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INTRODUCTION

Since the practical introduction of microprogramming
in the last decade or so, microcode has progressively dis-
placed random logic in step with the growing availability
of user Programmable Read-Only Memories (PROMs).
However, even with PROMs, designers soon realized that
their rigid addressing structure made them unsuitable in
a wide variety of applications which could greatly benefit
from a structured logic approach.

Recently, microprocessors have provided a quantum
jump in design flexibility in applications requiring about
30 IC packages, and beyond. When fewer packages are re-
quired, the inherent speed limitation, software require-
ments, and support circuitry of microprocessors place them
out of range of a broad spectrum of applications.

These in general involve algorithms which require a
high speed logic decision based on a large number of con-
trolling variables. It is here that we step into the basic
domain of Field Programmable Logic Arrays, encompass-
ing applications in microprogramming, code conversion,
random logic, look-up and decision tables, high speed char-
acter generators ete. Moreover, when combined with a few
storage elements (flip-flops), FPLAs can implement power-
ful logic machines of the Mealy/Moore form for the realiza-
tion of finite state sequential controllers for traffic, process,
peripheral devices, and other similar applications.



BIPOLAR FIELD-PROGRAMMABLE LOGIC ARRAY
Ei!lnntins (16x48X8 FPLA) 825101 (oPEN coLLector)| 825100

825100 (TRI-STATE) | 825101

DIGITAL 8000 SERIES TTL/MEMORY

DESCRIPTION

The 82S100 (Tri-State Outputs) and the 82S101
(Open Collector Outputs) are Bipolar Programmable
Logic Arrays, containing 48 Product terms (AND
terms), and 8 Sum terms (OR terms). Each OR term
controls an output function which can be program-
med either true active-High (Fp), or true active-Low
(FE). The true state of each output function is acti-
vated by any logical combination of 16 input vari-
ables, or their complements, up to 48 terms. Both
devices are field-programmable, which means that
custom patterns are immediately available by fol-
lowing the fusing procedure outlined in this data
sheet.

The 825100 and 82S101 are fully TTL compatible,
and include chip-enable control for expansion of
input variables, and output inhibit. They feature
either Open Collector or Tri-State outputs for ease
of expansion of product terms and application in
bus-organized systems.

FEATURES

¢ FIELD PROGRAMMABLE (Ni-Cr LINK)
¢ INPUT VARIABLES—16
e OUTPUT FUNCTIONS—8
e PRODUCT TERMS—48
e ADDRESS ACCESS TIME—50 ns, MAXIMUM
e POWER DISSIPATION—600mW, TYPICAL
e INPUT LOADING—(—-1001.A), MAXIMUM
e OUTPUT OPTION:
TRI-STATE OUTPUTS—82S100
OPEN COLLECTOR OUTPUTS—82S101
e OUTPUT DISABLE FUNCTION:
TRI-STATE—Hi-Z
OPEN COLLECTOR—Hi
e CERAMIC DIP

APPLICATIONS

LARGE READ ONLY MEMORY
RANDOM LOGIC

CODE CONVERSION

PERIPHERAL CONTROLLERS
LOOK-UP AND DECISION TABLES
MICROPROGRAMMING
ADDRESS MAPPING

CHARACTER GENERATORS
SEQUENTIAL CONTROLLERS

FEBRUARY 1976

PIN CONFIGURATION

| PACKAGE
Fe [0} ~7 28] Vcc
17 [2] 7] '
16 [2] E's
12 [7] [22] 113
1 [] [21] 114
lo [¢] 0] 115
[ e
Fe [1] 2] Fo
GND |14 E] F3

FPLA EQUIVALENT LOGIC PATH

|
| <

l )
P47L ——/o—-)

NOTE:

FOR EACH OF THE 8 OUTPUTS, EITHER THE FUNCTION Fp (ACTIVE HIGH)
OR Fp (ACTIVE LOW) IS AVAILABLE, BUT NOT BOTH. THE REQUIRED
FUNCTION POLARITY IS USER PROGRAMMABLE VIA FUSE (S).
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ABSOLUTE MAXIMUM RATINGS

PARAMETER! RATING UNIT
Vee Power Supply Voltage +7 Vdc
Vin Input Voltage +5.5 Vdc
Vou High Level Output Voltage (82S101) +5.5 Vdc
Vo Off-State Output Voltage (82S100) +5.5 Vdc
Ta Operating Temperature Range 0°to +75° °C
Teo Storage Temperature Range —65° to +150° °C

ELECTRICAL CHARACTERISTICS 0°C<T,<75°C; 4.75V <V, <5.25V

LIMITS
PARAMETER" TEST CONDITIONS UNIT | NOTES
MIN | TYP2 | MAX

Viu High-Level Input Voltage Ve = 5.25V 2 \ 1
Vi Low-Level Input Voltage Ve = 4.75V 0.8 \Y
Vic Input Clamp Voltage Vee = 4.75, Iy = —18mA 0.8 1.2 \ 1,7
Vou High-Level Output Voltage (82S100)| Ve = 4.75V, lop = —2mA 2.4 \ 1,5
Voo Low-Level Output Voltage Voo = 4.75V,lg. = 9.6mA 0.35 0.45 \" 1,8
lowk Output Leakage Current — 5.25V 1 4

(825101) Vour = 8.25 0 »A 6

Vee = 5.

| HiZ State O c cc = 8.25V Vour = 5.25V 1 40 uA
O(OFF) 1- tate Output Current _

(82S100) Vour = 0.45V -1 -40 A 6
L High-Level Input Current Vin = 5.5V <1 25 HA
I Low-Level Input Current Vi = 0.45V -10 |[—-100 A
los Short-Circuit Output Current Vee = 5.25V, Vgour = 0V -20 -70 mA 3,7

(825100)
lee Ve Supply Current Vee = 5.25V 120 170 mA 4

(825100, 82S101)
Cin Input Capacitance Vi = 2.0V 5 pF

VCC = 5.0V

Co Output Capacitance Vour = 2.0V 8 pF . 6

SWITCHING CHARACTERISTICS 0°C<T, <+75°C, 4.75V<V. <5.25V

LIMITS
PARAMETER TEST CONDITIONS UNIT
MIN | TYP2 | MAX

Propagation Delay

Tia Input to Output C. = 30pF 35 50 ns
Teo Chip Disable to Output R, = 270 15 30 ns
Tee Chip Enable to Output R, = 600 15 30 ns
NOTES:

1. All voltage values are with respect to network ground terminal.
2. All typical values are at Vo = 5V, T, =25°C.
3. Duration of short circuit should not exceed one second. . Test each output one at the time.
4. lec is measured with the chip enable input grounded, . Measured with a programmed logic condition for which the output
all other inputs at 4.5V and the outputs open. under test is at a 0" logic level. Output sink current is supplied thru
a resistor to V..

. Measured with V, applied to CE and a logic “1” stored.
. Measured with V,, applied to CE.

0N O
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AC TEST FIGURE AND WAVEFORMS
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PROGRAMMING SPECIFICATIONS? (Testing of these limits may cause programming of device.) T, = +25°C

LIMITS
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vees! Ve Supply (Program ““OR”) lccs = 550 mA, min. 8.5 8.75 9.0 \
(Transient or steady state)
Veer Vce Supply 0 04 0.8 Y
(Program Output Polarity)
lecs lcc Limit (Program ““OR"’) Vees = +8.75 £.25V 550 1,000 mA
Vopn? Output Voltage lopy = 300 £25mA 16.0 17.0 18.0 \
(Program Output Polarity)
VorL Output Voltage (ldle) 0 0.4 0.8 \Y
lopn Output Current Limit Voeu = +17 1V 275 300 325 mA
(Program Output Polarity)
Vin Input Voltage (Logic “1") 2.4 5.5 \
Vi Input Voltage (Logic “0") 0 0.4 0.8 \%
hu Input Current (Logic ““1"') Viyw = +5.5V 50 MA
I Input Current (Logic “0"') V. = 0V -500 MA
Vour Forced Output (Logic “1") 2.4 5.5 \'
Vore Forced Output (Logic “0"') 0 0.4 0.8 \
lonr Output Current (Logic ““1") Vouwr = +5.5V 100 A
loce Output Current (Logic ““0") Vour = OV -1 mA
Vix CE Program Enable Level 9.5 10 10.56 \Y
lixq Input Variables Current Vix = +10V 2.5 mA
lix2 CE Input Current Vi = +10V 5.0 mA
Veen? FE Supply (Program) leew = 300 £25mA 16.0 17.0 18.0 \Y
(Transient or steady state)
Vel FE Supply (ldle) 0 0.4 0.8 \"
leen FE Supply Current Limit Veegw = +17 =1V 275 300 325 mA
Veep! V¢ Supply (Program ““AND") lcce = 550 mA, min. 4,75 5.0 5.25 \
(Transient or steady state)
lece lcc Limit (Program ““AND"’) Veer = +5.0 .25V 550 1,000 mA
Vorr Forced Output (Program) 9.5 10 10.5 \
lope Output Current (Program) 10 mA
Tr Output Pulse Rise Time 10 50 us
tp CE Programming Pulse Width 1 1.5 ms
tp Pulse Sequence Delay 10 us
Ter Programming Time 2 ms
__Iﬁ_ Programming Duty Cycle 50 %
Ter+Tes
Fo Fusing Attempts per Link 3 cycle
Vg3 Verify Threshold 0.9 1.0 1.1 \"
NOTES:

1.

Bypass V¢c to GND with a 0.01 uf capacitor to reduce voltage spikes.

2. Care should be taken to ensure that the voltage is maintained during the entire fusing cycle. The recommended supply is a constant current source
clamped at the specified voltage limit.

3. Vs is the sensing threshold of the FPLA output voltage for a programmed link. It normally constitutes the reference voltage applied to a comparator
circuit to verify a successful fusing attempt.

4. These are specifications which a Programming System must satisfy in order to be qualified by Signetics.
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OUTPUT POLARITY PROGRAM-VERIFY SEQUENCE (Typical)
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—
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o o
L | I
tD fe— —{tp —» tp
TPR - Tps
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“AND” MATRIX PROGRAM-VERIFY SEQUENCE (Typical)

O H S ——————————— G = == e— =
Fo.5 PN
VoLr -—— i — -
Vix
H Im=H H 1 '
! v SR+ Sl S
0-15 Hp T : Im=L 4
Vi vd e e - |
ol I
Vou —_——— - —
2 L i
(Verify Output) VoL- -
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PN
Vi
. :>|tD'<— (PoNOT IN Fp/Fp)
OPF — pon aun ens ans e cwe e e ®y g e e e oan eme e e
F v r H (Fp) r -}
0-7 OH r(F T 1
VOL___I..P! Lad
o Tpr Tps
v (PROGRAM) (PAUSE)
FEH T —Aan0
FUSE 90%
ENABLE R
1000_‘
— =
. 'O~ J-(VERIFY)
IX—"'—'_'I *tD'-E r—l
CE Vi Tp LI
—>] tD«———»l D fe— v

PN+1




SIGNETICS BIPOLAR FIELD-PROGRAMMABLE LOGIC ARRAY = 82S100, 825101

VIRGIN DEVICE

The 82S100/101 are shipped in an unprogrammed

state, characterized by:

A. All internal Ni-Cr links are intact.

B. Each Product term (P-term) contains both true
and complement values of every input variable
I (P-terms always logically “FALSE").

C. The “OR’ Matrix contains all 48-P-terms.

D. The polarity of each output is set to active HIGH
(F, function).

E. All outputs are at a LOW logic level.

RECOMMENDED PROGRAMMING
PROCEDURE

To program each of 8 Boolean logic functions of 16
true or complement variables, including up to 48
P-terms, follow the Program/Verify procedures for
the “AND" Matrix, “OR" Matrix, and Output Polarity
outlined below. To maximize recovery from pro-
gramming errors, leave all links in unused device
areas intact.

SET-UP

Terminate all device outputs with a 10K( resistor
to +5V.

OUTPUT POLARITY

PROGRAM ACTIVE LOW (Fp Function)

Program output polarity before programming

“AND" Matrix and “OR’ Matrix. Program one out-

put at the time. (S) links of unused outputs are not

required to be fused.

1. Set GND (pin 14), and FE (pin 1) to 0OV.

2. Set V¢ (pin 28) to Ve

3. Set CE (pin 19), and |, through l,5 to V.

4. Apply Vgopytothe appropriate output, and remove
after a period t,.

5. Repeat step 4 to program other outputs.

VERIFY OUTPUT POLARITY

1. Set GND (pin 14) to 0V, and V¢ (pin 28) to V¢cs.

2. Enable the chip by setting CE (pin 19) to V.

3. Address a non-existent P-term by applying V4
to all inputs |, through |;.

4. Verify output polarity by sensing the logic state
of outputs F, through F,. All outputs at a HIGH
logic level are programmed active LOW (FB func-
tion), while all outputs at a LOW logic level are
programmed active HIGH (Fp function).

5. Return V¢ to Veep OF Vot

“AND"” MATRIX

PROGRAM INPUT VARIABLE

Program one input at the time and one P-term at the
time. All input variable links of unused P-terms are
not required to be fused. However, unused input
variables must be programmed as Don’t Care for all
programmed P-terms.

1. Set GND (pin 14) to OV, and V¢ (pin 28) to V¢ce.

2. Disable all device outputs by setting CE (pin 19)
to V.

3. Disable all input variables by applying V x to in-
puts |, through 1.

4. Address the P-term to be programmed (No. 0
through 47) by forcing the corresponding binary
code on outputs Fythrough F, with Fyas LSB. Use
standard TTL logic levels Vgur and V¢

5a. If the P-term contains neither |, nor |, (input is a
Don’t Care), fuse both l;and [, links by executing
both steps 5b and 5c, before continuing with
step 7.

5b. If the P-term contains I, set to fuse the I, link by
lowering the input voltage to |, from Vs to V.
Execute step 6.

5c. If the P-term contains Iy, set to fuse the I, link by
lowering the input voltage to |, from V x to V..
Execute step 6.

6a. After tp delay, raise FE (pin 1) from Veg t0 Ve

6b. After ty delay, pulse the CE input from V,, to Vi«
for a period t,.

6¢c. After ty delay, return FE input to Veg,.

7. Disable programmed input by returninglotoV .

8. Repeat steps 5 through 7 for all other input
variables.

9. Repeat steps 4 through 8 for all other P-terms.

10. Remove V, from all input variables.

VERIFY INPUT VARIABLE

o ¥ 5y =

1. Set GND (pin 14) to 0V, and V¢ (pin 28) to Vcce.
2. Enable F, output by setting CE to V,y.
3. Disable all input variables by applying Vx to in-
puts |, through |5
4. Addressthe P-term to be verified (No. 0 through
47) by forcing the corresponding binary code
on outputs F, through F,.
5. Interrogate input variable |, as follows:
A. Lower the input voltage to |, from V x to V,,,
and sense the logic state of output F..
B. Lower the input voltage to |, from V,, to V,,,
and sense the logic state of output F,.
The state of I, contained in the P-term is determined
in accordance with the following truth table:

Input Variable State
Iy F, Contained in P-Term
0 1 T,
1 0 ’
0 0 lo
1 1
0 1 Dont Care
1 1
0 0 (1), I
1 0

note that two tests are required to uniquely deter-
9
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mine the state of the input variable contained in the

P-term.

6. Disable verified input by returning |, to V4.

7. Repeatsteps5and 6 forall otherinputvariables.
8. Repeat steps 4 through 7 for all other P-terms.
9. Remove V| from all input variables.

“OR"” MATRIX

PROGRAM PRODUCT TERM

Program one output atthe time for one P-term at the
time. All P, links in the “OR’’ Matrix corresponding
to unused outputs and unused P-terms are not re-
quired to be fused.

a
[

AW

ba.

5b.

6a.
6b.

AR Py A VARG I ) \a.

Set GND (pin 14) to OV, and V¢ (pin 28} t
Disable the chip by setting CE (pl

Set inputs Ilg through |5 to V,y or V..
Address the P-term to be programmed (No. 0
47) by applying the corresponding binary code
to input variables |, through |5, with |, as LSB.
If the P-term is contained in output function F,

\ ccs:

19) to Vi

6c¢.

6d.

After tp delay, return FE input to V.
After t, delay, remove Vo from output F,.

7. Repeat steps 5 and 6 for all other output func-
tions.

8. Repeat steps 4 through 7 for all other P-terms.

9. Remove Vs from V.

VERIFY PRODUCT TERM

HpwnN =

Set GND (pin 14) to 0V, and V¢ (pin 28) to Vcs.
Enable the chip by setting CE (pin 19) to V,..
Set inputs |, through 1,5 to V,,; or V..

Address the P-term to be verified (No. 0 through

A7)l annlhvin~ tha Aanrracnandi;m~ himars An
“s7 ] Vy lellellly UIU L,UIICD’JUIIUIIIH Ullla!y bUUU

to input variables I, through I;.

To determine the status ofthe P, linkin the “OR"’
Matrix for each output function F, or Ff,, sense
the state of outputs F, through F,. The status of
the link is given by the following truth table:

OUTPUT

(Fob, = 1 or Fo 0), go to step 6, (fusing cycle
not required).

