Features

o Erasable, user-configurable CMOS
EPLDs capable of implementing
high-density custom logic functions

Advanced 0.8-micron double-metal
CMOS EPROM technology

Multiple Array MatriX architecture

optimized for speed, density, and

straightforward design implementa-

tion

— Typical clock frequency = 50 MHz

— Programmable Interconnect Array
(PIA) simplifies routing

— Flexible macrocells increase utili-
zation

— Programmable clock control

— Expander product terms imple-
ment complex logic functions

o MAX+PLUS® development system

eases design

— Runs on IBM PC/AT® and com-
patible machines

— Hierarchical schematic capture
with 7400 series TTL and custom
macrofunctions

— State machine and Boolean entry

— Graphical delay path calculator

~— Automatic error location

— Timing simulation

— Graphical interactive entry of wa-
veforms

Max Family Members
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CY7C340 EPLD Family

General Description

The Cypress Multiple Array MatriX
(MAX®) family of EPLDs provides a
user-configurable, high-density solution to
general-purpose logic integration require-
ments. With the combination of innovative
architecture and state-of-the-art process,
the MAX EPLDs offer LSI density without
sacrificing speed.

The MAX architecture makes it ideal for
replacing large amounts of TTL SSI and
MSI logic, For example, a 74161 counter
utilizes only 3% of the 128 macrocells
available in the CY7C342. Similarly, a
74151 8-to-1 multiplexer consumes less
than 1% of the over 1,000 product terms in
the CY7C342. This allows the designer to
replace 50 or more TTL packages with just
one MAX EPLD. The family comes in a
range of densities, shown below. By stan-
dardizing on a few MAX building blocks,
the designer can replace hundreds of dif-
ferent 7400 series part numbers currently
used in most digital systems.

The family is based on an architecture of
flexible macrocells grouped together into
Logic Array Blocks (LABs). Within the
LAB is a group of additional product terms
called expander product terms. These ex-
panders are used and shared by the macro-
cells, allowing complex functions, up to 35
product terms, to be casily mplemented in
asingle macrocell. A Programmable Inter-
connect Array (PIA) globally routes all

Multiple Array MatriX

High-Density EPLDs

signals within devices containing more
than one LAB. This architecture is fabri-
cated on the Cypress advanced 0.8-micron,
double-layer-metal CMOS EPROM pro-
cess, yielding devices with significantly
higher integration density and system
clock speed than the largest of previous
generation EPLDs.

The density and flexibility of the CY7C340
family is accessed using the MAX +PLUS
development system. A PC-based design
system, MAX + PLUS is optimized specifi-
cally for the CY7C340 family architecture,
providing efficient design processing. A hi-
erarchical schematic entry mechanism is
used to capture the design. State machine,
truth table, and Boolean equation entry
mechanisms are also supported, and may
be mixed with schematic capture. The
powerful design processor performs mini-
mization and logic synthesis, then auto-
matically fits the design into the desired
EPLD. Design verification is done using a
timing simulator, which provides full A.C.
simulation, along with an interactive
graphic waveform editor package to speed
waveform creation and debugging. During
design processing a sophisticated automat-
icerror locator shows exactly where the er-
ror occurred by popping the designer back
into the schematic at the exact error loca-
tion.

Feature CY7C344 CY7C343 CY7C342 CY7C341
Macrocells 32 64 128 192
MAX Flip-Flops kv 64 . 128 192
MAX Latches!!} 64 128 256 384
MAX Inputs® 23 35 59 n
MAX Outputs 16 28 52 64
Packages 28H.,J 44H,J 68H,J 84H,J

28W,D 68R,G 84R,G

Key: D—DIP G —Pin Grid Array H—Windowed Ceramic Leaded Chip Carrier J—J-Lead Chip Carrier R—Windowed Pin Grid Array

W —Windowed Ceramic DIP -
Notes:

1. When all expander product terms are used to implement latches. 2. With one outpat.

PAL is a registered trademark of Monolithic Memories Inc.
MAX and MAX+PLUS are registered trademarks of Allera Corporation.
IBM and IBM PC/AT are registered trademarks of International Business Machines Corporation.
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Functional Description
The Logic Array Block

The logic array block, shown in Figure 2, is the heart of the MAX
architecture. It consists of a macrocell array, expander product
term array, and an I/O block. The number of macrocells, expan-
ders, and I/O vary, depending upon the device used. Global feed-
back of all signals is provided within a LAB, giving each functional
block complete access to the LAB resources. The LAB itself is fed
by the programmable interaconnect array and dedicated input bus.
The feedbacks of the macrocells and I/0 pins feed the PIA, provid-
ing access to them through other LABs in the device. The
CY7C340 family of EPLDs that have a single LAB use a global bus
and a PIA is not needed (see Figure 3).

The MAX Macrocell

Traditionally, PLDs have been divided into either PLA (program-
mable AND, programmable OR), or PAL® (programmable
AND, fixed OR) architectures. PLDs of the latter type provide
faster input-to-output delays, but can be inefficient due to fixed al-
location of product terms. Statistical analysis of PLD logic designs
has shown that 70% of all logic functions (per macrocell) require
three product terms or less.

The macrocell structure of MAX has been optimized to handle
variable product term requirements. As shown in Figure 4, each
macrocell consists of a product term array and a configurable regis-
ter. In the macrocell, combinatorial logic is implemented with
three product terms ORed together, which then feeds an XOR
gate. The second input to the XOR gate is also controlled by a
product term, providing the ability to control active HIGH or ac-
tive LOW logic and to implement T- and JK-type flip-flops. The
Max + PLUS sofware will aso use this gate to implement complex
mutually exclusive-OR arithmetic logic functions, or to do DeMor-
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Figure 2, Typical LAB Block Diagram

gan's Inversion, reducing the number of product terms required
to implement a function.

If more product terms are required to implement a given function,
they may be added to the macrocell from the expander product
term array. These additional product terms may be added to any
macrocell, allowing the designer to build gate-intensive logic, such
as address decoders, adders, comparators, and complex state ma-
chines, without using extra macrocells.

The register within the macrocell may be programmed for either
D, T, JK, or RS operation. It may alternately be configured as a
flow-through latch for minimum input-to-output delays, or by-
passed entirely for purely combinatorial logic. In addition, each
register supports both asynchronous preset and clear, allowing
asynchronous loading of counters of shift registers, as found in
many standard TTL functions. These registers may be clocked
with a synchronous system clock, or clocked independently from
the logic array.

Expander Product Terms

The expander product terms, as shown in Figure 5, are fed by the
dedicated input bus, the programmable interconnect array, the
macrocell feedback, the expanders themselves, and the I/O pin
feedbacks. The outputs of the expanders then go to each and every
product term in the macrocell array. This allows expanders to be
“shared” by the product terms in the logic array block. One expan-
der may feed all macrocells in the LAB, or even muitiple product
terms in the same macrocell. Since these expanders feed the sec-
ondary product terms (preset, clear, clock, and output enable) of
each macrocell, complex logic funcitons may be implemented
without utilizing another macrocell. Likewise, expanders may fecd
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Figure 3. 7C344 LAB Block Diagram
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Functional Description (continued)

and be shared by other expanders, to implement complex multi-
level logic and input latches.

1/0 Block

Separate from the macrocell array is the I/O control block of the
LAB. Figure 6 shows the I/O block diagram. The three-state buffer
is controlled by a macrocell product term and the drives the VO
pad. The input of this buffer comes from a macrocell within the
associated LAB. The feedback path from the I/O pin may feed
other blocks within the LAB, as well as the PIA.

By decoupling the I/O pins from.the flip-flops, all the registers in
the LAB are “buried,” allowing the ¥/O pins to be used as dedi-
cated outputs, bidirectional outputs, or as additional dedicated in-
puts. Therefore, applications requiring many buried flip-flops,
such as counters, shift registers, and state machines, no longer con-
sume both the macrocell register and the assoicated I/O pin, as in
earlier devices.

The Programmable Interconnect Array

PLD density and speed has traditionally been limited by signal
routing; i.e., getting signals from one macrocell to another. For
smaller devices, a single array is used and all signals are available
to all macrocells. But as the devices increase in density, the number
of signals being routed becomes very large, increasing the amount
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Functional Description (continued)

of silicon used for interconnections. Also, because the signal must
be global, the added loading on the internal connection path re-
duces the overall speed performance of the device. The MAX ar-
chitecture solves these problems. It is based on the concept of
small, flexible logic array blocks, which, in the later devices, are in-
terconnected by a PIA.

The PIA solves interconnect limitations by routing only the signals
needed by each LAB, The architecture is designed so that every
signal on the chip is within the PIA, The PIA is then programmed
to give cach LAB access to the signals that it requires. Consequent-
ly, each LAB receives only the signals needed. This effectively
solves any routing problems that may arise in a design without de-
grading the performance of the device. Unlike masked or pro-
grammable gate arrays, which induce variable delays dependent
on routing, the PIA has a fixed delay from point to point. This
climinates undesired skews among logic signals, which may cause
glitches in internal or external logic.

MAX + PLUS Development System Description

The PLDS-MAX + PLUS (Programmable Logic Design System)
is a unified CAE system for designing logic with Cypress's
CY7C340 family of EPLDs (Figure 7). PLDS-MAX + PLUS in-
cludes design entry, design processing, timing simulation, and de-
vice programming support, PLDS-MAX + PLUS runs on IBM
PS/2, PC-AT, or compatible machines, and provides tools to quick-
ly and efficiently create and verify complex logic designs.

The MAX + PLUS software compiles designs for MAX EPLDs
in minutes. Designs may be entered with a variety of design entry
mechanisms. MAX +PLUS supports hierarchical entry of both
Graphic Design Files (GDFs) with the MAX +PLUS Graphic
Editor, and Text Design Files (TDFs) with the Advanced Hard-
ware Description Language (AHDL). The Graphic Editor offers
advanced features such as multiple hierarchy levels, symbol edit-
ing, and a library of 7400 series devices as well as basic SSI gates.
AHDL designs may be mixed into any level of the hierarchy or
used on a standalone basis. AHDL is tailored especially for EPLD
designs and includes support for complex Boolean and arithmetic
functions, relational comparisons, multiple hierarchy levels, state
machines with automatic state variable assignment, truth tables,
and function calls,

/0 QUTPUT
ENABLE

FROM
MACROGELL
INLAB

THREE-STATE
BUFFER

X

TO PIA (LAB FOR 7C344)

C340-8

Figure 6. 1/0 Block Diagram

In addition to multiple design entry mechanisms, MAX + PLUS
includes a sophisticated compiler that uses advanced logic synthe-
sis and minimization techniques in conjunction with heuristic fit-
ting rules to efficiently place designs within MAX EPLDs, A pro-
gramming file created by the compiler is then used by
MAX + PLUS to program MAX devices with the QP2-MAX pro-
gramming hardware.

Simulations may be performed with a powerful, event-driven tim-
ing simulator. The MAX + PLUS Simulator interactively displays
timing results in the MAX + PLUS Waveform Editor. Hardcopy
table and waveform output is also available. With the Waveform
Editor, input vector waveforms may be entered, modified,
grouped, and ungrouped. In addition, the Waveform Editor com-
pares simulation runs and highlights the differences.

The integrated structure of MAX + PLUS provides features such
as automatic error location and delay prediction. If a design con-
tains an error in either a schematic or a text file, MAX + PLUS
flags the error and takes the user to the actual location of the ervor
in the original schematic or text file. In addition, propagation de-
lays of critical paths may be determined in both the Graphic and
Text Editors with the delay predictor. After the source and destina-
tion nodes are tagged, the shortest and longest timing delays are
calculated.

MAX + PLUS provides a seamless design framework using a con-
sistent graphical user interface throughout. This framework sim-
plifies all stages of the design cycle: design entry, processing, verifi-
cation, and programming. In addition, MAX + PLUS offers online
help to aid the user.

Design Entry

MAX+PLUS offers both graphic and text design entry methods.
GDFs are entered with the MAX + PLUS Graphic Editor; Bool-
ean equations, state machines, and truth tables may be entered
with the MAX + PLUS Test Editor using AHDL. The ability to
freely mix graphics and text files at all levels of the design hierarchy
and to use either a top-down or bottom-up design method makes
design entry simple and versatile.

Graphic Editor

The Graphic Editor provides a mouse-driven, multi-windowed en-
vironment in which commands are entered with pop-up menus or
simple keystrokes. The Hierarchy Display window, shown at the
top, lists all schematics used in a design. The designer navigates
the hierarchy by placing the cursor on the name of the design to
be edited and clicking the left mouse button. The Total View win-
dow (next to the Hierarchy window) shows the entire design. By
clicking on an area in this window, the user is moved to that arca
of the schematic. The Error Report window lists all warnings and
errors inthe compiled design; selecting an error with the cursor
highlights the problem node and symbol. A design is edited in the
main area, which may be enlarged by closing the auxiliary win-
dows,

When entering a design, the user may choose from alibrary of over
200 7400 series and special-purpose macrofunctions that are all op-
timized for MAX architecture. In addition, the designer my create
custom functions that can be used in any MAX + PLUS design.

To take advantage of the hierarchy features, the user first saves the
entered design so the Graphic Editor can automatically create a
symbol representing the design. This symbol may be used in a
higher-level schematic or in another design. It may also be modi-
fied with the Symbol Editor.
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Graphic Editor (continued)

Tag-and-drag editing is used to move individual symbols or entire
areas. Lines stay connected with orthogonal rubberbanding. A de-
sign may be printed on an Epson FX-compatible printer, or
plotted on an HP- or Houston Instruments-compatible plotter.

Symbol Editor

The MAX + PLUS Symbol Editor enables the designer to create
or modify a custom symbol representing a GDF or TDE It is also
possible to modify input and output pin placement of an automati-
cally generated symbol.

The created symbol represents a lower-level design, described by
a GDF or TDE The lower-level design represented by the symbol
may be displayed with a single command that invokes either the
Graphic Editor for schematics or the Text Editor for AHDL de-

The Advanced Hardware Description Language (AHDL) is a
high-level, modular language used to create logic designs for MAX
EPLDs. It is completely integrated into MAX + PLUS, so AHDL
files may be created, edited, compiled, simulated, and pro-
grammed from within MAX + PLUS,

AHDL provides support for state machine, truth tables, and Bool-
ean equations, as well as srithmetic and relational operations.
AHDLis hierarchical, which allows frequently used functions such
as TTL and bus macrofunctions to be incorporated in a design.
AHDL supports complex arithmetic and relational opeartions,
such as addition, subtraction, equality, and magnitude compari-
sons, with the logic functions automatically generated. Standard
Boolean functions, including AND, OR, NAND, NOR, XOR, and
SNOR are also included. Groups are fully supported so operations
may be performed on groups as well as on single variables. AHDL
also allows the designer to specify the location of nodes within
MAX EPLDs, Together, these features enable complex designs to
be implemented in a concise, high-level description.

Text Editor

The MAX + PLUS Text Editor enables the user to view and edit
text files within the MAX + PLUS environment. Any ASCII text
file, including Vector Filcs, Table Files, Report Files, and AHDL
Text Design Files (TDFs) may be viewed and edited wihtout hav-
ing to exit to DOS.

The Text Editor parallels the Graphic Editor’s menu structure. It
has a Hierarchy Display and a Total View window for moving
through the hierarchy levels and around the design. It includes au-
tomatic error location and hierarchy traversal. If an error is found
in a TDF during compilation, the Text Editor is automatically in-
voked and the line of AHDL code where the error occurred is
highlighted. In addition, a design may use both text and graphic
files. As the designer tdraverses the hierarchy, the Text Editor is
invoked for text files, and the Graphic Editor is invoked for sche-
matics.

Symbol Libraries

The library provided with MAX + PLUS contains the most com-
monly used 7400 series devices such as counters, decoders, encod-
ers, shift registers, flip-flops, latches, and multipliers, as well as spe-
cial bus macrofunctions, alt of which increase design productivity.
Because of the flexible architecture of MAX EPLD:s (that includes
asynchronous preset and clear), true TTL device emulation is
achieved. Cypress also provides special-purpose bus macrofunc-

tions for designs that use buses. All macrofunctions have been op-
timized to maximize speed and utilization. Refer to the
MAX+PLUS TTL MacroFunctions manual for more information
on TTL macrofunctions.

Design Processing

The MAX + PLUS Compiler processes MAX designs. The Com-
piler offers options that speed the processing and analysis of a de-
sign. The user can set the degree of Jetail of the Report File and
the maximum number of errors generated. In addition, the user
may select whether or not to extract a netlist file for simulation.

The Compiler compiles a design in increments. If a design has
been previously processed, only the portion of the design that has
been changed is re-extracted, which decreases the compilation
time. This “Make"” facility is an automatic feature of the Compile
command.

The first module of the Compiler, the Compiler Netlist Extractor,
extracts the netlist that is used to define the design from each file.
At this time, design rules are checked for any errors. If errars are
found, the Graphic Editor is invoked when the error appears in a
GDE and the Text Editor is invoked when the error appears in a
TDE The Error Report window in both editors highlights the loca-
tion of the error. A successfully extracted design is built into a data-
base to be used by the Logic Synthesizer.

The Logic Synthesizer module translates and optimizes the user-
defined logic for the MAX architecture. Any unused logic within
the design is automatically removed. The Logic Synthesizer uses
expert system synthesis rules to factor and map logic within the
multilevel MAX architecture. It then chooses the approach that
ensures the most efficient use of silicon resources.

