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THE THIRD REVOLUTION 

Over 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 transistors, wh ich 
not only revolutionized the computer and communications 
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 I.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, I.C.'s allowed an order-of-magnitude in
crease in the complexity of the equipment they were de
signing (or an order-of-magnitude decrease in size, depend
ing on the nature of that equipment) and, simultaneously, 
an order-of-magnitude improvement 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 those that didn't dropped out. 

Similar changes are occurring today during the third revolu
tion-this one created by the development of microproces
sors. Once again order-of-magnitude improvements are 
being 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 equall.y 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 hopes to survive the third 
revolution. 

As with the first two revolutions, 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 become high volume, multi-sourced, industry standard 
products (like TTL) and others will survive at lower vol
umes because they have certain performance advantages 

tEYTHEO:?J 

INTRODUCTION 
which the "standard" devices cannot match in selected ap
plications (similar to the role played by CMOS and ECl). 

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

There are, today, basically 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 
level 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, for example, 
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 effort to gain a performance edge over 
competition. 

The two basic technologies which today compete for the 
total microprocessor market are Metal-Oxide-Semiconduc
tor (MOS) 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 
system designer has no simple chore in determining the best 
solution for his application. Not 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 different n-bit de
signs to choose from. As with most alternatives of th is na
ture, anyone of a number of different designs will meet his 
system requirements and the designer will be apt to choose 
one of the two or three types within each c;ltegory that ap
pear to be "industry standards." 

The situation is not quite as confusing;n 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-slice oriented thus elimi
nating the need to fix the size of the data word prior to se
lecting a particular bit slice design. 

Perhaps even more significant in explaining the relatively 
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
ketirl 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 a large 
number of different device types. Thus, the semiconductor 
industry-at least to this point in time-has elected to con
centrate their efforts on a relatively small number of device 
types. 

One of these types (in fact the only one currently support
ed by more 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 microprocessors, Raytheon, in 1975, be
came the first alternate source for 2900 family products 
and today has more 2900 family parts than any other semi
conductor manufacturer in the industry except for AMD 
who originated the series. In addition, Raytheon is commit
ted to the continued support of the family, not only to the 
extent of providing all 2900 series devices, but also in the 
equally important areas of bipolar memory, logic, and the 
development tools 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, memory, and input/output (I/O). (See Fig
ure 1) Connecting the various functions are the address and 
data busses plus various control lines. While all microcom' 
puters have essentially the same general architecture (i.e. 
perform the four functions shown in Figure 1), there are a 
numhp.r of d~ffe!"ef!ces k: the ··N~Y the voiioi.i5 funl;tiufl~ iue 
implemented. The most obvious differences occur between 
MOS and bipolar technologies. 

Add.ess8us 

Figure 1. Typical Computer Functions. 

In the MOS approach; for example, the most common im· 
plementation places the CPU and control function both on 
one chip. This chip-which was the original "microproces-I 
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 memor.y 
and/or I/O. Because the decoding circuitry for the instruc-
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tions (the main portion of the control sectionl is hardwired 
on the chip, the same instruction (set of "1's" and "O's") 
will 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 distinc
tions between MOS and bipolar microprocessors. 

The microprocessor, however, is not a computer until one 
adds the memory and I/O circuits. In the case of MOS, this 
normally co.nsists of ROM or PROM for program storage, 
RAM for data storage, and either discrete logic or special 
purpose LSI chips for I/O. * 

*Some newer MOS devices include some memory and I/O 
capability or the same chip as the CPU and control. While 
somewhat limited in capability, these new chips can realis
tically be called microcomputers without the necessity of 
external memory or I/O. 

With the more popular bipolar microprocessors, such as the 
2900 family, the CPU and control function are implement
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 multiple of the basic slice. A four bit slice 
such as the 2901, for example, can be used to implement 
4,8,12,16 ..... 32, etc. bit microcomputers. 

There are some obvious 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. 

Not only does the CPU function usually require more chips 
in bipolar designs, but also the control function is not even 
included on the chip as it is with the MOS devices. There 
are, however, advantages to bit slices over fixed data word 
machin~~; c!"!e of the mo~t ~b ... ic;.::; bEdiig the cCipabinty ui 
building larger, more powerful machines. In MOS, there 
simply isn't anything available over 16 bits, 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 usually 
provide higher performance simply by building a bigger 
machine. 

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

As in the case of the MOS controller, the main function of 
the bipolar equivalent is to accept instructions from mem
ory Ilia the data bus, decode the instruction, and then pro
vide the individual control signals to the CPU, memory, and 
I/O. These control signals are generated by combining the 
decoded instruction with a multi-phase clock to provide a 
properly timed sequence of control words to the various 
system elements. 
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As shown in Figure 2, (*) the control signals for the CPU, 
memory, and I/O are actually outputs from an array of 
PROMs <ID . 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 considered to be a machine instruc
tion (add, subtract, etc.l. the individual sets are referred to 
as microinstructions. 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 elements for clarity. 
Various register and other logic elements will be required in 
an actual design. 
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Figure 2. Typical Bit-Slice Implementation for CPU 
and Control. 

As one might expect, the series of microinstructipns to ac
complish a common machine instruction would be stored in 
consecutive address locations in the PROMs. Thus to ac
complish a machine instruction-sayan ADD-one would 
simply set a counter with the address of the first microin
struction of the ADD sequence and then simply increment 
the counter as each microinstruction is completed. This 
would continue until the final microinstruction of the ADD 
series was executed at which time the control would be set 
to accept the next machine instruction. 

The circuitry that provides the addressing and counting 
functions is called a sequencer and most bipolar micropro
cessor families provide special LSI chips to accomplish this 
function. For example, the 2900 family currently provides 
two such circuits-the 2909 and 291 1-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. 
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In addition to the addressing and counting functions, most 
sequencers provide circuitry to accommodate skips, jumps, 
and branches in the microprogram. This is accomplished by 
combining CPU status information @ with a portion of the 
microcode to exercize control over the source of the next 
microinstruction address. 
As in any microcomputer implementation, the machine in
struction is stored in main memory (usually PROM) and. is 
presented to the control circuit via the data bus CD. In most 
bipolar 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 disadvantage is chip count. It normal
ly requires in excess of 10 packages to construct a bipolar 
microprocessor controller whereas the MaS 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 microinstruc
tions. While this does, in essence, require twice the pro
gramming effort compared with MaS 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 unique application, which improves per
formance and minimizes macroprogram storage require· 
ments. 

The ability to microprogram his machine also allows the 
user to emulate virtually any computer architecture (includ
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, a detailed description 
of each member of the 2900 family is presented in the form 
of a data sheet. Where additional information is required to 
fully 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 
bipolar microcomputer design. 

Finally, a simple system design is presented to further clari
fy the basic operation of the 2900 family and to give a typ
ical example of the procedure used to design bipolar micro
computer systems. 

If there are any questions 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
sor Applications. 

iii 
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Four-Bit Bipolar Microprocessor Slice 

GENERAL DESCRIPTION 

The four-bit bipolar microprocessor slice is designed as a 
high-speed cascadable element intended for use in CPU's, 
peripheral controllers, programmable microprocessors and 
numerous other applications. The microinstruction flexibi
lity of the Am2901 wi II allow efficient emulation of almost 
any digital computing machine. 

The device, as shown in the block diagram below, consists 
of a 16-word by 4-bit two-port RAM, a high-speed ALU, 
and the associated shifting, decoding and multiplexing 
circuitry. The nine-bit microinstruction word is organized 
into three groups of three bits each and selects the ALU 
source operands, the ALU function, and the ALU destina
tion register. the microprocessor is cascadable with full 
look-ahead or with ripple carry, has three-state outputs, and 
provides various status flag outputs from the ALU. Ad
vanced low-power Schottky processing is used to fabricate 
this 40-lead LSI chip. 

MICROPROCESSOR SLICE BLOCK DIAGRAM 

'A'(READf 
ADDRESS 

.•. 
(READ/WRITE) 

ADDRESS 

DIRECT 
DATA IN 

CARRY IN 

OUTPUT 
ENABLE 
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Am2901 

DISTINCTIVE CHARACTERISTICS 

• Two-address architecture -
Independent simultaneous access to two working 
registers saves machine cycles. 

• Eight-function ALU -
Performs addition, two subtraction operations, and 
five logic functions on two source operands. 

• Flexible data source selection -
ALU data is selected from five source ports for a 
total of 203 source operand pairs for every ALU 
function. 

• Left/right shift independent of ALU -
Add and shift operations take only one cycle. 

• Four status flags -
Carry, overflow, zero, and negative. 

• Expandable-
Connect any number of Am2901 's together for longer 
word lengths. 

• Microprogrammable-
Three groups of three bits each for source operand, 
ALU function, and destination control. 

ORDERING INFORMATION 
Package 

Type 

Molded DIP 
Hermetic DIP 
Hermetic DIP 

Hermetic Flat Pack 
Dice 

Temperature 
Range 

DOC to +70°C 
DoC to +70°C 

-55°C to +125°C 
-55°C to +125°C 

O°C to +70°C 

Order 
Number 

AM2901PC 
AM2901DC 
AM2901DM 
AM2901FM 
AM2901XC 



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

Storage Temperature 

Temperature (Ambient) Under Bias _550 C to +1250 C 

Supply Voltage to Ground Potential -0.5 V to +6.3 V 

DC Voltage Applied to Outputs for HIGH Output State -0.5 V to +VCC max. 

DC Input Voltage -0.5 V to +5.5 V 

DC Output Current, I nto Outputs 30mA 

DC Input Current -30 mA to +5.0 mA 

OPERATING RANGE 

2 

PIN Ambient Temperature Vcc 
Am2901 PC, DC O°C to + 70°C 4.75 V to 5.25 V 

Am2901DM, FM -55°C to +125°C 4.50 V to 5.50 V 

STANDARD SCREENING 
(Conforms to MI L-STD-883 for Class C Parts) 

MIL-STD-883 

Step Method Conditions 

Pre-Seal Visual Inspection 2010 B 

24-hour 
Stabilization Bake 1008 C 

150°C 

Temperature Cycle 
-65°C to +150°C 

1010 C 
10 cycles 

Centrifuge 2001 B 10,000G 

Fine Leak 1014 A 5 x 10 -8 atm-cc/cm3 

Gross Leak 1014 C2 Fluorocarbon 

Electrical Test 
5004 

See below for 

Subgroups 1 and 7 definitions of subgroups 

I nsert Additional Screening here for Class B Parts 

Group A Sample Tests 

Subgroup 1 

Subgroup 2 

Subgroup 3 See below for 
5005 

Subgroup 7 definitions of subgroups 

Subgroup 8 

Subgroup 9 

Am2901DM,FM 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

LTPD = 5 

LTPD = 7 

LTPD = 7 

LTPD = 7 

LTPD = 7 

LTPD = 7 

ADDITIONAL SCREENING FOR CLASS B PARTS GROUP A SUBGROUPS 
MI L-STD-883 Level 

Step Method Conditions 
Am2901DMB, FMB 

(as defined in MIL-STD-883, method 5005) 

Subgroup Parameter Temperature 

Burn-In 1015 D 125°C 100% 
160 hours min. 

1 DC 25°C 
2 DC Maximum rated temperature 

Electrical Test 5004 
Subgroup 1 100% 

3 DC Minimum rated temperature 

7 Function 25°C 
Subgroup 2 100% 8 Function Maximum and minimum rated 
Subgroup 3 100% 
Subgroup 7 100% 
Subgroup 9 100% 

temperature 
9 SWitching 25°C 

10 Switching Maximum Rated Temeperature 
Return to Group A Tests in Standard Screening 11 Switching Minimum Rated Temperature 

~YTHE~ 



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

Parameters Description Test Conditions (Not. 1) Min. 
Typ. 

INoto 2) Max. Units 

IOH=-1.6mA 
2.4 

Yo. YI. Y2. Y3 

10H = -1.0mA. Cn+4 2.4 

VOH 
VCC = MIN. 10H = -SOO/lA. OVR. P 2.4 

Output HIGH Voltage 
VIN = VIH or VIL 

Volts 
10H = -600/lA. F3 2.4 

10H = -600/lA 

RAMO. 3. 00.3 
2.4 

10H = -1.6mA. G 2.4 

I CEX 
Output Leakage Current VCC = MIN .• VOH = 5.5V 250 /lA 
for F = 0 Output VIN = VIH or VIL 

10L = 16mA 
0.5 

YO.YI.Y2. Y3. G 

VCC= MIN .• 10L = lOrnA. Cn+4. F=O 0.5 
VOL Output LOW Voltage Volts 

VIN = VIH or VIL 10L = S.OmA. OVR. P 0.5 

10L = 6.0mA. F3 
0.5 

RAMO. 3. 00. 3 

VIH Input HIGH Level Guaranteed input logical HIGH 2.0 Volts 
voltage for all inputs 

VIL I nput LOW Level Guaranteed input logical LOW I Military 0.7 Volts 
voltage for all inputs I Commercial 0.8 

VI Input Clamp Voltage VCC = MIN .• liN = -ISmA -1.5 Volts 

Clock. OE -0.36 

AD. AI. A2. A3 -0.36 

80. 8 1. 82. 83 -0.36 

Vcc = MAX. 00. 0 1. 0 2. 0 3 -0.72 
IlL Input LOW Current mA 

VIN = 0.5V 10.ll. 12;16. IS -0.36 

13. 14. 15. 17 -0.72 

RAMO. 3. QO. 3 (Note 4) -O.S 

Cn -3.6 

Clock.OE 20 

AD. AI. A2. A3 20 

80. 81. 82. 83 20 

DO. 01. 02. 03 40 
IIH Input HIGH Current VCC= MAX. /lA 

VIN = 2.7V 10. 11. 12. 16. 18 20 

13. 14. 15. 17 40 

RAMO. 3. QO. 3 (Note 4) 100 

Cn 200 

II Input HIGH Current VCC = MAX .• VIN = 5.5V 1.0 mA 

YO. Yl. Va = 2.4V 50 

Y2. Y3 Vo =0.5V -50 

IOZH Off State (High Impedance) VCC"= MAX. Va =2.4V 
100 /lA 

IOZL Output Current RAMO. 3. (Note4) 

, 00.3 'VO = 0.5V --800 
(Note 4) 

YO. Yl. Y2. Y3.G -15 -40 

Cn+4 -15 -40 

lOS Output Short Circuit Current VCC = 5.75V 
OVR.P -15 -40 mA 

(Note 3) VO=0.5V 
F3 -15 -40 

RAMO. 3. QO. 3 -15 -40 

ICC Power Supply Current VCC= MAX. 
Military 185 280 mA 
Commercial 185 280 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee"" 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. These are three-state outputs internally connected to TTL inputs. Input characteristics are measured with IS78 in a state such that the 

three-state output is OFF. 
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GUARANTEED OPERATING CONDITIONS 
OVER TEMPERATURE AND VOLTAGE 

TABLE I 

Tables I, II, "and III below define the timing requirements of 
the Am2901 in a system. The Am2901 is guaranteed to 
function correctly over the operating range when used within 
the delay and set-up time constraints of these tables for the 
appropriate device type. The tables are divided into three 
types of parameters; clock characteristics, combinational delays 
from inputs to outputs, and set-up and hold time requirements. 
The latter table defines the time prior to the end of the cycle 
(i.e., clock LOW-to-HIGH transition) that each input must be 
stable to guarantee that the correct data is written into one of 
the internal registers; 

CYCLE TIME AND CLOCK CHARACTERISTICS' 

TIME Am29010C,PC Am2901 OM, FM 

The performance of the Am2901 within the limits of these 
tables is guaranteed by the testing defined as "Group A, 
Subgroup 9" Electrical Testing. For a copy of the tests and 
limits used for subgroup 9, contact Product Marketing. 

Read-Modify-Write Cycle 
(time from selection of 
A, B registers to end of 
cycle) 

Maximum Clock Frequency to 
Shift Q Register (50% duty 
cycle) 

Minimum Clock LOW Time 

Minimum Clock HIGH Time 

Minimum Clock Period 

TABLE II 

MAXIMUM COMBINATIONAL PROPAGATION DELAYS (all in ns, CL .;;;; 15pF) 

105ns 120ns 

9.5MHz 8.3MHz 

30ns 30ns 

30ns 30ns 

105ns 120ns 

Am2901DC, PC (DoC to +70°C; 5V ±5%) Am2901DM, FM (-55°C to +125°C; 5V ±10%) 

~ 
Shift Shift 

F Output 
F=O Outputs F=O Outputs 

rom V F3 Cn+4 G,P RL= OVR V F3 Cn+4 G,P RL= OVR 
Input 470 RAMO 00 470 

RAMO 00 
RAM3 03 RAM3 03 

A, B 110 85 80 80 110 75 110 - 120 95 90 90 120 85 120 -
D(arithmetic mode) 100 70 70 70 100 60 95 - 110 80 75 75 110 65 105 -
0(1 = X37) (Note 5) 60 50 - - 60 - 60 - 65 55 - - 65 - 65 -
Cn 55 35 30 ~ 50 40 55 - 60 40 30 - 55 45 60 -
1012 85 65 65 65 80 65 80 - 90 70 70 70 85 70 85 -
1345 70 55 60 60 70 60 65 - 75 60 65 65 75 65 70 -. 
1678 55 - - - - - 45 45 60 - - - - - 50 50 

OE Enable/Disable 40/25 - - - - - - - 40/25 - - - - - - -
A bypassing 

60 - - - - - -
ALU (I = 2xx), 

- 65 - - - - - - -

Clock S (Note 6) 115 85 100 100 110 95 105 60 125 95 110 110 120 105 115 65 

SET-UP AND HOLD TIMES (all in ns) (Note 1) TABLE III 

From Input Notes 
Am2901DC, PC (O°C to +70°C, 5V ±5%} Am2901DM,FM(-55°C to +125°C, 5\l ±10%) 

Set-UpTime Hold Time Set-UpTime Hold Time 

A, B 2,4 105 0 
120 0 

Source 3,5 tpwL + 30· tpwL + 30 

B Dest. 2,4 tpwL + 15 0 tpwL +15 0 

o (arithmetic mode) 100 0 110 0 
0(1 = X37) (Note 5) 60 0 65 0 
Cn 55 0 60 0 

1012 85 0 90 0 

1345 70 0 75 0 

1678 4 tpwL + 15 0 tpwL + 15 0 

RAMO, 3, 00, 3 30 0 30 0 

Notes: 1. See Figure 11 and 12. 
2. If the B address is used as a sourc~ operand. allow for the "A. 8 source" set·up time; if It Is used only for the destination adQress, use the 

"8 dest." set-up time. 
3. Where two numbers are shown, both m·ust be met. 
4. "tpwL" is the clock LOW time. 
5. ova is the fastest way to load the RAM from the 0 inputs. This function is obtained with I = 337. 
6. Using a register as source operand in arithmetic mode. Clock is not "normally in critical speed path when a 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 edge. Inputs must be steady at all times from the set·up 

time prior to the clock until the hold time after the clock. The 
set·up times allow sufficient time to perform the correct 
operation on the correct data so that the correct ALU data 
can be written into one of the registers. 

~YTHEO]l 
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(at least 30 ns) 

Cp 

30 
105 ~o 

A •• 

100 

D;;;;~~5 1. 
85 

1---56 • I .. ;;'0--1 

Figure 1. Minimum Cycle Times from Inputs. Numbers Shown are Minimum Data Stable 
Times for Am2901 DC, in ns. See Table III for Detailed Information. 

CLOCK 

A.B,D.I 

G,POUTPUTS 

en TO 2901 

(en + x FROM 2902) 

Cn +4 } F-O 
F, 
OVR 

YOUTPUT 

SHIFT OUTPUTS 

SHI FT INPUTS 

r----NOTE6 
US·BIT CPU CYCLE TIME 

\\\\\\\\W \\\\\\\\\\\\\\\\\\ ~\ \ \ \ \ \ \\ \\\\ ------" 
ATLE!~ i--NOTE 1-j-.:..:.:.O •• f2!.LE~~ 30 •• 

80~ 

1111111111 III linn 

- 10 f-- NOTES 2, 4 

I: rnn IfllYl' 

r----55NOTE 4-

I [I 11111'11' Inl' IHIlIln: 

56 

1I11"! IIUIIIII rlllU IlInlll 

1----56 

1I111"I! 1111: II; Inn: 

~NOTE'_ 

III1I1I1I1IYYI II 1111 rill III 

I--sf,.~Jp-

Notes: 1. This delay is the max. tpd of the register containing A. Bf D f and I. For the Am2918, use 13ns. 
2. 10ns for Jook·ahead carry. For ripple carryover 16 bits use 2 x (en -+- Cn+4), or 60ns. 

1,.-

3. This is the delay associated with the multiplexer between the shift outputs and shift inputs on t"8 Am2901s. See 
Figure 19. 

4. Not applicable for logic operations. 
5. Clock rising edge may occur here if add and shift do not occur on same cycle. 

Figure 2. Switching Waveforms for 16,Bit System Assuming A, B, D and I are all Driven from 
Registers with the same Propagation Delay, Clocked by the Am2901 Clock. 
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DRIVEN INPUT DRIVEN INPUT DRIVEN INPUT V~. ________ ~~ ____________________ -, ____ ~ ________________ ~~ ________ _ 

c, '" 5.0pF, _II inputs. 

Co :::t:: 5.0pF, all outputs. 

Vee 

Vee 

Vcc = 5.0V 

Frequency = 100 KH 

TA = 126°C 
z 

"H 

1k 

1k 

75nNOM 76nNOM 

[ 

I 

Figure 3. Am2901 Input/Output Current Interface Conditions. 
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METALLIZATION AND PAD LAYOUT CONNECTION DIAGRAM 

A, 

A, 

A, 

AO 

" '. '7 
RAM3 

RAMO 

VCC 

'-0 

'0 

" 
" CP 

0, 
CP 

'0 

" 

., 
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~ ~ '3 
~ ~ 
~ ~ 

62 63 00 03 

Top View 

DIP 

~ 
V, 
V, 
V, 
Vo 

Cn +4 

" GNO 

Co 

" 
'5 

" 00 

0, 

0, 

0, 

00 

Top View 

FLAT PACK 

'. " 
'7 AO 

RAM3 A, 

CP A, 
RAMO A, 

Vcc ~ 
V, 

'0 V, 

" 
V, 

" 
Vo 

0, P 
GNO aVR 

Cn +4 

'0 G ., " 
" GNO 

" C, 

"0 
" 0, '5 

0, '3 
0, 00 

DIE SIZE 0.167" x 0.198" Note: Pin 1 is marked for orientation. 
Note: Both grounds (pins 12 and 27) 

must be connected. 

Figure 5_ 

DEFINITIONS 

AO-3 The four address inputs to the register stack used to 
select one register whose contents are displayed 
through the A-port. 

80-3 

10-8 

Qo 
RAMo 

00-3 

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

The nine instruction control lines to the Am2901, 
used to determine what data sources will be applied 
to the ALU (1012), what function the ALU will 
perform (1345), and what data is to be deposited in 
the Q-register or the register stack (1678). 

A shift line at the MSB of the Q register (Q3) and the 
register stack (RAM3). Electrically these lines are 
three-state outputs connected to TTL inputs internal 
to the Am2901. When the destination code on 1678 
indicates an up shift (octal 6 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 ALU out
put is available on the RAM3 pin. Otherwise, the 
three-state outputs are 0 F F (h igh-impedance) and the 
pins are electrically LS-TTL inputs. When the desti
nation code calls for a down shift, the pins are used 
as the data inputs to the MSB of the Q register 
(octal 4) and RAM (octal 4 or 5). 

Shift lines like Q3 and RAM3, but at the LSB of the 
Q-register and RAM. These pins are tied to the Q3 
and RAM3 pins of the adjacent device to transfer 
data between devices for up and down shifts of the 
Q register and ALU data. 

Direct data inputs. A four-bit data field which may 
be selected as one of the ALU data sources for 
entering data into the Am2901. Do is the LSB. 

~YTHEO::J 

YO-3 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 
destination code 1678. 

p,G 

OVR 

F = 0 

Cn 

Cn+4 

CP 

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

The carry generate and propagate outputs of the 
Am2901 's ALU. These signals are used with the 
Am2902 for carry-Iookahead. See Figure 8 for the 
logic equations. 

Overflow. This pin is logically the Exclusive-OR of 
the carry-in and carry-out of the MSB of the ALU. 
At the most significant end of the word, this pin 
indicates that the result of an arithmetic two's com
plement operation has overflowed into 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 outputs FO-3 
are all LOW. In positive logic, it indicates the result 
of an ALU operation is zero. 

The carry-in to the Am2901 '5 ALU. 

The carry-out of the Am2901 '5 ALU. See Figure 8 
for equations. 

The clock to the Am2901. 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 16 x 4 RAM which comprises the 
"master" latches of the register stack. While the clock 
is 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. 
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ARCHITECTURE 

A detailed block diagram of the bipolar microprogrammable 
microprocessor structure is shown in Figure 1. The circuit is a 
four-bi~ 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 
2-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 
simultaneously 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-port outputs simultaneously. 

When enabled by the RAM write enable (RAM EN). new data is 
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 
multiplexer. This configuration is used to shift the ALU output 
data (F) if desired. This three-input multiplexer scheme allows the 
data to be shifted up one bit position, shifted down one bit posi
tion, or not shifted in either 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 clock 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 operations on the two 4-bit input 
words Rand S. The R input field is driven from a 2-input multi
plexer, while the S 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 "zero" source operand. 

Referring to Figure 6, the ALU R-input multiplexer has the RAM 
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 Q register connected as inputs. 

This multiplexer scheme gives the capability of selecting various 
pairs of the A, B, D, a and "0" inputs as source operands to the 
ALU. These five inputs, when taken two at a time, result in ten 
possible combinations of source operand pairs. These combin
ations include AB, AD, AO, AO, BD, BO, BO, DO, DO and 00. 
It is apparent that AD, AQ and AO are somewhat redundant with 
BD, BO and 80 in that if the A address and B address are the 
same, the identical function results. Thus, there are only seven 
completely non-redundant source operand pairs for the ALU. 
The Am2901 microprocessor implements eight of these pairs. 
The microinstruction inputs used to select the ALU source 
operands are the 10, 11, and 12 inputs. The definition of 10, 11, 
and 12 for the eight source operand combinations are as shown in 
Figure 7. Also shown is the octal code for each selection. 

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

The ALU itself is a high-speed arithmetic/logic operator capable 
of performing three binary arithmetic and five logic functions. 
The 13, 14, and 15 microinstruction inputs are used to select the 
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ALU function.The definition of these inputs is shown in Figure 8. 
The octal code is also shown for reference. The normal technique 
for cascading the ALU of several devices is in a look-ahead carry 
mode. Carry generate, G, and carry propagate, P, are outputs of 
the device for use with a carry-Iook-ahead-generator such as the 
Am2902 ('182). A carry-out, Cn+4' is also generated and is avail
able as an output for use as the carry flag in a status register. Both. 
carry-in (Cn) and carry-out (Cn+4) are active HIGH. 

The ALU has three other status-oriented outputs. These are F3, 
F = 0, and overflow (OVR). The F3 output is the most significant 
(sign) bit of the ALU and can be used to determine positive or 
negative results without enabling the three-state data outputs. 
F3 is non-i nverted with respect to the sign bit output V 3. The 
F = 0 output is used for zero detect. It is an open-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 Cn+3 and Cn+4 are 
not the same polarity. 

The ALU data output is routed to several destinations. Jt can be a 
data output of the device and it can also be stored in the RAM or 

, the Q register. Eight possible combinations of ALU destination 
functions are available as defined by the 16, 17, and 18 micro
instruction inputs. These combinations are shown in Figure 9. 

The four-bit data output field (V) 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 V outputs 
are in the high-impedance state. 

A two-input multiplexer is also used at the data output such that 
either the A-port of the RAM or the ALU outputs (F) are selected 
at the device Y outputs. This selection is controlled by the 16, 17, 
and 18 microinstruction inputs. Refer to Figure 4 for the selected 
output for each microinstruction code combination. 

As was discussed previously, the RAM inputs are driven from a 
three-input multiplexer. This allows the ALU outputs to be 
entered non-shifted, shifted up one position (X2) or shifted down 
one position (+2). The shifter has two ports; one is labeled RAMo 
and the other is labeled RAM3' 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 RAMo multiplexer input is enabled. Likewise, in the shift 
down mode, the RAMo buffer and RAM3 input are eoobled. In 
the no-shift mode, both buffers are in the high-impedance state 
and the multiplexer inputs are not selected. This shifter is con
trolled from the 16, 17 and IS microinstruction inputs as defined 
in Figure 9. 

Similarly, the a register is driven from a 3-input multiplexer. In 
the no-shift mode, the multiplexer enters the ALU data into the 
a register. In either the shift-up or shift-down mode, the multi
plexer selects the a register data appropriately shifted up or 
down. The Q shifter also has two ports; one is labeled 00 and the 
other is 03. The operation of these two ports is similar to the 
RAM shifter and is also controlled from 16, 17, and IS as shown 
in Figure 9. 

The clock input to the Am2901 controls the RAM, the a register, 
and the A and 8 data latches. When enabled, data is clocked into 
the a 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 
last 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 input is LOW. '. 
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MICROCODE 
ALUSOURCE 
OPERANDS 

12 I, 10 Octal R S 
Cod. 

MICROCODE 
ALU 

Octal Function Symbol 
15 14 13 eode 

L L L 0 A a L L L 0 R Plu'S R+S 
L L H 1 A B L L H 1 5 Minus R S-R 
L H L 2 0 a L H L 2 R Minus 5 R-S 
L H H 3 0 B L H H a RORS RVS 
H L L 4 0 A H L L 4 RANDS RA S 
H L H 5 0 A H L H 5 RANDS RAS 
H H L 6 0 a H H L 6 R EX·OR S R"'S 
H H H 7 0 0 H H H 7 R EX·NOR 5 An 

Figure 7. ALU Source Operand Control. Figure 8. ALU Function Control. 

MICROCODE RAM Q·REG. RAM Q 
FUNCTION FUNCTION V SHIFTER SHIFTER 

IS 17 16 
Octal Shift Load Shift Load 

OUTPUT 
RAMO RAM3 00 03 Code 

L L L 0 X NONE NONE F ... O F X X X X 

L L H 1 X NONE X NONE F X X. x X 

L H L 2 NONE F"'B X NONE A X X X X 

L H H 3 NONE F ... B X NONE F X X X X 

H L L 4 DOWN F/2 ... B DOWN 0/2 ... 0 F Fo INa 00 INa 

H L H 5 DOWN F/2 ... B X NONE F Fo INa 00 x 

H H L 6 UP 2F-+-B UP 20 ... 0 F INO F3 INO 0 3 

H H H 7 UP 2F ... B x NONE F INO F3 x 0 3 

X== Don't care. Electrically. the shift pin is a TTL input internally connected to a three~state output which is in the high
im pedance state. 

S == Register Addressed by B inputs. 
Up is toward MSB, Down is toward LSB. 

Figure 9. ALU Destination Control. 

