














































































































































































































































































































































































































































































































































































































































































































































































































DEVICE PINOUTS*

Am2064
Logic Cell Array
68-Pin Grid Array

Top View
°
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BURN-IN CIRCUITRY*
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* Unless otherwise specifiéd all resistors are metal film and are rated for 1/8 Watt at 150°C with a build tolerance of 1% and a 5%
tolerance over life.
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PHYSICAL DIMENSIONS

28-Pin Plastic Leaded Chip Carrier
(-451"x.451")

.030 DIA PINNO. 1

* 762~ IDENTIFY 085 4co "l .010 + .002
o Y e D e 1.143 .254 +.051
w o] 0 O ] =
1.143 I 0 |
.453 + .003
O 77506 = 075 — 410
N 0 sa 3 10414
.490 + .005
0 H 12.446 +.127 =
—_ 0 sa -
1 0 -
7270 25C TYP— T R W ' \_,/>
300 - |e—:030
===. REF SQ .762
.070
1.778
018+.008 o .100 + 005
l_ 457 +.076 2540 + 127
LY 72
& _—f. 4.369
130
028 *.003 302 O
: . EJECTOR PIN

028 1003 4y
711 1.076 'l (NOT A WINDOW)

UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS
ALL TOLERANCES ARE +.007 INCHES
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PHYSICAL DIMENSIONS
68P Ceramic Pin Grid Array

PINNO. 1
IDENTIFIER LOCATOR PIN
11 10 9 8 7 6 5\4 3 2 1

ﬁ’ OPeEEEONO®G
POOEOEECPO G
6JOJO)

©
©
O]
©

o

@

0)
©

®O
™ ®E ®E
20 0O@OEOOEEEEOE
PREEEEEEE

1.000
25.400

r X &« I 0mM Mmoo O ® »

BSC

1.100 +.020
27.940 +.508

.080 +.008

1'2.032:.203

v Bl

o TJ‘IU [TTTTT T =

1.270 +.127

—»| |<-:050+.005 DIA | 130 +.005
1.270 +.127 3.302 +.127
018 +.002
457 +.051 AT
UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS
10765A ALL TOLERANCES ARE +.007 INCHES

Am2064/Am2018 3-71



PHYSICAL DIMENSIONS

44-Pin Plastic Leaded Chip Carrier
(-650"x.650")

2030 PINNO. 1

‘ .762 IDENTIFY 045
anomnn ﬂ/l- NN ——— "} 1.143
el 1O O
045 4o | 0 0
1.143X45 I8 : |
O [1_.653 + .003
050 I 11 76.586 + .076
B0 sQ
1.270 ij . 0 _
—0 n} .690 +.005
0 ] 17.526 +.127
* I B sQ
O u
O ul
OO 000000000 D\ ———r—

.093
=093 na (2) (EJECTOR PIN)
= _ REF ———» 2.362 (

.015 +.003

.381 +.076 YR

125 £.005_ o)
3175 +.127
(EJECTOR PIN)

UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS
ALL TOLERANCES ARE +.007 INCHES

x 45° —>

| 030
762

-070

1.778
.100 + .005

2.540 + .127

A72

4.369
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PHYSICAL DIMENSIONS

48P Molded DIP
(9/16"x2 13/32")

AAANNNDNANNAARASARAAAHANNNBAAA

48 25

.O @]

.086
2184 DIA (2) /

O

(EJECTOR PIN) “ 24
OPTIONAL VVVYVVVYVYVVYVYVYVVYVYVPVYVVYVVPVPVYVVYVVYYYYITV
VERSION 1
PIN #1 IDENTIFY
2408 +.015 |
61.163 +.381
140 +.010
3556 +.254
.040 ‘l l‘ .018 +.004 o .050 +.004
1.016 .457 +.102 1.270 +.102
.600
15.240
-060 150 -548+.012
™1 T vs2e 3810 ] 73.919 +.305

¢ A

L IT:( 10° TYP

~ // & -11°

REF.(2)
PIN n—/ )\ 011 +.002 /
IDENTIFY _:-1‘02; DIA 1279 +.051 —’|l "_ \
| ( vs m sas
75/
VERSION 2
Notes:
1. Lead material tolerances are for tin plate finish only. Solder dip finish adds
2-10 mils thickness to all lead tip dimensions.

2. Both version 1 and version 2 configurations are manufactured interchangeably.
3. Ejector pin marks on version 1 are optional. 107494

UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS
ALL TOLERANCES ARE +.007 INCHES
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PHYSICAL DIMENSIONS

68J Plastic Leaded Chip Carrier
(.950"x.950")

085 4 PIN NO. 1
" —_ o
~— " W/_IDENTIFIER
o O O e s O e B nmnomnoon
[@)
q h
q h
h n
0 h
O al
q n
g D _.954+.001
E D 24232:.025
g % SQ 990 +.003
a ; 25,146 +.076
.050 sa
== B
1.270 2S¢ TYP g B
1 q
0 0
T j
q
] :
L [ I gy i Lyl S N Wy A G O sy
DR . W L aa—
20.320
.018 +.002 _
.457 +.051 b
C .120 +.005
2048 2.127 0RO
028 +.002

UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS
ALL TOLERANCES ARE :.007 INCHES

.045
1.143

X 45° —p|

170

||« 2008 £ .001
.203 +.025

A

—-> «-&MIN

.508
.080
2032
.100 +.005
2.540 +.127

4.318
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PHYSICAL DIMENSIONS
84P Ceramic Pin Grid Array

PIN NO. 1

PR 11 10 9 ZOCAIOR':N:\ 4 3 2 1
N clejololclelolvIolele
. oJolololeloleleYelole)
7 olo)
olo)

©
©)
©
©
©
O]

©
©
©
©JOJO,
OOOOEOOE
DOOOOEOOOCE

100 yp | OO

2.540

r X &« I O mM mMm O O W »

1.000
25.400

1.100 +.020
27.940 +.508

BSC

T

10766A UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS
ALL TOLERANCES ARE +.007 INCHES

T 2

| :018 +.002 130 +.005
1 270 127 DIA 457 .051 571051 A T 3302 %.127

4
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PHYSICAL DIMENSIONS

84J Plastic Leaded Chip Carrier
(1.154"x1.154")

PIN NO. 1
045 , 450 }
1143 _l r[ IDENTIFIER
[‘H_H_\ﬁﬂl_\r“ll—lﬂr‘\d o e N O o O o s o W
[al )
[ 0
o o}
0 0
0 i}
0 ul
a D
.050
=== BSC TYP
1270 —1 d D atsa:00
' i) 29.312 £.102
q h SQ 1.190 +.005
T d b 30.226 +.127
g H sQ
q n
§ n
[ui i
O 0
ju D
0 ol
0 ]
. ?
LJI_H-IL.II._lLJLJLJL.lLXLlI-!L-IL;JLJLILJLJ\_!\_I"
1.000
_1.000 —
25,400 REF 5@
.018 +.002
.457 +.051 .120 +.005
l 5 3048 .127 A W

fremmr—

f

028 +.002

711 +.051 _l

UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS
ALL TOLERANCES ARE +.007 INCHES

.045
1.143

X 45° —»

.008 +.001
.203 +.025

1.120
28.448

-020
508 MIN

080
2032
100 +.005

2.540 +.127
170

4.318
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Preliminary

Am3020/3030/3042/3064/3090

Am3000 Series Family of Programmable Gate Arrays

el

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B Second generation user-programmable gate
array

B Flexible array architecture

®  High performance
- 50, 70, 100 MHz commercial products
- 50, 70 MHz military products

B |mproved interconnection resources

B Density of up to 9000 gates

®  100% factory pre-tested
B Selectable configuration modes

100% compatibility with AMD PGA
development tools

B Standard PROM file interface
B Off the shelf availability

GENERAL DESCRIPTION

The Am3000 Series Logic Cell™ Array (LCA) is a high-
performance, second generation user-programmable
gate array. The array contains three types of configur-
able elements that are customized in accordance with
the user-defined system design; a perimeter of Input/
Output Blocks (IOBs), a core array of Configurable
Logic Blocks (CLBs), and interconnection resources.

The final configuration of the three main programmable
elements is determined by the user and easily

implemented by AMD user-programmable gate array
design tools.

AMD’s development tools let users produce a complete
design, from schematic capture through device
customization, on an IBM PC-AT™ compatible
computer. LCA macro libraries and interface software
are also available to support schematic capture and
simulation on popular CAE workstations.

BLOCKDIAGRAMﬁ / E,::] E’.:] E]Ep:]

/O Blocks

/ ca  Three-State Buffers with Access
to Horizontal Long Lines
ﬁ‘

Configurable
Logic Blocks

PY V" v /v \ \4
“
Py A A v A
sl <4—————|nterconnection Area ————————
o A A A A
£ ! 1 o
T EEEE
Py v v AEEEE| S| RN
: AT | [ TN
A A A. f CONFIGURATION MEMORY \
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PRODUCT SELECTOR GUIDE

--BASIC LOGIC CAPACITY CONFIGURABLE USER PROGRAM

ARRAY (USABLE GATES) LOGIC BLOCKS 1/0s DATA (BITS)
" Am3020 2000 64 64 14779
Am3030 3000 100 80 22176
Am3042 4200 144 96 30784
Am3064 6400 224 120 46064
Am3090 9000 320 144 64160
ORDERING INFORMATION

Standard Products

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

b. Speed Option (if applicable)

c. Package Type

d. Temperature Range

e. Number of Pins

AM3020 -50 J c 068
—_ —_— T -
) : [——-——-— e. NUMBER OF PINS
068 (68 pins)
084 (84 pins)
132 (132 pins)*
175 (175 pins)

d. TEMPERATURE RANGE
C = Commercial (0°C to 70°C)
| = Industrial (-40°C to +85°C)

c. PACKAGE TYPE
J = Plastic Leaded Chip Carrier
G = Pin Grid Array

b. SPEED OPTION

-50 (50 MHz toggle rate)
-70 (70 MHz toggle rate)
-100 (100 MHz toggle rate)
‘—— a. DEVICE NUMBER/DESCRIPTION
Am3000 Series of Programmable Gate Arrays
Am3020 (2000 gates)
Am3030 (3000 gates)
Am3042 (4200 gates)
Am3064 (6400 gates)
Am3090 (9000 gates) Package Availability Guide
68-pin PLCC | 68-pin PGA | 84-pin PLCC | 84-pin PGA | 175-pin PGA
3020 X X X X
3030 X X
3042 X X
3064 *h ke *k ek ke
3090 X
*In development ** Package types for the Am3064 are to be determined
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ORDERING INFORMATION
Military APL Products

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

b. Speed/Power Option (if applicable)

c. Device Class

d. Package Type

e. Lead Finish
AM3020 -50 /B Y4 Cc
( T———- e. LEAD FINISH

C = Gold

d. PACKAGE TYPE
Z = 84-pin PGA (Am3020)
Z = 84-pin PGA (Am3030)
Z = 132-pin PGA (Am3042)*
Z = 132-pin PGA (Am3064)*
Z = 175-pin PGA (Am3090)

c. DEVICE CLASS
/B =Class B

b. SPEED/POWER OPTION
-50 = 50 MHz Toggle Rate
-70 = 70 MHz Toggle Rate

a. DEVICE NUMBER/DESCRIPTION

AM3000 Series of Programmable Gate Arrays
Am3020 (2000 Gates)
Am3030 (3000 Gates)
Am3042 (4200 Gates)
Am3064 (6400 Gates)
Am3090 (9000 Gates)

Valid Combinations . i V.alid C.ombin.ation‘s
Valid Combinations list configurations planned to
Am3020-50 be supported in volume for this device. Consult
the local AMD sales office to confirm availability of
Am3020-70 i : e
specific valid combinations, to check on newly re-
Am3030-50 leased combinations, and to obtain additional
Am3030-70 data on AMD’s standard military grade products.
Am3042-50 BZC Group A Tests
Am3042-70 Group A Tests consist of Subgroups 1,2, 3,7, 8,
Am3064-50 9,10, 11.
Am3064-70
Am3090-50
Am3090-70

Military Burn-in
Military burn-in is in accordance with the current revision of MIL-STD-883, Test Method 1015, Conditions A through E. Test
conditions are selected at AMD’s option.

*In development
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ARCHITECTURE
Functional Description

The perimeter of configurable I0OBs provides a
programmable interface between the internallogic array
and the device package pins. The array of CLBs
performs  user-specified logic functions. The
interconnections are programmed to form networks,
carrying logic signals among blocks. This is analogous
to printed circuit board traces connecting MSI/SSI
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
canbe 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 PGA 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 cell 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.

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 methods 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 PGA 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.

Q

READ or WRITE

CONFIGURATION
CONTROL

a

10642-019A

Figure 1. Basic Memory Cell
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Input/Output Blocks

Each user-configurable OB, shown below, provides an
interface between the device’s external package pinand
the internal user logic. Each I0OB 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.

The input buffer portion of each 10B provides threshold
detection to translate external signals applied to the
package pin to internal logic levels. The global
input-buffer threshold of the I0Bs 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 flip-flop, or
a level-transparent latch. The sense of the clock can be

inverted (negative edge/high transparent) as long as all
10Bs on the same clock net use the same clock sense.
Clock/load signals, OB pins .ik and .ok, 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 from I0B pin .i, and registered input
from IOB pin .q signals are available for interconnect.

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 300 mV reduces input noise
sensitivity. Each user IOB includes a programmable
high impedance pull-up resistor that can be selected by
the bit stream and which provides a constant HIGH for
otherwise undriven package pins. Although the LCA
device provides circuitry for input protection against
electrostatic  discharge, normal CMOS handling
precautions should be observed.

CONFIGURATION MEMORY CELLS
A Vee
THREE
OUTPUT STATE OUTPUT SLEW PASSIVE|
INVERT INVERT SELECT RATE PULL-UP
THREE-STATE —gpi-> '_/l IC
(OUTPUT ENABLE)
D Q | 2t
OUT —p»! “__:) OUTPUT
) BUFFER
Flip }— 1/0 PAD
Flop
N
R
[
DIRECT IN ]
REGISTERED IN €—= : 5Q <l|
Si" TTL or
> CMOS
Lhm INPUT
THRESHOLD
t_. (GLOBAL RESET)
.ok Wk
CK1
PROGRAM CK2
CONTROLLED
MULTIPLEXER (O =PROGRAMMABLE INTERCONNECTION POINT (PIP) 10642.001A

Figure 2. Input/Output Block
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Flip-flop loop delays forthe 10B.and logic block flip-flops
are about 3 ns. This increases reliability, especially for
asynchronous clock and data conditions. Short loop de-
lays 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 de-
vices, the I/O flip-flops can be used to synchronize ex-
ternal signals applied to the device. Once synchronized
inthe IOB, the signals can be used internally without re-
gard to their clock-relative timing, except as it applies to
the internallogic 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 .o
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 Figure 2,
control the optional output register and logical signal
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 10B 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 I0B.