The next module, the Fitter, uses heuristic rules to optimally place
the synthesized design into the chosen MAX EPLD. For MAX de-
vices that have a Programmable Interconnect Array (PIA), the Fit-
ter also routes the signals across this interconnect structure, so the
designer doesn’t have to worry about placement and routing is-
sues. A Report File (RPT) s issued by the Fitter, which shows de-
sign implementation as well as any unused resources in the EPLD.
The designer can then determine how much additional logic may
be placed in the EPLD.

A Simulator Netlist File (SNF) may be extracted from the com-
piled design by the Simulator Netlist Extractor if simulation is de-
sired. Finally, the Assembler creates a Programmer Object File
(.POF) from the compiled design. This file is used with the
QP2-MAX programming hardware to program the desired part.

Delay Prediction and Probes

MAX+PLUS includes powerful analysis tools to verify and ana-
lyze the completed dusign. Delay analysis with the delay predictor
may be performed interactively in the Graphic Editor, or in the
Simulator. The Simulator is interactive and event-driven, yielding
true timing and functional charactersitics of the compiled design.

The delay predictor provides instant feedback about the timing of
the processed design. After selecting the start point and end point
of a path, the designer may determine the shortest and longest
propagation delays of speed-critical paths.

Also, a designer may use probes to mark internal nodes in a design.
The designer may enter a probe by placing the cursor on any node
in a graphic design, selecting the SPE (Symbol:Probe:Enter) com-
mand, and then entering a unique name to define the probe. This
name may then be used in the Graphic Editor, Simulator, and
Waveform Editor to reference that node, so that lengthy hierarchi-
cal path names are avoided.

4-151




CYPRESS SEMICONDUCTOR

4
éw

4OE D

2589bL2 000543y 2 EACYP

T-46-13-47
CY7C340 EPLD Family

%

I
v

Simulator

Input stimuli can be defined with a straightforward vector input
language, or waveforms can be directly drawn using the Waveform
Editor. Outputs may also be viewed in the Waveform Editor, or
hardeopy table and waveform files may be printed.

The Simulator used the Simulator Netlist File (SNF) extracted
from the compiled design to perform timing simulation with
1/10-nanosecond resolution. A Command File may be used for
batch operation, or commands may be entered interactively. Simu-
lator commands allow the user to halt the simulation dependent
on user-defined conditions, to force and group nodes, and perform
AC detection.

If flip-flop set-up or hold times have been violated, the Simulator
warns the user. In addition, the minimum pulse width and period
of oscillation may be defined. If a pulse is shorter than the mini-
mum pulse width specified, or if a node oscillates for longer than
the specified time, the Simulator issues a warning.

Waveform Editor

The MAX + PLUS Waveform Editor provides a mouse-driven en-
vironment in which timing waveforms may be viewed and edited.
1t functions as a logic analyzer, enabling the user to observe simu-
lation results. Simulated waveforms may be viewed and manipu-
lated at multiple zoom levels, Nodes may be added, deleted, and
combined into buses, which may contain up to 32 signals repre-
sented in binary, octal, decimal, or hexadecimal format. Logical
opeartors may also be performed on pairs of waveforms, so that
waveforms may be inverted, ORed, ANDed, or XORed together.

The Waveform Editor includes sophisticated editing features to
define and modify input vectors. Input waveforms are created with
the mouse and familiar text editing commands. Waveforms may
be copied, patterns may be repeated, and blocks may be moved
and copied. For example, all or part of a waveform may be con-
tracted to simulate the increase in clock frequency.

The Waveform Editor also compares and highlights the difference
between two different simulations. A user may simulate a design,
observe and edit the results, and then resimulate the design, and
the Waveform Editor will show the results superimposed upon
each other to highlight the differences.

MAX + PLUS Timing Analyzer (MTA)

The MAX + PLUS Timing Analyzer (MTA) provides user-confi-
gurable reports that assist the designer in analyzing critical delay
paths, set-up and hold timing, and overall system performance of
any MAX EPLD design. Critical paths identified by these reports
may be desplayed and highlighted.

Timing delays between multiple source and destination nodes may
be calculated, thus creating a connection matrix giving the shortest
and longest delay paths between all source and destination nodes
specified. Or, the designer may specify that the detailed paths and
delays between specific sources and destinations be shown.

The set-up/hold option provides set-up and hold requirements at
the device pins for all pins that feed the D, CLK, or ENABLE in-
puts of flip-flops.and latches. Critical source nodes may be speci-
fied individually, or set-up and hold at all pins may be calculated.
This information is then displayed in a table, one set of set-up and
hold times per flip-flop/iatch.

The MTA also allows the user to print a complete list of all accessi-
ble nodes in a design,; i.e., all nodes that may be displayed during
simulation or delay prediction.

All MTA options may be listed in an MTA command file. With
this file, the user may specify all information needed to configure
the output.

SNF2GDF Converter

SNF2GDF converts the SNF into logic schematics represented
with basic gates and flip-flop elements. It uses the SNF’s delay and
connection information and creates a series of schematics fully an-
notated with propagation delay and set-up and hold information
at each logic gate. Certain speed paths of a design may be specified
for conversion, so the user may graphically analyze only the paths
considered critical.

If State Machine or Boolean Equation design entry is used,
SNEF2GDF shows how the high-level description has been synthe-
sized and placed into the MAX architecture.

Device Programming

PLDS-MAX contains the basic hardware and software for pro-
gramming the MAX EPLD family. Adpaters are included for pro-
gramming the CY7C344 (DIP and PLCC) and CY7C342 (PLCC)

devices. Additional adapters supporting other MAX devices may
be purchased separately. MAX+PLUS programming software

drives the QP2-MAX programming hardware. The designer can
use MAX + PLUS to program and verify MAX EPLDs. If the secu-
rity bit of the device is not set to ON, the designer may also-read
the contents of a MAX device and use this information to program
additional devices.

System Requirements
Minimum System Configuration

IBM PS/2 model 50 or higher, PC/AT or compatible
computer.

PC-DOS version 3.1 or higher.

640 kbytes RAM.

EGA, VGA or Hercules menochrome display.
20-MB hard disk drive.

1.2-MB 5%" or 1.44-MB 34" floppy disk drive.
3-button serial port mouse.

Recommended System Configuration

IBM PS/2 model 70 or higher, or Compaq 386 20-Mhz
computer.

PC-DOS version 3.3.

640 kbytes of RAM plus 1 MB of expanded memory with LIM
3.2-compatible EMS driver.

VGA graphics display.
20-MB hard disk drive.
1.2-MB 5% or 1.44-MB 3% floppy disk drive.

3-button serial port mouse.
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Ord g fnfo . . CY3342 Adapter for CY7C342 in PLCC packages.
CY3200 PLDS-MAX+PLUS System including:
CY3344 Adapter for CY7C344 in DIP and PLCC
CY320t MA)‘E + PLUS software, manuals packages.
and key. ,
CY3342R Adapter for CY7C342 in PGA packagcs.
CY3202 QP2-MAX PLD programmer with
CY33435 Adapter for CY7C343 in PLCC packages.

CY3342 & CY3344 adapters.
Device Adapters

CY3340 Adapter for CY7C341 in PLCC

packages.

Document # 38-00087-B
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Features

¢ 192 macrocells in 12 LABs

o 8 dedicated inputs, 64 bidirectional
1/O pins

e Programmable interconnect array

o 384 expander product terms

e Available in 84-pin JLCC, PLCC, and
PGA packages

Functional Description

The CY7C341 is an Erasable Program-
mable Logic Device (EPLD) in which
CMOS EPROM cells are used to confi-
gure logic functions within the device, The
MAX architecture is 100% user configur-
able allowing the devices to accommodate
a variety of independent logic functions.

The 192 macrocells in the CY7C341 are di-
vided into 12 Logic Array Blocks (LABSs),
16 per LAB, There are 384 expander prod-
uct terms, 32 per LAB, to be used and
shared by the macrocells within each LAB,
Each LAB is interconnected with a pro-
grammable inferconnect array, allowing all
signals to be routed throughout the chip.

The speed and density of the CY7C341 al-
lows it to be used in a wide range of applica-
tions, from replacement of large amounts
of 7400 series TTL logic, to complex con-
trollers and multifunction chips. With great-
er than 37 times the functionality of 20-pin
PLDs, the CY7C341 allows the replace-
ment of over 75 TT L devices. By replacing
large amounts of logic, the CY7C341 re-
duces board space, part count, and in-
creases system reliability.

EBach LAB contains 16 macrocells. In
LABs A, F, G, and L, 8 macrocells are con-
nected to 1/0 pins and 8 are buried, while
for LABs B, C, D, E, H, 1,J, and K, 4 ma-
crocells are connected to I/0O pins and 12
are buried. Moreover. in addition to the I/
O and buried macrocells, there are 32
single product term logic expanders in
cach LAB. Their use greatly enhances the
capability of the macrocells without in-
creasing the number of product terms in
each macrocell.

. Selection Guide

UOE D EA 2589bkL2 000543L & EACYP
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Logic Array Blocks

There are 12 logic array blocks in the
CY7C341. Each LAB consists of a macro-
cell array containing 16 macrocells, an ex-
pander product term array containing 32
expanders, and an I/O block. The LAB is
fed by the programmable interconnect
array and the dedicated input bus. All ma-
crocel! feedbacks go to the macrocell array,
the expander array, and the programmable
interconnect array. Expanders feed them-
selves and the macrocell array. All /O
feedbacks go to the programmable inter-
connect array so that they may be accessed
by macrocells in other LABs as well as the
macrocells in the LAB in which they are si-
tuated.

Externally, the CY7C341 provides 8 dedi-
cated inputs, one of which may be used as
asystem clock. There are 64 1/O pins that
may be individually configuied for input,
output, or bidirectional data flow.

Programmable Interconnect Array

The Programmable Interconnect Array
(PIA) solves interconnect limitations by
routing only the signals needed by each
logic array block. The inputs to the PIA
are the outputs of every macrocell within
the device and the I/O pin feedback of ev-
ery pin on the device.

Unlike masked or programmable gate ar-
rays, which induce variable delay depen-
dent on routing, the PIA has a fixed delay.
This eliminates undesired skews among
logic signals, which may cause glitches in
internal or external logic. The fixed delay,
regardless of programmable interconnect
array configuration, simplifies design by
assuring that internal signal skews or races
are avoided. The result is ease of design
implementation, often in a single pass,
without the multiple internal logic place-
ment and routing iterations required for a
programmable gate array to achieve design
timing objectives.

Timing Delays

Timing delays within the CY7C341 may be
easily determined using MAX+PLUS®

192-Macrocell MAX®

EPLD

software or by the model shown in
Figure 1. The CY7C341 has fixed internal
delays, allowing the user to determine the
worst case timing deiays for any design.
For complete timing information, the
MAX + PLUS software provides a timing
simulator.

Design Recommendations

For proper operation, input and output
pins must be constrained to the range
GND < (Vinor Vour) < Vee. Unused in-
puts must always be tied to an appropriate
logic level (either V¢c or GND). Each set
of Vcc and GND pins must be connected
together directly at the device. Power sup-
ply decoupling capacitors of at least 0.2 pF
must be connected between Vee and
GND. For the most effective decoupling,
each Ve pin should be separately de-
coupled to GND, directly at the device.
Decoupling capacitors should have good
frequency response, such as monolithic ce-
ramic types.

Design Security

The CY7C341 contains a programmable
design security feature that controls the
access to the data programmed into the
device. If this programmable feature is
used, a proprietary design implemented in
the device cannot be copied or retrieved.
This enables a high level of design control
to be obtained since programmed data
within EPROM cells is invisible. The bit
that controls this function, along with all
other program data, may be reset simply
by erasing the device.

The CY7C341 is fully functionally tested
and guaranteed through complete testing
of each programmable EPROM bitand all
internal logic elements thus ensuring
100% programming yield.

The erasable nature of these devices al-
lows test programs to be used and erased
during early stages of the production flow.
The devices also contain on-board logic
test circuitry to allow verification of func-
tion and AC specification once encapsu-
lated in non-windowed packages.

7C341-30 7C341-35 7C341-40
Maximum Access Time (ns) 30 35 40
Maximum Operating Commercial 310 310 40
Current (mA) Military 320 30
Maximum Standby Commercial 200 200
Current (mA) Military 240 240

MAX® and MAX + PLUS® are registered trademarks of Altera Corporation.
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Logic Block Diagram
1(A8) INPUT/ICLK X ] meuT (C6) 84
2 (A5) INPUT 3 1 inPUT {cn a3
41 (k8) nFUT O ineut (L7) 44
42 (J8) iNeuT O3 — T weur wn 43
11 SYSTEM CLOCK 1
LABA LABG
4 (CH MAGROCELL, MACROCELL 97 0 4 1
5 {A4) O— MACROCELL MACROCELL 98 O 47 (g
6 (84 O— N | macAocELi g0~ T 43 (k)
7 (A3) O—]___MACROCFiL4 K | MACROCELL 100 T 49 (9)
8 (a2) L3—{__ MacRocEILS ] |—macaocerL ol F—C3 50 (L10)
9 (83 O3— MAGROCELL 6 | maceocrit a2 1 5 kg
10 (At) B ___Manaccriiz ] | wacaoceii i 01 55 1y
1 (82) D—_mcamm_——l\ C:__MACEQ:ELU.L—D 53 (K10}
MACROCEILL-18 [V MACROCELL 105 - 112
LAB 8 l G l LAB H %
12 (c3) 31— 1 [ MacRocell 112 03 s4 i) b
13 1) C— MAGROCELL 18 MAGROCELL 114 L 55 (K11)
14 (o1) & MACROGETI 19| ——N]"_macecerii 11— 6 @i1)
15 (D2) | MAGROGEI[ 20 ] | macrocen 116 T3 57 (H10)
MACROCELL, 21 - 32 MACROCELL 117 - 128
LABC l { L { } l LB
18 (01) O3 MACROGELL 33 P ___MACAQCELL129 {1 58 (HIf)
17 (£3) OF— MACROCELL 34 MACROCELL 130 =1 59 (F10)
20 (F2) C3— MACRQCELI 25 | I —— NJ__uaceocega . 01 62 (a9
21 (F3) C3—]___ MacrocEiI 36 ] A 4 ] 3 &3 Fg)
MACROGELL 37 - 48 :> <: MACROCELL 133 - 144
LAB D {} {} l LABJ
22 (63) Cl— MACROCEL] 49 MACRCCELL 145 —{ 84 (F11)
23 (@1 O—] MACROGELL 50 MACROCELL 146 |—T"] 65 (E11)
25 (F1) O MACROCELL 51 | | umacrocelL 147 L) 67 (E9)
28 (H1) O— MACAQCELLS2 | | MACROCELL148 {73 &8 (D11)
MACROGELL 53 - 64 :> <: MACROCELL 149 - 160
LABE l {} I LAB K
27 (H2) C— MACROCELL 85 MACROCELL 161 —C1 69 (Dio}
28 (1) CO— MACROCELL 68 MACROCELL 162 - 70 (c11)
2 K1y C— MACROGELL 67 MACROCEL1 163 —{3 71 (811)
0 (2) C3—] __ MAGROCFII 68 | ] | MACROCEIL 164 1 72 (C10)
MACROCELL, 69 - 80 :> <: MACROCELL 165 - 176
LABF L {} LABL
31wy O] MACROCELL 81 MACROCELL 1 —11 73 a1y
2 (x2) — MACROCELL 82 MACROCELL 1 [—L1 74 (810)
33 (k3 O] MACROCELL 83 MACROCELL 1 —0 75 (B9
3 () O—1 ___ MACROCELL84 | | MACROCELL180 111 76 (A10)
35 ) O3] Macrocel g5 | | wacrocELL181 T 77 (A9)
36 (k4 E3—1 _ wvacrocEl gg | | tacrocell 182 L1 78 (88)
a7 (4 1 waceoceli a7 ] | wmacrocen 183 11 79 (ag)
38 s D—_Mmamsu_aa_:> <:_mcamsu_m_—-—i:l 80 (86)
MAGROCELL 89 - 96 MACROCELL 185 - 192
3,24, 45,66 (85, G2, K7, €10) [2D— v () - PERTAIN TO 84.PIN PGA PACKAGE
18, 19, 39, 40, 60, 61, 81, 82 (€1, E2, K5, L5, G10, G11, A7, B7) [>— GND Cadt-1
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Figure 1. CY7C341 Internal Timing Model
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Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, not tested.)
; Storage Temperature ...... eeeeaeiees -65°Cto +150°C  DCProgram Voltage .................... 2.0V to +13.5V
3 Ambient Temperature with o ing R
| POWEr APPUEd v .vvvvenrsisenennennannns 0°Cto +70°c  Operating Range
Maximum Junction Temperature Ambient
| (Under Bias) v.vevnvieencnarnivennnnnn.s Ceeeerens 150°C Range Temperature Vec
| Supply Voltage to Ground Potential ........, -20Vto +70V Commercial 0°Cto + 70°C SV % 5%
Maximum Power Dissipation ..... e 2500 mW Industrial ~40°C to + 85°C 5V + 10%
DC Ve or GND Current SRREEREE e eiaes e eneaans 500 mA Military —-559Cto + 125°C (Case) SV + 10%
DC Output Current, per Pin ........... -25 mA to +25 mA
DC Input VoltageM .......ocovvvvnaane. -2.0V to +7.0V
Electrical Characteristics Over the Operating Range/?
7C341 )
Parameters Description Test Conditions Min, Max, Units
Vou Output HIGH Voltage Vee = Min, Iog = -4.0 mA 24 v o
VoL Output LOW Voltage Vee = Min, Ig, = § mA 0.45
Vi Input HIGH Level 22 | Vce+03 v
Vi Input LOW Level -03 0.8 v
Ix Input Current GND < Vin < Vee -10 +10 LA
Ioz Output Leakage Current Vo = Ve or GND -40 +40 nA
Ios Output Short Vcc = Max,, VQUT = GND -30 -90 mA
Circuit Current
Iect Power Supply Vi = Vccor GND Com'l 200 mA
Current (Standby) (No Load) Mil 240 mA
I Power S[\;‘pply Vi = Vccor (%ND (No Load) Com'l 310 mA
Current f=10 MHZ[ Mil 320 mA
Capacitancet
Parameters Description Test Conditions Max. Units
Cin Input Capacitance Ta = 25°C, f = 1 MHz 10 pF
Cour Output Capacitance Vee = 50V 10 pF
Notes: :
1. Minimum DC input is -0.3V, During transitions, the inputs may un- 4. Part (a) in AC Test Load and Waveforms is used for all parameters ex-
dershoot to ~2.0V for periods less than 20 ns. cept tegand txz, which is used for part (b) in AC Test Load and Wave-
2, Typical values are for T = 25°Cand Ve = SV. forms. All external timing parameters are measured referenced to ex-
3. This parameter is measured with device programmed as a 16-bit ternal pins of the device.
counter in each LAB and is tested periodically by sampling production
materfal.
AC Test Loads and Waveforms
R146400 /14640
5V O AMA 5V O A ALL INPUT PULSES

