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AbstractH Copper direct bonding techndogy is considered to
be one of the most promising approach for matching the
miniaturization needs of future 3D integrated high performance
circuits (3D-IC). In this study, we discuss the recent achievements
in copper direct bonding technology with oxide/copper mixed
surface and present the laest electrical and physical
characterizations of chip to wafer bonding structures after
annealing at 400°C and thermal cycling tests. In addition,
electrical performance of chip to wafer bondingon 300mm wafers
is also presented. Finaly, thermo-mechanical finite element
simulations showing the impact of the annealing conditions on the
closureof the interfaceare shown.

Keyword$® 3D integration; copper direct bonding; chip to
wafer; electrical characterizatin; finite element simulations

|I. INTRODUCTION

Threedimensionalintegration isconsidered as one dtfie
most promising way todramatically improve both the
performance andhe hetgogeneity of electronic devicdd].

to 200mm WtW bonding technologyn addition, electrical
performances of 300mm CtW bonding were also investigated.
Finally, thermemechanical finite element simulations were
done to investigate different annealing conditions andirthe
impact onthe closure mechanisaf thebonding interface.

Il. EXPERIMENTS

For previous studies, #stvehicle (TV) was designed to
allow the electrical characterization &¥tW copper direct
bondingwith 200mmwafers[8]. This TV was then adapted to
CtwW bonding ornboth 200mm and 300mm waferin order to
proceed to further studies on CtW technololgythis case the
receiver wafer included distant contact pads, allowing to
quickly characterizehe bonding interface without any further
technological step£opper direct bonding consistsa specific
surface preparation process, including an optimized Chemical
Mechanical Polishing (CMP) step resulting in a lototal
thickness variation, a very low surface roughness and a
well-controlled copper dishing. While the bonding step is done

This technology consists in stacking several wafers or chigdl r0om tenperature and ambient pressure, an annealing step
together to achieve high interconnection density while reducin§Puld benecessary to increase the bondsirgngth between the

their length. Toobtain functional bonded devices main key

chip and the waferGenerallyperformed between 260G and

steps like surface preparation, alignment, bonding, thinning arff?0°C, this thermal treatment leads to the creatiorowélent

Throuch Silicon Via (TS connections must be master&tie
two main bonding techniques allowingsimultaneous
mechanical and electrical connection are thecmmpression
bonding [2, 3] and metallic direct bonding [4,685. While both
techniques have their advantéag copper direct bonding
appears to be the most encouragivay to achieve very high
interconnection densityRrevious studies hawdeemonstrated the
relevance othe Wafer to Wafer (WV) copper direct bonding
technology with robust electrical performance 200mm
wafers [7]. Nevertheless, &VtW strategy entails significant
drawbackssuch as a coreit die footprint between tieend

bonds at the silicon oxide interface and metallic bonds at the
Cu-Cu interface which strengthen thevhole bonding interface

[8, 9]. In this study, bth WtW and CtWbondingwererealized

at room temperature, atmospheric pressure and ambient air
then annaled at400°C TC tests were based on a classical
JEDEC standardJESD22A104D), with 1000 cyclesand a
temperature range betweet®°C and +125°CTheface to face
direct bonded structures afielly compatible withsubsequent
standard TSV processasd hgh density interconnectiofhe
purpose of this workwas then to compare electrical
performancedbetweenWtW and CtW structureson 200mm

the impossibility to ensure high production yields without priorvafer and to implementthe CtW technology to th800mm
Known Good Dies (KGD) selection. For these reasons, a Chi afer platform The following parts describe the test structures

to Wafer Ctw) strategy has beenrcied out and assessed on sed to characterize the bonding interfacel theintegration

200mm and 300mm wafers environmenrd, high density

processes of both 200mm WtW teswehicle and

interconnects Lieg generally required for advanced CMOS 200mmi300mm  CtW tesvehicles All the resistance

node. In this paper we present the
characterizations of 200mm CtW bonding after annealing

latest electricaimeasurements werecarried out by the4-probe Kelvin
dpeasuremenhethod on £ascade Microtedl 12000manual

400°C and Thermal Cycling (TC) tests, and we compare thefOPe"