~210OCTAL 0 1 2 3 4 5 6 7 
0 

CII~ T 5 Source 
A,a A,B o,a O,B O,A D,A D,a 0,0 A 4 ALU 

L 3 Function 

Cn = L A+O A+B 0 8 A O+A 0+0 0 
0 R Plus S 

Cn=H A+Q+l A+8+1 0+1 8+1 A+1 O+A+l 0+0+1 0+1 

Cn = L 0-A-1 8-A-1 0-1 8-1 A-1 A-0-1 0-0-1 -0-1 
1 S Minus R 

Cn=H Q-A B-A 0 8 A A-O 0-0 -0 

Cn= L A-0-1 A-8-1 -0-1 -8-1 -A-1 0-A-1 0-0-1 0-1 
2 R MinusS 

Cn=H A-a A-B -a -B -A O-A 0-0 0 

3 RORS AVO AV8 0 8 A OVA OVO 0 

4 RANDS AI\O AI\8 0 0 0 OI\A 01\0 0 

5 RANDS AI\O AI\8 a 8 A OAA 01\0 0 

6 R EX·ORS AVO AV 8 0 8 A 0'" A 0'1'0 0 

7 REX·NORS A '1'0 AV8 Q B A 0 ... A ovo 5 

+ == Plus; - == Minus; V"" OR; A == AND; V = EX-OR 

Figure 10. Source Operand and ALU Function Matrix. 
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Octal 

1543,1210 Group Function 

40 AI\Q 
41 AI\B 
45 AND OI\A 
46 OI\Q 

30 AVQ 
3 1 OR AVB 
35 OVA 
36 OVQ 

6 a AVQ 
61 EX-OR AVB 
65 OVA 
66 OVQ 

7 a AVQ 
7 1 

EX-NOR 
AV"B 

75 OVA 
76 OVQ 

72 Q 
73 

INVERT B 
74 A 
77 is 

62 Q 
63 PASS B 
64 A 
67 0 

32 Q 
33 PASS B 
34 A 
37 0 

42 a 
43 "ZERO" a 
44 a 
47 a 

5 a AI\Q 
51 MASK AI\B 
55 is 1\ A 
56 iSl\Q 

Figure 11, ALU Logic Mode Functions, 
(Cn Irrelevant) 

LOGIC FUNCTIONS FOR G, P, Cn+4, AND OVR 

The four signals G, P, Cn+4, and OVR are designed to indicate 
carry and overflow conditions when the Am2901 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 
Rand S inputs are the two inputs selected according to 
Figure 7_ 

~YTHEO!J 

SOURCE OPERANDS AND ALU FUNCTIONS 

There are eight source operand pairs available to the ALU as 
selected by the la, II, and 12 instruction inputs_ The ALU can 
perform eight functions; five logic and three arithmetic_ The 
13, 14, and 15 instruction inputs control this function selection_ 
The carry input, Cn, also affects the ALU results when in the 
arithmetic mode_ The Cn input has no effect in the logic mode_ 
When 10 through 15 and Cn are viewed together, the matrix of 
Figure 10 results_ This matrix fully defines the ALU/source 
operand function for each state_ 

The ALU functions can also be examined on a "task" basis, 
Le_, add, subtract, AND, OR, 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 shows the arithemtic functions of 
the device_ Both carry-in LOW (Cn = 0) and carry-in HIGH 
(Cn = 1) are defined in these operations_ 

Octal Cn = 0 (Low) Cn = 1 (High) 

1543,1210 Group Function Group Function 

a 0 A+Q A+Q+l 
a 1 ADD A+B ADD plus A+B+l 
o 5 O+A one O+A+l 
0 6 O+Q O+Q+l 

a 2 Q 0+1 
o 3 PASS B Increment B+l 
o 4 A A+l 
0 7 0 0+1 

1 2 Q-l Q 

1 3 Decrement B-1 PASS B 
1 4 A-I A 
2 7 0-1 0 

2 2 -Q-l -Q 
2 3 l's Comp_ -B-1 2', Comp_ -B 
2 4 -A-l (Negate) -A 
1 7 -0-1 -0 

1 0 Q-A-l Q-A 
1 1 Subtract B-A-l Subtract B-A 
1 5 (1', Camp) A-O-l (2', Comp) A-O 
1 6 Q-O-l Q-O 
2 0 A-Q-l A-Q 
2 1 A-B-l A-B 
2 5 O-A-l O-A 
2 6 O-Q-l O-Q 

Figure 12. ALU Arithmetic Mode Functions. 

Definitions (+ = OR) 

Pa = Ra + So 

PI = Rl + SI 

P2 = R2 + S2 

P3 = R3 + S3 

Ga = RoSa 

Gl = R1 S1 

G2 = R2S2 

G3 = R3S3 
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it;43 Function P G Cn+4 OVR 

0' R,+S P3P2P1PO G3 + P3 G2 + P3P2Gl + P3P2Pl Go C4 .Cay'C4 

,,' 

1 S-R Same as R + S equations, but substitute R; for Ri in definitions 

2 R -S Same as R + S equations, but substitute Si for Si in definitions 

3 RVS LOW P3P2P1PO P3 P2Pl Po + Cn P3 P?P1PO + Cn 

4 RI\S LOW G3 + G2 + G 1 + Go G3 + G2 + Gl + Go + en G3 + G2 +'Gl of Go + en 

5 RI\S LOW Same as R 1\ S equations, but substitute R; for Ri in definitions 

6 RVS ~ Same as R V S, but substitute Ri for Ri in definitions 

7 RVS G3 + G2 + Gl + GO G3 +P3G2 +P3P2Gl +P3P2Pl Go 
G3 + P3 G2 + P3 P2Gl See note 

+ P3P2Pl Po (Go + en) 
- - - - - - - - + = OR 

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 al:cepts up to four pairs of carry propagate and carry 
generate signals and a carry input and provides anticipated 
carries across four groups of binary ALU's. 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 290' 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 reinterpreting_the carry functions. 
The connections to and from the ALU to the look-ahead 
carry generator are identical in both cases. 

The logic equations provided at the outputs are: 

Cn+x = GO + POCn 
Cn+y = G, + P,GO + P,POCn 
Cn+z = G2 + P2G, + P2P,GO + P2P,POCn 
G = G3 + P3G2 + P3P2G l + P3P2P,GO 
P = P3P2P,PO 

DISTINCTIVE CHARACTERISTICS 

• Provides look-ahead carries across a group of four 
Am2901 microprocessor ALU's 

• Capability of multi-level look-ahead for high-speed 
arithmetic operation over large word lengths 

• Typical carry propagation delay of 6 ns 

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

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP O°C to +70°C AM2902PC 
Hermetic DIP O°C to +70°C AM2902DC 

Dice O°C to +70o C AM2902XC 
Hermetic DIP -55°C to +125°C AM2902DM 

Hermetic Flat Pack _55°C to +'25°C AM2902FM 
Dice -55°C to +'25°C AM2902XM 

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

Storage Temper~ture 

Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential -O.SV to +7.0V 

DC Voltage Applied to Outputs for HIGH Output State -0.5V to +Vcc max. 

DC Input Voltage -0.5V to +5.5V 

DC Output Current, Into Outputs 30mA 

DC Input Current -30 rnA to +5.0 rnA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 

Arn2902xe 
Arn2902XM 

Parameters 

VOH 

VOL 

VIH 

VIL 

VI 

IlL 
(Note 3) 

IIH 
(Note 3) 

II 

ISC 

ICC 

TA == aOc to +70°C 
TA - _55°C to +125°C 

Description 

Output HIGH Voltage 

Output LOW Voltage 

Input HIGH Level 

Input LOW Level 

Input Clamp Voltage 

Input LOW Current 

Input HIGH Current 

Input HIGH Current 

Output Short Circuit 
(Note 4) 

Power Supply Current 

Vee = 5.0V ±5% (eOM'L) MIN. = 4.75V 

Vee = 5.0V ±10% (MIL) MIN. = 4.50V 

Test Conditions (Note 1) 

VCC = MIN., IOH = -O.SmA 

VIN = VIH or VIL 

VCC = MIN., IOL = 16mA 

VIN = VIH or VIL 

Guaranteed input logical HIGH 
voltage for all inputs 

Guaranteed input logical LOW 
voltage for all inputs 

VCC = MIN., liN = -12mA 

Cn 

P3 

P2 
VCC = MAX., VIN = O.4V 

PO, Pl, G3 

GO,G2 

Gl 

Cn 

P3 

VCC = MAX., VIN = 2.4V 
P2 

PO, Pl,G3 

GO,G2 

Gl 

VCC = MAX., VIN = 5.5V 

VCC = MAX.,VOUT = O.OV 

VCC = MAX. MIL 

All Outputs LOW COM'L 

VCC = MAX. MIL 

All Ouputs HIGH COM'L 

MAX. = 5.25V 

MAX. = 5.50V 

Min. 

2.4 

2.0 

-40 

Typ. 
(Note 2) 

3.0 

0.2 

62 

58 

37 

35 

Max. Units 

Volts 

0.4 Volts 

Volts 

O.S Volts 

-1.5 Volts 

-3.2 

-4.S 

-6.4 
mA 

-8.0 

-14.4 

-16 

SO 

120 

160 
/LA 

200 

360 

400 

1.0 mA 

-100 mA 

99 
mA 

94 

mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type, 
2. Typical limits are at vee = 5.0V, 25° C ambient and maximum loading. 
3. Actual Input currents == Unit Load Current X Input Load Factor (see Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 



SWITCHING CHARACTERISTICS vcc = 5.0V, TA = 25Q C, CL = 15pF, RL = 400n 

Parameter From (Input) To (Output) Test Figure 

tPLH 
Co Cn+j 2 

tpHL 

tPLH 
P; Cn+j 3 

tPHL 

tpLH 
Gi Cn +j 3 

tpHL 

tpLH 
P; G or P 2 

tpHL 

tPLH 
G; G or P 2 

tPHL 

Cn Carry-in. The carry-in input to the look-ahead generator. 
Also the carry-in input to the nth Am2901 microprocessor 
ALU input. 

Cn+j Carry-out. (j = x, y, z). The carry-out output to be used 
at the carry-in inputs of the n+1, n+2 and n+3 microprocessor 
ALU slices. 

Gi, Pi Generate and propagate inputs respectively (i = 0, 1,2, 
3). The carry ge.nerate and carry propagate inputs from the n, 
n+1, n+2 and n+3 microprocessor ALU slices. 

G, P Generate and propagate outputs respectively. The carry 
generate and carry propagate outputs that can be used with the 
next higher level of carry look-ahead if used. 

Co G. Po G, 
X H H 
L H X 
X L X 
H X L 

X X X H 
X H H H 
L H X H 
X X X L 
X L X X 
H X L X 

X X X X 
X X X H 
X H H H 
L H X H 
X X X X 
X X X L 
X L X X 
H X L X 

X X 
X X 
X H 
H H 
X X 
X X 
X L 
L X 

H 
X 
X 
X 
L 

TRUTH TABLE 

Inputs Outputs 

P, G, P, G, P, Cn+x Cn+y Cn+. G 
L 
L 
H 
H 

H 
X 
X 
X 
L 
L 

X H H 
H H X 
X H X 
X H X 
X L X 
X X L 
L X L 
L X L 

X X X H H 
X H H H X 
H H X H X 
X H X H X 
X X X L X 
X L X X L 
X X L X L 
L X L X L 

X X X 
H X X 
X H X 
X X H 
L L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

L 
L 
L 
H 
H 
H 

L 
L 
L 
L 
H 
H 
H 
H 

H 
H 
H 
H 
L 
L 
L 
L 

P 

H 
H 
H 
H 
L 

Test Conditions Min Typ Max Units 

Po= P, = P, =OV 11 14 
ns 

Go = G I = <3, = 4.5 V 11 14 

P; = (~.Y (j ~ i) _ 6.0 8.0 
ns 

Co = Go = G I = G, = 4.5 V 6.0 8.0 

G;=~V(j.?i) _ 8.0 10 
ns 

Co= Po= P, = P, =4.5V 8.0 10 

P;=(!'y(j~i) _ 11 14 
ns 

Co = Go ='G , = G, = 4.5 V 11 14 

G; = ~ V (j.? i) _ 12 14 
ns 

Co = Po = P, = P, = 4.5 V 12 14 

LOADING RULES (In Unit Loads) 

Fan-out 
Input Output Output 

Input/Output Pin No:s Unit Load HIGH LOW 
G1 1 8.0 

P1 2 4.0 

Go 3 7.2 

Po 4 4.0 

G3 5 4.0 

P3 6 2.4 

P 7 16 8 

GND 8 

Cn+z 9 16 8 

G 10 16 8 

Cn+y 11 16 8 

Cn+x 12 16 8 

Cn 13 1.6 

G2 14 7.2 

P2 15 3.2 

Vee 16 

A Schottky TTL Unit Load is defined as 50J,LA measured at 2.7V 
HIGH and. -2.0mA measured at O.5V LOW. 

Metallization and Pad Layout ,. 13 

DIE SIZE 0.065- X 0.068" 

" I. 

CONNECTION DIAGRAM Vee., "2 Co Co., Co+y G Cn+. 

Top View 

G1 P1 Go Po G3 P3 GND 

Note: Pin 1 is marked for orientation, 

15 



APPLICATIONS 

CARRY·IN Cn Am2901 r-- Cn Aril2901 - Cn Am2901 r- Cn Am2901 Cn+4 - CARRY·OUT 

G P G P G P 

Go Po Cn+x G1 PI Cn+v G2 P2 Cn+z 

- Cn Am2902 

16·BIT CARRY LOOK·AHEAD CONNECTION. 

,r--------------------------------Am2901--------------------------------~, 

CARRY·IN CARRY·OUT 

32·BIT ALU, THREE LEVEL CARRY LOOK·AHEAD. 

16 r§YTHE:l 



Quad Two-Input OC Bus Transceiver 
With Three-State Receiver 

FUNCTIONAL DESCRIPTION 

The Am2905 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 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 
D·type latches that feature three-state outputs. 

This LSI 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 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 state. When BE is HIGH, the driver is 
disabled. The open-collector 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 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 Ai data is stored 
in the register and when S is HIGH, the Bi data is stored. 
The buffered common clock (D RCP) enters the data into 
this driver register on the LOW-to-HIGH transition. 

Data from the A or B inputs 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 output. The four receivers each feature a built-in 

Am2905 

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 outpu~s will follow the bus 
inputs (BUS data inverted and OE LOW). When the RLE 
input is HIGH, the latch 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 (OE) input. When OE is HIGH, the 
receiver outputs are in the high-impedance state. 

DISTINCTIVE CHARACTERISTICS 

• Quad high-speed LSI 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. 
• Receiver has output latch for pipelin~ operation 
• Three-state receiver outputs sink 12 mA 
• Advanced low-power Schottky processing 
• 100% reliability assurance testing in compliance with 

M I L-STD-883 

ORDERING INFORMATION 

Package Tem peratu re Order 
Type Range Number 

Molded DIP O°C to +70°C AM2905PC 
Hermetic DIP OOC to +70°C AM2905DC 

Dice O°C to +70o C AM2905XC 
Hermetic DIP -55°C to +125°C AM2905DM 

Hermetic Flat Pak _55°C to +125°C AM2905FM 
Dice -55°C to +125°C AM2905XM 

LOGIC DIAGRAM 

AOo---------r-~ 

·oo------+--LJ 

·30------+--LJ 

SELECT 

o~~~~~ DRCP 0--1 :>0-----------------' 
.us 

ENABLE BE 0--01:>--------------------------------' 

~YTHE~ 

ITEo--<c~.., 

RECEIVER 
L------------<J'o---o ~ LATCH 

ENABLE 

17 



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

Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential 
DC Voltage Applied to Outputs for HIGH Output State 
DC Input Voltage 

DC Output Current, Into Outputs (Except Bus) 

DC Output Current, Into Bus 
DC Input Current 

ELECTRICAL CHARACTERISTICS 

The following conditions apply unless otherwise noted: 

Am2905XC(COM'L) TA=O°Cto+70oC VCCMIN.=4.75V VCCMAX.=5.25V 

Am2905XM (MIL) TA = _55°C to +125°C VCCMIN. = 4.50V VCCMAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Typ. 

Parameters Description Test Conditions (Not. 1) Min. (Not. 2) 

IOL =40mA 0.32 

VOL Bus Output LOW Voltage VCC = MIN. IOL = 70mA 0.41 

IOL = 100mA 0.55 

Va - 0.4V 

Iq Bus Leakage Current VCC = MAX. 
Va =4.5V 

MIL 

COM'L 

IOFF 
Bus Leakage Current Va =4.5V 
(Power OFF) 

VTH 
Receiver Input HIGH MIL 2.4 2.0 

Bus enable = 2.4 V 
Threshold COM'L 2.3 2.0 

VTL 
Receiver Input LOW 

Bus enable = 2.4V 
MIL 2.0 

Threshold COM'L 2.0 

18 

-o.5vio+7V 
-O.SV to +Vcc max. 

-O.5V to +S.5V 

30mA 
200mA 

-30mA to +5.0mA 

Max. Units 
0.5 

0.7 Volts 

0.8 

-50 

200 I'A 

100 

100 I'A 

Volts 

1.5 
Volts 

1.6 



ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Arn2905Xe (eOM'L) T A = oOe to +70o e Vee MIN. = 4.75 V 
Arn2905XMMIL) TA=-55°eto+125°e VeeMIN.=4.50V 

Vee MAX. = 5.25V 
Vee MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description Test Conditions (Note 1) 

Receiver Output VCC = VIN Mil, 10H = -1.0mA 
VOH 

HIGH Voltage VIN = VIL or VIH COM'l, 10H = -2.6mA 

10l =4mA 

VOL 
Receiver Output VCC = MIN. 

10l =8mA 
lOW Voltage VIN = Vil or VIH 

10l -12mA 

VIH 
Input HIGH level Guaranteed input logical HIGH 
(Except Bus) for all inputs 

Input lOW level Guaranteed input logical LOW I Mil 
VIL 

(Except Bus) for all inputs 1 COM'l 

VI Input Clamp Voltage Vcc = MIN., liN = -lBmA 
(Except Bus) 

III 
Input lOW Current VCC = MAX., VIN = 0.4V 
(Except Bus) 

IIH 
Input HIGH Current VCC = MAX., VIN = 2.7V 
(Except Bus) 

II 
Input HIGH Current 

VCC = MAX., VIN = 5.5V 
(Except 'Bus) 

Receiver Off-State lVO=2.4V 
10 VCC = MAX. 

Output Current j VO=0.4V 

ISC Receiver Output VCC = MAX. 
Short Circuit Current 

ICC Power Supply Current VCC = MAX., All inputs = GND 

SWITCHING CHARACTERISTICS OVER 
OPERATING TEMPERATURE RANGE 

Am2905XM 
Typ. 

Min, 

2.4 

2.4 

2.0 

-12 

Parameters Description Test Conditions Min, (Not. 2) Max, 

tpHl 21 40 
Driver Clock (DRCP) to Bus 

tpLH Cl (BUS) = 50pF 21 40 

tpHl Rl (BUS) = 50n 13 26 
Bus Enable (BE) to Bus 

tPlH 13 26 

ts 25 
Data Inputs (A or B) 

th 8.0 

ts 33 
Select Input (S) 

th 8.0 

tpw Driver Clock (DRCP) Pulse Width 
28 

(HIGH) 

tPlH Bus to Receiver Output 18 37 

tPHL (latch Enable) Cl=15pF 18 37 

tplH Rl = 2.0kn 21 37 
Latch Enable to Receiver Output 

tPHl 21 37 

ts 21 
Bus to Latch Enable (RLE) 

th 7.0 

tZH 14 28 

tZl 
Output Control to Receiver Output 

14 28 

tHZ CL ~ 5,0 pF 14 28 
Output Control to Receiver Output 

tlZ RL ~ 2.0 Kn. 14 28 

Typ; 
(Not. 2) 

3.4 

3.4 

0.27 

0.32 

0.37 

69 

Max, 

0.4 

0.45 

0.5 

0.7 

O.B 

-1.5 

-0.36 

20 

100 

20 

-20 

-65 

105 

Am2905XC 
Typ. 

Min. (Not. 2) Max, 

21 36 

21 36 

13 23 

13 23 

23 

7.0 

30 

7.0 

25 

18 34 

18 34 

21 34 

21 34 

18 

5.0 

14 25 

14 25 

14 25 

14 25 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

!LA 

I'A 

!LA 

mA 

rnA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type, 

2. Typical limits are at Vee = 5.0V, 25°c ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second, 

.~·R"'AYT-H-E-?3J-· 19 
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DRIVEN INPUT 

INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

BUS DRIVING OUTPUT 

vcc---------1~------~------------._--~--_1--_+----------~t_-----
n-3.3kO I 
ru=SkO 
C5E= SkO 
A,B,S-10kO I 
DRCP·10kO 

I BUS 

I tiD 

INPUT o----.--1E=---K I~,"""" Ij 
"H 

I 
I 
I 

Note: Actual current flow direction shown. 

TYPICAL PERFORMANCE CURVES 

1600 

R, 

LOAD TEST CIRCUIT 

Am2905 

TEST 
POINT 

Bus Output Low Voltage 
Versus Ambient Temperature 

~ 1.0 
o 
> 
~ 0.8 

~ 
~ 0.6 
> 
I
:> 
'" 0.4 
6 
'" 

Vlee 1 +5.6v 
I 

--I-- ,--Iaus = l00mA-I- --
IBUS= 70mA 

'BUS'" 40mA 

Receiver Threshold Variation 
~ Versus Ambient Temperature 
o 
> 2.5 

~ 2.4 

"' ~ 2.3 

~ 2.2 

9 2. 

~ 2.0 
i3 a:: 1.9 

1 

~ 1.8 

::i 

I 

Vee - 5.5V I 
1/. Vee - 5.25V 

f--MIL\ I- Ve~'}7sJ~ GOM'L 

" Vee =4.5V 

+---------0 ~SJ.r 
~ 0.2 
I 

I 

> 1.7 

W 1.6 
~ 

CB 
50pF 

~(NOTE 11 

DRIVER 
CLOCK 

A. BorS 
INPUT 

BUS 
OUTPUT 

RECEIVER 
OUTPUT 

-' 
~ 0 

-55 -35 -15 5 25 45 65 a5 105 125 
T A - AMBIENT TEMPERATURE - °c 

SWITCHING WAVEFORMS 

a:: 1.5 
I -55 -35 -15 5 25 45 65 85 105 126 
t' T A - AMBIENT TEMPERATURE _ °c 

Note: Bus to Receiver outPUt delay is measured by clocking data into the driver register 

and measuring the BUS to R combinatorial delay. 

~YTHE~ 



FUNCTION TABLE 

INPUTS INTERNAL 
BUS OUTPUT TO DEVICE 

S Ai Bi DRCP BE RLE OE Di Qi BUSi Ri 

X X X X H X X X X Z X 

X X X X X X H X X X Z 

X X X X H L L X L L H 

X X X X H L L X H H L 

X X X X X H X X NC X X 

L L X t X X X L X X X 

L H X t X X X H X X X 

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 

X X X H X X X NC X X X 

X X X X L X X L X H X 

X X X X L X X H X L X 

x = Don't care H = HIGH 
L = LOW 

Z = HIGH Impedance 
NC = No change t = LOW-ta-HIGH transition 

DEFINITIONS 

AO. A,. A2. A3 The "A" word data input into the two 
input multiplexer of the driver register, 

80. B,. B2. B3 The "B" word data input into the two 
input multiplexers of the driver register. 

S 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 driver register. 

DRCP Driver Clock Pulse. Clock pulse for the 
driver register. 

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

BUSo. BUS, 

BUS2.BUS3 

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

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

t€!VTHEci]J 

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

Output Enable. When the OE input is 
HIGH. the four three state receiver out
puts are in the high-impedance state. 

FUNCTION 

Driver output disable 

Receiver output disable 

Driver output disable and receive data 
I ~ 

via Bus input 

Latch received data 

Load driver register 

No driver clock restrictions 

Drive Bus 

i = 0,1,2,3 

21 
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CONNECTION DIAGRAM ~tallization and Pad Layout 
Top View "'Vee 

AlE 23 

1m Vee 
RO 22 

RO ORCP 
BO 2' 

BO R3 
Ao 20 

Ao B3 8USO '9 

BUSo A3 GND1 'B 

GND1 8Us3 
ii'OS, 17 

BUs1 GND2 A, '6 
A, BUS2 B, 15 

B, A2 R, '0 ,. 
R, B2 BE " '3 

BE ~2 

DE DIE SIZE 0.080" X 0.130" 

Note: Pin 1 is marked for orientation. 

ADDRESS 
AND 

DATA DISPLAY 

~ 
A 

A 

R 

r-
CONTROL B 

AlU 

OUT 

B CONTROL 

Am2905 

BUS 

DATA 
BUS 

APPLICATIONS 

, 
A 

R 

IN 
CONTAOL 

SCRATCHPAO 

OUT 

B CONTROL 

Am2905 

BUS 

ADDRESS 
BUS 

I-- -

A 

R 

~ 

MASTER 
CONTROL 

~ 
B CONTROL 

Am2906 

BUS 

, 
CONTROL 

BUS 

The Am2905 is a universal Bus Transceiver useful for many system data, address, control and 
timing input/output interfaces. 

DACP 

R3 

B3 

A3 

BUS3 

GN02 

8U52 

A2 

B2 

R2 

~ 

REMOTE 
OPERATION 

~YTHEO!) 



Quad Two-Input OC Bus Transceiver With Parity Am2906 

FUNCTIONAL DESCRIPTION 

The Am2906 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 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 
D-type latches. The device also contains a four-bit odd 
parity checker/generator. 

This LSI 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 O.BV maximum. 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 state_ When BE is HIGH, the driver is 
disabled. The open-collector 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 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 Ai data is stored 
in the register and when S is HIGH, the Bi data is stored. 
The buffered common clock (D Rep) enters the data into 
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 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 regardless of 
the bus input. 

The Am2906 features a built-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 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 is checked. 

DISTINCTIVE CHARACTERISTICS 

• Quad high-speed LSI 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 output latch for pipeline operation. 
• Receiver outputs sink 12 mA. 
• Advanced low-power Schottky processing. 
• 100% reliability assurance testing in compliance with 

MI L-STD-883. 

