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INTRODUCTION
TO CUSTOM/SEMICUSTOM
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EINFUHRUNG
KUNDEN-
SPEZIFISCHE ICs

Deiser neue Abschnitt beschreibt Dienstleistungen
und produkte von Herstellern, die digitale, lineare und
kombinierte digital/lineare kundenspezifische Schalt-
kreise anbieten. Die Firmen werden in alphabetischer
Reihenfolge genannt und anhand ihrer Fihigkeit zum
Schaltkreis- Entwurf, ihrer Produktionsanlagen,
ProzefBtechniken und Testmdglichkeiten beschrieben.
Die verschiedenen Moglichkeiten des Anwenders im
Hinblick auf dessen Angaben sind durch eine Auflis-
tung der vom Hersteller gewiinschten technischen
Details erliutert. Diese kénnen von einer Gundkon-
zeption bis zu einem bekannten, funktionierenden
Bauelement reichen.

Die enthaltenen halb-spezifischen (semicustom) Bau-
teile enthalte Gatter- und Zellen-Arrays, die durch

- die letzte Masek zum kundenspezifischen Schaltkreis
werden. Feldprogrammierbare Bauteile sind in diesem
Abschnitt auch enthalten.

Master Selection Guide
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INTRODUCTION AUX
CIRCUITS FAITS SUR

COMMANDE

Nouvelle cette année, cette Section décrit les services
et produits fournis par des sociétés fabriquant sur
mesure des circuits digitaux, linéaires, digitaux/liné-
aires. Le Guide Général de Sélection offre sur plusieurs
pages un tableau indiquant par fabricant les services
offerts, les équipements disponibles, les systémes
technologiques, et les procédés de test utilisés. Les
possibilitiés de collaboration entre le fabricant et le
client sont également indiquées dans ce méme tableau.

Les produits partiellement faits sur mesure comprende
“portes” et “cellules de mémoire” qui sont indi-
vidualisées par un procéde final d’interconnexion. Les
appareils programmables 3 I’extérieur sont aussi con-
sidérés dans cette Section.

4702
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INTRODUCCION
A LOS CIRCUITOS
POR PEDIDO

Esta seccién, nueva para este afio, describe servicios
y-productos de compaiiias que ofrecen circuitos por
pedido, sea digital, lineal y digital/lineal combinado.
Apareciendo en orden alfabético el la Guia Maestra
de Seleccién, las compaiiias se caracterizan por de-
scripciones de servicio de desefio, taller de pro-
duccién, technologia de processos y capacidad de
distintas pruebas. Opciones de contribucién por el
operador en los proyectos de circuitos por pedido,
estén delineados en la lista de nivel de asistencia del
operador preferido por el fabricante que abarca de
concepto de sistema a pieza comprobada buena.

Componentes a pedido limitado incluyen redes de
puertas y celdas electrénicas que son “a pedido” en el
proceso final de interconeccién. Componentes pro-
gramables en el campo tambien estan incluidos seccion.

Master Sefection Guide
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For many applications, standard integrated circuits may be
inappropriate from the standpoints of cost, size, power con-
sumption or reliabitity. Moreover, unique features demanded by
proprietary products often require entirely new circuit con-
figurations. As a result, customized ICs are assuming an
increasingly important role in system design.

Custom IC suppliers report that the chief benefits enjoyed
by naariy all custom-circuit users are [ow-cost parts and cost
savings resulting from reduced printed-circuit board space,
parts handling, inventory, testing requirements and system
maintenance. Obtaining these benefits requires careful con-
sideration of the many options provided by both custom ICs
and other approaches which ultimately effect economics.

