A WAFER LEVEL PACKAGE AND A METHOD OF FORM NG A WAFER LEVEL PACKAGE
Techni calWeRRHP37PH001] Enbodi ments relate to a wafer | ePET/SHAORAMISS
and a nethod of formng a wafer |evel package. Background [0002] Cost
and size reduction is driving packaging industry to new neasures and
approaches. Wafer |evel packaging is one approach which the packagi ng
industry is looking into for size and cost reduction. Since wafer

package.  coat At BEVEICPACIOMGR NI MEDIODOF ORMING ATVAFER | |

package, cost and real estate can

size may be achi eved by integrati L devices into a single
package. [0003] Wafer |evel paéﬁﬁnggA§§§E§'so be used for

M cro- El ectro- Mechani cal Systens (MEMS) devices to neet the

requi renents of size, cost, herneticity and vacuum For MEMS devi ces
whi ch have noving parts or suspended beans, air inside the MEMS

devi ce package may danpen the novleghnical Fiel Therefore, there is a
need to maintain a vacuumw thin the MEMS device package in order to
prevent défpling Embpdimenisuelaty tparvaferdevel pagkageiant] Hwetred offprmingra wafer
vacuumis a poor conductor of heat and this may be used for MEMS
devi ce padekaelgackage.al | ow for high thernmal isolation or stability.

[ 0004] Therefore, there is a need for a wafer |evel packing for MEMS
devi ce which may provide good vacuumreliability within the MEMS
devi ce package. Summary

Background

[0002] Cost and size reduction is driving packag-ing -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 baftch process
and is almost a true chip size package, cost and real -e.state 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
MEI\(IS 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.



[ 0005] I n various enbodi nents, a wafer |evel package may be provi ded.
The waf erWP2)03pHdkage may i nclude a device waf er incl BETSG2EPINENISS
devi ce; a cap wafer disposed over the device wafer; at |east one
first interconnect disposed between the device wafer and the cap

waf er and configured to provide an electrical connection between the
devi ce wafer and the cap wafer; and a confornmal sealing ring disposed
bet ween the device wafer and the caguﬂsﬁ{% and configured to surround
the at |east one first interconnect™an e MEMS device so as to

provi de a or : i T - pnerd |

i ntercon m[aac?t@g]fand Ii?h%ﬁolvl%el\%ﬂb?gﬁ%h\éé a&ﬂé@f;&xglﬁa@k{kgn@& %?ﬁgle&agﬁi ?\%é ?’lﬁfr?lg-]

may be copf Lgur t onfonrm.t e a respecti,ve sui l.e surface of the

devi ce vvaiyglrﬂ g%gg%%e a%a‘%&&&%ne" r 8%%enw fe 13%19/'?%1 aW&@dgi CV6h &Py ga{éﬁe
cap wafer,. [0006]1n various epbodijrents, met hod of form ng a wafer

| evel pacﬂ'é’gﬁe‘gré{‘ferap?dé%écepWB Fod .°asﬂﬂélen€‘F‘nHEerﬁWe?tn‘é‘FER§Edf MReAdhe

device wafer including a MEMS device, formng a cap wafer over the
devi ce wafi¥ice ValeRiang the qep¥aferand coptgured, e peoiidan ahectrigab onpestion
device wafer and the cap wafer such that the at |east one first

i nt er connkktwespathebdevicgniign and the cpp wiafate anth a glopfiirmak sdaling mingcdismosed
bet ween the device wafer and the cap wafer; and form ng a conf or nal
seal i ng rbetgedethedevice hafedaud tlee vapfl eafenadd donEgmrap tovafresund ukdatt lbast ohdre
conformal sealing ring may be configured to surround the at |east one
first intfifscdneseinantnihteVMiBMEedéviee $6 &S td Qreviay i orfosasliyo s8@ed v
sealed . environment for the at |east one first interconnect and the

MEMS devi afviroMedtefon tHeO&t edtd ohd Fir@ QhfefiofRdct SRR HMUEM deWBY: wikthid GFe
formng the conformal sealing ring such that the conformal sealing

ring may QesGeal k&%@%&%@g&%ﬁﬁgg%mﬁen : ‘(&ad A/?esﬁé&i%é‘%igarble n%‘f e6¢

of the device wafer and th device wa

bonded t Othk ﬁ@vxf’\é‘a‘g the @5 e\%fﬁp@ﬁ&{ fhgtdg‘? e &Lfef {;3)0?(2%.9 r%l?egc Qa(r)aqu] In

t he draw ngs, e Areren characters glenera he “sane
parts thr out _the. different views he .drawi ngs.are not

necessari @y&ﬂo s Yagougwﬁg@pgn‘sn%%gu&gagﬁwg ?&B@F FFJBQW‘*&E%%T Bhotse
illustratin t.ge %i nci pl es of v%rious enhodi ments. In the foll ow ng
descri pt i BHProvaed- dds wetelids forpipe 3 Agdss WaiFr iarluding SAVENSHaNicen
reference_to the follow ng drawi ngs, in which: FIG 1 shows a

cr oss- seclonBing| a sprWalsr averathedevisyewalse clemgmeaticlsestiong fiest apferconnect

enbodi ment ; )
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



FIG 2 shows a cross-sectional view of a wafer |evel package with at
| east oneWPRPEP3Rter connect di sposed outside of a conf BERHG240A0034
ring according to an enbodi nent; FIG 3 shows a cross-sectional
view of a wafer |evel package with a first t hrough via and a second
through via forned in a cap wafer according to an enbodi nent;

FI GS. 4A to 4H show cross-sectional views illustrating a nethod of
formng a I i NENR o]
an enbodi rsrentg&%d%é &ﬁeﬁé‘%df%e%%?bﬁ%&v%ﬁ gss seé%ﬁgéfg’lemgfggwﬁ&g $
illustrati g S\Jl?érh()d of formng a resultant cap wafer according to
an enbodi nent FIGS. 6A to 6C show cross-sectional views
illustrating a nethod 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 enbodi nent; FIG 7A to 7E

show cross-sectional views BriefRescription oftheRrawings di ci ng t he bonded
devi ce wafer and cap wafer according to an enbodi nent; FIG 8A

shows a cit¥93] sednithsmdrawingswlib¢ refersotel eharasserp eneralin refér ® thirssie parts

i nternedi ate sol der | ayer disposed on a cap wafer before bonding
accor di ngthroughnutetiioodifferent vielks G TIEBdmving ae alod SBessetily @nataly)i epyphadis a
sol der conposition of a second internedi ate sol der |ayer disposed on

a device wifead gbmirallycbding giabe as@ONditdingQhe Prin¢pRY bfiricus I%lnﬁodfﬁ@ms
shows a cross-sectional view of a solder conposition of a sol de

| ayer bet yegp fbh&wﬁ@ﬂie‘é@&lﬁibna%cﬁ@%nﬂ;%ﬁh&ﬁté’\@f file i#}dn&bn Wﬂks&%ed with

according to an enbodi nent; shows a sol der phase di agram

of a resu}gf&gﬁcquﬁ%n&@%?&mwpﬁ%p ﬁap waf er and a devi ce wafer

according to an e di men ‘0 shows a cross-sectional view
g](c:cgr glozgo,[ (r)mlan erarlb!glg)gv {: ss—séclfiogaq h&e tolf PwhRr Tevd pacri:ggé: QLR utlgl @ 'an
embodiment;

FIG. 2 shows a cross-sectional view of a wafe-r 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. SA 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 11A shows a circuit representation of a conformal sealing ring
wi t hout BRAREIBER4t0 a ground connection according to BﬁT@ﬁB‘&’éiUH@ﬁi
FIG 11B shows a circuit representation of a conformal sealing ring
wi th connection to a ground connection according to an enbodi nent;
FIG 12 shows an optical mcroscope picture of a conformal sealing
ring with connection to a ground connection according to an

enbodi nent;  FIG. FAGto Y8 SHOOMSrods-8c@bnaP i tﬂhst&dﬁﬁg gm&e&fsdiéing the
tric yer |

frequency for capaC| tors W th varyl ng d| e ec nmensi on

accordi ng pg[at | ced wafer |evel

package a er ?%e res gvﬁa "r‘fa“' %% ?J]%PV\EO%Q y full dicing of

t he bonded waf cording to an FIG 15

shows a waf er ﬁg?a?‘gp%@yég@ %gﬁsﬁ;ﬁct\ﬂnrag Vb%(fggatsé’ld&r é‘é’%‘{:“’?e%éafﬁ@he

package accor g(gn %5’? an erraggl ment ; FIG 16 shows an

i npedancelfsaediaty wldest layer, dispaseq pep oamKafge beigre ondinggeqding to an

according to an enbodi nent; FIG 17 shows a calibration curve

i nvol vi ngembesiment; FIG. B showsra ernss-seatianahview\afa spldes gempositianofes segpndy

MEMS devi ce according to an enbodi nent; and FIG 18 shows a

ful | y bondedmediite rsobder dayec dispopdnon helehiat ovaitr befert dndimggdrcodimgxpose

the bond pads on the MEMS device according to an enbodi nent.

Descri pt i entbodiment; 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;



100081The followi ng detail ed description refers to the acconpanyi ng
dr awi ngs WRaMI4RHR* by way of illustration, specific deP&IlIS&2¢13§00355
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 enbodi mrents may
be utilized and structural, logical, and electrical changes nmay be

made without demarisi shewk & WBfé18ve YaRGigebetnBSvitdWeiAbd R cdrBBicMBid fise
enbodi ments are not necessarily nut uaFIy excl usive, as sone

enbodi nengicbkg ac@&dﬁ%’?%@%@?%ﬁﬂéﬁ”e or nore other enbodinents to

f orm new I ments. e wird "exenplary" is used herein to

mean "serving xampl e, instance r pllustration’. A

enbodi ment or gﬁ}esﬁg nS%a‘élgsrgrrl BRs aﬁ%er'@?aﬁé g@t DEQ é‘f?%fra{?'if' chéca%%ft% a resonator
necessarily tpo be construed as preferred or advantageous over other
enbodi rrenf‘"ié"’ajrmﬁj@@{f odimfAf 2011/ 037534PCT/ SG009/ 000355 [ 0010] An
enbodi ment proyvides for a wafer |evel package. The wafer |evel
package may i nBiGidé showed salibrationcurveieyalwing gespeqiivriQ) fheter ard vaguwmevel
waf er di sposed over the device wafer, at |east one first interconnect
di sposed wasusqurssursdorraMEMS deviies acaprdintgite ag smbodiment; amdl configured to
provide an el ectrical connection between the device wafer and the cap
waf er, and a cEIi¢f. ddnshows eafullychanided) wafa pifiee dubepencihn lithal feditheuppier
and the cap wafer and configured to surround the at |east one first

i nt er connexploséthd bbipdd W tHEEMEMMS 86viesacterdigQy afl émBodigihor mal | y

seal ed environnment for the at | east one first interconnect and the
MEMS devi ce, wherein the conformal sealing ring is configured to
conformto a respective suitable surface of the device wafer and the
cap wafer when the device wafer is Dapdgfod 0 the cap wafer. [0011]1n

. . by h
an enbodi nent, the at |east one first rnterconnect may include two

rel ativel vel . f i.n contact w,th the respective
devi ce wa glr)ﬁand T@%E‘;% “é%saétﬂz‘ig‘ﬁée%%?%"e“r TRt n&o:N{r% aﬁ?%%@?“%ﬁ%‘?ﬁ%%l
seal i ng process, a f surface nat required for bonding between
the at | e¥op E’P{ew;f}i ?}s’?‘f“f;tﬁ#@f‘c W@dﬁ?‘gp@eﬁn ks Wg'“:li‘e F davegop
cap wafer. Sjnce sold has a thickness of 8 urn_tolO urn, a |level

di f f er ece™Ma¥ PpPECtifid Jheecambpdiments are eribadyinsuiicicnt At de sepbl sy
waf er bondi_“r;%._ In the case of eutectic bonding, the respective device
waf er andskillfd wafhewtit & pEactice thee invgaiorn: | Qther pmbediments gnash ke utitinedaand
with each other because there may not be an internediate |ayer

bet ween t $teichwal plogicel endieledtoeal \whhnges ey Heheadeapitheart departityr femn dire, scope
there may be a thickness variation across each of the respective
devi ce wabfethedneentibe Tleepvavinfue remboidivlienteyrelmot alvoessarity n2utually Eichishe as
due to | ong process steps, respective device wafer and the cap wafer

may be s udin@Céribdifente arBkecaiibinéd vith [BRY ob ittt GtheR BmBinkhte Aétform new
variation across the respective device wafer and cap wafer. So the

vari at i onghkbdisqgcti ve device

[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.



waf er and _cap wafer thickness and warpage may affect bondi ng done
with eut éﬁ?izguﬂ’é't"ﬁﬂ)d but may not be observed for bondi nBCWgPP(’%?Q?é?
for conformal sealing and bondi ng process [0012]In an enbodi nent, the
MEMS devi ce may include a resonator, a switch, an oscillator, an
accel eroneter, a gyroscope , an infrared (I R) mcrobol oneter, a
tactil e sensor, an absolute pressure sensor, a magnetic field sensor,

an angul afgei @t € ith&t ?gﬁgggl LARL 3D ' t

devi ce vvaq: erﬂmay%l%nc uo(?e a é’? |confglz)?1 I nsu gtgf&f‘ 0l glg‘fjsgés}tl?‘éc?g%kﬁ%
SO substrate | -11d rt | , 180 insul ator l.ayer

di sposed B fclite 4 BEHE Rl THAREL o aEAS 0, B ¥l Nl iRERES prer the
I nsul ator,l ayer.. The  device.|l ayer may bge electrically jnsul ated from
the suppofa/i9eafer gl leapteone first ?r?fﬁmgﬁf&pwe%h@“é’%b@étdlewﬁ?@fatfmd the
i nclude silicon, sapphire, polysilicon, silicon oxide, silicon
nitride &P walahpideconfigured g proyidsan plgstaeal ppynection hgavesn (thecdayiasxyafer
polymer, dielectric material for exanple. The device |ayer may

i ncl ude s#tditbepap vafer.i anh aagandoringd seabing ripp dispesadehetweenftbe devicmwhfer and
[0014] I n an enbodi nent, the MEMS device may be formed on the device

| ayer of thheapevifereamb tearfigur&iibbirrouad theraodiasteone firdidnieapniet and niy
serve to protect the MEMS device and may include silicon, polyner,

gl ass, CeMEMSdevide socBo providedeconfirfahlly tdaridreapirashént for'tRé ad least Oxie first
exanple. The cap wafer may include a cavity configured to acconmodate

the MEMS gdeydonfectRRd tH IEMP d¥AtE wheRY B8 cdhhasiedaiieering RCoHAMIGELo
waf er. The cavity nmay be di nensi oned according to the dinensions of

e N S ARG R U SOV Pl SRRl
there witifedFerd! Bshddl 0¥ irdGay §GHM | Nsi de the package.
[0011] In an embodimcnt_, the at least one first interconnect may include two
relatively level or flat surfaces in contact with the respcc_tivp device wafer and cap wafer.
Using solder bonding process or conformal sealing process, a flat surface may not
required for bonding between the at least one first interconnect disposed between the
device and cap wafer. Since solder has a thickness of 8 um tol0 um, a level differece
\ across the device wafer surface may be accommodated during wafer bonding. In the case
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 in'termediate 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



WO 2011/ 037534PCT/ SG2009/ 000355 100161The device wafer may include
two oppoVRIILPBTHees, a first device surface and a secBﬁﬁ’SQ@W{?@MSD
surface. Simlarly, the cap wafer may include two opposing surfaces,
a first cap surface and a second cap surface. The first device
surface and the first cap surface nay be the respective active
surfaces of the device wafer and the cap wafer, while the second
devi ce sugh NGipt e CLl :
Dassi ve Surtacaa ap PR BARe 3R SRS P UI0R (oM RRRC M Rutectc
device su t flk : face d i:he_secon
devi ce suﬁeg]%g Br?;;én{}gg(g %ﬁa@eﬂﬁg @gggiﬁ‘g‘ﬁéavglﬁgﬁr P é{cg’? g%“?%lesea g an
respecti Vﬁ devi ce wafer and the cap wafer nmay be bonded together.
Each of tR& 88 ve device wafer or the cap wafer may include
precuts forned on the respective first device surface or the first
cap surf a&!ﬁ%&ac R" ar W@S‘m%béjé‘? MEMy dlpvice oy BFluds @ Teseater 3 spefchy an
may include backside alignment marks and dicing lines formed on the
respect i vescillagasnan qecaleremeigr. f & gprosenpet hen srd‘teemg (IR pnistobplooeter;Th dactile
formati on of the precuts, backside alignnment marks and the dicing
mar ks (di ssnsqy, amalkeoldopressiposmisory 4 magietic dfredd sdnsamadn dugnlargawesekser,ffor
singul ation) on the respective surfaces of the device wafer and the
cap waf erexumplserve as a reference when separating the MEMS device
package or dicing between the respective MEMS devi ce package.

