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L attice GAL22V10 Family
, GAL18V10
Semiconductor SAL22v10
COF pOI’ atIOH High-Performance E2CMOS®
CFeatures —— - 4-/3-27

+ HIGH PERFORMANCE E*CMOS® TECHNOLOGY
— 15 ns Maximum Propagation Delay
— Fmax =50 MHz
— TTL Compatible 8 - 16 mA OQutputs
— UltraMOS? lll Advanced CMOS Technology
— Internal Pull-Up Reslstor on all Plns

« 50% REDUCTION IN POWER
<= 75« 90MA Typ e

« E2 CELL TECHNOLOGY
— Reconflgurable Logle
— Repragrammable Cells
— 100% Tested/Guaranteed 100% Ylolds
— High Speed Electrical Erasure {(<50ms)
— 20 Year Data Retentlon

« OUTPUT LOGIC MACROCELLS
— Maximum Flexibllity for Complex Logle Designs
— Uses the Standard 22V10 OLMC Architecture

+ PRELOAD AND POWER-ON RESET OF ALL REGISTERS
-— 100% Functlonal Testabllity

« APPLICATIONS INCLUDE:
— DMA Control
— State Machine Control
— High Speed Graphics Processing
— Standard Loglc Spead Upgrade

« ELECTRONIC SIGNATURE FOR IDENTIFICATION

The GAL22V10 Fanmily of devices are high-speed, E2CMOS®

PLDs built using the familiar 22V10 architecture. Three devices

are offered in the GAL22V10 Family, They are the GAL18V10 (20- |

pin), GAL22V10 (24-pin), and the GAL26CV12 (28-pin). Each .
of these devices uses the industry standard 22V10 universal
architecture which provides maximum design flexibility by allow-

ng the Qutput Logic Macrocell (OLMC) to be configured by the

user. The devices differ In the number of /Os, Pins, and Prod-

uct Terms offered.

The GAL22V10 is a 24-pin device which contains twelve (12)
dadicated input pins and ten (10) input/output pins. The device
has a variable number of praduct terms per OLMG, ranging from
eight (8) to sixteen (16) per output,

The GAL18V10 Is a 20-pin version of the papular 22V10 device.
The GAL18V10 provides design engineers with a smaller foot-
print and lowaer cost afternative to the 24-pin 22V10 device. The
GAL18V10 contains eight (8) dedicated input pins and ten (10)

input/output pins.

The GAL26CV12 s a 28-pin version of the 22V10 device. The
GAL26CV12 features more inputs and outputs in order to provide
greater functionality and increased VO. The GAL26CV12 con-
tains fourteen (14) dedicated input pins and twelve (12) input/out-

put pins.

Electrically reprogrammabla CMOS technology allows complete
AC, DG, and functional testing of every GAL device. Therefare,
LATTICE guarantees 100% fleld programmability and function-
ality of all GAL products. LATTICE also guarantees 100 erase/
rewrite cycles and that data retention exceeds 20 years.

BLOCK DIAGRAM: GAL18V10, 22V10, and 26CV12 :

GAL22V10

GAL26CV12

GAL18V10 and
GAL22Vi0

GAL26CV12
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GAL18V10 BLOCK DIAGRAM ) ' GAL22V10 BLOCK DIAGRAM

GAL18V10 PIN DIAGRAMS ] ' GAL22V10 PIN DIAGRAMS
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GAL26CV12 BLOCK DIAGRAM ' PRODUCT SELECTOR GUIDE
- COMMERCIAL TEMP.,
velk GAL18Vi0 | GAL22V10 | GAL26CV12
PUT Pins 20 24 28
NPUT Tpd (Max.) 7 15ns 15ns 15ns E
WPUT fec (Typ.) 75mA 90mA 90mA
Dedicated 8 T2 14
WPUT Inputs 7
Ll Inputs/ 10 10 12
Outputs
WPUT .
Product Terms 8-12 8-16 8-10
WPUT per macrocell
wouT Technology | ECMOS | E?CMOS | E?CMOS

WPUT

MNPUT

WNPUT

MPUT

WPUT

GAL26CV12 PIN DIAGRAMS SPEED/GRADE SELECTOR GUIDE '
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Chip Catrier Skinny Dip | Pw— F —
— , mmerclal | Industrial ary
3 § § vctkﬁ t il GAL18V10 15, 20ns 15, 20ns 15, 20ns
—_—— =3 - 1 ] voa
1 [l vova GAL22V10 | 15,20, 25ns | 15,20, 25ns | 15,20, 30ns
i ] vora U [1voa
t ) vora i  vova GAL26CV12 15,20ns 15, 20ns
veo | GAL26CVA2 flroa g GAL .o —
0 TopView  iod v 26CV120i100 Ve
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1 vora 1 [ vova
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GAL18V10 LOGIC DIAGRAM
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GAL26CV12 LOGIC DIAGRAM
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ABSOLUTE MAXIMUM RATINGS"

Supply voltage Vg ~5to0 +7V
Input voltage applied........ccecriiees e -2.510 Vg +1.0V
Off-state output voltage applied .......—2.5t0 Vs +1.0V
Storage Temperature ........ reeiaeans e —B5 10 125°C
1. Stresses above those listed under the "Absolute Maximum

Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation.of tha davice
atthese or at any other conditions above those indicated in the
opsrational sections of this specification is not implied (while
programming, follow the pragramming specitications).

SWITCHING TEST CONDITIONS ,

Input Pulse Levels 'GND to 3.0V
Input Rise and Fall Times 3ns 10% —90%

Input Timing Reference Levels 1.5V

Output Timing Reference Levels 15V - v

Output Load See Figure

Tri-state levels ara measured 0.5V from steady-state active Rt
level.

