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DISTINCTIVE CHARACTERISTICS

« Up to 1800 usable gate equivalence for higher
board densities

- TTL or CMOS input threshold levels allow for more
board flexibility

« Field programmable gate array means easy and
quick design modifications

» Reconfigurable device for multiple in-system
patterns

- Readback feature allows you to check
configuration data

GENERAL DESCRIPTION

The Logic Cell Array™ (LCA)™ is a high density, CMOS
programmable gate array. !t is composed of an interior
array of logic blocks, surrounded by a ring of I/O interface
blocks. Unlike conventional gate arrays, however, the
definition of logic functions and interconnections in an LCA
device does not require any custom factory fabrication. The
configurable logic blocks (CLBs), I/O blocks (IOBs), and
interconnection resources of the device are completely
user-configurable. Each device is identical until it is config-
ured. When configured, the LCA then begins operating
according to the logic defined by the user. An LCA can
either load its configuration data automatically from an
external EPROM or have the data loaded under micropro-
cessor control. The LCA is configured each time it is
powered up, and offers the user the unique benefit of being
able to reconfigure in-system at any time during operation.

The Logic Array is a CMOS, static RAM-based device.
Static RAM technology is a mature technology that has
been in production for years, with millions of operating
device hours. Compared to other programming alterna-

tives, static memory provides the best combination of high
density, high performance, high reliability, and comprehen-
sive testability. The LCA is the first device to apply the
benefits of static RAM technology to overcome the disad-
vantages of conventional gate arrays. The static memory
cells used for the configuration memory of the LCA have
been designed specifically for high reliability and noise
immunity. The memory cell of the LCA is much more stable
than a typical high-speed conventional memory cell.

PGA development system software is available for all
phases of the design cycle. From design entry through
simulation, both logic and timing, automatic placement and
routing, and in-circuit emulation, software that operates on
an IBM®-PC-AT™ or compatible system speeds the design
process. For users of Daisy™ or Mentor™ workstations,
interfaces for PGA design are also available from AMD. A
valid workstation interface is available from Valid Logic
Systems.

XILINX™ XACT™ XACTOR"™ Logic Cell™ Array and LCA™ are
trademarks of XILINX Inc. IBM *® is a registered trademark of
International Business Machines Corporation. PC-AT™ is a trade-
mark of International Business Machines Corporation. Daisy ™ is
a trademark of Daisy Corporation. Mentor ™ is a trademark of
Mentor Corporation.

Portion of this Data Sheet reproduced with the permission of
XILINX Inc.

Logic Config- | Config- Config-
Part Capacity | urable urable uration
Number | (Usable Logic 10 Program
Gates) Blocks Blocks (Bits)
Am2064 1200 64 58 12,048
Am2018 1800 100 74 17,888
icatl Bey. Amendment
10352 B 10

Issue Date: May 1989

4-31



ORDERING INFORMATION

Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by
a combination of:  a. Device Number

. Speed Option (if applicable)

. Package Type

. Temperature Range

. Number of Pins

(-3

oQao0

Am2018- S50 J C 068

T
! e. NUMBER OF PINS

028 (28 Pins)
044 (44 Pins)
048 (48 Pins)
068 (68 Pins)
084 (84 Pins)

d. TEMPERATURE RANGE
C = Commercial
| = Industrial

\
|
\
i
L ¢ PACKAGETYPE

P = Plastic DIP
J = Plastic Leaded Chip Carrier
G = Pin Grid Array

b. SPEED OPTION
-33 (33 MHz Toggle Rate)
-50 (50 MHz Toggle Rate)
-70 (70 MHz Toggle Rate)
-100 (100 MHz Toggle Rate)

a. PART NUMBER
2064 (1200 Gates)
2018 (1800 Gates)

PACKAGE AVAILABILTY

PART 28-PIN 44-PIN P4L8A:SP1I'|~I‘C 68-PIN 68-PIN 84-PIN 84-PIN
NUMBER PLCC PLCC DIP PLCC PGA PLCC PGA

Am2064 X X X
*Am2018 X X X X X
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MILITARY ORDERING INFORMATION

APL Products

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed by a

combination of:

a. Device Number

b. Speed Option (if applicable)