For example, in addition to standard and custom parts,
options for implementing new system designs include semi-
custom ICs, microcomputers, custom microcomputers, a mix-

= ture of microcomputers and custom ICs, or a mixture of alt of
'ons these. The system development strategy used depends largely
upon marketing objectives and may require staged system
development, first with standard ICs, then with semicustom ICs
and, finally, full custom units. Or, the strategy may dictate
developing sltandard or semicustom prototype systems with
concurrent verification of a full custom design.
- Another option is to alter a standard microprocessor and
other standard circuits, rather than using a full custom design.
Go.n Customizing standard producls can reduce the design costs,
turnaround time and risks of a full custom design. In some

cases. semicusiom or cusiom circuits can replace micropro-
cessors which have been used in dedicated, mostly controller-

type applicaticns. Or, a custom circuit may be a direct integra-
tion of several standard ICs, such as op-amps, comparators

and resistor nelworks.

Master Selection Guide .

All approaches require up-front decisions involving design. B
prototype and production turnaround times, volume/cost trade- ¥
offs, alternate sourcing, circuit configuration and process tech-
nologies, and the user/supplier interface. The most critical
factor, however. is cost

The cost of a nonstandard IC includes expenses for design
and tooling, wafer and chip processing, packaging and testing.

Design and Yooling: Until recently, 1C users had just two
options for implementing new designs: standard parts and full
custom circuils. Wt en standard parts were inadequate, a user
1 had to commit tc great production volumes to amortize high
developman! costs. Additionally, development limes oiten ex- 8
tended welt over a year, and chances of initia! success were
relatively stim. However, custom suppliers have minimized &3
these drawbacks by devising new customizing techniques to
the extent thal few custom circuils now are developed entirely
from scratch :

STANDARD CIRCUITS Full Custom: in this approach the circult designer draws 5

from a collection of time-tested circuit modules and com- Bl
ponents to customize a chip. These elements of known per-
formance are located on the chip with the assislance of CAD
equipment 1o form optimized interconnect patterns, thereby
minimizing chip area and thus cosi. Full cuslom design gives
the most etficient use of silicon chip area. Atthouyh design
turnaround time has been longer than other options, advanced
CAD techniques are closing the gap

RELATIVE COST

MICROPROCESSOR

CUSTOM LSI

S0K OUANTITY T
Semlcustom: This approach produces custom circuils by

interconnecting repetetive patlerns of preprocessed chicuit
elements on a chip called a mastershice Because a masterstice

4 crcuts are tor p below 1000 unts i X . "
intermediate volume applications may benahii best from customizing thiouyh Is processed just shorl "'\ the final interconnect pattern. the
softwars, Juch aa wih microprocessors Custom chips have the iowes! cost same parft 1s mass-produced for use by all customers with

at high.volume p: Source S tor customizing occuring at the final ynterconnect stage

©1I1C MASTER 198§ 4705
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Gate arays are masterslices containing repetitive patterns
of transistors connected as logic gates. Device arrays are
patterns uncommitted transistors and resistors. The next level
of customization uses an array of unconnected transistors and
resistors called cells. Each cell can be interconnected inter-
nally to provide a specific logic function, and each cell on the
chip intercor d into a ized sy . The repertoire
of atlowable cell functions is called the cell library.

Interconnect design for masterslices can be manual or com-
puter-aided. In all cases, the masterslice approach minimizes
design turnaround time. Complex custor-cell library circuits
can be obtained in about 18 weeks or less in prototype form;
prototypes from gate arrays typically are availablie in about
nine weeks.

One major disadvantage of masterslice circuils has been
low circuit density. Circuit and device arrays require channels
and alleys for routing interconnects. And because a single
pattern must accommodate many different system designs,
considerable interconnect routing space can be left unused
alter the chip is designed. Conversely, in a lull custom design,
unused space can be minimized. Consequently, a masterslice
can be three times larger than an equivalent full-custom chip
costing 20% to 60% less.

But masterslice manutacturers are increasing circuit densi-
ties to bring unit cost closer to that of full-custom circuits
purchased in high volume. Circuits with two and three layers of
interconnects are being developed to allow more efficient use
of chip area. Triple interconnect-level masterslices are already
used in a recent generation of IBM computers. So while full-
custom designers are reducing design turnaround time, master-
slice proponents are reducing unit cost.

Production: IC houses that process custom circuits basically
sell a production service, not a design service. Most are con-
cerned first with recovering design costs and then making
profit on the volume production of parts. The generat rule of
thumb calls for total production volume representing at least
ten times the supplier’s design cost.

