TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-1OC
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS008A — D3336, OCTOBER 1989 — REVISED MARCH 1992

¢ High-Performance Operation:
fmax (no feedback)
TIBPAL20R' ... 71.4 MHz
fmax (interal feedback)
TIBPAL20R’ ... 58.8 MHz
fmax {external feedback)
TIBPAL20R' . .. 55.5 MHz
Propagation Delay
TIBPAL20' ... 10 ns Max

® Functionally Equivalent, but Faster Than
Existing 24-Pin PLD Circuits

® Preload Capability on Output Registers
Simplifies Testing

¢ Power-Up Clear on Registered Devices (All
Register Outputs are Set Low, but Voltage
Levels at the Output Pins Go High)

® Package Options Include Plastic Chip
Carriers in Addition to Plastic and Ceramic
DIPs

® Security Fuse Prevents Duplication

® Dependable Texas Instruments Quality and

Reliability
DEVICE | 3-8TATE REGISTERED Vo
INPUTS | O OUTPUTS QOUTPUTS PORTS
PAL20L8 14 2 0 6
PAL20R4 12 0 4 (3-state bufiers) 4
PAL20R8 12 o] 6 (3-state buffers) 2
PAL20R8 12 o] 8 (3-state buffers) 0
description

These programmable array logic devices feature
high speed and functional equivalency when
compared with currently available devices. These
IMPACT-X™ circuits combine the latest Advanced

TIBPAL20LS’
JT OR NT PACKAGE

(TOP VIEW)

TIBPAL20LS’
FN PACKAGE
(TOP VIEW)
Q
___%9% o
| ]54 321 28272625[: Vo
ipse 24[] 10
g7 23l} /0
Ncl e NC
0o 21 vo
110 200} 110
ipn 19[] o
12 13 14 15 16 1718
| st ¥ o | oot | oo e |
- Q00— —0
Z2 Z

NC — No internal connection
Pin assignments in operating mode

Low-Power Schottky technology with proven titanium-tungsten fuses to provide reliable, high-performance
substitutes for conventional TTL logic. Their easy programmability allows for quick design of custom functions
and typically results in a more compact circuit board. In addition, chip carriers are available for futher reduction

in board space.

Allofthe register outputs are setto a low level during power up. Extra circuitry has been provided to allow loading
of each register asynchronously to either a high or low state. This feature simplifies testing because the registers
can be set to an initial state prior to executing the test sequence.

The TIBPAL20’ C series is characterized from 0°C to 75°C.

These devices are covered by U.S. Patent 4,410,987
IMPACT-X is a trademark of Texas Instruments lncorporated
PAL is a registered trademark of Advanced Micro Devices Inc.

PRODUCTION DATA information is current as of publication daie. i

Pm«:onhnnm-_podﬂamwumof Lawbinadens v Q Copyright © 1992, Texas Instruments Incorporated
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TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPS008A - D3336, OCTOBER 1989 — REVISED MARCH 13892
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TIBPAL20R6’ TIBPAL20R6’
JT OR NT PACKAGE FN PACKAGE
(TOP VIEW) (TOP VIEW)
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Pin assignments in operating mode NC ~ No internal connection
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TIBPAL20L8-10C, TIBPAL20R4-10C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPSQ08A — D3336, OCTOBER 1989 ~ REVISED MARCH 1992

functional block diagrams (positive logic)
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TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPS0D8A — D3336, OCTOBER 1989 — REVISED MARCH 1992

functional block diagrams (positive logic)
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TIBPAL20L8-10C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPS008A - D3336, OCTOBER 1989 — REVISED MARCH 1982

logic diagram (positive logic)
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TIBPAL20R4-10C
HIGH-PERFORMANCE /IMPACT-X™ PAL® CIRCUITS

SRPS008A - D3336, OCTOBER 1989 - REVISED MARCH 1992

logic diagram (positive logic)
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Fuse number = First fuse number + Increment
Pin numbers shown are for JT and NT packages.
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TIBPAL20R6-10C
HIGH-PERFORMANCE /IMPACT-X™ PAL® CIRCUITS

SRPSO08A - D3336, OCTOBER 1989 ~ REVISED MARCH 1992

logic diagram (positive logic)
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Pin numbers shown are for JT and NT packages.
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TIBPAL20R8-10C
HIGH-PERFORMANCE /IMPACT-X ™ PAL® CIRCUITS

SRPS008A — D3338, OCTOBER 1989 - REVISED MARCH 1992

logic diagram (positive logic)
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TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPSO0B8A - D3336, OCTOBER 1889 — REVISED MARCH 1992

