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Addresses of the Vendores % Foundaries:

1.

ATET
555 Union Blvd, Allentown, FA 1810% , U S A
Tel: (800) 372-2447

Sub: Foundary services for ALA 400/401
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Sub

3.

Sib

4.

Sub

Barvon BiCMOS Technology
1992 Tarob Ct, Milpitas, CA 95035 , U S A
Tel: (408) 262-8368B

: Foundary services for BC %00

Custom Arrays
s»5 Del Rey Ave, Sunnyvale, CA 74086 , UysaAa

Tel: (408) 749-1166
: Foundary services for MM-2Z20V and MM—40V
EXAR
FO Box 9%007,2222 Rume Dr, San Jose, CA 231461,

Tel: (40B) 43F4-6400

: Foundary services for Flexar Analog Arrays.
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4. Ferranti Interdesign
1500, Green Hills Rd, Scotts Valley, CA 95066, U S A
Tel: (408) 438-2900

Sub: Foundary services for MHx Si~gate CMOS Arrays.

7. Micro Linear
2092 Concourse Dr, San Josze, CA 29131, U 8 A
Tel: {(408) 433-5200

Sub: Foundary services for FEZ4ux fnalog: Arrays.

8. Raytheon, Semiconductor Div.,
330 Ellis St, Mountain View, CA F4043, U S A
Tel: (4135) 948-9211

Sub: Foundary services for RLA series Analog Arrayes.

9. SGES-THOMSON Microelectronics
Italy / France



10, Gilicon Systems
14351 Myford Rd, Tustin, Ca %2680, U B &
Tel: (714) 731-7110

Sub: Foundary services for MSA-670% Linear Arrays.

11. Silicanix
2201 Laurelwood Rd, Santa Clara, CA 95040C, U § &
Tel: (800) S54-55565

Sub: Foundary services for Analog/Digital CHMOS Arraye.
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A HIGH FLEXIBILITY BICMOS LIBRARY
FOR MIXED ANALOG/DIGITAL APPLICATIONS

L. INIRGDUCTION :

Born as an extention of digital standaré cells, aired
analog / digital standard cells have novw reached a good
aaturity level. So it is possible today to mix on a
same die analog functions with digital ones. As a
result, integration density is increased, the nuamber of
external components and costs reduced. Some years ago,
the only nmeans to obtain analeg functions on dn
integrated circuit was the full custom approach, only
dedicated for high volume production.

To enlarge the use of analeg in IC’'s, some [linear
standard cells appeared into digital C(N0S libraries.
gut the use of such ones vas quickly lisited due to the
tack of flexibility :

How to integrate resistors, capacitors or current of
different values vith standard cells ? How to integrate
specific analog requiresents with only a few standard
cells ? This first step was jusped over with the intro-
duction of programmable or parametrizable cell concept,
managed by specific C.A.D tools : analog cell compilers
or leaf cell compilers. Then the way vas openned to de-
sign entirely an ASIC, from a standard Iibrary included
into a safety design environesent, implesented on a
vork station : Design flow fully checked from schematic
capture to layout, by automatic C.A.D tools, without
any manual operations during the design.

The T565N0 mixed analog digital CMOS library, with more
than 250 cells, several of thes programmable, allows to
design wost applications for all market segaents. '

A.D.S5 { Analog Design System ) from 565 - THOASON
RICROELECTRONICS isplemented on most popular engineering
work stations is able to msanage and help the user
to design a chip with a high reliability level .

The next step vas to increase the performances alloved
by analeg CMOS and yet improve the flexibility and
the ergonosy of eixed A / D cell libraries. To achieve
these goals, tvo strategic ways were choosen :

- First,the technology : the best vay to miz high perfor-
pance linear tunctions (accuracy, high speed, power) with
a high digital 1nteqratnon density was to choose a BICHOS
technology . A new innovative process , especially
dedicated to mized A / D applications vas developped :
HF2CN0S process ( NPN - 6 6Hz for bipolar and 1.5 ua
channel Length for CHOS, 2 poly, 2 wetal layers).

- Secondiy, the flexibility : several improvements hed to
be introduced to take into account more analog cons-
traints : sulti supply and pover down capabilities, cen-
tralized biasing block automatically managed by C.A.0
tools, sieplified analog syabols, alternative cell aana-
geaent, more parameterized cells.

