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Abstract— We propose a transistor sizing method that down-
sizes MOSFETs inside a cell to eliminate redundancy of cell-based
circuits as much as possible. Our method reduces power dissipa-
tion of detail-routed circuits while preserving interconnects. The
effectiveness of our method is experimentally evaluated using 5
circuits. The power dissipation is reduced by 77% maximum and
65% on average without delay increase.

I. I NTRODUCTION

Cell-base design has a well-established framework for the
development of ASICs, and has been widely adopted. On the
other hand, cell-based circuits inherently contain redundancy,
for example, in power dissipation. In this paper, we propose a
post-layout transistor sizing method for power reduction. Our
method aims to reduce the redundancy of cell-base design and
to obtain high performance circuits close to full-custom qual-
ity while keeping the cell-base design framework. We down-
size MOSFETs inside a cell continuously, and generate the
corresponding cell layout on the fly. The cell layout genera-
tion system used in our method does not change the location
of input and output pins while the transistor widths inside a
cell are varied[1]. Exploiting this feature, we can optimize
detail-routed circuits, without any modifications of intercon-
nects, using the precise wire capacitance values extracted from
the detail-routed circuits.

Many transistor sizing methods for delay and power opti-
mization have been proposed[2, 3, 4, 5, 6]. These methods
need to derive the delay time of each cell at any MOSFET size.
Refs.[2, 3, 4] utilize Elmore delay model. In this delay model,
we can get the optimal solution of the problem formulated us-
ing a simple variable-transformation method. However, the
accuracy of the delay model is not high enough, and hence
the optimized circuits may violate the delay constraints. In
Refs. [5, 6], the cell delay is approximated as a linear function
of the cell size, and transistor sizing is formulated as a linear
optimization problem. This method also can obtain the optimal
solution of the formulated problem. However, the linearization
of the cell delay may introduce errors in timing analysis.

Recently, the delay time due to wire capacitance occupies
a considerable part of the total circuit delay. Many of the
previous transistor sizing methods[2, 3, 5, 6] concentrate on
circuit-level optimization, and the consideration on layout is

not enough. When the optimization result is applied to the
layout, routing is affected, i.e. wire capacitances in the result-
ing layout become different from the initial circuit before tran-
sistor sizing. The variation of wire capacitance may cause a
violation of delay constraints. In Ref. [4], transistor sizing, re-
routing and compaction techniques are performed to the circuit
repeatedly for better consideration on layout. In a DSM pro-
cess, coupling capacitances between adjacent interconnects in
the same metal layer or two successive metal layers become
dominant. The accurate capacitance evaluation of all the in-
terconnects influenced by re-routing and compaction becomes
computationally intensive and hence the repeated evaluation
inside the optimization loop may become impractical.

Our method handles detail-routed circuits designed in a cell-
base design style. Our method down-sizes MOSFETs inside a
cell for power reduction without any modifications of wiring
using accurate values of wire capacitance. We use a cell layout
generation system called VARDS[1] that can generate cell lay-
out with variable transistor width while keeping the location
of terminals unchanged. In order to get the accurate cell delay
time, our method utilizes four-dimensional look-up tables with
four variables; gate widths of PMOS and NMOS transistors,
input transition time, and load capacitance.

This paper is organized as follows. Section II explains
the post-layout transistor sizing method. Cell layout genera-
tion, cell delay model, and transistor sizing algorithms are dis-
cussed. Section III demonstrates some experimental results.
Finally, Section IV concludes the discussion.

II. POST-LAYOUT TRANSISTORSIZING

In this section, we explain a transistor sizing method for
power reduction preserving interconnects. We first discuss cell
layout generation for post-layout transistor sizing. Next, we
show a cell delay model that can calculate delay time for any
PMOS and NMOS transistor sizes. Then, the noise margin
constraints that guarantee the correct behavior of the circuits
are discussed. Finally, we explain a transistor sizing algorithm
for power reduction.
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Figure1: Examplesof AOI21 Cell Layout.

