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DISTINCTIVE CHARACTERISTICS
B As fast as 7.5 ns maximum propagation delay

| Popular 24-pin architectures: 20L8, 20RS,
20R6, 20R4

B Programmabile replacement for high-speed
TTL logic

B Power-up reset for initlalization

B Easy design with PALASM® software

Programmable on standard PAL® device
programmers

B 24.pin SKINNYDIP® and 28-pin PLCC .
packages save space

GENERAL DESCRIPTION

The PAL20R8 Family {PAL20L8, PAL20RS, PAL20RS,
PAL20R4) is AMD's standard 24-pin PAL device family.
The devices provide user-programmable logic for re-
placing conventional SSI/MS! gates and flip-flops at a
reduced chip count.

The family allows the systems engineer to implement
the design on-chip, by opening fuse links to contigure
AND and OR gates within the device, according to the
desired logic function. Complex interconnections be-
tween gates, which previously required time-consuming
layout, are lifted from the PC board and piaced on sili-
con, where they can be easily modified during prototyp-
ing or production.

The PAL device implements the familiar Boolean logic
transfer function, the sum of products. The PAL device
is a programmable AND array driving a fixed OR array.
The AND array is programmed to create custom product
terms, while the OR array sums selected terms at the
outputs.

In addition, the PAL device provides the following op-
tions:

— Variable input/output pin ratio
— Programmable three-state outputs
— Registers with feedback

Product terms with all connections opened assume the
logical HIGH state; product terms connectedto bothtrue
and complement of any single input assume the logical
LOW state. Registers consist of D-type flip-flopsthat are
loaded on the LOW-to-HIGH transition of the clock. Un-
used input pins should be tied to Voc or GND.

The entire PAL device family is supported by the
PALASM software package. The PAL family is pro-
grammed on conventional PAL device programmers
with appropriate personality and socket adapter mod-
ules. See the Programmer Reference Guide for ap-
proved programmers. Once the PAL device is pro-
grammed and verified an additional connection may be
opened to prevent pattern readout. This feature secures
proprietary circuits.

PRODUCT SELECTOR GUIDE

DEDICATED PRODUCT TERMS/ _

DEVICE INPUTS OUTPUTS OUTPUT FEEDBACK ENABLE
PAL20L8 14 6 comb. 7 70 prog.

2 comb. 7 - prog.
PAL20R8 12 8 reg. 8 reg. pin
PAL20R6 12 6 reg. 8 reg. pin

2 comb. 7 I prog.
PAL20R4 12 4 reg. 8 req. pin

4 comb. 7 1/ prog.

PAL, PALASM, and SKINNYDIP are ragistared trademarks of Advanced Micro Davices. Publication # 10294 Rev.B Amendmont 0

This part is covered by various U.S. and loreign patents owned by Advanced Micro Devices,

tssue Date! January 1990
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PERFORMANCE OPTIONS
(Commercial)
35 | A2
{tro, NS} 15 B
10 -10
7.5 -7
105 | 210

Power (lcc, mA)

Note:

For low powsr and high speed, the EE
CMOS PALCE20V8 can diractly replace
the PAL20R8 Family.

OPERATING RANGES

Commerclal Mifitary

-7 -12

-10 -15

8 (15 ns) B (20 ns)
B-2 (25 ns)

A (25 ns) A (30 ns)
A-2 (35 ns) A-2 (50 ns)
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BLOCK DIAGRAMS
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CONNECTION DIAGRAMS T-46-19-13 N
Top View '
SKINNYDIP/FLATPACK PLCC/LCC
W, JEDEC: Applles to -7(-12 mil), -10{-15 mii),
NoTEN [ 10 24 ] Vee B-2Saries Only
1 ': 2 23 :l lyz ) g
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PIN DESIGNATIONS 1517 2| mote )
CLK Clock e |8 52| (NOTE7)
GND Ground ]9 a1 (WOTES)
{ Input ‘s |10 20| (NOTES)
1O Input/Output nc |1 19} (OTE4)
NC No Connect L 12 13 14015 18 17 18 )
o Qutput =F ¢ MRS
OE Qutput Enable g g
Vee Supply Vollage
Note:

Pin 1is marked for orientation.
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ORDERING INFORMATION '

Commercial Products (AMD Marking Only) T"45“-T9-13' -

AMD programmable logic products for commercial applications are available with several ordering oplions. The order number
(Valid Combination) is formed by a combination of: Famlly Type

Number of Array Inputs

Qutput Type

Number of Outputs

Speed

Package Type

Operating Conditions

Optlonal Processing

Farsapgp

PAL 20 R 8-7P C
a. FAMILY TYPE ——'_I‘
PAL = Programmable Array Logic
b. NUMBER OF ) h. OPTIONAL PROCESSING
ARRAY INPUTS Blank = Standard Processing
c. OUTPUTTYPE —— g. OPERATING CONDITIONS
R = Registered C = Commercial (0°C to +75°C)
L = Active-Low Combinatorial
d. NUMBER OF OUTPUTS
e. SPEED
-7 = 75nstep

<10 = 10nstpp
f. PACKAGE TYPE

P = 24-Pin 300-Mil Plastic SKINNYDIP (PD3024)
J = 28-Pin Plastic Leaded Chip Carrier (PL 028)
D = 24-Pin 300-Mil Ceramic SKINNYDIP (CD3024)

- Valld Combinations

Vaild Comblnations The Valid Combinations tabla lists configurations
PAL20LS planned to be supported in volume for this device.

Consult the local AMD sales office to eanfirm
PAL20RS availability of specific valid combinations, and to
-7, -10 PC,JC,DC check on newly released combinations.

PAL20R6 )
PAL20R4 Nota: Marked with AMD logo.
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* ORDERING INFORMATION TTIL26-19-13
Commercial Products (MMI Marking Only) '

AMD programmable logic products for commercial applications are available with several ordering options. The order number

(Valid Combination) is formad by a combination of: a. Family Type
b. Number of Array Inputs
¢. OQutput Type
d. Number of Outputs
€. Speed
f. Power
g. Operating Conditions
h. Package Type
I. Optlonal Processing
PAL 20 R 8B -2 C Ns 7
a. FAMILY TYPE —il— L . OPTIONAL PROCESSING
PAL = Programmable Array Logic Blank = Standard Processing
b. NUMBER OF h. PACKAGE TYPE
ARRAY INPUTS NS = 24-Pin 300-Mil Plastic
SKINNYDIP (PD3024)
¢. OUTPUT TYPE FN = 28-Pin Plastic Leaded
R = Registered Chip Carrier (PL 028),
L = Active-Low Combinatorial JEDEC pinout
NL = 28-Pin Plasti¢ Leaded
d. NUMBER OF OUTPUTS Chip Carrier (PL 028), °
e. SPEED non~JEDEC pinout _
B = Very High Speed (15-25 ns tpp) s - gﬁ,”,;pﬁg‘,’;,”&ﬁggggy
A = High speed (25-35 ns tpp)
————— ¢. OPERATING CONDITIONS
f. POWER C = Commercial (0°C to +75°C)
Blank = Full Power (210 mA lcc)
-2 = Half Power (105 mA Icc)
Valid Combinations
Valid Combinations The Valid Combinations table lists configurations
. planned to ba supported in volume for this davice.
PAL20LS, B2 CNS, CFN, &JS Consult the local AMD sales office to contirm
PAL20RS, availability of spacific valid combinations, and to
check on newly released combmatlons
PAL20R6, B, A, | CNS, CNL, CJS
PAL20R4 A-2 Note: Marked with MM! logo.
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ORDERING INFORMATION L — '
APL Products (AMD Marking Only) T-46-19-13 ‘-

AMD programmable logic products for Aerospace and Defense applications are available with several ordering op-
tions. APL (Approved Products List) products are fully compliant with MIL-STD-883 requirements. The arder number

(Valid Combination) is formed by a combination of: ~ a. Family Type
b. Number of Array Inputs
c. Output Type
d. Number of Outputs
e. Speed
f. Device Class
g. Package Type
h. Lead Finish
PAL 20 R 8:12/B L A
a. FAMILY TYPE
PAL = Programmable Array Logic
b. NUMBER OF h. LEAD FINISH
ARRAY INPUTS A = Hot Soldar Dip
¢. OUTPUT TYPE —— ¢. PACKAGE TYPE
R = Raegistered L = 24-Pin 300-Mil Ceramic
L = Active-Low Combinatoria! 3 gglg{NéDlP (CD3024)
= 28-Pin Ceramic
d. NUMBER OF OUTPUTS Leadless Chip Carrier (CL 028)
6. SPEED
-12 = 12nstpp
-15 = 15 nstpp
f. DEVICECLASS
/B = Class B
Valid Combinations
Valld Comblnations The Valid Combinations table lists configurations
PAL20LS planned 1o be supported In volume for this device. .
Consult the local AMD sales offica to confirm
PAL20R8 -12, availability of specific valid combinations, to
/BLA, /B3A check on newly released combinations, and to
PAL20RS -15 oblain additional data on AMD’s standard military
P AL20R4 grade praducts.