From these choices a nev mixed A/D standard ccll libra-
ry vas developped : STKN2000. It is a merge between tuo
technologies ( CNOS & BIPOLAR ) and two vorlds ( analog i
digital ), which allovs to cover all the range of analog
functions from sensor to actuator in the data processing
cessing chain (Fig. 1), vhen isplementing on a sase die
up to 10 K gates. :
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AMPUFER FILTER

A/D CONVERTER

ACTUATOR
INTERFACE

DIGITAL
PRCCESSING

SEN505

o \ p— [::::>1o1---i- 1001101 [=——mt® —{(::;
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Fig. 1 Technologies for mixed A/D applications.




2. A NEW BICNOS PROCESS DEDICATED TO NIXED A/D
APPLICATIONS.

The HF2CN0S process has been developped for wired analog
digital applications and has been optimized for telecom-
?unication. video processing and analog semi-custoa. It
is a double poly, double metal gipolar/CNOS technologry.
Five different kinds of transistors are available :
P {15 ¥ ;5 6 gHz), lateral pNpP (15 ¥ ; 20 RHz), ver-
tical PNP (15 V ; 2.5 GHz) , WNOS and PROS. chos part
is similar to a N vell technology with the passibility
to obtain isolated NMOS transistors. Two processes Wwere
optimized for 5 volts and 10 Volts applications with
only a different gate oxyde thickness. The aininum
channel Length in the 35 Volts process is 1.5 um. Concer-
ning resistor possibilities, seven resistor types are
available fros 20 Ohas/cto 8 Kohasfo. It's alse possibte
to isplement two kinds of capacitors :

Poly/diffusion capacitor with a value of 500 pf/ea? and

3. STkn2000 PIGITAL LIBRARY.

In order to vell adapt the library to the equipsent
needs, two digital libraries are available : one
dedicated to 5 volts applications allows to achieve
an operating frequency of 30 MHz. The second one
is dedicated to 10 Volts applications vhen single
supply and nigh voltage are requested. The choice
petveen the fud libraries is automatically managed

by the C.A.D tools depending on supply voltage of
the application. The digital tibrary is conposed
of 60 internal hard wacro cells (standard gates and
flip flops, translators, lultiplelers}, several
xinds of input or output buffers of which soae of
them are prograsmable depending on loads or current
to detiver. In order to siaplify the schesatic cap-
ture of a disital systes, a set of pacro,cell gene-
rators is available: K bits (synchronous) counters,

Poly/Poly ca?a?itor with also S00pf/us®. The technology N bits serial or parailel registors.Some others are
has been ogtl,lzed to reduce latch up phenosenon thanks under developaent and will be soon available: SRARN,
to low resistive buried layers. The ¢ross section of RO and PLA macro block generators.
HF2CNOS process is given in Fie. 2.
NMOS PMOS NPN LATERAL PNP
s D S D BPSG c E B C E o] B
P+
N- P+ p+ B +] P~ N+ ps £ P+ Pt AN
P+ p werE N-EPI P N-EPL P~ N-EP NP
P+ P+
P- SUBSTRATE

Fig. 2 - HF2CROS process

cross section.




" STKN2000 ANALOS LIBRARY :

The analeg part of $TKM2000 library has been built from
a basic principle : to offer a marisus flexibility, for
a large range of spplications. To achieve this goal,
cell programmation has been widely used in most of ama-
log cells. The prograsmation is used at different
levels, froa the prograssation of a resistor value,to a
filter compiler, passing through leaf cell compilation.
{verything is ajustable step by step : resistors, capa-
citors, current values, power consusption, supply
voltages, operationnal asplifiers features, coeparater
speed.. Even the amplifier phase margin can be ajusted,
if nesded, depending on the application. This intensive
use of prograsmation allows to have the possibility of
4 full custos approach, with the safety and low turn-
around time of a semicustom design. Programsation
values captured during the schematic phase vith
attributes, are managed by an integrated C.A.D tool that
checks all property values and automatically generates
the user-required cell.
gn the electrical point of view, the analog library
takes advantages of BICROS technology : for a high
speed or lovw offset amplifier, bipolar transistors are
used. For a high input impedance asplifier, (MO3 input
transistors are choosen. For some other applications
the use of bipolar and NOS transistors inte a

sase schematic is widely used. While CMOS is required
for anmalog switches, wmultipleror or S.C filters, bipo-
lar transistors are essential for bandgap reference
voltage, low noise amplifiers or output current dri-
vers : the merge betuveen bipolar and CRO3 offers nev
schematic possibilities for analog functions.
Most of the analog library operates from 2.7 V to 11 V.

