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%@p&@@ apply a number of processes similar to

Micro-Electro-Mechanical Systems or MEMS are typically the integration of
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



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; supportfesrelEctrical power
and signals such 5 as low lead inductance, capacitince and resistance; good heat dissipation;
manufacturaAfkpgingaisrrel aatey reae iarsasi afenlinele! FaerdRHSLPHt G te sdeguatdiability; and

economical giseashrlPoiyfeciBR 1Ri2hiivne MFMS dengadenn Aeripaing Ypsmangierals

wafer-level processes 10 and sealing methods used for environmental protection employing
micro-devicelgwisss off aiicreuienmpeide verspriaatiphocesabioMm NS sickderasitPpakitying process
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cycle. This difficulty stems from the fact that MEMS packaging is typically applie 'to Application

SpecificAMERPS Rackirpss (ASMIRNCENUSIPAHRIABCEL SHME MES IskEKRA DIty @RffiCeR oSG Tor generic
applications (eH{IERilaHRe) diaaRmRR! iRt ivn iRl wamtading I epulidn iR Glpspecialised
packaging every time a new MEMS device is fabricated. Even the packaging of one of most popular
mass-produdsecRieasi Sediabitids, ane ecarermisnhetei02 @fite¢tiNes 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 TE&H§! HEHIEH ¢ MEMS TERERAS AN AREKASING Ry RFtaRAtARIStOVAER YRl JHEREESRSY the 25
packagifg agrgckaiNdEhdthdabricadan ¥R Hesiaring MENMSh %Yﬁ@@ﬁﬂ&_hﬁl PREHIpg ficategy for

MEMS, however, must be considered right from the&cﬂaﬁinning of the ‘product development and
fabrication oPMEIASCaRSy MS<HaVE P erh fEaseshefiyEEM B aRaekgafyeitRacHasiRsPIeRes DIpackaging.

Perfect hermgiiGipgrkamRgeRBensive and time-consuming process in the entire MEMS product
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



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 17 April 2007 3 through individual balls of soidexpri\doBris a
packaging technology performed at the wafer leve$ that requires the bonding of two or more wafers
before singutBfisigidindiwidgabbels 9baksigiwaléed 5 anaskatiadrnernoRoawscesTestdrdalready

packaged. Wi Peis BRPYRATYLGORESRATES RARPUPAIDS IO EHORABR. Sf ictprdvices

significantly down. Although each WLP processing step tends to be more costly than conventional
post-singulaflisingadkatiif ghorstess seaferheteogbiginditidethaividHal aflevisedetheb st aligadl¥r. Typical

wafer-level IgteycaRAeCHPNS USSR %ﬁ)??%')ﬁﬁ?ﬁbﬁiﬁ]%@%&? SIGERBRRER gpin metal film

redistribution layer. Ultimately, to achieve high I/O density, electrical power distribution by using

through Swaf@Migfasiryifescdgaiicantiy ctouiny 1ol topage-edficidME-BopReasuing. steie RAFS Boriing
technique is 3 RePebafiyieraRIGRVeR RS RMIdRE &IRRIIGALIN BEERAGRG Broisks asibhalgmployed in a

conventional MEMS dévice 1 shown in Fig. IA, in which a MEMS wafer 2 is bonded 15 to a cap wafer
3 and a MEMBidedip@cngatHeadeyisssparavaferconnected 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 rarls%e between 50 and
100 kHz for PatemiMgfelitevebriaistr anag it uRiteciHEeDsematlaYPEY thb BabRBRId&ieReE anical 20

structurg of haMEMBFVER mitisrimbecaif iR MEV I devisen hayacararanyHireiency in the
foregoing frequency range, thereby increasing the risk of failure during wire bonding.
density, electrical power distribution by using through-wafer vias is necessary,
especially for space-efficient applications. The wire bonding technique is a popular
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



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 (1/0O) are limited when
electrical connections are found at the periphery of the devices, primarily due toilimgeicbsrace 30
along the edges of the devices for I/O leads. This Ifnitation necessitates the use of through-wafer
interconnectthese ihicregavades ViR 60adHTEV W IBW Pareepaei tisadiearsce R inpplaaliRsis critical for

