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Abstract— One of the major concems for a 3-D packageis to
deal with power supply noise. Decoupling Capacitances(decap)
allocation is a powerful techniqueto suppresspower supply noise.
In this work we integrate noise analysis and decap estimation
in the oor planning process.We also use the global routers
results directly to estimate congestionand tight couple global
routing with oor planning to get a better area/congestiortrade-
off. Our experiments prove the quality of our approach. We
obtain improvementsin both decapamount and congestionwith
only small increasein area, wir elength and runtime.

|. INTRODUCTION

Thetrue potentialof System-On-Bckagg SOP)technology
illustratedin Figure 1 lies in its capability to integrate both
active andpassie componenténto a singlehigh speed/density
3D packagingsubstrate.3D packaging offers an order of
magnitude saving in area, delay and power comparedto
the corventional PCB and MCM technology We leverage
our recently developed 3D packaginglayout tool to tackle
power supply noiseand congestiorproblemthat are seriously
threateningthe performanceand reliability of 3D packaging.
Existing approachesonsidempower supplynoiseand conges-
tion asanafterthoughtwhich mayrequireexcessie amountof
decouplingcapacitancé= decap)o suppresshe Simultaneous
SwitchingNoise (SSN)andincreasehe overall layout areato
alleviate congestiorproblem.In addition, mary iterationsare
required betweenfull-length SSN/congestiorsimulation and
manuallayoutrepairuntil we corvergeto a satishctoryresult.
Our goal is to overcomethis problem with decap/thermal-
aware 3D layout tools.

Pawer supplynoiseis acrucialfactordecidingthereliability
andensuringthe correctfunctioningof ary circuit. The areaof
3-D packaginghasseenot of recentdevelopmentsPrototypes
have beendevelopedand studiessuggesthat 3-D integration
technologieshave a lot of adwantagesto offer in terms of
reducedareaof packageand systemintegration. In simple
terms, 3-D packagecan be seenas a multi-layer placement
androuting system.The continuingtrend of shrinkingfeature
sizein recentdesign,have alsoled to reducedpower supply
This resultsin reducednoise mamgin which effects reliabil-
ity and may even causefunctional failures due to spurious
transitions. Signal integrity is an important aspectof 3-D
packagingsystemsand must be addresseckarly on in the
designprocessTwo of the dominatingfactorsreducingsignal
integrity arepower-supplynoiseandcrosstalk Circuitsdraw a

large volume of instantaneousurrentduring switchingwhich
causesvoltage swings at the power sources.The swingsare
compoundedby the presenceof several switching entities
which causesimultaneouswitchingnoise(SSN).A transistor
drawing currentfrom a noisy sourceis likely to causelogic
failuresdue to its decreasedirive capability Hencein order
to ensurea high quality design SSN must be suppressed.
Recentworkshave addressetheissueof decouplingcapacitor
allocationandpower supplynoisesuppressioifior general-D
oorplans [1] and standardcell layout [2]. The exact calcu-
lation of power-supply noiseis however too time consuming
to be usedfor oorplan evaluation.The major contribution of
theseworks is modelingpower/ground(P/G) network and an
efcient schemeto calculatepower supply noise.

The processof Global Routing for 3D packagingis also
very differentfrom that of the moreconventionaltechnologies
(PCB, StandardCells and MCM). The 3-D global routing
is multi-layer like MCM, but unlike MCM, routing must
be done betweenmary placementlayers. The routers for
MCM, describedin the literature [3], [4], [5], can be used
to develop routing tools for 3-D but issuessuch as signal
integrity, crosstalk via-minimization,pinassignmenandlayer
assignmentmust be addressedn the contet of the 3-D
technology Estimating congestionto a reasonabldevel of
accurag during the oorplaning processis atleastas hard
as global routing itself. The congestionpro le itself is very
sensitve to the objectivesin globalrouting.In orderto achieve
good placementand routing, congestionmust be involved
during oorplanning.

The contribution of the paperis threefold:

1) We modelthe power supply network of a 3-D package
basedon a correspondingelegant techniquefor 2-D
oorplans.

2) We also study the inclusion of accuratecongestion
metricin the costfunction of oorplaning.

