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THE THIRD REVOLUTION

Qver the past three years, the semiconductor industry has
experienced the third revolutionary period of its relatively
short history. The first of these occurred in the fifties with
the introduction of mass-produceable transistars, which
not only revolutianized the computer and communicaticons
industries, but also spawned a number of new companies
and expanded the horizons of a number of older ones who
elected to participate in this infant technology.

The second revolution occurred in the sixties when the first
integrated circuits appeared. These first (.C.'s, featuring one
or two gates per chip and selling for $20 to $30, created an
even greater impact than the transistor itself. From the
users’ standpoint, |.C.'s allowed an order-of magnitude in-
crease in the complexity of the equipment they were de-
signing {or an ardger-of-magnitude decrease in size, depend-
ing on the nature of that equipment} and, simultanecusly,
an order-of-magnitude improvemnent in cost-effectiveness.
Coupled with this was a change in the engineering disci-
plines required by the user, since circuit designers, as
such, were being replaced by logic designers and systems
architects.

The second revolution caused a similar change in the semi-
conductor industry since it was now hiring the circuit de-
signers who were leaving the end-equipment field, In addi-
tion, manufacturing, reliability and marketing skills began
to expand, converting the industry from one dominated by
the semi-conductor “black-art” specialists to one somewhat
more balanced in its approach to business. Those companies
that recognized the revolution (including many new ones)
survived and prospered while these that didn’t dropped out.

Similar changes are occurring today during the third revolu-
tion—this one ¢reated by the development of microproces:
sors. Cnce again order-of-magnitude improvements are
heing enjoyed by those users who have recognized the sig-
nificance of microcomputer technology, and once again the
engineering disciplines employed by the end user are chang-
ing, the emphasis now being placed on programming and
other software development activities.

From the semiconductor manufacturer’s standpoint, the
changes are equally significant. Logic design and system ar-
chitecture are becoming necessary skills for those who hope
to succeed in the seventies. Marketing and sales will also be
upgraded as semiconductor manufacturers begin selling
“systems  rather than “"components.” Applications, train-
ing, software and hardware development tools and devel-
opment systems are all new demands placed on the semi-
conductor manufacturer who hapes to survive the third
revolution,

As with the first two revoiutions, the inception of the mi-
croprocessor was characterized by the introduction of
many different device types from many different manu-
facturers using many different technologies. Some of these
will became high volume, multi-sourced, industry standard
products (like TTL} and others will survive at lower vol.
umes hecause they have certain performance advantages

INTRODUCTION

which the “standard” devices cannot match in selected ap-
plications {(similar to the role played by CMOS and ECL).

Most, however, will fali by the wayside as manufaciuring
efficiency and competitive pressures force the price to a
point where the non-standard types become unprofitable.
This point is rapidly approaching in the microprocessar
area. The selection of the right microprocessor, therefore,
is one of the current challenges facing today's system
designer.

There are, today, basicaily two markets for microprocessors
and two basic approaches being employed by semiconduc-
tor manufacturers to satisfy those markets. The two mar-
kets can best be defined as the logic replacement market
and the performance market. The logic replacement market
is best characterized by a certain cost-performance inelas-
ticity which states that once a certain minimal performance
leval is achieved, no additional cost {and presumably selling
price} can be justified in terms of additional units sold.
Thus, the emphasis in the logic replacement market is either
cost reduction at a given performance level or increased per-
formance at no increase in cost. (This market, far exampie,
would use TTL logic in applications where TTL perfor-
mance was not required, but where TTL was the lowest
cost solution,)

In the performance market, cost-performance is relatively
elastic; i.e. additional end-equipment performance can de-
mand a higher selling price and still provide the manufac-
turer with added volume and/or revenue. Here, the ten.
dency would be to use the highest performance technol-
ogy available in an effart to gain a performance edge over
competition.

The two basic technalogies which today compete for the
total microprocessor market are Metal-Oxide-Semicondue-
tor {MQOS) and bipolar, While some overlap does exist, the
market generally has accepted MOS in the logic replace-
ment segment and bipolar in the performance segment.

With the large number of MOS alternatives available, the
systern designer has no simple chore in determining the best
solution for his application, Mot only does he have a choice
of 4, 8, 12, and 16 bit devices, but once settling on the size
of his data word, he'll have up to a dozen differant n-bit de-
signs to choose from, As with most alternatives of this na-
ture, any one of a number of different designs will meet his
system requirerments and the designer will be apt to choose
one of the two or three types within each category that ap-
pear to be “industry standards.”’

The situation is not quite as confusing in the bipolar arena
simply because there are not as many alternatives as with
the MOS approach. This is partially explained by the fact
that most bipolar designs are bit-stice criented thus elimi-
nating the need to fix the size of the data word prior to se-
lecting a particultar bit slice design.

Perhaps even more significant in explaining the refatively
small number of bipolar alternatives is the nature of the
performance market which uses the technology. Since this



market tends to be smaller than the logic replacement mar-
ket in terms of the number of users, the breadth of applica-
tions and the total amount of end-user equipment shipped,
there is not the need for nor the incentive to create & large
number af different device types, Thus, the semiconductor
industry —at least to this point in time—has elected 1o con-
centrate their efforts on a relatively smail number of device
Types.

One of these types lin fact the only one currently support-
ed by mare than two manufacturers) is the 2900 family, a
bit slice approach introduced to the market in 1975. This
state-of-the art family consists of a series of MSI/LSI de-
vices designed to complement and enhance one another in
typical microcomputer applications.

Recognizing the need for multi-sourcing in the market:
served by bipolar microprocessers, Raytheon, in 1975, be-
came the first alternate source for 2800 family preducts
and today has mare 2900 family parts than any other semi-
conductar manufacturer in the industry except for AMD
who originated the series. In addition, Raytheon is commit-
1ed 1o the continued support of the family, not only to the
axtent of providing all 2900 series devices, but also in the
equally important areas of bipolar memory, logic, and the
development 1ools required for both hardware and software
design.

THE 2900 FAMILY

All microcomputers (in fact all practical digital computers}
consist of four basic functions—central processing unit
{CPU}, control, memary, and input/output {I/Q}, (See Fig-
ure 1) Cannecting the various functions are the address and
data busses plus various control lines. While al! microcom-
puters have essentiafly the same general architecture {i.e,
perform the four functions shown in Figure 1), there are a
numher nf differances [n the

way hc various Tanciions are
implemented. The most obvious differences occur between
MOS and bipolar technologies.
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Figure 1, Typical Computer Functions.

In the MOS approach, for example, the most common im-
plementation places the CPU and control function bath on
one chip. This chip—which was the ariginal “microproces-,
sor” —inputs instructions and data, performs the operation'
required by the instruction, and outputs the resulting data,
It also provides the addressing function to locate the in-
structions in memory, and to read or write data in memary
and/or 1/O. Because the decoding circuitry for the instrue-

tions (the main portion of the control section) is hardwired
on the chip, the same instruction (set of “1's” and “0's")
wil) always cause the same operation (Add, Subtract, Com-
pare, etc.) to be performed, and therefore, the instruction
set is said to be “fixed”. This is one of the major disting-

tions between MOS and bipolar microprocessors.

The microprocessar, however, is not a computer until one
adds the memaory and 1/O circuits. In the case of MOS, this
normally consists of ROM or PROM for program storage,
RAM for data storage, and either discrete logic or spacial
purpose LSI chips for 1/0.*

*Some newer MOS devices include sorme memory and /O
capability or the same chip as the CPU and control, While
sompwhat limited in capability, these new chips can realis-
ticalty be called microcomputers without the necessity of
external memery or 1/C.

With the more popular bipolar microprocessors, such as the
2900 family, the CPU and control function are implermeant-
ed differently. The CPU, for example, rather than being a
fixed number of data bits wide {4, 8, 12, or 16 as in MOS)
is actually a 2 or 4 bit slice that can be cascaded to any
width that is a muitiple of the basic slice. A four bit slice
such as the 2901, for example, can he used to implerment
4.8 1216 .. ... 32, etc. bit microcomputers,

There are some abvious advantages and disadvantages to a
bit slice approach when compared to the fixed data word,
MOS approach. The disadvantage is, of course, that more
chips are required per CPU.

Mot onty dases the CPU function usually reguire more chips
in bipolar designs, but alse the control function is not even
included on the chip as it is with the MQS devices. There
are, however, advantages to bit slices over fixed data word
machinae: ane of tha mast ohvicus Sing the capabsilily uf
building larger, more powerful machines. in MOS, there
simply isn‘t anything available over 18 bLits, while 24,
32, and even 48 bit bipolar microcomputers have been
designed and manufactured. Since wider data paths usually
mean higher throughput, the bipolar approach can usuaily
provide higher performance simply by building a bigger
maching.

The other major architectural difference between MOS and
bipolar is in the implementation of the control funetion. As
mentioned previously, the MOS controller shares the same
chip with the CPU and features a fixed instruction decoder,
The hit slice controlier, on the other hand, is constructed
using a number of devices inctuding PROMs, registers, and
sequencers, (See Figure 2}

As in the case of the MOS cantroller, the main function of
the bipolar equivalent is to accept instructions from mem-
ory via the data bus, decode the instruction, and then pro-
vide the individual control signals to the CPU, memory, and
1/Q. These controt signals are generated by combining the
decoded instruction with a multi-phase clock to provide a
properiy timed sequence of contrel words ta the various

system elements.



As shown in Figure 2, (") the controf signals for the CPU,
memory, and /0 are actually outputs from an array of
PROMs (@) . Each set of these control signals will cause a
specific action to occur during a given clock period. Since it
normally takes a series of these signals to actually accom-
plish what is normally cansidered to be a machine instruc-
tion (add, subtract, etc.), the individual sets are referred 10
as micrainstructions, Thus, a machine instruction (or mac-
roinstruction} consists of a series of microinstructions
emanating from the PROM array.

*Figure 2 shows only the major system elernents for clarity.
Various register and other logic elements will be required in
an actual design.
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Figure 2, Typical Bit-Slice lmplementation for CPU
and Control.

As one might expect, the series of microinstructions to ac-
camplish a cammon maching instruction would be stored in
consecutive address locations in the PROMs. Thus to ac-
camplish a machine instruction--say an ADD--one would
simply set 3 counter with the address of the first micrain-
struciion of the ADD sequence and then simply increment
the counter as each microinstruction is compieted. This
would continue unti! the final microinstruction of the ADD
series was executed at which time the control would be set
to accept the next maching instruction,

The circuitry that provides the addressing and counting
functions is called a sequencer and maost bipolar micropro-
cessor families provide special LS| chips to accomplish this
function. For example, the 2900 family currently provides
two such circuits—the 2902 and 2911—-and a third is in de-
velopment. As with the CPU chips, sequencers are normally
provided as slices to allow for a variety of microprogram
sizes.

In addition 1o the addressing and counting functions, most
sequencers provide sircuitry to accommodate skips, jumps,
and branches in the microprogram. This is accomplished by
combining CPU status information (@) with a portion of the
microcade 10 exercize control over the source of the next
microinstruction address.

Ag in any microcomputer implementation, the machine in-
struction {s stored in main memory (usually PROM} and is
presented to the control circuit via the data bus @ ln maost
bipalar architectures, the machine instruction is simply the
starting address of the sequence of microinstructions which
will be used to actually accomplish the machine instruction.

As with the bipolar CPU, there are advantages and disadvan-
tages in the manner in which the control function is imple-
mented. One obvious disadventage is chip count, It normal-
ly requires in excess of 10 packages to construct a hipolar
micraprocessor controller whereas the MOS controller is
provided as part of the CPU chip, '

The other factor which is sometimes considered to be a dis-
advantage is the necessity of generating the micreinstruc-
tions. While this does, in essence, require twice the pro-
gramming effort compared with MOS microprocessor pro-
gramming, it is, at the same time, one of the features which
enhances the performance aspects of the bipolar approach.
By designing his own instruction set--which is precisely
what the microprogrammer is doing—the user can tailor the
instructions to his unigue application, which improves per-
farmance and minimizes macroprogram S10rage require-
ments.

The ability to microprogram his machine also allows the
user to emulate virtually any computer architecture (inchud-
ing many of today’s popular mini’'s) thus making it possible
to utilize existing applications software which often is more
costly to generate than the hardware.

SUMMARY

in the following pages of this catalog, 2 detailed description
af each member of the 2900 family is presented in the form
of a data sheat. Where additianal information is required to
fuily explain the function of a given device, a users guide is
also provided,

In addition, data sheet and applications information is pro-
vided for Raytheon's bipolar memory products (PROMs
and RAMs) since they will form an integral part of any
bipotar microcomputer design.

Finally, a simple system design is presented to further clari-
fy the basic operation of the 2800 family and to give a typ-
ical example of the procedure used to design bipolar micro-
computer systems.

If there are any guestions regarding the material presented
in this catalog or for any additional information or applica-
tions assistance, simply contact Raytheon's Application
Staff by calling 415-968-9211 and asking for Microproces-
sot Applications.






Four-Bit Bipolar Microprocessor Slice Am2901
. ______________________________________________________________________________________________________________________________/

GENERAL DESCRIPTION DISTINCTIVE CHARACTERISTICS

The fourbit tipolar microprocessor slice is designed as a ® Two-address architecture —

high-speed cascadable element intended for use in CPL%s, Independent simultanecus access to two working
peripheral controllers, programmable microprocessors and registers saves machine cycles.

nurnerous ather applications, The microinstruction flexibi- # Eight-function ALU —

lity of the Am2901 will allow efficient emulation of almost Performs addition, two subtraction operations, and
any digital computing machine, five logic functions on twa source aperands.

The devige, as shown in the block diagram below consists # Flexible data source selection —

of a 16-word by 4-bit two-port RAM, a high-speed ALU, ALU data is selected from five source ports for a
and the associated shifting, decoding and multiplexing total of 203 source operand pairs for every ALU
circuitry, The nine-bit microinstruction word is organized function.

into three groups of three bits each and selects the ALU * Left/right shift independent of ALU —

source operands, the ALL function, and the ALU destina- Add and shift operations take only one cycle.

tion register. The microprocessar is cascadable with full ® Four status flags —

look-ahead or with ripple carry, has three-state outputs, and Carry, overflow, zero, and negative.

provides various status flag outputs from the ALL. Ad- # Expandable —

vanced low-power Schottky processing is used to fabricate Connect any numher of Am2931's together for longer
this 40-lead LS| chip. word lengths.

# Microprogrammable —
Three groups of three bits each for source operand,
ALU function, and destination control,

MICROPROCESSOR SLICE BLOCK DIAGRAM ORDERING INFORMATION
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

~66°C 10 +160°C

Temperature {Ambie

nt} Under Bias

—55°C to +125°C

Supply Voltage to Ground Potential

05Vt +65.3V

DC Voltage Applied to Outputs for HIGH Output State

—0.5 V to Ve max.

DC Input Voltage

~0.5V10+55V

OC Qutput Current, Into Outputs

0 mA

DC Input Current

—30 mA to +5.0 mA

P/N

OPERATING RANGE

Ambient Temperature

Vee

Am2901PC, DC

0"C 1o +70°C

4756V 10526V

AmZ801DN, FiM

—567C to +1267C

4,50 % t0 5,50 Vv

STANDARD SCREENING
{Conforms to MIL-STD-883 for Class C Parts)

MIL-STD-883
Step Methad Conditions AmZ901DM,FM
Pre-Seal Visual Inspection 2010 B 100%
Stabilization Bake 1008 g ZAhour 100%
150°C
Temperature Cycle 1010 C ~65°C 10 +150°C
10 cyctes 100%
Centrifuge 2001 B 10.,000G 100%
Fine Leak 1014 A 6 x 108 atm-coiomd 100%
Gross Leak 1014 €2 Fluaroearbon 100%
Elegtrical Test 5004 See below for 100%
Subgroups 1 and 7 definitians of subgroups
Insert Additional Screentng here for Class B Parts
Group A Sample Tests
Subgroup 1 LTPD =5
Subgroup 2 LTPD =7
Subgroup 3 5005 See below for LTPD =7
Subgroup 7 definitions of subgroups |LTPD =7
Subgroup 8 LTRFD =7
Subgroup 2 LTPD =7

ADDITIONAL SCREENING FOR CLASS B PARTS

GROUP A SUBGROUPS

MIL-STD-883 Lavel {as defined in MIL-STD-883, method 5005)
Step Method Conditions Subgrou Parameter Temperaturs
AmZ901DMB, FMB group
. P 1 DC 75°C
. 125°¢ |

BurnIn 1015 L 160 hatrs min, | 100% 2 s Maximum rated temperature
Electrical Test 5004 I| 3 GC Migimum rated temperature

Subgroup 1 i 100% 7 Function 250

Subgroup 7 : 10084 B Function Klaximum and minirmum rated

guggroup 3 ! 100% femperature

Subgroup 1 ‘ 100 o Switching | 25°C

- . 10 Switching Maximum Rated Temeperature

Return to Group A Tests in Standard Screening L "N Switching Minimum Rated Temperature




ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)
{Group A, Subgroups 1, 2 and 3)

Typ.
Parameters Description Test Conditions iNoce 1] Mir, (Note 2) Max. Units
| = --148mA
OH 2.4 —|
Yo Y1.Y2.¥3
loH = —1.0mA, Cyig 24
« IpH = ~B00uA, OVR, P 24
VOH Output HIGH Yoitage xcc_ \?"IiN. v OH iV Volts
IN = VI o VL IoH = —600uA, Fg 2.4
IoH = —B00uA 24
RAMg. 3.0, 3 _
ioH = ~1.6ma, G
OH . 24
1 Qutput Leakage Current Voo = MIN, Vo = 5.5V 250 A
CEX far F = O Qurput ViN = ViH or VL _
! 1 = 16mA,
| oL B 05
\ ¥g. ¥, Y2, ¥3. 6
1 farm. —.
I Ve = MIN, 1 =10mA, C ,F=0 a8
Vor Output LOW Valtge ro Yoo : oL mtd: Volts
| Vin = Vg or Vi ig = 8.0mA, OVR, P s
! IgL = 6.0ma, Fy o5
1 -
| RAMg, 3. Qg, 3
I - -
Vi {rput HIGH Level | Guaranteed! ingut logical HIGH 20 Valts
J wvoltage tor all inputs
Vi Input LOW Leve! i Guaranteed input logical LOW | Military
1 woltage for all inputs Comme".:_iil__._
Vi input Clarme Voltage | Vgg=MIN, 1)y = -18mA
] Clock, OF
Ag. A1, A, A
Bg. By. B2, Ba
- Dg, 0. D9, D
"e Inpur LOW Current Vee = MAX. 0717273
| Vi = 0.5V ol b2 ts g
i 13. 14, 15, 17 L
II RAMg 3. Qp, 3 (Note 4)
_ '! Cn
i Clock, OE 20
Ap, Aq. Ag, Ag 20
B0, By. B2, B3 20
Op, Oy, D2, D 40
I fnput HIGH Current Voo = MAX, 0. V2 02 SNV U SNV S S uh
Vg = 2.7V | _lo " l2. 06 te 20
3. 14,15, 17 40
RAMg, 3. Qg, 3 (Note 4] 100
Ch 200
Iy Inpest HIGH Current Voo * MAX. Wy = 5.6 10 ma
:_ Yo, Y. Vo =24V _ 59_ N
[ Ya,3 Vo = 0.5v —-50
tozH Off State {High Impedance) Voo = Max : Y Vo =24V 100 wA
- 1
lozL Qurput Currant | RaMg 3, | {Notas 4)
| Q0,3 Vg =
; g =0.5v _800
| [Note 41
| ¥0,¥1.Y2,¥3.8 “18 —40
L VAR TP SNV —
Ve = 5.6V Cn+d —15 —a0
195 Output Short Circuit Current cc== Ov‘h“‘é"“_’_ - R - —an ma
{Mote 3} Vg =05V e
F3 -15 —a0
RAMp, 3, Cp, 3 ~15 —40
Military 185 280
lee Power Supply Current Yoo = MAX, ma
pply cC Commercial 85 280
Nates: 1. For conditions shown ps MIN, or MAX., use the sppropriate value specifigd under Electrical Charactaristics for the applicabla davice typa.

2.
a.
4.

three-state output is OFF,

Typical limits ara 8t ¥ op = 5.0V, 25° € ambient and maximum loading.
Not mare than one putput should be shortad at a time, Duration of the short circuit test should not exceed one second,
These arg three-stare outputs internally conmnected to TTL inputs Input charecteristics are maasured with '678 in a state swch that the



GUARANTEED OPERATING CONDITIONS TABLE |

OVER TEMPERATURE AND VOLTAGE

Tables 1, 1, and {ii below define the timing reguirements of

the Am2901 in a system. The Am280? is guaranteed to  CYCLE TIME AND CLOCK CHARACTERISTICS
function correctly over the operating range when used within
the delay and set-up time constraints of these tables for the TIME Am2901DC,PC | Am2901DM, FM
appropriate device type. The tables are divided into three
types of parameters; clock eharacteristics, combinational delays

Read-Modify-Weite Cycle
{time from selection of

from inputs to outputs, and set-up and hold time requirements. A, B registers to end of 10%ns 120ns
The latter tabla defines the time prior to the end of the cycle cyclel
{i.e., clock LOW-to-HIGH transition) that each input must be Maximum Clock Fregusncy to
stable to guarantee that the correct data is written into one of Shift Q Register (50% duty 9.5MHz 8.3MHz
the internal registers. cyclel
The performance of the Am2801 within the limits of these Mintmum Clock LOW Tirme 30ns 300s
tables is guaranteed by the testing defined as “Group A, Minimurm Glock HIGH Time 30ns 20ns
Subgroup 9 Electrical Testing. For a copy of the tests and — -
limits used for subgroup 9, contact Product Marketing. Minimum Clock Period 105ns 120ns
TABLE N
MAXIMUM COMBINATIONAL PROPAGATION DELAYS f{alf in ns, C_ < 15pF)
Am29010C, PC (0°C to +70°C; 5V #5%) Am2901DM, FM {-55°C t0 +126°C; 5V £10%)
To Shift Shifr
Output _ _|F=0 Outputs _ __|F=0 Cutputs
From W v | F3 |Cheal G F R ={OVR Y | F3 |Cnsa| &P | RL=|OVR
tnput 470 RAMg Qo 470 RAMg{ Cp
AAMz| Oz RaMz, Oz
A B 110 | 85 80 | 80 | 110 | 75 {1101 — 120 ) 95 | 20 | 90 | 120 85 | 120 —
Diarithrmetic modelf 100 | 70 70 ) 70 | 100} 60 | 95 — 1M | 80 | 75 75 |16} 65 ) 105 —
D (1=X37} {Note bi| 60 | 50 - — 60 - 60 - 65 | &5 - - 1] - | 65 -
Cn 55 | 35 30 - 50 | 40 | 55 - 60 | 40 | 30 - 55 | 45 | &0 -
lpy2 B85 65 BS 85 80 G5 80 - a0 70 70 FiH 85 74 86 —
345 70 | 55 | 60 | 60 | 70 | 60 | &5 — 75 | 60 | 65 65 | 75 | 66 | 70 s
1678 556 | — | -l -4t~ 1 - ]45 /a5 | 60 | -] — | — | — | - {50 |50
OE Erable/Disable |40/25| — - | - - | - w | = faorsl - | - N — — _
A bypassing _ _ _ _ _ _ _ _ _ _ _ _ _ _
ALU {1 = 2xx). 60 85
Clock _ 4 (Note6}| 115 | 85 | 100 (100 110 | 95 | 105 | 60 [ 125 ) 95 | 110 170 | 120 | 105 { 115 | &5

SET-UP AND HOLD TIMES {all in ns} (Note 1) TABLE 1§
Am2901DC, PC (0°C to +70°C, 5V +5%) Am29010M, FM{—56°C to +125°C, 5V +10%)
From (nput Notes
Set-Up Time Hold Time Set-Up Time Hold Time

A, B 2,4 105 0 120 o
Source 3,5 tpwl + 30 tpwl + 30

B Cest. 2,4 tpr + 15 4] tpwl_ +15 ]

D (arithmetic mode) 100 0 10 0

D {1 = X37) (Note 5 60 0 65 [

Cn 55 i 60 0
Ip12 85 0 90 0
1345 70 0 75 0
i578 4 tpwl + 1B 0 tpwL + 15 0
RANo, 3. 09, 3 30 0 30 0

MNotes: 1. Sea Figura 11 and 12
2. If tha B address it used as a source aperand, allow for the A, B source’ set-up time; If it i used only for the destimation address, usa the
B dest,”" set-up ma.
Where two numbers are shown, both must De met,
“tawl ' is tha clock LOW time,
D% 0 s the fastest way to load the RAM from the D inputs. This tunctien is obtained with | = 337.
Using Ct ragistar as source operand In arithmetic mode. Clock is not normally in critical speed path when Q is NoT a source.

‘
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SET-UP AND HOLD TIMES {minimum cycles from each input}

Set-up and hold times are defined relative to the clock LOW-to-
HIGH edye. Inputs must be steady at ail times from the set-up

time prior to the ctock until the held time after the clock. The
set-up times allow sufficient time to perform the correct
aperation on the correct data so that the correct ALU dats
can be written into ane of the registers.
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Figure 1. Minimum Cycle Times from Inputs. Numbers Shown are Minimum Data Stable
Times for Am2901DC, in ns. See Table 1|1 for Detailed Information.
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This is tha delay associated with tha multiplexer between the shift outputs and shift inputs on the Am2907s, See

&1 JCEUr BN Same cycle.
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Registers with the same Propagation

Delay, Clocked hy the Am2201 Clock.
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METALLIZATION AND PAD LAYOUT CONNECTION DIAGRAM

Top View Top View
Dip FLAT PACK
e RN R w ] oF e IS N az [y
s ELY nim g . b a4
=t ] s Aatey [ 3 ol
g T FEN e Y cr[]a 18 ]2y
'555 -,s:\"a RAMD:5 mjﬂz
'gqs wlF ver [ s =[]
) 1 ] ovE Fan[]1 Ty e Y
Ay E B FEY mn R we Y )
A, u w8 Ne= 2 1
Yoo E 1a nEd s Y 1) v
Fep 3 T o " RO M=
w2 Al anp ]z 3 [Jovn
w FLY A ne [ 52 #1 [ J%nsa
[P s AT s g ]+ w8
o [T s EAmi e ] [y s L5}
L I R ELY P Ry [T 21 [ amD
By (] 17 =T By a7 w15
{1 ] Y R L) Yl
B Cw ]t c g 2 [
by [ 20 a8 % Ly ] E=Y [
- N 7Y mm [
Baby Gy Un
Mote: Both grounds [pins 12 and 27)
CHE SIZ2E 0167 x 0198 Mote: Pin 1 is marked for grientation, must be connectad,
Figure 5.

DEFINITIONS

Ag-z The four address inputs to the register stack used to
select one register whose contents are displayed
through the A-port

Bp-z  The four address inputs to the register stack used to
select one register whose contents are displayed
thraugh the B-port and into which new data can be
written when the clock goes LOW.

lg-g The nine instruction control lines to the Am2901,
used to determine what data sources will be applied
to the ALU (lgqz}, what function the ALY will
perform {la45}, and what data is ta be deposited in
the QO-register or the register stack {lg7g}.

Oy A shift line at the MSB of the Q register {O3) and the

RAM; register stack {RAM3). Electrically these fines are
three-state outputs connected to TTL inputs internal
to the Am2901. When the destination code on lg78
indicates an up shift {octal & or 7) the three-state out-
puts are enabled and the MSB of the Q register is
available on the Q3 pin and the MSB of the AL U out-
put is available on the RAM3 pin. Ctherwise, the
three-state outputs are OFF (high-impedance) and the
pins are electrically LS-TTL inputs. When the desti-
nation code calis for a down shift, the pins are used
as the data inputs to the MSB of the O register
{octal 4} and RAM {octal 4 or 5).

Qp Shift lines like Q3 and BAM3, but at the LS8 of the

RANg Q-register and RAM. These pins are tied to the Q3
and RAM3z pins of the adjacent device to transfer
data between devices for up and down shifts of the
Q register and ALU data.

Dg-3  Direct data inputs. A four-bit data field which may
be setected as one of the ALU data sources for
entering data inte the Am2801. Dg is the LSB.

Yo-3

|
o1

OVR

Cn
Catd

CcP

The four data outputs of the Am2901. These are
three-state output lines. When enabled, they display
either the four outputs of the ALU or the data on the
A-port of the register stack, as determined by the
destingtion code lg7g.

Output Enable. When OE is HIGH, the ¥ outputs
are OFF; when OE is LOW, the Y outputs are active
(HIGH or LOW].

The carry generate and propagate outputs of the
Am2801's ALU. These signals are used with the
Am2902 for carry-lookahead. See Figure 8 for the
logic eqguations.

Overflow. This pin is logically the Exclusive-OR of
the carry-in and carry-out of the MSE of the AL,
Ai the most significant end of the word, this pin
indicates that the result of an arithmetic two's com-
plement operation has overflowed inte the sign-bit,
See Figure 8 for logic equation.

This is an open collector output which goes HIGH
{OFF} if the data on the four ALU outpuis Fp_a
are all LOW. In positive logic, it indicates the result
of an ALU operation is zero.

The carry-in ta the Am2901's ALU.

The carry-out of the Am2907's ALU, See Figure 8
for equations,

The clock to the Am2801. The Q register and register
stack outputs change on the clock LOW-to-HIGH
transition. The clock LOW time is internally the
write enable to the 18 x 4 RAM which comprises the
“master” latches of the register stack. Whiie the clock
s LOW, the "slave” latches on the RAM outputs are
closed, storing the data previously on the RAM
outputs. This allows synchronous master-slave opera-
tion of the register stack.



ARCHITECTURE

A detailed block diagram of the hipolar microprogrammable
microprocessor structure is shown in Figure 1. The circuit is a
four-bit slice cascadable to any number of bits, Therefore, all
data paths within the circuit are four bits wide. The two key
elements in the Figure 1 block diagram are the 16-word by 4-bit
Z-port RAM and the high-speed ALU,

Data in any of the 16 words of the Random Access Memory
[RAM) can be read from the A-port of the RAM as controlled by
the 4-bit A address field input. Likewise, data in any of the 16
words of the RAM as defined by the B address field input can be
simultanecusly read from the B-port of the RAM. The same code
can be applied to the A select field and B select field in which case
the identical file data will appear at both the RAM A-port and
B-part outputs simultaneously.

Wher enabled by the RAM write enable {RAM ENJ, new datais
always written into the file (word) defined by the B address field
of the RAM. The RAM data input field is driven by a 3-input
mujtiplexer, This configuration is used to shift the ALU output
data {F} if desired, This threa-input multiplexer scheme allows the
data 1o be shifted up one bit position, shifted down one bit pasi-
tion, or not shifted in gither direction.

The RAM A-port data outputs and RAM B-port data outputs
drive separate 4-bit latches. These latches hold the RAM data
while the clack input is LOW. This eliminates any possible race
conditions that could occur while new data is being written into
the RAM.

The high-speed Arithmetic Logic Unit [ALU} can perform three
binary arithmetic and five logic operaticns on the two 4-bit input
words R and 5. The R input field is driven fram a 2-input multi-
plexer, while the & input field is driven from a 3-input multi-
plexer. Both multiplexers also have an inhibit capability; that is,
no data is passed. This is equivalent to a “zere™ source operand,

Referring to Figure 6, the ALL R-input multiptexer has the AAM
A.port and the direct data inputs (D) connected as inputs. Like-
wise, the ALU S-input multiplexer has the RAM A-port, the
RAM B-port and the (} register connected as inputs.

This multiplexer scheme gives the capability of selecting various
pairs of the &, B, O, Q and “0"" inpuis as source operands to the
ALU, These five inputs, when taken two at a time, resuit in ten
possible combinations of source operand pairs, These combin-
ations include AB, AD, AQ, A0, BD, BQ, 80, DQ, DO and Q0.
It is apparent that AD, AQ and AD are somewhat redundant with
BD, BQ and B in that if the A address and B address are the
same, the identical function resuits, Thus, there are only saven
cempletely non-redundant source operand pairs for the ALU.
The Am2201 microprocessor implemerts eight of these pairs.
The microinstruction inputs used to select the ALU source
operands are the Ig, 11, and 12 inputs. The definitian of I, 1,
and |7 for the gight source operand combinations are as shown in
Figure 7. Also shown is the octal code for each selection.

The two source operands not fully deseribed as yet are the D in-
put and Q input. The O input is the four-bit wide direct data
field input. This port is used to insert all data into the warking
registers inside the device. Likewise, this input can be used in the
ALU to modify any of the internal data files. The Q register isa
separate 4-bit file intended primarily for multiplication and
division rputines but it can also be used as an accumulstor or
helding register for some applications,

The ALU itself is a high-speed arithmetic/logic operator capable
of perfarming three binary arithmetic and five logic funetions,
The I3, 14, and g microinstruction inputs are used to select the

8

ALY function. The definition of these inputs is shown in Figure 8.
The octal code is also shown for reference, The nermal techmique
for cascading the ALY of several devices i5 in a look-ahead carey
mode. Carry generate, G, and carry propagate, P, are outputs of
the device for use with a carry-look-ahead-generator such as the
Am2902 ("182). A carry-out, Co g, i also generated and is avail-
able &s an output for use as the carry flag in a status register. Both.
carey-in (Gl and earry-out {C 4 4) are active HIGH.

The ALY has three other status-oriented outputs, These are F3,
F =10, and overflow {OVR]. The £3 output is the most significant
Isign) bit of the ALWU and can be used to determine positive or
negative results without enabling the three-state data outputs.
F1g is non-inverted with respect to the sign bit output Yq. The
F = 0 output is used for zero detect. It 15 an cpen-collector out-
put and can be wire OR‘ed between microprocessor slices. F =0
is HIGH when all F outputs are LOW. The overflow output {OVR)
is used to flag arithmetic operations that exceed the available
two's complement number range. The overflow output (OVR}
is HIGH when overflow exists, That is, when Cp+3 and Cppq are
nat the same palarity.

The ALLU daia output is routed to several destinations. It can he a
data output of the device and it can also be stored in the RAM or
the & register, Eight possible combinations of ALU destination
functions are available as defined by the ig, 17, and lg micro-
instruction inputs. These combinations are shown in Figure @,

The four-bit data cutput field (Y] features three-state outputs and
can be directly bus organized. An output control {OE} is used to
enable the three-state outputs. When OE is HIGH, the Y outputs
are in the high-impedance state.

