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Abstract
Interconnectis oneof themajor concernsin currentandfu-

ture microprocessordesignsfrombothperformanceandpower
consumptionperspective. Theemergenceof three-dimensional
(3D) chip architectures,with its intrinsic capability to reduce
the wire length, is one of the promisingsolutionsto mitigate
the interconnectrelatedissues.In this paperwe implementa
few componentsof a microprocessorusing customdesignto
showthepotentialperformanceandpowerbene�tsachievable
through3D integration underthermalconstraints. We also in-
troducea standard cell based3D design�ow which leverages
thecommercial 2D designtools.Usingthisdesign�ow wepro-
vide performanceresultsof wide range of arithmetic units in
3D, thusintroducinga fastmethodto analyzetheperformance
bene�tsof 3D designs.In contrastto prior work,which mostly
investigatessinglecomponentsof a processor, our work takes
multiple componentsinto consideration and the experimental
resultsare promisingin termsof delayand powerreductions.
Complex designsin 3D thathaveequivalentperformancecom-
pared to a simple2D designsis taken for IPC improvement
analysis. An IPC improvementof 11% shownfor a micropro-
cessorimplementedin 2-strata3D technology.

1 Intr oduction
Interconnectaccountsfor a major portion of power con-

sumptionandcommunicationdelayof microprocessors,solu-
tions to mitigatewire-relatedproblemshave beenwidely pro-
posedin recentyears. The useof three-dimensional(3D) in-
tegratedtechnology[1, 2, 3, 4, 5] is onetechniquebeingvig-
orously researchedto alleviate the problemsof interconnects.
In 3D technology, device layersare processedseparatelyand
stacked vertically with 3D vias [6] providing the vertical con-
nectionbetweendies.Onekey advantageof 3D chipsover tra-
ditional two-dimensionalchipsis thedirectwire lengthreduc-
tion. This in-turn reducesparasiticsassociatedwith long in-
terconnectleadingto power savings,andlatency improvement
associatedwith globalinterconnects.

Recently, therehasbeenquiteanamountof work in literature
lookinginto theimplementationof processorcomponentsin 3D
technology[4, 7, 8, 9]. Daset. al [1] hasdevelopedtools that
supportscustom3D layouts,placements,and routing. There
arecompaniesthatships3D-stackedSRAM andDRAM prod-
ucts[10]. However, thereareonly few works focusingon 3D
micro-architecturalstudiesfor high-performancemicroproces-
sors.For instance,potentialbene�ts of implementinga micro-
processorin 3D technologyweredescribed[2] [11], thatdoes
3D explorationat architecturallevel andnot muchinformation
is availableon individual componentdesigns.RecentlyKiran
et al. [7] [8] [9] have looked into 3D implementationof in-
dividual componentsin microprocessorandprovided detailed
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customdesignfor eachcomponents.
Thermalissuesis consideredto beapotentialproblemin 3D

layersthatareaway from heatsink. Througha proposedCAD
�o w designof circuitsin 3D,performanceandpowerbene�tsof
3D designsarestudiedunderthermalconstraints[12]. Increase
in busfrequency andwidth areprojectedasmajorcontributors
to performanceincreasewhengoingfrom 2D to 3D [13]. Here,
only the memory(cacheand DRAM) is implementedin 3D
andthe systemfrequency is kept low to reducethermalprob-
lems. This loss in systemfrequency can be recoveredby in-
telligent placementof corecomponentsin multi layers. Intel
casestudyshowedthat theworst-casetemperaturecanbekept
undercontrolby using3D designto reducethetotalpowercon-
sumption,thus achieving a performancebene�t of 15% from
3D designs[14].

