17 April 2007 1 WAFER-LEVEL PACKAGE FOR MICRO-ELECTRO-MECHANICAL SYSTEMS 5
Field Of Invention The invention relates generally to wafer-level packaging. More particularly, the
invention relates to wafer-level packaging for micro-devices containing Micro- Electro-Mechanical
Systems. 10 Background Micro-Electro-Mechanical Systems or MEMS are typically the integration of
mechanical elements, sensors, actuators and electronics on a common silicon subsgi@teoosuch as a
wafer through the utilization of micro-fabrication teéhnologies. MEMS are envisaged to revolutionise
nearly every micro-device product category by bringing 15 together silicon-based microelectronics with

micromachining technologies. In thig Atk MEVE | Mske ROSSIEIe Hie realisation of the concept of

complete systems-on-a- chip. Hence, the commercial potential of MEMS devices is practically
boundless in the current mAM&ERRACE LECHRIDEE CriehICAMEBNSTEMimercialisation is currently
hampered due to the attendant difficulties of packaging these micro-devices and the high cost
involved in packaging and testing the micro-devices. The cost of packaging and testing such
micro-dévicdsiaritd tiyeitgh times more expensive than the cost of manufacturing the

micro-devicesyT i e SONAAL A6 TGS OFALRUBRERUOINGNNI A ABEIRAIGH Rgirve MEMIS

commercialisation is packaging technologies for MEMS. This iS bécause the process of packaging
MEMS affectB\eBtioRly ehiemitdoweierctevsl, 9aakadipgt, fotit Bisaorslenicea oseiiaHaINgb IMiGEY and the
bottleneck i%}gyﬁngcﬁmdyg@(gﬁ%nce for MEMS. For the successful commercialisation of the
highly innovative MEMS devices, the importance of MEMS packaging and conjunctively 30 used
carriers must be addressed and realised at the early design cycles of MEMS. Although MEMS
fabricatjgn t paligg apply a number of processes similar to integrated circuit (IC) fabrication

technologies, MEMS packaging technologies are substantially different and more ch_allen?ing than IC
packaging te¥iHEIEdeEToRMagianical Systems or MEMS are typically the integration o

mechanical elements, sensors, actuators and electronics on a common silicon substrate
such as a wafer through the utilization of micro-fabrication technologies. MEMS are
envisaged to revolutionise nearly every micro-device product category by bringing
15  together silicon-based microelectronics with micromachining technologies. In this
way, MEMS make possible the realisation of the concept of complete systems-on-a-
chip. Hence, the commercial potential of MEMS devices is practically boundless in

the current marketplace.

20  However, extensive MEMS commercialisation is currently hampered due to the
attendant difficulties of packaging these micro-devices and the high cost involved in
packaging and testing the micro-devices. The cost of packaging and testing such
micro-devices can be up to ten times more expensive than the cost of manufacturing
the micro-devices. The much sought after technological breakthrough that is

25  anticipated to drive MEMS commercialisation is packaging technologies for MEMS.
This is because the process of packaging MEMS affects not only the micro-device
size and cost, but also is the most unreliable step and the bottleneck in achieving high
performance for MEMS. For the successful commercialisation of the highly
innovative MEMS devices, the importance of MEMS packaging and conjunctively

30 used carriers must be addressed and realised at the early design cycles of MEMS.

Although MEMS fabrication technologies apply a number of processes similar to
integrated circuit (IC) fabrication technologies, MEMS packaging technologies are

substantially different and more challenging than IC packaging technologies. MEMS



17 April 2007 2 packaging technologies need to satisfy a number of requirements relating to adequate
mechanical protection for moving structures and thin membranes in the MEMS devices from
environmental contamination, vibration and etc; interaction with environment for sensing and
actuating; support for electrical power and signals such 5 as low lead inductance, capacitance and
resistance; good heat dissipation; manufacturability suitable for integration into Wa{gitkeyel
Packaging (WLP) processes; reliability; and econ@mical or cost effective. The reliability of MEMS

depends on m@@gge@lmlm_é@a& W@iSMHpMs@EEMQHQ%%mIﬁQWWW@d for
e”V'm“me”‘ﬁw‘e@ﬁ%&é‘l"%{@&@ﬁ'%Wﬁ&%ﬂgvéﬁ%&ﬁ%% IhANEACARIn AR E I pRMORIRECCESS of

MEMS package and packaging process is the single most expensive and time-consuming process in
the entire MERIE§srotiant gBvERsIAeEIN coerdammatiffic iy aiemsaidntitie RIErAREEMMMNS packaging

is typically apphishiQMPRICHIRMP BEG U MENS DRSSAYER daMEal. pB%mﬂHi@%n%E MEMS

packaging difficult to develop for generic applications. Currently, most development efforts for MEMS

packagihg réSullaM ndeatninciiséaianis cerpadiiangitig e ryesiant e Wat Msaie ditssi patigbricated.
Even the p%ﬁﬁ@fﬁ&lﬂ%ﬁ_ﬂ‘ﬁﬁk@%lgomaﬁM%BWdM?@d\Ma%\ﬂié{fe\fiCpéeﬁﬂg‘jﬁ@c?\ll@@‘}‘eter’ 20

involves specific packaging strategies that are dependent on different manufacturérs. Thus, generic
and modularp&\‘i%f(%séff;dégﬁgﬁﬁﬁﬁ RIENAED pripkeadiplgcapt effasivBle and can significantly reduce the total
cost of MEMS as well as save time and effort during early design cycles for MEMS. However, it is
often easy to neglect considerig%the 25 packaging aspect of MEMS fabrication when designing

MEMS devicEke TahabpigviefgiiG 45 aieesntisrom e eier Mateiake waeideyebinigrseesm the
beginnifg ofRe il HelSYBIRIE U HRPFIAHAN RO BRI e o 0IRg MG dRuiesps hermeic

packaging is the desired form of packaging. Perfect hermetic packaging has good reliability, but
achieving thi? iBEeloE@Rsislteei st rrpeinRIoeeshafcMAMRgRagkage ane MNkar FONEAVRSSpiackages are

currently fabfieaipe Sk éapRmtiovelfdasReEBRs INMRE hiseRaCiRaiRSe MFMRENRSkaRRA&GaN also be

chip-scale packages, whichare .~ o
development cycle. This difficulty stems from the fact that MEMS packaging is

typically applied to Application Specific MEMS Packages (ASMP), thus making
15  MEMS packaging difficult to develop for generic applications.

Currently, most development efforts for MEMS packaging result in new and
specialised packaging every time a new MEMS device is fabricated. Even the
packaging of one of most popular mass-produced MEMS devices, the accelerometer,

20 involves specific packaging strategies that are dependent on different manufacturers.

Thus, generic and modular ways of designing MEMS packaging are desirable and can
significantly reduce the total cost of MEMS as well as save time and effort during
early design cycles for MEMS. However, it is often easy to neglect considering the
25  packaging aspect of MEMS fabrication when designing MEMS devices. The
packaging strategy for MEMS, however, must be considered right from the beginning
of the product development and fabrication of MEMS. For most MEMS devices,
hermetic packaging is the desired form of packaging. Perfect hermetic packaging has
good reliability, but achieving this ideal requisite is very expensive and challenging.
30
A number of MEMS packages are currently fabricated using Wafer-Level Packaging
(WLP) technologies. MEMS packages can also be chip-scale packages, which are
device packages that allow devices to be attached to device carriers or printed circuit

boards (PCB) face-down with the devices’ pads connecting to the carriers or PCBs



device packages that allow devices to be attached to device carriers or printed circuit boards (PCB)
face-down with the devices' pads connecting to the carriers or PCBs 17 April 2007 3 through
individual balls of solder. WLP is a packaging technology performed at the wafer level that requires
the bonding of two or more wafers before singulation or dicing of the bonded wafers to obtain the
individual devices that are already packaged. WLP is a powerful concept that can hpigdbre total
production cost of 5 micro-devices significantly down. Although each WLP processing step tends to be

more costly thm&brﬁw@mmm&t@iﬁgplﬂ@rtiowp&cis@mlﬁﬁ%@s@ébnﬂh@ydwt@rm%@td@nong_ all the
devices on g afefe P YRIGFISYR! IDERHAGNGCHRD B WelrseRAteR IB¥RIR iRphAngk Yelectric 10

systems and a thin metal film redistribution layer. Ultimately, to achieve high I/O “density, electrical
power distritsli6ithg bgf utiifgheneedhuates: (Badhiaiiedbssandiviskibcliamcrsr Sl carerfdiesthapplications.
The wire bondingdeghnigye '%%P’@Rﬁéﬁult%*ﬁ%%‘t‘%ﬁ&r BIR\BARY (e Ghig b IRIGREIEELERF such as
that employed in a conventional MEMS device 1 shown in Fig. IA, in which a MEMS wafer 2 is
bonded 4.5 toicEHaNiRs: JHEMtANE KISy \deAdBAUSR BRsMEIAS IVEEEFING S8ANEBESe0RE solder ball

5 through a yjge-bepdip WhIEhdSHEIRiMA RS- SRR ARSAKIBRHE RiReSRe Wike hepding

technique has limited application in MEMS packaging. For example, ultra sonic energy applied in the
frequency rafiyIedamang st BI8Ha00eRIAR fovaheiforming wire bonding may stimulate the oscillation of
the suspended mechanical 20 structure of the MEMS device 4. This is because most MEMS devices

have resonant frequency in the foregoing frequency range, thereby increasing the risk of failure
during wire DOfRIGRY. WRiRStgMel dEerRINEFHAY pRIEMRIUFRE NERE] TaYesPovitliRg ifeicshpleetd bhetween

both 23nsidegaiwaiais withinvRiek Mitre-RevaasLALH TRRHFaleri wates Wb RchiblieRighagbaging trend

shows that vertical interconnects are favoured because of space efficiency and design simplicity,
leading to theeRtheaSiRehisALIRRAWESf WADHEORAY HYP@x RN-AYPEST s1aS oF dISGRSSETor

input/output gKGArAIR lifNteshirdIsHi SlaRHpAli GRPBNECARS/ArE FMathgltHamEIPhe Ripirrdevices,
primarily due to limited space _ ) _ )
technique for providing electrical interconnection, such as that employed in a
conventional MEMS device 1 shown in Fig. 1A, in which a MEMS wafer 2 is bonded
15  to a cap wafer 3 and a MEMS device 4 on the MEMS wafer 2 is connected to a solder
ball 5 through a wire bond 6 which is held in a via 7 using an epoxy material 8. The
wire bonding technique has limited application in MEMS packaging. For example,
ultra sonic energy applied in the frequency range between 50 and 100 kHz for
performing wire bonding may stimulate the oscillation of the suspended mechanical
20  structure of the MEMS device 4. This is because most MEMS devices have resonant
frequency in the foregoing frequency range, thereby increasing the risk of failure

during wire bonding.