A twa-input multiplexer is also used at the data output such that
either the A-port of the RAM or the ALLU outputs (F} are selected
at the device Y cutputs. This selection is controlled by the g, 17,
and |z microinstruction inputs. Refer to Figure 4 for the selected
oputput for each micreinstruction code combination,

As was discussed previously, the RAM inputs are driven from a
threg-input multiplexer. This allows the ALU outputs to be
entergd non-shifted, shifted up one position (X2] or shifted down
one position (T2}, The shifter has two ports; one is labeled RAMg
and the other is labeled RAM;. Both of these ports consist of a
buffer-driver with a three-state output and an input to the multi-
plexer. Thus, in the shift up mode, the RAM3 buffer is enabled
and the RAMg multiplexer input is enabled. Likewise, in the shift
down mode, the RAMg buffer and RAM5 input are enabled. In
the no-shift mode, bheth buffers are in the high-impedance state
and the multiplexer inputs are not selected. This shifter is con-
trolled from the tg, (7 and lg micreinstruction inputs as defined
in Figure 9.

Similarly, the Q register is driven from a 3-input multiplexer, In
the no-shift mode, the multiplexer enters the ALU data into the
G register. In either the shift-up or shift-down mode, the multi-
plexer selects the Q register data appropriately shifted up or
down. The Q shifter also has two ports; one is labeled Qg and the
other is Qa. The operation of these two ports is similar to the
RAM shifter and is also controlled from g, I3, and Iz as shown
in Figure 9.

The clock input to the Am2901 controls the RAM, the O register,
and the & and B data latches. When enabled, data is clocked into
the 0 register on the LOW-to-HIGH transition of the clock. When
the clock input is HIGH, the A and B latches are open and will
pass whatever data is present at the RAM outputs. When the
clock input is LOW, the latches are closed and will retain the
{ast data entered. If the RAM-EN is enabled, new data will be
written into the RAM file {word} defined by the B address field

when the clock inpuy is LOW.
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ALU SOURCE '
MICRD CODE OPERANDS MICRO CODE ALY Symbel
: m
f \ | Oetat & 5 ) e 1 Ocml Functian
2 1 ] Code 5 4 2 Code
L L L [V A a L L L o R Pz S R+S
L L H 1 A -] L L H 1 5 Minus A 5—R
L H L 2 0 o Lt H L 2 A Minay § R-§
L H H 3 o 8 L H R 3 AORS RVS
Ho L L 4 o A H L L 4 AAND S AAS
H L H 5 2] A H L H 5 i AND S A
H H L [ D s} H H L 6 A EX-OR § RYS
H H H 7 D o H H H 7 REX-NORS| FAv¥S
Figura 7. ALY Source Operand Control. Figure 8. ALU Function Control.
RAM Q-REG, RAM Q
MICRO CODE
FUNCTION FUNCTION Y SHIFTER SHIFTER

a1 g g:;' Shift Load Shif1 Laad OUTPUT RAMg | RAMaz | ag | og

LoL ok ) X NONE NONE F—0 F x X x x

L L H 1 X NONE % NONE F % X X X

LWL 2 NONE F=B x NONE IS X x x x

L H H 3 NONE F—g % MQME F b3 % X X

Ho L L 4 DOWN Fi2=g COWN ai2—0 [ Fo i WNg | Op | Ny

H L H 8 DOWN Fi2osB X MONE F Fo | g | Qg X

H H L 6 up 2B ue 20—+0 F Wy | Fyg Ny | Oy

H 4 H 7 up 2F 8 X NONE F iNg | Ry % Oy

X=>Don’t cara. Elactrically, the shift pin is a TTL input intarnally connactad 1o a threa-state

impedance state.

B =Register Addressed by B inputs.

Up is toward MEB, Down is toward LS8,

Figure 9, ALU Destination Control.

o J310 OCTAL 0 1 2 3 4 5 6 7
g 5 ALU
A4, Source| 4 a am 0,0 0,B 0,A o,A D.a D, 0
L 3[ALu’
Function
- T
Cn=L &0 A+B 2 B A O+A B+Q o
0| RPluss
Ch=H A+ ArEH Q+ B+1 A+ DA+t OO D+l
Cn=L Q-A-1 B—A—1 Q-1 8-1 a—1 A=D1 Q-0-1 —o-1
S Minus R
Ch=H a-A H—A Q ] A A-D a-D -0
Cn=L A—0-1 a—B—1 —0-1 —B-1 —h—1 b-A—1 D—0-1 o1
2 | A Minus S
Cp=H A-O A—E -0 —8 —A D—4 o-a v]
3 RORS AvQ AvE a B A Dva oo o
41 RANDS A AN [} o 1] DAA oAd o
5| RANDS Ran RAB a e A Baa Bra 0
6 [REX-ORS AwQ A% B s} a A DA Dya o
7 |IREX-NORS| &vd EvE a 8 A o Bei [}
+ = Piug; — = Mirus; %W = DR A = AND; v =EX-DR

Figure 10. Source Operand and ALY Function Matrix.

output which is 0 the high-




Octal
I523. 1210 Group Function

40 AND
41 AMNB
45 AND DA
48 DAQ
20 AVQ
I I
36 ova
60 AvQ
Bl | exon | A
66 DYO
740 A

1 AN
e ExNOR | A2
76 pva
12 a
73 B
74 INVERT A
77 %)
€2 a
&3 B

PASS

&4 A
57 )
az Q
a3 B
3a PASS A
a7 D
42 0
43 M " [+
a4 ZERQ o
47 0
&0 ArQ
S| e | B0
56 DAQ

Figure 11. ALU Logic Mode Functions.
{C Irrelevant}

LOGIC FUNCTIONS FOR G, P, Cp+q. AND QVR

The four signais G, P, Cn+4, and OVR are designed to indicate
carry and overflow conditions when the Am2001 is in the add
or subtract mode, The table below indicates the logic equations
for these four signals for each of the eight ALU functions. The
R and 5 inputs are the two inputs selected according to
Figure 7.

SOURCE OPERANDS AND ALU FUNCTIONS

There are eight source operand pairs available to the ALU as
selected by the fy, 11, and i5 instruction inputs. The ALU can
perform eight functions; five logic and three arithmetic, The
I3, 14, and g instruction inputs control this function selection.
The carry input, Cq, also affects the ALU results when in the
arithmetic mode. The Cp input has no effect in the logic mode.
When lg through lg and Cp, are viewed together, the matrix of
Figure 10 resutts. This matrix fully defines the ALU/source
operand function for gach state.

The ALU functions can also be examined on a “‘task’ basis,
i.e., add, subtract, AND, R, etc. In the arithmetic mode, the
carry will affect the function performed while in the logic
mode, the carry will have no bearing on the ALU output.
Figure 11 defines the various logic operations that the Am2901
can perform and Figure 12 shaws the arithemtic functions of
the device, Both carry-in LOW (Cp = B} and carry-in HIGH
(Cy, = 1} are defined in these operations.

Octal Cp =0 {Low} Cn = 1 {High)
542, 210 Group Function Group Function
00 AvQ A+
01 ADD A+B ADD plus AtBH
05 DA one O+A+
06 [mide] D0+
02 a 023
032 PASS B Increment | B+1
04 A A
07 ] P+l

12 -1 Q
13 Decrament B—1 PASS ]
t 4 41 A
27 -1 v}
22 —0-1 -0
23 1's Comp, —B-1 2's Comp, | —B
24 —8—1 [Negate) —A
17 —-D-1 —
1D a-a-1 a-a
11 Subtract B—&—1 Subtract B—A
15 (1's Comp} | A—DO-1 12's Comp) | A-D
18 a-0-1 Q-0
20 A—Q-1 A=0
2% A—B-1 A—B
25 D-A-1 D=A
26 D—0-1 D0

Figure 12, ALU Arithmetic Mode Functions,

Definitions {+ = OR)

Po = Rg + Sg Gp = RS0
Py =Ry + 35 Gy = R
P2 = Ry + 53 Gz = Ry5;
Pz =Rz + 853 G3 = RaS3

C4q = Gg + P3Gy + PaP2Gy + P3PaP1Gg + P3PaP1PoCh
Ca = Gg + PGy + PP Gp + PP PpCp

1"



ls43 | Funection 3 G Ch+4 OVR
0-{ A+S P3F2P Py Gy + P3Gz * F4P2G, + P3PaP1 Gp Cq C3%Ca
1 =R |em Same as R + § equations, but substitute FT. for Rj in definitions A
2 R =5 |- Sarne as A + 5 equations, but substitute S_l for §; in definitians -
3 | Rvs LOW P3PP 1Py P3PaP1Po +Cn P3P2P1Fg +Cn
4 | RAS LOW Gy + Gy + Gy +Gp Gy + G + Gy + Gg + Cpy Gy+Gy+Gy+0Gp+0Ch
5 RAS LOW [——— _ Same as R /A 5 eguations, but substituta R_. for R; in definitions ——————— o=
6 A%¥S - Same as R % §, but substituta Ei for Rj in definitions o
7 | R¥S | G3+6,+6G,+6Gg Ga+PaGy +P3PaGy +P3PPy Gy G3 * P3Ga + PaPaGy See note

+ P3PyPFy 1Gg + Cl

Nate: [-Pz "‘62'_)1 +§2 6150 +6261 EuCn] A4 [$3 +§3-F2 +“G‘3§2‘P-1 +‘G:;GQG1T)Q +§36261600n]

12

Figure 13,
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High-Speed Look-Ahead Carry Generator Am2902

FUNCTIONAL DESCRIPTION

The Am2902 is a high-speed, look-ahead carry generator
which aecepts up to four pairs of carry propagate and carry
generate signals and & carry input and provides anticipated
carries across four groups of binary ALLVs. The device also
has carry propagate and carry generate outputs which may
be used for further levels of look-ahead.

The Am2902 is generally used with the 2901 bipolar micro-
processor unit to provide look-ahead over word lengths of
more than four bits, The look-ahead carry generator can be
used with binary ALU's in an active LOW or active HIGH
input operand mode by reinterpretingsthe carry functions.
The connections to and from the ALU to the look-ahead
earry generator are identical in both cases.

The logic equations provided at the outputs are:
Crax = Gp + PpCp
Crty = G1 +P1Gp + PyPpGy,
Criz = Gy + PGy + PyPGp + PyP1PpC,
G =Gz + P3Gy + P3P3Gy + PaPoP4 Gy
P = PBPQP-]PO

DISTINCTIVE CHARACTERISTICS

® Provides look-ahead carries across a group of four
Am?2801 microprocessor ALU's

® Capability of multi-level look-ahead for high-speed
arithmetic operation over large ward lengths

& Typical carry propagation delay of 6 ns

® 100% reliability assurance testing in compliance with
MIL-STD-883

ORDERING INFORMATION

Package Temperature Crder

Type Range Nurnber
Moided DIP 0°C to +70°C AMZO02PC
Hermetic DIP 0°C to +70°C AM2902DC
Dice 0°C to +70°C AM2902XC
Hermetic DIP ~B5°C to +125°C AM2902DM
Hermetic Flat Pack —55°C to +125°C AM2902F M
Dice ~55°C to +125°C AMZ902XM

LOGIC DIAGRAM

Gy By 5 8; 7y

Cate Cavy

[
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MAXIMUM RATINGS [Above which the useful life may be impaired)

Storage Ternperature

—65°C to +150°C

Temperature {Ambient} Under Bias ~56°C 10 +126°C
Supply Voltage to Ground Potential —0.5V 10 +7.0V
DC Voitage Applied to Outputs for HIGH Qutput State —0.5Y to +Vpo max.
DC Input Voltage —0.5% to +5.5vV
DC Dutput Current, Inte Qutputs 30 mA

DC Input Current

=30 mA 1o +5.0 mA

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE {(Unless Qtherwise Noted)

AM2902XC Ta =0°Cto+70°C Vee = 5.0V 15% (COM'L) MIN, = 4,75V MAX, = 5,25V
AmIO02H N Ta = —58°C o +128°C Voo =50V £10% {MIL} MIN. = 4 50V MAN, ~ 550V TYP
Paramaters Description Test Comditions {Note 1} Min. {Note 21 Max. Units
Voo = MIN,, IgH = —0.8mA
Vot Cutput HIGH Waltage CC_ oH 2.4 0 Volts
VN = Vi or Vi
Voo = MIN, 1o = 16mA
VoL Cutput LOW Voltage 0.2 a4 Volts
V)N = Vg or VL
Guaranteed input logical HIGH
ViH {nput HIGH Levet voltage for all inputs 20 Valts
Guaranteed input logical LOW
VL Input LOW Level voltage for all inputs 0.8 Volts
Wy Input Clamp Voltage Voo = MIN, Iy = =12mA —1.5 Volis
Cn -3.2
35 —4.8
1 ) —6.4
L Input LOW Current Ve = MAX, Vi = 0.4V = ma
{MNote 3) Py, Py, Gz -8.0
Go,a'z =144
By —16
Cn { 20
[ 120
1 inout HIGH Pz 160 N
{Note 2} nput HIGH Current Ve = MAX., Wy = 2.4V %0.71, 83 200 u
ED--GZ 360
Gq 400
s
n Input HIGH Current Voo = MAX, VN = 5.5V 10 mA,
Output Short Circuit _ _
Isc Note 4} Veop = MAX, Vot = 0.0V -0 —=100 A
Ve = MAX, MIL 62 99 A
m
All Qutputs LOW COM'L 58 a4
fee Power Supply Current
= ML 37
Yoo = MAX, mA,
All Quputs HIGH COM'L 35
Motes: 1. For conditions shown as MIN, ar MAX,, use the sppropriate value specified under Electrical Characteristics for the applicable device typa,

1
2. Typical lirnits are at Vo = 5.0V, 25° C ambient and maximum loading,

3, Actual nput currents = Unit Load Current X [nput Logd Factor {ses Laading Rulas),
4

. Not more than ong output should be shorted at a tlme, Duration of the short sircuit test should not exceed one second,

14



SWITCHING CHARACTERISTICS vcc =50V, Ta=25"C, CL = 15pF, R = 40002

Parameter From (Inpul} Toa (Oulput) Test Figure Test Conditions Min Typ Max Unils
. T —— _— - T T
LH i | P =P <P =0V i IR
] (o ! C..: 2 I Fa=r H | | ne
i tPHL ' !i n+] GD: G| =Gzz 45y 11 | 14 |
tLH S B oovimy o
T pB. o] 3 i = ng
tPHL ! ; n i Cn = ﬁﬂ = {3
———— p— S r_ S p— —_ s memme mmaa e - —_ - —_ — e e — . _— .
1 = N
| PLH g I C..,. a , G =0vii> ns
tPHL _ ! - C=P,=P .
PLH = I A |3_ =_0 _U >_,-], B o 14
I £, GorP 2 , i~ = Y = ; 1 ns
L ! C.=G, =0, =G, =45V fon 19
| J e e I i
tpLH — - G =0V 12 14
4| G, GaorP 2 PR M — — — ; ns
tPHL ; C,=P,=F =P, =45V 17 14
LOADING RULES {In Unit Loads}
C, Carry-in, The carry-in input to the look-ahead generator, Fan-aut
Also the carry-in input to the nth Am29Q1 microprocessor Input Cutput  Output
ALU input. Input/Qutput  Pin No.s UnitLoad HIGH LOW
Cn+j Carry-out, {j = x, v, 2). The carry-out output to be used G ! 8.0 = -
at the carry-in inputs of the n+1, n+2 and n+3 microprocessor ™ 2 4.0 - -
AL slices. &g T — ”
G;, P, Generats and propagate inputs respectively {i= 0,1, 2, % 3 a0 _ _
3). The carry generate and carry propagate inputs from the n, = p w0 — —
nil, n+2 and n+3 micropracessor ALY shices. P_3 Py 2'
) 4 - ~
G, P Generate and propagate outputs respectively. The carry _3 [
generate and carry propagate outputs that can be used with the P ’ - __1s 8
next higher level of carry lock-ahead if used. GND g - - -
Chiz 9 - 16 8
TRUTH TABLE G 0 - 6 8
Cosy n - 15 2
1
[ _l_ljguti ______ ——— o!"pu_‘s;___ cn+x 12 -— 16 B
€, G P, G P G P, G P C,.C0yCoaB P S "3 76 = =
X H H L Gn 14 _ —
L H X L _"E 7.2
X L X H [} 15 3.2 - —
'-_I._ _X L 1 __H e+ - Ve 16 - _ -
X X X H H L
i( : E n i i t A Schottky TTL Unit Load is definad as 50pA measurad at 2,7V
X X X L X H HIGH and —2.0mA reasured a: 0.8V LOW.
X L X X L H
H X L X L H
¥ X X X X H H - T Metallization and Pad Layout e v a
X X X H HH X L A
X H HH X H X L OFE S1ZE 0.085" X 0.068"
L H X H X H X L
X X X X X L X H
X X X L X X L H
X L X X L X L H
H X L X L X L H
X X X X X H H H
X X X H H H X H
X H HH X H X H
H H X H X H X H
SRR :
X X% EX L C CONNECTION DIAGRAM “ﬁc IF'?l Gﬁ_cﬂ crn;lxcln_']v F\ Cara
L X L X L x 1 L Top View 1 R TR R R TR
H X X X H
X H X X H ' ?
X X H X H . .
X X X H H L.
L L L % L 2 * 4 5 @ 7
WY W Yy ) R
H = HIGH Voltage Level Gy Pr Gy fy w3 Pg P OGND
L = LOW Voltage Leve! Nate: Pin 1 is marked for orientation,
X = Don't Care

15
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APPLICATIONS

CARRY-IN C, Am2801 G, Am2am C, Am2801 Gy AM2001 C e CARRY-QUT
G P G P G P
Go Fo Cnex Gy P1 o Coy Gz P2 Cnie
Cn Am2902
16-BIT CARRY LOOK-AHEAD CONMNECTION.
y AM2501 \
CARRY-IN Cn  _ S S S| e & _ S _ Cn Crvt e caRRY-OUT
<] F G P G P 5 ol & P G P 3 P .
Go Pg Cnyx Oy Py Cney Og Py Cnp Gy Py | Gg Py Cray G4 Py Coyy Gy Py Cpuy 63 Py
n Am2602 i 7 Cn

Ama02

By Py Coux
cl\

AmZS02

32BIT ALU, THREE LEVEL CARRY LOOK-AHEAD,



Quad Two-lnput OC Bus Transceiver

With Three-State Recelver

FUNCTIONAL DESCRIPTION

The Am2905 is a high-performance, low-power Schattky
bus transceiver intended for bipolar or MOS microprocessor
system applications. The device consists of four D-type
edge-triggered flip-flops with a built-in two-taput muld-
plexer on each. The flip-flop outputs are connected 1o four
open-collector bus drivers. Each bus driver is internally con-
nected 1o ang input of a differential amplifier in the receiver.
The four receiver differential amplifier outputs drive four
D-type latches that feature three-state cutputs,

This LS| bus transceiver is fabricated using advanced low-
power Schottky processing. All inputs {except the BUS in-
puts) are one LS unit load, The open-collector bus output
can sink up to 100 mA at 0.8V maximum, The BUS jnput
differential amplifier contains disconnect protection diodes
such that the bus is fail-safe when power is not applied, The
bus enable input {BE} is used to force the driver outputs to
the high-impedance state. When BE is HIGH, the driver is
disabled, The open-coliectar structure of the driver allows
wired-OR operations to be performed on the bus,

The input register consists of four D-type flip-flops with a
buffered commaen clock and a two-input multiplexer at the
input of each flip-flop. A commeon select input {5} controls

Am2905
o e e e e e e e |

O-type latch that is controlled from the buffered receiver
latch enable {(RLE} input. When the RLE input is LOW, the
latch is open and the receiver outputs will follow the bus
inputs [BUS data inverted and OE LOW). When the RLE
input is HIGH, the {atch will close and retain the present
data regardless of the bus input, The four latches have three-
state outputs and are controlled by a buffered common
three-state control {DE) input. When OE is HIGH, the
recejver outputs are in the high-impedance state.

DISTINCTIVE CHARACTERISTICS

Quad high-speed LS| bus-transceiver
Open-collector bus driver
Two-port input to D-type register on driver

Bus driver output can sink 100 mA at 0.8V max.

Three-state receiver outputs sink 12 mA
Advanced low-power Schottky processing

L 2
L
L
L
® Receiver has output latch for pipeline operation
L
»
»

100% reliability assurance testing in compliance with

MIL-STD-883

ORDERING INFORMATION

the four muitiplexers. When 5 is LOW, the A; data is stored Package Temperature Chrder
in the register and when § is HIGH, the B, data is stored. Type Range Nurmber
Shis crives raginter on the LOWAGHIGH transtion. Moldsd DIP 07Cto+70°C  AM290SPC
Hermetic CP J'Cto+70°C AMZE060C
Data from the A or B inputs is inverted at the BUS output, Dice 0°C to +70°C AM2905XC
Likewise, data at the BUS input is inverted at the recoiver Hermetic DIP —B5°C 10 +125°C AMZB050DM
output. Thus, data is non-inverted from driver input to Hermetic Flat Pak _B5°C to +126°C AMZO0SFM
receiver output. The four receivers gach feaiure a built-in Dice -65°C to +125°C AM2005XM
LOGIC DIAGRAM
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MAXIMUM RATINGS (Above which the useful life may be impaired}

Storage Temperature

—B5°C to +150°C

Temperature {Ambient} Under Bias —55°C to +126°C
Supply Voltage 1o Ground Potentia! -0.6V to +7V
DC Voltage Applied to Qutputs for HIGH Output State —05V to +Vp max.
OC input Voltage —0.5V to +5.5V
DC Qutput Carrent, Into Outputs (Except Bus) mA
DC Qutput Current, Into Bus 200 maA,

DC Input Current

=30mA o +5.0mA

ELECTRICAL CHARACTERISTICS

The foliowing condnions apply unless otherwise noted:

Am2905XC {COM L Ta =0°Cro+70°C VegMIN, = 475V VecMAX. = B.25 v
AM2BOSXMIMIL] Tz » —65°C 1o +126°C  VooMIN. =4.50Y YagMAX. = 6,50V

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Tvp.
Parameters Description Test Conditions (Nowe 1) Min. {Note 2) Max, Units
I = 40mA 0.32 05
YoL Bus Duput L.OW Voltage Voo = MIN, oL = M0mA 041 a7 oltg
IgL = 100mA [ 0.56 as
Vg =04y | -50
I Bus Leakage Current Ve = MAX, Vo= 48V | ML !_ 200 HA
coM'L | P00
- — f
Bus Leakage Current -
P Vo = 48V 100
OFF {Power OFF} ° A
. | ML 24 20
VTH Receiver Input HIGH Bus enable = 2.4V | : : - Volts
Threshold [ comL 23 20
; Mi T
VL Receiver Input LOW Bus enable = 2.4V ‘ L 29 1.5 - Volts
Threshald | CcoML 20 1.6 -1
18



ELECTRICAL CHARACTERISTICS

The following conditions spply uniess atherwise notgd:

AmZY906KE (COM L)
AmZE05XM MIL)

Ta=0"Cro+70°C Vg M
Ta=~85"Cro +1268°C VoM

IN, =478V VeeMAX. =825V
IN. =450V VeoMAX. =580V

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Tyo.
Parameters Description Test Conditions (Note 1) Min. iNDte 2 Max, Units
T _ T
Vou Receiver Gutput Yoo = VIN | MIL, lgH = —1.0maA 24 34 o Volts
HIGH Voltage ViN=ViLerVig [ COML, fon = —26mA 24 34 |
v MIN loL = 4mA 0.27 0.4
Receiver Qutput cc = MIN.
V) | = 8mA, . 045 1
oL LOW Voltage VIN = VLo V)Y oL ”=m L j_, 0.32 volts
oL = 12mA ; 0,37 0.5
ViH Input HIGH Level Guararfteed input logical HIGH 20 |- |I Volts
{Except Busl for all inputs :
| :
|
v Input LOW Leval Guaranteed input fogical LOW WL c 03 [ volts
it {Except Bus} for all inputs COML I oB |
I ,
1 vy Input Clamp Voltage Vee = MING, [y = —18mA f -1.5 Volts
I {Except Bus) i
I Input LOW Current - - '
t W =MAX Wy =04y ~0.36 ma
E I {Except Bus} ce N
tnput HIGH Current _ -
| W =MAX Wy =27V 20 HA
H {Except Bus) ce N
Input HIGH Current - -
I Voo = MAX,, Vi = 5.5V 100 HA
{Except Bus) ce N
1
i E Vi =24V 20
10 Receiver Off-State Vee = MAX. |¥] uh
Qutput Current Vo =04Y —20
fsc Recajver Qutput Vg = MAX, -2 -65 L]
Short Circuit Corrent
Folnd Power Supply Current Ve = MAX ., All inputs = GND 69 108 maA
SWITCHING CHARACTERISTICS OVER Am2905XM Am2905XC
OPERATING TEMPERATURE RANGE Typ. Typ.
Parameters Description Test Conditions Min. iNorezy  Max.  Min.  iNorez)  Max.  Units
tPHL 2 40 ' EED
Driver Clock (BRCP} to Bus ns
tPLH € {BUS} = 50pF 21 40 2 | .
tPHL _ AL {BUS} = 505t 13 % 13 | 23
Bus Enable (BE) to Bus ns
tPLH 13 26 12 23
g 25 23
Data Inputs 1A or B) ns
th a0 70
1y 33 30
Select Input {5} "
th 8.0 7.0
Criver Clock {(DRCP) Pulse Width
t 28 25 ns
Fw (HIGH!
tPLH Bus to Receiver Output 18 37 18 34 s
tPHL {Lateh Enable} Cp = 18pF 18 a7 18 24
PLH Ry = 2.0k b} 37 21 34
Latch Enable 1o Receiver Output s
tPHL [ 21 37 al 34
T
Iy __ 2 18
A Bus to Latch Enable {RLE) I ns
th 7.0 5.0
tZH 14 28 14 25
Qutput Control to Receiver Quiput ns
7L 1 13 28 14 25
tyz CL = 5.0 pF 14 28 14 25
Qutput Control 1o Receiver Qutput _ g
Wz R_=2.0KQ 14 28 14 25

MNotes: 1. For congivions shown as MiN, or MAX . use the appropriate value specified under Electrical Characraristics for the applicable davice type.
2. Tvypical limits are at VCC =50V, 25°C ambiant angd maximum lgading,

3. Mot more than one output should be shertad at g time, Duration of the shart circuit tese should not exceed one wecond,
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INPUT/OUTPUT CURRENT
INTERFACE CONDITIONS
DRiVEN INPUT

BUS QRIVING QUTPUT

.ﬂ B 5= 10x0
DACP = 10k

Note: Actual current fiow diregtion shown.

TYPICAL PERFORMANCE CURVES
LOAD TEST CIRCUIT

TesT Yoo Bus Output Low Voltage Receiver Threshold Variation
. Versus Ambient Temperature E Varsus Ambient Temparature
2k 2o £ 35 r
8 vl ! 5(!\." L 24 :
= 45 g : +
— A ;I‘ lCC ; § :
w e | g :2:: o =55V
AMZS05 & — .E | i H T T [ ¥ec=55v
. - 21 -
c I 2 Q6T Igug = 100ma - 2 r [T T
L 20 M —l —CamL
150F = lgyg = TAmA = R Vep w475V _|¥
= BUS oo n
JNOTE 1 E n4 = v 18 ~——\ =
m 2 — £ s ‘
v = o | lpyg = 40mai e VCC:"-E""
& T Y | — | - woT :
g Jest ot [ i z E
N © poimt 3 : i b ote i
1 ] T 45 i
_ng ? —-§5-35-15 5 25 45 65 BE 105 125 :_ -65 —35-16 § 25 45 65 3% 105125
Im(onsrs 1 T — AMBIENT TEMPERATURE - °¢ = Ty, — AMBIENT TEMPERATURE —
SWITCHING WAVEFORMS
DRIVER
CLOEK rav

ov

Th —|

A Bors
iNFUT

WM .._,..l LT

iov

1.

it

¥

oy

)

1
L VoH
BUS
oUTRUT N&i 20¥
VoL
TerL Ty '—
Vor
RECEIVER F

QUTPUT — 1av

Mota: Bus to Recaiver output delay is measured by clacking data into the driver register
and messuring the BUS to A combinatarial delsy,




FUNCTION TABLE

INPUTS o SEvRk | BUS | OUTPUT
FUNCTION
$ | A;j| B; | DRCP! BE |RLE; OE | Dy qQ; |BUS; R;
XXX X H X X X X Z X Driver gutput disablz
XXX X X | X | H X X z Receiver output disable
XXX} X H}jL|L X 3 L H Driver output disable and receive data
XXX X HIL|L X H H L via Bus input
X x| X X X|H| X X NC X X Latch received data
L|L|X t X X | X L X X X
L|H|X t X | X[ X H X X X . .
Load driver register
HIX|L t X X | X L X X X
H|XH 1 X | X | X H X X X
XX | X L X | X | X NC X X X . .
Mo driver clock restrictions
XXX H X | X[ X NC X X X
X X[ X X L| X[ X L X H X i
Drive Bus
X|x1 X X L | X} X H X L X
H=HIGH Z =HIGH Impedance ¥ = Don't care i=0,1,2,3
L = LOwW ™NE = Na changs 1~ LOW to-HIGH transition
DEFINITIONS

Ag, Ay, Az, Aq The “A" word data input inta the two
input muttiplexer of the driver register.

4. B4, B85, By The “B"” word data input into the two
ingut multiplexers of the driver register,

-1 Select. When the select input is LOW, the
A data word is applied to the driver reg-
ister. When the select input is HIGH, the
B word is applied to the drivar register.

DRCP Driver Clock Pulse, Clock puise for the
driver register.

BE Bus Enable. When the Bus Enable is HIGH,
the four drivers are in the high impedance
state.

BUSD, BUS1 The four driver outputs and receiver in-
BUS,, BUS, puts (data is inverted).

Rg, R1. R2, B3 The four receiver outputs. Data from the
bus is inverted while data from the A or B
inputs is non-inverted,

LE Receiver Latch Enable. When RLE is
LOW, data on the BUS inputs is passed
through the receiver latches. When RLE
is HIGH, the receiver latches are closed
and will retain the data independent of
atl other inputs,

OF Output Enable, When the OE input is
HIGH, the four three state receiver put-
puts are in the high-impedance state,



CONNECTION DIAGRAM Metallization and Pad Layout
Top View Yee
— 24
RLE 1 3 DRGF
< ' T 4
REE ' 20 [ vee
r [ 2 ‘ DRCP Pg 2 ECILE
0 =[] By 3 —— 21 By
A
Y m 2 [ a4 —i 0 A
a4 n[Jes BE; 5 — W R,
e w4 GND; €& —erTT] 10 GAD,
ey ] s 18 :_—_jang
o AmPB05 g, 7 LT
fus, ] 1 [] Gwoy Ay B ——y 5 A
L3R )] 1w [ ] Bus, P J— [EI-
B, E g ® j Ay Hy 10 —— it Az
e [ ]e & 1 it s
3 . [ oE
] wl[Js DIE SIZE 0.080" X 0.130
Mote: Pin 1 is marked for orientation,
A CONTROL B ]
COMTRDL
MASTER
aLy SCAATCHRAD m— CONTAOL
auT auT
ADBRESS REMOTE
anD
DATS DISPLAY DPERATION
b B CONTROL a 8 CONTROL A § CONTROL
AM205 AmIR05 A0S
A BUS i BUs R Bus
DATA ADDAESS CONTROL
BUS BUS BUS

The Am290%5 is a universal Bus Transceiver useful far many system data, address, control and
timing input/output interfaces.




Quad Two-Input OC Bus Transceiver With Parity Am2906

FUNCTIONAL DESCRIPTION

The AmZ906 is a high-performance, low-power Schottky
hus transceiver intended for bipolar or MOS microprocessor
systern applications, The device consists of four D-type
edge-triggered flip-Hops with a2 built-in two-input multiplexer
on each, The flip-flop outputs are connected to four open-
collector bus drivers. Each bus driver is internally con-
nected to one input of a differential amplifier in the receiver,
The four receiver differential amplifier outputs drive four
O-type latches. The device also contains a four-bit odd
parity checker/generator,

This L5l bus transceiver is fabricated using advanced fow-
power Schottky processing. All inputs (except the BUS in-
puts! are one LS unit load, The open-collector bus ocutput
can sink up to 100 ma at 0.8V maximum. The BUS input
differential amplifier contains disconnect protection diodes
such that the bus is fail-safe when power is not applied. The
bus enasbie input (ﬁ} is used to force the driver outputs to
the high-impedance state. When BE is HIGH, the driver is
disabled, The open-coilector structure of the driver allows
wired-OR operatians to be performed on the bus.

The input register consists of four O-type flip-flops with a
buffered common clock and a two-input multiplexer at the
input of each flip-flop. A common select input {S) controls
the four multiplexers. When S is LOW, the A data is stored
in the register and when $ is HIGH, the B; data is stored,
The butfered commen clock {ORCP) enters the data into
this driver register on the LOW-to-HIGH transition,

Cata from the A or B input is inverted at the BUS output,
Likewise, data at the BUS input 15 inverted at the receiver
output, Thus, data is non-inverted from driver input 1o

receiver output, The four receivers each feature a built-in
D-type latch that is controlled from the buffered receiver
latch enable {RLE) input, When the RLE input is LOW, the
latch is open and the receiver outputs will follow the bus
inputs {BUS data inverted), When the RLE input is HIGH,
the latch will close and retain the present data regardiess of
the bus input.

The Am2906 features a built-in four-bit odd parity checker/
generator, The bus enalzle input {BE} controls whether the
parity output is in the generate or check mode. When the
bus enable is LOW [driver enabled), odd parity is generated
based an the A or B field data input 1o the driver register.
When BE is HIGH, the parity output is determined by the
four latch outputs of the receiver. Thus, if the driver is en-
abled, parity is generated and if the driver is in the high-
impedance state, the BUS parity is checked,

DISTINCTIVE CHARACTERISTICS

Quad high-speed LS| bus transceiver.

Open-collector bus driver.

Two-port input to D-type register on driver.

Bus driver output can sink 100 mA at 0.8V max.
Internal odd 4-bit parity checker/generator.

Receiver has cutput latch for pipeline operation.
Receiver outputs sink 12 mA.

Advanced low-power Schottky processing.

100% reliability assurance testing in compliance with
MIL-STD-883.