In this paper, we explore the customdesignof few impor-
tantmicro-architecturalblocksthat includesinstructionsched-
uler, KoggeStonepre�x adder, andlogarithmicshifter. Com-
parisonsbetween2D and3D implementationsof thesecompo-
nentsshow favorableresultsfor 3D designin termsof perfor-
manceandpower underthermalconstraints.Furtherwe pro-
posea standard-cellbaseddesign-�ow to designcomponents
in 3D andobtainperformancecharacteristics.However, dueto
thecomplexity of micro-architecture,thewholegainof 3D in-
tegrationis muchmoredif�cult to determine;morespeci�cally,
a full microprocessorimplementationfor a speci�c technology
is required.Therefore,our work demonstratesthepotentialad-
vantagesof the3Dmicro-architectureto architectsandthushelp
thedesignersto make decisionsat anearlystageof thedesign
process.

The rest of the paperis organizedas follows. Section2
brie�y reviews the 3D technology. Section3 investigatesthe
possibilitiesof implementingthecomponentsof amicroproces-
sorin 3D.Section4 presentsanddiscussesexperimentalresults.
We concludethis paperin thelastsection.
2 Background of 3D Technology

Thereare numerousnovel 3D integratedtechnologiesun-
derdevelopment[15]. Oneof themostpromisingstylesof 3D
technologiesis wafer-bondingtechnology[6], in which3D inte-
gratedcircuitsareformedby verticalstackingof multiplestrata.
Eachstratumis anactivedevicelayerandis processedindepen-
dently, and3D vias provide die-to-dieconnections.Thereare
two typesof bondingtechniques,face-to-faceandface-to-back,
thatareshown in Figure1. In face-to-facebonding[2, 5], the
3D vias areprocessedanddepositedon top of metal layersas
the traditional metal etchingtechnologies.Although this ap-
proachcanprovide highervia density, dueto the similarity of
synthesizingtheregularon-dieinterconnects,it allowsonly two



active layersin a 3D stack.For face-to-backbonding[1, 4], on
the otherhand,any numberof diescanbe stacked. However,
vias in this con�gurationmustbeetchedthroughthebackside
of a die andlessvia densityis possibledueto the lessresolu-
tion of theetchingprocesscomparedto its counterpart.In our
approach,we assumea face-to-backbondingtechnology.
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Figure 1. (a) Face-to-face bonding. (b) Face-to-bac k
bonding.

Thedistancebetweentwo topmetallayersis abouttheheight
of 5 
 m to 20
 m andthedimensionof die-to-dieviasvaryfrom
1
 m-by-1
 m to 10
 m-by-10
 m dependingon the technology
[4, 5, 6]. Therelatively largesizeof via makestheinterconnect
delaygoing throughwafer to be relatively muchsmaller. As
reportedin [5], thecommunicationdelayof a die-to-dievia is
muchlessthanaFO4delayin the70nmtechnology.

3 ProcessorModules in Exploration
In this sectionwe �rst analyzethecustomdesignof individ-

ual componentslike instructionscheduler, KoggeStoneadder
andLogarithmicshifterin 3D. Thenwedescribeastandardcell
based3D design�o w which leveragesthecommercial2D de-
signtool.

����� ���������������! #"$�%���'&�(*)+�-,.(/�

Theinstructionschedulerconsistsof two majorcomponents,
wake-upandselectionlogic. Thewake-uplogic is responsible
for awakening instructionsand the selectionlogic determines
which instructionsto beissuedup to themaximumissuewidth
of aprocessor. Dueto itscomplexity, it consumesalot of energy
andis alsopredictedto bea clock speedlimiter [16] asfeature
sizescales.

The architecturallevel structureof both wake-uplogic and
selectionlogic areshown in Figure2. Our implementationsof
thesecomponentsadoptedthe architecturaldesignsproposed
in [16]. The delay of the wake-up logic canbe expressedas
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, where
;>=6?A@CBADUEWGCI

representsthetime takenby buffersto drive tagbits,
;S=6?A@MLV?A=6NPO

representsthetime for acomparisoncell implementedasCAM
structureto pull down thematchline, and

;XRTDULV?A=6NPO

represents
thetime neededto OR individual matchline. Thedelayof the
selectionlogic is composedof thepropagationtime for request
signalsto getto therootarbitercell, thetimefor therootarbiter
cell to generatethegrantsignal,andthe time to propagatethe
grantsignalto theselectedinstructionfor startingexecution.

