A WAFER LEVEL PACKAGE AND A METHOD OF FORM NG A WAFER LEVEL PACKAGE
Technical Field [0001] Enbodinents relate to a wafer |evel package and a
nmet hod ofwbanniosgssa waf er | evel package. Background [ O0@0Z]SGaenv/oarsdssi ze
reduction is driving packagi ng industry to new neasures and approaches.
Waf er | evel packaging is one approach which the packaging industry is

| ooking into for size and cost reduction. Since wafer |evel packaging is a
bat ch process and is alnpbst a true chip size package, cost and real estate

can be redu i Y. 02} €egrati ng
di fferent d&%@ﬂﬂ?@gﬁ%&?ﬁ?ﬁﬂéfu Pﬁ‘?@ﬂlﬁé@&‘%—f gi ng may
al so be used for Mcro-Electro- I\/bchanl cal S&gnems (MEMS) devices to neet
the requirenments of size, cost, d vacuum For MEMS devi ces
whi ch have noving parts or suspended beams air inside the MEMS device
package may danpen the noving parts. Theref ore, there is a need to nmaintain
a vacuumw thin the MEMS devi ce package in order to prevent danping of the
novi ng parts or suspended beans. Eechniea Filduum is a poor conductor of heat
and this may be used for MEMS device package to allow for high thernal

i sol ati on[0@01]st alBnmbodimentd relat¥dth aTnafecleosl ackalge brd a method ®€ Ebrinirig awifaf er

| evel packing for MEMS device which may provide good vacuumreliability

wi thin thrvipiEdgevi ce package.

Background

[0002] Cost and size reduction is driving packaging -industry to new measures and
approaches. Wafer level packaging is one approach which the packaging industry is
looking into for size and cost reduction. Since wafer level packaging is a batch process
and is almost a true chip size package, cost and real .estate can be reduced. A further
reduction in size may be achieved by integrating different devices into a single package.
[0003] Wafer level packaging may also be used for Micro-Electro-'Mechanical
Systems (MEMS) devices to meet the requirements of size, cost, hermeticity and
vacuum. For MEMS devices which have moving parts or suspended beams, air inside the
MEMS device package may dampen the moving parts. Therefore, there is a need to
maintain a vacuum within the MEMS device package in order to prevent damping of the
moving parts or suspended beams. Further vacuum is a poor conductor of heat and this
may be used for MEMS device package to allow for high thermal isolation or stability.
[0004] Therefore, there is a need for a wafer level packing for MEMS device which

may provide good vacuum reliability within the MEMS device package.



Summary [0005] I n various enbodi nents, a wafer |evel package may be

provi ded. The wafer |evel package may include a device wafer including a
MEMS deviwe;2oa/m2334wWaf er di sposed over the device waf er pcatsGhemsvozsne fir st
i nt erconnect di sposed between the device wafer and the cap wafer and
configured to provide an electrical connection between the device wafer and
the cap wafer; and a conformal sealing ring disposed between the device
wafer and the cap wafer and configured to surround the at |east one first

i nt erconnect and the MEMS device sogas. to provide a conformally seal ed
environment for the at |east one fimi‘#er connect and the MEMS devi ce;
wherein t nfqQrmal. seal.i ring e configured to confo to.a
respectivzﬁggfta é{alg%ﬂsf%@%g'f‘cr’tt%eaﬁ fg’e]v%ﬁck?g%dﬁﬂyf’ﬁ\?mé' d\/\/ig]%?”a@%en t he
device wafer is_bonded to the cap wafer.. [0006] In various enbodi nents, a
met hod of levgl RiGkage MaN s Belude A devier: Ralis inelyding b MIEMS, deyiged. capnwalegt hod
may include formng a device wafer including a MEMS device, formng a cap
waf er ovedisposed deor the devficer wafeor afi legstaune| st intemenrfert disposad dretweenctbe

bet ween the device wafer and the cap wafer such that the at |east one first
i nt er conndeticarswifel eand othe | @pr wafet angrooufigieedino girevite ian adleatical avhheriobet ween
the device wafer and the cap wafer; and formng a conformal sealing ring

bet ween t baweey izedevadecwaRndnd Be ¢ap widdre and WCdbntdiatal béwing GiipodRpdsegeal i ng
ring may be configured to surround the at |east one first interconnect and

the VEMS gawk&GLihs Achte Wardaadithiecap waref ﬂ{dT&Jnlflgux%_ﬁ% Sekr&MI thOMRR: ohor the
at least one first interconnect and the MEMS device; wherein formng the

conf or mal i i j e i.ng r i Lhg such
fhat the BoneRaphiChriihg MEEMSC dbEr Bt 36 1HNET S opRERkiy Skl
respectiv ui 1 abl suf.f of 4 he device wafer cap. wafer.when the
devi ce wa %Vﬁronn’}él§gtb§r tt)l(l)en%felggssé) e rﬁeraclgﬁ TCRARE! .an%‘rﬁilee%§ gi‘r% Ylﬁf’i ‘gﬁeﬂ%’f’ tp?,'e
Drawi ngs [0Q07] I n the drawi ngs, like reference characters. generally_refer
Dot he oM Sealie 5B 0k SRR STRIOUT S reopRn arsai G S Bt Shot
necessarily to scale, enphasis_instead generally being placed upon
i |1 ust r at §gevirewater ard the s3p wafey ey the devise wake m@pdﬂ%%th%cqpow 8 ng
description, various enbodinents of the invention are described wth
r ef er encel0086k he I wriaysicmyodimentsn g method offiorating a wafer lgvetpackageoer also
cross-sectional view of a wafer |evel package according to an enbodi nent;

be provided. The method may include forming a device wafer including a MEMS device,

forming a cap wafer over the device wafer; forming at least one first interconnect
between the device wafer and the cap wafer such that the at least one first interconnect
may be configured to provide an electrical connection between the device wafer and the
cap Jwafer; and forming a conformal sealing ring between the device wafer and the cap
wafer such that the conformal sealing ring may be configured to surround the at least one
first interconnect and the MEMS device so as to provide a conformally sealed .
environment for the at least one first interconnect and the MEMS device; wherein
forming the conformal sealing ring may include forming the conformal sealing ring such

that the conformal sealing ring may be configured to conform to a respective suitable



FIG 2 shows a cross-sectional view of a wafer |evel package with at |east
one third interconnect disposed outside of a conformal sealing ring

accor di ngvbeoamsesshodi ment ; FIG 3 shows a cross- eetisicamaloosssew of a
waf er | evel package with a first through via and a second through via
formed in a cap wafer according to an enbodi nent; FIGS. 4A to 4H show
cross-sectional views illustrating a nethod of formng a resultant device
waf er including a MEMS device according to an enbodi nent; FIGS. 5A to

5G show cross cli nal vrems illustragting a hod of f or a resultant
cap wafer "‘a’%%ct?ro ithfy c't" ewaten FrEFR aker “%GH#H%VI@AW%BT wey Flg
cross-sectional views illustrating a nethod of bonding the resultant cap
waf er as KA WHETFI G 5G onto the resul tant device wafer i ncl udi ng the
MEMS devi ce as shown in FIG 4H according to an enbodi nent; FIG 7A
to 7E show cross-sectional views illustrating a nethod of dicing the bonded
devi ce wafer and cap wafer according to an enbodi nent; FI G 8A shows
a cross-sectional view of oBriefDiecriptiohoftie Diawihgs first internediate

sol der | ayer disposed on a cap wafer before bonding according to an

enbodi menf000F| G 8Bh& ARG, Gike FefcfEd cRAadterd| R¥erally fefsOlodfie sapBRARsti on of
a second internediate sol der | ayer di sposed on a device wafer before

bondi ng a%@t@bﬁathte%ﬁ&eﬁm%ﬁeme dﬂxfﬁlgs%e%?\rﬁcégsaﬁrmé ShELd s Vi ew of
a sol der conposition of a sol der ayer bet ween the cap mefer an e devi ce

f f | d
bhace i agr s arhAARZEaRE Hlapdy %r"’ BRI HEBlineiples of xiiils il aadZS. ce

waf er accol glengllgxgm%ndeggrtl) ?wn varlo’us embodiments of the invention are described with

reference to the following drawings, in which:

FIG. 1 shows a cross-sectional view of a wafer level package according to an
embodiment;

FIG. 2 shows a cross-sectional view of a wafer level package with at least one
third interconnect disposed outside of a conformal sealing ring according to an
embodiment;

FIG. 3 shows a cross-sectional view of a wafer level package with a first through
via and a second through via formed in a cap wafer according to an embodiment;

FIGS. 4A to 4H show cross-sectional views illustrating a method of forming a
resultant device wafer including a MEMS device according to an embodiment;

FIGS. 5A to 5G show cross-sectional views illustrating a method of forming a
resultant cap wafer according to an embodiment;

FIGS. 6A to 6C show cross-sectional views illustrating a method of bonding the
resultant cap wafer as shown in FIG. 5G onto the resultant device wafer including the

MEMS device as shown in FIG. 4H according to an embodiment;



FIG 10 shows a cross-sectional view of a confornmal sealing ring with
connection to a ground connection according to an enbodi nent; FIG 11A
shows a awvocuittosrapr esentati on of a confornal sealing ripog/Se20OOE3SS
connection to a ground connection according to an enbodinent; FIG 11B
shows a circuit representation of a conformal sealing ring with connection
to a ground connection according to an enbodi nent; FIG 12 shows an
optical mcroscope picture of a confornal sealing ring with connection to a

ground connect] ccorgi to an enblolaii ment ; . FI G, 13 shows pl ot of
total i rrpedanc%l%{;e & 7 r%@f&'eﬁ‘if’ﬁs'?eﬁpo YieTs Hlustrafing 2 %Flmjdn‘g‘fﬂfpé‘getg‘f ric
| ayer di nensjons .according to an enbodi nent; ) FIG 14 shows a diced
waf er | evBendsd dgdegewalier and qapavafergserrdingdo amembedimenty f ol | owed by ful |
dicing of the bonded wafer and according to an enbodi ment; FIG 15
shows a wafer FléveBApshowage dressaggctivnab vibemdedat splder ceamapeisitioheefd af fisshre
package according to an enbodi nent; FIG 16 shows an i npedance-phase
pl ot of aintefmedialeescdderplagéradispdsed an bempnatfer bafoco bdhdigg tazcadingntooah ment ;
FIG 17 shows a calibration curve involving respective Q factor and vacuum
| evel ver eibodihes BI@ §Bshovs\ENOsH@¥iGRl aiz®06fH sfddr QomPoSiOef adtbnd and
intermediate solder layer disposed on a device wafer before bonding according to an
embodiment; FIG. 8C shows a cross-sectional view of a solder composition of a solder
layer between the cap wafer and the device wafer after bonding according to an
embodiment;
FIG. 9 shows a solder phase diagram of a resultant solder layer between a cap
wafer and a device wafer according to an embodiment;
FIG. 10 shows a cross-sectional view of a conformal sealing ring with connection
to a ground connection according to an embodiment;
FIG. 11A shows a circuit representation of a conformal sealing ring without
connection to a ground connection according to an embodiment; FIG. 11B shows a
circuit representation of a conformal sealing ring with connection to a ground connection
according to an embodiment;
FIG. 12 shows an optical microscope picture of a conformal sealing ring with
connection to a ground connection according to an embodiment;
FIG. 13 shows a plot of total impedance versus frequency for capacitors with
varying dielectric layer dimensions according to an embodiment;

FIG. 14 shows a diced wafer level package after the respective half dicing

followed by full dicing of the bonded wafer and according to an embodiment;



FIG 18 shows a fully bonded wafer after cut open the lateral feed through
to expose the bond pads on the MEMS device according to an enbodi nent.
Descri pt iwo 2pD@B&3The fol |l owi ng detail ed description rePersczaotohesss
acconpanyi ng drawi ngs that show, by way of illustration, specific details
and enbodi nents in which the invention may be practiced. These enbodi nents
are described in sufficient detail to enable those skilled in the art to
practice the invention. O her enbodinents nmay be utilized and structural,

| ogical, and e t1d cal changes be made wi thout . departing fromthe
scope of the i E\f/tg'nltsi Sglﬁ‘.vs ?%ar}\%gl Y%a Clgﬁﬁgaaﬁnﬁevﬁfesg%%gd goo c‘?{g@écglgﬁ‘{ ﬁ?’?e
mut ual Iy excl usi ve,,.as sone. enbodi nents can be conbined with one or nore
ot her embBHKIERICOWHNES AR CHROABIBE I ment s. [0009] The word "exenpl ary” is
used herein to_nmean "serving as an exanple, instance; or illustration”. Any
embodi nent or EHK&ilgrshaws an impedanes-phase plot of a syplerdevel ppekagefor gaetongigrily to
be construed as preferred or advantageous over other enbodi nents or
desi gns. asxOrdiag tb/aD3RBBARETL;SG2009/ 000355 [ 0010] An enmbodi ment provi des for
a wafer |evel package. The wafer |evel package

FIG. 17 shows a calibration curve involving respective Q factor and vacuum level

versus pressure for a MEMS device according to an embodiment; and
FIG. 18 shows a fully bonded wafer after cut open the lateral feed through to

expose the bond pads on the MEMS device according to an embodiment.

Description

[0008] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and emb-odiments 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. Other embodiments may be gtilized and
structural, logical, and electrical changes may be made without departing from the scope
of the invention. The various embodiments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more other embodiments to form new
embodiments.

[0009] The word "exemplary" is used herein to mean "serving as an example,
instance, or illustration". Any embodiment or design described herein as "exemplary" is
not necessarily to be construed as preferred or advantageous over other embodiments or

| designs.



may include a device wafer including a MEMS device, a cap wafer disposed
over the device wafer, at |east one first interconnect disposed between the
devi ce wavenoard7ishe cap wafer and configured to provi deCasGeionessal
connection between the device wafer and the cap wafer, and a conforna
sealing ring disposed between the device wafer and the cap wafer and
configured to surround the at |east one first interconnect and the MEMS
device so as to provide a confornmally seal ed environnent for the at |east
one first J rconnect and the ., devi.ce, erein the conformal sealing
Tng i s DG A EEPoBRPu I itior B SHG 1AL PEvkeEa cine Nl U Favkagfe

devi ce wafer .and_the cap wafer when the device wafer is bonded to the cap
waf er. [ omeyjineludena dryies eisstincluding atMEMES devigse afqap syaferdisposed qeertthemy
include two relatively level or flat surfaces in contact with the

r espect i vdevdesywaler, et feast emedfitsh ntevadnamect dikrioned besivden theadeticagvaferoandghe or
conformal sealing process, a flat surface may not required for bondi ng

bet ween t bap wbfet emb tordipardd togirovidé en eleptmieslt canepoadetbenvthe detibewdferi ce and
cap wafer. Since solder has a thickness of 8 urn to 10 urn, a |evel

di f f er eceadCtheap waterdad £ Conflain®il sédlinf dmg didpysdiEber® il daticel water and waf er
bonding. In the case of eutectic bonding, the respective device wafer and

the cap Wak&lapShatkt aR® cORGIrEd 3 shlfoRUARE at Qed¥PloRe TRA! Bfekcofhidd M@GHe Ot her
because there may not be an internediate |ayer between the respective
device wajpi@aditds &4? p\‘\ﬂfi&f a ccl\%ﬁﬁl‘ig E%alécf‘&{vﬁo&?n&n%r %e Bﬂfeﬁéf B ﬁrs%

vari ati on across each of "the respective device wafer and the cap warer

whi ch may. be about +/-2 Further,. due to lLon rocess ste r ective
dovi e valio et iond el BHEE ord il Dot B BtEE il & Shleniof 10 ey
provide an additional variation across. the .respecti devi c fer and cap
Pt er oty iod Hopsstior Aot o B JFuts VR and S ot aptorarieh 01 cknoos
and marpage,nay af fect bondi ng done with eutectic nethod but nmay not be
observed feyicenwafeningongdedrio thsi@r™afsr conformal seal ing and bondi ng process
[0012] I n an enbodi nent, the MEMS device may include a resonator, a swtch,
an osci | | 04}, aln zocembedimentrthe at glpasssmgplirst interdopnechrmaay (malyde two

m crobol oneter, a tactile sensor, an absol ute-pressure sensor, a magnetic
field senstativelydevwhguflatsurfades irseomsast with tre respgntiveadevicOdaBiriand aap wafoodi nent ,
t he device wafer may include a silicon on insulator (SO) substrate. The
SO subst Using saki¢r ibofding epracessi @pp adohfdrmylebealing procass, ad dlat Isayfsde sihgmosed on
t he support layer and a device |layer disposed on the insulator |ayer. The

devi ce | apeghirdtP¥or BOn@ING Beiweehl 1y dt Needd Bk Hlrst iMBIchitecE HRPSVel HeByeRh thy the
insulating layer. The support |layer may include silicon, sapphire,

polysili CQthiceSind! GRRvdt&. Ynce Soldef BEL Nitidkne§ I u@BIPLS:, a TRel diffeledd | NI

| ayer may i1 nclude silicon oxide, polynmer, dielectric nmaterial for exanple.

The devi C?céi_)&m{ deTRE ARG HEECS Il 5O BecoltMhddatid AFRE Walks bodih IR TG4BT UM

for exanp

of elftectic bonding, the respective device wafer and the cap wafer shall be made flat in
order to make contact with each other because there may not be an iﬂtermediate layer
between the respective device wafer and the cap wafer. Moreover, there may be a
thickness variation across each of the respective device wafer and the cap wafer which
may be about +/-2 um. Further, due to long process steps, respective device wafer and
the cap wafer may be subjected to warpage and this may provide an additional variation

across the respective device wafer and cap wafer. So the variation in respective device



[0014] In an enbodi ment, the MEMS device may be forned on the device |ayer
of the device wafer. [0015]1n an enbodi nent, the cap wafer may serve to
protect twe 2MENM3733@vi ce and may include silicon, polynmePCTHGA®/00€385anm C,
silicon carbide (SiC), thernoplastic, netal, for exanple. The cap wafer may
include a cavity configured to accommodate the MEMS device when the cap

waf er may be di sposed over the device wafer. The cavity may be di nensi oned
according to the dinensions of the MEMS device and the presence of the

cavity may be required.as .it may avoid physic contact with.the MEMS

devi ces \A,X"fageﬁ q’?gycaBewﬂ%{/ﬁlﬁﬁhleﬁ%%ﬁg\W at‘?ﬁgﬁ Iﬁﬁ’ﬁl agegtogw&ﬁ ﬂ%“e\/a'bthu?‘r‘lt‘icﬂgi de the
package. 011/ 037534PCT/ SG2009/ Q00355 [0016] The device wafer ma

i ncl ude t\%’%p‘ﬂ’éi’ﬂ@’ 8oty beyobserveq for hopdigg,with seldey b econfpamal scalipgandievi ce
surface. Simlarly, the cap wafer may include two opposing surfaces, a
first capbeudipgpieceshd a second cap surface. The first device surface and
the first cap surface may be the respective active surfaces of the device
waf er and[@@] capnwafesrbodintint,eth¢ MENSoentte dray meludeinframaatanch swiechsescond cap
surface may be the respective passive surfaces of the device wafer and the
cap waf er osclliorf iah Sdccélerdinetr,SalighRscopeny ar anfeartd () dgickd@idmet&] acagileur f ace
and the second device surface may face away the second cap surface when the
respect i Veerd&ly af abstfte hreddifle t880:C AP mihdic AN s@Rob AR URELIAQYR 3Rd0r, foRCh Of
the respective device wafer or the cap wafer nmay include precuts fornmed on
t he respeg,ugsége.fi rst device surface or the first cap surface. Each of the
respective vice wafer and the cap wafer may include backside alignnent
mar ks and,fh:&i NQ L1 n,tk tiv econd _devi ce su e and
the. seconlPUgh s ih pREROOGHERS (BhadiiE 80P REL R BE SR R ibRTuSLISE

ion o precut’s, side al 1 ghment

mar ks and _the di.gin rks (dici.n rks car.respondi tp th recut and
i g gy T Sl Rl gt e s SSppblt e Sl tat oyt SBSGER co
waf er and the cap wafer may serve_as a reference when separating the MEVS
devi ce pathesyePastlaysrand g dgdcsausr disposedapibe insplatopimst Jehgiderics lyRemay
[0017] I n an enbodiqent,ggrecut may be made on the first surface of the
devi ce wabeflegticalbydpswated fromethe syppertdayes dy (timRinsyladnglayerg Thesuppeary lavso t o 150
um deep, for exanple. The precut may be required to cut open the bond pads
of the | amey aclddsestlicohy sanpfiire, Polysibiras silicen okide hsligmeide feryexampled Thnagi ng
of the lateral feed through traces during the half dicing. The precut may
be f or nedinsulaynglayérhmay inthlitle silicbaoridefpobyrhdrpdiclebicdrateriad fovedxampler Thdre cap
wafer. As an exanple, the precut may be forned on the device wafer and
hence baclsii¢9ayghr ghaydndldeksilicoy, feliie disehigel sditohemeaman foretihpee of

[0014] In an embodiment, the MEMS device may be formed on the device layer of

the device wafer.