¢. Device Class
d. Package Type
e. Lead Finish
Am2018- S0 B T C
] L
8. LEAD FINISH
C = Gold
d. PACKAGE TYPE
Z = 68-pin PGA (Am2064)
T = 84-pin PGA (Am2018)
c. DEVICE CLASS
/B = Class B
b. SPEED OPTION
-20 {20 MHz Toggle Rate)
-33 (33 MHz Toggle Rate)
-50 (50 MHz Toggle Rate)
-70 (70 MHz Toggle Rate)
a. DEVICE NUMBER
Am2064 1200 Gates, 58 1/0Bs
Am2018 1800 Gates, 74 {/OBs
Valid Combinations Valid Combinations
Am2064-20 Valid Combinations list configurations planned to be supported in volume for this
Am2064-33 /Bszc device. Consult the local AMD sales office to confirm availability of specific valid
Am2064-50 combinations, or to check on newly released valid combinations, and to obtain
Am2018-20 additional data on AMD’s standard military grade products.
Am2018-33 G ATes
A 18-50 BTC . roup ts
Am2018-70 Group A Tests consist of Subgroups: 1,2, 3,7,8,9, 10, 11.
SILICON MENU
AMD Organ- | Equiva- Configu- User Configu- Max Max Packages Max
Part ization lont rable VOs ration Standby | Standby TYoggle
Gate Logic Program Current | Current Rate
Count Block Bits (CMOS (TTL Between
Inputs) Inputs) CLBs
Am2064-20| 8x8 1200 64 58 12048 10 mA 10 mA 68PGA 20 MHz
Am2018-20| 10x10 1800 100 74 17888 15 mA 10 mA 84PGA 20 MHz
Am2064-33| 8x8 1200 64 58 12048 10 mA 10 mA 68PGA 33 MHz
Am2018-33| 10x10 1800 100 74 17888 15 mA 10 mA 84PGA 33 MHz
Am2064-50] Bx8 1200 64 58 12048 10 mA 10 mA 68PGA 50 MHz
Am2018-50} 10x10 1800 100 74 17888 15 mA 10 mA 84PGA 50 MHz
Am2018-70] 10x10 1800 100 74 17688 15 mA 10 mA 84PGA 70 MHz
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FUNCTIONAL DESCRIPTION

The general structure of a Logic Cell Array is shown in Figure 1.
The elements of the array include three categories of user-
programmable elements: 1/O Blocks, Configurable Logic
Blocks and Programmable Interconnections. The /O Blocks
provide an interface between the logic array and the device
package pins. The Configurable Logic Blocks perform user-
specified logic functions, and the interconnect resources are

programmed to form networks that carry logic signals among
blocks.

Configuration of the Logic Cell Array is established through a
distributed array of memory cells. The PGA Development System
generates the program used to configure the Logic Cell Array. The
Cell Array includes logic to implement automatic configuration.

0 BLOCK

CONFIGURABLE

LOGIC BLOCK \

1 & G

3 33

LA G

0 O 4

44— INTERCONNECT AREA ———»

BN
R

Figure 1. Logic Cell Array Structure

Configuration Memory

The configuration of the Advanced Micro Devices’ Logic Cell
Array is established by programming memory cells which
determine the logic functions and interconnections. The
memory loading process is independent of the user logic
functions.

The static memory cell used for the configuration memory in
the Logic Cell Array has been designed specifically for high
reliability and noise immunity. Based on this design, integrity of
the LCA configuration memory is assured even under adverse
conditions. Compared with other programming alternatives,
static memory provides the best combination of high density,
high performance, high reliability and comprehensive
testability. As shown in Figure 2, the basic memory cell
consists of two CMOS inverters plus a pass transistor used for

writing data to the cell. 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 normal
operation of conventional memory devices, in which the cells
are continuously read and written.

The outputs Q and Q control pass-transistor gates directly.
The absence of sense amplifiers and the output capacitive
load provide additional stability to the cell. 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. In reliability testing no soft errors have been
observed, even in the presence of very high doses of alpha
radiation.
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Figure 2. Configuration Memory Cell
Input/Output Block

Each user-configurable /O bilock (IOB) provides an interface
between the external package pin of the device and the
internal logic. Each 1/O block includes a programmable input
path and a programmable output buffer. It also provides input
clamping diodes to provide protection from electrostatic
damage, and circuits to protect the LCA from latch-up due to
input currents. Figure 3 shows the general structure of the I/0
block.

The input buffer portion of each 10 block provides threshold
detection to translate external signals applied to the package
pin to internat logic levels. The input buffer threshold of the I/O
blocks can be programmed to be compatible with either TTL
(1.4 V) or CMOS (2.2 V) levels. The buffered input signal drives
both the data input of an edge-triggered D-type flip-flop and
one input of a two-input multiplexer. The output of the flip-flop

provides the other input to the multiplexer. The user can select
either the direct input path or the registered input, based on the
content of the memory cell controlling the multiplexer. The 1/0
blocks along each edge of the die share common clocks. The
flip-flops are rese! during configuration as well as by the
active-low chip RESET input.

