USE GAL DEVICES FOR NEW DESIGNS

FINAL COM'L: H-1525

PALCE®610 Family

Lattice Semiconductor

EE CMOS High Performance Programmable Array Logic

DISTINCTIVE CHARACTERISTICS

B Latticeantis Programmable Array Logic (PAL)
architecture

B Electrically-erasable CMOS technology
providing half power (30 mA lzc) at high speed
— -15 =15ns o
— 26 = 2Ens P

B Sixteen macrocells with configurable IO
architectura

B Registered or combinatorial operation
B Registers programmakle as D, T, JK, or 5-R

B Asynchronous clocking via product term or
bank register clecking from external pins

B Register preload for testability

B Power-up reset for initialization

B Space-saving 24-pin SKINNYDIP and 28-pin
PLCC packages

B Fully tested for 100% programming yield and
high reliability

B Extensive third-party software and programmer
support through FusionPLD partners

GENERAL DESCRIPTION

The PALCEAT0 5 a genera’ purpose PAL devize and is
functicna™y and fuse map equivalent to the EPE10. it
can accommiodate logic functions with up o 20 inputs
and 18 cutputs. There are 16 'O macrocells that can be
indwidua"y configured to the user's specifcations. The
macrocals can be configured as either regisierad or
combinatorial. The registers can be configured as D, T,
J-K, or 5-R flip-fops.

The PALCES1D uses the familiar sum-of-products logic
with programmable-AMND and ficed-OR structure. Eight
procuct terms are brought to each macrecell o provide
loge mplementations.

The PALCEE10 is manufactured using acvanced
CMOE EE technology providing low powsr consump-
fion. Morecwer, itis a high-speed device havng a worst-
case troof 15 ns. Space-saving 24-pin SEINNYDIP and
28-pin PLEC packages are cffered.

This dewice can be quickly erased and reprogrammed
providing for easy profotyping. Onoe a dewee is pro-
grammed the security bit can be usad o provide protec-
fion from copying a proprietary design.
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CONMNECTION DIAGRAMS
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CORDERING INFORMATION
Commercial Products

Programmable kegic products for commerclal applications are avallable with several ordedng opilons. The order pumper
{Walld Combinatizn} Is formed by a combination o

PAL CE EWH 15 P C

FAMILY TYPE

PAL = Programmable Amay Logi
OPERATING CONDITIZNE

TECHNOLOGY C = Commerzial [1°C o +75°C)
CE = CMOS Electrically Erasable

PACHAGE TYPE
DEVICE I'-IIJH_EEH P = 24-2In 300 mil Plastc
610 = 500 Gates SEINNYDIP (PD3024)

J = 28-PIn Plasiic Leaded
Chip Carrer (PL 028)

POWER
H = Half Power (30 mA lzc)

SPEED
-15 =15 n& PO
-8 = ZZns PO

valld Combinations

Valld Comeinations lisis configurations planned
bo be supporied In volume for this device. Consult
your lncal sakes office fo confirm avallabliiy of
Epeciic valld combinadions, and o check on
newvily released comtinaiions.

Valld Combinations

2ELCERIOR-1E

PC.JC
2RLCERIOR-ZE

2-3Th FALCEG10H-13423 (Com'l)
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FUNCTIONAL DESCRIPTION

The PALCEGSTD is a genera’ purpose programmalzle
legic dewice. It has 16 independently-configurable ma-
crocells. Each macrocell can be configured as either
combinatorial or registered. The registers can be O, 7,
J-KE, or 5-R type fip-flops. The device has 4 dedicated
imput pins and 2 clock pins. Each clock pin controls B of
the 16 macrocells.

The programming mairix implements a programmakle
AMD logic array which drives a fxed OR loge array.
Buffers for device nputs have complementary culputs
fo provide user-programmable input polariy. Unused in-

put pins shouwld be tied fo Voo or ground.

The array uses our ecirically erasakle technology.

An unprogrammed bit s disconnected and 3 pro-
grammed bt s connected. Product terms with all bits
unprogrammed assume the logical-HIGH siate and
product terms with both the TRUE and Complement bits
programmed assume the logical-LOW state.