[0017] I n mo1%ymbodh B Binbodifnefit) thedyide v AT&dBa P thcludg afsilicoh ohUhdulisr @DI)
the device wafer by deep reactive-ion etching (DRI B) etching, around

140 to 15Qibdidte IBRISOT QbstE Al Snctddiea RB6Ha ;ya%h%sﬁﬁ&b@ag%ghi%p?s%n

open the bond pads of the lateral feed through. e prese

pr ecut rm%E i %ﬁg@gy . [ [in
the hal f |g‘¥ é).gtl e prggﬁ‘?éenfag&ﬁiéﬂ#g%%nd& gn ?fa(tyr’ﬁ?#’%g @F?g‘?é%%y?ra%

of either,the device f or,the c waf er,. As .an exanple, the

o ecut b SE SR BLehoRns NopSAReAT bTine iHRThaTARIE i sobp e hger
mark may be required on the second surface of - the device wafer. In a
furt her e%wcg'féeﬁﬁ{&f’?fr%eﬂwnﬁ YRicqm, siieen gxidp.iliqop nitfid farrexamapls Thee
cap wafer_and dicing may be required on the second surface of the cap
waf er. Thidpdptigdaysanay Helpde ailigonpxide, pohmner. disleptas matrtiah fpriegample. The
precut on the second surface of the cap wafer and the dicing mark

cor r espondfivirg lexsr ey inplude silicenygaliuny arsenifle sdigoneeimpivmfor gkanplg mar ks
for the chip singulation, that may be required for every silicon

waf er. Thi@ft4lor e, In garesbatliment,ithe MEME ydehise amydediotmaina therdeeioe lgecohg
mar k positioned on the second surface of a device wafer or a cap

waf er whithl dewiye wafet.ude a precut on the first surface. Alignnent

mar ks may be provided on the second surface of either or both the

devi ce wagnemandm hecaBeiimehtS thelc@p HfG i N@réP phekQtheNENE dedsy ik
waf er. Before carrying out the wafer to wafer bondi ng, the device

vaf er andmgAm oAk &llicBRYpoRind! 'gl%,eeeraﬂi%ftﬁﬁeoé Eridk '@@ab;,%@g@g@%%ﬁlz %b&m,gg

and the bond pads are ‘ali'gned to eac er correctl

an exanpl r f . i f th i ce fern d

cap waf erﬁfrfeéli}%g ) cgﬁ'ec 2 3" aﬁ?ingarm lﬁ‘g{}?%;g%gtgkcg Pﬁ%ﬂgﬂogar? ﬁ(\é}ﬁ{“ggraatgﬁle&ﬁﬁﬁ?e
second sutface Igf he dev'i.ce fer. to %he al, i gnnent parg on t he
second suTFEESVI R &R Y3t apay, be disposed, overy Eaﬁ%‘f'ﬁ&’&eﬁa VIR DopYs s
aligning {he respective devjce wafer apd the cap wafer and the nethod
may be di dimepdinredaepeiedg thidimfasigey Pt the MEMSdeyienddhe sresence oh dieng
bet ween the respective device wafer and the cap. 10018]In an

enbodi mengavity meayilef reguiradas|it pag leseid phasicsliontaet with gielMEMS dévicss which
el ectrical interconnect disposed on the first cap surface of the cap
waf er andmaybeinewingiticat withimt aad talseiprdviddreacaomlissiddt the packhge: st

i nt er connect.



[0019] I n an enbodi nent, the first electrical interconnect may be
confi gur SHOZBIY4TR4 the at | east one first interconnect PEXSRE00OHA03SS
first cap surface of the cap wafer to crossing the conformal sealing
ring to the outside of the seal ed environment. WO

2011/ 037534PCT/ SG2009/ 000355 [0020] I n an enbodi nent, the first

el ectrical interconnect may include any conductive material. The

first el egiouspal THetdRWReNAFEL mAR ndlitfe! %eop;pgﬂﬁ rsm(fﬁe% a ﬁ}slﬂrabﬂe%&ﬂcé
gold (Au), platinum (Pt), silver (Ag), protactinium (Pa), nick

(Ni), cobgld a § d d% riat u%ﬂ%ﬁ%}} Mag Waf‘e-g (x%ﬁ%lﬁ&?&%@f%@lg smﬁrfarags,

(Zn) magnesi um

002171 f th

Lo fonst BESCABRAER edi%Eﬁ%’%e?cﬁa.sg%%cseﬁﬁ%iﬁzdswcm#rg Rl e e
and the cap.waf er confi.gured to rov e an electr|0ﬁ connectlon
bet ween t maéé’e@&fféﬁpeaﬁ qofiye § e devis watprand the. capotiiam hile

t he at Ieast one, second i nterconnect may be di sposed within the
conf or mal ﬂ@eﬁf"?‘%’g q,qqu‘gsurfacc and the second cap surface may be the respective passive

surfaces of the device wafer and the cap wafer. The first device surface may face towards
the first cap surface and the second device surface may face away the second cap surface
when the respective device wafer and the cap wafer may be bonded together. Each of the
respective device wafer or the cap wafer may includé pfecuts formed on the respective
first device surface or the first cap surface. Each 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 ca}; 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 caﬁ 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



[0023] I n an enbodi nent, the at |east one first interconnect may be

di sposed WA 28H@3&33d4e of the MEMS device and the at | easPCEHRE2QRHHH3F5

I nt erconnect may be di sposed on anot her side of the MEMS devi ce.
[0024] I n an enbodi nent, the wafer |evel package nmay further include a
second el ectrical interconnect disposed on the cap wafer and in
electrical contact wwth the at | east one second interconnect.

[0025] In &v}ee%@an&ea g{@eé sﬁmﬂeﬁh@g}& @ﬁlh%i,@ff&{n%a RS f&gﬁgu%%]% of

configured to route t east ‘one secon t erconnect

first ca urf f . waf.er to crossing the canformal sealin
ring to Ito e ocﬁﬁ §fa&§r %r}cf]ﬁ ]l'cngn%glélgy &5 réﬁk‘/‘fefﬂo%’héfh"t .ecfﬁgf%‘_??cﬁ Oa{ﬂ&e Gp Wafer.
enbodi nmen t he second glecgtrical .interconnect my include any

conduct i vih?‘Fﬁ{'}’éer &lﬁfe. max,ge & Fb‘?ﬁjméﬁke‘i?ﬁef‘%’éalqgﬁf’ élPec%rﬁ?Héé‘P theyseopnksunfaee
copper (Cu%I alum num (Al), .gold (Au), platinum (Pt), silver (Ag),
prot act i nP{ithe(28)Walpi anchfhe( diFing mark fiemiespanding, tot tha gsecahmayybe pasitignedim

(Ti), tantalum (Ta), zinc (Zn), magnesium (My), rhodium (Rh), iridium
(Ir), forbesidenthe 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 ldevice wafer and the cap wafer to align the cap ﬁafér 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 bondin'g 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 caﬁ.
[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 e¢lectrical 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.



[0027] I n an enbodi nent, the conformal sealing ring my be made of a
conf or mal WRaPBBEB4whi ch may provide a conformal bondi n§CT{SGRM8100E35EN
enbodi nent, each of the at |east one first interconnect and the at

| east one second interconnect may be nade of the sanme conformal
material as the conformal sealing ring. [0029]1n an enbodi nent, each
of the at |east one first interconnect and the at |east one second

I nt er conngetojMeY IPs SRERIAEntathd iffrdt @B RcalTRicfiohAdet ﬁ’ﬁy?rlgtt@u ; Qﬁﬁmlcg\ée

sealing ring. [0030]In an enbodi ment, the conform erial may

oase, DTRG0
(v oo atsin Py Che) ot b BcestiofthserdfiEhagiien

Cu, Sn, In and hi.snut )., for_exanple, [0031]In, an enbodinent, the
conf or nal HEHYN; (&B’ Y"’PF?E"“"“ EJF%’ ginc (Zn)s magpesivm (Mg), thadispn (R tdivm 41, fer
at | east one second interconnect may be formed in a common processing
st ep. 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 seooﬁd- interconncct 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), mickel (Ni),

10



[0032] I n _an enbodi nent, the at | east one first interconnect

el ectri cAVPyPIH&3i3¢ted from the conformal sealing ring aRGTHRFE)

(é{OOOSSS

| east .one second interconnect may be electrically isolated fromthe

conf or mal sealing ring. [0033]1n an enbodi nent, the conformal

ring may be electrically isolated fromthe device wafer by a

seal i ng

dielectric layer positioned between the conformal sealing ring and

the devi ceobaf @o), ﬁhgst@p rmaiuuﬁieem NG@nfaluds (TBY zﬁJcS(IQn ) EmEgrREihil QAd)! Y

i solated fromthe cap wafer by a further dieleciric

bet ween t i dGaN{RM) RlnaEE

enbodi nment , the wafer |ev pac

ayer p05|t|oned
Iﬂgeii eand the cap wafer. [0034]1In an
gi ge may further include at |east one

third t d f d, t

T SR A TPl U5 e
t { di d t 0035] |

o) SRR e Sy RS2 e, Lo e

outside o the conf or sealing ring.
0028 In an en%od

iment, 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 made 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;', 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 (Bi), for example.

[0031] In an embodiment, the conformal sealing ring, the at least one first

interconnect 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.

[0033] 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



[ 0036] I n an enbodi nent, the second el ectrical interconnect may

el ectri caVPPOUYRABEt the at | east one second inter conneBCTSEG240AQ0365
| east one third interconnect. [0037]In an enbodi nent, the wafer |evel
package may further include a third electrical interconnect disposed
on the device wafer and electrically connect the at |east one third

I nterconnect to an external connection. [0038]1n an enbodi nent, the

third el : g - -~ =

The. thi rdos] e ey o arey TRE Contaial bOfing ERgany 2700 Ch/ ARl fom
A, I t 2 Shl A tactini o

i okt °(nii o8 omtc 91 L i B pos e B e Onltne atne ving
[ Z [ , rhodi Rh), iridi lr), f | e.

zinc ( n)ﬂﬂﬁg%%gé#ﬁg%(hg) rhodi um (Rh), iridium(Ir) or exanpl e

[0039] I n t, the wafer | evel package may further include a
first through via forned in the cap wafer. The first through via may
extend t hWBgfﬂh t F}ba%ag&a&lﬂ@mfth% watsn develi package may dindhendnclader stdeast one
Alternatively, the first through via may be forned in the
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), protgctinium (Pa), nickel (Ni), cobalt (Co),
tungsten (W), titanium (Ti), 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
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device wafer. The position and nunber of first through via may differ
accor di ngVOGIHEBTPd and user requirenments. [0040] I n an ERBEGRIRINP03SS
the wafer | evel package may further include a fourth electrical

i nt erconnect 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] I'n @aevieshad:. r’ﬁ@&mmﬁ&?ﬂl{ﬂﬁﬁﬂ%hgf %fj ﬁﬁl%@iﬂﬁ gfg{%pg&t)r to des1

i ncl ude any conductive materi a I nter onnec

I I Al ld (A | at Pt),
gayvgpc(ug§ &gpﬁﬁa“ %%#%n?(gg;nuzrgke? (Rf , gogaltp(gb;nughggs%en

tita tan (Ta Zn r hodi um
( Rh) iri m"ﬂm r‘%‘ éhe) t"&é&gf‘ﬁi Pé)ﬁkf’e%‘?b'g dher %@%f%r
| evel package nay further |nclude a second throu h via formed in the
cap waf er cleqtrgaldaterionnach dispepgd i therfiryt brqughyia mcg@grl,eqmp@l ganachaitgsthe
fromone surface to anot her surface Alternatlvely the second
t hr ough vfiest gleptrisel intsraepuect sp aste elrstrically waknact the st shesiricalbinteagognect to
nunber of second through via may differ according to design and user
requi r eneat exten@leb8hdatiomn enbodi nent, the wafer |evel package may
further include a fifth electrical interconnect disposed in the
second th[eedgh vile @ncdmbddiededtt theC fdurtho BledgicalVifitBrebhiviecs @fd¥N Gnclude any
el ectrical interconnect so as to electrically connect the second

el ect ri catoridiéveC alaneial, T Fur@XeREMRhI HREAREEILO Tayl AL topPer (Cu),
enbodi nent, the fifth electrical interconnect may include any

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 packag-e 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. Altematively, the second througlr via may be
formed in the device wafer. The position and number of second through via may differ
according to design and user requirements.

[001:?_’] 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



conductive material. The fifth electrical interconnect may include
copper ( CGHP 20H/0FR3Aum (Al ), gold (Au), platinum (Pt), sPCVEG2Q08HP0355
protactinium (Pa), nickel (Ni), cobalt (Co), . tungsten (W,
titanium (Ti), tantalum (Ta), zinc (Zn), nmagnesium (My), rhodium
(Rh), iridium(lr), for exanple. [0045]1n an enbodi nent, the first

t hrough via may be positioned on one side of the |IVIEM device and

Lhe. Secongnpfi:d @, dtbetulif P Sadtiit (19 SheO 2R VRAARGIN ()0 thdafifin YRS

device. The first " through vi e secoh roug a” fray

posi ti oneg:@n, ' l.e position according to design and user
requireneﬁ{s. F%%E%%*n ﬁ'enbodinent, the conformal sealing ring may

be connec t o round,.connect j.on 0047] I n an enhodinent, the

ot or 1 ov 098 0\ 8 RSUiRERR I 30 a4 gy SRR R e S5
t he active rfaces of the respective, device wafer and the cap wafer.
On the acMENS divice@nd she serond dbiongh i way berrospioned 8 gpathsr midy giche
di sposed on the respective positions where the respective confornal
seal i ng rMF)S dpdceytThedirst theenghsviz gud thetsseengntheaygh vihmajitbe| posisioneshen
second interconnect and the at | east one third interconnect nay be
coupl ed taytsndablepostzonmtendingSp nlesign ind usenretyinecnamits. ve surf ace of the
cap wafer, the bonding pads nay be di sposed on the respective

posi ti ons[0fig)r e 1hen ewbpditichly thecevnfsratibeatifg king Gndyi Bedconhéttedrdo d gaGAd
one first interconnect, the at | east one second interconnect and the

at | east @mgedtiohr d i nterconnect nmay be coupled to the cap wafer.
[0048] Further on the active surface of the device wafer, the bonding

pads on Ofe847) In an embodiment, the wafer level package may 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;:aling ﬁng, 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 comrespond 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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side of the MEMS device which correspond to the respective at | east
one firstWORIHBERhect and the conformal sealing ring nmBGTASE2009/000355
electrically isolated fromeach other by a trench forned in the
device wafer. Also on the active surface of the device wafer, the
bondi ng pads on an opposite side of the MEMS device which correspond
to the respective at |east one second interconnect and the conformal

sealing ri ; tor] i

further t FoRahoy afleal (18 il blefhder W30 o ERIUHATVERA] B M0 Ao e
t he waf er vel K may 4 ngl ude | ural Lty of..under bu

met al | ur glcﬂ('::a(%ﬂw gc"glF tr%ggoﬁ%%gh aﬁ‘%‘g’%ﬁ“@‘ﬁ’ %?fbcalrfé%eéiﬁﬁfe‘{eﬁﬁﬁ%%‘ pads
on the deyj waf.er an he ¢ wafer. Each of the réspectiye UBM

st ruct ur em@l o 18128 S5aimspE e Har: ﬁ?YﬁEP?F&a%H‘aﬁﬁ’éFhﬁ%s‘? Plugahistiof under
bet ween each bondi ng pad and each of the respective conformal sealing
ring, thebwep | meefaliurgis(UBM) strugurss dispagsdt on e regpeqtive honding pade endhe

i nterconnect and the at | east one third interconnect. Each of the UBM
st ruct ur edemage wafet entbthg cap sakesdEichyd tharespergeer®MMistrottuctimay e disposed
plurality of |ayers stacked above one another. Each of the UBM

st ruct ur eovaryeach dondiagapnd snd paditienedubdrecerokbadhapaiding pad lead eatlpoe thne
another. The layers may include materials such as Titanium (Ti),

Pl at i num fdgpaetiviNic6kfetmalNiellingC ﬂ.ﬂ?,i hatat Qetst Ohe Arst idtbrcoNfect, e dQeasi\one
Ta, Zn, My, for exanple. Each of the UBM structure may al so incl ude

any suit a@legn$ HiitaEECHdORe hekas o thit®ifédcahrct. [HAOP G % 121?1;1 structur

enbodi ment, the first electrical interconnect, the seco ctrica
i nt erconn r i L i nt - f:he
el ectri caﬁlg% rllrtlctéllrﬁ%o%l H%%l%dghg&t#gﬁ ?%r?%nﬁg’g‘{hg&g{}é] ??all?mpﬁ't oefilg rﬁéngtg%ke(rireﬁl/m%ee
of a sane_nmterd al -or a different nmaterial 0051 an
onbod morghe pohdh ERGn 8F o, M Hflthec Ry hefids, o Rtk ey of favers
second i nter,cqonpnect and the l.east one third interconnect may bg, of
e o TGk Ve, oR Andifc: The EVSRE, i imbIOAT SRRSIo, Sui SRR ATD)
t he nunber of bongi ng.pads, the nunber of the-respective

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“.f_:lectrical 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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first electrical interconnect, the second electrical interconnect,

t he thir WeReYBTE4l interconnect, the fourth el ectri cBFT/5G2009/000355
I nterconnect and the fifth electrical interconnect may differ
according to design and user requirenents. [0053]1n an enbodi nent,

t he cross-sectional dinension of the respective conformal sealing
ring, the at |least one first interconnect, the at |east one second

I nt erconn t eny! | i ) .

dopondi ng s Aagty e fEld, SRSk R Rtdtinhter il O BEY RiCaiaY infdohgect mey
the first.. trical. int.er nect, 1the second electrical

I nt erconn%lc el?&tc léi%?grﬁ’rdg;lg? %%Flrlsleléléqquﬁr?ﬁ’e ?%onnect, the fourth

electric Lnt er connec nd the fifth electrical interconnect b
t er med tﬁ@“#&t er t 1 EGOHHEBY .“P%’fo%%t]‘qnﬂféﬁ'iﬂeéﬂﬁw' Hhsrfespective ?qggg"t‘ﬁ?
electrical jnterconnect and the fifth electrical interconnect may be
ternmed thwaling fpgdhe peleastione Jirgfrinteronst.Ahe ahlsatiore second dyierrenngch and
nmet hod of formng a wafer | evel package. The nethod may i ncl ude

f ornmi ng athdet/least ongithind intarchnmtichmay vargvEp ehalingoer dekign pid gsea rampemeniter
over the device wafer; formng at | east one first interconnect

bet ween t[#854jevi be anaémbodiment; hise dag sledthcal sinhecnhedt, tHeesabnd edatricahe
first interconnect may be configured to provide an el ectrical

connect i otehinnetNtht hkirdl @lécerRaMicRtonadd, thecfoGi@p cladiriRAl infRcbnh&dt Hnd Gha
conformal sealing ring between the device wafer and the cap wafer

such t hat fifiDgle &AM HtBRbnRR bk Be fdried R Y2cH8] feedfrrsiphed to surround
the at | east one first .