MEMS deviers shabaie sl dniaE aRpligalionsid3sSSainRdat RREMSORAMFIRAdo Hmakigs 17 April

2007 4 these through-wafer vias conductive with low capacitance for such RF applications.
Deep-wafer ebthitighaddsdaren Witk igtudiereeh KamIhoLaRONGES beidaule colbieahifgf high
density and BiglhASRgForifLLRERHAHLRfIal % e Bl Tohion P RIS R agiatipRcd final
device performance. The most two popular deep- 5 wafer etching processes are Bosch and Cryo
processS A nliieiesteh ingRipeastrafeic itsman EitgRiesestve been developed for packaging
micro-devices to achieve hermetic sealing. These techniques include silicon-to-glass anodic bonding,

silicon-to-silicon fusion bonding, and wafer-to-wafer bonding using 10 various intermediate materials
as bonding reBiEEebRhasfsHsalpehorRdiBa KpChBieRs MavRobeeigevatenge feFIREKIaH under the

bonding megig-RIANAELNE AckIEvNVRIRTRAE Yertingh PREOHBMNARS iR RRRAANHEb0g880INg

preferences for vertical connections, through-wafer vias are thus favoured where hermetic sealing of
micro- devic830diaRentingiariticefu=iiean fusiohewIding sHId tuHe TP WEierPpadagisH @an be to

use elegjricajiyeRadieiiRediHiaUatiiMART ¥DoRBRRE Mafisathmeamiacied dofapiatieanguctors that
0 B Tro-devich e Ganerally made under e bodING e Agamat ona o e
wafers 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



and efficiency, and can be fabricated in a high volume-manufacturing method using 20 bulk
micromachining. For low 1/O 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 gtehgmas trenches
or wells and are filled by a conductive material from the top or the side of the cap wafer 24 having the

trenches beﬁfn@tk@@&@%gb@ﬁ@@&sﬂo@ﬁdmﬂmﬁ%lmmrdévmia\l%bfﬁamaz%abrﬂﬁﬂdé fehdetic
sealing. The cagJyadel i lﬁdﬁt‘%ﬁé%ﬂé%_@%}&@@%éﬂﬂ HP&Q&”@E‘&E%@'?&%MS&%@ wafer 24

to expose the conductive vias 26/28. The main limitation in such a proposal is that it provides for
forming conduGhioe PRI B125ERSR e endiatial diuidenchiatiidopen yasyialg kel P GlyeRderhaI-v

materials or gig, WG figh igin WD RTiSRIAGS TRSISRIRRAURARAQDLUSEiKIBS SRRk lIzed Vias.

This approach’ only works for trenches with narrow openings (<10um) but not for trenches with 17
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excessive material build-up that induces very high film stress in the cap wafer, from which the
microcap 100BHHIASENARBISsSs0Yceqsteieleb drpaiNdares diemdifelyeganenioatenrdaiy formed in

the cap wafef, AgciignaltyeRyischead RIROTRE BRSO RS PRSURIRAG LY GrirelepRdIenches, as

it is very difficult to_obtain a conforming semi-conductor dopant layer. From the foregoing problems, it
is apparent PAskagS fier nigecfieyiseSvide an alternative to the conventional wafer-level packaging for
micro-dgvices. 10 In an article entitled "Through-Wafer Copper Plugs Formation For 3-Dimensional

ICs" by T.Nguyen et al, DIMES Netherlands, a method for forming high aspect ratio
In"an article entitled “Through-Wafer Copper Plugs Formation For 3-Dimensional

ICs” by T.Nguyen et al, DIMES Netherlands, a method for forming high aspect ratio
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.



