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1 Introduction

In this problem,we areconcernedvith the placemenandrouting for row-based functional cells. A row-
basedfunctionalcell is an array of transistordn which all drain and sourceterminalsof transistorsof a
giventype, eitherpMOS or nMOS, lie alonga singlerow of diffusion. Figure1 shavs the correspondence
betweenthe circuit symbolof a transistorandits correspondindayoutin afunctionalcell. A transistoris
formedwherea polysiliconregion crossever a diffusionregion. The polysiliconcolumnof Figure1(b)
defineghegate terminalof thetransistorthediffusionregion on onesideof thepolysilicongivesthesource
terminal,andthe otherdiffusionregion is the drain terminal. Suchtransistorlayoutsaretypically placed
end-to-endn ahorizontalline, with verticalpolysiliconcolumns(seeFigurel(c)). As shavnin Figurel(c),
theupperarrayfor the pMOStransistorsmplementghepullup subcircuit,andthelower onefor thenMOS
implementghe pulldown subcircuit.

The gateterminalsof transistorsharingthe samecolumnaretypically connectedogethetby polysili-
con. A diffusion gap is neededo isolatetransistorterminalsthatarephysicallyadjacenin the cell but are
notconnectedn thetransistorcircuit. Figurel(c) shavstransistors: andd separatetby a diffusiongapbe-
causehey arenotconnectedn thepulldown subcircuit(seeits correspondingircuit shavn in Figure2(a)).
Diffusion abutment, which meigestwo neighboringdiffusionregions,canbeusedif the physicallyadjacent
terminalsof thetransistorsn thecell areconnectedogethelin thecorrespondingircuit. Figure1l(c)showvs
transistord andc connectedy diffusionabutmentbecausehey areconnectedn boththe pullup andpull-
down subcircuits A diffusiongaprequireghe separatiometweemeighboringverticalpolysiliconcolumns
to betwice aslarge asthatneededy diffusionabutment. Therefore to reducecell width, it is desirableo
connectphysicallyadjacentransistordy diffusionalbutment.
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Figurel: (a) Circuit symbolof annMOStransistor;(b) layoutof thetransistor;(c) a row-basedunctional
cell shawving diffusionregions,metalwires,andtransistortypes.

Theprimarygoalin functionalcell designis to minimizethetotal areaA in thefinal routing configura-



tion, which is approximatedy thefollowing formula:
A = HxW, (1)

whereH andW arethe heightandwidth of thelayoutdesign respectiely. Here H is the numberof rows
in the layout,andW is computedby the summatiorof the numberof actualcolumns(i.e., dual transistor
pairs) andthat of diffusion gaps. For example,the areaof the layout showvn in Figure 1(c) is given by
H x W =4 x (5+ 1) = 24 units. In the placemenstage however, theareaA,, is typically estimatedy

A, = DxW, )

where D is the density in the cell design. By density we meanthe maximumnumberof wiresin parallel
arywherein the cell design.For example the densityof the designshovn in Figure1(c)is four.

The polysilicon (gate)columnsof a circuit canoftenbe reorderedvithout changingtheir logical func-
tion. Theimpactof reorderingon layoutareais illustratedby Figure2, which shavsa circuit implementing
thefunctionz = a + bc + de. Figures2(b), (c), and(d) give threealternatiesof cell placementwith the
respectie densitief 4, 4, and3 andthe estimatedareasof 24, 20, and 15 units. Note thatthe polysilicon
columnsd ande in Figure2(c) aredisconnectetbetweerthe correspondinggMOS andnMOS transistors,
andthey thuscontributetwo unitsto thedensity Figures2(e),(f), (g) give correspondingell routings,with
thetotal areaof 24,25, and15 units,respectiely.

2 Problem Description

The basicrequirementf this problemis to develop a tool that finds a cell placement with the minimum
areaby reorderingpolysiliconcolumns.(Notethatyou areaskto do only placement to beeligible to enter
this contest.Finishinga cell routing, however, is consideredain advancedfeatureandis favorableto your
contesgrade.We will describeadvancedeatures/functionsr moredetailin Section5.)

The Cell Placement Problem is definedasfollows.

e Input: Descriptionof atransistotlevel circuit.

e Objective: Developatool thatfindsacell placementvith theminimumareaby reorderingolysilicon
columns.

3 Input

Inputformatis givenasfollows:

. SUBCKT TEST
Mz drainy source;
Mxoys draing 1o sources

Mzxo,ys, draing, vy, sSourceg,
. END

Thefirst line of aninputfile startswith . SUBCKT, followedby the nameof the circuit. The descriptionof
thetransistodevicesconsistof 2n lines,with n linesfor pMOStransistorandn linesfor nMOStransistors
(notnecessarilyn theorder).Eachline containghe nameof thetransistorM z;;, 1 < ¢ < 2n,withz; = P
or N denotingthe correspondingype of the transistorfollowedby thethreeterminalsdrain,gate(y;), and
source.Theword. END in theinputline signifiesthe endof input.

