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PRELIMINARY

DISTINCTIVE CHARACTERISTICS

*  Second generation user-programmable gate « 100% factory. pre-tested

array . Selectable configuration modes
«  Flexible array architecture +  100% compatibility with AMD PGA
* High performance (50, 70 MHz ) development tools
. Improved interconnection resources «  Standard PROM file interface
*  Density of up to 9000 gates +  Off the shelf availability

GENERAL DESCRIPTION

The AM 3000 Series Logic Celi™ Array (LCA) is a user and easily implemented by AMD user-

high-performance, second generation user- programmable gate array design tools.
programmable gate array. The array contains

three types of configurable elements that are AMD's development tools let users produce a
customized in accordance with the user-defined complete design, from schematic capture through
system design; a perimeter of Input/Output device customization, on an IBM PC-AT or

Blocks (IOBs), a core array of Configurable Logic  compatible computer. LGA macro libraries and
Blocks (CLBs), and interconnection resources. interface software are also available to support

schematic capture and simulation on popular CAE -
The final configuration of the three main workstations.

programmable elements is determined by the

PRODUCT SELECTOR GUIDE

Basic LogGic CAPACITY CONFIGURABLE USER PROGRAM
ARRAY (USABLE GATES) Loaic BLocks ~ 1/0s DAtA (BITS)
M3020 2000 64 64 14779
M3090 9000 320 144 64160

Publication # Rev, Amendment
10642 A /0
Issue Date: June 1988
m
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ORDERING INFORMATION

Further information is available from AMD franchised distributors or from the nearest AMD sales
representative. Part numbers are composed as follows:

Am3020 - 70CNL84

NL68 = 68PinPLCC
3020 (2000 Gates, 58 |0Bs) 2'524 - x lF:"i: ';'éic
3090 (9000 Gates, 144 IOBs) P75 = 75 Pin PGA
50 (50 MHz Toggle) | C = Commercial
70 (70 MHz Toggle) M = Military

ARCHITECTURE

Functional Description

The perimeter of configurable IOBs provides a programmable interface between the internal logic array
and the device package pins. The array of CLBs performs user-specified logic functions. The
interconnection are programmed to form networks, carrying logic signals among blocks. This is
analogous to printed circuit board traces connecting MSI/SS| packages.

The logic functions of these blocks are determined by programmed look-up tables. Functional options
are performed by program-controlled multiplexers. Interconnecting networks between blocks are
composed of metal segments joined by program-controlled pass transistors. These LCA functions are
activated by a configuration bit stream that is loaded into an internal, distributed array of configuration
memory cells. The configuration bit stream is loaded into the LCA device at power-up and can be
reloaded on command. The LCA device includes logic-and control signals for automatic or passive
configuration. Configuration data can be either bit serial or byte parallel. The XACT LCA Development
System generates the configuration bit stream used to configure the LCA device. The memory loading
process is independent of the user logic functions.

Configuration Memory

The static memory cell used for the LCA's configuration memory has been designed specifically for high
reliability and noise immunity, ensuring integrity even under adverse conditions. Static memory provides
the best combination of high density, high performance, high reliability, and comprehensive testability.
As shown below, the basic memory celi consists of two CMOS inverters and a pass transistor, which is
used for writing and reading cell data. The cell is only written during configuration and only read during
readback. During normal operation, the pass transistor is off and does not affect the stability of the cell.
This is quite different from the operation of conventional memory devices, in which the cells are
frequently read and re-written.
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A static configuration memory cell is loaded with one bit of the configuration bit stream and controls one
data selection in the LCA device. The memory cell outputs Q and ~Q use full Ground and Vcc levels and
provide continuous, direct control. The additional capacitive load, together with the absence of address
decoding and sense amplifiers, gives the cell high stability.

Due to the structure of the configuration memory cells, they are not affected by extreme power supply
excursions or very high levels of alpha particle radiation. No soft errors have been observed in reliability
testing, even in the presence of very high doses of alpha radiation.

_ The method of loading the configuration data is selectable. Two methads use serial data, while three use
byte-wide data. The internal configuration logic uses framing information, which is embedded in the
*configuration data by the XACT LCA Development System, to direct memory cell loading. The serial data
framing and length count preamble provide synchronous, serial, or daisy-chained compatibility with
various AMD programmable gate arrays.

Input/Output Blocks

Each user-configurable 0B, shown below, provides an interface between the device's external package
pin and the internal user logic. Each IOB includes both registered and direct input paths and each
provides a programmable three-state output buffer that can be driven by a registered or direct output
signal. Configuration options allow a choice of polarity on the output and three-state control signals, a
controlled slew rate, and a high impedance pull-up. Each input circuit provides input clamping diodes for
electrostatic protection, and circuits to inhibit latch-up produced by input currents.
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The input buffer portion of each IOB provides threshold detection to translate external signals applied to
the package pin to internal logic levels. The global input-buffer threshold of the IOBs can be
programmed for TTL or CMOS voltage levels. The buffered input signal drives the data input of a storage
element that can be configured as a positive edge-triggered D fiip-flop, or a level-transparent latch.
Clock/load signals, I0B pin .ik, can be chosen from either of two available metal lines along each die
edge. /O storage elements are reset during configuration or by the active low chip ~RESET input. Both
direct input signals, from IOB pin.q, are available.

For reliable operation, Inputs should have transition times less than 100 ns and should not be left
undriven, or floating. Unused CMOS input-pin circuits can be at threshold and produce oscillations. This
produces additional power dissipation and system noise. A typical hysteresis of about 50 mV reduces
input noise sensitivity . Each user OB includes a programmable high impedance pull-up resistor that
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can be selected by the bit stream and which provides a constant HIGH for undriven pins. Although the
LCA device provides circuitry for input protection against electrostatic discharge, normal CMOS
handling precautions should be observed.

Loop delays for the OB and logic biock flip-flops are about 3 ns. This increases reliability, especially for
asynchronous clock and data conditions. Short loop delays minimize the probability of a metastable
condition, which can result from assertion of the clock during data transitions. Because of the short loop
delay in LCA devices, the flip-flops can be used to synchronize external signals applied to the device.
Once synchronized in the 10B, the signals can be used internally without regard to their clack-relative
timing, except as it applies to the internal logic and routing path delays.

Output buffers of the I0Bs provide CMOS-compatible 4 mA source-or-sink drive for high fan-out CMOS
or TTL compatible signal levels. The network driving IOB pin .0 becomes the registered or direct data
source for the output buffer. The three-state control signal, IOB pin .ts, can control output activity. An
open-drain type output can be obtained by using the same signal for driving the output and three-state
signal nets, so that the buffer output is enabled only for a LOW.

The configuration memory cells, shown in the figure above, control the aptional output register and
logical signat inversion, as well as the three-state and slew rate configuration bits. A choice of two
clocks is available on each die edge. All user inputs are programmed for TTL or CMOS thresholds.

The 0B includes input and output storage elements and the following I/O options selected by
configuration memory cells.

. Logical inversion of the output is controlled by one configuration bit per 10B.