If the P-term is not contained in output function
Fo (Fo = 0 or F; = 1), settofusethe P, link by
forcing output Fy to Vope.

Active HIGH
(F.)

Active LOW

(F%)

P-term Link

0

1

FUSED

1

0

PRESENT

After ty delay, raise FE (pin 1) from Vg to Vg,

After t, delay, pulse the CE input from V, to V x
for a period t;.

6.
7.

Repeat steps 4 and 5 for all other P-terms.

Remove V¢cs from Ve,

10

FPLA MANUAL FUSER
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Oe 20|

3
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S
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“OR” MATRIX

PROG SW

PROG OUT ouTeuT HRDIOR

POLARITY 102
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FPLA

(41}

(14)

INPUTS (16)
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16 X 48 X 8 FPLA PROGRAM TABLE

PROGRAM TABLE

ENTRIES

INPUT VARIABLE

OUTPUT FUNCTION

OUTPUT ACTIVE LEVEL

Im I

DON'T CARE

PROD. TERM
PRESENT IN F,

PROD. TERM
NOT PRESENT IN Fp

ACTIVE
HIGH

ACTIVE
LOW

H L

— (dash)

A

® (period)

H

L

NOTE:

P-terms.

Enter (—) for unused inputs of used

NOTES:

1) Entries independent of output polarity.
2) Enter (A) for unused outputs of used P-terms.

NOTES:

1) Polarity programmed once only.
2) Enter (H) for all unused outputs.

PRODUCT

TERM*

z
©

1
-
1
-
-

_INPUT VARIABLE

R S——

2111014918

- e o - g —

716151413

2 |1 ]0 7

ATI

s
__L

UTPUT_
4

615

E
[T

FU

3

II_
m
<

Wl INO |G IWIN = O

THIS PORTION TO BE COMPLETED BY SIGNETICS

CUSTOMER SYMBOLIZED PART #

DATE RECEIVED

CF (XXXX)
COMMENTS
IS

—_
o]

DATE
&

REV
&

CUSTOMER NAME
PURCHASE ORDER #
SIGNETICS DEVICE #
TOTAL NUMBER OF PARTS
PROGRAM TABLE #

5

*Input and Output fields of unused P-terms can be left blank.

11
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PUNCHED CARD CODING FORMAT

The FPLA Program Table can be supplied directly to Signetics in Punched Card form, using standard 80-column IBM
cards. For each FPLA Program Table, the customer should prepare an input card deck in accordance with the following
format. Product Term cards 3 through 50 can be in any order. Not all 48 Product Terms need to be present. Unused Prod-
uct Terms require no entry cards, and will be skipped during the actual programming sequence:

CARD NO. 1-Free format within designated fields.

11 112]12)1212]2]2]21212]2(3(3]3]3(3|3]3|3|3|3]4|4 |4 |4 (4|4 |4|4|4|4|5|5]|5|5|5|5(5|5|5|5|6]|6 |6 |6|6]|6|616(6|61|717| 7|7|71|7|7|7|7|7|8
1|2|3|4|5/6/7|8|9|0|1]2|3/4|5]|6|7|8]|9l0|1|2|3|4|5|6|7|8]|9|0|1{2|3|4|5|6|7|8|9[0|1]|2|3]4|5|6|7|8|9]|0|1|2|3|4|5|6]7|8|9[0|1 |2[3|4]|5(6|7|8]|9|0]1|2|3]|4|5|6]|7|8]|9|0
ICIF R{EV

Signetics Customer Name Program Table No. Revision Date

Device No. (1 Alpha Char.)

Symbolized Part No.
CARD NO. 2-
T 111[1]1]1]1]2]2]2]2(2]|2]2]2]2]|2|3]3|3|3]|3|3|3|3(3|3|4 |4 (4|4 |4|4|4|4|4|4|5|5|5|5[5(5|5|5|5|5|6|6|6|6|6]|6]|6|616|6{7]| 7| 7|7|7|7]|7|7|7]|7|8
112|3|4[5/6|7(8[9|0]1[2]|3]|4|5|6|7/8]9|0{1|2|3[4|5|6|7|8|9|0[1|2|3|4|5|6]7|8]|9|0]|1|2|3|4|5|6|7|8|9|0|1]|2(3|4|5|6|7|8]|9]|0|1|2|3|4|5|6|7|8|9 0| 1| 2|3|4|5|6|7|8]|9|0
F7 Fo
) T T
Output Active Level (8) Total Product Terms used (2 decimal digits) Comments (free format)

Output Active Level entries are determined in accordance with the following table:

OUTPUT ACTIVE LEVEL NOTES:
ACTIVE HIGH | ACTIVE LOW 1. Polarity programmed once only.
H L 2. Enter (H) for all unused outputs.

CARD No. 3 through No. 50

1t ]1]1]2(2]2]2]2|2{2]2|2]|2[3]3]3[3|3|3|3[3|3|3]|4|4|4|4 (4|4 ]4|4]|4|4|5|5|5|5|5|5|5|5|5|5|6|6 |6 |6|6|6|6|6|6|6]|7|7
112{314/5|6(718[9|0]1[2|3]4|5|6(7|8|9(0{1|2

15 o

Comments (free format)

Output Function (8)

Input Variable (16)

Product Term No. (00 through 47)

Input Variable and Output Function entries are determined in accordance with the following table:

INPUT VARIABLE NOTE:
Im 1. | DON'T CARE Enter () for unused inputs of used P-terms.
H L — (dash)
OUTPUT FUNCTION NOTES:
PROD. TERM PROD. TERM NOT 1. Entries independent of output polarity.
PRESENT IN F, PRESENT IN Fp 2. Enter (A) for unused inputs of used P-terms.
A e (period)

CARD NO. 51

1l Tha]2]2]2]2]2]2]2]2]2]2]3]3|3(3]3]|3]3|3(3(3(4 |4 |4 |4 (4[4 |4|4|4|4 |5 |5|5|5 5|5 5 |5|5|5|6 |6 |6 6|6 |6 |6 [6|6|6|7| 7| 7| 7| 7|7|7]| 7| 7| 7|8
1|2|3|4ls|6|7|8|9|0|1|2|3]4|5|6|7|8]|9l0|1|2|3]4|5|6]|7|8|9]0|1|2|3]|4|5|6|7|8|9]0|1|2|3]4|5]6|7(8|9]0|1]2]|3/4|5|6|7|8(9|0]|1 [2|3]4|5|6|7|8]|9|0[ 1| 2|3|4|5|6]| 7]8]|9|0

E|T]

12 Comments (free format)



SIGNETICS BIPOLAR FIELD-PROGRAMMABLE LOGIC ARRAY = 825100, 825101

TWX TAPE CODING FORMAT

The FPLA Program Table can be sent to Signetics in ASCII code format via TWX, or air mail using any type of 8-level tape
(paper, mylar, fanfold, etc.) A number of Program Tables can be sequentially assembled on a continuous tape as follows,
however limit tape length to a roll of 1.75 inch inside diameter, and 4.25 inch outside diameter:

LI T T T T T ———T"‘——’T —————— TEoTT T T T~ 7
| R | 25 suB 25 | 1 25 SuB | 25 [T 12 4
24 I MAIN PROGRAM TABLE PROGRAM TABLE | = %
1 eaper | & [ HEaping | (C/R) | HEADING | RuUBOUTS | DATA (1) | (c/R) | HEADING | RUBOUTS | DATAMN) | E 4 TRAILER €
[aror el L OMING (1) | MIN. | ,OMING (N) \ MIN. | z R) N
L 21 L 1 1 1 1 N T SN N S S BN

A. The MAIN HEADING at the beginning of tape includes the following information, with each entry preceded by a ($)
character, whether used or not:

iy

. Customer Name

. Customer TWX No.

Date

. Purchase Order No.

. Number of Program Tables

. Total Number of Parts

W e M A W N

. Each SUB HEADING should contain specific information pertinent to each Program Table as follows, with each entry
preceded by a ($) character, whether used or not:

-

. Signetics Device No.

. Program Table No.

. Revision

Date

. Customer Symbolized Part No.

o o A W N

. Number of Parts

C. Program Table data blocks are initiated with an STX character, and terminated with an ETX character. The body of the
data consist of Output Active Level, Product Term, and Output Function information separated by appropriate identi-
fiers in accordance with the following format:

~ START OF DATA TEXT — START OF DATA FIELD

(CONTROLAORB) |  snAniisT Tenas mATA imERTicicn
FRUUDUULIL 1CERIVIVATA IlvENTIFIER
1 SPACE (MANDATORY) START OF DATA FIELD
START OF PRODUCT TERM NUMBER
DATA FIELD (2 DECIMAL DIGITS)

OUTPUT FUNCTION DATA IDENTIFIER

START OF DATA FIELD INPUT VARIABLE, AND OUTPUT FUNCTION

ACTIVE LEVEL

DATA IDENTIFIER INPUT VARIABLE DATA IDENTIFIER DATA FOR ALL PRODUCT TERMS USED.
OUTPUT FUNCTION DATA
ACTIVE LEVELDATA INPUT VARIABLE DATA (8 DIGITS, Ale) END OF DATA TEXT
(8 DIGITS, H/L) (16 DIGITS, H/L/-) (CONTROL C) l
i Y O S 1 I ___________________
STX *A F7FgF5F4F3F2F1Fg*P 00+l I15114113112111110l9!8!716l51413121110 *F F7FgF5F4F3F2F1Fg*P 01........ *F....... *P .o FQ ETX

Entries for the 3 Data Fields are determined in accordance with the following Table:

INPUT VARIABLE OUTPUT FUNCTION OUTPUT ACTIVE LEVEL
PROD. TERM PROD. TERM NOT
I T DON'T CARE PRESENT IN F, PRESENT IN F, ACTIVE HIGH ACTIVE LOW
H L — (dash) A ® (period) H L
NOTE: NOTES: NOTES:
Enter (-) for unused inputs of used P-terms. 1) Entries independent of output polarity. 1) Polarity programmed once only.
2) Enter (A) for unused outputs of used P-terms. 2) Enter (H) for all unused outputs.

Although the Product Term data are shown entered in sequence, this is not necessary. It is possible to input only one Prod-
uct Term, if desired. Unused Product Terms require no entry. ETX signalling end of Program Table may occur with less
than the maximum number of Product Terms entered.

NOTES:

1) Correction of errors in P-Term number is not allowed. If this occurs, delete the P-Term as in (3) below, if in time. Other-
wise, fill (*1) and (*F) fields, then delete.

2) Corrections to any other entry can be made by backspace and rubout. However, limit consecutive rubouts to less than
25,

3) Any P-Term can be deleted entirely by inserting the character (E) immediately following the P-Term number to be
deleted, i.e., *P 25E deletes P-Term 25.

4) Carriage returns, line feeds, spaces, rubouts, etc. may be interspersed between data groups to facilitate an orderly
Teletype printout.

5) Comments are allowed between data fields, provided that an asterisk (*) is not used in any Heading or Comment entry.

13



SIGNETICS BIPOLAR FIELD-PROGRAMMABLE LOGIC ARRAY = 82S100, 82S101

TELEX TAPE CODING FORMAT

The FPLA Program Table can be sent to Signetics in BAUDOT code format via TELEX, or air mail using any type of 5-level
tape (paper, mylar, fanfold, etc.) A number of Program Tables can be sequentially assembled on a continuous tape as

follows, however limit tape lenth to a roll of 1.75 inch inside diameter, and 4.25 inch outside diameter:
— . ' ' ————— --r
] - | 25 | ] 25 SuB | 25 I
24 I MAIN PROGRAM TABLE PROGRAM TABLE
I ! (LTRS) | (c/r) HEADING (LTRS) |
\LEADER | : HEADING : MIN. DATA (1) : M, | N) : MIN. DATA (N)
| 1 I __L

25
(C/R)
MIN.

T T
| sus !
| HEADING |
1 |
1 I

BELL

HETS m

1 1 1

A. The MAIN HEADING at the beginning of tape includes the following information, with each entry preceded by a ($)
character, whether used or not:

Customer Name

Customer TELEX No.

Date

Purchase Order No.

Number of Program Tables

Total Number of Parts

1.
2.
3.
4,
5.
6.
B. Each SUB HEADING should contain specific information pertinent to each Program Table as follows, with each entry
preceded by a ($) character, whether used or not:

. Signetics Device No.

. Program Table No.

. Revision

Date

. Customer Symbolized Part No.

o o & W N

. Number of Parts

. Program Table data blocks are initiated with an “Open’’ parenthesis, and terminated with a “’Closed’’ parenthesis. The
body of the data consists of Output Active Level, Product Term, and Output Function information separated by ap-
propriate identifiers in accordance with the following format:

— START OF DATA FIELD

——PRODUCT TERM DATA IDENTIFIER
1 SPACE (MANDATORY)
PRODUCT TERM NUMBER (2 DECIMAL DIGITS)
3 SPACES (MANDATORY)

— START OF DATA FIELD
INPUT VARIABLE DATA IDENTIFIER

— START OF DATA TEXT

START OF DATA FIELD

START OF

DATA FIELD
ACTIVE LEVEL
DATA IDENTIFIER

ACTIVE LEVELDATA

OUTPUT FUNCTION DATA IDENTIFIER
INPUT VARIABLE, AND OUTPUT FUNCT!I
DATA FOR ALL PRODUCT TERMS USEI
OUTPUT FUNCTION DATA

INPUT VARIABLE DATA (8 DIGITS, Ale) END OF DATA TEXT
(8 DIGITS, H/L) (16 DIGITS, H/L/-)
i N § O I = 1 l ___________________

( #A F7FgF5F4F3F2F1Fg=P 00  #l1q5l914113l112111110l9181716li51413l211lg#F F7FgF5F4F3FoF1Fg#P 01 ... ... . #F ... ....#P .. ... ... ... Fo )

Entries for the 3 Data Fields are determined in accordance with the following Table:

INPUT VARIABLE

OUTPUT FUNCTION

OUTPUT ACTIVE LEVEL

PROD. TERM PROD. TERM NOT
I | T DON'T CARE PRESENT IN F, PRESENT IN F, ACTIVE HIGH ACTIVE LOW
H — (dash) A e (period) ~H L
NOTE: NOTES: NOTES:

Enter (-) for unused inputs of used P-terms. 1) Entries independent of output polarity.

2) Enter (A) for unused outputs of used P-terms.

1) Polarity programmed once only.
2) Enter (H) for all unused outputs.

Data fields for each Product Term must be entered in ascending order, beginning with Product Term (00) and ending with
Product Term (47).

Active Level data must be entered prior to Product Term (00).

An entry must be made for all 48 Product Terms. For all unused Product Terms follow the typical entry procedure
outlined below:

#P 05XX  to designate P-Term 05“UNUSED"”, and to be left unprogrammed.
#P 05XXX to designate P-Terms 05 through 47 “UNUSED”, and to be left unprogrammed.
NOTES

1) Correction of errors in P-Term number is not allowed. If this occurs, delete the P-Term as in (3) below, if in time. Otherwise, fill (#1) and
(#F) fields, then delete.

Corrections to any other entry can be made by backspace and rubout (LTRS). However, limit consecutive rubouts to less than 25.
An erroneous P-Term can be corrected only by immediate ‘overlay’ of CORRECT data over a deleted P-Term. A P-Term is deleted by in-
serting a single character (X) immediately following the P-Term number. Thus, the sequence: #P 10 (data error) (rest of /O fields) #P 10X
#P 10__#I (correct data), allows P-Term 10 to be corrected.

Carriage returns, line feeds, spaces, rubouts, etc. may be interspersed between data groups to facilitate an orderly Teletype printout.

Comments are allowed between data fields, provided that the character (#) is not used in any Heading or Comment entry.

2)
3)

4)
14 5



PROGRAM TABLE OF SAMPLE DEVICE
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*Input and Output fields of unused P-terms can be left blank.



CONNECTIONS FOR SAMPLE DEVICE

To observe the five logic functions

+5V
1K
1]FE U Vec|28
of the sample FPLA, connect the - ’
0
. - (=] 1g{27
device as follows: s1_ [Function
E'G 19|26} Select
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b. “AND” FUNCTION
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c. “EX-OR” FUNCTION

Sy (A)

o415 10| 54——-/1

d. “MULTIPLEX"” FUNCTION
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Fx=la+ig (Arithmetic)

e. “ADD” FUNCTION (with Serial Carry)



NI-CR TECHNOLOGY MATURES

Nichrome was the first material to give rise to
stable, low current fuses with excellent fusing
characteristics, easily reproducible. However, as
with all new developments, Nichrome technology
had to undergo a learning curve, with each ad-
vance signaling the advent of more complex and
higher performance devices, without a compro-
mise in reliability. It soon became apparent that
each incremental step in complexity implied a
fuller understanding of the fusing phenomenon.
Accordingly, fusible link technology has been
intensively investigated by Signetics over the last
six years (see Signetics’ Prom Reliability page 39),
giving rise to the broadest line of PROMs in the
industry, and presently, the addition of a family
of Field Programmable Logic Arrays (FPLAs),
designed for both commercial and temperature
ranges.

