A METHOD OF FORM NG A BONDED STRUCTURE Technical Field [0001] Enbodi nments
relate to a nethod of form ng a bonded structure. Background

[ 0002] Thrgedimpusisonal (3D) integration has been a mai pcsisGB&FHGI4HE
devel oped by industries and research institutes in order to manufacture
mul tifunctional and high performance el ectronic products in a small form
factor for different applications. Sone integration nmethods may include
copper to copper (Cu-Cu) bonding or copper to tin (CuSn) bondi ng. These
bondi ng net hods may utilize a high tenperature above 300 C for

i nt erconnecting di WMﬁ%O@eﬁFW%MIN‘@%%GNbEﬁSTR fgREf ashi on. The high
bondi ng tenperature may degrade the performance and the sensitivity of the
respective optical M cro-El ectro-Mchanical Systens (MEMS), photonics and
radi o frequency (RF) devices. Therefore, a | ow tenperature bondi ng bel ow

200 C may be necessary for vertic II%.i ggrating heterogeneous systens
such as nultifunctional devices ij¥§9—5@g§§££n1in Package (SiP). [0003] An
exanple of a relatively |ow tenperature bondin y be a transient |iquid
phase (TUPRYOMongEm§o eﬁ%?d?la?ﬁéat‘?%ﬁ‘@‘érf?”?@%ﬁ?’&%ﬁ‘éé"éc%di ng method may

al |l ow stacking of the devices vertically with reduced thernmal damages and
stresses. Since joints between the respective devices form robust
internetallic (IMJ) interconnects with high re-nelting tenperature after
bondi ng of a second layer to a firBackesswrd bel ow 200 C, a third | ayer may
be stacked up subsequently at about the same tenperature of bel ow 200 C.
As an exdo@2}, aThieadimens{dna) (3D))integmtidi has béeal a (lin) streGin Orbegdevelopédl) nay
be used for the | ow tenperature bonding in 3D integration, since the In

| ayer maybyhidd@stAes v FeRédré ghstifigReinadrdétoOmamiadtire L bltiGanctiong \a@d  higlecause
of arelatively fast interdiffusion between the In |ayer and pad netals for

exanpl e, debfornMince '%lbctr@fl{i@ bréduce ih QOSIPFERRN ﬁEtﬁf €or difterehCipplitatny. $dmhd I N

| ayer may be susceptible to be transfornmed shortly to an"alloy layer with a

I
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t enper at ur e: resu én W y need to be
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interconnecting different devices or wafers in a vertical fashion. The high bonding
temperature may degrade the performance and the ;ensitivity of the respective optical
Micro-Electro-Mechanical Systems (MEMS), photonics and radio frequency (RF)
.devices. Therefore, a low temperature bonding below 200 °C may be necessary for
vertically integrating heterogeneous systems such as multifunctional devices into a
- System in Package (SiP).
[0003] An example of a relatively lbw temperature bonding may be a transi¢nt liquid
phase (TLP) bonding method. The transient liquid phase bonding method may allow
stacking of the devices vertically with reduced thermal damages and stresses. Since joints
between the respective devices form robust intermetallic (IMC) interconnects with high

re-melting temperature after bonding of a second layer to a first layer below 200 °C, a

third layer may be stacked up subsequently at about the same temperature of below 200



structure which may carried out at a relatively | ow bonding tenperature and

may achieve a high renelting tenperature thereafter

Summary WOQOGJdpe3eari ous enbodi ments, a nmethod of for mpPog/se2bomndeds
structure is provided. The nethod may include formng at |east one first
formng a first
gold layer on the at |least one first under bunp netallurgy structure;
forming atin layer on the first gold layer, form ng an indium|layer on the
tin layer, formng an inhibition |layer configured to inhibit oxygen

penet r at i @) AQMant SQmipNsiak Mhdidi§In) 15y WithChiddel pgﬁ,scu%%oﬁmm Ghaydalsedunm

under bunp netal lurgy (UBM structure on a first substrate,

netal lurgy structure on a second substrate;
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between the In layer and pad metals for example, Cu, Ni, Au, even at a room
temperature, the relatively thin In layer may be susceptible to be transformed shortly to
an alloy layer with a higher melting temperature resulting in a required higher bonding
temperature. As a result, bonding with the thin In layer may need to be carried out at a
temperature even higher than at 200 °C.

[0004] Therefore, there is a need for an alternative method of forming a bonded
structure which may carried out at a relatively low bonding temperature and may achieve

a high remelting temperature thereafter.

Summary

[0005] In various embodiments, a method of forming a bonded structure is provided.
The method may include forming at least one first under bump metallurgy (UBM)
structure on a first substrate, forming a first gold layer on the at least one first under
" bump metallurgy structure; forming a tin layer on the first gold layer, forming an indium
layer on the tin layer, forming an inhibition layer configured to inhibit oxygen penetration
on the indium layer, forming at least one second under bump metallurgy structure on a
second substrate; forming a second gold layer on the at least one second under bump
metallurgy structure; and bringing the inhibition layer into contact with the second gold

layer at a predetermined temperature to form a resultant intermetallic structure between



the first substrate and the second substrate thereby bonding the first
substrate to the second substrate and form ng the bonded structure. Brief
Descri pt iwo 20f1/0ob984Dr awi ngs [ 0006] I n t he draw ngs, | i kePCefSerernmeooss
characters generally refer to the sane parts throughout the different
views. The draw ngs are not necessarily to scale, enphasis instead
general ly being placed upon illustrating the principles of various

enbodi ments. In the follow ng description, various enbodi nents of the
invention are described with reference to the follow ng draw ngs, in which:

FIG 1 shmeshi@t fiRweRadnd th |sesdndadubsishte tﬁ@éﬂaoeloxmfmg* a{enmg s@bsaaRdR0ihe
structure according to an enbodi nent; shows a

Cr oss- Sec%}éc@xéﬂub\{ﬁﬁgv Jfo?mdgrtﬁébﬁ’rﬂté %\gctrt]@eand a second sub_strate bef ore

bondi ng t st su strate to t substrate according to an
enbodi ment; FIG 2B shows a cross-sectional view of a bonded structure
after bonding the first substrate to the second substrate according to an

enmbodi nent ; FIG 3 sho a .sgannj ng el e¢ctron m croscope (SEM i nage
of a bonded structure accorﬁﬁ-ﬂ%&&%ﬂ-}e@&%ﬂﬂ—ﬁ FIG 4 shows a

transm ssi on eI ectron m croscope (TEM ?e of a bonded structure
accor di ngl0086lan &nthsadienes, like referengs @af@ ogh gareratlyxraferytogthe fspme tiagh ( XRD)

of an unbonded structure after a duration of about 6 nonths according to an
enbodi nenthroughout the different views. The drawings are not necessarily to scale, emphasis

instead generally being placed upon illustrating the principles of various embodiments.
In the following description, various embodiments of the invention are described with

reference to the following drawings, in which:

FIG. 1 shows a flowchart illustrating a method of forming a bonded structure
accofding to an embodiment;

FIG. 2A shows a cross-sectional view of a first substrate and a second
substrate before bonding the first substrate to the second substrate according to an
embodiment; FIG. 2B shows a cross-sectional view of a bonded structure after bonding
the first substrate to the second substrate according to an embodiment;

FIG. 3 shows a scanning' electron microscope (SEM) image of a bonded
structure according to an embodiment;

FIG. 4 shows a transmission electron microscope (TEM) image of a bonded
structure according to an embodiment;

FIG. 5 shows a X-ray diffraction (XRD) of an unbonded structure after a

duration of about 6 months according to an embodiment;



FIG 6 shows a differential scanning calorinmetry (DSC) of a bonded
structure according to an enbodi nent; FIG 7 shows a

cr oss- secwpanual09vizew of a bonded structure with three sebIiSGatesHpoasch
substrate stacked on top of another substrate via respective resultant

internetallic structures according to an enbodi nent; FIG 8 shows
thermal cycling test results of respective bonded structures at different
nunber of cycles according to an enbodi nent; FIG 9 shows

t hree-di nension integration results of a bonded structure according to an

enbodi nment ; i i ﬁS‘@ﬂ{,’f" L ry
(DSC) of respect iF\I/% %@ﬁ?@ff?ﬁgﬁrﬁ?ﬂ%@%@ﬁﬂ%@% a er%%él??r&e%ﬂc“&f:e 10B
shows a t i . lysis (TMA) of respective bonded structures
accor di ngagéﬁg%qg%%@ﬁ)ﬁglrﬁmﬂ G 10C shows a gold-indiumtin ternary phase
di agram accor di n? (lt:'o an enbodi nent ; . . FtJnG 1]a§ahows an i.sot her nal

gol d-indiumtin f&mdr ghodea§e°r8FSéﬁFté‘?ﬁaéc"dB‘?’d? g bopdsd strses ek thigs g

FIG 12 shows a craoss-sectional view of a first substrate and a second
subst r at eSUBEFF%e cBTharbsHaiehdadked on tepnfiangthsr subsinte via JgsRecYR Easpliang

according to another enbodi nent. ) Descri ption
[ 0007] Theinfesnptallicrstyuefures areoadiog tocan gmbadimenif er s to t he acconpanyi ng
drawi ngs that show, by way of illustration, specific details and

enbodi nents i n WRIGHS shevs theendli oyolingatestoesytsactt fesmedtivelbasled erbadiesmnt s ar e
described in sufficient detail to enable those
different number of cycles according to an embodiment;
FIG. 9 shows three-dimension integration results of a bonded structure
according to an embodiment;
FIG. 10A shows a differential scanning calorimetry (DSC) of respective
bonded structures according to an embodiment; FIG. 10B shows a thermomechanical
| analysis (TMA) of respective bonded structures according to an embodiment; FIG. 10C
shows a gold-indium-tin ternary phase diagram according to an embodiment;
FIG. 11 shows an isothermal gold-indium-tin ternary phase diagram according
to an embodiment; and
FIG. 12 shows a cross-sectional view of a first substrate and a second

" substrate before bonding the first substrate to the second substrate according to another

embodiment.

Description
[0007] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention

may be practiced. These embodiments are described in sufficient detail to enable those



skilled in the art to practice the invention. Qher enbodi nents may be
utilized and structural, |ogical, and electrical changes may be nade

wi t hout dwpantivoege3firom t he scope of the invention. The wamisScasioeniagli ment s
are not necessarily mutually exclusive, as sone enbodi nents can be conbi ned
wi th one or nore other enbodinments to form new enbodi nents. [0008] The word
"exenplary" is used herein to nean "serving as an exanple, instance, or
illustration". Any enbodi nent or design described herein as "exenplary"” is
not necessarily to be construed as preferred or advantageous over other
embodi menggndr infdgRi 4030 prRPLIIAD i/ehsH. "GML: @onaﬁfemsd@a@ b@ﬁhﬂi‘%@? Qhd form ng
a bonded structure. The nethod may 1 nclude formng at |east one first under
bunmp net e i nst f ! irst gold
ayer on FhEH, Rl id MGG ndy Bt Sl Qepd BT B AbE P
first gol ayer, .formng an indjumlayer on the tin |a form ng an

s bi C1 oo PEDentcrhy (158 rafor ShaBR o, SR Aegeet P PR, TR dar urm

| ayer, and form ng at Ieagt one secopd under buap nmetallurgy structure on a
second s UIPEteT ARROAIMEHH 3y be camip Wi 1oge or nare giber pRbedimentsde IR cond
under bunp netal lurgy structure, and bringing the inhibition layer into
cont act vémbpdimentsecond gol d | ayer at a predetermined tenperature to forma
resultant intermetallic structure between the first substrate and the
second sulf808]lat eThdrevally"esemplary] ishesefli heg¢in stobsieamt "servimgt re ais exomgle,
substrate and form ng the bonded structure. [0010]1n an enbodi nent, the
conbi nat iiastamde, drdluSmtioay.eAny ebodimentay elesign desdhided hbeln 4si "@Rethplyst isay be
termed the initial solder structure. The nmaterial conposition of the
initial stdedessbilyet by ondBiedds eferrbdor AMROSEAOIsUVePbthtN@NbRIsM bt BE
internetallic structure. [0011]In an enbodi nent, the inhibition | ayer may
include gegpherial selected froma

[0009] An embodiment may provide a method of forming a bonded structure. The
method may include forming at least one first under bump metallurgy (UBM) structure
on a first substrate, forming a first gold layer on the at least one first UBM structure,
forming a tin layer on the first gold layer, forming an indium layer on the tin layer,
forming an inhibition layer configured to inhibit oxygen penetration on the indium layer,
and forming at least one second under bump metallurgy structure on a second substrate,
forming a second gold layer on the at least one second under bump metallurgy structure,
" and bringing the inhibition Jayer into contact with the second gold layer at a
predetermined temperature to form a resultant intermetallic structure between the first
substrate and the second substrate thereby bonding the first substrate to the second
substrate and forming the bonded structure.
[0010] In an embodiment, the combination of the Sn layer, the In layer and the

inhibition layer may be termed the initial solder structure. The material composition of



group of materials consisting of gold (Au), silver (Ag), platinum(Pt),
cobalt (Co). The inhibition [ayer may be configured to inhibit oxygen
penetrat iwo.2011@9493)il N an enbodi nent, the at | east one fipgsisgda@@oooasnp
metal lurgy structure may include a third gold layer. [0013]1n an

enbodi nment, the first gold |layer and the third gold |layer nay be fornmed as
a single layer. [0014]In an enbodi nent, the at |east one first under bunp
metal lurgy structure may further include a first titanium/layer. However,
the first titaniumlayer may al so be optional [0015]In an enbodi nent, the

st P Rl A e S, o pO LA cBRodl, {11
directly or jndirectly on the flrst tltanlun1layer

[0011] In an embodiment, the inhibition layer may include a material selected from a
group of materials consisting of gold (Au), silver (Ag), platinum (Pt), cobalt (Co). The
inhibition layer may be configured to inhibit oxygen penetration.
[0012] In an embodiment,' the at least one first under bump metallurgy structure may
include a third gold layer.
[0013] In an embodiment, the first gold layer and the third gold layer may be formed
as a single layer.
[0014] In an embodiment, the at least one first under bump metallurgy structure may
further include a first titanium layer. However, the first titanium layer may also be
optional.
[0015] In an embodiment, the first titanium layer may be positioned directly or
indirectly on the first substrate.
[0016] In an embodiment, the third gold layer may be positioned directly or indirectly
on the first titanium layer.

