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Abstract - 3D IC technologies can help to improve circuit

performance and lower power consumption by reducing

wirelength. Also, 3D IC technology can be useal to realize

heterogeneous system-on-chip design, by integrating diff erent

modules together with less interference with each other. In this

paper, we propose a nove thermal-aware 3D cell placement
approach, named T3Place, base on transforming a 2D
placement with good wirelength to a 3D placement,with the

objectives of half-perim eter wir elength, through-the-silicon I'S)

via number and temperature. T3Place iscomposed of wo steps,
transformation fr om a 2D placementto a 3D placementand the

refinement of the resulting 3D placement. We proposed and
compared several different transformation techniques, including

local shcking transformation (LST) folding-2, folding-4 and

window-based sicking/folding transformation, and oncluded

that (i) LST can generate 30placementswith the leastwir elength,
(ii) the folding-based transformaions result in 3D placements
with the fewest TS vias, and (iii) the window-based
stacking/folding transformations provide good TS via number
and wirelength tradeoffs. Fo exanple, with four device layers,

LST can reduce the wirelength by over 2x conpared to the initial

2D placement, while window-based stading/folding can provide

over 10x variation in terms ofthe TS via number thus adaptive
to different manufacturing ability for TS via density. Moreover,

we proposed anovel relaxed conflict-net (RQ\) graph-based layer
assignmat method to further refine the 3D placements.
Compared to LST results, thermal-aware RCN graph-based

layer assignment algorithm ¢ = 10%) can further reduce the

maximum on-chip temperature by 37%, with only 6% TS via

number increaseand 8% wirelength increase.

1. INTRODUCTION

Threedimensional (3D) IC techrologies can offer the
potertial to sigificantly reducing intercomect delays and
improving system peformance [3]. Furhernore, the
shatenad wirelength, epedally that of the clock net also
lessens he power conumption of the circuit. 3D IC
tecologies alsoprovide a flexble way to carry out the
heerogeneous systemon-chip (SoC) design by integrating
dispaate technalgies such asmemory and logic cirqits,
radio frequency (RF) and mixed sgnal conponents,
optoelectroniadevices etc., ontaliff erert layes of a 3DIC.

Device layers in a 3D IC ae wnnected using
throughthe-silicon vias (TS vas). Havever, TS vas are
usually etcted a drilled through device layers B special
techniques rad are costly tdabricate. Large nubersof the
TS vas will degrade the yield of the final chip. Also, under
the curraet technologies, TS via pithes are wy large
conpared to he sizes ofreguar metal wires, sually around
5 10 /. In 3D IC structuresTS viasareusuallyplacedl at the

whitegpacebetween the acroblocks or cels, so he number
of TSvias will na only affectthe rouing resairce bu alsothe
overall chip or pakage aess. Therdore, he number of TS
vias h the crcuit neals 1o becontolled.

3D fabricaion tecmologies can be roughly divided into
threegroups accading to the lewd of integratia, including (a)
packagng-levd integration, or 3D multiple-chip module
(MCM) [17][21], with TS via ptches larger than 50 /A [19];
(b) block-level integration, usualy fabricated by technologies
of wafer bonling or silicon egtaxial growt [2], with TS via
pitches of abou 5 A [19]; ard (c) cell-level irtegration [16],
fabricated by monolithic stackng, with TS via ptches of
about 200nm [19]. 3D physical dsign tools, siwch as 3D
placers, bould consider the sgcific target 3D fabrication
tecmology. For exanple, underthe 3D MCM techmadlogy, the
vertical intercomectnumber stould be strictly limited

One of the nost critical clallenges of 3D IC design is heat
disspaton, which has aleady posed a s@ous problem even
for 2D IC desgns[1]. The hermal problem is exacerbated in
the 3D cases for anly two reasms. (1).The vertically
stacked miltiple layers of active devices cases a rapid
increaseof power dasity; (2).The thermal condvctivity of the
dielectric layersbetwea the device layers is very low
compared to silicon and metal. Fo instarce, he thermd
conductivity for epox, kepoxyis 0.05W/MK, while Ksiiconis 150
W/mK and Keomer is 285 WINK. Therefore the therral issue
need © be onsidered during every stageof 3D IC desgns
including the placenent process.