All analog functions cun a pover dovn mode, and the.

possibility of pover consueption adjustement. Biasing
current or voltage, requested by analog functions, are

autosatically managed by C.AD tools from a property.
An other isportant feature of this library is the possi-
pility to autosatically manage the sulti-supplies and
then, it is possible to easily separate supply rails
between different blocks in a same chip, thus reducing
crosstalk : one more time, it is a global property which
fizes the supply voltage for a part of 2 subcircuit, in
the schematic capture.

An example of schematic capture with all component pro-
perties is given in Fig. 3 { simple triangular / square
vave generator). :
An analog library would have not been coapleted without
pacro-functions such as converters and filters. STKN200D
includes such functions : @ switched capacitor filter
compiler allovws to generate any kind of filter up to
tvelfth order_ From the specification up to the layout and
sisulation models, alil the tasks are taken into account
into the coapilation procedure. Typical achievable toff
frequencies are 150 XHz. With the possibility to design
a low pass, high pass, band pass, band reject, all pass
resonators with any kind of pathematical approximations,
this compiler is one of the mest poverfull of the vorld.
The layout of this aacro-block includes transconductor
biasing ©block and & phases non-overlapping clock
generator.

Concerning convertors, an 8 bit AfD and DJA convertors

operating respectivily at 200 KHz and 1 MHz will be in-

troduced at the end of the year. 12 bits A/D and D/A

seif calibration converters are under developaent.

& bits video converters will be introduced next year, at

the sase time than video asplifiers and comparators.

An abstract of the STXM2000 analog lidrary is given in
table N°1.

nn = &8
s ec = M ! el
LN
1i]
[ i = 28 LIk
m =18 L [~ il
oPAll §
ad

fig. 3 - Triangle vave generator schesatic capture

(nn, ic, ¢c, sup : cell prograssation properties with "nn” for resistor values, "jc" for biasing current,
*ce® for capacitor values and “sup” for globzl supply voltage).
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Cell code Description Paramsters Min Typ Max unit
Test conditions
CMP11 Statle CMOS Propagation delay 1 1.4 1S
comparator (overdrive = 5 mV)
Offset +-3 +/- 10 mY
CMPI1 Statlc BICMOS Propagatlon dela\y 90 110 ns
comparator {overdrive = 5 mV)
Offsat +/-2 +1-7 mv
CPX1t Capacitor flelds Unit capacitance 0.1 pF
Capacitor value range 0.1 50 pF
Absolute accuracy +/- 18 %
Matching (capacltor ratlo) 0.5 1.0 %
CPP11 Monolithic capacltor Capacitor range 1 100 pF
Absoiute accuracy +f- 15 %
aPM/PPM |Reslstor/Potentiomater| Rasistor value range 8.5 3000 K
P - Base Absoliute accuracy +-20 o
Matching P | %
Temperature coefficiant 0.2 %
Voltage coaefficiant 0.05 %
sSwh Analog switch Elementary switch RON value . 5 25 K}
Number of switches In paralisl 1 3 )
MN11 Telescoplc NMOS RON value 100 Q
transistor
OPA31 Qeaneral purpose Unity galn bandwidth 3.3 4.6 MHz
MOS Oparational Current consumption 700 uA
amplifier Phase margin
(Ci=100pF.R2=10Kﬂ.) 80 o
Offset +-3 +-10 mv
oPA41 Internal bipolar . Unity %aln-bandwidth 8 40 MHz
Op-Amp. current consumption 240 uA
Phasa margin 82 0
(CL = 15 pF, RL = 100 K{})
. Offset +H-1 +- 5 . mv
QPATY Ralf to rall external Unity gain bandwidth 2.3 - MMz
MOS operational ghurrent consumption 360 uA
Amplifie ase margin
pHier (CEL106 3F, AL = 100 KO ) 8o °
Offset +-3 +-10 mv
OTA11 MOS Unity gain-bandwidth 24 MHz
transconductance {CL =2 pF)
amplifier
POR11 Programmable powsr | Active level accuracy /-5 %
or Reset Hysteresls accuracy +-5 %
VRF11 Voltage bandgap Output voltage accuracy +-2 %
reference Temperature coefficlent 100 ppm
Current consumption .18 uA
oOsc11 Programmable crystal | Frequency 0.1 20 MHz
osclllator
OSC41P | RC oscillator Frsquency 1 100 800 KHz
Stability versus temperature 0.0% %iCC
Stabllity versus voltage 0.5 %IV
osc3iP | ona pad |.C oscllator | Frequancy 2 200 KHz
Stability versus ternperature 0.01 %/oC
Stabllity versus voltage 0.5 %IV
SCF Fliters Order 2 12
Center frequency 100 KHz
ADC81 8 bit analog to Conversion time 5 HS
digital converter Integral non Enearity +/- 0.5 LS8
Differential non finearity +- 0.5 Ls8
DACS1 8 bit digital to Converslon time 1 Us
analog convertar {CL = 2 pF)
Intagral non linearity +/- 0.5 Lsa

