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DISTINCTIVE CHARACTERISTICS

+ High-performance semicustom loglc replace-
ment; Elactrically Erasable (E?) technology allows
reprogrammability

16 bidirectional user-programmable /O logic
mactrocells for Combinatorial/Registered/Latched
operation

Output Enable controlled by a pin or product
terms

Varled product term distribution for Increased
deslign flexibility

+ Programmable clock selection with two clocks/
latch enables (LEs) and LOW/HIGH clock/LE
polarity

o | oas7s2u no2s13q &
PALCE29M16H-25/35

24-Pin E2-Based CMOS Programmable Array Logic
Tdbz-47

« Reglster/Latch PRELOAD permits full logle
verlfieation

» High speed (t,, = 25 ns, f,,,, =33 MHz and f, ,,
Internal = 50 MHz)

« Full-function AC and DC testing at the factory for
high programming and functional yields and high
reliability

+ 24-pln 300-mii SKINNYDIP® and 28-pin chip
carrler packages

GENERAL DESCRIPTION

The PALCE29M16H is a high-speed, E2-based CMOS
Programmable Array Logic device designed for general
logic replacement in TTL or CMOS digital systems. it
ofters high speed, low power consumption, high program-
ming yield, fast programming and excellent reliability.
Programmable Array Logic (PAL®) devices combine the

flexibility of custom logic with the off-the-shelf availability
of standard products, providing major advantages over
other semicustom solutions such as gate arrays and
standard cells, including reduced development time and
low up-front development cost.
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Figure 1. Block Diagram
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GENERAL DESCRIPTION (continued)

The PALCE29M16H uses the familiar sum-of-praducts (AND-
OR,) structure, allowing users to customize logic functions by pro-
gramming the device for specific applications. It provides up to
twenly-nine array inputs and sixteen outputs. It incorporates
AMD’s unique input/output logic macrocell which provides flexible
input/output structure and polarity, flexible feedback selection,
multiple Output Enable choices, and a programmable clocking
schems. The macrocells can be individually programmed as
"Combilnatorial®, "Registered®, or "Latched” with active-HIGH or
active-LOW polarity. The flexibility of the logic macrocells permits
the system designer to tailor the device to particular application
requirements.

Increased logic power has baen built into the PALCE29M16H by
providing a varied number of logic product terms per output. Eight
outputs have eight product terms each, four outputs have twsive

13E D l C25752L 0028140 & 'T_45-13-47

product terms each, and the other four outputs have sixteen
product terms each. This varied product-term distribution allows
complexfunctionsto be implementedin asingle PAL device. Each
output can be dynamically controlled by acommon Output Enable
pinorQutput Enable product terms per bank of four outputs. Each
output can also be permanently enabled or disabled.

System operation has been enhanced by the addition of common
asynchronous-PRESET and RESET product terms and a power-
up RESET feature. The PALCE29M16H also incorporates PRE-
LOAD and Qbservability functions which permit full logic verifica-
tion of the design.

The PALCE29M16H is offered in the space-saving 300-mil SKIN-
NYDIP package as well asthe plasticleaded chip carrier package.

CONNECTION DIAGRAMS

(Top View)
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Note: Pin 1 is marked for orientation
Pin Designations: | = Input GND = Ground

O = Input/Output
VOF = Input/Output with Dual Feedback

Voo = Supply Voltage

PIN DESCRIPTION

The following describes the functionality of all the pins on the 24-
pinDIP, The 28-pinchip carrier has the same functionality with NO
CONNECTS on pins 1, 8, 15, 22,

CLK/LE (PIN 1): Used as a dedicated clock/latch enable pin for
all registers/latches on the device if so selected. (See VO Logic
Macracell Configurations.) This pin is a clock pin for macrocells
configured as registers and a latch enable pin for macracells
configured as latches.

VCLK/LE PIN (PIN 13): Used as dedicated input or as an alter-
nate clock/latch enable pin for all the registers/latches if so se-
lected. (see 1/O Logic Macrocell Configurations.) This pin is a
clock pin for macracells configured as registers and a latch enable
pin for macrocells configured as latches.

CLKAE = Clock/Latch Enable
NC = No Connection

VOE PIN (PIN 11): Used as a dedicated input pin to the AND
array or as the Output Enable control pin (Active LOW) for all
macrocells with pin-controlled Output Enable selected.

1,1, (PINS 2, 14, 23): Dedicated input pins.