Note: Marked with AMD logo.

Group A Tests
Group A Tests consist of Subgroups: 1, 2, 3, 7. 8,9,10, 11.

Military Burn-In

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Methods 101 5, Conditions A
through E. Test conditions are selected at AMD's option.
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ORDERING INFORMATION /_4____.__3_.—\
APL Products (MMI Marking Only) T-46-19-1

AMD pragrammable legic products for Aerospace and Defense applications are available with several ordering options. APL
(Approved Products List) products are fully compliant with MIL-STD-883 requirements. The order number {Valid Combination)
is formed by a combination of: Family Type

Number of Array Inputs

Qutput Type

Number of Outputs

Speed

Power

Operating Conditlons

Package Type

Optional Processing

~Feesanop

PAL 20 R 8A -2 M JS/8838
a. FAMILY TYPE ——]—
PAL = Programmable Array Logic
b. NUMBER OF —— L. OPTIONAL PROCESSING
ARRAY INPUTS /883B = MIL-STD-883, Class B
c. OUTPUT TYPE b ——— h. PACKAGE TYPE (Per 09-000)
R = Registered JS = 24-Pin 300-Mil Ceramic
L = Active-Low Combinatorial W gtlt(lFl:l'N‘({)Dlp ((_30'?'0;’24)0*(
d. NUMBER OF OUTPUTS T (CFLongy e
L = 28-Pin Ceramic Leadless
e. SPEED — Chip Carrier (CL 028)
B = Very High Spesd (20 ns tpp) .
A = High speed (30-50 ns tpp) ——— g. OPERATING CONDITIONS
M = Military
f. POWER

Blank = Full Power (210 mA fcc)
-2 = Half Power (105 mA Icc)

Yalid Combinations

The Valid Combinations table lists configurations
planned to be supported in volume for this device.
PAL20LS MJS/8838 Consult the local AMD sales office to confirm

PAL20RS B, A, MW/8838, availability of specific valid combinations, and to
check on newly released combinations,
PAL20R6 A-2 ML/8838

PAL20R4 Note: Marked with MMI logo.

Valid Combinations

Group A Tests
Group A Tests consist of Subgroups: 1,2,3,7, 8,9, 10, 11,

Military Burn-In

Military burn-in is in accordance with the current revision of MIL-STD-883, Test Melhods 1015, Condmons A through
E. Test conditions are selected at AMD's option.
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FUNCTIONAL DESCRIPTION
Standard 24-pin PAL Family

The standard 24-pin PAL family is comprised of four dif-
ferent devices, including both registered and combina-
torial devices. All parts are produced with a fuse link at
each input to the AND gate array, and connections may
be seleclively removed by applying appropriate volt-
ages to the circuit. Utilizing an easity-implemented pro-
gramming algorithm, these products can be rapidly pro-
grammed to any customized pattern. Information on ap-
proved programmers can be found in the Programmer
Reference Guide. Extra test words are pre-programmed
during manufacturing to ensure extremely high field pro-
gramming yields, and provide extra test paths to
achieve excellent parametric correlation.

Variable Input/Output Pin Ratio

The registered devices have twelve dedicated input
lines, and each combinatorial output is an /O pin. The
PAL20L8 has fourteen dedicated input lines, and only
six of the eight combinatorial outputs are YO pins. Buff-
ers for device inputs have complementary outputs to
provide user-programmable input signal polarity. Un-
used input pins should be tied to Ve or GND.

Programmable Three-State Outputs

Each output has a three-state output buffer with three-
state control. On combinatorial outputs, a product term
controls the buffer, allowing enable and disable 1o be a
function of any product of device inputs or output feed-
back. The combinatorial output provides a bidirectional
IO pin, and may be configured as a dedicated input if
the buffer is always disabled. On registered outputs, an
input pin controls the enabling of the three-state outputs.

Registers with Feedback

Registered outputs are provided for data storage and
synchronization. Registers are composed of D-type flip-
flops that are loaded on the LOW-1o-HIGH transition of
the clock input.

Power-Up Reset

All flip-flops power-up to a logic LOW for predictable
system initialization. Qutputs of the PAL20R8 Family
will be HIGH due to the aclive-low outputs. The Ve rise

20E D BN 025752k 0029452 4 EMAMD2

must be monotonic and the reset delay time Is 1000 ns
maximum. :

Register Preload T-46-19-13

Applies 10 -7 (-12 Mil), =10 (-15 Mil), Serles Only

The register on the listed Series can be preloaded from
the output pins to facilitate functional testing of complex
state machine designs. This feature allows direct load-
ing of arbitrary states, making it unnecessary to cycle
through long test vector sequencas to reach a desired
state. In addition, transitions from illegal states can be
verified by loading illegal states and observing proper
recovery.

Security Fuse

After programming and verification, a PAL20R8 Family
design can be secured by programming the security
fuse. Once programmed, this fuse defeats readback of
the internal programmed pattern by a device program-
mer, securing proprietary designs from competitors.
When the security fuse is programmed, the array will
read as it every fuse is unprogrammed. An exception is
the -7 (-12 Mil) Series, where the array will read as i
every fuse is programmed.

Pinouts

All members of the PAL20R8 Family have the same
SKINNYDIP pinouts independent of technology, per-
formance, and operaling conditions. Because the
24-pin SKINNYDIP requires four no-connects when
mapped into the 28-pin PLCC/LCC packages, the
PLCC/LCC pinouts can vary. )

Two ditferent PLCC pinouts are otfered. Newerdevices
and all future devices will follow the JEDEC electronics
committee’s standard pinout (“JEDEC pinout”) with no-
connects onpins 1,8, 15, and 22. The devices following
this pinout are the -7, -10, and B-2 Series. Qlder devices
retain their original pinouts, with no-connects onpins 5, -
8, 11, and 19. These include the B, A, and A-2 Series.

PAL20R8 Family devices with the MMI marking indicate
the PLCC pinout by the package designator: FN indi-
cates JEDEC, and NL indicates non-JEDEC. Devices
with the AMD marking all follow the JEDEC pinout.

2-116

PAL20R8 Family



ADV MICRO PLA/PLE/ARRAYS 28E D EA 025752k 0029453 & AMDE

Two different LCC pinouts are oftered for military prod-
ucts. Newer devices and all future devices will follow the
JEDEC pinoutwith no-connects onpins 1,8, 15, and 22.
These include the -12 and -15 Series. Older devices re-
tain their originai pinouts, with no-connects on pins 4,
11, 18, and 25. These include the B, A, and A-2 Serigs.

Series Com'l Mil
PLCC LCC
No-connects No-connects
-7.-10, 1, 8,15, 22 N/A
B-2 (JEDEC)
-12, -15 N/A 1,8, 15,22
{(JEDEC)
B, A, A-2 5,8, 11,19 4,11, 18,25

— —
Quality and Testability T-46-19-13
The PAL20R8 Family offers a very high level of built-in
quality. Extra programmable fuses provide a means of
verifying performance of all AG and DC parameters. in
addition, this verifies complete programmability and
functionality of the device to provide the highest pro-

gramming yields and post-programming functional -

yields in the industry.

Technology

The high-speed -7 (-12 Mil) and -10 {-15 Mil) Series are
fabricated with AMD's advanced oxide-isclated bipolar
process. This process reduces parasitic capacitances
and minimum geometries to provide higher perform-
ance. The array connections are formed with proven
PtSi fuses for the -7 and TiW fuses for the -10. The B,
B-2, A, and A-2 Series are fabricated with AMD’s junc-
tion-isolated process, utilizing TiW fuses. ’

PAL20RS Family 2-117
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LOGIC DIAGRAM T
DIP (JEDEC PLCC and LCC) Pinouts T AA19-13

T-26-19-13  °
See Connection Dlagrams for B, A, A-2 Serles PLCC/LCC Pinouts _

20L8 oo

(1} ' {28)
@ 0 3 4 78 1112 1516 1920 2324 2728 3132 353 239 .
. A .
w2 & 2l
3 9 -‘>—1 (27)
1
33— Qg
—~ 26) -
15 :'_1 (
| - ”
I 1 g‘l-—
(CHIT:
amm
o @5 o7
y— i
2 o )
s 41 <—
B a4
)
3 —{z0]v0g
a4 3 24
AE > 33—
6} 32
SR
]
R —{19]vos
o
5[ P 3
M a0 »
=
o —{18lro,
» ,
47 » o @
N o > 1|
@ 48 -
mE=
— —{17]uo,
55 - (20)
[ A
L s}P% 31—
(10} =g -
)
o= —{ielvo
19
63 3 (19}
et -
01 gy -
3
23— 04
-
" H— (i8)
| A
[0 14,
(12) (17
| — 4
o2 — s [/ P
RE] 9
GND 0 34 78 1112 1516 1920 2324 2728 3132 353 39

(14) =

12350-007A

2-118 PAL20RS Family



ADV MICRO PLA/PLE/ARRAYS 28E D EE 025752b 0029455 T _AMDE
LOGIC DIAGRAM .