[0015] In an embodiment, the cap wafer may serve to protect the MEMS device and

may include silicon, polymer, glass, ceramic, silicon carbide (SiC), thermoplastic, metal,

for example. The cap wafer may include a cavity configured to accommodate the MEMS

device when the cap wafer may be disposed over the device wafer. The cavity may be

dimensioned according to the dimensions of the MEMS device and the presence of the

cavity may be required as it may avoid physical contact with the MEMS devices which

may be moving there within and also provide vacuum inside the package.



the device wafer. In a further exanple, the precut may be forned on the
first surface of the cap wafer and dicing may be required on the second
surface olothe/eagsswaf er. Therefore there may be a di ci rgTSER609/000355
corresponding to the precut on the second surface of the cap wafer and the
dicing mark corresponding to the precut nmay be positioned beside the dicing
mar ks for the chip singulation, that may be required for every silicon

waf er. Therefore, generally, there nay be an additional precut dicing nmark

posi ti one t he,second sy face.of devi ce waf er. or a_.cap wafer which may
ool ude aABL L THR GRS ittt R8T ifelet R phRMERCHhacbhot 150 S SUHEed on

t he second urfagg of either or,bg}@g;he dgéice,mafer and the cap wafer to
ali gn t he®®hpssrarddevicrsuriaee. Fanilaly, frcap Wass meaydnelude (Yq@pPesine SHECHaf er t o
waf er bondi ng, the device wafer and cap wafer may be-aligned to nake sure
that the 8&ut ¢y surfaee anddia seronp e speeps- The fisstidghied sudacsaand the isst caprrect | y
for bonding. As an exanple, the wafer to wafer bonding of the device wafer
and t he capfasafmey bedle fespedtveadtiye atinifagas ofithe Hevidzagifer atel the canwafat, wiide k on

t he second surface of the device wafer to the alignment nark on the second

sur face othet feeombpeviad surfacArandsthie tsadund daptsueficeTiay e theadsgeotiveapasgiveng t he
respective device wafer and the cap wafer and the nethod nay be different

dependi ngsitactdEY tHOUEGE: WiRLa e LASwERE THe firk MRGico SurbRE WS Tadd e whRs PeCt i ve
device wafer and the cap. [0018]In an enbodi nent, the wafer |evel package

may furt hgfe ArtClap d6rfite ant $le LLERT ddvid!sulfilleGhHPRABE SlaPine RORA QP sirfie f 1 T St

C S
cap surface of the cap wafer and in electricdl contact wth tﬁe at | east

one first_j ) e icren t i | rical

't er conniph HeABRGRk: ety bkl ba R ACHRYy pd ot el B8 468 connec:
along the first cap surface of the cap wafer. to crossing the confornal

Seal ing r [SRFEPe RGeS Helef G s capwalsg et anclils Rrarie frmed  the Fespeciive

2011/ 037534PCT/ . SG00Q9/ 00035 LOOZO] n an enPodinentL the first electrical

i nt er connBEst FEge § €4k tlgntgrs AP f& deach of the respective device wafer and the

cap wafer may include backside alignment marks and dicing lines formed on the
respective second device surface and the second cal; surface. The formation of the
precuts, backside alignment marks and the dicing marks (dicing marks corresponding to
the precut and dicing marks for singulation) on the respective surfaces of the device
wafer and the cap wafer may serve as a reference when separating the MEMS device
package or dicing between the respective MEMS device package.

[001_7] In an embodiment, precut may be made on. the first surface of the device
wafer by deep reactive-ion etching (DRIE) etching, around 140 to 150 um deep, for
example. The precut may be required to cut open the bond pads of the lateral feed
through. The presence of the precut may avoid damaging of the lateral feed through
traces during the half dicing. The precut may be formed only on the first surface of either
the device wafer or the cap wafer. As an example, the precut may be formed on the

device wafer and hence backside dicing mark may be required on the second surface of



material. The first electrical interconnect may include copper (Cu),

al um num (Al), gold (Au), platinum(Pt), silver (Ag), protactinium(Pa),

ni ckel (NvD,20oeiBadss (Co), tungsten (W, titanium (Ti), temsa2eno(Bas, zinc
(Zn), magnesium (My), rhodium (Rh), iridium(lr), for exanple. [0021]In an
enbodi nent, the wafer |evel package may further include at |east one second
I nt erconnect di sposed between the device wafer and the cap wafer and
configured to provide an electrical connection between the device wafer and

the cap wafer. . 09%%] n an_enbodi nent, the at Le st qQne second interconnect
may be diwgwcfiew AT 1 % R R e BECP gy ﬁgfem{‘fa@zéﬁ ShRrEeB Odi nent
the at |least one first_interconnect may be di sposed on one side of the MENMS
devi ce anhet Hapavafpeand dising may hiedrepvires em ikt secopdputfecedofsihe e waferanot her
side of the MEMS device. [0024]In an enbodi ment, the-wafer |evel package
may f urt hdhereforé théee may be aditing matkr ¢orgbpdndingrto shmpretutdingho seedndsurfabe cap
wafer and in electrical contact wwth the at |east one second interconnect.

of the cap wafer and the dicing mark corresponding to the precut may be positioned

beside the dicing marks for the chip singulation, that may be required for every silicon

wafer. Therefore, generally, there may be an additional precut dicing mark positioned on

the second surface of a device wafer or a cap wafer which may include a precut on the

first surface. Alignment marks may be provided on the second surface of either or both

the device wafer and the cap wafer to align the cap wafer and the device wafer. Before

carrying out the wafer to wafer bonding, the device wafer and cap wafer may be aligned

to make sure that the sealing ring and the bond pads are aligned to each other correctly

for bonding. As an example, the wafer to wafer bonding of the device wafer and the cap

wafer may be done by aligning the backside alignment mark on the second surface of the

device wafer to the alignment mark on the second surface of the cap wafer. Any suitable

method may be used for aligning the respective device wafer and the cap wafer and the

method may be different depending on the device type and the ease of bonding between

the respective device wafer and the cap.

[0018] In an embodiment, the wafer level package may further include a first

electrical interconnect disposed on the first cap surface of the cap wafer and in electrical

contact with the at least one first interconnect.

[0019] In an embodiment, the first electrical interconnect may be configured to route

‘the at least one first interconnect along the first cap surface of the cap wafer to crossing

the conformal sealing ring to the outside of the sealed environment.



[ 0025] I n an enbodi nent, the second el ectrical interconnect nmay be
configured to route the at | east one second interconnect along the first
cap surf awe 0fymhs4cap wafer to crossing the conformal eealsicagornesgsto the
outside of the seal ed environnment. [0026]In an enbodi nent, the second

el ectrical interconnect may include any conductive material. The second

el ectrical interconnect may include copper (Cu), aluninunl(Al) gold (Au),
pl ati num (Pt), silver (Ag), protactinium (Pa), nickel (Ni) cobalt (Co),

hoar um (01 | IER AR IdbA III%IHé%éIIFﬁnI‘IQFI" A
f I I f f I te | whi
o1 ovi do. cmEgAR, &ﬁﬁnﬁrsaammgl AP RO BTTRES () CHITON (g 4 | et

one first interconnect and the at |east
(Au), platinum (Pt), silver (Ag), protactinium (Pa), nickel (Ni), cobalt (Co), tungsten (W),

titanium (Ti), tantalum (Ta), zinc (Zn), magnesium (Mg), rhodium (Rh), iridium (Ir), for

example.

[0021] In an embodiment, the wafer level package may further include at least one

second interconnect disposed between the device wafer and the cap wafer and configured

to provide an electrical connection between the device wafer and the cap wafer.

[0022] In an embodiment, the at least one secohd- Interconnect may be disposed

within the conformal sealing ring.

[0023] In an embodiment, the at least one first interconnect may be disposed on one

side of the MEMS device and the at least one second Interconnect may be disposed on

another side of the MEMS device.

[0024] In an embodiment, the wafer level package may further include a second

electrical interconnect disposed on the cap wafer and in electrical contact with the at least
| one second interconnect.

[002§] In an embodiment, the second electrical interconnect may be configured to

route the at least one second interconnect along the first cap surface of the cap wafer to

crossing the conformal sealing ring to the outside of the sealed environment.

[0026] In an embodiment, the second electrical interconnect may include any

conductive material. The second electrical interconnect may include copper (Cu),

aluminum (Al), gold (Au), platinum (Pt), silver (Ag), protactinium (Pa), nickel (Ni),
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one second interconnect may be made of the sane conformal material as the
conformal sealing ring. [0029] 1 n an enbodi nent, each of the at |east one
first intwocomseid4and the at | east one second i nt er conmetiSGaenp/obesshade of
a different material as the conformal sealing ring. [0030]1n an enbodi nent,
the conformal material may be selected froma group of materials consisting
of gold-tin alloy, frit glass, polyner, solders such as |lead-tin (PbSn),
tin-gol d- copper (SnAgCu), gol d-indium (Auln), copper-indium (Culn),

copper-tin , |.d- i @di um ( Agip), . or ,any.Ssuit ab conbi nat i of Au,
nor o, sobelt (el Bl R, Wt P o PPt 2B PR R ¢ he
conformal seali ring, e.at |least one first interconnect and the at

| east one™® H@ﬁ@gpﬂpaﬁ@%hgegFe 1&56 formed in a common processing step.
[0032] 1 n an enbodi ment, the at |east one first interconnect may be

el ect ri cal9847] sollnwrpsmbediment dhe sonformel| sealing fingymay hy mzde efirecenformalst one

second interconnect may be electrically isolated fromthe conformal sealing
ring. material which may provide a conformal bonding.

[0028] In an embodiment, each of the at least one first interconnect and the at least
one second interconnect may be made of the same conformal material as the conformal
sealing ring.

[0029] In an embodiment, each of the at least one first interconnect and the at least
one second interconnect may be méde of a different. material as the conformal sealing
ring.

[0030] In an embodiment, the conformal material may be selected from a group of
materials consisting of gold-tin alloy, frit glass, polyme-r, solders such as lead-tin (PbSn),
tin-gold-copper (SnAgCu), gold-indium (Auln), copper-indium (Culn), copper-tin
(CuSn), gold-indium (Agln), or any suitable combinations of Au, Ag, Cu ; Sn, In and
bismuth (B1), for example.

[0031] In an embodiment, the conformal sealing ring, the at least one first
intergonnect and the at least one second interconnect may be formed in a common
processing step.

[0032] In an embodiment, the at least one first interconnect may be electrically
isolated from the conformal sealing ring and the at least one second interconnect may be
electrically isolated from the conformal sealing ring.

[0633] In an embodiment, the conformal sealing ring may be electrically isolated

from the device wafer by a dielectric layer positioned between the conformal sealing ring

11



[0033] I n an enbodi nent, the conformal sealing ring may be electrically

i sol ated fromthe device wafer by a dielectric |ayer positioned between the
conf or malweeal1/mgsani ng and t he device wafer. The conf or relr/sgeelojongssi ng nay
al so be electrically isolated fromthe cap wafer by a further dielectric

| ayer positioned between the conformal sealing ring and the cap wafer.
[0034] I n an enbodi nent, the wafer |evel package may further include at

| east one third interconnect disposed between the device wafer and the cap

waf er. Ther be one ird_nterconnect or urality of third

i nter connﬁr&ff@gg%}%ﬁmaﬁed' tﬂe ernfprmal sealing ripg W@'q%?‘?g’ﬁﬁ F@lem@%]efirfmé’h
enbodi nent, the at |east one third interconnect may be di sposed outside of
the conf ofherp Sakaribyq further diploerislavsr Resitionse driwesr the spaformabsegling Beg ri cal

i nterconnect may electrically connect the at | east one second interconnect
to the atandghecapowiefer-hird i nterconnect.

[0034] In an embodiment, the wafer level package may further include at least one

third interconnect disposed between the device wafer and the cap wafer. There may be

one third interconnect or a plurality of third interconnects depending on user and design

requirements.

[0035] In an embodiment, the at least one third interconnect may be disposed outside

of the conformal sealing ring.

[0036] In an embodiment, the second electrical interconnect may electrically connect

the at least one second interconnect to the at least one third interconnect.

[0037] In an embodiment, the wafer level packa-ge may further include a third

electrical interconnect disposed on the device wafer and electrically connect the at least

one third interconnect to an external connection.

[0038] In an embodiment, the third electrical interconnect may include any
. conductive material. The third electrical interconnect may include copper (Cu), aluminum

(Al),‘; gold (Au), platinum (Pt), silver (Ag), protactinium (Pa), nickel (Ni), cobalt (Co),

tungsten (W), titanium (T1i), tantalum (Ta), zinc (Zn), magnesium (Mg), rhodium (Rh),

iridium (Ir), for example.

[0039] In an embodiment, the wafer level package may further include a first through

via formed in the cap wafer. The first through via may extend through the cap wafer from

one surface to another surface. Alternatively, the first through via may be formed in the

12



[0037] I n an enbodi nent, the wafer |evel package may further include a third
el ectrical interconnect disposed on the device wafer and electrically
connect twezati/dsesst one third interconnect to an exter palr/scaommodsson.
[0038] 1 n an enbodi nment, the third electrical interconnect may include any
conductive material. The third electrical interconnect may include copper
(Cu), alumnum (Al'), gold (Au), platinum (Pt), silver (Ag), protactinium
(Pa), nickel (N), cobalt (Co), tungsten (W, titanium (Ti), tantalum (Ta),

zinc (Zn),, magnesi & % &&ﬁ?i-ﬂ1é£%3 i%%%iun] Ir% for xanBGe.
{0039 [ UAVERGBRT mirentspenmaiber et eighgts ey AHTsr pterHGEsuEn a 1 r st
through via fornmed in the cap wafer. The first through via nmay extend
t hr ough t A& USEpTSRIEIRCHS- om one surface to anot her surface. Alternatively,
the first through via may be formed in the device wafer. The position and
nurmber of [4040kt tInrasuehbadimentn yhed wafes rleedd qpeckidgegmeay father gncladed a fowrth
requirenments.
electrical interconnect disposed in the first through via and in electrical contact with the
first electrical interconnect so as to electrically connect the first electrical interconnect to
an external connection.
[0041] In an embodiment, the fourth electrical interconnect may include any
conductive material. The fourth electrical interconnect may include copper (Cu),
aluminum (Al), gold (Au), platinum (Pt), silver (Ag), protactinium (Pa), nickel (Ni),
cobalt (Co), tungsten (W), titanium (Ti), tantalum (Ta), zinc (Zn), magnesium (Mg),
rhodium (Rh), iridium (Ir), for example.
[0042] In an embodiment, the wafer level package may further include a second
through via formed in the cap wafer. The second through via may extend through the cap
wafer from one surface to another surface. Alternatively, the second through via may be
formed in the device wafer. The position and number of second through via may differ
according to design and user requirements.
[0043] In an embodiment, the wafer level package may further include a fifth
electrical interconnect disposed in the second through via and in electrical contact with
the second electrical interconnect so as to electrically connect the second electrical
interconnect to an external connection.
[0044] In an embodiment, the fifth electrical interconnect may include any

conductive material. The fifth electrical interconnect may include copper (Cu), aluminum

(Al), gold (Au), platinum (Pt), silver (Ag), protactinium (Pa), nickel (Ni), cobalt (Co),

13



[0040] I n an enbodi nent, the wafer |evel package may further include a
fourth electrical interconnect disposed in the first through via and in

el ectri cavoeontmeizswi th the first el ectrical interconneeCTsC2609/006855

el ectrically connect the first electrical interconnect to an external
connection. [0041]In an enbodi ment, the fourth electrical interconnect may
I ncl ude any conductive material. The fourth electrical interconnect may

i ncl ude copper (Cu), alum num (Al'), gold (Au), platinum (Pt) silver (AQ),

pr otactin P tungst.en ni (Ti),
tant al um bﬂ‘ﬁﬁtgn m tntflfﬁﬁn (@ %1@%11‘%&(’ m SR &\X%)i’ qtﬁ‘fﬂ’(( , for
exanpl e. O42k}d)n an enbodl ment, the vvafer | evel package may further
i ncl ude a“§1 foresagnleyi a formed in the cap wafer. The second through
via may extend through the cap wafer fromone surface to another surface.
Al ternati {0045  t e as embadiment sheyfirsy fhaoushyvis may depesitioned: sreontesideefl thaf er .
The position and nunber of second through via may differ according to
desi gn anMBEMS&rdeviegand she sénd [tid4Eh vin anay erebpdditiveed ont dnetheafsele dfethel
package may further include a fifth electrical interconnect disposed in the
second t hMBMS$ deviae.cThi it tr@ghr vig ahd €lendedsnd thirdughtvi® nfagdensbsitloaed on cal
I nterconnect so as to electrically connect the second el ectri cal

Interconnagxsuitgblaaoﬁﬁér%daaidupg%r&ﬁgﬁmeudep%f}ﬂrérﬁe@@ enmbodi ment, the fifth
el ectrical interconnect may include any

[0046] In an embodiment, the conformal sealing ring may be connected to a ground

connection.

[0047] In an embodiment, the wéfer level packagé méy include a plurality of bonding
pads formed on the active surfaces of the respective device wafer and the cap wafer. On
the active surface of the device wafer, the bonding pads may be disposed on the
respective positions where the respective conformal s—ealing riné, the at least one first
interconnect, the at least one second interconnect and the at least one third interconnect
may be coupled to the device wafer. Similarly, on the active surface of the cap wafer, the
bonding pads may be disposed on the respective positions where the respective conformal
sealing ring, the at least one first interconnect, the at least one second interconnect and
the at least one third interconnect may be coupled to the cap wafer.

[0048] Further on the active surface of the device wafer, the bonding pads on one
side of the MEMS device which correspond to the respective at least one first
interconnect and the conformal sealing ring may be electrically isolated from each other
by a trench formed in the device wafer. Also on the active surface of the device wafer,

the bonding pads on an opposite side of the MEMS device which correspond to the
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conductive material. The fifth electrical interconnect may include copper
(Cu), alumnum (Al), gold (Au), platinum (Pt), silver (Ag), protactinium
(Pa), nickel2o(id3ys34cobalt (Co), tungsten (W, titani umpCTiSG2o0vandasum
(Ta), zinc (Zn), magnesium (My), rhodium (Rh), iridium(Ilr), for exanple.

[ 0045] I n an enbodi nent, the first through via nmay be positioned on one side
of the MEMS device and the second through via nmay be positioned on anot her
side of the MEMS device. The first through via and t he second through via

may be positi ned any suitable positign acc 0 design and, user
Fequi r emeRTRSCT 8 3h KR ONE setonsottaRetnce taﬁ§ fesf pial SeBeTig HihgodS be
connected to a ground connectiqgn. [0047]1n an enbodi nent, the wafer |evel
package nﬁ&ﬁc‘inﬁ Yigelated ngom, ¢ach pghebpy pEHtheR 5ench formed in the device wafer.