2D placerent hasbea studied extensivdy and arecent
survey is avadble in[7]. There are seeral published works
targetedon the 3D cell dacemehproblem. Partition-based
placenent nethods [11][10], are propoad to recursvely
partition the 3D circut stack to 2D regons andreuse the
existing 2D placenent enginewithin each 2D patition.
However, neither of the pproadies ondders he thermd
isste during placenent. A themmal-driven force-directd 3D
placenent nethod [13] was proposed, where the temperature
profile is interpretedas ttermal forces 6 guide the cell
placenent. In their work, a 3D force-drected placement
engne isused to placeach cell in a tru8D space with z
postion being a real number. Rounding is needed for layer
assgnment which may introducerounding errors.

In this paper, we propcse a rovel way of generating 3D
thermal-awareplacenent fromexisting 2D placenent resilts
through a twvo-step pocedure: 3D trarsfomation and
refinenment through layer assgnment For 3D transformation,
we propose local stackng trarsformation, folding-based
trangormation and he window-basd stacking/fotling
trangormation methods The layer assgnment refinement



procedure is base on a rdaxed onflict-net (RCN) graph
representation. The advantges ofour proposed 3D placament
trangormation include:

Because he routing informdion is unknown during the
placenent process, $via nunber is alsoestimeted through a
similar model. The TS via number of anet & calculated athe

» The existing2D placenent core rgine can be easily height of the bounding cubeof the cels belbng to thatnet The

reusel. Significant progress has beemade on 2D cell
placenent in recent yees. An efficient transfornation
from a 2D placement to a3D placenent enablesus to
leverage the exsting high-quality 2D placers, sah as
Kraftwerk [12], MPL6 [4], NTUplace [15], which are
three bespeforming places in the ISPD’06 placenent
conest

. A discrete layer assigment algaithm based on gaph
represetation is developed for layer assignmerof cells.
No rounding for layer asignment is necessa for
analytical plaement in 3D (as in some pevious
approach).

., A simple yet effective thermal cost is derived for
temperature optimization during layer aggnment. No
time-consuning thermal profiling is nealed during the
optimization piocess.

, Flexible TS via number armd wirelergth tracedf is
offered by different transformation shemes and ke
parameter settigs in the RCN grap-based layer
assigmert, which allows our algorithm to be used fa
different 3D tecmologies.

The renmeinder of the pgoer is organized as bllows. In
Secton 2, we formulate the 3Dplacenent trangormation
problem. In Secion 3, we irtroduce ou 3D placemen
framework and theresistivethermal model usedn T3Place.
In Secton 4, we propose the 3placenent trangormation
algorithms, including the local stackng trarsformation,
folding-basel trandormations and a
stacking/folding tramsformetion. The RCN grgph-basel layer
assignnent for placerant refnement is propose in Sectbn 5.
The related exgrimental reslts arepresentedn Sectim 6 to
denonstrate the effectiviess of our proposed algoithm.
Finally, we caclude te paper ad discuss abait the future
works onthermal-aware 3D celplacenentin Section?.

2. PROBLEM FORMULATION

Given ahypergraph H = (V, E), device layer nuiver K, and
a 2D placement P, the themal-aware 3D placenent
trarsformation problem is to assigna position (%, ¥, z) to
every cell v,, so that the total wirelength ard the TS via
nunmber ae minimized, sbject D constraints such as
non-overlap constaints, temperatureconstrants, etc.

Under the curent 3D fabricaion technology, the number of
device byersin a3D IC tecmology is limited. The length and
the width of a3D chip are usially much larger than the heght
of the chip. 2D wirelengh, including the wirelength atx andy
directiors, still dominants the taal wirelergth of a 3D design
ard the taal wirelengh in the z direction is negligible.
Therefae, in this work, wewill use “wirelength” to refer to
the 2Dwirelengh andcorsider the TS viasfor connections in
the zdirection asa different optinizationobjective.