" [0017] In an embodiment, the at least one second under bump metallurgy structure
may include a fourth gold layer.
[0018] In an embodiment, the second gold layer and the fourth gold layer may be
formed as a single layer.
[0019] In an embodiment, the at least one second under bump metallurgy structure
may further include a second titanium layer. However, the second titanium layer may

also be optional.



[0017] I n an enbodi nent, the at |east one second under bunp netall urgy
structure may include a fourth gold layer. [0018]In an enbodi nent, the
second gowd 20mymp93and the fourth gold | ayer may be for medTas2a10900098 €

| ayer. [0019]1n an enbodi nent, the at |east one second under bunp

metal lurgy structure may further include a second titaniumlayer. However,
the second titanium | ayer nay al so be optional. WD

2011/ 099934PCT/ SG2010/ 000048 [ 0020] I n an enbodi nent, the second titani um
| ayer nmay be positioned directly or indirectly on the second substrate.

[0021] I'n [@ﬂZ(ﬂnbO% Qﬁr&nbohﬂﬁenft,otﬂé ts@coﬂﬁltgaﬂiﬁ%qgiywa}bge Bg§ih$ﬁegn(ﬁgscﬂ& lgctly or

indirectly on the second substrate.

[0021] In an embodiment, the fourth gold layer may be positioned directly or

indirectly on the second titanium layer.

[0022] In an embodiment, the material composition and dimensions of the first gold

layer may be the same as the second gold layer. The material composition and

dimensions of the third gold layer may be the same as the fourth gold layer. Similarly, the

material composition and dimensions of the first titanium layer may be the same as the

second titanium layer.

[0023] In an embodiment, the at least one first under bump metallurgy structure may

be the same or different from the at least one second under bump metallurgy structure.

[0024] In an embodiment, the at least one first under bump metallurgy structure or

the at least one second under bump metallurgy structure may include any suitable

material or combination of materials or any suitable number of layers of material
. depending on design and user requirements.

[0025] In an embodiment, the first substrate may include silicon, glass, ceramic,
" plastic, silicon carbide (SiC), printed circuit board (PCB).

[0026] In an embodiment, the second substrate may include silicon, glass, ceramic,

plastic, silicon carbide (SiC) , printed circuit board (PCB).

[0027] In an embodiment, each of the first substrate or the second substrate may

include a wafer or a die.

[0028] In an embodiment, the material and dimensions of the first substrate may be

the same as the second substrate.



indirectly on the second titaniumlayer. [0022]1n an enbodi nent, the

mat eri al conposition and di nensions of the first gold | ayer nay be the sane
as the sewondiigobas4| ayer. The material conposition and #cmse200e80088 t he
third gold layer may be the sane as the fourth gold layer. Simlarly, the
mat eri al conposition and dinmensions of the first titaniumlayer may be the
sane as the second titanium/layer. [0023]In an enbodi nent, the at |east one
first under bunp netallurgy structure may be the sanme or different fromthe
at | east one second under bunp metal lurgy structure. [0024]1n an

embodi menfgp20fie ah ahRABbdRMA, thd HhibiSayd widy iABL&L 4 Hikhesilih W Mdhge & the
at | east one second under bunp netal lurgy structure may I nclude any

sui tabl e gpsRBb3AM BM106 i nation of materials or any suitabl e nunber of
| ayers of nater?g1 Jepgﬁging on design and user requirenents. [0025]1In an

enbodi nen e first suhbhstrate nmay include siligon,, glass eramc

oot o 19030LG h aheriidafndedy e SR dfyal Py int S A kARG BEGRRSL, o

enmbodi nent, the second substrate nmay i nclude silican, ?Iass, ceranic,

plastic, &PI4tcbned? i gan (s t 2 O dredxanpleuthe Bgmmy layprs)ay medy Rl n an

enbodi ment, each of the first substrate or the second substrate may
thickness in the range of about 1.0 um to 2 um.

[0031] In an embodiment, the tin layer may include a thickness in the rénge of about t
um where t > 0.5. For example, the tin layer may include a thickness in the range of
about 0.5 um. As a further example, the indium layer may include a thickness at least
about two times the thickness of the tin layer.

[0032] In an embodiment, the first gold layer may include a thickness in the range of
about 2t um to 3t um, where t > 0.5. For example, the first gold layer may include a
thickness in the range of about 1 um to 1.5 um. As a further example, the first gold layer
may include a thickness at least about two times the thickness of the tin layer.

[0033] In an embodiment, both the first gold layer, the second gold layer, the third
gold layer and the fourth gold layer may react after bonding. Before bonding, there may
be some diffusion of gold (Au) atoms into the Sn layer and at the same time there may

* also be some diffusion of gold (Au) atoms into the In iayer.

[0034] In an embodiment, the first titanium layer may include a thickness in the range
of about 50 nm to 200 nm, typically about 100 nm.

[0035] In an embodiment, the second gold layer may include a thickness in the range
of about 1 um to 3 um.
| [0036] In an embodiment, the second titanium layer may include a thickness in the

range of about 30 nm to 200 nm, typically about 100 nm.



I nclude a wafer or a die. [0028]1n an enbodi nent, the material and

di nmensi ons of the first substrate nmay be the sane as the second substrate.
WO 2011/ 080281IRGTY3$G2010/ 000048 [ 0029] I n an enbodi nent, PCSG2euvi0be0s ON

| ayer may include a thickness in the range of about 30 nmto 100 nrn.
[0030] I n an enbodi nent, the indiumlayer may include a thickness in the
range of about 2t umto 4t urn, where t 0.5. For exanple, the indium]layer
may include a thickness in the range of about 1.0 urn to 2 urn. [0031]In an
enbodi ment, the tin layer may include a thickness in the range of about t

urn \Aheregdggzli 5. 1£9h m&pﬁ&?, D Girdel do1d %@fe ?J;yﬁnélﬂ&é YRt BCIRG S N the

range of 0.5 um As a further "exanpl e indiumlayer may Include a
th|cknessﬁgéshg@ﬁ&g%gg&ahéﬁgh%%ges the thickness of the tin |ayer

[0038] In an embodiment, the indium layer may include a thickness at least two times

the thickness of the tin layer.

[0039] In an embodiment, the first gold layer, the tin layer and the indium layer may

include a thickness with a ratio selected from a group of ratios consisting of 2:1:3, 3:1;3,

2:1:4, 3:1:4.

[0040] In an embodiment, the resultant intermetallic structure may include a gold-

indium-tin intermetallic. The gold-indium-tin intermetallic may be represented by AuIlnSn

IMC or Aux(InSn)1-x (0.35<x<0.95).

[0041] In an embodiment, the resultant intermetallic structure may include a material

with a melting point higher than each of the tin layer or the indium layer. The melting

point of tin layer may be about 232 °C and the melting point of In layer may be about 156

°C.

[0042] In an embodiment, the resultant intermetallic structure may include a

thickness in the range of about 6t um to 8t um depending on the thickness of the initial
" solder structure. As an example, if t =0.5, then the range of thickness for the resultant

intermetallic structure may be about 3 um to 4 um.

[0043] In an embodiment, the predetermined temperature may be about 180 °C. The

predetermined temperature may be higher than the melting point of the In layer and lower

than the melting point of the Sn layer. But the predetermined temperature may be

selected such that the temperature is higher than the melting point of an intermediate



[0032] I n an enbodi nent, the first gold layer may include a thickness in the
range of about 2t urn to 3t um where t =. 0.5. For exanple, the first gold
| ayer mayworeoiwdeosa t hi ckness in the range of about 1 umRCTSG201H/0008 As a
further exanple, the first gold layer may include a thickness at | east
about two tinmes the thickness of the tin layer. [0033]1n an enbodi nent,
both the first gold | ayer, the second gold |ayer, the third gold |ayer and
the fourth gold | ayer may react after bondi ng. Before bonding, there may be
sonme diffusion of gold (Au) atons into the Sn layer and at the sane tine

there mycﬂp%glgggorﬁ%%ﬂhftﬂéﬂ rg%rqreacgsoslvgh {HRuh 1@{99 e iiﬂglg?éggh?e ¢dp N’ -

[0034] In ane I ment, the tirtaniumlay may I n e a thickness in
e o) 208 O AL R, By 005 1 2
obout T YRR U G SRR R0 b RA M BT T,
100 nm compensation layer between the first titanium layer and the first gold layer. As an

example, the first height-compensation layer may be initially be positioned between the

first titanium layer and the first gold layer. After bonding, the first height-compensation

layer may then be seen to be positioned between the first titanium layer and the resultant

intermetallic structure (i.e. AulnSn solder layer). This first height-compensation layer

may be used to increase height of the bonded structure where the subtrate topography

may not be planar while keeping the thickness of the resultant intermatllic structure (i.e.

solder thickness) within a specified ratio.

[0045] In an embodiment, the method may further include forming a third titanium

layer bet§veen the first height-compensation layer and the first gold layer.

[0046] In an embodiment, the method may further include forming a second height-

compensation layer between the second titanium layer and the second gold layer. The

second height-compensation layer may be the same or different from the first height-

" compensation layer. As an example, the first height-compensation layer and the second

height-compensation layer may include a similar material composition or thickness. In

addition, the first height-compensation layer and the second height-compensation layer

may also be configured to serve the same purpose.

[0047] In an embodiment, the method may further include forming a fourth titanium

layer between the second height-compensation layer and the second gold layer.
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WO 2011/ 099934PCT/ SG2010/ 000048 [0037] I n an enbodi nent,
| ayer may include a thickness at

the first gold
| east two tines the thickness of the tin

| ayer. [OW8&piwm9ggs4enbodi ment, the indiumlayer nay i nclPaiisGaomhp@dsess at

| east two tines the thickness of the tin |ayer.

first gold layer, the tin layer and the indiumlayer may include a

t hi ckness with a ratio selected froma group of
3:1;3, 2:1:4, 3:1:4. [0040]In an enbodinment, the resultant internetallic

structure may include a gold- indiumtin internetallic.The gold-indiumtin

i nt er net
, X0. 95) .
i ncl ude
or the i
the nmelt

[0039] I n an enbodi nent,

t he

rati os consisting of 2:1:3,

&y ma . t ST h%@l : - 3D
a{[O%glll] I %n %ﬁe%%@?%gﬁgs#ﬁgﬂ#églﬁﬁoa t é%%’? Qﬁ%’% %P?li)%thse;% 3 &gtagr e may
q:g%tqmjp pggtl%n%nnehting poi nt hi gher than each of the tin |ayer
nd® Gt PSPRF COMRRESHHOMNEE " poi nt of tin |ayer may be about 232 C and

! 1%845%0' n&n gl’]: erlngodi%%r?tt th%st%%ig%?—%grtrxpg'n%gtioc‘r:i layer may include a material

selected from a group consisting of copper, tungsten, nickel or silver for example.

[0050] In an embodiment, the second height-compensation layer may include a
material selected from a group consisting of copper, tungsten, nickel or silver for
example.

[0051] In an embodiment, the first titanium layer may be the same or different from
the second titanium layer. The first titanium layer may include the same thickness or
material composition as the second titanium layer.

[0052] In an embodiment, the third titanium layer may be the same or different from
the fourth titanium layer. The third titanium layer may include the same thickness or
material composition as the foqrth titanium layer.

[0053] In an embodiment, the first titanium layer, the second titanium layer, the third
titanium layer and the fourth titanium may be the same. Each of the first titanium layer,

the second titanium layer, the third titanium layer and the fourth titanium layer may

" include the same thickness or material composition.

[0054] In an embodiment, the first height-compensation layer may include a material
selected from a group consisting of copper (Cu), tungsten (W), nickel (Ni) or silver (Ag)
for example. Any other suitable materials may also be used.

