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Application Specific ICs

CGA10 Series

Advance Information

Continuous Gate* Technology

2-Micron CMOS Gate-Array Series

Features: :

u Continuous Gate architecture offers maximum layout
alticlency with 75% gate utilization

m Available In six sizes from 1,100 to 8,000 usable gates
(1,690 to 10,648 available gates)

u Proven 2-micron (drawn) silicon-gate double-level-metal
CMOS technology

n High performance-1.2 ns typical for a 2-input NAND gate
with a fanout of 2

The GE/RCA CGA10 Series is an advanced, high-perform-
ance, CMOS gate-array family using GE/RCA's proprietary
Continuous Gate technology. The CGA10 Series offers
maximum layout efficiency, In which 75% of the total gates
can be utifized. With its high speed, range of gate counts,
and layout efficiency, the CGA10 Series is ideally suited to
meet the user's LS| and VLSI'design needs, The low gate-
count arrays can be used for the replacement of high-speed
logic, such as Schottky TTL, oreven 10K ECL to provide the
user with an effective method of integrating random logic
systems onto a single integrated circuit. The intermediate
gate-count arrays are ideally used to implement complex
functions such as dedicated serial communications con-
trollers and intelligent support functions. The high gate-
count arrays can be used for VLSI implementation of
complete, high-performance, sub-system architectures such
as special-purpose processors or multi-function controllers.

CGA10 Gate-Array Serles

w Extensive Macro library

= Workstation support for schematic capture and simulation

® TTL, CMOS, and Schmitt Trigger I/O compatibllity

w Separate I/O and core power bus capability for noise
reduction

a Fully supported by GE/RCA's integrated CAD tools

u Available with Class B type screening for high-reliability

applications

Designed with true 2-micron silicon-gate design rules, the
CGA10 Series is fabricated on an advanced, double-fevel-
metal, planarized, fully-implanted CMOS process. With
typical effective channel lengths of 1,6 microns and reduced
junction-area capacitance, the CGA10 Series allows system
clock speeds of up to 50 MHz. An internal 2-input NAND
gate, with a fanout of 2 and statistical interconnect per
fanout, exhibits a typical propagation delay of just 1.2 ns.
Operating from a single 5-V power supply, the CGA10
Series of gate arrays exhibits extremely fow power
dissipation, typically 20 uW/gate/MHz.

In addition to standard commercial product, the CGA10
Series of gate arrays are available with Class B type
screening for applications requiring high reliability and
-55°C to +125°C temperature-range operation.

DEVICE NUMBER EQUIVALENT GATES' ESTIMé‘l‘:_I::zSABLE MAXIMUM 1/0 PADS’®
CGA10-016 1,580 1,100 56
CGA10-024 2,425 1,800 68
CGA10-037 3,718 2,800 84

. CGA10-064 6,358 4,800 108
CGA10-084 8,365 6,300 124
CGA10-106 10,648 8,000 140

1. An equivalent gate is defined as one 2-tnput NAND,

2. Tha number of usable gates may vary, depending on the design.
3. Eight additional pads are dedicated as Vss pads. All I/0 pads are programmable to Voo or Vss.

*Continuous Gate is a Trademark of VLS| Technology, Inc.

Information by GE Is to be and refiable.
Howaever, naresponsibility Is assumad by GE or its affiliates for its use;
nor for any intringemants of patents or other rights of third partias
which may resuit from its use. No ticansa Is granted by implication ar
otherwisa undar any patent or patent rights of GE or RCA.

Trademark(s)®Registered
Marca(s) Registrada(s)

Printed in USA/10-87

This documant contains information on a new product. Specifications
and Infarmation contained heréin are subject to change without
notice.
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MAXIMUM RATINGS, Absolute-Maximum Values:

(Voltages referenced to Vss Terminal)
DC SUPPLY-VOLTAGE RANGE, (VD0) «tvoveervrrasencrtnrnnss Seebessennsavesternarnaanresy Ciereseetsiinens terersesennnans -05to 6V
RECOMMENDED DC OPERATING VOLTAGE RANGE (V00) 1 s vtetveeeeeereeretorsnnnnneassesencrssreereresserseseees . 15t055V
DC INPUT VOLTAGE RANGE, ALL INPUTS, (Vin) vvevennnns vere =0.5t0 Voo 0.5V
DC OUTPUT VOLTAGE RANGE, ALL OUTPUTS, (Vom) . .es veses=0.51t0 Voo H0.5 V
DC INPUT CURRENT, ANY ONE INPUT ....... Cereenieanseanss et etsteriiatearantiasaeaatatserantntrnans LR +20 mA
POWER DISSIPATION PER PACKAGE (Po):
For Standard Temperature Range: -40 to +85°C
For Ta=-40 to +60°C (PACKAGE TYPEE) ...vvvevnvrrnrrneennrnns D 500 mW
For Ta=+60 t0 +85°C (PACKAGE TYPE E) ..vvvrvrrvinarnannnss Sesrseataansiesiesantinias ..Derate Linearly at 12 mW/°C to 200 mW
For External Temperature Range: ~55 to +125°C .
For Ta=~55 10 +100°C (PACKAGE TYPE D) vuuvveivrnnrennerssaenannnes B 500 mW
For Ta=+100.to +125°C (PACKAGE TYPE D) Derate Linearly at 12 mW/“C to 200 mW
POWER DISSIPATION PER OUTPUT (All Package Types) ........ Seefsaaaetateeettatstacanatienneastas PRI serteicareneans 100 mW
OPERATING-TEMPERATURE RANGE (TA):
PACKAGE TYPE D (CERAMIC) tvitvvvvrirernseeennnaenenn R R RN T -5510 +125°C
PACKAGE TYPE E (PLASTIC) ereaaes +oas =40t0 +85°C
STORAGE TEMPERATURE RANGE (T-u) el e e et et aa e reaaaasas eeietateeeastitasssesesenronns -65to +150°C
LEAD TEMPERATURE (DURING SOLDERING):
Atdistance 1/16 £ 1/32in. (1.59 & 0.79 mm) from Case fOF 10 S MAX.  +euv'nerrersaennenenernreneessesnesnsnsens Vereereena. $265°C
DC CHARACTERISTICS, Speclfied at Voo and Amblent Temperature over the Designated Range'
CHARACTERISTIC TEST CONDITIONS MIN. MAX. UNITS
Input HIGH Voltage Vin
CMOS 0.7 x Voo Voo
TTL Guaranteed Input HIGH Voltage 2 Voo v
input LOW Voltage Vi
CMOS -0.5 0.3 x Voo
TTL Guaranteed Input LOW Voltage 05 0.8 v
Output HIGH Voltage Vor lon = =1 A Voo - 0.05 — v
0OBO1 lon = -8 mA 2.4 —_
Output LOW Voltage Voo low =1 4A — 0.05 v
0B01 loL =8 mA — 0.4
tnput Leakage Current [ Vin = Vop or Gnd -10 10 LA
3-State Output Leakage loz _
Gurrent Vour = Voo or Gnd -10 10 uA
CAPACITANCE, Specltied at Voo and Amblent Temperature Over the Designated Range
CHARACTERISTIC? TEST CONDITIONS MIN. MAX. UNITS
Input Pad Capacitance Cin
Output Pad Capacitance Cour Excluding Package — 5 pF
Transceiver Pad Capacitance Cio :
1. Military range is -55°C to +125°C, + 10% power supply: industrial temperature range is -40° C to +85°C, + 5% power supply;
commerclal temperature range is 0°C to +70°C, + 5% power supply.
2. For cell pads only.
3. Capacitance is not a tested parameter.
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AC CHARACTERISTICS FOR SELECTED MACROS, T, = 25°C, Voo =5 V, Process Model = Typlcal