A. Cell LayoutGeneration

In ordertoapplytheoptimizationresultto thelayoutwithout
any modificationsof interconnects,the following featuresare
requiredfor cell layoutgeneration.
l Eachtransistorwidth canbevariedeasilyandflexibly.l The location of eachpin is fixed even when transistor

widthsarevaried.

Thefixedlocationsof input/outputpinsareneededto preserve
interconnects.A cell layoutgenerationsystemVARDS,which
satisfiesthe above two requirements,hasbeenproposed[1].
Fig. 1 shows anexampleof AOI21 cellswhoseheightis 9 in-
terconnectpitches. The AOI21 cell in Fig. 1(a) is generated
suchthatall transistorwidthsarethemaximum.Fig. 1(b) is an
examplethatevery transistorwidth is different.

B. Cell DelayModel

In the proposedmethod,PMOSandNMOS transistorsin-
sidea cell areresizedseparately. Our methodhencerequires
a cell delaymodelthathasfour variables,monqprmtsupwvxv , and y{z ,
wheremon}|~mts}� is thegatewidth of PMOS(NMOS)transistor,vxv is thetransitiontimeof theinput signal,and y{z is thecapac-
itive load.We build four-dimensionallook-uptableswith four
variablesm n prm s pwvxv , and y{z beforehandusinga circuit simu-
lator. Cell delaytime is derivedfrom thelook-uptablesusing
the following three-stepinterpolation(Fig.2). In thecaseof a
multi-stagecell, we divide thecell into single-stagecells,and
calculatethedelaytimeof eachsingle-stagecell.

Step1: Find four neighboringpoints(����p�����p�����p���� ) around
the evaluation point(����� ), in two-dimensionalm n - m s
space.

Step2: Calculatethe delaytime at eachpoint of ����pr��� , ��� ,��� usingEq.(1) in two-dimensionalvxv - y{z space.

Step3: Interpolaterise/fall delaytime usingEq. (2/3) in m n -mts spacefrom the four valuesat � � pr� � p�� � p�� � calcu-
latedatStep2.

Wp

Wn

tt

cl

delay=A+B*tt
     +C*cl+D*tt*cl

rise_delay=E+F/Wp
     +G*Wn+H*Wn/Wp

Step 2:

Step 3:

Evaluation
Point(Pev)

P1 P2

P3

P4

Step 1:
Find P1,P2,P3,P4

Figure2: Derivationof Cell Delay.
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¶
m n ��m»s¢p (2)
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¶
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¶
m s p (3)

�È¢� «É ���¥ÊË�¨ÌÍ�¦monÎ�¤Ï¸�¦mtsÐ�¨Ñµ�mon¿�mtsÒp (4)

where, �Óp��Ôp¡ÕÖÕ×ÕÖp�Ñ arecoefficientsto bedeterminedsuchthat
the four valuesof theneighboringpointsareassignedto each
interpolationequation.Thetransitiontimeof theoutputsignal
is calculatedsimilarly. In the caseof the dissipatedenergy,
Eq. (4) is usedfor theinterpolationatStep3.

C. NoiseMargin Constraints

Adequateamountsof noisemarginsareimportantto ensure
thecorrectbehavior of thecircuits. Thenoisemarginsarede-
finedas ÌtÊÙØ¸�¸ÚÜÛÝØµÞÇÚÜßàØ and Ì»ÊÙáâ�¸Ú}ßàáãÞÙÚ}Ûäá . The
noisemargin dependson the ratio åÜæ , which is expressedaså sÜç åqè , where å s½éên¡ë is the n(p)-device transconductance.We
calculatetherangeof å æ thatguaranteespropernoisemargins.
The upperbound å æªé×ì�íïîë canbe derived from the following
two equations[7, 8].