A. Experimental structures
The two main structures used to characterize the electric

resistance of the GGu bonding interface were bondednd

standaloneNIST (National Institute ofStandard Technology)

and daisy chainstructures.A schematic descriptioof the

bonded and staralone NIST structuresan be found in the
Fig. 1 The stanéalone NIST (dwereused to first extract the

copper resistivity and theto calculate the theorietl resistance
for the bonded structure$he contact areaf these structures
640 x 3umz for the NIST (a) and (c)and 340 x fmz for the
NIST (b). The probe pads of the NIS® and(b) aresituated
on two different layerswhich forcesthe currento pass through
the bonding interfacduring the electrical characterizatioBn
the contrary, the contact pads of the bondaacgireNIST (c)

are on the same metal layer. Therefore, if the contact resistar dummies

is too high, in the case of a poor bondiqgglity for instance,

the current wuld flow only in the upper line without crossing

the bonding interface.
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Fig 1. Top view and shematic diagram of the bonded (a,& c) and
standalone (d) NIST structures

The daisy chain (DC) structuresconsist inlong chains of
interconnectiondetween the topayer and the bottoniayer,
aimed at validatinghe compatibility of this direct bonding
process withhigh density interconnections stadksg. 2). Five _ , 14
different DC were characterized, each DC having a specific . 1I'mm
number of connections, contact area and pifidie detaied
characteristics of the five DC asemmarized in the table |

TABLE I. CHARACTERISTICS OF THE FIVE DAISY CHAINS
Daisy Chains DC1 DC2 DC3 DC4 DCS
Connection number | 10 136 | 4872 10772 | 14934 | 29422
Contact area (um?) 3x3 5x5 3x3 3x3 3x3
Pitch x / y (um) 7/21 | 10/30 | 7/19 | 7/14 | T/7

Daisy chain Daisy chain
with ~ 15 000 with ~30 000
connections connections

Top wafer
line

Bottom
wafer line

Bonded

Fig 2. Top down tical observatios of daisy chains after the complete
removal of top silicon wafer

B. 200mm wafer towafer integration process

The fabrication was performedt CEA Leti on 200nm
silicon wafers based on a classical damascene process.
After 500nmthick opening into an 80tm thickdeposited Si@
layer, TiNdiffusion barrierand Cu seed layers were deposited.
Cu filling was carried out by electroplating and then annealed
at 400°C. After an optimized CMP surface preparation, wafers
were bonded at room temperature, atmospheric preszude
ambient air.In order to strengthen the bonding interface, the
stacked wafers were annealed4&0°C during 2 hours To
allow the direct probing at a wafer level, several technological
steps are performed on theundedwafers: top wafer thinning
down to 50¢m, realizatonoé d redistiibatpn a n ¢
layer (RDL) Finally, a BCB passivationand a UBM layers
were processefFig. 3).

T
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Bonding
interface

Cross section view Top view

Fig 3. Top view and shematic diagram of the full integration used feafer
level dectrical tests.

C. 200mm & 300mmltp to wafer integration process

The bottom waferon which the chips were bondewas
designedo integratedistant contact padsllowing to quickly



characterize th&ondinginterfacewithout any furthersteps of The Fig. 6 shows anoptical image and arinfrared
lithographyandetching The fabrication process of the 200mm characterizatiorof one of the41 chipsthat were bonded and
wafer is the same as the WtW bondingowever, the electrically tested. Tk infrared inspectionshows a very good
metallization of 300mm wafersis composed bya TaN/Ta  bonding quality afterbonding as nointerference fringe or
diffusion karrier and a copper from $MicroelectronicsCrolles  particle isvisible onthe chip

fab. The 200mm topwafers were dicedafter the optimized
damascentike CMP surface preparation to obtdiom? chips.
The SET FC300 pick & place machine, along with a collective
surface preparation process, was used to performCtidé
bonding on 206m and 300nm wafers with an alignment
accuracy between Quen and Jum (Fig. 4).

Fig 6. Opticalandinfrared imagesf a 200mmchip to wafer bonding dorfer
this study.