. Logical three-state control of each IOB output buffer is determined by the states of the
configuration data bits that turn the buffer on/off or select the output buffer three-state control
interconnection, pin .ts. When this 10B output control signal is HIGH, or logic 1, the buffer is
disabled and the package pin is high impedance. Inversion of the buffer three-state control logic
sense, output enable, is controlied by an additional configuration data bit.

. Direct or registered output is selectable for each 0B .. The register uses a positive-edge,
clocked flip-flop. The clock source, OB pin .ok, can be supplied by sither of two metal lines, which
are available along each die edge. Each of these lines is driven by an invertible buffer.

. Increased output transition speed can be selected to satisfy critical nets. Slower transitions
reduce capacitive load peak currents of non-critical outputs and minimize system noise.

. A high impedance pull-up resistor can be used to prevent floating, unused inputs.

The following table is summarizes the /O options.

INPUTS OuUTPUTS
Direct Direct/registered
Flip-flop/latch Inverted/true
CMOS/TTL threshold (chip inputs) | Full speed/slew limited
Pull-up resistor Optional three-state control
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CLBs are the functional elements from which the user's logic is constructed. The logic blocks are
arranged in a matrix within the perimeter of I0OBs. The 3020 has 64 such blocks arranged in eight rows
and eight columns. The XACT LCA Development System compiles the configuration data, which defines
the operation and interconnection of each block. Users can define CLBs and their interconnecting
networks by automatic translation from a schematic capture logic diagram or, optionally, by installing
library or user macros.
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Each CLB has a combinational logic section, two flip-flops, and an internal control section. As shown in
the following figure, there are five logic inputs (.a, .b, .c, .d, and .e), a common clock input (.k), an
asynchraonous direct reset input (.rd), and a clock enable {.ec). All can be driven from the

interconnection resources adjacent to the blocks. Each CLB also has two outputs (.x and .y) that can
drive interconnection networks.

Data input for either flip-flop within a CLB is supplied from the F or G function outputs of the
combinational logic, or the direct data input, .di. Both fiip-flops in each CLB share the active HIGH
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asynchronous reset (.rd), which is dominant over clocked inputs. All flip-flops are reset by the active
LOW chip input, ~RESET, or during the configuration process. The flip-flops share the clock enable
(.ec), which, when LOW, recirculates the present states of the flip-fiops and inhibits response to the
data-in or combinational function inputs on a CLB. The user can enable these control inputs and select
their sources. The user also can select the clock net input (k) and its active sense in each logic block.
This programmable inversion eliminates the need to route both phases of a clock signal throughout the
device. Flexible routing allows use of common or individual CLB clocking.

The combinational logic portion of the CLB uses a 32-by-1 look-up table to perform Boolean functions.
Variables selected from the five logic inputs and two internal block flip-flops are used as table address
inputs. The combinational propagation delay through the network is independent of the logic function

generated and is spike free for changes in single input variables.

This technique can generate a single function of five variables, as shown below.

A
B
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mﬁj orsa
c ) VARIABLES G
D
E 5b

It can also generate any two logic functions of up to four variables each.
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it can also generate some functions of seven variables, as shown in the next figure.
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The partial functions of six or seven variables are generated by the input variable,.e, which dynamically
selects between two functions of four different variables. For the two functions of four variables each,
the independent results,F and G, can be used as data inputs to either flip-flop or either logic block

output. For the single function of five variables and mierged functions of si
and G outputs are identical. Symmetry of the F and G functions and the fli
routing of the networks connecting the logic blocks and i0Bs.

X or seven variables, the F
p-flops helps optimize the

The next figure shows a modulo 8 binary counter with parallel enable. It uses one CLB of each type.
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Programmable Interconnections

Programmable interconnection resources in the LCA device provide routing paths to connect inputs and
outputs of the I/O and logic blocks into logical networks. Interconnections between blocks are
composed of two-layer grid of metal segments. Specially designed pass transistors, each controlled by
a configuration bit, form programmable interconnect points (PIPs) and switching matrices used to

implement the necessary connections between selected metal segments and black pins. The figure
below provides an example of a routed net,
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The XACT 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 IOB are muitiplexers
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 they are unidirectional (as are block outputs).

The following figure illustrates routing access to logic block input variables, control inputs, and block
outputs.

a
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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/O Blocks. These segments can be
connected through switch matrices to form networks for CLB and IOB inputs and outputs.

t t

Grid Of General Interconnection Switching
Metal Segments 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
y calculator of the XACT LCA Development System
automatically calculates and displays the block, interconnection, and butfer delays for the selected

the interconnection network source. The dela

paths. [t can also generate the

Direct Interconnections

A direct interconnection, shown below,
adjacent logic or I0Bs. The .x and
of adjacent CLBs.
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Signals routed from block to block by direct interconnection show minimum interconnection propagation u
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 1o 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.
Whaere logic blocks are adjacent to I0Bs, a direct connection is provided alternately to the IOB inputs
{.i) and outputs (.0) of the left, top, and bottom edges of the die. The right edge provides alternate direct
input and output of CLBs and I0Bs. Direct interconnections of {0Bs 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 trave! 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.

3 Vertical Lines

Global

e B Bt \ £t
) E I 1 E
Q (= g — - Lef -
On-Chip pt 1- 1 t 1
Three-State
Buffers§ "
Pull-Up :ﬁ\ . . ] .
Resistors /nf" . *m.. t— t L
For On-Chip{ \ ] 5
Open Drain [Np_Lg \ | — ot
Signals }- - 4 }- -
D 2 Horizontal Long Lines N 4
i
gt t- - 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 IOB 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. lsolation 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 lagic
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 I/O 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 lOB 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 lagic drive the horizontal iong
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.

7= -A+DB-B+DC-C+---

P

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 signat 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 HIGH 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 puli-up resistors.

e . e ]
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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.

D Q
Internal § External
pOf
XTALL
Alternate E —
Clock Buffer D
XTAL2 D
N d
R1
SUGGESTED COMPONENT VALUES AN
Rl 1-4MQ R2
R2 0-1KQ —-l[]IT—I\/\,—
(may be required for low frequency, phase
shift and/or compensation level for crystal Q) =4 (o Y1 2
C1,C2 10-40pF
Y1 1-20MHz AT cut series resonant g
68 Pin 84 Pin 175 Pin
PLCC PLCC PGA PGA
XTALL1 (Out) 47 57 Ji1 T14
XTAL?2 (In) 43 53 L1l 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 |OBs and their package pins are available for general user 1/O.

