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Features

a High performance—up to 150 MHz toggle rates

a User-programmable gate array:
— /O functions
— Digital logic tunctions
— Interconnections

= Flexible array architecture:
— Compatible arrays, 2000 to S000 gate logic
complexity
— Extensive register and I/O capabilities
— High fan-out signal distribution
— Internal 3-state bus capabilities
— TTL or CMOS input thresholds
— On-chip oscillator amplifier

= Standard product availability:

— Low-power submicron CMOS, static memory
technology

— Pin-for-pin compatiblte with Xilinx XC3000" and
XC3100 family

— Cost-eftective, high-speed FPGAs

— 100% factory pretested

— Selectable configuration modes

s NeoCAD! or XACT" development system support

a Commercial, industrial, military FPGAs processed on
a QML-certified line

» Standard military drawings (SMDs):
— ATT3020 (SMD No. 5962-89948)
— ATT3042 (SMD No. 5962-89713)
— ATT3090 (SMD No. 5962-89823)

* Xilinx , XC3000, XC3100, and XACT are registered trademarks
of Xilinx, Inc.
t NeoCAD is a trademark of NeoCAD, inc.

Description

The CMOS ATT3000 Series Field-Programmable Gate
Array (FPGA) family provides a group of high-density,
digital integrated circuits. Their reguiar, extendable,
flexible, user-programmable array architecture is com-
posed of a configuration program store plus three types
of configurable elements: a perimeter of I/O blocks, a
core array of logic blocks, and resources for intercon-
nection. The general structure of an FPGA is shown in
Figure 2.

The XACT and NecCAD development systems provide
auto place-and-route of netlists. Logic and timing simu-
lation are available as design verification alternatives.
The design editor is used for interactive design optimi-
zation and to compile the data pattern which represents
the configuration program.

The FPGA's user logic functions and interconnections
are determined by the configuration program data
stored in internal static memory cells. The program can
be loaded in any of several modes to accommodate
various system requirements. The program data
resides externally in an EEPROM, EPROM, or ROM on
the application circuit board, or on a floppy disk or hard
disk. On-chip initialization logic provides for optional
automatic loading of program data at powerup. A serial
configuration PROM can provide a very simple serial
configuration program storage.

Table 1. ATT3000 Series FPGAs

LOQR.: Configurable Program
FPGA | Capacity ngic User| D00
(Available Blocks VOs (Bits)
Gates)
ATT3020 2000 64 64 | 14779
ATT3030 3000 100 80 | 22176
ATT3042 4200 144 96 | 30784
ATT3064 6400 224 120 | 46064
ATT3090 3000 320 144 | 64160

The ATT3000 series FPGAs are an enhanced family of
field-programmable gate arrays, which provide a vari-
ety of logic capacities, package styles, temperature
ranges, and speed grades. The ATT3020, ATT3042,
and ATT3090 are available as military products with up
to 125 MHz toggle rates.



ATT3000 Series Field-Programmable Gate Arrays

(-50, =70, -100, -125, and —150 MHz)

Table of Contents

FEAUIMES ...ooiiiiiiiicciiit et ettt 1
DeSCription .....cccooeeei e 1
ArChiteCtUre ...coevveeiiieiiie e e 3
Configuration Memory .........cccccrveeivennnesreiccnneeenn. 3
1O BIOCK .ottt 4
Summary of I/O OptioNS ......cccceevireieeeeeee e, 5
Configurable Logic BIock .........cccooiiiiivciininiieceen. 6
Programmabile Interconnect ...........cccorveevnen e, 8
General-Purpose Interconnect ...........cccccveccevenenn. 8
Direct Interconnect .........cccoeveeeviiieeeicereeeecea, 10
Long Lines ... 12
Internal BUSES ........ccooceviiiieien e 13
Crystal Oscillator ...........ccoeeveciieeiiieeeeceeee, 15
Programiming .......oooeeeeiveeiiiecceee e 16
Initialization Phase ......c...cccocceevieeeiceiceeeeee e 16
Configuration Data ..........ccccooeeieeeiiiiiiecceee, 18
Master Mode .......ccooeoiiiiii et 21
Peripheral Mode .........ccccooceveieiiviicieecce e 23
Slave MOde ....ccooeeiiii e 24
Daisy-Chain .......cccccoi oo 25
Special Configuration Functions .............cccecceerneee 26
Input Thresholds .....cooeeveeieieeee e 26
Readback .......cccoveiiiiicieccee e 26
REProgram .....cc.cccoioiiiiiie et 26
DONE PUll-UD oot 26
DONE Timing ...occoeeiiiniiceite et 27
RESET Timing ...covvvoeieieeeeire e 27
Crystal Oscillator DiviSion ..........c..ccooveveveeeiiiens 27

PerformantCe ........ccccviicoeiiiiiiieeenee e 27
Device Performance ...........c..coccvecinineneenccnnnne. 27
Logic Block Performance ...........ccoeoeiiciveirnnnene. 27
Interconnect Performance ............occoovvviccviiicnnces 28

POWET ...ttt et 29
Power Distribution ... 29
Power Dissipation ........c..coccciieiiiiciineereeceeeee 30

Pin Information ........cccoooveorienir e 33

Pin ASSIgNMENntS .....ccoocveiieiiercrreee e 37

Absolute Maximum Ratings ........cc.cceeeeevcnnericnnnen 48

Electrical Characteristics ..........cc.cocecveinnircccnnnennnen. 49

Outline Diagrams .........cccoeeiveverieennee e 61
44-Pin PLCC Package ........ccceevveecereecerervecnenneen. 61
68-Pin PLCC Package .........cceeeecerereiccecinnneenen, 62
84-Pin PLCC Package ........cccccoeevmeeiiviivnennenecnee 63
84-Pin Ceramic PGA Package ......cccccocvmvernennnns 64
100-Pin EIAJ QFP Package ......c.cccceerceeeevnccnncen. 65
100-Pin CQFP Package .......cocceeveenervccrenencieninn. 66
100-Pin TQFP Package ........cccoooveeinennecnicicenens 67
132-Pin Ceramic PGA Package ........cccocovrevenennne. 68
132-Pin PGA Package .......cccccccvnmicvvcaccicnenneee. 69
160-Pin EIAJ QFP Package .......c..ccccrrveeriinncneens 70
164-Pin Ceramic QFP Package ........cccceevvrveeeeenn. 71
175-Pin Ceramic PGA Package ..........cccccooeerneene 72
175-Pin PGA Package ........ccoccceevrreiccireenienecacnne 73
208-Pin SQFP Package ..........ccccceevircercecicenennn 74

Ordering Information ...........ccccovericiemmrencivinenene 75



ATT3000 Series Field-Programmable Gate Arr?!s
z)

(-50, =70, =100, =125, and -150 M

Architecture

The perimeter of configurable /O blocks (IOBs) pro-
vides a programmable interface between the internal
logic array and the device package pins. The array of
configurable logic blocks (CLBs) performs user-speci-
fied logic functions. The interconnect resources are
programmed to form networks, carrying logic

signals among blocks, analogous to printed-circuit
board traces connecting MSI/SSI packages.

The blocks’ logic functions are implemented by
programmed look-up tables. Functional options are
implemented by program-controlled multiplexers. Inter-
connecting networks between blocks are implemented
with metal segments joined by program-

controlled pass transistors. These functions of the
FPGA are established by a configuration program
which is loaded into an internal, distributed array of
configuration memory cells. The configuration program
is loaded into the FPGA at powerup and may be
reloaded on command. The FPGA includes logic and
control signals to implement automatic or passive con-
figuration. Program data may be either bit serial or byte
parallei. The XACT development system generates the
configuration program bit-stream used to configure the
FPGA. The memory loading process is independent of
the user logic functions.

Configuration Memory

The static memory cell used for the configuration mem-
ory in the FPGA has been designed specifically for
high reliability and noise immunity. Integrity of the
FPGA configuration memory based on this design is
assured even under various adverse conditions. Com-
pared with other programming alternatives, static
memory is believed to provide the best combination of
high density, high performance, high reliability and
comprehensive testability. As shown in Figure 1, the
basic memory cell consists of two CMOS inverters plus
a pass transistor used for writing and reading cell data.
The cell is only written to during configuration and only
read fromduring readback. During normal operation,
the cell provides continuous control and the pass tran-
sistor is off and does not affect cell stability. This is
quite difierent from the operation of conventional mem-
ory devices, in which the cells are frequently read and
rewritten.

ly
CONFIGURATION
FEAD OR _ CONTROL
WRITE = Q
DATA —

Figure 1. Static Configuration Memory Cell
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Figure 2. Field-Programmable Gate Array Structure
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Configuration Memory (continued)

The memory cell outputs Q and Q use full Ground and
Vcc levels and provide continuous, direct control. The
additional capacitive load and the absence of address
decoding and sense amplifiers provide high stability to
the cell. Due to their structure, the configuration mem-
ory cells are not affected by extreme power supply
excursions or very high levels of alpha particle radia-
tion. Soft errors have not been observed in reliability
testing.

Two methods of loading configuration data use serial
data, while three use byte-wide data. The intermnal con-
figuration logic utilizes framing information, embedded
in the program data by the XACT development system,
to direct memory cell loading. The serial data framing

and length count preamble provide programming com-
patibility for mixes of various AT&T programmable gate
arrays in a synchronous, serial, daisy-chain fashion.

I/0 Block

Each user-configurable 1/O block (IOB), shown in
Figure 3, provides an interface between the external
package pin of the device and the internal user logic.
Each 10B includes both registered and direct input
paths and a programmable 3-state output buffer which
may be driven by a registered or direct output signal.
Configuration options allow each I0B an inversion, a
controlled slew rate, and a high-impedance pull-up.
Each input circuit also provides input clamping diodes
to provide electrostatic protection and circuits to inhibit
latch-up produced by input currents.

PROGRAM-CONTROLLED MEMORY CELLS
N vee
— ~
ouT 3-STATE outruT| | SLew | |PassivE % %
INVERT INVERT seLect| | raTE | |PULL-UP
3-STATE 1 '_M
n)D,
OUTPUT ENABLE Nj i
0 o a}—J “output
OouT —— BUFFER
FLIP-
FLOP
p A &—] /0 PAD
DIRECT IN ~—- |
REGISTERED IN <3 Q D
FLIP- TTLOR
FLOP CMOS
OR INPUT
LATCH THRESHOLD L
R
ok K — (GLOBAL RESET)
— 00 j}‘cm
O—O- j;—F CcK2

PROGRAM -
CONTROLLED
MULTIPLEXER

O = PROGRAMMABLE INTERCONNECTION POINT OR PIP

Figure 3. input/Output Block
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/O Block (continued)

The input buffer portion of each OB provides threshold
detection to translate external signals applied to the
package pin to internal logic levels. The global input-
buffer threshold of the IOB can be programmed to be
compatible with either TTL or CMOS levels. The buff-
ered input signal drives the data input of a storage
element which may be configured as a positive edge-
triggered D flip-flop or a low level-transparent latch.
The sense of the clock can be inverted (negative edge/
high transparent) as long as all IOBs on the same clock
net use the same clock sense. Clock/load signais (10B
pins .ik and .ok) can be selected from either of two die
edge metal lines. /O storage elements are reset during
configuration or by the active-low chip RESET input.
Both direct input (from /O block pin .i) and registered
input (from IOB pin .q) signals are available for inter-
connect.

For reliable operation, inputs should have transition
times of less than 100 ns and shouid not be left float-
ing. Floating CMOS input-pin circuits might be at
threshold and produce oscillations. This can produce
additional power dissipation and system noise. A
typical hysteresis of about 200 mV reduces sensitivity
to input noise. Each user OB includes a programmable
high-impedance pull-up resistor which is selected by
the program to provide a constant high for otherwise
undriven package pins. Normal CMOS handling
precautions should be observed.

Flip-flop loop delays for the IOB and logic block flip-
flops are approximately 3 ns. This short delay provides
good performance under asynchronous clock and data
conditions. Short loop delays minimize the probability
of a metastable condition which can result from asser-
tion of the clock during data transitions. Because of the
short loop delay characteristic in the FPGA, the 10B
fiip-flops can be used to synchronize external signals
applied to the device. When synchronized in the I0B,
the signals can be used internally without further con-
sideration of their clock relative timing, except as it
applies to the internal logic and routing path delays.

Output buffers of the 10Bs provide CMOS-compatible
4 mA source-or-sink drive for high fan-out CMOS or
TTL compatible signal levels. The network driving 1OB
pin .0 becomes the registered or direct data source for
the output buffer. The 3-state control signal (IOB pin .t)
can control output activity. An open-drain type output
may be obtained by using the same signal for driving
the output and 3-state signal nets so that the buffer out-
put is enabled only for a LOW.

Configuration program bits for each 10B control
features such as optional output register, logical signal
inversion, and 3-state and slew rate control of the out-
put.

The program-controlled memory cells of Figure 3
control the following options:

a Logical inversion of the output is controfled by one
configuration program bit per [OB.

= Logical 3-state control of each 10B output buffer is
determined by the states of configuration program
bits which turn the buffer on, or off, or select the out-
put buffer 3-state control interconnection (I0OB pin .t).
When this OB output control signal is high, a logic 1,
the buffer is disabled and the package pin is high
impedance. When this 0B output control signal is
low, a logic 0, the buffer is enabled and the package
pin is active. Inversion of the buffer 3-state control
logic sense (output enable) is controlled by an addi-
tional configuration program bit.

s Direct or registered output is selectable for each I0B.
The register uses a positive-edge, clocked flip-flop.
The clock source may be supplied (I0OB pin .ok) by
either of two metal lines available along each die
edge. Each of these lines is driven by an invertible
buffer.

s Increased output transition speed can be selected to
improve critical timing. Slower transitions reduce
capacitive load peak currents ot noncritical outputs
and minimize system noise.

s A high-impedance pull-up resistor may be used to
prevent unused inputs from floating.

Summary of /O Options

= Inputs
Direct
Flip-flop/latch
CMOS/TTL threshold (chip inputs)
Pull-up resistor/open circuit

a Outputs
Direct/registered
Inverted/not
3-state/on/off
Full speed/slew limited
3-state/output enabie (inverse)
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Configurable Logic Block

The array of configurable logic blocks (CLBs) provides
the functional elements from which the user’s logic is
constructed. The logic blocks are arranged in a matrix
within the perimeter of I0Bs. The ATT3020 has 64 such
blocks arranged in eight rows and eight columns. The
XACT or NeoCAD development systems are used to
compile the configuration data which are to be loaded
into the internal configuration memory to define the
operation and interconnection of each block. User defi-
nition of CLBs and their interconnecting networks may
be done by automatic translation from a schematic
capture logic diagram or optionally by installing library
Or user macros.

Each CLB has a combinatorial logic section, two flip-
flops, and an internal control section. See Figure 4
below. There are five logic inputs (.a, .b, .c, .d, and .e);
a common clock input (.k); an asynchronous direct
reset input (.rd); and an enabie clock (.ec). All may be
driven from the interconnect resources adjacent to the
blocks. Each CLB also has two outputs (.x and .y)
which may drive interconnect networks.

Data input for either flip-flop within a CLB is supplied
from the function F or G outputs of the combinatorial
logic, or the block input, data-in (.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.

DATA IN di
0
\l MUX D Q““L
F 1
DIN [l
e 5
RD Qx
Qx — X
.a
b F F
LOGIC < COMBINATORIAL
VARIABLES 3 FUNCTION CLB OUTPUTS
K- G G
Qx — Y
F PA Qy
DIN
G —|0
MUX D Q
1
[ o
ENABLE .ec
CLOCK RD
“1" (ENABLE) »
CLOCK K { ' I
RESET .rd

“0” (INHIBIT)

(GLOBAL RESET)

Figure 4. Configurable Logic Block
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Configurable Logic Block (continued)
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5A. Combinatorial Logic Option 1 generates two functions of

four variables each. One variable, A, must be common to both
functions. The second and third variables can be any choice

among B, C, Qx, and Qy. The fourth variable can be any
choice of D or E.

8. Combinatorial Logic Option 2 generates any function of five

variables: A, D, E, and two choices among B, C, Qx, Qy.
5C. Combinatorial Logic Option 3 allows variable E to select

between two functions of four variables: both have common
inputs, A and D, and any choice among B, C, Qx, and Qy for

the remaining two variables. Option 3 can then implement
some functions of six or seven variables.