TABLE 1 : STKM2000 Analog Library abstract
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a swit-
to the

his cospiler allows to generate automatically

ched capacitor filter fros a specitication up
layoyt. Models for simulation and footprint icons for
nlace and route are also computed and delivered inte

the compiled cell library. The compiler is coaposed of
J wain parts :

- Mathematical filter synthesis -which allows to find
the well adapted function according te initial specifi-
cations.

Svitched capacitor schesatic synthesis
deneration for simulation and layout: SWITCAP
format is used as a standard one.

- Lavout generation fros SWITCAP netlist: A 6052 forasat
is delivered by the compiler.

and netlist
netlist

NATHEMATICAL FILTER SYNTHESIS :

the
Input

FILCAD softuare is used for the cosputation of
tilter in accordance with initial specifications.

data are introduced during an inter-active session.
Several input sodes are available to introduce data :
tossless [ frequency specifications, poles and zeros
locations, cascaded biquadratic coefficients, F {p) or

F (z) transfer functions.

Any kind of filter up to the 12th order is cosputeri-

sable = lov pass, high pass, band pass, notch, band

reject , all pass resonators. Possiple wathematical

are : Cawer, Chebyshev, Bessel, inverse Chebyshev,

Sutter-worth. A non classical filter can be optimized

thanks to a specific optimization software, which deli-

vers poles and zeros.

At the end of this step, standard data are transaitted

to the nert module ; switched capacitor filter synthesis.

SWITCHED CAPACITOR FILTER SYNTHESIS :

fros standard mathesatica! data a bilinear or LDI
transformation is perforaed depending on the wuser
request. Then Lthe filter scheaatic is delivered in a
SYUITCAP netlist. Cascaded biquadratic and leapfrog

structures are available.

An  inter-active session allows to perfors dynanic
equelization on each amplifier and to fir absolute
value for each lover capacitance. At the end of this

Ta

task the updated netlist can be wused to perfors a
SWITCAP simulation and a WONTE CARLO analysis. The min /
maxr curves can be compared to the initial specification.

Several feedbacks are possible during this step, until
the final filter schematic is performed. The final
SWITCAP netlist is stored in 8 reference file in order
to perfors the folloving step : filter layout.

5.C FILTER LAYOUI GENERATION -

SWITCAP netlist is the standard input format for this

{ayout cospiler. From the number of used asplifiers, the
block width is fired. Op. Amp. biasing block, CHOS
switches and & phases non overlapping clock generators
are autoaatically added into the layout. From capacitor
values, the wunit capacitor array is optimized in
order to reduce area and crosstalk. The capacitor field
grouwsonly in the wvertical direction in order Lo obtain
a rectangular macro block. Interconpections betveen
these blocks are routed from SWITCAP netlist. A place &
route icon ftor circuit layout (footprint) is issued fronm
DS II layout.

An exasple of 5.C Filter perforeed in BICMOS technology
is given hereafter : SC filter 6th order low pass filter
SChEIaPiC and associated layout perforsed on Silicon.

[
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JTXN2000 C.A.D tools.

i order to sanage the design of a chip with the
STKN2000 library, a novel approach of C.A.D has been
developped, that improves flexibility and safety in
analog design and reduces design tinme.

A.D.S5, the SGS-THOMNSON Microelectronics
Systea, has been built as an integrated

ring coherent solutions from scheaatic
generation, through simulation steps.

The fields mainly covered by ADS, in addition to well
known standard features such as delay evaluation and
design rules checking, are mized library manageaent and
analog design autosation.

