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General Description

The FGA Series is a new generation of ECL gate arrays
based on National’'s ASPECT process. These advanced
ECL gate arrays, ranging from 200 to over 30,000 equiva-
lent gates, offer typical internal propagation delays of
150 ps and consume thirty percent less power than conven-
tional ECL arrays. (Refer to Table I.)

With system clock frequencies up to 1.2 GHz, the speed
domain of Gallium Arsenide, FGA Series gate arrays are
especially well-suited for such high-performance applica-
tions as mainframe and supermini computers, fiber-optic
communications, and many military and aerospace systems.
With only internal cells and 1/0 cells, FGA Series arrays are
easy to use. Designers can implement logic using two-level
or three-level series gating circuit structures within an array,
with no complex signal mixing rules required. An extensive
macro library, common to all FGA Series arrays, contains
more than eighty SSI/MSI logic functions and 36 supporting
/0 macros. In addition, internal macros may be grouped to
form re-usable “‘soft macros” with even greater functional
complexity.

All FGA Series gate arrays feature CAD-programmable
speed/power options that allow the designer to maximize
performance by individually assigning the switching speed
and output drive currents for each internal macro. The
speed/power feature provides maximum ECL speed where
needed, yet allows overall chip power to remain at air-coola-
ble levels. On-chip termination to —2V for the internal out-
put emitter followers further reduces power consumption.

FGA Series ASPECT™ ECL Gate Arrays

December 1989

All FGA Series products interface with ECL 100K, ECL 10K
and ECL 10KH components, and, except for the FGA200,
FGA14000, FGA14040R, and FGA30000, are fully FAST®/
TTL compatible. The TTL interface eliminates reguirements
for separate off-chip signal converters in mixed logic level
systems, thereby resuiting in reduced board space and cost,
as well as avoiding the performance and reliability penalties
associated with off-chip signal converters.

In addition to providing superior speed/power performance
with high density, the ASPECT process is scalable to sub-
micron dimensions. FGA Series arrays are designed to ac-
commodate multiple ASPECT process generations to aliow
designs implemented today to migrate to tomorrow’s arrays
based on future ASPECT processes.

Features

® New generation ECL gate arrays with complexity to

30,000 equivalent logic gates

Manufactured with 1.5-micron ASPECT process

CAD-programmable speed/power options

150 ps typical internal delay

Flexible array architecture with only two cell types:

Internal cells and 170 cells

F100K, 10K or 10KH ECL-compatibie 1/0s

® Mixable ECL/TTL 1/0s

| Allows large number of simultaneously switching
outputs

T o TL/U/10560-1
FIGURE 1. FGA Series Gate Array
Note 1: FGA150, 600, 1300, 4000 and 15000 offer mixable ECL/TTL 1/Os.
FAST®isa af National C
ASPECT™ is a of Natianal C i
©1989 National Semiconductor Corporation TL/U/10560 ‘ RRD-B20M129/Printed inU. S. A.
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Absolute Maximum Ratings (Note 1)

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature (TgTg) —65°Cto +150°C
Maximum Junction Temp. (T) +150°C
Case Temp. under Bias (T¢) —55°Cto +125°C

Note: Stresses greater than those listed in “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only; operation of the device at any
condition above those indicated in the operational sections
of these specifications is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

VEE Pin Potential to

Ve Pins (Viax) ~7.0Vio +0.5V DC Specifications

Input Voltage (DC) (Vi) Vee to (Vcc + 0.5V) All FGA Series gate arrays operate from a standard ECL
Output Current (DC Qutput HIGH) (Io) —50 mA power supply and an additional —2V supply (V11) which
Operating Range ECL (Vgg) —57Vio —4.2V terminates internal cell emitter followers to reduce power
Operating Range TTL (V7.) 4.5V to0 5.5V consumption. With F100K inputs and outputs, the FGA se-

ries is designed to operate from a standard 100K power
supply, although a standard 10K power supply may be used
instead. When used for mixed ECL/TTL operations, an ad-
ditional power supply is required. The following table pro-
vides the power requirements for each allowable interface

configuration.
Power Supply Requirements
170 Vee (V) V1T (V)(Note 2) VEg (V) V1L (V) Arrays

F100K GND —1.9to —21 —42to —5.7 _ Al

F10K GND —-19to —2.1 —47to —5.7 —

F100K/TTL GND —19to —2.1 —4.2t0 —5.7 45t055 Except FGA200,

F10K/TTL GND —191t0 —2.1 —47t0 —57 451055 FGA14000, FGA14040R

and FGA 30000

Pseudo TTL V1L (VrTL —2) 0.1 GND 475105.25

F100K ECL DC Characteristics
VEE = —4.5V, Vi1 = —2V, Voo = Voca = GND, Ty = —10°C to +125°C {Note 3)

Symbol Parameter Conditions (Note 4) Min Typ Max Units
VoH Output HIGH Voltage | Viy = Vin (max) Loaded with 50€2 to —2.0V —1035 —955 —870 mV
VoL Output LOW Voltage or ViL (min) —1830 —1705 —1605 mv
V)4 {Note 5) Input HIGH Voltage Guaranteed HIGH Signal for All Inputs —1125 —880 myv
V|L (Note 5) Input LOW Voltage Guaranteed LOW Signal for All inputs —1810 —1605 mv

Note 1: Unless otherwise specified contractually.

