = 0099997 M5 +6.0 j
{0 ppmi ’ A
+4.0
+2.0
{
-20 a +25 +40 +60 +80
] —~20
Tal*Ccl
= A
V=3V ,/ —4.0
V= §Y V —6.0
Figurs 1
Frequency Deviation vs Supply Voltage
{(ppm} _
+3.0 Sample #1 : T = 1000000.8 u$
| 10 pp)
(\ Sample #2 : T = 10000002 U3
\\ 10 ppm)
+2.0
& h\
= +1.0
]
20 25 30 35 4,0*55*0 N b5 60 65 7.0
\\l Veelv)
-1.0 - .\\
AN Sample #1
-2.0 " Sample #2
I b1
Figure 2
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ABSOLUTE MAXIMUM RATINGS

Rating Symbal Value tnit
Supply voltage VoD -03~70 v
input veltage V) 0.3~ Vpp +03 \d
Data 1/0 voltage v —03~Vpp+0.3 v
Storage Temperatuse Tstg ~5§§ ~ 150 °c
OPERATING CONDITIONS
Parameter Symbol Min. Tvp. Max. Unit Conditions
Supply Valtage voo 45 5 7 v
Standby Supply Voltage VDH 2.2 - 7 v
VIH 36 —_ voon v v
. pp =6V :5%
Input Signal Level viL | —02 — 08 v Respect 1o GND
Crystal Ogcillator Freq, F(XT) - 32.768 - kHz
Operating Temperature Top -30 - +85 °c
DC CHARACTERISTICS
(VoG = 6V £6%; Ta = —30 to +85°C)
Paramater Symbol Min Typ. Max Unit Conditions
© i 10 25 60 A Vin=5V. Vppesv
Input Currant m — _ R HA VN OV
Data /O Leakage ) _ 1 Vo= 0t Vpp
Currem ILD 10 0 HA cs = "o
1= 186 mA,CE="“1",
Output Low Voitage VoL - - 0.4 v RCIE AD -T1 "
Output Low Current oL 1.8 - - mb :g;oof_‘f{fs i
lpps - 15 3o A Ve =3V, Ta= 25°C
Operating Supply Current T - 100 500 UA Voo = BV, Ta= 25°C

i1} XT,XT and B, ~ Dy excluded.
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SWITCHING CHARACTERISTICS

(1} READ mode
{(Vpp = 5V 5%, Ta= 25°C}

Parameter Symbaol Condition MIN TYP MAX Unit
HOLD Set-up Time tHS 150 — - s
HOLD Hold Time tHH —_— o - - hs
HOLD Pulse Width tHW _ - — 990 ms
HOLD “L" Hold Time tHL —_— 130 - - M
READ Hold Time tRH _— 1] - - us
READ Set-up Time | tms 1] - - it
READ Access Time tgA RpuLL.-up = BKI2 _ _ & s
CpL = 15pF
ADDRESS Set-up Time tas 3 — - us
ADDRESS Hold Time 1AH 0.2 - - HS
READ Pulse Width 1AW RpyLL.up = BK$E 2 _ . us
CL = 15pF
DARA Access Tims tac RpyLL-up = 5K — - 0.6 ws
Cp = 15pF
OUTPUT Disabile Tirne toEF RpyLL-Up = 5K _ _ 0.6 "
CL=15pF
CS Enable Delay Time tcst — — 0.6 M
€8 Disable Delay Time ) trss  — - - 0.6 HE
REAC CYCLE
I THW
HOLD 0% w N e
tHE tHH \—__
READ 7“' e o }‘ 50%
*AH
) & ) € ) O, €
RA tRA ’
Da =D, vy % f
10ATA QUT) ; yi /) 4 | P
HIGH IMPEDANCE 7 CATA INVALID ?
OATA VALID HIGH IMPEDANCE

Figurs 3 Read Cyels

Notes: 1, A Reed occurs during the overlap of a high C5 and & high READ.
2. CS may be a psrmanemt " 1'', or may be coincident with HOLD pulse.
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SWITCHING CHARACTERISTICS

{2} WRITE mode
IVop = BV 6%, Ta = 25°C)

Parameter Symbaol Condition MIN TYF MAX Unit
HOLD Set-up Time tHs 150 - - H3
HOLD Bold Time THH ———— 0 - - b5
HOLD Pulse Width tHW e - - 290 ms
HOLD “L™ Hold Time " tHL _ 130 — — Hs
ADDRESS Pulse Width taw _ 1.7 - - us
Data Pulse Width oW _— 1.7 - - B
DATA Set-up Time tps — 0.5 - - ps
DATA Hold Time tGH — 0.2 — - s
WRITE Pulse Width tww _— 1.0 - - us
£S5 Enabla Delay Tima s  — - - 06 Hs
CS Disable Delay Time 1052 — - - 0.6 us
THW
{4
HoLD 7£ 50% }‘g %
1H5 taw 1 THH L
L
S G =~ X, -

DWW I

BATA ) ){ 50% S0 >< :_, sa%

WRITE

Figure 4 Write Cycls

Notes:1. A WRITE accurs during the overlap of a high C8, a high HOLD and a high WRITE.
2. C5 may be permanant 1", or may be coincident with HOLD pulse.
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PIN DESCRIPTION

Name Pin No, Description

Von 1 Powsr supply pin, Application circuits for power supply are described in
Figure 9.

WRITE 2 Dats write pin, Dats write cycie is describad in Figure 4.

READ 3 Data read pin, Data reac cycla is described in Figure 3.

Ay ~By | 4~7 Address input pins used to select internal counters for read/write operations,

‘The address is spacified by 4-bit binary code ss shown in Tabla 1,

[+ 8 Chip slect pin which is required to interface with the extarnal circuit, HOLD,
WRITE, READ, : 30ADJ, TEST, Da ~ Dy and Ay ~ A, Ping sre activeted if
CS is sat at H tevel, while all of these ping are disabled If C5 s set st L jevel,

Dy~ Dy 9~12 Dats input/output ping (bidirectional bus).
) Az shown in Figure 5, sxternal pull-up ragisters of 4.7 ki - 10 kil are
required by the open-drain NMOS output. Dy is the MSB, while Dy is the LSB

+5v
%00
N |
R o = E
" [H |
T — |
[ |
L !
5V [ |
I | — [:10,
¢l M
{
-] I l =

MSMSEIZRE

Figure 5
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Pin No,

Description

GND

Ground pin,

TEST

Tast pin, Normally this pin should be left open or should be s=t at ground level.
With CS at VDD' pulses to VDD on the TEST input will directly clock the 5.,
Mi, o, W, D, and Y, counters, depending on which counter is addresyed (W and
Dy are sglacted by D; address in this mode only), Roll.over to next counter is
enabled in this mode.

+30AD)

15

This pin is used to adjust the time within the extent of * 30 seconds. if
thig pin is set at H level when the seconds digits are 0 — 29, the seconds
digits are cleared to 0. If this pin is set at H level whan the seconds digits
arg 30 — 59, the second digits will be cleared to O and the minutes digits
will be increased by + 1. To enable this function, 31.25 ms or more width's
pulse shouid be input to this pin.

XT

Oscillator pin. 32.768 kHz crystal, capacitor and trimmaer condensor for fre-
quency adjustment connected ta these pins. See Figure 8. As for oscillator

frequency deviation, refer to Figure 1 and Figure 2.

If an axternal clock is to be usad for the MSMB832RS s oscillation source,

the external clock is to be input to XT, and XT should be left open.

MSMS23I2RS

Figure 6

HOLD

1B

Switching this input to Vpp inhibits the internal 1 Hz clock to the S1 coun-
ter. After the specified HOLD set-up time {150 usl, all counters will be in a
static state, thus allowing error-free read or write operations. So long as the
HOLD pulse width is less than 980 ms, real time accuracy will be un-
disturbed. Pul-down to GND is provided by an internal resistor.
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REFERENCE SIGNAL OUTPUT PIN

Condition Quiput Reference Fraquency Puise Width
HOLD = L D, 1) 1024 Hz duty 50%
READ = H D, 1Hz 1220 S
cs = H D, 1/60 Hz 1221 48
Ay ~ Ay = H D, 1/3600 Hz 122,148

(1] 1024 Hz signel at D, not dependent on HOLD input leval.