LOGIC DIAGRAM 

SELECT 

g~6~iR OACP 0--------' 

~~~BlE BE o-------------.q::.......,J 

~YTHE03'l 

000 
PARITY 
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ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP O°C to +70°C AM2906PC 
Hermetic DIP O°C to +70°C AM2906DC 

Dice OOC to +70oC AM2906XC 
Hermetic DIP -55°C to +125°C AM29060M 

Hermetic Flat Pak -55°C to +125°C AM2906FM 
Dice _55°C to +125°C AM2906XM 

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

Storage Temperature 

Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential 
DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs (Except Bus) 

DC Output Current, I nto Bus 

DC Input Current 

ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2906XC (eOM'LI TA - oOe to +70o e Vce MIN. - 4.75V 
Am2906XM(MILI TA=-55°etO+125°.e VeeMIN.-4.50V 

Vee MAX. = 5.25V 
Vee MAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Typ. 

Parameters Description Test Conditions (Not. 1 I Min. (Not. 21 

10L - 40mA 0.32 

VOL Bus Output LOW Voltage 10L -70mA 0.41 

10L -100mA 0.55 

Vo - O.4V 

10 Bus Leakage Current Vce - MAX. Vo -4.5V 
MIL 

COM'L 

10FF 
Bus Leakage Current VO-4.5V 
(Power OFF) 

VTH 
Receiver Input HIGH MIL 2.4 2.0 
Threshold 

Bus enable - 2.4V 
COM'L 2.3 2.0 

VTL 
Receiver Input LOW Bus enable - 2.4V 

MIL 2.0 
Threshold COM'L 2.0 

.-

24 

-O.5V to +7V 
-O.5V to +VCC max. 

-O.5V to +5.5V 

30mA 
200mA 

-30mA to +5.0mA 

Max. Units 

0.5 

0.7 Volts 

0.8 

-50 

200 ,..A 

100 

100 ,..A 

Volts 

1.5 
Volts 

1.6 
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ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2906Xe leOM'L) TA = oOe to +70o e Vee MIN. = 4.75V Vee MAX. = 5.25V 
Vee MAX. = 6.5V Am2906XMIMIL) TA=-55°eto+125°e VeeMIN.4.5V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description Test Conditions INote 1) 

Receiver Output VCC = MIN. MIL IOH =-lmA 

VOH 
HIGH Voltage VIN = VIL or VIH COM'L IOH = -2.6mA 

Parity Output VCC = MIN., IOH = -6601'A MIL 

HIGH Voltage VIN = VIH or VIL COM'L 

IOL =4mA 

VOL Output LOW Voltage VCC = MIN. 
IOL =8mA 

(Except Bus) VIN = VIL or VIH 
IOL = 12mA 

VIH Input HIGH Level Guaranteed input logical HIGH 
(Except Bus) for all inputs 

Input LOW Level Guaranteed input logical LOW j\I1lL 
VIL 

(Except Bus) for all inputs COM'L 

VI Input Clamp Voltage VCC = MIN., liN = -18mA 
(Except Bus) 

IlL 
Input LOW Current 

VCC = MAX" VIN = O.4V 
(Except Bus) 

IIH 
Input HIGH Current VCC = MAX., VIN = 2.7V 
(Except Bus) 

II 
Input HIGH Current 

VCC = MAX., VIN = 5.5V 
(Except 8us) 

ISC 
Output Short Circuit Current VCC = MAX. 
(Except 8us) 

ICC Power Supply Current VCC = MAX., All inputs = GND 

SWITCHING CHARACTERISTICS 
OVER OPERATING TEMPERATURE RANGE 

Am2906XM 
Typ. 

Min. 

2.4 

2.4 

2.5 

2.7 

2.0 

-12 

Parameters Description Test Conditions Min. INote 2) Max. 

tpHL 21 40 
Driver Clock (DRCP) to 8us 

tpLH CL (BUS) = 50pF 21 40 

tpHL 
Bus Enable (BE) to Bus 

RL (BUS) = son 13 26 

tPLH 13 26 

ts 25 
Data Inputs (A or B) 

th 8.0 

ts 33 
Select Inputs (S) 

th 8.0 

tpw Clock Pulse Width (HIGH) 28 

tpLH Bus to Receiver Output 18 37 

tpHL (Latch Enabled) 18 37 

tPLH 21 37 
Latch Enable to Receiver Output CL = 15pF tpHL 21 37 

ts 
RL = 2.0kn 

21 
Bus to Latch Enable (RLE) 

th 7.0 

tPLH A or B Data to Odd Parity Output 21 40 

tpHL (Driver Enabled) 21 40 

tPLH Bus to Odd Parity Output 21 40 

tPHL (Driver Inhibited, Latch Enabled) 21 40 

tPLH Latch Enable (RLE) to 21 40 

tpHL Odd ParitY Output 21 40 

Typ. 
INote 2) 

3.4 

3.4 

3.4 

3.4 

0.27 

0.32 

0.37 

72 

Max. 

0.4 

0.45 

0.5 

0.7 

0.8 

-1.2 

-0.36 

20 

100 

-65 

105 

Am2906XC 
Typ. 

Min. INote 2) Max. 

21 36 

21 36 

13 23 

13 23 

23 

7.0 

30 

7.0 

25 

18 34 

18 34 

21 34 

21 34 

18 

5.0 

21 36 

21 36 

21 36 

21 36 

21 36 

21 36 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

I'A 

I'A 

mA 

mA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type, 

2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output shou.ld be shorted at a time. Duration of the short circuit t8st should not exceed one second. 
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A 

Vee 

RB 
SOil 

26 

INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

DRIVING OUTPUT DRIVEN INPUT 
Vee--------~~------~~----------._--~--_.--_+----------~~---

BE" 3.3kn I 
m"Skrl 
i5E "'5kn 
A, S, S=10kn I 
ORep ... 10kn 

I BUS 

I 1'0 
INPUT o---_.....,F---Klf-<~ lj 

"H 

I 
I 
I 

Note: Actual current flow direction shown. 

TYPICAL PERFORMANCE CURVES 

150n 

LOAD TEST CIRCUIT 

R 
Am2906 OR 

PARITY 

BUS 

eB 

TEST 

TEST 
POINT 

POINT 

5, 

I Vee 

RL 
2kll 

~ 
o 
> , 
w 

~ 
o 
> 
l-

ii' 
I
:> 
o 
"' :> 

'" , 
-' o 

> 

Bus Output Low Voltage 
Versus Ambient Temperature 

1.0 

O.B 

.. 1 I 1 
Vee = +5.~V 

f- I--- J f--- f--'BUS = 100mA-0.6 

IBUS = 70mA 
0.4 

ISUS = 40mA 

I 

0.2 

o 

~ 
is 
> , 
w 

'" ~ 
~ 
g 
o 
I 

:il 
cc 
I 
l
cc 
W 
> 
W 

~ 
, 

Receiver Threshold Variation 
Versus Ambient Temperature 

1 

2.5 

2.4 

2.3 

2.2 

2. 

2.0 

1.9 

1.B 

'.7 
1.6 

1.5 

Vee = 5.5V 

1/. Vee - 5.25V 

I-M'L f- vel=L5J~ eOM'L 

1\ 
VCC =4.5V 

I 
-55 -35 -15 5 25 45 65 85 105 125 

SOp' 
J,!NOTE1) 

-55 -35 -15 5 25 45 65 85 105 125 

T A - AMBIENT TEMPERATURE _ °c ~ T A - AMBIENT TEMPERATURE - °c 

DRIVER 
CLOCK 

A, 8 or S 
INPUT 

BUS 
OUTPUT 

RECEIVER 
OUTPUT 

SWITCHING WAVEFORMS 

f \ ,r--_ -_ ::: 
r-'.=:t-'h-I I 

~ I 1/////////// j ~ ::~ 
tpLH ---t r- tpHL r-

I \-::: 
-----'P-HL

J 1_ _I 'PLH--j I- VOL 

~ F'~ VOH \ -'-- ~:: 
Note: Bus to Receiver output delay is measured by clocking data into the driver register 

and measuring the BUS to R combinatorial delay, 
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FUNCTION TABLE 

INTERNAL 
INPUTS BUS OUTPUT 

TO DEVICE 

S Aj Bj DRCP BE RLE Dj OJ BUSi 

X X X X H X X X Z 

X X X X H L X L L 

X X X X H L X H H 

X X X X X H X NC X 

L L X t X X L X X 

L H X t X X H X X 

H X L t X X L X X 

H X H t X X H X X 

X X X L X X NC X X 

X X X H X X NC X X 

X X X X L X L X H 

X X X X L X H X L 

x = Don't care j ~ 0,1,2,3 H ~ HIGH 

L ~ LOW 

Z = HIGH Impedance 

NC = No change t = LOW-to-HIGH transition 

DEFINITIONS 

AO' A1, A2, A3 The" A" word data input into the two 
input mu Itiplexer of the driver register. 

BO, B1, B2, B3 The "B" word data input into the two 
input multiplexers of the driver register. 

S 

DRCP 

BUSo, BUS1 

BUS2,BUS3 

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 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). 

RO, R 1, R2, R3 The, four receiver outputs. Data from the 
bus is inverted while data from the A or B 
inputs is non-inverted. 

ODD 

S BE 

L L 

H L 

X H 

~YTHEOEJ 

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

ODD Parity output_ Generates parity 

with the driver enabled, checks parity 

with the driver in the HIGH-imped

ance state_ 

PARITY OUTPUT FUNCTION TABLE 

ODD PARITY OUTPUT 

ODD ~ AO '" A1 ffi A2" A3 

ODD ~ BO" B1 '" B2 ill B3 

ODD ~ Qo '" Q1 '" Q2 '" 03 

Rj 

X 

H 

L 

X 

X 

X 

X 

X 

X 

X 

X 

X 

FUNCTION 

Driver output disable 

Driver output disable and receive data 

via Bus input 

Latch received data 

Load driver register 

No driver clock restrictions 

Drive bus 

Metallization and Pad Layout 

20 19 18 17 16 15 

.' 

DIE SIZE 0.090" x 0.131" 

CONNECTION DIAGRAM 
Top View 

RLE 24 Vee 

RO 23 DRCP 

80 22 "3 

AO 21 8 3 

BUSO 20 A3 

GND 1 19 BUS3 
Am2906 

BUS, 18 GND2 

A, 17 BUS2 

8 , 16 A2 

R, 10 15 8 2 

BE 11 14 R2 

ODD 12 13 

Note: Pin 1 is marked for orientation. 
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APPLICATIONS 

SELECT ----<p----------------t---------------, 
CLOCK --t--j---------------t--j----------~....., 

ORCP DRCP 
Am2906' Am2906 

BE BE 
RLE 

:~~BLE - ..... --1~-----+_---- -j--+--*-+------+-'----.... -+---, 
~ri~E--~~-----+-------+-+B~I~~--'-------1-----------~ 

BITS 
0-3 

BI~ 
4-7 

8-11 

Am82562 

eVEN 

Generating or checking parity for 16 data bits. 

CHECK 
PARITY OUTPUT 

Am2906 

~YTHE<3l 



Quad Bus Transceiver With Three-State Receiver And Parity Am2907 

FUNCTIONAL DESCRIPTION 

The Am2907 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. The flip-flop outputs are connected to four open
collector bus drivers. Each bus driver is internally connected 
to one input of a differential amplifier in the receiver. The 
four receiver differential amplifier outputs drive four D-type 
latches, that feature three-state outputs. The device also con
tains a four-bit odd parity checker/generator. 

This LSI bus transceiver is fabricated using advanced low
power Schottky processing. All inputs (except the BUS inputs) 
are one LS unit load. The open-collector bus output can sink 
up to 100 mA at 0.8 V maximum. 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 
state. When BE is HIGH, the driver i~ disabled. The open· 
collector 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 common clock. The buffered common clock (DRCP) 
enters the Ai data into this driver register on 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 to 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 and OE 
LOW). When the RLE input is HIGH, the latch will close and 
retai~ 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 (OE) input. When OE is 
HIGH, the receiver outputs are in the high-impedance state. 

The Am2907 features a built-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, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 

DISTINCTIVE CHARACTERISTICS 

• Quad high-speed LSI bus-transceiver 
• Open-collector bus driver 
• D-type register on driver 
• Bus driver output can sink 100 rnA at 0.8 V max, 
• Internal odd 4-bit parity checker/generator 
• Receiver has outputlatch for pipeline operation 
• Three-state receiver outputs sink 12 rnA 
• Advanced Low-Power Schottky processing 
• 100% reliability assurance testing in compliance with 

MI L-STD-883 

LOGIC DIAGRAM 

Aoo--DH~-I Q 
00 

CP 

Q 
0, 

CP 

02 
Q 

CP 

Q 
03 g? 

CP 

~ 
PARITY 

g~6~~R DACP 

RECEIVER 
RLE LATCH 

ENABLE 
~~~BLE BE <>----------0[>-.... 
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ORDERING INFORMATION 

Package 
Type 

Molded DIP 
Hermetic DIP 

Dice 
Hermetic DIP 

* Hermetic Flat Pak 
Dice 

* Available on specia·1 order 

Temperature 
Range 

O°C to +70oC 
O°Cto +70°C 
0°Cto+70°C 

-55°C to +125°C 
-55°C to +125°C 
_55°C t~ +125°C 

Order 
Number 

AM2907PC 
AM2907DC 
AM2907XC 
AM2907DM 
AM2907FM 
AM2907XM 

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

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs (Except BUS) 

DC Output Current, Into Bus 

DC Input Current 

ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2907Xe (eOM'L) TA = oOe to +7ooe Vee MIN. = 4.75V 
Am2907XM (MIL) TA = _55°e to +125°e Vee MIN. = 4.50V 

Vee MAX. = 5.25V 
Vee MAX. = 5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1) 

10L = 40mA 

VOL Bus Output LOW Voltage Vee = MIN. 10L = 70mA 

10L = 100mA 

Vo = O.4V 

10 Bus Leakage Current Vee = MAX. 
VO=4.5V 

10FF Bus Leakage e.urrent (Power Off) Vo =4.5V 

"TH Receiver Input HIGH Threshold Bus Enable = 2.4 V 

VTL Receiver Input LOW Threshold Bus Enable = 2.4 V 

30 

Min. 

MIL 

eOM'L 

MIL 2.4 

eOM'L 2.3 

MIL 

eOM'L 

Typ. 
(Note 2) 

0.32 

0.41 

0.55 

2.0 

2.0 

2.0 

2.0 

-0.5 V to +7 V 

-0.5 V to +VCC max. 

-0.5 V to +5.5 V 

30mA 

200mA 

-30 mA to +5.0 mA 

Max. Units 

0.5 

0.7 Volts 

0.8 

-50 

200 ",A 

100 

100 ",A 

Volts 

1.5 
Volts 

1.6 
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ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2907Xe (eOM'L) TA = oOe to +70o e Vee MIN. = 4.75V Vee MAX. = 5.25V 
Am2907XM (MIL) T A = _55°e to +125°e Vee MIN. = 4.50V Vee MAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description Test Conditions(Note 1) Min, 

Receiver VCC= MIN. Mil: 10H = -lmA 2.4 
VOH 

Output HIGH Voltage VIN = Vil or VIH COM'l: 10H - -2.6mA 2.4 

Parity VCC = MIN., 10H - -660}lA I Mil 2.5 
VOH 

Output HIGH Voltage VIN = VIH or Vil I COM'L 2.7 

10l = 4mA 

VOL 
Output lOW Voltage VCC = MIN. 

IOl = SmA 
(Except Bus) VIN = Vil or VIH 

IOl = 12mA 

VIH 
Input HIGH level Guaranteed input logical HIGH 

2.0 
(Except Bus) for all inputs 

I nput lOW level Guaranteed input logical lOW I Mil 
Vil 

(Except Bus) for all inputs I COM'l 

VI 
I nput Clamp Voltage 

VCC = MIN., liN = -lSmA 
(Except Bus) 

III 
I nput lOW Current 

VCC = MAX., VIN = 0.4 V 
(Except Bus) 

IIH 
Input HIGH Current 

VCC = MAX., VIN = 2.7 V 
(Except Bus) 

II 
Input HIGH Current 

VCC = MAX., VIN = 5.5 V 
(Except Bus) 

ISC 
Output Short Circuit 

VCC = MAX. -12 
Current (Except Bus) 

ICC Power Supply Current VCC = MAX., All Inputs = GND 

Off-State Output Current VO-2.4V 
10 

(Receiver Outputs) 
VCC = MAX. 

Vo - 0.4 V 

SWITCHING CHARACTERISTICS 
OVER OPERATING TEMPERATURE RANGE 

Am2907XM 
Typ. 

Parameters Description Test Conditions Min. (Note 2) Max. 

tpHl 
Driver Clock (DRCP) to Bus 

21 40 

tPlH Cl (BUS) = 50pF 21 40 

tpHl 
Bus Enable (BE) to Bus 

Rl (BUS) = 50.11 13 26 

tPlH 13 26 

ts 25 

th 
A Data Inputs 

8.0 

tpw Clock Pulse Width (HIGH) 28 

tPlH Bus to Receiver Output 18 37 

tpHl (latch Enabled) 18 37 

tplH 21 37 
latch Enable to Receiver Output 

tpHl 21 37 

ts 
Cl = 15pF 

Bus to latch Enable (RlE) Rl = 2.0k.l1 21 

th 7.0 

tplH A Data to Odd Parity Out 21 40 

tpHl (Driver Enabled) 21 40 

tPlH Bus to Odd Parity Out 21 40 

tpHl (Driver Inhibit) 21 40 

tplH latch Enable (RlE) to Odd 21 40 

tpHl ParitY Output 21 40 

tZH 14 28 

tZl 
Output Control to Output 

14 28 

tHZ Cl = 5.0pF 14 28 
Output Control to Output 

tlZ Rl = 2.0k.l1 14 28 _. 

Typ, (Note 2) Max, 

3.4 

3.4 

3.4 

3.4 

0.27 0.4 

0.32 0.45 

0.37 0.5 

0.7 

O.S 

-1.2 

-0.36 

20 

100 

-65 

75 110 

20 

-20 

Am2907XC 
Typ. 

Min. (Not. 2) Max. 

21 36 

21 36 

13 23 

13 23 

23 

7.0 

25 

18 34 

18 34 

2.1 34 

21 34 

18 

5.0 

21 36 

21 36 

21 36 

21 36 

21 36 

21 36 

14 ~5 
14 25 

14 25 

14 25 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

}lA 

}lA 

mA 

mA 

}lA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

. . . . Notes: 1. For conditions shown as MIN. or MAX" use the appropriate value specified under Electrical Characteristics for the applicable device type . 
2. Typicall1mit~ are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second, 
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A 

Vee 

RB 
50n 

32 

DRIVEN INPUT 

INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

BUS CRIVING OUTPUT 
vee---------+--------+_----------._--~--~--+_----------._----

BE '" 3.3kn I 
RLE= 5k.f1: 
0E"5kn 
A, e, S" 10kfl: I 
DRCP" 10kS1 

I BUS 

I 1'0 
'NPUT o----~-I;-_tcCl_-+- Ij 

"H 

I 
I 
I 

Note: Actual current flow direction shown. 

150n 

R, 

TYPICAL PERFORMANCE CURVES 

LOAD TEST CIRCUIT 

TEST 
POINT 

'" ':; 
a 
> 
I 

w 
R l'l 

Am2907 OR '" PARITY ':; 
a 
> 
f-
::> 
10 

BUS ::> a 
'" reST iil 

POINT I 
-' a 

eB > 

Bus Output Low Voltage 
Versus Ambient Temperature 

1.0 

vleeL5.~V 
0.8 I 

I ----'BUS' l00mA-0.6 

laus = 70mA 
0.4 

laus == 40mA 

I 
0.2 

o 
-55 -35 -15 5 25 45 65 B5 105 125 

Receiver Threshold Variation 
Versus Ambient Temperature 

1 

2.5 

2.4 

2.3 

2.2 

2. 

2.0 

1.9 

1.8 

1.7 

1.6 

1.S 

I 

Vee- S.5V I 
r7 Vee = 5.25V 

I-MIL f-- ve11J~ ~OM'L 
I' 

vee - 4.5V 

I 
I 

-55 -35 -15 5 25 45 65 85 105 125 
50pF 

~ (NOTE 1) 
S2Y 

T A - AMBIENT TEMPERATURE - °c T A - AMBIENT TEMPERATURE - °C 

DRIVER 
CLOCK 

A INPUT 

BUS 
OUTPUT 

RECEIVER 
OUTPUT 

SWITCHING WAVEFORMS 

f \ fr------ :.:: t ~·--__ ---------'·-~-----------ov 
~~ ~~ . I 

~ I!!!!!!!!!!! I ~-~:~ 
tPLH--1 t:= tPHL~ r--

-~,~ '''<~~~~ 
~ ________________________ __J. VOL 

Note: Bus to Reciever output delay is measured by clocking data into the driver register 
and measuring the BUS to R combinatorial delay. 
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TRUTH TABLE 

INPUTS 
INTERNAL 

BUS OUTPUT TO DEVICE 

Ai DRCP BE RLE OE Di Qi Bi Ri 

X X H X X X X H X 

X X X X H X X X Z 

X X H L L X L L H 

X X H L L X H H L 

X X- X H X X NC X X 

L t X X X L X X X 

H t X X X H X X X 

X L X X X NC X X X 

X H X X X NC X X X 

X X L X X L X H X 

X X L X X H X L X 

Z = High Impedance X = Don't Care H = HIGH 
L= LOW NC = No Change t = LOW·to·HIGH Transition 

DEFINITIONS 

DRCP Driver Clock Pulse. Clock pulse for the driver register. 

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

BUSO, BUS" BUS2, BUS3 The four driver outputs and 
receiver inputs (data is inverted). 

RO, R" R2, 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, data on the 
BUS inputs is passed through the receiver latches. When R LE 
is HIGH, the receiver latches are closed and will retain the 
data independent of all other inputs. 

ODD Odd parity output. Generates parity with the driver 
enabled, checks parity with the driver in the high·impedance 
state. 

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

~YTHEO~ 

FUNCTION 

Driver output disable 

Receiver output disable 

Driver output disable and receive data 
via Bus input 

Latch received data 

Load driver register 

No driver clock restrictions 

Drive Bus 

i = 0,1,2,3 

PARITY OUTPUT FUNCTION TABLE 

BE ODD PARITY OUTPUT 

L ODD = AO ED A, ED A2 ED A3 

H ODD = QO ED Q, ED Q2 ED Q3 
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I/O 
BUS 

CONNECTION DIAGRAMS Metallization and Pad l.ayout 
Top Views 

DIP Vee 
ALE 1 19 DACP 

Ail Vee 
AD 2 18 A3 

AD DRCP 

AD A3 AD 3 17 A3 

BUSo A3 
BUSO 4 16 BUS3 

GND, BUS3 GND, 5 15 GND2 

BUS1 GND2 BUS, 14 BUS2 

A1 BUS2 A, 13 A2 

A1 A2 
A, 8 12 A2 

BE A2 

BE 9 11 OE 
000 OE 

ODD 

Note: Pin 1 is marked for orientation. 
DIE SIZE 0.080" X 0.130" 

- BUS 

APPLICATIONS 

S BUS 

I 
A 

Am2907 
ADDRESS REGISTER 

BUS 

1 Am2918 -STATUS REGISTER 

A 
Am2907 MAIN 
DATA BUS MEMORY REGISTER 

A 

A 
Am2909 

Am2907 MICROPROGRAM 
SEQUENCER 

A 

I 
ROM/PROM 

MICROCODE 

I 
Am291a 

MICROWORD 
AEGISTEA 

R BUS 

The Am2907 can be used as an I/O Bus Transceiver and Main Memory I/O Transceiver 
in high-speed Microprocessor Systems. 

FLAGS Y 

I Am2901 
BIPOLAR 

MICROPROCESSOR 

0 
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Microprogram Sequencers 

GENERAL DESCRIPTION 

The Am2909 is a four-bit wide address controller intended 
for sequencing through a series of microinstructions 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 a twelve-bit address 
(4K words). 

The Am2909 can select an address from any of four 
sources. 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
gram counter register (which usually contains the last 
address plus one). 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 OR'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 OR inputs are removed and the 0 and R inputs 
are tied together. The Am2911 is in a 20-pin, 0.3" centers 
package. 

ORDERING INFORMATION 

Am2g09 Am2911 
Package Temperature Order Order 
Type Range Number Number 

Molded DIP O°C to +70°C AM2909PC AM2911PC 
Hermetic DIP O°C to +70°C AM2909DC AM2911DC 
Hermetic DIP -55°C to +125°C AM2909DM AM2911DM 

Hermetic Flat Pak _55°C to +125°C Am2909FM 
Dice O°C to +70°C Am2909XC 

~YTHEc31 

Am2909 Am2911 

DISTINCTIVE CHARACTERISTICS 

• 4-bit slice cascadable to any number of microwords 
• I nternal address register 
• Branch input for N-way branches 
• Cascadable 4-bit 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 outputs 
• All internal registers change state on the LOW-to-HIGH 

transition of the clock 

• Am2909 in 28-pin package 

• Am2911 in 20-pin package 

MICROPROGRAM SEQUENCER 
BLOCK DIAGRAM 
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MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs 

DC Input Current 

PIN 
Am2909/2911 DC, PC 

OPERATING RANGE 
Ambient Temperature 

o'C to +70'C 

Am2909/2911 DM, FM -55'C to +125'C 

VCC 

4.75V to 5.25V 

4.50V to 5.50V 

STANDARD SCREENING 
(Conforms to MI L·STD·883 for Class C Parts) 

MIL·STD·883 

-0.5 V to +7.0V 

-0.5 V to +VCC max. 

-0.5 V to +7.0 V 

30mA 

-30 mA to +5.0 mA 

Step Method Conditions Am29091 Am2911 DM,FM 

Pre·Seal Visual Inspection 2010 B 100% 

Stabilization Bake 1008 C 
24·hour 

150°C 
100% 

Temperature Cycle 1010 C 
-65°C to +150°C 

10 cycles 
100% 

Centrifuge 2001 B 10,000 G 100% 

Fine Leak 1014 A 5 x 10 .lj atm·cc/cm;s 100% 

Gross Leak 1014 C2 Fluorocarbon 100% 

Electrical Test See below for 100% 

Subgroups 1 and 7 5004 definitions of subgroups 

Insert Additional Screening here for Class B Parts 

Group A Sample Tests 

Subgroup 1 LTPD = 5 

Subgroup 2 LTPD = 7 

Subgroup 3 See below for LTPD = 7 

Subgroup 7 5005 definitions of subgroups LTPD = 7 

Subgroup 8 LTPD = 7 

Subgroup 9 LTPD = 7 

ADDITIONAL SCREENING FOR CLASS B PARTS 
MI L·STD-883 Level 

Step Method Conditions 
Am2909/Am2911DMB, FMB 

Burn-In 1015 D 12SoC 100% 160 hours min. 

Electrical Test S004 
Subgroup 1 100% 
Subgroup 2 100% 
Subgroup 3 100% 
Subgroup 7 100% 
Subgroup 9 100% 

Return to Group A Tests in Standard Screening 

GROUP A SUBGROUPS 
(as defined in MIL·STD·883, method 5005) 

Subgroup Parameter Temperature 

1 DC 25°C 
2 DC Maximum rated temperature 
3 DC Minimum rated temperature 

7 Function 2SoC 

8 Function Maximum and minimum rated 
temperature 

g Switching 25°C 
10 Switching Maximum Rated Temeperature 
11 Switching Minimum Rated Temperature 
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ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Typ. 
Parameters Description Test Conditions (Not. 1) Min. (Not. 2) 

VCC = MIN., Mil I IOH = -1.0mA 2.4 
VOH Output HIGH Voltage 

VIN=VIHorVll COM'l I 10H = -2.6mA 2.4 

10l - 4.0mA 

VCC = MIN., 10l = B.OmA 
VOL Output lOW Voltage 

VIN = VIH or Vil 10l = 12mA 

(Note 5) 

VIH Input HIGH level 
Guaranteed input logical HIGH 

2.0 
voltage for all inputs 

Guaranteed input logical lOW I Mil 
Vil Input lOW level 

voltage for all inputs I COM'l 

VI Input Clamp Voltage VCC = MIN., liN = -lBmA 

Cn 

III Input lOW Current 
VCC = MAX., 

Push/Pop,OE 
VIN = 0.4V 

Others (Note 6) 

Cn 

IIH Input HIGH Current 
VCC= MAX., 

Push/Pop 
VIN = 2.7V 

Others (Note 6) 

VCC = MAX., Cn, Push/Pop 
II Input HI G H Current 

VIN = 7.0V Others (Note 6) 

lOS 
Output Short Circuit Current VCC = MAX. -40 
(Note 3) 

ICC Power Supply Curcent VCC = MAX. (Note 4) BO 

10Zl VCC = MAX., VOUT = 0.4V 
Output OFF Current 

OE = 2.7V 10ZH VOUT = 2.7V 

Max. Units 

Volts 

0.4 

0.45 
Volts 

0.5 

Volts 

0.7 Volts 
O.B 

-1.5 Volts 

-1.0B 

-0.72 mA 

-0.36 

40 

40 JJ.A 

20 

0.2 
mA 

0.1 

-100 mA 

130 mA 

-20 
JJ.A 

20 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loadjng, 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
4. Apply GNO to Cn , RO. R,. R2, R3. ORO, OR" OR2, OR3. DO. D1. D2. and D3' Other inputs open. All outputs open. Measured after a 

LOW~to·HIGH clock transition. 
5. The 12mA guarantee applies only to YO. Y 1. Y 2 and Y 3. 
6. For the Am2911. Dj and Ai are internally connected. Loading is doubled (to same values as,Push/Pop). 

~YTHEO~ 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
All parameters are guaranteed worst case over the operating voltage and temperature range for the device type. 
(Grade C = O°C to +70o C, 4.75V to 5.25V; Grade M = _55°C to +125°C, 4.5V to 5.5V) 

TABLE I 
MINIMUM CLOCK REQUIREMENTS 

Minimum Clock LOW Time 50 

Minimum Clock HIGH Time 30 

TABLE II 
MAXIMUM COMBINATORIAL 

PROPAGATION DELAYS 

TABLE III 
MAXIMUM DELAYS 

FROM CLOCK TO OUTPUTS 

TABLE IV 
SET-UP AND HOLD TIME 

REQUIREMENTS 

~ INPUTS 

OE 

ZERO 

ORi 

SO,Sl 

Di 

Cn 

38. 

Vi Cn+4 
EXTERNAL 

INPUTS 
FUNCTIONAL GRADE CLOCK CLOCK 

PATH TOYi TOCn+4 

25 - RE 
Register 

C 48 58 

(Sl So = LH) 
M 55 65 Ri 

35 45 

20 32 

PUSH/POP 

FE 

C 48 58 
IJ. Program Counter 

(Sl So = LLl M 55 65 
Cn 

40 50 

20 32 

Di 

ORi 

File 
C 70 80 

(Sl So = HL) 
M 80 90 

SO,Sl 

- 18 ZERO 

~(T:;L~ I)----j I-(T::L~ 11---1 

3 1r- ~\\\"\\\\\\~If 1,.----- 3.0V 

CP CLo~~:"i~ELH~~~URS ----- 1.3V 

ALL INPUTS 
(EXCEPT OEI 

your 
cn +4 

I - \,\.\.\.\\\.\~ ·.I-'--I-t
h
- OV 

I (TABLE IV)-----+---'+-(TABlE IV) 

-----~""'....., ........ ........, ............... '-"-........ '-"-...... '-"-"-" .......... --------------------------------------------~--- ~:: 

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

ts th 

20 5.0 

15 0 

20 5.0 

20 0 

15 0 

20 0 

20 0 

40 0 

40 0 
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DEFINITIONS 

A set of symbols is used in this data sheet to represent 
various internal and external registers and signals used with 
the Am2909. Since its principle application is as a controller 

Inputs to Am2909/ Am2911 

S1, So 
FE, PUP 
RE 
ORi 
ZERO 
OE 

Cn 
Ri 
Di 
CP 

Control lines for address source selection 
Control lines for push/pop stack 
Enable line for internal address register 
Logic OR inputs on each address output line 
Logic AND input on the output lines 

Output Enable. When OE is HIGH, the Y out-
puts are OFF (high impedance) 

Carry-in to the incrementer 
Inputs to the internal address register 
Direct inputs to the multiplexer 
Clock input to the AR and IlPC register and 

Push-Pop stack 

Outputs from the Am2909/ Am2911 

Cn+4 

Address outputs from Am2909. (Address inputs 
to control memory.) 

Carry out from the incrementer 

METALLIZATION AND PAD LAYOUT 

Am2909 
23 22 21201918 

" 
27 

11 

DIE SIZE: 0.110" x 0.160" 

Am2911 

19 18 11 18 1514 13 12 

,. 

DIE SIZE: 0.110" x 0.160" 
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for 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 

IlPC 
REG 
STKO-STK3 

SP 

Contents of the microprogram counter 

Contents of the regi~ter 
Contents of the push/pop stack. By definition, 
the word in the four-by-four file, addressed by 
the stack pointer is STKO. Conceptually data 
is pushed into the stack at STKO; a subsequent 
push moves STKO to STK1; a pop implies 
STK3 --7 STK2 --7 STKl --7 STKO. Physically, 
only the stack pointer changes when a push or 
pop is performed. The data does not move. I/O 
occurs at ST KO. . 
Contents of the stack pointer 

External to the Am2909/ Am2911 

A 
J(A) 

IlWR 

Address to the control memory 
Instruction in control memory at address A 
Contents of the microword register (at output 
of control memory). The microword register 
contains the instruction currently being exe
cuted. 
Time period (cycle) n 

CONNeCTION DIAGRAMS 
Top Views 

Note: Pin 1 is marked for orientation. 

Figure 2. 
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ARCHITECTURE OF THE Am2909/Am2911 

The Am2909/Am2911 are bipolar microprogram sequencers 
intended for use in high-speed microprocessor applications. 
The device is a cascadable 4-bit slice such that two devices 
allow addressing of up to 256-words of microprogram 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, direct inputs, microprogram 
counter, or file as the source of the next microinstruction ad
dress. This multiplexer is controlled by the So and S, inputs. 

The address register consists of four D-type, edge triggered 
flip-flops with a common clock enable. When the address 
register enable is LOW, new data is entered into the register 
on the clock LOW-to-H IGH 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 
microinstruction 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 microcode. 

The Am2909/Am2911 contains a microprogram counter 
(,uPC) that is composed of a 4·bit incrementer followed by a 
4-bit register. The incrementer has carry-in (Cn) and carry-out 
(Cn+4) such that cascading to larger word lengths is straight
forward. The J,lPC 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 cycle with 
the current Y output word plus one (Y+l-+J,lPC.) Thus sequen
tial microinstructions can be executed. If this least significant 
Cn is LOW, the incrementer passes the Y output word unmod
ified and the microprogram register is loaded with the same 
Y word on the next clock cycle (Y-+J,lPC)- Thus, the same 
microinstruction can be executed any number of times by 
using the least significant Cn as the control. 

The last source available at the multiplexer input is the 4 x 4. 
file (stackl- The file is used to provide return address linkage 

.-___ -,,"'0 

when executing microsubroutines_ The file contains a built-in 
stack pointer (SP) which always points to the last file word 
written_ This allows stack' reference operations (looping) 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_ Whenthe file enable 
input is LOW and the push/pop input is HIGH, the PUSH 
operation is enabled_ This causes the stack pointer to 
increment and the file to be written with the required return 
linkage - the next microinstruction address following the sub
routine jump which initiated the PUSH_ 

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 a return from sub
routine. The next LOW-to-HIGH clock transition causes the 
stack pointer to decrement. If the file enable is HIG!-I, 
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 microsubroutine.s can be nested. 

The ZERO input is used to force the four outputs to the 
binary zero state. When the ZERO input is LOW, a.!!.... Y 
outputs are LOW regardless of any other inputs (except OE). 
Each Y output bit also has a 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 
be placed in the high-impedance state, and preprogrammed 
sequences of microinstructions can be executed via external 
access to the control ROM/PROM. 

CLOCK 

Am2909 

40 

CONTROL MEMORY 
(ROM. PROM or RAM) 

SEQUENCE 
CONTROL 

FIELD 

LOGIC 
CONTROL 
FIELDS 

MICROWORD 
REGISTER 
(",WRI 

TO Am2901 

'----""-. TO OTHER DEVICES 

Figure 3. Microprogram Sequencer Control. 
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rn 

~ ... 

REGISTER 
ENABLE 

CLOCK 

~: ~~~H PUSH/POP >--1[;>0-::--r---------, 

FILE.... r UP DOW" 

L'" ENABLE ENABLE ....f''lABU .ISTA~O"~:~HRI 
-lCP 00 ~OOW .. COU~;,AOI 

, L 
~ 0 rn R, RJ R, 10 R, 

+~~QD-W~ ~ lin 
c, f---- "oWo : w, : ", I w, 

~ S, DO 0, 0, 0 "",~:;;~'" 1---+-+-+--
-h S, 3 c, ~" I I I 

) >:::J"': " So " I----/-" ~;:;:;:~:" -t---

~ "offi~ II 00, I~~~~o"'m~~~~",,~~f - :, ::=~-t+-t--
S, 

So 

I ~ r I ~ ', .. O::'~'~'~l l ~ 
--" " " ~ ~"C;"'~ 
.... :; i ::~-----' 
¥ L,,. L, ~ ~,. 'c~, '0 

ZERO 

bE 

Co 

Yo Y, Y, Y, 

Note: Rj and Dj connected together on Am2911 and OR; removed. 