0UTPUT°—‘[_' 0UTPUT°—I_‘ 3.0v '
0% 90%
R2 R2 10% 10%

&0 pF 25001 SpF 2500, anND L—
INCLUDING <5ns <5ns

JiG AND == — — = 2 L
SCOPE = =
(a) (b) c341-3 ’ ca41-4
Equivalent to; THEVENIN EQUIVALENT (commercial/military)
630

1
OUTPUT O AW————0 1,75V
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External Synchronous Switching Characteristics Over the Operating Range!
7C341-30 7C341-35 7C341-40
Parameters Description Min. Max. Min. Max. Min. Max, | Units
teot Dedicated Input to Combinatorial Com'l 30 35 ns
Output Delay®™ i T 0
trp2 1/O Input to Combinatorial Com’l 45 55 ns
Output Delay!® v T I
tep3 Dedicated Input to Combinatorial Com’l 44 55 ns
Output Delay with Expander Delay!l v = =
fpny 1/0 Input to Combinatorial Com'l 60 75 ns
Output Delay with Expander Delay® e 7 %
tea Input to Output Enable Delay Com’l 30 35 ns
Mil 35 40
ter Input to Output Disable Delay®! Com'l 30 35 ns
Mil 35 40
tcot Synchronous Clock Input to Com’l 16 20 ns
Qutput Delay il 0 3
tcoz ?grgg;?‘;gg%%l;déao Lolcal Feedback Com’l 35 42 ns
ot Mil 2 50
tst Dedicated Input or Feedback Set-u Com'l 22 25 ns
Time to Synchronous Clock Output®!®! il 55 =
ts2 1/0 Input Set-up Time to Com’l 39 45 ns
Synchronous Clock Input!®! i s =
th Input Hold Time from Synchronous Com'l 0 0 ns
Clock Input!®! i 0 N
twi Synchronous Clock Input High Time Com'l 10 125 ns
Mil 12.5 15
twL Synchronous Clock Input Low Time Com’l 10 12.5 ns
Mil 12.5 15
trw Asynchronous Clear Widtht®] Com'l| 30 35 ns
Mil 35 40
trr Asynchronous Clear Recovery®! Com’l | 30 35 ns
Mil 35 40
tro Asynchronous Clear to Registered Com'l 30 35 ns
Output Delay®! i 5 n
tpw Asynchronous Preset Width!! Com’l | 30 35 ns
Mil 35 40
tpr Asynchronous Preset Recovery Timel! Com’l { 30 35 ns
Mil 35 40
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External Synchronous Switching Characteristics Over the Operating Range!*l(continued)

7C341-30 7C341-35 7C341-40

Parameters Description Min. | Max. | Min., | Max, Min, | Max. | Units

tro Asynchronous Preset to Registered Com'l 30 35 ns
Output Delayl®l v - "

ter Synchronous Clock to Local Com’l 3 6 ns
Feedback Input!'!) Vil G P

tp External Synchronous Clock Period Com’l 38 45 ns
(tcor + ts1) Mil 45 51

fmaxt External Feedback Maximum Frequency Com'l | 263 222 MHz
(Wetcor + ts)f™ Mil 02 196

faaxz Internal Local Feedback Maximum Frequency,l Com'l | 40.0 322 MHz
lesser of (1/(ts1 + tcg)) or (Wtcorl™! Mil 122 83

fraxa Data Path Maximum Frequency, least of Com'l | 454 40.0 MHz
Wtwn, + twu) Utsy + tu), or (Yicoy ) Vil 200 13

fraxs Maximum Register Toggle Frequency Com'l | 50.0 40.0 MHz
(Wt + t“’“%)[ ° Mil 40.0 333

ton Output Data Stable Time from Synchro- Com'l 3 3 ns
nous Clock Input!*l il 3 3

Notes:
5. This specification is a measure of the delay from input signal applied ~ 10. If data is applied to an I/0 input for capture by a macrocell register,

to a dedicated input (68-pin PLCC input pin 1, 2, 32, 34, 35, 66, or
68) to combinatorial output on any output pin. This delay assumes
no expander terms are used fo form the logic function.

When this note is applied to any parameter specification it indicates
that the signal (data, asynchronaus clock, asynchronous clear, and/or
asynchronous preset) is applied to a dedicated input only and no signal
path (either clock or data) employs expander logic.

If an input signal is applied to an 1/0 pin an additional delay equal to
tpra should be added to the comparable delay for a dedicated input.
1f expanders are used, add the maximum expander delay tgxp to the
overall delay for the comparable delay without expanders.

This specification is a measure of the delay from input signal applied
fo an 1/0 macrocell pin fo any output. This delay assumes no expander
terms are used to form the logic function.

7. This specification is a measure of the delay from an input signal

applied to a dedicated input (68-pin PLCC input pin 1, 2, 32, 34,35,
36, 66, or 68) to combinatorial output on any output pin. This delay
assumes expander terms are used to form the logic functions and in-
cludes the worst-case expander logic delay for one pass through the
expander logic.

This specification is a measure of the delay from an input signal
applied to an 1/0 macrocell pin to any output. This delay assumes ex-
pander terms are used to form the logic function and includes the
worst-case expander logic delay for one pass through the expander
logic. This parameter is tested periodically by sampling production
material.

‘This specification is a measure of the delay from synchronous register
clock to internal feedback of the register output signal to the input
of the LAB logic array and then to a combinatorial output. This delay
assumes no expanders are used, register is synchronously clocked and
all feedback is within the same LAB, This parameler is tested periodi-
cally by sampling production material,

11.

12.

13.

14,

15.

16.

4-159

the I/0 pin set-up time minimums should be observed. These parame-
ters are tg for synchronous operation and 45 for asynchronous oper-
ation,

This specification is a measure of the delay associated with the internal
register feedback path. This is the delay from synchronous clock 1o
LAB logic array input. This delay plus the register set-up time, tgy,
is the minimum internal period for aa internal synchronous state ma-
chine configuration. This delay is for feedback within the same LAB,
This parameter is tested periodically by sampling production material.
This specification indicates the guaranteed maximum frequency, in
synchronous mode, at which a state machine configuration with exter-
nal feedback can operate. Itis assumed that all data inputs and feed-
back signals are applied to dedicated inputs. All feedback is assumed
to be local originating within the same LAB.

This specification indicates the guaranteed maximum frequency at
which a state machine, with internal-only feedback, can operate, If
register output states must also control external points, this frequency
can still be observed as long as this frequency is less than l/icor.
This frequency indicates the maximum frequency at which the device
may operate in data path mode (dedicated input pin to output pin),
‘This assumes data inputsignals are applied to dedicated input pinsand
no expander logic is used. If any of the data inputs are I/0 pins, ts;
is the appropriate tg for calculation.

This specification indicates the guaranteed maximum frequency, in
synchronous mode, at which an individual output or buried register
can be cycle by a clock signal applied to the dedicated clock input pin.
This parameter indicates the minimum time after a synchronous regis-
ter clock input that the previous register output daia is maintained on
the output pin.
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External Asynchronous Switching Characteristics Over the Operating Range!! (continued)

7C341-30 7C341-35 7C341-40
Parameters Description Min. | Max. Min. | Max. Min. | Max, | Units
tacot Dedicated Clock Input to Com'l 30 35 ns
Output Delay® il G g
tacoz Asynchronous Clock Input to Local Com’l 46 S5 ns
Fecdback to Combinatorial Output 7} Mil 55 i
tast Dedicated Input or Feedback Set-up Com’l i0 10 ns
Time to Asynchronous Clock Input!} M m T
tas2 1/0 Input Set-Up Time to Com’l | 27 30 ns
Asynchronous Clock Inputl®] Mil ) 3
tau Input Hold Time from Asynchrotious Com'l 15 15 ns
Clock Input¥! il 5 G
tawn Asynchronous Clock Input High Time!’! Com'l| 25 30 ns
Mil 30 35
taws, Asynchronous Clock Input Low Timel) Com'l| 25 30 ns
Mil 30 35
tace Aynchronous Clock to Local Com't 18 22 ns
Feedback Inputl®®l il > %
tap External Asynchronous Clock Period Com’l S0 60 ns
(tacor + tast) or (tawu + taw) Mil 60 70
faaxat .External Feedback Maximum Frequen- Com'l | 20 16.6 MHz
¢y in Asynchronous Mode!*! il T 3
fmaxaz Maximum Internal Asynchronous Fre- Com’l | 20 16.6 MHz
quency™! Mil 166 142
fyaxas Data Path Maximum Frequncy in Com’l | 20 16.6 MHz
Asynchronous Mode!?!] Ml 66 3
fiaxas Maximum Asynchronous Register Com’l | 20 16.6 MHz
Toggle Frequency 1/(tawn + tawo ) Mil 6.6 a2
taou Output Data Stable Time from Com'l 15 15 ns
Asynchronous Clock Inputi®! Mt 3 5
Notes:

17. ‘This specification is a measurc of the delay from an asynchronousreg- ~ 20.

ister clock input to internal feedback of the register output signal to
the input of Iﬂe LAB logic array and then to a combinalorial output.
This delay assumes no expanders are used in the logic of combinatorial
output or the a?nchronous clock input. The clock signal is applied
to the dedicated clock input pin and all feedback is within a single
LAB. This parametzr is tested periodically by sampling production
material.

18. Thisspecification is a measure of the delay associated with the internal
register feedback path for an asynchronous clock to LAB logic array
input. This delay plus the asynchronous register set-up time, tas). is
the minimum internal period for an internal asynchronously clocked
state machine configuration. This delay is for feedback within the
sane LAB, and assumes no expander logic in the clock path and the
clock input signal is applied to a dedicated input pin. This parameter
is tested periodically by sampling production material.

19. This specification indicates the guaranteed maximum frequency at
which an asynchronously clocked state machine configuration with ex-
ternal feedback can operate. It is assumed that alt data inputs, clock
inputs, and feedback signals are applied to dedicated inputs, and that
no expander logic is employed in the clock signal path or data path.

2

—

22.

23.

4-160

This specification indicates the guaranteed maximum frequency at
which an asynchronously clocked state machine with internal-only
feedback can operate. This parameler is determined by the lesser of
(LMack + tas)) or (1/{tawn +tawr)). If register output stales must
also control external points, this frequency can still be observed aslong
as this frequency is less than 1/tacor-

. This frequency is the maximum frequency at which the device may op-

erate in the asynchronously clocked data path mode. This specifica-
tion is determined by the least of 1/(tawn + tawr), V(tast + tary)
or 1/tacos. It assumes data and clock input signals are applied to dedi-
cated input pins and no expander logic is used.

This specification indicates the guaranteed maximum frequency at
which an individual output or buried register can be cycled in asynch-
ronously clocked mode by a clock signal applied to an external dedi-
cated input pin.

‘This pacameter indicates the minimum time that the previous register
output data is maintained on the output after an asynchronous register
clock input applied to an external dedicated input pin.
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3-STATE
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External Synchronous
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SYNCHRONOUS /
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ton —» ft——

ASYNCHRONQUS
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REGISTERED FEEDBACKI®]

External Asynchronous
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— ‘AH
tast ft—

ASYNCHRONOUS /)
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trofteo
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K
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Internal Switching Characteristics Over the Operating Rangel"
7C341-30 7C341-35 7C341-40
Parameters Description Min. Max. Min. Max., Min. Max. | Units
tin Dedicated Input Pad and Com’l 7 9 ns
Buffer Delay Mil 9 11
tio /O Input Pad and Com’l 6 9 ns
Buffer Delay Mil 9 12
texp Expander Array Delay Com’l 14 20 ns
Mil 20 25
tLaD Logic Array Data Delay Com’l 14 16 ns
Mil 16 18
tLac Logic Array Control Delay Com’l 12 13 ns
Mil 13 14
too Output Buffer and Pad Delay Com' 5 6 ns
Mil 6 7
tzx Output Buffer Enable Delay?’l Com'l 11 13 ns
‘ - Mil 13 15
txz Output Buffer Disable Delay Com’} 11 13 ns
Mil 13 15
trsu Register Set-Up Time Relative {0 Com’l 8 10 ns
Clock Signal at Register Mil 10 12
tau Register Hold Time Relative to Com'l 8 10 ns
Clock Signal at Register Mil 10 12
tLaTcH Flow-Through Latch Delay Com’l 4 4 ns
Mil 4 4
trD Register Delay Com'l 2 2 ns
Mil 2 2
tcoms Transparent Mode Delay!®! Com'l 4 4 ns
Mil 4 4
ten Clock High Time Com'l 10 12.5 ns
Mil 125 15
tcL Clock Low Time Com’l 10 12.5 ns
Mil 12.5 15
tic Asynchronous Clock Logic Delay Com’l i6 i8 ns
Mil 18 20
tics Synchronous Clock Delay Comt't 2 3 ns
Mil 3 4
tin Feedback Delay Com’l 1 2 ns
Mil 2 3
terE Asynchronous Register Preset Time Com’l 6 7 ns
Mil 7 8
teLr ‘| Asynchronous Register Clear Time Com'l 6 7 ns
Mil 7 8
trew Asynchronous Preset and Com’l 6 7 ns
Clear Pulse Width Mil 7 8
tpcr Asynchronous Preset and Com’l 6 7 ns
! Clear Recovery Time Mil 7 8
tpia Programmable Interconnect Com'l 16 20 ns
Array Delay Time Mil 20 24
Notes:

24. Sample tested only for an output change of 500 mV.

25. This specification guarantees the maximum combinatorial delay asso-
ciated with the macrocell register bypass when the macrocell is confi-
gured for combinatorial operation,
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e PRELIMINARY CY7C341

Switching Waveforms (continued) T-46-13-47

Internal Combinatorial

r ty ——f
INPUT PIN
to — tra
1/0 PIN %

EXPANDER
ARRAY DELAY X

fe— Yac. tap —

LOGIC ARRAY
INPUT

LOGIC ARRAY.
OUTPUT

G3q1-8

Internal Asynchronous

ta

CLOCK PIN

CLOCK [NTO
LOGIC ARRAY

je— tic —»

CLOCK FROM
LOGIC ARRAY

tasy —w7e— tan

DATA FROM %
LOGIC ARRAY
tantatcn e to tantere —*- tp

REGISTER QUTPUT
TO LOCAL LAB
LOGIC ARRAY

toa
REGISTER OUTPUT
TO ANOTHER LAB

External Asynchronous

|« fen | o, —
SYSTEM CLOCK PIN —/l‘_—*r Y ) —

r =] o s
SYSTEM CLOCK

AT REGISTER
tasuy —— tay

DATA FROM

LOGIC ARRAY

4-163

C341-9

C341-10



CYPRESS SEMICONDUCTOR 4OE D 2589662 000544k 9 EMCYP

PRELIMINARY CY7C341

Switching Waveforms (continued) T—46-] 3-47

Internal Synchronous

CLOCK FROM
LOGIC ARRAY

DATA FROM
LOGIC ARRAY
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HIGH IMPEDANCE
OUTPUT PIN X

STATE ™

C4i-11

Ordering Information

Speed Package | Operating
(ns) Ordering Code Type Range
30 CY7C341-30HC Commercial

CY7C341-30IC

; CY7C341-30RC
| CY7C341-30GC
35 CY7C341-35HC Commercial
CY7C341-351C

CY7C341-35RC
CY7C341-35GC

CY7C341~35HMB Military
CY7C341-35RMB
40 CY7C341-40HC Commercial

CY7C341~-40JC
CY7C341-40RC
CY7C341-40GC
CY7C341-40HMB Military
CY7C341-40RMB
Document £ 38-00137-B
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Features Functional Description

® 128 macrocells in 8 LABs

¢ § dedicated inputs, 52
bidirectional 1/0 pins

The CY7C342 is an Erasable Program-
mable Logic Device (EPLD) in which
CMOS EPROM cells are used to con-
figure logic functions within the device.
The MAX architecture is 100% user
configurable, allowing the devices to
accommodate a variety of independent
logic functions.