[0049] In an embodiment, the wafer level package may include a plurality of under
bump metallurgic (UBM) structures disposed on the respective bonding pads on the
device wafer and the cap wafer. Each of the respective UBM structure may be disposed
over each bonding pad and positioned between each bonding pad and each of the
respective conformal sealing ring, the at least one first interconnect, the at least one
second interconnect and the at least one third interconnect. Each of the UBM structure
'may include a stacked layer arrangément including ;1 plﬁrality of layers stacked above
one another. Each of the UBM structure may include any suitable number of layers
stacked above one another. The layers may include materials such as Titanium (Ti),
Platinum (Pt), Nickel (Ni), combinations of Al, Au, Ag, Pa, Co, W, Ta, Zn, Mg, for
example. Each of the UBM structure may also include any suitable combination of layers
of materials.

[0050] In an embodiment, the first electrical interconnect, the second electrical
interconnect, the third electrical interconnect, the fourth electrical interconnect and the
ﬁfth‘;glectrical interconnect may be of a same material or of a different material.

[0051] In an embodiment, the at least one first interconnect, the at least one second
interconnect and the at least one third interconnect may be of the same material or of
different material.

[0052] In an embodiment, the number of bonding pads, the number of the respective

first electrical interconnect, the second electrical interconnect, the third electrical
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pads fornmed on the active surfaces of the respective device wafer and the
cap wafer. On the active surface of the device wafer, the bondi ng pads nmay
be di sposw0 20n/mha4r espective positions where the respeetise2eonbasssal
sealing ring, the at |east one first interconnect, the at |east one second
i nterconnect and the at | east one third interconnect nmay be coupled to the
device wafer. Simlarly, on the active surface of the cap wafer, the
bondi ng pads may be di sposed on the respective positions where the
respective conforml seali ri t he ne fir i nt erconnect, the
at | east BHE&C %“é‘g‘é}gﬁ‘ 1??["&1‘ c?geg ?g’éeﬁ‘bonf’ﬁ F%i@?‘ ﬁl“ttffc?’me&tr’c%}‘nnect
may be coa&#ed to,.the cap wafer [0048]Further on the active surface of the
devi ce wafidier agREling iodesign aadusep FEqYEmEN¥e of t he MEMB devi ce which
correspond to the respective at |east one first interconnect and the

conf or mal [0983] i ndn an spbadinent the eress-seetignal dinpsign o the wapestivhcantoraral by a
trench formed in the device wafer. Also on the active surface of the device
waf er, t hseabogdinggthp atiiastronerfirsipipesioneed e abieasthmne deddhddeterapaneuiand
correspond to the respective at |east one second interconnect and the

conf or mal theaaleasi@né thid ifBycoBh&O MA@ vatyaiehéndiny dryddsialanll askriréquiremants. ot her by
a further trench forned in the device wafer. [0049] I n an enbodi nent, the

vaf er | evgospackagannBuibbdimehtdahd MRbUEREHEM Rierstbledt, METReJORA alidowicl ¢ (UBM)
structures disposed on the respectlve bondi ng pads on the device wafer and

the cap V‘ﬁafté?éonngécﬁxe%xr& Qfecﬁﬁzﬁpﬁl@&c&ﬁeHBMeslfplﬁﬁﬁte ctricHPht @o k&%ﬁ over
ch bon eac

each bondi ng pad and positioned between’ ea I ng pa ? t he

respecti Vﬁﬂﬁ&@é&rﬂghwisc%ﬁllxécf'&ag'b? taglfhneﬁte{ae eag?'&? first | nt erconnect, the

at | east one second 1 nterconn € third inter connect

o plural i 953 | 38 “Ctn‘tftoﬁwﬁ ths&e‘aﬂﬁﬂ%‘c%%%t reonBT g hS RER R et ur o

may i nclude any suit er | ayers stacked above one another. The
| ayers neiPIEIeRpER & %Yféﬂcaége‘ﬁﬂt’%%m (Ti ) Pl at| num (Pt), Nickel
(Ni), conbinations of AI Au Ag, Pa, Co, W Ta for exan}lg Each
of the UBIOOEE) ucmreambediment peovi |f9rdemath9ds>ﬁfqramgea weﬁbiqvatpacha hayers of

materials. [0050] I n an enbodiment, the first electrical interconnect, the
second el method audy include 6wming-e devibe wak rinthedieg a IVEMS davicer fomirers capt he
fourth electrical interconnect and the fifth electrical interconnect may be
of a sanewafiet evérahe devied wafedhi fotraingndt 1¢wat e fist interconnect between the device
wafer and the cap wafer such that the at least one first interconnect may be configured to
provide an electrical connection between the device wafer and the cap wafer; and
forming a conformal sealing ring between the device wafer and the cap wafer such that
the conformal sealing ring may be configured to surround the at least one first
interconnect and the MEMS device so as to provide a conformally sealed environment
for the at least one first interconnect and the MEMS device; wherein forming the
conformal sealing ring may include forming the conformal sealing ring such that the
conformal sealing ring may be configured to conform to a respective suitable surface of

the device wafer and the cap wafer when the device wafer may be bonded to the cap

wafer.
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[0051] I n an enbodi nent, the at |east one first interconnect, the at | east
one second interconnect and the at |east one third interconnect nay be of

t he sanme waterii@hssar of different material. [0052]1n anpensodoomndssst he
nunber of bondi ng pads, the nunber of the respective first electrical

I nterconnect, the second electrical interconnect, the third el ectrical

I nterconnect, the fourth electrical interconnect and the fifth electrical

i nterconnect nmay differ according to design and user requirenments. [0053]In

eal ing. IR helneh PRBOHe SHPHER U Poioot REckTSt (S HToH AT ed®es ocond
I nterconnect. and the at | east one third interconnect may vary dependi ng on
desi gn andevi§ewafeqind, beeap svafpreusdy that the anlsadi anenfirst itacennget; may et ri cal
i nterconnect, the second el ectri cal : :

configured to provide an electrical connection between the device wafer and the cap

wafer may include forming the at least one first interconnect such that the at least one

first interconnection may include two relatively level or flat surfaces in contact with the

respective device wafer and cap wafer.

[0058] In an embodiment, the method may further include forming a first electrical

interconnect on a first cap surface of the cap wafer and in electrical contact with the at

least one first interconnect.

[0059] In an embodiment, forming the first electrical interconnect may include

forming the first electrical interconnect such that the first electrical interconnect may be

configured to route the at least one first interconnect alc;ng the first cap surface of the cap

wafer to crossing the conformal sealing ring to the outside of the sealed environment.

[0060] In an embodiment, the method may further include forming at least one

second interconnect between the device wafer and the cap wafer such that the at least one

second interconnect may be configured to provide an electrical connection between the

devi‘c;:_e‘ wafer and the cap wafer.

[0061] In an embodiment, forming the at least one second interconnect may include

forming the at least one second interconnect within the conformal sealing ring.

[0062] In an embodiment, forming the at least one first interconnect and forming the

at least one second interconnect may include forming the at least one first interconnect on

one side of the MEMS device and forming the at least one second interconnect on

another side of the MEMS device.
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interconnect, the third electrical interconnect, the fourth electrical

i nterconnect and the fifth electrical interconnect may be terned the

| at eral fwedotisessgh. [0055] I n an enbodi nent, the fourt krcelsecbmiooasss

i nterconnect and the fifth electrical interconnect nay be terned the
vertical feed through. [0056] An enbodi nent provides for a method of formng
a wafer |evel package. The nethod may include form ng a device wafer
including a MEMS device; formng a cap mafer over t he device wafer; form ng
at | east |nt onn t e waf.er and e cap wafer
Such thar 10063l oy Th ah SSEAERAR e RAOERAY S SR P aoHEoRr ovi de
an el ectrical connectjon between the deV|ce mafer and the cap wafer; and
formng alMEFRPEERRPR dhecamy afqrrpdpi; dledtrcal rondey W8 hararleashane secoBdp waf er
such that the conformal sealing ring may be configured to surround the at

| east oneIFerENEEnt er connect and the MEMS device so as to provide a
conformal |y seal ed environnent for the at |east one first interconnect and
the MEMS {6ike; Intnerenbodiment] figmig theosebardrelectsiea | integeconneny may inchudk ude
formng the conformal sealing ring such that the conformal sealing ring may
be confi gfsrethg thecseodml eledtficdl ihRsq@ARENt \éaclS tHat el &cond Elrewicslf inteh@nd&xi ce

waf er and the cap wafer when the device wafer may be bonded to the cap
wafer. \Waag®3 Eéﬁ%ﬂmgﬁ@m%a@%@éc&n@%ﬁt@ﬂcbﬂm@f‘al@ﬁ@@ﬂ'ﬂ?ﬁrét%SJrPdch”' ng the

at least one first interconnect between the device wafer and e cap wafer

such that of he @ag: WaRp ko QP(%g{n en tﬁfoﬁé&l"&@ﬁ %Mi?g%ot}ﬁe o fdegb'frﬁxg Qe OVi de

an electr|cal nnecti on evi ce e cap wafer may
i ncl ude f Jq e at |l east one first interconnect such that the at | east
one first i ercohnection may include two relatively level or flat surfaces

In cont acioo‘%f h tht]%nre?nigﬁﬁrtlén\{ethg %\érllf%nne\llilas];aelsngalri]gg ﬁlaa be mac{e of a conformal

material which may provide a conformal bonding.
[0066] In an embodiment, wherein each of the at least one first interconnect and the
at least one second interconnect may be made of the. same conformal material as the
conformal sealing ring.
[0067] In an embodiment, the conformal material may be selected from a groﬁp of
| materials consisting of gold-tin alloy, frit glass, polymer.

| [0068] In an embodiment, forming the conformal sealing ring, the at least one first
intergonnect and the at least one second interconnect may include forming the conformal
sealing ring, the at least one first interconnect and the at least one second interconnect in
a common processing step.
[0069] In an embodiment, forming the at least one first interconnect and the at least
one second interconnect may include forming the at least one first interconnect and the at

least one second interconnect such that the at least one first interconnect may be
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[0058] I n an enbodi nent, the method may further include formng a first

el ectrical interconnect on a first cap surface of the cap wafer and in

el ectri cavoeontmeizswi th the at | east one first interconpretisG2)0db&ksn an
enbodi nent, formng the first electrical interconnect may include formng
the first electrical interconnect such that the first electrical

I nterconnect may be configured to route the at | east one first interconnect
along the first cap surface of the cap wafer to crossing the confornal

sealing ri to. the ,quiside of the s aliepgiaenviron t. []gOGO I n _an
enbodi rrenflggtf]ﬁélyné?“ﬁ%‘é& iﬁ’?‘ ftﬁ‘? tcﬁﬁgmf’ ¥ gfﬁ?gﬁaﬁgetgte Fteloast e segrdng
I nt erconnect between the device wafer and the cap wafer such that the at
| east one HFEYHEC ABER DALY dplateskiren ths eaniermal sralipgtingle an el ectri cal
connection between the device wafer and the cap wafer. [0061]1n an
enbodi men{007Pbr nilpgn embodiment shat methed sraydhghérindndofomaing atdgast onel thidd
formng the at | east one second interconnect within the confornmal sealing
ri ng. [ 008@2¢rtonnact betveeditheedevice fwaferiand thehmpataféreast one first interconnect
and formng the
[0071] In an embodiment, forming the at least one third interconnect may include
forming the at least one third interconnect outside of the conformal sealing ring.
[0072] In an embodiment, forming the second electrical interconnect may include
forming the second electrical interconnect such that the second electrical interconnect
may electrically connect the at least one second intercdnnect to the at least one third
interconnect.
[0073] In an embodiment, the method may further include forming a third electrical
interconnect disposed on the device wafer and electrically connect the at least one third
interconnect to an external connection.
[0074] In an embodiment, the method may further include forming a first through via
in the cap wafer.
[0075)] In an embodiment, the method may further include forming a fourth electrical
interconnect in the first through via and in electrical contact with the first electrical
interconnect so as to electrically connect the first electrical interconnect to an external
connection.
[0076] In an embodiment, the method may further include forming a second through
via in the cap wafer.

[0077] In an embodiment, the method may further include forming a fifth electrical

interconnect in the second through via and in electrical contact with the second electrical
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at | east one second interconnect may include formng the at | east one first
I nt erconnect on one side of the MEMS device and formng the at | east one
second i nvenoomsests on anot her side of the MEMS devi ce. PCY¥9G2009/000355

2011/ 037534PCT/ SG2009/ 000355 [0063] I n an enbodi nent, the method may further
I nclude form ng a second electrical interconnect on the cap wafer and in
electrical contact with the at | east one second interconnect. [0064]In an
enbodi ment, form ng the second el ectrical interconnect may include formng
t he second el ectri cal ercannect s t ha the econd el ectri cal

i nt er connELFCHECLE ac?é?lffe tﬁ‘rcgl ?51“?‘3 eeseff’l’?e& ealf’cq‘ dptersanectio A pxtemal

I nt erconnect aI ong the first cap surface of the cap wafer to crossing the
conf or mal “¥W&FY%y ring to the outside of the seal ed environnent. [0065]1n
an enbodi nent, the conformal sealing ring may be nmade of a confornal
material WH78h ndy apresbodinent.clonnisgrthe confarmal gealing ring may include forming

the conformal sealing ring such that the conformal sealing ring may be connected to a
ground connection.
[0079] In an embodiment,rthe conformal sealing ring may be connected to a ground
pad interconnect.
[0080] In an embodiment, the conformal sealing may be connected to the ground pad
interconnect through a small opening made in a dieléctric layer, the small opening
positioned between the sealing ring and the ground pad interconnect .
[0081] In an embodiment, in wafer level vacuum packaging for MEMS devices, the
device wafer or MEMS wafer is bonded with a cap wafe;r. To improve the performance of
some of the MEMS devices, vacuum may be required inside the package. To maintain the
vacuum inside the package, a seal ring may be formed surrounding the MEMS device.
| During wafer bonding, the seal ring on the cap wafer and the MEMS wafer may get
aligned and bonded together to achieve a vacuum seal. As an example, the MEMS device
mayﬁinclude bond pads or device pads of the MEMS device inside the seal ring. Further,
if the MEMS device may be formed on a SOI substrate, the device pads may also be
isolated from the bottom support substrate. Hence the device pads may not redistribute to
outside of the seal ring. One way that the device pads may be brought into the outside of
the seal ring may be through the cap wafer. Hence identical pads may be formed on the
cap wafer which may be aligned to the device pads of the MEMS wafer. During bonding

between the cap wafer and the MEMS wafer, the respective pads of cap wafer and the .
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[ 0066] I n an enbodi nent, wherein each of the at |east one first interconnect
and the at | east one second interconnect may be nmade of the sane confor mal
mat eri al we 20he3eaf ormal sealing ring. [0067] I n an enbedirsentes/ondsss
conformal material may be selected froma group of materials consisting of
gold-tin alloy, flit glass, polyner. [0068]In an enbodi ment, formng the
conformal sealing ring, the at |east one first interconnect and the at

| east one second interconnect may include form ng the conformal sealing

109, s A b b SORBE BB Sl BEEATSREC TR v
1t er conn 0Bt T HEGPEBEORORG LRy WElre Y HedB0RTBHEd SHISKE o IRoREORIEEY and
the at | east one second interconnect such that the at | east one first
i nt er connd¥@tingglropgh underneath the seal ring. By this way the MEMS device may be
connected to the outside world and at the same time the vacuum seal may be maintained.
The way that the pads may be redistributed from inside the seal ring of the package to the
outside through the seal ring may be known as a lateral feed through. Another method
may be to form through silicon via (TSV) on the cap wafer which can be contacted
directly from the pads of the MEMS dev.ice or from the distributed pads outside the seal
ring. Connecting the device pads to the outside of the ‘seal. ring via TSV approach may be
known as a vertical feed through. A combination of the lateral feed through and the
vertical feed through may be used to connect the device pads of the MEMS device from
within the seal ring to outside of the seal ring.
[0082] In an embodiment, a wafer level package with lateral feed through from the
cap wafer bonded with the MEMS wafer may be disclosed. In the wafer leYel package,
lateral feed through from the cap wafer may be used to connect the device pads of the
MEMS wafer. The pads connecting the cap wafer with the device pads on the MEMS
wafqr_ may be bonded with solder for electrical interconnection.
[0083] The method of lateral feed through interconnection from the cap wafer may be
used for MEMS devices which may include isolated pads within the device substrate.
Since the substrate used for making MEMS device may be on a Silicon On Insulator
(SOI) substrate including a bottom support substrate, an insulating layer, for example a

buried oxide (BOX) layer disposed on the bottom support substrate and a device substrate

disposed on the insulating layer, the device pads of the MEMS devices may be
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electrically isolated fromthe conformal sealing ring and the at |east one
second interconnect may be electrically isolated fromthe confornal

ring. [OOWO]2bn/@ms3enbodi nent, the nmethod may further i n®CISS2600r009355
| east one third interconnect between the device wafer and the cap wafer.

[0071] I n

an enbodi nrent, formng the at |east one third interconnect

I nclude formng the at | east one third interconnect outside of the

conf or nal

sealing ring. [0072] 1 n an enbodi nent, form ng the second

el ectrical,intercon t may. i pcl ude form | ectric

i nt er conn&lEFTE i: P? tg%g%‘?ﬂi“ é\‘lﬁ’é’ftrq“ggfat‘? ﬁ*@%ﬁﬁﬂ%&wﬁw@%&aw
connect the at | east one second i nterconnect to the at | east one thi
i nt er conn&cludedgpiegpads fanclectienlicaprnction may rl?eﬂ?s@lcnléxnsmredrfeqm thecdeyise

formng a third el ectrical

substrate by forming trenches along the pads periphery. The trenches along the periphery
of the device pads may be made until it may open the buried oxide layer of the substrate.
The trenches formed on the periphery of the pads may be deposited with thermal oxide to
further isolate the device pads from the device substrate. MEMS devices which may
include isolated pads with trenches may not be able to redistribute the device pads to
outside the seal ring due to the trenches.

[0084] MEMS devices may require hermetic seéling to protect the MEMS device
from moisture. However some devices may require more stringent requirement such as
vacuum to improve the performance of the device. If the MEMS device may be a moving

structure, the vacuum ambient may reduce the damping of the moving structure due to air

- resistance. Since vacuum and hermeticity may be required inside the package, a tight

sealing may be required within the MEMS device.