I1l. ELECTRICAL RESULTS ANDDISCUSSION

A. 200mmwafer to wafewschip to wafertbonding

Standalone NIST (d) structures wereused to extract a
reference value for coppeesistivity on the WtW and CtwW
bonding Copper line restancewas measuredvith a 4-probe
electrical characterizan on NIST structures The equation
used to extract the resistivity from the resistance amd th
structures geometry is:

A , = (R x S) /I L

2 Where R is the measured copper line resistance,

Fig 4. Top left Bonded chips on a 3@@m wafer. Top Right Example of L the copper line length (L= 64&m) and S its section

infrared microscope image of rossin-box and verniersat the bonding (S = 3 X 05¢ ). The copper resistivity fozr the
interface used for high precision measuremenBottom: Chip to wafer ~ WtW bondingand theCtwW bonding wag  20110°q . & m

misalignment in both x and y directiognmeasured on the left and right The following tables [l and Il compile the structure
alignment patterns of 50 chips. characteristics, the theoretical resistamed the experimental

. . . ) resistance for all the NIST structures.
Finally, a postbondingwafer levelSiN encapsulation was

required before the400°C annealing step to prevefurther
oxidation of the coppefThe final integrabn and thelocation  tag g . RESISTANCES OF BONDED AND STANDALONE NIST (200vMm)
of the test probeare represented in the schematics in the3-ig.

2 -15 < -1,5

[ ¥ misalignment (um) !

Copper Resistivity

NIST Structures NIST a | NIST b | NIST ¢ NIST d
Sin u s - si02 TN Distant contact pads !
Contact Area (um?) 640x3 | 340x3 | 640x3 | 21020
1 p=2.102Q.um
Probes Probes m;oo um Theoretical Res. (£2) 4.27 6.26 4.27 |
' Wafer to Wafer (200mm)
Bonding Experimental Res. (£2) | 4.39 [ 6.34 | 431 | 8.53
interface
- - Chip to Wafer (200mm)
Experimental Res. (@) [ 452 | 637 | 447 | 8.58

In the table I we present a comparison betwe2d0mm
WtW and CtW experimental resistance along with theoretical
Fig 5. Schematic diagrams of a bondekip with electrical characterization resistance calculated thanks to the extracted resistivity. As

probes (left) in contact with the deported pads 500um away from trehipp ~ @lready shown by Taitm al[7], WtW structures are in very
(right). good accordance with the theoretigalues. Furthermore, the



bonding interface offers a very low resistance since the resultschnology as a reproducible method to realibgh
between NIST(a) and NIST(c) arevery close showing that the interconnection density 3DIC.

current passethrough the entire bonded line, even if it is not
forced to do so in the case of théSY (c) In addition, the
same behavior is observed on &V structures. Indeed, the
electrical resistances are very close to both the theoretic
resistance and th&Vtw structures, showing aery good
bonding qualityof the coppeandalow resistanceriterface.

Chip to wafer bonding offera lot of advantages from
designand integrationpoints of view, but various questions
gpout the mechanical strength or the reliability of the stacks
must be investigated. This is why we cociedl for the first
time thermal cycling tests omonthinned CtW bonding
structures, based on alassical JEDEC standard with
1000 cycles at ambient pressure and a temperafyakng
between-40°C and +125°ClIn order to verify the structural

TABLE lII. RESISTANCES OF DAISY CHAINS (200MM) . . . . L
integrity o the interfaceglectrical characterizations and SEM
Daisy Chains DC1 DC2 DC3 DC4 DCS images were realized after the TC $eAts shown on th&ig. 8
Connection number 10 136 4872 10772 | 14934 | 29422 no increase of the resistanoe dramatic failure caused by
Contact area (um?) 3x3 5%5 3x3 3x3 3%3 major structural deformationgike voids or delaminationyas
Pitch x /v (um) 7121 10730 7/19 7/14 717 observedon the NST and daisy chain structureShis
Theoretical Res. () 780.5 304 624.8 11499 | 22655 encouraging resulindicatesthe high mechanical strength of
Th. Res. per node (mQ) 77 624 33 77 77 nortthinned bonded chips, but in order to fully address the
‘Wafer to Wafer (200mm) mechanical reliability question of CtW stacks additional
Global resistance () | 801 10 1 150 370 investigations must be condudten the future, including TC
Res. por a0de (m52) - 36 P = e tests on thlnn_edo_wn ch_lps with a complete BEOL and
- thermemechanicabimulations
Chip to Wafer (200mm)
Global resistance () 793 304 661 1160 2297
Res. per node (mf}) 78.2 62.4 61.3 77.6 78

The table Il presentsheoretical anéxperimental electrical
resistanceof the five DC for both WtW and CtW on 200mm
wafers By calculating the theoretical resistance of a node using
the extractedesistivityand the equivalent circuit shown in the
Fig. 7, we can predict the global resistance of the daisy chain
by multiplying this theoretical resistance of a eoly the
number of connections.