DIP (JEDEC PLCC and LCC) Pinouts T-46-19-13

See Connection Diagrams for B, A, A-2 Series PLCC/LCC Pinouts
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LOGIC DIAGRAM =l =
DIP (JEDEC PLCC and LCC) Pinouts 7 1-46~
See Connection Diagrams for B, A, A-2 Series PLCC/LCC Pinouts .
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LOGIC DIAGRAM

DiP (JEDEC PLCC and LCC) Pinouts T-46-19-13 ™~
See Connection Diagrams for B, A, A-2 Series PLCC/LCC Pinouts
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature with

Power Applied ~55°C 1o +125°C
Supply Voltage with

Respect to Ground -05Vto +7.0V

DC !Input Voltage
DC Cutput or VO Pin Voltage
Static Discharge Voltage

-1.2VtoVec+05V
—0.5VioVec+05V
2001V

Stresses above those listed under Absclute Maximum Bat-
ings may cause permanent davice failure. Functionality at or
abova these limits is not implisd. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device refiabil-
ity. Programming conditions may differ.

OPERATING RANGES -
Commercial (C} Devices
Ambient Temperature (Ta)

T-46-19-13 >

Operating in Free Air 0°C to +75°C
Supply Voltage (Vce) :
with Respect to Ground +4.75Vio+5.25V

Operating ranges define thosa limits batween which the func-
tionalfty of the device is guarantesd. -

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Tast Conditions Min. | Max.| Unit
Vo Qutput HIGH Voitage lo=-3.2mMA Vin=VHorVy 24 v
Vee = Min. ,
Vou Qutput LOW Voltage loo=24mA Vin=ViorVvy . 05 v
Vee = Min, ,
Vin Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 ' v
Voitage for all Inputs (Note 1)
Vi Input LOW Voltage Guaranteed Input Logical LOW 0.8 v
Voltage for all Inputs (Note 1) 7
Vi Input Clamp Voltage In=-18 mA, Vee = Min. 7 -12| Vv
hH Input HIGH Current Vin=2.7V, Voo = Max. (Note 2) 25 | pA
I Input LOW Current Vin= 0.4V, Vcc = Max. (Note 2) -250 | pA
li Maximum Input Current Vin=5.5V, Vcc = Max. 1} mA ,
fozv Ofi-State Cutput Leakage Vour = 2.7 V, Vee = Max. 100 | pA
Current HIGH Vin= Vi or Vi {Note 2)
lozu Off-State Output Leakage Vour = 0.4V, Vee = Max. : ~100 | pA
Current LOW Vin = Vi or Vi (Note 2)
Isc Qutput Shor-Circuit Current Vour = 0.5V, Vee = Max. (Note 3) -30 | -130 | mA
lec Supply Current Vin=0V, Outputs Open (lout = 0 mA) 210 | mA .
Vee = Max.
Notes:

1. These are absoclute values with respact to device ground and all overshoots dua to system andfor tester noise are included.
2. VO pin leakage is the worst case of Ii and lozy (or Iy and lozH).

3. Notmore than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Vour=05V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1) ~ T-46-19-13
Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Civ Input Capacitance Vin=2.0V Vec=5.0V 7
Ta = +25°C — pF
Cour Qutput Capacitance Vour=20V f=1MHz 8
Note: '

1. These parameters are not 100% testad, but are evaluated at initial characterization and at any time tha design is modified
whare capacitance may be affected. :

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min,
Symbol | Parameter Description (Note 3)| Max. | Unit
tro Input or Feedback to 20L8, 20R6 3 75
Combinatorial Qutput 1 Oulput Switching 20R4 3 7 ns
ts Setup Time from Input or Feedback to Clock 7 ns
tH Hold Time 0 ns
lco Clock to Qutput 3 65 | ns
tcr Clock to Feedback (Note 4) 3 ns
tskew Skew Between Registered Outputs (Note 5) 20R8, 20RS6, 1 ns
twi Clock Width LOW 20R4 5 ' - ns
twh HIGH 5 | ns
Maximum External Feedback| 1/(ts +tco) 74 MHz
fmax Frequency Internal Feedback | 1/(ts + tcr) 100 MHz
(Note 6) No Feedback 1U(twet + tw) 100 Mz
trzx OE to Output Enable 3 8 .ns
tpxz OE 1o Output Disable 3 8 ns
tea Input to Qutput Enable Using Product Term Control 2058, 20R6 3 10 ns
ten Input to Output Disable Using Product Term Control 20R4 3 10 ns
Notes:

2. Sea Switching Test Circuit for tast conditions.

Qutput delay minimums are measured under best-case conditions.
Calculated from measured fmax internal.

Skaw is measurad with all outputs switching in the same direction.

These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modifisd
where the frequency may be affectad. ’

om s w
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ADV MICRO PLA/PLE/ARRAYS cokE
ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 1;—45;19' '13
Storage Temperature -65°C 10 +150°C Military (M) Devices (Note 1) I
Ambient Temperature Operating Case (Tc) o
with Power Applied -55°C to +125°C Temperaiure -55°C 1o +125°C
Supply Voltage with Supply Voltage (Vec)
Respect to Ground -05Vto +70V with Respect to Ground +4.50Vio +550 V

DC Input Voltage
DC Output or /O Pin Voltage
Static Discharge Voltage

-12VtovVec+ 05V
05V toVec+05V
2001 vV

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent davice failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested.

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

Note: -

1. Military products are tested at T¢ = +25°C, +125°C,"
and -55°C per MIL-STD-883. .-

DC CHARACTERISTICS over MILITARY operating

thérwise specified

(Note 2)
Parameter . \
Symbol Parameter Description , ETest Conditions - Min. | Max. | Unit
Vom Output HIGH Voltage _ fo=-2.mA, “Vin=Vin or Vi, 2.4 V.
4 % . " Vee = Min. ,
VoL Output LOW Voltage I =12mA  Vin=VigorVy 05 v
TR ’ Vee = Min. e
ViH Input HIGH Voltage * Guaranteed Input Logical HIGH 2.0 v
= TR W Voltage for all Inputs (Note 3)
Vi Input LOW Voltage Guaranteed Input Logical LOW 08| V
A Voitage for all Inputs (Note 3)
V) Input Clamp Voltage Iin=~18 MmA, Vcc = Min. -1.2 v
M Input HIGH Current Vin=2.4V, Vcc = Max. (Note 4) 25 | pA
" Input LOW Current Vin = 0.4 V, Vcc = Max. (Note 4) -250 | pA
I Maximum Input Current Vin=5.5V, Vcc = Max. ] mA
lozn Off-State Output Leakage Vour =24V, Voo = Max. 100 | pA
Current HIGH Vin = Viyor Vi, (Note 4) ' 7
lozL Ctt-State Output Leakage Vout = 0.4V, Veo = Max. -100 | pA
Current LOW Vin = Vigor Vi (Note 4)
Ise Output Short-Circuit Current Voutr = 0.5 V, Vec = Max. (Note 5) -30 | 130 | mA
lcc Supply Current Vin= 0V, Qutputs Open (four = 0 mA) 210 | mA
Voo = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise noted.

3. ViLand Vi are input conditions of autput tests and are not themselves diractl
respect to device ground and includae all overshoots due to s

without suitable equipment.

4, VO pin leakage is the worst case of i and oz {or i and lozn).

y tosted. Vi and ViH are absolute voltages with
ystem and/or tester noise. Do not attempt to test these values

5. Notmore than one output should be tested at a time. Duration of the shart-circuit should not excesd ona second. Vour=0.5V -
has been chosen lo avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1) 7 T-46-19-13
Parameter
Symbol Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance Vn=20V Vee=5.0V 9 o
Ta = +25°C - pF
Cour Output Capacitance Vour=2.0V f=1MHz 10
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter Miti,
Symbol Parameter Description {Note’ Max. | Unit

tro Input or Feedback to 125

Combinatorial Output 1 Output Switching 12 ns
ts Setup Time from input or Feedback to Clock ns
tH Hold Time ns
lco Clock to Qutput 1" ns
tcr Clock to Feedback (Noted) 6.5 ns
tskew Skew Between Registered Omputs (Note 5) 1 ns
tw Clock Width LOW f‘:\ B 20R8, 20R6 10 ns
twt o FHGH Y 20R4 8 ns

Maxi |mum‘§ > Exje’fna{l‘ Feedback | 1/(ts + ico) 43.4 MHz
famax Frequencx b Intemal Feedback | 1/(ts + Icr) 54 MHz

(Note 6) .+ ‘No Feedback 1/{twh + tw) 55.5 1 MHz
tpzx OE to Output Enable {Note 7) 3 20 ns
texz OE to Output Disable (Note 7) 3 20 | ns
tea Input 1o Output Enable Using Product _

Term Control {(Note 7) 20L8, 20R6 3 20 ns
ter Input to Output Disable Using Product 20R4

Term Control {Note 7) 3 20 | ns

Notes:

2. See Switching Test Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are
testad par MIL-STD-883, Mathod 5005, unless otherwise noted.

