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FOREWORD

Signetics Integrated Fuse Logic elements combine into
single-chip dense arrays of gates, buffers, and flip-flops inter-
connected via fusible Ni-Cr links. IFL, in effect, lifts circuit
~connections from the printed circuit board and integrates
them on chip where they can be selectively blown by the user
with standard PROM programming equipment.

The flexible architecture of Signetics IFL elements allows a
“firmware” approach to the synthesis of complex logic
functions which result in distinct design advantages. Speci-
fically, most random logic designs using discrete TTL
elements can be condensed into fewer IC packages, dra-
matically reducing overall system cost. Also, since IFL
devices can be customized or edited in the field without re-
tooling, your products can benefit from shorter development
cycles, custom design flexibility, and quick recovery from
design errors.

With the ability to manipulate a fiexible logic system quick to
debug and adapt to changes in architecture, you gain a com-
petitive edge, not only by compacting in a system more func-
tions, speed, and cost advantages, but by getting your
products to the market ahead of your competitors.
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INTEGRATED FUSE LOGIC

SERIES 28
DESCRIPTION FEATURES PIN CONFIGURATION
The 82S100 (tri-state outputs) and the e Field programmable (Ni-Cr link)
825101 (open collector outputs) are Bipolar e Input variables: 16 F,G,L,N,R PACKAGES
Programmable Logic Arrays, containing 48 e Output functions: 8 rer [1] 78] Vee
product terms (AND terms), and 8 sum e Product terms: 48 v 2] al
terms (OR terms). Each ORtermcontrolsan e Address access time: = "
output function which can be programmed $825100/101—80ns Max w 3] [26] %
either true active-high (Fp), or true active- N82S100/101—50ns Max 1, [z 5] 1o
low (Fp). The true state of each output e Power dissipation: 600mW typ NG 7]
function is activated by any logical combi- e Input loading:
nation of 16-input variables, or their com- $82S100/101: —150:A Max s [€] 23] 1
plements, up to 48 terms. Both devices are N82S100/101: —100uA Max . 7] [22] 15
field programmable, which means that e Chip enable input W [E] E e
custom patterns are immediately available e Qutput option:
by following the fusing procedure outlined 825100: Tri-state w (2] [20] b
in this data sheet. 82S101: Open collector F [io] [19] cE
e Output disable function: f. (] a] o
The 825100 and 825101 are fully TTL com- Tri-state —Hi-Z . [3] ) ¢
patible, and include chip-enable control for Open collector—Hi : !
expansion of input variables, and output R [13] [76] 7.
inhibit. They feature either open collector or 2 5] F
tri-state outputs for ease of expansion of APPLICATIONS F=Cerdi|(:ND & E
product terms and application in bus- ® CRT display systems G = Leadless | = Ceramic N = Plastic
organized systems. ¢ Random Iogic 1Open or grounded during normal operation
Both devices are available in commercial ° Coc'le conversion
and military temperature ranges. ((F)?{; the : iﬁ:g:;:;a;::::zgf;s TRUTH TABLE
commercial temperature range to ) - — 5 =
+75°C) speciy NB2S100/101, F or N, and , oo 21 femsion tables MODE | Pn | CE |Sr - f(Pn)| Fp | Fp
for the military temperature range (-55°C Address mapping Disabled
to +125° C) specify S828100/101, For G, !, o Character generators (82S101) 111
R. * Sequential controllers Disabled X1 X ‘ ]
LOGIC FUNCTION e Data security encoders (825100) Hi-Z|Hi-Z
o Fauit detectors

Typical Prod_uct Ter_r_r_l: * Frequency synthesizers 1 0 Yes 1 0

Po=lge lyelzelgelsy Read -1 0 0 01

Typical Qutput Functions: @ CE = 0: X 1o No 0] 1

Fo= (Pg+ P, + Py) @L = Closed

Fo = (Poe Pre P;) @L=0Open LOGIC DIAGRAM

NOTE

For each of the_8 outputs. either the function Fp N

(active-high) or Fp (active fow) is available, but not Nd Typlcal Connection

. r mm
\?izt?in::j required function polarity is programmed I \

s

e Q00

bk

Fz

Fo

1

Po P1 Pa7 —

Notes
1. Fusiblie Ni-Cr links are initially intact at all array cross-points.

2. @ = fixed connection.
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FIELD PROGRAMMARBLE LOGIC ARRAY (16X48X8) 825100 (1.5.)825101 (O.C)

INTEGRATED FUSE LOGIC

SERIES 28
FPLA LOGIC DIAGRAM
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FIELD PROGRAMMARLE LOGIC ARRAY (16X48X8) 825100 (T.5.)/825101 (O.C.)
INTEGRATED FUSE LOGIC
SERIES 28
ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS
RATING COM-
PARAMETER i Max UNIT TEMPERATURE | MILI- | MER-
TARY | CIAL
Vce Supply voltage +7 Vdc .
VIN Input voltage +5.5 Vdc M?x'mgm o o
VouTt Output voltage +55 Vdc MJupchon 175°C | 150°C
IiN Input currents -30 +30 mA aximum o °
lout Output currents +100 mA ambient 125°C 75°C
Temperature range °C Allqwable Fhermal
Ta Operating rise ambient
N82S100/101 0 +75 to junction 50°C 75°C
S$82S100/101 -55 +125
TstG Storage -65 +150
DC ELECTRICAL CHARACTERISTICS N82S100/101: 0° < Ta < +75°C, 4.75V < V¢c < 5.25V
$825100/101: -55°C < Ta < +125°C, 4.5V < Vce < 5.5V
N82S100/101 $825100/101
PARAMETER TEST CONDITIONS Min | Typ2| Max | Min | Typ2| Max |UNIT
Input voltage3 v
VIH High Vce =Max 2 2
ViL Low Vce = Min 0.85 0.8
Vic Clamp3.4 Vo = Min. in= -18mA 08 |-12 08| -12
Output voltage Vce =Min Vv
Vow High (825100)3.5 lon = =2mA 2.4 2.4 v
VoL Low36 loL = 9.6mA 0.35] 0.45 0.35 0.50
Input current MA
hH High Vin =55V <t | 25 <1 50
L Low Vin =045V -10 | -100 -10 | -150
Output current "CE = High, Vcc = Max
loLk Leakage? VouTt = 5.5V 1 40 1 60 uA
lo(oFF) Hi-Z state (825100)7 Vout = 5.5V 1 40 1 60 | uA
Vourt = 0.45V -1 -40 -1 -60
los Short circuit (82510048 E = Low, Vout =0V -20 -70 | -15 -85 | mA
Icc Vce supply current9 Vce = Max 120 | 170 120 | 180 | mA
Capacitance? "CE = High, Vcc = 5.0V oF
Cin Input VinN =2.0V 8 8
Cour Output VouTt = 2.0V 17 17
AC ELECTRICAL CHARACTERISTICS R:1 =4700, Rz = 1k}, CL = 30pF
N82S100/101: 0°C < Ta < +75°C, 4.75V < Vgc < 5.25V
S$825100/101: -55°C < Ta < +125°C, 4.5V < Ve < 5.5V
PARAM N825100/101 $825100/101 UNIT
ETER TO FROM Min Typ2 | Max Min Typ2 | Max
Progagation delay ns
Tia Input Output Input 35 50 35 80
Tce Chip enable Output Chip enable 15 30 15 50
Disable time ns
Tco Chip disable Output Chip enable 15 30 15 50
NOTES on following page.
Signetics 5
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FIELD PROGRAMMABLE LOGIC ARRAY (16X48X8)

825100 (T1.5.)825101 (O.C.)

NOTES

1. Stresses above those listed under “Absolute Maximum Ratings” may cause permanentdamage to the
device. This is a stress rating only, and functional operation of the device at these or any other
conditions above those indicated in the operation of the device specifications is not implied.

All voltage values are at Vcc = 5V, Ta = 25°C.

Test one at a time.

omprom

sink current is applied thru a resistor to Vcc.
Measured with Vi4 applied to CE.
Duration of short circuit should not exceed 1 second.

o N

Measured with Vi applied to CE and a logic high stored.
Measured with a programmed logic condition for which the output test is at a low fogic level. Output

All voltage values are with respect to network ground terminal.

8. lcc Is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open.

TEST LOAD CIRCUIT

T +5V
Oo—»] 1o vce
|
: Fo 4> R1
. our !
| 1
| Fi L— R CL
O—> I1s I
= = (INCLUDES
O—=ICE g = SCOPE AND JIG
_J_ CAPACITANCE)
TIMING DIAGRAM
READ CYCLE
-3.0v
u\szrsv
ov
—— -3.0v
CE 1.6V 1.6V
ov
Tce l-d—Tcn—>|
— Vou
Fo-F; 1.6V 1.sv)(
- - VoL
l——Tp

TIMING DEFINITIONS

Tce Delay between beginning of Chip
Enable low (with Input valid) and
when Data Output becomes valid.
Delay between when Chip Enable
becomes high and Data Output is
in off state (Hi-Z or high).

Delay between beginning of valid
Input (with Chip Enable low) and
when Data Qutput becomes valid.

Tco

Tia

VIRGIN DEVICE

The 82S100/101 are shipped in an unpro-

grammed state, characterized by:

1. All internal Ni-Cr links are intact.

2. Each product term (P-term) contains both
true and complement values of every
input variable Im (P-terms always logical-
ly “false”.

3. The "OR" Matrix contains all 48-P-terms.

4. The polarity of each outputis set to active
high (Fp function).

5. All outputs are at a low logic level.

RECOMMENDED
PROGRAMMING PROCEDURE
To program each of 8 Boolean logic func-
tions of 16 true or complement variables,
including up to 48 P-terms, follow the Pro-
gram/Verify procedures for the “AND” ma-
trix, “OR” matrix, and output polarity out-
lined below. To maximize recovery from
programming errors, leave all links in un-
used device areas intact.

SET-UP
Terminate all device outputs with a 10K
resistor to +5V. Set GND (pin 14) to OV.

Signetics

INTEGRATED FUSE LOGIC
SERIES 28

VOLTAGE WAVEFORM

INPUT PULSES

Measurements: All circuit delays are measured at the
+1.5V level of inputs and outputs.

Output Polarity

PROGRAM ACTIVE LOW

(Fp FUNCTION)

Program output polarity before program-
ing “AND” matrix and “"OR” matrix. Pro-
gram 1 outputatthe time. (L) links of unused
outputs are not required to be fused.

1. Set FE (pin 1) to VeEeL.

2. Set Vcc (pin 28) to VecL.

3. Set CE (pin 19), and lo through 15 to V.

4. Apply VoprH to the appropriate output,
and remove after a period tp.

5. Repeat step 4 to program other outputs.

VERIFY OUTPUT POLARITY

1. Set FE (pin 1) to VreL; set Vcc (pin 28) to
Vces. _

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

3. Address a non-existent P-term by apply-
ing Vin to all inputs lg through I1s.

4. Verity output polarity by sensing the
logic state of outputs Fo through F7. All
outputs at a high logic level are pro-
grammed active low (Fp function), while
all outputs at a low logic level are pro-
grammed active high (Fp function).

5. Return Ve to Vecp or Veol.
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“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 FE (pin 1) to VFeL, and V¢ (pin 28)
to Vcer.

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

3. Disable all input variables by applying
Vix to inputs lp through |1s.

4. Address the P-term to be programmed
(No. 0 through 47) by forcing the corre-
sponding binary code on outputs Fp
through Fs with Fg as LSB. Use stand-
ard TTL logic levels VoHF and VoLF.

5a. If the P-term contains neither lg nor Io
(input is a Don't Care), fuse both lp and
lo links by executing both steps 5b and
5c, before continuing with step 7.

5b. If the P-term contains lg, set to fuse the
lo link by lowering the input voltage at
lo from Vix to ViH. Execute step 6.

5c¢. If the P-term contains lo, set to fuse the
lo link by lowering the input voltage at
lo from Vix to ViL. Execute step 6.

6a. Aftertpdelay, raise FE (pin 1) from VFeL
to VEEH.

6b. After tp delay, pulse the CE input from
Vin to Vix for a period tp.

6c. After tp delay, return FE input to VrgL.

7. Disable programmed input by return-
ing lg to Vx.

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

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

10. Remove V|x from all input variables.

VERIFY INPUT VARIABLE

1. Set FE (pin 1) to VFeL; set Vcc (pin 28) to
Vecer. _

2. Enable F7 output by setting CE to Vix.

3. Disable all input variables by applying Vix
to inputs lo through I1s.

4. Address the P-term to be verified (No. 0
through 47) by forcing the corresponding
binary code on outputs Fo through Fs.

5. Interrogate input variable lp as follows:
A. Lower the input voltage at lo from Vix
to ViH, and sense the logic state of
output F7.
B. Lower the input voltage at lp from Vin
to ViL, and sense the logic state output
F7.

The state of lgp contained in the P-term is
determined in accordance with the follow-
ing truth table:

INPUT VARIABLE STATE

lo | F7 CONTAINED IN P-TERM

To

lo

Don't Care

- OO0 |= 0O
e N =

—_

g (o), (To)

- O

Note that 2 tests are required to uniquely
determine the state of the input variable
contained in the P-term.

6. Disable verified input by returning lo to
Vix.

7. Repeat steps 5 and 6 for all other input
variables.

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

9. Remove V\x from all input variables.

“OR” MATRIX

PROGRAM PRODUCT TERM

Program one output at the time for one P-
term at the time. Ail Pn links in the “OR”
matrix corresponding to unused outputs
and unused P-terms are not required to be
fused.

1. Set FE (pin 1) to VFeL. _

2. Disable the chip by setting CE (pin 19)
to Vin.

3.  After tp delay, set Vcc (pin 28) to Vs,
and inputs lg through l15 to Vin, Vi, or
Vix.

4. Address the P-term to be programmed
(No. 0 through 47) by applying the
corresponding binary code to input

Signetics
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variables lg through Is, with lg as LSB.

5a. If the P-term is contained in output
function Fo (Fo= 1 or Fo=0), got to step
6, (fusing cycle not required).

5b. [f the P-term is not contained in output
function Fg (Fo=0 or Fo=1), setto fuse
the Pn link by forcing output Fo to
Vorr.

6a. After tp delay, raise FE (pin 1) from
VFEL to VFEH. -

6b. After tp delay, pulse the CE input from
ViH to Vix for a period tp.

6c. After tp delay, return FE input to VFgL.

6d. After tp delay, remove Vopr from out-
put Fo.

7. Repeat steps 5 and 6 for all other out-
put functions.

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

9. Remove Vccs from Vec.

VERIFY PRODUCT TERM

1. Set FE (pin 1) to VFEL. .

2. Disable the chip by setting CE (pin 19) to
ViRH.

3. After tp delay, set Vce (pin 28) to Vccs,
and inputs lothrough t15to Vin, ViL, or Vix.

4. Address the P-term to be verified (No. 0
through 47) by applying the correspond-
ing binary code to input variables lo
through Is.

5. After tp delay, enable the chip by setting
CE (pin 19) to ViL.

6. To determine the status of the P link in
the “OR” matrix for each output function
Fp or Fp, sense the state of outputs Fo
through F7. The status of the link is given
by the following truth table:

OUTPUT
Active High| Active Low| P-TERM LINK
(Fp) (Fp)
1 Fused
1 0 Present

7. Repeat steps 4 through 6 for all other P-
terms.
8. Remove Vccs from Vee.
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OUTPUT POLARITY PROGRAM-VERIFY SEQUENCE (TYPICAL)

QUTPUT
VOLTAGE

v Vees
€ veer

p+1

V. [
OPH 90% e
| Ta
10%
VOPL e | P
e 'Dr—

(VERIFY)

D

o

v

—hol

(L}

Tes

——-!D}-o—

(PROGRAM)

(PAUSE)

'
—to}—

“AND” MATRIX PROGRAM-VERIFY SEQUENCE (TYPICAL)

ViH

—=
Vix

tp

o=

vViL

—{tp tpl

Vec=Veep
V O H F ettt —————————————————————————————— — — — — - -
Fo-s PN I PN+
V DL F e a————————————————————————— — - — -———
VIX  rpr—— e e — —— -
X 4 tm=H 1 1 Im=L H T
ViH S e L ] m '.I 1
lo-1s Vi 1) ., - | S
of— [
Vol - —— ot — — -
Fr vor- U
(VERIFY OQUTPUT oL~
) TPR Tps
v 'o[* PROGRAM) (PAUSE}
= 90% FF(VERIFVI
FUSE 10wl TR |"q
ENABLE VFEL cmammned her———— — - ———

“OR” MATRIX PROGRAM-VERIFY SEQUENCE (TYPICAL)

VCC.J - — -
Vcc Veer
Viu -_——— -
lo-s PN Pnet
I — - ——— phi .
.le‘_ (P NOT IN Fp/Fp)
VOPF—pr e = = - - = = —— e oy ————
(Fp)
F v — H L —_—
0-7 OH el 1
VoL—KEP) i
T o T
PR PS
—|tp
Veen—-| 4{PROGRAM) (PAUSE) -
FUSE - 90%
ENABLE T
v 10%.] R
FEL mnny .
 ol— — (VERIFY)
v
IX=+ to J—] -
o Vin tp | ettty —
—=itp lto Vi
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SERIES 28
PROGRAMMING SYSTEM SPECIFICATIONS' (Ta=+25°C)
LIMITS X
PA
RAMETER TEST CONDITIONS Min Typ Max UNIT
Vces Vcc supply (program/verify Iccs = 550mA, min, 8.25 8.5 8.75 \
“OR", verify output polarity)2 Transient or steady state
Vceu Vcce supply (program output polarity) 0 0.4 0.8 \Y
Iccs lcc limit (program “OR”) Vces = +8.5 + 25V 550 1,000 mA
Output voltage Vv
VopPH Program output polarity3 foPH = 300 = 25mA 16.0 17.0 18.0
VopL Idle 0 04 0.8
loPH Output current limit (Program output VopH = +17 £ 1V 275 300 325 mA
polarity)
Input voltage v
ViH High 2.4 5.5
ViL Low 0 0.4 0.8
Input current MA
li4 High ViH = +5.5V 50
e Low ViL =0V -500
Forced output voltage Vv
VOHF High 2.4 55
VoLr Low 0 0.4 0.8
Output current
lone High VOHF = +5.5V 100 WA
loLF Low VoLr = 0V -1 mA
Vix CE program enable level 9.5 10 10.5 v
lix1 Input variables current Vix = +10V 10 mA
lix2 CE input current Vix = +10V 10 mA
VFEH FE supply (program)3 IFen = 300 = 25mA, 16.0 17.0 18.0 \
Transient or steady state
VEEL FE supply (idle) IFEL = -TmA, max 1.25 1.5 1.75 Vv
IFEH FE supply current limit VFeH = +17 £ 1V 275 300 325 mA
Vcep Vce supply (program/verify “AND”) lccp = 550mA, min, 4.75 5.0 5.25 v
Transient or steady state
Iccp lcc limit (program “AND™) Vcep = +5.0 = .25V 550 1,000 mA
Vopr Forced output (program) 9.5 10 10.5 Vv
loPF Output current (program) 10 mA
TR Output pulse rise time 10% to 90% 10 50 us
tp CE programming pulse width 0.3 0.4 0.5 ms5
to Pulse sequence delay 10 us
TR Programming time 06 ms
TpPR . 50 o
———— Programming duty cycle 0
Ter + Tps 9 9 y oy
FL Fusing attempts per link 2 cycle
Vs Verify threshold4 1.4 15 1.6 \
NOTES
1. These are specifications which a Programming System must satisy in order to be qualified by
Signetics.
2. Bypass Vcc to GND with a 0.01uf capacitor to reduce voitage spikes.
3. 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.
4. 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.
5. These are new limits resulting from device improvements, and which supersede, but do not obsolete
the performance requirements of previously manufactured programming equipment.
9
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LOGIC PROGRAMMING

The FPLA can be programmed by means of
Logic programming equipment.

With Logic programming, the AND/OR/EX-
OR gate input connections necessary to
implement the desired logic function are
coded directly from logic equations using
the Program Table on the following page.

EX-OR ARRAY-(F)

INTEGRATED FUSE LOGIC

SERIES 28

In this Table the logic state or action of ACTIVE LEVEL CoDE ACTIVE LEVEL Cope
variables |, P, and F, associated with each HIGH H Low L
Sum Term Sy, is assigned a symbol which
results in the proper fusing pattern of cor-
responding link pairs, defined as follows:
“AND” ARRAY - (I)
- T o C
| o—d i | 10— i I 10— i } | O— — i
I I I
I I I
I I [
P | P | P | P
| | |
STATE cobe| | STATE cobe] | STATE CODE I STATE CODE
INACTIVE 1,2 [0 | ! H | i L | DON’T CARE -
I I |
“OR” ARRAY - (F)
I
I
P | P
S(or F) l S(or F)
|
I
I
I
I
Pn STATUS CODE I Pn STATUS CODE
ACTIVE A | INACTIVE °
|

NOTES

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all

unused (inactive) AND gates Pn.

2. Any gate P, will be unconditionally inhibited if any one of its (I} link pairs is left intact.

10
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1"

825100 (1.5.)825101 (O.C))

LOGIC ARRAY (16X48X8)

D PROGRAMMABLE
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BIPOLAR MEMORY DIVISION
FPLA PROGRAM TABLE (Logic)

FIEL
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INTEGRATED FUSE LOGIC
SERIES 28

TWX TAPE CODING 9283, tell the operator to turn the paper quentially assembled on a continuous tape
The FPLA Program Table can be sent to  Puncheron, and acknowledge. Attheendof  as follows, however limit tape length to aroll
Signetics in ASCII code format via airmail ~ transmission instruct the operator to send  of 1.75 inch inside diameter, and 4.25 inch

using any type of 8-level tape (paper, mylar, tape to Signetics Order Entry. outside diameter:
fanfold, etc.), or via TWX: justdial (910)339- A number of Program Tables can be se-

| o Tl P s | osus | 25 \ 25 | sus : 2 —: | ET v 77
| LEADER | 2 | MAIN | (c/my | HEADING | RUBOUTS | PROGRAMTABLE, (o/) | HEADING = RUBOUTs | PROGRAM TABLE | 2 'TRA’ILERK
| (C/R) 5 HEAD'NG| MIN. M | M. I DATA(M | MmN N omne b DATAN) | B oy Iy

=1 | 1 : B W N (U -1 Eal ALY

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

1. Customer Name 4. Purchase Order No.
2. Customer TWX No. 5. Number of Program Tables
3. Date 6. Total Number of Parts

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:

1. Signetics Device No. 4. Date
2. Program Table No. 5. Customer Symbolized Part No.
3. Revision 6. Number of Parts

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

START OF DATA TEXT START OF DATA FIELD
(CONTROL A or B) PRODUCT TERM IDENTIFIER
START OF DATA 1 SPACE (MANDATORY)
FIELD PRODUCT TERM NUMBER START OF DATA FIELD EN?C%Z%\;': (T:;EXT
ACTIVE LEVEL (2 DECIMAL DIGITS)
IDENTIFIER START OF DATA FIELD OUTPUT FUNCTION IDENTIFIER
ACTIVE LEVEL DATA INPUT VARIABLE IDENTIFIER OUTPUT FUNCTION DATA INPUT AND OUTPUT DATA FOR
(a DIGITS, H/L) INPUT VARIABLE DATA (8 DIGITS, A/s) ALL PRODUCT TERMS USED
(16 DIGITS, H/L/-) i L
L i) ¥ — e — —_——
STX*A F7F6F5F4F3F2F,F0 P 00* |15|14|13I12|11|10|9| Ilglslalalalilo™ F F;FgFsFaFsFoFF* P 01 ... * F...t P Fo ETX
Entries for the 3 Data Fields are determined in accordance with the following Table:
INPUT VARIABLE OUTPUT FUNCTION OUTPUT ACTIVE LEVEL
oy Product term Product term not
| | Don’t Care . .
m m present In Fp present in Fp Active high Active low
H L — (dash) - - - H L
A * (period)
NOTE NOTES NOTES
Enter (—) for unusedinputs 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 Product 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. Corrections to any entry can be made by backspace and rubout. However, limit consecutive rubouts

to less than 25.

2. Terms can be re-entered any number of times. The last entry for a particular P-Term will be
interpreted as valid data.

3. To facilitate an orderly Teletype print out, carriage returns, line feeds, spaces, rubouts etc. may be
interspersed between data groups.

4. Comments are allowed between data fields, provided thatan asterisk (*} is not used in any Heading or
Comment entry.
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BIPOLAR MEMORY DIVISION

MAY 1981

FIELD PROGRAMMARBLE LOGIC ARRAY (16X48X8)

82$100 (1.5.)825101 (O.C))

TYPICAL APPLICATIONS

4)

SUBROUTINE ADDRESS MAP

MAIN MEMORY

A

—_ 0

ADDRESS MAP (FPLA) 1

—————» O CE

16 BIT INSTRUCTION

R y

(4)

STATUS )
(FPLA) 2
(4)
JUMP CONDIT. _ N

BRANCH tOGIC

CONTROL FIELD

SEQUENTIAL CONTROLLER

PARITY

DATA (12)

PARITY

CLOCK
Y

GENERATOR

PAR CHECK & RESET
l—————

(12)

4)

LATCH
ERROR
{
Q
> ¢ (4) :
FPLA

)

LATCH K

CLOCK —————~——f

ouTPUT

Signetics

INTEGRATED FUSE LOGIC
SERIES 28
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BIPOLAR MEMORY DIVISION MAY 1981
ELD PROCRAMMARBLE CATE ARRAY (16X9) 825102 (0.C.)/825103 (T.5.)
INTEGRATED FUSE LOGIC
SERIES 28
DESCRIPTION FEATURES PIN CONFIGURATION

The 825102 and 82S103 are Bipolar pro-
grammable AND/NAND gate array, con-
taining 9 gates sharing 16 common inputs.
On-chip input buffers enable the user to
individually program for each gate either
the True (Im), Complement (im), or Don’t
Care (X) logic state of each input. In addi-
tion, the polarity of each gate output is
individually programmable to implement
either AND or NAND logic functions.

Alternately, if desired, OR/NOR logic func-
tions can also be realized by programming
for each gate the complement of its input
variables, and output (DeMorgan theorem).

Both devices are field-programmable,
which means that custom patterns are
immediately available by following the fus-
ing procedure outlined in this data sheet.

The 825102 and 82S103 include chip-
enable control for output strobing and in-
hibit. They feature either open collector or
tri-state outputs for ease of expansion of
input variables and application in bus-
organized systems.

Both devices are available in the commer-
cial and military temperature ranges. For
the commercial range (0° C to +75° C) speci-
fy N82S102/103, F or N, and for the military
range (-55°C to +125°C) specify
$§828102/103, F, G, |, and R.

LOGIC DIAGRAM

Field programmable (Ni-Cr link)
16 input variables
9 output functions
Chip enable input
1/0 propagation delay:
N825102/103: 35ns max
$825102/103: 50ns max
Power dissipation: 600mW typ
¢ Input loading:
N828102/103: -100.A max
$825102/103: -150u.A max
e Output options:
825102: Open collector
82S5103: Tri-state
* Output disable function:
82S8102: Hi
828103: Hi-Z
s Fully TTL compatible

APPLICATIONS
Random logic

Address decoders
Code detectors
Peripheral selectors
Fault monitors

Machine state decoders

® o & o o

F,G,I,N,R PACKAGES

28| Vcc

[27]
26| 1s
%ho(ln)
73] 1 g
23] o)
22] 11 (ip)
%'uuy
}7_0—’"5(")
50 =
) -
7] *

6] ¢
[75] ¢

F.

o

gielcicicielalaicicisle

Fi

w

GND |14

F = Cerdip
G = Leadless
| = Ceramic

N = Plastic
R = Flat pack

LOGIC FUNCTION

Typical Output Functions @ CE =0:
At L = Open:
Fo=1(lge lyelze . . .
At L = Closed:
Fo={0p+T1+T2+. .
m=01,2,

. im

NOTES

For each of the 9 outputs, either the function Fp
(active high) or Fp (active low) is available but not
both. The required function polarity is pro-
grammed via link (L).