3) Simulated Annealing and an intelligent schedulefor
invoking the exact analyzersis usedto do decapand
congestioraware oorplanning.

The problemformulationis dealtin Section2. Noiseanaly-
sis and decapestimationtechniqueshave beenoutlinedin the
Section3. Congestiorestimatiorhasbeenexplainedin Section
4. The algorithmoverview is givenin Section5. Experimental
resultsare presentedn Section6. Section7 concludesour



Fig. 1. lllustration of embeddedgassies and 3D packaging
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Il. PROBLEM FORMULATION

Givenasetof blocks = y , anetlist
= s , width, height,and maX|mumSW|tch|ng
currentsfor eachblock andthe numberof placementayers ,
andconstants , , , nd thelocationof eachblock ,
and placementayer suchthat

is minimized,where , and arethearea,congestiorand
decapallocationcostsfor the oorplan.

I1.
A. SSNModeling

The blocks are modeledas a time-varying current source
for the purposeof noise analysis[2]. Figure 2 illustrates
the model. and consistsof voltage sources,currentsources,
conductanceand capacitances.Thealue of the current
is proportionalto the switching actiity of the block andis
given by the function:

DECAP ESTIMATION

if

if

if

if
The noise , canbe de ned in simple termsasthe amount
of voltage drop that the block sees,from the actual supply
voltageof is the effective voltagesourcevalue
as seenby the block. The noise may be detrimentalto the
circuit functioningif the noisegoesbelow the supply-wltage
toleranceof the block. Allocating on-chipdecouplingcapacitor
is a powerful techniqueto keepthe noiseto a tolerablelimit.
With the allocationof decap , theload voltageseenby the
circuit is given by

V load

Vdd I load

Fig. 2. Representationf the blocks andthe power supply network

where

The magnitudeof the maximumnoise
is given by

Fromthegivenequationit is clearthatin orderto reducenoise
for a given block we should drastically increasethe second
termin the above equation.In orderto reduce

we shouldincrease  while decreasing and and

can be decreasedy placing the decapand the current
source closer to the power source. The decap can be
allocatedby dedicatinga small areain the oorplan. Since
this meansan overheadin termsof increasedoorplan area,
it is also desiredthat the decapallocationis minimized while
satisfyingthe power supply noisetolerance.

B. 3D Power SupplyNoiseModeling

The analysisabose computedthe noiseanddecapfor a sin-
gle block. In caseof a oorplan containingnumerousblocks,
the noiseexperiencedy a singleblock is alsoaffectedby the
presencef othercurrentconsumingblocks. This phenomenon
is calledthe Simultaneou$witding Noise(SSN).To compute
the exact SSN for the blocks is a computationallyintensive
processrequiringdetailedmodelingof the layoutandlengthy
simulations.In order to do a quick evaluationof SSN for a
given oorplan, a simpler model is required. The model of
interestis describedn [1].

The power is provided to the multilayer oorplans by
multilayer power/ground(P/G) planes.The power planesare
connectedo eachotherthroughhighly conductingvias. One
of the extremalplacementayers(usuallythe bottom) connect
to theactualpower pins. The P/G network for a 3-dimensional
oorplan is modeledasa 3-D grid graphas shown in Figure
3. Each placementlayer in the multi-layer oorplan is rep-
resentedas a mesh.The meshis connectedby edgeswhich
representhe via in the P/G network. The edgesin the mesh
have inductive and resistve impedancesThe meshcontains
power-supply points and connectionpoints. The connection



Fig. 3. 3D power supply modeling

points consumecurrents.The currentis dravn from all the
sourcesby the consumersandthe currentdravn alonga path
is inversely proportionalto the impedanceof the pathin the
power supply mesh.If for a particularblock , ,

be the currentsdravn from  power sourcesn the grid then

where is the switching currentdemandof the block. Then,

where is theimpedance®f path . If then

The current distribution for all blocks can be calculated
usingthe abore equationsl!f be the current
pathsunderconsideratiorfor a consumetblock , thenthe
currentdistribution on the pathscan be found by the above
equations.

