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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, which
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, |.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 equally significant. Logic design and system ar-
chitecture are becoming necessary skills for those who hope
to succeed in the seventies. Marketing and sales will also be
upgraded as semiconductor manufacturers begin selling
“systems” rather than “components.”” Applications, train-
ing, software and hardware development tools and devel-
opment systems are all new demands placed on the semi-
conductor manufacturer who 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
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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 /ogic 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 this na-
ture, any one 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 category that ap-
pear to be “‘industry standards.”’

The situation is not quite as confusing in the bipolar arena
simply because there are not as many alternatives as with
the MOS approach. This is partially explained by the fact
that most bipolar designs are bit-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-
ket in terms of the number of users, the breadth of applica-
tions and the total amount of end-user equipment shipped,
there is not the need for nor the incentive to create 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 (1/0). (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
number of differences in the way the various funciions are
implemented. The most obvious differences occur between
MOS and bipolar technologies.
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Figure 1. Typical Computer Functions.

In the MOS approach; for example, the most common im-
plementation places the CPU and control function both on
one chip. This chip—which was the original “microproces-‘{
sor’’—inputs instructions and data, performs the operation
required by the instruction, and outputs the resulting data.
It also provides the addressing function to locate the in-
structions in memory, and to read or write data in memory
and/or 1/0. Because the decoding circuitry for the instruc-

tions (the main portion of the control section) is hardwired
on the chip, the same instruction (set of “1's"” and “0’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 1/O circuits. In the case of MOS, this
normally consists of ROM or PROM for program storage,
RAM for data storage, and either discrete logic or special
purpose LSI chips for 1/0.*

Some newer MOS devices include some memory and 1/0
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 1/0.

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
machines; one of the most chvicus being the capability of
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 hand, 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 via the data bus, decode the instruction, and then pro-
vide the individual control signals to the CPU, memory, and
1/0. 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.



As shown in Figure 2, (*) the control signals for the CPU,
memory, and /O are actually outputs from an array of
PROMs (@) . Each set of these control signals will cause a
specific action to occur during a given clock period. Since it
normally takes a series of these signals to actually accom-
plish what is normally considered to be a machine instruc-
tion (add, subtract, etc.), 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 microinstructions to ac-
complish a common machine instruction would be stored in
consecutive address locations in the PROMs. Thus to ac-
complish a machine instruction—say an 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 LS| chips to accomplish this
function. For example, the 2900 family currently provides
two such circuits—the 2909 and 2911—and a third is in de-
velopment. As with the CPU chips, sequencers are normally
provided as slices to allow for a variety of microprogram
sizes.

In addition 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 (). 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 MOS controlier 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 MOS microprocessor pro-
gramming, it is, at the same time, one of the features which
enhances the performance aspects of the bipolar approach.
By designing his own instruction set—which is precisely
what the microprogrammer is doing—the user can tailor the
instructions to his 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.






Four-Bit Bipolar Microprocessor Slice Am2901
L ________________________________________________________________________|]

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 will 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 fow-power Schottky processing is used to fabricate
this 40-lead LSI chip.

MICROPROCESSOR SLICE BLOCK DIAGRAM

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.

® |eft/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
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Package Temperature Order
Type Range Number
\ ~ Molded DIP 0°C to +70°C AM2901PC
Hermetic DIP 0 g: to +70 Co AM2901DC
Hermetic DIP —-55Cto+125 C AM2901DM

Hermetic Flat Pack  —55°Cto+125°C  AM2901FM
Dice 0°C to +70°C AM2901XC



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

—65°C to +150°C

Storage Temperature

Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential —0.5Vto+6.3V
DC Voltage Applied to Outputs for HIGH Output State —0.5 V to +Vgc max.
DC Input Voltage —05Vto+b5V
DC Output Current, Into Outputs 30 mA

DC Input Current

—30 mA to +5.0 mA

OPERATING RANGE

P/N Ambient Temperature Vee
Am2901PC, DC 0°C to +70°C 4.75V t0 5.25 V
Am2901DM, FM —55°C to +125°C 450 V to 5.50 V
STANDARD SCREENING
(Conforms to MIL-STD-883 for Class C Parts)
MIL-STD-883
Step Method Conditions Am2901DM,FM
Pre-Seal Visual Inspection 2010 B 100%
. 24-hour
Stabilization Bake 1008 C o 100%
150°C :
—65°C to +150°C
Temperature Cycle 1010 C
10 cycles 100%
Centrifuge 2001 B 10,000G 100%
Fine Leak 1014 A 5x10=8atm-cc/em3 |  100%
Gross Leak 1014 C2 Fluorocarbon 100%
Electrical Test 5004 See below for 100%
Subgroups 1 and 7 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 kelow 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 GROUP A SUBGROUPS
s MIIMSTD-883 condiions Lovel » (as defined in MIL-STD-883, method 5005)
ethod Am2901DMB, FMB Subgroup Parameter Temperature
o
Burn-In 1015 b 160 ;%?lrgmin. 100% ; gg i/ISaxCimum rated temperature
Electrical Test 5004 3 DC Minimum rated temperature
Subgroup 1 100% 7 Function 25°C
Subgroup 2 100% 8 Function Maximum and minimum rated
T i
Subgroup 9 100% 13 gx::ﬁ:::g l%/ISaxci:mum Rated Temeperature
Return to Group A Tests in Standard Screening 1 Switching Minimum Rated Temperature




ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

(Group A, Subgroups 1, 2 and 3)

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
| =—-1.6mA
OH 24
Yo.Y1.Y2,Y3
IoH = —1.0mA, C+4 24
= 10H = —800uA, OVR, P 24
VOH Output HIGH Voltage xCC= \';MN' v OH # Volts
IN = ViHor ViL IoH = —600uA, F3 24
10H = —600uA
OH “ 2.4
RAMp, 3, Qp, 3
Io0H = ~1.6mA, G 24
| Output Leakage Current Vee = MIN, Vou = 5.5V 250 uA
CEX for F = 0 Output VIN = ViH or ViL
| =1
oL = 16mA _ 0.5
Yo0.Y1.,Y2,Y3,G
= i =10mA, C ,F=0 0.5
VoL Output LOW Voltage Vee = MIN., oL n+4 — Volts
VIN=ViHor ViL loL =8.0mA, OVR, P 05
loL =6.0mA, F3 05
RAMg, 3. Qg, 3 :
Vi Input HIGH Level Guaranteed input logical HIGH 20 Volts
voltage for all inputs
v Input LOW Leve! Guaranteed input logical LOW Military 0.7 Volts
L voltage for all inputs Commercial 0.8
Vi {nput Clamp Voltage Vee =MIN, 1)y = —18mA -1.5 Volts
Clock, OE -0.36
Ag. A1, A2, A3 —0.36
Bo, B¢, By, B3 -0.36
= Dg, D1, D2, D -0.7
T8 Input LOW Current Vec = MAX. o ‘2 3 2 mA
Vin = 0.5V lo. 11, 12,16, 18 —-0.36
13,14, 15, 17 ~0.72
RAMo, 3, Qq, 3 (Note 4) —-0.8
Cn -36
Clock, OE 20
Ag. A1, A, A3 20
Bo. By, Bp, B3 20
Do, D1, D2, D. 40
IH Input HIGH Current Vee = MAX. 0 1. 72 73 KA
le=2'7V lo. 11,12, 1g. 18 20
13, 14,15, 17 40
RAMg, 3, Q, 3 (Note 4) 100
Cn 200
) Input HIGH Current Vce = MAX., V|N =56.8V 1.0 mA
Yo. Y1, Vo =24V 50
Y2, Y3 Vo = 0.5V —50
lozu Off State (High Impedance) Voo = MAX, ‘ Vo =24V 100 WA
lozL Output Current RAMg 3, | (Note4)
) : . Qo,3. Vq =
Vo =05V 800
(Note 4)
Y0.Y1,Y2,Y3.G -15 —40
Vee =5.75V Cna 18 %0
| Output Short Circuit Current cc =9 = _ _ mA
os (Note 3) Vo =05V OVR, P 15 40
F3 -15 —40
RAMo, 3. Qo, 3 -15 —40
Military 185 280
| Po = . mA
ce wer Supply Current Vee = MAx Commerecial 185 280

Notes: 1. For conditions shown as MIN. or MAX., use the appropriate value specified under Electrical Characteristics for the applicable device type.
. Typical limits are at Vo = 5.0V, 25°C ambient and maximum loading.
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
. These are three-state outputs internally connected to TTL inputs. Input characteristics are measured with lg7g in a state such that the

ENFENY

three-state output is OFF,



. GUARANTEED OPERATING CONDITIONS ~ TABLE |

'OVER TEMPERATURE AND VOLTAGE
Tables 1, 11,.and 111 below define the timing requirements of o
the Am2901 in a system. The Am2901 is guaranteed to CYCLE TIME AND CLOCK CHARACTERISTICS
function correctly over the operating range when used within
the delay and set-up time constraints of these tables for the TIME Am2901DC,PC | Am2901DM, FM
appropriate device type. The tables are divided into three
types of parameters; clock characteristics, combinational delays

Read-Modify-Write Cycle
(time from selection of

from inputs to outputs, and set-up and hold time requirements. A, B registers to end of 105ns 120ns
The latter table defines the time prior to the end of the cycle cycle)

(i.e., clock LOW-to-HIGH transition) tha‘s each inpyt must be Maximum Clock Frequency to

stable to guarantee that the correct data is written into one of Shift Q Register (50% duty 9.5MHz 8.3MHz
the internal registers. - - cycle) )

The performance of the Am2901 within the limits of these Minimum Clock LOW Time 30ns 30ns

tables is guaranteed by the testing defined as “Group A,

. Minimum Clock HIGH Time 30ns 30ns
Subgroup 9’ Electrical Testing. For a copy of the tests and — -
limits used for subgroup 9, contact Product Marketing. Minimum Clock Period 1050s 120ns
TABLE 1l
MAXIMUM COMBINATIONAL PROPAGATION DELAYS (all in ns, C_< 15pF)
Am2901DC, PC (0°C to +70°C; 5V +5%) Am2901DM, FM (—55°C to +125°C; 5V £10%)
To Shift Shift
Output _ _|F=0 Outputs __|F=0 Outputs
From p Y | F3 |Cn+a|G,P|RL=|{OVR Y | F3 |Cn+a| G, P |RL=|OVR
RAMg| Qg RAMg| Qg
Input 470 470
RAM3 Q3 RAM3( Q3
A, B 110 | 8 | 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 | 106 —
D (1=X37) (Note 5)| 60 50 - - 60 - 60 - 65 55 - - | 65 - 65 -
Cn 55 | 35 | 30 | — [ 50 |40 [ 55| — {60 {40 | 30 { — | 55| 456 | 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 5 | - | - | - | -] -|4]asfe60| -] -] -] -] —-1]650]50
OE Enable/Disable |40/25| — | — | — | — | — | = | = J40/25 = | = | = | = | = | — | ~
A bypassing _ _ _ _ _ _ _ _ _ _ _ _ _ _
ALU(1=2xx). | ®0 &5
Clock _4 (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 11l
Am2901DC, PC (0°C to +70°C, 5V £5%) Am2901DM, FM (—55°C to +125°C, 5\, £10%)
From Input Notes
Set-Up Time Hold Time Set-Up Time Hold Time
A B T 2,4 105 120
Source 3.5 tpwl + 30" 0 tpwl + 30 0
B Dest. 2,4 towL + 15 0 towl +15 0
D (arithmetic mode)| 100 0 110 0
D (I = X37) (Note 5) 60 0 65 0
Cnh 55 0 60 0
lo12 ; 85 0 90 0
1345 70 0 75 0
's78 4 tpwl + 15 0 towL + 15 0
RAMg, 3, Qg, 3 30 0 30 0
Notes: See Figure 11 and 12.

. |f the B address is used as a source operand, allow for the ‘A, B source’’ set-up time; if it is used only for the destination address, use the
’B dest.’”” set-up time.

1.

2

3. Where two numbers are shown, both must be met.

4. "towL" is the clock LOW time.

5. DV O is the fastest way to load the RAM from the D inputs. This function is obtained with | = 337.

6. Using Q register as source operand in arithmetic mode. Clock is not normally in critical speed path when Q is not a source.

:



SET-UP AND HOLD TIMES (minimum cycles from each input)  time prior to the clock until the hold time after the clock. The

set-up times allow sufficient time to perform the correct

Set-up and hold times are defined relative to the clock LOW-to- operation on the correct data so that the correct ALU data
HIGH edge. Inputs must be steady at all times from the set-up can be written into one of the registers.

t

pwL
(at least 30 ns)

e \ y

1
= 30 po

1 =20
A'B M

=0

—

=3

g

~ AR

=

 CORRERNORNCEAAANANH

=0

=

55—t — >

=4

o (A0 XCAARMCARNNORARANCS

Figure 1. Minimum Cycle Times from Inputs. Numbers Shown are Minimum Data Stable
Times for Am2901DC, in ns. See Table 111 for Detailed Information.
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This delay is the max. t,y of the register containing A, B, D, and |. For the Am2918, use 13ns.
10ns for look-ahead carry. For ripple carry over 16 bits use 2 x (C, = Cpy14), or 60ns.

. This is the delay associated with the muitiplexer between the shift outputs and shift inputs on the Am2901s. See

Figure 19.
Not applicable for logic operations.

. 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 | are all Driven from

Registers with the same Propagation Delay, Clocked by the Am2901 Clock.



PNP
DRIVEN INPUT

DRIVEN INPUT DRIVEN INPUT
Vee .
o TR e :;n e R
o—1 o——‘rq— o—
- . .
M i
B R= - R= - - R=
Do_3 o 13,457 10k cp 6k
Cn 3K lo,1,6,8 20k 3 10k
R Qg 3. RAMg, 3 18k [ 20k Ap-3.B0-3 6k
C, ~ 5.0pF, all inputs. .
S50 NOM S50 NOM
S 3
lou lon
—
‘oL
s
b3
Qg, 3. RAMg, 3 G, P Covd Fe0
Y OUTPUTS, OVR, Fy -
Co =~ 5.0pF, all outputs.
Figure 3. Am2901 Input/Output Current Interface Conditions.
Vee AW\ Vee
d [t [ Jols Jo s e L
0.1uF
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Qo Q 0y
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14 1
l2 F=0
L2l N
)y, 35
211 52
5
40 N Am2901 ova |2
OE
T g Cnea
Vee S F3 0|8
RAMg
21 8
Q RAM3
o 4 1y € Dg Dy Dy D3 Vee GND Az Ay Ay Ag Yo Y Yy Y3

Vee

Veg =5.0V

AAA
W

Frequency = 100KHz

Ta=125°C

This circuit conforms to MIL-STD-883,
method 1015, condition D.

112 113 17 lza 125 124 [23 [zz 10 _l—_so

0.1uF
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Vee

23436[313&39

AA
A
VWA
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Figure 4. Am2901 Burn-In Circuit.



METALLIZATION AND PAD LAYOUT CONNECTION DIAGRAM

Top View Top View
lg Ag Ay Ay Ay OE DiP FLAT PACK
s 6 5 432140
T )]
Y == IO S 40 OF [Yum AIXY N 42 (g
A2 39 Y3 ]2 a4
S ) 38 Y, RAM3[]3 a0 A
Ag 4 37 Yi P[4 39 A;
s []s 361 Yo RAMg [ 5 8[ A3
g 6 B ]F Vec [ 6 37 [1GE
Iy 7 34 7] ovR F=o[]7 36 []Ys
nm@%a 33 Cn+a we 3 1Y2
RAMOEQ 213§ ne 73 mm R g)
Vee 10 a1 F 120 3 [Yo
e ETR Y i R Y =
o ]2 29[ ¢ Gno [ 12 31 [TJovr
[0 RK] 28 ne (13 30 [1Cn+a
I e 2% 8o [ 14 207G
ce s Py wu Y 815 2 [F3
Qa3 16 25 1 Do B, []e 27 [J6ND
8o []17 2410 8317 26 [1Ca
B [J8 20 Q[]s 25 ['a
8, 1o 2[10; 03[9 24 [s
B3 [] 20 2 Q% 0 [J20 23113
o [Ja 22 109
19 20 21 22
B283 Qp D3
Note: Both grounds (pins 12 and 27)
DIE SIZE 0.167" x 0.198"" Note: Pin 1 is marked for orientation. must be connected.
Figure 5.

DEFINITIONS Yg-3 The four data outputs of the Am2901. These are

three-state output lines. When enabled, they display

Ag-3 The four address inputs to the register stack used to either the four outputs of the ALU or the data on the
select one register whose contents are displayed A-pc.)rt f)f the register stack, as determined by the
through the A-port. destination code lg7g.

Bg-3  The four address inputs to the register stack used to OE Output Enable. When OE is HIGH, the Y outputs
select one register whose contents are displayed are OFF; when OE is LOW, the Y outputs are active
through the B-port and into which new data can be (HIGH or LOW).
written when the clock goes LOW. ==

g P, G The carry generate and propagate outputs of the
lo-g The nine instruction control lines to the Am2901, Am2901’s ALU. These signals are used with the
used to determine what data sources will be applied Am?2902 for carry-lookahead. See Figure 8 for the
to the ALU (lg72), what function the ALU will logic equations.
perform (I345), and what data is to be deposited in
the Q-register or the register stack (lg7g). OVR Overflow. This pin is logically the Exclusive-OR of
the carry-in and carry-out of the MSB of the ALU.

Q3 A shift line at the MSB of the Q register (Q3) and the At the most significant end of the word, this pin

RAM; register stack (RAM3). Electrically these lines are indicates that the result of an arithmetic two’s com-
three-state outputs connected to TTL inputs internal plement operation has overflowed into the sign-bit.
to the Am2901. When the destination code on lg7g See Figure 8 for logic equation.
indicates an up shift (octal 6 or 7) the three-state out- _ This i | hi HIGH
puts are enabled and the MSB of the Q register is T = 0 ;:S Is an ':)pen collector outpu;w ich goes a
available on the Q3 pin and the MSB of the ALU out- (OFF) if the data on the four ALU outputs 0-I3
put is available on the RAM3 pin. Otherwise, the are all LOW. In posnltwe logic, it indicates the result
three-state outputs are OFF (high-impedance) and the of an ALU operation is zero.
pins are electrically LS-TTL inputs. When the desti- ¢ The carry-in to the Am2901’s ALU.
nation code calls for a down shift, the pins are used , )
as the data inputs to the MSB of the Q register Cn+4  The carry-out of the Am2901’s ALU. See Figure 8
(octal 4) and RAM (octal 4 or 5). for equations.

cp The clock to the Am2901. The Q register and register

Qo Shift lines like Q3 and RAM3, but at the LSB of the

RAMg 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.

Dg-3 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. Dg is the LSB.

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.



ARCHITECTURE

A detailed block diagram of the bipolar microprogrammable
microprocessor structure is shown in Figure 1. The circuit is a
four-bit slice cascadable to any number of bits. Therefore, all
data paths within the circuit are four bits wide. The two key
elements in the Figure 1 block diagram are the 16-word by 4-bit
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 R and 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, Q 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, AQ, A0, BD, BQ, B0, DQ, DO and Q0.
It is apparent that AD, AQ and AO are somewhat redundant with
BD, BQ and BO 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 lg, 11, and |2 inputs. The definition of Ig, 1,
and |2 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 as yet are the D in-
put and Q 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 isa
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 g microinstruction inputs are used to select the

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-look-ahead-generator such as the
Am2902 (‘182). A carry-out, Cj44, is also generated and is avail-
able as an output for use as the carry flag in a status register. Both.
carry-in (Cp) and carry-out (Cp,,4) are active HIGH.

The ALU has three other status-oriented outputs. These are Fg,
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-inverted with respect to the sign bit output Y3. 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 Cy 3 and Cpy44 are
not the same polarity.

The ALU data output is routed to several destinations. It 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 Ig, 17, and Ig micro-
instruction inputs. These combinations are shown in Figure 9.

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

A 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 Ig, 17,
and |g 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 RAMg
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 RAMq multiplexer input is enabled. Likewise, in the shift
down mode, the RAMg buffer and RAM3 input are enabled. 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 lg, |7 and Ig microinstruction inputs as defined
in Figure 9.

Similarly, the Q register is driven from a 3-input multiplexer. In
the no-shift mode, the multiplexer enters the ALU data into the
Q register. In either the shift-up or shift-down mode, the multi-
plexer selects the Q register data appropriately shifted up or
down. The Q shifter also has two ports; one is labeled Qg and the
other is Q3. The operation of these two ports is similar to the
RAM shifter and is also controlled from Ig, |7, and Ig as shown
in Figure 9.

The clock input to the Am2901 controls the RAM, the Q register,
and the A and B data latches. When enabled, data is clocked into
the Q 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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) ALU SOURCE pp
MICRO CODE OPERANDS MICRO CODE AL -
u ymi
Octal Octal Function
b 1y R s 1 1
2 1 0 Code 5 14 I3 Code
LooLoL 0 A aQ LooLoL o |Repuss R+S
L L H 1 A B L L H 1 |sMminusR S—R
L H L 2 o a L H L 2 |RMinuss R_S
L H H 3 o B L H H 3 |RORS RVS
HoL oL 4 o A HooLoL 4 |manDs RAS
H L H 5 D A H L H 5 RANDS RAS
HoOOH L 6 D Q HoOoH L 6 |REX-ORS RYS
H H H 7 D o H H H 7  |REXNORS| R¥s
Figure 7. ALU Source Operand Control. Figure 8. ALU Function Control.
" RAM Q-REG. RAM Q
MICRO CODE FUNCTION FUNCTION v SHIFTER | SHIFTER

g 1 g Qetat shift Load Shift toad  |OYTPUT | amo | Rams | 0o | a3

LoLoL 0 x NONE NONE F>Q 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 FoB X NONE F X X X X

HoLoL 4 DOWN FI2->8 DOWN az->q F Fo | N3 | qp | g

H L H 5 DOWN FI2-8 X NONE F Fo | N3 | Qo | x

HoOoH L 6 up 2F >B upP 20-Q F Ng | F3 | INg | 03

H H H 7 up 2F »B X NONE F Ny | F3 x | o

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

B = Register Addressed by B inputs.

Up is toward MSB, Down is toward LSB.

Figure 9. ALU Destination Control.

o 1210 OCTAL [1] 1 2 3 4 5 6 7
$ I5 ALU
A4l Source| A o A,B o.Q o.B 0.A D, A D.Q D,0
L 3|ALU
Function
Cn=L A+Q A+B o) B A D+A p+Q D
0| RPlusS
Ch=H A+Q+1 A+B+1 Q+1 B+1 A+1 D+A+1 D+Q+1 D+1
Cn=L Q-A-1 B—A—1 Q-1 B—1 A1 A-D—1 Q-D-1 —D-1
1 | S Minus R
Ch=H Q-A B—-A Q B A A-D Q-D -D
Cn=1L A-Q—1 A—B—1 -Q-1 —B-1 —A-1 D-A-1 D-Q-1 D-1
2 | RMinusS
Ch=H A-Q A-B -Q -B -A D-A D-Q D
3 RORS AvVQ AVB Q B A DVA bpva D
4 | RANDS ANAQ AANB 0 [ 0 DAA DAQ 0
5| RANDS AAQ AAB a s A bAA BAQ 0
6 |{REX-ORS| AvQ A¥B Q B A D¥A DvaQ D
7 REX-NORS’{ Ava AVE a B A Dv A Dvao D
+ = Plus; — = Minus; V =0R; A = AND; ¥ = EX-OR

Figure 10. Source Operand and ALU Function Matrix.




Octal
G Functi
1543' '210 roup unction
40 AAQ
as | A | o
46 DAQ
30 AvQ
28 or | Zua
36 pva
60 A¥Q
21| exon | A0
66 Dva
70 AvQ
i
75 EXNOR | 5oz
76 bva
72 o
73 B
74 INVERT A
77 D
62 Q
63 B
PASS
64 A A
67 D
32 Q
33 B
34 PASS A
37 D
42 0
43 " 0
ZERO"
44 RO 0
47 0
50 AAQ
2; MASK gxi
56 DAQ

Figure 11. ALU Logic Mode Functions.
(Cp Irrelevant)

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

The four signals G, P, Ch+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
R and S inputs are the two inputs selected according to
Figure 7.

SOURCE OPERANDS AND ALU FUNCTIONS

There are eight source operand pairs available to the ALU as
selected by the g, 14, and |5 instruction inputs. The ALU can
perform eight functions; five logic and three arithmetic. The
13, 14, and lg instruction inputs control this function selection.
The carry input, Cp, also affects the ALU results when in the
arithmetic mode. The Cp, input has no effect in the logic mode.
When lg through Ig and Cp, 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,
i.e., 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
(Ch = 1) are defined in these operations.