We use tb tradtiona half-perimeter model for wirelergth
calculation, whereghe wirelength I(e) of anete is calcuéted
as fdlows.
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TS vianumber v(e) of a ret eis calcdatedas fdlows.
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3. 3D PLACEMENT FRAMEWORK AND
RESISTIVE THERMALMODEL

3.1 3D Placarnent Framework

Figure 1 shows theframework of the proposed 3D placement
algorithm. The conponents with a dased boundary are the
existing tods that we meke use of. A 2D wirelengh- andor
thermdl- driven placer isfirst usedto generde a 2D placement
for the target design The quality of the final 3D placemenh
highly dgoends on thénitial placenent. The 2Dplacenenrt is
then trasformed into a lgalized 3D placsent according to
the given 3D technology. During the transformation,
wirelength, TS via nunber and temperaure are onsiderel. A
refinement process thragh layer reassigment will be carried
out after 3D trandormation to further reduce the TS via
nunber ard bring down the maximum on-chip temperatire
Finally, a 2D detailed placer will further refine the pacemen
result fa eat devicelayer.

: 2D Wirelength- and/or :
i Thermal- Driven Placement !
Fast

2D to 3D Transformation
ﬂ Model
Layer Reassignment t;
through RCN Graph
ﬂ % Accurate
E Thermal
Model

Figurel T3RaceFramework

| 2D Detailed Placement
for Each Layer

3.2 Resistive Thenal Model

Since he clock cycle of a nodern ¢ip is orders of
magiitude smaller tlan the timing corstant for thermal
conduwction, we need to cosider only the steag-state
temperaure Also, we only consider the heat generated by
trarsistor switcles, sothe cellsare treaté as the only heat
saurces with castart given power densities. Shce a leatsink
is usually attacted to tte substrate, thbottom side of the tile
stack is isothemal of constantemperature Because thehip
is wsually packaged in thermelly insuated materials, th four
sidewalls andtop of thechip are treatd as aiabatic.

In this wark, we wse te thermal resistie nodel proposedin
[18]. Conparad with the acaratesimulation tod, the error of
the resistive networkmodel is smaller than 2% [18]. A tile
structure is imposed on the circuit stadk, asshown in Figure
2(a). Eat tile stack ontainsan aray of tiles, onefrom each
device byer, as stown in Figure Zb). A tile stackis modeled
as aresistive tain asshownin Figure2(c). The tile stack are
connected byateral resistares. A voltagesource isusel for
the isothermal baseof heat sink temperdure, ad curent
saurces argresenin ewery tileto regresen heat sairces.
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Figure2 ResistiveThermalModel

4. TRANSFCRMATIONS FOR 3D PLACEMENT

In this sectim, we will propose tle transfomation schemes
from a 2D plaement to a3D placenent. Initial optmized 2D

placenent is @neon a chipK times larger than one layer o

the 3D chp, where K is the nurber of device layersGiven
this 2D placemeh with shat wirelengh, local stacking

transformation can abieve even &orter wirelength for the

sane circut under 3D IC tecmology. We will also presen
two folding-based tansformation scheras, folding-2 and
folding-4, which can generate3D placenent withvery low TS
via number. Moreover, TS via number ard wirelength
tradeoffs can be adbieved by the
stackingffolding. All these trangormation methods can
guaantee wirdength reluctionover the initial 2D placerants.

41 Local Stcking Transformation

window-based

determine the location of cells ore by one in a waysimilar to
the method used in 2D placament legalizaion [14]. Ead time
we corsider the left nost legal paition of all rows at allayers.
We gck one paition by minimizing the relocatio costR.

R=.d+ v+ © (0

where d is thecell displacerant fromLST result,v is the TS
via nunber andt is the themal cost. Codicients ., , are
predetermined weights. d is relatedto the (x, y) locations of

the cells,v andt arerelatedto the layersof the cells.

4.1.3 Thermd Optimizaion

In this work, tenperatue ogimization is casidered
hrough the layer asginment of the cells. As rentioned in
ection 3.2, unde the curent 3D IC technologies the heat

sink(s) are usually atached athe bottom (andbr top) side(s)
of the 3D IC stack, wih other baundaies keing adiebaic. So
the main dominant heatflow within the 3D IC stack iwertical
towards the heat sink. Our study shows that the z locationof a
cell will have a larger influence on the final temperatue tan
the x/y location of the cell[9]. Howe\er, the lateral &at flov
canbe onsideed if the initial 2D placenentis themal-aware,
sothat ha cells will be everly distribuedto avdd hot spots.

