USE GAL DEVICES FOR NEW DESIGNS

FINAL COM'L: H-15/25

PALCE610 Family

Lattice Semiconductor

EE CMOS High Performance Programmable Array Logic

DISTINCTIVE CHARACTERISTICS

B Latticefantis Programmable Array Logic (PAL)
architecture

B Electrically-erasable CMOS technology
providing half power (30 mA laz) at high speed
— -15=15nstro
— -26=25nstro

B Sixteen macrocells with configurable I
architecture

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

Asynchronous clocking via product term or
bank register clocking 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
suppaort through FusionP LD partners

GENMERAL DESCRIPTION

The PALCEG1D is a genera’ purpose PAL deviee and is
functicna’y and fuse map equivalent to the EPG10. [t
can accommaodate logic functions with up to 20 inputs
and 1€ outpuis. There are 16 'O macrocells that can be
indwidua"y configured to the user's specifeations. The
macroce’s can e configured as either regisierad or
combinatorial. The registers can be configured as 0, T,
J-K, or 5-R flip-fops.

The PALCEG1D uses the familiar sum-of-progucis logic
with programmable-AMND and fized-0OR structure. Eight
product terms are brought to each macrocell o provide
logic implementatons.

The PALCEGID is manufactured using advanced
CMOE EE technolegy providing low power consump-
tion. Moreower, tis a high-speed device hawng 3 worst-
case tFoof 15 ns. Space-saving 24-pin SKINNYDIP and
28pin PLCC packages are offered.

This gevice can be quickly erased and reprogrammed
providing for easy profotyping. Once a devee is pro-
grammed the security bit can be used 1o provide protec-
fion from copying a proprietary design.
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CONNECTION DIAGRAMS
Top View
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PIN DESIGNATIONS
CLE = Clock
GMD = Ground
= Input
i = InputiCutput
MC = Mo Connect
Voo = Supply Voltage
PALCEG10 Family 2-375
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ORDERING INFORMATION
Commercial Products

Programmable kzgie products for commerclal applications are avallable with several onderng opllions. The order number
{Valld Combinatizn} s formed by a combinatien o

PAL CE E10H 15 P C

FAMILY TYPE

PAL = Proegrammable Amay Logic
PERATING CONDITICNS

TECHHOLOGY C = Commerzlial (01°C 2 +75°C)
CE = CMOS Elecirically Srasable

PACKAGE TYPE

DEVICE NUMBER F = 24-2In 300 mil Plastic

€10 - BOC Gates SKINNYDIP [PD3024)
- ju} |

POWER J = 28-2In Plasiic Leaded

Chip Carmier (PL 028}
H = Half Power (30 mA loc)

SPEED
-15 = 15 n& tFD
-Z8 = ZZ s tPD

valld Combinations

Valld Combinations lists configurations planned
o be supported In valume for hls gevice. Consult
your local salkes office 1o confirm avallabl ity o

Valld Comblnations

2ELCEE10H-12

PC. JC :
- c Epectlc valld comblradicns, and to check on
PALCEE1OH-22 rewly released combinasions.
2-37T6 PALCEG10H-15723 [(Com'l)
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FUNCTIONAL DESCRIPTION

The PALCES1D is a genera’ purpose programmakble
logic dewce. |t has 16 independently-configurable ma-
crocells. Each macrocell can be configured as either
combinaterial or registered. The registers can be O, T,
J-K, ar 5-R type fip-flops. The device has 4 cedicated
imput pins and 2 clock pins. Each clock pin controls B of
the 16 macrozells.

The programming matrix implemenis 3 programmakle
AND logic array which drives a fxed OR logc aray.
Buffers for device mpuis have complementary cutputs
to provide user-pregrammable input polariy. Unused in-

put pins should be tied fo Voo or ground.

The array uses our ecirically erasable technology.

An unprogrammed bit s disconnected angd a 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 programmalile functions n the PALCEG10 are
autematically configured from the user's design specifi-
cations, which can be in a number of formats. The ce-
sign specifcation is processed by cevelopment
software to verify the design and create 3 programming
file. This file. once downlcaded to the programmer, con-
figures the design accorging to the user's desred
function.