Let be the dominantcurrent path. Then

denotesthe set of pathsoverlappingwith
Let be the overlappingbetweenpath  and . After
the current pathsand their valueshave beendeterminedfor
all blocks,the SSN for is given by

where isthecurrentin thepath , whichis the sumof all
currentsthroughthis path to various consumer The weigths
of  and itsrate of changeare the resistve and inductive
component®f the path.

Let denotethe maximumchage drawvn from the power
supply by block . If , Where

is the noisetolerance the decapallocatedto block

is given by

The decapcostis given by

@)

Algorithm: DECAP_EST
Input:  3-D floorplan

output: Noise & Decap for each block

Foreach block
Find dominant power sources.
Choose number of paths.
Distribute Currents  in
Add current to the edges in
End

the Paths.
the Path.

Foreach block
Find dominant Current
Calculate Noise.
Calculate Decap.
End

Path.

Fig. 4. SSNandDecapEstimation

It has beenshonvn experimentallyin [1] that a fair enough
estimateof the SSN can be doneby consideringthe shortest
and the secondshortestpaths of currentsfrom the power
supply pointsto the connectionpoints.

The pseudocoddor decapestimationis given in Figure
4. The dominant sourceis de ned as the voltage source
supplying signi cantly more power to the block than the
other neighbouringsources.Dominant Path for the block is
a path from the supply to the block causingthe most drop
in voltage. In the noise analysisof the 3-D oorplans, the
dominantsourcesand pathsfor eachblock is found out. The
currentis distributedin the pathsaccordingto the expressions
outlinedearlier After this procedurethe noiseanddecapcan
be estimatedusing the formula given.

IV. CONGESTION ESTIMATION
A. 3D CongestionModeling

In the 3-D packagewe alsoallow routing to be multi-layer
betweenthe placementayers.We modelthe routing resource
betweenplacementayers,asa 3-D grid graph.The nodesin
the graphrepresenthe routing areaand the edgesdenotethe
adjacenyg betweenthe bondariesof the routing area.A route
taken by the netis a pathin this grid graphin casethe net
hastwo pinsor atreein casethe netis multi-pin. We obsene
thata netcanhave its entirepin in the single placementayer
or the pins may be locatedin different placementayers.For
the purposeof congestioranalysiswe segmentthe nets,such
that the subnetsresidein a single routing interval, which is
de ned asthe region betweenthe two placementayers.The
routing density of the edgein the grid graphis de ned to be
the total numberof netsutilizing the edge.Let
be the grid graphrepresentinghe routing resourcemodel of
routinginterval . Suppose be the setof subnetdor the
routinginterval . Thentherouting densityof anedge in
is



Then, is the local congestionin routing in-
tenal . Thecongestiorof the3-D oorplan with  placement
layersis given by

)

Thevalueof thecongestion determineshenumberof layers
requiredfor routing andis a very importantfactorduring the
manufcturing process.A more uniform usageof the grid
graphresultsin lessercongestion.We use resultsof a fast
global routerto estimatethe exactvalue of congestionln the
following paragraphwe outline the stepsof the router

The global routing is donein mary steps[6], [7], [8] as
illustratedin Figure 5, the essentiabnesof which are:

1) Net Segmentation:Nets traversing multiple routing in-
tervals are sggmentednto subnetswvhich are part of the
net con ned to the singleinterval.

Pin Generation:Pins are generatedor netswhich also
de nes the locationswhere the net entersor exits the
interval.

Net Distribution: RoutinglInterval is selectedor thenets
which have a choiceof theroutingregions.For example,
netshaving all its pin the same oorplan layer caneither
be routedabove or below this layer, if this layeris not
the bottommostor topmostof the package.
DetailedPin Distribution: The pins are assigned legal
locationin the routing interval. Specialcareis taken to
distribute the pins uniformly in the routing interval.
Topology Generation:A topology for each subnetis
generatedn the local grid graph([5].

