
IC/CAD Contest

Problem 7: Cell Placement and Routing
Source:SpringSoftInc.

February15,2000

1 Introduction

In this problem,we areconcernedwith theplacementandrouting for row-based functional cells. A row-
basedfunctionalcell is an arrayof transistorsin which all drain andsourceterminalsof transistorsof a
giventype,eitherpMOSor nMOS,lie alonga singlerow of diffusion. Figure1 shows thecorrespondence
betweenthecircuit symbolof a transistorandits correspondinglayout in a functionalcell. A transistoris
formedwherea polysiliconregion crossesover a diffusionregion. Thepolysiliconcolumnof Figure1(b)
definesthegate terminalof thetransistor, thediffusionregionononesideof thepolysilicongivesthesource
terminal,andtheotherdiffusionregion is the drain terminal. Suchtransistorlayoutsaretypically placed
end-to-endin ahorizontalline,with verticalpolysiliconcolumns(seeFigure1(c)). As shown in Figure1(c),
theupperarrayfor thepMOStransistorsimplementsthepullupsubcircuit,andtheloweronefor thenMOS
implementsthepulldown subcircuit.

Thegateterminalsof transistorssharingthesamecolumnaretypically connectedtogetherby polysili-
con. A diffusion gap is neededto isolatetransistorterminalsthatarephysicallyadjacentin thecell but are
notconnectedin thetransistorcircuit. Figure1(c)showstransistors� and

�
separatedby adiffusiongapbe-

causethey arenotconnectedin thepulldownsubcircuit(seeits correspondingcircuit shown in Figure2(a)).
Diffusion abutment, whichmergestwo neighboringdiffusionregions,canbeusedif thephysicallyadjacent
terminalsof thetransistorsin thecell areconnectedtogetherin thecorrespondingcircuit. Figure1(c)shows
transistors� and � connectedby diffusionabutmentbecausethey areconnectedin boththepullupandpull-
down subcircuits.A diffusiongaprequirestheseparationbetweenneighboringverticalpolysiliconcolumns
to betwice aslargeasthatneededby diffusionabutment.Therefore,to reducecell width, it is desirableto
connectphysicallyadjacenttransistorsby diffusionabutment.
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Figure1: (a)Circuit symbolof annMOStransistor;(b) layoutof thetransistor;(c) a row-basedfunctional
cell showing diffusionregions,metalwires,andtransistortypes.

Theprimarygoalin functionalcell designis to minimizethetotal area� in thefinal routingconfigura-
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tion,
�

which is approximatedby thefollowing formula:

� � ���
	�� (1)

where � and 	 aretheheightandwidth of thelayoutdesign,respectively. Here � is thenumberof rows
in the layout,and 	 is computedby thesummationof thenumberof actualcolumns(i.e., dual transistor
pairs)and that of diffusion gaps. For example,the areaof the layout shown in Figure 1(c) is given by
���
	
��������������������� units. In theplacementstage,however, thearea��� is typically estimatedby

� � �  !�"	�� (2)

where  is thedensity in thecell design.By density, we meanthemaximumnumberof wires in parallel
anywherein thecell design.For example,thedensityof thedesignshown in Figure1(c) is four.

Thepolysilicon(gate)columnsof a circuit canoftenbereorderedwithout changingtheir logical func-
tion. Theimpactof reorderingon layoutareais illustratedby Figure2, whichshowsacircuit implementing
the function #$� %&�'� � � �)( . Figures2(b), (c), and(d) give threealternativesof cell placement,with the
respective densitiesof 4, 4, and3 andtheestimatedareasof 24,20,and15units. Notethatthepolysilicon
columns

�
and

(
in Figure2(c) aredisconnectedbetweenthecorrespondingpMOSandnMOStransistors,

andthey thuscontributetwo unitsto thedensity. Figures2(e),(f), (g) givecorrespondingcell routings,with
thetotalareasof 24,25,and15units,respectively.

2 Problem Description

The basicrequirementof this problemis to develop a tool that findsa cell placement with the minimum
areaby reorderingpolysiliconcolumns.(Notethatyou areaskto do only placement to beeligible to enter
this contest.Finishinga cell routing, however, is consideredanadvancedfeatureandis favorableto your
contestgrade.Wewill describeadvancedfeatures/functionsin moredetailin Section5.)

The Cell Placement Problem is definedasfollows.
* Input: Descriptionof a transistor-level circuit.

* Objective: Developatool thatfindsacell placementwith theminimumareaby reorderingpolysilicon
columns.