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

Supply voltage, Vg (SBE NOtE 1) 1. iu i i et i et e i i e i e e aeneees 7V
Input voltage (S8 NOtE 1) . ... i i i ettt r ettt e e re e iiaeaaeaans 55V
Voltage applied to disabled output (seeNOte 1) ... i i i e e 55V
Operating free-air teMPeErature raNge .. ....vvuveenernrreeneenrineeneanereeaneneennnns 0°C to 76°C
Storage temperature raNGE ...ttt ittt ettt ettt —-65°C to 150°C

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

recommended operating conditions

MIN NOM MAX ] UNIT
Voo Supply voltage 4.75 5 525 \
VIH High-level input voitage 2 5.5 \
ViL Low-level input voltage 0.8 \
loH High-level output current -3.2] mA
loL Low-level output current 24| mA
foock]  Clock frequency 0 71.4| MHz
twl Pulse duration, clock (see Note 2 High ! ns
w ulse duration, clock (see Note 2) ow 7
tsuT Setup time, input or feedback before clockT 10 ns
tyT Hold time, input or feedback after clockT 0 ns
h
Ta Operating free-air temperature 0 25 75 °C

T folock: tws teus and ty do not apply for TIBPAL20LS'.
NOTE 2: These are absolute voitage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester
noise. Testing these parameters shouid not be attempted without suitable equipment.

*
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TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X™ PAL® CIRCUITS

SRPS008A - D3336, OCTOBER 1989 - REVISED MARCH 1992

electrical characteristics over recommended operating free-air temperature range

PARAMETER TEST CONDITIONS miN TYPT  Max| unmr

VIK Voo = 4.75 V, Ij=-18mA 08 -15| V

VOH Voo =475V, IoOH =-3.2mA 2.4 v

VoL Vooc=475V, loL =24 mA 0.3 0.5 v
O, Q outputs 20

loznt d Voo =5.25V, Vo=27V

OZH"  TN/0 poris ce o 0] M
0, Q outputs =20

a7 ¥ : Voo =5.25V, =0,

ozL 70 por cc Vo =04V —oo] M

I Voo =525V, V|=55V 02| mA

¥ Voo =525V, V|=27V 25[ pA

¥ Voo =525V, V|=04V -025| mA

log$ Voo =525V, Vo=05V -30 -70 -130| mA

Ve =525V, Vi=0,

lcc Outputs open, CE=V|y 210] mA

i f=1MHz, V=2V 7 pFf

Co f=1MHz, Vo=2V 8 pF

Colk f=1MHz, Volk=2V 12 pF

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

PARAMETER a':‘“ﬁ,’#) (ou;gur) TESTCONDITION | MIN Typt MAX| unT
without feedback 71.4
q with internal feedback
fmax {counter configuration) 58.8 MHz
with external feedback 55.5
tod 1, /O 0, /10 R1 =200 Q, 3 8 10
tod oLt Q R2 =390 0, 2 5 8] ne
tod” CLKT Feedback input See Figure 6 7| m
ton OEl Q 2 & 10| s
tdis OET Q 2 8 10| ns
ton I, /0 o, 110 3 8 10| ns
tais 1, /0 o, /0 2 8 10| ns
tsk(o)” Skew between registered outputs 0.5 ns

T Al typical values are at Voo =5 V, Tp = 26°C.

fvo leakage is the worst case ot loz| and lj|_ or IozH and lj4 respectively.

§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is setat0.5 V to
avoid test problems caused by test equipment ground degradation.
See section for fmax specifications. fmax does not apply for TIBPAL20L 8",

# This parameter applies to TIBPAL20R4' and TIBPAL20R6’ only (see Figure4 forillustration) and is calculated from the measured fmax with internal
feedback in the counter configuration.

| This parameter is the measurement of the difference between the fastest and slowest tpd (CLK-to-Q) observed when muttiple registered outputs

are switching in the same direction.
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TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPSO08A — D3336, OCTOBER 1989 — REVISED MARCH 1992

programming information

Texas' Instruments programmable logic devices can be programmed using widely available software and
inexpensive device programmers.

Complete programming specifications, algorithms, and the latest information on hardware, software, and
firmware are available upon request. Information on programmers capable of programming Texas Instruments
programmable logic is also available, upon request, from the nearest Tl field sales office, local authorized Tl
distributor, or by calling Texas Instruments at (214) 997-5666.

preload procedure for registered outputs (see Figure 1 and Note 3)

The output registers can be preloaded to any desired state during device testing. This permits any state to be
tested without having to step through the entire state-machine sequence. Each register is preloaded individually
by following the steps given below.