2)

3)

4)

5)

B. Fast3D CongestionEstimationAlgorithm

Since congestionis a part of the cost function usedin
the oorplanner, its value needsto be determinedafter each
move. However calling the full-length global router at each
move to estimatecongestioris not feasible.In orderto tackle
this problem, the optimization routine runs completeglobal
routing on the candidatecon guration only at certain points
accordingto the schedulingpolicy. At all other moves the
value of congestiommustbe estimatedWe have a very simple
methodof estimatingcongestiorbasedon the previous values
of actualcongestionslet us assumea very simple policy for
calling the global router for accuratecongestionanalysis,i.e
after every x ed numberof moves (say ). Let the values
of area,wirelength,decapand congestionat the call be

and at is . If at move
, the parameterf the con guration
canbe estimatedas

where . Its to be notedthat is only an
approximatevalue for congestionat move b. The estimated
value of congestionis reasonablecloseto actual value only
if certainconditionsare ful lled. Namely the next move is a

Algorithm: DC_FLOOR
Input: netlist, current
output: 3D Placement

demand, L

TO = initial temperature;
oldcost = INFINITY;
generate_init_floorplan();
while  (stop_condition
generate_new_floorplan();
analyze_SSN();
if (allowed_schedule)
3D_global_router();
costl = estimated_decap_cost();
cost2 = estimated_congestion_cost();
cost3 = estimated_3D_area();
new_cost = a*costl + b*cost2
diff = oldcost - newcost;
if  (diff < 0)
accept_move();
update_best();
oldcost = netcost;

FALSE)

+ c*cost3;

else
prob_accept_move();
update Tk;

Fig. 6. algorithm

small perturbationof the current one and doesnt result in
value swings of the individual cost parametersSince in a
simulatedannealingbased oorplanner thereis no sure and
easyway of ensuringthe secondcondition,the estimatedsalue
maybequite erroneousn practice.A seriousconsequencef
this techniqueis that a wrongly estimatedcost function is
selectedasthe bestsolutionwhile the actualvalueof the cost
is quite disparatewith the estimatedone. The solutionis to
allow the value of estimatedcongestionto vary only within
a certain range . This preventsa
pathologicalcon guration from becomingthe bestsolution.

V. DECAP AND CONGESTION MINIMIZATION

SimulatedAnnealingis a very popularapproachfor oor -
planning [9] becauseof it high solution quality. Another
motivationfor usingthis approachs its e xibility in handling
varioustypesof costfunctions.Asin 2-D oorplan theefcacy
of the orplanning algorithm dependson its representation.
Several oorplan representationbave beenpresentedn the
literature.Someof the well known onesare polish expression
for slicing oorplans [9], sequence-paifd 0], O-tree[11], B*
tree[12] for generalnon-slicing oorplans. The N-layered3-
D oorplan [13] is representethy N sequenceairs,eachone
representinghe oorplan at eachlevel.

A new oorplan is generatedy de ning somemovesbased
onthe oorplan representationsSincecalling the globalrouter
is too expensve at eachcostevaluation,a schedules de ned
for calling the global router at someprede nedintervals.

Figure 6 presentsthe pseudocodefor the optimization
routine.Simulatedannealingprocedurestarts with an initial
multilayer oorplan and old cost of in nity . Basedon the



Fig. 5. 3D global routing

currentcon guration the area, wirelength and congestionis
calculated.If the scheduleallows for the currentmove, the
global routeris called and the exact congestionis calculated,
or else an approximatevalue of the congestionis estimated
is basedon previous accuratevaluesof congestionand other
metricsashasbeenoutlinedin the previous section.The new
costis the weightedsum of all the metrics.If the new costis
lower than the old one, the solutionis acceptedand the old
costis assignedhe new cost.If the new costis morethanthe
old cost,thesolutionis acceptedvith a probabilitygivenby an
exponentialfunction of the differenceof the old andthe new
cost. Temperaturdevels are de ned beforehandand at each
level certain numbersof moves are made. The temperature
levels are decreasedby a multiplicative factor The algorithm
stopswhenthe stoppingor thefreezingtemperaturés reached.

VI. EXPERIMENTAL RESULTS

We implementedthe proposedalgorithms and analysis
tools using C++/STL. Our programwas evaluatedusing the
GSRCbenchmarksThe currentdemanddor the blockswere
randomlygeneratedWe designedseveral experimentsto test
the efciency of our algorithms. Twenty temperaturdevels
arede ned and hundredmovesare madein eachtemperature
level. We chose our baselineas the layout optimized for
wirelength.We de ne areautilization asthe ratio of the area
of the sum of the block areasdivided by the number of
layersto the areaof the multi-layer oorplan. Thereforehigher
utilization meansbettersolution quality in termsof area.