LOGIC DIAGRAM
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BUS o cp
EMABLE BE

q a FECEIVER
RLE LATCH ENABLE
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ORDERING INFORMATION

Package Temperature Order

Type Range Murmber
Molded DIP 0°C to +70°C AMZ906PC
Hermetic DIP 0°C to +70°C AMZ906DC
Dice 0°C to +70°C AM2906XC
Hermetic DiP ~66°C to +125°C AM2006DM
Hermetic Flat Pak —58°C ta +125°C AM2906F M
Dice —B5°C 10 +125°C AM2906XM

MAXIMUM RATINGS {Above which the useful life may be impaired}

Starage Temperature

~65°C to +150°C

Temperature {(Ambient} Under Bias

—55°C to +125°C

Supply Yoltage to Ground Potential

=05V to +7V
DC Voltage Applied o Qutputs for HIGH Outpui State —0.5V to +Vep max.
GC Input Voltage ~0.5V to +5.5V
DC Output Current, into Qutputs {Except Bus) 30mA
DC Output Current, Into Bus 200ma,

DC Input Current

~30mA to +5.0mA

ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise notad:
AMII0BXE (COM'L) Tpa=07Cra+76°C

Arm2906XM (ML}

Ta=-58Cto +125°¢C

Vep MIN, = 4.76V
Voo MIN. = 450V

Ve MAX. = 6.26v
Vg MAX. = .50V

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Typ.
Parameters Description Test Conditions (noie 1) Min. iNote 2 Max. Units
g = 40ma 0.32 05
VoL Bus Qutput LOW Voltage Iy = 70mA oM 0.7 Volts
Iy = 100ma 0.56 0.8
Vg = 0.4V —50
| k =
] Bus Leakage Current Voo = MAX. Vg =45V MIL 200 uh
COM'L 100
Bus Leakage Current -
| Vo =456V 100 A
OFF {Power OFF) ° g
j MIL 2.4 2.0
VTH Receiver Input RIGH Bus enable = 2.4V Valts
Threshotd COoM'L 23 2.0
VTL Receiver tnput LOW Bus anable = 2.4V MIL 20 1.5 Volits
Threshold COML 20 156
24



ELECTRICAL CHARACTERISTICS

The following conditlons apply unless otherwise noted:
AMZGOEXC (COML)
AmM2A05XM {(RtIL)

Ta=0'Cro+70°C
Ta--55Cro+128°¢C

Ve MIN, =475y
Voo MIN, 4.5V

Vg MAX. = 5.25Y
Vg MAX. - 5.5V

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ.
Parameters Description Test Conditions (Mote 1) Min. iNote 2) Max. Units
Recaiver Qutput Voo = MIN. MIL lgH = —1TmA 24 3.4
HIGH Weltaga Vig=VYiLory ’ 1 = -2.6mA 2.4 KE)
vau it IN I IH COM'L OH Volts
Parity Qutput Vee = MIN, 10y = —B60uA WL 25 34
HIGH Yoltage Vin = VIH O V)L COM'L 27 34
gL = 4mA 027 0.4
VoL | Output LOW Voitage Vee = MIN. oL = BrmA 0.32 0.45 Volts
(Except Bus) Viy = Vi or ViH
laL = 12mA 037 0.5
ViH Input HIGH Level Guaranteed input logical HIGH 20 Volts
{Except Bus) for all inputs
viL Input LOW Level Guaranteed input logical LOW MIL o 0.7 Valts
|Except Bus} for all inpurs COM'L 0.8
v Input Cilamp Yoltage Voo = MIN, |y = —18maA -1.2 Volts
{Except Bus}
Input LOW Current E -
| Voo = MAX., vy = 04V —0.36 ma,
I {Except Busl ‘ ce v ¥IN
I
Input HIGH Current =
] V) =MAX, Vg = 2.7V 20 BA
H {Except Bus) ‘ ce iN
T
Input HIGH Current b
= X., Vg =55V 160 A
" {Except Bus) vee = MA tN ¥
Isc Qutput Short Circuit Current Ve = MAX. _12 55 mA
L (Except Bus) ||
Ice J Power Supply Currant Voo = MAX,, All inputs = GND L 72 105 mA
SWITCHING CHARACTERISTICS AM290EXM AMPIOBKC
OVER OPERATING TEMPERATURE RANGE Tvp. Tyo.
Parameters Description Test Conditions Min. iNote2)  Max. Min,  inerezy  Max.  Units
teH 21 40 21 36
Driver Clock {DRCP) to Bus e ——. ng
PLH Cy {BUS) = 80pF 21 440 21 16
UL __ Ry lBUSI = 5002 12 26 [ 12 23
Bus Enable {BE] 1o Bug + ns
PLH 13 26 P12 )
ts 25 23
Ciata Inputs (4 or B - ns
th g0 | 7.0
[ 33| 30
Seleet Inputs |5) T ns
th g0 ! 1.0
tpw Clock Pulse Width {HIGH! 28 ! 26 ns
PLH Bus to Receiver Qutput LI LA 12 34 o
tPHL {Latch Enabled} i 18 17 18 14
PLH 1) Y 2 ")
Lateh Enable to Receiver Ourput ¢ = 16pF ns
PHL 21 37 21 34
R =2.0kD
ts - il 18
Bus to Latch Enable {RLE) ns
th ) 7.0 50
tPLH A or B Data to Odd Parity Output 21 40 21 36
tPHL {Driver Enatxled}) 21 A0 21 16 %
1 )
PLH Bus_ to Oddl P.amv Cutput 21 40 21 36 ns
tpHL {Driver Inhibited, Latch Enabled) 21 40 21 36
PLH Latgh Enable {RLE} to 21 40 2t 36 e
tPHL Odd Parity Output 2 40 21 ag

Motes: 1. For conditions shown as MIN. or MAX . use the appropriate value specitied undar Electrical Charactaristics for the applicable device type.
2. Typical imits are at Vo = 5.0V, 26" C ambient angd maximum lgading,
3. Not more than one sutput should be shorted at a rima. Duration of the short civeuit tese should not excead ane sacond.

RAYTHEDN
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INPUT/OUTPUT CUURRENT
INTERFACE CONDITIONS

ORIVEN INPUT t BUZ l DRIVING OUTPUT
Veo 1 * + 1
BE - 2.3x00 L
S i | 3 1e0m
T sa =10 1
DRECE = 10kR ! l
i } |I 10
-
| |
WRLT D— '
| l ~
|
I
IH | | IOI.
Mote: Actuah current flaw direction shown,
TYPICAL PERFORMANCE CURVES
LOAD TEST CIRCWUT
LY - T
£ Bus Output Low Voltage Receiver Threshold Variation
N o .
L Versus Ambient Temperature 5 Versus Ambient Temperature
S g 25 T T
= T \ ;
A 2 Wop = 8.0 wozap pofope] i e e
| pB— : a
—¢ A [ i i 2
Am2A08 uR z ; | ! =
PARITY 4 o8 [ A" =t
g lgus .1ODrrA ] 3
—]s 5 lgug - TOma | 1] i
o T o
s 5 £
Vee = 2 'gus T 4”’““| «
R | o TEST a oI ’ | £
.1
s [ELE A |J | : § \G I
[ o 5 2 o £ g5 :
i 2 §5.35.15 § 25 45 65 85105126 | 55 -3-155 25 45 65 85 1081
IlNSTE " T4 — AMBIENT TEMPERATURE - *C = T, A4MEBIENT TEMPERATURE - °C
SWITCHING WAVEFORMS
10w
DRIVER vy
CLUCK % Hav
[4
r—f ly — Uy — |
10w
o Bor§ F
NPT / —_— 1 aY
i
tPLH_-} |—-— TPHL }_~
| om
805 %
AUTPUT —_— N
Yo
PHL: "PLH '?
Yo
RECEIVER
VoL
Mota: Bus 1o Raceiver cutput delay is messurad by clocking data into the driver registar
and measuring the BUES o R combinatorial delay.
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FUNCTION TABLE

INTERNAL
INPUTS BUS QUTPUT
TO DEVICE FUNCTION

5 A, | B | DRCP | BE | RLE 0| o BUS; Ri

X X X X H X X X Fd X Driver cutput disable

X X X X H L X L L H Oriver autput disable and receive data

X X X x H L X H H L via Bus input

X X X X X H X NG X X Latch received data

L L . 1 X ® L X X X

L H X 1 X X H x X X
Load driver register

H X L 1 X X L x b4 X

H X H 1 X X H X X X

X X X L X X NC | X X ¥ . o
Ma driver ¢lack restrictions

X X X H X X NC | X X X

X X X % L x L X H X )
Drive bus

X X X X L X H X i X

H = HIGH Z = HIGH Impedance X = Don't care i=0,1, 2.3
L=LOW MG = Nag change t = LOW-to-HIGH transition
DEFINITIONS

Ao, A-l, Az, A3

Bo, By, By, By
s

DRCP

BE

BUS, BUS
BUS,, BUS;

Ro. Ry, R2, R3

LE

oDD

The A" word data input into the two
input multiplexer of the driver register,

The “B” word data input into the two
input multiplexers of the driver register,

Select. When the select input is LOW, the
A data word is apphed to the driver reg-
ister, When the select input is HIGH, the
B word is applied 1o the driver register.

Driver Clock Pulse, Clock pulse for the
driver register,

Bus Enable, When the Bus Enable is HIGH,
the four drivers are in the high impedance
state,

The four driver outputs and receiver in-
puts (data is inverted),

The four receiver outputs. Data from the
bus 15 inverted while data from the A or B
inputs is non-inverted.

Recgiver Latch £nable. When RLE is
LOW, data on the 8US inputs is passed
through the receiver latches. When RLE
is HIGH, the receiver latches are closed
and will retain the data independent of
all other inputs.

DD Parity output. Generates parity
with the driver énabled, checks parity
with the driver in the HIGH-imped-
ance state.

PARITY QUTPUT FUNCTION TABLE

oDD PARITY OUTPUT

w
l—l—m|
m

ODD = Apg# Aq @ Ap® Ag
ObD=Bp#EqoBow By

x
I

00D = Qe Qg ¢ Oz % A

Metallization and Pad Layout

DIE 31ZE 0.090" » 0.131"

CONNECTION DIAGRAM

Top View
O Sy
e[ # [T vee
“0: ? 2 [ mAce
Bn[:; El [N R
A,D[:! 1 21 s
By [ s [ 85
R Am2906 0 [8
B_us'1: 7 1R ] GNDy
o] 1 [ PE;
CI¥ I [
a1 ] 8=
T w | Rz
con ] 2 i3 [Js

Mate: Fin 1 is rmarked for grigntation,
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SELECT

CLOCK

BUS
ENABLE
LATCH
ENABLE

L1

DRCP
AmZp0g
BE
ALE
L} Qo0 BUS
BITS
03

APPLICATIONS

a B

BITS
-7

| A B
| s s
i DRCP ORCP
| Ampo0e AmT906
BE e 13
RLE —( ALE
R oUD  RUS R oop BUS
8ITS ]
1i-1s BUS PAR(TY
BITS
| X))
OODVEVEN
CONTROL
L = £VEN
H=00D
Fy Pz P Py P5 Fg Py Pg fg
AmETSET
EVEN
CHECK

Generating or checking parity for 16 data bits,

PARITY QUTPUT



Quad Bus Transceiver With Three-State Receiver And Parity

Am2907

FUNCTIONAL DESCRIPTION

The Am2807 is a high-performance, low-power Schottky bus
transceiver intended for hipolar or MOS microprocessor system
applications. The device consists of four D-type edge-triggered
flhip-flops. The flip-flop outputs are connected to four apen-
callector bus drivers, Each bus driver is internally connected
to ane input of a differential amplifier in the receiver. The
four recewer differentisl amphfier outputs drive four D-type
fatches, that feature three-state outputs. The device alsc con-
tains a four-bit odd parity checker/ganerator,

Thiz LSI bus transceiver is fabricated using advanced law-
power Schottky processing, Al inputs {except the BUS inputs)
are one L5 unit load. The gpen-coliector bus cutput can sink
up to 100 mA at .8 V maximurm. The BUS input differential
amplifier contains disconnect protection diodes such that the
bus is fail-safe when power is not applied. The bus enable input
{BE} is used to force the driver outputs to the high-impedance
statz. When BE is HIGH, the driver if disabled. The open-

When the RLE input is LOW, the latch is open and the receiver
outputs will follow the bus inputs {BUS data inverted and OE
LOW). When the RLE input is HIGH, the lateh will close and
retain the present data regardless of the bus inpui, The four
latches have three-state outputs and are controlled by a
butfered common three-state control (OE} input. When OFE is
HIGH, the receiver outputs are in the high-impadance state.
The Am2907 features a huilt-in four-bit odd parity checker/
generator. The bus enable input (BE} controls whether the
parity output is in the generate or check mode. When the bus
enable is LOW [driver enabled), odd parity is generated based
on the A field data input to the driver register. When BE is
HIGH, the parity output is determined by the four latch out-
puts of the receiver. Thus, if the driver is enabled, panty is
generated and if the driver is in the high-impedance state, the
BUS parity is checked.

DISTINCTIVE CHARACTERISTICS

collectar structure of the driver allows wired-OR operations to~~ * Quad high-speed LS| _bus—transcewer
be performed on the bus, & Open-collector bus driver
The input register consists of four D-type flip-flops with a & D-type register on driver
buffered common clock. The buffered common clock {DRCPY * Bus driver output can sink 100 mA at 0.8 V max.
enters .the Ajdata into this driver register on the LOW-to-HIGH » Internal odd 4-bit parity checker/generator
transition. _ o . * Receiver has output latch for pipeline operation
Dlata from the A mpu} is |r1_\.re.rted at the BUS Oqtput. Like- o Three-state recelver outputs sink 12 mA
wise, data at the BUS input s inverted at the receiver autput, Ad d L P Sehottk B
Thus, data is non-inverted from driver input to receiver output.  © ~\0vanced Low-Fower Schottky processing ‘
The four receivers each feature a built-in D-type lateh that is s 100% reliability assurance testing in compliance with
controlled from the buffered receiver latch enable {RLE} input. MiL-5TO-883
LOGIC DIAGRAM
Bt 005, AUs; Bogg
—T ——<Je—oat S
A OO B o o al el An
—cr IL £
A1 o—D [ ] = . D‘—‘D [ 3 "1
p—t LF L C
[ o ~ . _
8z Q——D o a D-— (U ]
a3 E
A3 D—DJ o a b3 D—— o0 2 Hy -:
P C T
3 FARITY
A )
)
BIvE oacr o
RECEIVER
Wi T o— P— oo e
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ORDERING INFORMATION

Package Temperatura QOrder

Type Range Number
Molded OIP 0°Cto+70°C AM2807PC
Hermetic DIP 0°Cto +70°C AMZ907DC
Dice 0°Cte +70°C AMZ907XC
Hermetic DIP -55°C o +125°C  AM2907DM
* Hermetic Flat Pak -55°C 1o +125°C  AMZ907FM
Dice -55°C10+126°C  AMZOD7XM

* Available on special order

MAXIMUM RATINGS {Above which the useful life may be impaired)

Starage Temperature -85°C to +160°C
Temperature {Ambient} Under Bias -55°C to +125°C
Supply Voltage to Ground Potential =05V io+7 W
DC Voltage Applied to Cutputs for HIGH Dutput State -0.6 ¥V 10 +V ¢ max.
DC Input Voltage - 05V to+55 V
DC Qurput Current, Into OQutputs {Except BUS) SFnTA
DC Output Current, Into Bus 200 m:’:i
DC Input Current A T __TSD mA 1o +5.0 mA

ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:
AmM2907XC {COMLY Ta=0°C o +70°C Veg MIN, =476V Ves MAX. = 525V
AmMI007XM (MIL) Ta=-55Cto+125°C  Vpo MIN. =450V Voo MAX. = 55DV

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min, (Nove 2] Max. Units
loL = 40mA i | o032 0.5
VoL Bus Output LOW Voliage Ve = MIN, IoL = 70ma ' | 041 0.7 Volts
IpL = 100mA | 055 08
Vg =04V ~50
2 MAX MIL
s Bus Leakage Current Vee AX. V=45V 200 nh
v
7 Jew [ 100 4
I0FF Bus Leakage Current {Power Off} ¥ =45V 100 wA |
. MIL 2.4 20
vT1H Recgiver Input HIGH Threshold Bus Enable = 2 4V YVelts
. CoML 2.3 20 i
. ML 20 | 18
VL Receiver Input LOW Threshald Bus Enable = 2.4Y | Valts
cCOM'L 20 | 16 |

s



ELECTRICAL CHARACTERISTICS

The Following conditions apply unlass otherwise noted:

AmM2IOTXC (COM LY Ta=0°Co +70°C Voo MIN, =275 Voo MAX, - 5.25v
ArnZO07XMM (ML) Ta=—55Cto+125"C Ve MIN. = 4.50V Veo MAX. = 5ROV

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Parameters Description Test ConditionsiNote 1) Min. Typ-{Note 2) Max. Units
[ Receiver I veg= MIN MIL: IgH = —-1mA T 34
b VoR H ~ n — 1 Volrs
| Cutput HIGH Voltage ViN = VL or Vi | COML Igy = ~2.6mA ; 2.4 3.4
! Parity Vee = MING Igy = -B60uA ML i 25 3.4
Vor . t Volts
Output HIGH Voltage VN = Vi ar Vi COM'L 2.7 3.4
T T T T T gL ama .27 04
Ourput LOW Voltage Voo = MIN, oL
VoL oL = BmaA 0.32 0.45 Volts
{Except Bus} Vipg = VL or Vi
1oL, = 12mA 0.37 0.5
Toput HIGH Level Guaranteed input logical HIGH
VIH . 20 Vabis
[Except Bust for all inputs
Itiput LOW Leved Guarantead input logical LOW ML 0.7 Vol
alts
[Except Busl for all inputs COML 0.g
N Inpul"(ﬂmp Voltage
V) Ve = MING, Ty = —1BmA -1.2 Yol
{Except Bus}
Input LOW Cusrent
I Yoo = MAX, Vi =04V ~0.36 ma
It [Except Bush cc 1N |
Input HIGH Current !
LIT™] Vo= MAX., Vg =27V ! i 0 A
[Except Bush ! !
Input HIGH Current ! :
i Voo =MAX, V=55V 100 A
! [Except Bush cc i ! 1 H
Qutput Short Circuit T
Ise P SAert S Ve = MAX. —12 | ~65 mA
oD ). CuerentiExceptBus) | "7 e -
[Foles Pawer Supply Current | Voo = MAX,, AlllInputs = GND 75 10 mA,
| . ove=ono 1]
Io |I OffSt_ate Chutput Current [ Vo = MAX. Vo 24w 2 20 uA
i {Receiver Qutputs} | ] Vo =04V —20
SWITCHING CHARACTERISTICS Am2907 XM Am2g07XC
OVER OPERATING TEMPERATURE RANGE Typ. Typ.
Parameters Bescription Test Conditions Min,  (Notezy Max. Min. (narezy Max.,  Unigs
oL 2 | a0 21 36
F— Oriver Clack {DRCP) to Bus - i ns
WPLH C|{BUS) = 50pF 21 | a0 I oot 36
TPHL — Ry {BUSI =501 13 26 Y 23
Bus Enable (BE) 1o Bus ns
tPLH l| 13 28 13 23
1 ' 25 [ 23
4] A Data Inputs "
™ B0 70 /
tpyy Clock Pulse Width [HIGH} 28 25 ! ns
IPLH ' Bus to Receiver Qutput 18 ¥ 18 34 ns
tpHL l {Latch Enabled) 18 37 18 E 34
o, 21 37 21 | 24
—_ Latch Enable to Receiver Qutput —-t— ﬁ— ns
tPHL i 21 37 21 1 34
: S v m I
] — - 1 i
— Bus 10 Latch Enable {RLE) AL = 2.0k i ns
th 7.0 50 |
tPLH £ Data to Odd Parity Out Fil an | 21 f 38 e
tPHL l— {Drrivar Enalled} 21 40 1 ! et
e - Jl
TPLH Bus to Odd Parity Out 21| ag 21 |1 38 s
tPHL | {Oriver Inhibith 21 | 4o 21 é 6
tPLH Larch Enable (RLE} to Odd 21 [ 40 21 ¢ 36 ns
PHL Parity Qutput 21 | 40 29 36
tzn | 14 | 28 4 45
Cutput Control ta Qutpur t ns
tz l 14 _L 28 14 26
tHz | cL =5.0pF 12| 28 e P
Qutput Contrad to Dutput t ns
tLz s R = 2.0% 14 |! g 14 26
Fetes: 1. For conditions shown as MIN, ar MAX. use the approprigte value saacified under Elactrical Characteristics tar the applicable davice type.
2. Typical limits are at Ve = 5.0V, 257 C ambient and maximum loading.
2. Not more than one cuTRULL should be shorted at a time. Duration of the short circuit test should not wxcesd ane secand.
s




INPUT/QUTPUT CURRENT
INTERFACE CONDITIONS

DRIVEN INPUT [ DRWING QUTPYT
Yeo 1
33kn
< - Gki 4
3 ﬁ'é - kil | Z 10
A B, 5= 10k
DRCP = 10k |
L { Lo
(e
oY [ B
INFUT ! —0 h;
—
- |
- i ‘oL
Z |

Maote: Actual current flow direction shown,

TYPICAL PERFORMANCE CURVES
LOAD TEST CIRCUIT

oo ver Bus Quput Low Voltage Receiver Threshold Variation
. w R
AL Versus Ambient Temperature = Versus Arbient Temperaturs
o2
p 744 w
g 10— T E T3 | [
’ 7 aii g T I I |
I o8 + T pal—— e 4 — Lo
w [ 1 g - Ven BSV] T
Amza0? o E [ : | :/ Vep TEIEY [ ]
PARITY 0§ - - A 21 —
o J— 2 . BE e 2 ] | ‘conl L
a 5 Igig5 = 70mA 5 Wog= 475V
WTE 2 pa — g8 ., A
i 5 1 1 § LY 1
v, = & \gig < 40mA ok T —
£ o = w > 3 oo .
z oz 3 w7 Ny [ e
Fg —_——— ey 'OEST = z : !
500 PCHMNT o a 16 4 __{ 4. 4 .. |
[ £ 0 = 1§
(5:§F -E6 .35 15 5 26 45 &5 BS 105 128 L -BG -3 -15 5 25 45 &5 86 105 12%
I(NSTE 1 TA — AMBIENT TEMPERATURE . °C = Ta’-\ — AMBIENT TEMPERATURE —“C
SWITCHING WAVEFORMS
BRIVER
CLOCK

%{H - T

5 f
QUTPUT
Ll LA—L——‘ LI —~|

.
|

“ m
f=] =}
L =

RECEIVER
QUTPUT

A
?Z

Mote: Bus to Regiever cutput delay is measured by clocking data into the driver register
and measuring the BUS ta R combinatorial detay,

.



TRUTH TABLE

INPUTS !I'%TI:E):\TIACE BUS | DUTPUT
FUNCTION
Aj|DRCP| BE [RLE| OE | Dy Q; B, R;
X X H X | X X b H x Driver cutput disable
* X x ¥ | H x ¥ X rd Receiver output disable
X X H I L|L X L H Driver output disable and receive data
X X H L L X H H L via Bus input
X X X | HI X X NC X X tatch received dats
L t X | Xt X L X X X i i
Load driver register
H T X[ X | X H X X X
N
X L X X X c X X X Mo driver clock restrictions
X H X X | X NC X X X
X X L X | X L X H X i
Crive Bus
X X L X | X 2} X L X
H=HIGH Z = High Impedance X = Don't Care i=0,1, 2,3
L=LOW NC = No Change t = LOW-ta-HIGH Transition

DEFINITIONS

DRCPF  Driver Clock Pulse. Clock pulse for the driver registar.

BE Bus Enable. When the Bus Enable is LOW, the four
drivers are in the high impedance state.

BUSp, BUSy. BUSy, BUS3 The four driver outputs and
receiver inputs {data is inverted),

Rg, R{. R2, R3 The four receiver outputs. Data from the
bus is inverted while data from the A or B inputs is non-
inverted.

ALE Receiver Latch Enable. When RLE is LOW, data on the
BUS inputs is passed through the receiver latches. When RLE
is HIGH, the receiver latches are closed and will retain the
data independent of all other inputs.

ODD Qdd parity output. Generates parity with the driver
enabled, checks parity with the driver in the high-impedance
state.

OE OQutput Enable. When the OE input is HIGH, the four
threa-state receiver outputs are in the high-impedance state.

PARITY OUTPUT FUNCTION TABLE

BE 0DD PARITY QUTPUT
L ODD = Ap ® At @ Az ® Az
H ODD = Qg #Qy # Oy & Q3
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CONNECTION DIAGRAMS

Top Views
Dif
.

Emd 20| Jvee
o] 2 1] Joree
ag[] s 13 Jra

susp[ |4 17[]ea

GND 5 15[ FEUE:
1E Am2907 j ¥
busi[]6 15[ anpg
ﬁ1E 7 14 [ Jeusz
ra]e 12[] 4
2 12[7] Rz
aoe[ o n[joe

Muta: Fin 1 is marked far griantation,

Metallization and Pad Layout

DIE S{ZE 0.080" X 01307

APPLICATIONS

5 BUS

A

Bus S BUs AmZE07

R

1

]

Am2a07
ADDRESS REGISTER
BUS

I

A
A7
0ATA
REGIETER

A

Bus

Mar
TAERDA Y

Am2E13
STATUS REGISTER

Am280H
MICROPAOGAAM
SECUENCER

1

ROMPRIM
MICROCODE

I

Am2d13
MICACWORD
REGISTER

FLAGE v
1 AmZn
BIPOLAR

MICROPROCESSOIA

o

A BLS

The Am2007 can be used as an 1/0 Bus Transceiver and Main Memory 1/0 Transceiver

in high-speed Microprocessor Systems,




Microprogram Sequencers

Am2%909 Am2911

GENERAL DESCRIPTION

The Am29Q09 iz a faur-bit wide address contraller intended
for sequencing through a series of micreinstructions con-
tained in a ROM or PROM. Two Am2909's may be inter-
connected to generate an eight-bit address (256 words),
and three may be used to generate s twelve-bit address
{4K wordsl.

The Am290% can select an address from any of four
saurces, They are: 1} a set of external direct inputs (D);
2) external data from the R inputs, stored in an internal
register; 3} a four-word deep push/pop stack; or 4} a pro-
grarm counter register {which usuvally contains the last
address plus onel. The push/pop stack includes certain
control lines so that it can efficiently execute nested sub-
routine linkages. Each of the four outputs can be CR'ed
with an external input for conditional skip or branch
instructions, and a separate line forces the outputs to all
zeroes. The outputs are three-state.

The Am2911 is an identical circuit to the Am2909, except
the four CR inputs are removed and the D and R inputs
are tied together, The Am2911 is in a 20-pin, 0.3" centers
package.

ORDERING INFORMATION

Am2909 Am2911

DISTINCTIVE CHARACTERISTICS

® 4.-bit slice cascadable to any number of microwords

fnternal address register

Branch input for M-way branches

Cascadable 4-hit microprogram counter

4 x 4 file with stack pointer and push pop control for

nesting microsubroutines,

Zero input for returning to the zero microcode word

# Individual OR input for each bit for branching to higher
microinstructions {Am2909 only),

# Three-state gutputs

& All internal registers change state on the LOW-to-HIGH
transition of the clock

® AmZ2908 in 2B-pin package

® AmZ911 in 20-pin package

»

MICROPROGRAM SEQUENCER
BLOCK DIAGRAM

Package Temperature Order Order
Type Range Nurmber Mumber
Molded DIP 0°Cto +70°C  AM2809PC  AM2911PC

Hermetic DIP 0°C ro +70°C  AM2009DC AM2911DC
Hermetic DIP
Hermetic Frat Pak —55°C to +1268°C  Am2009FM -

Dice 0°C1o+70°C  Am2308XC -

-55°Cto F125°C AMZ2900DM AMZ29110M

e =

Eﬂ?ﬁ'ﬁ%# FL3- POP FLE ENAGLE
I f

| I

RFLIRTER:
EMERELE

AT ] HESIRTFR STA2K PO NTFA

l 40, ROPRIG A am

COUATER RFLISTFR

INCATMMTER

auTPUT

COMTRIL
i
iy ) Ty Ty L,
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MAXIMUM RATINGS {Above which the useful life may be impaired)

Storage Vemperature

~85°C to +150°C

Temperature (Ambient} Under Bias

—~56°C to +126°C

Supply Voltage to Ground Potential —05Vio +7.0V
DC Valtage Applied to Qutputs for HIGH Qutput State —.5 V to +Vee max.
DC Input Voltage =05Vie+t7.0V
DC Qutput Current, Inte Qutputs 30 mA

DC Input Current

=30 mA 1o +5.0 mA

P/N

OPERATING RANGE
Ambhient Temperature Vee

AM2302/2911DC, PC

0'Cto +70°C

475V 10 525

Am2003/29110M, FM

—B5°Cto +125°C

4 50V w K60V

STANDARD SCREENING
{Confarms ta MIL-STD-BB3 for Class C Parts)

MIL-5TD-883
Step Methad Conditions Am2909/Am29110M, FM
Pre-Seal Visual Inspection 2010 B 100%
Stabilization Bake 1008 o 2hhow 100%
160°C
Temperature Cycle 1010 ¢ SCrrsrce 100%
TOeycles
Centrifuge 2001 B 10,000 G 100%
Fine Leak 1014 A B x 10 ~° atm-cciem® 100%
Gross Leak 1014 3 Fluorocarbon 100%
Electrical Test See below for 100%
Subgroups 1 and 7 5004 definitions of subgroups
Insert Additional Screering here for Class B Parts
Group A Sampla Tesrs
Subgroup 1 LTPD =&
Subgroup 2 LTPD =7
Subgroup 3 See below for LTPD =7
Subgroup 7 5005 definitions of subgroups LTPD =7
Subgroup 8 LTRrD =7
Subgroup 9 LTPD =7

ADDITIONAL SCREENING FOR CLASS B PARTS

Step | miLsTo883 P Level o
= Mathod Am2909;Am28110DMB, FMB
o
Burn:In i 1015 o 160 Illi?.lrgmin ro
Electrical Test 5004

Subgroup 1 . 100%

Subgroup 2 \I 100%

Subgroup 3 . 100%

Subgroup 7 100%

Subgroup & _I_ 100%

Return to Graup A Tests in Standard Screening

GROUP A SUBGROUPS
fas defined in MiL-5TD-883, method 5005}

| Subgroup Parameter Temperature
1 sle 28°C
2 DG Maximum rated temperature
3 0c Minimum rated temiperature
7 Funection 25°C
3 Function Maximum and minimurm rated
temperature
9 Swirching 25°C
10 Switching Maximum Ratad Temeperature
il Switching Minimum Rated Temperature




ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Typ.
Parameters Description Test Conditions tNotea 1) Min. {Mote 2} Max. Units
v Vee = MIN, ML [iop=-10oma| 24
aH Qurput HIGH Voltage VIN = ViHor V)| o [ lon = —2.6mA 24 Voltg
oL = 4.0mA 0.4
veg = MIN, loL = B.0mA 045
Voo Outpur LOW Vohage Vin = Yn ar VL Igt —y ||' Walts
iNote 5} ) 0.5
S R S ]
ViH Input HIGH Level Guaranteed input logical HEGH 20 Volts
voltage tor atl inputs
v Input LOW Lavel Guaranteed input Iogical LOW ML o7 Valts
L voltage far all inputs COM'L 0.8
Al Input Clarmp Yoltage Vo= MIN iy = -18mA - -15 Volts
Cn —1.08
Vep = MAX., —
L Input LOW Current ViN = 0.4V Push/Pop, OE ~0.72 mA
Others {Notwe 6] -0.36
[ a0
Ve = MAaX,
M Input HIGH Current Vin = 2.7V Push/Pop 40 nh
] = £,
Others [Note B} 20
Voo s MAX., Cp. Fush/Pop 0.2
Iy Input HIGH Current mA
Vi = 7.0V Others [Note 6} a1
Qutput Short Circuit Current -
1 W = MAX, -40 —100 m#A
08 {Note 3) cc
lee Power Supply Current Ve = MAX. (Note 4} B0 130 mA
ozl Veg = MAX., VouT =04V —20
Output OFF Current _CC — b
IazH OE =27V VouT =27V 20

Motes: 1. For conditions shown as MIN, or MAX_, use the appropriata value specified under Electrical Characreristics far the applicable device type.
2. Typical limits are at Ve = 5.0V, 25° £ ambient and maximum loadjng,
3. Nat more than gnag output should be shorted at a time, Duration of the shart circuit test shauld not exceed one ggcand,
4, Apply GND to Cp, Rg, Bq, B3, Rz, ORy, OR4, CRy, ORg, Dy, Oy, Dy, and Dg, Other inputs open, All outputs apen. Measured afrer a
LOW-to-HIGH clock transition.
5. The 12mA guarantae applles only 1o ¥, Y4, Yoand ¥
6. Far the Am2911, B and R; are internally connected, Loading is doublad {to sama values as Push/Popl.



SWITCHING CHARACTERISTICS OVER OPERATING RANGE
All parameters are guaranteed worst case over the operating voltage and temperature range for the device type,
(Grade C =0°C 1o +70°C, 4.75V 10 5.25V; Grade M = _B6°C to +125°C, 45V 1o 5.5V}

TABLE |

MINIMUM CLOCK REQUIREMENTS

Minimurm Clock LOW Tima

50

Minimum Clock HIGH Time

30

TABLE Il TABLE I TABLE IV
MAXIMUM COMBINATORIAL MAXIMUM DELAYS SET-UP AND HOLD TIME
PROPAGATION DELAYS FROM CLOCK TO QUTPUTS REQUIREMENTS
OUTPUTS
7 Casa FUNCTIONAL GRADE | CLOCK | CLOCK EXTERNAL 1 *h
INPUTS PATH TOY; | TOCn+4 INPUTS
5 7% _ Register c 45 68 RE 20 5.0
1815g = LH) M 55 85 Ri 15 0
ZERC 35 45 c e 53 PUSH/POP 20 5.0
# Program Counter TE . o
OR; 20 3z {87 8p = LLI M 55 &5
Cn 15 0
) c 0 30
S0, 39 40 S0 rslle u o 0 o
1ot M 80 90 OR; 20 0
B; 20 32 i
R =20k = 15pF Sa. 5 40 1}
Cn - 8 FERD 40 0
ThwH el
ITARLE I} 1 1)
['_ -__[ "'_ TABLE | —" roe
IAAN
W T\ o
l i | h
‘ I ITABLE 141 l ITABLE 1V
AvY
— N Mt Oy
INPUTS TO Y or Cpy , 4
L—CLOCK TOHY, -2 - ATAALE A}
iTABLE 1111 —
¥om
Yc:?: 11w
Yo

Figure 1, Switching Waveforms. See Tables for Specific Values,




DEFINITIONS

A set of symhbols is used in this data sheet 1o represent
various internal and external registers and signals used with
the Am2908, Since its principle application s as a controller

Inputs to Am2909/ Am2911

84, 8p Control lines for address source selection
F_E, PUP Control lines for push/pop stack
RE Enatble line for internal address register

OR; Logic OR inputs on each address output line

ZERO Logic AMD input on the output lines

CE Qutput Enable, When OF is HiGH, the Y out-
puts are OFF {high impedance)

Cq Carry-in to the incrementer

R; Inputs to the internal address register

Dj Direct inputs to the multiplexer

CcP Cilock input to the AR and uPC register and

Push-Paop stack

tor a microprogram store, it is necessary to define some signals
associated with the microcode itself. Figure 3 illustrates the
basic interconnection of Am2909, memory, and microinstruc-
tion register, The definitions here apply to this architecture.

