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ABSTRACT: We present a dedicated language for layout generation of analog cireuits. The language is based
oan Ll O proevamoing langeage. I relies on te symbolic Layout approacds used in the ALLIANCE VLI CAD
syslem Lo achieve technolosy independence. The lanpuage incledes a hierarchical area optimzation algosithom
hased om slicing structares with top-down constramt propagation. Topological and dectrical constramisspeclic
Lo analos dronils are abo taken inte acoount. The oode desoribing the layout is independent of the devies

dimersions amd of the target technokaey.

INTHROINUCTION

In recent years, the moreasing density of mtegration
[syatems on chip] has lead o a big growtl i odxed
amaloe-digital IC's. For digital ciremits, designers
can use parameteized module generators for resa-
lar blocks, such as 4 BAM or a RBOM. The desizn
of analoe muodule layoul generators is more compli-
cabed sinee il has to meet the two Tollowing requie-
s

The st Baue is the genencily @ for a given fabrica-
Lion prooess, and a given analog hmetion, a maodale
generator mst handle a range of hmetional spec-
ications. Even a somall varation m thoess specifl-
cations can introduce large and nomaumfosm varia-
tions in the device ses. On the other hand, there
are specific comnstraints for the layout of amaloe cells
that can hardly be bandled by a general-puarposs
place and routs tool

Theer gervonnad ismae is the portability: For a given ana-
kg, Dmetion together with a given lunctiooal specifl-
cution, the plysical layout strongly depemnds on the
labrication process. The design, the validation, and

thee docimmentation of an analog module generator

B & e jor investment. So the process ndependence
B highly desirable for design reuse and proosss mi-
Eration.

Thee CATRO lamruage is miended to help the writ-
g of portable, parameterized layoul generators for
amalog cells. CATRO, being a language, allows all
thee Aexibility to the analos desigmer. The language
provides parameterized, technology inde pendent de-
vice [leal-cell] generators, and belps the designer Lo
solve the foor plamming prollem salbjected Lo com
ponent sie variations.

PREVIOUS WORK

We can oassifly the existing approaches for analoeg
layoaat antoosation into beo muain grouaps: Che knowl
adge based appmoaches amd the optimization based
ML,

Im the et grouap the ciowt topolosy is always
Mxed. A sownd topological arvangement for the
bualding blocks of the circwut B stored based on Lra-
ditionally accummalated design experience. Eoowl
adge storage can atber be i the form of a proce-
dural layout |1, 2], through the vse of topology
libraries (slicime trees) [3], by employing a design
by ecample prindple (layoul templates) J], or even
through stored mdes |5).

The second group of approadses employ an opii-
mization algoritlon Lo generate a sadtable placement
followed by an analog routiog plase J6, 7). They
are Dully automsated and strive Lo take a large nom-
ber of specifle analog comstraints mio accoumt. A
recent modification is introduced by inchiding quan-
titatively the performance degradation in the cost
T tion of the mimwrical algodthom throas bithe e
of & set of siondlated sensitivities [&, 9, 10].

Al of the above approaches have been verified with
respect Lo analog bulldng blecks [op amps, ooom-
parators, ... J. As the knowledge based approaches
offer a fast geperation tiomee, and a rense of the ex-
pert knowledge | which seems Lo be indispensalile to
the analog domain], they suller from their high de-
sign cost amd s are best suited for cireuts of
frequent wse.  On the other and, the optimiza-
tion hased approaches offer a user- mdependent lay-
gt generation wlbdch noroally satisfies the regured
cwonl performsance, but they sulfer from the lage
generation Gme, and they are this best sated for
circints with soeall mumber of devices.



THE LAMGUAGE

CATR( is based on the C progmoomng languaags,
and relies on the symbaolic layoul approach wsed
the ALLIANCE VLSI CAD system |11] to adbeve
techmology indepemndence. The loput is a SPICE
net-list. The language offers powerhal Tunctions, in-
clisding a dynamde eptimizsation of the aspect ratio,
while respecting the topological amd elecircal con-
slmaints specific o anake celk. The code describing
ithee layoust is therefore independent of the deviee di-
meensions and of the target technology.