- Logical three-state control of each |OB 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, 10B pin .ts. When this 0B 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 controlled by an additional
configuration data bit.

- Direct or registered output is selectable for each
I0B. The register uses a positive-edge, clocked
flip-flop. The clock source, IOB pin .ok, can be
supplied by either 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 table below summarizes the o) options.

INPUTS OUTPUTS

Direct Direct/registered
Flip-flop/latch . Inverted/true
CMOS/TTL threshold

(chip inputs)
Optional pull-up
resistor

Full speed/slew limited
Optional three-state control

Configurable Logic.Bloéks

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 IOBs. The Am3020 has 64
such blocks arranged in eight rows and eight columns.
The PGA 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.

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 asynchronous
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 flip-flops in each
CLB share the asynchronous reset, .rd, which, when

- enabled and HIGH, 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-flops 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
signalthroughout 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.
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DATAIN

di

]
?wx D QX|
DIN|
—{G
QX
. H >~ L
LOGIC X COMBINATIONAL S
VARIABLES 3 FUNCTION CLB OUTPUT
< G
QY .y
¢ X
DIN|
0
IX]
1 pa
.ec
CLOCK ENABLE RD
“0” (INHIBIT)
-k @
CLOCK
xd
RESET
“0” (INHIBIT)
(GLOBAL RESET) 10642-023A
Figure 3. Configurable Logic Block
This technique can generate a single function of five
variables, as shown below.
A
B QX—4 F
ANY FUNCTION
QY OFUPTO 5 {
¢~ VARIABLES G
D
E
10642-002A
Figure 4. Combinatorial Logic Option 1
It can also generate any two logic functions of up to four
variables each.
B—
Qx—
ANY FUNCTION F
QY OFUPTO 4
Jo S — | VARIABLES
D— _D
B— el
QX ANY FUNCTION
QY OFUPTO4 | 6
C— VARIABLES
D-_———_D_J—”
10642-003A

Figure 5. Combinatorial Logic Option 2
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It can also generate some functions of seven variables,
as shown in the next figure.

QX:

S

QY:

FUNCTION

OFUPTO 4

QX'T

FUNCTION
OFUPTO 4

QY

e

VARIABLES

10642-004A

Figure 6. Combinatorial Logic Option 3

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 merged
functions of six or seven variables, the F and G outputs

are identical. Symmetry of the F and G functions and the
flip-flops helps optimize the routing of the networks
connecting the logic blocks and IOBs.

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

A e T ——— — B
PARALLEL ENABLE~— | | 5= COUNT

CLOCK™

D1

FUNCTION OF 5 VARIABLES

L

D2

FUNCTION OF 6 VARIABLES

Figure 7. C8BCP Macro (modulo 8 binary counter with parallel enable and clock enable)
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INTERCONNECTIONS

Programmable Interconnections pass transistors, each controlled by a configuration bit,

. . . form programmable interconnect points (PIPs) and
Programmable interconnection resources in the LCA o yoning“matrices used to implement the necessary
device provide routing paths to connect inputs and

" : - connections between selected metal segments and
outputs of the I/0 and logic blocks into logical networks. block pins. The figure below provides an egxample ofa
Interconnections between blocks are composed of ’

two-layer grid of metal segments. Specially designed routed net.
Interconnection Switching
"PIPs” Matrix
/
t / +
i, -

HA A HC ™~ Interconnection
Buffer
Configurable_| —

Logic Block i i +

Figure 8. Routing Resources
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The PGA Development System automatically routes
these interconnections. Interactive routing can also be
done to optimize the design. The inputs of the CLB or
0B are multiplexers that can be programmed to select
an input network from the adjacent interconnection seg-
ments.

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

Three types of metal resources are available for network
interconnections. :

— General-Purpose Interconnection
— Direct Connection
— Long Lines

Vertical Long Lines Global Long Line

*-

BF| /
*-
{:} qg’f m %— Horizqntal Long Lines

1 t: 1
™ - 3,
- 4 I- I- 1
di b X
T
K 19
y H
- = 3o i \ $-. -
i \ :
) =
- t- / i- 1- -
CLB Control Inputs CLB Logic Inputs
CLB X Outpu CLB Y Output

i

- -

10642-005A

Figure 9. Routing Access to Inputs, Outputs
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General-Purpose Interconnections

A general-purpose interconnection, as sncwn below,
consists of a grid of five horizontal and five vertical metal
segments located between the rows and columns of
CLBs and IOBs. These segments can be connected
through switch matrices to form networks for CLB and
10B inputs and outputs.

t %m; t

el
:m:q“ _ Mwmn‘ H_H_me
+- -
t- t-
r LI“ Liii)
-
$- }-

L

17
Grid Of General Interconnection
Metal Segments

\o

Switching
Matrix

Figure 10. General Purpose Interconnections

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-con-
ducting. The connections through the switch matrix can
be made by automatic routing, or by using Editnet to se-
lect the desired pairs of matrix pins that are to be con-
nected or disconnected. The legitimate switching matrix
combinations for each pin are shown in the next figure,
and may be highlighted by the use of the SHOW MA-
TRIX command.

i it Ul iy 1
T TMeT TilihT T 1
2 3 4
i g nw nig 1
“ihn” TinT T "ot T
6 7 8 9 10
n " 1) n n
. Ton ot i T
11 12 13 14 15
i U 1yt 1 1
i . T Thia T —:un-
17 18 19 20

Figure 11. Switch Matrix Interconnection Options

Special buffers in the general interconnection areas are
inserted automatically to provide periodic signal isola-
tion 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, and can be high-
lighted by the use of the SHOW MATRIX command. The
other PIPs adjacent to the matrices are gateways to and
from long lines.

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

A direct interconnection, shown below, provides the
most efficient implementation of networks between
adjacent CLBs or I0Bs. The .x and .y outputs of each
CLB have single contact, direct access to inputs of
adjacent CLBs.

i- }- $-

Figure 12, Direct Interconnection

Signals routed from block to block by direct interconnec-
tion show minimum interconnection propagation and
use no general interconnection resources. For each
CLB, the .x output can be connected directly to the .b in-
putof the CLBto its right, andto the .c input of the CLB to
its left. The .y output can use a direct interconnection to
drive the .d input of the block above, and the .a input of
the block below.

Direct interconnection should be used to maximize the
speed of high performance portions of logic. Where
CLBs are adjacent to I0OBs, a direct connection is
provided alternately to the 10B inputs (.i) and outputs
(.0) on all four edges of the die. The right edge provides
additional connections from CLB outputs to adjacent
10Bs. Direct interconnections of 10Bs and CLBs are
shown in the next figure.
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Global Buffer Direct Input

Global Buffer Interconnection

il
]
1
il
1
0
1
5

J

0

N | . D
i

¥

)

¥

§-

¥ L

1

g=

=

{1
0

-
t

=1
(]

!

-
)

o

t
IS

=

[
4

0

t
4

(N
3

t
§-
t
L

u!

o

t
L

o

t
4

0

¥
L}

o

¥
I

(

0

0

t
4

=

t
4

'-
0

o

8

O

4
)

g
Vo 1
L B |
0000
i -
L)

o

'-
[}

O

[
[}

[=

(=

o

%

-
¢
-
R

n;

-
[}

0

¥
[}

.

J
¥

[P

u!

o

l
¥
'-
RS

0

¥
I

0

t
4

000000

o

¥
¢

1~

ool |olae

(L

§-

o

1

K=

o |t | |ef | |

o

t;
)

t
3

¥ lald|da|o]dle

EA

=

t

¢
-@
'.

o

33

| §
'-.
[}
%%ﬂ
- 114
110

(=

t
A
i
(]

O e TR

1:}_:15
1-}‘._1

5

.m

ﬁq_

b
0

{1

e

|

I
P
19
i |
'l

[ s J o

Auxiliary Buffer Direct Input

Figure 13. 10B and CLB Direct Interconnections
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Long Lines and each interconnection row has two horizontal long
Long lines, which bypass the switch matrices, are 22?:'I}""’sfv?tiﬁ'ﬁ';a"n‘::gigggs afe adjacent 10 1he outer
intended primarily for signals that must travel a long outermost long lines are conhectable half-length iin es
distance, or that must have minimum skew among In all other devices, the vertical long lines in eacti
multiple destinations. Long lines, shown below, run the column are also connectable half-} ength

height or width of the interconnection area. Each )
interconnection column has three vertical long lines, )

3 Vertical Lines.

Global

Buter~ tia_ tato tato \dats
\

aﬁﬁﬂ“ﬁ

On-Chip H- t t

Three-State

AA|

Pull-Up 1-
Resistors
.0 \ii} O o o
Open Drain [™Ng
Signals +
" 2 Horizontal Long Lines
pt t- t- t- t

Figure 14. Long Lines
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Horizontal and vertical long lines provide high fan-out,
low-skew signal distribution in each row and column.
The programmable interconnection of long lines is pro-
vided at the edges of the routing area. Long lines can be

clock line within each column of logic blocks. Intercon-
nections of these long lines are shown in the following
figure. Isolation buffers are provided at each input to a
long line and are enabled automatically by the PGA De-

driven by a CLB or I0OB output on a column-by-column
basis. This provides a common low skew control or

velopment System when a connection is made.

/0 Block Clock Nets (2 Per Die Edge)\

0 o ::n::u::n::u::::u T [

.,_:,:u:@:u-u it
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Three-State Buffers

T T, T T _-r;n _

* Four Outer Long Lines Are
Connectible Half-Length Lines

Horizontal Long Line

Figure 15. Interconnection of Long Lines
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Abuffer in the upper left corner of the LCA chip drives a
global net available to all .k inputs of logic blocks. Using
this global buffer for a clock signal provides a skew free,
high fan-out, synchronized clock for use at any, or all, of
the I/0 and logic blocks. Configuration bits for the .k in-
put to each logic block can select this global line or an-
other routing resource as the clock source for its flip-
flops. This net can also be programmed to drive the die
edge clock lines for IOB use. TCLKIN is an enhanced
speed, CMOS threshold, direct access to this buffer that
is available at the second pad fromthe 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 wvertical 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, BCLKIN, is at the third
pad from the bottom of the right die edge.

Internal Busses

A pair of three-state buffers are located adjacentto each
CLB. These let logic drive the horizontal long lines. Any
three-state bufferinput can be selected to drive the hori-
zontal long line bus by applying a low logic level on its
three-state control line. Logical operation of the three-
state buffer controls lets them implement wide muliti-
plexing functions. When data drives the inputs, and
separate signals drive the three-state control lines,
these buffers form multiplexers (three-state buses), as

shown below. Inthis case, care mustbe used to prevent
contention through multiple active buffers of conflicting
levels on-a common line.

Z=D, oA+DyeB+DceC+... +DyoN

BT 5T ol )

10642-020A

Figure 16. Three-State Buffers Implement a Multiplexer

Control of the three-state input by the same signal that
drives the buffer input creates an open drain wired-AND
function, as shown below. 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.
Pull-up resistors are available at each end of the long
line to provide a HIGH output when all connected buffers
are non-conducting.

Z= DA .Dg.Dc

s

10642-021A

Figure 17. ThreeState Buifers Implement a Wired —
AND Function

These buffers allow fast, wide gating, optimum speed,
and efficient routing of high fan-out signals. The follow-
ing figure shows three-state buffers, long lines, and pull-
up resistors.

Ei;g:ggﬁﬁg;‘ Global Net 3 Vertical Long
Buffers / Lines Per Column
[} l
I | etz | =] |
= : [ 4 1 °He _
Ty Horizontal Long Line
<1 —r— p‘4 Pull-Up Resistor
il
Y Horizontal Long Line
‘ I i E I Oscillator
1 3 Bl Amplifier Output
o [P
4 a / Direct Input of P47
C L2 mrH0/ to Auxiliary Buffer
. — 7(
i I _'I scpf | Crystal Oscillator -
by ™ TTinl 1 Buffer
: § il =1
|| T Three-State Input
ol 1 o= [ T Three-State Control
|L| T —~29 T
Jd, 46 | b~ =
S j‘“\~ i : Three-State Buffer
< ‘M .
I~ Auxiliary Buffer
L awnt."s
:
Eﬁ ; l F "I }“ ‘Tf%{ "5 | Oscillator
H n Amplifier Input
a0 lP« —I Eu "ma | Lt RST
) & & ) D & 1T 11

10642-018A

Figure 18. Possible Interconnections in the Lower Right Corner
of the Am3020
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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.

The oscillator circuit becomes active before
configuration is complete so the oscillator can stabilize.
Actual internal connection is delayed untii 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 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.

Excessteedback voltage canbe 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 I0Bs and
their package pins are available for general user I/0.

Internal i External

XTL1
< —[>o -
Alternate
Clock Buffer D
XTL2 O
™ 3
R1
I R2
RI 1-4MQ 1 [ A
(may be required for low frequency, phase = C1 Cc2

shift and/or compensation level for crystal Q)
C1,C2 10-40pF
Y1 1-20 MHz AT cut series resonant

v

68 Pin 84 Pin 132 Pin 175 Pin
pLcc | prcc | pca | PGA | PoA

XTLL (Out) | 47 57 T11 P13 TI4

XTL2 (In) 43 53 it | M13 | Pi5

10642-008A

Figure 19. Crystal Oscillator
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PROGRAMMING
Initialization

An internal power-on reset circuit is triggered when
power is applied. When Vcc reaches the voltage at
which portions of the LCA device beginto operate (2.5 to
3 V), the programmable I/O output buffers are disabled
and a highimpedance pull-up resistor is provided forthe
user /O pins. The programming control I/Q pins, D/P,
HDC and LDC, go active at this time. D/P and LDC
remain low and HDC remains high until the end of

configuration. 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 11 to 33 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
15 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 — C— —

0 1 1 output Master Byte Wide (FFFF down)
1 0 0 —_ —_ -

1 0 1 output Peripheral Byte Wide

1 1 0 — _— —_

1 1 1 input Slave Bit Serial

Table 1. Mode Selection Table

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 (43 to 130 ms). This
ensures that all daisy-chained slave devices it may be
driving will be ready even if the master is very fast, and
the slave(s) very slow. The next figure shows the
sequence of states.