Ú}ßàáâ�
ð ÚÜñ�òóäÞÙÚ}ô�ôÙ�¤ÚÜõ n ��å æªé×ì�íïîë ÚÜõ s¶ �Ùå æªé×ì�íïî¦ë p (5)

å æªé×ì�íïîë |~Ú ßrá ÞÙÚ}õ s � � � ÞÓ|öÚÜñ�òóäÞÙÚ}ô�ôÎ� � (6)

� ð |öÚ}ßàá÷ÞÇÚ ô�ô ÞÇÚ õ n��¡|~Ú ñwòó ÞÙÚ ô�ô �{Õ
Similarly, the lower bound å æªé×ìùø×s�ë canbeobtainedfrom the
following two equations.

Ú ßàØ � å æªéÖì�øÖs�ë | ð Úúñwòó¢�¨ÚÜõ s �¢�¨ÚÜô�ô¨�¤Ú}õ n¶ �Ùå æªé×ìùø×s�ë p (7)

å æªé×ìùø×s�ëïû ð |öÚ ßàØ ÞÇÚÜõ s �wÚúñwòóªÞÇÚ �ñwòó�ü (8)

� |öÚ ßàØ ÞÙÚÜô�ô�ÞÇÚÜõ n � � p
where ÚÜõ n pàÚ}õ s are the thresholdvoltages of PMOS and
NMOStransistors.WeresizePMOSandNMOStransistorsfor
power reductionwithin therangeof å æªéÖì�øÖs�ë½ý åÜæ ý å æªé×ì�íïîë .
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D. TransistorSizingAlgorithm

We device a transistorsizingalgorithmfor power reduction
basedon sensitivity calculation. Our algorithmexecutesiter-
ative optimizationthat decreasesþ¦ÿ ø���� gradually, where þ¦ÿ ø����
is a variablethat representstheamountof transistorwidth re-
ducedin asingleiteration.

Step1: Set þ ÿ ø���� to aninitial value.

Step2: If þÿ ø���� is smallerthana pre-definedvalue, the opti-
mizationprocedurefinishes.

Step3: At eachcell, evaluatethesensitivity, i.e. theamountof
power reductionwhenthe transistorwidths decreasebyþ ÿ ø���� . If theviolationsof noisemargin or transitiontime
constraintsoccur, sensitivity calculationis notperformed.

Step4: Selectthecell with thebestsensitivity. If thereareno
cellswith positive sensitivity, halve þÿ ø���� andgo backto
Step2.

Step5: Decreasethe transistorwidths of the selectedcell byþ ÿ ø���� , andupdatethe timing informationof the cells af-
fectedby thedown-sizing.If delayviolationoccurs,can-
cel thedown-sizing.

Step6: Find the cell with the next bestsensitivity. If there
are no cells with positive sensitivity, go back to Step3.
Otherwise,go backto Step5.

First, the above algorithmis executedfor power reduction
suchthatPMOSandNMOS transistorsareresizedsimultane-
ouslywith thesameåÜs ç å n ratio. Wenext optimizepowerdis-
sipationresizingPMOSandNMOS transistorsindependently,
andwe thengetthefinal optimizationresult.

I I I . EXPERIMENTAL RESULTS

In this section,someexperimentalresultsare shown. We
first demonstratetheaccuracy of thecell delaymodelbasedon
look-uptables.We next show thepoweroptimizationresults.

We generatecell layoutsusingVARDS[1] in a 0.35� m pro-
cesswith threemetallayers.Thecell heightis 13interconnect-
pitches,andthesizeratioof PMOSandNMOStransistorsis 1.
In transistorsizing,we down-sizeMOSFETswithin therange
thatVARDS cangeneratecell layouts.Themaximumtransis-
tor width of standarddriving-strength(x1)cells is 6.2� m, and
thevalueof W/L is 15.5. Thetransistorwidth canbereduced
to 0.9� m. Reference[9] reportsthattheoptimalvalueof W/L
around20. The transistorwidth of our library is smallerthan
thereportedvalue.