The 128 macrocells in the CY7C342
are divided into 8 Logic Array Blocks
(LABEs), 16 per LAB. There are 256 ex-
pander product terms, 32 per LAB, to
be used and shared by the macrocells
within each LAB. Each LAB is inter-
connected with a programmable inter-

® Programmable interconnect
array

e Available in 68-pin HLCC,
PLCC, and PGA

28-Macrocell MAXTM
EPLDs

connect array, allowing all signals to be
routed throughout the chip.

The speed and density of the CY7C342
allows it to be used in a wide range of
applications, from replacement of large
amounts of 7400 series TTL logic, to
complex controllers and multi-function
chips. With greater than 25 times the
functionality of 20-pin PLDs, the
CY7C342 allows the replacement of
over 50 TTL devices. By replacing
large amounts of logic, the CY7C342
reduces board space, part count, and
increases system reliability.

. .
Logic Block Diagram
1 (BB) INPUT/CLK > 1 <] INPUT (A7) 68
2 (A6) INPUT > <] NPUT  (AB) 86
32 (L4) INPUT > <] INPUT  (L6) 36
34 (LS) INPUT (— <] INPUT  (K6) 35
l [ SYSTEM CLOCK
LAB A z S H
4 (A5) £~ TACROCELL ACROCELL 120 &3 (88) 65
5 (B4) B— WACROCELL ACROCELL &3 {a9) 64
6 (A4) B—] CROCEL] A ] N CROCELL =33 (89) 63
7 (B3} B —— CROCELL K—] -, ROCEL —&3 (A10) 62
8 (A3} ES——— CROCELL ROCELL &3 (810) 61
9 (A2} E3—] [ACROCELL CROCELL ——&3 (811) 50
10 {82} E—— CROCELL | MACROCELL —e&3 (c11) 58
11 {81) E—{ CROCELL. :> <:: CROCEL |—&= (ci0) 58
MACROCELLS 9-16 MACROCELLS 121~128
LAB B l {} {} LAB G
12 (C2) BE3—] WACROCELL 17 MACROCETL 101 —&3 (D11) 57
13 (C1}) E¥——{ MACROCELL 16 MACROCELL 100 _|—=&3 (010} 56
14 (02} &3 ——1_ MACROLELL 19 [ MACROCELL 93 &3 (£11) 55
5 (01) &5——] MACROCELL 20 [ WACROCELL 98 | —=RR (F11)53
17 {£1) E— MACROCELL 21 MACROCELL 97 L—&3 (F10) 52
MACROCELLS 22-32 :> P C: MACROCELLS 102-112
e c l {} i } i LAB F
18 (F2) E3—{ wACRGCELL 33 A [ WACROCEL 85 ] G11) 51
19 {1} E3——| MACROCELL 34 CROCELL 84 ] H11) 49
21 (61} BE3—— MACROCELL 35 NN CROCEL H10§ 48
22 (H2} BE3——{ MACRCCELL 36 [ WACROCEY 1) 47
23 (H1) ES———1_ MACROCELL 37 ROCEL 110) 46
MACROCELLS 38-48 :_1-'> C: MACROCELLS 86-96
oy 13
24 (32) E=3— CROCELL 39 Kllgﬁ
25 ()1} BE——]__MACROCELL 50 44
26 (K1)} E— CROCELL 51 Al N
27 {k2) E———r1 CROCELL 52 K | /]
28 (L2} B ROCELL 53
29 (K3} E3—] ROCELL 54
30 {L3) B— ROCELL 55 K8) 39
31 (K4) ES—ry) ROCELL 56 :r\V t N 7y 38
MACROCELLS 57~64 MACROCELLS 73-80
3,20,37,54(B5.62.K7.£10) [>— V¢ {) = PERTAIN TO 63 PIN PGA PACKAGE
16,33,50,67.(E2,k5,610,87) £ N0
0175-1

MAX and MAX -+ PLUS are trademarks of Altera Corporation.
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SEMICONDUCTOR
Selection Guide T-46-13-47
7C342-30 7C342-35 7C342-40
Maximum Access Time (ns) i 30 35 40
Maximum Operating Commercial 310 310
Current (mA) Military 320 320
Industrial 320 320 320
Maximum Standby Commercial 200 200
Current (mA) Military 240 240
Industrial 240 240 240
Pin Configurations PGA
x Bottom View
Lo s & ce 5
egeggegfssafeegses ggfffegse
______ $§228ESSS8S €222 2S88¢%
9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 §2 61 gg%%ﬁgg
'/"ﬂ“’ wp/o ((eP000CO®©0O® |
o s3p11/0 7o 1o x|@ O OE e ® e ®| Y 1o
/o2 58 3J1/0 170 /0 )@ ©® ® @) o 1o
o3 s701/0 1/0 i/0 H]® @ @ @] o 1o
iyo14 56§31/0 1/0 V. 6|® @ ©® @] sto /0
ortis = 170 /o F|@ @ 7c342 ® ®) 1/0 yo
o Cf1s 54 B vee o 0 El@ ® @ O ¥ee /0
Y=t ss8v0 /o /00| & @ @] i/0 /o
/e /o ¢l®@ © - © @) /o 1/
Zgz:: S:'g:;g o 1o sle0 0@ @@ @1 1o
| 00000009
Vec 420 sopaano 1 2 3 4 56 7 83100
o2t 7C342 oo 00 uNxg o o
S>> 588>
ifoc]22 o 2
17023 a701/0 gggg;‘ ’Ségg
o] 24 =1 S===F gx==
o2 s/ 0175-4
1/0 26 471/0
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 &
pgoooguoogooooogodouy
§§§§§§%§§§§§%§§§§
0175-3
Logic Array Blocks
There are eight logic array blocks in the CY7C342, Each that they may be accessed by macrocells in other LABs as
LAB consists of a macrocell array containing 16 macro- well as the macrocells in the LAB in which they are situat-
cells, an expander product term array containing 32 expan- ed.

ders, and an 170 block, The LAB is fed by the programma-
ble interconnect array and the dedicated input bus. All
macrocell feedbacks go to the macrocell array, the expan-
der array, and the programmable interconnect array. Ex-
panders feed themselves and the macrocell array. All I/0
feedbacks go to the programmable interconnect array so

Externally, the CY7C342 provides eight dedicated inputs,
one of which may be used as a system clock. There are 52
1/0 pins which may be individually configured for input,
output, or bidirectional data flow.
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Figure 3, CY7C342 Internal Timing Model

Programmable Interconnect Array

The Programmable Interconnect Array (PIA) solves inter-
connect limitations by routing only the signals needed by
each logic array block. The inputs to the PIA are the out-
puts of every macrocell within the device and the I/0 pin
feedback of every pin on the device,

Unlike masked or programmable gate arrays, which induce
variable delay dependent on routing, the PIA has a fixed
delay. This eliminates undesired skews among logic signals,
which may cause glitches in internal or external logic. The
fixed delay, regardless of programmable interconnect array
configuration, simplifies design by assuring that internal
signal skews or races are avoided. The result is ease of
design implementation, often in a single pass, without the
multiple internal logic placement and routing iterations re-
quired for a programmable gate array to achieve design
timing objectives.

Timing Delays

Timing delays within the CY7C342 may be easily deter-
mined using MAX + PLUSTM software or by the model
shown in Figure 3. The CY7C342 has fixed internal delays,
allowing the user to determine the worst case timing delays
for any design. For complete timing information the

MAX + PLUS software provides a timing simulator.

4-167

Design Recommendations

Operation of the devices described herein with conditions
above those listed under “Absolute Maximum Ratings”
may cause permanent damage to the device, This is a stress
rating only and functional operation of the device at these
or any other conditions above those indicated in the opera-
tional sections of this data sheet is not implied. Exposure to
absolute maximum ratings conditions for extended periods
of time may affect device reliability. The CY7C342 con-
tains circuitry to protect device pins from high static volt-
ages or electric fields; howev-r, it is advised that normal
precautions be taken to avoid application of any voltage
higher than maximum rated voltages.

For proper operation, input and output pins must be con-
strained to the range GND < (Vin or YouT) € Vee.
Unused inputs must always be tied to an appropriate logic
level (either Ve or GND). Each set of Vec and GND
pins must be connected together directly at the device.
Power supply decoupling capucitors of at least 0.2 uF must
be connected between Ve and GND. For the most effec-
tive decoupling, each Ve pin should be separately decou-
pled to GND, directly at the device. Decoupling capacitors
should have good frequency response, such as monolithic
ceramic types.
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Design Security

The CY7C342 contains a programmable design security
feature that controls the access to the data programmed
into the device. If this programmable feature is used, a
propriety design implemented in the device cannot be cop-
ied or retrieved. This enables a high level of design control
to be obtained since programmed data within EPROM
cells is invisible. The bit that controls this function, along
with all other program data, may be reset simply by erasing
the device.

250

200 |

150 F

lec

S0

0 1 i 1 1 L
1kHz {0kHz 100kHz 1 MHz 10MHz 40MHz

MAXIMUM FREQUENCY

0175-9
Figure 4. Typical Icc vs fyax
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Figure 5. Output Drive Current

The CY7C342 is fully functionally tested and guaranteed
through complete testing of each programmable EPROM
bit and all internal logic elements thus ensuring 100% pro-
gramming yield.

The erasable nature of these devices allows test programs
to be used and erased during early stages of the production
flow. The devices also contain on-board logic test circuitry
to allow verification of function and AC specification once
encapsulated in non-windowed packages.
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Timing Considerations T-46-13-47

Unless otherwise stated, propagation delays do not include
expanders. When using expanders add the maximum ex-
pander delay tgxp to the overall delay. Similarly, there is
an additional tpya delay for an input from an I/0 pin when
compared to a signal from a straight input pin.

When calculating synchronous frequencies, use tg; if all
inputs are on dedicated input pins. The parameter ts,
should be used if data is applied at an I/O pin. If ts, is
greater than tco,, 1/ts, becomes the limiting frequency
in the data path mode unless 1/(twy + twL) is less than
1/ts,.

When expander logic is used in the data path, add the
appropriate maximum expander delay, tExp to ts. Deter-
mine which of 1/(twy + twL), 1/tcos or 1/(tgxp + tsy)
is the lowest frequency. The lowest of these frequencies is
the maximum data path frequency for the synchronous
configuration.

When calculating external asynchronous frequencies, use
tas if all inputs are on the dedicated input pins. If any
data is applied to an I/0 pin, tas, must be used as the
required set up time. If (tas, + tan) is greater than
tacop, 1/(tas; * taH) becomes the limiting frequency in
the data path mode unless 1/(tawn + tawL) is less than
1/(tas, + tam)-

When expander logic is used in the data path, add the
appropriate maximum expander delay, tgxp to tas;. De-
termine which of 1/(tawH + tawL), 1/tacoy, of
1/(tgxp + tasy) is the lowest frequency. The lowest of
these frequencies is the maximum data path frequency for
the asynchronous configuration.

The parameter ton indicates the system compatibility of
this device when driving other synchronous logic with posi-
tive input hold times, which is controlled by the same syn-
chronous clock. If toy is greater than the minimum re-
quired input hold time of the subsequent synchronous log-
ic, then the devices are guaranteed to function properly
with a common synchronous clock under worst-case envi-
ronmental and supply voltage conditions.

The parameter taoH indicates the system compatibility of
this device when driving subsequent registered logic with a
positive hold time and using the same clock as the
CY7C342.

In general, if taoH is greater than the minimum required
input hold time of the subsequent logic (synchronous or
asynchronous) then the devices are guaranteed to function
properly under worst-case environmental and supply volt-
age conditions, provided the clock signal source is the
same. This also applies if expander logic is used in the
clock signal path of the driving device, but not for the
driven device. This is due to the expander logic in the sec-
ond device’s clock signal path adding an additional delay
(texp) causing the output data from the preceding device
to change prior to the arrival of the clock signal at the
following device's register.
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(Above which the useful life may be impaired. For user guidelines, not tested.)

Storage Temperature ............... —65°Cto +150°C DC Program Voltage................ —2.0Vto +13.5V

Ambient Temperature with .

Power APPlied « ... vovnenensraneenarns 0°Cto +70°C Operating Range

Maximum Junction Temperature R Ambient v

(Under Bias) «.vvvvrinrrnininiininnnennennnres 150°C ange Temperature cc

Supply Voltage to Ground Potential ....—2.0Y to +7.0V Commercial 0°Cto +70°C 5V £59

bD’ié"“/m“m Pé:%‘é‘“”’““m """ RREERREEE 255%%““;’ Industrial | —40°C 1o +85°C SV £10%

ccorUr urrent . ..ooiie i m N
. Milit ~55°Cto + 125°C (Case 5V +£10%

DC Output Current, per Pin ....... =25 mAto +25mA ey ° (Case) 2

DC Input Voltagelll ................. —2.0Vto +7.0V

Electrical Characteristics Over the Operating Range(2]

Parameters Description Test Conditions Min, Max. Units
You Qutput HIGH Voltage Vce = Min, Iog = —4.0mA 2.4 \4
VoL Output LOW Voltage Vee = Min, IpL = § mA 0.45 A2
ViH Input HIGH Level 2.2 Veet03 \4
ViL Input LOW Level -0.3 0.8 A\
Iix Input Current GND < Vi € Vec —10 +10 RA
Ioz Output Leakage Current | Vo = Ve or GND —40 +40 RA
Output Short _ — 13, 4] _ _
Ios Cireuit Current Yece = Max., Voyurt = 0.5V13, 30 90 mA
ey gower ?l(lgtplydb ) Vi = Ve or GND (No Load) Commercial 200 mA
urrent {Stancby Military/Industrial 240 mA
Icc Power Supply Y1 = Vccor GND (No Load) | Commercial 310 mA
2 5 = )
Currentl’] f = 1.0 MHzl¥ Military/Industrial 320 mA

Capacitancel6]

Parameters " Description Test Conditions Max, Units
CiN Input Capacitance Vin = 2V,f= 1.0MHz 10 pF
Court Output Capacitance Your = 2.0V,f = LLOMH:z 10

Notes:

1. Minimum DC input is —0.3V. During transitions, the inputs may 4. Guaranteed but not 100% tested.
undershoot to —2.0V for periods less than 20 ns. 5. This parameter is measured with device programmed as a 16-bit coun-

2, Typical values are for T4 = 25°Cand Vcc = 5V. ter in each LAB.

3. Not more than one output should be tested at a time. Duration of the 6. Figure lain AC Test Load and Waveforms is used for all parameters
short circuit should not be more than one second. Yoyt = 0.5V has except tgr and txz, which is used for Figure 16 in AC Test Load and
been chosen to avoid test problems caused by tester ground degrada- Waveforms. All external timing parameters are measured referenced
tion. to external pins of the device.

AC Test Loads and Waveforms!6!

RI 4640 R1 4640 Input Pulses

5V O————A—— 5V Orrer———AA—— f [
oUTPUT 0—1— ouTPUT O—I—- oV 93% 90%
50pF 3R SpF 3R2 oo t g ¢ -
< 2500 < 2500 T f
=5 =5
:I_: INCLUDING L I i }'_ ns ne

= JIG AND = = = 0175-11

SCOPE .

0175-10 Figure 2

Figure 1a Figure 1b

Equivalentto:  THEVENIN EQUIVALENT (Commercial/Military)

1630
OUTPUT O——-AN——-T01.75V

0175-12
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External Synchronous Switching Characteristics [6] Over Operating Range T-46-13-47
Parameters Description CY7C342-30 | CY7C342-35 | CY7C342-40 Units
Min, | Max. | Min, | Max. | Min. | Max.
tpDy gedicated Input to Combinatorial Com’l/Ind 30 35 ) as
utput Delayl] Mil 35 20
1D, gO Input to Combinatorial Com'l/Ind 45 53 s
utput Detayl8! Mil 55 65
tpD3 gedicated Input to Combinatorial Com'l/Ind 44 55 ns
utput Delay with Expander Delay(9] il 55 65
teDs gO Input to Co_mbinatorial Com'l/Ind 60 75 ns
utput Delay with Expander Delayl4. 10] Mil 75 90
tEA Input to Output Enable Delay(4 7] Com'l/Ind 30 35 ns
Mil 35 40
tER Input to Output Disable Delayl4: 7l Com'l/Ind 30 33 ns
Mil 35 40
tco, gynchronous Clock Input to Com'l/Ind 16 20 ns
utput Delay Mil 20 23
tcos g‘ynchronous Clock_ to chal Com'l/Ind 35 42 ns
eedback to Combinatorial Outputl4 111 ey 2 50
ts) Dedicated Input or Feedback Setup Time | Com'l/Ind 22 25 ns
to Synchronous Clock Input(? 12] Mil 25 28
tsy é/lo Input Setup Time to Synchronous Com'l/Ind | 39 45 ns
ock Input!7] Mil 45 52
tn Input Hold Time from Synchronous Com'l/Ind 0 0 ns
Clock Inputm Mil 0 0
twH Synchronous Clock Input High Time Com'l/Ind 10 12.5 ns
Mil 12,5 15
twL Synchronous Clock Input Low Time Com'l/Ind 10 12.5 ns
Mil 12.5 15
tRW Asynchronous Clear Width{4 71 Com'l/Ind | 30 35 ns
Mil 35 40
tRR Asynchronous Clear Recovery Ti imel4, 7] Com'l/Ind | 30 35 ns
Mil 35 40
tRO gsynchronous Clear to Registered Com’l/Ind 30 35 ns
utput Delay{?} Mil 5 40
tpw Asynchronous Preset Width(4 71 Com'l/Ind | 30 35 ns
Mil 35 40
PR Asynchronous Preset Recovery Timel4. 7] Com'l/Ind 30 3 ns
Mil 35 40
tp0 gsynchronous Preset to Registered Com'l/Ind 30 35 s
utput Delay(?) Mil 35 20
teF ;ynchronous Clock to Local Com'l/Ind 3 s
‘eedback Input{4: 131 Mil 9
tp External Synchronous Clock Period Com'l/Ind 38 45 ns
(tcoy + tspt*! Mil a5 51
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by

to a dedicated input, (68-pin PLCC input pin 1, 2, 32, 34, 35, 66, or
68) to combinatorial output on any output pin. This delay assumes
no expander terms are used to form the logic function.