PROGRAMMING

Initialization

An internal power-on reset circuit is triggered when power is applied. When Vce reaches the voltage at
which portions of the LCA device begin to operate (2.5 to 3 V), the programmable /O output buffers are
disabled and a high impedance pull-up resistor is provided for the user I/O 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 M0, 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 input 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 YO PINS WITH HIGH IMPEDENCE PULL-UP

e —
yai HDC = HIGH
INIT SIGNAL LOW LDC=LOwW
INITIALIZATION
POWER-ON
TIME DELAY,

CLEAR
CONFIGURATION
MEMORY

HIGH-TO-LOW OF DONE/PROGRAM

ACTIVE

CONFIGURATION
PROGRAM MODE

ACTIVE RESET—~
OPERATES ON
USER LOGIC

Power-On Delay is
21* Cycles for Non-Master Mode —11 to 33 ms
218 Cycles for Master Mode — 43 to 130 ms

Clearis

~200 Cycles for the M3020 — 30 TO 400 us
~375 Cycles for the M3090 — 250 TO 750 us

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, RDY/~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 contral 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 - DUMMY BITS (4 BITS MINIMUM)
0010 —~PREAMBLE CODE
<24 BIT LENGTH COUNT> - CONFIGURATION PROGRAM LENGTH
11t - DUMMY BITS (4 BITS MINIMUM)
FOR M3020 1
0 <DATA FRAME # 001> 111 ~ H
0 <DATA FRAME # 002> 111 197 CONFIGURATION DATA FRAMES SN i
0 <DATA FRAME # 003> 111 P i
4 . . (EACH FRAME CONSISTS OF: {s"" Py 3 \'5%2
. . . A START BIT (0) A A %
. . . A 71-BIT DATA FIELD _4- REPE; @?%hgﬁ,'wﬁm
. . . 2 OR MORE DUMMY BITS) 1], CELL ARRAYINA BAISY CHAIN
0 <DATA FRAME # 196> 111 L i}iiﬁx Ly
0 <DATA FRAME # 197> 111 \ H ?;_,} S P
, . & % P
11t @% ‘i_‘;\ B
[ &
22 —""T\»A;&
ALY
A
'M3090
9000
20
(20X 16)
144
m
Bits per frame 75 in .
(w/ 1 start 3 stop)
Frames 197 3
Program Data = 14779 64160
Bits * Frames + 4
(excludes preamble)
PROM size (bits) 14816 64200
Power/Gnd 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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POSTAMBLE
DATA FRAME LAST FRAME
8 l 24 | 4 75 IJ |4 l
] 12 /) /)
7/ / (=
L'ﬂ llll ll/—'— -EI,
| ereavmis | wwomicowr | || wama | ] | | ¢
STIRT 381?»’1 s*rtp
START LENGTH *
COUNT
| u‘l - WEAK PULL-UP prgp——
DOUT LEAD DEVICE
12 CLOCK CYCLE PROGRAM z ; DONE
DELAY FROM DATA INPUT
INTERNAL RESET §§

* THE CONFIGURATION DATA CONSISTS OF A COMPOSITE 36-BIT TIMING OF THE ASSERTION OF DONE
PREAMBLE/LENGTH-COUNT, FOLLOWED BY ONE OR AND TERMINATION OF THE INTERNAL
CONCATENATED LCA PROGRAMS, SEPARATED BY 4-BIT RESET MAY EACH BE PROGRAMMED TO
POSTAMBLES. AN ADDITIONAL FINAL POSTAMBLE BIT IS OCCUR ONE CYCLE BEFORE OR AFTER
ADDED FOR EACH SLAVE DEVICE AND THE RESULT ROUNDED THE /O QUTPUTS BECOME ACTIVE.

UP TO A BYTE BOUNDARY. THE LENGTH COUNT IS TWO LESS
THAN THE NUMBER OF RESULTING BITS.

Two CCLK cycles after the completion of loading configuration data, the user )/O pins are enabled as
configured. As selected in MAKEBITS, the internal user-logic reset is released either one clock cycle
before, or one clock cycle after the /O pins become active. A similar timing selection is programmable
for the DONE/~PROG output signal. DONE/~PROG can also be programmed to be an open drain or to
include a pull-up resistor to accommodate wired ANDing. High During Configuration (HDC) and Low
During Configuration (LDC) are two user /O pins driven active when an LCA is initializing, clearing, or
configuring. These pins and the DONE/~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 I/O 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.

iIf the crystal oscillator is used, it will begin operation before configuration is completed; this allows time
for stabilization before the osciliator 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 AMD programmable gate arrays will have different sizes and numbers of data frames. To
maintain compatibility between various device types of the AMD 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 icc are acceptable.

The configuration bit stream begins with HIGH preamble bits, a four-bit preamble code, and a 24-bit
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. HDC and LDC, as well as
DONE/~PROG, 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 /O 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 the Am1736 data output one CCLK cycle before the LCA I/O becomes
active.

+HV
= 11
M0 Mt PWRDWN
e DOUT *

M COKp—Pr =
HDC

GENERAL- LDC

PURPOSE

USER IO

PINS

|...1d4 111
3

g

LCA
DIN DATA SERIAL b
P CASCADED
CCLK CLK MEMORY P SERIAL
l—-o CE CEOJo————C  MEMORY
Df OI0E AM1736 —O;

= X X X |
ooR X X ~

*FOR OPTIONAL SLAVE MODE LCAs IN A DAISY CHAIN
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Master LOW and master HIGH modes automatically use parallel data supplied to the D0-D7 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 I/O becomes active.

4.71



ACV NMICRO PLA/PLE/ARRAYS 13e 0 | 025?526 oo2ss02 of

T-46-13-47

AO-AlS
(OUTPUT)

DO-D7

RCLK
(OUTPUT)
1/8 CCLK

CCLK
(OUTPUT)

DouUT
(OUTPUT)

g |

.
- —nad
o &
-0
Gﬂmmmﬁ O EPROM
USER 10 -O (2Kx8
PINS of Larger)
. Al0
. QTHER A9 A9
. PINS A8 AR
— A7 A7 D7
LCA A6 Dé Q
—meeeeeOf RESET AS k= AS D5 —\
Ad A D4 N
D7 A3 A3 D3 m
D6 A2 A2 D2 W
D5 Al Al D1 —\
D4 A0 A0 DO\
D3
D2 OE
Dl
Do DR CE

<& yl
« 7
DATA BUS

« FOR OPTIONAL SLAVE MODE L.CAs IN A DAISY CHAIN
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Peripheral Mode

Peripheral mode provides a simplified interface through which the device can he 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 (~WRT), and two active LOW
and one active HIGH Chip Selects (~CS0, ~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-D7 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 stave devices.
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*FOR OPTIONAL SLAVE MODE LCAs IN' A DAISY CHAIN
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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 daﬁsy-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 spegcial circuits.

Daisy-Chain

+5V
MO MI PWRDN
MICRO
COMPUTER LCA
M2 *
STRB ceLK
DO DIN pouTfee | —» «
D1l e
s} D2 p— e GENERAL-
poRT | D3 [— e jo— PURPOSE
o USER 10
o e v PINS
D7 {0 reseT [
~0f RESET Pins { |
.
[ d
PIN >< BITN X BITN+1
CCLK 7‘
(OLHD'l?lgr') BITN-1 XXX BITN

* FOR OPTIONAL SLAVE MODE LCAs IN A DAISY CHAIN

The AMD XACT LCA Development System is used to create a compaosite configuration bit stream for
selected LCA devices. This configuration includes the following:
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A preamble

A length count for the tota! 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.

