PAL16L8BA, PAL16R4A, PAL16RGA, PAL16RBA
STANDARD HIGH-SPEED PAL® CIRCUITS

FEBRUARY 1984 —REVISED JANUARY 1985

® Standard High-Speed (25 ns) PAL Family
Choice of Operating Speeds
HIGH SPEED, A Devices ... 35 MHz
HALF POWER, A-2 Devices . . . 18 MHz
Choice of Input/Output Configuration
Package Options Include Both Plastic and
Ceramic Chip Carriers in Addition to Plastic
and Ceramic DIPs
3.STATE | REGISTERED
DEVICE | INPUTS 1/0 PORTS
0 OUTPUTS | Q OUTPUTS
PAL16L8 10 2 0 6
PAL16R4 0 4 (3-state) 4
PAL16R6 8 0 6 (3-state) 2
PAL16R8 8 0 8 (3-state) 0

description

These programmable array logic devices feature
high speed and a choice of either standard or
half-power devices. They combine Advanced
Low-Power Schottky ! technology with proven
titanium-tungsten fuses. These devices will
provide reliable, high-performance substitutes
for conventional TTL logic. Their easy

programmability allows for quick design of -

“‘custom’’ functions and typically result in a
more compact circuit board. In addition, chip
carriers are available for further reduction in
board space.

The Half-Power versions offer a choice of
operating frequency, switching speeds, and
power dissipation. In many cases, these Half-
Power devices can result in significant power
reduction from an overall system level.

The PAL16’ M series is characterized for
operation over the full military temperature range
of —55°C to 125°C. The PAL16’ C series is
characterized for operation from 0°C to 70°C.

tlmegrated Schottky-Barrier diode-clamped transistor is patented
by Texas Instruments, U.S. Patent Number 3,463,975.

PAL is a registered trademark of Monolithic Memories Inc.
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Pin assignments in operating mode (pins 1 and 11 less positive than
VIHH!
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PAL16R4A, PAL16R6A, PAL16R8A
STANDARD HIGH-SPEED PAL CIRCUITS

PAL16R4’
M SUFFIX . . . J PACKAGE
C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)

PAL16R6’
M SUFFIX . . . J PACKAGE
C SUFFIX . . . J OR N PACKAGE

(TOP VIEW)
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PAL16R4’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

~ PAL16R6’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX . . . FN PACKAGE

(TOP VIEW)

PAL16R8’
M SUFFIX . . . FH OR FK PACKAGE
C SUFFIX FN PACKAGE

(TOP VIEW)
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Pin assignments in operating mode (pins 1 and 11 less positive than V|yH)
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PAL16L8A, PAL16R4A
STANDARD HIGH-SPEED PAL CIRCUITS

functional block diagrams (positive logic)
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PAL16R6A, PAL16R8A
STANDARD HIGH-SPEED PAL CIRCUITS

functional block diagrams (positive logic)
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PAL16L8A
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram
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PAL16R4A
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram
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PAL16R6A
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram
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PAL16RBA
STANDARD HIGH-SPEED PAL CIRCUITS

logic diagram
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PAL16L8A, PAL16R4A, PAL16RGA, PAL16R8A
STANDARD HIGH-SPEED PAL CIRCUITS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vg (see Note 1) . .. oo ittt i ettt e e e 7V
Input voltage (see NOte 1) . .. ... i it e et et e e 5.5V
Voltage applied to a disabled output (see Note 1) ... ... ... ... . ... 55V
Operating free-air temperature range: M suffix........................... —-55°C to 125°C

Csuffix ... i, 0°C to 70°C
Storage temMperature faNGE . ... v v v v vv vttt et et e —65°C to 150°C

NOTE 1: These ratings apply except for programming pins during a programming cycle.