Buik-in Dievieea &

Builkding the Hictaichy |
Lhciduik Moeduka

& Behiive Plascmene
]
Ada Oiprimmizacian

- 1 - -

Freoduml Rouxing ™

Eraxing Functiuna
J L ;

t |

Werifiearksn &k Searbica
Figure 1: Sectéons of CATRO

Figure 1 shows the dilferent sections of the code
deseribing a layoat.

Thee language comprisass twoe key Teatures:

Thee firsl o is o peromelerized buill-in deoiee -
brary. The parameters of each device mchade its
dlecirieal dwreacteristios | Tor example, the chamel
length and widih of 8 MOS trasistor]. Ancther pa-
ramseter is the device aspect ratio which determines
thee shape of the implemented layout (for ecmple,
the stacked MOS transistor |12]). The shape of the
generated device is therelore determined by an ex
ternal  comstraiot. A symbolic layout approach is
wmed Lo ensure portability.

Thee second [eature B the fteramhicnl, top-doun
aren oplonization alporitbm mplemented by the

CAIRQ_RESHAPE()] primitive.
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Figure 2: Device characleristics: fa) A folded tran-
sistor, (b) A two capacilor arry

CATRO allows the designer to use bwo bypes of
Bk s:

Budli-in devices : Selected from tle device gener-
ator Hbrary (Figare 2).

Teer-defined modules : The langage allows the
designer to builld lds own meoedules (sul-drouits),
and Lo handle those created modules as i they were
baalt-in devices, As for the bualt-in devices, user-
defimed mwedules can acoepl an aspect ralke param-
eter as an cdernal comstraint.

HIERARCHICAL PLACEMENT
Whike constructng a module, CATROQ supports a

hierarchical approach based on slicing frees In or-
der Lo faclitate tle layout placement task. The
predefined hierarcly is shown in Figuee 3-a, while
the corresponding slicing ree is shown o Fipure 3-
b, CAIRO follows the memehy provided by the
designer to place all the elemenis.
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Figure & fa) CAIR(D predefined hicrarchy. [(b) the

corres ponding slicing tree

The hasic eements are:

The Device, This B the leal cell of the module,
it is selected Mroan the language ailt-in pacane ter-
teed components [ Lrasistors, Lramsistor-pairs, mwseis-
tanoes, capacitances, ... ]. It can alse be a previ
ously deflined module.

The Group. This is composed of a horisontal ar-
rangemant (plysical row ) of devices amnd for mod-
ules, placed besides each other in a specific order,
The Shiee. Ths B composad of & vertical arvange-
ment |[plysical colunn) of groups, placed on top of
each other in a speclic order. After layout genera-
tion, enclislice preserves a vertical axis of sy munetry
passmg by its center.

The Moduole, This B composed of a horisontal
arvangenent [physical row) of slices, placed hesides
each other in a speciflic order. 4 module s comsid-
ered as a bualding bleck (a sub-arewmt ) that can be
used Lo constract otber modules, Gl the complets
layout | main module | s deseribed.

AREA OPTIMIZATION

The jmput to a layoat generator written n CATRO
15 8 SPICE netlst that defines the aectrical olurae-
terstioc of the istantiated devices, A given neilist
Lypeally comtains a large varely of device siges and
for each devies sige, a mumber of alternative nple-
mentations (aspect ratios) are possible. For exam-



ple, the agpect ratio of a large MOS transistor de-
pends on the mumber of folds wed (Figure 2). The
meain goal of the lMerarcucal top-down area opti-
magation (HTDAQ] algoritlin & Lo determine the
best aspect ratie for each device stacting from a
global external comstraint.

O s 0 sl o s 0
—
'n'..- = S
e - 1
e — ..
F [ | ¥ [
Hraa Hp Hs Ha Hrae

8 ke His .+ s a1
Figure 4: Folded MOS transistor Shape function

Thee HTDAG algorithon uses bwo recersios Dmetions
during the oplimdzation process: the AREA /) func-
tion and the SHA PE ) lunction.