[0055] In an embodiment, the fourth electrical inter;:onncct and the fifth electrical

interconnect may be termed the vertical feed through.
[0056] An embodiment provides for a method of forming a wafer level package. 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 lw_afer such that the at least one first interconnect may be cgnﬁgured 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 ‘Eonfonnal 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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I nt erconnect and the MEMS device so as to provide a conformally

seal ed ewOronmam34f or the at | east one first interconnBCT/SaGaa0msss
MEMS devi ce; wherein formng the conformal sealing ring may incl ude
formng the conformal sealing ring such that the conformal sealing
ring may be configured to conformto a respective suitable surface of
t he device wafer and the cap wafer when the device wafer may be

bonded fer, ..WD.2011/.037%534PCT/.SG2009/ 000355 057] |
oo men (0089 €N Eibodioi(he Riss 2 gt e Yot akvonget, e 106"
devi ce waf.er., and .t he .c waf er sucag %Qﬁa&:@t he at Iga{st one first

r

i nt er conn8EYCHRascAnd fHE jcap reafer; g 3t Jeast Qo Hrst,IntrenmRgRt e, be

bet ween the device wafer and the cap wafer may include formng the at
| east one°PRiigired o piovida rdceleaitieal qopmaction detween dhe devine Wafersand the cap
i nterconnection may include two relatively level or flat surfaces in
cont act wwaferithay inclide dorining the\at deastvarteefirst interconmentisueh thdt 0BG & least ane
enbodi nent, the nethod may further include formng a first electrical
i nt er connéictt itercantfectict map inchudefrovo aclafivdl tevehor f@fsarfacsdn tontact with the
electrical contact with the at |east one first interconnect. [0059]In

an enbodi mp&mvéaéﬁiwwg&md‘abmtfer_el ectrical interconnect may include
formng the first electrical I nterconnect such that the first

el ectri cafpgsBf e GRRARGIboBRYenP §hE BRI HAUMAA ilrhef BidhRle iGN a\lAig‘?Sélec?x&%l

first interconnect along the first cap surface of the ca er to

o2, n0, S SARKSIIT ot 5} KRRt P By O 0l g g
form ng aIea.lst%%g e F1]1'1‘“:ie:rcorgnfc-.c:t. ' o
[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
devig_q 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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second i nterconnect between the device wafer and the cap wafer such

t hat t he wo 20a81530ne second i nterconnect may be confi gECESGRLEI/000355
provide an el ectrical connection between the device wafer and the cap
waf er. [0061]In an enbodi nent, formng the at | east one second

i nterconnect nmay include formng the at | east one second i nterconnect
within the confornal sealing ring. [0062] I n an enbodi nent, formng

t he at ne.lint int.erconnect, a rmng the_.at Ieasto )

second mf@fﬁg nné%fmﬁgy +ﬂ15m.1 ?14] ﬁﬁ@eﬁﬁ gﬁw W?lg:{]eqecmcal
i nter connect on one sjide of the I\/EI\/S de e and fornmng the at | east
one seconHI§THANLECt O the; Capy, Wé%?étﬁﬁ‘ér‘ns‘? Eﬁlﬂﬁ‘i coptactvENk tb%\ﬂ deast opgpsecond

2011/ 037534PCT/ SG2009/ 000355 [0063] I n an enbodi ment, "t he net hod may
further | Bdere@@eftor mi ng a second el ectrical interconnect on the cap
wafer and in electrical contact with the at | east one second
i nt er connf¥64] [ 006 4h | embrdineeris,ofirming thefsecoridngledtiienl Seemodnet awtyr inclate
I nt erconnect may i ncl ude
forming the second electrical interconnect such that 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
envirorment.

[0065} In an embodiment, the cbnformal sealing.rin;g may be made 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 frorr_l a groﬁp of

. materials consisting of gold-tin alloy, frit glass, polymer.

\ [0068] In an embodiment, forming the conformal sealing ﬁng, the at least one first
inte1;qonnect 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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form ng the second electrical interconnect such that the second

el ectri caVOi2AtéBEBANect may be configured to route the BETISEZUP/08438E5
second interconnect along the first cap surface of the cap wafer to
crossing the conformal sealing ring to the outside of the seal ed
envi ronnment. [0065]1In an enbodi ment, the conformal sealing ring may
be made of a conformal material which nmay provide a confornal

bondi ng. ER&HEEII idMt@IM Qe RN teontdRBAIE iséhliﬁﬁcll?n fand NGe 3t 1e88S8ne0

( _ Qﬁond
first interconnect and the at |east one seCond interconnect nmay be
made of tﬂ&fé%%@ qﬂn{}j@@&#m ' tuEEe ({}_In LS ling ring.
[0067] I n anE= e occ}i nt, the c%ﬁsl{nci)a?énda?&nrm ecr{}%g %L{/é% H_l lg’?alg'ect ed froma
group of I al.s _cansi sting..of I@-tigyﬁglo ér't | ass, poly )
[0068] I n (G076 1o & A SBodiment the mABod iy Jpifagr iddludd fognibe it Teaptpme thid
| east one, first i tercoggg&;_and t he at | east one second interconnect
may i ncl utRFTPBmATHAGTYAR ie waferead thefgPaky. the at | east one
first interconnect and the at |east one second interconnect in a
comon pr B828si ndn gasmbofinrat) forming thersb diapteone, thirdrinferpgnndst may inclads
one first interconnect and the at | east

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
inte{qonnect 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.

[06077] 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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one second interconnect may include formng the at |east one first
i nt er conn®P29HA37Bre at | east one second interconnect sBERSGRYPOPIES
at least one first interconnect may be electrically isolated from

the confornmal sealing ring and the at |east one second interconnect
may be electrically isolated fromthe conformal sealing ring.
[0070] I n an enbodi nent, the method may further include formng at

| east oneididttdrthetiNotk 46 BREEalRELINREN tﬁé1§écslﬁd/é1€fflgmfiﬁérc9&£é Hragmceﬁ&mal

C
wafer. [0071]In an enbodi nent,” form ng the at ast one thi
interconngﬁhﬁ&ﬁ% include formng the at |east one third interconnect
outside of the conformal sealing ring. [0072]1n an enbodi nent,

BRI TR A RO P

L o eSSk 53k bl T ol e 5 et o
ground connection.
[0079] In an embodiment,.the 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 ciieléctn'c 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 waﬂ;,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
may.;include 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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[0073] I n an enbodi nent, the method nmay further include formng a
third el X020 ARt er connect di sposed on the devi ce waPET/SER9/000355
electrically connect the at | east one third interconnect to an
external connection. [0074]1n an enbodi ment, the nethod may further
include formng a first through via in the cap wafer. [0075]In an
enbodi nent, the method may further include formng a fourth

el ectri cajpsd ' i r ' [ e
cont act TR et e HoRdbd End e SontallBUOR: K Oftn Wik ERAS Bk 1n

connee U5 ERRALAELL EbThe LN SUSPROSSL B BEbTAR CHRTRRFAy
ot hod /¥ B Fedeinal Shen el ioet { 9Y (i1 WY A SREVER, By bs
the Se-condong'lpcrtg&l t%hthg i)l?tsi Q ?voirlﬁ a?lli ?atc Ehréisgr?lle tilcn%nti[ug Sécu\lllmx.ntsgaltgae l?eerggigtd ined.
el ectricaf Y ane
The w-ay 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 le\_rcl 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
wafcz; 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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i nterconnect so as to electrically connect the second el ectrical
i nt er conn®PR20HP3%F4ext ernal connection. [0078]1n an enb8HTHEAWI/000355

formng the conformal sealing ring nmay include form ng the confornal
sealing ring such that the conformal sealing ring may be connected to
a ground connection. [0079]In an enbodi nent, the conformal sealing
ring may be connected to a ground pad interconnect. [0080]1n an

embodi MentiectRA1CRBRAIRIM ?F@B&tﬂﬂn @ﬁgﬁuﬁmqﬁgmgﬁ {%egn% 3’@?&1 {ﬁﬁg

i nt erconnect through a snall openi elna

smal | opepj Lt he..seal | In nd t roynd, pad
interconnggpgcngggkgﬁqgﬁagﬁﬁgg?H@ﬁ%?a?%mﬂgggkc & “9%@@&%?b§?é%§?ﬁg
for MEMS devjce he devi ce fer or ,MEMS waf I s bonded wth a cap
hafer ToSTHEE B RS SPrER AL orbadbAngor Khe WeBEnaore e Pevabasim
may be reqyired,inside t he package. To maintain the vacuum.inside the
package, &f bedeviee prylsFaay bromads Wl itapay eneR dhsbpried oxideNgyes ef thegubstrate.
During wafer bonding, the seal ring on the cap wafer and the MEM5

waf er may Thetenshesiomted ol thsmetiphery ofjtheipads may be depositedawvittathemmal oxide to
As an exanple, the MEMS device may include bond pads or device pads

of the NMEMBhdewsolate thesdeldcet prelsfeah the devicd-subistrate, MEMS hievivEdVivhithvinge
may be formed on a SO substrate, the device pads may al so be

i sol at ed frchide tifttated padywithl pRAckes SH3S hdteCabldHe eistittut €l hel dvideashds Ry
not redistribute to outside of the warring. One way that the device

pads nmay bgsilé HeGBAl rinjidie idBedéhdede of the seal ring may be through
the cap wafer. Hence identical pads may be fornmed on the cap wafer

S aps b s e LBt g RS Do
of cap Waﬁgljh lﬁ&gtu}é" $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. Sir;ce 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 solder may be used for

bonding, the coplanarity issue due to wafer warpage and the TTV variation on the
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MEMS waf er may be bonded and the contact may be forned with the MEMVS
devi ce. I'WO2PpHY3YB¥dard, the pads fromthe cap wafer nayPEESG2009/000355
redi stributed outside of the seal ring by wiring through underneath
the seal ring. By this way the MEMS device nay be connected to the
outside world and at the sane tine the vacuum seal may be mmi ntai ned.
The way that the pads may be redistributed frominside the seal ring
of the pagkpsive MENR Qufes! ' i a
| at er al feée%g t hr ough. Aﬁ%fh’g‘fﬁﬁgfaﬁgghﬁ%gﬁﬁgﬁ%“ 8?%?@?8%3%&2? |(Pg§d
via (TSV) g9B.the cap wafer which can be contacted directly fromthe
pads of tﬁe %ENB device or fromthe distributed padshoutside t he sea
ring. Con i ng .t he devige pa the outside, of the _seal ri Vi
TSV appr om%lmy IBe“‘k?FBW%ﬁ‘ES‘%aqﬁ?Feﬁ"ﬁ’Fbé@ W?%Edmg HB% 3 .waﬂerc%iq‘?gg(f“gﬁg
of the lateral feed through and, the vertical feed through may bhe used
to connechgFﬁ‘@r jEoe é"é‘gﬁéﬂ ehDYTHE baedineg iy sodder depesited B the srel Sagpnd
ring to outside of the seal ring. [0082]In an enbodinent, a wafer

| evel packewsepadsmmay betjeingd tagether. (The hoging meay herdong dm high fvaeuno petition.
with the MEMS wafer may be disclosed. In the wafer | evel package,

| at er al f Before hondingy the dMEMBewafap avdither capayafee megebk: prebdedne atduchahe
devi ce pads of the MEMS wafer. The pads connecting the cap wafer with
t he devi ceutpadingaiiet bendig\VBhemésrproceys thay benel dide thd Bondal @efer. Tk dicing
el ectrical interconnection. [0083] The nethod of l|ateral feed through

i nt er connefiheqitefal GRdithRugd Watdinedy RgNird e WiRE h@hodVivlieh Ray ifaadeMRIED
may i nclude isolated pads wthin the device substrate. Since the

substr at eqiggadord e SPad HhdYEYBHIOMES S WAYerDEnR hatt dibinl Gy 6% required to

I nsul ator (SO) substrate including a bottom support rate, an

i nsul ating, J aygf tohe %ﬁ)ﬁﬁéﬁélb? ifte Pagérglefae@ﬁfr&tf%gct%%%ﬁw%m%ig&gﬁasg il

t he bottom“support SE strate”and evice s e di'spose

insul ating. layer. .the devige pads .of VEMS devi c may b

el ectri cagllci}l &'may be e(gml[e o hsgmﬁo?&%r# Qﬁepb"@%% 5@5%1-{ ?‘gﬁr@ Xlﬁgbﬁkﬂfé the
devi ces whi ch .may_i.ngl ude devi ce pads, for el ectrical conpectign nay
be el oct r IESBICHYS VENS mater apd fan Welerien (i rmeipdatiage dnaglicipg Pl i effect
trenches al ong the pads periphery. The trenches along the periphery
of the deWP¥&e e PrRYFlepevhagibe L‘iﬁ/ﬂ"i may be jagge. digeayoidiae Hlartingpishe siticon

| ayer of the substrate. The trenches formed on the periphery of the
pads may #ebrigeduing dwing tah methadnmayoké dwopased (during rthe datersl efeechghrough
devi ce pads fromthe device substrate. MEMS devices which may incl ude
i sol at ed gpewtopwient In thimoéthed,rmmy ofi te wafembair @nt porntied iof theiviadi¢rdevehpackage
device pads to outside the seal ring due to the trenches. [0084] MEMS
devi ces mapy beauiunedhuar te dicingsmatling atdthermatfont diche ieMe gadé Gest foam

noi sture. However sone devices nmay require nore stringent requirenent

such as the ‘\:._rafer 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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vacuumto_inprove the performance of the device. If the MENMS device
may be a WOPHE3EBHucture, the vacuum anbi ent may reduc@8CTHE2HRPPIAY
of the noving structure due to air resistance. Since vacuum and
hernmeticity may be required inside the package, a tight sealing may
be required within the MEMS device. [0085]1In an enbodi nent, a sol der
based sealing may be disclosed, using AuSn solder. Au and Sn | ayers

may be demgfegﬂﬁvaiéﬁgea%m RY 2PRNAL WX“E‘?]me 80udR8o P/Eswlmm{tm%%ﬂd

the cap wafer to formthe seal ring and the ectrica

i nt erconn '99} ' . may be deposited on the either sides of
t he mafer?gﬁhe 5?5?%3”0 "the respective MEMS wafer and the cap wafer

may be possi.h| e | ower tenperatu f abpu 80C. During.the
bondi ng, f@giea%?’ﬂﬁ&ﬂg F??Hf%d‘s?%@r ﬁ’id’éetg?& ?ﬁ@ng’é‘ﬁ Wfl?frabﬁ‘éﬂlzggec
bonded with the seal rin ortion and the device pads of the NMEMS
waf er. Si WREhapiyke r%ylegé&)‘éeﬁ?q‘w bonding Aemperafarecmpy heangingd duestocthe
due to wafer warpage and the Till variation on the respective MEMS
waf er andbendingbgswoess e Sadgydseon bethsiles onpon lne side ¢l thei wafers ab thredmelting

force. ) :
point of Sn may be about 220 to 230°C. Therefore, the bonding temperature may be

about 30°C to 40°C higher than the melting temperature of Sn.
[0088] FIG. 1 shows a cross-sectional view of a wafer level package 102 according to
an embodiment. The wafer level pacicage 102 may inciudé 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 ipsulated from the support layer 114 -

by the insulator layer 116. The support layer 114 may include silicon, sapphire, .
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[ 0086] I n an enbodi nent, the MEMS wafer and the cap wafer nay be
bonded t oY@2AEIO3TSi ng AuSn sol der. During bonding, the ZET{ER009/000355
deposited on the seal ring and bond pads may be joined together. The
bondi ng may be done in high vacuum condition. Before bonding, the
MEMS waf er and the cap wafer may be prebaked to reduce the outgassing
after bondi ng. The next process may be to dice the bonded wafer. The

di cing of pbiafsﬂibﬁi,esﬁﬁélonf e, ! HEQMIRNRS B¢ EBYgIE IHd G 13%?NE 1%t fag

whi ch may i nclude half dicing on the precut de on't waf er .