APPLICATION EXAMPLE

8285 PP MEMSERI2RAS

Lo
Fa, '_g Ds

MICROCOMPUTER INTERRUPT

10K 122 45 pulse wpch smcond
P&, idlo, (A, ~ Ay and READ = Vo)
10K
PA, o, 32.788kHz
-
'—gwx - 300f
Pa, i D,
"‘%mk XT
MICAGCOMPUTER P, + Ay 33pf
SYSTEM BUS < "_310!(
PE, i A,

1 cs fram powver failure
%‘“K % detaction circuit
PB, + A
1 %mx
PB, A
TEST
’_ng
Pe. 4—Juoro GND: 1
"%1« -
PC, READ

’_}10‘ 22082
PC, b wriTE Voo 2V

i Iy g
L—& g=ad *30 ADJ 1
30 sec Adjust

+5v

_} 12x3=38v
MNi—
- L ! Cd

Figurs 7
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APPLICATION CIRCUIT — POWER SUPPLY CIRCUIT
Open or ground unused pins (pins other than the XT, T, D0-D2, and BOSY pins).

VE = 069V
151588 Ripple
v —4
'IOO.Qi +la.7u Operating state 20 mV PP
a =" Voo
L
ar {—'T'. - Backup omv
c372
l GND
—B't— - _l_ MSM5832R5
VE= 0.69 1.2x3 = 3.6V
Ni-Cd battery
VCE{Sat) = 01V Ripple
A405
Operating state 20 mv P.P
51K 10K 10052 + =4 7
bl. _ VYoo Backup 0 my
l +
10K car2 i - GND
= = = MEMSB328S
1.2x3 =36V
Ni-Cd battery
AL
+BY c 193'9 |
RL B
. _|_ . + 474 Yoo
T -
_'L - MSMBE832RS
= GMND
1.5x2 =3V
Dry cell
di. {Recommended circuitl
+V M
#01 *D? '
APower voltage ]
approximatety 25 I
1.5V higher than
5v) Hziwoﬂ 4.7u Voo
Paripheral
circuit power) {% * MSMS832RS
X1 -L 'J'
Ni-Ceb
battery

MNote: Lse the same diodes for D1 and D2 10 reduce the lavel di
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frerence between +5V and Vphp of the MSME832RS.




OKI semiconductor
MSM58321RS

REAL TIME CLOCK/CALENDAR

GENERAL DESCRIPTION

The MSM58321RS is a metat gate CMOS Real Time Clock/Calendsr with a battsry backup function for yse in
bus-orignted microprocessor applications.

The 4-bit bidirectional bus ling method is used for the data 17O circuit: the clock it 3et, corracted, or read by
accaessing the memaory.

The tirme is read with 4-bit DATA 1/0, ADDRESS WRITE, READ, and BUBY: it is written with 4.bit DATA
1/Q, ADDRESS WRITE, WRITE, and BUSY.

FEATURES

+ ¥ Fungtign-Second, Minute, Hour, Day, Day -of Waek, * 32.768kHz crystal controlled operation
Month, Yaar = Single BY power supply

+ Automatic leap year calender * Back-up battery operation ta Vpp = 2.2V

+ 12/24 hour format + Low power dissipation

= Fraquency divider 5-poststage reset DOLW max. at Voo =3V

+ Refersnce signal output 2.6mW max, at Vpp = 5v

+ 16 pin plastic DIP package

FUNCTIONAL BLOCK DIAGRAM

Spotitmgr 1D, - 4, | S‘mm
" A 21-‘8&1&- 13800
E :
= o &
J— ot BUS
e 1 1 3 .
E-F v ~1 e 1§ IELRER 1
. o D I__ w1 | st n |mo
- o LI e i [ e | e [ |1z o vz
e i i PR -] ' SECOND MINUTE HOLR
- HAITE § wRme 111 1 1E] Tl
e iﬁ" I DD T w] ol
AFAD DT F -
::; L . L . 3 QaTa ln:l]s - j,_ vf}sv.p
L Fe £+ T4s | H‘-l]'
Lo (=3 TRISTATE —4 o O ==y b ll Mol p— g
o O 1 L“_ L g "1
or o CONTROL El b 13 REal-] IRESTTY
o o _sJ| ') MONTH vear
aooness | RDORESS T - woe  TT {4 1111 J
LATCH DECOOER ot Jeta] o e vy DD
b s
foi
_m_a Ay« 200 K01 TYP
o :
E |5
e ™ 1T
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PIN CONFIGURATION

NS
CS, I 1 15| vpoo
WRITE [Z E x¥
READ |3 14| Ui
Dy | 4 13| cs,
o | 5 12l TEST
D, | 6 11[ STOP
D, 7 E BUSY
GND B 9 I ADDRESE WRITE
REGISTER TABLE
. Dt input/
— Adidrass input — it
Dy 10y 0, |0y [riy Count vlue Fwcrarics
el [ 1A ) | 18g}] (i) Oy | Dy | 0| Dy
o |o|o|o]|o 8 ]| ~ s
1 1 oo ]o Bin ] C -~ &
I ENENERE w, |[*[*{*]*]0o ~ =
Al 1 [ a|a '™ B EE & ~ B
4|0 (ot ]o , <le{rllo ~ o
DZ* 1 weciiios PM, 12 + 0 spwoifing A, D3 = 1 30ecifias 24-hour thnver, and
s |1 | o 1|0 e |t |2 f EE] teroroez | 03 0 wpecifie 12hour timer.
Whan D3 = 1 is written, the 02 bit & vt inlde the IC,
8 1o |1 1[0 w =T 0 ~ &
711} ' | o o, =]+ ]*jo ~ =8
g 10 foelo!ts 0 [~ |*|@]®]a ~ 3 | h02zwmd D3 basin D10 sre e 10 wiet o Isep yeur.
R Asainder obtained by diding the
9 |1 1001 w0, v -~ @ Cotancur Dy | Oy | e e o
Ao 1 [ 1 MO - g~ 1 Gragorinn calerider
ERESEEE ¥, el ]o ~ e Shows,
cle | o] 1 Yie il e ~ 9
A sOMCtor o riset 5 postitages in the 17217 iraquency divider snd 1he BLSY
6|1 [ 1 circuit. They ae reest when thin code i Iaiched with ADDRESS LATCH
ang the WRITE input o 1o 1,
A yelector to oboain rafevence sigral autput, Refarsnce rignak sre cutpu to
E~Fiof | 1] 1 1 DO = O3 winn this code |i [atched with ADDRESS LATCH and READ input
goaxto 1,

Notws: (1) Thare are v bitt in blenk Tiids for date input/outpul. O signtls sre cutput by reeding and dat 12 not tomed By writing beciurs thive re i bin,
120 The bit with marked & in Lssd to selct tha 12/24-hour timar and the bis marked ©  are used 1o teisct o lap yasr. These these bits con be resd or
wrlten. .
1) When signadc ant input 10 buk Nt DO — D3 and ADDRESS WRITE goss to 1 for sddrées input, ADDA ESS information b Wichad with ACDRESS LATCH,
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ABSOLUTE MAXIMUM RATINGS

Parometer Symbol Condition Rating Unit
Power voitege Voo Ta=25"C _ —03~7 v
Input veltage v, Ta=25"C GND—0.3 ~ Vpp + 0.3 v
Output voltage Vo Ta=25°C GND—0.3 ~ Vpp +0.3 v
Storage temperatyre Tstg - —55 ~ +150 *c

OPERATING CONDITIONS

Parametar Symbol Conditicn Rating _ Unit
Pawer voltage voD - 45~ 7 v
Date hold voltage VoM - 22~7 v
Crystal frequency HXT - 32.768 ' kHz
Operating temperature Top - —30 ~ +85 °c

Notw: The data hold voltage guarantees the clock operations, though it does not guarantee operations gutside the
IC and data input/output.