: +$V ¥V
+$V
®v h I I J’ MO0 M1 PWRDWN MO Ml PWRDWN
MO M1 PWRDWN
CCLK CCLK s CCLK
DOUT DIN DOUT 2\ D|NLm DOUT
LCA
SLAVE #1 SLAVE#2
M2 jt M2
f— M2 AlS AlS
Al4 Al4 HDC p— HDC —
—t HDC
Al3 A1l EprOM LD GENERAL- LDC GENERAL-
—O{RICK A2 Al2 PURPOSE — \ PURPOSE
GENERAL- All All . fe [USER 11O l— [ USER 1O
PURPOSE LCA Al0 Al0 ALL e | PINS ALL . PINS
USER 110 MASTER A9 A9 OTHER . OTHER .
FINS | ——p A8 A3 PINS ¢ PINS N
¢ J ALL A7 A7 D7 b=~ — _——
i By AS A6 D6 | —1 b 1o
P AS AS DS INIT INIT
k— A Ad D4 _\\ ~Of RESET —Of RESET
D7 Al A3 D3 “
D6 A2 A2 D2 —\
Ds Al Al D1 '—\
D4 A0 AQ DO [\
D3
D2 DC OE
D!
DO _ CE
~Of RESET D/P [
<l y A 8
« [
« Reprogram A\
(4 ——————
SYSTEM
RESET
> —

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
interna!l 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 ta 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 1

Prior to the completion of configuration, all LCA input thresholds are TTL compatible. Upon completion of
configuration, the input thresholds become either TTL or CMOS compatible, as programmed. The use of
the TTL 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 I/O pins have a high impedance pull-up. The configuration bit
stream can be used to enable the IOB puli-up resistors in the operational mode to act either as an input
load or to avoid a floating input on an otherwise unused pin.

Readback

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 /O 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 |0B. 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.
Tlo 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 fiitered for two cycles of the LCA's internal
timing generator. When reprogram begins, the user programmable I/O 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 /O 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 facllitates control of external functions such as a PROM enable or holding a system in a wait state.
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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 ADDITIONAL FINAL POSTAMBLE 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.

T-46-13-47
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DATA FRAME LAST FRAME l
8 I 24 I 4 5 |3 |4 I
. 7l B y
e (4 (4
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| meavme | vomicomr | || oam | |) | | 4:
e el i
START LENGTH #
COUNT
| Lﬂ HGH WEAK PULL-UP ——e
DOUTLEAD DEVICE
172 CLOCK CYCLE PROGRAM ; DONE
DELAY FROM DATA INPUT

TIMING OF THE ASSERTION OF DONE
AND TERMINATION OF THE INTERNAL
RESET MAY EACH BE PROGRAMMED TO
OCCUR ONE CYCLE BEFORE OR AFTER
THE IfO OUTPUTS BECOME ACTIVE.

RESET Timing

As with DONE timing, the timing of the release of the internal
the MakeBits program. [t 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

RESET can be controlled by a selection in

A selaction 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.

CLOCK =

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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CLOCK TO
OUTPUT COMBINATIONAL ~ SETUP
l+—Tcxo — bl o —le—— Tick — [e——Top —+|
CLB CLB CLB I0B

LOGIC LOGIC

5

(X) (K)

Units
ns
. Tg outpy 8 ns
. 5 L}o‘gic‘—'input setup 8 ns
% “Logic-input hold 0 ns
Input/Bg}f)ét ’ Pad to input (direct) 7 ns
- Output to pad (enabled) 10 ns
1/0 clock to pad 13 ns
FF toggle frequency 70 MHz

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 [ook-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.
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The following figure show§ the change in speed performance as a function of temperature. The variation
is normalized for 30° C, 70° C, 85° G, and 125° C.
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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.

Switch Matrix Repowering Buffer

CLB
TIMING: INCREMENTAL R{(C1+C2+C3) + R2(C2 + Ca)
[FRi=Rz=R3=Rand C|=C2=C3=C Tl =3RC T1 =3RC+2RC Tl =3RC +2RC+ IRC 6RC + BUFFER

=3RC =5RC =6RC

THEN CUMULATIVE TIMING
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Power Distribution

Power for the LCA device is distributed through a grid to achieve high noise immunity and isolation
between the logic and I/O, Inside the LCA device, a dedicated Vcc and ground ring surrounding the logic
array provide power to the /O drivers, as shown below. An independent matrix of Vcc 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 uF capacitor connected near the Vcc and ground pins of the
package will provide adequate decoupling.

Ground and
GND / Vee Ring For
M / YO Drivers
’/
ERRh i it St SIE LI IXE L § B
L R - S R S-S T
o SEC TYE TEE SRR FEESL PRL
1 [] 1 1] L] . 1] 1)
] . . 1] 1 1] . .
o5 A0k AL YU TEE SRR PR
IR
SOkt DT TEE TRE SRR PRE -SR-S
V°°| N - S R T B IVcc
R S S St S Ak e
N
IR0 0 S0 T O s o ogic Power Gri 4z
IR
<L TEE TEE TR PEE TER TEE PRR L
L 1 L L L 1 1 i

=

GND

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
beneficlal to locate heavily loaded output buffers near the ground pads. The [OB 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 Vcceicco, plus internat 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 uW/pF/MHz per output. Another companent of /O 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 mMW/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 = Vce » Icco + external (DC + capacitive) + internal (CLB + I0B+ 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
r<-:-;‘1uirement 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 Vcc pins of the package. When normal power is restored,
Vce 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 I/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, AMD 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.

Schematic capture

PALASM™ Boolean entry

Large number of predefined macro library elements
Automatic logic conversion and reduction

Logic and electrical rule checking
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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 /O 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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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 valld design file. This file contains all the programming data used to download directly into
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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 Vcc 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 refurns to operation with the same sequence
of Reset, buffer enable, and DONE/~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

e  ——— e
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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 /O pin.

HDC

High During Configuration is held at a HIGH level by the LCA device untit after configuration. itis
intended to be available as a control indication that configuration is not completed. After configuration,
this pin Is a user 1/O 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 contiguration, this pin is a user IO 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 I/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 levsls of the M lines are sampled and

configuration begins. If ~NRESET 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 IOB 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 |/O pin can be configured to operate as the output of an amplifier usable with an external
crystal and bias circuitry.

XTL2

This user /O 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 I/O pin is used during configuration to output serial configuration data for the Data In of daisy-

chained slaves.

DIN

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

~CS0, ~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 D0-D7 being clocked in.

~RCLK
During master parallel mode configuration, this pin represents a read of an external memary 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 I/O pin.
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D0-D7

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 I/O pins.

AO0-A15

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/O pins.

