AmPAL16R8 Family

-
T-46-13-47

20-Pin IMOX™ Programmable Array Logic (PAL) Elements

Distinctive Characteristics

® AMD's superior IMOX technology
— Guarantees tpp = 15 ns Max. "B" Versions

[ ngh-Speed Half-Power ('AL") and Quarter-Power
('Q") versions

® Platinum-silicide fuses and added test words ensure
programming yields > 98%

® Post Programming Functional Yields (PPFY) of 99 9%

® PRELOAD feature permits full logical verification

@ Roeliability assured through more than 70 billion fuse
hours of life testing with no failures

@ AC and DC parametric testing at the factory through
on-board testing circuitry

® AMD's industry-leading quality guarantees

General Description

AMD PAL devices are high-speed, electrically programma-
ble array logic elements. They utilize the familiar sum-of-
products (AND-OR) structure allowing users to program
custom logic functions to fit most applications precisely.
Typically they are a replacement for low-power Schottky
SS1/MS! logic circuits, reducing chip count by more than &
> to 1 and greatly simplifying prototyping and board layout.

Seven different devices are available, including both regis-
tered and combinatorial devices, in six different speed and

power versions. The very High-Speed 'B' versions
(tep = 15 ns) run approximately 40% taster than the High-
Speed "A" versions (tpp = 25 ns). High-Speed, Half-Power
"AL" versions (tpp = 25 ns, Igc = 90 mA) are available, as
well as Standard-Speed, Half-Power "L" versions (tpp

_ =35 ns, Igc* = 80 mA). Quarter-Power ""Q" versions (tpp

=35 ns, Igc =45 mA) are also available.
Please see the following pages for Block Diagrams.
*Combinatorial functions

Product Selector Guide

AMD PAL Speed/Power Families

tpp @ tg (1) tcg (1) Icc oL
ns (Max.) ns (Min.) ns (Max.) mA (Max.) mA (Min)
Family C Devices | M Devices | C Devices |M Devices | C Devices {M Devices| C/M Devices |C Devices | M Devices
Very High-Speed
(..B’Y.) y e 15 20 13 18 12 15 180 2 12
High-Speed
("A") Versions 25 30 20 25 15 20 1&)"![ 1587 24 12
High-Speed,
Half-Power 25 30 20 25 15 20 90 24 12
{"AL") Versions . ) i
Standard Versions 35 40 30 35 25 25 180" 1559 24 12
Half-Power - 9)
("L} Versions 35 40 80 35 25 25 90" 8g™ 24 12
Quarter-Power
('Q") Versions 35 40 30 35 25 ) 25 45 12 8
(1) Sequential functions
(2) Combinatorial functions
AMD PAL FUNCTIONS
Part Array Output Package
Number {nputs Loglc Enable Outputs Pins
1ere | Eight Dedicated, | gion; g.wids AND-OR Dedicated Registared Inverlin 20
Eight Feedback 9 g 9
Eight Dedicated, Six 8-Wide AND-OR Dedicated  * | Registered Inverting

16R6 | Six Feedback,

Two Bidirectional Two 7-Wide AND-OR-INVERT Programmable | Bidirectional

20

Eight Dedicated,

16R4 | Four Faedback, Four 8-wide AND-OR

Dedicated Registered [nverting

Four Bidirectional Four 7-Wide AND-OR-INVERT { Programmable | Bidirectional

Ten Dedicated,
16L8 | gix Bidirectional

Eight 7-Wide AND-OR-INVERT | Programmable | S Bidirectional

Two Deodicated
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Block Diagrams (Cont'd.)

AmPAL16R4

AmPAL16L8

INPUT/OUTPUT

E
|

AmPAL16R8 Family

i
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P N

! —_
| Connection Diagrams
[ ; Top View , T
- DIPs* _ Lcc** !
|
[
more nJi® N~ 20 3vee
1J2 19 ] (NOTE 10)
1Cls 18|71 wvoTE 9) (NOTE 8) .
114 17 ] (NOTE 8) (NOTE 8)
1Cs 16 [ ] (NOTE 7) (NOTE
i]e 16 [T] (NOTE ©) n
17 14 [ (NOTE 5) (NOTE 8)
e 13 |1 (NOTE 4) (NOTE 6)
1o 12 ;I (NOTE 3)
aho 10 1] (NOTE 2) -
CD010020
N CD010030
Note: Pin 1 is marked for orientation.
16L8 | 16R8 | 16R6 | 16R4
Notes: 1 U CLK | CLK | CLK N
2 1 OE OE OE
3 o] o] /0 /0
4 110 0 [§) 170
5 170 0 0 3]
6 7o o 0 [o)
7 170 [o) o) [
8 170 o o o
9 170 o o 1/0
10 [ o 170 Vo