The AREA{module) function. Takes a pointer
Lk thee pnacdiale as an npaat and retarns an estination
of the area sccupied by the modude (for given de-
vice dectrical parametas]. This moedule stimated
area B computed by summng the stimated areas
of the child devics and modules. It is therelore
sufficient to define, for cach device generator m the
budt-in Ebrary, an area estimation fusction that
depends on s elecincal characterstics. The minm-
nnun and maxinmm values allowed for the modae
beight, Hmaez and Hmee, are also calewlated, Tlhis
fmction is wsed to imtialie the area optimaeation
JURITEEE Y

The SHAPE (moduleheight) function. Takes
a pointer to the module and & given meaxiomom al-
kvwable height as an input asd retuwns the corme-
spondng module width. A SHAPE() hmetion is
defimed for each built-in device. Ths fusction is
a discrete monetome decreasing hmetion since the
Teight amdth product is reaghly constant, that de-
pends on the dectrical characteristios of the cor-
responding device,  An example of ths hinctioon
B illustmied in Figare 4 for the case of a lolded
MOS transistor. Long intervals duriog wlich the
deviee width is constant with respect to s height
cann be seen from Figure 4. AL each transition point
[He We] we store the previous (Hp Wp) and the
st [Hio, Wi transition pomts. These points are
ooampated i the case of the lolded BMOS transstor
by decrementing  inoemaenting the cuwrrent mumber
of folds by ome respectively. This awdds uimeces-
sary caleulations betwesn tramsitions.  The mim-
oo and masiomon vahies allowed for the ndepen-
dent side, Hmae amd Hmin, are also calenlated to

avodd mfeasible deviee implmentations. The core

of the HTDAQ algorithm wnder constrainls con-
gigts of deriving the SHAPE() lupction of & module
sltarting [rom its clild devices and modules through
SHAFPE/() lunction propagation [3).

The hierardy lws been chosen to facBtate the pro-
cesg of area optimieation. Startng from the module
level, each shce B independently optimazed wder
the same beight constramt. During tles optimiza-
tion process, slices call their internal groups wlich
in fwn call thelr intenal devices, A propagation
of the heght constraint tlns takes place simalar to
that i |3].
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Figure i Arm oplimizalion sleps

For a given slice, let H be the extermal height con-
slraint, A5 and WS be tle slice haght and widih
respectively, b be the set of group heighis and w be
the set of the cormsponding widiths, then the prob-
leam of slice ares optimdzation can be formmdated as

Tollamwrs:

TIRETIETE 2 W5 = mnae [ wy) (1]
wi = filki) (2]

subjected to HS = Wi<H (3
Fimin < B < Bimes (4]

Hmce the slice height B is given as the soternal coa-
slraint, ares minmmization redoces Lo tee oz a-
tion of the slice widilh W5 as given by Equation 1.
The function set [ given in Equation 2 represents
the corresponding shape hmotions for the groups.
Equatioos 3 and 4 represent the oplimization con-
slraints.

The algorithim. The pmoposed algositlom is Dlas-
trated by the examplein Figure . Figure S-a shows
the schematic of a siople OTA | and its corresposd-
ing hierarchy. The selected hisrardiyy B composed
of three groups. Oplimization starts with a given
desired slice height and procesds in bwo phases:

An imtial set of group heights B is caleulated sach
that the given slice heght H is divided between



thee groagps in proportion Lo their estimated surface
areas wing the AREA[) hmetion (Figare 3-b). It
B clear then that the dice widih B S B determined
Ly the width of the widest group (Le group|l]) as
shiown i Eqguation 1, while the slice heiglt is given
by Equuatioan 3.

