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M Advanced CMOS EEPROM Technology

M Ultra High Performance
— 10ns, 12ns and 15ns (tpp) versions
— fmax as fast as 83.3MHz

B Low Power Consumption
— 110mA + 0.5mA/MHz max

N EE Reprogrammability
— Lowe-risk reprogrammable inventory
—- Superior programming and functional yield
— Erases and programs in seconds

B Development and Programming Support
— Third-party sofitware and programmers
— ICT PEEL Development System and
software.

The ICT PEEL22CV10A-10, PEEL22CV10A-12
and PEEL22CV10A-15 are CMOS Programmable
Electrically Erasable Logic Devices that provides a
high-performance, low-power, reprogrammable,
and architecturally enhanced alternative to early
generation programmable logic devices (PLDs).
Designed in advanced CMOS EEPROM technol-
ogy, the PEEL22CV10A rivals speed parameters of
comparable bipolar PLDs while providing a
dramatic Improvement in active power consump-
tion. The EE reprogrammability of the
PEEL22CV10A allows cost effective plastic packag-
ing, low risk inventory, reduced development and
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B Architectural Flexibility

132 product term x 44 input AND array
Up to 22 inputs and 10 outputs

Variable product term distribution (8 to
16 per output) for greater logic flexibility
Independently programmable

4 or 12-configuration I/O macrocells
Synchronous preset, asynchronous clear
Independently programmable output
enables

W Application Versatility
— Replaces random SSI/MS! logic
— Pin and JEDEC-file compatible with the
bipolar AmPAL22V10 and CMOS
PALC22V10

General Description

retrofit costs, and enhanced testability to ensure
100% fleld programmability and function. The
PEEL22CV10A's flexible architecture offers com-
plete function and JEDEC-file compatibility with the
bipolar AmPAL22V10 and the CMOS PALC22V10.
Applications for the PEEL22CV10A include: re-
placement of random SSI/MSI logic circuitry and
user customized sequential and combinatoriai func-
tions such as counters, shift registers, state
machines, address decoders, multiplexers, etc.
Development and programming support for the
PEEL22CV10A is provided by ICT and third-party
manufacturers.

Pin Configuration (Figure 1)

Block Diagram (Figure 2)
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Pin Names

| = Dedicated Input
YO = Bidirectional VO
GND = Ground

Vec = Power Supply

"% 28

I/CLK = Dedicated Input/Clock
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SP = Synchronous Preset
AC = Asynchronous Clear
QOE = Qutput Enable
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Figure 3. PEEL22CV10A Loglc Array Dlagram
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Function Description

The PEEL22CV10A implements logic functions as
sum-of-products expressions in a programmable-
AND/fixed-OR logic array. User-defined functions
are created by programming the connections of input
signals into the array. User-configurable output
structures in the form of I/O macrocells further in-
crease logic flexibility. *

Architecture Overview

The PEEL22CV10A architecture is illustrated in the
block diagram of figure 2. Twelve dedicated inputs
and 10 I/Os provide up to 22 inputs and 10 outputs
for creation of logic functions. At the core of the
device is a programmable electrically-erasable AND
array which drives a fixed OR array. With this struc-
ture, the PEEL22CV10A can implement up to 10
sum-of-products logic expressions.

Associated with each of the 10 OR functions is an
/0 macrocell which can be independently
programmed to one of 4 different configurations. The
programmable macrocells allow each 1/O to create
sequential or combinatorial logic functions with
either active-high or active-low polarity.

AND/OR Logic Array

The programmable AND array of the PEEL22CV10A
{shown in figure 3) is formed by input lines intersect-
ing product terms. The input lines and product terms
are used as follows:

44 Input Lines:

24 input lines carry the true and complement of
the signals applied to the 12 input pins

20 additional lines carry the true and comple-
ment values of feedback or input signals from
the 10 I/0s

132 product terms:

120 product terms (arranged in 2 groups of 8,
10, 12,14, and 16) used to form logical sums

10 output enable terms (one for each I/O)

1 global synchronous present term

1 global asynchronous clear term
At each input-line/product-term intersection there is
an EEPROM memory cellwhichdetermines whether
or not there is a logical connection at that intersec-
tion. Each product term is essentially a 44-input

AND gate. A product term which is connected to

both the true and compliment of an input signal will
always be FALSE, and thus will not effect the OR

- output function)

T-4b-13-
function that it drives. When all the connections on

a product term are opened, a don't care state exists
and that term will always be TRUE.