Analog Design
system, offe-
capture to mask

The STKN2D000 product is one of the best exaaples of
synergy betveen design end C.A.D. . C.A.D tools have been
developped to fit the library requirements, and the
library has been designed to be easily handled by the
softvare. .

The result of such a developeaent aethodology is a
higher flexibility and safety in the design :

Scheastic capture is done using a reduced set of analog
icons in order to make the choice among the Library
easier. Properties is then added by the user on the ins-
stance to customize Lthe function, depending on the
design needs. The softvare will generate for this
particular Instance representations for each step of
the design : propagation times for digital behavioral
sodel, transistor level netlist for accurate electrical
sisulation, cell footprint to be used by the automatic
placesent and routing program, netlist for LVS [ Laryout
Versus Schesatic) check and, of course, Lthe 6052 layout
representation.

- An operational asplitier aay be generated according'

to the bdiasing current ( property IC } that controls
azjor parameters of amplifier : gain, bandvith, slev
rate, pover consuaption,... and the frequency compensa-
tion {propertiy CC) that allovs to adjust and optimize
the dynamic paraseters versus the capacitive and resi-
stive load. Its Layout is cospiled by automatic selec-
tion and abutment of leaf cells, using the TELESCOPIC
CELL feature (see Fig. 4-A).

- An other kind of programmation is offered by the
PARANETRIZABLE feature (see Fig. &-8). The user can use
in the design some devices { resistances or capacitan-
ces), giving to them the exact value he needs [ property
NN ). A cell is oenerated to fit this value, with

a resolution of 0.1 picofarads for capacitances and 300

To allow design of svitched capa-
the device is ge-

Ohns for resistances.
citors systeas or resistive dividers,
nerated using a repetitive structure. A field of unit
devices is created as a telescopic cell, then automati-
cally personnalized by wmetal lines to reach the
required value.

- Last kind of prograsaable feature is the ADJUSTABLE
CELL (see Fig. &-C). It is used for functions coataining
2 device that must be adjusted to tune a parometer :

RON of a switch, percentage of hysteresis of a power-on

reset or current in a bipelar transistor.. The property
ADJ corresponds Lo this feature.

An Analog Design Expert Systes allows a reduction of
huaan errors in some very specific analog parts and a
significant speed-up of the design by automation of the
routine tasks.

So are handled autosatic cell hiasing, wulti
supplying and power doun mcde management.

pouer

- Kost analog cells (operational asplitiers,comparators,
oscillators, ...) need to be biased by B8 current. As
previously explmined, the biasing valuve is given for
each cell by the property IC. The design is scanned to
evaluate global design needs in biasing currents, and
2 synthesis is performed to calculate the reference
current to be generated. This current will be then
reproduced and aultiplied using current wmirroring. A
centralized block is generated by abutment of a bias
generator subcell with the current sirror cells required
to bias every analog cell. Connections from the biasing
dblock to each analog cell are automatically added during
placeaent and routing.

- Analog chips often have wsore than anc pair of power

pads. To allow design of such chips, and to aveid con-

necting each cekl to power nets during the schesatic

capture, a novel property-based approach has been deve-

Iopped. Capture is done with icons having no supply pins,
then a property is given by the' user on parts of the

design to be supplied by extra pads ( property SUP ).

Simulation netlists ([ both electrical and digitat } wili

be generated according to properties. At last, the floor-
planning is prepared by cell partitionning in different

¢lasses to allow an easy separation between parts of the

chip to be supplied vith separate pover nets. A typical

application of this teature is the split of analog and

digital supplies in order to reduce crosstalk effects.

~ Most analog cells have an optional pover down mode,
driven by & cossand pin available on the icon. Rhen
these pins are put in the active state, consumption of
the cell is suppressed. A trpical application of this
feature is the design of chips having a vatch mode and
beeing supplied with a battery. If the pover down mode
is not used in a chip, the coamand pin may be left uncon-
nected at capture step. The prograas scans the design to
check connectivity of these pins. Uhen left unconnected,
they are tied.to an inactive state by a setal Line vired
inside the cell outline.

All these tasks are performed by CORAIL the heart of
565-THONSON Ricroelectronics anslog ASIC CAD systea.