VOF -I/OF, (PINS 3, 4, 9, 10, 15, 16, 21, 22): Elght bidirectional
VO pins with two independent feedback paths to the AND array.
Thefirst feedback path is a dedicated /O pin feedback to the AND
array for combinatorial input. The second feedback path consists
of direct register/latch feadback to the array (see Figure 2b),
V0,10, (PINS 5, 6, 7, 8, 17, 18, 19, 20): Eight bidirectional /O
pins with user-programmable register/latch or /O pin feedback to
the AND array (see Figure 2a),

Vo (PIN 24): Supply Voltage
GND (PIN 12): Circuit Ground.
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ORDERING INFORMATION
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Standard Products

AMD/MMI standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed
by a combination of: .

a. Device Number
b. Power/Speed Option
c. Package Type
. d. Temperature Range
éﬁ‘“ e. Optlonal Processing
PALCE29M16H-25PC
a. PROGRAMMABLE T— e. OPTIONAL PROCESSING
ARRAY LOGIC Blank = Standard processing
CMOS TECHNOLOGY d. TEMPERATURE RANGE
C = Commercial (0°C to + 75°C)
ELECTRICALLY ERASABLE
c. PACKAGE TYPE
NUMBER OF ARRAY P = 24-Pin Plastic SKINNYDIP
INPUTS (PD3024)
D = 24-Pin Ceramic SKINNYDIP
OUTPUT TYPE (CD3024)
M = Advanced Macrocel J = 28-Pin Plastic Leaded Chip
Carrier (PL 028)
NUMBER OF FLIP-FLOPS
b. POWER/SPEED OPTION
Speed:
-25=25ns
-35 =35 ns
Power:

PEEN

H = Half Power (100 mA)

Valid Comblnations
The Valid Combinations table lists configurations planned to be

Valld Combinations

supported in volume for this device. Consult the local AMD sales

PALCE29M16H-25/-35 PC, DG, JC

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.

-

i

e

Y e

Note: Marked with AMD logo.
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FUNCTIONAL DESCRIPTION
Inputs T-46-13-47

The PALCE29M16H has twenty-nine inputs to drive each product
term (up to fifty-eight inputs with both TRUE and complement
versions available to the AND array) as shown in the block
diagram in Figure 1. Of these twenty-nine inputs, three are dedi-
cated inputs, sixteen are from eight 1/O logic macrocells with two
feadbacks, eight are from other VO logic macrocells with single
feedback, one is the /OE input and one the VCLK/LE input.

Initially the AND-array gates are disconnected from all the inputs.
This condition represents a logical TRUE for the AND array. By
selectively programming the E? cells; the AND array may be
connected to elther the TRUE input or the complement input.
When both the TRUE and complement inputs are connected, a
logical FALSE results at the output of the AND gate.

Product Terms

The degree of programmability and complexity of a PAL device is
determined by the number of connections that form the program-
mable-AND and OR gates. Each programmable-AND gate is
called a product term. The PALCE29M16H has 188 product
terms; 176 of these product terms provide logic capability and
twelve are architectural or control praduct terms. Among the
twelve control productterms, two are for common Asynchronous-
PRESET and RESET, one is for Observability, and one is for
PRELOAD. The other eight are common Output Enable product
terms. The Output Enable of each bank of four macrocells can be
programmed to be controlled by a common Output Enable pin or
two AND/XOR productterms. it may be also permanently enabled
or permanently disabled.

Each product term on the PALCE29M1{6H consists of a 58-input
AND gate. The outputs of these AND gates are connected to a

fixed-OR plane. Product terms are allocated to OR gates in a
varied distribution across the device ranging from eightto sixteen
wide, with an average of eleven logic product terms per output. An
increased number of product terms per output allows more
complex functions to be implemented in a single PAL device. This
flexibility aids in implementing functions such as counters, exclu-
sive-OR functions, or complex state machines, where different
states require different numbers of product terms.

Common asynchronous-PRESET and RESET product terms are
connected to all Registered/Latched inputs/outputs.

When the asynchronous-PRESET product term is asserted
(HIGH) all the registers/latches willimmediately be loaded with a
HIGH, independentof the clock. When the asynchronous-RESET
product term is asserted (HIGH) all the registers/latches will be
immediately loaded with a LOW, independent of the clock. The
actualoutput state will depend onthe macrocell polarity selaction.
The latches must be in latched moda (not transparent mode) for
the RESET/PRESET, PRELOAD, and power-up RESET modes
to be meaningful.

Input/Output Logle Macrocells

The /O logic macrocell allows the userthe flexibility of defining the
architecture of each input or output on an individual basis. It also
provides the capability of using the associated pin sither as an
input or an output.

The PALCE29M16H has sixteen macrocells, one for each /O pin.
Each I/O macrocell can be programmed for combinatorial, regis-
terad or latched operation (see Figure 2). Combinatorial output is
desired when the PAL device is used to replace combinatorial
glue logic. Registers are used in synchronous logic applications
while latches are used in asynchronous applications.