COMMERCIAL|INDUSTRIAL| MILITARY FROM OUTPUT (010) f TEST POINT
R, [ R | R [R | R |R, L

GAL18vi0 | 3000 | 390@ | 3000 | 3s0q | 3s0a | 7500

GAL22vV10 | 3002 | 3900 [ 3000 | 3900 | 390a | 7500

GAL260V12 | 470 | 3900 | 4700 | 3900 | 4700 | 3900

S,

AC Test Conditions: L

Cond. 1) R, per table; C_= 50pF; R, per above table ¢ INCLUDES JIG AND PROBE TOTAL CAPACITANGE
Cond. 2) Active High R, = o} Active Low R, per table;

C_=50pF; R, per above table
Cond. 3) Active High R, = <o; Active Low R, per table;
C_ = 5pF; R, per above table

CAPACITANCE. (T, = 25°C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* |  UNITS TEST CONDITIONS
C, Input Capacitance 8 pF Vee =50V, V, =20V
Cion 1/O/Q Capacitance 10 pF Vo = 5.0V, Vjqq =2.0V

*Guarantead but not 100% tested.
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ELECTRICAL CHARACTERISTICS | 18V10, 22V10, 26CV12-15L Commercial
Over Recommended Operating Conditions (Unless Otherwise Spacified)

SYMBOL PARAMETER CONDITION MIN. [TYP. | MAX.| UNITS
VoL Output Low Voltage ot = Max. — | — |05 | Vv
VoH Output High Voltage foH = Max, . 24 | — | — | v
lIiL, lvo/aL! | Leakage Current Low ViL= OV GAL26CV12& 18V10) — B il il

, GAL22v10 — | — |-150 | pA
lIH, WOXQH | Leakage Current High Vi 23.5V N — | — |10 |pA
los? Output Short Clrcult Currant Vec=5V Vour=05V T=25°C -50 | — [-135 | mA

, ViL=0.5V Vin=3.0V |GAL18V10 — |78 | 115 | mA
icc Operating Power Supply Current
foggle = 15MHzZ GAL22V10& 26CV12| — | 90 | 130 | mA

1) The leakage current is due to the internal pull-up resistor on all pins. See Input Buffer section for mors information,
2) One autput at a time for a maximum duration of one second. Vour = 0.5V was selected to avold test problems caused by
tester ground degradation. Guaranteed but not 100% tested.

DC RECOMMENDED OPERATING CONDITIONS 18V10, 22V10, 26CV12-15L Commercial

SYMBOL PARAMETER MIN. MAX. {UNITS
LY Ambient Teﬁperature 0 75 °C
Vce Supply Voftage - 475 | 525 | v
ViL Vln'put Low Vqltage' ' ' Vss-05| 08 v
VIH Input High Valtage 20 Voot | V
loL Low Level Output Current GAL18VIO 522vi0 B mA

GAL26CV12 — 8 mA
loH High Level Output Current 7 | = -32 | mA
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18V10, 22V10, 26CV12-15L Commercial
__Over Recommended Operating Conditions

PARAMETER| # | FROM TO DESCRIPTION c.l(-)E:DT 4] MIN. | MAX. | UNITS
tpd 1 I, o o} Inbut or Feedback to Combinational Output 14 - 15 ns
' 7 _ GAL22V10 1 | — | 8 | s
to [2] Okt | @ | ClocktoRegisterOutput = ——r K — ” —~
ton 3 1,10 7 0,Q Qutput Enable, Z-0,Q ' 2 — 15 ns
{dis 4| Lo | 0, | OutputDisable, 0,Q~Z 3 — 15 | ns
fres 1s | Lo Q Asynchronous Register Reset 1 — 20 ns

1) Refer to Switching Test Conditlons section,

AC RECOMMENDED OPERATING CONDITIONS

18V10, 22V10, 26CV12-15L Commercial

PARAMETER| # DESCRIPTION oEST | M. | max. | uniTs
Clock Frequency without Feedback! = 1/ (£, + 4,) |1 = 0 | 625 | MHz
ok T Giock Fraquency Wi Feedbsekt = 170, +1,) - 50 | MHz
- GAL22V10 “ e = e
tsu 8 | Setup Time, Input, Feedback, or SP before Clk T GALiavioazeoviz | — T — -
tn 9 {Hold Time, Input or Feadback, after Clk T 7 - - ns
twh |10 |Clock Pulse Duration, High? - — | ns
twi 11 | Clock Pulse Duration, Low? — 8 — ns
' ' ' GAL22V10 — | 5 | — | ns
tw 12 | Asynchranous Resat Pulse Duration - -
GAL18V10 & 26CV12 — 10 —_— ns
trec 13 | Asynchronous Reset to Cik T Recovery Time — 15 — ns

1) felk is for referance only and is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications.
2) Clock pulses of widths less than the specification may be detected as valid clock signals.