USER 1/O PINS WITH HIGH IMPEDENCE PULL-UP

e~

HDC =HIGH

INIT SIGNAL LOW LDC=LOW

INITIALIZATION
POWER-ON
TIME DELAY,

HIGH-TO-LOW. OF DONE/PROGRAM

'ACTIVE RESET-
OPERATES ON
USER LOGIC

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

Clear is
~200 Cycles for the Am3020 — 130 to 400 ps
~250 Cycles for the Am3030 --- 165 to 500 ps
~290 Cycles for the Am3042 --- 195 to 580 pus
~330 Cycles for the Am3064 --- 220 to 660 ps
~375 Cycles for the Am3090 — 250 to 750 us

10642-009A

Figure 20. State Diagram of the Configuration Process
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At the end of .initialization, the LCA device enters the
CLEAR state, in which it clears the configuration mem-
ory. The active-LOW, open-drain initialization signal,
iNIT, indicates completion of the initialization and clear
states by switching HIGH. The LCA device tests for the
absence of an external active-LOW RESET before it
makes a final sample of the mode lines and enters the
configuration state. An external wired-AND of one or
more INIT pins can be used to control configuration by
the assertion of the active low RESET of a master mode
device or to signal a processor that the LCA devices are
not yet initialized.

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

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

Length count control lets a system of multiple LCA
devices, of various sizes, begin synchronized operation.
The configuration bit stream generated by the
MakePROM software of the PGA Development System
begins with a preamble of 111111110010. 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.

111111 ~ DUMMY BITS (4 BITS MINIMUM)
0010 — PREAMBLE CODE HEADER
<24 BIT LENGTH COUNT> _ CONFIGURATION PROGRAM LENGTH
1 -- DUMMY BITS (4 BITS MINIMUM)
0<DATA FRAME # 001> 111 FOR Am3020
0 <DATA FRAME # 002> 111
0 <DATA FRAME # 0035 111 197 CONFIGURATION DATA FRAMES
EACH FRAME CONSISTS OF: PROGRAM DATA
A START BIT (0) REPEATED FOR EACH LOGIC
. . . A 71-BIT DATA FIELD CELL ARRAY IN A DAISY CHAIN
0 <DATA FRAME # 196> 111 THREE STOP BITS
0 <DATA FRAME # 197> 111
111 POSTAMBLE CODE (4 BITS MINIMUM)
Device Am3020 | Am3030 | Am3042 | Am3064 | Am3090
Gates 2000 3000 4200 6400 9000
CLBs 64 100 144 224 320
Row X Col ¢x8 Jaoxio | @2x12) | aex14 | @0x16)
I0Bs 6 80 96 120 144
Flip-flops 256 360 480 688 928
Bits per frame 5 92 108 140 172
(w/ 1 start 3 stop)
Frames 197 241 285 329 373
Program Data = 14179 | 22176 30784 46064 64160
Bits * Frames + 4
(excludes preamble)
PROM size (bits) 14816 | 22216 30824 46104 64200

Figure 21. Internal Configuration Data Structure

10642-010A
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All LCA devices connected in series read and shift pre-
amble and length count in on positive, and out on.nega-
tive, 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. Whenthe 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.

Three CCLK cycles after the completion of loading
configuration data, the user I/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 I/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 I/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/0 inputs can be programmed for either TTL-or
CMOS-compatible thresholds. At power-up, all inputs
have TTL thresholds and can change to CMOS
thresholds at the completion of configuration, if the user
has selected CMOS thresholds. The threshold of
PWRDWN and the direct clock inputs are fixed at the
CMOS level.

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

POSTAMBLE

DATA FRAME LAST FRAME l

3

PREAMBLE LENGTH COUNT

I | lll | HIGH

DOUT LEAD DEVICE

1/2 CLOCK CYCLE

1 S

. |
(4
| il
|
LENGTH COUNT *

WEAK PULLUP :
PROGRAM ! ; DONE

DELAY FROM DATA INPUT
*THE CONFIGURATION DATA CONSISTS OF A COMPOSITE 40-BIT TIMING OF THE ASSERTION OF DONE AND

PREAMBLE/LENGTH-COUNT, FOLLOWED BY ONE OR MORE
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.

TERMINATION OF THE INTERNAL RESET
MAY EACH BE PROGRAMMED TO OCCUR
ONE CYCLE BEFORE OR AFTER THE I/O
OUTPUTS BECOME ACTIVE.

10642-011A

Figure 22. Configuration and Start-Up
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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 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 1.

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 Am3000 Series LCA devices use
formats compatible with the Am2000 Series. For the
Am3020, configuration requires 14779 bits, arranged in
197 data frames, for each device. An additional 40 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 PGA 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 MakePROM
command of the PGA Development System. An
exception to the compatibility of the devices is that an
Am2000 Series device cannot be used as the master for
Am3000 Series devices if the Am3000 device has
DONE or RESET programmed to occur after their
outputs become active. The TIE option of MakeBits
defines output levels of unused blocks of a design and
connects these to unused routing resources. This
prevents indeterminate levels that might produce
parasitic supply currents. If unused blocks are not
sufficient to compute the tie, the FLAGNET command
can be used to indicate nets that must not be used to
drive the remaining unused routing, as that might affect
timing of 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 milliamps of Icc are acceptable.

The configuration bit stream begins with HIGH
preamble bits, a 4-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 1/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
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) as shown in Figure 23.

The one-time-programmable Am1736 Serial Configura-
tion PROM supports automatic loading of configuration
programs up to 36K bits. Multiple devices can be cas-
caded to support additional LCA devices. An early
DONE inhibits the Am1736 data output one CCLK cycle
before the LCA I/O becomes active.
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10642-012A

Figure 23. Master Serial Mode

Parallel 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. Figure 24 shows an example of the parallel
master mode connections required. The LCA HEX
starting address is 0000 and increments for master
LOW mode. Itis FFFF and decrements for master HIGH
mode. These two modes provide address compatibility
with microprocessors beginning execution from
opposite ends of memory.

Formaster HIGH or LOW, data bytes are read in parallel
by each read clock output pulse (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/0 becomes
active.
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Figure 24. Master Parallel Mode
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Peripheral Mode

Peripheral mode provides a simplified interface through
which the device can be loaded byte-wide, as a
processor peripheral. The next figure shows the
peripheral mode connections. Processor write cycles
are decoded from the common assertion of the active-
LOW Write Strobe (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 slave
devices.
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CONTROL ADDRESS DATA
SIGNALS ~ BUS BUS
8 |
MO Ml PWR SKQ
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wsv [N—] Appress M2f— —
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Figure 25. Periphral Mode
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Slave Mode : Most slave mode applications are in daisy-chain
. . . . configurations in which the data input are supplied b!
Slave mode provides a simple interface for loading the 0 p?evious LCA’s data out, while trr)le clock ispspupplieg
;iAsﬁg‘gﬁ:dc%nggﬁ;S ::&?6:ﬁ;\o:gytﬁﬁxn?zﬁﬂgliggﬁ by a lead device in master or peripheral mode. Data can
clock. Bit-serial configuration data are read at rising also be supplied by a processor or other special circuits.

edge of the CCLK. Data on DOUT are provided on the
falling edge of CCLK.

MO MI PWRDN
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R
M2 *
STRB »| cak
g? ——v DIN DOUT e —>
—_— HDC e
79 g ; GENERAL-
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Figure 26. Slave Mode
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Daisy-Chain

The AMD PGA Development Systemis usedto create a
composite configuration bit stream for selected LCA
devices. This configuration includes the following:

—~ A preamble

— Alength count for the total bit stream

— Multiple concatenated data programs

— A postamble

— An additional fill bit per device in the serial chain

After loading and passing on the preamble and length
count to a possible daisy-chain, a lead device will load
its configuration data frames while providing a HIGH
DOUT to possible down-stream devices as shown

delay the master device configuration until they are
initialized. A well defined termination of SYSTEM
RESET is needed when controlling multiple LCA
devices.

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 generates the CCLK to
synchronize the serial output data and data in of LCA
devices further attached. Data are read in on DIN of
slave devices by the positive edge of CCLK and shifted
out the DOUT on the negative edge of CCLK. A parallel
master mode device uses its internal timing generator to
produce an internal CCLK of eight times its EPROM
address rate, while a peripheral mode device produces
a burst of eight CCLKs for each chip select and
write-strobe cycle. The internal timing generator

below. Inthis figure, all are configured from the common continues to operate for general timing and
EPROM source. The slave mode device INIT signals synchronization of inputs in all modes.
]
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Figure 27. Master Mode Configuration with Daisy Chained Slave Mode Devices
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SPECIAL CONFIGURATION FUNCTIONS

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

Input thresholds

Readback enable

DONE pull-up resistor
DONE timing
RESET timing

Oscillator frequency divided-by-two

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

Input Thresholds

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,
which always have a CMOS input. Prior to the
completion of configuration, the user /O pins have a
high-impedance pull-up. The configuration bit stream
can be used to enable the I0B pull-up resistors in the
operational mode to act either as an input load or to
avoid a floating input on an otherwise unused pin.

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 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.

Readback is done without the use of any of the user I/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
M1ARDATA (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 |IOB. These data are
imbedded into unused configuration bit positions during
readback. This state information is used by the PGA
Development System In-Circuit Verifier to provide
visibility into the internal operation of the logic while the
system is operating. To read back a uniform
time-sample of all storage elements it may be necessary
to inhibit the system clock.

Reprogram

The LCA configuration memory can be re-written while
the device is operating in the user’s system. To initiate a
reprogramming cycle, the dual function package pin
DONE/PROG must transition from HIGH to LOW. To
reduce noise sensitivity, the input signal is filtered for
two cycles of the LCA’s internal timing generator. When
reprogram begins, the user-programmable 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 s an open-drain I/O pin indicating that the
LCA device is operational. An optional internal pull-up
resistor can be enabled by the user of the PGA
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.

Am3020/3030/3042/3064/3090
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DONE Timing

By a selection inthe MakeBits program, the timing of the
DONE status signal can be controlied to occur one
CCLK cycle before, or one cycle after, the timing of
outputs are activated. This is shown below. This
facilitates control of external functions such as a PROM
enable or holding a system in a wait state.

RESET Timing

As with DONE timing, the timing of the release of the
internal RESET can be controlled by a selection in the
MakeBits program. It then occurs one CCLK cycle

before, or one cycle after, the timing of outputs are
enabled, as shown above. This reset maintains all
user-programmable flip-flops and latches in a zero state
during configuration.

Crystal Oscillator Division

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

POSTAMBLE
DATZSFRAME LAST FRAME l
Ik ,,|’ .l
U, 1 [
START 3STOP STOP
START LENGTH COUNT *
‘WEAK PULLUP

I | ||| | HIGH

DOUT LEAD DEVICE

1/2CLOCK CYCLE
DELAY FROM DATA INPUT

*THE CONFIGURATION DATA CONSISTS OF A COMPOSITE 40-BIT
PREAMBLE/LENGTH-COUNT, FOLLOWED BY ONE OR MORE
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

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

LENGTH COUNT IS TWO LESS THAN THE NUMBER OF RESULTING BITS.

10642-016A

Figure 28. Configuration and Start-Up
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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 other high-speed CMOS logic devices. Performance
can be measured in terms of minimum propagation
times for logic elements. One parameter traditionally
used to describe 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 at right. The flip-flop output Q is fed
back through the combinational logic as Q to form the
toggle flip-flop.

Actual LCA device performance is determined by the
timing of critical paths, including both the fixed timing for
the logic and storage elements in that path, and the
timing associated with the network routing.

CLOCK

E D Q
10642-022A

Figure 29. “Toggle” Fiip-Flop

Examples of internal worst-case timing are included in
the performance data to allow the user to make the best
use of the device’s capabilities. The PGA Development
System timing calculator, or LCA-generated simulation
models, should be used to calculate worst-case paths
by using actualimpedance and loading information. The
following figure shows a variety of elements used
involved in determining system performance.

CLOCKTO
OUTPUT  COMBINATIONAL SETUP
fe—Texo—*f+—T0 Tiek —*| fe—Top—
CLB CLB CLB
LOGIC LOGIC
—P —— —p
®) K)
cock | le—Tcko—>i:| >
IOB
PAD > >
1e Tokro >
|‘7TPID —>
MIL/COM'L | MIL/COM'L COM'L
Speed Grade -50 -70 -100 Unit

Description Symbol | Min. | Max.| Min. | Max.| Min. | Max.
Logic input to Output | Combinational To 14 9 7 ns
K Clock To output Teko 12 8 7 ns

Logic-in put setup Tiek 12 8 7 ns

Logic-in put hold Texi 0 0 0 ns
Input/Output Pad to input (direct) Toip 10 7 4 ns

Output to pad (enabled fast) Torr 14 10 ns

I/O clock to pad Tokro 18 13 10 ns
FF toggle frequency Fowk 50 70 100 | MHz

Figure 30. Examples of Primary Block Speed Factors
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The speed of internal elements is determined by
differential measurements of package pins. The
performance of a user’s design can be predicted by the
PGA Development System delay calculator.

Actual measurement of internal timing is not practical;
often only the sum of component timing is relevant, asin
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
inthe interconnection area. Combinational performance
is independent of the specific logic function, which is
based on look-up tables.

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

Logic block loading is limited only by the user's
propagation delay requirements. Speed performance of
the logic block is a function of the supply voltage and the
temperature, as shown in the next two figures.

The following figure shows the change in speed
performance as a function of temperature. The variation
is normalized for 30° C, 70° C, 85° C, and 125° C.
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Figure 31. Delay as a Function of Temperature

The following figure shows how the speed performance
of a CMOS device increases with Vcc within the operat-
ing range.
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Figure 32. Delay as a Function of Vcc
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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
pathforasignal. The single metal segment used forlong
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
PGA 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

PRp—

TIMING: INCREMENTAL

T1 =3RC
=3RC

IFRi=R2=R3=Rand C1=C2=C3=C
THEN CUMULATIVE TIMING

K_N_\K—_N_\

Ri1(C1+C2+C3)

+ R2(C2+ C3)

T1 =3RC+2RC T1=3RC+2RC+1RC 6RC + BUFFER
=5RC =6RC

Figure 33. Interconnection Timing Example
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POWER
Power Distribution

Power for the LCA device is distributed through a grid to
achieve high noise immunity and isolation between the
logic and I/O. Inside the LCA device, a dedicated Vec
and ground ring surrounding the logic array provide
power to the 1/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-pF capacitor connected near the Vecc and ground
pins of the package will provide adequate decoupling.

Output buffers capable of driving the specified 4-mA
loads under worst-case conditions can be capable of
driving 25 to 30 times that current in a best case. Noise
can be reduced by minimizing external load capacitance
and reducing simultaneous output transitions in the
same direction. Also, it may be beneficial to locate
heavily loaded output buffers near the ground pads. The
0B 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. Slew-limited outputs maintain their DC drive
capability, but generate less external reflections and
internal noise.

e
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Figure 34. LCA Power Distribution
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Power Dissipation The configuration options of TTL chip input threshold
requires power for the threshold reference. The power
required by the static memory cells holding the
configurationdata is very low and canbe maintainedina
power-down mode.