recommended operating conditions

PARAMETER M SUFFIX C SUFFIX UNIT
MIN NOM MAX [ MIN NOM MAX
vee Supply voltage 4.5 5 55 | 4.75 5 5.25 v
v A OE input 2.4 5.5 2 55|
H \ghlavel input Voltags All others 2 5.5 2 55
ViL Low-level input voltage 0.8 0.8 \
IoH High-level output current -2 -3.2 | mA
loL Low-level output current 12 24 | mA
TA Operating free-air temperature -55 125 o] 70 °Cc

programming parameters, Tp = 25°C %
- Mmin_nom max [unt | S
Vcc  Verify-level supply voltage 4.5 5.0 5.5 \4 o
Vi High-level input voltage © 2 5.5 \ E
ViL Low-level input voltage 0.8 \ 1]
VIHH Program-pulse input voltage 10.25 10.5 10.75 v E
) ' 2050 £
. PGM ENABLE, L/R 10 ' 25 ‘E
IlHH  Program-pulse input current mA o))
Pi, PA 1.5 5 1)
Vee 250 400 i
twi Program-pulse duration at PO pins 10 50 us _!l:
tw2 Pulse duration at PGM VERIFY ’ 100 ns °
Program-pulse duty cycle at PO pins 25 % u-_
tsy Setup time 100 ns
th Hold time 100 ns
td1 Delay time from Vcg to 5 V to PGM VERIFYT 100 us
t42 Delay time from PGM VERIFY 1 to valid output 200 ns
Input voltage at pins 1 and 11 to open verify-protect (security) fuse 20 21 22 \%
Input current to open verify-protect (security) fuse 400 mA
tw3 Pulse duration to open verify-protect {security) fuse 20 50 us
V¢ value during security fuse programming 0] 0.4 \"

’_ .
Texas b ‘ 3-11
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265



PAL16L8A, PAL16R4A, PAL16R6A, PAL16RBA
STANDARD HIGH-SPEED PAL CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX UnIT
MIN  TYP MAX MIN  TYP MAX
felock Clock frequency 0 25 0 , 35 | MHz
¢ pulse duration Note 2 Clock high 15 12 n
S

W ulse duration, see Note Clock lowr 20 6
tsy Setup time, input or feedback before CLK t 25 20 ns
th Hold time, input or feedback after CLK 1 0 0 ns

NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, fcjock. The minimum pulse duratjons specified
are only for clock high or clock low, but not for both simultaneously.

electrical characteristics over recommended operating free-air temperature range

M SUFFIX C SUFFIX
PARAMETER TEST CONDITIONS MIN _TYP? MAX MIN _TYP?  MAX UNIT
VIK Vee = MIN, p = -18 mA -1.5 -1.5 \
VOH Vce = MIN, 1oH = MAX 2.4 3.2 24 33 v
VoL Vce = MIN, IoL = MAX ] 0.25 0.4 035 05| V
: Outputs 20 20
lozH 70 ports Vce = MAX, Vo =27V 56 001 A
P L DT e
o [ Voo = MAX, V= 65V 0.2 0.1 | mA
& |y Vee = MAX,  Vj =27V 25 20 | 4A
2, . _ N OE INPUT -0.25 -0.4
o I Vee = MAX. V) = 04V g s ~0.2 02| ™
% Io$ Vce = MAX, - Vg = 2.25V -30 —125 | -30 125 | mA
3 e | Vec = MAX, Qutputs Open 140 185 140 180 | mA
3 V=0V
g- tFor conditions shown as MIN or MA'X, use tne appropriate value specified under recommended operating conditions.
Y *All typical values are at Vog = 5V, Tp = 25°C.
- 5The output conditions have been chosen to produce a current that closely aproximates one half of the true short-circuit output current, Igs.
cg_ switching characteristics over recommended supply voltage and operating free-air temperature ranges
©  (unless otherwise noted)
M SUFFIX C SUFFIX
PARAMETER FROM TO TEST CONDITIONS MIN TYP* MAX MIN_ TYPt MAX UNIT
fmax 25 45 35 45 MHz
tpd 1, /0, 0, 1/I0 15 30 15 25 ns
tod - CLKt Q Ry = 5009, ) 10 20 10 15 ns
ten OE+ Q CL = 50 pF, 15 25 15 22| ns
tdis OE+ a See Note 3 10 25 10 15| ns
ten 1, 110 0, 110 : 14 30 14 25 ns
tdis 1, 1O 0, /0 13 30 13 25 ns

*All typical values are at Ve = 5V, Ta = 25°C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.