The digital and analog design management is assumed by
CORAIL too, it deals with :

- previsional routing capacitance evaluation, depending
on design connectivity,

- check of ioad driven by the output of a cell versus a
pazinus alloved value,

- digital electrical rules checking, such as paralleled
outputs or unconnected inputs,



7 Fig. & : MIXED AJD LIBRARY WANAGEMENT
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C - ADJUSTABLE CELLS

_ Cell is compiled by abutment of
subcells, selected among a library
of leaf cells: one left-side
subcell, then a given number of

middle subcells, to reach the value
selected by the property, and finely
one rigth-side subcell.

_ Concerned cells in STKM200C library
are: digital output  buffers,
operational amplifiers, monolithic
capacitors, MOS transistors, ...

- An array of devices is compiled by
abuttment of subcells. Some end
cells are added at the right of the
array to fit a grid multiple cell
width.

— A metal line i{s added¢ to customize
this field of devices (like a gate
array personalization) at the exact
value.

_ Concerned cells in STKM2000 library
are: capacitance fields (3 different
kinds) and resistance fields (5
different kinds).

- Personalization figures are added
upon a predesigned cell to customize
its functionality.

- Concerned cells in STKM2000 library
are: bipolar transistors, svitches,
pover-on-reset, pull-up and
pull-down resistances, .-.-

- analog electrical rules checking, such as current or
supply cospatibility,

- design inforsations transfer touards electrical,
digital and wized mode sisulators,placesent and routing
progras, and Layout Yersus Schematic checker,

. exact routing capacitance ertraction and back

annotation after piacesent and routing phases.

CORAIL is integrated in A.D.S ( Analog Design Systes ),
a design environsent that assuses the design flow inte-
grity tise. A.0.5 checks that each step is perforaed at
the right time only if the previous task has been error
tree perforaed.

AC

The design flow of A.D.S is given in fig. 5.

A.D.S is available on folloving platforas :

VAX.,, YBS operating systea ¢ SILVAR LISCO . softvares
SiNy. UNIX operating systes ¢ CADEMCE 4 softuvares
RENTOR v workstations

DAISY v vorkstations.

1

| s,
! DaIX.

CORAIL is available as standalone tool on YAX v~
SUN,, [ UNIX, APOLLO ry | AEGIS and DAISY rm
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. CONCLUSIONS. T

The STKN2000 library is really B werged library:a merge
betueen bipolar and CNOS technologies, a merge between
analog and digital functions, a werge between C.A.D and
design concepts. This " merged ° libracy is able to
ansver to wmost of system requireaents between sensors
and actuators, from lower to video frequencies, from
2.7 ¥ to 1t V applications, with the possibility of
accurate functions. Mith the possibility to ispleaent
on a same die 10 X gates with all analog functions,
$TKM2000 opens the door towards the one chip solutions
in equipments.

Its availability on major of standard vorkstations with a
* friendly * human interface and design manager allows
to everybody to design himself aized Analog / Digital

applications.

C. CAILLON - P. BERNARD
JN SANCHEZ - §. SCOTTI
$65-THONSON RICROELECTRONICS

Fig.5 - A.D.S (Analog Design Systea) design flov.
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INVOMEC activities

Support of a Training Program for students in microelectronics

INVOMEC has setup 2 PTT-network, linking 16 universities and polytechaics in Belgium to
the central computer infrastructure in IMEC. About 300 students per year are trained in VLSI
design using centralised industrial CAD software in IMEC. The available CAD packages are

schematic entry, simulation, semi-custom layout generation with standard cells, a full custom
layout editor and a silicon assembler. INVOMEC offers the MPC service for the prototyping

of student designs.

VLSI Training for Industry

INVOMEC organises practical custom rilored training courses for industry and R&D labs.
Engineers are trained in ASIC (Application Specific Tntegrated Circuit) design, either in a
custom or semi-custom environment. As examples are taken circuits defined by the

Customers.

As part of such a custom tailored training, INVOMEC offers full support in prototype
development, resulting in low cost implementation on MPC.

Digital Design Support

INVOMEC offers support in the design of ASICs to unexperienced commercial firms.
Starting from specs or schermatics, INVOMEC will develop an integrated circuit. For digital
circuits, the semi-custom approach .using standard cells will allow a fast and low cost

development time.

Support in the Development of Analog Low Noise Particle Detection Systems

For analog designs, INVOMEC is experienced in the design of low noise front-end read-out
electronics for particle detectors. Low noise charge amplifiers are developed in close
cooperation with CERN, Geneva and are available as standard building blocks. It has been
proven that the MIETEC 3 pm CMOS technology is radiation hard up to 80 kRad and is well
Suited for these High Energy Physics applications.