Octal Cpn =0 (Low) Cn = 1 (High)
I543. 1210 Group Function Group Function
00 A+Q A+Q+1
01 ADD A+B ADD plus A+B+1
05 D+A one D+A+1
06 D+Q D+Q+1
02 Q Q+1
03 PASS B Increment | B+1
04 A A+1
07 D D+1

12 Q-1 Q
13 Decrement B-1 PASS B
14 A-1 A
27 D-1 D
22 —Q—1 -Q
23 1’s Comp. —B—1 2's Comp. | —B
2 4 —A—1 (Negate) —A
17 —D—1 -D
10 Q—-A-1 Q-A
11 Subtract B—A-1 Subtract B—A
15 (1’s Comp) | A—D-1 (2's Comp) | A-D
16 Q-D-1 Q-D
20 A—-Q-1 A-Q
21 A-B-1 A-B
25 D—-A-1 D-A
26 D—-Q-1 D-Q

Figure 12. ALU Arithmetic Mode Functions.

Definitions (+ = OR)

Po =Rg + Sg Gp = RoSo
Py =Ry + S5 Gy = R15,
Py =Ry + 83 G2 = RS
P3 =R3 +S3 G3 = R3S3
Cq4 = Gz + P3Gy + P3P2Gq + P3PoP1Gp + P3PoP1PoCh

C3 = Gg + P2Gq + PP1Go + P2PPoCp
1




Is43 | Function P G Cn+4 OVR

‘0| Ras P3P2P1Po Gz + P3G + P3P2Gy + P3P2P1Gg Ca . C3¥Ca
1 S—R |= Same as R + S equations, but substitute R; for R; in definitions
2 R—-S |- Same as R + S equations, but substitute § for Sj in definitions -
3 RVS LOW P3P2P1Pg P3P2P1Pg + Cn m*cn

4 | RAS Low m G3 + Gy +Gq +Go +Cp G3+G2+(‘31+Go’+cn
5 RAS LOW |ee————  Same as R A S equations, but substitute R; for R in definitions, —————————————sm
6 | RV¥S |« Same as R ¥ S, but substitute Rj for R; in definitions
7 R¥S | G3+Gy+Gy+Gp G3+P3Gy+P3P2Gy +P3PoP1Gg M See note

+P3P2P1Pg (Gg + Cp)

Note: [P2+G2P1+G2G1Po+G2G1GoCn] ¥ [P3+G3P +G3G,Py +G3G2G1Po +G3G2G1 GoCn)

12

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

FUNCTIONAL DESCRIPTION

The Am2902 is a high-speed, look-ahead carry generator
which accepts 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 2901 bipolar micro-
processor unit to provide look-ahead over word lengths of
more than four bits. The look-ahead carry generator can be
used with binary ALU’s in an active LOW or active HIGH
input operand mode by reinterpretingsthe carry functions.
The connections to and from the ALU to the look-ahead
carry generator are identical in both cases.
The logic equations provided at the outputs are:

Cn+x = Gp *+ PgCp

Cn+y = G1 + P1G0 + P1 POCn

C,-H,.z = G2 + P2G1 + P2P1GO + P2P1P0Cn

G =Gz + P3Gy + P3P7Gq + P3PoP1Gg

P =P3PoP¢Pg

DISTINCTIVE CHARACTERISTICS

® Provides look-ahead carries across a group of four
Am?2901 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 0°C to +70°C AM2902PC
Hermetic DIP 0°C to +70°C AM2902DC
Dice 0°C to +70°C AM2902XC
Hermetic DIP —55°C to +125°C AM2902DM
Hermetic Flat Pack —~55°C to +125°C AM2902FM
Dice —~55°C to +125°C AM2902XM

LOGIC DIAGRAM

S Gp P G Py Gy Py

Gy Py

Cnix Cnty

C

ol

n+z G
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature o . . —65°C to +150°C
Temperature (Ambient) Under Bias ) B —55°C to +125°C
Supply Voltage to Ground Potential —0.5V to +7.0V
-DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vc max.
DC Input Voltage —0.5V to +5.5V
DC Output Current, Into Qutputs : 30 mA
DC Input Current —30 mA to +5.0 mA

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted)

Am2902XC Ta =0°Cto+70°C Vge = 5.0V 5% (COM’L) MIN. = 4.75V MAX. = .25V
AmM2902XM  Tp = —55°C 10 +125°C Vee = 5.0V £10% (MIL) MIN. = 4.50V MAX. = 5.50V Typ
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee = MIN,, IgH = —0.8mA
A"/ Output HIGH Voltage 24 3.0 Volts
OH o VIN = ViHor Vi
Vee = MIN,, IgL = 16mA )
V, Output LOW Voltage 0.2 0.4 Volts
ou VIN = ViH or Vi
Guaranteed input logical HIGH
ViH Input HIGH Level voltage for all inputs 2.0 Volts
Guaranteed input logical LOW
ViL Input LOW Level voltage for all inputs 0.8 Volts
V) Input Clamp Voltage Vee = MIN,, iy =—12mA -1.5 Volts
Cn -3.2
F3 —-4.8
L Input LOW C 0 F2 04 A
nput urrent Vee = MAX,, VN = 0.4V FC— m
(Note 3) ce N Po. P1, Ga , 8.0
Gg, Go -14.4
Gy —16
Cn 80
?3 120
lH Input HIGH C Ve = MAX., Vi = 24V P2 160 rA
{Note 3) neut urrent cc = MAZLVIN 0. P1, 63 200
Go, Go 360
[} 400
h Input HIGH Current Vce = MAX,, VN = 5.5V 1.0 mA
Output Short Circuit - -
Isc (Note 4) Vee = MAX,, VoyT = 0.0V —-40 -100 mA
Vee = MAX. MIL 62 99 mA
All Outputs LOW coM’L 58 94
Icc Power Supply Current
. Vce = MAX. MIL 37 mA
All Ouputs HIGH com’'L 35
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 Vo = 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.
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SWITCHING CHARACTERISTICS Vcc = 5.0V, Ta =25°C, CL = 15pF, R|_ = 400§2

Parameter From (Input) To (Output) Test Figure Test Conditions Min Typ Max Units
tPLH P,=P, =P, =0V 1 14
C Ch+j 2 0T T2 s
tPHL " n+ G0=G|=G2=45V 11 14 "
t] _ P = i 6.0 8.0
PLH P, Cpi 3 Pi=0V(x>h _ ns
tPHL C,=G;=G, =G,=45V 6.0 8.0
1 - = _ .
PLH G, Co, 3 G =0V({i>i _ 8.0 10 ns
tPHL C,=Py=P =P, =45V 8.0 10
tPLH - = = P = i 11 14
P, GorP 2 Pi=0V(i>i _ ns
tPHL C,=G,=G =G, =45V 1 14
t _ = G = S 12 14
PLH G; GorP 2 Gi=0V(i>0 _ ns
tPHL C,=P,=P =P, =45V 12 14
LOADING RULES (In Unit Loads)
C,, Carry-in. The carry-in input to the look-ahead generator. Fan-out
Also the carry-in input to the nth Am2901 microprocessor Input Output  Output
ALU input. Input/Output  Pin No.’s Unit Load HIGH Low
Cn+j Carry-out. (j = x, y, z). The carry-out output to be used G1 ! 8.0 - -
at the carry-in inputs of the n+1, n+2 and n+3 microprocessor Py 2 4.0 - -
ALU slices. G 3 72 — _
Gh Pi Generate and propagate inputs respectively (i=0, 1, 2, o 4 4.0 _ —
3). The carry generate and carry propagate inputs from the n, & 5 70 — —
n+1, n+2 and n+3 microprocessor ALU slices. P_3 5 .
. 24 - -
G, P Generate and propagate outputs respectively. The carry _3
generate and carry propagate outputs that can be used with the P 7 - 16 8
next higher level of carry look-ahead if used. GND 8 - - -
Cniz 9 - 16 8
TRUTH TABLE ¢ 0 - 16 8
Cnty 1 - 16 8
Inputs Outputs Cn+x 12 - 16 8
C, G, I-’o G, P, G, P, G, P, cn+x cn+ycn+zG P Cn 13 16 _ _
X H H L G, 14 _ =
L H X L -2 72
X L X H Py 15 3.2 - -
H X L H Vee 16 — - -
X X X H H L
i( : |; E § II: A Schottky TTL Unit Load is defined as 50uA measured at 2.7V
X X X L X H HIGH and —2.0mA measured at 0.5V LOW.
X L X X L H
H X L X L H
X X X X X H H L ’Metallnzatlon and Pad Layout
X X X H H H X L
X H H H X H X L DIE SIZE 0.065~ X 0.068"
L H X H X H X L
X X X X X L X H
X X X L X X L H
X L X X L X L H
H X L X L X L H
X X X X X H H H
X X X H H H X H
X H H H X H X H
H H X H X H X H
X X X X X L X I':
X L X X L 5 G 3
oorr it ron C CONNECTION DIAGRAM ' f2 %2 CosCu & o
L X L x L X L L TOp VIeW 15 14 13 12 1" 10
H X X X H
X H X X H * s
X X H X H . .
X X X H H .
L L L L |_ 2 3 4 5 6 7
J ULl
H = HIGH Voltage Level Gy Py Gy Pp Gz Pz P GND
)IZ = EOW \éoltage Level Note: Pin 1 is marked for orientation.
= Don’t Care




APPLICATIONS

CARRY-IN C, Am2901 C, Am2901 C, Am2901 C, Am2901 C, . 4—— CARRY-OUT
G P G P G P
Gy Po Coix Gy Py Coay Gy Py Cpug
—1Cp Am2902
16-BIT CARRY LOOK-AHEAD CONNECTION.
y. Am2901 ~
CARRY-IN G _ G _ G _ L I G G _ Cn Cnta CARRY-OUT
G P G _p 5P p G_p G__ P G_p
| 1% Po Coex G1 Py Casy Gp Py Coiz Gy Pq ] Go Po Crax G1 Py Cnty G2 PpCriz G Pg
Cn Am2902 i 5 Cn Am2902
Gy Py Crx
Cy Am2902

32-BIT ALU, THREE LEVEL CARRY LOOK-AHEAD.
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Quad Two-Iinput 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 Aj data is stored
in the register and when S is HIGH, the B; 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
output. Thus, data is non-inverted from driver input to
receiver output., The four receivers each feature a built-in

Am2905
e

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 theb_us
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 LS| bus-transceiver
Open-collector bus driver

Two-port input to D-type register on driver

Bus driver output can sink 100 mA at 0.8V max.
Receiver has output latch for pipeline operation
Three-state receiver outputs sink 12 mA
Advanced low-power Schottky processing

MIL-STD-883

ORDERING INFORMATION

Package Temperature Order

Type Range Number
Molded DIP 0°C to +70°C AM2905PC
Hermetic DIP 0°C to +70°C AM2905DC
Dice 0°C to +70°C AM2905XC
Hermetic DIP —55°C t0 +125°C AM2905DM
Hermetic Flat Pak —55°C to +125°C AM2905FM
Dice —55°C to +125°C AM2905XM

LOGIC DIAGRAM

100% reliability assurance testing in compliance with

cP

CP

p— cp

SELECT

ENABLE

0

=

2

3

11
it
= A

gl
gl
gl
o 8l
?

——O
0 &
-0

o Rg

+—O Ry

DRIVER
cLocK DRCP o——Dc

RECEIVER
——-<o——-o RLE LATCH
ENABLE
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MAXIMUM RATINGS (Above which the useful life may be impaired)

"~ —65°C to +150°C

Storage Temperature
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential —0.5V to +7V
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +Vc max.
DC Input Voltage —0.5V to +5.5V
DC Output Current, Into Outputs (Except Bus) 30mA
DC Output Current, Into Bus 200mA
DC Input Current —30mA to +5.0mA
ELECTRICAL CHARACTERISTICS
The following conditions apply uniess otherwise noted:
Am2905XC (COM'L) Tp =0°C to +70°C VCCMIN. =475V VeoMAX. = 5.25V
Am2905XM (MIL)  Tp =-55°Cto+125°C  VceMIN. =4.50V VocoMAX. = 5,50V
BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
- . el . Typ'
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
loL = 40mA 0.32 0.5
VoL Bus Output LOW Voltage Ve = MIN. loL =70mA 0.41 0.7 Volts
loL = 100mA 0.55 0.8
Vo =04V —50
o Bus Leakage Current Ve = MAX. Vo = 45V MiL 200 uA
comM'L 100
Bus Leakage Current -
1 Vo =45V 100
OFF (Power OFF) ° HA
i MIL 24 :
Vi Receiver Input HIGH Bus enable = 2.4V 20 Volts
Threshold com'L 23 20
VTL Receiver Input LOW Bus enable = 2.4V ML 20 15 Volts
Threshold com'L 20 16
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ELECTRICAL CHARACTERISTICS

The following conditions apply uniess otherwise noted:

VEeMIN. =475V VeoMAX. = 5.25V

Am2905XC (COM’L)
Am2905XM MIL)

Ta =0°Cto+70°C
Ta=-55°Cto+125°C VeeMIN. =450V VooMAX. = 5.50V

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
i \ =V MiL, i =—1.0mA 24 3.4
Vou Receiver Output cc IN OH Volts
HIGH Voltage VIN = VL or Vi COM'L, IgH = —2.6MA 24 34
v IN loL = 4mA 0.27 0.4
Receiver Output cc~™ .
v =
oL LOW Voltage VN = ViL or Vin loL =8mA 0.32 0.45 Volts
loL = 12mA 0.37 05
Vin Input HIGH Leve| Guararfteed input logical HIGH 20 Volts
(Except Bus) for all inputs
- - MIL 0.7
viL Input LOW Level Guararjteed input logical LOW Volts
(Except Bus) for all inputs cCoML 0.8
v Input Clamp Voltage Vee = MIN, 1)y = —18mA -15 Volts
(Except Bus)
Input LOW Current = -
1 \ =MAX., V|N = 0.4V —0.36 mA
I (Except Bus) ce N
Input HIGH Current - -
[} Voo = MAX,, VN = 2.7V 20 MA
H (Except Bus) ce IN
Input HIGH Current - -
1 Vv =MAX., Vyn = 5.5V 100 A
! (Except Bus) ce N g
i K Vo =24V 20
10 Receiver Off-State Vee = MAX. (0] LA
Output Current Vo =04V —-20
Receiver Output -
1 Ve = MAX. -1 —65 A
sc Short Circuit Current ce 2 m
Icc Power Supply Current Ve = MAX,, All inputs = GND 69 105 mA
SWITCHING CHARACTERISTICS OVER Am2905XM Am2905XC
OPERATING TEMPERATURE RANGE Typ: Typ.
Parameters Description Test Conditions Min. (Note2) Max. Min. (Note2) Max. Units
tPHL 21 40 21 36
Driver Clock (DRCP) to Bus ns
tPLH C (BUS) = 50pF 21 40 21 36
PHL — RL (BUS) = 500 13 26 13 23
Bus Enable (BE) to Bus ns
tPLH 13 26 13 23
ts 25 23
Data Inputs (A or B) ns
th 8.0 7.0
ts 33 30
Select Input (S) n
th 8.0 7.0
tow Driver Clock (DRCP) Pulse Width 08 25 ns
(HIGH)
tPLH Bus to Receiver Output 18 37 8 34 ns
tPHL (Latch Enable) Cp =15pF 18 37 18 34
tpLH ] Rp =2.0ka 21 37 21 34
Latch Enable to Receiver Qutput ns
tPHL 21 37 21 34
ts J— 21 18
Bus to Latch Enable (RLE) ns
th 7.0 5.0
tzH 14 28 14 25
Output Control to Receiver Output ns
tz( 14 28 14 25
tHZ CL = 5.0 pF 14 28 14 25
Output Control to Receiver Output ns
Lz P P RL = 2.0 KQ 14 28 14 25

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 Ve = 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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INPUT/OUTPUT CURRENT

INTERFACE CONDITIONS
DRIVING OUTPUT
-$ 1500
b3
10H
-
R
-
lou
Note: Actual current flow direction shown.
TYPICAL PERFORMANCE CURVES
LOAD TEST CIRCUIT
eST Vee Bus Output Low Voltage Receiver Threshold Variation
A Versus Ambient Temperature E Versus Ambient Temperature
2k2 210 2 25
3 T T 1
—da . 5] Ve = +6.0V w 24
1 | 08 ' < 23
w [ Vee =55V
< 2 22 -
Am2905 R E z A Vec =52
06 - 2.1
o | g o S I O I A
15pF L 5 Igus = 70mA z N Ve =475V _SOML
(NOTE 1) SR = 0.4 - v 1.9 = =
. $ sk S . 11 I \
BUS 3 20 F 1.8
Vee = b BUS = 40mA o Ve =45V
TE 3 02 g7
Rg _____—____43P03} ! 8 16
500 - Q"
r s. Lo < 15
Cg 2 55 35 15 5 25 45 65 85 105 125 | -85 -3-15 5 25 45 65 85 105 125
I?&S’;E il Ta — AMBIENT TEMPERATURE — °C > T - AMBIENT TEMPERATURE - °C
SWITCHING WAVEFORMS
DRIVER .
CLOCK

l“ s ———” [
A.BorS . /|z
INPUT

IPLH ——! ||——— TPHL

BUS
OUTPUT

TPHL

RECEIVER
QUTPUT . 1.3V

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 FUNCTION
S | Aj | B; |DRCP| BE |RLE|OE | Dj Q; |BUS; 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 V4 Receiver output disable
XX IX) X HIL|L X L L H Driver output disable and receive data
X{X|X| X [H|lL|lL]| X H | H L via Bus input
XXX X X|HI|[X X NC X X Latch received data
L|L|X t X ]| XX L X X X
LiH|X t X | X | X H X X X ) .
Load driver register
HiX|L t X | X | X L X X X
H{X]|H t X | X | X H X X X
XXX L Xpx 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 i
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-to-HIGH transition
DEFINITIONS

Ag. Aq, A2, A3 The “A"” word data input into the two
) input multiplexer of the driver register.

Bp, By, Bp, 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 Puise. Clock pulse for the

driver register.

Bus Enable. When the Bus Enable is HIGH,

the four drivers are in the high impedance

state.

al

B—U§0, BUS, The four driver outputs and receiver in-
§D§2' ms puts (data is inverted).

Rp, R1, R2, R3 The four receiver outputs. Data from the
bus is inverted while data from the A or B
inputs is non-inverted.

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

OE Output Enable. When the OE input is
HIGH, the four three state receiver out-
puts are in the high-impedance state.
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CONNECTION DIAGRAM Metallization and Pad Layout
Top View o
RLE 1 23 DRCP
_ o \J ,
RLE 1 24 [ ] Vee
Rg 2 —— —— 22 Ry
2 DRCP
% ] 2 []ore Bp 3 —— — 21 B
R
Y E 2 [ ]R3 ro 4 —] | 2 A
A} 21 [] 83 BUSg 5 —— —— 19 BUS3
808 [ 5 20 []4s GND; 6 ——] 18  GND,
GND, 6 19 [] 808,
o Am2905 805, 7 — —— 17 BUS,
BUS, 7 18 [ ] GNDy A 8 — 16 Ay
A1EB 17 [ 805, By 9 —f —— 15 B
31:9 16 ] A2 Ry 10— —— 14 Ry
R[]0 15 [ 182 BE N 13 s
3 K1 10 1%
ot ] s DIE SIZE 0.080" X 0.13
Note: Pin 1 is marked for orientation,
A CONTROL B IN
CONTROL
ALU SCRATCHPAD —] Rt
out out
ADDRESS REMOTE
AND
DATA DISPLAY OPERATION
! l {
A B CONTROL A B CONTROL A B CONTROL
Am2905 Am2905 Am2905
R BUS R BUS R BUS
DATA ADDRESS CONTROL
BUS BUS B8US

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




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 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 A; data is stored
in the register and when S is HIGH, the B; 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 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
MIL-STD-883.

LOGIC DIAGRAM

A o—1
by
D Q
8y 0—

Ay 0—f
| o2
D a
8, 0—

—{cp
Az O—
3 ) L)
D Q D Q f3
83 0—f —)
3 —cp E 1
. 0oDD
) PARITY
i 2/
\
SELECT s )
S
DRIVER
[ S——
cLock ORCP
8US 5E D o d o RECEIVER
ENABLE BE RLCE LATCH ENABLE
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ORDERING INFORMATION

Package Temperature Order

Type Range Number
Molded DIP 0°C to +70°C AM?2906PC
Hermetic DIP 0°C to +70°C AM2906DC
Dice 0°C to +70°C AM2906XC
Hermetic DIP —55°C to +125°C AM2906DM
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

—65°C to +150°C

Temperature (Ambient) Under Bias

—55°C to +125°C

Supply Voltage to Ground Potential

—0.5V to +7V

DC Voltage Applied to Outputs for HIGH Output State

—0.5V to +V max.

DC Input Voltage

—0.5V to +5.5V
DC Output Current, Into Outputs (Except Bus) 30mA
DC Output Current, Into Bus 200mA

DC Input Current

—30mA to +5.0mA

ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:

Am2906XC (COM’L)
AmM2906XM (ML)

Ta=0°Cto+70°C
Ta=-55°Cto +125°C

Ve MIN, = 4,75V
Vge MIN. = 4.50V

Ve MAX. = 6.25V
Ve MAX. = 5,50V

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
loL = 40mA 0.32 05
VoL Bus Output LOW Voltage loL = 70mA 0.41 0.7 Volts
loL = 100mA 0.55 0.8
Vo =04V —50
[1e) Bus Leakage Current Vce = MAX. Vo =45V MiL 200 LA
COM’L 100
Bus Leakage Current -
I Vo =4.5V 100 A
OFF (Power OFF) 0 .
i MmiL 24 20
VTH Receiver Input HIGH Bus enable = 2.4V Volts
Threshold CcOM’'L 23 2.0
VL Receiver Input LOW Bus enable = 2.4V ML 20 15 Volts
Threshold coM'L 2.0 1',6
24



ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:

Am2906XC (COM'L)
AmM2906XM (MIL)

Ta=0°Cto+70°C
Ta = —55°C to +125°C

Vee MIN. = 4.75V
Vee MIN. 4.5V

Ve MAX. = 6,25V
Vee MAX. = 6.5V

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Receiver Output Vee = MIN. MIL loH = —1mA 2.4 3.4
HIGH Voltage VIN = VL or vV g | = —2.6mA 2.4 3.4
Von IN L IH com'L OH Volts
Parity Output Vee = MIN, 1oy = —660uA MiL 25 3.4
HIGH Voltage VIN=ViHor V|L com'L 2.7 3.4
loL = 4mA 0.27 0.4
VoL | Output LOW Voitage Ve = MIN. loL = 8mA 032 0.45 Volts
(Except Bus) VIN = ViLor ViH
loL = 12mA 0.37 0.5
Vin Input HIGH Level Guaranteed input logical HIGH 2.0 Volts
(Except Bus) for all inputs
viL Input LOW Level Guaranteed input logical LOW ML 0.7 Volts
(Except Bus) for all inputs com'L 0.8
V) Input Clamp Voltage Vee = MIN., ||y = —18mA —-1.2 Volts
(Except Bus)
Input LOW Current - -
! Vee = MAX., VN = 0.4V -0.36 mA
L (Except Bus) cc v VIN
Input HIGH Current - -
1 Ve = MAX,, VN = 2.7V 20 A
H (Except Bus) ce N ’
Input HIGH Current
- . =5, 0 A
I (Except Bus) Vee = MAX,, VN = 5.5V 10 M
Output Short Circuit Current -
[} Vee = MAX. —-12 —65 A
sc (Except Bus) cc m
Icc Power Supply Current Vee = MAX,, All inputs = GND 72 105 mA
SWITCHING CHARACTERISTICS Am2506)XM AM2906XC
OVER OPERATING TEMPERATURE RANGE Typ Typ
Parameters Description Test Conditions Min. (Note2) Max. Min. (Note2) Max. Units
tPHL 21 40 21 36
Driver Clock (DRCP) to Bus ns
tPLH Cy (BUS) = 50pF 21 40 21 36
tPHL __ R (BUS) =500 1
Bus Enable (BE) to Bus 3 % 13 z ns
tPLH 13 26 13 23
ts 25 23
Data Inputs (A or B) ns
th 8.0 7.0
ts 33 30
Select Inputs (S) ns
th 8.0 7.0
tPw Clock Pulse Width (HIGH) 28 25 ns
tPLH Bus to Receiver Output 18 37 18 34 ns
tPHL (Latch Enabled) 18 37 18 34
tPLH 21 37 21 34
Latch Enable to Receiver Output CL = 15pF ns
tPHL 21 37 21 34
R =2.0kQ
ts JE— 21 18
Bus to Latch Enable (RLE) ns
th 7.0 5.0
tPLH A or B Data to Odd Parity Output 21 40 21 36
tPHL (Driver Enabled) 21 40 21 36 ns
tPLH Bus to Odd Parity Output 21 40 21 36 n
tPHL (Driver Inhibited, Latch Enabled) 21 40 21 36 s
tPLH Latch Enable (RLE) to 21 40 21 36 ns
tPHL Odd Parity Output 21 40 21 36

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 Voo = 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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INPUT/OUTPUT CURRENT
INTERFACE CONDITIONS

DRIVEN INPUT

DRIVING OUTPUT

Vee

e
1: 1502

Note: Actual current flow direction shown.