DC CHARACTERISTICS
(VDD =5 V £5%, Ta = —30 ~ +85°C)

Paramater Symbot Condition Min, Typ. Max. Unit
. VIHy —  Note 16 - -
H !
input voltage ViH2 T Now 2 D0 — — .V
L input voltage VL - - - 08 v
L output valtage VoL lg=16ma - - 04 v
L Qutpi current loL V=04V 18 - - ma,
- Note 3
H input current liHL Wy = VppV Note 0 30 80 WA
l||._|:_ V1= VppV Note 4 - - 1
L input current LT Vi=0V -— — -1 A
Input capacity o] f=1MHz - 1) — oF
. f= 32,768 kHz ~
Current consumptian lpp Vpp = 5V/Vpp = 3V 100/15 500/30 A
Note: 1. CS,, WRITE, READ, ADDRESS WRITE, STOP, TEST, Ds ~ Dy
2. C5
3. C5;,CS;, WRITE, READ, ADDRESS WRITE, STOP, TEST
4. Do ~ Dy
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SWITCHING CHARACTERISTICS

(1} WRITE mode

{Vpp =5V 15%, Ta= 26°C)

IADDAESS/DATAL

ADDRESS WRITE

X

) &

Parametar Symbol Condition Min. Typ. Max, Unit
CS setup time tes - - - Ha
C5 Hold time 1eH ~ 0 - - o
Address setup time tAS - - - M
Address write pulse width tAW - 0.B - - s
Address hold time taAH - 01 - - Hs
Data sétup time s - . - Hs
Write pulse width ww - — - Hs
Data hold time o4 — o - - s

1 v

<s§1 ho e

cs2 L =—tes  tAS AW tAH 1IDS W 10H e

oo~ 03

High Impecance

WRITE

1C miernal

ADDRESS

iC internal DATA

.

ACDRESS

EPI A

DaTA

Write Cycle

Notws: ADDRESS WRITE and WRITE inputs are activated by the tevel, not by the edga.
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{2} READ mode

(VDD =5 V 5%, Ta = 25°C)

# PERIPHERALS MSM58321RS

Parametar Symbal Condition Min. Typ. Max. Unit
CS wtup tims trs - 0 - - Fri
CS Hold time t1eH — 0 - - s
Addresa satup time taS - 0 - - Hs
Addrms write pulse width tAw - 05 - - f7t}
Address hotd time tAH - 0.9 - - [
Read sccess time tRA - - - tee Note 1 s
Raad delay time oo - - - 1 fil)
RAexd inhibit time Ry = 0 - - [
v
Note 1. tRa=1Ms+CRIn(— DB
vop — Ve min
H = b
cst AR [ PATA vaLiD OATA INVALID
cs2 L —AICE  rAS AW rﬁH] tAA 100 N
P { I CH
00 ~ 03 Y @ 19 4 b
IADDHESS/DATA} ﬁ >L X A
ADDRESS WRITE ]_I High Impecance
READ | |_______
ADDRESS CATA
L
Read Cycle

Note: ADDRESS WRITE and READ inputs sre activated by the level, not by the edge.
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(3) WRITE & READ mode

Parameter Symbol Condltion Min, Typ. Max. Unit
CS setup time tes - [+] - - Hs
CS hold time tcH - o - - Fri
Address setup time tas - [+ - - Ity
Address write pulsa width AW - 0.5 - — Hy
Address hald time tAH - 0.4 - - s
Data satup time tps - 0 - - Ms
Write pulse width TWw -_ 2 - — He
Data hold time 1DH — [+] - - s
Read sccess time tRA - - - see Note 1 s
Read delay time {10 - - - 1 s
Rusd inhibit time R - 0 - - s

Voo '

Nota 1.

tRA=1+CRIn{

VDD ~ V4 min

H =

(3]
cs2 L

0o~ 03
{ADORESSIDATA)

ADQDRESS WRITE
WRITE
READ

IC intarnal

ADDRESS

1C internal DATA

DATA INVALID
DATA VALID

Al {
i

¥
]
————

€8 tAS  tAW  tAH (DS ww IDH) tﬂA} /'.D
] b L

wH

4 i !

Y X2z
High impedance

f— . —

ADDRESS GATA DATA READ
WRITE
Read & Write Cyche
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PIN DESCRIPTION

Names Pin Ne. Descriprion

CSs, 1 Chip salject pins, These pins enable the interface with the external circuit when
both of these pins ere set ot H level simultanuously.

CS, 13 if one of thess ping 13 set ot L level, STOP, TEST, WRITE, READ, ADDRESS
WRITE pins and Dy ~ Dy ping are inactivated.
Since the threshold voltage VT for the 8, pin it highar than that for other pins,

it should be d to the d of power circuit and peripherals and CS,
is to be ted to the mi olier,
WRITE 2 WRITE pin it used 1o write data; it is activated when it is et the M leval. Dats bus

data inside the |C it loaded 10 the object digit while this WRITE pin isat the H
lavel, not st the WRITE input sdge, Refer to Figure 2 below,

[S1 digin}

Y
L - of8
"}

S e

pa _
o TTT N paTaeus
s -——
o —

C51=C82 "H" 50 _r—‘—"'l _r"-'_l—j

31

I

|

WRITE

FiF DOP ) "1_..

Figure 2
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Pin No.

Descrip”

READ

READ pin is usad 1o resd data: it is activated when it is at the H level. Address
contents are latched with ADDRESS LATCH insids the IC at the DO — D3 and.
ADDRESS WRITE pins to select the object digit, then an H-level signal is input
to the READ pin to read datae.

If & count operation is continued by satting the STOP input to the L Yevel, read
aperation must be performed, in principle, while the BEUSY autput is at the H

" lavel. While the BUSY output is at the L level, count operations are performed

by digit counters and read data is not guaranteed, thersfore, read operations are
inhibited in this period, Figure 3 shows a time chert of the BUSY output, 1 Hz
signal inside the IC, and READ inpur.

A read operation is stopped temporarily within a period of 244 ps from the BUSY
qutput trailing edge and it it restarted when the BUOSY output goes to the H [evel

again.

P aus =y

HEY Thie tounmr ivare tha K
AR Counting wt the
1 Hz signal nading soge
1 HE Linuica 1C! -
[ —
NS 12298 WIAN
pariad

LU AILLTE B YT

Pt Qosrmiron v anxbigd in thie parigd:
OV A iFuRnd for progrem pwitcheng.

BUSY
I
1 W e HCH
E TN
MEAD input -
Figurs 3

If the courter operation is stopped by satting the STOP input to the H tewel, resd
oparstions are enabled regardless of the EUSY output.

A resd operation is enabled by microcomputer software regardless of the BUSY
output during the counter oparstion by setting the STOF input to the L level,

In this method, read opsrationt sre performed two or more times continuoualy
and data that matches twics is used as guarsnteed data,
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Neame Pin No. Description
D ~D a~7 Data input/purput pins, {Bidirectional bus). Tha output is a open-drain type and
o 3 4.7 kit ~ 10 k& pull-up registers are required utilize thass pins as output
NS,
GND 8 Ground pin.
ADDRESS 9 ADDRESS WRITE pin is used 10 losd address information from the DO — D3

WRITE 1/Q bus pins to the ADDRESS LATCH inside the IC; it is acvivated when it is

at the H lavel. This input is activetsd by the level, not by the edge, Figure 4 shows
the relatianships between the D0 address input, ADDRESS WRITE input, and
ADDRESS LATCH input/cutput.

oyt T e T
ADDRESS WRITE ’_1 m i_l
o, L. I LI
Jpp——— CON VO R S S T R

e 1C1
o, — . I L.__
LATCH guiput
Figure &
BUSY 10 BUSY pin cutputs the |C operation state. It is N-channel MOSFET open-drain

output. An external pyll-up resistor of 4.7 k&2 or more must be connected {see
Figure 5] to use the BUSY output, The signals are autput in negative logics, If
the gscillator oscillates at 32.768 kHz, the frequency is alweys 1 Hz regardless of
the CS1 and CS2 unless the D output of the ADDRESS DECODER inside the IC
is H (CODE = HeL+H+H) and C§1 = C52 = WRITE = H.

Figure 6 shows the BUBY output time chart.

LPAIBhArE] S IFTu T ]

S By )

I
'
4 7 kil or more % l

BUSY

WRITE

BUSY ’ [ Thecounar nside wr 1C
ATArE SOUNTIAD AT the -
1 H7 segruel laeding soga .