Through-wafer vias are typically intended for providing interconnects between both
25 sides of wafers with which micro-devices are fabricated using WLP. Current
packaging trend shows that vertical interconnects are favoured because of space
efficiency and design simplicity, leading to the increased popularity of WLP devices.
For example, array sizes of devices for input/output (1/O) are limited when electrical
connections are found at the periphery of the devices, primarily due to limited space
30 along the edges of the devices for 1/0 leads. This limitation necessitates the use of

through-wafer interconnects for micro-devices.

Also, achieving low parasitic capacitance and impedance is critical for MEMS

devices that are used in RF applications. Research has been conducted for making



30 along the edges of the devices for I/O leads. This limitation necessitates the use of through-wafer
interconnects for micro-devices. Also, achieving low parasitic capacitance and impedance is critical for
MEMS devices that are used in RF applications. Research has been conducted for making 17 April
2007 4 these through-wafer vias conductive with low capacitance for such RF applications.
Deep-wafer etching has also been widely studied in MEMS technology because 1obiairtog high
density and high aspect ratio through-wafer vias is4ritical for optimising for integration and final
device perfofffsth&eroval-wafer tvies sopdistive apith inerepractiangepfocsue Rirambsatioand Cryo

process. A nmberabwaiekiley atehRongieg RRIALRRINAV S PRADVISVRIGRRALIY RRCkaENT
micro-devices to achieve hermetic sealing. These téchniques include silicon-to-glass anodic bonding,

silicon-to-silieBiRiISH BN AR &h dWaftiglho 6Beer TaRIING A aieraMtsss intertiedlid@ materials
as bonding 'Hﬁﬂ‘ﬁis_ﬁ%ﬁ%??ﬁ'@rﬂ%%ﬁ DRI RRYCAN cBSRIRE M OpNICH e8P IM MRes. under the

bonding media against one of the wafers or through one of the wafer. Based on the foregoing
prefererfces YT tRANACRINEERARS ES IRPOLY AN STRIORERCEFS thus favoured where hermetic sealing of
micro- devices is an attendant requirement. 15 One of the solutions for MEMS packaging can be to
use electrically conductive through-wafer vias. These vias can be connected to metal conductors that

connect to HORYPEEIs W Wderiiomaiaedrieding, éerigusala wiberitalsysinfed JfaE @i@l8ment and
efficiency, aRd GaBGICBOHEASHE HBIA YO WIfr AR IR IGude R iéShR K 1ass

micromachining. For low I/O count devices, this méthod can be used without difficulty.”For high 1/0
count micro- A BORGRGVE adristersiiiso e dH3enDesshinge anEMeaferde-Wafes heswliotatsinpatent No.

6,228,605 Iranises GririiMe @b, WHRMSIEeN s IRt - m&ia2TermethersotdaRricatingigamycrocap 10

with vias 26/28 defined on a cap wafer 24 is proposed. The vias 26/28 are initially etched as trenches

or wells and $§Adefl BHoRY 86 \dep AlR- BpaaRAe RadeaR dfie thepden ehedsiardist #saiBsiPRRR B8 having the

trenches  \yafers or through one of the wafer. Based on the foregoing preferences for vertical
connections, through-wafer vias are thus favoured where hermetic sealing of micro-
devices is an attendant requirement.
15
One of the solutions for MEMS packaging can be to use electrically conductive
through-wafer vias. These vias can be connected to metal conductors that connect to
bond pads of the MEMS device. Such vias have advantages for space improvement
and efficiency, and can be fabricated in a high volume-manufacturing method using
20  bulk micromachining. For low 1/0O count devices, this method can be used without
difficulty. For high 1/0 count micro-devices, however, this option can be a technical

challenge.

In United States Patent No. 6,228,675 granted to Ruby et al, with reference to Fig. 1B,
25 a method of fabricating a microcap 10 with vias 26/28 defined on a cap wafer 24 is
proposed. The vias 26/28 are initially etched as trenches or wells and are filled by a
conductive material from the top or the side of the cap wafer 24 having the trenches
before the cap wafer 24 is bonded with a MEMS device wafer 12 to provide hermetic
sealing. The cap wafer 24 is later thinned by backgrinding the non-trench side of the
30 cap wafer 24 to expose the conductive vias 26/28. The main limitation in such a
proposal is that it provides for forming conductive vias 26/28 that are made of
semiconductor materials like Polysilicon, 111-V materials or etc, which results in
higher series resistance due to conductive vias than metallized vias. This approach

only works for trenches with narrow openings (<10um) but not for trenches with



before the cap wafer 24 is bonded with a MEMS device wafer 12 to provide hermetic sealing. The cap
wafer 24 is later thinned by backgrinding the non-trench side of the 30 cap wafer 24 to expose the
conductive vias 26/28. The main limitation in such a proposal is that it provides for forming conductive
vias 26/28 that are made of semiconductor materials like Polysilicon, 11I-V materials or etc, which
results in higher series resistance due to conductive vias than metallized vias. Tiniggppooach only
works for trenches with narrow openings (<10um) but not for trenches with 17 April 2007 5 larger
openings belésfeie QPPRBIUSHREARIESy AHIERRPHONAEEBIBateeRNGSENS thderideperiitetPtddill-up the

vias before SURBERUPY PACESSePALIRRAEUEA TR pIIE et hErersale ere

build-up that induces very high film stress in the cap wafer, from which the microcap 10 is formed,

which is sus&@mmléeﬁvméa@gwm@waebw&hwm&;tahied@ﬁéaug%hiﬁécfiimm%am&a_eer.
Additionally, By $4G82 fRIARRRRS Tethat Blgad ROFSRIECOfiMERY SRERIIBNC RS Sraskigs very

difficult to obtain a conforming semi-conductor dopant layer. From the foregoing problems, it is

apparerft thautidpedeen wéasdthetpres rlecady desmrdivie toetsancvfetdaditinadi.idyepushckaging for
micro-deviceso Qs FRetHYE R %HQ@H&ITH@%@MW@&?&/ %z%%ﬂrﬁé[%h&? Farnadian Gafsdrirensional

;
ICs" by T.Nguyen et al, DIMES Netherlands, a method f min hg? aspect ratio conductive
through-waféP RS e fArE &P DAoBY YeiRhiviRParkYRe throay s EHBoAppIpIRglamBotidi-up”

approach for, fHigHin@dnRMeNAeE Y IRSERA R HNRINAIEER /Bl She eRRRS RiohREVRARIBYYP approach

involves formln% the through-wafer vias 202 and then filling these vias 202 which are blocked on one
side 206 of th&’ gloumigrerdeiicssed metal layer 208 that is deposited by an evaporation process
and susequently thickened to a thick seed metal layer 210 by using a thick electroplating process.

This proposed method thus requires two seed metal laying processes, 20 thereby making it an
expensive plct3ATiEe aHElad ckiseRomYYafesePrPRn hbissherpalithioved-BBersigftlding/cMP

process. A lifgiatignmofidlisdepasesi Med ReéREfoRaNg HvipdaorféemashiyhreFesmiig double
seed metal laying processes is that ) )
conductive through-wafer vias 202 in a wafer 204 by forming seed metal layers and
applying a “bottom-up” approach for filling the through-wafer vias 202 in thin wafers
15 s proposed. The bottom-up approach involves forming the through-wafer vias 202
and then filling these vias 202 which are blocked on one side 206 of the wafer 204 by
a thin seed metal layer 208 that is deposited by an evaporation process and
subsequently thickened to a thick seed metal layer 210 by using a thick electroplating
process. This proposed method thus requires two seed metal laying processes,
20  thereby making it an expensive process. Also, the thick seed metal layer 210 needs to
be removed by backgrinding/CMP process. A limitation of this proposed method of
forming through-wafer vias by performing double seed metal laying processes is that
it is suitable only for shallow through-wafer vias (<150um) with narrow openings
(<5um). This is because it takes a longer time to fill the through-wafer vias by
25  evaporation and electroplating. In cases where larger vias (>5um) are used, a very
thick electroplated metal is formed on one side by the time the via openings are fully
closed. The thick metal thus formed induces high stress on the wafer 204 and may
cause the wafer 204 to crack. Also the cost of this proposed method is much higher
due to double seed layer process and backgrinding or CMP for removing the excess
30 seed metal after electroplating. Additionally, such a method requires the handling of
thin wafers by a wafer-bonding machine, which can be a problem since thin wafers

have more structural liabilities.