COMMON
, VGE PIN
OE PTs FOR BANKS
OF 4 MACROCELLS
COMMON
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PRESET |
Po Y
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0 a 18/ 1 vo piNS
P7,P11 OR P15 &
CLKILE
___ CLK/LE -
VCLKIE RESET|
COMMON
ASYNCHRONOUS
RESET
T <
TO AND ARRAY o |l _TOMULTIPLEXER 8,
P4
88 DF006181

Figure 2a. PALCE29M16H Macrocell (Single Feedback)
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The output polarity for each macrocell in each of the three
modes of operation is user-selectable, allowing complete flexibil-
ity of the macrocell configuration.

Eight of the macrocells (VOF-/OF,) have two independent
feedback paths to the AND array (see Figure 2b). The firstis a
dedicated VO pin feedback to the AND array for combinatorial
input. The second path consists of a direct register/latch feedback
to the array. if the pin is used as a dedicated input using the first
feedback path, the register/latch feedback path is still available to
the AND array. This path provides the capability of using the
register/latch as a buried state registerfatch. The other eight
macrocells have a single feedback path to the AND array. This
feedback is user-selectable as either an VO pin or aregister/latch
feedback (see Figure 2a).

Each macrocell can provide true input/output capability. The user
can select each macrocell register/latch o be driven by sither the
output generated by the AND-OR array or the VO pin. When the
/O pin is selected as the input, the feedback path provides the
registerdatch input to the array. When used as an input, each
macrocell is also user-programmable for registered, latched, or
combinatorial input.

The PALCE29M16H hasone dedicated CLK/LE pinand an /CLK/
LE pin. All macrocells have a programmable select to choose
between these two pins as the clock or the fatch enable signal.
These signals are clock signals for macrocells configured as
registers and latch enable signals for macrocells configured as
latches. The polarity of these CLK/LE signals is also individually
programmable. Thus different registers can be driven by different
clocks and clock phases.

The Output-Enable mode of each of the macrocells can be
selected by the user. The I/O pin can be configured as an output
pin (permanently enabled) or as an input pin (permanently dis-
ablad). tcan also be configured as adynamic O controlled by the

COMMON

13¢ 0 | ces7sae oozaius s f§

Output Enable pin or by two AND-XOR product terms which are
available for each bank of four /O Logic Macrocells.

/O Logle Macrocell Configuration T- 46-1 3-47

AMD's unique /O macroceli offars major benefits through its
versatile, programmable input/output cell structure, multiple clock
choices, flexible Output Enable and feedback selection. Eight /O
macrocells with single feedback contain nine E2 cells, while the
other eight macrocells contain eight E2 cells for programming the
input/output functions (see Table 1}. -

E2 cell S1 controls whether the macrocell will be combinatorial or
registered/latched. SO controls the output polarity (active-HIGHor
active-LOW). S2 determines whether the input/outputis aregister
or a latch. $3 allows the use of the macrocell as an input register/
latch or as an output register/latch. It selects the direction of the
data path through the-register/latch. If connected to the usual
AND-OR array output, the register/latch is an output connected to
the VO pin. f connacted to the IO pin, the register/latch becomes
an input register/latch to the AND array using the feedback data
path.

Programmable E2 cells 4 and S5 allow the user to select one of
the four CLK/LE signals for each macrocell. S6 and S7 are used
to control Output Enable as pin controlled, two product term con-
trolled, permanently enabled or permanently disabled. 88 is a
feedback multiplexer for the macrocells with a single feedback
path only.

Using the programmable E2 cells S0-$8 various input and output
configurations can be selected. Some of the possible configura-
tion options are shown in Figure 3.

In the virgin erased state (charged, disconnected), an architac-
tural cell is said to have a value of "17; in the programmed state
{discharged, connected to GND), an architectural cell is said to
have a value of “0”.
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. 'l'j so] [st
OLKLE ——p—~{ 1 1 =
— 1o CLKIE =
VCLKAE —r°! RESET|
00 [
84 5 s2

COMMON
ASYNCHRONOUS —]_)—
RESET

TOANDARRAY +— %4

DF00s181

TOAND ARRAY ~ 34—

DEDICATED FEEDBACK 8,
I

Figure 2a. PALCE29M16H Macrocell (Dual Feedback)
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83 /O Cell
Output Cell
0 Input Cell

S1 Output Type

Combinatorial
0 Register/Latch

13e 0 ] as75an ooaaiuy 1
T-46-13-47

S2 Storage Element

Register
0 Latch

SO0 Output Polarity

Active LOW
0 Active HIGH

S8 Feedback*
1 Register/Latch
0 vo

* Applies to macrocells with single feedback only.