[0055] In an embodiment, the second height-compensation layer may include a material
selected from a group consisting of Cu, W, Ni or Ag, for example. Any other suitable

materials may also be used.
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[0042] I n an enbodi nent, the resultant internmetallic structure may include a
t hi ckness in the range of about 6t umto 8t um dependi ng on the thickness
of the i nwDi2all/®ed3der structure. As an exanple, if t 0. BCTiSGeonooh@4s ange of
thickness for the resultant internetallic structure nay be about 3 umto 4
um [0043]1In an enbodi ment, the predeterm ned tenperature nmay be about 180
C. The predeterm ned tenperature may be higher than the nelting point of
the In layer and | ower than the nelting point of the Sn | ayer. But the
predeterm ned tenperature may be sel ected such that the tenperature is
hi gher th ' [ i ' _w}ﬂp en the
Sn | ayer @23@?@ ﬁn}x}ﬂo{&%gé}{l?,ntﬂf: ay ?&&?’rﬁghis{r??éggfntgg?igsttgﬁggﬁpo n%gﬁa@q%)‘ggl n" Sny
with a nmelti i_nt t han the nelt] ojnt of .the In |a . 0044] I'n
4 9 sPtlinelefE Sorheodaiiallr e B PhaeSiof b b okt

an enbodi nen e mng a el gh

conpensati.on er betyween t firgt titanium| ayer, and. the first | d
ayor " asstit ok rBTealliabost B o Tia kBt SRS Rerneagiog ORdpe BeFr it | al 1y
be positioned between the first titaniumlayer and the first gold | ayer.
After bon®RSiEg rEQUHEMENSst hei ght - conpensation | ayer may then be seen to be
positioned between the first titaniumlayer and the resultant internetallic
struct ur el0057le. Hupmsmbedimeat, al layeteinperahire IVCr based bprging o aban280i1°6N | ayer
may be used to increase height of the bonded structure where the subtrate
t opogr aphfpr néyeerditnebsonml a(HP) ViK1 |aad k dipioniglettine Menhankeab s Sysbémgs hMEMSY| t ant
intermatllic structure (i.e. solder thickness) within a specified ratio.

[ 0045] | n mEackagimpaibyrbatiscloked. met hod may further include forming a third
titani um

[0058] In an embodiment, 3D chip-stacking technology may require repeated

stacking of additional layers without remelting joints that may have been formed at lower

levels of the stack. This may be achieved _byA IMC based bonding whereby intermetallic

joints may be formed at a lower temperature and withstand subsequent higher

temperature processes.

[0059] Solder bonding with low temperature thin solder layers, such as In, may be

used to reduce the bonding temperature for 3D IC stacking and MEMS packaging.

[0060] The interdiffusion between the low temperature solder, In, and the UBM, Au

or Cu may happen relatively quickly before bonding, which may result in Auln or Culn
- IMCs formation. This may cause higher bonding temperature or poor interconnect

properties.

[0061] To prevent the interdiffusion before bonding, a diffusion controlling layer

may be needed between In and UBM to slow down the interdiffusion as well as IMC

formation and at the same time to provide void-free low temperature bonding.
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| ayer between the first height-conpensation |ayer and the first gold |ayer.
[ 0046] I n an enbodi nent, the nethod may further include formng a second

hei ght - cwopenwmbdzen | ayer between the second titani um lPaysSG2eandoakge second
gold layer. The second hei ght-conpensation | ayer nay be the sane or
different fromthe first height-conpensation |ayer. As an exanple, the
first height-conpensation | ayer and the second hei ght-conpensation | ayer
may include a simlar material conposition or thickness. In addition, the
first hei ght-conpensation | ayer and the second hei ght-conpensation | ayer

TRy a1 50 WAHONT 9 Sehih iRl b EnBEEPUERASE belbROEL Botic spioft Tont

the method may further include form our titanium [ayer between the

second hej - t] | ayer he . second r.. WO ...

2011/ 0995 ARt P B OF obBBas Hedt B SRl o ERe HRESE insHeratics

hei ght - conpensati op .| be, t he . sane a§ the fjrst height-conpensation
| ayer. [O% ‘?ﬂaﬁﬁagﬂﬁ%ﬁ#ﬂgﬁ%PtTﬂ%) )F?Wa#?ﬁﬁﬁggﬁ ensation | ayer may
include a material selected froma grou% consistng_of cop?er, t ungst en,

ni ckel or[0963)y er In ap ergk%maﬁxp@_, a Sn layer may be used as a diffusion controlling layer and

a solder. The Sn layer may be placed between an In layer and a Au layer. The Sn layer

may control interdiffusion between the In layer and the Au layer and Auln IMC

formation before bonding. The Sn layer may reduce the melting temperature of the In and

so it may accelerate a reaction between the solder (e.g. In layer and Sn layer) and UBM

(e.g. Au layer) at the bondiﬁg temperature forming AulnSn IMC. Furthér, a part of the In

layer may be replaced with the Sn layer, which may mean that a thinner In layer may be

needed. It may also be good for lowering cost.

[0064] In an embodiment, the Sn layer may be used to control Auln IMC growth and

to lower the solder melting point for bonding.

[0065] In an embodiment, the initial solder layer structure may need to consider the

final IMC composition, which may meet the requirement for 3D interconnects, such as

high melting point (for example greater than about 300 °C), low electrical resistance,
" shear strength, continuity (without voids), reliable characteristics including high

temperature storage (HTS), terﬁperature cycling test (TCT) and high temperature (HT),

drop impact.

[0066] In an embodiment, the respective solder layers may be fabricated by e-beam

evaporation, sputtering and electroplating methods.

[0067] In an embodiment, a joint layer structure with Ti/Au/Sn/In stacks of which

layer thickness ratio is Au:Sn:In = (2 to 3):1:(3 to 4) may be disclosed.
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[ 0050] I n an enbodi nent, the second hei ght-conpensation | ayer may include a
materi al selected froma group consisting of copper, tungsten, nickel or
silver fogoesambss [ 0051]1n an enbodi nent, the first tipcasicdeioloayras nay be
the sanme or different fromthe second titaniumlayer. The first titanium

| ayer may include the same thickness or material conposition as the second
titanium |l ayer. [0052] 1 n an enbodinent, the third titanium|ayer nay be the
sanme or different fromthe fourth titaniumlayer. The third titanium/|l ayer
may include the sane thickness or material conposition as the fourth

titani um [mar ﬁxQQé%]andlﬁ{%nﬁﬁb%gi‘?ﬂMC ibl}e leihr}ﬁ%h hiehﬁ%' t?l%hén‘@%% abdvB®

second ti anlunllayer t he th|rd titani n1|ayer titani um may

be the sauh ol WhablSndy 6krhld 301 WD baVELL LhRESEEORELL AN Uy Ve

t he thlrd I tanium ayer he sane
t hi ckness I conposition. [0054] In an enbodlnent the first
height-coﬁﬁ% ggtlo Iayer may i nclude a materi al selected fron1a group
consistin& of copper g% tun sten (W, nickel (N sil ver ﬁAg) for
exanpl e. R3990t h alrnP ngna oy fepnersgs bapdigs it 011@9@3«31 follgwsg,

enbodi nent, the second hei ght-conpensation | ayer may include a materi al

sel ect ed by@ﬂnatlmquﬂllglbmpmuﬁg%sewylwdlsqiosgi Ag, for exanple. Any other

suitable materials may al so be used.
[0070] In an embodiment, a relatively thin Sn layer may be added between In and

Au. The Sn layer may be used to control In and Au interdiffusion and Auln IMC
formation. The Sn layer may help to lower the solder melting temperature to below about
156 °C for bonding. At a low temperature of below about 180 °C, an uniform bonding
may be made.
[0071] In an embodiment, the method of forming the bonded structure may be used in
system in package (SIP) by chip to wafer (C2W) bonding method. It may also be used in
copper coil stacks, 3D integration for example homogeneous IC stacking, heterogeneous
stacking. It may be used in MEMS Packaging for example hermetic sealing. It may also
be used in an image sensor module and photonics packaging.
[0072] In an embodiment, the solder layer may be used for micro bump formation of
" less than or equal to about 50 um. The method of forming the bonded structure may also
be used to stack up more than three layers.
[0073] In an embodiment, Sn may be used as a diffusion controlling layer to slow
down the Auln IMC growth so that the pure solder layer may be reserved. Sn addition
may improve the In wetting property with the UBM so that no voids may be observed at
the interface. Au may be used as the UBM to decide the final IMC phases. Sn may be

used for the diffusion controlling layer, which may delay room temperature interdiffusion
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[ 0056] In an enbodi ment, the respective thickness of the first

hei ght - conpensati on | ayer and the second hei ght-conpensation | ayer may be
in a ranggoabiwbosgen about 2 umto about 50 urn, typicabngscabewbookd urn.
The thickness may vary dependi ng on the user and design requirenents.

[ 0057] I n an enbodi nent,  a | ow tenperature | MC based bondi ng (< about 200 C)
for three-dinensional (3D) IC and M cro-El ectro-Mchani cal Systens (NEMS)
packagi ng may be di sclosed. [0058]In an enbodi nent, 3D chi p-stacking
technol ogy may require repeated stacking of additional |ayers w thout

remel ti ngpd QLAY Aut t%ﬁﬁ}%@%%ﬁ@ngﬁ%mb diﬁgo?"ﬁrmW‘fxﬁfgstoC%{rnptr&Fe dkack.

This may be achi eve I ng ereby internetallrrc joints may
be fornmed_at. a | ower .t rat.ure and wt.hstapd subseguent, hi.gher
{emper at uP @ gP FadReEloh YeBGg A feglte Shigen bR IPe R T R g B ey e
sol der layers, such as | may, be used to reduyce the bonding. tenperature
For 3D | e ahaigonftrutehe Ko dona gl Ra AtGo88] Todn bttt USROS feon t he
| ow t enperature solder, In, and the UBM Au or Cu may happen relatively
qui ckly b@fna Wafadierd, which may result in Auln or Culn I MCs formation.
This may cause hi gher bonding tenperature or poor interconnect {)ro erties.
[ 0061] To 90&4ent In Aeemhedimght theshethodef tormingdhelborgled stralithreunsayoatlovoferr ol | i ng
| ayer may be needed between In and UBMto sl ow down the interdiffusion as
wel | as |dinteasedt pesformmcteaThd nereasatiepdrfompanae paybe dehienad byf & eenttobled
t enper at ur e bondi ng.

interdiffusion between In and Au. Cost may be reduced by decreasing In thickness. The

bonding temperature may be lowered with higher remelting temperature. The process

cycle time may be faster as no atmospheric control may be required. There may be a

relatively wide process window for process control. These include low electrical

resistance (< 10 mQ per 80um bump), high bonding shear strength (20 to 50 MPa), thin

interconnects height (<5um), low thermal load due to low temperature process below 180
°C, no underfill may be required, low bonding stress and higher reliability due to low
Young’s modulus compared with CuSn IMCs.

[0075] In an embodiment, the method of bonding or forming the bonded structure
may be cost effective as reducing In layer thickness and removing underfill may result in
reduced cost. Further, the cost process may be lower as no special atmosphere or
equipment may be required.

[0076] Further, very thin IMC joint may reduce form factor and tﬂermal stress

[0077} In addition, lower procéssing temperature of below about 180 °C may be
beneficial for complicated system integration.

[0078] In an embodiment, the method of bonding or forming the bonded structure may

yield comparable electrical and mechanical properties with AulnSn IMC and CuSn IMC.
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WO 2011/ 099934PCT/ SG2010/ 000048 [ 0062] I n an enbodi nent, a | ow tenperature
bondi ng bel ow about 200 C with In- based solder (low nelting point (MP.))
may be diwol2os@d993Aul nSn internmetal lics interconnects (IRCEIsSGROIB/00d048bOUL
>300 C) may al so be fornmed. [0063]In an enbodiment, a Sn | ayer may be used
as a diffusion controlling layer and a solder. The Sn | ayer may be pl aced
between an In layer and a Au |layer. The Sn | ayer may control interdiffusion
between the In layer and the Au layer and Auln | MC formation before

bondi ng. The Sn | ayer may reduce the nelting tenperature of the In and so

it may acgghfe V&SR I n
| ayer) and uskﬁhgngtﬁ‘ﬁﬁ&{”é)%‘r" g%gt t hréé E‘gnbg)?ggﬁ%tgfﬁgggﬁa e e?%?}j’muﬁdgggb,&ﬁl nsn

| MC. FurtW&eca&% ﬁ%{n&dﬁ{ F%;Zpﬂ%el n |ayer may be replaced wt h the Sn | ayer,

whi may hean In Iayer nay be needed. It may al so be good

f:gﬁu ol - ATPRI R rafgdimkpt of SMCE REPPETESBRUBE Hispd ngOfioh ne 9#3%‘33@%3. ng.

[0065] In an enbodi ment, the initial solder |a sfructure my need

consi der @e>omeRf|AY W@BW&@F@ With Cuafii c%lvﬁ’é@/%%"lua@ﬂ’é‘ LM l?tlf!h’ﬁh‘tpt)ﬁ or 3D
interconnects, such as high nelting point (for exanple greater than about
300°C) . Bianaine €11 GHPreS (SpaMsesstes @y doperding oh oM poictye. (T Mo
voids), reliable characteristics including high tenperature storage (HTS),
t enper at woanponentiim thetlVEE c§niiok)stian thalyibg lkontehpted atainly by HiE) firstigoddlayerpact .