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 sumof Vcc » ICCO, plus internal and external values
of capacitive charging currents and resistive loads.
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Figure 35. LCA Power Consumption by Element
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Usually, most power dissipation is produced by external
capacitive loads on the output buffers. The load- andfre-
quency-dependent power is 25 uW/pF/MHz per output.
Another component of /0 power is the DC loading on
each output pin by LCA-driven devices.

Internal power dissipation is a function of the number
and size of the nodes, and the frequency at which they
change. In an LCA device, the fraction of nodes
changing on a given clock is typically low (10-20). For

example, in a large binary counter, the average clock
cycle produces changes equal to one CLB output at the
clock frequency. Typical global clock buffer power is
between 1.7 mV/MHz for the Am3020 and 3.6 mV/MHz
for the Am3090. 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 = Vcc ¢ ICCO + external (DC + capacitive) + internal (CLB + IOB + Long Line + pull-up)

Because the control storage of the LCA device is CMOS
static memory, its cells require a very low standby
current for data retention. In some systems, this
characteristic can be used as a method of preserving
configurations in the event of a primary power loss. The
LCA device has built in power-down logic that, when
activated, will disable normal operation of the device
and retain only the configuration data. All internal
operation is suspended and output buffers are placedin
a high impedance state with no pull-ups. Power-down
data retention is possible with a simple battery-backup
circuit because the power requirement is extremely low.
Forretention 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, Vcc 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 /0O
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 aninput
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 bipolar buffer can be used
to isolate the input signal.
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PIN DESCRIPTIONS
Permanently Dedicated Pins

Vee

Two to eight (depending on package type) connections
to the nominal +5 V supply voltage. All must be
connected.

GND
Two to eight (depending on package type) connections
to ground. All must be connected.

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
returns to operation with the same sequence of reset,
buffer enable, and DONE/PROG as at the completion of
configuration.

RESET

This active LOW input has three functions. Prior to the
start of configuration, a LOW input will delay the start of
configuration. An internal circuit senses the application
of power and begins a minimal time-out cycle. When the
time-out and RESET are complete, the levels of the M
lines are sampled and configuration begins. fRESET 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.

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 a clock input for the
configuration data being shifted out.

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.

or

PROG

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

MO

As Mode 0, this input, M1, and 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, M0, and M2 are sampled before
the start of configuration to establish the configuration
mode. If readback is to be used, a 5-kQ resistor should
be used to define mode level inputs.

or

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

User I/0 Pins That Can Have Special
Functions

M2

As Mode 2 this input has a passive pullup during
configuration. Together with MO and M1, it is 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 until after configuration. It is available as a
controi indication that configuration is not completed.
After configuration, this pin is a user I/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 configuration, this pin
is a user I/O pin. If used as a LOW EPROM enable, it
must be programmed as a HIGH after configuration.
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INIT

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

BCLKIN
This is a direct CMOS level input to the alternate clock
buffer (auxiliary buffer) in the lower right corner.

or

XTL1

This user I/O pin can be configured to operate as the
output of an amplifier driving an external crystal and bias
circuitry.

XTL2

This user I/O pin can be configured to operate as the
input of an amplifier usable with an external crystal and
bias circuity. This I/O block is left unconfigured. The
oscillator configuration is activated by routing a net from
the oscillator buffer symbol output and by the MakeBits
program.

CSo, CS1, CS2, WRT

These four inputs represent a set of signals, three active
LOWandone 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 inthe present data
of D0-D7 being clocked in.

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

RDY/BUSY

During peripheral parallel mode configuration, this pin
indicates when the chip is ready for another byte of data
to be writtento it. After configuration is complete, this pin
becomes a user-programmed I/O pin.

DO-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 /O pins.

AO-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.

DIN

Thisuser /O pinis used as serial Data In during slave or
master serial configuration. This pin is Data 0 input in
master or peripheral configuration mode.

DOUT

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

TCLKIN
This is a direct CMOS level input to the global clock
buffer.

Unrestricted User I/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 DIAGRAMS
Table 2a. Am3000 Family Configuration Pin Assignments

CONFIGURATION MODE: <M2:M1:M0>
68 | 84 | 84 | 132 | 175 USER
SLAVE | MASTER-SER | PERIPHERAL |[MASTER-HIGH|MASTER-LOW]| pLcc | PLcC| PGA | PGA | PGA | OPERATION
<1:1:1> <0:0:0:> <1:0:1> <1:1:0> <1:0:0>
PWRDWN () PWRDWN () PWRDWN () PWRDWN () PWRDWN ()| 10 12 | B2 | At B2 | PWRDWN (1)
Vee Vce vce Vce Vece 18 22 F3 Cc8 D9 Vce
M1 (HIGH) (1) M1 (LOW) () M1 (LOW)()) M1(HIGH)(1) Miqowy(h | 25 | 31 J2 | B13 | B14 RDATA
MO (HIGH) (I) MO (LOW) (I) MO (HIGH) () Mo(owy(h Moowy( | 26 | 32 | L1 | A14 | BI15 | RTRIG()
M2 (HIGH 27 33 K2 C13 Ci15 /o]
HDC (HIGH) HDC (HIGH) HDC (HIGH) HDC (HIGH) HDC(HIGH) | 28 | 34 | k3 | B14 | E14 1o
ibc(ow) ([Dc(ow) ibcow) Iipbc(ow) (ipbcow) | 30 | 38 13 | p14 | D16 110
NIT NIT NIT INIT TNIT 34 422 | k6 | G14 | H15 110
GND GND GND GND GND 35 | 43 | Js | H12 | J14 GND
43 | 53 | L11 | M13 | P15 | XTL2OR 1O
RESET (I) RESET (I) RESET (1) RESET () RESET (1) 44 | 54 | kK10 | P14 | R15 | RESET()
DONE DONE DONE DONE DONE 45 | 55 | 10 | N13 | R14 | PROG ()
56 | Ki1 | M12 | N13 o
57 | J11 | P13 | T14 | XTL1OR VO
58 | H10 | N11 | P12 Vo
60 | F1o | Mo | T11 1o
61 | G10 | N9 | R10 1o
62 | G11 | N8 | Ro 110
64 | Fo | M8 | No Vee
65 | Fi1 | N7 | P8 1o
66 | E11 | ps | Rs 1o
67 | E10 | M6 | R7 Te)
L 70 | pto | M5 | Rs 1o
RDY/BUSY 57 | 71 Jc11 | Nna | Ps Vo
) ) \ 58 | 72 | B11 | N2 | Ra3 To)
DOUT DOUT DOUT DOUT DOUT 59 | 73 J c10| M3 | N4 110
CCLK CCLK CCLK 60 | 74 | A11 ]| P1 R2
A0 A0 61 75 | B10o | M2 | P2 1o
At At 62 | 76 | B9 | N1 | M3 Vo
A2 A2 63 | 77 | a0 | L2 | Pi 1o
A3 A3 64 | 78 | A9 | L1 N1 1o
A15 A15 65 | 81 Bs | kK1 | M1 Vo
A4 A4 66 | 82 | B7 | U2 L2 Vo
A4 Al4 67 | 83 | A7 | H1 | k2 1o
A5 A5 68 | 84 | ¢c7 | H2 | K1 [T}
GND GND GND GND GND 1 1 c6 | H3 | J3 GND
A13 A13 2 2 a | G2 | H2 Vo
A6 AB 3 3 A5 | Gt | H1 Vo
A12 A12 4 4 Bs | F2 | F2 Vo
A7 A7 5 5 cs | E1 E1 1o
A1l A1 6 8 A3 | D1 | D1 o)
A8 A8 7 9 A2 | D2 | ci Te}
A10 A10 8 10 | B3 | BI E3 Vo
A9 A9 9 11 Al j C2 | c2 T}

REPRESENTS A 50- TO 100-k Q PULL-UP DURING CONFIGURATION
INIT IS AN OPEN DRAIN DURING CONFIGURATION

Note: Pin assignments of “PGA Footprint” PLCC sockets and PGA packages are not electrically identical.
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Table 2b. Am3000 Family 68-Pin' PLCC Pinouts

PGA PGA R ' PGA

Pin ' ‘ Pin Pin

Number Am3020 Number Am3020 Number Am3020
10 PWRDN 32 o ‘ 55 D2-1/0
11 TCKLIN-1/O 33 1s) N/C UNBONDED I0B
12 o | 34 iNIT=1/0 56 D1-1/0
13 | - o) 35 GND 57 RDY/BUSY-RCLK-I/O
N/C UNBONDED IOB 36 o 58 DO-DIN-1/O
14 /0 37 /0 59 DOUT-1/O
15 0] ) 38 /o] 60 CCLK
16 /O 39 1O 61 | AO0-WS-1/O
17 /0 1 40 110 62 A1-CS2-1/10
18 Ve 41 [Te) 63 A2-1/0
19 Vo 42 110 64 A3-1/0
N/C UNBONDED IOB 43 XTL2(IN)-1/O 65 A15-1/0
20 o) 44 RESET 66 A4-1/0
21 o 45 DONE/PROG 67 A14-10
22 1o 46 D7-1/0 68 A5-1/IO
N/C UNBONDED 0B 47 XTL1(OUT)-BCLKIN-1/0 1 GND

23 o 48 D6-1/0 2 A13-10
24 s} N/C UNBONDED IOB 3 AB—1/O
25 Mi-RDATA 49 D5-1/0 4 A12-1/0
26 MO-RTRIG 50 CSo-1/0 5 A7-110
27 M2-1/0 51 D4-1/0 6 A11-1/0
28 HDC-1/O N/C UNBONDED I0OB 7 A8-1/O
29 10 ) 52 Vce 8 A10-1/0
30 LDC-110 53 D3-1/0 9 A9-110
31 Ko} 54 CSi-l/0

The default configuration of 10Bs is input with pull-up. This can be used to prevent an undefined pad level for unbonded or
unused |OBs. :
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Table 2c. Am3000 Family 84-Pin PLCC and PGA Pinouts

PLCC | PGA PLCC | PGA
Pin Pin Pin Pin

Number | Number| Am3020 Am3030 |Number|Number Am3020 Am3030
12 B2 PWRDN PWRDN 54 K10 RESET RESET
13 C2 | TCLKIN-I/O | TCLKIN-I/IO | 55 J10 DONE-PROG DONE-PROG
14 B1 N/C 110 56 K11 D7-1/0 D7-110
15 C1 1/0 10 57 J11 | XTL1(OUT)-BCLKIN-/O | XTL1(OUT)-BCLKIN-I/O
16 D2 10 /0 58 H10 D6-1/0 D610
17 D1 10 o) 59 Hi1 110 110
18 E3 10 110 60 F10 D5-1/0 D5-1/0
19 E2 110 /0 61 G10 CS0-1/0 CS0-1/0
20 E1 110 110 62 G11 D4-1/0 D4-110
21 F2 110 e 63 G9 e} 110
22 F3 Vce Vce 64 F9 Vce Vce
23 G3 10 /0 65 F11 D3-1/0 D3-1/0
24 G1 10 /0 66 E11 CS1-1/0 CS1-1/0
25 G2 110 /0 67 E10 D2-1/0 D2-1/0
26 F1 110 110 68 E9 110 110
27 H1 10 o) 69 D11 N/C 110
28 H2 110 I/0 70 D10 D1-1/0 D1-1/0
29 J 110 16 71 C11 RDY/BUSY-RCLK-I/O RDY/BUSY-RCLK—-I/O
30 K1 110 110 72 B11 DO-DIN-I/O DO-DIN-1/O
31 J2 | M1-RDATA | M1-RDATA | 73 C10 DOUT-1/0 DOUT-1/0
32 L1 MO-RTRIG | MO-RTRIG | 74 A11 CCLK CCLK
33 K2 M2-1/0 M2-1/0 75 B10 A0-WS—I/O A0-WS-I/0
34 K3 HDC-/O | HDC-IO 76 B9 A1-CS2-1/0 A1-CS2-1/0
35 L2 110 1/0 77 A10 A2-110 A2-110
36 L3 LDC-/0 LDC-10 78 A9 A3-1/0 A3-1/0
37 K4 110 /0 79 BS N/C /0
38 L4 N/C o) 80 A8 N/C 7o)
39 J5 110 1/0 81 B6 A15-1/0 A15-1/0
40 K5 110 110 82 B7 A4-1/0 A4-1/0
41 L5 N/C /0 83 A7 A14-1/0 A14-1/0
42 K6 iNIT-1/0 iNIT-1/0 84 c7 A5-1/0 A5—1/0
43 J6 GND GND 1 (o GND GND
44 J7 /0O 110 2 A6 A13-1/0 A13-1/0
45 L7 10 e 3 A5 A6-1/O A6-1/0
46 K7 110 o) 4 B5 A12-1/0 A12-1/0
47 L6 1/0 110 5 cs A7-1/0 A7-1/0
48 L8 110 110 6 A4 N/C o)
49 K8 1/0 /0 7 B4 N/C 7o)
50 L9 N/C I/ 8 A3 A11-1/0 A11-1/0
51 L10 N/C 10 9 A2 A8-1/0 A8-1/0
52 K9 110 110 10 B3 A10-1/0 A10-1/0
53 L11  |XTL2(N)-1o| XTLo-10 11 A1 A9-1/0 A9-1/0

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

unused I0Bs.
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Table 2d. Am3000 Family 132-Pin PGA Pinouts