3. Minimum value for tpp, Ico, tezx, tpxz. teA, and ter parameters should be used for simulation purposes
only and are not tested.

4. Calculated from measured fpax internal.
5. Skew is measured with all outputs switching in the same direction.

6. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modmed
whara frequency may be affected.

7. Thesa parameters ars not 100% tested, but are evaluated at initial characterization and at any time the desugn is modified
whare these parameters may be affected.
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MEASURED SWITCHING CHARACTERISTICS o

Vee =5.25 V, Ta = 75°C (Note 1) Ve T—46-IQ-'|3 ™~
75 T
7 -
trp, NS
65 T
8 } t } } } i |
1 2 3 4 5 6 7 8

# OF QUTPUTS SWITCHING

tpp vs. Number of Outputs Switching
10294-005A

Note:

1. These parameters are not 100% tested, but are evaluated a! initia characterization and at any time the design is modified
where tpp may be affected.
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CURRENT VS. VOLTAGE (I-V) CHARACTERISTlCS
Vec =5.0V, Ta =25°C

T-46-19-13

loL, mA
15 T
10 T
5 4+
—t— H+—1+— vou Vv
-0.6 -0.4 -0.2 02 [ 04 06
=5 +
-5 T
Output, LOW 10240-003A
loH, mA |
20 T
} ] } Vou, V
-3 2 -1
~60 -
-80 o
Output, HIGH 10240.004A
I, pA
20 T
Epn e o
F--zo
140
+-60
<+ -80
»
fnput 10240-005A
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES T-46-19-13
Storage Temperature —65°C to +150°C Commercial {C) Devices

Ambient Temperature with Ambient Temperature (Ta)

Power Applied -55°C to +125°C Operating in Free Air 0°C to +75°C
Supply Volitage with Supply Voltage (Vce)

Respect to Ground -05Vto +7.0V with Respect to Ground +4.75Vto+5.25V
DC input Voltage ~05VtoVec+05V

) Operating ranges define those limits between which the func-
DC Cutput or /O Pin Voltage -0.5V to Voo Max. tionality of the device is guarantesd.

DC Input Current =30 mAlo +5 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may ditfer.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwisé
specified

Parameter
Symbol Parameter Description Test Conditions Min. | Max.| Unit
VoH Cutput HIGH Voltage lon=-3.2mA Vin=ViHorVy 2.4 v
Vee = Min.
VoL Output LOW Voltage loo =24 mA Vin=Vijor Vi 0.5 \
Vee = Min.
ViH Input HIGH Voltage .| Guaranteed Input Logical HIGH 2.0 N Y]
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 08 \
Voltage for all inputs (Note 1)
Vi Input Clamp Voltage Iin=~18 mA, Vce = Min. “15([ v
M Input HIGH Current Vin=2.7 V, Vcc = Max. (Note 2) 25 ] pA
e Input LOW Current Vin=0.4 V, Ve = Max. (Note 2) =250 | pA
I Maximum Input Current ViN=5.5V, Vcc = Max. 100 | pA
lozn Oft-State Output Leakage Vour = 2.7 V, Vcc = Max. 100 | pA
Current HIGH Vi = Vinor Vi (Note 2) |
lozt QOif-State Output Leakage Vout = 0.4 V, Vee = Max. -100 | pA
Current LOW Vin = Vigor Vi {(Note 2)
Isc Qutput Short-Circuit Current Vour = 0.5 V, Ve = Max. {Note 3) —30 [ -130 | mA
lec Supply Current Vin= 0V, Outputs Open (lout = 0 MA) 210 | mA
Vce = Max.
Notes:

1. Thess are absoluts valuss with respact to device ground and all overshoots due to system and/or tester noise are included.
2. VO pin leakage is the worst case of i and oz, (or It and lozw).

3. Not moare than one output should be tested at atime. Duration of the short-circuit should not exceed one second. Voyr=0.5V
has bean chosen to avoid test problems caused by tester ground degradation.
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ADV MICRO PLA/PLE/ARRAYS
CAPACITANCE (Note 1) T-46-'| 0-13
Parameter
Symbol Parameter Description Test Condiltions Typ. “Unit
Cin Input Capacitance Vin=2.0V Vec=5.0V | CLK, OE 12
Ta =25°C Other Inputs 7 pF
Cour Output Capacitance Vour=20V | t=1MHz Culpuis 8 .
Note:

1. Thesa parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modlhed
where capacitance may be affected.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min. ,
Symbol Parameter Description {Note 3)] Max. | Unit
teo Input or Feedback to 20L8, 20R6 3 10 ns
Combinatorial Qutput 20R4 .
ts Setup Time from Input or Feedback to Clock 10 - ns
tH Hold Time 0 ns
tco Clock to Qutput 2 8 ns
ter Clock to Feedback (Note 4) 20R8, 20R6 7 ns
twL Clock Width LOW 20R4 7 ns
twh HIGH 7 ns
Maximum External Feedback{ 1/(ts +1co) 55.5 MHz
fmax Frequency Intemal Feedback | 1/(ts + toF) 58.8 MHz
(Note 3) No Feedback U(twn + tw) 714 MHz
tpzx OE to Output Enable 1 10 ns
texz OE to Output Disable 1 10 ns
tea input to Output Enable Using Product Term Control 20L8, 20Re 3 10 ns
ten Input to Output Disable Using Product Term Control 20R4 3 10. ns
Notes:

2. See Switching Test Circuit for test conditions.

. Output delay minimums are measured under best-case conditions.

3
4. Calculated from measured fpax internal.
5

. These parameters ara not 100% tested, but are calculated at initial characterization and at any time the desngn is mcdmed
where the frequency may be affected.
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28E D IR 025752t 00294kb 4 EMANMDE

ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied ~55°C to +125°C
Supply Voltage with

Respect to Ground -05Vto+7.0V
DC Input Voltage 05V to+55V

DC Qutput or YO Pin Voitage
DC Input Current

-0.5V to Veec Max.
-30 mAto + 5 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanaent device failure. Functionality at or
above these limils is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given

OPERATING RANGES

Military (M) Devices (Note 1) T-46-19-13
Ambient Temperature (Ta) TR
Operaling in Free Air -55°C Min.

Operating Case (Tc]

Temperature +125°C Max.
Supply Voltage (Vcc)

with Respect to Ground +4.50 Vto +5.50 V

Operating ranges define those limits between which the func-
tionalily of the device is guaranteed. :

Note:

1. Military products are tested at Tc = +25°C, +125°C;,
and -55°C per MIL-STD-883.

ars not tested.

DC CHARACTERISTICS over MILITARY operating ranges unless otherwise specified

(Note 2)
Parameter '
Symbol Parameter Description Test Conditions Min. | Max. | Unit
Vou Qutput HIGH Voltage lon==-2mA ViN=Vnhorvy 24 v
Vee = Min.
Vou Qutput LOW Voltage lo = 12 mA Vin=VimorVy 0.5 Vv
Vee = Min.
ViH input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \
Voltage for all inputs (Note 3)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \'A
Voltage for all Inputs (Note 3)
Vi Input Clamp Voltage IIn=~18 mA, Vee = Min. 15| v
I Input HIGH Current Vin= 2.4V, Vec = Max. {Nole 4) 253 pA
h Input LOW Current Vin= 0.4V, Voc = Max. (Note 4) =250 |.u‘-\
I Maximum Input Current ViN=5.5V, Vcc = Max. ' 100 | - pA
lozm Off-State Output Leakage Vout = 2.7 V, Veg = Max. 100 | pA
Current HIGH ViN = Vinor Vi (Note 4) _ R
lozL Oft-State Output Leakage Vour =04V, Voo = Max. -100 | pA
Current LOW Vin = Vinor Vi, (Note 4) )
Isc Cutput Short-Circuit Current Vour = 0.5V, Vee = Max. (Note 5) -30 | -130 | mA
lee Supply Current Vin= 0V, Outputs Open (lour = 0 MA) 210 | mA
Vee = Max. *
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Method 5005, unless otherwise notad.

3. ViLand Vi are input conditions of cutput tests and are not themselves directly tested. Vi, and V| are absolute voltages with

respect to device ground and include all overshools dus to system and/or tester noise. Do not attempt to test these values
without suitable equipment.