MACRO DESCRIPTION SYMBOL PROPAGATION DELAY (ns) - FANOUT
1 2 | s | 4 [ s
Loglc Gates
INO1D1 1X Inverter tewn 0.6 0.8 1 1.1 1.5
tenL 0.5 0.7 0.8 1 1.3
INO1D3 3X Inverter teus 04 0.4 0.5 0.5 0.6
teHL 0.4 0.4 0.5 0.5 0.6
ND02D1 2-Input NAND teun 0.7 0.9 1 1.3 1.6
. tenL 1 1.3 1.5 1.9 2.4
NDQ4D1 4-Input NAND trun 1.1 1.3 1.5 1.6 2
teHL 27 3.3 3.8 4.3 55
NR02D1 2-lnput NOR teLn 1.2 1.6 1.9 2.3 3
tene 0.8 0.9 1.1 1.2 1.5
NR04D1 4-Input NOR tewn 3.2 3.9 4.5 5.2 6.5
[ 1 1.2 1.4 1.9 1.9
XN0201 2-Input Exclusive-NOR teLn 1.7 2.1 24 2.8 3.5
ten 15 1.8 2.1 2.4 3
Flip-Flops
DFBTNN D Flip-Flop (Clock — Q) teLn 2.9 3.3 3.6 4 4.7
tent 4.2 4.6 5 54 6.3
ts 2.5 2.5 2.5 2.5 2.5
tn 0 0 0 0 [0}
DFBTNB D Flip-Flop with Set and teLn 4.6 4.8 5 5.1 5.5
Clear (Clock —~ Q) teHL 5.7 59 6 6.2 6.5
ts 25 2.5 2.5 25 2.5
tu 0 Q 0 0 0
Input Buffers
PCTTIO TTL Input Buffer with tewu 2.7 2.8 2.9 3 3.1
Pull-Up teuL 3.8 3.9 4 4.2 4.4
PC7CI0 CMOS Input Buffer with [ 1.6 1.7 1.8 1.9 2.1
Pull-Up trut 1.8 1.9 2 2.1 2.3
Output Buffers
CAPACITIVE LOAD (pF)
MACRO DESCRIPTION SYMBOL 15 20 50 20 760
PC7C03 3-State Output Buffer teik 3.6 5.4 7.6 11.4 13.4
(8 mA) tenL 2.5 3.5 4.7 6.6 7.9
TIMING DIAGRAM
PROPAGATION DELAY
) voo
INPUT 7‘ 50% )< 50% o
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AC Performance

AC performance for a glven aperating condition is a
function of several factors including: fanout, interconnect,
supply voltage, junction temperature, and process vari-
ability,

The AC characteristics table shows the propagation delay
(TONOM) on a number of commonly used macros for a
typical process model, 5-volt operation, 25°C temperature,
and for various fanouts with statistically estimated wire
lengths.

The effect of supply voltage can be dstermined from Fig. 1
by extracting the factor KV. Fig. 2 is used to determine the
temperature factor KT. A worst-case process factor
(KPMAX) of 1.43, and a best-case process factor (KPMIN)
of0.67. as shown in Fig. 3, is used to determine the effects of
process variability.

The worst-case propagation delay can be calculated as
follows:

PROPAGATION DELAY FACTOR, KV

TDMAX = KV x KT x KPMAX x TONOM
and the best-case delay is calculated:
TOMIN = KV x KT x KPMIN x TDNOM

CGA10 Serles

PROPAGATION DELAY VS SUPPLY VOLTAGE
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Fig. 1 - Performance vs voltage.

PROPAGATION DELAY VS TEMPERATURE

1.4 ‘/
E P’
¥
Z 13 /2 o
g L
2 1.2 TYPICAL PROCESS
3 Py MODEL
It - VoD = 5.0V
z - CL = 1.0pF
1.0
g L
< 09 >
Q
€ oq ot
-
0.7
-50 ~20 ] 20 40 60 80 100 120 150
TEMPERATURE (DEG C)
92CS-42462"
Fig. 2 - Parformance vs tempsraturs.
PROCESS FACTOR, KP
Process Model Factor
Slow 1.43
Typical 1
Fast 0.67
Fig. 3 - Performance vs process.
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Array Organlzation

The general layout of the CGA10 Series consists of electrical
components that are organized as structures of continuous
arrays of transistor pairs. Macro cells, which are the basic
building blocks of logic design, are comprised of one or
more transistor pairs In the arrays. All the CGA10 Series
gate arrays use the same transistor array and 1/0 celil
structure. The power busing structure of the CGA10 Series
can Isolate the 1/0 cells from the internal array. Both the
VDD and the VSS buses surround the array in second-level
metal and are brought into the internal array via a power raii
structure. The power bus structure also allows any pad to
be programmed as VDD or VSS.