FWD| Tilt 500 nm
kV|5.514| 55.0

(Vigg] | 3pum | 2um
200mm CtW NIST resistance after 400°C 200mm CtW daisy chain resistance after
| | I annealing and after thermal cycling 400°C annealing and after thermal cycling
500nm | 0 2500
8,60 8,68
500nm | o o 2000
O o
| 2 2 1500
k] 4,35 4,38 4,47 439 8
= £ 1000
k] 4
m g | 2 I
R3 0
NIST a NIST b NIST ¢ NISTd DC1 DC2 DC3 DCa DC5
R,=28mQ ‘ ‘ R,=21mQ ‘ ‘ R,=28mQ NIST structures Daisy chains
Ryotai= 77 mQ m After 400°C annealing ® After thermal cycling m After 400°C annealing  ® After thermal cycling

Fig 7. SEM picture schematic view an@quivalent circuitof the DC5 daisy ~ Fig 8. Top: SEM image ofheright edge of aCtW 3um wide NISTline after
chainnode Because the copper lines of the wafer and the chip have the sarfigermal cycling testBottom: Electrical resistanceomparison betweeNIST
resistivity, the equivalent circuit chosen to model the node is simply a series ¢eft) and daisy lains (ight) annealed at 400°C and submitted to a thermal
resistors. cyclingtest.

The difference between experimental and theoreticaB. 300mmchip to waferbonding

resistancefor the CtW DCS5 node is only 1m, which is The copper lines on the 300mm wafer are 500nm high and

significantly lower than the 2.5mof the WtW DC5node This  havea 25nm highTaN/Ta diffusion barrier while the copper

differencecould be attributed to variations in tfigbrication  |ines on the chips are 350nm high and ha@9nm highTiN

process a better bonding qualityand a robust alignment  diffusion barrier. Also, variations in the deposition conditions

between the chip and the waf@heseresultsglobally confirm induce aslight difference irthe grain size of the copper line

the very good bonding qualitf theCtW processas well as the  Thus,  the  extracted  copper  resistivity  were

absence of impact on the electrical performances compare thqipz 2.16.102q emfor the chip ang water = 2.13102q em for

the WtW process Furthermorejt strongly validates the CtW the wafer, which is slightly higher than the resistivity found on
the 200mm CtW bonding. Nevertheless, the experimental



resistance for the NIST and daisy chain structures on the The difference between experimental and theoretical
300mm CtW bonding ra in very good accordance with the resistance for the DC5 nodedis’mq this time, whichproves a
theoretical values.All the structure characteristics, the robust bonding quality the bonding interfacehaving little
theoretical resistance and the experimental resistammee impact on the global resistancThis result is all the more
compiled in thefollowing tables V andV. interesting as théonded samplesome fromtwo different
technologies,demonstrating the feasibility ofieterogeneous

TABLE IV. RESISTANCES OF BONDED AND STANDALONE NIST (300\/IM) . X X . .
integration with the direct bonding technolodyoreover by
Copper resistivity comparingthe resistances ddll the NIST presenton the 19
I NSt NISTe bonded chips, we did not notice any significantvariations
NIST Structures | NISTa | NISTb MS“I ST . (Fig. 10. Indeed, the standard deviation for tREST (a) am
. (b) is 3.39% and 1.47% respectivelyhich is in accordance
ContactArca (un?) | 640x3 | 3403 | 6403 !p:“s 102 0um | p=2.13.10°Cum with industry standasiregarding interconrations. This result
TheorcticalRes.(@) | 538 | 807 | s3as T implies high fabrication homogeneity and confirms thiie
Experimental Res.(2) | 550 | 808 | 560 | 133 931 CtW bonding process gives googlectrical performance
whether the chigs bonded o the edge or at the center of the
TABLE V. RESISTANCES OF DAISY CHAINS (300vM) 300mmwafer
Daisy Chai DC1 DC2 DC3 DC4 DCS
ey o NIST resistance of all the chip on the 300mm
Connection number 101136 4872 10 772 14 934 20422 16 wafer
Contact area (um?) 3x3 5x5 3x3 3x3 3x3 14 FR et gt X e
12
Pitch x / ¥ (um) 7/21 | 10/30 | 7/19 | 7/14 717 ?‘10 ~+NISTa
Theoretical Res.(€2) | 959.85 | 377.00 | 7853 | 1414.25 | 2786.26 B g R e =NISTb
Th.Res.pernode me) | 947 | 774 | 729 | 947 94.7 i Rresesesasaes b
Globalresistance () | 997.9 | 384.4 | 830.8 | 1488.8 | 2914.6 < 4 _N'ZTd
NIST e
Res. per node (m£2) 98.4 78.9 77.1 99.7 99 (2}
ThetableV presents theoretical and experimental electrical ‘e 6o ?higil 3 Cl> 7 el