The delay of the wake-up logic is affectedby both issue
width andwindow size,whereasthe selectiondelayis mostly
in�uenced by thesizeof the instructionwindow. More specif-
ically, the

;
=6?M@MBADUEHGCI

is the mostin�uential onein decidingthe
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Figure 2. (a) Wake-up logic. (b) Selection logic.

overall delayof the issuelogic basedon HSPICEsimulations
resultsshown in Figures3(a),3(b),and3(c). Figure3(d)shows
the power consumptionincreasewith window sizedue to big
cumulativecapacitance,andwith issuewidth dueto morewires
thatneededbetweenfunctionalunitsandcomparisoncells.

(a) (b)

(c) (d)

Figure 3. Wake-up logic delay breakdo wn and power
with diff erent issue widths and diff erent windo w size.

Figure4(a)showsthedelaybreakdown of thewake-uplogic
with differentissuewidthsanda �x edinstructionwindow size
of 64. It canbe observedthat the time of

;XRFDFLV?A=6NPO

is only af-
fectedby theissuewidth, albeitslightly. This is becausethede-
lay of anORgateis mainlydecidedby thenumberof inputpins
it has,whichcorrespondsto theissuewidth. Ontheotherhand,
window sizehasgreaterimpacton the delaythanissuewidth
becausethewire delayis moreeminentin advancedtechnolo-
gies.Notethat,neitherthewindow sizenor theissuewidth af-
fectsthetimeof tag-matchsincethecomparisoncell isdesigned
basedonCAM structureandits delayis solelydependentonthe
timefor dischargingthematchline. Figure4(b)showsthedelay
breakdown of theselectionlogic for differentwindow sizesand
issuewidth of 8. As canbe observed, the delayof the arbiter
is independentof thewindow sizeandtheincreasein delayfor
forwardandbackwardpathsarenot100%for window size8 to
16 andwindow size32 to 64 dueto the

3.Y[Z!\

structure[16] of
theselectionlogic.

As currentandfuture micro-architecturaldesignshave ten-
denciesof adoptingwider instruction issuewidth and larger



(a) (b)

Figure 4. (a) Wake-up logic delay breakdo wn. (b) Se-
lection logic delay breakdo wn.

window size,thelonglatency of
; =6?A@CBADFEHGCI

will only exacerbate.
Onesolutionto tacklethewire-inducedproblemsis themoveto
3D technology, andthusimplementingthis logic in 3D to miti-
gatethederivative issuesof

; =6?A@CBADFEHGCI

. Fromthis point of view,
two possiblepartitioningapproachescanbeappliedto thelong
tag-drive lines. The �rst oneis referredto ashorizontalparti-
tioning (shown in Figure5a),which cutsthe tag-drive lines in
half horizontallyandplaceone-halflengthof tag-drive lineson
the�rst layerandthatof theotheronthesecondlayerassuming
two active device strataareused.In otherwords,we duplicate
thetag-drive lineswith only half-long lengthof tag-drive lines
onto eachlayer andthusloweredwire capacitancecanbe ac-
quired.Wereferthesecondapproachto asverticalpartitioning
(shown in Figure5b), which separatesthetag-drive linesverti-
cally into two halves.Thatis, wecanassumetag[0:3]is onone
stratumwhile tag[4:7]is onanotherstratum.
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Figure 5. (a) Horizontal par titioning of tag-drive . (b)
Vertical par titioning of tag-drive .
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In this section,we look at 3D arithmeticunit designs.Ac-
cordingto [3], highly parallelcircuitsbene�t morefrom thein-
creasednumberof neighboringgatesin 3D systemsthanthose
highlyserialcircuits.Therefore,weonly investigatesomearith-
metic function units that can have potential improvementon
critical pathswhile implementedon3D.