Table 1. PALCE29M16H I/O Logic Macrocell Architecture Selections

S4 | S5 | Clock Edge/Latch Enable Levef §6 | S7 | Output Buffer Control

1 1 | CLK/LE pin positive-going edge, active-LOW LE 1 1 | Pin-Controlled Three-State Enable

1 0 | CLK/AE pin negative-going edge, active-HIGH LE 1 0 | XOR PT-Controlled Three-State Enable
0 1 | VCLK/LE pin positive-going edge, active-LOW LE 0 1 | Permanently Enabled (Output only)

0 0 | VCLK/LE pin negative-going edge, active-HIGH LE 0 0 | Permanently Disabled (Input only)

1 = Erased State (Charged or disconnected).

0 = Programmed State (Discharged or connected).

Table 1. PALCE29M16H I/O Loglc Macrocsli Clock Polarity and Qutput Enable Selsctions (Continued)
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SOME POSSIBLE CONFIGURATIONS OF THE INPUT/OUTPUT LOGIC MACROCELL

{For other useful configurations, please refer to the macrocsli diagrams in Figure 2. All macrocell architacture cells are independently

programmable). T-46-13 47
Output Reglstered/Active Low Output Combinatorlal/Active Low
=3 : 3]
Sg=1 D aQ Sp=1
52 =0 — Sg =1
Sg=1 - > Q S3=1
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Output Reglstered/Active High Output Comblinatorial/Active High
L3
—3 > =
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Figure 3a. Dual Feedback Macrocells
Output Reglistered/Active Low, /0 Feedback Output Combinatorial/Active Low, [/O Feedback
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i = 8=
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Figure 3b. Single Feedback Macrocells
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SOME POSSIBLE CONFIGURATIONS OF THE INPUT/QUTPUT LOGIC MACRCCELI_. (Continued)

Output Registered/Active Low, Reglister Feedback

Sg=1

g s

-l Symi

— se=1
S2

=1

LDoo1031
Output Latched/Active Low, Latched Feedback

Sp=1
Sy=0
S3=1
Sg=1

LDOO1051

Output CombinatoriaVActive Low, Register Feedback

D a Sp=1
Sy=1
G Sa=1

i = 3
g Sg=1
S3=1
LD001041

Output Combinatorial/Active Low, Latched Feedback

|

m °

o}
|

—

Figure 3b. Single Feedback Macrocells (Continued)

Input Registered/Latched

B—1o _ ! S3=0
a—Pr—— Sg = 1 (FOR SINGLE FEEDBACK ONLY)
—b Sy =1 REGISTER
=0 LATCH
LDO01071
PROGRAMMABLE-AND ARRAY

Figure 3¢c. All Macrocells

DESIGNED-IN TESTABILITY AND
DEBUGGING

PRELOAD

To simplify testing, the PALCE29M16H is designed with PRE-
LOAD circuitry that provides an easy method far testing logical
functionality. Both product term controlled and supervoltage-
enabled PRELOAD modes are available. This offers even more
test capability than previously implemented in AMD’s PAL de-
vices. The TTL-level PRELOAD product tarm can be useful during
debugging, where supervoltages may not be available.

PRELOAD allows any arbitrary state value to be loaded intc the
registers/latches of the device. Atypical 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’s inputs into
any arbitrary "present input” value, Once this is done, the state
machine is clocked into a new state, or “next state”, which can be
checked to validate the transition from the “present state”. In this
way any transition can be checked.

Since PRELOAD can provide the capability to go directly to any
desired arbitrary state, tast sequences may be greatly shortened.

Also, all possible states can be testad, thus greatly reducing test
time and development costs and guaranteeing proper in-system
operation.

Observabliity

The output register/latch observability product term, when as-
serted, suppresses the combinatorial output data from appearing
on the I/O pin and allows the observation of the contents of the
register/latch on the output pin for each of the logic macracalls.
This unique feature allows for easy debugging and tracing of the
buried state machines. In addition, a capability of supervoltage
observability is also provided.

Security Cell

Asecurity cellis provided on each deviceto prevent unautharized
copying of the user’s proprietary logic design. Once programmed,
the security cell disables the programming, verification, PRE-
LOAD, and the observability modes. The only way to erase the
protection cell is by charging the entire array and architecture
cells, in which case no proprietary design can be copied. (This cell
should be programmed only after the rest of the davice has been
completely programmed and verified.)