Some firms may accept a smaller production voiume if engi-
neering costs can be lowesred. The customer may salisfy this
fequirement by using a design specialty firm or the in-house

Functionaf
specil

Mylar coding
N@ND-qalO sheet layout
fogic diagram (pasties)

Logic
simulation

Develop
tost
program
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Digitize

Verification
programs

Custom
masks
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e o e |
[ ::,‘,', HAuomhle I

* Provided by customer
t Optianally provided
by customer

Production
run

Deveioping a custom IC is a mullistage process. The degree of user involve-
ment varias balween companies. This diagram outlines the development of
a cuslom chip designed from a cell library. Source: Signetics
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enginsering staff. Specialty firms provide services such as
design, mask-making, assembly and testing. In many cases
a design house controis the evolution of an IC through tooling,
fabrication and final delivery.

Selecting a fabrication process based solely on chip cost is
not entirely straightforward. For any given process, all wafers
¢0s! about the samea regardiess of circuit complexity. The cost
of a chip is determined chiefly by yield, which tends to de-
crease with chip-area increase. Thus, chip cost varies directly
with chip area.

Cost comparison between processes is more complex. Cider
processes do not necessarily produce higher yields than
newer process lechniques. And aithough processes involving
more fabrication steps tend to have higher production cost per
wafer, a more complex process may also aliow circuit designs
that produce smaller chips. Similarly, wafers fabricated by
newer processes that involve expensive production equipment
are usually costly. But, improved processes, although expen-
sive, can produce high yields which tend to iower the die cost.
The process must therefore be chosen to get the lowest chip
cost consistent with meeting performance requirements,

Packaging: A standard package can cost from a few cenls
1o several dollars. In many custom designs, package cost can

Assembly: Process of mounting a chip into a package and con-
necting the chip terminal pads to package terminals.

CAD: Computer-aided design. CAD includes computerized
equipment that performs circuit simulation, logic simula-
tion, automatic circuit and logic drawing, topologicat digi-
tizing, topology construction on a CRT terminai, design rule
checking and test generation,

Cell: Circuit performing a digital or linear function that is
repeatedly used to design an LSI/VLS! chip.

Cell library: Collection of predesigned ceil functions stored in
a CAD data base. Custom LSI/VLS| devices can be de-
signed by choosing appropriate cells from the library and
locating them on a chip to minimize interconnects and
maximize performance. The celis are computer character-
ized for performance much like SS! and MS! ICs with data
sheets for each cell.

Custom circuit: In general, a component whose manufacture
Is under the exclusive control of a customer. The term can
refer to full-custom, customized-standard or semicustom
parts. in semicustom parts mos! of the mask layers are
common to many customers, and only the finat interconnect
patlterns ase special. A customized part is a modilication
of a standard part to the requirements of a customer. Full-
custom parts normatly are fabricated from masks con-
figured for the customer.

Design rules: Collection of rules thal define minimum dimen-
sions of device topologicat struclures. Dasign rules also
express process-parameter design limits such as gain fac-
tor. threshold fevel, oxide thickness and capacitance.

Die: Rectangular piece ol semiconductor material into which
electrical circuils have been fabricated. Also called a chip.
Plurat is dice

Digitized data base: Recorded digital dala representing a topo-
logical drawing of an SSt, MSI, LSI or VLS| device. The data
include locations and dimensions of rectangles thal make
up individual circuit elements and interconnects

Feature size: Dimensions of rectangles, tines and spacings In
in an 1C topological design.

Terminology

be the largest part of unit cost, especially if a custom package
is required.

Testing: This cost can be a large portion of the total unit cost.
So cara must be taken to dasign the chip for minimum testing
requirements. Testing costs depend on the type of test equip-
ment used and the amount of time required to test. ideally the
simplest and most widely available equipment should be used.

