A METHOD OF FORM NG THROUGH WAFER | NTERCONNECTS FOR VERTI CAL  WAFER
LEVEL PACKAG NG BACKGROUND OF THE I NVENTION 1) Field of the

I nvention This invention relates generally to vertically stacked

waf er | evel packaging of silicon device wafers... Mre particularly
it relates to the process used for separating two or nore bonded

wafers faor 1.0 lications like fabrication of through-hole
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transfer of filns or device structures by transfer-bonding, etc. (2)
Description of the Prior ArtWKGHER BEVELIAKARINGagi ng applications
are increasingly in demand as nore and nore devices with different
applications are integrated together. Hi gh density and hi gh speed
transm ssion are additional requirenents for future products. Milti

chip nodule (MCM is one pAcCKdOURDOETHEINWERTTGNT f erent devi ces

can be integrated together in a 2D approach. However, the final
assenbly is larger in size and mniaturization is limted. Since the
size of the product is shrinking and, at the sanme tinme, nore

functions, are integrated, the MCM approach is not a viable solution
f or th%ﬁﬁgﬁpﬁﬂ%ﬂﬁ?gﬁﬁbn m cr osyst em packagi ng. Product shrinking has

becone |i ke a natural phenomenon and the chall enge ahead is howto
nmake the pABisdgeensips eelatgngenerallyioveriically starkgh avalssde ved prrkagiagvisilison device
nmeeting reliability requirenents. 1
wafers... More particularly it relates to the process used for separating two or more bonded wafers
for various applications like fabrication of through-hole interconnected substrates, 3D stacked

wafer level packaging, transfer of films or device structures by transfer-bonding, etc.

(2) Description of the Prior Art

Modular systems packaging applications are increasingly in demand as more and more
devices with different applications are integrated together. High density and high speed
transmission are additional requirements for future products. Multi chip module (MCM) is one of
the methods in which different devices can be integrated together in a 2D approach. However, the
final assembly is larger in size and miniaturization is limited. Since the size of the product is
shrinking and, at the same time, more functions are integrated, the MCM approach is not a viable
solution for the next generation microsystem packaging. Product shrinking has become like a
natural phenomenon and the challenge ahead is how to make the package Asize smaller, but with

higher performance while meeting reliability requirements.



Integrating devices in a vertical fashion can reduce the real estate

of the total package. 3D integration can be achieved by stacking the
packages or by stacking the dies or by stacking the wafers. An easy
way of realizing this approach is by stacking the chips one over the
other and wire bonding the chips. A conventional nethod of

i nter onnectigg,the stacked chips is by side wall contacts with

met al "PEERIERICYIEPSIAE VaRisolasipn ericirduderthe akesiase 9f the tofakrackagee APp

| evel .and assenbly cost is high due to chip processing. Vertical

i nt egrARegaHobeanef ashieved by steedng thetpharkage oy, bybssankingcthe dred or by stacking the

i nterconnecting the wafer by through-hole filled vias. Through-wafer
Vi as awafert.yd easlylwayi oftredlzied thisrapproavh BibygtdchingnbocHpcs R oveethaasinr bad kire
sides of wafers with m crodevices and are fabricated using wafer
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i nterconnects are favored because of space efticiency, desig

si nmpl i.6j t ug, J | | fl.c.capagitance
and Comsads SRR QBT B DBt bR ot SRR B3 A BB Wb Gty
copper__el.ect | ati.ng for three- dinmensional ICs" by N. T. Nguyen et

al , Iﬁgﬁﬂiﬁgéﬁg?g¥ﬂ§gpg§aﬁﬁﬁtishing, Journal of M cronechanics and

M croen ing eering, c. 2002, pp. 395-399, proposes a nethod using

wafer to wafer bonding with a photoresist |ayer as a bondi ng

material to formthrough-wafer vias in a wafer. The wafer with

t hr ough- wafVertioal agegraioni afstafére idlzded on thimting hondihgrandiihtercansetidg mhet whfer
| ayer using the photoresist |ayer sandw ched between the seed netal

| ayer bamgotgiehsia fitled wiak THrbugughfenaiae bre ivhieslly REendbe fdrpreidRlg iMiBRonnects
phot oresi st | ayer exposed by the through-wafer vias is then subjected

to between both sides of wafers with microdevices and are fabricated using wafer level packaging
(WLP). Current packaging trends show that vertical interconnects are favored because of space
efficiency, design simplicity, heterogeneous integration, and low parasitic capacitance and

impedance.

In the prior art, the article entitled “Through-wafer copper electroplating for three-
dimensional ICs” by N. T. Nguyen et al, Institute of Physics Publishing, Journal of
Micromechanics and Microengineering, c. 2002, pp. 395-399, proposes a method using wafer to
wafer bonding with a photoresist layer as a bonding material to form through-wafer vias in a wafer.
The wafer with through-wafer vias is first bonded to another wafer with a seed metal layer using
the photoresist layer sandwiched between the seed metal layer and the wafer with through-wafer
vias for the bonding. The photoresist layer exposed by the through-wafer vias is then subjected to
exposure and development through the through-wafer vias to form seed areas. Once the seed areas

are formed, electroplating is performed to fill the through-wafer vias using these seed areas. After



exposure and devel opnent through the through-wafer vias to form seed
areas. Once the seed areas are forned, electroplating is perforned

to fill the through-wafer vias using these seed areas. After 2 the

via filling, the sacrificial wafer has to be renoved to separate the

Vi a- fiIIed waf er for subsequent process integration. In this

article, . met hod | ntioned for separating the wafer fromth

sacr i fhec‘il%l Ulipgs e Sa@#ﬁnﬁ eadsrdas waeﬁgge%ware@ theewexfé&db*pafemmbapquent
processi ng nethods since the vias are attached to the sacrificial