Internal Signals

uPC
REG
STKO-STK3

Contents of the microprogram counter
Contents of the register

Contents of the push/pop stack, By definition,
the word in the four-by-four file, addressed by
the stack pointer is STKQ. Conceptually data
is pushed into the stack at STKO; a subsequent
push moves STKO to STK1; a pop implies
S5TK3 — STK2 — STK1 = STKO. Physically,
only the stack pointer changes when a push or
pop is performed, The data does not move. 1/0
oceurs al STKO. '

5P Contents of the stack pointer

Extarnal to the Am2909/Am2911

A Address to the control memory

1{A) instruetion in control memory at address A
Outputs from the Am2908/ Am2911 HWR Contents of the microword register {at output
. of control memaory]. The microword register
Y Address outputs from Am2209. {Address inputs contains the instruction currently being exe-
to control memory | cuted.
Cntd Carry out from the incrernenter Ta Time period {cyctel n
METALLIZATION AND PAD LAYOUT CONNECTION DIAGRAMS
Top Views
Am2902
5 % 7= 2 2N AT 16
Lo | .
L ;;l tl\ ” Vep P PUP FE C,44 Cy ¥y ¥y Yy ¥y 5 5 TERD
-wmiwmwn ﬂﬂmﬂﬂﬂﬂnmnﬂﬂﬂﬂ
7 * FL =B R TR TR w1
== _
: 13 5 A9t

ST \
. 5 E 7 B 8 1 w
OIE SIZE- 01107 « 016077
Am2911
o w1 I T R PR T 2

CIE SIZE: 0.110"

x D160

3 4 A fi w1 12 13

LII_ILJLJLJDUUD

Ry Oky Oy ORz Dy DR, Dy ORp Dy GND

a]-
s~
(I
]
C]

PUP PR Cq,q €, DE w3 vy vy vy 5

00NN

2 19 e W & M\ oow 13 12 1

AmIail
L]
1 2 El a4 2] L] 7 a o 1o
UL Ui
of wpe RE Dy 0y 0, Dy GND ZERDG S

Note: Pin 1 iz marked for oriantation.

Figure 2.
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ARCHITECTURE OF THE Am2909/Am2911

The Am2908/Am2911 are bipolar microprogram seguencers
intended for use in highspeed microprocessor applications.
The device is a cascadable 4-bit slice such that two devices
alfow addressing of up to 256-words of migreprogram and
three devices allow addressing of up to 4K words of micro-
program. A detailed logic diagram is shown in Figure 4.

The device contains a four-input multiplexer that is used to
select either the address register, dirgct inputs, microprogram
counter, or file as the source of the next micreinstruction ad-
dress. This multiplexer is controlled by the 55 and $q inputs.

The address register consists of four D-type, edge triggered
flip-flops with 2 common clock enable. When the address
register enable is LOW, rew data is entered into the register
on the clock LOW-to-HIGH transition, The address register
is available at the multiplexer as a source for the next micro-
instruction address. The direct input is a four-bit field of
inputs to the multiplexer and can be selected as the next
micrpinstruction address. On the Am2911, the direct inputs
are also used as inputs to the register. This allows an N-way
branch where N is any word in the microcade.

The Am2909/Am2911 contains a micropragram  counter
{uPC) that is compused of a 4-bit incrementer followed by a
4-bit register. The incrementer has carry-in {Cp) and carry-out
{Cr+4) such that cascading to larger word lengths is straight-
farward. The uPC can be used.in either of two ways. When the
least significant carry-in to the incrementer is HIGH, the
microprogram register is loaded on the next clock eyele with
the current Y output word plus one [Y+1—-gPC.) Thus sequen-
tiat microinstructions can be executed. If this least significant
Cp is LOW, the incrementer passes the Y output weord unmaod-
ified and the microprogram register is loaded with the same
Y word on the next clock cyele {Y—=uPC). Thus, the same
micrainstruction can be executed any number of times by
using the ieast significant Cy, as the control.

The last source available at the multiplexer input is the 4 x 4
file {stack). The file is used to provide return address linkage

when executing microsubroutines, The file contains a built-in
stack pointer (5P} which always points to the last file word
written. This allows stack reference operations {{ooping) to be
performed without a push or pop.

The stack pointer operates as an up/down counter with
separate push/pop and file enable inputs. When the file enable
input is LOW and the push/pop input is HIGH, the PUSH
operation is enabled. This causes the stack poinier to
increment and the fite to be written with the required return
linkage — the next microinstruction address following the sub-
routinge jump which initiated the PLUSH.

If the file enable input is LOW and the push/pop control is
LOW, a POP operation occurs. This implies the usage of the
return linkage during this cycle and thus 2 return from sub-
routine. The next LOW-to-H!GH clock transition causes the
stack pointer to decrement. If the file enable is HIGH,
no action is taken by the stack pointer regardless of any
other input,

The stack pointer linkage is such that any combination of
pushes, pops or stack references can be achieved. One micro-
instruction subroutines can be performed. Since the stack is
4 words deep, up to four microsubroutines can be nested.

The ZERO input is used to force the four outputs to the
bimary zero state. When the ZERO input is LOW, all Y
outputs are LOW regardless of any other inputs lexcept OE).
Each ¥ ocutput bit also has 2 separate OR input such that a
conditional logic one can be forced at each Y output. This
allows jumping to different microinstructions on program-
med conditions.

The Am2909/Am2911 feature three-state Y outputs. These
can be particularly useful in military designs requiring external
Ground Support Equipment {GSE) to provide automatic
checkout of the microprocessor. The internal control can
e placed in the high-impedance state, and preprogrammed
sequences of microinstructions can be executed via external
access to the control ROM/PROM.

CLOCK
! o
R
—
AmIHHT
K] _
SO. 5t FE, FUF, RE
V ¥
A
CONTROL MEMDAY
{ROM, PR or AAM)
1TAY
LL
| I
SEQUENCE I LOGIZ MICAQWCRAD
COMNTROL COMTROL REGESTER
riEcD | FlELDS uWIR]
i S TO Aamzd
% TO QTHER DEVITES
Figure 3. Microprogram Sequencer Control.
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OPERATION OF THE Am296G9/Am2911

Figure 5 lists the select codes for the multiplexer. The two
bits applied from the microwaord register {and additional com-
binational logic for branching) determine which data source
contains the address for the next micreinstruction. The
cantents of the selected source will appear on the Y outputs.
Figure 5 also shows the truth table for the output cantrol and

Address Salection

for the control of the push/pop stack. Figure & shows in detail
the effect of S, $1, FE and PUP on the Am2909. These four
signals define what address appears on the ¥ outputs and what
the state of all the internal reqgisters will be following the clock
LOW-to-HIGH edge. In this illustration, the microprogram
counier is assumed o contain nitially some word J, the ad-
dress register some word K, and the four words in the push/
pop stack contain Ry through Ry.

Output Control

OCTAL | Sy Sg| SOURCE FOR Y OUTPUTS |§YMBOL OR; ZERO Of Yi
Q L L Microprogram Counter uPC X X H z
1 L H Register REG X L L L
2 |H L Push-Pop stack STKD H H L H
3 H H Direct inputs D, L H L Source selectad by Sq 3y
Z -~ High Impadance
Synchronous Stack Contraol
FE PUP PUSH-POP STACK CHANGE
H X Mo change
L H Increment stack painter, then
H = High push current PC onto STKO
L= Low L L Pop stack {decrement stack pointer)
¥ = Don't Care
Figure 5,
— PRINCIPLE
CYCLE | S4, 89, FE, PUP | uPC | REG | STKO | STK1| STK2 | 5TK3 | Youy COMMENT USE
\] Q000 J K Ra Rb Re Rd 3 End
N+1 - J1| K { Rb | Re | Rd | Ra | — | FPoeStack Loop
N 0001 J K Ra Rb Re Rd J Set-up
N+1 - H1| K J | Ra | Rb | Re Z | PushubC Locp
N G001 X J K Ra Rt Re Rd A . .
N+1 _ JH1 K Ra Rb Re Rd | Centinue Continue
N 0100 J K Ra Rb | Re Rd K | Pop Stack; End
N+1 - K+1 K Rb Rc Rd Ra — Use AR for Address Loop
N a1o1 J K Ra Rb Rec Rd K Push pPC: JSR AR
N+1 — K+1 K J Ra Ab Rc - Jump to Address in AR
N 011X J K Ra Rb Re Rd K .
N+ _ K+ K Ra Rb Re Rd - Jump to Address in AR JMP AR
™ 1000 J K Ra Rb Rec Rd Ra Jump to Address in STKQ; RTS
M+1 — Ra+1 K. Rb Re Rd Ra - Pop Stack
N 1001 J K Ra Rb Re Rd Ra Jump to Address in STKO;
MN+1 - Ra+1 K J Ra 315 Re - Push uPC
‘N 101 X% J K | Ra | Re | Re | Rd | Ra . Stack Ref
N+ _ Rat1 K Ra Rb Re Rd - Jump to Address in STKD iLoop)
N 1100 J K Ra | Rb | Rc Rd Pop Stack; End
N+1 — D+ K Rb Re Rd Ra - Jump to Address on D Loop
N 1101 J K Ra Rb Re Rd D Jump to Address on D; SR D
N+1 - D+1 K J Ra Rb Rc — Push uPC
™ T11 X J K Ra Rb Rec Rd D
N+1 _ D+1 K Ra Rb Re Rd - Jump to Address on D JMF D

X =Don'tcare, 0= LOW, 1 = HIGH, Assume Cp = HIGH
Nots: STK.O s the location addressed by the stack paineer.

Figurs 6. Qutput and Internal Next-Cycle Registar States for Am2909/Am2811.
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Figure 7 illustrates the execution of a subrouting using the
Am2809. The configuration of Figure 3 is assumed. The
instruction being executed at any given time is the one con-
tained in the microword register {WWR). The contents of the
LWR also controls {indirectly, perhaps} the four signals Sg, Sq,
FE, and PUP. The starting address of the subroutine is applied
to the D inputs of the Am2909 at the appropriate time,

In the columns on the left is the sequence of micrainstructions
to be executed. At address J+2, the sequence control portion
of the microinstruction contains the comand “Jump to sub-

CONTROL MEMORY

routine at A", At the time To, this instruction is in the yWR,
and the Am290% inputs are set-up to execute the jump and
save the return address. The subrouting address A is applied to
the O inputs from the uWHR and appears on the Y outputs. The
first instruction of the subroutine, 1{A}, is accessed and is at
the inputs of the yWR, On the next ¢lock transition, 1[A) is
lpaded into the uWR for execution, and the return address
J+3 is pushed onto the stack. The return instruction is exe-
cuted at Tg. Figure 8 is a similar timing chart showing one
subroutine linking to a second, the latter consisting of only
oneg microinstruction,

" Exacute Cycle To T T2 Ta Ta Ts Ts T; Tg Tg
Execute itreprogram Clock
Cycie Addres Sequencer Siarab _J[_L-JI_I-—”_LJI_I_I[_L_”_l_”_I_I’_UI_LJI_U
* | Instruction tgrials
J-1 - Aam2008 | $1.50| O 0 3 o o 2 0 0
Ty J - Inputs FE H H L H H L H H
T 41 _ tfram PLIP X X H X X L X X
5 i3 ISR A UWR) D X X A b x X X bt
Tg J+3 - S
Tz J+d - uPC J+1 J+2 J+3 Al Al A+l 4 J+6
- - STKO - - - J+3 J+3 J+3 - —-
_ _ Intgrnal STK? _ _ _ _ _ _ _ .
_ _ Registers STK2 _ _ _ _ _ _ _ _
- - 5TK3 - - - — - - - -
Ta o WA Am2a09
T Aol - Output v J+1 J+2 A A+l A+2 J+3 J+d J+5
T A+2 RTS ROM
—_ _ Output iY) IG+HT1 [ JSR A | 11A] | TAFT) | RTS | MUH3E | [J+4) | HU+B)
) - Contents
- - of pWR
- - tInstruction| pWR v} HJ+1) [ JSA A | KA | HAHY | RTS | 1430 | [1J+4)
- _ being
_ _ executed]
Figure 7. Subroutine Execution. Cn = HIGH
CONTRGL MEMORY
) Execute Cycle Ta T T T3 Ty Ts Ts Ty Ty Ta
Micraprogram _h’
Execute Clack
Cycle Ad Sequencer . r—umm’_l—l [_I_J_I_]
drass || astruction Signals
-1 - Am2000 | 54.5y| O 0 3 0 0 3 2 o 2 )
To J - 1nputs FE H H L H H L L H L H
T 1 . {from pUP P ® H x x H L % L X
T, 2 ISR A HWRI D x X A X x B X X X x
Ty J+3 -
- - uPC J+1 J+2 J+3 At A2 A+3 B+1 A+d | AsB Jra
- - nt | STKDO - - - J+3 J+3 J+3 At+3 J+3 J+3 —
_ ntarna
- - 5TKY - - - - - - 3 - - -
_ _ Repgisters 5TKZ _ _ _ _ _ _ _ _ _
Tz A - stz | - - . - - - - - - _
T4 A+l -
Ts A2 ISR B Am290%
T? A+3 — Output Y J+t Je2 A A+t A+2 8 A+3 Ard d+3 J+4
T Atd RTS ROM -
— — Output Yy H{J+1}) | JSR A Hal | 1{A+1}] JSRB | RTS IPA+31] RTS | 1{J+3) ] FLJ+4)
B - Contents
- - of 1 WR
Ts B RTS {lnstruction| WWR 1t I+t | JSR A reAal | ifAa+1) | JSRB| RTS |HA+31]| RTS 11+3}
— - being
— _ executed)
Figure 8. Two Nested Subhroutines, Routing B is Only One Instruction. Cn = HIGH
a3




Am2915

Quad Three-State Bus Transceiver With Interface Logic

FUNCTIONAL DESCRIFTION

The Am2815 is a high-performance, low-power Schottky bus
transceiver intended for bipolar or MOS microprocessor system
applications, The device consists of four D-type edge-triggered
flip-flops with a built-in two-input multiplexer on each. The
flip-flop outputs are connected ta four three-state bus drivers.
Each bus driver is internally connected to the input of a
receiver. The four receiver outputs drive four D-type latches
that feature three-state outputs.

This LS bus transceiver is fabricated using advanced low-
power Schottky processing. All inputs (except the BUS inputs}
are one L5 unit load. The three-state bus output can sink up
to 40mA at 0.5Y maximum. The bus enabie input (BE} is
used to force the driver outputs to the high-impedance state.
When BE is HIGH, the driver is disabled. The Voy and Vo, of
the bus driver are selected for compatibility with standard and
Low-Power Schattky inputs.

The input register consists of four D-type flip-flops with a
buffered common clock and a two-input multiplexer at the
input of each flip-flop, & common select input (S) controls the
four multiptexers. When 5 is LOW, the A data is stared in the
register and when Sis HIGH, the Bj data is stored. The butfered
common clock {DRCP) enters the data into this driver register

inverted and OE LOW). When the RLE input is HIGH, the
lateh will close and retain the present data repardless of the
bus input. The four latches have thres-state cutputs and are
controlied by _a huffered common threestate contro! {DE)
input. When OE is HIGH, the receiver outputs are in the high-
impedance state.

DISTINCTIVE CHARACTERISTICS

Quad high-speed LS| bus-transceiver
Three-state bus driver
Two-port input to D-type register on driver
Bus driver output can sink 40mA at 0.5V max.
Receiver has output latch for pipeline operation
Three-state receiver outputs sink 12maA
Advanced low-power Schottky processing
100% reliability assurance testing in compliance
with MIL-STD-883

& 3.5V minimum cutput high voltage for direct
inter face to MOS microprocessors

ORDERING INFORMATION

on the LOW-to-HIGH transition. PaTckage Terr;iperature NOrdgr
Pata from the A or B inputs is inverted at the BUS output, bik - angeo um sl
Likew:se, data at the BUS input is inverted at the receiver out- Molded P UOC 1o +?OOC AMZ2915PC
put. Thus, data is non-inverted from driver input to receiver Hermetic DIP 'DGC to +?U°C AM2Z8150C
output. The four receivers each feature a built-in D-type latch Dice 0 Eito +70 i.':D AMZ2HBXC
that is controlled from the buifered recejver larch enable Herrmetic DIP -—5500 10+|250C AM2Z9150M
{RLE} input. When the RLE input is LOW, the latch is open Hermetic Flat Pak —5500 ta +12‘5°C AMZS16FM
and the receiver outputs will follow the hus inputs (BUS data Dice -89 Clo+125°C AMZG15XM
LOGIC DIAGRAM
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MAXIMUM RATINGS (Above which the useful life may be impaired}

Storage Temperature

—65°C to +150°C

Temperature {Amhbient} Under Bias

-55°C to +126°C

éupply Woltage o Ground Potential —0.5% 10 +7V
DC Voltage Applied to Outputs for HIGH Qutput State —0.5V to +V max.
BC Input Voltage —-0.5V to +5.5V
DC Output Current, Into Dutputs (Except Bus) 30mA
DC Output CUFFQHI, Into Bus T T o m o _1_0{_)_n'\_,0_\

DC Input Current ~30mA to +5.0mA

ELECTRICAL CHARACTERISTICS

The following candilions appely unless atherwise noted:
AMIANSHKC(COM L] Ta=0"Cto+70°C Voo MIN = 4,75
Am2FTGRN LML} Ta=-55"Cra+125"C WpcMIN = 4.50v

BUS INPUT/QUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Parameters Description Test Conditions iNae 1) Min. Typ. Max. Units
] [ gL =24ma 0.4 |
| vou Bus Qutput LOW Yaltage Vg~ MIN f Volts
gL = 40mA 0.5 |
S ——— o — | .
| Vou Bus Jurput HIGH Vollsge Voo T MIN, loH = —20ma 24 Walts '
b —_ e L = e Qe Y i
| Vo =0A4av —-200
| \ Bus Leakage Current | Voo = MaX. Ry A ‘
) = 1
| 0 {High tmpedance] i Bus enable = 2.4V | Q=< 50 »
| | | V¥p=45V 10| !
N _ e T R,
| IGEE Buz Leakage Current i W =45y 100 | ua .
I| [Powszr OFFL L YCC - Ow |
Powvig Recerver Input HIGH Threshold { Bus enable = 2.4V 20 [ voits
LR Receiver Input LOW Threshold L Bus ¢nahble = 2.4V s Walig |
hort Cirgui | Ve = MAX. 50 ! 85 130 A
— - m ,
lge Bus Curput Shart Circwit Current | Vo =0v | ;
L d

RAYTHEON I 45



ELECTRICAL CHARACTERISTICS

Tha following canditians apply unless otherwise noted:

AMZITIEXC{COMLY
AMZO15XMIMILY

Ta =0°Cro +70°C
Ty = —5667C to +126°C

VeeMIN, =475V VogMAX, = 536V
VeeMIN 7 4,60V VeeMAX, = 550V

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Typ.
Parameters Drescription Test Conditions (newe 1) Min. tNote 2} Max. Units
Mog = MIN, MIL: gy = —1.0ma 24 3.4
vou | Receiver Vi = VL or Vin COM'L: Igy = ~26mA | 24 34 valts
Dutput HIGH Voitage P . |
Voo = 5.0V, lgp = —100uA 35
v MIN oL = 4.0mA 0.27 0.4
Cutput LOW Yoltage CC~ :
v | =B.0maA . ; Vol
oL {Except Bus) Vin = ViL o VIH oL e 032 045 o
Igy = 12mA 0.37 0.5
VIH Input HIGH Laye! | Guaranteed input logical HIGH a0 Volts
VExcept Bus) |J far all inputs
F i Input LOW Level ! Guaranteed inpui lngical LOW 08 Volts
‘ {Except Bus) r for all inputs
i —r—— r—
V) Input Clamp Voltage {Except Bus) Voo = MIN, Jjyy = —18mA . Volts
| 1 LOW C W MAX., Vi = 0.4V EB_E‘ ALE o
IL nput urrart CC ™ e VN T U mA
5' All gthar inputs ~0.36 |
IH Input HIGH Current (Except Bus) @ Voo = MAX,, Wy = 2.7V 20 A
1y Input HIGH Current [Except Bus) Voo = MAX Vg =70V 100 Irs
Isc Cutput Short Cirguit Current Vep = MAX. _30 _ag A
{Except Bus)
lee Power Supply Current Voo = MAX, 60 90 mA
i Vo=24V 20
Io Off. Sr.ate Cutput Current Voo = MAX, Q | oA
[Receiver Outputs) Vg =04 —20
SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
Am2915XM Am2916XC
Typ. Typ.
Parameters Description Test Conditions Min.  inotezy Wax, Min, (Noe2: Max. Units
tPHL _ o 36 27 32
—————1  Driver Clock (DRCP} to Bus ns
tPLH Cy {BUS] = 50pF 21 36 21 32
t2H. t21 _ Ry (BUS] = 1300 i 13 26 13 23
Bus Enable (BE} to Bus I "
Hz, tLz by S 26 13 23
15 "‘0@ 23 | 20 _
Data Inputs (A or B) n i s
th 0((\ B8O | 6.0
ts ) C‘,& / 7 | 25
Select [nput (S) ?4, "/, ns
th '. Q&C‘.q) / 8.0 5.0
1
tpy | Driver Clock (DRCP) Putse Wicth 4, ’041 17 ns
I g %%, %
g | %,
PLH I Bus to Receiver Output Ry 18 30 18 27 s
tPHL ! {Latch Enable} [+ 1594’0 J‘(/ v 18 30 13 27
PLH | RL=20ke /e, [ = 30 21 27
Latch Enable to Recaiver Quiput C 6?.;.. n:
tPHL Al 30 21 27
tg . 17 14
Bus io Latch Enable (RLE) ns
th 6.0 4.0
tZH. 121 . 14 6 14 23
Chutput Control to Receiver Qutput ng
tHZ.t 7 14 26 14 23

Motag: 1. For conditions shown as MIN_ or MAX_, use the appropriate value spacifisd undar Electrical Charactaristics for the applicabla davice type.
2. Typical limits are at VCC =60V, 25°C ambuent and maximum loading,
3. Not rmora than ong output should be sharted at a time. Duration of the short circuil test should not exceed one second.
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INTERFACE CONDITIONS
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FUNCTIONAL TABLE

INPUTS ‘IF%TSER\?I?:E BUS | OUTPUT
FUNCTION
S [ A8 |ORCP| BE [RLE|OE | O o, |BUS; R
X| XX X H X x X X Z x Crriver outgut disabie
XXX X X | X1 H X X X Z Receiver output disable
XXX X H|LI|L X L L H Diriver putput disable and receive data
X|x|x| x HiLlL{| X H H L via Bus input
X | X1 X X X H | X x MNC X X Latch received data
L|LyX t X X[ X L X X X
L|H]|X t X | X | X H X X X , )
Load driver register
H| XL t X X1X t X X X
H|X|H 1 X | X{X H X X X
X[ X1X L X X1 X NC X X X i L.
Na driver clock restrictions
X| XX H X1 XX NC X X X
XXX X L | X ] X L X H X
Dirive Bus
X| XX X L XX X L X
H = HIGH Z = HIGH Impedance ¥ = Don't Cere i=01273
L = LOW NC = Mo Change = LOW-ta-HIGH Transition

DEFINITIONS

Ag, Ay A2, Az The A" word data input into the two BUS, BUS, The four driver outputs and receiver in-
input multipiexer of the driver register. mzf ma puts {data is inverted).

Bp. B1, By, By :The B ‘f"‘”d data i"'F'UT_"”tO the two Ro. R1, Rz, R3  The four receiver autputs. Data from the
input multiplexers of the driver register, bus is inverted while data from the A or B

s Select. When the select input is LOW, the . NpLLs i non-inverted. _
A data word is applied to the driver rey- LE Receiver Latch Enable, . When ) RLE is
ister. When the select input is HIGH, the LOW, data on the BUS inputs is passed
B word is applied to the driver register. through the receiver latches. When RLE

is HIGH, the receiver latches are closed

DRCP Driver Giock Pulse, Clock pulse for the and will retain the data independent of
driver register. alf other inputs.

BE Bus Enable. When the Bus Enable is HIGH, DE Output Enable. When the OE input is
the four drivers are in the high impedance HIGH, the four three state receiver out-
state, puts are in the high-impadance state,
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Am2916 Quad Three-State Bus Transceiver With Interface Logic

FUNCTIONAL DESCRIPTION

The Am2916 is a high-performance, low-power Schottky
bus transceiver intended for bipolar or MOS microprocessor
system  applications, The device consists of four D-type
edge-triggered flip-flops with a built-in two-input multi-
plexer on gach. The flip-Hlop outputs are connected to four
three-state bus drivers. Each bus driver is internally con-
nected 1o the input of a receiver. The four receiver outputs
drive four D-type latches, The device also contgins g four-
bit odd parity checker/generator.

The LS| bus transceiver is fabricated using advanced low-
power Schottky processing. ANl inputs {except the BUS
inputs} are one LS unit load. The threestate bus output
can sink up to 40mA at 0.5V maximum. The bus enable
input {BE) is used to force the driver gutputs to the high-
impedance state. When BE is HIGH, the driver is disabled.

The input register consists of four D-type flip-flops with a
buffered common clock and a two-input multiplexer at the
input of each flip-flop. A comman select input {$} controls
the four multiplexers. When § is LOW, the A; data is stored
in the register and when 5 is HIGH, the B; data is stored.
The buffered common clock [DRCP)} enters the data inio
this driver register on the LOW-to-HIGH transition.

Data from the A or B input is inverted at the BUS output,
Likewise, data at the BUS input is inverted at the receiver
output. Thus, data is non-inverted from driver input to
receiver cutput, The four recewvers each feature a built-in
D-type latch that is controlled from the buffered receiver
latch enabile {R_CE} input. When the RLE input is LOW, the
lateh is open and the receiver guiputs will foliow the bus

inputs (BUS data inverted}. When the RLE input is HIGH,
the latch will close and retain the present data regardless of
the bus input.

The Am2916 features a built-in four-bit odd parity checker/
generator, The bus enable input {BE} contrals whether the
parity output is in the generate or check maode, When the
bus enable is LOW {driver enabled|, odd parity is generated
hased on the A or B field data input to the driver register.
When BE is HIGH, the parity output is determined by the
four latch outputs of the receiver. Thus, if the driver is en-
abled, parity is generated and if the driver is in the high-
impedance state, the BUS parity 15 checked.

DISTINCTIVE CHARACTERISTICS

® (Quad high-speed .51 bus-transceiver

Three-state bus driver

Two-port input te D-type register an driver

Bus driver output can sink 40mA at {.5V max.
Internal odd 4-bit parity checker/generator

Receiver has output latch for pipeline operation
Receiver outputs sink 12mA

Advanced low-power Schottky processing

100% reliability assurance testing in compliance with
MIL-STD-883

3.8V minimum output high voltage for direct inter-
face to MOS microprocessors
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ORDERING INFORMATION

Package Temperatura Order

Type Range Number
Molded DIP 0°C 10 +70°C AM2916PC
Hermetic DIP 0°C to +70°C AM20916DC
Dice 0°C 1o +70°C AM2916XC
Hermetic OIP ~557C to +125°C AM2916DM
Hermetic Flat Pak —55"C 10 +126°C AM2016F M
Dice —BEC to +126°C AM2916XM

MAXIMUM RATINGS {Above which the useful life may be impaired)

Storage Temperature —85°C 1o +150°C
Temperature {Ambient) Under Bias —58°C to0 +125°C
Supply Voltage to Ground Potential =0.5V to +7V
E_)EIF{!MO—H;E_A.;;HM to Qutputs for HIGH Output State —0.5Y to +Vao max.
DC Input Voltage —0.8% to +5.5V
DC Qutput Current, Into Qutputs {Except Bus) 30mA
DC OQutput Current, Into Bus T T00mA
DC Input Current T T —30mA to +5.0mA

ELECTRICAL CHARACTERISTICS

The fallowing conditions apply unless otherwise noted:

AMZSIEXC(COML] T4 =0°C 1o +78°C VYeeMIN, = 4.75%  WeoMAX, =525V
AM2HIBXMIMILE Ta®=—B5"C1a+126°C VegMIN. =480V Voo MAX. = 550V
BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
Parameters Description Test Conditions {Note 1} Min. Typ. Max. Units
I =24mA, 0.4
VoL Bus Qutput LOW Voltage Ve = MIN. WVolts
IpL = 40mA 05
VrH Bus Qutput HIGH Vaoliage Voo = MIN, Igp = —20mA 2.4 Vol
Vo =04V —200
Eus Leakage Current Vee = MAX. e
1 . V=24V 50 A
a {High Impedancel Bus enahle =24V e :
Vg =45V } 100
Ve = 4.5V
IaFF Bus Leakage Currant [a] 100 A
{Power OFF) Voo s OV H
Vir Receiver Input HIGH Threshold Bus enable = 2.4 ¥ 20 Volts
VL Aecgiver Input LOW Threshold Bus enable = 24V 0.8 Volts
o ircui vee = MAX. 50 85 130 A
—! — - m
lse Bus Cutput Short Circuit Current Vo = oV
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ELECTRICAL CHARACTERISTICS

The following conditions apply unless otharwise noted!

AM2QIBXC(COMLI Tg =0°Cto+70°C VeeMIN, = 4768V VooMAX. =525V
AmZ916XM (MIL} Ta=-55Cta+125°C VgooMIN.= 450V VooMAX. -~ 550V
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ
Paramsters Description Test Conditions {Note 1) Min. {Nota 2} Max. Units
Vee = MIN. MIL: Iy = —1.0mA 24 34|
Receiver
Vv Wiy =¥ v L = vol
OH Qutput HIGH Voltage N Lo ViH COM'L: IgH 2.6maA 24 34 olts
Ve =50V, gy = 100 A 35
i W = MIN 1 = —GBOuA 1 2.5 34
Vou Parity cc JOH H KIL Volts
Output HIGH Voltaga VN = ViHor VL COM L H 2.7 2.4
- e NI oL =40ma | 027 0.4
Cutput LOW Voltage cC = . - J
v gL = B.0mA wal
ot (Except Bus) Wiy = VL or ViH oL m ! 0.32 048 aits
loL =12mA | 0.37 05
_____ - R
Vid Input HIGH Level Guaranteed input logical HIGH [ 20 Volts
{Except Bus} for all inputs _i )
VL Input LOW |evel Guaranteed input logical LOW J o8 Volts
{Except Bust for akh inputs | )
e 1
V) Inpur Clarnp Yoltage {Except Bus) [ Vee = MIN, 1y = —18mA i .2 Volts
b o [
I Input LOW Current | Except Bush Voo =MAX, Wy =04V ma
hH Input HIGH Current {Except Bus! Vg = MAX, V= 2.7V i
1 Input HIGH Current {Except Bush Voe = MAX Vi = 7.0V ey
Isc Chatput Bhart Circuit Current Vg = MAX, _ag _gs mA
{Except Bush I i
I
Ico Power Supply Current | Vog = MAX., All Inputs = GND 75 10 mA
SWITCHING CHARACTERISTICS AMZIIEXM Am2918XC
. . ) Typ. . Typ. )
Parameters Description Test Conditions Min. inotazi Max, Min. inote2)  Max.  Units
tPHL oRoP) ¢y (BUS) = 50pF TEES 7 22
Driver Clock {DREP] 1o Bus + ns
tpLH BLIBUSH=1300 29 26 1 39
tzH, fZL — > 13 2 13 23
Bus Enable (RE) 10 Bus r'\« ns
tHZ tLZ v ) 13 26 13 prics
1 23 20
Data Inputs {A or B} %\)% \j{‘ —— 1 s
t \ Z 8o 6.0 F
- Selsct Inputs IS) é SIS %5 ]
elact Inputs e —— s
™ \ Sy S 80 | 5.0
O | &
Py Clock Pulse Width (HIGH} AL 0 | 17 ns
- A i T IR S
PLH Bus to Receiver Output ((\0‘(;$ ] 18 30 g 27 s
oL {Latch Enabled) ((’(} \P T 30 18 27
tPLH et o\ 21 30 21 27
Latch Enable to Recaiver Ouput &~ ¢ - ns
tap) s‘:’ 21 30 21 27
Iy — A 17 14
Bus to Latch Enable {RLE) ns
th £y = 15pF 5.0 40
tPLH A or B Data to Odd Parity Output R = 2.0k 2 36 21 32 n
thHL {Driver Enabled} 21 6 21 2z
[ T
f. pLH Bus to Odd Parity Cutput ba 36 Fil 3z s
tPHL {Driver Inhibited, Latch Enabled) 21 36 2% 32
tPLH Lateh Enable {RLE) o 21 36 21 32
. . . s
tpHL Odd Parity Output 2 36 21 a2 |

MNates: 1. Far conditions shown as MIN, or MAX | use the appropriate value specified undar Electrical Characreristics for the applicable device wypa,
2. Typical himits are at Voo = 5.0V, 25°C ambignt and maximum toading.
3. Mot more than one output should be shorted at a timea, Duratian of the short circuit test shou!l not exceesd one second.
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FUNCTION TABLE

INPUTS .Irl\éTEE):\I}I i%lé BUS | OUTPUT
— FUNCTION
S | Aj | B; |DRCP| BE |[RLEIDE | By Q; |BUS; R;
| oKX x H| XX b4 = Z X Driver output disable
X X | X X X | X[ H X X X Z Receiver output disable
X x| % X HL|L X L L H Driver gutput disable and receive data
X{x[xfp x |nivCc|oc] x H | H L via Bus input
XXX X X H| X X NC X X Latch received data
L|L|X 1 X X | X L X X X
L|H|X t X1 X | X H X X X . .
Load driver register
H|X|L t X X X L X X X
H|X|H T X X | X H X X X
X | x| X L X{ x| X NC X X X . .
Mo driver clock restrictions
X| XX H X1 X | X NC X X X
XX | X X L X | X L X H X )
Drive Bus
X | X | X X L X| X X L X
H=HIGH Z =HIGH impadance X = Don't care =012, 3
L= LOw MNE = No changs T = LOW-to- HIGH transimoen
DEFINITIONS
Ag, Aq, AZ, A3 The A" word data input into the two BTJEO, W§1 The four driver gutputs and receiver in-
input multipleser of the driver register. gﬁz_ ETG'-‘;B puts (data is inverted}.
By, By. B9, By  The “B" word data input inig the two Ry, Ry, R2, R3  The four receiver outputs. Data from the

DRCP

input multiplexers of the driver register,

Select. When the select input is LOW, the
A data waord is applied to the driver reg-
ister, When the select input is HIGH, the
B word is applied to the driver register.