USER ORIENTED DEVICE CONFIGURATION

Signetics’ family of Bipolar Field Program-
mable Logic Arrays include both Tri-state
(82S100), and Open Collector devices (825101),
featuring the following characteristics:

e FIELD PROGRAMMABLE (Ni-Cr LINK)
16 INPUT VARIABLES

8 OUTPUT FUNCTIONS

48 PRODUCT TERMS

50ns MAX. ACCESS TIME (0-75°C)
600mW POWER DISSIPATION (TYPICAL)
TTL COMPATIBLE

28 PIN PACKAGE

CE INPUT FOR EXPANSION OR INHIBIT
OUTPUTS INDIVIDUALLY PROGRAM-
MABLE ACTIVE “HIGH” OR “LOW”

e SINGLE +5V POWER SUPPLY

The above features and organization combine
into an easy to use, high performance device,
affording distinct user benefits:

A. 16 Input Variables

The 16 by 8 I/O configuration permits direct
byte manipulations required by intelligent
terminals, peripherals, microprocessor based
emulators, minicomputers, and all the way up
to the larger mainframes. Also, in address
mapping applications, it provides the capabil-
ity to scan an address field 65,536 words deep.

B. Chip Enable Input

The Chip Enable input is a major improvement

over current devices:

¢ Eases expansion of input variables and/or
product terms.

DEVICE INFORMATION

e Permits application of Tristate device in bus
organized systems.

e Provides logic inhibit or preconditional de-
coding functions.

e Provides a unique ‘default” logic state for
all outputs, regardless of programmed output
polarity.

C. Fastest Access Time

50ns maximum over the commercial tempera-
turerange renders the replacement of random
logic feasible.

D. Fully Buffered Devices

All product terms can be utilized as many
times as required, without affecting device
speed and power dissipation.

E. 48 Product Terms (P-Terms)

Allow the user to store in the FPLA 48 dis-
tinet words of 8 bits each. These 48 words can
be addressed by a minimum of 48 input ad-
dress combinations, chosen by the user among
a total available pool of 2'¢ (65,536).

F. Polarity of All Outputs Individually
Programmable Active-High or Active- Low
This feature is particularly useful in achiev-
ing further Product Term minimization in
cases where the complement of an output
function can be implemented with fewer
Product Terms.

Example:

As shown on page 18, a 50% reduction in P-
terms is obtained when the output of the logical
structure of Fy is inverted by means of a gate
external to the elementary FPLA. The desired
function F'y is realized with penalties in hard-
ware, and circuit delays (however small). These
are eliminated when using an FPLA with output
polarity programmed active-LOW to realize the
function “0’s”, rather than “1’s”.

WHAT IS AN FPLA?

The structure and use of FPLAs can be more
easily understood by comparing them to PROMs.
In the industry we refer to PROMs as 1K, 4K, etc.
These usually imply standard organizations
such as 256X4, 512X8, respectively. The larger in
each pair of numbers refers to the number of
words in a PROM, and the second represents the

nitmhaoar of hite 1in aash waord Tha nradiiet of hoth
numoer 01 Oits 11l €adn Word., 1 ae proGudlu 01 00un

numbers (approximately 1K, 4K) gives the total
17



cD Fy
AB 00 01 11 10
ey r=1-3
o |x, [ o |1 ],
1 . .
[ 1
ol yrifo |} 1,
:__: — T~ " 1(X) DON'T CARE
1 :1: 110 fo
\
TI '
B Ry e, S
x| I
il R A

Fy =CD + AB + AC + AC
4P-TERMS

ELEMENTARY FPLA

jD P4

P3
]

|

]D P2

P1
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number of storage bits contained in the PROM.

This aspect of PROMs carries over to FPLAs,
such that Signetics’ FPLAs can be described as
48X8, for a total working storage density of 384
bits. Thus, the FPLA is a relatively small PROM,
but a much more useful one, due to a fundamental
difference in input structure.

In a PROM (Fig. 1), all internal words are

10f 20

DECODER Wo STORAGE MATRIX
. w1‘o111oo11oo]0
Ao Ao o> [olo [ e[ jon 7]/
A » Ao 2 37 ol ofo] o[ [1] o]
Ag———] A1 ! |
] Al : |
! BUFFER ! i |
I I | !
| | | \ |
1 | / | |
| An! %
| yvan o]0
Ap—»] n »lo]3
Wr
(T =271 _q) i
| OUTPUT BUFFER ]
BoB1B2 Bm

FIG. 1: Simplified PROM organization.
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CcD
AB 00 01 11 10
!
00 X | 0 0
T 1
1,
01 0 A 0 0

(X) = DON'T CARE

| B
1 0 0 L1_..

Fy = ABC + ACD
N——
2P-TERMS

ELEMENTARY FPLA

Fy =P5 + P6

reached by a fixed decoder internal to the device.
The size of this decoder, as well as the storage
matrix, doubles for each additional address in-
put. In a 256X8 PROM, the internal decoder
selects 1 of 256 words by examining 8 address
inputs. For a 512X8 PROM, 1 of 512 words are
selected by a decoder twice as large by examin-
ing 9 address inputs.

ADDRESS OUTPUTS

Mn Ay A1 Ag 01 O 03 Oy

0 0 0 0 1 1 1 1

1 0 0 1 0 0 1 1

2 0 1 o0 0 o0 o o]

3 0 1 1 0 1 1 1

4 1 0 0 0 0 0 0 Inactive
5 1 0 1 1 0 1 0 minterms
6 1 1 0 1 1 0 0

7 1 1 1 0 0 0 0

FIG. 2: Typical truth-table stored in an 8X4 PROM.



The presence of a fixed decoder renders PROM
addressing exhaustive. This can never be avoid-
ed, and forces the utilization of PROMs in discrete
chunks. This constraint is at the root of the in-
efficiency of PROMs in the type of application
shown in Fig. 2. Notice that if we define logic “1”
as the active-True state of all output functions,
it is not possible to compress the truth table by
eliminating inactive minterms 2, 4, and 7. More-
over, with regard to minterms 0 and 1, it is nec-
essary to allocate two distinct storage locations
to activate output function 0; with a single change
in input variable A,. In this case, A, represents
a logical Don’t Care (X) which cannot be directly
programmed in a PROM. Instead, separate min-
terms A,A,A, and A,A A, must be programmed.

With FPLA, both constraints are removed.

As shown in Fig. 3, the FPLA does away with a
fixed decoder in favor of a programmable Address
Matrix, which offers, in place of forced exhaus-
tive addressing, the flexibility to choose by “lin-
ear-select” any finite subset from a large number
of input states. This is possible because each
column of the Address Matrix functions essen-
tially as a logic comparator programmed to re-
cognize the simultaneous presence of (n) inputs,
each either True, False, or both (Don’t Care).

As aresult, storage for unused minterms is no
longer required. The necessary logic output for
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H
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FIG. 3: Typical FPLA organization. The input buffer drives a program-
mable address matrix, in which anyone of 2"*' input combinations can
be programmed to select a stored word W, , .

the inactive minterms occurs by “default”. And,
Don’t Care states of input variables can be di-
rectly programmed in the FPLA. This allows to
program the FPLA with either Minterms or the
more general Product Terms (P-terms) of the
input variables (addresses) to minimize logic
“waste”’.

When any programmed logic combination is
present at the FPLA inputs, the corresponding
Address Matrix column (P-term) will be pulled
HIGH (logically active), forcing all (B) outputs to
their True logic state programmed in the Storage
Matrix. Conversely, for all unprogrammed logic
combinations present at the FPLA inputs, all
columns will remain LOW (logically inactive)
forcing all (B) outputs to their False logic state
by default (the complementary logic state of their
programmed Active Level polarity).

Because it is programmable, the FPLA Ad-
dress Matrix is not bound in size by the number
of inputs it examines. Signetics’ FPLA has 16 in-
puts to the matrix. If it were a PROM, this ad-
dress matrix would have to be large enough to
the matrix has to be only large enough to store
the address of 48 words: the FPLA’s P-terms.
The advantage comes about because here we
have a choice to select a minimum of any 48 input
words (or more, as determined by Don’t Care in-
put variables) from a total available pool 0of65,536.

Due to the unique capability of FPLAs to store
directly Don’t Care (X) input states, each internal
word (W) in the device Storage Matrix can be ad-
dressed by several logic input combinations (min-
terms, given by:

MyT = 2mr

Where m = total number of input variables

r = number of active inputs (true or com-
plement) contained in a programmed
P-term column.

XXXIp, m = 4 and r = 1, for which
M)T = 8.

Thus, if P,

SIGNETICS’ FPLAs

The following diagram (Fig. 4) shows the logical
structure of Signetics’ FPLAs. Both devices con-
sist of an upper AND matrix containing 48 prod-
uct term columns (P-terms), and a lower OR
matrix containing 8 sum term rows (S-terms),
one for each output function. Each P-term in the
AND matrix is initially coupled to each input
variable via 2 Schottky diodes for programming
the desired input state, and to each S-term in the
OR matrix thru an emitter follower with an emit-
ter fuse, for pulling the summing node to a HIGH
level when the P-term is activated. Each S-term
in turn is coupled to its respective output via an
EX-OR gate, which has programmable trans-
mission polarity by means of an input to ground
through a fusible link.
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In its initial unprogrammed state all Ni-Cr
links are intact, such that:

e Each P-term contains both true and complement
values of every input I,,. Hence all P-terms are in
the “NULL” state (always LOW).

e Each S-term contains all 48 P-terms.

e The polarity of each output is set to active-HIGH

(F, function). Since all P-terms are inactive, all out-

puts will be at a LOW level when the chip is enabled
CE = LOW), regardless of input conditions.
The transmission thru the FPLA can be traced
along the equivalent logic path shown in Fig. 5.
(Note that for each of the 8 outputs, either the

<~ 48 PRODUCT TERMS ————p

Vee

.

|- PRODUCT MATRIX
(POSITIVE "AND'"" GATES)

i

o P PR R

16
INPUTS
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S

~—PRODUCT TERMS

-
o

N

S

Y Y

Vee

|

8 OUTPUT FUNCTIONS
Fo

So

(S)

]

Sum
MATRIX

(POSITIVE—]
GATES)

F1

LAY

r

FIG. 4: Logic structure of FPLA, illustrating AND, OR, and EX-OR
arrays.

Pr=1gT1 1303, .. ... i

Fp=(CE)+(Sr) = (CE) + (Pg+ Py + Pp+ .. Pn) @ S = SHORT
F~(CE)*($r) (CE) + (Fge PrePpe ........PR) @S = OPEN

FIG. 5: Typical logic path of Signetics’ FPLA. A general set of equa-
tions describing the device iogic transmission is shown in the truth
table on page 4.
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function F, (active-High) of F} (active-LOW) is
available, but not both). This emphasizes the
dual aspects of FPLA, in that they can be viewed
as Conditionally Addressable Memories or as AND-
OR logic blocks, depending on the application.

PROGRAMMING

The FPLA is programmed by the user to con-
tain the desired Program Table (or Truth Table)
in three successive steps involving the AND ma-
trix, the OR matrix and the transmission polarity
of the output EX-OR gates. For this purpose,
automatic programming equipment is currently
available on the market

The peripheral fusing circuitry internal to the
FPLA, and the basic, terminal requirements
which must be provided to fuse the three sectors
of the FPLA are shown in Figs. 6 and 7, respec-
tively. For a more detailed fusing procedure,
refer to the device data sheet.

OR-MATRIX SELECT AND-MATRIX SELECT

DEMULTIPLEXER

T T

T

Ig~lg —
0~5=== \weur F
3 BUFFERS | Ty AND-MATRIX SELECT
et NI
M == L 1"
DISABLE —4) Fo~Fs
NETWORK ouTPUT
(16) OR-MATRIX =5 Fe
Vee &
VERIFY
AND-MATRIX

FIG. 6: Functional FPLA blocks activated during ARRAY Program/
Verify sequence.

PROGRAM—— 3 | ‘AND’ MATRIX ‘OR’ MATRIX OUTPUT ACT LEVEL
Vee +5.0V +8.75V Low
e HIGH ADDRESS P-TERM
INPUT(S) HIGH
(Program) [T - ... Low WITH Ig ~ 15
OTHER INPUTS +10.0V
ouTeUTs) |COME P ADDRESS P-TERM Low HIGH Low
PUT —';
Excludes Py, WITH Fg ~ Fg +10.0 v Low ﬁ’-""
Fuse Enable +17.0V +17.0V Low
_ +10V +10V
CE HIGH
HIGH ™s HIGH s

FiG. 7: Summary of FPLA terminai requirements for programming
respective areas in the device.



Each P-term P, is programmed to contain the
desired logic state of each input variable by fus-
ing the appropriate Ni-Cr link in the pair which
couples each P-term to each input variable. If P,
contains I, the I, link is fused, and viceversa. If
I, is a Don’t Care in P,, both the I,, and I, links
must be fused. If fewer than 16 variables are
used in any application, the unused variables
represent Don’t Care conditions for all used P-
terms, and their corresponding I, and I, links
must in general be fused (see Editing, below).

The response of each output function to the
presence of active P-terms is programmed in the
OR matrix. If any product term P, logically Ne-
gates an output function, the link coupling that
output function to the P-term(s) must be fused
and viceversa. No programming is required of
OR matrixlinks coupling used or unused P-terms
to S-terms servicing any unused output funec-
tions. Also, since in a blank device all P-terms are
in alogic “NULL” state, unused P-terms require
no programming at all.

EDITING SIGNETICS’ FPLA

In contrast with PROMs, FPLAs have inherent
program editing capabilities. After program-
ming, the user can incorporate a number of pro-
gram modifications in Signetics’ FPLAs. These
are tabulated in Fig. 8.

. Program desired logic function into any
P-Term To Fyp/Fp YES | unused P-Term. Blow S-Term link(s) cou-
ADD pling P-Term to undesired output functions.

Delete erroneous P-Term.

Im/im To P-Term NO Add new, corrected P-Term.

P-Term From Fo/Fp, | YES | Blow S-Term link coupling P-Term to Fo/Fp-

DELETE — - - ) . ; ]
Blow both links coupling the input variable

Im/lm From P-Term | YES to the P-Term.

Fp-—-pr YES Blow EX-OR link of output to be inverted.

e —— — e e e — —— .

/T —X YES | Delete T/, from P-Term.
CHANGE P— — — +— +— — —— — ——

| — NO Delete erroneous P-Term, and add a new
m >lm P-Term.

e — — — p—
F;—-»Fp NO Use spare active-HIGH output.

FIG. 8: Summary of “EDITING” features of Signetics’ FPLA.

DISPOSITION OF UNUSED INPUTS

When a particular application involves less than
16 input variables, if unused inputs are program-
med as Don’t Care in all used P-terms (M) of the
FPLA, it is no longer possible to modify the logic

structure of the (M) P-terms by reinstating any of
the unused inputs as additional controlling varia-
bles to the FPLA.

While it is possible to recover from this condi-
tion by deleting P-terms requiring change, and
adding any of the remaining (48—-M) P-terms pro-
grammed with the desired number of input vari-
ables, this method ultimately fails once all 48
P-terms are exhausted.

This method can be combined with an alternate
procedure to obtain a greater degree of flexibility
n adding previously unused inputs to a prepro-
grammed FPLA. It requires that about one half of
all originally unused inputs be programmed HIGH
and the remaining half LOW, in (M)P-terms only.
These inputs are then normally tied to HIGH and
LOW logic levels respectively.

If at anytime during function update or modifi-
cation it becomes necessary to add HIGH and/or
LOW control variables to (N) of the (M)P-terms,
any of the properly programmed idle inputs are
disconnected from their voltage clamps and con-
nected to their corresponding logic sources. These
newly activated inputs must in turn be reprogram-
med as Don’t Care in (M-N) of the used P-terms.

GENERATING THE FPLA PROGRAM TABLE

In atypical application as in Fig. 9, the symbolic
statements, or the truth-table, of a logic problem
are first reduced to a minimum set of P-terms,
and then Program Table entries are derived
from an “Activity Map”.

Fo =Py +/ + P, Po = L I, I,
Fi=/+P + P Po=1L1I11I
a. Activity Map of Elementary P,=L1 1,

FPLA. (/) = F, excludes P,.

FIG. 9: Elementary program to be stored in FPLA.

b. P-term List

The standard Program Table format adopted
by Signetics is shown in Fig. 10. The term “Pro-
gram Table” is used in favor of Truth Table, be-
cause the former allows Don’t Cares (X) as a
direct entry, and thus is more general, and con-
forms to FPLA structure. The Activity Map
shows those P-terms which are contained in an
output function, and those which are not, de-
signated by (P,) or (/) in their respective positions.
The presence of a (/) in the Activity Map, although
not strictly necessary, is convenient in gener-
ating the Output Table section of the Program
Table (especially while interacting with a pro-
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FPLA PROGRAM TABLE

PRODUCTTERM || ____ACTIVE
INPUT VARIABLE (I,) TV
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40
a
42
43
44
45
46
a7

FIG. 10: Standard Signetics’ Program Table. Used P-Terms can be
programmed anywhere. Unused P-Terms require no programming,
and can be left blank.

gramming system) because it makes it easier to
enter the program by taking vertical slices
through the Activity Map while the P-terms are
sequentially addressed.