it is suitable only for shallow through-wafer vias (<150um) with narrow openings (<5um). This is
because it takes a longer time to fill the through-wafer vias by 25 evaporation and electroplating. In
cases where larger vias (>5um) are used, a very thick electroplated metal is formed on one side by
the time the via openings are fully closed. The thick metal thus formed induces high stress on the
wafer 204 and may cause the wafer 204 to crack. Also the cost of this proposedimsthiadds much
higher due to double seed layer process and backgrinding or CMP for removing the excess 30 seed
metal after eledneplatiagiciiemitileally T Biasior Yeterod aeegiifele atiemhatingiing o8- himansinal by a

water-bondingmpghingqWhichicanr ABrRRIRISRce IRIRWRISFPHIRNS PIRAIRClYAipbilites. 17
April 2007 6 In anotherarticle entitled "Through-Wafer Copper Electroplating For 3-Dimensional 1Cs"

by T.NguyerQé_ft M,imm@aﬂ%eﬂ@%dwm@@ﬂgi@e@ifl@hy%icfﬁrﬁlﬁbliglﬂﬁ‘@,de'ﬁJrfﬁf@IP@M/_lmechanic_s
And MicroengieefigafefUBBHimE AL 1§ HIARERRF LTS WalerIRMiAiE" RRAGIAP Withpphotoresist

layer as a bonding material to form 5 through-wafer vias’in a wafer. The wafer with the through-wafer

vias is fibst bibwelegh-wakeiotsrivafsaipin Bhseaafenayvih e fiske thafphterdsidisahendashdwiched
between theisesthiRgtal YERAN ShewRigeiithhe tNRotwaiRTasSst i ePRARIRRIARYEr

exposed by the through-wafer vias is then subjected to exposure and development through the
through-waféeW&esnothsriredeneink day evnaiedtHbespeifes Bdin 1 therErersiewades cwieplatihbeis

performed to,{HiHiesiEy pHRRBEREY W ieinerdgREBRS iasgatnéh Linjadien &f dpRiRPased method is

the attendant difficulty to"perform wafer-to-wafer bonding?effectively using the ﬁgotoresist layer

without haviS§\EHRIBENtIE RN dBRTERe Y BEbedasHE R EBISEea I aD ORI ek 3FRASre and
developgeng @f {fiens8 el AiPa RRTICERFSAIRODL e Hesr BughidhRreipiidhisRele&lfectively

performed as the developer cannot clear the photoresist exposed by through-wafer vias which are
deep (>100FEASEVEN [HREAEODRY F@iﬁg@Qﬁeﬁﬂéﬁﬁﬁ'@d(ﬁﬁhﬁ)%ﬁﬂ‘é\‘ﬂéﬂdﬁlﬁé@bﬁ%ﬁ?@ﬁ@rformed on
the photoresigiiaveivrIBt Y Rilg/eFIdUI\RIRIFRPRE PRt dRLL &t ihfemmmtmatﬁﬁg/@ﬁ)ﬁu using an
ultrasonic bath during development, the seed areas in large vias (>50 x 50 m2) may be opened, but
solvent content to keep the photoresist layer soft. ~ Also, the exposure and
development of the seed areas performed through the deep through-wafer vias is not
15  effectively performed as the developer cannot clear the photoresist exposed by
through-wafer vias which are deep (>100um). Even after a very long exposure time
(5 min) and after development is performed on the photoresist layer, photoresist
residuals are reportedly left in the through-wafer vias. By using an ultrasonic bath
during development, the seed areas in large vias (>50 x 50 um2) may be opened, but
20  damage to the seed metal layer due to ultrasonic force is observed. Additionally, the
separation of the bonded wafers is not an easy task as the through-wafer via fill
materials in the first wafer are attached to the seed metal layer on the second wafer.
Furthermore, if the two wafers are to be separated by a backgrinding process, the two
wafers may not have sufficient bond strength to withstand the shear force applied
25  during the backgrinding process since the photoresist layer is not inherently suitable

for bonding the two wafers.

From the foregoing problems, it is apparent that there is a need to provide an
alternative to the conventional wafer-level packaging for micro-devices.

30



20 damage to the seed metal layer due to ultrasonic force is observed. Additionally, the separation of
the bonded wafers is not an easy task as the through-wafer via fill materials in the first wafer are
attached to the seed metal layer on the second wafer. Furthermore, if the two wafers are to be
separated by a backgrinding process, the two wafers may not have sufficient bond strength to
withstand the shear force applied 25 during the backgrinding process since the phigtpiesist layer is not
inherently suitable for bonding the two wafers. From the foregoing problems, it is apparent that there
is a need to PHENTEAMAN alternative to the conventional wafer-level packaging for micro-devices. 30 17
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wherein a MEMS device Iis connected to bonding pads on a MEMS watfer. A peripheral pattern is

patterned al@rlg&e ﬂ%iﬁéﬂﬁmg@ﬁ@é%bﬁmﬁm%ﬁférmmwséw iBV@&ld}ﬁ@eﬁEds and the
MEMS devige. da:nseinSi3RgenaIc aReMRREH %OH%%S&?C{HQ TR N RAKEPALRE MRS e cap wafer

using an etching process. A metal layer is unitormly deposited on a sacrificial wafer that is bonded to

the cap Svafdioafing-eass\eed HiteMibM StdeNies phbeBe dngiragfotheanysiride Piesassetbiadgenis uniformly
deposited onhe, GRRURIETRSTREHRS A RILRINYSRRICER SR MRGYPREAE. SAChRIGP Lydaysr in an

etching process. The cap wafer is formed in a way such that the through- wafer vias can be aligned

with the bonb'HEMBbF HRPRARN SON AePathitieitd inGtendBat tise RABERHIdPe Se (ADs WafEI saRd metal. By
means of angleslRPIIN IR eEPHSPRGESING theh SR mﬁ%hé,hﬁ]émﬁégéi% YiRgRFRyiled with a

conductive material. The metal layer can also be an Under-Bump Metal (UBM) layer, which can be 15
patterned to 48PS RShAD A GRS rpafaral thandaretd g uURIgsaRatKOLISE o AR 3P diEing Wonding pads

and pesiphenglpafiesn efriiy Miabess Whlerday RevidiehrinRr FRRNREY QD PEIe e e dughwafers and

a gasket for providing hermetic sealing, respectively. The two wafers are then aligned and eutectically
bonded to fof@fe Was<aatheralignadiiepdent fatsobdiME WS vetRio ITels iBsfReemed before

the metal layer serves as a seed metal. By means of an electroplating process and
using the seed metal, the through-wafer vias are filled with a conductive material.
The metal layer can also be an Under-Bump Metal (UBM) layer, which can be
15  patterned to form bond pads and a peripheral pattern congruous with the
corresponding bonding pads and peripheral pattern on the MEMS wafer for providing
interconnection between the two wafers and a gasket for providing hermetic sealing,
respectively. The two wafers are then aligned and eutectically bonded to form a
wafer stack. In a further instance, the bonding of the two wafers is performed before
20  the via-etching process, which then requires electroless plating of the through-wafer
vias after etching. The side of the cap wafer with the through-wafer vias exposed is
now metallized with a UBM layer from which bond pads are patterned. Solder
patterns are formed on the bond pads by conventional methods like screen printing or
solder film deposition, lithography and etch before the wafer stack is finally

25  singulated to form a surface mountable wafer-level MEMS package.

In accordance with a first aspect of the invention, there is provided hereinafter a
method for forming wafers having through-wafer vias for forming interconnects for
wafer-level packaging of devices, the method comprising the steps of depositing a
30  metal layer on one of a first wafer and a second wafer; bonding the first wafer and the
second wafer using the metal layer deposited on one of the first wafer and the second

wafer; forming a through-wafer via in one of the first wafer and the second wafer;



20 the via-etching process, which then requires electroless plating of the through-wafer vias after
etching. The side of the cap wafer with the through-wafer vias exposed is now metallized with a UBM
layer from which bond pads are patterned. Solder patterns are formed on the bond pads by
conventional methods like screen printing or solder film deposition, lithography and etch before the
wafer stack is finally 25 singulated to form a surface mountable wafer-level MENMSApackage. In
accordance with a first aspect of the invention, thefe is provided hereinafter a method for forming

wafers havirfé !ﬂnmﬂmﬂwaw@hmerbviwﬂthgaiﬁ@@ﬁ&@ﬁﬁ@d@t@fﬂamfm@v_eir@@@gmg ipfthevices, the
method comprisinaibgiReRsRF dRRRIINY shaWareraldanky tﬂ@l WS@BM&@W&’%{%@?Q RiRgcond wafer;

bonding the first wafer and the second wafer using the metal layer deposited on one of the first wafer
and the secéRYitWiFEHPRIPSIARY LaVRDagRVIREaVeEen Bifecconahstitemutadnldmgtthd sty ona wafer; 17

April 2007 &flbRgtBEI AHHSHl WRIGFORVIIRA S ARAMCHY SR 2RO SRINGrafAYHY dp the one of

the first wafer and the second wafer having the through-wafer via wherein the cavity is superposable
over a devicBeinersialens Rayhel SR e rasesarfRs VA Sy kise tit elbeireblbgnganatitBeeMi®less plating
the through-wafsi\ianghiag side of the one of 5 the two wafers having the through-wafer via to which
the other of the one of the two wafers is bondable. Brief Description Of Drawings Embodiments of the
invention are described hereinafter in detail with reference to the 10 drawings, in which: Figs. 1A and