When programming the PEEL22CV10A, the device
programmer first performs a bulk erase to instantly
remove the previous pattern. The erase cycle opens
every logical connection in the array. The device is
then configured to perform the user-defined function
by programming selected connections in the AND
array. (Note that PEEL device programmers auto-
matically program the connections on unused
product terms so that they will have no effect on the

Varlable Product Term Dlstribution

The PEEL22CV10A provides 120 product terms to
drive the 10 OR functions. These product terms are
distributed among the outputs in groups of 8, 10, 12,
14, and 16 to form logical sums (see figure 3). This
distribution allows optimum use of device resources.

Programmabile /O Macrocell

The output macrocell provides complete control over
the architecture of each output. The ability to con-
figure each output independently permits users to
tailor the configuration of the PEEL22CV10A to the
precise requirements of their designs.

Macrocell Archlitecture

Each /0 macrocell, as shown in figure 4, consists of
a D-type flip-flop and two signal-select multiplexers.
The configuration of each macrocell of the
PEEL22CV10A is determined by the two EEPROM
bits controlling these multiplexers shown in table 1.
Four EEPROM bits are used to determine the
fwelve-configuration macrocells of the
PEEL22CV10+ found in table 2. These bits deter-
mine output polarity, feedback paths, and output
type (registered or non-registered). Equivalent cir-
cuits for the macrocell configurations are illustrated
in figures 5 and 6.

Output Type

The signal from the OR array can be fed directly to
the output pin (combinatorial function) or latched in
the D-type flip-flop (registered function). The D-type
flip-flop latches data on the rising edge of the clock
and is controlled by the global preset and clear
terms. When the synchronous preset term is satis-
fied, the Q output of the register will be set HIGH at
the next rising edge of the clock input. Satistying the
asynchronous clear termwill set Q LOW, regardless
of the clock state. If both terms are satisfied simul-
taneously, the clear will override the preset.

Output Polarlty

Each macrocell can be configured to implement
active-high or active-low logic. Programmable
polarity eliminates the need for external inverters,

27
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Output Enable

The output of each I/O macrocell can be enabled or
disabled under the control of its associated program-
mable output enable product term. When the logical
conditions programmed on the output enable term
are satisfied, the output signal is propagated to the
/O pin. Otherwise, the output buffer is driveninto the
high-impedance state. ‘

Under the control of the output enable term, the I/O
pin can function as a dedicated input, a dedicated
output, or a bi-directional 1/0. Opening every con-
nection on the output enable term will permanently
enable the output butfer and yield a dedicated out-
put. Conversely, if every connection is intact, the
enable term will always be logically false and the I/O
will function as a dedicated input.

Input/Feedback Select

When configuring an I/O macrocell to implement a
registered function (configurations 1 and 2 in Figure
5), the Q output of the flip-flop drives the feedback
term. When configuring and /O merocell to imple-
ment a combinatorial function (configurations 3 and
4 in Figure 5), the feedback signal is taken from the
YO pin. In this case, the pin can be used as a
dedicated input or a bi-directionl I/Q. (Refer also to
Table 1)

Bi-directlonal /O

The input/feedback signal is taken from the I/O pin
when using the pin as a dedicated input or as a
bi-directional I/O. (Note that it is possible to create a
registered output function with bi-directional I/0.)

T-Y6-13-27
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Flgure 4. 22CV10A Macro Cell Block Diagram

Combinatorial Feedback

The signal-select multiplexer gives the macrocelithe
ability to feedback the output directly from the OR
gate, regardiess of whether the output function is
registered or combinatorial. This feature allows the
creation of asynchronous latches, even when the
output must be disabled. (Refer to configurations 5,
6,7, and 8 in figure 6.)

Registered Feedback

Feedback also can be taken from the register,
regardless of whether the output function is to be
combinatorial or registered. When implementing
configurations 11 and 12 in figure 6, the register can
be used for internal latching of data while leaving the
external output free for combinatorial functions.

ACTIVE-LOW OUTPUT

ACTIVE~HIGH OUTPUT

BI~DIRECTIONAL 1/0 JrecisteR FeeDBACK]

VRIOLYNIGNOD  |LNdLN0 ALSIOTY

Flgure 5. Equivalent Circuits for the Four Configurations of the PEEL22CV10A 1/0 Macrocell.

gonﬁc U“Xb" 5 Input/Feedback Select Output Select

1 i) 0 - . Active Low
: — Register Feedback Register Active High
3 K Bi-Directi binatorial Active Low
1 3 : i-Directional YO Combinatorial Active High

Table 1, PEEL22CV10A Macrocell Configuration Bits
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Additional Macro Cell Configurations

Besides the standard four-configuration macro cells,
each PEEL22CV10A provides an additional eight
configurations (iwelve total) that can be used to
increase design flexibility (see figure 6). These con-
figurations are the same provided by other PEEL
devices, the 18CV8, 20CG10, and 22CV10Z. For
logic assembly of all twelve configurations, specify
PEEL22CV10A+ or PEEL22CV102Z (with Z-bit setto
1), and for programming select PEEL22CV10A+.