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
0 1 8
Vce Supply voltage +7 Vdc
Sg ca Connaztan VIN Input voltage +5.5 Vdc
.n,_l_°[> \ e Output voltage Vdc
VoH High (825102) +5.5
Vo Off-state (825103) +5.5
" ; lin Input current +30 mA
! lour  Output current +100 mA
Temperature range °C
.15_1_(% TaA Operating
N82S102/103 0to +75
D $82S102/103 -55 to +125
TsTG Storage -65 to +150
— Fg
w
w7 "
o a
L —
e CE
NOTES
1. Fusible Ni-Cr links are initially intact at all array cross-points.
2. I = fixed connection.
Signetics 15




BIPOLAR MEMORY DIVISION JUNE 1981

FIELD PROGRAMMABLE GATE ARRAY (16X9) 825102 (0.C.)/825103 (T.S.)

INTEGRATED FUSE LOGIC
SERIES 28

FPGA LOGIC DIAGRAM

(SECTOR)

: ]

i

'20
J U U
J U V
Y Y,
o] D L

. DENOTES FIXED CONNECTION
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BIPOLAR MEMORY DMVISION

MAY 1981

N BHARDA
W TR\WUOURMA

S102

2(0

- gy = -

INTEGRATED FUSE LOGIC
SERIES 28

DC ELECTRICAL CHARACTERISTICS NB825102/103: 0°C < Ta < +75°C, 4.756V < Ve £ 5.25V
$825102/103: -55°C < Ta < +125°C, 4.5V < Vgc < 5.5V

N82S102/103 $825102/103
1
PARAMETER TEST CONDITIONS Min Typ2 | Max | Min Typ2 | Max UNIT
Inpuf voltage \"
ViL Low1 Vce = Min 0.85 0.8
ViH High1 Vce = Max 2.0 2.0
Vic Clamp3 Vec = Min, In = -18mA -0.8 -1.2 -0.8 -1.2
Output voltage Vce = Min Y
VoL Low1.4 loL = 9.6mA 0.35 | 045 0.35 0.50
VoH High (825103)1.5 loH = -2mA 24 2.4
Input current uA
he Low Vin = 0.45V -10 -100 -10 -150
hH High VIN = 5.5V <1 25 <1 50
Output current Vce = Max
loLk Leakage (82S5102)6 Vout = 5.5V 1 40 1 60 nA
lo(OFF) Hi-Z state (82S103)6 Vourt = 5.5V 1 40 1 60 uA
Vout = 0.45V -1 -40 -1 -60
los Short circuit (82S103)3.7 VouTt = 0V -20 -70 -15 -85 mA
lcc Vcc supply currents Vce = Max 120 170 120 180 mA
Capacitance Vcec = 5.0V pF
Cin Input VIN = 2.0V 8 8
Court Outputs Vout = 2.0V 15 15
AC ELECTRICAL CHARACTERISTICS = 4700, R2 = 1kQ, CL = 30pF
N82S102/103: 0°C < Ta < +75°C, 4.75V < Voo < 5.25V
S$825102/103: -55°C < Ta < +125°C, 4.5V < Vcc < 5.5V
FROM N82S102/103 $825103/103 UNIT
PARAMETER TO Min | Typ2 | Max | Min | Typ2 | Max
Progagation delay ns
Tia Input Output Input 20 35 20 55
Tce Chip enable Output Chip enable 16 30 15 45
Disable time ns
Tco Chip disable Output Chip enable 15 30 15 45
NOTES
1. All voltage values are with respect to network ground terminal.
2. All typical values are at Vcc =5V, Ta = 25°C.
3. Test each output one at a time.
4. Measured with a programmed logic condition for which the output under test is at a low logic level.
Output sink current is supplied through a resistor to Vcc.
5. Measured with Vi_ applied to TE and a logic high at the output.
6. Measured with Viy applied to CE.
7. Duration of short circuit should not exceed 1 second.
8. lcc is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open.
TEST LOAD CIRCUIT VOLTAGE WAVEFORM
T +3.0v
vee NPUT> 1.5V
™ vee ov
|
| fo A1 = +3.0V|
| T’ CE 1.6V 1.5V
| DuT 1 ov
| 1 Tce l‘—TCD—-DJ
I Fg ——» R2 CL Vo
O—»] I35 I NCLUDES Fo~Fy 1.5v 1,5\/]
O—>|TE onp = = (scope AND JIG ——=Vo
. l CAPACITANCE) le——Tia
- All inputs: tr = t+ = 5ns (10% to 90%)
17
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BIPOLAR-MEMORY DVISION

MAY 1981

FIELD PROGRAMMABI.E GATE ARRAY (16X9)

825102 (O.C.)/825103 (1.S)

OUTPUT POLARITY PROGRAM-VERIFY SEQUENCE (TYPICAL)

L

Veer
v,

SC Fp) Fprt) (Fp+2)

CCV==l  1pR (PROGRAM)

VOPF— = = = (VERIFY)

il o [ 90% -] tp
ouTPUT
VOLTAGE «+—Th
F
Vou 10%) LJ
. —
—e D LJ to}e— I.F-pJI_—VOL | g}
CE Vix —aitp }h I_—l
Vi
Vi

INPUT MATRIX PROGRAM-VERIFY SEQUENCE (TYPICAL)

TPS

|e———— TPR (PROGRAM) | pausg) |
Vix T T - -
Jo-1s Im=H
L e e « I ) —
—.tp"_ V==l [ S .. S
Veep =
Vee
v —»{tp)
VopF —|— — .l‘
ouTPUT 90% o
VOLTAGE
T _ _
Vox TR o | Fp o |Fp
‘ - -
-—, L > FF-‘ —VoL Leelee
Vin tplatps] tp |(VERIFY)) |(VERIFY)|
. { N
CE
— L 1—

VIRGIN DEVICE

The 825102/103 are shipped in an unpro-
grammed state, characterized by:

1. All internal Ni-Cr links are intact.

2. Each gate contains both true and com-
plement values of every input variable Im
(togic Null state).

3. The polarity of each output is set to active
low (Fp function).

4. All outputs are at a high logic level.

RECOMMENDED
PROGRAMMING PROCEDURE

To program each of 9 Boolean logic func-
tions of 16 True, Complement, or Don't Care

input variables follow the program/verify

procedures for the Input Matrix and Output
Polarity outlined below. To maximize re-
covery from programming errors, leave all
links of unused gates intact.

SET-UP
Terminate all device outputs with a 10KQ
resistor to +5V.

Output Polarity

PROGRAM ACTIVE HIGH (Fp FUNCTION)
Program output polarity before program-
ming inputs (for convenience). Program one
output at a time. (L) links of unused outputs
are not required to be fused.

18 -

1.Set GND (pin 14) to 0V, and Vcc (pin 28) to
Vcev. _

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

3. Disable all input variables by applying Vix
to inputs lo through I1s.

A .Raise Vce (pin 28) from Veev to Veee.

B After tp delay, force output to be pro-
grammed to Vorr. _

C .After tp delay, pulse the CE input from Vin
to Vix for a period tp.

D .After tp delay, remove Vopr voltage
source from output being programmed.

E.After tp delay, return Vcc (pin 28)to Vcey,
and verify.

F.Repeat steps A through E for any other
output.

.VERIFY OUTPUT POLARITY

1.Set GND (pin 14)to OV, and Vcc (pin 28) to
Vcev.

2. Disable all input variables by applying Vix
to inputs lo through I1s.

A .After tp delay, set the CE input to ViL.

B.Verify output polarity by sensing the
logic state of outputs Fo through Fs. All
outputs at a low logic level are pro-
grammed active low (Fp function), while
all outputs at a high logic level are pro-
grammed active high (Fp function).

Signetics

INTEGRATED FUSE LOGIC
SERIES 28

Input Matrix
PROGRAM INPUT VARIABLE

Program one input at atime for one gate ata
time. Input variable links of unused gates
are not required to be fused. However, un-
used input variables must be programmed at
Don’t Care for all used gates.

1. Set GND (pin 14)to0V, and Vcc (pin 28)
to Vcev.

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

3. Disable all input variables by applying

Vix to inputs lo through l1s.

.If a gate contains nether lo nor g (input

is a Don’t Care), fuse both links by

executing both steps A-2 and A-3, be-

fore continuing with step C.

A-2 If a gate contains lo, set to fuse link by
lowering the input voltage at g from V)x
to ViL. Execute step B.

A-3.1f a gate contains I, set to fuse link by
lowering the input voltage at Io from Vix
to ViL. Execute step B.

B-1.After tp delay, raise Vcc from Vcev to
Vcer.

B-2.After tp delay, force output of gate to
be programmed to VopF. _

B-3.After tp delay, pulse the CE input from
Vin to ViL for a period tp.

B-4.After tp delay, remove Vopr voltage
source from output of gate being pro-
grammed.

B-5.After tp delay, return Vcc (pin 28) to
Vccev, and verify.

C. Disable programmed input by return-
ing lo to Vix.

D. Repeat steps A through C for all other
input variables.

E. Repeat steps A through D for all other
gates to be programmed.

F. Remove Vix from all input variables.

VERIFY INPUT VARIABLE

Unambiguous verification of the logic state
programmed for the inputs of each gate
requires prior knowledge of its programmed
output polarity. Therefore, the output po-
larity verify procedure must precede input
variable verify.

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

2. Enable all outputs by setting CE (pin 19)
to ViL.

3. Disable all input variables by applying Vix
to inputs lg through I1s.

A.Interrogate input variable lg as follows:
Lower the input voltage to lo from Vix to
ViL, and sense the logic state of outputs
Fo-s.

Raise the input voltage to lo from Vi_ to
ViH and sense the logic state of outputs
Fo-s.



BIPOLAR MEMORY DIVISION

MAY 1981

FIELD PROGRAMMABLE GATE ARRAY (16X9)

825102 (0.C.)/825403 (T.S.)

The state of lo contained in each gate is
determined in accordance with the given

INTEGRATED FUSE LOGIC
SERIES 28

TRUTH TABLE FOR INPUT VERIFICATION

truth table. Note that 2 tests are required lo Fp Fp INPUT VAmeLE STATE
to uniquely determine the state of the 0 1 0 lo
input variable contained in each gate. 0 1
B.Disable verified input by returning lp to 0 0 1 lo
Vix. 1 1 0
C .Repeat steps A and B for all other input
variables. 0 1 0 Don't care
D .Remove Vix from all input variables. 1 1 0
0 0 1 (o), (o)
1 0 1
PROGRAMMING SYSTEMS SPECIFICATIONS! Ta=25°C
LIMITS
T
PARAMETER TEST CONDITIONS Min Typ Max UNI
Vce supply Y
Vcep Programz2 lccp = 550mA, min 8.25 8.5 8.75
Transient or steady state
Veev Verify 4.75 5.0 5.25 _
lccp Icc limit (program) Vcep = +8.5 + .25V, 550 1,000 mA
Transient or steady state
VopF Forced output voltage3 (program) lop =300 + 25mA, 16.0 17.0 18.0 \"
Transient or steady state
lopF Output current (program) Vop =+17 £ 1V, 275 300 325 mA
Transient or steady state
Input voltage v
ViH High 2.4 5.5
ViL Low 0 0.4 0.8
Input current HA
IIH High ViH = +5.5V 50
i Low ViL =0V -500
Vix CE program enable level 9.5 10 10.5 v
hx1 Input variables current Vix = +10V 10.0 mA
lix2 CE input current Vix = +10V 10.0 mA
TR Output pulse rise time 10% to 90% 10 50 us
tp CE programming pulse width 0.3 04 0.5 ms
to Pulse sequence delay 10 us
TeR Programming time 0.6 ms
TPR
Programming duty cycle 100 %
TrPrtTPS o
FL Fusing attempts per link 2 cycle
Vs Verify threshold4 1.4 15 1.6 v
NOTES
1. These are specifications which a Programming System must satisfy in order to be qualified by
Signetics.
2. Bypass Vcc to GND with a 0.014F capacitor to reduce voltage spikes.
3. 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.
4. Vsis the sensing threshold of a gate output voltage for a programmed link. It normally constitutes the
reference voltage applied to a comparator circuit to verify a successful fusing attempt.
Signetics 19




BIPOLAR MEMORY DIVISION

FIELD PROGRAMMABLE GATE ARRAY (16X9)

MAY 1981

825102 (0.C.)/825103 (TS

INTEGRATED FUSE LOGIC

LOGIC PROGRAMMING

In a virgin device all Ni-Cr links are intact.
The initial programmed state of each gate is
shown in the Typical Gate illustration.

The FPGA can be programmed by means of
Logic programming equipment.

With Logic programming, the AND/EX-OR
gate input connections necessary to imple-
ment the desired logic function are coded
directly from logic equations using the Pro-
gram Table on the following page.

In this table, the logic state or action of
variables | and F associated with each gate
Gn is assigned a symbol which results in the
proper fusing pattern of corresponding link
pairs, defined as follows:

“AND” ARRAY - (l)

TYPICAL GATE

SERIES 28

TYPICAL
INPUT

I

NULL “O”

ACTIVE LOW = “L"

EX-OR ARRAY - (F)

ACTIVE LEVEL

CODE

HIGH

ACTIVE LEVEL

Ltow L

'°‘“L_">——ﬂ

~Ct

|O—L—b—

G G
STATE CODE STATE CODE STATE CODE STATE CODE
INACTIVE (o] ) H i L DON'T CARE -

NOTES

1. Thisis the initial unprogrammed state of ali link pairs. Itis normally associated with all

unused (inactive) AND gates Gp.

2. Any gate G, will be unconditionally inhibited if any one of its () link pairs is leftintact.

20
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BIPOLAR MEMORY DIVISION
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FIELD PROGRAMMARI

-y

=A

) 825102 (O.C.)/825103 (1S.)

FPGA PROGRAM TABLE (Logic)

INTEGRATED FUSE LOGIC
SERIES 28

CUSTOMER NAME

THIS PORTION TO BE COMPLETED BY SIGNETICS

PURCHASE ORDER #

CF (XXXX)

SIGNETICS DEVICE #

CUSTOMER SYMBOLIZED PART #

TOTAL NUMBER OF PARTS
PROGRAM TABLE #

DATE RECEIVED

COMMENTS

Fo (18) =

Fq(17)

F2 (16)

F3 (15) =

Fa (13) =

Fs5(12) =

Fg(11) =

F7 (10) =

Fg(9) =

GATE

INPUT VARIABLE

hs ha

LEVEL

li3

li2

hn

lg Is Iy ls Is ly I3 P Iy lo

31

30

26)

24

23f 22, 21

a7

44]

a3

a2

a1,

39|

63

59|

57

55|

an

64)

on

80]

94

93|

91

89)

87

omn

96|

an

120}

Pyl

PIN 2

z
°
(=}

VARIABLE
NAME

Active—High=H
Action—Low=L

Im=H

Im=L Don’t Care=~

NOTES

1. The number in each cell in the table denotes its address for programmers with a decimal address display.

Signetics
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BIPOLAR MEMORY DIVISION

MAY 1981

FIELD PROGRAMMABLE GATE ARRAY (16X9)

825102 (O.C.)/828103 (T.S.)

TWX TAPE CODING

The FPGA Program Table can be sent to
Signetics in ASCI| code format via airmail
using any type of 8-level tape (paper, mylar,
fanfold, etc.), or via TWX: justdial (910) 339-

9283, tell the operator ‘to turn the paper
puncher on, and acknowledge. At the end of
transmission instruct the operator to send
tape to Signetics Order Entry.

A number of Program Tables can be se-

I T, T

INTEGRATED FUSE LOGIC
SERIES 28

quentially 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:

2 1 Z I s | sus 5 P suB : 5 IR
| LEADER : E’ | ngﬁme: (C/R) | HEADING | RUBOUTS : Pnogxxn(:;\BLE | (C/R) | HEADING I RUBOUTS PRODGX!;\RA(L?BLEl E 'TRA,LER(
C/R MIN. 1 MIN. MIN. N MIN. C/R) i\
L OR e 1 | | L . ! | _()__l____l______l_g".l_(_)_LA
A. The MAIN HEADING at the beginning of tape includes the following information, with each entry preceded by a ($) character,
whether used or not:
1. Customer Name 4. Purchase Order No.
2. Customer TWX No. 5. Number of Program Tables
3. Date 6. Total Number of Parts
B. Each SUB HEADING should contain specific information pertinent to each Program Table as follows, with each entry
preceded by a ($) character, whether used or not:
1. Signetics Device No. 4. Date
2. Program Table No. 5. Customer Symbolized Part No.
3. Revision 6. Number of Parts
C. Program Table data blocks in Logic format are initiated with an STX character, and terminated with an ETX character. The
body of the data consists of Output Active Level and AND gates information separated by appropriate identifiers in
accordance with the following sequence:
— START OF DATA TEXT (CONTROL A or B)
START OF DATA FIELD
—— GATE IDENTIFIER
— GATE NUMBER
— START OF DATA FIELD
— ACTIVE LEVEL IDENTIFIER
ACTIVE LEVEL DATA (H.L)
START OF DATA FIELD START OF DATA FIELD
INPUT VARIABLE IDENTIFIER fggNOT';ngcA) TEXT
INPUT VARIABLE DATA (H.L.-) INPUT AND OUTPUT DATA
FOR ALL GATES USED
r——x-\ — rénga\ e

STX = * A Fg = | '|15|14|13|12I11|10l9|8|7l6|5|4 I3l 14 10j #$'G 01 % veveeeocees # G aneeeosaoen |()I ETX

Entries for the 2 Data Fields are determined in accordance with the following Table:

INPUT VARIABLE OUTPUT ACTIVE LEVEL

Don’t care Active high Active low

— (dash) H L

v ™
H L

NOTE
Enter (—) for unused inputs of used gates.

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

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

NOTES

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

2. Terms can be re-entered any number of times. The last entry for a particular P-Term will be interpreted as valid data.

3. To facilitate an orderly Teletype print out, carriage returns, line feeds, spaces, rubouts etc. may be interspersed between data groups.

4. Comments are allowed between data fields, provided that an asterisk (*) is notused in any Heading or Comment entry.
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riclD PROGRAMMABLE LOGIC SEQUENCER 825404 (C.C.)/1828410¢ (T.S)
INTEGRATED FUSE LOGIC
SERIES 28

DESCRIPTION FEATURES PIN CONFIGURATION

The 82S104 (open collector outputs) and e Field programmable (Ni-Cr link)

the 825105 (tri-state outputs) are bipolar, e 16 input variabies F,G,,N,R PACKAGES

programmable state machines of the Mealy e 8 output functions

type. They contain logic AND-OR gate ar- ¢ 48 transition terms o [1] 28] vee

rays with user programmable connections e 6-BIT state register 7 E [27] 18

which control the inputs of on-chip State and ¢ 8-BIT output register 6 [’_‘é‘_‘ 26] 19

Output registers. These consist respective- e Transition complement array s [Z] (] o

ly of 8 Qp, and 8 Qf edge triggered, clocked e Positive edge trigger clock

S/R flip-flops, with an asynchronous Preset ® Programmable asynchronous preset or ' [5] 24] 11

option. All flip-flops are unconditionally output enable 13 [6] 23] 112

preset to “1" during power turn on. ¢ Power-on preset to all “1” of internal 2 [7] Zl"a

;I'he At:th har;ay tcomt:ir!es :6 ;xterr;a; ierut: o :)gr::t;?xlmu m 170 delay n [] 21] s

0-15 Wi internal inputs Fo.5 fed back  , ggnmw power dissipation (typical) 1o [9] [20] s

from the State register to form up to 48 Tran- o TTL compatibl —

ies - patible F7 [10] [19] PR/GE.

sition terms (AND terms). All Transition e Single +5V suppl

terms can include True, False, or Don’t Care 9 4 Fe [11] 18] Fo

states of the controlling variables, and are APPLICATIONS rs [17] 77 F1

merged in the OR array to issue next-state e Interface protocols o 3 7] F2

and next-output commands to their respec- e Sequence detectors

tive registers on the Low to High transition of e Peripheral controllers GND |14 [15] 3

the Clock pulse. Both True and Complement e Timing generators

Transition terms can be generated by op- e Sequential circuits F = Cerdip | = Ceramic R = Flat Pack

tional use of the internal input variable (C) e Elevator controllers N = Plastic G = Leadless

from the Complement array. Also, if desired, e Security locking systems

the Preset input can be converted to Output-
Enable function, as an additional user

BLOCK DIAGRAM

programmable option.
Both devices are available in commercial
and military temperature ranges. For the % L
commercial temperature range (0°C to “COMPLEMENT" ,_,_r\JD . mo,, -
+75°C) specify N82S104/105, F or N, and ARRAY b N 6-BIT
for the military temperature range (~55°C © ® n:;‘;’:“
to +125°C) specify S825104/105, F, |, G +n
or R. M ts 4 c}(
\-f—%: J}/— — | ™ oK
6 L
TRUTH TABLE (Output Control) A D e 1 B <+
INPUT 10-15
OPTION E}—‘:-{EJ}’“ v
o PR | OE. FN % p 1 L
* H H 48 AND GATES F) R‘:g::_’s""
+10V L Qp 7 44 1 ="
X L QF NOTE
* H H/Hi-Z I, P, C, N, F and P/E are user progr ble cc
+10v L Qp TRUTH TABLE (All fiip-iops)
[ X L Qr INPUT STATE OUTPUT
NOTES OPTION REGISTER REGISTER
1. Positive Logic: —
SIR=Tog+ T +Tp+...4 Ta7 Vee PR O.E. CK s R Qp Qf
Ta=C (g I3 1p...) (Pg Py...Pg)
2. E?mor Proget (Lctﬁe-nigh) o(: utput Enable (active- H X X X H H
Low) are available, but not both. The desired function is
a user programmable option. L X ? L L QP QF
3. § denotes transition from Low to High level.
4. R = S = High is an illegal input condition. +5V L X T L H L L
5. ¥= H/L/+10V L X ) H L H H
6. X = Don't Care (<5.5V)
L X 4 H H INDET. INDET.
} X X X X X H H
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FIELD PROGRAMMABLE LOGIC SEQUENCER 825104 (0.C.)/825105 (1.S)

INTEGRATED FUSE LOGIC

SERIES 28
PIN DESIGNATION
PIN NO. SYMBOL NAME AND FUNCTION POLARITY
1 CK CLOCK Active-High

The clock input to the State and Output Registers. A Low-to-High transi-
tion on this line is necessary to update the contents of both registers.
2-8 14-15 LOGIC INPUTS Active-High
[20-27:' The 15 external inputs to the AND array used to program jump conditions

between machine states, as determined by a given logic sequence.’
9 lo LOGIC/DIAGNOSTIC INPUT Active-High

A 16th external logic input to the AND array, as above, when exercised
with standard TTL levels. When lg is held at +10V, device outputs Fg.5
reflect the contents of State Register bits Pg.5. The contents of the
Output Register remain unaltered.

[10-13] Fo-7 LOGIC/DIAGNOSTIC OUTPUTS Active-High

16-18 Eight device outputs which normally reflect the contents of Output Regis-
ter bits Qg.5, when enabled. When Ig is held at +10V, Fg.s = (Pg-5), and
Fg, 7 = Logic “I".

19 PR/O.E. PRESET OR OUTPUT ENABLE INPUT

A user programmable function:

¢ PRESET Active-High
Provides an asynchronous preset to logic “1” of all State and Output
Register bits. Preset overrides Clock, and when held High, clocking is
inhibited and Fp.7 are High. Normai clocking resumes with the first full
clock pulse following a High-to-Low clock transition, after Preset goes
Low.

e OUTPUT ENABLE Active-Low
Provides an output enable function to buffers Fg.7 from the Output
Register.

PROGRAMMABLE VARIABLES

The FPLS can be programmed with any clocked sequence expressed in terms of “control” variables, which are coupled to on-chip gates
and flip-flops by means of programmable connections through Ni-Cr fusible links:

(1) - External control inputs for state jump conditions. (Tn) - Transition “AND” terms including |, P.

(P) - Present state, prior to clock. (N} - Next state, following clock.

(C) - Complement variable for activating and generating (F) - Next fogic output, following clock.

the complement of programmed jump conditions. (P/E) - Asynchronous preset, or output enable function.

TYPICAL STATE DIAGRAM TYPICAL STATE TRANSITION

1a/FA

rH PRESENT STATE: P = {P5 P4 P3 P2 P1 Po}
2

\ , — (Contents of 6-bit state register prior to clock)
I STATE TRANSITION: Tph =P 1
I Control Inputs | = 115 * 114 * 113 *..... o

Next Output F = {F7 Fg F5 F4 F3 F2 F1 Fo ]

Trelg/FE
NEXT STATE: N ={N5 Ng N3 N2 Nq Na}

Ig/FC \ / (Contents of 6-bit state register after clock)
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825104 (O.C.)/825105 (1.8.)

FPLS LOGIC DIAGRAM

INTEGRATED FUSE LOGIC
SERIES 28

(SECTOR)
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|NTEGl;'iATED FUSE LOGIC
SERIES 28
PROGRAMMABLE CONNECTIONS ( m Denotes fixed connection)
“AND” ARRAY (TYPICAL) “OR” ARRAY (TYPICAL) PR/O.E. OPTION
CONNECTION CONNECTION CONNECTlON

5 b

R3] 172 173

SYMBOL SYMBOL SYMBOL

Ix PR/OE.
ll "_— -I-X
Iy P E
- T1+T2+T3
Iy O_L_(D__0_ Ty
Tt T2 T3 -
Tn

PROGRAMMING LEGEND

AND OR PR/O.E. LINK SYMBOL

&) )

OPEN

VIRGIN DEVICE

The FPLS is shipped with all internal links intact, so that a “dot” connection exists at all cross points in all arrays. For clarity,
unprogrammed arrays are initially shown blank. The desired functional logic diagram is obtained by placing “dot” connections in used
device areas where links remain intact. (Since both True and Complement input links of all AND gates are initially closed, all gates are
disabled, preventing clocking. For testing purposes, clocking can occur via a factory programmed Test Array.

VIRGIN (PARTIAL) SYMBOL PROGRAMMED (TYPICAL)

3
LYo

0

mfp¥atals
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SERIES 28
FPLS ARCHITECTURE

The 825104/105 Logic Sequencer is a
programmable state machine of the Mealy
type, in which the output is a function of the
present state and the present input.

With the FPLS a user can program any logic
sequence expressed as a series of jumps
between stable states, triggered by a valid
input condition (1) at clock time (t). All stable
states are arbitrarily assigned and stored in
the State Register. The logic output of the
machine is also programmable, and is
stored in the Output Register.

CLOCKED SEQUENCE

A synchronous logic sequence can be repre-
sented as a group of circles interconnected
with arrows. The circles represent stable
states, labeled with an arbitrary numerical
code (binary, hex, etc.) corresponding to
discrete states of a suitable register. The
arrows represent state transitions, labeled
with symbols denoting the jump condition
and the required change in output. The num-
ber of states in the sequence depends on
the length and complexity of the desired
algorithm.