IB is an iIIustﬁqwgaer[igH @ypfge,ral\ﬁ,y,%éjackages; Figs. 2A to 2C provide an illustration of another
prior art process of forming vias in a 15 cap wafer during wafer-level packaging; Figs. 3A to 3G are

diagrams illUSHAAAENE Heedh dee fovaRiteR riGlasadRag Ry dnftar Hedrialkyyitbtetdiense dentbRcording to
embodimentgafihgsinventien; 20 Figs. 4A to 4F are diagrams illustrating another method for
wafer-level packaging and a device formed therefrom according to other embodiments of the
invention; Figs. 5A to 5F are diagrams illustrating a further method for wafer-level packaging

Figs. 1A and 1B is an illustration of prior art wafer-level packages;

Figs. 2A to 2C provide an illustration of another prior art process of forming vias in a

15  cap wafer during wafer-level packaging;

Figs. 3A to 3G are diagrams illustrating a method for wafer-level packaging and a

device formed therefrom according to embodiments of the invention;

20  Figs. 4A to 4F are diagrams illustrating another method for wafer-level packaging and

a device formed therefrom according to other embodiments of the invention;

Figs. 5A to 5F are diagrams illustrating a further method for wafer-level packaging
and a device formed therefrom according to further embodiments of the invention;

25
Figs. 6A and 6B are diagrams illustrating results of vias formation during wafer-level
packaging according to an embodiment of the invention; and

Fig. 7 is a diagram illustrating wafers stacking during wafer-level packaging

30 according to an embodiment of the invention.



and a device formed therefrom according to further embodiments of the invention; 25 Figs. 6A and 6B
are diagrams illustrating results of vias formation during wafer-level packaging according to an
embodiment of the invention; and Fig. 7 is a diagram illustrating wafers stacking during wafer-level
packaging 30 according to an embodiment of the invention. 17 April 2007 9 Detailed Description
Embodiments of the invention are described hereinafter for addressing the foregoingring®d to provide
an alternative to conventional wafer-level packagin for micro- devices. 5 In accordance with
embodiment@&fpilesl iRgseitiptiowafer-level MEMS packaging methods and wafer-level MEMS

packages arg dgsgiihats 1y e SbRtimaRsiaMEMR deireissonreierdamonsingipgds on a
MEMS wafer. A peripheral pattern is patterned along with the bonding pads on the MEMS wafer to

encompass {1880 G RN pit s giaaHeeME MSdelitanaln wWatelel eribdarkeginty dafapigeder is
processed tg.fqpw through-wafer vias in the cap wafer using an etching process. A metal layer is
uniformly deposited on a sacrificial wafer that is bonded to the cap wafer and removed after the
etching process. In other embodiments, the metal layer is uniformly deposited on the cap wafer before

the via-etchifg pQSERRE0 SRTNC.ADAMIHEMICOISIAP IAVERIBANGIRINSBragRIs PRRaR yafer is

formed in a way such that the through-wafer vias can be aligned with the bond pads of the MEMS

wafer. In theMBSROgsiAgL MBI MR D diarkages sepvaeserhebeck HRAMBPHHBAMS of an
e|eC”°F"ati”Q/IErIQI‘Seéé/"f’d'édié‘%B?ﬁéBfe&%@@dﬁ@ﬁ%éﬁ&s%ﬁ%‘ﬂﬁE‘%%&‘fé% ArpdHistkb[tBaRerpnductive

material. The metal layer can also be an Und ump Metal (UBM) 20 layer, which can be patterned

to form bond$pRAEeAMRA AP ME thatRIAIERH RafSusNVifte ME VMrrasbeinémnensemdrrg paris and
periphggal p%ﬁ&ﬁw@rﬁ% MEMe NMEIOISTaEVREEVIF I BhiB R RIHTRRHEN ?6&}%‘%@&?&?‘% prseuaters and a
gasket for providing hermetic sealing, respectively. The two wafers are then aligned and eutectically
bonded to to form through-wafer vias in the cap watfer using an etching process. A metal layer is
uniformly deposited on a sacrificial wafer that is bonded to the cap wafer and
removed after the etching process. In other embodiments, the metal layer is
uniformly deposited on the cap wafer before the via-etching process to serve as an
15  etch-stop layer in an etching process. The cap wafer is formed in a way such that the
through-wafer vias can be aligned with the bond pads of the MEMS wafer. In the
foregoing embodiments the metal layer serves as a seed metal. By means of an
electroplating process and using the seed metal, the through-wafer vias are filled with
a conductive material. The metal layer can also be an Under-Bump Metal (UBM)
20 layer, which can be patterned to form bond pads and a peripheral pattern congruous
with the corresponding bonding pads and peripheral pattern on the MEMS wafer for
providing interconnection between the two wafers and a gasket for providing hermetic
sealing, respectively. The two wafers are then aligned and eutectically bonded to
form a wafer stack. In further embodiments, the bonding of the two wafers is
25  performed before the via-etching process, which then requires electroless plating of
the through-wafer vias after etching. The side of the cap wafer with the through-
wafer vias exposed is now metallized with a UBM layer from which bond pads are
patterned. Solder bumps are placed on the bond pads before the wafer stack is finally
singulated to form a surface mountable wafer-level MEMS package.
30
By these embodiments, a wafer-level MEMS package can be achieved with >400um
through-wafer vias in the microcap of the MEMS package. This is attributed to deep

through-wafer via filling processes described hereinafter.



form a wafer stack. In further embodiments, the bonding of the two wafers is 25 performed before the
via-etching process, which then requires electroless plating of the through-wafer vias after etching.
The side of the cap wafer with the through- wafer vias exposed is now metallized with a UBM layer
from which bond pads are patterned. Solder bumps are placed on the bond pads before the wafer
stack is finally singulated to form a surface mountable wafer-level MEMS packageag@ Bygthese
embodiments, a wafer-level MEMS package can b&lachieved with >400um through-wafer vias in the

microcap of FH!?WI B8 pum@g@fam@@attamm&@wd@ébe errhegimeare ol kdiling pretekses
described hefgiRAltRE BT 2R0F 1T BISthAlBR O HRRAL PHARARNANANAIES R

embodiments of the invention, in which one relates to the filling of conductive material in the
through-waféie/iQg iy PtHRPRIGREM -WPI B prestit FesyHTURI Fkllir @E0sAFRNRIRAS VI S8E S tpeiof seed

layer deposiigas iisnuaogihie IRl e e ceRRna AR hPERA SRS Anolfgirpadvantage
relates to the combination o theé&rocess of forming solder bumps and t roulg(?-wafer via for providing

interconpectadyidiagh takiefeterdptatRyPreiessdythonwiesrsy Bleferatiftopaliisy BBruBdmthd/or
process. A fyiiggpRayFarads felairsiRinbSRTaiRe o alRH IR EREIMBIRINASBYRORgINg two

wafers with seed metal sandwiched between the two wafers. This provides numerous possibilities for

MEMS 10 paWiEditng foefeleairrplaidng cohsitiomaniie paetessesAAYEISURAGGERERFRIARS fGlates to the
high conductyitydhrateR-WaspiM el 4SS iR viab PNFBHABM Y WD U reRPRAh VeBS LR BfPPropriately

used. A still further advantage relates to the reduction “of the size of the MEMS packagEe toa

chip-scale MR ishefA5aVeaN dh v nrderadVinRIgH fefafbie el e Rassbiddes il Minning
processes afigs kR iBRHaB RIS hidB-YeASi R0 WiegRIUSta TIiRsak it eferagge to Figs.

3A to 3G, embodiments of the invention are described for a wafer-level MEMS packaging method and

a wafer-levelQvilaR1 Sigh Geskiciyitly FRreHSRNASEIYas A0thestyafe Rie\AARUEAURIHABKAGHSE method is
described Wil P Wi e fRes IRdioas3B IA3EITRG PEPGRRINASRS thawais e vebMEMS package
is

of the size of the MEMS package to a chip-scale MEMS package. An even further
advantage relates to the absence of wafer thinning processes after the through-wafer

15  vias are filled with conductive material.

With reference to Figs. 3A to 3G, embodiments of the invention are described for a
wafer-level MEMS packaging method and a wafer-level MEMS package. With
reference to Fig. 3A, the wafer-level MEMS packaging method is described while
20  with reference to Figs 3B to 3G, the processing of the wafer-level MEMS package is
described. In a Via Etching step 302, a cap wafer 352 is processed in which through-
wafer vias 354 are etched using conventional etching process including DRIE or the
like etching processes. A barrier layer 356/357, for example comprising a suitable
silicon oxide barrier 356 and/or a metal barrier 357 like Titanium or Tantalum,
25  depending on the application and specific requirement, is then formed at the interface
between the cap wafer 352 and the fill material for the through-wafer vias 354 using
conventional barrier deposition or lithography and etching processes. The oxide
barrier 356 provides insulation while the metal barrier 357 provides adhesion between
the fill material and the through-wafer vias 354 and prevents diffusion of the fill
30  material into the cap wafer 352. A seed film 359 can also be deposited on the side of
the cap wafer 352 to be bonded with another wafer for facilitating improved bonding
between the two wafers. In this case, the presence of the metal barrier 357 also
provides adhesion between the cap wafer 352 and the seed film 359. Though the
aspect ratio of the through-wafer vias 354 can be high (>10) and the depth of the



described. In a Via Etching step 302, a cap wafer 352 is processed in which through- wafer vias 354
are etched using conventional etching process including DRIE or the like etching processes. A barrier
layer 356/357, for example comprising a suitable silicon oxide barrier 356 and/or a metal barrier 357
like Titanium or Tantalum, 25 depending on the application and specific requirement, is then formed at
the interface between the cap wafer 352 and the fill material for the through-wafer Apas28674 using
conventional barrier deposition or lithography and ééhing processes. The oxide barrier 356 provides

insulation wrﬁh@_w@wwéf@n baﬁr@%anqa_twqég ﬁd@i@‘sﬂ%@ﬁéhﬁ/é@ﬁ watelﬁﬁ%ac@ﬂéqeamoﬂ%n, _
through-wafer;vigse35h et R R¥eNs LG Ut meﬂéﬁw%(ﬁ%éﬂ@?fﬁhﬂﬁv@ﬁiEFPQOV\(%F(/\%?&SA seed film