[ 0066] I n an enbodi nent, the respective solder |ayers nay be fabricated by
e-beam [0080] In an embodiment, the bonding temperature may be modified by adjusting the In

and Sn compositions.

[0081] In an embodiment, the bonding temperature may be between about 118 °C to

about 220 °C.

[0082] In an embodiment, the remelting temperature may be above about 300 °C.

[0083] In an embodiment, there may be several layers of metallization undemeath Au for

the adhesion or diffusion barrier.

[0084] In an embodiment, the solder, the Au inhibition layer and the UBM may be

formed by vacuum deposition,electroplating or electroless plating.

[0085] In an embodiment, the patterning may be done by wet-etching, lift-off, printing,
" ink-jetting, photolithography processes.

[0086] In an embodiment, the applications may include 3D IC integration, MEMS

packaging for sealing and interconnections, sensors, photonics. packaging, automotive

electronics.

[0087] In an embodiment, In-Sn alloy on Au may be used for development of a transient

liquid phase (TLP) bonding at a low temperature of below about 200°C. TLP bonding

may form robust intermetallics (IMC) joints with high re-melting temperature (> 300 °C)
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evaporation, sputtering and el ectroplating nethods. [0067]1n an enbodi nent,
a joint layer structure with Ti/Au/Sn/In stacks of which |ayer thickness
ratio i s wo:2enzdm3z (2 to 3): 1:(3 to 4) may be di scl osedT/SG20/000048

2011/ 099934PCT/ SG2010/ 000048 [0068] I n an enbodi nent, a Aul nSn | MC j oi nt
with high nelting tenperature above 300 C after bonding nmay be forned at a
| ow bondi ng tenperature of |ess than or equal to about 180 C. [0069]In an
enbodi ment, a | ow tenperature bonding with thin solder |ayer followed by
formati on of a high tenperature phase may be di sclosed. [0070]1n an

enbodi ms\ni}l bo g Sq,tthyte[hy e, ngﬁﬁnmlag’;\ stIRY a Q@os@tgﬁfnghgﬁtt&ﬁﬁ&atg& Aﬁpéjesf“m The

Sn Iayer e used to contr Au I nter I'sion an

f h I
o g lgﬁﬁ?hﬁg g ?W%W%fek%%tiﬁh e (P Bnk B A .

an unif C)rartna outcl|85| gC r}axy about ﬂ? to 45 s followed by annealing at about 120 °C for about 1 to

12 hours. Through the evaluation in terms of microstructure and compositional
observations with scanning electron microscope (SEM) and transmittance electron
microscope (TEM), the AulnSn IMC interconnects may include Aug3s o 0.95(Ing.7s to
09551)0.05 10 075- This AulnSn IMC may be found to have a re-melting temperature of
above about 400 °C by using Differential Scanning Calorimetery (DSC) and Thermo-
Mechanical Analysis (TMA). The IMC joint may show a high bonding shear strength (>
20MPa) and a low electrical resistance (< 10mQ). The young’s modulus may be about 70
to 80 GPa which may be much lower than CuSn IMC. This may be an advantage for the
3D IC integration application in the point of lower stress accumulation. The feasibility for
its application to the IC stacking may be confirmed by using 3 stacked dice of about 8x8
mm’ size with about 1700 I/Os of 80 pm solder bumps. All joints over the die may be
uniformly made in each layer with the high bonding strength of about 50 MPa and passed
the 3 times reflow test at about 260 °C without delaminating and any changes in the
" characteristics.

[0088] In an embodiment, the composition of the AulnSn IMC joint may be Augss
0.95(Ing 75 1 0.95SN)0 05 10 0.75 With Cu, Ni, Ti, Ag, Pd, Al by replacing-Au atom sites.

[0089] FIG. 1 shows a flowchart 1000 illustrating a method of forming a bonded
structure 126 according to an embodiment.

[0090] At 1002, at least one first under bump metallurgy (UBM) structure 106 may

be formed on a first substrate 102.
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[0071] I n an enbodi nent, the nmethod of form ng the bonded structure may be
used in systemin package (SIP) by chip to wafer (C2W bonding nethod. It
may al so We 206199938 copper coil stacks, 3D integration Por/Sezanph@4s
honbgeneous | C stacki ng, heterogeneous stacking. It may be used in MEMS
Packagi ng for exanple hernetic sealing. It may al so be used in an inmage
sensor nodul e and photoni cs packaging. [0072] 1 n an enbodi nent, the sol der

| ayer may be used for micro bunp formation of |ess than or equal to about
50 m The nethod of form ng the bonded structure may al so be used to stack

up nmore t a1t hr o8 {GREE R Shirs g&ﬁ};}& AR ﬁq?q;éi fSRALd oRthEBY 106t REWEN 2

diffusion controlling [ayer to sl'ow down the Auln IMC growth so that the

pure sol dﬁfuchﬂ%(ﬁ% may be reserved. Sn addition may inprove the In wetting
property wt e UBM so that no voids may be observed at the interface. Au

may be us St t o deci the final, | hases._ .Sn.nay be used for
thg di ffu@lﬂ% co%rlgﬁjf\’/:ar{ﬂ’ lf%ﬁféﬂg W?’f omsd Odlg(ﬁ%lg:s?gglﬁ]l?y@ﬁ‘bg}at ure

interdi ffusion bet n Au.andg In d help | formatj on in bonding. Sn may
help to i#@*’ﬁve ﬁﬁé\aﬁétaﬁ‘?fb“‘ﬁ:f%éﬂ?@nﬁaﬁ%ﬁgqﬁgggnﬁl}ﬁ Yy 19§ sol der el ting
t enperature. Bondi ng may be done shortly for about 20 s to about 40 s at
about 18010894In a%ilgo&@aenlyblalﬁa lgygr 1 Bheanfigued 49 mhibit exyger pendtratien may 0074] | n
an enbodi ment, the nethod of form ng the bonded structure nay allow for an
i ncr easedbeffortert omtheanditindayendt®ased performance may be achi eved by a
controlled interdiffusion between In and Au. Cost may be reduced by

decr easi nj§095] t hiackioéBsat [ehse onersdiond urdep buap unetalimyy FEBMWWaruedireviliéh hi gher
renelting tenperature. The process cycle tinme nay be faster as no

at nosphermgy bOfirned onayeddad c6tratcdd4. There may be a relatively w de process
wi ndow for process control. These include |low electrical resistance (< 10
O per 80ggvélunP it 101 Bk RRBSH BEd INRAN 23 i M forhéd oh MR 1MRRbne t&ohd

UBM structure 114.

[0097] At 1012, the inhibition layer 112 may be brought into contact with the second

gold layer 122 at a predetermined temperature to form a resultant intermetallic structure

116 between the first substrate 102 and the second substrate 104 thereby bonding the first

substrate 102 to the second substrate 104 and forming the bonded structure 126.

[0098] FIG. 2A shows a cross-sectional view of a first substrate 102 and a second

substrate 104 before bonding the first substrate 102 to the second substraté 104 according

" to an embodiment.

[0099] In FIG. 2A, at least one first under bump metallurgy (UBM) structure 106

may be formed on the first substrate 102. Next, a first gold layer 118 may be formed on

the at least one first UBM structure 106. Then, a tin (Sn) layer 108 may be formed on the

first gold layer 118. Further, an indium (In) layer 110 may be formed on the tin layer 108.

In addition, an inhibition layer 112 configured to inhibit oxygen penetration may be

formed on the indium layer 110. Then, at least one second under bump metallurgy
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I nt erconnects height (<5um, low thermal |oad due to | ow tenperature
process below 180 C, no underfill may be required, |ow bonding stress and
hi gher relbabildodbyssdue to | ow Young' s nodul us conpared werRGuimodoyss.
[0075] I n an enbodi nent, the method of bonding or form ng the bonded
structure may be cost effective as reducing In |ayer thickness and renovi ng
underfill may result in reduced cost. Further, the cost process nay be

| ower as no special atnosphere or equipnment nay be required. [0076]

Further, very thin IMC joint may reduce formfactor and thermal stress

[0077] | neashdh) tshrbture! PUinap bROBERed oh HRRESA !;Ub%tr&[% 01@3.' i&wcli "%b&%ndg—rg(ggc may

be beneficial "for conplicated systemintegration. 8 n an e I ment,

t he net ho yé;'fr,lﬁqn@%j‘%gf"%?‘{ (91{megg{e%gg?né)mg{aﬁ&ggﬁl\@gﬁ%g 17RY yi el d conparabl e

el ectrica hani cal proper and CuSn | MC.
Furt her, g@ t%ﬁd of . bandi or f.orm ngthe_ bonded structure my ae
casi 1yt ODE0T7 . W5 SmpagiEient B tomabhoBbr e SR Eer tof, e frdpbSATRend - an
| MC conposi t.i on_ay be Au0.35 to 0.95?1110, 5 1to0 0.955n)0.05 to 0.75. Sone
of AU maythdnkibisioadayeraf Kinay benjerme hisainitishggldersinyctur i by mastral num
(Pt), Titanium (Ti), Chromum (Cr), Tungsten (W depending on the UBM
st r uct ur ecommesiting of Srgipitiahsolder straetureN32 aesypadtact the sampesitigreofctha resiltant ed
mainly by the first gold layer. [0080] In an enbodi nent, the bonding
t enper at umegermetallisestrootdie § lédslshovadjnddGi. 2B. t he I n and Sn conpositions. [0081]
In an enbodi ment, the bonding tenperature may be between about 118 Cto
about 220[0€101] In an embodiment, the inhibition layer 112 may include a material selected

from a group of materials consisting of gold (Au), silver (Ag), platinum (Pt), cobalt (Co).

The inhibition layer 112 may be configured to inhibit oxygen penetration.

[00102] The at least one first under bump metallurgy structure 106 may include a third

gold layer (not shown). The at least one first under bump metallurgy structure 106 may

further include a first titanium layer 120. The first titanium layer 120 may be positioned

directly or indirectly on the first substrate 102. The third gold layer may be positioned

directly or indirectly on the first titanium layer 120 and the third gold layer may serve as

a seed layer for subsequent deposition of the first gold layer 118. As an example, the first

gold layer 118 and the third gold layer may be formed as a single layer. The first titanium

" layer 120 may be optional. If the first titanium layer 120 may not be present, the third

gold layer or the first gold layer 118 may be positioned directly on the first substrate 102.

[00103] The at least one second under bump metallurgy structure 114 may include a

fourth gold layer (not shown). The at least one second under bump metallurgy structure

114 may further include a second titanium layer 124. The second titanium layer 124 may

be positioned directly or indirectly on the second substrate 104. The fourth gold layer

may be positioned directly or indirectly on the second titanium layer 124 and the fourth
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[0082] In an enbodi ment, the renelting tenperature may be above about 300
C. [0083] In an enbodi nent, there may be several |ayers of netallization

under neatWwoAu1f@vslihe adhesi on or diffusion barrier. [0084]lsGhomo@doo4s
enbodi ment, the solder, the Au inhibition |ayer and the UBM nay be forned
by vacuum deposition, electroplating or electroless plating. [0085] In an
enbodi nent, the patterning may be done by wet-etching, lift-off, printing,
ink-jetting, photolithography processes. [0086] In an enbodi nent, the
applications may include 3D IC integration, MEMS packaging for sealing and

i Nt er conngeiils sPéectve ANOEQAI 167 THPRIBIGUBEL dpBiRORLII\Re §cBRd EARI CS.
[ 0087] Ingan %%@%nt, Ien- Sn all gy;eron Augér%ly eeﬁus'}ed for de\?el o%ment of a

b
t i ent .l L0 j t | bout
200G TLPEEN T AR Bempte hnd SAGhE ford efer 1281 an 8RB 1 layRELEY 200
re-mel ti ”ﬁn%n%&“%? I;lasgné:iﬁe 1a§|r|e>rg ﬁ%o seCc?ondltrt]anl%anqéy%g 1 ZE Cr)natyt aeg?ﬁtl%gﬁ%/ &@5‘5 ?sé(g)t nmay

W t hst and a subsequ enperature process w i on.

