PEEL
22GV10(Z)

Features
Advanced CMOS EEPROM Technology

High Performance with Low Power Consumption
«tPD = 7.5ns, 10ns, 15ns, 25ns Max

« Zaro Power Mode - 200uA max standby *

« 50mA + 0.5mA/MHz Max

EE Reprogrammability

« Superior programming

« Low-cost, “windowless’ package

« Erases and programs In seconds

o Low-risk reprogrammable inventory

Development/Prograrﬁmer Support
« Third-party software and programmers

« AMI PEEL Development Software with APEEL Logic
Assembler

Architectural Flexibility
« 132 product term X 44 input AND array
» Up to 22 Inputs and 10 Qutputs

» Vanable product term distribution
greater logic flexibility

« Independently programmable 12-configuration /O
macrocells

« Synchronous preset, asynchronous clear

(8 to 16 per output) for

« Independent programmable output enables

Application Versatility

« ideal for power sensitive systems

- Replaces random SSI/MSH logic

. Emulates 24-pin bipolar PAL®and GAL®devices

- PEEL22CV10(Z) only
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CMOS Programmable Electrically Erasable Logic Device
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General Description

The AMI PEEL22CV10(Z) I1s a CMOS Programmable
Electrically Erasable Logic device that provides a high-
performance, low-power, reprogrammable, and
architecturally enhanced alternative to conventional
programmable logic devices (PLDs). Designed n
advanced CMOS EEPROM technology, the PEEL
22CV10(Z) nvals speed parameters of comparable bipolar
PLDs, while providing a dramatic improvement in active
power consumption. The PEEL22CV10(Z) also provides a
“zero power” standby mode. The EE reprogrammabihity of
the PEEL22CV10(Z) simplfies inventory management,
reduces development and field retrofit costs, enhances
testability to ensure 100% field programmability and
function, and allows for low-cost, “windowless” packaging
in a 24-pin, 300-mil DIP.

The PEEL22CV10(Z) offers complete function and
JEDEC-file compatibility with the bipolar AmPAL 22V10
and the CMOS PALC 22V10. The PEEL22CV10(Z) also
provides eight additional macrocell configurations (for a
total of 12) that further expand /O and feedback design
capabilities. Applications for the PEEL22CV10(Z) include
replacement of random SSI/MSI logic circuitry, emulation
of 24-pin bipolar PAL® devices, and user-customized
sequential and combinational functions such as counters,
shift registers, state machines, address decoders,
multiplexers,  etc. Development  support for the
PEEL22CV10 and the PEEL22CV10(Z) 1s provided by
AMI and third-party manufacturers. Programming support
is provided by third-party manufacturers.
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rigure 20: PEEL22CV10(2) Pin and Block Diagram

Block Diagram Pin Configuration

1880800800081

Pin Names
|JCLK = Input Only/Clock
| = Input Only
/O = Bi-Directional Input/Output
GND = Ground
SP = Synchronous Preset Vcc = Power Supply (+5V)

AG = Asychronous Clear
OE = Output Enable
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Figure 21: PEEL220V10(Z) Logic Array Diagram
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function Description

The PEEL22CV10(Z) 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 formof 11O
macrocells further increase logic flexibility.

Architectural Overview

The PEEL22CV10(Z) architecture is illustrated in the block
diagram of figure 20. Twelve dedicated inputs and 10 1/Os
provide Up to 22 inputs and 10 outputs for creation of logic
functions. At the core of the device 1s & programmable
glectrically-erasable AND array which drives a fixed-OR
array. With this structure, the PEEL22CV10(Z) can
implement up to 10 sum-of-products logic expressions.

Associated with each of the 10 OR functions is an e
macrocell which can be independently programmed to
one of 12 different configurations. The programmable
macrocells allow each /O to create sequential or
combinational logic functions of active-high or active-low
polarty, while providing three different feedback paths into
the AND array.