359 can also be deposited on the side of the cap wafer 352 to be bonded with another wafer for
facilitating indpeoseUBBritiaie \Waané sieidltRenaaRsrs. In this case, the presence of the metal barrier
357 also provides adhesion between the cap wafer 352 and the seed film 359. Though the aspect
ratio of the through-wafer vias 354 can be high (>10) and the depth of the 17 April 2007 11
throughSwaféh \daBe3b45eeald aver theerosikionssten thB4cad Frafblasy, 3ot Ise depostied, ahid does not

limit the appligatiag afiasPARAMERLS@1G BYERIABA% AR IR R IVRUPB WafREMias of other

dimensions. 5 In a next Seed Layer Deposifion step 304, a seed layer 358 is deposited on a sacrificial

wafer 360. Tieseddhigherlss8acin Be a rhepsliReickhyey gtae (hencesppessicouPrwhieh!lfgo acts as a
bonding lay&io{apBRIBHPERIRRICSBIONR @ tHiEHKE 15HPBERSRIQR RIGERFen BRIUR R ReGehigyer 358 is

deposited on the sacrificial wafer 360, a metal barrier 359 comprising of Titanium or Tantalum can be

deposited orP8ie 2 MeaLAALIST Jaferoser ikng rividing HamssiaRtplmean Prsliepesites\t 8158 and the
sacrificig| wajgdRfal TR INBYVRICIS RAMAD A HeR R ARFERCYMRIGEFigR 08 SRe, e gomPression

process is applied to the cap wafer 352 and the sacrificial wafer 360 with the seed layer 358

sandwiched A& EBEAWVEIRT 88hvdheBrBIaNALSET SARHESSRIPD 38RiHSEBRRRMBERIFONAR BRoper
bonding of g WaHRLREATEBeaeTapNEaddIHbiG R aRPesARRRMSRAKR heraggching step

302 may be performed after the Seed Layer ) _
with the seed layer 358 sandwiched therebetween. Conventional thermocompression
settings optimised for the proper bonding of the two wafers are preferably used in this

15 case.

As an alternative, the Via Etching step 302 may be performed after the Seed Layer
Deposition step 304 and the Wafers Bonding step 306. In this case, the seed layer 358
also acts as an etch-stop layer at which the etching of the through-wafer vias 354 stop.
20
In a subsequent Via Electroplating step 308, an electroplating process with the seed
layer 358 acting as the electroplate is performed in which an electrolyte such as
copper sulphate or the like electrolyte fills the through-wafer vias 354. After
electroplating, a conductive material 362, such as copper (Cu), gold (Au) or nickel
25  (Ni), is left to fill the through-wafer vias 354 forming vertical interconnects. The
barrier layer 356/357 acts as a barrier preventing transmigration or diffusion of the
conductive material 362 into the cap wafer 352,

After electroplating, in a Cap Wafer Processing step 310, the sacrificial wafer 360 is
30 removed by conventional processes such as backgrinding and/or polishing. The seed
layer 358 is also removed by the same backgrinding and/or polishing processes,
thereby exposing the conductive material 362. The side of the cap wafer 352 opposite
the seed layer 358 is also backgrinded and/or polished to expose the conductive

material 362. Thereafter, UBM layers are deposited on both sides of the cap wafer



Deposition step 304 and the Wafers Bonding step 306. In this case, the seed layer 358 also acts as
an etch-stop layer at which the etching of the through-wafer vias 354 stop. 20 In a subsequent Via
Electroplating step 308, an electroplating process with the seed layer 358 acting as the electroplate is
performed in which an electrolyte such as copper sulphate or the like electrolyte fills the through-wafer
vias 354. After electroplating, a conductive material 362, such as copper (Cu), gridgAepar nickel 25
(Ni), is left to fill the through-wafer vias 354 formind#ertical interconnects. The barrier layer 356/357
acts as a ba%@r pieviesitrigedaltsingraiitarepteRisiatlo Sk apendffotivdietaitatBeitaldythe cap
wafer 352 Afig GiARUABIAAGNE ArfdaR VARG IACaEE R BRI Besariifiphater 360 s 30
removed by conventional processes such as backgrinding and/or polishing. The seed layer 358 is
also removed by the same backgrinding and/or polishing processes, thereby exposing the conductive
material 362. The side of the cap wafer 352 opposite the seed layer 358 is also backgrinded and/or
polished to expose the conductive material 362. Thereafter, UBM layers are deposited on both sides
of the cap wafer 17 April 2007 12 352 and patterned to form interconnect pads 364 and 366, which
are electrically interconnected via the conductive material 362, and bond pads 368 to facilitate 17 April
2007 13 bonding and stacking the cap wafer 352 with a wafer containing a MEMS device. The
deposition and patterning of the UBM layers are performed using conventional techniques, which are
followed by the etching of a MEMS cavity 370 on the same side of the cap wafer 352 having the bond
pads 368. 5 In a Package Integration step 312, the cap wafer 352 is solder bonded to a MEMS wafer
372 having a MEMS device 374 with a movable structure 376 using solder patterns 378, which are
formed by conventional processes such as screen printing or lithography and etch, to form a wafer
stack. Signals and electrical supply to the



10 MEMS device 374 are conveyed to the MEMS device 374 via MEMS pads 379 formed on the
MEMS wafer 372, which are congruent with and connected to the interconnect pads 366 on the cap
wafer 352 using the solder patterns 378 on the cap wafer 352. Similarly, bond pads 380 formed on the
MEMS wafer 372 are also congruent with and connected to the bond pads 368 formed on the cap
wafer 352. 15 Most importantly, the MEMS cavity 370 is congruent with the MEM3alevizse 374 when

superposed over the MEMS device 374 so that thelﬁw_ovement of the movable structure 376 is
unimpeded RRATHNG AV BkAskig itye3ap. Wakshafidelyithhe vwafereariprBsmmaly BMBofkIdeE o the

MEMS wafer 245in6anDanenaeale s HEUBMTSas s e HiaRI " iRimagAgpPression or

the like compression processes 20 insteéad of the solder patterns 378. To complete the wafer-level

MEMS packtgénigatdervbifipseafel e xohneishétedifne i pAis o84ty 3¢rirefibpNprocesses
such as scregp Bfiﬂm;?wgﬁ?%@oﬁ% ﬁé%n@%&g%g@fer stack singulated. Alternatively, the

solder bumps may be formed directly in place of the interconnect pads 364 formed during the Cap
Wafer Processing step 310 by switching the 25 electroplating solution and/or process after the

electroplating,prqsesade IgYiRicHRIPBIRINGSER RAdoAPIOREIRIG N ARRY TBeasIERiHUMPS. With

reference to Figs. 4A to 4F, other embodiments of the invention are described for a wafer-level MEMS

packaging a3 Adnavinget- MY R HRY D Addaydthvaitioseblershelsber do3ERy Uaing theldgafer-level

MEMS packagipendgaoq i Gese iﬁﬁﬁmé‘&hﬂg MHH@(éﬁﬂ‘%rr?d?iﬁd@eEé&ss‘ﬂJ@ht%s‘%réBﬁ pFPERgSHIO Of the
wafer-level MEMS package is described. 17 April 2007 14 In a Seed Layer Deposition step 402, a

seed layer 4B @Ry &M tadanmiar weler $heksectignsisr asbelerialasiiby &dheas gold (Au)

or coppgr (GUEMYematyely 230 BYhiaye 488 raMaOVIS RRYIES awdichh CRIERfSURRAYET 1), nickel
(Ni) or gold (Au). If the seed layer 358 is deposited on the cap wafer 452, the seed 5 layer 458 has to

be removed a18ptibsIaYl wAtRe 3RroLMShAER GRIGIESAT NV iRe 2R GRANEEEE AQuitIE a
conductive MgEGH RL pQUDEBISR e HBIRY &54 3R ipannhE It PP e e o e titodafPr

subsequent patterning to form pads on the cag wafer
wafer 352. Similarly, bond pads 380 formed on the MEMS wafer 372 are also

congruent with and connected to the bond pads 368 formed on the cap wafer 352.
15 Most importantly, the MEMS cavity 370 is congruent with the MEMS device 374
when superposed over the MEMS device 374 so that the movement of the movable
structure 376 is unimpeded within the MEMS cavity 370. Alternatively, the cap
wafer 352 may be bonded to the MEMS wafer 372 using a bonding material such as
metal or solder suitable for thermocompression or the like compression processes
20 instead of the solder patterns 378. To complete the wafer-level MEMS package,
solder bumps are applied to the interconnect pads 364 by conventional processes such
as screen printing or lithography and etch, and the wafer stack singulated.
Alternatively, the solder bumps may be formed directly in place of the interconnect
pads 364 formed during the Cap Wafer Processing step 310 by switching the
25  electroplating solution and/or process after the electroplating process in the Via

Electroplating step 308 to appropriately apply the solder bumps.

With reference to Figs. 4A to 4F, other embodiments of the invention are described
for a wafer-level MEMS packaging method and a wafer-level MEMS package. With
30 reference to Fig. 4A, the wafer-level MEMS packaging method is described while
with reference to Figs 4B to 4F, the processing of the wafer-level MEMS package is

described.