waf er Process ipjegtaribn.dn fthis huidlec oo gthed ibyeatiorsdfenscpanating thetweddr fremdke as

a back grinding nethod. Since photoresist bonding is not uniform and

t he staceifigiahwhfer Rimitgresistiendiag einmoabe breakd by chargichh@otdskinpinfk@hods since the
process. In this case, the sacrificial wafer cannot be renoved
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the via wafer using netal bonding by thernb-conpression. Metal

bondi ¥gnqved §emBletfdY. t han t he photoresi st bonding and will not be
affected by the electroplating process. In this case the bonding
integrity is good conpared to resist bonding. The sacrificial wafer
I's renoved by a wafer grinding nethod. In this nmethod, wafer bonding

equi pment  Asotheptiidreg: driicle bamibdt PENS M HIéduGéAlly @ﬁﬁ@étl\fe%féﬁ Through Hole
t hrough- hol e wafer. Wafer bondi ng equi pnent i s expensive and

Filled Vias Interconnect For 3D MEMS Packaging” by C.S. Premachandran et al, 2003 Electronic

Componenets and Technology Conference, c. 2003 1EEE, pp. 627-630, gives details on the
through-hole via filling with a sacrificial wafer attached to the via wafer. In this method, the
sacrificial wafer is bonded to the via wafer using metal bonding by thermo-compression. Metal
bonding is stronger than the photoresist bonding and will not be affected by the electroplating
process. In this case the bonding integrity is good compared to resist bonding. The sacrificial wafer
is removed by a wafer grinding method. In this method, wafer bonding equipment is required to
bond the sacrificial wafer to the through-hole wafer. Wafer bonding equipment is expensive and
carries an additional cost to the final product. Also, thermo-compression bonding happens at a
higher temperature (above 350 °C) causing additional thgrmal stress to be applied to the wafer.
Another process involved in this method is the back grinding process. It is a destrucﬁve process of
physically removing the material by lapping/polishing methods. When removing the material by a
back grinding method, mechanical stress is generated and transmitted to the through-hole via wafer.

This poses a serious reliability issue for subsequent processes for the through-hole via wafer. A



carries an additional cost to the final product. Also,

t her no- conpr essi on bondi ng happens at a higher tenperature (above

350 ©) causing additional thermal stress to be applied to the wafer.

Another process involved in this nethod is the back grinding process.
is a destructive process of physically renoving the material by

Ia [ shing netho When renoyjng the nmaterial a back
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the through-hole via wafer. This poses a serious reliability issue
for sWiebsyisant syficigrts Sdds ¢roates arecarherduedk- rorasky pm theeshenificial vgafer and,
backgri ndi ng process can al so damage the sacrificial wafer if the
bondi supsedueatigtthe hathiee stophand the furet grisdihg proetssisihfifiéctéde i thisTiethod, two
creates an earlier break or cracks on the sacrificial wafer and,

subs egafibnaY procBRedRe hedifred iiRPsas gdhé b&t behk Rkl @bl ng process is
affected. In th|s nmet hod, two additional processes are required

i ncreasi ng the cost of the final product. Transfer bonding is

di scussed in the article "Waf er -1 evel nenbrane transfer bondi ng of

polycrysta lin oIo ters for frared foc | ape
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and very nanufacturable nethod of fabricating a through-wafer

Wi agichandg geengzj 2411 p. 509tASked chip | evel and wafer
| evel packaglng of substrates W th m crodevices. Another object of

the invention is to provide a process for separating two or nore
bonded :

SUMMARY OF THE INVENTION

A principal object of the present invention is to provide an effective and very
manufacturable method of fabricating a through-wafer interconnected substrate for vertically

stacked chip level and wafer level packaging of substrates with microdevices.

Another object of the invention is to provide a process for separating two or more bonded

walters.

Yet another object is to provide a process for separating two or more bonded wafers for
various applications including fabrication of through-hole interconnected substrates, 3D stacked

chip level or wafer level packaging, and transfer of films or device structures by transfer-bonding.



waf ers. Yet another object is to provide a process for separating two
or nore bonded wafers for various applications including fabrication
of through-hole interconnected substrates, 3D stacked chip |level or
waf er | evel packaging, and transfer of filnms or device structures by
transfer-bonding. 4 A further object of the invention is to provide
a nethod for_ separating a_through-hole via interconnect wafer froma
sacri fi ci af* fgherrobjest aﬁﬁhé Eventiprisye Rerdrle gamethpd forfsgparpidng o Bjreusgh-hede via
the invention is to provide a nethod for separating a through-hole
vi a watercorfneciw afesfiemiaf saciifidialwedfer tobyhich ¢t anminded.i on of hi gh frequency
agi tation and poor adhesion of netal to an internedi ate pol yner
| ayer such as lift-off polyner. A further object of the invention is
to provide a nethod of nmaking through-hole via interconnections by a
conmbi nati o j I: [ ian.
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bonding of thin fil and passive or actiye device structures to
anot hetmgal o2 1pieFraydiata pebymer laygr susdes G UdEPOEICE0 provi de a
bottomup via-fill approach to fill the through-hole vias in a wafer

by neans of a sacrificial wafer having a conductive |ayer deposited
on a polyner |ayer such as lift-off polynmer which has | ow adhesion
to nmetal . A further object of the invention is to provide a method of making through-hole via

interconnections by a combination of high frequency agitation and poor adhesion of metal to an
intermediate polymer layer such as lift-off polymer for vertically-stacked chip level and wafer level

packaging applications.