3.2.1 KoggeStoneadder

The KoggeStone(KS) adder[17] is oneof the fastestadders
in CMOS design. Sincethe interconnectlengthin the critical
path increaseslinearly with the numberof inputs, wire delay
dominatesits performancein thecurrentdeepsub-microntech-
nologies[18].

Figure6(a)shows the2D placementof the16-bit KS adder
andFigure6(b) shows the correspondingschematic3D place-
mentof this adderin 4 strata. For the sake of clarity only the
bottom3 strataareshown. The3D strataareshown in different
colorsin orderto matchthecorresponding2Ddesign.Notethat,
3D via contacts,not shown in the�gure, areneededfor signals
to travel acrossstrata.Thecritical pathin 2D koggestoneadder
spansfrom top-rightcornerto thebottom-leftcorner[18]. The
critical path (highlightedin bold line) as identi�ed by circuit
simulationin the2D adderspansacross12 cellsagainst3 cells
in 3D. It is visible from the 3D placementthat the cell place-
mentwrapsaroundfor every4 cell, whichgivesa maximumof
4x wire lengthreductionin 3D alongthecritical paths.

(a)

(b)

Figure 6. 16-bit KS adder[18] in 2D (a) and 3D (b), crit-
ical path is sho wn in bold line .

3.2.2 Logarithmic shifter
Anotherdesignwhich haswire delayimpactson performance
is the logarithmicshifter [17]. The 2D layout of the 8-bit log
shifterin Figure7(a)showsthelineardependenceof wire length
on thenumberof inputs. Themetricusedhereto calculatethe
wire length is the numberof cells crossedby the wire before
reachingthedestination(i.e., wire lengthis calculatedin num-
berof cell units).

Thecells in the8-bit log shifterare2-1 muxeswhich getsit
selectsignalfrom s0,s1,ands2. Figure7(b) shows theplace-
mentof theshiftercells in 2 strata.The2D implementationof
log shifterhasacritical pathhighlightedin bold line of 10cells,
while asthecorrespondingpathin 3D spansonly 4 cellsand2
viasasshown in the�gures.

���h� ij`b^lkm,#">npoT"_�b�_^a^f(/�� #g_�

Customdesigntakeshugeamountof time for designingand
testing.Hencedesigninglargercomponentsnecessitatesastan-



(a)

(b)

Figure 7. Log shifter[18] in 2D (a) and 3D (b), critical
path is sho wn in bold line .

dardcell baseddesign�o w to automate3D design.Recentef-
fortshavefocusedondevelopingtoolsfor supporting3D phys-
ical design[1]. Many studyhaslookedin to thephysicaldesign
framework for 3D IC which includes�oor -planning,placement
androutingissues[19, 20, 21].

We proposeaneasy-to-adopt3D design�o w (shown in Fig-
ure8) thataugmentsthecommercial2D design�o w to do per-
formanceexplorationof 3D design.This tool-setprovidesca-
pability for fastexplorationof 3D designspaceatanearlystage
of designwith accuracy. We synthesizedvariousdesignsusing
SynopsisDesignCompiler. Thenplaced,androutedthedesigns
usingCadencesiliconensemble[22]. MIT PR3D[23, 1] which
is a 3D partition tool, wasusedto partition the2D designinto
variouslayers. SynopsisPrimeTime [24] wasusedfor timing
analysis. Timing datafor the 3D designwas extractedusing
our in-house3D net-list extractionandtiming datageneration
scripts,which insert3D inter-wafervia timing informationinto
thenet-list,to generate3D timing data.