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 is 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 21@7nprsiogra thick
electroplating process. This proposed method thu$ requires two seed metal laying processes, 20

thereby m_akln@mméﬁﬁmgiegwé§brWQ&Wﬁ%mé&heréraplasi@g_fpo %@wmi%‘@rgmoved by
backgrinding{&M B’ypf%d§§§eﬁe'ﬂfél'}@i‘f{n‘é§ RishRrRRAS e kRS P RIRIPAdAGh e vias by

performing double’seed metal laying processes is that it is suitable only for shallow through-wafer vias
(<150um) with nehsaNsseniess ArguMicrPangisasetause ftitiess MatiageisiP@poe theiBSrough-wafer

vias by 25 eyagorai ol atdiIRGiRgP RHAYa  RIFRBRSIMN RIGeIAREC R VIR TiRY hapRat SR féhery thick

electroplated metal is formed on one side by the time the via openings are fully closed. The thick

metal this féRiReghneaiesy iy srwatebn the wallirwish tedhrecuader tHasWwaféisbbantedrack. Also
the cost of this prepREefRetHAth IS e Mighea é}e&9099;(;@8&ﬁﬁ&r@%@;ﬂ&&@%ﬁﬁcﬁmmkgﬂndmg

or CMP for removing the excess 30 seed metal after ele ating. Additionally, such a method

requires the PRIWERAGLEE B8R wWaEES [Ryel vaafbrioeafry rakhithe, RIS EYRESE ¥igPobldREsince thin
wafers have,mgsfesisUEiHAbIBRIENGS, the ARElgRWarbr IOiﬂ]@tﬂ%rn%ﬁB]E&@at{Be&fiM%mWafer

Copper Electroplating For 3-Dimensional ICs" by T.Nguyen et al, DIMES Netherlands, Institute Of
Physics Pubfie¥siepmentHuPuoh Mie ibraeeAamader Adrs Kaideoenseibareag, £nserbe sseehdqas proposed

using erraﬁ%‘mfﬁéo@%@fﬂ@pmﬁi%@%ﬁﬁ@d By asearonshognRiers g iRks: taaugh-wafer

vias in a wafer. The wafer with the through-wafer vias is first bonded to another wafer with a seed

metal layer #3§ th pHoSHNseiins BERRAREnBERsh i & tAessant AT uHyeloaPR iti@wafer with
the through-wafer\jagaftPBonding effectively using the photoresist layer without having enough

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



photoresist layer exposed by the through-wafer vias is then subjected to exposure and development
through the through-wafer vias to form seed areas. Once the seed areas 10 are formed, electroplating
is performed to fill the through-wafer vias using these seed areas. A limitation of this proposed method
is the attendant difficulty to perform wafer-to-wafer bonding effectively using the photoresist layer
without having enough solvent content to keep the photoresist layer soft. Also, tiesxgpesare and
development of the seed areas performed through the deep through-wafer vias is not 15 effectively
performed aSWRdMRIVYeloper cannot clear the photoresist exposed by through-wafer vias which are

deep (>100u), e it B KAORBHRETHE B e for Rl R RARUCIRvelRaNRR O erggrormed on

the photoresist layer, photoresist' residuals are reportedly left in the through-wafer vias. By using an

ultrasonic baMB#nEeNERIDEAREREIA S Kxe BTN IR M (WBTEK SCPATID WAl AsdPened, but
20 damage 1Q t}kﬁtéﬁ%ﬁ eI IREr Hiéet}@nﬁliﬁﬁgsﬁéﬁg fHChds NRRE Srhradtbtionallyp e treparation of

the bonded wafers is not an easy task as the through-wafer via fill materials in the first wafer are
attached to thendisPasistantbiier Mk Mhe dasdemd wWare instanghek Frvravafahis RREOFEE® 4P6No be

separated by JagRkaHRAINGRrAraRs. ts Werelvalsng MAYERAMAYS sullicienthaad pijength to

withstand the shear force applied 25 during the backgrinding process since the photoresist layer is not

inherently sUtHEREMHYr BRRQGIERS 198 thSapEifissl PrafartHBalole JerREasrdBIdhes Cansigfgaratf that there

Is a need to pIQYIGE AffreRtRENAENR OP%%e%Q.n‘iﬁrﬁmﬁéﬁ’\l%ﬁﬁ@e‘(%é’%ﬁéﬁﬁiﬁ?éPfsrﬁiﬁiff%Tﬁﬁyices; 30 17
April 2007 7 Summary A wafer-level MEMS package and method therefore are provided hereinafter

wherein a MIEERPSIGE\fPetie cimveier BSToEhd gV IR INEERES (RaTiveraseHbREFFIdtern is
patterngd alppgwiiihelangineaasdsanr ke WEMS WasIde Rneampasenie.bhersipgyrads and the