Figure 4. Microprogram Sequencer Block Diagram. 



OPERATION OF THE Am2909/Am2911 

Figure 5 lists the select codes for the multiplexer. The two 
bits applied from the microword register (and additioflal com· 
binational logic for branching) determine which data source 
contains the address for the next microinstruction. The 
contents of the. selected source will appear on the Y outputs. 
Figurel:; also .shows the truth table for the output control and 

Address Selection 

OCTAL S1 So SOURCE FOR Y OUTPUTS SYMBOL 

0. L L Mitroprogr~m Counter IlPC 
1 L H Register REG 
2 H L Push·Pop stack STKo. 
3 H H Direct inputs Di 

for the control of the push/pop stack. Figure 6 showsin detail 
the effect of So., S1, FE and PUP on the Am2909. These four 
signals define what address appears on the Y outputs and what 
the state of aUthe internal registers wiil be following the clock 
LOW·to-HIGHedge. In this illustration, the microprogram 
counter is assumed to contain initially some word J,the ad· 
dress register some word K, and the four words in the push/ 
pop stack contain Ra through Rd. 

Output Control 

ORi ZERO OE Vi 

X X H Z 
X L L L 
H H L H 
L H L Source selected by So S, 

Z = High Impedance 
Synchronous Stack Control 

H = High 

L = Low 

X = Don't Care 

CYCLE S1, So, FE, PUP 

N o 0 0 0 
N+l -

N o 0 0 1 
N+l -

N o 0 1 X 
N+l -

N o 1 0 0 
N+l -

N o 1 0 1 
N+l -

N o 1 1 X 
N+l -

N 1 000 
N+l -

N 1 001 
N+l -

N 1 o 1 X 
N+1 -

N 1 100 
N+1 -

N 1 1 0 1 
N+1 -

N 1 1 1 X 
N+l -

FE PUP 

H X 

L H 

L L 

/lPC REG STKO 

J K Ra 
J+l K Rb 

J K Ra 
J+l K J 

J K Ra 
J+l K Ra 

J K Ra 
K+l K Rb 

J K Ra 
K+l K J 

J K Ra 
K+l K Ra 

J K Ra 
Ra+l K Rb 

J K Ra 
Ra+1 K J 

J K Ra 
Ra+1 K Ra 

J K Ra 
0+1 K Rb 

J K Ra 
0+1 K J 

J K Ra 
0+1 K Ra 

x = Don't care, 0 = LOW, 1 = HIGH, Assume en = HIGH 
Note: STKO is the location addressed by the stack pointer. 

PUSH-POP STACK CHANGE 

No change 
Increment stack pointer, then 
push current PC onto STKo. 

Pop stack (decrement stack pointer) 

Figure 5. 

STKl STK2 STK3 YOUT COMMENT 

Rb Rc Rd J Pop Stack Rc Rd Ra -
Rb Rc Rd J Push /lPC 
Ra Rb Rc -
Rb Rc Rd J 

Continue 
Rb Rc Rd -

Rb Rc Rd K Pop Stack; 
Rc Rd Ra - Use AR for Address 

Rb Rc Rd K Push /lPC; 
Ra Rb Rc - Jump to Address in AR 

Rb Rc Rd K Jump to Address in AR 
Rb Rc Rd -
Rb Rc Rd Ra Jump to Address in STKO; 
Rc Rd Ra - Pop Stack 

Rb Rc Rd Ra Jump to Address in STKO; 
Ra Rb Rc - Push /lPC 

Rb Rc Rd Ra Jump to Address in STKO 
Rb Rc Rd -
Rb Rc Rd 0 Pop Stack; 
Rc Rd Ra - Jump to Address on 0 

Rb Rc Rd 0 Jump to Address on 0; 
Ra Rb Rc - Push /lPC 

Rb Rc Rd 0 Jump to Address on 0 
R'b Rc Rd -

Figure 6. Output and Internal Next-Cycle Register States for Am2909/Am2911. 

42> 

PRINCIPLE 
USE 

End 
Loop 

Set-up 
Loop 

Continue 

End 
Loop 

JSR AR 

JMP AR 

RTS 

Stack Ref 
(Loop) 

End 
Loop 

JS.R 0 

JMP 0 



Figure 7 iUustrates the execution of a subroutine using the 
Am2909. The configuration of Figure 3 is assumed. The 
instruction being executed at any given time is the one con· 
tained in the microword register {J.tWR). The contents of the 
/J.WR also controls (indirectly, perhaps) the four signals So, S1, 
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 microinstructions 
to be executed. At address J+2, the sequence control portion 
of the microinstruction contains the comand "Jump to sub· 

CONTROL MEMORV 
Execute Cycle TO 

routine at A". At the time T 2, this instruction is in the /J.WR, 
and the Am2909 inpLits are set·up to execute the jump and 
save the return address. The subroutine address A is applied to 
the D inputs from the /J.WR and appears on the Y outputs. the 
first instruction of the subroutine, I (A), is accessed and is at 
the inputs of the /J.WR. On the next clock transition, I (A) is 
loaded into the /J.WR for execution, and the return address 
J+3 is pushed onto the stack. The return instruction is exe· 
cuted at T 5. Figure 8 is a similar timing chart showing one 
subroutine linking'to a second, the latter consisting of only 
one microinstruction. 

T, T2 T3 T4 Ts T6 T7 Ts Tg 

Execute 
Microprogram 

Cycle 
Address 

Sequencer 
Instruction 

Clock rL rL n... rL rL rL ru rL rL rL Signals -

J-1 - Am2909 5,,50 0 0 3 0 0 2 0 0 

To J -
T, J+1 -

T2 J+2 J5R A 

Inputs FE H H L H H L H H 
(from PUP X X H X X L X X 
/JWR) D X X A X X X X X 

Ts J+3 -
T7 J+4 - /JPC J+1 J+2 J+3 A+1 A+2 A+3 J+4 J+5 

- - 5TKO - - - J+3 J+3 J+3 - -
- -
- -

Internal 5TK1 - - - - -Registers 
- - -

5TK2 - - - - - - - -
- - 5TK3 - - - - - - - -
- -

T3 A I(A) 

T4 A+1 -
Am2909 

V J+1 J+2 A A+1 A+2 J+3 J+4 J+5 Output 

Ts A+2 RT5 

- -
ROM (V) I(J+1) JSR A I(A) 1(A+1) RTS I(J+3) I(J+4) I (J+5) Output 

- -
- -

Contents - - of/lWR 
- - (Instruction /JWR I(J) I(J+1 ) JSR A I(A) I(A+1) RTS I (J+3) I(J+4) 
- - being 

- - executed) 

Figure 7. Subroutine Execution. Cn ~ HIGH 

CONTROL MEMORV 

Execute 
Microprogram 

Cycle 
Address 

Sequencer 
Instruction 

Execute Cycle To T, T2 T3 T4 Ts T6 T7 Ts Tg 

Clock rL ru n... n... rL ru ru rL ru ru 
Signals -

J-1 - Am2909 5,,50 0 0 3 0 0 3 2 0 2 0 

To J - Inputs FE H H L H H L L H L H 

T, J+1 -
T2 J+2 J5R A 

(from PUP X X H X X H L X L X 
/JWR) D X X A X X B X X X X 

Tg J+3 -
- - /JPC J+1 J+2 J+3 A+1 A+2 A+3 B+1 A+4 A+5 J+4 
- - 5TKO - - - J+3 J+3 J+3 A+3 J+3 J+3 -
- -
- -

Internal 5TK1 - - - - - - J+3 
Registers - - -

5TK2 - - - - - - - - - -
T3 A - 5TK3 - - - - - - - - - -
T4 A+1 -

Ts A+2 J5R B 

T7 A+3 -
Am2909 

V J+1 J+2 A A+1 A+2 B A+3 A+4 J+3 J+4 
Output 

TS A+4 RT5 

- -
ROM (V) 1(J+1) JSR A I(A) I(A+1) JSR B RTS I(A+3) RTS I(J+3) I (J+4) 

Output 
- -
- -

Contents 
- -

T6 B RT5 
of/JWR 

(Instruction /JWR I(J) I (J+1) JSRA I(A) I(A+1) JSR B RTS I(A+3) RTS I(J+3) 
- - being 

- - executed) 

Figure 8. Two Nested Subroutines. Routine B is Only One Instruction. Cn ~ HIGH 
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Am2915 Quad Three-State Bus Transceiver With Interface Logic 

. FUNCTIONAL DESCRIPTION 

The Am2915 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 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 latches 
that feature three·state outputs. 

This 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 O.5V maximum. 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 VOH and VOL of 
the bus driver are selected for compatibility with standard and 
Low-Power Schottky 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. A common select input (S) controls the 
four multiplexers. When S is LOW, the Ai data is stored in the 
register and when Sis HIGH, the Bi data is stored. The buffered 
common clock (DRCP) enters the data into this driver register 
on the LOW·to-HIGH transition. 

Data from the A or B inputs is inverted at the BUS output. 
Likewise, data at the BUS input is inverted at the receiver out
put. Thus, data is non-inverted from driver input to 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 and OE LOW). When the R LE input is HIGH, the 
latch 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 (OE) 
input. When OE is HIGH, the receiver outputs are in the high
impedance state. 

DISTINCTIVE CHARACTERISTICS 

• Quad high-speed LSI 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 12mA 
• Advanced low-power Schottky processing 
• 100% reliability assurance testing in compliance 

with MIL -STD-883 
• 3.5V minimum output hiQh voltage for direct 

interface to MOS microprocessors 

ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP O°C to +70°C AM2915PC 
Hermetic DIP O°C to +70°C AM2915DC 

Dice O°C to +70°C AM2915XC 
Hermetic DIP _55°C to +125°C AM2915DM 

Hermetic Flat Pak -55°C to +125°C AM2915FM 
Dice _55°C to +125°C AM2915XM 

LOGIC DIAGRAM 

AOo-----r"'\ 

·Oo----i--L 

·20----+--ILJ 

A~ o----+--Ir' 

·30----+.......JLJ 
SELECT 

D~~~~~ DRCP 0---1>0----------' 

ENA:~~ ~ 0--0[>-------'------------' 
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DE 0---<>1.:>--, 

i--"--n><>--+-<> R2 

i--"--U><>---<> R3 

RECEIVER 
ill LATCH 

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

Storage Temperature 

Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs (Except Bus) 

DC Output Current, I nto Bus 

DC Input Current 

ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2915XCICOM'L) TA ~ O'C to +70'C VCCMIN. ~ 4.75V VCCMAX. ~ 5.25V 

Am2915XMIMIL) TA~-55'Cto+125°C VCCMIN.~4.50V VCCMAX.~5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions INote 1) Min. Typ. 

VOL Bus Output lOW Voltage 
10l ~ 24mA 

Vee ~ MIN. 
10l ~40mA 

VOH Bus Output HIGH Voltage Vee ~ MIN. 10H ~ -20mA 2.4 

VO~0.4V 

10 
Bus Leakage Current Vee ~ MAX. 

Vo ~ 2.4V 
(High Impedance) Bus enable ~ 2.4 V 

VO~4.5V 

10FF 
Bus Leakage Current VO~4.5V 

(Power OFF) Vee ~ OV 

VIH Receiver Input HIGH Threshold Bus enable ~ 2.4 V 2.0 

Vil Receiver Input lOW Threshold Bus enable ~ 2.4 V 

Ise Bus Output Short Circuit Current 
Vee ~ MAX. 

-50 -85 
Vo ~OV 

§VTHE031 

-65°C to +150°C 
-55°C to +125°C 

-O.5V to +7V 
-O.5V to +Vee max. 

-O.5V to +5.5V 

30mA 

100mA 
-30mA to +5.0mA 

Max. Units 

0.4 
Volts 

0.5 

Volts 

-200 

50 J.l.A 

100 

100 J.l.A 

Volts 

0.8 Volts 

-130 mA 
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ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2915XC(COM'L) TA=OOCtO+70oC VCCM1N.=4.75V VCCMAX.=5.25V 
Arn2915XM(MIL) TA=-55°Cto+125°C VCCM1N.=4.50V VCCMAX.=5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description Test Conditions (Not. 1 ) 

VCC = MIN. I Mil: IOH = -1.0mA 

VOH Receiver 
V,N = V,l or V,H J COM'l: IOH = -2.6mA Output HIGH Voltage 
VCC = 5.0V. IOH = -100"A 

IOl =4.0mA 

VOL 
Output lOW Voltage VCC = MIN. 

IOl =8.0mA 
(Except Bus) V,N = V,l orV,H 

IOl = 12mA 

V,H Input HIGH level Guaranteed input logical HIGH 
(Except Bus) for all inputs 

V,l 
I nput lOW level Guaranteed input logical lOW 
(Except Bus) for all inputs 

V, Input Clamp Voltage (Except Bus) VCC = MIN .• 'iN = -18mA 

',l I nput lOW Current VCC = MAX .• V,N = 0.4V 
BE. RlE 

All other inputs 

"H Input HIGH Current (Except Bus) VCC = MAX .• V,N = 2.7V 

'I Input HIGH Current (Except Bus) VCC = MAX .• V,N = 7.0V 

ISC Output Short Circuit Current VCC = MAX. 
(Except Bus) 

ICC Power Supply Current VCC = MAX. 

10 
Off·State Output Current 

VCC = MAX. 
Vo = 2.4V 

(Receiver Outputs) VO=O.4V 

Min. 
2.4 

2.4 

3.5 

2.0 

-30 

SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Am2915XM 
Typ. 

Parameters Description Test Conditions Min. (No,. 2) Max. 

tpHl 
Driver Clock (DRCP) to Bus 

21 36 

tplH Cl (BUS) = 50pF 21 36 

tZH. tZl 
Bus Enable (BE) to Bus )-.v. 4 

~~US)=130Q 13 26 

tHZ. tlZ 13 26 

ts .~<S'~ 

~r~~ 
23 

Data lriputs (A or B) 
th 

.\l 
8.0 

ts '";S ~(\/~ ~ 28 
Select Input (S) 

th "'&. '''-1 ~ 8.0 

Driver Clock (DRCP) Pulse WIdth (C' ~ .». 
tpw :;i"~ 04-, ~~ (HIGH) ..yO IS' '<l 
tPlH Bus to Receiver Output ~)-~~ I·'YJ 18 30 

(latch Enable) Cl = 15P4tO <S'~ ~~ "18 tpHl 30 

tplH Rl = 2.0kQ :.}(\,t. ~". 21 30 
latch Enable to Receiver Output 

tpHl 
v 

-'~ 21 30 

ts 17'" 
Bus to latch Enable (RlE) 

th 6.0 

tZH. tZl 14 26 

tHZ. tlZ 
Output Control to Receiver Output 

14 26 

Typ. 
(Not. 2) 

3.4 

3.4 

0.27 

0.32 

0.37 

60 

Max. 

0.4 

0.45 

0.5 

0.8 

-1.2 

-0.72 

-0.36 

20 

100 

-85 

90 

20 

-20 

Am2915XC 
Typ. 

Min. (Not. 2) Max. 

21 32 

21 32 

13 23 

13 23 

20 

6.0 

25 

6.0 

17 

18 27 

18 27 

21 27 

21 27 

14 

4.0 

14 23 

14 23 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

rnA 

"A 

"A 

rnA 

rnA 

"A 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Notes: 1. For c9nditions shown as MIN. or MAX" use the· appropriate value specified under Electrical Characteristics for the applicable device type. 

2. Typical limits are at Vee == 5.0V, 2SoC ambient and maximum loading. 

3. Not more than one output shOUld be shorted at a time. Duration of the short circuit test shOUld not exceed one second. 
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DRIVEN INPUT 

17kO 

J 

INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

BUS DRIVING OUTPUT 

son 5kf2 

INPUT O---<,.--K'---'A--r--

f 

Note: Actual current flow direction shown. 

SWITCHING TEST CIRCUIT 

TEST 
POINT 

INPUT A 
OR 

INPUT B R ~ Am~15 og~~--~--~--~~(~-~-i~-i.~-[~-1~ S, -::-

BUS VCCIR
L 

J '5pF 5.0'" 

DRIVER 
CLOCK 

A, B orS 
INPUT 

BUS 
OUTPUT 

RECEIVER 
OUTPUT 

1130n 
-

S3 

1.0kn 

SWITCHING WAVEFORMS 

Note: Bus to Reciver output delay is measured by clocking data into the driver register 

and measuring the BUS to R combinatorial delay. 

3.0V 

1.3V 

OV 

3.0V 

1.3V 

OV 

V OH 

2.0V 

VOL 

VOH 

1.3V 

VOL 

OUTPUT, ODD 
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FUNCTIONAL TABLE 

INPUTS 
INTERNAL 

BUS OUTPUT TO DEVICE FUNCTION 
S Ai Bi DRCP BE RLE OE Di Qi BUSt Ri 

X X X X H X X X X Z X Driver output disable 

X X X X X X H X X X Z Receiver output disable 

X X X X H L L X L L H Driver output dis.able and receive data 

X X X X H L 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 

H X L t X X X L X X X 
Load driver register 

H X H t X X X H X X X 

X X X L X X X NC X X X 
No driver clock restrictions 

X X X H X X X NC X X X 

X X X X L X X L X H X 
Drive Bus 

X X X X L X X H 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 

AO. A,. A2. A3 The "A" word data input into the two 
input multiplexer of the driver register. 

Bo. B,. 82. B3 The "B" word data input into the two 
input multiplexers of the driver register. 

S 

DRCP 
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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 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. 

BUSo. BUS, 

BUS2. BUS3 

The four driver outputs and receiver in
puts (data is inverted\. 

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

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

Output Enable. When the OE input is 
HIGH. the four three state receiver out
puts are In the high-impedance state. 



CONNECTION DIAGRAM METALLIZATION AND PAD LAYOUT 
Top View 

RLE 2. Vee 

RO 23 DRep 

BO 22 R3 

AO 21 B3 

BlJso 20 A3 

GND, 19 BUS3 
Am2915 

BUS, lB GND2 

A, 17 BUS2 

B, '6 A2 

R, 10 15 B2 

BE 11 ,. R2 

DE 12 13 

Note: Pin 1 is marked for orientation. 

I 
A 

ADDRESS 
AND 

DATA DISPLAY 

A 

R 

I 
CONTROl. B 

ALU 

OUT 

B CONTROL 

Am2915 

BUS 

DATA 
BUS 

APPLICATIONS 

A 

R 

IN 
CONTROL 

SCRATCHPAD 

OUT 

I 
B CONTROL 

Am2915 

BUS 

ADDRESS 
BUS 

i-

(NOT AVAILABLE AT THE 
TIME OF THIS PRINTING.) 

r-

A 

R 

~ 

MASTEA 
CONTROL 

B CONTROL 

Am291S 

BUS 

CONTROL 
BUS 

The Am2915 is a universal Bus Transceiver useful for many system data, address, control and 
timing input/output interfaces. 

E-YTHEO!J 

I 
REMOTE 

OPERATION 
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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-fiollS with a built-in two-input multi
plexer on each. The flip-flop outputs are connected to four 
three-state bus drivers. Each bus driver is internally con
nected to the input of a receiver. The four receiver outputs 
drive four D-type latches. The device also contains a four
bit odd parity checker/generator. 

The LSI bus transceiver is fabricated using advanced low
power Schottky processing. All inputs (except the BUS 
inplits) are one LS unit load. The three-state bus output 
can sink up to 40mA at O.5V maximum. The bus enable 
inp,ut (BE) is used to force the driver outputs 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 common select input (S) controls 
the four multiplexers. When S is LOW, the Ai data is stored 
in the register and when S is HIGH, the Bi data is stored. 
The buffered common clock (DRCP) enters the data into 
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 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 i's 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) 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 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 is checked. 

DISTINCTIVE CHARACTERISTICS 

• Quad high-speed LSI buSCtransceiver 
• Three-state bus driver 
• Two-port input to Ootype register on driver 
• Bus driver output can sink 40mA at 0.5V 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 

MI L-STO-883 
• 3.5V minimum output high voltage for direct inter

face to MOS microprocessors 

LOGIC DIAGRAM 

~R3-----1LS~. 
SELECT L-====::+===I===========~:~ 
g~6~~A DRCP 0----------' 

~~!BLE BE o----_________ --<>[>-J 
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ORDERING INFORMATION 

Package Temperature Order 
Type Range Number 

Molded DIP O°C to +70°C AM2916PC 
Hermetic DIP O°C to +70°C AM2916DC 

Dice O°C to +70°C AM2916XC 
Hermetic DIP -55°C to +125°C AM2916DM 

Hermetic Flat Pak _55°C to +125°C AM2916FM 
Dice _55°C to +125°C AM2916XM 

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

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs (Except Bus) 

DC Output Current, I nto Bus 

DC Input Current 

ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2916XCICOM'L) TA=OOCtO+70oC VCCMIN.=4.75V VCCMAX.=5.25V 

Am2916XMIMIL) TA=-55°Cto+125°C VCCMIN.=4.50V VCCMAX.=5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions INot. 1) Min. Typ. 

VOL Bus Output LOW Voltage 
10L =24mA 

Vee = MIN. 
10L =40mA 

VOH Bus Output HIGH Voltage Vee = MIN. 10H = -20mA 2.4 

Vo - O.4V 

10 
Bus Leakage Current Vee = MAX. 

Vo = 2.4V (High Impedance) Bus enable = 2.4 V 
VO=4.5V 

10FF Bus Leakage Curtent Vo = 4.5V 

(Power OFF) Vee = OV 

VIH Receiver Input HIGH Threshold Bus enable = 2.4 V 2.0 

VIL Receiver Input LOW Threshold Bus enable = 2.4 V 

Ise Bus Output Short Circuit Current 
VCC = MAX. 

-50 -85 
VO=OV 

r:!YTHEo]J 

I 

i 

-O.5V to +7V 

-:-O.5V to +Vee max. 

-O.5V to +5.5V 

30mA 

100mA 

-30mA to +5.0mA 

Max. Units 

0.4 
Volts 

0.5 

Volts 

-200 

50 JlA 

100 

100 JlA 

Volts 

0.8 Volts 

-130 mA 
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ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2916XC(COM'L) TA~O°Cto+70°C VCCMIN.=4.75V VCCMAX.=5.25V 

Am2916XM(MIL) TA ~ _55°C to +125°C VCCMIN. = 4.50V VCCMAX. = 5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description 

VOH Receiver 
Output HIGH Voltage 

VOH 
Parity 
Output HIGH Voltage 

VOL 
Output LOW Voltage 
(Except Bus) 

VIH Input HIGH Level 
(Except Bus) 

VIL 
I nput LOW Level 
(Except Bus) 

VI Input Clamp Voltage (Except Bus) 

IlL Input LOW Current (Except Bus) 

IIH Input HIGH Current (Except Bus) 

II Input HIGH Current (Except Bus) 

ISC Output Short Circuit Current 
(Except Bus) 

ICC Power Supply Current 

SWITCHING CHARACTERISTICS 

Test Conditions (Not. 1) 

VCC ~ MIN. I MIL: 10H = -1.0mA 

VIN = VIL or VIH I COM'L: 10H ~ -2.6mA 

VCC = 5.0V, 10H = -100"A 

VCC = MIN., 10H ~ -660"A 

VIN ~ VIH or VIL 

VCC ~ MIN. 

VIN = VIL or VIH 

Guaranteed input logical HIGH 
for all inputs 

Guaranteed input logical LOW 
for all inputs 

VCC ~ MIN., liN = -18mA 

VCC ~ MAX., VIN = O.4V 

VCC = MAX., VIN = 2.7 V 

VCC = MAX., VIN ~ 7.0V 

VCC = MAX. 

VCC = MAX., All Inputs = GND 

MIL 

COM'L 

10L =4.0mA 

10L -8.0mA 

10L - 12mA 

BE, RLE 

All other inputs 

Am2916XM 
Typ. 

Min. 
2.4 

2.4 

3.5 

2.5 

2.7 

2.0 

-30 

Parameters Description Test Conditions Min. (Note 2) Max. 

tpHL CL (BUS) = 50 pF 21 36 
Driver Clock (DRCP) to Bus 

RL(BUS) = 13O:.i..1 tPLH 21 36 

tZH, tZL 
Bus Enable (BE) to Bus ~~ "V 13 26 

tHZ, tLZ 

r?-~ ,,~ 
~~ 13 26 

ts '_<tP Data Inputs (A or B) 
~8.0 th 

~ ~~~ ts 28 
Select Inputs (5) ~ &~~~ th ~~ 8.0 

tpw Clock Pulse Width (HIGH) L. ~~ ","'~,,~O 20 

tpLH 
Bus to Receiver Output L\~ , ~,v~~' 18 30 

tpHL (Latch Enabled) V" C> 18 30 

tPLH 
Latch Enable to Receiver ou:)t ~<t-4f. 

~«; ~ 21 30 v~ 
tpHL 21 30 

ts ,,'(' 17 

th 
Bus to Latch Enable (R LE) 

CL=15pF 6.0 

tpLH A or B Data to Odd Parity Output RL = 2.0k!1 21 36 

tpHL (Driver Enabled) 21 36 

tpLH Bu. to Odd Parity Output 21 36 

tpHL (Driver Inhibited, Latch Enabled) 21 36 

tPLH Latch Enable (RLE) to 21 36 

tpHL Odd Parity Output 21 36 

Typ, 
(Not. 2) 

3.4 

3.4 

3.4 

3.4 

0.27 

0.32 

0.37 

75 

Max. 

0.4 

0.45 

0.5 

0.8 

-1.2 

-0.72 

-0.36 

20 

100 

-85 

110 

Am2916XC 
Typ, 

Min. (Note 2) Max, 

21 32 

21 32 

13 23 

13 23 

20 

6.0 

25 

6.0 

17 

18 27 

18 27 

21 27 

21 27 

14 

4.0 

21 32 

21 32 

21 32 

21. 32 

21 32 

21 32 

Units 

Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

mA 

"A 

"A 

mA 

mA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

·ns 

ns 

Notes: 1. For conditions shown as MI N. or MAX., use the appfopriat8 value specifi~d under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, 25°C ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test shoul not exceed one second. 
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INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

DRIVEN INPUT BUS DRIVING OUTPUT 

17kn son 60n 

J OUTPUT, ODD 

INPUT o----<P---J<~I_-<l>--D ........... -

INPUT A 
OR 

INPUT B 

Note: Actual current flow direction shown. 

R 

SWITCHING TEST CIRCUIT 

TEST 
POINT 

Am2916 OR I-----< .... --,....--,....--K 
000 

BUS 

p6~~i O---..,...-.... - ...... -Klf-----<l>-f)l-ll)t-il)f-....,---<~ 

DRIVER 
CLOCK 

A INPUT 

BUS 
OUTPUT 

RECEIVER 
OUTPUT 

SWITCHING WAVEFORMS 

f \\..------Jf---,---r--_ -_ ::~ 
,"=+'h_1 I 

~ I 1/////////// I ~ ::: 
'PLH-----j f-- 'PHL---l l-

I r----------------~~~----- VOH -X' , -j\ :;: 
'PHL~ 'PLH C VOH 

.. t\ F'3V 
~ _____________ __J. VOL 

Note: Bus to Receiver output delay is measured by clocking data into the driver register 

and measuring the BUS to R combinatorial delay. 
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FUNCTION TABLE 

INPUTS 
INTERNAL 

BUS OUTPUT TO DEVICE FUNCTION 
S Aj Bj DRCP BE RLE OE OJ OJ BUSj Rj 

X X X X H X X X X Z X Driver output disable 

X X X X X X H X X X Z Receiver output disable 

X X X X H L L X L L H Driver output disable and receive data 

X X X X H L 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 

t X X X X X 
Load driver register 

H X L L X 

H X H t X X X H X X X 

X X X L X X X NC X X X 
No driver clock restrictions 

X X X H X X X NC X X X 

X X X X L X X L X H X 
Drive Bus 

X X X X L X X H X L X 

x = Don't care i = 0.1.2.3 H = HIGH 
L = LOW 

Z =HIGHlmpedance 
NC = No change t = LOW-to-HIGH transition 

DEFINITIONS 

Ao. A,. A2. A3 The "A" word data input into the two 
input multiplexer of the driver register. 

80. B,. B2. B3 The "B" word data input into the two 
input multiplexers of the driver register. 

S 

DRCP 
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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 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. 

BUSo. BUS, 

BUS2·BUS3 

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

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

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

Output Enable. When the OE input is 
HIGH. the four three state receiver out
puts are in the high-impedance state. 

~YTHEO]J 



SELECT 

CLOCK 

BUS 
ENABLE 

LATCH 
ENABLE 

~YTHE03J 

CONNECTION DIAGRAM 
Top View 

RLE 2' Vee 

RO 23 ORCP 

"0 22 R3 

AD 21 B3 

BUSo 20 A3 

GND, 19 BUS3 
Am2916 

BUS, lB GND2 

Al 17 BUS2 

"I 16 A2 

R, 10 IS B2 

BE 11 I. R2 

000 12 13 

Note: Pin 1 is marked for orientation. 

-

1111 1111 I I 
A B I I 

'-- S I I 
'------ DRCP 

I I 
Am2916 I I 

,--< BE 

r< RLE 

R 000 BUS 

1111 1111 

---
-

BITS 
4--7 

BITS 
0--3 

METALLIZATION AND PAD LAYOUT 

(NOT AVAILABLE AT THE 
TIME OF THIS PRINTING.) 

APPLICATIONS 

llJJ 1111 III \111 
A B A B 

'-- S '-- S 

'------ DRCP ~ DRCP 
Am2916 Am2916 

,--< BE ,.--< BE 

r< RLE r< RLE 

R 000 BUS R ODD BUS 

1111 BITsl I I I II I ~usll'T~ I 
12-15 

~ BITS 
8-11 rrfl,. 

I I 
~OOD/EVEN 

CONTROL 
L = EVEN 

P, P2 P3 P4 Ps Pe 

Am82S62 

EVEN 

P7 Pa Pg 
H = ODD 

I 
CHECK 

PARrTYOUTPUT 

Generating or checking parity for 16 data bits. 

!' 

I' 
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Am2917 Quad Three-State Bus Transceiver With Interface Logic 

FUNCTIONAL DESCRIPTION 

The Am2917 is a high-performance, low-power Schottky bus 
transceiver intended for bipolar or MaS 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 latches, that feature three-state outputs. The device 
also contains a four-bit 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 O.5V maximum. 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 input register consists of four D-type flip-flops with a 
buffered common clock. The buffered common clock (DRCP) 
enters the Ai data into this driver register on 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 to receiver output. 
The four receivers each feature a built-in D-type latch that is 
controlled from the buffered receiver latch enable (R LE) 
input. When the R LE 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 latch 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 (OE) input. When 
OE is HIGH, the receiver outputs are in the high-impedance 
state. 

The Am2917 features a built-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 d~ta 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, parity is 
generated and if the driver is in the high-impedance state, the 
BUS parity is checked. 