Note 2: For internal celi output emitter follower termination to save power.

Note 3: Equilibrium temperature

Note 4: Conditions for testing are chosen to guarantee operation under worst case conditions.
Note 5: Forcing one input at a time. Apply Vi (max) 0f ViL (min) to ail other inputs.
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F10K ECL DC Characteristics ver = —5.2v, vt = —2v, Ve = Vega = GND

Parameter Conditions Junction Temperature Units
0°C 25°C 65°C 125°C
VoH Max —897 —862 —810 —732 mV
VoH Min ViH = Vi4 Max -1112 ~1077 —1025 —947 mv
VoL Max ViL = Vi Min —1656 —1644 —1620 —1584 mv
VoL Min —1920 —1920 —1920 -1920 mv
Vi1 Max (Note 1) —888 —858 —810 —738 mvV
VL Min (Note 1) —1920 — 1920 —1920 — 1920 mV
ViHa Min (Note 1) —~1209 —1172 —1125 —1045 mv
ViLa Max (Note 1) —1604 —1567 —1520 —1440 mv
TTL DC Characteristics over Operating Temperature Range
Voo = 5V £5%, Ty = —10°C to +125°C
Symbol Parameter Conditions Min Typ Max Units
VoH Output HIGH Voltage loH = —400 pA Voo = 4.75V 27 3.0 — \
VoL Qutput LOW Voltage loH = 8.0 mA/20 mA Vce = 4.75V — 0.25 0.5 Vv
ViH Input HIGH Voltage 2.0 — —_ \
ViL Input LOW Voitage —_ —_ 0.80 Vv
IT™ input HIGH Current (Note 2) Voc = 5.25V, Vi = 2.4V — — 40 RA
e Input LOW Current (Note 2) Vee = 5.25V, Vi = 0.4V — — —400 RA
lozH Output OFF Current HIGH Vce = 5.25V,Vour = 2.4V — — 40 RA
lozL Output OFF Current LOW Vee = 5.25V, Voyt = 0.4V — — —40 pA
los Output Off Short Circuit Current 8/20 mA Driver Vce = 5.25V 15 _ _130 mA
(Note 3) Vour =0

Note 1: Forcing one input at a time. Apply Vi (max) or V) (min) to all other inputs.
Note 2: Current per input.
Note 3: Not more than one output should be shorted at a time. Output should not be shorted for more than one second.
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FGA Series ECL Gate Array Family

TABLE |. The FGA Gate Array Series

Description FGAO0150 FGA0200 FGA0600|FGA 1300/ FGA4000|FGA14000| FGA14040R |FGA 15000/ FGA30000
Equivalent 269 269 792 1642 | 4704 | 16700 |7B83 * 46Kl eeas | 28486
Gates RAM
Internal 2624 Plus
Cells (MAU) 75 75 240 528 1600 5904 RAM 5920 10266
:;;Ta’;‘a' Gate 150PS 150PS 150PS | 150PS | 150PS | 150PS 150PS 150PS | 150PS
Spged/Power Yes Yes Yes Yes Yes Yes Yes Yes Yes
Options
1

00K/1 (.)K/ 10KH Yes Yes Yes Yes Yes Yes Yes Yes Yes
Compatible
ECL/TTL
Mixed 170 22 o] 36 72 128 o] o] 220 0
ECL Oniy I/0O o] 22 12 0 0 256 256 0 256
Power/Ground 6 6 12 40 48 56 56 72 56
Typical 0.5-1.0 0.5-1.0 05-15| 1-3 3-6 10-20 10-20 10-20 | 15-30
Power (W)
Standard 16, 24 16, 24 44LDCC 109PGA | 173PGA
Packages Metal Flat Metal Flat 75PGA 116LDCC{172LDCC| 323PGA 323PGA 303PGA | 323PGA

28 PLCC/LDCC|28 PLCC/LDCC 75PGA* {99PGA**

Availabie Now Now Now Now Now Now Now Now 1Q90

*Maximum of 48 1/0
**Maximum of 64 1/0

ASPECT Process

Such resistors exhibit low junction capacitance, making
them ideal passive elements for high-speed logic circuits.

FGA Series arrays use a National proprietary process called
ASPECT which uses conservative 1.5-micron design rules
to achieve VLSI density and 150 ps typical internal gate
delays at thirty percent of conventional ECL power con-
sumption levels.

ASPECT is the first bipolar process to use polysilicon for
emitter and base structures. Polysilicide serves as a source
of impurities for both the emitter and the base. This permits
the fabrication of extremely shallow (500A below the sur-
face) emitters and narrow base regions. The combination of
shallow emitters and base leads to transistors with a very
high switching speed. ASPECT also uses polysilicon resis-
tors.

An important feature is the self-aligning process used in
ASPECT gate arrays. This insensitivity to misalignment
makes ASPECT a high-yield process and enables the move
to smaller geometries with less difficulty than conventional
bipolar processes.