Ideally the FPLA Program Table should con-
tain entries formulated with a code which not
only issues unambiguous fusing commands to a
programming system, but also readily displays
the actual logic state of the FPLA outputs. In
dealing with logical statements or truth-tables,
most logic designers are used to either (1/0) or
(H/L) symbols. An additional symbol (X) is gener-
ally used for Don’t Care input states. Their wide-
spread usage is a strong incentive to choose
among these symbols for a suitable set to code
the FPLA Program Table.

However, in many cases the Program Table
will be transmitted to remote programming
centers over commercial communication links,
which normally employ an ASCII alpha-numeric
code. Since the “distance” between the ASCII
codes for “0” and “1” is only one bit, the risk of
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undetected transmission errors is large. Thus,
the set (H, L, X) is more preferable, but it is
still not ideal. Indeed, to enhance the production
of low cost programming equipment, in which a
7-segment LED display is mandatory, one must
forego the (X) in favor of a more realizable sym-
bol such as a (—).

Therefore, to elicit unambiguous fusing com-
mands from a programming system, the state of
all input variables in each P-term is coded as
illustrated in Fig. 11.

All entries clearly indicate the logic states of
the input variables which activate a given P-
term. An additional symbol for the input vari-
ables is required to code the state in which both
I, and I, links are intact. This state, chosen as
(0) again for ease of display, occurs only in a vir-
gin device, or for variable(s) of unused or partially
programmed P-terms. It is the initial state of all
input variables, signifying their logic NULL
state. If any P-term contains at least one vari-
able in the NULL state, the P-term will never be
selected by any logic input combination. Entry
of a (0) in the Program Table is thus meaningless,
and not allowed. However, it does require to be
displayed by a programming system to indicate
blank check results, or program fail conditions.

While these symbols are appropriate to code
the various states of the FPLA input variables
for each P-term, as well as the output Active
Level polarities, they give rise to some ambigui-
ties when used to code the FPLA outputs, be-
cause of the user choice of output Active Level.
To code the outputs of the FPLA, several alter-
natives are available. In all cases, derivation
of each entry involves scanning the Activity Map
to determine whether or not an output function
contains a particular P-term. Regardless of

P 2 £(L) Input Program Table Fuse
n m State Entry Command
Im ® Fuse I,y link
Yes — .
Im ®© Fuse Iy, link
No Dont Care @ Fuse both

FIG. 11: Program Table coding of input variables. Entries contained
in O.

chosen output polarity, a P-term activates F, if
it is contained in F,. Accordingly, any F, will
be forced HIGH, and F, (defined as F}) will be
forced LOW. Conversely, if P, is not contained in



an output, all F, and F: functions will remain in
their default logic state (LOW or HIGH, respec-
tively). A particularly convenient method for cod-
ing the FPLA Output-Table is shown in Fig. 12.

-;_— __ f-(P—)- Activity Output T I?u-s-e_ - —1|

:- p n Map Table Commands |

L "Do not Fuse P, |

n

lr_ Yes Pn ® | ® | Jink in OR-Matrix |
B I I I B Fuse Py link

Lol L O O ) nondarx
Jactivetevel [ H [ L |~~~

Fp 1 Fp* | Function Polarity l

P N T, - |

FIG. 12: Table for formulating Output Table entries for the FPLA.
Entries, contained in O, are obtained by “multiplying” the contents
of the Activity Map with the Active Level.

This coding system utilizes an @) (for Active)
to indicate the presence of P, in either F, or
anda(e)(period)to indicate absence. It has the ad-
vantage that the FPLA Output Table can be con-
structed directly from the Activity Map. Also,
when retrieving the stored Output Table from a
programmed device, the presence/absence of a
P-term in an output function is readily detected,
yielding the easiest array verification procedure.
However, in order to relate the actual logic out-
put of the FPLA to the above entries (especially
when dealing with code conversion, or address
translations), reference to the following table is
necessary:

FPLA Output FPLA Logic
Table Output

® H L
® L H

@ @ Active Level

Function Polarity Fp Fp*

FIG. 13: Table for calculating the FPLA logic output. The FPLA output
is obtained by ‘“multiplying” Output Table entries with the Active Level.

VERIFYING THE STORED PROGRAM

Unlike PROMs, verification of an FPLA after
programming, or examination of the contents of
a master device for duplication or diagnostic pur-
poses, is no trivial task. Unique difficulties are
posed by the large number of inputs to be mani-

nd +
pulated, and by the multiple and concurrent

addressmg modes characteristic of FPLAs.

In general,the FPLA Program Table may bear
little resemblance to the original truth-table, yet,
from a black box viewpoint, the logic function of
the FPLA should match entry for entry the orig-
inal truth-table. This level of verification can
only be obtained through a logic verification
procedure, in which the logic transfer charac-
teristic of the FPLA is exhaustively examined by
exercising its inputs with a minterm generator.

But, while logic verification is the ultimate
test of FPLA valid function, it is a useless tool for
determining the FPLA stored program. This is
readily apparent in Fig. 14 which shows the out-
put of an elementary FPLA to be the same (LOW)
for three distinct internal programmed states,
when its single output is toggled between HIGH
and LOW logic levels.

Vee ? Vee
S
b3

2 3
3WAV AMBIGUITY
c 3
(H) -
'
! .
w | S—}

(1) - P - TERM CONTAINED IN F* Vcc (H1) - "NULL" STATE OF VIRGIN DEVICE
1 = X (DON'T CARE}
OUTPUT = ACTIVE LOW = F*

P
myo_w_
I i
) —L L d
a S F
_E«NV—J- w

(11} - P - TERM NOT CONTAINED IN F
1= X (DON'T CARE).
OUTPUT = ACTIVE HIGH = F

FIG. 14: Distinct FPLA programmed states resulting in identical logic
function.

Therefore, a non-ambiguous map of the status
of every link in the device is a most essential tool
required to monitor and manipulate the stored
program, especially while interacting with an
FPLA programming system. When duplicating
from a master device, the programming system
must derive precise and unambiguous instruc-
tions for programming the slave. Signetics’ de-
vices allow such map to be obtained via an Array
Verify test sequence comprising three tests for
examining the links in the output EX-OR, the
AND-matrix, and the OR-matrix.

ARRAY VERIFY

e o QU eorod i
The peripheral fusing circuitry in Signetics

FPLAs incorporates additional networks and
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dedicated paths for the Array Verify test se-
quence. These are shown at the bottom of the
composite FPLA diagram in Fig. 6. Specifically,
to sense the status of the AND-matrix links, the
OR-matrix includes an extra row of non-fusible
emitter followers Q, through Q,;, monitored via
Q5o collector ORed with output F,. This stage
does not interfere with F,; during normal opera-
tion because Q;, can only get base drive during
verify mode. The internal map of the FPLA is
obtained by performing the sequence of tests
summarized in Fig. 15, during which the Fuse
Enable input is maintained at ground. Verifica-
tion of the active level polarity of the outputs
is simply obtained by addressing a non-existent

VERIFY —=|  “AND"” MATRIX “OR" MATRIX OUTPUT ACTIVE LEVEL
Vee +5.0V +8.75V +8.75V
CE +10.0 V Low Low
ADDRESS P-TERM Act HI | Act LOW
OUTPUT(S) WITH Faas F
0+"5 0=> (P out | (Py)in 0 => HIGH
F7 OUTPUT olol 1] T= "o i | (o) out 1 = Low
o101
Null | Im | Im[Don't | = ol B -
Care _
INPUT(S) § im0
(Verify) I im=1§ ADDRESS P-TERM HIGH (All)
WITH lg 15
OTHER INPUTS +10.0V

FIG. 15: Summary of FPLA terminal requirements for mapping the
status of all internal links. The Output Active Level test must be per-
formed before the OR-Matrix test.

Im | F7 Input Variable State | Input
Contained In P-term Code
Ir-i I|-_| Tm L
tl h Im H
::l : Don’t Care -
rLa t (Im), (Im) 0

FIG. 16: Table for determining the status of each Input Variable link
in the AND-MATRIX.

P-term in the device, and thus rely on the pull-
down resistors in the “OR-matrix” to yield a
non-ambiguous result.

To verify the “AND-matrix” two tests are
required for each input for each of the P-terms.
The status of each I, link coupling a P-term to
the input buffer outputs is determined in ac-
cordance with the table in Fig. 16.
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Verification of the “OR-matrix” requires prior
knowledge of the output level polarities. The
status of the OR-matrix links coupling each P-
term tothe S-termis given by the tablein Fig. 17.

For a more detailed Array Verify procedure
refer to the device data sheet.

Output
Active-HIGH Active-LOW P-term Link
(Fp) (Fp*)
L H FUSED
H L PRESENT

FIG. 17: Table for interpreting the status of OR-MATRIX links, based on
Output Active Level test results.

LOGIC VERIFY

After an FPLA has been programmed, and its
contents checked by Array Verify against hard-
copy reference of the Program Table, there should
be in most cases little reason to suspect that the
device will not exhibit the correct logic function
in a system environment. However, in some
cases, device defects, programming equipment
problems, user coding inexperience, as well as
system logic races and other marginalities, may
all contribute in creating a situation in which
system failures are traced to an FPLA which
nevertheless appears to contain the correct Pro-
gram Table. In these cases, further device diag-
nostics are necessary toidentify the source of the
problem at hand, for which the actual operating
system may be a slow and ineffective tool.

Also, at the end of the design cycle, some users
may want to replace FPLAs with mask program-
mable PLAs for cost reduction. Since a PLA does
not contain peripheral fusing circuitry, it is not
possible to logically address each of is internal
links to verify that the PLA contains the same
Program Table as the Master FPLA. In this case
the only verification possible is a full logic verify
of the PLA vs. FPLA functions.

Ultimate verification of FPLA logic perfor-
mance entails an exhaustive check of its logic
function to compare the expected Truth-Table
with the stored Truth-Table, obtained by cycling
the FPLA inputs through all 2'® combinations
with a Minterm generator. This, however, in-
volves dealing with a hardcopy reference of a
table containing about 64 thousand input entries,
whichis atotallyimpractical taskin view of what
may be required to generate and store such table.

A more feasible alternative consists of con-



structing a “hardwired” Logic Verify system
which may be conveniently incorporated within
the FPLA Programming system. The Program-
mer would then function as an FPLA emulator
with the ability to produce and display the full
Truth-Table of the FPLA, viewed just as a logic
box. This is extremely useful in code conversion,
map translations, or when programming directly
from a truth-table.

In essence the Logic Verify system must be
able to compare the actual FPLA logic output
with that computed on-the-fly by composite over-
lay and manipulation of the Output Table stored
in the Programmer, as activated by all concur-
rent and multiple address selections for each
state of the input minterm generator.

The Logic Verify procedure presumes knowl-
edge of the Program Table stored in the device;
hence, it must necessarily follow an Array Verify
operation to first scan and store in the system
main memory the Program Table contained in
the device under test. A comparison of the actual
versus computed Output Tables, in conjunction
with a direct display of the FPLA logic output
for each minterm input, will reveal all discrepan-
cies. For this, a CRT display is mandatory.

To be useful, the Logic Verify procedure must
also be fast. It should be complete within 5 to 10
seconds per device, and thus dictates use of a
hardwired algorithm. The block diagram of a
logic subsystem which executes a suitable al-
gorithm, outlining basic hardware, controls,
and data paths is shown in Fig. 18.

The algorithm manipulates Program Table
data stored in Main Memory and Active Level
Register, in the format tabulated in Fig. 19. Be-
fore loading the Program Table, M/M and the
ALR are reset to “0O”, to clear all previously
stored fusing commands. A binary counter, con-
ditionally incremented, functions as minterm
(M,) generator, for addressing the FPLA with
all 2'% input combinations. The FPLA output for
each M, input is stored in Register B. All 48 P-
terms are fetched one at atime from the program
table in M/M, and examined to determine wheth-
er they logically contain each M,. The criteria
which logically include or exclude M, from a P-
term are tabulated in Fig. 20 for all general pro-
grammed states. If the test fails, a new P-term is
fetched, and the test repeated until all 48 P-terms
have been examined, and all 2'® minterms are
exhausted. On the other hand, if the test indicates

}CLEAR

*CLEAR
INCR.1 16 BIT COUNTER FPLA
(M-TERM) 1 UNDER TEST
GENERATOR
CLOCK Y

COMPARE

1 REGISTER "“B”’

RESET —>

ERR.
F/F

y

ENABLE —»1 COMPARATOR > HALT

|
[
|
1

NAND : WIRE AND

) ]
6 BIT COUNTER
H—T—RESET
CARRY (MODULO 48) ACTIVE
LEVEL EX-NOR
REGISTER
\
MAIN MEMORY - _;
(FPLA PROGRAM TABLE) . OR »| REGISTER “A" |
PT ‘ LOAD
! ]
- —
Fs ! TCLEAR

- FIG. 18: Block Diagram of Logic Verify.
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Address Data
P-term P-term Field F-Set Field
# s | 114 | -------- o |Fy[re]------- Fo
Stored -
Format |Sequential |0 (1 |10} -------- 1l1lol1)------- 0
Typical _
Entry 27 H Lo Ale]------- A

a. M/M binary format and typical entry.

F7|Fg|------ Fo
Stored
Format | 0| V| 0
Typical
Entry HpL - H

b. ALR binary format and typical entry.

FIG. 19: Binary assignment of FPLA Program Table stored in Main
Memory, and Active Level Register.

I 11 111
M, |[HI{H|L{LJH]JH]|H]|L|L|H|H]L]|L

Pterm |[H|-|{L|—-JLjH}|-|IL}-]H]-]JL]-]H

M, contained Mp, not contained in

in P-term P-term

FIG. 20: Criteria for the logical inclusion/exclusion of a minterm in
a P-term. (H«L) preclude logical inclusion.

that M, is contained in the P-term, the F-set field
associated with the addressed P-term is overlaid
in Register A, while the M/M address of the P-
termis stored in a stack containing the concurrent
P-term list, and a presence flag set to indicate
that the P-term address is a valid member of the
list.

Testing continues until all 48 P-terms have
been compared to the M, count. At this point,
Register A contains a composite FPLA Output
Table obtained when all concurrently selected
P-terms are activated by M, at the FPLA inputs.
This table is merged through an EX-NOR with
the contents of the ALR to produce a composite
binary F-set, which is in turn compared with the
contents of Register B. If they are equal, the M,
generator is incremented, and the test sequence
repeated with M, ;, until the last minterm. (Alter-
nately, if in manual mode, before incrementing
M, one could observe the Logic Output of the
FPLA with M, as input by calling the contents
of the display buffer). If the contents of Registers
A and B differ, an error flag is set, and the M,
count halted. The following housekeeping dis-
plays occur, and the system will wait until a con-

26

tinue command:

e The concurrent P-term list is scanned and dis-
played in the designated field on the CRT.

e The contents of the M, generator are displayed
in the hexadecimal M-term count field, while its
binary equivalent (presented to the FPLA inputs)
is displayed in the INPUT field.

¢ Results of the EX-NOR of Register B with the con-
tents of the ALR are displayed inthe OUTPUT field.
This yields the Output Table obtained from the de-
vice with M, as input.

e The contents of the ALR are displayed in the ACT
LEVL field.

e The contents of Register A are displayed in the
COMPUTED OUTPUT TABLE field. They indicate
the composite Output Table expected from the
FPLA with input M,.

e The contents of Register B are displayed in the
PLA OUTPUT field. They indicate the logic levels
present at the FPLA outputs.

A suitable display of this information is shown
in Fig. 21. All error conditions detected during
Logic Verify will produce conflicting indications
in the PLA OUTPUT TABLE versus the COM-
PUTED TABLE. From Fig. 21, the presence of
@) in the PLA OUTPUT TABLE versus a (*) in
the COMPUTED TABLE suggests an illegal
concurrency in the device. Conversely, the @ in
F,and Fgin contrast with an @ for the same bits
in the COMPUTED TABLE indicates inherent
concurrencies absent in the device. Knowing all
concurrent P-terms and the logic input to the
FPLA, we can resort either to Array Verify or
hardcopy reference of the Program Table and Ac-
tivity Map for further diagnostics and isolation.

M-TERM’ LOGIC VERIFY "ACT LEVL
[FA76] L A N ) ’ HHLHHHLH
rreerrrrt [INPUT VARIABLE]
<P> 111111 [OUTPUT]
<L> 5432109876543210 76543210
<A> ... HHHHHLHLLHHHLHHL AeoeAAA
[COMPUTED OUTPUT TABLE] AAcAeeAA
[ERRORL ... (R N
[PLA LOGI
ERROR: P-TERM CONFLICT
CONCURRENT P-TERM LIST: 0,17,2, 3, 4

A A A A A A AN
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FIG. 21: Logic verify of FPLA, yielding device truth-table for logic in-
put FA76 (HEX). Output bits in error indicated by arrow.