Step 1. With Vg at 5 voits and Pin 1 at V)|, raise Pin 13 to V4.
Step 2.  Apply either V)_ or V|4 to the output corresponding to the register to be preloaded.
Step 3.  Pulse Pin 1, clocking in preload data.

Step4.  Remove output voltage, then lower Pin 13 to V). Preload can be verified by observing the
voltage level at the output pin.

“““““““ ViHH
Pin 13 / \

]
|
ViL
| le— toy —»! le— tg—l '
— tg —» eu e 1, —! ' | :
' ! |—--‘“L-—-—I— —————— ViH
Pin1 | ! ' |
| ] | | v
: | : | L
J
| "~ ViH I VoH
—== VL VoL

Figure 1. Preload Waveforms
NOTE 8: tg=1tgy =th = 100 ns to 1000 ns Vi{H = 10.25 V0 10.75 v

*
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TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /IMPACT-X™ PAL® CIRCUITS

SRPS008A - D3338, OCTOBER 1989 — REVISED MARCH 1932

power-up reset (see Figure 2)

Foliowing power up, all registers are reset to zero. This feature provides extra fiexibility to the system designer
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is
important that the rise of Vo be monotonic. Foilowing power-up reset, a low-to-high clock transition must not
occur until all applicable input and feedback setup times are met.

Vce av 5V
|
lpdf

(600 ns TYP, 1000 ns MAX)

——

Active Low L VoH
Registered Output ; 15V
1T T VoL
[ _J|
| I i
cLK \1 5V ;l‘ 1.5V
4 4 ——— vy
et W ——

1 This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data.
 This is the setup time for input or feedback.

Figure 2. Power-Up Reset Waveforms

*
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TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

SRPS008A — D3338, OCTOBER 1889 — REVISED MARCH 1992

fmax SPECIFICATIONS

fmax Without feedback, see Figure 3

In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no feedback.
Under this condition, the clock period is limited by the sum of the data setup time and the data hold time (tg + tp).
However, the minimum fmqay is determined by the minimum clock period (ty high + ty, low).

1 1

(twhigh + twiow) " (su + t) "
CLK

Thus, fmax without feedback =

e LOGIC L> C1 fr—
ARRAY

=i 1D

tgy + th
e——o or — P
tw high + ty, low

Figure 3. fmax Without Feedback

fmax With internal feedback, see Figure 4

This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are
defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal delay
from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-fiop.

1

(tsu + tog CLK—to—FB) -

Thus, fmax with internal feedback =

Where tpd CLK-to-FB is the deduced value of the delay from CLK to the input of the logic array.

CLK
—Pp— LOGIC t—— > C1 —
ARRAY
— > iD P—I
<

[ gy —+— tpd CLK-to-FB ~’{

Figure 4. fax With Internal Feedback

*
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TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

SRPS008A - D3336, OCTOBER 1989 — REVISED MARCH 1992

fmax SPECIFICATIONS

fmax With external feedback, see Figure 5

This configuration is a typical state-machine design with feedback signals sent off-chip. This external feedback
could go back to the device inputs or to a second device in a multi-chip state machine. The slowest path defining
the period is the sum of the clock-to-output time and the input setup time for the external signals
(tsu + tpq CLK-t0-Q).

Thus, fmax with external feedback = !

(tsu + tpd CLK-~to-Q) -

cLK
LOGIC L B> C1 NEXT DEVICE
ARRAY
|— —»— 1D
«
<
tay tpa CLK-t0-Q —+-t.u-o|

Figure 5. fr,ax With External Feedback

®
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TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-10C
HIGH-PERFORMANCE /MPACT-X ™ PAL® CIRCUITS

SRPSO08A — D3336, OCTOBER 1989 — REVISED MARCH 1992

PARAMETER MEASUREMENT INFORMATION

sl‘:
81
Rt
From Output Test
Under Test Point
CL R2
(see Note A)
LOAD CIRCUIT FOR
3-STATE OUTPUTS
- — —— 385V
as High-Level
Timing 15V v Pulse 15V 15V
Input : | | 03V
o — ——— 03V j— t,, —
eu—ie—pi¢ Mt : !
—_—— 35V 5V
Data ' Low-Level
Input 1.5V 15V 15V 15V
P 0av Pulse L —— oav
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
Output
Control
(low-level
enabling)
Waveform 1
81 Closed
({see Note B)
Waveform 2
see Note D) — — —-V 81 Open
t ) oL (see Note B)
VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