Array Organization

Electrical components (transistors, resistors, diodes and ca-
pacitors) are organized into repeating structures called
cells, Macros, which are the basic building blocks of gate
array logic design, are built by interconnecting the compo-
nents in one or more cells.
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Array Organization (continued)

The FGA Series employs only two cell types: internal cells
and 170 cells. The internal cells are the workhorses of the
array, where most of the circuit logic is implemented. All
signals going to or coming from the outside world must exit
or enter the array through an 1/0 cell. Since all signal level
conversions are performed in the 1/0 caells, no signal mixing
takes place within the array, thus simplifying the design ef-
fort. Cell types and their functions are described in greater
detail in the following paragraphs.

The bonding pads are located around the periphery of the
array. In addition to performing 1/0 functions, some of the
pads are reserved for power and ground busses. Biasing
occurs in dedicated routing channels and is optimally per-
formed automatically by placement and routing CAD soft-
ware.

All FGA Series arrays employ three-layer metalization for
signals and bussing. The first metal layer connects compo-
nents within macros and makes horizontal connections be-
tween macros. Layer two is primarily for vertical connec-
tions between macros, while layer three contains most of
the power bussing. Future versions of the ASPECT process
may include four metal layers. In that case, first-layer metal
would not be needed to connect macros, thus eliminating
routing channels and increasing gate counts for a given die
size.

Internal Cell and Logic Complexity

The basic internal cell in an FGA Series array is called a
“minimum addressable unit”, or MAU. it is the smallest por-
tion of the chip that a CAD system can access for placing or
routing.

The number of elements in this minimum cell is actually
smaller than on any competing array. In fact, this small,
compact cell structure, said to have a fine granularity, in-
creases efficiency. In general, the larger the cell, the greater
the likelihood that some cell resources go unused, thereby
decreasing efficiency.

Single-level, two-level, and three-level series gated ECL
structures are used in FGA Series arrays to implement vari-
ous logic functions. Series gating allows complex logic func-
tions to be implemented with fewer gates while maintaining
optimum performance. Additional logic complexity at no
cost in cell utilization may be gained in internal cells by con-
necting the outputs together (emitter dotting) to form wired-
OR functions.

Speed/power options can be used to assign the current
settings in each internal cell macro. This feature aliows the
designer to maximize speed when needed, yet minimize the
power consumption. The termination of internal output emit-
ter followers to a —2V internal bus further reduces power
consumption.

Typically, internal cell utilization of eighty-five percent is
considered optimum. Designs can be completed with up to
one-hundred percent utilization; however placement and
routing at this level sometimes requires special interactive
layout.

The FGA Macro Library contains a number of physical mac-
ros with MSi-level complexity. The final portion of this data
sheet includes a representative sample of macros included
in the FGA Series Macro Library. Full documentation for all
macros, including specifications, can be found in the FGA
Series Macro Library Reference Manual.

170 and Interface Capabilities

170 cells in the FGA Series are capable of performing input,
output, transceiver logic and ECL/TTL conversion func-
tions. The array’s 1/0 organization is flexible, with each sig-
nal pad supported by a dedicated 1/0 cell. An incoming sig-
nal can enter the internal array through any 170 cell and,
after completing the logic implementation, can then exit the
array through any 1/0O cell without restriction.

The flexible functionality of individual 1/0 cells can be espe-
cially useful in system applications requiring latched inputs
and outputs. The ability of an FGA Series 1/0 cell to be
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I/0 and Interface Capabilities
(Continued)

configured as a latch saves having to use an internal cell for
this function. In addition, although most ECL devices drive
504} loads, |/Os can be paired to drive 25 loads.

Each i/0 cell offers a choice of signal termination options.
For relatively short signal paths, designers may build series-
terminated outputs, simplifying designs in systems where
placing termination resistors on the board is not practical.
To minimize noise, internal pull-down resistors are provided
to keep unused inputs from floating.

Either F100K, 10K, or 10KH interface capability is available
on all FGA Series arrays. All input thresholds and logic lev-
els must uniformly belong to the same ECL family. Likewise,
the output interface must be the same as that used for input.
With the exception of the FGA0200, FGA14000,
FGA14040R and FGA30000, each I/0 can also be a mixa-
ble ECL/TTL I/0. This means that every I/0O can be inde-
pendently configured as either ECL or TTL. The TTL I/0 is
capable of producing totem-pole, open-collector, or three-
state output levels. Figure 2 illustrates the acceptable inter-
face options for FGA Series arrays.

ALL
100K ECL E> ARRAYS
ALL
10K or 10KH ECL |:{> ARRAYS

|:>|oox ECL

E>!0K or 10KH ECL

ALL EXCEPT
100K or 10K ECL E> FGA14000 Q m
FGAT4040R
|:> FGAC200 l:'\) 100K or 10K ECL
m FGA30000 .

TL/U/10560-5
FIGURE 2. Interface Capabilities

Embedded RAM

The embedded RAM block is a self-timing memory device
with the capabilities of supporting various memory configu-
rations, different bit select patterns, output power options,
and different clock systems. The embedded RAM block
contains 576 bits, and is organized as 64 words by ¢ bits.
There are 8 RAM blocks in the FGA14040R with the total of
4608 bits. Each embedded RAM block has its own built-in
decoder and control circuit, thus improving system perform-
ance and reliability while saving board space. The embed-
ded RAM has three modes of operation, Normal mode,
Scan mode and Test mode. At high power operation, the
typical access time is 3.75 ns and the worst case access
time is 5 ns. Two output drive options, 0.6 mA and 1.2 mA,
are available to support the driving capabilities of the em-
bedded RAM. Note that the memory is called self-timed
memory device because it generates and shapes its own
write strobe internally. This pulse is generated off of the
rising edge of the clock which is applied to the embedded
RAM.