Thi s hal f ;. dici.ng; i r dpads. made t he
aterar 1 AARRR YRS, Rl Be1e PicRARARE fr aBIl RS DY g
be done on th ame si,de of the wafer, silicpn debris may float on

t he respe(l:l}c;ll%/d%swé% gﬂﬂ*"‘é‘?‘“ﬁ?{ﬂ&cﬁ Cmﬁwaa}?&lf%%%& damage t he

di ci ng bl .. This effect may be re prevalent when the dice nay be
| ar ge. To?ﬂ@&}l d tﬁ@ﬂfqnﬁ%émfaﬂdge MEMS deyice d0GimBY be fwﬂﬁgﬂmqvwgﬁasﬁr
nmet hod min% be prg‘%o_sed during the |ateral feed through devel opnent.
In this milhefthegiguicevaferd OdaTls MEMS davice dPé imFIGhfl mapinghide resonator
package may be nmounted on the dicing machine and the half cut dicing
may be radeanf butgnaynosbe stBmited.er whi ch may i ncl ude precut etching.
After dicing, the precut side of the wafer may be renounted froma
di ci ng tapd9ahd rmunembodigent) theycabacdfargl 08h@a sdive toerotectsthel BIENIS (dBeice
bonded wafer. The wafer may be diced fully on both X and y passes to
separ at e 106 afid GnayDikiudg sillvos, PEIOHOS SherdrtPIAREE CliticdhOEAHIR (Qitf)],t B&amic,
bonded wafer may stick onto the dicing tape while renoving the wafer

bonded chifsd HRM Rl GHchig bbAREPCBY 3t bxim] thod, the debris may not
float during dicing and may stick on to the dicing tape. For nounting

of the 095 ¢ %edd-cj:gg:e@gwﬁfgpﬁm frﬁ) y THHB' oagp B'Jg?sg.%g@sy abﬁmﬁ gg%cé 0

ease the unti ng an nmounting o e wal er. e bondi

may. e r orEs a7 sl sSRuEERE sBtare 13 SPRERY, B R dOR e e

due to the bonding between the Sn |ayers on both sides or on ane side
of the waly SPRESHE(UTALR: F Gohsap ALToe 9 Hilla BReoub ot Swiige |86 St
Therefore, the bonding tenperature pmay be about 30C to 40C hi gher
than the Afis SHgfaee rthe Brs capsspriace dgB pray e the maspretiveactive surfaces of
cross-sectional view of a wafer |evel pac_kage 102 according to an
enbodi menthe deyiee wafes 104 endthe sap watps 108 owhitp the sesond| devdcakuvfaee] 22adndrthe
104 including a MEMS device 106, a cap wafer 108 di sposed over the
devi ce wa$espnd Cap susfac ¢26 tnagrbe the respedtine passivenacfacds 1 the dopdsewafer 104
bet ween "t he device wafer 104 and the cap wafer 108 and configured to
provi de amdethe ciy wafal 168 The €itst devitedurfacd) 1 20magl €ick eovarty the fidsd daprdigifatdre
cap wafer 108 and a conformal sealing ring 112 di sposed between the

devi ce wai®y andOthe 366dnil [evie@ burfRt @02 1S REdaw AN rbAURE Secbfd 5%1[ duptdbd13gne

at least one first interconnect 110 and the NMEMS device 106 so as to

provi de a g LI st
i ntercon nggf}mﬁ g&glﬁ%ﬁf ﬁgﬁbﬁﬁgﬁg g(?/‘f %:Hemﬁg %aJ "Sla'filfg} i(}ggnl?%)F tr’reg?élgee(g‘% %%Elﬁ i ng

112 may b fi LV, itable surface o
the dovi cRU6st e SHEFALRIEERAREED 12, B BRBECHL, Rk BBl i EPM,
may be bo . to the ca fer 108 89] I n_an enbqdi nent, the
ovi oo vl Sisesred 85 6 Bl BorBurbet 124, b it e othelt 1B Shdp Peciibek oateet
The SO sub tt%qe]lte may incluyde a su Eort Ie%yer 114, an insul ator |ayer
116 di spo‘é@g atyIgast 9{3%@5‘@1“&9@“1 . The fystrdeqtical inigregnneatal 3gim d
on the insulator layer 116. The device layer 118 may be electrically
i nsul at edcgnfigrfedie reute gsrat 1¢astene firsyinteycaninecti 118 wllangdhe firsy eap sutfdce THe
support layer 114 may include silicon, sapphire, polysilicon,

si |l i con oaf the,capiwaferoh0tot crosking the cexfommhksealihg ringsiiRab ahe batyide o the
may i nclude silicon oxide, polyner, dielectric material for exanple.
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[ 0090] I n an enbodi nent, the MEMS device 106 nay be forned on the
devi ce | ERVIIIIBIHf t he device wafer 104. The MEMS devPEESER®40pO3SS
FIG 1 may include a resonator beam but may not be so |imted.
[0091] I n an enbodi nent, the cap wafer 108 nay serve to protect the
MEMS devi ce 106 and may include silicon, polyner, thernoplastic,
silicon carbide (SiC), ceramc, glass, netal, printed circuit board

(PCB), f oOgesfnaRlrSnmétOPRY Eﬁ? efé%c&lqnyég%)gﬁﬁ%gg%m rbﬁ't%ltﬂéjgt %XL‘? one first

opposi ng surfaces, a first evi ce sur a secon evi ce

surface 12 i m.lanl.y,. the ca fer 10 .include two oppo

surf aces, mgerf?%rng t @QF}X &t ta%‘gmﬁaﬂ%ﬁﬁlﬂg gagégﬁﬁp @i OEEIP? ‘é\a@ew%g%fdd;ﬁhe
first devi.ce surface ;120 and the Jifst ca rface 124 may be the
respectiv “%8¥?V@F@Hpﬁﬁ% ’Pﬁ%ﬁﬁﬁvﬁﬁémﬁﬁﬁgﬁofé%maﬁﬂh?ﬂﬁﬂ%%% 16§
108, while the secaond device surface 122 and the second cap surface
126 may bBad W6 oo futher sebsgassidelos srample s pyintedeircyis\boaid (REBa by rOwire
and the cap wafer 108. The first device surface 120 nay face towards
t he fir st bembios gxqmaple Tirkdficgh firhheeeoalrhbndinginad 186 miade dRitiomed ofi ane
away fromthe second cap surface 126 when the respective device wafer

104 and t hetableposntideon tikFurther sblestiaenid8dep aglérigrarusef HdUehigh eequirb@ents.
| evel package 102 nmay further include a first electrical interconnect

132 di spopmd4jon the wafes tlewehpatkisdeate? Indy Frthdocinclafe Wallgsst 108 addnd N
electrical contact with the at | east one first interconnect 110. The

first el epdrédndbeti IH0CAISRRABE Bhiwkdr HBYieRBe GRART W4T &1 the Jag%ﬁext ggis %%d

| east one first interconnect 110 along the first cap surface 1

the cap ﬂﬁ?*L C i . 3 1), i i

out si de \S?J t e QQ%E%@J en%%%%%@%@?éﬁﬁéep%ﬁ#%f o addint QEP

i nterconn [ he_at least one first interconnect. 110 to
a first eﬁ% ar #ﬁg gg%d"ltgfégsgaé el?ﬁ%‘# su?)t(%)rscggnegﬁ l'f" em%;.})’evélf%q’se d@ﬂ""l’&}ée
first extergal onghgﬁ ?g%134 may be further coupled to a first
further eXVeYH4! 5B ﬂg d 136 on a further substrate 138, for
exanple a printed circuit board (PCB) by a wire bgnd for exanple. The
first f urmﬁgﬂ ext 8f ﬁhfcaﬂoﬁ’ﬂﬁ t yagrcarsseihbld pay hsdisnossteen gnc sy of the
suitabl e position on the further substrate 138 dependi ng on user and
desi gn  CHEMSdeviee 106 podglg atficestctcooms iferpraokei 0108y haylispasadier

i nclude at | east one second interconnect 140 di sposed between the
devi ce wadnothes side ofi thet MEMS: deviee £06. The atiledst ooa fiirg untextotrecp i W amdlethe at
el ectrical connection between the device wafer 104 and the cap wafer
108. The letstloaastcond énterommedt 40 mag bapesitiodedlatrany shieablt pesixiedcrelsttivé ko

t he conformal sealing ring 112.
the MEMS device 106 depending on user and design requirements.

[OOQf] 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 interconneci." 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 éecond external
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[ 0095] The at | east one first interconnect 110 nay be di sposed on one
side of tW@2fBMB7Hevi ce 106 and the at | east one secondPCHISERMYAABET
140 may be di sposed on anot her side of the MEMS device 106. The at

| east one first interconnect 110 and the at | east one second

i nterconnect 140 nmay be positioned at any suitable position relative
to the MEMS device 106 dependi ng on user and design requirenents.

[ 0096] The bsadifs pAdivey bOAGHES@UHRA t6R ¥edoHd Flifier Eﬂ&h%n%lg pa@ grfé,,t shown)
and I n

el ectrical interconnect 142 disposed on the cap wafer

el ectri caly, ARt ERGer Wubfrdid'938by £aRike ;‘;ngde Sf@g %#L?nd%?; <RRP %Irthe}d'e%gerr-lr €

second el ectrical i1 nterconnect "142 nma to route t a

| east one i I ec Long t fitst p_surface 124 of
the cap wiPiin e 156 a8 B Rbon it Erinal bondik mi Prv e FiBowg e
out si de of. t.he seal e nvi ronnent,. Th d, el ectrical interconnect
142 may b Sty Fﬁ%ﬁa@gl}ﬁl o 08 e e BRI sV ics iR goape Temerctvely
shown) di sposed on the cap wafer 108. The second external bondi ng
pad may baspeied parthe Suhes qubstrale BiScomeaprasite Bides ek thsrMEMSdevinenkopate
(not shown) on the further substrate 138 by a wire bond for exanple.
The fir st pesitiethef thexfixst futhen shigmal) bpading pad 436 andehe econd fhrtirer festernal
external bonding pad may be di sposed on the further substrate 138 on
a sane si Hendug pddendyEhBy dependimg b Gisaranddysifereqesareaits.vel y di sposed on
the further substrate 138 on opposite sides of the MEMS device 106.
The posit {ae@7pf tIhe Wifeslevélupickage 80 fiapahclhi@ndipheald@hf bdRdAR halld €44
second further external bonding pad may vary dependi ng on user and

desi gn r egine@ BANhS redpRRE] AREdNaE L surfasy @bo RAG KRO Birst Qdp Wii¥ack NSk UffanE

plurality of bonding pads 144 formed on the respective first device

surface 14Q; L C : ' -and
the cap mgggép?%%ﬁqgﬁh%%g“?i éf&ﬁe€@§éﬂﬁéf?%@%ﬂ%g%%%?ﬁg%gﬁ%@gp%géma?
waf er 104 ' . i.sposed on.the positiions ..
where ¢ hepleE 1eRRELOSAPL SR, 4 B BRER8T B ARONE YRR Al Rfective
first interconnect .110.and the at, | east one second infercgonnegt 140
may be cotiPl %’B’a&eﬂt“ﬁé rﬂ’@vﬁ,ze %ﬁa%e]]cas?(%‘? ﬁ%ftrfﬁeﬁiof‘?‘?"t dﬂb taﬂ‘it g ?tglf’asﬁ ape
surface 124 of.the ca fer 108, the bonging pads 144 nay_ be

di sposed HHOThEISEAPETLOHE MibePecturted tedhedevicrewalsnd & mimilariss op dae firshg
112, the at |east one first interconnect 110 and the at |east one
second i nfa ¥Bieped24 phdhee3p wafer 0B b hondingepads J44vanayr bel digposed on the
[0098] Further on the first device surface 120 of the device wafer

104, the besiftiinggwherdsthe Avespastive ccopfotmabsealing NEVB 18evhe @t 166t wink cfirst
correspond to the respective at |east one first interconnect 110 and
t he conf ommatonmealilfignd ithregat 1448t omeyscbendeineedonneal1M§ maydeabasied ootk egeh
other by a trench 146 forned in the device wafer 104. The bondi ng
pads 144 wafer beg8.further electrically isolated by a device dielectric
| ayer 148 di*sposed on the device layer 118 of the device wafer 104

and in thpebgenciFukié drohBEHst dvicBRudBY BB of the device wafer 104, the bonding
pads 144 on one side of the MEMS device 106 which correspond to the respective at least
one first interconnect 110 and the conformal sealing ring 112 may be ¢lectrically isolated
from each other by a trench 146 formed in the device wafer 104. The bonding pads 144
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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waf er 104. Also on the first device surface 120 of the device wafer
104, the WOAMING7HAds 144 on an opposite side of the MERSTHENHIBES
whi ch correspond to the respective at | east one second interconnect
140 and the conformal sealing ring 112 nmay al so be electrically

i solated fromeach other by a further trench 150 fornmed in the device
waf er 104. The bondi ng pads 144 may al so be further electrically

i sol ated kuafér1e4dgib 6 tkl SlsEadvideGuacter20 o thellevRe $0ler0d4! tRE bIEHAS Fads
| ayer 118 of the device wafer 104 and in the further trench 150

fornmed in lwgnq&\bbggs;iéesflfer ofﬁé‘%&%ﬁg%g%ﬂ:@ 1@@%&9@%&%&%& tb B 1 fc@trive at

| evel package 102 inclu urality o unp netallFurgic

(LB L1 i k5o RSSRA, Yo B8 HECRRELRHE SR, Bk B
e PR Bl S o B PRI e B0 e

respective_conformal sealing ring 112, the at |east one first .

i nt er connd®t T bgnding mads d 3¢ apay alspbes Butst elestrisalby isndated bygthe mgvige
UBM structure 152 may include a stacked |ayer arrangenent including a
pl ur al i t ydisteciripylayer 148adispesedadrothe deviee tayet hidk of tha dhvitBiviater 104 aud & the2
may i nclude any suitable nunber of |ayers stacked above one anot her.
The | ayer furtheytrenchl 150 donmatlen tlel devea eaf@d04i t ani um (Ti), Plati num
(Pt), Nickel (Ni). Each UBM structure 152 may al so include any

sui tabl e (08OB) natlh @i @hbddauéitsthefwaret RivélapaekagtOR0RAy lifthideG plaralith @
conformal sealing ring 112 may be di sposed between t%e respective UBM

st ruct ur egndep Bup xﬁ&@llﬁrﬁcm%’&tﬁﬁuﬁw {PCBsPeRO 8 thel ﬂ%et{i)?eggongﬁ% pads

surface 124. The conformal sealing ring 112 nmay be nade

conf or mal i | J I dizng. +t he
ol cant oo tfrstMoniet SRR IR kP (R0 Haf stpoc YR BRI of E thgBlecild
i nt erconn I ey di t t he ,nespectiyve M
truct ur oCEM SR 52 R0 RS SROSEE RE R8s R 447 RAEHOheg Bifween
surface 124, .Each of at | ea one first i.nterconnect nd .t he
o0l oast Bt DORRBREa PEARAiEEE MR o SRR Eng 11 B Bt leak
conformal material as the ﬁonfq£nal sealing ring 112. The conf or mal
material PRE/ L 1Erorpes 2P Ao athe @b depsbpnsraecopd antsrcoppest d49nEach UBM
sol der for exanple gold-tin alloy, conductive film adhesive, flit

gl ass, poftHeBire IFRanaoHchidsd stagkstilagr amangement inghuding a|phyrskityorfdayers
first interconnect 110 and the at | east one second interconnect 140
may be f oftatkdd @bove angranothen Eacke UBM strusturp 15 Nntag inrdudevagly syitabdecimnatier bfie
at | east- one first interconnect 110 and the at | east one second

i nt er connkayers sdBkehybdve afe aothief.f Breclayersanayr inaludé momeridhe siwhrds oritatum
sealing ring 112. Even further, each of the at |east one first

i nt er conngxy, PlatwuangPt), Nicied (N aBichAIBMS#aeniee 151 ﬂlﬁ? QR6 eadlude/fhyFaiate
of a sane or"a different material. Each of the at |east one first