1/0

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.
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APPENDIX A: TABLES AND DIAGRAM

S

Table 2a. 3000 Family Configuration Pin Assignments

CONFIGURATION MODE: <M2:Mt:M0>

68 1 84 84 | 175 USER
SLAVE MASTER-SER | PERIPHERAL MASTER-HIGH MASTER-LOW  IpLccirrcc| PGA | PGA | OPERATION
<L:l:I> | <0:0:0> I <l:0:1> <1:1:0> <|:0:0>
R P PWR PWR DWN PWR DWN (1) 10§ 12 ] B2 | B2
[ MI (HIGHj() | 25 T 3T ' 12 4 T RDATA(O) |
Mo(LOW (D) MO(LOW) () 26 32 A RIRIG(D)
M2 (HIGH) (1) M2(HIGH)() | 27 | 33 | K2 I CI5 0
HDC (HIGH HDC (LO HDC (HIGH) HDC (HIGH) HDC (HIGH) |28 34 K3l { El4 1w
loCdow — 1DCow  LpCdaw LRCAOoW LRC oW P33T ID6] w
oo INIT* INIT* INIT* INIT* INIT* z 42 | K6 |HI5 w___|
4 53 Ll } PiS | XTL2OR IO
pr———— T e —— "B T
RESET () RESET (I} RESET(D) RESET () RESET(D 44 54 | Ki0 5 RESEL(
DONE DONE DONE DONE DONE 45 55 1 1o 4_PROGRAMUD]
LDATA7 () DATAT(M) DATA7(1) 46 56 K11 Js)
DATA6(1 DATA 6 DATAG(L :;_‘ g; Hll:) :’l‘ XTL:‘C))R
(0] D [03) | HI0 2
DATAS (O DATAS (D) DATAS () 49 60 Fio | Tl 0o
[ Csom | 50 | 61 G1o [Ri0} w
DATA 4 (D DATA4(D) DATA4(D) 5 | 62 Y Git | RY 0
DATA3 (D) DATA 3 (D) DATA3 (D) 3 65 Fi R8 1o
CSLD L 34 ] 66 TEINJR 0
DATA2(D DATA2(D)_ DATA2(D 33 67 EI0 | R8 w
DATA L (D . DATA 1 (I) DATA 1 (D 56 70 DI0 | R7 w0
_ RDY/BUSY (0 | RCLK RCL 57 ) 7l [ Cii| RS w
DIN () DIN (D DATAO() DATAO(1) DATA (1) S8 ) 12 [BILIPS o]
DOUT (0) DOUT (0) DOUT DOUT DOUT 39 73 1 Clo } R3 w
CCLK CCLK CC_L_K CCLK CCLK 60§ 74 1 Alt N4 10
| WS} AD Al 61 | 75 | BI0 | R2 | CCLK()
CS2 (D) A A 62 76 B9 [7] w
A2 AZ 63 77 1 Al0 | M3 o
Al A3 64 18 A9 Py o
AlS AlS 65 81 B6 N 0
Ad Ad 66 1 82 B7 | Ml w
Ald Al4 67 T 831 A7 |13 | o
AS AS Glal|cl]l] w
Al3 Al3 2 A6 | K w
A6 A AS | 1D w0
Al2 Al2 4] afBsta] w
A7 A7 [&] [¥] w
All Alt Al El w
AR AR AlDil W
AlD AlD 10 B3 1 B3| o
A9 A9 1 A [o7] 0]

] REPRESENTS A 50K TO 100K OHM PULL-UP DURING CONFIGURATION
* INIT IS AN OPEN DRAIN OUTPUT DURING CONFIGURATION

Note: Pin assignments of "PGA Footprint® PLCC sockets and PGA packages are not electrically identical.
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Table 2b. 3000 Family 68-Pin PLCC Pinouts

T-46-13-47

PLCC PLCC
Pin J Pin
Numbers 3020 Numbers 3020
10 ~PWRDN 44 ~RESET
1 o 45 DONT-~PG
12 o 46 D7-1/0
13 o 47 XTLA-1/O
14 [e) 48 D6-1/0"*
15 0 49 D5-1/0
16 0 50 ~CS0-110
17 L8] 51 D4-i/0*
18 vce 52 vee
19 vo* 53 D3-1/0
20 0 54 ~CS81-1/0
21 vo* 55 D2-110*
22 o 56 D1-1/0
23 o 87 ADY/~BUSY-~RCLK-1/O
24 10 58 DO-DIN-1/0
25 M1-~RDATA 59 DQUT-IO
26 MO-RTRIG 60 + COWK
27 M2-/0 61 AQ-~WS-1/0O
28 HDC-O 62 A1-C82-1/0
29 o 63 A2-1/0
ao ~LDC-LO 64 A3-1/10
31 0 65 A15-1/0
32 i0] 66 A4-1/10
a3 10 67 At4-1/0
34 ~INIT-VO 68 A5-1/0
35 GND 1 GND
36 o 2 A13-1/Q
37 Je} 3 A6-1/0
3s o 4 A12-1/0
39 [le] 5 A7-110
40 0 6 A11:1/0
41 o 7 A8-1/0
42 fle] 8 A10-1/0O
43 XTL2-1/0 9 A9-1/0

*6 Unbonded 10BS 3020

level for unbonded or unused 10Bs.



ADV MICRO PLA/PLE/ARRAYS

13E D l 0257536 0028837 § I

T-46-13-47

W

Table 2c. 3000 Family 84-Pin PLCC and PGA Pinouts

PLCC PGA PLCC PGA
Pin Pin Pin Pln

Numberj Number 3020 3030 Number] Numben 3020 3030
12 B2 ~PWRDN ~PWRDN 54 K10 ~RESET ~RESET
13 c2 w0 0 55 410 DONE-~PG DONE-~PG
14 81 NC [le] 56 Kt1 D7-1/0 D7-1/0
15 (2] [le] 0 57 J11 XTL1-/O XTL1-1/O
18 D2 [le) 0 58 H10 D6-1/0 06-1/10
17 D1 o 0 59 H11 110 H[s]
18 =] [ie) o 60 Fl10 Ds-1/Q D5-1/0
19 E2 o 0] 61 G10 ~CS0-1/0 ~CSs0-1/0
20 3] (o] o] 62 Git D4-110 D4-1/0
21 F2 o o] 63 G9 170 110
22 F3 vece vece 64 F9 VCC vce
23 G3 o] o] 65 F11 D3-1/0 D3-1/0
24 Gi o] [le] 66 E11 ~C81-1/0 ~C81-1/0
25 G2 [le] w 67 E10 D2-1/0 D2-1/0
26 Fi 10} 0 68 =] 110 110
27 H1 [le] o 69 D11 N/C 110
28 H2 [Je] w0 70 D10 Di-1/O Di-l/0
29 3 o] o] 71 C11 |[RDY/~BUSY-~RCLK-Q [RDY/~BUSY-~RCLK VO
30 Ki o] o] 72 Bt DO-DIN-I/O DO-DIN-I/O
31 2 M1-~RDATA M1-~ADATA 73 c10 DOUT-II0 DOUT-I0
32 L1 MO-~RTRIG MO-~RTRIG 74 Al CCLK CCLK
33 K2 M2.10 M2-¥0 75 B10 A0-~WS-1/0 A0-~WS-1/0
34 K3 HOC-O HDC-/O 76 B9 A1-CS2-HO ‘A1-GS2-1/0
35 L2 o] [e] 77 At0 A2-1/0 A2-1/0
36 L3 ~LDC-0 ~LDC-1'0 78 A9 A3-1/0 A3-1/0
a7 Ké o] (o] 79 Ba N/C 110
a8 L4 NC [le) 80 A8 N/C 110
39 5 o [e] 81 B6 A15-1/0 A15-1/0
40 K5 (o] o] 82 B? A4-1/0 A4-1/0
4 LS NC o] 83 A7 A14-1/0 A14-1/0
42 K8 ~INIT-VO ~INIT-VO 84 Cc7 A5-1/O AS5-1/0
43 J8 GND GND 1 [¢]:] aD a\D
44 7 o] [Je] 2 A8 A13-1/0 A13-1/0
45 L7 (o] [}¢] 3 A5 A6-1/0 A8-1/0
48 K? o] o 4 B5 A12-4/0 A12-1/0
47 L8 o] w0 5 cs A7-1/Q A7-1/0
48 L8 o [e] (-] A4 N/C 110
49 K8 o o 7 B4 N/C 110
50 L9 NG o] 8 A3 A11-1/0 A11-1/0
51 L10 NC 0 9 A2 A8-1/0 A8-1/0
52 K9 [le] (o] 10 B3 A10-1/0 A10-/O
53 L11 XTL2-10 XTL2-VO 11 Al A9-1/0 A9-1/0