Speed/Power Options

Speed/power options are a feature of all FGA Series gate
arrays. This feature allows the designer to maximize speed
where needed, yet minimize overall chip power consump-
tion.

Two sets of macros are available for each logic function in
the FGA arrays, the standard macros and the double mac-
ros (see Table 1V). The double macros use two times as
much current as standard macros, and are designed for use
in the critical circuitry. These two macro types can be used
interchangeably within the same chip.

Essentially, speed/power options are used to assign one or
two current values (high = 0.3 mA, low = 0.15 mA) to the
current source which controls switching speed; and one of
two current values (high = 0.6 mA, low = 0.3 mA) to the
true and complement outputs for output drive currents. The
latter setting permits zero power consumption for unused
outputs. Figure 3 illustrates circuit options for each of the
three settings.

Veo Vee

v

1 Vep I\?D—ZN
Y4
Ves
< <
VEe Y
- — e
RESISTORS 4 N

CHANGED BY RESISTORS INDEPENDENTLY

FUNCTIONAL 'PWR' CHANGED BY OUTPUT
SPEED/POWER PULLDOWN SPEED/POWER

ATTRIBUTE ATTRIBUTES
TL/U/10560-6

FIGURE 3. Speed/Power Options

The speed/power options are assigned during schematic
capture. Default values for each setting may be specified
during schematic capture as well. Designers may use the
speed/power options to fine tune the design after place-
ment and routing simply by returning to schematic capture
and reassigning values without having to repeat placement
and routing.

The examples in Table |l illustrate how speed/power op-
tions can affect propagation delay vs. power consumption at
the macro level. Additional speed/power tradeoffs are listed
in “Macro Performance Examples” later in this data sheet.
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Speed/Power Options (continued)
TABLE ill. Macro Speed/Power Tradeoffs

Macro Speed (ps) Power (mWw)
2-Input "
High 235 2.

NOR 9 5
ORNO2 Low 410 1.2

O Fiip- High 415 7.5
Flop

DFI01 Low 680 5.6

TABLE IV. Current Setting of Speed/Power Options

Current Standard Macro (S) Double Macros (D)
BA High Speed Low Power High Speed Low Power
Source Current 300 150 600 300
OEF Current 600 300 600 300
AC Specifications AC Performance Variations
FGA Series macro propagation delays are specified as MIN, Variation Derating from Typical (%) (Note 2)
TYP, and MAX values, with variations due to process, power Type )
supply and temperature, as shown in the “AC Performance Minimum (Note 1) | Maximum (Note 3)
Variations" table. Temperature —10 15
Voltage ~Q ~0
Macro Performance Examples Process —20 20
The following pages contain performance specifications for Total —30% 35%
some important internal cell macros. Complete information, e .
including design rules and application notes, can be found Note 1: M'"',m“_'"' T‘L - Dof VEE: 4.8V, Best Case Process
in the FGA Series Design Manual and FGA Series Macro Note 2: Typical: Ty = 25°C. Ve = —4.5V. Nonmal Process
Library. Note 3: Maximum: T; = 125°C, Vgg = —4.2V, Worst Case Process
FA21D One Bit Full Adder Propagation Delay (units in ps)
with Gates Inputs
From To High Power Low Power
1
A2 i'- Inputs Output Min Typ Max Min Typ Max
1 [~ A1, A2 s _—~ 330 410 550 420 530 710
@ ALA2 | S _ | 380 | 470 | 640 | 420 | 530 | 710
ct | co_ B1, B2 S 380 470 640 470 580 790
ED [ col BI.B2 | S . | 450 | 560 | 760 | 490 | 620 | 830
C1,C2 S 200 250 340 200 250 340
FA21D C1,C2 S 240 300 400 280 350 480
TL/U/10560-7 A1, A2 co 190 230 310 190 240 330
A1, A2 Co . 190 240 330 290 360 490
81,B2 co .~ 240 300 400 260 330 450
B1,B2 Co0 ™~ 260 330 450 380 470 640
C1,C2 co 240 300 400 260 330 450
Ct,C2 Co ™ 260 330 450 380 470 640
7
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Macro Performance Examples Continued)

Current in Base Macro IBF03X2(3) input Buffer
Power ATT | Min ] Typ ‘ Max 100 y4
IEE (mA)
HIGH 1.36 1.80 2.26 n
Low 0.92 1.20 1.52 1BFO3K3
TL/U/10560-8
ITT (mA) Propagation Delay (units in ps)
HIGH 0.21 0.30 0.39 From To
LOW 0.21 0.30 0.39 Input Outputs Min Typ Max
Current in Macro Outputs ! L 220 280 380
| Z,ZL 220 280 380
Power ATT Min Typ Max
ITT (mA) Current in Base Macro
HIGH 0.42 0.60 0.78 Min I Typ | Max
LOW 0.21 0.30 0.39 IEE (mA)
0.60 l 0.80 l 1.0
ITT (MmA)
0.84 | 1.20 | 156
MXDI102—D Flip Flop with Propagation Delay (units in ps)
Multipiexed Data Inputs
From To High Power Low Power
Input Output Min Typ Max Min Typ Max
CcP Q 340 420 570 530 660 890
cP Q 300 380 510 530 660 890
CpP QN 7 340 430 580 540 670 910
CcP QN ™ 310 390 530 540 680 920
TL/U/10560-9
Current in Base Macro Current in Macro Outputs
Power ATT Min Typ | Max Power ATT Min Typ Max
IEE (mA}) ITT (mA)
HIGH 0.92 1.20 1.52 HIGH 0.42 0.60 0.78
LOW 0.68 0.90 1.14 LOW 0.21 0.30 0.39
ITT (mA)
HIGH 0.84 1.20 1.56
LOW 0.84 1.20 1.56
8