I nt er conngghbiddifdndTtayehorahatdidst one second interconnect 140 may be
of any electrically conductive material. [00101] The wafer |evel

package 1f16@Y ilﬁ'Cfgé?’q Qhﬁégnfg}rﬁile{e%{iﬁgi gggyﬁge&ég gl 3i?1?03§&1 fb?fr%gsetegqm

first cap surface 124 of the cap wa respec

el ectrical_int. t 132 d the.second el ectr.i,gal ,interconnec

142 mmy btk FEMRRYerids 130w 5 67 aRuce Sy ianah mra s Grt R Sijee
dielectri er 154. Further, t first electyrical_ interconnect 132
ona the sEbdbeoaRinelpling ta A3 mavibermadsh s SPfarmiAl TeAa mitich Wy

i solated fromeach other by the cap dielectric |ayer 154. [00102] The

waf er | evBiovidsaeasformsd bpading. Fiach @é the atjleast one Siest intergpnnent bl anshibe tat

dielectric layer 156 disposed between the conformal sealing ring 112
and t he f lepsftonglsgeand intdrcanmeesr d@rmeay alsa B2 difiveed betweeretheaespectivte UBM
i nterconnect dielectric |layer 156 nay serve to electrically isolate
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dielectric |ayer 158 di sposed between the conformal sealing ring 112
and the S¥E3Ad/08FBétrical interconnect 142. The second EBCESGRIWVHPISS
i nterconnect dielectric layer 158 nmay serve to electrically isolated
the conformal sealing ring 112 fromthe second el ectrica

i nterconnect 142. [00103] The presence of the respective first

el ectrical interconnect dielectric |layer 156 and the second

el ect ri calrhdhieds $NREME bt bhufack a6 ran&ﬁfe {0ad Sfofftel124 aﬁz{cﬂ‘é’{f Gt
e a e rom

at |east one first 1nterconnect 110 to be ectri y isola

(e o O3B Ak AR PGBl e Py 555
f I | i i 112. [00104]. | di. ; [
SonTo ! B gh L BB i A0 3 BB SR SAEE g L1 Yo

el ectrical intercopnect dielectric |ayer 156 and the second

el ect ri cafmafsrgbmay i salscted; foma agroup ofgpaterialscongisting ef solder forexampla gold-
material, for exanple silicon oxide (Si02). Further each of the

devi ce di dnaley.icendusiize film.cadhedive, dripeldsse pelymer. Theapaformalsealingaifg gt
el ectrical interconnect dielectric |layer 156 and the second

el ect ri catheiabieastonn fiest intelicednect I lilcandahest 1és8omepsechirl iaferdohmecs d40Emay be
material or of a different material. [00105] FIG 2 shows a

cr oss- secfdrmpdlinva @smefonaproeéssing! syl ARambifedy, LEhh Vit theadt 1e@aSEneOnRL
third interconnect 160 di sposed outside of a conformal sealing ring

112 accor ghtétgorinectan 0efOthe &R Nkast [0R0 WefdndFintercoinkd ﬁb%ﬁﬁbe o7 oF iﬁelc'f'}lt
e

except for the at |east one third interconnect 160 di sposed outsi

of the co . j ' : '
First capTaCHibof T8 biforkial ealbg 412, BEEFHRGE Sech TR st Bt
package 1 i t S ne.-third in connect. 160
di sposed %&rﬁ%ﬁﬁét?ﬁg g\/tlhggt \?\CEF Je‘r?&léfﬁ&écﬁal tffrﬁ%nnggpl Wa?'§¥ ?L(?g LT e
at | east o hird. interc ect ,160 may be di sposed. outside qf the
cont or e @t Aaterieh isfh SRREG 16020 Hed SfreRiect iR iven deesh 9%
may electric%L%é:conneqt the at | east ane, second i nterconnect 140 to
the at | eSfEPRinEerqonnecy 140, may bgof any clsgncallyrondustivemeteRigk or | evel
package 102 may further include a third electrical interconnect 162
di sposed W919He dbgwatergiekpackage APRimay draludecntapydielesirie tayex hid disposed
| east one third interconnect 160 to an external connection. The at
| east oneow davdidsti ¢Apepwrasaeldd ofi Ghereyp beafen U080 The aesphetivee fish ctlectrical
el ectrical interconnect 142, the at |east one third interconnect 160
and t he timtercbnet@dBRiandlthd sivend electeics] ihRohnech 18R may texd etrially haikdédg
pad 164 -di sposed on the device wafer 104.

from the cap wafer 108 by the cap dielectric layer 154. Further the first electrical

-inter';qonnect 132 and the second electrical interconnect 142 may also be electrically
isolated from each other by the cap dielectric layer 154.
[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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[00109] In FIG 2, the wafer |evel package 102 may be positioned on
an i nt er MEQ2BHE3R/IPport substrate 166, for exanpl e a di ECHGGLHPEH00355
[00110] FIG 3 shows a cross-sectional view of a wafer |evel package
102 with a first through via 168 and a second through via 170 fornmed
in a cap wafer 108 according to an enbodi nent. [00111]] FIG 3 is
simlar to FIG 1 except for the first through via 168 and the second

t hrough vijRleditRR lfa?errrpsk HRpésed MRtwRhGhe t8Forrhdl RaEd FiR 11@%@ 3 Gilond

may be formed on the devi ce waf er 104. The cap wafer

simlar t@le&ﬁ@ﬁl lbﬁidg)g.& §4§X?ﬁ@§ect)9<i elie{:}ﬁcﬂaiﬂterco%ﬁ# gla&%gﬁygop%elaay

first thr ough vi a the second Vi a r

glrtgt?t er %ondloﬁa &f%bt ﬁ(}fapevtiﬁ%é:o i sf%ﬁ’ Wé?glﬁl;"é’ fﬁ%‘: ol

this wafer Ievel kage 102 nay be that t he package formfact or may
be srralletnetr‘FPd’H‘tﬁgg in FIG 1 by about 30%to 40% the precut on the
devi ce vvafer 104 may be avoj ded and dicing of the precut |ocation may
be avoi detf0103][ o@hmeswr@ afdherespestivs fipshelRetyjeal interoapnect dicleatis layer 156
first through via 168 fornmed in the cap wafer 108 and a fourth

el ect ri catnd the sscond plsstrical7integ¢anpens dibléctrict lagerfliS8 shayt derceug allowahd fdeand
in electrical contact with the first electrical interconnect 132 so
as to el eaterfirsainteyconnacteldD tb ibe efectrietllelselatedi favmh thendoafamahealing Adg 1 12
an external connection. The wafer |evel package 102 may incl ude the

second t hardugalseiafiowtbe bOkasE dnt Becoh® intPonaétel40 10 Be anetrdally fsblated from
el ectrical interconnect 174 disposed in the second through via 17

and in el @etbifbAhal ¢0Mn3GIng1bh the second el ectrical interconnect 142
so as to electrically connect the second el ectrical interconnect 142

to an ext@Rpigd) ¢ %%%ﬁ@meﬁp ﬁtl,]d%lncg Hﬁ]et:%{gg%\t}n ?h@ct%é !ia%gil%lk% g%rﬁgﬁ(:t

172 may be coupled to a fourth externa

th 6 of ft.h el ect I
| nter connie R BHCAP featdngl AR e R aés%‘*@? aegpntstsawae ot
di d f 126 of t f 108.
fbif’?ﬁeext’éwg? liﬁeﬁ&%ﬁ PR 5t il mifecial, i R GUEER (G P
bondi ng pad 178 % {I% inclyde a solder ball. The fourth ext er nal

S)

bondi ng £r 62 deviger fielegtrie lavar 148nthengpppdigleatrg lagsy 154, the first

configured for external connection to a further package or device for
exanpl e, ¢lectrical interconnect dielectric layer 156 and the second electrical mterconnect

dielectric layer 158 may be of the same material or of a different material.

‘ [00105] FIG. 2 shows a cross-sectional view of a wafer level package 102 with at least
one .it_hird interconnect 160 disposed outside of a conformal sealing ring 112 according to
an embodiment.

[00106] FIG. 2 is similar to FIG. 1 except for the at least one third interconnect 160
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

30



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

t hr ough WQ20IA03%d¢Y i ncl ude t hrough via formed through PAESEAWIURLEET
108. [00115] FIGS. 4A to 4H show cross-sectional views illustrating a
met hod of forming a resultant device wafer 198 including a MEMS
device 106 according to an enbodinent. FIG 4A shows a starting

devi ce wafer 180. The starting device wafer 180 may include a SO

substrat eq@id iafercoféc® 60 Hrdyd &’iggcﬁfé URRRE lof tRY E6nf &#4&1 s@ﬂmkg@l | 1612 1ghe

| ayer 116 di sposed on the Suppor ayer 114 and a device
d d . d
i LA PRI Akt don B, UBRLL Pl 5 W

patternin A.dielectric | 182 may be

deposi tedg]tsfﬁc%l tolgglt?: ela}ﬂ@@ﬁloﬁgmiﬁlfmtteFFé’n%‘ch)llg@ubstrate 180 and a
plurality peni ngs 184 corresponding to the resonator and the

pr ecut pa[(ﬁ’épﬁ mehpep@afes lexel package H‘?ﬁlfét‘)ﬁ rjugthery jagludeg a - thing elepriqah
FIG 4C, precut etching with selective mask may be carried out. A
phot or esi Bter¢appeet 103 alisnosedaeik thedevieg avafeamiObendiepagallyd-oomect He at least
dielectric layer 182. The precut 262 may be forned by etching with

t he sel econevbirdagércofr@OIb8]to hm efiefBal didnectni The attledsporessevankllintekonnect
precut and structure etch may be carried out. The photoresist |ayer

186 nay bb4ls inaly fheetbutdduvia the sedoné féctied] in@Ronmmact 162 f thetdd dease bad &dird
and a plurality of vias 188 may be fornmed by the structure etch.

[00119] | jtdrddanetbio0 axd dR third eRcmil inRF@RRE:t 962 o FBYMrdO iRl 'bbﬁ‘cﬁné’ﬂéd
The dielectric layer 182 nmay be renoved and sone portions of the

i nsul atorld@dﬁ%asé@&fﬁ@ﬂeﬂ@eﬁsﬁpm [00120] In FIG 4F, thernal
conpensati on oxidation nay be carried out. Portl ons of the device

I 118 d

| aver 100 0F8Y1 0T FIE R M *%%Pfea%r’%ﬂ%%ﬂ |64 BickRe sR pf ity ey
b d 2 be d t d d

pat tor n nupPHLsYEREIEh. 5f paimblg Ao Figh Yipd) ™ fy. o 60 665 1o Fi G
4H, UBM | d tt f t b t. The .
respecti 3@%’2‘8' CSEQPﬁa WS %?C‘)Srér%ﬁlmc‘)’g{ {’r‘gﬁ'tﬁge‘ggégife%gﬁcdgg%%ae@“
and devi ce i nternedi ate sol der portlons 196 nay be deposited on the

respect i vBronghivial §3and apsernsthroughwia: 7 ch?w@smmp waifes, 10§ proording tosan
resul tant device wafer 198 including the MEMS device 106. [00123]

FI GS. 5A emp&@ngiow cross-sectional views illustrating a nethod of
forming a resultant cap wafer 214 according to an enbodi nent.

[00124] HOGL1HA FHovsisaimsilarte FiG. L exepofoe the2fit theowigh iaal 68i and thecsepond
surface~124 and a second cap surface 126. Backside alignment marks
128 and dthedupl) vid Iesfofidéd iRycap avafar 108 dincdddidhie, fepRnst fap bs firinag on URd

of the starting cap wafer 200.
dev15._e 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.

31



[00125] FIG 5B shows oxide deposition on each of the first cap
surface MO 20113733¢ second cap surface 126. A first | ay@CTSG2aR00SS5
202, for exanple silicon oxide (Si02) of about 1 pmthickness may be
deposited on each of the first cap surface 124 and the second cap
surface 126. [00126] FIG 5C shows pad netal deposition. A |ayer of
pad netal 204 may be deposited on the first |ayer of oxide 202 on the
irst capdiacant3heaieldGaslat th8 haG MRIMANEL B0 o l0yih FYE Torlleq B
y uc nma I and may I nc ab

nmetal 204" may 'be any con Ive erl e any Ssui e
di mensi ong,_and thi ckness. [00]12 El 5D sho oxi de deposition o
the | ayer ﬁ’cgfcaﬁé"&&?{e |a"§o"4.° sei‘lbcgﬁc Pﬂ?&?n%?tm@%i ‘ﬁ@”ﬁ mptg‘&ﬁ[r%t%g?‘?ﬂglé
silicon oxjde (Si02 . be deposited on the |ayer, of pad netal 204.
[00128] FI& F@E@%@MFP%%W%%%g'lrﬁp%lﬁ‘ftﬂbﬁl IHCFROBNEES ehF2nss a9 6
may be formed on the second |ayer of oxide 206. However, the nunber
of ~openi ngjscticallyneopnee rthe fag caleeiniag! aneroennectalid Weari griemalgerdnnestiont She
[00129] FIG 5F shows UBM deposition as well as patterning and cavity
et ch. Fi veafeelyelqtackaged8p maytieclnéolihaseconBMretghuds U7kHrRed imthy chyewafer
deposited. However, the nunber of cap internediate UBM structures 210
may vary tefoarmndi fifth electriisslrin®icndes i194 dispoped e thentsond thio@gh €M 70 and in
internmediate UBM structures 210 may be positioned in the respective

t hr ee opegedifial 20 actiwit-@elsasdnd Widchidal RiteretrfEct Q42 Rads fEdiadridd dfskct
two other cap internediate UBM structures 210 may be positioned on

the seconghelsas catiuio!iberdffect | IPIERYCXRRRA boksBldyy 1501 ated from the
| ayer of pad netal 204. [00130] FIG 5G shows sol der deposition and
lift-off. y f ) i tedy fer 200
and the. 7 S0LERY, The BAPoERAT B pEEN02 hEF P EBnsk % §AE eRlep
of openi ngs ,ma reated in,the dry fil h enin

correspon nﬁﬂjg%lp(?gglggﬁhs@f’set Oél?“le\?%coegéal? ﬂ{f@ﬁﬁzg‘?c 8%'3] ﬁﬁ\ﬂ“%‘f?dgﬁuTlEsﬁﬁh
210. Cap i,nternedi ate solder rtions, 212 y be osi ted over. each
of the fi?}scteaag?ﬁtﬁrﬁmblgﬁ mapRpcowRlet ot BEB ﬂf@rnaﬂﬁgwén& A 1%, digrosed
openings. After the deposition of the cap internmedi ate sol der
portions @nte seqead gag surfacenl AR pf the CP%WBfPéEO% The foyrfhregerpal bending pad 576 )
fromthe cap wafer 200. FIG 5G shows a resultant cap wafer 214.
[00131] Prasbe tia sewe aCtheHyih externel-boading pad| 78/andvmay intlude a seldergall. The
met hod of bonding the resultant cap wafer 214 as shown in FIG 5G

ont o t he foeshl extamaldewidoee wad ef761 98] ithee Ififilli ergernhle bbddify adi L8 1§ tas
shown in FIG 4H according to an enbodi nent. [00132] FIG 6A show t he
al i gni ng aifigived fastenad tomnmptivvafoes furthet packagh oveviidt fot éxanfple.ont o t he
resul tant device wafer 198 including the MEMS device 106 as shown in
FI G 411. [obm4f! CGin Sf\embbdEimeR RRS fitsY ehr&ddh Vidl1 68 BRd iRt Rc&d BRJugRAd 1'ANS
212 on the resultant cap wafer 214 and the device internedi ate sol der

portions ﬂagy?irﬁﬁqe Hiudtenas Firial tlB¥ it fe Wat ®hfer 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 10ym.
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, 198 may be aligned. [00133] Fig. 6B shows wafer vacuum bondi ng may
be carri SYOSM/03THE resultant cap wafer 214 may be bondBETSE2Q08E00355
resul tant device wafer 198. The bondi ng tenperature may be about 280
degc and the vacuum | evel during bonding may be about 7 micro ton.
The aligned resultant cap wafer 214 and the resultant device wafer
198 may be kept inside a bonding chanber at the above-nentioned

vacuum conetittispn IaFIGOAB) eefiedraint 'Pecul pattaRiag ima) BOtred a‘)&rAediaeah@
to renove any possible outga55|ng gases ﬁﬁter about 9 hours,

respecti VTa £3589 be" @bl Lhn At 48R & 'i\i;ﬁ%ﬂﬁé“soi’%%sﬁﬁt V\Pgoegnd1?8

may be bon ed together uUsing a wafer ich ma rovide a st

controlle t U bondln sure of  about
i or ot ond PR Pl Bpéfied g%gbﬁoﬂ@%t*ﬂ@n%res g BBy e @nmavﬂ
t he vacuu rln waf er bondlng may depend on the wafer
processinghBﬁH%Pg%ﬁﬂawqﬂ% ssing, baking for exanple. So the
duration of hour s_nmay. on be an exanpl e and the bond force may

al so depeffl 6?1] t e B i Eré"“‘s%tﬁll'mgl?’r'@ sglepliye Hask mayr bexamisdeoutTie

force and the vacuum punping hours may be limted to only for the
devi ce wabketorgpist layre 18691 wesking taver inay be deposithd on therdielectaertayer HignThe
Force nmay depend on the nunber of chips in a wafer, seal ring

di mensi onpreelat362 enay\bedommaeddynqsdhing wilh/ﬂletsieteetivmmaskot be limted.
[00134] FIG 6C shows formation of two backsi de precut alignnment

mar ks 264[0018]he i BBGL 4B ntsidemtipes welll BprddiBandnfciureerdk may be BarEsd out.
mar ks 264 may be formed on the backside or the second device surface

122 of theghg gmb@amiay&wes%awce%inﬂa%@ Fur 0 38 prebife267 Mhd %‘Eeﬁlﬁ?@%@hcd

cross-sectional views illustrating a nethod of dicing t bonded

devi ce ahg] a gk AP 28 E/ befBAnAOR e kiR o/, €TDOdi ment .

