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Interconnection 
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The XAC.T LCA Development System automatically routes these interconnections. Interactive routing 
using Editnet can also be done to optimize the design. The inputs of the logic or 108 are multiplexers 
that can be programmed to select an input network from the adjacent interconnection segments. 

Note: The switch connections to block inputs are usable only for input connection, and not for routing, 
because the are unidirectional as are block out uts . 

The following figure illustrates routing access to logic block input variables, control inputs, and block 
outputs. 
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Three types of metal resources are available for network interconnections. 

General Purpose Interconnection 
Direct Connection 
Long Lines 

General Purpose Interconnections 

A general purpose interconnection, as shown below, consists of a grid of five horizontal and five vertical 
metal segments located between the rows and columns of logic and 1/0 Blocks. These segments can be 
connected through switch matrices to form networks for CLB and 108 inputs and outputs. 

Grid Of General Interconnection 
Metal Segments 

Switching 
Matrix 

Each segment is the height or width of a logic block. Switching matrices join the ends of these segments 
and allow programmed interconnections between the metal grid segments of adjoining rows and columns. 
The switches of an unprogrammed device are all non-conducting. The connections through the switch 
matrix can be made by automatic routing, or by using Editnet to select the desired pairs of matrix pins 
that are to be connected or disconnected. The legitimate switching matrix combinations for each pin are 
shown in the next figure. 
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Special buffers in the general interconnection areas provide periodic signal isolation and restoration, 
thus improving performance of lengthy nets. The interconnection buffers can propagate. signals in either 
direction on a general interconnection segment. These bidirectional buffers are above and to the right of 
the switching matrices. The other PIPs adjacent to the matrices are gateways to and from long lines. 

The XACT LCA Development System automatically defines the buffer direction based on the location of 
the interconnection network source. The delay calculator of the XACT LCA Development System 
automatically calculates and displays the block, interconnection, and buffer delays for the selected 
paths. lt can also generate the simulation net list with a worst-case delay model. 

Direct Interconnections 

A direct interconnection, shown below, provides the most efficient implementation of networks between 
adjacent logic or IOBs. The .x and .y outputs of each CLB have single contact, direct access to inputs 
of adjacent CLBs. 
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Signals routed from block to block by direct interconnection show minimum interconnection propagation 
and use no general interconnection resources. For each CLB, the .x output can be connected directly to 
the .b input of the CLB to its right, and to the .c input of the CLB to its left. The .y output can use a direct 
interconnection to drive the .d input of the block above, and the .a input of the block below. 

Direct Interconnection should be used to maximize the speed of high performance portions of logic. 
Where logic blocks are adjacent to IOBs, a direct connection is provided alternately to the 108 inputs 
(.i) and outputs (.o) of the left, top, and bottom edges of the die. The right edge provides alternate direct 
input and output of CLBs and IOBs. Direct interconnections of IOBs and CLBs are shown in the next 
figure. 
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Long Lines 

Long lines, which bypass the switch matrices, are intended primarily for signals that must travel a long 
distance, or that must have minimum skew among multiple destinations. Long lines, shown below, run 
the height or width of the interconnection area. Each interconnection column has three vertical long 
lines, and each interconnection row has two horizontal long lines. Two additional long lines are adjacent 
to the outer sets of switching matrices. The outermost are connectible half-length lines. 

Global 
Buffer 

On-Chip 
Three-State 

Buffers 

Pull-Up 
Resistors 

For On-Chip 
Open Drain 

Signals 

""Q 
.. 

p -

::~ 
pt· 

t· t· 

2 Horizontal Long Lines 

0 tj 
t· t· 

3 Vertical Lines 

t· t· 

J-

f5 ~ 
t· t· 

Horizontal and vertical long lines provide high fan-out, low-skew signal distribution in each row and 
column. The global buffer in the upper left die corner drives a common line throughout the LCA device. 
The programmable interconnection of long lines is provided at the edges of the routing area. Long lines 
can be driven by a CLB or 108 output on a column-by-column basis. This provides a common low skew 
control or clock line within each column of logic blocks. Interconnections of these long lines are shown 
in the following figure. Isolation buffers are provided at each input to a long line and are enabled 
automatically by the XACT LCA Development System when a connection is made. 
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A buffer in the upper left corner of the LCA chip drives a global net available to all .k inputs of logic 
blocks. Using the global buffer for a clock signal provides a skew free, high fan-out, synchronized clock 
for use at any, or all, of the 1/0 and logic blocks. Three-state buffers let you use horizontal long lines to 
form wired-AND and multiplexed busses. Configuration bits for the .k input to each logic block can select 
this global line or another routing resource as the clock source for its flip-flops. This net can also be 
programmed to drive the die edge clock lines for 108 use. An enhanced speed, CMOS threshold direct 
access to this buffer is available at the second pad from the top of the left die edge. 

A buffer in the lower right corner of the array drives a horizontal long line, which can drive programmed 
connections to a vertical long line in each interconnection column. This alternate buffer also is low skew 
and high fan-out. The network formed by this alternate buffer's long lines can be selected to drive the .k 
inputs of the logic blocks. The CMOS threshold, high-speed access to this buffer is at the third pad from 
the bottom of the right die edge. 

Internal Busses 

A pair of three-state buffers are located adjacent to each CLB. These let logic drive the horizontal long 
lines. Logical operation of the three-state buffer controls lets them implement wide multiplexing 
functions. Any three-state buffer input can be selected to drive the horizontal long line bus by applying a 
low logic level on its three-state control line, as shown in the next figure. 

Z = DA • A + D8 • B + De • C + 

Three-state buffers make a Multiplexer for which the selection is 
accomplished by the buffer three-state signal. 

The user must avoid contention resulting from multiple drivers with opposing logic levels. Control of the 
three-state input by the same signal that drives the buffer input creates an open drain wired-AND 
function. A logical HIGH on both buffer inputs creates a high impedance with no contention. A logical 
LOW enables the buffer to drive the long line low, as shown below. 
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Three-state buffers make a Wired-AND function. When all the 
three-state lines are HIGH (high impedance), the pull-up resistor(s) 
provide the JDGH output. The buffer inputs are driven by the control 
signals or a LOW. 

Pull-up resistors are available at each end of the long line to provide a HIGH output when all connected 
buffers are non-conducting. These buffers allow fast, wide gating, optimum speed, and efficient routing 
of high fan-out signals. The following figure shows three-state buffers, long lines, and pull-up resistors. 
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Crystal Oscillator 

The previous figure also shows the location of an internal high-speed inverting amplifier that can be used 
as an on-chip crystal oscillator. It is associated with the auxiliary buffer in the lower right corner of the 
die. When the oscillator is configured as a signal source, two special user IOBs are also configured to 
connect the oscillator amplifier with external crystal oscillator components, as shown below. 

When activated by selecting an output network for its buffer, the crystal oscillator inverter uses two of 
the package pins and external components to make an oscillator. An optional divide-by-two mode is 
available to ensure symmetry. 

XTAL2 
(IN) 

SUGGESTED COMPONENT VALVES 

RI l-4MQ 
R2 0-IKQ 

(may be required for low frequency. phase 
shift and/or compensation level for crystal Q) 

Cl,C2 l0-40pF 
YI I - 20 MHz AT cut series resonant 

~Cl 

68 Pin 84Pin 

PLCC PLCC PGA 
LXTALl (Out) 47 57 Jll 
[XTAL2 (In) 43 53 Lil 

Internal External 

RI 

R2 

YI 
~C2 

175 Pin 

PGA 
T14 
P15 

A divide-by-two option is available to assure symmetry. The oscillator circuit becomes active before 
configuration is complete so the oscillator can stabilize. Actual internal connection is delayed until 
completion of configuration. In the preceding figure the feedback resistor, R1, between output and input 
biases the amplifier at threshold. The value should be as large as practical to minimize loading the 
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crystal. The inversion of the amplifier, together with the R-C networks and an AT cut series resonant 
crystal, produce the 360 degree phase shift of the Pierce oscillator. A series resistor, R2, can be 
included to increase the amplifier output impedance. This may be needed for phase shift control or 
crystal resistance matching, or to limit the amplifier input swing to control clipping at large amplitudes. 

Excess feedback voltage can be corrected by the ratio of C2/C1. The amplifier can be used from 1 MHz 
to one-half the specified CLB toggle frequency. Used at frequencies below 1 MHz, the amplifier may 
require individual characterization with respect to a series resistance. Crystal oscillators operating at 
frequencies above 20 MHz usually require a crystal that operates in a third overtone mode, in which the 
fundamental frequency must be suppressed by the R-C networks. When the oscillator inverter is not 
used, these IOBs and their package pins are available for general user 1/0. 

PROGRAMMING 

Initialization 

An internal power-on reset circuit is triggered when power is applied. When Vee reaches the voltage at 
which portions of the LCA device begin to operate (2.5 to 3 V), the programmable 1/0 output buffers are 
disabled and a high impedance pull-up resistor is provided for the user 110 pins. A time-out delay is 
initiated to let the power supply voltage stabilize. During this time, the power-down mode is inhibited. 
The initialization state time-out (about 20 to 30 ms) is determined by a 14-bit counter driven by a self­
generated, internal timer. This nominal 1 MHz timer is subject to variations as a result of process, 
temperature, and power supply from 0.5 to 1.5 MHz. As shown in the following table, five configuration 
modes are available, as determined by the input levels of three mode pins MO, M1, and M2. 

MO M1 M2 CLOCK MODE DATA 
0 0 0 output Master Bit Serial 
0 0 1 output Master Byte Wide (0000 up) 
0 1 0 - - -
0 1 1 output Master Byte Wide (FFFF down) 
1 0 0 - - -
1 0 1 input Peripheral Byte Wide 
1 1 0 - - -
1 1 1 in_Q_ut Slave Bit Serial 

In master configuration modes, the LCA device becomes the source of the configuration clock (CCLK). 
The beginning of configuration of devices using peripheral or slave modes must be delayed until they are 
initialized. An LCA device with mode lines selecting a master configuration mode extends its 
initialization state using four times the delay (80 to 120 ms). This ensures that all daisy-chained slave 
devices it may be driving will be ready. The next figure shows the sequence of states. 
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USER l/O PINS W111I HIGH IMPEDENCE PULL-UP 

--~~~~~~~~~--_..,,..___---~~~~~~~~---r HDC=HIGH ----.. 
iNri'SIGNAL LOW LDC= LOW 

HIGH-TO-LOW OF DONF./PROGRAM 

Power-On Delay is 
214 Cycles for Non-Master Mode -11 to 33 ms 
216 Cycles for Master Mode - 43 to 130 ms 

Clear is 
-200 Cycles for the M3020 - 30 TO 400 µs 
-375 Cycles for the M3090 - 250 TO 750 µs 

At the end of initialization, the LCA device enters the clear state, in which it clears the configuration 
memory. The active LOW, open-drain initialization signal, RDYl-INIT, indicates completion of the 
initialization and clear states. The LCA device tests for the absence of an external active LOW -RESET 
before it makes a final sample of the mode lines and enters the configuration state. An external wired­
AND of one or more -INIT pins can be used to control configuration by the assertion of the active LOW 
-RESET of a master mode device or to signal a processor that the LCA devices are not yet initialized. 

If a configuration has begun, re-asserting -RESET for at least three internal timer cycles is recognized, 
and the LCA device will abort the program, clearing the partially loaded configuration memory words. The 
LCA device will then re-sample -RESET and the mode lines before re-entering the configuration state. 

The configuration bit stream is initiated again when a configured LCA device senses a HIGH to LOW. 
transition on the DONE/-PROG package pin. The LCA device returns to the clear state, in which the 
configuration memory is cleared and mode lines re-sampled, as for an aborted configuration. The 
complete configuration bit stream is cleared and loaded during each configuration cycle. 

Length count control lets a system of multiple LCA devices, of various sizes, begin synchronized 
operation. The configuration bit stream generated by the MakePROM software of the XACT LCA 
Development System begins with a preamble of 11110010. This is followed by a 24-bit length count 
representing the total number of configuration clocks needed to complete loading of the configuration 
program(s). The data framing is shown in the following figure. 
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1111 
0010 
<24 BIT LENGTH COUNT> 
1111 

O<DATAFRAME#OOl> 111 
0<DATAFRAME#002> 111 
0<DATAFRAME#003> 111 

O<DATAFRAME# 196> 111 
O<DATA FRAME# 197> 111 

1111 

- DUMMY BITS (4 BITS MINIMUM) 
- PREAMBLE CODE 
- CONFIGURATION PROGRAM LENGTH 
- DUMMY BITS (4 BITS MINIMUM) 

FORM3020 

197 CONFIGURATION DATA FRAMES 

(EACH FRAME CONSISTS OF: 
A START BIT (0) 
A 71-BITDATAFIELD 
2 OR MORE DUMMY BITS) 

320 
(20X 16) 

64 144 

256 928 

Bits per frame 75 172 
(w/ 1 start 3 stop) 

Frames 197 373 

Program Data = 14779 64160 
Bits • Frames + 4 
(excludes preamble) 

PROM size (bits) 14816 64200 

Power/God pin pair 2 8 

All LCA devices connected in series read and shift preamble and length count in on positive, and out on 
negative, configuration clock edges. An LCA device that has received the preamble and length count 
then presents a HIGH Data Out until it has intercepted the appropriate number of data frames. When the 
configuration memory of an LCA device is full and the length count does not compare, the LCA device 
shifts any additional data through in the same way it did for preamble and length count. 

When the LCA configuration memory is full and the length count compares, the LCA device executes a 
synchronous start-up sequence and becomes operational, as shown below. 
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* THE CONFIGURATION DATA CONSISTS OF A COMPOSITE 36-BIT 
PREAMBLE/LENGTH-COUNT, FOLLOWED BY ONE OR 
CONCATENATED LCA PROGRAMS, SEPARATED BY 4-BIT 
POSTAMBLES. AN ADDffiONAL FINAL POST AMBLE BIT IS 
ADDED FOR EACH SLAVE DEVICE AND THE RESULT ROUNDED 
UP TO A BYTE BOUNDARY. THE LENGTH COUNT IS TWO LESS 
THAN THE NUMBER OF RESULTING BITS. 

COUNT 

WEAK PULL-UP 
~------<(OOACTIVE 

~ jfl DONE 

INTERNAL RESET ' ~ "-"---
TIMING OF THE ASSERTION OF DONE 
AND TERMINATION OF THE INTERNAL 
RESET MAY EACH BE PROGRAMMED TO 
OCCUR ONE CYCLE BEFORE OR AFTER 
THE I/O OUTPUTS BECOME ACTIVE. 

Two CCLK cycles after the completion of loading configuration data, the user 1/0 pins are ena.bled as 
configured. As selected in MAKEBITS, the internal user-logic reset is released either one clock cycle 
before, or one clock cycle after the 1/0 pins become active. A similar timing selection is programmable 
for the DONE/-PROG output signal. DONEl-PROG can also be programmed to be an open drain or to 
include a pull-up resistor to accommodate wired ANDing. High During Configuration (HOC) and Low 
During Configuration (LDC) are two user 1/0 pins driven active when an LCA is initializing, clearing, or 
configuring. These pins and the DONEl-PROG commands provide signals for control of external logic 
signals such as reset, bus enable, or PROM enable during configuration. For parallel master 
configuration modes, these signals provide PROM enable control and let the data pins be shared with 
user logic signals. 

User 110 inputs can be programmed for either TTL or CMOS compatible thresholds. At power-up, all 
inputs have TTL thresholds and can change to CMOS thresholds at the completion of configuration, if 
the user has selected CMOS thresholds. The threshold of -PWRDWN and the direct clock inputs are 
fixed at the CMOS level. 

If the crystal oscillator is used, it will begin operation before configuration is completed; this allows time 
for stabilization before the oscillator is connected to the internal circuitry. 
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Configuration Data 

Configuration data to define the function and interconnection within an LCA device are loaded from an 
external storage at power-up and, if not inhibited, on a reprogram signal. Several methods of automatic 
and controlled loading of the required data are designed into the LCA device. Logic levels applied to 
mode selection pins at the start of configuration determine the method to be used. See the mode 
selection table above. 

The format of the data can be either bit-serial or byte-parallel, depending on the configuration mode. 
Various AMO programmable gate arrays will have different sizes and numbers of data frames. To 
maintain compatibility between various device types of the AMO product line, the 3000 series LCA 
devices use formats compatible with the 2000 series. For the 3020, configuration requires 14779 bits, 
arranged in 197 data frames, for each device. An additional 36 bits are used in header, as shown in the 
previous figure. The specific data format for each device is produced by the MAKEBITS command of the 
XACT LCA Development System. 