Power ed by 1 Cminer.com El ectronic-Library Service CopyRi ght 2003



Power ed

Macro Performance Examples (cContinued)

HAO01D-—Half Adder Propagation Delay (units in ps)
AN SN From To High Power Low Power
BN O—SN" Inputs Output Min Typ Max Min Typ Max
—O N
o— AN SN _—~ 160 200 270 160 200 270
HAGTD OSHL AN SN ™~ 170 210 280 200 250 340
AN CN _— 150 190 250 140 180 240
TL/u/10560-10 AN CN L 150 190 250 190 | 230 310
BN SN _— 200 250 340 190 240 330
BN SN ™~_ 230 290 390 270 340 460
BN CN _— 200 250 340 200 250 340
BN CN ™~_ 220 280 370 270 340 460
Current in Base Macro Current in Macro Outputs
Power ATT Min Typ Max Power ATT Min Typ Max
IEE (mA) ITT (mA)
HIGH 0.68 0.90 1.13 HIGH 0.42 0.60 0.78
LOW 0.46 0.60 0.76 LOW 0.21 0.30 0.39
0R05D—S5 Input OR Gate Propagation Delay (units in ps)
fi . From To High Power Low Power
A3 2 2 Input Outputs | min | Typ | Max | Min | Typ | Max
ﬁ‘_ OROSD A z,z2L_~ 160 200 270 180 230 310
TL/U10560-11 A Z,2LC 160 200 270 200 250 340
Current in Base Macro Current in Macro Outputs
IEE (mA) ITT (mA) for each macro output used:
Power ATT Min Typ Max Power ATT Min Typ Max
HIGH 0.45 0.60 0.75 HIGH 0.42 0.60 0.78
LOW 0.23 0.30 0.38 Low 0.21 0.30 0.39
DFI01D—D Flip Flop with Reset Propagation Delay (units in ps)
L Q From To High Power Low Power
D
— L.t Inputs Output Min Typ Max Min Typ Max
e br o cp Q _~ | 340 | 420 | 570 | s00 | e20 | 840
DFIOID oL cP Q . 350 430 580 380 480 650
R CP QN _ 7~ 310 390 530 400 500 680
CP QN O 340 430 580 400 490 670
TL/U/10560-12
CPLOW
R Q 300 380 510 550 680 820
R QN _— 350 430 590 490 610 820
CP HIGH
R Q ™~ 370 460 620 560 710 950
R QN _~ 370 460 630 520 650 880
9
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Macro Performance Examples (continued)

Current in Base Macro Current in Macro Outputs
Power ATT | Min I Typ J Max Power ATT l Min Typ Max
IEE (mA) iTT (mA)
HIGH 1.13 1.50 1.88 HIGH 0.42 0.60 0.78
LOW 0.69 0.90 1.14 LOW (Note 1) 0.21 0.30 0.39
ITT (mA) Note 1: Output Q is hard wired to 0.6 mA current source and cannot be
assigned power attributes.
HIGH 0.84 1.20 1.56
LOW 0.84 1.20 1.56
MXI122D—2:1 Multiplexer Propagation Delay (units in ps)
10 | 7L From To High Power Low Power
y |z Input Output Min | Typ | Max | Min | Typ | Max
s 2 | z 170 210 280 190 230 310
oZiL ] Z . 170 210 280 230 290 390
] ZN _~ 160 200 270 160 200 270
MXi220 orrossota i ZN~_ | 170 | 210 | 280 | 200 | 250 | 340
- s z 240 300 400 320 400 540
S Z - 240 300 400 320 400 540
S N 230 280 390 260 330 450
S ZN 230 290 390 260 330 450
Current in Base Macro Current in Macro Outputs
Power ATT Min Typ Max Power ATT Min Typ Max
IEE (mA) ITT (MA)
HIGH 0.68 0.90 1.13 HIGH 0.42 0.60 0.78
LOW 0.46 0.60 0.76 LOW 0.21 0.30 0.39
IRCI03X2 (3)—Ditfferential Input Propagation Delay (units in ps) Current in Base Macro
Buffer
100 , 'FroT 01;0 . Min | Typ | Max Min I Typ | Max
nputs | Yutpu IEE (mA)
100
LIN [ Z | 120 150 | 210 0.60 I 0.80 l 1.0
IN I, IN Z - {120 | 150 | 210
IRCI03X3 LIN | ZN_~ {120 150 | 210 ITT (mA)
TL/U/10560-14 LIN [ ZN—~_ 120 150 | 210 084 | 120 | 156
I0R102X2—2 Input OR/NOR Gate Propagation Delay (units in ps) Current in Base Macro
100 §
AL From To Min | Typ | Max Min I Typ l Max
X Input | Outputs IEE (mA)
G N
100 A Z _ | 190 | 240 | 320 0.60 | 0.80 I 10
I0RI02X2 A z ™~ | 180 230 | 310 -
TL/U/10560-15 A ZN_" | 160 | 200 | 270 Current in Macro Outputs
A ZN \_ | 200 | 250 | 340 N
Min I Typ I Max
ITT (mA)
0.84 | 1.20 l 1.56