Driver Clock Pulse. Clock pulse for the
driver reqister.

Bus Enable. When the Bus Enable is HIGH,
the four drivers are in the high impedance
state.

LE

fus 15 inverted while data from the A or B
inputs is non-inverted.

Receiver Latch Enable. When RLE is
LOW, data on the BUS inputs is passed
through the receiver latches. When RLE
is HIGH, the receiver laiches are closed
and will retain the data independent of
all other inputs,

Output Enable, When the OF input is
HIGH, the four three state receiver out-
puts are in the high-impedance state.
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Am2917 Quad Three-State Bus Transceiver With Interface Logic

FUNCTIONAL DESCRIPTION

The Am2917 is a high-performance, low-power Schotiky bus
transceiver intended for bipalar or MOS microprocessor system
applications, The device consists of four D-type edge-triggered
flip-flops. The flip-flop outputs are connected to four three-
state bus drivers. Each bus driver is internally connected to
the input of a receiver. The four receiver outputs drive four
D-type tatches, that feature three-state outputs. The device
also contains a four-hit odd parity checker/generator.

The LSI bus transceiver is fabricated using advanced low-
power Schottky processing. All inputs {except the BUS inputs)
are one LS unit load. The three-state bus output can sink up to
40mA at 0.5V maximum. The bus enable input [EE) is used to
force the driver putputs to the high-impedance state. When BE
is HIGH, the driver is disabled.

The input register consists of four D-type Pip-flops with a
buffered common clock. The buffered comman clock {DRCP)
enters the A data into this driver register en the LOW-to-
HIGH transition.

Data from the A input is inverted at the BUS output, Like-
wise, data at the BUS input is inverted at the receiver output.
Thus, data is non-inverted from driver input 1o receiver putput,
The four receivers each feature a built-in D-type latch that is
controlled from the buffered receiver fatch enable {ﬁ)
input. When the BLE input is LOW, the |atch is open and the
receiver outputs will follow the bus inputs (BUS data inverted
and DE LOW). When the RLE input is HIGH, the latch will
close and retain the present data regardiess of the hus input.

The four latches have three-state outputs and are controlled
E!,a buffered common three-state control {OE) input. When
OF is HIGH, the receiver outputs are in the high-impedance
state.

The Am2M17 features a built-in four-bit odd parity checker/
generatar. The bus enable input (BE| contrals whether the
parity output is in the generate or check mode, When the bus
enable is LOW (driver enabled), odd parity is generated based
an the A field dita input to the driver reqgistar. When BE s
HIGH, the parity output is determined by the four [atch out-
puts of the regeiver. Thus, if the driver is enabled, parity is
generated and if the driver is in the high-impedance state, the
BUS parity is checked.

DISTINCTIVE CHARACTERISTICS

Quad high-speed |.SI bus-transceiver
Three-state bus driver

D-type register on driver

Bus driver cutput can sink 40mA at 0.5V max
internal odd 4-hit parity checker/generator
Receiver has output latch for pipeline operation
Three-state receiver gutputs sink 12méA,
Advanced low-power Schottky processing

100% reliakility assurance testing in compfiance with
MIL-STD-883
3.5V minimum output high voltage for direct inter-
face to MOS microprocessors

L X BE BN BE OBE BN NN N ]

LOGIC DIAGRAM
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ORDERING INFORMATION

Package Temperature Order

Type Range Number
Melded DIP 0°C to +70°C AMZS17PC
Hermeatic DIP 0°C to +70°C AM2917DC
Dice 0°C 10 +70°C AM2917XC
Hermetic DIP —55°C 10 +125°C AMZ917DM
*Hermetic Flat Pak 5570t +126°C AM2917FM
Dice —85°C to +125°C AM2917XM

“ Available on special order.

MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature ) e -65°C to +150°C
Temperature {Ambient) Under Bias T i . ) ) ) 586G to +125°C
Supply Voltage to Ground Patential 05 V107V
DC Woltage Applied to Outputs for HIGH Cutput State =05V to +V e max.
0T input Voltage ~0.5V to+55 Y
0OC Output Current, Into Outpu-tmc_em BUS]_‘__‘ T . 30 mA
DC Qutput Current, Into Bus T T . —100 n’l_A
DC Input Current =30 mA to 5.0 mA

ELECTRICAL CHARACTERISTICS

The following conditions apgly unless otherwiza noted:

AmM2a17XC [COM'L) Ta = 0°C 10 470°C VeeMIN, - 476V Yoo MAX. =628V
AmM2917XM {MIL} Ta=—B8C1o+1268°C WooMIN. =450V VeoMAX. =550V
BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
Parameters Description Test Conditions {Nore 1} Min. Typ. Max. Units
loL = 24mA [ 0.4
VaL Bus Output LOW Yoltage Voo = MIN, Volts
] IpL = 40mA, i 05
[ von Bus Qutput HIGH Valtage Voo = MIN, T Tlgn = —20ma 24 Yolts
| Bus Leakage Current Voo = MAX Yoz04Y 200
us Leakage Curren oc = .
1 ) vy =24V 50 A
o {High Impedance} Bus enable = 24V o “
Vg =45V 100
I Bus Leakage Current Vo =45V
! IoFF 100
j ° {Power OFF) Vgg = OV 0 HA
|| YIH Receiver Input HIGH Thrashold Bus enable =24V 20 Volts
o VL Receiver Inpu LOW Threshoid Bus enable = 2.4V .8 Yolts
ircui Vee = MAX. 50 85 130 A
ks Bus Qutput Short Circuit Current Vg = OV - m
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ELECTRICAL CHARACTERISTICS

The following conditions apply unlass otherwise noted:

AMZBTTXEL (COML} Ta =0°Cro+70°C VooMIN, =475V VeeMAX, =525V
AM2917XM (MIL) Ta=-55"Cta+126°C WegMIN =450V VonMAX = 550V
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE Typ
Parameters Description Test Conditions (Note 1) Min. iNote 2) Max. Units
Voo = MIN. MIL: Ig = —1.0mA 24 34
vop | Deceiver Vi = V)L or ¥ COM'L: Igy = —2.6mA 2 34 ] vens
Qutput HIGH Yoltage 1N L H F1QH T —ohm '4_.,_ S I
Ve =60V, 1 = —100uA 35
_— - c€c 5 - TOH a — e —
i W, = MIN, = . A
Vo Parity cC AoH = —660uA MIL 25 | 3 Velts !
Qutput HIGH Valtage Vi = VIH or V(L SO 2.7 34 i
—1
N MIN lpL =4.0mA 0.27 0.4
Cutput LOW Voitage cC™ -
v | =B.0mA
oL {Except Bus) VN E VL or VK ‘oL -sbtmaA ) 0.32 045 Valts
QL = 12mA 037 0.5
Vi Input HIGH Level Guaranteed input logical HIGH 20 Volte
{Except Bus) for all inputs :
viL Input LOW Level Guarantead input lagical LOW 08 Valts
(Except Bus) for all inputs I
V) Input Clamp Volwags {Except Bus} Voo = MIN, )y = —18mA 1.2 Vahs
o BE, ALE T ozl
e Input LOW Current (Except Bus) Ve = MAX, Viy =04V ma
Al ather inputs —0.36
IH Input HIGH Current {Except Bus) Voo = MAX,, Viy =27V 20 ey
I Input HIGH Current (Except Bus) Voo = MAX, Wiy =70V 100 Jres
Ourput Short Circuit Current -
Ige Vg = MAX, -30 -85 A
{Except Bus) ce | m
leg Power Supply Current Vg = MAX, T 63 ) _Emm—_—m“r
. Vi =24V C2
o Off-5tate Output Current Vee = MAX. YotV ol "y
{Receiver Dutputs) Vg - 04V T 70
SWITCHING CHARACTERISTICS Am2917XM AmI917XC
OVER OPERATING TEMPERATURE RANGE Top. Tvo,
Parameters Description Test Conditions Min, (Notez) Max.  Min.  (Nare2r Max.  Units
PHL « (DRCPI Cp {BUS) = 50pF 21 36 21 32
Driver Clog: CFl 10 Bus P R S . ns
tPLH RLBUS) = 13001 21 36 21 32
1ZH. 1z N 13 26 13 23
Bus Enable (BE} 10 Bus (P SN WO I ! s
tHZ, L Z 13 26 13 23
tg 22 20
T A Oata Inputs D I S . — ns
h 24, 2.0 6.0
trw Clock Pulse Width [HIGH) G‘Sk.. 20 17 ng
TPLH Bus to Receiver Output S ° / ] W 18 27 e
PHL {Latch Enabied) Cy, w’kfo / 18 30 18 27
tPLH ] G 7, 21 20 21 27
Latch Enable to Receiver Output & 04‘, AN A S W ns
PHL f);(’ S‘q 21 30 21 27
s I O, '96 1 ' 1a
Bus 1o Latch Enable (RLE} CL= 15&‘4/ <, ns
th 0 4.0
Ry = 2.0k ?’C >
'PLH A Data to Odd Parity Out rion 36 21 32 ns
tpHL {Driver Enabted} 21 36 n az
tPLH Bus to Odd Parity Qut 2 36 21 az e
tpHL {Orivar inhibit} 21 36 21 32
tPLH Latch Enable (RLE] 1o Odd 2 36 2 32 s
teHL Parity Output 21 35 il 3z
1ZH 171 14 26 74 3
Output Contral to Cutput ng
tHz. 2 14 26 4 23

Matas: 1. Far conditions shewn as MIN, or MA X, uge the appropriata value spacified under Elgctrical Characreristics for the applicable davice typa,
2. Typical fimits ara at VCC =50V, 25°C ambient and maximum loading,
3. Mot more than one output should be shorted at a time. Duration of the short circuit test should not excerd one second.
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QRIVEN IYPT

INPUT/QUTPUT CURRENT
INTERFACE CONDITIONS

DRIVING QUTPYT

3
F.
1:1?
of

o

s05

-

ki

QUTPUT. DOED
INPUT o—q-—\ﬁ—o—wﬁ
laL
1
N
Mare: Actual current flow diraction shown,
SWITCHING TEST CIRCUIT
Yoo
A
L
TEST -
FOINT Toks
5
A
INPUT & O— AmM1 R . + —3
soof l ?
s
I'” 5.0ks!
BUS A W =
1305 -
1
TEST . |
POINT © ‘L y—O N
Slp#
I 1.0m1)

SWITCHING WAVEFORMS

T
ORIVER D ————LE L
[ Rulal

oy

h |

= SN/ e

‘PLH——I L
YoM

B3 F % }
OUTRUT 20w
VoL

'PHL«I———‘ eLH ~—‘

RECEIVER
QuTRUT

Mote:

i
\ =

Bus to Receiver outpuat delay s measured by clocking data into the driver register

and measuring the ELS 1o R cambinatorial delay.
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FUNCTION TABLE

INPUTS P GEvieE | BUS [ouTPUT
FUNCTION
Aj | DRCP| BE |RLE|DE | Dj; Q; |BUS; R;
X b4 H X | ® h4 X d 4 Oriver output disable
X X X x H X X Z Receiver output disable
X x HiL|L x L L H Driver output disable and receive data
X X H L L X H H L via Bus input
X X x H X x N X X Latch received data
L T X X X L X X X )
Load driver register
H 1 o x X H X X x
X X X X MC * X X
L No driver clock restrictions
.4 H X X X NC X x X
.4 .4 L X X L X H X
Drive Bus
.4 X L X | X X L X
H = HIGH 2 = High 'mpedance X = Don't Cara -0, 2,2
L= LOwW NG = Mo Change t = LOW-to-HIGH Transition
PARITY QUTPUT FUNCTION TABLE DEFINITIONS

ODD PARITY QUTPUT

T ~|F

QDD = Ap & A1 = Ag @ A7
ODD = Qg Qy # Qp *= Q3

DRCP  DOriver Clock Pulse. Clock pulse for the drver register.

BE PBus Enable. When the Bus Enable is LOW, the four
drivers are in the high impedance state.

BUSp, BUS,., BUS,, BUS3z The fowr driver outputs and
receiver inputs (data is inverted}.

Rp, Ry RQ, R3 The four receiver outputs. Data from the
bus is inverted while data from the A or B inputs.is non-
inverted.

RLE Receiver Latch Enable. When RLE is LOW, cata on the
BUS inputs is passed through the receiver latches, When RILE
is HIGH, the receivar latches are closed and will retain the
data independent of all other inputs.

oD Odd parity output.. Generates parity with the driver
enabled, checks parity with the driver in the high-impedance
state,

OE OQutput Enable. When the OE input is HIGH, the four
three-state receiver outputs are in the high-impedance state



CONNECTION DIAGRAM

Top View

ﬁl:‘ ' o) jveo

rof {7 lQEDRcP

aol 3 18] JR1
susg[] ¢ 17[] 43
ano[] s iy []8usz
susi[| 6 15[ Janoz

i 1 [ Bus:

BTN 13[] a2

ZE[]= 12 ]rg
woo[ | n[ae

MNete: Pin 1 is marked for crigntation,

METALLIZATION AND PAD LAYOUT

{(NOT AVAILABLE AT THE

TIME OF THIS PRINTING.)
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APPLICATIONS

5BUS
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I
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Am2E 7
ACORESS REGISTER
BUS

I

A
A7
[LEY Y

REGISTER
R
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RAIM
MEMORY

Arn | &
STATLS REGISTER

LmZI0
MICROPROGAAM
SENUENCER

|

ROKPAOM
MILROCODE

l

Am2ad
MICROWIAD
RAEGILTER

FLAGS ¥

A
BIPOLAR
MICROAROCESSOR

o

ABUE

The Am2917 can be vsed as an 1/0 Bus Transceiver and Main Memory 1/Q Transceiver
in high-speed Microprocessor Systems,




Quad D Register With Standard And Three-State Qutputs

FUNCTIONAL DESCRIPTION

New Schottky circuits such as the Am2918 register provide the
design engineer with additional flexibility in system configura-
tion .— especially with regard to bus structure, organization
and speed. The Am?2918 is a quadruple D-type register with
four standard totem pole cutputs and four three-state bus-type
outputs. The 16-pin device also features a buffered eommon
clock [CP) and a buffersd cormmon output control {QE) far the
Y outputs. Information meeting the set-up and hold require-
ments on the D inputs is transferred to the Q outputs on the
LOW-to-HIGH transition of the clock,

The same data as on the Q outputs is enabled at the three-state
Y outputs when the “output contral™ {QE} input is LOW.
When the OE input is HIGH, the Y outputs are in the high-
impedance state.

The Am2918 register can be used in bipolar microprocessor
designs 3s an address register, status register, instruction reg-
ister or for various data or microwerd register applications,
Because of the unigque design of the three-state output, the de-
vice features very short propagation delay from the clock to
the Q or Y outputs. Thus, system performance and archi-
tectural design can be improved by using the Am2918 register,
Cither applications of Am2918 register can be found in micro-
programmed display systems, communication systems and
most general or special purpose digital signal processing
equipment,

DISTINCTIVE CHARACTERISTICS

Advanced Schottky technology

Four D-type flip-flops

Four standard totem-pole outputs

Four three-state outputs

75 MHz clock frequency

100% reliability assurance testing in compliance
with MIL-STD-883
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ORDERING INFORMATION

Am2918

OUTPUT

Package Temperature Order
Type Range MNumber
Molded DIP 0°C te +70°C AM2918PC
Hermetic DIF 0°C to +70°C AM2918DC
Dice 0°C to +70°C AM2918XC
Hermetic DIP —66°C to +125°C AM2918DM
Hermetic Flat Pack  —56°C to +125°C AM2918FM
Dice ~55°C to +125°C AM2918XM
LOGIC DIAGRAM
Dg o o ag
9
STAaNDARD
e [ i — BUTPUTS
Oy
o ] Q
p—Cy P [=] S
N
oy o o
i
—OCP g o THREE-STATE
ouUTPUTS
T2
L) o a
cLoek r.P—Do—-——O S - Ts— ¥y

COMTROL OF




MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature

—65°C to +150°C

[emperature [Ambient] Under Bias

—55°C to +125°C

Lpply Voltage to Ground Potential {Pin 16 to Pin 8] Continuous =05V to +7V
I Yoltage Applied 1o Qutputs for HIGH Qutput State —- —0.5V to +Vpgo max.
OC Input Voltage_ ________ T T — —0.5V to +5 5V

T 30mA

JC Quiput Current, Into Dutputs

OC Input Current

—30maA 1o +5.0mA

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted)

Am2918XC Ta =0"Cto+70'C Wee = 5.0V 1 5% (COMLE MIN =4 75Y MAX = 525V
2rn2E1EX M Tp=-55"Croe125°C Vo = 5.0V ¢ 10% (MIL) R, = 4.5V MAX = 55y T
. ¥p.
Parameters Description Test Conditions iMNote 11 Min. [Mate 24 Max. Units
ML 25 3.4
Q| = —1mA
Ve = BN, OH comL| 27 3.4
Vi Output HIGH Voltage Voltg
Vi - Vid ar V) XM, g = —2mA 24 3.4
hd
XC, IgH = —6.5mA 2.4 34
v o LOW Voltage {Note &) Vee = MIN. log = 20ma 0
utpat cltage {Note b Volts
oL VIN = Vigor Vi
Guaranteed input logical HIGH
ViH Inpur HIGH Lewe! voltage for all inputs 2.0 Volts
Guaranteed input logical LOW
ViL fnput LOW Level voltage for all inputs 08 Valts
V) Input Clarmp Voltage Ve = MIN iy = —18mA -1.2 Volts
L - -
iMNote 3} Input LOW Current Vg = MaX, vy = 0.5V —2.0 ma
hiH ; - -
(Note 33 Input MIGH Current Voe = MAX,, Wiy =27V &0 wA
0 | teput HIGH Carrent | Vo= MAX. viy=88v | 1.0 mA
Vi =24V 50
o ¥ Quput Off -State Voe = MAX, Q A
Leakage Current Vg = 0av 50
Dutput Short Circuit Curreng _
i v = MAX, —40 =100 mA
sC iNote 4 cc
- leg Pawer Supply Current Viep = MAX. [Note 5 80 120 mA
L
Motes: 1. For conditions shown as MIN, or MAX, | usa the appraprlate value specified under Electrical Characteristics for the appilcable device type.
2. Typical limits ore at Vop = 5.0V, T g4-= 25°C ambient and maximum toading.
A, Actual input currents = Unit Laad Current x Input Load Factor {see Lasding Rules),
4. Mot more than one cutput sheuld be shorted at a titne, Duyration of the shart circuit tast shoud not axcead one second,
5. lgg is measured with all inputs 8t 4.5V and all outputs open.
6, Maasurad on Q cutputs with ¥ cutputs opan, Messurad an Y putputs with Q putputs open,

witching Characteristics (Ta = +26°C, Vop = 5.0V, Ry_ = 28082)

aramaters Description Test Conditions Min. Typ. Max Units
tPLH 6.0 9.0
Ciock 10 O Dutput ns
tPHL 85 13
o Clock Pulse Width Ext ns
ty Data CL = 15pF 5.0 ns
ih Data 3.0 ns
PLH Clock to ¥ Output 6.0 90
tPHL IOE LOW) a5 13 ns
tzH 125 19
CL =&pF
Lr4 B 12
" Qutput Control to Dutput 18 ns
HZ 4.0 6.0
CL = 50pF
ez 7.0 108
Lf—" Maxirmum Clock Freguency CL = 16pF 75 104 MHz
63
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DEFINITIONS
D; The four data inputs to the register.

LOADING RULES (In Unit Loads)

Q; The four data outputs of the register with standard Input Outpt'l:tan-‘:)u:tput
Fotem-pole active pull-up outputs. Data is passed non- {nput/Output  Pin No.’s  Unit Load HIGH Low
inverted.
Y; The four three-state data cutputs of the register. When Dy 1 1 - -
the threestate outputs are enabled, data is passed non- ay 2 — 20 10+
inverted. A HIGH on the “output control’ input forges the
o Yg 3 - 40/130 10+
Y| outputs to the high-impedance state. —5 -
CP Clock. The buffered common cleck for the register. 1 4 ! _ _
Enters data on the LOW-to-HIGH transition. 9 s .. %
OE Qutput Control. When the OE input is H{GH, the Yi ¥y B - 401130 10*
outputs are in the high-impedance state. When the QE input OF 7 i - -
is LOW, the TRUE register data is present at the Y outputs, GND T -
TRUTH TABLE i e T
Yo 10 10
INPUTS OUTPUTS Qs " - 20 10*
- CLOCK NOTES [+ 7} 12 1 - -
CE cP ] a ¥ R — - - ——
¥3 13 - 40130 10+
ﬂ : ; :g ; _ O3 14 - 20 100
H * L L F4 - Dy w1 T T
H * H H z -
L t L L L - Vee 16 - - -
L t H H H -
L _ _ L L 1 & Sechooky TTL Unit Load is defined as S0us measured at 2.7V
L _ _ H H 1 HIGH and —2,0mA measured at L 5Y LOW,
“Fan-gut on gach {; and Y, output pair should not excead 15 unn
L= Low NG = Na change Ioads {30mA} fori=0,1,2, 3
H = HIGH T = LOW 1o HIGH transluon

X = Don't care Z = High impedance

Nota: 1, When OF is LOW, the ¥ output will be in the same logic
state as the O output.

CONNECTION DIAGRAM
Tap View
H

il

14

Ya Oz

n.n

LERR T

)

10

1m0

Ve Dz

[1 ]
15

e

' AmIIE
1

*, 3

Metallization and Pad Layout

L L

by g

L

Y

B
7
L
0OE GND

Mote: Pin 1 is marked for orientation.

cF

OIE SIZE: 0.067" = 0.090""

SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

¥ ORIVING DUTPUT 2 DRIYING QUTPUT

DRIVEN INPUT

AMA,

)
Yoo }
500 NCM : 505 NOM
l'on : I'OH
T T e § [ I |
L‘ !
|
1
o | ‘oL

|
|
|
|
|

|
;
t
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Mote: Agtusl current flaw direction shown,
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APPLICATIONS

DATA
Am29H amdant I An2818
BIPOLAR BIPOLAR [+] DATA-IM
MICAQPAOCESEOR T CAOPAOCESSOR REGIETER
DaTa ) I
CARRAY out
FLacs 2;:3FLUW Am2U1E Al ?ZBSIO
' . ] T
NEGATIVE b {0 caracur o RS e 02T
REGISTER TRAMSCEIVER
D
a1 CONTROL,
Am3918 FAMEL
a v DITPLAY
I ¥
' An2918 AmZES0
et —=d0  apORESS @ BlS —= aoonEss
CONTINLGLS - REGISTER TRAMSCEIVER
FLAG DATA
The Am2918 as a 4-Bit The Am2918 used as data-in, data-out
status register and address registers.
BUS &
Ay Ay Ay Ay
£LOcK CLOTK
bgp Oy Dy D3 Y3 Y2 Yy o
"o % e fo—o —of o ar——"
y a, a f—m
Hy o AmIE Amae1a o g
0 OE
Ny — O 3 [ M3
o Y1 T2 My Oy Py Oy Dy
DUTPUT [ QUTPUT
CONTROL '[ CONTRGL
By 8 By 8y
BUSE

The AmZ2918 can be connected for bi-directional interface between two buses. The device on the left
stores data from the A-bus and drives the A.bus. The device on the right stores data from the R-hus and
drives the A-bus. The putput eontrol is used to place either or both drivers in the high-impedance state.
The cantents of sach register are available for continuous usage at the N and M ports of the device.

SERIAL
DATA
1M

o xy

FH

Dg Op Oy Gy Ty Oy Dy Oy

cr

AmZEE

] OE

Yy Y, Yz oty

be—— bbb

CLOEK

Bus
CONTARGL

Wp o Wy Wy W

Oy Gy By Oy D3 Oy By O3
=
AmzaTE
oE
Yoo Yh Yy Y3
Wy Wy W Wy

SERIAL
DATA

8-Bit serial to parallel converter with three-state output {W} and direct access to the register word (X}
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256 Bit Random Access Memories

93411

93411A

DESCRIPTION

The 93411 and 934114 are high speed 256-bit TTL ran-
dom access memaries with full decoding on chip. They are
organized 258 words by one bit and are designed for scratch-
pad, buffer and distributed main memory applications, The
devices have three chip select lines to simplify their use in
larger memory systems. Address input pin locations ‘are
specifically chosen to permit maximum packaging density
and for ease of PC board fayout. An uncommitted collector
outptit is provided to permit “OR-ties™ for ease of memory
expansion.

CONNECTION DIAGRAM
PIN_NAH_!LES .
CSy. C8y, CB3
ot -
Oae 7 Ve[ s Ag~ Ay
4]
2 [ e a3 s IN
6
sOs, s [Je —ouT
WE
U= on (12 LOADING
s e me [ e (Notes a, b)
o Chip Select Inputs 0.5 UL
& E BouT ap :I "

Address inputs o5 UL
guge #s H o Data Input os5UL
Ll E GO Ag :’ 8 Data Qutput 1M0uL.

NOTE: Write Enable osuL
The Flatpak version has the same

pirouts {Conpection Diagram} as the

Dual In-Line Package.

NOTES
3. 1 Unit Load (L0.L) = 40 us HIGH ¢ 1.6 mA LOW

DISTINCTIVE CHARACTERISTICS

# Replacement for 54/745208 and equivalent devices
#® Organization —2566 words by one bit
# Three high speed chip select inputs
# Typical zceess time
934114 Commercial 40nsec
93411 Commercial 45nsec
23411 Mititary 48nsec
® (n chip decoding
® Power dissipation —1.2mW/bit
® Power dissipation decreases with temperature
® Inverted data output
ORDERING INFORMATION
ORDER CODE PACKAGE TEMPEARATURE*
45 ng Typical Access Time
93411DC Ceramic DIP**  Commercial
934110M Ceramic DIP**  Military
93411PC Plastic DIP Commercial
93411FM Fiatpak Mititary
40 ns Typical Access Time
93411ADC Ceramic DIP** Commercial

*Commerzial = 0F ¢ 1o +75°C
Military = «65"C w0 +125°C

**Available in both ceramic DIP package options.

b 10 WL 15 the gutpur LOW drive Tactor An external pull-up resision 15 needed 1o provide HIGH
level drive capability. This owtput will sink a maximum of 18 ma at VOUT =045 V.

LOGIC DIAGRAM

LOGIC SYMBOL

R o SR
CECUDLAH LHIVEF 145
@0 — g Bt <0 13 12
(et —
Tay . Aocs Diny WE
8 Ay —— 2= Ay
14-~d ag
1 ' =t < 15— a5y
] ) l - :‘ 83419934114
— T Ag
WwE il
) J— §—1 Ag
10— Ag
11 —az
I [ Doyt
L. (3
VCC = Pin 18 o &
GND = Pin 8 a.‘ a5 | dc »,r Vo = Pin 1§
B ey g oy
O = Pin Numbers [URENRARU RN GND = Pin §
8



FUNCTIONAL DESCRIPTION

The 93411/93411 A are fully decaded 256-bit random ac-
cess mermories organized 256 words by one bit. Word selec-
tion is achieved by means of an eight-bit address, Ag thru A7,

Three chip select inputs are provided for logic flexibility.
For larger mermories, the fast chip select access time permits
the decoding of Chip Select, CS, from the address without
increasing address access time.

The read and write operations are controlled by the state of
the active LOW Write Enable (WE, pin 12). With WE held
LOW and the chip selected, the data at Oy is written into
the addressed location, Ta read,]’ﬁ is held HIGH and the
chip selected. Data in the specified location is presented at

BDouT.

Uncommitted collector outputs are provided to allow maxi-
mum Hexibility in output conpection. In many applica-
tons, such as memory expansion, the outputs of several
93411°s or 9341145 can be tied togother. In other appii-

cations the wired-OR is not used. In either case an external
pull-up resistor of value Ry must be used to provide a
HIGH at the gutput when it is off, Any value of R within
the range specified below may be used.

Voo (MAX) Vg (IMIN) - Vol
16 - F.0. (1.6} n{lcex}+ F.0 10.04)
R isin k&1

n = aumber of wired-OR outputs tied together

F.Q. = number of TTL Unit Loads (U.L.) driven
lcEX = Memory Output Leakage Current in mA

VY gH = Reguired Output HIGH level at Output Maode

The minimum value of R is limited by output current
sinking ability. The maximum value of B is determined by
the output and input leakage current which must be sup-
plied to hold the cutput at VoH.

TABLE | - TRUTH TABLE
INPUTS QUTPUT
cs, 5, Cs3 WE Oy Bour MODE
PIN 3 PIN 4 PIN 5 1
H X X X ’ . X" i B __H_. T _Not Seiecl.ed
X H X X X H Not Selected
X X H X X H Not Selected
L L L L L H Write 0"
L L L L H H Wrne 1"
L L L H X Daut Read inverted data fram
addressed location
H ~— HIGH Yoltaga Level
L = LOW Viollage Level
* - Don't Care (HHSH or LOW)
ABSOQLUTE MAXIMUM RATINGS (above which the usefut life may be impaired)
Storage Temperature —-65%C to +150°C
Temperature {Ambient} Under Bias —55%C to +1256°C
Ve Pin Potential 1o Ground Pin 05V 10 +7.0V
*Input Voltage (dc) 05 WViot+tE 5V
"lnput Current {dc) =12 mA to +5.0 mA
*"Voltage Applied 1o Qutputs {output HIGH} ~05 Vi +t550V
Qutput Current {de) {output LOW) 1T20 mA
*Enthes npet Voltage hmat or Input Current it 15 sufficient 1o protect tha inputs.
**Outpul Corrent Limin Reguired.
GUARANTEED OPERATING RANGES
PART NUMBER SUPPLY VOLTAGE (Ve AMBIENT TEMPERATURE
MIN TYP MAX Nots 4
93411AXC, 93411XC 475 v 50V 525V 09C 10 +75°C
93411XM 450 v 50V 5,50 V —-55°C 1o +125°C
X — parkage type, F far Flzipak, D for Caramic Dip, P for Plastic Dip. See Packaging Informanion Saction for packapes available on this product.
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DC CHARACTYERISTICS: Over Operating Tempersture Ranges. Notes 1, 2.and 4

IMIT:
SYMBOL PARAMETER AN LTYP s MAX UNITS CONDITIONS
{Naote 3}
VoL Output LOW Voltage 0.3 .45 v Voo = MIN, g = 16 mA
Vin Input HIGH Vollage 20 1.6 W 3;?;:2‘?:?;;:";:;:&9 ical HIGH
VlI:_ Input LOW Volage 16 .85 v S:I?erl;:l:frdallr:‘::;:t? ical (oW
i Input LOWY Curremt —530 —-800 L Voo = MaxX, vy =0v
hH input HIGH Current 1.0 20 T Ve = MAX, v =45V
leEx Qutpul Leakage Current 10 50 A Vee = MAX Vgyr =45V
Ve Input Clamp Diode Vehage - -1.0 ~1.8 i v Voo = MAX Iy = —10 mA
93411XC 90 124 Ta = +75°C | Voo =MAX, WE Grounded,
Ice EE:\:::]:Supp!y 934114AX0C 12(; :?g mA IA : ?:;‘SOC ali other inputs @ 45V
| 93411xM 100 143 T: e

AC CHARACTERISTICS: Quer Guaramtesd Operating Ranges Notes 1. 3. 4. 5 6

93411AXC 93411XC 93411 %M
SYMBOL CHARACTERISTIC RN TYE | MAX | MIN | TYP | MAX | MIN | TYF | MAX | UNITS | CONDITIONS
{Nate {Note {Note
3 3 3)
READ MODE | DELAY TIMES
Lacs Chip Select Time 25 30 25 30 26 | 40 See Test Cirguit
tRes Chip Select Recovery Time 25 5 258 25 25 | 35 ns | and Waveforms
TAA Address Access Time 40 45 45 55 45 | 65 Note §
WRITE MODE | DELAY TIMES
LT Write Disabie Time 10 | 20 35 10 | 20 35 10 | 20 | 45 s
YR Wirite Recovery Time 25 a0 25 40 25 | 50
INPUT TIMING
REQUIREMENTS
tiy Write Pulse Width 40 | 25 40 [ 25 50 | 25 See Test Cirewit
{t0 gquarantee write} and Wavaforms
tysn Data Set-Up Time Prior to Write| 0 Q 4] ] o o Note §
LwHD Data Hold Time Afrer Write -3 4] 5 a [ Q
tyyg A Address Set-Up Time 0 o] o] o] o] aQ ns
barHA Address Hold Time 5 o 5 ] & 4]
WwWses Chip Selact Set-ip Time 0] 0] bl O 4] ¢
hwHeS Chip Select Hold Time ] 53 -] Q & [+
G Input Lead Capacitance 4 5 4 5 4 5 F Measured with
Co Quiput Lead Capacitance ? 8 7 ] 7 a P putse 1echnigue
NGTES:
1. Conditens tor tesling, nol shown i the Tabla, ara chosen fo guarantee gperation under “worst cagse” conditions.
2. The specified LIMITS represents the “worst cese ™ value for the parameters. Since these “worst case” values normally gcour at the tlemperature and sup-
nly vohage garemes pdaitigng! nose immunity ard guard banding can be achieved by decreasing the allowable sysiem operating ranges
3. Typrcal imas are at VCC =00V T, = +25°C, and MAX loading
4 The Temperature Ranges are guaranteed with ransverse air flow exceeding 400 hnear fael per Mmmute and a rwé minute warm-up. Temperature range
of oparation refers to case temperature for Flatpaks and amhbient temperatura for all ciher packapes. Typical thermal resistance values of the package
at Makhum lemperature ara:
& 4 Wunction to Ambient) (at 400 fom air flow) = BOSC Wat, Ceramic DIF; 85°C/ Wan, Plastic DIF: NA, Flapak,
EJA tJunclion Ambi_ent] tstill airt = S0°C ; Wan, Ceramic DIP; 110°C / Waul, Plastic DIP, NA, Flatpak.
EJC {Junction o Caset = 25°C ; War, Ceramic DIF; 25°C sWan, Flaslic DIF; 10°C/Woatt, Flatpak.
B. The MAX address access lime s guaranteed to be the “worst case” bit in the memory using a8 pseude random testing pattern,
B

tyy MEaSUred at tye s = MIN, ‘WSA measured at tiy, = MIN.




