COM'L: H-5/7/10/15/25, Q-10/15/25

IND: H-10/15/25, Q-20/25

PALCE16V8 Family

EE CMOS 20-Pin Universal Programmable Array Logic

e\

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

m  Pin and function compatible with all 20-pin
GAL devices

m Electrically erasable CMOS technology
provides reconfigurable logic and full
testability

m High-speed CMOS technology
— 5-ns propagation delay for “-5” version
— 7.5-ns propagation delay for “-7” version

m Direct plug-in replacement for the PAL16R8
series and most of the PAL10H8 series

m  Outputs programmable as registered or
combinatorial in any combination

m Peripheral Component Interconnect (PCI)
compliant

Programmable output polarity
Programmable enable/disable control
Preloadable output registers for testability
Automatic register reset on power up

Cost-effective 20-pin plastic DIP, PLCC, and

SOIC packages

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

m  Fully tested for 100% programming and

functional yields and high reliability

m 5 ns version utilizes a split leadframe for
improved performance

GENERAL DESCRIPTION

The PALCE16V8 is an advanced PAL device built with
low-power, high-speed, electrically-erasable CMOS
technology. It is functionally compatible with all 20-pin
GAL devices. The macrocells provide a universal device
architecture. The PALCE16V8 will directly replace the
PAL16R8 and PAL10H8 series devices, with the excep-
tion of the PAL16C1.

The PALCE16VS8 utilizes the familiar sum-of-products
(AND/OR) architecture that allows users to implement
complex logic functions easily and efficiently. Multiple
levels of combinatorial logic can always be reduced to
sum-of-products form, taking advantage of the very
wide input gates available in PAL devices. The equa-
tions are programmed into the device through floating-
gate cells in the AND logic array that can be erased
electrically.

The fixed OR array allows up to eight data product terms
per output for logic functions. The sum of these products
feeds the output macrocell. Each macrocell can be pro-
grammed as registered or combinatorial with an active-
high or active-low output. The output configuration is
determined by two global bits and one local bit
controlling four multiplexers in each macrocell.

AMD’s FusionPLD program allows PALCE16V8 de-
signs to be implemented using a wide variety of popular
industry-standard design tools. By working closely with
the FusionPLD partners, AMD certifies that the tools
provide accurate, quality support. By ensuring that third-
party tools are available, costs are lowered because a
designer does not have to buy a complete set of new
tools for each device. The FusionPLD program also
greatly reduces design time since a designer can use a
tool that is already installed and familiar.
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CLK = Clock

GND = Ground

I = Input

I/O = Input/Output
OE = Output Enable
Vce = Supply Voltage
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ORDERING INFORMATION

Commercial and Industrial Products

AMD programmable logic products for commercial and industrial applications are available with several ordering options. The
order number (Valid Combination) is formed by a combination of:

PAL CE 16 V8H -5 P C /5

L OPTIONAL PROCESSING

FAMILY TYPE _ Blank = Standard Processing

PAL = Programmable Array Logic

TECHNOLOGY

CE = CMOS Electrically Erasable EESE EAmm;’?'Z;EtSAS]NATOR

NUMBER OF /4 = First Revisio_n_

ARRAY INPUTS /5 = Second Revision
(Same Algorithm as /4)

OUTPUT TYPE

V = Versatile
NUMBER OF OUTPUTS
POWER ——— OPERATING CONDITIONS

- H o o
H = Half Power (90 — 125 mA Icc) IC _ Ezwgr?;rl(a;(gog tt;) _:-87550(%)
Q = Quarter Power (55 mA Icc) -

SPEED PACKAGE TYPE
5 = 5nstep P = 20-Pin Plastic DIP (PD 020)
7 = J = 20-Pin Plastic Leaded Chip
1; = 105 ns trp Carrier (PL 020)
-10 = 10nstep S = 20-Pin Plastic Gull-Wing
-15 = 15nstrp Small Outline Package (SO 020)
-20 = 20 ns trp
-25 = 25 nstep
Valid Combinations Valid Combinations
PALCE16V8H-5 JC /5 Valid Combinations lists configurations planned
PALCE16V8H-7 PC, JC to be supported in volume for this device. Consult
PALCE16VS8H-10 | PC.JC. sSC. Pl JI /4 the local AMD sales office to confirm availability of
— specific valid combinations and to check on newly
PALCE16V8Q-10 PC, JC, SC /5 released combinations.
PALCE16V8H-15 PC, JC, SC, PI, JI
PALCE16V8Q-15 PC, JC
PALCE16V8Q-20 P, JI Blank,
PALCE16V8H-25 | PC,JC, SC, PI, JI 14
PALCE16V8Q-25 PC, JC, PI, JI
2-38 PALCE16V8H-5/7/10/15/25, Q-10/15/25 (Com’l)
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FUNCTIONAL DESCRIPTION

The PALCE16V8 is a universal PAL device. It has eight
independently configurable macrocells (MCo—MCy7).
Each macrocell can be configured as registered output,
combinatorial output, combinatorial /O or dedicated in-
put. The programming matrix implements a program-
mable AND logic array, which drives a fixed OR logic
array. Buffers for device inputs have complementary
outputs to provide user-programmable input signal po-
larity. Pins 1 and 11 serve either as array inputs or as
clock (CLK) and output enable (OE), respectively, for all
flip-flops.

Unused input pins should be tied directly to Vcc or GND.
Product terms with all bits unprogrammed (discon-
nected) assume the logical HIGH state and product
terms with both true and complement of any input signal
connected assume a logical LOW state.

The programmable functions on the PALCE16V8 are
automatically configured from the user’s design

specification. The design specification is processed by
development software to verify the design and create a
programming file (JEDEC). This file, once downloaded
to a programmer, configures the device according to the
user’s desired function.

The user is given two design options with the
PALCE16VS8. First, it can be programmed as a standard
PAL device from the PAL16R8 and PAL10H8 series.
The PAL programmer manufacturer will supply device
codes for the standard PAL device architectures to be
used with the PALCE16V8. The programmer will pro-
gram the PALCE16V8 in the corresponding architec-
ture. This allows the user to use existing standard PAL
device JEDEC files without making any changes to
them. Alternatively, the device can be programmed as
aPALCE16V8. Here the user must use the PALCE16V8
device code. This option allows full utilization of the
macrocell.
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Configuration Options

Each macrocell can be configured as one of the follow-
ing: registered output, combinatorial output, combinato-
rial /O, or dedicated input. In the registered output
configuration, the output buffer is enabled by the OE pin.
In the combinatorial configuration, the buffer is either
controlled by a product term or always enabled. In the
dedicated input configuration, it is always disabled. With
the exception of MCo and MCyz, a macrocell configured
as a dedicated input derives the input signal from an ad-
jacent 1/0. MCo derives its input from pin 11 (OE) and
MCy7 from pin 1 (CLK).

The macrocell configurations are controlled by the con-
figuration control word. It contains 2 global bits (SGO
and SG1) and 16 local bits (SLOo through SLO7 and SL10
through SL17). SGO determines whether registers will
be allowed. SG1 determines whether the PALCE16V8
will emulate a PAL16R8 family or a PAL10H8 family de-
vice. Within each macrocell, SLOx, in conjunction with
SG1, selects the configuration of the macrocell, and
SL1x sets the output as either active low or active high
for the individual macrocell.

The configuration bits work by acting as control inputs
for the multiplexers in the macrocell. There are four mul-
tiplexers: a product term input, an enable select, an out-
put select, and a feedback select multiplexer. SG1 and
SLOx are the control signals for all four multiplexers. In
MCo and MCy7, SGO replaces SG1 on the feedback mul-
tiplexer. This accommodates CLK being the adjacent
pin for MC7 and OE the adjacent pin for MCo.

Registered Output Configuration

The control bit settings are SG0=0,SG1=1and SLOx =
0. There is only one registered configuration. All eight
product terms are available as inputs to the OR gate.
Data polarity is determined by SL1x The flip-flop is
loaded on the LOW-to-HIGH transition of CLK. The
feedback path is from Q on the register. The output
buffer is enabled by OE.

Combinatorial Configurations

The PALCE16V8 has three combinatorial output con-
figurations: dedicated outputin a non-registered device,
I/O in a non-registered device and I/O in a registered
device.

Dedicated Output in a Non-Registered
Device

The control bit settings are SGO=1, SG1=0and SLOx =
0. All eight product terms are available to the OR gate.
Although the macrocell is a dedicated output, the feed-
back is used, with the exception of pins 15 and 16. Pins
15 and 16 do not use feedback in this mode. Because
CLK and OE are not used in a non-registered device,
pins 1 and 11 are available as input signals. Pin 1 will

use the feedback path of MC7 and pin 11 will use the
feedback path of MCo.

Combinatorial I/O in a Non-Registered
Device

The control bit settings are SG0=1,SG1 =1, and SLOx=
1. Only seven product terms are available to the OR
gate. The eighth product term is used to enable the out-
put buffer. The signal at the I/O pin is fed back to the
AND array via the feedback multiplexer. This allows the
pin to be used as an input.

Because CLK and OE are not used in a non-registered
device, pins 1 and 11 are available as inputs. Pin 1 will
use the feedback path of MC-and pin 11 will use the
feedback path of MCo.

Combinatorial 1/0 in a Registered Device

The control bit settings are SG0=0, SG1 =1 and SLOx =
1. Only seven product terms are available to the OR
gate. The eighth product term is used as the output
enable. The feedback signal is the corresponding 1/0O
signal.

Dedicated Input Configuration

The control bit settings are SG0=1,SG1 =0and SLOx =
1. The output buffer is disabled. Except for MCo and MC~
the feedback signalis an adjacent 1/0. For MCo and MC7
the feedback signals are pins 1 and 11. These configu-
rations are summarized in Table 1 and illustrated in
Figure 2.

Table 1. Macrocell Configuration
SGOI SGlI SLOxI Cell Configuration [pevices Emulated
Device Uses Registers
0 1 0 | Registered Output | PAL16R8, 16R6,
16R4
0 1 1 | Combinatorial /O | PAL16R6, 16R4
Device Uses No Registers
1 0 0 | Combinatorial PAL10H8, 12H6,
Output 14H4, 16H2, 10L8,
1216, 1414, 16L2
1 0 1 |Input PAL12H6, 14H4,
16H2, 1216, 14L4,
16L2
1 1 1 | Combinatorial /O |PAL16L8

Programmable Output Polarity

The polarity of each macrocell can be active-high or ac-
tive-low, either to match output signal needs or to
reduce product terms. Programmable polarity allows
Boolean expressions to be written in their most compact
form (true or inverted), and the output can still be of the
desired polarity. It can also save “DeMorganizing”
efforts.

Selection is through a programmable bit SL1x which
controls an exclusive-OR gate at the output of the AND/
OR logic. The outputis active high if SL1xis 1 and active
low if SL1x is O.

2-40 PALCE16V8 Family
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OE OE
D Q D Q
CLK—P Q ck—P Q
Registered Active Low Registered Active High
Combinatorial 1/0 Active Low Combinatorial I/0 Active High
Vcc Vcc
Note 1 Note 1
Combinatorial Output Active Low Combinatorial Output Active High
Notes:
1. Feedback is not available on pins 15 ) )
and 16 in the combinatorial output mode. Adjacent I/O pin

2. This configuration is not available on pins 15 and 16. Note 2

Dedicated Input
16493D-5

Figure 2. Macrocell Configurations
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Power-Up Reset

All flip-flops power up to alogic LOW for predictable sys-
tem initialization. Outputs of the PALCE16V8 will de-
pend on whether they are selected as registered or
combinatorial. If registered is selected, the output will be
HIGH. If combinatorial is selected, the output will be a
function of the logic.

Register Preload

The register on the PALCE16V8 can be preloaded from
the output pins to facilitate functional testing of complex
state machine designs. This feature allows direct load-
ing of arbitrary states, making it unnecessary to cycle
through long test vector sequences to reach a desired
state. In addition, transitions from illegal states can be
verified by loading illegal states and observing proper
recovery.

Security Bit

A security bitis provided on the PALCE16V8 as a deter-
rent to unauthorized copying of the array configuration
patterns. Once programmed, this bit defeats readback
and verification of the programmed pattern by a device
programmer, securing proprietary designs from com-
petitors. The bit can only be erased in conjunction with
the array during an erase cycle.

Electronic Signature Word

An electronic signature word is provided in the
PALCE16V8 device. It consists of 64 bits of programm-
able memory that can contain user-defined data. The
signature data is always available to the user independ-
ent of the security bit.

Programming and Erasing

The PALCE16V8 can be programmed on standard logic
programmers. It also may be erased to reset a previ-
ously configured device back to its virgin state. Erasure
is automatically performed by the programming hard-
ware. No special erase operation is required.

Quality and Testability

The PALCE16V8 offers a very high level of built-in qual-
ity. The erasability of the device provides a direct means
of verifying performance of all AC and DC parameters.
In addition, this verifies complete programmability and
functionality of the device to provide the highest pro-
gramming vyields and post-programming functional
yields in the industry.

Technology

The high-speed PALCE16V8 is fabricated with AMD’s
advanced electrically erasable (EE) CMOS process.
The array connections are formed with proven EE cells.
Inputs and outputs are designed to be compatible with
TTL devices. This technology provides strong input
clamp diodes, output slew-rate control, and a grounded
substrate for clean switching.

PCI Compliance

The PALCE22V10H-7/10 is fully compliant with the PC/
Local Bus Specification published by the PCI Special In-
terest Group. The PALCE22V10H-7/10’s predictable
timing ensures compliance with the PCI AC specifica-
tions independent of the design.

2-42 PALCE16V8 Family
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LOGIC DIAGRAM
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LOGIC DIAGRAM (continued)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. —55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vto +7.0V
DC Input Voltage . . ......... -0.5VtoVeec +05V
DC Output or I/O

PinVoltage ............... -05VtoVcc+05V
Static Discharge Voltage . .. .............. 2001V
Latchup Current

(TA=0°Cto75°C) ... oo 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices

Temperature (Ta) Operating

iNFree Air......... ... ... .. 0°C to +75°C
Supply Voltage (Vcc) with
Respectto Ground ............ +4.75V to +5.25 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description lest Conditions Min Max  Upit

VoH Output HIGH Voltage lon=-3.2 mA VIN = VIH or ViL 2.4 \%
Vce = Min

VoL Output LOW Voltage loL =24 mA VIN = VIH or ViL 0.5 \Y
Vce = Min

VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%

Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \Y,
Voltage for all Inputs (Note 1)

lH Input HIGH Leakage Current VIN=5.25V, Vcc = Max (Note 2) 10 HA

T Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 MA

lozH Off-State Output Leakage Vout =5.25V, Vcc = Max 10 HA

Current HIGH VIN = ViH or ViL (Note 2)
lozL Off-State Output Leakage VouTt =0V, Vcc = Max -100 HA
Current LOW VIN = Vi or ViL (Note 2)

Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max (Note 3) -30 -150 | mA

Icc Supply Current Outputs Open (lout=0mA), ViNn=0V 125 mA
(Static) Vcc = Max

Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

2. /O pin leakage is the worst case of i and lozL (or liH and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

PALCE16V8H-5 (Com’l)
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Descriptions [Test Conditions Typ nit
CiN Input Capacitance VIN=2.0V Vcc=5.0V, Ta=25°C, pF
Cout Output Capacitance Vout=2.0V f=1MHz 8 pF
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min
Symbol Parameter Description (Note 5)  |Max Unit
tPD Input or Feedback to Combinatorial Output 1 5 ns
ts Setup Time from Input or Feedback to Clock 3 ns
tH Hold Time 0 ns
tco Clock to Output 1 4 ns
tSkEwWR Skew Between Registered Outputs (Note 4) 1 ns
twi LOW 3 ns
Clock Width
twH HIGH 3 ns
. External Feedback 1/(ts+tco) 142.8 MHz
Maximum
fmax I(:requer)u:y Internal Feedback (fonT), 1/(ts+tcF) (Note 6) 166 MHz
Note 3
No Feedback 1/(twH+twL) 166 MHz
tPzx OE to Output Enable 1 6 ns
tPxz OE to Output Disable 1 5 ns
tea Input to Output Enable Using Product Term Control 2 6 ns
tER Input to Output Disable Using Product Term Control 2 5 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. Skew testing takes into account pattern and switching direction differences between outputs that have equal loading.

5. Output delay minimums for trp, tco, trzx, texz, tea, and ter are defined under best case conditions. Future process improve-
ments may alter these values therefore, minimum values are recommended for simulation purposes only.

6. tcr is a calculated value and is not guaranteed. tcr can be found using the following equation:
tcr = 1/fuax (internal feedback) — ts.

2-46
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature —65°C to +150°C

Ambient Temperature with
Power Applied

Supply Voltage with Respect
to Ground

-55°C to +125°C

-05Vto+7.0V

DC Input Voltage . . .........

DC Output or I/O
Pin Voltage

Static Discharge Voltage . .. .............. 2001V

Latchup Current
(TA=0°Cto+75°C) .. ... o

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices

Temperature (Ta)

Operating in Free Air 0°Cto +75°C

Supply Voltage (Vcc)

with Respect to Ground +4.75V to +5.25 V

Operating Ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Nax Unit

VOH Output HIGH Voltage loH=-3.2mA VIN=ViHOr ViL 24 \%
Vcc = Min

VoL Output LOW Voltage loL =24 mA VIN = VIH or VIL 0.5 \
Vce = Min

VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Note 1)

ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \%
Voltage for all Inputs (Note 1)

liH Input HIGH Leakage Current VIN =5.5V, Vcc = Max (Note 2) 10 A

liL Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 HA

lozH Off-State Output Leakage Vout =5.5V, Vcc = Max, 10 A

Current HIGH VIN = ViL or ViH (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -100 A
Current LOW VIN= VIL or VIH (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max (Note 3) -30 -150 mA
Icc Supply Current Outputs Open, (lout = 0 mA), 115 mA
(Dynamic) Vcc = Max, f = 25 MHz
Notes:

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included.

2. /O pin leakage is the worst case of i and lozL (or liH and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second.

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

PALCE16V8H-7 (Com’l)
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Descriptions [Test Conditions Typ Unit
CiN Input Capacitance VIN=2.0V Vcc=5.0V, Ta=25°C, 5 pF
Cout Output Capacitance Vout=2.0V f=1MHz 8 pF
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min
Symbol Parameter Description Note 5) [Max Unit
tPD Input or Feedback to Combinatorial Output 8 Outputs Switching 3 7.5 ns
1 Output Switching 3 7 ns
ts Setup Time from Input or Feedback 5 ns
tH Hold Time 0 ns
tco Clock to Output 1 ns
tSKEWR Skew Between Registered Outputs (Note 4) 1 ns
twiL LOW 4 ns
e Clock Width HIGH 4 s
Maximum External Feedback 1/(ts + tco) 100 MHz
fmax Frequency Internal Feedback (fcnT) 1/(ts + tcF) (Note 6) 125 MHz
(Note 3) No Feedback 1/(twH + twL) 125 MHz
tPzx OE to Output Enable 1 6 ns
tPxA OE to Output Disable 1 6 ns
teA Input to Output Enable Using Product Term Control 3 9 ns
teEr Input to Output Disable Using Product Term Control 3 9 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. Skew testing takes into account pattern and switching direction differences between outputs that have equal loading.

5. Output delay minimums for tep, tco, tezx, texz, tea, @and ter are defined under best case conditions. Future process improvements
may alter these values therefore, minimum values are recommended for simulation purposes only.

6. lcris a calculated value and is not guaranteed. tcr can be found using the following equation:
tcr = 1/fuax (internal feedback) — ts.

2-48 PALCE16V8H-7 (Com’l)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. —55°C to +125°C
Supply Voltage with

Respectto Ground ............ -05Vto +7.0V
DC Input Voltage . . ......... -0.5VtoVeec +05V
DC Output or I/O

PinVoltage ............... -05VtoVcc+05V
Static Discharge Voltage . .. .............. 2001V
Latchup Current

(TA=-40°Cto+85°C) . . ...t 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

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

inFree Air....................... 0°Cto +75°C
Supply Voltage (Vcc) with
Respectto Ground ............ +4.75V to +5.25 V

Industrial (I) Devices
Temperature (Ta) Operating

inFree Air..................... —40°C to +85°C
Supply Voltage (Vcc) with
Respectto Ground .............. +45Vto+55V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges

Parameter
Symbol Parameter Description Test Conditions Min Max  Upit
VoH Output HIGH Voltage lon=-3.2 mA VIN = ViH or ViL 2.4 \%
Vce = Min
VoL Output LOW Voltage loL =24 mA VIN = VIH or VIL 0.5 \%
Vce = Min
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \Y,
Voltage for all Inputs (Note 1)
lH Input HIGH Leakage Current VIN =5.25V, Vcc = Max (Note 2) 10 HA
T Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) —-100 MA
lozH Off-State Output Leakage Vout =5.25 V, Vcec = Max 10 pA
Current HIGH VIN = Vi or ViL (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -100 HA
Current LOW VIN = ViH or ViL (Note 2)
Isc Output Short-Circuit Current Vout=0.5V Vcc = Max (Note 3) -30 -150 | mA
Icc Commercial Supply Current Outputs Open (lout = 0 mA) 115 mA
(Dynamic) Vce = Max, f = 15 MHz
Industrial Supply Current 130 mA
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

2. 1I/O pin leakage is the worst case of i and lozL (or i+ and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Descriptions Test Conditions Typ nit
CiN Input Capacitance ViIN=2.0V Vcc =5.0V, Ta=25°C, pF
Cout Output Capacitance Vout=2.0V f=1MHz pF
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges

(Note 2)
Parameter Min
Symbol Parameter Description (Note 4) |Max Unit
tPD Input or Feedback to Combinatorial Output 3 10 ns
ts Setup Time from Input or Feedback to Clock 7.5 ns
tH Hold Time 0 ns
tco Clock to Output 3 7.5 ns
twi LOW 6 ns
Clock Width
twH HIGH 6 ns
External Feedback 1/(ts + tco) 66.7 MHz
Maximum
fmAax Frequency Internal Feedback (fcnT) | 1/(ts + tcr) (Note 5) 714 MHz
(Note 3) No Feedback 1U(twH + twi) 83.3 MHz
tPzx OE to Output Enable 2 10 ns
tPxz OE to Output Disable 2 10 ns
tea Input to Output Enable Using Product Term Control 3 10 ns
teErR Input to Output Disable Using Product Term Control 3 10 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. Output delay minimums for tep, tco, tezx, trxz, tea, and ter are defined under best case conditions. Future process improve-
ments may alter these values therefore, minimum values are recommended for simulation purposes only.

5. [Icris a calculated value and is not guaranteed. tcr can be found using the following equation:
ter = 1/fuax (internal feedback) — ts.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. —55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vto +7.0V
DC Input Voltage . . ......... -0.5VtoVeec +05V
DC Output or I/O

PinVoltage ............... -05VtoVcc+05V
Static Discharge Voltage . .. .............. 2001V
Latchup Current

(TA=0°Cto75°C) ... oo 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices

Temperature (Ta) Operating

iNFree Air......... ... ... .. 0°C to +75°C
Supply Voltage (Vcc) with
Respectto Ground ............ +4.75V to +5.25 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description lTest Conditions Min Max  Upit

VoH Output HIGH Voltage lon=-3.2 mA VIN = VIH or ViL 2.4 \%
Vce = Min

VoL Output LOW Voltage loL =24 mA VIN = VIH or ViL 0.5 \Y
Vce = Min

VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Note 1)

ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \Y,
Voltage for all Inputs (Note 1)

lH Input HIGH Leakage Current VIN=5.25V, Vcc = Max (Note 2) 10 HA

T Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 MA

lozH Off-State Output Leakage Vout =5.25V, Vcc = Max 10 HA

Current HIGH VIN = ViH or ViL (Note 2)
lozL Off-State Output Leakage VouTt =0V, Vcc = Max -100 HA
Current LOW VIN = Vi or ViL (Note 2)

Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max (Note 3) -30 -150 | mA

Icc Supply Current (Dynamic) Outputs Open (lout = 0 mA) 55 mA
Vce = Max, f= 15 MHz

Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

2. /O pin leakage is the worst case of i and lozL (or liH and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

PALCE16V8Q-10 (Com’l)
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Descriptions [Test Conditions Typ nit
CiN Input Capacitance VIN=2.0V Vcc=5.0V, Ta=25°C, pF
Cout Output Capacitance Vout=2.0V f=1MHz 8 pF
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min
Symbol Parameter Description (Note 4)  |Max Unit
tPD Input or Feedback to Combinatorial Output 3 10 ns
ts Setup Time from Input or Feedback to Clock 7.5 ns
tH Hold Time 0 ns
tco Clock to Output 3 7.5 ns
twi LOW 6 ns
Clock Width
twH HIGH 6 ns
) External Feedback 1/(ts + tco) 66.7 MHz
Maximum
fmMAX Frequency Internal Feedback (fcnT) 1/(ts + tcF) (Note 5) 714 MHz
Note 3
( ) No Feedback 1/(twH + twL) 83.3 MHz
tPzx OE to Output Enable 2 10 ns
tPxz OE to Output Disable 2 10 ns
tea Input to Output Enable Using Product Term Control 3 10 ns
teER Input to Output Disable Using Product Term Control 3 10 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. Output delay minimums for tep, tco, trzx, trxz, tea, and ter are defined under best case conditions. Future process improve-
ments may alter these values therefore, minimum values are recommended for simulation purposes only.