4 Experimental Results
The processor's componentsmentionedin Section3.1 and

3.2wereall modeledin 70nmtechnologyBSIM transistormod-
els [25]. The implementationsof thesecustomdesignswere
basedon a MIT tool, 3D Magic [1], which is a layouttool cus-
tomizedfor 3D designs.The latency andpower of all compo-
nentsin 2D and 3D were acquiredthrougha combinationof
circuit-level HSPICEsimulations. To model the performance
anddelayimpactsof the3D via moreaccurately, theRC delay
of 3D via is addedto the circuits to re�ect its in�uence. The
resistanceof 3D via is estimatedto be10q>r ohm-cms basedon
actualresistancemeasurement[26], andthe capacitanceis es-
timatedasthecapacitanceof a 1
 m-by-1
 m contactusingthe

Figure 8. 3D-CAD design �o w.

top metal layerandtheheightof the interlayervia is assumed
to be2
 m. Basedonthebene�tsof transferringto 3D, weeval-
uatedtheperformanceimpactof 3D microprocessorwith some
applicationsfrom SPEC2000benchmarksuite.
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Figure9a shows the latency bene�ts for tag-drive by using
differentnumbersof strata.For thehorizontalpartitioning,we
observedthe latency improvementof 44% whenmoving from
2Dto 2-strata3D implementations,22%fromtwo to threestrata
andanadditional16%improvementwith themovefrom two to
four strata.For theverticalpartitioning,weonly show theresult
of 4%improvementfor 2stratabecauseaddingmoredevicelay-
ershaslittle bene�t. Therefore,only thehorizontalpartitioning
will beconsideredin thefollowing experiments.

(a)

(b) (c)

Figure 9. (a)Tag drive latencies, (b)Single loop delay
of issue logic, and (c)Power consumption under dif-
ferent stratum con�gurations.

Basedon Figure9athedelayof thetag-drivescaleslinearly
asthenumberof window sizesincreasesfor two strata.How-
ever, wecanobservesome�at performancetrendsfor boththree
andfour strata.This is becausethenumberof window entries
locatedon differentstrataarethesamein somecasesandthus
resultsin thesametag-drivelatency. For example,window size
40 haspartitionsof 3, 3, and4 sectionsof window entriesand
eachof thesectionhasfour window entries(dueto theselection



logic structure)Sothewindow size40 have thetag-drivedelay
of traveling4 sectionsof window entriesandreachingdown the
tagcomparisoncells.

wehaveevaluatedthesingleloopdelay(wake-upandselect)
reductionobtainedfrom 3D integrationandtheresultis shown
in Figure9b. Theaveragedelayreductionis 23%acrossall � ve
window sizeswhencomparing2D and2-strata3D implemen-
tations. Additional reductions,6% and10%, canbe observed
whenimplementeduponthreeandfour strata.Notethat,these-
lectionlogic is pitch-matchedto thewake-uplogic and3D vias
areaddedasneeded.Thedelaytimeof theselectionlogic is not
changedsigni�cantly in 3D dueto its

36Y[Z!\

structure.Figure9c
shows thepower comparisonbetween2D and3D implementa-
tions. Theaveragepower reductionis 16%for all � ve window
sizeswith two strata,andadditionalreductions,6% and8%are
obtainablewith threeandfour strataimplementations.Basedon
theprecedingresults,we observe thatthe issuelogic is a wire-
boundstructure.Thus,themove from 2D to 3D is essentially
helpful in relieving thewire-relatedimpacts.

tu�6] �_^wvS�� .�!&�cd(*�! #�xcd"�)-�-,#(*�

Table 1 shows the power and performanceresultsof both
theKS adderandthelog shifterwhenimplementedon 2D and
3D, usingcustomlayoutdesigns.Theresultsshown in Table1
for 16-bit KoggeStoneadderelicit an improvementin perfor-
mance(power saving) from 20.23%(8%) in 2-stratato 32.7%
(22%) in 4-strata3D design. We consideronly a 2-strataim-
plementationfor thelog shifterbecauseonly marginalbene�t is
observedwhengoingbeyondtwo strata.Theimprovementsare
alsonoticeablefor the16-bit (32-bit) log shifteron 2-strata3D
with 13.4%(28.4%)on performanceand6.5%(8%) on power
comparedto the2D implementation.