1 Mg tingede 1CH
24445 1225 Brf
b——— arrus —1
F¢ ~
Arad/write-inhits i pierod
BUSY y f
L Il
1 M2
Gnacke IC1 o 1 sc —_— ]

Figure 8
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Name

Pin No.

Erescription

STOP

The STOP pin is used to input onfoff contral for a 1 Hz signel. When this
pin goes to the H level, 1 Hz signals are inhibited and counting for all digits
succeeding the S1 digit is stopped. When this pin goes to the L lavel, nor-
mal operations are performed; the digits are counted up. This STOP input
contrals stopping digit counting. Writing of external data in digits can be as-
sured by setting tha STOP input to the H level 1o stop counting, then writ-
ing sequentially from the low-order digits.

TEST

The TEST pin 35 usad to test this |C; it is normally open or cannected 1o GND, it
is recommended ta connect it to GND to safeguard against malfunctions from
noise. .

The TEST pulse can be input te the following nine digits:

$1, 510, MHO, HE, DH{W], MO1, Y1 and ¥10

When & TEST pulse is input 1o the D1 digit, the W-digit is alsc counted up
simultanscusly .

Input a8 TEST pulse as follows:
Set the address to gither digit sxplained above, then input & pulse to the TEST pin

while C51 = G52 = STOP = H and WRITE = L., The specified and succesding digits
are counted up. (See Figure 7)

T e e
O b

TEET.F

---~¢>W1 i

o Pip = 200 L5E TVP

Figura 7

A digit is counted up st the leading edge (chenging point from L to H} of @ TEST
pin input pulse, The pulse condition for TEST pin inputat Vpp =5V 15% s
described in Figure 8 below,

a1

tH = 1015 MIN

1L =104S MIN

Figure 8




# PERIPHERALS-MSM58321RS m

Name Pin No. Description
XT 14
XT 18

Ozcillator pin. A 32.768kHz crystat oscillator, capacitor and trim capacitor for
frequency adjustrment are to be connected a3 shown in Figure 8 below,

c I

Apg = 1WOMZwe
1 Reg Rs

| A% wsmsEIZIRS

X-TAL 32,768 kHz, The cryatal impedence v 3 kElor lea

= 200 kil typ
GND o Vo

Figurs 8

If an external clock is to be used for MSMS5B8321 RS oscillation source, the
external clock is to be input to XT, while XT should be left open. Refer to the
Figure 9 below.

CMOS I
§ - \
or +5V f” -
/OXT Y
Fi AP
/
D‘j_/ T : MSM58221RS
TTL
Figure 9

voo 16 Power supply pin. Refer to the application circuit,
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REFERENCE SIGNAL QUTPUT

Aeferance signals are output from the DO — O3 pins under the following conditions:

Conditions 0:::"‘ Hsf:::z:zml Pulse width Output | ogic
WRITE= L Do 1024 Hz 488.3 is Positive logic
READ=H 0 1 #Hz 122.1 s Negative loic
CS1=CS2=H D, 1/80 Hz 1221 s Negative logic
ADDRESS=EorF Dy 1/360Q Hz 1227 s MNegative lagic

1024 Hz

1 Hz

1/60 Hz
13600 H:

1 Hz
{imtice HCI

‘BUSY

[*— 4883u5 —™

[“— 4883us —*

2445 t 22us

Figure 10

122108 =

488308 =

32,768 ©

10

10°?

32,768 < 16




APPLICATION NOTES

= WRITE and STOP

4 PERIPHERALS MSMS8321RS n

Note that the timing relationships between the STOP and WRITE inputs vary by the refated digit when counting
is stopped by the STOP input to write data. The time {tgH) between the STOP input leading edge and WRITE

input trailing edge for each digit is limited 1o the velue. (See Figure 11)
at Voo =5V+ 5%
STOP _I
51 Sw MIv Ml Hr  Hio Di(W) Do MOL MOw Y1 Y
WRITE ] 1 2 3 4 5 6 7 8 g 10 13 12
tSH51|
tsHS 10
TS e tsHyo

|

Writa-inhibited period

Figure 11

15HS1 * 1 Hs, tSHS10 = 2 B8, 1SHMIT = 3 s, tSHM10 = 4 s, 15HH1 =5 Ms
tSHH10 = 6 s, tSHDT = 7 Ms, tSHW'= 7 M8, tSHD10 = B Hs, tSHMO1 = 9l

tSHMO10 = 10 s, tgHY1 = 11 fis, 1SHY10 = 12 Ms.
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If a count operation is continued by setiing the STOP input 1o the L level, write operation must be parformed,
in ptinciple, while the SUSY output is at the H lavel. Whils the BUSY output is st the L level, count operstions
are performed by the digit counters and write operation is inhibited, but there is a marginal period of 244 Us from
the BUSY output trsiling adpe. If the BUSY output goes 1o the L level during & write operation, the write operation
is stopped temporarily within 244 s and it is restarted when the BUSY output goes to the H level again. Figure 12
shows a tima chart of BUSY output, 1 Hz signel inside the IC, and WRITE input.

— |
ausy
1 Hz Ginsice 1C) li I I l I
WRITE input
1 3mc
Figure 12

» Frequency divider and BUSY circuit reset

IF AQ—A3 = H+L+H+H is input 1o ADDRESS DECODER, the DECQODER output (D) goes to the H level. If
CS1 = C82 = H and WRITE = H in this state, the B poststepas in the 16-5tage frequency divider and the BUSY circuit
Bre resat, :

In this period, the BUSY output remains at the H level and the 1 Hz signal inside tha IC remains at the L level,
and counting is stopped, I this reset is inactivated while the oscillator operates, the BUSY output goes to the
L level after 1000.1227 £31.25 ms and the 1 Hz signal inside the 1C goes 1o tha H level after 10003663 £31.256 ms,
Thesa times sre not the swme because the first ten stages In the 15-stage frequency divider are not reset. (See
Figura 13} :

15-ntage

fracuancy

i Stages
irguln 1H-15

b
1-10 -3 BUSY
sy B LF] ose o P
EY I G
RESET
N
sTor

5TOP
WRITE Q Jr—
cs J
From ADDRESS OECOGER
AD A1 AZ A3
ML H M
b 4,
% -1 //_I
linnde 1} T {{ 3
1He 1 | :; [
flonde 1CH “
- v !
AESET {innigw IC)
1< 1000,1227 £ 31.75 mi fo 11
12 = 10003683 + 31.26 m e 2 - -
3 =000 ¢ 31.26 m
Figure 13
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s Selection of lsap year

This {C is designad 1o select leap year automatically.

Four types of Isep vears can be selected by writing a select signal in the D2 and D3 bits of the D10 digix {CODE
= LelsL+H). (See Table 3§ for the functions.}

Gregarian calendar, Japangsa Shows, or other calendars can be sat arbitrarily in the Y1 and Y2 digits of this I1C.
There is 8 leap year every four years and the yesr number veries sccording to whether the Gregorien calendsr aor
Showa is used. There are four combinations of year numbers and leap yesrs. (See the Table belaw),

No. 1: Gregorian calendar yesr. The r inder obtained by dividing the laap year number by 4 is (1.
No. 2:  Showa year. The inder obtained by dividing the leap year numbsr by 4 is 3.
No. 3: Ther inder obtained by dividing tha leap year number by 4 is 2.
No.4: Tha inder obtained by dividing the leap year number by 4 s 1.
D10 digit Remalnder abteined by
ol
No.-1 D2 D3 dividing the leap year number by 4 Leap years iaxamplest

. 1980, 1984, 1988, 1962,
1 Gregorian L L o 1996, 2000, 2004

[83) {87) (91} (95} (89)

2 Shows H L 3 58, 59, 63, 67, M,

75, 719

82, 86, 90, 94, 98,
3 L H 2 102, 106

81, 85, 89, 93, 97,
4 H H. 1 101, 1056
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APPLICATION EXAMPLE - POWER SUPPLY CIRCUIT