[00136] FIG . 7A shows a starting arrdngenent of a cap wafer 108 and

a device Eﬁ) m}l g6 194 F‘S@pgﬁr &Sge g@lp_a['#d' % e%e[@t‘gﬁ %a%ogé" 98'85% 8&9 tﬁly neilecértlc

166, for rcing t n co
with the stra es %6

i a il evi
oy bo § eI e rameyed Sy polin Baf @ arufalhifer D16
106 may v cc des n and user ui renents. 00137] In
Fre o5, Y Hekadle o Mt Sl HnS i BSORy clted el Datus et
122 of the device wafer 104 may be carried out. The half cut d|C|n8
may be shEifdlere laner ]dﬁﬁaqgh%gpgqﬁ)meq i1 4mnay bexgxidised to fonnaox1de layer 19

[00121] In FIG. 4G, dry film lamination and patterning may be carried out. A layer of
\ dry film 192 may be deposited and a pattern may be formed in the layer of dry film 192.

[001_.2.2] In FIG. 4H, UBM and sclder 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.
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[00138] In FIG 7C, the arrangenent of the cap wafer 108 and the
devi ce waVer0M@d 53y be turned over or flipped and rempBATESE2YH0PIES
dicing tape 166. The device wafer 104 may now be in contact wth the
dicing tape 166. [00139] In FIG 7D, a full cut of the cap wafer 108
and the device wafer 104 fromthe second cap surface 126 of the cap
wafer 108 may be carried out. [00140] FIG 7E shows a wafer | evel
package 1fyhibac! ugin i : i

104 on t ne A g o S0 ¥ BRI R R T o G 190 o
view of a okl a i [ joal & 0l det Lhion 212
di sposed %%8g§§5é)p§8mg¥gfb%ogﬂ%1§$d&ag? or?h?%‘érkgg?g? %‘}dng“"[“g énr?g Fb' Ry 6e
enbodi nent.. FL G ,8A shaws a cap.ipternmediate UBM.structure 210

di sposed %Jﬁmf‘#gng%?ﬁewi@e??pi °gﬂngﬁ eé‘&ﬂqgﬁfi@?’vﬁé‘aitzg e sol der portion
212 di spo on th p, i nternedi ate, UBM structure 210. The cap

i nt er medi ﬁﬁizﬁswﬁ@r 3 e ovige Aenpsitio o fach abthefyratcap spefaceeldrisddhe
titanium (Ti) layer 220 and a nickel (N) layer. 222 disposed on the
Ti layer $pond qapesuriace 336G rA Sy laney of exide 298stor examplh silisap owidedFiOLD 6f
The cap internediate UBM structure 210 nmay include any suitable
nunber of aloat érem ghidkmesy nsyi beatitpesivainn wath ofthef finvatar snfase dep andithg
on user and design requirenents. The cap internmedi ate sol der portion
212 may i sechndapaugaded26Au) | ayer 224, a tin (Sn) layer 226 disposed
on the Au | ayer 224 and a further Au |layer 228 disposed on the Sn
layer 22600726 f OIGheC dhowk dr met dopasitln. A PRt b8 Gali OnbtANDHY tmay be

oxygen penetration. The Au layer 224 may be di sposed on the N |ayer

222. The ddpokitien thé Q'lrﬁEW){(elP Y %xﬁlg tZQE GRS Mfcaﬁi s 12499 %é]%ﬁﬂﬁg%“

| ayer 222 may have a thickness o out 100nm~ the Au | ayer
have a thj . hawe g thi.ckness
of about Eﬂéﬂ?@fu}(ﬁ tErll ? g??%de@ga {JE a?gg bé%ﬁ%@%ﬁ%ﬁ%geﬁ%a@ Hes sm‘g?‘?e
about 50 nm i'[allhealhi ckness dOtL' he respective |ayers may vary

beef A ¥

dependi ng 8" TS &GP r enent s. The cap internedi ate

sol der porti 2 al so ipc) ude.any ot her ~suitabl e conbi nation of
mat eri al s{oh@nd%ﬁij%ﬂl‘i’é’v&”x&ﬁc&e ti“{:)"ngl“r'gﬁi}\yfs’é é‘.‘etﬁ(?@%@ secepdslaygs
shows a cross-sectional view of a solder conposition of a device

i nt er medi %t Xido e rfop sramrlp silisen gridsJSKR) gpayabel depasitedrvarn dhe layar popask e
bondi ng according to an enbodinent. FIG 8B shows a device

i nt er neditaetal 208M st ructure 194 di sposed on the cap wafer 108 and a
device internedi ate sol der portion 196 di sposed on the device

i nt er medi [@OE28UBNVFKT.r S tshows Tornatith eofdenide epénihg r Threk apeninfBVRGE magt her e
194 may ™i nclude two | ayers, for exanple a titanium (Ti) |layer 234 and
a pl ati nuoradd pn ltteey excodBlayet sPosidel 206 Hbwevkr, thahambes4f ogduengti20k ayar
234 may be di sposed on the device wafer 104. The device internediate
UBM st r ucfaey @epbBdingBi ubdtahd desi@Mméqeiinica, € nunber of |ayers and any
sui tabl e corbination of materials depending on user and design
require Thercsl ey ' ' I | L Qelde
g0l d_(ANEPL, cFIGSH S BMBC 0! o Bisnilhe Jnl offRY u0F S

Furt hor ARy Brtag MehiRle SR SeRRAREA\PRa) Encibysd TS olte ol
The Au | 23 . ' Pt | 236. The Ti |
234 may v EPa TR U SRER 181 oy e Beendipe om et Heve o

t hi ckness of, about %go nm  the Au |l ayer 238 may have a thickness of
about 2 ¢RAUFHRES, Thigrerapy indermsdialea VBM, sitisturenedd way dsorRasitmnpinim e
the further Au |layer 242 mag have a thickness of about 50 nm The

t hi cknes sregectitrethressqpeaingsy 808, 4y epntactayith, theylayee o pad mytab 30419t tvemother
design requirenents. The device
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i nternedi ate sol der portion 196 may al so i nclude any other suitable
conbi nat iV9Q 26f1/0883¢r i al s dependi ng on user and desi gn r @GUISGAMNSANSSS
[00143] FIG 8C shows a cross-sectional view of a solder conposition
of a resultant solder |ayer 244 between the cap wafer 108 and the
device wafer 104 after bonding according to an enbodi nent. [00144]
FIG 8C shows a cap internediate UBM structure 210, a resultant

1 R RS T G s o
i i UB : : 0 i ,

TS e e SIS 0 R AT MBI T examLe @
Ni) | di d he Ti, | ayer 220, . T i | d

BN A U SRR TR

| ayer and Sn | ayer or a AuSn alloy. The device internedi ate UBM
st r uct ur edepoaitedegrer tog gapewalss 208 284 she respeciive epp dntermsdists HBM cmectures
| ayer 236 di sposed on the resultant solder |ayer 244 and a titanium
(Ti) | aye?l®R3vpldiadipoeicepenimgs mayhie dregjesl in 286dry THm, sadhdpeniog spossponding
of the resultant solder |ayer 244 nmay be the sane for each of the
conf or nal tosewhi ofythei fige TiR, inteimédiats t UBNE sfradtares i 0eCapringahediak ,soldae
at .l east one second interconnect 140 and the at |least one third

i nt er conngsitiodsGN2 ndy alepodifed dves tdchaTithé Gve @hp hMededRAUBDY ststtures
conforned to any suitabl e surfaces when bonding. [00145] In an
enbodi meng o Em%&?dapéc%iberdﬁﬂin?&%ﬁ@ﬂ ffRr dé};%ﬁﬁibﬂrbfzt%@ndﬁg?’ineiéﬂg%d?ﬁ% Solde

present on the cap I nternmedi ate UBM structure 210 1| onTy

(he, dov! chuhaberiiethas ol A8, oo I3RS (he ISPl LiSvatr
i di | i 196 h I | d I 244
e el S S SRR LA T e resul Lant sol der | ayer 241
01T DB, oS ARy BELo B e\ 5 B God5F hoke

portion 212 may be present on the cap_internmedi ate UBM structure 210.
Ther ef or ethe reltaarapivalendlt 8 shawn deFIGo3E joptp the xesintdeviggavater 198
resul tant sol der |ayer 244 as shown in FIG 8C. [00146] FIG 9 shows
a sol der isnadiag derdcepf06asshewm alfG. 4H|ageqrdingyern embodimenteen a
cap wafer 108 and a device wafer 104 according to an enbodi nent.
[001471 TH8132)| deFI(pites shaiv dyradignigefshommuliant FipGrafer Aid) adshosvnbin FaGy
phase di agram of Au and Sn. Since the solder used here may be in the
| ayer f or 5§ ohtoahecrsyiomt tévice wifet 198 inelading ahat MEMSIdsvidedéas Sibdvnia\FIGe
a AuSn isnternetallic conpound (I MC) and the conposition of the

resul t ant48.0nhd9G. bAY fie rddrciivy/capdhtehfediftd k61déd Reftionk T8 2NEE R@ultant cap
tenperature nmay be derived fromthe sol der phase diagram 246 and nay

depend onghfaes fNaddane devibd ﬁﬁeﬂm&ia&%old&i%p&?ixﬁsf 1éd‘ar{d§ﬁpﬁ-%ﬁlita¥@d€u‘?&t»@§f&

during bondirng. The nelting tenperature of Sn may be about 232 degC
and the rgquﬂé@}gee ggture may be about 40 degC to 50 degC hi gher

than the nelting erature and hence the bonding tenperature may be

optim zed bout 0.deqgC. 100148] .In,the | ateral. feed.ihrough
connect i ow,ﬁi?ﬁe. ,Elgr ﬁ% Wyvgtw \oe ahonfhﬂgé'?%'g!?ﬁéaé?edl%‘g gﬁ%rﬁsﬂ%’m cap
second electrical interconnect, 142 may .be used to connect. the
respect i V&2 t 214 ey Bsonded 8 theriestlEsh e Yatsr A% Throbondinedsuperaiyie
second interconnect 140 positioned within the conformally seal ed

envi r onmeRay be aboutidfdess andithe vaeifust lewel durigs Speding may be abaui 7. micye totre
top of the |ateral feed through connection (i.e. the first electrical
i nt er conn€he aliged apshltahiccapewoled 244 cwd rthe a¢sultartt atevima neader 1982inay de kept
respective first electrical interconnect dielectric |layer 156 and a
second el mside hbahding thamiser aetie aBow-meitidned vagiam donditioh ut wemdenpsriatues
to isolate the respective |ateral feed through connection fromthe
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UBM structure used for sol der deposition (for form ng of the

conf or melW@@aj0aE3#i ng 112). Using the exanpl e of the fPEESG2009/000355
el ectrical interconnect 132, a first electrical interconnect
dielectric layer 156 nay be di sposed between the UBM structure 152
corresponding to the confornmal sealing ring 112 and the first

el ectrical interconnect 132. Each of the UBM structure 152 and the
first elegtricalg r c 2. may jncl netals. In this . r r
two et ar O it A BERRRG 16 for R A Gt Tal e kel Affer BRR'S
capaci tor, and af f.ect the facto f e MENS device 106. _One way
C o P educehdie Hioisaneant st (e Batengt ped BeEltan; Garics YAl g8 Ty B
frequency may be to connect a ground | ateral feed through with the
conf or nai bandsd teggther yging povatfembandagyhich raay Pw@uiemt%yorgwélaé perf fce
opening in the first electrical interconnect dielectric |ayer 156 (or
oxi de | ayand)at(tbe nasumor bongdingypressure aflabont 7 snicwsl toot theckll bond derconfiddkn
132) and connecting the conformal sealing ring 112 to a ground
connect i omay lbe dpplied. nBumation of theoo gaduiimepumping dlawgn diringh evafe-Nondiey intzy
106 ground nay be nade with the conformal sealing ring 112 rat her

t han gr oudwpend) ok fige Wattk @ravesiny paalty a8 thdguipasdmigl Bakivg for exaaplWEBE the
devi ce 106 body. [00149] FIG 10 shows a cross-sectional view of a

conf or mal g&afdn TP hdude mhi nk Hé”hn(%iﬁﬂlgfét drdnhé Botl fHrQURASY D180 A&hd 8R A8
according to an enbodi nent. /[ 00150] FIG 10 shows a cap wafer 108

with a fi . ' ' r '

the 111t g PRkt B \rdee for CREnbleCrRERLE R vl BUARARIRY
248, for exappl.e.al,ym n di,sppsed . on th ap. dielectri.c l.ayaer 154,
FIG 10 PEDPEHEIRY YO B RoLirBRETRE plfer i 6ERartw e Fichbiiep 3y B it
el ectrical Jjntercopnect dielecgtrigc |ayer 156, disposed oyer the .

r ound ok oFGIFcrinaY GERAP ndfe BT 5 <Pimsdn § PRitinseLAPG BTeRFioR
t he ground contact 248. _[0015%@nAn openi ng 250 nmay be fornmed in the
di el ect r i AOVe¥FE yachym Rigpingdownndme gy Gk imied-i ng ring 112 may be
connected to the ground contact 248 to_ provide |ocalized grounding of
the MENVS 8134e I%B.GC[ slops dprpaticn of 1o berkwisle precut elignmentivarks 2f¢ an

of a conformal sealing ring 112 wi thout connection to a ground
connect i orswtanydevies watant 198t TR 8prea alighmgntt marks $way e rfornzaddor-HE.
11B shows a circuit representation of a conformal sealing ring 112
W t h connecksidnortthe secgnd devicesarfacci22 @i tier regilanndbvicevwadat1 9248
according to an enbodinment. [00153] In FIG 11A a circuit
represent@oiis) OFIGEA €T ShdvikrosSadctiogal Widves illhstrating AandtheDoMdeihf ik
to a greund connection or ground contact 248 may include a MENS

devi ce r egirabPie e Witk f04a) did cﬁﬁ’{vgfer ildﬁ’ﬁ‘di@ﬂﬁ% RfantefbolaMa. devi ce) and

a parasitic capacitor ( formed by the UBM structure 152 and the

Cp
fi I iGal o . : h
oo o BRI SN SRR, P Vi o) s i
2 . i t
Faput (vt 19 spp s ERR e B B R PR LR o xBa e it BB P,

out put wavef orm may be, as shown at .t he output (Vout). of the ME
Govloe 10%P e LTmat b SRarit e foinhipadctrhin BEsagy, tis daMs

| esser than_the input waveform 252 and nag seened to have been .

af f ect ed #yicendOgmay bpdarmsd in the devipe wpfer 404 hytthe pypber o MENB devey 106
contrast, with grounding of the conformal sealing ring 112 as shown
in FI G 1mBy varyeceoeding tadesignand Lear meqirémenty. appear simlar to the

i nput waveform 252 whi ch have been initially provided to the input of
t he MEMS device 106. [00156] FIG 12 shows an optical mcroscope

pi cture 256 of a conformal sealing ring 112 with connection to a
ground connection or ground contact 248 according to an
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enbodi nent. FIG 12 al so shows the position of the ground connection
248 rel atW0@01183733¢ first el ectrical interconnect 132 aRE@TiSG&009/000355
conformal sealing ring 112. 1001571 FIG 13 shows a plot 258 of total
i npedance (RI) versus frequency for capacitors with varying
dielectric layer dinmensions e.g. first electrical interconnect
dielectric |ayer 156, second electrical interconnect dielectric |ayer