3 Input

Input formatis givenasfollows:

.SUBCKT TEST+-,/.102. �)3 %)465 . 07. 8:9�; 3 � ( .+-,=<>0?< �)3 %)465 < 0�< 8:9�; 3 � ( <
@:@:@ @:@�@ @�@:@ @:@�@+-,=<BAC0�<BA �)3 %)465 <BA 0�<BA 8:9�; 3 � ( <BA
.END

Thefirst line of aninput file startswith .SUBCKT, followedby thenameof thecircuit. Thedescriptionof
thetransistordevicesconsistsof �25 lines,with 5 linesfor pMOStransistorsand 5 linesfor nMOStransistors
(notnecessarilyin theorder).Eachline containsthenameof thetransistor

+D,FE60�E ���HGI4JGK�75 , with
,LE ��M

or N denotingthecorrespondingtypeof thetransistor, followedby thethreeterminals,drain,gate(
0:E

), and
source.Theword.END in theinput line signifiestheendof input.

Heregivesasampleinputfile for thecircuit shown in Figure2(a).
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Figure 2: (a) shows a circuit implementingthe function #�� %O�K� � � �)( ; (b), (c), and (d) give three
alternativesof cell placement;with the respective densitiesof 4, 4, and3 andthe estimatedareasof 24,
20, and15 units; (e), (f), (g) give correspondingcell routings,with the total areasof 24, 25, and15 units,
respectively.
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.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
MNB Z b 3
MNC 3 c VSS
MND 4 d VSS
MNE Z e 4
.END

4 Basic Output

For simplicity, designrule is notconsidered,andeachcomponentis treatedasunit sizeandplacedonagrid.
Thetext outputof thebasicrequirementshall reporttheplacementwith theminimumestimatedarea,

whichconsistsof thefollowing information:

(1) Cell placement information thatcontainsfour lines; thefirst line givesthepMOStransistor(upper
array)ordering(use * for a diffusion gap), the secondline describesthe sequenceof the names
of drain/sourceterminalsin the upperarray, the third line givesthe nMOS transistor(lower array)
ordering(use * for a diffusion gap), and the fourth line describesthe sequenceof the namesof
drain/sourceterminalsin thelowerarray.

Heregivetwo sampletext outputsresultingfrom thecircuit shown in Figure2(a): onecorrespondsto
theplacementshown in Figure2(b), which consistsof a diffusiongap,andtheothercorrespondsto
theoptimalplacementshown in Figure2(d).

Placementin Figure2(b) Placementin Figure2(d)
a b c * e d b c a e d
2 1 VDD 1 2 Z 2 1 VDD 1 2 Z 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/functionsin your tool. Possibleadvancedfea-
tures/functionsincludes:

* Routing: Assumethetwo-layermetalroutingmodel,with onelayer(metal-1)reservedfor horizontal
wiresandtheother(metal-2)for vertical ones,andcompletethe routing. Note thata contactvia is
requiredfor connectingthesamenetin differentlayers.SeeFigures2(e),(f), and(g) for threeexample
routingconfigurations.
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* Diffusion gap parameter: In thebasicrequirement,we workedon theareamodelof onediffusion
gapequalto onepolysiliconcolumn.In futuretechnology, it ispossiblethattheareaof adiffusiongap
is significantlylarger thanthatof a polysiliconcolumn. Therefore,it is desirableto employa more
sophisticatedareamodelby specifyinga positive integerweight for diffusiongaps,say P , P�Q�RHS .
Now width 	 is givenby thefollowing formula:

	 � TK�IPVU$� (3)

whereT and U arethenumbersof polysiliconcolumnsanddiffusiongaps,respectively.

* Incremental update: Layoutengineersoften needto performincrementalupdatesfor a layoutde-
sign.Typicaloperationsincludeinserting/deleting/movingoneor asetof transistors,splitting/merging/swapping
a pair of transistors,etc. Eachsuchoperationmayalter the dimensionandareaof a cell. It is thus
usefulto developthosefeaturesto guideanengineerto makewisedecisionsin layoutdesign.Figure3
showsseveraltypicalupdates.
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Figure3: Incrementalupdatesof a layout.

* User interface: Thetool mayprovide insertion,deletion,split, merge,move,and/orswapfunctions
andsomeeditingfeaturessuchasundo/redo.This tool maybehaveasfollows: Initially, it showspart
or the whole design(canbe placedby the tool or in a predefinedorder). After a userperformsan
operation,the tool will report the currentlayout information(width, the numberof diffusiongaps,
density, height,etc)andpossiblechangesof othertransistorsto reachtheminimumarea.Also, auser
canspecifywhich transistorsto befixedor which transistorscanbemoved.
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Language/Platform
* Language:C or C++.

* Platform:SUN OS/Solarisor PCDOS/Windows.

7 Evaluation
* Correctness,layoutarea,timeandmemoryconsumption,advancedfeatures/functions,userinterface,

etc.

8 Questions

Pleasereportany questionregardingthis problemto cad@cis.nctu.edu.tw with the email subject
“CAD Contest: Problem 7.” Your question(s)will beansweredin two weeks,andtheQ&A’swill
bepostedat thecontestwebsite.
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