A. Decap/CongstionOptimizationResults

We compareour congestiondriven and congestiondriven
oorplanning in terms of the four quality metrics, area uti-

lization, wirelength,decapamountand congestionn Tablel.
The baselinds comparedwith the area,wirelength,decapand
congestiondriven oorplanning using frequeny of analyzer
calls per 50 moves,in Tablell. The impactof the frequeny
of global router calls is takulated in Table Ill, where the
solution is measuredn termsof decapand congestion.For
the calculationof the cost function, the areaand wirelength
are normalizedusinga x ed constant.The weightsusedfor
thearea, wirelength,decapandcongestiorare1,1,2and1 for
the multi-objective oorplanning. For the caseof congestion
drivenoptimizationwe let the weight of congestiorin the cost
function to vary betweenl and 4.

The results obtained are highly sensitve to the weights
of the metrics in the cost factor In the tables we report
the solution, keepingweights of the solution quality metrics
constantacrossthe benchmarksHowever we noticedthatthe
solution of all circuits can be improved by ne tuning the
parametersWe do noticesomepredictabletrendsin the tables
which canbe summarizedas follows.

The decapdriven oorplaning gives reduceddecap(av-
erageof 20% andmaximumof 25%)for all circuits with
only asmallpercentagelecreasén areautilization(19%),
sincethe decapis calculatedat eachmove.

The congestionoptimization is highly sensitve to pa-
rameterssincewe are also using approximatevaluesto
acceptsolutions. There is 3% improvementin conges-
tion. The maximumimprovementof congestionfor the
benchmarkss 15%.

We wereableto achieze improvementsn bothcongestion
anddecapover the baselinewith only a slightincreasean
area(23% on the average)and wirelength (15% on the



TABLE IV
DECAP-CONGESTION CORRELATION

decap congestion| decap/congestion

ckt range ave range ave
n50 [0, 25.8] 505 [0,0.41] 0.11
n50b [0, 17.7] 3.33| [0,0.81] 0.13
n50c [0,31.2] 453 | [0,0.44] 0.10
n100 [0, 59.4] 9.05| [0,0.72] 0.11
n100b | [0, 52.0] 9.32 | [0,0.50] 0.12
nl00c | [0, 64.8] 10.55| [0, 1.00] 0.11
n200 | [0,123.7] 19.03| [0, 1.12] 0.10
n200c | [0, 131.6] 17.19| [0, 1.30] 0.14
n300 | [0,175.5] 28.28| [0,1.00] 0.11

average)with only a smallincreasen runtime.

There is a generaltrend for congestionvaluesto get
better with increasedfrequeng of full-length calls but
eachcircuit hasan "in e xion point” wherethe solution
is betterthan others.With decreasingrequeng of the
calls,congestiorgetsworse( 4% on the averageper calls
per 25 moves)and decapgetsbetter(2% on the average
per calls per 25 moves).

The numbersin the table suggesta correlation between
decapand congestion.In order to test the accurag of this
obsenation we ran testsfor investigatingcorrelationbetween
congestionand decap.This was done on a per block basis.
We de ned local congestionof the block as the congestion
in the areaspannedby the block. Table IV gives the range
of the decap-congestioproductsand rangeandtheir average
over the numberof blocks.The differenceof the averagefrom
the midpoint of the rangegives us a measureof correlation
betweendecap and congestion.As can be seenfrom the
table thereis poor correlationbetweenthe two metrics. This
malkes congestionanalysis necessaryduring multi-objective
optimizationduring oorplanning