The programmable functions in the PALCEE10 are
autcmatically configured from the user's design specifi-
cations, which can be in a number of formats. The de-
sign specifcation is protessed by development
softwars to verify the design and create a programmng
file. This file. once downlcaded to the programmer, con-
figures the design according to the user's desred
function.

Macrocell Configurations

The PALCEG1D macrocell can be configured as either
combinatorial or registered. Both the combmnatorial and
registered configuratons hawve output polarty contrel.
The register can be configured as a D, 7, J-K, or
5-R type flipflop. Figure 1 shows fhe possbile
configurations.

Each macrocell can select as is clock efther the come-
sponding clock pin or the CLE/OE product term. If the
clock pim is selected. the oufput enable is confrollec by
the CLK/QE product term. fthe CLEME proguct termis
selected. the output is always enabled.

Combinatorial 150

Al 8 product terms are availsble to the OR gate. The
cutput-enable functon is performed by the CLEAQE
product term.

Registered Configurations
There are 4 flip-flop types availab’e: D, T, J-K and 5-R.

The regsters can be configured as synchronows or
asynchronous. 'n the synchronous configuration. the
clock is controfled by the clock inpuf pin. The cutput en-
able s controfled by the preduct term function. In the

asynchronous confguration. the clock input is con-
treled by the product term. The cuiput is akeays
enabled.

In The C and T configurations, feedback can be either
frem Q or the outpuf pin. This allows O and T configura-
tions fo be either oufputs ar 72 In the J-K and 5-R con-
figurations, feedback is on'y from §; therefore, J-K and
5-R configurations are sinctly cufputs.

D Flip-Flop

&l 2 product terms are available to the OR gate. The D
nput polarty is controlled by an exclusive-0R gate. Far
the D flip-flcg, the output level is the D-input level af the
rising edge of the clock.

] Qn Qn—r‘l
0 a 1]
1] 1 1]
1 a 1
1 1 1

T Flip-Flop

All 8 product terms are avai'able fo the OR gate. The
T input polarity s controled by an exclusive-0R gate.
For the T register, the cutput level togg'es when the T
nput is HIGH and remans the same when the T input is
LOW.

T an g
0 a 1]
0 1 1
1 a 1
1 1 1]

J-K Flip-Flop

The & product terms are divided bebaesn the J and Kin-
puts. M proguct terms go to the J input and 8- proguct
terms go to the K inpui. where M can range from 0 £o 8.
Both the J and K inputs to the flip-flop have polarity con-
trol wia exclusive-CR gates. The J-K flip-flep operaton
5 showm below.

J K an g1
] 1] 1] a
] 1] 1 1
] 1 1] a
] 1 1 a
1 1] o 1
1 1] 1 1
1 1 1] 1
1 1 1 a

FALCEG10 Family
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Figure 1. Macrocell Configurations

5-R Register
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5-R Flip-Flop

The 8 product terms are divided bebween the 5 and R
imputs. M product terms go fo the S input and 8-N prod-
uet terms go to the R input, where N can range from 0 to
4. Both the 5 and R inputs to the flip-flop hawe polarity
conirel wia exclusive-0OR gates. The 5-R fip-fop opera-
tion is shown below.

5 R an a™
1 a a 0
1 a 1 1
1 1 a 1]
1 1 1 0
1 a a 1
1 a 1 1
1 1 Mot Allpwed

Asynchronous Reset

Al flip-fleps have an asynchronous-reset product-ferm
imput. When the product ierm is true, the flip-flop wil' re-
sef o a logic LOW, regardless of the clock and data
imputs.

Power-Up Reset

Allflip-flops power up to a logiz LOW for predictable sys-
ftem intia‘ization. Outputs of the PALCEG1D depend on
whather they are selected as registered or combinato-
ral. if regstered is selected, the output will be LOW. If
combinatorial is selected, the cutput will be a function of
the logic. The Veorise must be monotonic and the reset
delay time is 1000 ns maximum.

Register Preload

The register cn the PALCEE10 can be preoaded from
the cutput prns to facilitate functional testing of complex
state machine designs. This feature a“ows direct load-
img of arbirary states, making it unnecessary to cycle
through long test wector seguences fc reach a desred
state. In addition, transitons from illegal siates can be
verified by loadng illegal states and chserving proper
FECoVery.