TYPICAL PERFORMANCE CURVES

LOAD TEST CIRCUIT
TEST Vee . er
POINT Bus Output Low Voltage Receiver Threshold Variation
. v .
RL Versus Ambient Temperature =~  Versus Ambient Temperature
2% 4 S
e 10 > 25
3 | Vg sty '
= 451
—T A 5 Q cc | w 24
1 <
— . w o8 g B[V Tssv
Am2906 oR g g 22 7 TVec-525v
PARITY 3 o6 ot = 100mA a a1 <]
CL g BUS — 3 o " | [ T Somt
15pF = I o 1 = — '
— (NOTE 1) I S 5 ol Igus = 70mA 5 2 N Deg=amsv_I¢
> - o R
o 3ska % - I | EI \
Vee [¢] = b lgus = 40mA c Vog = 45V
Rg ——— o TEST 2 02 g 7
509 POINT ’ g e
\ 3 o
s L o 15
__:gpF 2 -85 -35-15 5 25 45 65 85 105126 |  ~55-35-15 5 25 45 65 85 105125
T woren Tp — AMBIENT TEMPERATURE — °C > Ta = AMBIENT TEMPERATURE - °C
3.0v
DRIVER F
CLOCK —_—_ 13V
ov
5 ——a] U | |
3.0v
A BorS
-0V
PLH l‘— PHL I——
| VoH
BUS
OUTPUT %— 20V
VoL
PHL PPLH I__
VoH
RECEIVER F
OUTPUT — 13V
Vou
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
B OUTPUT
INPUTS tooevice | °° FUNCTION j
s ] A | B | DRcp | BE | RLE D; | o BUS; Ri
X X X X H X X X z X Driver output disable
X X X X H L X L L H Driver output disable and receive data
X X X X H L X H H L via Bus input
X X X X X H X NC X X Latch received data
L L X 1 X X L X X X
X
L H X ! X X H X X Load driver register
H X L t X X L X X X
H X H t X X H X X X
X X X L X X NC X X X No driver clock restrictions
X X X H X X NC X X X
X X X X L X L X H X .
Drive bus
X X X X L X H X L X
H=HIGH Z = HIGH Impedance X = Don't care i=0,1,2,3
L=LOW NC = No change 1 = LOW-to-HIGH transition
DEFINITIONS
Metallization and Pad Layout
AO, A1, A2, A3z The “A” word data input into the two
input multiplexer of the driver register.
Bg, By, By, 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.
BUS(, BUS; The four driver outputs and receiver in-
BUS~ BUS uts (data is inverted).
BUS,, BUS3  Puts | ) DIE SIZE 0.090" x 0.131”
Ro, R1, R2, R3  The four receiver outputs. Data from the
pus is |!wertecf whulec;iata from the Aor B CONNECTION DIAGRAM
inputs Is non-inverted. Top View
LE Receiver Latch Enable. When RLE is ren,
LOW, data on the BUS inputs is passed REE[ |1 24 [ Vee
through the receiver latches. When RLE ro (] 2 2 [] oree
is HIGH, the receiver latches are closed .
and will retain the data independent of o[]s 2 [ 18
all other inputs. ' Ao d 4 21 [ 183
oDD ODD Parity output. Generates parity BUSo []5 20 [ 4
with the driver énabled, checks parity anoy [ 6 — 19 []805;
with the driver in the HIGH-imped- w5 ] 18 [] oo,
ance state. M e v [0,
8, ] 16 :] Ay
PARITY OUTPUT FUNCTION TABLE S -
P 15 2
S BE ODD PARITY OUTPUT - .
1
L | L ODD=Age Aq 0 Ago Ag = R
H L ODD =Bg ® By @ By ® B3 ooo [ 12 13 ]s
X H ODD=Qpe Q1 ®QpeQ3 Note: Pin 1 is marked for orientation.




SELECT

CLOCK

BUS
ENABLE
LATCH
ENABLE

APPLICATIONS

A [ |l A 8 A 8
L 1s | s s
DRCP Pl DRCP DRCP
Am2906 | I Am2906 Am2906
———0] BE ——O| BE ———O| 8¢
O] RLE —O| RLE —O] RLE
R oDD  BUS R opD  BUS R oDD  BUS
BITS |
———— 12-18 BUS PARITY
-0 BITS
8-11
BITS l
4-7 -
BITS =
0-3 ODD/EVEN
CONTROL
L =EVEN

H=0DD
Py Py P3 Py Pg Pg Py Pg Pg

AmB82562

EVEN

.

CHECK
PARITY OUTPUT

Generating or checking parity for 16 data bits.




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 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. The buffered common clock (DRCP)
enters the Ajdata 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 (ﬁ) 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
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 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 LS! bus-transceiver
Open-collector bus driver

D-type register on driver

Bus driver output can sink 100 mA at 0.8 V max.
Internal odd 4-bit parity checker/generator
Receiver has output latch for pipeline operation
Three-state receiver outputs sink 12 mA
Advanced Low-Power Schottky processing

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

LOGIC DIAGRAM

OUTPUT

*—4"_‘05 CONTROL
Do Qo
Ao 0D a RO
—fcp 3
D Q1
Al O%L o o2 D Q R1
cp E
D: Q2
A2 o—[,\l b of2 }t D——— o a R2
—cp E

D3

Q3

R

&

Sha—)
—)

cp E
PARITY
1
A
]
7,
DRIVER
clock PRCPO
_ RECEIVER
grlﬁm.z BEO ﬁ"b— ——~—-————o<|——om LATCH
ENABLE




ORDERING INFORMATION

Order

Package Temperature

Type Range Number
Molded DIP 0°Cto +70°C AM2907PC
Hermetic DIP 0°C to +70°C AM2907DC
Dice 0°C to +70°C AM2907XC
Hermetic DIP -55°Cto +125°C  AM2907DM
* Hermetic Flat Pak -56°Cto +125°C  AM2907FM
Dice -55°C 10 +126°C  AM2907XM

* Available on special order

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 -05Vto+7V

DC Voltage Applied to Outputs for HIGH Output State

-0.5 V to +V¢cc max.

DC Input Voltage -0.5Vto+55V
DC Output Current, Into Outputs (Except BUS) 30 mA
DC Output Current, Into Bus 200 mA
DC Input Current -30 mA to +5.0 mA

ELECTRICAL CHARACTERISTICS

The following conditions apply uniess otherwise noted:
Am2907XC (COM'L) Ta =0°Cto+70°C

Am2807XM (M

8] Ta=-55"Cto+125°C

Ve MIN. = 4,76V
Vce MIN. = 4.50V

Ve MAX. = 5.25V
Ve MAX. = 5,50V

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (NOZ:) 2) Max. Units
IoL = 40mA 0.32 0.5
VoL Bus Output LOW Voltage Vee = MIN. lop =70mA 041 0.7 Volts
loL = 100mA 0.55 0.8
Vo =04V -50
o Bus Leakage Current Ve = MAX. Vo =45V MiL 200 KA
coM'L 100
10FF Bus Leakage Current (Power Off) Vp =45V 100 KA
. MiIL 24 2.0
VTH Receiver Input HIGH Threshold Bus Enable = 2.4V Volts
. . . comMm'L 23 20
VL Receiver Input LOW Threshold Bus Enable = 2.4V ML 20 15 Volts
COoM'L 2.0 1.6
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ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:

AmM2907XC (COM’L) Ta=0°Cto+70°C Ve MIN. = 4,75V Vce MAX. = 5,25V
AmM2907XM (MIL) TA=-55"Cto+125°C Ve MIN. =4.50V Ve MAX, = 5,50V

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Parameters Description Test Conditions(Note 1) Min. Typ. (Note 2) Max. Units
Receiver Vee = MIN. MIL: IgH = -1mA 24 3.4
VoH Volts
Output HIGH Voltage ViN = VL or Vi | COM'L: IgH = -2.6mA 2.4 3.4
Parity Vee = MIN,, IgH = —660UA MiL 25 34
VoH Volts
Output HIGH Voltage VIN = Vi or Vi com'L 2.7 3.4
| = 4mA . 0.4
Output LOW Voltage Vee = MIN. o= *m 0.27
VoL loL= 8mA 0.32 0.45 Volts ;
(Except Bus) VIN=ViLor ViH |
loL = 12mA 0.37 0.5 .
Input HIGH Level Guaranteed input logical HIGH
ViH ) 2.0 Volts
(Except Bus) for all inputs
Input LOW Level Guaranteed input logical LOW MiL 0.7
ViL . Volts
(Except Bus) for all inputs comL 0.8
v nput Clame Voltage Ve = MING 1 18mA 1.2 Volt
= . =- -1. s
! (Except Bus) cc IN
| Input LOW Current v MAX.. V 0.4V 0.36 A
= . =0. -0. m.
L (Except Bus) cc N
! Input HIGH Current v = MAX.. Vi = 2.7 V 20 "
H (Except Bus) cc v VINT S M
. Input HIGH Current Ver = MAX.. Vin = 5.5 V 100 A
! (Except Bus) cc « VIN : K
hort Circuit
Isc Output Short Circui Vee = MAX. 12 —65 mA
Current (Except Bus)
Icc Power Supply Current Vee = MAX., All Inputs = GND 75 110 mA
X Vp=24V 20
o Off. St'ate Output Current Ve = MAX. o] UA
(Receiver Outputs) Vo =04V —20
SWITCHING CHARACTERISTICS Am2907XM Am2907XC
OVER OPERATING TEMPERATURE RANGE Typ. Typ.
Parameters Description Test Conditions Min. (Note2) Max. Min. (Note2) Max. Units
tPHL 21 40 21 36
Driver Clock (DRCP) to Bus ns
tPLH CL (BUS) =50pF 21 40 21 36
tPHL . Ry (BUS) =500 13 26 13 23
Bus Enable (BE) to Bus ns
tPLH 13 26 13 23
tg 25 23
A Data Inputs ns
th 8.0 7.0
tpw Clock Pulse Width (HIGH) 28 25 ns
tPLH Bus to Receiver Output 18 37 18 34
ns
tPHL (Latch Enabled) 18 37 18 34
tPLH 21 37 21 34
Latch Enable to Receiver Output ns
PHL 21 37 21 34
Cp = 15pF
's ALE R =2.0kQ 21 8
Bus to Latch Enable (RLE) L=< ns
th 7.0 5.0 ‘
tPLH A Data to Odd Parity Out - 21 40 21 36 ns |
tPHL (Driver Enabled) 21 40 21 36
tPLH Bus to Odd Parity Out 21 40 21 36 ns
tPHL (Driver Inhibit) 21 40 21 36
tPLH Latch Enable (RLE) to Odd 2 40 21 36 ns
tPHL Parity Output 21 40 21 36
tzH 14 28 14 35
Output Control to Output ns
tzL 14 28 14 25
tHz o o CL =5.0pF 14 28 14 25 ns
utput Controf to Output
tLz ° ? RL = 2.0k 14 28 14 25
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 Vg = 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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INPUT/OUTPUT CURRENT

INTERFACE CONDITIONS

| BUS | DRIVING OUTPUT

I I

l SE i E; 1509

s |

l 1'0 ‘ loH
-

I ot ‘ R

| TR |-

oL
| |
l i

Note: Actual current flow direction shown.

TYPICAL PERFORMANCE CURVES
LOAD TEST CIRCUIT

o Vee Bus Output Low Voltage Receiver Threshold Variation
. w .
R Versus Ambient Temperature 5  Versus Ambient Temperature
2k g T % 25
A s g VCC =4+5.0V 3 24
1 \
08 < 23
w g oo Vec =55V
Am2907 OR 1 E z 2" A Voc=5.25
PARITY 0.6 i = 100mA .
'“J- s = 1 2 aofwil ) :COIL
5pF = Igus = 70mA 5 N |Vec=475v 15
(NOTE [} <R 2 — it 4 1
Ssia E o4 T 1] g 19 X
5 = 3 lgus = 40mA T —
Vee = = o BUS o Ve = 45V
o 2 02 w17
R p TEST @ . >
50% POINT | SERY)
-
y S o T s
_L;, " S2 56 -35-15 5 25 45 65 85 105126 |  —55-35-155 25 45 65 85 105125
I(NSTEU Tp — AMBIENT TEMPERATURE ~ °C > Tp — AMBIENT TEMPERATURE —°C

1l

SWITCHING WAVEFORMS

DRIVER
CLOCK

-
- __.{ ’._ L

BUS F
OUTPUT —_— 20V
H LH

<

=

T
b < <
w o o
< T -

RECEIVER
OuTPUT

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 To bEvies | BUS |ouTPUT
— FUNCTION
Aj|DRCP| BE |RLE|OE | D; | q; Bi Ri
X X H X | X X X H X Driver output disable
X X X X | H X X V4 Receiver output disable
X X HiLb L X L L H Driver output disable and receive data
X X H L L X H H L via Bus input
X| X | x|H|x| x |nNc]| X X Latch received data
L t X | XX L X X X Load dri .
t
H N x| x| x H % X % oad driver register
X L X| X ]| X NC X X X . e
No driver clock restrictions
X H X | XX NC X X X
X X L| X | X L X H X
Drive Bus
X X L X 1| X H X L X
H=HIGH Z = High Impedance X = Don’t Care i=0,1,23
L=LOW NC = No Change 1 = 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.

BUSg, BUS1, BUS2, BUS3 The four driver outputs and
receiver inputs (data is inverted).

Rp, R1, Rg, 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 RLE
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.

PARITY OUTPUT FUNCTION TABLE

BE ODD PARITY OUTPUT
L ODD = Ag @ A1 @ A2 ® A3
H ODD = QpgeQ19Q29Q3
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CONNECTION DIAGRAMS

Metallization and Pad Layout

Top Views
DIP
\_J DRCP
me[]® 20[ Jvee
R
ro[]2 19] ] oRce :
R
a3 18[ ]R3 Ay
suso[ |4 17[ ] A3 BUS3
ano1[]s 6] ]BUS3 GNDy
Am2907
Busi[ |6 —
1] 15[ ] GND2 8Us,
al[ ] 14 []BUS? Az
rRi[ s 13[] A2
R2
BE[]o 2[Ry
_ OE
opp[}10 11[ ] 6
Note: Pin 1 is marked for orientation.
DIE SIZE 0.080" X 0.130"
I SBUS
A
Am2907
ADDRESS REGISTER
BUS
Am2918
STATUS REGISTER
A
Am2907
ATA  BUS Mm‘,’;y
REGISTER
R
FLAGS Y
A
Vo Am2909
BUS —"]BUS  Am2007 MICROPROGRAM 1 Am2901
SEQUENCER BIPOLAR
R MICROPROCESSOR
‘ D
ROM/PROM
MICROCODE
Am2918
MICROWORD
REGISTER

RBUS

The Am2907 can be used as an 1/O Bus Transceiver and Main Memory |/O Transceiver

in high-speed Microprocessor Systems.




Microprogram Sequencers

Am2909 Am2911

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 D and R inputs
are tied together. The Am2911 is in a 20-pin, 0.3" centers
package.

ORDERING INFORMATION

Am?2909 Am2911

DISTINCTIVE CHARACTERISTICS

® 4-bit slice cascadable to any number of microwords

Internal 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

® [ndividual 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

Package Temperature Order Order
Type Range Number Number
Molded DIP 0°C to +70°C AM2909PC  AM2911PC

Hermetic DIP 0°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 0°C 1o +70°C  Am2909XC -

T8 (Am2908 ONLY)Y —
B IAM2909ONLY)Y | PUSH/POP FILE ENABLE
¢ T l
regisTen |
ENABLE |
RE >——}—= REGISTER STACK POINTER
|
| DANDR i
4 1 CONNECTED
X On amaot
ONLY 4

4XA4FILE

|
|
|
oiect |

»—o<}————<
INPUTS 4 4 a cLocK.
’ {

o AR F o uPC

Sp >—ed

MICROPROGRAM
. MULTIPLEXER | COUNTER REGISTER
—

— Xp X X X
[Amasos o) L— L
0k,
| Jor, T
T
[ L
| toro

—

INCREMENTER L—
OUTPUT

CONTROL
OF
Yol Mit Y2t v3 Cn Cara
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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 —-0.5Vto+7.0V

DC Voltage Applied to Outputs for HIGH Output State

—0.5 V to +Vge max.

DC Input Voltage

—0.5Vto+7.0V

DC Output Current, Into Outputs

30 mA

DC Input Current

—30 mA to +5.0 mA

36

OPERATING RANGE
P/N Ambient Temperature

Vee

Am2909/2911DC, PC 0°C to +70°C 4.7

5V to5.25V

Am2909/2911DM, FM —55°C to +125°C

450V to 5.50V

STANDARD SCREENING
(Conforms to MIL-STD-883 for Class C Parts)
MIL-STD-883 .
Step Method Conditions Am2909/Am2911DM,FM
Pre-Seal Visual Inspection 2010 B 100%
24-h
Stabilization Bake 1008 c nour 100%
150°C
—65°C to +150°C
Temperature Cycle 1010 C 6 ©*150 100%
10 cycles
Centrifuge 2001 B 10,000 G 100%
Fine Leak 1014 A 5x10 8 atm-cc/em® 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
MIL-STD-883 s Level
Step Method Conditions 1 2909/ Am2911DMB, FMB
. 126°C o
Burn-In 1015 D 160 hours min. 100%
Electrical Test 5004
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 MiiL-STD-883, method 5005)
Subgroup Parameter Temperature
1 DC 25°C
2 DC Maximum rated temperature
3 DC Minimum rated temperature
7 Function 25°C
8 Function Maximum and minimum rated
temperature
9 Switching 25°C
10 Switching Maximum Rated Temeperature
11 Switching Minimum Rated Temperature




ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
v Vee = MIN,, MiL 1o = —1.0mA 24
Volts
oH Qutput HIGH Voltage VIN=ViHorViL [ cOM'L | lon=-26mA | 24
lopL =4.0mA 0.4
Ve = MIN,, loL =8.0mA 0.45
VoL Output LOW Voltage C_ oL Volts
VIN=ViHorViL | 1o =12mA 05
(Note 5) i
Vi Input HIGH Level Guaranteed |n?ut logical HIGH 20 Volts
voltage for all inputs
i i MiL 0.7
viL input LOW Level Guaranteed '"P“t logical LOW Volts
voltage for all inputs coMm’L 0.8
A7 Input Clamp Voltage Voo =MIN,, Iy = —18mA -1.5 Volts
Cn —1.08
| LOW Vee = MAX., — mA
L nput Current Vin = 0.4V Push/Pop, OE —-0.72
Others (Note 6) —0.36
Cn 40
I Input HIGH vee = MaX., Push/P 40 A
1H nput Current ViN = 2.7V ush/Pop M
Others (Note 6) 20
Vee = MAX., Cp, Push/Pop 0.2
1 Input HIGH Current mA
VIN=7.0V Others (Note 6) 0.1
108 Output Short Circuit Current Vee = MAX. _40 100 mA
(Note 3)
Icc Power Supply Current Vce = MAX. (Note 4) 80 130 mA
lozL Vee = MAX., VouT = 0.4V —20
1 FF —= uA
lozh Output OFF Current DE=27V VouT = 2.7V 20

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

. Typical limits are at Voe = 5.0V, 25°C ambient and maximum loadjng.

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

. Apply GND to Cp, Rg, Rq, Ry, Rz, ORg, OR4, ORyp, ORg, Dg, Dy, Dp, and Dg. Other inputs open. All outputs open. Measured after a
LOW-to-HIGH clock transition.

. The 12mA guarantee applies only to Yq, Y4, Yo and Y3.

. For the Am2911, D; and R; are internally connected. Loading is doubled (to same values as Push/Pop).

AWN

oo

RAYTHEON
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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 = 0°C to +70°C, 4.75V to 5.25V; Grade M = —55°C to +125°C, 4.5V to 5.5V)

TABLE |
MINIMUM CLOCK REQUIREMENTS
Minimum Clock LOW Time 50
Minimum Clock HIGH Time 30
TABLE 11 TABLE 111 TABLE IV
MAXIMUM COMBINATORIAL MAXIMUM DELAYS SET-UP AND HOLD TIME
PROPAGATION DELAYS FROM CLOCK TO OUTPUTS REQUIREMENTS
QuTPUTS Y Cn+a FUNCTIONAL GRADE | CLOCK | CLOCK EXTERNAL tg th
i n .
INPUTS PATH TOY; | TOCh+a INPUTS
— RE 5.0
5E 5 B Register c a8 58 20
(8180 = LH) M 55 65 R; 15 0
ZERO 35 45 PUSH/POP 20 5.0
C 48 58
u Program Counter E 20 o
OR; 20 32 (8189 = LL) M 55 65
Cn 15 0
S0, $1 40 50 File c 70 80 D; 20 0
(S1Sg = HL)
M 80 90 or; 2 5
D; 20 32
R =2.0kQ  C_ =15pF So. $1 40 0
Cn - 8 ZERO 40 0

tonH
(TABLE 1)

.—*(T;pr;vten"l
TLULLLLTS o
o ST —

WA ov
|

& | th
| (TABLE 1V) T (TABLE IV)
30V

ALL INPUTS — 1.3V
(EXCEPT OE)
LN ATA NNV

i‘_____ INPUTS TO Y 0r C 4 4

oo XXXX0 o
et SO -

Figure 1. Switching Waveforms. See Tables for Specific Values.
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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 Control lines for address source selection

FE, PUP Control lines for push/pop stack

RE Enable line for internal address register

OR; Logic OR inputs on each address output line

ZERO Logic AND input on the output lines

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

Cn Carry-in to the incrementer

R; Inputs to the internal address register

D; Direct inputs to the multiplexer

CcP Clock input to the AR and uPC register and

Push-Pop stack

Outputs from the Am2909/ Am2911
Yi Address outputs from Am2909. (Address inputs
to control memory.)

Cn+4 Carry out from the incrementer

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
uPC
REG
STKO-STK3

Contents of the microprogram counter
Contents of the register

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

SP Contents of the stack pointer

External to the Am2909/Am2911

A Address to the control memory

1(A) Instruction in control memory at address A

MWR Contents of the microword register (at output
of control memory). The microword register
contains the instruction currently being exe-
cuted.

Th Time period (cycle) n

METALLIZATION AND PAD LAYOUT

CONNZCTION DIAGRAMS

DIE SIZE: 0.110" x 0.160"

Am2911

1514 13 12

]

20 19 18 17 16

AN L]

DIE SIZE: 0.110” x 0.160"

Top Views
Am2909
23 22 21201918
HH - Vee CP PUP FEC Ch OE Y3 Y, Y{ Y5 Sy S ZE
cc n+4 Cn 3 Y2 Y1 Yo S1 So ZERO
s e dan g NO0000000000000
3 * 28 27 26 25 24 23 22 2¢ 20 19 18 17 16 15

) Am2909

3 4 5 6 7 8

EjEpRpagERAgERARaRaRn

R, Ry Rg ORz D3 OR, Dy OR; Dy ORy Dy GND

A~
F~
-

PUP FE Chiq C, OE Y3

arn

20 19 18 7 16 15 14 13 12 1N

) Am2911

.1 2 3 4 5 6 7 8 9 10
ooy
CP Vec RE D3 Dy Dy Dy GND ZERO Sy

Note: Pin 1 is marked for orientation.

Figure 2.



AﬁCHITECTURE 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 Sy and Sy 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-HIGH transition. The address register
is available at the multiplexer as a source for the next micro-
instruction address. The direct input is a four-bit field of
inputs to the multiplexer and can be selected as the next
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 (Cp) and carry-out
(Ch+4) such that cascading to larger word lengths is straight-
forward. The uPC can be used.in either of two ways. When the
least significant carry-in to the incrementer is HIGH, the
microprogram register is loaded on the next clock cycle with
the current Y output word plus one (Y+1->uPC.) 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=uPC). Thus, the same
microinstruction can be executed any number of times by
using the least significant Cp, as the control.

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

when executing microsubroutines. The file contains a built-in
stack pointer (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. When the 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 HIGH,
no action is taken by the stack pointer regardless of any
other input.