5. [Icris a calculated value and is not guaranteed. tcr can be found using the following equation:
ter = 1/fuax (internal feedback) — ts.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature

with Power Applied ............. —55°C to +125°C
Supply Voltage with

Respectto Ground ............ -05Vto +7.0V
DC Input Voltage . . ......... -0.5VtoVeec +05V
DC Output or I/O

PinVoltage ............... -05VtoVcc+05V
Static Discharge Voltage . .. .............. 2001V
Latchup Current

(TA=-40°Cto+85°C) . . ...t 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

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

inFree Air....................... 0°Cto +75°C
Supply Voltage (Vcc) with
Respectto Ground ............ +4.75V to +5.25 V

Industrial (I) Devices
Temperature (Ta) Operating

inFree Air..................... —40°C to +85°C
Supply Voltage (Vcc) with
Respectto Ground .............. +45Vto+55V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges

Parameter
Symbol Parameter Description lTest Conditions Min Max  Upit
VoH Output HIGH Voltage lon=-3.2 mA VIN = ViH or ViL 2.4 \%
Vce = Min
VoL Output LOW Voltage loL =24 mA VIN = VIH or VIL 0.5 \%
Vce = Min
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \Y,
Voltage for all Inputs (Note 1)
lH Input HIGH Leakage Current VIN=5.25V, Vcc = Max (Note 2) 10 HA
T Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) —-100 MA
lozH Off-State Output Leakage Vout =5.25V, Vcc = Max 10 HA
Current HIGH VIN = ViH or ViL (Note 2)
lozL Off-State Output Leakage VouTt =0V, Vcc = Max -100 HA
Current LOW VIN = Vi1 or ViL (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max (Note 3) -30 -150 | mA
Icc Commercial Supply Current Outputs Open (lout = 0 mA) H 90 mA
(Dynamic) Vce = Max, f =15 MHz Q 55
Icc Industrial Supply Current Outputs Open (lout = 0 mA) H 130 A
(Dynamic) Vce = Max, f = 15 MHz Q 65 m
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

2. /0 pin leakage is the worst case of li. and lozL (or iH and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Descriptions Test Conditions Typ Unit
CiN Input Capacitance ViIN=2.0V Vcc =5.0V, Ta=25°C, pF
Cout Output Capacitance Vout=2.0V f=1MHz pF
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges

(Note 2)
-15 -20 -25
Parameter
Symbol Parameter Description Min Max Min Max Min Max Upit
tPD Input or Feedback to Combinatorial Output 15 20 25 ns
ts Setup Time from Input or Feedback to Clock 12 13 15 ns
tH Hold Time 0 0 0 ns
tco Clock to Output 10 11 12 ns
twi . LOW 8 10 12 ns
Clock Width
twH HIGH 8 10 12 ns
Maximum External Feedback | 1/(ts + tco) 455 41.6 37 MHz
fmax Frequency Internal Feedback 1/(ts + tco) 50 45.4 40 MHz
(Note 3) (fenT) (Note 4)

No Feedback 1/(twH + twL) 62.5 50.0 41.6 MHz
tPzx OE to Output Enable 15 18 20 | ns
tPxz OE to Output Disable 15 18 20 ns
tEA Input to Output Enable Using Product Term Control 15 18 20 ns
tER Input to Output Disable Using Product Term Control 15 18 20 ns

Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. lcris a calculated value and is not guaranteed. tcr can be found using the following equation:
ter = 1/fuax (internal feedback) — ts.
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SWITCHING WAVEFORMS

Input or
Input or Feedback VT
Feedback VT
ts tH
tPD
. . VT
Combinatorial
Output VT Clock tco
16493D-7 Registered
Output VT
16493D-8
Combinatorial Output Registered Output
Input VT
twH —
tErR teA
Clock VT outout J Vor-0.5V/// v
utpu
P Fvor+0sv\ANN T
e twL
16493D-9 16493D-10
Clock Width Input to Output Disable/Enable
VT
OE
tpxz | tPzx
outout \\'k Von-0.5v/// Vi
P LLF vor+osv NN\ T
16493D-11
'OE to Output Disable/Enable
Notes:
1. Vr=15V
2. Input pulse amplitude 0 V to 3.0 V.
3. Input rise and fall times 2 ns — 5 ns typical.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHto L fromHto L
May Will be
Change Changing
fromLtoH fromLtoH
Don't Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-

Impedance
“Off" State

KS000010-PAL

SWITCHING TEST CIRCUIT

5V
S1
R1
Output Test Point
R2 CL
_ _ 16493D-12
Commercial Measured
Specification S1 CL R1 R2 Output Value
tep, tco Closed 15V
tea Z - H: Open 50 pF 200 Q 390 Q 15V
Z - L: Closed
teER H - Z: Open 5 pF H-5: H-Z:VoH-05V
L - Z: Closed 200 Q L-2Z:VoL+05V
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TYPICAL lcc CHARACTERISTICS
Vcc =5 V, TA =25°C

150 —|
125 16V8H-5
100 —+
16V8H-7
lcc (mA) 75 16V8H-10
16V8H-15/25
50 +—
16V8Q-10/15/25
25 +—
0 —t——f ——

Frequency (MHz)

Icc vs. Frequency

16493D-13

The selected “typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any

vector, half of the outputs were switching.

By utilizing 50% of the device, a midpoint is defined for Icc. From this midpoint, a designer may scale the Icc graphs up or down to

estimate the Icc requirements for a particular design.

PALCE16V8 Family
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ENDURANCE CHARACTERISTICS

The PALCE16V8 is manufactured using AMD’s ad- parts. As a result, the device can be erased and
vanced Electrically Erasable process. This technology reprogrammed—a feature which allows 100% testing at
uses an EE cell to replace the fuse link used in bipolar the factory.
Symbol | Parameter Test Conditions Min Unit
tDrR Min Pattern Data Retention Time Max Storage Temperature 10 Years
Max Operating Temperature 20 Years
N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles
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ROBUSTNESS FEATURES

PALCE16V8X-X/5 devices have some unique features
that make them extremely robust, especially when oper-
ating in high-speed design environments. Pull-up resis-
tors on inputs and 1/O pins cause unconnected pins to
default to a known state. Input clamping circuitry limits
negative overshoot, eliminating the possibility of false

clocking caused by subsequent ringing. A special noise
filter makes the programming circuitry completely insen-
sitive to any positive overshoot that has a pulse width of
less than about 100 ns for the /5 versions. Selected /4
devices are also being retrofitted with these robustness
features. See chart below for device listings.

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR /5 VERSIONS AND SELECTED /4

VERSIONS*

Vcc —T1— Vcc

ESD Programming =
Protection Pins onl Programming Positive .
and Rl S Voltage > Overshoot > Procgramtmmg
Clamping Detection Filter reurtry
Typical Input
Vce Vcc
> 50 kQ

Provides ESD

Protection and

Clamping

Preload Feedback
= Circuitry Input
Typical Output 16493D-14
*
Rev Letter . .
. - - Topside Marking:
Device Filter Only Filter and Pullups .
AMD CMOS PLD'’s are marked on the top of the package in the

PALCE16V8H-10 E, F, K L following manner:
PALCE16V8H-15|D, E, F, G, |, J, K L, M PALCEXXXX
PALCE16V8Q-15 D, G,J M Date Code (3 numbers) Lot ID (4 characters)— —(Rev. Letter)
PALCE16V8H-25 D, G,J M The Lot ID and Rev Letter are separated by two spaces.
PALCE16V8Q-25 D, G,J M

PALCE16V8 Family
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POWER-UP RESET

The PALCE16V8 has been designed with the capability
to reset during system power-up. Following power-up,
all flip-flops will be reset to LOW. The output state will be
HIGH independent of the logic polarity. This feature pro-
vides extra flexibility to the designer and is especially
valuable in simplifying state machine initialization. A
timing diagram and parameter table are shown below.
Due to the synchronous operation of the power-up reset

and the wide range of ways Vcc can rise to its steady
state, two conditions are required to insure a valid
power-up reset. These conditions are:

B The Vcc rise must be monotonic.

B Following reset, the clock input must not be driven
from LOW to HIGH until all applicable input and
feedback setup times are met.

Parameter
Symbol Parameter Descriptions Min Max Unit
tPR Power-Up Reset Time 1000 ns
ts Input or Feedback Setup Time
P P See Switching Characteristics
twi Clock Width LOW
4V Vce
Power
tPR — >
Registered // Z
Output 7
e {5
W f
tw —>
16493D-15

Power-Up Reset Waveform

2-60 PALCE16V8 Family



AMD :l

TYPICAL THERMAL CHARACTERISTICS

/4 Devices (PALCE16V8H-10/4)
Measured at 25°C ambient. These parameters are not tested.

Parameter Typ
Symbol Parameter Description PDIP PLCC Unit
Oic Thermal Impedance, Junction to Case 25 22 °C/W
Bja Thermal Impedance, Junction to Ambient 71 64 °C/W
Bjma Thermal Impedance, Junction to Ambient with Air Flow | 200 Ifpm air 61 55 °C/W
400 Ifpm air 55 51 °CIW
600 Ifpm air 51 a7 °CIW
800 Ifpm air 47 45 °C/W
/5 Devices (PALCE16V8H-7/5)
Measured at 25°C ambient. These parameters are not tested.
Parameter Typ
Symbol Parameter Description PDIP PLCC Unit
Oic Thermal Impedance, Junction to Case 29 23 °CIW
Bja Thermal Impedance, Junction to Ambient 70 61 °CIW
Bjma Thermal Impedance, Junction to Ambient with Air Flow | 200 Ifpm air 64 53 °C/W
400 Ifpm air 58 a7 °CIW
600 Ifpm air 53 44 °C/W
800 Ifpm air X X °C/W

Plastic 6jc Considerations

The data listed for plastic 6;c are for reference only and are not recommended for use in calculating junction temperatures. The
heat-flow paths in plastic-encapsulated devices are complex, making the 6,c measurement relative to a specific location on the
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the
package. Furthermore, Bjc tests on packages are performed in a constant-temperature bath, keeping the package surface at a
constant temperature. Therefore, the measurements can only be used in a similar environment.

PALCE16V8 Family
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COM'L: -15/25
PALCE16V38Z FAMILY

Zero-Power 20-Pin EE CMOS Universal
Programmable Array Logic

IND: -12/15/25

e\

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
m Zero-Power CMOS technology
— 15-pA Standby Current (-15/25)
— 30-pA Standby Current (-12)
— 12-ns propagation delay for “-12” version
— 15-ns propagation delay for “-15” version

m  Unused product term disable for reduced
power consumption

m Available in Industrial operating range
— Tc =-40°C to +85°C
— Vec=+45Vto+55V
HC- and HCT-Compatible inputs and outputs

Pin and function compatible with all 20-pin
GAL devices

m Electrically-erasable CMOS technology pro-
vides reconfigurable logic and full testability

m Direct plug-in replacement for the PAL16R8
series and most of the PAL10HS8 series

m  Outputs programmable as registered or combi-
natorial in any combination

Programmable output polarity
Programmable enable/disable control
Preloadable output registers for testability
Automatic register reset on power up

Cost-effective 20-pin plastic DIP and PLCC
packages

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

m  Fully tested for 100% programming and func-
tional yields and high reliability

GENERAL DESCRIPTION

The PALCE16V8Z is an advanced PAL device built with
zero-power, high-speed, electrically-erasable CMOS
technology. It is functionally compatible with all 20-pin
GAL devices. The macrocells provide a universal device
architecture. The PALCE16V8Z will directly replace the
PAL16R8 and PAL10H8 series devices, with the excep-
tion of the PAL16C1.

The PALCE16V8Z provides zero standby power and
high speed. At 30-pA maximum standby current, the
PALCE16V8Z allows battery powered operation for an
extended period.

The PALCE16V8Z utilizes the familiar sum-of-products
(AND/OR) architecture that allows users to implement
complex logic functions easily and efficiently. Multiple
levels of combinatorial logic can always be reduced to
sum-of-products form, taking advantage of the very
wide input gates available in PAL devices. The equa-
tions are programmed into the device through

floating-gate cells in the AND logic array that can be
erased electrically.

The fixed OR array allows up to eight data product terms
per output for logic functions. The sum of these products
feeds the output macrocell. Each macrocell can be
programmed as registered or combinatorial with an ac-
tive-high or active-low output. The output configuration
is determined by two global bits and one local bit
controlling four multiplexers in each macrocell.

AMD’s FusionPLD program allows PALCE16V8Z de-
signs to be implemented using a wide variety of popular
industry-standard design tools. By working closely with
the FusionPLD partners, AMD certifies that the tools
provide accurate, quality support. By ensuring that third-
party tools are available, costs are lowered because a
designer does not have to buy a complete set of new
tools for each device. The FusionPLD program also
greatly reduces design time since a designer can use a
tool that is already installed and familiar.
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BLOCK DIAGRAM

I1-18 CLKI/lo
8
Programmable AND Array
32x64
MACRO MACRO MACRO MACRO| |MACRO MACRO MACRO MACRO
‘1> N <
MCo MC1 MC2 MC3 MC4 MCs MCs MC7
OEl/lg 1100 1101 1102 1103 1104 1105 1106 1107
13061E-1
CONNECTION DIAGRAMS
Top View
DIP PLCC
N\ ly 11CLK/lgVee 1O
Clkio[]1® 20 [ ] Vec ninininin
(3 2 1 20 19
|1|: 2 19:]”07 |3|:4 [ ) 18:]I/06
L, []s3 18 [ ] 106 AN E 17| Jvos
1. []a 17| Jvos s[]e 16| _J 104
1, s 16 | ] 1o, [ ] 7 15[ ] o,
1s []e 15 | ] 10, s [ Jvo,
9 10 11 12 13
e 14 f o, EEpEgEEE
s 13 ] vo, Is GND OE/lg /0, 1/01 13061E-3
s [ ]9 12 [ ] 1o,
GND []10 11 ] ©En,
13061E-2 PIN DESIGNATIONS
CLK = Clock
_ GND = Ground
Note: | = Input
Pin 1 is marked for orientation /O = Input/Output
OE = Output Enable
Vcc = Supply Voltage
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ORDERING INFORMATION

Commercial and Industrial Products

AMD programmable logic products for commercial and industrial applications are available with several ordering options. The
order number (Valid Combination) is formed by a combination of:

PAL CE 16 V8 Z-15P C
FAMILY TYPE
PAL = Programmable Array Logic
TECHNOLOGY
CE = CMOS Electrically Erasable
NUMBER OF
ARRAY INPUTS ——— OPERATING CONDITIONS
C = Commercial (0°C to +75°C)
OUTPUT TYPE | = Industrial (-40°C to +85°C)
V = Versatile
NUMBER OF FLIP-FLOPS PACKAGE TYPE
P = 20-Pin Plastic DIP (PD 020)
POWER J = 20-Pin Plastic Leaded Chip
Z = Zero Power (15 pA Icc Standby) Carrier (PL 020)
SPEED
-12 = 12 nstpeDp
-15 = 15nstpp
-25 = 25 ns tpp
Valid Combinations Valid Combinations
PALCE16V82-12 Pl JI Valid Combinations lists configurations planned
: to be supported in volume for this device. Consult
PALCE16V8Z-15 PI, Jl, the local AMD sales office to confirm availability of
PALCE16V8Z-25 PC,JC specific valid combinations and to check on newly

released combinations.
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FUNCTIONAL DESCRIPTION

The PALCE16V8Z is the zero-power version of the
PALCE16VS. It has all the architectural features of the
PALCE16V8. In addition, the PALCE16V8Z has zero
standby power and unused product term disable.

The PALCE16V8Z is a universal PAL device. It has
eight  independently  configurable  macrocells
(MCo—MC>7). Each macrocell can be configured as reg-
istered output, combinatorial output, combinatorial /O
or dedicated input. The programming matrix imple-
ments a programmable AND logic array, which drives a
fixed OR logic array. Buffers for device inputs have com-
plementary outputs to provide user-programmable input
signal polarity. Pins 1 and 11 serve either as array inputs
or as clock (CLK) and output enable (OE), respectively,
for all flip-flops.

Unused input pins should be tied directly to Vcc or GND.
Product terms with all bits unprogrammed (discon-
nected) assume the logical HIGH state and product
terms with both true and complement of any input signal
connected assume a logical LOW state.

The programmable functions on the PALCE16V8Z are
automatically configured from the user’s design specifi-
cation, which can be in a number of formats. The design
specification is processed by development software to
verify the design and create a programming file. This
file, once downloaded to a programmer, configures the
device according to the user’s desired function.

The user is given two design options with the
PALCE16V8Z. First, it can be programmed as a stan-
dard PAL device from the PAL16R8 and PAL10H8
series. The PAL programmer manufacturer will supply
device codes for the standard PAL device architec-
tures to be used with the PALCE16V8Z. The program-
mer will program the PALCE16V8Z in the
corresponding architecture. This allows the user to use
existing standard PAL device JEDEC files without mak-
ing any changes to them. Alternatively, the device can
be programmed as a PALCE16V8Z. Here the user must
use the PALCE16V8Z device code. This option allows
full utilization of the macrocell.

To
Adjacent
11 Macrocell
J_ 11 OE —j10
Oo—o0o0
== Vcc
= 0X
o 13
[ —
9
SLOx
SG1 11
L 0 X :: o @
1/0x
] D Q 10
= SlLix cLk — P> @ J
10
% 11 .
0 X f———— From
TL Adjacent
*SG1 SLOx Pin
13061E-4

*In macrocells MCp and MC7, SG1 is replaced by SGO on the feedback multiplexer.

Figure 1. PALCE16V8Z Macrocell
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Configuration Options

Each macrocell can be configured as one of the follow-
ing: registered output, combinatorial output, combinato-
rial /0O, or dedicated input. In the registered output
configuration, the output buffer is enabled by the OE pin.
In the combinatorial configuration, the buffer is either
controlled by a product term or always enabled. In the
dedicated input configuration, it is always disabled. With
the exception of MCo and MCy7, a macrocell configured
as a dedicated input derives the input signal from an ad-
jacent 1/0. MCo derives its input from pin 11 (OE) and
MC7 from pin 1 (CLK).

The macrocell configurations are controlled by the con-
figuration control word. It contains 2 global bits (SGO
and SG1) and 16 local bits (SLOo through SLO7 and SL1o
through SL17). SGO determines whether registers will
be allowed. SG1 determines whether the PALCE16V8Z
will emulate a PAL16R8 family or a PAL10H8 family de-
vice. Within each macrocell, SLOx, in conjunction with
SG1, selects the configuration of the macrocell, and
SL1x sets the output as either active low or active high
for the individual macrocell.

The configuration bits work by acting as control inputs
for the multiplexers in the macrocell. There are four mul-
tiplexers: a product term input, an enable select, an out-
put select, and a feedback select multiplexer. SG1 and
SLOx are the control signals for all four multiplexers. In
MCoand MC7,SGO0replaces SG1 on the feedback multi-
plexer. This accommodates CLK being the adjacent pin
for MC7 and OE the adjacent pin for MCo.

Registered Output Configuration

The control bit settings are SG0=0,SG1=1and SLOx =
0. There is only one registered configuration. All eight
product terms are available as inputs to the OR gate.
Data polarity is determined by SL1x The flip-flop is
loaded on the LOW-to-HIGH transition of CLK. The
feedback path is from Q on the register. The output
buffer is enabled by OE.

Combinatorial Configurations
The PALCE16V8Z has three combinatorial output con-
figurations: dedicated outputin a non-registered device,

I/O in a non-registered device and I/O in a registered
device.

Dedicated Output In a Non-Registered
Device

The control bit settings are SGO=1, SG1=0and SLOx =
0. All eight product terms are available to the OR gate.
Although the macrocell is a dedicated output, the feed-
back is used, with the exception of MC3 and MC4. MC3s
and MC4 do not use feedback in this mode. Because
CLK and OE are not used in a non-registered device,
pins 1 and 11 are available as input signals. Pin 1 will
use the feedback path of MC7 and pin 11 will use the
feedback path of MCo.

Combinatorial 1/0 In a Non-Registered
Device

The control bit settingsare SG0=1,SG1=1,and SLOx=
1. Only seven product terms are available to the OR
gate. The eighth product term is used to enable the out-
put buffer. The signal at the 1/O pin is fed back to the
AND array via the feedback multiplexer. This allows the
pin to be used as an input.

Because CLK and OE are not used in a non-registered
device, pins 1 and 11 are available as inputs. Pin 1 will
use the feedback path of MC;and pin 11 will use the
feedback path of MCo.

Combinatorial I/O in a Registered Device

The control bit settings are SG0=0, SG1=1and SLOx =
1. Only seven product terms are available to the OR
gate. The eighth product term is used as the output
enable. The feedback signal is the corresponding I/O
signal.

Dedicated Input Configuration

The control bit settings are SGO0=1, SG1=0and SLOx =
1. The output buffer is disabled. Except for MCo and MC~
the feedback signal is an adjacent 1/0. For MCo and MC~
the feedback signals are pins 1 and 11. These configu-
rations are summarized in Table 1 and illustrated in
Figure 2.

Table 1. Macrocell Configuration

SGOI SGlI SLOxI Cell Configuration Ii)evices Emulated
Device Uses Registers
0 1 0 | Registered Output | PAL16R8, 16R6,
16R4
0 1 1 | Combinatorial /O | PAL16R6, 16R4
Device Uses No Registers
1 0 0 | Combinatorial PAL10H8, 12H6,
Output 14H4, 16H2, 10L8,
1216, 14L4, 16L2
1 0 1 |Input PAL12H6, 14H4,
16H2, 1216, 14L4,
16L2
1 1 1 | Combinatorial /O |[PAL16L8

Programmable Output Polarity

The polarity of each macrocell can be active-high or ac-
tive-low, either to match output signal needs or to
reduce product terms. Programmable polarity allows
Boolean expressions to be written in their most compact
form (true or inverted), and the output can still be of the
desired polarity. It can also save “DeMorganizing”
efforts.

Selection is through a programmable bit SL1x which
controls an exclusive-OR gate at the output of the AND/
OR logic. The outputis active high if SL1x is 1 and active
low if SL1x is O.
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OE OE
D Q D Q
clk—Pp a ck—P Qa
Registered Active Low Registered Active High
Combinatorial I/0 Active Low Combinatorial /0 Active High
Vcc Vcc
Note 1 Note 1
Combinatorial Output Active Low Combinatorial Output Active High
Notes: =

1. Feedback is not available on pins 15
and 16 in the combinatorial output mode.

2. The dedicated-input configuration is not z <:| . .
available on pins 15 and 16. Adjzcoetgtzllo pn

Dedicated Input
13061E-5

Figure 2. Macrocell Configurations
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Zero-Standby Power Mode

The PALCE16V8Z features a zero-standby power
mode. When none of the inputs switch for an extended
period (typically 50 ns), the PALCE16V8Z will go into
standby mode, shutting down most of its internal cir-
cuitry. The current will go to almost zero (Icc < 15 pA).
The outputs will maintain the states held before the
device went into the standby mode. There is no speed
penalty associated with coming out of standby mode.

When any input switches, the internal circuitry is fully
enabled and power consumption returns to normal.
This feature results in considerable power savings for
operation at low to medium frequencies. This savingsis
illustrated in the Icc vs. frequency graph.

Product-Term Disable

On a programmed PALCE16V8Z, any product terms
that are not used are disabled. Power is cut off from
these product terms so that they do not draw current. As
shown in the lcc vs frequency graph, product-term
disabling results in considerable power savings. This
savings is greater at the higher frequencies.

Further hints on minimizing power consumption can be
found in the Application Note, “Minimizing Power Con-
sumption with Zero-Power PLDs".

Power-Up Reset

All flip-flops power up to a logic LOW for predictable sys-
tem initialization. Outputs of the PALCE16V8Z will de-
pend on whether they are selected as registered or
combinatorial. If registered is selected, the output will be
HIGH. If combinatorial is selected, the output will be a
function of the logic.

Register Preload

The register on the PALCE16V8Z can be preloaded
from the output pins to facilitate functional testing of
complex state machine designs. This feature allows di-
rect loading of arbitrary states, making it unnecessary to
cycle through long test vector sequences to reach a de-
sired state. In addition, transitions from illegal states can
be verified by loading illegal states and observing proper
recovery.

The preload function is not disabled by the security bit.
This allows functional testing after the security bit is
programmed.

Security Bit

A security bit is provided on the PALCE16V8Z as a
deterrent to unauthorized copying of the array configu-
ration patterns. Once programmed, this bit defeats
readback of the programmed pattern by a device pro-
grammer, securing proprietary designs from competi-
tors. However, programming and verification are also
defeated by the security bit. The bit can only be erased
in conjunction with the array during an erase cycle.

Electronic Signature Word

An electronic signature word is provided in the
PALCE16V8Z device. It consists of 64 bits of program-
mable memory that can contain user-defined data. The
signature data is always available to the user independ-
ent of the security bit.

Programming and Erasing

The PALCE16V8Z can be programmed on standard
logic programmers. It also may be erased to reset a pre-
viously configured device back to its unprogrammed
state. Erasure is automatically performed by the pro-
gramming hardware. No special erase operation is
required.

Quality and Testability

The PALCE16V8Z offers a very high level of built-in
quality. The erasability if the device provides a direct
means of verifying performance of all the AC and DC
parameters. In addition, this verifies complete program-
mability and functionality of the device to yield the
highest programming yields and post-programming
function yields in the industry.