Security Bit

After pregrammng and werifcation, a PALCES1D de-
sign can be secured by programming the security bit.
Cince programmed, this bit defeats readback of the in-
temal programmed pattern by & ¢ewioe programmer, Se-
curng proprietary designs from competitcrs. However,
programming and verification are a'sc defeated by the
securty bit. The bit can only be erased in conjuncton

with the amray during the erase cyc'e. Preload s nof af-
fected by the secunty bi.

Technology

The PALCEGTD = manufactured using cur ad-
vanced Electrizzlly Erasable (EE) CMOS process. This
techno’ogy uses an EE cell to replace the fuse Fnk in bi-
paolar paris, and allows Laifize to offer lower-power paris
of high complexity. In addifion. since the EE cel's can be
erased and reprogrammed, these devices can be 100%
factony tested before keing shipped fo the customer. 'n-
puts and oulputs are designed to be compatibe with
TTL dewices. This technology provides sirong input
clamp giodes, output s'ew-rate control, and a grounded
subsfrate for c'ear switching.

Programming and Erasing

The PALCES10 can be programmed on standard logic
programmers. It also may be erased to resef a previ-
ous'y configured device back to its virgin state. Bulk
erase is auiomafically performed by the programming
hardware. Mo special erase operation is required.

CMOS Compatibility
The PALCEE1D has CMOS-compatble cutputs. The
output woltage (Weow) s 385V at —2.0 ma.

FPALCEE1D Family 2-379
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PALCEG10 LOGIC DIAGRAM
DIP {PLCC) Pinouts
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —G5°C to +1507C
Ambient Temperature

with Power Applied . ... ... .._. =55°C to +125°C
Supply Waoltage with

RespecttoGround . _........._. -05¥io+70W
DC Input Voltage . ... ... .. 0.5Vt Woo+ 06V
DG Owtput or

W0 Pin Woltage .. .......... LaEVioVoo+ 05V
Siatic Discharge Veltage . ... .. ... . ... . 2001 v
Latchup Current

(Ta=0"Cte 75 C) ... ... o . ... 100 maA

Siresses Fhove those Naled under Absoiuvie Masmum Ral-
ings may cause permanant device faiure. Funchionaily at or
Fhowe ess Hmhis & not impied. Exposure o Absoiuie Max-
mum Ratings for extended periods may afect device relabi-
iy. Programming conditions may differ.

OPERATING RANGES
Commercial [C) Devices
Amizient Temperature [Ta)

Cperating inFree Air ... ..., ... 0°C fo +75°C
Supply Vaoltage (Vec)
with Respect o Ground ... .. .. +H T Vi +525V

Cperating rangss define those Omis betwean which the func-
fionaitty of the dewvice is guaranfesd.

DC CHARACTERISTICS owver COMMERCIAL operating ranges unless otherwise

specified [Mote 2)

Paramater
Bymbal Paramatar Description Taet Conditlons Min | Max | Unit
Wiom Qutput HIGH Vollage Wir = Woe 07 Wi I = =0 m& 2.4 W
Wee = Min |l = —Z.0 m& .64 W
WaL Ouput LOW vollage Wher = Wi 07 WL Iy = &.0 m& 0.5 W
Ve = Min Iy, = £.0 m& 0.as W
Vi input HIGH Voltage Cuaranteed Input Logical HIGH 20 W
Voltage for all Inpuss {Mote 1)
™ Input LOW Voltage Guaraneed Input Leglcal LOW . W
Waliage for all Inpuss (Mote 1)
I Input HIGH Leakage Wik = 525 W, Voo = Max [Noe 2] 10 15
Current
It Inpui LOWW Leakage Vim = [V, Voo = Max (Nole 2 -11
Current
leza Of-State ODuipu? Leakage Vaur = 5.25 WV, Vo= Max 10
Current HIGEH Wie = Yoo or Wi (Mobe 2)
laz Ofi-Zlate Suiput Leakage Vaur = 0W, Voo = Max -1 A
Current LOW Wim = Wae OF Wi (MWobe 2
lac Qutput Shon-Clrcul? Vaur = 0.5V, Woo = Max (Maobe 3) -0 | =150 M
Current
hxi Supply Current W= OV, Dulpuis Open Jayr = 0 mA) a0 M
W = Wan
Notea:

i. These are absoite values wilh regpect o device ground and ¥ owerahots Jue 0 Epsiem and [Bsmer noes a7 incinded.