PGA PGA PGA
Pin Pin Pin
Number| Am3042 | Am3064 |Number| Am3042 | Am3064 |Number Am3042 Am3064
c4 GND GND F12 o) o) N6 N/C 10
A1__| PWRDN | PWRDN | E14 110 Te} P5 N/C Te}
c3 o) 110 Fi3 110 10 M6 D2-1/0 D2-i/0
B2 10 Vo Fi4 o) Vo N5 10 o
B3 lle} /0 G13 e} Te} P4 o) Vo
A2 N/C e} G14 | iNmT=0 | iINT=0 | P3 /0 e
B4 170 o) G12 Vee Vee M5 D1-110 D1-110
cs /0 o H12 GND GND N4 __ | RCLK-BUSY/RDY-VO| RCLK-BUSY/RDY-1/O
A3 N/C o) H14 o) o P2 [Te} 1o
A4 o) 110 H13 1o o N3 o) 110
B5 Vo lle} J14 /0 o] N2 DO-DIN-I/O DO-DIN-I/O
cB o) o) J13 110 1o M3 DOUT-110 DOUT-O
A5 110 e} Ki4 /0 Vo P1 CCLK CCLK
B6 110 o) J12 o) o) M4 Vce Vee
AB o) e K13 110 10 L3 GND GND
B7 110 /0 L14 N/C 10 M2 A0-WS-1/O AO-WS-1/0
c7 GND GND L13 Vo Vo N1 A1-CS2-1/0 A1-CS2-1/0
c8 Vee Ve K12 e V0 M1 o) /0
A7 1’0 110 M14 o) 7o) K3 /o 110
B8 /o) lle} N14 lle} Q L2 A2-1/0 A2-110
A8 /0 o) M13 | xTLe-o | xTLe-io| L1 A3-1/0 A3-110
A9 110 7o) L12 GND GND K2 s} )
B9 110 o) P14 RESET | RESET J3 le) Te}
c9 1o o) M11 Vce Vce K1 A15-1/0 A15-1/0
A10 o) /0 N13 | DONE-PG|DONE-PG| J2 A4-1/O A4-11O
B10 o) o) M12 pD7-10_| D7-110 J1 N/C [lle}
Al1 N/C o) P13 | XTL1=l/O | XTL1-/O | H1 A14-1/0 A14-1/0
C10 7o) ) N12 110 e} H2 A5-1/0 A5-1/0
Bi1 10 e} P12 lle} le} H3 GND GND
A12 N/C /O N11 D6-1/0 | De-110 G3 Vce Ve
Bi2 110 110 M10 10 [le) G2 A13-1/0 A13-1/0
A13 N/C 110 P11 N/C o) G1 AB—1/O AB-1/O
c12 /0 Vo N10 110 1o F1 N/C 110
813 | M1-RD | M1-RD | P10 1o o F2 A12-1/0 A12-1/0
C11 GND GND Mg pDs-110 | Ds-10 E1 A7-10 A7-1/0
A14 | MoRT | Mo-RT | N9 CSo-/0 | CSo-110 F3 [l[e) Tle}
D12 Vee Vee P9 N/C e} E2 Vo lle}
¢13 | Moo | M2-i0 | P8 N/C 110 D1 A11-1/0 A11-110
B14 | HDC-/O | HDC-IIQ | N8 D410 | D410 D2 A8-1/0 A8-1/10
c14 o) /O p7 o) o) E3 /O 110
E12 110 /O M8 Vce Vce C1 /e 110
D13 110 /0 M7 GND GND B1 A10-1/0 A10-1/0
D14 | LDC-O | IDC-VO | N7 D3-1/0 | D3-110 c2 A9-1/O A9-1/0
E13 N/C lo) P6 | CS1-o | CS1-0 | D3 Vee Vee
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Table 2e. Am3000 Family 175-Pin PGA Pinouts

PGA PGA PGA PGA
Pin Pin Pin Pin

Number| Am3090 |Number Am3090 Number Am3090 Number Am3090
B2 PWRDN D13 110 R14 DONE-PROG R3 DO-DIN-1/0
D4 | TCLKIN-I/O | B14 M1-RDATA N13 D7-1/0 N4 DOUT-1/0
B3 110 ci4 GND Ti4 XTL1(OUT)-BCLKIN-I/O R2 CCLK
Cc4 110 B15 MO-RTRIG P13 110 P3 Vce
B4 110 D14 Vee R13 /0 N3 GND
A4 /0 ci5 M2-1/0 Ti3 o) P2 AO0-WS-1/O
D5 1/0 E14 HDC-1/O N12 10 M3 A1-CS2-1/0
cs /0 B16 110 P12 D6-1/0 R1 7o)
B5 110 D15 /0 R12 110 N2 110
A5 1/0 C16 1/0 T12 10 P1 A2-1/0
c6 110 D16 LDC-1/0 P11 10 N1 A3-110
D6 110 F14 10 N11 110 L3 o)
B6 110 E15 110 R11 110 M2 10
A 110 E16 10 T11 D5-1/0 M1 A15-1/0
B7 110 Fi5 110 R10 CS0-1/0 L2 A4-1/0
c7 110 F16 110 P10 /10 L1 /0
D7 110 G14 110 N10 110 K3 e
A7 110 G15 /0 T10 110 K2 A14-1/0
A8 110 G16 7o) T9 1/0 K1 A5-1/O
BS 110 H16 10 R9 D4-1/0 J1 /0
c8 10 H15 iNIT-1/O P9 110 J2 o
D8 GND H14 Vce N9 Vec J3 GND
D9 Vee J14 GND N8 GND H3 Vee
c9 110 Ji5 1/0 P8 D3-1/0 H2 A13-1/0
B9 10 J16 10 R8 CS1-1/0 H1 A6-1/0
A9 /0 K16 1/0 T8 110 G1 T}
A10 10 K15 110 T7 110 G2 110
D10 10 K14 1/0 N7 110 G3 o)
C10 110 L16 o) P7 10 F1 T}
B10 110 L15 110 R7 D2-1/0 F2 A12-1/0
A11 110 M16 110 T6 10 E1 A7-1/0
B11 /0 M15 110 R6 10 E2 1/0
D11 110 L14 /0 N6 10 F3 /0
c11 o) N16 /0 P6 110 D1 A11-1/0
A12 110 P16 /0 15 10 c1 A8-1/0
B12 1/0 N15 110 R5 D1-1/0 D2 /0
C12 /0 R16 10 P5 RDY/BUSY-RCLK-I/O B1 10
D12 ) M14 10 N5 10 E3 A10-10
A13 110 P15 XTL2(IN)—1/O T4 110 c2 A9-1/0
Bi3 o) N14 GND R4 o) D3 Vce
c13 110 R15 RESET P4 /0 c3 GND
Al4 1/10 P14 Vce

The default configuration of IOBs is input with pull-up. This can be used to prevent an undefined pad level for unbonded or
unused IOBs. Pins A2, A3, 15, A16, T1, T2, T3, and T16 are not connected. Pin A1 does not exist.
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ABSOLUTE MAXIMUM RATINGS
Vce  Supply voltage

relative to GND -05t07.0V
Vin  Input voltage with
respect to GND -0.5t0 Vcc+0.5V
V1s Voltage applied to .
three-state output -0.5t0 Vec+0.5V
Vst Storage temperature
(ambient) —-65 to 150°C
TsoL. Maximum soldering
temperature
(10 sec @ 1/16in.) +260°C
Ty Junction temperature
Plastic +125°C
Ceramic +200°C

Stresses above those listed under “Absolute Maximum Rat-
ings” may cause permanent damage to the device. This is a
stress rating only; functional operation of the device at these
or any other conditions above those indicated in the opera-
tional sections of this specification is not implied. Exposure of
the device to absolute maximum rating conditions for ex-
tended periods may affect device reliability.

OPERATING RANGES
Vcc  Supply voltage relative to GND

Commercial (C) Devices

Ambient Temperature (Ta) 0to +70°C
Supply Voltage (Vce) 475Vt05.25V
Industrial
 Case Temperature (Tc) —40°C to +70°C
Supply Voltage (Vce) 45Vto55V
Military
Case Temperature (Tc) —55°C to +125°C
Supply Voltage (Vce) 45Vto55V
Viur  High-level input voltage —
TTL configuration 2.0to Vce
Vit Low-level input voltage — '
TTL configuration 0Vto 08V

Vinc High-level input voitage —

CMOS configuration 0.7 Vce to Vee
Viie Low-level input voltage — '

CMOS configuration 0Vito0.2Vce
Tin  Input signal transitiontime 250 ns

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

* Military products 100% tested at Tc = +25°C, +125°C, and
-55°C.
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?C CHI)\RACTERISTICS Over Operating Range Unless Otherwise Specified
Note 1

Parameter
Symbol |Parameter Description Test Conditions Min. Max. | Unit
Commercial 3.86 \"
VoH High-level output voltage lon = —4.0 mA Vce min| Industrial 3.76 \'
Military 3.7 \Y
Commercial 0.32 \
Voo Low-level output voltage loL = 4.0 mA Vecmin | Industrial 0.37 \"
Military 0.4 \"
lccro Power-down supply current | Vec =5.0 V@ 70°C
Am3020 500 pA
Am3030 800 HA
Am3042 1150 | pA
Am3064 1650 | pA
Am3090 2500 | pA
lcco Quiescent LCA supply current
in addition to lcceo (Note 2)
ConvIndustrial
CMOS chip thresholds el 500 1 pA
Military 1 mA
i 10 mA
TTL chip thresholds Comvindustrial
Military 15 mA
I Leakage current ComvIndustrial| —10 +10 HA
Temperature Military —20 +15 HA
CIN Input capacitance Vee =5.0V, Ta=25°C,
all packages except PGA 17§ f=1.0 MHz
(Note 3)
All pins except XTL1
and XTL2 10 pF
XTL1 and XTL2 15 pF
Input capacitance PGA 175 | Vcc =5.0 V, Ta = 25°C,
(Note 3) f=1.0 MHz
All pins except XTL1
and XTL2 15 pF
XTL1 and XTL2 20 pF
IRIN Pad pull-up (when selected) | Viv=0V 0.02 0.17 mA
IRLL Horizontal long line pull-up logic LOW
(when selected) (Note 3) 0.4 3.4 mA

Notes:
1. For APL Products, Group A, Subgroups 1, 2, 3 are tested unless otherwise noted.

2. With no output current loads, no active input or long line pull-up resistors, all package pins at Vcc or GND, and the LCA
configured with a MAKEBITS “ie” option. See LCA power chart for additional activity dependent operating component.

3. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modified
where capacitance may be affected.
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BENCHMARK PATTERNS*

APL Products
Conditions MIL Only**
Part -565°C < Te <+125°C Group A -50

Number Test Symbol Vee =5.0 V110% Subgroups | Min. | Max. Unit

Am3020 TriD + interconnect TB1 ‘9,10, 11 136 ns
+ 8 (Tio) + Top.
Measured on 8 cols.

Am3030 Tpip + interconnect Ta: 9,10, 11 TBD ns
+ 10 (TiLo) + Top.
Measured on 10 cols.

Am3042 | Tppp+ interconnect T, 9, 10, 11 TBD ns
+ 12 (TiLo) + Top.
Measured on 12 cols.

Am3064 TriD + interconnect TB1 9,10, 11 TBD ns
+ 16 (TiLo) + Tor.
Measured on 14 cols.

Am3090 TpPiD + interconnect TB1 9,10, 11 TBD ns

+ 20 (TiLo) + Torp.

Measured on 16 cols.

* Testing of the Applications Guidelines is modeled after testing specified by MIL-M-38510/605. Devices are first 100%

functionally tested. Benchmark patterns are then used to determine our compliance to the Application Guidelines.

Characterization data are taken at initial device qualification, prior to introduction of significant changes, and at least twice

yearly to monitor correlation between patterns, device performance, XACT software timings, and the data sheet.

**70-MHz data not available at time of print.
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CLB Switching Characteristic Guidelines

CLB OUTPUT (X,Y)
(COMBINATORIAL)
O

CLB INPUT (A,B,C,D,E)
@ ——0 Ta«—)-l

@ Tpick—*f— @ T exor
CLB INPUT
(DIRECT IN)
@ TeCCK=———dte— @ Texec
CLB INPUT
(ENABLE CLOCK)
— @
CLB OUTPUT
(FLIP-FLOP)
CLB INPUT
(RESET DIRECT) 7
e @Tm’w

@
CLB OUTPUT \
(FLIP-FLOP) K
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CLB Switching Characteristic Guidelines (Continued) .

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

MIL/COM’L | MIL/COM'L COM'L
Speed Grade|  -50 -70 -100 - Unit
Description Symbol | Min. | Max.| Min.| Max.| Min.| Max.
CLB Logic input Combinational 1|To | 14 9 7 ns
Reset direct CLB output 9 | Trio 15 10 7 ns
Reset Direct width* 13 |Trpw | 10 . 7 7 ns
Master Reset pin to CLB out TMRQ 35 25 17 ns
CLB K Clock input | To CLB output 8 | Teko 12 8 7 ns
Additional for Q returning
through F or G to CLB out TaLo 11 7 5 ns
Logic-input setup 2| Tiek 12 8 7 ns
Logic-input hold - 3| Texi 1 1 0 ns
Data in setup 4|Toick | 8 5 4 ns
Data in hold (Note. 1) 5|{Tckoi| 6 4 2 ns
Enable Clock setup 6| Tecck| 10 7 5 ns
Enable Clock hold 7|Texkec| 1 | 0 ns
Clock (HIGH)* 1T | o 7 5 ns
Clock (LOW)* 12 TeL 9 5 ns
Flop-flop Toggle rate| Q through F/G to flip-flop in* Fek | 50 70 100 MHz

Notes:
1. The CLB Kto Q output delay (Tcko, #8) of any CLB , plus the shortest possible interconnect delay, is always longer
than the Data in hold time requirement (Tckpi, #5) of any CLB on the same die.

* These timing limits are based on calculations.
The speed of block inputs is a function of interconnect.
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Buffer (Internal) Switching Characteristic Guidelines

MIL/COM’L | MIL/COM’L | COM’L
Speed Grade -50 -70 -100 Units
Description Min. | Max.| Min. [ Max. | Min. | Max.
Clock Buffer** GCLK, ACLK 9 6 4 ns
TBUF** Data to Output 8 5 4 ns
(Long line buffer)
Three-state to output
Single pull-up resistor 34 22 14 ns
Pair of pull-up resistors 17 11 7 ns
Bi-directional BIDI 6 4 3 ns
** Timing is based on the Am3020, for other devices see XACT timing calculator.
10B Switching Characteristic Guidelines
1/0 BLOCK (I)
® ™o
1/0 PAD INPUT
Q@ Tricx -—-r-—@ Tlmj
1/0 CLOCK
(IK/OK)
I @ TioL
J/OBLOCK (RI)

RESET /
" ® Tox

1O BLOCK (O)

@7

1/O PAD OUTPUT
(DIRECT)

1/O PAD OUTPUT
(REGISTERED)

I/OPADTS

=

l-— Trson
1/0 PAD OUTPUT ————(

Am3020/3030/3042/3064/3090

3-123




10B Switching Characteristic Guidelines (Continued)

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

MIL/COM’L | MIL/COM’L COM'L
Speed Grade -50 -70 -100 Unit
Description Symbol | Min.| Max.| Min. | Max.| Min. | Max.
Pad (package pin)| To inputs TCLKIN, BCLKIN Teinc 5 3 2 ns
To inputs DIRECT IN 3| Teip 10 7 4 ns
1/0 Clock To /O Rl input (FF) 4| Tikwi 10 7 6 | ns
1/0 pad-input setup 1| Trick | 30 20 10 ns
1/0 pad-input hold 2| Tiker 0 0 0 ns
To I/O pad (fast) 7| Tokpo 18 13 10 ns
1/0 pad output setup 5| Took 15 10 9 ns
I/0 pad output hold 6| Toko 0 ns
Clock (HIGH) 11| Tion 9 7 5 ns
Clock (LOW) 12| TioL 9 5 ns
Output To pad (enabled fast) 10| Torr 14 10 6 ns
To pad (enabled slow) 10| Tops 33 25 23 ns
Three-state To pad begin hi-Z (fast) 9| TrsHz 12 8 8 ns
To pad valid (fast) 8| Trson 20 14 12 ns
Master Reset To input RI 13| Trri 45 30 20 ns
(Package Pin) To output (FF) 15| Trro 55 37 28 ns

Notes:

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

2. Voltage levels of unused (bonded and unbonded) pads must be valid logic levels. Each can be configured with the internal
pull-up resistor or alternatively configured as a driven output or driven from and external source,
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General LCA Switching Characteristics

\ FGTW_;I
RESET

@™
o
MOMI/M2 VALID
@ Tpow |

DONE/PROG 5( 7|Z

(OUTPUT)

— O
NIT
(OUTPUT)  USER STATE CLEAR STATE / CONFIGURE
L

\)

r— NOTE 3
Vee (VALID) _
COM’L MIL
Speed Grade -50, -70, -100 -50,-70 | Unit
Description Symbol Min. Max. Min. | Max.
RESET (2) * M2, M1, MO setup 2 [ mr 1 1 us
M2, M1, MO hold 3 | Tam 1 1 us
Width (low) Abort 4 | Tvaw 6 6 us
DONE/PROG* Program width (LOW) 5 | Traw 6 6 Hs
Start INIT 6 | Tea 7 7 us
PWRDWN (3) 1 Power-Down Vcc Veeep 2.0 35 vV

Notes:
1. Vcc must rise from 2.0 V for Commercial and 3.5 V for Military to Vcc minimum in less than 10 ms for master modes.