MEMS device. In one instance, a cap wafer is processed to form
wafer vias can be aligned with the bond pads of the MEMS wafer. In both instances
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;



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 another
instance, the metal layer is uniformly deposited on the cap wafer before the via-etching process to
serve as an etch-stop 10 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 both Apgtaoges the
metal layer serves as a seed metal. By means of & electroplating process and using the seed metal,
the through-fitfes thashieuanasafaty i osiia actedHesitedignateriad; edoayBIdcasayEy beths
Under-BumpMeSpiAL M) iayer i saevhe dampliseriR BsaRIdrRdsalferReiipheral

pattern congruous with the corresponding bonding pads and peripheral pattern on the MEMS wafer
for providingCauterddpiRarnesableravas i By o Wheiels Biecangaskive fopisrelidirsg ks e 88&ealing,

respeC“Ve'yoT@l%ct,Wé’pY&ﬁFﬁ{%ﬁd%IT&%’?)I%BQB%ﬁ‘@‘%@@W&H&R'Wa'?&’\ﬂﬁ%ﬁ%%meaoﬁﬂﬁé%%tﬁ?k Ina

further instance, the bonding of the two wafers is performed before 20 the via-etching process, which
then recfu|reﬁwém@w@éeﬁawﬂ@dhm@wghwmwa igauhigtetheteriag ofrie ok Qft twap wafer with
the through-ywafsi\iasoaypeeed 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 mougﬁ@q)@@ﬁﬁ%\fpwgpg@%gkage 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 TROGARIHISINBdBKEeRIRg aredissredRediereiaaiist Eorsikmignneferiss & H8positing a

30 metg) laygro0nReiRtitist 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; 17 April 2007 8 filling the

through-wafgsgdaithg £ANSHRTHBSIRAIBRHR Src At WARRISAMBaAbkAGEs;

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.



one of the first wafer and the second wafer 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 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 refeggneeoto the 10
drawings, in which: Figs. 1A and IB is an illustratio of prior art wafer-level packages; Figs. 2A to 2C
provide an illdetedigdrsseriptidt prior art process of forming vias in a 15 cap wafer during wafer-level

packaging; FighfhiaRCoriaelingeai stiaomametbaddey wrtkigeishaaropingang 2 device

formed therefrom according to embodiments of the invention; 20 Figs. 4A to 4F are diagrams
illustrating afetlefomRIGdde i walfernetied packaeyiegtianal él\@éefrdé\fﬁir@%‘dﬁﬂ%ff@mra@é@rdlng to
other embodimgges 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
inventioh; 25 Figs. 6A and 6B are diagrams illustrating results of vias formation during wafer-level

packaging aggoiEinRIiAG G RABURABAL SR RRABH Fidordr ol RS 1deiaging afers

stacking during wafer-level packaging 30 according to an embodiment of the |nvent|on 17 April 2007

9 Detailed D@sEMRsifoANE nYIBiHRMEs MEMS impekaens a8 dieseribrdl hénethafesredimiiessing the
foregoing negENRSRIQMELIREAHHRERHYVS BBy PRHSA! IRIEMSRhRACKAGIRB HeFAMiBiRrdevices. 5

is patterned along with the bonding pads on the MEMS wafer to encompass the
10  bonding pads and the MEMS device. In some embodiments, a cap wafer is processed
to form 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-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.



In accordance with embodiments of the invention, wafer-level MEMS packaging methods and
wafer-level MEMS packages are described. In the embodiments, a MEMS device is connected to
bonding pads on a MEMS wafer. A peripheral pattern is patterned along with the bonding pads on the
MEMS wafer to encompass the 10 bonding pads and the MEMS device. In some embodiments, a cap
wafer is processed to form through-wafer vias in the cap wafer using an etchingipragessoA metal
layer is uniformly deposited on a sacrificial wafer th@t is bonded to the cap wafer and removed after
the etching pro®es¥eld otiebasAbotirnett atvanisers 1ayibe ismoattneis adgbeitewestianeiap wafer