Testing cost can range from $50 per hour to several hundred
dcllars per hour. The manner in which tests are specified can
vary test time per part from a few seconds to a minute. It is not
economically feasible to test many complex digital circuits
for every possible combination of inputs and outputs. And
untess complex random logic is designed with testing in mind,
it may not be possible to test the final product adequately.

Testing shouid be considered early in the design phase to
minimize cost, Usually it is possible to select a process tech-
nology or circuit configuration that eliminates the need for
some parametric tests. If timing requirements are critical, for
example, using one of the faster process technologies or
circuit configurations can eliminate testing speed parameters.
Similarly, using a superior process for finear circuits could
eliminate the need to test for offset voltages in op-amps.

Gate: Basic digital-logic element producing a binary output
depending on the logic state of various inputs.

Gate array: Regular pattern of circuit components on a chip,
connected to form regular patterns of gates. The gates are
not interconnected until the customer specifies the chip
function.

Gate equivalent: Basic unit of measure for digital circuit com-
plexity based on the number of elementary logic gates
needed to provide the same circuit function.

LSI: Large-scale integration. Device design integrating from
100 up to thousands of gate equivalents on a chip.

Macrocell array: Regular pattern of grouped, unconnecled cir-
cuit components. Macrocells are formed into standard logic
elements by interconnecting the components to provide
specitic circuit functions, Interconnects between the celis
are specilied to perform a specific chip function. The for-
mation of the cell functions and cell interconnects are
unique to the customer.

MSI: Medium-scale integration. Device design integrating from
10 to 100 gate equivaienis on a chip.

Masterslice: in general, a partially processed chip containing
circuit elements for customizing through final metal inter-
connect patterns. Can reler to gate, device or cell arrays.

Pastie: Scaled decal (usually transparent) representing both
function and dimensions of an IC building block such as a
gate, flip-flop or 1/0 butter. Pastles are a commonly used

tcol tor designing LSI/VLSI chips from a celi library. Each |

cell lype has pastie equivalents.

S$S8i: Small-scale integration. iCs containing fewer than ten
logic-gate equivalents.

Silicon gate: MOS design in which the gale is made of silicon
instead of metal. SHicon gate MOS is faster and more dense
than metal-gate MOS.

VLSI: Very-large-scale integration. Device design integrating
thousands of gate equivalents on a chip.

@ IC MASTER 1985
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Cost: Intense activity in both gate arrays and
associated development tools should make
the gate-array concept extremely cost com-
petitive with other design approaches. Typical
costs for the development of a gate array and
a full-custom IC are shown in the accompany-
ing tables.

New gate arrays are currently in widespread
development by IC manufacturers; CMOS
products with up to 8,000 gates and emitter-
coupled-togic (ECL) devices with 100-pico-
second gate delays have already been deve!-
oped. Although most of the attention has been
concentrated on CMOS, many bipolar tech-
nologies are not being neglected.

Gate arrays are available in a number of
bipolar technologies including ECL, Schottky
TTL, integrated injection logic, integrated
Schottky logic (ISL), and Schottky transistor
logic (STL). Gate delays for these devices can
be as low as 0.8 nanoseconds. Gate array
chips are also available in NMOS and com-
bination CMOS/NMOS versions.

Availabitity of computer-aided-design (CAD)
tools and software support are helping both
semicustom and custom products gain ac-
ceptance. In some cases, IC suppliers permit
customers to use the supplier's in-house CAD
facilities. Training courses, running three to
five days, are also being offered by many IC
manufacturers.

Custom I1C cost factors.

Beftore Process Assembly

® Orders: Issues & Tracking
Specific Documentation
Orders: Issues & Tracking
Purchase Prices

Cost of Capital

inventory: Storage Space/Handling
Incoming Inspection

PC Board Space

Power Consumption

Afler PC Assembly
® Test: Board
® Failure Diagnostic

® Test Aclive/Passive
Compononls

* Hepair
* Re-Tesl
* Fe-Inveniory

4708

Typical costs for the development of a 1000-gate array.