Technology

The high-speed PALCE16V8Z is fabricated with AMD’s
advanced electrically-erasable (EE) CMOS process.
The array connections are formed with proven EE cells.
Inputs and outputs are designed to be compatible with
HC and HCT devices. This technology provides strong
input-clamp diodes, output slew-rate control, and a
grounded substrate for clean switching.
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LOGIC DIAGRAM
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LOGIC DIAGRAM (continued)

0 34 7 8 1112 15 16 19 20 23 24 27 28 31 CLK OE
32
39
15 6] 3
40
+—{14] 1/0,
47
o
48
+—113] 110,
55
B3
56
r—112] 110g
63
1g (2] T3
<p+—1D GENg
0 34 7 8 1112 1516 19 20 23 24 27 28 31
GND[10}
13061E-6

(concluded)

2-86 PALCE16V8Z Family



AMD :l

ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied

Supply Voltage with
Respect to Ground

DC Input Voltage ... ........
DC Output or I/0

Pin Voltage

—55°C to +125°C

............ -05Vto +7.0V
-05VtoVcc +0.5V

-05VtoVecc+05V

Static Discharge Voltage . .. .............. 2001V
Latchup Current
(TA=—-40°Cto+85°C) .. .. .o 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Industrial (I) Devices

Operating Case

Temperature (Tc) —40°C to +85°C

Supply Voltage (Vcc) with

Respect to Ground +45Vto+55V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over INDUSTRIAL operating ranges unless otherwise specified

Parameter
Symbol Parameter Description Test Conditions Min Max  Unit
VOH Output HIGH Voltage VIN =VIH or VIL lon = 6 MA 3.84 \
Vce = Min lon = 20 pA | Vec-0.1V \%
VoL Output LOW Voltage VIN = VIH or VIL loo = 24 mA 0.5 V
Vcc = Min loo = 6 MA 0.33 V
lo. = 20 pA 01 \%
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Notes 1 and 2)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.9 \%
Voltage for all Inputs (Notes 1 and 2)
lH Input HIGH Leakage Current VIN = Vcc, Vec = Max (Note 3) 10 HA
T Input LOW Leakage Current VIN =0V, Vcc = Max (Note 3) -10 HA
lozH Off-State Output Leakage Vourt = Vcce, Vee = Max
Current HIGH VIN = ViH or ViL (Note 3) 10 | »A
lozL Off-State Output Leakage Vout =0V, Vcc = Max A
Current LOW VIN = ViH or ViL (Note 3) -10 H
Isc Output Short-Circuit Current Vout =05V Vcc = Max (Note 4) -30 -150 mA
Icc Supply Current (Static) Outputs Open (lout=0mA) | f=0MHz 30 HA
Supply Current (Dynamic) Vcc = Max f=15MHz 75 mA
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

Represents the worst case of HC and HCT standards, allowing compatibility with either.

2
3. I/O pin leakage is the worst case of li. and lozL (or liH and lozH).
4

Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
VouTt = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

PALCE16V8Z-12 (Ind)
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Condition Typ nit
CiN Input Capacitance VIN=2.0V Vcc=5.0V, Ta=25°C, pF
Cout Output Capacitance Vour=2.0V f=1MHz pF

Note:

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.

SWITCHING CHARACTERISTICS over INDUSTRIAL operating ranges (Note 2)

Parameter (Note 5)
Symbol |Parameter Description Min Max Unit
tPD Input or Feedback to Combinatorial Output (Note 3) 12 ns
ts Setup Time from Input or Feedback to Clock 8 ns
tH Hold Time 0 ns
tco Clock to Output 8 ns
twiL i LOW 5 ns
Clock Width
twH HIGH 5 ns
) External Feedback 1/(ts + tco) 62.5 MHz
Maximum
fMAX Frequency Internal Feedback (fcnT) 1/(ts + tcF) 77 MHz
(Notes 4 and 6)

No Feedback 1/(twH + twL) 100 MHz
tPzx OE to Output Enable 8 ns
tPxz OE to Output Disable 8 ns
tea Input to Output Enable Using Product Term Control 13 ns
tErR Input to Output Disable Using Product Term Control 13 ns

Notes:

2. See Switching Test Circuit for test conditions.

3. This parameter is tested in standby mode.

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

where frequency may be affected.

5. Output delay minimum for tep, tco, tezp, tea, and ter are defined under best case conditions. Future process improvements may
alter these values therefore, minimum values are recommended for simulation purposes only.

6. lcris a calculated value and is not guaranteed. tcr can be found using the following equation:

tcr = 1/fuax (internal feedback) — ts.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied

Supply Voltage with
Respect to Ground

DC Input Voltage

DC Output or I/0

—55°C to +125°C

............ -05Vto +7.0V
-05VtoVcc +0.5V

PinVoltage ............... -05VtoVecc+05V
Static Discharge Voltage . .. .............. 2001V
Latchup Current

(TA=0°Cto75°C) ... oo 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta)

Operating in Free Air 0°Cto +75°C

Supply Voltage (Vcc) with

Respect to Ground +4.75V to +5.25 V

Industrial (I) Devices

Operating Case

Temperature (Tc) —40°C to +85°C

Supply Voltage (Vcc) with

Respect to Ground +45Vto+5.5V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges

Parameter
Symbol Parameter Description Test Conditions Min Max it
VOH Output HIGH Voltage VIN =VIH or VIL lon = 6 MA 3.84 \
Vce = Min lon = 20 pA | Vec-0.1V \%
VoL Output LOW Voltage VIN = VIH or VIL loo = 24 mA 0.5 V
Vcc = Min loo = 6 MA 0.33 V
lo. = 20 pA 01 \%
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Notes 1 and 2)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.9 \%
Voltage for all Inputs (Notes 1 and 2)
lH Input HIGH Leakage Current VIN = Vcc, Vec = Max (Note 3) 10 HA
T Input LOW Leakage Current VIN =0V, Vcc = Max (Note 3) -10 HA
lozH Off-State Output Leakage Vourt = Vcce, Vee = Max
Current HIGH VIN = ViH or ViL (Note 3) 10 | »A
lozL Off-State Output Leakage Vout =0V, Vcc = Max A
Current LOW VIN = ViH or ViL (Note 3) -10 H
Isc Output Short-Circuit Current Vout =05V Vcc = Max (Note 4) -30 -150 mA
Icc Supply Current (Static) Outputs Open (lout=0mA) | f=0MHz 15 HA
Supply Current (Dynamic) Vcc = Max f=25MHz 75 mA
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

Represents the worst case of HC and HCT standards, allowing compatibility with either.

2
3. I/O pin leakage is the worst case of li. and lozL (or i1 and lozH ).
4

Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

PALCE16V8Z-15 (Com'l, Ind)
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Condition Typ nit
CiN Input Capacitance VIN=2.0V Vcc=5.0V, Ta=25°C, pF
Cout Output Capacitance Vour=2.0V f=1MHz pF

Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges

(Note 2)
Parameter
Symbol |Parameter Description Min Max Unit
tPD Input or Feedback to Combinatorial Output 15 ns
ts Setup Time from Input or Feedback to Clock 10 ns
tH Hold Time 0 ns
tco Clock to Output 10 ns
twiL i LOW 8 ns
Clock Width
twH HIGH 8 ns
) External Feedback 1/(ts + tco) 50 MHz
Maximum
fMAX Frequency Internal Feedback (fcn) 1/(ts + tcF) 58.8 MHz
(Notes 3 and 4)

No Feedback 1/(twH + twL) 62.5 MHz
tPzx OE to Output Enable 15 ns
tPxz OE to Output Disable 15 ns
tea Input to Output Enable Using Product Term Control 15 ns
tErR Input to Output Disable Using Product Term Control 15 ns

Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where frequency may be affected.

4. tcris a calculated value and is not guaranteed. tcr can be found using the following equation:
tcr = 1/fuax (internal feedback) — ts.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C
Ambient Temperature

with Power Applied

Supply Voltage with
Respect to Ground

DC Input Voltage
DC Output or I/0

Pin Voltage

—55°C to +125°C

............ -05Vto +7.0V
-05VtoVcc +0.5V

-05VtoVecc+05V

Static Discharge Voltage . .. .............. 2001V
Latchup Current
(TA=0°Cto75°C) ... 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta)

Operating in Free Air 0°Cto +75°C

Supply Voltage (Vcc) with

Respect to Ground +4.75V to +5.25 V

Industrial (I) Devices

Operating Case

Temperature (Tc) —40°C to +85°C

Supply Voltage (Vcc) with

Respect to Ground +45Vto+5.5V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

ity. Programming conditions may differ.

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges

Parameter
Symbol Parameter Description Test Conditions Min Max it
VOH Output HIGH Voltage VIN =VIH or VIL lon = 6 MA 3.84 V
Vce = Min lon = 20pA  |Vec—0.1V \
VoL Output LOW Voltage VIN = VIH or VIL lo. = 24 mA 0.5 \%
Vcc = Min loo = 6 MA 0.33 V
lou = 20 pA 0.1 v
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Notes 1 and 2)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.9 \%
Voltage for all Inputs (Notes 1 and 2)
IH Input HIGH Leakage Current VIN = Vcce, Vec = Max (Note 3) 10 MA
I Input LOW Leakage Current VIN =0V, Vcc = Max (Note 3) -10 MA
lozH Off-State Output Leakage Vout = Vcc, Vec = Max A
Current HIGH VIN = ViH or ViL (Note 3) 10 H
lozL Off-State Output Leakage Vout =0V, Vcc = Max 10 A
Current LOW VIN = ViH or ViL (Note 3) - a
Isc Output Short-Circuit Current Vout =05V Vcc = Max (Note 4) -30 -150 mA
Icc Supply Current Outputs Open (lout=0mA) |[f=0MHz 15 HA
Vce = Max f=25MHz 90 mA
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

Represents the worst case of HC and HCT standards, allowing compatibility with either.

2
3. I/O pin leakage is the worst case of Ij. and loz. (or 4 and lozH).
4

Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
VouTt = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

PALCE16V8Z-25 (Com'l, Ind)
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Condition Typ nit
CiN Input Capacitance VIN=2.0V Vcc=5.0V, Ta=25°C, pF
Cout Output Capacitance Vout=2.0V f=1MHz pF
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges

(Note 2)
Parameter
Symbol |Parameter Description Min Max Unit
tPD Input or Feedback to Combinatorial Output (Note 3) 25 ns
ts Setup Time from Input or Feedback to Clock 20 ns
tH Hold Time 0 ns
tco Clock to Output 10 ns
twiL ) LOW 8 ns
Clock Width
twH HIGH 8 ns
) External Feedback 1/(ts + tco) 33.3 MHz
Maximum
fmax Frequency Internal Feedback (fcnT) 1/(ts + tcF) 50 MHz
(Notes 4 and 5)

No Feedback 1/(ts + tH) 50 MHz
tPzx OE to Output Enable 25 ns
tPxz 'OE to Output Disable 25 ns
tea Input to Output Enable Using Product Term Control 25 ns
tErR Input to Output Disable Using Product Term Control 25 ns

Notes:

2. See Switching Test Circuit for test conditions.

3. This parameter is tested in Standby Mode. When the device is not in Standby Mode, the tpp will typically be 2 ns faster.

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where frequency may be affected.

5. tcris a calculated value and is not guaranteed. tcr can be found using the following equation:
ter = 1/fuax (internal feedback) — ts.
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SWITCHING WAVEFORMS

Input or

Feedback VT
ts tH
Input or
Feedback \al VT
Clock tco
tPD
Combinatorial Registered
Output VT Output VT
13061E-7 13061E-8
Combinatorial Output Registered Output
Input VT
twH —
tER tea
Clock VT Outout \\ Ut Vor-0.5v/// v
utpu
P [/ Fvo +0sv\ NN T
e twL
13061E-9 13061E-10
Clock Width Input to Output Disable/Enable
VT
OE
tPxz | tPzx
\\x Von-05v///
Output VT
P / 7L VoL + O.5V\kl

13061E-11
'OE to Output Disable/Enable

Notes:

1. V1 =1.5V forinput signals and Vicc/2 for output signals.
2. Input pulse amplitude 0 V to 3.0 V.

3. Input rise and fall times 2 ns — 5 ns typical.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHto L fromHtoL
May Will be
Change Changing
fromLtoH fromLto H
Don't Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off” State
KS000010-PAL
SWITCHING TEST CIRCUIT
Vce
S1
R1
Output Test Point
R2
S2
i —— 13061E-12
Measured
Specification S S2 CL R1 R2 Output Value
tpD, tco Closed Closed Vcel2
tPzx, tea Z - H: Open Z - H: Closed 30 pF Veel2
Z - L: Closed Z - L:Open 820 Q 820 Q
tpxz, tER H - Z: Open H - Z: Closed 5 pF H - Z:VoH-05V
L - Z: Closed L - Z: Open L -~Z:VoL+05V
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TYPICAL Icc CHARACTERISTICS FOR THE PALCE16V8Z7-12/15
Vee =5.0 V, Ta =25°C

150 T

125 —+

100 —+

lcc(mA) 75 1

50 +—

25 1+

Frequency (MHz) 13061E-13

lcc vs. Frequency
Graph for the PALCE16V8Z-12/15

The selected “typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any
vector, half of the outputs were switching.

By utilizing 50% of the device, a midpoint is defined for Icc. From this midpoint, a designer may scale the Icc graphs up or down to
estimate the Icc requirements for a particular design.
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TYPICAL lcc CHARACTERISTICS FOR THE PALCE16V8Z-25
Vec =5.0 V, Ta =25°C

150 T

125 —

100 —+

75 1

50 +—

35 +—

lcc (mA) 30 +

13061E-14

Frequency (MHz)

lcc vs. Frequency
Graph for the PALCE16V8Z-25

The selected “typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any
vector, half of the outputs were switching.

By utilizing 50% of the device, a midpoint is defined for Icc. From this midpoint, a designer may scale the Icc graphs up or down to
estimate the Icc requirements for a particular design.
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ENDURANCE CHARACTERISTICS

The PALCE16V8Z is manufactured using AMD’s ad-
vanced Electrically Erasable process. This technology

Endurance Characteristics

uses an EE cell to replace the fuse link used in bipolar
parts. As a result, the device can be erased and
reprogrammed — a feature which allows 100% testing at
the factory.

Symbol Parameter Test Conditions Min Unit
bR Min Pattern Data Retention Time Max Storage 10 Years
Temperature
Max Operating 20 Years
Temperature
N Min Reprogramming Cycles Normal Programming 100 Cycles
Conditions

ROBUSTNESS FEATURES

The PALCE16V8Z has some unique features that make
it extremely robust, especially when operating in high-
speed design environments. Input clamping circuitry

limits negative overshoot, eliminating the possibility of
false clocking caused by subsequent ringing. A special
noise filter makes the programming circuitry completely
insensitive to any positive overshoot that has a pulse
width of less than about 100 ns.

INPUT/OUTPUT EQUIVALENT SCHEMATICS

—T— Vcc

!
I
I
I
I
I

ESD Input Programming ==
Protection Transition LF’ins only Programming Positive P )
and Detecton @—————————] Voltage »  Overshoot > r%}i:an?trpmg
Clamping Detection Filter cuitry
Typical Input

Vcc

| Provides ESD

| Protection and

Clamping

Typical Output

Preload Feedback Input
Circuitry Input  Transition
Detection

13061E-16
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POWER-UP RESET

The PALCE16V8Z has been designed with the capabil-
ity to reset during system power-up. Following power-
up, all flip-flops will be reset to LOW. The output state
will be HIGH independent of the logic polarity. This fea-
ture provides extra flexibility to the designer and is espe-
cially valuable in simplifying state machine initialization.
Atiming diagram and parameter table are shown below.
Due to the synchronous operation of the power-up reset

and the wide range of ways Vcc can rise to its steady
state, two conditions are required to insure a valid
power-up reset. These conditions are:

m  The Vcc rise must be monotonic.

m Following reset, the clock input must not be driven
from LOW to HIGH until all applicable input and
feedback setup times are met.

Parameter
Symbol Parameter Descriptions Min Max Unit
tPR Power-Up Reset Time 1000 ns
's Input or Feedback Setup Time See Switching Characteristics
twi Clock Width LOW
4v Vee
Power
tPR ———>
Registered // Z
Output 7
e {5 -
\V:
twL —>
13061E-17
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TYPICAL THERMAL CHARACTERISTICS

Measured at 25°C ambient. These parameters are not tested.

PALCE16V8Z-25

Parameter Typ
Symbol Parameter Description PDIP PLCC Unit

Bic Thermal impedance, junction to case 20 19 °C/W

Bja Thermal impedance, junction to ambient 65 57 °C/W
Bjma Ther_mal in'_lped_ance, junction to 200 Ifpm air 58 41 °C/W
ambient with air flow 400 Ifpm air 51 37 °C/W

600 Ifpm air a7 35 °C/W

800 Ifpm air 44 33 °C/W

Plastic 6jc Considerations

The data listed for plastic 0jc are for reference only and are not recommended for use in calculating junction temperatures. The
heat-flow paths in plastic-encapsulated devices are complex, making the 8jc measurement relative to a specific location on the
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of the
package. Furthermore, 6jc tests on packages are performed in a constant-temperature bath, keeping the package surface at a

constant temperature. Therefore, the measurements can only be used in a similar environment.

PALCE16V8Z Family
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COM'L: H-5/7/10/15/25, Q-10/15/25

IND: H-15/25, Q-20/25

PALCE20V8 Family

EE CMOS 24-Pin Universal Programmable Array Logic

e\

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

m Pin and function compatible with all GAL
20V8/As

m Electrically erasable CMOS technology pro-
vides reconfigurable logic and full testability

m  High-speed CMOS technology
— 5-ns propagation delay for “-5” version
— 7.5-ns propagation delay for “-7” version

m Direct plug-in replacement for a wide range of
24-pin PAL devices

m Programmable enable/disable control

m  Outputs individually programmable as
registered or combinatorial

m Peripheral Component Interconnect (PClI)
compliant

m Preloadable output registers for testability

m  Automatic register reset on power-up

m Cost-effective 24-pin plastic SKINNYDIP and
28-pin PLCC packages

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

m  Fully tested for 100% programming and func-
tional yields and high reliability

m Programmable output polarity

m 5-ns version utilizes a split leadframe for
improved performance

GENERAL DESCRIPTION

The PALCE20V8 is an advanced PAL device built with
low-power, high-speed, electrically-erasable CMOS
technology. Its macrocells provide a universal device
architecture. The PALCE20V8 is fully compatible with
the GAL20V8 and can directly replace PAL20RS8 series
devices and most 24-pin combinatorial PAL devices.

Device logic is automatically configured according to the
user’s design specification. A design is implemented
using any of a number of popular design software pack-
ages, allowing automatic creation of a programming file
based on Boolean or state equations. Design software
also verifies the design and can provide test vectors for
the finished device. Programming can be accomplished
on standard PAL device programmers.

The PALCE20V8 utilizes the familiar sum-of-products
(AND/OR) architecture that allows users to implement

complex logic functions easily and efficiently. Multiple
levels of combinatorial logic can always be reduced to
sum-of-products form, taking advantage of the very
wide input gates available in PAL devices. The equa-
tions are programmed into the device through floating-
gate cells in the AND logic array that can be erased
electrically.

The fixed OR array allows up to eight data product terms
per output for logic functions. The sum of these products
feeds the output macrocell. Each macrocell can be
programmed as registered or combinatorial with an
active-high or active-low output. The output configura-
tion is determined by two global bits and one local bit
controlling four multiplexers in each macrocell.

BLOCK DIAGRAM

l1—l1o CLKI/lo
10

Programmable AND Array

40 x 64

24 4 4 A

A A

Input
Mux.

macr] S vacr

MACROL] sH S

Input
Mux.

MACRO

[ vacrS ] mackd]
MCo MC1 MC2 MCs MCa MCs MCs MCz
OE/u1 1 1100 1/01 1102 /04 1/04 1/0s 1106 /07 13 16491D-1
Publication# 16491 Rev.D Amendment/0 2155
Issue Date: February 1996 .
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CONNECTION DIAGRAMS

(Top View)
SKINNYDIP
\/
CLK/Mo [] 1@ 24 ] vee
1 []2 23 [ 113
1 []3 22 [] o7
13 [] 4 21 |1 1oe
s[5 20 [ 1os
s [] 6 19 [] 1104
s [ 7 18 [] o3
7 8 17 oz
1 E 16 |] vos
s [] 10 15 [] oo
o [} 12 14 ] 1
GND [] 12 13 ] OB/
16491D-2
Note:

Pin 1 is marked for orientation.

PIN DESIGNATIONS

PLCC/LCC
o
> O O o X
aop 2958
I I e o o I |
4 3 2 1 282726 )
[ )
135 25 ] /06
14 []e 24 |]1/05
I5[]7 2311104
NC [s 22[INC
ls []o 21 []1/03
17 [}10 20 [] 1102
Ig []11 1911101
L 12 1314 1516 17 18 J
LI T T T T T
232¢ 458
6 @m” =
o)
16491D-3

CLK = Clock

GND = Ground

I = Input

I/1O = Input/Output

NC = No Connect

OE = Output Enable

Vce = Supply Voltage
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ORDERING INFORMATION
Commercial and Industrial Products

AMD programmable logic products for commercial and industrial applications are available with several ordering options. The
order number (Valid Combination) is formed by a combination of:

PAL CE 20 V8H -5 PC /5
FAMILY TYPE _l_
PAL = Programmable Array Logic PROGRAMMING DESIGNATOR
Blank = Initial Algorithm
TECHNOLOGY 4 = First Revision
CE = CMOS Electrically Erasable /5 Second Revision
(Same algorithm as /4)
NUMBER OF ARRAY INPUTS
OPERATING CONDITIONS
OUTPUT TYPE C = Commercial (0°C to +75°C)
V = Versatile | = Industrial (-40°C to +85°C)
NUMBER OF FLIP-FLOPS
L PACKAGE TYPE
POWER P = 24-Pin 300 mil Plastic
— KINNYDIP (PD3024
H _ Half Power (90-125 mA lcc) J = §8—Pin Plasti((: Le:;:\%ed)Chip
Q = Quarter Power (55 mA Icc) Carrier (PL 028)
SPEED
-5 = 5nstep
-7 = 7.5nstpDp
-10 = 10nstpp
-15 = 15nstep
-20 = 20 nstep
-25 = 25nstpp
Valid Combinations
Valid Combinations Valid Combinations lists configurations planned to
PALCE20VS8H-5 Jjc be supported in volume for this device. Consult the
PALCE20V8H-7 /5 local AMD sales office to confirm availability of spe-
cific valid combinations and to check on newly re-
PALCE20V8H-10 PC,JC  |Blank, /4 leased combinations.
PALCE20V8Q-10 5
PALCE20V8H-15 [pC, JC, PI, JI
PALCE20V8Q-15 PC, JC Blank,
PALCE20V8Q-20 P, JI 14
PALCE20V8H-25
PALCE20v8Q25 | < JC: Pl JI
PALCE20V8H-5/7/10/15/25, Q-10/15/25 (Com’l) 2-157
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FUNCTIONAL DESCRIPTION

The PALCE20V8 is a universal PAL device. It has eight
independently configurable macrocells (MCo..MC7).
Each macrocell can be configured as a registered out-
put, combinatorial output, combinatorial 1/0, or dedi-
cated input. The programming matrix implements a
programmable AND logic array, which drives a fixed OR
logic array. Buffers for device inputs have complemen-
tary outputs to provide user-programmable input signal
polarity. Pins 1 and 13 serve either as array inputs or as
clock (CLK) and output enable (OE) for all flip-flops.

Unused input pins should be tied directly to Vcc or GND.
Product terms with all bits unprogrammed (discon-
nected) assume the logical HIGH state and product
terms with both true and complement of any input signal
connected assume a logical LOW state.

The programmable functions on the PALCE20V8 are
automatically configured from the user’s design specifi-
cation, which can be in a number of formats. The design

specification is processed by development software to
verify the design and create a programming file. This
file, once downloaded to a programmer, configures the
device according to the user’s desired function.

The user is given two design options with the
PALCE20V8. First, it can be programmed as an emu-
lated PAL device. This includes the PAL20R8 series
and most 24-pin combinatorial PAL devices. The PAL
device programmer manufacturer will supply device
codes for the standard PAL architectures to be used
with the PALCE20V8. The programmer will program the
PALCE20V8 to the corresponding PAL device architec-
ture. This allows the user to use existing standard PAL
device JEDEC files without making any changes to
them. Alternatively, the device can be programmed
directly as a PALCE20V8. Here the user must use the
PALCE20V8 device code. This option provides full utili-
zation of the macrocells, allowing non-standard archi-
tectures to be built.

11
0 X

|
?

To
Adjacent
Macrocell
11
OE—{10
Vcc©— 00
01

v —1SLOX

0 X Vo—o—E] l/Ox

_\ sG1
% L

-

/ = sSL1
=4

\
D Q 10
CLK —> [e)
10 J
11
0 X Adacent
j
rsG1— SLOx Pin
16491D-4

*In Macrocells MCp and MC7, SG1 is replaced by SGO on the feedback multiplexer.
Figure 1. PALCE20V8 Macrocell
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Configuration Options

Each macrocell can be configured as one of the follow-
ing: registered output, combinatorial output, combinato-
rial /0 or dedicated input. In the registered output
configuration, the output buffer is enabled by the OE pin.
In the combinatorial configuration, the buffer is either
controlled by a product term or always enabled. In the
dedicated input configuration, the buffer is always dis-
abled. A macrocell configured as a dedicated input de-
rives the input signal from an adjacent I/O.