STATE JUMPS

The state from which a jump originates is
referred as the present state (P), and the
state to which a jump terminates is defined
as the next state (N). A state jump always
causes a change in state, but may or may
not cause a change in machine output (F).

State jumps can occur only via “transition
terms” Ty,. These are logical AND functions
of the clock (), the present state (P), and a
valid input (1). Since the clock is actually
applied to the State Register, T, = IeP.
When T, is “true”, a control signal is gener-
ated and used at clock time (t) to force the
contents of the State Register from (P) to
(N), and to change the contents of the Out-
put Register (if necessary). The simple
state jump below, involving 2 inputs, 1 state
bit, and 1 output bit, illustrates the equiv-
alence of discrete and programmable logic
implementations.

FPLS LOGIC STRUCTURE

The FPLS consists of programmable AND
and OR gate arrays which control the Set
and Reset inputs of a State Register, as well
as monitor its output via an internal
feedback path. The arrays also control an
independent Output Register, added to
store output commands generated during
state transitions, and to hold the output con-
stant during state sequences involving no
output changes. If desired, any number of
bits of the Output Register can be used to
extend the width of the State Register, via
external feedback.

cLock
I

\%
STATE
REGISTER

.

COMBIN.
LOGIC

@ = INPUT

@ = PRESENT STATE
@ = NEXT STATE
@ = NEXT OUTPUT

\%4
OUTPUT

REGISTER

Lo

Figure 1: Basic architecture of 825104/105 FPLS. I, P, N, and F are multi-line
paths denoting groups of binary variables programmed by the user.

13/F2 11/F3

Figure 2: Typlcal state diagram. l1_3
are jump conditions which must be
satisfied before any transitions take
place. F; are changes in output trig-
gered by Iy, and stored in the Output
Register. State transitions a—b and
c—d involve no output change.

é Th=teleP

Figure 3: Typical state transition be-
tween any two states of Figure 2.
The arrow connecting the two states
gives rise to a transition term Tp. l is
the jump condition.

DISCRETE LOGIC

FPLS

; (AB)Q/F

S
=

éé g—lmr
I

T = ABQ

Figure 4: Typical state jump from state (0) to state (1), if inputs A=B=*“1". The

jump also forces F=*1", as required.

Signetics
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e

JJ

-
\J

v

WO w Y

SERIES 28
SIMPLIFIED LOGIC DIAGRAM OF
82S104/105 FPLS.
(] 1 47
lo ——‘—% =
I ——‘—4&1 PR/OE.
|
115 —l—«& P E

Fo

CK

Figure 5
INPUT BUFFERS
16 external inputs (I,) and 6 internal inputs \ \ . . , R
(Pg), fed back from the state register, are 5 ) Y y ; >

combined in the AND array through two sets
of True/Complement (T/C) buffers. There
are a total of 22 T/C buffers, all connected
to multi-input AND gates via fusible links
which are initially intact.

Selective fusing of these links allows cou-

pling either True, Complement, or Don’t Care
values of (Ir,) and (Pg).

28

Figure 6: Typical AND gate coupled to (I) and (P) inputs. If at least one link pair

remains intact, T, is unconditionally forced Low.
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~ ~ —— =

25404 (

- -~ -

C)/R2S105 (TS)

g - = § ey

\
—D—

Figure 7: Choice of input polarity coupling to a typical AND gate. With both links

open, (l) is logically Don’t Care.

#c _

“AND” ARRAY

State jumps and output changes are trig-
gered at clock time by valid transition terms
Th. These are logical AND functions of the
present state (P) and the present input (l).

The FPLS AND array contains a total of 48
AND gates. Each gate has 45 inputs—44
connected to 22 T/C input buffers, and 1
dedicated to the Complement Array. The
outputs of all AND gates are propagated
through the OR array, and used at clock time
(t) to force the contents of the State Regis-
ter from (P) to (N). They are also used to
control the Output Register, so that the
FPLS 8-bit output F is a function of the in-
puts and present state.

“OR” ARRAY

In general, a clocked sequence will consist
of several stable states and transitions, as
determined by the complexity of the desired
algorithm. All state and output changes in
the state diagram imply changes in the con-
tents of state and output registers.

Thus, each flip-flop in both registers may
need to be conditionally set or reset several

INTEGRATED FUSE LOGIC
SERIES 28

times with T, commands. This is accom-
plished by selectively ORing through a
programmable OR array all AND gate out-
puts T necessary to activate the proper
flip-flop control inputs.

The FPLS OR array consists of 14 pairs of
OR gates, controlling the S/R inputs of 14
state and output register stages, and a sin-
gle OR gate for the Complement Array. All
gates have 48 inputs for connecting to all 48
AND gates.

COMPLEMENT ARRAY

The COMPLEMENT array provides an asyn-
chronous feed back path from the OR array
back to the AND array.

This structure enables the FPLS to perform
both direct and complement sequential
state jumps with a minimum of transition
(AND) terms.

Typically direct jumps, such as Tq and To in
Figure 11 require only a single AND gate
each.

But a complement jump such as T3 generally
requires many AND gates if implemented as
a direct jump. However, by using the com-
plement array, the logic requirements for
this type of jump can be handled with just
one more gate from the AND array.

P2

044

L

1013 P2 loP2

Tolz

Figure 8: Typical transition terms in-
volving arbitrary inputs and state
variables. All remaining gate inputs
are programmed Don’t Care. Note

UoU

OUTPUT
REGISTER

S QpF—» F3

STATE
REGISTER

] >
] >

CK

—]Q S

N,

I

CK

that T5 output is state independent.

state and output register stages.

Figure 9: Typical OR array gating of transition terms T 2 3 controlling arbitrary

Signetics
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AND ARRAY

peopre UéU Ud

PATH ————»

o+

OR ARRAY

Figure 10: The COMPLEMENT array is logically constructed from a 48-input
programmable OR gate followed by an inverter. All AND terms coupled to the OR
gate are complemented at the inverter output, and can be fed back as inputs to
the AND array.

(A) TYPICAL STATE SEQUENCE (B) COMPLEMENT JUMP

L IR ———— ]

COMPLEMENT ARRAY

TRANSITION TERMS
Ty = Pox T3 = Po(PoX + PoY)
DIRECT T3 = PolPo(X ¥ Y)I
T2 = PoY T3 = PolPo + X F V)]
T3=0+PoX T V)
T3 =Po(X*Y)
COMPLEMENT T3 = Po(X * V) = Po(T1 F T2)

. Figure 11: (A) X and Y specify the conditional logic for direct jump transition
terms T4 and T2. The complement jump term T3 is true only when both T4 and T2
are false. (B) Note that the complementary logic expression for T3, T1 + T2,
corresponds exactly to the logic structure of the compiement array.

30 Signetics

INTEGRATED FUSE LOGIC
SERIES 28

As indicated in Figure 12, the single comple-
ment array gate may be used for many

- states of the state diagram. This happens

because all transition terms linked to the OR
gate include the present state as a part of
their conditional logic. In any particular state
only those transition terms which are a func-
tion of that state are enabled; all other terms
coupled to different states are disabled and
do not influence the output of the comple-
ment array. As a general rule of thumb, the
complement array can be used as many
times as there are states.
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INTEGRATED FUSE LOGIC

SERIES 28
(A) STATE DIAGRAM (B) LOGIC DEFINITION
Ta1 = lohPo
Td2 = I2Po

Te3 = (Td1 + Td2)Po = (lol1 + 12)Po

Td4 = 12P3
Tde = lol1P3
Tes = (Taq + Tae)P3 = (lol1 +12)P3

Ten = COMPLEMENT STATE TRANSITION TERM

Tdn = DIRECT STATE TRANSITION TERM

Pg = PRESENT STATE

(C) STATE LOGIC WITHOUT USING THE (D) STATE LOGIC USING THE
COMPLEMENT ARRAY COMPLEMENT ARRAY

bbb

bbb

b

'| ‘
sJoJe]e]vfefoloicy LRI -

W

1
N 1
L] o —G N J
Pe s
R
R
‘—Qy S _C L—01 S E
R
n_.< }
a2 s [ az s —G
R
] A-CEH
Td1  Td2 Te3 Td4a Tde ] Tes Tdt Td2 T3 Taa Tde Tes
8 TRANSITION TERMS USED 6 TRANSITION TERMS USED

Figure 12: Logic reduction with the complement array. The logic state diagram in (a) includes complement jumps Tc3 and Tes
defined in (b). When using the complement array a savings of 2 transition terms results, as shown in (c) and (d).
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SERIES 28
LOGIC PROGRAMMING PRESET/O.E. OPTION - (P/E)
The FPLS can be programmed by means of —
Logic programming equipment. PR/GE. : © PR/O.E.
With Logic programming, the AND/OR gate
input connections necessary to implement E=1 { p=1 —G::D°_E
the desired logic function are coded directly |
from the State Diagram using the Program = =
Table on the following page. {
In this Table, the logic state or action of oPToN cook | opTion Cone
control variables C, |, P, N, and F, associat- PRESET H | OE. L
ed with each Transition Term T, is assigned
a symbol which results in the proper fusing
pattern of corresponding link pairs, defined
as follows:
“AND” ARRAY - (1), (P)
I | I
ip I ip I ip I Lp
o] | o | |
P »—b—q-—- P | e —(D——-— 5 | P o—Jb—«:D—y— i | I,PO—-;——(D—— i
| I |
| I |
[ I l
Tn I Tn I Tn I Tn
| I |
STATE CODE STATE CODE I STATE CODE I STATE CODE
INACTIVE 1,2 (o] 1P H I [ L | DON'T CARE -
i
“OR” ARRAY - (N), (F)
| |
Tn Ta l Tn | Tn
I |
n,v—r——D——s —a nt—c——D— —a | nt ——D—s l— o | nt —D—s — a
| I
nf —d R af I nf R | [ pa—— R
D | D | D | D
I | |
| | I
ACTION CODE l ACTION CODE l ACTION CODE I ACTION CODE
INACTIVE1,3 (o] I SET H I RESET L I NO CHANGE -
] | |
“COMPLEMENT ARRAY” - (C)
I I |
. | | | | |
: | °> : l 9 : ! QD —
| [Ij |
I |
V| c C 1 c I ¢ I 1 ¢
Tn Tn l Tn = Tn
ACTION _CODE ACTION CODE I ACTION CODE I ACTION CODE
INACTIVE 1,4 [o} I GENERATE A { PROPAGATE [ ] | TRANSPARENT -
_ |

NOTES

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all

unused (inactive) AND gates Tp.

2. Any gate Ty, will be unconditionally inhibited if any one of its | or P link pairs is left intact.

32

3. To prevent simuitaneous Set and Reset flip-flop commands, this state is not allowed for

N and F link pairs coupled to active gates Tp (see flip-flop truth tables).

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates

Tn-
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FPLS PROGRAM TABLE (Logic)

PROGRAM TABLE ENTRIES:

INTEGRATED FUSE LOGIC
SERIES 28

Cn Im, Ps Ns, Fr P/E
GENERATE | A P SET PRESET | H
PROPAGATE | ® P RESET OE L
TRANSPARENT | — DON'Y NO

CARE CHANGE

NOTES

1. The FPLS is shipped with all links initially intact. Thus, a background of “0" for all
Terms, and an “H" for the P/E option, exists in the table, shown BLANK instead for

clarity.

2. Unused C,, I, and Pg bits are normally programmed Don’t Care (—).
3. Unused transition and output Terms can be left blank.
4. Letters in variable fields are used as identifiers by logic type programmers.

OPTION (P/E) I

TRANSITION TERM

OUTPUT TERM

z
o

[NERENERE] KK
sjaj3/2f1]ojo]8]7

INPUT VARIABLE (Im)

PRESENT STATE (Ps) NEXT STATE (Ns) QUTPUT FUNCTION (Fr)

o e o

5|4

05 |4

0 5|4(3|211)07 (65|43 12]1}0

Y CI T EI G EN A LY B )

DATE

CF (XXXX)
>

REV

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

S

23
oz
o N
- N
NN
w

[é 0 \)
»

~N N

VARIABLE
NAME
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TWX TAPE CODING (LOGIC
FORMAT)

The FPLS Program Table can be sent to
Signetics in ASCIl code format via airmail
using any type of 8-level tape (paper, mylar,

fanfold, etc.), or via TWX: just dial (910)
339-9283, tell the operator to turn the paper
puncher on, and acknowledge. At the end of
transmission instruct the operator to send
tape to Signetics Order Entry.

INTEGRATED FUSE LOGIC
SERIES 28

A number of Program Tables can be sequen-
tially assembled on a continuous tape as
follows, however,limit tape length to a roll of
1.75 inch inside diameter and 4.25 inch out-
side diameter.

1 7
[ [ "

24 oy MaN | 25 sus 25 PROGRAM TABLE 25 sus 25 PROGRAM TABLE | = 4
LEADER | & I (C/R HEADING | RUBOUTS (C/R) | HEADING | RUBOUTS & | TRAILERV
©/R) | & | HEADING | R 1) MIN DATA (1) MIN ™) MiN DATA (N) 51 em N

e i = \

A. The MAIN HEADING at the beginning of tape includes the following information, with each entry preceded by a ($) character, whether

used or not:

1. Customer Name

2. Customer TWX No.

3. Date

4. Purchase Order No
5. Number of Program Tables
6. Total Number of Parts

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:

1. Signetics Device No.

4. Date

2. Program Table No.

3. Revision

6. Number of Parts

5. Customer Symbolized Part No.

C. Program Table data blocks are initiated with an STX character, and terminated with an ETX character. The body of the data consists of
preset/output enable option, transition term, and output term information separated by appropriate identifiers in accordance with the

following format:

START OF DATA TEXT
(CONTROL A OR B)

— START OF DATA FIELD

r— INPUT OPTION IDENTIFIER

— INPUT OPTION DATA (H/L)

— START OF DATA FIELD

— TRANSITION TERM IDENTIFIER
r—— 1 SPACE (MANDATORY)

TRANSITION TERM NUMBER
{2 DECIMAL DIGITS)

START OF DATA FIELD

COMPLEMENT VARIABLE IDENTIFIER
COMPLEMENT VARIABLE DATA (A/«/—)
START OF DATA FIELD

INPUT VARIABLE IDENTIFIER
INPUT VARIABLE DATA

(16 DIGITS, H/L/—)

START OF DATA FIELD

[ PRESENT STATE IDENTIFIER

PRESENT STATE DATA (6 DIGITS, H/L/—)

ol Trararh e [ T
00

“sTx

L,

START OF DATA FIELD
NEXT STATE IDENTIFIER
NEXT STATE DATA
(8 DIGITS, H/L/—)
I r —

T !
*A P/E *T * C Co * | M5 1Ha 32111110 l9 18 17 i Is 14 13 12 11 lo * P P5P4P3P2P1P0 * N N5 Ng N3 N2 N1No
START OF DATA FIELD
END OF DATA TEXT
NEXT OUTPUT IDENTIFIER (CONTROL C)
DATA FOR TERM NUMBER 01 DATA FOR ?‘1)12. _%;isn TERMS
NEXT OUTPUT DATA
(8 DIGITS, H/L/—) ’7 ’V I— LAST TERM (47)
r ] T \r -
% F F7 Fo Fs F4Fa F2aF1Fo * T 01 * C* 1. ..% P...,% Nooo*Foiii voveoann * T 47 % C. . .% 1. ..% N...* F., .. EIX

34
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Entries for the Data Fields are determined in accordance with the following Table:
COMPLEMENT VARIABLE (C) PRESENT STATE (Pg)/INPUT () | NEXT STATE (Ng)/OUTPUT (Fp) OPTION (P/E)
PROPA- TRANS- —_ DON'T _— NO OUTPUT
GENERATE| " ate | pament | 'mPs | ImPs | cage | NsFn | NoFn | opange | PRESET | enaBLE
A (] —_ H L — H L —_ H L

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

Transition Terms entered.

NOTES

1. Corrections to any entry can be made by backspace and rubout. However, limit con- 3. To facilitate an orderly Teletype printout, carriage returns, line feeds, spaces, rubouts,
secutive rubouts to less than 25. etc., may be interspersed between data groups.

2. T-terms can be re-entered any number of times. The last entry for a particular T-term 4. C are all d bet: data fields provided that an asterisk (¥) is not used in
will be interrupted as valid data. any Heading or Comment entry.

Signetics 35



BIPOLAR MEMORY DMISION

FIELD PROGRAMMARBLE LOGIC SEQUENCER

MAY 1981

825104 (0.C.)/825105 (1.8

INTEGRATED FUSE LOGIC

SERIES 28
ABSOLUTE MAXIMUM RATINGS'1 THERMAL RATINGS
RATING COMm-
PARAMETER Min Max UNIT TEMPERATURE MILI- MER-
TARY CIAL
Vce Supply voltage +7 Vdc Maximum
VIN Input voltage +5.5 Vdc junction 175°C 150°C
Vourt Output voltage +5.5 Vdc Maximum
N Input currents =30 +30 mA ambient 126°C 75°C
louT Output currents +100 T(A: Allowable thermal
T Tg?:re;?:‘ugre range rise ambient
A ! to junction 50°C 75°C
N825104/105 0 +75 e
$825104/105 ~-55 +125
TsTGg Storage —65 +150
DC ELECTRICAL CHARACTERISTICS N825104/105: 0° < Tp < +75°C, 4.75V < Voo < 5.25V
$825104/105: —55°C < Tp < +125°C, 4.5V < Vg < 5.5V
N82S104/105 §82S104/105
PARAMETER TEST CONDITIONS Min | Typ? Max Min | Typ? Max UNIT
Input voltage3 \"
VIH High Vce = Max : 2 2
ViL Low Ve = Min 0.85 0.8
Vic Clamp3.4 Ve = Min, iy = —18mA -08 | —1.2 -08 | —-1.2
Output voltage Voe = Min v
VoH High (825105)3:5 IoH = —2mA 2.4 24
VoL Low36 loL = 9.6mA 035 [ 0.45 0.35 | 0.50
Input current uA
H High VIN = 5.5V <1 25 <1 50
hL Low V|N = 0.45V -10 | —100 —-10 | —150
i Low (CK input) VIN = 0.45V -50 | —250 —-50 | —350
Output current Voe = Max
loLK Leakage’ Vourt = 5.5V 1 40 1 60 kA
IO(OFF)  Hi-Z state (825106)7 VouT = 5.5V 1 40 1 60 uA
Vourt = 0.45V -1 -40 -1 —60
los Short circuit (825 105)48 VouT = 0OV -20 -70 | —15 -85 | mA
Icc Ve supply current® Ve = Max 120 180 120 185 mA
Capacitance’ Vge = 5.0V pF
CiN Input VIN = 2.0V 8 8
Cout Output Vour = 2.0V 10 10
NOTES

1. Stresses above those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device. This i8 a stress rating only, and functional operation of the
device of these or any other condition above those indicated in the operation of the

device specifi is not implied
2. All typical values are at Vo = 5V, Ty = 25°C.
3. Ali voltage values are with respect to network ground terminal.
4. Test one at a time.

6. M d with Vy_applied to O.E. and a logic high stored, or with Vyy applied to PR.
6. d with a progi d logic condition for which the output is at a low logic level,
and Vy_ applied to PR/O.E. Output sink current is supplied thru a resistor to Vgg.

7. M ed with Vy applied to PR/OE..
8. Duration of short circuit should not exceed 1 second.
9. Icc is measured with the PR/O.E. input grounded, all other inputs at 4.5V and the
outputs open.
36 Signetics
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825104 (0.C.)/825105 (1.S.)

AC ELECTRICAL CHARACTERISTICS R = 4702, Ry = 1kQ, C| = 30pF
N825104/105: 0°C < Tp < +75°C, 4.76V < Vg < 5.25V
$82S5104/105: —55°C < Tp < +125°C, 4.5V < Voo < 5.5V

INTEGRATED FUSE LOGIC
SERIES 28

T EROM N82S104/105 $825104/105
PARAMETER (o] 0 Min Typ? Max Min Typ? Max UNIT
Pulse width ns
TCKH Clock3 high CK- CK+ 30 16 40 15
TcKL Clock low CK+ CK— 30 156 40 15
Tckp Period (wlo c-array) CK+ CK+ 90 65 120 65
TPRH Preset pulse PR+ PR- 25 15 40 15
Set up time ns
Tis1 Input CK+ Input + 60 40 80 40
Tis2 Input (through CK+ Input + 90 70 120 70
Complement array)? 5
Tvs Power-on preset CK-— Vee+ 0 -10 5 10
TpRs Preset CK- PR— 0 -10 5 -10
Hold time ns
TiH Input Input + CK+ -10 5 -10 10
Propagation delay ns
Tcko Clock Output + CK+ 25 30 25 40
ToEe Output enable Output— O.E.—- 20 30 20 40
Tob Output disable Output4 O.E.+ 20 30 20 40
TpPR Preset Output+ PR+ 25 35 25 45
TPPR Power-on preset Output+ Veo+ (o] 10 0 20
NOTE
1. All typical values are at Voo = 5V, Ty = 25°C.
2. Diagnostic mode only.
3. To prevent spurious clocking, clock rise time (10%-90%) =< 10ns.
4. When using the Complement Array, Tokp = 120ns (min).
TEST LOAD CIRCUIT VOLTAGE WAVEFORM
INPUT PULSES
T +3.0V
+5V 20%
© _/
I 10%
l Fo R1 o
| —{—-b 5ns| g ty 1 —]
| puUT H
| | Fa.ov
| FrH— R2 cL 10%
O—>] Iis I | 90%
= = (NCLUDES 0%
O—+1CK'  GND PR/OE [«—O T T SCOPE AND JIG o -
_L CAPACITANCE)
= Measurements: All circuit delays are measured at
the +1.5V level of inputs and outputs, unless other-
wise specified.
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INTEGRATED FUSE LOGIC

SERIES 28
TIMING DIAGRAMS
SEQUENTIAL MODE
+3v
lo-15 }1.5V XSV
' ov
| —— T|y ——|— TS5 —-ﬁl
+3V
1.5V 1.5V 1.5V
cK | ! ov
| Tis TCKH — | TCKL—->|
I Tekp
——————— VoH
Fo-7 1.5v\ % 1.5V
[ Tcko ! VoL

Top |
I +3v
0E. 1.;/\ 1.5v
"_’ ov
TOE l

ASYNCHRONOUS PRESET

———— +3v
X.sv
lo-15 - —— ov
I Tckp I

[~ | - av
1.8v 1.5v 1.8V 1.8V
oK —_— ov
|<— s TeKO- TCKH —#1<— TCkL

————— Von
X 1.5v \ 1.5v
Fo.7
Tpns TCKO»

_ Fowae ;

-— TPnH

POWER-ON PRESET

+5v

vee | ov
—————— VoH
WLSV o = o
Fo-7 e VoL

y _— i3V
. |
1.5v L 1.5v 1.5V
CK o e e oo o conn s v o e \ ov
| | TCKH >~
| Tvs ]

1.5V x l X1.5v
lo-15 ov
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TIMING DIAGRAMS (Cont'd)
DIAGNOSTIC MODE
+3v
.15 }1.&
ov
—— ———— +10v
7 8oV A gov
/ x +3v
lo }1.“ 1.st 75 \\
Semr————— OV
l‘- TiH —>|
+3V
‘X.sv I

1.5V
cK ———-——/|
I

ov

WTERNAL 1 BV 2 You
STATE REG. {Ps] | x- [Ns] |
Q0-5 wwen on oo - - - .- - - — ——— — . — — —— t—— —— —— ————- YOL
| | F—Tsns —] |<—— TSRD ~>|
VoH
| (Fal | 1.5;X 9% /[Ns( 15V Fated
Fo-5 VoL
t |<-TCK
OF == w ov
I
TIMING DEFINITIONS Tis2 Required delay between beginning
TckH Width of input clock pulse. of valid Input and positive transition
TCKL Interval between clock pulses. of clock, when using optional Com-
T Clock period plement Array (two passes neces-
CKP P : sary through the AND array).
Tis1 Required delay between beginning
of valid Input and positive transition Tyg  Required delay between Vg (after

of clock.

power-on) and negative transition of

Signetics
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TiH

Tcko

TSRD

TPR

TPPR

TPRH

INTEGRATED FUSE LOGIC
SERIES 28

clock preceding first reliable clock
pulse.

Required delay between negative
transition of asynchronous Preset
and negative transition of clock pre-
ceding first reliable clock pulse.

Required delay between positive
transition of clock and end of valid
Input data.

Delay between positive transition of
clock and when Outputs become
valid (with PR/O.E. low).

Delay between beginning of Output
Enable Low and when Outputs be-
come valid.

Delay between beginning of Output
Enable High and when Outputs are
in the off state.

Delay between input Ig transition to
Diagnostic mode and when the Out-
puts reflect the contents of the
State Register.

Delay between input Ig transition to
Logic mode and when the Outputs
reflect the contents of the Output
Register.

Delay between positivg transition of
Preset and when Outputs become
valid at “1”. ’

Delay between Vg (after power-
on) and when Outputs become
preset at “1”.

Width of preset input pulse.
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VIRGIN STATE1,2,3

A factory shipped virgin device contains all
fusible links intact, such that:

1. PR/OE option is set to PR.
. All T, terms are disabled.
. All S/R flip-flop inputs are disabled.

o &~ N

. Test array is programmed with standard
test pattern.

RECOMMENDED PROGRAMMING
PROCEDURE

To program the AND, OR, and Complement
arrays in addition to the PR/OE option the
following procedure should be followed. To
maximize recovery from programming
errors, leave all links in unused device areas
intact.

SET-UP
Terminate all device outputs with a 10k re-
sistor to Vo . Set GND (pin 14) to OV.

PROGRAM PR/OE OPTION
1. With PR/OE (pin 19) at GND, raise Vgg
to Vcep-

2. After tp delay pulse PR/OE to Vix for a
duration of tp.

3. tp delay after PR/OE has returned to
GND, lower Vo to Vv or GND.

VERIFY PR/OE OPTION
1. With PR/OE at GND, set Vgc to Voov.

2. After a delay of tp raise PR/OE to Vix for
a minimum duration of TRs.

3. Return PR/OE to GND with a fall time
less than Ty.

4. After tp delay, pulse PR/OE to V| for a
minimum duration of Tpg.

5. After tp delay, Fo (pin 18) indicates VoH
if the PR option is selected and Vg if the
OE option is programmed.

NOTES

1. All outputs will be at “1", as preset by initial power-up
procedure.

2. Device can be clocked via test array function.

3. Test array function MUST be deleted before incorporat-
ing user program.

40

PROGRAM-VERIFY “AND” ARRAY

1. SET-UP:
With Vo at GND and CK at Voky, select
the fuse to be programmed by applying
TTL voltage levels to input sets lg-5 and
I7-13 in accordance with the binary ad-
dress map on page 21. Also set ly5 =
VIH, and l14 = V|L. After tp delay raise
vce to Veep-

2. PROGRAM CYCLE:
After a delay of tp raise l14 to V|4. Pro-
ceed after another tp delay to raise CK
to Vokp. Following still another tp delay,
pulse l15 to V)_ for a duration of tp. tp
later return CK to Vcy, and then tp after
that return 114 to VL.

3. VERIFY CYCLE:
After a tp delay lower 115 to V)_ for a
duration of ty. At the end of ty, Fo should
indicate a level of VoH; a level of VoL
indicates an unsuccessful fusing attempt.