Figure 5. Combinatorial Logic Diagram

CLOCK —
ENABLE = )___.T%R%I{\IAL
PARALLEL __ T cou
ENABLE
g DUAL FUNCTION OF
CLOCK 4 VARIABLES
b D Q Qo
Do
>
L &
e D Q a1
D1 ]
FUNCTION OF 5 VARIABLES
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Figure 6. CBBCP Macro

The flip-flops share the enable clock (.ec) which, when
low, recirculates the flip-flops’ present states and inhib-
its response to the data-in or combinatorial function
inputs on a CLB. The user may enable these control
inputs and select their sources. The user may also
select the clock net input (.k), as well as its active
sense within each logic block. This programmable
inversion eliminates the need to route both phases of a
clock signal throughout the device. Flexible routing
allows use of common or individual CLB clocking.
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Configurable Logic Block (continued)

The combinatorial logic portion of the logic block uses
a 32 x 1 look-up table to implement Boolean functions.
Variables selected from the five logic inputs and two
internal block flip-flops are used as table address
inputs. The combinatorial propagation delay through
the network is independent of the logic function gener-
ated and is spike-free for single-input variable
changes. This technique can generate two indepen-
dent logic functions of up to four variables each as
shown in Figure 5A, or a single function of five vari-
ables as shown in Figure 58, or some functions of
seven variables as shown in Figure 5C (see page 6).

Figure 6 on page 7 shows a modulo 8 binary counter
with parallel enable. It uses one CLB of each type. The
partial functions of six or seven variables are imple-
mented by using the input variable (.e) to dynamically
select between two functions of four different variables.
For the two functions of four variables each, the inde-
pendent results (F and G) may 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 allows the interchange of CLB outputs to
optimize routing efficiencies of the networks intercon-
necting the logic and I0Bs.

Programmable Interconnect

Programmable interconnection resources in the FPGA
provide routing paths to connect inputs and outputs of
the 10Bs and logic blocks into logical networks. Inter-
connections between blocks are composed from a two-
layer grid of metal segments. Special designed pass
transistors, each controlled by a configuration bit, form
programmable interconnect points (PIPs) and switch-
ing matrices used to implement the necessary connec-
tions between selected metal segments and block pins.
Figure 7 is an example of a routed net. The XACT
development system provides automatic routing of
these interconnections. Interactive routing (Editnet) is
also available for design optimization. The inputs of the
logic or IOBs are multiplexers which can be pro-
grammed to select an input network from the adjacent
interconnect segments. Since the switch connections
to block inputs are unidirectional (as are block outputs),
they are usable only for block input connection and not
routing. Figure 8 on page 9 illustrates routing access to
logic block input variables, control inputs, and block
outputs.

Three types of metal resources are provided to accom-
modate various network interconnect requirements:

a General-purpose interconnect
a Direct connection

a Long lines (multiplexed buses and wide-AND gates)

General-Purpose Interconnect

General-purpose interconnect, as shown in Figure 9 on
page 10, consists of a grid of five horizontal and five
vertical metal segments located between the rows and
columns of logic and IOBs. Each segment is the height
or width of a logic block. Switching matrices join the
ends of these segments and allow programmed inter-
connections between the metal grid segments of
adjoining rows and columns. The switches of an unpro-
grammed device are all nonconducting. The connec-
tions through the switch matrix may be established by
the automatic routing or by using Editnet to select the
desired pairs of matrix pins to be connected or discon-
nected. The legitimate switching matrix combinations
for each pin are indicated in Figure 10 on page 10 and
may be highlighted by the use of the show matrix com-
mand in XACT.

INTERCONNECT SWITCHING
“PlPs” MATRIX
RPN NS S I (s
/AN ek
b/ R
{GA {8 GC
t- o Lt T
i-rlil' .. 4-"rt" ) 4.]'!'!-
. Heit N : ‘PTEJ' _HC'
S BT T Fo
CONFIGURABLE INTERCONNECT
LOGIC BLOCK BUFFER

Figure 7. XACT View of Routing Resources
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Programmable Interconnect (continued) in XACT. The other PIPs adjacent to the matrices are
accessed to or from long lines. The development sys-

tem automatically defines the buffer direction based on
provide periodic signal isolation and restoration for the location of the interconnection network source. The
improved performance of lengthy nets. The intercon- delay calculator of the XACT development system
nect buffers are available to propagate signals in either automatically calculates and displays the block, inter-
direction on a given general interconnect segment. connect, and buffer delays for any paths selected.
These bidirectional (bidi) buffers are found adjacentto ~ Generation of the simulation netlist with a worst-case
the switching matrices, above and to the right, andmay ~ delay model is provided by an XACT option.

be highlighted by the use of the “Show BIDI” command

Special buffers within the general interconnect areas
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Figure 8. AT&T XACT Development System
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Programmable Interconnect (continued)

Some of the interconnect PIPs are directional. This is
indicated on the XACT design editor status line:

a ND is a nondirectional interconnection.

a D:H->V is a PIP which drives from a horizontal to a
vertical line.

m D:V->H is a PIP which drives from a vertical to a hor-
izonta! line.

m D:C->Tis a “T” PIP.which drives fromacrossofa T
to the tail.

a D:CW is a corner PIP which drives in the clockwise
direction.

a PO indicates the PIP is nonconducting, P1 is “on.”

SWITCHING
MATRIX

GRID OF GENERAL INTERCONNECT
METAL SEGMENTS

Figure 9. FPGA General-Purpose Interconnect

LT
13

18

Figure 10. Switch Matrix Interconnection Options
10

Direct Interconnect

Direct interconnect (shown in Figure 11) provides the
most efficient implementation of networks between
adjacent logic or I0OBs. Signals routed from block to
block using the direct interconnect exhibit minimum
interconnect propagation and use no general intercon-
nect resources. For each CLB, the .x output may be
connected directly to the .b input of the CLB immedi-
ately to its right and to the .c input of the CLB to its left.
The .y output can use direct interconnect to drive the .d
input of the block immediately above, and the .a input
of the block below. Direct interconnect should be used
to maximize the speed of high-performance portions of
logic. Where logic blocks are adjacent to I0Bs, direct
connect is provided alternately to the OB inputs (.i),
and outputs (.0) on all four edges of the die. The right
edge provides additional direct connects from CLB out-
puts to adjacent 10Bs. Direct interconnections of [OBs
with CLBs are shown in Figure 12 on page 11.

Figure 11. Direct Interconnect
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Programmable Interconnect (continued)

GLOBAL BUFFER DIRECT INPUT GLOBAL BUFFER INTERCONNECT

ijf' *ﬂf TN : L TS i 2

*UNBONDED IOBs (6 PLACES) ALTERNATE BUFFER DIRECT INPUT

Figure 12. ATT3020 Die Edge I/O Blocks with Direct Access to Adjacent CLB

1
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Programmable Interconnect (continued)

Long Lines

The long lines bypass the switch matrices and are
intended primarily for signals which must travel a long
distance, or must have minimum skew among multiple
destinations. Long lines, shown in Figure 13, run verti-
cally and horizontally the height or width of the inter-
connect area. Each interconnection column has three
vertical long lines, and each interconnection row has
two horizontal fong lines. An additional two long lines
are located adjacent to the outer sets of switching
matrices. Two vertical long lines in each column are
connectable half-length lines, except on the ATT3020,
where only the outer long lines serve that function.

Long lines can be driven by a logic block or 10B output
on a column-by-column basis. This capability provides
a common low-skew control or clock line within each
column of logic blocks. Interconnections of these long
lines are shown in Figure 14 on page 13. [solation buf-
fers are provided at each input to a long line and are
enabled automatically by the development system
when a connection is made.

A buffer in the upper left corner of the FPGA chip drives
a global net which is available to all .k inputs of logic
blocks. Using the global buffer for a clock signal pro-
vides a skew-free, high fan-out, synchronized clock for
use at any or all of the 1/0 and logic blocks. Configura-
tion bits for the .k input to each logic block can select
this global line, or another routing resource, as the
clock source for its flip-flops. This net may also be pro-
grammed to drive the die edge clock lines for OB use.
An enhanced speed, CMOS threshold, offers direct
access to this buffer and is available at the

second pad from the top of the left die edge.

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

3 VERTICAL LONG LINES

GLOBAL ] \-l:]f::
BUFFER i } Ej[::*l < LI:] E S -3
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RESISTORS 7B 1 Rl i . i o
FOR ON-CHIP SR SR B S SRR { t
OPENDRAIN g | F -0 o § | T 1 F 3
SIGNALS . : LN e - . S
A} 55T 7 2HORIZONTAL LONG LINES ‘
o [1) RS =72\ . [Eﬁ e BC B0
el I+ ] ) SE T S (1 ;
PY-: .. . . ot IS oEOC S R SRR I

Figure 13. Horizontal and Vertical Long Lines in the FPGA
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ATT3000 Series Field-Programmable Gate Arrays

(-50, -70, —100, —125, and -150 MHz)

Programmable Interconnect (continued)

Internal Buses

A pair of 3-state buffers is located adjacent to each
CLB. These buffers allow logic to drive the horizontal
long lines. Logical operation of the 3-state buffer
controls allows them to implement wide multiplexing
functions. Any 3-state buffer input can be selected as
drive for the horizontal long line bus by applying a low
logic level on its 3-state control line (see Figure 15A on
page 14). The user is required to avoid contention that
can result from multiple drivers with opposing logic lev-
els. Control of the 3-state input by the same signal that

* FOUR OUTER LONG LINES ARE
CONNECTIBLE HALF-LENGTH LINES

drives the buffer input creates an open-drain wired-
AND function. A logical high on both buffer inputs cre-
ates a high impedance which represents no conten-
tion. A logical low enables the buffer to drive the long
line low (see Figure 15B on page 14). Pull-up resistors
are available at each end of the long line to provide a
high output when all connected buffers are noncon-
ducting. This forms fast, wide gating functions. When
data drives the inputs and separate signals drive the 3-
state control lines, these buffers form muitiplexers (3-
state buses). In this case, care must be used {o pre-
vent contention through multiple active buffers of con-
flicting levels on a common line. Figure 16 on page 14
shows 3-state buffers, long lines, and pull-up resistors.

/O BLOCK CLOCK NETS
n. Tt (2 PER DIE EDGE)
T
10 = HORIZONTAL
e LONG LINES
(] {I':: :
0 3-STATE
el BUFFERS
05 |
0
. ’“:x:x :
L

Ok
"~ \I .
0

i

Figure 14. Programmable Interconnection of Long Lines
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ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, -100, —-125, and =150 MHz)

Programmable Interconnect (continued)
Z=DaesDBeDCe...*DN §

2

Figure 15A. 3-State Buffers Implement a Wired-AND Function

Z=Da*A+DBeB+DCeC+..+DnNsN

A B C N

Figure 15B. 3-State Buffers Implement a Multiplexer

BI-DIRECTIONAL 3 VERTICAL LONG LINES
INTERCONNECT ~ GLOBAL NET — PERCOLUMN
BUFFERS
l éG \ || =—= l (;H : l gl v
- o _—nelt{Pes
Lo ena '] HORIZONTAL LONG LINE
- - s P PULL-UP RESISTOR
_ B ,__JY —= //
\ Lt o |f HORIZONTAL LONG LINE
Q4314 ne ! — L) R
L s 7 [ H -
! l"l;i j - - lp'l l':i " |'|'.l' 4
b : ] AL o 18] . OSCILLATOR
! ! S . 1 HP v AMPLIFIER OUTPUT
X A . n
—- L s " I DIRECT INPUT OF P47
- —a—a- 2 / TO AUXILIARY BUFFER
J I H
] - BCL CRYSTAL OSCILLATOR
] ne — s A e[| KN L—BUFFER
“oten T 3-STATE INPUT
i . o« - /’/
e s| @ s 3-STATE CONTROL
H . H 2 Rﬁ*‘g\ 3-STATE BUFFER
T - & ——— 3-!
b G S + aa L
é ) ‘L b - P46 |4
- S et IR
————a &-8—8-m q.0k
————a—u N - o
- - Bt
P o . O | ™ ALTERNATE BUFFER
y L ] [ L o
ulll' I' L "ir— 1O LI' 4] [ I'II' Du G
[ L 1 - - | o r [ [ 1 a M
'8 ! AT [ & e ' 4 ]
P40 P41 P42 P43 RST

\ OSCILLATOR

AMPLIFIER INPUT

Figure 16. XACT Development System Large View of Possible Interconnections
(Lower Right Corner of ATT3020)
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ATT3000 Series Field-Programmable Gate Arrays

(-50, =70, =100, -125, and -150 MHz)

Programmable Interconnect (continued)

Crystal Oscillator

Figure 16 on page 14 shows the location of an internal
high-speed inverting amplifier which may be used to
implement 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 by MAKEBITS
and connected as a signal source, two special user
10Bs are also configured to connect the oscillator
amplifier with external crystal oscillator components as
shown in Figure 17. A divide-by-two option is available
to ensure symmetry. The oscillator circuit becomes
active before configuration is complete in order to allow
the osciliator to stabilize. Actual internal connection is
delayed until completion of configuration. In Figure 17,
the feedback resistor, R1, between output and input
biases the amplifier at threshold. The value shouid be

as large as practical to minimize loading of the crystal.
The inversion of the amplifier, together with the R-C
networks and an AT cut series resonant crystat, pro-
duces the 360-degree phase shift of the Pierce oscilla-
tor. A series resistor, R2, may be included to add to the
amplifier output impedance when needed for phase
shift control or crystal resistance matching, or to limit
the ampilifier input swing to control clipping at large
amplitudes. Excess feedback voltage may be cor-
rected by the ratio of C2/C1. The amplifier is designed
to be used from 1 MHz to one-half the specified CLB
toggle frequency. Use at frequencies below 1 MHz
may require individual characterization with respect to
a series resistance. Crystal oscillators above 20 MHz
generally require a crystal which operates in a third
overtone mode, where the fundamental frequency
must be suppressed by the R-C networks. When the
oscillator inverter is not used, these I0OBs and their
package pins are available for general user 1/0.

INTERNAL EXTERNAL

D—t—T1

{>° ! }——EJ XTAL1
-1
ALTERNATE\F XTAL2
CLOCK BUFFER (INy E,j
R1
-AA—
R2
I} MA—
IB 1
T C1 Y1 jt: c2

Suggested component values:
Ri—1uQto 4 uQ

R2—0 kQ to 1 kQ (may be required for iow frequency, phase shift, and/or compensation level for Crystal Q)

C1, C2—10 pF to 40 pF
Y1—1 MHz to 20 MHz AT cut series resonant

Pin 44-Pin | 68-Pin 84-Pin 100-Pin 132-Pin | 160-Pin | 164-Pin | 175-Pin | 208-Pin
PLCC | PLCC [ pLce | PGA | carp | PaFP | Tarp | PGA | PQFP | CQFP | PGA | SQFP
XTAL1 (OUT) 30 a7 57 J1 67 82 79 P13 82 105 T14 110
XTAL2 (IN) 26 a3 53 L1 61 76 73 M13 76 99 P15 100

Figure 17. Crystal Oscillator Inverter
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ATT3000 Series Field-Programmable Gate Arrays

(-50, -70, —100, —125, and -150 MHz)

Programming

Initialization Phase

An internal power-on-reset circuit is triggered when
power is applied. When Vcc reaches the voltage where
portions of the FPGA begin to operate (2.5 V to 3 V),
the programmable 1/O output buffers are disabled and
a high-impedance pull-up resistor is provided for the
user )/O pins. A time-out delay is initiated to allow the
power supply voltage-to stabilize. During this time, the
powerdown mode is inhibited. The initialization state
time-out (about 11 ms to 33 ms) is determined by a
14-bit counter driven by a self-generated, internal
timer. This nominal 1 MHz timer is subject 1o variations
with process, temperature, and power supply over the
range of 0.5 MHz to 1.5 MHz. As shown in Table 2, five
configuration mode choices are available, as deter-
mined by the input levels of three mode pins: MO, M1,
and M2.

Table 2. Configuration Modes

MO | M1 | M2 Clock Mode Data
000 Active Master Bit Serial
001 Active Master Byte Wide

(Address = 0000
up)
o] 1]o0 — Reserved —
o111 Active Master Byte Wide
(Address = FFFF
down)
1 0|0 — Reserved —
1 o1 Passive | Peripheral Byte Wide
1 110 — Reserved —
1 1 1 Passive Slave Bit Serial

16

In master-configuration modes, the FPGA becomes the
source of configuration clock (CCLK). Beginning con-
figuration of devices using peripheral or slave modes
must be delayed long enough for their initialization to
be completed. An FPGA with mode lines selecting a
master configuration mode extends its initialization
state using four times the delay (43 ms to 130 ms) to
ensure 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 (see Figure 18). At the end of
initialization, the FPGA enters the clear state where it
clears configuration memory. The active-low, open-
drain initialization signal TNIT indicates when the initial-
ization and clear states are complete. The FPGA 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 TNIT pins can be used to control config-
uration by the assertion of the active-low RESET of a
master mode device or to signal a processor that the
FPGAs are not yet initialized.