*Also avallable in 20-Pin Ceramic Flatpack. Pinouts identical to DIPs.
**Also available in 20-Pin Plastic Leaded Chip Carrier. Pinouts identical to LCC.

Pin Designations -

i = Input
1/0 = input/Output
O = Output
Vce = Supply Voltage
GND = Ground
CLK = Clock
OE = Output Enable
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Ordering Information

. : i
5 . Standard Products ) l
1 . AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by I’

a comblnation of; A. Device Number
B. Speed Option (if applicable)
.. C. Package Type --
D. Temperature Range
E. Optlonal Processing

! AMPAL1GRO. B 2 ' '

-L———‘E. OPTIONAL PROCESSING

Blank = Standard processing
B =Burn In

D. TEMPERATURE RANGE .
C = Commercial (0 to +75°C) .
E = Extended Commercial (-55 to +125°C)

C. PACKAGE TYPE
P = 20-Pin Plastic DIP (PD 020)
D = 20-Pin Ceramic DIP (CD 020)
J = 20-Pin Plastic Leaded Chip Carrier
3 (PL 020}
B B L = 20-Pin Ceramic Leadless Chip Carrier
* (CL 020)

B. SPEED/POWER .
See Product Selector Guide

A. DEVICE NUMBER/DESCRIPTION
AmPAL16R8 Family -
20-Pin IMOX Programmable Array Logic .

Valid Combinations .
AMPAL16R8/B/A/ALIL/Q Valid Combinations
) AMPAL16R6/B/A/AL/L/Q PC, DC, DCB, DE, Valid Combinations list configurations planned {o be
i AMPAL16R4/B/A/AL/L/Q JG, LG, LE supported in volume for this device. Consuit the local AMD
: AMPAL16L8/B/A/AL/LIQ sales office to confirm availability of specific valid

combinations, to check on newly released combinations, and
to obtain additional data on AMD's standard military grade
products.
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l . Ordering Information (Cont'd.)
P © 777 U APLProducts T

: AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved

B Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) products are
processed in accordance with MIL-STD-883C, but are Inherently non-compliant because of package, solderability, or surface
treatment exceptions to those specifications. The order number (Valid Combination) for APL products is formed by a
combination of: A. Device Number - : T - - .

B. Speed Option (if applicable)

[ C. Device Class . )

D. Package Type -

E. Lead Finish

AMPALIGRS B ﬁa_ T -
_ ) : E. LEAD FINISH

A = Hot Solder DIP

[Ep—

D. PACKAGE TYPE
R = 20-Pin Ceramic DIP (CD 020)

= 2 = 20-Pin Ceramic Leadless Chip
Carrier (CL 020)

S = 20-Pin Ceramic Flatpack (CF 020)

C. DEVICE CLASS
/B =Class B

8. SPEED OPTION M
See Product Selector Guide

A. DEVICE NUMBER/DESCRIPTION
AmPAL16R8 Family
20-Pin IMOX Programmable Array Logic

Valid Combinations Valid Combinations
. AMPAL16R8/B/A/AL/L/IQ Valid Combinations list configurations planned to be
H AMPAL16R6/B/A/AL/L/Q /BRA, /82A, supported in volume for this device. Consult the local AMD
) AMPAL16R4/B/A/AL/L/Q /8SA sales office to confirm availability of specitic valid E
AMPAL16L8/B/A/ALIL/Q combinations or to check for newly released valid
combinations.

Group A Tests
Group A tests consist of Subgroups 1, 2, 3, 4, 9, 10, 11.