SWITCHING WAVEFORMS , :
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ELECTRICAL CHARACTERISTICS 18V10, 22V10, 26CV12-20L Commercial
Over Recommended Operating Conditlons (Unless Otherwliss Specified)

SYMBOL PARAMETER CONDITION MIN. [TYP. | MAX.]| UNITS
VoL Output Low Voltage oL = Max. ' T = = TJes [v
VoH Output High Voltage _ foH = Max, 24 | — | — | v
lIL, lvorqL | Leakage Gurrent Low Vi = OV GALZFCVQ &18VI0| — | — |-100 | pA

7 7 5 GAL22V10 — | — |-150 | pA
IIH, IvOQH | Leakage Current High VK235V — | = |10 |pA
los? Output Short Circuit Current Vec=5V Vour=05V T=25°C - |-50 | — |-135 | mA

Vi= 0.5V Vi =3.0V [GAL18V10 — |78 115 | mA
lcc Operating Power Supply Current - : -
fioggie = 15MHz GAL22V10& 26CV12f — [ 90 | 130 | mA

1) The leakage current Is due to the internal pull-up resistor on all pins. See Inptit Buffer section for more information,
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avold test problems caused by
tester ground degradation, Guaranteed but not 100% tested,

DC RECOMMENDED OPERATING CONDITIONS

18V10, 22V10, 26CV12-20L Commercial

SYMBOL PARAMETER MIN. MAX. | UNITS

TA Amblent Temperatura o | 75 oG
‘Vee Supply Voltage 7 7 7 475 | 525 v
ViL input Low Voltage 7 7 ' Vss—05| 0.8 v
VIH | Input High Voltage | 20 |Veer! | V

loL Low Leval Qutput Current GAL18VIO — 18 mA

GAL22V1 0 & 26CVi2 -— 8 mA

loH High Level Output Gurrent - -3.2 mA

SWITCHING WAVEFORMS | ' '
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SWITCHING CHARACTERISTICS 18V10, 22V10, 26CV12-20L Commercial
Over Recommended Operating Conditions

LATTICE SEMICONDUCTOR 25E D

PARAMETER| # | FROM TO DESCRIPTION cToE:g. 1| MIN, | MAX. | UNITS

tod 1§ LW (o} input or Feedback to Combinational Output 1 — 20 ns .
, ' GAL22V10 1 — | 10 | ns n

o 12| Ck?T } Q | ClockioRegister Output |~ o eoviz | 1 T2 | ns

ten 3| Lo o,Q Qutput Enable, Z-»0,Q ' ' 2 - 20 s

tds |4 | LW0O | 0,Q | OuputDisable, 0,Q Z 3 | — |2 | ns

GAL22V10 1 —_— ' 25 ns

tres 5 |, 1o Q Asynch, Register Reset 2
" | cAL1avioa 26cvi2 | 1 — | 20 | ns

1) Refer to Switching Test Conditlons section,

AC RECOMMENDED OPERATING CONDITIONS 18V10, 22V10, 26CV12-20L Commercial

PARAMETER| # DESCRIPTION conp.| MIN. | max. | uniTs
i ' GAL22V10 — | o | s00 | MHz
6 | Clk Frequency without Feedback' = 1/(t,, +1,) . -
fclk . GAL18V10 & 26CV12 —_ 0 625 | MHz
, GAL22V10 — 0o | 400 | MHz
7 |Clk Frequency with Feedback! = 1/(t,,+t )
GAL18V10 & 26CV12 —_ 0 416 | MHz
GAL22V10 - 15 | — | ns
tsu 8 |Setup Time, Input, Feadback, or SP before Clk T : '
GAL18V1i0 & 26CV12 — 12 _— ns
th 9 |Hald Time, Input or Feedback, after Clk 1 | - 0 — | ns
GAL22Vio - 10 - ns
twh 10 | Clock Pulse Duratlon, High?
GAL18V10 & 26CV12 —_ 8 —— ns
) GAL22V10 — 10 - ns
twi 11 | Clock Pulse Duration, Low? -
GAL18V10 & 26CV12 — 8 —_ ns
. GAL22Vi0 — 20 - ns
tw 12 | Asynchronous Reset Pulsa Duration -
GAL18V10 & 26CV12 - 15 _ ns
, GAL22V10 - 20 — ns
frec 13 | Asynchronous Resst to Clk T Recovery Time —
GAL18V10 & 26CV12 —_ 15 —_ ns

1) fck is for reference only and Is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications,
2) Clock pulses of widths lass than the specification may be detected as valid clock sigrials.
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ELECTRICAL CHARACTERISTICS

GAL22V10-25L Commercial

Over Recommended Operating Conditions (Unless Otherwlse Specitied)

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
VoL Output Low Voltage lo = Max, —| —[ os| v
VoH Output High Voltage foH = Max. 24| —| —| v
liL, oraL! | Leakage Current Law ViL =0V — | — l-150 | pa
IH, IOQH | Leakage Current High VH23.5V — = 110 pA
los? | Qutput Shont Circuit Current Voo w5V Vour=05V Ta=25°C -50 | — |-135 | mA

) lcc Qperating Power Supply Cutrent | Vi = 0.5V Vi = 3.0V fioggle = 15MHz 7 — 90 | 1380 [ mA

1) The leakage current Is due o the internal pull-up resistor on all pins. See Input Buffer section for more information. -

2) One output at a time for a maximumi duration of one second, Vour = 0.6V was selacted to avoid test problems caused by
taster ground degradation. Guaranteed but ot 100% tested.