Macrocell Configurations

The PALCEG1D macrccell can be configured as either
combinaterial cr registered. Beth the combmatorial and
registered configuratons have output polardy conirel.
The register can be configured as a O, 7, J-K, or
5-R type flipflop. Figure 1 shows the possble
configurations.

Each macrocell can select as its clock ether the come-
spending clock pin or the CLESOE product term. If the
clock pin is selected. the output enable is controlled by
the CLK/OE product term. [fthe CLEADE produst term is
selected. the output is always enabled.

Combinatorial IO

Al B product terms are available to the OR gate. The
cutput-enable functon is performed by the CLKIOE
product term.

Registered Configurations
There are 4 flip-flop types available: D, T, J-K and 5-R.

The regsiers can be configured as symchronous or
asynchronous. (n the synchronous configuration. the
clock is controled by the clock input pin. The cutput en-
able s controlled by the product term function. In the

asynchronous confguration, the clock input is con-
trolled by the product ferm. The cuipui is ahways
enabled.

In The 0 and T configurations, feedback can be either
from ) or the output pin. This allows © and T configura-
tions o be either outpuis or F0. In the J-K and 5-R con-
figurations, feecback is en'y from (; therefore, J-K and
5-R configurations are siricthy outpuis.

D Flip-Flop

&l 3 product terms are availab’e to the OR gate. The D
nput polarity is controlled by an exclusive-0OR gate. For
the D flip-flog, the output level is the D-input level af the
rising edge of the clock.

[¥] gn Qn—t‘l
] a ]
] 1 1]
1 a i
1 1 i

T Flip-Flop

&ll 8 product terms are avai'zble fo the OR gate. The
T input pelarity s controled by an exelusive-0OR 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 gn Qn—*‘l
] a o
] 1 i
1 a i
1 1 o

J-K Flip-Flop

The 8 product ierms are divided betaesn the J and K in-
puts. M proguct terms go to the J input and 8-M product
termis go to the K input. where N can range from O fo 3.
Both the J and K inpuis to the flip-flep have polarity con-
trol wia exclusive-OR gates. The J-K flip-flop operaton
5 shown below.

J K Qn unﬂ
] o o a
0 0 1 1
] i 1] a
0 1 1 a
1 ] 1] 1
1 1} i 1
1 1 o 1
1 i i a

PALCEE10 Family
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Combinatorial
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Figure 1. Macrocell Configurations

2-3ra PALCEG10 Family
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5-R Flip-Flop

The 8 product terms are divided bebtaeen the 5 and B
inputs. M product ierms go te the S input and 8- prod-
uct terms go to the R input, where M can range from 0 to
2. Both the 5 and R inputs to the flip-flop hawe polarity
conirel via exclusive-0OR gates. The 5-R fp-fop opera-
tion is shown below.

an a™

ola|l=|-=|la|ala
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o oo

5
i
il
1
1
1
1
1

1 Mot Allowsad
Asynchronous Reset

A flip-flops have an asynchroncus-reset produci-term
imput. When the product term is frue, the flip-flop wil re-
set 1o a logic LOW, regardless of the clock and data
inputs.

Power-Up Reset

Allflip-flops power up to a logic LIOW for predictable sys-
temn infia‘ization. Cutputs of the PALCEG1D depend on
whether they are selected as regisiered or combinato-
rial. if regsiered is selected, the output will be LEW. If
combinatorial is selected. the cutput will be a funciion of
the logic. The Veerise must be monotonic and the reset
delay time s 1000 ns maximum.

Register Preload

The register on the PALCEE10 can be preloaded from
the cutput pons fo facilitate funclional testing of complax
state machine designs. This feature a ows direct load-
ing of arbidrary states, making it unnecessary to cycle
through long test vector seguences fo reach a desred
state. In addition, transitens from illegal states can be
verified by loadng illegal states and chserving proper
recovery.