The AulnSp I MC j nterconnects may be farned t he bondi ng .at. about 180 C
for about HaptT: a5 TR0 120 PEe e driieold 1Sif ot e oerd 2okt BRGRTS 1o 12
hours. Through the evaluation_ in ternms of mcrostructure and conpositional
obser vat i B3¥ bepesitioned dieetly @ be sscond sibsiratedffe (SEM) and transnittance

el ectron m croscope (TEM, the AulnSn I MC interconnects may include AuO. 35
to 0.95( 110080415 i an cxbgiingngshe magrigiconpiosisionand dimenvionsmy theefifsbgeld t o
have a re-nelting tenperature of above about 400 C by using Differential
Scanni ng Bgérod 1 $rmayr be (tDSCrmanat theesecondvizollaliyen|122n 8imyiddrly, (thé/Materidhe | MC
joint may show a hi gh bondi ng shear strength (> 20MPa) and a | ow el ectri cal

r esi st ancenfpositidffaid dindéneioy®of e Firstwichniuns layey1 J0amapibdithe édmé as 4O séddad whi ch
may be nmuch |lower than CuSn IMC. This may be an advantage for the 3D IC

i nt egr at i @ianiaRPlal&atd40 hi Rakb endiipplie®ffol MVRKird LbRSIAYR I THE Fur@Ngold e
feasibility for 1ts application to the IC stacking may be confirmed by
using 3 sfpgked dice of about 8x8 2

[00105] In an embodiment, the at least one first under bump metallurgy structure 106
may be the same as the at least one second under bump metallurgy structure 114.
[00106] In an embodiment, the at least one first under bump metallurgy structure 106
or the at least one second under bump metallurgy structure 114 may include any suitable
material or combination of materials or any suitable number of layers of material
depending on design and user reqhirements.
© [00107] In an embodiment, the first substrate 102 may include silicon, glass, ceramic,
| plastic, silicon carbide (SiC), printed circuit board (PCB). The second substrate_ 104 may
include silicon, glass, ceramic, plastic, silicon carbide (SiC), printed circuit board (PCB).
Each of the first substrate 102 or the second substrate 104 may include a relatively rigid
material suitable for subsequently stacking.
[00108] In an embodiment, each of the first substrate 102 or the secbnd substrate 104

may include a wafer or a die.
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nm size with about 1700 1/0s of 80 tm solder bunps. Al joints over the die
may be uniformy nmade in each |ayer with the high bonding strength of about
50 MPa amsopasigmavsihe 3 times refl ow test at about 260 ECWSGhoI01000048

del ami nati ng and any changes in the characteristics. [0088] In an

enbodi ment, the conposition of the AulnSn I MC joint may be Au0.35 to
0.950110.75 to 0.95Sn)0.05 to 0.75 with Cu, Ni, Ti, Ag, Pd, A by
repl aci ng-Au atomsites. [0089]FIG 1 shows a flowchart 1000 illustrating a
met hod of form ng a bonded structure 126 according to an enbodi nent.

[0090] At j6¥389] atinlafREdbo@ikeent, thinateRaEindRARnIBsHfIY Gt {udBMite 305 Wedyur e 106
may be fornmed on a first substrate 102. WD 2011/ 099934PCT/ SG2010/ 000048

[ 0091] At ﬂg@ésa?'ggﬁf ng&ﬁ¥%ﬁ0318 may be formed on the at |east one UBM
structure 106. [ 0092] A tin layer 108 may be forned on the first
gold | ayeEOO:Héj' In an embodiment, the inhibition layer 112 may include a thickness in the

range of about 30 nm to100 nm.

[00111]) In an embodiment, the indium layer 110 may include a thickness in the range

of about 2t um to 4t um (t > 0.5), for example about 1.0 um to 2 um.

[00112] In an embodiment, the tin layer 108 may include a thickness in the range of

about t um, for example t > 0.5um.

[00113] In an embodiment, the first gold layer 118 may include a thickness in the

range of about 2t um to 3t— um (t > 0.5), for example about 1 um to 1.5 um. |

[00114] In an embodiment, the first titanium layer 120 may include a thickness in the

range of about 50 nm to 200 nm, for example, 100 nm.

[00115] In an embodiment, the second gold layer 122 may include a thickness in the

range of about 1 um to 3 um.

[00116] In an embodiment, the second titanium layer 124 may include a thickness in

the range of about 30 nm to 200 nm, for example 100 nm.

- [00117] In an embodiment, the first gold layer 118 may include a thickness at least
two times the thickness of the tin layer 108.
[00118] In an embodiment, the indium layer 110 may inchide a thickness at least

double two times the thickness of the tin layer 108. As an example, the thickness of the

first gold layer 118 and the thickness of the indium layer 110 may not be the same.
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[ 0093] At
[ 0094] At

1006, an indiumlayer 110 may be fornmed on the tin |ayer 108.

1008, an inhibition layer 112 configured to inhibit oxygen

penet r at iwo 20ay9s4f ormed on the indiumlayer 110. [ 009BLASGRODMY00Es
one second under bunp netallurgy (UBM structure 114 may be forned on a
second substrate 104. [0096] At 1011, a second gold layer 122 may be forned

on the at

| east one second UBM structure 114. [0097] At 1012, the inh

| ayer 112 may be brought into contact with the second gold | ayer 122
predeterm ned tenperature to forma resultant internetallic structur

Eaglig]r Stin SHRadboainfent QRe ARY cblABap&CARI tRURSTL AL FslOfl thb SidRiN

first substrate 102 to the second substrate 104 and form ng the

bet ween t
bondi ng t
bonded st

cubstrat i s PSRN v RSBl BT SO OF Rl Bl g

102 to thgff?ggﬂg‘}i';fahﬂ,fﬁtﬁ 104 according to an enbodi nent.

[00120] FIG. 2B shows a cross-sectional view of a bonded structure 126 after bonding
the first substrate 102 to the second substrate 104 according to an embodiment.

[00121] The inhibition layer 112 as shown in FIG. 2A may be brought into contact
with the second gold layer 122 as shown in FIG. 2A at a predetermined temperature to
form a resultant intermetallic structure 116 between the first substrate 102 and the second
substrate 104 thereby bonding the first substrate 102 to the second substrate 104 and
forming the bonded structure 126 as shown in FIG. 2B. The predetermined temperature
may be the bonding temperature.

[00122] The bonded structure 126 may further include the at least one first under
bump metallurgy (UBM) structure 106 and the at least one second UBM structure 114.
The at least one first under bump metallurgy structure 106 may include a first titanium
layer 120 and the at least one second under bump metallurgy structure 114 may include a

second titanium layer 124. The respective thickness of the first titanium layer 120 and the

" second titanium layer 124 in FIG. 2B may be similar to that in FIG. 2A but the respective

resultant thickness of the first gold layer 118, the second gold layer 122, the third gold
layer (not shown) and the fourth gold layer (not shown) in FIG. 2B may be reduced
compared to that in FIG. 2A due to the reaction of the respective first gold layer 118, the
second gold layer 122, the third gold layer and the fourth gold layer with the In layer 110,
the Sn layer 108 and the inhibition layer 112 at the predetermined temperature to form

the resultant intermetallic structure 116.
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[0099]In FIG 2A, at least one first under bunp netallurgy (UBM structure
106 may be fornmed on the first substrate 102. Next, a first gold | ayer 118
may be fowoediioyeshe at | east one first UBM structure 1@6T/SGhern/oo@48i n ( Sn)
| ayer 108 may be fornmed on the first gold |ayer 118. Further, an indium
(I'n) layer 110 may be forned on the tin layer 108. In addition, an
inhibition layer 112 configured to inhibit oxygen penetration may be forned
on the indiumlayer 110. Then, at |east one second under bunp netall urgy
(UBM structure 114 may be fornmed on the second substrate 104. And a second

gol d | aye[oo23] may deerhBdimentOthe RSultint itaSietARE s&@&@x@dlféBMaZtihélﬁHéﬂée 114.
[ 00100] In an enbodi nent, the conbination of the Sn layer 108, the In |ayer

110 and tBgaliffibldd BferlrRifilc. Yhe dHRYindfurd-BhTREm&SIL dy B8 rebdsditba %;U("t ure

132. The terital conposition o initral s er st

affect th Ltion of e I intermetallic structure 116 as
shown in EPéggggﬁf°T%6¥§E¥6Pﬁ(@§§§ﬁ@ bnent, the inhibition |ayer 112 nay
include a material selected froma group of materials consisting of gold
(Au), sil (09124]ag)in a5 eppbadimentpthe resyisat intermsyalliorigugtyng; bt may m«%y@r a112 nay
be configured to inhibit oxygen penetration. [00102] The at |east one first
under bunmatesiebwithagyeliing poing hightothanwpch atthgdin layerhi A8dorgtbE dndiwmdayef not
shown). The at |east one first under bunp nmetallurgy structure 106 nay
further i hid. Jde neelting miinttdfttalayen 108 yery bE2Moutl282 90 amsk the inedtivigpnintaofdn 120
may be positioned directly or indirectly on the first substrate 102. The

t hi rd gol Ryt¢rayl@rmdyehe dbeutpissicd. oned directly or indirectly on the first
titaniumlayer 120 and the third gold | ayer may serve as a seed |ayer for

subs equenfoo@ﬁgos i iaf Nenodihént| iHeStesliRhd idi@WRtallicl Strucdisre A1 6€MaPRhQudd he first
gold layer 118 and the third gold |ayer may be forned as a single |ayer.

The firstytd i o) . J: L | | ayer
120y i BER T HEE of SOt T Pl Bendin of 3%, It sokdel AL 5
may be pog&gioned directly on the first substrate 102. [00103] The at | east
one second ‘under bunp netallurgy structure 114 may include a fourth gold

| ayer (no wn). The. at. | east one seco under bu met al |.urg ructure
Ly T OEREr "o b Mimel e PR R LRI R b 2bSu BTG Thenr uim

| ayer 124 be positioned directl r indirectly. on_the second substrate
104, The MESHETRIR) tamps%ﬂrembsiu%%gﬁw&reweﬁﬁﬂﬁ et ot e Ii“ﬁﬁlYeFéé?Ia?‘? on the
second titanium|layer 124 and the fourth old layer may al so serve as a
seed | ayeewebthas thesaeltipg poiabphlie Spdaysr 468. e theguedriergined tpaparptuiomay As an
exanpl e, the second gold |ayer 122 and the fourth gold |ayer may be forned
as a si ngbeeselegiedrsuch pat thedemperatureaisi higher thaarthg pwltingypoird of pniineanediaté t he
second titanium |l ayer 124 may not be present, the fourth gold |ayer or the
second godagnfoaye forir@d whey the Spdsjiet | Ohedctdiwithcthe yn tayet hiE). She omeirmsadisme r at e
104. [00104] In an enbodinment, the material conposition and di nensions of
the firstcoppolnd aagbeIdSnpmyithtemtlnag paiie less tHah eheselning pgink of tha)flaykr 2.
Simlarly, the material conposition and di nmensions of the first titanium

| ayer 1201mpay be the sanme as the second titaniumlayer 124. The sane may
applied for the third gold |ayer and the fourth gold layer. [00105] In an
enbodi menjporifje gic! ﬁﬁﬁ%s%%aﬁﬂﬁééleé%%ic%%be@ﬁﬁh‘iH{ag?%@ddd{Catwnﬁe&% may

be the sane as the at | east one second under bunp rnetallurgy structure 114.
structure 126 according to an embodiment. The bonded structure 126 may include a
resultant intermetallic structure 116 between the first under bump metallurgy structure
106 and the second under bump metallurgy structure 114.

[00128] The resultant intermetallic structure 116 may include a gold-indium-tin

(AulnSn) intermetallic (IMC) or alloy. The first under bump metallurgy structure 106
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[00106] In an enbodi nent, the at |east one first under bunp netall urgy
structure 106 or the at |east one second under bunp netallurgy structure
114 may iwol2oo999sy suitable material or conbi nation of PomiSezom@mlosoas any
sui t abl e nunber of |ayers of material depending on design and user

requi renents. - [00107] In an enbodinent, the first substrate 102 may

i nclude silicon, glass, ceramic, plastic, silicon carbide (SiC), printed
circuit board (PCB). The second substrate 104 may include silicon, glass,
ceramc, plastic, silicon carbide (SiC), printed circuit board (PCB) Each

of the flllh§§. mtggﬁ,@ 20 18%r (3@ sBRFDNhdSH BRE fiddnfund O e Pt | sﬂ&\b@g & 1n an

relatively Tigid material sui tabl e for subsequently stacking

Phetuto: aosefEcbuhp it %Tég?*‘% AlenddmeRie *f&ffﬁleﬁi@%#@?f it >
di mensi ons ,of t fir.st 1sub a#% 02 may be the sane as the second
substrat ea"fc?éf r[%dﬁﬂbljn ?%er iment, the inhibition |ayer 112 may

i ncl ude n |ntherane01c aout 30, nmtol00Q nm [00111] In an
enbodi rrealtﬂblﬁie Flch fuhuy ar rontmissiep § TR R ipager H00; ofhge of
about 2t um to 4t urn ét 0.5), for exanple about 1.0 umto 2 um [00112] -
In an enthssdpdstructyrg d2 Pworda%ﬁo anggbgdinantc| ude a thickness in the range of
about t urn, for exanple t 0.5um [00113] In an enbodiment, the first gold
| ayer 11806830]i ndhe dendedtstructurecb26 may invdudeaanrgsultsit atometallic smctuge 316 um (t
0.5), for exanple about 1 urn to 1.5 urn. [00114] In an enbodi nent, the
first ti theovesm thayfest Qkler ivaynpi metaliagy atrabiuek (res Shown)t 41l tharsgeondf uraleput 50
nmto 200 nm for exanple, 100 tim [00115] In an enbodi nent, the second
gol d | ay esun’idetaiiyrgl tedt8Be&w®). t hi ckness in the range of about 1 urn to 3 um

[00131] The resultant intermetallic structure 116 may include a gold-indium-tin

(AulnSn) intermetallic (IMC) or alloy.