A. Accuracy of Cell DelayModel

We first examinetheaccuracy of the cell delaymodel. We
useINV, 2-input NAND and 2-input NOR cells of standard
driving-strength(x1)for thisexperiment.In thecaseof NAND
andNORcells,we evaluatethecharacteristicsof theinputpin

Table1: AverageErrorof Cell DelayModelBasedonLook-up
Tables.

Tran- Variablesof Interpolation
Cell sition �	��
��� , ����
���� ����
���

����
���� ( � � 
��  fixed) ( ����
���� fixed)
INV rise 0.003ns 0.002ns 0.001ns

1.9% 1.4% 1.0%
fall 0.004ns 0.002ns 0.002ns

1.3% 0.9% 0.4%
NAND2 rise 0.003ns 0.002ns 0.001ns

2.1% 1.5% 0.9%
fall 0.005ns 0.002ns 0.003ns

1.0% 0.6% 0.4%
NOR2 rise 0.002ns 0.001ns 0.001ns

1.2% 0.8% 0.6%
fall 0.005ns 0.002ns 0.003ns

1.2% 0.7% 0.5%

thatis closeto theoutputterminal.Wecomparethedelaytime
derived by the interpolationin Sec.II. B with the delaytime
evaluatedby circuit simulationat the following 6561points.
The gatewidths of PMOS and NMOS transistors( m n prm s )
arevariedto 0.9, 1.2, 1.5, 2.0, 2.5, 3.2, 4.0, 5.0, and6.2� m,
respectively. Theevaluationpointsof theinput transitiontime
( vxv ) are0.02,0.125,0.25,0.375,0.5,0.65,0.8,1.0,and1.2ns,
alsothepointsof loadcapacitance( y{z ) are0.005,0.025,0.05,
0.075,0.1,0.15,0.2,0.35and0.5pF. Thecombinationsof mon
and mts that thenoisemargin becomessmallerthan0.25Ú ô�ô
areexcluded.Whentheabsolutevalueof thedelaytime is ex-
tremelysmall, the relative errorbecomesmeaninglesslylarge
while absoluteerroris sufficiently small.We hencedonotcal-
culatetherelativeerrorwhenthedelaytimeis lessthan0.01ns.
The sizeof look-up tablesis 5x5x5x5. Table1 shows the er-
ror of thecell delaymodel. The interpolationerrorof thede-
lay timederivedin m n - m s spaceis comparablewith theerror
calculatedin vxv - y{z space.Wethereforecanseethattheinterpo-
lation in m n - m s spaceby Eqs.(1) and(2) is reasonable.The
averageerrorof thedelaytime calculatedfrom 4-dimensional
look-up tablesof m n , m s , vxv , and y{z is lessthan2%. Com-
paredwith the interpolationin vxv - y¡z space,the averageerror
increasesby 0.5%.

B. Power OptimizationResults

We show the resultsof power optimization. The circuits
usedfor the experimentsare an ALU in a DSP for mobile
phone[11] (dsp alu) and the circuits includedISCAS85and
LGSynth93 benchmarksets (C3540, alu4, C7552, des).
Thesecircuits aresynthesizedundertwo differentconstraints
[10]: minimizing thecircuit delay, andminimizing thecircuit
area.Also two transitiontime constraints,0.5nsand1.0nsare
given. Thus,eachcircuit is synthesizedunderfour different
constraintsin total. We generatethelayoutsof thesynthesized
circuitsandutilize thewire capacitancevaluesextractedfrom
the layoutsfor transistorsizing. The circuit scaleis 943 to
12460cells. The cell library usedfor generatinginitial cir-
cuits includessix varieties in driving-strengthfor INV and

361



BUF (x1, x2, x3, x4, x6 and x8). In the caseof NAND2,
NAND3, AND2, AND3, NOR2, NOR3, OR2, OR3, AOI21,
OAI21 cells, therearefour varieties(x1,x2, x3, x4). Thecir-
cuit delaytime is evaluatedby a transistor-level statictiming
analysistool[12], and the power dissipationis estimatedby
a transistor-level power simulator[13]. The input patternsare
randomlygeneratedwith a transitionprobability of 0.5. The
numberof appliedpatternsis 100,which is theadequatenum-
berfor powerestimationatcircuit level[14]. Thecycle timeof
theinputpatternsis 100ns.