DISTINCTIVE CHARACTERISTICS 

• Quad high-speed LSI bus-transceiver 
• Three-state bus driver 
• D-type register on driver 
• Bus driver output can sink 40mA at 0.5V max 
• Internal odd 4-bit parity checker/generator 
• Receiver has output latch for pipeline operation 
• Three-state receiver outputs sink 12mA 
• Advanced low-power Schottky processing 
• 100% reliability assurance testing in compliance with 

MIL-STD-883 
• 3_5V minimum output high voltage for direct inter

face to MOS microprocessors 

LOGIC DIAGRAM 

A, o-D---+-I 

A20-1> ....... -I--i 

A, 0-0""'-+-; 

PARITY 

g~6~~A DACP 

~~~BLE BE 0---------00 ........ 
RECEIVER 

L--____ -04Q--o RlE LATCH 
ENABLE 
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Package 
Type 

Molded DIP 
Hermetic DIP 

Dice 
Hermetic DIP 

ORDERING INFORMATION 

Temperature 
Range 

o°C to +70°C 
O°C to +70°C 
O°C to +70°C 

• Hermetic Flat Pak 
Dice 

-55°C to +125°C 
_55°C to +125°C 
_55°C to +125°C 

tAvailable on special order. 

Order 
Number 

AM2917PC 
AM2917DC 
AM2917XC 
AM2917DM 
AM2917FM 
AM2917XM 

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

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Ground Potential 

DC Voltage Applied to Outputs for HIGH Output State 

DC Input Voltage 

DC Output Current, Into Outputs (Except BUS) 

DC Output Current, I nto Bus 

DC Input Current 

ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2917XC(COM'L) TA=O'Ct0+70'C VCCM1N.=4.75V VCCMAX.=5.25V 

Am2917XM(MIL) TA=-55'Cto+125°C VCCMIN.=4.50V VCCMAX.=5.50V 

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 

Parameters Description Test Conditions (Note 1) Min. Typ. 

10L =24mA 
VOL Bus Output LOW Voltage VCC = MIN. 

10L -40mA 

VOH Bus Output HIGH Voltage VCC = MIN. 10H - -20mA 2.4 

VO=0.4V 

10 
Bus Leakage Current VCC = MAX. 

VO=2.4V 
(High Impedance) Bus enable = 2.4 V 

Vo -4.5V 

10FF 
Bus Leakage Current Vo =4.5V 

(Power OFF) VCC = OV 

VIH Receiver Input HIGH Threshold Bus enable = 2.4 V 2.0 

VIL Receiver Input LOW Threshold Bus enable = 2.4 V 

ISC Bus Output Short Circuit Current 
VCC = MAX. 

-50 -85 
Vo =OV 

~YTHEO!J 

-0.5 V to+7 V 

-0.5 V to +VCC max. 

-0.5 V to +5.5 V 

30mA 

l00mA 

-30 mA to +5.0 mA 

Max. Units 

0.4 
Volts 

0.5 

Volts 

-200 

50 #A 

100 

100 #A 

Volts 

0.8 Volts 

-130 rnA 
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ELECTRICAL CHARACTERISTICS 
The following conditions apply unless otherwise noted: 

Am2917XC (COM'L) TA ~ OOC to +70o C VCCMIN. ~ 4.75V VCCMAX. ~ 5.25V 

Am29l7XM(MIL) TA--55°Cto+125°C VCCMIN.~4.50V VCCMAX.~5.50V 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
Parameters Description Test Conditions (Not. 1) 

VCC ~MIN. I MIL: 10H ~ -1.0mA 

VOH Receiver 
VIN ~ VIL or VIH I COM'L: 10H ~ -2.6mA Output HIGH Voltage 
VCC ~ 5.0V, 10H ~ -100"A 

VOH 
Parity VCC ~ MIN., 10H ~ -660"A MIL 
Output HIGH Voltage VIN ~ VIH or VIL COM'L 

10L -4.0mA 

VOL 
Output LOW Voltage VCC ~ MIN. 

10L ~8.0mA 
(Except Bus) VIN ~ VIL or VIH 

10L ~ l2mA 

VIH Input HIGH Level Guaranteed input logical HIGH 
(Except Bus) for all inputs 

VIL 
Input LOW Level Guaranteed input logical LOW 
(Except Bus) for all inputs 

VI Input Clamp Voltage (Except Bus) VCC ~ MIN., liN ~ -18mA 

IlL Input LOW Current (Except Bus) VCC ~ MAX., VIN ~ O.4V 
BE, RLE 

All other inputs 

IIH Input HIGH Current (Except Bus) Vec = MAX., VIN = 2.7V 

II Input HIGH Current (Except Bus) VCC = MAX., VIN = 7.0V 

ISC Output Short Circuit Current VCC = MAX. 
(Except Bus) 

ICC Power Supply Current VCC = MAX. 

10 
Off-State Output Current 

VCC = MAX. 
Vo = 2.4V 

(Receiver Outputs) Vo = O.4V 

SWITCHING CHARACTERISTICS 
OVER OPERATING TEMPERATURE RANGE 

Am2917XM 
Typ. 

Min. 
2.4 

2.4 

3.5 

2.5 

2.7 

2.0 

-30 

Parameters Description Test Conditions Min. (Note 2) Max. 

Driver Clock (DRCP) to Bus 

Bus Enable (BE) to Bus 

CL (BUS) ~ 50pF 

RL BUS) = 130n 

21 

21 

13 

13 

36 

36 

26 

26 

Typ. 
(Not. 2) 

3.4 

3.4 

3.4 

3.4 

0.27 

0.32 

0.37 

63 

Max. 

0.4 

0.45 

0.5 

0.8 

-1.2 

-0.72 

--0.36 

20 

100 

-85 

95 

20 

-20 

Am2917XC 
Typ. 

Min. (Note 2) Max. 

21 32 

21 32 

13 23 

13 23 

Units 

Volts 

Volts 

Volts 

VoltS 

Volts 

Volts 

mA 

"A 

"A 

mA 

mA 

"A 

Units 

ns 

ns 

ns A Data Inputs ~It:- 23 20 

Clock Pulse Width (HIGH) )-L.~;s-~ r ~ I. ~==~=~==:=====~======~==~='~==:======~=====:===ns==~ 
Bus to Receiver Output _U}. ~C ~/JI.. 1-__ + __ 18_-+-__ 30_-+ ___ +-_1_8_+_2_7_-1 ns 
(Latch Enabled) C'1t "/~1. ., •• ~ 18 30 18 27 

~~~C'~~O 7~"~~----~-21--~-30--~---+--2-1-+--2-7-+--~ 
Latch Enable to Receiver Output ~)-It. 11I.S' "-~"rf~r,~~~+,a--2-1-t--3-0-+---t--2-1-+--2-7--1 ns 

0u ~~~""1-f ~ 14 
Bus to Latch Enable (RLE) 

A Data to Odd ParitY Out 
(Driver Enabled) 

Bus to Odd ParitY Out 
(Driver Inhibit) 

Latch Enable (RLE) to Odd 
ParitY Output 

Output Control to Output 

CL = 15~ ~O .S'l'~&""" ... :..9.---'IO ... --~--t--4-.0-f----+----I 
RL = 2.0 kn )-/c::..I~~'~(.")-+-2-1-t-3-6-+--'---I--21-+---3-2-f---t 

ns 
IV 21 36 21 __ .1_-=3.::2_1-_--1 

ns 

21 36 21 32 
ns 

21 36 21 32 

21 36 21 32 
ns 

21 36 21 32 

14 26 14 23 
ns 

14 26 14 23 

Notes: 1. For conditions shown as MIN. or MAX" use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee"" s.OV, 2Soe ambient and maximum loading. 
3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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DRIVEN INPUT 

17kn 

J 

INPUT/OUTPUT CURRENT 
INTERFACE CONDITIONS 

BUS 

60n 5kn 

DRIVING OUTPUT 

60n 

INPUT o--<r~J---4"""'·Dt-.... -

-::- -::-

INPUT A 

BUS 

-::-

Note: Actual current flow direction shown. 

SWITCHING TEST CIRCUIT 

TEST 
POINT 

-::-

p6~~~ O---..,..-... - ..... -KII---4 ....... I)I-1I)1--I)J-.... -<~-::-
1.0kfl . 1 

DRIVER 
CLOCK 

A INPUT 

BUS 
OUTPUT 

SWITCHING WAVEFORMS 
3.0V 

t \ f-
r-"~'h-I I 

~ I fIIIIIIIIIII I ~ ::: 
tPLH-j f-- IPHL---l r--

I ,--------------------------~~----- VOH 

-{, j ::: 
_____________ t_PH_L~ 'pLH C V

OH 

1.3V 

OV 

RECEIVER 
OUTPUT \ F~:: 

Note: Bus to Receiver output delay is measured by clocking data into the driver register 

and measuring the BUS to R combinatorial delay. 

OUTPUT,OoO 
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FUNCTION TABLE 

INPUTS 
INTERNAL 

BUS OUTPUT TO DEVICE 

Ai DRCP 

X X 

X X 

X X 

X X 

X X 

L t 
H t 
X L 

X H 

X X 

X X 

H = HIGH 
L= LOW 

FUNCTION 
BE RLE OE Di °i BUSi Ri 

H X X X X Z X Driver output disable 

X X H X X X Z Receiver output disable 

H L L X L L H Driver output disable and receive data 

H L L X H H L via Bus input 

X H X X NC X X Latch received data 

X X X L X X X 

X X X H X X X 
Load driver register 

X X X NC X X X 
No driver clock restrictions 

X X X NC X X X 

L X X L X H X 
Drive Bus 

L X X H X L X 

Z = High Impedance X = Don't Care i = 0,1,2,3 

NC = No Change t = LOW-to-HIGH Transition 

PARITY OUTPUT FUNCTION TABLE DEFINITIONS 

BE ODD PARITY OUTPUT 

L ODD ; AO (j) A1 ffi A2 (j) A3 

H ODD ; 00 ffi 01 ffi 02 ffi 03 

DRCP Driver Clock Pulse_ Clock pulse for the driver register_ 

BE Bus Enable_ When the Bus Enable is LOW, the four 
drivers are in the high impedance state_ 

BUSo, BUS1, BUS2, BUS3 The four driver outputs and 
receiver inputs (data is inverted l-

RO, R1, R2, 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 R LE is LOW, data on the 
BUS inputs is passed through the receiver latches. When R LE 
is HIGH, the receiver latches are closed and will retain the 
data independent of all other inputs. 

ODD Odd parity output .. Generates parity with the driver 
enabled, checks parity with the driver in the high-impedance 
state_ 

OE Output Enable. When the OE input is HIGH, the four 
three-state receiver outputs are in the high-impedance state. 
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I/O 
BUS -
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CONNECTION DIAGRAM 
Top View 

Vee 

DRCP 

R3 

A3· 

GND, BUS3 

GND2 

A, BUS2 

R, A2 

R2 

DE 

METALLIZATION AND PAD LAYOUT 

INOT AVAILABLE AT THE 
TIME OF THIS PRINTING.) 

Note: Pin 1 is marked for orientation. 

BUS 

APPLICATIONS 

S BUS 

1 
A 

Am2917 
ADDRESS REGISTER 

BUS 

I Am2918 I-STATUS REGISTER 

A 

Am2917 MAIN DATA BUS MEMORY REGISTER 
R 

A 
Am2909 

Am2917 MICROPROGRAM 
SEQUENCER 

R 

j 
ROM/PROM 

MICROCODE 

I 
Am291B 

MICROWORD 
REGISTER 

R BUS 

The Am2917 can be used as an I/O Bus Transceiver and Main Memory I/O Transceiver 
in high-speed Microprocessor Systems. 

FLAGS Y 

I Am2901 
BIPOLAR 

MICROPROCESSOR 

0 

J 
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Quad D Register With Standard And Three-State Outputs Am2918 

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 Am2918 is a quadruple D-type register with 
four standard totem pole outputs and four three-state bus-type 
outputs. The 16-pin device also features a buffered common 
clock (CPI and a buffered common output control (DEI for 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 control" (DEI input is LOW. 
When the DE input is HIGH, the Y outputs are in the high
impedance state. 

The Am2918 register can be used in bipolar microprocessor 
designs as an address register, status register, instruction reg
ister or for various data or microword register applications. 
Because of the unique 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. 
Other 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 MI L-STD-883 
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ORDERING INFORMATION 

Package 
Type 

Molded DIP 
Hermetic DIP 

Dice 
Hermetic DIP 

Hermetic Flat Pack 
Dice 

Temperature 
Range 

aOc to +7aoC 
aOc to + 7aoC 
aOc to +7aoC 

_55°C to +125°C 
_55°C to +125°C 
-55°C to +125°C 

Order 
Number 

AM2918PC 
AM2918DC 
AM2918XC 
AM2918DM 
AM2918FM 
AM2918XM 

LOGIC DIAGRAM 

00-------1 

0, ----+---1 

O2 ----+---1 

°3---+---1 

CLOCK CP -1C><>-4-o1cp 

o~--------------oo 

.------0, 
STANDARD 

r-------- 02 OUTPUTS 

,-----03 

oH-----1 

L------++-.f><>--y, 

L-----++-f>O--Y2 

THREE-STATE 
OUTPUTS 
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vtAXIMUM RATINGS (Above which the useful life may be impaired) 

ito rage Temperature 

remperature (Ambient) Under Bias -55°C to +125°C 

iupply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous -O.5V to +7V 

)C Voltage Applied to Outputs for HIGH Output State -O.5V to +Vcc max. 

)C Input Voltage -O.5V to +5.5V 

)C Output Current, Into Outputs 30mA 

)C Input Current -30mA to +5.0mA 

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted) 
Am291BXC T A = aOe to +70°C Vee = 5.0V ± 5% (COM'L) MIN. = 4.75V MAX. = 5.2SV 
Am291BXM TA = -5SoC to +12SoC Vee= 5.0V ± 10% (MIL) MIN. = 4.5V MAX. = 5.5V 

Typ. 
~arameters Description Test Conditions (N ote , I Min. (Note 21 Max. Units 

IMIL 2.5 3.4 
Q 10H = -lmA I COM'L VCC = MIN., 2.7 3.4 

VOH Output HIGH Voltage Volts 
VIN = VIH or VIL I XM, 10H = -2mA 2.4 3.4 

y I XC, 10H = -6.5mA 2.4 3.4 

VOL Output LOW Voltage (Note 6) 
VCC = MIN" 10L = 20m A 

0.5 Volts 
VIN = VIH or VIL 

VIH Input HIGH Level 
Guaranteed input logical HIGH' 

2.0 Volts voltage for all inputs 

VIL Input LOW Level 
Guaranteed input logical LOW 

0.8 Volts voltage for all inputs 

VI Input Clamp Voltage VCC = MIN., liN = -18mA -1.2 Volts 

IlL Input LOW Current VCC = MAX., VIN = 0.5V -2.0 mA (Note 31 

IIH Input HIGH Current VCC = MAX., VIN = 2.7V 50 /loA (Note 31 

II Input HIGH Current VCC = MAX., VIN = 5.5V 1.0 mA 

Y Output Off-State I Vo = 2.4V 50 
10 VCC = MAX, /loA 

Leakage Current 1 Vo = O.4V -50 

ISC 
Output Short CirCUit Current VCC = MAX. 
(Note 4) 

-40 -100 mA 

I ICC Power Supply Current VCC = MAX. (Note 5) 80 120 mA 

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee = 5.0V, TAl=' 2SoC ambient and maximum loading. 
3. Actual input currents = Unit Load Current x Input load Factor (see Loading Rules). 
4. Not more than one output should be shorted at a time. Duration of the short circuit test shoud not exceed one second. 
5. ICC is measured with all inputs at 4.SV and all outputs open. 
6. Measured on Q outputs with Y outputs open. Measured on Y outputs with a outputs open . 

• witching Characteristics (TA = +25°C, vce = 5.0V, RL = 280m 

'arameters Description Test Conditions Min Typ Max Units 
tPLH 6.0 9.0 

tpHL 
Clock to Q Output ns 

8.5 13 

tpw Clock Pulse Width 7.0 ns 

ts Da~a CL = 15pF 5.0 ns 

th Data 3.0 ns 

tPLH Clock to Y Output 6.0 9.0 

tpHL (OE LOW) ns 
8.5 13 

tZH 
CL = 5pF 

12.5 19 

tZL 
Output Control to Output 

12 18 

tHZ 
ns 

CL = 50pF 
4.0 6.0 

tLZ 7.0 10.5 

f max Maximum Clock Frequency CL = 15pF 75 100 MHz 
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DEFINITIONS 

Di The four data inputs to the register. 
OJ The four data outputs of the register with standard 
totem-pole active pull-up outputs. Data is passed non
inverted. 
Vi The four three-state data outputs of the register. When 
the three·state outputs are enabled, data is passed noil
inverted. A HIGH on the "output control" input forces the 
Vi outputs to the high-impedance state. 
CP Clock. The buffered common clock for the register. 
Enters data on the LOW-to-HIGH transition. 

OE Output Control. When the OE input is HIGH, the Vi 
outputs are in the high-impedance state. When the OE input 
is LOW, the TRUE register data is present at the Vi outputs. 

OE 

H 
H 
H 
H 
L 
L 
L 
L 

L= LOW 
H = HIGH 

INPUTS 

CLOCK 
CP 

L 
H 
t 
t 
t 
t 
-
-

TRUTH TABLE 

OUTPUTS 
NOTES 

D 0 V 

X NC Z -
X NC Z -
L L Z -
H H Z -
L L L -
H H H -
- L L 1 
- H H 1 

NC = No change 

X = Don't care 
t = LOW to HI G H transition 
Z = High impedance 

Note: 1. When OE is LOW, the Y output will be in the same logic 
state as the a output. 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 Is marked for orientation. 

LOADING RULES (In Unit Loads) 

Fan-out 
Input Output Output 

Input/Output Pin No:s Unit Load HIGH LOW 

DO 

00 2 20 10' 

Vo 3 40/130 10' 

Dl 4 

01 5 20 10' 

6 40/130 10' 

OE 7 

GND 8 

CP 9 

10 40/130 10' 

11 20 10' 

12 

13 40/130 10' 

14 20 10' 

15 

VCC 16 

A Schottky TTL Unit Load is defined as 50~A measured at 2.7V 
HIGH and -2.0mA measured at O.SV LOW. 

·Fan-out on each OJ and Vi output pair should not exceed 15 unit 
loads (30mAI for i = O. 1,2,3. 

Metallization and Pad Layout 

,. a3 

Yo 13 Y3 

12 D, 

0, 11 a, 

Y, 'D Y, 

CP 

GND 

DIE SIZE: 0.067" x 0.090" 

SCHOTTKV INPUT/OUTPUT 
CURRENT INTERFACE CONDITIONS 

V~ ______ Y~D~R~IV~IN~G~O~U~TP~UT~ __ ~ ______ ~a~D_R~IV~IN~G~O~UT~P_UT~ ____ +-__ ~OR~I~VE~N~INtP_UT ____ _ 

Note: Actual current flow direction shown. 
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Am2901 
BIPOLAR 

MICROPROCESSOR 

{ CAR 
FLAGS OVE 

ZER 

RY 
RFLOW 
o 
ATIVE NEG 

° 
Am2918 

° Y 

I 
CONTINUOUS 
FLAG DATA 

LFLAG DATA 
FOR BUS USE 

The Am2918 as a 4·8it 
status register 

CLOCK 

OUTPUT 
CONTROL 

-
-
-
-

Do 
0, 

O2 

°3 

DO 

Yo 

I 

I 
I 

0, 02 

Am291B 

Y, Y2 

I 

I 

APPLICATIONS 

DATA 
Am291a Am2901 IN 

BIPOLAR ° DATA-IN 
MICROPROCESSOR REGISTER 

-Y 

DATA t OUT 
Z 

Am2918 Am26S10 

>-- ° DATA·OUT ° I BUS 
REGISTER TRANSCEIVER 

CONTROL 1 PANEL 

I DISPLAY 

Y 

Am2918 Am26S10 

'-- ° ADDRESS ° BUS 
REGISTER TRANSCEIVER 

The Am2918 used as data-in, data-out 
and address registers. 

8USA 

1 I I 
1 I 

1 

I I I 
I cpW L I I 

03 Y3 Y2 Y, Yo 
°01--

CP 
0,1--

Am2918 
°21--

OE~ I 
OE 

°31--Y3 0 3 O2 0, DO 

I I I 
I I I 

T 
I I 

I I I 
B, 

BUSS 

B_ 

r--

CLOCK 

OUTPUT 
CONTROL 

DATA 
BUS 

ADDRESS 
BUS 

The Am2918 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 8-bus and 
drives the A-bus. The output control is used to place either or both drivers in the high·impedance state. 
The contents of each register are available for continuous usage at the Nand M ports of the device. 

Xo X, X2 X3 

SERIAL 
DATA 

IN 

00 00 0, a, 02 O2 0 3 0 3 

CP 

Am2918 

OE 
Yo Y, Y, Y3 

CLOCK 

BUS 
CONTROL 

Wo W, ,W2 W3 

x, 

DO 00 0, a, O2 O2 03 0 3 
.----tCP 

Am2918 

OE 

SERIAL 
DATA 
OUT 

8-8it serial to parallel converter with three-state output (WI and direct access to the register word (Xl. 
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256 Bit Random Access Memories 

DESCRIPTION 

The 93411 and 93411 A are high speed 256-bit TTL ran
dom access memories with full decoding on chip. They are 
organized 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. An uncommitted collector 
output is provided to permit "OR-ties" for ease of memory 
expansion. 

CONNECTION DIAGRAM 

PIN NAMES 

CS1' CS2' CS3 

16 Ao- A7 

15 DIN 

14 
DOUT 
WE 

13 

12 

Chip Select Inputs 
11 

Address Inputs 
10 Data Input 

Data Output 

NOTE: Write Enable 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 

NOTES: 
a. 1 Unit Load (U.L.) = 4O/lA HIGH/ 1.6 mA LOW 

LOADING 
(Notes a, b) 

0.5 U.L. 

0.5 U.L. 

0.5 U.L. 

10 U.L. 

0.5 U.L. 

9341193411A 

DISTINCTIVE CHARACTERISTICS 

• Replacement for 54/745206 and equivalent devices 
• Organization-256 words by one bit 
• Three high speed chip select inputs 
• Typical access time 

93411 A Commercial 40nsec 
93411 Commercial 45nsec 
93411 Military 45nsec 

• On chip decoding 
• Power dissipation -1.2mW/bit 
• Power dissipation decreases with temperature 
• Inverted data output 

ORDERING INFORMATION 

ORDER CODE 

45 ns Typical Access Time 

93411 DC 

93411DM 

93411PC 

93411 FM 

40 ns Typical Access Time 

93411ADC 

*Commercial = 0'" c to + 75'" C 
Military = -55'e to +125'e 

PACKAGE 

Ceramic DIP"" 

Ceramic DIP"" 

Plastic DIP 

Flatpak 

Ceramic DIP"" 

""Available in both ceramic DIP package options. 

TEMPERATURE" 

Commercial 

Military 

Commercial 

Military 

Commercial 

b. 10 U.L. is the output LOW drive factor. An external pull~up resistor is needed to provide HIGH 
level drive capabilitv. This output will sink a maximum of 16 mA at VOUT = 0.45 V. 

X ADDRESS WORD 
DECODER DRIVER 

~::{}D-
@AJ 

Vee = Pin 16 

GND = Pin 8 

o = Pin Numbers 

66 

LOGIC DIAGRAM 

16 ~ lG 
ARRAY 

MEMORY CfLL 

1--.,---....,-...1 

~0 
Csi0 
Csj® 

we@ 

DIN@ 

14 

113 

10 

11 

LOGIC SYMBOL 

346 

A, 

A2 

Aa 

A4 

A6 

A6 

A7 

93411/93411A 

DOUT 

Vee = Pin 16 

GND = Pin 8 
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FUNCTIONAL DESCRIPTION 

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

Three chip select inputs are provided for logic flexibility. 
For larger memories, 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 DIN is written into 
the addressed location. To read, WE is held HIGH and the 
chip selected. Data in the specified location is presented at 

DOUT 

Uncommitted collector outputs are provided to allow maxi
mum flexibility in output connection. In many applica
tions, such as memory expansion, the outputs of several 
93411's or 93411A's can be tied together. In other appli-

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

VCC (MAX) 

16 - F.O. (1.6) 

RL is in kU 

VCC (MIN) - VOH 

n (lCEX) + F.O. (0.04) 

n ~ number of wired-OR outputs tied together 
F_O. ~ number of TTL Unit Loads (U_L.) driven 
ICEX ~ Memory Output Leakage Current in mA 
VOH ~ Required Output HIGH level at Output Node 

The minimum value of R L is limited by output current 
sinking ability. The maximum value of RL is determined by 
the output and input leakage current wh ich must be sup
plied to hold the output at VOH. 

TABLE I - TRUTH TABLE 

eS 1 eS2 
PIN 3 PIN 4 

H X 

X H 

X X 

L L 

L L 

L L 

H :::: HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care (HIGH or LOWI 

INPUTS OUTPUT 

eS3 WE DIN DOUT 
PIN 5 

X X X H 

X X X H 
H X X H 

L L L H 

L L H H --
L H X DOUT 

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired) 
Storage Temperature 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

'Input Voltage (de) 
'Input Current (de) 

"Voltage Applied to Outputs (output HIGH) 
Output Current (de) (output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
**Output Current Limit Required. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (Vee) 

MIN TYP 

93411Axe, 93411Xe 4.75 V 5.0 V 

93411XM 4.50 V 5.0 V 

MODE 

Not Selected 

Not Selected 

Not Selected 

Write "0" 

Write "1" 

Read inverted data from 
addressed location 

-65°C to +1500 C 
-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-12 mA to +5.0 mA 
-0.5 V to +5.50 V 

+20mA 

AMBIENT TEMPERATURE 
MAX Note 4 

5.25 V DoC to +75°e 

5.50 V -55°C to +125°e 

X:::: package type; F for Flatpak. D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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DC CHARACTERISTICS' Over Operating Temperature Ranges Notes 1 2 and 4 

SYMBOL PARAMETER 
LIMITS 

UNITS CONDITIONS 
MIN TYP MAX 

(Note 3) 

VOL Output LOW Voltage 0.3 0.45 V VCC = MIN, IOl = 16 mA 

VIH Inl/ut HIGH Voltage 2.0 1.6 V 
Guaranteed Input logical HIGH 
Voltage for all Inputs 

Vil Input lOW Voltage 1.5 0.S5 V 
Guaranteed Input logical lOW 
Voltage for all Inputs 

IlL Input lOW Current -530 -SOO Jl.A VCC = MAX, VIN = 0 V 

IIH Input HIGH Current 1.0 20 Jl.A VCC = MAX, VIN = 4.5 V 

ICEX Output Leakage Current 1.0 50 Jl.A VCC = MAX, VOUT = 4.5 V 

VCD Input Clamp Diode Voltage -1.0 -1.5 V VCC = MAX, liN = -10 mA 

93411XC 90 124 TA = +75°C VCC = MAX, WE Grounded, 

ICC 
Power Supply 93411AXC 100 135 mA TA OoC all other inputs @ 4.5 V 

Current 90 117 TA - +125°C 
93411XM 

100 143 TA - 55°C 

AC CHARACTERISTICS' Over Guaranteed Operating Ranges Notes 1 2 4 5 6 

93411AXC 93411XC 93411XM 
SYMBOL CHARACTERISTIC MIN TYP MAX MIN .TYP MAX MIN TYP MAX UNITS CONDITIONS 

(Note (Note (Note 
3) 3) 3) 

READ MODE DELAY TIMES 

tACS Chip Select Time 25 30 25 30 25 40 See Test Circuit 
tRCS Chip Select Recovery Time 25 25 25 25 25 35 ns and Waveforms 
tAA Address Access Time 40 45 45 55 45 65 Note 5 

WRITE MODE DELAY TIMES 
tws Write Disable Time 10 20 35 10 20 35 10 20 45 
tWR Write Recovery Time 25 40 25 40 25 50 

ns 

INPUT TIMING 
REQUIREMENTS 

tw Write Pulse Width 40 25 40 25 50 25 See Test Circuit 
(to guarantee write) and Waveforms 

tWSD Data Set-Up Time Prior to Write 0 0 0 0 0 0 Note 6 
tWHD Data Hold Time After Write 5 0 5 0 5 0 
tWSA Address'Set-Up Time 0 0 0 0 0 0 ns 
tWHA Address Hold Time 5 0 5 0 5 0 
tWSCS Chip Select Set-Up Time 0 0 0 0 0 0 
tWHCS Chip Select Hold Time 5 0 5 0 5 0 

CI Input lead Capacitance 4 5 4 5 4 5 pF 
Measured with 

Co OutpU! lead Capacitance 7 S 7 B 7 8 pulse technique 

NOTES: 
1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
2. The specified LIMITS r'epresents the "worst case" value for the parameters. Since these "worst case" values normally occur at the temperature and sup

ply voltage e~t!'eme5. additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
3. Tvpicallimits are at VCC = 5.0 V, T"; = +25°C, and MAX loading. . 
4. The Temperature Ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a two minute warm-up. Temperature range 

of operation refers to case temperatu~e for Flatpaks an~ am~ient temperature for all other packages. Typical thermal resistance values of the package 
at maximum temperature are: 

B JA (Junction to Ambient) (at 400 fpm air flow) = 50°C/Watt, Ceramic DIP; 65°C/Watt, Plastic DIP; NA, Flatpak. 
BJA (Junction to Ambi~ntl (still air) = 90°C/Watt, Ceramic DIP; 1 laoC/Watt. Plastic DIP; NA, Flatpak. 
8JC (Junction to Case) = 25°C/Watt. C~ramic DIP; 25°C/Watt. Plastic DIP; 10°C/Watt, Flatpak. 

5. The MAX address access time is gUEl"anteed to be the "worst case" bit in the memory using a pseudo random testing pattern. 
6. tW·measured at tWSA = MIN, tWS'-;' meas~red at tw = MIN. ' 



AC TEST LOAD AND WAVEFORM 

LOADING CONDITION 

5Qij'i-

93411/93411A 
256·81T 

6oo!! READ/WRITE 
MEMORY 

Vee 

300!! 

30pF 

(CAPACITANCE 
INCLUDING SCOPE 
ANOJIGJ 

INPUT PULSES 

ALL INPUT PULSES 

T.~ --1:- -------------~ ----9" 

~ ~ - - - - - - - - - - - - - - ~-\- - -10% 
I I I 1'------, 

GNO 

, -

~ t--10ns 

, , 
-.! ~lOn5 

AC WAVEFORMS 

READ MODE 

PROPAGATION DELAY FROM CHIP SELECT PROPAGATION DELAY FROM ADDRESS 

Csl Cs2 CS3 
CHIP SELECT \,--------,1 AO III A] X 

----~ : ~-----------------

DOUT 

OATA OUTPUT 

CHIP SelECT 

AO toA7 

ADDRESS 

O'N 
DATA IN 

WE 
WRITE ENABLE 

\ r DOUT X 
DATAO_UT_'_UT ___ -,r-______ --' : \.. ____ _ 

~ ____ ,_-----J , , 
"-""-tRCS---' , 

(ALL TIME MEASUREMENTS REFERENCED TO 1.5 V) 

WRITE MODE 

"---IAA---, 

\\.....---____ -----I[ 
-----JX X,-----,-------,-- , "--_______________________ -J , _______ 

I 

x X ----r---------~------J , ~ ____________________ _J , ~ ______ ,_--------~--

, 
~-tw----I , , 

,-------IWSCS-----~·..J, 
I ,. ___ t' :' ==~---tWHCS------

DOUT I \ DA.TA.QU't-PUT 
______________________ ~__J : : ~ ____________ __ 

, 
r--tWS---J , 

, , 
.---tWR~ 

(ALL TIME MEASUREMENTS REFERENCED TO 1.5 V) 
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93415 93415A 

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 typical access 
times of 40nsec for the 93415 and 30nsec for the 93415A. 

The 93415 and 93415A include full decoding on chip, sep· 
arate Data Input and Data Output 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 memory expansion. 

70 

CONNECTION DIAGRAM 

cs Vee 

AD DIN 

Al WE 

A, A9 

A3 AS 

A4 A7 

°OUT A6 

GNo A5 

NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dual In-Line Package. 