VE = 059V
151588 Ripple
+57v =D —|
1¢:|rl:)$2§_+ +|a.7u Operating state 20 mv P-P
3 = VoD
oF - - Backup omy
ci72
GND
1k = ] mswseszies
V= 0.69 1.?3(3 = 3.6V
Ni-Cd battery
VCE{Sat} = 0.1V Ripple
A495
Operating state 20 mV P-P
§1K oKL 10082 + a7
bl . _ Backup 0 my
+
10K c3r2 i_
= - = MSMSBI21RS
1.2x3 = 36V
Ni-Cd batuary
RL
Y Ty o 190
AL |8 v ]
o, l . . T
= -
-l - MSM58321RS
GND
s -
t.5x2 = 3V
Dry cell
. {Recommended circuit)
W Al
m b2
- {Power voltege 5y # ?
approximatety ]
1.5V higher than Peripheral
5v) circuit power) HZi‘Iﬂoﬂ 471 Voo
+
MSME8321RS
{:- GND
3y ; 'J'
Ni-Cd
battery

Nots: Use the seme diodes for D1 and D2 1o reduce the leval differance betwaen +5V and Vpp of the MSM58321RS.
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OXKI semiconductor
MSM6242BRS/GS-VK/JS

DIRECT BUS CONNECTED CMOS REAL TIME CLOCK/CALENDAR
GENERAL DESCRIPTION

The MSME2428 is a silicon gate CMOS Reat Time ClockfCalendar for use in direct bus-connection Micro-
processor/Microcompuyter applications.  An on-chip 32.768KHz crystal oscillator time base is divided to provide
addrassable 4-bit 1O data for SECONDS, MINUTES, HOURS, DAY OF WEEK, DATE, MONTH and YEAR. Data
access (s controlled by 4-bit address, chip selscts {CS0, CS1), WRITE, READ, and ALE, Control Registers B, E and
F provide for 30 SECOND error adjustment, INTERAUFT REQUEST (IRQ FLAG) and BUSY status bits, clock
STOPF, HOLD, and RESET FLAG hits, 4 salsctable INTERRUPTS rates ars availablg at the STD.P (STANDARD
PULSE) output utdizing Control Register inputs TO, T1 and the ITRPT/STND (INTERRUPT/STANDARD).
Masking of the interrupt output (STD.P} can be accomptished via the MASK bit. The MSMB2428 can operate in a
12/24 hour format and Leap Year timing is automatic,

The MSMB242B normally operates from a BV : 10% supply at —30 to 85° C. Battery beckup operation down
to 2.0V atlows continuation of time Keeping when main power is off. The MSMB242E is offerad in a Y8-pin plastic
DIP, a 24-pin FLAT package, and a 18-pin PLCC package.

FEATURES
DIRECT MICROPROCESSOR/MICROCONTROLLER BUS CONNECTION
TIME MONTH DATE YEAR DAY OF WEEK
23:59:50 ' 12 3 80 7
+ 4-bit data bus + 12/24 hour format
« 4.bit address bus * Auwio leap year
- AEAD, WHITE, ALE and CHIP SELECT + $30 second error correction
INPUTS » Singte 5V supply
+ Status registers — |RQ and BUSY » Battery backup down to Vpp = 20V
+ Saleciable intarrupt outputs — 1/84 second, » Low power dissipation:
1 second, T minute, 1 hour 20 10N max at Vpp = 2V
» Interrupt masking 150 W max at Vo = BY
+ 32, 768K Hz erystal cantrolled operation + 18.pin plastic DIP, 24-pin FLAT

and 18-pin PLCC package

FUNCTIONAL BLOCK DIAGRAM

X7
- H
32.798K He Sgr Pxfe|  counter T
-.[: D

AESET STOF 30 ADY HOLD BUSY
Bt b bR Ba B

30 e
ALH b Mo

—1
5 E LY H w.EMu,.H H, E Hiu F—g
T T 7 77

E. iu.. |—-|uo.§no..|—-| L2 iv..l
T 7 ) D I B sron
BdHz
1-4ec corry
& s ':f

__Ghbs

* 5y WYLy W VM coumter reginer
* Ca =L are contrc! regioer

DECODER
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PIN CONFIGURATION

. il o fe " vor  A0-AJ: Address input
stor [ 1§ von = =, n o POD3 Data input/output
% [T i w = - 80,08, CHIP SELECTS 0,1
? = b RD: READ ensbile
ae [3] Ely ME = . = WRITE enable
a 3] [ cs, L == w e ALE: Address Iatcsh enable
i w e w 1o, STD.P: Standerd puise output
= 2] [1a] 0. . =, o :;.D T fsT‘J:L ou:illnor inputioutput
. supply
a [® . I
] ) w e =% yas; ground
A, E ED’ % T w =,
— L P w Emo,
© E ED! W5 Tn u e,
GHD E EW’H awp iz ‘a —wm
18 pin Piastic DIP Package 24 pin Plastic Flat Package

REGISTER TABLE

Address Input Register Data Count Description
Address Name value
Input A | Ay | Ay | A, Dy Dy Dy O,

] glojO| O 5 Se Sa S, 5, e 9 1-second digit register
t oo o] 840 . See Sia Sie 0 ~ & | 10-second digit register
2 o|0 |1t i) Ml mig Miy mi; miy 0~9 1-minute digit register
3 9]0 | Ml o . mige |mize |mij, 0~5 10-minute digit register
4 ol1]0]0 H, hy hy hy L o-~49 1-hour digit register
5 of[1{0]n His . :‘::' bae | hye ::\6,2\, 1 PMMN:’,;E;;’::W diglt
6 01 1 1] 0, dy de ds d, 0.~ 8 1-day digit register
7 011 1] Dhe . . dis lchey [0 ~3 10-day digit register
8 Tt |D0310] 0 MO, moy Moy moy mo, a~9 1-manth digit reglster
9 Tio0 (0] MO0 . * * MO, [0 ~ 1 10-month digit register
A 1 [+ I | 0 Y, Ya Ya Y2 ¥ 0~95 1-year digit register
B 1101 ¥Yia Yo Yaa Y10 Y10 Q-~48 10-year digit register
C 1 1 G| 0 w . Wy wy Wy 0~8 Week register

| ra :
[} 1 1 011 . Cp m.' FLAG BUSY |HOLD - Control Register D

ADJ
E 11148 Cg 1 T :,‘;.?:; MASK - Controt Register E
F 1T {1 |1 ] [~ TEST | 2412 | STOP | REST - Cantrol Register ¥
REST = RESET

ITAPT/STND = INTERBUPT/STANDARD

Note 1} — Bit ® does not exist {unrecognized during a write and held at ‘D™ during a read).

Mote 2} — Be sure to mask the AM/PM bit when processing 10's of hour's data,

Mots 3) - BUSY bit it read only, The 1RQ FLAG bit can only be set to a *0'. Satting the IRQ FLAGto s “1" s
done by hardware.

404 Figure 1. Register Tabile



OSCILLATOR FREQUENCY DEVIATIONS

& PERIPHERALS -MSM68242BRS/GS-VK/JS &

AHT (PPM)
|
£
!

100

Figutw 2. Fraquency Devintion |PPM) vs Tempersturs

At/ {PPM)

~-60 —40 -20

Ta {"C)

1 e
Ta = 25°C /
0 .

=~

-2

-3 |~

—4 I 1 1 | ]

Vpoiv)

Figuw 3. Fraquancy Deviation (PPM} vs Voltage

MSMEG2428 with the oscittation circuit described belaw.