Yet another object is to provide a method of transfer bonding of thin films and passive or

active device structures to another device wafer.

A still further object is to provide a bottom-up via-fill approach to fill the through-hole vias
in a wafer by means of a sacrificial wafer having a conductive layer deposited on a polymer layer

such as lift-off polymer which has low adhesion to metal.

In accordance with the objects of this invention, a method of separating a through-hole via
interconnect wafer from a sacrificial wafer is achieved. A wafer is provided having through-holes
therein to form a through-hole via interconnect wafer. A substrate of a sacrificial wafer is

provided. The substrate is coated with any polymer having low adhesion to metals such as a lift-off



In accordance with the objects of this invention, a nethod of
separating a through-hole via interconnect wafer froma sacrificial
wafer is achieved. A wafer is provided having through-holes therein
to forma through-hole via interconnect wafer. A substrate of a
sacrificial wafer is provided. The substrate is coated with any

pol ynmer having | ow adhesion to netals such as a lift-off 5 polyner.
A con@abmeyeAl cppductive laysp ssicpesited wntthrepgipmgireh phaopstsist yersis seated g the
is coated on the conductive |ayer. The through-hole via wafer is
bondedonductivrelagerc ritkithioagh-hakeda whier &i rontiéeto thé edopifiei s/ifer ayherein the
provi des the bondi ng. The photoresi st exposed in the through-holes is

devel phedresRivRyeri 2o BNBOHE bbhEnE OMERISHOMEsibakBhsed th ﬁlettﬁfdﬁgﬂjhpﬂ:@ liefeveloped
vias are filled by with conductive material by electroplating the
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stripped in hi gh Trequency agitati at h erein

separ at frgm.t t hr ough- hol e wafer, and .wherein the filled . .

¢ hr ough SRet-efineRe SRR B iR amE R 1Rty Teiapieresiy Saripped ina
i nt erLagﬁle bet ween the pol yner and the conductive |ayer to conplete
separ A& JFFaEEIYRE RGP Mhectn the Rhotarasist soparspastiiam tedhroughibale waferand

BRI EF DESCRI PTI ON OF THE DRAW NGS I n the acconpanyi ng draw ngs
f or mi Wiergimige diled thrpugh-helt wakirseppeates frpmitbandehlying fodyrs¢roman intfifys. 1

through 8 schematically illustrate in cross-sectional representation
a firbetweertherpoboneremnd dici comdbctde liyee tcoesat sepuvativini aithe thi@h-Hdle via wafer
through 13 schematically illustrate in cross-sectional representation

a secHieh the sacrificial wafer.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of this description, there is shown:

Figs. 1 through 8 schematically illustrate in cross-sectional representation a first preferred

embodiment of the present invention.

Figs. 9 through 13 schematically illustrate in cross-sectional representation a second

preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



preferred enbodi nent of the present invention. DESCRI PTION OF TIC
PREFERRED EMBCDI MENTS 6 Through-hole via and filling the via wth a
conductive material in a silicon substrate is a critical process for
vertical integration of devices in wafer |evel packaging
applications. Wafers wth different functional chips can be

i ntegrated vertlcally u5|nﬂ{th|s met hod, eventually redu0|ng t he

real est at d DE@hihols Baand§ nﬂéhf‘pétﬁm%%@u@wetm@em WA R shicod selistrate is a

Vertical integration or 3D packaging is increasing in useful ness as
pr oduetitigal process fohvértikal imgegration ef devipee it wafenlevblgrackdging appdicatoomal Wafers
chips are required wthin the sane area. In a first enbodi nrent of the

pr es endithi diffeshi fonctichal dHigwigih-Hedhtegiaied veatically h§in% gis e ttiodev@thall$ reducing
used to connect with other wafers. A bottomup filling approach is

used i rfehllelsﬂa&garﬁihﬁcr!é&gmﬂh& ?eﬁom%@éiélﬁthb Yifial Eﬁﬂ)@ﬁdt ay cﬂlgﬁrlntkgigti&? bi oy

via filling nmethod, a sacrificial wafer wth a conductive yer 1s

attac I r.: hy n neth d. . An
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i's unbtornl y, of via fl||lq9 fromthe botton13|de Bel ow the

conduticHgnal shigs areareﬁ)lﬂﬁﬁr?ﬁ]lt i MG | ow adhesion to netals such as

alift off polyner is used to have a | ow adhesi on between the netal

and the sacrificial wafer. The detailed process flow of the first

enbodi mrent of the present invention will be described wth reference

to Figs. 1IBafiReEtmbodingnnafvherpresemantenton,arthsougb-hblegria dafea isabeeatdDahd is

is shown. Wafer 100 can be a passive substrate or may contain

sem ceadus corinedewits e(HVENBIENA B@tdnBup filling approach is used in filling the via with a
conductive material. For the bottom via filling method, a sacrificial wafer with a conductive layer is
attached to the through-hole via wafer by a resist bonding method. An advantage of through-hole
via filling by a bottom-up filling method is uniformity of via filling from the bottom side. Below
the conducting layer, a polymer layer with low adhesion to metals such as a lift off polymer is used

to have a low adhesion between the metal and the sacrificial wafer.

The detailed process flow of the first embodiment of the present invention will be described
with reference to Figs. 1-8. Referring now more particularly to Fig. 1, a wafer 100 is shown.
Wafer 100 can be a passive substrate or may contain semiconductor device/MEMS/Optical/Bio
structures, not shown. Through-holes 105 are etched through the wafer 100 using the photoresist

pattern 102. The photoresist is removed.