DEALING WITH DEVICE LIMITATIONS
In many applications a single FPLA cannot



accomodate the full Program Table because it
exceeds device limitations arising from the finite
number of inputs, outputs, and P-terms avail-
able. In many cases this can only be overcome by
resorting to design intuition and ingenuity in
place of complex data manipulations which tend
to obscure the problem on hand, and may render
troubleshooting difficult.

Borderline cases can usually be resolved by
judicious inspection of the Program Table to dis-
cover ways to further compression. Neverthe-
less, to increase design flexibility in these situa-
tions, Signetics’ FPLAs are the only ones which
feature a Chip Enable input which can be used
for input and P-term expansions, preconditional
input decoding, and output inhibit.

The output inhibit function of CE not only per-
mits utilization of the tristate device in bused
organizations, but also provides a means to force
all outputs to a unique logic state, regardless
of their programmed polarity, without sacrificing
FPLA inputs or entailing additional hardware.
This feature is essential in a number of applica-
tions involving system initialization from a
known state, exit to ‘“idle” following sequence
error, synchronous clocking, ete. For example, in
the typical sequencer of Fig. 22, if an input error
occurs parity fails, forcing all outputs to logic
“1” (“IDLE” state, by user definition).

PARITY
CLoCcK

DATA (12)

RESET
P.G. PAR CHECK & -
LATCH

ERROR

CE (4)

— ——

FPLA
(S

LATCH K

FIG. 22: Sequential Controller forced into “IDLE” state by input parity
error.

(4)

OUTPUT

(4) :

PRODUCT TERM EXPANSION

Expansion of P-terms involving up to 16 input
variables is easily accomplished with Open Col-
lector devices, as shown in Fig. 23. It is only nec-
essary to parallel respectively all inputs and

outputs of several devices, operated with CE at
ground (unless needed as additional control
function). The composite logic output of the net-
work is determined by P-terms activated in one
or several FPLAs simultaneously.

INPUT FPLA

Fp
l0-15 #1 ll
CE

I
I

(825101) |#:::£> OUTPUT
I
I

I Fo-7
1

FPLA
=
p—O

y

-

CE

[

FIG. 23: P-term expansion with Open Collector FPLAs, involving up to
16 input variables. All outputs must be programmed active-LOW (F})
to realize the wire-OR function. The total number of P-terms available
is 48N.

When using tristate devices (825100), P-term
expansion cannot be readily achieved in the
same way because of logic conflicts ensuing from
the active pull-up outputs of FPLAs sharing the
same output bus. To ensure enabling only one
device at a time, P-term expansion must involve
the CE input.

In most applications requiring more than 48
P-terms it should be a relatively simple task to
partition the Program Table in 2 or more Sub-
tables, each containing less than 48 P-terms

_Which in turn can be fitted in separate FPLAs.

This partitioning is achieved by segmenting the
original Table about the “1’s” and “0’s” of suit-
able input variables. Since all P-terms P, which
contain a segmenting variable as Don’t Care
give rise to 2 P-terms P, and P,,, it is best to seg-
ment a Program Table about variables with the
fewest Don’t Care states.

The logic sources of segmenting variables are
removed from the FPLA input field and made
to drive instead the CE input of the required
FPLASs, after proper decoding. As an example, if
one were restricted to use tristate FPLAs with
only 10 P-terms each to incorporate the Program
Table of Fig. 32b(page31), a segmentation of
this Table about input I, yields the Subtables
shown in Fig. 24.
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Each Subtable contains less than 10 P-terms,
and will fit in separate FPLAs which are operated
in parallel and controlled by I, via their CE input,
as shown in Fig. 25.

The feasibility of this procedure is strongly
dependent on the contents of the original Pro-
gram Table, and in some degenerate cases (too
few or no “0’s” at all in the input field of the Pro-
gram Table) it may not work. Also, note that in
general the final number of P-terms used may
increase due to expansion of input Don’t Cares.
However, this is preferable to no solution at all.

P-terms INPUTS QOUTPUTS

Ph |[Pn |13 12 11 lo| F7 F6 F5 Fa4 F3 F2 F1 Fp

Oa 0 X 0 X 1 0 O 0 0 0 0 o0 1
1a 1 X 0 1 0 0O 0 0 0 o0 1 0 o
3 2 X 0 1 1 0 0o o 0 1 0 0 O
6 3 1 0 X 1 0 0 0 1 0 0 0 0
7 4 1 0 1 X 0 o 1 0 0 0 0 o

10 5 1 0 X X 0 1 0 0 0 0 0 0

11a| 6 1 0 1 X 0 1 0 0 0 O 0 O

FIG. 24a. Subtable A to be stored in FPLA #1 with |, removed. P,,, can
be eliminated since it is “covered” by P,.

P-terms INPUTS OUTPUTS

Pn [Pn |13 12 11 lo| F7 Fe F5 F4 F3 F2 F1 Fo
ob [0 |XxX 1 X 1 0 0 0 0 0 0 0 1
w|1]|X 1 1 00 0 0 0 0 1 0 O
22| x 1 0 1 0o o o 0 1 0 0 O
4|3|x 1 0o ofjo0o o 0 1 0 0 0 O
540 1 x 1 0 0o 0o 1.0 0 0 O
8|51 1 x 1 0 0o 1 0 0 0 0 O
9(6|0 1 1 x[o0o o 1 0 0 0 0 O
Mb| 7|1 1 1 x|o 1 0 0o 0 0 0 O
12|81 1°X X| 1 o 0 0 0 0 0 0

FIG. 24b. Subtable B to be stored in FPLA #2, with I, also removed.

lg, 1,3 FPLA ] Fp
D #1
2 -OJ CE

:> Fo-7

FIG. 25: Squaring
Matrix function resi-
ent in 2 tristate FPLAs
programmed re-
spectively with Sub-
tables A and B. Note
that the inhibit func-
tion of CE renders
unnecessary to pro-
agram the outputs

active-LOW.

= =
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INPUT VARIABLE EXPANSION

This is the most difficult and cumbersome task
with FPLAs. When the Program Table involves
more than 16 inputs, the above partitioning tech-
nique by Subtables segmented about any suitable
variables will work as well with tristate or open
collector devices. This technique is shown applied
to 18 input variables in Fig. 26. In this case sev-
eral devices are necessary, even though not all
FPLA P-terms are used.

Note that the expansion capability provided by
CE input limits the total number of FPLAs re-
quired to 2", where (n) is the number of segment-
ing variables. Without CE, the total number of
FPLAs required would be 2™1,

With more than 20 or so inputs this approach
may become too costly, and thus it may make
more sense to review the Program Table in con-
junction with the problem at hand for ways to
multiplex the FPLA inputs. This also involves a
sort of segmentation of the Program Table for
grouping P-terms about input variables which
are mutually exclusive.

FPLA

INPUT

#1

10-15 —
CE

117— DE-
co.

116 —— - ‘
1:14
o l

#4

i

L— QCE

FIG. 26: Direct manipulation of 18 input variables using CE with either
828100 or 825101 FPLAs. Note that here it is not necessary to program
all output functions active-LOW (F;) b of the disabling function
of CE.

The principle is illustrated in Fig. 27a when
dealying with only 17 input variables and 5 P-
terms, for simplicity.

The original Program Table in Fig. 27a has
been segmented about the “0’s” and “1’s” of vari-
able I, and the P-terms regrouped as in Fig. 27b.
Note that it was necessarv tocreate new P-terms

c Lilal L was 1LleCeassaly Lllicate 11

4a and 4b to expand the Don’t Care for I, in P-



term 4. Also, it is readily apparent that when
I, = 0, the outputs are independent of I,_,, and
when I, = 1 the outputs are independent of
I.+:.. Theseinputs can be multiplexed in an FPLA
with I, as the steering condition, as shown in
Fig. 28.

The FPLA Program Table contains Upper P-
terms with I,_, variable removed, and Lower
P-terms with I,,, variable removed.

When this technique fails too, it may still be
possible to factor out of the logic equation of each
FPLA output common expressions involving the

Pn ] 16 Iht1 In In-t lo | Fx Fy
0 0 X 1 0 K 1 0
1 1 1 0 X .1 1 1
2 | X 0 0 X .0l o 1
3 0 X 1 X . X | 1 o
4 1 X X X .0 0 1
5 1 X 1 1 .0 1 0

FIG. 27a. Initial Program Table involving 17 input variables, which
cannot be directly examined by a single FPLA.

Pn l16 I+t In th=1---1lo Fyx Fy

y 1 1T ... 1 0—X ... 1 K

P 2| X ... 0 0—X ...0 |0 1

E o l4a | 1 X 0—X 0|0 1

. 0] 0 ... X*e1 0 1 1 0
) 3/l 0 ... X+-—1 X ...X |1 o0

¥ olap | 1 X<+1 X ...01] 0 1
_ R 5 1 X <1 1 o1 o

FIG. 27b. Variable I,., and I,_, can be multiplexed on a single FPLA
input because they are mutually exclusive “about” |, (selector).

In » 115
lh-1 » Fy
l1a
In+
nt1 I (74500) FPLA
|
: > Fy
lo » 10

||}—0 ol

FiG. 28: Muitipiexing of inputs i,., and i,., wiih seiector input i,
allows 17 inputs to be handled with one 16-input FPLA.

variables in excess. These can be externally com-
bined with simple gating, or another FPLA, into
first level P-terms generating dummy variables
to be applied to a second-level FPLA.

OUTPUT EXPANSION

If an application requires more than 8 outputs,
several FPLAs can be used with parallel inputs
and separate outputs. In other cases, it may be
more cost effective to encode the Output Table
stored in a single device, and then unscramble
the desired output states via a 32X8 PROM, or
1/N decoder as required. Both methods are
shown in Fig. 29.

0 >F0-2
. ;:’_I> FPLA (825123)
—-F&D 32x8
——>F310

PROM

INP

01% [

> Fo-3
1:16 :DFMQ

DECD.

INPUT
— > rrLa
lo-15

Fa_7

gl

FIG. 29a. Output expansion by decoding outputs previously encoded
in the FPLA Program Table.

FPLA
——“:> “ —_—_{> Fo-7

INPUT
l0-15 —dcE

FPLA

> #2 :> Fg-15

FIG. 29b. Output expansion by utilizing additional FPLAs.
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FPLA APPLICATIONS

The recent surge in design activity involving
microprocessors and microprogramming tech-
niques reflects the growing trend to replace
hardwired logic with microcode for gaining sys-
tem flexibility at lower cost. In this respect, de-
signers have come to rely on ever larger and
denser PROMs to fit the demands of their appli-
Ld,LlUIlb, a.uu L()Oa._y_ I’RULVlb as ldlge as 41\-[)1]35,
organized as 512X8 or 1KX4, are readily avail-
able. However, a PROM solution in general forces
the user.to allocate storage for all possible logic
combinations of the input variables, whether
needed or not. As a result, when dealing with the
type of problem requiring the manipulation of
more than about 10 logic input variables (or Ad-
dresses), several IC packages are usually nec-
essary. This quickly renders a PROM solution
marginal at best, in terms of speed, power, and
cost, and in most cases impractical. Fortunately,
many combinational and sequential logic designs
involve logic functions which are True for only
a small subset of the total logic states generated
by the controlling variables. Typical examples
are the 96 graphic characters, out of 2'2 coding
states, of a 12-bit Hollerith code; or the 50 (or so)
subroutine-start addresses, from a total of 26, in
a typical 16-bit microprogrammed machine. It is
here that we step in the basic domain of Field
Programmable Logic Arrays which, when viewed
as Associative memories, exhibit Selective, Con-
current, and Multiple addressing modes that
enable compressing a set of logic functions to the
minimum required states, at substantial savings
in hardware.

The areas of application in which FPLASs pro-
vide a more efficient design alternative span the
whole spectrum of logic design. Many applica-
tions based on mask-programmable devices have
been well documented [1,2,3,4,5]. The typical
design applications described in the following
pages emphasize the conceptual aspects of FPLA
usage, in order to focus the reader on the basic
roles of FPLAs in logic design, and ease the trans-
fer of these basic ideas to a variety of other prac-
tical applications.

Since FPLAs can be readily programmed in the
field by the user, they are more economical and
easier to use, and should find their way quickly
in a wider variety of design situations specifically
suited to FPLAs. An estimate of the savings and
design advantages obtainable by using FPLAs

can be gleaned by examining the recent experi-

ence of a Slg‘netlcs customer who used FPLAs in
30

the design of parts of an Automatic Landing Sys-
tem for aircrafts. By using a different design
approach, he was able to replace 49 IC packages
with one FPLA. The tradeoff in both design alter-
natives is shown in Fig. 30. In the discrete ap-
proach, $1 is about what it takes today to place
one IC on a PC board. The FPLA cost is based on

LR | «armn

the projected high volume price in 1976.

QUANTITY TYPE

12 7400(Quad 2-NAND)

9 7402(Quad 2-NOR)
7427(Triple 3-NOR)
7442(BCD/DEC Decoder)
74175(Quad D-FLOP)
7404(Hex Inverter)
7430(8-Input NAND)
7408(Quad 2-AND)

NN AEDNDOO®

COMPARISON

Random Logic FPLA
ICs 49 1
Power 3.3 W 0.6 W
Speed 65 NS 50 NS
Cost $49 $21
Pins 700 28
Space 50 in? 2in?

FIG. 30: The economics of logic replacement with FPLAs. One FPLA
replaces 49 ICs at less than half the cost.

LOGIC COMPRESSION

A concise illustration of the logic compression
capabilities inherent in FPLAs is provided by
the functional truth-table of a squaring matrix,
shown in Fig. 31a. The Boolean form of each out-
put function, including Don’t Care states (for
clarity), is shown in Fig. 22b. Although this table
can be directly programmed in a Signetics’ FPLA
as it is, for sake of illustration all functions have
been individually minimized by means of Kar-
naugh maps, and expressed as a sum of product
terms (P-terms). In contrast with a minterm, a
P-term of (n) variables may contain Don’t Care
input states, represented explicitly by (X) or
implicitly by default. It is easily shown that this
representation of the function set is a compressed
version of its canonical-P form expressed by the
original truth table. Since an FPLA allows in-
ternal programming of all three logic states of an

£, 11 A an
input variable, this formal logic compression can

be readily translated into hardware.



INPUTS OUTPUTS
I3 12 11 10 F7 F6 F5 F4 F3 F2 F1 FO
0 0 0 O 0o 0 o o O 0o o0 O
0 0 o0 1 0 0 o o0 O o o 1
0O o 1 O 0 o0 o0 0o O 1 o0 O
0 o0 1 1 o 0 o o 1 o0 o0 1
0 1 0 O o o o 1 0 o0 o0 O
o 1 0 1 o o o 1 1 o o0 1
o 1 1 0 o o0 1 0 0 1 0 O
o 1 1 1 0 0 1 1 0 o0 o0 1
1 0 0 O o 1 0 0 0 o0 o0 O
1 0 0 1 o 1 o0 1 0 O o0 1
1 0 1 0 0 1 1.0 0 1 0 O
1.0 1 1 0o 1 Tt 1 1t 0 o0 1
1T 1 0 O Tt 0 0 1t 0 0 0 O
1 1 0 1 1 0 1 0 1 0 0 1
1 1 1 0 1 1 0 0 0 1 0 O
1 1 1 1 1 1 1 0 0 0 0 1

FIG. 31a. Squaring Matrix for which the output is the square of all
16 input minterms.

Fg = XXXIg Fq = Xiglqig + I3IpXIg + I3l2XIg
F1 =0 Fg5 = I3lal1 X + I3lpXIg + I3lpl9X
Fy = XXlIqlg Fg = I3I2XX + I3XI1X

F3 = Xlalqlg + Xlalqlg F7 = I3I2XX

FIG. 31b. Minimized output function set of Squaring Matrix in Boolean
form.

To program an FPLA with the minimized
function set, we first generate an “ACTIVITY”
map of the function set involving the ordered
P-terms (Fig. 32a), and then generate from it
a Program Table as the direct source of program-
mable entries (Fig. 32b) in terms of symbols 1,
0, X for clarity.

By comparing the Program Table stored in the
FPLA with the original truth table it can be seen
that the squaring matrix has been compressed
from 16 minterms to 13 P-terms. Truth table com-
pression has been obtained by the “Concurrent”,
“Selective”, and “Multiple” addressing modes
characteristic of FPLAs. These can be observed
by listing the FPLA output function set while
executing an exhaustive logical scan at its in-
puts (Fig. 33). By viewing each row of the Pro-
gram Table as an FPLA word selected by the
corresponding P-term address, Concurrent ad-
dressing is shown by the simultaneous selection
of words P,, P;, Ps, P;, P,, and P;; which occurs
with a binary 1011 input to the FPLA (F'ig. 34a).
Similarly, Multiple addressing is readily appar-
ent by observing that word P, is selected by 8
different input combinations, in a manner re-
miniscent of virtual memory storage (Fig. 34b).