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

The ZERO input is used to force the four outputs to the
binary zero state. When the ZERO input is LOW, all 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.

4

CLOCK

)

R

Am2909

—N Sg. S1. FE, PUP, RE
Y

U

A
CONTROL MEMORY
(ROM, PROM or RAM)
HA)
SEQUENCE LOGIC MICROWORD
CONTROL CONTROL REGISTER
FIELD l FIELDS (uWR)
__—J TO Am2901

> TO OTHER DEVICES

Figure 3. Microprogram Sequencer Control.
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v

L= POP PUSH/POP
H = PUSH
1
M Sown
FILE N
L = ENABLE ENABLE V- ENABLE ISH%O’%QW“:L
UP/DOWN COUNTE!
% o 5o,
Rg Ry Ry
REGISTER 6
ENABLE o | i ]
o o o o
DD DD o
o o o
CLOCK)_bA % wo [ w [ w [w
05 w o | |
aeaowaire ._-_{_.__{___*____
Losic
_ Do 0y D2 o5 o, o | |
s x
Do — : - —— ot s~
1
So - K o v | !
So So
r:D:SO/ " '__I"I—|——'
i Op "o
ore gl IR : Lot
L L .J . 2 w
03 0 9y Qg
WICROPROGRAM
C. 1" counTER REGISTER
n+4
'y 0, 0, 0, 0
Cnea
26RO >—>o——> : W PR
v i o
woioa
Yo 2 fo
OE o 1
Cﬂ
Yo Yy Yo Y3

Note: R; and D; 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 additional 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.
Figure 5 also shows the truth table for the output control and

Address Selection

for the control of the push/pop stack. Figure 6 shows in detail
the effect of Sg, Sq, FE and PUP on the Am2909. These four
signals define what address appears on the Y outputs and what
the state of all the internal registers will be following the clock
LOW-to-HIGH edge. 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 Ry through Rg.

QOutput Control

OCTAL | S7 Sg SOURCE FOR Y OUTPUTS |SYMBOL ORj  ZERO E Yi
[¢] L L Microprogram Counter uPC X X H 4
1 L H Register REG X L L L
2 |H L Push-Pop stack STKO H H L H
3 H H Direct inputs D; L H L Source selected by Sg Sq
Z = High Impedance
Synchronous Stack Control
FE PUP PUSH-POP STACK CHANGE
H X No change
L H Increment stack pointer, then
H = High push current PC onto STKO
L = Low L L Pop stack (decrement stack pointer)
X = Don't Care
Figure 5.
= P P
CYCLE | S4,8q, FE,PUP| uPC | REG | STKO | STK1|STK2 | STK3 | YouT COMMENT RII:lJ(;:E LE
N 0000 J K Ra Rb Rc Rd J Pop Stack End
N+1 - M| K Rb | Rc | Rd | Ra - b Stac Loop
N 0001 J K Ra Rb Rec Rd J Set-up
N+1 - | K J | Ra | Rb | Re | = |PushuPC Loop
N 001X J K Ra Rb Re Rd J . .
N+1 _ I+ K Ra Rb Re Rd ~ | Continue Continue
. N 0100 J K Ra | Rb | Rc Rd K | Pop Stack; End
N+1 — K+1 K | Rb Rc Rd Ra - Use AR for Address Loop
N+1 - K+1 K J Ra Rb Rc - Jump to Address in AR
N 011X J K | Ra | Ro | Re | Rd | K .
N+1 _ K1 K Ra Rb Re Rd - Jump to Address in AR JMP AR
N 1000 J K Ra Rb Rc Rd Ra Jump to Address in STKO; RTS
- N+1 — Ra+1 K Rb Rc Rd Ra - Pop Stack
N 1001 J K Ra Rb Rc Rd Ra Jump to Address in STKO;
N+1 - Ra+1 K J Ra Rb Rc — Push uPC
‘N 101X J K | Ra | Ro | Rc | Rd | Ra ) Stack Ref
N+1 - Ra+1| K | Ra | Rb | Rc | Rd | ~ |[JumptoAddressinSTKO | 5op)
N 11700 J K Ra Rb Rc Rd D Pop Stack; End
N+1 - D+1 K Rb Rc Rd Ra - Jump to Address on D Loop
N 1101 J K Ra Rb Rc Rd D Jump to Address on D; JSR D
N+1 - D+1 K J Ra Rb Rc - Push uPC
N 111X J K Ra Rb Rec Rd D
N+1 _ D+1 K Ra Rb Re Rd - Jump to Address on D JMP D

X = Don’t care, 0 = LOW, 1 = HIGH, Assume Cp, = HIGH
Note: STKO is the location addressed by the stack pointer.

Figure 6. Output and Internal Next-Cycle Register States for Am2909/Am2911.
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Figure 7 illustrates 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 (UWR). The contents of the
UWR also controls (indirectly, perhaps) the four signals Sg, 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-

routine at A”’. At the time T, this instruction is in the uyWR,
and the Am2909 inputs are set-up to execute the jump and
save the return address. The subroutine address A is applied to
the D inputs from the uWR and appears on the Y outputs. The
first instruction of the subroutine, I(A), is accessed and is at
the inputs of the uWR. On the next clock transition, 1{A) is
loaded into the uWR for execution, and the return address
J+3 is pushed onto the stack. The return instruction is exe-
cuted at Tg. Figure 8 is a similar timing chart showing one
subroutine linking to a second, the latter consisting of only
one microinstruction.

CONTROL MEMORY
i Execute Cycle To Ty T2 T3 Ta Ts Te Ty Tg To
e e e LU UL
Cycle Sequencer " ’-—I_."_-I_H—U
Address Instruction Signals
J-1 - Am2909 | S1.So 0 0 3 0 0 2 0 0
To J - Inputs FE H H L H H L H H
T J+1 _ (from PUP X X H X X L X X
T 42 ISR A HWR) D X X A X X X X X
Te 343 -
T7 J+4 - uPC J+1 J+2 J+3 A+1 A+2 A+3 J+4 J+5
- - STKO — - — J+3 J+3 J+3 - —
-] - Ol I I R B N N
- - IS ) sTR2 | - - - - - - - -
- - STK3 - - - — — — — —
T3 A 1(A) Am2909
T, A1 ~ Output Y J+1 J+2 A A+1 A+2 J+3 J+4 J+5
Ts A+2 RTS ROM
- _ Output (Y) 1(J+1) | JSR A I(A) | I{A+1)| RTS 1(J+3) | 1(J+4) | 1(J+5)
- - Contents
- - of uWR
- - (Instruction| uWR W) | I+ | JSRA | 1{A) | I{A+1) | RTS | 1(J+3) | 1(J+4)
- — being
- _ executed)
Figure 7. Subroutine Execution. Cn = HIGH
CONTROL MEMORY
X Execute Cycle To Ty T, T3 Ta Ts Te Ty Tg To
B e T S L UL L o L
Cycle Sequencer )
Address Instruction Signals
J=1 - Am2009 | S1.S0| © 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 — (from PUP X X H X X H L X L X
T 42 ISR A HWR) D X X A X X B X X X X
Tg J+3 -
- - uPC J+1 J+2 J+3 A+1 A+2 A+3 B+1 A+4 A+5 J+4
- - STKO - - - J+3 J+3 J+3 A+3 J+3 J+3 -
- - A’;“?’;"r' STK1| - - - - - — | 3 - . -
- - gisters | srka | - - - - - - - - - -
T3 A - STK3 | — - - - - - - - — -
Ta A1 -
Ts A+2 JSR B Am2909
T, A+3 _ Output Y J+1 J+2 A A+1 A+2 B A+3 A+4 J+3 J+a
Tg A+4 RTS ROM
— _ Output (Y) 1(J+1) | JSR A I{A) | I{A+1) | JSRB | RTS | I{A+3)| RTS | I(J+3) | I{J+4)
B - Contents
- - of uUWR
Te B RTS (Instruction| uWR 1J) [ [+1) [JSRA | NHA) | {A+1){ JSRB| RTS |I(A+3)| RTS | I1(J+3)
- — being
- — executed)
Figure 8. Two Nested Subroutines. Routine B is Only One Instruction. Cn = HIGH




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 LS| bus transceiver is fabricated using advanced low-
power Schottky processing. All inputs (except the BUS inputs)
are one LS unit load. The three-state bus output can sink up
to 40mA at 0.5V maximum. The bus enable input (BE) is
used to force the driver outputs to the high-impedance state.
When BE is HIGH, the driver is disabled. The Vg and Vo 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 Aj data is stored in the
register and when Sis HIGH, the Bj data is stored. The buffered
common clock (DRCP) enters the data into this driver register

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
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 high voltage for direct
inter face to MOS microprocessors

ORDERING INFORMATION

on the LOW-to-HIGH transition. Package Temperature Order
. . Type Range Number
Data from the A or B inputs is inverted at the BUS output. S S
Likewise, data at the BUS input is inverted at the receiver out- Molded DIP OOC to +70°C AM2915PC
put. Thus, data is non-inverted from driver input to receiver Hermetic DIP OOC to +70°C AM?2915DC
output. The four receivers each feature a built-in D-type latch Dice 0 Cto+70 C AM2915XC
that is controlled from the buffered receiver latch enable Hermetic DIP _5500 to +125OC AM2915DM
(RLE) input. When the RLE input is LOW, the latch is open Hermetic Flat Pak —65 C1o+125 C AM2915FM
and the receiver outputs will follow the bus inputs (BUS data Dice —55Cto+125°C AM2915XM
LOGIC DIAGRAM
805, 8US, BUS, B8US; ot o——>—
Ao j 9 9 .
Do D 99 é R
D Q O D Q —O Ro
L
By O— -
——v4 CP E
Ay O——— )
b 9
D Q o— D a Ag:—o Ry
By O}
— cp 1 E
Q.
— ] ) D oDzrcr L D 02’ —oOR;
o T |
—1 cp ] E
A3°_.__
D a % %—J 0 a &LRS
Ba cP E
- L
SELECT SO—DO—
T
RECEIVER
EnABLE a‘EO—oD 40 O RLE LATCH
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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 —-0.5V to +7V
DC Voltage Applied to Outputs for HIGH Output State —0.5V to +V¢ max.
DC Input Voltage —0.5V to +5.5V
DC Output Current, Into Outputs (Except Bus) 30mA
DC Output Current, Into Bus 100mA

DC Input Current

—30mA to +5.0mA

ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:
Am2915XC(COM’L) T =0°Cto+70°C VeEMIN. =475V VeeMAX. = 525V
Am2915XM (MIL) Ta=-55"Cto+125°C VocMIN. =450V VocMAX. = 5.50V

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Parameters Description Test Conditions (Note 1) Min. Typ. Max. Units
loL = 24mA 0.4
VoL Bus Output LOW Voltage Ve = MIN. Volts
loL =40mA 0.5
VOH Bus Output HIGH Voltage Vee = MIN. lIoH = —20mA 2.4 Volts
Vo =04V —200
\ Bus Leakage Current Vee = MAX. Vo =24V 50 A
0 (High Impedance) Bus enable = 2.4V o~ K
Vo =45V 100
Bus Leakage Current Vo =45V
loFF 1
(Power OFF) Ve =0V 00 KA
ViH Receiver Input HIGH Threshold Bus enable = 2.4V 2.0 Volts
ViL Receiver input LOW Threshold Bus enable = 2.4V 0.8 Volts
o hort Gireu Vee = MAX. 50 85 130 A
Isc us Output Short Circuit Current Vo =0V m
45
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ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:

Am2915XC(COM’L)
Am2915XM(MIL)

Ta =0°Cto+70°C

VeeMIN. =476V VocMAX. = 5,25V
Ta=-55°Ct0+125°C  VceMIN. =4.50V. VecMAX. = 5.50V

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee = MIN, MIL: IgH = —1.0mA 24 3.4
Receiver
V = s =
OH Output HIGH Voltage VIN = VL or ViH COM'L: IoH 2.6mA 24 3.4 Volts
Vee = 5.0V, oy = —100uA 3.5
Ve = MIN oL =4.0mA 0.27 0.4
VoL Output LOW Voltage cC . ToL =8.0mA 0.32 0.45 Volts
(Except Bus) VIN = VL or VIH
) loL = 12mA 0.37 0.5
ViH Input HIGH Level Guaranteed input logical HIGH 20 Volts
(Except Bus) for all inputs .
VL Input LOW Level Guaranteed input logical LOW 0.8 Volts
(Except Bus) for all inputs
V) Input Clamp Voltage (Except Bus) Vee = MIN,, fjy = —18mA -1.2 Volts
BE, RLE -0.72
LT Input LOW Current Vce = MAX., ViN =04V mA
All other inputs —-0.36
Iy Input HIGH Current (Except Bus) Vee = MAX., VN =27V 20 HA
1 Input HIGH Current (Except Bus) Vee = MAX., ViN = 7.0V 100 uA
Isc Output Short Circuit Current Ve = MAX. 30 _85 mA
(Except Bus)
Icc Power Supply Current Vce = MAX. 60 90 mA
R Vo =24V 20
1o Off St{ate Output Current Veg = MAX. (e} uA
(Receiver Outputs) Vo=04V —20
SWITCHING CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE
Am2915XM Am2915XC
Typ. Typ.
Parameters Description Test Conditions Min. (Note2) Max. Min. (Note2) Max. Units
tPHL 21 36 21 32
Driver Clock (DRCP) to Bus ns
tPLH Cy (BUS) = 50pF 21 36 21 32
tZH. tZL _ Ry (BUS) = 1300 13 26 13 23
Bus Enable (BE) to Bus ns
thz, tLz %, 13 26 13 23
ts Qp& 23 20 .
Data Inputs (A or B) K ns
th o, 8.0 6.0
o &
ts t R 28 25
Select Input (S) 74/ Y7, ne
th 0 8.0 6.0
( ) 6‘;)}0
Driver Clock (DRCP) Pulse Width
1| 7. 0 17
Pw (HIGH) 7}904(9‘? "
tPLH Bus to Receiver Output 0} 9& 18 30 18 27 ns
tPHL (Latch Enable) cL= lspﬂfo)‘po 18 30 18 27
PLH RL=2.0k2 ‘/n 14 21 30 21 27
Latch Enable to Receiver Output C, 6‘0/\ ns
tPHL P 21 30 21 27
s J— 17 14
Bus to Latch Enable (RLE) ns
th 6.0 4.0
tZH, tZL 14 26 14 23
Output Control to Receiver Output ns
tHz. t z 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 Vo = 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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DRIVEN INPUT

INPUT/OUTPUT CURRENT
INTERFACE CONDITIONS

DRIVING OUTPUT

INPUT O—¢

17kQ

i

Note: Actual current flow direction shown.

6052

t%:q

‘oL

SWITCHING TEST CIRCUIT

Vee
R
L
TEST
POINT 20k
Sy
INPUT A R
OR Am2915 QR > —O o
INPUT B oD J— | 2
vV
cc 15pF .0ka
T 50 L
BUS RL L VWV =
1o -
53
TEST . o
POINT J_ S
50pF
I 1.0k
= AAA =
= VWA~ =
3.0V
DRIVER
cLocK % 13V
ov
tg T | I
3.0V
A,BorS
ov
‘PLH———l PHL t<~
Von
BUS
OUTPUT 20v
Vou
TPHL. tpLH ‘——
VoH
RECEIVER 5
OUTPUT 4%__-——— 1.3V

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

INTERNAL
INPUTS BUS | OUTPUT
TO DEVICE FUNCTION

S [Aj|Bj |DRcP| BE |RLE|OE | D; | Q; |BUS;| R;
X | XX X H| X | X X X z X Driver output disable
X1 X | X X X X1 H X X X 4 Receiver output disable
XXX X HiL]|L X L L H Driver output disable and receive data
X{xf{xl x [H]lL]L]|] x H | H L via Bus input
X X|X X X1 H|X X NC X X Latch received data
LIL|X t X1 X|X L X X X
L{H|X 1 X | X | X H X X X X i

Load driver register
HiX]|L t X | X | X L X X X
H|X|H t X | X | X H X X X
XXX L X1 X| X NC X X X . L

No driver clock restrictions
X[ X|X H X | XX 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=10123
L = LOW NC = No Change t = LOW-to-HIGH Transition
DEFINITIONS

Ag.Aq, A2, Az

B, By, By, B3

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

The “B'* word data input into the two
input multiplexers of the driver register.

Select. When the select input is LOW, the
A data word is 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.

BUS, BUS,
BUS,, BUS3
Ro, R1, R2, R3

RLE

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

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

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



CONNECTION DIAGRAM

Top View
RLE [ :® I 24 [ Vee
Ro[]2 23 [ ] oRee
8y 3 2| ]R3
Aoé 4 21 [ ]83
805, [] 5 20 :’A3
GNDy [ Am2015 19 [ ] 8US3
805, [ 7 18 F‘GNDZ
A ]s 17 :] 8US,
B[ ]e 16 t] Az
R[]0 15 L:Iﬁz
g 14 []R2
[ I T 13 []s

Note: Pin 1 is marked for orientation.

(NOT AVAILABLE AT THE
TIME OF THIS PRINTING.)

METALLIZATION AND PAD LAYOUT

ADDRESS
AND
DATA DISPLAY

APPLICATIONS

l

The Am2915 is a universal Bus Transceiver
timing input/output interfaces.

A CONTROL B
CONTROL
MASTER
ALU SCRATCHPAD —1 CONTROL
out ouTt
REMOTE
OPERATION
A B CONTROL A B CONTROL A B CONTROL
Am2915 Am2915 Am2915
R BUS R BUS R BUS
DATA ADDRESS CONTROL
BUS BUS BUS

useful for many system data, address, control and



Am2916

Quad Three-State Bus Transceiver With Interface Logic

FUNCTIONAL DESCRIPTION

The Am2916 is a high-performance, low-power Schottky
bus transceiver intended for bipolar or MOS microprocessor
system applications. The device consists of four D-type
edge-triggered flip-flops with a built-in two-input multi-
plexer on 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
. inputs) are one LS unit load. The three-state bus output
can sink up to 40mA at 0.5V 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 and a two-input multiplexer at the
© input of each flip-flop. A common select input (S) controls
the four multiplexers. When S is LOW, the A; data is stored
in the register and when S is HIGH, the B; 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 is HIGH,
the latch will close and retain the present data regardless of
the bus input.

The Am2916 features a built-in four-bit odd parity checker/
generator. The bus enable input (ﬁ) 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 LS| bus-transceiver

Three-state bus driver i

Two-port input to 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
Receiver outputs sink 12mA

Advanced low-power Schottky processing

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

3.6V minimum output high voltage for direct inter-
face to MOS microprocessors

LOGIC DIAGRAM

1o

BUSp BUS;.  BUS; BUS3
Ao —
Dg Qo
b a a Ro
B O—i|
—cp
—
Ay O—ro J 5 a
1 1
b a IS a Ry
51 L
—ce
h2 l D2 Q2
b a > P> o Ry
o] - T .
1P (- £ |
Az r
D3| Qg j
i > b a IS M a R3
By O——t
3 t—ce L )
opp
3 PARITY
)

j .
SELECT  §

DRIVER

ﬁg}j
]

[
cLock PRCP
BUS - RECEIVER
G o> L ¢
ENABLE RLE | ATGH ENABLE




ORDERING INFORMATION

Package Temperature Order

Type Range Number
Molded DIP 0°C to +70°C AM2916PC
Hermetic DIP 0°C to +70°C AM2916DC
Dice 0°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 —65°C to +150°C
Temperature (Ambient) Under Bias —55°C to +125°C
Supply Voltage to Ground Potential —0.5V to +7V

DC Voltage Applied to Outputs for HIGH Output State

—0.5V to +Vc max.

DC Input Voltage —0.5V to +5.5V
DC Output Current, Into Outputs (Except Bus) 30mA
DC Output Current, Into Bus 100mA

DC Input Current

—30mA to +5.0mA

ELECTRICAL CHARACTERISTICS

The following conditions apply uniess otherwise noted:

AmM2916XC(COM'L) Tp =0°Cto +70°C VeeMIN. =476V VocMAX. = 5.25V
AmM2916XM (MIL) Ta=-55°Cto+125°C VcCMIN. =450V VeoMAX. = 550V

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Parameters Description Test Conditions (Note 1) Min. Typ. Max. Units
IoL = 24mA 0.4
VoL Bus Output LOW Voltage Vee = MIN. Volts
1oL = 40mA 05
VOH Bus Output HIGH Voltage Ve = MIN. IoH = —20mA 24 Volts
Vo =04V —200
Bus Leakage Current Vee = MAX.
1 . Vo =24V A
o (High Impedance) Bus enable = 2.4V o ad g
Vo =45V 100
Bus Leakage Current Vo =45V
10FF 4 100 A
° {Power OFF) Vee =0V ’
VIH Receiver Input HIGH Threshold Bus enable = 2.4V 20 Volts
ViL Receiver Input LOW Threshold Bus enable = 2.4V 0.8 Volts
Vee = MAX,
ircui ~50 -85 —-130 mA
Isc Bus Output Short Circuit Current Vo =0V
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ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:

Am2916XC(COM'L)
Am2916XM (MIL)

Ta =0°Cto+70°C

VeeMIN. = 4,75V VooMAX. = 525V
Ta=-55"Ct0+125°C VceMIN.=4.50V Voo MAX. =550V

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
Vee = MIN. MIL: IgH = —=1.0mA 24 34
Receiver
\" = L: = Volt
OH Output HIGH Voltage VIN = V|L or ViH COM'L: IgH = ~2.6mA 24 34 olts
Vee =5.0V, Igy = —100uA 3.5
i V =MIN,, | = —660uA 25 34
Vo Parity cc . loH 60u MiL Volts
Output HIGH Voltage VIN = ViH or VL COM'L 2.7 3.4
o oL =4.0mA 0.27 0.4
Output LOW Voltage cc*= . -
\" | =8.0mA
oL (Except Bus) Vin = V1L of Vin oL =80m 0.32 0.45 Volts
loL = 12mA 0.37 0.5
ViH input HIGH Level Guaranteed input logical HIGH 20 Volts
(Except Bus) for all inputs :
viL Input LOW Level Guaranteed input logical LOW 0.8 Volts
(Except Bus) for all inputs ’
Vi Input Clamp Voltage (Except Bus) Vee = MIN,, g = —18mA —-1.2 Volts
BE, RLE -0.72
hL Input LOW Current (Except Bus) Vee = MAX., VN =04V mA
All other inputs —0.36
HH Input HIGH Current (Except Bus) Vee = MAX, VN =27V 20 A
1 Input HIGH Current (Except Bus) Vee = MAX., ViN = 7.0V 100 KA
Isc Output Short Circuit Current Vee = MAX. _30 _85 mA
(Except Bus)
Icc Power Supply Current Vee = MAX,, All Inputs = GND 75 110 mA
SWITCHING CHARACTERISTICS Am2916XM Am2916XC
e . Typ. i Typ.
Parameters Description Test Conditions Min. (Note2) Max. Min. (Note2) Max. Units
tPHL . Cy (BUS) = 50pF 21 36 21 32
PLr Driver Clock (DRCP) to Bus Ry (BUS) = 1309 Py % Py o ns
tzH, tzL — SAREE 26 13 23
Bus Enable (BE) to Bus A ns
tHz tLz v 5 13 26 13 23
tg 23 20
Data Inputs (A or B) %\)@ ) ns
th N 8.0 6.0
)
ts NS 28 25
Select Inputs (S) S A ns
th NS 8.0 6.0
O
tpw Clock Pulse Width (HIGH) O 20 17 ns
Af \)
tPLH Bus to Receiver Output Q\o% 18 30 18 27 ns
tPHL (Latch Enabled) Q,G éCa 18 30 18 27
tPLH SR\ 21 30 2 27
Latch Enable to Receiver Output &~ ns
tPHL & 21 30 21 27
i B Latch Enable (RLE &v 14 n
s
™ us to Latch Enable (RLE) CL = 15pF 50 20
tPLH A or B Data to Odd Parity Output R =2.0kn 21 36 21 32 ns
tPHL (Driver Enabled) 21 36 21 32
tPLH Bus to Odd Parity Output 21 36 21 32 ns
tPHL (Driver Inhibited, Latch Enabled) 21 36 21 32
tPLH Latch Enable (RLE) to 21 36 21 32
- ns
tPHL Odd Parity Output 21 36 21 32

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 Vo = 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 DRIVING OUTPUT
<
17k 609
<)
i
loH
OUTPUT, ODD
INPUT o___K__»_.D‘P_‘,_ ——
oL
Note: Actual current flow direction shown.
SWITCHING TEST CIRCUIT
Vee
RL
TEST
POINT 20k
$q
INPUT A R
OR Am2916 QR »>- —O ¢
INPUT B 00D l 1 2
Vee
I‘S"F 5.0k
_AAA =
BUS R L VWA =
130Q <
S3
TEST . o
point © _L Sq
50pF
T 10k0
— AAA —
= VWA— =
3.0v
DRIVER F
cLock 1.3V
ov
LA Uy | |
30V
A INPUT % 7% — 1.3V
ov
‘PLH——I tPHL }_7
VoH

BUS
ouTPUT 2.0V

VoL
PHL tPLH ‘.—
VoH
RECEIVER

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 PO ERUAL | BUS |ouTPUT
FUNCTION
S |Aj[B; |DRCP| BE |[RLE|OE | D; | qQ; [BUS;| R;
X| XX X H X X X X Z X Driver output disable
X | XX 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|IL|X t X |- X[ X L X X X
LIH|X t X1 XiX H X X X . .
Load driver register
HIX]|L t X | XX 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 ) .
No driver clock restrictions
X| X|X H X | XX NC X X X
X | XX X L| X | X L X H X
Drive Bus
XXX 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-to-HIGH transition

DEFINITIONS

Ag.Aq, A2, A3 The “A” word data input into the two BUS(, BUS, The four driver outputs and receiver in-
input multiplexer of the driver register. §U_82, W§3 puts (data is inverted).