Now, an isolation layer 106 is formed on all sides of the wafer, including within the

through-holes 105, as shown in Fig. 2. For example, the wafer may be oxidized to form an oxide



structures, not shown. Through-holes 105 are etched through the wafer
100 using the photoresist pattern 102. The photoresist is renpved.
Now, an isolation |ayer 106 is fornmed on all sides of the wafer,
including within the through-holes 105, as shown in Fig. 2. For
exanple the wafer nay be oxidized to forn1an oxide 7 layer 106.

Typi c t he oxide |ayer can be between 1- but the actual

t %Pc k}a?éf 1065 Typiqaly e ogide daysr eqche htheeézplpﬁ § @a'eqtéhr« agiug) éhl?kl@ﬁs is4gilored to
108 is formed over the oxide |layer 106 by plasna enhanced chem cal
vapor theepesific ppplicptEovdpamier &ykoldis éermed® veMibe prisicdaysr 10thby blasma er

| ayer is deposited to serve as a copper diffusion barrier. The

bar r i enhaneddeshieaticat aapdd @epasiticnqPEDVD)i cte 10% padkyure @R hrades L rTtHrrier layer is
material such as titaniumnitride, tantalumnitride etc. Fig. 3

i 11 ushgpiRat ohengashl cf)bﬁér%hff%ﬁi(ne&mﬁgol"h@_ BerisPGhtefihicative VBicBh nﬁﬁ@c or any

preferably conprises licon, glass, ceramc or organic material

a keyo&%?’%l%é?ﬁp@fn&fe?ﬁl M}&ﬁ%@ﬂf&nlu%ﬁ%&eo E%éxbailﬂ% nﬁﬁﬁé ﬁtfcI cial wafer 200 is

prepare as | ow adhesion to
nmetals is coated on the top side of the wafer 200 to a thickness of
about 4 m but not limted to this thickness. The polyner |ayer may
conprise any ty 8—% of material which has | ow adhesion to netals to

enabl e it Fi§ 3dBwirgics thessaenificialyverien HW. tThe seerHiciad vaferR0Bmeefarabbt compririses

during a resist renmoval process with high frequency agitation. In

anot hglicke glaks atiandc of ongheEc pragg bt In smkeyricatore, oftthepresant ifvientiand, theadaerificial

is prepared for bottom up via filling. An optional adhesion |ayer

204 | wafie oG istpeepapstefor bbgding! Xpelyrhad8fer 20D vhichane lowBdhesion to metals is
coated on the top side of the wafer 200 to a thickness of about 4 pum, but not limited to this
thickness. The polymer layer may comprise any type of material which has low adhesion to metals

to enable it to separate easily from the through-hole interconnect wafer during a resist removal

process with high frequency agitation.

In another key feature of the present invention, the sacrificial wafer is prepared for bottom-
up via filling. An optional adhesion layer 204 is deposited over the polymer layer. This layer may
comprise titanium, chromium or tantalum and have a thickness of between about 200 and 1000
Angstroms, but not limited to this thickness. Now, a conductive layer 206 is deposited over the
optional adhesion layer. The conductive layer may comprise any conductive material such as
copper, gold, nickel, and so on, and may have a thickness of between about 0.1 and 1.0 um, but not
restricted to this thickness. Finally, a positive photoresist layer 208 is coated over the conductive

layer to a thickness of about, but not restricted to, 2 pm.



conprise titanium chrom um or tantalum and have a thickness of

bet ween about 200 and 1000 Angstroms, but not limted to this

t hi ckness. Now, a conductive |ayer 206 is deposited over the

optional adhesion |ayer. The conductive |ayer may conprise any
conductive material such as copper, gold, nickel, and so on, and may
have a thickness of between about 0. 1 and 1.0 gin, but not

restri ct edRelTHnE 2oW f Bigndghe Pigtorspist2084s pisdias jap antgimndinte kiver to|bepe fthe two
208 is coated over the conductive layer to a thickness of about, but
not reafars Dileahdt200. PhavwaftrRet bondedgt acunpedatffegang, fréheogrh mérﬁpeeah&tof 22 °C
208 is used as an internediate |ayer to bond the two wafers 100 and

200.  {hersagf o %aﬁﬁ%dpﬂgéjﬁﬁh% a%ot}@g@%rv@ﬁ W &Fer @0ed B0k é}%ﬂ}r otl'fer bonding

t enper at ure of to 145 ating device such as a

Now, " (D aHaE S5t Koo B0 s et rle G e e st Apulbete | R Fogpsed

|s exposed in a proximty aligner. The photoresist is developed to

r enovEl & PROXINS aligngy. t Fherphokrsesis inerysloned ksremeye shegiwpist within ghe throughdoles
photoresist remaining is hard baked. This is to renove any sol vent or
noi st ey shownan Fig. ¢htThe phatesesish sninaiying sehapd balade Sihést is tolteendye ndp so lvarft er
is subjected to an electroplating or electroless plating process to

fill tbturytias miglichheabsabeliief ihephomigist.al 110, as shown in Fig. 6.
Conductive layer 110 is forned by electroplating or electroless

pl ating using the conductive |ayer 206. Electroplating or electrol ess
pl ati ng can take place on any conductive netal such as copper, gold,

ni ckel , an he Sordad Iy]\g? Wiig Eﬁgqcfe%ﬁg%teie\é&oﬁl%ﬁgr or cjlectro?esg ﬁlpuellg[ Iprzo%gssqg il He

met hod such as gri

vias with a conductive material 110, as shown in Fig. 6. Conductive layer 110 is formed by
electroplating or electroless plating using the conductive layer 206. Electroplating or electroless

plating can take place on any conductive metal such as copper, gold, nickel, and so on.