resistance of théive daisy chain structures. The difference of
resistivity between the copper lines of ttogp chips and the Fig 10. Resistancesf all the NIST structures present on the 19 chips bonded
bottom wafer led us to choosanother equivalent circuit to ©on the 300mr_n WaferNo impact of the position of the chip on the electrical
calculate the theoretical resistance of the daisy chaifes. Performance is noticeable.

This time we considered two resistors, R2d R3 in parallelto
model the bonded part of the node. The total resistade R
defined by tle following equation:

IV. FINITE ELEMENT SIMULATIONS: IMPACT OF ANNEALING
CONDITIONS ON THE BAONDING INTERFACE

In previous works#], it has been already demonstrated that

R2Z = 1 the copper to copper adhesion is driven by the copper
L_,_L expansion upon annealing. Thus, modeling the adhesion,
RZ, " RZ, expansion andocal strain mechanisms between two copper
The figure 9 details the calculation of the theoretical P2dS iS of main concern to understand the reliability and failure
resitance for the DC5 daisy chain node: mode_s of s_uch an electrical m_tercqn_nectﬁin.thls purpose,
two dimensional thermemechanical finite element simulations
_ 0m ! : were conducted with Abaig tool to better understand these
L I 1 I mechanisms. Under thermal treatment, the SiO2/SiO2 interface
strengthens, increasing the bonding energy, and the copper
o 3um | 2em lines expand vertically. This is why the dishing effect of the
* > & » & copper has to be very well controlleb that the interface
! £ 350nm I properly closes during annealing. These simulations should
 500nm | help us determine some design rules regarding the maximum
| | authorized dishing for a particular copper line shape.
” o In this particular study we present thefirst results
H conceningtheimpact of the annealing conditionga 3um wide
R2, R3 500nm thickbondedcopper lins with a 20nmcopper dishing
(Fig. 11). The simulatios were carried outin two dimensions
Ri=411ma | | R,=252m@ | |R,=284mQ and the whole structure was considered under plane ,stress
‘ Ryoes = 94.7 mQ ‘ giventhatthe length of the linen the Z directionis very large
compare to its width and itshickness The parameters
Fig 9. Schematic view anéquivalent circuif the DC5 daisy chain node. describing the elastiplastic behavior of the copper, expressed

in TPa as the parts dimensions areicrometric are
summarized in the following tadVI:



TABLE VI. PHYSICAL PARAMETERSOF THE SIMULATED CORPER

Property Symbol Value
Young’s Modulus E 0.12TPa
Poisson’s Ratio v 0.34
Expansion Coeff a 1.65%10°K*
Yield Stress R, 180*10%TPa
Kinetic Hardening C 0.6026 TPa
Gamma 1 ¥ 2300
Q-infinity Q 30%10=TPa
Hardening Param b 100

Where, is a normalseparation variableg =/ {iahd
r /% *p bei ng t haeafter\canplete shearf Q
separation under the condition of zero mal tension,
i.e., T, = 0.U, a n d arelhormal and tangential characteristic
lengths associated with tiheode Ifracture energ,, the mode
I fract ytrlee etnemgentii alp,amhes
the normal cohesive strendif..

(/)” - szlxe()n« (/)r =V 6/2711111,\()1

For these particulasimulations we chose¢he case wherg = 1
and r = 0 In these conditions, the potential is defined as

Concerning the boundary conditions, the bottom edge of the

bottom partwas considered fixed during all the calculation.

An 7An ,2
Symmetry along the X axis was chosen for the side edges of V(A &) = by = ¢ {1 +()‘_] eXp( F; ) exp (_(5_2) &)

both parts. Finally, i order to evaluate the impact of the
annealing conditions on the bonding interface, we considered
two different case studies using different boundary conditions
for the top edge of the tqmart In the first case the top wafer is

free to movealongthe Y axis, while in the second case the top
edge is pinnedA 500nm misalignment between the two copper
lines was introduced to correspond to typical alignmen{

precision offered by current bonding machines.