Parameters Description CY7C342-30 | CY7C342-35 | CYT7C342-40 Units
Min, | Max. | Min, | Max, | Min, | Max,
fvAX External Feedback Maximum Frequency Com'l/Ind | 26.3 22.2 MHz
MAXL (1/(tcoy + ts)l+ 14 Mil 2.2 19.6
fMAX Internal Local Feedback Maximum Frequency, | Com’l/Ind | 40.0 32.2 MHz
MAX) lesser of 1/(ts; + tcp) or (1/tco )l 15] Mil 122 28.5
Data Path Maximum Frequency, least of Com'l/Ind | 45.4 40.0
1/(twr + twr), (1/(tsy + tw) or
fMAX) ( ! . MHz
(1/tcop)H. t6] Mil 40.0 333
Maximum Register Toggle Frequency Com'l/Ind | 50.0 40.0
faxy (1/¢twr + twiD)l v} Mil 40.0 333 Mtz
¢ Output Data Stable Time from Com’l/Ind 3 3 ns
OH Synchronous Clock Input[4. 18} Mil 3 3
Notes:
7. This specification is a measure of the delay from input signal applied 12. If data is applied to an I/0 input for capture by a macrocell register,

the £/0 pin input set-up time minimums should be observed. These
parameters are ts, for synchronous operation and tas, for asynchro-
nous operation.

When this note is applied to any parameter specification it indicates 13, This specification is a measure of the delay associated with the inter-
that the signal (data, asynchronous clock, asynchronous clear, nal register feedback path. This is the delay from synchronous clock
and/or asynchronous preset) is applied to a dedicated input only and to LAB logic array input. This delay plus the register set-up time,
no signal path (either ¢lock or data) employs expander logic. ts}, is the minimum internal period for an internal synchronous state
If an input signal is applied to an I/0O pin an additional delay equal machine configuration. This delay is for feedback within the same
to tpra should be added to the comparable delay for a dedicated LAB. This parameter is tested periodically by sampling production
input. If expanders are used add the maximum expander delay texp material,
to the overall delay for the comparable delay without expanders. 14. This specification indicates the guaranteed maximum frequency, in
8. This specification is a measure of the delay from input signal applied synchronous mode, at which a state machine configuration with ex-
to an 1/0 macrocell pin to any output. This delay assumes no expan- ternal feedback can operate. It is assumed that all data inputs and
der terms are used to form the logic function. feedback signals are applied to dedicated inputs. All feedback is as-
9. This specification is a measure of the delay from an input signal sumed to be local originating within the same LAB.
applied to a dedicated input, (68-pin PLCC input pin 1, 2, 32, 34, 35, 15. This specification indicates the guaranteed maximum frequency at
36, 66, or 68) to combinatorial output on any output pin, This delay which a state machine with internal only feedback can operate. If
assumes expander terms are used to form the logic function and register output states must also control external points, this frequen-
includes the worst-case expander logic delay for one pass through the cy can still be observed as long as this frequency is less than 1/tco,.
expander logic. 16. This frequency indicates the maximum frequency at which the de-
10. This specification is a measure of the delay from an input signal vice may operate in data path mode (dedicated input pin to output
applied to an I/0 macrocell pin to any output. This delay assumes pin). This assumes data input signals are applied to dedicated input
expander terms are used to form the logic function and includes the pins and no expander logic is used. If any of the data inputs are I/0
worst case expander logic delay for one pass through the expander pins, ts; is the appropriate ts for calculation.
logic. This parameter is tested periodically by sampling production 17. This specification indicates the guaranteed maximum frequency, in
material. synchronous mode, at which an individual output or buried register
1. This specification is a measure of the delay from synchronous regis- can be cycled by a clock signal applied to the dedicated clack input
ter clock to internal feedback of the register output signat to the pin.
input of the LAB logic array and then to a combinatorial output. 18. This parameter indicates the minimum time after a synchronous reg-
This delay assumes no expanders are used, register is synchronously ister clock input that the previous register output data is maintained
clocked and all feedback is within the same LAB. This parameter is on the output pin.
tested periodically by sampling production material.
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Parameters Description CY7C342-30 | CY7C342-35 | CY7C342-40 Units
Min, | Max, | Min, | Max, | Min, | Max,
tACO] gsynchronousn(lilock Input to Com'l/Ind 30 35 as
utput Delay Mil 15 45
tACO; ésynchronous Clogk Inp}xt to Local Com'l/Ind 46 55 s
eedback to Combinatorial Output[19] Mil 55 64
tasy Redicated Input or Feedbac!lc Setup Time to | Com'l/Ind | 10 10 ns
synchronous Clock Input ) Mil 10 10
tas: glO Input S?lup Time to Asynchronous Com'l/Ind | 27 30 s
ock Input(7] Mil 30 33
tAK gllput Hold Time from Asynchronous Com'l/Ind 15 15 ns
ock Enput(7} Mil (5 15
tAWH Asynchronous Clock Input High Timel?] Com'l/Ind 2 30 ns
Mil 30 35
tAWL Asynchronous Clock Input Low Timel?) Com'l/Ind | 25 30 ns
Mil 30 35
tACF ?synchronous Clock to Local Com'l/Ind 18 22 ns
eedback Inputl 201 Mil 22 26
tAP External Asynchronous Clock Period Com’l/Ind 50 60 us
(tacoy + tasy) or (tawn + tawpD)¥) Mil 0 70
ernal Fe k Maximum Fre cy i 'l 6.6
fMAxal i’;;nr:k?ron(ffsb ;;:dee ?lx/tAli:;}“l 2l?uen yin ;C:T /Ind | 20 ]l 66 142 MHz
fMAXA; %ﬂaximum [I4ntzilinal Asynchronous Com’l/Ind | 20 16.6 MHz
requency™ Mil 16.6 14.2
fMAXA3 Eata Path Maximum[‘};‘rze3 uency in Com'l/Ind | 20 16.6 MHz
synchronous Model%: Mil 16.6 14.2
Maximum Asynchronous Register Toggle Com'l/Ind | 20 16.6
MAXA4 Frequency 1/(ytAWH + tAng)u. 22] e Mil / 166 2 MHz
tAOH gutput Data Stable Time from Com'l/Ind 15 15 s
synchronous Clock Inputl4 25] Mil is 15
Notes:
19, This specification is a measure of the delay from an asynchronous 22. This specification indicates the guaranteed maximum {requency at

register clock input to internal feedback of the register output signal
to the input of the LAB logic array and then to a combinatorial
output. This delay assumes no expanders are used in the logic of
combinatorial output or the asynchronous clock input. The clock
signal is applied to the dedicated clock input pin and all feedback is
within a single LAB: This parameter is tested periodicatly by sam-
pling production material.

20. This specification is a measure of the delay associated with the inter-

2

nal register feedback path for an asynchronous clock to LAB logic
arcay input. This delay plus the asynchronous register setup time,
tasy, is the minimum internal period for an internal asynchronously
clocked state machine configuration. This delay is for feedback with-
in the same LAB, assumes no expander logic in the clock path and
assumes that the clock input signal is applied to a dedicated input
pin. This parameter is tested periadically by sampling production
material,

. This specification indicates the guaranteed maximum frequency at
which an asynchronously clocked state machine configuration with
external feedback can operate. It is assumed that all data inputs,
clock inputs, and feedback signals are applied to dedicated inputs
and that no expander logic is employed in the clock signal path or
data path.

2

w

24,

25.
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which an individual output or buried register can be cycled in asyn-
chronously clocked mode by a clock signal applied to an external
dedicated input pin.

. This frequency is the maximum frequency at which the device may

operate in the asynchronously clocked data path made. This specifi-
cation is determined by the least of 1/(tawn + tawL), 1/(tas) +
tap) or 1/taco;- [t asssumes data and clock input signals are ap-
plied to dedicated input pins and no expander logic is used.

This specification indicates the guaranteed maximum frequency at
which an asynchronously clocked state machine with internal only
feedback can operate. This parameter is determined by the lesser of
(1/(acE + tas) or (1/(tawH + tawL)) If register output states
must also control external points, this frequency can still be observed
as long as this frequency is less than 1/taco;.

This specification assumes no expander logic is utilized, all data in-
puts and clock inputs are applied to dedicated inputs, and all state
feedback is within a single LAB. This parameter is tested periodical-
ly by sampling production material.

This parameter indicates the minimum time that the previous regis-
ter output data is maintained on the output after an asynchronous
register clock input applied to an external dedicated input pin.



CYPRESS SEMICONDUCTOR

4gE D 2589bb2 0005455 T EECYP

CY7C342

Switching Waveforms

Exfernal Combinatorial

DEDICATED INPUT/
1/0 INPUT
COMBINATORIAL
oUTPUT

COMBINATORIAL OR
REGISTERED QUTPUT

HIGK IMPEDANCE
3= STAIE

T-46-13-47

7 8
ot V/tppa®!
71 I

e
HIGH IMPEDANCE
3= STATE

-<—QEA(7]—->1

i (C_vaLD outeur

0175-13

External Synchronous

DEDICATED INPUTS OR
REGISTERED FEEDBACK [71

SYNCHRONOUS
CLOCK

ASYNCHRONOUS

cLear/pReser 171

REGISTERED
QUTPUTS

COMBINATORIAL OUTPUT FROM
ReGISTERED FeEpBack (1]

0175-14

External Asynchronous

DEDICATED INPUTS OR
REGISTERED FEEDBACK

ASYNCHRONOUS
CLOCK INPUT

ASYNCHRONOUS
CLEAR/PRESET

ASYNCHRONQUS REGISTERED
OUTPUTS

COMBINATORIAL QUTPUT FROM
ASYNCHRONOUS REGISTERED FEEDBACK

0175-15
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Typical Internal Switching Characteristics Over Operating Range T-46-13-47
Parameters Description CY7C342-30 CY7C342-35 CY7C342-40 Units
Min. Max. Min. Max. Min. Max,
. Dedicated [nput Pad and Com')/Ind 7 9 s
R Buffer Delay Mil 9 11
tio 170 Input Pad and Buffer Delay Com'l/Ind 6 ? ns
Mil 9 12
tEXP Expander Array Delay Com'l/Ind 14 20 ns
Mil 20 25
. Com'l/Ind 14 16
tLAD Logic Array Data Dela ns
Y y Mil 16 18
. Com'l/Ind 12 13
tLac Logic Array Control Delay ns
Mil 13 14
tob Output Buffer and Pad Delay Com'l/Ind 3 6 ns
Mil ' 6 7
1zX Output Buffer Enable Delayl26] Com'l/Ind 1t 13 ns
Mil 13 15
tXz Output Buffer Disable Delay Com'l/Ind 1l 13 ns
Mil ) 13 15
¢ Register Setup Time Relative to Com'l/Ind 3 10 ns
RSU Clock Signal at Register Mil 10 12
t Register Hold Time Relative to Com'l/Ind 8 10 as
RH Clock Signal at Register Mil 10 2
tLATCH Flow Through Latch Delay Com'l/Ind 4 4 ns
Mil 4 4
tRD Register Delay Com'l/Ind 2 2 ns
Mil 2 2
tcoOMB Transparent Mode Delay(27] Com'l/Ind 4 4 ns
Mil 4 4
tCH Clock High Time Com'l/Ind 19 125 ns
Mil 12.5 15
tcL Clock Low Time Com’l/Ind 10 12.5 ns
Mil 12.5 15
tic Asynchronous Clock Logic Delay Com'l/ind 16 18 ns
Mil 18 20
tics Synchronous Clock Delay Com'l/Ind 2 3 ns
Mil 3 4
tFD Feedback Delay Com’l/Ind 1 2 ns
Mil 2 3
Asynchronous Register Com’l/Ind 6 7
tPRE Preset Time Mil 7 3 ns
¢ Asynchronous Register Com'l/Ind 6 7 s
CLR Clear Time Mil 7 3
¢ Asynchronous Preset and Com'l/Ind 6 7 ns
pew Clear Pulse Width il 7 3
t Asynchronous Preset and Clear Com'l/Ind 6 7 ns
PCR Recovery Time Mil 7 3
t Programmable Interconnect Com'l/Ind 16 20 s
PlA Array Delay Time Mil 20 24
Notes:
26. Sample tested only for an output change of 500 mV. 27. This specification guarantees the maximum combinatorial delay as-

sociated with the macracell register bypass when the macrocell is
configured for combinatorial operation.
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CY7C342

Switching Waveforms (Continued)

Internal Combinatorial

INPUT PIN

1/0 PIN

EXPANDER
ARRAY DELAY

LOGIC ARRAY
INPUT

LOGIC ARRAY
oUTPUT

T-46-13-47

L—"m—'

A

I‘—“PIA_—’
T

A

tuae,

0175-16

Internal Asynchronous

CLOCK PIN

CLOCK INTO
LOGIC ARRAY

CLOCK FROM
LOGIC ARRAY

DATA FROM
LOGIC ARRAY

REGISTER
QUTPUT TO
LOCAL LAS

LOGIC ARRAY

REGISTER
QUTPUT TO
ANOTHER LAB

tawi

Ye

‘—‘RH_’I

-

toLr, tere — ‘ro"'

L‘ tao, tarch "I‘—‘FD—]

A

=

=
«P,A—;!(

0175-17

Internal Synchronous

SYSTEM
CLOCK PIN

SYSTEM CLOCK
AT REGISTER

DATA FROM
LOGIC ARRAY

| ten
/_ Hr

I‘-‘m—'l

*: trsy—1

SN

b= ties

'—"RH_"

/T /N

X

A
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Switching Waveforms (Continued) T‘45"7 3-47
Internal Synchronous
CLOCK FROM
LOGIC ARAY ___.J \_______/* N
| |“Ro+— loo—" | |
DATA FROM :
| AN ¢ X X {
| txz——‘ tx
|
|

OUTPUT PIN )( J HIGH ‘::.PA?E)ANCE

0175-19

| Ordering Information
Speed

Package Operating

(s) Ordering Code Type Range
30 CY7C342-30HC/HIL H81 Commercial/
CY7C342-30)C/JL 381 Industrial

CY7C342-30RC/RI | R68
CY7C342-30GC/GI |  G68
35 | CY7C342-35HC/HI | H81 | Commercial/
CY7C342-351C/1 181 Industrial

CY7C342-35RC/RI | R68
CY7C342-35GC/GL | G683

CY7C342-35HMB Hs1 Military
CY7C342-35RMB R68

40 | CY7C342440HC/HI | H81 | Commercial/
CY7C342-401C/11 181 Industrial

CY7C342-40RC/RI R68
CY7C342-40GC/GI G68
CY7C342-40HMB H81 Military
CY7C342-40RMB R68
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Switching Characteristics

Parameters Subgroups
{pD1 7,8,9,10,11
tPD2 7.8,9,10,11
tPD3 7,8.9,10,11
tcol 7,8,9,10,11
ts1 7,8,9,10,11
ts2 7,8,9,10,11
tH 7,8,9,10,11
twWH 7,8,9,10,11
twL 7,8,9,10,11
tRO 7,8,9,10,11
tpo 7,8,9,10,11
tacot 7,8,9,10,11
tACo2 7,8,9,10,11
tas] 7,8,9,10,11
tas2 7,8,9,10,11
tAH 7,8,9,10,11
tAwWH 7,8,9,10,11
tAWL 7,8,9,10,11

Document #: 38-00119-A

Cmess CY7C342
MILITARY SPECIFICATIONS T-46-1 3-47
Group A Subgroup Testing
DC Characteristics

Parameters Subgroups
YoH 1,2,3
YoL 1,2,3
Vi 1,2,3
YiL 1,2,3
I1x 1,2,3
Ioz 1,2,3
Iccl 1.2,3
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Features
o 64 MAX macrocells in 4 LABs

o 8 dedicated inputs, 28 three-
stateable, bidirectional 1/0 pins

¢ Programmable interconnect

&£ CYPRESS
£ SEMICONDUCTCR

YOE D B2 2589bkL2 000540 3 EACYP

T-46-13-47

PRELIMINARY CYT7C343

Functional Description

The CY7C343 is a high-performance,
high-density erasable programmable
logic device, available in 44-pin PLCC
and HLCC packages.