The full resistive thermal model mentioned in Section3.2is

usal for the final temperaure verficaion. During the inner
loops of the gptimizaion process, amuch sinpler and faster
thermal model [9] is used for th tenperatureoptimization to

Local stackng trarsformetion (LST) cansists d two steps, speedup the placenent process. Each tile stadis viewedas
stacking and legalizaton, asshown in Figure 3 The stacking an independent therral resistive bain, & $own in Figure 2

step #rinks the chp uniformly butdoesnot shrink cell areas The meximum temperatue of sich a tile stackthen can be
so hat cellsare stacked in a gon K times snaller and \yritten as fdlows.

remain the aiginal relative locations. The legdlization step
minimizes naximum on-cip temperaure and TS via number
through the position assigmert of cells. Tre resut of LST is
alegalized 3D placeent.
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Figure3 Local StackingTrangormation

4.1.1 Stacking

For K device layer desyns if the original 2D placenent is
of size S thenthe 3D cell area of eaclayer isSK. During the
stacking sep, we first shrink the width and length of the
original placement by ratiof/k , 2 that te chip region ca
mairtain the orignal chip aspect ratio Cel locations (x;, V)
for cell i are also transformed to welocations %', V'),
whereyx x /K, andy: y /K -

After sud a transfornation, the initial 2D placenent i
turned nto a2D placenent of sizeSK andhas anaverage all
dersity of K, which laterwill be distributed to K layers in ta
legdlization siep (next sutsection). As shown inFigure 3, a
group of neighboring cells are plled togetter at tle sane
locationafter the staking process.

412 Tetris-Syle Leglization

After stackng, we sort all th cells ly their x-coardinates n
the increasing oder. Starting from the leftmost cell, we

@ eR AR RR)@

Besides the f& speed, sirca sinple close-formequation
can alsoprovide a diect guideto thermeal-aware cell layer
assigymert. Equation (2) tells s that tke meximum
temperatue of a tile stacks the wephted sum of the power
number at eda layer, while the weight of each layer ighe
sumof theresstancedelowthat layer. Deice layers hat are
closer © the heat sirk will have snaller weigtts.

The thermd cost t;; of assiging cellj to layeri in Equetion
(1) canbe writtenas

t, R(IR R)

This thermal cost o layer assigment is also used bath in
Equaion (1) and during placenment refinerent, which will be
preseted inSectio 5.

4.2 Transfamation through Fdding

LST adhievesshort wirelengit by stacking the neighboring
cells tayether. Howewver, a great number of TS vias will be
geneated when the cels of local net are put on top of one
arother. If thetamget 3DIC techology allowsonly limited TS
via density, we need ¢ usethe rangormations hat generate
fewer TSvias.

Folding-based trasformetion is to fdd the original 2D
placenent like a piece of paer without aitting off any parts
of the placenent. Thedistane betveenany two cells will not



increase andhe tdal wirelength is guaranteedto decrease.
TS vias are oly introduced to tle nets cressing tle fdding
lines (shavn as tle dashed lines n Figure4 ). With aninitial
2D placenent of minimized wirelength, he nunber of such
long nets shold be fairly smel, which implies that the
connectiors between th folded regons stould be limited
resuting much fewer TSvias (canpared to that of the LST
trangormation, where many dense local connectionscross
different device layers). Figure 4(a) shawvs ore way of folding,
nared folding-2, by folding onceat both x andy direcions.
Figure 4 (b) shows another way of folding, named folding-4,
by folding twice atbot x and y direcions. The folding reailts
are legalized 3D placemts, © no legalization stp is
necessy.

After folding-basedrarsformations, only the lenghs of he
global nets that g acrass the folding lines (dtted lines in
Figure 4 get reduced. Therefore folding-basel
trangormations can not ddeveasmuch wirelength reducion
as LST. Fuahernore, if we wan to maintain the original
aspect ratio of he chip, folding-based trasformations are
limitedto even nunbers ofdevice layers.

(b)folding-4 transformatio

=N

= =

(a)folding-2 transformation
Figure 4Two Fdding-base TrarsformationSchemes

4.3 Window-basedSacking/Folding

As statedabowe (andwill be stown in Sectim 6), LST
achieves greatest wirelentfp redwction at the epense of large
amount of TS vias,while folding resuts in much snaller TS
via rumber kut longe wirelength and possbly high via
dersity along the folding lines.

An ideal 3D placenent should have short wirelength with
TS via density satisfyirg what the ertical interconrection
tecmoogy can supprt. Moreover, we prefer even TS va
density for rautahlity reason. Therefore, we propcse a
window-basel stackingffolding method for beter TS via
dersity contol.