DC RECOMMENDED OPERATING CONDITIONS

GAL22V10-25L Commercial

SYMBOL PARAMETER MIN. MAX. [UNITS
TA Ambient fempera\ure 7 0 75 °C
Vce Supply Voltage ' 475 | 528 v
ViL Input Low Voltage Vss—-05| 0.8 v

- VH Inpuf High Voltage 20 {Veest | Vv

loL Low Level Qutf:ut Current - 16 mA
loH High Level Output Current — 3.2 mA
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SWITCHING CHARACTERISTICS GAL22V10-25L Commiercial
Over Recommended Operating Conditions
PARAMETER| # | FROM | TO DESCRIPTION oot | M. | Max. | units
tod 1| LWO | o Input or Feedback to Combinational Output 1 — 25 ns ﬂ
to |2| okt | @ | ClocktoRegister Output 1 — | 15 | ns '
ten |3| LW | 0, | OutputEnable, 2+0,Q 2 — | 25 | ns
te |4 | L0 | 0,0 | ouputDisable, 0,0 2 3 | — | 25 | ns
tras 5 |, o Q Asynchranous Reglster Reset 1 — 25 ns
1) Rafer to Switching Test Condltions section. '
AC RECOMMENDED OPERATING CONDITIONS GAL22V10-25L Commercial
PARAMETER| # DESCRIPTION oEoT | . | max. | uniTs
fok 6 |Clock Frequency without Feedback‘ =1/ + 4D - 0 333 | MHz
7 |Clock Frequency with Feedback' = 1/(t, + 1) — 0 333 | MHz
tsu 8 |Setup Time, Input, Feedback, or SP before Ck T —_ 15, 1 — ns
th 9 |Hold Time, Input or Feedback, after Clk + — o — ns
twh |10 |Clock Pulse Duration, High? - 15 | — | ns
twl |11 |Glock Pulse Duration, Low? o " — | 58 | — | ns
tﬁ 12 | Asynchronous Reset Pulse Dﬁration ' — 25 —_ ns
trec 13 Asynchrondus Reset to Clk T Recovery Time — 25 - ns

1) fok Is for relerence only and is not 100% tesied. Vanious paths and architecture configurations will result in differing fcik specifications,
2) Clock pulses of widths less than the specification may be detected as valid clock signals. )

SWITCHING WAVEFORMS ' ' - '

INPUTS _
rekiAck VAo weuT i SR K
SYNCHRONOUS PRESET _
0 1{—n
| N A
a5 )
R (-
13
ASYNCHRONOUS
RESET ] Vs
12
ANY INPUT _
rofigimises SIS KKK KKK KKK
s | ~ ) 3 )
cousuATONAL -
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ELECTRICAL CHARACTERISTICS 18V10, 22V10, 26CV12-15L Industrial
Over Recommended Operating Conditlons (Unless Otherwise Specitiad)

3%
G
SYMBOL PARAMETER CONDITION TYP. | MAX.| UNITS
VoL Output Low Véhage 7 foL = Max. 05 | V
VoH Output High Voltage , loH = Max. — |V
L, IoraLt | Leakage Current Low Vi = OV —100 | pA
, 150 | pA
IH, ItOKQH | Leakage Current High V2 3.5V 10 | pA
los? Output Short Circuit Current Vec =5V Voy — |-135 | mA
Icc Operating Power Supply Current = |78 125 |mA
rating Power Sy, urren g = =
9 Pey rogqh 5 .35 26CV12| — 90 | 150 | mA

1) The leakage current Is due to the intemél pull-up re
2) One output at a time for a maximum duration of
tester ground degradation. Guaranteed but not 1

Buffer section for more information.
elected to avoid test prablems caused by

GAL18V10 & 22V10
_ | GAL26CV12 - 8 mA
High LoV Output Current —_ 3.2 mA

loH
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SWITCHING CHARACTERISTICS 18V10, 22V10, 26CV12-15L Industrial
Ovar Recommended Operating Conditions

PARAMETER| # | FROM TO DESCRIPTION MAX. ‘| UNITS
tod 1 I, 1o o Inputor Feedback to Combinational Output ns E
GAL22Vio : ns
to 2| ckt | @ Clock to Register Output
ns
ten 3 i, 10 0.Q Qutput Enable, Z-+0,Q 15 ns
tdis 4 |, O 0,Q | QuiputDisable, 0,Q—+ Z —_ 15 ns
tres 5| LK Q Asynchronous Register - 20 ns

1) Refer to Switching Test Conditlons section. 4

PARAMETER| # ooND.| MIN. | MAX, | UNITS

—_ 0 625 | MHz

fex 7 - -0 50 MHz
GAL22V10 2 | = | ns
fou GAL18Vi0&26CVI2 | — | 10 | — | ns
th - 0 —_ ns
twh — 8 — | ns
) twi - 8 — | ns
GAL22V10 — 15 — ns

trw 356t Pulse Duration

o GAL18V10 & 26CV12 - 10 - ns
trec 13 Asymhrogaus Resetto Ck T Recovery Time 7 - 15 —_ ns

1) fek is for reference only and is not 100% tosted. Various paths and architecture configurations will result in differing fcik specifications.
2) Clock pulses of widths less than the specification may be detected as valid clock signals.

SWITCHING WAVEFORMS C e _ :

-——1@ 4
COMBMHATIONAL - 3
OUTPUTE :
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1810, 22V10, 26CV12-20L Industrial

ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwlse Specified)

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX.| UNITS
VoL Output Low Voltage lot. = Max. — | = |os [V
VOH Output High Voltage foH = Max, , |24 | — | — |V
IiL, O/QL! | Leakage Gurrent Low VL= OV GAL26CVI2& 18VI0) — | — |=100 | kA

GAL22V10 — | — |-150 | pA
IH, lVO/QH | Leakage Current High Vu23.5V — | = | 10 juA
los? Qutput Short Circuit Current Vec=5V Vour=05V T=25°C -50 | — |~135 | mA
) Vi = 0.5V Vii=3.0V |GAL18V10 — 75 | 125 | mA

lcc Operatinig Power Supply Current - -
fioggle = 15MHZ GAL22V10& 26CV12( — | 90 [ 150 | mA

1) The leakage current is due to the internal pull-up resistor on all pins. See Input Buffer section for more information.
2) One output at a time for a maximum duration of ane second. Vout = 0.5V was selected fo avoid test problems caused by
tester ground degradation. Guaranteed but not 100% tested.