[00132] The resultant intermetallic structure 116 may be positioned between the

resultant first gold layer (not shown) and the second gold layer (not shown).

[00133] FIG. 5 shows a X-ray diffraction (XRD) 5000 of an unbonded structure after a

duration of about 6 months according to an embodiment.

[00134] FIG. 5 shows In layer 110 (pure In) remaining which may not have reacted

with the first gold layer 118 when forming the resultant intermetallic structure 116

" between the first substrate 102 and the second subtrate 104.

[00135] The XRD 5000 in FIG. 5 may serve to clarify that even after a duration of

about 6 months, there may be sufficient In layer 110 left in the initial solder structure 132

(i-e. solder stack) before bonding. FIG. 5 also serves to show that the Sn layer 108 may

be effective as a diffusion controlled layer between the first gold layer 118 and the In

layer 110. If there is no Sn layer 108, then the Au atoms within the first gold layer 118

may diffuse into the In layer 110 and one may see a relatively large peak of Auln; instead
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[00116] In an enbodi nent, the second titaniumlayer 124 may include a

t hi ckness in the range of about 30 nmto 200 nm for exanple 100 nm

[00117] Iwoaniiaksdi nent, the first gold |ayer 118 nmay iPoTISGdeloaoas ckness
at least two tines the thickness of the tin layer 108. [00118] In an

enbodi nment, the indiumlayer 110 may include a thickness at |east double
two tinmes the thickness of the tin |ayer 108. As an exanple, the thickness
of the first gold layer 118 and the thickness of the indiumlayer 110 rmay
not be the sane. [00119] In an enbodinent, the first gold |layer 118, the
tin |ayerofl8nRsk t TEe AGHL PEAK RX¥RIn theé KB BrdpAF000 81 RIG.NY mkP8E quiMdthe @ ratio
selected froma group of ratios consisting of 2:1:3, 3:1;3, 2:1:4, 3:1:4.

[ 00120] Fi:c; I 20 i l¢; Vi onded structure 126
after boﬁgﬁﬁgggﬂgn ?@g?&%d S?ngg&%ggéég¥% egggé ﬁg'substrate 104 according
to an e | f|nt 211, The,inhi bi &1 I . 412 as .shown in FI G 2A may
be br ougﬁ@ 9|i:;r~1gt:fo gg%?%%ﬁ}\]?mh?%s g'ﬁ}éetasgnc%%gﬂlgeoﬁéﬁﬁraté%?n %5 AFHOM TR G 2A
at a predeterm.ned tenmperature to.forma resultant internmetalligc structure
6 bot vaHeEiRd R oo apets e 2is® i i sl el FEIOHE her by
bonding the first substrate 102 to the second substrate 104 and formng the
bonded stiPOt37hr eFiP 60 shows, 3 fhifferantral scannng qalerimetsy dPSENOARY of @nbrded ure may
be the bonding tenperature. [00122] The bonded structure 126 may further

i ncl ude tstactyre 128aceording to an smbedigent. bunp netal | urgy (UBM structure 106
and the at |east one second UBM structure 114. The at |east one first under
bunp net 400138}y The ubifferentid 08 amEiyg i catnirimebtrya (PSCk tmayi band therhmyeatyticdD and
the at | east one second under bunp netal lurgy structure 114 may include a
second t itechniquer inaydichl . diffeeence Spetht i amgounhi cfkheas Se@lirddhe finciaike tthé ani um

| ayer 120 and the second titaniumlayer 124 in FIG 2B nmay be simlar to

that in Refperdiirdolt a §dnehlé BFPL Edfervfee £6 Hehsuindd 4 flkB@SSofAEmpé&atutd. Both gol d
| ayer 118, the second gold layer 122, the third gold | ayer (not shown) and

the fourtdle g@hdle laAd $efeleRQ artHRNRinED aFhGrlyXRe Waive Rénp S st ugARA R t O
that in FIG 2A due to the reaction of thé respective first gold |ayer 118,

t he secor&? Qfﬂx&t' ayer 122, the third gold layer and the fourth gold |ayer
with the Th ayer 110, the Sn layer 108 and the inhibition |layer 112 at the

pr edet er qgg t egperat u orm.,the resultant internetalljc strnucture
Ve T ObEERy ' PERE, MenbBer o el BE PRy, PRI o4 bE R <116
may include a | d-i ndi u in,internetallic., The gold-jindiumtin
't or ot AMETRCtALG SRR dGe b By TR n&R FICHIHHE Rp1h ) the,destltant
(0.35x_0.95). f"lL{00124] I.n_an enbodi nent, the resultant internetallic
st ruct ur dntemeetalliG sitirg ddo aydeapove 308°Ch a nel ting point higher than each
of the tin layer 108 or the indiumlayer 110. The nelting point of tin
| ayer 104004401 beFisholishogya cresageationalneipwi ofga hendad ructuse |13§ ayithy hreenay be
about 156 C.

substrates 134, each substrate 134 stacked on top of another substrate 134 via respective

" resultant intermetallic structures 116 according to an embodiment.

[00141]  Each of the three substrates 134 may include a wafer or a chip. Each of the

three substrates 134 may include silicon, glass, silicon carbide (SiC), printed circuit board

(PCB) and ceramic.

[00142]  Each of the resultant intermetallic structure 116 may include a gold-indium-tin

(AulnSn) intermetallic (IMC) or alloy. The number of the substrates 134 and the resultant

intermetallic structure 116 may vary depending on user and design requirements.
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[00125] In an enbodinent, the resultant internetallic structure 116 may
include a thickness in the range of about 3 gmto 4 m dependi ng on the
initial swbaeri/mveucture 132. [00126] In an enbodi ment, PChsGrowdetas M ned
tenperature may be about 180 C. The predeterm ned tenperature may be higher
than the nelting point of the In layer 110 and | ower than the nelting point
of the Sn layer 108. But the predeterm ned tenperature nmay be sel ected such
that the tenperature is higher than the nelting point of an internedi ate
compound forned when the Sn layer 108 reacts with the In |ayer 110. The

i nt er medi @3] O MRRYNFISHIR% tf?(‘;:r‘mlapcﬁm{% Ysf xlas@hsrﬁ%bb 'oFEbsﬁé&'u% bbieRd siri@likel NE

nmel ting point of the I'n layer 1I0 00127] ows a scanni ng el ectron

126 di t
R T e usr%‘:?@é‘g%?‘éaﬁ. ncﬁﬁé‘&a resul tant i ntermetal lic
t t th t d | t t 106 dth
Second urFRLIE SPemal, gk R Eﬁﬁ#@‘iﬂ%aﬁ B ThE %ﬁiﬁﬁ“i«)ﬁhta B

internetallic structure 116 nmay j ncl ude ol Q|un}t|n (Aul nS

i nt er met dFPPEFARFROSIWSEN ) 1aBge ofrakou |4|551C f?n%é’im B&?rpcrrgbélr?stm‘*’ﬁy’es‘b?m ure 106
may include a third gold |ayer (not shown) and a first titaniumlayer (not
shown) . Tayel %%mang@e@ms@ﬁw faeteapqctive Porded struemes 124 asrfapricated, wlidd® fourth
gold layer (not shown) and a second titanium|layer (not shown). [00129]

FI G 4 shoywss,aatt J@nsyeless atoSetyedesr o ati K00 swyolse AT EM) rdsulesgmast 0@Opretty a
bonded structure 126 according to an enbodi nent. [00130] The bonded

st r uct ur eohdttensipr thealiffelentcyicks,uthe dofidedntractoest Hl6 drahs testulidnt isterhlefalliet ween
the first under bunp netal lurgy structure (not shown) and the second under

bunp met akdubtafly1 16N04y S RYMY ely r&lbRlfor Tbente@atidd.ant intermetal lic structure
116 may include a gold-indiumtin (AulnSn) internetallic (1M or alloy.

[00132] The145%SUFicry suomkqmse%bﬂs%xﬁﬁﬁeg%% Geshl® 90BY oP§ HBAGJ! dtRBRE Det ween
t he resultant first gold layer (not shown) and the second gold I|ayer (not

shown) . 156 according to an embodiment. A comparison may be made against a requirement for

3D integration as represented by a header “Specification”.

[00146] FIG. 9 shows that the bonding temperature when bonding a first substrate 102

to a second substrate 104 may be less than about 180 °C indicating that it may be possible

to bond substrates at a relatively low temperature. This may be advantageous for

subsequent bonding during stacking of further substrates.

[00147] The remelting temperature of the bonded structure 126 may be less than about
" 430 °C indicating that the resultant intermetallic structure 116 may not melt during

subsequent stacking of further substrate.

[00148] The shear strength of the bonded structure 126 may be about 50 MPa in an

average over more than 10 samples of which the value may be comparable with other

IMC joints for example copper-tin (CuSn) IMC joints.
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[00133] FIG 5 shows a X-ray diffraction (XRD) 5000 of an unbonded
structure after a duration of about 6 nonths according to an enbodi nent.
[00134] PNG.20h/®bws | n | ayer 110 (pure In) renaini ng WrRCEIsSGaen/onas have
reacted with the first gold layer 118 when form ng the resultant
intermetallic structure 116 between the first substrate 102 and the second
subtrate 104. [00135] The XRD 5000 in FIG 5 may serve to clarify that even
after a duration of about 6 nonths, there may be sufficient In layer 110
left in the initial solder structure 132 (i.e. solder stack) before

bondi ng. 5 t . ective
as a di ff@g iﬁ(')ﬂ cg{rl?t% ?olﬁl%ggtf%%/grC%gyaetgﬁbgé%gfsi%?gﬁu%g% %{?(gf/%@éll?%ugﬂg the In
| ayer 110, |.f i n t a wi thin the first
gol d 1 ayeroot bitEbiy; Preithoe'ot Beil, b7 tng 8o, Bhucbls” 2Tl bLsE 007

rel ative%l.l ag e peak of Auln2 instead of an In peak. The Auln2 peak seen
in the X lﬁﬁl h 5000 of FIG 5 may be due to the diffusion of Au fromthe
i nhi bitio& | ayer 112 (i,e thin gold layer). [00136] The X-axis shows
2-theta QLI THES Klcghisal tenistanee g'g%lﬁ,b%%singr%%l%ﬁfr@ymﬁrle%fctb%abw may be
present in the solder or in the resultant internmetallic structure 116.
[00137] FlanQendibiggnay beicomperahle; vith epnyentional iaterepnners resistanpsC) 6000 of a
bonded structure 126 according to an enbodi nent. [00138] The differential
scanni ng 019 n#he o BICtruraayre bl 6amay prass theateliabitind tests cloniegareplierhighi ch t he
difference in the anobunt of heat required to increase the tenperature of a
sanpl e andmgemtireserage (HTS),emperamee axcliagftesa (TCONand highpapahture(HBot h t he
sanpl e and reference are naintained at nearly the sanme tenperature

t hr oughourhelftRadeXRAICHITE 126 mhP RS Bhss hddrop pdebfest. FI G 6 shows the remel ting
tenpterature of the resultant internetallic structure 116. The dip shows

that the @Bid2]NIrRRI 1]@% iﬂi‘&wfs'zedifta%ﬂdiél%éﬂnnidyc%[&ﬁﬁéw' U6 bEfeSpettife MY be

above 300 C. '[00140] F 7 shows a cross-sectional view of a bonded

structur q)o}laétmglréshﬁ%}c§é{ﬁﬁl b S smbafimef@ch substrate 134 stacked on top
u

of another substrate 1 via respective - resultant internetallic

structur agcordin odipent. 100141 ach of the three
substr at 2@0%3 ng?mllg% uggoé?dva\)/aﬁgg' glr)ggm%jﬁiquw Ae egfngtﬁg’pfwué% Ogﬁﬁ%trat es
134 may include silicon, glass, siljican carbide (SiC), printed circuit

boar d (Pé%ﬁ“ltﬁﬂtdn'(?é'?’%fﬁﬁ%.mﬁﬁbrfﬁf °F ﬁJB‘Fltstar{%rE fant intermetallic
structure 116 may_include a gold-indiumtin (AulnSn) intermetallic (IMJ) or
al | oy. THAOWHhHeF1G 1 1], shews) @ thefraemechanigy] qanakysis, €LVIAY 102 oft wepppstivg | i ¢

structure 116 may varly dependi ng on user and design requirenents.
bonded structures 126 according to an embodiment.

[00155] In FIG. 10B, the TMA 1102 may be measured with stacked dies. The vertical
displacement of the stacked die with the resultant intermetallic structure 116.or IMC
" joints may increase as the temperature may increase. When the resultant intermetallic
structure 116 or IMC joints may melt, it may be possible to observe a displacement curve
change.
[00156] Further in FIG. 10B, all samples under load may expand with temperature
until greater than about 450°C where minute contractions may beobserved. Re-melting
temperature may be previously measured at about 400°C using DSC as shown in FIG.