B. Power SupplyNoise SimulationResults

In this section,power supply noisewas computedfor three
different cases.The modelingmethodin [14] was appliedto
model vdd/gnd planes.This modeling methodusesa cavity
resonatomodelto represeng planepair asanelectromagnetic
system.Since vdd/gnd plane pair acts as a cavity resonator
at high frequencies,it usesthe equivalent circuit in [14]
expressedn termsof , , parametersvhosevaluesare
directly derived from the analytical expressionin [15]. The
capacitanceC' is usedfor storageof electric enegy and
inductancél ' is usedfor storageof magneticenegy, where
at the resonanfrequeng, thereis an exchangeof enegy be-
tweenthe two elementswhich forms a resonatorcircuit. The
conductancéG' is usedto accountfor lossesn conductorand
dielectric. The equivalentcircuit in [14] modelsthe vdd/gnd
planepair asa waveguidethatis coupledto thevariousnatural
modesof the resonatorghroughtransformersBasedon the
physicalparametersuchas width and length of the vdd/gnd
plane, dielectric thickness,permittivity and permeability of
the dielectric, loss tangentof dielectric, conductanceof the
plane,port locationand size, the circuit for the planescanbe
constructedwith other componentsPortsrepresenipositions

on the plane pair where either a current sourceexists or a
voltage is to be measuredThis methodwas then extended
to multiple plane pairs under the skin effect approximation
which allows each plane pair to be modeledseparatelyand
recombinedduring simulation using a corventional circuit
simulatorsuchasHSPICE.

Table V shows power supply noise simulation resultsfor
non-optimizedcasewithout ary decouplingcapacitor In this
case,planestructuresize is 246 mm x 254 mm andvdd/gnd
plane pair was modeled using cavity resonatormodel and
simulatedin HSPICE.The planepair has14 ports. TheDC 5
V sourcearelocatedat 4 edgesdn the planepairand14 current
sourcesexist in the plane pair. The highest current source
is locatedat (x=46 mm, y=31 mm) with value of 2.87241
[A], the secondhighestcurrent sourceis located at (x=89
mm, y=213mm) with valueof 2.31646[A], the third highest
currentsourceis locatedat (x=21.5 mm, y=198 mm) with
value of 1.73231[A]. The power supply noisewas computed
at 14 ports on the plane pair. Table 1 shavs the locations
of the currentsourcesand power supply noise values.Table
V shaws power supply simulation resultsfor optimized case
without any decouplingcapacitorIn this case planestructure
sizeis 292mm x 295mm andvdd/gndplanepairwasmodeled
using cavity resonatomodel and simulatedin HSPICE. The
plane pair has also 14 ports. The DC 5 V sourcesare also
locatedat the edgesin the plane pair and 14 currentsources
exist in the planepair. The highestcurrentsourceis locatedat
(x=46 mm, y=31 mm) with value of 2.87241[A], the second
highestcurrentsourceis locatedat (x=229 mm, y=25 mm)
with value of 2.31646[A], the third highestcurrent source
is locatedat (x=21.5 mm, y=245 mm) with value of 1.73231
[A].

The power supply noise was computedat 14 portsin the
the planepair. TableV shavs power supply noise simulation
results for optimized casewith decoupling capacitors.The
decouplingcapacitorof 32 nF is connectedvith eachcurrent
sourcein parallelin the planepair. So,atotal of 14 decoupling
capacitorswere used in this simulation. Comparedto the
casewithout ary decouplingcapacitoy power supply noise
is reducedpretty much, which proves the effectivenessof
decouplingcapacitorfor reducingpower supply noise.

As can be seenfrom the Table V, the SSN for the decap
optimizedcaseis lower thanthe one optimizedonly for area.
The SSN of the noisiestblock blk4 with noiseof 1.58V is
reducedo 1.42V which s still above thetoleranceevel of 1
V. With the inclusion of decapthe noiseis supressedo 0.22
V, which is within the toleranceof the layout. The noise of
blk11 is increasedrom 1.43V to 1.44 Vwhich is the result
of changeof locationsbut is againbroughtdown within limits
usinga smallamountof decap.The largestamountof decapis
usedfor blk5 (0.50nF), becaus®f anincreasan its SSNafter
optimization.The numbersshowv thatthe SSNwas ef ciently
suppressedind the amountof decapreducedby using our
algorithms.Figure7 shaws the comparisorbetweenSSNwith
and without decapinsertion.