Bg. By, By, B3 The ““B” word data input into the two Rg, R1, R2, R3  The four receiver outputs. Data from the
input multiplexers of the driver register. bus is inverted while data from the A or B

inputs is -i ted.

S Select. When the select input is LOW, the — |npu. s non-inverte .
A data word is applied to the driver reg- RLE Receiver Latch Enable._ When. RLE is
ister. When the select input is HIGH, the LOW, data on the BUS inputs is passed
B word is applied to the driver register. through the receiver latches. When RLE

is HIGH, the receiver latches are closed

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

BE Bus Enable. When the Bus Enable is HIGH, OE Output Enable. When the OE input is
the four drivers are in the high impedance HIGH, the four three state receiver out-
state. puts are in the high-impedance state.
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CONNECTION DIAGRAM

Top View
ALE [ * ~ 24 [ Vee
Ro[]2 23 [_] oRep
B[] 2 [ ]R3
A4 21 []es
Busy [ 15 20 j Az
oND; [ 6 2916 19 []8Us3
Bus; []7 18 [_] GNDy
A s 17 []8Us;
B[] 6 [ ]
R[]0 15 [ 182
BE[ | 14 :] Ry
ooo [] 12 13 s

Note: Pin 1 is marked for

orientation.

METALLIZATION AND PAD LAYOUT

(NOT AVAILABLE AT THE
TIME OF THIS PRINTING.)

SELECT

CLOCK

BUS
ENABLE
LATCH
ENABLE

A 3
L s
DRCP
Am2916
—O| BE
—O} RLE
R oDD  BUS
BITS
0-3

APPLICATIONS

AT

S
DRCP
Am2916
BE
RLE
R 0DD BUS

BITS
12-15

L ]

BITS
8-11

BITS

4-7

| [

Py Py P3 Py P Pg P; Pg Pg
Am82562

EVEN

A [}
s
DRCP
Am2916
———Of BE
—o)| rLe
R 00D BUS
BUS PARITY
ODD/EVEN
CONTROL
L= EVEN
H=0DD

Generating or checking parity for 16 data bits.

CHECK
PARITY OUTPUT
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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 MOS microprocessor system
applications. The device consists of four D-type edge-triggered
flip-flops. The flip-flop outputs are connected to four three-
state bus drivers. Each bus driver is internally connected to
the input of a receiver. The four receiver outputs drive four
D-type 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 0.5V 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 Aj 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 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 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 dita 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 LS| 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

== OUTPUT
_4‘*—°°E CONTROL

Do Qo
Ag b a =t D—- b a Ro
—{cp 3
D Q1
Aq o—b l o o D Q] R1
—] CP E
Q2
D
A2 o—> l P It D— D a R2
—CP E
| D; n 3 w/ ‘m
A3 o—b PR "t j>—o o Tpo—ons T T
—]CP E ,‘
\ PARITY
A )
1
A\
)
7.
DRIVER .
cLock PRCP
RECEIVER
BUS °D °< ORLE H
ENABLE BE O " ENAGee
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ORDERING INFORMATION

Package Temperature Order

Type Range Number
Molded DIP 0°C to +70°C AM2917PC
Hermetic DIP 0°C to +70°C AM2917DC
Dice 0°C to +70°C AM2917XC
Hermetic DIP —55°C to +125°C AM2917DM
*Hermetic Flat Pak —~55°C to +125°C AM2917FM
Dice ~55°C to +125°C AM2917XM

* Available on special order.

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 -0.5Vto+7V
DC Voltage Applied to Outputs for HIGH Output State -0.5 V to +V¢cC max.
DC Input Voltage -0.5Vto+5.5V
DC Output Current, Into Outputs (Except BUS) 30 mA
DC Output Current, Into Bus 100 mA

DC Input Current

-30 mA to +5.0 mA

ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:
AmM2917XC (COM’L) Tp =0°C to +70°C
Am2917XM (MIL)

VCeMIN. =4.75V  VeoMAX. =526V
Ta=-55"Cto+125°C VoeMIN. =4.50V  VecMAX. =550V

BUS INPUT/OUTPUT CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Parameters Description Test Conditions (Note 1) Min. Typ. Max. Units
loL =24mA 0.4
VoL Bus Output LOW Voltage Vce = MIN. Volts
loL =40mA 0.5
VOH Bus Output HIGH Voltage Vee = MIN. loH = —20mA 24 Volts
Vo =04V —200
Bus Leakage Current Vee = MAX.
[} N Vo =24V 50 A
o (High Impedance) Bus enable =24V o K
Vo =45V 100
Vo =45V
10FF Bus Leakage Current (o} 100 uA
(Power OFF) Vee =0V
ViH Receiver Input HIGH Threshold Bus enable =24V 20 Volts
ViL Receiver Input LOW Threshold Bus enable = 2.4V 0.8 Volts
I Bus Output Short Circuit C vec = MAX. 50 85 130 A
—! — - m.
sc us Output Short Circuit Current Vo =0V




ELECTRICAL CHARACTERISTICS

The following conditions apply unless otherwise noted:

Am2917XC (COM’L)
AmM2917XM (MIL)

Ta =0°Cto+70°C

VCCMIN. =475V VoeMAX. =525V
Ta=-55"Cto+125°C VeeMIN.=4.50V  VooMAX. = 5.50V

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE

Typ.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
. Vee = MIN. MIL: Igy = —1.0mA 24 34
voy | Receiver VIN = VL or ViH COM'L: Igy = —2.6mA 24 34 Volts
Output HIGH Voltage - OH . - .
Vce =5.0V, IgpH = —100uA 3.5
VoH Parity Vee = MIN,, IpH = —660uA MiIL 25 34 Volts
Output HIGH Voltage VIN = ViH or Vi COM'L 2.7 3.4
v MIN loL =4.0mA 0.27 04
Output LOW Voltage cc*™ .
\Y 1 =8.0mA
oL (Except Bus) VIN = VL or VIH oL =80m 0.32 0.45 Volts
loL = 12mA 0.37 0.5
ViH Input HIGH Level Guaranteed input logical HIGH 20 Volts
(Except Bus) for all inputs :
i Input LOW Level Guaranteed input logical LOW 08 Volts
(Except Bus) for all inputs )
A\ Input Clamp Voltage (Except Bus) Vee = MIN,, |y = —18mA -1.2 Volts
BE, RLE -0.72
e Input LOW Current (Except Bus) Vee = MAX, ViN =04V 4 mA
All other inputs —0.36
HH Input HIGH Current (Except Bus) Vee = MAX,, VN =27V 20 HA
I Input HIGH Current (Except Bus) Vee = MAX, ViN =7.0V 100 nA
Isc Output Short Circuit Current Ve = MAX. _30 _85 mA
(Except Bus)
Icc Power Supply Current Vce = MAX. 63 95 mA
| Off-State Output Current v, - MAX Vo =24V 20
o (Receiver Outputs) cc . Vo =04V —20 KA
SWITCHING CHARACTERISTICS Am2917XM Am2917XC
OVER OPERATING TEMPERATURE RANGE Typ. Typ.
Parameters Description Test Conditions Min.  (Note2) Max. Min. (Note2) Max. Units
tPHL Driver Clock (DRCP) to B C (BUS) = 50pF 21 36 21 32 ns
river ocC to Bus
tPLH RLBUS) =130Q 21 36 21 32
tzH, tzL J— 13 26 13 23
Bus Enable (BE) to Bus ns
tHz, Lz 13 26 13 23
ts 23 20
P A Data Inputs ns
h 2z, 8.0 6.0
tpw Clock Pulse Width (HIGH) &8 20 17 ns
tPLH Bus to Receiver Output °A€0 / 18 30 18 27 ns
tPHL (Latch Enabled) oﬁ/‘ /P/o / 18 30 18 27
tPLH ) 4’6‘@ 4y, 21 30 21 27
Latch Enable to Receiver Output 4, O/l/ ns
tPHL /7;9 6'4 21 30 21 27
ts O '96 sl 14 n
" Bus to Latch Enable (RLE) C_=15 /‘/O o 2.0 S
RL=2.0ka =7/ &
tPLH A Data to Odd Parity Out SERA S 36 21 32 ns
tPHL {Driver Enabled) (%4 21 36 21 32
tPLH Bus to Odd Parity Out 21 36 21 32 ns
tPHL (Driver Inhibit) 21 36 21 32
tPLH Latch Enable (RLE) to Odd 2 36 21 32 ns
tPHL Parity Output 21 36 21 32
tZH, tzL 14 26 14 23
Output Control to Output ns
tHZ, Lz 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 Voo = 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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INPUT/OUTPUT CURRENT
INTERFACE CONDITIONS

DRIVEN INPUT | DRIVING OUTPUT
) |
3 17kQ | 609
<
i I
I loH
' OUTPUT, 0DD
weor o—y—Rp——Df1—--- \
I ‘oL
Note: Actual current flow direction shown.
SWITCHING TEST CIRCUIT
Vee
R
L
TEST
POINT 20ke
S
R
INPUT A O—1 Am2917 QR . S
obop l 1 2
Vee
I15°F 5.0k
BUS R_ L VA =
1300 <
S3
TEST . o
POINT _L Sy
50pF
T 1.0k
= AAA =
= VWA— =
3.0V
DRIVER v
ov
th —|
3.0V
ov
:PLH TPHL
VoH
BUS %
OUTPUT % — 20V
VoL
PHL tPLH ’4—
VoH
RECEIVER % r
OUTPUT 13V
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 o bR | BUS [oUTPUT
FUNCTION
Aj | DRCP| BE |RLE| OE | D;j Q; |BUS; Rj
X X H X | X X X z X Driver output disable
X X X X | H X X V4 Receiver output disable
X X H L L X L L H Driver output disable and receive data
X X H L L X H H L via Bus input
X X X| H| X X NC X X Latch received data
L t X | XX L X X X
Load driver register
H t X | X | X H X X X
X L X X1 X NC X X X . L
No driver clock restrictions
X H X | X | X NC X X X
X X L X | X L X H X
Drive Bus
X X L X | X H X L X
H=HIGH Z = High Impedance X = Don’t Care i=0,1,23
L=LOW NC = No Change 1 = LOW-to-HIGH Transition

PARITY OUTPUT FUNCTION TABLE

BE ODD PARITY OUTPUT
L ODD = Ag @ A1 ® A ® A3
H ODD = Qg ® Q1 ® Q2 ® Q3

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.

BUS(p, BUS1, BUSp, BUS3 The four driver outputs and
receiver inputs (data is inverted).

Rp, R1. RQ, R3 The four receiver outputs. Data from the
bus is inverted while data from the A or B inputs.is non-
inverted.

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

ODD 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.



CONNECTION DIAGRAM METALLIZATION AND PAD LAYOUT
Top View
RCE[ |1 o 20| jVcc
Ro[: 2 19 goacp
ao[]3 18] ]R3
Buso[ ] 4 17 ]Ay
B e B (NOT AVAILABLE AT THE
susi] e 15 [ onoz TIME OF THIS PRINTING.)
a7 14 []BUS2
rRi[]s 13 A2
8E[]e 12[]r2
ooo[}10 n[]oE
Note: Pin 1 is marked for orientation.

APPLICATIONS

C |
T

A

Am2917
ADDRESS REGISTER
BUS

Am2918
STATUS REGISTER

Am2917 MAIN

DATA BUS
REGISTER MEMORY

FLAGS Y

1o Am2909

sus =—]BUS  Am2017 MICROPROGRAM 1 Am2901
SEQUENCER BIPOLAR

R MICROPROCESSOR

l b

ROM/PROM
MICROCODE

l

Am2918
MICROWORD
REGISTER

R BUS J

The Am2917 can be used as an 1/0O Bus Transceiver and Main Memory 1/O Transceiver
in high-speed Microprocessor Systems.
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Quad D Register With Standard And Three-State Outputs

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 (CP) and a buffered common output control (OE) 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’” (OE) input is LOW.
When the OE input is HIGH, the Y outputs are in the high-
impedance state.

The Am2918 register can be used in bipolar microprocessor
designs 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 MIL-STD-883
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ORDERING INFORMATION

Am2918

OUTPUT

Package Temperature Order
Type Range Number
Molded DIP 0°C to +70°C AM2918PC
Hermetic DIP 0°C to +70°C AM2918DC

Dice 0°C to +70°C AM2918XC
Hermetic DIP —55°C to +125°C AM2918DM
Hermetic Flat Pack  —55°C to +125°C AM2918FM
Dice —55°C to +125°C AM2918XM
LOGIC DIAGRAM
Do D Q Qg
! STANDARD
—Oj CP al— ) QUTPUTS
Q3
Dy D aQ
y—OfCcP a
g
Dy D Q
i
—ofcP [0) THREE-STATE
—| OUTPUTS
Y2
D3 D Q
cLock cp —~>o—o-—o cp a ‘TM Y3

conTroL OF




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

Storage Temperature —65°C to +150°C
[emperature (Ambient) Under Bias —55°C to +125°C
supply Voltage to Ground Potential (Pin 16 to Pin 8) Continuous —0.5V to +7V
JC Voltage Applied to Outputs for HIGH Output State —0.5V to +V¢c max.

DC Input Voltage

—0.5V to +6.5V

DC Qutput Current, Into Outputs

30mA

DC Input Current

—30mA to +5.0mA

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Unless Otherwise Noted)

AM2918XC Ta =0°Cto+70°C Vee = 5.0V £ 5% (COM'L) MIN. = 4.75V MAX. = 6.25V
AM2918XM Ta=—55"Cto+125°C Ve = 5.0V £ 10% (MIL) MIN. = 4.5V MAX. = 5.5V Typ
Yp.
Parameters Description Test Conditions (Note 1) Min. (Note 2) Max. Units
MIL 25 3.4
Q IgH =-1TmA
Vee = MIN,, com'L 2.7 3.4
VoH Output HIGH Voltage _ Volts
VIN = ViH or ViL XM, IgH = —2mA 2.4 3.4
Y
XC, loH = —6.5mA 24 3.4
v Output LOW Voltage (Note 6) vee = MIN., loL. = 20mA 0.5 Vol
utput oltage (Note R olts
oL ¢ VIN = ViHor ViL
Guaranteed input logical HIGH™
ViH Input HIGH Level voltage for all inputs 20 Volts
Guaranteed input logical LOW
Vio input LOW Level voltage for all inputsg 0.8 Volts
Vi Input Clamp Voltage Vee = MIN, L)y = —18mA -1.2 Volts
I
(‘Nm ) | Input LOW Current Vee = MAX., Vi = 0.5V —2.0 mA
|
(mne 3) | nput HIGH Current Vee = MAX., Vi = 2.7V 50 uA
1 Input HIGH Current Vee = MAX,, VN = 5.5V 1.0 mA
\ Y Output Off-State Ve = MAX Vo =24V 50 A
0] cc . M
Leakage Current Vo =04V —50
Isc Output Short Circuit Current Ve = MAX. 40 —100 mA
(Note 4)
TICC Power Supply Current Vee = MAX. (Note 5) 80 120 mA
Notes For conditions shown as MIN, or MAX,, use the appropriate value specified under Electrical Characteristics for the applicable device type.

. Typical limits are at Vg = 5.0V, T a’= 25°C ambient and maximum loading.

. Actual input currents = Unit Load Current x Input Load Factor (see Loading Rules).

. Icc is measured with all inputs at 4.5V and all outputs open.
. Measured on Q outputs with Y outputs open. Measured on Y outputs with Q outputs open.

witching Characteristics (Ta = +25°C, Vcc = 5.0V, R = 28082)

HE N
2
3
4. Not more than one output should be shorted at a time. Duration of the short circuit test shoud not exceed one second.
s g
6

arameters Description Test Conditions Min. Typ. Max Units
tPLH 6.0 9.0
—— Clock to Q Output ns
tPHL 8.5 13
tow Clock Pulse Width 7.0 ns
tg Data CL =15pF 5.0 ns
th Data 3.0 ns
tPLH Clock to Y Output 6.0 2.0 .
tPHL (OE LOW) 8.5 13 *
t . 1
‘ZH CL = 5pF 125 9
ZL 12 1
. Output Control to Output 8 ns
H 4. 6.0
z CL = 50pF 0
tL z 7.0 10.5
fmax Maximum Clock Frequency Cp = 156pF 75 100 MHz
63
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DEFINITIONS

Dj The four data inputs to the register.

Q; The four data outputs of the register with standard
totem-pole active pull-up outputs. Data is passed non-
inverted. '

Y; The four three-state data outputs of the register. When
the three-state outputs are enabled, data is passed non-
inverted. A HIGH on the “output control” input forces the
Yi 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 Yi
outputs are in the high-impedance state. When the OE input
is LOW, the TRUE register data is present at the Y; outputs.

TRUTH TABLE

INPUTS OUTPUTS
_ CcLOCK NOTES
OE cP D Q Y
H L X NC z -
H H X NC z -
H t L L z -
H t H H z -
L 1 L L L -
L 1 H H H -
L - - L L 1
L - - H H 1
L=LOW NC = No change
H=HIGH 1 = LOW to HIGH transition

X = Don’t care Z = High impedance

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

LOADING RULES (In Unit Loads)

Fan-out
Input Output  Output
Input/Output  Pin No.’s  Unit Load HIGH Low

Do 1 1 - -
Qo 2 - 20 10*
Yo 3 - 40/130 10*
D4 4 1 - _
Q 5 - 20 10*
Yy 6 - 40/130 10*
OE 7 1 - -
GND 8 - - -
cP 9 1 - -
Yo 10 - 40/130 10*
Qy 11 - 20 10*
Dy 12 1 - _
Y3 13 - 40/130 10*
Q3 14 - 20 10*
D3 15 1 - -
Vce 16 - - -

A Schottky TTL Unit Load is defined as 50uA measured at 2.7V
HIGH and —2.0mA measured at 0.5V LOW.

*Fan-out on each Q; and Y; output pair should not exceed 15 unit
loads (30mA) fori=0,1, 2, 3.

CONNECTION DIAGRAM
Top View

Vec D3 Q3 Yz D Qp Yy CP

O0nonnon

15 14 13 12 110

16 9
Am2918
1 8

®, 3 4 5 6

RSN

Dg Q Yp Dy QO Y,

[~

GND

Note: Pin 1 is marked for orientation.

Metallization and Pad Layout

Do O3
Qq Q3
Yo Y3
0, 02
Q Q2
2 Y2

cP

DIE SIZE: 0.067"" x 0.090”

SCHOTTKY INPUT/OUTPUT
CURRENT INTERFACE CONDITIONS

Y DRIVING OUTPUT

Q DRIVING OUTPUT

5082 NOM

uk_"L’

AAA

|
i
|
|
1
|
|
l
[
|
|
[
r
l
|

DRIVEN INPUT

5092 NOM S UNIT LOAD

S 2.8k NOM
e

Jomk

i

i

|
|
|
|
|
|
!
l
|
|
|
|
|
|

Note: Actual current flow direction shown.




APPLICATIONS

DATA
Am2901 Am2901 N Am2918
BIPOLAR BIPOLAR DATA-IN
MICROPROCESSOR MICROPROCESSOR REGISTER
DATA |- 1
CARRY out
OVERFLOW Z
FLAGS
ZERO
Am2918 Am26S10
NEGATIVE p——{D DATAOUT Q BUS SG;A
REGISTER TRANSCEIVER
D
CONTROL
Am2918 PANEL
Q Y DISPLAY
l Y
Am2918 Am26S10
R oe Use L—i> aDDRESs Q 8US SoSRESS
CONTINUOUS REGISTER TRANSCEIVER
FLAG DATA
The Am2918 as a 4-Bit The Am2918 used as data-in, data-out
status register and address registers.
BUS A
Af Aq Ay Az
CLOCK CLOCK
Y. Y. Y Y,
No a 0p Dy D, D3 3 2 1 0 q Mo
cp jo— L—oj cp
Ny —] 0 ¢ Q My
Am2918
Ny Q, Am2918 m. 02 ™
OE OE
Ny —fag Q3 M3
Yo Yy Yy Y3 D3 Dy Dy Dy
OUTPUT OUTPUT
CONTROL CONTROL

BUSB

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 B-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 N and M ports of the device.

Xg X X Xg Xg Xg  Xg Xg
SERIAL SERIAL
DATA DATA
N 1 out

Do Qp Dy @y Dz Oy D3 Qg Do Qg Dy @y D Q; D3 Qg
cP cp
Am2918 Am2918
—O] ot OE
Yo Yi Yy Y3 Yo Y1 Yo Y3
CLOCK
BUS
CONTROL
Wo Wy W, Wy W, Wg  Wg Wy

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

93411 93411A

DESCRIPTION DISTINCTIVE CHARACTERISTICS
The 93411 and 93411A are high speed 256-bit TTL ran- ® Replacement for 54/74S5206 and equivalent devices
dom access memories with full decoding on chip. They are ® Organization —256 words by one bit
organized 256 words by one bit and are designed for scratch- ® Three high speed chip select inputs
pad, buffer and distributed main memory applications. The ® Typical access time
devices have three chip select lines to simplify their use in 93411A  Commercial 40nsec
larger memory systems. Address input pin locations ‘are 93411 Commercial 45nsec
specifically chosen to permit maximum packaging density 93411 Military 45nsec
and for ease of PC board layout. An uncommitted collector ® On chip decoding
output is provided to permit “OR-ties’’ for ease of memory ® Power dissipation—1.2mW/bit
expansion. ® Power dissipation decreases with temperature
~ ® Inverted data output
CONNECTION DIAGRAM ORDERING INFORMATION
PIN—!‘JAM—ES == ORDER CODE PACKAGE TEMPERATURE*
CS4. CSy, CS3 ;
1ao ~ e [0 Ap— Az 45 ns Typical Access Time
2O as s DN 93411DC Ceramic DIP** Commercial
D
3 [, A f e V—V%UT 93411DM Ceramic DIP** Military
u onfle LOADING 93411PC Plastic DIP  Commercial
s (s we [0z (Notesa, b) [ 93411FM Flatpak Military
o Chip Select Inputs 0.5 U.L
6 E Dout A7 ] n . .
O :I Address Inputs 0.5 U.L. 40 ns Typical Access Time
anpe %™ Data Input 05UL |  93411ADC Ceramic DIP**  Commercial
e [ono ssfle  Data Output 10uL
NOTE: Write Enable 0.5 U.L *Commercial = 0°c to +75°C
The Flatpak version has the same Military = -565°C to +125°C
g'::l"lt:_S::';‘::;;f'agram) as the **Available in both ceramic DIP package options.
NOTES:
a. 1 Unit Load (U.L.) = 40 uA HIGH/ 1.6 mA LOW
b. 10 U.L. is the output LOW drive factor. An external pull-up resistor is needed to provide HIGH
level drive capability. This output will sink @ maximum of 16 mA at Vout = 0.45 V.
LOGIC DIAGRAM LOGIC SYMBOL
X ADDRESS WORD
DECODER DRIVER 345
—— TN\ —
@ Ao — —) )— our ® 13 12
@ a1 — 16 % 16 —_
@ Az ——' —_' Mw‘?;i“&u %z_: g , _J Aocs DIN WE
® ra— & 2—A
‘ 14— A2
[ ) 15 —] A
| t -t 2] :’ 93411/03411A
SENSE AMP We @ 9 —| A:
WRITE gmvgu ( 10— Ag
1M—fA
‘ o ’ Dout
DECODER —m_ on ® T
VCC = Pin 16 Y ADDRESS o 6
GND = Pin 8 AZ| Asl Ae]h Ve = Pin 16
O = Pin Numbers oO'® ® GND = Pin 8
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FUNCTIONAL DESCRIPTION

The 93411/93411A 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, Ag 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 a[g_g:ontrolled by th(itate of
the active LOW Write Enable (WE, pin 12). With WE held
LOW and the chip selected, the data at D is written into
the addressed location. To read,—W_E 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 must be used to provide a
HIGH at the output when it is off. Any value of R within
the range specified below may be used.

vee (MAX) Vee (MIN) - Vou
16 - F.O. (1.6) n (lcex) + F.O. (0.04)
RL is in k&2

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

TABLE | - TRUTH TABLE

INPUTS QUTPUT
CS; CSy CS3 WE Dy Bout MODE
PIN 3 PIN 4 PIN 5 N our
H X X X X H Not Selected
X H X X X H Not Selected
X X H X X H Not Selected
L L L L L H Write 0"
L L L L H H Write 1"
L L L H X Dourt Read inverted data from
addressed location

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

ABSOLUTE MAXIMUM RATINGS (above which the useful life may be impaired)

Storage Temperature
Temperature (Ambient) Under Bias
Ve Pin Potential to Ground Pin
*Input Voltage (dc)
*Input Current (dc)
**Voltage Applied to Outputs (output HIGH)
Output Current (dc) (output LOW)

—65°C to +150°C
—55°C to +125°C
-0.5Vto+7.0V
-05Vto+55V
—12 mA to +5.0 mA
-0.5 Vto +5.50 V
+20 mA

“Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.