The simulation scenariwasdivided into 3 main step3.he
first one consigd in the approach of the topart toward the
bottomone initially separated from 1um, in order to initiate the
bonding at ambient temperatuf@uring the second steghe
annealingat 400°Coccured, which ledo the copper dilatatio

n n

t

Previous studieshave evaluated the bonding energy at
ambient temperature of oxide/copper mixagface to about
750mJ/m2[9]. Because of the twdimensional nature of our
model and the chosen boundary conditions, we considered that
he normal interactionsvere predominanton the tangential
ones This way, we only wusegtd th
estimatet h g.alin ¢ patametewalues to 280MPa and 1nm
respectively, which gives:

(in = 280.10* exp(1) * 1.10° = 756mJ/m?

To simulate the strength increase of the bonding interface
under thermal treatmenthe 0. parametemwas dynamically

and thus the complete or partial closure of the copper interfaccreased during the annealinge of the calculationThe

Finally duringthe last step th@artsassembly coed down,

going from 400°C to 20°C.

Cu Si - 5i02

TiN

A A A

Fig 11. Schematic view of the partggeneral boundary conditionsand

simulation scenario

A user suboutinewasimplementedo take intoaccountthe
cohesive interactions occurring at the 80, and Cu/Cu

Bonﬂing

cohesive forcéeingincreased that wayhe separation of the
bonded interface due to the slkiimg of the copper line during
the stage of cooling doestoccur.

OPENING SLIDING TEARING

MODE | MODE I MODE Il

Fig 12. Schematic view of thdifferent fracture modes and thehesivezone
model employed in this study.

The Fig. 13 offers a comparison dhe state of both case
studies at thdinal step of the computation. The color scale
represents the verticalrsssin TPa.We can clearly sea huge

interfaces The equations of this cohesive model are based oflifferencein the closure statbetween thetwo casestudes

the exponentiatohesive zone law, which uses potentiaérgy
and wasoriginally proposed byX. P. Xuand A. Needleman
[10] (Fig. 12) The exponential potentigd expressed as

-p+g;

—Bn

T(AH:AI) = (nbn + ¢n CXP( 5

A)Hl‘”?—ﬂ Efl-:n

Indeed, in the firstasethe copperinterface ispartially closed,
indicating thatthe copper line was able to retract during the
cooling stepHowever, we can notice that the copper interface
is bonded at thextremitiesof the line, whichimplies atensile
stresof about 0.7MP#hroughout théhicknessof the line. The
maximum tensile streds situated at th@iN/Cu interfaceand

is about300MPa In the second casdudy, the copper interface

is completely closed andnaimportant tensle stress is
noticeable going from about 10MPa at the center of the line, to



1GPa at the edge of the lin€his tension is the result of the V. CONCLUSIONS
compdition between the shrinkage of the copper and the
bonding strength of the interface. Indeetliring the cooling ac
stage of the computation, the copper tends to shrink but in th
case the bonding strength keeps the interface ¢lasesing
the tensile stress to increa3ée boundary conditions used for
this second case study sed¢mfavorthe cbsure of the copper W
interface because the expansion of the top wafer is forceg
downwardsThese first results tend to indicdbat by applying

In this paper, we presestt and discussd the recent
hievements in transferring tB@0mmwafer level direct Cu
u bonding to 200mm and 300mm chip to wafer processes.
comparing with the previous electrical results obtained on
200mm wafer to wafebonding we showved that the chip to
afer tetinology offers equivalentelectrical performances
ong with avery satisfying homogeneityrurthermore, the
, . very good concordance between the theoretical and the
a constant pressure on the top wafer during the annealing o, jorimental resistance, especially concerning the daisy chain
400°C, it would be possibléo completely bond twacopper it more than 3000 interconections, along with thiact that
lines usually impossible to bond under thermal treatmeatto ' o . 1 p6s position on the wa
an excessive dishing effediowever, in order to predict and performanceyalidates the CtW process as a reproduciie
prevent preferential fff‘”“re mechanisms, the digtribLnjbme romising ménner to realize high density thréenensional
stress and its magnitude should be further investigated, tﬁﬁegrated circuitsIn order to beer understand the closure
taking into account the creep phenomenon for example. mechanisms of the copper interface, two dimensional thermo
mechanical finite element simulationave beempresentedThe
first results indicate that it could be possible to compensate a
large dishing effet of the copper line bypplying a constant
pressure on the top wafer during the annealing step.
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