Note: 1. The graphs above showing frequency deviatlon vs temperature/voltage are primarily charactaristic of the

Crystaiz Type Ny, Py by kinseki (22.768 KHz}

Cg.Cp: 22pF { Temperature Characteristics: 0)
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ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Parameter Symbal Condition Aating . Unit
Power Supply Voltage vBD ~0.3~ 7 ) v
tnput Voltage vy Ta=25°C GND — 0.3~Vpp +0.3
Output Voltage v GND — 0. 3~vpn + 0.3 ) v
Storage Temperature TsTG =56~ +150 °c

OPERATING CONDITIONS

Parameter Symbol Condition FAating Unit
Power Supply Voliage Voo - 46
Standby Supply Voltage VBAK - 2~6 v
Crystal Frequency fixT} - 32768 kHz
Operating Ternperature Top - ~30~+8% °c

D.C. CHARACTERISTICS
Vpp =5V £ 10%, Ta = —30 ~ 485

Parameter Symbol Condition Min, Typ. Max. Unit ATﬁ::::nt:lle
“H" Input Voitagae ViK1 — 2.2 - - v All input tﬁrmin-
“L" Input Voltage Vit - — - 13 :] als except £S5,

Input terminals
input Leak Current Ikt - - /-1 ather than
Vi=Vvpp/ov HA Dy ~ D,

input Leak Cureent | 1 x2 | — - 10/-10 Dy ~ D,
“L" Qutput Voitege Vor! loL = 2.5mA — - 04
“H~ Qutput Voltage | Van | hoH = —400MA 24 - - v Ds ~ By
“L" Qutput Voltage | Vo2 { loL = 26mA - — 04
OFF Leak Curreni | IQFFLK | V = VDD/OV - - 10 | pa sTOP
Input Capacitance ¢ | IRyt imsaueney | _ 5 - | ion
ramption 00! | 3% V. | - - |
Currgrjt Con- Ibp2 ?:_225, c Vpp = _ _ 10 HA VoD
sumption v
"H” Input Voltage V|.|.|2 4/5vpp - -
"L Input Voleage | vy 2 | YROT2v58Y - - lwwevpp] v CS
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SWITCHING CHARACTERISTICS

(1) WRITE mode (ALE = Vpp)
{Vpp =5V £ 10% = Ta= —30 ~ +85°C)

Parsmeter Symbol Condition Min. Max. Unit
C5, Sat up Time te1s - 1000 -
CS; Hold Time te1H - 1000 -
Address Steble Bafore tAW _ 20 -
WRITE ns
::;'dlr;: Stabie After WA _ 10 _
WRITE Fulse Width wWw - 120 -
Deta Set up Time tos - 100 -
Dets Hold Time toH - 10 -

c8, VYinz ~ t
P 1C1s -| 1C1H

Ay = Ay VIH1 =
5 VL) = )!: K Vi = 2.2V
" ta—"] W A==l Vi 08V
W Vit ———— ViH2 = 4/6¥ g
ViLg = 1/5Vpp
108 [y ‘oH

Dy =Dy VIH1 — x

UNPUT) VLT = ’
Figure 4, Write Cycie — (ALE = VDD}

{2) WRITE mode {With use of ALE)
(Vop =5 v £ 10%, Te = —3C}
Porameter Symbot Condition Min. Max. Linit

€S, Setup Tima tCIs - 1000 -
Address Set up Time tAs - 25 -
Address Hold Time tAH - 25 -
ALE Pulse Width TAW - 40 -
ALE Befare WRITE taLwW - ' 10 - n
WHITE Pulse Width TWW - 120 -
ALE After WRITE WAL - 20 -
DATA Set up Time tns - 100 -
DATA Moid Time 1OH - 10 _
CS; Hold Time te1H - : 1000 -

407



m PERIPHERALS - M8M6242BRS/GS-VK/JS »

--tc15

cs  ViHz F
Ay ~hy Vi — "g
&, Vi — A

ViHy = 2.2V
-1
Vi1 — An  a— ¥iL1=048v
ALE . v 45V oo
YLy H2 "
1A= I-'—tALw—"'| twaL ¥i2 = VEVpD

wr  YHL - v
YiLn T o5 toH
Du~Dy Vi — ———— ————n
HNPUT) Wy — —_— ————

Figure 5, Write Cycle — {With Use of ALE}

{3} READ mode (ALE = V)
(VD =5V £ 10%, Ta = ~30 ~ +85°C)

Parameter Symbol Condition Min. Max, Unit
C5, Setup Time tc1s - 1000 —
€8, Hold Time eI - 1000 -
Address Stable Before
READ AR - 20 - ng
221’;“ Steble After RA _ 0 _
AD o Data tRD €t = 150pF - 120
Data Hold toR - L+] -

bad viHz 7 ﬂv P 2oy
c1s [—tar = f=— tR 5 —=] 1C1H Vir - 2.

Ay o Ay VIHY Vi1 « 0.8V

& ¥iLr o )I K— Vinz = 4/5Vpp

VL2 * 1SVpp

VIHT - Vou = 2.2V
1] ViLg — VoL =08V
‘RO DR
Gy ~ Oy VOH — , s
{OUTPUT voL — 4 ‘- 2

Figurs 6, Raad Cycls — (ALE = VDD)
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{4) READ mode (V/ith use of ALE)
(VDD = BV 10%, Ts = —30~+85°C}

Paramater Symbol Conditien Min. Max. Unit
C5, Setup Time tc15 - 1000 -
Address Set up Time L 7Y - 25 -
Address Hold Time tAH - 26 -
ALE Pulse Width TAW - 40 -
ALE Bafore READ tALR — 110 -~
ALE atter READ tRAL — 10 —- na
RD to Dats tR/D C = 150pF - 120
DATA Hold toR - 0 -
€35, Hold Time 1CiH - 1000 -

5 - ] |
€S Vinz T tas TAH \t
15 t-—- —t-] C1H

By~ Ay

_ ViH — )I_ Iy : VMl <22V
& ViLl — Vi1 =08y

1w —*=1 ViHz = 45Vpn
ML= ViLz = WEVop
ALE Vg — N

__-I VoH = 22V
~—taLA —tAaL VoL = 0BV

S Vil - y

W
i —
== 'oR
Bs - s Vou - ‘o ki . ol

ouTRUTI VYou — . S

Figura 7. Read Cycle — (With Lise of ALE)
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PIN DESCRIPTION

Pin Ne.

Mame s Gs Description

Dy 14 19

Dy 13 16 Data nput/Output pins to be directly connected to a microcontroller bus for

B 12 15 reading and writing of the clock/calendar's registers and control registers, D0 = LSB

i and D3 = MSB.

Dy 11 14

Ay 4

A, 5 Address input pin for use by a microcomputer to select internal clack/calandar's
req s and control registers for Read/Write operations {See Function Table

Ay 6 g Figure 1}. Address input pins AD-A3 are utad in combination with 'ALE for

As 7 10 addressing registers.

ALE 3 4 Address Latch Enable pin, This pin enables writing of address data when ALE = 1
and TS0 = 0; address data is latched when ALE = O Microcontrolier/Micro-
processors having an ALE output should connect to this pin; otherwisa it should
be cannected at Vpp.

WR 10 13 Writing of data is perfornted by thiz pin.

When CS; = 1 and €85 =0, Dy ~ Dy data is written into the register at the rising
adge of WH.

RD 8 11 Reading of register data is accomplished using this pin. When C5, = 1,5, =0
and AD = 0, the data of the register is output to Dy ~ Dy. If both D and WK are
set at 0 simaltanuously, AD is to be inhibited,

C5, 2 2 Chip Select Pins, These pins enable/disable ALE, FID and WH operation, TS,

cs 1% and ALE work in combination with ore another, while C5; work independent

! with ALE. C5, must be connected to power failure datection as shown in Figure
18.

sTDP 1 1 Qutput pin of N-CH OPEN DRAIN type. The output data is controlled by the
D, data content of Cg register. This pin has a priority to TSy and €S; .

Fefer to Figure 9 and FUNCTIONAL DESCRIPTION OF REGISTERS,

xXT 16 22 32.768 kHz crystal is to be connected to these pins.

YT 17 23 YWhen an external clock of 32.768 kHz is to be used for MSMB242's oscillation
source, sither CMOS sutput or pull-up TTL output is to be input from XT, while
XT should be left open,

VDD 18 24 Power suppiy pin. +2 ~ +8Y power is o be applied 10 this pin.

GND 9 12 Ground pin.