The CY7C343 contains 64 highly flex-

64-Macrocell MAX® EPLD

8 input pins, one of which doubles as a
clock pin if needed. The CY7C343 also
has 28 1/0 pins, each connected to a
macrocell (six for LABs A and C, and
eight for LABs B and D). The remain-

MACROCH
MAGROCELLS 25-32

MACROCELLS 39-48

arra; . i .
.y . . ible macrocells and 128 expander prod- zingd316 macrocells are used for embed
¢ Available in 44-pin HLCC, uct terms. These resources are divided ed logic.
PLCC into four Logic Array Blocks (LABs The CY7C343 is excellent for a wide
° . .
connected through the Programmable range of applications both synchronous
Interconnect Array (PIA). There are and asynchronous.
Logic Block Diagram Pin Configuration
9 PUT > <J INPUT 35
11 eut O <] NFUT/CLK 34 HL(,:_C
12 eut > < meuT 33 Top View
13 INPUT > <] meut 31 a
CEQICATED INPUTS gggﬁggggggg
SYSTEM CLOCK
LAB A Z 1 8 0 vo 6 5 43 2: 1 :U 43 42 4 40 o
2 gj TV O;Lf_‘_ MACHDCELL 36 &3 Lo
4 [ WACROCELL MACROGEL, 55 |83 44 /08 38831/0
1/0 5 £ MACRQC! A MACROZ 54 |—&3 42
PINS 6 E—] _MACROC ___> WACROLELL 63 F——&3 31 1/0 HPUT C}9 s1fdi/e
7 B MACROC! MACROC: 52 [-—E&3 40 PINS CHD 10 Y,
8 E3——__MATROC WACROCELLS1 &9 39 d
MACKOCELL 50 }——&3 38 [ = I 35 |3 et
MACRQCELL 39 —83 37
MACROCELLS 7-16 ﬁ ) <:: ACROCPLLS 57-00 INPUT Cf12 34 2 NPUT/CLX
I CROCELLS meut 13 337 INFUT
g % éuac Yec 414 3200 6N0
15 7 A WACRGCELL I8 &3 30 o5 7C343 st mput
16 LiB MACROCELL 37 |—&4 29
1; 19 C: :> MACROCELL 36 |——&34 28 1;I/oS /o is o0
1/0 1 g ACRGL| 33 —~k3 27 N
PI/NS 19 i ROt T £ 26 =il 20031/0
ig §§ MACROCELL 33 —-&3 24 18 19 20 21 22 23 24 25 26 27 28
= -
—V

0185-2
(3,14,25.38) >— Ve
(10,21,32,43) >—ocn0
0185-1
Selection Guide
7C343-30 7C343-35 7C343-40
Maximum Access Time (ns) 30 35 40
Maximum Operating Commercial 135 135
Current (mA) Military 225 225
Industrial 225 225 225
Maximum Standby Commercial 120 120
Current (mA) Military 200 200
Industrial 200 200 200

MAX and MAX + PLUS are registered trademarks of Altera Corporation.
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Maximum Ratings
{Above which the useful life may be impaired. For user guidelines, not tested.)

Storage Temperature ............... —65°Cto +150°C DC Input Voltageflll ................. —2.0Vto +7.0V

Ambient Temperature with DC Program Voltage................ —2.0Vito +13.5V

Power Applied .......... e .....0°Cto +70°C

Maximum Junction Temperature Operating Range

(UnderBias) ..........00vvnss e 150°C Ambient

Supply Voltage to Ground Potential ....—2.0V to +7.0V Range Temperature Vee

Maximum Power Dissipation ......... e 2500 mW Commercial 0°Cto +70°C 5V £5%

DCVccorGNDCurrent +.vvvvivvininnnnnans 500 mA Industrial —-40°Cto +85°C 5V £10%

DC Output Current, per Pin ....... —25mAto +25mA Military --55°C to -+ 125°C (Case) 5V £10%

Electrical Characteristics Over the Operating Rangel(2]
Parameters Description Test Conditions Min, Max. Units
You Output HIGH Voltage Ve = Min, Iog = —40mA 2.4 \4
YoL Output LOW Voltage Ycc = Min, IoL = 8 mA 0.45 A\’
Vi Input HIGH Level 2.2 Vce+0.3 v

F VL Input LOW Level —-0.3 0.8 v

= Iix Input Current GND < Vin € Ve -10 +10 A
Toz Output Leakage Current | Vo = Vgeor GND —40 +40 RA
Ios (C)l‘;‘c'zl‘l‘t‘ (S:Tr):;m Ve = Max., Vour = 0.5V[2Al 30| -9 | ma

j Icc, gc‘)l\:rer S[l;;])ply V1= = Vcc oré_‘]rND (No Load) | Commercial 135 mA

rent f= 1L.OMHz Military/Industrial 225 mA
Capacitancel4
' Parameters Description Test Conditions Max, Units
CIN Input Capacitance Vin = 2V, f= 1.0MHz 10 pE
Cout Output Capacitance Vourt = 2.0V,f = 1.0 MHz 10
Notes: -
1, Minimum DC input is —0.3V. During transitions, the inputs may 3. Measured with device programmed as a 16-bit counter in each LAB.

undershoot to —2.0V for periods less than 20 ns.
2. Typical values are for T = 25°Cand Ycc = 5V.
2A. Not more than one output shou!d be tested at a time. Duration of
the short circuit should not be more than one second. Yoyt = 0.5V
has been chosen to avoid test problems caused by tester ground
degradation.

AC Test Loads and Waveforms[4]

This parameter is tested periodically by sampling production material,

. Part (a) in AC Test Load and Waveforms is used for all parameters
except tgr and txz, which is used for part (b) in AC Test Load and
Waveforms. All external timing parameters are measured referenced
to external pins of the device.

S

Ry 4640 Ry 4640 Input Pulses
sV 5V O AN
ouTPUT ] ouTPUT b 3.0v oom K 90%
o I e 10%
SOPFI 3 Ry 2500 SPFI 2 R, 2500 GND 107
INCLUDING — j_L — j: <10ns L— <6ns
JG AND - = - t, t
SCOPE
0185-4 0185-5
Figure 1a Figure 1b Figure 2

THEVENIN EQUIVALENT (Commercial/Military)

1630
OUTPUT O———MA—01.75V

Equivalent to:

0185-6
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Programmable Interconnect Array

The Programmable Interconnect Array (PIA) solves inter-
connect limitations by routing only the signals needed by
each logic array block. The inputs to the PIA are the out-
puts of every macrocell within the device and the I/0 pin
feedback of every pin on the device.

Unlike masked or programmable gate arrays, which induce
variable delay dependent on routing, the PIA has a fixed
delay, This eliminates undesired skews among logic signals,
which may cause glitches in internal or external logic. The
fixed delay, regardless of programmable interconnect array
configuration, simplifies design by assuring that internal
signal skews or races are avoided. The result is ease of
design implementation, often in a single pass, without the
multiple internal logic placement and routing iterations re-
quired for a programmable gate array to achieve design
timing objectives.

Timing Delays

Timing delays within the CY7C343 may be easily deter-
mined using MAX + PLUSTM software or by the model
shown in Figure 3, The CY7C343 has fixed internal delays,
allowing the user to determine the worst case timing delays
for any design. For complete timing information the

MAX + PLUS software provides a timing simulator.
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SEMICONDUCTOR
CY7C343 Timing Model T-46-13-47
EXPANDER
DELAY |
texe
REGISTER
o e e "
> Ry ouTPUT
NPT [>—>] oiLY i e e peAY
L . R oo weut/
3 LOGC ARRAY W :ﬁi‘i‘; ::; QUTPUT
i o e
SYSTEM CLOCK OELAY g >
¥ PIA »  CLOCK DELAY >
DELAY > e
toa »
FEEDBACK
DELAY <
o
/0 DELAY |
Yo b
0185-3

Design Recommendations

Operation of the devices described herein with conditions
above those listed under “Absolute Maximum Ratings™
may cause permanent damage to the device, This is a stress
rating only and functional operation of the device at these
or any other conditions above those indicated in the opera-
tional sections of this data sheet is not implied. Exposure to
absolute maximum ratings conditions for extended periods
of time may affect device reliability. The CY7C343 con-
tains circuitry to protect device pins from high static volt-
ages or electric fields; however, it is advised that normal
precautions be taken to avoid application of any voltage
higher than maximum rated voltages.

For proper operation, input and output pins must be con-
strained to the range GND (VN or Yout) Ycc. Unused
inputs must always be tied to an appropriate logic level
(either Vcc or GND). Each set of Ve and GND pins
must be connected together directly at the device. Power
supply decoupling capacitors of at least 0.2 wF must be
connected between Ve and GND. For the most effective
decoupling, each Vg pin should be separately decoupled
to GND, directly at the device. Decoupling capacitors
should have good frequency response, such as monolithic
ceramic types.
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Timing Considerations

Unless otherwise stated, propagation delays do not include
expanders. When using expanders add the maximum ex-
pander delay tgxp to the overall delay. Similarly, there is
an additional tpya delay for an input from an I/O pin when
compared to a signal from a straight input pin.

When calculating synchronous frequencies, use tg, if all
inputs are on the input pins. ts, should be used if éata is
applied at an 1/0 pin. If ts, is greater than tco,,

1/ts, becomes the limiting frequency in the data path
mode unless 1/(twH + twi) is less than 1/ts,.

When expander logic is used in the data path, add the
appropriate maximum expander delay, texp to ts,. Deter-
mine which of 1/(twy + twr), 1/tcoy, or 1/{texp + tsy)
is the lowest frequency. The lowest of these frequencies is
the maximum data path frequency for the synchronous
configuration.

When calculating external asynchronous frequencies, use
tas, if all inputs are on dedicated input pins. If any data is
applied to an I/0 pin, tos, must be used as the required set
up time. If (tas, + tap) is greater than taco;, 1/(tas; +
taH) becomes tﬁe limiting frequency in the data path mode
unless 1/(tAwH + tawL) is less than 1/(tas; + tam).
When expander logic is used in the data path, add the
appropriate maximum expander delay, texp to tas;. De-
termine which of 1/(tawn + tAwL), 1/tacoy, or
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1/(texp + tas,) is the lowest frequency. The lowest of
these frequencies is the maximum data path frequency for
the asynchronous configuration.

The parameter toy indicates the system compatibility of
this device when driving other synchronous logic with posi-
tive input hold times, which is controlled by the same syn-
chronous clock. If to is greater than the minimum re-
quired input hold time of the subsequent synchronous log-
ic, then the devices are guaranteed to function properly
with a common synchronous clock under worst-case envi-
ronmental and supply voltage conditions.

The parameter taoy indicates the system compatibility of
this device when driving subsequent registered logic with a
positive hold time and using the same clock as the
CY7C343.

In general, if tooH is greater than the minimum required
input hold time of the subsequent logic (synchronous or
asynchronous) then the devices are guaranteed to function
properly under worst-case environmental and supply volt-
age conditions, provided the clock signal source is the
same. This also applies if expander logic is used in the
clock signal path of the driving device, but not for the
driven device. This is due to the expander logic in the sec-
ond device's clock signal path adding an additional delay
(texp) causing the output data from the preceding device
to change prior to the arrival of the clock signal at the
following device's register.
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External Synchronous Switching Characteristics(4] Over Operating Range

T-46-13-47

Parameters Description CY7C343-30 | CY7C343-35 | CY7C343-40 Units
Min, | Max. | Min, | Max, | Min. | Max,
: Dedicated Input to Combinatorial Com'l & Ind 30 35 s
D Output Delay(s] il 5 s
¢ 170 Input to Combinatorial Com’l & Ind 45 55 ns
PDy Output Delayl6] Mil 55 65
t Dedicated Input to Combinatorial Com’l & Ind 47 55 s
PD3 Output Delay with Expander Delay[7} Mil 55 62
¢ 1/0 Input to Combinatorial Com’l & Ind 64 72 as
PDy Output Delay with Expander Delay(8] Ml 2 30
tEA Input to Output Enable Delay(5] Com’l & Ind 0 33 ns
Mil 35 40
tER Input to Output Disable Delay(5] Com1& Ind 0 35 ns
Mil 35 40
¢ Synchronous Clock Input to Com'l & Ind 16 20 1s
o Output Delay il 20 23
N Synchronous Clock to Local Com’l & Ind 40 45 s
CO2 Feedback to Combinatorial Output{9] Mil 45 50
¢ Dedicated Input or Feedback Setup Time | Com'l & Ind | 22 25 ns
Si to Synchronous Clock Input{3. 10] Mil 25 28
t 1/0 Input Setup Time to Synchronous Com’l & Ind 39 42 ns
52 Clock Input(s] Mil Y +
t Input Hold Time from Synchronous Com’'l & Ind 0 0 s
H Clock Inputfs) Mil 0 0
twH Synchronous Clock Input High Time Com’l & Ind 10 125 ns
Mil 12.5 15
twL Synchronous Clock Input Low Time Com'l & Ind 10 12.5 ns
Mil 12.5 15
tRW Asynchronous Clear Width{5] Coml&Ind | 30 35 ns
Mil 35 40
tRR Asynchronous Clear Recovery Timel[5] Com’l & Ind 30 33 ns
Mil 35 40
t Asynchronous Clear to Registered Com’l & Ind 30 35 R
RO Output Delay(s] Mil 35 40 ”
tpw Asynchronous Preset Width[sl Cor1'l& Ind 30 3 ns
Mil 35 40
tPR Asynchronous Preset Recovery Time(5] Comll&Ind | 30 35 ns
Mil 35 40
N Asynchronous Preset to Registered Com’l & Ind 30 35
PO Output Delay(s} Mil 35 40 "~
' Synchronous Clock to Local Com’'l & Ind 3 6
CF Feedback Input(it} Mil p 5 as
tp External Synchronous Clock Period Com'l & Ind 37 43 ns
(tco * tsy) Mil 45 51
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External Synchronous Switching Characteristics[4] Over Operating Range (Continued)
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Parameters Description CY7C343-30 | CY7C343-35 | CY7C343-40 Units
Min, [Max.| Min. |Max,| Min. | Max,
External Maximum Frequency Com'l & Ind] 27.0 23.2
MAXI | (1 ttco, + tsp)112 Mil 22 19.6 Mz
f Internal Local Feedback Maximum Frequency, |Com'l & Ind| 40.0 322 MEH
MAXy lesser of 1/(ts) + tcp) or (1/tcoit3l Mil 333 28.5 z
fMAX Data Path Maximum Frequency, least of Com’l & Ind| 45.4 40.0 Mz
3 (1/QwL + twe), (1/(tsy + tu)) or (/tco)14 [ 40.0 300
Maximum Register Toggle Frequency Com'l & Ind| 50.0 40.0
fi
MAXE | 1/ Gwe, + twits) Mil 400 30.0 Mz
t Output Data Stable Time from Com’l & Ind 3 3
OH Synchronous Clock Inputl(16] Mil 3 3 ns
Notes:
5. This specification is a measure of the delay from input signal applied 10. If data is applied to an I/0 input for capture by a macrocell register,

*

~

el

»

to a dedicated input, (44-pin PLCC input pin 9, 11, 12, 13, 31,33,
34, or 35) to combinatorial output on any output pin. This delay
assumes no expander terms are used to form the logic function.
When this note is applied to any parameter specification it indicates
that the signal (data, asynchronous clock, asynchronous clear,
and/or asynchronous preset) is applied to a dedicated input only and
no signal path (either clock or data) employs expander logic.

If an input signal is applied to an I/0 pin an additional delay equal
to tpia should be added. -

If expanders are used add the maximum expander delay tgxp to the
overall delay.

This specification is a measure of the delay from input signal applied
to an I/O macrocell pin to any output. This delay assumes no expan-
der terms are used to form the logic function.

This specification is a measure of the delay from an input signal
applied to a dedicated input, (44-pin PLCC input pin 9, 11, 12, 13,
31, 33, 34, or 35) to combinatorial output on any output pin. This
delay assumes expander terms are used to form the logic function
and includes the worst-case expander logic delay for one pass
through the expander logic. This parameter is tested periodically by
sampling production material.

This specification is a measure of the delay from an input signal
applied fo an 1/0 macrocell pin to any output. This delay assumes
expandec terms are used to form the logic function and includes the
worst case expander logic delay for one pass through the expander
logic. This parameter is tested periodically by sampling production
material.

This specification is a measure of the delay from synchronous regis-
ter clock to internal feedback of the register output signal to the
input of the LAB logic array and then to a combinatorial output.
This delay assumes no expanders are used, register is synchronously
clocked and all feedback s within the same LAB. This parameter is
tested periodically by sampling production material.

4-183

—

the I/0 pin input set-up time minimums should be observed. These
parameters are tg; for synchronous operation and tas; for asynchro-
nous operation.

, This specification is a measure of the delay associated with the inter-

nal register feedback path. This is the delay from synchronous clock
to LAB logic array input. This delay plus the register set-up time,
tsy, is the minimum internal period for an internal synchronous state
machine configuration. This delay is for feedback within the same
LAB. _Tlhis parameter is tested periodically by sampling production
material.

. This specification indicates the guaranteed maximum frequency, in

synchronous mode, at which a state machine configuration with ex-
ternal feedback can operate. It is assumed that all data inputs and
feedback signals are applied to dedicated inputs.

. This specification indicates the guaranteed maximum frequency at

which a state machine with internal only feedback can operate. If
register output states must also control external points, this frequen-
cy can still be observed as long as this frequency is less than 1/tcoy.
LMI feedback is assumed to be local, originating within the same

AB.

- This frequency indicates the maximum frequency at which the de-

vice may operate in data path mode. This delay assumes data input
signals are applied to dedicated inputs and no expander logic is used.

. This specification indicates the guaranteed maximum frequency, in

synchronous mode, at which an individual output or buried register
can be cycled.

. This parameter indicates the minimum time after a synchronous reg-

ister clock input that the previous register output data is maintained
on the output pin.