The macrocell configurations are controlled by the con-
figuration control word. It contains 2 global bits (SGO
and SG1) and 16 local bits (SLOo through SLO7 and SL1o
through SL17). SGO determines whether registers will
be allowed. SG1 determines whether the PALCE20V8
will emulate a PAL20R8 family or a combinatorial de-
vice. Within each macrocell, SLOx, in conjunction with
SG1, selects the configuration of the macrocell and
SL1x sets the output as either active low or active high.

The configuration bits work by acting as control inputs
for the multiplexers in the macrocell. There are four mul-
tiplexers: a product term input, an enable select, an out-
put select, and a feedback select multiplexer. SG1 and
SLOx are the control signals for all four multiplexers. In
MCo and MC7, SGO replaces SG1 on the feedback
multiplexer.

These configurations are summarized in table 1 and il-
lustrated in figure 2.

If the PALCE20V8 is configured as a combinatorial de-
vice, the CLK and OE pins may be available as inputs to
the array. If the device is configured with registers, the
CLK and OE pins cannot be used as data inputs.

Registered Output Configuration

The control bit settings are SG0=0, SG1=1and SLOx =
0. There is only one registered configuration. All eight
product terms are available as inputs to the OR gate.
Data polarity is determined by SL1x. SL1x is an input to
the exclusive-OR gate which is the D input to the flip-
flop. SL1x is programmed as 1 for inverted output or O
for non-inverted output. The flip-flop is loaded on the
LOW-to-HIGH transition of CLK. The feedback path is
from Q on the register. The output buffer is enabled by
OE.

Combinatorial Configurations

The PALCE20V8 has three combinatorial output con-
figurations: dedicated outputin a non-registered device,
I/O in a non-registered device and I/O in a registered
device.

Dedicated Output in a Non-Registered
Device

The control settings are SG0=1, SG1 =0, and SLOx=0.
All eight product terms are available to the OR gate. Al-
though the macrocell is a dedicated output, the feed-
back is used, with the exception of pins 18(21) and
19(23). Pins 18(21) and 19(23) do not use feedback in
this mode.

Dedicated Input in a Non-Registered
Device

The control bit settings are SGO0=1, SG1=0and SLOx =
1. The output buffer is disabled. The feedback signal is
an adjacent 1/O pin.

Combinatorial /0 in a Non-Registered
Device

The control settingsare SG0=1,SG1 =1, and SLOx=1.
Only seven product terms are available to the OR gate.
The eighth product term is used to enable the output
buffer. The signal at the I/O pin is fed back to the AND
array via the feedback multiplexer. This allows the pin to
be used as an input.

Combinatorial 1/0 in a Registered Device

The control bit settings are SG0=0,SG1=1 and SLOx =1.
Only seven product terms are available to the OR gate.
The eighth product term is used as the output enable.
The feedback signal is the corresponding I/O signal.

Table 1. Macrocell Configurations

SGO SG1 SLOx Cell Configuration Devices Emulated
Device has registers

0 1 0 Registered PAL20R8, 20RS6,
Output 20R4
0 1 1 Combinatorial /O  PAL20R6, 20R4

Device has no registers

1 0 0 Combinatorial PAL20L2,
Output 18L4,16L6,14L8
1 0 1 Dedicated Input PAL20L2,18L4,
16L6
1 1 1 Combinatorial /O PAL20L8

Programmable Output Polarity

The polarity of each macrocell output can be active high
or active low, either to match output signal needs or to
reduce product terms. Programmable polarity allows
Boolean expressions to be written in their most compact
form (true or inverted), and the output can still be of the
desired polarity. It can also save “DeMorganizing”
efforts.

Selection is made through a programmable bit SL1x
which controls an exclusive-OR gate at the output of the
AND/OR logic. The output is active high if SL1x is a O
and active low if SL1x is a 1.

PALCE20V8 Family
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OE OE
D Q D Q
CLK—P Q ck—P Q
Registered Active Low Registered Active High
Combinatorial I/0 Active Low Combinatorial I/0 Active High
Vcc Vcc
Note 1 Note 1
Combinatorial Output Active Low Combinatorial Output Active High
Notes: =
1. Feedback is not available on pins 18 (21) Note 2

and 19 (23) in the combinatorial output mode.
2. This macrocell configuration is not available on Adiacent /O oin
pins 18 (21) and 19 (23). ! P

Dedicated Input
16491D-5

Figure 2. Macrocell Configurations
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Power-Up Reset

All flip-flops power up to alogic LOW for predictable sys-
tem initialization. Outputs of the PALCE20V8 depend on
whether they are selected as registered or combinato-
rial. If registered is selected, the output will be HIGH. If
combinatorial is selected, the output will be a function of
the logic.

Register Preload

The register on the PALCE20V8 can be preloaded from
the output pins to facilitate functional testing of complex
state machine designs. This feature allows direct load-
ing of arbitrary states, making it unnecessary to cycle
through long test vector sequences to reach a desired
state. In addition, transitions from illegal states can be
verified by loading illegal states and observing proper
recovery.

Security Bit

A security bitis provided on the PALCE20V8 as a deter-
rent to unauthorized copying of the array configuration
patterns. Once programmed, this bit defeats readback
and verification of the programmed pattern by a device
programmer, securing proprietary designs from com-
petitors. The bit can only be erased in conjunction with
the array during an erase cycle.

Electronic Signature Word

An electronic signature word is provided in the
PALCE20V8. It consists of 64 bits of programmable
memory that can contain any user-defined data. The
signature data is always available to the user independ-
ent of the security bit.

Programming and Erasing

The PALCE20V8 can be programmed on standard logic
programmers. It also may be erased to reset a previ-
ously configured device back to its virgin state. Erasure
is automatically performed by the programming hard-
ware. No special erase operation is required.

Quality and Testability

The PALCE20V8 offers a very high level of built-in qual-
ity. The erasability of the device provides a direct means
of verifying performance of all AC and DC parameters.
In addition, this verifies complete programmability and
functionality of the device to provide the highest pro-
gramming and post-programming functional yields in
the industry.

Technology

The high-speed PALCE20V8H is fabricated with AMD’s
advanced electrically erasable (EE) CMOS process.
The array connections are formed with proven EE cells.
Inputs and outputs are designed to be compatible with
TTL devices. This technology provides strong input
clamp diodes, output slew-rate control, and a grounded
substrate for clean switching.

PCI Compliance

The PALCE20V8H-7/10 is fully compliant with the PCI/
Local Bus Specification published by the PCI Special In-
terest Group. The PALCE20V8H-7/10’s predictable tim-
ing ensures compliance with the PCI AC specifications
independent of the design. On the other hand, in CPLD
and FPGA architectures without predictable timing, PCI
compliance is dependent upon routing and product term
distribution.

PALCE20V8 Family
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LOGIC DIAGRAM
SKINNYDIP (PLCC and LCC) Pinouts
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LOGIC DIAGRAM (continued)
SKINNYDIP (PLCC and LCC) Pinouts
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C

Ambient Temperature
with Power Applied ............. -55°C to +125°C

Supply Voltage with
Respect to Ground

DC Input Voltage . . .........
DC Output or I/O

Pin Voltage
Static Discharge Voltage . .. .............. 2001V

Latchup Current
(TA=0°Cto75°C) ... oo

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES

Commercial (C) Devices
Temperature (Ta) Operating

inFree Air............ ... ... ..... 0°Cto 75°C

Supply Voltage (Vcc) with

Respectto Ground ............ +4.75V to +5.25 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min ax Uhit

VOH Output HIGH Voltage loH=-32mA VIN=VIH orViL 2.4 \%
Vcce = Min

VoL Output LOW Voltage loL=24mA VIN=VHHorVi 0.5 \Y
Vce = Min

VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%

Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \%
Voltage for all Inputs (Note 1)

liH Input HIGH Leakage Current VIN =5.25V, Vcc = Max (Note 2) 10 A

liL Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 A

lozH Off-State Output Leakage Vout =5.25V, Vcc = Max 10 A

Current HIGH VIN = ViH or ViL (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -100 A
Current LOW VIN = ViH or ViL (Note 2)

Isc Output Short-Circuit Current Vout =0.5V, Vcc = Max (Note 3) -30 -150 mA

Icc Supply Current Outputs Open (lout =0 mA), ViN=0V 125 mA
(Static) Vcc = Max

Notes:

1. These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included.

2. /O pin leakage is the worst case of li. and lozL (or i and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Descriptions [Test Conditions Typ nit
CiN Input Capacitance VIN=2.0V Vcc=5.0V, Ta=25°C, pF
Cout Output Capacitance Vout=2.0V f=1MHz 8 pF
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min
Symbol Parameter Description (Note 5) |Max Unit
tPD Input or Feedback to Combinatorial Output 1 5 ns
ts Setup Time from Input or Feedback to Clock 3 ns
tH Hold Time 0 ns
tco Clock to Output 1 4 ns
tskewr Skew Between Registered Outputs (Note 4) 1 ns
twiL LOW 3 ns
Clock Width
twH HIGH 3 ns
External Feedback 1/(ts + tco) 142.8 MHz
Maximum
fmMAX Frequency Internal Feedback (fcnT) 1/(ts + tcF) (Note 6) 166 MHz
(Note 3) No Feedback Li(twr + tw) 166 MHz
tPzx OE to Output Enable 1 6 ns
tPxz OE to Output Disable 1 5 ns
tea Input to Output Enable Using Product Term Control 2 6 ns
ter Input to Output Disable Using Product Term Control 2 5 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified

where frequency may be affected.

4. Skew testing takes into account pattern and switching direction differences between outputs that have equal loading.

5. Output delay minimums for tep, tco, trzx, texz, tea, and ter are defined under best case conditions. Future process

improvements may alter these values therefore, minimum values are recommended for simulation purposes only.

6. lcris a calculated value and is not guaranteed. tcr can be found using the following equation:

tcr = 1/fuax (internal feedback) — ts.

PALCE20V8H-5 (Com’l)
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature ........... —65°C to +150°C

Ambient Temperature
with Power Applied ............. —55°C to +125°C

Supply Voltage with

Respect to Ground -0.5Vto+7.0V

-05VtoVcec +05V

DC Input Voltage ... ........

DC Output or I/O
Pin Voltage

Static Discharge Voltage . .. .............. 2001V

Latchup Current
(TA=0°Cto75°C) ... .o

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices
Temperature (Ta) Operating
inFree Air............ ... ... .....
Supply Voltage (Vcc) with
Respectto Ground ............

0°Cto 75°C

+4.75V to +5.25 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions flin flax  Upit
VOH Output HIGH Voltage loH=-3.2mA VIN=ViH orViL 2.4 \%
Vcc = Min
VoL Output LOW Voltage loL=24mA VIN=VHHorVi 0.5 \
Vcc = Min
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \%
Voltage for all Inputs (Note 1)
lH Input HIGH Leakage Current VIN =5.25 V, Vcc = Max (Note 2) 10 MA
T Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 A
lozH Off-State Output Leakage Vout =5.25V, Vcc = Max 10 HA
Current HIGH VIN = ViH or ViL (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -100 | pA
Current LOW VIN = ViH or ViL (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max (Note 3) =30 -150 mA
Icc Supply Current Outputs Open (lout = 0 mA) 115 mA
(Dynamic) Vcc = Max, f =25 MHz
Notes:

1. These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included.
2. /O pin leakage is the worst case of I and loz. (or I and lozw).
3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Descriptions Test Conditions Typ Unit
CiN Input Capacitance VIN= 2.0V Vcc =5.0V, Ta=25°C, pF
Cout Output Capacitance Vout=2.0V f=1MHz 8 pF
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter
Symbol Parameter Description Min Max Unit
tPD Input or Feedback to Combinatorial Output 8 Outputs Switching 3 75 ns
1 Output Switching 3 7 ns
ts Setup Time from Input or Feedback to Clock 5 ns
tH Hold Time 0 ns
tco Clock to Output 1 5 ns
tSKEWR Skew Between Registered Outputs (Note 4) 1 ns
twi ) LOW 4 ns
Clock Width
twH HIGH 4 ns
. External Feedback 1/(ts + tco) 100 MHz
Maximum
fmAx Frequency Internal Feedback (fcn) 1/(ts + tcF) (Note 6) 125 MHz
Note 3
( ) No Feedback 1/(twH + twL) 125 MHz
tPzx OE to Output Enable 1 6 ns
tPxz OE to Output Disable 1 6 ns
tea Input to Output Enable Using Product Term Control 3 9 ns
ter Input to Output Disable Using Product Term Control 3 9 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. Skew testing takes into account pattern and switching direction differences between outputs that have equal loading.

5. Output delay minimums for tep, tco, trzx, trxz, tea, and ter are defined under best case conditions. Future process
improvements may alter these values therefore, minimum values are recommended for simulation purposes only.

6. lcris a calculated value and is not guaranteed. tcr can be found using the following equation:
tcr = 1/fuax (internal feedback) — ts.

PALCE20V8H-7 (Com’l)
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature ........... —65°C to +150°C

Ambient Temperature
with Power Applied ............. —55°C to +125°C

Supply Voltage with

Respect to Ground -0.5Vto+7.0V

-05VtoVcc+05V

DC Input Voltage ... ........

DC Output or I/O
Pin Voltage

Static Discharge Voltage . .. .............. 2001V

Latchup Current
(TA=0°Cto75°C) ... .o

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices
Temperature (Ta) Operating
inFree Air............ ... ... .....
Supply Voltage (Vcc) with
Respectto Ground ............

0°Cto 75°C

+4.75V to +5.25 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions flin flax  Upit
VoH Output HIGH Voltage loH=-32mA VIN=VHHorViL 2.4 \
Vcc = Min
VoL Output LOW Voltage loL=24mA VIN=VIHoOrViL 0.5 \%
Vcc = Min
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \%
Voltage for all Inputs (Note 1)
liH Input HIGH Leakage Current VIN =5.25 V, Vcc = Max (Note 2) 10 HA
liL Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 A
lozH Off-State Output Leakage Vout =5.25V, Vcc = Max 10 A
Current HIGH VIN = ViH or ViL (Note 2)
lozL Off-State Output Leakage VouTt =0V, Vcc = Max -100 | pA
Current LOW VIN = ViH or ViL (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max (Note 3) =30 -150 mA
Icc Supply Current Outputs Open (lout = 0 MmA) 115 mA
(Dynamic) Vcc = Max, f =25 MHz
Notes:

1. These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included.

2. 1/O pin leakage is the worst case of Ii. and lozL (or i and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Tlest Conditions Typ Unit
CIN Input Capacitance ViN=20V Vcc =5.0V, Ta=25°C, pF
Cout Output Capacitance Voutr=2.0V | f=1MHz pF
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min
Symbol Parameter Description (Note 4) | Max Unit
tPD Input or Feedback to Combinatorial Output 3 10 ns
ts Setup Time from Input or Feedback to Clock 7.5 ns
tH Hold Time 0 ns
tco Clock to Output 3 7.5 ns
wt Clock Width LOW ° e
twH HIGH 6 ns
Maximum External Feedback 1/(ts + tco) 66.7 MHz
fmax Frequency Internal Feedback (fcnT) 1/(ts + tcF) (Note 5) 71.4 MHz
(Note 3) No Feedback 1/(twH + twi) 83.3 MHz
tPzx OE to Output Enable 2 10 ns
tPxz OE to Output Disable 2 10 ns
tEA Input to Output Enable Using Product Term Control 3 10 ns
tER Input to Output Disable Using Product Term Control 3 10 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. Output delay minimums for tep, tco, tezx, trxz, tea, and ter are defined under best case conditions. Future process
improvements may alter these values therefore, minimum values are recommended for simulation purposes only.

5. [Icr is a calculated value and is not guaranteed. tcr can be found using the following equation:
ter = 1/fuax (internal feedback) — ts.

PALCE20V8H-10 (Com’l)
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature —65°C to +150°C

Ambient Temperature
with Power Applied

Supply Voltage with
Respect to Ground

—55°C to +125°C

-05Vto+7.0V
-05VtoVcc+05V

DC Input Voltage ... ........

DC Output or I/O
Pin Voltage

Static Discharge Voltage . .. .............. 2001V

Latchup Current
(TA=0°Cto75°C) ... .o

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices

Temperature (Ta) Operating

inFree Air............ ... ... .....
Supply Voltage (Vcc) with

Respect to Ground

0°Cto 75°C

+4.75V to +5.25 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions flin flax  Upit

VOH Output HIGH Voltage loH=-3.2mA VIN=VIH OrViL 2.4 \%
Vce = Min

VoL Output LOW Voltage loL=24mA VIN=VHHorViL 0.5 \Y
Vce = Min

VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Note 1)

ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \%
Voltage for all Inputs (Note 1)

liH Input HIGH Leakage Current VIN =5.25V, Vcc = Max (Note 2) 10 A

liL Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 A

lozH Off-State Output Leakage Vout =5.25V, Vcc = Max 10 A

Current HIGH VIN = ViH or ViL (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -100| pA
Current LOW VIN = ViH or ViL (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max (Note 3) -30 -150 [ mA
Icc Supply Current Outputs Open (lout = 0 mA) 55 mA
(Dynamic) Vcce = Max, f = 15 MHz (Note 4)
Notes:

1. These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included.

2. /O pin leakage is the worst case of li. and lozL (or 4 and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
VouTt = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

4. This parameter is guaranteed worst case under test conditions. Refer to the Icc vs. frequency graph for typical measurements.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Tlest Conditions Typ Unit
CiN Input Capacitance ViN=2.0V Vcc =5.0V, Ta=25°C, 5 pF
Cout Output Capacitance Vour=20V | f=1MHz pF
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter Min
Symbol Parameter Description (Note 4) [Max Unit
tPD Input or Feedback to Combinatorial Output 3 10 ns
ts Setup Time from Input or Feedback to Clock 7.5 ns
tH Hold Time 0 ns
tco Clock to Output 3 7.5 ns
. Clock Width LOW o A
twH HIGH 6 ns
Masimum External Feedback 1/(ts + tco) 66.7 MHz
fmax Frequency Internal Feedback (fcnT) 1/(ts + tcF) (Note 5) 71.4 MHz
(Note 3) No Feedback 1/(twH + twL) 83.3 MHz
tPzx OE to Output Enable 2 10 ns
tPxz OE to Output Disable 2 10 ns
tea Input to Output Enable Using Product Term Control 3 10 ns
tErR Input to Output Disable Using Product Term Control 3 10 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified

where frequency may be affected.

4. Output delay minimums for tep, tco, tezx, trxz, tea, @nd ter are defined under best case conditions. Future process
improvements may alter these values therefore, minimum values are recommended for simulation purposes only.

5. Icris a calculated value and is not guaranteed. tcr can be found using the following equation:

ter = 1/fuax (internal feedback) — ts.

PALCE20V8Q-10 (Com’l)
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature ........... —65°C to +150°C

Ambient Temperature
with Power Applied ............. —55°C to +125°C

Supply Voltage with

Respect to Ground -0.5Vto+7.0V

-05VtoVcc+05V

DC Input Voltage ... ........

DC Output or
I/O Pin Voltage

Static Discharge Voltage . . ............... 2001V

Latchup Current
(TA=0°Cto+75°C) .. ...

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES

Commercial (C) Devices
Temperature (Ta) Operating

iNFree Air .. ..................... 0°C to +75°C

Supply Voltage (Vcc)

with Respect to Ground +4.75V to +5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Nax nit

VoH Output HIGH Voltage loH=-3.2mA VIN=VIiHorViL 2.4 \%
Vce = Min

VoL Output LOW Voltage loL=24mA VIN=VIHorViL 0.5 \%
Vce = Min

VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Note 1)

ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \%
Voltage for all Inputs (Note 1)

liH Input HIGH Leakage Current VIN =5.25V, Vcc = Max (Note 2) 10 PA

liL Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 HA

lozH Off-State Output Leakage VouTt =5.25V, Vcc = Max 10 HA

Current HIGH VIN = Vi1 or ViL (Note 2)
lozL Off-State Output Leakage VouTt =0V, Vcc = Max -100 HA
Current LOW VIN = ViH or ViL (Note 2)

Isc Output Short-Circuit Current Vout =0.5V, Vcc = Max (Note 3) -30 | -150 mA

Icc Supply Current Outputs Open (lout = 0 MmA) H 90 mA
Vce = Max, f =15 MHz Q 55

Notes:

1. These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included.

2. 1/O pin leakage is the worst case of i and lozL (or i and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance VIN =20V |Vcc=5.0V, Ta=25C, 5 pF
Cout Output Capacitance Voutr=2.0V |f=1MHz pF
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter -15 25
Symbol Parameter Description Min Max Min Max Unit
tPD Input or Feedback to Combinatorial Output 15 25 ns
ts Setup Time from Input or Feedback to Clock 12 15 ns
tH Hold Time 0 0 ns
tco Clock to Output 10 12 ns
twiL LOW 8 12 ns
Clock Width
twH HIGH 8 12 ns
. External Feedback 1/(ts + tco) 45.5 37 MHz
Maximum
fmax Frequency | Internal Feedback (fent) | 1/(ts + tcr) (Note 4) 50 40 MHz
(Note 3) No Feedback L(twn + twt) 62.5 416 MHz
tPzx OE to Output Enable 15 20 ns
tPxz OE to Output Disable 15 20 ns
tea Input to Output Enable Using Product Term Control 15 25 ns
tER Input to Output Disable Using Product Term Control 15 25 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. lcris a calculated value and is not guaranteed. tcr can be found using the following equation:
tcr = 1/fuax (internal feedback) — ts.

PALCE20V8H-15/25 Q-15/25 (Com’l)
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature ........... —65°C to +150°C

Ambient Temperature
with Power Applied ............. —55°C to +125°C

Supply Voltage with

Respect to Ground -0.5Vto+7.0V

-05VtoVcc+05V

DC Input Voltage ... ........

DC Output or
I/O Pin Voltage

Static Discharge Voltage . . ............... 2001V

Latchup Current
(TA=—40°Cto+85°C) ... ...........c. ..

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES

Industrial (1) Devices
Temperature (Ta) Operating

iNnFree Air......... ... ... ......
Supply Voltage (Vcc)
with Respect to Ground

—40°C to +85°C

+4.5Vto+5.5V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over INDUSTRIAL operating ranges unless otherwise specified

Parameter
Symbol Parameter Description Test Conditions Min Nax Unit

VoH Output HIGH Voltage loH=-3.2mA VIN=ViHorViL 2.4 \%
Vcc = Min

VoL Output LOW Voltage loL=24mA  VIN=VIHoOrViL 0.5 \%
Vce = Min

VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Note 1)

ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \%
Voltage for all Inputs (Note 1)

liH Input HIGH Leakage Current VIN=5.5V, Vcc = Max (Note 2) 10 A

liL Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 A

lozH Off-State Output Leakage Vout =5.5V, Vcc = Max 10 HA

Current HIGH VIN = Vi1 or ViL (Note 2)
lozL Off-State Output Leakage VouTt =0V, Vcc = Max -100 HA
Current LOW VIN = Vi1 or ViL (Note 2)

Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max (Note 3) -30 | -150 mA

Icc Supply Current Outputs Open (lout = 0 mA) H 130 mA
Vcc = Max, f =15 MHz Q 65

Notes:

1. These are absolute values with respect to device ground all overshoots due to system and/or tester noise are included.

2. /O pin leakage is the worst case of li. and lozL (or 4 and lozH).

3. Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance VIN =2.0V Vcc=5.0V, Ta=25°C, 5 pF
Cout Output Capacitance Vout=2.0V f=1MHz pF
Note:

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.

SWITCHING CHARACTERISTICS over INDUSTRIAL operating ranges (Note 2)

-15 -20 -25
Parameter
Symbol Parameter Description Min Max Min  Max Min Max Unit
tPD Input or Feedback to Combinatorial Output 15 20 25 ns
ts Setup Time from Input or Feedback to Clock 12 13 15 ns
tH Hold Time 0 0 0 ns
tco Clock to Output 10 11 12 ns
twir . LOW 8 10 12 ns
Clock Width
twH HIGH 8 10 12 ns
Maximum External Feedback |[1/(ts + tco) 45.5 41.6 37 MHz
fmMax Frequency Internal Feedback [ 1/(ts + tcF) 50 45.4 40 MHz
(Note 3) (fenT) (Note 4)

No Feedback 1/(twH +twr) | 62.5 50.0 41.6 MHz
tPzx OE to Output Enable 15 18 20 ns
tPxz OE to Output Disable 15 18 20 ns
tEA Input to Output Enable Using Product Term Control 15 18 20 ns
tER Input to Output Disable Using Product Term Control 15 18 20 ns

Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. tcris a calculated value and is not guaranteed. tcr can be found using the following equation:
tcr = 1/fuax (internal feedback) — ts.

