Features

& CMOS EPROM technology for repro-
grammability

High performance at quarter power
—tpp =285 ns

—tg =20 ns

—Ilgg=15ns

—Ipc=45mA

High performance at military
temperature

—tpp = 20 ns
— 15 = 20 ns
—tco=15ns
~ e = 70 mA

¢ Commercial and military temperature
range

PAL®C20 Series

Reprogrammable CMOS
PALC 16L8, 16R8, 16R6, 16R4

¢ High reliability
— Provee EPROM technology
— > 1500V input protection from
electrostatic discharge
— 1% AC and DC tested
— 10% power supply tolerances
— High noise immunity
— Security feature prevents pattern
duplication
— 100% programming and functional
testing
Functional Description

Cypress PALC20 Series devices are high-
speed electrically programinable and UY-
erasable logic devices produced in a pro-
prietary N-well CMOS EPROM prucess.
These devices utilize a sum-of-products
{AND-0OR) structure praviding uscrs with
the ability to program custom logic func-
tions serving unique requirements.

FALs ar¢ offered in 20-pin plastic and ce-
ramic DIPE, plastic SOJ, and ceramic LCC
packages. The ceramic package can be
cquipped with an crasure window; when
exposed to UV light, the PAL iz erased
and can then be reprogrammed.

Before programming, AND gates or prod-
uct terms are connected via EPROM cells
to both true and complement inputs, Pro-
gramming an EPROM cell disconnects an
input term from a product term, Selective
programming of these cells allows a spe-
cific logic function to be implemented in a
PALC device. PALC devices are supplied
in four functional configurations desig-
naled 16R8, 16R6, 16R4, and 1618.
These 8 devices have potentially 16 inputs
and 8 outputs configurable by the uscr.
Output configurations of § registers, &
combinatorial, 6 registers and 2 combina-
torial as well as 4 registers and 4 combina-
torial arc provided by the 4 functional
variations of the product family.

Logic Symbols and DIP and S0J Pinouts
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PAL is a registered trademark of Advanced Micro Devices.
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PALC20 Series

Functional Description {continued)

All combinatarial outputs on the 16R6 and 16R4 as well as 6 of
the combinatorial outputs an the 161.¥ may be used as optional
inputs. All registercd outputs have the Q bar side of the register
fed back into the main array. The regisiers are automatically ini-
tialized upon power-up to Q output LOW and Q vutput HIGH.
All unused inputs shouid he tied to ground.

All PALC devices feature a security finction that provides the
user with protection for the implementation of proprietary logic.
When invoked, the contents of the norriat array may no longer be
accessed in the venfy mode. Because EPROM technology is used
as a storage mechanism, the content of the array is not visible un-
der a microscope.

Cypress PALC products are produced in an advanced 1.2-micron
Nawell CMOS EPROM technology. The use of this proven

Commercial and Industrial Selection Guide

EPROM technology is the basis for a superior product with in-
herent advantages in rcliability, testability, programming, and
functional yicld. EPROM technology has the inherent advantage
that all programmable elements may be programmed, tested, and
erased during the manufacturing process. This also allows the de-
vice to be 100% functionally tested during manufacturing. An
ability to preload the registers of registered devices during the
testing operation makes the testing easier and more efficient.
Combining these inherent and designed-in features provides an
extiremely high degree af functionality, programmability and as-
sured AC performance, and testing becomes un easy task.

The register preload allows the user to initialize the registered de-
vices 1o a known stale prior to testing the device, significantly sim-
plitying und sharteqing the testing procedure.