1. Tooling Development
A} Circuit Conversion
B) Layout
€) Digitization, PG Tape, Masks,
20 prototype units in ceramic DIP,
bench tested

2. Preproduction
A} Test Program Development

B) Test hardware
Personality Board

Probe Card

Special Supplies, Signal
Generator

Burn-In Board

Other

C) Production Qualification Units
{Optional}

Burned-In, Temperature Tested
100 units

883B Environmental Screening

TOTAL

* Depends on application

min, max.

$500 $1500
$2.5K | $5K
$9K $13K
$4K $8K
$1K $2K
$100 $200

$500 $2500

3K $6K
Extra
$18K $40K

Typical development costs for a full-custom

integrated circuit.

1. Tooling Deveiopment
A) Circuit to LS| Conversion
8) Layout
C) Digitization, PG Tape, Masks

2. Engineering Evaluations: 5 wafers

Working Plates Per Plate

Bipolar: 1-Layer Metal 4-6 weeks
2-Layer Meotal 6-8 weaks
Pt Schottky Diodes - week extra

CMOS: 1 Poly, 1 Metal 6-8 weeks

Same, 4 Micron 6-8 weeks
May need several iterations, usually 2 to 4

3. Prototypes

A) Establish Waferbank
30-45 Walers from Several Suns

B) First Look Samples
100 Untested Dice Packaged in

Caramic Sidebraze

C) Tesl Program Development

D} Test Hardware
Personality Board
Probe Card
Special Supplies, Signal Generators
Burn-In Board
Other

€) Production Qualification Units {it desired)

Burned-in, Temperature Tested
100 Units

8838 Environmental Screening
TOTAL
* Depends on application

min. max,
$20K $200K
$50 $100
$3K $6K
$5K $10K
$3K $5K
$4K $6K
$10K $30K
$600 $1500
$5K $30K
$1K $2K
$100 $200

$500 $2500

$3K $6K
Extra
$40K $280K

©JC MASTER 19838



Comparison. The relative ranking of risk factors for altarnative
design approaches is shown at the right. These ralings will
vary depending on the selected suppliers for custom, celi
iibrary, gate array or non-L5l devices. Therefore, this chart
should be used oniy as a guide. In the case of !inear designs,
risks are greatsr than for digital counterpasts. Unless the vari-
ous circuit blocks assembled from a cell library are compatible
with each other from the standpoint of processing, the overaill
performance of the chip can be less than expected. For
instance, the breakdown voltage, beta, sheet resistance, im-
plant dosage, and epl thickness requirements, to say nothing
of the starting material, may be mutually exclusive. Also, NPN
and PNP transistor conligurations cannot both be optimizad
for performance as is possible with discrets devices.

Benetits provided by custom, related to cost lactors, are
described in the following paragraphs:

Specification Documentation: Since a single custom IC can
replace as many as 100 MSI circuits (plus assoried external
aclive and passive components, such as decoupling capacitors,
diodes, and transistors), paperwork needed is greatly reduced.

Purchasing: The purchasing function is not a *‘free’ activity in
any company. It costs money to issue purchase orders, and o
track them through various delivery dates and procedures with
phone calls and computer time. The lower parts count signi-
ficantly reduce this paper load.

Purchase Price: Depending on the complexity of the chip, the
price for a custom device can be lower, at, or sbove that of all
the components to be reptaced. It is important to count all of
the passive peripheral components involved, such as sockets,
resistors, capacitors, inductors, and perhaps even conneclor
pins to the outside.

Cost of Capitai: This cost varies with prevailing interest rate. If
a company has to borrow development money, usualiy at about
three or four percenl over prime rate, then this interest is also
an expense incurred by the project. But aven if cash is avail-
able, there still may be an opportunity cost. This is the income
that could have been earned if the cash had been used on

Comparisons of advantages of various design
approaches. A raling of 1 indicates best.
{Numbers in parenthesis appiy to linear designs.)