before the Vigiais/ e RUARSSH MSRIPFSRBAREITE BRI RYS! INAMISGARcRs,Jhe cap waler

is formed in a way such that the through-wafer vias can be aligned with the bond pads of the MEMS
wafer. In thet"RrEgBae- enBEBIAFENtSWREIn GeALIES R MBBHRYASRISEEY ARita. OBy Sadahayer an

electroplatingRReees NDUTATARG SREEARIG! HREFHFPHE WRICU BRP Rt Wikhdrgpnductive

material. The metal layer can also be an Under-Bump Metal (UBM) 20 layer, which can be patterned

to form BoncRPvaigagRdrelgesishdhs pembinrbiengPlidie RIEEEHOESRIERINENEMHEHOHAIRY Pis and
peripheral patieiyemviie-NREMar WaiGIdiRg m@YEéﬂm%Bfé%Uaﬁf{HQ'bi%%%f‘dﬁﬁ@ep%é’eg‘gaﬁ?fs and a

gasket for providing hermetic sealing, reSpectively. The two wafers are then aligned and eutectically
bonded to fEWHAREIEsE;RIIIRIATRESOBHPDHRAEN D aseSBorfify BRERE VR AgafErSeS A9 performed

before the VigeeieiingtiBFPEF $Fatddh iﬁ{?gﬁt@g\ﬂ%‘?&rj [GREIRFIBIRARP NG e G/ HI Qeeinwaigr vias after

etching. The side of the cap wafer wit through- wafer vias exposed is now metallized with a UBM

layer from wiRBAVWSRed ey e theatnoreafesoltitis BreMie areimriess sl biss ds & Mstore the
wafer siack i RalioeIDEINTAY R OTIAHY PEMOURIARE VRSEIRYEhEMS: 30 By these

embodiments, a wafer-level MEMS package can be achieved with >400um through-wafer vias in the
microcap of feMENE &&6@&@3\/%@@@@?1»@‘@5 Magets wspollyiRivAeplisatianhdhrobidses
described hesgipaftefasldr\RbpréBR4tely used. A still further advantage relates to the reduction

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



10 There are a number of attendant advantages to the embodiments of the invention, in which one
relates to the filling of conductive material in the through-wafer vias using the bottom-up approach
which requires minimum process steps of seed layer deposition, through-wafer via etching,
electroplating and UBM patterning. Another 5 advantage relates to the combination of the process of
forming solder bumps and through-wafer via for providing interconnects throughith&pelectroplating
process by switching the electroplating solution and/or process. A further advantage relates to the

formation of tgbr@mijtmaj‘agmﬁ&éﬂ,\ﬁaé Wbmmth_gkmwmg WQU%téﬁ%@ma@@Hw between
the two wafggs TBis RRRAUAGS MEBE5ALSRASSHRHEIER i MEMS FARAFKAAEh Y fpiagRigh-density

MEMS packages. A yet further advantage relates to the high conductivity through-watfer vias for use in
RF applicatiéAg tAraiaBhvatspyias\ahsthes dippiaiieiagely used. A still further advantage relates to the
reduction 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 corfductitedniisigeaifrabsfe fapResidorigies 844, 3G SeaAblBaRNaIR8 oF tePRNEALBA dre
described foga iwafardpys! 366Mereackagiyermsieh % mvalegva APPSKEgShefVith

reference to Fig. 3A, the wafer-level MEMS packaging method is described while 20 with reference to
Figs 3B to 3(the Whikbsalitfy 8fithesvarePaadiav packigeEmscadpEeisian 1ATa 0t Fiéhing step

302, a cap WafiahRRéeidh ProcesseRdford ik Brguaisr MatesiRBotnaPEn BlenadrHiing Gamyentional

etching process including DRIE or the like etching processes. A barrier layer 356/357, for example
comprising a380itaBretadiRaBieb e 19MRAEFISS O hhHAN UThRstArBiaIHET CE7OREErREft NIhT antalum,

25 depending gririfigIaRRRG2860 $6d SRClitS AMEGEIE Betiveditmioupas Ry EresBiesRFendetween the

cap wafer 352 and the fill material for the through-wafer vias 354 using conventional barrier deposition
or lithographSPeiaCEE WA HPELesERY tha Wakks Ranting sk RRAJEE AL SHRNeOthBnetal barrier