In order to decoease WS, the height of the widest
groap mmist be increased by a certain amount A H
aceording to its shape hmetion. This A H mst then
be subtracted from the other groaps’ heighis in or-
der to keep the total slice height S < H . This
& shown in Figare S, where the height of group|1]
Lias been moreased by AR and the height of group||
B reduced o compensate for this AN, The widih
of group|2| then becsmes the new slice width WS
This proeess is e repeated (] the smallest widih
B reachaed.

Thee algorithmis summarized by the following Dune-

iLaoan:

OPFTIMIEE _SLICE(H )
Phase I:
FIMNLY the mitial aet of gromp heights by g
Phas= Z:
Do |
FIND the group j sauch that w; = W5
FIND AH nesded to decrease wy:
FOR =ach group i not sqnal o j amdd
WHILE [AH = 0)
Do
Drecresme Ry by Ak such that wy < wy;
AH = AH -« Al
k
IF |AH <= ) ie. ot i8 compensated by
the aother groups
Conserve the new set of heighta;
ELSE
The smallest M5 has been found;
| WHILE |Smallest W5 has NOT been found);

Figure S¢ shows the shee alter optimzation

The CAIRD RESHAPE(] fmction is a part of the
CATRO language. It takes the meain modale as an
mput amd pedormes the area optindzation as de-
seribed above.,  All slices & given module are
Toweed fo lave the same belghi, then te above pro-
cess is repeated independently for all slices i the
mecliale.

Mote that i the case of the presence of & maodule
i a slice (a4 module A mstantiated mside amother
mesdule B the A module widih is eomputed each
time its dimersions are requested for. However, as
ithee imtial solution obtamed in phase I based oo
the simple recursive A REAS) fmction is generally
a good goess, the munber of iterations in phase 2
wming the SHAPEY) hmetion is small. Moseover,
dhae to the storage of the neod and previous dis-
arete dimemsions of each device, meany dimension
re-calenlations are avoldded and the tioee needad for

the aptindeation remains souall.

ROUTING

Roaating is done explicitly by the designer, Le. the
designer has Lo describe, wing the language primi-
tives, lsow each bermmnal is plysiceally commected Lo
other termmals. The language mmalti segment roaat-
g Munctions se a relative approads. Those fuse-
Lo do ol depend on the absolate coordinates of
the termmnak, all coordinate values are automati-
cally retrieved [rom termmal names and reference
podnts in the mstantiated devices (Figure 2], these
reference points are used during routing Lo spec-
ily wire break -points. T'his allows roastiog Aeability
with respect to different shapes of the same layat.
This task & the most time consuming one while de-
seribimg a given lapout. Several approaches to cap-
ture the routing are now under mvestigation: the
use of alanguage graphical debugrer |T], the graph-
ical capture throagh the use of a symbolic graplacal
aditor, and automatic desanne routing dedicated foe
analos droils.

Diesign rule checking is required to ensare the cor-
recines of the resulting layout. This is doose by a
spedal vwerilication hnction wing a sel of portable,
symbolic layoul mdes [11].

PORTABILITY

Process mdependence B achieved wsing a symbolic
approach on a fxed grd [T Thi approach wses
graplical primitives laid ool oo a thin Gxed geid
and a restricted sel of symbolic layers. Unlike the
usual A approach [T, what is snapped o the grid
are not polygon edges but the conter or axis of the
baske symbolie primdtives. As a resall, the ouipat
of compiled code is still portable aeross teclmaolo-
gits, I can ako be stantated, asit is, on a mixed
analog-digital chip wsing the same approacs
Careful examination of over twenty different pro-
cesges ranging from 2 to (06 pmn has lead to the ded-
imdtion of & generic sel of symbolic design rales, The
basie idea s that while minimmon widths and spac-
imgs are quite diferent theough tese sample tech-
malogies, the pitches (axds Lo axis dbetances) vary
more bomogeneosly.  Verification of the mles is
also doge o the symbolic view using a special tool.
These design miles are tramsparent o the designes
and are substibubed by symbok i the lamgoage sy
Lax.