Now, the conductive layer 110 is planarized by any method such as grinding, polishing,

chemical mechanical polishing (CMP), etching, etc. as illustrated in Fig. 7.

Now, the through-hole wafer is to be separated from the sacrificial wafer. A solvent resist
strip process is applied, for example, in a high frequency agitation bath. For example, ultrasonic
agitation may be used. Since the polyﬁler 202 has low adhesion to metal, peel-off will occur easily
at the point of contact at the via as shown by 215 in Fig. 8. High frequency agitation facilitates

easy separation of the top wafer 100 from the sacrificial wafer 200 by tearing off at the interface,



chem cal mechanical polishing (CW), etching, etc. as illustrated in
Fig. 7. Now, the through-hole wafer is to be separated fromthe
sacrificial wafer. A solvent resist strip process is applied, for
exanple, in a high frequency agitation bath. For exanple, ultrasonic
agitation may be used. Since the polymer 202 has | ow adhesion to
metal, peel-off occur easily at the point of contact at the via
as showﬁ bifh%%tw ofithe prgsenfynypntiqndgeisae gn ﬁ&smrﬁw 9i4he wafess after theysy
separation of the top wafer 100 fromthe sacrificial wafer 200 by

t ear i Hgoeghrhole viah erd intladrdompdetel9 bytle etectiapdating or kleciolessquiatinigrproerss. Grhe
focuses on the separation of the wafers after the through-hole vias

ar e f convedtieairpeetod of ghiyiding awal eiet saofificihl wgfeois cOmPRidlP RS apdahitiig method.
process. The conventional nethod of grinding away the sacrificial

vaf er The r&RIRInVAL $l&idneRaPRY 30001 ﬁﬂ%nﬁﬁ& IBQﬁjdm% BaSeb £ le Sheri IR fer 200
solution (e.qg. PRS 3000) softens the bonding between the sacrificial

waf er ,,o0fe tlﬁ'Bﬁg §uc Rrggs\gﬂgfll(ﬁtp IAeh h?re}ﬁﬁgnt%& %Q:Rb ‘BhFHf %1?{1,;1' nﬁ% a hauon

agitation bat rasonl agi

| yent, such, ag, PRS3000 t t
bt we BRI REe P AR sy e oo B RS o&%ﬁet%%@ Fueer

waf ers by inparting nechanical ener as shown in Fig. 8 Since the
fill eWafchy ¥idgRLl the pang fime; widenpihe gap getﬂmn derveafens by dmparjiag neashemreal energy
sacrificial wafer, separation takes place at the interface of the

| ow agthshoivonn bigd. ﬁné‘lin@rtue filed thearptitiede vie i4 mped 1o deneatiedive dayer on the
copper-vias. Wen the through-hole via wafer 100 separates from the
sacr i §dceitiaial wafeg!sep@tiorataRéy flacefat threneechist thy & w-aliRkiodPbly2ekd adeends

fromthe sacrificial wafer due to poor adhesion with the polyner
202, fddubir MY@ToRM&ISRBRbAILdids WhdnVRe BRGEIL AL Ha WRELT007 R Barates from
the sacrificial wafer 200, a part of the conductive layer 204/206 debonds from the sacrificial wafer

due to poor adhesion with the polymer 202. All the vias are separated from the sacrificial wafer 200

by this method and the whole sacrificial wafer is separated from the through-hole via wafer 100.

The process of the present invention can be extended to other applications such as transfer
bonding of thin films and passive or active device structures to another substrate. The second

embodiment of the present invention will be described with reference to Figs. 9 through 13.

Referring now more particularly to Fig. 9, a target wafer 300 is shown. Thin structures are
to be transferred from a sacrificial wafer to this target wafer 300. Wafer 300 can be a device wafer,
a ceramic substrate, printed circuit board, flex film, and so on. If the target wafer is a device wafer

or contains a device wafer as part of the substrate, it may be a passive substrate or may contain
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by this nmethod and the whole sacrificial wafer is separated fromthe
t hrough- hol e via wafer 100. The process of the present invention can
be extended to other applications such as transfer bonding of thin
films and passive or active device structures to another substrate.
The second enbodi nent of the present invention will be described
with reference to Figs. ? through 13. Referring now nore particularly
to Fi getivg semuqogdygter ‘3%0@ MENS/DpticaliBimstrughirgs. 90t shopigy dargpt ecgiqns 38 aré
transferred froma sacrificial wafer to this target wafer 300. \Wafer
300 cahwvirewherdahd i skakcbrss arg tacly aanisteredbst rat e, printed circuit
board, flex film and so on. If the target wafer is a device wafer

or contains a device wafer as part of the substrate, it nmay be a
passive substrate or may contain 10 active sem conduct or

devi ce/ NEMPLORLckiEiR|al Bhafer 306 URbWH ESFigh 98, Ef@%}?r c-Eﬁ‘ﬁr;QFsEs S840 R8s LoraRi€or
sferred. The

shown where the thin structures areto be tra

sacri fjgclal . er 14 } [ f l. i .