Fo=Po+ / + /[ + /[ + [+ [+ [+ + ]+ [+ ]+ ]+
Fo=/ +/ +/ + [+ +/+ [+ ]+ [+ [+ ]+ ]+
Fo=/ +Py+ [ + [ + [ + /[ + [+ [+ [+ [+ ]+ ]+
Fg =/ + | +Pp+P3+ [/ + [ + [+ [+ [+ [+ /[ + [+ ]
Fa=1/ +/ + /] + | +Pg+Pg+Pg+ / + /[ + [ + [ + [ + ]
Fg =/ +/ + [/ + [+ +/ + ] +Pp+Pg+Pg+ [/ + [ + /
Fg=1/ +/ +/ + [ + [ + [ + [+ /[ + [+ [ +Pg+Pyq+ /
Fp=/ + /1 + 1 v/ + /[ + ] + ]+ ]+ [+ [+ ]+ /] +Pya
FIG. 32a. “ACTIVITY” map of function set of Fig. 22b.
P, = Function activated by P-term
| = Function ignores P-term
INPUTS OUTPUTS
Pn [13712 11 10 | F7 F6 F5 F4 F3 F2 F1 FO
ol X X X 1 0o o 0o 0 o0 0 O0 1
11X X 1 0 0o o 0 O O 1 0 O
21X 1 0 1 0o o 0o 0 1 0 0 O
3| X o0 1 1 o o0 0o O 1 0 0 O
41X 1 0 0 o o o 1 0 0O O O
5]0 1 X 1 o o o 1 0 0 0 O
611 0 X 1 0o o o 1 0 O O O
711 0 1 X o 0o 1 0 0 O O0 O
g8 l1 1 X 1 o o 1 0 0 0O O0 O
9]0 1 1 X 0o o 1 0 0 O O O
011 0 X X 0o 1 0 0 0 O O O
1 1 X 1 X o 1 0 0 0 0O O0 O
1211 1 X X 1 0 0 O O O 0 O

FIG. 32b. FPLA Program Table for programming purposes.

INPUTS
My B 12 11 10 CONCURRENT P-terms
0 0 0 0 o None (Default state term)
1 0 0 o 1 PO
2 0 0 1 0 P1
3 0 0 1 1 PO, P3
4 0o 1 0 0 P4
5 0o 1 0 1 PO, P2, P5
6 0 1 1 0 P1, P9
7 0 1 1 1 PO, P5, P9
8 1 0 0 O P10
9 1 0 O 1 PO, P6, P10
10 1 0 1 0 P1, P7,P10, P11
1 1 0 1 1 PO, P3, P6, P7, P10, P11
12 1 1 0 0 P4, P12
13 11 0 1 PO, P2, P8, P12
14 1 1 1 0 P1, P11, P12
15 1 1 1 1 PO, P8, P11, P12

FIG. 33: Simultaneously selected P-terms obtained by exercising the
FPLA with a minterm generator.

INPUT OUTPUT INPUT OUTPUT
(11)10 (121)19
0001
0000 0001 + 0011
0000 1000 0101
0001 0000 0111
M= 0010 0000 1001 ———» 0000 0001
0100 0000 1011
0100 0000 1101
0111 1001 m
a. b.

FIG. 34: a) Concurrent address selection by M, = (11),,. Internal OR
performed by the FPLA. b) Multiple address selection of P,.
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Selective addressing occurs when Minterm “0”
is presented at the FPLA input, but does not
activate any of the programmed P-terms 0 thru
12.

At this point it is worth noting that the above
implementation is not unique, since the Program
Table is not unique. This results from the in-
dividual, rather than the simultaneous minimi-
zation of the output function set. For example:

F, = LLXI, + LLXI, + LLLX + LLLI,

F; = LLILX + LLLX + LILXI,

Fe LLXX + LLI,X
is an equivalent form for F, ;¢ This choice of ex-
pression, although it introduces an additional
P-term in F, eliminates P,, for realizing F';, since:

F; = LLXX =|LLI,X + LLXI, + LLII,
(contained in F, ;¢ —*

In this case no net reduction in number of P-
terms is obtained. However, the method is at the
root of the search for a minimum set of P-terms
which will implement the desired logic function.
Indeed, the reduction of a set of logic functions of
several variables to a minimum set of prime impli-
cants (P-terms) requires a simultaneous minimi-
zation process for which suitable algorithms have
already been developed. Considerable efforts are
currently underway at Signetics for translating
such an algorithm in an efficient software pro-
gram for execution at any of the major timeshare
service organizations.

Il

MEMORY OVERLAYS

The storage and software efficiency of a com-
puter can be improved by overlaying Read/Write
memory with (P)ROM memory in blocks of vari-
ous sizes, including overlay on an individual
word basis. A typical memory overlay applica-
tion is shown in Fig. 85 in which a flag is used to
conditionally transfer (P)ROM or R/W data in
the MDR. Since (P)ROMs are available in dis-
crete chunks confined in standard IC configura-
tions, a lot of storage can be wasted when the
application requires overlay of many blocks of
few words each, scattered throughout the ad-
dress range of R/W main memory. All unused
(P)ROM locations servicing a sparsely overlaid
sector are forever inhibited access, and are
therefore wasted. By using an FPLA instead of
(P)ROM, the FPLA address matrix is program-

PR 1 +h A4 £ +h PAM
med to recognize Only trie aaaress 01 tne nvAaivi

memory locations to be overlaid. The contents
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of the overlaid locations (the RAM modifier) are
programmed in the FPLA storage matrix. This
way, total PROM storage is compressed to the
actual words used. Also, because of the large
number of inputs to the FPLA, the overlaid loca-
tions can be scattered anywhere within a 64K
address range. The chip enable feature readily
extends this range to any practical size by al-
lowing several FPLAs in parallel to examine a
larger number of address inputs.

MAR

I

J ;ADDRESS 1 lADDRESS

FPLA |

INPUT DATA [
—————N] reapmriTE (P) 1 9
—/1 MEMORY OVERLAY | 3

F wj
—

MDR

FIG. 35: Typical memory overlay system. (P)ROM word is jammed in
MDR when address ‘“present” flag bit is true.

CORE MEMORY PATCH

The use of partially functional random access
memory devices is a well known technique em-
ployed by manufacturers of Add-On and other
large memory systems to reduce overall memory
cost per bit. This technique now can be extended
to core memory systems by means of an FPLA.
Modern core planes are available in many sizes,
up to 16K X 18 or 32K X 9. A 64K X 9 memory
would require two planes, each containing about
300K cores, in which it is not unusual to find as
many as 100 broken or improperly tested cores.
Currently, cores are replaced by a hand “restring-
ing” operation, at a cost of about $2/core. A better
alternative to core replacement would be a dy-
namic repair routine, in which memory addresses
containing bad bits are patched by an auxiliary
memory. However, since bad cores can be scat-
tered anywhere in the plane, this approach
would in general be not cost effective because a
large auxiliary memory is required to cover an
address field equal in size to the original memory.

But, by means of the address selectivity of an



FPLA, this constraint is removed. The FPLA
renders this technique economically feasible by
providing an address “locator” function by virtue
of its programmable address characteristics.
The core memory addresses containing bad bits
are mapped in the “AND’” matrix of an FPLA,
whose output “OR” matrix is programmed in
turn with sequential address pointers to a small
auxiliary RAM containing correct data. This
scheme is shown in Fig. 36. A 16 input FPLA is
used as an address map, and a 64 X 9 RAM as
auxiliary memory, chosen to simplify control and
to allow several bad core bits/word. The 48 P-
terms of the FPLA allow dynamic repair of 48
core memory addresses scattered anywhere in
core. Correct data stored in the 82S09 is address-
ed by 6 FPLA outputs programmed as a binary
table. Memory select control is provided by the
F; output from the FPLA to jam the contents of
auxiliary memory in the MDR when a faulty core
location is addressed, and to enable writing in
auxiliary memory only in the patched locations.

(16) i T |
ADDRESS i | . I— -
|

N ADDR. | TV e :
BUFFER
| 64K X 9 | I sa OUTPUT
| CORE MEMORY | '
| ! | !
:— - —: 1 | |
READ InMnNG&I______._:::_J‘>LSh syl
NTR
WRITE 1CONTR 1 para v surrens | --d
[ R
(9)
STROBE Im
DATA IN () RESET
FPLA X {
L PHANTOM Y
ADDR. WE ] (9) OR
Fos ————N =TT ! |
—] ! ]
(6 82500 o] \! i ! :
SN § 64x9 RAM DO[ ] ——vq-~~:> MDR
Alo1s | i I |
F _ ! [} )
6
= Lodaa 11
825100 !
%RP
+wvOo-4

FIG. 36: Core memory “Patch’” with FPLA requires only two ICs.

The core memory system normally contains
sockets and connections for both FPLA and aux-
iliary RAM. The sockets are filled only with par-
tially functional planes. The FPLA Input Table
is programmed immediately following final test
with the addresses of core failures.

This technique could also be applied, with suit-
able modifications, to memory systems imple-
mented with partially functional Bipolar or
MOS memory devices. It could also be extended
to patch modifications in ROM memory systems,
or utilize spare locations in PROM memory sys-
tems to avoid replacing several packages be-
cause of random or repeated changes.

SUBROUTINE ADDRESS MAP AND
BRANCH LOGIC

In the design of microprogrammed computers
considerable design flexibility is gained by com-
plete freedom in allocating microprogram sub-
routines throughout microcontrol store, and by
the utilization of variable formats in the Instrue-
tion Register op-code field.

To satisfy these requirements in an economical
manner, an efficient means of address translation
is mandatory. FPLAs are ideally suited for this
application as shown in a typical system in Fig.
37. The first FPLA translates the current op-code
from a 16-bit Instruction Register into 48 sub-
routine-start addresses in microcontrol store.
Variable op-code formats are easily handled by
judicious programming of Don’t Care states in
the FPLA Input Table. The second FPLA is used
to generate branch conditions based on the cur-
rent microinstruction, as well as jump and status
conditions in the machine. In particular, the
utilization of tri-state FPLAs (82S100) saves a
multiplexer in the address path of the ROM Ad-
dress Register, and their 50 ns access time mini-
mizes overhead time in the instruction execution
loop.

I MAIN MEMORY |___>IDI1I___E‘___!,5I

16 BIT INSTRUCTION

(FPLA) 1

ADDRESS MAP

MICROPROGRAM
ROM

STATUS LAz | - - = Z8u 22 -

(@) BRANCH LOGIC |

N-— |
JUMP CONDIT. Ace |

CONTROL FIELD

FIG 37: Subroutine Address Map and Branch Logic with tri-state FPLAs.

FAULT MONITOR NETWORKS

The dramatic savings in hardware which can
be obtained by using FPLAs to manipulate a
large number of logic variablesis again apparent
when building 1/N detectors, as a special case of
m/N decoder networks. These are useful in a
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variety of applications in computers, data com-
munications, and fault monitor systems. For ex-
ample, in a data multiplexing system it is not
uncommon to find 80 or more channels time-
division multiplexed onto a single transmission
line. If a fault occurs in the multiplexer-control
network, multiple or no connections on the line
give rise to invalid transmission. These type of
faults can be readily detected by using a 1/80
detector to monitor the normal selection status
of only one multiplexer channel at a time. A 1/N
detector could be implemented by using logic
gates. Excluding inversion and ORing of partial
results, the number of gates required is given
by the number of logic states to be detected. For
80 status monitor terminals (one for each data
channel):
# of Gatesnp = N!/(N-1)! = 80

This approach, when complicated by the fact
that each gate also requires 80 inputs, becomes
quickly impractical. A more practical alternative
involves partitioning the number of terminals in
equal subsets which are applied to PROMs whose
truthtables yield outputs x = 1/nandy > 1/n
[6]. Each PROM is used as a basic building block
in a cascaded array, to implement a general al-
gorithm for detecting 0,1 or more True states
(logic “1” = channel selected) of n variables. This
is shown in Fig. 38 for N = 80, using a 512 X 8
PROM organization. It requires 10 PROMs, plus
some gating circuitry for status indication.

(P)ROM
e
T
|
| No. 1} Y1 )
| | OR —» Fq=>1/80
Ty xq
—
TIU |
| No.2| 2
|
T18 *2 (P)ROM
| Laf1 y
: : No.10 ‘—:D_> F,=1/80
| = r
i S
T73 ; .
Y9 X Y
No.9
! "t [Am [ G
T, Xxg
80 _— o] o 0
1 1 0
: 0 1
FIG. 38: '1/80 Detector with (P)ROMs. (ALGORITHM)

However, with FPLAs a more efficient solu-
tion is possible as shown in Fig. 39. It requires
only 6 devices.

Since each FPLA can examine 16 terminals,
five are sufficient to service all 80 terminals.
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Each FPLA utilizes 17 P-Terms to detect the
presence of zero, 1/16, or >1/16 via outputs (x)
and (y) as defined in the Program Table of Fig. 40.
An additional FPLA is necessary to examine a
total of 10 partial x and y results from the first
level devices, and to give final indication of the
number of selected terminals. The Program Table
of the last FPLA is contained in Fig. 40b.

FPLA

T1—I———> Y1
O—————
| No. 1
1
T ———» xq
T17———-—> Y2
] o2 — — ——
| No. 2 FPLA
| --- »{1
T3y —> X2 ’ - [O——> F1=>1/80
| | No. 6 |————»F,=1/80
! e |—Fs0
I >
|
|
|
Tes __>l Y5 o
| No.5
|
Tgg ——» X 3
80 ® FIG. 39: 1/80 Detector with FPLAs.
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a. Program Table stored in FPLAs 1 through 5.
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b. Program Table stored in FPLA 6.

FIG. 40: Program Tables of FPLAs used in 1/80 Detector. Starred (*)
outputs are programmed active-LOW.

FAST MULTIBIT SHIFTER

Computer performance can be greatly in-
creased by incorporating hardware capabilities



to execute fast multibit shifts. This results in a
considerable reduction in execution time for al-
gorithms that involve a large number of arith-
metic, logic, or circular shifts, such as divide/
multiply, floating point operations, ete.

A multibit shifter implemented with two
FPLAs is shown in Fig. 41a. It provides Arith-
metic or Logic shift of an 8-bit byte either Left
or Right up to 7 places within one clock cycle. Two
FPLAs are necessary, for a total of 71 P-terms.

The Program Table to be stored in the devices
is derived from the set of output equations tabu-
lated in Fig. 41b. The table entries represent
output functions F, through F;, which are True
(1) at coordinate points (I, ® S;y) or (I,,® Sgy).
These are respectively the ordered input data bits,
and the number of right or left shifts. A further
subdivision of the table is given by I,, for Arith-
metic or Logic shifts.

For example, for a Logic Shift of the input data,
the P-terms which must be programmed in the
FPLASs for say output bit 5 are:

F, = I;Sgo + IgSgy + I:Sgs + I;S, + LSy +
I3SL2 + IZSLS + IISI.A + IOSL5

The P-terms in the equation are in turn con-
verted in Program Table format, typically as
follows:

LOG/AR |L/R SN Im F*

2 111|110 19 18|17 1 15 14 13 12 11 1o |5

I15SR0 - - - X 1 0 0 O[X X 1 X X X X X|0
158SL0 - - - X 0 0 0 0O|X X 1 X X X X X|0

The wire-AND of the two FPLAs requires F,
through F; to be programmed active-LOW (each
designated as F*). Therefore, the Shifter outputs
the complement of the shifted input word, which
must be in turn complemented if this inversion
cannot be buried in the system. Both P-terms
involving Sy and S, can be combined as I;Sy,,
denoting a Don’t Care for right or left shift. A1116
such terms appearing in F, through F; can be
combined into 8 P-terms. It can be readily shown
that all 64 P-terms implicit in the upper half of
the table are needed for both Arithmetic and
Logic shift, and require I,, = X (Don’t Care) as
conditional input. For the Arithmetic shift se-
lected by I,, = “1”,seven additional P-terms are
necessary to ensure propagation of the sign bit
to the right in a right shift, and retention of the
sign bit in F; during a left shift. These additional
P-terms are implicit in the equations obtained
from the bottom half of the table. For example,

for an Arithmetic shift output Fg is given by:
Fg = IeSio + IsSu + IS + 1S3 + L,Sy, +
I,Sis + IoSis + IgSgo +
+ I,(Sgy + Sgz + Sgs + Sgs + Sgs +
Ske + Sk
This application can be readily expanded to
detect overflow, or to execute circular shifts.
The capability for circular shifts is obtained by
using and additional FPLA, for a total of 124
P-terms.
Note that here we can obtain a shift of 7 bit
positions in 35 ns, typical.

FPLA No. 1

INPUT ®

DATA

lo.7

18.10 :'"0-7

(3)

SHIFT

L/R

MRV

LOG/AR

FPLA No. 2

a. SHIFTER shifts Left/Right, Arithmetic or Logic up to 7 places in
35 ns.