Development of Technology Independent Modules for DSP Applications

INVOMEC is developping a sct of technology independent modules (multiplier, register file,
FIFO, RAM, ROM, PLA, ALU_core) for the CATHEDRAL silicon compiler. CATHEDRAL
is a silicon compiler, developed by the VSDM division of IMEC, for the generation of DSP
circuits from formal specification to layout. These modules can also be generated on your

request for other applicauons.

Multi Project Chip Service
Since 1984 INVOMEC has been providing a prototyping service for VLSI design by merging

designs from universities, polytechnics, R&D centres and commercial firms onto Mult Project
Chip wafer runs. This results in low risk, low cost ASIC development.
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MPC reduces the risk and the cost of VLSI design

Lower Cost

Since 1984 INVOMEC has been providing a prototyping service for VLSI design by merging
designs from universities, polytechnics, R&D centres and commercial firms onto Multi Project
Chip wafer runs.

Instead of paying 1,200,000 Bfr. to 3,000,000 Bfr. or even more for a single prototypg run,
you can get low cost prototypes by participating on the INVOMEC MPC service. You pay a
price proportional to the area of your submitted design with a minimum charge of only 50,000
Bfr. Your design will be checked on Design Rule (DRC) and Electrical Rule (ERC)
violations. You will receive 10 to 12 weeks later 20 untested prototypes for evaluation.

Industrial Technologies

INVOMEC supports 2 CMOS technologies of MIETEC (Oudenaarde, Belgium). Both are :
* 3 pm n-well CMOS double-level poly and double-level metal
* 1.5 um n-well CMOS double-level poly and double-level metal

Projects can be designed using design rules from INVOMEC or MIETEC. INVOMEC also
distributes the standard cell library of MIETEC in the 3 pm technology for semi-custom
design. Special building blocks like PLA's, RAM, ROM, SC-filters, ... can be generated by
INVOMEC.

Design Tools and Interface

Layouts are accepted in GDS-II stream format as defined by Calma Corporation, the Caltech
Intermediate Form (CIF) 2.0 format as defined by Mead and Conway in "Introduction to VLSI
Systems", Addison-Wesley, 1980 or the FDR format (Silvar-Lisco).

INVOMEC has a complete set of Design Verfication Product (DVP) software available,
including Design Rule Check, Electrical Rule Check and Netlist Comparison Check.
INVOMEC has gained a lot of experience in back-end verification. INVOMEC can offer you a
complete design check before processing, reducing the time and cost for prototyping. A
complete DVP-check takes about 5 to 10 days.
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PROTOTYPE ORDER FORM
for participation on the INVOMEC MPC processing

This order form has to be filled in completely and returned to IMEC before the closing date of
the MPC run. Only at these conditions IMEC accepts your participation on the MPC run.

This order form and any other communication should be addressed to :

IMEC v.z.w. - INVOMEC division
Dr. Carl DAS - Manager MPC services

Kapeldreef 75 Telex : 26.152 imecb

B-"930 Leuven-Heverlee Telefax : (016)229400

Belgium - Tel.: (016)281211
(016)281248

1. CONDITIONS

* The INVOMEC MPC service accepts the prototype designs, submitted in CALMA
GDS-II stream format, CIF 2.0 format or FDR format (Silvar-Lisco).

* The INVOMEC MPC service shall provide fabrication of 20 untested packaged or
unpackaged prototypes. :

*  After fabrication all the wafers have passed the parametric tests of the wafer fab and
those of INVOMEC. INVOMEC sends a SPICE level 3 parameter extraction report
together with the prototypes. INVOMEC does not guarantee that the prototypes will be
functional.

* Together with the tape, the customer has to send a bonding diagram and a drawing of
the design on A4-format. If the customer does not submit a bonding diagram,
INVOMEC will choose the best bonding diagram.

* INVOMEC/IMEC shall not be responsible for any direct, indirect,
incidental or consequential damages the customer will suffer relating to
the use of the MPC service. INVOMEC/IMEC is not responsible for the
functional working of the prototypes.

* INVOMEC/IMEC and the customer recognize that the information
exchanged by participation of the customer on the INVOMEC MPC
service is of a confidential and proprietary nature.