2. 10 pin leakage is the worst case of iy and ke (or i and kaaw).

3. Notmore than one cutpuf shouid be tesled a1 3 fime. Duration of the shart-ciralit showld pot excesd one seaond. Vagr=0.5V
has besn chosen fo avoid fest problems caused by festar ground degradanion.

PALCEE10H-132% [ComT)
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CAPACITANCE (Note 1)

Parameatar
Symibszl Paramater Description Teat Conditione Typ unit
Ciu Input Capacizance Wi = 200 W Wieg =S50 W g
Ta = +25°C pF
Cour Qutput Capaclarce Vapr =20 W T=1MKHz [+
Nifs:

. These parameters are not 100% [estad, bul are evaivaied at intfal characierizadion and af any fime the degign s moaifed
wihere capacilance may be aifeciad.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges {Note 2)

Paramater 13 25
Symbuol Paramater Description Min Max Min Max Unit
L] |H|:IL'. or Feedback 1o Combinatoral 'DL‘IFIIJ'. 15 25 ne
] S'E'.IJF Time from |I'I|1I|: or Feedback o Cock 12 15 n&
tu Holl TIme o a ns
tea Clozk o Output E 12 ns
tye, Clock LOW E 10 ns
tans Wiazh HIGH E 12 ns
Maximum External Feedback | 143 + o) =0 37 WHz
P Frequency internal Feedback | 1/is+ ter) 76.1 40 WHz
{Nole 3} ifent) [Mate 5}
Mo Feedback 1t + tvn) 3.3 50 WHz
TEs |H|:IL'. Lo DLI[FIL‘I Zrable UElI'Iﬂ Progduc Term Controd 15 25 ne
ol s ] In|:-|.'. o DLI[FIL‘I Dizabile L.Ell'ﬂ Produc: Term Canirsl 15 25 n&
fam Mj‘l’lﬂf‘l‘ﬂl’lﬂﬂi Resel to H.EglEtEl'E-ﬂ |:||.I|:F|LI1 15 25 n&
taw AEyRChronous Reses Widih 10 15 ns
CART Mj‘l’lﬂf‘l‘ﬂl’lﬂﬂi Rese! F‘IEI:IZI'.'EI'!|I Time 15 25 n&
-1} S'E'.IJF Time from |I'I|:|.I|: or Feedback o Clock [h-.".".E' 41 5 a ns
Y Hol Time [h-ﬂ':E 4} 12 n&
bk Clozk to Dutput (Note £) 15 27 ns
T Clock LOW (Nofe 4) £ 12 ns
o Width HIGH [Naote 4) 5 10 ns
';"rzflu""e'-l'_'r‘n"y External “eeonack | 1las * feca) =g 266 Mz
Fanick ‘Mates 3 Intarmal Fesdback I:T|:h1':l E1.6 294 WHz
and 4) Mo Feedback | tetann+ tanwa) | 533 50 Wz
Notsa:

L. S Swirching Tes! Cicuit for iest comditons

J. These parameters are nol 100% tesiad, bt are evaluaied a1 infia charactenzaiion and 21 any fime e fesign s modiiied
whers freguency may be affeciad

These paramelers are maasirad Wsing e asynciranous product-fenm cioci.

tn

for = 1aur [Nt foedback) — .

for i5 3 calowated vaive and is nof guarantesd. foe can be found using fhe following equalion:

2-382
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SWITCHING WAVEFORMS

Input ar
Feedhack VT
I 1'3 : 1 tl-
Imput or _
Feedback "’ -
- Cloci too
Combinatorial f
VT Regisiered
Crukput xxx%% Cupul N
125505-5 1Z350G-T
Combinatorial Output Reglafered Cutput
Imput W
tzr lea
Clock %% W WoH - 0.5 T -
Qutput r: T A
12350G-8 123505-3
Clock Width input fo Outpui Disabls!Enable
input ar V-
Fesdbact
1=A THA
Praduc-Tem W
Clock T
Sropduct-Term too
Clock
Reglstered
Y output NT
12350G-10 13950611
Clock Width Ueing Reglstered Cutput Using
Product-Tarm Clock Product-Term Clock
Input P
Asserting AR
AEyTiChronous VT
Rese!
(L]
ReglsEned
Oudput WT
tar=
Clock VT
12530512
agynchrenous Resat
Notea:
. Wr=15W
2. inpwt puise ampiinge 0 V tp 3.0 V
3. Inpuit rise and faif imes 2 ns—-=5 ns fypical
PALCEE10 Family 2-383
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KEY TO SWITCHING WAVEFORMS

WANVEFORM INPUTS OUTPUTS
Musl be Wl be
Sieady Steady
May Wl be
Change changing
from H L from H o L
May Wil be
Change Changing
fromLtoH fromLioH
Don't Care, Changing,
Any Change State
Permiitad Lnanown
Dces Naol Center
Apply Line I5 High-

Impsdance
o 5Rate
F.ECOOD10-PAL

SWITCHING TEST CIRCUIT

N
%

=1

1

i

I
Il

= TeslPoint

133505-13
Commerclal
Measured
Specification %1 CL R4 Rz Output valus
e, teo Closed 15V
1EA Z = H: Qpen X5 pF E25 0 340 & 15V
£ =L Closed
ER H =Z: Open 5 pF = Z WoH=05W
L —=Z: Closed L=aZVoL+ D5V
2-384 PALCEG10 Family
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ENDURANCE

Symbal Paramater Descrption Taet Conditions Min Unit
tam Patiem Daia Retention Time M@ Shorage Temperature 0 YEars
Max Dperaling Temperaturs e ] Years
h Regrogramming Cycles Mormal Programming Condiions 100 CycleE
INPUT!OUTPUT EQUIVALENT SCHEMATICS
ESD  Programiverty =
Protector Clrcultry
Typical Input
oo
I
|
Preioad  Feedback
= Circulry  Input
Typical Qutput
PALCEG1D Family 2-3B3
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Power-Up Reset

The power-up reset feature ensures that a” flip-flops will
be reset o LOW afier the device has been powered up.
This feature is valuab’e in =mplifying state machne in-
itialization. & tming d'agram and parameter table are
shown below. Due to the synchronous operation of the
poser-up reset and wide range of ways Ve can rise to

its steady state, two congiticns are required o insure a
valid power-up reset. These conditions are:

B The Voo rise must be moncionic.

B Following reset. the ciock input must net be driven
frzm LOW to HIGH until all app©cakble inpuf and feed-

back setup times are met.

Paramater
Symbol Paramater Description Max Unit
. ] Power-up Resst Time 1000 ns
s ||'IF'.|t or Feedback S'E'.UF Time SaE S“":Gmng
v Clack Width LOW Charactarisiics
4w
Pawer
I tFR
Reglstered K
Output ,
= 13
AN
taL
135505-15

Power-Up Reset Waveform

2-386
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TYPICAL THERMAL CHARACTERISTICS
Measured at 25°C amb'ent. These parameters are nof fested.

Paramater TYP
Symbal Parametsr Deacription SHINNYDIP PLCC unit
B Thermal impedance, |unction o cass 21 20 *EAY
= 1 Thermal impedance, juncton to amblent T2 a7 *CAY
Eima Thermal Impedance, jurcon to 200 Hpm air G54 47 “CAY
amblent wih air flow 400 Hpm air a0 43 .
&0 Hpm air 55 41 *CAY
00 Hpm air £9 36 oA

Pigatic 8ie Comaidsrations

The data fisted for plastic Bjc are for reference only and are nol recammended for Wee in calcuiating junclion temperatures. The
heat-fow paths in plastic-encapsulated dewvices are complex, making the Bjc measurement relalive fo @ specilic localion on the
package surface. Tesls indicale this measurement referance point is divectly beilow the die-atfach area an the hofiom centerof the
package. Furthenmare, 8¢ fesis on packagss are performed n @ consfani-temperature bath, keeping fhe package surace af 3
constant famperatuns. Therafore, the measunemeants can only be vsed in 3 simiEr environment.

PALCEE10 Family
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