3f5t7hpr}?ﬁ’”%iﬁé’h@ﬁiﬁf&&%ﬁ’%ﬂf&e@% WomIAIE 8RO e/ AREP ISP Ma BT \UaS iBiefh PR BFQ4RNTS diffusion
of the fi

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



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 17 April 2007 11 through-wafer vias 354, and thus the thickness of thegaposafer 352,
can be >400um, this does not limit the application®f the embodiments of the invention to cap wafers
and through3RafandiRattaroede iaditoremJIIAECTHNACGY Rask S64RDAyGD dushicresaderBially seed layer
358 is deposiiel A RAUAL WHRICHAR iR ARY BORHCADSER IR AL as gold (Au) or
copper (Cu), which also acts as a bonding layer for thermocompression or the like compression
process. Before the seed layer 358 is deposited on the sacrificial wafer 360, a metal barrier 359
comprising of Titanium or Tantalum can be deposited on the 10 sacrificial wafer 360 for providing
adhesion between the seed layer 358 and the sacrificial wafer 360. Then in a Wafers Bonding step
306 thermocompression or the like compression process is applied to the cap wafer 352 and the
sacrificial wafer 360 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 expoajig 4t conductive
material 362. The side of the cap wafer 352 opposi8 the seed layer 358 is also backgrinded and/or
polished to e¥giskectiaatsirglibig éhereaieivafes 352 HatbanaraleB MPTigEIst e MEPDASieeY 98 both sides

of the cap wafer denibRANA debel Bt RRLLETBRA 18 SR BN [RHFORREF LRRRSAR(eARGARS: which

are electrically interconnected via the conductive material 362, and bond pads 368 to facilitate 17 April

2007 13 botRARGIGRS. StdiRgrehEobawedakyr e elghing WaleMEMErIMDAME ISthR vRIBE The

deposition agﬁé)@ftﬁr@gag Wa?@?éé?%ﬁ%&ﬁﬁ@ﬁ%%ﬁ?f%@.“smg 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 aMEMBARY FReHFAIARMONANIR Sl SToRI8 B0l i R iR awhich are

formed by conventional processes such as screen printing or lithography and etch, to form a wafer

stack. Signawadeid ¥R diAcadsa gt e vieeMEM Wit gidaoypbla e iss ke tyng KRS device
374 via MEM&Rads 3789 WRiFRSH Rt MM an@ B bR rittis S8 FPRIEHRIBR Wit @Ry sronnected to

the interconnect pads 366 on the catp warfer 352 usm%the_ solder patterns 378 on the cap wafer 352.
Similarly, boHtegaRMBeTd Pl & tReMvEENfa) starlg7 Sieali RN SIRgEIEM: SHBR N dBANnected to

the bongd padg368 fasmed smthescap@fed 394he 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 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.



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 MEM&ppietkage, solder
bumps are applied to the interconnect pads 364 byléonventional processes such as screen printing or
lithography dAcetepd drtyah OarsritistasierifgdlasacdAreenh 4Hdely derosittdedbartps Watorbe formed
directly in plage of i intereqanaclRads 304 farmehAuring the &P YRIELPrassssingsipp 310 by
switching the 25 electroplating’solution and/or process after the electroplating process in the Via

Electroplating iteBodcapirdbiriel/apsanthe eenasias mphomm befdiames 1 Rigicha to 4F,
other embo%@&%ﬁsdg@@@@‘!‘aﬁiﬂ% dedipseriasd i?géb&ﬂ@f'éﬁvﬂe“é%%C@iﬂ%%WOd and a

wafer-level S package. With 30 referénce to Fig. 4A, the wafer-level MEMS packaging method is
describéd wiaMen#Brafs rénee iRMayedattes alrctigelprivedssiil e theanafenpdeielr MEARS Package is

descrived. L Aph AR 4k With SR8dRIRE RARIRIEnS giR seediBur1AgBdsslegpsited on a

cap wafer 452. The seed layer 458 can be a metal such as gold (Au) or copper (CU). Alternatively an