Security Bit

After programmng and verifeation, a PALCEG1D ce-
sign =an be secured by programming the security bit.
Once programmed, this bit defeats readback of the in-
iemal programmed pattern by a dewice programmer, se-
curng proprietary designs from competitors. Howewer,
programming and verification are a'so defested by the
securty bit. The kit can only be erased in conjunctbon
with the array during the erase cyce. Preload is not af-
fected by the securily bt

Technology

The PALCEGID s manufactured using cur ad-
wvanced Electrically Erasable (EE} CMOS process. This
techno’ogy uses an EE cell fo replace the fuse fnk in bi-
polar paris, and allows Lattice to offer lower-power paris
of high complexity. In addition. since the EE cel's can be
erased and reprogrammed, these devices can be 100%
factory tested before being shipped fo the customer. 'n-
puts and cutputs are des:gned to be compatib'e with
TTL devices. This technology provides sirong input
clamp diodes, output s'ew-rate control, and a grounced
substrate for clear switching.

Programming and Erasing

The PALCEG10 can be programmed on standard logic
programmers. [t also may be erased to reset a previ-
ous’y configured device back to its virgin state. Bulk
erase is auiomatically performed by the programming
hardware. Mo special erase operation is reguired.

CMOS Compatibility
The PALCES10 has CMOS-compatble cutputs. The
output voltage (Wew) s 385 V at —2.0 mé.

paded from Elcodis.com electronic components distributor
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PALCEG10 LOGIC DIAGRAM
DIP [PLCC) Pinouts
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature .. ... ... —65°C to +1507C
Ambient Termperature

with Power &pplied . ... _...._. —B5°C to +125°C
Supply Voltage with

Respectto Ground . _........... -05Vio+70V
DG Input Voltage . .. ... ... ... -0EWioWocs 0.5Y
DC Output or

10 PinValtage .. ... ... .. O5VioVeo + 0L5Y
Static Discharge Vollage ...... ... ... L2001 v
Latchup Current

(Ta=0C o #76°C) ..o . ... 100 mA,

Stragses ghove those Nated wnder Absoivie Madmum Ral-
ings may caues permanant dewice faiwe. Funciionally at or
Fhove Mess hmits 5 not impled. Exposuire 0 Absoiule Max-
mum Ratings for axtended perads may atfect dayice relahi-
Ily. Programming conditions may dissy.

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

Operating in Free Air . ....._... ... 0°C fo +757C
Supply Vaoltage (Vo)
with Respect o Ground . ... _ ... + TV o +525 W

Cperaiing rangss define those Omils betwsan which the func-
fionaity of the devize Is guaraniesd,

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified [Mote 2)

Paramater
Symbal Paramatar Description Tast Conditlons Min | Max | Unik
Wiem Quiput HIGH Volage Wiw = W 07 Wi lign) = =0 & 2.4 W
Wee = Min liga = —2.0 M& 264 W
Va Cutput LOW voltags Win = Wi 07 W lgy = 3.0 mA 0.5 W
Ve = Min lag = £.0 mA C.4E W
Wi Input HIGH Voltage uaranteed Inpui Logical H1GH 20 W
\oliage for all Inpuss (Mote 1)
W Input Lo Veltage Guaranieed Inpud Logical LOW 0.8 W
waliage for all Inpuis (Mot 1)
7] Input HIGH Leakage Wi = 525 W, Voo = Max [hote 2] 10
Current
I Input LOW Leakage Wi = 0V, Vee = Max (Nofe Z) -10
Current
loza Off-3tate Oulput Leakage Vaur = 3.25 W, Vo= Max 10 1)
Current HIGH Wir = W or Wi (Nole 2)
lazL Off-State Oulput Leakage Waut = 0V, Voo = Max -1d L4,
Currant LOW Win = Wi O Wi (Nobe 2)
Iag Quiput Snon-Ccircul? Waut = 0.5V, Voo = Max (Mate 3) -3a | —152 mA
Current
ks Supply Current Mo = 0V, Oulpuis Open Jour = 0 MA) an | maA
Voo = Wax
Notea:

1. These are absoils valies Wwilh E‘EPE'E{ o device l.'.'-"l'.'llil.l?q'.'l' and all overshoots due o E_II'-EI'E'.ITJ and fesfer nolss are incinded.
I WO pin leakage s e wovst c3se af e and laz [OF i 30 k)

3. Mot more than one cutpul shouid be tested 3t 3 fime. Duration of the shor-cinew shoukd not excesd one second. Vaur= 0.5
has been chosen fo avoid test prablems cauesd by fester ground degradation.
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CAPACITANCE (Note 1)

Parametar
Symib-ol Parameter Description Test Conditiona Typ Unit
Ciuy Input Capackance V=20 WVoo=30W 5]
Ta==25°C PF
Crur Cutput Capacilance Vaur=20W T=1MHz g
Nots:

. These parameters are not 100% rested. but are evaiugisd al imifal characierzation and af any fime the design /s modifed
where fapasilance may be affeciad.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Hote 2)

Paramafer 13 23
Symbial Parametar Deacrption Min Max Min Max unit
- o] |ﬂ|:lL'. or Feedback 1o Combinatonal 'DL‘IPIJ'. 15 25 na
-] S'E'.UF Time from ||'I|.'|i.||: or Feedback to Clock 12 15 &
tw Hold TIme C 0 ns
tea Clock o Output B 12 ns
tye, Clock LOW E 10 ns
o Wicth HIGH £ 12 ns
Maximum External Feegback | 145 + ko) =0 a7 MHzZ
st Frequency internal Feedback | 14is + ber 7.1 40 MHZ
{Note 3) iTepat) [Mote 5)

Mo Feeoback e + tin) 833 51 MHzZ
fes Input to Dutput Enable Wsing Product Term Control 15 25 ns
iIE |ﬂ|:lL'. 1] |:||.||:FIL1 Disabile L.E"'ﬂ Produc? Term Cortrol 15 25 &
) ABYNCNTONDUS RESE: 1o Registerad Output 15 25 ns

taew Asynchronous Reset Width 10 15 ns
pry F‘-Ej'l'll]r' ranous Rese! HEED'.'EI'!' Time 15 25 ns
-1 S'E'.Up Time from ||'I|:|.It or Feedback o Clock [h{}'.E' 4} ] a ns
bin Hold Time (Koie 4) 5 12 ns
toaa Clock o Cutput (Note £) 15 27 ns
T Clock LOW [Nole 4) £ 12 ns
o wiatn HIGH {Noie 4) £ 10 ns
‘;‘;ﬂ;‘;‘-l'_"m"j, External Fesgback | 1iitas = tesa] = 286 MHz
Rk ‘Mobse 3 Internal Feedback ifent) £15 20.4 MHZ
and 4} Mo Feedback [ 1itans + tan) [ 533 50 MHZ
Notsa:

2. See Switching Test Siouit for rest condiiions.

3. These parameters are nol 100% tested, but are evaiugied 3¢ Il chavacranzaion and 21 any ime e design s modiieg
where frequency may be affectad.

These parameters are measwad psing Me Fsyncivonous producl-lenm cieck.

b i5 3 calowated vailve and is nof guarantesd. for can be found psing the following equation:
for = 1eax (internal feedback) — .

n

2-382 PALCEG10H-13f23 (Com'l)
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SWITCHING WAVEFORMS

Irput or
Feedback VT

I 1'3 - 1 tl-
Inpaut or
Feedback vr -
i Cloek foo
Combinatorial X}O{}Ei 4
T Regls:ered
Output Cuipul

VT
1255045 1235037
Combinatorial Output Reglatersd Cutput
Input T
tz=r tea,
Clack WioH - 0.5V -
Output VoL + 0.8V
Z9E0G-E 1295059
Clock Width Input fo Output Disabla/Enabla
input or V-
Feedback
=T THA
Prooucs-Term v
Clock T
Sroduct-Term too
Clock
Reglstered
bas ousput T
12350510 4 FHE0E-
Clock Widih Using Reglstersd Output Using
Pronuct-Term Clock Proguct-Term Clock
Input -
Assering AR
AEyTIChronous VT
Rese?
taR
Reglsiered
Dwdput VT
Lar=
Clack vr
125503132
agynchronous Resat
Notea:
L Wr=95W
2. input pulse ampifude OV o 20V
3. inputdse and fai imes 2 n5-5 ns ypical
PALCEE10 Family 2-183
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KEY TO SWITCHING WAVEFORMS