158 accor ¢ygig7)t © ;ARG ™8H FRPLut 40 %jzﬁécu{ BaE gﬁhe;sg?nﬁi%vfcgts ace 122 of

i npedance (1Z1) may i ncl’ude t he resistance p he reactive part

t aki i nt t h hi f.t 1. d .
(A3K00 R pRBEGHRE B BISTS kS EHUBER 00 g BT b v
i nt erconnecLthi el Ef(%fringl ayer 156 dinensions (tox) nmay include a

capaci t or 2 PHTRD out 1.0 pm a capacitor with tox of about 1.5
pm a capacitor with tox of about 2.0 pm a capacitor with tox of
about 3. 0[9938Ind In FiGpHei the arrapgasneng ofitherran wpteru§ andrthe deviemwatend 04
conformal sealing ring 112 may i nclude about 300 pmw dth, the Cp of
about 156maF bamened NMEVRrdbppaseandasinotuted en die diddgdipm 160 Thé dyvies wafer
FIG 13, it may be seen that the capacitor coupled with the ground
connect i ohO4myy bew bb i tomat withftiecdieig lmpetlss. change of frequency. In
ot her words, the frequency dependence of the total inpedance (IZl)

nmay be el (09139t edh BYG.U11% a0l Watlo LB RGE Walh 108 adl @Y AEviEOWLAE 1 02f18m the
[00161] FIG 14 shows a diced wafer |evel package 102 after the

respect i Vgechid dapQhithdd d6IrHENGE wifer 108ImAi el daftiedlouf.N€ bonded waf er
according to an enbodi nent. The bond pad 134 and the wire bond 300

bilit in. E ’ t ,

LY L TROLR PEIGTEMhobd gy 1o oI008, FRRGGIUEETLISAPLRRK s
space ma i.lable:for the w.re-bondin rocess. But it may not
bg possi %fne%e%?geg} Fant aﬁia@u%n{ﬁgd%%?%% a Igalroge gap 303 blecausg t he

overal | sj f fer | evel package 102 y increase. . [00162]
A'e 1 olblally FRECHR Soun Y aunBieiils panhr b ok campasoR Of e

| eadf r ane, package 310 accordi ng, to an enbodi pent. The wafer |evel
package 1iermagiatssolder portiom dbeidisprsed ga wicap) walsr H0% belorerhonding gecording to
el ectrical interconnect 132 or lateral feed through connection on the
cap waf er an gBbefienie FKp fife shasts dpamint¢ragdiategdBMpsirugtust 3G dispgsed on the
Wi re-bonds 300 (wi re-bonding nethod) to the ceram c | eadfranme package
310. The ¢apnwiafeonHl8i ayd ghe tdap intermedibtey sdldgrapktige 2102disposedicaruthe cap
inside the wafer |evel package 102 may be neasured only after

f unct i onaintdrmediate JJBMystivetie AL0.tThe capfisternediatd UBAC kimgreure Q20 pidyein€ude
factor of the MEMS device 106 nay be neasured at the sane tinme as the

vacuum i nsigigyédr) fomexagipld £¥ehivRd CRAESer 0. andReickel NN laydEMD dlehdséFon

106 may not be tested in wafer |evel format or neans before

i So D T e e R S s A 1§ TS
I npor t ant inité?mgﬁigt@rUﬁﬁl L‘M‘%ﬁétﬁ'ﬁdmw‘?nﬁﬁd@ %ﬁr &Hﬂﬁl@%u%ﬂe?toifquem 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 pepetration. 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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[00163] FIG 16 shows an inpedance-phase plot 304 of a wafer |evel
package MO 2PH(03FEIMEMS devi ce 106 (e.g. resonator) accoPET{5§2908/080355
enbodi nent. [00164] FIG 16 shows the response of frequency with
respect to inpedance and phase of the the resonator or oscillator
device. Wile sweeping through a range of frequencies, at a
particul ar frequency, i.e. the resonance frequency, there may be a
shift in 456y f egon
Frequency nautpEe s iesary an S ikl B ABEh fqonli AR ESer 24 me
inside th f e 102.,Th i gher the vacuum l.ev th
shar per t %@e@%crlfggs\ég)kfa ?%gégﬁ%ﬁ %%H? ?rel\%i“garflﬁaé'ﬁ aﬁk‘ﬁ -esﬁ‘%ﬁbﬁﬁ@ﬂ%an‘?
factor. If the vacuum | eyel rmay be lawer, then t r ésgnanc

f requen’cyﬂjc?u&%ernéylﬁ%‘?rg%ﬁ %%%a‘ff Wﬂag?neraﬂgé&ﬁF %r ’é"&ugﬂ% H%é‘:“ess of the
[00165] FIG 17 shows a calibration curve 306 involving respective Q
factor anBESREENENRYEY eIy ofasy depgrdingy pa ysef and Miviend ssAuiremes The cap
according to an enbodinent. [00166] FIG 17 is the calibration curve
306 for aintermefiate seldefeportion Fl2thay pisvEncludd eay TOlgeramitahlé feombination of
vacuum | evel s. The calibration curve 306 may be plotted by neasuring
t he r esponmterials dependidghvih ubew arglodedigh requireinéfiter ent vacuum | evel s or
condi tions. For neasuring the response of the MEMS device 106, a

separ at e [d42j0e RIGRBBOshow8Ya Bidks-ftiGnalaiew of @\ldep 261pasation8Y a evice
fabricated and the separate package may be connected to an external

vacuum puiiermiiiate ik Paﬁbﬂqga ispoba bR ¥ Akvied warndod B&Brefﬁoﬂﬂbg abtofifg
| evel -to | ower level, the Q factor may be neasured. In general, a

h. h . - . . o -

et g RTS8y 2,0 e BIORR] AR IR
be ab iend: QUL what .may, be t. inside.the .VE A

106 by ot arBerifg 1dnd | B dPedBeding SRRt OB 0B uirafocipuie AR

el uct ng REtR CEM reigeSf ol Spvith ifemetine U St 194 may

respective | f dicing_and full dicjng to expose the first external ,

bondi ng p%é H?SAWB haxeRe feferapwlam itapugt (i} lavag2idanta elaaem (B dayerpio

hal f dicing (as indicated in FIG 18) and the full dici ng may be made
on the rediseesed ¢b theeli layer\ddf cFheatidayer 34 mey hadispospdcbnt the desigepvaferel 04.

MEMS device nmay be ready for final assenbly. [00168] FIG 18 shows

t hat the @hedemiceniatdmddiatecVBM styictune 1 9hivfay didudrgargnshitable nwmbér ofi leyeng

may be nmade to be precise and there may not be nuch damage on the

| at eral and any suitable combination of materials depending on user and design requirements.
The device intermediate solder portion 196 may include a gold (Au) layer 238, a tin {Sn)
layer 240 disposed on the Au layer 238 and a further Au layer 242 disposed on the Sn
layer 240. The further Au layer 242 may' be deposited to inhibit oxygen penetration. The
Au layer 238 may be disposed on the Pt layer 236. The Ti layer 234 may have a thickness
of about 100 nm, the Pt layer 236 may have a thickness of about 200 nm, the Au layer
238 may have a thickness of about 2 pm, the Sn layer 240 may have a thickness of about
2 pm and the further Au layer 242 may have a thickness of about 50 nm. The thickness of

the respective layers may vary depending on user and design requirements. The device |
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feedt hrough and at the same tine, all the bond pads nay be exposed by
hal f di ciWg 2641/03753pr ecut net hod. [00169] Wil e the i nveRCTH62M8800368N
particularly shown and described with reference to specific

enbodi ments, it should be understood by those skilled in the art that
various changes in formand detail rmay be nmade therein w thout
departing fromthe spirit and scope of the invention as defined by

the appondid el ieneldct Rt oe ot Utp; IRIERE P ot sBHyL Wbt
range of eg '.vgldggec %1[‘ t he clga' ns_are.therefore intended.to be
|

enbraced. T CLalNE O, HSST 4TS, qrelgn FuremenS. A af er | evel package

conpri si ng; devi ge er includin IVENVS devjce; a cap wafer

di sposed &9 iﬂt hx:llée%&%&mﬁ%? é:F‘?SS'é?cq%éas‘fle%ﬁé arSpider compesitiorpfea fesultant
di sposed between t he device wafer and the cap wafer and configured to
provi de afPldardaysrdd) betweasethei o welendeh and ehejdepicee waker 404 aafigr bbrdingp
wafer, and a conformal sealing ring disposed between the device wafer
and the cagsowrigte ansthbodinfentiur ed to sun-ound the at | east one first

i nt erconnect and the MEMS device so as to provide a confonm |y seal ed
envi ronnefi0144)r FI@. &C shosasd caprintefmddidte UBM sewunne Q0 anddsiltaat MEMD [ayer
devi ce; wherein the conformal sealing ring is configured to conform

to a resppsfindea deviteidkemsedinleaUBMEtniche 19X dRBosta RiweRRGhd Bep wakr 108
waf er when the device wafer is bonded to the cap wafer;.

and the device wafer 104. The cap intermediate UBM structure 210 may include two

P

layers, for example a titanium (Ti) léyer 220 disposeci 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 inc.;,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 resultant 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
intex;c_onnect 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 int;armediate
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

39



wherein the wafer |evel package further conprises a first electrica
i nt er con¥@20H{0SBFéed on a first cap surfaCe of the capPEESERVARNFFH
el ectrical contact with the at | east one first interconnect; wherein
the first electrical interconnect is configured to route the at |east
one first interconnect along the first cap surface of the cap wafer
to crossing the conformal sealing ring to the outside of the seal ed

envi r onnends mah ol bl prditnt el Bk deGiye intdidiRGCUBM shedue AR h $8S. 8B GAP
dielectric layer disposed on the first cap surface of the cap wafer,

d i hel | LISt
a groun Pﬂ?ttﬁg teaf iR BORAH©O olhae?(gciﬁ% 323? ngzlﬁé %% g% aé}%e&i Lh[@hrbqp a}mfehﬁegﬁate

el ectrica nt erconnect dielectr over e groun

cont act ; Anended * | PEA/ AU wherein.the confor.nal,.seali

ring is c@%%gﬁg%u{eo%:f%ef%%ﬁdt eoﬁ?pa&%eweglai% SSEnPHgOR rin?hlga)f i%?slpe

el ectrical intergonnect _djelectri.c yer. 2. The wafer |evel package

of claim i‘fs“lf%?f“ﬁg‘frq@@ﬁﬁﬂgﬁ W&t"lf@ﬁ'one second i nt er connect

di sposed between the device wafer and the cap wafer and configured to

provi de alf0df#@ct FlGaP shewpeacsqlder phasevdiagrann 246 eafi & eesilians rsoldan Iayere 244 p

waf er .

between a cap wafer 108 and a device wafer 104 according to an embodiment.

[00147] The solder phase diagram 246 shown in FIG. 9 may be a binary phase
diagram of Au and Sn. Since the solder used here may be in the layer form, the
composition of the resultant solder.layer 244 may Be a AuSn intermetallic compound
(IMC) and the composition of the resultant solder layer 244 may not be controlled. The
bonding temperature may be derived from the solder phase diagram 246 and may depend
on the Sn layer which may be the layer in respective c01-1tact during bonding. The melting
temperature of Sn may be about 232 degC and the reflow temperature may be about 40
degC to 50 degC higher than the melting temperature and hence the bonding temperature
may be optimized at about 280 degC.

\ [00148] In the lateral feed through connection, i.e., the first electrical interconnect 132
and El_le second electrical interconnect 142 may be used to connect the respective at least
one first interconnect 110 and the at least one second interconnect 140 positioned withjp
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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3, The wafer |evel package of claim2, wherein the at |east one
second i WEReBMESt i s di sposed within the conformal seBETRG2000i00035%
The wafer |evel package of claim2 or 3, wherein the at | east one
first interconnect is disposed on one side of the MEMS device and the
at | east one second interconnect is disposed on another side of the
tvl EnS device, 5, The wafer |evel package of any one of clains 2 to

4, furtheUBsORRGtEINGked fSLEAAE dpRGitibh ¢Fok fbﬁﬁlﬁ%%@r}ﬂ@%nﬂhﬁﬂ%ﬁ%gom
the cap wafer and in electrical contact with e at | east one second

i nt er conngps. - Ca Tlﬂf‘e ednifle | S &le ﬂ?s?ke?&gur ec]'ﬁt]t bRt 14DELek ttéfgctrtlcal

second el ec I nterconnect 1s con (0] route t‘ne a

e e R

igw ' Onrregc;[lrcsgondﬂéeto g c%nform sea Sg lfn%gel 18 (? ﬂ%é ﬁ‘.)rgteelgmccak ?rltgr%gnn%ctt 1%26
Each of the UBM structure 152 and the first electrical interconnect 132 may include
metals. In this regard, two metals with a dielectric 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 tﬁe confolrmal sealing nng 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 tI-n's manner, a localized grounding
of the MEMS device 106 ground may be made with the conformal sealing ring 112 rather
than grounding the WhoIe conformal sealing ring 112 with the MEMS device _106 body.
[00149] FIG. 16 shows a cross-sectional view of a conformal sealing ring 112 with
connection to a grc;und 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 dielectri;: 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.

41



wherein the conformal sealing ring is made of a conformal materi al
whi ch pr ¥PdeY0378hnf ormal bonding. 8. The wafer |evel BAERGHWIGPO3SS
claim?7, wherein each of the at |east one first interconnect and the
at | east one second interconnect is nade of the sane c.onfornal
material as the conformal sealing ring. 9. The wafer |evel package of
taint 8, wherein the conformal material is selected from.a group of

material S |@aspl SUd\épGiindlob0-hhy 6! fodhed fih | the Wi@8Siric NBYeY Y- o' that 1HE
waf er | evel package of ahy one ‘of clainms 2 to 9, ereln the ]
conf or mal %Ij ' . at_ | gas ne.first interconn nd_t

at | east g%e seaggﬁ%}in%g?neé ? gznr{}éaé't E%rcénrfegfe%etg iélﬁ %"‘&‘gﬂn%%‘ﬁa“g?g% 3% sﬁrﬁ‘ﬂ&
step. Il,,The fer .l evel of y one of clains 2 to 19,
vvheEei n tP@%ﬁﬁl%gﬁlgg’ngﬁgﬂ?%gp&g‘fﬁVW(}gﬁnect is electrically isolated
fromthe conformal sealing ring and the at | east one second

i nt er connB0d5%ls MG 1A hPwy 5 Ssrut epreseriatiom ef @osménrmal seadiagining 112

ring. 12. The wafer |evel package of any one of clains | to 11,
fiuther cwitheuts¢ongeciion|feastgronnd cdrineetionnoe igommdewntagt 249 saecordisgwoem
t he device wafer and the cap wafer. 11 The wafer |evel package of
cl ai m 12, embodiment and FIG. 11B shows a circuit representation of a conformal sealing ring 112
with comnection to a ground connection or ground contact 248 according to an
embodiment.
[00153] InFIG. 11A, a circuit rcp'resentation of the .con.fonnal 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 electrit-:al 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 ﬂ‘{&? resultant waveform 254 r.nay 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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wherein the at |east one third interconnect is disposed outside of

t he conf VEEMIEEHS#Ng ring. 49 Anended Sheet [PEA/ AU  PCT/B62009/§80355
waf er | evel package of claim 12 or 13, wherein the second el ectrical
i nterconnect electrically connects the at | east one second

i nterconnect to the at |east one third interconnect. 15. The wafer

| evel package of any one of clains 12 to 14, further conprising a

third el eghpddi@bnt! ﬁkﬁflg%%%ﬁﬁwghé%ﬁﬁgn ﬁflqtrhg Reudle \ébﬁﬁcfé}@{ f{SO@Ia%ﬁve to the

el ectrically connect the at [east "one t I nt erconn

crtetnal SAOREEH Sy FPGAL BB RREHRREL 700, e
cap wafer [00157] FIG. 13 shows a plot 258 of total impedance (JZ]) versus frequency for
capacitors with varying dielectric layer dimensions e.g. first electrical interconnect
dielectric layer 156, second electrical interconnect dielectri‘c 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 veﬁying ﬁr.st -électrical interconnect dielectric
layer 156 dimensions (tox) may include a capacitor with tox of about 1.0 pm, a capacitor
with tox of about 1.5 pm, a capacitor with tox of about 2.0 ym, a capacitor with tox of
about 3.0 pm and a capacitor coupled with a ground cémnectiou. The conformal sealing
ring 112 may include about 300 um 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
frqugncy 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
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17. The wafer |evel package of claim 16, further conprising a fourth
el ectri caVOAIdBESdhnect di sposed in the first through vPETEEANO03SS
el ectrical contact with the first electrical interconnect so as to

el ectrically connect the first electrical interconnect to an external
connecti on. 18. The wafer |evel package of any one of clains 5 to
17, further conprising a second through via fornmed in the cap wafer.