2. RESET timing refative to valid mode lines (M0, M1, M2) is relevant when RESET is used to delay configuration.
3. PWRDWN transitions must occur during operational Vg levels.

* For APL Products, Group A, Subgroups 9, 10, 11 are tested under setup conditions.

1 For APL Products, Group A, Subgroups 1, 2, 3 are tested under setup conditions.
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Master Serial Mode Switching Characteristics Guidelines

CCLK
(OUTPUT)

@ Toscx 1@ s
SERIAL DATA IN * X

SERIAL DOUT ><
(OUTPUT) X ﬂ

COM'L MIL
Speed Grade -50,-70,-100 -50, -70 Unit
Description Symbol Min. Max. Min. | Max.
CCLK (Note 3) Data in setup 1] Tosck 60 60 ns
Data in hold 2| Tekps 0 0 ns

Notes:

1. At power-up, Vcc must rise from 2.0 V for Commercial and 3.5 V for Military to Vcc minimum in less than 10 ms, oth-

erwise delay configuration using RESET until Vcc is valid.

2. Configuration can be controlled by holding RESET LOW with or until after the INIT of all daisy-chain slave mode de-

vices is HIGH.

3. Master serial mode timing is based on slave mode testing.
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Master Parallel Mode Programming Switching Characteristics 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.
Actual worst-cast timing is provided by the XACT Timing calculator or Simulation modeling.

(otl}'rol;?rlr 5) { ADDRESS n f ADDRESS n + 1
_— Trac
DO-D7 X BYTEn )(

@Tm«, @TRCD

RGK
(OUTPUT) ﬂ 7 l‘__
7CCLKs cCLK

CaK
(OUTPUT)
DOUT
(OUTPUT) >< D6 9< o

BYTEn-1
comM’L MIL
Speed Grade -50, -70, -100 -50, -70 Unit
Description Symbol Min. Max. Min. | Max.
RCLK To address valid 1 | Trac 0 200 0 | 200 ns
To data setup 2 | Tore 60 60 ns
To data hold 3 | Trep 0 0 ns
RCLK HIGH TreH 600 600 ns
RCLK LOW TreL 4.0 4.0 us

Notes:
1. At power-up, Vcc must rise from 2.0 V for Commercial and 3.5 V for Military to Vcc minimum in less than 10 ms,
otherwise delay configuration using RESET until Vg is valid.

2. Configuration can be controlled by holding RESET LOW with or until after the INIT of all daisy-chain slave mode
devices is HIGH.
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Peripheral Mode Programming Switching Characteristics

c'sT/c‘s'oT_—\ /

= / \

. @TCA_W
W—‘E__i‘

B
4

@ T F——@ Trpwr—>

NOTE 2

GROUP OF
8 CCLKs

COM’L MIL
Speed Grade -50, -70,-100 -50, -70 Unit
Description Symbol Min. Max. Min. | Max.
Write* WRT Low 1| Tea 05 0.5 us
DIN setup 2| Toc 60 60 ns
DIN hold 3| Teo 0 0 ns
Ready/Busy 4 | Twrre 60 60 | ns
RDY* WRT Active 5 | Trewr 0 ns
Busy 6 | Teusy 4 9 4 9 | CCLK
Notes:

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

2. Time from end of WRT to CCLK cycle for the new byte of data depends on completlon of previous byte processing

and the phase of the internal generator for CCLK.

3. CCLK and DOUT timing is tested in slave mode.

* For APL Products, Group A, Subgroups 9, 10, 11 are tested under setup conditions.
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Slave Mode Programming Switching Characteristics

DIN BITN T BITN+1
TDcc-"—@T(n) @Tw_

O T DT
} oU'rD;)% BITN-1 1 BITN
COM'L MIL
Speed Grade ~-50, -70,-100 -50, -70 Unit
Description Symbol Min. Max. Min. | Max.

CCLK* To DOUT 3| Teco 100 100 ns
DIN setup 1| Tpce 60 60 ns
DIN hold 2| Teep 0 0 ns
High time 4 Tec 05 0.5 us
Low time 5| TecL 0.5 5.0 05 | 5.0 us
Frequency Fec 1 1 MHz

Notes:

1. Configuration must be delayed until the INIT of all LCAs is HIGH.
* For APL Products, Group A, Subgroups 9, 10, 11 are tested under setup conditions.

Am3020/3030/3042/3064/3090 ) 3-129



Program Readback Switching Characteristics

DONE/PROG
(OUTPUT)

RTRIG

CCLK(1)

RDATA
(OUTPUT)

COomM’L MIL
Speed Grade -50, -70,-100 -50,-70 Unit
Description Symbol Min. Max. Min. | Max.
RTRIG* RTRIG HIGH 1| TrtH 250 250 ns
CCLK* RTRIG setup 2| Trrce 10 200 us
RDATA delay 3| Tecrp 100 100 | ns
Notes:

1. CCLK and DOUT timing are the same as for slave mode.

2. RETRIG (MO positive transition) shall not be done until after one clock following active I/O pins.

3. Readback should not be initiated until configuration is complete.

* For APL Products, Group A, Subgroups 9, 10, 11 are tested under setup conditions.
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PHYSICAL DIMENSIONS*
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* For reference only. All dimensions are measured in inches. BSC is an ANSI standard for Basic Space Centering.

** Package Under Development
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PHYSICAL DIMENSIONS* (Continued)
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Programmable Gate Array

Software from AMD

Programmable Gate Arrays (PGAs) from AMD offer you higher
levels of system integration with the advantages of user-program-
mability. AMD also provides a complete range of software
packages to support PGA designs.

PGAs incorporate flexible blocks of configurable logic in a matrix
fashion interfaced with a network of programmable interconnec-
tions. This network of logic blocks is surrounded by a ring of
programmable /O blocks. This unique architecture offers the
capability to implement logic designs efficiently and effectively.
On-chip logic allows configuration datato be loaded automatically
at power-up, or the device can be reconfigured on-the-fly.

Designing with PGAs is done quickly and easily with modular
software packages that run on the IBM-PC. The software allows
you to enter a design, automatically place and route it, and verify
function and timing, all within a matter of days. Once you are
satisfied with the design, the appropriate configuration data can
be created to personalize the device. Configuration data can
reside in an EEPROM, EPROM, or ROM on the circuit board or
on a floppy or hard disk.

The discussion below outlines the tasks necessary to imple-
ment a PGA design. The complete range of software tools
available from AMD allows you to accomplish gate array designs
to 9000 equivalent gates at your desk, reducing design time, cost,
and risk.

PGA Design Cycle

Designing with PGAs is a simple process, and AMD design tools
are available for every phase in the design cycle. The diagram to
the right shows the six steps in designing with PGAs.

Design entry can be accomplished by using the OrCAD/SDT™
Ill Schematic Design Tools, available as part of the PGA Bundled
Development System (AmPGA151). For users with other sche-
matic capture systems already in place, AMD also offers PGA
interfaces to the Mentor™ and Daisy™ workstations and to the
FutureNet™ Design package. In addition to the interfaces
available from AMD, Valid™ workstation interfaces are available
from Valid Logic Systems. In all cases, you use the PGA symbol
library that is part of your schematic capture interface package.

Logic verification is an optional step that can be done at this
point in the design cycle through the use of a logic simulator. The
PGA Development System with Simulation (AmPGA251)
includes the OrCAD/NST™ simulation tool. PC-SILOS™
(AmPGA022) is also available from AMD for simulation.
Simulation capabilities are also available from supported CAE
systems.

DESIGN ENTRY

LOGIC
VERIFICATION

AUTOMATIC
PARTITION, PLACE
AND ROUTE

DESIGN
OPTIMIZATION

TIMING
VERIFICATION

IN-CIRCUIT
DESIGN
VERIFICATION

PGA Design Flow

3-133




Automatic partitioning, place and route is performed by the
Automatic Design Implementation (ADI) software, included in
each of the bundled development systems. Unused and
redundant logic is eliminated and the design is partitioned into
PGA resources (logic and I/O blocks). Automatic reduction and
partitioning allows designers to immediately determine the PGA
size required, during design definition and entry. During the
automatic place and route phase of design, users can define timing
constraints through critical nets and automatically place and route
the total design.

Design optimization can be done either by returning to your
schematic capture software or through the use of the PGA Design
Editor. With the design editor, you can perform such tasks as
moving blocks, rerouting nets and adding or deleting logic. Atiming
calculator, part of the design editor, permits point-to-point timing
determinations for critical path analysis.

Timing verification is an optional step that can be done once the
design has been placed and routed to your satisfaction.

In-circuit design verification is done in one of three ways. Anin-
circuit emulator is available to simulate the circuit (AmPGA028). In
addition, during design debug, designers can save time by using
the download cable to transfer the configuration program from the
PC directly into a PGA under development. Once the design is
complete, a PROM file is created to be loaded into a PROM via a
PROM programmer.

You iterate these steps until your design is correct. You can quickly
correct design errors by making changes in your original design
and repeating the subsequent steps. Even if you detect an error
during in-circuit design verification, you can make corrections
quickly and easily.

PGA Bundled Development System with
Simulation (AmPGA251)

The PGA Bundled Development System offers complete capa-
bilities for the implementation of a Programmable Gate Array
design. Packaged together are the OrCAD/SDT Ill Schematic
Design Tools, OrCAD/VST Verification and Simulation Tools,
Automatic Design Implementation, and the PGA Development
System.

Each part of a bundled PGA system is designed to perform one of
the PGA design tasks described above. Below is a summary of the
features of each of the components of AMD’s bundled PGA
software.

OrCAD Schematic Design Tools

OrCAD/SDT Ill is a complete schematic package, designed to
place Computer Aided Engineering power at the desk of every
engineer. Easy to use menu driven commands make it possible to
create, edit, save, and print design schematics. The graphical
editing capabilities allow single objects or groups of objects to be
easily moved, replicated, or deleted. OrCAD/SDT llican store over
100 individual macros, each executed with a single keystroke.

Designs can be entered hierarchicaily io manage the compiexity
of large designs. Designers can flag critical timing paths to ensure
that critical signals are routed with minimum delay. A wide range
of graphics boards are supported, with an extensive selection of
printers and plotters for output. ’

In addition to the OrCAD/SDT IlI software, all bundled systems
contain the interface necessary to design for PGAs, and the PGA
macro library of almost 300 TTL and SSI/MSI standard family
equivalents.

OrCAD Verification and Simulation Tools

OrCADNST is a full-featured, 12-state, event-driven logic
simulator, capable of handling designs of 14,000 gates at an
evaluation speed of 10,000 events per second, and can simulate
more than 2 billion time units. The package integrates a stimulus
generator, design linker, and design compiler into a simulation
environment. A netlist is all that is required to get started. The link
and compile steps are automatically performed, and the stimulus
is defined within an integrated pop-up editor, enabling you to
initialize signals, generate any kind of clock signal, and perform
test vector definition.

Definition of signals that are to be traced or displayed is performed
by the Trace Editor. Displays can be defined as signals or buses.
Buses can be displayed as binary, octal, decimal or hexadecimal.
OrCAD/VST's logic analyzer style format simplifies data analysis.
Signals and bus values are easily viewed, displayed as a window
into the trace buffer. Four zoom levels enable you to magnify the
traces. Up to three markers may be placed on the screen to
measure time intervals quickly.

In addition to the OrCAD/VST software, all bundled systems
contain the interface necessary to use Simulation and Verification -
with PGAs, and the PGA macro library of almost 300 TTL and SSI/

MSI standard family equivalents.

Automatic Design Implementation

The Automatic Design Implementation package enhances the
productivity of designers using PGAs by reducing design place-
ment and routing time, and at the same time, maintaining flexibility.
Designs that are developed incrementally can take advantage of
automatic placement and routing by locking partial PGA layouts in
place while automatically placing and routing design additions.

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

PGA Design System

The PGA Development System provides users with a complete
design and development system for specification and implemen-
tation of designs using PGAs. Functional definition of configurable
logic blocks (CLBs), input/output blocks (IOBs), and interconnec-
tions is performed with a menu-driven interactive graphics editor.
Functions are specified by CLB and IOB definitions plus their inter-
connections. The macro library and user-defined macros enable
the userto easily implement complex functions. The check for logic
connectivity and design rule violation is easily performed. All
unused internal nodes are automatically configured to minimize
power dissipation.

interactive point-to-point timing deiay caicuiation is provided for
timing analysis and critical path determination. This ability enables
the user to quickly identify and correct timing problems while the
design is in progress.

3-134



A bundled development system without simulation (AmPGA151)
is also available. Each piece of a bundled system may also be
purchased individually. In addition, for those users who already
have OrCAD software, a package containing only the PGA
interface and library provides the necessary components to
produce PGA designs using OrCAD tools (AmPGA035 and
AmPGAO045).

Workstation Support

With the AmMPGA151 and AmPGA251 bundled development
packages, AMD provides a complete, PC-based environment in
which to design for PGAs. However, support is also available for

a variety of CAE workstation products. In using one of these
workstations, you move from the workstation environment to the
PC environment and back, depending on the task. Below, in the
diagram of the PGA design tasks, the shaded boxes represent
tasks performed on the workstation and the white boxes denote
PC-based tasks.