Yoo
STOLP QUTPUT
o
GND OR Vet st N
€, XT L
Ty = C;= 156~ J0pF
Tha kmpedance of the crystat should be Mea than 30ki2
Figura 8. Omilleter I ioui Figur 8,
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FUNCTIONAL DESCRIPTION OF REGISTERS

. sl‘ slo' Ml1' M'iu' Hl 4 Hm' Dl ' DIO' Mo1' Mﬁw' Yl' Yll:b' w
8) Thess are abbrevistions for SECOND1, SECOND10, MINUTE1, MINUTE10, HOUR1, HOUR10, DAY,
DAY 10, MONTHI, MONTHI), YEAR1, YEAR1D, and WEEK. These valuas ere in BCD notation,
b}  All repisters are logically positive. For exampte, (58, $4, 52, 51} = 1001 which means @ seconds,
e} If Hatm iv written which is owt of the clock register data limits, it can result in erronsous clock data being read
back.
d}  PM/AM, hyo. by
in the mode setting of 24-hour mode, PM/AM bit is lgnored, while in the setting of 12+hour mode hyy is to be
set. Otherwise it causes a discrepancy.In reading out the PM/AM bit in the 24-hour mode, it is continuousty read
out as 0. In reading out hye bit in the 12-hour made, O is written into this bit flrst, then it is continuously resd
out as O unless 1 is baing written Into this bit, ’
¢ Registers Y1, Y10, and Leap Year, The MSMB242B is designed exclusively for the Christian Era and is capable
of identifying a Jeap year automatically. The result of the setting of a non-existant day of the month is shown in
the fallowing examphe: I the dote Fabruary 28 or November 31, 1985, was written, it would be changed
automatically 1o Match 1, or December 1, 1985 at the exact time at which a carry pulss occurs for the day's
digit. - ’
fl  The Register W data limits are 0—6 (Table 1 shows a possible data definition),
TABLE1
Wa Wy Wi Day of Week
0 0 0 Sunday
] 0 1 Moanday
i) 1 i} Tuesday
0 1 1 Wednesday
1 1} o Thursday
1 Q 1 Friday
1 1 0 Saturday
Using HOLD Bit Mot Using HOLG B
H 1
)
L]
|
Cate of
Ragistar
YES HOLD Bit <0
Write dna Into |
or Flesd data from
riginteny 5, ~W
DATA T = DATA 2
YES
N 1
1 1
Figurs 10. Asading and Writing of Reginten 5, ~W%
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Rending Method 2 when Not Liing HOLD Bit Freading Moo 3 when Moi Uskg HOLD Bir

1 itinlization onky at power ON I Initkliz ation only 81 power ON

by e * »*1 and "2 rppresant the mirdmuwm required " 1and*2 the rrini requirsd

Ny m— 2 Liffr unit. 1 e *1 thme Lt

ITAPT/STNT -1 Far sxsmpls:* 1y -—— 2 Far sammphe:

MASK atm— t, * Dond 1, * 1 when roguind 1o » ITAPT/STRND w=1 |~ 7™ ¢, =Dendt, = Y when racuired to &
T updt ot sacond; MASK mb— unit of secon;
] 1, = 1 and £, * O when requined o s L, = Yond £, = O when reguiced ta w
‘l wnlt of minute: amd unit of miny e snd
h t, = 1and t, = 1 when required to a CPU mensssthe 1, * 1 and 1, = 1 when required 10 8

unit ol hour JF imtereupilan. it o hour

IR FLAG -—

Frwirid che rading, since a
carey securied during the
operstion,

REGISTER co READ

The orher I1C chutes
1 the interreption.
1

YES -~ o

H
=== The intermupiion i caused by
WAIT £ this IC due 1o thit occurrsnce
of & carry.
TIME DATA READ

See Hota
below

REG)STER CD READ

IAG FLAG=(

iNowet Do this process within 1he foliowing
NME requirgments by combination
bewween 1, and 1,

t, ~fardt, = 1., . Lo than 1 sacond The IAQ FLAG is cleared 1o
Normas read ' il - -
Yy ®landi, = 0. .. Less than 1 minuee {RQ FLAG e read thir nent time dats.
1, mlandr, # 1 ., Lessthan 1 howr
U 12 HOUA MODE . 358
T4 HOUR MOGE ... 3,8 END

m CD REGISTER (Control D Register)

e} HOLD (DO} — Setting this bit to @ “1* Inhibits the 1Hz clock to the St counter, at which time tha Busy status
bit can be read. When Busy = 0, register's S, ~ W can be read or written, During this
procedure H a carry occurs the 51 Tountar will be incremented by 1 second after HOLD = @
{this condition is guaranteed as long 85 HOLD = 1 does not exceed 1 second in duration]. If
CST =0 than HOLD = 0 irrespective of any condition.

bl BUSY (DT} —  Status bit which shows the interface condition with microcontroller/microprocessors. As for
the method of writing intoe and reading from S, ~ W (address ¢ ~ C), refer 1o the flow chart
described in Figure 10,

el IRG FLAG {D2) — This status bit corresponds to the output level of the STD.P output, When STD.P = D, then
IRQ = 1; when 5TD.P =1, then IRQ = 0. The IRQ FLAG indicates that an interrupt has occurrad
to the microcomputer if IRQ = 1, Whan DO of register Cg (MASK) = 0, then the STD.P output
changes according to the timing set by D3 (t,) ang D2 {t5] of register E. When D1 of register E
{ITRPT/STND} = 1 {interrupt mode), the STD.P cutput ramains low until the IRQ FLAG is
written to a “0”. When IRQ = 1 and fiming for a new interrupt occurs, the new interrupt is
ignared. When ITAPT/STNE = O {Standard Pulse Output model the STD.P sutput remains low
until either 0" iz written to the IRQ FLAG; otherwiss, the IRQ FLAG aitomatically goes to
“0" after 78125 ms,

When writing the HOLD or 30 second adjust bits of regi D,itis ¥ to write the IRQ
FLAG bittoa 1",

d) +30 ADJ (D3] —When 30-second adjustment is necessary, a ~1" is written to bit D3 during which time the
internat clock registars should not be read from or written to 125us after bit D3 = 1 it will
automaticslly return to @ “0”, and at that time reading or writing of registers cen occur.
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START START

30—-SECOND 30-SECOND
ADJBIT =1 ADJBIT=1

NO

READ 30-SECOMD
ADJ BIT

YES

30—SECOND
ADJIBIT =07

(B}

(A)

Figure 11, Writing 30-Second Adj, bit { Two Ways A, B)

w CE REGISTER (Control E Register)

a2l MASK (DD} — This bit controls the STD.P ocutput, When MASK = 1, then STD.P = 1 {open); when MASK = Q,
than STDLP = gutput made. The relationship between the MASK bit and STD.P output is shown
Fig.um 12,

bl INTRPT/STND (D1) — The INTAPT/STND input is used to switch the STD.P output between its two modes
of pperation, interrupt and Standard timing waveforms. When INTRPT/STND O a fixed cycle
waveform with a low-level pulse width of 7.8125 ms is present at the STD.P output, At this time
the MASK bit must equat 0, while the period in either mods is determined by TO{D2) and T1(03)
of Register E.

¢t TO (D2), T1 {D3} — These twoa bits determineg the period of the STD.P output in both tnterrupt and Fixed timing
woveform modes, The tables below show the timing associated with the T), T1 inputs as well as
their relationship to INTRPT/STND and STD.P.

I'LI 1 "INTERRAUFT" DOEE ey 1" QUTPUT DOES NOT DGOUR
™ NOT OCCUR BECAUSE AT LOW LEVEL BECAUSE
MASK BIT "0 y  u {1 Waask BIT IS 1 MASE BIT B n - I}] MASK BIT IS “1°

t

; OREN 570 P . GPEN
STDF GUTPUT auTPUT L
poonemas LOW LEVEL Le--4  LOW LEVEL

- - "INTERAUPFT" TIMING ‘\ OUTPUT TIMING
S—WRITE "0 INTO IRCQ FLAG BIT A ALUTOMATIC RETURN
INTRT/STND BIT="1" INTRT/ZTND BIT - "0

Figure 12,

Duty CYCLE of D" level when
t P
U s eriod ITRPT/STND bit is “0".
0 0 1/64 secongd 112
1] 1 1 secand 1/128
1 o 1 minute 1/7680
1 1 1 hour 1/460800