Generic Iee (mA) tpp (n$) tg (ns) tco (ns)
Part Qutput
Number Laogic Enable Outputs L | Com'VInd | =25 [-35|-25|-35| =25 | =35
1618 {8) 7-wide Programmable | (6) Bidirectional 45 70 25 35 — | - - | —
AND-OR-Invert 2) Dedicated
16RE | (8} 8-wide AND-OR | Dedicated Registered Inverting | 45 70 — | — 20 |30 | 15 | 25
16R6 | (6) 8-wide AND-OR | Dedicated Registered Inverting | 45 70 25 | 35 | 20 | 30§15 | 25
(2) 7-wide Prugrammable | Bidirectivnal
AND-OR-Invert
16R4 | (4) B-wide AND-OR | Dedicated Registered Inverting | 45 70 25 | 35 | 20 f 30 115 | 25
(4) 7-wide Programmabie | Bidircctional
AND-OR-Invert
Military Selection Guide
Generic tpp (nS) ts (ns) tco (ns)
Part Ouiput Icc
Number Logic Enable QOutputs (maA) | -20 | =30 | —40 | =201 -30 | —40 | =20 | =30 | -4
16L8 | (8) 7-widc Prograrimable | (6} Bidirectional | 70 | 20 30 | 40 | — [ — } — } — | — | —
AND-OR-Invert 2} Dedicated
16R8 (82'8-widc Dedicaled Registered 0 [ — | — | — 20 )25 |3 | 15]20] 23
AND-OR Inverting
16R6 | (0) B-wide Dedicared Registered 70 120 |30 |40 |20 [ 25 35 [ 15 ] 20 |25
AND-OR Inverting
(2) 7-widc Prograramable | Bidirectional
AND-OR-Invert
16R4 | (4) 8-wide Dedica ed Registered 70 | 20 [ 30 | 40 | 20§25 | 35 )15 220 25
AND-OR Inverting
(4} 7-wide Programnmable | Bidirectional
AND-OR-Invert
2-17
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PAL.C20 Series

CYPRESS

Maximum Ratings

{Above which the useful life may be impaired. For user guide- UV Exposure ............cooiiieieian... 7258 Wsec/em?
lintes, not tested.) Statlc Discharge Voltage .........c..ovevveena... >1500V
Starage Temperature .........c....0v0.s —65°Cto +150°C  (per MIL-STD)-883, Method 3015)
Ambient Temperature with Latch-Up Current ........................... >200 mA
Power Applied .........co i —55°Cto +125°C Operating Range
Supply Voltage to Ground Potential pe g g
(Pm20toPinl0) ...oovviiniiniiiiiiiin -0.5V o +7.0V Ambient
DC Voltage Applted ta Outputs Range Temperature Yeoeo
in High Z State ...._.................... —0.5YV 10 +70V Commercial 0°C ta +75°C SV = 10%
IDC Input Valtage .. .............. ..., =30V to +7.0V - - — .
Output Current into Outputs (LOW) ... ... ..., 24 mA Military —357Cio +1257C SV +10%
DC Propramming Voltage ......................... 14.0v Industrial —40°C 10 +85°C
Electrical Characteristics Over the Operating Range {unless otherwise noted)|2)
Parameter Description Test Conditions Min. | Max, | Unit
Von Output HIGH Voltage 3cc3\f§iingr v Iog = —32mA |ComTVind | 2.4 v
R lon = —2mA | Military
Voo Output LOW Voltage Voo = Min, IoL = 24 mA Com'’t/Ind 0.4 v
Vin=Vigor vV, — —
Ior = 12 mA Military
Viy Input HIGH Level Guaranteed Input Logica) HIGH! voltage for All Inputs | 2.0 \Y
ViL Input LOW Level Guaranteed Input Logical LOWL] Voltage for All Inputs 048 v
Iix Input Leakage Current Vg < VIN < Vo -10 10 LA
Vep Programming Voltage Ipp = 50 mA Max. 13.0 140 v
Ise Output Short Circuit Current | Vee = Max., Voyur = 0.5VI4] —300 | mA
I¢e Power Supply Current All Inputs = GND, Ve = Max, “IZ 45 mA
Iour = 0 mAl] Com'VInd 70 | mA
Milifury 70 mA
Inz QOutput Leakage Current Ve = Max, Ves < Vour < Veco =100 | 100 1A
Nates:

1. T is the “instant on” case temperature.
A p

2. Seethe last page of this specification for Group A subgroup testing in-

[ormation.

3. These are absolute values with respect fo device ground. All over- 5.
shoots due to system or tester noise are included.

4, Notmerethan oneoutput should be tested ata time. Duration of the short

circuit should not be more than one second. Vour = 0.5V has been cho-

sen ko avoid test problems caused by tester ground degradation.