[0085] In an embodiment, a solder based sealing may be disclosed, using AuSn
solder. Au and Sn layers may be deposited by E-beam evaporation method on the MEMS
wafg_; and the cap wafer to form the seal ring and the electrical interconnection. Sin'cc Sn
may be deposited on the either sides of the wafer, the bonding of the respective MEMS
wafer and the cap wafer may be possible at a lower temperature of about 280°C. During
the bonding, the seal ring portion and the pads of the cap wafer may be bonded with the
seal ring portion and the device pads of the MEMS wafer. Since soider may be used for

bonding, the coplanarity issue due to wafer warpage and the TTV variation on the
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I nt erconnect di sposed on the device wafer and electrically connect the at

| east one

third interconnect to an external connection. [0074]1n an

enbodi nenvo 2vhesmstthod may further include form ng a fi petr/SGhoowgissy
the cap wafer. [0075]1n an enbodi ment, the nmethod may further includ
formng a fourth electrical interconnect in the first through via an
el ectrical contact with the first electrical interconnect so as to

el ectrically connect the first electrical i nterconnect to an externa

connectio
a second

may furth
t hrough vi

n. 07 n gnbodi.nent, e net,hod na fur her .i.ncl yde

Bispbtitk MRS e G5 A G whe PR Tyereainecisb dn rdfitong nfie
% i nclude formng a fifth electrical |nterconnect in the s
AGnd in electrical contact with the second el ectri cal

[0086] In an embodiment, the MEMS wafer and the cap wafer may be bonded
together using AuSn solder. During bonding, the solder deposited on the seal ring and
bond pads may be joined together. The bonding may be done in high vacuum .condition.
Before bonding, the MEMS wafer and the cap wafer may be: prebaked to reduce the
outgassing after bonding. The next process may be to dice the bonded wafer. The dicing
of the lateral feed through wafer may require a unique method which may include half
dicing on the precut made on the MEMS wafer. Tﬁis' half dicing may be required to
expose the bond pads made by the lateral feed through connection. If half dicing and full
dicing may be done on the same side of the wafer, silicon debris may float on the
respective MEMS wafer and cap wafer and this may da;nage the dicing blade. This effect
may be more prevalent when the dice may be large. To avoid the floating of the silicon
debris during dicing, a method may be proposed during the lateral fged through
development. In this method, one of the wafers or one portion of the wafer level package
may be mounted on the dicing machine and the half cut dicing may be made first from
the yyafer which may include precut etching. After dicing, the precut side of the wafer
may be remounted from a dicing tape and mounted again by facing the non-precut side of
the bonded wafer. The wafer may be diced fully on both x and y passes to separate the
die. During this process, the precut portion of the bonded wafer may stick onto the dicing
tape while removing the wafer bonded chip from the dicing tape. By this method, the

debris may not float during dicing and may stick on to the dicing tape. For mounting of

r
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i nterconnect so as to electrically connect the second el ectri cal

i nterconnect to an external connection. [0078]In an enbodinent, form ng the
conf or malweeal1/mgsani ng may i nclude form ng the confornalpcssaghomgoesisng such
that the conformal sealing ring nay be connected to a ground connecti on.
[0079] I n an enbodi nent, the conformal sealing ring may be connected to a
ground pad interconnect. [0080]1n an enbodi nent, the confornmal sealing may
be connected to the ground pad interconnect through a small opening made in
a dielectrjic | t.he. s n sitioned between the sealing ring
Bnd ¢ ho. oMSHRia T doiPE DB e CRPTOURYY, APGHeL B BB Ao tHeITgRR B Ty o
vacuum packagi ng far. MENS deV|ces the device wafer or MEMS wafer is bonded
with a cafemeyng ofthewalehve t he perfornance of sonme of the MEMS devi ces,
vacuum nmay be required inside the package. To maintain the vacuum inside
the packad87h séldie bondige tempenatuteawedior iermeshodiofirpnting NS abevi 288°C Dur i ng
waf er bonding, the seal ring on the cap wafer and the MEMS wafer may get

al i gned amdlidhanale tle relgtetehetowt. A dmiir doadiag vanparausemby bé\attaineddaantl the t he
MEMS devi ce may include bond pads or device pads of the MEMS device inside
the seal bomting betiveéiethe Snflajdre olVbbih sitRY o€ 6n BRY side of eHeRafeB s dheSaklting
substrate, the device pads may al so be isolated fromthe bottom support

substrat epoiieBESnthify H8b&e DAAR IRYC nt)tleréfatﬂé §hé bBAifg knftdledfaPhe t Ne
seal ring. One way t'hat the device pads may be rough% into the outside of

the seal Eﬁ&g3wto%oébﬁ% g aﬁ %’R %g?;ng gj;tg identical pads nmay be

formed on the cap wafer Whic e deV|ce pads of the MEMS

waf er . bo n en the ca fer, .,th
respect i de ri‘ﬁticgf)l’?(&vﬂs}/\'aecross S&"t{(}{la vid'o ?’a waler leve?pac age 16 accdrdlnget\o

an embodiment. The wafer level package 102 may mclude a device wafer 104 including a
MEMS device 106, a cap wafer 108 disposed over the device wafer 104, at least one first
interconnect 110 disposed between the device wafer 104 and the cap wafer 108 and
configured to provide an electrical connection between-the device wafer 104 and the cap
wafer 108 and a conformal sealing ring 112 disposed between the device wafer 104 and
the cap wafer 108 and configured to surround the at least one first interconnect 110 and
the MEMS device 106 so as to provide a conformally sealed environment for the at least
one first interconnect 11‘0 and the MEMS device 106. The conformal sealing ring 112
may“.be configured to conform to a respective suitable surface of the device wafer 104
and the cap wafer 108 when the device wafer 104 may be bonded to the cap wafer 108.
[0089] In an embodiment, the device wafer 104 may include a silicon on insulator
(SOI) substrate. The SOI substrate may include a support layer 114, an insulator layer
116 disposed on the support layer 114 and a device layer 118 disposed on the insulator
layer 116. The device layer 118 may be electrically insulated from the support layer 114 -

by the insulator layer 116. The support layer 114 may include silicon, sapphire,
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MEMS wafer may be bonded and the contact may be forned with the MEMVS
device. In this regard, the pads fromthe cap wafer may be redistributed
out si de olotzha/seslht ring by wiring through underneath tlreTs€aboornesgs By
this way the MEMS device nmay be connected to the outside world and at the
sanme time the vacuum seal may be nmai ntained. The way that the pads nmay be
redistributed frominside the seal ring of the package to the outside

t hrough the seal ring may be known as a |l ateral feed through. Another

met hod may hpe..to formthr.qugh.silico ia (TS t he, cap waf er, whi ch can
be cont actypgg' S’&'lc?'écﬂlipnf ?ﬂ%’tﬂlécoﬂaﬂ’én‘g? \f?rhﬁ’g‘?{’% ﬁlg‘?/i“ts@lawqﬂ‘% 1onmay

di stributed pads. outsjde the seal ring. Connecting the device pads to the
out si de ofinqlyle slican oxidgpolymerrdrglegtsicmpatenal rfﬁfyexB@PEenEb\‘?ndeé’écedaXFéer By feed

t hrough. A conbi nation of the lateral feed through and the vertical feed

t hr ough néselusie silicen, gallivenansendde, sthisontecimpaiyma by egimplae MEVS device from
within the seal ring to outside of the seal ring. [0082] I n an enbodi nent, a
waf er | evd¢d090hck abeanmbodim¢ndy the MEMS detice U 06 nfay benforred oapheddvice lbyended
with the MEMS wafer may be disclosed. In the wafer |evel package, |ateral

f eed t hr oug® of terdevite watgr Maf The MBMB&lettized 06 on ETGRNERbY iltuddViesshatdnds of
the MEMS wafer. The pads connecting the cap wafer with the devi ce pads on

the MEVS wadie butfyy B8 bBeAHRsedM t h sol der for electrical interconnection.
[ 0083] The nmethod of |ateral feed through interconnection fromthe cap wafer

may be us r ! J ! i ktfin.the
devi ce sugést{gfrlgte!ﬁgﬁ r?gg’wti e g’ﬁ%s%&a@hls%&? grgeljr‘g% %%m%%c%b%y be on
a Silicon substrate including,.a botiaom part .
substrate, 6@1 i h{i] fll}sil%?’lagnt%liur? é Sﬁ%%?’el’r POYEr et;}? Spire éasglc’b%%lfoend °%§’<‘.98 ég‘@oﬁ‘} S er

di sposed

op the hottom su rt hstr.ate and a device substrate di sposed on
the i nsul §Pais%é“eltaiﬁ}“?edtwéggg%rgzyggfi§°roefxa’tnllf “MEMS devi ces may be
el ectri cal l(ﬁ i sol at eddﬁ fromthe bottom suqoport substrate. The MENS devi ces
whi ch may [902] uddhgedavice Walgs 106 rmey argludechiyo opposing: pwkiceay® BBt dexiceri cal |y
i solated fromthe device substrate by form ng trenches al ong the pads
per i pher y surfase 129 apé psscand sigyice varfprer §23h Simyilasly, theecag exsferel O8avay imalpdpe nmde
until it nmay open the buried oxide |ayer of the substrate. The trenches
f or med ontwheppmsmgptueiagesph firftecap adsfaceni2dbandie pewind edp wirfdvet126r Tod fioxi de to
further isolate the device pads fromthe device substrate. MEMS devi ces
whi ch nay devied sidface $20 aridetie fiad cap\bsirfact 1124 @essbenthy respéctive actblesuifaces of
redi stribute the device pads to outside the seal ring due to the trenches.
[ 0084] VEMthedRVice 8% fdFa 4 afd] thelcap RRAFFEDB Cwhitéihe Recond dpvied atfact B MdaNVRe devi ce

second cap surface 126 may be the respective passive surfaces of the device wafer 104

and the cap wafer 108. The first device surface 120 may face towards the first cap surface

124 and the second device surface 122 may face away from the second cap surface 126

when the respective device wafer 104 and the cap wafer 108 may be bonded together.

[0093] The wafer level package 102 may further include a first electrical interconnect

132 disposed on the first cap surface 124 of the cap wafer 108 and in electrical contact

with the at least one first interconnect 110. The first electrical interconnect 132 may be

configured to route the at least one first interconnect 110 along the first cap surface 124

of the cap wafer 108 to crossing the conformal sealing ring 112 to the outside of the
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from noi sture. However sonme devices may require nore stringent requirenent
such as vacuumto i nprove the performance of the device. If the MEMS device
may be a wowbng3gisructure, the vacuum anbi ent nmay reducecrise2darpizsy of the
noving structure due to air resistance. Since vacuum and herneticity my be
required inside the package, a tight sealing may be required within the
MEMS devi ce. [0085]1In an enbodi nent, a sol der based sealing nay be

di scl osed, using AuSn solder. Au and Sn | ayers nay be deposited by E-beam

evapor ati Qn,net hod on t V5, waf er. and th p.wafer to rmth eal
ring and ¢ aclaerag e ?lﬁ%%{gﬁ; 5%&5&1{ lingeﬁ‘?ong?cgclgi Sy mH’&yth%é{ %@5316?? ?‘és on the
either sides of the wafer, the banding of the. respectjve MEMS wafer and the
cap wafer “H%fflo’H’éCtpﬁé)stPtﬁ S%l?“%f“?@?ﬁé‘ﬂ‘“%é’ﬁﬁé%ﬁﬁlfpgsegfon o6t WAt 0 dbeng t he
bondi ng, the seal ring portion and the pads of the cap wafer may be bonded
with the $isdextenalbenshng pad Bidamaybe futher eoypladsto s fisshiurthenextamildondigg nce
sol der may be used for bonding, the coplanarity issue due to wafer warpage
and the TPud V3 omeifetheysubstate 1385 frcxampleNGitedéisquitdhrodrd (RER)dyy avafrer nay
be overcone with an additional bond force. 100861l n an enbodi ment, the MEMS
waf er andbbiefor @pampiteTherfisst fatheo axteial bonding pad 136 may be positioned on any

suitable position on the further substrate 138 depending on user and design requirements.

[0094] The wafer level package 102 may further include at least one second

interconnect 140 disposed between the device wafer 104 and the cap wafer 108 and

configured to provide an electrical c.onnection betweén the device wafer 104 and the cap

wafer 108. The at least one second interconnect 140 may be disposed within the

conformal sealing ring 112.

[0095] The at least one first interconnect 110 ma)'l be disposed on one side of the

MEMS device 106 and the at least one second interconnect 140 may be disposed on

another side of the MEMS device 106. The at least one first interconnect 110 and the at

least one second interconnect 140 may be positioned at any suitable position relative to

the MEMS device 106 depending on user and design requirements.

[0096] The wafer level package 102 may further include a second electrical

interconnect 142 disposed on the cap wafer 108 and in electrical contact with the at least

one second interconnect 140. The second electrical interconnect 142 may be configured

to route the at least one second interconnect 140 along the first cap surface 124 of the cap

wafer 108 to crossing the conformal sealing ring 112 to the outside of the sealed

environment. The second electrical interconnect 142 may be further coupled to a second

external bonding pad (not shown) disposed on the cap wafer 108. The second external
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t oget her using AuSn sol der. During bonding, the solder deposited on the
seal ring and bond pads may be joi ned together. The bondi ng may be done in
hi gh vacwim2oeomgirisson. Before bondi ng, the MEMS waf er amdTiSiceowapodsaf er may
be prebaked to reduce the outgassing after bonding. The next process may be
to dice the bonded wafer. The dicing of the lateral feed through wafer may
require a uni que net hod which may include half dicing on the precut nmade on
the MEMS wafer. This half dicing may be required to expose the bond pads
made by t . hr nn hen., LT half, di.cin nd full dicing
may be do%gn%lﬁé ? %@ng%ﬁ%ﬂg{h 5%902){'? ﬂe{i E‘ga\%/acg’é‘ri ?urg}ef F’étgrr?allebeqﬁlfl}ng Pﬁ%@“"? Flboé"fn)on t he
respective fer.an waf er. and is may .d ge the dicin | ade.
Thi s effe@P%%@ern%‘Pghag? do% e ‘Wﬁ%ﬁ%‘“é}ord?&aé‘y%ﬁ%egf%&b@?“ﬁ‘ id the
floating of ‘i{he silicon _debris during dici ng, a nmet hod may be proposed
during t h&ondingpad 18@and ther sseend Buther eps@al bonding padsmay bp dispossdeonothet he
wafers or one portion of the wafer | evel package may be nounted on the

di ci ng nadtihes sabrtratehB38hen # same siflecifrthe MiyMBedevicdedl 06 argnayf boorespectivelf er

whi ch may include precut etching. After dicing, the precut side of the

waf er may dizposed mmutht duktlier gnbsiraci Ei8ngn vppsitasidesofi feeEMfdevidey1Fadhag t he
non- precut side of the bonded wafer. The wafer may be diced fully on both x
and y paspesitib® of epafint durthee eflietnal Bonding paldi 136 ndCHS Second Sudlied Cttermdr t i on
of the bonded wafer may stick onto the dicing tape while renoving the wafer

bonded chibgndin@pad sy Hir§ dBEEnHAR DN uBY dnllidesipRtdaAfemtdie debris may not fl oat

during dicing and may stick on to the dicing tape. For nounting of the

wafer, th eI N he
rount | ng. 1oy Femouis: aer 6L PERTER, 0Py inbRRe T ¢itag SRS RAN 12
for the f [ .about. 2 Wi ch y..be rel at, v | ow. A
| ower bon ﬁ]%%%ﬁ%ggg ﬁgg'e@yt g%“% %ualaﬁtéﬁggua\é@ttge tﬁE% cﬁ%ﬁ%rif?]cﬁa]?é"t&%ﬁ the Sn
| ayers on ,bath sjd or.aqn one side. . of the wafers as fhe | £ing, poi nt of
sn” ey be 48Rt pabs a0 Gho S Tkl o Hir Rt fererc i el i Belge pe
about 30C tq 40C higher. than the nelting tenperature of Sn. [0088]FIG 1
shows a cM@iE-194cthe Sanding pady 19f max kg dispesed an thepesitipos rhorethe spEHYC t 0 an
enbodi ment. The wafer | evel package 102 may include a device wafer 104

i ncl udi ng cenfrmnab sedipgaingl b2, the atalsasiobe firgtoigtenionpess dd0 @né the stdeaidwnee waf er
104, at least one first interconnect 110 di sposed between the device wafer
104 and t kesonditepadrmectlB® mayibe onvplegltodgtie tevipy wafedd O4rBimilady, onabé¢ first
connection between the device wafer 104 and the cap wafer 108 and a

conf or mal cgeairfacy 124 i thd 2apdiwafen IOd, thetbundingt puds dd¢imay batrpostdbdnahe t he
cap wafer 108 and configured to surround the at |east one first

i nt er conngesitidnkOwhad theerdyfddive edvnfoirmiD @edlhgasing O1 12 QHé A€ 18ast WHeOfRI | Y
seal ed environment for the at |east one first interconnect 110 and t he MEMS
devi ce 106 erdiheSON0UnAThe A98dst HEE febbid ﬂa;ezcamxcttaaowﬁﬁue%ﬁ@@d tPmeepf ormto
a respective suitable surface of the device wafer 104 and the cap wafer 108
when the dew.GggWwafer 104 may be bonded to the cap wafer 108. [0089] In an
enbodi ment, the device wafer 104 may include a silicon on insulator (SQ)

substrate S ubst at .include S t. layer 4 n_i.nsul at or

| ayer 116“8‘.52&538‘1%?{ ?nn{ esfﬁf)tpr%;r('fcelsggg © H@4°Paﬁ’g%r§“8‘é\‘/ﬁ)é§eé lﬂ%’ﬂ}F ?Ti%“%ii sposed

on the insu|ator |ayer 116. e devjc ayer 118 may be el ectricall

i nsul at edpﬂﬂﬁg@n@ng 6‘858& e @Mﬁ d%l‘&egﬁ}é Phish REamRRd fo apf‘épe%x%?ﬁw

support layer 114 may include silicon, sapphire, polgsiliqon silicon

oxi de, si PR¢BAst Ftarequgectildp apd Q}ﬁﬂoe.fonnh'eseaﬁrsﬁm@g b2 may be cleatgcatiyisalated ude

silicon oxide, Eolyner, dielectric material for exanple. The device | ayer

118 may i fromuheh ottier by a, tregelt 146 forpued émthgalevise wadanlOge Thabondingf pads é44inpl e.
may be further electrically isolated by a device dielectric layer 148 disposed on the

device layer 118 of the device wafer 104 and in the trench 146 formed in the device
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[ 0090] I n an enbodi nent, the MEMS device 106 nay be formed on the device

| ayer 118 of the device wafer 104. The MEMS device 106 in FIG 1 may

i ncl ude awoesomstsss beam but may not be so limted. [00®tirisc2em/oeo8s9di nent,
the cap wafer 108 nmay serve to protect the MEMS device 106 and nmay i ncl ude
silicon, polyner, thernoplastic, silicon carbide (SiC), ceramc, glass,
nmetal, printed circuit board (PCB), for exanple. [0092] The device wafer 104
may include two opposing surfaces, a first device surface 120 and a second

devi ce sur, 2 | -t f 08 may incl ude opposi ng
surfaces, ‘Jaa{‘ |eir0 itglé‘gp?hgl:ﬁér @é%%evlcf§%g?1%pla2w§°£?gendl V%:cﬁp‘)’v s%rr];bg't@’e%%‘.y\lg% Higd%f I rst
devi ce surface 120 and the fir sur e. 124 may be the respective
active Surlfig(?gsan(ﬂpp?%tg S('J‘g\/(?t{:tbe %I\gg%ﬂﬁ‘ € gﬁé“ihff C@EﬁgRﬁégé? rt}f(fg?pe\ﬁmq ¥ the
second deyi ce surface 122 and the second cap surface 126 may be the

respect i vetasta Ry §@°§gr1f“§&9§miﬁ‘ ¥ eandethe confprmal seabime g d he eaypalsgiber 108.
The first device surface 120 may face towards the first cap surface 124 and
t he secong@leg@igplbeiselatadafzem ach athgr byaa durthen yrencho W0 foemed drothd dewice safdrace 126
when the respective device wafer 104 and the cap wafer 108 nay be bonded

t oget her . 1p909B4 bhedingfpads |1d4 ahay alsk alspe filk2r ripgtrically Heplateddlyuthe devicer st

el ectrical interconnect 132 disposed on the first cap surface 124 of the

cap waf er dieltrinidyérnl 48| dispokedcan thealetiae tayei 1 18 bhde Aevic€aafer 108 ahd ibthe
i nterconnect 110. The first electrical interconnect 132 may be configured

to route HitheftreAchASD foredlih fifd devitt Sag@nogct 110 along the first cap

surface 124 of the cap wafer 108 to crossing the conformal sealing ring 112

to the Our[(ﬁi9gF OfIntaJﬂeembodiment, the wafer level package 102 may include a plurality of
under bump metallurgic (UBM) structures 152 dispoéed on the respective bonding pads
144 on the first device surface 120 and the first cap surface 124. Each of the respective
UBM structure 152 may be disposed over each bonding pad 144 and positioned between
each bonding pad 144 and each of the respective conformal sealing ring 112, the at least
one first interconnect 110 and the at least one second interconnect 140. Each UBM
structure 152 may include a stacked layer arrangement including a plurality of layers
stacked above one' another. Each UBM structure 152 may include any suitable number of
layers stacked above one another. The layers may include materials such as Titanium
(Ti)z. Platinum (Pt), Nickel (Ni). Each UBM structure 152 may also include any suitable
combination of layers of materials.
[00100] In FIG. 1, the conformal sealing ring 112 may be disposed between the
respective UBM structures 152 on the first device surface 120 and the first cap surface
124. The conformal sealing ring 112 may be made of a conformal material which may

provide a conformal bonding. Each of the at least one first interconnect 110 and the at

least one second interconnect 140 may also be disposed between the respective UBM
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seal ed environnent. The first electrical interconnect 132 may route the at
| east one first interconnect 110 to a first external bonding pad 134

di sposed wo 20hescap wafer 108. The first external bondi rgTpadoidadossny be
further coupled to a first further external bonding pad 136 on a further
substrate 138, for exanple a printed circuit board (PCB) by a wire bond for
exanpl e. The first further external bonding pad 136 nmay be positioned on
any suitable position on the further substrate 138 dependi ng on user and

desi gn requirene . 100941, The fer .l evel ckage 102 y_further include
at | east gﬁg(’t%r& E%%OI? heg%ﬁﬁﬁg 15&%!?6 lgll)%g%}éegfa“ﬁte‘fqﬁégﬁacteﬂgg d@?#‘cf’é rgl?ﬁaﬁ‘er 104
and t he Cﬁp maf%r 108 and configured to provide an electrical connection
bet ween t HeStRAGi T igrcgpneh bl Gang theat leagh opg fespnd miercoppect J¢0 may e made second
i nterconnect 140 may be disposed within the conformal sealing ring 112.