312 o | Texas {'P
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PAL16L8A-2, PAL16R4A-2, PAL16R6A-2, PAL16RBA-2
STANDARD HIGH-SPEED HALF-POWER PAL CIRCUITS

recommended operating conditions

M SUFFIX C SUFFIX UNIT
. MIN TYP MAX | MIN TYP MAX
felock Clock frequency 0 16 0 18 | MHz
tw Pulse duration, see Note 2 ‘ Clock high 28 25 ns
| Clock low 28 25
tsu Setup time, input or feedback before CLK*t 35 28 ns
th Hold time, input or feedback after CLK*1 0 o] ns

NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, fgjgck. The minimum pulse durations specified
are only for clock high or clock low, but not for both simultaneously.

electrical characteristics over recommended operating free-air temperature range

M SUFFIX C SUFFIX
A TEST C 1ONst UNIT
PARAMETER ONDITIO MIN TYP! MAX | MIN TYP? MAX
ViK Ve = MIN, I = —18 mA -1.5 N Y
VOH Ve = MIN, IoH = MAX 24 3.2 24 33 v
VoL Vce = MIN, loL = MAX 0.25 0.4 0.35 05 v
Outputs . 20 20
lozH Vee = MAX, Vg =27V A
0 170 ports cc ° 100 100 | *
Outputs -20 -20
Vee = MAX, =04V A
lozL /0 ports cc Vo 250 250 | *
N Vce = MAX, V| =55V 0.2 | 01 | mA
hH Vce = MAX, V=27V 25 20 _A
I Vee = MAX V| =04V GE INPUT adcr i N
IL cC = WAt V== All others —01 —01
108 Vce = MAX, Vg = 2.25V -30 125 | -30 —125 | mA
Vee = MAX,  Outputs O
Ice cc HERUES SREH 75 95 70 9| ma
Vi=0V

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
*All typical values are at Vo = 5V, Ta = 25°C.
5The output conditions have been chosen to produce a current that closely aproximates one half of the true short-circuit output current, Igg.

switching characteristics over recommended supply voltage and operating free-air temperature ranges
(unless otherwise noted)
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PARAMETER FROM TO TEST CONDITIONS M SUPFIX C SUFFIX UNIT
MIN TYP! MAX | MIN TYPf MAX

fmax 16 25 18 25 - MHz
tpd 1, /0, 0, 1/0 25 40 . 25 35 ns
tpd CLK1t Q RL = 500 @, 11 35 11 25 ns
ten OE+ Q CL = 50 pF, 20 35 20 25 ns
tgis OE* Q See Note 3 1 30, 11 20 ns
ten 1, 110 O, 110 25 40 25 35 ns
tdis 1, /0 O, /0 25 35 25 30 ns

Al typical values are at Voe = 5V, Ta = 250C.
NOTE 3: Load circuits and voltage waveforms are shown in Section 1.
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PAL16L8A, PAL16R4A, PAL16R6A, PAL16R8A

STANDARD HIGH-SPEED PAL CIRCUITS

Pin assignments in programming mode (PGM ENABLE, pin 1 or 11, at V|yn)

PRODUCT TERMS 0 THRU 31

PGM ENABLE []

TABLE 1 — INPUT LINE SELECT

(TOP VIEW]

1
2
3
4
5
6
7
8
9

1

PA2
L/R

PGM VERIFY

PRODUCT TERMS 32 THRU 63
(TOP VIEW)