19, The vaicRide laClfle RRCIBIBcRiseGhloTerhl} sidelbfl ﬂﬁ@rwm{lélji;agﬂaggdlfOPLﬁlﬂ

el ectrical interconnect disposed in the second through
electrica+FﬁQ§§act with the second electrical interconnect so as to
el ectrically connect the second electrical interconnect to an

exter cal FRRBAC, S 18 ol Bea JAhE 1evEl BackBES 189 el SMEnST%o % i ™

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 only- after ﬁ.ﬁlctional testing. Ey- 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.

{001'56‘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



wherein the conformal sealing ring is connected to a ground
connect i KO 2010373 #et hod of fanning a wafer |evel packaBETEERYI8I3AY:
formng a device wafer including a MEMS device; formng a cap wafer
over the device wafer; formng at | east one first interconnect

bet ween the device wafer and the cap wafer such that the at | east one
first interconnect is configured to provide an electrical connection

e oen | B SR 100y otR i YRR Mo

seal ing ring between, evi e cap wafe

t he conf o[ 'F@a'do?r@ %r;%n%gokﬁﬁé%n&iesgur ed to surround the at | east one

first int é’rconnerca:%ﬁ'and évice so as to provide a conformal ly

seal ed enyi ment . f he at lLeast one fjrst interconnect d the
VNI . deviteiSSUnBlGT B b ﬁfﬂhlﬁ@“&&f#&ﬁé‘ﬁﬁs nalVing, TPRGVE dipfhoig and
formng the conformal sealing ring such that the conformal sealing
ring is cﬁﬁfl?l@&%vgbvwsaww%w@&hﬁ%émWécgqxﬂmam an embodimentof t he
devi ce wafer and the cap wafer when the device wafer is bonded to the
cap waf er [004§fdr eFHG-t hk isvtheeadibfation learvecHlfpfor sieparfiorarn dayign 6ff thet MEMS
el ectrical interconnect on a first cap surface of the cap wafer and

i n el ect rdevae 6natadiffemint lvadvuen ddvelsedhe calilsrafion stirve r¥06rmon be gilotted by
wherein formng the first electrical interconnect conprises formng

the firstmedsesig ithélreipdhsy o6 e CMEME hletRRat 106hat fdiffstntevafuil tedels or
i nterconnect is configured to route the at | east one first

L Tl e AR b SRS i e

51 Anende&l&hﬁ%ay not be a wafer level package) may be fabﬁcated 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 measuxj_ed with the

- vacuum level from the plot 306.

[60167] FIG 18. shows a fully bonded wafer 308 including a plurality of wafer level
pack_gges 102 after the respective half dicing and full dicihg 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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| PEA/ AU wherein the nmethod further conprises formng a cap dielectric
| ayer on WREMH{8EB4cap surface of the cap wafer, form n§CHSGRYINO03SS
contact disposed on the cap dielectric layer, and formng a first

el ectrical interconnect dielectric |layer disposed over the ground
contact; wherein the method further conprises connecting the
conformal sealing ring to the ground contact via an opening in the
first el egdeihesiighiandl af $RRAAE tinfé] &l BlYond phdyBhy be %xpoIE@Iéfrﬁélh@iémgfor or
claim?21l, further conprising formng at [east one second i nterconnect
bet ween tpﬁmﬁkﬁgﬂ%ﬁjmafer and the cap wafer such that the at |east one
second interconnect is configured to provide an electrical connection

bet ween t Vi . tand the.ca fer. 23. The fret hod of claim
22, wher epﬁjlgﬁgr mng t gme{"? nﬁoena%%s bgﬁ'gp%@?:@ﬁr&yf &t %@n%gﬂ%egé‘f‘r%ﬁéé ce
formng the at..least ,one second .interconnect wthi he conf or mal
senl 1 ng. rtreciss AT, GaR0nd Ao won by those et techt PAG: s
at | east one first- interconnect and form ng the at | east one second
i nt er conne¥NeeSoRerms @ad dstar may bpanade thereiar withut depasting fiowy the apisit andn
one side of the nmens device and formng the at | east one second
i nt er conngsepe ohthanevention 83 defingfl biyithe apvBdetkslaios, ThS scapreenfited inwehtioh is
any one of clainms 22 to 24, further conprising

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

and range of equivalency of the claims are therefore intended to be embraced.
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formng a second el ectrical intercormect on the cap waf erRPr(IZ /SG2009/000355

el ectrical contact with the at | east one second interconnec eﬂ 8%2011
met hod of claim2$, 52 Amended Sheet | PEA/ AU wherein form ng.th_e

second el ectrical interconnect conprises formng the second '

el ectrical interconnect such that the second el ectrical interconnect

Is configured to route the at | east e _second i nterconnect along the
first cap surface of the cap wafer t ssing the conformal sealing
ring-to.the outside of the seal ed enviroment. -27. The net hod of any.

one of CIWWQW@SZG wherein the conformal sealing ring is nade

of a conformal material which provides a conformal bonding. 28. The

nmet hod of .claim 27, wherein each of the at | east one first

i nt er connect, .gngaﬁnev@gadk@ﬁgmmggecond i nterconnect is
a device wa_fér including a MEMS device;
~ acap wafer disposed over the device wafer;

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

Y “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;

_wheréin the wafer lfavél packege further comprises a first electrical interconnect disposeﬂ ona

first cap surface of the cap wafer and in electrica] contact with the at least.one first interconnect;

wherein the f‘n‘st electrical interconnect is conﬁgurcd to route the at lcast one first interconnect -
i along the first cap surface of the cap wafer to crossmg the conformal seahng ring to the outside
‘of the sealed enwronmcnt,

wherein the wafer level package further compnses a eap dlele::tnc Iayer chsposed on the ﬁrst cap

sm’f’acc of the cap wafer, a ground contact disposed on the cap dlclccmc layer, and a ﬁrst
electrical interconnect dielectric layer disposed over the ground contact;
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made of the same conformal material its the conformal sea#éﬁé&%ﬁ%ﬁﬁiﬁ?ggif

29. "The nethod of claim 28, wherein the confornmal materia

sel ected froma group of materials consisting of gold-fin alloy, flit
gl ass, polynmer. 30. The nethod of any one of clainms 22 to.-29, wherein
formng the conformal sealing ring, the at |east one first
‘interconne¢ct and the at |east, one second interconnect conprises

formi ng t H&®€ %?%gﬁm?éafﬁ%g’?ﬁﬁf@{mfﬁé‘%{“ FRUSHCORHY Vivjan opening in the first
| nt er conneeémriedthrérbemnedt dlekagic klg@e second interconnect in a conmon
processing step. 31. The nethod of any one of clainms 22 to 30,
wherein formng the at |east one first interconnect and the at |east
one second. i2nt Brecoaferdoie] pokgpe: oS dsind I fimhagrohdpssing | east one fir st

i nterconnect and the at | east one second interconnect 53 Anended’

Sheet | PEA/ AU . : - :
at Jeast one second interconnect disposed between the device wafer and the cap wafer and

configured tq proyidc an electrical connec_tion_bem*eeh the device wafer and the cap wafer.
3: The wafer }évcl package of cIa.im 2,

wherein the atl legst dnq second interco'nm-act is disposed within the conformal sealing ring,
4. The wafer level p;ckage of claim 2 or 3,

wherein the atleast one first intercorinect is disposed on one side of the MEMS device and the at

least one second interconmect is disposed on another side of the MEMS device. -
5, The wafer fevel _ﬁackagc' of any one of claims 2 1o 4, further comprising .

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

least one second intercennect.

6. The wafer level package of claim 5,
wherein the second electrical interconnect is configured to route the at léast one second _
interconnect along the first cap surface of the cap wafer to erossing the conformal sealing nng to

the outside of the sealed environment. -

7. The wafer level package of any one of claims 1 to-§,
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such that the at least one first interconnect is electri CﬁIHV/SG2009/QOO355
"isolated fromthe conformal sealing ring and the at |east B%Vf‘é_je'@o?aﬂﬂzml
interconnect is electrically isolated fromthe confornmal sealing

ring. 32.. The nethod of any one of clainms 21 to 31, further

conprising formng at |easf one third interconnect between the device -
waf er and the cap wafer. . 33. The nethod of claim 32, wherein

form ng tFermsip heBaalpmesl sesfing fes is iods QX ARIETO BRISHHISREHRsPViarg confermal

| east onebohting.d i nt er connect outside of the conformal sealing ring,

34. The nethod of claim32 or 33, wherein form ng the second

el ectrical interconnect conprises formng the second el ectri cal

i nt er connec8. Jbewafehkeveltphekagedelding) ectri cal interconnect

electrically connects the at |east one second interconnect to-the at

| east one third interconnect = 35. The nethod of any one of clains

32 to 34,Whernin pash oEGApYIeast ong Sres invererpuect nivd thelatdéasine sevahd infer@nomnsect

di sposed e bhge daud S&fmﬁﬁﬁmé{maﬁh@w&ﬁmw@gﬁggect the_at |east

one third interconnect to an external connectl 36. The net hod
of any one of clainms 21 to 35, further conprising formng a first

t hrough vi ag.i Thé RefefRPelWadk@Ee of claingd, The nethod .of claim 36, further
conpri sing ' . SR ' o

 wherein .the conformal material is selected from a gfoup of materials consisting of gold-tin allay,
o frit glass, polymer, . -

10. The wafer level package of any ane of claims 2 to 9,

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

intercoimect are formed in a common processing step.
11, The wafer level package of any one of claims 2 to 10,

wherein the at least one first interconnect is electrically isolated from the conformal sealing ring

and the at least one second intercox_mect is élecu'iéally isolated ﬁ'o'n‘.ll the conformal sealing ring.
12. The wafer lével package of s'my one of claims 1 1 11, further comprising |
at least one third intercc:;nnect diISpcsed between the device wafer and the cap u;afer_.
' 13. The wafer level package Qf; claim 12,

wherein the at least one third interconnect is disposed outside of the conformal scﬁh‘ng rmg
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54 Arnended Sheet |PEA/AU forming a fourth electrical int Pg&}{ﬁ%%QOWQ,OO%S
the first through via and in electrical contact with the T§F8Ed 18 April 2011 -
el ectrical interconnect so as to electrically connect the first

el ectrical interconnect to an external connection, . 38. The met hod
of any one of clains 25 to 37 further conprising form-ng a second
through via in the c 39. The method of claim38, further

conpri sing ’f"blTH?W@fe‘éle‘r’“lli’?qlfa@@(ﬂaf“i’é%?r Bnt er connect in the second
t hrough via and i n electrical contact with the second el ectrical
interconn ct . s ele ricall nnect the second el ectri cal
i nt er conne fe“i 'é‘f< 'Efﬁ‘fﬂ‘é‘*&%/? ?fﬁ“gl?y ComRRyts ‘EI%?WPH%EF"W any one
of cl ai mt%tomctwmemasebmbmmdimteﬁgnidae conformal sealing ring
conpri ses fanning the .conformal sealing ring such that the. confornal
sealing ring i§ connected to a ground connecti on.

15. The wafer level package of any one of claims 12 to 14, further comprising

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

one third interconnect to an external connection.
16. The wafer level package of any one of claims 1 to ]5,_-ﬁ1rther comprising
a first through via formed in the cap wafer,
17. The wafer level package of cI‘aimA.l 6, further comprising
a fourth eIectncal interconnect dlsposed in the first through via and in electncal contact with the
. first clcctncal mtcrconnect 80 as to electrically connect the ﬁrst electrical 3 mtercnnnect to an |
external connection.
18. The wafer level package of any one of claims 5 to 17, further comprising
. a second through via formed in the cap wafer.
19, The w-afer level package of claim 18, further comprising
a ﬁﬁh electrical mterconnect dlsposcd in the second through via and in electrical contact with thc
_seqond electncal mterconnect so-asto electncally contiect the second clcctncal inteiconnect to

. an external connection.

20. The wafer level package of any one of claims I-to 19,
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: PCT/SG2009/000355
- 5% Anmended Sheet | PEAJAU o ~ Received 18 April 2011

wh§rein the cc‘mfon.n_al seaiing. ring is connected to a ground connection,
21, A method of forming a wafer ]ev%al packége comprising:

formiﬁg a dcviéq wafer including 2 MEMS devigce;

forming a ca§ wafer over the §eﬁc§ wafer;

forming at least one first interconnect between the device wafer and the-cap wafer such that the
at least one first interconnect is configurad to provide an electrical connectxon between the

( o device wafer and the cap wafer; and

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

interconnect and the MEMS de{ric‘e;

wheréin 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 wifer is bonded to the cap wafer;

wherein the method further comprises forming a Srst electncal mtcroonncct on a first cap surface

' of the cap wafer and in electrical contact with the at least one first mterconncct

wherein forming the first electrical mterconnect compnses formmg the first electrical
interconnect stich that the first electrical interconnect is conﬁgured 1o route the at least one ﬁrst '
interconnect along the first cap surface of the cap wafcr to crossing the conformal sealing ring to

the outsxdc ofthe scalcd environment; .
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PCT/SG2009/000355
Received 18 April 2011

wherein the method- ﬁzrther compnses forming a cap dielectric layer on the first cap surface of
the cap wafer, forming a ground contact dlSpOSCd on the cap dielectric layer, and forming a first

electrical interconnect dielectric layer disposed over the ground contact;

wherein the method further coraprises bo:mecting the conformal sealing ring to the ground '

contact via an opening in the first electrical interconnect dielectric layer.

22. The method of claim 21, further comprising
forming a least one second interconnect between the device wafer and the cap wafer sueh that
the at least one second interconnect is configured to provide an electrical connection between the
device wafer and the cap wafer.

© 23, The method of claim 22;

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

- intercennect within the conformal sealing ring.

24. The methad of claim 22 or 23,
wherein forming the at least one ﬁrst interconnect and forming the at least one second
interconnect compnses forming the at-least one ﬂrst interconnect on one side of the MEMS
device and forming the at least one second i mter.connact on another side of the MEMS device.

25. The methed of any one of claims 22 to 24, further comprising

fom:ung a second electrical mtcrconnect on the cap wafer and in electncal contact with the at

* least one second Interconnect,

26. The method of claim 25,
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PCT/SG2009/000355
Received 18 April 2011

whcrem forming the second electrical interconnect compnses formmg the second electrical
interconmect such that the second electrical interconnect is conﬁgured to route the at least one
second interconnect along the first ¢ap surface of the cap wafer to crossing the oonformal sealmg
ring to the outside of the sealed environment.

~ 27. The method of any one of claims 21 to 26,

" wherein the conformal sealing ring js made ofa conformal inatc;ial which provides a conformal

bonding,
28. The method of claim 27,

wherem each of the at least one first mterconnect and the at least one second interconmect is

made of the same conformal matenal as the conformal sealmg ring.
| _ 29, The method of claim 28,

‘wherein the conformal material is selected’f_ndm a group of materials consis_tiﬁg of gold-tin 'alloy. '

frit glass, polymer.
30, The method of any one of claims 22 to 29,
;WI_Jerein 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
interconmect and the at least one second interconnect in a common processing step,

31. The method of any one of claims 22 to BO,

whcrcm foxmmg the at least one first interconnect and the at least oné sccond 1nterconncct

compnses forming the at Ieast one first interconnect and the af least onte second interconnect -
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such that the at least one first interconnect is clectrically isolated from the conformal sealing ring

and the at Jeast one secorid interconnect is electrically isolated from the conformal sealing ring.
32. The miethod f’f any one of claims 21 to 31, further comprising

forming at least one third int'ercon#ect bet_wc.en the device wafer and the cap wafé?'.
33. The methoﬁ of c]?im 32,

wherein forming the at least one third mterconnect compnses forming the at least one tlm-d

mtarconnect outside of the conformal scahug rmg
34. The methad of claim 32 or 33,
wherein forming the second electrical Ifnterconnect.compxi'ses 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 intercornmeect.

35. The method of any one of claims 32 'to 34, further comprising

forming a third electrical intercormect dispesed on the device wefer and electrically connect the

. at Ieast one third interconnect to an external connection.
36. The method of any one of claims 21 o 35, further comprising
forming a first through via in the cap wafer.

' 37. The method of claim 36, forther comprising
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forming e fourth clectrical 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 conmection,

38 The method of any one of claims 25 to 37, further comprising

forming a second through via in the cap wafer.

39. The method of claim 38, further comprising

forming a fifth electrical interconnect in the second through via and in electrical contact with the

" second electrical interconnect 5o as'to clectrically conneet the second electrical interconnect to

an ext'ex_nal connection.
40, The method of any one of claims 21 to 39,

wherein forming the conformal sealing ring comprises forming the conformal sealing ring such

that the conformal sealing ring is connected t6 2 ground connection.
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