4. NEXT VARIABLE SELECT (C,Im,Ps)
(SAME TERM Tn):
After tp delay, apply the next variable
select (C,Im,Ps) address to I7-13, then
continue with step 2.

5. NEXT VARIABLE SELECT (C,im,Ps)
(DIFFERENT TERM Tn):
After tp, delay apply the next variable
select (C,Im,Ps) and term (Tn) address-
es to respectively I7_13 and lg-s5, then
continue to step 2.

PROGRAM-VERIFY “OR” ARRAY

1. SET-UP:
With Vg at GND and CK at Voky, select
the fuse to be programmed by applying
TTL voltage levels to input sets g5 and
l7-13 in accordance with the binary ad-
dress map on page 21. Also set li4 =
V|L. and l45 = V|4. After tp delay raise

Vce to Veep-

2. PROGRAM CYCLE:

After a delay of tp raise |14 to V|H4. Pro-
ceed after another tp delay to raise CK

Signetics

INTEGRATED FUSE LOGIC
SERIES 28

to Vokp. Following still another tp delay
pulse ly5 to V) for a duration of tp. tp
later return CK to Vv and then tp after
that return l14 to V|_.

3. VERIFY CYCLE:
After a tp delay lower l45 to V|_ for a
duration of ty. At the end of ty Fo should
indicate a level of VoH: a level of Vo
indicates an unsuccessful fusing attempt.

4. NEXT VARIABLE SELECT (C,Ns,Fn)
(SAME TERM (Tn)):
After tp delay apply the next variable se-
lect (C,Ns,Fn) address to I7_13, then
continue with step 2.

5. NEXT VARIABLE SELECT (C,Ns,Fn)
(DIFFERENT TERM (Tn)):
After tp delay apply the next variable se-
lect (C,Ns,Fn) and term (Tn) addresses
to respectively I7_ 13 and lg-s5, then con-
tinue to step 2.

PROGRAM CYCLE POWER DOWN
When programming of the device is com-
plete, after tp delay set I15 to Vi, 114 to V)
and CK to Vgky. After another tp delay re-
duce Vg to OV.
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INTEGRATED FUSE LOGIC
SERIES 28
PROGRAM CYCLE ROW/COLUMN FUSE ADDRESSING
VARIABLE SELECT Table1 TRANSITION TERM SELECT Table2
ROW ROW COLUMN
HEX ADDRESS SELECTED HEX ADDRESS SELECTED HEX ADDRESS SELECTED
l13142111|l10g 18 17 VARIABLE I13 112 111{l10l9 18 17 VARIABLE '5 s |3 Il 1o TRANSITION TERM
o] 0 N SET 4 0 lo 0 o Y
T 0 1 1
0 1 o p— 4 1 o 0 ! !
4 2 |_1
RESET 4 4 0 0 4 4
2 0 5 5
o] 4 \ SET 4 5 I2 o 6 6
0 5 2 RESET : _6, % 0 7 7
3
0 6 SET 0 8 8
0 7 N3 4 8 b 0 9 9
RESET 4 9 I 0 A 10
0 8 N SET 4 A _I§ (o] B 11
0 9 4 4 B AND Ts 0 c 12
RESET
4 c Array e 0 D 13
g S OR N5 il 4 D T 0 e 1
RESET 4 E \ 0 F 15
Array R4 1 0 16
0 c . SET 4 F I7 ; ; i
0 D 0 RESET : ? # 1 2 18
s
o} E SET 1 3 19
0 F Fq 5 2 b 1 4 20
RESET 5 3 Iy 1 5 21
1 0 F SET 5 4 |_10 1 6 22
1 2 sl B 5 ho 1 7 23
5 6 1y 1 8 24
: g Fa SET 5 7 To1 1 9 25
RESET 5 8 I 1 A 26
1 4 SET 5 9 T : 2 2;
F
! 5 4[ reser 5 A ha 1 D 29
5 B Tia
1 6 SET 1 E 30
] 7 Fs 5 (¢ 114 1 F 31
RESET 5 D A 2 0 32
1 8 - SET 5 E lis 2 1 33
1 9 6 RESET 5 F Iis 2 2 34
6 0 Po 2 3 35
: . SR 1 Po 2 4 36
RESET 6 2 P, 2 5 37
1 c Complement | 6 3 Py 2 6 gg
6 5 P.
1 D . . P2 2 9 41
Ps
Empty Address 6 7 P3 2 A o
Space 2 B 43
6 8 Py 2 c 44
6 9 Py 2 D 45
6 A Ps 2 E 46
6 B Ps 2 F 47
) 6 c Complement | ~ 3 0 48
3 F Array 3 1 49

NOTES
1. A row address identifies a particular variable coupled to all transition terms.
2. With a variable selected by the row address the column address further seiects a

coupling fuse for each term. . ]
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PROGRAMMING SYSTEM SPECIFICATIONS (Tp = +25°C)

INTEGRATED FUSE LOGIC
SERIES 28

LIMITS
PARAMETER TEST CONDITIONS Min Typ Max UNIT

Vcep Vce supply (program) Iccp = 550mA min 8.25 8.5 8.76 v
Vcev Ve supply (verify) Transient or steady state 475 5.0 5.26 v
lccp Icc limit program Vcep = +8.50 + .25V 550 1,000 mA

Input voltage v
VIH High 2.4 6.5
ViL Low 0 0.4 0.8

Input Current nA
IH High ViH = +6.5V 50
I Low Vi = ov —=500
Vix O.E. program enable level 9.5 10 10.5 v
hx O.E. program input current Vix = +10V 10 mA
VCKP CK supply (program)3 Ickp = 300 + 25mA 16.0 17.0 18.0 v
v Transient or steady state
Vcky CK supply (idle) Ickv = 1mA max 1.26 1.5 1.76 v
IckpP CK supply current limit Vekp = +17 = 1V 275 300 325 mA
ty Verify time 1 us
TRs Reset pulse width 1 us
Tps Preset pulse width 1 us
tp Programming pulse width 0.3 04 0.5 ms
tp Pulse sequence delay 10 us
TR CK Pulse rise time 10% to 90% 10 50 us
TpvB Program-Verify time per link 0.6 ms
Ppc Programming duty cycle 100 %
FL Fusing attempts per link 2 cycle
Vs Verify threshold*4 1.4 1.5 1.6 v

NOTES

1. These are specifications which a Programming System must satisfy in order to be
qualified by Signetics.

2. Bypass Vg to GND with a 0.01uf capacitor to reduce voltage spikes.

3. 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.

4. Vg is the sensing threshold of the FPLS output voltage for a programmed link. It
normally constitutes the reference voltage applied to a comparator circuit to verify a

ful fusing P

PR/O.E. OPTION PROGRAM-VERIFY SEQUENCE

e
E.

Veev

ViH

viL

Vou
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INTEGRATED FUSE LOGIC

ENABLE)

[§)]
Fo

SERIES 28
“OR” ARRAY PROGRAM-VERIFY SEQUENCE (TYPICAL)
i ViH
(Tn ADDRESS) (Tn) (Tn+1)
lo-5 Vi
ViH
(C,im,Ps ADDRESS) (C/Ng/Fn) (Ns + 1/Fn+1)
17-12 Vi
h3 — VIH
(AND/OR SELECT) viL
veep
vce — Oy I
Teve
— | m————— VIH
MODE (PROGRAM) 1
(VERIFY) H
114 viL
1o f tolioL— ~—lj tp [e— veke
TR -1 tp
—4 ip | tD fe—
—] tp 'q— tp|e— —»] tp ju—
cK Veky
, | | .
15 1 i i ()
by tp =} ty fe— | | ] ] - tp
/ Ll i ]
(PROGRAM/VERIFY oum — Vi

8200

“AND” ARRAY PROGRAM-VERIFY SEQUENCE (TYPICAL)

(T ADDRESS)

lo-s

(C,M,Pg ADDRESS)
17-12

(AND/OR SELECT)
113

vce

MODE
a4

CK

s

ENABLE)

1
Fo

(PROGRAM/VERIFY 4

ViH

(Tn) (Tn+1)

viL

ViH

(C/Im/Pg) (m+ 1/Pg+ 1)

viL

Vi

veee

Teve

(PROGRAM) [ VIH

(VERIFY) !

ViL

Veke

tp p—

o

CKV
1
1 1 1

=
/R

i ! -

i

NOTE

1. (P) and (N) represent respectively a programmed and non-programmed fuse, corresponding to logic “1” or “0" output voltage levels.
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INTEGRATED FUSE LOGIC

SERIES 28
TEST ARRAY
STATE DIAGRAM FPLS UNDER TEST
The FPLS may be subjected to AC
and DC parametric tests prior to o+sv
programming via an on chip test ar- In/Fn
ray. I vee
Ig-15
The array consists of test transition
terms 48 and 49, factory pro- In*Fn/Fn in*Fn/Fn
grammed as shown below. L kA
CK
Testing is accomplished by eroc —=

clocking the FPLS and applying the Tn+Fn/Fn I pmul
proper input sequence to lp.7 as oo

shown in the test circuit timing dia-
gram.

TEST ARRAY PROGRAM (LOGIC)

OPTION (P/E) M
TRANSITION TERM OUTPUT TERM
INPUT VARIABLE (Im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT FUNCTION (Fn)
No. | ¢ [t1]1f1]a]1]1 I
5/|4|]3|2]1]|]0|9]8]|]7[6|5]4[/3|2|1]|0]|5([4 (3 |2]1]0 5|4|3]2]1]0]7|6|5]4]3!2]|1]0
48 A HI{H]H|H]JH]JH|HJH|H|H H|H|H|H|H |H |H |H |H [H |[H cjojejojrjojrjojejejrjLjrjL
49 [ ] Ljojejejojejojujefjojejefejejrjoejoefejurioe e L H|H HI{H|HI{H|H]|H}|H }|H |H |H |H

TEST CIRCUIT TIMING DIAGRAM

+sv
4.75v
vee
ov

ViH

Both terms 48 and 49 must be de- o s il et
leted during user programming to
avoid interfering with the desired _’I e Tm_.l _——
logic function. This is accomplished lo-7 jmsv 1.5v -V 15v 1.5v 7l_ ViH
automatically by any Signetics’ viL
qualified programming equipment. _,_I o fo- I__TCKO __' I,_TCKO
3v
Fo-7 1.5V 1.5v * 1.5v
| ov

w5 T

viL

K3
4
T

—+

TEST ARRAY DELETED (LOGIC)

OPTION (P/E) I
TRANSITION TERM OUTPUT TERM
INPUT VARIABLE (im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT FUNCTION (Fn)
No. | ¢ [1[1]1|1]1]1 —_— . .
slals|2(1]lo|eisf7]|e[s|alsf2]1]o|s]a]s]2]1]0 s|a|3]2{1]of7|e|s[a]|3]|2]1]0
48 | — |ululn]lu]ulnln HIH H Hlr (v ]nnTu [ ]n —|=l=I=1=1=[=1=1=]=1=[-
49 | o Jojuuu]udel el efele]efefe el —[-]=1=-]=]=]=]=-]=]=]=]=]=]=
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DESCRIPTION

The 825106 (Open collector outputs) and
82S107 (3-state outputs) are bipolar Pro-
grammable ROM Patches organized as 48
words by 8 bits, addressed via a 16 bit
programmable address comparator. Each
word can be assigned a unique address
code, Py, within a64K (216) address range by
programming the comparator inputs High,
Low, or Don't care via True/Complement
input buffers.

The contents of each word are also pro-
grammable, and are enabled to the active-
High Patch outputs only when a pro-
grammed address is detected, which causes
the Flag output to go Low. For all unpro-
grammed addresses, the device outputs
remain High (825106) or Hi-Z (82S107) while
the Flag output remains High. The Flag is
open collector to allow wire-ANDing for
expansion to more than 48 patch words.

The 825106 and 82S107 are fully TTL com-
patible and can be programmed in the field
by following the fusing procedure outlined
in this data sheet, or by means of commer-
cially available equipment.

Both devices are available in commercial
and military temperature ranges. For the
commercial range (0°C to +75°C) specify
N828106/107, F or N, and for the military
temperature range (-55° C to +125° C) spec-
ify $8258106/107, F, G, or R.

FEATURES
¢ Field programmable (Ni-Cr link)
Address Inputs: 16
Data Outputs: 8
Patch Words: 48
Address access time:
$825106/107—100ns Max
N82S106/107—70ns Max
* Power dissipation: 600mW typ
¢ |nput loading:
$825106/107: -150uA Max
N82S106/107: -100u.A Max
e Open collector Flag
® Qutput option:
82S106: Open collector
82S107: 3-state
¢ OQOutput disabled state
3-state—Hi-Z
Open collector—Hi

APPLICATIONS
ROM data modifications
Memory address trap
Digital filter
Interrupt request/vector
generator

¢ Data security encoder

INTEGRATED FUSE LOGIC
SERIES 28

PIN CONFIGURATION

F,G,,N,R PACKAGES

rer [T]
1 [Z

le | 3
=
1 E
]
T
‘&
w (5]
r ]
r [0]
. [Z]
GNo [14]

24|

23] bz

21) b

oF

17| F.

16] F:

F = Cerdip
G = Leadless
| = Ceramic
N = Plastic

R = Flat pack

28] Ve

’_1_3] FLAG

1+Open or grounded during normal operation

TRUTH TABLE

? — Fo-7
An = P Flag
N N 82S106 | 82S107
NO 1 1 Hi-Z
YES 0 Stored Data
LOGIC DIAGRAM
TIC
AN 8
ADDRESS U
COMPARATOR —r F >4 Im
Pn) (32) : 16)
R
S

(48)

STORAGE
MATRIX
(48 X 8)

8)

(48) {
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FPRP LOGIC DIAGRAM
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ABSOLUTE MAXIMUM RATINGS!

INTEGRATED FUSE LOGIC
SERIES 28

THERMAL RATINGS

RATING COM-
PARAMETER - UNIT TEMPERATURE MILI- | MER-
Min Max TARY | CIAL
Vce Supply voltage +7 Vdc Maxi
VIN Input voltage +5.5 Vdc aximum o o
junction 175°C | 150°C
Vout Output voltage +5.5 Vdc Maximum
N Input currents -30 +30 mA . o °
: Outout t +100 A ambient 125°C | 75°C
out utput currents T Allowable thermal
Temperature range C rise ambient
TaA Operating : . ° °
N82S106/107 0 +75 to junction 50°C 75°C
S825106/107 -55 +125
Ts1a Storage -65 +150
DC ELECTRICAL CHARACTERISTICS N82S106/107: 0° < Ta < +75°C, 4.75V < V¢c < 5.25V
’ S82S106/107: -55°C < Ta < +125°C, 4.5V < Vcc < 5.5V
N82S106/107 $82S106/107
PARAMETER TEST CONDITIONS - - 2 UNIT
Min Typ? Max Min Typ Max
Input voltage?2 \Y
ViH High Vce = Max 2 2
ViL Low Vce = Min 0.85 0.8
Vic Clamp 23 Vce = Min, In = -18mA -0.8 -1.2 -0.8 -1.2
Output voltage Vce = Min \
VoH High (825107)24 loH = -2mA 2.4 2.4
VoL Low 25 (Fo_7) loL = 9.6mA 0.35 0.45 0.35 0.50
VoL Low25 (Flag) loL = 4.8mA 0.35 0.45 0.35 0.50
Input current rA
hh High ViN = 5.5V <1 25 <1 50
e Low VIN = 0.45V -10 -100 -10 -150
Output current Vce = Max
loLk Leakage’ Vout = 5.5V 1 40 1 60 uA
10(OFF) Hi-Z state (825107)8 VouT = 5.5V 1 40 1 60 uA
Vout = 0.45V -1 -40 -1 -60
los Short circuit (825107)37 Vout = 0V -20 -70 -15 -85 mA
lcc Ve supply current8 Vce = Max 120 170 120 180 mA
Capacitance Vce = 5.0V pF
Cin Input ViN = 2.0V 8 8
Cout Output Vourt = 2.0V 17 17
AC ELECTRICAL CHARACTERISTICS Ri=4700, Rz = 1k, CL = 30pF
N82S106/107: 0°C < Ta < +75°C, 4.75V < Vcc =< 5.25V
S$82S5106/107: -55°C < TA < +125°C, 4.5V < Vgc < 5.5V
N825106/107 $82S106/107 UNIT
PARAMETER TO FROM
Min Typ Max Min Typ Max
Access time ns
Tia Address Output Input 45 70 100 100
TFL Enable Flag Input 40 55 40 80
NOTES on following page.
Signetics 47
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FIELD PROGRAMMABLE ROM PATCH (16X48X8) 825106 (0.C.)/825107 (1.S.)
INTEGRATED FUSE LOGIC

NOTES

1.

2.
3.

Stresses above those listed under “"Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only, and functional operation
of the device of these or any other condition above those indicated in the operation of
the device specification i1s not implied.

All typical values are at Vcc = 5V, Ta = 25°C.

All voltage values are with respect to network ground terminal.

SERIES 28

§. Measured with the Patch enabled (An = PN) and a logic high stored.
6. Measured with a programmed logic condition for which the output under test is at a

low logic level when the Patch is enabled (AN = Pn). Output sink currentis applied thru
a resistor to Vce.

. Measured with the Patch disabled (An # PN).

. Duration of short circuit should not exceed 1 second.

4. Test one at the time.

TEST LOAD CIRCUIT

w o~

. lcc is measured with all inputs at 4.5V and the outputs open.

VOLTAGE WAVEFORM

to Vee
]
: M
| put |
! [
| Fr
O] 11s
GND FLAG

5V

I,
{INCLUDES

= = SCOPE AND JIG
CAPACITANCE)

INPUT PULSES

OV ——em

Measurements: All circuit delays are measured at the
+1.5V level of inputs and outputs.

TIMING DIAGRAM

READ CYCLE

TIMING DEFINITIONS

Tia Delay between latest Address variable
change and when Data Output be-
comes stable.

Delay between latest Address variable
change and when Flag output be-
comes stable.

VIRGIN DEVICE

The 82S106/107 are shipped in an unpro-

grammed state, characterized by:

1. All internal Ni-Cr links are intact.

2. Each comparator address (P-term) con-
tains both true and complement values
of every input variable Im (P-terms al-
ways logically “faise”).

3. The storage Matrix contains all “1”.

TFL

48

4. The polarity of each output is set to
active high.
5. All outputs are at a low logic level.

RECOMMENDED
PROGRAMMING PROCEDURE
To program up to 48 address-data pair loca-
tions, follow the program/verify procedures
outlined below. To maximize recovery from
programming errors, leave all links corre-
sponding to unused address-data pairs in-
tact.

SET-UP

Terminate all device outputs with a 10K
resistor to +5V. Set GND (pin 14) to OV.

Signetics
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ADDRESS COMPARATOR
Program Pn Address

Program one input at the time and one P-
term at the time. Unused comparator inputs
must be programmed as Don’t Care for all
programmed P-terms.

1. Set FE (pin 1) to VreL, and Vcc (pin 28)
to Vcep.

2. Disable all device outputs by setting
Flag (pin 19) to Viu.

3. Disable all comparator inputs by ap-
plying Vix to inputs lo through I1s.

4. Address the P-term to be programmed
(No. 0 through 47) by forcing the corre-
sponding binary code on outputs Fp
through Fs with Fg as LSB. Use stand-
ard TTL logic levels Vonr and VoLr.

5a. If the P-term contains neither lg nor g
(input is a Don’t Care), fuse both lg and
lo links by executing both steps 5b and
5¢, before continuing with step 7.

5b. If the P-term contains lo, set to fuse the
ig link by lowering the input voltage at
lo from Vix to ViH. Execute step 6.

5¢. If the P-term contains Ip, set to fuse the
lo link by lowering the input voltage at
lo from Vix to ViL. Execute step 6.

6a. After tp delay, raise FE from VrgL to
VFEH.

6b. After tp delay, pulse the Flag input
from ViH to Vix for a period tp.

6¢c. After tp delay, return FE input to VFeL.

7. Disable programmed input by return-
ing lg to Vix.

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|x from all input variables.

VERIFY P, ADDRESS

1. Set FE to VreL, and Vce to Vcep.

2. Enable F7 output by setting Flag to Vix.

3. Disable all comparator inputs by apply-
ing Vix to inputs lo through I1s.

4. Address the P-term to be verified (No. 0
through 47) by forcing the correspond-
ing binary code on outputs Fg through
Fs.

5. Interrogate Input lo as follows:

A. Lower the input voltage at Ig from V|x
to ViH, and sense the logic state of
output F7.

B. Lower the input voltage at lg from V|4
to Vi, and sense the logic state out-
put F7.

The state of lo contained in the P-term is
determined in accordance with the follow-
ing truth table:

I E COMPARATOR INPUT STATE
0 CONTAINED IN P-TERM

0 1 'IE

1 0

0 0 |

1|1 0

0 1 ,

1 1 Don’t Care

0 0 —

1 0 (o), (lo)

Note that 2 tests are required to uniquely
determine the state of the input contained in
the P-term.

6. Disable verified input by returning g to
Vix.

7. Repeat steps 5 and 6 for all other input
variables.

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

9. Remove Vix from all comparator inputs.

STORAGE MATRIX
Program Output Data

Program one output at the time for one P-
term at the time.

1. Set FE to VFEL.

2. Disable the chip by setting Flag to Viy.

3. After tp delay, set Vce to Vecs, and
inputs ls through 115 to Vin, VL, or Vix.

4. Address the P-term to be programmed
(No. 0 through 47) by applying the
corresponding binary code to compar-
ator inputs Igthrough Is, with lpas LSB.

Signetics

INTEGRATED FUSE LOGIC
SERIES 28

5. To program a logic “0” at output Fo,
force Fo to Vopr.

6a. After tp delay, raise FE (pin 1) from
VFEL to VFEH.

6b. After tp delay, pulse the Fiag input
from ViH to Vix for a period tp.

6¢c. After tp delay, return FE input to VFEL.

6d. After tp delay, remove Vopr from out-
put Fo.

7. Repeat steps 5 and 6 for all other out-
put functions.

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

9. Remove Vccs from Vce.

Verify Output Data

1. Set FE to VFEL.

2. Disable the chip by setting Flag to ViH.

3. Aftertp delay, set Vccto Vees, andinputs
to through l15 to ViH, Vi, or Vix.

4. Address the P-term to be verified (No. 0
through 47) by applying the correspond-
ing binary code to comparator inputs lg
through Is.

5. After tp delay, enable the chip by setting
Flag to ViL.

6. To determine the status of each output
link in the Storage Matrix, sense the state
of outputs Fo through F7. The status of
the link is given by the following truth
table: .

Fp LINK
0 Fused
1 Present

7. Repeat steps 4 through 6 for all other
P-terms.
8. Remove Vccs from Vee.
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INTEGRATED FUSE LOGIC
SERIES 28

ADDRESS COMPARATOR PROGRAM-VERIFY SEQUENCE (TYPICAL)

ENABLE VFE| amml O]

—_— v
FLAG x
Vin

TR

o=

1

n -
viL — D

Vee = Veer
VOHF - — —— -
Fo-s L I PN+t
VOoLF - - — -
v —— ——— -———
o T eh T T T -
ViH L..._..-__--.-” ] 1
lo-15 Vi o [ T
o o I
F7 5] U
Vo=~
(VERIFY OUTPUT) TPR Tps
'D[* " (PROGRAM) (PAUSE)
VeEH [~ 90% (VERIFY)
FUSE l..‘j

STORAGE MATRIX PROGRAM-VERIFY SEQUENCE (TYPICAL)

Vees

Vee VCCP‘J
I Vin )
0-5 N
Vie
N L
OFF
1
Fo_y Voum—d © )
o-7 oM @
T VoL— T
tp| PR PS
Vee (PROGRAM (PAUSE)
H—-b
FUSE [~ 90%
ENABLE Th
10%._
VEEL
L —=ltpl~— rt— (VERIFY)
A
1X—4 ~r—-| »tol-[
Flad ViIH tp
~ftple—eltple~ -V
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INTEGRATED FUSE LOGIC

SERIES 28
PROGRAMMING SYSTEM SPECIFICATIONS1 (Ta=+25°C)
LIMITS
PARAMETER TEST CONDITIONS - UNIT
Min Typ Max
Vces Ve supply (program/verify Iccs = 550mA, min. 8.25 8.5 8.75 \
Storage Matrix)2 Transient or steady state
Iccs Icc limit Vces = +8.50 £ .25V 550 1,000 mA
Input voltage \
VIH High 24 5.5
ViL Low 0 0.4 0.8
Input current uA
i High ViH = +5.5V 50
i Low ViL=0V -500
Forced output voltage \
VoHF High 24 5.5
VoOLF Low 0 0.4 0.8
Output current
loHF High VouF = +5.5V 100 uA
loLF Low VoLr = 0V -1 mA
Vix Flag program enable level 9.5 10 10.5 v
lix1 Input current Vix = +10V 10 mA
lix2 Flag input current Vix = +10V 10 mA
VFEH FE supply (program)3 IFeH = 300 + 25mA, 16.0 17.0 18.0 \
Transient or steady state
VFEL FE supply (idle) IFEL = -1TmA, max 1.25 1.5 1.75 \
IFEH FE supply current limit VFgEH = +17 =1V 275 300 325 mA
Vcep Vce supply (program/verify Address Iccp = 550mA, min. 4.75 5.0 5.25 Vv
Comparator) Transient or steady state
Icce Icc limit Vcep = +5.0 + .25V 550 1,000 mA
Vorr Forced output (program) 9.5 10 10.5 \Y
loPF Output current (program) 10 mA
TR FE pulse rise time 10% to 90% 10 50 us
tp Flag programming pulse width 0.3 0.4 0.5 ms5
to Pulse sequence delay 10 us
TPR Programming time 0.6 ms
Ter Programming duty cycle 50 %
Ter+ Trs
Fo Fusing attempts per link 2 cycle
Vs Verify threshold4 14 1.5 1.6 \"
NOTES

1.

2.
3.

These are specifications which a Programming System must satisfy in order to be

qualified by Signetics.

cycle. The recommended supply is a constant current source clamped at the specified

voltage timit.

Bypass Vcc to GND with a 0.01uf capacitor to reduce voitage spikes.
Care should be taken to ensure that the voltage is maintained during the entire fusing 5. These are new limits resulting from device improvements, and which supersede, but
do not obsolete the performance requirements of previously manufactured
programming equipment.

4. Vs is the sensing threshold of the FPRP output voltage for a programmed link. It

normally constitutes the reference voltage applied to a comparator circuit to verify a
successful fusing attempt.

Signetics
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LOGIC PROGRAMMING

The FPRP can be programmed by means of
Logic programming equipment.

With Logic programming, the AND/OR gate
input connections necessary to implement
the desired logic function are coded directly
from memory patch specifications using the
Program Table on the following page.

In this Table, the logic state of variables |
and F associated with each Patch address
Pn is assigned a symbol which resultsin the
proper fusing pattern of corresponding link
pairs, defined as follows:

“AND” ARRAY - (1),

“OR” ARRAY -

(F)

INTEGRATED FUSE LOGIC
SERIES 28

DATA

CODE

DATA CODE

| O—"F—-b—*r—

STATE CODE

STATE

CODE

INACTIVE 1.2 (o)

STATE

CODE STATE

DON'T CARE -—

o — — — — — —— — —— — —

NOTES

1. This is theinitial unprogrammed state of all link pairs. Itis normally associated with all

unused (inactive) AND gates Pp.

2. Any gate Py will be unconditionally inhibited if any one of its () link pairs is left intact.
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825106 (0.C.)/825107 (1.S.)