DC RECOMMENDED OPERATING CONDITIONS

18V10, 22V10, 26CV12-20L Industrial

SYMBOL PARAMETER MIN. MAX. [UNITS
TA Amblent Temperatdre -40 85 °C
Vce Supply Voltage 45 | 55 | V.
Vi Input Low Vohtage Vss—05| 08 | V
ViH Input High Voltage 20 |Veerl | V
loL Low Level Output Current GAU §V10 & 22V10 1 18 mA' -

) GAL26CV1i2 —_ 8 mA
loH High Level Output Current — 32 mA

SWITCHING WAVEFORMS ' _ ) ) )

INPUTS -
157076 €550 OOl 0O LD §:62026 -6
8' 9 10 § |
] 2+ [T —
RE(

s e % VER S &
Asvie -7 33
REREY - /__12

ANY RPUT
roniismEr X
1—1@
COMMNATIONAL
OUTPUTS
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STICS 18V10, 22V10, 26CV12-20L Industrial
Over Recommended Operating Condltions

SWITCHING CHARACTERI

TEST

PARAMETER| # | FROM | TO DESCRIPTION conD.| MIN. | MAX. | UNITS
tpd 1] Lo o Input or Feedback to Combinational Output R — 20 | ns
GAL22V10 1 — | 10 | ns
fto |2 | ckt | @ | ClocktoRegister Output - -

: 7 GAL18Vi0&26CVi2 | 1 | — | 12 | 0s
ten |8 | LW | 0,Q [ OuiputEnable, 2-0,Q 2 — | 2 | ns
tas |4 | LW | 0,Q | OutputDisable, O,Q~ Z 83 | — | 20 | ns
tres 5| L0 Q Asynch. Register Reset 1 - 25 ns

1) Refer to Switching Test Conditions section.

AC RECOMMENDED OPERATING CONDITIONS 18V10, 22V10, 26CV12-20L Industrial

PARAMETER| # DESCRIPTION oosT | N, | maAx. | uniTs
T GAL22V10 — 0 | 500 | MHz
6 |Clk Frequency without Feedback™=1/(t . +1,) - -
fclk GAL18V10 & 26CV12 —_— 7 0 625 MHz
_ GAL22V10 — o | 400 | MHz
7 |Clk Frequency with Feedback' = 1/(t, +1..) . . .
GAL18V10 & ZGCV? 2 — 0 41.6 MHz
GAL22V10 — 15 — ns
tsu 8 |Setup Time, Input, Feedback, or SP before Clk T -
GAL18V10 & 26CVi2 — 12 - ns
th 9 |Hold Time, Input or Feadback, after Clk t — 0 — ns
GAL22V10 —_ 10 — ns
twh |10 [Clock Pulse Duration, High? : '
GAL18V10 & 26CV12 —_ 8 — ns
GAL22V10 — 10 | — ns
tw 11 | Clock Pulse Duration, Low? -
GAL18V10 & 26CV12 — 8 —_ ns
GAL22V10 - 20 — | ns
trw 12 | Asynchronous Reset Pulse Duration - .
GAL18V10 & 26CVi2 — - 15 — ns
t 8 | ssvnch kT R . GAL22V10 — 20 | — ns
rec 3 | As ronous Reset t me
yachronols Hesetlo scovery GAL18V10&260Vi2 | — | 15 | — | ns

1) {elk Is for reference only and is not 100% tested. Various paltis and architacture configurations will result in differing felk specifications.
2) Clock pulses of widths less than the specification may be detected as valid clock signals.
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ELECTRICAL CHABACTERISTICS

18V10, 22V10, 26CV12-15L wiilitary ~

Over Racommended Operating Conditions {(Unless Otherwlise Specifiad)

1) The leakage current is due to the internal pull-u,
2) One output at a time for a maximum duration

tester ground degradation. Guaranteed but

SRR

SYMBOL PARAMETER CONDITION TYP. | MAX.| UNITS
VoL Output Low Voltage o = Max. 05 | V
VOH Output High Voltage fox = Max. - | v
IiL, IO/QL | -Leakage Gurrent Low Vie= OV 100 | wA
. ) -150 | pA
IH, IVO/QH | Leakage Current High ViH2 3.5V t — | 10 | pA
los? Output Short Circuit Current Voo =5V ) -50 | — |-135 | mA
Ico Operating Pawer Supply Gurrent — |75 | 1357 mA
arating rower oy urren
S aad f 26CV12| — | 9 | 150 | mA

Uffer section for more information.
“salected to avoid test problems caused by

lNGCON DITIONS ] 18V10, 22V10, 26CV12-15L Militafy

SYMBOL MIN. MAX. UNITS"
Tec -55 125 °C
Vee 45 55 v
VIL 7 Vss-05| 0.8 \
VIH 20 | Veest v
oL GAL18V10 & 22V10 —_ 12 mA

7 GAL26CVi2 —_ 8 mA
lIoH High Level Output Cutrent ' —_ ~2,0 mA
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SWITCHING CHARACTERISTICS 7 18V10, 22V10, 26CV12-15L mititary
Ovar Recommended Operating Conditions