PIN NAMES 

CS 
AO -Ag 
WE 

DIN 

DOUT 

Chip Select 
Address Inputs 

Write Enable 

Data Input 

Data Output 

LOGIC DIAGRAM 

'0 

(]) " 
'7 

; '7 

" " 

VCC ~ Pin 16 
GND ~ Pin 8 

A5 A6 A7 Aa Ag o = Pin Numbers 
7 1 01 11~ , 2 

1024 Bit Random Access Memories 

DISTINCTIVE CHARACTERISTICS 

• Uncommitted collector output 
• TTL inputs and output 
• Non-inverting data output 
• Organized 1024 words by one bit 
• Typical read access time 

93415A Commercial 
93415 
93415 

Commercial 
Military 

30nsec 
40nsec 
40nsec 

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

ORDERING INFORMATION 

ORDER CODE PACKAGE TEMPERATURE * 

40 ns Typical Access Time 

93415DC Ceramic DIP Commercial 

93415DM Ceramic DIP Military 

93415PC Plastic DIP Commercial 

93415FM Flatpak Military 

30 ns Typical Access Time 

93415ADC C.ramic DIP Commercial 

93415APC Plastic DIP Commercial 

*Commercial = 0° C to + 75'" C 
Military ~ -55'C to +125'C 

LOGIC SYMBOL 

! ! 
CS DIN WE 

AD 

A, 

A2 
0, A3 

A4 
934'5/934'5A B 

A5 

A6 

we A7 

A8 

'" A9 
DOUT 

VCC~Pin16 

GND = Pin 8 
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FUNCTIONAL DESCRIPTION 

The 93415/93415A are fully decoded 1024·bit random ac· 
cess memories organized 1024 words by one bit. Bit selec· 
tion is achieved by means of a 10·bit address, AO to A9. 

The Chip Select input provides for memory array expansion. 
For large memories, the fast chip select access time permits 
the decoding of chip select (CS) from the address without 
affecting system performance. 

The read and write operations are controlled by the state of 
the active LOW Write Enable (WE, Pin 14). With WE held 
LOW and the chip sele!:ted, the data at DIN is written into 
the addressed location. To read, WE is held HIGH and the 
chip selected. Data in the specified location is presented at 

DOUT and in non·inverted. 

Uncommitted collector outputs are provided to allow maxi· 
mum flexibility in output connection. In many applications 
such as memory expansion, the outputs of many 93415's 
or 93415A's can be tied together. In other applications the 
wired·OR is notused. In either case an external pull·up reo 

sistor of R L value must be used to provide a HIGH at the 
output when it is off. Any RL value within the range spec· 
ified below may be used. 

VCC(MIN) 

IOL - FO(1.6) 

RLisinkn 

VCC(MIN) - VOH 

n(lCEX) + FO(0.04) 

n = number of wired·OR outputs tied together 
FO = number of TTL Unit Loads (UL) driven 
ICEX = Memory Output Leakage Current 
VOH = Required Output HIGH Level at Output Node 
IOL = Output LOW Current 

The minimum RL value is limited by output current sinking 
ability. The maximum RL value is determined by the out· 
put and input leakage current which must be supplied to 
hold the output at VOH. One unit load = 40).lA HIGHI 
1.6mA LOW. 

TABLE I - TRUTH TABLE 

INPUTS OUTPUT 

CS WE DIN 
Open 

Collector 

H X X H 

L L L H 

L L H H 

L H X DOUT 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care (HIGH or LOW) 

MODE 

NOT SELECTED 

WRITE "0" 

WRITE "1" 

READ 

ABSOLUTE MAXIMUM RATINGS (above whieh the useful life may be impaired) 
Storage Temperature -65'C to +150'C 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

*Input Voltage (de) 

*Input Current (de) 

Voltage Applied to Outputs (Output HIGH) 
Output Curr.ent (de) (Output LOW) 

* Either input voltage or input current limit is sufficient to protect the input. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCC) 

MIN TYP 

93415XC.93415AXC 4.75 V 5.0V 

93415XM 4.50 V 5.0V 

-55'C to +125'C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-12 rnA to +5.0 mA 
-0.5 V to +5.5 V 

+20 mA 

AMBIENT TEMPERATURE (TA) 

MAX (Note 4) 

5.25 V O°C to +75'C 

5.50 V -55'C to +125'C 

X"" package type; F for Flatpak, 0 for Ceramic DIP, P for Plastic DIP. See Packaging Information Section for packages available on this product. 
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DC CHARACTERISTICS: Over Operating Temperature Ranges (Notes 1,2,4) 

SYMBOL CHARACTERISTIC 
MIN 

LIMITS 

TYP (Note 3) MAX 
UNITS CONDITIONS 

VOL Output LOW Voltage 0.3 0.45 V VCC = MIN, IOL = 16 mA 

VIH Input HIGH Voltage 2.1 1.6 V Guaranteed Input HIGH Voltage for all Inputs 

VIL Input LOW Voltage 1.5 0.8 V Guaranteed Input LOW Voltage for all Inputs 

IlL I nput LOW Current -250 -400 I"A VCC = MAX, VIN - 0.4 V 

1.0 40 I"A VCC = MAX, VIN 4.5 V 
IIH Input HIGH Current 

1.0 mA VCC = MAX, VIN = 5.25 V 

ICEX Ou'tput Leakage Current 1.0 100 I"A VCC = MAX, VOUT = 4.5 V 

VCD I nput Diode Clamp Voltage -1.0 -1.5 V VCC = MAX, liN = -10 mA 

95 130 mA TA;' 75°C 

ICC Power Supply Current 155 mA TA = O°C 
VCC = MAX, 

170 mA TA = -55°C 
All Inputs Grounded 

AC CHARACTERISTICS: Over Guaranteed Operating Ranges (Notes 1,2,4,5,6) 

93415AXC 93415XC 93415XM 

SYMBOL CHARACTERISTIC MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 

(Note 3) (Note 3) (Note 3) 

READ MODE DELAY TIMES 

tACS Chip Select Time 15 30 15 40 15 45 See Test Circuit 

tRCS Chip Select Recovery Time 15 30 20 
ns 

40 20 50 and Waveforms 

tAA Address Access Time 30 45 40 70 40 75 

WRITE MODE DELAY TIMES 

tws Write Disable Time 20 30 20 40 20 45 

tWR Write Recovery Time 20 40 25 
ns 

50 45 55 

INPUT TIMING 

REQUIREMENTS 

tw Write Pulse Width 35 25 50 25 55 25 

(to guarantee write) 
See Test Circuit 

and Waveforms 
twSD Data Set-Up Time Prior to Write 5 0 5 0 5 0 

tWHD Data Hold Time After Write 5 0 5 a 5 0 
ns 

tWSA Address Set·Up Time 5 0 15 0 15 0 

tWHA Address Hold Time 5 a 5 0 5 0 

twSCS Chip Select Set·Up Time 5 0 5 a 5 0 

tWHCS Chip Select Hold Time 5 0 5 a 5 0 

CI Input Pin Capacitance 4 5 4 5 4 5 

Co Output Pin Capacitance 7 8 7 8 7 8 
pF 

NOTES, 
1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
2. The specified LIMITS represents the "worst case" value for the parameters, Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

~. Tvrica l values at Vee ~ 5.0 V, T A"" : 2SoC, a .... d MAX loading. 
4. Temperature Ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a two minute warm-up. Typical 

thermal resistance values of the package at maximum temperature are: 

0JA (Junction to Ambient) (at 400 fpm air flow) "" 50° C/Watt, Ceramic DIP; 65° C/Watt, Plastic DIP; NA, Flatpak. 
(JJA (Junction to Ambient) (stilt air)::: 90o C/Watt, Ceramic DIP; 110°C/Watt, Plastic DIP; NA, Flatpak. 
8JC (Junction to Case) = 25°C/Watt, Ceramic DIP; 25°C/Watt, Plastic DIP; 10°C/Watt, Flatpak. 

5. The MAX address access time is guaranteed to be the "worst case" bit in the memory using a pseudo random testing pattern. 
6. tw measured at tWSA::: MIN, tWSA measured at tW::: MIN. 
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is 

LOADING CONDITION 

IO?4a" 
RfADWRIH 

MEMORY 
:~"'" 

lCAPACITANCF 

->--

AC TEST LOAD AND WAVEFORM 

INPUT PULSES 

AC WAVEFORMS 

READ MODE 

PROPAGATION DELAY FROM CHIP SELECT PROPAGATION DELAY FROM ADDRESS INPUTS 

CHIP SEL~CT 

~DR_E~fj_,,_,,_",_" _..JXI.... __________ _ 
, 

DOUT 
OATA OUTPUT 

\'-----t~r 
Duur X 

, 
: __ tACS __ : 

cs 
CHIP SELECT 

AO-AS 
ADDRESS INPUTS 

I I 
: ___ ~IRCS _____ : 

-~--:'---, 
'_-_'M\~ __ ~' , , 

(ALL TIME MEASUREMENTS REFERENCED TO 1.5 V) 

WRITE MODE 

~~ __________________________________ -J;f 

x ~ ---------'-----' i "------------------------..1 I '------'--------

DIN 
DATA INPUT 

WE 
WRITE ENABLE 

DOUT 
DATA OUTPUT 

iA< Xi I ~~I ----~------

~- -tw---y ~ twSD : 

~ ~A~ 
I'WHD~ 

~twSA--t III 
!.-- 'wscs----.l 

I 
I 
I 
I-'WS-+j 

I-'WHCS---l 

: ~~-------------I 
I 
I-'WR+! 

(ALL TIME MEASUREMENTS REFERENCED TO 1.5 V) 
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93421 93421 A 

DESCRIPTION 

The _93421 and 93421 A are high speed 256-bit random ac
cess memories with full decoding on chip. They are orga· 
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 output is pro
vided to drive bus organized systems and/or highly capaci· 
tive loads. 

CONNECTION DIAGRAM 

16 
PIN NAMES 

CS1' CS2,CS3 
" AO-A7 
14 

DIN 
13 

DOUT 
12 WE 
11 Chip Select Inputs 

10 Address Inputs 

Data Input 

Data Output 

Write Enable 
NOTE: 
The Flatpak version has the same 
pinouts (Connection Diagram) as the 
Dualln·line Package. 

NOTES: 
a. 1 Unit Load (U.L) = 4O/lA HIGH/ 1.6 mA LOW 

LOADING 
(Notes a, b) 

0.5 U.L. 

0.5 U.L. 

0.5 U.L. 

10 U.L. 

0.5 U.L. 

256 Bit Random Access Memories 

DISTINCTIVE CHARACTERISTICS 

• 3·state output 
• Replacement for 54/74S200 and equ iva lent devices 
• Organization -256 words by one bit 
• Three high speed chip select inputs 
• Typical read access time 

93421A Commercial 30nsec 
93421 Commercial 35nsec 
93421 Military 35nsec 

• On chip decoding 
• Power dissipation -1.2mW/bit 
• Power dissipation decreases with temperature 
• I nverted data output 

ORDERING INFORMATION 
ORDER CODE 

35 ns I YPlcal Access lime 

93421 DC 

93421 OM 

93421 PC 

93421FM 

30 ns Typical Access Time 

93421ADC 

*Commercial = ooe to + 7SoC 
Military = -55°e to +125°e 

PACKAGE TEMPERATUR E* 

Ceramic DIP** Commercial 

Ceramic DIP** Military 

Plastic DIP Commercial 

Flatpak Military 

Ceramic DIP** Commercial 

uAvailable in both Ceramic DIP package options 

b. 10 U.L is the output LOW drive factor. This output will sink a maximum of 16 mA at VOUT = 0.45 V, and 
will source a minimum of 10 rnA at 2.4 V. 
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X ADDRESS WORD 
DECODER DRIVER 

Vee = Pin 16 

GND = Pin 8 

o = Pin Numbers 

LOGIC DIAGRAM 

lG ~ 16 
,,\f~HAY 

'1r'~OHY C! l.l 

o-om@ 

CSI Q) 

CS, 0 
CS3 ® 
WE @ 

D,N @ 

I. 
I. 

10 

11 

LOGIC SYMBOL 

A, 

A2 

A3 

Ao 
As 

A6 

A7 

93421/93421,.. 

DOUT 

Vee = Pin 16 

GND =Pin 8 



FUNCTIONAL DESCRIPTION 

The 93421/93421 A are fully decoded 256-bit random access 
memories organized 256 words by one bit. Word selection is 
achieved by means of an eight·bit address, AO through A7. 

Three Chip Select inputs are provided for logic flexibility. 
For larger memories, 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 DIN is written into 
the addressed location. 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 outputs are connected to a common bus. 

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

TABLE I - TRUTH TABLE 

CS 1 CS2 

H X 

X H 

X X 

L L 

L L 

L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care (HIGH or LOWI 
HIGH Z = HIGH Impedance 

INPUTS 

CS3 

X 

X 

H 

L 

L 

L 

FUNCTION 

Write 

Read 

Not Selected 

OUTPUT 

WE DIN DOUT MODE 

X X HIGH Z Not Selected 

X X HIGH Z Not Selected 

X X HIGH Z Not Selected 

L L HIGH Z Write "0" 

L H HIGH Z Write "1" 

H X DOUT Read inverted data from 
addressed location 

TABLE 2 - FUNCTION TABLE 

INPUTS 
OUTPUT 

CHIP SELECT WRITE ENABLE 

L L HIGH Z 

L H Stored Data 

H X HIGH Z 

ABSOLUTE MAXIMUM RATINGS (above whieh the useful life may be impaired) 
Storage Temperature -65°C to +150°C 
Temperature (Ambient) Under Bias 
VCC Pin Potential to Ground Pin 

"Input Voltage (de) 
"Input Current (de) 

""Voltage Applied to Outputs (output HIGH) 
Output Current (de) (output LOW) 

*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs. 
"Output Current limit Required. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPLY VOLTAGE (VCe! 

MIN TYP 

93421AXC, 93421XC 4.75 V 5.0V 

93421XM 4.50 V 5.0V 

-55°C to +125°C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-12 mA to +5.0 mA 
-0.5 V to +5.50 V 

+20 rnA 

AMBIENT TEMPERATURE 
MAX Note 4 

5.25 V ooC to +75°C 

5.50 V -55°C to +125°C 

x = package type; F for Flatpak, 0 for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product. 
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DC CHARACTERISTICS' Over Operating Temperature Ranges Notes 1 2 and 4 

SYMBOL PARAMETER 
LIMITS 

CONDITIONS 
MIN TYP MAX 

UNITS 

(Note 3) 

VOL Output LOW Voltage 0.3 0.45 V VCC; MIN. 10L ; 16 mA 

VIH Input HIGH Voltage 2.0 1.6 V 
Guaranteed Input Logical HIGH 
Voltage for all Inputs 

VIL Input LOW Voltage 1.5 0.85 V 
Guaranteed Input Logical LOW 
Voltage for all Inputs 

IlL Input LOW Current -530 -800 /lA VCC; MAX. VIN ; 0 V 

IIH Input HIGH Current 1.0 20 /lA VCC; MAX. VIN ; 4.5 V 

10FF Output Current (HIGH Z) 
50 

/lA 
VCC; MAX. VOUT; 2.4 V 

-50 VCC; MAX. VOUT ; 0.5 V 

VCD Input Clamp Diode Voltage -1.0 -1.5 V VCC; MAX. liN; -10 mA 

93421XC 90 124 TA ;+75°C VCC ; MAX. WE Grounded. 

ICC 
Power Supply 93421AXC 100 135 mA TA ooC all other inputs @ 4.5 V 

Current 90 117 TA +125°C 
93421XM 

100 143 TA 55°C 

VOH 
Output HIGH 93421XC.AXC 2.4 V 10H; -10.3 mA 

Voltage 93421XM 2.4 V 10H; -5.2 mA 

lOS 
Output Current 

-100 mA VCC; MAX. Note 7 Short Circuit to Ground 

AC CHARACTERISTICS' Over Guaranteed Operating Ranges Notes 1 2 4 5 6 

93421AXC 93421XC 93421XM 
SYMBOL CHARACT~RISTIC MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 

(Note (Note (Note 
3) 3) 3) 

READ MODE DELAY TIMES 

tACS Chip Select Access Time 20 30 20 30 25 40 See Test Circuit 
tZRCS Chip Select to HIGH Z 20 30 20 30 20 40 ns and Waveforms 
tAA Address Access Time 30 40 35 50 35 60 Note 5 

WRITE MODE DELAY TIMES 

tzws Write Disable to HIGH Z 10 20 35 10 20 35 10 20 45 
tWR Write Recovery Time 25 40 25 40 25 50 

ns 

INPUT TIMING 
REQUIREMENTS 

tw Minimum Write Pulse Width 30 10 30 10 40 10 See Test Circuit 
tWSD Data Set-Up Time Prior to Write 0 0 0 0 0 0 and Waveforms 
tWHO Data Hold Time After Write 5 0 5 0 5 0 Note 6 
tWSA Address Set-Up Time 0 0 0 0 0 0 ns 
tWHA Address Hold Time 5 0 5 0 5 0 
tWSCS Chip Select Set-Up Time 0 0 0 0 0 0 
tWHCS Chip Select Hold Time 5 0 5 0 5 0 

CI Input Capacitance 2.5 3.5 2.5 3.5 2.5 3.5 
pF 

Measured with 
Co Output Capacitance 5 7 5 7 5 7 pulse technique 

NOTES. 
1. Conditions for testing. not shown iii the Table, are chosen to guarantee operation under "worst case" conditions. 
2. The specified LIMITS represents the "worst case" value for the parameters. Since these "worst case" values normally occur at the temperature and sup· 

ply voltage extremes, I::Idditionai noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
3. Typical limits are at Vee == 5.0 V, 'T A = +25°C. and MAX loading. 
4. The Temperature Ranges are guarahteed with transverse air flow exceeding 400 linear feet per minute and a two minute warm-up. Temperature range 

of operation refers to case temperature for Flatpaks and ambient temperature for aU other packages. Typical ·thermal resistance values of the package 
at maximum temperature are: 

8 JA (Junction to Ambient) (at 400 fpm air flow) = 50°C / Watt, Ceramic DIP; 65°C I Watt. Plastic DIP; NA. Flatpak. 
8JA (Junction to Ambient) (still air) = 90°C/Watt. Ceramic DIP; t 10°C/Watt. Plastic DIP; NA, Flatpak. 
8JC (Junction to Case) = 25°CjWatt. Ceramic DIP; 25°C/Watt. Plastic DIP; 10°C/Watt. Flatpak. 

5. The MAX address access time is guaranteed to be the "worst case" bit in the memory using a pseudo random testing pattern. 
6. tw measured at twsA = MIN. tWSA measured at tw = MIN. 
7. Duration of short circuit should not exceed one second. 



AC TEST LOAD AND WAVEFORM 

LOADING CONDITION INPUT PULSES 
ALL INPUT PULSES 

Vee 

300!l 

..... ---....,°OUT 

T~ --I;- -------------~ -- --90 

~~ - - -- - - - -- - - - -- ~-\- - -10 
I I I I~-----------

93421/93421 A 
256·BIT 

READ/WRITE 
MEMORY 

Load A 

600 
l! 

30pF 

93421/93421A 
256-81T 

READIWAITE 
MEMORY 

1--..--, 

Load B 

30 pF n--- ----- -- -----1---" 
3 ~1 p p _ ~ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ ___ 90 

-----II II 

AC WAVEFORMS 

READ MODE 

PROPAGATION DELAY FROM CHIP SELECT PROPAGATION DELAY FROM ADDRESS 

cs, cS2 CS3 
CHIP SELECT 

------
Dour 
LOAD A 

Dour 
LOAD B 

~YTHEO!) 

HIGH Z 

lACS 

~H.!... ____ _ 

CS2 
CSi.CS3 
CHIP SElECT 

Aoto A7 
ADDRESS 

D'N 
DATA IN 

WE 
WRITE ENABLE 

Dour 
DATA OUTPUT 

~t-
\ 

. 

AOloA7 X 
AODRE_SS ______ --' : '-__________________________ _ 

, 

DoUT X 
DATA o_U_"_UT ______ --,,--____________ ---' : '-________ _ 

, 
;---IAA---_ 

(ALL TIME MEASUREMENTS REFERENCED TO '_5 V) 

WRITE MODE 

7 
'--

--; K: ] \ 

--; ~ 7 r\ 
-4--- lw---.. 

\ ~ - \. 
----, 

__ IWSO'" J _tWHO __ 

......_twsA_ ___IWHA_ 

twscs . . !WHCS . 
HIGHZ 

~"" LOAD A 

LOAD B 

HIGH Z ----
(ALL TIME MEASUREMENTS REFERENCED TO '_5 V) 
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PROPAGATION OELAY FROM CHIP SELECT TO HIGH Z 

'Cs, os, CS; 
CHIP SELECT 

oou;:
LOAD A 

Do~~ 

HIGH Z 

HIGHZ 

'ACS 

LOAD B -------

93421193421A 
256 BIT 

READ WRITE 
MEMORY 

LoadC 

78 

5V 

~ 

750" 

~~ 5pF 

-

WRITE ENABLE TO HIGH Z DELAY 

WE 
WRITE EN,;.,A.;;B.;;L;;.E ______ ""'\ 

--' .-1.5 V 

\. 
-'zws-

r- - - HiGHi'" 
DOUT I 
DATA OU~TP~U~T:...._~"~O·~· L~E~V~E:L __ :._. __ =;f:== } 0.5 V 

"1" LEVEL 

° OUT 

-----------..1-- } O.5V 

DATA OUTPUT 
, 
'--__ 2'2!;!l. 

(All t zxxx parameters are measured at a delta of 0.6 V from 
the logic 18'1&1 and using Load C.) 



93425 93425A 

DESCRIPTION 

The 93425 and 93425A are 1024-bit read/write random ac
cess memories organized 1024 words by one bit_ They are de
signed for buffer control storage and high performance main 
memory applications_ The devices have typical address access 
times of 40nsec for the 93425 and 30nsec for the 93425A. 

The 93425 and 93425A include full decoding on chip. sep
arate Data Input and Data Output lines and an active LOW 
Chip Select and Write Enable_ They are fully compatible 
with standard DTL and TTL logic families_ A 3-state output 
is provided to drive bus organized systems and/or highly 
capacitive loads_ 

CONNECTION DIAGRAM 

16 

15 

" 
PIN NAMES 
CS 

13 Ao- Ag 
WE 

12 
DIN 

11 DOUT 

10 

NOTE: 
The F latpak version has the same 
pinquts (Connection Diagram) as the 
Dual In-Line Package. 

Chip Select 
Address Inputs 
Write Enable 
Data Input 
Data Output 

LOGIC DIAGRAM 

AO A1 A2 A3 A4 AS As A7 AS Ag 

000®® ct@®§@ 

~YTHEO~ 

1024 Bit Random Access Memories 

DISTINCTIVE CHARACTERISTICS 

• 3-state output 
• Organized 1024 words by one bit 
• TTL inputs and output-16mA drive capability 
• Typical read access time 

93425A Commercial 30nsec 
93425 Commercial 40nsec 
93425 Military 40nsec 

• Chip select access time 15nsec typical 
• Non-inverting data output 
• Power dissipation 0_5mW/bit typical 
• Power dissipation decreases with increasing temperature 

ORDERING INFORMATION 

ORDER CODE 

93425DC 

93425DM 

93425PC 

93425FM 

93425ADC 

93425APC 

• Commercial = oDe to +75Q C 
Military::: _55°C to +12SoC 

Dour 0 

_2 

cs 0) 

WE @ 10 

11 

O'N @ 12 

13 

VCC = Pin 16 
GND = Pin 8 
o = Pin Numbers 

PACKAGE TEMPERATURE* 

Ceramic DIP 

Ceramic DIP 

Plastic DIP 

Flatpak 

Ceramic DIP 

Plastic DIP 

LOGIC SYMBOL 

Commercial 

Military 

Commercial 

Military 

Commercial 

Commercial 

15 14 

A, 

A2 

A3 

A4 

A5 

A6 

A7 

AB 

A9 

93425/93426A 

Dour 

VCC = Pin 16 
GND = Pin 8 

79 

I 
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FUNCTIONAL DESCRIPTION 

The 93425/93425A are fully decoded 1024-bit random ac
cess memories organized 1024 words by one bit_ Word se
lection is achieved by means of a 10-bit address, AO to A9_ 

location. To read, WE is held HIGH and CS held LOW. Data 
in the specified location is presented at DOUT and is non
inverted. 

The chip select (CS) 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 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 outputs are connected to a common bus. 

The read and write operations are controlled by the state of 
the active LOW write enable (WE, Pin 14). With WE and CS 
held LOW, the data at DI N is written into the addressed 

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

TABLE 1 - TRUTH TABLE 

INPUTS OUTPUT 

CS WE DIN DOUT 

H X X HIGH Z 

L L L HIGH Z 

L L H HIGH Z 

L H X DOUT 

H = HIGH Voltage Level 
L'" LOW Voltage Level 
X == Don't Care (HIGH or LOW) 

MODE 

NOT SELECTED. 

WRITE "0" 

WRITE "1" 

READ 

ABSOLUTE MAXIMUM RATINGS (above whieh the useful life may be impaired.) 
Storage Temperature 
Temperature (Ambient) Under Bias 
V CC Pin Potential to Ground Pin 

"Input Voltage (de) 
"I nput Current (de) 

""Voltage Applied to Outputs (Output HIGH) 
Output Current (de) (Output LOW) 

'" Either input voltage or input current limit is sufficient to protect the input. 
'" "Output Current Limit Required. 

GUARANTEED OPERATING RANGES 

PART NUMBER 
SUPPL Y VOLTAGE (Vcc) 

MIN TYP 

93425XC, 93425AXC 4.75 V 5.0 V 

93425XM 4.50 V 5.0 V 

._-

MAX 

5.25 V 

5.50 V 

_650 C to +1500 C 
_550 C to +1250 C 
-0.5 V to +7.0 V 
-0.5 V to +5.5 V 

-12 mA to +5.0 mA 

-0.5 V to +5.5 V 
+20mA 

AMBIENT TEMPERATURE (TA) 

(Note 4) 

o"c to +75 C 

-55 eta +125 C 

X package type; F for Flatpak, 0 for Ceramic DIP, P for Plastic DIP. See Packaging Information Section for packages available on this product. 



DC CHARACTERISTICS: Over Operating Temperature Ranges INotes 1 2 4) -----1-
LIMITS 

BOL I CHARACTERISTIC UNITS CONDITIONS 
MIN TYP INote 3) MAX 

.- ---1-~-utPut LOW Voltage L 0.3 0.45 V VCC = MIN, IOL = 16 mA 

, Input HIGH Voltage 2.1 1.6 V Guaranteed Input HIGH Voltage for all Input' 

Ilnpu~LC?W Voltage 1.5 0.8 V Guaranteed Input LOW Voltage for all Inputs 

I I nput LOW Current -250 -400 MA VCC = MAX, VIN = 0.4 V 

. -·-·1~U;--H-IGH Current 
_.- - . __ ._-

1.0 40 MA VCC = MAX, VIN = 4.5 V 
--

I 
1.0 mA VCC = MAX, VIN = 5.25 V 

. - .. _.. ----_.. -- .. -
50 

I 
VCC· MAX, VOUT· 2.4 V 

F Output Current IHIGH Z) 
-50 

MA 
VCC = MAX, VOUT = 0.5 V 

SYM 

.. 
Output Current Short Circuit 

-100 mA VCC = MAX, Note 7 
to Ground 

lOS 
--- I 93425XC 2.4 V IOH = -10.3 mA, VCC = 5.0 V ,5% 
H Output HIGH Voltage I 

V 10H = -5.2 mA 93425XM 2.4 .-
Input Diode Clamp Voltage -1.0 -1.5 V VCC· MAX, liN = -10 mA 

---- ._------ ~----. IICD 
130 mA TA;> 75°C 

Power Supply Current 95 155 mA T A = O°C 
VCC = MAX, 

170 mA TA=-55"C 
All Inputs Grounded ICC 

--~- -

AC CHARACTERISTICS: Over Guaranteed Operating Ranges INotes 1, 2, 4, 5, 6) 

93425AXC 93425XC 93425XM 

SYMBOL CHARACTERISTIC MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 

INote 3) INote 3) INote 3) 

READ MODE DELAY TIMES 

tACS Chip Select Time 15 30 15 40 15 45 See Test Circuit 
ns 

tZRCS Chip Select to HIGH Z 15 30 20 40 20 50 and Waveforms 

tAA Address Access Time 30 45 40 70 40 75 

WRITE MODE DELAY TIMES 

tzws Write Disable to HIGH Z 20 30 20 40 20 45 
ns 

tWR Write Recovery Time 20 40 25 50 45 55 

INPUT TIMING REQUIREMENTS 

tw Write Pulse Width (to guarantee write) 30 25 50 25 55 25 
See Test Circuit 

tWSD Data Set-Up Time Prior to Write 5 0 5 0 5 0 
and Waveforms 

tWHD Data Hold Time After Write 5 0 5 0 5 0 

tWSA Address Set-Up Time 10 0 15 0 15 0 ns 

tWHA Address Hold Time 5 0 5 0 5 0 

tWSCS Chip Select Set-Up Time 5 0 5 0 5 0 

tWHCS Chip Select Hold Time 5 0 5 0 5 0 

CI Input Pin Capacitance 4 5 4 5 4 5 Measure with 
pF 

Co Output Pin Capacitance 7 8 7 8 7 8 Pulse Technique 

NOTES: 
1. Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions 
2. The specified LIMITS represents the "worst case" value for the parameters. Since these "worst case" values normally occur at the 

temperature and supply voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system 
operating ranges. 

3. Typical values are at Vee = 5.0 V, T A=- 25"C, and MAX loading. 
4. The Temperature Ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a two minute warm·up. Typical 

thermal resistance values of the package at maximum temperature are: . 

(}JA (Junction to Ambient) (at 400 fpm air flow) "" 50 C/Watt, Ceramic DIP; 65"C/Watt, Plastic DIP; NA, Flatpak. 
0JA (Junction to Ambient) (still air) = 90·'C/Watt. Ceramic DI.p; 1 10"'C/Watt. Plastic DIP; NA, Flatpak. 
0JC (Junction to Case) = 25"C/Watt, Ceramic DIP; 25 C/Watt. Plastic DIP; 10'C/Watt, Flatpak. 

5. The MA X address access time is guaranteed to be the "worst case·· bit in the memory using a pseudo random testing pattern. 
6. tw measured at tWSA = MIN, tWSA measured at tw = MIN. 
7. Duration of short circuit should not exceed one second. 
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AC TEST LOAD AND WAVEFORMS 

LOADING CONDITIONS INPUT PULSES 

ALL INPUT PULSES 

Vee -------------- -----00% 

300 !! - - - 10 % 

1"'""----, DOUT 

GND -=-
30pF 93425/93425A 30pF 

~ ---------------H1- --10 % 

UV"_~~ _____________ ~~ ___ OO% 

~II II 

..L I I I I 

Load A LoadB 

GND -=- ~ I-.- 10 ns 1 __ 10 ns 

READ MODE 

PROPAGATION DELAY FROM CHIP SELECT PROPAGATION DELAY FROM ADDRESS INPUTS 

C5 

DOUT 
LOADA 

DOUT 
LOADS 

CHIP SELECT 

DOUT 
DATA OUTPUT 

82 

AO···A9 X 
ADOR'_SS_'_N'_U_"_-, : '-____________ _ 

;;;0";----- 3== 
lACS __ 

~"..!...------

Dour X 
DATAO_U_"_u_, ___ ...-______ --' : '-___ _ 

I----'I>.A---_' , , 

(All time measurements referenced to 1.5 V) 

AC WAVEFORMS (Cont'd) 

WRITE MODE 

\ -l-- \. / 

/ ~t-7~ /\ 

\/ / 
7 \ J~ 

_'W_ 
\ -l - \. _IWSO .... /:"''W""_ W 

I. 1_lw~_ _IWHA---I 
twscs . twHCS 

LOAD II 

----~-3=== HIGH2 

'W. 