One or more of these files can then be combined and appended to a length count preamble and be 
transformed into a PROM format file by the MAKE PROM command of the XACT LCA Development 
System. An exception to the compatibility of the devices is that a 2000 series device cannot be used as 
the master for a 3000 series device if their DONE or RESET are programmed to occur after their outputs 
become active. The TIE option of MAKEBITS causes the unused block outputs to be defined as 
constant LOW levels that are used to drive the unused routing and block resources. Resources that 
might not be accessible to unused block outputs will then be added to FLAGNET, non-critical user nets. 
NORESTORE will retain the results of TIE for timing analysis with QUERYNET, before RESTORE returns 
the design to the untied condition. TIE can be omitted for quick breadboard iterations where a few 
additional mA of Ice are acceptable. 

The configuration bit stream begins with HIGH preamble bits, a four-bit preamble code, and a 24-bit a 
length count. When configuration is initiated, a counter in the LCA device is set to 0 and begins to count 
the total number of configuration clock cycles applied to the device. As each configuration data frame is 
supplied to the LCA device, it is internally assembled into a data word. As each data word is completely 
assembled, it is loaded in parallel into one word of the internal configuration memory array. The 
configuration loading process is completed when the current length count equals the loaded length 
count, and the required configuration bit stream data frames have been written. Internal user flip-flops 
are held reset during configuration. 

Two user-programmable pins are defined in the unconfigured LCA device. HOC and LDC, as well as 
DONEi-PROO, can be used as external control signals during configuration. In master mode 
configurations it is convenient to use LDC as an active-LOW EPROM Chip Enable. After the last 
configuration data-bit is loaded and the length count compares, the user 1/0 pins become active. 
Options in the MAKEBITS software allow timing choices of one clock earlier or later for the timing of the 
end of the internal logic reset and the assertion of the DONE signal. The open-drain DONE/-PROG 
output can be AND-tied with multiple LCA devices and used as an active HIGH READY, an active LOW 
PROM enable, or a RESET to other portions of the system. 

Master Mode 

In master mode, the LCA device automatically loads configuration data from an external memory device. 
There are three master modes that use the internal timing source to time the incoming data supplying the 
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configuration clock (CCLK). Serial master mode uses serial configuration data supplied to data-in (DIN) 
from a synchronous serial source such as the AMD Serial Configuration PROM (Am1736) shown below. 

The one-time-programmable Am1736 Serial Configuration PROM supports automatic loading of 
configuration programs up to 36K bits. Multiple devices can be cascaded to support additional LCA 
devices. An early DONE inhibits •'1e Am1736 data output one CCLK cycle before the LCA 1/0 becomes 
active. 
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Master LOW and master HIGH modes automatically use parallel data supplied to the DO-D? pins in 
response to the 16-bit address generated by the LCA device. The next figure shows an example of the 
parallel master mode connections required. The LCA HEX starting address is 0000 and increments for 
master LOW mode. It is FFFF and decrements for master HIGH mode. These two modes provide 
address compatibility with microprocessors beginning execution from opposite ends of memory. 

For master HIGH or LOW, data bytes are read in parallel by each read clock (RCLK) and internally 
serialized by the configuration clock. As each data byte is read, the least significant bit of the next byte, 
DO, becomes the next bit in the internal serial configuration word. One master mode LCA device can be 
used to interface the configuration program-store and pass additional concatenated configuration data 
to additional LCA devices in a serial daisy-chain fashion. CCLK is provided for the slaved devices and 
their serialized data is supplied from DOUT to DIN - DOUT to DIN, etc. 

Configuration data are loaded automatically from an external byte wide PROM. An early DONE inhibits 
the PROM outputs a CCLK before the LCA 1/0 becomes active. 
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Peripheral Mode 

Peripheral mode provides a simplified interface through which the device can be loaded byte-wide, as a 
processor peripheral. The next figure shows the peripheral mode connections. Processor write cycles 
are decoded from the common assertion of the active LOW Write Strobe (-WAT), and two active LOW 
and one active HIGH Chip Selects (-CSO, -CS1, CS2). If all these signals are not available, the unused 
inputs should be driven to their respective active levels. The LCA device accepts one byte of 
configuration data on the D0-07 inputs for each selected processor write cycle. Each byte of data is 
loaded into a buffer register. 

The LCA device generates a configuration clock from the internal timing generator and serializes the 
parallel input data for internal framing or for succeeding slaves on Data Out (DOUT). An output HIGH on 
the READY/-BUSY pin indicates completion of loading for each byte and that the input register is ready 
for a new byte. As with master modes, peripheral mode can also be used as a lead device for a daisy­
chain of slave devices. 
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Slave Mode 

Slave mode provides a simple interface for loading the LCA device configuration, as shown below. Data 
are supplied in conjunction with a synchronizing input clock. Bit-serial data configuration are read at 
rising edge of the CCLK. Data on DOUT are provided on the falling edge of CCLK. 

Most slave mode applications are in daisy-chain configurations in which the data input are supplied by 
the previous LCA's data out, while the clock is supplied by a lead device in master or peripheral mode. 
Data can also be supplied by a processor or other special circuits. 

Daisy-Chain 

MICRO 
COMPUTER 

J.(l 

PORT 

RESET 

DW=x BITN 

I· 
CCLK j 
OO!IT 

(OUTPUl) 

f 

+SY 

MO Ml PWRDN 

LCA 

M2 

OO!IT 

HDC 

LDC 

riiP 

M{ Other 
Pins 

BITN+I 

" :::1 
BITN-I m. BITN 

•FOR OPTIONAL SLAVE MODE LCAs IN A DAISY CHAIN 

........ 
GENERAL-
PURPOSE 
USER l/O 
PINS 

I 

The AMD XACT LCA Development System is used to create a composite configuration bit stream for 
selected LCA devices. This configuration includes the following: 
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A preamble 
A length count for the total bit stream 
Multiple concatenated data programs 
A postamble 
An additional fill bit per device in the serial chain 

After loading and passing on the preamble and length count to a possible daisy-chain, a lead device will 
load its configuration data frames while providing a HIGH DOUT to possible down-stream devices as 
shown below. In this figure, all are configured from the common EPROM source. The slave mode device 
-INIT signals delay the master device configuration until they are initialized. A well defined termination 
of SYSTEM RESET is needed when controlling multiple LCA devices. 
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Loading continues until the current length count has reached the full value. The additional data are 
passed through the lead device and appear on the DOUT pin in serial form. The lead device also 
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generates the CCLK to synchronize the serial output data and data in of LCA devices further attached. 
Data are read in on DIN of slave devices by the positive edge of CCLK and shifted out the DOUT on the 
negative edge of CCLK. A parallel master mode device uses its internal timing generator to produce an 
internal CCLK of eight times its EPROM address rate, while a peripheral mode device produces a burst of 
eight CCLKs for each chip select and write-strobe cycle. The internal timing generator continues to 
operate for general timing and synchronization of inputs in all modes. 

SPECIAL CONFIGURATION FUNCTIONS 

The configuration data include control over several special functions, in addition to the normal user logic 
functions and interconnections. 

Input thresholds 
Readback enable 
DONE pull-up resistor 
DONE timing 
RESET timing 
Oscillator frequency divided-by-two 

Each of these functions is controlled by configuration data bits selected as part of the normal XACT LCA 
Development System bit-stream generation process. 

Input Thresholds 

Prior to the completion of configuration, all LCA input thresholds are TIL compatible. Upon completion of II 
configuration, the input thresholds become either TIL or CMOS compatible, as programmed. The use of 
the TIL threshold option requires some additional supply current for threshold shifting. The exception is 
the threshold of the ~PWRDWN input and direct clocks that always have a CMOS input. Prior to the 
completion of configuration, the user 1/0 pins have a high impedance pull-up. The configuration bit 
stream can be used to enable the 108 pull-up resistors in the operational mode to act either as an input 
load or to avoid a floating input on an otherwise unused pin. 

Read back 

The contents of an LCA device can be read back if it has been programmed with a bit stream in which the 
Readback option has been enabled. Readback can be used for verification of configuration, as well as a 
method of determining the state of internal logic nodes during debugging with the XACTOR In-Circuit 
debugger. There are three options in generating the configuration bit stream. 

Never inhibits the Readback capability. 

One-time inhibits Readback after one Readback has been executed' to verify the configuration. 

On-command permits unrestricted use of Readback. 
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Readback is done without the use of any of the user 1/0 pins; only MO, M1, and CCLK are used. The 
initiation of readback is produced by a LOW to HIGH transition of the MO/RTRIG (Read Trigger) pin. 
Once the READBACK command has been given, the input CCLK is driven by external logic to read back 
each data bit in a format similar to loading. After two dummy bits, the first data frame is shifted out, in 
inverted sense, on the M1/-RDATA (Read Data) pin. All data frames must be read back to complete the 
process and return the mode select and CCLK pins to their normal functions. 

The readback data includes the current state of each internal logic block storage element, and the state 
of the .i and .ri connection pins on each 108. These data are imbedded into unused configuration bit 
positions during readback. This state information is used by the XACT LCA Development System In­
Circuit Verifier to provide visibility into the internal operation of the logic while the system is operating. 
To readback a uniform time-sample of all storage elements it may be necessary to inhibit the system 
clock. 

Reprogram 

To initiate a reprogramming cycle, the dual function package pin DONE/-PROG must transition from 
HIGH to LOW . To reduce noise sensitivity, the input signal is filtered for two cycles of the LCA's internal 
timing generator. When reprogram begins, the user programmable 1/0 output buffers are disabled, and 
high impedance pull-ups are provided for the package pins. The device returns to the clear state and 
clears the configuration memory before it is initialized. 

Reprogram control is often exercised using an external open collector driver that pulls DONE/-PROG 
LOW. Once it recognizes a stable request, the LCA device holds a LOW until the new configuration has 
been completed. Even if the reprogram request is externally held LOW beyond the configuration period, 
the LCA device will begin operation upon completion of configuration. 

DONE Pull-up 

DONE/-PROG is an open drain 1/0 pin indicating that the LCA device is operational. An optional internal 
pull-up resistor can be enabled by the user of the XACT LCA Development System when MakeBits is 
executed. The DONE/-PROG pins of multiple LCA devices in a daisy-chain can be connected to 
indicate all are DONE or to direct them to reprogram. 

DONE Timing 

By a selection in the MakeBits program, the timing of the DONE status signal can be controlled to occur 
one CCLK cycle before, or one cycle after, the timing of outputs are activated. This is shown below. 
This facilitates control of external functions such as a PROM enable or holding a system in a wait state. 
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As with DONE timing, the timing of the release of the internal RESET can be controlled by a selection in 
the MakeBits program. It then occurs one CCLK cycle before, or one cycle after, the timing of outputs 
are enabled, as shown above. This reset maintains all user-programmable flip-flops and latches in a zero 
state during configuration. 

Crystal Oscillator Division 

A selection in the MakeBits software lets the user incorporate a dedicated divide-by-two flip-flop in the 
crystal oscillator function. This helps ensure a symmetrical timing signal. Although the frequency 
stability of crystal oscillators is high, the symmetry of the waveform can be affected by bias or feedback 
drive. 
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PERFORMANCE 

Device Performance 

The high performance of the LCA device is due in part to the manufacturing process, which is similar to 
that used for high-speed CMOS static memories. Performance can be measured in terms of minimum 
propagation times for logic elements. The parameter that traditionally describes the overall performance 
of a gate array is the toggle frequency of a flip-flop. The configuration for determining the toggle 
performance of the LCA device is shown below. The flip-flop output Q is fed back through the 
combinational logic as -Q to form the toggle flip-flop. 

Actual LCA device performance is determined by the timing of critical paths, including both the fixed 
timing for the logic and storage elements in that path, as well as the timing associated with the network 
routing. Examples of internal worst-case timing are included in the performance data to let the user to 
make the best use of the device's capabilities. The XACT LCA Development System timing calculator, or 
LCA generated simulation models, should be used to calculate worst-case paths by using actual 
impedance and loading information. The following figure shows a variety of elements used involved in 
determining system performance. 
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The speed of internal elements is determined by differential measurements of package pins. The 
performance of a user's design can be predicted by the XACT LCA Development System delay 
calculator. 
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Actual measurement of internal timing is not practical; often only the sum of component timing is 
relevant, as in the case of input to output. The relationship between input and output timing is arbitrary; 
only the total determines performance. Timing components of internal functions can be determined by 
measuring the differences at the pins of the package. A synchronous logic function with a clock-to­
block output, and a block-input to clock set-up, is capable of higher speed operation than a logic 
configuration of two synchronous blocks with an extra combinational block level between them. System 
clock rates to 60% of the toggle frequency are practical for logic in which there is an extra combinational 
level located between synchronized blocks. This permits implementation of functions of up to 25 
variables. The use of the wired-AND is also available for wide, high-speed functions. 

Logic Block Performance 

Logic block performance is expressed as the propagation time from the interconnection point at the input 
of the combinational logic, to the output of the block in the interconnection area. Combinational 
performance is independent of the specific logic function, which is based on look-up tables. 

The only parameter for all logic functions is the Logic Input to Output delay. For combinational logic used 
in conjunction with the storage element, however, there are two critical parameters. First, for the 
combinational logic function driving the data input of the storage element, the critical timing is data setup 
relative to the clock edge provided to the flip-flop. Second, for the signals then produced by the storage 
elements, the critical timing is the Clock to Output delay. These parameters are shown in the previous 
figure. 

Loading of a logic block output is limited only by the resulting propagation delay of the larger 
interconnection network. Speed performance of the logic block is a function of the supply voltage and 
the temperature, as shown in the next two figures. 



The following figure shows the change in speed performance as a function of temperature. The variation 
is normalized for 30° C, 70° C, 85° C, and 125° C. 

1.3 

1.2 

I.I 

I 1.0 

0.9 

~ 
0.8 

0.7 

0.6 

0.5 

1.2 

I 
I.I 

1.0 
~ 
>< 

~ 
0.9 

4 4.5 5.0 5.5 6.0 

Vee 

4-83 

II 



Interconnection Performance 

Interconnection performance depends on the routing resource used for the signal path. As discussed 
earlier, direct interconnection from block to block provides a fast path for a signal. The single metal 
segment used for long lines exhibits low resistance from end to end, but relatively high capacitance. 
Signals driven through a programmable switch will have the additional impedance of the switch added to 
their normal drive impedance. 

General purpose interconnection performance depends on the number of switches and segments used, 
the presence of the bidirectional re-powering buffers, and the loading at all points on the signal path. In 
calculating the worst-case timing for a general interconnection path, the timing calculator portion of the 
XACT LCA Development System takes all of these elements into account. 

As an approximation, interconnection timing is proportional to the summation of totals of local metal 
segments beyond each programmable switch. In effect, the time is a sum of R-C time, each 
approximated by an R times the total C it drives. The R of the switch and the C of the interconnection are 
functions of the particular device performance grade. 

For a string of three local interconnections, the approximate time at the first segment {after the first 
switch resistance) would be three units; after the next switch there are an additional two units; and there 
is an additional unit after the last switch in the chain. The interconnection R-C chain terminates at each 
re-powering buffer. The capacitance of the block inputs is not significant; the capacitance is in the 
interconnection metal and switches, as shown in the following figure. 
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POWER 

Power Distribution 

Power for the LCA device is distributed through a grid to achieve high noise immunity and isolation 
between the logic and 1/0. Inside the LCA device, a dedicated Vee and ground ring surrounding the logic 
array provide power to the 1/0 drivers, as shown below. An independent matrix of Vee and ground lines 
supplies the interior logic of the device. This power distribution grid provides a stable supply and ground 
for all internal logic; this assumes that the external package power pins are all connected and 
appropriately decoupled. Usually, a 0.1 µF capacitor connected near the Vee and ground pins of the 
package will provide adequate decoupling. 
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Logic Power Grid 

Output buffers capable of driving the specified 4 mA loads under worst-case conditions can be capable 
of driving 25 to 30 times that current in a best case. Noise can be reduced by minimizing external load 
capacitance and reducing simultaneous output transitions in the same direction. Also, it may be 
beneficial to locate heavily loaded output buffers near the ground pads. The 108 output buffers have a 
slew-limited mode that should be used where output rise and fall times are not speed critical. A lower AC 
drive current reduces transition and supply noise without a corresponding reduction in DC drive. A 
maximum of 32 simultaneously switching outputs is allowed. 
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Power Dissipation 

The LCA device exhibits the low power consumption characteristic of CMOS ICs. For any design, the 
user can use the figure below to calculate the total power requirement based on the sum of the external 
and internal capacitive and DC loads. The total chip power is the sum of Vcc•lcco, plus internal and 
external values of capacitive charging currents and resistive loads. · 

The configuration options of TTL chip input threshold requires power for the threshold reference. The 
power required by the static memory cells holding the configuration data is very low and can be 
maintained in a power-down mode. 
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Usually, most power dissipation is produced by external capacitive loads on the output buffers. The 
load- and frequency-dependent power is 25 µW/pF/MHz per output. Another component of 1/0 power is 
the DC loading on each output pin by LCA-driven devices. 