PALCE20V8H-15/25, Q-20/25 (Ind)
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SWITCHING WAVEFORMS

Input or
Feedback VT
ts tH
Input or
Feedback \ Clock VT
tPD tco
Combinatorial Registered
Output vr Output VT
16491D-7 16491D-8
Combinatorial Output Registered Output
twH —> Input VT
Clock VT teER teA
outout \\\x Vor-0.5v/// v
[ twL utpu A + T
16491D-9 // /3 VoL O.5V\ll—
16491D-10
Clock Width Input to Output Disable/Enable
\%)
OE
tpxz | tPzx
outout \\x Vou-05v/// v
utpu
P [/ vor+05v NN T
16491D-11
'OE to Output Disable/Enable
Notes:
1. Vvr=15V

2. Input pulse amplitude 0 V to 3.0 V.
3. Inputrise and fall times 2 ns — 5 ns typical.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM

INPUTS

Must be
Steady

May
Change

fromHto L

May
Change

fromLtoH

Don't Care,
Any Change
Permitted

Does Not
Apply

OUTPUTS

Will be
Steady

Will be
Changing
fromHto L

Will be
Changing
fromLtoH

Changing,
State
Unknown

Center

Line is High-
Impedance
“Off” State

KS000010-PAL

SWITCHING TEST CIRCUIT

SVO—O/O—

S1
§ R1
Output O \ 4
— R2
Switching Test Circuit 16491D-12
Commercial Measured
Specification S1 CL R1 R2 Output Value
trD, tco Closed 15V
tpzx, tea Z - H: Open 50 pF 200 Q 390 Q 15V
Z - L: Closed
tPxz, ter H - Z: Open 5 pF H-5: H-Z:VoH-05V
L - Z: Closed 200 Q L -Z:VoL+05V

PALCE20V8 Family
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TYPICAL Icc CHARACTERISTICS
Vee=5.0 V, Ta=25°C

150
125 —- 20V8H-5
100 —+
20V8H-7
lcc (MA) 75 20V8H-10
20V8H-15/25
50 +—
20V8Q-10
20v8Q-15/25
25
0 ; | % | % | % | % {
0 10 20 30 40 50

Frequency (MHz) 16491D-13

Icc vs. Frequency

The selected “typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any
vector, half of the outputs were switching.

By utilizing 50% of the device, a midpoint is defined for Icc. From this midpoint, a designer may scale the Icc graphs up or down to
estimate the Icc requirements for a particular design.
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ENDURANCE CHARACTERISTICS

The PALCE20V8 is manufactured using AMD’s ad-
vanced electrically erasable process. This technology

Endurance Characteristics

uses an EE cell to replace the fuse link used in bipolar

the factory.

parts. As a result, the device can be erased and
reprogrammed—a feature which allows 100% testing at

Symbol | Parameter Test Conditions Min Unit
tDR Min Pattern Data Retention Time Max Storage Temperature 10 Years
Max Operating Temperature 20 Years
N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles

PALCE20V8 Family
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ROBUSTNESS FEATURES

The PALCE20V8X-X/5 have some unique features that
make them extremely robust, especially when operating
in high-speed design environments. Pull-up resistors on
inputs and I/O pins cause unconnected pins to default to
a known state. Input clamping circuitry limits negative
overshoot, eliminating the possibility of false clocking

caused by subsequent ringing. A special noise filter
makes the programming circuitry completely insensitive
to any positive overshoot that has a pulse width of less
than about 100 ns for the /5 versions.

Selected /4 devices are also being retrofitted with these
robustness features. See the chart below for device
listings.

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR SELECTED /5 VERSION

AND SELECTED /4 VERSIONS*

Vcc —T1— Vcc

ESD | Programming =
Protection Pins onl Programming Positive '
and I S Voltage > Overshoot > Prcg{imtmmg
Clamping Detection Filter ry
Typical Input
Vcc Vce
> 50 kQ
Provides ESD
Protection and
Clamping
Preload Feedback
= Circuitry Input
Typical Output
16491D-14
* H i .
Device Rev Letter Topside Marking: |
PALCE20VSH-10 K AMD _CMOS PLD's are marked on top of the package in the
following manner:
PALCE20V8H-15 K,J

PALCE20V8Q-15
PALCE20V8H-25
PALCE20V8Q-25

PALCEXXXX
Datecode (3 numbers) Lot ID (4 characters)— —(Rev Letter)

The Lot ID and Rev Letter are separated by two spaces.

2-180
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INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR SELECTED /5 VERSIONS*

—1— Vcc

i

> L

0.5 kQ T Vee
—O
‘ }—
ESD
Protection
Input l
1 Vee —— Vce
100 kQ
0.5 kQ
Preload Feedback
Circuitry Input
110
16491D-15
Device Rev Letter Topside Marking: '
PALCE20V8H-10 L AMD CMOS PLD's are marked on top of the package in the
following manner:

PALCE20V8H-15 L, M PALCEXXX
PALCE20V8Q-15 M Datecode (3 numbers) Lot ID (4 characters)— —(Rev Letter)
PALCE20V8H-25 M The Lot ID and Rev Letter are separated by two spaces.
PALCE20V8Q-25 M

PALCE20V8 Family
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POWER-UP RESET

The PALCE20V8 has been designed with the capability
to reset during system power-up. Following power-up,
all flip-flops will be reset to LOW. The output state will be
HIGH independent of the logic polarity. This feature pro-
vides extra flexibility to the designer and is especially
valuable in simplifying state machine initialization. A
timing diagram and parameter table are shown below.

Due to the synchronous operation of the power-up reset
and the wide range of ways Vcc can rise to its steady
state, two conditions are required to insure a valid
power-up reset. These conditions are:

m  The Vcc rise must be monotonic.

m Following reset, the clock input must not be driven
from LOW to HIGH until all applicable input and
feedback setup times are met.

Parameter
Symbol Parameter Description Min Max Unit
tPR Power-Up Reset Time 1000 ns
ts Input or Feedback Setup Time See Switghipg
twi Clock Width LOW Characteristics
4V Vee
Power
tPR — >
Registered // Z
Output 7
e {5 >
W f
twL —>
16491D-16
Power-Up Reset Waveforms
2-182 PALCE20V8 Family
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TYPICAL THERMAL CHARACTERISTICS
/14 Devices (PALCE20V8H-10/4)

Measured at 25°C ambient. These parameters are not tested.

Parameter Typ
Symbol Parameter Description SKINNYDIP PLCC Unit
Bic Thermal impedance, junction to case 19 19 °C/W
Bja Thermal impedance, junction to ambient 73 55 °CIW
Bjma Thermal impedgnce, junction to 200 Ifpm air 61 45 °C/W
ambient with air flow 400 Ifpm air 53 a1 oC/W
600 Ifpm air 50 38 °C/W
800 Ifpm air a7 36 °C/W
/5 Devices (PALCE20V8H-7/5)
Measured at 25°C ambient. These parameters are not tested.
Parameter Typ
Symbol Parameter Description SKINNYDIP PLCC Unit
Bic Thermal impedance, junction to case 18 16 °CIW
Bja Thermal impedance, junction to ambient 69 51 °CIW
Bjma Ther_mal imped_ance, junction to 200 Ifpm air 60 42 °CIW
ambient with air flow 400 Ifpm air 54 37 °C/W
600 Ifpm air 50 36 °CIW
800 Ifpm air X X °CIW

Plastic 8jc Considerations

The data listed for plastic 6jc are for reference only and are not recommended for use in calculating junction temperatures. The
heat-flow paths in plastic-encapsulated devices are complex, making the 6jc measurement relative to a specific location on the
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of
the package. Furthermore, Bjc tests on packages are performed in a constant-temperature bath, keeping the package surface at
a constant temperature. Therefore, the measurements can only be used in a similar environment.

PALCE20V8 Family
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PALCE22V10Z Family

Zero-Power 24-Pin EE CMOS Versatile PAL Device

IND: -15/25

e\

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

m  Zero-power CMOS technology
— 30 pA standby current
— As fast as 15 ns first-access propagation delay
and 50 MHz fwax (external)
m  Unused product term disable for reduced
power consumption
m  Available in Industrial operating range at
15nstep
— Ta=-40°C to +85°C
— Vec=+45Vto+5.5V
HC- and HCT-compatible inputs and outputs

Electrically-erasable technology provides
reconfigurable logic and full testability

m 10 macrocells programmable as registered or
combinatorial, and active high or active low to
match application needs

m  Varied product term distribution allows up to 16
product terms per output for complex functions

m  Global asynchronous reset and synchronous
preset for initialization

m  Power-up reset for initialization and register
preload for testability

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

m  24-pin SKINNYDIP, 28-pin PLCC, and 24-pin
SOIC packages save space

GENERAL DESCRIPTION

The PALCE22V10Z is an advanced PAL device built
with zero-power, high-speed, electrically-erasable
CMOS technology. It provides user-programmable logic
for replacing conventional zero-power CMOS SSI/MSI
gates and flip-flops at a reduced chip count.

The PALCE22V10Z provides zero standby power and
high speed. At 30 pA maximum standby current, the
PALCE22V10Z allows battery powered operation for an
extended period.

The ZPAL™ device implements the familiar Boolean
logic transfer function, the sum of products. The PAL de-
vice is a programmable AND array driving a fixed OR ar-
ray. The AND array is programmed to create custom
product terms, while the OR array sums selected terms
at the outputs.

The product terms are connected to the fixed OR array
with a varied distribution from 8 to16 across the outputs
(see Block Diagram). The OR sum of the products feeds

the output macrocell. Each macrocell can be pro-
grammed as registered or combinatorial, and active
high or active low. The output configuration is deter-
mined by two bits controlling two multiplexers in each
macrocell.

AMD'’s FusionPLD program allows PALCE22V10Z de-
signs to be implemented using a wide variety of popular
industry-standard design tools. By working closely with
the FusionPLD partners, AMD certifies that the tools
provide accurate, quality support. By ensuring that third-
party tools are available, costs are lowered because a
designer does not have to buy a complete set of new
tools for each device. The FusionPLD program also
greatly reduces design time since a designer can use a
tool that is already installed and familiar. Please refer to
the Software Reference Guide to PLD Compliers for
certified development systems, and the Programmer
Reference Guide for approved programmers.
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BLOCK DIAGRAM
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RESET OUTPUT [T OUTPUT [T OUTPUT [FT1 OUTPUT [T OUTPUT [Tl OUTPUT [T OUTPUT [T OUTPUT [T OUTPUT [T OUTPUT
DriACRO TP Miacko T Priscro FTPMacRo FHPMAGRO TP viacko FTPriscro FTPMACRO FTPMAGRS T PMaGRo
CELL }+44 CELL }—4— CELL }4- CELL |4 CELL }4+4 CELL }~4—- CELL }4-4 CELL }44 CELL }—+4- CELL
% % % % % % % :
1/00 1/01 1102 1/03 1/04 1/0s 1/06 1107 1/0s 1/09
15700E-1
CONNECTION DIAGRAMS
Top View
SKINNYDIP/SOIC PLCC
\/ =
CLK/o[] 1@ 24 [J vee X088 ¢
1 2 23 ] 109 a-dpzs 2 =2
I |
12[] 3 22 [ 108 4 3 2 1 282726 )
[ J
13[] 4 21 [ o, 135 25]] /07
[ s 20 [1 1106 la 6 2411 110
15 [7 23] 110
5[] 6 19 [ yos 5 [ /0s
o] 7 18 NC [s 2211 NC
/04 16 o 21|] /04
[} 8 17 [J vos 17 (1o 201 o3
18] 9 16 | o, Ig [} 11 19[] 10>
12 1314 1516 17 18
. _J
o[} 10 15 [ vos R E A AR AR
o[} 11 14 [1 oo 2322484
enp[] 12 13 [0 1y ©
15700E-3
15700E-2
Note:

Pin 1 is marked for orientation.

PIN DESCRIPTION

CLK = Clock

GND = Ground

I = Input

/O = Input/Output
NC = No Connect
Vcc = Supply Voltage

PALCE22V10Z Famil v
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ORDERING INFORMATION

Commercial and Industrial Products

AMD programmable logic products for commercial and industrial applications are available with several ordering options.
The order number (Valid Combination) is formed by a combination of these elements:

PAL CE 22 V 10 Z-15 P |

FAMILY TYPE OPERATING CONDITIONS
PAL = Programmable Array Logic C = Commercial (0°C to +75°C)
I = Industrial (-40°C to +85°C)
TECHNOLOGY
CE = CMOS Electrically Erasable L——— PACKAGE TYPE
P = 24-Pin 300 mil Plastic
I SKINNYDIP (PD3024)

J = 28-Pin Plastic Leaded
Chip Carrier (PL 028)
S = 24-Pin Plastic Gull-Wing

ARRAY INPUTS

\O/U_TT/UI T:i(IPE Small Outline Package
- versatie (SO 24)
NUMBER OF OUTPUTS
SPEED
POWER -15=15ns tprp
Z = Zero Power (15 pA Icc standby) -25=25ns tpp
Valid Combinations Valid Combinations
Valid Combinations lists configurations planned
PALCE22V10Z-15 P1,JI to be supported in volume for this device. Consult
PALCE22V10Z-25 PC. JC. SC the local AMD sales office to confirm availability of
PILJLSI specific valid combinations, and to check on

newly released combinations.
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FUNCTIONAL DESCRIPTION

The PALCE22V10Z is the zero-power version of the
PALCE22V10. It has all the architectural features of the
PALCE22V10. In addition, the PALCE22V10Z has zero
standby power and unused product term disable.

The PALCE22V10Z allows the systems engineer to im-
plement the design on-chip, by programming EE cells to
configure AND and OR gates within the device, accord-
ing to the desired logic function. Complex interconnec-
tions between gates, which previously required
time-consuming layout, are lifted from the PC board and
placed onsilicon, where they can be easily modified dur-
ing prototyping or production.

Product terms with all connections opened assume the
logical HIGH state; product terms connected to both true
and complement of any single input assume the logical
LOW state.

The PALCE22V10Z has 12 inputs and 10 I/O macro-
cells. The macrocell (Figure 1) allows one of four
potential output configurations; registered output
or combinatorial 1/0, active high or active low (see
Figure 2). The configuration choice is made according
to the user’s design specification and corresponding
programming of the configuration bits So—Si. Multi-
plexer controls are connected to ground (0) through a
programmable bit, selecting the “0” path through the
multiplexer. Erasing the bit disconnects the control line
from GND and it floats to Vcc (1), selecting the “1” path.

The device is produced with a EE cell link at each input
to the AND gate array, and connections may be selec-
tively removed by applying appropriate voltages to the
circuit. Utilizing an easily-implemented programming al-
gorithm, these products can be rapidly programmed to
any customized pattern.

Variable Input/Output Pin Ratio

The PALCE22V10Z has twelve dedicated input lines,
and each macrocell output can be an I/O pin. Buffers for
device inputs have complementary outputs to provide
user-programmable input signal polarity. Unused input
pins should be tied to Vcc or GND.

Registered Output Configuration

Each macrocell of the PALCE22V10Z includes a D-type
flip-flop for data storage and synchronization. The flip-
flop is loaded on the LOW-to-HIGH transition of the
clock input. In the registered configuration (S1= 0), the
array feedback is from Q of the flip-flop.

Combinatorial 1/0 Configuration

Any macrocell can be configured as combinatorial by
selecting the multiplexer path that bypasses the flip-flop
(S1=1). Inthe combinatorial configuration the feedback
is from the pin.

-
AR l 1o
L 11
: D Q 0 0 - 1/0On
CLK—F Q 01
)
SP S1 1 S1 So Output Configuration
So = 0 0 Registered/Active Low
0 0 1 Registered/Active High
:g}i 1 0 Combinatorial/Active Low
L 1 1 Combinatorial/Active High

0 = Programmed EE bit
1 = Erased (charged) EE bit

15700E-4

Figure 1. Output Logic Macrocell

PALCE22V10Z Famil v
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Registered/Active High

0

Combinatorial/Active Low

0

Combinatorial/Active High
15700E-5

Figure 2. Macrocell Configuration Options

Programmable Three-State Outputs

Each output has a three-state output buffer with three-
state control. A product term controls the buffer, allow-
ing enable and disable to be a function of any product of
device inputs or output feedback. The combinatorial
output provides a bidirectional I/0 pin, and may be con-
figured as a dedicated input if the buffer is always
disabled.

Programmable Output Polarity

The polarity of each macrocell output can be active high
or active low, either to match output signal needs or to
reduce product terms. Programmable polarity allows
Boolean expressions to be written in their most compact
form (true or inverted), and the output can still be of the
desired polarity. It can also save “DeMorganizing”
efforts.

Selection is controlled by programmable bit So in the
output macrocell, and affects both registered and com-
binatorial outputs. Selection is automatic, based on the
design specification and pin definitions. If the pin defini-
tion and output equation have the same polarity, the out-
put is programmed to be active high (So = 1).

Preset/Reset

For initialization, the PALCE22V10Z has additional
Preset and Reset product terms. These terms are con-
nected to all registered outputs. When the Synchronous
Preset (SP) product term is asserted high, the output
registers will be loaded with a HIGH on the next LOW-to-
HIGH clock transition. When the Asynchronous Reset
(AR) product term is asserted high, the output registers
will be immediately loaded with a LOW independent of
the clock.

Note that preset and reset control the flip-flop, not the
output pin. The output level is determined by the output
polarity selected.

Zero-Standby Power Mode

The PALCE22V10Z features a zero-standby power
mode. When none of the inputs switch for an extended
period (typically 50 ns), the PALCE22V10Z will go into
standby mode, shutting down most of its internal cir-
cuitry. The current will go to almost zero (Icc < 30 HA).
The outputs will maintain the states held before the de-
vice went into the standby mode.

2-248
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When any input switches, the internal circuitry is fully en-
abled and power consumption returns to normal. This
feature results in considerable power savings for opera-
tion at low to medium frequencies. This savings is illus-
trated in the Icc vs. frequency graph.

Product-Term Disable

On a programmed PALCE22V10Z, any product terms
that are not used are disabled. Power is cut off from
these product terms so that they do not draw current. As
shown in the Icc vs. frequency graph, product-term dis-
abling results in considerable power savings. This sav-
ings is greater at the higher frequencies.

Further hints on minimizing power consumption can be
found in the Application Note “Minimizing Power Con-
sumption with Zero-Power PLDs.”

Power-Up Reset

All flip-flops power-up to a logic LOW for predictable
system initialization. Outputs of the PALCE22V10Z will
depend on the programmed output polarity. The Vcc
rise must be monotonic and the reset delay time is
1000 ns maximum.

Register Preload

The registers on the PALCE22V10Z can be preloaded
from the output pins to facilitate functional testing of
complex state machine designs. This feature allows di-
rect loading of arbitrary states, making it unnecessary to
cycle through long test vector sequences to reach a de-
sired state. In addition, transitions from illegal states can
be verified by loading illegal states and observing proper
recovery.

Security Bit

After programming and verification, a PALCE22V10Z
design can be secured by programming the security EE
bit. Once programmed, this bit defeats readback of the
internal programmed pattern by a device programmer,
securing proprietary designs from competitors. When
the security bit is programmed, the array will read as if
every bit is erased, and preload will be disabled.

The bit can only be erased in conjunction with erasure of
the entire pattern.

Programming and Erasing

The PALCE22V10Z can be programmed on standard
logic programmers. It also may be erased to reset a pre-
viously configured device back to its virgin state. Era-
sure is automatically performed by the programming
hardware. No special erase operation is required.

Quality and Testability

The PALCE22V10Z offers a very high level of built-in
quality.

The erasability of the CMOS PALCE22V10Z allows di-
rect testing of the device array to guarantee 100% pro-
gramming and functional yields.

Technology

The high-speed PALCE22V10Z is fabricated with
AMD’s advanced electrically-erasable (EE) CMOS
process. The array connections are formed with proven
EE cells. Inputs and outputs are designed to be compat-
ible with HC and HCT devices. This technology provides
strong input-clamp diodes, output slew-rate control, and
a grounded substrate for clean switching.

PALCE22V10Z Famil v
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LOGIC DIAGRAM
SKINNYDIP (PLCC) Pinouts
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature —65°C to +150°C

Ambient Temperature with
Power Applied

Supply Voltage with Respect
to Ground

—55°C to +125°C

-05Vto+7.0V
—-0.5VtoVcc+05V

DC Input Voltage
DC Output or I/O Pin
Voltage
Static Discharge Voltage

Latchup Current (Tc = —40°C to +85°C) .... 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Industrial (I) Devices

Operating Case

Temperature (Tc) —40°C to +85°C

Supply Voltage (Vcc) with
Respect to Ground +45Vto+55V

Operating Ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over INDUSTRIAL operating ranges unless otherwise specified

Parameter
Symbol Parameter Description Test Conditions Min Max  Unit
VOoH Output HIGH Voltage VIN = VIH or ViL loH =6 mA 3.84
Vce = Min loH = 20 pA Vce- Y,
0.1
VoL Output LOW Voltage VIN = VIH or VIL loL =16 mA 0.5 \%
Vce = Min loL =6 mA 0.33 \Y
loL =20 pA 0.1 V
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Notes 1, 2)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.9 \%
Voltage for all Inputs (Notes 1, 2)
liH Input HIGH Leakage Current VIN = Vcce, Vec = Max (Note 3) 10 HA
liL Input LOW Leakage Current VIN =0V, Vcc = Max (Note 3) -10 MA
lozH Off-State Output Leakage Vout = Vcc, Vee = Max 10 MA
Current HIGH VIN = ViH or ViL (Note 3)
lozL Off-State Output Leakage VouTt =0V, Vcc = Max -10 pA
Current LOW VIN = Vi1 or ViL (Note 3)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max (Note 4) -5 -150 | mA
Icc Supply Current Outputs Open (lout = 0 mA) f=0MHz 30 MA
Vcc = Max f=15 MHz 100 mA
Notes:

AW NR

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

These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
Represents the worst case of HC and HCT standards, allowing compatibility with either.
I/O pin leakage is the worst case of IiL and lozL (or i+ and lozH).

Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

PALCE22V10Z-15 (Ind)
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Condition Typ Unit
CIN Input Capacitance VIN=2.0V Vcc=5.0V 5
Ta=25°C pF
Cout Output Capacitance Vout=2.0V f=1MHz 8
Note:

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.

SWITCHING CHARACTERISTICS over INDUSTRIAL operating ranges (Note 2)

Parameter
Symbol Parameter Description Min Max Unit
teo Input or Feedback to Combinatorial Output 15 ns
ts Setup Time from Input, Feedback or SP to Clock 10 ns
th Hold Time 0 ns
tco Clock to Output 10 ns
tar Asynchronous Reset to Registered Output 20 ns
tarw Asynchronous Reset Width 15 ns
tarr Asynchronous Reset Recovery Time 10 ns
tser Synchronous Preset Recovery Time 10 ns
tw Clock Width LOW 8 ns
twn HIGH 8 ns
Maximum External Feedback 1/(ts + teo) 50 MHz
fuAx '(:liliigggcgnd " Internal Feedback (font) | L/(ts + ter) 58.8 MHz
No Feedback 1/ (twn + tw) 62.5 MHz
tea Input to Output Enable Using Product Term Control 15 ns
ter Input to Output Disable Using Product Term Control 15 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where frequency may be affected.

4. lcris a calculated value and is not guaranteed. tcr can be found using the following equation:
tcr = 1/fuax (internal feedback) — ts.
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature —65°C to +150°C

Ambient Temperature with
Power Applied ................

Supply Voltage with Respect
to Ground

—55°C to +125°C

-05Vto+7.0V
—-0.5VtoVcc+05V

DC Input Voltage
DC Output or I/O Pin
Voltage
Static Discharge Voltage . ................ 2001V

Latchup Current (Tc = —40°C to +85°C) .... 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES

Commercial (C) Devices

Ambient Temperature (Ta) . ......... 0°Cto +75°C
Supply Voltage (Vcc) with
Respectto Ground ............
Industrial (I) Devices

Operating Case
Temperature (Tc)

+4.75V 10 +5.25V

—40°C to +85°C

Supply Voltage (Vcc) with

Respectto Ground .............. +45Vto+55V

Operating Ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges unless
otherwise specified

Parameter
Symbol Parameter Description Test Conditions in Max  Upit
VoH Output HIGH Voltage VIN = VIH or VIiL loH =6 mA 3.84 \%
Vce = Min loH =20 pA Vce—- Y,
0.1
VoL Output LOW Voltage VIN = VIH or ViL loL =16 mA 0.5 \%
Vce = Min loL =6 mA 0.33 \%
loL = 20 pA 0.1 \%
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Notes 1, 2)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.9 \%
Voltage for all Inputs (Notes 1, 2)
lH Input HIGH Leakage Current VIN = Vcce, Vec = Max (Note 3) 10 HA
T Input LOW Leakage Current VIN =0V, Vcc = Max (Note 3) -10 HA
lozH Off-State Output Leakage Vout = Vcg, Vee = Max 10 HA
Current HIGH VIN = ViH or ViL (Note 3)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -10 HA
Current LOW VIN = ViH or ViL (Note 3)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max (Note 4) -5 -150 | mA
Icc Supply Current Outputs Open (lout = 0 MmA) f=0MHz 30 HA
Vcc = Max f=15 MHz 120 mA
Notes:

AwWNR

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

These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
Represents the worst case of HC and HCT standards, allowing compatibility with either.
I/O pin leakage is the worst case of i and lozL (or IiH and lozH).

Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second.