The tramslation to the target process may take place
after the geperation of the layoust or at the ddp
lewel i the whole design uses the same symbolic ap-
proach, usng an automatic symbolic te real conver-
slon Lol that wses a technological fle paranseterized
for the target process [11].



ExAMI'LE

Figure T shows the CATROQ program deseribing the
layoast of the folded-casoode OTA cirouit shown in
Figure 6.

Mosdade al e Mt G begins by the
CAIRQ_(OFEN_MODULE(] (metion which de-
clares the corresponding maodule. For simplicity tlds
ecaple contain only one modale.
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Figure & FO-0TA module

Association of buglt-in devices to layoul compoients
B performed whale declanng all devices o tlee mod-
e,

A shown in Figure 6, the lnerarcly chosen is con
posed of bwoe slices, each contains thres groups.

The hierarcdhy B constrocted by the Dmetions

CAIRD_ADD_DEVICE(] which adds a declared
device toa group, CAIRD ADD GROUIP() which
adds a grouptoaslice, and CAIRD_ADD SLICEf)
wlich adds a slice to a module

Area  optimization B performed  asing  the
CAIRO_RESHAPE() hmetion which mdicates the
shape parameter used [atler Ce main module heighi
or aspect ratio].

Explicit  routing  then  [ollows betwesn  the
CAIRG _BEGIN _ROUTE) anxd the
CAIRO_END_ROUTE | lunctions.

Figure 8 shows the corresponding generated lay-
ol Two different processes (lop: AMS (08 o and
bottom: SGS-Thomson (05 u) are msed with two
different aspect ratios.

Another ecample is given in [L3] and Figure 9 which
shows the complete layomit Tor a contmuous-tims A
mesdulator pedformeed with CATRO. The ciret is
realized ising contimous-tims cument-mode inte-
grators and switched-current sourees DAC . For tlds
sscauple ranming CATRO with a given desired height
lasts abowt 1 mimute on a Spare 1 workstation Lo
generate the layout. The clip has been Talaicated
by AMS with a (L CMOS process.

uoe lude cmuro b

Thux © functico = the CTA genarater

mmin (nrgs , mpe )

iot mrps;

char = mpv;

f* Cpan a SPICE fila &/
CAMO_CPEN_SIE_FEE(mrge[1]};

Fawsaaaes Dofiniticn of Module OTA sweaassnesf
CAME_CFEN_DDEE(CTE ) ;

Ju Davica Daclaratico &
CAMC_DEFFPALR SR NTLNS e, W2 B 0
CAME THANS BT SPL(MEE" NTLARS , “MNE B_5);

Fo Building Groups &
CRIE_ A BEEE (MRS, groag 60, VTREY STH_T)
CRIE A _BEFEE (LY, g 17, VTHLY AET B

Fo Building Slices &
CAMO_AOD_ORCUR"prows 07 Yelice 00 00
CHMO_AOD_ORCUR "proug U7 Yelice 00 00

o Butlding Modula &

CAME_RED S1ECE(“alica 09,0}
CAmOG_ADD_SifCElmince 19 S0 _NWEl _PFTIE);
/% Hazbaping mll davizeaxs &)

CAME ABTHAFE{“CTAY);

#* Acuting +/

CAMOG_BEGIN_ACUTE(OTE® , “OTa ) ;

CAMO_WMET (AL &203T SW_ &0, 5w ALIE CTNES

drmin® TR “scwrca® HOR) ;

/% Dafining the moduls intarfmces =
CAMO_PLICE CONL (LY, “gmial? ST ALTL S
SN _ALIL NEST) ;

CAMO_END_AOITE]*0TE" };
CAMO_CI0YE POOILEOTR ) ;

Figure T: CAFRD eode for the 0T srcwil shown
in Fig .

CONCLUSIONS
We have presented a language for designing analog

layout generators. The e invested o writing the
cade B largely compersated through the rewsability
of the generator, thanks te the independence of the
caxde with respect to the device dimensions amd the
targetl faloication process. This s acloeved ising a
hierarchical, top-down oplimization algorithm and
a symbole layoul approach respectively.
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