H.GHZ ------
(All above measurements referenced to 1.6 V) 



9342593425A 

Load C 

[EAYTHEO~ 

, v 

'50 ~: 

WRITE ENABLE TO HIGH Z DELAY 

We 
WAITF F::::"::.":;;' ___ ""'"\ 

_!zws-

Dour 
DATA ou:.;.,,~u.:., _..:....~..:.... ___ .., 

°our 
OAIAOUTPUl 

PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 

r---~c;;; 
DOUT 
DATAOUTPU:.;.' __ ..:......:......:.... ___ .Jj )05V 

DOUl ---------,.1- )05V 

DATA OUTPUT 

'---~~ 

(All tzxxx parameters are measured at a delta of 0.5 V from 

the logic level and using Load C.) 

r---~IW 

'-- __ ...!I~ 
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R29600 R29601 

FUNCTIONAL DESCRIPTION 

The R29600 and the R29601 are electrically program
mable Low-Power Schottky TTL read only memories. Both 
devices are organized as 256 words of 8 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 
to 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 a short high-current pulse through it. 

The programming voltage is applied 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 
storage or random logic function generation, like any read-only 
memory. If either chip select input is held HIGH, the outputs 
will all turn off, so the outputs of several memories can be 
tied together for expansion. 

ORDERING INFORMATION 

Package 
Type 

Hermetic DIP 
Hermetic DIP 

Hermetic Flat Pak 

Hermetic DIP 
Hermetic DIP 

Hermetic Flat Pak 

Temperature 
Range 

Open Collectors 

O°C to +75°C 
_55°C to +125°C 
_55°C to +125°C 

Three-State Outputs 

O°C to +75°C 
-55°C to +125°C 
_55°C to +125°C 

Order 
Number 

R29600DC 
R29600DM 
R29600FM 

R29601DC 
R29601DM 
R29601FM 

256 Word By 8· Bit PROMs 

DISTINCTIVE CHARACTERISTICS 

• Field programmable read only memory 
• Highly reliable nichrome fuses 
• Pin compatible with other popular 256 by 8 PROMS 
• Typical fusing time of 95J1s/bit 
• lOns access time at 25°C 
• Three-state and open-collector versions 

-----iAo 
-----iA, 
----lA, 
-----i A3 
------l--. 

17 AS 
,8- As 
19 A7 

LOGIC SYMBOL 

Am29600/ Am29601 
266 x 8 PROM 

15-~-" 

,·-~--'L----~~~~_r_r_r_r--J 

14 13 12 11 9 8 7 6 

CONNECTION DIAGRAM 
TopViaw 

Note: Pin 1 is marked for orientation. 

BLOCK DIAGRAM 

84 

A2 DECODER 

'(41 

SEl.ECT A3 

2048-BIT MEMORY CELL. 
32-8V-64 

MEMORY MATRIX J=::: 00," 

'"'UTS lA4!5!~~nT'T'T"TTT"" 

1171 

.:! :~:: A, 



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

Storage Temperature -65°C to +150°C 

Temperature (Ambient) Under Bias -55°C to +125°C 

Supply Voltage to Ground Potential (Pin 20 to Pin 10) Continuous -0.5V to + 7V 

DC Voltage Applied to Outputs (Except During Programming) -0.5V to +Vee max. 

DC Input Voltage (Address Inputs) -0.5V to +5.5V 

DC Voltage Applied to Outputs During Programming 26V 
Output Current into Outputs During Programming ----------------------------=1-=2-=5:.::m-'A-=-

DC Input Voltage (Chip Select Input - Pin) -0.5V to +33V 

DC Input Current -30mA to +5mA 

OPERATING RANGE 

R29600XC, R29601 xc TA = o'e 10 +75'e Vee = 5.0V ±5% 
R29600XM,~R-:2-:9-6-:0-:1-X~M-:-+--T~A:.::=---5-5-='-e-I-o-+-12-5-='-e-+-V-e~e~=-5-.0-V-±1-0-%-4--~ 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Parameters Description Test Conditions 

V OH .1 Output HIGH Voltage 
VCC = MIN., IOH = -2.0mA 

(R29601 Only) V IN = V IH or V IL 

VOL 
VCC = MIN. IOL = 8mA 

Output LOW Voltage 
V IN = V IH or V IL IOL = 16mA 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

voltage for all inputs 

V IL I nput LOW Level 
Guaranteed input logical LOW 
voltage for all inputs 

IlL I nput LOW Current VCC = MAX., VIN = O.4V 

II input HIGH Current VCC = MAX., V IN = 2.7V 

II Input HIGH Current VCC = MAX., V IN = 5.5V 

II Input HIGH Current VCC = MAX., V IN = 4.5V 
(Pin 15 Only) 

ISC Output Short Circuit VCC = MAX., VOUT = O.OV 

(R29601 Only) Current 

ICC Power Supply Current 
All inputs = GND 

VCC = MAX. 

VI Input Clamp Voltage VCC = MIN., liN = 18mA 

VCC = MAX 
Vo = 4.5V 

ICEX Vo - 2.4V Output Leakage Current 
VCS = 2.4V Va - O.4V 

Note 1. 
. 0 

Typical limits are at Vee = 5,OV and T A = 25 C 

Min 

2.4 

2.0 

-12 

Typ. 
(Note 1) 

-60 

-35 

90 

Max Units 

Volts 

0.4 

0:45 
Volts 

Volts 

0.8 Volts 

-250 tJ.A 

10 tJ.A 

1.0 mA 

1.0 mA 

-85 mA 

130 mA 

-1.5 V 

100 
40 tJ.A 

-40 

2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
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SWiTCHING CHARACTERISTICS OVER OPERATING RANGE 
Typ. 

SV 
Parameter Description Test Conditions 2SoC 

tAA Address Access Time CL = 30 pF 50 
RL = 300 !l to VCC 

tEA Enqble Access, Time and 20 
600!l to GND 

tER Enable Recovery Time (16 rnA Load) Note 1 20 

Note 1. 3000 resistor opened for tEA and tER measurements between HIGH and OFF states. 

AO A73( 

E 
I 
I 
~'AA---j 

00- 03 - X'I0Il 

AC TEST CIRCUIT 

rOV 

5, 

R, 
300" 

OlJTl>lJTo---r---6---~--<lTEST POINT 

R2 
600n 

SWITCHING WAVEFORMS 

" .... _ ... _._._ .. _ .. _. 

t ~ 
~"R~ f-- "A--1 

<<<<< llJjJ 

Note: level on output while E IS HIGH is determined externally. 

86 

Max. 

2SoC Com'l Mil Units 

ns 

ns 

ns 

KEY TO TIMING DIAGRAM 
30V 

1.5V 
WAVEFORM INPUTS OUTPUTS 

OV 
MUST BE Will BE 
STEADY STEADY 

1.5V -- Will BE MAY CHANGE 
CHANGING 

OV 
FROM H TO L FR·OM H TO L 

VOH 

1Illff WilL BE MAY CHANGE 

Ui\f FROMlTQH CHANGING 
FROM L TO H 

VOL -- DON'T CARE, CHANGING. 
ANy.cHANGE STATE 
PERMITTED UNKNOWN 

H 
CENTER 

DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

"OFF"STATii 

[tAYTHEO!J 



ROGRAMMING INSTRUCTIONS 

DEVICE DESCRIPTION 

le device is manufactured with all outputs high in all storage locations. To make an output low at a particular word, ani· 
Irome fusible link must be changed from a low resistance to a high resistance. This procedure is called programming. There 
'e 1024 fusible links on the chip. Programming equipment can be obtained from Data I/O, Inc., and other manufacturers of 
iROM programming equipment. 

PROGRAMMING DESCRIPTION 

J select a particular fusible link for programming, the word addres~is presented with TTL levels on AO through A7, a Vee 
i 5.50 V is applied or left applied, and the program pin (Enable E 1) 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. 

ENABLE E2 

nable E2 (pin 16) is a logic enable and is not used during programming. It may be ,ltigh, 10,YY or open during programming. 
'hen checkirlJj that an output is programmed (which is called verification) enables Eland E2 must be low to activate the 
lvice. Since E2 must be low during verification and the state is irrelevant during programming, the simplest procedure is to 
'ound E2 during programming and verification. 

TIMING 

he programming procedure involves the use of the program pin (an enable) and the output pin. In order to guarantee that 
Ie output transistor is off before increasing the voltage on the output pin, the program pin's voltage pulse must come before 
Ie output pin's programming pulse and leave after the output 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 output by taking both enables low. Since we must guarantee opera
Dn at minimum and maximum Vee, current and temperature, the device must be required to sink 12 mA at 4.20 V Vee 
Id 0.2 mA at 6.0 V Vee at room temperature. 

BOARD PROGRAMMING 

nits may be programmed at the board 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 mayor may not be "OR" tied 
I other packages, are taken to the required programming voltage. An alternate procedure is to tie the enable and outputs 
Igether as required by the system function and only apply Vee to the device to be programmed. The number of units 
Iidered on a board should be consistant with expected programming yields to avoid rework. 

UNPROGRAMMABLE UNITS 

isual 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 
len without actually programming it. UNITS RETURNED TO RAYTHEON AS UNPROGRAMMABLE MUST BE AC
)MPANIED BY A COMPLETE DEVICE TRUTH TABLE WITH THE LOCATION WHICH COULDN'T BE PRO
RAMMED,OR WHICH FALSELY PROGRAMMED,CLEARLY INDICATED. 

10GRAMMING SPEED 

'pically 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 been found to maximize reliability, programming yield, and thruput. The device should be veri
Id after each programming attempt and is advanced to the next bit if the device has programmed. 

PULSE NUMBER 

1 to 3 
4to 6 
7 to 9, 

PROGRAM PIN VOLTAGE 

27 V 
30V 
33V 

OUTPUT VOLTAGE 

20V 
23V 
26V 
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PROGRAMMING TIMING 

TTL HIGH 

ADDRESSES 

TTL LOW 

TTL lOW 

VOUT 

TTL LOW 

Vee 

TTL HIGH 
STROBE .. 

TTL lOW 

x-.....,...-.--f:Tpp-1 
~:71VPP 

10%1-
~---------------

I ~1~::2 
9°~:71.VOUT 

____ ~10~%~~==~-. ~. ____________________ __ 

__ I TD11 __ 

TR 0.4 V/,us ± 15% 

Tpp 95! 15/-15 
Tp l,us min., 8 J1s max. 
T01 80±10j.ls 
T02 100 ns min. 

'NOTE: Output Load.: 0.2 rnA during 6.0 V check 
Output Load ~ 12 rnA during 4.2 V check 

REQUIRED INFORMATION FOR RAYTHEON TO PROGRAM TO YOUR TRUTH TABLE 

TRUTH TABLES 

Raytheon can program devices at our facility from Raytheon truth table forms (available on request). For customers desiring to make their 

own forms, an example is shown below: 

WORD 

NUMBER 

o 
1 

255 

PIN-'14 

°8 

H 

L 

L 

OUTPUTS 

13 12 

°7 °6 

H H 

H L 

H H 

11 9 8 7 6 

°5 °4 °3 °2 °1 

L H L L H 

H H H H L 

H H H H H 

Note: 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 = LHHHHHHH. 

PAPER TAPE FORMAT 

Truth tables can also be sent to Raytheon in an ASCII tape format. Information can be sent to uS by air mail or TWX 910·379·64B1. The tape 

reading equipment at Raytheon only recognizes ASCII characters B, 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 returns, line feeds, etc. are ignored so that comments 

and spaces may be sent in the data field to improve readability. Comments, however, should not use the characters B, H, L, F. Word addresses 

must begin with zero and count sequentially to word 255. 

In order to assist the machine operator in determining where the heading information stops and the data field begins, 25 bell characters or 

rubout characters should precede the start of the truth table. Any type of B level paper tape (mylar, fanfold, etc.) is acceptable. Channel 1 is 

the most significant bit and channel B (parity) is ignored. Sprocket holes are located between channels 3 and 4. Note that the order of the out· 

puts between characters Band F is DB, 07, 06, 05, 04,03,02,01, not 01, 02, 03, 04, 05, 06, 07, DB. 

A typical list of characters and their machine interpretations are shown in the next page. 
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AO 

A, 

A2 
A3 

ADDRESS 

"-
AS 

lie 
A7 

SUGGESTED IMPLEMENTATION OF THE VERIFICATION CIRCUITRY 

Vee 

256 x 8 

E, E2 

":" 

FOR PROPER THRESHOLD ADJUSTMENT 
INSERT A 2N404 GERMANIUM TRAN· 
SISTOR WITH COLLECTOR AND EMIT· 
TER SHORTED SO THAT IT LOOKS LIKE 
A DIODE IN SERIES WITH PIN 7 OF THE 
7402 TO GROUND. 

'OUT 

VOUT STROBE 

FIGURE 5. 
nlE 1N4001 DIODE PROTECTS THE INPUT OF THE 7402 FROM THE HIGH PROGRAMMING VOLTAGES 

ITBEGIN DATA FIELD 

r-0ATA FIELD (H: HIGH VOLTAGE, L::: LOW) .-±-. r FINISHED DATA F'ELD 

B P P P N P P N P F 'BPPPPPPPPF BPNPPPNNPF -''''- BPPNPPNNNF 
08,,07\06 °5 °4 0 3°2 0 , 

WORDO WORD 1 

The required heading information at the bf'ginning of the tape is as follows: 

WORD2 WORD 255 

CUSTOMERS NAME AND PHONE _______ _ TRUTH TABLE NUMBER ___________________________ _ 

CUSTOMERS TWX NUMBER _________ _ NUMBER OF TRUTH TABLES ________________________ ___ 

PURCHASE ORDER NUMBER _________ ___ TOTAL NUMBER OF PARTS __________________________ _ 

RAYTHEON PART NUMBER __________ _ NUMBEROFPAATSOFEACHTRUTHTABLE ___________________ ___ 

CUSTOMER SYMBOLIZED PART NUMBER' ______ _ 25BELLORRUBOUTCHARACTERS _______________________ _ 

An example is shown below: 

BLARNEY ELECTRONICS 408-735-8140 
TWX 911-338-9225 
P0142 BNNNPPPNPF BNNNNPPPPF BNPPPNPNPF BNNNNNNNNF BNNNNNNNNF BNNNNNNNNF BNNNNNNNNF BNNNNNNNNF 
29601 BNNNNNNNNF BNNNPPPNPF BPPPPPPPPF BNPPNPNNNF BNPPPNNNPF BNNNNNNNNF BPPPPPPPPF BNNNNNNPPF 

8 LEVEL TWX: 

Interpretation: 

~YTHE~ 

... ... .. .... .. . .. .......................................... ... . .... . .. ... . .... . .... .......... . . .......... .......... ......... . .......... .. .. . 
(Spaces) BNNNPPPNPF BNNNNPPPPF BNPPPNPNPF 
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PROGRAMMING PARAMETERS - Do Not Test These Limits or You May Program the Device 

LIMITS 
TYPICAL 

SYMBOL PARAMt:TERS TEST CONDITION MIN. 
OR 

MAX. UNITS 
See Figure 4 

OPTIMUM 

Ipp Current Program Pin During VCC = 5.50V 0 mA 
Programming, Before and After Vout = 5.0V to 25V 
Fuse Has Blown Vpp =4.50V 

Vpp = 27V 77 mA 

lout Current into Output During Vpp = 27V, VCC = 5.50V 0.1 mA 
Programming Before the Fuse Vout = 9.0V 
Has Programmed 

Vout = 20V 16 mA 

lout Current into Output During Vpp = 27V Vout 
=20V 0.1 mA 

Programming After the Fuse VCC = 5.50V 
Has Programmed 

TR Rise Time of Program Pulse 0.34 0.4 0.46 VIIJS 
Applied to the Data Out or 
Program Pin 

VCCP VCC Required During Programming 5.40 5.50 5.60 V 

IOLVl Output Current Required During Both Chip Enables Low 11 12 13 mA 
Verification TA = 25°C, VCC = 4.2V 

IOLV2 Output Current Required During Both Chip Enables Low 0.19 0.2 0.21 mA 
Verification TA = 25°C, VCC = 6.0V 

MDC Maximum Duty Cycle During Tp 25 % 
Automatic Programming of -
Program Pin and Output Pin TC 

Vpp Required Programming Voltage 27 27 33 V 
on Program Pin 

Vout Required Programming Voltage 20 20 26 V 
on the Output Pin 

IL Required Current Limit of the Vpp = 33V 150 mA 
Power Supply Feeding the Vout = 26V 
Program Pin and the Output VCC = 5.50V 
During Programming 

Tpp Required Coincidence Among the 80 95 110 IJS 
Program Pin, Output, Address and 
VCC for Programming 

TDl Requir~d Time Delay Between Measu re at 1 0% Levels 70 80 90 IJS 
Disabling the Memory Output and 
Application of the Output Program-
ming Pulse 

To2 Required Time Delay Between Measu re at 1 0% Levels 100 ns 
Removal of Programming Pulse 
and Enabling the Memory 
Output 
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256 Word By 4 Bit PROMs 

FUNCTIONAL DESCRIPTION 

The R29660 and R29661 are electrically program
mable Low-Power Schottky TTL read only memories. 
Both devices are organized as 256 words of 4 bits each; 
the R29660 has open collector outputs and the R29661 
has three-state outputs. The devices are shipped with all 
bits H IG H and each bit in the memory can be programmed 
to 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 a short, high-current pulse through it. 

The programming voltage is applied at the output pin for 
the bit to be programmed, while the word to be pro
grammed 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 
storage or random logic function generation, like any read-only 
memory. If either chip select input is held HIGH, the outputs 
will all turn off, so the outputs of several memories can be 
tied together for expansion. 

DISTINCTIVE CHARACTERISTICS 

• Field programmable read only memory 
'. Highly reliable nichrome fuses 
• Pin compatible with other popular 256 by 4 PROMS 
• Typical fusing time of 95jls/bit 
• 60ns access time at 25°C A, 
• Three-state and open-collector versions 

Package 
Type 

ORDERING INFORMATION 

Temperature 
Range 

Open Collectors 

Hermetic DIP DoC to +75°C 
Hermetic DIP _55°C to +125°C 

Hermetic Flat Pak -55°C to +125°C 

Three-State Outputs 

Hermetic DIP O°C to +75°C 
Hermetic DIP _55°C to +125°C 

Hermetic Flat Pak _55°C to +125°C 

~YTHEO]J 

Order 
Number 

R29660DC 
R29660DM 
R29660FM 

R29661 DC 
R29661DM 
R29661FM 

A4 

A, 

'" 
'" 
A, 
A, 

AO 

R29660 R29661 

LOGIC SYMBOL 

----lAo 
------lA, 
------lA, 
------lA, 
----I A4 
------lAS 
------lAB 

15 A7 

'4-rT"--"'" 
13 

Vcc = Pin 16 

GND=Pin8 12 

Am29660/Am29661 
256 x 4 PROM 

11 10 

CONNECTION DIAGRAM 
Top View 

Note: Pin 1 is marked for orientation. 

ONE OF 32 
DECODER 

BLOCK DIAGRAM 

32 X 32 
FUSE 

ARRAY 

QUAD B·' NPUT 
MULTIPLEXER 

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

Storag., Temperature 

Temperature (Ambient) Under Bias 

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

DC Voltage Applied to Outputs (Except During Programming) 

DC Input Voltage (Address Inputs) 

DC Voltage Applied to Outputs During Programming 

Output Current into Outputs During Programming 

DC Input Voltage (Chip Select Input - Pin 13) 

DC I nput Current 

OPERATING RANGE 

TA = -55'e to +125'e Vee = 5.0V ±10% 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Parameters Description Test Conditions 

VOH I Output HIGH Voltage VCC = MIN .• IOH = -2.0mA 

(Am29661 Only) V I N = V I H or V I L 

VOL 
VCC = MIN. IOL= 8mA 

Output LOW Voltage 
VIN = V IH or V IL IOL = 16mA 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

voltage for all inputs 

V IL Input LOW Level 
Guaranteed input logical LOW 
voltage for all inputs 

IlL Input LOW Current VCC = MAX .• VIN = OAV 

II input HIGH Current VCC = MAX., VIN = 2.7V 

II Input HIGH Current VCC = MAX., VIN = 5.5V 

II Input HIGH Current VCC = MAX., VIN = 4.5V 
(Pin 13 Only) 

ISC Output Short Circuit V CC = MAX., VOUT = O.OV 

(Am29661) Current 

ICC Power Supply Cu rrent 
All inputs = GND 

Vce = MAX. 

VI Input Clamp Voltage VCC = MIN., liN = 18mA 

VCC = MAX 
Vo = 4.5V 

ICEX Vo 2AV 
Output Leakage Current 

VCS = 2AV Vo - OAV 

. 0 
Typical limits are at Vee = 5,OV and T A = 25 e Note i, 

Min 

204 

2.0 

-12 

Typ. 
(Note 1) 

-60 

-35 

90 

-65°C to +150oC 

-55°C to +125°C 

-O.5V to +7V 

-O.5V to +Vee max. 

-O.5V to +5.5V 

26V 
125mA 

-O.5V to +33V 

-30mA to +5mA 

Max Units 

Volts 

0.4 

0045 
Volts 

Volts 

0.8 Volts 

-250 J.lA 

10 J.lA 

1.0 mA 

1.0 mA 

-85 mA 

130 mA 

-1.5 V 

100 
40 J.lA 

-40 

2. Not more than one output should be shorted at a time. Duration of the short circuit should not be more than one second. 
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE 

Parameter Description Test Conditions 

tAA Address Access Time CL = 30 pF 
RL = 300 n to VCC 

tEA Enable Access Time and 
600 n toGND 

tER Enable Recovery Time (16 mA Load) Note 1 

Note 1. 30an resistor opened for tEA and tEA measurements between HIGH and OFF states. 

AC TEST CIRCUIT 

rov 

" 

R, 
300n 

Typ. 
5V 

25°C 

45 

20 

20 

OUTPUTo--~---'-'---1--<>TEST POIN.T 

SWITCHING WAVEFORMS 

f t 1.5V 

ov 

f--"R~ 
»») 00- 03 -----XXX)( ----.-----

f-"A--l 

««<-~:: 

Note: Level on output while E is HIGH Is determined externally. 

~YTHE'3l 

Max. 

25°C Com'l Mil Units 

60 70 80 ns 

30 35 40 ns 

30 35 40 ns 

KEY TO TIMING DIAGRAM 

WAVEFORM 

--
JJJJJf 

--H 

INPUTS 

MUST BE 
STEADY 

MAY CHANGE 
FAOMHTOl 

MAY CHANGE 
FROM L TOH 

DON'T CARE, 
ANY CHANGE 
PERMITTED 

DOES NOT 
APPLY 

OUTPUTS 

WILL BE 
STEADY 

WILL BE 
CHANGING 
FROM H TO L 

WILL BE 
CHANGING 
FROM L TO H 

CHANGING, 
STATE 
UNKNOWN 

CENTER 
LINE IS HIGH 
IMPEDANCE 
"OfF" STATE 
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PROGRAMMING INSTRUCTIONS 

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 fusible 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 can be obtained from Data I/O, 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 AO through A7, a Vee 
of 5.50 V is applied or left applied, and the program pin (Enable E 1) and the output to be programmed are taken to an 
elevated voltage to supply the required current to program the fuse. The outputs 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 E2 

Enable E2 (pin 14) is a logic enable 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 El and E2 must be low to activate the 
device. Since E2 must be low during verification and the state is irrelevant during programming, the simplest procedure is to 
ground E2 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 before 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 programming pulse. 100 ns delay is adequate. The pro
gramming pulse 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
tion at minimum and maximum Vee, current and temperature, the device must be required to sink 12 mA at 4.20 V Vee 
and 0.2 mA at 6.0 V Vee 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 mayor may not be "OR" tied 
to other packages, are taken to the required programming voltage. An alternate procedure is to tie the enable and outputs 
together as required by the system function and only apply Vee to the device to be programmed. The number of units 
soldered on a board should be consistant with expected programming yields to avoid rework. 

7) UNPROGRAMMABLE UNITS 

Visual inspection at 200X prior t6 encapsulation, test fuses and decoding circuitry tests are used to guarantee a high pro
gramming yield of the device in the field. However, because of random defects, it is impossible to guarantee that a link will 
open without actually programming it. UNITS RETURNED TO RAYTHEON AS UNPROGRAMMABLE 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 fu,ses will blow on the rise time of the pulse. 

In automated programmers which must copy devices in a short time because of production requirements, the following pulse 
and Voltage. sequences have been found to maximize reliability, programming yield, and thruput. The device should be veri
fied after each programming attempt and is advanced to the next bit if the device has programmed. 
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PULSE NUMBER 

1 to 3 
4 to 6 
7 to 9 

PROGRAM PIN VOLTAGE 

27 V 
30V 
33V 

OUTPUT VOLTAGE 

20V 
23V 
26V 

~YTHEO}l 



PROGRAM TIMING 

TTL HIGH 

ADDRESSES 

TTL LOW 

TTL lOW 

TTL LOW 

Vee 

TTL HIGH 
STROBE 

TTL LOW 

TRUTH TABLES 

X --CT- PP1-:------
,~1!71VPP 

I 
-I !--I--TD2--

--II-Tp 
9~:llVOUT 

lO%k 
--~~~ ~---------_I TDII __ 

0.4 VIps ± 15% 
95± 15jJs 
1 p.s min., 811S max. 

80t 10/..15 
100 ns min . 

• NOTE' Output Load'" 0.2 mA during 6.0 V check 
Output Load'" 12 mA during 4.2 V check 

Raytheon can program devices at our facility from Raytheon truth table forms (available on request). For customers desiring to make 
their own forms, an example is shown below: 

WORD 

NUMBER 

o 

255 

PIN ----.. 9 

04 

·H 

L 

L 

OUTPUTS 

10 11 12 

03 02 01 

H H L 

H L H 

H H H 

Note: 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 = HHHHHHHH. 

PAPER TAPE FORMAT 

Truth tables can also be sent to Raytheon in an ASCII tape format. Information can be sent to us by air mail or TWX 910-379-6481. 
The tape reading equipment at Raytheon only recognizes ASCII characters S, B H, L, F and E 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 returns, line feeds, etc. are 
ignored so that comments and spaces may be sent in the data field to improve readability. Comments, however, should not use the 
characters S, B, H, L, F, E. Word addresses must begin with zero and count sequentially to word 255. 

In order to assist the machine operator in determining where the heading information stops and the data field begins, 25 bell characters 
or rubout characters should precede the start of the truth table. Any type of 8 'Ievel paper tape (mylar, fanfold, etc.) is acceptable. 
Channel 1 is the most significant bit and channel 8 (parity) is ignored. Sprocket holes are located between channels 3 and 4. Note that 
the order of the outputs between characters Band F is 04, 03, 02, 01, not °1,°2,°3.°4. 

A typical I ist of characters and their machine interpretations are shown on the next page. 
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ADDRESS 

SUGGESTED IMPLEMENTATION OF THE VERIFICATION CIRCUITRY 

Vee 

AO 

A1 

A2 

A3 256 x 4 

A. 

A5 

A6 

A7 1514 8 

-=-

13 

10 

11 

12 

FOR PROPER THRESHOLD ADJUSTMENT 
INSERT A 2N404 GERMANIUM TRAN
SISTOR WITH COLLECTOR AND EMIT
TER SHOATED SO THAT IT LOOKS LIKE 
A DIODE IN SERIES WITH PIN 7 OF THE 
7402 TO GROUND_ 

I"" 
Vpp 

IN4001 
7402 

VOUT STROBE 

THE 1N4001 DIODE PROTECTS THE INPUT OF THE 7402 FROM THE HIGH PROGRAMMING VOLTAGES 

FIGURE 5_ 
THE 1 N4001 DIODE PROTECTS THE INPUT OF THE 7402 FROM THE HIGH PROGRAMMING VOLTAGES 

fJBEGIN DATA FIELD 

,DATA FIELD (H = HIGH VOLTAGE, L = LOWI 

~ fFINISHEDDATAFIELD 

B P P N P F B P P P P F B P N N P F _elf·_ B P N N N F 

04°3°2 0 , 

WDROQ WORD 1 WORD2 WORD 255 

The req'uired headmg information at the b£ginning of the tape is as follows: 

CUSTOMERSNAMEANDPHONE ______________ ___ -TRUTH TABLE NUMBER ____________________________________________________ ___ 

CUSTOMERS TWX NUMBER __________________ __ NUMBEROFTRUTHTABLES __________________________________________________ __ 

PURCHASE ORDER NUMBER __________________ _ TOT A L N UMBE R OF P'/), RTS __________________________________________________ ___ 

RAYTHEON PART NUMBER __________________ __ NUMBEAOFPARTSOFEACHTRUTHTABLE ________________________________________ __ 

CUSTOMER SYMBOLIZED PART NUMBER __________ _ 25BELLORRUBOUTCHARACTERS ______________________________________________ _ 

An example IS shown below: 

BLARNEY ELECTRONICS 408-735-8140 

TWX 911-338-9225 

PQ142 

29660 

0431 

12 

BNNNPF. BNNNNF BNPNPF BNPPPF .BNNPPF BPPPPF BNNNPF BNPNPF BNNNNF 

8 level 

TWX 

BNNNNF BNPNPF BNNPPF BPPPNF BPPNNF BNNPPF BPPNNF BNNPPF BNPNPF 

........... .. . ... . .... 
•......... . ... . ... 

• • • 

... .... 
• .. 
• ...... ...... ...... . .... . •...•..... 
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PROGRAMMING PARAMETERS - Do Not Test These Limits or You May Program the Device 

LIMITS 
TYPICAL 

SYMBOL PARAMETERS TEST CONDITION MIN. 
OR 

MAX. UNITS 
See Figure 4 

OPTIMUM 

Ipp Current Program Pin During VCC = 5.50V 0 mA 
Programming, Before and After Vout = 5.0V to 25V 
Fuse Has Blown Vpp = 4.50V 

Vpp - 27V 77 mA 

lout Current into Output During Vpp = 27V, VCC = 5.50V 0.1 mA 
Programming Before the Fuse Vout = 9.0V 
Has Programmed 

Vout = 20V 16 mA 

lout Current into Output During Vpp = 27V YOU! 
=20V 0.1 mA 

Programming After the Fuse VCC = 5.50V 
Has Programmed 

TR Rise Time of Program Pulse 0.34 0.4 0.46 V/).is 
Applied to the Data Out or 
Program Pin 

VCCP V CC Required Dur.ing Programming 5.40 5.50 5.60 V 

IOLV1 Output Current Required During Both Chip Enables Low 11 12 13 mA 
Verification T A = 25°C, VCC = 4.2V 

IOLV2 
Output Current Required During Both Chip Enables Low 0.19 0.2 0.21 mA 
Verification T A = 25°C, VCC = 6.0V 

MDC Maximum Duty Cycle During Tp 25 % 
Automatic Programming of -

Program Pin and Output Pin TC 

Vpp Required Programming Voltage 
on Program Pin 

27 27 33 V 

V out Required Programming Voltage 20 20 26 V 

on the Output Pin 

IL Required Current Limit of the Vpp= 33V 150 mA 

Power Supply Feeding the Vout = 26V 

Program Pin and the Output VCC = 5.50V 
During Programming 

Tpp Required Coincidence Among the 80 95 110 ).is 

Program Pin, Output, Address and 

VCC for Programming 

TD1 Required Time Delay Between Measure at 10% Levels 70 80 90 ).is 

Disabling the Memory Output and 
Application of the Output Program-
ming Pulse 

TD2 Required Time Delay Between Measu re at 10% Levels 100 ns 

Removal of Programming Pulse 
and Enabling the Memory 
Output 

t[AVTHE03.'l 
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16 In By 8 Out By 48 Term FPLA 

FUNCTIONAL DESCRIPTION 

The R29690 and R29691 are field programmable random logic 
arrays. The R29691 has three-state outputs and the R29690 has 
open collector outputs. The devices have 16 data inputs and con
tain 48 intermediate product terms. Random logic functions are 
implemented by using the device like 8 large AND-OR·INVENT 
gates. Up to 48 AND functions may be generated in the device, 
where each AN[j function is the product of any or all of the 16 
inputs (10-115) or their complements. 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 also be programmed to invert, i.e., form an 
AND-OR-INVERT function, rather than AND-OR. 