CUSTOM CONSIDERATIONS

Fult Cell Gate Non-
Custom | Llbrary | Array LSt

Design Costs 4(3) 3(4) 2 1
Design Time 4(3) 2(4) 32 1
Mask Costs 4 4 2 T
Redesign Flexibility 4 3 1
Test Program Costs 3 3 2 1
Clrcuit Purchase Price 1 2 3 4
System Power 1 2 2 i 4

Required
Reliability 1 2 2 4
PC Board & Costs 1 2 2 4
Production Labor 1 2 2 4
Security 1 3 2 4
Added Features/ 1 3 3 4

Board

short-lerm projects (such as buying maore inventory — provided
the sales to turn the inventory over exists).

Inventory: Once the material is in the plant, it has to be handled
(including counting, sorting, and paperwork), and stored.
Usually, storage space is predelined, and, since it already
exists, it is not considered to be an additional expense. How-
ever, one has to remember that real estate value on a per-
tootage basis is substantial and that other departments might
make a more cos! eftective use of any space available. Hence,
an additional cost is incurred for each additional component
that has lo be stored and accounled fcr. Also, components may
become obsolete before the inventory is used up. Cusiom ICs
contribute to decreasing inventory expenses.

Incoming Inspection: Unless pre-aged and pre-screened com-
ponents are bought to prevent early failures (infant mortality),
it is advantageous lo inspec! active components as they come
in. Again, a reduction in the number and variety of devices to
be lested adds to profits.

Printed Circuit Board Space: Fewer components mean less
space needed 10 mount them, less auxiliary components, less
artwork for interconnect lines, fewer holes lo be drilled, and
less insertion time and eflort — as well as a smaller board.

Power Consumption: The power consumption of the entire
system is usually dramatically reduced, making savings pos-
sible with lowered power supply and cooling requirements.
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CUSTOM/SEMICUSTOM
Manufactarer Advanced Micro Devicas Alphatron AMCC
FOR DETAILED DATA SEE {Page 4901) (Page 4907)

Customized Standard Circuits

Gate Array Programmable Array Logic ECL, TIL, Mixed
Chip Density Range (equiv. gates) 200 to 800 Up to 4400 2-input gates
g ty Range fequlv. & 250 to 3500 gates
Cell Library CMOS ECL, TTL, Mixed
Design Kit Avaitable Yes Yes Yes
Full Custom Clrcuits
Digital Silicon- or melalﬁa(e PMOS, ECL, TTL, Mixed
NMOS, CMOS
Linear Silicon- or metal-gate PMOS,
NMOS, CMOS
Combined Digital/Linear Silicon- or metal-gate PMOS,
NMOS, CMOS
Provide Design Assistance Yes Yes Yes

Acceptable Customer input
(in order of preference)

Alphamap Ia(oul logic diagram
functional description block
diagram,

Functional specification, logic
diagram, test vectors, PG Tape,
Tegas Tape.

Oesign Aids AMPALASM-20 software for Logic simulation, breadboard Logic simulation, timing verifica-
Boolean equation generation, assistance, design rule checks, tion, design rule checks, elec-
AMPLPL software provides decals. trical rule checks, portable
similar capability for advanced library on EWS, auto place,
products. auto route, (rainmg session,
design center,
Production In-house Wafer production procured from in-house
outside foundries. Testing
done in-house.
Preferred Delivered Praduct Ceramic and plastic DIPs, leadiess Any upon request Packaged devices
chip carriers, dice; ali available
in commercial and military.
Tast Pregram Generatisn Yes Yes
Productien Test 100% de, sc and { I, ! Functional, parametric, AC,

testing. Burn-in, thermat shock,
environmental, it

F ic, burn-in,
lhelrmal shock, environmental,
MIL.

bure-in, thermal shock, envorn-
mental, MiL-STD-883.

Electrical Test Systoms Avallable

Xincom, Accutest

In-house designed, customer-
supplied, or oulside service.

Sentry VI, Sentry XXI

Comments

Commercial programmers avail-
able Software output JEDEC
PLDTF. Most complex program-
mable logic parts available,

Multiple sourcing. Celt library
and design rule handbook.

Mixed 1/0 {ECL/TTL) capability.
ECL 10K & 100K or bolh capa-
bili'{. MS! and cusiom macros
available. Second sourced.
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