T-46-13-47
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ABSOLUTE MAXIMUM RATINGS
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OPERATING RANGES -

Storage temperature -65°C to +150°C Commercial (C) davices

Amblent tamperature under blas ........ureserees -55°C to +125°C Temperature (T,) operating free aif......ccccceeennae 0°Cto +75°C
Supply voltage with respect to ground ... s0.5Vio+7.0V Supply voltage (V) wumrnnmemnsssinsinnacns +4.75 V1o +5.25 V
DC output voltage ....ceveerevriresssesinnas 5VtoV,, +0.5V

DC input voltage (except pin I/OE) . -0.5Vto V:z +0.5V T-46-13-47

DC input voltage (pin VOE) ..cciveivnnnsemessanessneas 0.6 Vio+16V Operating ranges define those limits betwaen which the function-
DC INPUL CUITENT wu.eeecirecrescnsisssnsssssvesssessssasirnsns -{mAto+1 mA  ality of the device is guaranteed.

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 maxi-
mum ratings for extended periods may affsct device refiability.

DC CHARACTERISTICS Over operating range unlass otherwise specified.

Parameter Parameter
Symbol Description Test Conditions Min. | Max. | Units
Vcc = Min.
Vou Output HIGH Voltage Vig=Vigorv, 24 \
IOH =-2 mA
. lo, =86 mA 0.5
Vou Output LOW Voltage ‘600:3""& v I, =4 MA 033 | V
IN 1H L
. lo, =20pA 0.1
Viu Input HIGH Voltage Guaranteed Logic HIGH for all Inputs (Note 1)| 2.0 v
Vi Input LOW Voltage Guaranteed Logic LOW for all Inputs (Note 1) 0.8 v
! Input Leakage Current Vi =01t055V,V,, =Max. -10 10 MA
I Output Leakage Current (Note 3) Viy=01t0565V, V.. = Max. -10 10 pA
loe Supply Current Outputs Open (I, =0 mA), V,, =0V 100 mA
lso Output Short Circuit Current Vee = Max., V, = 0.5 V (Note 2) -30 -90 mA
Notes: 1. These are absolute values with respect to the ground pin on the device and include all overshoots due to system or tester

noise. Do not attempt to test these values without suitable equipment.
2, No more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

3. VO pin leakage is the worst case of |, or |,

{where X = HorL).

CAPACITANCE (Note 1)
Parameter Parameter
Symbol Description Test Conditions Typ. | Unlts
Ciu Input Capacitance V,=50V,T, =25C 5 F
Cour Output Capacitance Viy=0Vatf=1MHz 8 P

Notes: 1. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is

modified where capacitance may be affected,

11
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SWITCHING CHARACTERISTICS

Over commetcial range unless otherwise specified; all values are determined under the loading of one TTL gate and
a capacitance of 35 pF

T-46-13-47

REGISTERED OPERATION

Parameter -25 -35

Symbol Parameter Description Min, I Max. | Min I Max Unit
Comblnatorial Output
too [ Input or /O Pin to Combinatorial Output | 25 | as I ns
Output Reglster
tsor Input or VO Pin to Output Register Setup 15 20 ns
tsom Output Register Clock to Output 16 20 ns
tuor Data Hold Time for Output Register 0 0 ns
Input Register
tan /O Pin to Input Register Setup 2 4 ns
ton Register Feedback Clock to Combinatorial Output 28 36 ns
tum Data Hold Time for input Register 6 8 ns
Clock and Frequency
tos Register Feedback to Output Register/Latch Setup 20 30 ns
fuax Maximum Frequency (Pin Driven) 1/{t;; + t.oq) 333 25 MHz
fuaa Maximum Internal Frequency (Pin Driven) 1A, 50 333 | MHz
town Pin Clock Width HIGH 8 12 ns
towe Pin Clock Width LOW 8 12 ns
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o> T-46-13-47
AND-OR
1o | ARRAY tois -
INPUT OUTPUT |—tcor
t3IR -+ »|REGISTERF~\ _--»|REGISTER
vo \\\ i Vo
l‘\
110 . . )
tgoRp ~~-=-====-- .7 N ——— » toiR
tpp > top
BDO06831
Input/Output Register Specs (Pin CLK Reference)
SWITCHING WAVEFORMS
<~ tSIR->{«—tHIR
COMBIL:JI:AJ_I?RIAL vr cLACK / v
tpp—>

COMBINATORIAL
OUTPUT

COMBINATORIAL
INPUT

CLOCK

REGISTERED
QUTPUT

AR v

COMBINATORIAL
OUTPUT

Combinatorial Output

AR

Input Register

v

T

Vr Vr
<—t50R—[* HOR

l«— COR—>]

CLOCK

i N

Output Register

Clock Width
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SWITCHING CHARACTERISTICS (Continued)