NOTES: A. C includes probe and jig capacitance and is 50 pF for toq and ten, 5 pF for tgis.
B. Waveform 1 ia for an output with internal conditions such that the outputis low exceptwhen disabled by the output control. Waveform 2
is for an output with intemal conditions such that the output is high except when disabled by the output control.
. All input pulses have the following characteristics: PRR < 1 MHz, t; = S 2 ns, duty cycle = 50%.
. When measuring propagation delay times of 3-state outputs, switch 1 is closed.
. Equivalent loads may be used for testing.

moo

Figure 6. Load Circuit and Voltage Waveforms
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TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-1OC TIBPAL20R8-10C
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS008A ~ D3336, OCTOBER 1889 - REVISED MARCH 1992

vs

TYPICAL CHARACTERISTICS
SUPPLY CURRENT

FREE-AIR TEMPERATURE

PROPAGATION DELAY TIME

vs
SUPPLY VOLTAGE

220 8
7
200
g 2
1
‘l‘ 180 Vcc =626V | g :PHL {, vo t? 0, Vo)
; \l.\ E ¢ tpLH (L, VO 10 0,10) ]
>
3 — - t ;
2 160 ——] Vee=6V — '.5 4 tpHL (CLK tcl: a
\\ L
§ Voo =478V I ———— '% 3 1 1
1 140 E tpLH (CLK to Q)
8 g 2fTa=2s°c
CL = 50 pF
120 R1=2000
11 R2=3900
1 Output Switching
100 ° L
0 25 50 75 4.75 5 5.25
TA - Free-Air Tomperature -°C Ve - Supply Voltage -V
Figure 7 Figure 8
PROPAGATION DELAY TIME PROPAGATION DELAY TIME
vs vs
FREE-AIR TEMPERATURE LOAD CAPACITANCE
8 16 T
Vee=5§V
TA=25°C
7 141 R1=2000
R2=390Q L
6 tpHL (1, VO to 0, VO) 12} 1 Output Switching ,//
L
I //A/A/
§ tpLH (I, VO to O, I1/0) 10 i
| / ///
| A
v /\—

tPHL (cui to Q)

Propagation Delay Time - ns
E -3

Propagation Delay Time —ns
.3

tpLH (CLK to Q)
— tpHL {CLK to Q)

/]
tpLH (CLK to Q) 7
/ N tPHL {1, vo to 0, VO)
o
2F Vec=6V 4
CL = 50 pF 7 — tpLH {, vo lo o, |/0)
R1=200Q
1" R2z3900 2
1 Output Switching
0 . 0
° 25 50 75 ()} 100 200 300 400 500 600
Ta —Free- Air Temperature —°C Ci. —Load Capacitance — pF
Figure 9 Figure 10
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TIBPAL20L8-10C, TIBPAL20R4-10C, TIBPAL20R6-10C, TIBPAL20R8-1OC
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS

SRPS008A - D3336, OCTOBER 1989 — REVISED MARCH 1992

TYPICAL CHARACTERISTICS

POWER DISSIPATION
vs PROPAGATION DELAY TIME?
FREQUENCY vs
8-BIT COUNTER MODE NUMBER OF OUTPUTS SWITCHING
1000 11— T g 08 T T
= Vog=5V
Vec=6Y *: ! Tae25°C
/j/ £ 07 Ri=2000
|/ ) s R2=390 0
E 900 | ,/ u £ o6} CL=50pF .——9
1 TA=0°C L L/ // 3 8-Bit Counter
g |ttt / / g “
2 —T A 0.5
g Ta=25°C il ] g
A=25°
§ 800 § 0.4
TA=80°C Z
o 0.3
& H
°
n_n 700 -mT 0.2
g os
600 1 [l 0
1 4 10 40 100 2 3 4 5 [] 7 8
F — Frequency — MHz Number of Outputs Switching
Figure 11 Figure 12
PROPAGATION DELAY TIME
vs
NUMBER OF OUTPUTS SWITCHING
8
7
tput (I, VO to O, VO)
2 6 | | |
: L J
é sk tPLH 0, VO 10 0, 10)
5
g 4 tpHL (CLK to Q)
s e e
% 3 | I tpLH (CLK 10 Q)
g  2@vge=sv
Ta=25°C
1} CL=50pF
R1 =200 Q
R2 =390 Q
0
0 1 2 3 4 5 6 7 8
Number of Outputs Switching
Figure 13
70utputs switching in the same direction (tpLH compared to tPLH/PHL to tPHL)
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