10
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IXOR02X2—2 Input XOR Gate

T

IXOR02X2
TL/U/10560-16

~

RCRiI50X3—Differential Output
Buffer

RCRIS0X3
TL/U/10560-17

)
CEN D

ORI250X2
TL/U/10560-18

Macro Performance Examples (continued)

Propagation Delay (units in ps)

Current in Base Macro

From To

Input | Outputs Min | Typ | Max
A Z,Z2L_"| 210 | 270 | 370
A Z,ZL T\ | 190 ] 240 | 320
A Z,ZL -~ | 330 | 410 | 550
A Z,ZL™\_|300| 380 | 510

Propagation Delay (units in ps)

Min I Typ I Max
IEE {mA)
1.20 I 1.60 l 2.0

Current in Macro Outputs

Min l Typ ] Max
ITT (mA)
o84 | 120 | 156

Current in Base Macro

From To Min | Typ | Max Min I Typ I Max
inputs| Outputs IEE (mA)

LIN {FZ FZN _~"|400| 470 640 4.35 I 5.80 l 7.5
I,IN |FZ,FZN ™\_|300|370| 500

Propagation Delay (units in ps)

Current in Base Macro

From To .

Input | Output Min | Typ | Max
A FZ _~ {290 | 360 | 490
A FZ ™ | 290 | 360 | 490
A FZN _~~ 1 280 | 350 | 470
A FZN ™\_ | 290 | 360 | 490

Min ’ Typ I Max
1EE (mA)
495 | es0 | 825

Current in Macro Outputs

Mn | Typ | Max
IVCCA (mA)
238 | 280 | 322

1
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Macro Cells Library
Internal Macros
Name l Function Cells
BUFFERS, INVERTERS
BFO1 Buffer 1
BFIO1 Buffer/inverter 2
RCRO1D Differential Receiver/Buffer 1
RCR11D Differential Receiver/Buffer 1
RCRIO1 Differential Receiver/Buffer 2
RCRNO1 Inverting Differential Receiver 1
GATES
ANI02 2-Input AND/NAND 2
OAI23D 3-3 OR/AND—Invert 2
OAI238 3-3 OR/AND—Invert, 1.2 mA loef 4
OAI24 4-4 OR/AND—Invert 2
OAI32DT 2-2-2 OR/AND—Invert 3
OAl44D 4-3-3-3 OR/AND—Invert 4
OAl44S 4-3-3-3 OR/AND—Invert 4
OAl46 5-4-5-6 OR/AND—Invert 5
OAI55DT 5-4-3-2-1 OR/AND—Invert 5
OAI66DT 6-6-4-4-2-2 OR/AND—Invert 7
OR02 2-Input OR 2
OR02D 2-input OR 1
ORO05 5-Input OR 1
OROSD 5-Input OR 1
ORI02 2-Input OR/NOR 2
ORI02D 2-Input OR/NOR 2
ORI02S 2-Input OR/NOR 4
ORI05 5-Input OR/NOR 2
ORI05D 5-Input OR/NOR 2
ORI05S 5-Input OR/NOR, 1.2 mA loef 4
ORI08 8-input OR/NOR 2
ORI08D 8-Input OR/NOR 2
ORI012D 12-Input OR/NOR 3
ORNO02 2-Input NOR 2
ORNO2D 2-Input NOR 1
ORNOS 5-Input NOR 1
ORNO5D 5-Input NOR 1
20R02D Dual 2-Input OR, 0.6 mA loef 2
40R02S Quad 2-Input OR, 1.2 mA loef 4
XOR04 4-input XOR 4
XOR09 9-Input XOR 8
XORI03DT 3-Input XOR/XNOR 3
XORIO3ST 3-Input XOR/XNOR, 1.2 mA loef 4
XORI22D Gated 2-Input XOR/XNOR 2
XORI228 Gated 2-Input XOR/XNOR, 1.2 mA loef 4
XORI23 Gated 2-Input XOR/XNOR 2
XORNO0O4D 4-Input XNOR 3
XORNO0O4S 4-Input XNOR, 1.2 mA loef 5
XORNO6DT 6-Input XNOR 5
12
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Macro Celis Library (continueq)
Internal Macros (continued)
Name l Function Celis
DECODERS, MULTIPLEXERS
DCE02DT 2:4 Decoder with Enable 4
DCE22 2:4 Decoder with Enable 4
MX22 2:1 MUX 1
MX34 4:1 MUX, 3 Select Inputs 3
MXI102 2:1 MUX, Low Enable, OR Gated Select, Comp. Outputs 3
MXi02DT 2:1 MUX, Low Enable, Complement Outputs 2
MXI102ST 2:1 MUX, Low Enable, 1.2 mA loef 4
MXI104 4:1 MUX, Low Enable, Complement Outputs 4
MX104DT 4:1 MUX, Complement Outputs 3
MXIO8ST 8:1 MUX, High Enable, Comp. Qutputs 1.2 mA loef 9
MXI22 2:1 MUX, Low Enable, OR Gated Select, Comp. Outputs 2
MX122D 2:1 MUX 2
MXI24DT 4:1 MUX, Low Enable, Complementary Cutputs 4
2MX04DT Dual 4:1 Multiplexer 6
2SELI04D Dual 4:1 Multiplexer 5
4MXI122D Quad 2:1 Muttiplexer 8
4MXI228 Quad 2:1 Multiplexer, 1.2 mA loef 5
LATCHES, MUX LATCHES
LAIO1 D Latch with Reset and 2-Input OR Enable 2
FLIP-FLOPS
2DFNO04 Dual D Flip-Flop with a Common Clock 4
DFt0o1 M/S D Flip-Flop with Asynchronous Reset 4
DFI0O1D M/S D Flip-Flop with Asynchronous Reset 4
DFi02 M/S D Flip-Flop with Set, Reset, Gated Data & Clock 4
DFI02D M/S D Flip-Fiop with Set, Reset, Gated Data & Clock 4
DF102DT M/S D Flip-Flop with Active Low Enable 4
DFI04 M/S D Flip-Flop, Positive Edge Triggered 3
DFI21 M/$ D Flip-Flop with Asynchronous Reset 3
DFl122 M/S D Flip-Flop with Scan Input 4
DFS02DT M/S D Flip-Flop with Scan Input 5
DFS02ST M/S D Flip-Flop with Scan input, 1.2 mA loef 7
DFS21DT M/S D Flip-Flop with Scan Input, Data Enable 5
DFS21ST M/S D Flip-Flop with Scan Input, Data Enable, 1.2 mA foef 7
JKI02 M/S JN-K Flip-Flop 4
MXDI02 M/S D Flip-Flop with Multiplexed Data Input 4
COMPARATORS
None Available at This Time
MISCELLANEQUS
ADO1 1-Bit Carry Look Ahead Adder 3
FA21D 1-Bit Fult Adder w/Gated Inputs 4
FA21S 1-Bit Full Adder w/Gated Inputs, 1.2 mA loef 8
HAO01D 1-Bit Half Adder 2
HLIO1 High-Low Level Generator with Temperature Diode 1
MEMORY
IDCo2X2 Shared Input Buffer, 0.6 mA loef 1
IDC12X2 Shared Input Buffer, 0.6 mA loef 1
MTX50X2 Shared Output Buffer, 50Q 1
RS69D 64 X 9 RAM