11 ool 1'akey RURHE S} e bl eniteRbf i BRUHCEPUREL 367 s mppapsgfo
present j.nvention, the rificial wafer, 400 is prepared for )

bondi H@I}d%- |P9ﬁ!ﬁerﬁ%é§8ﬁw%%a% %%‘ﬁ‘eﬁ%wt%@ﬁ@éﬁ I R03iee pificitep pige of the
coated on the top side of the wafer 400 to a thickness of about 4

pm  brefendf0 te athidkaesspftahpe 4 iinckn eeslimitpdopdisyhiskndsay &he pelymer layer may

conprise any type of material which has | ow adhesion to netals to

enabl eomprieny epar @trgat &&8 W hicH i dw hbkesicartg eict MR iceenablldrii dGeparh®aily from
renoval process with high frequency agitation. A conductive netal

| ayer 1QfokSwalePARie re@¥lentolR ROLKTR I hiteTedibhdy MMiHNE RN did%e metal

nmetal . Optionally, an adhesion p?ret al 404?§L~:ﬁuceﬁ1 asé}TAlgtfRa_r%?]gm can[{‘“hel © metd

deposla&r&%(}%elg %fosggcp 8‘%1‘“16”&)1%71%@1‘ lg?éra\l’!fithzll%gv' ad'ﬂgé%l? t glgtlaf. Idi)?iona]ly, an adhesion
metal 404 such as Titanium can be deposited before depositing the metal 406. Now a positive
photoresist layer 408 is coated over the conductive layer 406 to a thickness of about, but not

restricted to, 2 m. The photoresist is soft baked to remove any solvent or moisture that might be

absorbed by the photoresist. The photoresist is patterned using a normal lithography process to

provide openings to the conductive layer 406.
Structures 4035 are formed on the sacrificial wafer as shown in Fig: 11. For example, these
thin structures may be transducers, passive thin films, any active or passive device structures or a

protective Cap layer in a MEMS wafer level packaging.

The photoresist 408 is used as an intermediate layer to bond the two wafers 300 and 400, as

shown in Fig. 12. The wafers are bonded at a temperature range from room temperature of 22 °C to

11



phot oresi st |ayer 408 is coated over the conductive |layer 406 to a

t hi ckness of about, but not restricted to, 2 m The photoresist is
soft baked to renpve any solvent or noisture that m ght be absorbed
by the photoresist. The photoresist is patterned using a nornal

|i thography process to provide openings to the conductive |ayer 406
Structures 405 are formed on the sacrificial wafer as shown in Fig

11. FdA Exafificating dvice suehpha Betnkde gres Wiy @ vafer hasday os pry otbarslsqnvl@g tool
thin filnms, any active or passive device structures or a protective
Cap Imy@ﬂmhmea MEMS waf er | evel packaging. The photoresist 408 is
used as an internediate | ayer to bond the two wafers 300 and 400, as
shown in Fig. 12. The wafers are bonded at a tenperature range from
roomtenperature of 22 Cto 11 145C. A heating device such as a hot

plate oven N(ﬁ@f tt?% tak t WAk ?'is l%%%@%argtgd A3 AL ?e?crrl OndaRg. E‘&OscglvenEPééisP Ftrip

used Now, ist Separ a romthe sacriticra

fer. A solve SISt : cess is ap in a
hr gh PROEoh EPegt 3 RemPibuinh billh RoiiGny re i bRGs g7 exerigr e imy
be used, Since the polyner 402 has | ow adhesion to netal, peel-off
will ggkationdagy lp%fuseﬁt St thegrohymer40R41s iy adfiesiopdo pistal, Hoel-pi will@ccur easily
passive or active device structure shown in Fig. 13. Hi gh frequency
agi t atat dn pbit of ceniect ot daslyin Sdbps aed passivebr adipe dopicovstiatuiB@Bodn anFights.
sacrificial wafer 400 by tearing off at the interface. The
adhesHigh frequebucy byieatioa favilitdR4 kdYGepFati@n®MBel topf waler 3ePehakd oiifitial wafer
exanpl e, by a wet etch process.

400 by tearing off at the interface. The adhesion/conductive layer 404/406 is removed after

separation; for example, by a wet etch process.
‘While the invention has been particularly shown and described with reference to the

preferred embodiments thereof, it will be understood by those skilled in the art that various changes

in form and details may be made without departing from the spirit and scope of the invention.
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Wil e the invention has been particularly shown and described with
reference to the preferred enbodinents thereof, it wll be
understood by those skilled in the art that various changes in form
and details nay be nmade wi thout departing fromthe spirit and scope
of the invention. 12 Wat is clainmed is: 1. A nethod of separating a
t hrough-hol e via_interconnect wafer froma sacrificial wafer

conpri si ngWhst B\6lamsd i waf er havi ng t hrough-hol es therein to form
said through-hole via wafer; providing a substrate of said

sacr i ti Amgthodedfeseparstingoathroughdwilelvig isteoanset wafeh frenposagrificial wyfer Wit h
| ow adhesion to netals such as a lift-off polyner; depositing a
conducdihptésingayer on said polyner; coating said conductive |ayer with
a photoresist |ayer; bonding said through-hole via wafer to said

sacrificia roWﬁfilﬁ a WaRk %\lﬁng flrdughsiey t‘ﬁfé%ﬁ% to! 8 Said %1909@9}{519 B wakd

bondi ng; thereafter devel opi ng away sal d photoresi st exposed I n said

t hr ough- ho{)l%%i(ﬁl?%%é%?&%e%?isgd S&g{gglﬁti e layer; filling said
conduc

t hrough- hotes™w ive \ eﬁ'y el ectroplating said

onductive |ayer,; — and . . . :
g coa%%g said sgbstrate with a polymer layer with low adhesion to metals such as a lift-off