Over commercial range unless otherwise specified; all values are determined und

capacitance of 35 pF

13E D M 0257526 0028152 9 WM

or the loading of one TTL gate and ;'i
ADV MICRO PLA/PLE/ARRAYS

T-46-13-47
LATCHED OPERATION
Parameter -25 -35
Symbol Paramster Description Min. | Max. | Min. | Max Unit
Comblinatorial Output
too Input or /O Pin to Combinatorial Output 25 35 ns
toro Input or /O Pin to Output via One Transparent Latch 28 36 ns
Output Latch
tsoL Input or /O Pin to Output Latch Setup 15 20 ns
teoL Latch Enable to Transparent Mode Qutput 15 20 ns
Yol Data Hold Time for Output Latch 0 0 ns
tore Input or /O Pin to Output Latch Setup via Transparent Input Latch 18 25 ns
Input Latch i
ton /O Pin to Input Latch Setup 2 4 ns
tan Latch Feedback, Latch Enable Transparent Mode to 28 36 ns
Combinatorial Output
e Data Hold Time for Input Latch 6 8 ns
Latch Enable
tas Latch Feedback to Output Register/Latch Setup 20 30 ns
tawn Pin Enable Width HIGH 8 12 ns
tawe Pin Enabls Width LOW 8 12 ns
EC>
AND-OR
ARRAY
tais tais
tsTL ——
fSIL ....o] NPUT QUTPUT GoL
pTD
o
£l
Vo
tsoL
p1D

tPD

Input/Output Latch Specs (Pin LE Reference)
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AT,

S

LATCHED
INPUT

COMBINATORIAL
INPUT

COMBINATORIAL
OUTPUT

LATCHED
ouTPUT

LATCHED
INPUT

COMBINATORIAL
INPUT

LATCHED
ouTPUT

L3E D

Latch (Transparent Mode)

V1
-—tgy) —>

A ) &

[ -t SO [t HO -]

H

i

Il

~v_.r

vr

¥}

-<«—1pTD

Output Latch

%3 71 vy V1 TRANSPARENT
«—»tgoL
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SWITCHING WAVEFORMS (Continued)

L3
ADV MICRQ PLA/PLE/ARRAYS
T-46-13-47
LATCHED TRANSPARENT
iE vr vy vy
<«—tGWH—> <——|GWL
LE Width
LATCHED TRANSPARENT
iE SIEV INPUT
L& T LATCH
tais
— OUTPUT
LE TRANSPARENT Vr LATCHED  LaTCH
Input and Output Latch Relationship
LATCHED
INPUT (V'r )("T
-t Gu_->|
iE Vy TRANSPARENT
<—tp1D>
COMBINATORIAL ""![:""" AR )(

v

OuTPUT .l'l.l.l .l'l.l’l.l.l’:’l.l.l.lu T
<—tpyp—>

Input Latch (PIn [E)



ADV MICRO PLA/PLE/ARRAYS L3E D ®M 025752k 0028154 & -_

RESET/PRESET, ENABLE

Parameter - T-46-13-47 -25 -35

Symbol Parameter Description Min. | Max. | Min. | Max. | Unit
tapo Input or /O Pin to Output Register/Latch RESET/PRESET 30 40 ns
taw Asynchronous RESET/PRESET Pulse Width 15 20 ns
taro Asynchronous RESET/PRESET to Output Register/Latch Recovery 15 20 ns
tar Asynchronous RESET/PRESET to Input Register/Latch Recavery 12 15 ns
Output Enable Operation
toax VOE Pin to Output Enable 20 30 ns
toxz" I/GE Pin to Output Disable 20 30 ns
tea Input or /O to Output Enable via PT 25 35 ns
ter” Input or /0 to Output Disable via PT 25 35 ns

* Qutputdisable times do notinclude test load RCtime constants.

SWITCHING WAVEFORMS (Continued)

- LA ——>
COMBINATORIAL
ASYNCHRONOUS v }(
RESET/PRESET
<«—tapo
REGISTERED/ Ve
LATCHED N PINTY T
OUTPUT
tpxz —» 1
"ARO—|<¢——> COMBINATORIAL/ Vs 05V P2
REGISTERED/ : vy
cLocK Ve LATCHED VoL +0.5V
OUTPUT
Output Register/Latch Reset/Preset Pin 11 to Output Disable/Enable
——— LAWY ————
COMBINATORIAL
ASYNCHRONOUS Vr
RESET/ -
TIPRESET COMBINATORIAL vr
< tap—> INPUT
teg —> -t
CLOCK vy COMBINATORIAL/ ER Vs 05V [ EA_
REGISTERED/ OH v,
LATCHED VoL +05V [T
OUTPUT -
Input Reglster/Latch Reset/Preset Input to Output Disable/Enable

16




ADV VMICRO PLA/PLE/ARRAYs 13E D WM 0257526 0028155 4 W 1_46.13-47

POWER-UP RESET 2. Following reset, the clock input must not be drivenTfom LOW
- to HIGH until all applicable input and feedback setup times are

The registered devices in the AMD PAL Family have been met.

designed with the capability to reset during system power-up.