AND/OR Logic Array

The programmable-AND array of the PEEL22CV10(Z)
(shown In figure 21) is formed by input lines intersecting
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 complement
values of feedback or input signals from the 10 1/Os

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 1/0)
% global synchronous preset term

1 global asynchronous clear term
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At each input-line/product-term intersection is  an
EEPROM memory cell which determines whether ornota
logical connection exists at that intersection. Each product
term is essentially a 44-input AND gate. A product term
which is connected to both the true and complement of an
input signal will always be FALSE and thus will not affect
the OR function that it dnves. 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 PEEL22CV10(Z), the device
programmer first performs a bulk erasée to Instantly
remove the previous pattern. The erase cycle opens every
logical connection in the array. The device s configured to
perform the user-defined function by programming
selected connections in the AND array. (Note that PEEL
device programmers automatically program all of the
connections on unused product terms SO that they will
have no effect on the output function.)

Programmable /0 Macrocell

The unique 12-configuration output macrocell provides
complete control over the architecture of each output. The
ability to configure each output independently permits
users to tailor the configuration of the PEEL22CV10(Z) to
the precise requirements of their designs.

Macrocell Architecture

Each I/O macrocell, as shown in figure 22, consists ofaD-
type flip-flop and two signal-select multiplexers. The
configuration of each macrocell is determined by the four
EEPROM bits controlling these multiplexers. These bits
determine output polarity, output type (registered or non-
registered), and input/feedback path (bi-directional 1/O,
combinational feedback, or register feedback). Refer to
figure 24 for detalls.

Equivalent circuits for the 12 macrocell configurations are
ilustrated in figure 23. In addition to emulating the four
PAL-type output structures (configurations 3, 4,9,and 10),
the macrocell provides eight configurations that are
unavailable in any PAL® device. When creating a PEEL
device design, the desired macrocell configuration
generally is specified explicitly in the design file. When the
design is assembled or compiled, the macrocell
configuration bits are defined in the last lines of the
JEDEC programming file.
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Output Type

The signal from the OR array can be fed directly to the
output pin or latched in the D-type flip-flop (registered
function). The D-type flip-flop latches data on the nising
edge of the clock and is controlled by the global preset and
clear terms When the synchronous preset term is
satisfied, the Q output of the register will be set HIGH at
the next nsing edge of the clock mnput. Satisfying the
asynchronous clear term will set Q LOW, regardless of the
clock state. If both terms are satisfied simultaneously, the
clear will overnde the preset.

Output Polarity

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

Output Enable

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

Under the control of the output enable term, the /O pin
can function as a dedicated input, a dedicated output, or a
bi-directional /O. Opening every connection on the output

Figure 22: PEEL22CYV10(Z) Macrocell Diagram
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enable term will permanently enable the output buffer and
yield a dedicated output. Conversely, if every connection ig
intact, the enable term will always be logically false and
the /O will function as a dedicated Input.

Input/Feedback Select

The PEEL22CV10(Z) macrocell also provides control over
the feedback path. The input/feedback signal associated
with each /O macrocell may be obtained from three
different locations: from the /O pin (bidirectional 1/QO),
directly from the Q output of the flip-flop (registered
feedback), or directly from the OR gate (combinational
feedback).

Bi-Directional V0

The input-feedback signal is taken from the 1/O pin when
using the pinas a dedicated input or as a bi-directional I/0.
(Note that it is possible to create a registered output
function with bi-directional 1/O).

Combinatorial Feedhack

The signal-select multiplexer gives the macrocell the
ability to feedback the output of either the OR gates,
bypassing the output buffer, regardless of whether the
output function is registered or combinational. 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 23.)
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SP = Synchronous Preset
AC = Asynchronous Clear
OE = Output Enable
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figure 23: PEEL22CV10(Z) Macrocell configuration Equivalent Circuits

REGISTERED OUTPUT COMBINATORIAL QUTPUT

1Ndino0
MQ7 3NV

BI-DIRECTIONAL VO

1ndino
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COMBINATORIAL FEEDBACK

indinQ
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REGISTER FEEDBACK

ndino
HOIH 3ANLIV
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Figure 27: PEEL22CV10(Z) Typical IGC vs Input
clock transition frequency (zero-power mode)
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Figure 25: PEEL22CV10(Z) AC Switching Waveforms
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Figure 26: PEEL22CV10(Z) AC Test Loads/Waveforms

AC Equivalent Load Circuit AC Testing Input/Output Waveform
S0V
! 3.0V
NORMAL
3! 15V TEST POINTS %SV
0.0V
R1
AC Test PointLoad Circuit Table
QUTPUT
UNDER —{ > TESTPOINT AC Test |TestPoint| CL | S1