We optimizepower dissipationunderthe delayconstraints
of the initial circuits’ delay time. The initial value of þ¦ÿ ø����
in the optimizationalgorithm(Sec.II. D) is 12.4� m, and the
terminationvalue is 0.1� m. The constraintsthat the noise
margin is larger than0.25ÚÒô�ô aregiven. Table.2 shows the
power optimizationresults.Thecolumn“Total Width” repre-
sentsthe sumof the gatewidths of MOSFETsin the circuit.
“CPU Time” representstheCPUtime requiredfor power op-
timization on an Alpha Station. Our methodreducespower
dissipationby 77%maximumand65%on average.Thetotal
transistorwidth is reducedto 25% of the initial circuits. The
power reductionin smallcircuitsis largerthantheonein large
circuits,becauselargecircuitsusuallyhave heavier wire load.
In thecaseof thelargestcircuit dsp alu, thepowerdissipation
is reducedby about50%. In somecircuits, the circuit delay
increasesthoughthe initial delay time is given as the delay
constraints.Onereasonis that theoptimizedcircuits become
sensitive to the error of cell delaymodel[15]. Furtherexami-
nationof the reasonsis required,consideringthe accuracy of
thedelaycalculationtool aswell.

We examinethe optimizationresultof des circuit gener-
atedfor minimizingcircuit delayunderthetransitiontimecon-
straint of 0.5ns. Fig. 3(a) shows a part of the initial layout.
Fig. 3(b)correspondsto thetransistor-sizedlayoutof thesame
location. The transistorsizesinsidecells becomedifferentin
instanceby instance.PMOSandNMOStransistorsinsideeach
cell areresizedseparately. Also the routing is perfectlypre-
served.Ourmethodgeneratescell layoutsonthefly according
to the optimizationresults,andreplacescells without any in-
terconnectmodifications.

We first demonstratethe relationshipbetweenthe amount
of power reductionand the increaseof driving-strengthvari-
eties. Halving þ ÿ ø���� in the optimizationalgorithm(Sec.II. D)
correspondsto halvingtheintervalsof driving-strengthandin-
creasingdriving-strengthvarietiestwofold. We classify the
driving-strengthvarietiesinto 10 levels(Table3). Fig. 4 indi-
catesthe relationshipbetweenpower dissipationanddriving-
strengthlevel. Thepowerdissipationis reducedasthedriving-
strengthvarietiesincrease.

We next show the distributions of transistorwidths in the
optimizedcircuit(Fig. 5). The transistorwidth of a standard
driving-strength(x1)cell is 6.2� m, andthetransistorwidth can
bereducedto0.9� m. Many MOSFETsaredown-sizedcloseto
the lower limit of 0.9� m. Comparedwith PMOStransistors,
the gatewidths of NMOS transistorsaresmall. The sumof
PMOSgatewidths is 11.2mm,which is 19% larger thanthe

Table3: Driving-StrengthLevel.
Level #driving-strength ����� ��! PNratio

varieties(INV) ( " m)
Level 0 6 (Initial) - -
Level 1 11 12.4 Fixed
Level 2 23 6.2 Fixed
Level 3 44 3.1 Fixed
Level 4 85 1.55 Fixed
Level 5 166 0.775 Fixed
Level 6 332 0.388 Fixed
Level 7 659 0.194 Fixed
Level 8 1314 0.097 Fixed
Level 9 1.7M 0.097 Varied
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Figure 4: Relationship between Power Dissipation and
Driving-StrengthVarieties(des, Fastest,TransitionTimeCon-
straint0.5ns).
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sumof NMOS gatewidths(9.4mm).
Fig. 6 expressestheslackdistributionsof theinitial andop-

timized circuits. By transistorsizing, the numberof the cells
with 0 or almost0 slackincreasesdrastically. Thesumof slack
in theoptimizedcircuit is 1241ns,whereasthesumof slackin
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Table2: Power OptimizationResults(CellHeight: 13 InterconnectPitches).
Transition Initial Circuits OptimizedCircuits