Ieegac) =
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(0.6 mA/MEIz) X (Operating Frequency in MHz) +
leoney oo is measured with an unprogrammed device.
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Electrical Characteristics Over the Operating Range (Unless Otherwise Noted)[?l (continued)

Parameter | Vy Quiput Waveform—Measurement Level

tpxz (-—) 1.5V v
OH
0.5V

Vx cooa

pxz (+) | 26V | ﬂ!:‘f_—\’x
oL 2010

tezx (+) | Vine Y ﬂ‘zt-* Vou
X c20-1

tezx (=) | Vine Vy

VoL ¢

IER (—) 1.3V

Vx C2-13

wr(+) | 26V [ ﬂ::‘bﬁ\’x
\IDL C2-14

kA {+) VIh('. VX %ﬁ—\h)“
C20-15

tea{=} | Vi v
X 0.5V VoL ceue

Capacitancels]
Parameter Description Test Conditions Max. Unit
Cry Input Capacitance To=25"C.t=1MHz 10 pF
Cout Output Capacitance Vin=0 Ve =50V 1 pF
Switching Characteristics Over Operating Range(® 7]
Commercial/Industrial Military
-25 —35 -20 -3n —40
Parameier Description Min, | Max. | Min. | Max. | Min. [ Max. [ Min. | Max, | Min, | Max, | Unit
tpo Input or Feedback to Non-Registered 25 35 20 30 40 ns
Output 16L8, 16R6, 16R4
tEA Input to Output Enable 1618, 16R6, 25 35 20 30 40 ns
16R4
tRR Input to Output Disuble Deluy 16L8, 25 35 20 ) 40 ns
16RA, 16R4
tpzx Pin 11 to Output Enable 16RS, 16R6, 20 25 20 25 25 ns
16R4
tpxz Pin 11 1o Qulput Disable 16R8, 16Rg, 20 25 20 25 25 ns
16R4
tco Clock to Qutput 16RSE, 16R6, 16R4 15 25 15 20 25 1s
ig Input or Feedback Set-Up Time 20 30 20 25 35 ns
16R8, 16R6, 16R4
tH Hold Time 16R8, 16R6, 16R4 0 0 0 0 0 ns
tp Clock Period 35 55 35 45 60 ns
tw Clock Width 15 20 12 20 25 ns
frax Maximum Frequency 28.5 18 28.5 22 16.5 | MHz

Noles:

6. Testedinitially and atter any design or process changes that may affect
these patnmeters.

7. Part{a){part(c)formilitary)yof AC Test Loads and Waveforms is used
for all parameters except tea, tkn, tprx and tpxy,. Parl {b) (parl (<) for
militury} of AC Test Loads and Waveforms is used for tga, teR, tp7x
and tpx7.

Bl 2589662 0012920 332 N

8. The parumelerstyp and lpxy, are measured asthe delay from the inpul
disable logicthreshaold transition (o Vi — 0.5V for an cnabled HIGH
outputer Vo + 0.5V for an cnabled LOW output. Please see Electri-
cal Characteristics lor waveforms and measurement reference levels.




PALC20 Series

CYPRESS

AC Test Loads and Waveforms
R1 1750 R1 1750
L3 O""'""——NW— 5 O——vww—

Equivalent 10
THEVENIN EQUIVALENT COMMERCIAL

QUTPUT 0—1—4: QUTPUT O—I—<;
50 pF i R2 1330 spF o R2133Q 750
I l _]I_ OQUTPUT O———A"—0) 2,16V = V¢
- - - - o018
(a} Commercial {b) Commercial ca017
R1 337Q Rt 337Q
Y O—————vyry—asy BV et
Equivalant to:
ouTPUT O 1 ouTPUT O 1 THEVENIN EQUIVALENT MILITARY
:l__ 50 pF < R2 24702 l 5pF ? R2 247Q 1430
1 _]__ 1 1 OUTPUT O——w——L0 211V = Vinm
- - C20-19
(c) Military (d) Military G20-20
3.0V s 80%
10%
GND 10%
=6ns I"" =5ns
caen-24
(e
Switching Waveforms
INPUTS 10,
REGISTERED
FEEDBACK
s ty tw tw
= —7': \_
1o
OE
trxz
= {co tezx
REGISTERED
B0TPUTS o
1
trD “ {eR ﬂ—il tEa
COMBINATORIAL
QUTPUTS