NORMAL 1.5V 50pF | closed

cL I éﬂz tOE(Z—+ 0) VOH 50pF | open

OE@Z~0) | VoL 50pF | closed
L tOD(1+2) | VOH—5V | SpF | open
10D(0~2) | VOL+5V | SpF | closed

TTL Levels CMOS Levels
R1 = 4480Q R1 = 480KQ )
R2 =245Q R2 = 480KQ Z=High Impedance
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NOTES:

i Minimum DC input is -0.5V; however, nputs may 9. Exposure to absolute maximum ratings over extended
undershoot to -2.0V for periods less than 20ns. periods of time may affect device rehability. Exceeding

absolute maximum ratings may cause permanent

2 Voltage applied to input or output must not exceed Vc damage.

+10V.

3 These measurements are periodically sample tested 10. /O pins are open (no load).

11. Vin specified 1s not for program/verify operation.
Contact AM! for information regarding PEEL program/
s Test points for Clock and Vee in Tr, Tf, Trvee, tCH, (CL, venfy specifications.
and tRESET are referenced at 10% and 90% levels.

4 “input” refers 1o an Input signal

12. Minimum  width  required to ensure  proper
6 See AC test point/load circutt table for tOE and tOD asynchronous clear operation and does not imply
testing. rejection of signal less than this value.

7 Typical values and capacitance are measured at  13. Contact factory for increased lol requirements.
Vee=5 0V and Ta = 25°C.

g Zero power mode otherwise lccs = 65mA.

14. When leaving zero power mode, the first signal
transmission must add an additional delay of 10ns for
these parameters.
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Electrical Characteristics (Over Operating Range Specifications)

PREVIEW 22CV10A-T™ 22CV10A-10** 22CV10A-15 22CV10-25 22CV102-25
SYMBOL PARAMETER UNITS| MIN MAX MIN MAX MIN MAX | MIN MAX | MIN MAX
Vee Current'® .
lces Standby mA 90 90 50 50 200pA
lcca Vee Current'® mA lces + 0.5 fccs + 0.5 lccs + 0.5 lccs + 0.5 fccs + Q.5
Active mA/MHz mA/MHz mA/MHz mA/MHz mA/MHz
Input*to combina-
PO toral output ns 7.5 10 15 25 25
Input® to output
tOD | yeable® ns 7.5 10 15 25 25
input*to output
tCE enable® ™ ns 7.5 10 15 25 25
4 -
isc | Input”set-up ns | 3.5 7 10 15 15
to clock
input*hold
tHC after clock ns 0] 0 0 0 0
tCH | Clock high time® ns | 375 6 8 13 13
tCL Clock low time$ ns | 3.75 6 8 13 13
tCOA1 Clock to output ns 7 8 10 15 15
Clock to combinatonal out-
tCQ2 put delay via registered ns 10 14 19 30 30
teedback®
Minimum clock
tCP period 1SC+CO1™ ns 10.5 15 20 30 30
Max clock freq
fmax1 (1ASC+CL) MHz | 138 76.9 555 35.7 35.7
fmaxa | Max clock freq MHz | 952 66.6 50 33.3 333
(1#CP) ) ’ '
fmaxa | Max clockfreq MHz | 133.3 83.3 62.5 38.4 38.4
(1tCL+tCH) : : : : :
Async clear
tAW pulse width 1214 ns 7.5 10 15 25 25
4
tap | Input lo asyne ns 10 12 18 25 25
clear’=
R | Async reset ns 10 12 18 25 25
recovery
{RESET | Register power- us 5 5 5 5 5
on-reset
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absolute Values