70nmtechnology
16-bitKS adder Log 16 Log 32

delay(ps) power(mw) delay power delay power
2D 504 0.87 224 0.77 398 2.0

2-strata 402 0.80 194 0.72 285 1.84
3-strata 385 0.74
4-strata 339 0.68

Performanceimprovementandpowersavingsof 3D over 2D design
2-strata 20.23% 8% 13.4% 6.5% 28.4% 8%
3-strata 23.6% 15% - - - -
4-strata 32.7% 22% - - - -

Table 1. 2D and 3D implementations of adder and
shifter using custom layout designs.

BK-BrentKung,KS-KoggeStone
TSMC90nmtechnology

Delay(ns)
BK Adder KS Adder BoothMult Array Mult

# of inputbits (32bit) (32bit) (9bit) (8bit)
2D 1.35 0.83 3.78 4.09

2-strata 1.22 0.72 3.27 3.56
3-strata 1.08 0.68 2.18 3.31
4-strata 1.08 0.65 2.18 3.18

Performanceimprovementof 3D over 2D design
2-strata 9.6% 13.3% 13.4% 12%
3-strata 20% 18.1% 42.3% 19%
4-strata 20% 21.7% 42.3% 22.2%

Table 2. 2D vs 3D perf ormance comparison of Brent
Kung adder, kogge stone adder, Booth and Arra y Mul-
tiplier using 3D-CAD design �o w

Ontheotherhand,weusedourstandardcell 3D design�o w
to designvarietyof arithmeticunits rangingfrom 32-bit pre�x
addersto (8 and9 bit) multipliersin 3D. Thesearithmeticunits
weredesignedusingour3D design�o w with TSMC90nmstan-
dardcell library. Improvementin performanceof the3D design

as the numberof device layers increasesis evident from the
resultsshown in Table 2. Its interestingto observethattheper-
formanceof 32-bitBrentKungadderand9-bit Boothmultiplier
in 3D doesnot improve for morethan3 layersof integration.
Thesetrendsarevery importantto be capturedat a very early
stageof designfor anef�cient 3D IC design.In this regardour
proposedtool �o w aidsquick 3D designanalysis.

(a) (b)

Figure 10. Temperature pro�le of (a)Instruction sched-
uler , (b)Arithmetic units.
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Thermalimpactof theproposedcustomdesignsareanalyzed
usinga 3D hot-spottool HS3D [27]. We usea Silicon layer
thicknessof 10
 m andaninterlayerthicknessof 2
 m [28], and
via pitchof 1
 mx1
 m. Thethermalanalysisassumesanambi-
enttemperatureof 45• Caroundthemodules,astheexperiments
aredonefor individualmodules.AveragePeak-temperaturein-
creaseof a 4 layer designfrom a 2D designfor 8 wide issue
logic is 10• C for all window sizes(Figure10a),16-bit kogge
stoneadder(KS16)is 5• C,16-bitand32-bitLog shifter(Log16
andLog32respectively) is 20• C (Figure10b).Signi�cant ther-
mal impacton Log shifter is dueto its compact3D designand
minimalpowerreductionin 3D,comparedto theissuelogic and
koggestonedesign.

Without consideringthe thermal impact of 3D design,the
performanceandpower improvementof all thecustomdesigns
in 3D from their 2D areprovided in Section4A and4B. The
performance(power) improvementof the 3D designover 2D
accountingfor the thermaldelay-degradation(leakagepower
increase)is still 31.5%(22.6%)for 8 wideissuelogic averaging
overall window sizes,29.24%(15.1%)for 4-layer16-bitKogge
Stoneadder, 6.64%(0.4%) for 2-layer16-bit Log shifter and
21.6%(1.2%)for 2-layer32-bit Log shifter.