PARAMETER| # | FROM | TO DESCRIPTION MAX. | UNITS
fd | 1| LUO | O | InputorFeadback to Combinational Output ns
GAL22VI0 g T . ns
teo 2| ckt Q Clock to Reglster Output |~ 1< ;| —
tem |3| LO | 0,0 | OuputEnable, 2-0,Q Y 4K
tas |4 | L0 | 0,0 | OutputDisable, 0,Q Z V-] s
fres 5| Lw Q Asynchronous Register : s 7 — 20 ns

1) Refer to Switching Test Conditlons section,

AC RECOMMENDED OPERATING CONDITIONS

PARAMETER| # ‘%@ - UNITS
e : MHz
foke , MHz
MHz
fsu ns
th 9 ns
twh 10 ns
twi 1 ns
tow 12 ns
trec 13 | Asynchronous &itto Cik Recovery Time - 15 - ns

1) fclk Is for reference only and is not 100% tested. Various paths and architecture configurations will result in differing felk specifications.
2) Clock pulses of widths less than the specification may be detected as valid clack signals,

SWITCHING WAVEFORMS 7 C - .
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ELECTRICAL CHARACTERISTICS

Over Racommended Operating Condltions (Unless Otherwlise Specified)

18V10, 22V10, 26CV12-20L Military

SYMBOL PARAMETER CONDITION MIN. |TYP. | MAX.| UNITS
VoL Output Low Voltage fou = Max. — | = los | v
VoH Output High Voltage loH = Max. 24 | — | — |V
IIL, Ivo/aL! | Leakage Gurrent Low ViL=0OV GAL26CV12& 18VI0| — | — |-100 | kA

GAL22V10 —~ | = [-150 | pA
IIH, IVO/QH | Leakage Current High Vin2 3.5V 7 — | — |10 |pA
los? Output Short Circuit Gurrent Veo=5Y Vour=05V T=25°C -50 | — |-135 | mA
o ViL=0.5V Vir=3.0V |GAL18V10 — |75 |135.| maA

lcc Operating Power Supply Current .
fiopgia = 15MHz GAL22Vi0& 26CVi2}) — | 90 | 150 | mA

1) The leakage current is due to the intemalrpull-up resistor on all pins. See Input Butfer section far more information.
2) One output at a timae for a maximum duration of one second. Vour = 0.5V was selected to avoid test problems caused by
tester ground degradation, Guaranteed but not 100% tested,

DC RCOMMENED OPERATING CONDITIONS

"18V10, 22V10, 26CV12-20L Military

SYMBOL PARAMETER MIN. | MAX. |{UNITS
Te Case Temperature 55 125 °C
Vee Supply Voltage 45 5.5 v
ViL lnpuf Low Voltage Ves—05| 0.8 v
VIH Input High Voftage 20 |Veert | V.
loL Low Leval Output Current GALt §V1° & 22vio — 12 mA

GAL26CV12 — 8 mA
loH High Level Output Current — -2,0 mA
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SITHING CHARACTERISTICS 18V1 0, 22V10, 26CV12-20L military
Over Recommended Operating Conditlons

PARAMETER| # | FROM | TO DESCRIPTION CTOE:; J MIN. | MAX. |uNITS
tpd 1 I, ¥o o] Input or Faedback to Comblnaﬁohal Output i - 20 ns
1 _ GAL22V10 1 — | 151 ns
toor 2 Ck 1T Q Clock to Register Output GAL18V10 6. 260V12 ] — pp =
tn |3 WO | 0,0 | OutputEnable, Z-0,Q 2 | — | 20 | ns
tss |4 | L0 | 0, | OutputDisable, 0,0 Z 3 — | 20 | ns
tres 5| Lo Q Asynch. Register Resat 1 - 25 ns

1) Rafer to Switching Test Canditlons section.

18V10, 22V10, 26CV12-20L Militay

PARAMETER| # DESCRIPTION ggﬁ; MIN. | MAX. | uNiTS

6 | Clock Frequency without Feedback! = 1/ (t,, + t,) — o | 333 | MHz

fek 1 Glook Froquancy wih Feedbacki = 17 g+ 1) — [ o [312| Mz
teu | 8 |Setup Time, Input, Feedback, or SP before Clk T , — 7] = us
th 9 |Hold Time, Input or Feedback, after Ck T - 0 — ns
twh |10 |Clock Pulse Duration, High? ' ' “ 15| = | ns

twl |11 | Clock Pulse Duration, Low? — 1 1% | = | s
tw 12 Asynchronous Reset Pulse Duration — 20 —_— ns
frec |13 |Asynchronous Reset to Clk T Racovery Time - 20 - ns

1) felk is for reference only and Is not 100% tested. Various paths and architecture canfigurations will result in differing felk specifications.
2) Clock pulses of widths less than the specification may be detected as valid clock signals.

SWITCHING WAVEFORMS ' | ]

INPUTS .
VO, REG,
oozt XKD SR iaiveir SIKIKAKKK
10— 3 | [——
oK /__‘_\__//—‘
-—s-;l
REGISTERED -
OQUTAUTS )
13
ASYNCHRONOUS /
RESET l—12
m‘é’ﬂ’ﬁ‘ﬂg VAL VALD
POR OF CONTROL ’ USABLE ENABLE
o 1 @ ] 4;‘ a-ﬂ
COMMNATIONAL - - ) C
QUTPUTS .
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OUTPUT LOGIC MACROCELL ARCHITECTURE : 7

The GAL18V10, 22V10, and 26GV12 each have a variable num-
ber of preduct terms per OLMC.

Of the tan OLMCs available in the GAL18V10, eight OLMCs have
access to eight product terms and two have ten product terms
(refer to GAL18V10 Logic Diagram).