Output buffers in the I/O blocks provide 4-mA drive for high
fan-out CMOS or TTL-compatible signal levels. The output data
(driving /O block pin O) is the data source for the i/O block
output buffer. Each 1O block output butfer is controlled by the
contents of two configuration memory cells which turn the
buffer ON or OFF or select logical three-state buffer control.
The user may also select the output buffer three-state control
(170 block pin TS). When this /O block output controf signal is
HIGH (a togic 1") the buffer is disabled and the package pin is
high-impedance.

- TS (OUTPUT ENABLE)

PIN

ouT

S P

PI
~ MULTIPLEXER

110 CLOCK

Figure 3. VO Block
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Configurable Logic Block

An Array of Configurable Logic Blocks {(CLBs) provides the
functional elements from which the user's logic is constructed.
The logic blocks are arranged in a matrix in the center of the
device. The Am2064 has sixty-four such blocks arranged in an
eight-row by eight-column matrix. The Am2018 has one hundred
logic blocks arranged in a ten by ten matrix. Each logic block has

a combinatorial logic section, a storage element, and an internai
routing and control section. Each CLB has tour general-purpose
inputs; A, B, C, and D; and a special clock input {K), which may be
driven from the interconnect adjacent to the block. Each CL8 also
has two outputs, X and Y, which may drive interconnect networks.
Figure 4 shows the resources of a Configurable Logic Block.

OUTPUTS

A —»
B —»

INPUTS (o COMB.
b Y LOGIC

K

CLOCK

Figure 4. Configurable Logic Block

The logic block combinatorial logic uses a table look-up
memory to implement Boolean functions. This technique can
generate any logic function of up to four variables with a high-
speed sixteen-bit memory. The propagation delay through the
combinatorial network is independent of the function

generated. Each block can perform any function of four
variables or any two functions of three variables each. The
variables may be selected from amoeng the four inputs and the
block's storage element output "Q". Figure 5 shows various
options which may be specified for the combinatorial logic.

A —
ANY B — ANY
FUNCTION F FUNCTION .
OF 3 — OF 3 —
VARIABLES c— VARIABLES
A— o —
B——e ANY
. FUNCTION a
¢ OF 4
- VARIABLES A
b — ANY s ANY
FUNCTION - FUNCTION —
OF 3 ———¢ 3 G
a VARIABLES c— VARIABLES
D —
o
OPTION 1 OPTION 2 OPTION 3
1 FUNCTION OF 4 2FUNCTIONS OF 3 DYNAMIC SELECTION OF
VARIABLES VARIABLES 2 FUNCTIONS OF 3
VARIABLES

Figure 5. CLB Combinatorial Logic Options
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If the single four-variable configuration is selected (Option 1),
the F and G outputs are identical. If the two-function
alternative is selected (Option 2), logic functions F and G may
be independent functions of three variables each. The three
variables can be selected from among the four logic block
inputs and its storage element output Q. A third form of the
combinatorial logic (Option 3) is a special case of the two-
function form in which the B input dynamically selects between
the two function tables providing a single merged logic function
output. This dynamic selection allows some five-variable
functions to be generated from the four block inputs and
storage element Q. Combinatorial functions are restricted in
that one may not use both its storage element output Q and the
input variable of the logic block pin D in the same function.

If used, the storage element in each Configurable Logic Block
(Figure 6) can be programmed to be either an edge-sensitive
D-type flip-flop or a level-sensitive D latch. The clock or enable
for each storage element can be selected from:

* The special-purpose clock input K
« The general-purpose input C
+ The combinatorial function G

Figure 6. CLB Storage Element

The user may also select the clock active sense within each
logic block. This programmable inversion eliminates the need
to route both phases of a clock signal throughout the device.

The storage element data input is supplied from the function F
output of the combinatorial logic. Asynchronous SET and
RESET controls are provided for each storage element. The
user may enable these controls independently and select their
source. They are active-high inputs and the asynchronous
reset is dominant. The storage elements are reset by the
active-low chip RESET pin as well as by the initialization phase
preceding configuration. If the storage element is not used, it
is disabled.

The two block outputs, X and Y, can be driven by either the
combinatorial functions, F or G, or the storage element output
Q (Figure 4). Selection of the outputs is completely
interchangeable and may be made to optimize routing
efficiencies of the networks interconnecting the logic blocks
and /O blocks.