Currently, AMD supports workstations from Daisy/Cadnetix, Inc.
and Mentor Graphics Corporation. A package is available from
AMD for each of these systems, containing the PGA interface and
library necessary to design for PGAs. In addition, the PGA
interface and library for Valid EDA Systems is available from Valid
Logic Systems.

AUTOMATIC
PARTITION, PLACE
AND ROUTE

DESIGN

OoP

TIMING
VERIFICATION

IN-CIRCUIT
DESIGN
VERIFICATION

PGA Design Flow
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Daisy Schematic Capture and Simulation
Interfaces (AmPGA133)

The Daisy interfaces from AMD allow the Daisy workstation user
to enter a PGA design. It includes the following features:

« Full support of timing verification through back-annotation to
the CLB or gate level

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

« User control of flagging critical paths
« Use of familiar Daisy design entry methodology
+ Output compatibility with PGA Development Software
* Hardware, software support
Hardware platforms:
- IBM PC/AT
« Daisy
Software:
« DNIX Operating System
» ACE™/DED graphic schematic editors
« DLS™ Logic Simulator
» PGA library

Mentor Schematic Capture and Simulation
Interfaces (AmMPGA134)

The Mentor interfaces from AMD allow the Mentor workstation
user to enter a PGA design. It includes the following features:

« Full support of timing verification through back-annotation to
the CLB or gate level

* Use of familiar Mentor design entry methodology

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

« User control of flagging critical paths
+ Output compatibility with PGA Development Software
» Hardware, software support
Hardware:
« All Apolio platforms
Software:
« Apollo Aegis Operating System
« IDEA Applications
« NETED™ Schematic Editor
» QuickSIM™ Logic Simulator

Valid Schematic Capture and Simulation
Interfaces
The Valid/PGA interfaces from Valid Logic Systems allow the Valid

EDA Systems userto enter a PGA design. It includes the following
features:

« Full supbort of timing verification through back-annotation to
the CLB level

* Use of familiar Valid design entry methodology

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

« Output compatibility with PGA Development Software
= Hardware, software support
Hardware:
* Sun
« Digital
« IBM PC/AT
* Valid
Software:
» ValidGED™ Graphics Editor
« ValidSIM™ [nteractive Logic Simulator
« ValidTIME™ Timing Verifier
For more information about the Valid/PGA interface, contact

Valid Logic Systems

2820 Orchard Parkway
San Jose, California 95134
(408) 945-9400

Valid International
Valid House

39 Windsor Road
Slough Berkshire

SL1 2EE England
44 (75) 382 0101

Nihon Valid Logic Systems Co., Ltd.
Tokyo Building

2-16-8 Minami-lkebukuro
Toshima-Ku, Tokyo 171, Japan
813980 6421
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Symbol Library

Each schematic interface package includes the LCA library,
which must be used when entering designs to be implemented in
an AMD Programmable Gate Array. The library contains both

combinatorial logic primitives and macros. Primitives represent 3000 2000

the lowest level of logic symbols. Macros are logic functions € €
implemented by the use of primitives and/or other macros. The 2 9

following table lists the functions that are available in the various 2 2

interface libraries. An X denotes thatthe functionis available in the ﬁ a . ‘{:’ a .
LCA library for that interface. 21s\ 7 2 227 g
Name Description 36|8|2||8|5|8|2
BUFFERS:

ACLK Alternate clock buffer X1 X{ X| X X| X| X
GCLK Global clock buffer X X| X| X X| X| X
BUF1 Buffer X| X X| X
BUF Buffer X X

INV1 Inverter X1 X X| X
INV Inverter X X

AND, NAND, NOR, OR, XOR, XNOR PRIMITIVES X| X| X X| X| X
GENERAL:

GADD Adder X X| X[ X|| X| X| X| X
GCOMP  Compare X1 X| X| X|| X|] X| X| X
GEQGT  Equal or greater-than comparator X1 X X| X| X| X
GLTGT  Less-than and greater-than comparator X| X| X| X X
GMAJ 4-to-1 majority gate X| X| X X| X} X| X
GOSC Low frequency resistor-capacitor oscillator X X

GXTL Crystal oscillator X| X X X} X[ X{ X
7483 4-bit binary full adder with fast carry X X

7485 4-bit magnitude comparator X X

74280 9-bit odd/even parity generator/checker X X

74283 4-bit binary full adder with fast carry X X

74518 8-bit identity comparator X X

74521 8-bit identity comparator X X

GPAR Parity X

GXOR Exclusive-OR X

GXOR2  Dual exclusive-OR X
INPUT/OUTPUT BUFFERS AND PADS:

IBUF Input buffer Xi X{ X X| X| X
OBUF Output buffer X| X[ X X X| X
OBUFZ Output buffer with 3-state control X| X| X X| X| X
INFF I0B configured as a flip-flop X| X| X X| X| X
0sC Oscillator X| X| X X[ X| X
INLAT OB configured as an input latch X| X| X

BPAD Bi-directional pad X X

IPAD Input pad X X

UPAD Unbonded pad X X

OPAD Output pad X X

OUTFF  Output flip-flop X| X| X

OUTFFZ  Output flip-flop with 3-state control X X| X

TBUF Internal 3-state driver X| X| X| X

74125 3-state bus buffer X

74240 Inverted 3-state output buffer X

74241 Octal non-inverting 3-state output buffer X

74244 Octal non-inverting 3-state output buffer X

74245 Octal bidirectional transceiver X

74540 Octal buffer with 3-state outputs X

74541 Octal buffer with 3-state outputs X
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LATCHES:
LD Data latch with load input X|IX|[X|X[|X|X]|X]|X
LDRD Data latch with load input and reset direct X|IX[X|X[|X|X]|X]|X
LDSD Data latch with load input and set direct XIX|X[X|[X]|X]|X]|X
LDSRD Data latch with load input, reset and set direct X XIX|X|X
LDM Data latch with 2-input data multiplexer XX X|X[X[X
LDMRD  Data latch with 2-input data multiplexer and reset direct X | X X|X|X|X
LDMSD  Data latch with 2-input data multiplexer and set direct XX X|{X|X|X
DLAT Data latch with set direct and reset direct X X | X|X
LRS Data latch with set and reset X[X|X|X X
7477 4-bit bi-stable latch X X
74259 8-bit addressable latch X X
74354 8-to-1 data selector/multiplexer/register X
74373 Octal latch X
FLIP-FLOPS:
DFF Positive edge-tiggered D flip-flop X X
FD D flip-flop with one data line X|IX[|X|X[X]|X]|X]|X
FDR D flip-flop with reset XX |X[X|IX]|X[|X[X
FDS D flip-flop with set XIXIX|IX[|IX[X]|X]|X
FDRD D flip-flop with reset direct XX | X|X|IX]|X]|X]|X
FDSD D flip-flop with set direct XX X[X
FDSRD D flip-flop with set and reset direct X|X|X]|X
PDFF D flip-flop with positive edge clock X
NDFF D flip-flop with negative edge clock X
FDC D flip-flop with clock enable XIX[X|X | X]|X]|X]|X
FDCR D flip-flop with clock enable and reset X[IX[{X[X[|X|X]|X[X
FDCS D flip-flop with clock enable and set XX |X[X[X]|X]|X]|X
FDM D flip-flop with 2-input data multiplexer XXX X [|X|X]|X]X
FDMR D flip-flop with 2-input data multiplexer and reset XX XX ||X]X]|X[|X
FDMS D flip-flop with 2-input data multiplexer and set X{X|{X[X[|X|X|X[|X
FDMRD D flip-flop with 2-input data multiplexer and reset direct X|X|X| XX X]|X]|X
FDMSD D flip-flop with 2-input data multiplexer and set direct X|X| XX
FDCRD D flip-flop with clock enable and reset direct I XX | XX
DFF1 D flip-flop with set direct and reset direct XX X | X
74174 Hex D flip-flop with clear X X
74273 Octal D flip-flop with clear X X
74374 Octal D flip-flop X
74377 Octal D flip-flop with enable X X
74577 Octal D flip-flop with 3-state outputs X
FSR Set and reset flip-flop with set dominant over reset XXX X]IX]X]|X|X
FRS Set and reset flip-flop with reset dominance over set X|IX[X[X||X][X]|X]|X
FJK J-K flip-flop XIX[XIX|IX]|X]|X]|X
FJKS J-K flip-flop with synchronous set XXX X||X]|X]|X}|X
FJKRD  J-Kflip-flop with reset direct X[X|X[X||X]X]|X|X
FJKSD J-K flip-flop with set direct X[ X|X|X
FJKSRD  J-K flip-flop with set and reset direct X|X| XX
FTo Self-toggle flip-flop XXX X|IX] XXX
FTOR Self-toggle flip-flop with reset XX XX || X]|X]|X]|X
FTORD 2-input toggle flip-flop with reset direct X|X|X|[X X
FT Toggle flip-flop XIX|X[X||X[X]|X]|X
FTP Toggle flip-flop with parity enable XX XX |X][X]|X]|X
FTPRD  Toggle flip-flop with parity enable and reset direct X|IX[X[X || X|X]X]|X
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FTR Toggle flip-flop with reset XIXIEX|IX XXX X
FTRD 2-input toggle flip-flop X|X|[X|X X|X|X
FTS Toggle flip-flop with set XX X[ X[ X]|X|X|X
FT2 2-input toggle flip-flop X[ X X[ X[ X|X
FT2R 2-input toggle flip-flop with reset X | X X[ X|X|X
DECODERS/ENCODERS:
D2-4 1-of-4 decoder XIXIX[X X XXX
D2-4E 1-of-4 decoder with enable XXX X|X[X]|X]|X
74-139 1-of-4 single decoder with low output and enable XXX XIX[X]|X]|X
D3-8 1-of-8 decoder X|IX|X|X||X]|X}|X]|X
D3-8E 1-of-8 decoder with enable XXX XX X]|X|X
74-138 1-of-8 decoder with enables and low output XXX XX X]|X]X
74-42 1-of-10 decoder with low output XXX X|HX|[X]X|X
7442 4-to-10-line decoder X X
7448 BCD-to-7-segment decoder/driver X X
74138 1-of-8 decoder/demultiplexer X X
74139 1-of-4 decoder/demultiplexer X X
74147 10-line-to-4-line priority encoder X X
74148 8-line-to-3-line priority encoder X X
74154 4-line-to-16-line decoder/demultiplexer X X
MULTIPLEXERS:
GMUX 2-to-1 mux XIX|[X[X[|X]|X|X]|X
M3-1 3-to-1 multiplexer X|X[X|IX|IX]|X]|X|X
M3-1E 3-to-1 multiplexer with enable XIX| XXX X]X|X
M4-1 4-to-1 multiplexer X{X}IXIX XX X|X
M4-1E 4-to-1 multiplexer with enable X|X|X|X[|X]|X]|X|X
74-352 4-to-1 multiplexer with low output and enable XXX X[ X]|X|{X}|X
M4-2 4-to-2 multiplexer XX | X|X X
M8-1 8-to-1 multiplexer XXX XX|X]X|X
M8-1E 8-to-1 multiplexer with enable XXX X[IX]|X]|X|X
74-151 8-to-1 multiplexer with enable and complementary outputs XX X[ X{X]|X|X]|X
74-152 8-to-1 multiplexer with low output X{XIX{X X X[X[{X
74151 8-input multiplexer with strobe X X
74152 8-input multiplexer X X
74153 Dual 4-line-to=1=line data selector/multiplexer X X
74157 Quadruple 2-line-to-1-line data selector/multiplexer X X
74158 Quadruple 2-line-to-2-line data selector/multiplexer X X
74257 Quad data selector/multiplexer X
74258 Quad data selector/multiplexer X
74298 Quadruple 2-input multiplexer with storage X X
74352 Dual 4-line-to-1-line data selector/multiplexor X X
REGISTERS:
RD4 4-bit data register with clock XXX X X]X|X]|X
RD8 8-bit data register with clock XX ([XX] X [|X] XXX
RD8CR  8-bit data register with clock enable and reset X{XIXIX XX X][X
RS4 4-bit shift register with clock X|X|X[X|X]X]|X|X
RS8 8-bit shift register XIX[X|X[IX]|X[X[|X
RS8CR  8-bit shift register with clock enable and reset X|IX[X[ XX XXX
74-194 4-bit bidirectional shift register with clock, X|IX[XIX[|X]|X[X|X