Erasure Characteristics

Wavelengths of light less than 4000 Angstroms begin to erase the
PALC device. In addition, high ambient light levels can create
hole-electron pairs that may cause “blank” check failures or
“verify errors” when programming windowed parts. This phe-
nomenecn can be avoided by using an opaque label over the win-
dow during programming in high ambient light environments.

cao-22

The recommended dose for erasure is ultraviolet light with a
wavelength of 2537 Anpstroms for a minimum dose {UV intensity
multiplicd by exposure time) of 25 Wsec/emZ, For an witraviolet
lamp with a 12 mW/cm? power rating, the exposure would be ap-
proximately 35 minutes. The PALC device needs to be placed
within 1 inch of the lamp during erasure. Permanent damage may
result if the device is exposed to high-intensity UV light for an ex-
tended period of time. 7258 Wsec/cm? is the recommended maxi-
mum dosage.

2-20
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Logic Diagram PALC16L8
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Logic Diagram PALC16R4
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1 7 8 i1 12 15 16 18 20 23 24 2r 28 3

o
(]

19

o

8

]
R
LIALELLL)
(2]

Yo

ki

-
L=

I
T
[

Rvid| v
'3

PRODUCT TERMS (0 — 63)
g
I
Y
o

. 8
Q
o
;;;_J

w
=

1
Zrl
[

)
O
B

IS
@«

3

B

UL

) fL

2

&0 n
* 0 & =] (L I I

4.

TLL
ERE

i
8

0 3 4 ¥ o8 11 12 15 16 18 20 23 24 27 28 3l
c20-24

2-22

B 253%96L2 0012923 O4) I




%YPRESS PALC20 Series

Logic Diagram PALC16Ré6

INPUTS [0 — 31)
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Logic Diagram PALC16R8
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Typical DC and AC Characteristics
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PALC20 Series

Typical DC and AC Characteristics (continued)
DELTA CLOCK-TQ-OUTPUT TIME QUTPUT SINK CURRENT OUTPUT SOURCE CURRENT
¥s. OUTPUT LOADING vs, OUTPUT VOLTAGE — vs. YOLTAGE
200 Z 200 Z 140
E 175 E 120 N\
- 150 i \
- 15.0 o i /f € 100 -
z 7 < 125 5 N
= / O g0
g Q 100 wl
= 100 w 4 5]
< Z / £ 60
e B 75 3
g 5 / w40 ~
F, —
5.0 % 50 / Voo = 5;0\; E NG
3 2 Ta = 25°C E 20
0.0 0 l 3 o
0 200 400 BOO 800 1000 0.0 1.0 2.0 30 4.0 0.0 1.0 2.0 3.0 4.0
GAPACITANCE (pF} OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V)
Ordering Information
tpp ts tco | Icc Package Operating
{ns) | (ns} | ¢ns) ] (mA) Ordering Code Name Package Type Range
20 — — 70 PALCI16L8-20DMB D6 20-Lead (300-Mil) CerDIP Military

PALC16L8-20LMB La1l 20-Pin Square Leadless Chip Carrier
PALCISLE-20QMB | Q61 20-Pin WindowedSquare LeadlessChipCarrier
PALCI6L—20WMB | W6 20-Lead (300-Mil) Windowed CerDIP

25 — | — | 45 | PALCI6LSL-25PC | 3 20-Lead (300-Mil) Molded DIP Commercial
PALCI6LEL-23VC V5 20-Lead (300-Mil) Molded 5G]
PALC16L3L-25WC ) 20-Lead (300-Mit) Windowed CerDIP
70 | PALC1618-25PC/PL F5 20-Lead (300-Mil) Molded DIF

PALC16L8—-25VC V3 20-Lead (300-Mil) Molded SOJ
PALCI16L8-25WC Wi 20)-Lead (300-Mil) Windowed CerDIP
30 — — 70 PALC16L&-30DMB D6 20-Lead (300-Mil}y CerDIP Military

PAI.C161.8-30LMB L6l 20-Pin Square Leadless Chip Carrier
PALCI6LE-300MEB | Q061 20-Pin WindowedSquare LeadlessChipCarrier
PALCISL8-30WMB | Wé 20-Lead (300-Mil) Windowed CerDIP