13
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Macro Cells Library (continued)

Input Macros

|

Name Function Celis

BUFFERS, INVERTERS

IBF02X2 (3) High Fan-Out Buffer, 10 mA loef (Note 1) 1

IBFO3X2 (3) Input Buffer, 0.6 mA loef 1

IBFI03X2 (3) Input Butfer, Compiementary Outputs, 0.6 mA loef 1

IBFNO3X2 Input Buffer, Inverting 0.6 mA loef 1
DIFFERENTIAL RECEIVERS

ICKDOX2 Differential input Clock Driver, 18 mA loef (Note 1) 2

ICKDOX3 Differential Input Clock Driver, 18 mA loef (Note 1) 2

ICKD1X2 Differential Input Clock Driver, 18 mA loef (Note 2) 2

IRCI02X2 (3) Differential Input Buffer, Comp. Outputs, 10 mA loef 2

IRCIO3X2 (3) Differential Input Bufter, Comp. Outputs, 0.6 mA loef 2
GATES

IOR02X2 2-Input OR, 0.6 mA loef 2

IORI02X2 2-Input OR/NOR, 0.6 mA loef 2

IORNO2X2 2-Input NOR, 0.6 mA loef 2

IXOR02X2 2-Input XOR, 0.6 mA ioef 1

IXORN2X2 2-Input XNOR, 0.6 mA loef 1
MISCELLANEOUS

INOOX2 (3) Input Pad (Zero Resistance) 1

Note 1: ICKDOX2 and ICKDOX3 uses two extemal cells for electrical connection and cover, respectively, 90 and 50 internal cells for clock distribution.

Note 2: ICKD12X2 uses two external cells for electrical connection and covers 44 intarnal cells for clock distribution.

Output Macros

I

Name Function Cells
BUFFERS, INVERTERS
BF50X2 (3) Output Buffer, 500, F100K 1
BFIS0X3 Complementary Output Buffer, 5002, F100K 2
BFN50X2 Qutput Inverter, 500, F100K 1
RCRI50X3 Differential Output Buffer, 50, F100K 2
GATES
0OR220X2 2-lnput OR, 25Q, F100K 1
ORI220X2 2-Input OR/NOR, 259, F100K 2
OR250X2 2-lnput OR, 50}, F100K 1
ORN250X2 2-Input NOR, 500, F100K 1
ORI250X2 2-Input OR/NOR, 502, F100K (FGA 14K) 2
ORI250X3 2-input OR/NOR, 5002, F100K (FGA 4K) 2
OR450X2 4-input OR, 509, F100K 1
ORN450X2 4-Input NOR, 50¢, F100K 1
ORIi450%2 4-Input OR/NOR, 509, F100K 2
BUS DRIVERS
B8D20X2 2-Input OR, 250, F100K 1