[ 0095] The ohtth¢ sase copformply materiat @ tbe rrerformaly senlipg bréngd il £ oBlksd confommrad si de

of the MEMS device 106 and the at | east one second interconnect 140 may be
di sposed omtarbmiagbe séleltedofromn acgriviVis waeride caB&ting hfsadder ferasampleaofd- r st

i nterconnect 110 and the at | east one second interconnect 140 nay be

posi t i onednaillogrepndudtive lfile, shssive, d¥it plaksapbMener.oTHehwnMoll aNmgCingl 0B,
dependi ng on user and design requirenents. [0096] The wafer |evel package

102 may f dict 40 @dast dhe el enteres AT o1 (PARIGhE hidBAst bAY SchRNARSondéR 190 faPBEd ON
the cap wafer 108 and in electrical contact wwth the at | east one second

i nt er connggincd40. a WgnRsC szﬂegi.%cg@fg.cghtehfaﬁ%lg,omﬁ(:{)f 2 i Yt PEne” B | U ed
to route the at | east one second I nterconnect” 140 along the ?lrst cap.

surface 1?1'§?r§(fénnt8&e% ﬁand’"ﬁ{ee c} l%Qs%otn% s%&%%ﬂn%%&n%@ctcp f‘g‘%@{er?ﬁﬁ ag‘ lfi{fﬁ'egenlii ng 112

to the ou seal ed environne secon

i nterconnect 14 be further. coupl 0 a.second .e rnal bondi.ng pad
(ot | shonfireitt foBatc SFtomtal GEpngd e 1208 Ver fEHEE RO KRt A 528 OBERG: hg. pad
may be further cou Ied.t% a ?econd further external bonding pad (not shown)
on the fufHFeenneelkkl, andsthe 38 least gnssecand, dptgreppneck k4hpag et sameser 3 ur t her
external bonding pad 136 and the second further external bonding pad may be
di sposed @ifferens materighclach qfsthe 4t deasBgney firsy intarepnrdctid G and e AEHRSt 98¢i ce” 106
or may be respectively disposed on the further substrate 138 on opposite

si des of sérend/EnEcaiweitdd0 16§ beDieny elsttricaly @hdudtivemategtal.f urt her ext er nal
bondi ng pad 136 and the second further external bonding pad may vary
dependi ng [09101s e Tharwhfetdeved package il 02 maytiscluddD Oaf) diblectiafl®fer |l & dikspgzad kage
102 may include a plurality of bonding pads 144 forned on the respective
first devosehsuirkiacs ddaceniR4 e the rap wafer 308f dhe rkgrbcole Fing dedice waf er
104 and the cap wafer- 108. On the first device surface 120 of the device

vaf er 104 intérBéhnR@NG2 N dRRE Secdid cIEBYicREIntlirSRHBS& A 49 iy e HE&HEAINSINBEr € the
respecti-ve conformal sealing ring 112, the at |east "one first interconnect

110 and t I ' h

devi co. val o 54 BeafT AR B FAL SRR Bre? A RO PR el " o
108, th ' be di th it wh 1

rospect | vaTRENEEREIE s o BREoRE TerRBEP g ®in-pE L8P Sk A bR onnec

&é?e?ngogps%la?etd I‘Jroerr(lﬂgz}choot eergs(t:l%nc%pld?e g;%%? aggrclt54.l40 may be coupled to the cap

[00102] The wafer level package 102 may include a first electrical interconnect
dielectric layer 156 disposed between the conformal sealing ring 112 and the first
electrical interconnect 132. The first electrical interconnect dielectric layer 156 may serve
to electrically isolate the conformal sealing ring 112 from the first electrical interconnect

132. The wafer level package 102 may also include a second electrical interconnect
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[ 0098] Further on the first device surface 120 of the device wafer 104, the
bondi ng pads 144 on one side of the MEMS device 106 which correspond to the
respecti weoabilsasts one first interconnect 110 and the eomfscromloossssl i ng
ring 112 may be electrically isolated fromeach other by a trench 146
formed in the device wafer 104. The bondi ng pads 144 may be further
electrically isolated by a device dielectric |ayer 148 di sposed on the
device layer 118 of the device wafer 104 and in the trench 146 formed in

t he devi cg, fer. 10 he first devi.ce surf.ac 20 .of the device
warer 104 SelSRChE e ABGheiRnE ShubBieicRaf RBE SR iehe Boofce. 106
whi ch correspond to the respective at |east. one second interconnect 140 and
t he conf oFﬁﬁtE‘CQeIRTCf‘f?&“?‘it r}éilige_ n‘iF?ﬁmﬁél ‘é‘Feé‘EﬂnPF“ééﬂ‘ﬁﬁFtF% fﬂy&’f & M¥m each
other by a further trench 150 forned in the device wafer 104. The bondi ng
pads 144 #aYe i slsctrsaliyisplatad e cenforma| seglingsnngid &2 fiom theesegend electdsadl ectri ¢
| ayer 148 di sposed on the device |ayer 118 of the device wafer 104 and in

t he furt héntercormgethl4250 forned in the device wafer 104. 100991l n an

enbodi ment, the wafer |evel package 102 may include a plurality of under
bunp net al00a63ji c TheBkysesderafaheirespectibe fickt sleosieal interdonsect dibeeaic lugeri66di ng
pads 144 on the first device surface 120 and the first cap surface 124.

Each of t &gl thesewaticketridBMnidrédmmbetideelddodc Iy 138 HiSRPEER MG/ theacladpondi ng
pad 144 and positioned between each bondi ng pad 144 and each of the

respect i ven& ARt BhdBdnne6@l 1018 beldl@irkhily isbl¥fedforh 8BS LonPital Sdafihe bk g £oNNect
110 and the at | east one second i nterconnect 140. EBach UBM stfucture 152

may inclu i i j ers
ot acked afsB BlRRRANEaY Ray Uk SRARTRLbRELLPIORY o8 oA laa AE 2
nunber Ofﬂk%X%% qued.ab e one another. The | ayers may include

s st
mat eri al s suc ggal ars Uik i), Platinum (Pt), Nickel (N ). Each UBM

structure may al so.incl ude any. suitable comhjnati on. of |ayers of

mat eri al s.lﬂjo?éﬂloé‘]‘ ap Flmp?‘%meit,’t eﬁgx’é;BH’f%‘ipm a%eég%ﬁge F‘?m‘b‘elfitﬁ‘c?(laé’ I,

di sposed hetween the respective UBM structures 152 on the first device
surface 196 fustelechical mterponnget dielestee dayep k6 anddhe seroad glsrtrisaldnterrgnpechg 112
may be made of a conformal material which may-provide a confornmal bonding.
Each of t felegtric| layert 1 nmayibesan imsulating mmaterial, 1600 easrdplersilicon dxades(SiOe second
i nterconnect 140 nmay al so be di sposed between the respective UBM

st ruct ur eBurllis? each phéhe dewte delacur layerf B8e the2Capadidlectre fayersts4c alpe fiest f ace
124. Each of the at |east one first interconnect 110 and the at | east one
second i ntlectticdl niatdrednd@ctrdyeldvtridrdaher of S6t hagd stheesecomnd aslethlicalrBih®fdoahecs t he
conformal sealing ring 112. The conformal material may be selected froma

group of gRleiricadyer ¢S bl BOthelsahe hfdkial SofdRfiRtA MAbskit i n al | oy, ,
conductiwve film adhesive, frit glass, polyner. The confornmal sealing ring

112, the ﬁfﬂlb astpr@NEstdwsst cri)ﬁts%&@&{apﬁ% of ;Qva@é}qe\wi' ﬁa&ta%ée g@?%tl? BBeafcoON d

i nt er connect ?40 may be formed in a common processi S ternatively,

each of t . { k- I . .-l east. one second
i ntercon nglgeftﬂ%ﬂb)rﬁ %ém%g? %)éd élﬁéﬁs*: (? é‘?‘é@? Bﬁg%\i Eér}f?sér?alg fgaglrlr]H}ﬁ’ éajcl 8‘ naggorr%lg Yeal in g
ring 112. E%nn tur%her, each of the at |east one first interconnect 110 and
the at | e¥EP RO onG i nterconnect 140 may be of a same or a different

mat eri al . o] he . at. l.east_one first_interconnect 110 and the at | east
one seconﬂ)%i&ﬁer %&E‘iniést sigilgr iREIGhdl gfceptfor eeaéﬁﬁ%am thirdJptetronnese 10t eri al .

disposed outside of the conformal sealing ring 112 and a precut 260 formed on the first
cap surface 124 of the cap wafer 108.
[00107] The wafer level package 102 may include the at least one third interconnect

160 disposed between the device wafer 104 and the cap wafer 108 and the at least one
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[ 00101] The wafer |evel package 102 may include a cap dielectric |layer 154
di sposed on the first cap surface 124 of the cap wafer 108. The respective
first el ewOnooil3733at er connect 132 and the second el ect r iPCRISGROMBOBEANecCt
142 may be electrically isolated fromthe cap wafer 108 by the cap
dielectric layer 154. Further the first electrical interconnect 132 and the
second el ectrical interconnect 142 may al so be electrically isolated from
each other by the cap dielectric |layer 154. [00102] The wafer |evel package

102 may i f electri.cal interconnect dielectrnic |ayer 6

di sposed l%}lg{d\f\%geﬁgotnﬁgg@tggf%%n% digpoged r?g%}afénogrm Eiﬁogﬂwkﬁﬁgalpﬁr?{gy@lzeﬁ?i cal

i nt er connect i3i ThE dirst el j&ri cal . int eﬁconnect di el fctri c layer 156
may serve ST LETHIRL AMPORUET af'e PRe clegiical htrnaseh gt faigone 5°Ppdm t he
first electrical interconnect 132. The wafer |evel package 102 nmay al so

i ncl ude alFEIHECEN40dP theheastone thirdintsesonnestdf@et ric | ayer 158 di sposed
between the conformal sealing ring 112 and the second el ectri cal

i nt er connéM08U2 Thehavagesclavel alackagei 62 inay efurhiandotluds ol abird | dedtrgabr 158
may serve to electrically isolated the conformal sealing ring 112 fromthe
second el et¢rcom@tt 162 disppoethen theldeice] Wil B)4 dind elpcteisalycepnaéct thweatr lesgpect | ve
first electrical interconnect dielectric |ayer 156 and the second

el ectri cabnd thir@igeRbECt IH0atb @f lekietnal aorecticnd THEN: IS8k ¥t deforl ihR¥eohiet at

| east one first interconnect 110 to be electrically isolated fromthe

conf or mal lW@Aanﬂe rduddl $th2thendcdrd Ab&ifcAll inRyednhectala2! aRS4t 1RE cREGRAE
i nterconnect 140 to be electrically isolated fromthe conformal sealing

ring 112. ix{t&%{}f&t 160 A Atfl?er@ﬁ'g ie{@é{}fcal St a®29b §liaed éit&nha%ﬁgipé@ﬁd. t he

cap dielectric layer Irst electrical interconnect tric

| ayer 156 h ond el ectrical interconnect dielectric |ayer 158 may
be an i nsb%g&s ogsg%é'?glreidg]”?e %};eréggnpl e silicon oxide (Si02). Further each

of the deyj di el ric, layer 148, the p dielectric.layer. 154, the first
o ectri caltofdle, dp ety SHEE IoveEeackpss: (e he Positionsd oBiig imFRRIGatE o
interconnect dielectric |ayer 158 may be of the sane material or of a
di f f er ent SYPRPE Spbgtrate 1661 forpxampls a dickigdare- a cross-sectional view of a wafer
| evel package 102 with at |east one third interconnect 160 di sposed outside
of a conf HIOAK0] s&IGi hehawsrcressesegienst diemgoft owaler davbloptickasst 102 vothuoBist FI G 2
is simlar to FIG 1 except for the at |east one third interconnect 160
di sposed twmeughdaa d68 arden ssoordothrmigh y&al 10nfgrmedhip 4dp weafer HW8mcewding 266n f or ned
on the first cap surface 124 of the cap wafer 108. [00107] The wafer [ evel
package leabsdimentncl ude the at | east one third interconnect

[00111] FIG. 3 is similar to FIG. 1 except for the first through via 168 and the second

through via 170 formed in a cap wafer 108. In addition, no pre-cut may be formed on the

device wafer 104. The cap wafer 108 may be similar to that in FIG. 1 except for the pad

distribution. The first through via 168 and the second through via 170 may be formed

either before bonding of the cap wafer 108 with the device wafer 104 or after bonding

with the device wafer 104. One likely advantage of this wafer level package 102 may be

that the package form factor may be smaller than that in FIG. 1 by about 30% to 40%, the

precut on the device wafer 104 may be avoided and dicing of the precut location may be

avoided.
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160 di sposed between the device wafer 104 and the cap wafer 108 and the at

| east one third interconnect 160 may be di sposed outside of the confornal
seal i ng rwogoilid753¥he second el ectrical interconnect l42cumg2a@lomodssscally
connect the at | east one second interconnect 140 to the at |east one third
i nterconnect 160. [00108] The wafer |evel package 102 may further include a
third electrical interconnect 162 di sposed on the device wafer 104 and

el ectrically connect the at |least one third interconnect 160 to an external

Cecond. e NFE el i 2acien 02 piks ST RORE B ol vid SR MR et 160

and the third el ctrlcal P erc nnec 162 to a third external bondi ng pad
164 di spo cFaBrYV*{ trel AFeandca e"i‘@ﬂ‘ inteseannsst 177 gisrased in thedirsitheough oy e
package 102 f% be positioned on an internedi ate support substrate 166, for
exanpl e av@i E9&and apelectrial rontaey with 3he Hiisclactied sigtesenpneinkd2 ¢ ewtef a

waf er | evel package 102 with a first through via 168 and a second through
via 170 f elestadallyncannectphevdirsrelddbidcab agencoinegt 132 tnare ektesiaheoinectjd@0Thd] FI G
3is simlar to FIG 1 except for the first through via 168 and the second
t hr ough vinafet el mickagd 100 ntayCiagludathe secbnd thrbighaddil 70 imed tn (hecaps Wafermy be
formed on the device wafer 104. The cap wafer 108 nmay be simlar to that in

FIG 1 ex¢epind »fifth BRcPRE iditetddnnbdit17hispdRa ih tHeSecddar BB Viad1 7D68dand t he
second through via 170 may be formed either before bonding of the cap wafer

108 with El@&n@él‘ébﬁt%ctv\@xftl?{hejsgcdbn‘arelé&ftﬁc%l ml?é?&mn@& IWQtsQ aE '&?el@ﬁ}é{katqﬁ/at tﬁ'i 104.

One |ikely advantage of this wafer |evel package 1

package f&%%éo?ﬁ%&étrﬁgymg?co ¢ tig t(;[:{?la&bél‘lt;'aqtco cF G 1 by about 30%to 40%

the precu evice wa 2 avorded and di cing of the precut

T T TR
EHEwAGE Aesesidbant i iyl

electrical ly connect the first electrical interconnect 132 to an external
connect i opfectripal igigrcapneck V¥ may bragurled o #rfifihiextemad bonding pad brfudispasedigh vi a
170 formed in the cap wafer 108 and a fifth electrical interconnect 174
di sposed o¢mthetsecond cepsurfdee d2@hf thexap vafean8.i Thedbwth eviterahl bvodingpad WG h t he
second el ectrical interconnect 142 so as to electrically connect the second
el ect ri camay bt éresomnas thelfffth ¢xaeraal wxtmp pad 1 TOakmby molude a solder ball. The

fourth external bonding pad 176 and the fifth external bonding pad 178 may be

configured for external connection to a further package or device for example.

[00114] In an embodiment, the first through via 168 and the second through via 170

may include through via formed through the cap wafer 108.

[00115] FIGS. 4A to 4H show cross-sectional views illustrating a method of forming a

resultant device wafer 198 including a MEMS device 106 according to an embodiment.

FIG. 4A shows a starting device wafer 180. The starting device wafer 180 may include a

SOI substrate or SOI wafer including a support layer 114, an insulator layer 116 disposed

on the support layer 114 and a device layer 118 disposed on the insulator layer 116. The

SOI substrate may include a thickness of about 10um.
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[00113] The fourth electrical interconnect 172 may be coupled to a fourth

external bonding pad 176 di sposed on the second cap surface 126 of the cap
waf er 108wotRhey/drfsuh el ectrical interconnect 174 may bepcosgched/obass fifth
external bonding pad 178 di sposed on the second cap surface 126 of the cap
waf er 108. The fourth external bonding pad 176 may be the sane as the fifth
external bonding pad 178 and may include a solder ball. The fourth external
bondi ng pad 176 and the fifth external bonding pad 178 may be confi gured

f ' f kage. dewi f .
[ an enbdd AR G AR Redf PR SRR St K BRIl 2”170

may include t ugh via fornmed thrqugh the er, 108 [00115 | GS. 4A
(o ar shodet J52 18cVs Breabhel anaht APtlck Jaber 138 o Hat ol bty Fthinda

resul tant device wafer 198 including a MEMS device 106 according to an
enbodi men®lurgitsof speningsk84comtespanding tadhe swongiprendihe prepppaliery MRK e devi ce
waf er 180 may include a SO substrate or SO wafer including a support

| ayer 114 formediondhg dieleetric dayer 18216 di sposed on the support |ayer 114 and a
device | ayer 118 disposed on the insulator |ayer 116. The SO substrate may
i ncl ude a[@HilZkndssFI&i. 4BoptecdtOtRhing with itleGlivd mask GnaylBe ¢amsahatiiorAand
precut patterning may be carried out. A dielectric |ayer 182 nay be

deposi t ed phdtotebiet ldeati 186 dr aysking 18/epinalibe depdbsited ba thadicledtBO 1806182, Thural ity
of openings 184 corresponding to the resonator and the precut pattern may

be fornedpaRut 18 My léolhédby avihg #&R thd Liktdivd mhek. F1 G 4C, precut etching
with selective mask may be carried out. A photoresist |ayer 186 or masking

| ayer may pgsi . j el j ; y be
e e R S i R T S T g
as well a [ 5 tr, rne etch be .carri ut. T hat or esi st

| ayer 186%%9ﬁ%§}e§1?&? f)%elg ggﬁg—“’&rl{ehse}rll?pefl ‘rqgl}églreg’ctﬁgprf%% r?gﬁn ebephﬁp g‘?{ee&&g ched
and a pluralit f vias 3 e f d by the structure etch. [00119] In
FIG 4E, 85’(‘% %IB%E“?W ﬁf‘ﬁ?ﬁqu%ép@eeg&‘%‘ﬁgﬂﬁ‘ﬁ SBéCtﬁﬁreF‘i d out. The dielectric

| ayer 182 mmy be renpved and sone portions of the insulator |ayer 116 may
be et ched.l‘"{lﬁ?)llzdlp RlG. #F coxide strpand gleass) gish faa be sasied @4t i %ﬂy«"—ta@
carried out. Portions of the device |ayer 118-and the support |ayer 114 may
be oxi di sé&yex Bimpnbereawverkandspee ppgipns pbtheingulater Iayes] 1amay b giched. m

| am nati on and patterning may be carried out. A layer of dry film 192 may
be deposi {#126)nd Ia Fiat #Erthemmay chmpénsatiwdoxidatidnembyn pe caroitd dnty Pbitioms 62,
[00122] In FIG 4H, UBM and sol der pattern formation may be carried out.
The r espedieidegice ayer bl 8 andehamppat bayelBM4shayibd oidisedl@4orimy okide thypoRiot ed and
device internedi ate sol der portions 196 nmay be deposited on the respective
devi ce i n{eo1oedi dh FIGEM sdry lﬂhhllélﬁﬁlaﬁ&fland:%aﬁe BBPYE carit® ot AdRjerdeVi ce
waf er 198 including the MEMS device 106. [00123] FIGS. 5A to 5G show

Cr 0ss- secighofial 199 /¥ ddpusitdddhil A PaferdBidIst 18imddah Mgy of E5UiIhATYD. Cap
waf er 214 according to an enbodi nent.