FPRP PROGRAM TABLE (Logic)

THIS PORTION TO BE COMPLETED BY SIGNETICS

CF (XXXX

CUSTOMER SYMBOLIZED PART #

DATE RECEIVED
COMMENTS

PROGRAM TABLE ENTRIES

COMPARATOR INPUT

OUTPUT FUNCTION

Im

Im

Don’t care

“wyr “g”

H

L

— (dash)

A e (period)

NOTE

Enter (-) for unused inputs of all active
P-terms.

NOTE
Enter (A) for unused outputs of all active
P-terms.

INTEGRATED FUSE LOGIC
SERIES 28

NOTES

1. Unused inputs and outputs are FPRP
terminals ieft floating.

2. Input and output fields of inactive
P-terms can be left blank.

PRODUCT TERM

p4
o

|

—_INPUT VARIABLE

111
211101} 9

T a5 Ta]

8

716

Qo NP |wiN|[a o

CUSTOMER NAME

PURCHASE ORDER #

SIGNETICS DEVICE #

TOTAL NUMBER OF PARTS

PROGRAM TABLE #

DATE

REV

Signetics
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TWX TAPE CODING FORMAT

The FPRP Program Table can be sent to
Signetics in ASCII code format via airmail
using any type of 8-level tape (paper, mylar;
fanfold, etc.), or via TWX: just dial (910) 339-

9283, tell the operator to turn the paper
puncher on, and acknowledge. At the end of
transmission instruct the operator to send
tape to Signetics Order Entry.

A number of Program Tables can be se-

| e e ll I : suB 25 : : -S—UB

| LEADER | E‘ IH&?;'R'«G' (C/R) | HEADING | RUBOUTS ' PROGRAM TABLE (cm) | HEADING

poem |G I MmN N MmN, 1 DATAM 1 viN (N)
1= | ] L 1 H 1

INTEGRATED FUSE LOGIC
SERIES 28

quentially assembled on a continuous tape
as follows, however limit tape length to aroll
of 1.75 inch inside diameter, and 4.25 inch
outside diameter:

TV TV T T T TR T T
I rusouts | PROGRAM TABLE] 2 :TRA,,_ER(

I MmN DATANN) | 51 ¢y I\

—_—— =T N

A. The MAIN HEADING at the beginning of tape includes the following information, with each entry preceded by a ($) character,

whether used or not:

1. Customer Name

2. Customer TWX No.

3. Date

4. Purchase Order No.
5. Number of Program Tables
6. Total Number of Parts

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:

1. Signetics Device No.

4. Date

2. Program Table No.

3. Revision

6. Number of Parts

5. Customer Symbolized Part No.

C.Program Table data blocks are initiated with an STX character, and terminated with an ETX character. The body of the data
consists of Output Active Level, Product Term, and Output Function information separated by appropriate identifiers in

accordance with the following format:

START OF DATA TEXT
(CONTROL A or B)
START OF DATA

FIELD

ACTIVE LEVEL

IDENTIFIER
ACTIVE LEVEL DATA
(8 DIGITS)

COMPARATOR INPUT IDENTIFIER

(2 DECIMAL DIGITS)
START OF DATA FIELD
(8 DIGITS, A/e)
(16 DIGITS, H/L/-) |
] ¥

START OF DATA FIELD
PRODUCT TERM IDENTIFIER
1 SPACE (MANDATORY)
PRODUCT TERM NUMBER

START OF DATA FIELD

END OF DATA TEXT
(CONTROL C)

OUTPUT FUNCTION IDENTIFIER

COMPARATOR INPUT DATA

OUTPUT FUNCTION DATA

INPUT AND OUTPUT DATA FOR
ALL PRODUCT TERMS USED

STX ™A HHHHHHHH *P 00"

*
| '15'14'13'12'11'10'9'8'7'6'5'4'3'2'1'0

COMPARATOR INPUT

OUTPUT FUNCTION

Im im Don't care

“qn “g”

H L —(dash)

A ¢ (period)

P ———

F F,FeFsF FaFoF,Fp* P

NOTES

1. Enter (-} for unused inputs of ail active P-terms.

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

3. Unused inputs and outputs are FPRP terminals
left floating.

Although the Product Term data are shown entered in sequence, this is not necessary. It is possible to input only one Product 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. Corrections to any entry can be made by backspace and rubout. However, limit consecutive rubouts

to less than 25.

2. Terms can be re-entered any number of times. The last entry for a particular P-Term will be

interpreted as valid data.

3. To facilitate an orderly Teletype print out, carriage returns, line feeds, spaces, rubouts etc. may be

interspersed between data groups.

4. Comments are allowed between data fields, provided thatan asterisk (*) is not used in any Heading or

Comment entry.
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I:I:In DDMDAIA AARIE DMAA DATMU o
1 s § l\r\l'll'l"\B b VI L lv ] (‘.vy\-n.xe\ 825 06 ! -vn! .7 ﬂ-s.!
INTEGRATED FUSE LOGIC
SERIES 28
8
Fp.7 === =g =)
‘i FPRP
l0-11 (828107) PATCH SPECIFICATIONS
FAG b ey ADDRESS NEW DATA
vec 750 A9
SFE 7F
0A4
0AS5
B4
4KX8 ROM/PROM CE 0A8
0A7
Ao-11 (3-STATE)
Y4 Do-7
y &
ADDRESS
Dout
FPRP PROGRAM TABLE
PRODUCT TERM ACTIVE LEVEL
INPUT COMPARATOR INPUT  HTHIHI A | HIATHTH ] OUTPUT
ADDRESS e Rt el Bl B B - - L~ IR PRl DA PR DATA
N 1 11 ] 1] OUTPUT F FUNCT'ON
0. b o e e g — e e —— ] - r=r T - - ——
s |aj{s3|2|1fo0]olsfj7r]e|s[ala[2]1]o0 7,6 ¢5,;4,3 ;2170
750 o |—|—|—-|—|cv|HjH|H}L]H]|L|H}L]L]L]|L Alo|A]lo|Aale]|eo]a A9
SFE 1 ===} ~|tlH]|L]|H]|H|H|[H]|H|H]{H]|H}L elalajalalalala 7F
OA4-0A7 2 - —-]—-|—-tce]r]rfrHf{e]n]ririu]l-|- Al oAl Aa]e|lafe]e B4
| 1/0 | o |
| ASSIGNMENT UNUSED An Ao 1~ Do_l
Since Patch inputs },,.15 are unused, they are programmed Don't Care (-), and left open in the circuit.
Note however that |, and I, are programmed as (-) in P-term 2 because they define an address block of 4
memory locations.
SYSTEM ADDRESS BUS
[ 4
7481
$138 Ao-13 Ap-11 Ao-11
A12-13 1
ENy ENp
y
.
. FPRP
@) (3]
A —
(N) FLAG Do
FLAG Do f -
3
FLAG D {/ 4
LAG y [o] PP g 7 &
CEq CEq
Rp i 4Kx8 4Kx8
A4 ROM ROM,4
vce Do Do
/ks *8
&
DATA BUS
When more than 48 memory locations need to be patched, several devices
can be paralleled by wire-ANDing the Flag outputs.

Signetics
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FIELD PROGRAMMABLE

ATE ARRAY (18X12)

825150 (O.C.)/825154 (1.S.)

DESCRIPTION

The 825150 and the 82S151 are single level
logic elements, consisting of 12 AND gates
with fusible link connections for program-
ming 1/0 polarity, |/O direction and output
enable control.

All gates are linked to 6 inputs (I) and 12
bidirectional 1/0 lines (B). These yield vari-
able I/ 0 gate configurations via 3 direction
control gates (D), ranging from 18 inputs to
12 outputs.

On chip T/C buffers couple either True (I, B)
or Complement (i, B) input polarities to each
AND gate. The polarity of all gate out-
puts is individually programmable through a
set of EX-OR gates for implementing AND/
NAND logic functions. Alternately, if de-
sired, OR/NOR logic functions can also be
realized by programming for each gate the
complement of its inputs and output
(DeMorgan’s Theorem).

The 82S150 and the 82S151 are field
programmable, enabling the user to quickly

generate custom patterns using standard

programming equipment.

Both devices are available in a 20-pin slim
line package. For the commercial tempera-
ture range (0°C to +75°C) specify
N82S150/151 N or F. For the military tem-
perature range (—55°C to +125°C) specify
$825150/ 151 F only.

FUNCTIONAL DIAGRAM

FEATURES
Field Programmable (Ni-Cr link)
6 inputs
12 AND gates
12 bidirectional 1/0 lines
Active high or low outputs
Programmable output enable
Power disgipation: 650mW (typ)
1/0 propagation delay: 30ns (max)
Input loading
N82S150/151: —100u:A (max)
$82S150/151: —150uA (max)
¢ QOutput options
82S150: open collector
82S151: tri-state
* TTL compatible

APPLICATIONS

® Random gating functions
e Address decoding

e Code detectors

Memory mapped I/0
Fault monitors

170 port decoders

INTEGRATED FUSE LOGIC
SERIES 20

PIN CONFIGURATION

F,N PACKAGES

W] ™ 20] vee
h 2] [19] By
12 3] 18] Byg
13 [4] [17] By
14 (5] 6] By
15 [€] 5] 8,
Bo [7] 12] Bg
By [z] [13] Bs
By 2] 2] B4
Gnp [10 [11] B,
F = Cerdip
N = Plastic

LOGIC FUNCTIONS

Go Do-2

0 0
g

:

Typical Gate Functions:

At L = Open
X=AeBeCe .. ..

At L = Closed
X=AeBeCe . . ..

X=A+B+C+.....

NOTES:

1. For each of the 12 outputs, either function X (ac-
tive-high) or X (active-low) is available, but not
both. The desired output polarity is programmed via
link (L).

2. X, A, B, C, etc. are user defined connections to
fixed inputs (l) and bidirectional pins (B).

O

Bo NOTES:
1. B Denotes fixed connection
2. All Ni-Cr tinks are initially intact.
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BIPOLAR MEMORY DIVISION JUNE 1981

FIELD PROGRAMMARBLE GATE ARRAY (18X12) 825150 (0.C.)/825151 (1.S)
lsr‘lg;ggg‘l;ED FUSE LOGIC
FPGA LOGIC DIAGRAM
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BIPOLAR MEMORY DMISION MAY 19841
FIELD PROGRAMMARIE GATE ARRAY (18X12) 825150 (0.C.)/825151 (T.S.)
Preview INTEGRATED FUSE LOGIC
SERIES 20
ABSOLUTE MAXIMUM RATINGS THERMAL RATINGS
RATING Mili- |Commer-
PARAMETER Min Max UNIT TEMPERATURE tary cial
Maximum junction 175°C| 1560°C
Vee Supply voltage +7 Vdo Maximum ambient 125°C| 75°C
ViN input voltage +5.5 Vdc \
vVour Output voltage +5.5 Vde Allowable thermal rise
. . R . ° °
N Input currents —-30 +30 mA ambient to junction 50°C 75°C
louTt Output currents +100 mA
Temperature range c°
TA Operating
N82S150/ 151 (o] +75
$82S150/ 151 —55 +125
TSTG Storage —65 +150
DC ELECTRICAL CHACTERISTICS N825150/151: 0°C< Ta< +75°C, 4.75V< Vgc<5.25V
$825150/151: —55°C<Ta< +125°C, 4.5V<Vcc<5.5V
N82S150/151 $82150/151
PARAMETER TEST CONDITION Min | Typ? Max Min | Typ2 Max UNIT
Input voltage3 \
viL Low Vce = Min .85 .80
VIH High Vce = Max 2.0 2.0
Vic Clamp3.4 Ve = Min, lin = —18mA .8 -1.2 .8 -1.2
Output voltage Vee = Min \"
VoL Low3.5 loL = 10mA .5
VoL Low35 loL = 8mA 5
VOH High3.6 I0H = —2mA 2.4 2.4
Input Current pA
L Low VIN = 0.45V =100 —150
H High VIN = 6.5V 40 50
Output Current Vce = max
loLK Leakage (82S150) Vour = 5.5V 40 60 MA
IO(OFF) Hi-Z state (82S151) Vout = 5.5V 40 60 A
Vout = .45V —40 —60
los Short circuit (825151)4.6.7 Vour = oV -20 =70 -15 -85 mA
Icc Vo supply current8 Vce = max 130 155 130 155 mA
Capacitance Vgce =5V pF
CIN Input VIN = 2.0V 8 8
Cp 110 vg = 2.0V 15 15
AC ELECTRICAL CHACTERISTICS R;=4702, Ry =1KQ
N82S150/151: 0°C< Ta< +75°C, 4.75V< Vgc<5.25V
$825150/151: —55°C<Ta< +125°C, 4.5V<Vc<5.5V
TEST N82S150/151 $82S8150/151
PARAMETER T0 FROM CONDITIONS | Min | Typ? | Max | Min | Typ2 | Max UNIT
TpPD Progagation delay | Output+ Input + CL = 30pF 25 30 25 ns
ToE Output enable Output— Input = 25 30 25 ns
Tob Output disable® Output+ Input + CL = 5pF 25 30 25
NOTES
1. Stresses above those listed under “Absolute Maximum Ratings” may cause permanent 6.
damage to the device. This is a stress rating only, and functional operation of the 7. Duration of short circuit should not exceed 1 second.
device of these or any other condition above those indicated in the operation of the 8.
device specifi is not implied 9. Measured at Vy = Vg + 0.6V.
2. Al typical values are at Vo = 6V, Tp =25°C.
3. All voltage values are with respect to network ground terminal.
4. Test one at a time.
5.
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BIPOLAR MEMORY DIVISION

MAY 1981

FIELD PROGRAMMABLE GATE ARRAY (18X12)

825150 (O.C.)/825151 (1.5

INTEGRATED FUSE LOGIC
SERIES 20

TEST LOAD CIRCUIT TIMING DIAGRAM
vee

? +sv .

O—i—-’ I? B %v Xt.sv 1.5V o
| R1
! | By I

o1 put E Vo
0:—> o Bz —>: R2 :;Lcwoss SCOPE i thv )/ v MvvoL
o—L—»{Bx L l ::::A‘gsmncs <—Tpn—>l *—Too’l l‘_

GND TOE

=

TIMING DEFINITIONS
TPD Propagation delay between input
and output.

TOD Delay between input change and
when output is off (Hi-Z or High).

TOE Delay between input change and
when output reflects specified
output level.

60
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VOLTAGE WAVEFORM
INPUT PULSES

10%

Measurements: All circuit delays are measured at the
+1.6V level of inputs and outputs, unless otherwise
specified.




BIPOLAR MEMORY DIVISION

MAY 1981
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Preview

LOGIC PROGRAMMING

In a virgin device all Ni-Cr links are intact.

The FPGA can be programmed by means of
Logic programming equipment.

With Logic programming, the AND/EX-OR
gate input connections necessary to imple-
ment the desired logic function are coded
directly from logic equations using the Pro-

INTEGRATED FUSE LOGIC

gram Table on the following page.

In this Table the logic state or action of

SERIES 20
1/0 DIRECTION —(B)
1
I
o | D
B B i B B
DIRECTION CODE | DIRECTION CODE
170 A | OUTPUT [ ]

|
]

variables | and B associated with each gate

Gn, Dn is assigned a symbol which resultsin  EX-OR ARRAY —(B)

the proper fusing pattern of corresponding
links defined as follows:

G—l\D—B
L

ACTIVE LEVEL CODE

HIGH H

SN o=

1

ACTIVE LEVEL CODE
Low L

“AND” ARRAY—(l,B)

1B o——«»—cD——ﬂ—- iB 1B O ::D i8

1,B O-—JP——b——i

8 o—-——OD—— iB

G, D G,D G, D G, D
STATE CODE STATE CODE STATE CODE STATE CODE
INACTIVE [} 18 H iB L DON'T CARE -

e e e —— — — — ———

T
|
l
I
|
|
|
|
|
I
l

~Cl

NOTES

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all
unused (inactive) AND gates Gn, Dn.

2. Any gate Gn, Dn will be unconditionally inhibited if any one of its (|, B) link pairs is left intact.

Signetics
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MAY 1981

825150 (O.C.)/825151 (1.S.)

BIPOLAR MEMORY DIVISION

FIELD PROGRAMMABLE GATE ARRAY (18X12)

INTEGRATED FUSE LOGIC

SERIES 20

FPGA PROGRAM TABLE (Logic)
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BIPOLAR MEMORY DIVISION

OCTOBER 981

FIELD PROGRAMMABLE LOGIC ARRAY (18X32X10)

825152 (0.C.)/825153 (T.S.)

DESCRIPTION

The 825152 and 82S153 are two-level logic
elements, consisting of 32 AND gates and
10 OR gates with fusible link connections for
programming |/ O polarity and direction.

All AND gates are linked to 8 inputs (I) and
10 bidirectional 1/0 lines (B). These yield
variable 1/0 gate configurations via 10 di-
rection control gates (D), ranging from 18
inputs to 10 outputs.

On chip T/C buffers couple either True (I, B)
or Complement (i, B) input polarities to all
AND gates, whose outputs can be optionally
linked to all OR gates. Their output polarity,
in turn, is individually programmable through
a set of EX-OR gates for inplementing AND-
OR or AND-NOR logic functions.

The 82S152 and the 82S153 are field
programmable, enabling the user to quickly
generate custom patterns using standard
programming equipment.

Both devices are available in a 20 pin slim

FEATURES

Field programmable (Ni-Cr links)
8 inputs

32 AND gates

10 OR gates

10 bidirectional 1/0 lines
Active high or low outputs
I/0 propagation delay:
N82S152/153: 40ns (max)
$825152/153: 60ns (max)
Input loading

N82S152/153: —100xA (max)
$82S152/153: —150uA (max)
Power dissipation:

650mW (typ)

Output options:

82S152: open collector
82S153: tri-state

TTL compatible

APPLICATIONS

Random logic
Code converters

INTEGRATED FUSE LOGIC

SERIES 20
PIN CONFIGURATION
o[ N [Elvee
n 2] [19] 8
N E 18] 8s
s [4] 7] &7
w [5] [16] 86
's [€] [15] 85
s [7] (14] 84
v 3] [13] 83
2o [] 2] 82
ano [10 [11] B4
F = Cerdip
N = Plastic
LOGIC FUNCTION

o Fault detectors
line package. For the commercial tempera- e Function generators
ture range (0°C to +75°C) Specify e Address mapplng
N825152/153 N or F. For the military tem- o Muyitiplexing
perature range (—55°C to +125°C) specify
S$82S152/153 F only.
FUNCTIONAL DIAGRAM
P31 Po Dg Do
.
o O I aD
1
1
1
I N N
1
|
]
1
I ‘/ '\\
! l W
7
-+
,“\ 9
\]/ i ! > 1> —O 8o
] © !
i |
i i
1 ]
] I
] |
! |
Ll .9

NOTES
1. H Denotes fixed connection
2. All Ni-Cr links are initially intact.

Typical product term:
Ph=AeBeCeDeoe .
Typical logic function:

At L = Closed
X=P0O+P1+P2....
At L = Open

X=PO+Pi+P2+. . ..
X=POePieP2 . ..

NOTES

1. For each of the 10 outputs, either function X (active
high) or X (active low) is available, but not both. The
desired output polarity is programmed via link (L).

2. X, A, B, C, etc. are user defined connections to
fixed inputs (1) and bidirectional pins (B).
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BIPOLAR MEMORY DIVISION OCTOBER 1981

FIELD PROGRAMMABLE LOGIC ARRAY (18X32X10) 825152 (O.C.)/825453 (T.S.)

INTEGRATED FUSE LOGIC

SERIES 20
FPLA LOGIC DIAGRAM
{LOGIC TERMS—=P) » (CONTROL TERMS)
31302928 27 2625 24 232221201918 1716 1514131211109 8 7 6 54 3 2 1 0 Dg Dg D7 Dg D5 D4 D3Dz D1Dg
o[>
178
3 D
b
<
Bg
4-‘-
JC CE J REP )0 JHJ JO0000 0000 JJJ )0 0000 Jd] )0 ﬁ) 0 JT{J?SJ ﬁ
- E __:) . 19] Bg
E _j l 18] Bg
T D P> 17] 87
> D> J‘L 6] 86
D—D D l {15] &s
DD > 14] 84
D— 1D g {3 e
DD - —alt [7] e
D—D > L—E] 8
D—>- B —a-[5] &
] @ DENOTES FIXED CONNECTION
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BIPOLAR MEMORY DIVISION OCTOBER 1981

FIELD PROGRAMMABLE LOGIC ARRAY (18X32X10) 825152 (O.C.)/8258153 (T.S.)

INTEGRATED FUSE LOGIC

SERIES 20
ABSOLUTE MAXIMUM RATINGS1 THERMAL RATINGS
RATING Mili- |Commer-
PARAMETER . UNIT TEMPERATURE tary [cial
Min Max
i junction 175°C| 150°

Vee Supply voltage +7 Vde 322232 ambiont 125°C 755c!’c(:3
VIN Input voltage +5.5 Vde Allowable thermal rise
VouTt Output voltage +5.5 Vdc bient to juncti 50°C 76°C
IIN Input currents —30 +30 mA ambtent 1o Junction
lout Output currents +100 mA

Temperature range c°
TA Operating

N82S152/153 o +75

$82S152/1563 —55 +125
TsTG Storage —65 +150

DC ELECTRICAL CHARACTERISTICS N825152/153:0°C < Tp =< +75°C, 4.75 < Voo < 5.25V
$825152/153: —55°C < Tp < +125°C, 4.5V < V¢ =< 5.5V

N82S152/153 $825152/1863
PARAMETER TEST CONDITION Min Typ2 Max Min Typ? Max UNIT
Input voltage? \"
ViL Low Vce = min .85 .80
ViIH High Vgoe = max 2.0 2.0
Vic Clamp3.4 Vce = min, lin = —18mA -.8 -1.2 -.8 —-1.2
Output voltage Vce = min "
VoL Low35 v loL = 15mA 5
VoL Low3.5 loL = 12mA 5
VOH High3.6 loH = —2mA 2.4 2.4
Input current uA
L Low VIN = 0.45V -100 —-150
IIH High VIN = 5.5V 40 50
Output current ‘VCC = max
loLK Leakage (825152) VouTt = 5.5V 40 60 pA
lo(oFF) Hi-Z state (825153) Vourt = 5.5V 40 60 kA
) VouT = .45V —40 —60
los Short circuit (825153)4.6.7 VouTt = 0V —-20 —-70 —15 ~85 mA
Icc Ve supply current® Voe = max 130 155 130 165 mA
Capacitance Voo =5V pF
CIN Input VIN = 2.0V 8 8
Cp 170 Vg = 2.0V 15 15
AC ELECTRICAL CHACTERISTICS R; = 4702, Ry = 1KQ
N82S1562/153: 0° C < Ta < +75°C, 4.75V < V¢ = 5.25V
$825152/1563: —565°C < Ta < +125°C, 4.5V < Vpg =< 5.5V
TEST N82S152/153 §825152/153
PARAMETER To FROM CONDITIONS | Min | Typ | Max | Min | Typ | Max | UNIT
TeD Progagation delay | Output* Input + Ci = 30pF 30 40 30 55 ns
Toe  Output enable Output— Input + L =250 25 | 35 25 | 45
Top Output disable?® Output+ Input = CL = 5pF 25 35 25 45 ns
NOTES
1. Stresses above those listed under “Absolute Maximum Ratings” may cause per t 6. M d with +10V applied to lg.7. Output sink current is supplied thru a resistor to
damage to the device. This is a stress rating only, and functional operation of the Vee:
device of these or any other condition above those indicated in the operation of the 7. Duration of short circuit should not exceed 1 second.
devi pecificati is not implied 8. Igc is measured with lg.7 and Bg_g at 4.5V.
. All typical values are at Vo = 5V, T = 26°C 9. Measured at V1 = Vg + 0.5V.

. All voltage values are with respect to network ground terminal.
. Test one at a time.
. Measured with +10V applied to I7.

o s WWN
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BIPOLAR MEMORY DIVISION

OCTOBER 1981

FIELD PROGRAMMABLE LOGIC ARRAY (18X32X10) 825152 (O.C.)/825153 (T.S.)

INTEGRATED FUSE LOGIC

SERIES 20
TEST LOAD CIRCUIT TIMING DIAGRAM
QVec
+5v
i I‘E, . . LB kl * 1.5v 1.5v :v‘w
o—L I7 DUt i
|
O—I-—b- Bw : CL ——= VOH
8z R2 INCLUDES SCOPE ] 1.5V vr 1.5V
T { [Ben X R
- I*—Top
GND Toe
=
TIMING DEFINITIONS VOLTAGE WAVEFORM
TpD Propagation delay between input INPUT PULSES

and output.

Tob Delay between input change and
when output is off (Hi-Z or High).

TOE Delay between input change and
when output reflects specified
output level.

Signetics

Measurements: All circuit delays are measured at the
+1.5V level of inputs and outputs unless otherwise
specified.




BIPOLAR MEMORY DIVISION

OCTOBER 1981
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LOGIC PROGRAMMING

The FPLA can be programmed by means of
Logic programming equipment.

With Logic programming, the AND/OR/EX-
OR gate input connections necessary to im-
plement the desired logic function are
coded directly from logic equations using
the Program Table on the following page.

In this Table the logic state or action of
variables |, P, and B associated with each
Sum Term S is assigned a symbol which
results in the proper fusing pattern of corre-
sponding link pairs, defined as follows:

“AND” ARRAY - (|,B)

EX-OR ARRAY - (B)

INTEGRATED FUSE LOGIC
SERIES 20

ACTIVE LEVEL

HIGH

D—

ACTIVE LEVEL

CODE

Low

l,so—«-—c:D—o— i,B

{

P,D

1,B O—

STATE CODE

STATE

l,B O—

|,Bo—--—c>—-—-— i,B

STATE

STATE

INACTIVE 1, 2 (o]

,B

DON'T CARE

“OR” ARRAY - (B)

S(or B)

S(or B)

Pn STATUS

Pn STATUS

CODE

ACTIVE A

INACTIVE

NOTES

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all
unused (inactive) AND gates Py, Dy,

2. Any gate P, D, wili be unconditionaily inhibited if any one of its (I, B) link pairs is left intact.

Signetics
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BIPOLAR MEMORY DIVISION

OCTOBER 1981

FIELD PROGRAMMABLE LOGIC ARRAY (18X32X10)

825152 (0.C.)/825163 (T.S.)

FPLA PROGRAM TABLE (Logic)

INTEGRATED FUSE LOGIC
SERIES 20

POLARITY

N N O A

PROGRAM TABLE ENTRIES:

1,8(1)

8(0)

HIGH
Low

H
L

(POL.)

B(0)

ACTIVE

A

INACTIVE | ®

(OR)

INACTIVE

H
]
L

Don’t Care

(AND)

AND

OR

8(l)

B(0)

4

B

1}0 olsl7zlels{afslz2]1]0
]

——

-

e

olo|~jo|lojdriwldv|[ajoj]BEOIMA

CUSTOMER NAME

PURCHASE ORDER #

CF (XXXX)

SIGNETICS DEVICE #

CUSTOMER SYMBOLIZED PART #
TOTAL NUMBER OF PARTS

PROGRAM TABLE#

DATE

REV

Y
o

-
-

-
N

-
w

-
H

[ S

-
(3]

-
-]

i

-
~

-
-]

-
©

N
o

(]
pry

N
N

[
w

[
FY

N
]

N
(-]

N
~

N
-]

N
©

-J-—i-—i--—-i—

[ e el

L

[
o

W
-

(=]
©

(=]
@

(=]
<

o
[

(=)
(-]

.Jr. -

o
&

Q
w

Q
N

o
-

ooy E

o
o

2

N

14

13

12

1118

VARIABLE
NAME

NOTES

1. The FPLA is shipped with all links intact. Thus a
background of entries corresponding to states of
virgin links exists in the table, shown BLANK for
clarity.