Deslgn Securlty

The PEEL22CV10A provides a special EEPROM
security bit that prevents unauthorized reading or
copying of designs programmed into the device.

The security bitis set by the PLD programmer, either
at the conclusion of the programming cycle or as a
separate step, after the device has been
programmed. Once the security bit is set it is impos-
sible to verify (read) or program the PEEL until the
entire device has first been erased with the bulk-
erase function.

Signature Word

The signature word feature allows a 24-bit code to
be programmed into the PEEL22CV10A. The code
can be read back even after the security bit has been
set. The signature word can be used to identify the
pattern programmed into the device or to record the
design revision, etc.
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Flgure 6. Equivalent Clrcuits for the Twelve Configurations of the PEEL22CV10A+ /0 Macrocell.

Configuration Input/Feedback Select Output Select

# ABCD

1 0010 Bi-Directional VO Register Active Low
2 1010 " " Active High
3 0100 " Combinatorial Active Low
4 1100 " " Active High
5 0011 Combinatorial Feedback Register Active Low
6 1011 " " Active High
7 0111 " Combinatorial Active Low
8 1111 " " ] Active High
9 0000 Ragister Feedback Regisiter Active Low
10 1000 " " Active High
11 0110 " Combinatorial Active Low
12 1110 " " Active High

Table 2, PEEL22CV10A+ Macrocell Conflguration Bits
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Absolute Maximum Ratings

Exposure to absolute maximum ratings over extended
periods of time may affect device reliability. Exceeding
absolute maximum ratings may cause permanent damage

Symbol| Parameter Conditions Rating Unit
Vee Supply Voltage Relative to GND -05t0+7.0 Vv
Vi, Vo | Voltage Applied to Any Pin 3 Relative to GND ! -05toVec+0.6 | V
lo Output Current * Per pin {loL, loH) +25 mA
TsT Storage Temperature - 6510 +125 ‘C
TLT Lead Temperature Soldering 10 seconds + 300 ‘c

Operating Ranges

T-Y6-13 -

Symbol Parameter Conditions Min Max | Unit
Vece Supply Voltage Commercial 4.75 5.25 A
TA Ambient Temperature Commercial 2 0 70 'C
TR | Clock Rise Time See note 4 250 | ns
TF Clock Fall Time See note 4 250 nS
Trvce VCC Rise Time See note 4 250 mS

D.C. Electrical Characteristics  overthe operating range

Symbo! Parameter Conditions Min Max | Unit
VoH Qutput HIGH Voltage - TTL | Vee = Min, IoH = —-4.0mA] 24 \"
VouHc Output HIGH Voltage-CMOS| Vce = Min, loH = ~10pA | Veg— 0.1 \
VoL Ouiput LOW Voltage - TTL | Vec = Min, loL = 12mA 0.5 Vv
VoLc Output LOW Voltage-CMOS | Vcc = Min, loL = 10puA 0.1 v
ViH Input HIGH Level 2.0 Vec+031 V
ViL Input LOW Level -03 0.8 v
hix Input Leakage Current Veo = Max, GND < ViN< Voo +10 HA
loz Output Leakage Current IO = High-Z, GND < Vo< Vog +10 HA
Isc Output Short Cireuit Current | Voo = Max, Vo =05V °] —30 | -120 [ mA
lccac Ve Active Current CMOS | ViN = Vee or GND 511 110+ | mA

0.5mA/MHz
lccaT Vee Active Current, TTL. | Vin= ViLor Vin >1 120+ | mA
0.5mA/MHz

Cin® Input Capacitance TA = 25°C, Vco = 5.0V 6 pF
Cour ® Qutput Capacitance @ f=1MHz 12 | pF