Internal power dissipation is a function of the number and size of the nodes, and the frequency at which 
they change. In an LCA device, the fraction of nodes changing on a given clock is typically low (10-
20%). For example, in a large binary counter, the average clock cycle produces changes equal to one 
CLB output at the clock frequency. In a 4-input AND gate, there will be two transitions in 16 states. 
Typical global clock buffer power is about 3 mW/MHz. The internal capacitive load is more a function of 
interconnection than fanout. With typical load of three general interconnection segments, each CLB 
output requires about 0.4 mW/MHz of its output frequency. 

Total power = Vee• leeo +external (DC+ capacitive)+ internal (CLB + IOB+ Long Line+ pull-up) 

Because the control storage of the LCA device is CMOS static memory, its cells require a very low 
standby current for data retention. In some systems, this characteristic can be used as a method of 
preserving configurations in the event of a primary power loss. The LCA device has built in power-down 
logic that, when activated, will disable normal operation of the device and retain only the configuration 
data. All internal operation is suspended and output buffers are placed in a high impedance state with no 
pull-ups. Power-down data retention is possible with a simple battery-backup circuit because the power 
requirement is extremely low. For retention at 2.4 V, the required current is typically on the order of 50 
nA. 

To force the LCA device into the power-down state, the user must pull the -PWRDWN pin LOW and 
continue to supply a retention voltage to the Vee pins of the package. When normal power is restored, 
Vee is increased to its normal operating voltage and -PWRDWN is returned to HIGH. The LCA device 
resumes operation with the same internal sequence that occurs at the conclusion of configuration. 
Internal 1/0 and logic block storage elements will be reset, the outputs will become enabled, and the 
DONE/-PROG pin will be released. No configuration programming is required. 

When the power supply is removed from a CMOS device, it is possible to supply some power from an 
input signal. The conventional electrostatic input protection is provided by diodes to the supply and 
ground. A positive voltage applied to an input or output will cause the positive protection diode to 
conduct and drive the power pin. This condition can produce invalid power conditions and should be 
avoided. A large series resistor can be used to limit the current, or a bi-polar buffer can be used to 
isolate the input signal. 

DEVELOPMENT SYSTEMS 

To implement your system application on the LCA device, AMO provides a wide host of software 
packages. These packages are primarily IBM-PC/AT based and allow the entire programmable gate 
array design cycle to be completed inexpensively and quickly at the system designer's desk. The 
packages provide the following capabilities. 

4-88 

Schematic capture 
PALASM™ Boolean entry 
Large number of predefined macro library elements 
Automatic logic conversion and reduction 
Logic and electrical rule checking 



Logic partitioning 
Automatic placement and routing 
Interactive timing calculator 
Logic and timing simulation interfaces 
Automatic design documentation 
Interactive design editing and optimization 
PROM programmer format output capabilities 
In-system design verification for multiple arrays 

The XACT LCA Design Editor is hosted on an IBM-PC/AT system with DOS 3.0 or higher. The system 
requires 640K bytes of internal RAM, 1.5 MBytes of extended memory, color graphics, and a mouse. 
The complete system requires one parallel 1/0 port and two serial ports for the mouse and in-system 
emulator. 

Design Entry 

Design entry can be accomplished with popular schematic editors. Popular engineering workstations 
such as Daisy or Mentor are also supported. Additionally, designs can be entered and configured 
manually with the XACT Design Editor, or through Boolean expressions via PALASM programmable logic 
language. 

The following figure shows a partial sample of a entering a design via schematic capture. 
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PIN 

Design Implementation 

Following design entry, logic designs can be automatically converted, reduced, partitioned, placed, and 
routed with the Automatic Design Implementation (ADI) software packages. For those designs that are 
not completely automatic, the XACT Design Editor can be used to manually complete or optimize the 
design. Following layout, various design and electrical rules are checked automatically by the software, 
producing a valid design file. This file contains all the programming data used to download directly into 



an LCA device in the user's target system. The programming information can be used to program PROM, 
EPROM, or ROM devices, or stored in other media, as needed by the final system. 

Design Verification 

Design verification can be accomplished by using the AMD XACTOR In-System Emulator directly in the 
target system. Also, the ADI packages provide output data that can be accepted by popular simulators 
such as P-SILOS for complete logic and timing simulation. If design changes are required, the changes 
can be implemented in minutes at the designer's desk. 

PIN DESCRIPTIONS 

-PWRDWN 

An active LOW power down input stops all internal activity to minimize Vee power and puts all output 
buffers in a high impedance state. Configuration is retained, however, internal storage elements are 
Reset. When the -PWRDWN pin returns HIGH, the device returns to operation with the same sequence 
of Reset, buffer enable, and DONEi-PROGRAM as at the completion of configuration. 

MO 

As Mode 0, this input and M1 M2 are sampled before the start of configuration to establish the 
configuration mode to be used. 

or 

RTRIG 

As a Read Trigger, after configuration is complete, an input transition to a HIGH will initiate a Readback 
of configuration and storage element data by CCLK. This operation can be limited to a single request, or 
can be inhibited altogether, by selecting the appropriate readback option when generating the bit stream. 

M1 

As Mode 1, this input, MO, and M2 are sampled before the start of configuration to establish the 
configuration mode. 

or 
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-RDATA 

As an active LOW Read Data, this pin is the output of the readback data after configuration is complete. 

M2 

As Mode 2 this input, MO, and M1 are sampled before the start of configuration to establish the 
configuration mode. After configuration, this pin becomes a user-programmable 1/0 pin. 

HDC 

High During Configuration is held at a HIGH level by the LCA device until after configuration. It is 
intended to be available as a control indication that configuration is not completed. After configuration, 
this pin is a user 1/0 pin. 

LDC 

Low During Configuration is held at a LOW level by the LCA device until after configuration. It is intended 
to be available as a control indication that configuration is not completed. It is particularly useful in 
master mode as a LOW enable for an EPROM. After configuration, this pin is a user 1/0 pin. If used as a 
LOW EPROM enable, it would need to be programmed as a HIGH after configuration . 

... INIT 

This is active LOW open collector output is held LOW during the power stabilization and internal clearing 
of the configuration memory. It can be used to indicate status to a configuring microprocessor or, as a 
wired-AND of several slave mode devices, a hold-off signal for a master mode device. After 
configuration, this pin becomes a user programmable 1/0 pin. 

-RESET 

This active LOW input has three functions. Prior to the start of configuration, a LOW input will delay the 
start of configuration. An internal circuit senses the application of power and begins a minimal time-out 
cycle. When the time-out and -RESET are complete, the levels of the M lines are sampled and 
configuration begins. If -RESET is asserted during a configuration , the LCA device is re-initialized and 
will restart the configuration at the termination of -RESET. If -RESET is asserted after configuration is 
complete, it will provide an asynchronous reset of all 108 and CLB storage elements of the LCA device. 

DONE 

The DONE output is configurable as an open drain with or without a pull-up resistor. At the completion of 
configuration, the circuitry of the LCA device becomes active in a synchronous order, and DONE can be 
programmed to occur one cycle before or after. 
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-PROG 

Once configuration is completed, a HIGH-to-LOW transition of this pin will cause an initialization of the 
LCA device and start a reconfiguration. 

XTL1 

This user 1/0 pin can be configured to operate as the output of an amplifier usable with an external 
crystal and bias circuitry. 

XTL2 

This user 110 pin can be configured to operate as the input of an amplifier usable with an external crystal 
and bias circuity. 

CCLK 

During configuration, Configuration Clock is an output of an LCA device in master mode or peripheral 
mode. LCA devices in slave mode use it as a clock input. During a Readback operation, it is an input 
clock for the configuration data being output. 

DOUT 

This user 1/0 pin is used during configuration to output serial configuration data for the Data In of daisy­
chained slaves. 

DIN 

This user 1/0 pin is used as serial Data In during slave or master serial configuration. This pin is DO in 
master or peripheral configuration mode. 

-CSO, -CS1, CS2, -WRT 

These four inputs represent a set of signals, three active LOW and one active HIGH, which are used in 
peripheral mode to control configuration data entry. The assertion of all four generates a write to the 
internal data buffer. The removal of any assertion results in the present data of DO-D7 being clocked in. 

-RCLK 

During master parallel mode configuration, this pin represents a read of an external memory device. 

RDY/-BUSY 

During peripheral parallel mode configuration, this pin indicates when the chip is ready for another byte of 
data to be written to it. After configuration is complete, this pin becomes a user-programmed 1/0 pin. 
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D0-07 

This set of eight pins represents the parallel configuration byte for the parallel master and peripheral 
modes. After configuration is complete, they are user-programmable 1/0 pins. 

AO-A 15 

This set of 16 pins presents an address output for a configuration EPROM during master parallel mode. 
After configuration is complete, they are user-programmable 1/0 pins. 

110 

A pin that, after configuration, can be programmed by the user to be an input and/or output pin. Some of 
these pins present a high impedance pull-up or perform other functions before configuration is complete. 



APPENDIX A: TABLES AND DIAGRAMS 

Table 2a. 3000 Family Configuration Pin Assignments 
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A3 A3 
A15 A15 
A4 A4 
A14 A14 
A5 A5 
A13 A13 
A6 A6 
A12 A12 
A7 A7 
All All 
A8 A8 
AIO AIO 
A9 A9 

10 
25 
26 
27 
2S 
30 
34 
43 
44 
45 
46 
47 
4S 
49 
50 
51 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

D REPRESENTS A SOK TO IOOK OHM PULL-UP DURING CONFIGURATION 
• !NIT IS AN OPEN DRAIN OUTPUT DURING CONF!GURA TION 

12 
31 
32 
33 
34 
36 
42 
53 
54 
55 
56 
57 
5S 
60 
61 
62 
65 
66 
67 
70 
71 
72 
73 
74 
75 
76 
77 
7S 
SI 
S2 
S3 
84 

4 

9 
10 
11 

B2 
J2 
Lt 
K2 
K3 
l3 
K6 
Lil 
KIO 
JIO 
Kil 
JI! 
HIO 
FIO 
GIO 
Gll 
Fll 
Ell 
EIO 
DIO 
Cl! 
Bil 
CIO 
All 
BIO 
B9 

AIO 
A9 
B6 
B7 
A7 
C7 
A6 
A5 
BS 
cs 
A3 
A2 
B3 
Al 

B2 
Bl4 
BIS 
Cl5 
E14 
D16 
H15 
P15 
Rl5 
R14 
N13 
T14 
P12 
Tl! 
RIO 
R9 
RS 
P8 
RS 
R7 
R5 
P5 
R3 
N4 
R2 
P2 
M3 
Pl 
NI 
Ml 
L2 
K2 
Kl 
H2 
HI 
F2 
El 
DI 
El 
C2 

XTLI ORJ,I(; 

CCLK I 

Note: Pin assignments of "PGA Footprint" PLCC sockets and PGA packages are not electrically identical. 

4-95 



Table 2b. 3000 Family 68-Pin PLCC Pinouts 

PLCC PLCC 

Pin Pin 

Numbers 3020 Numbers 3020 

10 -PWRON 44 -RESET 

11 IO 45 DONT--PG 

12 IO 46 07-1/0 

13 110· 47 XTL1-l/0 

14 IO 48 06-1/0" 

15 IO 49 05-1/0 

16 IO 50 -CS0-1/0 

17 IO 51 04-1/0" 

18 VCC 52 vcc 
19 vo· 53 03-1/0 

20 IO 54 -CS1-l/0 

21 110· 55 02-110· 

22 IO 56 01-1/0 

23 I IO 57 ROY/-BUSY--f!CLK-1/0 

24 IO 58 00-0IN-l/O 

25 M1--ROATA 59 OOUT-110 

26 MO-RTRIG 60 CCLK 
27 M2-llO 61 AO--WS-1/0 

28 HOC-110 62 A1-CS2-l/0 

29 IO 63 A2-l/0 

30 ·LDC-110 64 A3-l/0 

31 IO 65 A15-l/O 

32 IO 66 A4-l/O 

33 IO 67 A14-l/0 

34 ·INIT-VO 68 A5-l/0 

35 GNO 1 GO 

36 IO 2 A13-l/O 

37 IO 3 A6-l/O 

38 IO 4 A12-l/O 

39 IO 5 A7-l/O 

40 IO 6 A11-l/O 

41 IO 7 A8-l/O 

42 IO 8 A10-l/O 

43 XTL2-l/O 9 A9-l/O 

"6 Unbonded IOBS 3020 

The default configuration of IOBs is input with pull-up. This can be used to prevent an undefined pad 
level for unbonded or unused IOBs. 
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Table 2c. 3000 Family 84-Pln PLCC and PGA Plnouts 

PLCC PGA PLCC PGA 

Pin Pin Pin Pin 
Number Number 3020 3030 Number Number 3020 3030 

12 B2 -PWRON -PWRON 54 K10 -RESET -RESET 

13 C2 IO IO 55 J10 OONE--PG OONE--PG 

14 81 N/C IO 5S K11 07-110 07-110 

15 C1 IO IO 57 J11 XTL1·110 XTL1-llO 

1S 02 IO IO 58 H10 06-110 06-110 
17 01 IO IO 59 H11 1/0 1/0 
18 E3 IO IO 60 F10 05-110 05-110 

19 E2 IO IO 61 G10 -CS0-110 -CS0-110 

20 E1 IO IO 62 G11 04-110 04-1/0 

21 f2 IO IO 63 G9 1/0 1/0 

22 F3 vcc vcc 64 F9 vcc vcc 
23 G3 IO IO 65 F11 03-110 03-110 

24 G1 IO IO 66 E11 -CSH/O -CS1-l/O 

25 G2 IO IO 67 E10 02-110 02-1/0 

26 F1 IO IO 68 Ell 1/0 1/0 

27 H1 IO IO 69 011 N/C 1/0 

28 H2 IO IO 70 010 01-110 01-110 

29 J1 IO IO 71 C11 RDY/-BUSY--RCLK-1/0 fDY/-BUSY--RCLK l/O 

30 K1 IO IO 72 811 OO-OIN-110 OO-OIN-110 

31 J2 M1--ROATA M1·-ROATA 73 C10 OOUT-110 OOUT-110 

32 L1 MO--RTRIG MO--RTRIG 74 A11 CCLK CCLK 

33 K2 M2-l/O M2-l/O 75 810 AO--WS-110 AO--WS-110 

34 K3 HOC-1/0 HOC-1/0 76 89 A1-CS2·110 A1-CS2-110 

35 L2 IO IO 77 A10 A2-l/O A2-110 

36 L3 -LOC-1/0 -LDC-1/0 78 A9 A3-1/0 A3-1/0 

37 K4 IO IO 79 88 N/C 1/0 

38 L4 N/C IO 80 AS N/C 1/0 

39 J5 IO IO 81 86 A15-l/O A15-l/O 

·40 K5 IO IO 82 87 A4-1/0 A4-l/O 

41 LS N/C IO 83 A7 A14-l/O A14-l/O 

42 KS -INIT-1/0 -INIT-l!O 84 C7 AS-1/0 AS-110 

43 J6 GNO GNO 1 cs GND GND 

44 J7 IO IO 2 A6 A13-l/O A13-l/O 

4S L7 IO IO 3 AS A6-1/0 AS-110 

4S K7 IO IO 4 8S A12-l/O A12-l/O 

47 LS IO IO s cs A7-l/O A7-l/O 

48 LB IO IO 6 A4 N/C 1/0 

49 K8 IO IO 7 84 N/C 1/0 

so L9 N/C IO 8 A3 A11-llO A11-l/O 

S1 LIO N/C IO 9 A2 AS-1/0 AB-110 

S2 K9 IO IO 10 83 A10-l/O A10-1/0 

S3 L11 Xll2-l!O Xll2-l/O 11 A1 A9-l/0 A9-l/O 

The default configuration of IOBs is input with pull-up. This can be used to prevent an undefined pad level for unbonded or unused 
IOBs. 