Programmable Interconnect

Programmable Interconnection resources in the Logic Cell Array
provide routing paths to connectinputs and outputs of the /O and
logic blocks into desired networks. All interconnections are
composed of metal segments, with programmable switching
points provided to implement the necessary routing. Three types
of resources accommodate different types of networks:

+ General purpose interconnect
» Long lines
+ Direct connection

General-Purpose Interconnect

General-purpose interconnect, as shown in Figure 7a, is
composed of tour horizontal metal segments between the rows
and five vertical metal segments between the columns of logic
and I/O blocks. Each segment is only the "height" or "width" of
a logic block. Where these segments would cross at the
intersections of rows and columns, switching matrices are
provided ta aliow interconnections of metal segments from the
adjoining rows and columns. Switches in the switch matrices
and on block outputs are specially designed transistors, each
controlled by a configuration bit.

1 ]
— CB |— —{ ClB }—
- - — -
] ]
SWITCH
MATRIX
— : L
L SEEFIG. 7o
Al
B—
X
C—{ CLB [»— :1 ClB |—
| |
K-T v -
ol I
SWITCH
MATRIX
|
— o |- > CLB [~
] I

Figure 7a. General-Purpose Interconnect

Am2064/Am2018
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Logic block output switches provide contacts o adjacent general
interconnect segments and therefore to the switching matrix at
each end of those segments. A switch matrix can connect an
interconnect segment to other segments to form a network. Figure
7a shows the general interconnect used to route a signal from one
logic biock to three other logic blocks. As shown, combinations of
closed switches in a switch matrix allow multiple branches for
each network. The inputs ofthe logic or IO blocks are multiplexers
that can be programmed with configuration bits to select an input
network from the adjacent interconnect segments. Since the
switch connections to block inputs are unidirectional (as are block
outputs) they are usable only for input connections. The develop-
ment system software provides automatic routing of these inter-
connections. Interactive routing is also available for design
optimization. This is accomplished by selecting a network and
then toggling the states of the interconnect points by selecting
them with the "mouse". In this mode, the connections through the
switch matrix may be established by selecting pairs of matrix pins.
The switching matrix combinations are indicated in Figure 7b.

Special buffers within the interconnect area provide periodic
signal isalation and restoration far higher general interconnect
fan-out and better performance. The repowering buffers are
bidirectional, since signals must be able to propagate in either
direction on a general interconnect segment. Direction controls
are automatically established by the Logic Cell Array develop-
ment system software. Repowering buffers are provided only for
the general-purpose interconnect since the direct and long-line
resources do not exhibit the same R-C delay accumulation. The
Logic Cell Array is divided into nine sections with buffers automati-
cally provided for general interconnect at the boundaries of these
sections. These boundaries can be viewed with the development
system. For routing within a section, no buffers are used. The
delay calculator of the PGA Development System automatically
calculates and displays the block, interconnect, and bufter delays
for any selected paths.

5-VERTICAL GENERAL INTERCONNECT

1 |2
8 3
1
7 4 3 3
P 4-HORIZONTAL
GENERAL
6 |5 INTERCONNECT
8 3 4 4

FROM
1 2 3 4 5 6 7 8
T 1 ojtloltj1jtiyt
2| o 1]1]1]1]0]1
311 Ql1j0fj1]
4l0]1]0 t1]1]1
51111111 o|l1)0
6|1|1]0o|1]0 111
AR ERERERE R T
gl1|1}1]1]0]1]0

TO

HOW N

1= VALID CONNECTION
0 = INVALID CONNECTION

Figure 7b. Interconnection Switching Matrix
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Long Lines

Long lines, shown in Figure 8a, run both vertically and
horizontally the height or width of the interconnect area. Each
vertical interconnection column has two long lines; each
horizontal row has one, with an additional fong line adjacent to
each set of I/O blocks. The long lines bypass the switch
matrices and are intended primarily for signals that must travel
a long distance or must have minimum skew among muitiple
destinations.