Circuit Time Design Total Power Total CPU #cells
Constraints Constraints Delay Power Width Delay Power Reduction Width Time

(ns) (ns) (mW) (mm) (ns) (mW) (%) (mm) (s)
C3540 0.5 Fastest 5.3 6.1 27.0 5.3 1.6 74 5.64 100 1039

Min-Area 6.9 4.8 21.8 7.1 1.3 73 4.33 62 943
1.0 Fastest 4.4 6.7 26.7 4.6 1.7 75 5.75 111 1207

Min-Area 6.1 3.5 13.0 6.5 0.9 74 2.54 37 895
alu4 0.5 Fastest 2.9 5.1 42.6 3.1 1.9 63 12.6 213 1613

Min-Area 4.0 4.2 33.8 4.1 1.4 67 8.70 145 1403
1.0 Fastest 2.2 4.6 33.2 2.5 1.9 59 10.4 200 1568

Min-Area 3.6 3.1 18.7 3.7 1.1 65 4.53 76 1361
C7552 0.5 Fastest 4.2 14.5 49.0 4.4 3.4 77 9.74 279 1995

Min-Area 6.2 12.7 37.0 6.5 3.0 76 7.00 160 1687
1.0 Fastest 3.3 14.1 44.6 3.5 3.2 77 9.21 275 2043

Min-Area 5.1 8.5 22.1 5.1 2.1 75 4.38 97 1619
des 0.5 Fastest 3.2 14.4 84.7 3.4 5.1 65 20.6 925 3414

Min-Area 4.2 11.1 63.4 4.5 4.3 61 15.3 560 2908
1.0 Fastest 2.7 13.4 68.0 2.8 5.3 60 18.8 772 3327

Min-Area 3.4 8.5 41.1 3.7 3.7 56 10.6 371 2859
dsp alu 0.5 Fastest 8.8 79.8 347 9.4 37.1 54 115 20304 12547

Min-Area 18.1 75.9 299 17.7 39.9 47 109 15436 11765
1.0 Fastest 7.2 66.2 235 8.1 28.2 57 65.7 9203 12460

Min-Area 15.3 54.3 169 15.8 26.3 52 44.9 4831 10892

Average - - - - - - - 65 - - -

(a) Initial Circuit (b) OptimizedCircuit

Figure3: A Partof Layout(des, Fastest,TransitionTimeConstraint0.5ns).
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Figure 7: CapacitanceReduction(des, Fastest, Transition
TimeConstraint0.5ns).

theinitial circuit is 3122ns.Thetotalslackis reducedby 60%.
We then demonstratethe capacitancereductionin the cir-

cuit(Fig. 7). Our methoddoesnot modify any interconnects,
sowire capacitancedoesnot change.Thegatecapacitanceof
MOSFETsis reducedby 77%,which resultsin 61%reduction
of thetotal capacitance.

We show the peakcurrentreduction. We apply 100 input
patterns,andevaluatethepeakcurrentateachtime-stepwithin
acycle. Fig. 8 indicatesthepeakcurrentof theinitial andopti-
mizedcircuits. Thehorizontalaxis representsthe time within
a cycle of 3.4ns. The peakcurrentis reducedby 74%. Path-
balancingeffect of our methodcontributesto thepeakcurrent
reduction,aswell asgatecapacitancereduction.Thetransition
timing of eachcell is well distributedthroughouta cycle. Re-
ducingthepeakcurrentis effective to avoid IR dropproblem.
Also, thecurrentreductionis a usefulway to evadeelectromi-
gration.Themeantimeto failure(MTF)of electromigrationv�#
is expressedasfollows[16].

v # �¥� m n�$&%('*)ús �(+ èª|�²Ãí ç�,.-0/21 (9)
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Figure 8: PeakCurrent Reduction(des, Fastest,Transition
TimeConstraint0.5ns).

where ' is currentdensity, 304 is activation energy, 5 is the
width of metal, $ is the length,and 6 is a constantcloseto 2.
Thecurrentreductionof 74%increasesMTF 15 times. Thus,
our methodcanincreasethetoleranceto IR dropandelectro-
migrationproblems,andcontribute to high-reliability LSI de-
sign.