BDN20X2 (3)

2-Input NOR, 2512, F100K

4
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Macro Cells Library (continueq)

Transceivers
Name Function Cells
TR20X3 2-Input OR ECL Transceiver, 250 1
TRN20X3 2-Input NOR ECL Transceiver, 250 1
TRN50X2 (3) 2-Input NOR ECL Transceiver, 500 1
Miscellaneous
Name Function Cells
OUTO00X2 (3) Output Pad (Zero Resistance) 1
TTL Macros
Name I Function Cells
INPUT BUFFERS
TED11X3 TTL Input Buffer 1
TES11X3 TTL Input Buffer (+ 5V Only) 1
OUTPUT BUFFERS
TOBDO1X3 8 mA TTL Output Buffer 1
TOBD11X3 20 mA TTL OQutput Buffer 1
TOBS11X3 20 mA TTL Output Buffer (+ 5V Only) 1
TRANSCEIVERS
TTRD11X3 20 mA TTL Transceiver 1
TTRS01X3 8 mMA TTL Transceiver (+ 5V Only) 1

15
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FGA Series ASPECT ECL Gate Arrays

ASIC Design Centers

Santa Clara

2900 Semiconductor Dr.
P.Q. Box BOS0

Santa Clara, CA 95052-8090
Tel: 408-721-4140

Los Angeles
15641 Red Hill Ave.
Suite 120

Tustin, CA 92680
Tel: 714-259-1540

Boston

11 S. Bedford Street
Suite 200

Burlington, MA 01803
Tel: 617-273-7430

Minnesota

1801 East 79th Street
Bloomington, MN 55420
Tel: 612-854-8200

Canada

5925 Airport Road

Suite 112

Mississauga, ON L4V1W1
Tel: (416) 678-2597

LIFE SUPPORT POLICY

Japan

National Semiconductor Japan, Ltd.
Sansei-doh Shinjuku Bldg. 5f

4-15, Nishishinjuku, Shinjuku-ku,
Tokyo 160

Tel: 3-299-7020

Hong Kong

4th Floor, Austin Tower
22-26 Austin Avenue
Tsimshatsui, Kowloon,
Hong Kong

Tek 852-3-733-1946

Taiwan

9th Floor, No. 18

Sec. 1, Chang An East Road
Taipei, Taiwan

Tel: (02)-562-2881

South Korea

13th Floor, Dai Han Life Insurance
Building

60 Yoido-Dong, Youngdeungpo-Ku
Seoul, Korea 150-763

Tel: 82-2-784-8051

Australia

Suite 4 Level 15

3 Thomas Holt Dr.

North Ryde, N.S.\W. 2113
Sydney, Australia

Tel: 61-2-887-4355

Lit #103755

United Kingdom
National Semiconductor (UK) Lid.
The Maples, Kembrey Park
Wilshire, SN 26 UT

Swindon

United Kingdom

Tel: 0793-614141

France

National Semiconductor

La Bousidiere - Bat Champagne
RN 186

92357 Le Plessis Robinson Cedex
France

Tel: 033-140-948-888

italy

National Semiconductor SPA
Strada 7—Palazzo R/3
20089 Rozzano—Milanfiori
Italy

Tel: 02-8242046

West Germany

National Semiconductor GmbH
Industriestr. 10

8080 Fuerstenfeldbruck

West Germany

Tel: 08141-103-0

Sweden

National Semiconductor AB
Stensatravagen 13

12702 Skarholmen
Sweden

Tel: 08-970190

Israel

National Semiconductor Ltd.
Masketstreet P.O. Box 3007
Herzlia B. 46104

Israel

Tel: 02525-22255

NATIONAL'S PRCDUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can

are devices or

effectiveness.

be reasonably expected to result in a significant injury

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

to the user.
‘National Semiconductor National Semiconductor NS Japan Ltd. National Semiconductor
Corporation GmbH Sanseido Bidg. SF Hong Kong Ltd.
2900 Drive: 10 4-15 Nishi Shinjuku Suita 513, 5th Floor
P.O. Box 58090 D-8080 Furstenfeldbruck Shinjuku-Ku, Chinachem Golden Plaza,
Santa Clara, CA 95052-8090 ‘West Germany Tokye 169, Japan 77 Mody Road, Tsimshatsui East,
Tel: (408) 721-5000 Tel: (0-81-41) 1030 Tel: 3-299-7001 Kowioon, Hong Kong

TWX: (910) 339-9240 Telex: 527-649

Fax: (08141) 103554

FAX: 3-299-7000 Tel: 3-7231250
Telex: 52996 NSSEA HX

Fax: 3-3112536

National Semiconductor
{Austraiia) PTY, Ltd.

1st Floor, 441 St Kilda Rd.
Melbourne, 3004

Victory, Australia

Tel: (03) 267-5000

Fax: 61-3-2677458

National Semicondutores

Do Brasil itda.

Av. Brig. Faria Lima, 1383

6.0 Andor-Conj. 62

Q1451 Sao Paulo, SP. Brasil

Tel: (55/11) 212.5066

Fax: (55/11) 211-1181 NSBR BR

National does not assume any responsibility for use of any circuitry described, no circuit palent licenses are impiied and National reserves the right at any time without noti
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