B 2589bb62 0005465 2 EECYP
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Parameters Description CY7C343-30 | CY7C343-35 ' CY7C343-40 Units
Min, | Max, | Min, | Max. | Min. | Max,
taco (A)synchronou.sls()llock Input to Com'l & Ind 30 35 oS
utput Delay Mil 30 35 45
taco; ésynchronous Clot.:k Inp.ut to Locagm Com'l & Ind 50 60 ns
‘eedback to Combinatorial Qutput Mil 60 70
tas, Dedicated Input or Feedback Setup Time | Com'l & Ind 10 10 as
to Asynchronous Clock Input(s] il 0 0
tas, z:/lO Input S%g;:p Time to Asynchronous Com'l & Ind | 27 30 ns
ock Input Mil 10 33
tAH {:nlput Hold ’%‘ime from Asynchronous Com'l & Ind 15 15 ns
ock Input(s] Mil 15 15
tAWH Asynchronous Clock Input High Timel5] Com'l&Ind | 25 30 ns
Mil 30 35
tAWL Asynchronous Clock Input Low Time{5} Com’l & Ind L2 30 ns
Mil 30 35
tACF stnchronous Clock to Local Com'l & Ind 18 22 ns
ecdback Inputl1sl Mil 2 26
tAP External Asynchronous Clock Period Com'l & Ind 50 60 ns
(taco; t tasy) or (tawH + tawr) Mil 60 70
fMAXA| ixtemal Maximum Frequenc[)l' 9|]n Com'l&Ind | 20 16.6 MHz
\synchronous Mode (1/tAp) Mil 16.6 14.2
[MAXAS giaximum [Izgﬁernal Asynchronous Com'l & Ind | 20 16.6 MHz
requency Mil 16.6 14.2
fMAXAS B:;i ;a::nﬁixmla?[gniequency in ;’.‘dc:n 1&Ind | 20 :Zg — MHz
fMaXA Ir\:daximum Asynchronous Regist[c;;) ]Toggle Com'l& Ind | 20 16.6 MHz
requency (1/(tAwWH + tAwWL)) Mil 16.6 14.2
tAOH Output Data Stable Time from Com’l & Ind 15 15 ns
Asynchronous Clock Input(23] Mil 15 1s
Notes:
17. This specification is a measure of the delay from an asynchronous 20. This specification indicates the guaranteed maximum frequency at

register clock input to internal feedback of the register output signat
to the input of the LAB logic array and then to a combinatorial
output. This delay assumes no expanders are used in the logic of
combinatorial output or the asynchronous clock input. The clock
signal is applied to a dedicated input pin and all feedback is within a
single LAB. This parameter is tested periodically by sampling pro-
duction material.

. This specification is a measure of the delay associated with the inter-

nal register feedback path for an asynchronous clock to LAB logic
array input. This delay plus the asynchronous register setup time,
tASy. is the minimum internal period for an internal asynchronously
clocked state machine configuration. This delay is for feedback with-
in the same LAB, assumes no expander logic in the clock path and
assumes that the clock input signal is applied to a dedicated input
pin. T'hils parameter is tested periodicalily by sampling production
material,

. This specification indicates the guaranteed maximum frequency at

which an asynchronously clocked state machine configuration with
external feedback can operate. It is assumed that all data inputs,
clock inputs, and feedback signals are applied to dedicated inputs
and that no expander logic is employed in the clock signal path or
data path.

4-184

which an individual output or buried register can be cycled in asyn-
chronously clocked mode by a clock signal applied to an external
dedicated input pin.

21. This frequency is the maximum frequency at which the device may
operate in the asynchronously clocked data path mode. This specifi-
cation is determined by the least of 1/{tawn + tawL), 1/{tasy +
taH) or 1/taco,. It asssumes data and clock input signals are ap-
plied to dedicated input pins and no expander logic is used.

22. This specification indicates the guaranteed maximum frequency at
which an asynchronously clocked state machine with internal only
feedback can operate. This parameter is determined by the lesser of
(1/(tacr + tas) or (1/(tawH + tawL)). If register output states
must also control external points, this frequency can still be observed
as long as this frequency is less than 1/tacoy.

This specification assumes no expander logic is utilized, ail data in-
puts and clack inputs are applied to dedicated inputs, and all state
feedback is within a single LAB. This parameter is tested periodical-
ly by sampling production material.

. This parameter indicates the minimum time that the previous regis-
ter output data is maintained on the output after an asynchronous
register clock input.

2
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Switching Waveforms T-46-13-47
External Combinatorial
DEDICATED INPUT/
1/0 INPUT
tep 11 /tpp, 1
COMBINATORIAL
ouTPUT
ot tER[sl —
COMBINATORIAL OR HIGH IMPEDANCE
REGISTERED OUTPUT 7 3= STATE
ot 18]
HIGH IMPEDANCE T —
3~ STATE i VALID OUTPUT

0185-7

External Synchronous

DEDICATED INPUTS OR !
REGISTERED FEEDRACK [S]

SYNCHRONOUS
CLOCK /

ASYNCHRONOUS o
CLEAR/PRESET 15

I tRo/tpo t“
REGISTERED
A

QUTPUTS

¥
S
S

COMBINATORIAL OUTPUT FROM
REGISTERED FEEDBACK (9] X

0185-8

External Asynchronous

DEDICATED INPUTS OR
REGISTERED FEEDBACK

ASYNCHRONOUS
CLOCK INPUT

ASYNCHRONOUS
CLEAR/PRESET

ASYNCHRONOUS REGISTERED
QUTPUTS

COMBINATORIAL QUTPUT FROM
ASYNCHRONOUS REGISTERED FEEDBACK

0185-9
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Internal Switching Characteristics[1] Over Operating Range ~13-47

Parameters Description CY7C343-30 CY7C343-35 CY7C343-40 Units

Min, | Max. | Min, | Max. | Min. | Max.
N Dedicated Input Pad and Com'l & Ind 7 9 as
! Buffer Delay Mil 9 1

tio 1/0 Input Pad and Buffer Delay Com1& Ind > ! ns
Mil 7 9

tEXP Expander Array Delay Com'l & Ind 14 20 ns
Mil 20 25

tLAD Logic Array Data Delay Com1& Ind 14 16 ns
Mil 16 8

tLAC Logic Array Control Delay Com’l & Ind 12 13 ns
Mil 13 14

toD Output Buffer and Pad Delay Com4 Ind 3 6 ns
Mil 6 7

tzx Output Buffer Enable Delay(24] Com’l & Ind 1 13 ns
Mil 13 15

txz Output Buffer Disable Delay Com'i & [nd i 13 ns
Mil 13 15

t Register Setup Time Relative to Com'l & Ind 8 8 s

RSU Clock Signal at Register Mil 8 8

" Register Hold Time Relative to Com'l & Ind 8 12 ns

RH Clock Signal at Register Mil 12 14

tLATCH Flow Through Latch Delay Com'l & Ind 4 4 ns
Mil 4 4

tRD Register Delay Com1 & Ind 2 2 ns
Mil 2 2

tCOMB Transparent Mode Delay{25] Com'l & Ind 4 4 ns
Mil 4 4

tcH Clock High Time Coml&ind | 10 125 ns
Mil 12.5 15

tcL Clock Low Time Com'l & Ind 10 12.5 ns
Mil 12.5 15

Notes:

24. Sample tested only for an output change of 500 mV. 25. This specification guarantees the maximum combinatorial delay as-
sociated with the macrocell register bypass when the macrocell is
configured for combinatorial operation.
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Internal Switching Characteristics{19] over Operating Range (Continued) T-46-13-47
Parameters Description CY7C343-30 CY7C343-35 CY7C343-40 Units
Min. | Max, | Min. | Max, | Min. | Max,
tic Asynchronous Clock Logic Delay Com'1& Ind 16 18 ns
. Mil 18 20
tics Synchronous Clock Delay Com’l & Ind 2 3 ns
Mil 3 4
tFD Feedback Delay Com’l & Ind ! 2 ns
Mil 2 3

N Asynchronous Register Com'l & Ind 6 7 as

PRE Preset Time Mil 7 3
Asynchronous Register Com’l & Ind 6 7

fCLR Clear Time Mil 7 2 ns

t Asynchronous Preset and Com’l & Ind 6 7 ns
PCW Clear Pulse Width Mil 7 8

¢ Asynchronous Preset and Clear Com’l & Ind 6 7 s
PCR Recovery Time Mil 7 3

t Programmable Interconnect Com’l & Ind 16 20 s
PIA Array Delay Time Mil 20 2

4-187



CYPRESS SEMICONDUCTOR 4OE D BN 2589Lb2 0005470 b EECYP

ff‘%m PRELIMINARY  CYTC343
3 SEMICONDUCTOR
Switching Waveforms T-46-13-47

Internal Combinatorial

INPUT PIN X

1/0 PIN )|(

EXPANDER
ARRAY DELAY X

—tug, tuo "

LOGIC ARRAY -
INPUT )(

LOGIC ARRAY
QUTPUT )F

0185-10

Internal Asynchronous
*R“ i — L i taw ‘ ‘r‘l
CLOCK PIN
ﬁtm—-—

CLOCK INTO /_——_'\ /—_—\_-_
LOGIC ARRAY

CLOCK FROM 4/—__
LOGIC ARRAY

tasy —ie— ten
DATA FROM *_
LOGIC ARRAY L- )
REGISTER teo, aren —4‘—‘501 L—*cuz, toRe —""*mi
|

OUTPUT TO
LOCAL LAB

LOGIC ARRAY
o
REGISTER
QUTPUT TO
ANOTHER LAB
Internal Synchronous

f ten {f ter
SYSTEM /— \
CLOCK PIN
] [+ tcs
SYSTEM CLOCK /———\_—/—"\___
AT REGISTER

s>ty
DATA FROM
LOGIC ARRAY

0185-11

0185-12
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SEMICONDUCTOR a6
Switching Waveforms (Continued) -46-13-47

Output Mode
Coolc anrat — /" \ / —\
;‘RD’{“QOD_’ |
LOGIC ARRAY X ! X —IE _%
g tax
OQUTPUT PIN 36 ) HIGH ::i:gmcz

0185~13
Ordering Information

S(l:l e:)d Ordering Code PaTcyl:Lge OpRe;::eng
30 | CY7C343-30HC/HI | H67 | Commercial/
CY7C343-305C/I1 167 Industrial
35 CY7C343-35HC/HL H67 Commercial/
CY7C343-351C/11 367 Industrial
CY7C343-35HMB H67 Military
40 | cY7C343-40HMB H67 Military

Document #: 38-00128
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Features

High-performance, high-density
replacement for TTL, 74HC, and
custom logic

32 macrocells, 64 expander
product terms in one LAB

o 8 dedicated inputs, 16 I/O pins

o 28-pin 300-mil DIP, Cerdip or
28-pin HLCC, PLCC package

Functional Description

Available in a 28-pin 300-mil DIP or
windowed J-leaded ceramic chip

PRESS
MICONDUCTOR

4oE D 2589L62 0005472 T EMCYP

T-46-13-47
CY7C344

carrier (HLCC), the CY7C344 repre-
sents the densest EPLD of this size. 8
dedicated inputs and 16 bi-directional
170 pins communicate to one logic ar-
ray block. In the CY7C344 LAB there
are 32 macrocells and 64 expander
product terms. When an 170 macrocell
is used as an input, two expanders are
used to create an input path. Even ifall
of the I/0 pins are driven by macrocell
registers, there are still 16 “buried”
registers available. All inputs, macro-
cells, and I/0 pins are interconnected

32-Macrocell MAXT™ EPLD

within the LAB.

The speed and density of the CY7C344
makes it a natural for all types of appli-
cations. With just this one device, the
designer can implement complex state
machines, registered logic, and combi-
natorial “glue” logic, without using
multiple chips. This architectural flexi-
bility allows the CY7C344 to replace
multi-chip TTL solutions, whether
they are synchronous, asynchronous,
combinatorial, or all three.

Logic Block Diagram[1] Pin Configurations
15(22) INPUT I} ——DOINPUT 1(8)
16(23) INPUT O —CIINPUT/CLK  2(9)
27(6) INPUTR O INPUT 13(20)
28(7) INPUT TR QINPUT 14(21)
¥ ¥ b
— /0
MACROCELL2 |4 MACROCELL | [ F—— /0 3010) /0
MACROCELL4 |4 [4—»] MACROCELL3 [P —¢—1/0  4(31) by inpur
MACROCELLG |[4—»| © 14—»] MACROCELLS 4> —4— /0 5(12) peur
MACROCELLS [J4—p| ' [4—P| MACROCELL7 j¢—>] |-—4— /0 6(13) g::’::
WACROCELL10 [¢—b] © le—» wmacroceLLs (¢ 1| [—$——1/0 (18 D /o
MACROCELL 12 1¢—»| B |4 macroceLLit e © [—$— /0 10007) 1213 1415 16 17 18
MACROCELL 14 |¢—»| A l4~»] MACROCELL13 (¢ ¢ —— /0 11(18)
MACROGELL 16 |4—»| L l¢—»] MACROCELL1S [ o [—¥ /0 12(19) o184-2
MACROCELL 18 [4—b} L] MACROCELL17 M| N [—$— /0 17(24)
wacrocELLz0 4] B |e—»] WacroceLL1s [ T [t /0 18(25)
wacrocElL2z ¥ U |« wacrocelLzr [ R 4 1/0 19(28)
wacrocilize |¢»| S |l acrocetizs | D 4 Vo 2007) weurd
0 23(2)
wAcROCELL26 |+»| | wacrocelizs fe [V weur/eke]
wicrocelL2s ] o] acroceiizr e 10 243) =
wAcRoCELL30 J4—»| || wacrocelize je| [ VO 25(%) /o]
MACROCELL 32 |4 > WacroceLLs [ [Tt /0 2609) 'l;gg
T Veed
[ m
32
64 EXPANDER PRODUCT TERM ARRAY /o4
1o
0184-~1 :;gg
BiFUT
wPUT O
0184-3
Selection Guide
7C344-20 7C344-25 7C344-35
Maximum Access Time (ns) 20 25 35
Maximum Operating Commercial 200 200
Current (mA) Military 220 220
Industrial 220 220 220
Maximum Standby Commercial 150 150
Current (mA) Military 170 170
Industrial 170 170 170

Note: 1. Figures in () are for J-leaded packages.

MAX and MAX + PLUS are trademarks of Altera Corporation.
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Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, not tested.)

Storage Temperature .. ............. —65°Cto +150°C DC Input Voltagel2] ................. ~2.0Vto +7.0V
Ambient Temperature with DC Program Voltage................ —2.0Vito +13.5V
Power Applied .............0oiiiiien, 0°Cto +70°C o ting R

Maximum Junction Temperature perating Range

(Under Bias) ...... P 150°C Ambient

i Range Vece

Supply Voltage to Ground Potential ....—2.0V to + 7.0V Temperature

Maximum Power Dissipation ................ 1500 mW Commercial 0°Cto +70°C S5V 5%

DCVccorGND Current o .ovvvvvinennn, vee 500 mA Industrial —40°C o +85°C 5V £10%

DC Output Current, per Pin ....... —25mA to +25mA Military —55°Cto + 125°C (Case) 5V £10%

Electrical Characteristics Over the Operating Rangels!

Parameters Description Test Conditions Min. Max, Units
VOH Output HIGH Voltage Vee = Min, Iog = —4.0mA 2.4 v
VoL Output LOW Voltage Vce = Min, IoL = 8mA 0.45 \2
ViH Input HIGH Level 2.2 Vee+0.3 v
ViL Input LOW Level —-0.3 0.8 \'
I1x Input Current GND < Vin £ Ve —-10 +10 rA
loz Qutput Leakage Current | Vo = Vecor GND —40 +40 HA
Output Short - - (3.4] _ _
Ios Circuit Current Yce = Max., Vout = 0.5VI3, 30 90 mA
Iec, gower fugtplydb Vi = Ve or GND (No Load) Commercial 150 mA
urrent (Standby) Military/Industrial 170 mA
Icc Power Supply V1 = Vccor GND (No Load) | Commercial 200 mA
2 = . . .
Current f= 1.0 MH(+6] Military/Industrial 220 mA

Capacitance

Parameters Description Test Conditions Max, Units
CIN Input Capacitance Vin =2V, f= 1.OMHz 10 oF
Cout Output Capacitance Vourt = 2.0V, f == 1.0 MHz 10

Notes:

2. Minimum DCinput is —0.3V. During transitions, the-inputs may 5. Typical values are for T4 = 25°C and Ve = 5V.
undershoot to —~2.0Y for periods less than 20 ns. . 6. Measured with device programmed as a 16-bit counter.

3. Not more than one output should be tested at a time. Duration of the 7. Figure lain AC Test Load and Waveforms is used for all parameters
short circuit should not be more than one second. Yoyt = 0.5V has except tgR and txz, which is used for Figure 16 in AC Test Load and
been chosen to avoid test problems caused by tester ground degrada- Waveforms. All external timing parameters are measured referenced
tion. to external pins of the device.

4, Guaranteed but not 100% tested.

AC Test Loads and Waveforms!7]

R1 4640 R1 4640
sy sy Input Pulses
ouTPUT OUTPUT 0_—_1__ 3.0v ) 90% ' 30%
< <
50 pFI $ R2 2500 5 pFI ;F R2 2500 GND 10% 10%
R _1 t
INCLUDING == - — —
JIG AND - - - <6éns <6ns
SCOPE 0184-6
0184-5 Figure 2

Figure 1a Figure 1b

Equivalent to:  THEVENIN EQUIVALENT (Commercial/Military)

1630
OUTPUT O——AW———=01.75V

0184-7
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CY7C344 Timing Model T-46-13-47
EXPANDER
DELAY
fexe
REGISTER
M LoGIC ARRAY 4
| coNTROL DELAY o
INPUT » e T +> ouTPUT
INPUT [ UEl‘-“ RE DELAY
W - » o — Houreur
—>|  LoGIC ARRAY tasy teous txz
> DELAY » fLATcH tax
14 o tan
SYSTEM CLOCK DELAY ticg "
Y0 $§  CLOCK DELAY >
1/0~——>]  INPUT DELAY 4 Yo
Yo » .
FEEDBACK
DELAY P
tsp
0184-4
Timing Delays Timing Considerations

Timing delays within the CY7C344 may be easily deter-
mined using MAX + PLUSTM software or by the model
shown in Figure 3. The CY7C344 has fixed internal delays,
allowing the user to determine the worst case timing delays
for any design. For complete timing information the

MAX + PLUS software provides a timing simulator.