A global buffer in the Logic Cell Array is available to drive a
single signal to all B and K inputs of iogic blocks. Using the
global buffer for a clock provides a very low skew, high fan-out
synchronized clock for use at any or ali of the logic blocks. At
each block, a configuration bit for the K input to the block can
select this global line as the storage element clock signal.
Alternatively, other clock sources can be used.

i I
—1 CLB |— _f cL8 |-
- — -
| I
—_— _
SWITCH
MATRIX
Al ]
B — X —
Cc— CB |~ — ClB |—
K— v — —
ol |
SWITCH
MATRIX
— — HORIZONTAL
LONG LINE
| |
j CLB |~ —] cB E
— . ]
! l | |
TWO VERTICAL GLOBAL
LONG LINES H LONG LINE
Figure 8a. Long Line interconnect

A second buffer below the bottom row of the array drives a
horizontal long line which, in tum, can drive a vertical iong line
in each interconnection column. This alternate buffer also has
low skew and high fan-out capability. The network formed by
this alternate buffer's long lines can be selected to drive the B,

C or K inputs of the logic blocks. Alternatively, these long lines
can be driven by a logic or 1/O block on a column-by-column
basis. This capability provides a common, low-skew clock or
controt line within each column of logic blocks. Interconnec-
tions of these long fines are shown in Figure 8b.

Am2064/Am2018
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Direct Interconnect

Direct interconnect, shown in Figure 9, provides the most
efficient implementation of networks between adjacent logic or
110 blocks. Signals routed from block to block by means of
direct interconnect exhibit minimum interconnect propagation
and use minimum interconnect resources. For each CLB, the X
output may be connected directly to the C or D inputs of the
CLB above and to the A or B inputs of the CLB below it. The Y

output can use direct interconnect to drive the B input of the
block immediately to its right. Where logic blocks are adjacent
to /O blocks, direct connect is provided to the 1/0 block input
(1) on the left edge of the die, the output (O) on the right edge.
or both on l/O blocks at the top and bottom of the die. Direct
interconnections of I/O blocks with CLBs are shown in Figure
8b.
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Figure 9. Direct interconnect

Crystal Oscillator

An internal high-speed inverting amplifier is available to
implement an on-chip crystal oscillator. It is associated with
the auxiliary clock butfer in the lower right corner of the die.
When configured to drive the auxiliary clock buffer, two special
adjacent user /O blocks are also configured to connect the
oscillator amplifier with external crystal oscillator components,
as shown in Figure 10. This circuit becomes active before
configuration is complete in order to allow the oscillator to
stabilize. Actual internal connection is delayed until completion
of configuration. The feedback resistor R1 between output and
input, biases the ampilifier at threshold. it should be as large a
value as practical to minimize loading of the crystal. The
inversion of the amplifier, together with the R-C networks and
crystal, produces the 360-degree phase shift of the Pierce
oscillator.

A series resistor R2 may be included to add to the amplifier
output impedance when 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 may be adjusted by the ratio of C2/C1. The amplifier is
designed to be used over the range from 1 MHz up to one-half
the specified CLB toggle frequency. Use at frequencies below
1 MHz may require individual characterization with respect to a
series resistance. Operation at frequencies above 20 MHz
generally requires a crystal to operate in a third overtone
mode, in which the fundamental frequency must be
suppressed by the R-C networks. When the amplifier does not
drive the auxiliary buffer, these I/0O blocks and their package
pins are available for general user /0.

Am2064/Am2018
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ON-CHIP

ALTERNATE

% EXTERNAL

CLOCK BUFFER

SUGGESTED COMPONENT VALUES |
R1 1-4MQ

R2 0-1KQ
(may be required for low frequency, phase .
shift and/or compensation level for crystal Q)
C1,C2 5-20pf
Y1 1-10MHz AT cut

| xTAL1 | XTAL2

28PLCC | 20 17

44PLCC | 29 26

48 DIP 33 30

68PLCC | 46 43

68 PGA 410 L10

A2 84PLCC | 56 53
hd 84 PGA K11 L11

Figure 10. Crystal Oscillator

Power
Power Distribution

Power for the LCA is distributed through a grid to achieve high
noise immunity and isolation between logic and /0. For packages
having more than forty-eight pins, two V. pins and two ground
pins are provided (see Figure 11). inside the LCA, a dedicated
V.. and ground ring surrounding the logic array provides power
to the IO drivers. An independent matrix of V. . and ground lines
supplies the interior logic of the device. This power distribution
grid provides a stable supply and ground for all internal logic,
providing the external package power pins are appropriately
decoupled. Typically a 0.1-uF capacitor connected between the

V. and ground pins near the package will provide adequate
decoupling.

Output buffers capable of driving the specified 4-mA loads
under worst-case conditions may 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
simuitaneous output transitions in the same direction. 1t may
also be beneficial to locate heavily-loaded output buffers near
the ground pads. Multiple VCC and ground pin connections are
required for package types which provide them.
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GROUND AND
— r Vee RING FOR
- /voomvens
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- Z
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Figure 11. LCA Power Distribution
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