TABLE |

AREA/WIRE-DRIVEN VS DECAP-

DRIVEN VS CONGESTION-DRIVEN

ckts area/wire-drien decap-dren congestion-dvien

name size lyr | util wire decap cong | util wire decap cong | util wire decap cong
n50 50 41081 47599 26.7 23 | 0.57 58503 19.9 251 044 62514 49.1 23
n50b 50 4 | 0.73 45711 27.1 27 | 0.62 52566 185 24 | 0.32 61222 51.45 23
n50c 50 4 | 0.71 52804 30.0 26 | 0.60 51638 16.4 24 | 0.49 54306 37.0 24
nl100 100 4 1 0.78 84469 90.6 40 | 0.59 112131 755 38 | 0.58 105136 106.60 44
nl00b 100 4 | 0.71 69554 98.6 34 | 0.60 88277 78.3 33 | 0.49 89359 102.0 38
n100c 100 4 | 074 82728 100.6 41 | 0.66 105769  71.7 32 | 041 117786 116.9 36
n200 200 4 | 081 171096 226.3 87 | 0.64 211171 209.6 67 | 0.26 246638 264.0 82
n200b 200 4 | 0.81 181526 233.2 83 | 0.67 221619 2145 71 | 0.43 249897 257.6 82
n200c 200 4 | 0.80 168831 237.4 62 | 0.69 195118 214.4 67 | 0.80 168831 237.4 62
n300 300 4 | 0.84 286218 393.8 100 | 0.63 178150 382.7 90 | 0.61 331029 402.9 94

RATIO 1.00 1.00 1.00 1.00]| 0.81 1.12 0.80 0.92 | 0.62 1.26 1.25 0.97

TIME 32 40 70

TABLE Il
AREA/WIRE-DRIVEN VS AREA/WIRE/DECAP/CONGESTION-DRIVEN

area/wire-drien

area/wire/decap/ogeston-driven

ckt util wire decap cong | util wire decap cong

n50 0.81 47599  26.7
n50b 0.73 45711 27.1
n50c 0.71 52804  30.0
n100 0.78 84469 90.6
nl00b | 0.71 69554  98.6
nl00c | 0.74 82728 100.6
n200 0.81 171096 226.3
n200b | 0.81 181526 233.2
n200c | 0.80 168831 237.4
n300 0.84 286218 393.8

23 | 0.64 53751 35.0 24
27 | 0.59 48185 34.0 23
26 | 0.54 58224  26.9 28
40 | 0.63 101458 83.8 38
34| 0.60 81151 86.2 31
41 | 0.73 89316 914 46
87 | 0.62 207946 224.1 79
83 | 0.65 219148 228.2 86
62 | 0.66 200902 230.6 69
100 | 0.62 334278 398.5 95

RATIO | 1.00 1.00 1.00 1.00| 0.81 1.15 1.01  0.99

TIME 32

67

TAB

LE Il

RUNTIME VS QUALITY TRADEOFF. IMPACT OF THE FREQUENCY OF FULL-LENGTH ANALYSISON DECAP AND CONGESTION

ckt decap cong | decap cong | decap cong | decap cong
n50 351 24 35.0 24 34.9 31 30.7 26
n50b 34.7 26 34.0 23 27.8 23 31.0 26
n50c 27.1 24 26.9 28 31.0 25 28.7 26

n100 93.6 43 83.8
n100b 99.5 33 86.2
n100c 88.2 38 91.4
n200 226.0 71| 2241
n200b | 234.9 81 | 228.2
n200c | 237.4 62 | 230.6
n300 399.4 93 | 398.5

38 83.3 49 85.4 43
31 92.0 39 84.3 44
46 87.4 50 84.3 50
79 | 224.9 89 | 229.3 83
86 | 225.1 80 | 226.8 81
69 | 2285 68 | 2315 73
95 | 395.6 86 | 400.6 98

RATIO 100 1.00| 097 104 0.96 1.06 095 1.12

TIME 75 67

60 53

VII. CONCLUSION

We have extendedpower-supply network modeling tech-
niquefor 3-D oorplans. We alsotried to addresghe issueof
congestiorduringthe oorplanning processWe have outlined
a techniqueto use runtime intensive analyzersduring the
optimizationprocessand makingintelligent approximationof
the metrics basedon those analysis.Our results shav that
goodresultscanbe obtainedandruntimereducedoy carefully
choosingthe weightsin the costfunction. We also validated
the resultsfor decapoptimization using accurateanalytical
tools.
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