Internal Array Description

The CGA10 Series, using Continuous Gate Technology,
consists Internally of rows of uncommitted P and N
transistors laid out at continuous regular intervals., Key
features of the Continuous Gate Technology are:

1. High gate density arising from speciai array architec-
tural features. °

2. A unique global routing scheme that maximizes gate
utilization, and allows for faster place and route.

Continuous Gate Technology achieves high gate densities
by the use of gate isolation, special array architectural
features, and the use of a unique global routing scheme. In
the traditional approaches, active regions are isolated from
one another by a thick fleld oxide. This Is referred to as
oxide Isolation and may consume 20% of the total core area.
The gate isolation technique employed in Continuous Gate
Technology turns off transistors to isolate active regions
from one another. These isolation transistors are placed
only where needed, therefore achieving higher silicon
efficiency,

The global routing scheme for gate arraysrbullt on the
Continuous Gate Technology architecture is quite unique.

CGA10 Serles.

Rather than having open areas for routing channels, as in
the traditional approach, the routing channels actually run
over the utilized cells. Furthermore, focal routing for
macrocells does not compete with global routing for the
required routing resources, thus allowing greater ease in
routing.

/0 Buffers
Output Portion:

The output portion of the I/0 buffer also contains pre-drive
logic. The output buffers have been designed to source or
sink 8 mA.

Input Portion:

Each inputlocation may be programmed as TTL, CMOS, or
Schmitt Trigger. In addition, pullup resistors are available
for use in comblnation with the input buffer.

General: -

Thel/Oincorporates a dual power bus structure which may
be used to isolate the output buffer power supply from that
of the array core, thus achieving high noise immunity. Any
1/0 location may also be programmed as Power or Ground.
All1/Os are protected against latch-up and static discharge.
Typical performance features are shown in the AC Charac-
teristics table.

Workstations

GE/RCA gate-array designs may be developed on work-
stations supported by GE/RCA. Designers using such
workstations are provided with a macro library containing
the symbols, simulation models and software for design
verification, timing calculations and netlist genaration. The
design is transferred to a GE/RCA design center where
placementand routing are performed. The final interconnect
capacitances are annotated back to the workstation for
verification of circuit performance.
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ASIC Deslgn Flow

GE/RCA's CGA10 Series is supported by a complete set of
design automation tools. The design flow and the highlights
of the design tools that are utilized with the standard-cell
library are as follows:

* MIMIC, GE/RCA's Software Simulation Program—A
powerful software simulation program allows designers
of ASIC circuits to model the logical operation of circuits
before device fabrication. Through the program, de-
signers can discover logical flaws; race, hazard, or spike
conditions; and timing uncertainties.

CGA10 Serles

« AFTER (Automatic Functional Test Encoding Rou-
tine}—AFTER aids the designer in generating functional
test patterns required for the testing of digital ICs on
Automatic Test Equipment (Fairchild, Teradyne, atc.).
Test Vectors are generated from the MIMIC logic
simulation program.

CONCERT (Connectivity Certificatlon)—CONCERT isa
layout analysis program which aids the verification of the
logical and electrical correctiveness of the mask artwork
produced by the APAR automatic layout program.

M R R R I R R I I I

: Workstation .
¢ - Daisy .
M - Mentor E
M . — - Valid .
: Terminal - P.-CAD :
. - FutureNec S
. vy .
LOGIC DESIGN .
—_ Logic Simulation MIMIC :
Lavour|: Autoplace & Autoplace & :
/rl: Route Route :
5 Gate Array Standard Cell E,
FAST : - :
TRACK ! . :
DESIGN| TEST :
VERIFICATION |+ :| PROGRAM :
- :| GENERaTION ¢ \ :
. . —_— :
: y : : AFTER :
+ _ Connectivify Check CONCERT .
[:l"...l.l‘_.'ll...'...'..ll ll..lll.li :'...".. s esnese’
PROTOTYPE . - .
. Mask Te o
PRODUCTION ' % Sample® Test Program -
> E Production .

@es 20000 st 0000 cssavsaastreasany
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Fast Track uses the logic descriptions of MIMIC to
implement the layout and control the connectivity veri-
fication and mask-generation routines.

Fig. 4 - ASIC design flow..
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