polymer;
depositing a conductive layer on said polymer;
coating said conductive layer with a photoresist layer;
bonding said through-hole via wafer to said sacrificial wafer wherein said photoresist layer
10 provides said bonding;
thereaiter developing away said photoresist exposed in said through-holes to expose said
conductive layer;
filling said through-holes with conductive material by electroplating said conductive layer;
and
15 stripping said photoresist in a high frequency agitation bath wherein said photoresist
separates from said through-hole interconnect wafer and wherein said filled through-holes separate
from said polymer layer at an interface between said polymer layer and said conductive layer to

complete said separating said through-hole via interconnect wafer from said sacrificial wafer.
2. The method according to Claim 1 prior to said bonding further comprising:

forming an isolation layer on all surfaces of said through-hole wafer including within said

through-holes; and
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15 stripping said photoresist in a high frequency agitation bath
wherein said photoresist separates fromsaid through-hole

i nterconnect wafer and wherein said filled through-holes separate
fromsaid polynmer |layer at an interface between said polynmer |ayer
and sai d conductive |ayer to conplete said separating said

t hrough- hol e via interconnect. wafer fromsaid sacrificial wafer. 2.
The met hod fIBERT yAKEsIos beyrigr playeransaid i8QJadent JayBondi ng f urt her
conprising: formng an isolation |layer on all surfaces of said

t hrough-hol e wafer including within said through-holes; and 13
formng a diffusion barrier |layer on said isolation |ayer. 3. The
met hod. Hecaettiodgedopditl & Clazin Bhelicptin ssidiisblatRal 18fer 08mpHYS lang AiaMduSERyer
any dielectric layer such as silicon oxide. 4. The nethod according
to C qidhad siMesh 8kidesai d di ffusion barrier |ayer conprises silicon
nitride, titaniumnitride, tantalumnitride or any conbi nations of
these. 5. The nethod according to daim1l wherein said polyner is
coated to a thickness of about 4 m 6. The nmethod according to Caim

1 wherejn said,form.ng sajd seed |l.ayer, conprises: depositi.ng an _
opt i oftalMEAABA] BFFOFE o Clan 2 Tieein Stig TuSoR AT JAYeT campST g itrice,
conductive | ayer overlying said optional adhesion layer. 7. The

net hoHtaaRE Rigigey tangalanaiitpide opmet eimbinations epthesnal adhesi on | ayer
conprises titanium chromum or tantalum and wherein said optiona
adhesi on | ayer has a thickness of between about

5. The method according to Claim 1 wherein said polymer is coated to a thickness of about 4 ym.

6. The method according to Claim I wherein said forming said seed layer comprises:
depositing an optional adhesion layer over said polymer layer; and

depositing a conductive layer overlying said optional adhesion layer.

7. The method according to Claim 6 wherein said optional adhesion layer comprises titanium,
chromium, or tantalum and wherein said optional adhesion layer has a thickness of between about

200 and 1000 Angstroms.

8. The method according to Claim 1 wherein said conductive layer comprises any conductive layers

such as copper, gold, or nickel.

9. The method according to Claim 1 wherein said conductive layer is a seed layer for an

electroplating or electroless plating process.
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200 and 1000 Angstronms. 8. The ‘method according to Claim1 wherein
sai d conductive | ayer conprises any conductive |ayers such as
copper, gold, or nickel. 9. The nethod according to Caim1 wherein
said conductive layer is a seed |layer for an electroplating or

el ectrol ess plating process. 14 10. The method according to Claim1l
wherein said conductive | ayer has a thickness of between about 0.1
to 1.0. pm 11. The nethod according to Caim1l wherein said

phot oresi st | ayer conprises a positive photoresist |ayer having a

t hi ckh@skheghethorbagcotlimg tolQlainT h evheedim erdd aewbicdiayerhaChdhickdesshEbaivaen
sai d bondi ng conprises: aligning said through-hole via wafer and
sai d aﬁﬁﬁbnh@nqtpmafer; and bondi ng said wafers using a heating

devi ce such as a hot plate oven, wafer to wafer bonder or any other
bondi ng tool. 13. The nmethod according to Claim 12 wherein said
heati ng device heats said wafers to a tenperature of between about

22 to C. 14, The,.nmethad. o aim1 after sajd electroplating or
o ect Fbi Hedesfot pohgUREs aRE harhoEE Bhoigres RO RYHARORE NG SRTUR || ed
t hrough- hol es by a process such as polishing, chem cal nechani cal

pol i sPhaigresigipyer kaving xwiigkgess of about 2 pm.

12. The method according to Claim 1 wherein said bonding comprises:
aligning said through-hole via wafer and said sacrificial wafer; and
bonding said wafers using a heating device such as a hot plate oven, wafer to wafer bonder

or any other bonding tool.

13. The method according to Claim 12 wherein said heating device heats said wafers to a

temperature of between about 22 to 145 °C.
14. The method of Claim 1 after said electroplating or electroless plating step further comprising:
planarizing said filled through-holes by a process such as polishing, chemical mechanical

polishing (CMP), or etching.