4. VO pin leakage is the worst case of li. and lozt (or I and loz).

5. Notmore than one output should be tested at a time. Duration of the shori-circuit should not exceed one second. Vour =05V
has been chosen to avoid test problems caused by tester ground degradation. . :
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26E D WM 025752k 0029467 & EEAMD2

CAPACITANCE (Note 1)  1-26-19-13
Parameter :
Symboi Parameter Description Test Conditions Typ. Unit
Cin Input Capacitance Vn=20V Vec=50V | CLK,OE | 12
Ta=25°C Cther Inputs 7 pF
Cour Output Capacitance Vour=20V | f=1MHz Cutputs 8
Note:

1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 2)

Parameter Min.
Symbel | Parameter Description (Note3)}| Max. | Unit
tro Input or Feedback to 20L8, 20R6 3 15 ns
Combinatorial Output 20R4 ,
ts Setup Time from Input or Feedback to Clock 15 ns
tH Hold Time 0 7 ns
tco Clock to Qutput 2 13 ns
tcr Clock to Feedback {Note 4) i2 ns
twa Clock Width LOW 20R8, 20R6 10 ns '
twi HIGH 20R4 10 ns
Maximum External Feedback | 1/{ts + tco) 35.7 MHz
famax Frequency Internal Feedback | 14ts + lcF) 37 MHz
(Note 5) No Feedback 1/(twn + twl) 50 MHz
trzx OE to Output Enable (Note 6) 1 15 ns
texz OE to Output Disable {Note 6) 1 i5 ns 7
tea Input to Output Enable Using Product _
Term Control (Note 6) 20L8, 20R6 3 15 ns
ter Input to Qutput Disable Using Product 20R4
Term Control {Note 6) 3 18 ns
Notes:

2. See Swilching Tast Circuit for test conditions. For APL products Group A, Subgroups 9, 10, and 11 are
tested par MIL-STD-883, Mathod 5005, unless otherwise noted.

3. Minimum value for tpp, tco, trzx, tPxz, €A, and tgr parameters should be used for simulation purposes

only and ara not tested.

4. Calculated from measurad fpmax internal.

5. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design Is madified
where frequency may be alfected.

6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where these parameters may be affected.
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES e \
Storage Temperature —85°C to +150°C Commercial (C) Devices  T1-46~19-13 -
Ambient Temperature with Ambient Temperature (Ta)

Power Applied ~55°C to +125°C Operating in Free Air 0°C to +75°C

Supply Voltage with ] Supply Voitage {Vce) :

Respect to Ground —05Vio +7.0V with Respect to Ground +4.75 V10 +5.25 V

OC Input Voitage -15VtoVec+05V

Operating ranges define those limits between which the fune-

DC Output or ¥O Pin Voltage —0.5V to Veg + 0.5V tionality of the device is guaranteed,

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ralings for extended periods may affect device reliabil-
ily. Programming conditions may diffar.

DC CHARACTERISTICS over COMMERCIAL operating ranges unléss othétwise
specified Gy \

Parameter

Symbol Parameter Description uUnit

Vou Qutput HIGH Voitage \

Vou Output LOW Voltage loy =24 mA Vi :V‘m or Vi 05| Vv

i cc=Min. i ,

Vin Input HIGH Voltage - - | Guaranteed Input Logical HIGH v

CE ~Voltage for all Inputs (Note {33,
ViL Input LOW Voltage ‘Guaranteed Input Logical LQW 08| v
. Voltage for alf Inputs (Note™:

] Input Clamp Voitage v =~18 mA, Vce = Min*" -1.5 '
i Input HIGH Current 2] ViIN=2.7 V..Vee = Max. (Note 2) 25| pA
lie input LOW Current . "[*Vin=0.4 V, Vce = Max. (Note 2) -250 | pA

Iy Maximum Input Current " | Viy=5.5V, Voo = Max. 100 | pA
lozn Oft-Stale Output Leakage = | Vour=2.7 V, Vec = Max. 100 | pA

Current HIGH Vin = Viyor Vi (Note 2)

lozu Of-State Cutput Leakage Vout = 0.4 V, Ve = Max. ' -100 | pA
Current LOW Vin = Vinor ViL (Note 2) _

Isc Output Short-Circuit Current | Vour = 0.5 V, Vee = Max. (Note 3) -30 | -130 | mA
lee Supply Current Vin= 0V, Outputs Open (lout = 0 mA) 210 | mA

Vee = Max.
Notes:

1. These are absolute values with respect to device ground and all overshaots due to system and/or tester noise are included,
2. IO pin leakage is the worst case of I, and loz {or i and lozn).

3. Notmore than one output should be tested at atime, Duration of the short-circuit should not exceed one second. Vour=05V
has been chosen to avoid test problems caused by tester ground degradation.

2-132 PAL20R88B Series (Com'l)



ADV MICRO PLA/PLE/ARRAYS c8E D W UES?SE(: EIDE"H-IEH T -AMDE
SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

Pg;a"r::)e:)tler Parameter Description T-46-19-13 ' Min. Max, | Unit
tro Input or Feedback to 20L8, 20R6 15 ns
Combinatorial Output 20R4 )
ts Setup Time from Input or Feedback to Clock 15 ns
tH Hold Time 0 : ns
tco Clock to Output or Feedback 20R8 12 ns
twi Clock Width LOW 20R6 10 : ns
tw HIGH 20R4 12 ns
Maximum External Feedback| 1/(ts +tco) MHz
faaax Frequency
(Note 2) No Feedback 1/(twn + twi) MHz
tpzx OE to Oulput Enable ns
texz OE to Output Disable
tea
teR
Notes:

1.

See Switching Test Circuit for test conditions?

PAL20RSB Serles (Com'l) 2-133



ADV MICRO PLA/PLE/ARRAYS

ABSOLUTE MAXIMUM RATINGS

Storage Temperature ~65°C to +150°C
Ambient Temperature

with Power Applied —-55°C to +125°C
Supply Voitage with

Respect to Ground -0.5Vto +7.0V
DC Input Voltage -15Vto+55V
DC Output or VO Pin Voltage 5.5V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
abova these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may atfect device reliabil-
fly. Programming conditions may differ. Absolute Maximum
Ratings are for system design reference; parameters given
are not tested,

OPERATING RANGES
Military (M) Devices (Note 1)
Ambient Temperaturs (Ta)

Operating in Free Air
Operating Case (Tc)
Temmperature

Supply Voltage {Vce)
with Respect to Ground

Operating ranges define those limits
tionality of the davice is guaranteed.

Note:

1. Military products are te
and -55°C per MIL-S

28E D BN 025752b 0029470 b EWAMDR

T-46-1973

~55°C Min
+125°C Max.

+4.50 V1o +5.50 V

betwesn which the func- -

DC CHARACTERISTICS over MILITARY operating ranges unless theriyise specified

(Note 2)
Parameter
Symbol Parameter Description Max. | Unit
Von Output HIGH Voltage vV
i
Vou Output LOW Voltag 0.5 \%
Vin Input HIGH Voltage “Guaranteed Input Logica FIGH, 2.0 v
R Voltage for all Inputs (Notg 3}
Vi | Input LOW Voltage Gyaranteed Input Logical LOW 08| V
IR R W N = | Voltage for all Inputs (Note 3)
Vi input Clamp Voitage 5% In="18 mA, Vee = Min. -15 v
i . Input HIGH Current., VN2 2.4V, Voo = Max. (Note 4) 25 | uA
I “Input LOW Current Vin = 0.4 V, Ve = Max. (Note 4) -250 | pA
l Maximum Input Current “23 Vin=55V, Vcc = Max. 1] mA
lozn Oft-State Qutput Leakage Vout = 2.4 V, Vee = Max. © 100 | pA
Current HIGH Vin = Vi or ViL (Note 4)
loz. Off-State Output Leakage Vout = 0.4 V, Ve = Max. =100 | upA
Current LOW Vin = Vigor Vi (Note 4) B
Isc Qutput Short-Circuit Current Voutr = 0.5V, Vcc = Max. (Note 5) -30 | -130 mA:
lce Supply Current ViN= 10V, Outputs Open (lout = 0 mA) 2101 mA
Vce = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are testad per MIL-STD-883, Method 5Q05, unless otherwise noted.

3. Vieand Vi are input conditions of output tests and are not themselves directl

y tested. Vi and Vi are absolute voltages with

respect to device ground and include alf overshoots due to system and/or tester noise. Do not attempt to test these values

without suitable equipment.