PALCE22V10Z-25 (Com’l, Ind)
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Condition Typ Unit
CIN Input Capacitance VIN=2.0V Vcc=5.0V 5
Ta=25°C pF
Cout Output Capacitance Vout=2.0V f=1MHz 8
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges
(Note 2)

Parameter
Symbol Parameter Description Min Max Unit
trD Input or Feedback to Combinatorial Output (Note 3) 25 ns
ts Setup Time from Input, Feedback or SP to Clock 15 ns
tH Hold Time 0 ns
tco Clock to Output 15 ns
tar Asynchronous Reset to Registered Output 25 ns
tarw Asynchronous Reset Width 25 ns
tarr Asynchronous Reset Recovery Time 25 ns
tspr Synchronous Preset Recovery Time 25 ns
twi LOW 10 ns
Clock Width
twH HIGH 10 ns
Maximum External Feedback 1/(ts + tco) 33.3 MHz
f Frequency Internal Feedback (fonr) | 1/(ts + tcF) 35.7 MHz
MAX (Notes 4 and 5)

No Feedback 1/(twr + tw) 50 MHz
tea Input to Output Enable Using Product Term Control 25 ns
ter Input to Output Disable Using Product Term Control 25 ns

Notes:

2. See Switching Test Circuit for test conditions.
3. This parameter is tested in Standby Mode. When the device is not in Standby Mode, the tpp will typically be 5 ns faster.

4. These parameters are not 100% tested, but are evaluated at initial characterization and at any time
the design is modified where frequency may be affected.

5. tcris a calculated value and is not guaranteed. tcr can be found using the following equation:
ter = 1/fuax (internal feedback) — ts.
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SWITCHING WAVEFORMS

Input or
Feedback

j{ v
Input or ts tH
Feedback VT
Clock VT
tPD
tco
Mw

Combinatorial

V .
Output ! Registered
15700E-7 Output
15700E-8
Combinatorial Output Registered Output
Input VT
twH —
tER tEA
Clock VT Outout \\ Ut Vo -o0.5v/// v
utpu [/ /¥ VoL + 05v\\\
[ twL
15700E-9 15700E-10
Clock Width Input to Output Disable/Enable
Input t — Input
Asserting ARW Asserting
Asynchronous >< VT Synchronous VT
Reset Preset
tAR —»! ts tH tsPR
Registered
Output VT Clock VT
tARR tco
Registered
Clock VT Output VT
15700E-11 15700E-12
Asynchronous Reset Synchronous Preset
Notes:

1. Vr=1.5V forinput signals and Vcc/2 for output signals.

2. Input pulse amplitude 0 V to 3.0 V.
3. Input rise and fall times 2 ns—5 ns typical.
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHto L fromHto L
May Will be
Change Changing
fromLtoH fromLtoH
Don't Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off” State
KS000010-PAL
SWITCHING TEST CIRCUIT
Vce
S1
R1
Output Test Point
R2 —_ CL
S2
. 15700E-13
Measured
Specification S S CL R1 R2 Output Value
tep, tco Closed Closed Vccl2
tea Z - H: Open Z - H: Closed 30 pF 820 Q 820 Q Vccel2
Z - L: Closed Z - L: Open
ter H - Z: Open H - Z: Closed 5 pF H - Z:Von—-05V
L - Z: Closed L - Z: Open L-Z:Vo+05V
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TYPICAL Icc CHARACTERISTICS FOR THE PALCE22V10Z-15
Vee =5.0 V, Ta=25°C

110 —T—
100%*

50%*

25%*

Icc (mA)

30 T

Frequency (MHz)

*Percent of product terms used.

15700E-14

Icc vs. Frequency
Graph for the PALCE22V10Z-15
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TYPICAL Icc CHARACTERISTICS FOR THE PALCE22V10Z-25
Vee =5.0 V, Ta=25°C

120 —1
100%*

50%*
100 —|—
25%*

80 —+
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60 —T—

20

Frequency (MHz)

*Percent of product terms used. 15700E-15

Icc vs. Frequency
Graph for the PALCE22V10Z-25

2-258 PALCE22V10Z-15



AMD :l

ENDURANCE CHARACTERISTICS

The PALCE22V10Z is manufactured using AMD’s ad-
vanced Electrically Erasable process. This technology

Endurance Characteristics

uses an EE cell to replace the fuse link used in bipolar
parts. As a result, the device can be erased and
reprogrammed—a feature which allows 100% testing at
the factory.

Symbol Parameter Test Conditions Min Unit
tDrR Min Pattern Data Retention Time Max Storage Temperature 10 Years
Max Operating Temperature 20 Years
N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles

ROBUSTNESS FEATURES

The PALCE22V10Z has some unique features that
make it extremely robust, especially when operating in
high speed design environments. Input clamping
circuitry limits negative overshoot, eliminating the

possibility of false clocking caused by subsequent ring-
ing. A special noise filter makes the programming cir-
cuitry completely insensitive to any positive overshoot
that has a pulse width of less than about 100 ns.

INPUT/OUTPUT EQUIVALENT SCHEMATICS

—T— Vcc

!
|
I
I
I
I

ESD Input Programming ==
Protection Transition l_Pins only Programming Positive P .
and Detecton ————————-] Voltage > Overshoot > “g?”?tm'”g
Clamping Detection Filter reuitry
Typical Input

Vcc

| Provides ESD

| Protection and

Clamping

Preload Feedback Input
Circuitry Input  Transition
Detection

Typical Output

15700E-16
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POWER-UP RESET FOR THE
PALCE22V10Z FAMILY

The power-up reset feature ensures that all flip-flops will
be reset to LOW after the device has been powered up.
The output state will depend on the programmed pat-
tern. This feature is valuable in simplifying state ma-
chine initialization. A timing diagram and parameter
table are shown below. Due to the synchronous opera-
tion of the power-up reset and the wide range of ways
Vcc can rise to its steady state, four conditions are
required to ensure a valid power-up reset. These condi-
tions are:

m  The supply voltage prior to the Vcc rise must not
exceed Vcc off.

The Vcc rise must be monotonic.

Following reset, the clock input must not be driven
from LOW to HIGH until all applicable input and

feedbac

m  If inputs
aninput

k setup times are met.

are not switching at the time of power-up,
transition must take place to assure proper

data is set-up in registers or to outputs.

Parameter
Symbol Parameter Description Max Unit
tPR Power-Up Reset Time 1000 ns
ts Input or Feedback Setup Time See Switching
twi Clock Width LOW Characteristics
Vcc Off Supply Voltage Prior to Power-Up 100 mV
Y, Vcc
Power
Vcc Off
tpPR ——>
Registered Z
Active-Low / / 7
Output

e {g >

NI

twr —

15700E-17

Power-Up Reset Waveform
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FINAL COM’L: H-7/10/15/20

PALCE26V12 Family

28-Pin EE CMOS Versatile PAL Device

IND: H-10/15/20 a

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

m 28-pin versatile PAL programmable logic
device architecture

m Electrically erasable CMOS technology
provides half power (only 115 mA) at high
speed (7.5 ns propagation delay)

m 14 dedicated inputs and 12 input/output
macrocells for architectural flexibility

m Macrocells can be registered or combinatorial,
and active high or active low

m Varied product term distribution allows up to
16 product terms per output

m Two clock inputs for independent functions

m Global asynchronous reset and synchronous
preset for initialization

m Register preload for testability and built-in
register reset on power-up

m Space-efficient 28-pin SKINNYDIP and PLCC
packages

m Center Vcc and GND pins to improve signal
characteristics

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

GENERAL DESCRIPTION

The PALCE26V12 is a 28-pin version of the popular
PAL22V10 architecture. Built with low-power, high-
speed, electrically-erasable CMOS technology, the
PALCE26V12 offers many unique advantages.

Device logic is automatically configured according to
the user’s design specification. Design is simplified by
design software, allowing automatic creation of a
programming file based on Boolean or state equations.
The software can also be used to verify the design and
can provide test vectors for the programmed device.

The PALCE26V12 utilizes the familiar sum-of-products
(AND/OR) architecture that allows users to implement
complex logic functions easily and efficiently. Multiple
levels of combinatorial logic can always be reduced
to sum-of-products form, taking advantage of the
very wide input gates available in PAL devices. The
functions are programmed into the device through
electrically-erasable floating-gate cells in the AND logic
array and the macrocells. In the unprogrammed state,
all AND product terms float HIGH. If both true and
complement of any input are connected, the term will be
permanently LOW.

The product terms are connected to the fixed OR array
with a varied distribution from 8 to 16 across the outputs
(see Block Diagram). The OR sum of the products feeds
the output macrocell. Each macrocell can be pro-
grammed as registered or combinatorial, active high or
active low, with registered I/O possible. The flip-flop can
be clocked by one of two clock inputs. The output
configuration is determined by four bits controlling three
multiplexers in each macrocell.

AMD’s FusionPLD program allows PALCE26V12
designs to be implemented using a wide variety of
popular industry-standard design tools. By working
closely with the FusionPLD partners, AMD certifies that
the tools provide accurate, quality support. By ensuring
that third-party tools are available, costs are lowered
because a designer does not have to buy a complete set
of new tools for each device. The FusionPLD program
also greatly reduces design time since a designer can
use a tool that is already installed and familiar. Please
refer to the PLD Software Reference Guide for certified
development systems and the Programmer Reference
Guide for approved programmers.
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BLOCK DIAGRAM

CLK/I !
2 12

PROGRAMMABLE
AND ARRAY
SYNC. (52x150) ASYNC.
PRESET RESET
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MACRO [ LMACRO [[IMmAcrO [ LMAcrRO [ LmAcrOo [T kmAcro [T hmacro [[kmvacro [T kmacro [ kmAcro [T LMACRO [ LMACRO
D IEd IEd IBd IEd HP HP IBd IBd IBd HP HP
110 o 110 1 110 » 110 5 110 4 10 5 0 g 110 7 10 g 110 g 110 19 110 11
16072E-1

CONNECTION DIAGRAMS

Top View
DIP PLCC
ckwio [ 10 28[] 113 = <
) ¥ g S
[z 27 vo11 O o« =30 8909
213 26 [1 vo10 o B o e
cLk2/13 [] 4 25 [] 1109 4 3 2 1 28 27 26 )
s 24 [ o8 s []s ° 25| ] 109
5 []e 23] o7 5 []e 24[] V0g
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6 []8 21[] GND s []s 22[] 1oe
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19 [] 11 18 |1 1103
[ i g |: 11 19 :| 1/O4
110 [ 12 17 H voz2 12 13 14 15 16 17 18
s 1efo D
112 [] 14 15 [] Voo 23438588
Note: 16072E-2 16072E-3

Pin 1 is marked for orientation.

PIN DESCRIPTION

CLK = Clock

GND = Ground

I = Input

I/0 = Input/Output
Vce =  Supply Voltage

PALCE26V12 Family 2-307
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ORDERING INFORMATION

Commercial and Industrial Products

AMD commercial and industrial programmable logic products are available with several ordering options. The order
number (Valid Combination) is formed by a combination of:

PAL CE 26 V

?

FAMILY TYPE

PAL = Programmable Array Logic

TECHNOLOGY

CE = CMOS Electrically Erasable

NUMBER OF
ARRAY INPUTS

OUTPUT TYPE
V = Versatile

NUMBER OF OUTPUTS

POWER

12

H=Half Power (115 mA Icc)

Valid Combinations

PALCE26V12H-20

PALCE26V12H-7 Jc
PALCE26V12H-10
PALCE26V12H-15 PC, JC, P, JI

14

P C/4

L OPTIONAL PROCESSING
Blank = Standard Processing

PROGRAMMING DESIGNATOR
/4 = First Revision
(May require programmer
update)
OPERATING CONDITIONS
C =Commercial (0°C to +75°C)
| =Industrial (-40°C to +85°C)

PACKAGE TYPE

P =28-Pin 300 mil Plastic
SKINNYDIP (PD3028)

J = 28-Pin Plastic Leaded Chip
Carrier (PL 028)

SPEED

-7 =7.5nstrp
-10=10ns tpD
-15=15ns trD
-20=20 ns trD

Valid Combinations

Valid Combinations list configurations planned to be
supported in volume for this device. Consult the lo-
cal AMD sales office to confirm availability of specific
valid combinations and to check on newly released
combinations.
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FUNCTIONAL DESCRIPTION

The PALCE26V12 has fourteen dedicated input lines,
two of which can be used as clock inputs. Unused inputs
should be tied directly to ground or Vcc. Buffers for
device inputs and feedbacks have both true and
complementary outputs to provide user-selectable
signal polarity. The inputs drive a programmable AND
logic array, which feeds a fixed OR logic array.

The OR gates feed the twelve I/O macrocells (see
Figure 1). The macrocell allows one of eight potential
output configurations; registered or combinatorial, ac-
tive high or active low, with register or I/O pin feedback
(see Figure 2). In addition, registered configurations can
be clocked by either of the two clock inputs.

The configuration choice is made according to the
user’s design specification and corresponding program-
ming of the configuration bits S0-S3 (see Table 1).
Multiplexer controls initially float to Vcc (1) through a
programmable cell, selecting the “1” path through the
multiplexer. Programming the cell connects the control
line to GND (0), selecting the “0” path.

Table 1. Macrocell Configuration Table

S3 S1 SO Output Configuration

1 0 0 Registered Output and Feedback,
Active Low

1 0 1 Registered Output and Feedback,
Active High

1 1 0 Combinatorial /0, Active Low

1 1 1 Combinatorial 1/0, Active High

0 0 0 Registered 1/0, Active Low

0O o 1 Registered 1/0O, Active High

0 1 0 Combinatorial Output, Registered
Feedback, Active Low

0 1 1 Combinatorial Output, Registered
Feedback, Active High

1 = Unprogrammed EE bit
0 = Programmed EE bit

S2 | Clock Input
1 | CLKy/lo
CLK>/I3

oE—D

AR CLKj

P1

Pn
n=88,10,12,14,16

*When S 3 = 1 (unprogrammed) the feedback is selected by S 1.
When S3 = 0 (programmed), the feedback is the opposite of
that selected by S ;.

16072E-4
Figure 1. PALCE26V12 Macrocell

Registered or Combinatorial

Each macrocell of the PALCE26V12 includes a D-type
flip-flop for data storage and synchronization. The
flip-flop is loaded on the LOW-to-HIGH edge of the
selected clock input. Any macrocell can be configured
as combinatorial by selecting a multiplexer path that
bypasses the flip-flop. Bypass is controlled by bit S1.

Programmable Clock

The clock input for any flip-flop can be selected to be
from either pin 1 or pin 4. A 2:1 multiplexer controlled by
bit S2 determines the clock input.

Programmable Feedback

A 2:1 multiplexer allows the user to determine whether
the macrocell feedback comes from the flip-flop or
from the I/O pin, independent of whether the output is
registered or combinatorial. Thus, registered outputs
may have internal register feedback for higher speed
(fmax internal), or 1/O feedback for use of the pin as a
direct input (fuax external). Combinatorial outputs may
have 1/O feedback, either for use of the signal in other
equations or for use as another direct input, or register
feedback.

PALCE26V12 Family
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The feedback multiplexer is controlled by the same bit
(S1) that controls whether the output is registered or
combinatorial, as on the 22V10, with an additional
control bit (S3) that allows the alternative feedback path
to be selected. When S3 = 1, S1 selects register
feedback for registered outputs (S1 = 0) and I/O
feedback for combinatorial outputs (S1 =1). When S3 =
0, the opposite is selected: I/O feedback for registered
outputs and register feedback for combinatorial outputs.

Programmable Enable and 1/0

Each macrocell has a three-state output buffer con-
trolled by an individual product term. Enable and disable
can be a function of any combination of device inputs or
feedback. The macrocell provides a bidirectional I/O pin
if I/O feedback is selected, and may be configured as a
dedicated input if the buffer is always disabled. This is
accomplished by connecting all inputs to the enable
term, forcing the AND of the complemented inputs to be
always LOW. To permanently enable the outputs, all
inputs are left disconnected from the term (the
unprogrammed state).

Programmable Output Polarity

The polarity of each macrocell output can be active high
or active low, either to match output signal needs or to
reduce product terms. Programmable polarity allows
Boolean expressions to be written in their most compact
form (true or inverted), and the output can still be of the
desired polarity. It can also save “DeMorganizing”
efforts.

Selection is controlled by programmable bit SO in the
output macrocell, and affects both registered and
combinatorial outputs. Selection is automatic, based on
the design specification and pin definitions. If the pin
definition and output equation have the same polarity,
the output is programmed to be active high.

Preset/Reset

For initialization, the PALCE26V12 has additional
Preset and Reset product terms. These terms are
connected to all registered outputs. When the Synchro-
nous Preset (SP) product term is asserted high, the
output registers will be loaded with a HIGH or the next
LOW-to-HIGH clock transition. When the Asynchronous
Reset (AR) product term is asserted high, the output
registers will be immediately loaded with a LOW
independent of the clock.

Note that preset and reset control the flip-flop, not the
output pin. The output level is determined by the output
polarity selected.

Power-Up Reset

All flip-flops power up to a logic LOW for predictable
system initialization. Outputs of the PALCE26V12 will
be HIGH or LOW depending on whether the output is
active low or active high, respectively. The Vcc rise must
be monotonic, and the reset delay time is 1000 ns
maximum.

Register Preload

The register on the PALCE26V12 can be preloaded
from the output pins to facilitate functional testing of
complex state machine designs. This feature allows
direct loading of arbitrary states, thereby making it
unnecessary to cycle through long test vector se-
qguences to reach a desired state. In addition, transitions
from illegal states can be verified by loading illegal
states and observing proper recovery.

Security Bit

After programming and verification, a PALCE26V12
design can be secured by programming the security bit.
Once programmed, this bit defeats readback of the
internal programmed pattern by a device programmer,
securing proprietary designs from competitors. Pro-
gramming the security bit disables preload, and the
array will read as if every bit is disconnected. The
security bit can only be erased in conjunction with
erasure of the entire pattern.

Programming and Erasing

The PALCE26V12 can be programmed on standard
logic programmers. It also may be erased to reset a
previously configured device back to its virgin state.
Erasure is automatically performed by the programming
hardware. No special erase operation is required.

Quality and Testability

The PALCE26V12 offers a very high level of built-in
quality. The erasability of the device provides a means
of verifying performance of all AC and DC parameters.
In addition, this verifies complete programmability and
functionality of the device to provide the highest
programming yields and post-programming functional
yields in the industry.

Technology

The high-speed PALCE26V12 is fabricated with AMD’s
advanced electrically erasable (EE) CMOS process.
The array connections are formed with proven EE cells.
Inputs and outputs are designed to be compatible with
TTL devices. This technology provides strong input
clamp diodes, output slew-rate control, and a grounded
substrate for clean switching.

2-310
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P spQ
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Registered Active-Low Output,
Register Feedback

I
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D Q

P spQ
l

Registered Active-High Output,
Register Feedback
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Registered Active-Low 1/O

0

I <

Combinatorial Active-Low 1/O

CLK =P gpQ

Combinatorial Active-Low Output,
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Registered Outputs

0
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Combinatorial Active-High 1/0
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Combinatorial Active-High Output,
Register Feedback

Combinatorial Outputs 16072E-5

Figure 2. PALCE26V12 Macrocell Configuration Options
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LOGIC DIAGRAM
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LOGIC DIAGRAM (continued)
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature —65°C to +150°C

Ambient Temperature with
Power Applied

Supply Voltage with
Respect to Ground

DC Input Voltage

DC Output or I/O
Pin Voltage

-55°C to +125°C

-0.5Vto+7.0V
-0.6Vto+7.0V

Static Discharge Voltage

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta)

Operating in Free Air 0°Cto +75°C

Supply Voltage (Vcc)
with Respect to Ground

Industrial (I) Devices

+4.75V 10 +5.25V

Ambient Temperature (Ta)

Operating in Free Air —40°C to +85°C

Supply Voltage (Vcc)

with Respect to Ground +45Vto+55V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges unless

otherwise specified

Parameter
Symbol Parameter Description Tlest Conditions Min Max upit
Von Output HIGH Voltage lon =-3.2 mA ViN = Vin or ViL 2.4 \%
Vce = Min
VoL Output LOW Voltage loL =16 mA ViN = Vi or ViL 0.4 \%
Vce = Min
Vin Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 Vv
Voltage for all Inputs (Note 1)
Vie Input LOW Voltage Guaranteed Input Logical LOW 0.8 \Y
Voltage for all Inputs (Note 1)
lH Input HIGH Leakage Current | Vin =5.25 V, Vcc = Max (Note 2) 10 A
I Input LOW Leakage Current | Vin =0V, Vcc = Max (Note 2) -10 A
lozH Off-State Output Leakage Vout =5.25 V, Vcc = Max 10 HA
Current HIGH Vin = Vinor Vi (Note 2)
lozL Off-State Output Leakage Voutr =0V, Vcc = Max -10 HA
Current LOW Vin = Vinor ViL (Note 2)
Isc Output Short-Circuit Current | Vour = 0.5V, Vcc = Max (Note 3) -30 -170 mA
lcc Vin= 0V, Outputs Open (lout= 0 mA) | H-7/10 115 mA
(Static) . Vce = Max, f=0 MHz
Commercial Supply Current
lcc H-7/10 140 mA
(Dynamic) Vin= 0V, Outputs Open (lour= 0 mA)
loc Industrial Supply Current Vee = Max, f =15 MHz H-10 150 | mA
(Dynamic)
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. 1/O pin leakage is the worst case of i and lozL (or liH and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout =0.5V
has been chosen to avoid test problems caused by tester ground degradation.

2-314

PALCE26V12H-7/10 (Com’l), H-10 (Ind)




AMD ol

CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ Unit
Cin Input Capacitance Vin=0V Vec=5.0V 5
Ta=+25°C pF
Cour Output Capacitance Vour=0V f=1MHz 8
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges

(Note 2)
Parameter -7 -10
Symbol Parameter Description Min Max Min Max Unit
teo Input or Feedback to Combinatorial Output 7.5 10 ns
ts1 Setup Time from Input or Feedback 3.5 5 ns
ts2 Setup Time from SP to Clock 4.5 5 ns
tH Hold Time 0 0 ns
tco Clock to Output 6 9 ns
tar Asynchronous Reset to Registered Output 11 13 ns
tarw Asynchronous Reset Width 6 8 ns
tarrR Asynchronous Reset Recovery Time 5 8 ns
tspr Synchronous Preset Recovery Time 5 8 ns
twi Clock Width LOW 3.5 4 ns
twH HIGH 3.5 4 ns
fwax ll\:/lrz)é;zqeunrzy External Feedback 1(ts + tco) 105.3 71.4 MHz
(Notes 3 and 4) Internal Feedback (font) | 1/(ts + tcr) 125 105 MHz
tea Input to Output Enable Using Product Term Control 8 10 ns
ter Input to Output Disable Using Product Term Control 7.5 10 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. tcris a calculated value and is not guaranteed. tcr can be found using the following equation:
tcr = 1/fuax (internal feedback) — ts.

PALCE26V12H-7/10 (Com’l), H-10 (Ind)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ........... —65°C to +150°C
Ambient Temperature with

Power Applied .. ............... -55°C to +125°C
Supply Voltage with

Respectto Ground ............. -05Vto+7.0V
DCInputVoltage ............... -0.6Vto+7.0V

DC Output or I/O
PinVoltage ...............

Static Discharge Voltage .. ............... 2001V

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to Absolute Maxi-
mum Ratings for extended periods may affect device reliabil-
ity. Programming conditions may differ.

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta)

Operating in Free Air . ............. 0°Cto +75°C

Supply Voltage (Vcc)
with Respectto Ground .. ...... +4.75V to +5.25 V

Industrial (1) Devices
Ambient Temperature (Ta)

Operating in Free Air . ........... —40°C to +85°C
Supply Voltage (Vcc)
with Respectto Ground .......... +45Vto+55V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges unless

otherwise specified

Parameter
Symbol Parameter Description [Test Conditions Min Mlax uhit
VoH Output HIGH Voltage lon =-3.2 mA Vin = Vi1 or ViL 24 \Y
Vce = Min
VoL Output LOW Voltage loL =16 mA VIN = Vi or ViL 0.4 \
Vce = Min
ViH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Note 1)
Vie Input LOW Voltage Guaranteed Input Logical LOW 0.8 \Y
Voltage for all Inputs (Note 1)
lH Input HIGH Leakage Current | Vin=5.25V, Vcc = Max (Note 2) 10 A
I Input LOW Leakage Current Vin =0V, Vcc = Max (Note 2) -10 A
loz Off-State Output Leakage Vout =5.25V, Vcc = Max 10 A
Current HIGH Vin = Vinor Vi (Note 2)
lozL Off-State Output Leakage Voutr =0V, Vcc = Max -10 HA
Current LOW Vin = Vinor Vi (Note 2)
Isc Output Short-Circuit Current Vout = 0.5V, Vcc = Max (Note 3) -30 -160 mA
Icc Commerical Supply Current Vin= 0V, Outputs Open (lout= 0 mA) | H-15/20 105 mA
(Static) Vcec = Max, f=0 MHz
lcc Vin= 0V, Outputs Open (lour= 0 mA) | H-15 150 mA
(Dynamic) Vce = Max, f =15 MHz
Icc. Industrial Supply Current Vin= 0V, Outputs Open (lout= 0 mA) | H-20 130 mA
(Static) Vee = Max
lcc Vin= 0V, Outputs Open (lout= 0 mA) | H-20 150 mA
(Dynamic) Vee = Max, f =15 MHz
Notes:

1. These are absolute values with respect to device ground and all overshoots due to system and/or tester noise are included.