LEFT SHIFT RIGHT SHIFT
Im SLN:111=0 SRN:111=1
01234567|012345¢67
0 012345867|0
1 1234567 10
2 234567 210
3 34567 3210 LOGIC/ARITHMETIC
4 | 4567 43210 112 = X
5 56 7 54321
6 6 7 6543210
7 7 76543210
7 77777777|77654321
7 765432
7 7 65 43 ARITHMETIC
7 76654 112=X
7 765
7 76

b. Logic equation set of SHIFTER to be programmed in FPLAs.

FIG. 41: Fast multibit SHIFTER with FPLAs.

PRIORITY RESOLVER AND LATCH

FPLASs can perform the dual function of detect-
ing and latching tristate-bus data, on a priority
basis. By using only 24 P-terms in a single FPLA,
three priority functions can be selected via in-
puts S,.,. as shown in Fig. 42.

35



SYSTEM BUS
Il
11

| (DMB097) X 2
[ RP‘<

— U = v
1 cc
(8) "f; |
: ) |
N e
o l ® (i 1 —Fo
| lo7 |
-— |
1 ! l
r !
o |
<_ |
——1 > - So—>'s |
v7 |
Si—» g |
F
s, 7

: ;3
; [ﬂ% 1.t
| =
| L

FIG 42: Priority Resolver and Latch with FPLA. The FPLA latched state
must be reset prior to sampling new data.

The Reset pulse clears any previously latched
priority, and must be at least 30 ns wide to com-
pensate for FPLA delay. Sampling of the system
bus begins with the trailing edge of Reset, and
ends about 50 ns after the detection of an input
request (H—L transition). This delay is provided
by the feedback chain of spare gates in the
DMB8097 buffers, and is required to allow the
FPLA tolatchtheincoming request before relea-
sing the bus. It is also the circuit’s resolving time
of nearly simultaneous requests. The FPLA Pro-
gram Table is shown in Fig. 43. The function se-
lected by S, provides a 1 of 8 priority in time by
latching the first of eight signals occurring on
the bus, and is useful in many polling applica-
tions in which a 50 ns resolution is adequate. The
functions selected by S, and S, provide 1 of 8 com-
plementary priorities in space by latching the
highest ranked signal on the bus.

Both functions are particularly useful in asyn-
chronous multiport systems for transferring
control of the main system bus. The concept il-
lustrated is readily expanded with additional
output circuitry to monitor up to 16 inputs with
any assigned rank, or to implement a clocked
revolving priority of N signals.

The primary advantage provided by the FPLA
is that the reassignment of priority rank is facil-
itated by combining the external selection with
FPLA programmability, without resorting to
system wire changes.
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INPUTS OUTPUTS
$SS 111111 1|FFFFFFFF
21076543210|76543210
00111117111 0[11111110
111111011 1111101
1T1111011(11111011
11110111 (11110111
111011111 1101111 Z,i::rft?,
1101111101101 1111
1011111110111 111
0010111111 1]/01111111
010 XXXXXXXO0[11111110
XXX XXX01[11111101
XXX XX011[11111011
XXX X0111({11110111 1of8
XXX01111(11101111 Priority
XX0 1111 1110111 11]| (Ascendingrank)
X01 1111110111111
010011 11111{01111111
1001111111111 111110
1T111110X[(11111101
1T1T1T110XX[11111011
1111 0XXX[11110111 10f8
1T1T1T0XXXX[11101111 Priority
1T10XXXXXI1101111 1| (Descending rank)
TOXXXXXX|101 11111
100 0XXXXXXX|01111111

FIG. 43: FPLA Program Table for Priority Resolver. F,_, must be
programmed active-LOW. Unused inputs are programmed as Don’t
Care.

“VECTORED” PRIORITY INTERRUPT SYSTEM

Since FPLAs can store input Don’t Care states
directly, a simple ranked priority among N sig-
nals can be resolved with just N P-terms. With 16
inpus available, in most applications of this type
most FPLA P-terms would remain unused. In
such cases, a more efficient utilization is possible
by time-sharing the FPLA to perform separate
functions.

This technique can be applied to the design of
a “Vectored” priority interrupt system for the
Signeties 2650 Microprocessor.
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FIG. 44: “Vectored” Priority Interrupt system for the 2650 uP requires
3 ICs, and 2 spare gates. Starred (*) FPLA outputs are programmed
active-LOW.




The circuit in Fig. 44 is all that is required to ser-
vice six I/0 Devices via the conventional, single
level, address vectoring interrupt mechanism of
the 2650.

When one, or more devices request service the
CPU receives an INTREQ signal on its single
interrupt pin. Program control is transferred to
any of 128 possible memory locations as deter-
mined by an 8-bit vector supplied by the FPLA
on the CPU data bus, in accordance with a pre-
programmed priority. Since memory locations
are expressed in 2’s complement, the vector can
point anywhere within —63 to +64 bytes of page
zero, byte zero of memory. Also, both Direct or
Relative Indirect addressing modes can be spe-
cified by the vector (bit D, = 0/1), hence pro-
gram execution can be directed anywhere within
addressable memory.

During the execution of the asynchronous
CPU handshake the FPLA supplies at various
times three distinct functions:

1. Interrupt Request to the CPU, triggered by one or
more service requests from Devices 1 through 6.

2. Priority Resolution of simultaneous requests by
placing on the CPU data bus the vector of the highest
ranked interrupting Device.

3. Issue a Request Reset signal to 1 of 6 selected De-
vices to acknowledge servicing its interrupt.

The six I/O Devices have been assigned the
arbitrary vectors tabulated in Fig. 45.

The Program Table of Fig. 46 shows the FPLA
P-terms necessary to execute the above func-
tions, with inputs I;,;, used as function selectors
under CPU control. Note that it swas necessary

to program the FPLA outputs with the comple-
ment of the vector, to compensate for the inver-
sion with the 8T31.

The timing diagram of the CPU handshake and
FPLA response is shown in Fig. 47.

In order to be immediately serviced,anINTREQ
must be received by the CPU before the last cycle
of the current instruction. When this occurs, the
CPU finishes executing the current instruction,

and in its last cycle, rather than fetching the
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FIG. 47: Timing diagram of 1/O service request interrupting program
execution.

25 uP DBUS FUNCTION| PRIORITY/REQUEST | RESET
FPLA OUTPUT
COMPLEMENT | D7 Dg Ds Da D3 Dy Dy Do FUNCTION | SELECTOR| GENERATOR | GENERATOR
VECTOR 115 114 1113 112 111 110 19 18 |17 16 15 la 13 12 11 lo| F7 Fg F5 Fq F3 F2 F1 Fo
D/l /- 32 16 8 4 2 1
0o 1 X X X X X1 X XXX XXX X{0 111 1111
+25 Direct 00 0 11 0 0 1 1 ox X X X XX X X X
39 61 o0 11 0 o 1 wrerruet| ° 1 X X X x|0o 111 111 1
+25 Indirect 10 o 11 0 0 1 REQUEST 0 1 X X X 1 XX X X X X XXX X|0o 111 1111
-39~ 110 11 0 0 1 TO P 0 1 X X 1 X XX X X XXX XX X[0o 111 1111
+55 Direct oo 1 1o 111 001 X 1 X X XX X X XXX XXX|[0 111 1111
+38 00 1 00 1 1 0
o 1 1TX X X X X X X X X XX X X|0 111 1111
FIG. 45: Vectors pointing to memory locations containing 11T X X X X X1 X XXX XX XX[1 1100110
instructions for servicing interrupting Devices. 1 1 X X X X 10 X X X X X X X X|1 010 0110
PRIORITY | 1 1 X X X 1 0 0 X X X X X X X X[0 110 011 0
RESOLVER| 1 7 x X 1 0 00 X X X X X X X X|0 010 011 0
11 X 1 06 0 00 X X XX XXXX|1T 100 100 0
11 1.0 00 00 X X X X XXX X|1 101 100 1
1 0 X X X X XX 0001100 1(1 010000 O
1 0 X X XX XX 0101100 1(1 001000 O
RESET 10 X X XX XX 1001100 1{1 000 100 0
REQUEST| 1 o0 X X X X X X 1 10 1 1 00 1(1 000 010 0
FIG. 46: FPLA P 10 X X XX XX 0011011 1l1 000 0010
. 46: rogram Table. Only 18 P-terms are
9 X y R 10 X X X X XX 00100 110|111 000 00O 1
necessary to perform three time-shared functions.



next sequential instruction, it 1) sets the In-
terrupt Inhibit bit in the Program Status Word
to inhibit further interrupts, and 2) inserts the
first byte of the “Zero Branch-to-Subroutine,
Relative” instruction in the IR.

In the next cycle the CPU gets ready to access
the data bus to fetch the interrupt vector as the
second byte of the ZBSR instruction, hence it
generates the INTACK signal which is used to
jam on the FPLA outputs the complement of the
vector associated with the highest ranked Device
requesting service. The vector is latched, and
placed on the CPU data bus following the leading
edge of OPACK, after which the 8T31 A-Bus is
locked out. The CPU reads the DBUS on the trail-
ing edge of T,, and begins executing the interrupt
routine. When the routine is completed, a return
instruction clears the Interrupt Inhibit bit and
links execution back to the interrupted program.
Meanwhile, in order to communicate with the
Device being serviced by the interrupt routine,
it is necessary to flag the Device that its request
has been acknowledged. This is done by issuing
to the Device a Reset signal generated by the
FPLA. The latched vectoris fed back in the FPLA
and decoded to issue a unique Reset signal, which
is in turn latched in the 74S174 on the leading
edge of T, clock phase.

Several variants of this basic approach have
been investigated. In particular, in a case where
one needs to service 12 I/O Devices and can toler-
ate to point the vector within a narrower memory
address range, it is possible to substitute the
8T31 with 4 tristate buffers, and use the FPLA
in a wrap-around connection to latch the vector.
The generation of the INTREQ and Reset signals
must however be reallocated outside the FPLA.
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RELIABILITY OF
Ni-Cr LINK FUSING SYSTEM

One dominant fact with regards to reliability
has emerged from the work done at Signetics and
elsewhere. This is that reliability is a function of
not only the nichrome link but also of the circuit
design (Ref. 2)i.e., both the nichrome process and
the circuit conditions must be considered during
fusing and subsequent steady state operating
conditions.

The requirements for a reliable fusible link
system can be considered under the following
categories:

e Process Control
e Reliability of Unfused Links
e Reliability of Fused Links

PROCESS CONTROLS

Nichrome is used for the fusible link because of
the long experience with it as a thin film resistor
material. It can be incorporated into the product
without any compromises having to be made to
the other processing steps.

The nichrome film is evaporated under care-
fully controlled conditions with the Nickel:
Chrome ratio being monitored on a continual
basis by an independent Quality Control group.

Sheet resistance is used as a thickness moni-
tor, the two being monotonically related (Ref. 3).

The nominal film thickness of approximately
350 Angstroms ensures that the film is a con-
tinuous layer having aging characteristics supe-
rior to the “island” type structure seen with
thinner films and is confirmed by the measured
T.C.R. of 80 p.p.m. /°C (Ref. 3, 4, 5).

Ease of fuse control, both geometry and resis-
tance, is greatly improved by use of a “bar” as
opposed to “notch” geometry used previously
because the alignment of fuse to aluminum leads
is much less critical.

T

4% 1um

As acheck of fuse characteristics all wafers are
individually measured for fuse width and resis-
tance before being passed to device electrical
sort.

The fuses are covered with approximately 1um
of deposited passivation glass ensuring no re-
deposition of evaporated nichrome in the package
following fusing.

RELIABILITY OF UNBLOWN LINKS

The main concern with regards to unblown
links is the possibility of an unblown link open-
ing under normal circuit operating conditions.

All Signetics PROMs are designed such that
the link fusing current to operating current ratio
is a minimum of 20:1 which ensures low current
stress under operating conditions. With 350 A°
films, the normal operating current levels of 1—
2mA are well within safe limits.

To verify this, fuse links have been stressed,
at Signetics, at 5 times normal current (7.5mA
= 5X 105 Amps / ecm?) at 200°C chip temperature
with no failures recorded and a resistance
change of less than 2% for a total of 2 million
fuse hours (1080 fuses for 2016 hours).

In one study of the behavior of these fuses
(Ref. 6), an Arrhenius type relationship was es-
tablished between the time to blow (tens of milli-
seconds to thousands of hours) and the calculated
fuse temperature (proportional to square of
current).

An activation energy of 1.6eV was obtained
leading to an extrapolated 50% lifetime of 3.3 X
10% years at 110°C. '

These results have been duplicated at Signetics
with an E, = 1.65eV.

X
F 108
Time To Blow
Fuse (secs)
X
- X
— X
[~ X
" ' 1
10 1/Temp (F)




RELIABILITY OF BLOWN LINKS

Asfusing currentisincreased beyond the levels
considered above, a discontinuity in fusing times
is observed (see diagram).

- A ~

Time To
Fuse (tf)

(1/9)°

Jerit

This discontinuity is seen as a sudden decrease
in fusing time (from milliseconds to microseconds)
for a relatively small change in current. The cur-
rent density through the fuse at this point (Jerit)
is approximately 2 X 10” Amps / cm?

The fusing behaviour of the fuses above and
below Jerit is very different and so is the tendency
towards fuse regrowth.

1)J =2 X 10" A/ em?, ty >tens of milliseconds:

Here, the fusing is thought to be a local oxida-
tion phenomenon.

After fusing, the nichrome is seen to have small
separation gaps with a distinctive “whisker”
shape characteristic (Fig. 1).

Fuses blown under these conditions have been
observed, here and elsewhere, to exhibit re-
growth under applied bias.

(The electric field across these small gaps is
extremely high.)

Several investigators have experimentally
derived critical fusing times (t.;) above which
this phenomenon can occur. Published figures
of t.i range from ~2 msecs (Ref. 6) to ~20 msecs
(Ref. 8, 9).

The conditions that lead to regrowth are limited
availability or slow rise time of the programming
current (Ref. 6, 8). These limitations can be due

to external programming conditions or to poor

circuit design internally.
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F1G. 1: Fuse blown under limited current condition resulting in
characteristic ‘‘whisker”” formation.

Fuse regrowth behaviour under these condi-
tions can be summarized as follows:

Healing is accelerated by operational testing
at maximum V.. and temperature.

Heals show an early mortality type behaviour
with virtually all failures occuring in the first
several hours.

Resistance of fuses after regrowth is typically
around 1000 ohms.

Healing is very dependent on the voltage seen
across the blown fuse under normal operation.
The lower the electric field the less the chance
or regrowth.

2)J >>2X 107" A [ em?, ty << 1 millisecond:

The fusing behaviour in this region is
believed to be a very fast melting with surface
tension pulling back material from the center
of the fuse. (A quick calculation of energy con-
siderations confirm this.)

This condition is presumed to be the time re-
gion where heat loss to surroundings is insignifi-
cant (adiabatic), the blow time being less than
the thermal time constant of the system. The
time to fuse under these conditions should be
inversely proportional to the ratio of energy
supply (Ref. 8) i.e., ty a (1/current)?.

This was experimentally determined to be

e
Fuses programmed to these conditions exhibit



a distinctively clean separation of the link (Fig.
2). The potential for regrowth of these fuses
under the subsequest normal circuit bias (~2
volts) is essentially zero and none have indeed

been seen to occur in controlled experiments
(Ref. 6).

* tplu S)

N
v

( 1/current )2

Signetics has redesigned its complete family
of TTL PROMs with special emphasis on increas-
ing current density during fusing.

This family of circuits now uses Schottky diode
fusing matrix, taking full advantage of our dual
level metal process to almost eliminate diode
series resistance and to give identical device be-
haviour throughout the matrix i.e., no worst
case bits at the end of words lines.

FIG. 2: Bar fuse (82S126) blown to standard programming con-
ditions (note cleanly blown gap).

The diode approach also allows higher reverse
voltages to be safely used as compared to the
conventional multi-emitter structure with its
inherent emitter—emitter breakdown limita-
tion (~6 volts.) The higher breakdown ensures
much lower risk of reverse biased unselected
fuses seeing large leakage currents during
programming.

The resultant voltage across the fuse is ap-
proximately 7 volts.

For a minimum width fuse (3um) giving a max-
imum resistance of 150 ohms (max. allowed).

Bit Drivers

Se

Sel. Unsel.

1.5V

Word
Driver

current density is:
7
150 X 3 X 107*X 350 X 1078

J ~ 44X 10" Amps / cm?

For a maximum width fuse (bum)giving a
resistance of say 60 ohms (typical value), the
current density becomes:

. 7
60 X 5X 107X 350 X 10°®
J ~ 4X 10" Amps / em?

All Signetics PROM circuits are now designed
to supply a minimum current density of 4 X 107
Amps / em? to the fuses during the program-
ming. Driving transistors are designed to
easily carry these currents.

Because of these design techniques, Signe-
tics PROM fuses program extremely fast and
cleanly.
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Using a fast storage scope (Tektronix 7623)
to monitor current supplied to selected output
pin during programming, it has been deter-
mined that typical fusing times range from
0.3 to 2 microseconds (Fig. 3).

Signetics recommends a maximum fusing
current pulse width of 2 milliseconds to screen
out slow fusing links.