Following powaer-up, all registers will be reset to LOW. The output Parameter Parameter

state will depend on the polarity of the output buffer. This feature Symbol Description Min. | Max. | Unit

provides extratlexibility to the designer and is espscially valuable Power-Up

in simplifying state machine initialization. A timing diagram and tan Reset Tima 100 us

parameter table are shown below. Dus to the asynchronous

operation of the power-up reset, and the wide range of ways V,, t Input or Feadback See Switching

can rise to its steady state, two conditions are required to ensure s Setup Time Characteristics table
5‘"" a valid power-up reset. These conditions are: ty Clock Width
L 1. The V,,, rise must be monotonic. tq V. Rise Time 500 | | us

Vee
POWER v
tr I: tor -
REGISTERED
ACTIVELOW 4
OUTPUT //7
s
CcLOCK \\\‘
ety

Figure 5. Power-Up Reset Waveform

N

SWITCHING TEST CIRCUIT KEY TO SWITCHING WAVEFORMS
Sy WAVEFORMS INPUTS OUTPUTS
5V 0—0” o— ’
ER| MUST BE STEADY WILL BE STEADY

ouTeaT I ¥ CHANGE CHALN?ETNG
FROMHTOL
c 3 FROMHTOL
L $Ry
I j WILL BE
= = ﬂ— FRoH L ToN FROMLTO
FROMLTOH

VAR DON'T CARE; ANY CHANGING;
"l’l'.'ﬂ..’l .’.’.’.’.’.’.’.’.’A CHANGE PERMITTED STATE UNKNOWN

DOES NOT CENTER LINE IS HIGH
APPLY IMPEDANGE "OFF" STATE

e,

.
Specification Switch §, C. R, R, Measured Output Value
toor toor tao Closed 35 pF 620 Q 390Q 15V
to,t Z—H: open 35 pF 8200 | 390Q 15V
Bar PEX _Z-: closed P
ters toxz H—Z: open 5pF 620Q 300 Q H-Z:V,,-05V
L—Z: closed L-Z:V, +05V

17




ADV MICRO PLA/PLE/ARRAYS
PRELOAD and OBSERVABILITY
The PALCE29M16H has special preload and observability
modes designed in. The PRELOAD mode is very useful during
structured vector testing after programming, while the observe

mode allows the designer to see the contents of any buried
registers.

The PRELOAD waveform is shown in Figure 6. The PRELOAD
registers mode is selected with the mode-select pins, the desired
data to be loaded into the registers is placed on the appropriate
I/O pins, and a positive pulse on pin 1 is applied. This clocks the
new values into the registers, and the device can then be returned
to normal operating mode.

L3E D

M 0257526 0024150 - M

The observability function allows the user to absarve theoutputs
of all sixteen registers. To use the observability mode, simply
selactthe observe registers mode with the mode-select pins. The
register output is automatically selected (combinatorial mode is
off), and the output will be the true side of the register (Q). The data
will be present as long as the mode-select pins access the
observe mode (even if pin 11 goes LOW, the output pins will still
retain the data out of the registers). To exit the abserve mode,
simply change the mode-select pins while pin 11 s still at V..

During observability, pin 1 should remain LOW. K pin 1 goes
HIGH, the device will interpret this as a clack signal, and the
previous data may be lost. As long as pin 1 remains LOW, the
state of the registers will not change when going from normal-
mode operation fo observe mode or back.

T-46-13-47
Vep
PN 11
ViLp
v | ety ’4-1“ e (dVEdH)
MODE 'IHP
SELECT PRELOAD
PINS Vip ) ) ) ) MODE )(
t -« t —<—>l
Yiwp - > ) > > DATA TO BE < <"°< ( < < (
VO PINS Vip PRELOADED)
v, tps ‘:W=Iﬁ= tH
cLock HP I{ \_l
PIN1 Vi
WF025540
Figure 6. PRELOAD Waveform
PRELOAD DC ELECTRICAL CHARACTERISTICS (T, = 25°C 45°C)
Parameter
Symbol Parameter Description Min. Rec. | Max. | Unit
VPP PRELOAD Voltage 145 15.0 15.5 \
V"_P Input LOW Level During Prog/Verify 0 0 0.5 \
VIHP Input HIGH Level During Prog/Verify 3.0 4.0 Vcc \
VoL Verify LOW 0.2 0.5 \
Vou Verify HIGH 24 34 \

Note: AC undershoot on any input should be limited to -1 V.