2. 1/O pin leakage is the worst case of i and lozL (or liH and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit should not exceed one second. Vout =0.5V
has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description lest Conditions Typ Unit
Ci Input Capacitance V=0V Vee=5.0V 5
Ta=+25°C pF
Cour Output Capacitance Vour =0V f=1MHz 8
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL and INDUSTRIAL operating ranges

(Note 2)
Parameter -15 -20
Symbol Parameter Description Min Max Min Max Unit
teo Input or Feedback to Combinatorial Output 15 20 ns
ts Setup Time from Input, Feedback, or SP to Clock 10 13 ns
th Hold Time 0 0 ns
tco Clock to Output 10 12 ns
tar Asynchronous Reset to Registered Output 20 25 ns
tarw Asynchronous Reset Width 15 20 ns
tARR Asynchronous Reset Recovery Time 15 20 ns
tspr Synchronous Preset Recovery Time 10 13 ns
twi Clock Width LOW 8 10 ns
twH HIGH 8 10 ns
o ll\:Ar?a)((qiLTeli]n(:y External Feedback U(ts + tco) 50 40 MHz
(Notes 3 and 4) Internal Feedback (fcnt) 1(ts + tcF) 58.8 43 MHz
tea Input to Output Enable Using Product Term Control 15 20 ns
ter Input to Output Disable Using Product Term Control 15 20 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

6. lcris a calculated value and is not guaranteed. tcr can be found using the following equation:

ter = 1/fuax (internal feedback) — ts.

PALCE26V12H-15/20 (Com’l, Ind)
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SWITCHING WAVEFORMS

Input or
Feedback

Combinatorial
Output

Clock

Input Asserting
Asynchronous
Reset

Registered
Outputs

Clock

VT
tPD
VT

16072E-7

Combinatorial Output

twH —

Clock Width

[ tARW >

VT

e twL

16072E-9

£ v

le— tAR

VT

tARR

VT

Notes:
1 Vr=15V

Asynchronous Reset

2. Input pulse amplitude 0 V' to 3.0 V.
3. Input rise and fall times 2 ns—5 ns typical.

16072E-11

Input or
Feedback VT
ts tH
VT
Clock tco
Registered
Output VT
16072E-8
Registered Output
Input A
teER teA
o \\\k Vor-0.5v/// v
utput T
P [/ vor+0sv\ AN T
16072E-10

Input to Output Disable/Enable

Input Asserting
Synchronous
Preset

Clock

Registered
Outputs \al

16072E-12
Synchronous Preset
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHto L fromHto L
May Will be
Change Changing
fromLtoH fromLtoH
Don't Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off” State
KS000010-PAL
SWITCHING TEST CIRCUIT
5V
S1
R1
Output Test Point
R2 CL
e e 16072E-13
Measured
Specification S1 C L R1 R2 Output Value
tpp, tco Closed Com’l: H-15/20 1.5V
tea Z - H: Open 50 pF |n§|§g|go 15V
Z - L: Closed 300 Q
ter H - Z: Open 5 pF Com’l: H-7/10 H-Z Vou—-05V
. Ind: H-10/15 .
L - Z: Closed 300 Q L -Z:VoL+05V

PALCE26V12 Family

2-319



a AMD

TYPICAL Icc CHARACTERISTICS FOR THE PALCE26V12H-7/10

Vce=5.0V, Ta=25°C

150

125 —

100

lcc (MA) 75

50 —

25

0 i T i T i T i T T 1
0 10 20 30 40 50

Frequency (MHz)
16072E-14

The selected “typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and the
other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any vector,
half of the outputs were switching.

By utilizing 50% of the device, a midpoint is defined for Icc. From this midpoint, a designer may scale the Icc graphs up or down to
estimate the Ilcc requirements for a particular design.

2-320 PALCE26V12 Family
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ENDURANCE CHARACTERISTICS parts. As a result, the device can be erased and
reprogrammed—a feature which allows 100% testing at

The PALCE26V12 is manufactured using AMD’s ad- the factor
vanced Electrically Erasable process. This technology Y-
uses an EE cell to replace the fuse link used in bipolar

Symbol Parameter Test Conditions Min Unit
tDrR Min Pattern Data Retention Time Max Storage Temperature 10 Years
Max Operating Temperature 20 Years
N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles

PALCE26V12 Family 2-321
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Bus-Friendly Inputs the state of the input and pulls the voltage away from the
The PALCE26V12H-7/10 (Com’l) and H-10/15 (Ind) input threshold voltage where noise can cause oscilla-
inputs and 1/O loop back to the input after the second tions. For an illustration of this configuration, see below.

stage of the input buffer. This configuration reinforces

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR REV. C VERSION*

—1— Vcc

100 kQ ]’ Vce

Device

PALCE26V12H-7

PALCE26V12H-10

PALCE26V12H-15

ESD
Protection
Input l
—1— Vcc —1— Vcc —[ Vcc
< {
100 kQ ’7
— ®
Preload Feedback
Circuitry Input
16072E-15
Output
Rev. Letter ) )
Topside Marking:
AMD CMOS PLD'’s are marked on top of the package in the
C following manner:
PALCE xxxx

Datecode (4 numbers) LOT ID (3 characters) — — (Rev. Letter)
The Lot ID and Rev. letter are separated by two spaces.

2-322
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ROBUSTNESS FEATURES false clocking caused by subsequent ringing. A special

The PALCE26V12 has some unique features that make noise f!IFer makes the programming circuitry completely
. . L insensitive to any positive overshoot that has a pulse
it extremely robust, especially when operating in high ;

d . . - width of less than about 100 ns.
speed design environments. Input clamping circuitry

limits negative overshoot, eliminating the possibility of

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR REV. B VERSION*

Vcc —T— Vcc
% > 50 kQ

ESD | Programming =
Protection | Pins onl Programming Positive .
and IR A Voltage > Overshoot > Prcgramtmlng
Clamping Detection Filter reurtry
Typical Input
Vcc Vce
> 50 kQ
Provides ESD
Protection and
Clamping
Preload Feedback
= Circuitry Input
Typical Output 16072E-16
* . .
Device Rev. Letter Topside Marking:
PALCE26V12-15 AMD QMOS PLD’s are marked on top of the package in the
B following manner:
PALCE26V12-20 PALCE xxxXx

Datecode (4 numbers) LOT ID (3 characters) — — (Rev. Letter)
The Lot ID and Rev. letter are separated by two spaces.

PALCE26V12 Family 2-323
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POWER-UP RESET

The power-up reset feature ensures that all flip-flops will
be reset to LOW after the device has been powered up.
The output state will depend on the programmed
configuration. This feature is valuable in simplifying
state machine initialization. A timing diagram and
parameter table are shown below. Due to the synchro-
nous operation of the power-up reset and the wide

range of ways Vcc can rise to its steady state, two
conditions are required to ensure a valid power-up

reset. These conditions are:

B The Vcc rise must be monotonic.

B Following reset, the clock input must not be driven
from LOW to HIGH until all applicable input and
feedback setup times are met.

Parameter
Symbol Parameter Description Max Unit
ter Power-Up Reset Time 1000 ns
ts Input or Feedback Setup Time See Switching
Ch teristi
twi Clock Width LOW aracteristics
4V Vee
Power
tPR — >
Registered / / Z
Active-Low 7
Output e {5 >
NN
twL —> 16072E-17

Power-Up Reset Waveform

2-324 PALCE26V12 Family
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TYPICAL THERMAL CHARACTERISTICS
Measured at 25°C ambient. These parameters are not tested.

PALCE26V12
Parameter Typ
Symbol Parameter Description SKINNYDIP PLCC Unit
Bic Thermal impedance, junction to case 19 18 °C/W
Bja Thermal impedance, junction to ambient 65 55 °CIW
Bjma Thermal impedance, junction to ambient with air flow [200 Ifpm air 59 48 °CIW
400 Ifpm air 54 44 °C/W
600 Ifpm air 50 39 °CIW
800 Ifpm air 50 37 °CIW

Plastic 8jc Considerations

The data listed for plastic 6jc are for reference only and are not recommended for use in calculating junction temperatures. The
heat-flow paths in plastic-encapsulated devices are complex, making the 6jc measurement relative to a specific location on the
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of
the package. Furthermore, Bjc tests on packages are performed in a constant-temperature bath, keeping the package surface at
a constant temperature. Therefore, the measurements can only be used in a similar environment.

PALCE26V12H-15/20 2-325
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fuax Parameters

The parameter fuax is the maximum clock rate at which
the device is guaranteed to operate. Because the flexi-
bility inherent in programmable logic devices offers a
choice of clocked flip-flop designs, fuax is specified for
three types of synchronous designs.

The first type of design is a state machine with feedback
signals sent off-chip. This external feedback could go
back to the device inputs, or to a second device in a
multi-chip state machine. The slowest path defining the
period is the sum of the clock-to-output time and the in-
put setup time for the external signals (ts + tco). The re-
ciprocal, fuax, is the maximum frequency with external
feedback or in conjunction with an equivalent speed de-
vice. This fuax is designated “fmax external.”

The second type of design is a single-chip state ma-
chine with internal feedback only. In this case, flip-flop
inputs are defined by the device inputs and flip-flop out-
puts. Under these conditions, the period is limited by the

internal delay from the flip-flop outputs through the inter-
nal feedback and logic to the flip-flop inputs. This fuax is
designated “fmax internal”. A simple internal counter is a
good example of this type of design, therefore, this pa-
rameter is sometimes called “fcnt.”

The third type of design is a simple data path applica-
tion. In this case, input data is presented to the flip-flop
and clocked through; no feedback is employed. Under
these conditions, the period is limited by the sum of the
data setup time and the data hold time (ts + tn). How-
ever, a lower limit for the period of each fuax type is the
minimum clock period (twn + twi). Usually, this minimum
clock period determines the period for the third fmax,
designated “fmax no feedback.”

fuax external and fuax no feedback are calculated pa-
rameters. fuax external is calculated from ts and tco, and
fmax no feedback is calculated from twL and twH. fuax in-
ternal is measured.

—

(SECOND

I
I
|
| CHIP)
|
I
I

CLK CLK
r-r----"-"">-"-"-"-""-""-""1—"""" A r-r—--""-"-"-"-"""F"""71—"""""" A
| | | |
\Y4 \Y4
— > L | | |
I LOGIC |eejpe] REGISTER I +> LOGIC |m=pe] REGISTER +>
| | I |
| II | | |
| -I | | I
b — o b — o
e ——
fmax Internal (fcnT) fmax No Feedback; 1/(ts + tH) or 1/(twH + twL)
16072E-18
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COM'L: H-5/7/10/15/25, Q-10/15/25 IND: H-10/15/20/25
m
PALCE22V10 Family Advanced

Micro
24-Pin EE CMOS Versatile PAL Device Devices

DISTINCTIVE CHARACTERISTICS

m As fast as 5-ns propagation delay and m  Global asynchronous reset and synchronous
142.8 MHz fmax (external) preset for initialization
Low-power EE CMOS m  Power-up reset for initialization and register
10 macrocells programmable as registered or preload for testability
combinatorial, and active high or active low to m Extensive third-party software and programmer
match application needs support through FusionPLD partners

m Varied product term distribution allows up to m  24-pin SKINNYDIP, 24-pin SOIC, 24-pin Flat-
16 product terms per output for complex pack and 28-pin PLCC and LCC packages save
functions space

m  Peripheral Component Interconnect (PCI) m 5-ns and 7.5-ns versions utilize split lead-
compliant (-5/-7/-10) frames for improved performance

GENERAL DESCRIPTION

The PALCE22V10 provides user-programmable logic high or active low. The output configuration is
for replacing conventional SSI/MSI gates and flip-flops determined by two bits controlling two multiplexers in
at a reduced chip count. each macrocell.

The PAL device implements the familiar Boolean logic AMD’s FusionPLD program allows PALCE22V10 de-
transfer function, the sum of products. The PAL device signs to be implemented using a wide variety of popular
is a programmable AND array driving a fixed OR array. industry-standard design tools. By working closely with
The AND array is programmed to create custom product the FusionPLD partners, AMD certifies that the tools
terms, while the OR array sums selected terms at the provide accurate, quality support. By ensuring that third-
outputs. party tools are available, costs are lowered because a
The product terms are connected to the fixed OR array designer does not have to buy a complete set of new
with a varied distribution from 8 to16 across the outputs tools for each device. The FusionPLD program also
(see Block Diagram). The OR sum of the products feeds greatly reduces design time since a designer can use a

the output macrocell. Each macrocell can be pro- tool that is already installed and familiar.

grammed as registered or combinatorial, and active

BLOCK DIAGRAM

CLK/lg 12~ 111

Programmable
\V4 AND Array
(44 x 132)
l‘lsf l‘lmf lef %luf l‘llsf l‘llef %lmf %luf glof %lsf
RESET ] QUTPUT [ OUTPUT [—{—{ OUTPUT [—{—| OUTPUT [ OUTPUT [—[{ OUTPUT [—{—| OUTPUT [~—{ OUTPUT [—{{ OUTPUT [—[—{ OUTPUT
Logic | | L ocic | | L rocic | | K tocic | | | Locic | | | Locic | | Logic | | L rogic | | K tocic | | kK Locic
PMACRO [T PMACRO [T PMACRO [T PMACRO [ TPMACRO [T P’MACRO [T P’MACRO [T PMACRO [T PMACRO [ T P’MACRO
cert 4 cew 44 cew 4 cew B ceEw P ceEwr B cewl B cew B ceEw | cELL
" " " " . . . . PRESET
g g g g g g g g 16564D-1
1/00 1/01 1102 1/103 1104 1/05 1/06 1107 1/08 1/09
Publication# 16564 Rev.D Amendment/0 2.217
Issue Date: February 1996 )
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CONNECTION DIAGRAMS

Top View

SKINNYDIP/SOIC/FLATPACK

CLK/lo ] 10~ o ] vee
1l 2 23 [ oo
12[] 3 22 [ 108
13[] 4 21 1oy
11l 5 20 [ os
5[] 6 19 [ vos
ls[] 7 18 [] 104
7] 8 17 [J vos
18[] o 16 [ 110,
o[} 10 15 [] o1
l10[] 11 14 I voo

GND[] 12 1301

PLCC/LCC
)
2 Q [} 00
O
~o 02 228
I Y I N
/4 3 2 1 28 27 26
[ ]

1, Us 25 [ o,
1, Le 24 [] 1og
s L7 23 [] 1og
ne [|s 22 [ oNomer
s Lo 21 1o,
1, 10 20 ] o,
lg [ 11 10 [] o,
(12 13 14 1516 17 18 )
LI e
2 g 00 98 &

- zz =2 9

Z Q
16564D-3

16564D-2

* For -5, this pin must be grounded for guaranteed data sheet performance. If not grounded, AC timing may degrade
by about 10%.

Note:

Pin 1 is marked for orientation.

PIN DESIGNATIONS

CLK = Clock

GND = Ground

I = Input

/O = Input/Output

NC = No Connect

Vcc = Supply Voltage

2-218 PALCE22V10 Family
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ORDERING INFORMATION

Commercial and Industrial Products

AMD programmable logic products for commercial and industrial applications are available with several ordering options.
The order number (Valid Combination) is formed by a combination of:

PAL CE 22 V_10 H -

FAMILY TYPE ——]7 OPTIONAL PROCESSING

PAL = Programmable Array Logic Blank = Standard Processing

PROGRAMMING DESIGNATOR

TECHNOLOGY Blank = Initial Algorith

CE = CMOS Electrically Erasable ank = Initial Algornithm
/4 = First Revision
/5 = Second Revision

NUMBER OF (Same Algorithm as /4)
ARRAY INPUTS

OPERATING CONDITIONS
C = Commercial (0°C to +75°C)
I = Industrial (-40°C to +85°C)

OUTPUT TYPE
V = Versatile

NUMBER OF OUTPUTS L—————— PACKAGE TYPE

P = 24-Pin 300 mil Plastic
POWER SKINNYDIP (PD3024)
Q = Quarter Power (55 mA Icc) J = 28-Pin Plastic Leaded
H = Half Power (90-140 mA Icc) Chip Carrier (PL 028)

S = 24-Pin Plastic Gull-Wing
Small Outline Package

(SO 024)
SPEED
-5=5nstprp
-7 =7.5nstpp
-10 =10 ns tpp
-15=15ns tpp
-20 =20 ns tpp
-25=25nstpp
Valid Combinations
PALCE22V10-5 JC Valid Combinations
PALCE22V10H-7 PC, JC 5 Valid Combinations lists configurations planned to be
PALCE22V10H-10 |PC. JC. SC. PI. JI. ZC supported in volume for this device. Consult the local
—_— AMD sales office to confirm availability of specific
PALCE22V10Q-10 PC, JC valid combinations and to check on newly released
PALCE22V10H-15 PC, JC, PI, JI, ZC Blank, /5, /4 combinations.
PALCE22V10Q-15 PC, JC /5
PALCE22V10H-20 P, JI /4
PALCE22V10H-25 PC, JC, SC, PI, JI
Blank, /4
PALCE22V10Q-25 PC, JC
PALCE22V10H-5/7/10/15/25, Q-10/15/25 (Com’l) 2-219
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FUNCTIONAL DESCRIPTION

The PALCE22V10 allows the systems engineer to im-
plement the design on-chip, by programming EE cells to
configure AND and OR gates within the device, accord-
ing to the desired logic function. Complex interconnec-
tions between gates, which previously required time-
consuming layout, are lifted from the PC board and
placed onsilicon, where they can be easily modified dur-
ing prototyping or production.

Product terms with all connections opened assume the
logical HIGH state; product terms connected to both true
and complement of any single input assume the logical
LOW state.

The PALCE22V10 has 12 inputs and 10 I/O macrocells.
The macrocell (Figure 1) allows one of four potential out-
put configurations; registered output or combinatorial
I/0, active high or active low (see Figure 1). The con-
figuration choice is made according to the user’s design

specification and corresponding programming of the
configuration bits So — Si. Multiplexer controls are
connected to ground (0) through a programmable bit,
selecting the “0” path through the multiplexer. Erasing
the bit disconnects the control line from GND and it is
driven to a high level, selecting the “1” path.

The device is produced with a EE cell link at each input
to the AND gate array, and connections may be selec-
tively removed by applying appropriate voltages to the
circuit. Utilizing an easily-implemented programming al-
gorithm, these products can be rapidly programmed to
any customized pattern.

Variable Input/Output Pin Ratio

The PALCE22V10 has twelve dedicated input lines, and
each macrocell output can be an I/O pin. Buffers for de-
vice inputs have complementary outputs to provide
user-programmable input signal polarity. Unused input
pins should be tied to Vcc or GND.

-
R 10
o L L|>°—' 11
- DQ 00 X 1/0n
CLK—P Q 0 1
)
SP S1 1 S1 So Output Configuration
So = 0 0 Registered/Active Low
0 0 1 Registered/Active High
:Qi 1 0 Combinatorial/Active Low
L 1 1 Combinatorial/Active High

0 = Programmed EE bit
1 = Erased (charged) EE bit

16564D-4

Figure 1. Output Logic Macrocell Diagram
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Registered Output Configuration
Each macrocell of the PALCE22V10 includes a D-type
flip-flop for data storage and synchronization. The flip-
flop is loaded on the LOW-to-HIGH transition of the
clock input. In the registered configuration (S1 = 0), the
array feedback is from Q of the flip-flop.

Combinatorial 1/0 Configuration

Any macrocell can be configured as combinatorial by
selecting the multiplexer path that bypasses the flip-flop
(S1=1). Inthe combinatorial configuration the feedback
is from the pin.

So =

[Eny

2

ey
|
o

Registered/Active High

So=0

Combinatorial/Active Low

0

Combinatorial/Active High
16564D-5

Figure 2. Macrocell Configuration Options
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Programmable Three-State Outputs

Each output has a three-state output buffer with three-
state control. A product term controls the buffer, allow-
ing enable and disable to be a function of any product of
device inputs or output feedback. The combinatorial
output provides a bidirectional I/O pin, and may be con-
figured as a dedicated input if the buffer is always
disabled.

Programmable Output Polarity

The polarity of each macrocell output can be active high
or active low, either to match output signal needs or to
reduce product terms. Programmable polarity allows
Boolean expressions to be written in their most compact
form (true or inverted), and the output can still be of the
desired polarity. It can also save “DeMorganizing”
efforts.

Selection is controlled by programmable bit So in the
output macrocell, and affects both registered and com-
binatorial outputs. Selection is automatic, based on the
design specification and pin definitions. If the pin defini-
tion and output equation have the same polarity, the out-
put is programmed to be active high (So = 1).

Preset/Reset

For initialization, the PALCE22V10 has Preset and Re-
set product terms. These terms are connected to all reg-
istered outputs. When the Synchronous Preset (SP)
product termis asserted high, the output registers will be
loaded with a HIGH on the next LOW-to-HIGH clock
transition. When the Asynchronous Reset (AR) product
term is asserted high, the output registers will be imme-
diately loaded with a LOW independent of the clock.

Note that preset and reset control the flip-flop, not the
output pin. The output level is determined by the output
polarity selected.

Power-Up Reset

All flip-flops power-up to a logic LOW for predictable
system initialization. Outputs of the PALCE22V10 will
depend on the programmed output polarity. The Vcc

rise must be monotonic and the reset delay time is
1000 ns maximum.

Register Preload

The register on the PALCE22V10 can be preloaded
from the output pins to facilitate functional testing of
complex state machine designs. This feature allows

direct loading of arbitrary states, making it unnecessary
to cycle through long test vector sequences to reach a
desired state. In addition, transitions from illegal states
can be verified by loading illegal states and observing
proper recovery.

Security Bit

After programming and verification, a PALCE22V10 de-
sign can be secured by programming the security EE bit.
Once programmed, this bit defeats readback of the in-
ternal programmed pattern by a device programmer, se-
curing proprietary designs from competitors. When the
security bitis programmed, the array will read as if every
bit is erased, and preload will be disabled.

The bit can only be erased in conjunction with erasure of
the entire pattern.

Programming and Erasing

The PALCE22V10 can be programmed on standard
logic programmers. It also may be erased to reset a pre-
viously configured device back to its virgin state. Era-
sure is automatically performed by the programming
hardware. No special erase operation is required.

Quality and Testability

The PALCE22V10 offers a very high level of built-in
quality. The erasability of the device provides a direct
means of verifying performance of all AC and DC pa-
rameters. In addition, this verifies complete program-
mability and functionality of the device to provide the
highest programming yields and post-programming
functional yields in the industry.

Technology

The high-speed PALCE22V10 is fabricated with AMD’s
advanced electrically erasable (EE) CMOS process.
The array connections are formed with proven EE cells.
Inputs and outputs are designed to be compatible with
TTL devices. This technology provides strong input
clamp diodes, output slew-rate control, and a grounded
substrate for clear switching.

PCI Compliance

The PALCE22V10H-5/7/10 is fully compliant with the
PCI Local Bus Specification published by the PCI Spe-
cial Interest Group. The PALCE22V10H-5/7/10's pre-
dictable timing ensures compliance with the PCI AC
specifications independent of the design.

2-222
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LOGIC DIAGRAM
SKINNYDIP/SOIC/FLATPACK (PLCC/LCC) Pinouts
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature .......... —65°C to +150°C
Ambient Temperature with

Power Applied .. .............. -55°C to +125°C
Supply Voltage with Respect

toGround .................... -0.5Vto+7.0V
DC Input Voltage . . ......... -05VtoVec+1.0V
DC Output or I/O Pin

Voltage .................. -05VtoVecc+1.0V
Static Discharge Voltage . .. .............. 2001V
Latchup Current (Ta=0°Cto +75°C) ...... 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maxi-
mum ratings for extended periods may affect device reliability.

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

Operating in Free Air . ............. 0°Cto +75°C
Supply Voltage (Vcc) with
Respectto Ground ............ +4.75V to +5.25 V

Operating Ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise specified

Parameter
Symbol Parameter Description Test Conditions Min Nax Unit
VoH Output HIGH Voltage loH=-3.2mA ViIN=ViHor ViL 2.4 \%
Vce = Min
VoL Output LOW Voltage loL =16 mA VIN = VIH or VIL 0.4 \
Vcc = Min
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \%
Voltage for all Inputs (Note 1)

liH Input HIGH Leakage Current VIN = Vcce, Veec = Max (Note 2) 10 HA

e Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 A

lozH Off-State Output Leakage Vourt = Vcc, Vee = Max, 10 HA
Current HIGH VIN = ViL or ViH (Note 2)

lozL Off-State Output Leakage VouTt =0V, Vcc = Max, -100 HA
Current LOW VIN= ViL or ViH (Note 2)

Isc Output Short-Circuit Vout =0.5V, Vcc = Max -30 -130 mA
Current (Note 3)

lcc Supply Current Outputs Open, (lout = 0 mA), 125 mA

(Static) Vcc = Max
Icc Supply Current Outputs Open, (lout = 0 mA), 140 mA
(Dynamic) Vcc = Max, f = 25 MHz
Notes:

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included.

2. /O pin leakage is the worst case of i and lozL (or i and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second.
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance ViN=2.0V Vec=5.0V
: Ta=25°C PF
Cout Output Capacitance Vout=2.0V A=
f=1MHz
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter =
Symbol Parameter Description Min Max Unit
tPD Input or Feedback to Combinatorial Output 5 ns
ts1 Setup Time from Input or Feedback 3 ns
ts2 Setup Time from SP to Clock 4 ns
tH Hold Time 0 ns
tco Clock to Output 4 ns
tSKEWR Skew Between Registered Outputs (Note 3) 0.5 ns
tAR Asynchronous Reset to Registered Output 7.5 ns
tARW Asynchronous Reset Width 4.5 ns
tARR Asynchronous Reset Recovery Time 4.5 ns
tsPr Synchronous Preset Recovery Time 45 ns
twi LOW 25 ns
I Clock Width HIGH 55 s
Masimum External Feedback 1/(ts + tco) 142.8 MHz
fmax Frequency Internal Feedback (fcnT) | 1/(ts + tcr) (Note 5) 150 MHz
(Note 4) No Feedback L(twr + twi) 200 MHz
tea Input to Output Enable Using Product Term Control 6 ns
tER Input to Output Disable Using Product Term Control 5.5 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. Skew is measured with all outputs switching in the same direction.