AC TEST LOAD AND WAVEFORM

LOADING CONDITION INPUT PULSES

Voo ALL WPLT PULSES
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93415 93415A

1024 Bit Random Access Memories

DESCRIPTION

The 93415 and 93415A are 1024-bit read/write random
access memories organized 1024 words by one bit. They are
designed for buffer control storage and high performance
main memory applications. The devices have tvpiéal ACCRSS
times of 40nsec for the 83416 and 30nsec for the 93415A,

The 93415 and 934154 include full decoding on chip, sep-
arate Data Input and Data Quiput lines and an active LOW
Chip Select, They are fully compatible with standard DTL
and TTL logic families and have an uncommitted collector
output for ease of memary expansion.

COMNNECTION DIAGRAM
=3 d ' 15 :I Yo
A 2 o
" O m o PIN NAMES
= e u ] &
-ﬂ;-EA 13]!—\3 Ag - Ag
WE
Az |: Y ] na B
A & 1 j Az BouT
007 7 10 j Ap
aen [ # a o Chip Select
Address Inputs
Write Enahle
Crata Input
NOTE: Data Dutput
The Flatpak version has the same
pinouts [(Connection Diagramb as the
Dual In-Line Package.

LOGIC DIAGRAM

DISTINCTIVE CHARACTERISTICS

* LUnecommitted collector output

¢ TTL inputs and output

#® Non-inverting data output

® Organized 1024 words by one bit

® Typical read access time
93415A  Commercial 30nsec
93415 Commercial A40nsac
93415 Military 40nsec

& Chip select access time 15nsec typical
Power dissipation 0.5mW/bit typical
® Power dissipation decreases with increasing temperature

ORDERING INFORMATION

ORDER CODE PACKAGE TEMFERATURE *

40 ng Typical Access Time

93415DC Ceramic DIP Commercial
434150M Ceramic DIP Military
93415PC Plastic DIP Commergial
93415FM Flatpak Military

30 ns Typical Acress Time

93415ADC Caramic DIP Commercial
934'15APC Plastic DIP Commercial

*Commercial = 0°C 1o +75°C
Military = ~65"C ro +128°C

LOGIC SYMBOL

Soag— $ | é
o] : cs Ty WE
e .,
as I
P iy
1 = |
oA b—= I 934 16,3341 62
. o N A
W TE LRI R b — sy
i ..
T — Ay
ALLHE LS DOUT
DFLGCLR
Vee =PiniB i [
GN_D:_ Pir: 8 3y 2k 23 ar g Vee = Pin 16
) = Pin Numbers e vee = Pin
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FUNCTIONAL DESCRIPTION

The 93415/934154A are Tully decoded 1024-bit random ac-
cess memaries organized 1024 words by one bit, Bit selec.
tion is achieved by means of a 10-bit address, Ag to Ag.

The Chip Select input prevides for memory array expansion,
For large memaries, the fast chip select access time permits

the decoding of chip select (C3} from the address without
affecting system performance,

The read and write gperations are controlled by the state of
the active LOW Write Enable {WE, Pin 14}. With WE held
LOW and the chip selebied, the data at Dy is written into
the addressed focation. To read, WE is held HIGH and the
chip sglectad. Data in the specifiad location is presented at
DoyT and in non-inverted.

Uncommitied codlector outputs are provided to allow maxi-
mum flexibility in output connection. In many applications
such as memory expansion, the outputs of many 93415%
or 93415A’s can be tied together. In other applications the
wired-OR is not used. In either case an external pull-up re.

sistor of R value must be used to provide a HIGH at the
output whan it is off. Any Ry value within the range spec-
ified below may be used.

Ve iMING VeoeiMING - Vo
I - FOt1.8) nitcex) + FO{0.04)
BLisin kil

n = number of wired-OR outputs tied together

FQ = number of TTL Unit Loads {UL] driven

IcEx = Memory Output Leakage Current

Vi = Reguired Output HIGH Level at Qutput MNode
IgL = Durput LOW Current

The minimum Ry value is limited by output current sinking
ability. The maximum B value is determined by the out:
put and inpuwt leakage current which must be supplied to
hold the output at V. One unit load = 40pA HIGHS
1.6mA LOW.

TABLE | - TRUTH TABLE

INFUTS QUTPUT WODE
— —— Open
cs E FDIN Collector
H X h4 H MOT SELECTED
L L L H WRITE 0"
L L H H WRITE "1
L H X Dout READ
H = HIGH voltage Leval
L = LOW Valtage Lavel
X = Don't Care (HIGH or LOW)
ABSOL UTE MAXIMUM RATINGS {above which the useful Ife may be impairedh
Storage Temperature _BEC 10 1807 C
Temperature {Ambient} Under Bias —65°C 10 412570
Vg Pin Potential to Ground Pin 05V +70V
*Input Voltage 1dc) —05Vtw+hE WY
*Input Current {dc] =12 mA to +5.0 mA
Yoltage Applhed to Qutputs (CQutpus HIGH) ~05 % o +55 W
Dutput Current {day (Output LOW} +20 ma
“Either input woltage or input current limit s sufficient 1o protect the inpur.
GUARANTEED OPERATING RANGES
UPFLY WV Ay AMBIENT TEMPERATURE (T
PART NUMBER = QOLTAGE (veg! B ERATURE iT4)
MIN TYP MAX [Mote 44
b 1
93416XC, B2415AK0 475 v S0 526 vV 0°C 1o +75°C
93415XM 450V 5.0V 5.50 v —B5°C o +125°C
X = packape type; F for Flatpak, D for Ceramic DIP, P for Plasucs OIP. See Packaging Information Section for packages avaliable on this product,

ra!



DC CHARACTERISTICS: Over Operating Temperature Ranges (Motes 1, 2, 4)

LIMITS
SYMBOL CHARACTERISTIC UNITS CONDITIONS
MIN TYF (More 3) MAX

VoL Cutput LOW Yoltage 0.2 0.45 W Voo = MIN, I = 16 mA
VK Input HIGH Yoltage 21 18 W Guaranteed Input HIGH Voltage for all Inputs
VL Input LOW Voitage 1.5 L] v Guaranteed Input LOW Yoitage For all Inputs
T8 Input LOW Current —260 —400 i Voo =MAX, Viy =04V

1.0 40 ks Voo = MAX, Vi =45V
t Input HIGH Current 3
H ney Hrren 10 Yy Voo —MAX, Vipy =525V
ICEX Chutpot Leakage Current Lo 100 [ Voo =MAX, Vour =45V
Voo Input Diode Clamp Voltage -1.0 —-1.% ki Ve =MAX, )y = —10mA

35 130 A Ta 2 75°C
I Pawer Supply € 155 mA TA éo“-c Vor = MaX,

' m =
cc ower Supply Current | e A = All |nputs Grounded
170 ma, Ta=-55°C

AC CHARACTERISTICS: Over Guaranteed Operating Ranges (Notes 1, 2,4, 5, 61

93415AXC G341EALT FAA15AM
SYMBOL CHARACTERISTIC MIb TYP MAX [ MIN  TYP MAX .N_EMN TYF  MAX | UMITS | CONDITIONS
INate 3 {Note 3 (Note 3
READ MODE DELAY TIMES
tACS Chip Select Time 15 30 158 a0 % 45 See Test Circuit
\RCS Chip Select Recovery Time 15 30 20 40 20 50 ne anit Waveforms
tan Address Access Time 30 45 40 0 40 75
WRITE MODE | DELAY TIMES N
ws Vhite Disable Time 20 30 20 40 20 a5
"WR Wrire Qecovery Time 20 40 fl 25 50 46 95 i e
INFUT TIMING [
REQUIREMENTS '
Wy Write Fulse Width 35 25 50 26 56 26 .
Tta guarantee wrige See Test Crveuit
. . and Waveforms
wshD Data Ser-Uy Time Prior vo Write 5 0 5 0
TWHD Drata Hedod Time Atter Write 5 2} 5 o s
S A Address Ser-Up Time S Q 15 U
TyH A Address Hold Time 5 aQ G 0
HYSCS Chip Select Set-Up Time 5 0 5 a
wHeS Chip Select Hold Time 5 o 5 o
Cr Input Fin Capacitance 4 5 -d_q_;i___-_E_ _______ BF
Co _J. Output f’in Capacitance 7 8 . T_’W 8 L_ﬂ__
NOTES.

1, Conditiens for testing, not shown in the Table, are chosen to guarantes operation under "worsr cpse’’ conditions.

2. The specifict LIMITS represents the “weorst case’” walue for the parameters. Since these worst case'' values normally occur at the
temperature and supply voltage extremnes, additronal naise immunity and guard handing can be aohievad by decraasing the allowalle system
QRErating rangos.

3 Tynicaluzlugrat Wop - 5.8V, Ty = 12570, anid MA X ivaving.

4. Temparaiure Ranges are guarantead with transverse air flow axceading 400 linaar feer per minute and a two minute warm-up. Typical
thermal resistance values of the package at maximum temperatura ara;

ity a d3unction to Ambientt lat 400 fprm air tow) = 507 C/AWare, Ceramic DIP; 65 C/Watt, Plastic DIP; NA, Flapak,
I pa Junction to Ambientk 1erill arr) = 80" C/Watt, Ceramic DiF; 1 10" C/watt, Plastic O1F; MA, Flatpak,
#yoidunction to Case) = 25 CAWatn, Ceramic DIP. 25 CANart, Prastic DIP; 10° C/Want, Flatpak.

The MA X address accuss thme is Quaranteed 1o e the worst case’” bit in the memary using a pseudo random esting pattern.
tyy measured at tyuga = MIN, Uyg s measured at by - MiN,

&




AC TEST LOAD AND WAVEFORM

LOADING CONDITION INPUT PULSES
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93421 93421A

DESCRIPTION

The 93421 and 93421A are high speed 256-bit random ac-
cess memaories with full decoding on chip. They are orpa-
nized 256 words by one bit and are designed for scratch-
pad, buffer and distributed main memory applications. The
devices have three chip select lines to simplify their use in
larger memory systems. Address input pin locations are
specifically chosen to permit maximum packaging density
and for ease of PC board layout. A 3-state cutput is pro-
vided to drive bus organized systems and/or highly capaci-
tive 1oads.

CONNECTION DIAGRAM
e PINNAMES
CSq, €8y, €83
j 15
o Ag — Az
14 D‘N
:]13 [y
b —out LOADING
" WE {Notesa, by
[+ Chip Select Inputs 05UL
A Address Inputs a5 UL
s Data input oS5 UL
Data Output 10 UL
Write Enable g5UL
NOTE:
The Flaipak version has (ha same
pitouts (Connaction Diagram} as the
Dual In-Lina Package.

256 Bit Random Access Memories

PISTINCTIVE CHARACTERISTICS

® 3-state olutput

Replacermnent for 54/745200 and equivalent devices

.
® Organization — 256 words by one bit
® Three high speed chip select inputs
& Typical read access time

NOTES.
a. 1 Umt Load {UL} = 40 44 HIGH 7 1.6 ma LOW

934214  Commercial 30nsec
934N Cammercial 3b6nsec
93421 Military 3Bnsec
& {On chip decoding
® Power dissipation — 1.2mW/bit
& Power dissipation decreases with temperature
* Inverted data output
ORDERING INFORMATION
ORDER CODE PACKAGE TEMPERATURE"
3% ng Iypical ACCess 1Ime
93421DC Ceramic DIP**  Commercial
93421DM Ceramic DIP**  Military
9342tPC Plastic DIP Commercial
93421FM Flatpak Military
30 ns Typical Access Time
93421ADC Ceramic DIP** Commercial

*Commarcial = 0°C 1o +75°C
Military = —55°C 10 +125°C
**Available in both Cerarmic O|F package options

b 10 UL is the outputl LOW drive factor This gutput will sink @ maxmmum of 16 ma at Your = 0.45 V, and

will source 2 mimmum of 10mA at 24 V.

LOGIC DIAGRAM

LOGIC SYMBOL

¥ AORAELT WiED 345
RECOOEN nn e LA
5- S .
(& % — [T 1 - 1 — 4, BN WE
; A O I Y 7@ o
2 — TR A _ L
[ Err— —G: R G 14— g
—l @ 15— B4 A2,
— T—fAs
< 5o |
— 10~ Ag
i, n—]a
AR ’ Dour
!
"’cc = Pin 16
GMND = Pin @ s
Rt e L =
(O = Pin Numbers @‘@‘ o Ve = Pinig
GND =Pin 8
2



FUNCTIONAL DESCRIPTION

The 93421/93421A are fully decoded 256-bit random access
memaries arganized 256 words by one bit. Ward selection is
achieved by means of an eight-bit address, Ap thraugh Az,

Three Chip Select inputs are provided for logic flexibility.
Far larger memories, the fast chip select access time permits
the decoding of Chip Select, C_S, from the address without
increasing address access time,

The read and write operations are cantrolled by the state of
the active LOW Write Enable {WE, pin 12). With WE held

LOW and the chip selected, the data at Dypy is written into
the addressed lacation. To read, WE is held HIGH and the
chip selected. Data in the specified location is presented at

DouT.

The 3-state output provides drive capability for higher
speeds with high capacitive load systems. The third state
{high impedance} allows bus organized systems where mul-
tiple gutputs are cannected to a common bus,

During writing, the output is hield in the high impedance state.

TABLE | - TRUTH TABLE
INPUTS QUTPUT
== €52 53 WE Oy Bout MODE o
H X X X X HIGH Z Mot Selected
X H X X X HIGH 2 Not Selecred
X X H X X HIGH Z Mot Selected
L L L L L HIGH 2 Write "0
L L L L H HIGH 2 Write "17
L L L H X Ogyrt Read inverted data from
J addressed location
H = HIGH Voltage Level h ) .
L = LOW Volrage Level
X - Don't Care {HIGH or LOW)
HIGH Z = HIGH Impedance
TABLE 2 FUNCTION TABLE
FUNCTION._ INPUTS QUTPUT
CHIP SELECT WRITE ENABLE
Wring L L HIGH £
Read L H Stored Data
Not Selected H X HIGH 2
ABSOLUTE MAXIMUM RATINGS [above which the useful life may be impaired}
Storage Temperature ~B5°C 1o +150°C
Temperature {Ambient} Under Bias —-85°C to +126°C
Ve Pin Petential 10 Ground Pin 05 Vio+70V
*input Voltage {dc) —05Vio+55 YV
*input Current {dc) =12 mA to +5.0 mA
**Voltage Applied to Quiputs (cutput HIGH) ~05Vio +550 V
Qutput Current (de} {output LOW) +20 mA
*Either input Yoltage limit or lnput Current limil 18 sutficiant to protect the inputs.
**Output Currerd Lymit Required.
GUARANTEED QPERATING RANGES
PART NUMBER SUPPLY VOLTAGE (vVoch AMBIENT TEMPERATURE
MIN TYP MAX Note 4
93421AXC, 93421XC 475V 50V 526V 0°C to +75°C
93421XM 450V 5.0V 550V =557C to +125°C

X = package wype: F ivr Fiatpak. D for Ceramic Dip, P for Plastic Dip. See Packaging Information Seciion for packagaes available on this product
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DC CHARACTERISTICS: Over Operating Temperature Ranges. Motes 1. 2 and 4

LIMHTS
SYMBOL PARAMETER ITi
MIN P M UNITS CONDITIONS
{Note 3]
Voo Qutput LOW Voltage 0.3 0.45 v Vee = MIN I = 18 mA
Guarameed Input Lagical HIGH
Vi Input HIGH Voltage 20 1.6 v Voltags for all inputs
Guarameed Input Logical LOW
Vil Input LOW Voltage 1.5 .85 Y Vohage for all inputs
L Input LOW Currenr -530 ~800 HA Voo = MAX iy =0V
[ Input HIGH Current 1.0 20 F11:8 Vee = MAX Vg =45V
50 Vcc = MAX, VOUT =24V
| Gutput Current (HIGH Z) P22
FF _ -
o 50 Voo = MAX, Vg7 = 0.8 V
Veo lnput Clamp Diode V?.Itage -1.G -1.5 v Veg = MAX |y = —10mA o
93421%C 90 124 Ta = +75°C | Yoo = MAX, WE Grounded,
icc Power Supply| 93421AXC 100 1356 mA Ta = 0°C all ather inputs @ 45V
Current a0 17 Ta = T125°C
93421 XM
3 100 142 T - —95°C
Vv Cutput HIGH 93421XC.AXC_| 2.4 vV IOH =-10.3 mA
OH
Wollage 93421XM 2.4 v | loy—"52mA
Cutput Current _ _
ios Short Cirguit #6 Ground 100 mA Voo = MAX. Note 7
AC CHARACTERISTICS: Qver Guarantesd Operating Ranges. Notes 1,2, 4, 5 6
9I4HAXC 33421XC 93421XM
SYMBOL CHARACTERISTIC MIN [ TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | UNITS | CONDITIONS
{Note {Note {Note
3 3) 34
READ MODE | DELAY TWES
tacs Chip Select dccess Time 20 30 20 30 25 40 Bee Test Cirguit
I7RCE Chip Select to HIGH 2 20 30 20 30 20 | 40 ns | and Waveforms
1A, Address Access Time 30 40 5 5 35 | &0 Note 5
WRITE MODE | DELAY TIMES
t7ws Write Disabg to HIGH Z 10 | 20 35 1wl 20 35 10 | 20 | 45 ns
Wwh Writa Recovery Time 25 40 25 40 25 [ 50
INFUT TIMING
REQUIREMENTS
iy Minimum Write Pulse Width 30 10 a0 10 40 10 See Test Circust
wsD Data Set-Up Time Prior 1o Write| O o o o o o and Waveforms
YAHD Data Hold Time Afier Write 2 o 5 o ] o Note §
g A Address Set-lp Time Q ¢] 8] o] o o] ns
BAHA Address Hold Time 5 Q 5 Q 5 o]
wses Chip Select Set-Up Time o Q0 Q 0] o g
WWHCS Chip Select Hold Time 5 0 5 o] 5 0
o Inpul Capacitance 25 35 25 36 25| 35 F Meaasured with
Co Qutpur Capacitance ) 7 ] 7 5 7 n pulse technique
NOTES: o

1. Conditiens for 1esung. nat shown in the Table, are chosen o gquarantee aparation under “worsl casa™ canditions

2. The gpecitied LIMITS represents the “wors) case’” value for the parameters. Since these “worst casae’” valuas narmally occur al the ternperalure and $up-
oy valigge eaienes, additiona ngise wnmuniy 3nd gusrd banding can be achieved by decreasing the allowable sysiem operaling ranges

3. Typical honits are a Ver - 5OV Ty — +25"C. and MAX loading

4. The Temperature Aanges are guaranteed wih wansvarse aun low exceeding 400 linear teet per minute and & o Minula warm-up. TAMEeratLre rangs
of aperation relers to case femperature for Flapaks and ambient temperature for all other packages. Typical thermal resistance values of the package
at MEximum Iemperature are

3,JA [Junction 1o Ambient) (@t 400 Ipm ar flow| = SOYC  Watt, Ceramac DIP, §57C ; Watt, Fiastic [HPR, NA, Fiaipak.
3JA [Junctien 1o Ambient] (stdl arl = 90°C,; Wan, Caramic DIP; 110°C / Watt, Plastic DIF: NA, Flatpak.
&)~ fdunchion te Case) = 26°C, Wait, Ceramic DIP: 2620/ Watt, Plastic DIP; 10°C SWvate, Flaipak.

The BAAX address access time 15 guaranteed 10 be the “waret case” bit in the memaery using a pseudo random festing pattern.
\yy measured a1 hwsa T RN, tye o measured at ty,, = MIN
Duration of short cirguit should Nt exceed ane second.

~
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AC TEST LOAD AND WAVEFQRM

LOADING CONDITION INPUT PULSES
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93425 93425A

1024 Bit Random Access Memories

DESCRIPTION DISTINCTIVE CHARACTERISTICS
The 93425 and 934254 are 1024-bit read/write random ac- 8 Dstate output
cess memories organized 1024 words by one bit, They are de- ® Organized 1024 words by ona hit
signed for buffer control storage and high performance main ® TTL inputs and output — 18mA drive capability
memory applications. The devices have typical address access ® Typical read access time
times of 40nsec for the 93425 and 30nsec for the 93425A, 934254  Commercial 30nsec
. ) ) 93425 Commergial 40nsec
The %3425 and 834254 include fullll decoding on clhlp, sep- 3475 Military A0nsec
aralte Data Input anc:i Data OQutput lines and an active pr ® Chip select access time 15nsec typical
C#_np Select and Write Enable. _They are fully compatible ® Noreinverting data output
mth stalndard DTEI. and TTL mg.'c families. A 3-state OL-_ItlJlJI & Power dissipation 0.5mW/bit typical
3 prclwlnded to drive bus organized systems and/or highly ® Power dissipation decreases with increasing temperature
capacitive loads.
COMNECTION DIAGRAM ORDERING INFORMATION
ORDER CODE PACKAGE TEMPERATURE*
! [j & s 934250C Cesamic DIP Comemarcial
2 E 15 93425DM Ceramic DIP Military
E PIN NAMES 93425pC Plastic DIP Commercial
k| 14 = .
cs Chip Select 93425FM Fiatpsk Military
An —
+ U 13 Ag-Ag Address lnputs 93425ADC Ceramic DIP Commercial
E " WE Write Enable Plastic DIP c b
: Dy Data laput 93425APC Jastic D ommercia
s 1 CouT Data Cutput
7 E "l
“Commercial = 0°C 1o +75°C
s O 4 Mititary = —55"C to +138°C
NOTE:
The Flatpak version has the same
pinouts (Connaction Diagram) as the
Dual In-Ling Package.
LOGIC DIAGRAM LOGIC SYMBOL
~ T 15 14
o b | P
WORQ - 11233 o) [*IT™] WE
TRIVER _2 — an
3 —
T ¥ i
4 —ay
GEMZE AMPI
AND ___G-_— & 3 s B
uzr\f;;s h 6=l aq
o —ay 93426,934254
* WE .@
10— g
LOORESS
DECODER ADORESS 1" —az
DECOGER O (5 12—ty
13— Ay Dot
|
Gy By By Ay By B Bg g dg g v Pin 16 7
- [ = PFin
6000 N0 T EE GIEJD =Ping Voo =Pin 16
0 = Pin Numbers GND = Pin 8
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FUNCTIONAL DESCRIPTION

The 93425/934254 are fully decoded 1024 -bit random ac-
cess memaories organized 1024 words by one bit. Word se-
lection is achieved by means of a 10-bit address, Ag to Ag.

The chip select (ES) input provides for memory array ex-
pansion. For large memories, the fast chip select access time
permits the decoding of chip select from the address with-
out increasing address access time.

The read and write operations are controlled by the stateif
the active LOW write enable (WE, Pin 14), With WE and £S
heid LOW, the data at Dy is written into the addressed

location. To read, WE is held HIGH and T35 held LOW. Data
in the specified location is presented at DHyT and is hen-
inverted.

The 3-state output provides drive capability for higher
speeds with high capacitive load systems. The third state
thigh impedance| allows bus organized systems where mul-
tiple outputs are connected to a coammon bus,

During writing, the output is held in the high impedance
state,

TAELE 1 - TRUTH TABLE

INPUTS QUTPUT
— - MODE
cs WE Dy DouT
H X X HIGH Z NOT SELECTED
L L L HIGH Z WRITE ("
L L H HIGH 2 WRITE "1
L H % DouT READ
H = HIGH Vvatage Level
L = LOW YValtage L evel
X o= Don'r Care (HIGH or LOW!
ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired.)
Starage Temperature —65°C 10 +150°C
Ternperature {Ambient} Under Bias —55°C 1o +125°C
W Pin Potential to Ground Pin -05Vw+70V
*Input Yoltage {dcl —05W 10455V
*Input Current [del —12 mA to +5.0 mA
**Yoltage Applied to Outputs (Output HIGH) —05Vta+55 VY
Output Current (del {Quiput LOW) +20 mA
*Either input voltage or input current limit is sufficient to protect the input,
"*Output Current Limit Raguired
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE (v AMBIENT TEMPERATURE (Tgt
" ABER — —m
ART NUMBE MIN i TP | MAX {Note 41
D3425XC, D3425A K0 475 v 50w Il 525V O G <79 C
G3425X%M 450 B0V E 5.50 v —55 Qo +125 C
o pwkage ivie, Fotoc Flarpak, D 1or Cerarsig GIP, P tor Plastie DHP See Packaging Indormarion Section for packages avadable on ihis product,
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DC CHARACTERISTICS: Quer Operating Tempearature Ranges INates 1, 2, 4)

I Condimans for testing not shown in the Talble, are chosen 10 Quarantes operation unders
Since rhesa
remperature and supply voltage extrermes additvonal noise immunity and guard banding can be achieved by decreasing the allowable sy s1em

| LTS _[
SYMBOL CHARACTERISTIC 7 UNITS COMDITIONS
| MIN | TVF iNote 31 MAX
B e = } e e —
VoL i Cutput LOW Voltage 0.3 | bas W Voo - MIN, Lo~ 16 mA
AU ' Inpur HIGH Valtage 21 1.6 W Guaranteed Input HIGH Yaltage Tor all Inputs
WL ll Input LOW Valiage 15 08 W ‘Guaranteed Input LOW Vo far all Inputs
I | Input LOW Current 250 — 4000 s Ve = MAX, Vg =04y ¢
r 1.0 a0 HA Ve = MAX Vig=45Y
™ Irpat HVWGH Currem - —t = = - - - - AR
1.0 ma Wee = MAX, vy =528 v
! . e e — 50 T T Ve MAX VeI IAY
I03FF Qurput Current [HIGH Z) HA cc out
50 Vee = MAX Moyt - 05V
Output Current Shere Circuit
1 | - 100 mA Ve - MAX, Note 7
R to Ground e
93425%C 24 W logH = =103 mA, Ve 50 -5%
el ] Qutput HIGH Yaltage — — — ———
93425XM 24 W lgH = —5.2mA
Ve I Irput Diode Clamp Voltage -1.0 -1.5 Y Voo - MAX Iy = - 10ma
1 130 mi Ta® T8 C
Power Supply Current 95 155 | mA cC T Yee SMAK
1 y r ]
e ower Supply Lurren | All 1nputs Ginunded
H 170 mé
AC CHARACTERISTICS: Qver Guarantzed Operating Ranges (Notes 1, 2, 4, 5, &)
—_—
i | 93425AXC 92425¥%C A3425XM
SYMBOAL i CHARACTERISTIC i.".'!!N TYP MAX ) MIN TYP MAX |[MIN TYF MAX | UNITS CONDITIONS
| (Moxe 31 (Nate 31 {Mote 3)
REAC MODE | DELAY TIMES !
1ACS | Chip Select Time | 15 30 15 a0 15 45 See Tost Cireuit
. g
tZRCE | Chip Select vo HIGH 2 I 15 30 20 40 el S0 and Waveformy
tAA | Address Access Time I 30 45 40 T 40 15
WRITE MODE | DELAY TIMES T T T T T T T
tZWS | Wrirte Disable 10 HIGH 2 ! 20 30 20 40 20 45
ns
WA _ Write Recovery Time l 20 40 26 O 45 55
| INPUT TIMING REQUIREMENTS l
tyy \.[;\rr.'teSF'ulza U\-rridlh I:O. guaraur;t?e write} 32 22 . 52 22 ‘52 22 | Sae Test Crretnt
hwso dta set-Wp Dime Frior (c.} Tite B | and Waveforms
WHD Data Hotd Tiene After Write 5 o] i 5 0 5 o H
WEA Address Set-Up Time 10 i} ) 18 o] 15 Q ns
T A Address Hold Time |51 a 5 #] & it
WsCs Chip Select Set-Up Time 5 4] 5 o 5 1]
BAHCS Chip Select Hold Time 5 0 5 0 & o]
Cy - Input Fin Capgacitance 4 5 4 5 g 5 oF Measure wath
Co Qutput Fin Capacitance 7 g 7 B 7 &8 Pulse Techningue
MOTES:

“warst case” condilions

“warst case” values normaitly ocour at the

The Temperature Ranges are guaranteed with transverse air flow exceeding 400 linear feer per munute and 4 twi Mrogte Warm up Tvpical

2  The specitied LIMITS represents the “worst case’’ walue for rhe paramerers.
anerating ranges. )
3 Twouwal vatues are al Ve = 5.0W, Ty = 28 and MAX Ipading.
a
thermal resisiance vatuas ¢t rhe gackag? 4! Maximurn MRerature arg.
Yya UJunction to Ambieat] (At 300 fpem air flawd = 50 CAWatt, Cerarmic DIF: B85 CoWall, Plasuc OIP NA Flarpak.
g tduncuion o Armtheat] {still aird = 90 CiWarr, Ceramin QIP 110 CiWartt, Flastic OIF NA Flatpak.
Ao tduncrion vo Casel = 25 C/Watt, Cecamic DIP: 25 C/Watt Flastic DIP. 10 C/Wan, Flatpak.
5. The Ma ¥ address sccess time is guarantesd ro be the "worst case’” it on rhe marfiory using a psgaito random testing pattern.
B, Ty measured at tyyga T MIN, Lo s measured at ty - RN,
7 Duranon of shore cirgunt should not 8xceed one second.
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AC TEST LOAD AND WAVEFORMS

LOADING CONDITIONS

Wi
30072
Ogur 1 Dt
a0 16 =
03425/234254 [Pl 934252934254 wry T M
__l.- E=
Load A Load B

&Ll tWPUT FULRES

INPUT PULSES

READ MODE

PROPAGATION DELAY FROM CHIP SELECT

Tyt
Lieh A

Uouy
L38O R

PROPAGATION DELAY FROM ADDRESS INPUTS

0
GDOPESS INFUTS,

Dear
UL16 QLR

LA time measursments referenced to 1.5 V)

AC WAVEFORMS (Cont'd}

WHRITE MODE
G 5ELFLT ‘ 7
Hoecit X ><
=
Cars ><
— A /
WAl TE (nanE —
S /e
e i3 o e |
b THHLE

HIGH £
Loso 4
Cayy
wata e
10808
MIGH

(A1l above massurements referenced ta 1.5 v}

¥




WRITE ENABLE TO HIGH Z DELAY

ar
B TE R HBEL]

T T S

=

o

- BAT A e g [ANTILH —

Lty

Load C

PROPAGATION DELAY FROM CHIP SELECT TOHIGH Z

~—'znzn—=

i

—

(AN 17 3 % Paramerers are measured a1 a detta of 0.5 W from
the logw: level and using Logd C1




R29600 R29601

256 Word By 8 Bit PROMs

FUNCTIONAL DESCR{PTION

The R29600 and the R29601 are electrically program-
mable Low-Power Schottky TTL read only memories. Both
devices are organized as 256 words of B bits each; the
R29600 has open collector outputs and the R29601 has
three-state outputs. The devices are shipped with all
bits HIGH and each bit in the memory can be programmed
ta a LOW by applying appropriate voltages to the circuit
At each bit location on the circuit there is a narrow link of
fuse material which is conductive, but which can be opened
by passing & short high-current pulse through it

The programming voltage is apphied at the output pin for the
bit to be programmed, while the word to be programmed is
selected by normal TTL levels on the address lines. The passage
of current through the link is controlled by a programming
pulse on the chip select input,

After programming, the device can be used for microprogram
storame or randorm {ogie function generation, like any read-only
memory, |f gither chip select input is held HIGH, the outputs
will all turn off, 4o the outputs of several memories can be
tied together for expansion.

ORDERING INFORMATION

Package Temperature Order
Type Range Number
Open Collectors
Hermetic DIP 0°C 10 +76°C R286000C
Hermetic DIF —85°C 1o +125°C F296000M
Hermetic Flat Pak ~ —556°C to +126°C R29600FM
Three-State Qutputs
Hermetic DIP 0°C 1o +76°C R29601DC
Hermetic DIP —55°C 10 +125°C R29601DM
Hermetic Flat Pak  —55°C to +125°C R29601 FM

DISTINCTIVE CHARACTERISTICS

Field programmable read only memaory

Highly reliable nichrome fuses

Pin compatible with other popular 256 by 8 PROMS
Typical fusing time of 95us/bit

70ns access time at 25°C

Three-state and apen-coltectar versions

LOGIC SYMBOL

1 A
| J— - a4
1 — 1,
4 Ay
5 7k AmZPBO0! AmIBG0
17 - fug, 266 4 & PROM
18 a e
1w — .\\,
15
‘E:DE Oy Dg O3 Of D5 Og O7 Og
Voo - 18
GND B

4 13 127 v o8 &8 7 4G

CONNECTION DIAGRAM
Top View

Ve By Ag Ag Ep By Dy Oy O o
OO0

20 1@ 1B t7 g 15 14 13 12 1

[

Mate. Pin 1 15 rearked for orientation,

7 8 LI
LUl
2; & 9, GND

E]
i

A2

]
g

IHEN
z[-
& [
o e

BLOCK DIAGRAM

B vorn
ol DECGD

SE_EET
PTTIT

HEHILHEEITLHIY

04381 T MEMORY CELL
3BV 54
MEMOH Y MATRIE

[RILAVRENIN

HIH

T O TR PO gl

na

LG CECODCA OECOOE R

LT rars || vnes 1] 1ors

[] vore [ 10rs [ 1ors ] 1ora [T] 1oee

jocconEr] |

[Feconen| Joecooea] Joecover] ecapes] frecoces]

\A-"
&l
e £y ED- - ~
SELECT Ez T

TH [EL
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MAXIMUM RATINGS {Above which the useful life may be impaired}

Storage Temperature

—65°C to +160°C

Temperature {Ambient} Under Bias

—55°C 10 +125°C

Supply Voltage to Ground Potenti_a_l;!F';in 20'to P_'i_l;_;_lﬂ'} Continuous

DC Voltage Apphed_to 0utput_s {Except During Prograrmiming)

&) Cﬁput Vol_ta_geTﬂ.d-ud.r.éss Inputs)

—0.5V to +7V

205V 10 Vg max.