4. VO pin leakage is the worst case of i and lozL {or Iy and lozw).

5. Notmore than one output should be tested at a time. Duration of the short-circuit should not exceed one sacond. Vour = 0.5 V
has been chosen to avoid test problems caused by tester ground degradation.
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28F D EA 0257526 0029471 & WEAMDE

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1) -~ T,a46.—;'| 9-13

Notes:

Parameter -
Symbol Parameter Description Min. Max. | Unit
tro Input or Feedback to 20L8, 20R6 20 ns
Combinatorial Qutput 20R4 1
ts Setup Time from Input or Feedback to Clock 20 _ ns
tH Hold Time 0 | ns
ico Clock to Output or Feedback - 15 ns
twe, ) LOW 20R8, 20R6 12 - ons
| ClockWidth - FRieH 20R4 12 " s
famax Maximum External Feedback | 1/(ts + tco) MHz
Frequency
{Note 2) No Feedback 1/(twH + twl) ‘MHz
tpzx OE to Output Enable (Note 3) ns
trxz OE to Output Disable (Note 3) ns
tea Input to Qutput Enable Using Product
Term Control {Note 3) ns
ter Input to Output Disable Using Product
Term Control (Note 3) - ns

. Sea Switching Test Circuit for lest contilifgns
tested per MIL-STD-883, Method 5008, unless the

. These parameters are not.100% tested
whare frequency may ba aﬁected

. These parametars§ are nﬁt 10QA tasted, bi
whare thesg parametars ma E)'e alfected

PAL20R8B Serles (Mil) 2-135

I



ADV MICRO PLA/PLE/ARRAYS  28E D 025752b 0029472 T EEAMD2

ABSOLUTE MAXIMUM RATINGS OPERATING RANGES ° T=46-19-13 o
Storage Temperature —65°C to +150°C Commerclal {C) Devices - -
Ambient Temperature with Ambient Temperature (Ta)

Power Applied - —55°C to +125°C Operating in Free Air 0°C to +75°C

Supply Voltage with Supply Voltage (Vce) -

Respect to Ground -0.5Vto +7.0V with Respect to Ground +4.75Vio +5.25V

DC Input Voltage -1.5VtoVec+ 05V

Operating ranges define those limits betwesen which the func-

DC Qutput or VO Pin Voltage —0.5V 1o Vec + 0.5V tionality of the device is guaranteed,

Strasses above those listed under Absclute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ. S

DC CHARACTERISTICS over COMMERCIAL operating ranges unt és“@?hérwise
specified 9

Parameter
Symbol Parameter Description Max. | Unit
VoH Cutput HIGH Volitage lon = V')
VoL Cutput LOW Vollage 0.5 V.
ViH Input HIGH Voltage 3uaranteed Input Logical HIGH: v
ftage'for all Inputs (Note th, N
Vi Input LOW Voltage - Guaranteed Input togical LO 08| Vv
P y Voltage for all Inputs (Note 1 :
V) Input Clamp Voltage hn=<18 mA, Voo = Mir > -15] Vv
™ input HIGH Current | VIN22.7 V, Vec-=:Max. {Note 2) 25| pA
I plnput LOW Current .. “*| Vin<0.4 V. Vce = Max. (Note 2) ~250 | pA
Iy Maximum Input Current = . | Viy =5.5V, Vec = Max. 100 | pA
lozn “Off-State Output Leakage | Vsur = 2.7 V, Ve = Max. 100 | pA
Current HIGH - = 5™ [ Viy = Viwor Vi (Note 2)
lozu Off-State Qutput Leakage Vour = 0.4 V, Voo = Max. ~100 | pA
Current LOW Vin = Vior Vi (Note 2) _
Isc Output Short-Circuit Current Vout = 0.5 V, Vec = Max. {Note 3) =30 | -130 | mA
lce Supply Current Vin= 0V, Qutputs Open {lout = 0 mA) 105 | mA
Vee = Max,
Notes:

1. These are absciute values with respect to device ground and all overshoots due to system and/or tester noise are included.
2. VO pin leakage is the worst case of I and lozL (or liH and lozn).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second.
Vout = 0.5 V has been chosen o avoid test problems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

Pg;e:rr‘nbegler Parameter Description T-46-19-13 - Min. Max. | “Unit
teo input or Feedback te 20L8, 20R6 25 . ns
Combinatorial Qutput 20R4
ts Setup Time from Input or Feedback to Clock 25 ns
1 Hold Time 0 7 ns
tco Clock to Output 15 | ns
tcr Clock to Feedback (Note 2) 20R8, 20R6 10 ns
twi Clock Width LOW 20R4 15 _ ns
twH HIGH ns
Maximum External Feedback| 1/(ts +1co) MHz
frax Frequency Internal Feedback | 1/(ts +tcr) MHz
(Note 3) No Feedback 1/(twH + tw) MHz ~
te2x OE to Qutput Enable ns
tPxz GE to Output Disable e ns
tea Input to Output Enable Using Product Tgrng:Qon r,Q__f—»., : 'g ns
ten Input to Output Disable Using Product Térm Contro} - ns
Notes: =

2. Calculated from measured fmayx internal,

3. These parameters are not 100% tested,
where frequency may be affected,
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ABSOLUTE MAXIMUM RATINGS

OPERATING RANGES

Storage Temperature -65°C to +150°C Commercial (C) Devices T-46-19-13
Ambient Temperature with Ambient Temperature (Ta) : '
Power Applied ~-55°C to +125°C Operating in Free Air 0°C to +75°C
Supply Voltage with Supply Voltage (Veg) )

Respect to Ground -05Vto +70V with Respect to Ground +4.75Vio +5.25 vV

DC Input Voltage
DC Output or IO Pin Voltage

-15VtoVec+05V

Operating ranges dafine those limits between which the func-.
—0.5V 10 Ve + 0.5V bl

tionality of the device Is guaranteed.

Stresses above those listed under Absolute Maximum Rat-
ings may cause parmanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affact device reliabil-
ity. Programming conditions may diffar.

DC CHARACTERISTICS over COMMERCIAL operating ranges un &ss othisiwise

specified
Parameter ]

Symbol Parameter Description . | Max.| Unit
Von Output HIGH Voitage 24 v
Vol Cutput LOW Vollage :?f\"fH orVi, 0.5 '

) cTzVCC = Min.
ViH Input HIGH Voltage . Guaranteed Input Logical H|GH: v
| Voltaga for all Inputs (Note
Vie Input LOW Voltage ‘Guaranteed Input Logical LOW. 08 \
wET Y Voltage for all Inputs (Note ) _ 7
Vi Input Glamp Voltage Iy = =18'MA, Vdc = Min.* -15] V
It 1" Input HIGH Current 4| ViN=2.7 V, Vi "= Max. (Note 2) 25| pA
I, _Input LOW Current =5, “F+Viy = 0.4 V, Ve = Max. (Note 2) -250 | pA
h " Maximum Input Current Vin=5.5V, Vcc = Max. 1 100 | pA
lozn " Off-State Output Lea{gage_'_‘{z}::. - Vour = 2.7 V, Vee = Max, 100 | pA
Current HIGH . &~ .3 Vin = Vior Vi (Note 2)
lozL Off-State Output Leakage Vour = 0.4 V, Voo = Max. =100 | pA
Current LOW ViN = Vigor Vi (Note 2)
lsc Output Shont-Circuit Current | Vour = 0.5 V, Vec = Max. (Note 3) ~30 { ~130 | mA
lce Supply Current Vin= 0V, Outputs Open (lour = 0 mA) 210 | mA
Vee = Max.
Notes:

1. These are absolute values with respect to device ground and all overshoots due ta system and/or tester noise are included.
2. VO pin leakage is the worst case of ki and loz, (or i and lozw).

3. Notmeore than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vour=05V
has been chosen to avoid test prablems caused by tester ground degradation.
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SWITCHING CHARACTERISTICS over COMMERCIAL opetating ranges (Note 1)

Pg;z:nnll)egle ' Parameter Description T-46-19-13 ] Min. | Max. | Unit
tro Input or Feedback to 20L8, 20R6 25 ns
Combinatorial Qutput 20R4
ts Setup Time from Input or Feedback to Clock 25 ns
tH Hold Time 0 ns
tco Clock to Output 15 | ns
tcF Clock to Feedback (Note 2) 20R8, 20R6 10 | ns
twi Clock Width LOW 20R4 15 ns
twi HIGH ns
Maximum External Feedback| 1/(ts +tco) MHz
fmax Frequency Internal Feedback | 1/{ts +tcF) MHz
(Note 3) No Feedback 1/{twh + tw) MHz
tezx OE to Output Enable ns
trxz OE to Output Disable ) ns
tea Input to Output Enable Using Product Term Coht:ro[- ns
teR Input to Output Disable Using Product Term Confrol ns
Notes:

1. See Switching Test Circuit for test ¢

PAL20R8A Serles (Com'l)
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES T—-46 19-13 N
Storage Temperature -65°C to +150°C Mititary (M ) Devices (Note 1) '

Ambient Temperature Ambient Temperature (Ta)

with Power Applied -55°C to +125°C Operating in Free Air ~55°C Min.

Supply Voltage with Cperating Case (T¢)

Respect to Ground -05Vto+7.0V Temperatura +125°C Max.