Theperformance(power) improvementaccountingfor ther-
mal delay-degradation (leakage power increase) is 21.6%
(15.5%)for 2 layerdesignof 8-wideissuelogic averagingover
all window sizes.Thelayoutfor 16-bitkoggestoneis suchthat
thepower densityin 2 and3 layer designsarenot effective in
increasingits temperaturecomparedto its 2D designandhence
nosigni�cant differencein performanceandpowercomparedto
its 2D design. The performanceimprovementthusachievable
from 3D evenafterincludingthethermalimpactis substantial.

tu�€t •‚(/�!oF"X��cdv}�u�*(Q �cdƒ�v}���

we considertheperformanceimpactfrom a 2-strataproces-
sor in which we observe the largestgain, andwith the reason
that the performanceand cost are unjusti�ed whengoing be-
yondtwo stratawith thecurrentavailabletechnology. Fromthe
resultsshown in section4.3,we observe that thelatency of the



issuelogic,KS adder, shiftercanbereducedby 21.6%,20.23%,
and21.6%with a 2-strata3D technologyunderthermalcon-
straintscreatedby 3D placement.Basedon the recentresults
reportedin [4, 5], the cachecanbe clocked 10%„ 13% faster
whenimplementedupona 2-strata3D architecture.Sincethe
structureof a register�le is similar to thatof cache,we assume
similar bene�ts. We alsoassumetheLoad/Storequeueto have
samelatency reductionasin issuelogic dueto theirsimilarities.

3D bene�ts allows for either a larger and complex design
(suchasalargerwindow size)or afasterdesign(suchasafaster
L2 cache).Instructionschedulerdesignedin 3D with twice as
many entriesis claimedto havesamelatency astheoriginal2D
implementation[8]. we have thusenlargedsomestructuresin
orderto exploit moreinstruction-level parallelism,andlowered
latenciesfor somememorycomponents.Table3 lists the pa-
rametersfor both 2D and3D processors.Note that to have a
fair comparisonbetweena2D anda3D design,weassumethat
theclock ratesareequivalent.

Weusedanarchitecturallevel simulator, Simple-Scalar[29],
with applicationsfrom theSPEC2000benchmarksuiteto eval-
uatetheperformanceimpact.Theresultis shown in Figure11.
As canbeobservedfrom the�gure, theenlargedstructuresand
the lowering latenciesin 3D caneffectively extract moreIPC
comparedto the conventional2D implementationof proces-
sors. The averageIPC speedupis 11% acrossall � ve applica-
tions;however, webelievemoreimprovementscanbeachieved
if more3D-optimizedcomponentscanbeincorporated.

2D 3D
Issuewidth 8 8

Window size 32 64
ROB Size 128 128
IL1,DL1 32KB,3cycle 64KB,3cycle

RegisterFile 128 128
Load/StoreQueue 16 32

Uni�ed L2 1MB,8 cycle 1MB,7 cycle

Table 3. Processor parameter s for 2D and 3D imple-
mentations.

Figure 11. IPC results for 2D and 3D processor s.

5 Conclusion
The 3D technologycan reducewire lengtheffectively and

thistechniqueis especiallyprominentfor wire-boundfunctional
units in bringing power down from charging and discharging
longwires.In thispaper, wehaveexploredthepotentialbene�ts
of a few componentsof amicroprocessorwhenimplementedin
3D. From our experimentalresults,we showed that delayand
power canbe reducedasthe numberof active layersusedin-
creasesconsideringthermalconstraints.Basedon the latency
improvement,weevaluatedtheperformanceimpactthroughar-
chitecturallevel simulatorwith SPEC2000applicationsandthe

resultshows anaveragespeedupof 11%canbeachievedcom-
paredto the conventional2D implementationof microproces-
sor. We introduceanautomated3D design�o w which helpsin
earlyexplorationof 3D design.Theresultsfrom thedesign�o w
show prospectsfor designingtheALU componentsin 3D.
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