—0.5V to +5.5V

DC Voltage Applied to Outputs During Programming

Output Current into Jutputs During Programming
DC tnput Voltage {Chip Select Inpul - P

DEC Input Current

26v
125 mA
—0.5V to +33V

—30mA to +5mA

OPERATING RANGE

R29G00OXC, R28601XC

Ta = 0°C 1w +75°C

Ve =5.0V 5%

comL ;

'R29600X M, R29601 XM | Ta=--565Ctao+125°C

Voo T 5.0V L10% ML

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Tye.
Paramatars Description Test Canditions Min. {Note 1 Max. Units
Vou Qutput HIGH Valtage | *CC~ MIN-lgy = ~2.0mA 2.4 Volts
{R29601 Only) VIiN= VIR O VL
v Ve = MIN. "DL=3mA 0.4
oL Qutput LOW Volta - It
P | vin=vior vy gL = 18ma oas | VO™
V Guaranteed input logical HIGH
IH Input HIGH Level . 20 Volts
valtage for alt inputs
v, Input LOW Level Guaranteed |n|‘:ut Ingical LOW 0.8 Volts
voltage for all inputs
L Input LOW Current Vep = MAX., Vg = 0.4v ~50 =250 A
I Input HIGH Current Voo = MAX Wy = 2.7V 10 A
B fnput HIGH Current Veoe = MAX., V(y = 5.5V 1.0 mA
Y fnput HIGH Current Ve = MAX., Vi = 4.5V 1.0 mA
* {Fin 15 Only)
Ige Qutput Short Circuit Ve = MAX  VayT = 0.0v —12 —35 —Bb A
{R29601 Only) Current
Adli = D
‘oo Power Supply Current VC(':”E";‘;ZX(IBN 90 130 | mA
v, Input Clamp Veoltaga Ve = MIN., 1)y = 18mA 1.5 v
Ve = MAX Vg =4.5Y 100
leex Vo =24V 30 A
Output Leakage Current
Veg = 2.4V Vg < 04V —30

N T - a
Mote 1. Typical limits are at VCC = 5,0V and TA =25 C

2. Noptmora than one autput shouid be shorted at a tima, Duration of tha short circuit should not be more than one second.



SWITCHING CHARACTERISTICS OVER OPERATING RANGE

Typ. Max.
- Sy k'
Parameter Daescription Test Conditions 2%C %cC Com’l Mil Units
taa Address Accass Time €L =30pF 50 ns
A =300 £ to Voo
tEA Enable Access Tima and 20 ns
600 £ to GND
tER Enable Recovery Time 116 ma Load) Mote 1 20 t
Note ¥, 3004] resistor opened for tp 5 and tp o mkasuraments betwsen HIGH and DFF states.
AC TEST CIRCUIT
I:uv
H
L)
Joon
CWITPLT O l — TEST FOIRT
LN E(E’J
:I:Ju‘,_r
SWITCHING WAVEFORMS
KEY TO TIMING DHAGRAM
Ao
P % . o e o . e wALEFORM INELTS QUTRUTS
| 0¥ MUST BE wiLL 8L
LTEADY STEADY
E - _ — — - - Y Wiy Bt
WA CRaANGE -
! ! ! o | WL e Bt
—_— g —--i |—-—'EH—‘ — 'En—-]i
Yam wILL BE
/?7?7 MY CHANGE
% - WY o | ST e e
/1) NN\
m DONT CARE, CHANGING,
ANT CHANGE STaTE
PEAMITTED LK NOWN
CENTER
COES HOT LINE IS HIGH
H AFPLY IMPEGANCE
“OFF STATE
Hore: Leval onooutpot whiie E s HIGH s dewsminzd exteinaly
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ROGRAMMING INSTRUCTIONS

~ DEVICE DESCRIPTION

12 device is manufactured with all outputs high in all storage locations, To make an output low at a particular word, a ni-
irome fusible link must be changed from a low resistance to a high resistance. This procedure is called programming. There
e 1024 tusible links on the chip. Programming equipment can be obtained from Data 1/0, Inc., and other manufacturers of
‘ROM programming equipment.

 PROGRAMMING DESCRIPTION

5 select & particular fusible link for programming, the word address is presented with TTL levels on Ap through Az, a Voo
' 5.60 V is applied or left applied, and the program pin (Enable Eq} and the output to be programmed are taken to an
evated voltage to supply the required current to program the fuse. The outputs must be programmed one output at a time,
nce internal decoding circuitry is capable of sinking only one unit of programming current at a time.

b ENABLE Eg

nable Ez {pin 16} is a logic enable and is not used during programming. |1 may be high, low or open during programming.
hen checking that an output is programmed {which is called verification} enables Eq and E5 must be low to activaie the
vice. Since Ep must be low during verification and the state is irrelevant during programming, the simplest procedure is 1o
ound E5 during programming and verification.

- TIMING

he programming precedure involves the use of the program pin {an enable} and the output pin. in order to guarantee that
e output transistor is off before increasing the voltage on the output pin, the program pin's voltage pulse must come before
e oputput pin’s programming pulse and ieave after the cutput pin’s programming pulse. 100 ns delay is adequate. The pro-
amming pulse applied to the output pin and program pin must have a 50 to 70 microseconds rise time. See Figure 4.

VERIFICATION

fter programming a device, it can be checked for a low autput by taking both enables fow. Since we must guarantege opera-
on at minimum and maximom Ve, corrent and tempaerature, the device must be required to sink 12 mA at 4.20V Vo
d 0.2 mA at 6.0 V Vo at room temperature.

BOARD PROGRAMMING

nits may be programmed at the hoard level by bringing the program pin of each package to the card connector, To program
particular package A", the program pin of package A and one output of package A, which may or may not be "OR ™ tied
- other packages, are taken to the reguired programming voltage. An alternate procedure is to tie the enable and outputs
gether as required by the system function and only apply Ve to the device 1o be programmed. The number of units
Hdtered on & board should be consistant with expected programming yields to avoid rework.

'~ UNPROGRAMMABLE UNITS

sual inspection at 200X prior to encapsulation, test fuses and decoding circuitry tests are used to guarantee a high pro-
amming yield of the device in the field. However, because of random defects, it is impossible to guarantee that a link will
en without actuzlly programming it. UNITS RETURNED TO RAYTHEON AS UNPROGRAMMARILE MUST BE AC-
JMPANIED BY A COMPLETE DEVICE TRUTH TABLE WITH THE LOCATION WHICH COULDN'T BE PRO-
RAMMED, OR WHICH FALSELY PROGRAMMED, CLEARLY INDICATED.

{OGRAMMING SPEED
rpically fuses will blow on the rise time of the pulse.
automated programmers which must copy devices in a short time because of production requirements, the following pulse

d voltage sequences have heen found to maximize reliability, programming yield, and thruput. The device should be veri-
d after each programming attempt and is advanced to the next bit if the device has programmed.

PULSE NUMBER PROGRAM PIN VOLTAGE OUTPUT VOLTAGE
Tto 3 27 v 20V
4to6 0V 23v
709 33V 26 V

AYTHEON I 87



PROGRAMMING TIMING
TTL HIGH

ALDAESSES X
TIL LGW

e

f Ve

TTL LOW
T
“| = Dp T [LERFITRR T L
Top 96 L 15k
—-v| |4|— fy Tr 1 us min.. B x5 max.
Your T, 800w
Yout % ou Tpy  180ns min.
R
TROTE Chulpul | sed - 002 mbodaning 50 chgck
TTL Ltk 1%, | ' Oulr Loast 12 mad gunng 4 2 0 chigk
— 1I'J‘ -—
a —

¥ee

e 2

— ] cHECK |-<- | CMECK [a—
TTL HIGH .
STRDBE
TTLLOW e — —

REQUIRED INFORMATLION FOR RAYTHEON TO PROGRAM TO YOUR TRUTH TABLE

TRUTH TABLES

Raytheon can grogram devices at our facility from Raytheon truth table forms (available on request], For customers dasiring 1o make their
own forms, an example is shown below:

OUTPUTS
WORD PIN—®=14 93 12 N 8 8 7 8§
NUMBER 0g ©0; 05 ©5 © 0, 0, 0
a B H H L H L L H
1 L H L H H H H L
255 L H ¥ H H H H H

Mote: A high voltage on the data out lines is signified ty an “H'". A low voltage on the data put lines is slgnifisd by an "L, The woard nurnber
assumes positive logic on the address pins, s6 for example, word 255 = LHHHHHHH.

PAPER TAPE FORMAT

Truth tables can also be sent ta Raytheon inan ASCI tape format. Information can be sent to us by air mail or TWX 910-379-6481. The tape
reading equipment at Raytheon only recagnizes ASCHI characters 8, P, N, and F and interprets them respectively as Start, Begin a word, High
data, Low data, Finish a word, and End of tape, All other characters such as carriage raturns, line feeds, ete, are ignored 5o that comments
and spaces may be sent in the data field to improve readability. Comments, howevar, should not use the characters B, H, L, F. Word addresses
must begin with zero and count sequentially 1o word 255,

In order 1o assist the machine operator in determining where the heading information stops and the data field begins, 25 beil characters or
rubout characters should precede the start of the truth table. Any type of 8 level paper tape {mylar, fanfald, etc.} is acceptable. Channet 1 is
the most significent bit and channel 8 (parityl is ignored. Sprocket holes are located betwaen channels 3 and 4. MNote that the order of the out-
puts between characters B and F is 0g, 07, 0g, U5, 04, 03, 02, 01, not 01, 02, 03, Og, 05, 0g. 07 Og.

A typical hst of characters and their maching interpretations are shown in the next page.
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SUGGESTED IMPLEMENTATION OF THE VERIFICATION CIRCUITRY

FOR PROPER THAESHOLD ADJUSTRMENT
INGERT & Zrid(d GERMANIUTE THAN

Vg SSTOA WITH COLLECTOR AMD EMIT
TER SHORTED 50 THAT 1T LBGKS LIKE
Q A DIOUE Ih SEAIES WITH FIN 7 OF THE

FA07 7O GROGLNG

lop

Aty

j———uair Y
Ay ——] [—0 0y
—0
—a
—0

ADDRESS Gk

1001 HIGH - PASS

LW = FAIL

Vour STROBE

FIGURAE 5.
THE TH4001 DIODE PROTECTS THE INPUT OF THE 7402 FROM THE HIGH PROGAAMMING vOLTAGES

BEGINM DATA FIELD

UBATA FIELD IH = HIGH VAOLTAGE, L= LOWI|
‘ I—FH\HSHED DATA FIELD

e ——

BPPPNPFPNEPEF BPPPPPPPPF BPNPPPNNPF L — BPPNPPMNNF
0300 By 0a D302 0y
WORG 0 WORD 1 WQRD T WORD 255

The redquired beading mormatian At the e ainning of the tape is as fallgws:

CLETOMERS MANE 8D PHOYE — THUTF TAHLE NUMEER

CUSTHYE RS TWA MLMHER MLMEBER OF TRLTH TAGLES

PURCHARE OSCEA MUMRER . .~ TOTAL MUWEBER OF #AATS

FL¥THIOK FAAT KUMEER e ——

KUMEBER OF PAATS OF EalH TRUTH TaRLE .

CLE e R SYMADLIZFDPART MUMBEA_ 25 5ELL OR RUDOUT CHARACTIRS

An ewsmple s shewn belaw:

BLARNEY ELECTRNICE GOE-T35-3140

TWH 911-235-9225

BOLAZ BHNAFPFPHPE RNMNNPFPEF FPAMPHEE NNE BNBNNKHHNE TWIRNHNNNT BN NETHYN NE
20T EHNIMNENARE ERNHPEPNEF BEEFPPREFE BNFPHTHENF BHEPFPMNNPF BHEMANKNYE BRPPRPREFF BANWRNNFRE

B LEVEL Twx.

Inlerprecation: {Egaces) ENHNFRPHFT ENMNNFPPPF BHPFPPKEKFF



PROGRAMMING PARAMETERS — Do Not Test These Limits or You May Program the Device

LIMITS
TYPICAL
SYMEBOL PARAMETERS TEST CONDITION MiIN, OR MAX. LUNITS
. OPTIMUM
Sen Figure 4
Ipp Current Program Fin During Vo = 550V 0 maA
Programming, Betore and After Vout = 5.0V to 26V
Fuse Has Blown Vpp = 4,50V
Vop = 27V 77 mA
Tout Current inta Qutput During Vpp =27V, Vo = 5.50V 01 ma
Programming Before the Fuse Vot = 9.0V
Has P
as Programmed Vout = 20y 16 mA
lLout Current into Output During Vpp = 27V VOUIEQUV 0.1 mA
Programming After the Fuse VCC = 5,50V
Has Frogrammed
Tg Rise Tima of Frogram Pulse 0.34 0.4 0.46 Vis
Appliad to the Data Out or
Program Pin
Voce Ve Required During Programming 5.40 550 5.60 A
|OLVT Output Current Required During Both Chip Enables Low 11 12 i3 ma
Verification Ta=26°C, Vge = 42V
IOLV-Z Qutput Currgnt Required During Both Chip Enables Low 19 0,2 .21 mA
Verification Ta=25°C, Vge = 6.0V
MDC Maxirmum Buty Cycle During Tp 25 %
Automatic Programming of —_
Program Pin and Cutput Pin Te
Vpp Required Programming Yoitage 27 27 33 v
on Program Pin
Vour Requirad Programming Voltage 20 20 26 W
on the Qutput Pin
"W HAequired Current Limit of the Vg ® 33V 150 ma
Power Supply Feeding the Vout = 268V
Program Pin and the Cutput VCC = 5 5OV
During Programming
Tpp Required Coincidence Amang the 80 a5 110 s
Program Pin, Qutput, Address and
VCC for Programming
TD1 Reguired Time Delay Between Maasure at 10% Levels 70 [1+] 90 Lis
Diiszbling the Memory Output and
Application of the Output Program-
ming Pulse
T|32 Reaquired Tima Dalay Between Maasurg at 10% Levels 100 ns
Ramoval of Programming Pulse
and Enabling the Memory
Cutput
%




256 Word By 4 Bit PROMs R29660 R29661

FUNCTIONAL DESCRIPTION LOGIC SYMBOL

The R29660 and R29661 are electrically program- a i?

mable Low-Power Schottky TTL read only memories. ? By

Both devices are organized as 256 words of 4 bits each; : i’

the R29660 has open collector outputs and the R29661 : a A PR

has three-state outputs. The devices are shipped with all N i

bits HIGH and each bit in the memory can be programmed "4 i

o a LOW by applying appropriate voltages to the circuit. " :gD £ ST 1)

At each bit location on the circuit there is a narrow link of

fuse material which is conductive, but which can be opened Vege =Pin 16 ‘

by passing a shart, high-current pulse through it GND = Pin & 2 n 1w g

The programming voltage is applied at the output pin for

the hit to be programmed, while the word to be pro- CONNECTION DIAGRAM

grammed is selected by normal TTL levels on the address Top View

lings, The passage of current through the link is controlled

by a programming pulse on the chip select input, vep Ay B By Oy O3 Oy Oy
nonnnm 1

After programming, the device can be used for microprogram L L

storage or random logic function generation, ke any read-only

memary, H either chip selegt input is held HIGH, the cutputs

will all turn off, so the outputs of several memaries can be .

tied together for expansion. | TTTOTT OO
By By By Ay By A Ap GHD

MNote: Pin 1 is marked Igr grientation.

DISTINCTIVE CHARACTERISTICS

BLOCK DIAGRAM

# Field programmable read only memory
# Highly reliable nichrome fuses
# Pin compatible with other popular 2566 by 4 PROMS
® Typical fusing time of 95us/bit
# 60ns access time at 25°C 43
& Three-state and open-collector versions
AG —
: 2% 12
Ag LINE (OF 7 _FL'SE
DECOCER SHHAY
b [
ORDERING INFORMATION )
Package Temperature Order Ay
Type Range Nurmber
Open Collectors _
o E
Hermetic DIP 0°C to +75°C R29660DC -
Hermetic DIP —55°C 10 +125°C R29660DM ‘ l
Hermetic Flat Pak  ~55"C10+1256°C R29660FM
Az QUAD HIMPUT
n MULTIPLEXER
1 AND
Three-State Outputs . OUTELT BUFFERS
Hermetic DIP 0°C to +75°C R29661DC
Hermetic DIP —55°C 10 +128°C R29661DM
Hermetic Flat Pak  —55°Cto +125°C R29661FM e

.



MAXIMUM RATINGS (Above which the useful life may be impaired}

Storage Temperature

~65°C 1o +150°C

Temperature {Ambient) Under Bias

~55°C to +125°C

Supply Voltage to Ground Potential {Pin 16 to Pin 8) Continuous

~0.8V to +7V

DC Voltage Applied 10 Qutputs [Except During Programming)

OC Input Voltage {Address Inputs}

—0.5V 1o +Vgp max.

-0.5v t0l5;_5i

DC VYoltage Applied to Outbuts CHaring Progra_m_rr.l.iﬁém 26v
Qutput Current into Cutputs During Prograrnming 125 mA
DC Input Voltage {Chip Select Input — Pin 13) -0.5V to +33V
OC Input Current —30mA to +BmA
OPERATING RANGE
R29660XC, R29661XC  Tp =0°C to +76°C Veg =50V 5% | COML |
R29660XM, RZIGBTXM | Ty = —5B'C te +125°C Yoo =50V L10% | MIL
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE {Unless Otherwise Noted)
Typ.
Parameters Description Test Conditions Min. INote 17 Max. Linits
Vou [ output HIGH voltage | Ve =MIN- Top = —20mA 2.4 Volts
{AmM29661 Only} Vi = Vi or V|
VoL o ow \.-"CC=MIN, IOL = 8mA 0.4
tput L Volt
Hed omegE v = v or vy [1g = 18mA 045 | VoIr
v Guaranteed input logical HIGH
IH Input HIGH Lewve! . 2.0 Volts
voltage for all inputs
v Input LOW Level Guaranteed input fogical LOW 08 Volts
voltage for all inputs
e Input LOW Current Vep = MAX,, Wiy = 0.4V -60 250 | pa
1 Input HIGH Curent Ve = MAXL, Vi = 2.7V 10 A
1 Input HIGH Current Voo = MAX, Wy = 5.5V 1.0 mA
L . Input HIGH Current Vep = MAX, WV = 4.5Y 1.0 mA
{Pin 13 Only}
l'SC Cutput Short Circuit VCC = MAX., VOUT = 0.0V -12 —35 —B5 A
[AM29661} Current
All inputs = GND
1 P S ly C 13 A
e ower SUpply Current Voo = MAX. a0 0 ma.
V) fnput Clamp Yoltage Ve = MIN, |y = 18mA, —1.B W
VMo =4.5v 100
Wee = MAX
| cc Vo = 289
CEX Output Leakage Current 0 24 40 kA
Werg = 2.4V Vo = 0.4Y —a0
Cs
. . a
Maota 1,  Typical limits are at VCC = 5,0V and TA =25 C

2. Mot more than ane outgout should be shorted at g tirme. Ouration of the short circuit showid not be mora than one second.
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE

Typ. Max.
sV R
Parameter Description Test Conditions 25°C 25°C Com’l Mil Units
tas Address Access Time Cp =30pF 45 G0 FO 80 ns
Ay = 300 @ to Vg
tEA Enabila Access Time and 20 30 35 40 ns
600 £t to GND
1ER Erable Recovery Time (16 mé Loadl Note 1 20 10 35 40 ns
MNote 1. 3005} resisior openad for tea and TEy MBasureaments batwaen HIGH and OFF states.
AC TEST CIRCUIT
IS.G‘.’
8
K1
3
LR O TEST POIMT

l - P2
o an
I 3

il

SWITCHING WAVEFORMS

KEY TO TIMING DIAGRAM

30N
WaALEFDAN INPUTE CITPUTS
Ag - & —— — - chmm e — g my
o MLUST BE YL BE
STEADY SIEADY
W = - - May CHahGE oLl ek
CHANGING
| : . H“n FRIMHTOL  foommTo o
|_.___ s ———— |"'—'ER——" --.._.lE,l_-|
! i wOH
\\\\\ / 7 I|-l' 7:7 MAY CHaMGE :’;‘L%ml;ugfwb
Og-08 - . = - e _ — 1Ew FROM YL TG FAON I TOH
Vg NN\
DION'T CARE, CHANGING
ANY CHANGE STATE
PERMITTED UNKNOWH
LENTER
COES NOT LINE I5 HIG™
ApaLy IAPE DANCE
UFFSTATE
Note: Level on output white E is HIGH is determined externally,
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PROGRAMMING INSTRUCT!ONS
1} DEVICE DESCRIPTION

The device is manufactured with all outputs high in all storage locations. To make an output low at a particular word, a ni-
chrome fusibie link must be changed from a low resistance to a high resistance. This procedure is called programming. There
are 1024 fusible links on the chip. Programming equipment ¢an be obtained from Data 1/Q, inc., and other manufacturers of
P/ROM programming equipment.

2} PROGRAMMING DESCRIPTION

To select a particular fusible link for programming, the word address is presented with TTL levels on Ag through Az, a Vo
of 550 V is applied or teft applied, and the program pin {Enable Eq1} and the output to be programmed are taken to an
elevated voltage to supply the required current to program the fuse. The cutputs must be programmed one output at a time,
since internal decoding circuitry is capable of sinking only one unit of programming current at a time.

3} ENABLE E

Enable €5 (pin 14} is a logic enabie and is not used during programming. it may be high, low or open during programming,
When checking that an output is programmed {which is called verification] enables Eq and Ep must be low to activate the
device. Since E5 must be low during verification and the state is irrelevant during programming, the simplest procedure is to
ground E» during programming and verification.

4)  TIMING

The programming procedure involves the use of the program pin {an enable} and the output pin. In order to guarantee that
the output transistor is off befora increasing the voltage on the output pin, the program pin’s voltage pulse must come before
the output pin's programming pulse and leave after the output pin's pregramming pulse. 100 ns delay is adequate. The pro-
gramming pufse applied to the output pin and program pin must have a 50 to 70 microseconds rise time, See Figure 4.

5}  VERIFICATION

After programming a device, it can be checked for a low output by taking both enables low. Since we must guarantee opera-
tien at minimum and maximum Ve, current and temperature, the device must be required to sink 12 mA at4.20V Ve
and 0.2 mA at 6.0 V V¢ at room temperature.

6} BOARD PROGRAMMING

Units may be programmed at the board level by bringing the program pin of each package to the card connector. To program
a particular package A", the program pin of package A and one output of package A, which may or may not be "OR” tied
to other packages, are taken to the required programming voltage. An alternate procedure is 1o tie the enable and outputs
together as required by the systern function and only apply Ve to the device to be programmed. The number of units
soldered on a board should be consistant with expected pragramming yields to avoid rework.

7} UNPROGRAMMABLE UNITS

Visual inspection at 200X prior 16 encapsulation, iest fuses and decoding circuitry tests are used to guarantee a high pro-
gramming vield of the device in the field, However, because of random defects, it is impassible to guarantee that a link will
open without actually programming it. UNITS RETURNED TO RAYTHEON AS UNMPROGRAMMABLE MUST BE AC-
COMPANIED BY A COMPLETE DEVICE TRUTH TABLE WITH THE LOCATION WHICH COULDN'T BE PRO-
GRAMMED, OR WHICH FALSELY PROGRAMMED, CLEARLY INDICATED.

PROGRAMMING SPEED

Typically fuses will blow on the rise time of the pulse,

In aytomated programmers which must copy devices in a short time because of preduction requirements, the following pulse
and voltage sequences have been found to maximize reliability, programming vield, and thruput. The device shouid be veri-
fied after each programming attempt and is advanced to the next hit if the device has programmed.

PULSE NUMBER PROGRAM PIN VOLTAGE OUTPUT VOLTAGE
T103 27V 20V
4t0 6 30V 23V
7t09 33V 26V
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PROGRAM TIMING

TTLHIGH
ADORESSES
THLLOw
VDD
TTL LOW
Rey
"R
n 1P
T e = f Tr 04 Vs s 15%
T Top LR T
™ a0V Tp 1w, @ s mas
/ Ty BBz
e Toy, T vy e,

"MOTE Seogzer Load = 07 mA daneg B3 Y cherk
Durput tuad = "2 A denng & 2V chack
4.2 S

o] CHECK bwm  —an CHECK |—
TTLHIGH N
STM{IHE
THLOW — — —— — — u_ —j\—-—-‘

TRUTH TABLES

Raytheon can program dewces at our facility from Raytheon truth table forms lavailable on requestt, For customers desiring to make
their awn [orms, an example is shown below:

OUTPUTS
WORD PiN —¥ g 10 1" 12
NUMBER 04 O3 Q2 o]
0 ‘H H  H L
1 LML
205 L H H H

Mate: A high voltage on the data out lines is signified by an “"H”. A low voltage on the data out lines is signified by an L', The word
number assumes positive logic on the address pins, so for example, word 255 = HHHMHHHH,

PAPER TAPE FORMAT

Truth tabiles can also be sent to Raytheon in an ASCIH tape format. Information can bie sent ta us by air mail or TWX 910-279-6481.
The tape reading equipment at Raytheon only recognizes ASCII characters S, B H, L, F and E and interprets them respectively as Start,
Beyin a word, High data, Low data, Finish a waord, and End of tape. All other characters such as carriage returns, line feaeds, ate. are
ignared so that comments and spaces may be sent in the data field 1o improve readabitity. Comments, howaver, should not use the
characters §, B, H, L, F, E. Ward addresses must begin with zero and ¢ount sequentialty to waord 255,

In order ta assist the machine operator in determining where the heading information stops and the data field begins, 25 bell characters
or rubout characters should preceds the start of the truth table. Any type of 8 level paper tape {mylar, fanfold, etc.) is acceptabla.
Channel 1 is the most significant bit and channel 8 (parity] is ionored. Sprocket holes are located between channels 3 and 4, Note that
the order of the outputs between characters B and F is Og, 03, 02, 01, not 04, 02, 03, 04,

A typical 135t of characters and their machine interpretations are shown on 1he next page.
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SUGGESTEDHIMPLEMENTATION F THE VERIFICATION CIRCLHTRY

FOFR PROPEA THAESHILD LRJUSTMENT
INGERT A IN404 CERMANIUM THAN

voo SISTOR WITH OOLLECTOR ANDO EMIT
TER SHORTED &0 THAT IT LQOKS LIKE
(? A QIDDE W SERIES WITH PIN 7 OF THE

7402 TD GROUND.

1
e
ag —dAs 13 Vop
Ay e
L p— ]
Ay —]
a4
ADORESS e
Ay —— ]
Ay —2 10
Ay — 1 [L'Elia) x
=
Az 514 B 12

vaut STROBE

THE TH4001 DIDGE PRUTECTS THE INPUT OF THE 7402 FADM THE HIGH PROGAAMMING YOLTAGES

FIGUAE 5.
THE INPUT F THE 7402 FRO THE HIGH PAQGRAAMRIMG WOLT AGES

THE 1Ra001 DIDDE PRI TED

BEGINDATA FIELD
DATA FIELD 1H = HIGH VOLTAGE. L - LOW}
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o ——
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003070

WORD O WORD 1 WORD 2 WORD 255
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CUSTOREHE WX NURABE R MURBE R CF THUITH A ES
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HAr THEON PART MLWEER MUMBES [XF PEHTS {3F EA0H THLTH 1TARLE
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PROGRAMMING PARAMETERS — Do Mot Test These Limits or Yau May Program the Device

. LiMITs
TYPICAL
SYMBOL PARAMETERS TEST CONDITION min. [ OR | max UNITS
See Figure 4
PSS VNS — _— ]
(. Current Program Pin During ¥eop = 5.50V ‘ a ma
Programming, Before and Afrer Vgt = 5.0V o 25V |
Fuse Has Blown Vpp = 4,50V |
Vpp = 27V | 77 . mA
E—— 1 _‘-.._—___.,.—]—.
Lot Current into Gutput During 'L Vpp = 27V, Vip = 5.50V ‘ ‘ an mé
Programming Before the Fuse | Vot = 90V | !
Has Programmed BV FENN N NN U [
ar Vggr = 20V I [ 16 ma
tout Current into Output During VDI‘-‘ = 27V voul“m\"r || 1 0.1 ma ;
Programming After the Fuse Ve = 850V | \
Has Programmed i J
1
e Rise Time of Program Fulse ~ ll 0.34 L 0.4 0.48 Vitts
Applied to the Data Out or | |
Program Pin 1 r
T T i
Vecp Ve Required During Programming 5.40 [ 5.50 5.60 W i
'OL\.-’1 Cutput Current Reguired During Bath Chip Enables Low 1 !l 12 i3 A
. o I
wernificar Tn = W =42V :
enficanion B A=28C Vee I L
IDL\.-’2 Cutput Current Reguired During Eoth Chip Enables Low { 019 ll 0.2 0.2t ma
o
Verificatian Ta=25 C Vee=6.0V ‘ j
MDC Maximum Buty Cycle During Tp 1 25 %
Autematic Programming of — |
Program Pin and Output Fin Te t |
!
Vpp Reauired Prograrmming Voltage 27 ]| 7 a3 W |
on Frogram Pin |
Vout Required Programming Voitage 20 20 6 W ]
on the Gutput Fin
I Required Current Limit of the VDD =33y 150 m#A
Power Supply Feeding the Voot = 26Y
Program Fin and the Qutput Vo = 5.50V
Curing Programming
TDD Required Coincidence Among the 80 a5 110 73
Program Pin, Qutput, Address and i
VCC for Programming [ |=
S — . _ |
i) Reguired Time Delay Betwesn Measure at 10% Levels 70 80 0 fis |
! Disabling the Memary Output and |
Application of the Qutput Pragram- ‘
ming Pulse _L !
TD2 Required Time Delay Between Measure at 10% Levels 100 ns
Rermoval of Pragramming Pulse
and Enabling the Memory
Output
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16 In By 8 Out By 48 Term FPLA

FUNCTIONAL DESCRIPTION

The R29690 and R28691 are field programmable random logic
arrays. The R22691 has three-state outputs and the R29690 has
open callector outputs, The devices have 16 data inputs and con-
tain 48 intermediate product terms. Random togic functions are
implemented by using the device like 8 large AND-OR-ANVENT
gates. Up to 48 AND functions may be generated in the device,
where each AND function iz the product of any or all of the 16
inputs (lp—ly5} or their complerents. Any of the AND
functions which have been generated may then be OR’ed
to form an output function on one of the F outputs. The
F output may aiso be programmed to invert, i.e., form an
AND-QR-INVERT function, rather than AND-OR,

Unmits are shipped with a!l fuses intact, and all outputs
LOW. Each of the 48 AND functions contains both troe
and complement of each of the 16 input variables. {There-
fore all AND functions are initially fatse}, A variable {or its
complement} is inserted into an AND gate by blowing the
fuse for the undesired state. A variable is removed from an
AND gate by blowing both the true and complement fuses.
Each OR function contains the outputs of all 48 AND
functions. AND functions are removed from the OR gates
by blowing the proper fuse. 1f the output is to be negated,
then a fuse is blown on an EXCLUSIVE-OR gate at the
output. That output then becomes an AND-OR-INVERT
function of the inputs. The chip enable input {CE) forces
all cutputs OFF when HIGH. When LOW, the outputs will
be OFF or LOW for the RZ8690, or HIGH or LOW for the
R29691T.

DISTINCTIVE CHARACTERISTICS

® LS| replacerment for random logic and inefficiently used

ROMs and PROMs

16 inputs — 8 outputs — 48 product terms

Logic equation for each output figld programmed by fusing
nichrome links

Each output can be programmed to be active HIGH or
active LOYY

100% processing in accordance with MIL-STD-883

Three-state or open collector outputs controlled by active
LOW chip enable.

ORDERING INFORMATION

This data is based on design goals
and is subject Lo change following
complete characterization.
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CONMNECTION DIAGRAM
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LOGIC BLOCK DIAGRAM

20F 98

1N

SHOWN

|2_%
ACF 16 3
MRUTS o
SHOYN
'15—Bé LP_
S g
W ey
—J -
— | - ——
SO
H ECF 32
HPUTS
SHOWN

!

i

PUTS

10FR
OF GATES NUTAUTS

20FB

SHOWN  SHOWN

0F,

[ 7

TE




OPERATING RANGE

Part No. Ambient Temperature Voe
R2960800C, R296910C Ta=0"Cto+75°C 5.0V 5%
RZ8680DM, R296910M Ta=55Cw+125" C 5.0V £10% 'FICAT'O
CHANGE wiro's ARE sy
OTicE
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)
Tvp.
Parameters Description Test Conditions Min. iMNgre 13 Max. Units
L}
WV =MIN. I = —2.0mA
VoH CQutput HIGH voltage ce OH 24 r Volts
{RAZ9691 Only) Vi = Vi or Vi
W =MIN_ I = 12maA,
VoL Cutput LOW Voltage cc oL 0.3 .45 Yolts
VIR T Ve or M
l Vin Input HIGH Level Guaranteed input logical HIGH 20 valts
J_ voltage for all inputs
‘ viL L nput LOW Level Guaranteed inPut lagical LW 08 Volts
i voltage for all inputs
'.q_.._.—\_._——m__—m.—.—_..._.-.—_..._—\_._-.—___._—-_.. - —_— ———————
| Input LOW Current Vog = MAX,, ¥y = 045V —0.03 ~-0.25 ma
hH Input HIGH Current Veg = MAX, Wy = 2.4V <1 25 i
i
s¢ Output Short Gircuit Current Vee = MAX., Vgur = 0.0V ~12 —35 —g0 mA
{Am?29791 Only}
CE = GND, all other inputs = 4.5 !
ice |  Power Supply Current Vee = MAX, 120 Ii mé
Ve Input Clamp Voltage Vg =MING Iy = ZHama ~12 1 ol
Vg = Vo a0 A
Icex. lOLK Cutput Leakage Current j YEE = 24V Vo - 045V a0 u
Npte 1, Typical limits are at Ve = 30V ano T = 25°¢.
SWITCHING CHARACTERISTICS OVER OPERATING RANGE
§ SOVER O G G RA286800C RA296300M
HAZ296910C RAZ9E6310M
Parameters Description Test Conditions Min. Tvyp. Max. Mia, Typ. Max. Units
tpz {CE} Blelay Chip Select to Cutput
oHICEl | Active HIGH or LOW CL = 30pF % 40 ns
— Ry = 3004 w Y
wL2(CEN | Dalay Chip Select HIGH to and ¢ 5 40 e
CE Quiput OFF ! i
tphz{CEl i i 6001 to GND :
tp (it Delay Input o Cutput HIGH
L ] {16mA Load) Nate 2 20 ] 50 s
tpH i} i Delay Input to Outpur LOW H i

MNote 2, 300L) resistor opened for 1p) g and 1gpy measurements batwaen HIGH and OF F states,

PROGRAMMING PROCEDURE

Programming is facilitated by two internal 1-of-48 decoders
used to select one of the 48 product terms. One of these
decoders is activated by applying high-voltage logic to inputs
lp=tg, and the other hy applying high voltage logic to outputs
Fp-Fe.

input variables which are not desired in & particular AND gate
are fused out by selecting the AND gate with the decoder on
autput Fy-Fg, applying a HIGH ar LOW TTL level to the

input variahie to be fused, applying high voltage levels to all
ather input variables, and pulsing the chip enable input.