In this method wefirst divide the 2D placement into N (N
windows. Then we apgy stackng or folding in every window.
Eachwindow can usdifferent stacking/folding orders. Figure
5 shows tle cases foN=2. The circdt is divided into 2
windows (shown in sdid lines) Eachwindow is agin divided
into four squaes (showvn in datted lines). Thke number in each
square mdicaes the layer nmber of that squee dter
stacking/fotling. The four-layer placerents ofeach window
are packd to formthe final 3D placenent.

Wirelengh reduction is due to the fdlowing reason: the
wirelength of the nes inside he sane squae is preseved;the
wirelengh of nets inside the sane window is nost likely
reducel due to the effeadf stacking/folding; and wirelengh
of nets that cross he different windows is reduced. Therefore
the owerall wirelergth quality is improved.

Meanwhile, he TS vias are distributed evely among
different windows ard can be raluced by chaosing proper
layer assignmentsTS vias are intoduced by e nets bhat
cross he boundaries betveen negjhboring sjuares with

different layer numbers, and we cal sud bounday betveen
two neighboring squares atransition. Fewer trasitions restt
in fewer TS vias. htraawindow transitions cannot be reluced
because weneed o distibute intrawindow squaes to
different layers, © we focus @ reducing inte-window
trarsitions. Shce tte seqgertial layer assigmert in Figure5(a)
creates Its of trarsitions, we wse andher layer assigment as
in Figure %b), called symmetric assignemt, to reducethe
anount of inter-window traisitions b zeo. S this lagyer
assgnment generats the smallest TS via number, while the
wirelengh is similar.

13:.2]3:2) 13:2]2:3)
471471 471174
13:2]3:2 | 4:1]11:4
471411 3:2/2:!3

(a) seqential (b) symmetric

Figure5 2w windows with diferent lagr assignments

The wirelength vs TS via nunber tradedfs can be
contolled by the nunber ofwindows.

5. REFINEMENT: RCN GRAPH-BASED LAYER
REASSIGNMENT

During the 3D trarsformations propcsed in the previous
Sectio, layerassighmert of cells is kased onsinple heuristics.
To further reduce bhe TS vianunber and the tenperature we
propose anovel layer assgnment algorithm to re-asgjn the
cell layers.

5.1 Conflict-Net Grgph

We exenced a netal wire layer assigment algorithm
proposel in [6] for cell layerassignnent in3D placenent.For
a given legalizd 3Dplacementa mnflict-net (CN) graph is
created, 8 shown inFigure 6, whee both the cells and the
vias a&e nodes One via node is assgnal for eat net There
are two tygs of edgs, net edgs and conflicting edgs.
Within each net, all cells amonnectd to the via nodeby net
edges in star mode. A conflict edge & created betveen cells
that ovelap with ead othe if they are placed in thesane
layer.

We wantto find a layer assgnment of ead cel node n the
graph so hat the total cost including elge cost amd node
costs @& minimized. CostO is assigied for all net edges If
two cels connecing by a @nflicting edje are asgneal to the
sane layer, the cost of the canflicting edhe is set tanfinity,
otherwise, he caost is set td0. The @st of a via node is the
height of thatvia, which represens the otal TS via number n
that net The heights of the vias aredeternined by he layers
of the cells conectingwith them The cosbf a cell nodeyis
the thermal costt;; of assiging v; to layeri. Thecostof apath
is the sim of the elgecosts ad thenodecosts alonghat path.

The resuting graph is a directiorel acyclic gaph A
dynanic pragramming optimizaion nmethod ca be useal to
find the opimal sdution for eachinduced sub-tree of th
graphin linear time. An algorithm that castricts a segerce
of maximal inducel sub-tree from the CN grgph is then usel
to cover a lage portion of the aiginal graph It turns ou that
average nodenunber of he indwed wub-trees canbe as many
as 406-50% of the tdal nodes inthe gaph. After the iteraive
optimization of the sub-trees, we ca eahieve a globaly



Tablel Benchmark chaacerigics andWirelength Conparison of T3Place and D mPL5 [5]