Life tests of these redesigned parts has been
started and millions of fuse hours have been
successfully accumulated at the time of writ-
ing (see Attachment).

Chip Enabled

50mA

NMAAANALA
\/\,v \—\.\_\ 20mA

\ 20mA

0 500nS

FIG. 3: Fusing current monitored at output pin of 825S129. Blow
times typically measured at 0.3 to 1.5 microsecs.

PROGRAMMING YIELD

FACTORY TESTING

In order to guarantee a high programming
yield the following tests are carried out at the
factory.

a) Each wafer is individually measured for both
fuse width and resistance before being passed
on to wafer electrical sort.

b) At wafer sort, an extra row and column of the
fuse matrix is programmed to standard spec-
ification (2 msec pulse width) to ensure both
programmability and address uniqueness, etc.
Die are also rejected for multiple (unselected)
blows in the extra row and column as well as
in the matrix proper.

PROGRAMMER REQUIREMENTS

The necessary conditions for good, reliable fusing
puts quite a demand on the programming cur-
rent source.

4+l o~ PR

In particular, the source 1
sient response, since some devices wil
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the normal course of fusing, require more than
150ma to charge up internal capacitances to
their proper levels. Although this never lasts
more than a few hundred nanoseconds, fusing
performance can be seriously degraded if the
fusing supply does not return to the specified
voltage quickly.

Because of the intimate relationship between
the programming equipment and the device to be
programmed, the PROM and the programmer
manufacturer must work very closely together
to ensure a reliable programming system. For
example, an adjustment of one machine to meet
the above transient requirements resulted in
increase of programming yield from a low of 52%
up to 96%.

PROGRAMMING EQUIPMENT LIST

DATA I'0 CURTIS ADAR SPECTRUM PRO LOG
PROG. MODULE | MANUAL | DUPLICATOR| MANUAL'" [PROG. MODULE'?' | PROGRAM MODULE

82823 909/1051-7A PR 1369A | PR-2300S 434 555 434 551 PMI010
825123

82527 909 1055-8 PR-27 PR-27008

825126 9091055 10 PR1369A | PR-2600SA 434 572 434.571 PMO008
825129
825130
825131

825114 909/1145-1 PR145 PR-1145 434.580'%" 434.574 PM9021 3!
825115 | 909/11452
10139 909/1051-2 PR-10139 434 532'4 134 58114
10149 909/1144-1 434 584'Y 434 5834

PROM

(1) FOR MODEL 300 ONLY

(2) FOR MODEL 550 ONLY

(3) PRELIMINARY, AWAITING SIGNETICS QUALIFICATION
(4) IN DEVELOPMENT

Signetics has subsequently adopted a policy
of testing and giving approval of all commerically
available programmers at each of the various
manufacturers.

825126/129
256 X4 TTL PROM

[ S




82S126/129
256 X4 TTL PROM
TYPICAL FUSING PROCEDURE

“PROGRAMMING VERIFICATION AT BOTH HIGH AND LOW Vec MARGINS IS OPTIONAL
10 BE EXECUTESAT

FOR CONVENIENCE, VERIFICATION

ON CAN ALSO THE OPERATIN G Vee
LIMITS SPECIFIED IN THE DC CHARACTERISTICS.

PROGRAMMING PROCEDURE
1. Disable Chip 5. Pulse CE low (logic “0”")
2. Select Address for 1—2ms.
3. Raise V¢ to 8.75 = 6. Remove 17V from output
+.25, 300mA min. 7. Select new address.
4. Apply 17 =1V to ap-
propriate output with
200mA limits.

Commercially available programmers for Signetics PROMS are
shown above, including the programming procedure for the 825126/
129 with timing diagrams and a representational model of its fusing
circuitry.

DEVICE PERFORMANCE

TTL Family PROM ROM

32 X 8 Bits 82523/123

256 X 4 Bits 828126/129 825226/229
512 X 4 Bits 82S130/131 825230/231
256 X 8 Bits 825114 825214
512 X 8 Bits 828115 828215

All of these devices are made on Signetics’
standard thin epitaxy Schottky process. ROMs
and PROMs are pin for pin interchangeable and
all use the same Schottky diode matrix, address-
ing schemes and output circuitry. They are the
highest performance devices available today.

The use of Signetics’ highly reliable dual layer
metal process (Fig. 4) as an integral design tool
has led to several extremely significant device
performance improvements:

a) No emitter diffusion bridges—obtain perfect
diode matching throughout circuit leading to
excellent thermal stability. It is not necessary
therefore to adopt a screening process to select
out military temperature range product. The
absence of diffusion bridges also reduces the de-
pendency on V... The devices are extremely fast
as can be seen by the diagram below:

b) Ensures that all diodes in matrix are identical
with respect to series resistance. Along with im-
proved fusing this allows expansion of the matrix
to any size desired and also gives extremely little
speed variations with respect- to various truth
table patterns.

(ns) X
=40 5.0V 2 X
X\ \X %X
X 55 X\X>§
X

—
30
825126/129
- 20
10 Temp. (°C)
55 0 25 75 125
1 1 ] ] 1

¢) Allows very high current (40—80mA) Schottky
diode array by essentially limiting series resis-
tance and enabling an almost perfect “ground”
system to be established across the chip (prevents
parasitic transistors being turned on).

d) Allows low current densities (and low IR drops)
for the main power bus system.

PNP inputs are used giving the usual advan-
tage of a dramatic reduction in input buffering
requirements compared to TTL.

Outputs are normally low thus enabling direct
Vo measurements.

ECL FAMILY
32 X 8 10139
256 X 4 10149

These devices are compatible with the ECL
10,000 Series circuits and are extremely fast. The
use of duallayer metal has a further advantage in
ECL in severely reducing the RC time constants
associated with the use of diffusion bridges.

A multiple transistor matrix is used, the use of
driving current sources preventing excessive
currents flowing down reverse biased unselected
bases.

All major signals are run on second level metal
to reduce capacitances and provide a better 50
ohm environment.

Ry, is reduced significantly by direct metal
connection to the base of each transistor in the
matrix.
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FIG. 4: PROM matris showing first and second layer aluminum

interconnects.

The use of lower resistance fuses allowed by
the 350 A° nichrome layer film also serves to

further reduce RC time constants.

Access Time Versus V.. and Temperature for Typical 10139

15 =
e AR
10~
10139 J
Access
Time
(ns)
Y
Temp. (°C)
30 25 85
1 | M|

10149 Preliminary Data
MEASURED PROPAGATION DELAY (ns)

Vi -30°C 25° 85°
—4.68V 9.3 10.3 12.1
-5.2V 9.3 10.0 12.0
=572V 9.1 10.0 12.0

The high levels of performance achieved can be
seen from the diagram and table above.
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GENERIC RELIABILITY DATA FOR
SIGNETICS PROMS

An extensive Signetics Reliability Engineer-
ing data-gathering effort between 1962 and 1975
resulted in the publication of the June 1975 “Sig-
netics Product Reliability Report—R363.” The
comprehensive reliability report describes the
derivation of the Signetics “Failure Rate Accel-
eration Factor vs Temperature Curve” (a 0.41
eV activation energy curve) in 1970 based on life
test data since 1962. The report also describes
the technical approach to categorizing life test
data which Signetics started using from 1970
onward to monitor the reliability of the many
new die process technologies which began to
emerge in 1969. In essence, Signetics recognizes
that products within a product line can be made
with several die process technologies and several
assembly-package configurations. Therefore,
Signetics concentrates on die process family
studies (design rules apply to die process fam-
ilies) and assembly-package material studies.
Assembly-package material studies are not
covered herein as the results apply equally to
the various die process families which share the
assembly-package materials.

Life tests are primarily used for die process

PPL) P

family studies. Calculation of failure rates are
based upon die process families. Such “family”
failure rates can be extended to cover specific
devices using that “family” process. As a refer-
ence, data generated since 1970 via accelerated
life tests shows that failure rates for bipolar die
process families range from 0.021% to 0.00049%
per 1000 hours. Similarly the MOS die process
family failure rates range from 0.031% to 0.0035%
per 1000 hours. Both failure rate ranges are calcu-
lated at 25°C ambient and at 60% confidence.
Periodically, failure rates continue to be calcu-
lated for all current die process families based
upon accelerated life test data generated during
reliability engineering programs (primarily
SURE II data). Because of widespread interest
among PROM users about reliability—especially
nichrome fuse reliability—Signetics has placed
special emphasis on PROM testing. This report
presents the latest (Febuary, 1976) failure rate
data on PROMs, based upon 100 million 25°C

device hours and 136 billion nichrome fuse 25°C
hours.

TTL PROM RELIABILITY TESTING HISTORY

Signetics performed reliability studies of fused
and unfused nichrome links in 1971, subjecting
unfused links to 5 times normal current and

fused links to 12 volts. In late 1971, Field Pro-
grammable Read Only Memories (PROMs) em-
ploying the non-Schottky TTL multi-emitter
fuse matrix design were offered for sale.. Reli-
ability tests were performed during 1971 to 1973
on “single notch” nichrome link product. A few
program rejects were detected during the first
measurement timepoint (168 hours) of operating
life stress with no additional program rejects ob-
served from 168 hours on out to 2000 hours. Dur-
ing that period, program yield (and probably
product reliability) was found to be highly in-
fluenced by the programming procedure used.

During 1974, reliability tests were started on
“second generation” TTL Schottky PROM Prod-
ucts. The “second generation” products use stan-
dard Schottky product processing with the addi-
tion of nichrome fuses. These products have a
diode fusing matrix, use bar fuses, and are de-
signed to supply increased current densities
during fusing to enhance fuse reliability and
increase programming yields. The reliability
data to date is summarized in the table “PROM
Life Test Summary: Std. Aluminum Schottky,
DLM, Plus Nichrome Fuses.” Recent distribu-
tions showa 2% AVG. programming yield (based
on a 50% blow pattern) for these new Schottky
PROM Products. All Signetics PROM products
introduced since February 1974 (including the
Field Programmable Logic Array) are the “sec-
ond generation” TTL Schottky type.

TTL SCHOTTKY PROM FAILURE RATES/MTBF

The failure rates and MTBF (mean time be-
tween failures) for PROM devices, for fused links,
and for unfused links are calculated from the
data in the life test summary.

PROCESS PARAMETER| FAILURE RATE”| MTBF =1/F.R.
Std Device .000893 1.12X108 hours
Aluminum Fused Link .00000137 7.30X10'° hours
Schottky DLM || Unfused Link .00000132 7.58X10'° hours

Plus Nichrome
Fuses

(1) The failure rate (F.R.) calculations are at 60% confidence and values are shown in
% per 1000 hours. Calculations are based on the 25°C equivalent device hours (com-
bined HTOL and HTSL).

The failure rate for any given Signetics PROM
can be approximated by multiplying the fuse fail-
ure rate by the number of fuses in the device and
adding the result to the basic device reliability.
For example, the FPLA has 1920 nichrome links.
Assuming that 50% (960) are blown, we get

960 x .00000137 + 960 x .00000132 + .000893

= .00347%/1000 Hours
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PROM LIFETEST SUMMARY: Standard Aluminum Schottky, DLM, Plus Nichrome Fuses

PACKAGE
DEVICE THERMAL RISE IN JUNCTION ACCEL
TEST AMBIENT QUANTITY | POWER (MW) | RESISTANCE CHIP TEMPERATURE ATIC
NUMBER PRODUCT STRESS | TEMPERATURE TESTED TYPICAL (°C/W) TEMPERATURE (T) FACTO
82523B Dynamic
SQ74044 32X8 bit HTOL? 85°C 36 358 165 59°C 144°C 87
8251261 Dynamic
DT74134A | 256X4 bit HTOL?® 125°C 55 525 83 44°C 169°C 180
8251261
DT74134B | 256X4 bit Storage 150°C 64 NA NA N/A 150°C 100
8251291 Dynamic
DT74134C | 256X4 bit HTOL? 125°C 41 525 83 44°C 169°C 180
82X1291
DT74134D | 256X4 bit Storage 150°C 43 NA NA NA 150°C 1
8251291 Dynamic
SQ74069 256X4 bit HTOL?® 125°C 45 525 83 44°C 169°C 180
825115l Dynamic
SQ75045A | 512X8 bit HTOL? 85°C 46 675 50 34°C 119°C 45
825115l
SQ75045B | 512X8 bit Storage 150°C 45 NA NA NA 150°C 100
82S126F Dynamic
SQ75065A | 256X4 bit HTOL® 125°C 46 525 90 47°C 172°C 185
82S5126F
SQ75065B | 256X4 bit Storage 150°C 46 NA NA NA 150°C 100
82S130F Dynamic
SQ75046A | 512X4 bit HTOL? 125°C 46 600 90 54°C 179°C 225
82S130F
SQ75046B | 512X4 bit Storage 150°C 46 NA NA NA 150°C 100
825126/129F Dynamic
DT75037B | 256X4 bit HTOL? 125°C 47 525 90 47°C 172°C 185
(2000 Hr)
825126/129F Storage
DT75037A | 256X4 bit (2000 Hr) 150°C 47 NA NA NA 150°C 100

(1) Subtracted from the quantity tested and the number of failures were all rejects for which subsequent failure analysis showed the cause of failure to be “electrical
overstress/mishandling”’
(2) Catastrophic failures are opens, shorts, or non-functional parts
(3) High temperature operating life included dynamic exercising of all addresses.
(4) Acceleration factor applied to T; from the acceleration curve #1, shown below.
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FUSE HOURS 25°C EQUIVALENT NUMBER NUMBER
ON STRESS FUSE HOURS OF FUSE
25°C OF DEVICE
ZEROS E FAILURES
10URS |  C ELSED) ONES EQUIVALENT (uﬁFgggm ONES FAILURES
ONE

FRESS | "(106 Hre) (FUSED) | DEVICE HOURS (106 Hrs) (FUSED) M), (2 ‘ZERO
000 9.216 0 3.13 801.79 0 0 0 0
000 28.16 28.16 9.90 5068.80 5068.80 0 0 0
,000 32.77 3277 6.40 3277.00 3277.00 0 0 0
,000 20.99 20.99 7.38 3778.20 3778.20 0 0 0
.00 22.02 22.02 4.30 2202.00 2202.00 0 0 0
,000 23.04 23.04 8.10 4147.20 4147.20 0 0 0
,000 94.21 94.21 2.07 4239.45 4239.45 0 0 0
,000 92.16 92.16 4.50 9216.00 9216.00 0 0 0
,000 23.55 23.55 8.51 4356.75 4356.75 0 0 0
1,000 23.55 23.55 4.60 2355.00 2355.00 0 0 0
,000 47.10 47.10 10.35 10597.50 10597.50 0 0 0
5,000 47.10 47.10 4.60 4710.00 4710.00 0 0 0
1000 48.13 48.13 17.39 8904.05 8904.05 0 0 0
1,000 48.13 48.13 9.40 4813.00 4813.00 0 0 0
TOTAL 1.006 X 108 6.847 X 6.767 X 0 0 0

hours 10" 10"
hours hours
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NOTES:

FAILURE RATE ACCELERATION FACTOR vs.
TEMPERATURE CURVE
(from Signetics Product Reliability Report R363)

(1) Calculated from the Signetics Failure Rate vs Temperature Graph of Figure 3.2.

@

(3

(4

(5

(6

Signetics uses acceleration factors of 15 (for 85°C), 50 (for 125°C), 100 (for 150°C),
200 (for 175°C), 350 (for 200°C), 970 (for 250°C) and 2100 (for 300°C) to relate to
25°C equivalent ambient temperature. The 25°C to 125°C segment of the graph is
based primarily on operating life data. The segment of the graph above 125°C is
based on high temperature storage data. The graph equates to an “activation
energy’ Ea = 0.41 eV.
Calculated from MIL-HDBK-217B, 20 September, 1974, Table 2.1.5-4 for [IT, vs T,
values. The graph equates to an "‘activation energy'’ E, = 0.41 eV and is applicable
to all bipolar digital (excépt ECL) in the normal mode of operation.
Calculated from MIL-HDBK-2178, 20 September, 1974, Table 2.1.5-4 for [IT, vs T,
values. The graph equates to an “activation energy”” E, = 0.70 eV and is applicable
to all MOS, all Linear, and bipolar ECL devices in the normal mode of operation.
Calculated from MIL-STD-883A, 15 November 1974, Figures 1005-4 and 1015-1 by
extrapolating the time temperature regression graph from 78°C back to 25°C. The
MIL-STD-883A graph is the Bell Telephone Laboratories Graph (Specification A-B-
689143, 16 January 1974 etc.) and as such applies to storage and operating T,
values and primarily surface inversion failure mechanisms. The graph equates to
an “‘activation energy” E, = 1.02 eV.
This curved graph is the result of plotting the “‘rule of thumb’ that failure rates
(hence acceleration factors) double for every + A 10°C.
) All competitor data (available to Signetics) produced graphs falling within these
two boundaries. The two boundaries equate to 'activation energies” of E, = 0.23 eV
(for lower graph) and E, = 1.92 eV.
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