Product terms which are to be removed from an OR gate are
fused out by selecting the appropriate AND gate using the
decodar on inputs lg-lg, applying a hijh voltage level to the
output for the desired OR gate, and pulsing the chip enable
nput.

The polarity of the output may be inverted by deselecting the
chip, applying a high wvoltage to the desired output, and
pulsing the FE input,
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Using the Am2901

Am2901

BASIC SYSTEM ARCHITECTURE

The Am2901 is designed to be used in microprogrammed
systems, Figure 15 tlustrates such an architecture. The nine
instruction lines, the A and B addresses, and the D data
inputs normally will all come from registers clocked at the
same tine as the Am2901. The register inputs come from a
ROM or PROM — the “microprogram store™. This memory
contains sequences of microinstructions, typicstly 28 to 40
bits wide, which apply the proper control signals to the
Am2901°s and other circuits to executs the desired operation,

The address lines of the microprogram store are driven from
the Am2909 microprogram sequencer. This device has facilities
for storing an address, incrementing an address, jumping to any
address, and linking subroutines. The Am2909 is controlled by
some of the bits coming from the microprogram store. Essen-
tially these bits are the “"next instruction’ control.

Mote that wath the microprogram ragister in-between the micro-
program memory store and the Am290%'s, an instruction
accessed on one cycle is executed on the next cycle. As one
instruction is executed, the next instruction is being read from
microprograrm memory. In this configuration, system speed is
improved because the execution time in the Am2901's ocours
in parallel with the access time of the microprogram store.
Without the “pipeiine register”, these two functions must
occur serially.

EXPANSION OF THE Am2901

The Am2901 is a four-bit CPU slice. Any number of Am2801°s
can be interconnected to form CRU's of 12, 16, 24, 36 or more
bits, in four-bit increments. Figure 18 illustrates the inter-
connection of three Am2901's o form a 12-bit CPU, using
ripple carry, Figure 17 illustrates a 16-bit CPU using catry
logkahgad, and Figure 18 is the general carry lookahead
scheme for long words.,

With the exception of the carry interconnection, all expansion
schemaes are the same. Hefer to Figure 14, The Q5 and RAM;
pins are bidirectional left/right shift hines at the MSB of the
device. For all devices except the most significant, these {ines
are connected to the Oy and RAMj pins of the adjacent more

significant device. These connections allow the Q-registers of
all Am2901% to be shifted left or right as a contiguous n-bit
register, and also allow the ALU output data to be shifted left
or right as a contiguous n-bit word prior to storage in the RAM.
At the LSB and MSB of the CPU, the shift pins should be
connected to three-state multiplexers which can be controlled
by the microcode to select the appropriate input signals fo the
shift inputs. {See Figure 19)

The open collector F = 0 outputs of all the Am2901°5 are
connected together and to a pull-up resistor. This line will go
HIGH if and only if the output of the ALL! contains alf zeroes,
Most systems will use this line as the Z l{zerg) bit of the
processor status word.,

The overflow and Fg pins are generslly used only at the most
significant end of the array, and are meaningful only when
twi's complement signed arithmetic is used. The overflow pin
is the Exclusive-OR of the carry-in and carry-out of the sign
bit {MSB). It will go MIGH when the result of an arithmetic
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Figure15. Microprogrammed Architecture Around Am29071%.
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Figura 16. Three Am2901’'s used to Construct 12-Bit CPU with Ripple Carry. Corresponding A, B, and
1 Pins on all Devices are Connected Together.

100



operation is a number requiring mare bits than are available,
causing the sign bit to be erronegus, This is the overflow (V]
bit of the processor status word, The Fa pin is the MSB of the
ALU output. It is the sign of the result in two's complement
notation, and should be used as the Megative (N) bit of the
processor status word.

The carry-cut from the most significant Am2901 (Ch+g pin}
is the carry-out from the array, and is used as the carry {C) bit
of the processar status word,

Carry interconnections between devices may use either ripple
carry or carry Iookahead, For ripple carry, the carry-out
{Cn+4} of each device is connected to the carry-in {Cp) of the
next more significant device, Carry lookahead uses the Am2902
lookahead carry generator. The scheme is identical to that used
with the 74181/74182. Users unfamiliar with this technigue
showld refer to AMOYs application nate on Arithmetic Logic
Units. Figures 17 and 18 illustrate single and multiple level
iookahead.

Bo-3 Py-7 Pg. Dty 15
Qg1 — oy ity oy Qn oy oy — ay p,—jﬁ | . . Oy lD
—] R ik AeMy e R2m, y f—— RAM 5 1O
A AR, 10 HAMy RAMy FLA, k] o 3 I 15
° o o——-| ’ ah—— & fper—— o fo—
P oo L3 Flo—
Am2901
cammvan —y— &, amzaoy L e, amzgnt o L G, amznat g 0 . c, m LR sl
Y e avA - ave |- Qv f— v
Frf— ] ol N k] N
F-0 F-O Fol r=0 z
¥o_2 Ya_7 Vg. 1 Y1z 15 A
| &705
\ { - A0 Vo

il

o
FaBp Py Gy PyGy Paly
G
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Figure 18. Carry Lookahead Scheme for 48-Bit CPU using 12 Am2901's, The Carry-Out Flag (C4g) Should
be Taken from the Lower Am2902 Rather than the Right-Most Am2901 for Higher Speed,
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Figure 19, Three-State Multiplexess Used on Shift 1/0 Lines.

SHIFT 1/O LINES AT THE END OF THE ARRAY

The Q-register and RAM up/down shift data transfers cccur
hetween devices over bidirectional lines. At the ends of the
array, three-state multiplexers are used to select what the
new inputs to the registers should be during shifting, Figure
18 shows two Am25LS253 dual four-input multiplexers
connected to provide four shift modes. Instruction bit 15
(from the Am2901} is used to select whether the left-
shift multiplexer or the rightshift multiplexer is active.
The four shift modes in this example are:

Zero A LOW is shifted into the MSB of the RAM on a
down shift. [f the Q-register is alse shifted, then a
LOW is deposited in the Qeregister MSB. If the
RAM or both registers are shifted up, LOWSs are
placed in the LSBs.

One Same as zero, but a HIGH leve! is depositad in the
LSB or MSB.
Rotate A single precision rotate. The RAM MSB shifts

into the LSB on a right shift and the LSB shifts
into the MSB onm a left shift. The Q-register, if
shifted, will rotate in the same manner.

Arithmetic A double-length  Arithmetic Shift if Q is also
shifted. On an up shift a zero is loaded into the
-register LSB and the Q-register MSB s joaded
into the RAM LSB. On a down shift, the RANM LSB
is loaded into the Q-register MSB and the ALU
output MSB (Fp, the sign bit} is loaded into the
RAM MSE. (This same bit will alsp be in the next .
less significant RAM bit.}

Code Source of New Data .
Shift Type
I, S Sp Qp Q, RAMg RAM,
H L L 0 Qp-q 0 Faoy Up Zero
H L H 1 Qp-1 1 Fa-1 {Right) One
H H L Dn O.n_1 Fn Fn_1 Rotate
H H H 0 Qg Op Frnoy Arithmetic
L L L o7 0 F 0 Down Zero
L L H 4y 1 [ 1 {Left) One
L H L Q4 Qg Fy Fg Rotate
L H H o8 Fa Fi  |RAMp = RAM;.q = Fp Arithmetic

HARDWARE MULTIPLICATION

Figure 20 illustrates the interconnections for a hardware multi-
plication using the Am2901. The systemn shown uses two
devices for B x 8 multiplication, but the expansion to more
bits is simple — the significant connections are at the LSE
and MSB only.

The basic technique used is the “add and shift’ algorithm. Qne
clock cycle is required for each bit of the muitiplier. On each
cycle, the LSB of the multiplier is examined; if itisa "1°, then
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the multiplicand is added to the partial product to generate
a new partial product. The partial product is then shifted one
place toward the LSB, and the multiplier 1s also shifted one
place toward the LSB. The old LSBE of the multiplier is
discarded. The cycle is then repeated on the new LSB of the
multiplier available at Qp.

The multiplier is in the Am2801 Q-register. The multiplicand
is in ong of the registers in the register stack, Ry The product
will be developed in another of the registers in the stack, Ry,



The A address inputs are used to address the multiplicand 2. The shift output at the LSB of the Qregister determines
in R,, and the B address inputs are used to address the whether the ALU source operands will be A and B {add
partial preduct in R p. On each cyele, R, is conditionally multiplicand to partial product} or 0 and B {add nothing to
added to Ry, . depending on the LSB of Q'as read from the partial product. Instruction bit |4 can select between A, B
Q4 output and I_Joth G_and _ALU output are shifted down or 0, B as the source aperands; it can be driven directly
one pla_ce. The instruction lines to the Am2801 on every from the complement of the LSB of the multiplier,
cycle will be:
lg7g = 4 {shift register stack input and 0 register left) 3. As the new partial product appears at the input to the
lgas = O {Add) register stack, it is shifted left by the RAM shifter, The new
- LSB of the partial product, which is complete and will rot
| = lor3 select A, B or 0, B as ALU sources ‘. , .
210 1 Y || be affected by future operations, is available on the RAMg
Figure 20 shows the connections for muitiplication. The pin. This signal is retulrned to the MSB of the Q-register. O,n
circled numbers refer to the paragraphs below each cycle then, the just-completed LSB of the product is
deposited in the MSB of the Q-register; the Q-register fills
1. zg:nigizzer;t pi:hs of ihehO-register and RAM shifters are with the least significant half of the product.
ogether sg U -regis L .
ally Am2901‘g shift up ora;!ot\.:i Ssr:giﬁt_ifsspf‘lbolth {or 4. As the ALK output is shifted down on each cyce, the sign
entire eight-bit for mora} ALU outpuLtJ?:laqln t;r:isr?irfrédt:e bit of the new partial product should be inserted in the
aunit prior to storage in the register stack s RAM MSB shift input. The F3 flag will be the corract
’ sign of the partial product unless overflow has coccurred. I
overflow occurs during an addition or subtraction, the OV R
flag will go HIGH and F3 is not the sign of the result. The
sign of the result must then be the complement of F3. The
correct sign bit to shift into the M5B of the partial product
- - is therefore F3 2 OVR; that is, F3 if overflow has not
@ occurred and F3 if overflow has occurred. On the last cycle,
@ = - - J when the MSB of the multiplier is examined, a conditionat
Wiy ey I"_J; sy asmy o subtraction rather than addition should be performed,
Low amtn @ AmTI0E E because the sign bit of the multiplier carries negative rather
] " Cova |— o . N .
ok Fa i o avh than positive arithrmetic weight
‘3 |: Fa
TG H Cp Full o Fea |— N . i1 53
LLOCK r r ¥ ==v2+Y,_,2 oo FYg2Y)
This scheme will produce a correct two's complement
product for all multiplicands and multipliers in two's
compiernent notation,
Figure 21 is a tahble showing the input states of the
Figure 20. Interconnection for Dedicated Multiplication Am2801’s for each step of a signed, two’s complement
{8 by 8 Bit} {Corresponding A, B and | Connected Together), multiplication.
Initial Ragister States Am2901 Micracode Final Register States
R R
0 [ Muftiptier | . Multi OiMl_lltiEIier
1| Mwtiphicand | Program 2's Comp. Myltiply 1| Wultiplicand
2[x i 8:5/75 Ls. 2| LSH Product
3| x _Ii Date By 3| MSH Product
Pin States {Octal) | Jump
S,.F—= | D Description Repast
A B |lgzs|lsaz| l210 ty | G Q3 RAMp | RAM3 [ To |
oW A Q | Move Multiplier to Q - Q X 3} 3 4 ¥ X X X X !
OME | B | Clear Ry - [ xVa]z2}la 3 x| x x x Xy
(O+B)2 . 13 | o] | . '
B | Cond. Add & Shif -1 4 b} — | 0 | — | RAM, - [F3=O0VR
tA+B1/2 o i ! T iy = QL0 0 3 .‘
1
B-0)2 ) lar3 i
d. Subt. & Shif - 1 3|4 1 1 ~ | RAM - |FaxwOvH
(B A3/2 B Cond. Subt. & Shift Iy = gD 0 5 _i_
OVO |B| Movel8HProdtoRz | — | X | 2 | 2 | & 2 X | x X X X 1
¥ = Dan't Cara 5 = Source F = Functign O = Dagtingtion
Figure 21.
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EXAMPLES OF SOME OTHER OPERATIONS
1. Byte Swapping

Occasionatly the two halves of a 16.bit word must be
swapped, Dg ;s interchanged with Dg ;5 . The
guickest way to perform this operation is to rotate the
word in RAM, shifting two bits at a time. Only four shift
cycles are required. The same register is selected on both
the A and B ports; the two are added together with carry-in

connected to carry-out, producing an up shift of one place;

then the ALU s shifted up one more place prior to storage.

Byte Swap of Ry
A=B=0i=7M RAMO = RAM15 CIN = COUT
Repeat 4 times

. Instrugtion Fetch Cycle

Execution of a macroingtruction generally begins with an
instruction fetch eycle. The current contents of the PC
{in one of the registers) is the address of the macrain-
struction to be fetched, and must be read out to the
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memory address register, Then the PC is incremented to
point to the next macreinstruction. The macroinstruction
obtained from memory is then loaded into the Am2809
MiCroprogram sequencer to cause a jurmnp to the microcode
for executing the instruction.

The PC can be read out and incremented in one cycle by
using the Am2901 destination code 2, and addressing the
PC with both the A and B addresses. The current value of
PC will appear on the ¥ outputs, and PC+1 will be returned
to the register. If the PC is in register 15, then:

A=8=151=203, Carry-in=1

The PC will be on the Y outputs via the RAM A-port, On
the clock LOW-to-HIGH transition, the program counter
is incremented and the value on the Y outputs is loaded
into the memory address register. During the following
cycle, the memory is read and, on the next clock LOW-
to-HIGH transition the instruction from the memaory is
dropped into the Am2909 instruction register. The fetch
operation requires only two microcycles.



Am2909 Using the Am2909

INTRODUCTION:

One of the main functions of digital logic systems is the
generation of timing and control sequences. |n the past,
sequence control logic bas been implemented by unique
designs using flip-flops and gates. Current designs often
use microprogram techniques based on combinations of
counters and P/ROMs, due to the wide spread availability
of low cost, high speed P/ROMs. These combinations of
counters and P/ROMs tend 1o be significantly more flexible
than their flip-flop logic, or hard wired, complements,
Counter and P/ROM designs also tend to be significantly
more powerful in the sense that they can be used 1o solve
problems of much higher complexity and with a much
lower chip count than is practical with a hard wired design,

The Am2909 Microprogram Sequencer is, in a sense, a
sophisticated counter, which is used in conjunction with
high speed P/ROMs in microprogram sequence control
designs. Designs using the 2009 cover a broad range. Two
of the better known examples include: Computer Coniral
Units, which provide the sequence control for instruction
execution in computers, and the /O controllers for sophis-
ticated computer Peripheral devices, such as high speed
magnetic disc files and high speed magnetic tape units,
Other examples include controb units for high speed com-
munication processing, and general purpose  machineg
control at rates from DC to above 5 MHz. In order to
understand the applicahility of the Am2909 with sequence
control, we will first examine the sgequence contrel problem
in general and the methods employed to solve it

SEQUENCE CONTROL — SIMPLE PROBLEMS AND
SOLUTIONS:

An example of a simple sequence control problem is the
sequencer for an automatic coffez vending machine. (n the
automatic coffee vending machine, the user selects a ma-
chine operating sequence by pressing the appropriate
buttign on the coffee machineg's front panel, There may be
six such buttons labeled: coffee black, coffee cream, coffee
sugar, coffee cream & sugar, hot chocolate, soup. Each of
these buttons must cause a specific sequence of actions
inside the coffee machine in order to deliver a filled cup of
coffee to the user. The sequence control unit for the coffee
machine must generate signals such as: hot water on, coffee
release, chocolate release, cream release, etc, In addition, it
must generate these signals according to which of the six
buttons was pressed. Furthermore, it must ignore the
buttons until the ¢gin has been inserted, during sequence
operation, and until another coin has besn inserted after the
selected sequence is complete.

A block diagram of a hypothetical coffee machine and its
sequence control are shown in Figure 1. The sequence list
corresponding to each of the push buttons is shown in
Figure 2. A coffee machine sequence controller can be
designed using combinations of flip-flops and gates. An
example of this type of design is shown in Figure 3. This
approach is called the hard wired logic or random logic
approach. The design in Figure 3 uses various gates, flip-
flops and one-shots. This approach is typical of solid state
sequence controller designs used in the past. The advantage
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Figure 1. Coffee Machine Block Diagram.

Figure 2, Coffee Machine Combined Sequence List.
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! ) ONE SHOT SOURON

Figure 3. Coffee Machine Sequencer: Random logic,




of this approach is that it resuits in a design with a reason-
ahle part count and may closely parallel that of a previous
design based on electro—mechanical components, such as
relays and timers.There are several disadvantages with this
design approach, however. The first disadvantage is that it
is a unigue design. The seguence controller for a soft drink
maching, for instance, will be similar but different. A
second, related disadvantage is that & redesign of the
control logic may be required if the control sequence must
be changed to accommodate different coffee machine
hardware, such as using a different type of hot water valve,
It involves, in any case, an evaluation of the effect of the
sequence change upon the control logic to determine
whether the design will have to be maodified or redone.
These two problem areas expand with the complexity of
the sequence contrel problem. In the random logic design
approach, the totality of the design is contained in the
connection pattern of the integrated circuits, and the
number of connections possible §s approximately pro-
portional ta the square of the number of integrated circuits.
This  would indicate that the design complexity,
probability of error, and probable number of design
changes should atso increase at about the same rate,

Microprogram techniques using counters and P/ROMs
attack the disadvantages of the random logic approach as
described above. The combination of a counter and a
P/ROM can generate a single sequence, such as the black
cotfee sequence for a coffee machine, as shown in Figure 4.
The contents of the P/ROM, which is also the sequence
chart, is shown in Figure 6. The counter shown in Figure 4
is a binary counter and the P/ROM serves as a
programmabie decoder. The P/ROM decodes each count
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Figure 4. Simple Sequencer: Counter/ROM

value and activates the corresponding output lines as
determined by the P/ROM contents or program. The
counter is started at zero and steps to a maximum count of
31 in this case. The counter is incremented by pulses from a
2Hz Oscillator. This allows sequences of up 1o 16 seconds
with a resolution of % second. This counter and P/ROM
combination is directly analogous to an glectro-mechanical
cam-and-timer type sequence generator with a revolution
time of 16 seconds and a programmabie cam resolution of
1/32 of a circle or approximately 11 degrees. Notice,
however, that the choice of a B bit binary counter allowing
32 possible counts, and the corresponding 32 word P/ROM,
is arbitrary. It is equally practical to use an 8 bit counter
and a 256 word P/ROM. This would allow generation of
sequences up to 128 seconds long with a balf second
resolution. The sequencer shown in Figure 4 creates output
signals according to the pattern shown in Figure 5. Figure 5
shows the contents of each of the 32 locations of the
P/ROM. The 5 bit binary counter begins with a count value
of zero and increments sequentially through a count value
of 31. Each count valug is decoded by the P/ROM and the
corresponding output signals, as indicated in Figure 5 are
generated.

The seguence generator shown in Figure 6 has the
capability of eight individually selectable sequences. This is
done by wsing a 266 word P/ROM and using the upper 3
bits of the P/ROM address to select one of eight possible
thirty-two step sequences. If these 3 bits are GO0, the b
bit counter will step through the address seqguence zero
through 31. If these 3 bhits are 001, the counter will step
through 32 through 47, etc. We can apply this sequence
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Figure 5. Counter/ROM Seguence Chart {Black Coffee].
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Figure 6. 8 Sequence Controller.

generator 1o our coffee machine problem by adding some
circuitry as shown in Figure 7. Figure 7 shows the six
push buttons, a register for holding the button status
hetween the time it was pressed and the end of a sequence,
and an encoder. The encoder converts the signal from each
push button into a 3 bit binary number which is applied
to the most significant 3 bits of the P/RON. Push huttons
1 through 6 will generate binary codes 0 through b5,
respectively. The 74148 encoder used performs this con-
version as well as indicating whether or not any button is
active. This activity output is used in conjunction with
the output of a Hip-flop which indicates a coin has been
deposited and the button has been pushed. Once thase
two events bhave occurred, the sequence counter will
step through the appropriate sequence locations in the
P/ROM as shown in Figure 8. When the selected sequence
is ended, the BUSY F/ROM output bits are used to clear the cain
flip-flop, restoring the systern to the initigl conditions for the
next cup..

We have now built a sequence controller, using 9 chips,
which is capable of 8 selectable sequences of up to 32 steps
each. Also, any and all sequences may be changed by
modifying the contents of the P/ROM, a single chip, with-
out any rewiring or other modifications to the hardware.

BLACK — a
CREAK — ,
w
EUGAR —_ 7 o
i g
1% E
C&5 - e 3 -
< =
- & X
g -
CHOE, — 1 2. q 1
3 L)
g &
SDUFR i 5 bt ™ 0_4 >__ H 1 CuP AELEASE
= — & Ay O—CD— G 2 WATER ON
UMUSED
— v ) O—»— Fl 22 | 2b— correEReiease
Z&
=
i 3 E == Il }-———— SUGAR RELEASE
(5 =]
=
= o 7] - [ CREAM FELEASE
= =]
3 - £ &
o g c [ & |—— CHOCOLATE REL-
= L3
a =
E o 8 B 7 — soufRELEasE
=
S A 4 8 ausy
7414 CLK RST
2 Hz. E |
CECILLATOR
| ap—
+ [ o i ..
w M
J z
COIN MULSE c |z 2
3 + —jx af
||I x

108

—

Figure 7. Coffee Machine ROM/Counter Sequencer.
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Figure 8. Combined ROM/Counter Sequence Chart,

Although in our coffee machine example the sequencer is
stepped along at a rate of 2 hertz, the circuit is practical at
rates to several megahertz. At rates above one megahertz,
the decoding time of the P/ROM becomes significant. This
can be avoided by using a modification of the original
counter and F/ROM technique. The modified technique
has various names, such as pipelining and look-ahead. This
method puts a3 register at the P/ROM outputs to hald the
cutput values, while the P/ROM itself is decoding the next
set of outputs. Figure 9 shows a block diagram of such a
system. In this system, a counter is created using an incre-
menter and a register. This incrementer and register com-
bination is characteristic of the internal design of syn-
chronous counter chips, such as the 74163, In Figure 9
these two functions have been separated to grant access
to the path between the incrementer and the register.
The incrementer output creates the next count wvalue
and applies it to the count register input. The incrementer

INCFREMENTER
[
PIRON
cLovk 4 AEGISTRR REGISTER
COUNTER OUTRUT EUFFEKED

EROIM JUTRLTS

Figure 9. Pipelined Counter fROM System.

output is also applied to the address input of the sequence
P/ROMs. The sequence P/ROMs decode this next count
value and apply their decoded outputs to another register.
When a clock pulse is applied, the counter will increment
since it will be loaded with the current count walue plus
one. Likewise the P/ROM buffer register will be loaded
immediately with the decoded P/ROM data for that state.
The advantage of this approach is that the decoded P/ROM
data i avaitlable almost immediately after the clock pulse,
as opposed to GO to 80 nanoseconds later, as deterrmined
by propagation delay to the P/ROMs. This is shown in the
timing diagram of Figure 10. An additional feature of the
pipelined approach is that the outputs remain stable from
one clock period to the next, In the simpler counter and
P/ROM systern, the P/ROM oputputs are undefined for a
period of typically 60 to 80 nanoseconds after the clock
pulse. Not only are they undefined during this interval,
but they may change rapidly and create positive or negative
pulses. This is due to changes occurring in the internal
decode logic of the P/ROM.

The Am2909 is designed to he used in pipelined systems.
The 2909 contains an incrementer and logic for generating
the next P/ROM state. Figure 11 shows a 2809 Dbased
pipelined sequencer. Same of the features of the 2908,
which will be discussed below, are not shown for the sake
of clarity. Note that the sequencer in Figure 17 differs

LLOCK

COUNTER QUFPUT

INCREMENTER OUT

@ 1

FROK OUTPU TS I : :

ELFFERELH PrROM @ @
DUTPUTS i

Figure 10. Pipelined Counter /ROM Timing Diagram.
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Figure 11. 2909 Pipelinad System.

slightly from the sequencer shown in Figure 9. In the
2909, a register is placed after rather than before the
incrementer. This register holds the value of the next
P/ROM address, the decoded contents of which will be
loaded into the P/ROM buffer register. The incrementer
takes the 2009 outputs and incremerts them ta form the
next address plus one, to be loaded into the 2909 micro-
program counter register. This arrangerment provides high
speed since the next address is available from this next
address microprogram counter register almost immediately
after the rise of the clock pulse. The inherently stower
generation of the incremented value thus occurs between
clock pufses. This is, in a sense, further pipelining of the
system. Because of this arrangement, microprogram step
times as low as 100 nanoseconds are possible.

COMPLEX PROBLEMS AND SOLUTIONS

The simple sequencers described above are useful and
practical for small and medium sized seguence contrg)
systems. As the system's size expands, in terms of number
of selectable sequences, and/or number of steps per
sequence, the P/ROM memory required expands pro-
portionally., As the P/RDM memaory size, and therefore
cost, starts becoming significant in our design, we naturally
foak for methods of reducing the size of memory required.
There is one fundamental technigque with several imple-
mentation methods for reducing memory size, and this is to
identify and eliminate redundant sequences.

There are two general methods of identifying and elim-
inating redundant sequences. One method is repetition,
where a single step or group of steps is repeated a number
of times. In our sequence list of Figure 8, we can see
several areas in cach sequence where the outpuls do not
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change from one P/ROM address to the next. These
recdundant states can be reduced to a single state with a
repeat counter to cause those outputs to remain unchanged
until they have been repeated the appropriate number of
clock steps. This same technigue can be applied in cases
where a number of steps are repeated several times. The
second  general method is to identify common sub-
sequences where a group of identical steps are used in
several different seguences or even several times within
the same sequence. A sub-sequence, called a subrouting,
typically performs some commonly used function. An
example is the cup release sequence shown in the Chart
in Figure 8,

A wide variety of ways exist for implementing the repeat
function. A simple method of implementing the repest
function for single P/ROM states or micro-instructions is
shown in Figure 12. In this figure we have added a syn-
chronous counter, a 74163 in this case, which is loaded
from the pipeline P/ROMs at the same time the P/ROM
tuffer, or micro-instruction register, is loaded. This counter
has an output which detects when the 4 bits of the counter
are ali ones. This output is used to gate the clack pulse to
the sequencer control system, including the 2909 micro-
program counter register and the micro-instruction register.
This signal is also used to enable the load enable input to
the counter itself. 1f the counter is loaded with all ones for
evary clock pulse, the sequencer will operate as before,
with the 2909 micro-program counter register and the
micro-instruction register being loaded on every clock
pulse. If the counter is loaded with other than all ones, for
instance with alt zeros, the clock for the rest of tha system
will be disabled until the counter reaches afl ones, in this
case after 15 counts, This means that the micro-instruction
register outputs will remain unchanged for a total of 16
counts, 15 counts corresponding to the clock being disabted
plus one count during which the clock was enabled. in
arder to execute a micrg-instruction in N times, one simply
loads the repeat counter with a value of 16 minus N.

It may be desirable to repeat a group of several instructions.
In this case, we will require somewhat more complicated
fogic, 'n order to perform this repeat, we must go back to
the first instruction in the repeated group. The logic to
perform this is shown in Figure 13. A sequence chart
exarnple i5 shown in Figure 14, In order to repeat a group
of instructions, we must be able to conditionally go from
the lust step of the group sequence to the first step of the
group seguence. The hardware in Figure 13 does this. An
added P/ROM, buffer register, and a multiplexer in the
2909 provides a method of selecting a next address dif-
ferent from the current address plus one, This next ad-
dress will typically be the starting address of our repetitive
sequence, the repeat address. Qur repeat counter is now
used to control this multiplexer, When we reach the last
step in the repetitive sequence, the repeat counter all ones
detect gutput is used 1o control 2808 muitipiexer selection.
If the repeat counter detect output is zero, then the malti-
plexer selects the repeat address from the P/ROM buffer
register. 1T the repeat counter detect output is ong, then the
current address plus one is selected, which is in the 2209
microprogram counter register.

Note that the repeat counter is incremented only when it s
used to control the multiplexer. in this way it will be in-
cremented once per fepetition of the group, or once per
loop, rather than once per clock pulse. This circuit can he
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Figure 14. Repeat Sequence Example.

used to implement & single micro-instruction repeat
function by simply causing the address P/ROM output to
be equal to the address of the current micro-instruction.
Note also that we no longer use the repeat counter every
cycle. !t can therefore be loaded from another source
within the overall system at an arbitrary time. (1 a com-
puter control unit context, our repeat counter might be
loaded with a shift count from the instruction register at
some time before the shifting operation was actwally
performed.

The second method of eliminating redundant coding in
the P/ROM memory is by using sub-sequences or sub-

routines. In this case, a sub-sequence exists which is used in
a variety of different sequences in the P/ROM memory. For
example, the cup release sub-sequence in our cofiee vending
maching example is used in all sequences. Instead of having
six different sets of codes doing the same function, one set
of code is used plus a method to get to the code and return
to the original sequence when the sub-sequence is complete.
With the addition of the address generation P/ROM shown
in Figure 13, we now have a method of going from a
current location to some entirely different location within
the memory, To implement sub-seguences, we need a
method of returning to the next location in our original
sequence. To be specific, we wish the next P/ROM address
to be the first address in cur commonly used sub-sequence,
or subroutine, and at the end of that subroutine we wish to
return to our current address plus one. In order 10 do this
we must be able to {1} Select a desired subroutine address
as the next P/ROM value, and {2} Save the current P/ROM
address value plus one as the next PYROM value to be used
upon completion of our subroutine. This can be done by
using the logic of Figure 13, which allows us to select an
arbitrary next P/ROM address value, plus the addition of
a register to save our normal next address value, which is
the current P/ROM address value plus one. The design of
this subroutine lagic shown in Figure 16 and its operation
js shown in the sequence chart of Figure 16.
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Figure 16. Subroutine Sequence Example.

The 2909 contains a save register, (n fact, itis implemented
as a Last In, First Qut stack of 4 registers. This may be
considered as a set of bi-directional shift redisters which
allow data to be shifted in or out according to the 2909
controls. These effective shift registers are 4 bits long.
Having more than one save register allows one subrouting to

usg, or call, another subroutine. This process of calling a
subroutineg which in turn calls another subroutine, can be
repeated up to 4 times in the 2909, At the completion of
each subroutine, the last return value which was put into
the save shift registers is used to set the next P/ROM
address value. This Last-In-First-Out function is called a
stack because it is conceptionally similar to a stack of
plates. The current output of the 2809 LIFQC stack
corresponds to the last value shifted into the stack in a
similar manner to a stack of plates, where the top-most
plate on the stack corresponds to the last one placed there.

There exists another method of sub-sequence selection. In
this case, the seguence selection register is decoded more
than once, This {5 shown in Figure 17. Here we are
assuming that the original command selection is stored in a
register, and that this register has a P/ROM at its output
which decodes its contents to produce a P/ROM address
value corresponding to the selected sequence. In the above
discussions, we have assumed that this command register
{the push button register) is decoded once and the selected
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Figure 17. Multiple Decode Subsequence Select,
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sequence runs through to completion. Another possibility
is to use the same command register to select several sub-
sequences rather than one main sequence. This means that
our command register is decoded several times, The first
time it is decoded, it selects the first sub-sequence. At
the end of this sub-sequence, a second decode P/ROM is
enabled which decodes the command register a second
time, This selects a second sub-sequence, etc. In this
manner, as many sub-sequences as desired may be salected
by sequentizlly decoding this command register. This
method has the advantage of not requiring a special set of
P/ROM outputs for address generation. ln some cases, it
may save a micro-instruction step which would be required
o generate a subroutine catl, .

A general purpose sequence control system using 2909
is shown in Figure 18 This is a semi-pipelined system.
This means that part of the system is pipelined for high-
spead functions which must have signals available at the
beginning of the cycle and part of the system is not pipe-
lined, meaning that the next P/ROM address is simply

loaded into a register which is decoded by P/ROMs, the
outputs of which are not needed until the middle or the
end of the micre-instruction cycle. The timing diagram
for this system is shown in Figure 19. Note that in this
2909 system we have included a repeat counter and a
condition testing muitiplexer which can select the repeat
counter output or any of several other external signals
to control the source of the next P/ROM address. These
external signals are synchronized with the buffer register
to insure that their outputs will remain stable during the
micro-cycle, This allows the look-ahead P/ROMs suf-
ficient time for their outputs to stabilize and drive the
inputs to the micre-instruction register.

MNow that our general purpose sequence controller has
been designed, all that remains is to determine the num-
ber of high-speed, pipelined P/RCM outputs and lower-
speed, non-pipelined P/RCM outputs required by our
particular application. Also, we must determine the num-
ber and source of ocur condition controf inputs. Last of
all, we must create the pattern 10 be placed into our control
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Figure 19, 2909 Sequencer Timing Diagram.

P/ROMs. All three of these tasks are part of the system
design for a particular sequence control system. The last,
however, can he supported by the RAYASM micro-
assembler which is designed te simplify the genetation of
P/ROM patterns and the corresponding P/ROM program-
ming tapes.

These two methods of sub-sequence generation, subroutine
call and rmultiple command decode, may both be used
within a given systerm. The method of subroutine call is the
most genaral and can be used to create very long effective
sequences. It is useful in medium and large systems, The
method of multiple command decode has the advantage of
eiiminating the subroutine call micro-instructions and their
corresponding exacution time, It is useful in systems which

have a large number of short sequences where execution
time is impartant. The subsequences are typically few and short
in computer contral units since this pravides not only fast in-
struction exgcution but also minimizes interrupt and DMA la-
tency times, in many computer control units, interrupt and DMA
activities are allowed 1o occur only between instructions. This
means that the waiting period, or latency time, between an inter-
rupt o DMA reguest in the beginning of the micro-program se-
quence which services that request can be long as the execution
time of the longest instruction in the instruction set. For this rea-
son, the muHiple decode method is often used in GCU's, since it
is desirable and sometimaes necessary in these types of systems to
keep the instruction execution sequences for all instructions be-
low some maximum figure.
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PACKAGING INFORMATION

These drawings are preliminary and subject to change when the final product is complete
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