If a configuration has begun, a reassertion of RESET
for a minimum of three internal timer cycles will be rec-
ognized and the FPGA will initiate an abort, returning to
the clear state to clear the partially loaded configuration
memory words. The FPGA will then resample RESET
and the mode lines before re-entering the configuration
state. A reprogram is initiated when a configured FPGA
senses a high-to-low transition on the DONE/PROG
package pin. The FPGA returns to the clear state
where the configuration memory is cleared and mode
lines re-sampled, as for an aborted configuration. The
complete configuration program is cleared and loaded
during each configuration program cycle.



ATT3000 Series Field-Programmable Gate Arrays

(-50, =70, -100, —125, and —150 MHz)

Programming (continued)

USER I/O PINS WITH HIGH-IMPEDANCE PULL-UP

Ao
~
INIT SIGNAL LOW (ATT3000) HDC = HIGH %%VLEDR(!:D%Q
- S B LDC =LOW OR PULL-UP
INITIALIZATION INACTIVE
POWER-ON
TIME DELAY
ACTIVE
ACTIVE RESET POWERDOWN

CLEAR
CONFIGURATION
MEMORY

CONFIGURATION
PROGRAM MODE

ACTIVE RESET
OPERATES ON
USER LOGIC

LOW ON DONE/PROGRAM AND RESET

Figure 18. State Diagram of Configuration Process for Powerup and Reprogram

Length count control allows a system of multiple
FPGAs in assorted sizes to begin operation in a syn-
chronized fashion. The configuration program gener-
ated by the MakePROM program of the XACT
developmenti system begins with a preamble of
111111110010 (binary) followed by a 24-bit length count
representing the total number of configuration clocks
needed to complete loading of the configuration pro-
gram(s). The data framing is shown in Figure 19. All
FPGAs connected in series read and shift preamble
and length count in (on positive) and out (on negative)
CCLK edges. An FPGA which has received the pream-
ble and length count then presents a HIGH data out
until it has intercepted the appropriate number of data
frames. When the configuration program memory of an
FPGA is full and the length count does not compare,
the FPGA shifts any additional data through, as it did
for preamble and length count.

When the FPGA configuration memory is full and the
length count compares, the FPGA will execute a syn-
chronous start-up sequence and become operational
(see Figure 20 on page 19). 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 after the I/O pins
become active. A similar timing selection is program-
mabile for the DONE/PROG output signal. DONE/PROG
may also be programmed to be an open drain or

include a puli-up resistor to accommodate wired-
ANDing. The high during configuration (HDC) and low
during configuration (LDC) are two user 1/O pins which
are driven active when an FPGA is in initialization,
clear, or configure states. These signals and DONE/
PROG provide for control of external logic signals such
as reset, bus enable, or PROM enable during
configuration.

For paraliel master configuration modes, these signals
provide PROM enable control and allow the data pins
to be shared with user logic signals.

User I/O inputs can be programmed to be either TTL or
CMOS compatible thresholds. At powerup, all inputs
have TTL thresholds and can change to CMOS thresh-
olds at the completion of configuration, if the user has
selected CMOS thresholds. The threshold of FPWRDWN
and the direct clock inputs are fixed at a CMOS level.

If the crystal oscillator is used, it will begin operation
before configuration is complete to allow time for
stabilization before it is connected to the internal
circuitry.

17



ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, -100, -125, and -150 MHz)

Programming (continued)

Configuration Data

Configuration data to define the function and interconnection within an FPGA are loaded from an external storage
at powerup and on a reprogram signal. Several methods of automatic and controlled loading of the required data
are available. Logic levels applied to mode seiection pins at the start of configuration time determine the method to
be used (see Table 2). The data may be either bit-serial or byte-parallel, depending on the configuration mode. Var-
ious AT&T programmable gate arrays have different sizes and numbers of data frames. For the ATT3020, configu-
ration requires 14779 bits for each device, arranged in 197 data frames. An additional 40 bits are used in the
header (see Figure 20 on page 19).

ARRRRRER]

0010

< 24-BIT LENGTH COUNT >
1111

0 < DATA FRAME # 001 > 111
0 < DATAFRAME #002 > 111
0 < DATA FRAME # 003> 111

0 < DATA FRAME # 196 > 111
0 < DATA FRAME # 197 > 111

111

— DUMMY BITS*

— PREAMBLE CODE

— CONFIGURATION PROGRAM LENGTH
— DUMMY BITS (4 BITS MINIMUM)

FOR ATT3020
197 CONFIGURATION DATA FRAMES
(EACH FRAME CONSISTS OF:

A START BIT (0}

A 71-BIT DATA FIELD
THREE STOP BITS

POSTAMBLE CODE (4 BITS MINIMUM)

* The FPGA devices require four dummy bits minimum, XACT 3.0 generates eight dummy bits.

18

Figure 19. Internal Configuration Data Structure

HEADER

PROGRAM DATA

REPEATED FOR EACH LOGIC
CELL ARRAY IN A DAISY CHAIN



ATT3000 Series Field-Programmable Gate Arrays
(-50, =70, —100, -125, and -150 MHz)

Programming (continued)

Table 3. ATT3000 Device Configuration Data

Device ATT3020 ATT3030 ATT3042 ATT3064 ATT3090
Gates 2000 3000 4200 6400 9000
CLBs 64 100 144 224 320
{Row x Column) (8 x 8) (10 x 10) (12x12) (16 x 14) {20 x 16)
I0Bs 64 80 96 120 144
Flip-flops 256 360 480 688 928
Bits-per-frame 75 92 108 140 172
(with 1 start/3 stop)
Frames 197 241 285 329 373
Program Data = 14779 22176 30784 46064 64160
Bits - Frames + 4
(excludes header)
PROM Size (bits) = 14819 22216 30824 46104 64200
Program Data
+ 40-bit Headers

Note: The length count produced by the MAKEBITS program = {(40-bit preamble + sum of program data + 1 per daisy-chain device) rounded
up to a multiple of 8] — (2 < K < 4), where K is a function of DONE and RESET timing selected. An additional 8 is added if the roundup
increment is less than K. K additional clocks are needed to complete start-up after length count is reached.

POSTAMBLE
DATA FRAME LAST FRAME
fe—12—ta——24—»{ 4 |@4—— 75 —»
3 ~—f 3
r—’- STOP
2 & Ve ! -t 4
P pY 1 Py
STOP
« £ L Id
- A Y =Y
| PREAMBLE | LENGTH COUNT | || oata | l l | | 3
] LENGTH COUNT* —
START START
WEAK PULL-UP
| I | | HIGH 1/O ACTIVE
DOUT LEAD DEVICE
1/2 CLOCK CYCLE PROGRAM ®/ DONE
DELAY FROM DATA INPUT
INTERNAL RESET \P

* The configuration data consists of a composite 40-bit preamble/length count, followad by one or more concatenated LLCA programs,
separated by 4-bit postambles. An additional final postamble bit is added for each slave device, and the result rounded up to byte boundary.
The iength count is two less than the number of resulting bits. 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.

Figure 20. FPGA Configuration and Start-up
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ATT3000 Series Field-Programmable Gate Arrays

(-50, =70, —100, ~125, and —150 MHz)

Programming (continued)

The specific data format for each device is produced by
the MAKEBITS command of the development system,
and one or more of these files can then be combined
and appended to a length count preamble and be
transformed into a PROM format file by the MAKE
PROM command of the XACT development system.
The tie option of the MAKEBITS program defines out-
put levels of unused blocks of a design and connects
these to unused routing resources. This prevents inde-
terminate levels which might produce parasitic supply
currents. If unused blocks are not sufficient to complete
the tie, the FLAGNET command of EDITFPGA can be
used to indicate nets which must not be used to drive
the remaining unused routing, since 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 mA 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 FPGA
is set to 0 and begins to count the total number of con-
figuration clock cycles applied to the device. As each
configuration data frame is supplied to the FPGA, it is
internally assembled into a data word. As each data
word is completely assembled, it is loaded in parailel

20

into one word of the internal configuration memory
array. The configuration loading process is complete
when the current length count equals the loaded length
count and the required configuration program data
frames have been written. Internal user flip-flops are
held reset during configuration.

Two user-programmabile pins are defined in the uncon-
figured FPGA: high during configuration (HDC) and low
during configuration (LDCT), and DONE/PROG may be
used as external control signals during configuration. In
master mode configurations, it is convenient o use
DT as an active-low EPROM chip enable. After the
last configuration data bit is loaded and the length
count compares, the user I/O pins become active.
Options in the MAKEBITS program 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 muitiple FPGAs and used as an
active-high READY, an active-low PROM enable, or a
RESET to other portions of the system. The state dia-
gram of Figure 18 on page 17 illustrates the configura-
tion process.



ATT3000 Series Field-Programmable Gate Arrays

(-50, -70, -100, —125, and —150 MHz)

Programming (continued)

Master Mode

In master mode, the FPGA automatically loads configu-
ration data from an external memory device. There are
three master modes which use the internal timing
source to supply the configuration clock (CCLK) to time
the incoming data. Serial master mode uses serial con-
figuration data supplied to data-in (DIN) from a syn-
chronous serial source such as the serial configuration
PROM shown in Figure 19 on page 18. Parallel master
low and master high modes automatically use parallel
data supplied to the D[7:0] pins in response to the
16-bit address generated by the FPGA. Figure 22 on
page 22 shows an example of the parallel master mode
connections required. The FPGA HEX starting address

is 0000 and increments for master low mode, and it is
FFFF and decrements for master high mode. These
two modes provide address compatibility with micro-
processors which begin execution from opposite ends
of memory.

For master high or low, data bytes are read in parallel
by each read clock (RCLK) and internally serialized by
the configuration clock. As each data byte is read, the
least significant bit of the next byte, DO, becomes the
next bit in the internal serial configuration word. One
master mode FPGA can be used to interface the
configuration program-store, and pass additional
concatenated configuration data to additional FPGAs
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.

DURING CONFIGURATION

+5V

THE § kQ M2 PULL-DOWN I_ l ] J»

RESISTOR OVERCOMES THE -
INTERNAL PULL-UP,

MO M1 pWRDWN

BUT IT ALLOWS M2 TO

BE USER I/0. — (——bout
— Im2
—1HDC
e | Tl
PURPOSE N
UseRpo § —qNIT
PINS —4
. OTHER
o /O PINS
[ ]
L —

RESET —¢—d RESET

DiP

FPGA

CCLK
{DCp—dCE

> %

OPTIONAL
$— IDENTICAL SLAVE
FPGAs CONFIGURED
THE SAME

+5V

1

vce Vee
DATA
CLK

DIN fe

SERIAL
MEMORY

CEO

CASCADED
SERIAL
MEMORY

hE

(HIGH RESETS THE ADDRESS POINTER)

Note: The serial configuration PROM supports automatic loading of configuration programs up to 36/64/128 Kbits. Multiple devices can be
cascaded to support additional FPGAs. An early DONE inhibits the data output one CCLK cycle before the FPGA I/O becomes active.

Figure 21. Master Serial Mode
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ATT3000 Series Field-Programmable Gate Arrays
(-50, =70, ~100, ~125, and =150 MHz)

Programming (continued)

— +5V USER CONTROL OF HIGHER
ORDER FROM ADDRESS BITS
[‘—T—] CAN BE USED TO SELECT FROM
= ALTERNATIVE CONFIGURATIONS
MO M1 PWRDWN
5kQ
L~ pout .
—M2 CCLK|—»
—1HDC
GENERAL- AlS5| soe
PURPOSE
USERiG ) —dq et Alg—e ool
PNS | —qINIT AM3—eee| (Kxp
. A12 o o o| ORLARGER)
. OTHER
VOPINS AN see
[
.
— A10 A10
RESET —— RESET A9 A9
FrGa A8 A8
07 A7 A7 D7~
D6 A6 A6 06 [~
,—{ D5 A5 AS D5 [
L D4 A4 A4 D4 —\
—{D3 A3 A3 D3 [~
L D2 A2 A2 D2 —
o1 Al A1 D1\
Do _AB AQ DO [
LDC b___E OE
D/P CE
4 8/
DATA BUS

Figure 22. Master Parallel Mode
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ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, -100, -125, and -150 MHz)

Programming (continued)

Peripheral Mode

Peripheral mode provides a simplified interface through which the device may be loaded byte-wide, as a processor
peripheral. Figure 23 shows the peripheral mode connections. Processor write cycles are decoded from the com-
mon assertion of the active-low write strobe (W3), and two active-low and one active-high chip selects (CS0, TST,
CS2). If all these signals are not available, the unused inputs should be driven to their respective active levels. The
FPGA will accept 1 byte of configuration data on the D[7:0] inputs for each selected processor write cycle. Each
byte of data is loaded into a buffer register. The FPGA generates a CCLK 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 READY/BUSY pin indicates the completion of loading for each byte when the input register is ready for a new
byte. As with master modes, peripheral mode may also be used as a lead device for a daisy-chain of slave
devices.

¢ +5V
CONTROL ADDRESS DATA
SIGNALS BUS BUS
8 = | 5kQ
MO M1 PWRDWN
D[7:0]
L D[7:0] CCLK -
N DOUT |— ~—1— *
ADDRESS —
— DECODE P—9 CSo0 M2 — |—
LOGIC Hoe b—
Y LDC pb— GENERAL-
N _— > PURPOSE
d Gsi USER 10
\ cs2 —
L ]
N\ WS OTHER .
ﬂ 1/0 PINS .
RDY/BUSY - —
N iNIT
\.  REPROGRAM ﬂ _
oC | D/P
. — o RESET

Figure 23. Peripheral Mode
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ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, —100, —125, and —150 MHz)

Programming (continued)

Slave Mode

Slave mode provides a simple interface for loading the FPGA configuration as shown in Figure 24. Serial data are
supplied in conjunction with a synchronizing input clock. Most slave mode applications are in daisy-chain configu-
rations in which the data input are supplied by the previous FPGA’s data out, while the clock is supplied by a lead
device in master or peripheral mode. Data may also be supplied by a processor or other special circuits.

MO M1  PWRDWN
MICROCOMPUTER 5k
STRB COLK M2 N o
DO DIN DOUT |—— — %
D1 l— HDC ———
FPGA L
b2 5 oep \. BURPOSE
+ S
I/0 PORT o3l— © USER I/0
D4l—
D5{— ? OTHER .
_  I/OPINS o
D6 - D/P J
D7 q INIT

d RESET — dRESET

Figure 24. Slave Mode
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ATT3000 Series Field-Programmable Gate Arrays

(-50, -70, -100, —125, and —150 MH2)

Programming (continued)
Daisy-Chain

The XACT and NeoCAD development systems are
used to create a composite configuration bit stream for
selected FPGAs including: a preamble, a length count
for the total bit stream, multiple concatenated data pro-
gram, a postamble, plus an additional fill bit per device
in the serial chain. After loading and passing-on the
preambie and length count to a possible daisy-chain, a
lead device will load its configuration data frames while
providing a HIGH DOUT to possible downstream
devices as shown in Figure 25. Loading continues
while the lead device has received its configuration

program and the current length count has not reached
the full value. Additional data are passed through the
lead device and appear on the data out (DOUT) pin in
serial form. The lead device alsc generates the CCLK
to synchronize the serial output data and data in of
downstream FPGAs. Data is 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 intematl timing generator
to produce an internal CCLK of eight times its EPROM
address rate, while a peripheral mode device produces
a burst of eight CCLKSs for each chip select and write-
strobe cycle. The internal timing generator continues to
operate for general timing and synchronization of
inputs in alf modes.

£C
By +5V 5V il 45V
= | MO M1 PWRDWN MO M1 PWRDWN MO M1 PWRDWN
5kQ 5kQ 5kQ
COLK COLK coLK
fj M2 poutT DIN pouT 55 DIN pouT
—{Hoc "o "
FPGA FPGA
Soneose | 917 e Ao SLAVE#! oc SLAVE#n pcf—
L
USERIOL o A4 A (DC p—| GENERAL (G jo— | SENERAL-
- 3
PINST) o A13 A13 EPROM —, (FuRPOsE [~ DsER w0
] A2 A12 OTHER OTHER | | o
OTHER VO PINS woPINS Y | o
VOPINS A At1 _
\— A10 A10 —{ 0P — —{ 0P —
ESET NI RESET N
FPGA A3 A9 B
MASTER . A8
/-—l D7 A7 A7 o7
L~ o6 6 A6 D6 1
—~—os A5 A5 Ds NOTE: ATT2000 DEVICES DO NOT
R HAVE INIT TO HOLD OFF AMASTER
— 04 A4 A D4 DEVICE. RESET OF A MASTER
DEVICE SHOULD BE ASSERTED BY
o b A3 A3 B3NN AN EXTERNAL TIMING CIRCUIT TO
,—] o2 A2 A2 2|\ ALLOW FOR LCA CCLK VARIATIONS
IN CLEAR STATE TIME.
,— o1 A1 Al D1
|, —1 o A0 A0 Do~
0P LDC L—E: OE
F RESET T ce 5V
y 5k EACH
S 7 OPEN COLLECTOR
REPROGRAM > > g5
SYSTEMSL ¥~ -2 55
RESET = 55

Figure 25. Master Mode with Daisy-Chained Slave Mode Devices
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ATT3000 Series Field-Programmable Gate Arrays

(-50, -70, -100, -125, and ~150 MHz)

Special Configuration Functions

The configuration data include control over several
special functions in addition to the normal user logic
functions and interconnect:

= Input thresholds

a Readback enable

s DONE pull-up resistor

= DONE timing

= RESET timing

s Oscillator frequency divided by two

Each of these functions is controlled by configuration
data bits which are selected as part of the normal
development system bit-stream generation process.