WAVEFORM IMPLTS OUTPUTS
Kust be Wil be
Eipady Steady
May Wil be
Change Changing
from H fo L from F o L
Way Wil be
Changa Changing
from L to H from Lt H
Con't Cane, Changing,
Any Change State
Parmitzd Linfniown
Does Mot Centar
Apply Line Is High-
Impadance
"Oft” Siate
K300a010-PAL

SWITCHING TEST CIRCUNT

-~
|

51

A1

I,
Il

) TestPoint

128505-13
Commercial
Meagurad
Epacifcation B4 CL R4 Rz Output Valus
ter, too Clogad 15V
1EA Z —+ H: Gpen 2EpF EES Q2 340 & 15V
Z —+L: Closed
ER H —Z: Open 5pF H—=Z:VoH-DS W
L —Z: Closed L=ZVWoL+ DSV
2-3B4 PALCEG1D Family
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ENDURAMCE

Symbal Faramatar Description Test Conditions Min unit
fam Patiem Caia Retention Time Max Storage Temperature 10 fears
Max Operaling Temperature el ] fears
b Reprogramming Cycles Mormal Programming Condiisns 100 Cycles
INPFUT/OQUTPUT EQUIVALENT SCHEMATICS
ESD  Programiverty =
Protectar Clrzaltry
Typical Input
Wioo
I
I
Preload  Feedback
= Circullry inpud
Typical Cutput
13520514
PALCEE1D Family 2-3835
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Power-Up Reset

The power-up reset feature ensures that a” flip-fleps will
be reset to LOW after the device has been powered up.
This feature is valuab'e in s'mplifying state machone n-
itialization. & tmng dagram and parametier table are
shown below. Due to the synchrenous operation of the
power-up reset and wide range of ways Voo can rise to

its steady state. fwo conditions are required 1o insure a
valid power-up reset. These conditions are:

B The Voo rise must be moncionic.

B Following resei. the cock input must not be driven
fresm LOAW to HIGH until all app©cakble input and feed-
back setup times are mei.

Paramaier
Symibal Parameler Description Max Unit
= Powerup Reset Time 100d ns
= Input or Feedbact Seup Time Ses Switching
T Clock Width LOW Characterisics
av oo
Pawer
I tFR
Registered k
Cufput ,
= 13
%
L bl“' _l
125505-15
Power-Up Reset Waveform
2-386 PALCEG10 Family
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TYPICAL THERMAL CHARACTERISTICS
Measured at 25°C ambient. These parameters are not tested.

Paramater TYP
Bymbol Parametar Description SENNYDIP PLCC unit
Hc Thermal mpedance, junctor to cass | 20 TN
= L] Thermal mpedance, junctor to amblent 72 57 TN
Bma Tnermal Impedance, junctian to 200 Hpm alr G4 47 Y
ambient with air fiow 400 Hpm air a0 "y .
&0 Hpm air 35 41 =)
&S00 Hpm alr 49 36 “CAY

Pigatic Gjc Conatdsrations

The data fisted for piashic Bic are for reference only and are nol racommeanded for Wse in caicuizting junchion kemperatures. The
heal-fow paths in plastic-encapelialed devices are complay, making the #jc measuremsnt relalive o @ speciic localion on the
package surface. Tecks Indicale s meacurement referance point is directly baiow the die-atfash araa on the boftsm center of iha
package. Furthermare, B)C fesis on packagss are performad [n 2 consfani-lemperaiure bath, k2eping e package surfase 33
aonsiant famperature, Therafore, e maasuremants aan only be used I 3 simiar environment.
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