Heregivesasamplenputfile for thecircuit shavn in Figure2(a).
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Figure 2: (a) shows a circuit implementingthe function z = « + be + de; (b), (c), and (d) give three
alternatvesof cell placementwith the respectie densitiesof 4, 4, and 3 andthe estimatedareasof 24,
20, and15 units; (e), (f), (g) give correspondingell routings,with the total areasof 24, 25, and15 units,
respectiely.



. SUBCKT TEST

MPA 2 a 1
MPB 1 b VDD
MPC 1 c VDD
MPD Z d 2
MPE Z e 2
MNA Z a VSS
M\B Z b 3
MNC 3 c VSS
MND 4 d VSS
MNE Z e 4

. END

4 Basic Output

For simplicity, designrule is notconsideredandeachcomponents treatedasunit sizeandplacedonagrid.
Thetext outputof the basicrequiremenshallreportthe placementvith the minimum estimatecarea,
which consistof thefollowing information:

(1) Cell placement information thatcontainsfour lines; thefirst line givesthe pMOS transistor(upper
array) ordering(use * for a diffusion gap), the secondline describeghe sequencef the names
of drain/sourcegerminalsin the upperarray the third line givesthe nMOS transistor(lower array)
ordering(use * for a diffusion gap), andthe fourth line describeghe sequencef the namesof
drain/sourceéerminalsin thelowerarray

Heregive two sampletext outputsresultingfrom thecircuit shovn in Figure2(a): onecorrespondo
the placemenshawn in Figure2(b), which consistsof a diffusiongap,andthe othercorrespondso
the optimalplacemenshawvn in Figure2(d).

Placemenin Figure2(b) Placemenin Figure2(d)
a b c * e d b c a e d
2 1 VDD 1 2 72 2 1 VDD 1 2 72 2
a b c * e d b c a e d
VSS Z 3 VSS Z 4 VSS|Z 3 VSS Z 4 VSS

SeeFigures2(b) and(d) for examplegraphicaloutputs.
(2) Density of theplacement.

(3) Estimated area of theplacement.

5 Advanced Features/Functions

You arefreeto incorporatethe following advancedfeatures/functions your tool. Possibleadvancedfea-
tures/functionsncludes:

e Routing: Assumehetwo-layermetalroutingmodel,with onelayer(metal-1)reseredfor horizontal
wires andthe other (metal-2)for vertical ones,and completethe routing. Note thata contactvia is
requiredor connectinghesamenetin differentlayers.SeeFigures2(e),(f), and(g) for threeexample
routingconfigurations.



e Diffusion gap parameter: In the basicrequirementywe workedon the areamodelof onediffusion
gapequalto onepolysiliconcolumn.In futuretechnologyit is possiblehattheareaof adiffusiongap
is significantlylargerthanthatof a polysiliconcolumn. Thereforejt is desirableto employa more
sophisticatecireamodelby specifyinga positive integer weightfor diffusiongaps,saya, o € Z+.
Now width W is givenby thefollowing formula:

W = C+ a6, (3)
whereC' andG arethenumbersof polysiliconcolumnsanddiffusiongapsrespectiely.

e Incremental update: Layoutengineerften needto performincrementaupdatedor a layout de-
sign. Typicaloperationsncludeinserting/deletingmoving oneor asetof transistorssplitting/meging/svappng
a pair of transistorsetc. Eachsuchoperationmay alter the dimensionandareaof a cell. It is thus
usefulto developthosefeaturego guideanengineeto makewisedecisionsn layoutdesign.Figure3
shavsseveraltypical updates.
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Figure3: Incrementalipdatesf alayout.

e User interface: Thetool may provide insertion,deletion,split, meige, move, and/orswapfunctions
andsomeeditingfeaturessuchasundo/redo.Thistool maybehae asfollows: Initially, it shovs part
or the whole design(canbe placedby thetool or in a predefinedbrder). After a userperformsan
operation the tool will reportthe currentlayoutinformation (width, the numberof diffusion gaps,
density height,etc)andpossiblechange®f othertransistordo reachthe minimumarea.Also, auser
canspecifywhichtransistorgo befixedor which transistorcanbe moved.



6 Language/Platform

e LanguageC or C++.

e Platform:SUN OS/Solarior PCDOS/\Wndows.

7 Evaluation

e Correctnesdayoutareatime andmemoryconsumptionadvancedfeatures/functiongjserinterface,
etc.

8 Questions

Pleasereportary questionregardingthis problemto cad@i s. nct u. edu. t w with the email subject
“CAD Contest: Problem 7. Yourquestion(swill beansweredn two weeks andthe Q&A’s will
bepostedatthe contestwebsite.
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