Absolute Maximum Ratings’®

CMOS Programmable Electrically Erasable Logic Device

SYMBOL | PARAMETER [ CONDITIONS | mN MAX UNITJ
\ Supply Voltage . Relative to GND ] -0.5 7.0 \' J
Voltage applied to Input* l Relative to GND' | -0.5 Vee +0.6 v 41
Voltage applied to Qutput Relative to GND' -0.5 Vee +0.6 Vv _}
[ Output Current Per pin (lol, loh) +25 mA
Storage Temperature -65 +150 C
Lead Temperature (soldering 10 seconds) +300 C
Operating Ranges
[ symBoL { PARAMETER CONDITIONS MIN MAX UNIT |
Veo \ Supply Voltage Commercial 4.75 5.25 Voo
Industrial 4.5 5.5 v
Commercal 0} +70 C
Ta Qperating Temperature
\ industnal -40 +85 C
Tr ‘ Clock Rise Time® Test points at 10% and 90% levels 250 ns
Tf l Clock Fall Time® ] Test points at 10% and 90% levels 250 ns
Trvee | Vcc Rise Time® \ Test points at 10% and 90% levels 250 ms
DC Characteristics (Over Operating Range Specifications)
[ symeoL | PARAMETER CONDITIONS MIN TP | MAX | UNIT |
| il Input Leakage Vin = GND to Vce =10 | A
\ loz Qutput Leakage 1//2 : 2:38 lt:)n;\D/icéance =10 pA
[ Vil input Low Voltage -0.3 0.8 \'
[ Vin | Input High Voltage 2.0 Vce+0.3 v
L Vol Output Low Voltage TTL lol = +12.0mA " 0.45 \ \
L Voic Output Low Voitage CMOS fol = 10pA ™ 0.1 \ v
L Voh Output High Voltage TTL loh = -4.0mA "™ 2.4 ‘ \ vV
[ Vohc | Output High Voltage CMOS loh = -10uA™ Vee -0.1 \ v
Capacitance
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
Cin¥ input Capacitance Frequency = 1MHz 6 pF
Cout3’ | Output Capacitance Frequency = 1MHz 12 pF
LCc1k3-7 Clk Pin Capacitance Frequency = 1MHZ 13 pF
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Figure 24: PEEL22CV10(Z) Macrocell
Configuration Bits

Configuration | ppyt/Feedback Output Select
slABCOD Select

iloo 1o Engrectlonal Register i_\;:\t;lve
21010 SIC-)DIrectlonal Register :f;:e
3/]0100 Sngrecnonal Combinatoral ﬁg‘t,:/ve
411100 SgDirectlonal Combinatoral nge
5(00 11 g::jtgggt(lonal Register Cg&ve
6(1 0 1 1 g;:;r:jtz)lgggonal Register ﬁg:e
710111 S:g:jtgg;t(lonal Combinatorial t\cc):\t':lve
81111 gsgitt);;?sonal Combinatonal ﬁ;fé:e
g|0000 S:cg’ister Feed- Register Cg&ve
10/1 00 0 Saeister Feed- Register ag:a
1"Mjot110 S:Cg;lster Feed-| combinatorial /Ccc)\t;lve
1211110 Eiaegister Feed-| ombinatonal G::g“}:e

Registered Feedhack

Feedback can also be taken from the register, regardless
of whether the output function 1s to be combinational or
registered. When implementing combinational output
function, registered feedback allows for the Internal
latching of states without giving up the use of the external
output.
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Design Security

The PEEL22CV10(Z) provides a special EEPROM
secunty bit that prevents unauthorized reading or copying
of designs programmed into the device. The security bit is
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 secunty bit 1s set, it is
impossible 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 PEEL22CV10(Z). This code then
can be read back even after the security bit has been set.
The signature word can be used to identify the pattern that
has been programmed into the device or to record the
date of programming, design rewvision, etc.

Zero-Power Mode

The CMOS PEEL22CV10(Z) features a user-selectable
“Zero-Power” standby mode for ultra-low power
consumption. When the zero-power mode is selected,
transition-detection circuitry monitors the Inputs, /O
(including CLK), and feedback. If the inputs do not change
for a period of time equal to approximately [tPD x 2], the
outputs are latched n their current state and the device
automatically powers-down. When the text transition is
detected at the inputs, the device will “wake up” for active
operation until the inputs stop switching long enough to
trigger the next power-down. When powenng up, an
additional delay is added to the first output transition (See
AC Electrical Characteristics, note 14, for detalls.)

The zero-power mode 1s best used for combinatorial
applications since sequential functions will be powered-up
with every edge of the clock. Significant power savings
can still be realized, however, when running the clock at a
medest rate. Figure 27 shows the typical ICC vs. Input
transition frequency for the 22CV10(Z) when the zero-
power mode Is programmed.

The Z-bit may be set either in the design file or when
programming (depending on the programmer used). For
APEEL logic assembler design files, the zero-power mode
is selected using the ZERO-POWER declaration. With
other logic compilers, a set fuse (to “0") command for cell
location 5848 can be used.