**Qutput Current Limit Required.

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE
PART NUMBER MIN TYP MAX Note 4
93411AXC, 93411XC 475V 50V 5.25 V 0°C to +75°C
93411XM 450 v 50V 5.50 V —55°C to +125°C

X = package type; F for Flatpak, D for Ceramic Dip, P for Plastic Dip. See Packaging Information Section for packages available on this product.

D |
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DC CHARACTERISTICS: Over Operating Temperature Ranges. Notes 1, 2.and 4

LIMITS
YM NIT! : NDITIONS
SYMBOL PARAMETER N F MAX UNITS (of0]
(Note 3)
VoL Output LOW Voltage 0.3 0.45 \ Vec =MIN, g = 16 mA
Guaranteed Input Logical HIGH
Vi4 Input HIGH Voltage 2.0 1.6 \ Voltage for all Inputs
Guaranteed Input Logical LOW
VIE Input LOW Voltage 1.5 0.85 \Y% Voltage for all Inputs
e Input LOW Current -530 -800 UA Vee = MAX, Viy =0V
1 Input HIGH Current 1.0 20 UA Voo =MAX VN =45V
IcEX Qutput Leakage Current 1.0 50 HA Vee = MAX, Voyr =45V
Vep Input Clamp Diode Voltage -1.0 -1.5 v Vee = MAX, Iy = —10 mA
93411XC 90 124 Tp =175°C | Ve = MAX, WE Grounded,
lec Power Supply 93411AXC 100 135 mA TaA= 0:(; all other inputs @ 4.5V
Current 90 17 Tp = +125°C
934T1XM 100 143 Tp = —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
ws Write Disable Time 10 | 20 35 10 | 20 35 10 | 20 | 45 ns
tWR Write Recovery Time 25 40 25 40 25 | 50
INPUT TIMING
REQUIREMENTS
tw Write Pulse Width 40 | 25 40 | 25 50 | 25 See Test Circuit
(to guarantee write) and Waveforms
twsp Data Set-Up Time Prior to Write] O o 0 0 (o] 0 Note 6
tWHD Data Hold Time After Write 5 (o] 5 (4] 5 [¢]
tWSA Address Set-Up Time 0 (0] 0 0 [o] 0 ns
tWHA Address Hold Time 5 (o] 5 0 5 [o]
twscs Chip Select Set-Up Time 0 [0] 0 0 o] (0]
twHCS Chip Select Hold Time 5 o] 5 [¢] 5 0
C Input Lead Capacitance 4 5 4 5 4 5 F Measured with
Co Output Lead Capacitance 7 8 7 8 7 8 p 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 sup-
ply voltage extremes, additicna! noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges.

3. Typical limits are at Vee = 50V, Tp = 125°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 temperature for Flatpaks and amhient temperature for all other packages. Typical thermal resistance values of the package
at maximum temperature are:

6 ) (Junction to Ambient) (at 400 fpm air flow) = 50°C/ Watt, Ceramic DIP; 656°C/Watt, Plastic DIP; NA, Flatpak.

HJA {Junction to Ambignt) {still air) = 90°C/Watt, Ceramic DIP; 110°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 MAX address access time is guaranteed to be the “worst case” bit in the memory using a pseudo random testing pattern.
6

-ty measured at tyyga = MIN, ’WSA measured at tyy, = MIN,
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AC TEST LOAD AND WAVEFORM

LOADING CONDITION INPUT PULSES

Vee ALL INPUT PULSES

30052
Dout
93411/93411A
256.81T
READ/WRITE 60002 300F
MEMORY (CAPACITANCE
INCLUDING SCOPE
AND JIG)

AC WAVEFORMS

READ MODE

PROPAGATION DELAY FROM CHIP SELECT

PROPAGATION DELAY FROM ADDRESS

Ts1 cs2 cs3 Ag A7
CHIP SELECT ADDRESS A
I

Oout
DATA OUTPUT JE—
Dout
DATA QUTPUT

| tACS—=

I
(ALL TIME MEASUREMENTS REFERENCED TO 1.5 V)

WRITE MODE
Cs2
Cs1,C83 \ 4
CHIP SELECT | .
! I
! 1
1 1
T T
U 1
A0 to A7 X '
ADDRESS | X X .
| ! 1 i
T ) 1 T
| ' | '
! ) I |
T T T T
DlN ! ! ! !
DATA IN ! ! ! !
1 ' { 0 1 '
1 I 1 I 1 1
T T 1 1 T T
1 ! 1 ' ) 1 I 1
I I 1 I 1 U
_ T T T - ~w = T T T
WE I I | | X l | |
WRITE ENABLE | I | ! ! |
1 I 1 | 1 1
l | [~ twWSD *: :<-'WHD - \ \
: :.——KwsA—ﬁ I‘—-‘WHA———bjl :
! wscs - L wHes |
! ! |
Bout ! !
DATA OUTPUT | |
1 I 1 I
L | ' |
1 1 l ]
r— tws —==1 ~—twR —
|

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

1024 Bit Random Access Memories

DESCRIPTION

The 93415 and 93415A are 1024-bit read/write random
access memories organized 1024 words by one bit. They are
designed for buffer control storage and high performance
main memory applications. The devices have typiéal access
times of 40nsec for the 93415 and 30nsec for the 934 15A.

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.

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 30nsec
93415 Commercial 40nsec
93415 Military 40nsec

® Chip select access time 15nsec typical

Power dissipation 0.5mW/bit typical

® Power dissipation decreases with increasing temperature

CONNECTION DIAGRAM ORDERING INFORMATION
cs
Ao
PIN NAMES ORDER CODE PACKAGE TEMPERATURE *
A cs 40 ns Typical Access Time
A2 Ap — Ag . .
WE 93415DC Ceramic DIP Commercial
A3 DIN 93415DM Ceramic DIP Military
A4 DouT 93415PC Plastic DIP Commercial
D 93415FM Flatpak Military
ouT
oo Chip Select 30 ns Typical Access Time
Address Inputs 93415ADC Ceramic DIP Commercial
Write Enable 93415APC Plastic DIP Commercial
Data Input
NOTE: Data Output
The Flatpak version has the same
pinouts (Connection Diagram) as the
Dual In-Line Package. *Commercial = 0°C to +75°C
Military = -55°C to +125°C
LOGIC DIAGRAM LOGIC SYMBOL
2 Ao & I é
G a— cs DIN WE
o m—] 200 plome, %252 ammaY I
s A — A
6 As — Az
1 = D
Gt awps oA b—o o M 93415/93415A
. _(}: —d — As
WRITE DRIVERS 1 i Y
—OGD.—WE @ A7
1 e K
0y i — Ag
ADDRESS " Dout
DECODER
Vcc =Pin16
GND =Pin8 Rs Ao A7 A8 A9 Vcc =Pin 16
QO = Pin Numbers [, 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, Ag to Ag.

The Chip Select input provides for memory array expansion.
For large memories, the fast chip select access time permits
the decoding of chip select (TZE) 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 seletted, the data at Dy 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 not used. In either case an external pull-up re-

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

Ve (MIN) Vce(MIN) - VoH
loL - FO(1.6) n{lcex) + FO(0.04)
RLisin k&2

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
loL = Output LOW Current

The minimum R value is limited by output current sinking
ability. The maximum Ry value is determined by the out-
put and input leakage current which must be supplied to
hold the output at VQH. One unit load = 40uA HIGH/
1.6mA LOW.

TABLE | — TRUTH TABLE

INPUTS OUTPUT MODE
J— J— Open
s WE DiN Collector
H X X H NOT SELECTED
L L L H WRITE 0"
L L H H WRITE 1"
L H X DouTt READ
H = HIGH Voltage Level
L = LOW Voltage Level
X = Don’t Care (HIGH or LOW)
ABSOLUTE 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
Vg Pin Potential to Ground Pin —05Vto+7.0V
*Input Voltage (dc) —-05Vto+55V
*Input Current (dc) —12 mA to +5.0 mA
Voltage Applied to Outputs (Output HIGH) —0.5V to+5.5V
Output Current (dc) (Output LOW) +20 mA
*Either input voltage or input current limit is sufficient to protect the input.
GUARANTEED OPERATING RANGES
SUPPLY V AGE (V AMBIENT TEMPERATURE (T
PART NUMBER OLTAGE (Vce) E@a)
MIN TYP MAX (Note 4)
93415XC, 93415AXC 475V 50V 5.25 V 0°Cto+75°C
93415XM 450V 5.0V 5.50 vV —55°C to +125°C
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, 4)

LIMITS :
SYMBOL CHARACTERISTIC UNITS CONDITIONS
MIN TYP (Note 3) MAX

VoL Output LOW Voltage 0.3 0.45 A Vee =MIN, Ig = 16 mA
ViH Input HIGH Voltage 2.1 1.6 \ Guaranteed Input HIGH Voitage for all Inputs
ViL Input LOW Voltage 15 0.8 \% Guaranteed Input LOW Voltage for all Inputs
hr Input LOW Current —250 —400 uA Vg = MAX, Vin =04V

1.0 40 A Vgoe = MAX, VN =45V
UH Input HIGH Current s cc IN

’ 1.0 mA Vce = MAX, Vi = 5.25 V

ICEX Output Leakage Current 1.0 100 HA Vce = MAX, VoyT =45V
Veb Input Diode Clamp Voltage -1.0 —-1.5 \Y Vee = MAX, Ny = =10 mA

95 130 A Tp > 75°C
! Power Supply Current 155 mA TA 0°C Vee = MAX,

m =
ce ower Supply Lurren A > All Inputs Grounded
170 mA Ta=-55°C

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
ns
tRCS Chip Select Recovery Time 15 30 20 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
ns
WR Write Recovery Time 20 40 25 50 45 55
INPUT TIMING
REQUIREMENTS
w Write Pulse Width 35 25 50 25 55 25 L
. See Test Circuit
(to guarantee write) o Wavef
an aveforms
tWsD Data Set-Up Time Prior to Write 5 0 5 0 5 0
WHD Data Hold Time After Write 5 0 5 0 5 0
ns
tWSA Address Set-Up Time 5 0 15 0 15 0
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
Cy Input Pin Capacitance 4 5 4 5 4 5 .
p
Co Output Pin Capacitance 7 8 7 8 7 8

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.

R Typicalvaluesat Vo =80V, Ty = :25°C, and MAX ioading.

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:

0y (Junction to Ambient) (at 400 fpm air flow) = 50° C/Watt, Ceramic DIP; 65° C/Watt, Plastic DIP; NA, Flatpak.

03 (Junction to Ambient) (still air) = 90° C/Watt, Ceramic DIP; 110° C/Watt, Plastic DIP; NA, Flatpak.

8¢ (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. tyw measured at tyyspa = MIN, tyyga mMeasured at tyy = MIN.
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AC TEST LOAD AND WAVEFORM

LOADING CONDITION

Pout

1024 @it

READ WRITE 600: 300k
MEMORY 1CAPACITANCF
INCLUDING SCOPE
AND 3161

]}

INPUT PULSES

ALL INPUT PULSES

GNOT g e 10 ——

AC WAVEFORMS

READ MODE

PROPAGATION DELAY FROM CHIP SELECT

CHIP SELECT

DouT
DATA QUTPUT

1
i
1
1

—~tACs = I~ tRcs —!

PROPAGATION DELAY FROM ADDRESS INPUTS

Ay Ag
ADDRESS INPUTS A
i

'
'
'
'
T
|
'

Doyt
DATA OUTPUT i o
' '

T
l

———
'

(ALL TIME MEASUREMENTS REFERENCED TO 1.5 V)

WRITE MODE

cs
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|

—

| |
I |
Ao -~ Ag
ADDRESS INPUTS 1 JI
| |
T
DIN 5 |
DATA INPUT !
L ]
| |
WE T 1
WRITE ENABLE | |
‘
! |
| | tWHD +=—» l«—— twHCs ——>
Dour ! je—twsA—»] I |
DATA OUTPUT wscs |
| | | |
| | | |
| | | |
f=tws > = tWR >

(ALL TIME MEASUREMENTS REFERENCED TO 1.5 V)
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93421 93421A 256 Bit Random Access Memories

DESCRIPTION DISTINCTIVE CHARACTERISTICS
The 93421 and 93421A are high speed 256-bit random ac- ® 3-state output
cess memories with full decoding on chip. They are orga- ® Replacement for 54/745200 and equivalent devices
nized 256 words by one bit and are designed for scratch- ® Organization — 256 words by one bit
pad, buffer and distributed main memory applications. The @ Three high speed chip select inputs
devices have three chip select lines to simplify their use in ® Typical read access time
larger memory systems. Address input pin locations are 93421A  Commercial 30nsec
specifically chosen to permit maximum packaging density 93421 Commercial 35nsec
and for ease of PC board layout. A 3-state output is pro- 93421 Military 3bnsec
vided to drive bus organized systems and/or highly capaci- ® On chip decoding
tive loads. ® Power dissipation —1.2mW/bit
® Power dissipation decreases with temperature
CONNECTION DIAGRAM ¢ lInverted data output
PIN NAMES '
GS+, S, CS ORDERING INFORMATION
A '_'A 23 ORDER CODE PACKAGE __ TEMPERATURE"
0 7 35 ns lypical Access Iime
D
D'L 93421DC Ceramic DIP** Commercial
out LOADING
WE Ceramic DIP**  Militar
WE (Notes a, b) 93421DM : Y
Chip Select Inputs 0.5U.L 93421PC Plastic DIP Commercial
Address Inputs 05U.L 93421FM Flatpak Military
Data Input 0.5 U.L.
Data Output 10 U.L. 30 ns Typical Access Time
Write Enable 05 U.L. 93421ADC Ceramic DIP** Commercial
NOTE:
The Flatpak versi.on h§s the same *Commercial = 0°C 1o +75°C
pinouts (Qonnecuon Diagram) as the Military = —55°C to +126°C
Dual In-Line Package. **Available in both Ceramic DIP package options

NOTES:

a. 1 Unit Load (U.L.) = 40 uA HIGH/ 1.6 mA LOW

b. 10 U.L. is the output LOW drive factor. This output will sink a maximum of 16 mA at Vour =045V, and
will source a minimum of 10 mA at 2.4 V.

LOGIC DIAGRAM LOGIC SYMBOL
X ADDRESS WORD 343
DECODER DRIVER AL
Zndo) 7 BRI
® 2o &
D
@ Ay l?”‘m,e 3NG) 1 -J Ao IN
A2 MEMORY GF 1L — 2—A1
® 4 — %7 @ 14— Az
—] s © 1514 93421/03421
A [ . 71— A4 Senmae
[ ' we @ 9—As
5&N5; ave b 10: As
WRITE DRIVER D 1 A7
T N @ DouTt
Van = Pin 16 DECODER 6
cc Y ADDRESS
GND = Pin 8 —TToTs
4| As) Agt A7 = Pi
QO = Pin Numbers ®I®J|@T Vee = Pin16
GND =Pin 8




FUNCTIONAL DESCRIPTION

The 93421/93421A 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, Ag 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, C—S, 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 D 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 | — TRUTH TABLE
INPUTS OUTPUT
6‘ ~c ~c J—— [
S1 €Sy CS3 WE DiN Bout MODE
H X X X X HIGH Z Not Selected
X H X X X HIGH Z Not Selected
X X H X X HIGH Z Not Selected
L L L L L HIGH Z Write “0”
L L L L H HIGH 2 Write 1"
L L L H X Dour Read inverted data from
addressed location
H = HIGH Voltage Level
L = LOW Voltage Level
X = Don’t Care (HIGH or LOW)
HIGH Z = HIGH Impedance
TABLE 2 — FUNCTION TABLE
INPUTS
OUTPUT
FUNCTION CHIP SELECT WRITE ENABLE
Write L L HIGH Z
Read L H Stored Data
Not Selected H X HIGH Z
ABSOLUTE 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
Ve Pin Potential to Ground Pin —05Vto+70V
*Input Voltage (dc) —-0.5Vto+55V
*Input Current (dc) —12 mA to +5.0 mA
**Voltage Applied to Outputs (output HIGH) —0.5 Vto +5.50 V
Output Current (dc) (output LOW) +20 mA
*Either Input Voltage limit or Input Current limit is sufficient to protect the inputs.
**Output Current Limit Required.
GUARANTEED OPERATING RANGES
SUPPLY VOLTAGE (Vcc) AMBIENT TEMPERATURE
PART NUMBER MIN TYP MAX Note 4
93421AXC, 93421XC 475V 50V 5.25V 0°C to +75°C
93421XM 450V 50V 5.50 V —55°C to +125°C

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 CHAR ACTERISTICS: Over Operating Temperature Ranges. Notes 1, 2 and 4

LIMITS
SYMBOL PARAMETER ONDITIONS
MIN TYP MAX UNITS ¢
(Note 3)
VoL QOutput LOW Voltage 0.3 0.45 \ Vee =MIN, Ig = 16 mA
Guaranteed Input Logical HIGH
ViH Input HIGH Voltage . 20 1.6 v Voltage for all Inputs
Guaranteed Input Logical LOW

ViL Input LOW Voltage 15 0.85 \ Voltage for all Inputs
L Input LOW Current —530 —-800 HA Vee = MAX, Vi =0V
K Input HIGH Current 1.0 20 UA Vee = MAX, Viy =45V

50 VCC = MAX, VOUT =24V
loFF Qutput Current (HIGH 2) _50 HA Voo = MAX, Vo1 =05 V
Vep Input Clamp Diode Voltage -1.0 -1.5 v Vee = MAX, iy = —10mA

93421XC 90 124 Tp = +75°C | Vo = MAX, WE Grounded,
Icc Power Supply| 93421AXC 100 135 mA Tp =0°C all other inputs @ 4.5V
Current 90 17 Tp = +125°C
4.
93421XM 100 143 Tp =—55°C
v OutputHIGH |93421XC,AXC 24 \% loH = —-10.3 mA
oH Voltage 93421XM 24 v IoH = —5.2 mA
Output Current _ -

los Short Circuit to Ground 100 mA Ve = MAX, Note 7

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

93421AXC 93421XC 93421XM
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 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 ns
twR Write Recovery Time 25 40 25 40 25 | 50
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] O (0] 0 (o] 0 [0} and Waveforms
YWHD Data Hold Time After Write 5 o] 5 (o] 5 0 Note 6
tWSA Address Set-Up Time 0 0 o] 0 (4] (0] ns
tWHA Address Hold Time 5 0 5 0 5 (0]
twscs Chip Select Set-Up Time [0] 0 (o] 0 0 0 |
tWHCS Chip Select Hold Time 5 0 5 0 5 [o]
C Input Capacitance 25| 35 25| 35 25| 35 13 Measured with
Co Output Capacitance 5 7 5 7 5 7 P 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 sup-
ply voliage exiremes, additionai noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges.

3. Typical limits are at VCC =50V, Ta = +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 temperature for Flatpaks and ambient temperature for all other packages. Typical thermal resistance values of the package
at maximum temperature are:

gJA (Junction to Ambient) (at 400 fpm air flow) = 50°C / Watt, Ceramic DIP;, 65°C, Watt, Plastic DIP; NA, Fiatpak.
gJA (Junction to Ambient) (still air) = 90°C/ Watt, Ceramic DIP; 110°C /Watt, Plastic DIP; NA, Flatpak.
gJC {Junction to Case) = 25°C, Watt, Ceramic DIP; 25°C / Watt, Plastic DIP; 10°C /Watt, Flatpak.

o

The MAX address access time is guaranteed to be the “"worst case” bit in the memory using a pseudo random testing pattern.
6.ty measured at ‘WSA = MIN, tyygp Measured at tyw = MIN.
Duration of short circuit should not exceed one second

~
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AC TEST LOAD AND WAVEFORM

LOADING CONDITION INPUT PULSES '

ALL INPUT PULSES

vee
300 2
Bout Sout v L it
93421/93421A 93421/93421A OO o 0 I
L 256817
REQAsDG/\ElngE 6?10" 30pF READ/V\?RITE lsz 30pF
MEMORY MEMORY
Load A Load B OO e e — e
AC WAVEFORMS
READ MODE
PROPAGATION DELAY FROM CHIP SELECT PROPAGATION DELAY FROM ADDRESS
€S, CS, CS l Aot A
CH1|P séLEgT T ADDRESS X
o |
- HIGH Z - —T "
Pout i :
LOAD A r .
v Bout :
ACS— DATA OUTPUT \ A !
R 1 1
bout T |
LOAD B wewz e
- 1}

(ALL TIME MEASUREMENTS REFERENCED TO 1.5 V)

WRITE MODE

& f |
sy, CS3 !
CHIP SELECT K ; i

Apto Ay
ADDRESS

Din
DATA IN i

w
— |
WE i
WRITE ENABLE
|- WSO~ | - U H D
WSA WHA
WsCs WHCS
HIGH 2 .
LOAD A :
Pout
DATA OUTPUT «— R |
1
LOAD B {
HIGH Z

(ALL TIME MEASUREMENTS REFERENCED TO 1.5 V)
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PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z WRITE ENABLE TO HIGH Z DELAY

€3, G5, 05, 5 ) a
CHIP SELECT ‘ WRITE ENABLE
L R
LOAD A HIGH 2
‘ACS —{a—n] Doyr
DATA QUTPUT “0” LEVEL .._]L___ } 05V
. “1" LEVEL
ouT HIGH Z
LOADB == o e e e — — 5 \ Vosv
ouT ‘
DATA OUTPUT HIGH Z
\ I
5v
(Al tzy xx Parameters are measured at a delta of 0.5 V from
the logic level and using Load C.)
750 @
<
. .-
93421/93421A
256 BIT 500 —
READ WRITE o T 5 pF
MEMORY
—
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93425 93425A

1024 Bit Random Access Memories

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

1 d cs 16
2> [ 15
PIN NAMES
12 —

s 4 Cs Chip Select
s O 13 Apg—Ag Address Inputs

E 0 WE Write Enable
5 DIN Data Input
s [ n DouT Data Output

NOTE:

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

DISTINCTIVE CHARACTERISTICS

LOGIC DIAGRAM

® 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 PACKAGE TEMPERATURE*
93425DC Ceramic DIP Commercial
93425DM Ceramic DIP Military
93425PC Plastic DIP Commercial
93425FM Fiatpak Military
93425ADC Ceramic DIP Commercial
93425APC Plastic DIP Commercial

*Commercial = 0°C to *75:C
Mititary = —55°C to +125°C

LOGIC SYMBOL

32X 32
WORO | ARRAY
DRIVER
SENSE AMPS|
AND |
WRITE
DRIVERS
soonese | | avoness
DECODER

Ag A1 Ay Az Ag  Ag AgAj AgAg

©©000]

1 15 14
dour () $ J)
2. cs DN WE
£ A0
3— A
4—A;
5— A3
s
& 6 —As
o—as 93425/93425A
WE 10— ag
1m—fa;
o (19 12— Ag
13— A
° Dout
7
Vee = Pin 16
GND = Pin 8 Vec =Pin 16
O = Pin Numbers GND =Pin8
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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, AQ to Ag.

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 read and write operations are controlled by the state_oi
the active LOW write enable (WE, Pin 14). With WE and CS

location. To read, WE is held HIGH and CS held LOW. Data
in the specified location is presented at DQUT and is non-
inverted.