Ot the ten OLMCs available in the GAL22V10, two OLMCs have
accass to eight praduct terms, two have ten product terms, two
have twelve product terms, two have fourteen product terms, and
two OLMCs have sixteen product terms {refar to GAL22V10 Logic
Diagram),

Ofthe twelve OLMCs available in the GAL26CV12, eight OLMCs
have access to eight product terms, two have ten product terms,

and two have twelve praduct terms (refer to GAL26CV12 Logic
Diagram).

Theé output polarity of each OLMC canbe individually prograramed
to be true or inverting, in either combinational or registered mode.
This allows the user to reduce the overall number of productterms
required in a design and/or to invert the output signal,

GAL22V10 Family devices have a product term for AR (Asynchro-
naus Reset) and a product term for SP (Synchronous Preset).
These two product terms are common to all registered OLMCs,

NOTE: Output polarity selection'does NOT affect the behavior of
the OLMC's integral "D flip-flop but does affect the value (Oor 1)
of the output, The AR and SP product tarms will force the flip-flop
into the same state regardless of the polarity of the output,

CLK

GAL18V190, 22V10, and 26CV12 OUTPUT LOGIC MACROCELL (OLMC)

The GAL18V10, 22V10, and 26CV12 have two primary functional
modes which may be selected when compiling soutce equations
{registered and combinational / input), Each of these two primary
modes are described below.

REGISTERED

In registered mode the output pin associated with an individual
OLMC is driven by the "Q"output of that OLMC's "D” flip-flop. Logic
polarity of the output signal at the pin may be selected by speci-
fying that the output buffer drive either true (active high) or invert
(active low), Output tri-state conttol is available and can be indi-
vidually selected as sither “on®, “off", or dynamically “product-term
driven. " The “D" flip-flop’s “/Q” output is fed back into the "AND”
array viathe "AND" array buffer. Both polarities (true and invert)
of the OLMG are fed back into the "AND” array.

NOTE: In registered mode a tri-stated output pin may NOT be
used as an input into the "AND" array.

OUTPUT LOGIC MACROCELL CONFIGURATIONS

COMBINATIONAL / INPUT :
In combinational mode the pin assaciated with an individual OLMC
is driven by the output of the sum term gate, Logic polarity of the
output signal at the pin may be selected by specifying that the
output buffer drive elther true (active high) or invert (active low).
OQutput tri-state control is available and may be individually se-
lacted as elther “on” (dedicated output), “off* (dedicated input),
or “product-term driven™ (dynamic VO). Feed back into the “AND”
array Is from the device pin, via the “AND” array buffer, Both po-
laritles {true and Invart) of the pin are fed back into the “AND" ar-
ray,
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REGISTERED MODE

—&Dﬂ

ACTIVE LOW ACTIVE HIGH

COMBINATIONAL MODE

[\ ™)
O—) O—
: — : —&
Y ™y
L/ 4 L/ !

<t— ) <}—

ACTIVE LOW ACTIVE HIGH
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'ELECTRONIC SIGNATURE OUTPUT REGISTER PRELOAD

An electronic signature (ES) Is provided with every GAL18V1 0, When testing state machine designs, all possible states and state
22V10, and 26CV12 devica, It contains 64 bits of reprogrammable transitions must be verified in the design, not just those required

memory that can contain user defined data. Some uses include in the normal machine aperations. This is because in system
user 1D codes, revision numbers, or inventory confrol, The sig- operation, certain events occur that may throw the loglcinto an
nature data is always available to the user independent of the state ilegal state (power-up, line valtage glitches, brown-outs, etc,). To
of the security cell. test a design for proper treatment of these conditions, a way must

be provided to break the feedback paths, and force any desired
) (i.e,, illegal) state into the registars. Then the machine can be
A security cell is provided with every GAL18V10, 22V10, and sequenced and the outputs tested for correct next state conditions.
26CV12device as a deterrent to unauthorized copying of the array GAL18V10, 22V10, and 26CV12 devices include circuitry that

patterns. Once programmed, this cell prevents further read allows each registered output to be synchronously set either high
access to the AND array. This cell can be erased only during a orlow. Thus, any present state condition canbe forced for test

bulk erase cycle, so the original configuration can never be sequencing. if necessary, approved GAL programmers capable
oxamined once this cellis programmed. The Elsctronic Signa- of exectiting test vectors perform output register preload automati-
ture Is always available to the user, regardless of the state of this cally. -

control call, ,
BULK ERASE MODE INPUT BUFFERS
N GAL22V10 Famlly devices are designed with TTL lavel compat-

Before writing a new patterninto a previously programmed part, !ble input butfers. Thase butfers, with their characteristically high
the old pattern must first be erased. This erasure is done auto- impedance, load driving logic much less than bipotar logic.

matically by the programming hardware as pant of the program- . e
s e The buffers also possess active pull-ups within their input strue-
ming cycle and takes only 50 millisaconds. ture. Unused inputs and VO's will float to a TTL "high" (ogical "),

- Lattice recommends that all unused inputs and tri-stated VO pins
LATCH-UP PROTECTION be connected to an adjacent active input, Veer 0r GND. Doing this

GAL18V10, 22V10, and 26CV12 devices are designed with an will tend to improve noise immunity and reduce I for the device.

on-board charge pump to negatively bias the substrate. The -0
negative bias is of sufficient magnitude to prevent input under- 3
shoots from causing the circuitry to fatch. Additionally, outputs E 17
ara designed with n-channal pullup instead of the traditional p- § // -
channel pullups to eliminate any possibility of SCR Induced latch- ‘i —
ing. = , .
0.0 1.0 20 e 40 S
Input Voitage (V)