The default configuration of I08s Is input with pull-up, This can be used to prevent an undefined pad level for unbonded or unused
10Bs.
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Table 2d. SC3000 Family 175-Pin PGA Pinouts

PGA Pin PGA Pin PGA Pln I PGA Pin

Number 3090 Number 3090 Number 3090 Number 3090
B2 ~PWRDN D13 7o R14 DONE-~PG R3 DO-DIN-KO
D4 o] B14 | M1-~RDATA N13 D7-l/0 N4 DOUT-/O
B3 0 c14 vss T14 XTAL1-/O R2 COK
c4 o) 815 | Mo-~RTRIG P13 vo F3 vee
B4 o) Di4 Voo R13 110 N3 vsS
M 0 c15 M2-1/0 T13 1o P2 . AQ-~WS-1/0
D5 o) E14 HDC-1/O N12 170 M A1-CS2-1/0
c5 10 B16 o P12 D6-1/0 R1 o
85 w0 D15 1o} Ri2 110 N2 J]e}
A5 10 ci6 e} Ti2 1o P1 A2-1/0
c6 0 D16 ~LDC-1O P11 Vo Nt A3-1/0
D6 0 F14 1o NAT 170 L3 o
86 10 El5 110 R11 1o ¥ 110
A5 w0 E16 1O ™ DS-1/0 M A15-1/0
B7 0 Fi5 1o R10 ~CS0-1/0 L2 A4-1/0
c7 0 F16 170 P10 o Lt 1o
D7 o) G4 Ho N10 170 K3 1o
A7 0 G15 1[s} Tio 170 K2 A14-1/0
A8 o Gi6 1o T 70 K1 AS5-1/0
B8 o H16 7o R9 D4-1/0 1 o
ca 0 H15 ~INIT-I/O 2] 10 J2 1o
D8 vss H14 veo N9 vee J3 vsS
D9 vee J14 vss N8 vss H3 Veo
co o) J15 1le} P8 D3-1/0 H2 A13-1/0
B9 0 J16 1{e} R8 ~C$1-0 H A6-1/0
A9 0 Ki6 70 T8 70 a1 o
Al0 0 Kis 1o T7 o G2 170
D10 o K14 o N7 170 G3 1o
cio 0 L6 110 P7 o Fi 1o
B10 o] L5 o R7 D2-l/0 F2 A12-1/0
Al o M16 70 T6 7o E A7-1/0
B11 0 M5 /o R6 o B2 7o
D11 e} L4 1o NG 170 ] 1o
cit o) Ni6 1o Pé 7o D A11-1/0
At2 0 Pi6 1{e} T5 Ts} ct A8-1/0
B12 10 Ni5 1s} R5 D1-1/O D2 1o
ciz2 (o) R16 1o PS5 RDY/~BUSY-~RCLK-UO B1 170
D12 0 Mi4 o NS o E3 A10-1/0
A13 o P15 XTAL2-1/0 T4 1o} c2 AS-1/0
B13 (o) Ni4 vss R4 1o D3 VG
ci3 o) R15 ~RESET P4 110 c3 VSS
Al4 0 P14 VCC )

The default configuration of 10Bs is input with pull-up, This can be used to prevent an undefined pad level for unbonded or unused
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10Bs. Pins A2, A3, A15, A16, T1, T2, T3, T15 and T16 are not connected. Pin At does not exist.
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PARAMETRICS
Absolute Maximum Ratings Units
Vcc | Supply voltage retative to GND ~05107.0 v 'l
VIN | Input voitage with respect to GND —0.5toVee +05 Vo<
Vrs | Voltage applied to three-state output -0510Voc+05 |V~ Y T\
VgTg | Storage temperature (amblent) -65t0 4150 . 0~ S 2
TsoL | Maximum soldering temperature (10 sec @ 1/16 in.) 4260 L] R 2
Ty Junction temperature plastic 1252‘ \ L} ::33.;’
Junction temperature ceramic - ‘:530\2\ f’s °C

S i
*Note: Stresses beyond those listed under Absolute Maximum Fli;iﬁ;} \h ‘ég E}mﬁe}ﬁmge to the device. These are stress
ratings only, and functional operation of the device &g\her.
Operating Conditions Is not implied. Exposure.te fbso@

;, ons beyond those listed under Recommended
vSE{tEgl itions for extended periods of time may affect

RECOMMENDED QPERATING ‘CONDIYIONS Mmin | max |uwnits
Voo s_upply‘v;gnéip Elé‘u{iig_qgg *Commercial 0°Cto70°C| 475 | 5.25 v
| STpRvotege elative SoGRD  Industrial <rcrossec| 45 | 55 | v
< 'Subply voltige rélative to GND  Military 55°Cto125°C| 45 | 55 v
ViHT % | High-level'ingut voltage — TTL configuration 20 Voo v
ViLT  [iLL0w-level input voitage — TTL canfiguration 0 0.8 v
ViHc | High-level Input voltage — CMOS configuration IVece | Voo v
ViLc | Low-level input voltage — CMOS configuration 0 2Voo v
TIN Input signal transition time 250 ns

4-99
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Pl
ELECTRICAL CHARACTERISTICS OVER OPERATING CONDITIONS MIN _MAX: | UNITS
VoH | High-level output voltage (@ lop = —4.0 ma Vi min) Commercial 386.<] ™ vV
VoL | Low-level output voltage (@ IgL = 4.0 ma Vg min) o 2 0.33‘3 v
VoH | High-leve! output voltage (@ IoH = 4.0 ma Ve) Industrial % 3 g,}f A oV
VoL | Low-level output voitage (@ Iy = 4.0 ma V) =1 % &7y 087 A
Vo | High-level autput voltage (@ foH =—4.0 ma Vce) Miljary, % T [~ 87 %] 7 v
Vo | Low-level output voltage (@ loH = 4.0 ma Vo) o~ xRN 04 v
Icopp] Power-down supply curent (Voo =50V @70°C)' % N g% % & 1 500 pA
lcco | Quiescent LCA supply current in addition to Iccpp kY \\ ‘\x_:}, e
CMOS chip thresholds P 3 ‘%“ 500 pA
TTL chip thresholds Y 5! 1 10 mA
TN Leakage Current Commercnal/lnduslnafI i’ -10 +10 A
Leakage Current Military <552 C to 1252 G, -20 +20 pA
C|N | 'nput capacitance (samiple tested) K 10 pF
IgiN | Pad pull-up {when Selected) @ Vin. —OV(sample tested) 0.02 0.17 mA
IRLL Honzomal Iong hne pull-up (when selécted) @ logic LOW 04 34 mA
Notes; .. ; 3