452. Before the seed layer 458 is deposited on the cap wafer 452, a metal barrier 457 comprising of
Titanium or Tantalum can be deposited on the cap wafer 452 for 10 providing adhesion between the
seed layer 458 and the cap wafer 452. In a Via Etching step 404, the cap wafer 452 is processed in
which the through-wafer vias 454 are etched using conventional etching process including DRIE or
the like etching processes. A barrier layer 456/457, for example comprising a suitadjal gdovon 15 oxide
barrier 456 and/or a metal barrier 457 like Titaniumlér Tantalum, depending on the application and
specific requifeineefd it AyemBERasiHeniieF AR batspediayrs da8 iwaRN0aBde aheasi Vakelerial for the

through-walgsyias fiad ysig sarvanional havierdepasiinor diiparapM oA iching processes.

The oxide barrier 456 provides insulation while the metal barrier 457 provides adhesion between the

fill 20 materiéi'&ﬁ@ﬁfh@'ﬂﬁ@ﬁu@ﬁMdﬁé/ﬁWa@m Qﬁd?ﬂ@i}&%swﬁﬁfs@ﬁ B¢ thafinmatalialiehkel the cap
wafer 452. T(Rﬁ)?‘épgﬁfd‘vi\% Of fhenHERL@YERTSEY IRSARGs B BF (YR Ware AR dersf of the

through-wafer vias 454, and thus the thickness of the cap wafer 452, can be >400um. In this case, the

seed layer olWEMABEs 46 duISHaves afteelactrpriBnthire fill tha ibrowah arehien y i8s tiedtHrough-wafer
vias 454 Stog, 2oy N A RYDESANRR LS HRGVERAEIAFIR 48R RIEGHO D BIRYpEP 28BS Yith the seed

layer or UBM layer 458 acting as the electroplate is performed in which an electrolyte such as copper

sulphate or tbfe Ifkes) daerenpavaiey thetfrb Heat Pritering AgtEgra BetopaiitgaR YHeiLictive
material 46245IC 8% ORRSEAT tHy SASEAIHoRIEEPOS hEap i e, thiquohaRiesstas 454

forming vertical interconnects. The barrier layer 456 acts as a barrier Ereventlng transmigration or
diffusion of theNRIiINE e ThaNEHRI 96T dhislwie eap Dmraasied PR 2007WeBINRLTHY Wafer

Procesging SRRy HARRiBRAAIANEN ARiSREAUBALIRYARAGE wiendbe Seed layer 458 is

removed by the conventional backgrinding and/or polishing processes, thereby exposing the
conductive material 462. The side of the cap wafer 452 opposite the seed layer 458 is also

backgrinded;anap @5%@%{9@@9%&@9&@&%@@ praad P whideteatinodRMdfyers are
of the

deposited on both sides _ ) ) ) ) )
vias 454 are etched using conventional etching process including DRIE or the like

etching processes. A barrier layer 456/457, for example comprising a suitable silicon
15  oxide barrier 456 and/or a metal barrier 457 like Titanium or Tantalum, depending on
the application and specific requirement, is formed at the interface between the cap
wafer 452 and the fill material for the through-wafer vias 454 using conventional
barrier deposition or lithography and etching processes. The oxide barrier 456
provides insulation while the metal barrier 457 provides adhesion between the fill
20  material and the through-wafer vias 454 and prevents diffusion of the fill material into
the cap wafer 452. The aspect ratio of the through-wafer vias 454 can be high (>10)
and the depth of the through-wafer vias 454, and thus the thickness of the cap wafer
452, can be >400um. In this case, the seed layer or UBM layer 458 also acts as an
etch-stop layer at which the etching of the through-wafer vias 454 stop.
25
In a subsequent Via Electroplating step 406, an electroplating process with the seed
layer or UBM layer 458 acting as the electroplate is performed in which an electrolyte
such as copper sulphate or the like electrolyte fills the through-wafer vias 454. After
electroplating, a conductive material 462, such as copper (Cu), gold (Au) or nickel
30 (Ni), is left in the through-wafer vias 454 forming vertical interconnects. The barrier
layer 456 acts as a barrier preventing transmigration or diffusion of the conductive
material 462 into the cap wafer 452,



cap wafer 452 and patterned to form interconnect pads 464 and 466, which are electrically
interconnected via the conductive material 462, and bond pads 468 to facilitate bonding and stacking
the cap wafer 452 with a MEMS wafer 472. The deposition and patterning of the UBM layers are
performed using conventional 10 techniques, which are followed by the etching of a MEMS cavity 470
on the same side of the cap wafer 452 having the bond pads 468. If the seed layeng5aes7a UBM layer

458, then the UBM layer 458 is left on the cap \{vafb5 452 and patterned accordingly to form the
interconnect!paiS aB8\AfRT @ ERshINg 18P 4 H3the seeoalelan dMBtisghration sty ever tfeBeap wafer

45215 soldeqapryledda e MEBAS: VATBLATE USRS BsR A kB BaKahiR,structure

476 using solder patterns 478 to form a wafer stack. Signals and electrical supply to the MEMS device
20 474 are d¥RGESAEE, tHEFRDXIENDSS ine e ePnaluGH i SRS 2.7 I hisrisidel onthisecammefSrwarfer 472,

which are copgyuepiuitth ARACNNSRICESS (e essaapfflcaasttyP DARABE fRRWAlEr fe2 using the

solder patterns 478. Similarly, bond’pads 480 formed on the MEMS wafer 472 are ‘also congruent with

and conhecte@NBeH¥ OB A IS 26 RerarEEo N B dayeiharer denpsiesseinioditaingy ahtWEMS
cavity 470 isgg GRreF U Wi (e SRS (et HRsEL B RBEPSS Ry eAdbe MM Sidevice 474

so that the movement of the movable structure 476 is unimpeded within the MEMS cavity 470.

Alternativelyel@fércatl ywirtsrconmeniggl pdapthsderntbieHuaVPaBsial 462 431 boing) BaBeiBdMaterial
such as metg] Qi REASE RIHG IR A DEHY AR BRFERARD 252INGHKS RAENIESSRIRT Rrecespgs instead of

the solder patterns 478. To complete the 30 wafer-level MEMS package, solder bumps are applied to
the intercon§EBPHHAS 464 AAKEIRENGZTErtBea dkBIMh glaleesd areitBrRERNRAY, HSENGofeBVBRfiAPaI may be

formed, gliregdhy, HiqulacepidheataiesABARACHPAS dterifgrated UG iR ikAR70 8P thE RRRSSINg Step

408 by switching the electroplating solution and/or process after the 17 April 2007 16 electroplating
process in tHedeRf the cappratridaeung thedmitd pagictdBapply the solder bumps. With reference to

Figs. 5A to 5F, further embodiments of the invention are described

If the seed layer 458 is a UBM layer 458, then the UBM layer 458 is left on the cap
wafer 452 and patterned accordingly to form the interconnect pads 466 and the bond
15  pads 468.

In a Package Integration step 410, the cap wafer 452 is solder bonded to the MEMS
wafer 472 having a MEMS device 474 with a movable structure 476 using solder
patterns 478 to form a wafer stack. Signals and electrical supply to the MEMS device
20 474 are conveyed to the MEMS device 474 via MEMS pads 479 formed on the
MEMS wafer 472, which are congruent with and connected to the interconnect pads
466 on the cap wafer 452 using the solder patterns 478. Similarly, bond pads 480
formed on the MEMS wafer 472 are also congruent with and connected to the bond
pads 468 formed on the cap wafer 452. Most importantly, the MEMS cavity 470 is
25  congruent with the MEMS device 474 when superposed over the MEMS device 474
so that the movement of the movable structure 476 is unimpeded within the MEMS
cavity 470. Alternatively, the cap wafer 452 may be bonded to the MEMS wafer 472
using a bonding material such as metal or solder suitable for thermocompression or
the like compression processes instead of the solder patterns 478. To complete the
30  wafer-level MEMS package, solder bumps are applied to the interconnect pads 464
and the wafer stack singulated. Alternatively, the solder bumps may be formed
directly in place of the interconnect pads 464 formed during the Cap Wafer

Processing step 408 by switching the electroplating solution and/or process after the



5 for a wafer-level MEMS packaging method and a wafer-level MEMS package. With reference to Fig.
5A, the wafer-level MEMS packaging method is described while with reference to Figs 5B to 5F, the
processing of the wafer-level MEMS package is described. 10 In a Cap Wafer Processing step 502, a
UBM layer is deposited on a cap wafer 552 and subsequently patterned to form interconnect pads
566 and bond pads 568. A layer of bonding material such as metal or solder is atsaiepmsited after
the UBM layer and similarly patterned to form bondlfhg patches 582. The bonding patches 582 are
congruent wilgeHenténeopinsesspbit s oviartdesteoptiip atep 6. thepaegisEtidy aprRivLtpatterning of
the UBM Iayg(g@é}domﬁpgpnding layer are performed using conventional techniques, which are
followed by the etching of a MEMS cavity 570 on the same side of the cap wafer 552 having the bond
pads 568. The interconnect pads 566 serve to provide connection with MEMS pads 579 prepared on

a MEMS waigf R rafih c6 90 YGYsSIBRAS RO G iRl IAbSHRRAMO R MEMRARYICSe déserdiie MEMS

wafer 572 20 via the MEMS pads 579. The interconnect pads 566 through vertical interconnects in the

cap wafer 552ria wfechineMEMS gaskaging Bledwitand mysfeolerab MiMBENckagacRYdE. Such

vertical InterFefanRs @ 16 BNOIBRAR e RIS pikaliRy RRBITISIRSoR I Quaichole vias
554 in the cap wafer 552 in a subsequent step. The bond pads 568 facilitate the bonding and stacking