[00122] In FIG. 4H, UBM and solder pattern formation may be carried out. The

respective device intermediate UBM structures 194 may be deposited and device
intermediate solder portions 196 may be deposited on the respective device intermediate
UBM structures 194. FIG. 4H shows a resultant device wafer 198 including the MEMS
device 106.

[00123] FIGS. 5A to 5G show cross-sectional views illustrating a method of forming a

resultant cap wafer 214 according to an embodiment.

33



[00124] FIG 5A shows a starting cap wafer 200 having a first cap surface
124 and a second cap surface 126. Backside alignnent marks 128 and dicing
| i nes 130womy1is7§39r ned on the second cap surface 126 ofcrise2ebaniisng cap
waf er 200. [00125] FIG 5B shows oxi de deposition on each of the first cap
surface 124 and the second cap surface 126. A first |ayer of oxide 202, for
exanpl e silicon oxide (Si02) of about 1 Amthickness nmay be deposited on
each of the first cap surface 124 and the second cap surface 126. [00126]

FIG 5C s a | .deposition. Al of .pad_ nmetal 204 b

deposi tedhg)\rﬁf]ﬁeq:flgség ﬁhgvgla s@ﬁ"&(?a&ewaé‘g%&@nhatv ?ﬁfsétca%é‘tf?agﬁggéé%‘? 424 of
the startin ap wafer 200. The |layer of pad netal 204 nay be any

conduct i véecgﬁ‘géf‘l? avrfagsql 20a Barksde alignmept slsrisaldtoand dicing bpes BRdmimbekness.
[00127] FI G 5D shows oxide deposition on the |ayer of pad netal 204. A
second | afwmedpn #ig sgeomlogp serfgced R abihe stertingeasn walerd®0( Si 02) may be
deposited on the | ayer of pad netal 204. [00128] FIG 5E shows formation of
oxi de opefltnds] THIGeS5B pbowngside depasitipniym dack WE theofirst tap siefaont4 ayethe of

oxi de 206. However, the nunber of openings 208 nay vary dependi ng on user
and desi grecbrd|dip aurtsat 426.] AAkAJhydrloBoxhie 200005 BipRafladhtoxide @Okl as
patterning and cavity etch. Five respective cap internediate UBM structures

210 may bgbRh€Ofht BitknddoWeMEDe dERRitEH BR AP bf GRPfitshES SRR 124 URY! the

structures 210 may vary dependi ng on user and design requirenents. Three

cap int ergg%gﬁ@ga% B sijguct ures 210 may be positioned in the respective
three openings 208, I1n contact wwth the | ayer of pad netal 204 and two

h i i 0] b it h d
Payer of DOAEI]FRE! BCondil! oidt Helal dBosien, R YenRE i 1A 08 dpd B D oGO
netal 204, ' '

deposited on the first layer of oxide 202 on the first cap.surface 124 of the starting cap
wafer 200. The layer of pad metal 204 may be any conductive material and may include
any suitable dimensions and thickness.
[00127] FIG. 5D shows oxide deposition on the layel: of pad metal 204. A second layer
of oxide 206, for example silicon Qxide (Si0;) may be deposited on the layer of pad
metal 204.

| [00128] FIG. SE shows formation of oxide opening. Three openings 208 may be

| formed on the second layer of oxide 206. However, the number of openings 208 may
varyﬁdepending on user and design requirements.
[00129] FIG. 5F shows UBM deposition as well as patterning and cavity etch. Five
respective cap intermediate UBM structures 210 may be deposited. However, the number
of cap intermediate UBM structures 210 may vary depending on user and design
requirements. Three cap intermediate UBM structures 210 may be positioned in the

respective three openings 208, in contact with the layer of pad metal 204 and two other
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[00130] FIG 5G shows sol der deposition and lift-off. A dry film (not
shown) nmay deposited over the cap wafer 200 and the respective cap

i nt er rediwoeoliBiSrstr uctures 210. A plurality of openi ngecsg2600/000388t ed in
the dry film each opening corresponding to each of the five cap
internediate UBM structures 210. Cap internedi ate sol der portions 212 may
be deposited over each of the five cap internediate UBM structures 210 in
the respective openings. After the deposi ti on of the cap internediate

sol der portlons 212 e ve stri d (i.e..

Tt of £ o STk pRdRe R ey T ey e S GHRED o rnS srepBl Fet ot fkider 214
[00131] FI 6A to 6C show c S-section illustrating a nmethod of
bondi ng tﬁgﬁ]&?h% ?ﬁ“‘@iﬁ‘%"%‘fﬁgﬂ %’éy%rf?g\%‘y Vﬁ?@ﬁ 5G onto the resul tant
device wafer 198 including the MEMS device 106 as shown in FIG 4H

accor di ng (4038 &dGoaCnshetvs soblsr dopasition B liftreli: vhdryafiing nat ghown) mey

resul tant cap wafer 214 as shown in FIG 5G onto the resultant device wafer
198 i ncl udépogitedhevevEhdScate wiate 200 Gind she esperctiva ckp Giterhiddiaten UBMsstrédtyres he
respective cap internedi ate sol der portions 212 on the resultant cap wafer
214 and t De0.deplueatity of epeniaths aiay eadrelted jpahé dNBIm] ochadp@ning @ofrespohdiagt

devi ce wafer 198 may be aligned. [00133] Fig. 6B shows wafer vacuum bondi ng

My be cafd et 6fthe Tib€ dagsmtemeala@a@awfsﬁﬁc@r%é 18y dag inRpHEHatk Osoldee
resul tant devi ce wafer The bondi ng tenperature may be about 280 degc

and the vagHem b@ﬁia&%rdeggmggr’@'epgacw A€ RPAp uZtel%tefaQe BRM s&E&m@Li gned

resul t ant cap waf er 214 and the resultant device wafer 198 nmay kept

inside a ql,# i a%gé%?%é Our ES gﬁ&y %e”ﬁn%ho's%ﬁdofvfﬁguc%g“ iﬁ%ﬂﬁé&dé@“ ofcferroom

tenrperature or exa any

outgassm ase t bout hour s ect Vel gsul ant cap wafer
Sa%ana 1 ReUPREEIR M Sy ROy dp dPRGY rrirea B itk L Gtk SRR a7 wat o1
bonder wh rovide a step contral I ed bond force and at the vacuum
bondi ng phé@gggé@?h%cﬁﬂe“}mﬁf@i’dv r}?frzr “the full bond force of 30kn may be
applied. Duration of the vacuum punpi ng down during wafer bondi ng nmay
depend onlQ0A311afEES 04 de 6Si shgwriesstspetional Yipws dinsiating hmethied jof hgmil@g
exanple. So the duration of 9 hours nay only be an exanple and the bond

f or ce maythgl resnltdatpeapdwaler 2he as Ishgwiie #1G.s&Glonta thy, reswifant deiieewhfeor 18&anpl e.
The force and the vacuum punpi ng hours may be limted to only for the

devi ce wafreludamgdhd MEMS devied £E06 aveshown eHIG. 4H: deeordingre aih elabédinkenent . For ce
may depend on the nunber of chips in a wafer, seal ring dinension. However
vacuum pufqeisg] dowIG.t6Arehsvayhedligniig dfithe tedaitant Q&plWdfer Bl £5as HMowahiaVEG.
formati on of two backside precut alignment marks 264 on the resultant

devi ce wab@lonibIfle refuRan® HEGEE watet meﬁldfﬁgrtﬂfémﬁs 8N cPR6f9sRReh AIFIGhe

backsi de. or the second device surface 122 of the resultant device wafer

198. [001§ftﬂhlé1':%1§n SZ\AtH OreZd%cﬁDé)éf%g%fé edif tsbﬂ@?évaﬁﬂér?s"ﬁg dd tﬂ@trésgftMQ ap et hod

of dicing evi'ce warf er 4 an cap 8 according to an

enbodi ment afe[' 99?1 §r16(i th ﬂl%lce mtesr?ng 1ate so?c{ 1ogs %Oé ar% X g‘raeghlt 0t dg‘w%ea {y\a fer 108

and a devi'¢é fa SroOATT PRYIS e suppo Pale 166,
for exarrpb)gsa dj c &a The cap waf er 108 may be in contact with the
dicing ta ﬂég%ﬁ |IIustrat|on two MEMS devices 106 nmay be fornmed in
t he device vvafer 104 but the nunber of NEMS device 106 may vary accordi ng
to desi gn[%’na?‘]usgfg pgqmop@mpgvacuum bonding may be carried out. The resultant cap

wafer 214 may be bonded to the resultant device wafer 198. The bonding temperature
may be about 280 degc and the vacuum level during bonding may be about 7 micro torr.
The aligned resultant cap wafer 214 and the resultant device wafer 198 may be kept

inside a bonding chamber at the above-mentioned vacuum condition at room temperature
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[00137] In FIG 7B, a half cut froma precut side or the second device
surface 122 of the device wafer 104 may be carried out. The half cut dicing
may be shworzotiyo3rise arrows as shown in FIG 7B. [00138] PCm/SBR@MI/06@355t he
arrangenment of the cap wafer 108 and the device wafer 104 nay be turned
over or flipped and renmounted on the dicing tape 166. The device wafer 104
may now be in contact with the dicing tape 166. [00139] In FIG 7D, a ful
cut of the cap wafer 108 and the device wafer 104 fromthe second cap

surface 126 p. waf er 1108 be carr d out 00140 7E shows a
oat er 1 el Bk BRSO Freml thg R A, RO RHBE B156 ARH DRE Hovs co
waf er 104 on the dicinhg tape 166. g30141] FIG. 8A shows a cross-sectional

vi ew of ahQWp.dBe respeRbiyE respiant sap wakesg 14 ﬁfl‘éﬁhﬁelaﬁ‘&faet deyicgevalpoles Bay ba o

di sposed on a cap wafer 108 before bonding according-to an enbodi nent. FIG
8A shows bomsisg together msiigzat wafephonsier whioly may pooviesp sisp gorsrolied dond foremf er 108
and the cap internedi ate sol der portion 212 di sposed on the cap

i nt er nedi atdatUBdMvatuunc bondin@@ssuichef ampt 7 nbierare, atcefullBidndtforece tofiBeki2 10 nay
include two |ayers, for exanple a titanium (Ti) layer 220 and a nickel (N)
| ayer 222ndl sRogglic@nDuéiod iof | thY @acudidl puhpihg Tdovra efing A férthonddgdingposed on
the cap wafer 108. The cap internediate UBM structure 210 may i ncl ude any

sui tabl e giyEh@lonGhe WAYE pro R8¢ Pirit§ Uinki aké %ufgﬁﬁhign BhkiAE 16 exABpRL iSBltHe

dependi ng on user and design requifenents he cap in ernedlate sol der

ortion 2 éﬁ”?

8| splosed é’%rat e°fA€ﬁ%"g$g’?a§'2 ﬂ ﬁﬁé’ﬁ{ t%i%of“g%rlr:@?%g% g%sec?%on the Sn
| ayer 226.,.The fur her A fr%?4m.5¥ Sf&F 03| ed tOuInthIt §§X$
penetrati 81}%13 S’lzﬁese,&unf%y %e *Hep spose Sh tlhe N Iflé)yerp% he Ti

| ayer 220 may have C S of ab Onn1 t i .| ayer have a
thi cknessmay’(’aﬂmﬁedfe@ﬁ é{ﬁ& o 0 RGP HATE EPRRn R B hbout 2
pm the Sn | ayer 226 may have a thickness of ~about 2 Am and the further Au
| ayer 228€ wsveFam? madm@esd ¥ ths pumbenef chvps mewalss, &3k £8g dinensipe-
respective |ayers may vary dependi ng on user and design requirenments. The
cap i nt er Hewevareagmimipympiog down timemayept be Hmitedc| ude any ot her suitabl e
conbi nati on of materials dependi ng on user and design requirenments. [00142]
FI G 8B sii®idd]a FIGs6C shors formation ofviwo fbacksslsl mreut abgrposit mades 26# oa thievi ce

i nternedi ate sol der portion 196 di sposed on a device wafer 104 before

bondi ng afcalat dgvite vauferertd3o diwepitecutFlignmzbt afackss26t aayibeeforméd onahk at e UBM
structure 194 di sposed on the cap wafer 108 and a device internedi ate

sol der popidkside dPfhe decoR@IHcONMriabe 1 LI tEerekiiltME BBAEAN et st ruct ure 194.
The device internmediate UBM structure 194 may include two | ayers, for

exanpl e 2doisgni RS TA ko VRYREw Sihs 0iofalRialhd MiSikdiR)a hAEd oP dingicgposed on

the Ti layer he Ti layer 234 may be di sposed on the device wafer 104.

The devi Cﬁ’dgﬁﬁé&l?é%?lte% M %%elllﬁ@S%gcér({m%tdﬂxc% gxﬁ‘é}x sui table number

of layers and any su e cof |nat|on 0 eria ependlng on user and

design re e Th deV|c i nt er medi sol de i ncl ude
2 g0t (AN eRiG A Moy ins MrEpERS TP o gppggéea‘fﬁi b LR BB ' D3
and a further Au {I}}g er 242 d| sposed on the S ﬁ% 240. he furt?gr Au
| ayer 24210hseppart ap inigrmediate sappett sehsigtent §0e te,xglpplg ?*I'?E t90¢ er 238
may be di sposed on the Pt |ayer 236. The T| | ayer may have a thi ckness
of about @ov#ar 198 mapbe jppafacbwih thediging daps 16R; ékﬁeﬂblswwabw{ﬂMM nm the
Au | ayer 238 may have a thickness of about 2 /..tm the Sn |a 240 may
have a t hdeksesd§6 ofaydgdommed indw@niﬂem&rflﬂﬁtbheﬁheAumbayémMS d%mye heve a

t hi ckness of about 50 nm The thickness of the respective |ayers may vary
dependi ngman varseiccardihgde design andasérrequérehentsThe devi ce
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i nternedi ate sol der portion 196 may al so i nclude any other suitable

conbi nation of materials dependi ng on user and design requirenents. [00143]
FI G 8C sWwows11a3e339ss- sectional view of a sol der conposiptireG2a/oacssesul t ant
sol der | ayer 244 between the cap wafer 108 and the device wafer 104 after
bondi ng according to an enbodi nent. [00144] FIG 8C shows a cap
internmediate UBM structure 210, a resultant sol der |ayer 244 and a device
internediate UBM structure 194 di sposed between the cap wafer 108 and the

devi f 4. ' diate UBM.stryct 210. i ncl.yde t
ayers, 1 0 TEndn 816 TRTIE R Ron i 438 6F (L @dq R s Ep i or 108

and a nickel (N) layer 222 dispgsed on the Ti |ayer 220. The resultant

sol der Ia@@rdeﬁﬁﬁwﬁﬁ’ﬁ%%“&y WBPH&“‘-@F@PE&W #iBe M3y bg geovan by ihsiaHaWs on of
Au |l ayer and Sn layer or a AuSn alloy. The device internedi ate UBM

st ruct ur e 33 8wvweay FiGciBide two | ayers, for exanple a platinum (Pt) |ayer 236
di sposed on the resultant solder layer 244 and a titanium (Ti) |ayer 234

di sposed 0188k Mo FlGy @€, B8 auraigmmendofithe @prpaden 108oadathe tdhwce eafer tiaht

sol der |l ayer 244 may be the same for each of the conformal sealing ring
112, at | eggtbeamded bvator flippedcain@ioudizd on tthediding| teRsS1660 The dewon Gafer

i nterconnect 140 and the at |east one third interconnect 160. Further, the

resul t ant lﬁﬁhﬁghoxb%}é%c&ﬂ-ﬁ:tmti@@di@ﬁ fispenred. to any suitabl e surfaces when
bondi ng. [00145] In an enbodi nent, the cap intermnedi ate sol der portion 212

may not b e i { . i I 8A and
y fouise H FRE. T8 ARt pf mwg;g fe?lb&f%&{#gye iUl Gafel 104 Frof t?ﬁe

only the device internediate sol der rtion e present on

devi ce inter ' S ctur ef ,.the device internediate
sol der po%%ogﬁwf%gﬁ?r%%eoﬁtﬁee& evgauf%rtglgyr%tr;[%gl{e ea%E ﬁ%§yé'r 244 as shown in FIG
8C. In a er diment, t device | L nmedj. at e | der porti 196
mmy ot bABSC FFE D SRR goviteciersh rarietilbF rerishe v Gt oh St 10K G g8
and only the cap.internedj ate sol der portion 212 nay be present on the cap
i nt er medi &% thFJgﬁX‘%ﬂW ’Eh(?“e"’?'%@.d‘cﬂﬁ’e‘iaé? Y%, the cap internmediate sol der
portion 212 may be the resultant sol der |ayer 244 as shown in FIG 8C
[00146] FIWI4Y sE¥is8A showsep qprasectifingyvie 2fie eflde ¢ompositigntofsaicar | ayer
244 between a cap wafer 108 and a device wafer 104 according to an

enbodi nmeninterjn@diae zpldehportioh 3¢2 dishessd odiaagp aafe2 468 bbforebdndinglaGrorfingdy be a
bi nary phase diagramof Au and Sn. Since the solder used here may be in the

| ayer for anp embedimentp 516t 8 Ohows & kep iratiedant UBM starctiraped ddfdsedem the a AuSn
internetallic conpound (I MC) and the conposition of the resultant sol der

| ayer 244cipayvafeat 103 afi®nthé Adapethtermi@ialko BsldErg péreiBR ez 12t WisostBYorbehdl@hp vVed
fromthe sol der phase diagram 246 and may depend on the Sn layer which may

be the | ayfémlefiafcQIBRCIthiRIrE 210 atfe GAHih@EndIME UBM stHhi@uBl10i A8 fneliper at ure
of Sn may be about 232 degC and the reflow tenperature nay be "about 40 degC

0,20, SeARTUEURI? Al L ) SRS o 05055 350 O
the T1 layer 220. The Ti layer 220 may be disposed on the cap wafer 108. The cap
intermediate UBM structure 210 may include any suitable number of layers and any
suitable combination of materials depending on user and design requirements. The cap
intermediate solder portion 212 may include a gold (Au) layer 224, a tin (Sn) layer 226

" disposed on the Au layer 224 and a further Au layer 228 disposed on the Sn layer 226.
The further Au layer 224 may be deposited to inhibit oxygen penetration. The Au layer