M
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DESC Certified PAL Devices

Generle AMD Part Number | DESC Numbers i
N ) _ AmPAL16LBA/BRA 8103607RX ' !
A B AmPAL16L8A/B2A 81036072X i
. : < AmPAL 16L8A/BSA 8103607SX :
16L8 AmPAL16L8U/BRA 8103611RX
AmPAL16L8L/B2A 81036112X
AmPAL16L8L/BSA 8103611SX
AmPAL16L8/BRA 8103601RX )
AmPAL161.8/B2A 81036012X
‘ AmPAL16RBA/BRA 8103608RX
AmPAL16RBA/B2A 81036082X
AmPAL16RBA/BSA 8103608SX
16R8 AmPAL16R8L/BRA 8103812RX .
, | AmPAL16R8L/B2A 81036122X
AmPAL16R8L/BSA 8103612SX
AmPAL16R8/BRA 8103602RX
AmPAL16R8/B2A §1036022X
. AmPAL16R6A/BRA 8103609RX
. _ AmPAL18R8A/B2A 81036092X
AmPAL16R6A/BSA 8103609S8X
16R6 AmPAL 16R6L/BRA 8103613RX
. AmPAL16R6L/B2A 81036132X .
AmPAL16R6L/BSA 8103613SX
AmPAL16R6/BRA 8103603RX
AmPAL16R6/B2A 81036032X -
AmPAL16R4A/BRA 8103610RX
AmPAL16R4A/B2A 81036102X
AmPAL16R4A/BSA £103610SX
: 16R4 AmPAL16R4L/BRA 8103614RX
, AmPAL16R4L/B2A 81036142X
AmPAL16R4L/BSA 8103614SX
AmPAL16R4/BRA 8103604RX
AmPAL16R4/B2A 81036042X
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Functional Description

AMD PAL Family Characteristics

All members of the AMD PAL Family have gommon electrical
characteristics and programming procedures. All parts are

produced with a fusible link at each input to the AND-gate

array, and connections may be selectively removed by apply-
ing appropriate voltages to the circuit,

Initially the AND gates are connected, via fuses, to both the
TRUE and complement of each input. By selective program-
ming of fuses the AND gates may be '‘connected" to only the
TRUE input (by blowing the complement fuse), to only the
complement input (by blowing the TRUE fuse), or to neither
type of input (by blowing both fuses) establiching a logical
'don't care." When both the TRUE and complement fuses
are left intact a logical FALSE results on the output of the AND
gate, while all fuses blown results in-a logical-TRUE state. The
outputs of the AND gates are connected to tixed-QR gates.
The only limitations imposed are the number of inputs to the
AND gates (up to 16) and the number of AND gates per OR
(up to 8). -

All parts are fabricated with AMD's fast programming, highly
reliable Platinum-Silicide Fuse technology. Utilizing an easily
implemented programming algorithm, these products can be
rapidly programmed to any customized pattern. Extra test
words are pre-programmed during manufacturing to ensure
extremely high field programming yields { > 98%), and provide
extra test paths to achieve excellent parametric correlation.

z‘ Monolithic ﬁﬁﬂ Memorles l‘r|

T-46-13-47"

Power-Up RESET

The registered devices in the AMD PAL family have been
designed to reset during system power-up. Following power-
up, all registers will be initialized to zero, setling all the outputs
to a logic 1. This feature provides exira flexibility to the
designer and is especially valuable in simplifying state ma-
chine initialization. E

PRELOAD

AMD PAL devices are designed with uniqgue PRELOAD
circuitry that provides an easy method of testing registered
devices for logical functionality. PRELOAD allows any arbitrary

state value to be loaded into the registered output of an AMD

PAL device.

A typical functional test sequence would be to verify all
possible state transitions for the device being tested. This
requires the ability to set the state registers into an arbitrary
""present state" value and to set the device inputs to any
-arbitrary "'present input” value. Once this Is done, the state
machine is clocked into a new state or "'next state." The next
state Is then checked to validate the transition from the
present state. In this way any state transition can be checked.

Security Fuse
An additional fuse is provided on each AMD PAL circuit to
prevent unauthorized copying of AMD PAL device fuse pat-

temns when design security is desired. Blowing the security
fuse blocks entry to the fuse pattern verify mode.