Input Thresholds

Prior to the completion of configuration, all FPGA 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 I/O pins each have a high-
impedance pull-up. The configuration program can be
used to enable the OB pull-up resistors in the opera-
tional mode to act either as an input load or to avoid a
floating input on an otherwise unused pin.

Readback

The contents of an FPGA may be read back if it has
been programmed with a bit-stream in which the read-
back option has been enabled. Readback may be used
for verification of configuration and as a method for
determining the state of internal logic nodes. There are
three options in generating the configuration bit-
stream:

s Never will inhibit the readback capability.

= One-time will inhibit readback after one readback
has been executed to verify the configuration.

» On-command will allow unrestricted use of read-
back.

Readback is accomplished 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
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driven by external logic to read back each data bit in a
format similar to loading. After two dummy bits, the first
data frame is shifted out, in inverted sense, on the M1/
RDATA (read data) pin. All data frames must be read
back to complete the process and return the mode
select and CCLK pins to their normal functions.

The readback data includes the current state of each
internal logic block storage element, and the state of
the (.i and .ri) connection pins on each I0B. The data is
imbedded into unused configuration bit positions during
readback. This state information is used by the FPGA
development system in-circuit verifier to provide visibil-
ity into the internal operation of the iogic while the sys-
tem is operating. To read back a uniform time sample
of all storage elements, it may be necessary to inhibit
the system clock.

Reprogram

The FPGA configuration memory can be rewritten
while the device is operating in the user’s system. To
initiate a reprogramming cycle, the dual function pack-
age pin DONE/PROG must be given a high-to-low tran-
sition. To reduce sensitivity to noise, the input signal is
filtered for two cycles of the FPGA's internal timing gen-
erator. When reprogram begins, the user-programma-
ble I/0 output buffers are disabled and high-impedance
pull-ups are provided for the package pins. The device
returns to the clear state and clears the configuration
memory before it prompts initialized. Since this clear
operation uses chip-individual internal timing, the mas-
ter might complete the clear operation and then start
configuration before the slave has completed the clear
operation. To avoid this, wire-AND the slave TNIT pins
and use them to force a RESET on the master (see Fig-
ure 25 on page 25). Reprogram control is often imple-
mented by using an external open-collector driver
which pulls DONE/PROG low. Once it recognizes a sta-
ble request, the FPGA will hold a low until the new con-
figuration has been completed. Even if the reprogram
request is externally held low beyond the configuration
period, the FPGA will begin operation upon completion
of configuration.

DONE Pull-Up

DONE/PROG is an open-drain 1/O pin that indicates the
FPGA is in the operational state. An optional internal
pull-up resistor can be enabled by the user of the
development system when make bits is executed. The
DONE/PROG pins of multiple FPGAs in a daisy-chain
may be connected together to indicate that all are
DONE or to direct them all to reprogram.
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Special Config. Functions (continued)
DONE Timing

The timing of the DONE status signal can be controlled
by a selection in the MAKEBITS program to occur a
CCLK cycle before, or after, the timing of outputs being
activated (see Figure 20 on page 19). 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 to occur a CCLK cycle before, or
after, the timing of outputs being enabled (see Figure
20 on page 19). This reset maintains all user program-
mable flip-flops and latches in a zero state during
configuration.

Crystal Oscillator Division

A selection in the MAKEBITS program allows the user
to incorporate a dedicated divide-by-two flip-flop in the
crystal oscillator function. This provides higher assur-
ance of 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.

Performance

Device Performance

The high performance of the FPGA is due in part to the
manufacturing process, which is similar to that used for
high-speed CMOS static memories. Performance can
be measured in terms of minimum propagation times
for logic elements. The parameter which traditionally
describes the overall performance of a gate array is the
toggle frequency of a flip-flop. The configuration for
determining the toggle performance of the FPGA is
shown in Figure 26. The flip-flop output Q is fed back
through the combinatorial logic as Q to form the toggle

flip-flop.
I—{>v D Q

CLOCK >

Figure 26. Toggle Flip-Flop

FPGA 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 routing of the network. Examples of
internal worst-case timing are included in the perfor-
mance data to aliow the user to make the best use of
the capabilities of the device. The XACT development
system timing calculator or XACT generated simulation
models should be used to calculate worst-case paths
by using actual impedance and loading information.
Figure 27 on page 28 shows a variety of elements
which are involved in determining system performance.
Table 20 gives the parameter values for the different
speed grades. Actual measurement of internal timing is
not practical, and often only the sum of component
timing is relevant as in the case of input to output. The
relationship between input and output timing is arbi-
trary, and only the total determines performance.

Timing components of internal functions may be deter-
mined by measurement of differences at the pins of the
package. A synchronous logic function which involves
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
combinatorial block level between them. System clock
rates to 60% of the toggle frequency are practical for
logic in which an extra combinatorial level is located
between synchronized blocks. This allows implementa-
tion 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 propaga-
tion time from the interconnect point at the input of the
combinatorial logic to the output of the block in the
interconnect area. Combinatorial performance is inde-
pendent of the specific logic function because of the
table look-up based implementation. Timing is different
when the combinatorial logic is used in conjunction with
the storage element. For the combinatorial logic func-
tion driving the data input of the storage element, the
critical timing is data setup relative to the clock edge
provided to the flip-flop element. The delay from the
clock source to the output of the logic block is critical in
the timing of signals produced by storage elements.
Loading of a logic block output is limited only by the
resulting propagation delay of the larger interconnect
network. Speed performance of the logic block is a
function of supply voltage and temperature (see
Figures 28 and 29 on page 29).
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Performance (continued)

Interconnect Performance

Interconnect performance depends on the routing
resource used to implement the signai path. As dis-
cussed earlier, direct interconnect from block to block
provides a fast path for a signal. The single metal seg-
ment used for long lines exhibits low resistance from
end to end, but relatively high capacitance. Signals
driven through a programmable switch wili have the
additional impedance of the switch added to their
normal drive impedance.

General-purpose interconnect performance depends
on the number of switches and segments used, the
presence of the bidirectional repowering buffers, and
the overall loading on the signal path at all points along
the path. In calculating the worst-case timing for a

general interconnect path, the timing calculator portion
of the XACT development system accounts for all of
these elements. As an approximation, interconnect tim-
ing 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 approxi-
mated by an R times the totai C it drives. The R of the
switch and the C of the interconnect are functions of
the particutar device performance grade. For a string of
three local interconnects, the approximate time at the
first segment after the first switch resistance would be
three units—an additional two units after the next
switch plus an additional unit after the last switch in the
chain. The interconnect R-C chain terminates at each
repowering buffer. The capacitance of the actual block
inputs is not significant; the capacitance is in the inter-
connect metal and switches. Figure 30 on page 30
illustrates this.

CLOCKTO
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’-——— Tcko J TiLo JA Tick ~| ' Tor -l
| l I [ l

CLB CcLB cLB ioB

LOGIC LOGIC o i> .

PAD

e —+
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10B

PAD >— 1>
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le——— TCkO ——]
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Figure 27. Examples of Primary Block Speed Factors
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Performance (continued)

P R L] U A S AR S
L] e o bl ity sl St EIa : : : : :
B I e e B S i 5 :
o P : : ) ; a : : : ;
TR S D USRI SRR S R et SRRLRE ETRl SORRY EEPERR NG deemmeesnn RREEEEE te-
_‘ 1 L] L] . 1 ] . .J 1
Lo : : I : <
: ol it ~. s
S I : . : &
A P S R S . -2 s = z ;
> Vo : Vo : > . T N CoTTeT i
08f-i--to e IR - A S RN : : : :
z L r : P ; 7
SR %1 1 o - RS - 0 SR SO |
] A et SRS e ] PN
| ] [ 1 ] i | i i
-55 —40 0 30 70 85 125 40 45 5.0 55 6.0
TEMPERATURE (°C) Vee
Figure 28. Change in Speed Performance Figure 29. Speed Performance of a CMOS Device
Power

Power Distribution

Power for the FPGA is distributed through a grid to achieve high noise immunity and isolation between logic and
I/0. Inside the FPGA, a dedicated Vcc and ground ring surrounding the logic array provides power to the /0
drivers (see Figure 31 on page 31). 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, providing the external
package power pins are all connected and appropriately decoupled. Typically a 0.1 pF capacitor connected near
the Vcc and ground pins of the package will provide adequate decoupling.

Output buffers which drive the specified 4 mA loads under worst-case conditions may drive 25 to 30 times this
amount under best-case process conditions. Noise can be reduced by minimizing external load capacitance and
reducing simultaneous output transitions in the same direction. It may also be beneficial to locate heavily loaded
output buffers near the ground pads. The I0B output buffers have a slew-limited mode which should be used
where output rise and fall times are not speed critical.

Slew-limited outputs maintain their dc drive capability but generate less external reflections and internal noise.
More than 32 fast outputs should not be switching in the same direction simultaneously.
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Power (continued)

Power Dissipation

The FPGA exhibits the low power consumption charac-
teristic of CMOS ICs. For any design, the user can use
Figure 32 on page 32 to calculate the total power
requirement based on the sum of the capacitive and dc
loads both external and internal. The configuration
option of TTL chip input threshold requires power for

the threshold reference. The power required by the
static memory cells which hold the configuration data is
very low and may be maintained in a powerdown
mode.

Typically, most of power dissipation is produced by
external capacitive loads on the output buffers. This
load and frequency dependent power is 25 uW/pF/MHz
per output. Another component of I/O power is the dc
loading on each output pin by devices driven by the
FPGA.

SWITCH MATRIX
=== : / \ (ot (R A, Frommes B
' * VWA ; .
R3 /': ....... : ;. cmmman :
REPOWERING
BUFFER
— . -
—~c2 ——C3 -
cLB
s L
e A N Lﬁ e - ™ r A N
TIMING: INCREMENTAL R1(C1+C2 +C3) +R2(C2 +C3) +R3+C3 6RC + BUFFER
IFR1=R2=R3=RANDC1=C2=C3=C, T1=3RC T2 = 3RC + 2RC T3=3RC+2RC +RC
THEN CUMULATIVE TIMING =3RC =5RC =6RC

Figure 30. Interconnection Timing Example
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Power (continued)

Internal power dissipation is a function of the number
and size of the nodes, and the frequency at which they
change. In an FPGA, the fraction of nodes changing on
a given clock is typically low (10% to 20%). For exam-
ple, 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 mW/MHZz for the ATT3020 and 3.6 mW/MHz for the
ATT3090. The internal capacitive load is more a func-
tion of interconnect than fan-out. With a typical load of
three general interconnect segments, each config-
urable logic block output requires about 0.4 mW per
MHz of its output frequency:

Total Power = VCC + ICCO + External (dc + Capacitive) + Internal
(CLB + 10B + Long Line + Puli-up)

Because the control storage of the FPGA is CMOS
static memory, its cells require a very low standby cur-
rent for data retention. In some systems, this low data
retention current characteristic can be used as a
method of preserving configurations in the event of a
primary power loss. The FPGA has built-in powerdown
logic which, when activated, will disable normal opera-
tion of the device and retain only the configuration data.
All internal operation is suspended and output buffers

GND

are placed in their high-impedance state with no pull-
ups. Powerdown data retention is possible with a sim-
ple battery backup circuit, because the power require-
ment is extremely low. For retention at 2.4 V, the
required current is typically on the order of 50 nA.

To force the FPGA into the powerdown 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 elevated to its
normal operating voltage and PWRDWN is returned to a
high. The FPGA resumes operation with the same
internal sequence that occurs at the conclusion of
configuration. Internal I/O and logic block storage ele-
ments will be reset, the outputs will become enabled
and the DONE/PROG pin will be released. No configu-
ration programming is involved.

When the power supply is removed from a CMOS
device, it is possible to supply some power from an
input signal. The conventional electrostatic input pro-
tection is implemented with diodes to the supply and
ground. A positive voltage applied to an I/O 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 resis-
tor might be used to limit the current or a bipolar buffer
may be used to isolate the input signal.
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Figure 31. FPGA Power Distribution
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Power (continued)
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Figure 32. FPGA Power Consumption by Element

32



ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, =100, -125, and -150 MHz)

Pin Information

Table 4. Permanently Dedicated Pins

Symbol Name/Description

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

GND Two to eight (depending on package type) connections to ground. All must be connected.
PWHADWN | Alow on this CMOS compatible input stops all internal activity to minimize Vcc power, and puts
all output buffers in a high-impedance state, configuration is retained. When the PWRDWN pin
returns high, the device returns to operation with the same sequence of buffer enable and
DONE/PROGHAM as at the completion of configuration. All internal storage elements are reset. If
not used, PWRDWN must be tied to Vcc.

RESET This is an active-low input which has three functions:

» Prior to the start of configuration, a LOW input will delay the start of the configuration process.
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 configura-
tion begins.

a If RESET is asserted during a configuration, the FPGA is reinitialized and will restart the con-
figuration 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 FPGA.

CCLK Configuration Clock. During configuration, this is an output of an FPGA in master mode or
peripheral mode. FPGAs in slave mode use it as a clock input. During a readback operation, it is
a clock input for the configuration data being filtered out.

DONE/ DONE Output. Configurable as open drain with or without an internal pull-up resistor. At the
PROG completion of configuration, the circuitry of the FPGA becomes active in a synchronous order,
and DONE may be programmed to occur one cycle before or after that occurs. Once configura-
tion is done, a high-to-low transition of this pin will cause an initialization of the FPGA and start a

reconfiguration.
MO Mode 0. This input, M1, and M2 are sampled before the start of configuration to establish the
configuration mode to be used.
RTRIG Read Trigger. A low-to-high input transition after configuration is complete will initiate a read-

back of configuration and storage element data by CCLK. This operation may be limited to a sin-
gle request (or be inhibited altogether) by selecting the appropriate readback option when
generating the bit stream.

M1 Mode 1. This input, MO, and M2 are sampled before the start of configuration to establish the
configuration mode to be used. If readback is to be used, a 5 k2 resistor should be used to
define mode level inputs.

RDATA Read Data (Active-Low). This pin is the output of the readback data.
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Pin Information (continued)

Table 5. /O Pins with Special Functions

Symbol

Name/Description

M2

Mode 2. This input has a passive pull-up during configuration. Together with MO and M1, itis
sampled before the start of configuration to establish the configuration mode to be used. After
configuration, this pin becomes a user-programmable 1/O pin.

HDC

High During Configuration. HDC is held at a high level by the FPGA until after configuration. It
is available as a control output indicating that configuration is not yet completed. After configura-
tion, this pin is a user I/O pin.

Low During Configuration (Active-Low). This signal is held at a low level by the FPGA until
after configuration. It is available as a control output indicating that configuration is not yet com-
pleted. It is particularly useful in master mode as a low enable for an EPROM. After configura-
tion, this pin is a user I/O pin. If used as a low EPROM enable, it must be programmed as a high
after configuration.

This is an active-low open drain output which is held low during the power stabilization and inter-
nal clearing of the configuration memory. It can be used to indicate status to a configuring micro-
processor 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-programmabie /O pin.

BCLKIN

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

XTLA1

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

XTL2

This user I/0 pin can be used as the input of an amplifier connected to an external crystal and
bias circuitry. The /O block is left unconfigured. The osciflator configuration is activated by rout-
ing a net from the oscillator buffer symbol output and by the MAKEBITS program.

TS0, C51,
CS2, Ws

These four inputs represent a set of signals, three active-low and one active-high, which are
used in the peripheral mode to control configuration data entry. The assertion of all four gener-
ates a write to the internal data buffer. The removal of any assertion clocks in the D[7:0] data
present. In the master parallel mode, WS and CS2 are the A0 and A1 outputs. After configura-
tion, the pins are user-programmable /O pins.

RCILK

During master parallel mode configuration, RCLK represents a read of an external dynamic
memory device (normally not used).

ROY/BUSY

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

D[7:0]

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

A[15:0]

This set of 16 pins presents an address output for a configuration EPROM during master parailel
mode. After configuration is complete, they are user-programmed /O pins.