10A.
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[00143] FIG 8 shows thermal cycling test results 8000 of respective bonded
structures 126 at different nunber of cycles according to an enbodi nent.
[00144] TWe 20hwemwemh cycling test (JEDEC standard) nmay becrscriedoods at a
tenperature between a range of about 45 C to about 125 C. The respective
thermal cycling test may be carried out for respective bonded structures
126 as fabricated, at 250 cycles, at 500 cycles, at 750 cycles and at 1000
cycles. As the results nay be pretty consistent for the different cycles,

t he bonded structure 126 or the resultant intermetallic structure 116 nmay
be relati r elgrabl g~ 1. Lt I : .

thr o di AT IOt 0 oAb’y golth R Rrpad Wk et FlGH RMSigipg o

accordi ng tgngqﬁeg%odinent. A conparison may be nmade agai nst a requirenent
for 3D in?%graﬁlgn as represented by a header "Specification". [00146] FIG
9 shows t he ndi ng tenperature when Qonding a first substrate 102 to
a second Bﬂhgélr afggigh Sﬁrﬁvs ‘P‘é‘g?"’caﬂléﬁﬁg‘é‘gﬁ’t‘n'ﬂg ermary, phase [ diaggap 200 ¢ may
be possible to bond substrates at a relatively | ow tenperature. This may be
advant age#fgerding toagisabgdinant. pdsdsatkeramal goldrindivmaitinigmary phase diagram 380 at es.
[00147] The renelting tenperature of the bonded structure 126 may be | ess

t han aboumax3ige @ldtiedi atati tmperaderet ple abetuBOGMC withe rane optithizatiast oficthare 116
may not nelt during subsequent stacking of further substrate. [00148] The
shear st r taogididyodmichpardmsiers dudt asuetperatuid pervaytape (%apoorhpds@idPphdses fon
average over nore than 10 sanples of which the value may be conparable with
ot her | M&xafiiphd.s for exanple copper-tin (CuSn) IMC joints. [00149] There
may not be a crack in the bonded structure 126, indicating relatively good

conti nui t p015Y1€S ENG1 Pina§ kel Sthhiat ) EenRRARE Ttdbaat B6E °&2he R¥npodiiss POOr
reliability. [00150] The el ectrical resistance of the bonded structure 126

be | - ' | i onal
T 2 i BRSO 0

i nt erconnect resi stance. y pass’the
reliabili; § Le ni 1 r I rage (HI tenperature
Cycl g BEpESR P, FRANR ol MR T Bh MBS nte e o 06
al so pass_the dr.op i ct test. [00152] ,FIG 10A shows a,differentjal
Scannt ng EHHIER REPyRRESMERSD bt Mg eTROH L gD Fhties: Hbo 2he
accordi ngregp%ct?ye ic Ogslsrgefr}hé individual layers (e.g. first gold layer 118, Sn layer 108, In

layer 110, second gold layer 122) changes. Due to change in the layer thickness, the
composition of the resulant intermetalli_c structure may be changed .

[00160] FIG. 12 shows a cross-sectional view of a first substrate 102 and a second
substrate 104 before bonding the first substrate 102 to the second substrate 104 according

" to another embodiment.

[00161] FIG. 12 may be similar to FIG. 2A with an addition of a first height-
compensation layer 144, a second height-compenstion layer 146, a third titanium layer
148 and a fourth titanium layer 150. The first height-compensation layer 144 may be
positioned between the first titanium layer 120 and the first gold layer 118 and the third
titanium layer 148 may be positioned between the first height-compensation layer 144

and the first gold layer 118. The second height-compensation layer 146 may be
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[ 00153] Fromthe DSC 1100, FIG 10A may show the nelting tenperature of the
resultant internetallic structure 116 or IMC joints after bonding. [00154]
FI G 10B wbaesi/@943her nomechani cal anal ysis (TMA) 1102 ofcraspeionsas bonded
structures 126 according to an enbodi nent. [00155] In FIG 10B, the TMVA
1102 may be neasured with stacked dies. The vertical displacenent of the
stacked die with the resultant internetallic structure 116 or IMC joints
may increase as the tenperature may increase. Wen the resultant
internetallic structure 116 or IMC joints may nelt, it may be possible to

el e RARALASERERL LG SNANNR 1/ 892 5h B DS 4l Edtyg 1#05a @bl

sarrp es | oad my expan erature unti rea

450C wher nute contr i ons heobserved. ..Re- ne erat.ure nmay
be pr evi oldelh sur%ﬂrafstoa%%tbe oRSHE R Bl olcselind O SRS

[ 00157] FI G mtin ternary phase di agram 1104
accordingb¥%1é338 d?ﬁﬁﬂt ‘f@ gg? FIG 11 shows an i sothermal

gol d- |nd|un}t|n ternary phase di agram 1200 according to an enbodi nent. The
i sot her nal?0RAl d- iThe figshheight-comneasafiop hayse 141 may hathesame ppgiffeeens fom e at a
tenperature of about 300 C with an optim zation of the thernmodynani c

par anmet ersscensc height-qommsasasionrlayer pédbc Ent srample) the weposi héight;copipgrsasion or
exanple. [00159] FIG 11 may show that at a tenperature of about 300 C, the
conposi t ilayerrldngeayobe 6fesanesqediffercet mewrihl @mipositive ondiieknesciramrthe fitst € or

i nt ernmedi ate conmpound may i nclude solid phase wi thout having |iquid phase.

The conpadgight@empaigtordfaythe44. Ghpdirkt MeghtRsmipbmsation Myer 1% alaliifcledd alCct ur e
or internedi ate conpound nay change when the respective thickness of the

i ndi vi duahatb@yeeRcled ffbm bigrdilp @abieing 3Y 86ppei Gungaten! ﬁﬁéﬁél okQfver Bihidyg! 110,
second gold | ayer 122) changes. Due to change in the | ayer thickness, the

conposi t'tﬁ@ s&bnd }Hglgﬁpédﬂﬁéﬁgatfoﬂtlﬂe?qhéIrr#dycmfﬁlﬁéjgHé'i ial B 1g§a [001601

FIG 12 OWs a cross-sectional Vview o 1 rst su strate second

substrate r fir substrate 102 to the second
substrat e %8§u§%%g? ngmg%ganogﬁéfngﬁ‘gdlnent [00161] FIG 12 may be

simlar t A wt i Qn a. first sation | ayer
Taa o <oBUHIT oAb heAREE: b fgepratine aer ARy B2 e 2 0145 _ang
a fourth tani ym | r 50 The fir hei ght - co ensa ion |layer 144 may be
posi ti oné’ﬁlfl HERER (hdourit Saniaph e, Fa0 A9BFXampieiig ¢ “FW){ &1 &8 ayer
118 and the thlrd titanium | ayer 148 may be positioned betmeen the first

hei ght - cappERRsef 3 smg %waferfmeﬁraaltqqeppwﬁsm ogyickness\feom thedourtin itagiiabnd

hei ght - conpensation | ayer 146 may be
layer 150.

[00164] Each of the first height-compensation layer 144 and the second height-
compensation layer 146 may serve to increase the distance between the first substrate 102
~ and the second substrate 104, i.e. to increase the thickness of the subsequent bonded
structure (not shown). Therefore, this may serve to increase the height of the bonded
structure in cases where susbtrate topography may not be planar while keeping the
thickness of the resultant intermetallic structure (i.e. solder thickness) within a specified
ratio.
[00165] In more details, the first titanium layer 120 may be positioned between the

- first height-compensation layer 144 and the first substrate 102 and may serve to allow
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positi oned between the second titaniumlayer 124 and the second gold | ayer
122 and the fourth titaniumlayer 150 nmay be positioned between the second
hei ght - conpensizvdsa | ayer 146 and the second gol d | ayer PC2AG201000d82] The
first height-conpensation |ayer 144 may be the sanme or different fromthe
second hei ght-conpensation | ayer 146. For exanple, the second

hei ght - conpensation | ayer 146 nay be of a sanme or different nmaterial
conposition or thickness fromthe first hei ght-conpensation |ayer 144. The
first height-conpensation |ayer 144 may include a material selected froma
group congdd Atle@én GARBEI the i ﬁ%itgliﬁcon%eﬁgaﬁfon?&aé by Bia th§5ﬁ£§|t k@Jsltrxte 1o

e
second hei ght-conpensation |ayer 6 may I nclu a material se ecteg froma

e
group congj std: f et t . ni rsi Moo n,an
enbodi nen gs ﬁ@ﬁ?ﬁl ?1?18 [ aﬁhleus#ﬁg aytgtrgmf%ﬁﬁéjyug‘emg# Ibf\‘!ﬁ)gsltslégri%ll%?‘]vﬁ;inf t’rhgr ent
fromthe fourifh .titaniumlayer 1 Fpr _exampl e, .the ird titaniuml ayer
148ty csoitd Beighir @My Soen o6 ar Ll SEOR but it b B phy eRREer rom
the fourth tjtaniumlayer 150. [00164] ch of the first

hei ght - cof®p# 28 qdﬁﬁ%?n aovegh dhg Hecog HeemgFRsaigmasRs dfP amdl jer 146
may serve to increase the distance between the first substrate 102 and the
second suissendtubsta@ig104. e to increase the thickness of the subsequent
bonded structure (not shown). Therefore, this may serve to increase the

hei ght of [00h&]boidtiedhisd tiatiumdayer H8sewy tieepesitsanstthetweent thp dgstapéightray not
be planar while keeping the thickness of the resultant internetallic

St ruct ur ecopipeasativallaier 144 nokihe 89t gold layer 1d 8pd andyi serlertainhibit fii@dohlof| N nor e
details, the first titaniumlayer 120 nay be positioned between the first
hei ght - c ofip €ingt el b cop@isatihaperd A hisrof the Sitst poldSlayet 16 8 1 PRerabl] tHPMitREr Ve tO
allow good adhesion between the first hei ght-conpensation |ayer 144 and

the firsts aidbsirh@hR L%Q%n&lﬁdig% tha é@ia?%%l-os?ftﬂ@ Ih%}hay 116 Bfd ﬁx%q{%lﬂgitibhtl%% um

| ayer 124 may be positioned between e second 'hei ght - conpensation | ayer

146 dt 4.. . hesi
156"ena 1 e ooy AL MDA L Oy SEBE 8 o
104. 1004661 The A0k ol kEATMN vt b9 RN, DevAgaLE laned betaeen ¢ he

0
first height-conpensation I ay I'Fst go yer d may

serve to inhibit. diffusion the first height-conpensation.layer 144 into
The T stcoqpersatiapdved 146 iebibe atipnd nll i (P SR s veto biniTysion
including the Sn Jayer 108, the |n layer 110 and the inhibition |ayer 112
may be proftetesend haghteampansener agsr W0 migdhe secerd gld layer Penpensat i on | ayer
144 therein. The fourth titaniumlayer 150 may be positioned between the
second hd0P8H7] c oFpenehthe dist| titgrinmilager 426, thgscenddianigs| laydr d@éy theallirdnd nay
serve to inhibit diffusion of the second hei ght-conpensation |ayer 146 into
t he secortdamguindlayeryb48 amithe|foantls fifankme hayst 160andyi be of thet samieuon diffgeent 120,
the second titaniumlayer 124, the third titanium|ayer 148 and the fourth
tit ani ummatyial. Fatherpsachef dfe filsetitasiom layerdi2Df the aadondaitariumllayeFu24,hke , each
of the first titaniumlayer 120, the second titanium |l ayer 124, the third
titani umthiay etanhdS 18R 1481 end O rfblirtt titaniinlayéa)58rmdpbe GBY sdifie 6f diffefel® OF
di fferent dinension or material conposition depending on user and design
requir errediﬁlgnsi&,p&%ﬁ%ﬁmreoe?oﬁﬂ@@@émhg oh 6eraR BESAA MQuindithintd. onal first
hei ght - conpensation | ayer 144 and the second hei ght-conpensation | ayer 146
may be r i deed i 2 e ] I : rate
103 (1. o 1ORLGET ALY HBSRC hERBREYY SATMATES Rink Womphistor et ' e
uni form t iffer cesses encount d during fabricathon or due to
dl%ﬁ an% gle € OIE(F Ellg%lngcomqeﬁlgat Clgger ?4{/62 n}aly:,Jtéet rS gg#) rogfyewilali tﬁ)e

101
presence of sone stru S On e respect
respective surfaces of the first substrate 102 (i.e. wafer or chip surface) or the second

substrate 104 may not be uniform due to different processes encountered during

fabrication or due to presence of some structures on the respective first substrate 102
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(wafer or chip) or the second substrate 104. The inclusion of the
respective additional first height-conpensation | ayer 144 and the second

hei ght - conpeosaioves | ayer 146 may serve to keep the thi ¢kige30@f00dods
resultant internmetallic structure (i.e. AulnSn solder thickness) (not

shown) within a certain limt. [00169] Since Au material may be generally
be expensive, it may not be feasbile to increase the respective thickness

of the first gold layer 118 and the second gold layer 122 with respect to

thi ckness of the respective Sn |ayer 108 and the In layer 110. As an

exanpl e, f\{j‘ﬁ I SSHEHL bV etspéo‘ﬁﬁr&ﬁgﬁra?é( 164erie! lll"léﬁl%IQﬁ) ¢ tllléa‘}'egéecaxqrg addfohdie

second go ayer 122 between about urn n may generally be
t abl d t 1. d 108

ool el Ty S B S it 7, o

110 with a thjc 2 t bout 3 01

Gene\rMaI I yserYet {Ongnesg 3‘%‘&@?68? 8?%61 i@hé‘ﬁ‘rﬂ{f]‘}?éﬁ{‘% %‘é@ 1-§f AP*'T% N 258ct i ve