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.

held LOW, the data at DyN is written into the addressed

TABLE 1 — TRUTH TABLE

INPUTS OUTPUT
—— p— MODE
Cs WE Din DouT
H X X HIGH Z NOT SELECTED
L L L HIGH Z WRITE 0"
L L H HIGH Z WRITE “1"
L H X DouT READ

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

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

Storage Temperature
Temperature (Ambient) Under Bias
V¢ Pin Potential to Ground Pin
*Input Voltage (dc)
*Input Current (dc)
**Voltage Applied to Outputs (Output HIGH)
Output Current (dc) (Output LOW)

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

**Qutput Current Limit Required.

—65°C to +150°C
—55°C to +125°C
-05Vto+7.0V
—0.5V to+56.5 V
—12 mA to +5.0 mA
—0.5Vto+55V
+20 mA

GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (Tp)
PART NUMBER
MIN TYP MAX (Note 4)
93425XC, 93425AXC 475V 5.0V 5.25 V 0'Cto+75 C
93425XM 4.50 V 5.0V 5.50 V —55 Cto +125 C

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, 4

LIMITS
SYMBOL CHARACTERISTIC UNITS CONDITIONS
MIN TYP (Note 3) MAX
VoL Output LOW Voltage 0.3 0.45 \ Vee = MIN, gL = 16 mA
VIH Input HIGH Voltage 2.1 1.6 \ Guaranteed Input HIGH Voltage for all Inputs
ViL Input LOW Voltage 1.5 0.8 \Y Guaranteed Input LOW Voltage for all Inputs
T ! Input LOW Current —250 -400 HA Vee = MAX, Vyy =04V ¢
' ! 1.0 40 | #A | VCC=MAX,V|N=45V S
liH ! Input HIGH Current cc ' IN
| 1.0 | mA | Voo =MAX,V|y=525V
Ty o 50 Vce = MAX, VouT = 24 V
10FF [ Output Current (HIGH Z) KA cc ouT
—50 Ve = MAX, VoyT =05V
| Output Current Short Circuit 100 A v MAX. Note 7
- m = , Note
OS to Ground cc
93425XC | 2.4 Y% IoH = —10.3 mA, Vg = 5.0 V 5%
VOoH Output HIGH Voltage
93425XM 24 \ IoH = —-5.2mA
\2 Input Diode Clamp Voltage -1.0 -15 \ Vee = MAX, Iy = =10 mA
VCD A cC o
130 mA Ta>75°C
[ P Supply Current 95 155 mA Ta=0°C vee = Max.
ower Su urr =
cc PPy A - All Inputs Grounded
170 | mA | Ta=-55"C

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

93425AXC 93425XC 93425XM
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

1ZRCS Chip Select to HIGH Z 15 ° 30 20 40 20 50 ne and Waveforms

tAA Address Access Time 30 45 40 70 40 75

WRITE MODE | DELAY TIMES

tZWS Write Disable to HIGH 2 20 30 20 40 20 45

tWR Write Recovery Time 20 40 25 50 45 55 ne

INPUT TIMING REQUIREMENTS

tw Write Pulse Width (to guarantee write) | 30 25 50 25 55 25 o

tWSD Data Set-Up Time Prior to Write 5 0 5 0 5 0 See Test Circuit
and Waveforms

tWHD Data Hold Time After Write 0 5 0 5 0

tWSA Address Set-Up Time 10 0 15 0 15 0 ns

tWHA Address Hold Time 5 0o 5 0 5 ]

tWSCS Chip Select Set-Up Time 5 0 5 0 5 0

tWHCS Chip Select Hold Time 5 0 5 0 5 0

E| Input Pin Capacitance 4 5 4 5 4 5 oF Measure with

Co OQutput 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 valuesareat Ve =50V, T = 25°C, and MAX loading.
4. The Temperature Ranges are guaranteed with transverse air flow exceeding 400 finear feet per minute and a two minute warm-up. Typical
thermal resistance values of the package at maximum temperature are:
fya (Junction to Ambient) (at 400 fom air flow) = 50 C/Watt, Ceramic DIP; 65 C/Watt, Plastic DIP; NA, Flatpak.
0y (Junction to Ambient) (still air) = 90 C/Watt, Ceramic DIP; 110" C/Watt, Plastic DIP; NA, Flatpak.
0 ¢ (Junction to Case) = 25 'C/Watt, Ceramic DIP; 256 C/Watt, Plastic DIP; 10 C/Watt, Flatoak
5. The MAX address access time is guaranteed to be the "‘worst case’’ bit in the memory using a pseudo random testing pattern.
6. ty measured at tyyga = MIN, tyyga Measured at tyy = 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
> 3002
Doyt Dout
93425/934254 %Gﬂ":t 30 pF 93425/93425A % Lo PR 300F
Load A Load B
READ MODE
PROPAGATION DELAY FROM CHIP SELECT PROPAGATION DELAY FROM ADDRESS INPUTS

Ag- . Ag
ADORESS INPUTS A
I

& '

CHIBSELELT !
i
!
HiGHZ - !
Sout T
LOAD A |
Oout \

'acs DATA OUTPUT f )

"o '

Oout T '

L0AD8 s ; :

I

(All time measurements referenced to 1.5 V)

AC WAVEFORMS (Cont'd)

WRITE MODE

K £

ADDRESS,
Oin
DATAIN

X £

WE
WRITE ENABLE

| tWHA

WHCS

HIGH 2
LOAD A
ATA OUTPUT
DATA OUTPY wR
LoAD B
HIGH Z

(All above measurements referenced to 1.5 V)
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WRITE ENABLE TO HIGH Z DELAY

WE
WARITE FNABLE

93425 93425A

Load C

bour
[
out
‘ T £V
3‘{1‘):t5;vf DATA OUTPU 0" LEVEL —
1 LEVEL
. \ Josv
= DATA OUTPUT
HIGH Z

PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z

(AN

[
P SELECT
~— tzRcs—=|

N / HIGH 2
ouT
DATA OUTPUT 0" LEVEL ]L- Vosv

1 LEVEL
Doyt \ Josv
DATA OUTPUT N ion 2

tz x X X Parameters are measured at a delta of 0.5 V from

the logic level and using Load C.)

83




R29600 R29601

256 Word By 8 Bit PROMs

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. |f 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

DISTINCTIVE CHARACTERISTICS

Field programmable read only memory

Highly reliable nichrome fuses

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

70ns access time at 25°C

°
°
°
°
°
® Three-state and open-collector versions

LOGIC SYMBOL

Am29600/Am29601
256 x 8 PROM

E 0y 0, 03 04 05 Og 07 Og

4 13 12 11 9 8 7 6

CONNECTION DIAGRAM

Package Temperature Order Top View
Type Range Number Vee A he A5 B F op o o o
Open Collectors OO0000000Mm0m
N o o 20 19 18 17 16 15 14 13 12 11
Hermetic DIP 0°Cto+75C R29600DC
Hermetic DIP —55°C to +125:c R29600DM
Hermetic Flat Pak —55°C to +1256°C R29600FM
1 2 3 a4 5 6 7 8 9 10
Three-State Outputs OO0 oo g
A 0.
Hermetic DIP 0°C to +75°C R29601DC fo M fa he M 6o oW
Hermetic DIP —55°C to +1 25°C R29601DM Note: Pin 1 is marked for orientation.
Hermetic Flat Pak  —55°C to +125°C R29601FM
BLOCK DIAGRAM
=
o (1 —]
Ap™ —
2) E
A1 E
@ | 1or22 2042817 MEMORY CELL
Az() DECOD — MEM:gRBYYIf:THIX
4 —]
w0 B
A
[T Ly i ey Wi O W] L
JiL] - = - 4
5 (18) 1-OF-8 1-0F-8 | | 1.0F8 | | 1-OF8 | | 1-OF8 1-0F-8 1-OF-8 j 1-OF-8
Lig 19) [DECODER{ JDECODER| |DECODER| ECODE! ECODER] DECODER ECODER] JDECODER;
(s}
e S Oy r
14) {13) 12 {11 (&) @) n 6)
g 07 % O O4 O3 ©2 ©
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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 +V¢¢ 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 125 mA
DC Input Voltage (Chip Select Input — Pin) -0.5V to +33V

DC Input Current

—30mA to +bmA

OPERATING RANGE

R29600XC, R29601XC

Ta =0°C to +75°C

Vce =5.0V £5%

com'L

R29600XM, R29601 XM

Ta = —55°C to +125°C

Vee =5.0V £10%

MiL

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Typ.
Parameters Description Test Conditions Min. (Note 1) Max. Units
Vou Output HIGH Voltage | *CC~MIN-lon = ~=2.0mA 2.4 Volts
(R29601 Only) Vin=VinorViL
v Ve = MIN. loL = 8mA 0.4
oL Output LOW Voltage Vin=Vinor Vi 1oL = 16mA 0.45 Volts
Guaranteed input logical HIGH
ViH Input HIGH Level ! 2.0 Volts
voltage for all inputs
VIL Input LOW Level Guaranteed m[:)ut logical LOW 0.8 Volts
voltage for all inputs
I Input LOW Current Vee = MAX., Vi = 0.4V —60 —250 | MA
I Input HIGH Cuirent Vee = MAX., V )y =27V 10 MA
I Input HIGH Current | Ve = MAX., V| = 5.5V 1.0 mA
|| Input HIGH Current VCC = MAX., VIN =45V 1.0 mA
(Pin 15 Only)
Isc Output Short Circuit Vee = MAX., Vout = 0.0V -12 -35 —85 A
(R29601 Only) Current
All inputs = GND
| P | 13 A
cc ower Supply Current VCC — MAX. Q0 0 m
V| Input Clamp Voltage VCC = MIN., 'IN =18mA —1.5 \%
Vo =4.5V 100
Vee = MAX (0]
| cc Vo, = 2.4V 40 A
CEX . Q
Output Leakage Current Vg = 2.4V Vo =04V 70

. . . . _ . °
Note 1. Typical limits are at VCC =50Vand T, =25C

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. Max.
" 3V o
Parameter Description Test Conditions 25 C 25 C Com’| Mil Units
tAA Address Access Time . CL =30pF 50 ns
R =300 Q2 to Vce
tEA Enable Access Time and 20 ns
600 2 to GND
tER Enable Recovery Time (16 mA Load) Note 1 20 ns
Note 1. 30052 resistor opened for tg A aNd tg g measurements between HIGH and OFF states.
AC TEST CIRCUIT
I 5.0V
St
Ry
30082
QUTPUT O— O TEST POINT

R2
CL 60052
30gF

i

SWITCHING WAVEFORMS

KEY TO TIMING DIAGRAM

mj
2 &
< <

tESE

AVAVAVAVA AR [T o

Note: Level on output while E is HIGH is determined externatly.
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WAVEFORM

INPUTS

MUST BE
STEADY

MAY CHANGE
FROMH TO L

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 TOH

CHANGING.
STATE
UNKNOWN

CENTER
LINE IS HIGH
IMPEDANCE
"OFF " STATE

e}



ROGRAMMING INSTRUCTIONS

DEVICE DESCRIPTION

e device is manufactured with all outputs high in all storage locations. To make an output low at a particular word, a ni-
rome 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 /O, Inc., and other manufacturers of
'ROM programming equipment.

PROGRAMMING DESCRIPTION

D select a particular fusible link for programming, the word address is presented with TTL levels on Ag through A7, aVcg
- 5.50 V is applied or left applied, and the program pin (Enable E1) 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 Ej

nable E2 (pin 16) is a logic enable and is not used durmg programming. It may be high, low or open during programming.
hen checking that an output is programmed (which is called verification) enables E1 and E2 must be low to activate the
vice. 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
e output transistor is off before increasing the voltage on the output pin, the program pin’s voltage pulse must come before
e 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-
on at minimum and maximum Vg, current and temperature, the device must be required to sink 12 mA at4.20 V Ve
d 0.2 mA at 6.0 V V¢ 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 may or may not be “OR’’ tied
 other packages, are taken to the required programming voltage. An alternate procedure is to tie the enable and outputs
gether as required by the system function and only apply Vg to the device to be programmed. The number of units
Idered on a board should be consistant with expected programming yields to avoid rework.

UNPROGRAMMABLE UNITS

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

{OGRAMMING 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-
d after each programming attempt and is advanced to the next bit if the device has programmed.

PULSE NUMBER PROGRAM PIN VOLTAGE OUTPUT VOLTAGE
Tto3 27V 20V
4t06 30V 23V
7t09. 33V 26V
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PROGRAMMING TIMING

TTL HIGH
ADDRESSES X
TTL LOW

Tpp =
90% —— | Voo
Vop /A
TR
TTLLOW i £
T
—’l I" D2 TR 0.4Viust15%
Top 95115
—»[ |<— Tp Tp 1 us min., 8 us max.
T 80 £ 10 us
0% Vout D1
Vout 90% 7 Tp, 100 ns min.
TR
‘NOTE:  Output Load = 0.2 mA during 6.0 V check
TTL LOW 10% Output Load = 12 mA during 4.2 V check
oy 6.0V
Vee

——| CHECK —»| CHECK |e—o
TTL HIGH
STROBE *
TTLLOW  — — — e e e - —

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:

OUTPUTS
WORD PIN—®14 13 12 11 9 8 7 6
NUMBER 0Og 0, Oy O5 0, O O, O
0 H H H L H L L H
1 L H L H H H H L
255 L H H 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 910-379-6481. The tape
reading equipment at Raytheon only recognizes ASCI| 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 8 level paper tape (mylar, fanfold, etc.) is acceptable. Channel 1 is
the most significant bit and channel 8 (parity) is ignored. Sprocket holes are located betiveen channels 3 and 4. Note that the order of the out-
puts between characters B and F is 0g, 07, Og, O5, 04, 03, 02, 01, not 01, 02, 03, 04, Os, Og, 07, Og.

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

FOR PROPER THRESHOLD ADJUSTMENT

INSERT A 2N404 GERMANIUM TRAN-
Vee SISTOR WITH COLLECTOR AND EMIT-
TER SHORTED SO THAT IT LOOKS LIKE
O A DIODE IN SERIES WITH PIN 7 OF THE
7402 TO GROUND

lpp

Ao ——O0 Vop
Ay — ——O 0
Ay ——4 O

2 —oO

Az — —o0

ADDRESS 2%6x8

Ay —
Ag ——

Ag — 1N4001 Ty HIGH = PASS
A B E LOW = FAIL
7 — E1 By 0o y

'out
= Vout STROBE

FIGURE 5.
THE 1N4001 DIODE PROTECTS THE INPUT OF THE 7402 FROM THE HIGH PROGRAMMING VOLTAGES

BEGIN DATA FIELD
DATA FIELD (H = HIGH VOLTAGE, L = LOW)
FINISHED DATA FIELD

BPPPNPPNEPF BPPPPPPPPF BPNPPPNNPF -~ BPPNPPNNNF
0407105 0504030204
WORD 0 WORD 1 WORD 2 WORD 255

The required heading information at the beginning of the tape is as follows:

CUSTOMERS NAME ANDPHONE = TRUTH TABLE NUMBER

CUSTOMERS TWX NUMBER NUMBER OF TRUTH TABLES
PURCHASEORDERNUMBER = TOTAL NUMBER OF PARTS

RAYTHEON PART NUMBER NUMBER OF PARTS OF EACH TRUTH TABLE
CUSTOMER SYMBOLIZEDPART NUMBER 25 BELL OR RUBOUT CHARACTERS

An example is shown below:

BLARNEY ELECTRONICS 408-735-8140

TWX 911-338-9225

PO142 BNNNPPPNPF BNNNNPPPPF BNPPPNPNPF
29601 BNNNNNNNNF BNNNPPPNPF BPPPPPPPPF BNPPNPNNNF BNPPPNNNPF BNNNNNNNNF BPPPPPPPPF BNNNNNNPPF

8 LEVEL TWX:

Interpretation: (Spaces) BNNNPPPNPF BNNNNPPPPF BNPPPNPNPF
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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
: 3 OPTIMUM
See Figure 4
Ipp Current Program Pin During Vee = 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 V‘.,p =27V, Ve = 5.50V 0.1 mA
Programming Before the Fuse Vout = 9:0V .
Has P,
as Programmed Vout =20V 16 mA
lout Current into Output During Vpp =27V Vc’m=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/us
Applied to the Data Out or
Program Pin
Veer V¢ Required During Programming 5.40 5.50 5.60 \"
'0LV1 Output Current Required During Both Chip Enables Low 1" 12 13 mA
Verification Tp=25°C, Vg = 4.2V
'0LV2 Output Current Required During Both Chiop Enables Low 0.19 0.2 0.21 mA
Verification Tao=25C, Vgo=6.0V
MDC Maximum Duty Cycle During Tp 25 %
Automatic Programming of —
Program Pin and Output Pin Te
Vpp Required Programming Voltage 27 27 33 \2
on Program Pin
Vout Required Programming Voltage 20 20 26 \Y
on the Output Pin
N Required Current Limit of the Vpp =33V 150 mA
Power Supply Feeding the Vout = 26V
Program Pin and the Qutput VCC =5.50V
During Programming
Tpp Required Coincidence Among the 80 95 110 s
Program Pin, Output, Address and
VCC for Programming
Tp Required Time Delay Between Measure at 10% Levels 70 80 90 Ms
1 Disabling the Memory Output and
Application of the Output Program-
ming Pulse
702 Required Time Delay Between Measure at 10% Levels 100 ns
Removal of Programming Pulse
and Enabling the Memory
Output
% RRavmeoly




256 Word By 4 Bit PROMs

R29660 R29661

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 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 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. |f 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 95us/bit
® 60ns access time at 25°C
® Three-state and open-collector versions
ORDERING INFORMATION
Package Temperature Order
Type Range Number
Open Collectors
Hermetic DIP 0°C to +75°C R29660DC
Hermetic DIP —55°C to +125°C R29660DM
Hermetic Flat Pak ~ —55°C to +125°C R29660FM
Three-State Outputs
Hermetic DIP 0°Cto +75°C R29661DC
Hermetic DIP —55°C to +125°C R29661DM
Hermetic Flat Pak ~ —55°C to +125°C R29661FM

LOGIC SYMBOL

5 Ao
6 A
7 A2
4 A3
A
3 I~ Am29660/Am29661
2 —'5 256 x 4 PROM
1 —%
15— A7
14
" :?D 3 o; 0 o3 04
Vee = Pin 16
GND = Pin 8 12 " 10 9
CONNECTION DIAGRAM
Top View
Vec A7 B2 By Oy Oy Oz Oy
16 15 14 13 12 11 10 9
12 3 4 5 6 7 8
Ag As Ag A3 Ag Ay Ap GND
Note: Pin 1 is marked for orientation.
BLOCK DIAGRAM
A7
As
32X 32
Ag ONE OF 32 FUSE
DECODER ARRAY
Ag
A3
E
E; ’
A2
QUAD 8INPUT
A MULTIPLEXER
1 AND
OUTPUT BUFFERS
Ao
0, 0 03 04
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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 16 to Pin 8) Continuous

—0.5V to +7V

DC Voltage Applied to Outputs (Except During Programming)

—0.5V to +V¢¢ 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 125 mA
DC Input Voltage (Chip Select Input — Pin 13) -0.5V to +33V

DC Input Current

—30mA to +bmA

OPERATING RANGE

R29660XC, R29661XC

Ta =0°C to+75°C

Vee =5.0V 5%

CoM'L

R29660XM, R29661XM

Ta = —55°C to +125°C

Veec =5.0V £10% | MiL

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)

Typ.
Parameters Description Test Conditions Min. (Note 1) Max. Units
VoH Output HIGH Voltage Vee = MIN., lg = —2.0mA 2.4 Volts
(Am29661 Only) ViN = Vg oV
VoL o ow Vee = MIN. loL =8mA 0.4
tput
utbut LOW Voltage |/ = v, 0r vy [ 1oL = 16mA 045 | Vi
v Guaranteed input logical HIGH
IH Input HIGH Level . 2.0 Volts
voltage for all inputs
v Input LOW Level Guaranteed 1n;.3ut logical LOW 0.8 Volts
voltage for all inputs
L Input LOW Current Ve = MAX., Vi = 0.4V —60 —250 | MA
I Input HIGH Current Vee = MAX., Vg = 2.7V 10 MA
¥ Input HIGH Current VCC = MAX., VIN = 5.5V 1.0 mA
4 Input HIGH Current VCC =MAX., V |y = 4.5V 1.0 mA
(Pin 13 Only)
Isc Qutput Short Circuit Vee = MAX., VOUT = 0.0V —12 —-35 —85 mA
(Am29661) Current .
lec Power Supply Current Cg;nsl';\;i\;GND 20 130 mA,
v, Input Clamp Voltage VCC = MIN., lIN =18mA -1.5 \
VA =4.5V 100
Vee = MAX 0
1 cC =7.
CEX Output Leakage Current VO 2.4V 40 uA

. . o
Note 1. Typical limits are at Ve =50Vand Ty =25 C

2.
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SWITCHING CHARACTERISTICS OVER OPERATING RANGE

Typ. Max.
50V o
Parameter Description Test Conditions 25°C 25°C Com’l Mil Units
tAA Address Access Time Ci =30pF 45 60 70 80 ns
Ry =300 Q to Ve
tEA Enable Access Time and 20 30 35 40 ns
600 2 to GND
teR Enable Recovery Time (16 mA Load) Note 1 20 30 35 40 ns
Note 1. 30082 resistor opened for LN and tg g Measurements between HIGH and OFF states.
AC TEST CIRCUIT
Is.ov
S1
R
3000
OUTPUT O- l O TEST POINT
CL gazon
Iaopp
SWITCHING WAVEFORMS
KEY TO TIMING DIAGRAM
3.0V
WAVEFORM INPUTS QUTPUTS
Ag - A7 —— — — - 1.5v
ov MUST BE wILL BE
’ STEADY STEADY
cs i ! 1.5V
MAY CHANGE  WILL BE
| o | NN Hesmr Eidhe
o an - .Eﬂﬁ - -
VOH WILL BE
MAY CHANGE
vor
M DON'T CARE, CHANGING,
ANY CHANGE STATE
PERMITTED UNKNOWN
CENTER
M DOES NOT LINE IS HIGH
APPLY IMPEDANCE
“OFF" STATE
Note: Level on output while E is HIGH is determined externally.
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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 1/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 Ag through A7, a Ve
of 5.50 V is applied or left applied, and the program pin (Enable E¢) 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) ENABLEEj

Enable E5 (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 Eq and E9 must be low to activate the
device. Since Ep must be low during verification and the state is irrelevant during programming, the simplest procedure is to
ground E5 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 Vg, current and temperature, the device must be required to sink 12 mA at4.20V V¢
and 0.2 mA at6.0 V V¢ at room temperature.

6) BOARD PROGRAMMING

Units may be programmed at the board level by bringing the program pin of each package to the card connector. To program
a particular package ‘A", the program pin of package A and one output of package A, which may or may not be “OR"’ tied
to other packages, are taken to the required programming voltage. An alternate procedure is to tie the enable and outputs
together as required by the system function and only apply Ve 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 to 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 fuses will blow on the rise time of the pulse.

In automated programmers which must copy devices in a short time because of production reéquirements, 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.

PULSE NUMBER PROGRAM PIN VOLTAGE OUTPUT VOLTAGE
Tto 3 27V 20V
4106 0V 23V
7t09 33V 26V
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PROGRAM TIMING

TTLHIGH
ADDRESSES X
TTL LOW

}q—Tpp -

v 90% 7 Vop
pp .
10% ¥
TTL LOW 2%
—>] FTDZ
—-»l |<— To
%
Vout 90% b ouT
TR
¥
TTL LOW 10% Tp 04 V/ust15%
Toe  95%154s
—> "Dy |=— 5.0V Tp 1 us min., 8 s max.
ey Tpy  80:10us
Vee Tpy 100 ns min.

‘NOTE Output Load = 0.2 mA during 6.0 V check
Qutput Load = 12 mA during 4.2 V check

4.2V =

CHECK CHECK
TTL HIGH
STROBE
TTLLOW @ — — — — o — — — — _

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:

OUTPUTS
WORD PIN —® 9 10 11 12
NUMBER 04 03 0 O
0 H OH H L
1 L H L
255 L 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 ASCI| 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 level 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 B and F is 04, 03, 02, 01, not 01, 02, 03, O4.