- LST (r=10%) LST (r=20%) Folding2 Folding4 L ST (8x8 win)
cireuit | cell # | net# | 2DMPLS - via # WL via # WL via # WL via# | WL via #
ibmO1 | 1228 | 11507 | 5.19E+06 | 252606 | 18519 | 268E+06 | 141 | 461E+06 | 1671 | 455E+06 | 2476 | 353E+06 | 6688
ibm03 | 22207 | 2162 | 1.37E+07 | 6.62E+06 | 30431 | 720E+06 | 21406 | 114E+07 | 4125 | 1L.11E+07 | 5909 | 8.36E+06 | 12318
ibm04 | 2663 | 2618 | 1.67Er07 | 845Er06 | 3744 | 920E+06 | 2687. | 155E+07 | 2940 | 143E+07 | 6388 | 1.10Er07 | 1535
ibm06 | 3218 | 333% | 220E+07 | 1.10E+07 | 501@ | 152E+07 | 3299 | 202E+07 | 4116 | 1.83E+07 | 9077 | 144E+07 | 1935
ibm07 | 451% | 443% | 3.73Er07 | 1.83E+07 | 6508 | 207E+07 | 44715 | 318E+07 | 5932 | 310E+07 | 8755 | 2.37Er07 | 25021
ibm08 | 50977 | 4794 | 394Er07 | 1.98E+07 | 7037 | 213E+07 | 4984 | 348Er07 | 5801 | 328E+07 | 1018 | 256E+07 | 2526
ibm09 | 5174 | 5038 | 346Er07 | 1.72E+07 | 7278 | 195E+07 | 507% | 319E+07 | 4540 | 2.93E+07 | 8257 | 2.34Er07 | 238%
ibmi3 | 815 | 838® | 658Er07 | 3.24Er07 | 121135 | 3.60E+07 | 85108 | 603Er07 | 7696 | 585E+07 | 1307 | 450Er07 | 42568
ibmi5 | 158244 | 161196 | 165E+08 | 8.26E+07 | 24699 | 9.11E+07 | 176018 | 1.45E+08 | 1518 | 1.38E+08 | 2366 | 1.14E+08 | 729%
ibm18 | 21023 | 20095 | 243E+08 | 1.26E+08 | 297771 | 1.34E+08 | 20854 | 2.24E+08 | 12077 | 2.08E+08 | 28287 | 1.74Er08 | 8338

Avg. 100 050 100 056 071 0.89 008 085 0.14 067 036

optimized sdution. Please refer to[6] for the detailed
algorithm to sdve the layer assigment problem with CN

graph.

via

Figure6 Relaxd Conflict-Net Graph

5.2 RebxedNon-Overlap Constraint

To further reduce he TS via nunber and the meximum
onchip temperaure the non-overlap constaints can be
relaxed 0 that a snall anount of overlap r is alloved in
exchagefor more freelomin layer reassigiment of the clls.

o] | L7, o LA
Tt e N A s T A AL
o N L LF o  F| R N N NS
Tt e N A s T A AL
P T T T Y L o ] RSN
N A PN o o

NN | P NN ALY
i Pt A NN

r <10% ovelap

for any r , non-overlap
r t 10 % nonoverlap

Figure 7 Rlaxation of Non-oerlap Constraint

The rebxed non-overlapis defined as bllows.
¢ o)

éfalsei : —dr
ovetap(ij) ® 10 3D
“true, ifM!r

i) ()

where oj, j) is the area oftie owerlaped regon of cell v and
cell v, s(i) is the areaof cdl i. r is apositive realnumber
between0 ard 0.5. This is illustratedin Figure 7

However, with the relaxed non-overlap condraint, the layer
assignnent reslt is no longe a legalized 3Dplacengent and
amother rourd of legdlization is needd to elimirate the
ovelap

6. EXPERIMENTAL RESULTS

We inplementedT3Placewhich featreslocal sta&ing 3D
transformation and RCNgraph-based layer eassjnmert. We
also mplenened two folding-basel 3D transformation
methods ard window-basel stacking/folding methods. In our
expeaiments, we use ML5 [5] and its d&iled placer[8] to
generate tte initial legalized wirelengh-driven 2D dobal

placenent results. AfteBD trarsformetion and refinenment, we
will apply the 2D detailed phcer on edt of thedevice lgers
to further redice wrelength. The wirelength and TS via
nunbers are coputed basd on the modek disaussé in
Secton 2 without performing routing.