DIN

This user IO pin is used as serial data input during slave or master serial configuration. This pin
is data O input in master or peripheral configuration mode.

DOouT

This user I/0 pin is used during configuration to output serial configuration data for daisy-
chained slaves’ data in.

TCLKIN

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

e}

Input/Output (Unrestricted). May be programmed by the user to be input and/or output pin fol-
lowing configuration. Some of these pins present a high-impedance pull-up (see next page) or
perform other functions before configuration is complete (see above).
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Pin Information (continued)

Table 6A. ATT3000 Family Configuration (44-, 68-, and 84-PLCC; 84-PGA; 100-PQFP; and 100-CQFP)

Configuration Mode (M2:M1:M0)

Master- ] ) 44 68 84 84 100 100 User
Slave Serial Peripheral |Master-High| Master-Low | pLcc” | pLcc | PLcct | PGA | PQFP | CQFP | Operation
(1:1:1) (0:0:0) (1:0:1) (1:1:0) (1:0:0)

PWRDWN | PWRDWN | PWRDWN | PWRDWN | PWRDWN 7 10 12 82 29 14 PWADWN
VCcC \ele} vce \ole: vce 12 18 22 F3 41 26 vVCC
M1 (High) | M1 (Low) | M1 (Low) | M1 (High) [ M1 (Low) 16 25 31 J2 52 37 RDATA
MO (High) | MO (Low) | MO (Low) | Mo (High} | MO (Low) 17 26 32 L1 54 39 RTRIG
M2 (High) | M2 {Low) | M2(High) | M2 (High) | M2 (Low) 18 27 33 K2 56 41 110
HDC (High) | HDC (High) | HDC {High) | HDC (High) | HDC (High) | 19 28 34 K3 57 42 )
DT (Low) | DT (Low) | DT (Low) | L[DT (Low) | IDCT (Low) 20 30 36 L3 59 44 lle}
INIT £ INIT £ INIT £ INIT £ INIT £ 22 34 42 K6 65 50 110
GND GND GND GND GND 23 35 43 J6 66 51 GND
i s e 26 43 53 L1 76 61 XTL2—1/0
RESET RESET RESET RESET | RESET 27 44 54 K10 78 63 RESET
DONE DONE 28 45 55 J10 80 65 PROG
i — 46 56 K11 81 66 /0
30 47 57 J11 82 67 XTL1-1/0

— 48 58 H10 83 68 )

— 49 60 F10 87 72 [17%)

— 50 61 G10 88 73 110

— 51 62 G11 89 74 110

34 52 64 G9 91 76 vce

— 53 65 F11 92 77 110

— 54 66 E11 93 78 7%e)

— 55 67 E10 94 79 %)

— 56 70 D10 98 83 110

— 57 71 c1 99 84 /0

o 38 58 72 B11 100 85 (/0

DOUT DOUT 39 59 73 c10 1 86 170

CCLK CCLK 40 60 74 At1 2 87 CCLK

AO AQ — 61 75 B10 5 90 %)

Al A1 — 62 76 B9 6 91 110

A2 A2 — 63 77 A10 8 93 7%e)

A3 A3 — 64 78 A9 9 94 170

A15 A15 — 65 81 B6 12 97 110

A4 A4 — 66 82 87 13 98 7e)

Al4 A14 — 67 83 A7 14 99 110

o e . A5 A5 — 68 84 c7 15 100 1%%)
GND GND GND GND GND 1 1 1 c6 16 1 GND
o G : A3 A13 — 2 2 A6 17 2 /0

A6 A6 — 3 3 A5 18 3 110

A12 A12 — 4 4 B5 19 4 110

A7 A7 — 5 5 C5 20 5 110

A1 A11 — 6 8 A3 23 8 17O

A8 A8 — 7 9 A2 24 g 17O

A10 A10 — 8 10 B3 25 10 e}

A9 A9 — 9 11 A1 26 11 170

-

[:] Represents a 50 k(2 to 100 k2 pull-up.
Peripheral mode and master parallel mode are not supported in the 44-PLCC package; see page 36.

1 Pin assignments for the ATT3064/ATT3090 differ from those shown; see page 39.
t [NITis an open-drain output during configuration.




ATT3000 Series Field-Programmable Gate Arrays

(-50, -70, =100, —-125, and -150 MHz)

Pin Information (continued)

Table 6B. ATT3000 Family Configuration (100-TQFP, 132-PGA, 160-PQFP, 164-CQFP, 175-PGA, 208-SQFP)

Configuration Mode (M2:M1:M0)
Master- _ 100 | 132 | 160 | 164 | 175 | 208 User
Stlave . Peripheral |Master-High|Master-Low' TQFp | PGA | PQFP | CQFP | PGA | SQFP | Operation
(1:4:1) | Seriat (1:0:1) (1:1:0) (1:0:0)
{0:0:0)
PWRDWN | PWRDWN PWRDWN FWRDWN PWRDWN 26 At 159 20 B2 3 PWRDWN
vce vce vce vcc vce 38 c8 20 42 D9 26 vce
M1 (High) | M1 (Low) | M1 (Low) | M1 (High) | M1 (Low) 49 B13 40 62 B14 48 RDATA
MO (High) | MO (Low) | MO (Low) | MO (High) | MO (Low) 51 Al4 42 64 B15 50 RTRIG
M2 (High) | M2 (Low) | M2 (High) | M2 (High) M2 (Low) 53 C13 44 66 C15 56 fle]
HDC (High) | HDC (High) | HDC (High) | HDC (High) | HDC (High) | 54 B14 45 67 E14 57 )
DT (Low) | DT (Low) | DT (Low) | CDC (Low) | DT (Low) | 56 D14 49 71 D16 61 110
INIT * INIT * INIT * INIT * INIT * 62 G14 59 81 H15 77 110
GND GND GND GND GND 63 H12 19 83 Ji14 25 GND
o - M13 76 99 P15 100 XTiL2-1/0
P14 78 101 R15 102 RESET
DONE DONE DONE DONE DONE 77 N13 80 103 R14 107 PROG
. 78 M12 81 104 N13 109 110
79 P13 82 105 T14 110 XTL1-1/O
80 N11 86 109 P12 115 10
84 M9 92 115 T11 122 (o]
85 N9 93 116 R10 123 o
86 N8 98 121 R9 128 /0]
vce vce vce vce vce 88 M8 100 123 N9 130 vce
| 89 N7 102 125 P8 132 /0
90 P6 103 126 R8 133 1/e]
91 M6 108 131 R7 138 e}
95 M5 114 137 R5 145 lie}
96 N4 115 138 Ps 146 /o
B! 97 N2 119 143 R3 151 1o
DOUT DOUT DOUT DOUT DOUT 98 M3 120 144 N4 152 110
CCLK CCLK CCLK CCLK CCLK 99 P1 121 145 R2 153 CCLK
AQ AQ 2 M2 124 148 P2 161 /0
A1 Al 3 N1 125 149 M3 162 (e}
A2 A2 5 L2 128 152 P1 165 1/e]
A3 A3 6 L1 129 153 N1 166 o]
A15 Al15 9 K1t 132 156 M1 172 170
A4 A4 10 J2 133 157 L2 173 /0
Al4 Al4 11 H1 136 160 K2 178 70
A5 A5 12 H2 137 161 K1 179 170
GND GND 13 H3 139 164 J3 182 GND
A13 A13 14 G2 141 2 H2 184 /0]
A6 A6 15 G1 142 3 H1 185 170
A12 A12 16 F2 147 8 F2 192 o
A7 A7 17 E1 148 9 E1 193 /O
A1 At1 20 D1 151 12 D1 199 110
A8 A8 21 D2 152 13 C1 200 70
A10 A10 22 B1 155 16 E3 203 /0
A9 A9 23 Cc2 156 17 c2 204 1710

»
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(] Represents a 50 k<2 to 100 kQ puli-up.
INIT is an open-drain output during configuration.




ATT3000 Series Field-Programmable Gate Arrays
(-50, ~70, -100, -125, and -150 MHz)

Pin Assignments

Table 7. ATT3030 44-Pin PLCC Pinout

Pin No. Function Pin No. Function
1 GND 23 GND
2 IO 24 10
3 e 25 110
4 10 26 XTL2(IN)-1/O
5 le} 27 RESET
6 110 28 DONE-PROG
7 PWRDWN 29 o
8 TCLKIN-I/O 30 XTL1(OUT)-BCLKIN
9 7e] 31 e
10 I0 32 o
11 I{] 33 e}
12 Vvce 34 vce
13 /O 35 o
14 I} 36 e}
15 o] 37 o
16 M1-RDATA 38 DIN-1/O
17 MO-RTRIG 39 DOUT-1/O
18 M2-1/0 40 CCLK
19 HDC-I/0 41 o
20 [DC-1/0 42 /0
21 /0] 43 o
22 NIT-1/0 44 1o

Notes:

Peripheral mode and master parallel mode are not supported in the M44 package.

Parallel address and data pins are not assigned.
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ATT3000 Series Field-Programmable Gate Arrays

(~50, -70, =100, —125, and -150 MHz)

Pin Assignments (continued)

Table 8. ATT3020, ATT3030, and ATT3042; 68-PLCC, 84-PLCC, and 84-PGA Pinout!

Pin Numbers Pin Numbers

68 84 84 Function 68 84 84 Function
PLCC | PLCC | PGA PLCC | PLCC | PGA

10 12 B2 PWRDWN 38 46 K7 /O

11 13 c2 TCLKIN-1/O 39 47 L6 /O

— 14 Bt Io* 40 48 L8 /O

12 15 CH o] 3| 49 K8 O

13 16 D2 VO — 50 L9 Vo*

— 17 D1 110 — 51 L10 o

14 18 E3 /1O 42 52 K9 1O

15 19 E2 o] 43 53 L1 XTL2(IN)-1/O

16 20 E1 Ie] 44 54 K10 RESET

17 21 F2 o] 45 55 J10 DONE-PROG

18 22 F3 Vce 46 56 K11 D7-1/0

19 23 G3 /0 47 57 J11 | XTL1(OUT)-BCLKIN-I/O

— 24 G1 10 48 58 H10 D6-1/O

20 25 G2 VO — 59 H11 0]

21 26 F1 110 49 60 F10 D5-1/0

22 27 H1 70 50 61 G10 CS0-1/0

— 28 H2 /O 51 62 G11 D4-1/0O

23 29 J1 o] — 63 G9 6]

24 30 K1 o] 52 64 F9 vce

25 31 J2 M1-RDATA 53 65 F11 D3-1/0

26 32 L1 MO-RTRIG 54 66 E11 C81-1/0

27 33 K2 M2-1/0 55 67 E10 D2-1/0

28 34 K3 HDC-1/0O — 68 E9 /O

29 35 L2 f{e] — 69 D11 Vo

30 36 L3 [DC-1/0 56 70 D10 D1-1/0

31 37 K4 /O 57 71 CH RDY/BUSY-RCIR-1/0

— 38 L4 I1o* 58 72 B11 DO-DIN-1/O

32 39 J5 /O 59 73 C10 DOUT-/O

33 40 K5 0] 60 74 A1l CCLK

— 41 LS 110* 61 75 B10 AQ-WS-I/O

34 42 K6 INTT-1/O 62 76 B9 A1-CS2-1/0

35 43 Jé GND 63 77 A10 A2-1/0

36 44 J7 1’0 64 78 A9 A3-1/0

37 45 L7 /10O — 79 B8 o

— 80 A8 11o* 4 4 B5 A12-1/0

65 81 B6 A15-1/0 5 5 C5 A7-1/0O

66 82 B7 A4-1/0 — 6 A4 1/o*

67 83 A7 A14-1{/0 — 7 B4 ok

68 84 Cc7 A5-1/O 6 8 A3 A11-1/O

" Indicates unconnected package pins for the ATT3020.

1 Unprogrammed 1OBs have a default puil-up; this prevents an undefined pad level for unbonded or unused 10Bs.
Programmed outputs are default slew-limited.
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ATT3000 Series Field-Programmable Gate Arrays
(50, -70, =100, —125, and -150 MHz)

Pin Assignments (continued)

Table 8. ATT3020, ATT3030, and ATT3042; 68-PLCC, 84-PLCC, and 84-PGA Pinout! (continued)

Pin Numbers Pin Numbers
68 84 84 Function 68 84 84 Function
PLCC | PLCC| PGA PLCC|PLCC | PGA
1 1 C6 GND 7 9 A2 A8-1/0
2 2 A6 A13-1/0 8 10 B3 A10-1/0
3 3 A5 A6-I1/0 9 1 Al A9-1/0

* Indicates unconnected package pins for the ATT3020.
1 Unprogrammed 10Bs have a default pull-up; this prevents an undefined pad level for unbonded or unused IOBs.
Programmed outputs are default slew-limited.

Table 8 describes the pin assignments for three different chips in three different packages. The function column lists 84 of the 118 pads on
the ATT3042 and 84 of the 98 pads on the ATT3030. Ten pads (indicated by an asterisk) do not exist on the ATT3020, which has 74 pads;
therefore, the corresponding pins on the 84-pin packages have no connections to an ATT3020.
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ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, -100, -125, and —150 MHz)

Pin Assignments (continued)

Table 9. ATT3064 and ATT3090 84-PLCC Pinout

Pfé c Function PI?:: c Function Pl?é c Function
12 PWRDWN 41 INIT-1/0* 70 D1-1/0
13 TCLKIN=-1/O 42 vce* 71 RDY/BUSY-RCLR-I/O
14 70 43 GND 72 DO-DIN-I/O
15 e} 44 /O 73 DOUT-I/0
16 IO 45 o] 74 CCLK
17 e 46 10 75 A0-W5-1/0
18 e 47 I/Q 76 A1-CS2-1/0
19 1o 48 O 77 A2-1/0
20 10 49 /0 78 A3-1/0
21 GND* 50 /0 79 110*

22 vce 51 o] 80 ok
23 110 52 11O 81 A15-i/0
24 e 53 XTL2(IN)-1/O 82 A4-1/0
25 /10 54 RESET 83 A14-1/0
26 o] 55 DONE-PROG 84 A5-1/0
27 110 56 D7-1/0 1 GND
28 /0 57 |XTL1(OUT)-BCLKIN-1/O] 2 Vee*
29 /O 58 D6-1/0 3 A13-1/O*
30 11O 59 /O 4 AB-1/0*
31 M1-RDATA 60 D5-1/0 5 A12-1/0*
32 MO-RTRIG 61 CS0-1/0 6 A7-1/0*
33 M2-1/0 62 D4-1/0 7 o]
34 HDC-¥/O 63 i/O 8 A11-1/0
35 /O 64 vece 9 A8-1/O
36 [DC-1/0 65 GND* 10 A10-1/0
37 IO 66 D3-1/0* 11 A9-1/O
38 10 67 Cs1-1/10* —_ —

39 o] 68 D2-1/0* — —_

40 e} 69 I/O — —_

" Different pin definition than ATT3020/ATT3030/ATT3042 PC84 package.
Notes: Unprogrammed I0Bs have a default pull-up; this prevents an undefined pad level for unbonded or unused 10Bs.
Programmed outputs are default slew-limited. DEVICE POWER MUST BE LESS THAN 1 WATT.
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ATT3000 Series Field-Programmable Gate Arrays
(50, =70, -100, -125, and —-150 MHz)

Pin Assignments (continued)

Table 10. ATT3020, ATT3030, and ATT3042; 100-CQFP and 100-PQFP Pinout

Pin Number Pin Number Pin Number
100 100 Function 100 100 Function 100 100 Function
CQFP | PQFP CQFP | PQFP CQFP | PQFP

1 16 GND 35 50 l/o* 69 84 o*

2 17 A13-1/0 36 51 io* 70 85 /o*

3 18 A6-1/O 37 52 M1-RDATA 71 86 I¥O

4 19 A12-1/0 38 53 GND* 72 87 D5-1/0

5 20 A7-1/1O 39 54 MO-RTRIG 73 88 C80-1/0

6 21 i’o* 40 55 vce* 74 89 D4-1/0

7 22 io* 41 56 M2-1/0 75 90 Ve

8 23 A11-1/O 42 57 HDC-I/O 76 91 vce

9 24 A8-1/0 43 58 o] 77 92 D3-1/0
10 25 A10-1/0 44 59 DC-1/10 78 93 C31-1/0
11 26 A9-1/O 45 60 I/1o* 79 94 D2-1/0
12 27 vce 46 61 /o 80 95 VO

13 28" GND 47 62 110 81 96 /o*

14 29 PWRDWN 48 63 /0 82 97 {1o*

15 30 TCLKIN-I/O 49 64 /0] 83 98 D1-1/O
16 31 11o** 50 65 INIT-1/0 84 99 RCLR-RDY/BUSY~/O
17 32 yo* 51 66 GND 85 100 DO-DIN-I/O
18 33 Oo* 52 67 1710 86 1 DOUT-I/O
19 34 i/0 53 68 /0 87 2 CCLK

20 35 7o) 54 69 J{0] 88 3 Vvce®

21 36 /1O 55 70 110 89 4 GND*

22 37 o] 56 71 O 90 5 A0-WS-1/O
23 38 /O 57 72 110 91 6 A1-CS82-1/0
24 39 l{e] 58 73 110 92 7 /o

25 40 i/0 59 74 o* 93 8 A2-1/0
26 41 Vce 60 75 o* 94 9 A3-1/0
27 42 e} 61 76 XTAL2-1/0 95 10 1o*

28 43 10 62 77" GND 96 11 11o*

29 44 /0 63 78 RESET 97 12 A15-1/O
30 45 /O 64 79 vee* 98 13 A4-1/0O
31 46 f{®] 65 80 DONE-PROG 99 14 A14-1/0
32 47 1O 66 81 D7-1/0 100 15 A5-{/O
33 48 /0 67 82 XTAL1-BCLKIN-I/O — _ —

34 49 110 68 83 D6-1/0 — — —

* The third column lists 100 of the 118 pads on the ATT3042 connected to the 100 package pins. Two pads, indicated by double asterisks, do
not exist on the ATT3030, which has 98 pads; therefore, the corresponding pins have no connections. Twenty-six pads, indicated by single or
double asterisks, do not exist on the ATT3020, which has 74 pads; therefore, the corresponding pins have no connections. {See Table 9.)