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

5. tcris a calculated value and is not guaranteed. tcr can be found using the following equation:

tcr = 1/fuax (internal feedback) — ts.

PALCE22V10H-5 (Com’l)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature .......... —65°C to +150°C
Ambient Temperature with

Power Applied .. .............. -55°C to +125°C
Supply Voltage with Respect

toGround .................... -0.5Vto+7.0V
DC Input Voltage . . ......... -05VtoVec+1.0V
DC Output or I/O Pin

Voltage .................. -05VtoVecc+1.0V
Static Discharge Voltage . .. .............. 2001V
Latchup Current (Ta=0°Cto +75°C) ...... 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maxi-
mum ratings for extended periods may affect device reliability.

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

Operating in Free Air . ............. 0°Cto +75°C
Supply Voltage (Vcc) with
Respectto Ground ............ +4.75V to +5.25 V

Operating Ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
VoH Output HIGH Voltage loH=-3.2mA VIN=ViHOr ViL 2.4 \%
Vcc = Min
VoL Output LOW Voltage loL =16 mA VIN = VIH or VIL 0.4 \%
Vcc = Min
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \%
Voltage for all Inputs (Note 1)
liH Input HIGH Leakage Current VIN = Vce, Vee = Max (Note 2) 10 A
e Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 HA
lozH Off-State Output Leakage Vour = Vcce, Vce = Max, 10 HA
Current HIGH VIN = ViL or ViH (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max, -100 LA
Current LOW VIN= ViL or ViH (Note 2)
Isc Output Short-Circuit Vout = 0.5V, Vcc = Max -30 -130 mA
Current Ta = 25°C (Note 3)
Icc Supply Current Outputs Open, (lout = 0 mA), 115 mA
(Static) Vcc = Max
Icc Supply Current Outputs Open, (lout = 0 mA), 140 mA
(Dynamic) Vcc = Max, f =25 MHz
Notes:

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included.

2. I/0O pin leakage is the worst case of li. and lozL (or i1 and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second.
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance ViN=2.0V Vcc=5.0V 5
: Ta=25°C PF
Cout Output Capacitance Vout=2.0V A= 8
f=1MHz
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

-7
Parameter PDIP PLCC
Symbol Parameter Description Min Max Min Max Unit
tPD Input or Feedback to Combinatorial Output 3 7.5 3 7.5 ns
ts1 Setup Time from Input or Feedback 5 4.5 ns
ts2 Setup Time from SP to Clock 6 6 ns
tH Hold Time 0 ns
tco Clock to Output 2 2 4.5 ns
tSKEWR Skew Between Registered Outputs (Note 3) 1 ns
tAR Asynchronous Reset to Registered Output 10 10 ns
tARW Asynchronous Reset Width ns
tARR Asynchronous Reset Recovery Time ns
tsPr Synchronous Preset Recovery Time ns
twi i LOW 3.5 3.0 ns
twH Clock Width =G 35 3.0 ns
Maximum External Feedback 1/(ts + tco) 100 111 MHz
fmax Frequency Internal Feedback (fcnT) | 1/(ts + tcr) (Note 5) | 125 133 MHz
(Note 4) No Feedback Ti(tw + twi) 142.8 166 MHz
tea Input to Output Enable Using Product Term Control 7.5 7.5 ns
teErR Input to Output Disable Using Product Term Control 7.5 7.5 ns
Notes:

2. See Switching Test Circuit for test conditions.

3. Skew is measured with all outputs switching in the same direction.

4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

5. tcris a calculated value and is not guaranteed. tcr can be found using the following equation:
tcr = 1/fuax (internal feedback) — ts.

PALCE22V10H-7 (Com’l)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature .......... —65°C to +150°C
Ambient Temperature with

Power Applied .. .............. -55°C to +125°C
Supply Voltage with Respect

toGround .................... -0.5Vto+7.0V
DC Input Voltage . . ......... -05VtoVec+1.0V
DC Output or I/O Pin

Voltage .................. -05VtoVec+1.0V
Static Discharge Voltage . .. .............. 2001V
Latchup Current (Ta=0°Cto +75°C) ...... 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maxi-
mum ratings for extended periods may affect device reliability.

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

Operating in Free Air . ............. 0°Cto +75°C
Supply Voltage (Vcc) with
Respectto Ground ............ +4.75V to +5.25 V

Operating Ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Nax Unit
VOH Output HIGH Voltage loH=-3.2mA VIN=VIHOr ViL 2.4 \%
Vce = Min
VoL Output LOW Voltage loL =16 mA VIN = VIH or VIL 0.4 \
Vce = Min
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \%
Voltage for all Inputs (Note 1)
liH Input HIGH Leakage Current VIN = Vcc, Vee = Max (Note 2) 10 A
e Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 LA
lozH Off-State Output Leakage Vourt = Vcc, Vee = Max, 10 A
Current HIGH VIN = ViL or ViH (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -100 HA
Current LOW VIN=VIL or ViH (Note 2)
Isc Output Short-Circuit Vout = 0.5V, Vcc = Max -30 -130 mA
Current Ta =25° C (Note 3)
lcc Supply Current Outputs Open, (lout = 0 mA), 120 mA
(Dynamic) Vcc = Max, f =25 MHz
Notes:

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included.

2. /O pin leakage is the worst case of i and lozL (or i and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second.
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance ViN=2.0V Vec=5.0V
: Ta=25°C PF
Cout Output Capacitance Vout=2.0V A=
f=1MHz
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

Parameter -10
Symbol Parameter Description Min Max Unit
tPD Input or Feedback to Combinatorial Output 10 ns
ts1 Setup Time from Input or Feedback ns
ts2 Setup Time from SP to Clock ns
tH Hold Time ns
tco Clock to Output 6 ns
tAR Asynchronous Reset to Registered Output 13 ns
tARW Asynchronous Reset Width 8 ns
tARR Asynchronous Reset Recovery Time 8 ns
tsPr Synchronous Preset Recovery Time 8 ns
twiL LOW 4 ns
o Clock Width HIGH 4 s
Maximum External Feedback 1/(ts + tco) 83.3 MHz
fmax Frequency Internal Feedback (fcnT) | 1/(ts + tcr) (Note 4) 110 MHz
(Note 3) No Feedback 1/(twH + twi) 125 MHz
tea Input to Output Enable Using Product Term Control 10 ns
tErR Input to Output Disable Using Product Term Control 9 ns
Notes:

2. See Switching Test Circuit for test conditions.
3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. tcris a calculated value and is not guaranteed. tcr can be found using the following equation:
tcr = 1/fuax (internal feedback) — ts.

PALCE22V10H-10 (Com’l)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature

—65°C to +150°C

Ambient Temperature with

Power Applied

—55°C to +125°C

Supply Voltage with Respect

to Ground
DC Input Voltage

-0.5Vto+7.0V
-05VtoVec+1.0V

DC Output or I/O Pin

Voltage .................. -05VtoVec+1.0V
Static Discharge Voltage . ................ 2001V
Latchup Current (Ta=0°Cto +75°C) ...... 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maxi-
mum ratings for extended periods may affect device reliability.

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta)

Operating in Free Air 0°Cto +75°C

Supply Voltage (Vcc) with
Respect to Ground +4.75V to +5.25 V

Operating Ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
VOH Output HIGH Voltage loH=-3.2mA ViIN=ViHor ViL 2.4 \%
Vcc = Min
VoL Output LOW Voltage loL =16 mA VIN = VIH or VIL 0.4 \%
Vce = Min
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \%
Voltage for all Inputs (Note 1)
liH Input HIGH Leakage Current VIN = Vcce, Vec = Max (Note 2) 10 HA
I Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 A
lozH Off-State Output Leakage Vourt = Vcce, Vee = Max 10 HA
Current HIGH VIN = ViL or ViH (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max -100 HA
Current LOW VIN= ViL or ViH (Note 2)
Isc Output Short-Circuit Vout =0.5V,Vcc=5V -30 -130 mA
Current Ta = 25°C (Note 3)
Icc Supply Current VIN = 0V, Outputs Open 55 mA
(Static) (lout = 0 mA), Vcc = Max (Note 4)
Notes:
1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included.

2.
3.

I/O pin leakage is the worst case of I and loz. (or I and lozw).

Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second.
Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.

This parameter is guaranteed worst case under test condition. Refer to the Icc vs. frequency graph for typical Icc

characteristics.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance VIN=2.0V Vcc=5.0V
Ta=25°C pF
Cout Output Capacitance Vout=2.0V f=1MHz
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

-10
Parameter
Symbol Parameter Description Min Max Unit
tPD Input or Feedback to Combinatorial Output 10 ns
ts Setup Time from Input, Feedback or SP to Clock 6 ns
tH Hold Time 0 ns
tco Clock to Output 6 ns
tAR Asynchronous Reset to Registered Output 13 ns
tARW Asynchronous Reset Width 8 ns
tARR Asynchronous Reset Recovery Time 8 ns
tsPr Synchronous Preset Recovery Time 8 ns
twi LOW 4 ns
Clock Width
twH HIGH 4 ns
i External Feedback 1/(ts + tco) 83 MHz
Maximum
fmax Frequency Internal Feedback (fcnT) | 1/(ts + tco) (Note 4) 110 MHz
Note 3
( ) No Feedback 1/(twH + twL) 125 MHz
tEA Input to Output Enable Using Product Term Control 10 ns
tER Input to Output Disable Using Product Term Control 9 ns
Notes:

2. See Switching Test Circuit for test conditions.
3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. lcris a calculated value and is not guaranteed. tcr can be found using the following equation:
tcr = 1/fuax (internal feedback) — ts.

PALCE22V10Q-10 (Com’l)
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65°C to +150°C

Ambient Temperature with

Power Applied -55°C to +125°C

Supply Voltage with Respect

to Ground -05Vto+7.0V

DC Input Voltage
DC Output or I/O Pin

Voltage .................. -05VtoVecc+05V
Static Discharge Voltage . .. .............. 2001V
Latchup Current (Ta=0°Cto +75°C) ...... 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maxi-
mum ratings for extended periods may affect device reliability.

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta)
Operating in Free Air
Supply Voltage (Vcc) with
Respect to Ground (H/Q-15)
Supply Voltage (Vcc) with
Respect to Ground (H/Q-25)

tionality of the device is guaranteed.

0°Cto +75°C

. +4.75Vto +5.25V

+4.5Vto+5.5V
Operating Ranges define those limits between which the func-

DC CHARACTERISTICS over COMMERCIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Max nit
VoH Output HIGH Voltage lon=-3.2mA VIN=ViHor ViL 2.4 \%
Vcc = Min
VoL Output LOW Voltage loL =16 mA VIN = VIH or ViL 0.4 \%
Vce = Min
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \Y,
Voltage for all Inputs (Note 1)
liH Input HIGH Leakage Current VIN = Vcce, Vee = Max (Note 2) 10 HA
e Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 HA
lozH Off-State Output Leakage Vourt = Vcc, Ve = Max, 10 A
Current HIGH VIN = ViL or ViH (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max, -100 HA
Current LOW VIN= VIL or ViH (Note 2)
Isc Output Short-Circuit Vout =0.5V,Vcc=5V -30 -130 mA
Current Ta = 25°C (Note 3)
Icc Supply Current Vin =0V, Outputs Open H 90
(louT = 0 MA), Ve = Max Q 55 mA
Notes:

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included.

2. /O pin leakage is the worst case of i and lozL (or liH and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second.
Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ Unit
CIN Input Capacitance ViN=2.0V Vcc=5.0V 5
Ta=25°C pF
Cout Output Capacitance Vout=2.0V f=1MHz 8
Note:

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.

SWITCHING CHARACTERISTICS over COMMERCIAL operating ranges (Note 2)

-15 -25
Parameter
Symbol Parameter Description Min Max Min Max Unit
tPD Input or Feedback to Combinatorial Output 15 25 ns
ts Setup Time from Input, Feedback or SP to Clock 10 15 ns
tH Hold Time 0 0 ns
tco Clock to Output 10 15 ns
tAR Asynchronous Reset to Registered Output 20 25 ns
tARW Asynchronous Reset Width 15 25 ns
tARR Asynchronous Reset Recovery Time 10 25 ns
tsPr Synchronous Preset Recovery Time 10 25 ns
twi i LOW 8 13 ns
Clock Width
twH HIGH 8 13 ns
fmax Maximum External Feedback 1/(ts + tco) 50 33.3 MHz
Z{E‘ig%r;cy Internal Feedback (fcnt) | 1/(ts + tcF) 58.8 35.7 MHz
(Note 4)
teA Input to Output Enable Using Product Term Control 15 25 ns
tER Input to Output Disable Using Product Term Control 15 25 ns
Notes:
2. See Switching Test Circuit for test conditions.
3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time
the design is modified where frequency may be affected.
4. lcris a calculated value and is not guaranteed. tcr can be found using the following equation:
tcr = 1/fuax (internal feedback) — ts.
PALCE22V10H-15/25, Q-15/25 (Com’l) 2-233
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ABSOLUTE MAXIMUM RATINGS
Storage Temperature —65°C to +150°C

Ambient Temperature with
Power Applied .. ..............

Supply Voltage with Respect
to Ground

-55°C to +125°C

-0.5Vto+7.0V

DC Input Voltage

DC Output or I/O Pin
Voltage

Static Discharge Voltage . .. .............. 2001V
Latchup Current (Ta = -40°C to +85°C) .... 100 mA

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maxi-
mum ratings for extended periods may affect device reliability.

OPERATING RANGES
Industrial (I) Devices

Ambient Temperature (Ta)

Operating in Free Air ............ —40°C to +85°C
Supply Voltage (Vcc) with

RespecttoGround .............. +45Vto+55V

Operating Ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over INDUSTRIAL operating ranges unless otherwise

specified
Parameter
Symbol Parameter Description Test Conditions Min Max Unit
VOoH Output HIGH Voltage loH=-32mA VIN=ViHor ViL 2.4 Vv
Vcc = Min
VoL Output LOW Voltage loL =16 mA VIN = VIH Or VIL 0.4 \
Vcc = Min
VIH Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 \%
Voltage for all Inputs (Note 1)
ViL Input LOW Voltage Guaranteed Input Logical LOW 0.8 \%
Voltage for all Inputs (Note 1)
IiH Input HIGH Leakage Current VIN = Vcc, Vec = Max (Note 2) 10 A
e Input LOW Leakage Current VIN =0V, Vcc = Max (Note 2) -100 HA
lozH Off-State Output Leakage Vourt = Vcc, Vee = Max, 10 A
Current HIGH VIN = ViL or ViH (Note 2)
lozL Off-State Output Leakage Vout =0V, Vcc = Max, -100 HA
Current LOW VIN= ViL or ViH (Note 2)
Isc Output Short-Circuit Vour =0.5V,Vcc=5V -30 -130 mA
Current TaA = 25°C (Note 3)
Icc Supply Current H-20/25 | Vin= 0V, Outputs Open 100 A
(Static) H-10/15 | (lout =0 mA), Vcc = Max 110 m
Icc Supply Current VIN= 0V, Outputs Open 130 mA
(Dynamic) (lout = 0 mA), Vcc = Max, f = 15 MHz
Notes:

1. These are absolute values with respect to the device ground and all overshoots due to system and tester noise are included.

2. /O pin leakage is the worst case of i and lozL (or i and lozH).

3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second.

Vout = 0.5 V has been chosen to avoid test problems caused by tester ground degradation.
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CAPACITANCE (Note 1)

Parameter
Symbol Parameter Description Test Conditions Typ Unit
CiN Input Capacitance ViIN=2.0V Vcc=5.0V 5
Ta=25°C pF
Court Output Capacitance Vout=2.0V f=1MHz 8
Note:

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.

SWITCHING CHARACTERISTICS over INDUSTRIAL operating ranges (Note 2)

Parameter -10 -15 -20 -25
Symbol [Parameter Description Min Max Nin Max Min Mpx Min M Unit
tPD Input or Feedback to Combinatorial Output 10 15 20 25 ns
ts Setup Time from Input, Feedback or SP to Clock 7 10 12 15 ns
tH Hold Time 0 0 0 0 ns
tco Clock to Output 6 10 12 15 ns
tAR Asynchronous Reset to Registered Output 13 20 25 25 ns
tARW Asynchronous Reset Width 8 15 20 25 ns
tARR Asynchronous Reset Recovery Time 8 10 20 25 ns
tspr Synchronous Preset Recovery Time 8 10 14 25 ns
twi . LOW 4 8 10 13 ns
Clock Width
twH HIGH 4 8 10 13 ns
. External Feedback [ 1/(ts + tco) 83.3 50 41.6 333 MHz
Maximum
fmAX Frequency | Internal Feedback | 1/(ts + tcF) 110 58.8 45.4 35.7 MHz
(Note 3) (fenT) (Note 4)
No Feedback 1/(twH + twr) | 125 83.3 50 38.5 MHz
tea Input to Output Enable Using Product 10 15 20 25 ns
Term Control
ter Input to Output Disable Using Product 9 15 20 25 ns
Term Control
Notes:

2. See Switching Test Circuit for test conditions.

3. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified
where frequency may be affected.

4. lcris a calculated value and is not guaranteed. tcr can be found using the following equation:
ter = 1/fuax (internal feedback) — ts.

PALCE22V10H-10/15/20/25 (Ind)
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SWITCHING WAVEFORMS

Input or
Feedback
Input or Clock
Feedback VT oc
tPD
Combinatorial VT Registered
Output Output
16564D-7
Combinatorial Output
Input
twH —
Clock
vr Output
e twL
16564D-9
Clock Width
Input t > Input
Asserting ARW Asserting
Asynchronous ><VT Synchronous
Reset Preset
tAR —»
Registered
Output A Clock
tARR
Registered
Clock VT Output
16564D-11
Asynchronous Reset
Notes:
1. vr=15V.

2. Input pulse amplitude 0 V to 3.0 V.
3. Input rise and fall times 2 ns — 5 ns typical.

e

j@
tH
VT
tco
\%§

16564D-8

Registered Output

VT

tER

tea

N\ Vou-o0sv///l/
[/

VT

LVOL + O.SV&—

16564D-10

Input to Output Disable/Enable

VT

VT

16564D-12

Synchronous Preset
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHto L fromHto L
May Will be
Change Changing
fromLtoH fromLtoH
Don't Care, Changing,
Any Change State
Permitted Unknown
Does Not Center
Apply Line is High-

Impedance
“Off” State

KS000010-PAL

SWITCHING TEST CIRCUIT

5V
S1
R1
Output Test Point
R2 CL
- - 16564D-13
Commercial Measured
Specification S1 CL R1 R2 Output Value
trp, tco Closed Allexcept H-5/7: 15V
tEA Z - H: Open 50 pF 300 Q 390 Q 15V
Z - L: Closed
teER H - Z: Open 5 pF H-5/7: H-Z:VoH-05V
L - Z: Closed 300 Q L-2Z:VoL+05V
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TYPICAL lcc CHARACTERISTICS
Vece =5.0 V, Ta =25°C

150
125 +— 22V10H-5
22V10H-7
22V10H-10
100 +
oo 7o A
22V10Q-10
22V10Q-25
50 =
25 +—
0 ; | % | % | % | % {
0 10 20 30 40 50
Frequency (MHz) 16564D-14

Icc vs. Frequency

The selected “typical” pattern utilized 50% of the device resources. Half of the macrocells were programmed as registered, and
the other half were programmed as combinatorial. Half of the available product terms were used for each macrocell. On any
vector, half of the outputs were switching.

By utilizing 50% of the device, a midpoint is defined for Icc. From this midpoint, a designer may scale the Icc graphs up or down to
estimate the Icc requirements for a particular design.
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ENDURANCE CHARACTERISTICS

The PALCE22V10 is manufactured using AMD’s ad-
vanced Electrically Erasable process. This technology
uses an EE cell to replace the fuse link used in bipolar

Endurance Characteristics

parts. As a result, the device can be erased and
reprogrammed—a feature which allows 100% testing at
the factory.

Symbol | Parameter Test Conditions Min Unit
tDrR Min Pattern Data Retention Time Max Storage Temperature 10 Years
N Min Reprogramming Cycles Normal Programming Conditions 100 Cycles

Bus-Friendly Inputs

The PALCE22V10H-15/25, Q-25 (Com’l) and H-20 (Ind)
inputs and 1/0O loop back to the input after the second
stage of the input buffer. This configuration reinforces
the state of the input and pulls the voltage away from the

input threshold voltage. Unlike a pull-up, this configura-
tion cannot cause contention on a bus. For anillustration
of this configuration, see the input/output equivalent
schematics.

PALCE22V10 Family
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INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR SELECTED /4 DEVICES*

—1— Vcc
100 kQ ]’ Vee
——QO
ESD
Protection
Input l
—T1— Vcc —1— Vcc —[ Vce
O
< E
100 kQ
— ®
Preload Feedback
=  Circuitry Input
16564D-15
Output
Device Rev Letter
PALCE22V10H-15
PALCE22V10H-20 H

PALCE22V10H-25

PALCE22V10Q-25
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ROBUSTNESS FEATURES

The PALCE22V10X-X/5 devices have some unique
features that make them extremely robust, especially
when operating in high-speed design environments.
Pull-up resistors on inputs and 1/O pins cause uncon-
nected pins to default to a known state. Input clamping
circuitry limits negative overshoot, eliminating the

possibility of false clocking caused by subsequent ring-
ing. A special noise filter makes the programming cir-
cuitry completely insensitive to any positive overshoot
that has a pulse width of less than about 100 ns for the /5
version. Selected /4 devices are also being retrofitted
with these robustness features. See the chart below for
device listing.

INPUT/OUTPUT EQUIVALENT SCHEMATICS FOR /5 VERSION AND SELECTED

/4 DEVICES*

Vcc —T— Vcc

ESD Programming =
Protection Pins onl Programming Positive .
and Rl S Voltage > Overshoot > Procg_ramtmmg
Clamping Detection Filter reurtry
Typical Input
Vcc Vcc
> 50 kQ

Clamping

=

Provides ESD
Protection and

Preload Feedback
Circuitry Input
16564D-16

Typical Output

* Device Rev Letter
PALCE22V10H-15 D
PALCE22V10H-25 D
PALCE22V10Q-25 F

Topside Marking:
AMD CMOS PLD’s are marked on top of the package in the
following manner:

PALCEXXXX

Datecode (3 numbers) Lot ID (4 characters)— —(Rev Letter)

The Lot ID and Rev Letter are separated by two spaces.
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POWER-UP RESET

The power-up reset feature ensures that all flip-flops will
be reset to LOW after the device has been powered up.
The output state will depend on the programmed pat-
tern. This feature is valuable in simplifying state ma-
chine initialization. A timing diagram and parameter
table are shown below. Due to the synchronous opera-
tion of the power-up reset and the wide range of ways

Vcc can rise to its steady state, two conditions are
required to ensure a valid power-up reset. These condi-
tions are:

m  The Vcc rise must be monotonic.

m  Following reset, the clock input must not be driven
from LOW to HIGH until all applicable input and
feedback setup times are met.

Parameter
Symbol Parameter Description Max Unit
tPR Power-up Reset Time 1000 ns
ts Input or Feedback Setup Time See Switc_hi_ng
twi Clock Width LOW Characteristics
Ay, Vec
Power
tPR ——>
Registered Z
Active-Low / / 7
Output
e {5 -
NI
16564D-17
tw —>
Power-Up Reset Waveform
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TYPICAL THERMAL CHARACTERISTICS

PALCE22V10/4 (PALCE22V10H-15)
Measured at 25°C ambient. These parameters are not tested.

Parameter Typ
Symbol Parameter Description KINNYDIP PLCC Unit
Bjc Thermal impedance, junction to case 15 16 °C/W
Bja Thermal impedance, junction to ambient 72 54 °C/W
Bjma Thermal impedance, junction to ambient with air flow [200 Ifpm air 67 49 °CIW
400 Ifpm air 60 43 °CIW
600 Ifpm air 53 37 °CIW
800 Ifpm air 46 31 °C/W
PALCE22V10/5 (PALCE22V10H-10)
Measured at 25°C ambient. These parameters are not tested.
Parameter Typ
Symbol Parameter Description KINNYDIP PLCC Unit
Bic Thermal impedance, junction to case 20 18 °C/W
Bja Thermal impedance, junction to ambient 73 55 °CIW
Bjma Thermal impedance, junction to ambient with air flow [200 Ifpm air 66 48 °CIW
400 Ifpm air 61 43 °C/W
600 Ifpm air 55 40 °CIW
800 Ifpm air 52 37 °CIW

Plastic 6jc Considerations

The data listed for plastic 6jc are for reference only and are not recommended for use in calculating junction temperatures. The
heat-flow paths in plastic-encapsulated devices are complex, making the 6jc measurement relative to a specific location on the
package surface. Tests indicate this measurement reference point is directly below the die-attach area on the bottom center of
the package. Furthermore, Bjc tests on packages are performed in a constant-temperature bath, keeping the package surface at
a constant temperature. Therefore, the measurements can only be used in a similar environment.
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