parity enable and reset direct
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74-195 4-bit serialto-parallel shift register with clock, XIX|X|X X X]|X]|X
parity enable and reset direct
RS8PR 8-bit shift register with clock, parity enable, and reset X|IX[X[X[X[|X]|X|X
RS8R 8-bit shift register with clock and reset X[X|X[X[{X]X]|X[X
74-164 8-bit serial-to-parallet shift register with clock XX | XXX X|X]|X
and reset direct
RD4RD  4-bit data register with clock and reset direct X|IX{X]|X X
RD8RD  8-bit data register with clock and reset direct XX |X]|X X
RS4C 4-bit shift register with clock enable X|X[X]|X X
RS4CR  4-bit shift register with clock enable and reset X|X|X|X X
RS4CRD  4-bit shift register with clock enable and reset direct X[IX|X]X
RS4RD  4-bit shift register with reset direct XX |X]|X X
RS8C 8-bit shift register with clock enable XX |X]|X X
RS8CRD  8-bit shift register with clock enable and reset direct X[X|X|X
RS8RD  8-bit shfit register with reset direct XXX X X
74164 8-bit parallel-out serial shift register X X
74166 Parallel load 8-bit shift register X X
74179 4-bit parallel-access shift register X X
74194 4-bit bidirectional universal shift register X X
74195 4-bit parallel-access shift register X X
74198 8-bit bidirectional shift register X X
74199 8-bit shift register with clock inhibit X X
74278 4-bit cascadabile priority register X X
74299 8-bit universal shift register X
74323 8-to-1 universal shift/storage register X
74595 8-bit shift register with output register X
COUNTERS:
Modulo 2:
:C2BCR 1-bit binary counter with clock and reset XIXIXIX|IXIX XX
C2BCRD  1-bit binary counter with clock and reset direct XX XX [IX]|X[X[|X
C2BCP  1-bit binary counter with clock and parity enable XX XX X
C2BCPRD 1-bit binary counter with clock, parity enable and reset direct XX X|X X
C2BP 1-bit binary counter with clock and parity enable XIX|X|X[|X]X]X|X
C2BR 1-bit binary counter with clock and reset XIX[XIXIX|IX]X]X
C2BRD 1-bit binary counter with reset direct XXX XXX X]|X
Modulo 4:
C4BCP 2-bit binary counter with clock and parity enable XXX XX X|X|X
C4BCPRD 2-bit binary counter with clock enable and reset direct XIX|[X]|X X
C4BCR  2-bit binary counter with clock enable and reset XXX X X X]X]X
C4BCRD  2-bit binary counter with clock enable and reset direct XX |X]X||X]X|X|X
C4JCR 2-bit Johnson counter with clock enable and reset X | X X|{X| XX
C4JX 2-bit shift expandable Johnson counter X|X|X]|X X
C4JXC 2-bit expandable Johnson counter with clock enable XX X|X X
C4JXCR  2-bit expandable Johnson counter with clock enable and reset X[X|X]|X X
C4JXCRD 2-bit expandable Johnson counter with clock enable and reset direct XX X]|X
C4JXRD  2-bit expandable Johnson counter with reset direct X|XIXiX X
Modulo 6:
C6JCR 3-bit Johnson counter with clock enable and reset XXX X[X]X]|X]|X
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Modulo 8:
C8BCP 3-bit binary counter with clock and parity enable XIX|X|X|X]X|X|X
C8BCPRD  8-bit binary counter with clock, parity enable X[ XXX X
and reset direct
C8BCR 3-bit binary counter with clock enable and reset XX XX |[X]|X]|X]|X
C8BCRD 3-bit binary counter with clock enable and reset direct XIX|XIX|[X]|X]X]|X
C8JCR 4-bit Johnson counter with clock enable and reset XXX X|{X]|X]|X]|X
Modulo 10:
C10BCPRD  4-bit BCD counter with clock, parity enable, and reset direct X|IX|X|IX{X|X|X[X
C10BCRD 4-bit BCD counter with clock enable and reset direct XX [ X[ X|X]|X]| XX
74-160 4-bit BCD counter with clock, parity enable, and reset direct XXX X||X]|X]|X[X
74-162 4-bit binary counter with reset X[X|X|X X
C10BPRD 4-bit BCD counter with clock, parity enable, and reset direct XXX X!UX|IX]IX]|X
C10JCR 5-bit Johnson counter with clock enable and reset XXX XX X]X]|X
74160 Synchronous presettable 4-bit decade counter X X
74162 Presettable decade counter with synchronous clear X X
74168 Synchronous 4-bit up/down decade counter X X
74390 4-bit decade counter with clear X X
Modulo 12:
C12JCR 6-bit Johnson counter with clock enable and reset XX |X]|X || X]|X]|X]|X
Modulo 16:
C16BARD 4-bit binary ripple counter with clock and reset direct XX | X{X||X]|X|X]|X
C16BCRD 4-bit binary counter with clock enable and reset direct XX | XX ||X|X]X]|X
C16BCPR 4-bit binary counter with clock, parity enable, and reset XIX|X|IX[IX]X]|X]|X
C16BCPRD  4-bit binary counter with clock, parity enable, and reset direct XX |X]|X|X|X]|X]|X
C16BCP 4-bit binary counter with clock, parity enable XIX|X|X
74-161 4-bit binary counter with clock and reset direct XIX|IX{X X XXX
74-163 4-bit binary counter with reset XX | XX
C16BPRD  4-bit binary up counter with clock, parity enable, and reset direct XX X[ X|X|X|X]|X
C16BUDRD  4-bint binary up-down counter with clock, parity enable, XX |X[X[|X] XXX
and reset direct
C16JCR 8-bit Johnson counter with clock enable and reset XXX X ||X]|X]X]|X
74161 Synchronous presettable 4-bit binary counter X X
74163 Synchronous binary counter with synchronous clear X X
74169 Synchronous 4-bit up/down binary counter X X
74393 4-bit binary counter with clear X X
74590 8-bit bkinary counter with output register X
Modulo 256:
C256FCRD  8-bit modulo 256 feedback shift register with XIX{XIX XXX X
clock enable and reset direct
C256BCP 8-bit binary counter with clock, parity enable X|{XIX|[X X
C256BCPR  8-bit binary counter with clock, parity enable, X|{X{X|X X
and reset direct
C256BCR 8-bit binary counter with clock enable and reset X|X|X|X X
C256BCRD  8-bit binary counter with clock enable and reset direct X1 XXX
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FLAGS:
C Critical signal flag X X
L Longline signal flag X X
N Non-critical signal flag X X
X Explicit signal flag X X
K K pin for clock X X
G G pin for clock X X
| Input (C) pin for clock X X
CLB
CLB CLB primitive X X
10B PRIMITIVES:
10B 0B primitive X X
PADS:
PIN Input pad X X
PINQ Input pad with registered input X X
PINR Input pad with registered and direct input X
PIO Input/output pad X X
PiOC X
PIOQ Input/output pad with registered input X X
PIOQC X
POUT Output pad X X
POUTC X
POUTQ  Output pad with registered output X
POUTZ  Output pad with 3-state control | X X
PREG Pad with data register X X
PREG2  Pad with 2-bit shift register X
RESISTORS:
PULLUP  Pullup resistor XXX
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Ordering Information
Software Ordering Tree

The following chart shows how to order PGA software. A complete
list of the available software is shown on the following page.

Bundled packages are available, making it easier for you to select

Product Number
(e. g., 021 = PGA Development System)

AmPGA021 SW/ xx ¥|¥_

Product Type

SW = Software
HW = Hardware
MA = Maintenance Agreement

Common Designators for i(xyy
System XxXyy
IBM PC-AT or compatible 1024
IBM PS/2 1314
Apollo with cartridge tape 0909
Apollo with magnetic tape 0912
Daisy 1424

Available Development Tools
Bundled software systems:

AmPGA151 PGA Bundled Development System
(Includes AmPGA021, AmPGA023, and
AmPGA135)

AmPGA251 PGA Bundled Development System with
Simulation

(Includes AmPGA021, AmPGA023,
AmPGA135, and AmPGA145)

Development software:

AmPGA021 PGA Design System

AmPGA023 Automatic Design Implementation
Schematic Capture software:

AmPGA135 OrCAD Schematic Capture, PGA Interface and
Library
(Includes OrCAD/SDT Ill and AmPGAO035)

AmPGA035 OrCAD Schematic Capture Interface and PGA
Library

AmPGA031 FutureNet Schematic Capture Interface and

PGA Library

the package you need for your PGA design tasks. The diagram
shown below indicates how the various packages are combined to
make up the various package bundles.

Media Type
09 = 0.25" RBAK Cartridge
11=5.25"DS DD
12 = 9-trk mag tape, 1600 bpi
14 =3.5"DS HD
22=3.5"DS DD
24 =5.25"DS HD

Host
09 = Apollo
10 = AT Class
11 = XT Class
13 = PS/2 Class
14 = Daisy DNIX

Simulation software:

AmPGA145 OrCAD Simulation, PGA Interface and Library
(Includes OrCAD/VST and AmPGAO045)

AmPGAO045 OrCAD Simulation Interface and PGA Library

AmPGA022 PC-SILOS Simulator )

Workstation Support software:

AmPGA133 Daisy Schematic Capture and Simulation
Interfaces and PGA Library

AmPGA134 Mentor Schematic Capture and Simulation
Interfaces and PGA Library

In-Circuit Emulation:

AmPGA026 In-Circuit Emulator Universal Emulation Pod

AmPGA027 In-Circuit Emulator Emulation Header

AmPGA028 In-Circuit Emulator Emulation Controller Box

Programmer:

AmPGAO081 Serial Configuration PROM Programmer
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Bundied Software Components

AmPGA251
AmPGA145 AmPGA151
AmPGA135
OrCADNST I AmPGA045 I AmPGAOZTI AmPGAOZSI OrCAD/SDT IIII AmPGAO035 I
OrCAD AMD DESIGN AUTO OrCAD AMD/
SIMULATION LIBRARIES/ SYSTEM PLACE SCHEMATIC LIBRARIES
INTERFACE AND ROUTE CAPTURE INTERFACE
Minimum System Requirements Software Updates
PC-Based software AMD continues to make available to all users of PGA Development
« IBM PC-AT or 100% compatible Software improvements and enhancements. Updates are provid-
« MS-DOS Version 3.0 or high ed free to all users who return their registration cards for one year
ersion 3.9 or higher following purchase. After that, you may purchase a Software
+ 20 megabytes of available hard disk space Maintenance Agreement, to ensure continual updating of your
+ 640 kilobytes base RAM memory software.
« Up to 6 megabytes RAM extended memory
Device design Memory required
2064/2018/3020 2.0 Mbytes total (base + extended)
3030 3.0 Mbytes
3042 3.5 Mbytes
3064 5.0 Mbytes
3090 6.0 Mbytes

» Mouse - Mouse Systems, PC Mouse, Logitech, or compatible
« EGA or VGA color video adapter and display
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Sales Offices

North American

ALABAMA (205) 882-9122
ARIZONA (602) 242-4400
CALIFORNIA,

CUIVEr City ....ocveceneiiiciricnrce e s (213) 645-1524

Newport Beach ..........cc.ccceceuvueenee 714) 752-6262

Roseville 916) 786-6700

San Dlego 619) 560-7030

San Jose......... 408) 452-0500

Woodland Hills 818) 992-4155
CANADA, Ontario,

Kanata (613; 592-0060

Willowdale .......... (416) 224-5193
COLORADO §903 741-2900
CONNECTICUT ...... .(203) 264-7800
FLORIDA,

Clearwater (813) 530-9971

Ft. Lauderdale (305) 776-2001

Orlando (C Iberry) (407) 830-8100
GEORGIA (404) 449-7920
ILLINOIS,

Chicago (nasca) .............................................. (312) 773-4422

Naperville... e (312) 505-9517
KANSAS .. (913) 451-3115
MARYLAND .. 301) 796-9310
MASSACHUSETTS 617) 273-3970
MICHIGAN ... (313) 347-1622
MINNESOTA (612) 938-0001
NEW JERSEY,

Cherry Hill.. (609) 662-2900

Parsnppany (201) 299-0002
NEW YORK,

Liverpool (315) 457-5400

Poughkeepsie (914) 471-8180

Rochester .......... (716) 272-9020

NORTH CAROLINA

(919) 878-8111

OHIO

Columbus (Westervillg) ..........ccoeericiincnnee. (614) 891-6455

Dayton (513) 439-0470
OREGON 503) 245-0080
PENNSYLVANIA 215) 398-8006
SOUTH CAROLINA ...t (803) 772-6760
TEXAS

AUSHIN (e 512) 346-7830

Dallas ..(214) 934-9099

HOUSEON ... (713) 785-9001
International

BELGIUM, Bruxelles ....... TEL ..
FAX

FRANCE, Paris ..

.(02) 771-91-42

WEST GERMANY,
Hannover area

A 762-37-12
TLX 846-61028
TEL 49-75-10-10
FAX.. 1)49 75-10-13

ceeeneenn. 263282F

(0511) 736085
- (0511) 721254
922850

Minchen .. .(089) 4114-0
....(089) 406490
. coerennn... 523883
Stuttgart .. . ..(0711) 62 3377
FAX. ..(0711) 625187
TLX e e 1882
HONG KONG, ...............TEL . .852-5-8654525
Wanchai FAX. .852-5-8654335
. 67955AMDAPHX
ITALY, Milan ...... (02) 3390541
...(02) 3533241
02) 3498000
843-315286

JAPAN,
Kanagawa 462-47-2911
..462-47-1729
ToKyo ..o 03) 345-8241
03) 342-5196
...... .. J24064AMDTKOJ
Osaka TEL ...06-243-3250
FAX oo 06-243-3253

International (Continued)
KOREA, Seoul .. TEL

LATIN AMERICA,
Ft. Lauderdale

822-784-0030
............................... 822-784-8014

- (305) 434 8600

05) 485-9736
51005 4261 AMDFTL
NORWAY, Hovik TEL 03) 010156
F 2) 591959
9079HBCN
SINGAPORE 65-3481188
65-3480161
....556650 AMDMMI

SWEDEN,
Stockholm ...... .fosg 733 03 50
(Sundbyberg) 08) 733 22682
TAIWAN TEL 886-2-7213393

....886-2-7723422
886-2-7122066

UNITED KINGDOM,

Manchester area......... TEL (0925) 828008
(Warrington) FAX 0925) 827693
TLX .851-628524
London area TEL 0483) 740440
(Woking) FAX .(0483) 756196
TLX ...851-859103
North American Representatives________
CANADA
Burnaby, B.C
DAVETEK MARKETING ......ooovvorererscrnrener (604) 430-3680
Cal ar Alber
TEK MARKETING .......ooovvvvrvernnsorerns (403) 291-4984
Kanata Ontarlo
VITEL ELECTRONICS .................................... (613) 592-0060
Mississauga, Ont
VITEL LECTRONICS .................................... (416) 676-9720
Lachine, Que
D VITEL ELECTRONICS .................................... (514) 636-5951
ILL'IngIgMOUNTAIN TECH MKTG, INC ..........(208) 888-6071
NEl;IIEAIZTLAND TECH MKTG, INC.......cccccenee (812) 6§77-9222
I
Huntington - ELECTRONIC MARKETING
CONSULTANTS, INC.......cccovtiirireciiecniiennnn (817) 921-3450
Indianapolis - ELECTRONIC MARKETING
o V(\:H?NS LTANTS, INC ...ocoiccccnerceee (317) 921-3450
LORENZ SALES ..(319) 377-4666
KANSAS

Merriam —LORENZ SALES..
Wichita - LORENZ SALES ...
KENTUCKY

ELECTRONIC MARKETING
CONSULTANTS, INC.....cooorrire (317) 921-3452

MICHIGAN
Birmingham - MIKE RAICK ASSOCIATES ..(313) 644-5040
. 616; 399-7273

...(913) 384-6556
-(316) 721-0500

Holland — COM-TEK SALES, INC ..

Novi - COM-TEK SALES, INC 313) 344-1409
MISSOURI
LORENZ SALES ..... ...(314) 997-4558
NEBRASKA
LORENZ SALES .. ..(402) 475-4660
NEW MEXICO
NE"I"VHORS&)N DESERT STATES ....ccccccvvevnnne. (505) 293-8555
East Syracuse — NYCOM, INC .. ...(315) 437-8343
Woodbur COMPONENT
OH("JgNSUL ANTS, INC.. ......(516) 364-8020

Columbus — DOLFUSS ROOT & CO ............(614) 885-4844
Strongsville — DOLFUSS ROOT & CO ......... (216) 238-0300

PENNSYLVANIA
DOLFUSS ROOT & CO .. ...(412) 221-4420

Centerville - DOLFUSS ROOT & CO ........... 513; 433-6776

PUERTO RICO

COMP, REP ASSOC, INC . ....5509; 746-6550
UTAH, RZ MARKETING ...(801) 595-0631
WASHINGTON
Wi g(L;ECTRA TECHNICAL SALES ... (206) 821-7442

HEARTLAND TECH MKTG, INC ..................(414) 792-0920

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