* Alternate source symbols are shown te compare the spacifications of the PEEL22CV10A fo other pin-compatible devices.
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A.C. Electrical CharacteristiCs Overthe Operating Range
symbo | Parameter 22CV10A-10 | 22CV10A-12 | 22CVI0A-5 | ynit
Min | Max | Min | Max | Min | Max
tro lnput6 to non-registered output 10 12 15 | ns
toE Input & to’output enable 10 12 15 | ns
top | Input © to output disable 7 10 12 15 | ns
tcot | Clock to output 8 9 10 | ns
tco2 Clock to combinatorial output delay 14 16 19 | ns
via internal registered feedback
tsc input ® or feedback setup to clock 7 8 10 ns
tHo Input & hold atfter clock 0 0 0 ns
teL.toH Clock widih - clock low time, clock hightime* | 6 7 8 ns
top Min clock period Extenal (tsc +tcot) | 156 17 20 ns
fmax1 Max clock freq. Internal Feedback'® | 76.9 66.7 52.6 MHz
fmax2 Max clock freq. External (1/tcp)'® 66.6 58.8 50.0 MHz
fmax3 Max clock freq. No Feadback (1/tcL+tcH)'?| 83,3 71.4 62.5 MHz
taw Asynchronous Reset pulse width 10 12 15 ns
tAp input & to Asynchronous Reset 12 .15 18 | ns
{AR Asynchronous Reset recovery time 12 15 18 | ns
{RESET Power-on reset time for registers in clear state 4 5 5 5 us
* Alternate source symbols are shown to compare the PEEL22CV10A s;;eciﬁcations to other pin-compatible devices.
Switching Waveforms
Inputs, 1/0,
PF ;d; 33 )
S)n:l:ron%uu X ) { ( X
Preset tsc =tHec- teH—+—tcL —
Clock A
tep ] \
Asynchronous taR —
Reset taw
~tco tap ~top~ F-toe—
Reglstersd ALY Tl
Outputs: 1 ) LILL il
— A
Comblnatoriol
Qutputs: *
1.Minimum DC input is ~ 0.5V, however inputs may undershoot 9. Test conditions assume: signal transition times of 5ns or less
to ~ 2.0V for periods less than 20nS. from the 10% and 90%_goinls, timing reference levels of 1.5V
2.Voltage applied to input or output must not exceed Vo +1.0V. (unless otherwise specified).
3.Viand Vo are not specified for program/verify operation. 10.Test one autput at a lime for a duration of less than 1 sec.
4.Test points for Clock and Veg in ta, tr, toL, teH, and taeset are 11,1GC for a typical application: This parameter is testad with
referenced at 10% and 90% levels. tha device programmed as a 10-bit Counter.
5.1/0 pins open (no load). 12.PEEL Device test loads are spacified atthe end of this
6."Input* refers to an Input pin signal. section. o
7.tok is measured from input transition to Vaer £ 0,1V, top is 13.Parameters are not 100% tested. Specifications are based
measured from input transition to Vor — 0.1V or VoL +0.1V; on intial characterization and are tested after any dasign or
VRer = VL see test loads at the end of this section. process modification which may affect operational frequency.
8.Capacitances are tested on a sample basis.
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Test Loads (Figure 6) Thevenin
Test Load 5.0V CMOS Interface Equivalent VL CMOS Interface
R1=480KQ RL=228KQ
Ri R2=480KQ AL V(=2.375V
Output TTL Interface Cutput TTL Interface
R1=308Q RL=119Q
CL= Rz = 50pF
50pF R2=1930Q I V=193V

Prelimina;y Desiénation

The "Preliminary” designation on an ICT data sheet indicates that the product is not fully characterized. The specifica-
tions are subject to changs, are based on design goals or preliminary part evaluation, and are not guaranteed. ICT or
an authorized sales reprasentative should be consulted for current infarmation before using this product

Specifications, Patents, Life Support Policy, Trademarks

ICT reserves the right to make changes in specifications at any time and without notice. The information furnished by
ICT in this publication is believed to be accurate and reliable, However, no responsibilit{‘is assumed by ICT for its use,
nor for any infingements of patents of other r‘iiqhts of third parties resulting from its usa, No license is granted under
any patents or patent rights of ICT, ICT's products are not authorized for use as critical components in Iife support
devices or systems without the written approval of the president of International CMOS Technology, inc. Life support
devices, or systems, are devices or systems which, (a? are intended for surgical implant into the bady, or (b) support or
sustain life and whose failure to perform, when properly used in accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a significant injury to the user, A critical component is any component
of a life support device or system whose failure to perform can be reasonably expected to cause the failure of the life
support device or system, or fo affect its safety or effectiveness

PEEL™ is a Trademark of International CMOS Technolog]/, Inc.
PAL® is a registered trademark of Monolithic Memories, Inc.
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