TABLE 2
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The timing of the STD.P output designated by T1 and T cccurs the momant that 8 carry occurs to a clock digit,

|,PM|2:00 [,- PM1:00
TRAT/STND, =] === OPEN
WHEN ITF A

[EXAMPLE} WHEN 1;= 1,4 =1 and MASK =0,

STD.P QUTPY l
WHEN ITRPT/STND,

BIT 15 70" —"" OPEN -
u_ LOW LEVEL

d} The [ow-level puise width of the fixed cycle wavefarm (ITRPTISTND = O} is 7.8125 ms independent of TO/T1
inputs.
el The fixed cycle waveform mode can be used for adjustment of the oscitlator frequency time base, |See Figure 14),
f) During +30 second adjustmant a carry ¢an accur that will cause the STD.P output to go low when TO/T1 =10
or 1,5, However, when T1/T0 = 0, 0 angd ITRPT/STND = 0, carey does not occur and the STD.P output résumes
normal operatian,
gl The STD.P output is held {frozan) at the point at which STOP = 1 while ITRPT/STND = 0,
h] No STO.P output change accurs as a result of writing data to registers 81 ~ H1,
s CF REGISTER (Control F Register)
a) REST {DOF -~  This bit is used to clear the clock’s interna! divider/counter of less than a second. When
“RESET"” RESY = 1, the counter is Reset for the duration of REST. in arder 1o release this counter from
Resat, & 07" must be writtan ta the REST bit. tf CSE = 0 then REST = 0 autamatically.
b} STOP (D1} —  The STOP FLAG Only Inhibits carries into the 8192Hz divider stage. There may be up to 1224s
dejay before timing starts or stops after changing this flag; 1 = STOP/0 = RUN.
e oy g
STOPBIT ., g | | g | | e
TIMING OF 4 *
“*CARRY" 1 ¥ T ' r
TO 8192Hz . L
“CARRY" EXECUTED'
i " i
Figure 13 CARRY'" NOT EXECUTED
)
¢l 24712 (D2) —  This bit is for selection of 24/12 hour time modes. If D2 = 124 hour mode is selected and the
. PM/AM bit is invalid. 1f D2 = 0—12 hour mode is selected and the PM/AM bit is valid.
=24 HOUR/ Setting of the 24/12 hour bit is as follows:
12 HOUR" 1] REST bit=1
2) 24{t2hourbit=0or 1
3} AESThit=0
* REST bit must = 1 to write 1o the 24{12 hour bit,
d} TESF{d3} —  When the TEST flag iz a *1"*, the input to the SECONDS counter cames from the counter/divider
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staga instead of the 15th divider stage. This rmakes the SECONDS countar count at 5.4163KH2
instead of 1Hz. When TEST = 1 (Test Mode) the STOP & REST (Reset) flags do not inhibit
internal counting, When Hold = 1 during Test [Test = 1) internal counting is inhibited; however,
when the HOLD FLAG goes inactive (Hold = 0} counter updating is not guaranteed,



TYPICAL APPLICATION INTERFACE WITH MSM62428B AND
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MICROCONTROLLERS
8085 MSME2428 8085 MSMG242B
AD, D, A/D L Dy
AD; D, I_ D,
AD, D Ay ~ By 1 D,
AD, Dy l-— 78
1 Ay Ay
By By 103 homid Ay Py~ Ay o Ay
L w
- 8 Ay Sy 8 Ay
Se 8 Ay S B Ag
o/M o 5 10/ o cs,
ALE ALE L ALE
RD AD RD AD
WR WR WH WE
¥ f f ]
MEMORY MAPPED 11O MAPRED
Figure 15.
zg0 MSME2428 MSM62428
ey e
BUS, [»8
2 Ps BUS D
D D, a2 2
D, o, BUS, D,
BUS, Dy
D¢ [
A . As
Ay Ay A
Ay
Ay A, A
[']
Ay DECODER Ay DECODER
o 5 BUS 4-7 Cs,
Ay~ Ay Voo ¢ v S
10RO ALE
MREQ ] G1 ALE -4 ALE
o R - ™
WH 1 WR WR WH
,’-—-—.—-—- G2 _f ’___I ___’,
Figure 16, Figurs 17,
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%

TYPICAL APPLICATIONS — INTERFACE WITH MSM80C49

100;1}
39v I*
LI.THIUM E
= BATTERY

&

S

4.7 uP (tantalum}

T VEWD = < §.3V)
ie. GERMANIUM

R5232
INTERFACE

26 18K DIDDE
220t voo__ L. & 1 Voo |i» toot
X, INT sTDP  XT |—<-
ace 3dae I
4553 MHz _ 32.768 KMz
= b s o =
3 o 0 16 . 1
l_'l"“ A oe—————— QI Wk xT PS4 /,H*'
MM M5
— BOCIORS |, anna | 62428RS 5 - 35pf
oA, - AN,
12 5/13
Voo GB; AlD,
14 612
DB, alD;
15 n
CB, AlD,
1
T, CB- i
38
i e Cs,
3 W 3
1 85 —_|
TR1 = 2N2907
I TR2 = IN2907
TR ~ ZNZ232
I * . IN4148
Ha¥32
DB2S I
CONNECTOR I
L

Fure 18.

|
I
——
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APPLICATION NOTE

1. Power Supply

Voo * 5V

==~ STDP

P .
Dwei On Quiput = undefined
TEST Bit ~0
REST Bit 1 yenge
24/12 Bit <1+ 1 o O}
STOP Bit + 1 or

Sa1 the current
firne

HOLD Bit +0
STOP Bit <0
LI
i
]

Start Dperation

2. Adjustment of Frequency

Berawdriver

Cp, Cr=10,0,0, 0
CE =i, 1., 0,00

Frequency > _ _Jf .7 INCH
Counter
Eyr

Cp ~ Cg are ta ba 351 at o3 described in the
figure and the capacitor is to be sdjusted

to meet the sertle fraquency of t, andt, .

If the right oscillation can not be obtained,
1. Check the waveform of ¥T

2. Check Cp ~ Cp cantent

3. Check the noise.

g, 2 0.3 INCH

3
1

B; 2 0.2 INCH
@ ®: wHET
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3. CH, {Chip Select)

V|H and V| of CH; has 3 functions.

a) To accomplish the interface with a microcontroller/microprocessor.
&} To inhibit the cantrol bus, data bus and address bus and 10 reduce input gate pass current in the stand-by maode.
¢} To protect internal data when the mode is moved to and from standby mode.

To realize the abova functions:

2) More than 4/5 Vpp should be applisd to the MSMB242B for the interface with a microcon-
troller/microprocessor in 5V operation.

©} In moving to the standby mods, 1/5 Vpp should be applied so that all data buses should be
disabled. In the standby modse, approx. OV should be applied.

¢}’ To and from the standby mods, obey follawing Timing chart.

To Standby Moge From Standby Moda

£ 2N

4
s VDD

T35, : H
or WH :H

4, Set STD.P at arlarm mode

Sat alarm at 9:00

MASK BIT =0
ITRPT/STHND AIT + 1
tote 1
| Start inrarroption

i /\/ CPY Activetion —

Raad Ragister R

RAspeat

Fead H 4 and
H, Content

YES CPUHALT
or
CPU STAND BY
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TYPICAL APPLICATION — POWER SUPPLY CIRCUIT

RIPPLE
OPERATING: 20 my Fwp
VEE 1SAT »0v BATTERY BACKUP: 0 mv

+5v
zuf LA /

Voo

MSM ,E B 4. 726 "
62428 = 15%2 =2V co
vss ~—— DRY CELLS — MEM
T 1 ’L 62428
= - = VS

Figure 19. Figurs 20,

v5s = 1.2x3=38V
—— Ni—Cd

B

Figure 21,
4.7 uF: tantalum

SUPPLEMENTARY DESCRIPTION

O When "0" is written to the IRQ FLAG bit, the RO FLAG bit is cleared. However, if 0" is assigned ta the
IRQ FLAG bit when written te the other bits, the 30-sec ADN bit and the HOLD bit, the IRQ FLAG = 1 and
was generated before the writing and IRQ FLG = 1 generated in a moment then will be cleared. To avoid
this, always set ""1” to the IRQ FLAG unless 0" is written to it intentionally. By writing “*1°" to it, the IRQ
FLAG bit does not become "1

& Since the IRQ FLAG bit becomes " 1" in some cases when rewriting sithar of the t,, ts, or ITRPT/STND bit
of register Cg, be sure 1o write "0’’ to the IRQ FLAG bit after writing to make valid the IRQ FLAG = 1 to

be generated after it.
G Tha relationship between SDT, P OUT and IRQ FLAG bit is shown below:

_—I—l__ open
$TD. P OUT | e

IRQ FLAG bit i —_—_——

e

—""‘l“‘ approx. 1.95 ms
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