2. Unused | and B bits in the AND array are normally
programmed Don't Care (-).

3. Unused product terms can be left blank.
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BIPOLAR MEMORY DIVISION OCTOBER 181
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INTEGRATED FUSE LOGIC
SERIES 20
VIRGIN STATE SET-UP 3. VERIFY CYCLE:

A factory shipped virgin device contains
all fusible links intact, such that:

1. All outputs at “H” polarity.
2. All P, terms are disabled.
3. All P, terms are active on all outputs.

4. Test array is programmed with stand-
ard test pattern.

RECOMMENDED PROGRAMMING

PROCEDURE

To program the AND, OR, and polarity ar-
rays, the following procedure should be
followed. To maximize recovery from pro-
gramming errors, leave all links in unused
device areas intact.

Terminate all device outputs with a 10k
resistor to Vge. Set GND (pin 10) to GV.

PROGRAM-VERIFY

1. SET-UP:
With Vgc at GND and Bg to Vegy select
the fuse to be programmed by applying
TTL voltage levels to the input sets in
accordance with the binary address
map on page 8. Also set By=V, and
B;= V. After tp delay raise Vg to
Veep

2. PROGRAM CYCLE:
After a delay of tp raise B7 to V. After
another tp, raise Bg to Vegp. Following
tp delay, pulse B4 to V), for a duration of
tp. Wait tp and return Bg to Vgsy, and
then after tp return By to V.

Signetics

After a tp delay lower B, to V,_for a
duration of ty. At the end of ty, Bg
should indicate a level of Vgy; a level of
Voo indicates an unsuccessful fusing
attempt.

4. NEXT VARIABLE SELECT (I, Ds, Xp)
(SAME TERM P,):
After tp delay, apply the next variabie
select (I, D, X) address to the input set
and continue with step 2.

5. NEXT VARIABLE SELECT (l,;,, Dg, Xg)

(DIFFERENT TERM (P,):

After tp, delay apply the next variable
select (I, D, X) and term (P,) addresses
to the input set then continue to step 2.



BIPOLAR MEMORY DIVISION OCTOBER 1981

FIELD PROGRAMMABLE LOGIC ARRAY (18X32X10) 82$152 (O.C.)/825153 (1.S.)

INTEGRATED FUSE LOGIC

SERIES 20
PROGRAM CYCLE ROW/COLUMN FUSE ADDRESSING
VARIABLE SELECT Table! TERM SELECT Table 2
ROW ROW COLUMN
HEX ADDRESS SELECTED HEX ADDRESS SELECTED HEX ADDRESS SELECTED
lelyBy | B;BsB4Bs | VARIABLE lel;By | BoB3B4B; | VARIABLE lolq Ihlslls | PRODUCT TERM
0 0 I 3 0 9 0 0 0
0 1 To 3 1 8 0 1 1
3 2 7 0 2 2
g g # 3 3 6 0 3 3
! 3 4 OR 5 0 4 4
0 4 P 3 5 Array 4 0 5 5
0 5 l2 3 6 3 0 6 6
0 6 1 3 7 2 0 7 7
0 7 Is 3 8 1 0 8 8
3 9 0 0 9 9
° : 1 3 A Polarity Enable 0 A 10
0 9 ls y 0 B 11
0 A Is 3 B 0 c 12
] B s Add 0 D 13
Empty ress 0 E Logic 14
g g :::: %ﬁ : Space 0 F Terms 15
y 6 1 0 16
0 E Iz 3 F 1 1 17
0 F Iz 1 2 18
1 0 Bo 1 3 19
1 1 Bo 1 4 20
1 5 21
1 2 Bg 1 6 22
1 3 Bs 1 7 23
1 4 By 1 8 24
1 5 B, 1 9 25
4 6 By 1 A 26
1 7 Be 1 B 27
1 C 28
1 8 Bs 1 D 29
1 9 Bs 1 E 30
1 A B, 1 F 31
1 B B, 2 0 0
1 c B, 2 1 1
1 D 'Eé 2 2 2
2 3 3
1 E B 2 4 Control 4
1 F Bz 2 5 Terms 5
2 0 B, 2 6 6
2 1 B, 2 7 7
: | 5 2 | ;
2 3 Bo
2 A 0
2 4 2 B 1
2 (o] 2
2 D 3
Empty Address 2 E Polarity 4
Space 2 F Terms 5
3 0 6
3 1 1
vl |2 ;
2 F
NOTES

1. A row address identifies a particular variable coupled to all product terms.
2. With a variable selected by the row address the column address further selects a coupling fuse for each term.
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BIPOLAR MEMORY DIVISION

OCTOBER 1981

FIELD PROGRAMMABLE LOGIC ARRAY (18X32X10)

825152 (O.C.)/825153 (T.S.)

PROGRAMMING SYSTEM SPECIFICATIONS' (T, = + 25°¢)

INTEGRATED FUSE LOGIC
SERIES 20

PARAMETER TEST CONDITIONS LIMITS UNIT
Min Typ Max

Veep  Vec supply (program) lccp = 550mA min 8.25 8.5 8.75 v
lccp lcc limit program Veep= +8.50+ .25V 550 1,000 mA

Input voltage v
Vi High 24 5.5
V|L Low 0 0.4 0.8

Input Current uA
I High Vip= +5.5V 50
h Low Vie=0v - 500
Vesp  Fuse supply (program)® lrsp= 300+ 25mA 16.0 17.0 18.0 \"

Transient or steady state

Vesy  Fuse supply (idle) lrsy = 1TMA max 1.25 1.5 1.756 v
lgsp Fuse supply current limit Vesp= + 1721V 275 300 325 mA
ty Verify time 1 us
Trs Reset pulse width 1 us
Tps Preset pulse width 1 us
o Programming pulse width 0.3 04 0.5 ms
tp Pulse sequence delay 10 us
Tr Fuse pulse rise time 10% to 90% 10 50 us
Teyg  Program-Verify time per link 0.6 ms
Poc Programming duty cycle 100 %
FL Fusing attempts per link 2 cycle
Vs Verify threshold* 1.4 1.5 1.6 \

NOTES

1. These are specifications which a Programming System must satisfy in order to be
qualified by Signetics.

2. Bypass Vg to GND with a 0.01uf capacitor to reduce voltage spikes.

3. 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.

4. Vg 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.

Signetics



BIPOLAR MEMORY DIVISION , OCTOBER 1981

FIELD PROGRAMMABLE LOGIC ARRAY (18X32X10) 825152 (O.C.)/825153 (1.S.)

INTEGRATED FUSE LOGIC

SERIES 20
ARRAY PROGRAM-VERIFY SEQUENCE (TYPICAL)
ELLEEN Y
n lo-s (Tn) Tn+1)
______________ e o V)
OmDs XRADDRESSINY  womern | e — ~—"
m De TR (CINs/Fr) (Ns +1/Fn+1)
lg-7 B2-s
——————————— ViL
== Vccp
Vee
0 Oy
[ Teve
———— v
MODE (PROGRAM) VERE r 1 H
By { N d T
—>lp<———ip’lp|¢— —i tp[— tp [«—
‘ '/
" o —
I { . —» tp |tD je—
—»| tp |«— tp —» tp |=—
Bg F_ —'T—-J e — Vekv
— D
B 1 s N viu
erocramveriryYY LM i _>| Al i LJ L__: L_J gl v v
ENABLE) i
Vol
DN\E ANENNN\ENNE\
] 1 & Vor
NOTE
1. (P) and (N) represent respectively a programmed and non-programmed fuse, corresponding to logic “1” or “0” output voltage levels.
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BIPOLAR MEMORY DIVISION

OCTOBER 1081

FIELD PROGRAMMARIE LOG

®
'>

\RRAY (18X 32X10)

TWX TAPE CODING (LOGIC
FORMAT)

The FPLA Program Table can be sent to
Signetics in ASCIl code format via airmail
using any type of 8-level tape (paper, mylar,

fanfold, etc.), or via TWX: just dial (910)
339-9283, tell the operator to turn the paper
puncher on, and acknowledge. At the end of
transmission instruct the operator to send
tape to Signetics Order Entry.

INTEGRATED FUSE LOGIC
SERIES 20

A number of Program Tables can be sequen-
tially assembled on a continuous tape as
follows, however limit tape length to a roll of
1.75 inch inside diameter and 4.25 inch out-
side diameter.

] i
- 1 25 suB
LEADER I 2 | yeAbiNG | (C/R) | HEADING
cr |5l LN )
[ i

25 PROGRAM TABLE 25
RUBOUTS (C/R)
MIN DATA (1) MIN

SuB
HEADING
(N)

N

127
TRAILER

PROGRAM TABLE
DATA (N) el

————
(CTRUT |
7K

used or not:

1. Customer Name

2. Customer TWX No.

3. Date

character, whether used or not:

4. Date

1. Signetics Device No.

2. Program Table No.

4. Purchase Order No
5. Number of Program Tables

6. Total Number of Parts

. The MAIN HEADING at the beginning of tape includes the following information, with each entry preceded by a ($) character, whether

. Each SUB HEADING should contain specific information pertinent to each Program Table as follows, with each entry preceded by a ($)

3. Revision

6. Number of Parts

5. Customer Symbolized Part No.

. Program Table data blocks are initiated with an STX character, and terminated with an ETX character. The body of the data consists

of output polarity, product term, and output information separated by appropriate identifiers in accordance with the following

format:

START OF DATA TEXT
(CONTROL A OR B)

START OF DATA FIELD
OUTPUT POLARITY

IDENTIFIER
OUTPUT POLARITY

ATA (H, L
X1 o1 FoU 'BngB7BsBsBIBsBZB|BQIIJ-IH

r— START OF DATA FIELD

INPUT

START OF DATA FIELD

INPUT IDENTIFIER

DATA(H, L, -)

— START OF DATA FIELD

r— PRODUCT TERM IDENTIFIER

PRODUCT TERM NUMBER

START OF DATA FIELD START OF DATA FIELD

INPUT IDENTIFIER INPUT IDENTIFIER

INPUT VARIABLE
DATA (H, L, -)

Irlglslalzlzl lo

#O VARIABLE
DATA(H, L, -)

— PRODUCT TERM IDENTIFIER

CONTROL TERM NUMBER

INPUT IDENTIFIER

START OF DATA FIELD

VARIABLE /O VARIABLE

{DATA (H, L, —-)

@J‘Iljﬂm

110 15 1

Entries for the Data Field are determined
in accordance with the following tables:

s 13 12 b lo!

1, B ()

Inactive

|, B

|, B

Don’t Care
(AND)

r{I|o

Signetics

+1 811 1By By By Bg Bs By B3 B2 By B! [+

START OF DATA FIELD
OUTPUT IDENTIFIER

1/0 VARIABLE INPUT AND 1/O VARIABLE FOR
DATA (A, @) ALL PRODUCT TERMS USED

B0 [By Bg B7 BgBs B3 B3B8, B1 Bgl [+ P 01 .

Bo

INPUT AND I/O VARIABLE FOR
ALL CONTROL TERMS USED

END OF DATA TEXT
{CONTROL C)

TR e LT T sl e
B (0)
Active A
Inactive L]
(OR)
B (0)
High H
Low L
(POL.)
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BIPOLAR MEMORY DIVISION MAY 1981
FlELD PROGRAMMABLE LOGIC SEQUENCER RIYBA/AI8 (O.C VIR2%1585/7/9 (T S
1101\0‘/\1‘1 bbb dbh AN A i ddb LA L 4
Preview g‘g:gg';BED FUSE LOGIC

DESCRIPTION All devices are available in a 20-pin, slim line PIN CONFIGURATION

The 825154/ 165/ 156/ 157/168/ 159 are Open package. For the commercial temperature

Collector and Tri-state registered logic ele- range (0°C to +75°C) specify N82SXXX N or F. F.N PACKAGES

ments combining AND/OR gate arrays with For the military temperature range (—55°C to

clocked J/K flip-flops, optionally convertible to  +125°C) specify S82SXXX F only. o [ 7] vee

D-type via a “foldback” inverting buffer. They all o [Z] [19] &7

have similar organization, featuring respective- fEATURES n 3] |

ly 4, 8, or 8 registered 1/0 outputs (F), in con- Field programmable (Ni-Cr link) 2 [7] 7] Fo
junction with 8, 6, or 4 bidirectional 1/0 lines ® 4 Inputs s [E] &)

(B). These yield variable |/O gate and register *® 32 AND gates 825154/ 155 o [F]

configurations via control gates (D, L) ranging *® 21 OR gates Eig

from 16 inputs to 12 outputs. o Bidirectional 1/0 lines: 82S8154/155—8 = [ 1] Fo

The AND/OR arrays consist of 32 AND gates 828156/157—6 =[] 1] s

and 21 OR gates with fusible link connections 828158/159—4 & 5] [12] e

for programming I/O. polarity and clhrecnon. Al Bidirectional Registers: 825154/155—4 o [30] 1| o

AND gates are linked to 4 inputs (1), 825156/157—6

bidirectional /O lines (B), internal flip-flop out-

puts (Q), and Complement Array output (C). The 825158/159—8 ex [1] [20] vee

Complement Array consists of a NOR gate op- e J/K, T, or D-type flip-flops 0 [2] [19] Bs

tionally Iinkeq to all AND gates for generating e Asynchronous Preset/Reset w3 [75] *s

and propagating complementary AND terms. e Complement Array % ] ) e

On chip T/C buffers couple either True (I, B, Q) ® Active high or low outputs 1 [5] [75] *s

or Complement (I, B, Q, C) input polarities to all e programmable O.E. control 82S156/157 % [5] —

AND gates, whose outputs can be optionally « positive edge trigger clock = g 2
H 17 14} F

Im!wd tg ?Il OG.R gates. Qne group of OR gates Power-on reset of all flip-iops (Fp, = “17) !

drives bidirectional 170 lines (B), whose output e [5] [13] o

. s e Clock frequency: N82SXXX: 15 MHz (max)

polarity is individually programmable thru a set S82SXXX: 83 9] [12] B4

of EX-OR gates for implementing AND-OR or 82 X: MHz (max) anp [10] [17] o

AND-NOR logic functions. Another group drives e Input loading: N82SXXX: —100uA (max)

the J-K inputs of all flip-flops, as well as asyn- S$82SXXX: —150uA (max)

chronous Preset and Reset lines (P, R), (except . . o [T] 5] vec

the 825158/ 159, where AND functions are pro- © Power dissipation: 650mW (typ) o] g

vided). ® TTL Compatible e re

All flip-flops are positive edge trigger and can o ] or

be used as input, output, or |70 (for interfacing s

with a bidirectional data bus) in conjunction with APPLICATIONS 825158/ 159 s [5] [16] Fa
load control gates (L), steering inputs (1), (B), ® Random sequential logic 8o [¢] 5] Fs

(Q) and programmable output select lines (E). ® Synchronous up/down counters 81 [7] [32] £
The 82SXXX are field programmable, enabling © Shift registers 52 2] 5] ¥+
the user to quickly generate custom patterns ¢ Bidirectional data buffers & [3] 7] Fo
using standard programming equipment. * Timing function generators F = Cordip oo [76 7] 5.

e System controllers/synchronizers N = Plasti
FLIP-FLOP TRUTH TABLE ¢ Priority encoder/registers —
Vec |OE. |LCKP R J K| Q F
HHIZ FUNCTIONAL DIAGRAM
4 L [ X XL X X X| L
To T F P R L D
L X X HL X X| H L
L X X L HX X| L H a
— o> 5 e
L L4 LLLL|IQ Q b “*Q‘D"—E
+6 | L [L L L L H|L | H “D‘l—°> : 1 -
Lty e HLlH|L =S
L Ly LLHH|[Q ]| < I
HIH } L LLHIL H* Q
HiHt LLHL|H | a <——
X § X X L H| L [He c
VI p x X H L H | J EJ EJ[J J

NOTES

1. Positive Logic: ¢ |
JK=To+Ty+Tp ... Ta7 DP ° =
Tp=Cellgelyely...)e(QpeQq...)0(BgeB e . .) — D L | °

2. § denotes transition from Low to High level. - ya P R o F

3. X = Don't Care L 7T @ D °

4. * = Forced at F, pin for loading J/K flip-flop in 1/0 n o

mode. L must be enabled, and other active T, disabled E —O—¢ L < CK
via steering input(s) |, B, or Q. l
5. AtP = R = H, Q = H. The final state of Q depends on | NOTES _ —0;}
which is released first. 1. For 828156/7, O.E. is not progi bl
6. * * =Forced at Fy, pin.to load J/K flip-flop independent 2. For 825154/5/6/7, P and R are “OR” functions.
of prog code (Di tic mode).
Signetics 75




BIPOLAR MEMORY DIVISION MAY 1981

FIELD PROC)-FRAMMABLE LOGIC SEQUENCER

(16X32X 825154/6/8 (0.C.)/825455/7/9 (1.S.)
Preview INTEGRATED FUSE LOGIC
SERIES 20
PIN DESIGNATION
PIN NO. SYMBOL NAME AND FUNCTION POLARITY
1 CK CLOCK Active-High
The clock input to all flip-flops. A Low-to-High transition on this line
is necessary to update the contents of flip-flops.
2-5 lo-3 INPUTS Active-High/Low
Fixed logic inputs to the AND array (user defined)
6-9 Bo-3 STATIC I/0 PINS Active-High/Low
Bidirectional external inputs to the AND array, or outputs from the (user defined)
OR array, programmable via control gates Dg-3.
11 OE. OUTPUT ENABLE Active-Low
Provides output enable functions Ea and Ep to flip-flop banks Fg_3
and F4.7 respectively. May be programmed for external control,
enable, or disable of flip-flop outputs.

12, 13 (Bn/Fp)* STATIC OR REGISTERED 1/0 PINS Active-High/Low
Bidirectional static or registered |/0 pins, dependent on device (user defined)
configuration.

14-17 (Fp)* REGISTERED 1/0 PINS Active-Low
Bidirectional flip-flop outputs or direct load inputs, selected via
control gates LA -g in conjunction with Ep-pg output enables.

18, 19 (Bn/Fp)* STATIC OR REGISTERED 1/0 PINS Active-High/Low
Same as 12, 13. (user defined)

(*) Value of (n) is device dependent. Refer to circuit diagrams.

FLIP-FLOP FUNCTION

Fc
The output flip-flops (FN) are program- T ol—-+ When F¢ = High, then flip-flop becomes a
mable via the Flip-Flop Control Term (Fg). N J-K type. When Fg=Low, the flip-flop
A tri-state inverter is positioned between —4 becomes a D-type.
the J-K inputs as shown. If (F¢) is pro- When the Fg is programmed as a ¢ (i.e.,

grammed as active (A), then Fg controls
the output state of the tri-state inverter.

LOGIC FUNCTION

disabled), the flip-flop is permanently
defined as a J-K type.

COMBINATORIAL
Typical Product Term:

at Dy = “1”

Typical Logic Function: At link (X) = Open

Pn=Ao§oCoDo

Y=Pg+P{+P2+ ....

Ee ...

At link (X) = Closed Y=Pg+P;+Pa +....
=PgePiePsoe..
SEQUENTIAL (J/K type)
Typical State Transition: _
SET Qp: Jg=(Q2*QieQp)eAeBecC
Q Q1 Qo Ko=0
Lol 1]o] @ Present State RESET Qp: Jq=0
f _ Ki=(Qa e QqeQg)eAeBeC
State Register AeBeCo
\V HOLD Q2 Jo=0
I 0 I 0 I I @ Next State Ko =0

NOTES

1. For each of the combinatorial outputs, either function Y
(active-high) or ¥ (active-low) is available, but not both.
The desired output polarity is programmed via link (X).

76

2. Y, A, B, C, etc. are user defined connections to fixed
inputs (1), bidirectional pins (B), “foldback" register out-
puts (Q), and Complement Array ©.

Signetics

3. Sequential state transitions occur on the positive edge
of clock. External flip-flop outputs are given by Fj, = 5,,.
4. For D-type flip-flops, K, = J,,. For T-type flip-flops,
Kp = Jp-



BIPOLAR MEMORY DIVISION MAY 1981

FIELD PROGRAMMABLE LOGIC SEQUENCER A9CURAl

{16X32X12) (ot rLe e H 7 s
i INTEGRATED FUSE LOGIC
SERIES 20
FPLS LOGIC DIAGRAM 825154/155
(LOGIC TERMS~T) . (CONTROL TERMS)
3NW2928226252 22N 019 18 1716 151413121110 9 8 7 4 21 c LgLa D7 Dg D5 D4 D3 D2 DyDp Eg  Ep _
o 5] i E.
12 E"“V
e H?"
) D
<
: b
B;
BZ I
;
n 4_‘_
85 4_‘
87 ¢—‘| .
PUDU00VY DOUYVODD DODUTVOD YIVDVYVD § 0 qﬁJ(JtJthJcJtJ
D_::)]} Lznd 3 19|87
D__:)D o 18] 88
D—p Do 13] Bs
D—p>- o 2] 6
D__jD ~+>e E B3
D—pD— o o
1D o - -E By
j_;:)D fr- E 8o
—lD- - pB'J‘_J;'B T 17]F3
[ '}—'él i 'L‘ 16} F2
_JV A CKII Ll
oy ot h@
-J: R ok !
A=Y
D -§ o " 14] Fo
_’ > o1
CK/°—<H I cK
W DENOTES FIXED CONNECTION
€D DENOTES WIRE~OR
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HoXagRTD) oL LOGIC SEQUENCER 825154/6/8 (O.C.)/825155/7/9 (1.S.)
IsNETnEl(EisRA;('JED FUSE LOGIC
FPLS LOGIC DIAGRAM 825156/ 157
{LOGIC TERMS~T) (CONTROL TERMS)
3130202827262524 2322212019181716 1514131211109 8 7 6 5 4 3 Fe L D5 D4 D3 D204 Dg —
7 N
. b —
F 41
. - . R
8:
:4 I
85 )
OUDDDVV0 VUYDTDY JUTOTOD DDDUYDY O tgwucptpt;j
; D_Z:JD———(L 19] 85
| D__jD > 12| B4
I D—/iD o ﬂﬂa
’ D__—‘:)D 8]82
1 D__:)} > 7184
P ‘ e
2
S o JJ1| s
l‘l}- @1 a CKiL F4
_lh-www, j*w
Dol o &E r2
=% 1| J ]
lr\ & —J‘—:ﬁ — 4] Fq
—‘r'_\%n K CK’
D-e—o-{s tI) > Fo
=& 1 ‘l =
= L__7-'
W DENOTES FIXED CONNECTION CK, «
€D DENOTESWIRE—OR
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BIPOLAR MEMORY DIVISION MAY 1981
FIELD PROGRAMMABLE LOGIC SEQUENCER RIACARAIAIR (O O VRIQARKR/TIO (T Q)
(10X3£ZX12) Wl IV T (P s P2 )] WS ENFFI F] 7 R ata)

INTEGRATED FUSE LOGIC

SERIES 20
FPI.S LOGIC DIAGR_AM 82S158/159
{LOGIC TERMS =T) (CONTROL TERMS)
3130202827 262524 2322212019181716 151413121110 9 8 76 54 3 2 1 0 'C Pg R Pa RalglaDj D204 Dp Eg  Ea

A é}l

S

_ QUOVOYYY YOYOUYUY YPIUUYOY JYYYOTYY U DY YUOUODYY

lD_——:)D é: —E]BJ

Di:)D { 8] 82
2D o 7] e

D o e

D-a—¢ ?_ER‘ {30 19] F5
J—n—igT et 1

’.-\ 8—o TL(:)'I T L 18| Fe
}Dv? *":J'Ei o3 l

D& ﬁ v 17 Fs
—LR&T "I I |Cl( | T

D8 ?‘_la -T‘ o 16 Faq
Sttt ||

D9 et ':L_O-R' T»—T-E]FJ
0 & A KI ‘ CK L

D8 o7 a} F2
e 10l i)
T8 p- Ti_l;;' ,J ‘1
|D—‘ < T‘_OL' : Do Fo
e s i

o_q_.m

=
CK

W DENOTES FIXED CONNECTION
€D DENOTESWIRE=~OR
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BIPOLAR MEMORY DIVISION

MAY 1081

FIELD PROGRAMMABLE LOGIC SEQUENCER

(16X32X12) 825154/6/8 (0.C.)/825155/7/9 (1.S.)
Preview INTEGRATED FUSE LOGIC
'SERIES 20
ABSOLUTE MAXIMUM RATINGS 1 THERMAL RATINGS
RATING COM-
PARAMETER Min Ma UNIT MILI- MER-
X TEMPERATURE | TARY | CIAL
Vce Supply voltage +7 Vdc Maximum
VIN Input voltage +5.5 Vde junction 175°C 150°C
Vour Output voltage +5.5 Vdc Maximum
N Input currents -30 +30 mA ambient 125°C 75°C
louT Output currents +100 mA Allowable thermal
Tempera‘ture range °C rise ambient
Ta Operating to junction 50°C 75°C
N82S154/5/6/7/8/9 (o} +75
$825154/5/6/7/8/9 -55 +125
TsTG Storage —65 +150
DC ELECTRICAL CHARACTERISTICS N825154/5/6/7/8/9: 0° < Tp < +75°C, 4.75V < Vgg < 5.25V
§82S5154/6/6/7/8/9. —65°C =< Tp =< +1256°C, 4.5V < Vgg < 6.5V
N82S154/5/6/7/8/9 | $828154/5/6/7/8/9
PARAMETER TEST CONDITIONS Min | Typ? Max Min | Typ? Max UNIT
Input voltage3 v
VIH High Vce = Max 2 2
viL Low Vge = Min 0.85 0.8
Vic Clamp?®4 Ve = Min, |y = —18mA -08 | —1.2 -08 | —1.2
Output voltage Vce = Min v
VOH High (825156/7/9)35 IoH = —2mA 2.4 2.4
VoL Low36 loL = 10mA 035 | 05
VoL Low36 loL = 10mA 0.35 0.5
Input current uA
iH High VIN = 5.5V <1 40 <1 50
i Low VIN = 0.45V =10 -100 =10 —-150
L Low (CK input) VIN = 0.45V -50 | =260 -50 —350
Output current Ve = Max
loLk Leakage’ Vourt = 5.5V 1 40 1 60 kA
IO(OFF)  Hi-Z state (825155/7/9)7 Vourt = 5.5V 1 40 1 60 uA
VouT = 0.45V -1 | -40 -1 | -60
los Short circuit (825 155/7/9)4:6.7 VouTt = 0V —20 —70 -15 -85 mA
Icc Ve supply current® Vcc = Max 130 166 130 166 mA
Capacitance’ Ve = 5.0V pF
CiN Input VIN =2.0V 8 8
Cout Output Vourt = 2.0V 156 16
NOTES

1. Stresses above those listed under “Absolute Maximum
Ratings” may cause permanent damage to the device.
This is a stress rating only, and functional operation of
the device of these or any other condition above those
indicated in the operation of the device specifications is
not implied.