Sn | ayer 108 and the In layer 110 but in order to increase the thickness of
the respedickpess) (nptshoyay i ayae?eﬂﬂlalﬂmt the second gold |ayer 122, there may
be a need to pay a relativel h price and therefore the resultant

bt or ot al0DAE1o Sinse dhometeyiabmanihe danerall bnskRSIvaL BrsomEAIe feRbilagoi d
that, the respective first hei ght-conpensation |ayer 144 and the second

hei ght - c onpeasahé mapdctiyethiddhbssmd\theofirst grld dajyec €18 ardi thér sevaynd poitl 1afek 822 t he

sol der conmposition of the initial solder structure 132 and the resultant

i nt er net avith ¢espedt uotthicknesd @f thd OekpddtiveVEn Rayehe08 aivd ki inlahas1iteess an
particularly shown and described with reference to specific enbodi nments, it

shoul d becxdmgRy, #eOREhdMvd @ esKofl thediritipold tryer 118 B théadebHdSgdINMGES | N
formand detail may be nmade therein w thout departing fromthe spirit and

scope of fzbeoeweéﬁ%bm lﬁﬁtdjﬁ;duﬁ?@ &rymfayge&mm%cedtmmr aﬁ%ﬁﬁ%nﬁr of the

|nvent|on |s t hus i ndicated by the appended “cl ai rs and anges whi ch

core 41 ACKIE LOEGRIE R SIS o SN RHEY o MnCh Pl
e B BRI AT P B0 P Bl LTS
L2, Qb1 B P B e AP FR E
layer on :-[,}bg IE)2|3 g.ncll th)c/a In 1ayer 110 but in order to increase the thickness of the respectlve first
gold layer 118 or the second gold layer 122, there may be a need to pay a relatively high
price and therefore the resultant intermetallic structﬁre may become an expensive
interconnect. To avoid that, the respective first height-compensation layer 144 and the
" second height-compensation layer 146 may be introduced which may not affect the solder
composition of the initial solder structure 132 and the resultant intermetallic structure
116.
[00171] While the invention has been particularly shown and described with reference
to specific embodiments, it should be understood by those skilled in the art that various

changes in form and detail may be made therein without departing from the spirit and

scope of the invention as defined by the appended claims. The scope of the invention-is
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formng an inhibition | ayer configured to inhibit oxygen penetration on the
indium | ayer; formng at | east one second under bunp netallurgy structure
on a secowm02subwbesate; form ng a second gold | ayer on tReT#G20®ABG04ONE
second under bunp netal lurgy structure; and bringing the inhibition |ayer
into contact with the second gold |layer at a predeterm ned tenperature to
forma resultant internetallic structure between the first substrate and

t he second substrate thereby bonding the first substrate to the second
substrate and form ng the bonded structure. 2. The nethod of claim1,

wher ei n t s iigditdid b Ehe' &x‘ﬁ@ﬁdeﬁ%‘i‘é%& SRE aﬁ JhBh F25 'vahcﬁ@dxﬁ&tvﬁﬁmf 1he %&ngn.éoup of

mat eri al s consi sting of d, silver, platinum cob t hod of
claiml o Whed, aIIurgy
structur ear(l:dgrrrp 7 sesqm‘mehtfdt§|t }: a@rg?%rézfu%teﬂ bgw‘pm %I m 3, wherein
the first gold layer and the third gold | ayer are formed as a single | ayer.
5. The method of claim3 or 4,
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wherein the at |east one first under bunp netallurgy structure further
conprises a first titaniumlayer. 6. The nethod of any one of clains 1 to
5, wher eiwotzha/m@posheast one second under bunp netal | ur gPCIISGaCIWNE4S
conprises a fourth gold layer. 7. The nethod of claim®6, wherein the second
gold layer and the fourth gold |layer are fornmed as a single layer. 8. The
nmet hod of claim6 or 7, wherein the at | east one second under bunp

nmetal lurgy structure further conprises a second titaniumlayer. 9. The

met hod of any one of clains 1 to 8, wherein the at |east one first under
bump netal lurgy structure is the sangiggst he at | east one second under bunp
nmetal | urgy structure. 10. The nethod of any one of clains 1 to 9,

What is claimed is:

1. A method of forming a bonded structure, the method comprising:
forming at least one first under bump metallurgy structure on a first substrate;
forming a first gold layer on the at least one first under bump metallurgy structure;
forming a tin layer on the first gold layer;
forming an indium layer on the tin layer;
forming an inhibition layer configured to inhibit oxygen penetration on the indium layer;
forming at least one second under bump metallurgy structure on a second substrate;

forming a second gold layer on the at least one second under bump metallurgy structure;

and
bringing the inhibition layer into contact with the second gold layer at a predetermined

- temperature to form a resultant intermetallic structure between the first substrate and the
second substrate thereby bonding the first substrate to the second substrate and forming
the bonded structure.

2. The method of claim 1,

wherein the inhibition layer comprises a material selected from a group of materials

consisting of gold, silver, platinum, cobalt.

3. The method of claim 1 or 2,
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wherein the first substrate conprises silicon, glass, ceramc, plastic,
silicon carbide, printed circuit board. 11. The nethod of any one of clains
1 to 10, wbenaim943he second substrate conprises siliconpcglsaseio/oo@dan c,

pl astic, silicon carbide, printed circuit board. 12. The nmethod of any
one of clainms 1 to 11, wherein the inhibition |layer conprises a thickness
in the range of about 30 rimto 100 Mrh 13. The nethod of any one of
claims 1 to 12, wherein the indium]layer conprises a thickness in the range
of about 1 umto 2 um 14. The met hod of any one of clains 1 to 13,
wherein the tin layer conprises a thickness greater than about 0.5 um

15. The nmethod of any one of clains 1 to 14, wherein the first gold | ayer
conpr i seswhertinitbkatdeast pne fiseundananpmetablorgy struemre domptisés athird gold 16. The
met hod oflaaer}y one of clains 5 to 15, wherein the first titaniumlayer
conpri ses 3t hi ckness in the range of about 50 nmto 200

4. The method of claim 3,
wherein the first gold layer and the third gold layer are formed as a single layer.
5. The method of claim 3 or 4,

wherein the at least one first under bump metallurgy structure further comprises a first

titanium layer.
6. The method of any one of claims 1 to 5,

wherein the at least one second under bump metallurgy structure comprises a fourth gold

layer.
7. The method of claim 6,

wherein the second gold layer and the fourth gold layer are formed as a single layer.
8. The method of claim 6 or 7,

wherein the at least one second under bump metallurgy structure further comprises a

second titanium layer.
9. The method of any one of claims 1 to 8,

wherein the at least one first under bump metallurgy structure is the same as the at least

one second under bump metallurgy structure.
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17. The method of any one of clains 1 to 16, wherein the second gold | ayer
conprises a thickness in the range of about 1 urn to 3 um 18. The
nmet hod ofwargiiamesef clainms 8 to 19, wherein the secondPCirisaaiwrenéoayer
conprises a thickness in the range of about 50 nmto 200 rim 19. The
met hod of any one of clainms 1 to 18, wherein the first gold | ayer conprises
a thickness at least two tines the thickness of the tin |ayer. 20. The
met hod of any one of clainms 1 to 19, wherein the indiumlayer conprises a
t hi ckness at least two tinmes the thickness of the tin |ayer. 21. The
met hod of any one of clainms 1 to 20, wherein the first gold layer, the tin
| ayer and the indium | ayer conprises a thickness with a ratio selected from
a group of d8iThesmetbedpkanympeof claims Bto B: 1;3, 2:1:4, 3:1:4. 22. The
met hod of any one of clainms 1 to 21, wherein the resultant internetallic
structure conprises a gold-indiumtin internetallic.

wherein the first substrate comprises silicon, glass, ceramic, plastic, silicon carbide,

printed circuit board.
11. The method of any one of claims 1 to 10,

wherein the second substrate comprises silicon, glass, ceramic, plastic, silicon carbide,

printed circuit board.
12. The method of any one of claims 1 to 11,

wherein the inhibition layer comprises a thickness in the range of about 30 nm to 100

nm.
13. The method of any one of claims 1 to 12,

wherein the indium layer comprises a thickness in the range of about 1 um to 2 um.
14. The method of any one of claims 1 to 13,

wherein the tin layer comprises a thickness greater than about 0.5 um.
15. The method of any one of claims 1 to 14,

wherein the first gold layer comprises a thickness in the range of about 1 um to 1.5 um.

16. The method of any one of claims 5 to 15,
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23. The nethod of any one of clainms 1 to 22, wherein the resultant
interrnetallic structure conprises a material with a nelting point higher

t han eachwof2otim®odsun | ayer or the indiumlayer. 24. ThepagiSkediomhorasy one
of claims 1 to 24, wherein the resultant internmetallic structure conprises
a thickness in the range of about 3 urn to 4 urn. 25. The nmethod of any one
of clains 5 to 24, further conprising : formng a first hei ght-conpensation
| ayer between the first titaniumlayer and the first gold layer. 26. The
met hod of claim25, further conprising : formng a third titanium/layer

bet ween t\bﬁerg inffed ﬁﬂ?hﬁﬁ#uni:ﬁgl}%ﬁ-@hk%rl tgﬁxgu” ﬁiletrﬁ%e ol Bdut geh&ftl)%ér 27.

The nmet hod of any one o nprising : mng a
second hemmght - conpensati on | ayer between the second titaniumlayer and the
second gold layer. 28. The nethod of claim 27, further conprising :
17. The method of any one of claims 1 to 16,
wherein the second gold layer comprises a thickness in the range of about 1 um to 3 um.

18. The method of any one of claims 8 to 19,

wherein the second titanium layer comprises a thickness in the range of about 50 nm to

200 nm.
19. The method of any one of claims 1 to 18,

wherein the first gold layer comprises a thickness at least two times the thickness of the

tin layer.
20. The method of any one of claims 1 to 19,

wherein the indium layer comprises a thickness at least two times the thickness of the tin

layer.
21. The method of any one of claims 1 to 20,

wherein the first gold layer, the tin layer and the indium layer comprises a thickness with

a ratio selected from a group of ratios consisting of 2:1:3, 3:1;3, 2:1:4, 3:1:4.
22. The method of any one of claims 1 to 21,

wherein the resultant intermetallic structure comprises a gold-indium-tin intermetallic.
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formng a fourth titanium| ayer between the second hei ght-conpensati on

| ayer and the second gold layer. 29. The nethod of claim27 or 28, wherein
t he secomsloheilgiebezsonpensati on | ayer is the same as thePCTIS&2010/000048

hei ght - conpensation |ayer. 30. The nethod of any one of clains 25 to 29,
wherein the first height-conpensation |ayer includes a material selected
froma group consisting of copper, tungsten, nickel or silver. 31. The

nmet hod of any one of clainms 27 to 30, wherein the second

hei ght - conpensation | ayer includes a material selected froma group

consi sting of TiAEthod bEABSIRIHE cRithk Eto B, silver. 32. The nmethod of any one
of clains 8 to 31, wherein the first titaniumlayer is the sane as the

second titaniumlayer. 33. The method of any one of clains 28 to 32,

wherein the resultant intermetallic structure comprises a material with a melting point

higher than each of the tin layer or the indium layer.
24. The method of any one of claims 1 to 24,

wherein the resultant intermetallic structure comprises a thickness in the range of about 3

um to 4 um.

25. The method of any one of claims 5 to 24, further comprising :

forming a first height-compensation layer between the first titanium layer and the first

gold layer.
26. The method of claim 25, further comprising :

forming a third titanium layer between the first height-compensation layer and the first

gold layer.
27. The method of any one of claims 8 to 26, further comprising :

forming a second height-compensation layer between the second titanium layer and the

second gold layer.
28. The method of claim 27, further comprising :

forming a fourth titanium layer between the second height-compensation layer and the

second gold layer.
29. The method of claim 27 or 28,
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wherein the third titaniumlayer is the same as the fourth titanium]layer.
34. The nethod of any one of clains 28 to 33, wherein the first titanium
| ayer, two=eriarebstitani umlayer, the third titani um | aper/ssadiotob@48 ourt h
titanium are the sane.

wherein the second height-compensation layer is the same as the first height-

compensation layer.
30. The method of any one of claims 25 to 29,

wherein the first height-compensation layer includes a material selected from a group

consisting of copper, tungsten, nickel or silver.
31. The method of any one of claims 27 to 30,

wherein the second height-compensation layer includes a material selected from a group

consisting of copper, tungsten, nickel or silver.
32. The method of any one of claims 8 to 31,

wherein the first titanium layer is the same as the second titanium layer.
33. The method of any one of claims 28 to 32,

wherein the third titanium layer is the same as the fourth titanium layer.
34. The method of any one of claims 28 to 33,

wherein the first titanium layer, the second titanium layer, the third titanium layer and the

fourth titanium are the same.
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