vVee
L/R
PAO
PA1
PA2
PO3
PO2
PO1
POO

PGM ENABLE

TABLE 2 — PRODUCT LINE SELECT

INPUT PIN NAME FRODUCT PIN NAME
@l | NUMBER [PI7 PI6 PI5 P4 PI3 PI2 PH PIO L/R NUMBER [PO0 PO1 PO2 PO3 PA2 PA1 PAO
3 0 HH HH HH HH HH HH HH L Z 032 |z zZ 2z HH Z 2z 2z
1 HH HH HH HH HH HH HH H 2 .33 |2 Z Z HH Z Z HH
- 2 HH HH HH HH HH HH HH L  HH 23 |z z z HH Z HH Z
o 3 HH HH HH HH HH HH HH H  HH 33 |(Z 2 Z HH Z HH HH
oy 4 HH HH HH HH HH HH L HH Z 436 |2 Z Z HH HH Z 2
o 5 HH HH HH HH HH HH H HH Z 5,37 [Z Z Z HH HH Z HH
3 6 HH HH HH HH HH HH L HH HH 6,38 |Z Z Z HH HH HH Z
Q 7 HH HH HH HH HH HH H HH HH ©7,39 |2 Z Z HH HH HH HH
) 8 HH HH HH HH HH L HH HH Z 840 |z 2z HWH Zz 2z 7 2
3 9 HH HH HH HH HH H HH HH Z 941 |z Z HH Z Z Z HH
3 10 HH HH HH HH HH L HH HH HH 10,42 |2 Z HH Z Z HH 2z
g 11 HH HH HH HH HH H HH HH HH 11,43 |Z Z HH Z Z HH HH
= 12 HH HH HH HH L HH HH HH Z 1244 |Z Z HH Z HH 2z 2z
- 13 HH HH HH HH H HH HH HH Z 1346 |z Z HH Z HH Z HH
o] 14 HH HH HH HH L HH HH HH HH 14,46 |Z Z HH Z HH HH 2z
Q, 15 HH HH HH HH H HH HH HH HH 15,47 |2 Z HH Z HH HH HH
o 16 HH HH HH L HH HH HH HH 2 16,48 |2 HH 2 2z z z 2z
17 HH HH HH H HH HH HH HH Z 1749 |z HH z Z z 'z HH
18 HH HH HH L HH HH HH HH HH 1850 |z HH z z z HH 2z
19 HH HH HH HH HH HH HH HH 19.50 [z HH 2 Z 2 HH HH
20 HH HH L HH HH HH HH HH 2z 20,62 |2 HH 2 Z HH 2z 2z
21 HH HH H HH HH HH HH HH Z 21,53 |2 HH Z Z HH Z HH
22 HH HH L HH HH HH HH HH HH 22,66 (2 HH Z Z HH HH Z
23 HH HH H HH HH HH HH HH HH 23,66 (2 HH Z Z HH HH HH
24 HH L HH HH HH HH HH HH Z 2456 |wH z 2z z z z 2
25 HH H HH HH HH HH HH HH Z 25,67 |WH zZ 2z Z Z Z HH
26 HH L HH HH HH HH HH HH HH 2668 |HH Zz 2z 2z zZ HH Z
27 HH H HH HH HH HH HH HH HH 2760 |HH Z Z Z Z HH HH
28 L HH HH HH HH HH HH HH 2z 28660 |HH 2 2z 2z HH 2z Z
29 H HH HH HH HH HH HH HH Z 2961 |HH Z 2 Z HH Z HH
30 L HH HH HH HH HH HH HH HH 30,62 |HH 2 Z Z HH HH 2
31 H HH HH HH HH HH HH HH HH 31,63 [HH Z Z Z HH HH HH
L = Vi, H = V|4, HH = VjyH, Z = high impedance {e.g. 10 k2 to 5 V)
i
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PAL16L8A, PAL16R4A, PAL16R6A, PAL16R8A
STANDARD HIGH-SPEED PAL CIRCUITS

~ programming procedure for array fuses

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the
appropriate (one of 32) input line and then pulsing the correct (one of 64) product line. The levels for selecting
input lines and product lines are shown in Tables 1 and 2.

Step 1 Raise PGM ENABLE to ViHH.

Step 2 Select an input line by applying appropriate levels to L/R and Pl pins.

Step 3 Begin selection of the output line with appropriate conditions on PA pins.

Step 4 Raise VcC to VIHH.

Step 5 Blow the fuse by pulsing the appropriate PO pin to V|HH as shown in Table 2 for the product
line.

Step 6 Return V¢ to 5 volts and pulse PGM Verify. The PO pin selected in Step 5 will be less than

VoL if the fuse is open.

Steps 1 through 6 may be repeated if the verification does not indicate that the fuse was successfully
programmed (blown), but no more than four times. Verification is possible only with the verify-protect
fuse intact.

programming waveforms
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@ A high level during the verify interval indicates that programming has not been successful.
@ A low level during the verify interval indicates that programming has been successful.

security fuse programming
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