Wefinally show thepoweroptimizationresultswhentheini-
tial circuitsaregeneratedusinga low-power cell library. The
delay time of eachinitial circuit is given as the delay con-
straint. The cell-heightof this low-power library is 9 inter-
connectpitches,andthestandardtransistorsizeis 3.47 m. The
resultsareshown in Table4. Even whenthe low-power cell
library is usedfor initial circuits, our methodreducespower
dissipationby morethan50%on average.

C. Effectivenessof InterconnectPreservation

Theproposedmethodoptimizesadetail-routedcircuit with-
out any wiring modifications. We verify the effectivenessof
theinterconnectpreservation. In a conventionaltransistorsiz-
ing method,thelayoutis modifiedusinganECO(Engineering
ChangeOrder) techniquein order to preserve the placement
andwiring asmuchaspossible.But a certainamountof vari-
ationin wire capacitanceis not avoidable.

We examinetheeffect of this capacitancevariationstatisti-
cally. We assumethat the wire capacitancevariesaccording
to anormaldistributionN( 8 , 9 ) becauseof interconnectmod-
ifications, i.e. ECO. The mean 8 is the initial valueusedin
transistorsizing, and the standarddeviation 9 is 20% of the
initial value.Thedelaydistribution is obtainedusinga Monte
Calro technique. The numberof delayevaluationis 10,000.
Fig. 9 shows thedelayvariationin the optimizeddes circuit.
As you see,theinterconnectmodificationsincreasethecircuit
delay. The circuit whosedelaytime is the samewith the ini-
tial circuit(3.36ns)canbehardlyobtained.Thecircuit delayof
“mean+39 ” is 3.60ns,which is larger thanthe delaywithout
wiring modificationsby 7%. Theproposedmethodcanavoid
this delayincrease,thanksto theinterconnectpreservation.
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Table4: PowerOptimizationResults(Cell Height:9 Intercon-
nectPitches).

Transition Initial Optimized
Circuit Time Design Power

Constraint Constraint Power Power Reduction
(ns) (mW) (mW) (%)

C3540 0.5 Fastest 5.0 1.7 66
Min-Area 2.8 1.2 57

1.0 Fastest 4.6 1.7 63
Min-Area 2.1 0.84 60

alu4 0.5 Fastest 3.8 1.9 50
Min-Area 2.7 1.4 48

1.0 Fastest 3.5 1.8 49
Min-Area 2.0 0.98 51

C7552 0.5 Fastest 11.0 3.9 65
Min-Area 7.4 2.9 61

1.0 Fastest 9.8 3.3 66
Min-Area 5.5 2.2 60

des 0.5 Fastest 10.0 4.8 52
Min-Area 6.9 4.0 42

1.0 Fastest 10.9 5.2 52
Min-Area 5.2 3.1 40

dsp alu 0.5 Fastest 55.5 31.7 43
Min-Area 52.2 34.0 35

1.0 Fastest 45.5 23.7 48
Min-Area 36.9 24.4 34

Average - - - - 52
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Figure9: Delay VariationCausedby InterconnectModifica-
tions(des, Fastest,TransitionTimeConstraint0.5ns).

IV. CONCLUSION

We proposea power reduction method that down-sizes
MOSFETsin a cell without any interconnectmodifications.
Theeffectivenessof our methodis experimentallyverifiedus-
ing 5 benchmarkcircuits.Thepowerdissipationis reducedby
77% maximumand65% on averagewithout delay increase.
We verify that our methodalsocontributesto high-reliability
LSI design.
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