Units are shipped with all fuses intact, and all outputs 
LOW. Each of the 48 AND functions contains both true 
and complement of each of the 16 input variables. (There
fore all AND functions are initially false}. 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. If 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 outputs OFF whl!n HIGH. When LOW, the outputs will 
be OFF or LOW for'the R29690, or HIGH or LOW for the 
R29691. 

DISTINCTIVE CHARACTERISTICS 

• LSI replacement for random logic and inefficiently used 
ROMs and PROMs 

• 16 inputs - 8 outputs - 48 product terms 

• Logic equation for each output field programmed by fusing 
nichrome links 

• Each output can be programmed to be active HIGH or 
active LOW 

• 100% processing in accordance with MIL-STD·883 

• Three·state or open collector outputs controlled by active 
LOW chip enable. 
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ORDERING INFORMATION 

This data is based on design goals 
and is subject to change following 
complete characterization. 

'0 

" 

R29690 R29691 

CONNECTION DIAGRAM 
Top View 

FE '8 Vee 

" 
27 '8 
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" 
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24 '11 

" 
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21 '14 

'0 '0 '15 
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F, " 16 F, 

GND 14 15 F, 

Note: Pin 1 is marked for orientation. 

LOGIC BLOCK DIAGRAM 
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OPERATING RANGE 

Part No. Ambient Temperature VCC 

R29690DC, R29691DC 5.0V ±5% 

R29690DM, R29691DM 5.0V ±10% 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

Parameters Description Test Conditions Min. 

VOH Output HIGH Voltage 
VCC = MIN., IOH = -2.0mA 

2.4 
(RA29691 Only) VIN = VIH or VIL 

VOL Output LOW Voltage 
VCC = MIN., IOL = 12mA 

VIN = VIH or VIL 

VIH Input HIGH Level 
Guaranteed input logical-HIGH 

2.0 
voltage for all inputs 

VIL I nput LOW Level 
Guaranteed input logical LOW 
voltage for all inputs 

IlL Input LOW Current VCC = MAX., VIN = 0.45V 

IIH Input HIGH Current VCC = MAX., VIN = 2.4V 

ISC 
Output Short Circuit Current VCC = MAX., VOUT = O.OV -12 

(Am29791 Only) 

ICC Power Supply Current 
CE = GN D, all other inputs = 4.5V 
VCC = MAX. 

Vc Input Clamp Voltage VCC = MIN., liN = -18mA 

I Vo - VCC 
ICEX,IOLK Output Leakage Current VEE = 2.4V 

I Vo = 0.45V -40 

Note 1. Typical limits are at Vee = 5.0V and TA = 25°C. 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE 
RA29690DC 

RA29691DC 

Parameters Description Test Conditions Min. Typ. Max. Min. 

tpZL(CE) Delay Chip Select to Output 
25 

tpZH(CE) Active HIGH or LOW· CL = 30pF 

tPLZ(CE) 
RL = 300n to VCC 

Delay Chip Select HIGH to 
and 25 

tpHZ(CE) Output OFF 
600n to GND 

tPLH(1l Delay Input to Output HIGH (16mA Load) Note 2 30 
tpHLO) Delay Input to Output LOW 

Note 2. 300n resistor opened for tOIS and tEN measurements between HIGH and OFF states. 

Typ. 
(Note 1) Max. 

0.3 0.45 

0.8 

-0.03 -0.25 

<1 25 

-35 -90 

120 

-1.2 

40 

RA29690DM 

RA29691 DM 

Typ. Max. 

40 

40 

50 

Units 

Volts 

Volts 

Volts 

Volts 

rnA 

iJ.A 

rnA 

rnA 

Volts 

iJ.A 

Units 

ns 

ns 

ns 

PROGRAMMING PROCEDURE input variable to be fused, applying high voltage levels to all 
other input variables, and pUlsing the chip enable input. 

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 
10-15, and the other by applying high voltage logic to outputs 
Fo-F5· 

Input variables which are not desired in a particular AND gate 
are fused out by selecting the AND gate with the decoder on 
output Fo-F5, applying a HIGH or LOW TTL level to the 

CEYTHEo"EJ 

Product terms which are to be removed from an OR gate are 
fused out by selecting the appropriate AND gate using the 
decoder on inputs 10 -1 5, applying a hi~h voltage level to the 
output for the desired OR gate, and pulsing the chip enable 
input. 

The polarity of the output may be inverted by deselecting the 
chip, applying a high voltage to the desired output, and 
pUlsing the FE input. 
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Using the·Am2901 

BASIC SYSTEM ARCHITECTURE 

The Am2901 is designed to be used in microprogrammed 
systems. Figure 15 illustrates 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 time as the Am2901. The register inputs come from a 
ROM or PROM - the "microprogram store". This memory 
contains sequences of microinstructions, typically 28 to 40 
bits wide, which apply the proper control signals to the 
Am2901's and other circuits to execUte 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. 

Note that with the microprogram register in-between the micro
program memory store and the Am2901's, an instruction 
accessed on one cycle is executed on the mixt cycle. As one 
instruction is executed, the next instruction is being read from 
microprogram memory. In this configuration, system speed is 
improved because the execution time in the Am2901's occurs 
in parallel with the access time of the microprogram store. 
Without the "pipeline register", these two functions must 
occur serially. 

EXPANSION OF THE Am2901 

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

With the exception of the carry interconnection, all expansion 
schemes are the same. Refer to Figure 14. The 03 and RAM3 
pins are bidirectional left/right shift lines at the MSB of the 
device. For all devices except the most significant, these lines 
are connected to the 0 0 and RAMO pins of the adjacent more 

11 11 
00 110 

RAMO I/O 

CARRY IN 

OUTPUT 
CONTROL 

- a o 

- RAMO 

- e" 

rOE 

0 

Am2901 

y 

U 
YO-3 

a3 00 0 

RAM3 RAMO 

Cn+4 
Am29Gl 

c" 
OVR I-

F3t--
F=OI- OE y 

D 
Y4-7 

Am2901 

significant device. These connections allow the a-registers of 
all Am2901's 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 to the 
shift inputs. (See Figure 19) 

The open collector F = 0 outputs of all the Am2901's are 
connected together and to a pull-up resistor. This line will go 
HIGH if and only if the output of the ALU contains all zeroes. 
Most systems will use this line as the Z (zero) bit of the 
processor status word. 

The overflow and F3 pins are generally used only at the most 
significant end of the array, and are meaningful only when 
two'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 HIGH when the result of an arithmetic 

START 
ADDRESS 

MICROPROGRAM 
STORE 

OUT 

(ROM/PROM) 

CLOCK 

TO OTHER 
DEVICES 

DATA IN 

Figure15. Microprogrammed Architecture Around Am2901's. 

°8-11 

II 
a3 00 0 a3 I-- Q'11/O 

RAMa RAMO RAMa f- RAMl1 110 

Cn+4 
Am2901 

c" .. f--c c" 
OVR f- OVR f--v 

F3 f- F3 f-- N 
F=O OE y F=O ~z 

D RL 
YS-11 4700 

Vee 

Figure 16. Three Am2901's used to Construct 12-Bit CPU with Ripple Carry. Corresponding A, B, and 
I Pins on all Devices are Connected Together. 
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operation is a number requiring more bits than are available, 
causing the sign bit to be erroneous. This is the overflow (V) 
bit of the processor status word. The F3 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 Negative (N) bit of the 
processor status word. 

The carry-out from the most significant Am2901 (Cn+4 pin) 
is the carry-out from the array, and is used as the carry (C) bit 
of the processor status word. 

°0_3 

JJ H 
1/0_ 0 0 °3 °0 °3 
1/0- RAMO RAM3 RAMO RAM3 

G 
~ 

G ~ , , 
Am2901 

Cn+4 - C" 
Am2901 

Cn+4 r-- C" 
OVR - OVR r-

00 
RAMO 

CARRY-IN 

'3- '3r-
F=O F=O 

.Jj. .u. 
YO-3 Y4-7 

), 

Carry interconnections between devices may use either ripple 
carry or carry lookahead. For ripple carry, the carry-out 
(Cn+4) of each device is connected to the carry-in (Cn) 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 technique 
should refer to AMD's application note on Arithmetic Logic 
Units. Figures 17 and 18 illustrate single and multiple level 
lookahead. 

°8 _ 11 

lL JJ 
°0 °3 00 °3 r--- Q15 1/0 

RAMO RAM3 RAMO AAM3 r--- RAM,5 
G 

~ 
G ~ , 

Am290T 
, 

C" 
Am2901 Cn+4 r- C" Cn+4 r--- C 

OVR r- OVR r--- V 

I/O 

'3 r- F3t--N 
F=O F=O r--Z 

.Jj. ..[J. 
YS-ll Y12-15 RL 

4700 

1 U 
Po Go P, G, P2 G2 P3 G3 

GO-

c" Am2902 

'0-
Cn+x Cn+v Cn+z 

Figure 17_ ,Four Am2901's in a 16-Bit CPU using the Am2902 for Carry Lookahead. 

Go Po G, P, G2 P2 G3 P3 , 
Am 2902 

L-__________________ +-~C" 

L-______________ ~----- C48 

Figure 18. Carry Lookahead Scheme for 48-Bit CPU using 12 Am2901's. The Carry-Out Flag (C481 Should 
be Taken from the Lower Am2902 Rather than the Right-Most Am2901 for Higher Speed. 
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±+h LSB MSB I I 1 
-"'-J J~ 

lG A B 2G lG A B 2G 
'CO lCO ~ 

H- 1C1 I- a: 
00 0, 1Y ra~ ffi 1C1 r- H 

- 1C2 ii!~~ 1Y INPUTS INPUTS ~~ ~ 1C2 
le3 ~ ~ ~ FOR FOR 1t)J. ~ 1e3 r-----
2eo ~~~ RIGHT LEFT ~;i~ 2eo 

H- ~~~ ~g~ 2Y 
SHIFT SHIFT r- H RAMO RAM" 2V <:j:::l 2C1 .- O::E 2C2 f--e- 2C3 2C3 

~~ Am2901 
ARRAY 

~ 

MSB Fn 
(SIGN BIT) 

Figure 19. Three·State Multiplexers Used on Shift I/O lines. 

SHIFT I/O LINES AT THE END OF THE ARRAY 

The a-register and RAM up/down shift data transfers occur 
between 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 
19 shows two Am25LS253 dual four-input multiplexers 
connected to provide four shift modes. Instruction bit 17 
(from the Am2901) is used to select whether the left
shift multiplexer or the right-shift 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. If the a-register is also shifted, then a 
LOW is deposited in the a-register MSB. If the 
RAM or both registers are shifted up, LOWs are 
placed in tlie LSBs. 

One 

Rotate 

Same as zero, but a HIGH level is deposited in the 
LSB or MSB. 

A single precision rotate. The RAM MSB shifts 
into the LSB on a right shift and the LSB shifts 
into the MSB on a left shift. The a-register, if 
shifted, will rotate in the same manner. 

Arithmetic A double-length Arithmetic Shift if a is also 
shifted. On an up shift a zero is loaded into the 
a-register LSB and the a-register MSB is loaded 
into the RAM LSB. On a Clown shift, the RAM LSB 
is loaded into the a-register MSB and the ALU 
output MSB (F n, the sign bit) is loaded into the 
RAM MSB. (This same bit will also be in the next. 
less significant RAM bit.) 

Code Source of New Data 
Shift 

17 S1 So 00 an RAMo 

H L L 0 °n-1 0 
H L H 1 °n-1 1 
H H L an °n-1 Fn 
H H H 0 °n-1 an 

L L L 01 0 F1 
L L H 01 1 F1 
L H L a1 00 F1 
L H H 01 Fo F1 

HARDWARE MULTIPLICATION 

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

The basic technique used is the "add and shift" algorithm. One 
clock cycle is required for each bit of the multiplier. On each 
cycle, the LSB of the multiplier is examined; if it is a "1", then 
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RAMn 
Type 

Fn-1 Up Zero 

Fn-1 (Right) One 

Fn- 1 Rotate 

Fn- 1 Arithmetic 

0 Down Zero 
1 (Left) One 

Fo Rotate 
RAM n ~ RAM n-1 ~ Fn Arithmetic 

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 is also shifted one 
place toward the LSB. The old LSB of the multiplier is 
discarded. The cycle is then repeated on the new LSB of the 
multiplier available at 0 0. 

The multiplier is in the Am2901 a-register. The multiplicand 
is in one of the registers in the register stack, Ra. The product 
will be developed in another of the registers in the stack, Rb. 
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The A address inputs are used to address the multiplicand 
in Ra , and the B address inputs are used to address the 
partial product in R b' On each cycle, R a is ccnditionally 
added to Rb ' depending on the LSB of a t:lS read from the 
0 0 output and both a and ALU output are shifted down 
one place. The instruction lines to the Am2901 on every 
cycle will be: 

1876 4 

1543 0 

(shift register stack input and a register left) 
(Add) 

1210 1 or 3 (select A, B or 0, B as ALU sources) 

Figure 20 shows the connections for mUltiplication. The 
circled numbers refer to the paragraphs below. 

1. The adjacent pins of the a-register and RAM shifters are 
connected t~geth.er so that the a-registers of both (or 
all) Am2901 s shift up or down as a unit. Similarly the 
entire eight-bit (or more) ALU output can be shift~d as 
a unit prior to storage in the register stack. 

LSB 

Figure 20. Interconnection for Dedicated Multiplication 
(8 by 8 Bit) (Corresponding A, B and I Connected Together). 

2. The shift output at the LSB of the a-register determines 
whether the ALU source operands will be A and B (add 
multiplicand to partial product) or 0 and B (add nothing to 
partia I product. I nstruction bit 11 can select between A, B 
or D, B as the source operands; it can be driven directly 
from the complement of the LSB of the mUltiplier. 

3. As the new partial product appears at the input to the 
register stack, it is shifted left by the RAM shifter. The new 
LSB of the partial product, which is complete and will not 
be affected by future operations, is available on the RAMo 
pin. This signal is returned to the MSB of the a-register. On 
each cycle then, the just-completed LSB of the product is 
deposited in the MSB of the a-register; the a-register fills 
with the least significant half of the product. 

4. As the ALU output is shifted down on each cycle, the sign 
bit of the new partial product should be inserted in the 
RAM MSB shift input. The F3 flag will be the correct 
sign of the partial product unless overflow has occurred. If 
overflow occurs during an addition or subtraction, the OVR 
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 MSB of the partial product 
is therefore F3 Ell OVR; that is, F3 if overflow has not 
occurred and F3 if overflow has occurred. On the last cycle, 
when the MSB of the multiplier is examined, a conditional 
subtraction rather than addition should be performed, 
because the sign bit of the multiplier carries negative rather 
than positive arithmetic weight 

This scheme will produce a correct two's complement 
product for all multiplicands and multipliers in two's 
complement notation. 

Figure 21 is a table showing the input states of the 
Am2901's for each step of a signed, two's complement 
multiplication. 

Initial Register States 
R 

Am2901 Microcode Final Register States 
R 

0 Multiplier 2's Compo Multiply 0 Multiplier. 
Multiplicand Program 1 Multiplicand 1 

2 X 8/5/75 J. S. 2 LSH Product 
3 X 

Date By 
3 MSH Product 

Pin States (Octal) Jump 
S,F- D Description Repeat 

Q3 RAMo RAM3 To If A B 1876 1543 1210 Cn 00 
OVA a Move Multiplier to a - 0 X 0 3 4 X X X X X 

OI\B B Clear R3 - X 3 2 4 3 X X X X X 

(0+B)/2 
B Condo Add & Shift n-1 1 3 4 0 10.r:..L.. 0 - RAMO - F3¥OVR 

(A+B)/2 11 = QoLO 

(B-0)/2 
B Condo Subt. & Shift - 1 3 4 1 lor 3 1 - RAMo - F3¥OVR 

(B-A)/2 11 =OoLO 

ova B Move LSH Prod. to R2 - X 2 2 3 2 X X X X X 

X:::: Don't Care S:::: Source F = Function D = Destination 

Figure 21. 
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EXAMPLES OF SOME OTHER OPERATIONS 

1. Byte Swapping 

Occasionally th!l two halves of a 16·bit word must be 
swapped: 0 0- 7 is interchanged with 0 8- 15 , The 
quickest 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 is shifted up one more place prior to storage. 

Byte Swap of Ro 

A = B = 0 1=701 RAMo = RAM 15 CIN = COUT 

Repeat 4 times 

2. Instruction Fetch Cycle 

Execution of a macroinstruction generally begins with an 
instruction fetch cycle. The current contents of the PC 
(in one of the registers) is the address of the macroin· 
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 macroinstruction. The macroinstruction 
obtained from memory is then loaded into the Am2909 
microprogram sequencer to cause a jump 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 Y outputs, and PC*l will be returned 
to the register. If the PC is in register 15, then: 

A = B = 15, I = 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 memory is 
dropped into the Am2909 instruction register. The fetch 
operation requires only two microcycles. 
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Am2909 

INTRODUCTION: 

One of the main functions of digital logic systems is the 
generation of tim ing and control sequences. I n the past, 
sequence control logic has 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 to 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 to 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 2909 cover a broad range. Two 
of the better known examples include: Computer Control 
Units, which provide the sequence control for instruction 
execution in computers, and the I/O controllers for sophis
ticated computer Peripheral devices, such as high speed 
magnetic disc files and high speed magnetic tape units. 
Other examples include control units for high speed com
munication processing, and general purpose machine 
control at rates from DC to above 5 MHz. In order to 
understand the applicability of the Am2909 with sequence 
control, we will first examine the sequence control problem 
in general and the methods employed to solve it. 

CUP RELEASE 

COFFEE BLACK HOT WATER ON 

COFFEE CREAM 

Using the Am2909 

SEQUENCE CONTROL - SIMPLE PROBLEMS AND 
SOLUTIONS: 

An example of a simple sequence control problem is the 
sequencer for an automatic coffee vending machine. In the 
automatic coffee vending machine, the user selects a ma
chine operating sequence by pressing the appropriate 
button on the coffee machine'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. I n addition, it 
must generate these signals according to which of the six 
buttons was pressed. Furthermore, it must ignore the 
buttons until the coin has been inserted, during sequence 
operation, and until another coin has been 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 

COMMENTS 

x START 
X'" ALL SEQUENCES 

X A '" COFFEE SEQUENCES 

COFFEE RELEASE 
SEQUENCE COFFEE x 

B = COFFEE & SUGAR SEQ. 
eO' COFFEE & CREAM SEQ, 
0= CHOCOLATE ONLY 
E=SQUPONLY 

PUSH COFFEE SUGAR CONTROL SUGAR RELEASE MACHINE 

BUTTONS HARDWARE 
COFFEE BOTH CREAM RELEASE 

CHOCOLATE CHOCO LATE R E l 

SOUP SOUP RELEASE 

BUSY LIGHT 

Figure 1. Coffee Machine Block Diagram. 
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" 12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

XA 
XA 
X A 
X A 
X A 

x 
X 

X 
o E X 
o E X 
o E X 
o E X 
0 X 

x 
x 

x 
x 

X END 

Figure 2. Coffee Machine Combined Sequence List. 
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, , CUP RELEASE 

, WATER ON 

BUSY 

• COFFEE ON 
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I"IJ.-- CREAM ON 

Figure 3. Coffee Machine Sequencer: Random Logic. 



of this approach is that it results in a design with a reason
able 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 unique design_ The sequence controller for a soft drink 
machine, for instance, will be similar but different_ A 
second, related disadvantage is that a 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 modified or redone_ 
These two problem areas expand with the complexity of 
the sequence control 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 is approximately pro
portional to 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 also 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 
coffee 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 5. The counter shown in Figure 4 
is a binary counter and the P/ROM serves as a 
programmable decoder_ The P/ROM decodes each count 

u 

" 

COIN RECEIVED 

" 

~ 

o 
'" 

Q 

CUP RELEASE 

WATER ON 

COFFEE RELEASE 

SUGAR A E LEASE 

CREAM RELEASE 

CHOCOLATE 
RELEASE 

SOUP RELEASE 

BUSY 

Figure 4_ Simple Sequencer: Counter/ROM 
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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 to 16 seconds 
with a resolution of % second_ This counter and P/ROM 
combination is directly analogous to an electro-mechanical 
cam-and-timer type sequence generator with a revolution 
time of 16 seconds and a programmable cam resolution of 
1/32 of a circle or approximately 11 degrees. Notice, 
however, that the choice of a 5 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 half 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 value is decoded by the P/ROM and the 
corresponding output signals, as indicated in Figure 5 are 
generated. 

The sequence generator shown in Figure 6 has the 
capability of eight individually selectable sequences_ This is 
done by using a 256 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 000, the 5 
bit counter will step through tht! address sequence zero 
through 31. If these 3 bits are 001, the counter will step 
through 32 through 47, etc_ We can apply this sequence 
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generator to 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 
between 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/ROM. Push buttons 
1 through 6 will generate binary codes 0 through 5, 
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 flip·flop which indicates a coin has been 
deposited and the button has been pushed. Once these 
two events have occu rred, 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 P/ROM output bits are used to clear the coin 
flip·flop, restoring the system to the initial 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. 

A2 O--O t>- H 'I-- CUP RELEASE 

A,o--o >-G 21-- WATER ON 

AOp-< t>- F ::; 31--
0 

COFFEE RELEASE 

E r---<r- E ~ 
4 r--w SUGAR RELEASE 

" 
0: D ;--I-- D 

il 
51--" ~;:: 0 

zoo III ,,- c-I-- c • r--
8~ 

CREAM RELEASE 

CHOCOLATE REL 

~!::! 
B r--I-- B 7 r--

~ 
SOUP RELEASE 

A r--I-- A err" 
ClK RST "\7 

USy 

oY A 
'II- J 

0-
<C. 

'--- c 
<C 

8 
+-K °l 

Figure 7. Coffee Machine ROM/Counter Sequencer. 

~YTHEO]J 



P/ROM 
ADDRESS 

32N + 0 

10 

" " P 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

24 
25 
26 
27 
28 
29 
30 

32N + 31 

x 
X 

X 
X A o E X 
X A o E X 
X A o E X 
X A o E X 
X A 0 X 

X 

COMMENTS 

"REST" ADDRESS 
CUP RELEASE SEQUENCE 

)) j 

X, ALL SEQUENCES 
A· COFFEE SEQUENCES: 

N' 0, 1, 2, 3 
B SUGAR SEQUENCES 

N 1,3 
c ~ CREAM SEQUENCES 

N 2,3 
D - CHOCOLATE SEQUENCES 

E SOUP SEQUENCE 
N 5 

N 0, BLACK COFFEE 
N'1- COFFEE & SUGAR 
N 2 COFFEE & CREAM 
N 3 COFFEE & C & S 
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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 P/ROM technique. The modified technique 
has various names, such as pipelining and look·ahead. This 
method puts a register at the P/ROM outputs to hold the 
output 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 value 
and applies it to the count register input. The incrementer 

CLOCK 

COUNTER OUTPUT BUFFERED 

P/ROM OUTPUTS 

Figure 9. Pipelined Counter /ROM 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 curre"t count value 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 is available almost immediately after the clock pulse, 
as opposed to 60 to 80 nanoseconds later, as determined 
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 system, the P/ROM outputs 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 be used in pipelined systems. 
The 2909 contains an incrementer and logic for generating 
the next P/ROM state. Figure 11 shows a 2909 based 
pipelined sequencer. Some of the features of the 2909, 
which will be discussed below, are not shown for the sake 
of clarity. Note that the sequencer in Figure 11 differs 
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Figure 10. Pipelined Counter /ROM Timing Diagram. 
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Figure 11. 2909 Pipelined 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 2909 outputs and increments them to form the 
next address plus one, to be loaded into the 2909 micro· 
program counter register. This arrangement 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 slower 
generation of the incremented value thus occurs between 
clock pulses. This is, in a serise, 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 sequence contro'l 
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/ROM memory size, and therefore 
(;ost, starts becoming significant in our design, we naturally 
look for methods of reducing the size of memory required. 
There is one fundamental technique' 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 each sequence where the outputs do not 

1.10 

change from one P/ROM address to the next. These 
redundant 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 technique 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 sequences or even several times within 
the same sequence. A sub·sequence, called a subroutine, 
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 repeat 
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 
buffer, or micro-instruction register, is loaded. This counter 
has an output which detects when the 4 bits of the counter 
are all ones. This output is used to gate the clock 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. If the counter is loaded with all ones for 
every 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 all zeros, the clock for the rest of the system 
will be disabled until the counter reaches all 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 disabled 
plus one count during which the clock was enabled. In 
order to execute a micro-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 
logic. I 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 
example is shown in Figure 14. In order to repeat a group 
of instructions, we must be able to conditionally go from 
the last step of the group sequence to the first step of the 
group sequence, 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. Our 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 output is used to control 2909 lTIultiplextJr selection. 
If the repeat counter detect output is zero, then the multi
plexer selects the repeat address from the P/ROM buffer 
register. If the repeat counter detect output is one, then the 
current address plus one is selected, which is in the 2909 
microprogram counter register. 

Note that the repeat counter is incremented only when it is 
used to control the multiplexer. In this way it will be in
cremented once per repetition of the group, or once per 
loop, rather than once per clock pulse. This circuit can be 
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CURRENT 
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23 
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30 
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25 

ACTIVITY 

LOA D REPEAT COUNTER 
1st STEP OF REPEAT SEQUENCE 

INCREMENT REPEAT COUNTER 
2nd STEP 
3rd STEP, ETC. 
4th STEP: GO TO 26 IF REPEAT 

(CONTINUE) 

Figure 14. Repeat Sequence Example. 

used to implement a 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. It can therefore be loaded from another source 
within the overall system at an arbitrary time. In 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 actually 
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 coffee vending 
machine 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·sequences, 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 our 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 to 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 P/ROM 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 logic shown in Figure 15 and its operation 
is shown in the sequence chart of Figure 16. 
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3rd STEP OF SUBROUTINE 
4th STEP OF SUBROUTINE AND 

RETURN (SELECT SAVE REG 
AS NEXT COUNTER VALUEI 

CONTINUE 

use, or call, another subroutine. This process of calling a 
subroutine 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 2909 LIFO 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. 

Figure 16. Subroutine Sequence Example. There exists another method of sub-sequence selection. In 
this case, the sequence selection register is decoded more 
than once. This is 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. I n the above 
discussions, we have assumed that this command register 
(the push button register) is decoded once and the selected 

The 2909 contains a save register. I n fact, it is implemented 
as a Last I n, First Out stack of 4 registers. This may be 
considered as a set of bi-di rectional sh ift registers wh ich 
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 subroutine to 

SELECT #1 

SELECT #2 

2909 1-- ----------, 
I 
I 
I 
I 
I 

NEXT ADDRESS 

2909 

I 
I 
I 
I 
I 
I SAVE 

RETURN 

SELECT 

I 
I 
I 
I 
I 
I 
I 
I SELECT MULTIPLEX NEXT ADDRS 

CLOCK 

~YTHEc?BJ 

I I 
L _____________ J 

COUNTER 
OUTPUT 

BUFFERED 
P/ROM OUTPUT 

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 selected 
by sequentially decoding this command register. This 
method has the advantage of not requiring a special set of 
P/ROM outputs for address generation. In some cases, it 
may save a micro-instruction step which would be required 
to generate a subroutine call. 

A general purpose sequence control system using 2909's 
is shown in Figure 18. This is a semi-pipelined system. 
This means that part of the system is pipelined for high
speed 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 micro-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 multiplexer 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 micro-instruction register. 

Now that our general purpose sequence controller has 
been designed, all that remains is to determine the num
ber of high-speed, pipelined P/ROM outputs and I ower
speed, non-pipelined P /ROM outputs required by our 
particular application. Also, we must determine the num
ber and source of our condition control inputs. Last of 
all, we must create the pattern to 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 be supported by the RA YASM micro· 
assembler which is designed to simplify the generation of 
P/ROM patterns and the corresponding P/ROM program· 
ming tapes. 

These two methods of sub·sequence generation, subroutine 
call and multiple command decode, may both be used 
within a given system. The method of subroutine call is the 
most general 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 
eliminating the subroutine call micro·instructions and their 
corresponding execution time. It is useful in systems which 

~YTHEO]'J 

have a large num ber of short sequences where execution 
time is important. The subsequences are typically few and short 
in computer control units since this provides not only fast in· 
struction execution but also minimizes interrupt and DMA la· 
tency times. I n many computer control u nits, interrupt and DMA 
activities are allowed to occur only between instructions. This 
means that the waiting period, or latency time, between an inter· 
rupt or DMA request 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 multiple decode method is often used in CCU's, since it 
is desirable and sometimes 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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misalignment to facilitate insertion 
Board-drilling dimensions should equal your 

practice for .020" diameter leed 
Leeds are tin-plated alloy 42 

"The .037/.027 dimension does not apply to 
the corner leeds 

16-Pin CERDIP 
DM 

1-1 --- :~~~ -----11 

.310 
Imi 

'---,=;==;=~=;=r=i: .015 m' i ~ MIN. 

_ .. l jL .011 

, .005 1-'150
•009 

:~ :~~ t.020
M1N ~.~75_J 

TYP. STANDOFF 1fi6 NOM 

NOTES: 
All dimensions in inches 
Leads ara intended for insertion in hole 

rows on .300" centers 
They are purposely shipped with "positive" 

misalignment to facilitate insertion 
Board-drilling dimensions should equal your 

practice for .020" diamater lead 
Leads are tin-plated alloy 42 

'The .037/.027 dimension does not apply to 
the corner leads 

40-Pin CERDIP 
DZ 

I' ~ "I 

£1::: ::::: ::: :::::::: r= 

24-Pin CERDIP 
R 

[[:::::::::~= 
I I 

~----·----Ht--~ ~ 

~~:~ 
.'00TV.j L ~llIt! 

=l=020 

~YTHEO]] 



FLAT PACKAGES 

~1!1!! 
.015 
TYP. 
_L-

16-Pin CERPAK 
CL 

16 ~:~-~;I 
.410 
:370 

9 J 
!-------!! ~I 

r .250 --J .085 
~ TVP. TVP. ---rl 
+--===1 I=o=*~ 

~-----{¥S--.-.~ ~=. 

NOTES: 
AH dimensions in inches 
Leads are tin-plated aHoy 42 

1.. 
t 

.375 TVP. 

~YTHE031 

28-Pin Metal 
FV 

T 
1~ 

I 
.007 
:016 

t 

42-Pin Metal 
F2 

1 l::=::J42 

21 H 22 

= 
= 

~ 

I" I I 14r 

0JC'" 25" C!W 

.018 

.022 

~ 
T 

..L 
T 
.045 
.055 

.071 

.091 

t 

119 