Design Recommendations

Operation of the devices described herein with conditions
above those listed under “Absolute Maximum Ratings”
may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these
or any other conditions above those indicated in the opera-
tional sections of this data sheet is not implied. Exposure to
absolute maximum ratings conditions for extended periods
of time may affect device reliability. The CY7C344 con-
tains circuitry to protect device pins from high static volt-
ages or electric fields; however, it is advised that normal
precautions be taken to avoid application of any voltage
higher than maximum rated voltages.

For proper operation, input and output pins must be con-
strained to the range GND (Vn or YouT) Vcc. Unused
inputs must always be tied to an appropriate logic level
(either Vcc or GND). Each set of Vcc and GND pins
must be connected together directly at the device. Power
supply decoupling capacitors of at least 0.2 uF must be
connected between Ve and GND. For the most effective
decoupling, each V¢ pin should be separately decoupled.

Unless otherwise stated, propagation delays do not include
expanders. When using expanders add the maximum ex-
pander delay tgxp to the overall delay.

When calculating synchronous frequencies, use ts; if all
inputs are on the input pins. ts, should be used if data is
applied at an [/O pin. If ts, is greater than tcoy,

1/ts, becomes the limiting frequency in the data path
mode unless 1/(twH + twy) is less than I/ts;.

When expander logic is used in the data path, add the
appropriate maximum expander delay, texp to ts. Deter-
mine which of 1/{twy + twL), 1/tcoy, or I/(texp *+ ts))
is the lowest frequency. The lowest of these frequencies is
the maximum data path frequency for the synchronous
configuration.

When calculating external asynchronous frequencies, use
tas if all inputs are on dedicated input pins. If any data is
applied to an I/0 pin, tas, must be used as the required set
up time. If (tas, + tan) is greater than fAcoy, 1/(tas, +
taH) becomes the limiting frequency in the data path mode
unless 1/(tawn + tawL) is less than 1/(tas; + taAH)-

When expander logic is used in the data path, add the
appropriate maximum expander delay, tgXPp t0 tas;.
Determine which of 1/(tawH T tawL), 1/tacoy, or
1/(texp + tas,) is the lowest frequency. The lowest of
these frequencies is the maximum data path frequency for
the asynchronous configuration.



Lt rm L

CYPRESS SEMICONDUCTOR

4OE D

EX 2589LkL2 0005475 5 EACYP

CY7C344

y CIPRESS
SEMICONDUCTOR

Timing Considerations (Continued)

The parameter toy indicates the system compatibility of
this device when driving other synchronous logic with posi-
tive input hold times, which is controlled by the same syn-
chronous clock. If toy is greater than the minimum re-
quired input hold time of the subsequent synchronous log-
ic, then the devices are guaranteed to function properly
with a common synchronous clock under worst-case envi-
ronmental and supply voltage conditions.

The parameter taoon indicates the system compatibility of
this device when driving subsequent registered logic with a
positive hold time and using the same clock as the
CY7C344.

T-46-13-47

In general, if tooH is greater than the minimum required
input hold time of the subsequent logic (synchronous or
asynchronous) then the devices are guaranteed to function
properly under worst-case environmental and supply volt-
age conditions, provided the clock signal source is the
same. This also applies if expander logic is used in the
clock signal path of the driving device, but not for the
driven device. This is due to the expander logic in the sec-
ond device's clock signal path adding an additional delay
(texp) causing the output data from the preceding device
to change prior to the arrival of the clock signal at the
following device's register.

External Synchronous Switching Characteristics[7] Over Operating Range

Parameters Description CY7C344-20 | CYTC344-25 | CYTCIM-35 | vy
Min., | Max. | Min. | Max, | Min. | Max,

¢ Dedicated Input to Combinatorial Com’l/Ind 20 25 s

PDy Output Delay!8] Mil 25 15

t 1/0 Input to Combinatorial Com'l/Ind 20 25 s

D, Output Delay(9] Mil P "

" Dedicated Input to Combinatorial Com'l/Ind 30 40 s

PD3 Output Delay with Expander Delay[10] Mil 40 50

t 170 Input to Combinatorial Com'l/Ind 30 40 ns

PDy Output Delay with Expander Delayl4 1] [T 10 0

tEA Input to Output Enable Delay[4] Com'l/Ind 20 23 ns
Mil 25 35

tER Input to Output Disable Delay(4] Com'l/Ind 20 2 ns
Mil 25 35

t Synchronous Clock Input to Com’l/Ind 12 15 ns

€0 Output Delay . Mil 15 23

' Synchronous Clock to Local Com’l/Ind 22 30 s

C02 Feedback to Combinatorial Output[4, 12] Mil 30 46

. Dedicated Input or Feedback Setup Time | Com’l/Ind 12 15 ns

$ to Synchronous Clock Input Mil 15 21

¢ Input Hold Time from Synchronous Com'l/Ind i 2.5 as

H Clock Input(7] Mil 2.5 2.5

twWH Synchronous Clock Input High Timel4] Com’l/Ind 7 8 ns
Mil 8 10

twL Synchronous Clock Input Low Timel4] Com'l/Ind 7 8 ns
Mil 8 10

tRW Asynchronous Clear Width[4) Com'l/Ind 23 8 ns
Mil 28 33

tRR Asynchronous Clear Recovery Timel4] Com’l/Ind 20 25 ns
Mil 25 35

t Asynchronous Clear to Registered Com'l/Ind 23 28 ns

RO Output Delayl4] Mil 28 33

tpw Asynchronous Preset Width[4l Com’l/Ind 23 28 ns
Mil 28 33

tPR Asynchronous Preset Recovery Timel4] Com’l/Ind 3 28 ns
Mil 28 38
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ed input pin to a combinatorial output on any output pin. This delay
assumes no expander terms are used to form the logic function.

. This parameter is the delay assnciated with an input signal applied to
an 170 macracell pin to any output. This delay assumes no expander

h=d

- CY7C344-20 | CYTC344-25 | CY7C344-35 | .. .
Parameters Description Units
Min. | Max. | Min. | Max. | Min. | Max.
tro Asynchronous Preset to Registered Com’l/Ind 23 28 ns
Output Delayl4} Mil 28 33
: Synchronous Clock to Local Com'l/Ind 4 7 ns
CF Feedback Inputl4, 13] Mil 7 13
tp External Synchronous Clock Period Com'l/Ind | 24 30 as
(tco; + t9)l4l Mil 30 44
External Maximum Frequency Com'l/Ind | 41.6 33.3
fMax MHz
: (1/(tcoy + tspth 14l Mil 333 2.7
Maximum Frequency with Internal Only Com'l/Ind | 62.5 45.4
f b MHz
MAX) Feedback (1/(tcr + ts))l4 151 Mil 45.4 294
fMAX Data Path Maximum Frequency, least of Com'l/Ind | 71.4 57.1 MHz
a3 V(twy + twr), (1/(ts; + t) or (1/ecop 161 Mgy 571 425
Maximum Register Toggle Frequency " | Com'V/Ind | 71.4 62.5
fMax MH:z
Y| Vewa + w1 Mil 62.5 50,0
1 Output Data Stable Time from Com’l/Ind 3 3 s
OH Synchronous Clock Inputl#. 18] Mil 3 3
Notes:
8., This parameter is the delay from an input signal applied to a dedicat- 13. This specification is a measure of the delay associated with the inter-

nal register feedback path. This delay plus the register setup time, ts,
is the minimum internal period for an internal state machine config-
uration. This parameter is tested periodically by sampling produc-
tion material.

terms are used to form the logic function. 14. This specification indicates the guaranteed maximum frequency at
10. This parameter is the delay associated with an input signal applicd to which a state machine configuration with external only feedback can

a dedicated input pin to combinatorial output on any output pin. operate.

This delay assumes expander terms are used to form the logic func- 15. This specification indicates the guaranteed maximum frequency at

tion and includes the worst-case expander logic delay for one pass which a state machine with internzi only feedback can operate. If

through the expander logic. This parameter is tested periodically by register output states must also control external points, this frequen-

sampling production material. cy can still be observed as long as it is less than 1/1coy. This specifi-

1. This parameter is the delay associated with an input signal applied to cation assumes no expander logic is used. This parameter is tested

an 170 macrocell pin to any output pin. This delay assumes expan- periodically by sampling production material.

der terms are used to form the logic function and includes the worst- 16. This frequency indicates the maximum frequency at which the de-

case expander logic delay for one pass through the expander logic. vice may operate in data path mode (dedicated input pin to output

This parameter is tested periodically by sampling production materi- pin). This assumes that no expander logic is used.

al. . . 17. This specification indicates the guaranteed maximum frequency in
12. This specification is a measure of the delay from synchronous regis- synchronous mode, at which an individual output or buried register

ter clock input to internal feedback of the registered output signal to can be cycled by a clock signal applied to cither a dedicated input pin

a combinatorial output for which the registered output signal is used oran 170 pin. .

as an input, This parameter assumes that no expanders are used in 18. This parameter indicates the minimum time atter a synchronous reg-

the logic of the combinatorial output and the register is synchronous- ister clock input that the previous register output data is maintained

ly clocked. This parameter is tested periodically by sampling produc- on the output pin.

tion material,
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Parameters Description CY7C344-20 | CY7C344-25 | CY7C344-35 Units
Min, | Max. | Min. | Max, | Min, | Max,
tACO Asynchronous Clock Input to Com'l/Ind 20 25 s
i :
Output Delay Mil 25 15
¢ Asynchronous Clock Input to Local Com’l/Ind 38 46 ns
ACO2 Feedback to Combinatorial Qutput(19] Mil 46 62
Dedicated Input or Feedback Setup Time to | Com’l/Ind 9 12
tas , : - ns
Asynchronous Clock Input Mil 12 15
Input Hold Time from Asynchronous Com'l/Ind 9 12
tAH ns
Clock Input Mil 12 7.5
tAWH Asynchronous Clock Input High Timel4] Com'l/Ind 13 20 ns
Mil 20 30
tAWL Asynchronous Clock Input Low Timel4] Com’l/Ind | 13 20 ns
Mil 20 30
t Asynchronous Clock to Local Com’l/Ind 18 21 as
ACF Feedback Inputl4.20] Mil 21 27
tAP External Asynchronous Clock Period Com’l/Ind 30 40 s
(taco) + tas)or (tawn + tawp)¥ Mil 40 60
f External Maximum Frequency in Com’l/Ind | 33.3 25,0 MHz
Maxai Asynchronous Mode (1/tap)(4 21) Mil 25.0 16.6
fMAXA Maximum Internal Asynchronous Com’l/Ind | 33.3 25.0 MHz
2 Frequency 1/(tacF + tas)l4 24] il 25.0 16.6
Data Path Maximum Frequency in Com'l/Ind | 33.3 25.0
fMAXA3 [4,23 4 MHz
Asynchronous Model. Mil 25.0 166
Maximum Asynchronous Register Toggle Com’l/Ind | 33.3 25.0
fN{Aqu. F l/y + & (4, 22} &8 MHz
requency 1/(tawH + tawp)* Mil 25.0 16.6
t Output Data Stable Time from Com’l/Ind 15 5 as
AOH Asynchronous Clock Input(4, 251 Mil 15 15

Notes:

19, This specification is a measure of the delay from an asynchronous 22. This specification indicates the guaranteed maximum frequency at
register clock input to internal feedback of the registered output sig- which an individual output or buried register can be cycled in asyn-
nal to a combinatorial output for which the registered output signal chronously clocked mode by a clock signal applied to either a dedi-
is used as an input. Assumes no expanders are used in logic of combi- cated input or an I/0 pin.
natorial output or the asynchronous clock input. This parameter is 23. This specification indicates the guaranteed maximum frequency at
tested periodically by sampling production material. which an individual output or buried register can be cycled in asyn-

20. This specification is a measure of the delay associated with the inter- chronously clocked mode. If this frequency is less than 1/taco,
nal register feedback path for an asynchronously clocked register. or 1/(tan + tas). It also indicates the maximum frequency at which
This delay plus the asynchronous register setup time, tas, is the the device may operate in the asynchronously clocked data path
minimum internal period for an asynchronously clocked state ma- mode. Assumes no expander logic is used.
chine configuration. This delay assumes no expander logic in the 24, This specification indicates the guaranteed maximum frequency at
asynchronous clock path. This parameter is tested periodically by which an asynchronously clocked state machine with internal only
SHTPI'"E P"Odu‘f"‘).“ material. . feedback can operate. If register output states must also control ex-

21, This parameter indicates the guaranteed maximum frequency at | ternal points, this frequency can still be observed as long as this
which an asynchronously clocked state machine configuration with frequency is less than 1/taocoy. This specification assumes no expan-
external feedback can operate. It is assumed that no expander logic is der logic is utilized. This parameter is tested periodically by sampling
employed in the clock signal path or data input path. production material.

25, This parameter indicates the minimum time that the previous regis-
ter output data is maintained on the output pin after an asynchro-
nous register clock input to an external dedicated input or I/0 pin.
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Switching Waveforms

External Combinatorial
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26. Sample tested only for an output change of 500 mV.

555 CY7C344
EMICONDUCTCR T 4
Typical Internal Switching Characteristics Over Operating Range -46-13-47
Paramecters Description CY7C344-20 CY7C344-25 CY7C344-35 Units
Min. Max, Min. Max. Min., Max.
. Dedicated Input Pad and Com'l/Ind 5 7 as
IN Buffer Delay Mil 7 1
tio 1/0 Input Pad and Buffer Delay Com'l/Ind 5 J ns
Mil 7 11
tExp Expander Array Delay Com'l/Ind 10 15 ns
Mil 15 23
tLAD Logic Array Data Delay Com'l/Ind 9 10 ns
Mil 10 12
tLAC Logic Array Control Delay Com'/Ind 7 L ns
Mil 7 7
top Output Buffer and Pad Delay Com'l/Ind 5 5 ns
Mil 5 5
tzx Output Buffer Enable Delay(26] Com'l/Ind 8 Il ns
Mil il 17
txz Output Buffer Disable Delay Com’l/Ind 8 1t ns
Mil 11 17
t Register Setup Time Relative to Com'l/Ind 5 8 s
RSU Clock Signal at Register Mil 3 14
t Register Hold Time Relative to Com'\/Ind 9 12 ns
RH Clock Signal at Register Mil 12 is
tLATCH Flow Through Latch Delay Com'l/Ind 1 3 ns
Mil 3 7
tRD Register Delay Com'l/Ind 1 ! ns
Mil 1 1
tCOMB Transparent Mode Delay(27] Com’l/Ind ! 3 ns
Mil 3 7
tCH Clock High Time Com'l/Ind ? 8 ns
Mil 8 9
tcL Clock Low Time Com'l/Ind 7 § ns
Mil 8 9
tic Asynchronous Clock Logic Delay Com'l/Ind 8 10 ns
Mil 10 12
tics Synchronous Clock Delay Com'l/Ind 2 3 ns
Mil 3 5
tFD Feedback Delay Com'l/Ind 1 ! ns
Mil 1 1
t Asynchronous Register Com’'l/Ind 6 9 s
FRE Preset Time Mil 9 15
' Asynchronous Register Com'l/Ind 6 9 as
CLR Clear Time Mil 9 15
t Asynchronous Preset and Com’l/Ind 6 7 s
pew Clear Pulse Width Mil 7 9
' Asynchronous Preset and Clear Com’l/Ind 6 7 ns
PCR Recovery Time Mil 5 9
Notes:

27. This specification guarantees the maximum combinatorial delay as-
sociated with the macrocell register bypass when the macrocell is
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Switching Waveforms (Continued)

Internal Combinatorial
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Internal Synchronous (Qutput Path)
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0184-14

]
LOGIC ARRAT ) X
|<——(xz — DE——
QUTPUT PIN X )l—' HiGH 2 .
Ordering Information
S(;:] es(;d Ordering Code Pz';?yl;lge O%j:;"g .
20 CY7C344-20PC/P1 P21 Commercial/
CY7C344-20DC/DI | D22 Industrial
CYTC344-20WC/WI | W22
CY7C344-20HC/HI Hé4
CY7C344-20IC/J1 J64
25 CY7C344.25PC/PI P21 Commercial/
CY7C344.25DC/DI | D22 Industrial
CY7C344-25WC/WI | w2
CY7C344-25HC/HI Hé64
CY7C344-25JC/T1 J64
CY7C344-25HMB H64 Military
1 CY7C344-25WMB w22
CY1C344-25DMB D22
35 | CY7C344-35HMB H64 Military
CY7C344-35WMB w22
CY7C344-35DMB D22
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Group A Subgroup Testing

DC Characteristics
Parameters Subgroups
VoH 1,2,3
VoL 1,2,3
VIiH 1,2,3
ViL 1,2,3
Iix 1,2,3
Ioz 1,2,3
Icct 1,2,3

Switching Characteristics

Parameters Subgroups
tpDLt 7.8,9,10,11
tPD2 7,8.9,10,11
tPD3 7,8,9,10,11
tcot 7,8,9,10,11
is 7,8,9,10,11
tH 7,8,9,10,11
tACOI 1,8,9.10,11
tACO2 1,8,9,10,11
tas 7,8,9,10,11
tAH 7,8,9,10,11
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