II 



Table 2d. SC3000 Family 175-Pin PGA Pinouts 

PGA Pin PGA Pin PGA Pin PGA Pin 

Number 3090 Number 3090 Number 3090 Number 3090 

B2 -PWRDN 013 110 R14 DONE--PG R3 DO-DIN-110 

04 IO 814 M1--RDATA N13 07-110 N4 DOUT-110 

B3 IO C14 vss T14 XTAL1-llO R2 CCU< 
C4 IO 815 MO--RTRIG P13 110 P3 vcc 
B4 IO 014 vcc R13 110 N3 VSS 

A4 IO C15 M2-llO T13 110 P2 AO--WS-1/0 

05 IO E14 HDC-1/0 N12 1/0 M3 A1-CS2-l/O 

C5 IO 81S 110 P12 DS-1/0 R1 1/0 

BS IO 015 110 R12 1/0 N2 1/0 

A5 IO C1S 110 T12 1/0 P1 A2-l/O 

C6 IO D1S -LDC-1/0 P11 110 N1 A3-llO 

OS IO F14 110 N11 1/0 L3 1/0 

B6 IO E15 110 R11 1/0 M2 1/0 

A6 IO E1S 110 T11 05-1/0 M1 A15-l/O 

87 IO F15 110 R10 -CS0-1/0 L2 A4-l/O 

C7 IO F1S 1/0 P10 110 L1 1/0 

07 IO G14 1/0 N10 1/0 K3 1/0 

A7 IO G15 110 T10 1/0 K2 A14-l/O 

AS IO G1S 110 T9 1/0 K1 AS-1/0 

B8 IO H1S 110 R9 04-1/0 J1 1/0 

CB IO H15 -INIT·l/O P9 110 J2 1/0 

DB VSS H14 vcc N9 vcc J3 VSS 

09 VCC J14 vss NS VSS H3 vcc 
C9 IO J1S 110 PS 03-1/0 H2 A13·1/0 

B9 IO J1S 110 RS -CSH/0 H1 AS-1/0 

A9 IO K16 1/0 TS 110 G1 1/0 

A10 IO K15 110 T7 1/0 G2 1/0 

010 IO K14 110 N7 1/0 G3 1/0 

C10 IO L16 1/0 P7 1/0 F1 110 

810 IO L15 1/0 R7 02-1/0 F2 A12-l/O 

A11 IO M16 110 TS 1/0 E1 A7-l/O 

811 IO M1S 1/0 RS 110 E2 110 

011 IO L14 1/0 NS 1/0 F3 1/0 

C11 IO N1S 1/0 PS 1/0 01 A11-l/0 

A12 IO P16 110 TS 1/0 C1 AS-1/0 

812 IO N15 110 RS 01-1/0 02 1/0 

C12 IO R1S 1/0 PS RDY/-BUSY--RCLK-1/0 81 1/0 

012 IO M14 110 NS 1/0 E3 A10-l/0 

A13 IO P1S XTAL2-l/0 T4 110 C2 A9-l/O 

813 IO N14 vss R4 1/0 03 vcc 
C13 IO R1S -RESET P4 1/0 C3 VSS 

A14 IO P14 vcc 

The default configuration of IOBs is input with pull-up. This can be used to prevent an undefined pad level for unbonded or unused 
IOBs. Pins A2, A3, A 15, A 16, T1, T2, T3, T15 and T16 are not connected. Pin A 1 does not exist. 
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PARAMETRIC$ 

Absolute Maximum Ratings 

Vee Supply voltage relative to GND 

V1N Input voltage with respect to GND 

Vis Voltage applied to three-state output 

VsrG Storage temperature (ambient) 

TSQL Maximum soldering temperature (10 sec@ 1/16 in.) 

TJ Junction temperature plastic 

Junction tern erature ceramic 

Units 

-0.5 to 7.0 v 
-o.5 to Vee + o.5 

*Note: Stresses beyond those listed under Absolute Maximum A "· ~~/~ 
ratings only, and functional operation of the device, anti ___ rly 6'het .. 
Operating Conditions is not implied. Exposurl!.-tQ, AQsol,plf!,, ~i!)Q1J1t1 'Jilailqgs •• 

.•• ,ii,~t-da'~age to the device. These are stress 
ns beyond those listed under Recommended 
ditions for extended periods of time may affect 

""""'";"'"•· ~ \' <} \\)" '\,; .,, 

MIN MAX UNITS 

0° C to 70° C 4.75 5.25 v 

-40° C to 85° C 4.5 5.5 v 

-55° C to 125° C 4.5 5.5 v 

V1HT\, ''8igll~level'input voltage -TTL configuration 2.0 Vee v 

V1LT ·+dyi-level input voltage - TTL configuration 0 0.8 v 

V1HC High-level input voltage - CMOS configuration .7Vcc Vee v 

V1LC Low-level input voltage - CMOS configuration 0 .2vcc v 

T1N Input signal transition time 250 ns 
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,,,,''! 

ELECTRICAL CHARACTERISTICS OVER OPERATING CONDITIONS MIN ,,,~x1 UNITS 

Va-1 High-level output voltage(@ loH = -4.0 ma Vee min) Commercial 3.l!El,,,,,,,.,,, s·;;r v 
Va_ Low-level output voltage(@ loL = 4.0 ma Vee min) ,,,,,11''"'.,,1;il''n"•1,, "z 0.3~"j,,_ '\, v 
Va-1 High-level output voltage(@ loH = -4.0 ma Vccl Industrial ~3'J,!?,,,,,,1 ,q,,,,\ '" )V 

Va_ Low-level output voltage(@ loL = 4.0 ma Vee) ( :::s: \, 1(111'' \ o'!d7 v 
Va-1 High-level output voltage(@ loH = -4.0 ma Vee) Mi~!'y, 1 :.rs:: ,,,.,,,,,, 3'.'{ \ '"' v 
Va_ Low-level output voltage (@loH = 4.0 ma Vccl ,,,,, \,~ ~ 

~,,,,,,,, 

,!'""" '"\\, 'v"' 0.4 v 
ICCPD Power-down supply current (Vee= 5.o V@ 70°C) 1 ~ ,,,~\ .. ,11: 500 µA 

icco Quiescent LCA supply current in addition to le~.~~~::::·,;::·,.,,,,,,,,,,.) ,,,,,,,,. 
CMOS chip thresholds .,, 500 µA 
TTL ch.!e_ thresholds /''\. . • .,,,,., \ 10 mA 

l1L Leakage Current Commercial/lndusl!;,iahT · ,,·,,,,,...,,,..>· ' -10 +10 µA 

Leak~ Current Milit~ ¢~ C to 125'? C\ \, -20 +20 ~ 
C1N Input capacitanc11.{S'a,rifple"·Jes~) '\.~\, 

Ji 
10 pF 

IRIN Pad pull-up M~eqilill~) ~ ~,..oV;;(si:lmple tested) 0.02 0.17 mA 

IRLL Horif;ont~l IOl)!f4jm!'pµlM'ip ("Y~n.!lelected)@ logic LOW 0.4 3.4 mA 

Notes: .. .1. ~.orf a 3Q,261 ... 12c;i;0 ra:ii~ for 3090, 5.o 
''r'llh n~otilp,ut'¢,µn9nt'loads, no active input or long line pull-up resistors, all package pins at Vee or GND, and the LCA 
9<1nfiglir,~ witll'll MAKEBITS ''tie" option. See LCA power chart for addttional activity dependent operating component. 
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CLB SWITCHING CHARACTERISTIC GUIDELINES 

CLB OUTPUT (X,Y) x 
(COMBINATORIAL) --i--------------

CLB INPUT(A,B,C,D,E)-----..C:-
0 

T= ~ 1=0 T1cK---0 TcKJ::::i , _____ _ 

CLBCLOCK 

CLBINPUT 
(DIRECT JN) 

CLBINPUT 
(ENABLE CLOCK) 

---@ TcL----<---- @ Trn 

0 TDICK 0 T CKDI 

© T ECCK---<-- 0 T CKEC 

-----

-
____ 0_8 TCK~-CLBOUTPUT 

(FLIP-R.OP) 

CLBINPUT 
(RESET DIRECT) ---------

CLBOUTPUT 
(R.IP-R.OP) 

@TRPW 
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CLB SWITCHING CHARACTERISTIC GUIDELINES (Continued) 

Testing of the switching characteristic guidelines Is modeled after testing specified by MIL-M-38510/605. Devices are 100% functionally 
tested. Benchmark timing patterns are used to provide correlation to the switching characteristic guideline values. Actual worst-case 
timing is provided by the XACT Timing calculator or Simulation modeling. 

S Grade 

CLB Logic Input 
Reset direct 

CLB K Clock input 

Descri ion 
Combinatorial 
CLBoutput 
Reset Direct width* 
Master Rest pin to CLB out 

To CLB outpu1 

Additional for a returning 
through F or G to CLB out 
Logic-Input setup 
Logic-input hold 
Data In setup 
Data In hold 
Enable Clock setup 
Enable Clock hold "'""-

(\ 

-50 

s bol Min Max 

T1LO 14 

9 TRIO 15 
13 TRPW 

TM 
8 TcKO 

9 

50 

~r~ S;:.TCHING CHARACTERISTIC GUIDELINES 

Speed Grade -50 

Descrlj>tion Min Max 
Clock Buffer .. GCLK,ACLK 9 
TBUF .. Data to Output 8 

(Long line buffer) 
Three-state to Output 
Single pull-up resistor 34 
Pair of~li-ui>_ resistors 17 

Bi-directional BIOi 6 

••Timing is based on the 3020, for other devices see XACT timing calculator. 
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-70 Units 
Min Max 

9 ns 
10 

ns 
7 ns 
0 ns 
7 ns 
7 ns 
70 MHz 

-70 Units 
Min Max 

6 ns 
5 ns 

22 ns 
11 ns 
4 ns 



IOB SWITCHING CHARACTERISTIC GUIDELINES 

UOBLOCK(l)_0_T_P1Dt--t------

UOPADINPUT ~ 
----- 0 TpfCK 0 TIKPI ::i '-----

UOCLOCK 
(IK/OK) 

UO BLOCK (RI) 

UOBLOCK (0) 

1/0 PAD OUTPUT 
(DIRECT) 

VO PAD OUTPUT 
(REGISTERED) 

---@Tu------ 0 T10H 

________ _, 

--f0ToKPO 
---------------~ 

UOPADTS ~ r;:©T- 0T~~j I 
UOPADOUTPUT -------< )!--------
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IOB SWITCHING CHARACTERISTIC GUIDELINES (Continued) 
,,~ 

•'' "-•,,, l l 
Testing of the switching characteristic guidelines is modeled after testing specified by MIL-M-38510/605. ~y~ are,,,,~boo/o functionally 
tested. Benchmark timing patterns are used to provide correlation to the switching characteristic guideli9e·'il~J~s:"'f<ctul:1t~o~t-case 
timing is provided by the XACT Timing calculator or Simulation modeling. \ ('' J _l \ \ 

S edGrade 

Pad (package pin) 

l/OClock 

t--=-...._.,,....-.,,...;;---T-

Descri lion 
To input (direct CLKIN) 
To input (direct) 

To 1/0 RI input (FF) 
1/0 pad-input setup' 

110 pad-inpufl~olq \,, 

~~/ 
To pad begin hi-Z (fast) 
To pad valid (last) 

To input RI 
To output (FF) 

'\,·:·+~ 
:'Jr1KPI 
ToKP 
TOQK 

6 TQKO 
11 T10H 
12 T10L 
10 TQPF 
10 TOPS 
9 TTSHZ 
8 TT 

13 TRRI 
15 TRPO 

0 

15 
0 
9 
9 

.,,,,,_ "\\ "'i~;,_~;Ji·'l'::;;i'""",;~·"'\,,\ '\,;i'-;/· 

20 
0 

18 
10 
0 
7 
7 

14 
33 

12 
20 

45 
55 

3 
7 

7 

13 

10 
25 

8 
14 

30 
37 

ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

Notes: 1. Timing is measured at pin threshold, with 50 pF external capacitive loads (incl. test fixture). Typical fast mode output 
rise/fall times are 5 ns and will increase approximately 2%/pF. A maximum total external capacitive load for simultaneous 
fast mode switching in the same direction is 500 pF per power/ground pin pair. 

2. Voltage levels of unused (bonded and unbonded) pads must be valid logic levels. Each can be configured with the internal 
pull-up resistor or atternatively configured as a driven output or driven from an external source. 
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GENERAL LCA SWITCHING CHARACTERISTICS 

Vcc(VALID) 

II 
-50 -70 Units 

Min Max Min Max 
1 1 Ill 
1 1 jlS 

6 6 jlS 

6 6 jlS 

7 7 jlS 

-PWRDWN(3) PowerDownV 2.0 2.0 v 

Notes: 1. Vee must rise from 2.0 Volts to Vee minlmum in less than 1 o ms for master modes. 
2. RESET timing relative to valid mode Hnes (MO, M1 , M2) is relevant when -RESET is used to delay configuration. 
3. -PWEDWN transitions must oocur during operational Vee levels. 



MASTER SERIAL MODE SWITCHING CHARACTERISTICS 

C'C'LK 
(OUTPUT) 

GUIDELINE~,,,»; 
~ % 

,-.,,,...--..,,,".,.<:::::····, . .! I 

SERIAL DATA IN 

SERIALDOUT 

(OUTPUT) ------

-50 -70 Units 

Min Max Min Max 

60 60 ns 
O O ns 

Notestt"'i ··~~f;pp;~y;;d·IJ,l~l!t 'i\''';rom 2.0 V to Vee min, in less than 1 O ms, otherwise delay configuration using -RESET until 
var~, ",, "' 

uratian•·ean be controlled by holding -RESET low with or until after the -INIT of all daisy-chain slave mode devices is 
H. 

> ,,bster serial mode timing is based on slave mode testing. 
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MASTER PARALLEL MODE PROGRAMMING SWITCHING CHARACTERISTIC 
GUIDELINES 

DO-D7 

Ra:K 
(OUTPUT) ___ _, 

CCLK 
(OUTPUT) 

'ii;i-i· 

RCLK 
Descri lion 
To address valid 
To data setup 
To data hold 
RCLKhigh 
RCLKlow 

-50 

bol Min 

TRAC 0 
2 ToRC 60 
3 TACO 0 

TRCH 600 

TRCL 4.0 

D7 

BYTEn--1 

-70 Units 

Max Min Max 
200 0 200 ns 

60 ns 
0 ns 

600 ns 
4.0 !IS 

Notes: 1. At power-up, Vee must rise from 2.0 V to Vee min. in less than 10 ms, otherwise delay configuration using -RESET until 
Vee is valid. 

2. Configuration can be controlled by holding -RESET low with or until after the -INIT of all daisy-chain slave mode devices is 
HIGH. 
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PERIPHERAL MODE PROGRAMMING SWITCHING CHARACTERISTICS 

CsliCsi> \ I \ 
CS2 I \ I 

0TCA 

OO-D7 

CCLK 

RDYtBUsY 

-50 -70 
mbol Min Max Min Max 

TCA 0.5 0.5 
2 Toe 60 60 
3 Teo 0 0 
4 T 60 60 

ROY 5 0 0 

Notes: 1. Configuration must be delayed until the -INIT of all LCAs is HIGH. 
2 Time from end of WAT to CCLK cycle for the new byte of data depends on completion of previous byte 

processing and the phase of the internal timing generator for CCLK. 
3. CCLK and DOUT timing is tested in slave mode. 
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Units 

1111 
ns 
ns 
ns 
ns 



···""i 
SLAVE MODE PROGRAMMING SWITCHING CHARACTERISl,:JC~ \ 

<'"~:~::~ l 

,,,,:· 

DIN 

CCLI{ 

OOUT 
(OUTPUT) 

if'" ,,,,. 

\.,\~\ ",,.... Frequency 

Note: tf"!i.9uration must be delayed until the INIT of all LeAs is HIGH. 
·~,, )f1 

1 
2 
4 
5 

-50 

bol Min 

Tcco 
Toce 60 

Teeo 0 

TccH 0.5 

TeeL 0.5 

Fee 

BITN 

-70 Units 

Max Min Max 
100 100 ns 

60 ns 
0 ns 

0.5 llS 
5.0 0.5 5.0 llS 
1 MHz 

4·109 



4·110 

PROGRAM READBACK SWITCHING CHARACTERISTICS 

DONF.JP""iOO 
(OUTPUT) 

RTRIG 

CCLK(l) 

RDA TA 
(OUTPUT) 

q 

c 

______ __, 

S mbol 
1 TRTH 
2 TRT 
3 TccR 

-50 -70 
Min Max Min 

250 250 
10 10 

100 

RE 0 positive transition) shall not be done until after one clock following active 1/0 pins. 
Readback should not be initiated until configuration is complete. 

Max 

100 

Units 

ns 
µs 
ns 



SOCKET INFORMATION 

The following sockets, with matching hole patterns, are available for PLCC devices. 

DESCRIPTION 
68 PIN 

PCB solder tail, tin plate 
Surface mount, tin plate 
PCB solder tail, tin plate* 
PCB solder tail, tin plate* 
PCB solder tail, tin plate* 
Surface mount, tin plate 

VENDOR 

AMP 
AMP 
Burndy 
Midland-Ross 
Meth ode 
Meth ode 

PART NUMBER 

821574-1 
821542-1 
QILE68P-410T 
709-2000-068-4-1-1 
213-068-001 
213-068-002 

*Sockets will plug into pin-grid array wire-wrap sockets for breadboard use. However, the physical 
translation of pins in a PLCC socket does not result in electrical equivalence to the pin locations of a 
PGA package. 
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Pin No. 1 Identifier 

PIN SPACING 
.050 TYPICAL 

Seatjng Plane 

LEAD CO-PLANARITY± 0.002 IN 

ALL OTHER DIMENSIONS ARE 
IN INCHES± 0.005 

68-Pln PLCC Package 



.. 
1
• _____ l.IOO sot.012. ____ """"'·I 

INDEX 

DIMENSIONS ARE IN INCHES 

81A = 35-<10°ctw 

..,.......@ 

L 

K 

H 

G 

F 

E 

D 

c 

B 

.J.. A 
T 

1.000 ±.012 

I- .IOOTYP 

, ,, 
v " t' 

H ~ Ir 
v _l'I 

:~ ~ 7 .., 
I~ rE Ir 7 ,,, 

' 
' ' INDEX PIN 

TYP .o70 DIA , 
, ,,\ :~ ~ ~ " ,,. 