A typical list of characters and their machine interpretations are shown on the next page.
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SUGGESTED IMPLEMENTATION OF THE VERIFICATION CIRCUITRY

FOR PROPER THRESHOLD ADJUSTMENT
INSERT A 2N404 GERMANIUM TRAN-

Voo SISTOR WITH COLLECTOR AND EMIT-
TER SHORTED SO THAT IT LOOKS LIKE
t? A DIODE IN SERIES WITH PIN 7 OF THE

7402 TO GROUND

|
P Voo

ADDRESS

IN4001 HIGH = PASS

LOW = FAIL

THE 1N4001 DIODE PROTECTS THE INPUT OF THE 7402 FROM THE HIGH PROGRAMMING VOLTAGES

FIGURE 5.
THE 1N4001 DIODE PROTECTS THE INPUT OF THE 7402 FROM THE HIGH PROGRAMMING VOLTAGES
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BEGIN DATA FIELD
DATA FIELD (H = HIGH VOLTAGE, L = LOW}
FINISHED DATA FIELD

BPPNPF BPPPPF BP NNPF-=S % BPNNNF
0403020
WORD Q WORD 1 WORD 2 WORD 255

The required heading information at the beginning of the tape is as follows:

CUSTOMERS NAME ANDPHONE —_ 'TRUTH TABLE NUMBER

CUSTOMERS TWX NUMBER NUMBER OF TRUTH TABLES

PURCHASE ORDER NUMBER TOTAL NUMBER OF PARTS

RAYTHEON PART NUMBER NUMBER OF PARTS OF EACH TRUTH TABLE
CUSTOMER SYMBOLIZED PARTNUMBER 25 BELL OR RUBOUT CHARACTERS

An example is shown below:

BLARNEY ELECTRONICS 408-735-8140

TWX 911-338-9225
PO142 BNNNPF. BNNNNF BNPNPF BNPPPF BNNPPF BPPPPF BNNNPF BNPNPF BNNNNF

29660 BNNNNF BNPNPF  BNNPPF BPPPNF BPPNNF BNNPPF BPPNNF BNNPPF BNPNPF
0431

12 8 level
1 TWX
3

3




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

Removal of Programming Pulse
and Enabling the Memory
Output

LIMITS
TYPICAL
SYMBOL PARAMETERS TEST CONDITION MIN. OR MAX. UNITS
X OPTIMUM
See Figure 4
lpp Current Program Pin During VCC =5.50V 0 mA
Programming, Before and After Vout = 5.0V to 25V
Fuse Has Blown V., = 4.50V
PP
Vpp =27V 77 mA
'out Current into Output During Vpp =27V, VCC =5.50V 0.1 mA
Programming Before the Fuse Vout = 9-0V
P
Has Programmed Vour = 20V 16 mA
lout Current into Output During Vpp = 27V Vou1=20V 0.1 mA
Programming After the Fuse Vee = 5.50V
Has Programmed
TR Rise Time of Program Pulse 0.34 0.4 0.46 V/us
Applied to the Data Out or
Program Pin
VCCP Vee Required During Programming 5.40 5.50 5.60 \%
'OLV1 Output Current Required During Both Chip Enables Low 11 12 13 mA
Verification TA=25°C, Voo =42V
'OL\/2 Output Current Required During Both Chgp Enables Low 0.19 0.2 0.21 mA
Verification TaA=25C, Vge =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 \Y
on Program Pin
Vout Required Programming Voltage 20 20 26 \
on the Output Pin
L 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 a5 110 s
Program Pin, Output, Address and
Ve for Programming
TD Required Time Delay Between Measure at 10% Levels 70 80 90 s
1 Disabling the Memory Output and
Application of the Output Program-
ming Pulse
TD2 Required Time Delay Between Measure at 10% Levels 100 ns
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16 In By 8 Out By 48 Term FPLA

R29690 R29691

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 AND function is the product of any or all of the 16
inputs (lg—ly5) 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 when HIGH. When LOW, the outputs will
be OFF or LOW for the R29690, or HIGH or LOW for the
R29691.

DISTINCTIVE CHARACTERISTICS

® LS| 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.

ORDERING INFORMATION

This data is based on design goals
and is subject to change following
complete characterization.
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CONNECTION DIAGRAM

Top View
Fe [ 1@ ~ 28 [] Vee
2 27 1'%
e[ |3 %[ 1o
s[4 5[ 1ho
1, []s 2 '
13[]e 23[ 1h2
[ 2 ]'s
'1|:l 8 21[ 1 ha
10: 9 20 :,l,5
£, ] 10 9| JeE
Fe [ {1 w8l Fo
F5E 12 17 jﬂ
Fa[] 3 w6 _]F2
GND[] 14 15[ ]F3

Note: Pin 1 is marked for orientation.

LOGIC BLOCK DIAGRAM

D—K—“o

20F8 20F 8
- — — OR GATES OUTPUTS
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R —
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) She
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OPERATING RANGE

PR

Part No. Ambient Temperature Vee
R29690DC, R29691DC Ta=0°Cto+75°C 5.0V %5% THESE s
R29690DM, R29691DM TA-55Co+125° C 5.0V 210% PEClFch-,-,ON
CHANGE W'THo?J ¢RE SUBJECT 1
NoTice
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted)
Typ.
Parameters Description Test Conditions Min. (Note 1) Max. Units
Vee = MIN,, | =—-2.0mA
VoH Output HIGH Voltage cc OH 24 Volts
(RA29691 Only) VIN = ViHor Vi
Vee =MIN, IgL = 12mA
\Y Output LOW Voltage 0.3 0.45 Volts
ot VIN = ViR or V)L
- alHIGH
ViH Input HIGH Level Guaranteed um logical HIG 2.0 Volts
voltage for all inputs
viL Input LOW Level Guaranteed ll'\lf)ul logical LOW 0.8 Volts
voltage for all inputs
ho Input LOW Current Ve = MAX., Vi = 0.45V —0.03 -0.25 mA
hH Input HIGH Current Vee = MAX., Vi = 2.4V <1 25 kA
'sc Output Short Circuit Current Vee = MAX,, VoyT = 0.0V —-12 —35 —-90 mA
(Am29791 Only)
CE = GND, all other inputs = 4.5V
icc Power Supply Current Vee = MAX. 120 mA
Ve Input Clamp Voltage Vee = MIN,, Iy = —18mA -1.2 Volts
Vo =Vce 40 A
IcCeEX. lOLK Output Leakage Current VGE = 2.4V Vo= 045V 20 M
Note 1. Typical limits are at Voc = 5.0V and Tp = 25°C.
SWITCHING CHARACTERISTICS OVER OPERATING RANGE RA20690DC RA29690DM
RA29691DC RA29691DM
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units
%ZL(CE) | Delay Chip Select to Output
tpzn(CE) | Active HIGH or LOW. CL = 30pF % 40 ns
— R =300 to V
tpLZ(CE) | Delay Chip Select HIGH to and ce 25 0 ns
CE Output OFF
tpHz(CE) uteut 0 60092 to GND
tpL (1) Delay Input to Output HIGH (16mA Load) Note 2 30 50
ns
tp (1) Delay Input to Output LOW

Note 2. 3001 resistor opened for tp g and tgn measurements between HIGH and OFF states.

PROGRAMMING PROCEDURE

Programming is facilitated by two internal 1-of-48 decoders
used to select one of the 48 product terms. One of these
decoders is activated by applying high-voltage logic to inputs
lo-1s, and the other by applying high voltage logic to outputs
Fo-Fs.

Input variables which are not desired in a particular AND gate
are fused out by selecting the AND gate with the decoder on
output Fg-Fg, applying a HIGH or LOW TTL level to the

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

Product terms which are to be removed from an OR gate are
fused out by selecting the appropriate AND gate using the
decoder on inputs lg-lg, applying a hidh 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

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 next 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 Am?2901 is a four-bit CPU 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 Q3 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 Qg and RAMg pins of the adjacent more

significant device. These connections allow the Q-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 cLock

DATA IN

Am2909's
MICROPROGRAM
REGISTER
——)| seauencERc, Cp
" ADDRESS A e ——A ¢ 0
- N B
MICROPROGRAM [ —
STORE = 1 cPu
@ Am2901's STATUS
28408ITS ' | & S| our
(ROM/PROM) = N :>
v z
NTROL U
CONTRO! DATA
JUMP ADDRESS out
TO OTHER

DEVICES

Figure15. Microprogrammed Architecture Around Am2901°s.

Do-3 D47 Dg_11
g 110 Q ° Q ) Q3 Q o Q3 |—0y91/0
RAMg 1/0 RAMg RAM RAMg RAM RAM RAMz |— RAM44 1/0
Am2001 250 Am2901
cArRRY IN —] ¢, Cora c, Amesst Crra c, " Cpig p— ¢
OVR OVR OVR v
_ F3 _ F3 Fa N
OF v F=0 —] OF F=0 —{ OF v F=0 z
\}\/L Y Y, RL
0-3 4-7 8-11 47080
AM—O0 Vee
OUTPUT
CONTROL

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.

Carry interconnections between devices may use either ripple
carry or carry lookahead. For ripple carry, the carry-out
(Ch+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.

Dg_3 D47 Dg_1 Diz_15
Qg 1/0 — qq Q3 Qg Qa3 Qg Q3 Qg Q3 | —— Q5110
RAM,, 1/0 —] RAMg RAM3 RAMg RAM3 RAMg HAM‘;; RAMg RAMé RAM,5 1/0
G 0’—_‘ G p— )—-‘ >—
291 s Am2901 e Am2901 ° Am2901 "
CARRY.IN —p— ¢, Am290T ¢y — ¢ ™ Cova |— c, m Covg f— —{ Cn " Cnva c
OVR p— OVR — OVR |— OVR|——V
F3— Fa|— F3 |— Fa N
=0 | F=0 F-0 [ F=0 z
Yo-3 Va7 Yg_11 Yi2-15 RL
4700
‘ AMA—O Ve
4 l 44 l L 44
Po Ggy Py G Py GZ P3 G3
G o—
cn Am2902
P fo—
Crﬂx n+y cn*x

Am 2901's

Cin —9 Ca
G P
5
G Py GyPy G3Pg GoPp G Py GpPp G3Pg
. P o— P
¢, Am 2902 e, Am 2902 - c, Am 2902
G G G
Cox Crty Crtz Cn+x Cnty  Cniz Crx Coty Cn+z
ToC, ToCg ToCyy ToCyy ToCpy ToCyg ToCzg ToCsp ToCaq
o) l <l: Q0
GoPp GyPy GpP; G3P3
P lo—
c, Am 2902
G lo—
Cnx Cnty  Cniz
i Cag
ToCyg ToCay

Figure 18. Carry Lookahead Scheme for 48-Bit CPU using 12 Am2901’s. The Carry-Out Flag (C4g) Should

be Taken from the Lower Am2902 Rather than the Right-Most Am2901 for Higher Speed.
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INPUTS NEx 1e2
FOR 237 1c3
LEFT §3F 2c0 |4
SHIFT 5
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RAM, > <32 %5
2c3
MSB-F,
n (SIGN BIT)

Figure 19. Three-State Multiplexers Used on Shift 1/O Lines.

SHIFT 1/0 LINES AT THE END OF THE ARRAY

The Q-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 I
(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 Q-register is also shifted, then a
LOW is deposited in the Q-register MSB. If the
RAM or both registers are shifted up, LOWs are
placed in the LSBs.

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

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

Arithmetic A double-length Arithmetic Shift if Q is also
shifted. On an up shift a zero is loaded into the
Q-register LSB and the Q-register MSB is loaded
into the RAM LSB. On a down shift, the RAM LSB
is loaded into the Q-register MSB and the ALU
output MSB (Fp, 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 Type
l; 81 $§ Qo Q, RAMg RAM,,
H L L 0 Qnp-1 0 Fn-1 Up Zero
H L H 1 Qnp-q 1 Fn-1 (Right) One
H H L Qn Qn-q Fn Frn-1 Rotate
H H H 0 Qp-1 Qp Frn-1 Arithmetic
L L L Qq 0 Fq 0 Down Zero
L L H Qq 1 Fq 1 (Left) One
L H L Qq Qp Fq Fo Rotate
L H H Q4 Fo Fq RAMp = RAMj-q = Fpy Arithmetic

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 isa ‘1", then
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the multiplicand is added to the partial product to generate
a new partial product. The partial product is then shifted one
place toward the LSB, and the multiplier 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 Qg.

The multiplier is in the Am2901 Q-register. The multiplicand
is in one of the registers in the register stack, Ry. The product
will be developed in another of the registers in the stack, Rp.



The A address inputs are used to address the multiplicand
in R,, and the B address inputs are used to address the
partial product in R . On each cycle, R is conditionally
added to Ry, , depending on the LSB of Qs read from the
Qg output and both Q and ALU output are shifted down
one place. The instruction lines to the Am2901 on every
cycle will be:

Ig76 = 4 (shift register stack input and Q register left)
lgq3 = 0 (Add)
lo10 = Tor3 (select A, Bor 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 Q-register and RAM shifters are
connected together so that the Q-registers of both (or
all).Am2901's shift up or down as a unit. Similarly, the
entn(e eight-bit (or more) ALU output can be shifted as
a unit prior to storage in the register stack.

LsB @ msB
© 9 93 7% 93 —]
RAM, RAM oF RAMg RAM ®
Am2901 Am2901 ]
lﬁg‘g— Cn Cnva Cn Creq f—
ADD ovR ovR
3 3

101, l— Cp =0 f— J—-‘ cp F=0
CLOCK.

Figure 20. Interconnection for Dedicated Multiplication
(8 by 8 Bit) (Corresponding A, B and | Connected Together).

Initial Register States

Am2901 Microcode

2. The shift output at the LSB of the Q-register determines
whether the ALU source operands will be A and B (add
multiplicand to partial product) or 0 and B (add nothing to
partial product. Instruction bit 17 can select between A, B
or 0, 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 RAMg
pin. This signal is returned to the MSB of the Q-register. On
each cycle then, the just-completed LSB of the product is
deposited in the MSB of the Q-register; the Q-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 ® OVR; that is, F3 if overflow has not
occurred and ?3 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

(Y = =Y;2 + Y271+ +Y20),

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.

Final Register States

R R
0 | Multiplier 25 C  Multipl 0 | Multiplier
1 | Multiplicand Program S ~omp. TR 1 | Multiplicand
21X 8/5/75 J.S. 2| LSH Product
3l Date By 3 [MSH Product
S F o Deseri R Pin States (Octal) Jump

, F— escription epeat

P s A B |lg76| 543 1210 Ch | Qo Q3 RAMg | RAM3 | To if

OV A Q | Move Multiplier to Q - 0 0 3 4 X X X X X

OAB B Clear R3 - X 2 4 3 X X X X X

(O+B)/21 g | o, Add & Shift =1 1 | 3| a0 | T3 | o | — | RAMg | - [FavOVR

(A+B)/2 lh=QoLO

(B—0)/2 . lor3 _ _

B Cond. Subt. & Shift - 1 3 4 1 1 RAMg F3\+OVR|
(B—A)/2 ' Iy = GoLO
ova B Move LSH Prod. to Ry - 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 the two halves of a 16-bit word must be
swapped. D _; is  interchanged with Dg_q5 . 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 Ry
A=B=0 1=701 RAMgy = RAM 5 Cyy = CouT
Repeat 4 times

. 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+1 will be returned
to the register. If the PC is in register 15, then:

A=B=15,1 =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.



Am2909

Using the Am2909

INTRODUCTION:

One of the main functions of digital logic systems is the
generation of timing and control sequences. In 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 Conirol
Units, which provide the sequence control for instruction
execution in computers, and the /O controllers for sophis-
ticated computer Peripheral devices, such as high speed
magnetic disc files and high speed magnetic tape units.
Other examples include 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.

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. In 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

w
(7]
3
w
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LzUgnEWT
L4ofacxSno
wx s Qx -
CWy g Oa >
STEP s =4 LQWo3n
NUMBER 32036353 @ COMMENTS
CUP RELEASE . « « START
COFFEE BLACK —»4 —  LoTwaTERON  — 2 x X = ALL SEQUENCES
3 X A = COFFEE SEQUENCES
COFFEE CREAM —> [—  COFFEE RELEASE 4 x 8 = COFFEE & SUGAR SEQ.
SEQUENCE COFFEE 5 X X C= COFFEE & CREAM SEQ.
PUSH COFFEE SUGAR —> CONTROL  |— SUGAR RELEASE —> MACHINE 6 % X D = CHOCOLATE ONLY
BUTTONS . HARDWARE 7 X A DE X £ = SOUP ONLY
COFFEE BOTH —>1 CREAM RELEASE —» 8 XA bE %
CHOCOLATE = |— CHOCOLATE REL — 9 XA DE X
10 X A DE X
SOUP —»] L SOUP RELEASE — " X A D x
12 X B D X
|—  BUSY LIGHT —> 13 X 8 D X
14 X B X
15 X c x
16 X c X
COIN 17 X c X
DETECT 18 X p X
19 X X
20 X, X
21 X X
2 X X
23 X X
24 X X END

Figure 1. Coffee Machine Block Diagram.

Figure 2. Coffee Machine Combined Sequence List.
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1.0 SEC -
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9 3.5 SEC
ONE SHOT

ONE SHOT

Figure 3. Coffee Machine Sequencer: Random Logic.
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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

1 CUP RELEASE

2 |—— WATERON

- 3 }—— COFFEE RELEASE
@
«©

w w 3 x 4 |—— SUGAR RELEASE
T e
=8

a a = 6 f—— CREAM RELEASE
&
8

CHOCOLATE
RELEASE

5 BIT COUNTER
(2 x 74161)

A B C

SOUP RELEASE

BUSY

CLK  RST
2Hz

OSCILLATOR
coin REcenvEDQ——-DO——

[
o

o
GO FF

Figure 4. Simple Sequencer: Counter/ROM

D

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 the 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

7]
.
8y
S
Q_Daawse
Szugpkuz
L0 rcady
prgpcsped
CW L <L0a >
e sz 3E85%
2
ADDRESS O= O mn oL nh o COMMENTS
0 “REST” ADDRESS
1 X X
2 X
3 X
4 X
5 X X
6 X X
7 X X X
8 X X X
9 X X X
10 X X X
n X X X
12 X X
13 X X
14 X X
15 X X
16 X X
17 X X
18 X X
19 X X
20 X X
21 X X
22 X X
23 X X
24 X X
25 X
26 X
27 X
28 X
29 X
30 X
31 X

Figure 5. Counter/ROM Sequence Chart (Black Coffee).

107
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GO

Figure 6. 8 Sequence Controller.

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 O through b5,
respectively. The 74148 encoder used performs this con-
version as well as indicating whether or not any button is
active. This activity output is used in conjunction with
the output of a flip-flop which indicates a coin has been
deposited and the button has been pushed. Once these
two events have occurred, the sequence counter will
step through the appropriate sequence locations in the
P/ROM as shown in Figure 8. When the selected sequence
is ended, the BUSY 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.

BLACK r—/-—
CREAM @ —
a
SUGAR @—"— 2 g
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o
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z X ~
cHOC. ¢——— Z 4
3 5
SOUP ¢ — T - Ay H 1 CUP RELEASE
= —] Ay o_cl >-—-1 G 2 WATER ON
UNUSED
] Ag b—(b— F s2 3 |—— COFFEE RELEASE
Om
T o
g 3 E e 4 }——— SUGAR RELEASE
[(SNa}
Z
= D D 52 5 CREAM RELEASE
- E= S e
g z2 58
[ 3% | ¢ c 6 CHOCOLATE REL.
w O x
o (=
z s B B 7 |—— SOUP RELEASE
E
@ A A 8 BUSY
7414 CLK RST
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Figure 7. Coffee Machine ROM/Counter Sequencer.



P/ROM
ADDRESS

CUP RELEASE
WATER ON
COFFEE
SUGAR
CREAM
CHOCOLATE

soup
BUSY

COMMENTS

“REST" ADDRESS
CUP RELEASE SEQUENCE

L

32N +

x
mmmm

>»> > > >
XX XX X XX XXX XX XX XXX XXX XXX XXXXXXXX
o

X < ALL SEQUENCES

A - COFFEE SEQUENCES

N-0123

B - SUGAR SEQUENCES
N 1.3

= CREAM SEQUENCES
N-23

D - CHOCOLATE SEQUENCES

N =4

E - SOUP SEQUENCE

N:5

®
[SRNeReRR N}

o
XXX XX XX X XXX XXXXXXXXX
aooo

BLACK COFFEE
COFFEE & SUGAR
COFFEE & CREAM
COFFEE&C&S

: CHOCOLATE
SOuP

zzzzzz
a8 wN O

32N+ 31

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

INCREMENTER
UNHT
P/ROM
CLoch REGISTER REGISTER
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 current 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

1 1 1

CLOCK

COUNTER OUTPUT

I

INCREMENTER OUT m N+1

P/ROM OUTPUTS _w 2 2212% @N+1 m

BUFFERED P/ROM IW oN
OUTPUTS

lm @N+1

W @N+2

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 sense, further pipelining of the
system. Because of this arrangement, microprogram step
times as low as 100 nanoseconds are possible.

COMPLEX PROBLEMS AND SOLUTIONS

The simple sequencers described above are useful and
practical for small and medium sized sequence control
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
cost, 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
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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. In 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 muitipiexer seiection,
If the repeat counter detect output is zero, then the multi-
plexer selects the repeat address from the P/ROM buffer
register. |f 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 NEXT
COUNTER COUNTER
VALUE VALUE ACTIVITY
23 24
24 25 LOA D REPEAT COUNTER
25 26 1st STEP OF REPEAT SEQUENCE
INCREMENT REPEAT COUNTER
26 27 2nd STEP
27 28 3rd STEP, ETC.
28 29/26 4th STEP: GO TO 26 IF REPEAT
29 30 (CONTINUE)
30 31 —_—

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. !t 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.

{_ NEXT ADDRS —i
| |
| INCREMENT I
| |
| NEXT ADDRS +1 |
|
| NEXT N cLock |
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| |
| T l
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| SAVE | SAVE NEXT N
REGISTER
|
: N+1 l
| NEXT ADDRESS | ADDRS
| SELECT MUX ] SELECT
|
‘ !
e i
P/ROM
3
.
COUNTER ;
cLock O measter 1 BUFFER REGISTER i
l I 3
COUNTER BUFFERED
OUTPUT P/ROM OUTPUT

Figure 15. Next Address Save Logic.
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CURRENT NEXT SAVE
COUNTER COUNTER  REGISTER
VALUE VALUE CONTENTS ACTIVITY
23 24 _
24 37 —_— GO TO 37 AND SAVE RETURN
37 38 25 15t STEP OF SUBROUTINE
38 39 25 2nd STEP OF SUBROUTINE
39 40 25 3rd STEP OF SUBROUTINE
40 25 25 4th STEP OF SUBROUTINE AND
RETURN (SELECT SAVE REG
AS NEXT COUNTER VALUE)
25 26 25 CONTINUE
26 27 25
27 28 25 —_—

Figure 16. Subroutine Sequence Example.

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

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.

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. In the above
discussions, we have assumed that this command register
(the push button register) is decoded once and the selected
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P/ROM | P/ROM SELECT #2
# #
R P 2909
[ |
| 1 2909 |
| INCREMENTER |
| |
| l |
| NEXT N CLOCK | SAVE
| REGISTER | RETURN
| . |
I SAVE ]
| REGISTER |
| l |
l NEXT ADDRESS I SELECT
I SELECT MULTIPLEX KEXT ADDRS
l |
L ____ y
P/ROM
P/ROM
cLOCK O ggg:‘gﬂ I BUFFER
REGISTER
COUNTER BUFFERED
ouTPUT 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 lower-
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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] INCREMENT :
[ !
| ] NEXT N CLOCK I CLOCK LIFO
| REGISTER I
1 . |
| |
| |
STSAA(‘:’; ;‘EF(?S pUSHPOP | PUSH/POP
| | EXTERNAL SIGNALS
| { |
BUFFER
cLock o l R AoDRS | REGISTER
EXTERNAL O ‘ l
NEXT ADDRS | l l | l
| NEXT ADDRESS I REPEAT b
l SELECT MULTIPLEX I CONTROL MUX
|
| | i
N _ REPEAT
COUNTER
P/ROMs
COUNTER /R0M
REGISTER BUFFER REGISTER
P/ROMs

FAST P/ROM
QUTPUTS

SLOW P/ROM
OUTPUTS

Figure 18. General Purpose 2909 Sequencer.
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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 RAYASM 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

have a large number 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. In many computer control units, 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.

DUAL IN-LINE PLASTIC

16-Pin Plastic DIP

24-Pin Plastic DIP
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DUAL IN-LINE CERAMIC
SIDE BRAZED

16-Pin Ceramic
Side Brazed
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NOTES:
All dimensions in inches

Leads are intended for insertion in hole rows on

.300" centers

Board-drilling dimensions should equal your

practice for .020 inch diameter lead
Leads are gold-plated kovar
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DUAL IN-LINE CERAMIC
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NOTES:

All dimensions in inches

Leads are 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" diameter lead

Leads are tin-plated alloy 42

*The .037/.027 dimension does not apply to

the corner leads
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FLAT PACKAGES
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