Notes: Unprogrammed IOBs have a default pull-up; this prevents an undefined pad leve! for unbonded or unused {OBs.

Programmed outputs are default slew-limited. The ATT3030 is not availabte in a 100-pin CQFP.
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ATT3000 Series Field-Programmable Gate Arrays
(-50, =70, =100, 125, and —150 MHz)

Pin Assignments (continued)

Table 11. ATT3030 and ATT3042 100-TQFP Pinout

ngp Function T1QOI-9P Function T1QO:P Function
13 GND 47 I/O 81 o]
14 A13-1/0O 48 /O 82 IO
15 AB6-1/0 49 M1-RDATA 83 /O
16 A12-1/0 50 GND 84 D5-1/0
17 A7-1/0 51 MO-RTRIG 85 TS0-1/0
18 1o 52 vce 86 D4-1/0
19 /O 53 M2-1/0 87 110
20 A11-1/O 54 HDC-1/O 88 vece
21 A8-I/O 55 1710 89 D3-1/0
22 A10-1/0 56 DC-1/O 90 C51-1/10
23 AS-1/O 57 l{e] N D2-1/0
24 vce 58 /10 g2 IO
25 GND 59 IO 93 o]
26 PWRDWN 60 /O 94 /10
26 TCLKIN-1/O 61 IO 95 D1-1/0
28 7o) 62 INIT-1/O 96 | RCLK-RDY/BUSY-I/O*
29 1/e] 63 GND 97 DO-DIN-1/0
30 /O 64 I/O 98 DOUT-1/O
31 110 65 11O 99 CCLK
32 @] 66 IO 100 vce
33 110 67 /0 1 GND
34 /O 68 I/0 2 AQ0-WS-1/0
35 110 69 /O 3 A1-CS2-1/0
36 110 70 (@] 4 o*
37 170 71 /10 5 A2-1/0O
38 vce 72 110 6 A3-1/0
39 170 73 XTAL2-1/O 7 e
40 10 74 GND 8 1O
141 110 75 RESET 9 A15-1/0
42 110 76 Vee 10 A4-1/0
43 10 77 DONE-PROG 11 A14-1/0
44 110 78 D7-1/0 12 A5-1/0
45 110 79 | XTAL1-BCLKIN-I/O| — —
46 He] 80 D6-1/0 — —

* Indicates unconnected package pins for the ATT3030.

Notes: Unprogrammed IOBs have a default pull-up; this prevents an undefined pad level for unbonded or unused IOBs. Programmed
outputs are default slew-limited. DEVICE POWER MUST BE LESS THAN 1 WATT FOR COMMERCIAL TEMPERATURE RANGE
AND LESS THAN 0.8 WATTS FOR INDUSTRIAL TEMPERATURE RANGE.
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ATT3000 Series Field-Programmable Gate Arrays

(=50, -70, ~100, 125, and —150 MHz)

Pin Assignments (continued)

Table 12. ATT3042 and ATT3064 132-PGA Pinout

; éi Function ;ng Function ;gi Function
c4 GND F12 /0 N6 /0

Al PWRDWN El4 7e) P5 /o
C3 TCLKIN-1/O F13 ) M6 D2-1/0
B2 /0 F14 ) N5 7o)

B3 e G13 170 P4 /0

A2 /o G4 TNIT-1/0 P3 o)

B4 170 G12 VCC M5 D1-1/0
C5 e H12 GND N4 | RCLR-RDY/BUSY-O
A3 I/o* H14 ) P2 o)

A4 e H13 /0 N3 IO

B5 e J14 o) N2 DO-DIN-I/O
cé /0 J13 /0 M3 DOUT-1/O
A5 o) K14 ) P1 CCLK
B6 /0 J12 /0 M4 vce
AB o) K13 70 3 GND
B7 /0 L14 1/o" M2 AO-W5-1/0
C7 GND L13 /0 N1 A1-CS2-1/0
cs VCe K12 170 M1 /0

A7 o) M14 /0 K3 110

B8 /0 N14 ) 2 A2-1/0
A8 o) M13 XTAL2(IN)=I/O 01 A3-1/0
A9 e L12 GND K2 /0

B9 /0 P14 REGET J3 /0

c9 o) M11 VCC K1 A15-1/0
A10 7o) N13 DONE-PROG J2 A4-1/0
B10 /O M12 D7-1/0 a1 /o
IXE /o P13 | XTAL1-BCLKIN-I/O | H1 A14-1/0
Ci10 /0 N12 /0 H2 A5—1/0
B11 o) P12 /O H3 GND
A12 I/0* N11 D6-1/0 G3 VCC
B12 /0 M10 70 G2 A13-1/0
A13 I/o* P11 /0" G1 A6-1/0
ci2 7e) N10 /0 F1 /0"
B13 M1-RDATA P10 170 F2 A12-1/0
ci1 GND M9 D5-1/0 E1 A7-1/O
Al4 MO-RTRIG N9 TS0-1/0 F3 /0
D12 vce P9 1/0* E2 o)
C13 M2-1/0 P8 1/0* D1 A11-1/0
B4 HDC-1/0 N8 Da-1/0 D2 AB—1/O
Cia /0 P7 o) E3 1)
E12 o) M8 VCC C1 o)
D13 o) M7 GND B1 A10-1/0
D14 DC-1/0 N7 D3-1/0 c2 A9-1/0
E13 /0" P6 TS1-1/0 D3 VCcC

* Indicates unconnected package pins for the ATT3030.

Notes: Unprogrammed IOBs have a default pull-up; this prevents an undefined pad level for unbonded or unused I0Bs.

Programmed outputs are default stew-limited.
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ATT3000 Series Field-Programmable Gate Arrays
(-50, =70, -100, —125, and -150 MHz)

Pin Assignments (continued)

Table 13. ATT3064 and ATT3090 160-PQFP Pinout

ngp Function ngp Function PLGI?P Function ngp Function
1 /o* 41 GND 81 ‘D7-1/0 121 CCLK
2 110" 42 MO-RTRIG 82 XTAL1-BCLKIN-1/O | 122 vce
3 /10" 43 Vvce 83 /o* 123 GND
4 7o) 44 M2-1/0 84 0] 124 A0-W5--//O
5 110 45 HDC-1/0 85 /O 125 A1-CS2-1/0
6 /1O 46 110 86 D6-1/0 126 70
7 /O 47 110 87 o] 127 /0O
8 /O 48 /O 88 /O 128 A2-1/0
9 /O 49 [OC-1/0 89 11O 129 A3-1/0
10 IO 50 o* 90 10 130 O
11 10 51 yo* 91 o] 131 /0]
12 110 52 o] 92 D5-1/0 132 A15-1/0
13 11O 53 /0 93 CS0-1/0 133 A4-1/0O
14 /O 54 110 94 /o* 134 O
15 110 55 110 95 o 135 1]
16 /O 56 /O 96 /O 136 A14-1/0
17 /O 57 /0 97 O 137 A5-1/0O
18 70 58 /0 98 D4-1/0 138 11o*
19 GND 59 INTT-1/0 99 /0 139 GND
20 vce 60 Vce 100 vce 140 vce
21 o 61 GND 101 GND 141 A13-1/0O
22 Ve 62 /O 102 D3-1/0 142 AB-1/0
23 110 63 i/70 103 CB1-1/0 143 I/10*
24 YO 64 /O 104 e 144 I1o*
25 110 65 /0 105 VO 145 I}
26 e 66 /0 106 o 146 /0
27 /O 67 I/0 107 o* 147 A12-1/0
28 170 68 /O 108 D2-1/0 148 A7-1/0
29 110 69 /O 109 7o) 149 1/e]
30 /O 70 7] 110 o] 150 /O
31 /O 71 He) 111 /O 151 A11-)/O
32 /O 72 /0 112 o] 152 A8-1/0
33 10 73 /O 113 10 153 /{0]
34 /o] 74 110 114 D1-1/O 154 Vo
35 7e] 75 Vo 115 |RCLK-RDY/BUSY-I/O| 155 A10-1/0O
36 /O 76 XTAL2-1/O 116 10 156 A9-1/0O
37 IO 77 GND 117 170 157 vce
38 1o 78 RESET 118 11o* 158 GND
39 1o 79 vce 119 DO-DIN-1/O 159 PWRDWN
40 M1-RDATA 80 DONE -PROG 120 DOUT-I/O 160 TCLKIN-1{/O

* Not connected on ATT3064.
Notes: Unprogrammed IOBs have a default pull-up; this prevents an undefined pad level for unbonded or unused I0Bs. Programmed outputs
are default slew-limited. DEVICE POWER MUST BE LESS THAN 1 WATT FOR COMMERCIAL TEMPERATURE RANGE AND LESS
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ATT3000 Series Field-Programmable Gate Arrays
(50, -70, -100, -125, and -150 MHz)

Pin Assignments (continued)

Table 14. ATT3000 Family 164-CQFP Pinout

C1Q6l:P Function CLG:P Function C1QSF4P Function CLG:P Function
20 PWRDWN 61 1o 102 vce 143 DO-DIN-I/O
21 | TCLKIN-I/O | 62 M1-RDATA 103 DONE-PROG 144 DOUT-I/O
22 110 63 GND 104 D710 145 CCLK
23 110 64 MO-RTRIG 105 [XTAL1(OUT)-BCLKIN-/O[ 146 Vce
24 11O 65 Vvce 106 o 147 GND
25 7O 66 M2-l/0 107 o 148 AO-WS-I/0
26 o 67 HDC-1/O 108 o 149 A1-CS2-1/0
27 70 68 o) 109 D6-1/0 150 10
28 110 69 /o 110 /o] 151 e}
29 70 70 /O 111 IO 152 A2-1/O
30 /10 71 [DC-1/10 112 o 153 A3-1/0
31 /e] 72 /10 113 o] 154 o]
32 7o) 73 /O 114 /O 155 0]
33 IO 74 1/e] 115 D5-1/0 156 A15-1/0
34 /0 75 o) 116 Cs0-1/0 157 A4-1/10
35 7/0) 76 I 117 o 158 1]

36 70 77 /O 118 1o 159 e}
37 1/e] 78 O 119 18] 160 A14-1/0
38 /0 79 [{0] 120 /1O 161 A5-1/0
39 110 80 /0] 121 D4-1/0 162 e}
40 110 81 INIT-1/0 122 o 163 10
41 GND 82 vee 123 vce 164 GND
42 Vce 83 GND 124 GND 1 vce
43 70 84 o 125 D3-1/0 2 A13-1/0
44 710 85 o 126 T51-1/0 3 A6-1/0
45 /0 86 110 127 /O 4 1O
46 /10 87 Tle] 128 /O 5 /0
47 1/e] 88 110 129 18] 6 /1O
48 /o] 89 0 130 Vo 7 e
49 70 90 10 131 D2-1/0 8 A12-1/0
50 /0 2] 0 132 10 9 A7-1/0
51 7o) 92 1o 133 0] 10 /O
52 7O 93 /10 134 Vo 11 /0
53 70 94 /10 135 o] 12 A11-1/O
54 VO 95 e} 136 o) 13 A8-1/0
55 70 96 110 137 D1-1/0 14 /O
56 IO 97 10 138 | RDY/BUSY-RCIR-/O | 15 10
57 11O 98 10 139 [{0] 16 A10-1/0O
58 7o) 99 XTAL2(IN)-I/O 140 /0 17 A9-1/O
59 70 100 GND 141 o 18 vce
60 70 101 RESET 142 1O 19 GND

Notes: Unprogrammed IOBs have a default pull-up; this prevents an undefined pad level for unbonded or unused IOBs. Programmed outputs
are default slew-limited.
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ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, =100, =125, and -150 MHz)

Pin Assignments (continued)

Table 15. ATT3000 Family 175-PGA Pinout

;éi Function FI éi Function ; éi Function ;ésA Function
B2 PWRDWN D13 110 R14 DONE-PROG R3 DO-DIN-1/O
D4 | TCLKIN-I/O | B14 , M1-RDATA N13 D7-1/0 N4 DOUT-1/0
B3 110 Ci14 GND T14 |XTAL1(OUT)-BCLKIN-I/O| R2 CCLK
C4 /0 B15 MO-RTRIG P13 1] P3 vce
B4 /O D14 vce R13 f/e] N3 GND
A4 /1O C15 M2-1/0 T13 110 P2 AQ-WS-1/O
D5 110 E14 HDC-I/O N12 0] M3 A1-CS2-1/0
C5 110 B16 110 P12 D6~1/1O R1 Vo]

B5 /0 D15 /O R12 o] N2 YO
A5 170 C16 /0 T12 /0 P1 A2-1/O
Ce6 110 D16 [DC-1/O P11 1O N1 A3-1/0
D6 110 F14 /0] N11 110 L3 /O
B6 Tle] E15 110 RN /10 M2 /O
A6 110 E16 /O T11 D5-1/0 M1 A15-1/0
B7 /0 F15 11O R10 T50-/0 L2 A4-1/0
Cc7 /0 F16 /O P10 170 L1 /0
D7 /0 G14 e N10 I/0 K3 /O
A7 /10 G15 IO T10 /O K2 A14-1/0
A8 /@] G16 11O T9 /0 K1 A5-1/0
B8 110 H16 IO R9 D4-1/0 J1 VO
07 /O H15 INIT-I/O P9 /O J2 /0
D8 GND H14 vee N9 vee J3 GND
D9 vce J14 GND N8 GND H3 Vce
c9 /O J15 IO P8 D3-1/0 H2 A13-1/0
B9 110 J16 /0 R8 C31-1/0 H1 A6-1/0

A9 110 K16 /O T8 /O G1 IO

A10 110 K15 /O T7 O G2 /0O
D10 170 K14 11O N7 /10 G3 e

Cc10 /10 L16 /0O P7 110 Fi 7o)
B10 /O L15 /0 R7 D2-1/0 F2 A12-1/0
Al 110 M16 1’0 T6 /0 E1 A7-1/0
B11 /0 M15 I/O R6 /O E2 /1O
D11 /0 L14 7o) N6 110 F3 VO
C11 /O N16 /0 P6 /0 D1 A11-1/O
A12 /O P16 17O T5 1/e)] C1 A8-1/O
B12 /O N15 110 R5 D1-1/0 D2 /O
C12 /0 R16 1710 P5 | RDY/BUSY-RCIK~I/O0 | Bt 7]
D12 /0 M14 1’0 N5 /O E3 A10-1/0
A13 /@] P15 XTAL2(IN)~-1/O T4 /O c2 A9-1/0
B13 VO N14 GND R4 /0 D3 vce
C13 /O R15 RESET P4 /O C3 GND
At4 O P14 vce — — — —

Notes: Unprogrammed 10Bs have a default puli-up; this prevents an undefined pad level for unbonded or unused IOBs. Programmed
outputs are default slew-limited. Pins A2, A3, A15, A16, T1, T2, T3, T15, and T16 are not connected. Pin A1 does not exist.
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ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, =100, -125, and —150 MHz)