of the cap wifih Bef2raae ZoNTias1SBAS watdhesyacasssngeivibewafer lenst AEMP fegkagrishe MEMS
pads 579 forthe EMS device 572 with a movable structure 576 and bond pads 580 are formed on
the MEMS wafer 572. The MEMS pads 579 are congruent with the interconnect pads 566 on the cap
30 wafer 552. Similarly, the bond pads 580 formed on the MEMS wafer 572 are also congruent with

the bong pagis 68 ARRA B BRiIFRRIWRERT5a2 BRI 298dndsitdn nY iR Arensiatep S06, the

cap wafer 552 is bonded to the MEMS wafer 572 using thermocompression or the like compression

processes tCYORRIYENARRERIART thEOTENIE RIS S 1898 PRE dioth RARINIED SERaféy 18YSY Yhich are
congruent wishiagiRIGESPINERHRAIHEEE B dIREAR WaleldsaRandribehonsEIdRE8Q farmed on the

similarly patterned to form bonding patches 582. The bonding patches 582 are
congruent with the interconnect pads 566 and the bond pads 568. The deposition and
15  patterning of the UBM layer and the bonding layer are performed using conventional
techniques, which are followed by the etching of a MEMS cavity 570 on the same
side of the cap wafer 552 having the bond pads 568. The interconnect pads 566 serve
to provide connection with MEMS pads 579 prepared on a MEMS wafer 572 and
convey signals and electrical supply to a MEMS device 574 on the MEMS wafer 572
20 via the MEMS pads 579. The interconnect pads 566 through vertical interconnects in
the cap wafer 552 in turn convey the signals and electrical supply outside the MEMS
package. Such vertical interconnects are to be formed in the cap wafer 552 after the
formation of through-hole vias 554 in the cap wafer 552 in a subsequent step. The
bond pads 568 facilitate the bonding and stacking of the cap wafer 552 with a MEMS
25  wafer 572.

In a MEMS Wafer Processing step 504, the MEMS pads 579 for the MEMS device
572 with a movable structure 576 and bond pads 580 are formed on the MEMS wafer
572. The MEMS pads 579 are congruent with the interconnect pads 566 on the cap

30  wafer 552. Similarly, the bond pads 580 formed on the MEMS wafer 572 are also
congruent with the bond pads 568 formed on the cap wafer 552.



5 MEMS wafer 572, which are also congruent with the bond pads 568 formed on the cap wafer 552,
are bonded via the application of thermocompression on the bonding patches 568. Most importantly,
the MEMS cavity 570 is congruent with the MEMS device 574 when superposed over the MEMS
device 574 so that the movement of the movable structure 576 is unimpeded within the MEMS cavity
570. Alternatively, the 10 cap wafer 552 may be bonded to the MEMS wafer 5721bygiezagrctic method
such as solder-to-metal or metal-to-metal bondinglihstead of bonding patches 568. In a Via Etching

step 508, thérba_w\(/a&f@r %Mi@@ﬁé@&_@édtmWafﬁf@&@hmgedpmt@mhﬂ@t@wmﬁw and the
through-waf%eM&%@M&ﬁ%wwqhgomz@%m@bs%%ﬁrﬁm&@&f@%rmcmg%&or the like

etching processes. The through-wafer vias 554 are formed in congruence with the interconnect pads

566. A bgrrié‘?_hé}éEM@G?%@???@rféfdﬁﬁﬁbwéw@ﬂfg\&a&ﬁféﬁe\Hhii@brﬁwgﬁ?ﬁév\/ém a metal
barrier like THamrgAmQ: Ta0L4ER ofeRENANG AR NS APRIGAHEHANY SRECHSD 'RAHIERTSRNds formed at

the interface between the cap wafer 552 and the fill material for the 20 through-wafer vias 554 using

conventfonaMalvia MerIpo Sifid nBY Hiindig ralshycangr UefE i H phecear® Hatth Sk dsnpra sy htovides
insulation W@g Wereres barissnasavisemadbphimibe drara s Hhpradsda! nthisotpigah-wafter

vias 554 and prevents diffusion of the fill material into the cap wafer 552. The aspect ratio of the

through-waferiEaes 568.cAask ImgArtanthy dhrl MieNe mv By th Oty segaLupaferifaghesMEM Sand thus the
thickness of §ai6aB W A{ReR SApGRBRE AQTHEENNSRIRS $h8 SBIREEORIRRNRALHEGEIREL as an

etch-stop layer at which the etching of the through- wafer vias 554 stogz. In an Electroless Plating step

510, an electroNaeRHsHIF GCEIS 1 pRsieH ot mithe M theavibn vafeAligrdabeithie conductive
materialy562:5H hAsr S2RRRR{ D) peRIEd DUhO NGRS Wiber 87 SOBNNBLTREHEHIGAbINIBEFORECES. The

electroless plating process is performed using conventional procésses. To complete the wafer-level
17 April 20050Hi8"NEMESab AE kARJal Seraatd epsding dneieackef H0BH e RABREERBBgh-wafer vias 554 by

switching the electroplating solution and/or process after the electroplating process in the Via

Electroplatinlg step 508 to appropriatel)(] apply the solder bumps and the wafer _
n a Via Etching step 508, the cap wafer 552 is processed in which lithographically

patterning is performed and the through-wafer vias 554 are etched using conventional
15  etching process including DRIE or the like etching processes. The through-wafer vias
554 are formed in congruence with the interconnect pads 566. A barrier layer
556/557, for example comprising a suitable silicon oxide barrier and/or a metal barrier
like Titanium or Tantalum, depending on the application and specific requirement, is
formed at the interface between the cap wafer 552 and the fill material for the
20 through-wafer vias 554 using conventional barrier deposition or lithography and
etching processes. The oxide barrier provides insulation while the metal barrier
provides adhesion between the fill material and the through-wafer vias 554 and
prevents diffusion of the fill material into the cap wafer 552. The aspect ratio of the
through-wafer vias 554 can be high (>10) and the depth of the through-wafer vias
25 554, and thus the thickness of the cap wafer 552, can be >400um. In this case, the
interconnect pads 566 act as an etch-stop layer at which the etching of the through-

wafer vias 554 stop.

In an Electroless Plating step 510, an electroless plating process is performed to fill
30 the through-wafer vias 554 with a conductive material 562 such as copper (Cu), gold
(Au) or nickel (Ni), for forming the vertical interconnects. The electroless plating

process is performed using conventional processes. To complete the wafer-level



stack singulated. 5 According to an embodiment of the invention, an experiment of a process of
etching through-wafer vias in a cap wafer and subsequently filling these with metal by an
electroplating process is conducted with the following conditions: 10 1. Seed metal used in the
experiment: 0.5um An by KDF sputtering tool 2. Deep RIE etch done in STS by using the following
process conditions: 3. Chamber pressure: 35-40mtorr 4. ICP Coil power: 600Watta\phl Bl@tten power:
140Watts 15 6. Etch process: BOSCH 7. Passivatiéh gas: 130sccm C4F8, 13 sec. 8. Etch gas: 100
sccm SF6 , 94EMS prekappeddes s atesfaonadoven theoidedHbreeabnvater. WRscBbRiting solution
used: COPPeySHHRNAtE L REHT SRR Aty bi BrHORIHRG chireRkiRAy Hhscs i Of the

experiment is illustrated with reference to Figs. 6A and 6B, in which a through-wafer via 662 of 400

um depth in BievdieEdesiraplatiog s 208 da GpRIORE By iRk ereptfler fuEaPrgRd tBeavhleled. Minimal
build-up 6848'@&(@9@51&%!@ the formation of the through-wafer via 662, which after backgrinding is
flushed and therefore provides good planarity for the subsequent deposition of a pad or a solder
bump. After electroplating, any sacrificial wafer and the seed layer is removed by wafer grinding and
polishing progessieng ig- AP:AHARHIR B aHoEAlRVia8neAMhalieshapkstiadingaandgelishing.
With reference to Fig. 7, a method of providing hermetic seallr;g_ for a wafer-level MEMS package
according totBrPeghpuaiaiafavithe mpenab _ilpsharadentlydpinoAperevith Metakyr 352 and a
MEMS wafeg & idpan it b epaaamun GitiaReTollililg cAgeRssion processes 786 be

hermetically sealed if a hermetically sealing material,

10 1. Seed metal used in the experiment: 0.5um Au by KDF sputtering tool
2. Deep RIE etch done in STS by using the following process conditions:
3. Chamber pressure: 35-40mtorr
4. 1CP Coil power: 600Watts
5. Platten power: 140Watts
15 6. Etch process: BOSCH
7. Passivation gas: 130sccm C4F8, 13 sec.
8. Etch gas: 100 sccm SFg , 9sec.
9. Total process time: 2hrs. for 400um through hole etch.
10. Electroplating solution used: Copper sulphate
20 11. Seed metal: Au

12. Electroplating current: 300mA

The result of the experiment is illustrated with reference to Figs. 6A and 6B, in which
a through-wafer via 662 of 400 um depth in a wafer 652 after copper electroplating
25  process from a seed layer is achieved. Minimal build-up 684 is created during the
formation of the through-wafer via 662, which after backgrinding is flushed and
therefore provides good planarity for the subsequent deposition of a pad or a solder
bump. After electroplating, any sacrificial wafer and the seed layer is removed by
wafer grinding and polishing processes. Fig. 6B shows the through-wafer via 662

30 after backgrinding and polishing.