~ ' " 

' 
4 5 6 7 9 10 II 

NOTE: INDEX PIN MAY OR MAY NOT BE 
ELECTRICALLY CONNECTED TO PIN C2 

84-Pln PGA Package 

.100 
TYP 

1 

1.000 
±.012 
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Pin No. 1 Identifier 

--------1.190 --------1~ 
0JA = 35-40°CJW PIN SPACING 

.050 TYPICAL 

84-Pln PLCC Package 

Seating Plane 



INDEX 

---+--- ---1+---+- 0JA = 25-30 °C{W 

0Jc = 0.5--1.0 °C{W 

WEIOMETALIC HEAT SINK 
ELECTR.ICALL Y CONNECTED TO VCC 

PIN KOVAR 

.006R. TYP. 

.025 REF. 

0000 
00GH~ 
0000 
0000 

r 
.180 

TYP .. 070DIA 
±.006 

.845 ±.009 1.660 SOl:.016 _ ___,_0_0_0 0 
l.SOO ±.015 

0000 
0000 
0000 

TRPNMLKJHGFEDCBA 

~695±007 ~ ~.!OOTYP 

DIELECI1UC COAT 

175-Pin PGA Package 
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LCA·MDS21 XACT Design 
Editor System 
Features 
• Runs on an IBM® PC-Xf'M or compatible computer 

• Complete basic system for designing with Logic Cell Arrays 

• Interactive graphical design editor 

• Slmplifted definition, placement and Interconnection 
capability for logic design and Implementation 

• Macro library of 113 standard logic family equivalents 

• Utility for user-defined macros 

• Boolean equation or Kamaugh map alternatives to specify 
logic functions 

• Point-to-point timing calculations for critical path analysis 

• Automatic design consistancy checking for connectivity and 
design violations 

• Docurnenlation support with hardcopy output of logic and 
physical configuraUon Information 

• Download cable to transfer configuration programs from 
personal computer to LCA in target system 

• Compatible hardware and software options to enhance 
design productivity 

• File formatter for EPROM programmer 

General 
The XACT Design Editor provides users with a complete design 
and developmen) system for specification and implementation 
of designs using Monolithic Memories' Logic Cell Arrays. Func­
tional definition of Configurable Logic Blocks (CLBs), Input/ 
Output Blocks (IOBs) and interconnection is performed with a 
menu-driven interactive graphics editor. An automatic router 
greatly reduces the effort to interconnect logic. 

Designs are captured with a graphics-based design editor 
using either a mouse for menu-driven entry, or a keyboard for 
command-driven entry. Functions are specified by CLB and 
IOB definitions plus their interconnections. The macro library 
and user-defined macros enable the user to easily implement 
complex functions. 

The check for logic connectivity and design rule violation is 
easily performed. All unused internal nodes are automatically 
configured to minimize power dissipation. 

Interactive point-to-point timing delay calculation is provided 
for timing analysis and critical path determination. This ability 
enables the user to quickly identify and correct timing prob­
lems while the design is in progress. 

Automatic generation of similar input netlist files with liming 
parameters simplifies the use of P-SILOS for logic and timing 
simulation. 

The XACT Design Editor includes hardcopy generation to docu­
ment a design and automatically track design changes. Logic 
Cell Array configuration programs can be automatically trans­
lated into standard EPROM programming bit pattern formats. 
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A download cable included with XACT is useful for transferring 
configuration programs serially from the PC workstation to a 
Logic Cell Array installed in a system. During product develop­
ment and debug this capability can be used to save the time re­
quired to write a modified configuration program into an EPROM. 

Monolithic Memories provides ongoing support for XACT users. 
For the first year, software updates are included. After that the 
user may purchase the LCA-MSC21 Annual Support Agree­
ment to continue to receive the latest software releases. XACT 
users also receive Monolithic Memories' technical information, 
which includes information about Logic Cell Arrays and PAL® 
devices, as well as software updates and application notes for 
designers. In addition, Monolithic Memories provides compre­
hensive field and factory support. 

System Requirements 
Minimum System Configuration 

IBM PC-XT, PC-AT or compatible computer with: 

• MS-DOS™ 2.1 or higher 

• 1 M Bytes RAM 

• 1 Diskette Drive 

• 10-MB Hard Disk 

• IBM compatible Color Graphic Adapter and Display 

• 1 Serial Interface Port 

• 1 Parallel Interface Port 

• Mouse System™, Microsoft® or compatible mouse 

Design Editor with Routed Design 

Publication# 
10853 

Issue Date: Jan 

Rev. Amendment 
A 10 

1988 



XACT Macro Library 

General CLBs FDCR D Flip-Flop with ClkEna, Reset 
FDCS D Flip-Flop with ClkEna, Set 

GADD Adder FDM D Flip-Flop 2-lnput Data Mux 
GCOMP Compare FDMR D Flip-Flop 2-lnput Data Mux, Reset 
GEQGT Equal or Greater FDMS D Flip-Flop 2-lnput Data Mux, Set 
GMAJ Majority FDM-rd D Flip-Flop 2-lnput Data Mux, ResetDir 
GMux 2-to-1 Mux FDM-sd D Flip-Flop 2-lnput Data Mux, SetDir 
GPAR Parity FSA Set-Reset Flip-Flop with Set Dominate 
GXOR Exclusive-OR FAS Set-Reset Flip-Flop with Reset Dominate 
GXOR2 Dual Exclusive-OR FJK J-K Flip Flop 
GXTL Crystal Oscillator O+ 2108 FJKS J-K Flip Flop with Synchronous Set 
Gose Low Frequency 1+2108 FJK-rd J-K (Set-Reset) Flip Flop with ResetDir 

Resistor-Capacitor Oscilator FJK-sd J-K (Set-Reset) Flip Flop with SetDir 
FJK-srd J-K (Set-Reset) Flip Flop with SetDir, 

Pads IOBs ResetDir 
FTO Self Toggle Flip-Flop 

PIN Input Pad FTOR Self Toggle Flip-Flop with Reset 

PINQ Input Pad with Storage FT Toggle Flip-Flop 

PIO lnpuVOutput Pad FTP Toggle Flip-Flop with ParEna 

PIOQ lnpuVOutput Pad with Input Storage FTP-rd Toggle Flip-Flop with ParEna, ResetDir 

PIOC lnpuVOutput Pad with 'Open Collector' FTR Toggle Flip-Flop with Reset 

PIOQC lnpuVOutput Pad with Input Storage, FTS Toggle Flip-Flop with Set 

'Open Collector' FT2 2-lnput Toggle Flip-Flop 

POUT Output Pad FT2R 2-lnput Toggle Flip-Flop with Reset 

POU TC Output Pad with 'Open Collector' 
PO UTZ Output Pad with 3-State Control Decoders CLBsa 
PREG Output Pad with Input Storage 

D2-4 1-of-4 Decoder 2 

Latches CLBs D2-4E 1-of-4 Decoder, with Ena 2 
74-139 1-of-4 Single Decoder with Low Output, Ena 4 

LD Data Latch D3-8 1-of-8 Decoder 5 

LC-rd Data Latch with Reset Dir D3-8E 1-of-8 Decoder with Ena 6 

LC-sd Data Latch with SetDir 74-138 1-of-8 Decoder with Enables, Low Output 7 

LD-srd Data Latch with SetDir, ResetDir 74-42 1-of-10 Decoder with Low Output 8 

LDM Data Latch with 2-lnput Data Mux 
LDM-rd Data Latch with 2-lnput Data Mux, ResetDir Multiplexers CLBs 
LDM-sd Data Latch with 2-lnput Data Mux, SetDir 

M3-1 3-to-1 Mux 2 

Flip-Flops CLBs M3-1E 3-to-1 Mux with Ena 2 
M4-1 4-to-1 Mux 3 

FD D Flip-Flop M4-1E 4-to-1 Mux with Ena 3 

FDR D Flip-Flop with Reset 74-352 4-to-1 Mux with Low Output, Ena 3 

FDS D Flip-Flop with Set M8-1 8-to-1 Mux 7 

FD-rd D Flip-Flop with ResetDir M8-1E 8-to-1 Mux with Ena 7 

FD-sd D Flip-Flop with SetDir 74-151 8-to-1 Mux with Ena 7 

FD-srd D Flip-Flop with SetDir, ResetDir Complementary Outputs 

FDC D Flip-Flop with ClkEna 74-152 8-to-1 Mux with Low Output 7 
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XACT Macro Library 

Registers CLBs Modulo& 

Data Regiaters CBBCP 3-Bit Binary Counters with ClkEna, ParEria 5 
CBBCR 3-Bit Binary Counters with ClkEna, Reset 4 

RD4 4-Bit Data Register 4 CB BC-rd 3-Bit Binary Counters with ClkEna, ResetDir 4 
ROB 8-Bit Data Register 8 CBJCR 3-Bit Johnson Counters with ClkEna, Reset 4 
REBCR 8-Bit Data Register with ClkEna, Reset 8 

Modulo 10 
Serial to Parallel 

C10BC-rd 4-Bit BCD Counter with ClkEna, ResetDir 4 
RS4 4-Bit Shift Register 4 C10BCP-rd 4-Bit BCD Counter with ClkEna, ParEna, 7 
74-195 4-Bit Serial to Parallel 5 ResetDir 

Shift Register with ParEna, Reset 74-160 4-Bit BCD Counter with ClkEna, ParEna, 8 
74-194 4-Bit Bidirectional Shift Register 12 ResetDir 

with ClkEna, ParEna, ResetDir C10BP-rd 4-Bit BCD Counter with ParEna, ResetDir 6 
RSB 8-Bit Shift Register 8 C10JCR 5-Bit Johnson Counter with ClkEna, Reset 5 
RSBCR 8-Bit Shift Register with ClkEna, Reset 8 
RSBPR 8-Bit Shift Register with ParEna, Reset 8 Modulo 12 

RSBR 8-Bit Shift Register with Reset 8 
74-164 8-Bit Serial to Parallel Shift Register 8 C12JCR 6-Bit Johnson Counter with ClkEna, Reset 6 

with ResetDir 
Modulo16 

Counters CLBs C16BA-rd 4-Bit Binary Ripple Counter with ResetDir 4 
C16BC-rd 4-Bit Binary Counter with ClkEna, ResetDir 4 

Modulo2 C16BCPR 4-Bit Binary Counter with ClkEna, ParEna, 10 
Reset 

C2BCR 1-Bit Binary Counters with ClkEna, Reset C16BCP-rd 4-Bit Binary Counter with ClkEna, ParEna, 6 
C2BC-rd 1-Bit Binary Counters with ClkEna, ResetDir ResetDir 
C2BP 1-Bit Binary Counters with ParEna 74-161 4-Bit Binary Counter with ResetDir 8 
C2BR 1-Bit Binary Counters with Reset C16BP-rd 4-Bit Binary Counter with ParEna, ResetDir 5 
C28-rd 1-Bit Binary Counters with ResetDir C16BUD-rd 4-Bit Binary Up-Down Counter with ParEna, 8 

ResetDir 
Modulo4 C16JCR 8-Bit Johnson Counter with ClkEna, Reset 8 

C4BCP 2-Bit Binary Counters with ClkEna, ParEna 3 l!lodulo256 
C4BCR 2-Bit Binary Counters with ClkEna, Reset 2 
C4BC-rd 2-Bit Binary Counters with ClkEna, ResetDir 2 C256FC-rd 8-Bit Modulo 256 Feedback Shift Register 9 
C4JCR 2-Bit Johnson Counters with ClkEna, Reset 2 with ClkEna, ResetDir 

Modulo& 

C6JCR 3-Bit Johnson Counter with ClkEna, Reset 3 
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LCA·MDS22 P·SILOS Simulator 
Features 
• Event-driven logic and timing simulator 

• Logic network input automatically generated by XACT 
Design Editor 

• Control and observation of any physical circuit node 

• MuHiple file Input for vectors and commands 

• Interactive or batch mode operation 

• Output available in printed or tabular formats 

• Runs on an IBM PC-XT, PC-AT c:ir compatible personal 
computer 

General 
P-SILOS is a powerful PC-based simulator that provides event­
driven logic and timing simulation of Logic Cell Array designs. 
Simulation is particularly useful for testing logic or logic seg­
ments as well as for verifying critical timing over worst case 
power supply, temperature and process conditions. 

Simulation is useful in several stages of the design cycle. After 
design entry, simulation may be used to debug logic in an 
unplaced and unrouted design. This saves design time 
because logic errors can be detected and corrected prior to 
final placement and routing. After a circuit has been placed, 
routed, and then fully debugged using in-circuit emulation, 
worst case timing may be verified. This enables the user to 
select the correct Logic Cell Array speed for a particular appli-
cation. · 

Network inputs for Logic Cell Array designs are automatically 
created by the Simgen utility in the XACT system. The network 
includes logic and routing delay parameters and setup and hold 
times based upon the selected speed grade operating under 
worst case conditions. Simulation stimuli are created with a set 
of clock statements or with an input pattern for either pad 

inputs or internal nodes. Simulation results are available in 
tabular, plotted, and graphic formats. This flexibility makes 
debugging easy for both the circuit function and timing. 

System Requirements 
Minimum System Configuration 

IBM PC-XT, PC-AT or compatible computer with: 

• MS-DOS 2.1 or higher 

• 640 K Bytes RAM 

• 1 Diskette Drive 

• 10-MB Hard Disk 

• 1 Parallel Interface Port 

Refer to the MDS21 XACT Design Editor Product Datasheet for 
additional equipment required for systems which will also run 
the XACT Design Editor. 

P-SILOS Waveform Output 

Publication # Rev. Amendment 
10854 A /0 

Issue Date: Januaiy 1988 
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LCA·MDS23 

Automatic Design Implementation 

Distinctive Characteristics 

Automatic elimination of disabled and unused 
logic 

Automatic partitioning of the schematic into 
LCA resources. 

Automatic placement and routing of logic to 
minimize design cycle time 

User control over placement of logic blocks 

User specification of critical paths 

May be used in conjunction with schematic 
capture or with the XACT Design Editor 

Runs on an IBM PC/AT or compatible personal 
computer 

General Description 

The automatic logic reduction and partitioning 
software included with in the Automatic Design 
Implementation package eliminates unused and 
redundant logic, then partitions the schematic into 
LCA physical resources, logic and 1/0 blocks. 
Automated reduction and partitioning allows 
designers to immediately determine the 
programmable gate array size required, during 
design definition and entry. 

The Automatic Design Implementation package 
enhances the productivity of designers using 
Programmable Gate Arrays by reducing design 
placement and routing time, whether the design 
logic is entered from a schematic capture package 
or from the XACT Design Editor. 
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Designs that are development incrementally can also 
take advantage of automatic placement and routing. 
Partial LCA layouts can be locked in place while 
additions to the design are automatically placed and 
routed, or the design can be completely rearranged to 
yield a new placement. 

The automatic placement and routing program is 
extremely flexible. Through placement directives, the 
user can control the placement process to achieve 
the best placement for a particular design. Routing 
resources can be specified to minimize clock skews 
and signal delays for critical paths. The result is 
faster product development. 

Publication# Rev. Amendment 
10851 A /0 

Issue date: June 1988 



LCA·MDS24, LCA·MDS26, LCA·MDS27 
XACTOR In-Circuit Emulator 
Features 
• Real-time In-circuit emulation in user's target system 

• Concurrent emulation of up to four devices 

• Readback and display of Logic Cell Array internal storage 
element states 

• Device status display with automatic update of 
asynchronous events 

• Control and 110 pin isolation from target system 

• Support for daisy chain programming of up to seven devices 
in a daisy chain 

• On-chip crystal oscillator support during emulation 

• Support for multiple device and package types 

• Runs on an IBM PC-XT, PC-AT or compatible personal 
computer 

General 
The XACTOR real-time in-circuit emulator provides interactive 
target-system emulation of up to four Logic Ceil Arrays from 
the host PC system. In-circuit emulation provides a powerful 
productivity enhancement to simulation, providing capabilities 
to verify functionality in the target system at full speed with ail 
other circuits and system software. 

The emulation system is composed of a microcomputer-based 
controller (LCA-MDS24), and from one to four universal emula­
tion pods (LCA-MDS26), each with a package-specific emula­
tion header (LCA-MDS27). One universal emulation pod is 
included with the system. The controller is connected to the 
host PC through a serial port and provides local storage of con­
figuration programs, control of individual device configurations 
and control of the isolation of the pod device(s) from the target 
system. The user can set the state and isolation for each of 
the control signals to provide debugging of target hardware. 
Four general 110 pins are available to provide test points which 
may also be isolated from the target system. 