Pin Assignments (continued)
Table 16. ATT3000 Family 208-SQFP Pinout

ég:, Function gg: Function ggg Function ég?, Function
1 _ 53 — 105 — 157 _
2 GND 54 - 106 vce 158 —_
3 PWRDWN 55 vCcC 107 DONE - 159 —_
4 TCLKIN-I/O 56 M2-I1/0 108 — 160 GND
5 o 57 HDC-V/O 109 D7-1/O0 161 A0-W5-I/O
6 70 58 VO 110 XTAL-BCLKIN-I/O 162 A1-CS2-1/0
7 170 59 1O M o 163 11O
8 /(o] 60 /0 112 e} 164 1710
9 /0 61 DC-110 113 Vo 165 A2-1/0
10 11O 62 7o) 114 1o 166 A3-1/0
1 Vo 63 /0 115 . D6-1/0 167 i10
12 o 64 —_ 116 10 168 (o]
13 /0 65 — 117 1/e) 169 —
14 Vo 66 — 118 1[e) 170 —
15 Ie} 67 — 119 —_ 171 —
16 110 68 110 120 I{e] 172 A15-1/0
17 /0 69 /O 121 o 173 A4--1/O
18 7/0) 70 {®] 122 D5-1/0 174 170
19 /0 71 I[s) 123 C30-1/0 175 1e)
20 /0 72 — 124 /O 176 —_
21 T7e) 73 — 125 o 177 —
22 e} 74 VO 126 6] 178 A14-1/0
23 170 75 /o] 127 /o 179 A5-1/O
24 /[0 76 /O 128 D4-1/0 180 /0o
25 GND 77 INIT-I1/0 129 o] 181 /O
26 vCC 78 \"/e o] 130 VCC 182 GND
27 e} 79 GND 131 GND 183 vVCcC
28 1710 80 /O 132 D3-1/0 184 A13-1/O
29 7o} 81 /@] 133 C31-1/10 185 A6-1/0
30 Vo 82 /O 134 o 186 o
31 e} 83 — 135 O 187 o]
32 Vo 84 — 136 /0 188 —
33 17O 85 10 137 110 189 —
34 1[e) 86 /0 138 D2-110 190 VO
35 /o] 87 /o] 139 1O 191 e
36 7[®)] 88 o 140 110 192 A12-1/0
37 — 89 10 141 10 193 A7-1/0
38 70 90 - 142 - 194 -—
39 17O 91 — 143 10 195 —
40 11O 92 — 144 1{®] 196 —
41 Yo 93 /O 145 D1-1/O 197 I[e)
42 /O 94 I[e] 146 RDY7BUSY-RCLK-1/O 198 /o]
43 /[o] a5 /O 147 o 199 A11-1/0
44 7o) 96 77e) 148 110 200 A8-1/O
45 1[e) 97 o) 149 18] 201 O
46 o 98 /(o] 150 o 202 70
47 Vo 99 /O 151 DO-DIN-1/O 203 A10-1/0
48 M1-RDATA 100 XTAL2(IN)-1/O 152 DOUT-1/0 204 A9-1/0
49 GND _ 101 GND 153 CCLK 205 vee
50 MO-RTRIG 102 RESET 154 VCC 206 —
51 — 103 — 155 — 207 —
52 — 104 — 156 — 208 —

Notes: Unprogrammed IOBs have a default pull-up; this prevents an undefined pad leve! for unbonded or unused IOBs. Programmed outputs

are default siew-limited.
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ATT3000 Series Field-Programmable Gate Arrays
(-50, =70, ~100, —125, and —150 MHz)

Absolute Maximum Ratings

Stresses in excess of the Absolute Maximum Ratings can cause permanent damage to the device. These are
absolute stress ratings only. Functional operation of the device is not implied at these or any other conditions in
excess of those given in the operational sections of the data sheet. Exposure to Absolute Maximum Ratings for
extended periods can adversely affect device reliability. ‘

Parameter Symbol Min Max Unit
Supply Voltage Relative to GND vce -0.5 7.0 Y
Input Voltage Relative to GND VIN -0.5 0.5 \'
Voltage Applied to 3-state Output VTS -0.5 0.5 \%
Storage Temperature (ambient) Tstg -65 150 °C
Maximum Soldering Temperature TsoL — 260 °C

(10 seconds at 1/16 in.)
Junction Temperature

Plastic T4 — 125 °C

Ceramic T4 — 150 °C
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ATT3000 Series Field-Programmable Gate Arrays

(=50, 70, -100, —125, and ~150 MHz)

Electrical Characteristics

Table 17. dc Electrical Characteristics Over Operating Conditions

Commercial: VCC = 5.0 V £ 5%; 0 °C < TA < 70 °C; Industrial: VCC = 5.0 + 10%, -40 °C < TA < 85 °C;
Military: VCC = 5.0 V + 10%, ~-55 °C < TA< 125 °C.

Commercial Industrial Military
Parameter/Conditions Symbol Unit
Min Max Min Max Min Max
High-level Input Voitage
CMOS Level VIHC 70% 100% 70% 100% 3.76 — \
TTL Level - VIHT 2.0 vce 2.0 vce 2.0 vce \
Low-level Input Voltage
CMOS Level ViLc 0 20% 0 20% — 0.37 \
TTL Level VILT 0 0.8 0 0.8 0 0.8 i
input Signal Transition Time TiN — 250 — 250 — 250 ns
Powerdown Supply Current
ATT3020 — 50 — 50 — 500 A
ATT3030 T — 80 — 80 — — A
ATT3042 —_ 120 — 120 - 1150 UA
ATT3064 — 170 — 170 — — pA
ATT3090 — 250 — 250 —_ 2500 uA
Quiescent FPGA Supply Current
(in addition to IccpPD)
CMOS Inputs
ATT3020 — 500 — 500 — 1000 LA
ATT3030 icco — 500 — 500 — - LA
ATT3042 — 500 — 500 — 1650 HA
ATT3064 — 500 — 500 — — HA
ATT3090 — 500 — 500 — 3000 pA
TTL Inputs — 10 — 10 —_ 15 mA
Leakage Current L -10 10 -10 10 -20 20 LA
Input Capacitance*
All Packages (except 175-PGA)
All Pins Except XTL1 and XTL2 — 10 — 10 — 10 pF
XTL1 and XTL2 CiN — 15 — 15 — 15 pF
175-PGA Package
All Pins Except XTL1 and XTL2 — 15 — 15 —_ 15 pF
XTL1 and XTL2 —_ 20 — 20 — 20 pF
P(a:t CT:' - \5‘)”'“3” selected) RN | 002 | 017 | 002 | 017 | 002 | 017 | mA
Horizontal Long Line Pull-up (when
selected) at logic LOW IRLL 0.2 25 0.2 2.5 0.2 2.5 mA

* Sample tested.

Note: With no output current loads, no active input or long line pull-up resistors, all package pins at VGC or GND, and the FPGA configured
with a MAKEBITS tie option. See FPGA power chart for additional activity-dependent operating components.
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ATT3000 Series Field-Programmable Gate Arrays
(~50, -70, -100, -125, and -150 MHz)

Electrical Characteristics (continued)

@Tvaw
RESET
@TMR @ Tam
MO/M1/M2 VALID
e @TPGW
DONE/PROG ’ Si
@TPG|
INIT CLEAR STATE / CONFIGURE
{OUTPUT) USER STATE o
PWRDWN \ /
t<— NOTE 3 —P’
\__ /¥
Vce (VALID) N ~Voceo

Figure 33. General FPGA Switching Characteristics

Testing of the switching characteristics is modeled after testing specified by MIL-M-38510/605. Devices are 100%
functionally tested. Actual worst-case timing is provided by the timing calculator or simulation.

Table 18. General FPGA Switching Characteristics

Signal Description Symbol Min Max Unit
RESET! MO, M1, and M2 Setup Time TMR (2) 1 — us
MO, M1, and M2 Hold Time TRM (3) 1 — us
RESET Width (LOW) Required for Abort TMRW (4) 6 — us
DONE/PROG | Width low Required for Reconfiguration TPGw (5) 6 — Hs
TNIT Response after DONE/PROG Is Pulled TPGI (6) — 7 us
low
(el Powerdown Vcc
Commercial/Industrial VcerPo 2.3 — \
Mititary 35 — \Y
Notes:

1. RESET timing relative to valid mode lines (MO, M1, M2) is relevant when RESET is used to delay configuration.

2. PWRDWN transitions must occur while VCC > 4 V.

3. At powerup, VCC must rise from 2 V to VCC minimum in less than 25 ms. If this is not possible, configuration can be delayed by holding
RESET low until VCC has reached 4 V. A very long VCC rise time of >100 ms or a nonmonotonically rising VCC may require a >1 ps high level
on HESET, followed by a >6 us low level on RESET and DONE/PROG after VCC has reached 4 V.
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ATT3000 Series Field-Programmable Gate Arrays
(=50, -70, =100, -125, and —-150 MHz)

Electrical Characteristics (continued)

Table 19. Buffer (Internal) Switching Characteristics

Commercial: VCC = 5.0 V £ 5%; 0 °C < TA < 70 °C; Industrial: VCC = 5.0 £ 10%, —40 °C < TA< 85 °C;
Military: VCC = 5.0 V + 10%, =55 °C < TA< 125 °C.

-50 =70 | -100 | -125 | -150
Description Symbol Unit
Max | Max | Max | Max Max
Global and Alternate Clock Distribution*:
Either Normal |OB Input Pad to Trip 10.0 8.0 7.5 7.0 6.8 ns
Clock Buffer Input
Or Fast (CMOS only) Input Pad to Teibc 8.0 6.5 8.0 57 55 ns
Clock Buffer Input
TBUF Driving a Horizontal Long Line (LL)*:
| to LL While T is Low (buffer active) Tio 8.0 5.0 47 4.5 4.1 ns
T to LL Active and Valid with Ton | 120 | 11.0 | 100 | 90 5.6 ns
Single Pull-up Resistor
T! to LL Active and Valid with Ton | 140 | 120 | 11.0 | 100 | 71 ns
Pair of Puli-up Resistors
TT to LL High with Single Pull-up Teus | 42.0 | 24.0 | 220 | 17.0 | 156 ns
Resistor
TT to LL High with Pair of Pull-up Teur | 220 | 17.0 | 15.0 | 120 12.0 ns
Resistors
Bidirectional Buffer Delay TBIDI 6.0 2.0 1.8 1.7 14 ns

* Timing is based on the ATT3042; for other devices, see timing calculator.
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ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, -100, -125, and =150 MHz)

Electrical Characteristics (continued)
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CLB OQUTPUT
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(FLIP-FLOP)

Figure 34. CLB Switching Characteristics
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ATT3000 Series Field-Programmable Gate Arr.a(s
(50, -70, -100, —125, and —150 MHz)

Electrical Characteristics (continued)

Table 20. CLB Switching Characteristics
Commercial: VCC = 5.0 V £ 5%; 0 °C < TA < 70 °C; Industrial: VCC = 5.0 + 10%, 40 °C < TA< 85 °C;

Military: VCC = 5.0 V £ 10%, —55 °C s TA< 125 °C.

-50 -70 -100 -125 -150
Description Symbol Units
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Combinatorial Delay 1f o | — |140] — | 90| — | 70| — | 55| — | 46| ns
Sequential Delay
Clock K to Qutputs 8| Tcko | — [120| — |60} — | 50| — |45 — | 40| ns
xory
Clock K to Qutputs —| TQL0 | — (230| — [130| — (100 — | 80| — | 67| ns
x or y when Q Returned Through
Function Generators F or G to
Drives x ory
Setup Time
Logic Variables 2| Tick |120 — | 80| — |70 — | 55| — | 46| — ns
Data In 4|ToiIcCK | 80| — | 50| — |40} — | 30| — | 20| — ns
Enable Clock 6 |TECCK]|100| — | 70| — | 50| — | 45| — | 40| — ns
Reset Direct Active —|TRODCK|( 10| — (10| —|1O0]|] — |[1O0] — ] 1O ]| — ns
Hold Time
Logic Variables 3| TCKI | 1.0 | — 0 —_ 0 — 0 — 0 — ns
Data In 5(Tckpi| 60| — |40 — | 20| — |15 — | 12| — ns
Enable Clock 7 |TCKEC| O — 0 — 0 — 0 — 0 — ns
Clock
High Time* 11| TcH |90 — (50| — |40 | — (30| — |25 | — ns
Low Time* 12 Tc. |90 — | 50| — | 40| — | 30| — | 26| — ns
Flip-flop Toggle Rate* —| FCLK | 50 | — | 70 | — | 100| — (125 — | 160 | — | MHz
Reset Direct (rd)
rd Width 13| TRPW |120| — |80 | — | 70| — | 60| — | 50| — ns
Delay from rd to Outputs x, y g|TRO | — |120| ~— | 80| — |70 — | 60| — | 50| ns
Master Reset (MR)
MR Width —| TMRW | 30 —_ 25 — 21 —_ 20 —_ 19 — ns
Delay from MR to Outputs x, y —|T™MRQ| — 27| — | 28| — | 18| — | 17 | — 17 ns

" These parameters are for clock pulses within an FPGA device. For externally applied clock, increase values by 20%.
Notes: The CLKB K to Q output delay (TCKO—#8) of any CLB, plus the shortest possible interconnect delay, is always longer than the data in
hold time requirement (TCKDI—#5) of any CLB on the same die.
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ATT3000 Series Field-Programmable Gate Arrays
(-50, ~70, —~100, 125, and -150 MHz)

Electrical Characteristics (continued)
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Figure 35. 10B Switching Characteristics

54



ATT3000 Series Field-Programmable Gate Arrays
(50, =70, —100, —125, and ~150 MHz)

Electrical Characteristics (continued)

Table 21. 10B Switching Characteristics

Commercial: VCC = 5.0 V + 5%; 0 °C < TA< 70 °C,; Industrial: VCC = 5.0 £ 10%, ~40 °C < TA< 85 °C;
Military: VCC = 5.0 V £ 10%, -55 °C < TA< 125 °C.

=50 -70 -100 -125 -150
Description Symbol Units
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Input Delays
Pad to Direct In 3| TPD —_ 9.0 —_ 6.0 — 4.0 - 3.0 —_ 2.8 ns
Pad to Registered In — | TPTG — | 340 — [210| — | 170 | — 160 — | 150 | ns
Clock to Registered in 4| TIKRI — 1o | — 55 - 4.0 — 3.0 — 28 ns
Setup Time (Input):
Clock Setup Time 1| TPICK | 30.0 — | 200 | — 17.0 — 16.0 - 14.5 — ns
Output Delays
Clock to Pad
Fast 71 TOKPO | — 180 | — 130 | — 100 | — 9.0 — 7.0 ns
Slew-rate Limited 7| TOKPO | — | 430 | — [ 330 — | 27.0 — 24.0 — | 220 | ns
Output to Pad
Fast 10| TOPF — 150 | — 9.0 — 6.0 - 5.0 — 45 ns
Slew-rate Limited 10| Tops — 40.0 — 29.0 — 23.0 — 20.0 — 15.0 | ns
3-state to Pad Hi-Z
Fast 9 | TTSHZ - 100 | — 8.0 — 8.0 — 7.0 — 7.0 ns
Slew-rate Limited 9 | TTSHZ — 37.0 — 28.0 — 25.0 — 24.0 — 220 | ns
3-state to Pad Valid
Fast 8 | TTSON —_ 20.0 - 14.0 — 12.0 — 11.0 — 11.0 ns
Slew-rate Limited 8 | TTSON —_ 45.0 — | 340 | — 29.0 — 27.0 — 26.0 | ns
Setup and Hold Times
(Output)
Clock Setup Time 51 TocK | 15.0 — 100 | — 9.0 — 8.0 — 7.0 — ns
Clock Hold Time 6 | TOkO 0 —_ 0 — 0 — 0 — 0 — ns
Clock
High Time* 1h TCH 9.0 — 5.0 — 4.0 — 3.0 —_ 2.5 — ns
Low Time* 12| TcCL 9.0 —_ 5.0 — 4.0 — 3.0 — 25 — ns
Max. Flip-flop Toggle* — | FCLK — 50 — 70 — 100 — 125 — 150 | MHz
Master Reset Delays
RESET to:
Registered In 13| TRRI — 35 — 25 — 24 — 23 — 20 ns
Output Pad (Fast) 15| TRPO — 50 — 35 — 33 — 29 — 25 ns
Output Pad (Slew- 15| TRPO — 68 — 53 — 45 — 42 — 40 ns
rate Limited)

* These parameters are for clock pulses within an FPGA device. For extemally applied clock, increase values by 20%.
Notes:

Timing is measured at pin threshoid with 50 pF external capacitive loads (including test fixture).

Typical fast mode output rise/fall times are 2 ns and will increase approximately 2%/pF of additional load.

Typical slew-rate limited output rise/fall times are approximately 4 times longer.

A maximum total external capacitive load for simultaneous fast mode switching in the same direction is 200 pF per power/ground pin pair. For
slew-rate limited outputs, this total is 4 times larger. Exceeding this maximum capacitive load can result in ground bounce of >1.5 V amplitude
and <5 ns duration, which may cause problems when the [TA drives clocks and other asynchronous signals.