4-100

conhg ed with-a MAKEBITS “tie” option. See LCA power chan for additional activity dependent operatmg compaonent.
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CLB SWITCHING CHARACTERISTIC GUIDELINES

CLB OUTPUT (X,Y)
(COMBINATORIAL)
© ™o
CLB INPUT (A,B,C,D,E) El(
@ Txm—.'—-@ Texi

CLB CLOCK _t— 7 {
® e @ e l
@ Toick =" ‘—@ Texot
CLB INPUT
(DIRECT IN)
@ TECCR e tfe— @ Tckec
CLB INPUT
(ENABLE CLOCK)
— @
CLB OUTPUT
(FLIP-FLOP)
CLB INPUT
(RESET DIRECT) 7
e @ Trew

o
CLB OUTPUT \
(FLIP-FLOP) N
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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, Devicas are 100% functionally
tested. Banchmark timing pattems are used to provide correlation fo the switching characteristic guideline values. Actual worst-case

timing Is provided by the XACT Timing calculator or Simulation modeling.

13E D l,uesvsaa no2a8832 9 I

T-46-13-47

Speed Grade -50 =70 Units
Description Symbol Min | Max {Min ] Max
CLB Loglc Input Combinatorial 1 |Tio 14 91 s |
Reset direct CLB output 9 |Taio 15 10| ns
Reset Direct width* 13 | Trew 10 74 f
Master Rest pin to CLB out TMRQ 35 R g
CLB K Clockinput | To GLB output 8 |Tcko 12 ,;:} ™ o
Additional for Q returning *f}
through F or G to CLB out TaLo 1 \ {\? 0
Logle-input setup 2 | Tick 47542 i\}q \s) ns
Logic-input hold 3 |Te \ ] ,\6‘»2:} ns
Data In setup JTockt8y 1 1] 5 ns
Data In hold 4% Y j*gg AN 4 rs
Enable Clock setup 3 TebcR] 10~} 7 s
Enable Clock hold ¢~ % LTekecP 0 0 ns
Clack (high)* <\ %\ A TaiNYeR | © 7 rs
Clock {fow)* Y 2] ToL 9 7 ns
Flip-flop Toggle rate]  Q throBigh £/G to flipdlopiid % > Foik | 50 70 MHz
P Y 3 =
* These timing limits are based o{égleﬁTaﬁagsﬁ N f‘\}
L b 3 A
4-"‘ - e e ‘fq-'*f
TN
The speed of block nhuts,is- funttiomof interonnect.
o 3 e ag\ﬁ}%“?
< N
BUFFEQ T:!\;lt’erna'l}* SWITCHING CHARACTERISTIC GUIDELINES
Speed Grade =50 -~70 Units
Description Min | Max | Min | Max
Clock Buffer** GCLK, ACLK 9 | 6 ns
TBUF** Data to Output 8 5 ns
(Long line buffer)
Three-state to Output
Single pull-up resistor 34 22| ns
Pair of pull-up resistors 17 11 ns
Bi-directional BIDI 6 4 ns

** Timing Is based on the 3020, for other devices see XACT timing calculator.
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10B SWITCHING CHARACTERISTIC GUIDELINES

1/0 BLOCK () T
® T

1/0 PAD INPUT
@ Trlcx-—"—@ TIKHJ

VOCLOCK_L 7( __T_
(IK/OK)
_ ®@ T ——fe—— (@) Ty

/O BLOCK (RI)

=
oL

o /

. @ Toox
1/0 BLOCK (0)
@®@To

1/0 PAD OUTPUT
(DIRECT)

/O PAD OUTPUT
(REGISTERED)

— { (@) Toxro

IfOPAD TS

/O PAD OUTPUT

AT

® Tron @T1snzj I"

4-103

of



Notes: 1.

ADV MICRO PLA/PLE/ARRAYS

13E D l 0257526 0028834 al

T-46-13-47
IOB SWITCHING CHARACTERISTIC GUIDELINES (Continued)
Testing of the swilching characteristic guidelines is modeled after testing spacified by MIL-M-38510/605. De;dees“ 108% functionally
tasted. Benchmark timing patterns are used to provide correlation to the switching characteristic guideli Valugs.sacty
timing Is provided by the XACT Timing calculator or Simulation modeling. {) &
K g = it
Speod Grade N ) AR
Description Symbol % EMini | Max [min' I'Max
Pad (package pin) | To input (direct CLKIN) L % 1 Trin I Ny 3| ms
To input (direct) Y !‘@\ iﬁﬁ 1o 7| s
I/O Clock To IO Riinput (FF) \fgﬁ Kal | 10 71 ™
/O pad-input setug” :\& %\ ! IcK 20 ns
1O pad-inputfiold 1;\;* [TiKkpl 0 ns
Yo I/Q pad (fast) *, \Sy 47 | Tokeg 18 1B3fms
_-{O'padi output s&lup: \‘:\ =1 5 | Took 10 ns
-4/ pyd butput ho \} 6 |Toxo 0 ns
| ).~ 3% 1 | Tiow 7 ns
'|.~€lock (i0w) .~ 12 | TioL 7 ns
% Jo'pad(enabled fast) 10 | Topr 14 0] s
_-To'pad {anabled slow) 10 | Tops a3 25| ns
1St To pad begin hi-Z (fast) 9 |TrsHz 12 8| ns
. L To pad valid (fast) 8 | TrsoN 20 14| ns
% 1% Master Reset To input R 13 | TRRt 45 a0 ns
Y 3(Package Pin) To output (FF) 15 | Treo 55 37| s

2, Voltage levels of unused (bonded and unbonded) pads must be valld togic levels. Each can be configured with the intemal
pull-up resistor or alternatively configured as a driven output or driven from an external source.

4-104

Timing is measured at pin threshold, with 50 pF external capacitive loads {incl. test fixture). Typical fast mode output
rise/tall imes 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.
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GENERAL LCA SWITCHING CHARACTERISTICS
@me
RESET * }
@
(® Tru
MOMI/M2 VALID

—— ) Trow A

DONE/PROG 5(

(OUTPUT)

— o
INIT
(OUTPUT) USER STATE

ru
PWRDWN % \‘j\ /
& NOTE 3
\\<§§§\\ _ - noTEs
Vec (VALID) - \\‘E Ty A
o\ dm
o i@‘*@é-- V‘:‘}
o R
-@1 LD
Ay 2\ o T 4—““'&
ey R Ty N e -50 -70 Units
W 4 %% T Description Symbol Min | Max | Min | Max
4 SET (2y M2, M1, MO setup 2 | TMR 1 1 Hs
\ M2, M1, MO hold 3 |tem | 1 1 us
a Width (low) Abort 4 me 6 6 Hs
DONE/~PROG Program width (low) 5 {Tpgw| © 6 us
Start ~INIT 6 |Tpai 7 7| us
~PWRDWN (3) Power Down Voo Veern 20 201 V

Notes: 1. Vg must rise from 2.0 Voits ta Vo minimum in less than 10 ms for master modes.