Target Logic Ceil Arrays can be programmed individually or in a 
daisy chain. Daisy chains of up to seven devices may be sup­
ported from any of the four pods. Individual device isolation 
and configuration is controlled with mouse or keyboard com­
mands and may be supplemented with user-defined setup files 
for easy system debugging. 

Readback of device configuration may be performed on com­
mand for verification of the configuration process and interro­
gation of the internal states. The state of ail internal storage 
elements is displayed after readback has been performed. 
Status displays showing the state of ail isolation switches and 
control signal states are provided. The status display includes 
automatic reporting of asynchronous status changes in the 
target system. 

Universal In-Circuit Emulator Pod 
(LCA·MDS26) 
Additional pods may be connected to the XACTOR in-circuit 
emulator controller, up to a maximum of four pods per control-

10855A/O 
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ler. Pod headers (LCA-MDS27) are interchangeable for differ­
ent device and package types. Each pod provides a direct 
in-socket connection for a minimum disruption of the target 
system. Test points are provided to allow connection of a logic 
analyzer or other test equipment to aid in the system 
debugging. 

System Requirements 
Minimum System Configuration 

IBM PC-XT, PC-AT or compatible computer as configured for 
MDS21 XACT Design Editor, plus second serial interface port. 

NOTE: 

MONOCHROME 
MONITOR 

(OPTIONAL) 

COLOR-GRAPHICS 
MONITOR 

0 
0 

IBM PERSONAL II 
COMPUTER 
(ATOR XT) • 

SERIAL PORT 

1=0==0=1 1 

MOUSE 

KEYBOARD 

XACTOR 
CONTROLLER 

XACTOR Hardware 

POWER 

FLAT 
RIBBON 
CABLE 
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LCA-M DS31 /LCA-M DS33/LCA-MDS34/LCA-M DS35 

Schematic Design Entry Interface for FutureNet, Daisy, Mentor, OrCAD 

Distinctive Characteristics 

Use of familiar design entry methodology 
through the choice of schematic entry 
package. 

Macro library of over 100 TTL and standard 
logic family equivalents. 

User-control of flagging critical paths for later use 
of Automatic Design Implementation (LCA­
MDS23) 

Output compatibility with other parts of the PGA 
Development System software. 

General Description 

The Schematic Design Entry Interfaces are 
software packages specifically designed to enable 
users of FutureNet, Daisy, Mentor and OrCAD 
workstations to create Logic Cell Array designs 
using the design entry editors supplied with their 
schematic capture software. 

The user creates a design file on the workstation with 
the LCA symbol library. A conversion routine 
automatically eliminates unused and disabled logic 
and converts the design file into a format that can be 
read by other PGA Development System tools. 

Product Selector Guide 

Product Number Product Name 
LCA-MDS31 FutureNet DASH Schematic Entry Interface and LCA Library 
LCA-MDS33 Daisy Schematic Entry Interface and LCA Library 
LCA-MDS34 Mentor Schematic Entry Interface and LCA Library 
LCA-MDS35 OrCAD Schematic Entry Interface and LCA Library 

Publication# Rev. Amendment 
10849 A 10 

Issue date: June 1988 

4-122 



PGA Design Cycle 

The PGA Development System tools includes software for all phases of the PGA design cycle. The diagram 
below indicates the design tasks needed to complete a PGA design and the corresponding software 
products used to complete the tasks. 

QESIGNTASK 

DESIGN ENTRY 

t 
LOGIC 

VERIFICATION 
(optional) 

t 
AUTOMATIC 

PARTITION, PLACE 
AND ROUTE 

I 
DESIGN 

OPTIMIZATION 

I 
TIMING 

VERIFICATION 
(optional) 

-.-
IN-CIRCUIT 

DESIGN 
VERIFICATION 

SOEJWABE PACKAGE 

OrCAD (LCA-MDS-35), 
MENTOR (LCA-MDS34) 
DAISY (LCA-MDS33), 
FUlURENET (LCA-MDS31) 
SCHEMATIC INTERFACES 

PC-SILOS (LCA-MDS22) 

AUTOMATIC DESIGN 
IMPLEMENTATION 
(LCA-MDS23) 

XACT DESIGN EDITOR, 
DELAY CALCULATOR 
(LCA-MDS21) 

PC-SILOS (LCA-MDS22) 

XACT PROM FORMATTER, 
DOWNLOAD CABLE 
(LCA-MDS21) 
XACTOR IN-CIRCUIT 
EMULATOR 
(LCA-MDS28) 
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LCA-MDS151/LCA-MDS152 
PGA Development Systern/PGA Design Entry System 

Distinctive Characteristics 

Complete systems for entry and 
implementation of Programmable Gate Array 
designs. 

Includes OrCAD Schematic Design Tools and 
Schematic Design Interface (LCA-MDS135) 
and Automatic Design Implementation (LCA­
MDS23). LCA-MDS151 also includes XACT 
PGA Design Editor (LCA-MDS21 ). 

Schematic editor provides hierarchical PGA 
design capability. 

LCA macro library of over 100 TIL and 
standard family equivalents. 

Automatic logic reduction and partitioning 
removes unused and disable.cl logic. 

Automatic placement and routing minimizes 
design cycle time. 

PGA Design Editor provides interactive physical 
editing, timing calculator and design consistency 
checking. 

Download cable transfers configuration 
bitstreams directly from the PC to the PGA during 
design debugging. 

Runs on an IBM PC-AT or compatible computer. 

General Description 

The PGA Development System offers complete 
capabilities for schematic entry and 
implementation of Programmable Gate Array 
design. Packaged together are the OrCAD SDT Ill 
Schematic Design Entry software, Automatic 
Design Implementation and the PGA Design 
Editor. The general purpose OrCAD schematic 
editor provides powerful design entry and 
documentation capabilities. An extensive macro 
library of TIL and standard logic equivalents is 
included. Designers can implement their own 
macro functions as desired. Designs can be 
entered in a true hierarchical structure to manage 
the complexity of large designs. In additon, 
designers can flag critical timing paths to ensure 
critical signals are routed with minimum delay. 

The Automatic Design Implementation software 
eliminates unused and redundant logic, then 
partitions the schematic into LCA resources, logic 
and 1/0 blocks. 

Automated reduction and partitioning allows 
designers to immediately determine the programmable 
gate array size required, during design definition and 
entry. Automatic placement and routing can be used 
to arrange logic blocks and calculate routes. 

Designers can interactively document, design-check 
and edit the resulting physical design with the 
graphics-based XACT Design Editor. A built-in timing 
calculator permits point-to-point timing calculations 
for critical path analysis. 

When a design is ready for debugging or production, 
the design is compiled in to an LCA configuration 
program using the XACT Design Editor. During design 
debug, designers can save time by using the 
download cable to transfer the configuration program 
from the PC directly into an LCA under development in 
a system. 

Product Selector Guide 

PRODUCT NUMBER 
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LCA-MDS151 

LCA-MDS152 

PRODUCT NAME 
Programmable Gate Array Development System 
(Includes LCA-MDS21, LCA-MDS23, LCA-MDS135) 
Programmable Gate Array Design Entry System 
J!ncludes LCA-MDS23, LCA-MDS13~ 

Publication # Rev. Amendment 
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Issue date: June 1988 



PGA Design Cycle 

The PGA Development System tools includes software for all phases of the PGA design cycle. The diagram 
below indicates the design tasks needed to complete a PGA design and the corresponding software 
products used to complete the tasks. 

QESIGNTASK 

DESIGN ENTRY 

l 
LOGIC 

VERIFICATION 
(optional) 

T 
AUTOMATIC 

PARTITION, PLACE 
AND ROUTE 

+ 
DESIGN 

OPTIMIZATION 

I 
TIMING 

VERIFICATION 
(optional) 

_l 
IN-CIRCUIT 

DESIGN 
VERIFICATION 

SOEJWABE PACKAGE 

OrCAD (LCA-MDS-35), 
MENTOR (LCA-MDS34) 
DAISY (LCA-MDS33), 
FUlURENET (LCA-MDS31) 
SCHEMA TIC INTERFACES 

PC-SILOS (LCA-MDS22) 

AUTOMATIC DESIGN 
IMPLEMENTATION 
(LCA-MDS23) 

XACT DESIGN EDITOR, 
DELAY CALCULATOR 
(LCA-MDS21) 

PC-SILOS (LCA-MDS22) 

XACT PROM FORMATTER, 
DOWNLOAD CABLE 
(LCA-MDS21) 
XACTOR IN-CIRCUIT 
EMULATOR 
(LCA-MDS28) 
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Symbol Library 

Each schematic interface package includes the LCA library, which must be used when entering designs to 
be implemented in an AMO Programmable Gate Array. The library contains both combinatorial logic 
primitives and macros. Primitives represent the lowest level of logic symbols. Macros are logic functions 
implemented by the use of primitives and/or other macros. The following table lists the functions that are 
available in the four interface libraries. An X denotes that the function is available in the LCA library for that 
interface. If the function is available under a different macro name, that name appears in the column instead 
of an X. 

NAME DESCRIPTION fUTURENET DAISY MENTOR OR CAD 

Buffers: 
ACLK Alternate clock buffer x x x x 
GCLK Global clock buffer x x x x 
BUF1 Buffer x x x x 
INV1 Inverter x x x x 

AND Gates: 
AND2 2-input AND gate x x x x 
AND2B 2-input AND gate; all inputs inverted AND20 x x x 
AND2B1 2-input AND gate; 1 input inverted AND201 x x x 
AND3 3-input AND gate x x x x 
AND3B 3-input AND gate; all inputs inverted AND30 x x x 
AND3B1 3-input AND gate; 1 input inverted AND301 x x x 
AND3B2 3-input AND gate; 2 inputs inverted AND302 x x x 
AND4 4-input AND gate x x x x 
AND4B 4-input AND gate; all inputs inverted AND40 x x x 
AND4B1 4-input AND gate; 1 input inverted AND401 x x x 
AND4B2 4-input AND gate; 2 inputs inverted AND402 x x x 
AND4B3 4-input AND gate; 3 inputs inverted AND403 x x x 
ANDS 5-input AND gate x 
ANDSB 5-input AND gate, all inputs inverted x 
AND5B1 5-input AND gate; 1 input inverted x 
AND5B2 5-input AND gate; 2 inputs inverted x 
AND5B3 5-input AND gate; 3 inputs inverted x 
AND5B4 5-input AND gate; 4 inputs inverted x 
NANO Gates: 
NAND2 2-input NANO gate x x x x 
NAND2B 2-input NANO gate; all inputs inverted NAND20 x x x 
NAND2B1 2-input NANO gate; 1 input inverted NAND201 x x x 
NAND3 3-input NANO gate x x x x 
NAND3B 3-input NANO gate; all inputs inverted NAND30 x x x 
NAND3B1 3-input NANO gate; 1 input inverted NAND301 x x x 
NAN03B2 3-input NANO gate; 2 inputs inverted NAND302 x x x 
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NAME DESCRIPTION FUTURENET DAISY MENTOR ORCAD 

NANO Gates (con 't.): 
NAND4 4-input NANO gate x x x x 
NAND4B 4-input NANO gate; all inputs inverted NAND40 x x x 
NAND4B1 4-input NANO gate; 1 input inverted NAND401 x x x 
NAND4B2 4-input NANO gate; 2 inputs inverted NAND402 x x x 
NAND483 4-input NANO gate; 3 inputs inverted NAND403 x x x 
NAN05 5-input NANO gate x 
NAN05B 5-input NANO gate; all inputs inverted x 
NAN0581 5-input NANO gate; 1 input inverted x 
NAN0582 5-input NANO gate; 2 inputs inverted x 
NAN0583 5-input NANO gate; 3 inputs inverted x 
NAN0584 5-input NANO gate; 4 inputs inverted x 
NOR Gates: 
NOR2 2-input NOR gate x x x x 
NOR2B 2-input NOR gate; all inputs inverted NOR20 x x x 
NOR281 2-input NOR gate; 1 input inverted NOR201 x x x 
NOR3 3-input NOR gate x x x x 
NOR3B 3-input NOR gate; all Inputs inverted NOR30 x x x 
NOR3B1 3-input NOR gate; 1 input inverted NOR301 x x x 
NOR3B2 3-input NOR gate; 2 inputs inverted NOR302 x x x 
NOR4 4-input NOR gate x x x x 
NOR48 4-input NOR gate; all inputs inverted NOR40 x x x 
NOR4B1 4-input NOR gate; 1 input inverted NOR401 x x x 
NOR4B2 4-input NOR gate; 2 inputs inverted NOR402 x x x 

II NOR483 4-input NOR gate; 3 inputs inverted NOR403 x x x 
NOR5 5-input NOR gate x 
NOR5B 5-input NOR gate; all inputs inverted x 
NOR5B1 5-input NOR gate; 1 input inverted x 
NOR5B2 5-input NOR gate; 2 inputs inverted x 
NOR583 5-input NOR gate; 3 inputs inverted x 
NOR584 5-input NOR gate; 4 inputs inverted x 
OR Gates: 
OR2 2-input OR gate x x x x 
OR2B 2-input OR gate; all inputs inverted OR20 x x x 
OR281 2-input OR gate; 1 input inverted OR201 x x x 
OR3 3-input OR gate x x x x 
OR3B 3-input OR gate; all inputs inverted OR30 x x x 
OR3B1 3-input OR gate; 1 input inverted OR301 x x x 
OR3B2 3-input OR gate; 2 inputs inverted OR302 x x x 
OR4 4-input OR gate x x x x 
OR4B 4-input OR gate; all inputs inverted OR40 x x x 
OR4B1 4-input OR gate; 1 input inverted OR401 x x x 
OR4B2 4-input OR gate; 2 inputs inverted OR402 x x x 
OR483 4-input OR gate; 3 inputs inverted OR403 x x x 
ORS 5-input OR gate x 
OR58 5-input OR gate; all inputs inverted x 
OR581 5-input OR gate; 1 input inverted x 
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NAME DESCRIPTION FUTURENET DAISY MENTOR OR CAD 

OR Gates (con't.): 
OR5B2 5-input OR gate; 2 inputs inverted x 
OR5B3 5-input OR gate; 3 inputs inverted x 
OR5B4 5-input OR gate; 4 inputs inverted x 

Exclusive OR/NOR Gates: 
XOR2 2-input XOR gate x x x x 
XOR3 3-input XOR gate x x x x 
XOR4 4-input XOR gate x x x x 
XOR5 5-input XOR gate x 
XNOR2 2-input XNOR gate x x x x 
XNOR3 3-input XNOR gate x x x x 
XNOR4 4-input XNOR gate x x x x 
XNOR5 5-input XNOR gate x 

General: 
GADD Adder x x x x 
GCOMP Compare x x x x 
GEQGT Equal or greater-than comparator x x x x 
GMAJ 4-to-1 majority gate x x x x 
GMUX 2-to-1 mux x x x x 
GXTL Crystal oscillator x x x x 
GLTGT Less-than and greater-than comparator x 
GPAR Parity x x 
GXOR Exclusive-or x x 

Input/Output buffers and Pads: 
IBUF Input buffer x x x 
OBUF Output buffer x x x 
OBUFZ Output buffer with 3-state control x x x 
INFF IOB configured as a flip-flop x x x 
osc Oscillator x x x 
INLAT IOB configured as an input latch x 
BPAD Bi-directional pad x 
IPAD Input pad x 
UPAD Unbonded pad x 
OPAD Output pad x 
OU1FF Output flip-flop x 
OU1FFZ Output flip-flop with 3-state control x 
lBUF Internal 3-state driver x 