5-191
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Figure 1. AmPAL16R8 Logic Diagram '
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Figure 3. AmPAL16R4 Logic Diagram
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Applications ' or LOW state. This feature simplifies testing since any Initial
- : - -state for the registers can be set to optimize test sequencing.
PRELOAD of Registered Outputs :

AMD PAL registered outputs are designed with extra circuitry The pin levels and timing necessary to perform the PRELOAD

to allow loading each register asynchronously to either a HIGH function are detalled below:
tp— t t : 1 tp —
. - Viee
o / S \
— ) ) ) - . Ve
; . \ Vim
/- ] N ) .
" e
. 1 - / - Vi
- / H -
REGISTERED ) .
OUTPUT —\ <
- ) L L'
. I Vir
Par. | Min, Max. . - PF0O01141
Vuy | 10 12 :
Level forced on registered output State of the output
A ViLp [ 0 05 pin during PRELOAD cycle pin after cycle
ViHp | 24 65 VHH ' HIGH
VocH) S4 6.0 0 V to Vgcn or OPEN LowW .
Power-Up Reset required to ensure & valid power-up reset. These conditions
are:

The registered devices in the AMD PAL Family have been 1. The Vgg rise must be monotonic.
: designed to reset during system power-up. Due to the asyn-
i chronous operation of the power-up reset and the wide range
of ways Vcg can rise to its steady state, two conditions are

POWER av/
ter

e . /4

2. Following reset, the clock input must not be driven from low
to high until all applicable input and feedback setup times
are met,

Vee

CLOCK \\\ /
tw ;
3
11
WF022300 H
Parameters Description Min. | Typ. [ Max.| Units
Power-Up !
PR Reset Time 600 [ 1000| ns
s Inpit or Fesdback See Switching
P Characteristics
w Clock Width
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Absolute Maximum Rati_ngs» .

Storage Temperature .......i.evvieeriesirensens, =65 10 +150°C

Supply Voltage to Ground Potential

(Pin 20 to Pin 10) Continuous ............. -05to +7.0 V"~
. DC Voltage Applied to Outputs - .

(Except During Programming).......-0.6 V to +Vgg Max.
DC Voltage Applied to Outputs g -

During Programming ....c.ovuiecmnvesiniareennnnes NN 21V
Output Current Into Outputs During

Programming (Max Duration of 1 sec) ............ . 200 mA
DC Input Voltage....... ......... viiensannenne =05 to +65 V

BC Input Current ......cconvininiiiiinianennin, —30 to +5 mA

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits Is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

L4

-Supply Voltage (Vog) +voevicensne

Operating Ranges

Coﬁm{ercial {C) Devices
Temperature (TA).cicvieiicnenne rvererereernes ...0 to +75°C

Extended Commercial (E) Devices

Temperature (Ta)...
Temperature (Tg).......
Supply Voltage (Vo) +oveenees

Military (M) Devices®

sesnsnsanesins

ADV MICRO PLA/PLE/ARRAYS A9k DE. 025752k 0027255

e Y
T-46-13- 47

———
—

wontd 75 10 +525 V

...=55°C Min.

oo +125°C Max.
..+4.50 to +5,50 V

Temperature (TA)...voeevieeriniennes verrreies 100 =55°C Min,
Temperature (TG)..ovesenien Srreerrresne e +125°C Max.
Supply Voltage (Vcg) «vvveeeivennier 1o +4.50 to +5.50 V

functionality of the device Is guaranteed.

>Operating ranges define those limits between which the

*Military product 100% tested at Tg = +25°C, +125°C,
and -55°C.

DC Characteristics overoperating range unless otherwise specified; included in Group A, Subgroup 1, 2, 3, 4 tests