224 may be disposed on the Ni layer 222. The Ti layer 220 may have a thickness of about
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[00148] In the lateral feed through connection, i.e., the first electrical

i nterconnect 132 and the second el ectrical interconnect 142 may be used to
connect twe waapesti ve at | east one first interconnect pt@/saaahoiob@ssat | east
one second interconnect 140 positioned within the conformally seal ed
environment to outside of the conformally sealed environnent. On the top of
the lateral feed through connection (i.e. the first electrical interconnect
132 and the second electrical interconnect 142), a respective first

el ectrical jnterc ect dieleciric layer 156.and secon | ect.xcal

i nter connégbmﬂ’i %‘F @@gf“?'ecf %ngﬁ?y y8 %@fkﬂ?scﬁ%ﬁ&zgﬁ ]e(@“f’"o%i“:’s‘g\1 e Hﬂ‘gmay
respectiv% Iat%%§¥ fe%d t hrough connpection fromthe respective UBM

st ruct ur e "A%RRY eSOt gbout dapndhe o lyex 306 mey kave@ thicknese obahep? #miandeal i ng
ring 112). Using the exanple of the first electrical “interconnect 132, a
first el edhe fusther AntlayeroiSemay dired adhicknsss gf ebout5¥) nmy The thitknesssefdtheet ween
the UBM structure 152 corresponding to the conformal sealing ring 112 and

t he first respextivei lagérs i maye raoyn ndependi®? on Gaseh anfl tdésignUBdduirements.ufbe X532 and
the first electrical interconnect 132 may include netals. In this regard,
two et al $nteviniediate doldbrepbrtion 11aymay 2B ainelud® Anfitherasuitablp ado@fbidatién @paci t or
and may affect the Q factor of the MEMS device 106. One way to reduce the
dependenc gna@drialstRpORIiESot hder Bid @&fzn\Weduiremeiiange i n frequency may be to
connect a ground Fateral feed through with the conformal sealing ring 112.
Thi s may ri { o 1_00Q. [ ' N j.ca

i nter connlg@thgl elfggt' ?Pcsq&g’;egr @1%% gé’&})m e°F§y§e°@‘§Jr?§8{¢lé§A‘ﬁé‘% gk gv\q/fasyc romthe
f ITst el e?&téﬁn%@laté D1 fer §8Hi@)%clt)6 %%E%seﬁ%ﬁ 2 dRDIE (\%;[a a9 OIt kt])erog O@Jn%r ré%lccosr&al ' ng
ring 112 {0 a ground connection.~I'n this nmanner, ‘a Iocéilzeﬁ'grounagng of

t he MEMS device, 106 gr be’ e.wth the formal ing,ring 112
ather chibibrahiig FIE St aEF imtrmbdiars HEV rits s 15 Bepchn vens
device 106 body. [00149] FI.G. 10 shows a cross-sectional view of a

conf or mal thsepiwafer 1 4yand:  deyies intsmsdiate; soiler goriog, 96 tisnossthet theslsvisa g
according to an enbodi nent. [00150£ FIG 10 shows a cap wafer 108 with a
first capmeprediae UBM drushwse dPd| Ebe device dpermadiate VBN swertgn ¥Mempyrst cap
surface 124 of the cap wafer 108 and a ground-contact 248, for exanple

al um num dichdegwd layers, Her exappli &ltiotun €Ti) dayer 214 4nd Fipltindd (&f)Jayes Rd6s a
dielectric layer, for exanple the first electrical interconnect dielectric
| ayer 156disposefonakke Dilayert2d3d. QlicoTinldyes Q84 ataly be4iispasedl @n the dévdcawmbfes B3, | ng
ring 112 in contact with the ground contact 248. [ 00151] An opening 250
may be foriedevie ii@ndiRtecUBM strnictyen 94 athySaclui@bny fistablRHugibeRbf Bgak i Ng
ring 112 may be connected to the ground contact 248 to provi-de | ocalized

groundi nga@f akyGuiltdBMTABIh£ RN FHnatb: P4 8enfinG onlddr SHOWSsigh felghifithdnts.
representation of a confornmal sealing ring 1I2 w thout connection to a

d . on; 4 C [ i d FIG
groun C0'THQﬁééx%f’efm%&éé%gld%{)ﬁc}rggﬁ ! %gxaggr&?ddi' a“@ulé g%ﬁﬁﬁge@??g,'ga’@{i@n n th

11B shows a circuit representa nrornma

emboa mentovet o E5POE of 1B R 235 A e A R 247 aRBGRE BhAR R O

sealing rin 2, W thaout connegtjon to r.oynd. connection or groypd

cont act Ziﬁ?’gﬁ%{p Fﬁ”&‘l ré“ﬁe%%éﬁaa@erﬂégg%&eaﬁ% byxyeen penefraiion: l'llgﬁ’r‘pedance
of the MEMS device) and a parasitic capacitohr%é‘,Cp) formed by the UBM

st r uct ur e Ar48Yes 438 max beidisppsed|oathe Pdayer 236.chheckidever 234may bpvgrathickngsy t he
first electrical interconnect dielectric |ayer 156, for exanple. [00154] A
i nput wavef ehant 260 nnt, dlre Bixlayerl 236amayghavea thivknéss omhahent 208 nox,dbd dudayeo an

i nput (Vin) of the MEMS device 106 and a resultant waveform 254 or an

out put wa228 oayhaveya thiclkassssdfaboutedt ph hthe Snflgyet 240/may hawdf a thivdknédsvBalstaw i ce

106. The anplitude of the resultant waveform 254 may appear |esser than the
i nput wavefusi Mmd¥he figtidr AR)ayee 2B thay Bavedd/BidkeEs ol hbRe 50 dmbThé thickpesssence of
the parasitic capacitor (Cp).

the respective layers may vary depending on user and design requirements. The device
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[ 00155] In contrast, wth grounding of the conformal sealing ring 112 as
shown in FIG 11B, the resultant waveform 254 nay appear simlar to the

i nput wawebannv@sB4whi ch have been initially provided tecthe2mpuisssf the
MEMS devi ce 106. [00156] FIG 12 shows an optical mcroscope picture 256 of
a conformal sealing ring 112 with connection to a ground connection or
ground contact 248 according to an enbodinent. FIG 12 also shows the
position of the ground connection 248 relative to the first electrical

i nt t 132 th f | | i 12. 157] .FIG 13 sh
a2 plot 258 GBI MR, 0P 1Py %5aria089q pRY e sulehle GAlsbetion Sy (-

varyi ng dielepgr'c | ayer dinmensions e.qg. first electrical interconnect

di el ect ri £afeza r‘fe eIz Qoysagand degign reiremaRtsr connect diel ectric | ayer 158
according to an enbodi ment. [00158] In FIG 13, the total inpedance (IZl)
may i ncl uliddle FéGi 8€ shews paressanttionpleview af taj spkdep spmpgsiti ofga resultanac count
a phase shift between voltage and current). [00159] The respective

capaci t or soldgrt layera24gi begwédn tte alpewbfer 468 anditthe donceoiafedi @ exdter ibondiager 156
di rensions (tox) may include a capacitor with tox of about 1.0 itm a
capaci t or asdotding ¥an@mbabiant.1. 5 pm a capacitor with tox of about 2.0 Arn,
a capacitor with tox of about 3.0 Am and a capacitor coupled with a ground

connect i ofpo1d4)e FGf s Blﬂiws%?@d[glziﬁﬁnﬁéd?;ﬂe UBM B¥ctind 1908 redigit sol89 @%}Wi dt h,
the Cp of about 156 pF and a M5 devi ce resistance of 100 ohm [00160]

From FIl G 248and § dBRYe Qll?erﬁl%mtet ?'QM Etlﬁﬁ:tlfr@ﬁgg idgsﬁ{)segodég%&g b E%)n{vgﬁ‘er gppund

connection may be the | east affected by t ange o requency. In other

ds, th f. . i d 1 ZI1).
TS Mo SRS, ERILAEC 5 AL mUABRIREE 9 L) e 6

layers, for example a titanium (Ti) layer 220 disposed on the cap wafer 108 and a nickel
(Ni) layer 222 disposed on the Ti layer 220. The resultant solder layer 244 may be a
conformal material and include a combination of Au layer and Sn layer or a AuSn alloy.
The device intermediate UBM structure 194 may in;:lude two layers, for example a
platinum (Pt) layer 236 disposed on the resultant solder layer 244 and a titanium (Ti)
layer 234 disposed on the Pt layer 236. The solder composition of the resgltant solder
| layer 244 may be the same for each of the conformal sealing ring 112, at least one first
interconnect 110, the at least one second interconnect 140 and the at least one third
intergonnect 160. Further, the resultant solder layer 244 may be conformed to any
suitable surfaces when bonding.
[00145] In an embodiment, the cap intermediate solder portion 212 may not be present
on the cap intermediate UBM structure 210 in FIG. 8A and only the device intérmediate
solder portion 196 may be present on the device intermediate UBM structure 194.
Therefore, the device intermediate solder portion 196 may be the resultant solder layer

244 as shown in FIG. 8C. In a further embodiment, the device intermediate solder portion
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[00161] FIG 14 shows a diced wafer |evel package 102 after the respective
hal f dicing followed by full dicing of the bonded wafer according to an
enbodi renvo 20hwsksad pad 134 and the wire bond 300 abi |l ipCy/SGayw9meosas shown
in FIG 14. The gap 302 between the precut dicing 260 and the bond pad 134
may be inportant so that a sufficient space nay be avail able for the

W re-bondi ng process. But it may not be possible or advantageous to

include a |arge gap 302 because the overall size of the wafer |evel package

102 may i Fease. 00162 5. shows a.wa evel p i ng

at t ached g InaY ok BF P19°8 a‘f“r&eréilﬁlﬁﬁ ﬂ(‘ga@‘%ﬁe Q?%FHPWC @9' qﬁﬁ‘b% aﬂ& The
waf er | evel package 102 may be wre- bonded for testing purpose. The flrst

el ectri caI°n¥yn‘$Er°€BHW€’E’Ped1‘§? sgider pertipm 217 duay b rpé‘?fﬁlf‘f &b et Bsmasiathe cap
waf er 108 may be connected by at | east one or a urality wre-bonds 300
(wi re- bondiBY swete P 10.oThareforss rthericep [irtaamadigie Spﬁekag’éloallﬁ mag be the
functionality of the wafer |evel package 102 or vacuum i nside the wafer

| evel packesgkant 8@derdyyep@44renshommdn §EG8GT t er functional testing. By testing
t he wafer | evel package 102, the Q factor of the MEMS device 106 may be
measur ed 00146 FIGE 9t showrsas sélder prase dingrdin 246 éfhe revaftant dokdeellayenckage 102.
The current MEMS device 106 may not be tested in wafer |evel format or

nmeans bef gewveBRs KaOwaer 108 Mhddedevice Waikq0l abirdihy dBYedodimasur ed only after
the vacuum sealing. So testing of the wafer |evel package 102 may be

| Tpor t ant 1dgiaff dethe! QR st a&gmtnb%@es\ﬁb% @hﬁfcﬁevgﬁ%gg %Zggﬁﬁp%ﬁ?l FI G

16 shows an i npedance- phas 304 of a wa or a

VENS devi 6. 2P of oyf anaf%%gfs%er 2GR ARG Hefe By BRI .npe e S Mbee o

16 shows response o requency w respec nce an ase of
the the resonator or.,0sc tor,devic €, ugh a range of
frequenci &P %ﬂt on oftheir %‘:ltﬁ'i% ﬁ‘oll%e(ﬁﬁ ?44 g? ﬁ‘e\ﬁ?&ﬂﬁ éﬂfcr‘eo(ﬂ‘ﬂ’@ﬂﬁ t here
may be a shift in the inpedan and, phase of the resonator. nance

fr equency? ) 1 th, COTpRN oML tgea?éuﬁ%éﬂ'd%%yenz%ay BYidie Goptrg liﬁéuah@ i nsi de
t he waf er IeveI package 102. The hi gher the vacuum |l evel, the sharper the

r esonanc e bending ismpgragiie yay baider vedfEgm thesselder Rhass aliagmm 246 arst may depepd vacuum
| evel may be | ower, then the resonance frequency curve nay spread over a

wi der r ange thefSrf lamwém@i may b¢ 08185} irflespectiVe eintaes duringlhandingt Thermelting e 306

i nvol ving respective Q factor and vacuum | evel versus pressure for a MEMS
devi ce 10Gngecamurdiofi§ntmayale syunod32rdedC agdiheGeflov témpetatuiesanayhiee atmhit #0 at i on
curve 306 for a particular design of the MEMS device 106 at different
vacuum | edegGto ShhdegCaligher fah @i LIt tebiiferdting HR1 tnod thedoMiingRaperatudg t he
response of the MEMS device 106 at different vacuum | evel s or conditions.

For neasuhhggebp@mﬁﬁgggnﬁgtgﬁhi e MEMS devi ce 106, a separate package (may
or may not be a wafer |evel package) nay be fabricated and the separate

package 148) C%ﬂﬁﬁ&éﬁl? dg erélf@& u é'“ﬁi‘e eveﬁcﬁ%a i ?e%&'fnﬂ&ttlﬁf vacuum

| evel or condition froma hi omer actor may be

reasured. o eISReha el AlSlomRS YIS s oY Rkl es%%ﬂveqmﬁlse? fact or

and a | ow™Vacuin ey resu in- 3olet ac S pl ot
306, an user be abl e o fi nd ut what may. be the vagcuum.i nsi d he VEMS
Govi co 10806 GRL DsTEr et O thS 7t pno eSOt BTogRct 140 POSHORF TR f 1 om

the plot 306.
the conformally sealed environment to outside of the conformally sealed environment.

On the top of the lateral feed through connection (i.e. the first electrical interconnect 132
and the second electrical interconnect 142), a respective first electrical interconnect
dielectric layer 156 and a second electrical interconnect dielectric layer 158 may be

deposited to isolate the respective lateral feed through connection from the respective
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[00167] FIG 18. shows a fully bonded wafer 308 including a plurality of

waf er | evel packages 102 after the respective half dicing and full dicing

t o exposewbheiffisrss external bondi ng pad 134 on the devipce/seabmroassor di ng
to an enbodiment. The half dicing (as indicated in FIG 18) and the full

di cing may be made on the respective device wafer and the cap wafer and the
conpl ete MEMS device may be ready for frmal assenbly. [00168] FIG 18 shows
that the dicing nmethod incI udi ng the half dicing and the full dicing nmay be

made to b se andt he Iat raI

f eedt hr ougjr?%%r?ﬁ'“ i e elfi%’éepoﬁll IPH‘?R‘)E‘%%I&%EE’%E FaytopnalSEaiedansy hal
dicing or ecut. met ho 69] ile the inventign ha

parti cul allf{) 351%% 6’%&6 %gglf %Stt\k/l\eq?cé?‘é‘ﬁ JRteEFonRect pe; 14 lr%nﬁﬁﬁﬁ“‘f?ént s, it
shoul d be under st ood bg_wahose skilled in the art that various changes in

form and éreRmestagiclssirivatazen hes apay b tdipaseddbeseeen My UV sthetuspilp? t and

scope of the invention as defined by the appended clainms. The scope of the
i nvent i oncorsespéndéng todhe aerddmim} sedlimgaimgelldaud dheafinseelesidcal lihterchamege B320hi ch
come within the neani ng and range of equival ency of the clains are
t her ef or eEadht efhthedUBM beeustier EQeshd th€l fastnaedified] intercoh@ecndd?2 inddy include A
waf er |evel package conprising: a device wafer including a MEMS device; a
cap waf er n@iafsd 0% @ls Q¥gird, 1the MemisCwithaf délectric layer separation acts as a parasitic
capacitor and may affect the Q factor of the MEMS device 106. One way to reduce the
dependence of the parasitic effect with a change in frequency may be to connect a ground
lateral feed through with the conformal sealing ring 112. This may be carried out by
creating an opening in the first electrical interconnect dielectric layer 156 (or oxide layer)
(somewhere away from the first electrical interconnect 132) and connecting the
conformal sealing ring 112 to a ground connection. In tilis manner, a localized grounding
of the MEMS device 106 ground may be made with the conformal sealing ring 112 rather
than grounding the whole conformal sealing ring 112 with the MEMS device 106 body.
[00149] FIG. 10 shows a cross-sectional view of a conformal sealing ring 112 with
connection to a ground connection 248 according to an embodiment.
[001’50] FIG. 10 shows a cap wafer 108 with a first cap surface 124, a cap dielectric
layer 154 disposed on the first cap surface 124 of the cap wafer 108 and a ground contact
248, for example aluminum disposed on the cap dielectric layer 154. FIG. 10 also shows
a dielectric layer, for example the first electrical interconnect dielectric layer 156,

disposed over the ground contact 248 and a conformal sealing ring 112 in contact with

the ground contact 248.
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at | east one first interconnect disposed between the device wafer and the
cap wafer and configured to provide an el ectrical connection between the
devi ce wavenoand7ishe cap wafer; and a conformal seal i ngPCirsg2ai99pased

bet ween the device wafer and the cap wafer and configured to surround the
at | east one first interconnect and the MEMS device so as to provide a
conforrnally sealed environnent for the at | east one first interconnect and
t he MEMS devi ce; wherein the conformal sealing ring is configured to

conform t spective suitable surface .of .the device wafer and the cap
vater whertdsh a A cacnips éﬁbi ey, e STEG P pleglgf Javer {5642.50 s e or
| evel package of claim.1l, further conprising a first electrical )
i nt er conné&eqfognal ssaling Bng 4 12 imay be genassiadatoothss srpprd sentachekd8 rtoapravide
el ectrical contact with the at least one first interconnect. 3. The
waf er | evéicalizedigzqpadingg of thei MEMS demiesr@n the first el ectrical interconnect
Is configured to route the at | east one first interconnect along the first
cap surf a¢@is?] t FGcapAvwsibes 4 oircuio sqiresgntatien obrif confedmad esadlinggring N2t o t he
outsi de of the sealed environnent. 4. The wafer |evel package of any one of
clainms 1 tw@hdut tdnnkdih ©OATHrbwid Gonnection or ground contact 248 according to an
embodiment and FIG. 11B shows a circuit representation of a conformal sealing ring 112
with connection to a ground connection or ground contact 248 according to an
embodiment.
[00153] In FIG. 11A, a circuit representation of the conformal sealing ring 112 without
connection to a ground connection or ground contact 248 may include a MEMS device
resistance (Zo) (i.e. total impedance of the MEMS device) and a parasitic capacitor (Cp)
formed by the UBM structure 152 and the first electrical interconnect 132 separated by
the first electrical interconnect dielectric layer 156, for example.
[00154] A input waveform 252, for example a square waveform may be provided to an
input (Vin) of the MEMS device 106 and a resultant waveform 254 or an output
waveform may be as shown at the output (Vout) of the MEMS device 106. The amplitude
of the resultant waveform 254 may appear lesser than the input waveform 252 and may
seemed to have been affected by the presence of the parasitic capacitor (Cp).
[00155] In contrast, with grounding of the conformal sealing ring 112 as shown in
FIG. 11B, the resultant waveform 254 may appear similar to the input waveform 252
which have been initially provided to the input of the MEMS device 106.