DC input Voltage -1.5V to+55V Supply Voitage (Vce)

DOC Qutput or ¥O Pin Voitage 5.5V with Respect to Ground +4.50 Vio +5.50 V

Stresses above thosa listed under Absolute Maximum Rat- Cperating ranges define those limits between which the func-

ings may cause permanent device failure. Functionality at or tionality of the device is guarantead. ’

above these limits is not implied. Exposura to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

ity. Programming conditions may differ. Absolute Maximum Note:
Ratings are for system design reference; parameters given 1. Mititary products are teste +25°C, +125°C,
are not lested. and -565°C per MIL-ST:
DC CHARACTERISTICS over MILITARY operating ranges ut h S€ specified
(Note 2) _
Parameter
Symbol Parameter Description Unit
Vor Output HIGH Voltage vV
VoL V
Vin Vv
ViL 2
Vi s | 4
h = [-.Input HIGH Current., V=224V, Vee = Max. (Note 4) 25| pA
e = fnput LOW Current “3 k V= 0.4 V, Vcc = Max. (Note 4) =260 | - uA
i Maximum Input Gu([éht ViN=5.5V, Vec = Max. . 1{ mA
lozn Oft-State Output Leakage Vour =24V, Ve = Max. 100 | pA
Current HIGH Vin = Vinor Vi (Note 4) _
lozv Off-State Output Leakage Vout = 0.4 V, Vec = Max. —-100 | pA
Current LOW _ Vin = Vinor Vi (Note 4)
Isc Cutput Short-Circuit Current Vour = 0.5 V, Vec = Max. (Note 5) -30 | 130 | mA
icc Supply Current Vin= 0V, Outputs Open (lour = 0 mA) 210 ] mA
Vee = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Mathod 5005, unless otherwise noted.

3. ViLand Vi are input conditions of output tests and are not themsalves directly tested. Vi and Vi are absolute voltages with

respect to device ground and include afl overshoots due 1o system and/or tester noise. Do not attempt to tast these values
without suitable equipment. -

4. VO pin leakage is the worst case of li_ and lozw (or Iy and loz).

5. Notmore thanone output should be tested at a time. Duration of the short-circuit should not exceed one second., Vour = 0.5 V ,
has been chosen to avoid test problems caused by tester ground degradation.
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T-46-19-13

SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1)

Parameter .
Symbol Parameter Description Min. | Max. __Unit
teo Input or Feedback to 20L8, 20R6 30 ns
Combinatorial Output 20R4 ,
1s Setup Time from Input or Feedback to Clock 30 ns
tH Hold Time 0 ' ns
tco Clock to QOutput or Feedback 20 ns
twi Ciock Width LOW 20R8, 20R6 20 , ns
tw HIGH 20R4 20 _ns
Maximum External Feedback | 1/(ts + tco) MHz
fmax Frequency
(Note 2) No Feedback 1/(twh + twi) MHz
trzx OE to Output Enable (Note 3) ns
toxz OE to Output Disable (Note 3) ns
tea input to Output Enable Using Product
Term Control {Note 3)
ter Input to Qutput Disable Using Product
Term Control (Note 3) .
Notes:

1. See Switching Test Circuit for test cona .F t
tested per MIL-STD-883, Mathod 5005 unless otﬁerwase roted.

2. These parameters are not 100% teste& ut afe calculated at |m i
where frequency may be aﬂecled

3.
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES-

T-46-19-13

Storage Temperature -65°C to +150°C Commercial (C) Devices

Amblent Temperature with Ambient Temperature (Ta) . :
Power Applied ~55°C to +125°C Operating in Free Air 0°C to +75°C
Supply Voltage with Supply Voltage (Vce)

Respect to Ground -05Vio +7.0V with Respect to Ground +4.75V 10 +5.25 V

DC Input Voltage
DC Cutput or /O Pin Voltage

-15VioVec +05V
-05V toVec+05V

Stresses above those listed under Absolute Maximum Rat-
Ings may cause permanent device failure. Functionality at or
above thess limits is not implied. Exposurs to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

Operating ranges define those limits betwean thGh the fung-
tionality of the device is guaranteed :

DC CHARACTERISTICS over COMMERCIAL operating ranges un[““=

specified
Parameter
Symbol Parameter Description Test Condlitions =, Unit
Von Qutput HIGH Voltage v
Vou Output LOW Voltage 0.5 \)
ViH input HIGH Voltage v
Vi Input LOW Voltage 08} Vv
Vi Input Clamp Vohaga -1.5 v
== F Inpat HIGH Qy;rent 25 HA
he F input LOW Current 250 | upA
i . "Maximum Input Cuirgnt’ /ni=5.5 V, Vec = Max. 100 | pA
lozw "Gff-State Output Leakig Vour = 2.7 V, Vee = Max. 100 | pA
Current HIGH  ~ 2 | Vin=Vinor Vi (Note 2) 7
lozt. Off-State Output Legkage Vour = 0.4 V, Ve = Max. =100 | pA
Current LOW Vin = ViHor Vi (Note 2)
Isc Output Shont-Circuit Current Vour = 0.5 V, Vec = Max. (Note 3) -30 | -130 | mA
lec Supply Current VinN= 0V, Cutputs Open {loyr = 0 mA) 105 | mA
VCC = Max.
Notes:

1. These are absolute values with respect to device ground and all overshoots due 1o system and/or tester nolse are included.
2. VO pin leakage is the worst case of I and oz, (or IiH and loz).

3. Not mere than ona cutput should be tested at a time. Duration of the short-circuit should not exceed one secand,

Vout = 0.5 V has been chosen to avoid test problems caused by testar ground degradation.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 1)

Pgmﬂfr Parameter Description T__46—1 9-13 i Min. | Max. | Unit
tro Input or Feedback to 20L8, 20R6 35 | ns
Combinatorial Output 20R4 -
Is Setup Time from Input or Feedback to Clock 35 ns
tH Hold Time 0 ns
tco Clock to Output or Feedback 20R8, 20R6 25 ns
twi Clock Width LOW 20R4 25 ns
twH HIGH 25 ns
Maximum External Feedback| 1/(ts +tco) MHz -
faax Frequency
(Note 2) No Feedback 1/{twh + tw) MHz
tpzx OE to Output Enable ns
tpxz OE to Output Disable ns.
tea Input to Cutput Enable Using Product Term Control == ns
ter Input to Output Disable Using Product Term Gontra[ - ns
Notes:

1. See Switching Test Circuit for test conditions::

2. These parametars are nat 100% test
where frequancy may bae affected.

design is madified

PAL20R8A-2 Serles (Com'l)

2-143



ADV MICRO PLA/PLE/ARRAYS ~ 2BE D NN 025752k 0029480 9 ENAMDZ

ABSOLUTE MAXIMUM RATINGS OPERATING RANGES T—46*]9"1 3
Storage Temperature —-65°C to +150°C Military (M) Devices {Note 1) '
Ambient Temperature Ambient Temperature (Ta) _

with Power Applied ~55°C to +125°C Operating in Free Air -55°C to +125°C -
Supply Voitage with Supply Voltage (Vcc)

Respect to Ground -0.5Vto+7.0V with Respect to Ground +4.50 Vio +5.50 vV
DC Input Voltage -15V to+55V . . . .

DC Output or /O Pin Voltage 5.5 V Operating ranges define those limits between which the func-

tionality of the device is guarantead.

Stresses above those listed under Absolute Maximum Rat- -

ings may cause permanent device failure. Functionality at or Note: _
above these limits is not implied. Exposure to Absolute Maxi- 1. Military products are testad at Tg = +25°C, +125°C,
mum Ratings for extended periods may affect device reliabil- d —55°C MIL-STD-883

ity. Programming conditions may differ. Absolute Maximum and - per MiL-5TD-883.
Ratings are for system design reference; parameters given
are not tested.

-

DC CHARACTERISTICS over MILITARY operating ranges ui
(Note 2) :

STy

Parameter

Symbol Parameter Description Max. | Unit
Vou Output HIGH Voltage v

VoL Output LOW Voltage 05 v

g Veos \
ViH Input HIGH Voltage Guaranteed Input £ogical HIGF Y
S Voltage for all Inputs (Note 3
ViL Input LOW Voltage Guargntéed Inpit Logicat EOW 08| Vv
A .| Voltage for alt inputs (Note 3) _

\7 | Input Clamp Voltage .. ™ hlw==18 mA; Ve = Min. -15| v
In Input HIGH Current _ VN =24V, Vcc = Max. (Note 4) 25| pA
I Input LOW Current %, *5 ™| Vin'= 0.4 V, Ve = Max. (Note 4) -250 | pA
] Maximum Input Current = | Vin=55V, Vec = Max. 1] mA
lozn Off-State Output Leakage Vour = 2.4 V, Vee = Max. 100 ¢ pA
Current HIGH ) Vin = Vigor Vi (Note 4) 7

lozt Off-State Output Leakage Vour = 0.4 V, Ve = Max. -100 | pA

Current LOW Vin = Viyor Vi (Note 4)
Isc Output Shont-Circuit Current Vour = 0.5V, Vge = Max. (Note 5) ~30 | -130 | mA
lcc Supply Current Vin =0V, Outputs Open (lour = 0 mA) 105 | mA
Vee = Max.
Notes:

2. For APL Products, Group A, Subgroups 1, 2, and 3 are tested per MIL-STD-883, Mathod 5005, unless otherwise noted.

3. ViLand Vi areinput conditions of output tests and are nat themselvas directly tested. Vi and Viy are absolute voltages with

raspect to device ground and include all overshoots dua to system and/or tester noise. Do not attempt to test these values
without suitable equipment.