2. Alitypical values are at Vo = 6V, Ty = 25°C.

3. All voltage values are with respect to rk g
terminal.

4. Test one at a time.

7. M d with V) applied to OE.

8. Duration of short circuit should not exceed 1 second.

9. Igg is measured with the O.E. input grounded, all other
inputs at 4.5V and the outputs open.

80
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BIPOLAR MEMORY DIVISION

MAY 1981

FIELD PROGRAMMABLE LOGIC SEQUENCER
(16X32X12)

82

1

54/6/8 (0.C.)/825155/7/9 (1.5.)

AC ELECTRICAL CHARACTERISTICS Ry = 4700, Ry = 1kQ
N82S164/6/6/7/8/9: 0°C < Tp < +75°C, 4.75V < Vgg < 5.25V
$825154/5/6/7/8/9: ~55°C < Tp < +125°C, 4.5V < Vgg < 5.5V

INTEGRATED FUSE LOGIC
SERIES 20

TEST N82S154/5/6/7/8/9/ |1$828154/5/6/7/8/9
PARAMETER To FROM | CONDITIONS | Min | Typ' | Max | Min | Typ® | max | YNIT
Pulse width ns
TCKH Clock?2 high CK— CK+ 25 20 20
TckL Clock low CK+ CK— 25 20 20
TckpP Period CK+ CK+ 65 50 50
TPRH Preset/Resetpulse| (I,B)+ (1,B)— 25 20 20
Set up time ns
Tis1 Input CK+ 1B)x 35 30 30
Tis2 Input (through Fp) CK+ F+ CL = 30pF 10 5 5
Tis3 Input (through
Complement array)4| CK+ (1,B)+ 45 40 40
Hold time ns
TIHA Input CK+ (1,B) = -10 o] —10
TiH2 CK+ F=x -5 0 -5
Propagation delay ns
Tcko Clock F+ CK+ 25 30 25
TOE1 Output enable F— O.E— 20 25 20
ToD1 Output disable3 F+ O.E+ CL = 5pF 20 25 20
TpD Output B+ (1,B)= c = 35 40 35
Togz  Output enable B+ (1.B)+ L = 30F 35 | 40 35
Tobp2 Output disable3 B+ (1,B)— CL = 5pF 35 40 35
TPRO Preset/Reset F+x ,B)-+ Cy = 30pF 50 65 50
TPPR Power-on preset F— Veet L 0 10 0
NOTE
1. All typical values are at Vo = 6V, Ty = 25°C.
2. To prevent spurious clocking, clock rise time (10%-90%) < 10ns.
3. Measured at V1 = Vg + 0.5 V.
4. When using the Complement Array TCKP = 75ns (min).
TEST LOAD CIRCUIT VOLTAGE WAVEFORM
INPUT PULSES
vee
+3.0v
I = o
+5V
o 0—[» *-—I—-). By ov 10%
| -_
13 O ', ! > Bz R1 —»Lﬂ«——t. tf —[5ng|
By O—>| ouT f——> FO +3.0v
| | — 10%
! . R2 o I .
Bx O—>1 ov —
=" (INCLUDES H ——————
w0 w O Score o a0 4_L .
Measurements: All circuit delays are measured at
the +1.5V level of inputs and outputs, unless other-
wise specified.

Signetics
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BIPOLAR MEMORY DIVISION

MAY 1981

FIELD PROGRAMMABLE LOGIC SEQUENCER
(16X32X12)

TIMING DIAGRAMS

825154/6/8 (O.C.)/825155/7/9 (T.S.)

OE. 1,;/\ 1.5V
ov

FLIP-FLOP OUTPUTS
+3v
(IN:;UBTS)}LE.V x 1.5V
’ ov
e T|H) == | e T|Gq ———in|
+3v
1.5V 1.5V 1.5V
oK' ! ov
la—— Tig1 ——»|4—— TeKL —>[*— TokL —>
TckP —|
_______ VOH
F
1.5V v
_(oUTRUTS) S fl T
[ TCKO-> VoL
Top1
||

+3V

GATE OUTPUTS

cK

+av
1, B
{INPUTS) 1.5V
ov
I Tia
I-—_—-—-——_—————— VoH
B
(OUTPUTS) \g\\ 1.8V
voL
Tog2 —»] Tob2
+3v
1,8
(OUTPUT ENABLE) +1.5V sy
ov
POWER-ON RESET
+5v
4.5v
vee ov
'-— TPPR ->|
. [ —— o VOH
F
VoL
e TCKO
+av
LB
(INPUTS) X;' X.sv
‘ ov
|e— TIH1 Tis1 I
l +3v
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INTEGRATED FUSE LOGIC
SERIES 20

MEMORY TIMING DEFINITIONS
TckH  Width of input clock pulse.
TckL Interval between clock pulses.
Tckp Clock period.

TprH Width of preset input pulse.

Tisq Required delay between beginning
of valid input and positive transition
of clock.

Tis2 Required delay between beginning
of valid input forced at flip-flop out-
put pins, and positive transition of
clock.

TiH1 Required delay between positive
transition of clock and end of valid
input data.

TiH2 Required delay between positive
transition of clock and end of valid
input data forced at flip-flop output
pins.

Tcko Delay between positive transition
of clock and when Outputs become
valid (with O.E. low).

Toe1 Delay between beginning of Output
Enable Low and when Outputs be-
come valid.

Topi Delay between beginning of Output
Enable High and when Outputs are
in the off state.

TpDp Propagation delay between com-
binational inputs and outputs.

Toez Delay between predefined Output
Enable High, and when combin-
ational Outputs become valid.

Top2 Delay between predefined Output
Enable Low and when combination-
al Outputs are in the off state.

Tpro Delay between positive transition
of predefined Preset/Reset input,
and when flip-flop outputs become
valid.

Tppr Delay between Vg (after power-
on) and when flip-flop outputs be-
come preset at “1” (internal Q out-
puts at “0”).
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(16X32X12)

182S

155/7/9 (T.S))

TIMING DIAGRAMS (Cont'd)

ASYNCHRONOUS PRESET/RESET

1L,B
(INPUTS)

PRESET/RESET i

l1.5V

{1, BINPUTS) l«— TPRH
___________ e o - - - o e ———
o (PRESET) 4 +
(RESET)
lt— TPRO
—— — - VOH
F 1.5 {RESET) 3 Z1 5V
(OUTPUTS) " (PRESET) j\ :
________________ JE— VoL
FLIP-FLOP INPUT MODE
+3av
,B
. . 1.5
(LOAD SELECT) * 1.8V * v
ov
+3v
O.E. -( 1.5V 1.5V
— ov
ToE1
=t s e +=\
L # \
S I, K- o
i
. | +3V/VoH
(INPUTS) vt (FORCED DiN) 1.5V
ov/VoL
Tob1 > Tis2 T1H2
-3V
cK /
TCKH ov
TIH1

LMK =
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s gas RAMMABLE LOGIC SEQUENCER 825154/6/8 (O.C.)/825155/7/9 (T.S.)

INTEGRATED FUSE LOGIC
SERIES 20

LOGIC PROGRAMMING

The FPLS can be programmed by means of OR input connections necessary to imple- In this Table, the logic state or action of all

Logic Programming equipment. ment the desired logic function are coded 1/0, control, and state variables is as-
directly from the State Diagram using the  signed a symbol which results in the proper

With Logic programming, the AND/OR/EX- Program Tables on the following pages. fusing pattern of corresponding links defined

as follows:

“AND” ARRAY =(), (B), (Qp)

LB, Q

1'3‘00—'%’_ 58

1,B,Q | 1, 8,0Q

l.B.oo—-——QD————— 80 1B, Q o—ﬂ—oD—«»—- i,B,8

Y

I,B,QO——-‘L—(* >——— 6,0

-1

(T,L, P,R, D), (T,L, P, R, D), (T, L, P, R, D)y (T, L, P, R, D),
STATE CODE STATE CODE | STATE CODE STATE CODE
INACTIVE 1.2 (o] 1,B,Q H | i,B,a L DON'T CARE -

“COMPLEMENT” ARRAY =(C)

ii;
‘
' T

ol
ol

I
I
|
I | . L
|
|

n Tn Tn Tn
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
INACTIVE 1,3 0 GENERATE A PROPAGATE . TRANSPARENT -
2 2 X
“OR” ARRAY =(F/F TYPE) “OR” ARRAY =(D TYPE) F/F=(A) AND F=(L)
—
F } F Tn F=L l Tn F=L
— J Q | Q —4 I J L— a I — l J — a
2 | |
I
_ K —] ]
[ I | - I | -
| K MUST BE DISABLED IN { K MUST BE DISABLED IN
ACTION CODE | ACTION CODE Tp STATUS CODE | Ty STATUS CODE
J/K OR D CONTROLLED A ; J-K b ACTIVE (Set) H | INACTIVE (Reset) —_
|

“OR”ARRAY=(JIKTYPE). FIF=(A)ANDF=(H) OR F/F=(*)ANDF=(H)OR(L)

b 1]
Ta F ’ Tn F } Tn F { Tn F
I J o | —¢ ' J ol — I J o | — | J — o
R I } |
| K ' K | K
| ) I | I — | I —I |
I I I
I |
ACTION CopE | ACTION CODE ' ACTION CopE | ACTION CODE
TOGGLE (o) | SET H l RESET L I HOLD -
I' 1 l
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825154/6/8 (O.C.)/1825155/7/9 (1.S.)

INTEGRATED FUSE LOGIC

BIPOLAR MEMORY DIVISION

FIELD PROGRAMMABLE LOGIC SEQUENCER

AN AN
VIOAJCAIC)

SERIES 20
“OR” ARRAY - (S or B), (P), (R) “EX-OR” ARRAY - (B)
H T
I |
Tn l Th |
PR, S (or B) I P,R, S (or B) s B S
| < I L
| l =
| |
Tn STATUS CODE = Tn STATUS CODE POLARITY CODE I POLARITY CODE
ACTIVE A I INACTIVE [} Low L I HIGH H
l |
“O.E.” ARRAY - (E)

=t
-:rib-——

En

I

fO—b—t | =] | =0
L L o

En

ACTION

CODE

IDLE4

ACTION

CODE

CONTROL

ACTION

CODE

ACTION

CODE

ENABLE4

DISABLE

—— —— — —— ————tt, Yo— . S %]

NOTES

1. This is the initial unprogrammed state of all link pairs. It
is normalily d with all d (inactive) AND
gates T,

2. Any gate (T, L, P, R, D), will be unconditionally inhibited
if any one of the |, B, or Q link pairs is left intact.

3. To prevent oscillations, this state is not allowed for C
link pairs coupled to active gates T,

4. Aithough links in the O.E. array are isolated from each
other, E, = 0 and E,, = ¢ are logically equivalent. But if
register bank A is enabled with E5 = 0, then Eg can still
be controlled (and vice versa).
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H6x32mge RAMMABLE LOGIC SEQUENCER 825154/6/8 (0.C.)/825155/7/9 (1.S.)

Preview |SNE'|:22A2':)ED FUSE LOGIC
FPLS PROGRAM TABLE (Logic) 82S154/155
PROGRAM TABLE c (Q=J4/K) Ep, Ep NOTES . " " : : .
. . — I 1. The FPLS is shipped with all links intact. Thus a background of entries
ENTRIES: INACTIVE , 0 TOGGLE | O IDLE , © corresponding to states of virgin links exists in the table, shown BLANK
GENERATE | A seT  Tw ConTROL !A for clarity.
1, 80, o) PROPAGATE | @ RESET  T'L ENABLE '@ | 2. Program unused C, I, B, and Q bits in the AND array as (—). Program
— TRANSPARENT | - HOLD = DISABLE = unused Q, B, P, and R bits in the OR array as (—) or (A), as applicable.
INACTIVE ° (AND) * oR) * t 3. Unused Terms can be left blank.
:: ;:; : P8, B(O), (0 = D) B(0) EE TVPEI 4. f?o:):) gnd Q (N) are respectively the present and next states of flip-
SON'T CATE :_ ACTIVE A WiGH 1 W = K""rc +> :
o) INACTIVE | @ ow |t (controlied) | ° (F/ETYPE) | |ea= [ea= (POLARITY)
(oR) frov) . P11 [ [ 1] HEERER
T AND OR
E 1 B() alP) Q(N) P R B(0)
8 m |®TsT2] o] 7Jels]aTa]2]1]o]a]2]1]o) [3[2]1]olelalelal7]e]s]ala]2]1]0
= + M
w o 1 L
-4 1 ! -l
5 ! ] -
> 3 4 I
: ~ : :
W 5 I {
i # 6 . X
- —'r ﬂL
| : . -
o} < 8 | I
(& o d 1
w Q 2 } }
o w 10 1, !
N 1 1
9 | 1 1 1
8 12 H X
r4 T L}
g E [m] 13 } }-
E (58 | [ - ‘.
Qox P 15 i t
X w O -4 Y T
s §3Eg [ : ;
|:E X = w 2 17 } 4
~ D = p —T -
w D < 0 18 + }
o 0 a o 19 \
—t
20 . L
T T
21 1 [
22 | N
} +
w 23 T [
—= 24 . .
<C { -t
Q 25 N 1
t -
> + :
2 + +
E 28 ,r i
[0'ng 29 4 _:
30 1 n
] 1
31 {
2 c —
< Le ,
tt # o # La 1
wEYS Ly o7 X 4
2 QS D6 ,
S Eqq Wl }
Z5 8 g = D5 | )
o +
W RS = D4 4 4
2 < =22 < 03 . ]
Ot hat t
0528 [w . ¥
n [~ —
37 90¢x o1 } »
O N - Q DO : F
N [5]af3]2]19}18{13]12;0]8] 7] 6 [17]16]15]14]
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FIELD PROGRAMMABLE LOGIC SEQUENCER
(10X32X12)

82$154/4/8 (0.C )/825155/7/9 (T.S)

INTEGRATED FUSE LOGIC

SERIES 20
FPLS PROGRAM TABLE (Logic) 82S156/157
PROGRAM TABLE c @=4/K) 1, B(), Q(P) oree
INACTIVE 1o TOGGLE | O wacTve o o -
ENTR'ES: gr T T 1. The FPLS is shipped with all links intact. Thus a back-
GENERATE A SET H L8, I H ! : s aba
} ,L = T ground of entries corresponding to states of virgin links
PROPAGATE @ RESET 4t 18,2 1t exists in the table, shown BLANK for clarity.
TRANSPARENT | - Hoo - DON'T CARE | - 2. Program unused C, 1, B, and Q bits in the AND array as
(AND) (OR) (anD) (~). Program unused Q, B, P, and R bits in the OR array
- as (—) or (A), as applicable.
P. 8, B(0), (@ = D) 8(0) RETRE 3. Unused Terms can be left blank.
AcTIve A HIGH | H W 4. Q (P) and Q (N) are respectively the present and next
INACTVE | @ ow L (controlled) | ° states of flip-fiops Q.
(oR) (rOL.)
(F/F TYPE) (POLARITY)
T T
@ [ o [ 1 R
= T AND OR
-
iy . c ] B()) Q (P) a(N) B(0)
1G] M 3[2[1]o]s]a’3f2]1]o]s{a’3a]2]1]0 5s]alal2[1]0)"|P[s]alal2]1]0
7] o t + $ }
> ; + + t :
m 1 il 1 i
T ) T T
o 2 | + | |
i > ! e | }
= i 4 L 4 l
|
[N = ! T 1 T
g | : % % : z
3 | & C | : + !
7
W |3 | I e =
o | N 8 s f f %
= 9
; 8 10 % % f %
Q 20 " # f t }
= > | ] i ]
%: n > o 12 | | : ,
eBEBE [ 1 ! ! :
w0 X 2Wi 14 ' X X i
ITXO0CS i +- : :
= X = w S 15 1 1 | !
~ N = T T T T
L2 <Q 16 X X . !
0O 0OAn0o T 1 T T
= : : ; |
18
19 % } f {
| l ! Il
T T T T
w = t —+ } }
- : ; : !
S = = + : ;
= ', a : {
= % f- + ;
2 = | : : :
£ |2 : f : ;
z i } : —+
28
o } : ; i
E = : : : :
T 3
= 2 : ; 4 4
® o 31 y =
c w Fc
Wy oOuw } }
= Q0 S oA L ] 1
< @ w o T T
Z0¢ < |os X 'L
o 2 !
UeBss = : +
2 g = Z < D3 1 }
OXL & t t
BR2E8 o % +
2580 X 4 +
oo ”wEF o DO | L
PN |5]4]3]2[1e]12]e]a]|7]e[18]17][16]15]14[13]
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aCsoxisy  MMABLE LOGIC SEQUENCER 825154/6/8 (O.C.)/825155/7/9 (1.S.)
m . INTEGRATED FUSE LOGIC

SERIES 20
FPLS PROGRAM TABLE (Logic)

[ @=u/K) OE.

PROGRAM TABLE [wme—To] [tomar

-
1 1
ENTRIES: GENERATE | A SET HE CONTROL
PROPAGATE  , @ RESET H
TRANSPARENT ! - 1

NOTES

1. The FPLS is shipped with all links intact. Thus a background of entries
corresponding to states of virgin links exists in the table, shown BLANK
for clarity.

. Program unused C, |, B, and Q bits in the AND array as (—). Program
unused Q, B, P, and R bits in the OR array as (=) or (A), as applicable.

INACTIVE o FIF TYPE 3. Unused Terms can be left blank.

,8,0 H P, R, B(O), (0 = D) 8(0) J":I; < + 4. Q (P) and Q (N) are respectively the present and next states of flip-

18,6 L'- ACTIVE r Won TH (controlled) flops Q.

W(I;‘;“‘ - INACTIVE | ® ow | L (F/F TYPE) = ", EA = (POLARITY)

(o) (Por) R RREEEEEREN

AND (OR)
1 B(1) Qa(P) Q(N) B(0)
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Field-programmable arrays:
powerful alternatives to random logic

Bridging design gap, TTL-compatible logic family
is described in Part 1 of a two-part article

by Napoleone Cavlan and Stephen J. Durham, Sigretics Corp., Sunnyvale, Calit

O With the steady growth of integrated circuit technolo-
gies, hardly a day goes by without the news that yet
another chip has made scores of discrete TTL packages
obsolete. Yet, though large-scale integration is packing
entire system architectures onto a few chips, it is still
impossible to complete a design without some discrete
logic to hold the framework together.

The increase of LSI has thus created the need for
efficient ways to bridge the gaps between large function-
al islands. Because of complexity, performance, or
uniqueness, these bridges have evolved into nontrivial
random-logic configurations that still rely on clusters of
small- and medium-scale integrated circuits, whose fixed
functions never quite fit the problem. Now Signetics

Electronics /July 5, 1979

Corp. has attempted to meet the need with a field-
programmable logic family.

The family spans three ranges of complexity: at the
low end are the field-programmable gate arrays (FPGAs);
covering the middle range are the more complex logic
arrays (FPLAs); and finally there are the logic sequencers
(FPLSs). These last, most complex elements have built-in
registers and enable the designer to proceed from state
diagram directly to hardware. The family, summed up in
the table on p. 110, is compatible with TTL and operates
from a + 5-volt supply.

The devices provide a powerful and compact alterna-
tive to random logic, replacing discrete gates, wires, and
connectors, with significant savings in board space,
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FIELD-PROGRAMMABLE LOGIC FAMILY

i)
L
e _— .
2 = | 2l= 3| 2|«
g el 28| E|E | N
8 ‘e 3 <] 3 @ E > 8 §
2 g, 2 ] g. _% - 2 3 2
o] I} & |s]8|6| <2 8| < &
’ 828102 90cC
FPGA| ® AND/NAND 825103 97TS " 35ns ) now | N
® AND-OR/ 825100 8TS
NOR 82s101| |soc S0ns | now | N,F
FPLA
® AND-OR 825106 80C
® Selfenable | 825107 8TS | Mo 70ns| 4079 N
output 16 170
® AND-OR | 825104 mA
® Complement | 825105 80C
array
FPLS | ® 6-bit state yes(® 90ns | 4Q79| N, F
register
@ 8-hit output 8TS
register
MQC = open collector TS = three-state
@N = plastic F = Cerdip
ITE input may be optionally programmed as preset.

power, and cost. Moreover, since all devices can be
programmed and modified in the field (as programmable
read-only memories can) using readily available
programming equipment, the logic can be changed to
meet new customer requirements or specifications, or to
recover quickly from design errors—after delivery to the
field —without expensive printed-circuit-board retooling.

Programming options

Depending on their complexity, members of the
programmable logic family have internal AND gates, OR
gates, S-R flip-flops, true or complement buffers, and
exclusive-OR (EXOR) gates. Those elements can be
combined to perform single-level, double-level, and
sequential logic functions—all by blowing fuse links.

There are other fuse options in output structures for
the entire logic family, too, since either active-high or
active-low functions can be generated without additional
hardware or signal delay. Finally, the family is well
suited to bus-organized environments such as micropro-
cessor systems, since all its members offer, in addition to
open-collector outputs, three-state outputs whose signals
are in the high-impedance state until activated by a
chip-enable input.

All the logic elements perform standard logic func-
tions that can be represented by augmenting convention-
al logic symbols with a few new definitions so that they
can represent multiple-input gates (see “How the FPLF
defines logic,” p. 111).

The gate arrays

The simplest member in the family is the field-
programmable gate array, which performs single-level
logic functions. The equivalent logic diagram for the
FPGA is shown in Fig. 1. The two gate arrays currently
available are open-collector (82S102) and three-state
output (82S103) versions of the same array, which
comprise nine NAND gates fuse-selectively connected to
16 common inputs by true/complement buffers.

80

Fuses in the FPGAs allow individual outputs to be
complemented to AND, so that by proper manipulation of
the input polarities, and by using De Morgan’s theorem,
AND, OR, NAND, and NOR logic functions can be easily
implemented. The parts thus serve as universal logic
elements that can be tailored to applications requiring
random logic, as in fault monitors, code detectors, and
address decoders for microcomputer systems with
memory-mapped 1/0.

The logic arrays

Devices performing two-level combinational logic
functions are grouped into the field-programmable logic
array (FPLA) category. These elements are a step up in
complexity from gate arrays, capable of generating AND-
OR, AND-NOR, and their De Morgan equivalents. There
are at present two array types in the FPLA family, each
with either open-collector or three-state outputs.

The equivalent logic diagram of the first array type,
the open-collector output 82S101 (or three-state output
82S100), is shown in Fig. 2. The first level of logic in the
device is made up of 48 AND gates fuse-connectable to
any of 16 common inputs by true/complement buffers.
The 'second logic level consists of eight OR gates—one
per device output—each capable of being selectively
coupled to any of the 48 gates. Finally, fusing options are
included for generating true or complementary outputs.

The second logic array type, the 82S106/107, has
nearly the same organization as the first. The exception
is that an additional OR gate with fixed inputs has been
added to generate an internal enable command for the
output structure. That self-enable is generated whenever
any of the AND gates become logically true, which
occurs when the external input code matches the internal
AND-gate program. In the absence of such a match, all
device outputs are unconditionally disabled. The self-
enable signal is available externally—the chip-enable
input (CE) pin on the 82S100/101 becomes an open-
collector output called FLAG. Because of this feature, the
82S106/107 can be viewed as a content-addressable
programmable read-only memory, ideally suited to
modifying data in large ROMs, as will be shown in the
second part of this article.

Shared gates

Both array types benefit from the second level of logic.
The advantage here is that the AND gates can be
shared —OR gates can couple with up to 48 AND gates.
Also, a key advantage of this arrangement over single-
level logic is that it allows editing —disconnecting invalid
AND terms from the OR array and replacing them with
spare AND gates (Fig. 3).

Open-collector versions of both gate-array and logic-
array devices can form wired-AND outputs in order to
expand the number of AND gates available on a single
chip. This solves the problem that is posed by applica-
tions exceeding the resources of a single device. The only
restriction is that the expanded outputs have to be
programmed to be active-low.

By far the most powerful members of the family are
the field-programmable logic sequencers (FPLS), which
add on-chip registers to arrays of AND and OR gates. The
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How the FPLF defines logic

For the most part, schematic representation of logic in the
field-programmable logic family follows conventional nota-
tion—the devices include AND, OR, and exclusive-OR
(EXOR) gates, as well as set-reset (S-R) flip-flops and true
or complement buffers. To simplify the representation of
fuse-link programmabiity, however, the FPLF schematics
use a matrix arrangement with cross-point coupling to
represent intact fuse links.

For example, (a) in the figure shows a typical input and
AND gate of a gate array. The square *‘solder dot” repre-
sents a fixed internal connection. Both the line from input
A and the line from the output of the inverter intersect the
vertical input line of the AND gate; in actuality, fuse links
make both connections. An intact fuse link is represented
by a round solder dot. Blowing either of the fuse links will
determine whether the input to the AND gate is A, or its
complement, A. (Leaving both fuses intact holds the
output of the AND low, whereas blowing both fuses results
in a “don’t care” situation, an output that is independent
of either input.)

Extending the matrix and cross-point coupling
approach a step further, (b) shows the configuration of a
two-input AND gate. Since the input to the AND gate
crosses the four lines of inputs A and B as well as their
complements, the gate serves as a four-input AND while
appearing to be a single-input gate. Since the members of
the field-programmable logic family have 16 inputs inter-
secting each AND gate, the gates are actually 32-input
devices; the number of inputs used is determined finally by
the number of fuses left intact. Thus, in (b), solder dots (or

intact fuse links) create the logical equation F=AB.

The exclusive-OR gates on all outputs of the logic-family
devices allow programming for either active-high or
active-low output signals. As shown in (c), a fuse link
grounding one of the two inputs of an EXOR gate results in
an active-high output; blowing the fuse results in an output
that is active-low.

The details of the fusing mechanisms are shown in (d).
AND gates have a fuse in series with a Schottky diode,
while OR gate fusing uses an npn transistor. The fuses for
the true/complement input buffers and active-high/ac-
tive-low outputs are in series with resistors.
~ The analogy between fixed and programmed logic is
best shown by the examples in the table. The first exam-
ple is typical of the single-level logic to which the gate
array is applicable. The two-level logic of the second
example is satisfied by the logic arrays. Finally, the regis-
tered state machine that executes the state transition of
the third example is a candidate for the field-program-

a anidialie | ogiallt

mable logic sequencers.

FIXED LOGIC PROGRAMMED LOGIC

A B

Ao—d—d>——1 b
|

(a) (b)

i T I /i
AND OR
INPUT/ %
£ OUTPUT -+

(c) (d)

A B C D
A BB
B
F=AB+CD
t
0
A [ ]
B
—R 0
S op»
F
AN
—R

(AB)O/F

O

sequencers are actually self-contained state machines,
since they can be programmed to perform any synchro-
nously clocked logic sequence.

State machines, whose general structure is shown in
Fig. 4a, usually take two forms: Moore machines, in

Electronics/July 5, 1979

which the output is a function of the present state only;
and Mealy machines, whose output is a function of both
the present state and the present input.

Figure 4b shows the basic architecture of the open-
collector output 825104 (or three-state output 82S105),
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QUTPUTS
Fg

>
D

CHIP-ENABLE INPUT (CE) 1 =

OUTPUTS
F

CHIP-ENABLE INPUT (CE)

1. Gate array. The simplest device in Signetics’ field-programmable
logic is the gate array, capable of single-level logic. Any of 16 inputs
can connect to nine NAND gates by true/complement buffers. Since
outputs can be complemented to AND, manipulating De Morgan’s
theorem makes the device a universal logic element.

the first members of the FPLS family. With the FPLS, a
user may program any logic sequence that can be
expressed as a series of jumps between stable states
triggered by a valid input condition I at clock time t. The
number of states in the sequence depends on the length
and complexity of the desired algorithm.