Latches: 
LO Data latch with load input x x x x 
LORD Data latch with load input and reset direct x x x x 
LOSO Data latch with load input and set direct x x x x 
LOSRD Data latch with load input, reset and set direct x x x x 
LOM Data latch with 2-input data multiplexer x x x x 
LDMRD Data latch with 2-input data multiplexer and x x x x 

reset direct 
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Latches: (con't.) 
LDMSD Data latch with 2-input data multiplexer and x x x x 

sat direct 
DLAT Data latch with sat direct and resat direct x x x 
LRS Data latch with sat and resat x 
Flip-Flops: 
OFF Positive edga-tiggared D flip-flop x 
FD D flip-flop with one data line x x x x 
FDR D flip-flop with resat x x x x 
FDS D flip-flop with sat x x x x 
FDRD D flip-flop with resat direct x x x x 
FDSD D flip-flop with sat direct x x x x 
FDSRD D flip-flop with sat and resat direct x x x x 
POFF D flip-flop with positive edge clock x x 
l'l)ff' D flip-flop with negative edge clock x x 
FDC D flip-flop with clock enable x x x x 
FOOR D flip-flop with clock enable and resat x x x x 
FDCS D flip-flop with clock enable and sat x x x x 
FDM D flip-flop with 2-input data multiplexer x x x x 
FDMR D flip-flop with 2-input data multiplexer x x x x 

and resat 
FDMS D flip-flop with 2-input data multiplexer and sat x x x x 
R».ff) D flip-flop with 2-input data multiplexer and x x x x a reset direct 
FDMSD D flip-flop with 2-input data multiplexer and x x x x 

set direct 
FDCRD D flip-flop with clock enable and resat direct x 
DFF1 D flip-flop with sat direct and reset direct x x 
FSR Set and reset flip-flop with sat dominant over x x x x 

reset 
FRS Sat and resat flip-flop with reset dominance x x x x 

over set 
FJK J-K flip-flop x x x x 
FJKS J-K flip-flop with synchronous sat x x x x 
FJKRD J-K flip-flop with resat direct x x x x 
FJKSD J-K flip-flop with sat direct x x x x 
FJKSRD J-K flip-flop with sat and reset direct x x x x 
FTO Self-toggle flip-flop x x x x 
FTCA Self-toggle flip-flop with reset x x x x 
FnR> 2-input toggle flip-flop with reset direct x 
FT Toggle flip-flop x x x x 
RP Toggle flip-flop with parity enable x x x x 
FTPRD Toggle flip-flop with parity enable and x x x x 

reset direct 
RR Toggle flip-flop with resat x x x x 
RRD 2-input toggle flip-flop x x x 
FTS Toggle flip-flop with sat x x x x 
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Flip-flops (con't.) 
FT2 2-input toggle flip-flop x x x x 
FT2R 2-input toggle flip-flop with reset x x x x 

Decoders: 
02 4 1-of-4 decoder x x x x 
D2-4E 1-of-4 decoder with enable x x x x 
74-139 1-of-4 single decoder with low output and enable x x $74_139 x 
03-8 1-of-8 decoder x x x x 
03-8E 1-of-8 decoder with enable x x x x 
74=138 1-of-8 decoder with enables and low output x x $74_138 x 
74_42 1-of-1 O decoder with low output x x $74_42 x 

Multiplexers: 
M3 1 3-to-1 multiplexer x x x x 
M3-1E 3-to-1 multiplexer with enable x x x 
M4-1 4-to-1 multiplexer x x x x 
M4-1E 4-to-1 multiplexer with enable x x x x 
74-352 4-to-1 multiplexer with low output and enable x x $74_352 x 
M.f 2 4-to-2 multiplexer x 
M8-1 8-to-1 multiplexer x x x x 
M8-1E 8-to-1 multiplexer with enable x x x x 
74_J51 8-to-1 multiplexer with enable and x x $74_151 x 

complementary outputs 
74_152 8-to-1 multiplexer with low output x x $74 152 x 

Registers: 
RD4 4-bit data register with clock x x x x 
RDS 8-bit data register with clock x x x x 
RD8CR 8-bit data register with clock enable and reset x x x x 
RS4 4-bit shift register with clock x x x x 
RS8 8-bit shift register x x x x 
RSSCR 8-bit shift register with clock enable and reset x x x x 
74_194 4-bit bidirectional shift register with clock, x x $74_194 x 
74_195 

parity enable and reset direct 
4-bit serial-to-parallel shift register with clock, x x $74_195 x 

RS8PR 
parity enable and reset direct 
8-bit shift register with clock, parity enable, x x x x 
and reset 

RSSR 8-bit shift register with clock and reset x x x x 
74_164 8-bit serial-to-parallet shift register with clock x x $74_164 x 

and reset direct 
RD4RD 4-bit data register with clock and reset direct x 
RDSRD 8-bit data register with clock and reset direct x 
RS4C 4-bit shift register with clock enable x 
RS4CR 4-bit shift register with clock enable and reset x 
RS4CRD 4-bit shift register with clock enable and x 

reset direct 
RS4RD 4-bit shift register with reset direct x 
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Registers (con't.) 
RSSC 8-bit shift register with clock enable x 
RS8CRD 8-bit shift register with clock enable and x 

reset direct 
RSSRD 8-bit shift register with reset direct x 

Counters: 
C2BCR 1-bit binary counter with clock and reset x x x x 
C2BCRD 1-bit binary counter with clock and reset direct x x x x 
C2BP 1-bit binary counter with clock and parity enable x x x x 

C2BR 1-bit binary counter with clock and reset x x x x 
C2BRD 1-bit binary counter with reset direct x x x x 

C2BCP 1-bit binary counter with clock and parity enable x 
C2BCPRD 1-bit binary counter with clock, parity enable and x 

reset direct 
C4BCP 2-bit binary counter with clock and parity enable x x x x 
C4BCR 2-bit binary counter with clock enable and reset x x x x 
C4BCRD 2-bit binary counter with clock enable and x x x x 

reset direct 
C4JCR 2-bit Johnson counter with clock enable and reset x x x x 
C4BCPRD 2-bit binary counter with clock enable and x 

reset direct 
C4JX 2-bit shift expandable Johnson counter x D C4JXC 2-bit expandable Johnson counter with x 

clock enable 
C4JXCR 2-bit expandable Johnson counter with clock x 

enable and reset 
C4JXCRD 2-bit expandable Johnson counter with clock x 

enable and reset direct 
C4JXRD 2-bit expandable Johnson counter with reset direct x 
C6JCR 3-bit Johnson counter with clock enable and reset x x x x 
CSBCP 3-bit binary counter with clock and parity enable x x x x 
C8BCR 3-bit binary counter with clock enable and reset x x x x 
CSBCRD 3-bit binary counter with clock enable and x x x x 

reset direct 
CSJCR 4-bit Johnson counter with clock enable and reset x x x x 
CSBCPRD 8-bit binary counter with clock, parity enable x 

and reset direct 
C10BCRD 4-bit BCD counter with clock enable and x x x x 

reset direct 
C10BCPRD 4-bit BCD counter with clock, parity enable, and x x x x 

reset direct 
74_160 4-bit BCD counter with clock, parity enable, and x x $74_160 x 

reset direct 
C10BPRD 4-bit BCD counter with clock, parity enable, and x x x x 

reset direct 
C10JCR 5-bit Johnson counter with clock enable and reset x x x x 
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Counters (con't.) 
C12JCR 6-bit Johnson counter with clock enable and reset x x x x 
C16BARD 4-bit binary ripple counter with clock and x x x x 

reset direct 
C16BCRD 4-bit binary counter with clock enable and x x x x 

reset direct 
C16BCPR 4-bit binary counter with clock, parity enable, x x x x 

and reset 
C16BCPRD 4-bit binary counter with clock, parity enable, x x x x 

and reset direct 
C16BCP 4-bit binary counter with clock, parity enable x 
74_161 4-bit binary counter with clock and reset direct x x $74_161 x 
74 162 4-bit binary counter with reset x 
74-163 4-bit binary counter with reset x 
C1SBPRD 4-bit binary up counter with clock, parity enable, x x x x 

and reset direct 
C16BUDRD 4-bint binary up-down counter with clock, x x x x 

parity enable, and reset direct 
C16JCR 8-bit Johnson counter with clock enable and reset x x x x 
C256FCRD 8-bit modulo 256 feedback shift register with x x x x 

clock enable and reset direct 
C256BCP 8-bit binary counter with clock, parity enable x 
C256BCPR 8-bit binary counter with clock, parity enable, and x 

reset direct 
C256BCR 8-bit binary counter with clock enable and reset x 
C256BCRD 8-bit binary counter with clock enable and x 

reset direct 

Flags: 
c Critical signal flag x x 
L Longline signal flag x x 
N Non-critical signal flag x x 
x Explicit signal flag x x 
D External debug net signal flag x 
K K pin for clock x x 
G G pin for clock x x 
I Input (C) pin for clock x x 

CLB 
CLB CLB primitive x x 
108 Primitives: 
108 108 primitive x 
PIN Input pad x 
POUT Output pad x 
POUlZ Output pad with 3-state control x 
PBUF Buffered input x 
PINO Input pad with storage x 
PIO Input/output pad x 
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IOB Primitives (con't.) 
PREG Outpu pad with input storage x 

x 
x 

PIOQ Input/output pad with input storage 
IOFF IOB configured as a flip-flop 

Resistors: 
Pullup Pullup resistor 

PART NUMBER 
LCA-MDS21 
LCA-MDS22 
LCA-MDS23 
LCA-MDS24 
LCA-MDS26 
LCA-MDS27 
LCA-MDS31 
LCA-MDS33 
LCA-MDS34 
LCA-MDS35 
LCA-MDS135 

LCA-MDS151 

LCA-MDS152 

Programmable Gate Array Software 

PRODUCT DESCRIPTION 
XACT LCA Development System 
P-Silos Simulator 
Automatic Design Implementation 
XACTOR In-Circuit Emulator 
XACTOR Universal POD 
XACTOR POD Header 
FutureNet Schematic Interface and LCA Library 
Daisy Schematic Interface and LCA Library 
Mentor Schematic Interface and LCA Library 
OrCAD Schematic Interface and LCA Library 
OrCAD Schematic Entry Software, Interface and LCA Library 
(Includes LCA-MDS35) 
LCA Bundled Development System 
(Includes LCA-MDS21, LCA-MDS23, and LCA-MDS135) 
LCA Bundled Design Entry Package 
J!ncludes LCA-MDS23 and LCA-MDS135l 

x 
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LCA-MDS135 

OrCAD/SDT Ill PGA Design Entry System and Interface 

Distinctive Characteristics 

PGA design entry via the OrCADJSDT Ill 
Schematic Editor 

Easy schematic creation using simple 
keyboard or mouse commands 

Fast graphical editing 

Extensive SSl/MSI library contains over 3600 
components 

LCA library of over 1 00 macros, with TTL and 
standard family equivalents 

Pop-up menus 

Powerful keyboard macros simplify schematic • 
capture 

User control for flagging critical paths for the 
LCA-MDS23 Automatic Design Implementation 
program 

More than 200 hierarchical levels help manage 
design complexity 

Compatible with both 2000 and 3000 series 
LCAs 

Includes OrCAD/SDT Ill Schematic Editor and 
LCA libraries and interface. 

Runs on an IBM PC/AT or compatible personal 
computer 

General Description 

Schematic entry and automatic partitioning of 
Programmable Gate Array designs shortens logic 
reduction and product development times. 
Complex designs can be specified schematically 
and quickly implemented for in-circuit design 
verification. 

Developed specifically to run on IBM personal 
computers and compatibles, OrCAD/SDT supports 
most of the popular graphics boards and printers. 
This gives you the flexibility to use standard 
equipment rather than special proprietary 
hardware. OrCAD/SDT also includes an array of 
sophisticated utility programs, including 
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schematic output, net list, design check and bill of 
materials. Other helpful features include 
runbberbanding of wires and buses, on-line part 
browsing, auto panning of worksheet, string 
searching, visible grids 

The AMO version of ORCAD/SDT Ill includes a 
complete library of gates and macros that designers 
can use to enter their LCA schematics. The AMO 
library provides the logic, 1/0, and macro symbols to 
be used in the schematic. An AMO conversion utility, 
part of the Automatic Design Implementation package 
(LCA-MDS 23), automatically eliminates unused and 
disabled logic, then partitions the schematic into a 
Logic Cell Array design. 

Publication# Rev. Amendment 
10852 A /0 

Issue date: June 1988 



Symbol Library 

The OrCAD schematic interface package includes the LCA library, which must be used when entering 
designs to be implemented in an AMO Programmable Gate Array. The library contains both combinatorial 
logic primitives and macros. Primitives represent the lowest level of logic symbols. Macros are logic 
functions implemented by the use of primitives and/or other macros. The following table lists the functions 
that are available in the OrCAD interface library. Note that some functions are available for the 3000 family 
only. 

NAME 

Buffers: 
ACLK 
GCLK 
BUF1 
INV1 

AND Gates: 
AND2 
AND2B 
AND2B1 
AND3 
AND3B 
AND3B1 
AND3B2 
AND4 
AND4B 
AND4B1 
AND4B2 
AND483 
ANDS 
AND5B 
AND5B1 
AND5B2 
AND583 
AND584 

NANO Gates: 
NAND2 
NAND2B 
NAND2B1 
NAND3 
NAND3B 
NAND3B1 
NAND3B2 
NAND4 
NAND4B 
NAND4B1 
NAND4B2 

DESCRIPTION 

Alternate clock buffer 
Global clock buffer 
Buffer 
Inverter 

2-input AND gate 
2-input AND gate; all inputs inverted 
2-input AND gate; 1 input inverted 
3-input AND gate 
3-input AND gate; all inputs inverted 
3-input AND gate; 1 input inverted 
3-input AND gate; 2 inputs inverted 
4-input AND gate 
4-input AND gate; all inputs inverted 
4-input AND gate; 1 input inverted 
4-input AND gate; 2 inputs inverted 
4-input AND gate; 3 inputs inverted 
5-input AND gate 
5-input AND gate, all inputs inverted 
5-input AND gate; 1 input inverted 
5-input AND gate; 2 inputs inverted 
5-input AND gate; 3 inputs inverted 
5-input AND gate; 4 inputs inverted 

2-input NANO gate 
2-input NANO gate; all inputs inverted 
2-input NANO gate; 1 input inverted 
3-input NANO gate 
3-input NANO gate; all inputs inverted 
3-input NANO gate; 1 input inverted 
3-input NANO gate; 2 inputs inverted 
4-input NANO gate 
4-input NANO gate; all inputs inverted 
4-input NANO gate; 1 input inverted 
4-input NANO gate; 2 inputs inverted 
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NANO Gates (con 't.): 
NAND483 4-input NANO gate; 3 inputs inverted 
NAND5 5-lnput NANO gate 
NAND58 5-input NANO gate; all inputs inverted 
NAN0581 5-input NANO gate; 1 input inverted 
NAND582 5-input NANO gate; 2 inputs inverted 
NAND583 5-input NANO gate; 3 inputs inverted 
NAND584 5-input NANO gate; 4 inputs inverted 

NOR Gates: 
NOR2 
NOR2B 
NOR281 
NOR3 
NOR38 
NOR381 
NOR382 
NOR4 
NOR48 
NOR481 
NOR482 
NOR483 
NOR5 
NOR58 
NOR581 
NOR582 
NOR583 
NOR584 

OR Gates: 
OR2 
OR2B 
OR281 
OR3 
OR3B 
OR381 
OR382 
OR4 
OR4B 
OR481 
OR482 
OR483 
OR5 
OR58 
OR581 
OR582 
OR583 
OR584 
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2-input NOR gate 
2-input NOR gate; all inputs inverted 
2-input NOR gate; 1 input inverted 
3-input NOR gate 
3-input NOR gate; all inputs inverted 
3-input NOR gate; 1 input inverted 
3-input NOR gate; 2 inputs inverted 
4-input NOR gate · 
4-input NOR gate; all inputs inverted 
4-input NOR gate; 1 input inverted 
4-input NOR gate; 2 inputs inverted 
4-input NOR gate; 3 inputs inverted 
5-input NOR gate 
5-input NOR gate; all inputs inverted 
5-input NOR gate; 1 input inverted 
5-input NOR gate; 2 inputs inverted 
5-input NOR gate; 3 inputs inverted 
5-input NOR gate; 4 inputs inverted 

2-input OR gate 
2-input OR gate; all inputs inverted 
2-input OR gate; 1 input inverted 
3-input OR gate 
3-input OR gate; all inputs inverted 
3-input OR gate; 1 input inverted 
3-input OR gate; 2 inputs inverted 
4-input OR gate 
4-input OR gate; all inputs Inverted 
4-input OR gate; 1 input inverted 
4-input OR gate; 2 Inputs inverted 
4-input OR gate; 3 inputs inverted 
5-input OR gate 
5-input OR gate; all inputs inverted 
5-input OR gate; 1 input inverted 
5-input OR gate; 2 inputs inverted 
5-input OR gate; 3 inputs inverted 
5-input OR gate; 4 inputs inverted 
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Exclusive OR/NOR Gates: 
XOR2 2-input XOR gate 
XOR3 3-input XOR gate 
XOR4 4-input XOR gate 
XORS 5-input XOR gate 
XNOR2 2-input XNOR gate 
XNOR3 3-input XNOR gate 
XNOR4 4-input XNOR gate 
XNORS 5-input XNOR gate 

General: 
GADD 
GCOMP 
GEQGT 
GMAJ 
GMUX 
GXll 
GLTGT 

Adder 
Compare 
Equal or greater-than comparator 
4-to-1 majority gate 
2-to-1 mux 
Crystal oscillator 
Less-than and greater-than comparator 

Input/Output buffers and Pads: 
IBUF Input buffer 
OBUF Output buffer 
OBUFZ Output buffer with 3-state control 
INFF 108 configured as a flip-flop 
OSC Oscillator 
INLAT 108 configured as an input latch 
BPAD Bi-directional pad 
IPAD Input pad 
UPAD Unbonded pad 
OPAD Output pad 
OUTFF Output flip-flop 
OU1FFZ Output flip-flop with 3-state control 
TBUF Internal 3-state driver 