POWER-UP RESET

Vec 90%
ov —J

ft-={ pny
\
oK ZXXX VALID GLOCK SIGNAL
H

[e————1t Reser ———w}

INTERNAL REGISTER
Mr'tsgg% N RESETTOLOGICO

FEEDBACK/EXTERNAL /B TERRAL REGISTER—
EXTERNAL REGISTER
e IR

Circuitry within GAL18V10, 22V10, and 26CV12 devices provides the V., rise must be monotonic. Second, the clock input must
a reset signalto all registers during power-up: All internal regis- become a proper TTL lavel within the specified time (t,,,, 100ns
tars will have their Q outputs set low after a specified tima (¢ e MAX). The registers will resat within a maximum of t.. - time.
» 45us MAX). This feature can greatly simplify state machine As in normal system operation, avoid clocking the device until all
design by providing a knawn state on powar-up. input and feedback path setup times have been met.

The timing diagram for power-up is shown above. Because of the Note that the internal register powers-Up to a logic 0, The device
asynchronous nature of system powaer-up, some conditions must pin state is determined by the user-defined polarity control bit on
be met to guarantes a valid power-up reset of the devica. First, each macrocell {refer to OLMC description),

68




LATTICE SEMICONDUCTOR 256 D W 538kL949 0000701 O WM

i T-46-13-27
s{’m Specifications GAL22V10 Family
: ‘Corporation™

s Normalized Tpd vs. Veo ‘s Normalized Tsu vs, Ve Normalized Tco vs. Voo
13
12 12 12
b AL (R 1
= \ E ""n... l-8-
‘ Pesesanseseny —— N . n.'l-.,. (/ -8 .
. = g )
e —— % /.’) v .."."". 8 E
(2] 09 5 03
z
o8 — FTH>L L]
ewans PTL->H os i o
or : avasr BTH L
i 07 | 07
4 aTs [] 523 s
45 478 5 525 55 45 475 5 525 85
Supply Vottage (V) Supply Voltage (V) Supply Votiage (V)
fized Tpd ve. Temp N Jized Tsu ve. T Normalized Tco vs. Temperature
13 13 r 1.3 -
12 t12 12 .
B P o5 11 . 1~ g W
= = - = L~
' ] 3 1
(1) '/ E osl '/ [} /
w” w” ]
o7 0Tl 0.7
28 0 25 S 75 100 128 %8 2B/ 0 % 56 - 75 00 125 & 25 0 % 50 s - 100 125
Ambignt Temperature (°C) Amblant Temperature (*C) Amblent Temperalure (°C)
. Delta Tpd va. # of Ouiputs Switching © Detta Tpd vs. Output Loading . Normalized lce vs, Yoo
// 'y 12 V.
T //
A L 8 11
2 & b=
i B 1/ E 1
1 E / 3
g 2 & 5 09 >
/r L
] / 08
3 2 07
'l Wax, <8 M. - & M, 0 100 200 300 40 is 475 ] 525 5$
#of Outputs ) Quiput Loading Capacitance (pf) Supaply Voitage (V)
0 loL vs. Vo 450 10H v8. VOH .. Normalized lcs vs, Temperature
— | 4/22V10 1OL, (mMA) . — lmn:—mm
20 ssse 260VI2I0L {MAY 12 N ==ee  hbve Temperakre
- ama a0 A 14 Foae N
—1% g \ _8 "~.}
] £ E. i
§ 1 § \ g \
0] Q
perrt il * ) N . ""-..

100 128

% 0 23 s 78
Amblent Temperature {°C)




LATTICE SEMICONDUCTOR 25E D MW 538L949 0000778 2 mm

PACKAGE

DIAGRAMS

-Pin Plastic DI
Dimenslons in Inches MIN. / MAX.

CL 1 1 1 7 1 03 01 0

) 2000248, 2007 328

1.040 MAX

il =

0887 080 0007 112

A =

24-Pin Plastic DIP

Dimenslons In Inches MIN./ MAX.

i I v B e B e B o T B Bl
) 2407 285 200/ 328
[ [t i i o T T
1270 MAX

I

0587090 £907.110
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ic DI
Dimenslons In Inches MiN./ MAX.

0o c Jrn

/ / 2701260 800/ 323

T o e v e R B
1.355m

B

0152021

‘ 045 /.055
I

20-Pin PLCC Pack
Dimenslons In Inches MIN./ MAX.

— 04217,048 X 45¢ — \042/.038 X 45°
0487052
e 009/ 015
\

B o B B |

1
I_-_ ] 04271 048 X 45° -~} i}j“;m‘
385/.365 [ Top View ] oot a0
%0/ 358 [ ]
-

B IR 1t S N A B | '
——I f— 020 M!N
A507.358 ] f— 000 /.120
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28-Pin PLCC Package

Dimenslons in Inches MIN. / MAX.

— 0421.048 X 45° — 042/ 056 X 45°
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— 000 015

o) ) / I

0421048 X 45° 0137021
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Top View
390/ 430

AS0/ AS8

3

=

3
i e1

LI T T JTUTT I T

[t 4507 458 ety
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20-Pin (300 MIL) CERDIP

Dimensions in inches MIN./ MAX.
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1~ - 008,015 0-18°

A = o
i

162




LATTICE SEMICONDUCTOR - ¢5£ D WM 538bL949 0000781k 2 WM

i T-90-20
SM Package viagrams
Corporation™

24-Pin (300 MIL) CERDIP

Dimenslons In inches MIN./MAX.