35 — | — 45 | PALCI6LSL~33PC P35 20-Lead (300-Mil) Molded DIP Commercial
PALC16LSL—35VC V5 20-Lead (300-Mil) Molded 507]
PALCI6LEL—-35WC W6 20-Lead (300-Mil} Windowed CerDIP
70 | PALC16L8-35PC/PI PS5 20-Lead {300-Mit) Molded DIP

PALC1613-35VC V5 20-Lead (300-Mil) Molded SOJ
PALC16L8—-35WC Wb 20-Lead (300-Mil) Windowed CerDIP
40 — —_ 70 1 PALC16L8—-40DMB L6 20-Lead (300-Mil) CerDIP Military

PALC16L8—40LMB La1 20-Pin Square Leadless Chip Carrier
PALCI6LE—40QMB | Q61 20-Pin WindowedSquare LeadlessChipCarrier
PALCI16LE—40WMB | W6 20-Lead (300-Mil) Windowed CerDIP

2-26
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; | CYPRESS PALC20 Series

Ordering Information (continued)

trn tg teo | Lee Package Package Operating
(ms) | (ms} | (ns) [(mA) Ordering Code Name Type Range
20 20 15 70 | PALC16R4—20DMB D6 20-Lead (300-Mil) CerDIF Military
PALC16R4-201L.MB L4l 20-Pin Squarc eadless Chip Carrier
PALCI6R4-20QMEB 061 20-Pin Windowed Square Leadless ChipCarricr
PALCI16R4-20WMB W6 20-Lead (300-Mil) Windowed CerDIP
25 20 15 45 | PALCIAR4L-25PC P35 20-T.ead {300-Mil) Molded DIP Commercial
PALCI6RAL.-25VC V5 20-Lead (300-Mil) Molded SO
PALCI6R4L—-25WC W6 20-ead (300-Mil) Windowed CerDIP
70 | PALC16R4-25PC/PI P5 20-Lead (300-Mil) Molded DIP
PALCI6R4-25VC V3 20-Lead (300-Mil) Molded SOJ
PALC16R4-25WC We 20-Lead (300-Mil) Windowed CerDIP
30 25 20 70 | PALCI6R4-30DMB D6 20-Lead (300-Mil} CerDIP Military
PALCi6R4-30LMB L6l 20-Pin Square Leadless Chip Carrier
PALCI6R4-300MDB 61 20-PinWindowed Square LeadlessChipCarrier
PALCIHRA-3I0WMB W6 20-Lead (300-Mil) Windowed CerDIP
33 30 25 45 | PALCISR4AL-33PC P5 20-Lead (300-Mil) Molded DIP Commercial
PALC16R4L~-35VC Vs 20-Lead (300-Mil) Molded SOJ
PALC16R4L—35W( W6 20-Lead (300-Mil} Windowed CerDIP
70 | PALC16R4—-35PC/PI PS5 20-Lead (300-Mil) Molded DIP
PALC16R4-35VC V5 20-Lead (300-Mil) Molded S0}
PALCI6R4-35WC Wwo 20-Lead (300-Mil) Windowed CerDIP
40 35 25 70 PALCIOR4—-40DMR D6 20-Lead (300-Mil) CerDIP Military
PALC16R4—40LMB Loi 20)-Pin Square Leadless Chip Carrier
PALCL6R4-40QMB 061 20-PinWindowed Square LeadlessChipCarrier
PALC16R4—40WMB W 20-Lead (300-Mil) Windowed CerDIP

[ %
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?ﬁYFEESS PALC20 Series

Ordering Information {continued)

tep ts tco | Icc Package Package Operating
(ns) | (ms) | (ns) | (mA) Ordering Code Name Type Range
20 20 15 70 | PALCISR6—20DMB Do 20-Lead {300-Mil) CerDIP Military

PALC16R6—-20LMB Lol 20-Pin Square 1 .cadless Chip Carrier
PALC16R6-200MB Qel 20-Pin Windowed SquareLeadless ChipCarricr
FALC16R6—-20WMB W6 20-Lead {300-Mil) Windowed CerDIP

25 20 15 45 | PALC16R6L-25PC P5 20-Lead (300-Mil) Molded DIP Commercial
PALCIOREL-25VC A\ 20-1.ead (300-Mil) Malded SOJ
PALCI6REL—25WC W6 20-Lead (300-Mil) Windowed CerDIP
70 | PALCI6R6—-25PC/FI PS5 20-Lead (300-Mil) Molded DIP