Latches: 
LO 
LORD 
LOSO 
LOSRD 
LDM 
LOMRD 
LOMSD 
DLAT 
LRS 

Flip-Flops: 
OFF 
FD 
FDR 

Data latch with load input 
Data latch with load input and reset direct 
Data latch with load input and set direct 
Data latch with load input, reset and set direct 
Data latch with 2-input data multiplexer 
Data latch with 2-input data multiplexer and reset direct 
Data latch with 2-input data multiplexer and set direct 
Data latch with set direct and reset direct 
Data latch with set and reset 

Positive edge-tiggered D flip-flop 
D flip-flop with one data line 
D flip-flop with reset 
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Flip-flops: (con't.) 
FDS D flip-flop with set 
FORD D flip-flop with reset direct 
FDSD D flip-flop with set direct 
FDSRD D flip-flop with set and reset direct 
FDC D flip-flop with clock enable 
FDCR D flip-flop with clock enable and reset 
FDCS D flip-flop with clock enable and set 
FDM D flip-flop with 2-input data multiplexer 
FDMR D flip-flop with 2-input data multiplexer and reset 
FDMS D flip-flop with 2-input data multiplexer and set 
FD~ D flip-flop with 2-input data multiplexer and reset direct 
FDMSD D flip-flop with 2-input data multiplexer and set direct 
FDCRD D flip-flop with clock enable and reset direct 
FSR Set and reset flip-flop with set dominant over reset 
FRS Set and reset flip-flop with reset dominance over set 
FJK J-K flip-flop 
FJKS J-K flip-flop with synchronous set 
FJKRD J-K flip-flop with reset direct 
FJKSD J-K flip-flop with set direct 
FJKSRD J-K flip-flop with set and reset direct 
FTO Self-toggle flip-flop 
FTOR Sett-toggle flip-flop with reset 
FTORD 2-input toggle flip-flop with reset direct 
FT Toggle flip-flop 
FTP Toggle flip-flop with parity enable 
FTPRD Toggle flip-flop with parity enable and reset direct 
FTR Toggle flip-flop with reset 
FTRD 2-input toggle flip-flop 
FTS Toggle flip-flop with set 
FT2 2-input toggle flip-flop 
FT2R 2-input toggle flip-flop with reset 

Decoders: 
02 4 
02::::4E 
74 139 
03-8 
D3-8E 
74-138 
7~42 

Multiplexers: 
M3 1 
M3-1E 
M4-1 
M4-1E 
74-352 
M(..2 
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1-of-4 decoder 
1-of-4 decoder with enable 
1-of-4 single decoder with low output and enable 
1-of-8 decoder 
1-of-8 decoder with enable 
1-of-8 decoder with enables and low output 
1-of-10 decoder with low output 

3-to-1 multiplexer 
3-to-1 multiplexer with enable 
4-to-1 multiplexer 
4-to-1 multiplexer with enable 
4-to-1 multiplexer with low output and enable 
4-to-2 multiplexer 
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Multiplexers: (con't.) 
M8_1 8-to-1 multiplexer 
M8_1 E 8-to-1 multiplexer with enable 
74_151 8-to-1 multiplexer with enable and complementary outputs 
74_152 8-to-1 multiplexer with low output 

Registers: 
RD4 
RDS 
ROSCA 
RS4 
RS8 
RSBCR 
74 194 
74-195 
RSSPR 
RSBR 
74 164 
RD4RD 
RD8RD 
RS4C 
RS4CR 
RS4CRD 
RS4RD 
RSBC 
RSSCRD 
RSBRD 

Counters: 
C2BCR 
C2BCRD 
C2BP 
C2BR 
C2BRD 
C2BCP 
C2BCPRD 
C4BCP 
C4BCR 
C4BCRD 
C4JCR 
C4BCPRD 
C4JX 
C4JXC 
C4JXCR 
C4JXCRD 
C4JXRD 
C6JCR 
CSBCP 
CSBCR 

4-bit data register with clock 
8-bit data register with clock 
8-bit data register with clock enable and reset 
4-bit shift register with clock 
8-bit shift register 
8-bit shift register with clock enable and reset 
4-bit bidirectional shift register with clock, parity enable and reset direct 
4-bit serial-to-parallel shift register with clock, parity enable and reset direct 
8-bit shift register with clock, parity enable, and reset 
8-bit shift register with clock and reset 
8-bit serial-to-parallet shift register with clock and reset direct 
4-bit data register with clock and reset direct 
8-bit data register with clock and reset direct 
4-bit shift register with clock enable 
4-bit shift register with clock enable and reset 
4-bit shift register with clock enable and reset direct 
4-bit shift register with reset direct 
8-bit shift register with clock enable 
8-bit shift register with clock enable and reset direct 
8-bit shift register with reset direct 

1-bit binary counter with clock and reset 
1-bit binary counter with clock and reset direct 
1-bit binary counter with clock and parity enable 
1-bit binary counter with clock and reset 
1-bit binary counter with reset direct 
1-bit binary counter with clock and parity enable 
1-bit binary counter with clock, parity enable and reset direct 
2-bit binary counter with clock and parity enable 
2-bit binary counter with clock enable and reset 
2-bit binary counter with clock enable and reset direct 
2-bit Johnson counter with clock enable and reset 
2-bit binary counter with clock enable and reset direct 
2-bit shift expandable Johnson counter 
2-bit expandable Johnson counter with clock enable 
2-bit expandable Johnson counter with clock enable and reset 
2-bit expandable Johnson counter with clock enable and reset direct 
2-bit expandable Johnson counter with reset direct 
3-bit Johnson counter with clock enable and reset 
3-bit binary counter with clock and parity enable 
3-bit binary counter with clock enable and reset 

Ill 

4-139 



NAME DESCRIPTION 

Counters (can't.) 
CSBCRD 3-bit binary counter with clock enable and reset direct 
CBJCR 4-bit Johnson counter with clock enable and reset 
C8BCPRD 8-bit binary counter with clock, parity enable and reset direct 
C10BCRD 4-bit BCD counter with clock enable and reset direct 
C10BCPRD 4-bit BCD counter with clock, parity enable, and reset direct 
74_160 4-bit BCD counter with clock, parity enable, and reset direct 
C1 OBPRD 4-bit BCD counter with clock, parity enable, and reset direct 
C10JCR 5-bit Johnson counter with clock enable and reset 
C12JCR 6-bit Johnson counter with clock enable and reset 
C16BARD 4-bit binary ripple counter with clock and reset direct 
C16BCRD 4-bit binary counter with clock enable and reset direct 
C16BCPR 4-bit binary counter with clock, parity enable, and reset 
C16BCPRD 4-bit binary counter with clock, parity enable, and reset direct 
C16BCP 4-bit binary counter with clock, parity enable 
74_161 4-bit binary counter with clock and reset direct 
74_162 4-bit binary counter with reset 
74_163 4-bit binary counter with reset 
C16BPRD 4-bit binary up counter with clock, parity enable, and reset direct 
C16BUDRD 4-bit binary up-down counter with clock, parity enable, and reset direct 
C16JCR 8-bit Johnson counter with clock enable and reset 
C256FCRD 8-bit modulo 256 feedback shift register with clock enable and reset direct 
C256BCP 8-bit binary counter with clock, parity enable 
C2568CPR 8-bit binary counter with clock, parity enable, and reset direct 
C256BCR 8-bit binary counter with clock enable and reset 
C256BCRD 8-bit binary counter with clock enable and reset direct 

Flags: 
c 
L 
N 
x 
K 
G 
I 

CLB: 
CLB 

IOB: 
IOB 

Resistors: 
Pull up 
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Critical signal flag 
Longline signal flag 
Non-critical signal flag 
Explicit signal flag 
K pin for clock 
G pin for clock 
Input (C) pin for clock 

CLB primitive 

IOB primitive 

Pullup resistor 



LCA-MEK01 Logic Cell Array 
Evaluation Kit 
The Monolithic Memories Logic Cell Array is a high-perfor­
mance CMOS user-programmable gate array. The Monolithic 
Memories' Logic Cell Array Evaluation Kit is a software pack­
age that provides the capability to evaluate the Logic Cell 
Array for new applications. 

Features 
• Design software package for IBM PC-XT, PC-AT or 

compatible computer 

• Interactive graphics-oriented designer interface 

• Simplified definition, placement and connection capability for 
implementation of complex logic 

• Boolean equation or Kamaugh map attematives to specify 
logic functions 

• Macro library of 113 standard logic equivalents plus support 
for user-defined macros 

• Point-to-point timing calculations for critical path analysis 

• Automatic checking for connectivity and design 
consistency 

• Hardcopy output of logical and physical configuration 
information 

General 
The Evaluation Kit can be used to enter complete designs 
using a subset of the XACT design editor, including the use of 
the Monolithic Memories macro library. Critical timing for the 
design can be evaluated with the timing delay calculator to 
evaluate the applicability of the Logic Cell Array technology to 
a particular design. 

Functional definition of Configurable Logic Blocks (CLBs), and 
their internal routing,1/0 Block (IOB) definitions, and intercon­
nection are all done within an integrated graphics-oriented 
system. Interactive placement and automatic routing of logic 
and 1/0 elements are accomplished quickly and easily via an 
easy-to-learn user interface. 

Designs are captured with a graphics-oriented design editor, 
using either a mouse or keyboard entry, driven from command 
or files. User functions are specified in terms of CLB definitions 
and interconnections. Standard logic functions from the macro 
library or user-defined macro capabilities can be utilized to 
quickly implement complex logic functions. Placement and 
routing can be edited easily to modify or optimize a design. 

Checking of logical connectivity is performed automatically. All 
unused internal nodes are automatically configured to minimize 
power dissipation. 

Interactive point-to-point timing delay calculation is provided to 
simplify timing analysis and critical path determination. 

The Evaluation Kit includes hardcopy generation to document 
a design and automatically track design changes. 

System Requirements 
Minimum System Configuration 

IBM PC-XT, PC-AT or compatible computer with: 

• MS-DOS 2.1 or higher 

• 640K Bytes RAM 

• 1 Diskette Drive 

• 10-MB Hard Disk 

• IBM or compatible Color Graphic Adapter and Display 

• 1 Serial Interface Port 

• Mouse Systems, Microsoft or compatible mouse 

Evaluation Kit 

Publication# Rev. Amendment 
1osss A 10 

Issue Date: January 1988 
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ADVANCED MICRO DEVICES' NORTH AMERICAN SALES OFFICES 

ALABAMA. (205) 882-9122 MARYLAND 

13
01

1
796-9310 

ARIZONA .. ............. (602) 242-4400 MASSACHUSEITS 617 273-3970 
CALIFORNIA, MINNESOTA 612 938-0001 

~~~~~;~eacti · : · (213) 645-1524 MISSOURI ..... . . . . . . . . . . . . . . 913 451-3115 
(714) 752-6262 NEW JERSEY. 201) 299-0002 

San Diego . !619) 560-7030 NEW YORK, 
San Jose ... 408) 452-0500 Liverpool ..... (315 457-5400 
Woodland Hills (818) 992-4155 Poughkeepsie 914 471-8180 

CANADA, Ontario, Woodbury ........ 516 364-8020 
Kanata ... (613) 592-0060 NORTH CAROLINA . 919 878-8111 
Willowdale (416) 224-5193 OHIO ....... 614 891-6455 

COLORADO .... !303) 741-2900 Columbus ................. 614 891-6455 
CONNECTICUT 203) 264-7800 o~~~g~ :: . 513 439-0470 
FLORIDA, 503 245-0080 

Clearwater .. (813) 530-9971 PENNSYLVANIA, 
Ft Lauderdale !305) 776-2001 Allentown ..... !215! 398-8006 
Melbourne ................. 305! 729-0496 Willow Grove . 609 662-2900 
Orlando (305 859-0831 TEXAS, 

GEORGIA . . . . . . . . . . . . . (404 449-7920 Austin r 12l 346-7830 
ILLINOIS, Dallas .. 214 934-9099 

Chicago. !312) 773-4422 Houston ..... 713) 785-9001 

IN~~~ille 312) 505-9517 WASHINGTON 206) 455-3600 
. . . . . . . . . . . . . . (317! 244-7207 WISCONSIN (414) 792-0590 

KANSAS. (913 451-3115 

ADVANCED MICRO DEVICES' INTERNATIONAL SALES OFFICES 

BELGIUM, 
Bruxelles 

FRANCE, 
Paris .... 

WEST GERMANY, 

..... TEL ..... (02) 771 91 42 
FAX ..... (02) 762 37 12 
TLX ..... 61028 

. .... TEL ..... (1) 49-75-10-10 
FAX (1) 49-75-10-13 
TLX . . . . .. . 263282 

Hannover area . . . . . . . . . . . . . . TEL . . . (0511) 736085 
FAX ..... (0511) 721254 
TLX ........... 922850 

MOnchen . . . . . . TEL . . (089) 41 14-0 
FAX . . (089) 406490 
TLX ............ 523883 

Stuttgart . . TEL . . . . . (0711) 62 33 77 
FAX . (0711) 625187 

HONGKONG 

ITALY, Milano 

JAPAN, 
Kanagawa .. 

Tokyo . 

Osaka 

TLX ...... 721882 

. . . TEL . . . . . 852-5-8654525 
FAX . . . . . 852-5-8654335 
TLX ... 67955AMDAPHX 

. TEL . . . . . . .102! 3390541 
02 3533241 

FAX . . . . . . . 02 3498000 
TLX ............ 315286 

. .... TEL ....... 462-47-2911 
FAX ....... 462-47-1729 

.... TEL . . . . . . (03) 345-8241 
FAX ...... (03) 342-5196 
TLX . . . J24064AMDTKOJ 
TEL . . . . . . . 06-243-3250 
FAX . . . . . . . 06-243-3253 

KOREA, Seoul . . . . . . . . . . . . TEL . . . . . . . . . 82-2-784-7598 
FAX . . . 82-2-784-8014 

LATIN AMERICA, 
Ft. Lauderdale ........... TEL ........ (305) 484-8600 

FAX . . . . . . . . (305) 485-9736 
TLX . . 5109554261 AMDFTL 

NORWAY, 
Hovik. .......... TEL ......... (02) 537810 

FAX . . . . (02) 591959 
TLX. . . 79079 

SINGAPORE . . . . TEL . . . . . . . . . . . 65-2257544 
FAX ..... 65-22461t3 
TLX RS55650 MMI RS 

SWEDEN, Stockholm ...... TEL .. . . (08) 733 03 50 
. . (OB) 733 22 85 

. 11602 

TAIWAN ....... . 

UNITED KINGDOM, 
Manchester area 

London area ... 

FAX 
TLX. 

TLX . . 886-2-7122066 
FAX.. . 886-2-71220t7 

. . TEL . . . . . . . . . (0925) 828008 
FAX ......... (0925) 827693 
TLX . 628524 
TEL . . (04862) 22121 
FAX .. (0483) 756196 
TLX ......... 859103 

NORTH AMERICAN REPRESENTATIVES 

CALIFORNIA KENTUCKY 
12 INC .... . . . . . OEM (408) 988-3400 ELECTRONIC MARKETING 

DIST! (408) 498-6868 CONSULTANTS, INC. (317) 253-1668 
CANADA MICHIGAN 

Buo~~M~MARKETING SAi MARKETING CORP (313) 750-1922 
(604) 430-3680 MISSOURI 

CaJIA~f'J~e~'),,RKETING LORENZ SALES .. (314) 997-4558 
(604) 430-3680 NEBRASKA 

Kanata, Ontario LORENZ SALES . (402) 475-4660 
VITEL ELECTRONICS (613) 592-0090 NEW MEXICO 

Mi~~~'l!i."E8f'~~~ICS THORSON DESERT STATES (505) 293-8555 
(416) 676-9720 NEW YORK 

Quebec NYCOM, INC. (315) 437-8343 
VITEL ELECTRONICS (514) 636-5951 OHIO 

IDAHO Centerville 
INTERMOUNTAIN TECH MKGT .. (208) 888-6071 DOLFUSS ROOT & CO (513) 433-6776 

IN DIANA Columbus 
ELECTRONIC MARKETING DOLFUSS ROOT & CO (614) 885-4844 
CONSULTANTS, INC. (317) 253-1668 St'8o~~v~~s ROOT & co IOWA (216) 238-0300 
LORENZ SALES . (319) 377-4666 PENNSYLVANIA 

KANSAS DOLFUSS ROOT & CO (412) 221-4420 
LORENZ SALES . . . (913) 384-6556 UTAH 

R2 MARKETING ... (801) 595-0631 

Advanced Micro Devices reserves the right to make changes in its product without notice in order to improve design or performance 
characteristics. The performance characteristics listed in this document are guaranteed by specific tests, guard banding, design and 
other practices common to the industry. For specific testing details, contact your local AMO sales representative. The company 
assumes no responsibility for the use of any circuits described herein. 
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