15. The method according to Claim 1 wherein said high frequency agitation bath comprises a resist

solvent and a source of high frequency agitation such as ultrasonic agitation.
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15. The method according to Claim1 wherein said high frequency
agitation bath conprises a resist solvent and a source of high
frequency agitation such as ultrasonic agitation. 15 16. A nethod of
maki ng t hrough-hol e via interconnections by a polynmer with | ow
adhesion to netals such as lift-off polyner for vertical packagi ng
applicatjons conprising: vi ding a wafer having through-holes

Cher it 4@#@@%@%&%&@%&0@ Vip AtGrsemections by 4 mlwaerawgh iy pdiesiopio 4
sacrificial wafer; 5 coating said substrate with a polyner having | ow
adhesmstpls siches LftofEpelimasiog veiticel psrkagingipphisationd epwprisingg a
conductive |layer on said polynmer; coating said conductive |layer with
a phot or espsividiay 2 wafd hading threagldhdlby theein todbem itrougti-asle tvin wafett
sacrificial wafer wherein said photoresist |ayer provides said

bondi ng; 1PrdviiRieabiRiradeYalsaniRelIdet; sai d phot oresi st exposed in
sai d through-holes to expose said conductive layer; filling said

5 hrough- ho&gﬁ- .SLiH sﬁﬂﬁ%&riﬂyg g%\% Eﬁwl'igg gorv;? Lugr%goﬁ Q(l) ﬂ'fel:ﬂsgsu%fl éils a lift-off

el ectrol ess p? trng sald con stripping s
photor&gisp in a high frequency agitation bath wherein said
phot oP¥¥E 15 separates from said through-hol e wafer and wherein

said filled through-holes separate fromsaid
depositing a conductive layer on said polymer;

coating said conductive layer with a photoresist layer;
bonding said through-hole via wafer to said sacrificial wafer wherein said photoresist layer
provides said bonding;
10 thereafter developing away said photoresist exposed in said through-holes to expose said
conductive layer;
filling said through-holes with conductive material by electroplating or electroless plating
said conductive layer; and
stripping said photoresist in a high frequency agitation bath wherein said photoresist
15 separates from said through-hole wafer and wherein said filled through-holes separate from said
polymer at an interface between said polymer and said conductive layer to complete through-hole

via mterconnections.

17. The method according to Claim 16 prior to said bonding further comprising:
forming an isolation layer on all surfaces of said through-hole wafer including within said
through-holes; and

forming a diffusion barrier layer on said isolation layer.

16



pol yner at an interface between said polynmer and said conductive
| ayer to conplete through-hole via interconnections. 17. The net hod
according to Claim16 prior to said bonding further conprising:
formng an isolation |ayer on all surfaces of said through-hol e wafer
including within said through-holes; and formng a diffusion barrier
| ayer on said isolation layer. 16 18. The nethod according to Caim
17 wherein said isolation |ayer conprises any dielectric |ayer such
as silicon oxjide and wherein said diffusion barrier |ayer conprises
si | i cbh Hietpsthed ageprdang forflaim 17 wderein seid wplatiomilayer efenprases anpydielectric layer
conbi nati on of these. 19. The met hod according to C aim 16 wherein
sai d pmhyswsilicos ogdatadl wheretn daid dikfinews bafriea bayat codnprives &liconhierideetitaathm
according to Caim 16 wherein said form ng said conductive |ayer
CONpr hitkds, tanBi@PASitkide brady eshbagdn scthesi on | ayer over said pol yner;
and depositing a conductive |ayer overlying said optional adhesion
| ayer. 21. The nethod according to Caim20 wherein said optional
adhesion | ayer conprises titanium chromum or tantalum or any
conbi ,ons of . these and.wherein said.barrier.|ayer has.a thickness
o " bed etk e BEeTn R D Aot POBneh s BB R s ot
Cl aim 20 wherein said conductive |ayer conprises copper, gold, or

M.

20. The method according to Claim 16 wherein said forming said conductive layer comprises:
depositing an optional adhesion layer over said polymer; and

depositing a conductive layer overlying said optional adhesion layer.
21. The method according to Claim 20 wherein said optional adhesion layer comprises titanium,
chromium, or tantalum or any combinations of these and wherein said barrier layer has a thickness

of between about 200 and 1000 Angstroms.

22. The method according to Claim 20 wherein said conductive layer comprises copper, gold, or

nickel.

23. The method according to Claim 16 wherein said conductive layer has a thickness of between

about 0.1 to 1.0 um.
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ni ckel . 23. The nmethod according to Claim 16 wherein said conductive
| ayer has a thickness of between about 0.1 to 1.0 m 17 24. The

nmet hod according to Caim 16 wherein said photoresist |ayer conprises
a positive photoresist layer having a thickness of about 2 m 25.
The net hod according to O aim 16 wherein said bonding conpri ses:
aligning said through-hole via wafer and said sacrificial wafer; and

bondi n id f.ers uysin .heati,ng .device such.as a hot plate.oven,
waf er  £h W fEiog e 7 Chim T8 viereim S PRy St 19V omitiee® pepHGEE
according to Claim25 wherein sajd heating device heats said wafers
to a Phafgsesrisdanenhyingrthipkapssabgbqui 22mnd 145 C. 27. The nethod of
Claim1l6 after said electroplating or electroless plating step
further conprising: planarizing said filled through-holes by a
pol i shing, chem cal nechanical polishing (CW), or etching process.
28. Thas. Mht hathodeaeorrding go Chaitl18iwheldn whiébeidings@intghriRésgh f r equency
agitation bath conprises a resist solvent and a source of high
frequency agighibisaid (BreGkh-BSle Yid wars0HdGa Rk rdiQ Wvafek8and

bonding said wafers using a heating device such as a hot plate oven, wafer to wafer bonder

or any other bonding tool.

26. The method according to Claim 25 wherein said heating device heats said wafers to a

temperature of between about 22 and 145 °C.
27. The method of Claim 16 after said electroplating or electroless plating step further comprising:
planarizing said filled through-holes by a polishing, chemical mechanical polishing (CMP),

or etching process.

28. The method according to Claim 16 wherein said high frequency agitation bath comprises a

resist solvent and a source of high frequency agitation such as ultrasonic agitation.
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