PALC16R6—-25VC V5 20-Lead (300-Mil) Molded 5Q)
PALC16R6 -25WC Wo 20-Lead (300-Mil) Windowed CerDIP
30 25 20 70 | PALCI6R6-30DMB D6 20)-Lead (300-Mil) CerDIP Military

PALC16R6—-30LMB 161 20-Pin Square Leudless Chip Carrier
PALLC16RA6—300MB Qol 20-PinWindowed Squarc LeadlessChipCarrier
PALC16R6—30WMB W6 20-Lead (300-Mil) Windowed CerDIP

35 30 25 45 | PALCl6R6L-35PC P3 20-Lead (300-Mil} Molded DIP Commeteial
PALCIAR6L—35VC Vs 20-Lead (300-Mil) Molded SOJ
PALCI16R6L—35WC wa 20-Lead (300-Mil) Windowed CerDIP
70 | PALCl6R6-35PC/P] P35 20-Lead (300-Mii) Molded DIP

PALCI6RG—35VC V5 20-Lead (300-Mil) Molded 50J
PALCI16R6-35WC W6 20-Lead (300-Mil) Windowed CerDIP
40 35 25 il PATLC16R6—-40DMB D6 20-Lead (300-Mil) CerDIP Military

FALC16R6—40LMB Lal 20-Pin Square Leadless Chip Carrier
PALC16R6—400MB Q61 20-PinWindowed SquareLeadless ChipCarrier
PALC16R6—40WMB Weo 20-Lead {300-Mil} Windowed CerDHP
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PALC20 Series
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Ordering Information (continued)

trp tg tca | lec Package Package Operaling
(ns) | {(ns} | (ns) | (mA) Ordering Code Name Type Range
— 20 15 70 | PALCI6R8-20DMR Dé 20-Lead (300-Mil) CerDIP Military
FALC16R8-201.MB 161 20-Pin Square Leadless Chip Carricr
FALC16RE~200MB Q61 20-Pin WindowedSquare Leadless Chip Carrier
PALCloR8-20WMB W6 20-Lead (300-Mil) Windowed CerDIP
— 20 15 45 | PALCI6RSL-25PC Bs 20-Lead (300-Mil} Molded DIP Commercial
PALCI8REL-25WC Wwa 20-Lead (300-Mil} Windowed CerDIP
70 PALC16R8-~25PC/PI Ps 20-Lead (300-Mil) Molded DIP
PALC16RE-25WC W6 20-Lead (300-Mil) Windowed CerDIP
— 25 20 70 | PALC16RE—30DMB D6 20-Lead (300-Mil) CerDIP Military
PALC16RE-30LMB L&l 20-Pin Square Leadless Chip Carrier

PALCI6R8-30QMB 061 20-PinWindowedSquarc Leadless Chip Carrier
PALC16R8—30WMB W6 20-Lead (300-Mil) Windowed CerDIP

— 30 25 45 | PALCI6RSL-35PC Ps 20-Lead (300-Mil) Molded DIP Commercial

PALCI6R8L-35WC wo 20-Lead (300-Mil) Windowed CerDIP
70 | PALCI6R8-35PC/PI PS5 20-Lead (300-Mil) Molded DIP

PALCIGR8-35WC/WC | W6 20-Lead (300-Mil) Windowed CerDIP

— 35 25 70 } PALCI6RE—40DMB D6 20-Lead (300-Mil) CerDIP Military
PALC16R8—40LMB Lol 20-Pin Square Leadiess Chip Carrier
PALC16RE—40QMB Qo1 20-PinWindowedSquare Leadless ChipCarrier
PALC16R8—40WMB W6 20-Lead (300-Mil) Windowed CerDIP

MILITARY SPECIFICATIONS
Group A Subgroup Testing

DC Characteristics Switching Characteristics
Parameter Subgroups Parameter Subgroups
Vo i,2,3 tpn 2,10, 11
VoL 1,2,3 tpzx 9,10, 11
Viyg 1,2, 3 tco 0,10, 11
Vi 1,23 ts 910,11
Ix 1,23 tH 9, 10, 11
Vpp 1,2, 3
Icc 1,2, 3
IUZ 1, 2, 3
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