[00156] FIG. 12 shows an optical microscope picture 256 of a conformal sealing ring

112 with connection to a ground connection or ground contact 248 according to an
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at | east one second interconnect di sposed between the device wafer and the
cap wafer and configured to provide an el ectrical connection between the
devi ce waveromngd7ishe cap wafer. 5. The wafer |evel packaga/schomloanss 4,
wherein the at | east one second interconnect is disposed within the
conformal sealing ring. 6. The wafer |evel package of claim4 or 5, wherein
the at | east one first interconnect is disposed on one side of the MEMS
device and the at | east one second interconnect i s di sposed on anot her side

Furt her cOMBFSRFIC 20 SR E faoegom BFHS EEORA S Eedl SpADIAGE B cap

wafer and _in electrlcal contact with the at | east one second i nt erconnect.
8. The waflet clegipey! insrepmppet 432 anddheconforgabseating fiRg 12cond el ectri cal
i nterconnect is configured to route the at |east one second interconnect
al ong t hel001pEt &i@. ddrshaws dplathiS8cel tatalf mmpedancer 04} iversus Heequenst oforal
sealing ring to the outside of the seal ed environnent.

capacitors with varying dielectric layer dimensions e.g. first electrical interconnect

dielectric layer 156, second electrical interconnect dielectric layer 158 according to an
embodiment.
[00158] In FIG. 13, the total impedance (JZ]) may include the resistance part and the
reactive part (taking into account a phase shift between voltage and current).
[00159] The respective capacitors with Vzirying ﬁtst -electrical interconnect dielectric
layer 156 dimensions (tox) may include a capacitor with tox of about 1.0 um, a capacitor
with tox of about 1.5 um, a capacitor with tox of about 2.0 um, a capacitor with tox of
about 3.0 um and a capacitor coupled with a ground connection. The conformal sealing
ring 112 may include about 300 yum width, the Cp of about 156 pF and a MEMS device
resistance of 100 ohm.
| [00160] From FIG. 13, it may be seen that the capacitor coupled with the ground
| connection may be the least affected by the change of frequency. In other words, the
freqnency dependence of the total impedance (|Z]) may be eliminated by the ground
connection or ground contact 248.
[00161] FIG. 14 shows a diced wafer level package 102 after the respective half dicing
followed by full dicing of the bonded wafer according to an embodiment. The bond pad
134 and the wire bond 300 ability may be as shown in FIG. 14. The gap 302 between the
precut dicing 260 and the bond pad 134 may be important so that a sufficient space may

be available for the wire-bonding process. But it may not be possible or advantageous to

43



9. The wafer |evel package of any one of clains 1 to 8 wherein the
conformal sealing ring is nmade of a conformal material which provides a
conf or malwbaeodio3gs3410. The wafer | evel package of clai mper/schensoessgach of
the at |east one first interconnect and the at |east one second

I nterconnect is made of the same conformal material as the confornal
sealing ring. 11. The wafer |evel package of claim 10, wherein the
conformal material is selected froma group of materials consisting of

gold-tin al it al ol ymer. 12. .The. waf er. | evel pack of any one
of cl ai rnsﬁlﬁll}%g al%fgev\%%r g@?\bicﬁ‘ésectg%fog?r 151289 gwqurnngtWéﬁaffall%éa’g?y one
first interconnect and the at | east one second i nterconnect are fornmed in a
common pr BEEEE - ng st ep.

[00162] FIG. 15 shows a wafer level package 102 being vattached to a ceramic
leadframe package 310 according to an embodiment. The wafer level package 102 may
be wire-bonded for testing purpose. The first electrical interconnect 132 or lateral feed
through connection on the cap wafer 108 may be connected by at least one or a plurality
wire-bonds 300 (wire-bonding method) to the ceramic leadframe package 310. The
functionality of the wafer level package 102 or vacuum inside the wafer level package
102 may be measured onlyv after fuﬁctional testing. By festing the wafer level package
102, the Q factor of the MEMS device 106 may be measured at the same time as the
vacuum inside the wafer level package 102. The current MEMS device 106 may not be
tested in wafer level format or means before packaging: The device functionality may be
measured only after the vacuum sealing. So testing of the wafer level package 102 may
be important in order to understand the device characteristics.

[00163] FIG. 16 shows an impedance-phase plot 304 of a wafer level package 102 for

\ a MEMS device 106 (e.g. resonator) according to an embodiment.

[00126"4] FIG. 16 shows the response of frequency with respect to impedance and phase
of the the resonator or oscillator device. While sweeping through a range of frequencies,
at a particular frequency, i.e. the resonance frequency, there may be a shift in the
impedance and phase of the resonator. Resonance frequency may be an important peak
depending on the level of vacuum inside the wafer level package 102. The higher the

vacuum level, the sharper the resonance frequency curve, which may mean-a higher Q
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13. The wafer |evel package of any one of clainms 4 to 12, wherein the at
| east one first interconnect is electrically isolated fromthe confo
seal i ng rwogoamd7ishe at | east one second interconnect i gcelseaomiooasssy

i sol at ed

fromthe conformal sealing ring. 14. The wafer |evel pac

any one of clainms 1 to 13, further conprising at |east one third
I nt erconnect di sposed between the device wafer and the cap wafer.

The wafer

| evel package of claim 14, wherein the at |east one third
' onfoormal sealing ring.

i nt erconnect i | sposed  out si de, of the

wnt or 1 oy Bl SAOTTE ek bt oo 8T it pRanGe SRy G BaY
I nterconnect electrically connects the at | east one second interconn
the at | e8eadfyer ¢ Widey range of Beaueaeies: 17. The wafer |evel package of
of clainms 14 to 16, further conprising :

[00165] FIG. 17 shows a calibration curve 306 involving respective Q factor and
vacuum level versus pressure for a MEMS device 106 according to an embodiment.
[00166] FIG. 17 is the calibration curve 306 for a particular design of the MEMS
device 106 at different vacuum levels. The calibration curve 306 may be plotted by
measuring the response of the MEMS device 106 at different vacuum levels or
conditions. For measuring the response of the MEMS device 106, a separate package
(may or may not be a wafer level péckage) may be fébﬁéated and the separate package
may be connected to an external vacuum pump. By changing the vacuum level or
condition from a higher level to lower level, the Q factor may be measured. In general, a
higher vacuum level may result in a higher Q factor and_a low vacuum level may result in
a lower Q factor. Based on this plot 306, an user may be able to find out what may be the
vacuum inside the MEMS device 106 by correlating the Q factor measured with the
vacuum level from the plot 306.

[00167] FIG 18. shows a fully bonded wafer 308 including a plurality of wafer level
pack&ges 102 after the respective half dicing and full dicing to expose the first external
bonding pad 134 on the device wafer according to an embodiment. The half dicing (as
indicated in FIG. 18) and the full dicing may be made on the respective device wafer and
the cap wafer and the complete MEMS device may be ready for final assembly.

[00168] FIG. 18 shows that the dicing method including the half dicing and the full

dicing may be made to be precise and there may not be much damage on the lateral
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a third electrical interconnect disposed on the device wafer and
electrically connect the at |east one third interconnect to an external
connect i om0 2011/03184 The wafer | evel package of any one ®CTSGAIM®IBSs50 17,
further conprising a first through via formed in the cap wafer. 19. The
waf er | evel package of claim 18, further conprising a fourth electrical
i nterconnect disposed in the first through via and in electrical contact
with the first electrical interconnect so as to electrically connect the
first el eglri i . t 0 r n i 20. The wafer
evel pachicalfidier St ABURE e o e Yoh AR mEf BRERILER by par gy ofdf 0
through via fornmed,in the cap wafer. 21. The wafer |evel package of
cl ai m 20, pfeﬁwt’ﬂgtﬁo%onpri sing a fifth electrical interconnect disposed in
the second through via and in electrical contact with the second el ectrical
| nt er conndti1685 duhife,the ieentipn s hper BRFeHETY Heo v R Arsethed prihgaference
i nterconnect to. an external connection. 22. The wafer |evel package of
any one ofo enegifiggembodignents, ityfhenldibe understood toyrthese skdkediim gherdarhthat garisvmnect ed
to a ground connecti on. '

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
thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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23. A nethod of formng a wafer |evel package conprising: formng a device
waf er including a MEMS device; formng a cap wafer over the device wafer;
form ng awol2zenst37s3me first interconnect between the deviPC#/SEaém@noesss t he
cap wafer such that the at |east one first interconnect is configured to
provi de an el ectrical connection between the device wafer and the cap
wafer; and formng a conformal sealing ring between the device wafer and
the cap wafer such that the conformal sealing ring is configured to
surround the at |east one first intekﬁﬁﬁgect and the MEMS device so as to
provide a conformally seal ed environ for the at |east one first

i nterconnect and the MEMS device; wherein formng the conformal sealing
ring conpWhaes dameding t he confornmal sealing ring such that the confornal
sealing ring is configured to conformto a respective suitable surface of
the device wafer and the cap wafer when the device wafer is bonded to the
cap wafer. 24. The nethod of claim 23, further conprising formng a first
el ectrical ilnt 8rvaierileval package eompisingap surface of the cap wafer and in

el ectrical contact wwth the at |east one first interconnect. 25. The nethod

of claim 24,
a device wafer including a MEMS device;

a cap wafer disposed over the device wafer;
at least one first interconnect disposed between the device wafer and the cap wafer and
configured to provide an electrical connection between the device wafer and the cap
wafer; and
a conformal sealing ring disposed between the device wafer and the cap wafer and
configured to surround the at least one first interconnect and the MEMS device so as to
provide a conformally sealed environment for the at least one first interconnect and the
MEMS device;

~ wherein the conformal sealing ring is configured to conform to a respective suitable
surface of the device wafer and the cap wafer when the device wafer is bonded to the cap
wafer.

2. The wafer level package of claim 1, further comprising

a first electrical interconnect disposed on a first cap surface of the cap wafer and in

electrical contact with the at least one first interconnect.

3. The wafer level package of claim 2,
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wherein formng the first electrical interconnect conprises formng the
first electrical interconnect such that the first electrical interconnect

i s confi guoeditia7sseut e the at | east one first interconnect/sgkengoddtse first
cap surface of the cap wafer to crossing the confornmal sealing ring to the
outside of the sealed environnent. 26. The nethod of any one of clains 23
to 25, further conprising formng at | east one second interconnect between
t he device wafer and the cap waf er such that the at |east one second
|nterconn%ﬁ} rOV|de a n between the

nf. i ctl
devi ce wafer reénn%‘gg e e%amca PteF onnegy1s c?ﬁgg“rlﬁgg I r(ﬁ’ug?ath%?tgﬁéf 6\5her ein .
formng t Iin&exabnﬂeetaﬁdngaheﬁﬁ;ee@’@rfaaé 6o Wﬁfeﬁtb@édsﬁ@&hé‘ &ihfﬂrﬂgl dehngat | east
one second, i nt rconnec% in the conformal sealing ring. 28. The net hod
of clai m 5§88 thoputsigg o gﬁﬁeqﬁiﬁPﬂ@mﬂﬁétat | east one first interconnect and
formng the at | east one second interconnect conprises formng the at | east
one first interconnect on one side of the MEMS device and form ng the at
| east one sebombe wafeelevelmackage ofi amnonadiclaiingd toB, futtheriBMBrisiegi ce. 29. The
met hod of any one of clainms 26 to 28, further conprising
- at least one second interconnect disposed between the device wafer and the cap wafer and
configured to provide an electrical connection between the device wafer and the cap

wafer.
5. The wafer level package of claim 4,

wherein the at least one second interconnect is disposed within the conformal sealing

ring.
6. The wafer level package of claim 4 or 5,

wherein the at least one first interconnect is disposed on one side of the MEMS device

and the at least one second interconnect is disposed on another side of the MEMS device.
7. The wafer level package of any one of claims 4 to 6, further comprising

a second electrical interconnect disposed on the cap wafer and in electrical contact with

the at least one second interconnect.
8. The wafer level package of claim 7,
wherein the second electrical interconnect is configured to route the at least one second

interconnect along the first cap surface of the cap wafer to crossing the conformal sealing

ring to the outside of the sealed environment.
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formng a second electrical interconnect on the cap wafer and in electrical
contact with the at | east one second interconnect. 30. The nethod of claim
29, wher evo 2bwasv3sg t he second el ectrical interconnect ®ORSG280906355 M ng

t he second el ectrical interconnect such that the second el ectrical

I nterconnect is configured to route the at | east one second interconnect
along the first cap surface of the cap wafer to crossing the confornal
sealing ring to the out si de of the sealed environnment. 31. The net hod of

any one of 0,, wherein onf sealing ring is made of a
co%formal n?t’gj}. aYva eé’ﬁls léﬁﬁed)égn%\o%e ﬁfcgﬁ‘%?“gg’ndl ng. 32. The method of
claim 31, wherein each of the at least one first interconnect and the at

| east one second interconnect |is nade of the same conformal material as the
conf or mal Waegin the confppnal seplingring dsmadrigrcopfommal materiglveiieh provides € onf or nal
mat eri al b&ﬁ@ﬁﬁfﬁ&ﬁﬂh%FOﬁ]& group of materials consisting of gold-tin
alloy, frit glass ymer .

10. The wafer level package of claim 9,

wherein each of the at least one first interconnect and the at least one second interconnect

is made of the same conformal material as the conformal sealing ring.
11. The wafer level package of claim 10,

wherein the conformal material is selected from a group of materials consisting of gold-

tin alloy, frit glass, polymer.
12. The wafer level package of any one of claims 4 to 11,

wherein the conformal sealing ring, the at least one first interconnect and the at least one

second interconnect are formed in a common processing step.

13. The wafer level package of any one of claims 4 to 12,
wherein the at least one first interconnect is electrically isolated from the conformal
sealing ring and the at least one second interconnect is electrically isolated from the
conformal sealing ring.

14. The wafer level package of any one of claims 1 to 13, further comprising

at least one third interconnect disposed between the device wafer and the cap wafer.

15. The wafer level package of claim 14,
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34. The nethod of any one of clains 26 to 33, wherein form ng the confornal
sealing ring, the at least one first interconnect and the at | east one
second i nvernopm3ests conprises forming the confornmal sealpcogcromgpodshe at

| east one first interconnect and the at |east one second interconnect in a
common processing step. 35. The nethod of any one of clainms 26 to 34,
wherein formng the at | east one first interconnect and the at | east one
second interconnect conprises formng the at | east one first interconnect
and the at |east one second interconnect such that the at |east one first
interconnect is electrically isolated fromthe conformal sealing ring and

t he at | eaditreonthe selegsnond third imencomett is dispbsedtoutsidel dfthd @afoainalsehlingm t he
conformal .sealing ring. 36. The nethod of any one of clains 23 to 35,
further cBAPrising fornming at |east one third interconnect between the
device wafer and the cap wafer. 37. The nethod of claim 36, wherein formng
the at |least one third interconnect conprises formng the at |east one
third inter dénfbewalgulexelpeckage ohelabmid of Wl sealing ring. 38. The nethod of
claim36 or 37,

wherein the second electrical interconnect electrically connects the at least one second

interconnect to the at least one third interconnect.
17. The wafer level package of any one of claims 14 to 16, further comprising

a third electrical interconnect disposed on the device wafer and electrically connect the at

least one third interconnect to an external connection.

18. The wafer level package of any one of claims 2 to 17, further comprising
a first through via formed in the cap wafer.

19. The wafer level package of claim 18, further comprising
a fourth electrical interconnect disposed in the first through via and in electrical contact
with the first electrical interconnect so as to electrically connect the first electrical
interconnect to an external connection.

20. The wafer level package of any one of claims 7 to 19, further comprising

a second through via formed in the cap wafer.

21. The wafer level package of claim 20, further comprising
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wherein formng the second el ectrical interconnect conprises formng the
second el ectrical interconnect such that the second el ectrical interconnect
el ectri cavbyooosnsgt s the at | east one second i nterconn@cCt/SGaowweosas | east
one third interconnect. 39. The nethod of any one of clainms 36 to 38,
further conprising formng a third electrical interconnect disposed on the
device wafer and electrically connect the at |east one third interconnect
to an external connection 40. The nethod of any one of claims 24 to 39
further c [ 0 t. r n.the.c

The. ot hod 1o <yeastal e dispbllin b LB ool i aF T B:AE Shrpr i

i nt er connedth thesetdral dléatsdal tﬁtemugﬁctvsoaasmdeuﬁcaﬂyemhneccﬂie seewndabdctrival h t he
first electrical interconnFct so.as to electrically connect the first

el ect ri caTROMREEIR AR EXteRng] CHMMESHODr nal  connection.” - 42. The method of any
one of clains 29 to 41, further conprising formng a second through via in

the cap wafer.
22. The wafer level package of any one of claims 1 to 21,

wherein the conformal sealing ring is connected to a ground connection.
23. A method of forming a wafer Ievel package comprising:

forming a device wafer including a MEMS device;

forming a cap wafer over the device wafer;

forming at least one first interconnect between the device wafer and the cap wafer such
that the at least one first interconnect is configured to provide an electrical connection

between the device wafer and the cap wafer; and

forming a conformal sealing ring between the device wafer and the cap wafer such that
. the conformal sealing ring is configured to surround the at least one first interconnect and
the MEMS device so as to provide a conformally sealed environment for the at least one

first interconnect and the MEMS device;
wherein forming the conformal sealing ring comprises forming the conformal sealing
ring such that the conformal sealing ring is configured to conform to a respective suitable

surface of the device wafer and the cap wafer when the device wafer is bonded to the cap

wafer.

24. The method of claim 23, further comprising
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43. The nethod of claim42, further conprising formng a fifth electrical

I nterconnect in the second through via and in electrical contact wth the
second elwotnilgmhs3unt erconnect so as to electrically comoEsSG2009®0638s0nd

el ectrical interconnect to an external connection. 44. The nethod of any
one of clains 23 to 43, wherein formng the conformal sealing ring
conprises formng the conformal sealing ring such that the conformal
sealing ring is connected to a ground connecti on.

forming a first electrical interconnect on a first cap surface of the cap wafer and in

electrical contact with the at least one first interconnect.
25. The method of claim 24,

wherein forming the first electrical interconnect comprises forming the first electrical
interconnect such that the first electrical interconnect is configured to route the at least
one first interconnect along the first cap surface of the cap wafer to crossing the

conformal sealing ring to the outside of the sealed environment.

26. The method of any one of claims 23 to 25, further comprising
forming at least one second interconnect between the device wafer and the cap wafer
such that the at least one second interconnect is configured to provide an electrical
connection between the device wafer and the cap wafer..

27. The method of claim 26,

wherein forming the at least one second interconnect comprises forming the at least one

. second interconnect within the conformal sealing ring.
28. The method of claim 26 or 27,
wherein forming the at least one first interconnect and forming the at least one second
interconnect comprises forming the at least one first interconnect on one side of the
MEMS device and forming the at least one second interconnect on another side of the

MEMS device.

29. The method of any one of claims 26 to 28, further comprising
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forming a second electrical interconnect on the cap wafer and in electrical contact with

the at least one second interconnect.
30. The method of claim 29,

wherein forming the second electrical interconnect comprises forming the second
electrical interconnect such that the second electrical interconnect is configured to route
the at least one second interconnect along the first cap surface of the cap wafer to

crossing the conformal sealing ring to the outside of the sealed environment.
31. The method of any one of claims 23 to 30,

wherein the conformal sealing ring is made of a conformal material which provides a

conformal bonding.
32. The method of claim 31,

wherein each of the at least one first interconnect and the at least one second interconnect

is made of the same conformal material as the conformal sealing ring.
33. The method of claim 32,

wherein the conformal material is selected from a group of materials consisting of gold-

tin alloy, frit glass, polymer.

34. The method of any one of claims 26 to 33,
wherein forming the conformal sealing ring, the at least one first interconnect and the at
least one second interconnect comprises forming the conformal sealing ring, the at least

one first interconnect and the at least one second interconnect in a common processing

step.
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35. The method of any one of claims 26 to 34,
wherein forming the at least one first interconnect and the at least one second
interconnect comprises forming the at least one first interconnect and the at least one
second interconnect such that the at least one first interconnect is electrically isolated
from the conformal sealing ring and the at least one second interconnect is electrically
isolated from the conformal sealing ring.

36. The method of any one of claims 23 to 35, further comprising
forming at least one third interconnect between the device wafer and the cap wafer.

37. The method of claim 36,

wherein forming the at least one third interconnect comprises forming the at least one

third interconnect outside of the conformal sealing ring.

38. The method of claim 36 or 37,
wherein forming the second electrical interconnect comprises forming the second
electrical interconnect such that the second electrical interconnect electrically connects
the at least one second interconnect to the at least one third interconnect.

39. The method of any one of claims 36 to 38, further comprising

forming a third electrical interconnect disposed on the device wafer and electrically

connect the at least one third interconnect to an external connection.

40. The method of any one of claims 24 to 39, further comprising
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forming a first through via in the cap wafer.

41. The method of claim 40, further comprising
forming a fourth electrical interconnect in the first through via and in electrical contact
with the first electrical interconnect so as to electrically connect the first electrical
interconnect to an external connection.

42. The method of any one of claims 29 to 41, further comprising
forming a second through via in the cap wafer.

43. The method of claim 42, further comprising
forming a fifth electrical interconnect in the second through via and in electrical contact
with the second electrical interconnect so as to electrically connect the second electrical
interconnect to an external connection.

44. The method of any one of claims 23 to 43,

wherein forming the conformal sealing ring comprises forming the conformal sealing

ring such that the conformal sealing ring is connected to a ground connection.
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