Our expeaiments are pgormed on 24GHz Peatium IV
machines witrRed Hatenterprise 3.0. We test T3Placeusng
the popula 2D standardcell placenent bendmark set,
IBM-PLACE from[20]. A four device lbyer 3D IC structure is
assuned for alltest cases.

In Table 1 we first compared tle resits of the
wirelength-drven T3Placewith the 2D placenent resuts, as
shown h. Conpared with 2D mPL5, T3Place 1 =10%, 20%)
can ra@luce thawirelength by about 2 uwith four devicelayers.
Moreover, we canpared LST trarsformation with folding-2
ard folding-4 and the resdts are ao down. For
folding-basé trangormations, no placementrefinement is
done becaus the TS vianunmbe is already very sail.
Conpared b LST, folding-2 an reduce e TS via nunber by
over 125 ubut with only 11% wirelengh rediction over the
2D placenent. With more folding lines, folding-4 ca adieve
15% wirelengh reduction overthe 2D placement with 7uTS
via redwtion campared to LST. At last, refis of 8x8
window-based stadkg demonstrate that aur method is
adapive to dfferent manufactuing alility for TS-via density.

We al® compared thehermd-awareT3Place withT3Place
with no tenperatue optimization. The resllts are shown in
Table 2 In both schenes, the LST overlap allowancer is set
to 1. We report the difference of the maximum on-chip
temperatureand the heatsink tenmperature. Compared b the
wirelength-driven only T3Placer the hermal-aware 3Placer
can reducethe maximum on-chip temperature by 37%on
average with 6% nore TSvias and8% longe wirelength.

Table 2 Thermal-Aware T3Race Resllts

LST, r=10%, | LST, r = 10%,w/ tenp optimzation
circuit Temp. (° C) WL via# Temp. (° C)
ibm01 2765 281E+06 | 190D 1598
ibm03 1967 713E+06 | 3178 1216
ibm04 1596 9.11E+06 | 40219 960
ibm06 1604 123E+07 | 505% 1035
ibm07 1075 201E+07 | 69111 664
ibm08 977 2.05E+07 | 7539 632
ibm09 96.1 194E+07 | 781@ 606
ibm13 2493 347E+07 | 12730 1562
ibm15 1365 8.58E+07 | 26061 901
ibm18 894 1.31E+08 | 332012 587
Avg. 10 054 1.06 0.63




Furthernore, weconpared tte wirelengh-driven T3Hace with a
recertly published 3Dcell placement algorithm [13], as shownin
Table 3 To conrpare with heir resllts, we aso scald the chip
to 2cmiecm and set he height of the TS viasas20 /A as
swggestedby the audhors of [13]. Conpared to that ngorted by
[13], our T3Place showssignificant wirelength redudion
(over 59 and we hare bea in contactwith the auhors of [13]
to shae theresllts and expemental setting. Becaisewe use
different thermal model for 3D IC, the temperatre valuesare
not mmparabk.

Table3 Comparisons withExisting 3D Plaenent[13]

circuits| ScaledWL | via# Tr%tglri\(’:v'(;fL[Tg]e Tota[ll\é\]/L n
ibm01 133 18519 137 6338
ibm03 296 3043 302 1159
ibm04 325 37414 332 1445
ibm06 433 5013 443 1832
ibm07 531 65098 544 2777
ibm08 542 70317 556 2789
ibm09 463 7278 477 2525

7. CONCLUSIONS

In this pgper, we propose anovel 3D placenent approat
through transformation from 2D placanent resits. We
conpare diffeent transformetion gproache, including LST,
folding-2, folding-4 and window-basel stacking/folding. We
also popose anovel 3D placement refinement through RCN
grgoh-base layer assgnment which can reduce TS via
nunber and temperaure sgnificanty.

For the future work atthis direction the heat dissipation

effect of the TS vias $ould be consdered during placement. [13]
Also, we should consideing more accuratevirelength and TS

via estination basedon global rauting rather han tre simple
models statedni Section2. Although the wirelengh ard TS
via estination models in Sectio 2 are very efficientto guide
the 3D placemenengine,they have the problem that boh
estmations may nat alble to ke realized snultaneously for
same complex multi-terminal rets, as acleving the mnimum
wirelengh routing may require © use multiple TS vias.
Finally, whitespace allocatiomd congestion should aisbe
considerd in placenert optimization togenerate routale 3D
placenent results.
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