A typical state diagram is shown in Fig. 5. The state
from which a jump originates is called the present state
P, and that at which it terminates is the next state N. A
jump always causes a change in state, but may or may
not cause a change in the machine’s output F.

Y

x> .
i

ol
g :
D—» Fi — Fr

Fa — Fa

Fy = XYZ+ XY

Fy'=XYZ+XZ
Fy=XY

F2=XY

3. Editing. The logic array’s programmable OR gates allow sharing of
AND gates, as with gate B at left. The OR array also allows easy
editing of logic statements when design changes are made; note how
spare gate C at right was used to modify output F, to F,’.
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2. Double deep. The field-programmable logic array carries out
two-level combinational logic. The 16 inputs couple to 48 AND gates,
which in turn connect to any of nine OR gates. Either true or
complement outputs are provided.

All states are arbitrarily assigned and stored in the
state register, where the clock and next-state information
from the combinational logic are the inputs. State jumps
can occur only when transition terms are true. A transi-
tion term is, by definition, the logical AND function of
the clock, present state, and valid inputs; hence, T, =
t.I.P. However, since the clock is actually applied to
the state register, it may be removed from the equation.
When T, is true, a control signal is generated that, at
clock time t, forces the contents of the state register from
P to N and, if necessary, changes the contents of the
output register.

FPLS organization

The architecture of the 82S104/105 is a natural
extension of the static logic structure of the FPLA. It
accepts 16 input variables and provides eight output
functions. It has a 6-bit state register and an 8-bit output
register; all the internal registers are automatically
preset to logic 1 when power is applied. The FPLS
provides for 48 transition terms, which can be selected to
be either true or complementary.

A look at the equivalent logic diagram of the FPLS
(Fig. 6) shows its extension of the static FPLA. The AND
and OR gate arrays of the latter have been expanded to
control the set and reset (S and R) inputs of six flip-flops
(the state register) and to monitor the register’s contents
over an internal feedback path. Also, an independent
8-bit output register has been added to store output
commands generated during state transitions and to hold
the output constant during state sequences involving no
output changes.

The AND array comprises 48 positive AND gates, each
with 44 input connections from a set of true/complement
buffers. The AND gates are used to form logic products
of 16 external inputs (I, to I;s) with six present-state (P)
inputs fed back from the state register. The gates are
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(a)

CLOCK g

I=INPUT

P =PRESENT STATE
N =NEXT STATE
F=NEXT OUTPUT

Qe

PRESET
(b)

4. State machine. A state machine (a) takes either a Mealy or Moore
form. The architecture of the field-programmable logic sequencer (b)
is that of a self-contained Mealy machine, where the output is a
function of both the present state and the present input.

therefore called transition terms because, like the transi-
tion terms in state diagrams, they issue next-state
commands.

The OR array contains 28 positive OR gates, each with
48 input connections to all 48 AND gates. The outputs of
the ORs drive the set and reset inputs of the 14 S-R
flip-flops that are state and output registers.

The FPLS is made still more flexible by a complement
array comprising a single 48-input OR gate that drives an
inverter, which then feeds back into the AND array. The
complement array forms a bridge between the AND and
OR arrays for generating NAND functions of input-jump
conditions; the user programs it in such a way as to suit
each transition term.

De Morgan’s theorem

De Morgan’s theorem to reduce logic terms can be
easily implemented with the complementary array so
that the most use is made of the AND gates. For example,
if the transition term is T = (Q)(X+Y +Z), where Q is
the output of the state register and X, Y, and Z are
inputs, three AND gates in the FPLS are required. Howev-
er, De Morgan’s theorem changes the transition term to
T = (Q) XYZ, which requires only two AND gates.

The complementary array is also an efficient means of
aborting a clocked sequence in the absence of valid jump
conditions. As Fig. 7 shows, considerable minimization
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5. State diagram. Example of a state diagram (a) with four states —
A, B, C, and D. |,—I; are jump conditions, which trigger output
changes F,—Fs. A state change (b) gives rise to transition term T,,,
which is logical AND of clock t, input |, and present state P.

a7
o Io—T—ot
§ I, —T—ob
|15"T—°>.
Py
—————a
Ps N PROGRAM/
EJ ( U | OUTPUT-
ENABLE
£? INPUT
!
R
LEL;KCK P ENABLE
gP
I _Gj 5 OUTPUTS
CLOCK D_ s @ Fo
% >_ R
LeLock
A_P
= B £
Dl r ENABLE
CLOCK

6. Sequencer. The field-programmable logic sequencer has 16
outputs, 48 AND gates, and 28 OR gates, plus 14 flip-flops that serve
as state and output registers. Either an asynchronous preset input or
an output-enable input is available as a programming option.

of AND gates is possible when the detection of valid
jumps involves many complements of jump functions,
especially as the number of variables increases.

All clocked S-R flip-flops that make up the state and
output registers offer the option of asynchronous pre-
setting to all 1s. The 64-state total that can be repre-
sented by the state register is adequate in most cases to
chart algorithms involving fewer than 48 nonredundant
transitions. The register accepts next-state commands
(N) from the OR array and supplies present-state infor-
mation (P) to the AND array.

The output register is similar to the state register,
except it has eight states for servicing eight output
functions. It accepts the next-output commands Fo—F,
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7. Complementary. Use of AND gates in the

FPLS is greatly reduced by the complement

array, a single 48-input OR gate driving an
inverter that feeds back into the AND array.

In this example, the default jump from state
So to S; is reduced from three AND gates to
a single gate T,.
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CLOCK
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CLOCKING

8. Timing. Minimum clock duration for the FPLS is 20 nanoseconds.
Minimum width of preset input, which overrides clock, is 40 ns.
Normal clocking resumes with the first full clock pulse following a
negative clock transition after the trailing edge of the present signal.

from the OR array and then reflects its contents to the
device outputs through the buffered Q outputs of each of
the flip-flops. Also, as an added feature to enhance fault
isolation, driving input I, to +10 volts will route the
contents of the state register (Po-Ps) directly to outputs
Fo—Fs without any alteration of the contents of the
output register. However, the feature is not recom-
mended for use in a normal mode of operation (as in a
Moore machine). This is because it increases the device’s
maximum current by 5 to 10 milliamperes and thereby
lowers the maximum ambient temperature rating of the
package by approximately 5°C.

As a final programming option in the 82S104/105, a
pin can function as either an active-high asynchronous
preset (pr) or an active-low output enable (OE). The
output-enable function forces all outputs to logic 1 (or to
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high impedance in the 82S105) and is normally used
when the device is sharing a bus. It does not inhibit
clocking of the internal registers. The asynchronous
preset option, on the other hand, is useful when the logic
sequence requires an immediate state-independent
return to initial conditions. The state register and output
register can also be synchronously preset independently
of one another by dedicating that function to one of the
input variables in conjunction with a single transition
term and a clock pulse. '

Timing constraints

The maximum clock rate of the 82S104/105 can be
inferred from its timing diagram (Fig. 8), which shows
worst-case delays and setup requirements during a typi-
cal 170 cycle. Using stable external inputs as a reference,
the device can be clocked after a minimum setup time of
60 nanoseconds. The next output (as well as the next
internal state) will be valid 30 ns after the positive edge
of the clock, giving a total 1/0 delay of 90 ns. Since both
output enable and disable delays are also 30 ns, when the
OE pin is used its signal’s edge should occur prior to or
coincidentally with the clock in order to avoid increasing
170 delays.

The asynchronous preset option includes a clock lock-
out feature that eliminates the potential hazard of
spurious clocking. But, as the timing diagram shows,
when using the lockout feature it is possible to miss one
clock pulse, which may be prohibitive in some applica-
tions.

Applications

The second part of this article, to appear in the next
issue of Electronics, will provide examples of applications
for the gate- and logic-array devices. It will also describe
in detail the development of a full-blown cartridge-tape
drive controller built with a single logic-sequencer chip.
The design example proceeds from flow chart to state-
sequence diagram to hardware.
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Sequencers and
arrays transform

truth tables into
working systems

by Napoleone Cavlan and Stephen J. Durham
Signetics Corp., Sunnyvale, Callf.

O Because of its power and flexibility, the Signetics
field-programmable logic family is ideal for replacing
the discrete logic normally used to interface large-scale
integrated devices, as shown in Part 1 [July 5, 1979,
p- 109]. The examples of applications that follow show
how to exploit its special features.

In designing with these gate and logic arrays and logic
sequencers, the user need concern himself only with
generating truth tables associated with the state
diagrams or sets of Boolean logic equations that define
his function. The one restriction is that he must use logic
symbols corresponding to the status of fuse links.

As indicated in Fig. 1, an extra set of symbols is
needed to describe all the states of FPLF gates corre-
sponding to all combinations of blown and unblown fuse
links. Once ordered into truth tables, the user-defined
functions are then directly mapped onto standard
program tables furnished with FPLF elements, whose
fuses are then blown by a logic-type programmer. As the
user gains experience, he can manipulate logic variables
intuitively and can eventually implement algorithms
directly on the program tables with only the device
schematics for reference. (The formal step of deriving
state diagrams and logic equations will not be considered
here.)

Because of their simple and uncommitted structure,
FPLF elements are suited to a wide variety of applica-
tions, several of them already well documented. The
following examples illustrate the typical use of each logic
element and match devices with applications.

Bus translator

Signetics’ Instructor 50 microcomputer system is built
around the 2650 microprocessor; but for compatibility
with other systems and peripheral devices in the hobbyist
market, it interfaces to the S100 bus, which is based
mainly on 8080 microprocessor signals. Yet to carry out
the seemingly unwieldy task of bus translation, only a
single FPGA is needed. The gate array translates the
logical combinations of timing, enable, and control
signals supplied by the 2650 and its 170 hardware into
control signals entirely compatible with the S100 bus
definitions, as shown in Fig,. 2.

The programmable feature of the FPGA is strategically
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invaluable in this case since the S100 bus is not vet
totally standardized. The FPGA permits easy adaptation
of the interface to changes in specifications, which are
subject to arbitrary manipulation by manufacturers in
the hobby arena.

Two-level logic

The logic arrays add a second level of combinational
logic to the gate arrays, and thus another level of versa-
tility. AND/OR combinations of the FPLAs are well suited
to carrying out polynomial equations and the like, as
shown in the next example.

In systems that transfer large blocks of data, a cyclic
redundancy check (CRC) scheme can significantly
improve data integrity. The technique appends a check
word to a transmitted sequence of data, and the receiv-
ing end uses that word to check for errors. A cyclical
division of the transmitted data by an industry-standard
polynomial generates the CRC word; the remainder from
the division forms the check word.

Polynomials lend themselves to serial manipulation,
and serial CRC generation and checking are easy to
implement. But in a multiple-line data system with
parallel organization, a considerable amount of hard-
ware may be needed for parallel-to-serial conversion.
Moreover, the multiple-bit clocking for each word
carries an inherent speed loss—a factor of 8 for a
byte-oriented system. A parallel CRC generator-checker
circuit is the answer, developed from the set of logic
equations describing the function of the circuit in the
form of a state machine.

The general design of the CRC circuit is shown in
Fig. 3a, along with the logic equation set for the popular
CRC polynomial P(x) = x“+x¥+x+1. Figure 3b
shows that the entire byte-wide parallel CRC generator-
checker circuit can be implemented with only five chips:
two 8-bit latches, two FPLAs, and an FPGA. The FPLAs
contain the set of logic equations controlling the flip-flop
inputs, which are expanded from EXOR form to sum-
of-products form. In Fig. 3a, variables N¢—N s represent
the next CRC word after clocking, based on the current
word Bg—Bis and the present input byte Dg~D».

CRC generation begins by driving the RESET line low
to initialize the latches to zero. Pulsing the clock line
then transfers the first byte of the data block in at
D¢D;. Subsequent bytes are clocked in the same way.
The cyclic nature of this design places no limit on the
size of the data block that can be processed. During data
transmission, the 16-bit CRC word is available at outputs
Bo—B.s after the last data byte has been clocked in; it is
appended as two check bytes to the data in the block:

Checking

The circuit is used in the check mode when receiving
data containing CRC characters. The last 2 bytes in the
data block received are CRC send characters. They too
are clocked in and contribute to form a final receive pair
of CRC characters, which, for error-free transmission,
must both be zero. If an error has occurred, Bo~B,s will
be nonzero. The FPGA will detect the nonzero condition
and generate an error signal. This parallel CRC format
can operate on data blocks at speeds in excess of 5.7
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1. New notation. The many combinations of blown and unblown fuse links in the field-programmable logic family require new notation. The
four possibilities for AND gates are shown in (a), while those for exclusive-OR outputs are in (b). The combinations for OR gates are in (c). The
complement array in the logic sequencers is detailed in (d). Finally, OR gates controlling the flip-flops in sequencers are in (e).

megabytes per second.

An interesting use for the FPLA is in changing data at
a few locations of a read-only memory (see “How to
patch a read-only memory,” p. 137).

The abilities of the field-programmable logic sequenc-
er are well demonstrated by its use as a controller for a
cartridge-tape transport. In this example, one chip
replaces many—a distinct advantage if the controller is
to be packed on a single-board microcomputer. Although
the chip’s function is complex, it can be programmed
methodically and worked directly from a flow chart.

Controller routines

The controller executes fixed routines in response to
status and input commands that may originate from an
input/output bus or a monitoring station. Its outputs
operate the velocity servo that drives the cartridge, form
/0 status signals, and enable writing of data. The input
and output signals of the one-chip controller are shown
in detail in Fig. 4.

~ The controller carries out these eight routines:
® Move tape fast-forward.

96

8 Move tape slow-forward.

Move tape fast-reverse.

Move tape slow-reverse.

Bring tape to load point when cartridge is inserted.
Rewind tape to load point.

Rewind tape to beginning and eject cartridge in
response to unload command.

® Rewind tape to beginning and eject cartridge in
response to auto-unload true condition.

The routines could be represented concisely in a
conventional Mealy state diagram, but that often
obscures the actual machine function. Flow charts are
more easily understood, where input variables, machine
states, and output functions are given variable names.
Such a chart is shown in Fig. 5.

Diagramming the flow

What would be transition terms in a Mealy state
machine become true/false statements regarding the
system inputs (taken one at a time) in the chart. The
correlation is most obvious in the simple example in Fig.
6. The flow chart in (a) shows a conditional change from
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2. Translator. Getting S100 bus signals, which are -mostly 8080 microprocessor signals, out of a 2650 microprocessor calls for a
field-programmable gate array. One 825103 translates signals from the 2650 and its companion 2656 interfacing chip to the hobby bus.

state A to state B. The conditions in the flow chart’s
diamonds must be simultaneously satisfied for the state
change to occur. The conditions take on variable names,
and for this example, which arbitrarily assumes a 4-bit
state register, three inputs, and two outputs, the corre-
sponding state diagram is shown in Fig. 6b.

The transition from A to B denotes a jump from 10
(1010,) to 13 (1101,) and an output transition to 2 (10,)
at the next clock pulse if the combination X, = 4 (100,)
is true. The transition is synthesized by forming a transi-
tion term T = P;P,P,Pyl.I;I, and using term T at the
next clock pulse to generate next-state and next-output
commands for the state and output registers, respective-
ly. For the state register, flip-flops Ng and N, are set by
connecting T to set lines S, and S,, and flip-flop N, is
reset by coupling T to the R, reset line. Similarly, for the
output register bit F, is reset and bit F, is set by
connecting T to corresponding flip-flop reset (Ro) and
set (S,) lines.

Controller conditions

Referring again to the controller flow chart, it can be
seen that whenever the tape-drive power is turned on, or
when an interlock is opened, the transport must be
stopped. That is achieved by an input signal to the
controller called INTRDY that resets the state register
with an unconditional jump to state 1 or STOP. When
that occurs, all outputs on the FPLS chip become inac-
tive, WRITE is inhibited, and speed and direction are
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arbitrarily set to SLOW and REVERSE. From the STOP
state, operation into any mode ocurs by state and output
jumps when all of the intervening conditions are simulta-
neously satisfied.

As an example, writing at normal speed will occur
with a jump from state 1 to state 3, which requires that
the following criteria be satisfied:
® The data cartridge is in place; therefore CIP is true.
® The drive has been addressed; SEL is true.

B The tape has been commanded to run; TR is true.

The controller is not in state 6; state 6 is false.

® The tape should move slowly; therefore FAST is true
(an active-low signal).

B The tape should move forward; FWD is true.

In tracing the jump between these states two things
must be noted. First, the commands RWD, UNL, and TR
are mutually exclusive, so that when either is true the
others can be considered false or “don’t care.” Second,
after TR = true, the condition (State = 67?) is inserted
to indicate invalid jumps to states 2 and 3, which could
originate from state 6 with an AUTO UNL false. Clearly,
these should be avoided to inhibit honoring requests for
read slow (or fast) forward while stopped at the end of
the tape. So, the (State = 6?) condition is a reminder to
avoid programming 6 -2 and 6 -3 state jumps in the
FPLS. A similar argument holds for (State 7?) and
(State = 11?) conditions.

After data has been either written or read, the tape
drive is commanded to stop by TR false, which causes a
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3. Error-free. The technique of using a cyclic redundancy check (CRC) word for error-free data transmission requires complex logic to
generate the word (a). A pair of logic arrays, two latches, and a gate array (b) do the job, which usually requires a boardful of chips.
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4. Tape controller. A field-programmable
logic sequencer like this tape controller can
perform extremely complex tasks. The
825105 receives commands from an in-
put/output bus or monitor, and provides all
the necessary signals for driving the tape-
transport servo-motor mechanism.

UNLOAD (UNL)

AUTO UNLOAD (AUTO UNL)
TAPE RUN COMMAND (TREXT)
FORWARD (FWD)

FAST
END.OF TAPE (EOT) SLOW (SLOs/FASTs)
TAPE RUN (TR)
REWIND (RWD) EJECT L

DRIVE SELECT (SELECT)
LOAD POINT (LP)
BEGINNING OF TAPE (BOT)
CARTRIDGE IN PLACE (CIP)
INTERRUPT (INTRDY)

TAPE RUN (TRg) W

FORWARD
(FWDs/RVRs)

WRITE INHIBIT
(WRI INH)

BUSY 1
AT LOAD POINT
(AT LP)

TO SERVOMECHANISM

AT END OF TAPE
(EQT)

NOT
USED {

CLoCcK —

F

' ARTRIDG|
IN PLACE? T

REWIN,DING

REWIND 7
FAST REVERSE -

TAPE
RUNNING?

TAPE
RUNNING?

AUTOMATIC

STOPPED AT
BEGINNING OF TAPE

UNLOAD
COMMAND
?

5. Goes with the flow. The first step in designing the controller is preparing a flow chart of the operation. The chart is much easier to
understand than a state diagram or Mealy machine, yet provides all the information needed for programming the logic-sequencer chip.

jump from state 3 (RUN SLOW FORWARD) to state 1. By
similar arguments, the tape drive can be run either fast
or slow in either forward or reverse directions by jump-
ing to states 2, 4, and 5.

When the end of tape is reached (EOT true), the tape
drive is stopped. That is implemented by jumps 2 +6 or
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3 +6. Once in state 6, the tape drive can no longer move
in the forward direction because of the State 6 false
condition preceding states 2 and 3. If AUTO UNL is true,
the drive will automatically rewind (state 12), wait for
tape to decelerate (state 13), eject the tape cartridge
(state 14) and stop. If AUTO UNL is false, the drive must
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It is a shame to throw away read-only memories. But often
firmware-based systems must commit control programs to
large mask-programmed ROMs, only to have a design
revision requiring a new program—and a new ROM. If no
pin-compatible, user-programmable ROM is available, the
customer could end up waiting out the 5-to-10-week turn-
around time for the new mask parts—and throwing away
his inventory of old ROMs.

One way to save an obsolete ROM (or even PROMs — it
hurts to throw them away, too) is by patching, which
redirects certain addresses to an adjunct smaller memory.
This can be done most efficiently with an 825107 field-
programmable logic array.

As a ROM patch (FPRP), the FPLA becomes a
programmable, content-addressable PROM that contin-
ually monitors the address bus. -As shown in the figure,
when the FPRP encounters a match that signals a correc-
tion of data, its flag output (FL) disables the ROM, and
new data from the FPRP is put on the output bus. If, for
example, address 750 were to be given new data A9,
address S5FE were to be given 7F, and addresses
OA4-OA7 were all to be reassigned B4, the FPRP would
be programmed as in the table. For a 12-bit address, only
inputs lo—11, are used, and the remaining four, l12—lis then
become *“‘don’t care.” (Incidentally, inputs lp and |4 in the

How to patch a read-only memory

second product term are also ‘“don’t care” because they
define an address block of four locations.)

The address comparator can patch up to 48 non-
overlapping addresses anywhere within a memory field of
64 kilobytes. Block addressing is possible, too, using the
FPRP's true or complement input buffers. Moreover, the
number of addresses can be expanded by hooking several
devices in parallel and wire-ANDing their flag outputs.

Since the outputs of the ROM patch primarily define a
byte of memory data rather than a set of logic functions,
output polarity is not controlled. Also, to maintain compat-
ibility with the gate array, the FPRP generates its self-
enable signal with a fixed multiple-input OR gate; the only
disadvantage of that method is addresses (AND terms),
once programmed, may no longer be deleted.

The ROM patch affords a recovery strategy effective in
several design situations, including modifications of dedi-
cated application programs, operating systems, assem-
blers, and monitor routines. It also permits on-site optimi-
zation of system parameters, in accordance with, say,
environmental variables, and allows custom function
options and product-line diversification. The customer
need only allot board space next to the mask ROM for an
FPRP; no parts are actually used until program changes
are required after the product is in the field.

ADDRESS READ-ONLY MEMORY DATA OUT
(Ao=Aq) {8 BITS)
CHIP ENABLE (CE)
ADDRESS TRUE OR
COMPLEMENT
‘ COMPARATOR BUFFERS
Po=-Paz
825107
LOGIC ARRAY

PROGRAM TABLE FOR ROM PATCH

Product term Active level
Input . EECE DI CR R
address | o Comparator input Output function ocllj;'?am

15114 (1312111} 10]19 (8 |7 |6 |56 |4 |3 {2 {1 0 716 |54 3|2 |1 0
750 o l-j{-[-J-f{L|H]JH|H]|]L{H]|L|H]|L L L L Alje Ale Ale |eo A A9
5FE 11 e e e i LI{H|H|H|H|H]H]H}H L [ AlJA|JA|IA|IA]JA LA 7F
OA4-0A7 | 2 - i—=1-1- L L L L H L H L L H| -] - Ale AlA]e Ale [ B4

| A As| | Dy Do |

wait for either a rewind command (RWD), an unload
command (UNL), or reverse command (FWD).

If the tape is moved in the reverse direction until the
beginning (BOT), the drive is stopped. This is imple-
mented by a jump from states 4 or 5 to state 7. Once in
state 7, the tape drive can no longer move in the reverse

100

direction because of the state 7 false condition preceding
states 4 and 5. The tape will remain stopped at the
beginning until TWD, UNL, or FWD commands are given.

If no cartridge is in place (CIP false) when the tape
drive is turned on, the controller will jump from state 1
to 8, and signal EMPTY. When a cartridge is installed,
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6. Flow chart to state diagram. Simple transition from state A to
state B is shown in flow chart (a). Three inputs (Xo,X1,X2) and two
outputs (Yo,Y) are assumed. The contents of a four-bit state register
show the transition from state A (1010;) to state B (1101>).

CIp = true implements a jump from state 8 t¢ 9. In state
9 the tape will rewind in fast reverse until a BOT mark is
reached. BOT true implements a jump from state 9 to 10.
The tape now runs at slow speed in the forward direction
until the load point (LP) is reached. LP true implements a
jump from state 10 to 11 indicating STOPPED AT LP.
From state 11, forward, reverse, or unload commands
can be executed, but not rewind, because of the state 11
condition preceding state 9. That keeps RWD from being

needlessly repeated.
State jump

A single state jump is shown in detail in Fig. 7. The
transition is from state 1 to 2. In the latter, the controller
is required to enter the READ FAST FORWARD routine
from STOP when:

CIP is true.
SEL is true.
TR is true.

Qtata & ic falca
MDAl U 10 1Alow.

B FWD is true.
® FAST is true.
In response to this jump, the controller outputs that must
change to issue the appropriate commands are run (TR),

)
|
|
2

{0001)

‘ RUN FAST FORWARD ’

FORWARD?

CARTRIDGE
IN PLACE?

Transition term QOutput term
State - X
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7. Detailed state jump. The transition from state 1 (STOP) in the tape cartridge controller to state 2 (READ FAST FORWARD) is shown in
flow-chart form. That part of the logic sequencer coding of the state jump is shown below, including transition and output terms.
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TABLE 1: COMPARISON OF DESIGN ALTERNATIVES FOR TAPE CONTROLLER

‘ Field-programmable

Monolithic Memories Inc.’s

Speed 90 ns/state
Voltage +5V
Cost (high-volume production) $12

Parameter logic sequencer Discrete logic Programmable Array Logic
Chip count 1 chip 6 chips 14 chips
Circuit-board area 0.84in.? 2.13in.2 3.78in.2
Power (typical) 0.60wW 1.36 W 48 W

132 ns/state 105 ns/state

+5V 5V

$14 $48

Type Manufacturer Model

TABLE 2: PROGRAMMING EQUIPMENT FOR THE FIELD-PROGRAMMABLE LOGIC FAMILY

Field-programmable device

ROM
patch

Availability

Logic
array

Logic
sequencer

Data I/0 17,19 ° ° ° [} 3Q79
° ° now
Memory Sunrise SM100
Electronics ° ° in development

forward (FWD), and fast (FAST).

The flow chart of the controller routines is complete
with 14 states and 36 state jumps (including synchro-
nous reset). As such, four state-register flip-flops suffi-
ciently represent all states. All state jumps can be direct-
ly programmed into the chip from the flow chart. All
state jumps occur on the leading edge of the clock.

The advantage of a controller built with the FPLS is
best shown by a comparison to discrete logic, which
would comprise PROMs, latches, and gates, using the
same state diagram as for the FPLS. Table 1 compares
the FPLS controller with a discrete implementation as
well as with Monolithic Memories Inc.’s Programmable
Array Logic chips, in several aspects.

Programming

The key to design flexibility with programmable logic
is the availability of programming equipment. The need
for PROMs in this equipment has led to a large number of
memory programmers being offered by several manufac-
turers. Generally, they operate with personality card sets
that meet the requirements of various PROM technolo-
gies. Suppliers have already begun developing sets
compatible with memory programmers for logic devices.

102

Hardware is expected to be available by the end of the
third quarter of this year.

For the concept to work, the logic devices must be
manipulated as memory chips are—by defining the
desired fusing pattern in terms of an address-data rela-
tionship. Although this tends to obscure the logic func-
tion of the device, which is not visible on the program
table, it is sure to provide low-cost programming equip-
ment that can be manned by low-skilled labor.

Logic programming is another possibility, and low-
cost equipment is already available from Signetics. Logic
programmers allow direct entry of the logic function
from the program table; no reference to the device logic
diagram is necessary, and the user need not specify the
status of each individual link in a device. Such program-
mers are more convenient for engineering use during the
initial design phase, but with their high programming
speed—about 10 seconds per device—can also be effec-
tive in production. Their only drawback is that they are
dedicated machines and cannot program PROMs.

Some manufacturers offer a hybrid type of PROM
programmer that can also be configured to do logic
programming. Table 2 shows the various options avail-
able to prospective users now, or in the near future. [0
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