2. CUSTOMER INFORMATION

COMPANY  DAME 1 oiinieiiiiinrseriiernrnrnerisasesanasanrertntaotraanaransanramsess
Company diviSION @ .
Y- X 1 £ 2 1T O U OO PO PSPPI
CONLACE PETSOM  ©  ceieiiiiiiiinieettaeeernateeenrarn e eaetnn s tsrasneaena s arnnasessuesaaaasienes
PRORE § it eese s raene s eas LElEX & i
S S 2 G U O OO SUPPTO PRSP
Customer's CODE for MPC participation (if known) @ ..o,
Purchase order NUMDBEr ittt sasn s sssasaenans

3. DESIGN INFORMATION

Any inaccuracies conceming the information about the design data could result in
processing delays or cancellation of the customer's participation on the MPC. Any
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efforts by INVOMEC to correct design errors (detected by DRC) or errors in the
database can be charged to the customer.

Tape and design information

FIlenames & oo e et e e raa e ans
Date of tape Creation ' .iiiiiiiiiiiiiiiiiiiii e eevaaa eeee e e e e
Tape density o e s eanns
LabEl o e e
Design format . e
The above information must be marked on the tape.

Grid size (0.5 pm for 3 um CMOS and 0.25 pm for 1.5 um CMOS) & coovevernnn
Origin in left lower corner of the chip. Done 7 ...l s
Drawing of the designs on A4 included 7 ...,
Bonding diagram included ? (if not INVOMEC will choose the best).....
Ceramic or Plastic packaging ? ....cccccovvvimrrcninnnnnnn. Number of pins : ..........
Which IMEC design rule spec's and revision is used 7 ......ccooeevvevveveomveeieeenns
Which rules are used for placement of bonding pads 7 ......cccoocovvnemreveierieieennn

Design information

Check the design :

CMOS 3 micron n-well double poly, single metal ........cccooeereeeeeevvecvenrseeinnn,
CMOS 3 micron n-well double poly, double metal .........ccuvueerveviveccrnnnnn.
CMOS 1.5 micron n-well double poly, double metal .........cocoeooveveevemooemen

Important : if a project with single metal is submitted on a double metal MPC, via-
mask and metal-2-mask have to be generated by the designer (bonding pads have to be
copied to metal 2 and the via's between the metal levels on the bonding pads).

The size has to be calculated as a rectangle covering the whole design.

CUSTOMER AUTHORIZATION

NamIE e
TRl e e e e
Dated I e e et e e e e
Customer SIZRAIULE [ .o eree e e e e e eseseen e see s
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Orbit puts engineering

prototypes within reach.

Now you can cut NRE éxpense and
save valuable time on engineering proto-
type runs just by using a little foresight.

Foresight, Orbit's new multi-project
wafer processing service, puts the en-
gineering prototypes you need within
reach, In record time. And at a record
low cost. '

Orbit's new Foresight accommo-
dates generic CMOS processes with
feature sizes down to 1.2 microns with
maximum die sizes of 300 mils on a side.
Gettingin on arun js as easy as supplying

adatabase tape by our monthly start date.

Available processes:

+ Single Poly/Single Metal

¢+ Double Poly/Single Metal
-+ Single Poly/Double Metal

+ Double Poly/Double Metal

RECIONAL REPRESENTATIVES East Coat (609) 4266060, - Madheest [B0Y)SI04576 - West Conn (40F)241-6111, [714)253-0526, (602}996.0605,
INTERNATIONAL RLPRESENTATIVLS Caneds {3 14J4R1-3303 - L1K Phone [0372) 3+
FAX [06031) 1788 - Awitrats Phone (B) 2203 3R02, Th UNIVAD AARSIAL T (R 224

Don’t 'wait vntil high NRE costs
~ and slipped deadlines put you in a bind,
i Design-rules and information on Orbit’s -

r- new Foresight service are within reach
¢ today by contacting Foresight Marketing
4 OT the internationalrep nearest you,

Orbit Semiconductor, Inc. 1230
Bordeaux Drive. Sunnyvale, CA 94089
FAX {408) 747-1263. Or call (800}
331-4617. In California (800) 6470222
or (408) 744-1800.

SEMICONDUCTOR, INC,
A subsicitry of Orbt Instrurmen) Comporation,

What others promise, we guarantee,

(602)193- 1270, (3058850600

779, Th B$7624 S G LK -G, Fax 302} IT684E - Furopr Phonr [06031) 62076, Tha &03] Sup,
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