Table 2.

18



ADV MICRO PLA/PLE/ARRAYS L3E D mm 0257526 00248157 & W

T-46-13-47
Pln 23 Pin 14 Pin 13 Pln 2
Preload L H H L
Observe H L " H H
Table 3. Mode Pins
PRELOAD AC ELECTRICAL CHARACTERISTICS (1, = 25°C 5°C)
Parameter Parameter
Symbol Description Min. | Ree. | Max. | Unit
tu Setup Before Applying Mode 50 50 ik
tus Mode Setup Prior to Applying Data 1.0 1.0* us
the Data Setup Prior to Applying PRELOAD Latch Pulse i.0 1.0 us
ty Data/Mode Hold After Latch Pulse 1.0 1.0* us
tw Data Latch Pulse Width 1.0 1.0* us
tio VO Valid After Pin 11 Drops from V., to TTL Levels 100 us
dVr/dt Vp,p Rising Slew Rate (Pin 11) 10 100 Vips
dVi/dt Vpp Falling Slew Rate (Pin 11) 20 3.0 Vius
é‘ - * Recommended value is as close to 1.0 us plus tolerance as practical, but not less than 1.0 ps.

Table 4.

ENDURANCE CHARACTERISTICS
All PALCE29M16H devices are given multiple erase cycles (endurance cycles) at the factory.

] Parameter Parameter
Symbol Description Value | Unit Test Conditions
o tor Minimum Pattern Data Retention Time 10 Years Maximum Storage Temperature
N Minimum Reprogramming Cycles 100 | Cycles Operating Conditions

19




ADV MICRQ PLA/PLE/ARRAYS L3E D
PROGRAMMERS/DEVELOPMENT $YS 1 EMS (Subject to changa)

MANUFACTURER

PROGRAMMER CONFIGURATION

B 025752k 0024158 T mA

T-86-13-47

Programmer Model

Personality Module

Socket Adapter

Adams MacDonald
800 Airport Road
Monterey, CA 93940
(408) 373-3607

Contact Manufacturer

Data /O Corporation
10525 Willows Road NE
PO Box 97046

Redmond, WA 98073-9746
(800) 247-5700

System 29
Model 60A or 60H-V10
UniSite™ 40 Rev 2.3

LogicPak™ 303A-V04

303A-011A/B Vo4
Family/Pinout 604B

Digelec Inc.

22736 Vanowen Street

Canoga Park, CA 91307

(800) 367-8750 or {818) 887-3756

Contact Manutacturer

Kontron Electronics Inc.

630 Clyde Avenue

Mountain View, CA 94039-7230
(800) 227-8834 or (415) 965-7020

Contact Manufacturer

Logical Devices Inc.

1201 Northwest 65th Place

Fort Lauderdale, FL 33309

(800) 331-7766 or (305) 974-0967

Contact Manufacturer

Micropross

Parc d'Activite des Pres
5, rue Denis-Papin
59650 Villsneuve-d'Ascq
(20) 47.90.40

Contact Manufacturer

Stag Microsystems Inc.
1600 Wyatt Drive, Suite 3
Santa Clara, CA 95054
(408) 988-1118

Contact Manufacturer

Varix Corporation

1210 E. Campbell Road, Suite 100
Richardson, TX 75081

(214) 437-0777

Contact Manutacturer

MANUFACTURER

SOFTWARE DEVELOPMENT SYSTEM

Advanced Micro Devices
901 Thompson Place
Sunnyvale, CA 94088-3453
(800) 222-0323

PALASM®2 Software, rev, 2.24 and later
PLPL Software, rev. 2.2 and later

Data /O Corporation
10525 Willows Road NE
PO Box 97046

Redmond, WA 98073-9746
(800) 247-5700

ABEL™ Softwars, rev. 3.0 and later

Loglcal Davices Inc.

1201 Northwest 65th Place

Fort Lauderdale, FL 33309

(800) 331-7766 or (305) 974-0967

CUPL™ Software, rev. 2.15A and later

LogicPak™, UniSite™, and ABEL™ are trademarks of Data /O Corporation. CUPL™ is a trademark of Logical Devices Inc.
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~HYSICAL DIMENSIONS*

'

PD3024 LBE D WM 0257526 0028159 1
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*For reference only.
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PHYSICAL DIMENSIONS _
ADV NiCRO PLA/PLE/ARRAYS PLO2¢ L3E D WM 025752k 00281k0 8 _-
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/
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e
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PID# 06751E

UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS
ALL TOLERANCES ARE +.007 INCHES
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