unless otherwise noted

Parameter Parameter Typ.
Symbol Description Test Conditions Min, [(Note 1)| Max. | Units
A e loH=-2 mA COM'L
Veo = Min,,
Vou Output HIGH Voitage VIN = VIH loy=-32 mA COM'L 24 35 \
or Vip All others loH =-2 mA MIL
nguong o nggn loL =24 mA COM'L
v o LoW Vol ¥cc -le'n., “AL" & "L loL=12 mA MIL v
oL utput oltage IN=VIH oy n 0.5
or Vi e loL =12 mA COM'L
. loL=8 mA MIL g
ViH Guaranteed Input Logical HIGH
(Note 2} Input HIGH Level Voltage for All Inputs 20 58 v
ViL Guaranteed Input Logical LOW
{Note 2) Input LOW Leve! Voitage for All Inputs 08 v
— Max, "B "AL" & Q" 20 | -100
o input LOW Current Iy = 0.40 V AN L 8 St 0 Toams] ™
IiH Input HIGH Current Voo = Max, ViN=27 V 25 HA
i Input HIGH Current Voo =Max,, Viy=565V 1.0 mA
Isc » QOutput Short-Circuit Current | V¢g = Max., Vout = 0.5 V (Note 3) -30 -60 -980 mA
16LBA,
1618, 110 155
i6éLsL, 85 80
- 16888, 16R6B, 16R4B,
lco Power Supply Current o et - GND. 16L8B, 16RBA, 16R6A, 180 | ma
¢c 16R4A, 16R8, 16R6, 16R4
16RBL, 16R6L, 16R4L,
16LBAL, 16RBAL, 16R6AL, 60 80 -
16R4AL
16L8Q, 16R8Q, 16R6Q, 45
B 16R4Q
A7) Input Clamp Volfage Ve = Min., iy =-18 mA -0.8 -1.2 v
lozH Output Leak Current Vi Vo=27V 100
Y 'cc w Max., Vi = VjLorV,
lozL (Note 4) i} A K7L oo | M
CIN Input Capacitance ViN=20 V @ f=1 MHz (Note 5) 6
Cout Qutput Capacitance Voutr =20V @ =1 MHz (Note 5) 9 pF
Notes: 1. Typical limils are at Vgc = 5.0 V and Ta = 25°C.
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second.
Your = 0.5V has been chosen to avoid test problems caused by tester ground degradation.
4. 1/0 pin leakage is the worst case of lozx or lix (where X=H or L)
6. These parameters are not 100% tested, but are periodically sampled.
03323G/0
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AmPAL16R8 Family T-46 1—3 .
. S RS -46-13-47 =

Switching Characteristics over operating range unless otherwise specified; included in Group A, Subgroup 9, .
10, 11 tests unless otherwise noted -

Commercial Range

+ s g s e o

IIAII &. "AL" "s'd," IIL'I & IIQII
’ "'B" Version ) Version Versions
Parameter Parameter Typ. Typ. Typ.
No. Symbol - Description Min. | (Note 1) Max. | Min. | (Note 1)] Max. | Min.. | (Note 1)| Max. | Units .
Input or Feedback to Non-Registered
1 tep Output 16L8, 16R6, 16R4, 12 15 17 25 23 35 ns
Tnpul 1o Output Enable 16L8, 16F6,
2 tea 16R4, 16H8 12 15 17 25 23 , 35 ns
Input to Output Disable 16L8, 16R6,
, 3 tER 16R4, 16H8 12 15 17 25 23 35 ns
4 tpzx :"ienﬂp to Output Enable 16R8, 16R6, 8 15 12 20 17 25 ns ‘
5 toxz ’:IGnRP to Output Disable 16R8, 16RS, 8 15 12 20 17 25 ns
6 tco Clock to Output 16R8, 16R6, 16R4 ) 12 12 15 17 25 ns
Input or Feedback Setup Time 16R8,
. 7 ts 16R6, 16R4 . 13 10 20 15 30 20 ns
: 8 tH Hold Time 16R8, 16R6, 16R4 0 -8 0 -10 0 -10 ns
e tp Clock Period (s + icg) 25 a |- 55 ns
® 10 tw Clock Width 10 15 | 25 ns
11 fMAX. Maximum. Frequency 40 28.5 18 MHz .

Notes: 1. Typical limits are at Vcg=5.0 V and Tp =25°C,
2, tpp is tested with switch Sy closed and Ci =50 pF.
3. For three-state outpuls, output enable times are tested with G =50 pF to the 1.5 V level; Sy is open for high impedance to HIGH
tests and closed for high impedance to LOW tests. Output disable times are tested with Cp =5 pF. HIGH to high impedance tests
are néadello egn output voltage of Voi-0.5 V with Sy open; LOW to high impedance tests are mada to the ¥oL + 0.5 V level
with 81 closed. N

Military Range

A" & VAL vgtd" ULt & Q"
*'B" Verslon Version Verslons
Parameter Parameter Typ. Typ. Typ.