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 an external source.

Input pad setup time is specified with respect to the internal clock (ik).

To calcutate system setup time, subtract clock delay (pad to ik) from the input pad setup time value. input pad hold time with respect to the
internal clock (ik) is negative. This means that pad levels changed immediately before the internal clock edge (ik) will not be recognized.
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ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, =100, ~125, and =150 MHz)

Electrical Characteristics (continued)
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Figure 36. Master Serial Mode Switching Characteristics

Table 22. Master Serial Mode Switching Characteristics

Signal Description Symbol Min Max Unit
CCLK Data-In Setup 1 TDsCK 60 — ns
Data-in Hold 2 TCKDS 0 — ns
Notes:

At powerup, VCC must rise from 2.0 V to VCC minimum in less than 25 ms. If this is not possible, configuration can be delayed by holding
RESET low until VCC has reached 4.0 V. A very long VCC rise time of >100 ms, or a nonmonotonically rising VCC may require a >1 ps high level
on RESET, followed by >6 us low level on RESET and D/F after VCC has reached 4.0 V.

Configuration can be controiled by holding RESET low with or until after the INIT of all daisy-chain slave mode devices is high.
Master serial mode timing is based on slave mode testing.
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ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, ~100, —125, and —150 MHz)

Electrical Characteristics (continued)
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Note: The EPROM requirements in this timing diagram are extremely relaxed; EPROM access time can be longer than 4000 ns. EPROM data
output has no hold time requirements.

Figure 37. Master Parallel Mode Switching Characteristics

Table 23. Master Parallel Mode Switching Characteristics

Signal Description Symbol Min Max Unit
RCLK To Address Valid 1 TRAC 0 200 ns
To Data Setup 2 TDRC 60 — ns
To Data Hold 3 TRCD 0 — ns
RCLK High — TRCH 600 — ns
RCLK Low — TRCL 4.0 — us
Notes:

At powerup, VCC must rise from 2.0 V to VCC minimum in less than 25 ms. If this is not possible, configuration can be delayed by holding
RESET low until VCC has reached 4.0 V. A very long VCC rise time of >100 ms, or a non-monotonically rising VCC may require a >1 us high
level on RESET, followed by >6 us low level on RESET and D/F after VCC has reached 4.0 V.

Configuration can be controlled by holding RESET low with or until after the INTT of ali daisy-chain slave mode devices is high.
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ATT3000 Series Field-Programmable Gate Arrays
(-50, =70, —100, -125, and -150 MH2)

Electrical Characteristics (continued)

CS1/CS0

CS2

D[7:0]

CCLK

RDY/BUSY

DOUT

GROUP OF
8 CCLKs

Note: The requirements in this timing diagram are extremely relaxed; data need not be held beyond the rising edge of WS. BUSY will go active
within 60 ns after the end of W5. BUSY will stay active for several microseconds. WS may be asserted immediately after the end of BUSY.

Figure 38. Peripheral Mode Switching Characteristics

Table 24. Peripheral Mode Programming Switching Characteristics

Signal Description Symbol Min Max Unit
Write Signal Effective Write Time Required
(C50 x TST x CS2 x WB) 1 Tca 100 — ns
D[7:0] DIN Setup Time Required 2 Toc 60 — ns
DIN Hold Time Required 3 Tco 0 — ns
RDY/BUSY RDY/BUSY Delay after End of WS 4 TwWTRB — — ns
Earliest Next WS after End of BUSY 5 TRBWT 0 60 ns
BUSY Low Time Generated 6 T8uUSY 2 9 CCLK
Periods
Notes:

At powerup, VCC must rise from 2.0 V to VCC minimum in less than 25 ms. If this is not possible, configuration can be delayed by holding
RESET low untit VCC has reached 4.0 V. A very long VCC rise time of >100 ms, or a nonmonotonically rising VCC may require a >1 ps high level
on RESET, followed by >6 us low level on RESET and D/P after VCC has reached 4.0 V.

Configuration must be delayed until the INTT of all LCAs is high.

Time from end of WS to CCLK cycle for the new byte of data depends on completion of previous byte processing and the phase of the
internal timing generator for CCLK.

CCLK and DOUT timing is tested in slave mode.

58



ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, =100, —-125, and —150 MHz)

Electrical Characteristics (continued)
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Figure 39. Slave Mode Switching Characteristics

Table 25. Slave Mode Switching Characteristics

Commercial: VCC = 5.0 V £ 5%; 0 °C £ TA< 70 °C; Industrial: VCC = 5.0 £ 10%, 40 °C < TA< 85 °C;
Military: VCC = 5.0 V £ 10%, —-55 °C < TA< 125 °C.

Signal Description Symbol Min Max Unit
CCLK To DOUT 3 Tcco — 100 ns
DIN Setup 1 Tbcc 60 — ns
DIN Hold 2 Tceo 0 —_ ns
HIGH Time 4 TCCH 0.05 — us
LOW Time 5 TceL 0.05 5.0 us
Frequency — Fcc — 10.0 MHz
Notes:

The maximum limit of CCLK LOW time is caused by dynamic circuitry inside the LCA device.
Configuration must be delayed until the INIT of all LCAs is high.

At powerup, VCC must rise from 2.0 V to VCC minimum in less than 25 ms. If this is not possible, configuration can be delayed by holding
RESET low until VCC has reached 4.0 V. A very long VCC rise time of >100 ms, or a nonmonotonically rising VCC, may require a >1 us high
level on RESET, followed by >6 us low level on RESET and D/P after VCC has reached 4.0 V.
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ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, ~100, ~125, and —150 MHz)

Electrical Characteristics (continued)
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Figure 40. Program Readback Switching Characteristics

Table 26. Program Readback Switching Characteristics

Commercial: VCC =5.0 V £ 5%:; 0 °C < TA< 70 °C; Industrial: VCC = 5.0 + 10%, —40 °C < TA < 85 °C;
Military: VCC = 5.0 V + 10%, —55 °C < TA < 125 °C.

Signal Description Symbol Min Max Unit
RTRIG RTRIG HIGH 1 TRTH 250 — ns
CCLK RTRIG Setup 2 TRTCC 200 — ns

RDATA Delay 3 TCCRD — 100 ns

HIGH Time 5 TeceH 0.05 — us

LOW Time 4 TcecL 0.05 5.0 us
Notes:

During readback, CCLK frequency may not exceed 1 MHz.
RTRIG (MO positive transition) must not be done unti after one clock following active /O pins.
Readback should not be initiated until after configuration is complete.
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ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, -100, -125, and —-150 MH2)

Outline Diagrams

Dimensions are in inches and (millimeters).

44-Pin PLCC Package
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ATT3000 Series Field-Programmable Gate Arrays
(~50, =70, -100, -125, and -150 MHz)

Outline Diagrams (continued)
Dimensions are in inches and (millimeters).

68-Pin PLCC Package

9 1 68 61
‘ inisisininininininsinininisininialis! u
[
- 'Y
( 0.010 (0.25
10 60
0.042 (1.07) g ] REg}_
0.048 (1.22) O ] T
2 PLCS. O B b
C H T 0.005 (0.13) REF
5
O | 0.020 (0.51)/
g 1 050 (24.13y 0.040 (1.02)
O ] 0.958 (24.33) DETAIL A
O H sQ
0.995 (25.27
O H gngf,f’ ) —~{4—0.005 (0.13) MAX
O ] sQ 0.005 (0.13) MAX 0.080 (2.03)
MIN
g u 0.025 (0.64) )
(o ] MIN
O i F { ]
0 ] | S
§ ] — L—o.ms(o‘ss)/
= o 0.021 (0.53)
26 [] 44 DETAIL B
RN Rn I SRR a s gy, — Y
43
5° TO 7%y 0029 074 0.045 (1.14)/
ALL SIDES /‘\ DETAIL B 029 (0. ->| l‘~ DETAIL A 0.056 (1.42)
* \ MAX y
0.165 (4.19)
0.200 (5.08) . 0.090 (2. 29)/

mimimﬂmimimimiuum
B et

0.923 (23.44) SQ REF

0.013 (0.33)
0.021 (0.53)

62



ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, -100, ~125, and —150 MHz)

Outline Diagrams (continued)
Dimensions are in inches and (millimeters).

84-Pin PLCC Package
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ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, —100, ~125, and —150 MHz)

Outline Diagrams (continued)

Dimensions are in inches and (millimeters).

84-Pin Ceramic PGA Package
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ATT3000 Series Field-Programmable Gate Arrays

(-50, =70, -100, =125, and =150 MHz)

Outline Diagrams (continued)

Dimensions are in inches and (miilimeters).

100-Pin EIAJ QFP Package
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ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, —100, —125, and -150 MHz)

Outline Diagrams (continued)

Dimensions are in inches and (millimeters).

100-Pin CQFP Package
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ATT3000 Series Field-Programmable Gate Arrays
(-50, =70, -100, ~125, and ~150 MHz)

Outline Diagrams (continued)
Dimensions are in inches and (millimeters).

100-Pin TQFP Package
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ATT3000 Series Field-Programmable Gate Arrays
(~50, =70, -100, —125, and -150 MHz)

Outline Diagrams (continued)
Dimensions are in inches and (millimeters).

132-Pin Ceramic PGA Package
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ATT3000 Series Field-Programmable Gate Arrays
(-50, ~70, =100, —-125, and —-150 MHz)

Outline Diagrams (continued)

Dimensions are in inches and (millimeters).

132-Pin PGA Package
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ATT3000 Series Field-Programmable Gate Arrays
(-50, =70, =100, -125, and =150 MHz)

Outline Diagrams (continued)
Dimensions are in inches and (miliimeters).

160-Pin EIAJ QFP Package
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ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, -100, —125, and —150 MHz)

Outline Diagrams (continued)
Dimensions are in inches and {millimeters).

164-Pin Ceramic QFP Package
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ATT3000 Series Field-Programmable Gate Arrays
(50, =70, -100, -125, and —-150 MHz)

Outline Diagrams (continued)

Dimensions are in inches and (millimeters).

175-Pin Ceramic PGA Package
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ATT3000 Series Field-Programmable Gate Arrallrs
(=50, =70, —-100, —125, and -150 MHz)

Outline Diagrams (continued)
Dimensions are in inches and (millimeters).

175-Pin PGA Package
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ATT3000 Series Field-Programmable Gate Arrays
(=50, -70, -100, -125, and —-150 MHz)

Outline Diagrams (continued)

Dimensions are in inches and (millimeters).

208-Pin SQFP Package
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ATT3000 Series Field-Programmable Gate Arrays

(=50, —70, 100, =125, and —150 MHz)

Ordering Information

The ATT3000 Series includes standard and high performance FPGAs. The part nomenclature uses two different
suffixes for speed designation. The lower speed, ATT3000 Series devices use a flip-flop toggle rate (-50, -70,
-100, —-125, —150), which corresponds to XC3000 Series nomenclature. The ATT3000 Series High-Performance
FPGAs use a suffix which is an approximation of the lookup table delay (-5, —4, and —3), which corresponds to
XC3100 nomenclature.

For burn-in diagrams and/or package assembly information, order Technical Note 1-5 by calling 1-800-EASY-
FPG(A) or 1-800-327-9374.

Example: ATT3020, 100 MHz, 68-Lead PLCC, Commercial Temperature

ATT3O

Device

Type
Toggle
Rate

Package
Type

Temperature
Range

Number of
Pins

Note: For availability of device types or packaging options, please contact your AT&T Sales Representative or an authorized distributor.

Table 27. FPGA Temperature Options

Symbol Description Temperature
(Blank) Commercial 0°Cto70°C
| Industrial ~40 °C to +85°C
M Military -55°Cto+125°C

Table 28. FPGA Package Options

Symbol

Description

Plastic Pin Grid Array

ElAJ Plastic Quad Flat Package

Plastic Leaded Chip Carrier

JEDEC Ceramic Quad Flat Package

Shrink Quad Flat Package

Ceramic Pin Grid Array

—H| D0 Z|Z|«| X

Thin Quad Flat Package
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ATT3000 Series Field-Programmable Gate Arrays
(-50, =70, —100, -125, and -150 MHz)

Ordering Information (continued)

Table 29. Ordering Information—Commercial, Industrial, and Military

44-Pin | 68-Pin 84-Pin 100-Pin 132-Pin 160-Pin | 164-Pin 175-Pin 208-Pin

onves [ spns| pLce | pico | puco |Cyame| A | rorp |Gusmi| e Gaamiel EAL |carniel Pl crmmic] Pt
M44 M68 M84 R84 J100 T100 N100 H132 R132 J160 N164 H175 R175 Q208

50 | — = = M = = M = 1= — =1 =1=1=

70 | = Cl Cl | CM | C — oM | — = = = = = =

00 | — cl cl | CM | C — 1 com | = | = = = [T =1 =1 =

125 | — c C [ cM | C — o™ [ = = = = [ =1 = | =

ATT3020 =51 C c C C = c = = = = | = | = =
5 | — C c C T = C = | = — — =1 =1 =

= | — C c c C = c — | = — — | = [ = | =

3 | — C C C C = C = | = = — =1 =1 =

70 | Ci Ci cl q] ci — T = | =1 = = = — | = [ =

100 | CI Ci Cl Ci 9] = | = = = — | = =1 =1 =

125 | C C C C C - = = | — = = — | = =

ATT3030 [ 150 | C C C C C c = = = = — =1 =T =
5| C C C C C c -1 = = = - — | = | =

< | C C C C C C — — [ = — [ = — | = [ =

3| C C C c C c = = = = = -1 =1 =

50 | — — = M = 1 = M = M = — 1 =1 = | =

70 | — = Cl | cmM | Ci — [ cM | C [om | — — [ =1 =1 =

100 | — = Cl | CM | Ci —lem [ o Jem ]| — | = = = | =

125 | — = C [ cM | C — | CM | C | oM | = — [ = | =1 =

ATT3042 o5 T— = C C C C C c C = - | =1 =1 =
5 | — = C C C C C C C = — | = | = | —

< | — = C C c C c C C = — [ =1 = =

3 | = = C C C c | € c C = — | = | = —

70 | — = Cl — | =1 =1 = <] (o] Ci = - | = [ =

00 | — = o] — | =1 =1 = Cl ci cl = = = | =

125 | — = C — 1 =1 =1 = C C c — 1 = | = [ =

ATT3064 | 150 | — = C = | = | = | = c C C = | = | =1 =
5 | = = c =1 =1 =1= C c C = — =1 =

& | — = c = | =1 = | = C C C — =1 =] =

3| — = T = | = | = | = C C C — | = | = =

50 | — - — — 1 = = = = | = = M = M =

70 | — = ¢] = =1 =1 = — [ = Cr [CM | C |[CM]| —

00 | — = Cl = = | = | = | = - cr oM | ¢ [cm | —

ATT3090 |12 | — = C = =1 =1 = = = C | CcM ] C | oM | —
50 | — = C — | = | = | = | = = C C C c c

5| — = C — | =1 = | = = = C C C c C

= | = = C — | = | = | = = = C c C C C

3| = = C ~ 1 =1 =1 = = = C C C C c

Key: C = Commercial temperature option
I = Industrial temperature option
M = Military temperature option
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ATT3000 Series Field-Programmable Gate Arrays
(-50, -70, -100, —125, and ~150 MHz)

Notes
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For additional information, contact your AT&T Account Manager or the following:
U.S.A.: AT&T Microelectronics, Dept. AL-500404200, 555 Union Boulevard, Allentown, PA 18103
1-800-372-2447, FAX 215-778-4106 (In CANADA: 1-800-553-2448, FAX 215-778-4106)
ASIA PACIFIC: AT&T Microelectronics Asia/Pacific, 14 Science Park Drive, #03-02A/04 The Maxwell, Singapore 0511
Tel. (65) 778-8833, FAX (65) 777-7495
JAPAN: AT&T Microelectronics, AT&T Japan Ltd., 7-18, Higashi-Gotanda 2-chome, Shinagawa-ku, Tokyo 141, Japan
Tel. (81) 3-5421-1600, FAX (81) 3-5421-1700
For data requests in Europe:
AT&T DATALINE: Tel. (44) 732 742 999, FAX (44) 732 741 221
For technical inquiries in Europe:
CENTRAL EUROPE: (49) 89 95086 0 (Munich), NORTHERN EUROPE. (44) 344 487 111 (Bracknell UK), FRANCE: (33) 1 47 67 47 67,
SOUTHERN EUROPE: (39) 2 6601 1800 (Milan) or {(34) 1 807 1700 (Madrid)

AT&T reserves the right to make changes to the product{s) or information contained herein without notice. No liability is assumed as a result of their use or application. No rights under any

patent accompany the sale of any such product(s) or information.
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