4. VO pin leakage is the worst case of Iy and oz (or Is4 and lozn).

5. Notmore than one output should be tested at a time. Duration of tha short-circuit should not exceed one second. Vour=0.5V -
has been chosen to avoid test problems caused by tester ground degradation.,

2-144 PAL20R8A-2 Serles {Mil)



ADV MICRO PLA/PLE/ARRAYS

c8E D E@ 025752k 0029481 O HV,VAMDE

Ve

, T-46-~19-13
SWITCHING CHARACTERISTICS over MILITARY operating ranges (Note 1) 9-13
Parameter
Symbol Parameter Description Min, Max. | Unit.
tro Input or Feedback to 20L8, 20R6 50 ns
Combinatorial Qutput 20R4
ts Setup Time from Input or Feedback to Clock 50 ns
tH Hold Time 0 ns
tco Clock to Output or Feedback ns
twi Clock Width LOW 20R8, 20R6 ns
tw HIGH 20R4 ns
Maximum External Feedback | 1/(is + tco) MHz
famax Frequency
{Note 2) No Feedback 1/(wh + tw) MHz
te2x OE to Output Enable (Note 3) ns
texz OE to Output Disable (Note 3) ns
tea Input to Output Enable Using Product ns
Term Controi (Note 3) .
ter Input to Cutput Disable Using Product 45 ns
Term Control {Note 3)
Notes:

1.

2.

3.

These parameters are not 100% tested Syt are 3 calétlated atin aLchgtacf Z3idp A
where frequency may- be aﬂected

PAL20R8A-2 Series (Mil)
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SWITCHING WAVEFORMS

Input or
Feadback vr
tro
Combinatorial v
Qutput T
12015-010A
Comblinatorlal Qutput
i
ts + tcr
Clock vVt

12149-025A
Clock to Feedback (fmax Internal)
Sae Path at Right
Clock /
Registered
Output 1 vr
tskew
Registerad
Qutput 2 vr
12350-015A
Registered Output Skew for Outputs
Switching In the Sams Direction
Input VT
ter tea
\\ \x Vou- 05V /77 v
Output L/ vor+ 05NN T
12015-013A
Input to Qutput Disable/Enable
Notes:
1.Vr=15V

2. Input pulse amplitude 0 Vto 3.0 V
3. Input rise and fall times 2-5 ns typical.
(2—4 ns for -7 (-12 Mil) and -10 (-15 Mil) Series)

T-46-19-13
Input or
Feadback
Clock
Registered
Qutput Vr
12015-012A
Registered Output .
ClLK
R Leee
i V-
|
i oaic |5 . Recister
i ,
I R
{ tcF |
b e J
12015-021A
twh
Clock vr
twi
12015-011A
Clock Width
VT
OE ,
tpxz —» tpzx
Outout \W\N\K Vou- 05v/7/7 Vr
yipu Ll Vo + 05NN T
12015-014A
OE to Output Disable/Enable
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KEY TO SWITCHING WAVEFORMS T+ ap N
T-46-19-13 .
WAVEFORM INPUTS QUTPUTS
Must be Will be
Steady Steady
May Wil be
Change Changing
fromHto L fromHto L
' May Will be
Change Changing
fromLto H fromLto H
Don't Care; Changing,
Any Change Stats
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
*Off" State :
KS000010-PAL
SWITCHING TEST CIRCUIT
5V
S
Ri
Output Test Point
’ I ’
- = 12350-019A
Commercial Milita .
¢ v Measured
Specification S, CL Ry Rz R4 Ra Qutput Value
tro. tco, tor Closed 15V
trzx, teA Z — H: Open 50 pF 15V
Z - L:Closed 2000 | 390Q | 390Q | 750 Q )
tpxz, ten H - Z: Open 5pF H>2Z:Voy~05V
L - Z: Closed L>Z:VoL+05V
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INPUT/OUTPUT EQUIVALENT SCHEMATICS T-46~19-13
Typleal Input Typlcal Output
? °Vee o Voo
% 40 Q NOM

Output

12350-020A

A

T
Program/Verify e, I"I%t' Program/Verify/
Circuitry : Pins Test Circuitry
Preload
Circuitry
(it available)
) 10204-002A
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-46-79-1° I
OUTPUT REGISTER PRELOAD T-46-19-13
Applles to -7 (-12 Mil) Series Only preload a HIGH in the flip-flop. Leave combinatorial

The preload tunction allows the register to be loaded outputs floating.

fromthe output pins. This feature aids functional testing 5. Lower pin 2to Vitp. _
of sequential designs by allowing direct setting of output . .
states. The procedure for preloading follows. 8. Remove ViLp/ViH from all registered output pins.
1. Raise Vce to Vecn. 7. Lower OE to Virp 1o enable the output registers.
2. Set OE to Vinp to disable output registers. 8. Verify Vou/Vou atallregistered output pins. Note that
o because of the output Inverter, a register that has
3. Raise pin 2 to VuH to enter preload mode. been preloaded HIGH will provnde aLowat the
4. Apply either Vi or Vie to all registered outputs. Use output.
Vun to preload a LOW in the flip-flop; use Vi to
Parameter -
Symbol Parameter Description Min, Rec. | Max. { Unit
Viu Super-leve! input voltage 10 i1 12 Vv
Viep Low-level input voltage 0 0 05 \i
Viup High-level input voitage 24 5.0 56 | V
VecH Powaer supply during preload 5.4 5.7 6.0 'S
to Delay time ) 100 200 | 1000 { ns
o) «+— {p ~»tt—e—— { ——>la— ip —sla—»{ {p
/ N ViHp
oe — N— Ve

————— ——1=—— V]
Pin 2 / \ )

ViLe

T—T—— Viu
. / \ : Vo
P { M v

——F== Vip

10294-003A
Output Reglster Praload Waveform
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Y
OUTPUT REGISTER PRELOAD ~ T-46-19-13
Applies to -10 (-15 Mil) Series Only preload a LOW in the flip-flop. Leave combmalonal

The preload function allows the register to be loaded outputs floating.

fromthe output pins. This feature aids functional testing Pulse pin 10 to Vuy, then back _to ov.
of sequential designs by allowing direct setting of output
states. The procedure for preloading follows.

1. Raise Vec 10 4.5 V.

Remove Vip/Vine from all rergislered output pins. -
Lower OE to ViLe to enable the output registers.

N o o

2. Set OE to Vinp to disable output registers. Verily Voi/Voy atallregistered output pins. Note that

because of the output inverter, a register that has

3. Apply either Viup or Vip 10 all registered outputs. Use been preloaded HIGH will provide a LOW at the
Vine to preload a HIGH in the tlip-flop; use ViLp to output.
Parameter
Symbol Parameter Description Min. Rec. Max. | Unit
VHH Super-level input voltage 19 20 21 v
Vip Low-ievel input voitage - 0 0 0.5 Vv
Viup High-level input voltage 24 5.0 56 | V
o Delay time 100 200 1000 | ns
j——— 1D wre— 1p Ip ——>e—ip —>le—sl ip
""" Vi
OE 4 N
—/ N v

[\ —— ~—1—= Vi
Pin 10

Vie

——=== Vip

\
Registered ( VoH
Outputs >—_ Vou

=== Vwp

" 10294-004A

Qutput Register Preload Wavaform
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POWER-UP RESET T-46-19-13

The power-up reset feature ensures that all flip-flops will can rise to its steady state, two conditions are required
be reset to LOW after the device has been powered up. to ensure a valid power-up reset. These conditions are:
The output state will be HIGH due to the inverting output 1. The Vee ri th .

buffer. This fealure is valuable in simplifying state ma- - The Veg rise must be monotonic.

chine initialization. A timing diagram and parameter ta-
ble are shown below. Due to the synchronous operation
of the power-up reset and the wide range of ways Vee

2. Foliowing reset, the clock input must not be driven
from LOW to HIGH until all applicable input and feed-
back setup times are met. :

Parameter
Symbol Parameter Description Max. Unit
teR Power-up Reset Time 1000 ns
ts Input or Feedback Setup Time See Switching
twi Clock Width LOW Characteristics
av ' Vee
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