No. Symbol Description Min. | (Note 1)| Max. | Min. [(Note 1)}{ Max. | Min. [(Note 1) Max.| Units
Input or Feedback to Non-Registered ]

1 tep Output 16L8, 16R6, 16R4, 12 20 17 30 23 40 ns
Input to Qutput Enable 16L8, 16RS,

2 tEA 16R4, 16H8 12 20 17 30 23 40 ns
input to Output Disable 16L8, 16R6,

3 ter 16R4, 16H8 12 20 17 30 23 40 ns
Pin 11 to Output Enable 16R8, 16R6, - STDL 25

4 tpzx 16R4 8 20 12 25 S 17 0 ns
Pin 11 to Output Disable 16R8, 16RS§, STDL 25

5 tpxz 164 8 20 12 25 3 17 5 ns

6 tco Clock to Output 16R8, 16R6, 16R4 8 15 12 20 17 25 ns [
Input or Feedback Setup Time 16R8,

7 ts 16R6, 16R4 i8 10 25 15 35 20 ns

8 tH Hold Time 1688, 16R6, 16R4 [} -8 0 -10 0 -10 ns

9 tp Clock Period (ts + tco) - a3 45 60 | ns

10 tw Clock Width ] 12 20 25 ns

1" fMAX, Maximum Frequency 30 22 165 | MHz

Notes: 1. Typical limits are at Voc = 5.0 V and T4 = 25°C.
2, tpp is tested with switch S¢ closed and G =50 pF. X )
3. For three-state outputs, output enable times are tested with CL =50 pF 1o the 1.5 V level; Sq is open for high impedance to
HIGH tests and closed for high impedance to LOW tests. Oulput disable times are tested with G = 5 pF. HIGH to high
impadance tests are made to an oulput voltage of Vo ~0.6 V with S1 open; LOW to high impedance tests are made to the
VoL + 0.5 V level with Sy closed.
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AmPAL16R8 Family

© T-46-13-47 —
Switching Test Circuit ‘
Vee © T 5V s,
-2
-
L L
- ¢ d R2 FCu

INPUTS . ouT .

. .

. °

) U 10 OUTPUTS
TC003050
Note: C1 and Gz are to bypass Vgg to ground.
TEST OUTPUT LOADS
"Std," "B," "A," DALY & "LV el -
Name Commercial Military Commercial Military
Ry 200 390 390 600 Q
Rz 390 Q 750 Q2 750 1200
Cq 1 uF 1 pF 1 pF 1 pF
Ca 0.1 uF 0.1 pF 0.1 pF 0.1 uF
CL 50 pF 50 pF 50 pF 50 pF
&\ Monolithic [i.[iﬂ Memorles & 5-199
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AmPAL16R8 Family :

T-86-13-47 °
Switching Waveforms

e : X |
@ Oms i f—@—t—@— - - ‘
S [ f \

- ,
- W l——@——l ——®
o ;ﬁ?@*‘ . o~ Fo-

COMBINATORIAL
ouTeUTS:
' WF002571
Key to Timing Diagram
N
WAVEFORM INPUTS OUTPUTS
MUSTBE WILL BE -
STEADY STEADY
MAY CHANGE  WIILL BE
m FROMHTOL  SHANGING .
MAY CHANGE  HILLDE
M FROML TOH  CHANGING
M DON'T CARE; CHANGING,
ANY CHANGE STATE
PERMITTED UNKNOWN
CENTER
DOES NOT LINE IS HIGH
H APPLY IMPEDANCE
“OFF~” STATE
KS000010
Input Circuitry Output Circuitry
Veo Voo
)
outPUT i
i
WeuT oN PROGAMMING
1/0PINS CURRENT PATH
PRELOAD
CRCUITRY H
1C000720 . 1C000730
5-200 :‘ Monollthlcm Memorles n
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" AmPAL16R8 Family = T-46 13 47 S

, ProgranimerleevelopmeritSystems o
" (refer to Programmer Reference Guide, page 3-81).

z' Monolithic m Memoaorlas n
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