With reference to Fig. 7, a method of providing hermetic sealing for a wafer-level
MEMS package according to an embodiment of the invention is illustrated. A cap



such as Frit glass, is used in place of the solder patterns 378/478 or the bonding patches 582 used in
the foregoing embodiments. In addition, the bonding pads 5 368/380/468/480/568/589 used in the
foregoing embodiments have to be continuous pads encompassing the MEMS pads 379/479/579 so
that when bonded therebetween using the hermetically sealing material form a gasket around the
MEMS device. In the foregoing manner, wafer-level packaging for micro-devicesiisapaseoired. 10
Although only a number of embodiments of the invédition are disclosed, it will be apparent to one
skilled in theV¢ateh (dnabfl it swifeth At/ Auimay oilisocieantiesmaaamaprasedificatidheclikebe made

without depasting o iie 530 394 BBITEANKIEAISHEAR FohexAmelR e ifisgniRg prer level

packaging methods may be applied to a 3-dimensional or 3-D package i which Carrier wafers having
micro-devices&rerd 5 Eiaglass dndisedibrélaesiet tie sakdeansielnarsr ddp8neistba Baatiga-wafer vias

of adjacent PQ{&‘%E VERIETSSIR) CRNHRY RIBRRAIM G EhRISHIERSUPRYadtGoRIOfi% iRisaH P RIgcessing

cap wafers, the wafer-level packaging may be a%plied to carrier wafers containing micro-devices. 17

April 2067 RPRAME68140/RRAURTY tetbimihg (0sarinaRmp ehrAih WedeeiovRgsCRI I RtiRg
interconnectg gy Mﬁ%ﬁﬁﬁ-@%‘ib&%ﬁ&ﬁ\gm§fp%8¥i§?§ﬁ4¢t95ﬁ§%wﬁw§9mmﬁm_&ﬁe §ieRBetveEndepositing

metal on one of two wafers; bonding the two wafers using the metal deposited on the one of the two
wafers; formitiia e bggRaieatY sraling maiss i Qo agarde aroundlBetreEMID GgHiISRafer via with a
conductive material; and forming a cavity in the one of the two wafers having the through-wafer via,

wherein the cavity is superposable over a device, wherein the conductive material first_fills by one of
electroplatin§afi efecassiass pritieg teatarder-wagkrdingalehanigle-davisesoie dHERMo wafers

having fhe thiauelgralsy vViaianmeicBieebuemenider 1homeaiiibe AnodRistads Rendrble-

apparent to one skilled in the art in view of this disclosure that numerous changes
and/or modification can be made without departing from the scope and spirit of the
invention. For example, the foregoing wafer-level packaging methods may be applied
to a 3-dimensional or 3-D package in which carrier wafers having micro-devices are
15  stacked and a micro-device on one carrier wafer depends on through-wafer vias of
adjacent carrier wafers to convey signals and electrical supply. Therefore instead of
processing cap wafers, the wafer-level packaging may be applied to carrier wafers

containing micro-devices.



2. The method as in claim 1, wherein the step of forming the through-wafer via comprises the step of
etching the through-wafer via in the one of the two wafers. 20 3. The method as in claim 1, wherein the
step of forming the cavity comprises the step of etching the cavity in the one of the two wafers having
the through-wafer via. 4. The method as in claim 1, wherein the step of bonding the first wafer and the
25 second wafer comprises the step of thermocompressing the two wafers. 5. The apathoa as in claim
1, wherein the step of forming a cavity comprises tR@ step of forming the cavity for superposing a
MEMS devidel@d@siring unimpeded movement. 30 6. The method as in claim 5, wherein the step of
forming a cavity further comprises the step of providing substantial clearance for enabling unimpeded
movement of a moving structure of the MEMS device. 17 April 2007 21 7. The method as in claim 1,
wherein the $tep ofboRtiigdhéoivdarafess wafsssfohrdensibsatiiervater thdastefPbf forming the

through-wafghuadRifes e RhaterIdW? piRielsing Br BBGEBSHRARSHBE AMpfisHacHRIn s Step of

forming the through-wafer via is performed on the one of the two wafers and the other of the two
wafers i8 a s¥erificial wafer. 9. The method as in claim 8, further comprising the step of removing the

10 sacrificial Wafer’dé’&ﬂghiiﬁﬂﬁéf&f@]ﬁ%@@%ﬁ%ﬁf&@the step of filling the through- wafer via. 10. The

method as in claim 7, wherein the step of forming the ihrough-wa_lfer via is performed on the one of the
two wafers and the OGRS igriapwais thadieetsf helah sleprsiipdiair. the . onte thdBsoBMs in claim
10, wherein {pgstep of forming the cavity comprises the step of forming the cavity for superposing

over the device formed in the other of the two wafers.
forming a through-wafer via in one of the two wafers;

10 filling the through-wafer via with a conductive material; and
forming a cavity in the one of the two wafers having the through-wafer via,
wherein the cavity is superposable over a device, wherein the conductive material first
fills by one of electroplating and electroless plating the through-wafer via at the side
of the one of the two wafers having the through-wafer via to which the other of the
15  one of the two wafers is bondable.

2. The method as in claim 1, wherein the step of forming the through-wafer via

comprises the step of etching the through-wafer via in the one of the two wafers.

20 3. The method as in claim 1, wherein the step of forming the cavity comprises
the step of etching the cavity in the one of the two wafers having the through-wafer

via.

4. The method as in claim 1, wherein the step of bonding the first wafer and the

25  second wafer comprises the step of thermocompressing the two wafers.

5. The method as in claim 1, wherein the step of forming a cavity comprises the
step of forming the cavity for superposing a MEMS device requiring unimpeded
movement.

30
6. The method as in claim 5, wherein the step of forming a cavity further
comprises the step of providing substantial clearance for enabling unimpeded

movement of a moving structure of the MEMS device.



20 12. The method as in claim 1, wherein the step of bonding the two wafers is performed prior to the
step of forming the through-wafer via in the one of the two wafers. 25 13. The method as in claim 12,
wherein the step of forming the through-wafer via is performed on the one of the two wafers and the
other of the two wafers is a sacrificial wafer. 14. The method as in claim 13, further comprising the
step of removing the 30 sacrificial wafer, which is performed subsequent to the stegppaffiding the
through- wafer via. 17 April 2007 22 15. The methdd as in claim 12, wherein the step of forming the
through-wafér via id perfagthed ah ihelahe df thaarrineteapigntef dondiv s theriveel Wafiees dther of the

two walers. 536 The RRRASIGIARC 5t YRR REIBBLIPINGE Gavicompiises the

step of forming the cavity for superposing over the device formed in the other of the two wafers. 10
17. A methoBMeMfaftfing wafers having through-wafer vias for forming interconnects for wafer-level
packaging of devices, the method comprising the steps of: depositing metal on one of two wafers;
bonding the two wafers using the metal deposited on the one of the two 15 wafers; forming a
through3wafér via il BhEeihekasio Wailaré; wharainifs siertafogRLGTRE tepudthvagndadsive material

wherein the conghatlySMALHIH BrShBIREXARGLifIeRY BfatioBtROdRIrirels 38 AR e

through-wafer via at the side of the one of the two wafers having the 20 through-wafer via to which the
other of the ¥#ebf the two wafers is bondable. 18. The method as in claim 17, wherein the step of
forming the through-wafer via

9. The method as in claim 8, further comprising the step of removing the
10  sacrificial wafer, which is performed subsequent to the step of filling the through-

wafer via.

10.  The method as in claim 7, wherein the step of forming the through-wafer via is
performed on the one of the two wafers and the device is formable in the other of the

15  two wafers.

11.  The method as in claim 10, wherein the step of forming the cavity comprises
the step of forming the cavity for superposing over the device formed in the other of
the two wafers.

20
12. The method as in claim 1, wherein the step of bonding the two wafers is
performed prior to the step of forming the through-wafer via in the one of the two

wafers.

25 13.  The method as in claim 12, wherein the step of forming the through-wafer via
is performed on the one of the two wafers and the other of the two wafers is a

sacrificial wafer.

14.  The method as in claim 13, further comprising the step of removing the
30 sacrificial wafer, which is performed subsequent to the step of filling the through-

wafer via.



comprises the step of forming the through-wafer via in a carrier wafer containing a device for providing
a 3-dimensional package by stacking at least two carrier wafers. 25 17 April 2007 23 WAFER-LEVEL
PACKAGE FOR MICRO-ELECTRO-MECHANICAL SYSTEMS 5 Abstract A method for forming
wafers having through-wafer vias for wafer-level packaging of devices, the method comprising the
steps of depositing metal on one of two wafers; bonding the two wafers using ther metedadeposited on
the one of the two wafers; forming a through-wafe?#ia in one of the two wafers; filling the
through-wafer via 10 with a conductive material; and forming a cavity in the one of the two wafers

having: the theoughryafRe g uGredihrIS2 ViR RiRURE RS BRI AR AIEHRS JRIAHR G
is performed on the one of the wafers and the device is formed in the other of the two

wafers.

16. The method as in claim 15, wherein the step of forming the cavity comprises
the step of forming the cavity for superposing over the device formed in the other of

the two wafers.

10 17. A method for forming wafers having through-wafer vias for forming
interconnects for wafer-level packaging of devices, the method comprising the steps
of:

depositing metal on one of two wafers;
bonding the two wafers using the metal deposited on the one of the two
15 wafers;
forming a through-wafer via in one of the two wafers; and
filling the through-wafer via with a conductive material
wherein the conductive material first fills by one of electroplating and electroless
plating the through-wafer via at the side of the one of the two wafers having the

20  through-wafer via to which the other of the one of the two wafers is bondable.

18. The method as in claim 17, wherein the step of forming the through-wafer via
comprises the step of forming the through-wafer via in a carrier wafer containing a
device for providing a 3-dimensional package by stacking at least two carrier wafers.

25
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