2 RESET timing relative to valid mode lines (M0, M1, M2) is relevant when ~RESET is used to delay configuration.

3. ~PWEDWN transitions must occur during operational Vo levels.
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MASTER SERIAL MODE SWITCHING CHARACTERISTICS GUIDELINES.

CCLK
(OUTPUT)

SERIAL DOUT
(OUTPUT)
-70 Units
Min _{ Max
Tosck] 60 60 ns
bata “In-Hold Texps 0 0 s

1AL Up:\ 6@&5: e from 2.0 V to Vg min. in less than 10 ms, otherwise delay configuration using ~RESET untit

ALY VCCJs valid. %

2_ Conhgurahon 3an be controlled by holding ~RESET low with or until after the ~INIT of afl daisy-chain slave mode devicesis
GH.

3. Master serial mode timing is based on slave mode testing.
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T-46-13-47

MASTER PARALLEL MODE PROGRAMMING SWITCHING CHARACTERISTIC

GUIDELINES

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.
timing is provided by the XACT Timing calculator or Simulation modeling.

AO0-A1S
(OUTPUT)

ADDRESS n

A

Actual worst-case

=50 =70 Units
Description Symbol Min | Max JMin { Max | ~
RCLK To address valid 1 | TRaC 0| 200 O | 200) ns
To data setup 2 |Torc | 60 60 ns
To data hold 3 |Trep} © 0 ns
RCLK high TReH | 600 600 ns
RCLK low TRoL | 40 4.0 us

Notes: 1.

At power-up, Vg must rise from 2.0 V to Vg min. in less than 10 ms, otherwise delay configuration using ~RESET until
Ve ls valid,

Configuration can be controlied 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

/

N\

Units

Notes; 1.

1 2]

2 ns

3 ns

Ready/Busy 4 | TWTRE 60 - 60 ] ns

ROY WRT Active 5 | Trawi (] s

Configuration must be delayed until the ~INIT of all LCAs is HIGH.

2 Time from end of WRT to CCLK cycle for the new byle of data depends on completion of previcus byte
processing and the phase of the internal timing generater for CCLK.

4-108

CCLK and DOUT timing [s tested In slave mode.
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T-46-13-47
SLAVE MODE PROGRAMMING SWITCHING CHAHACTERIS'[LC%
I
TN
CANS
1;;5
BITN
-70 Units
Min | Max
'@DOYT 100| ns
~*DIN setip- 60 60 s
BN held 0 0 ns
_-High time 05 05 s
Low time 05| 50 05} 50] us
Frequency Fee 1 1 ] MHz

Note: :'Q_oﬁﬁ__guralion must be delayed unti! the INIT of all LCAs is HIGH.
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PROGRAM READBACK SWITCHING CHARACTERISTICS

DONE/PROG < i
(OUTPUT) Py 4
COL D
& !f "-’.;}
RTRIG %}X‘\JX N
.
V>
CCLK(1) P
-50 =70 Units
¥ Min | Max I Min | Max
RT@I'GBigh 250 250 ns
|- HT RIG setup 2 [ Tared 10 10 us
{, ~RDATA delay 3 |Tecerg 100 100 ns

2 RETRIG (MO positive transition) shall not be done untit after one clock following active V/O pins.
Readback should not be initiated until configuration is complete.

N?ﬁ éCL‘k ang DOUT timing are the same as for slave mode.
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T-46-13-47

SOCKET INFORMATION

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

DESCRIPTION VENDOR PART NUMBER

68 Pin

PCB solder tail, tin plate AMP 821574-1

Surface mount, tin plate AMP 821542-1

PCB solder tail, tin plate* Burndy QILE68P-410T
PCB solder tall, tin plate® Midland-Ross 709-2000-068-4-1-1
PCB solder talil, tin plate* Methode 213-068-001
Surface mount, tin plate Methode 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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T-46-13-47

PinNo.1  Pin No. 1 Identifier Seating Plane

045 x 454

\

PiN SPACING
.050 TYPICAL

LEAD CO-PLANARITY 1 0.002 IN

ALL OTHER DIMENSIONS ARE
IN INCHES 1+ 0.005

68-Pin PLCC Package
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.100

IYP
1.000
+012

P\
\V

Vs o W n Y
4
h
Yy
520

-
Y\
Q-

a-a\-ad.
Y\
Ve Wa W\

'\ \V/
Vi W W N
WYY

A\ 7

WY\

1000 2012
TYP 070 DIA
VY A\ X N

A A A 4

PP

INDEX PIN

ANAN AN
N D DD D

P W W . W Wi . W Vs ¥

W\ \ Y'Y
.{

WY\

V-V V. V.V V. V.V.V.V
AV LA PR PANZ AR P AN P AN TANFAR FAN 7 AR 7 )

=81 .100 TYP
LD
WY
LDLZD
YW \y
Va Wa . Wa .V
YW\
Va . Wa s W\
WY\
A 4 \( Ay 4

Y\

Ve W Wi W W W W2 N
¢
\I\f\{\f\/ I\I\I\I\I\[

W\ Y
Va1 Wa 1 W1 Wa Wa

W\ War Warl
We Wa

. Wa.Wa
LD
A 4

10

[ 9@

L
J
H
G
F
E
D

180 ~af
+010
055 Max

(o4
B
A

b

ELECTRICALLY CONNECTED TO PIN C2

NOTE: INDEX PIN MAY OR MAY NOT BE

B

§0+.012

e L B 1]

0952015 ~o

DIMENSIONS ARE IN INCHES

Oy = 35-40°C/W

84-Pin PGA Package
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T-46-13-47

Seating Plane

Pin No. 1
Pin No. 1 Identifier
045
iy
¥
045 T

mee

—
©ya = 35-40°CW PIN SPACING
050 TYPICAL

84-Pin PLCC Package
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T-46-13-47
e e — — —————————————

@1 moex
- Oa =25-30°Cw
Ojc=0.5-1.0°Crw
ELECTRICALLY CONNECTEDTO VO -OﬂlREE L
. B N
PINKOVAR ]]-H-ﬁ ~5— &
1006 R. TYP.. J 1 J L
o] e-.180 £.002 DIA. OI6RER. 050 DIA
l6OOOOOOOO@OOGOOOG
5100000000000 0O
“100000000P OOV ~I&mm
310000 Q000
210000 joJoloJo
HOOOO joJololo;
i [olololo 10J0J0J0)
9 G)O_GO C;)_@_@_G)_ L 545 k009 1.660 S0£.016
J{oJoloYo) [oYoJoXo) 1500 Eo1S
d(olololo) Q0006
d[(oJololo) 00006
J[(olololo) joJoXoJo]
[olololo] YOO
HOOOOPOOOREOPOOOE DIELECTRIC COAT
10000POOR OO © © O-Bf——swworrn
HOOOOPOOOPERODPO O O—
T RPNMLEKIIH G FEDC B A

175-Pin PGA Package
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