UBM layer 488 IgErPBahectapsaten e fossHhsecient Bateminaikk&rinpads goithexap wakes seed layer
358 is deposjied @hie GaPwafenAP A58 R SREGRID M IARARPETEMoNa Hipii&lastoplating to

fill the through-wafer vias 454 in the C?f warfer 452 with a conductive material 462. Otherwise, the
UBM layer 468ai5iIMe (it ldiRmHene s Warausy G depdeepiisdpaitdhsingRoiefas dadsfen the cap

wafer 452. Beforgioanasblavendeh iReRAsipe andhaFar wafsigaummetal 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 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,



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 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\g&idaosing
conventional barrier deposition or lithography and ¥tching processes. The oxide barrier 456 provides

insulation wﬂner{tﬁ‘@m-}é/@ﬂebﬂ@@empgrf@pic_éle&aiaﬁb%i_%ﬁ%éameﬁawb fiirbe WBMriayahdabe
thfough'Waf‘B‘ie\HQﬁe“é‘é@l&%@éf@@%M&%@Bﬂﬁ@@dﬂ%&ﬂﬂﬁ{é%mgFi"r\%iﬁ@%ﬁ{&%%éﬁ%ﬂ&e aspect

ratio of the through-wafer vias 454 can be high (>10) and the depth”of thethrough-wafer vias 454, and
thus the thicRFRES5SEs tiReERRY \eipepings thecePnBciize onRErial thix cablee fhdeseleteasr WatoBM layer

458 also actzs Ay RHAECERIRY fyRE WHIECTS IR CIEAHRGRIHE IRIRIFIES YRS hodeStRp- 25 In a

subsequent Via Electroplating step 406, an electroplating process with the seed layer or UBM layer

458 actihg asotelverppietalideeridhpeaiiarmikiBNManysiscire gaposiies e beppddesupiibte or the like
electrolyte filgfhg dfough-widepatiemba 4o % SIREHIRIEN DA C ARdusHY SRR IREACe SUCh as

copper (Cu), gold (Au) or nickel 30 (Ni), is left in the through-wafer vias 454 forming vertical

interconnecteletticd it riaenegnestssl ates the sMulvraiveravaiptial 4P2n iy PANENRSEYIB8idM of the

conductive fagigfid 48AdIHE i %%Wﬁéeﬂ@5@ag1%§f@ff”4%9%itﬁ5a|WQ@OM?J?MWPC?%MQ step
408, if the seed layer 458 is'not a UBM I?{éer 458, then the seed layer 458 is removed by the

conventionafBRRNYARME RdSPPSIisHirge priisdaverhareppesiaisgr gusec sravetledlaterial 462.
The sidg of fagraReERhitR2PRARNGHB\ P BRIJRYRISHeB iSNisMBackerngrs aneierfplished to

expose the 5 conductive material 462. Thereafter, UBM layers are deposited on both sides of the cap

wafer 452 afifipafp saPwadehtitdedna it barkpasa 46/1 466, which are

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



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 layer 458 is a
UBM layer 458, then the UBM layer 458 is left on the cap wafer 452 and patternedhgecanaiingly to form
the interconnect pads 466 and the bond 15 pads 468. In a Package Integration step 410, the cap
wafer 452 isedettiop laingeereeegsel MErm S igvEieetaordatiagisten KASMS anprriw iatelywaeply ifévable
structure 47@&&@%&9&@ 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 uspaghiherereite B aigins A {3 sPImilanbr frpctiRAsi<EP HoTMRs hiae WMistipeyater 472

are also con?ruent with and connected to the bond pads 468 formed on the cap wafer 452. Most

importastly, éW@S'@M@ltWMS@Q@(é@mrmﬁﬂﬂ%ﬁﬂ%@W@%@MEMﬁ@ﬁﬂ*@ﬁ%u\b@?bosed over

the MIEWIS deyligrtd dosi AN e auasiania’ eVt yablasirchumdy & isunimagdasiithin the
MEMS cavity 470. Alternatively, the cap wafer 452 may be bonded to the MEMS wafer 472 using a

bonding matéHal SiRienes ﬁﬁ’e’f#ﬂ%@d@iéFsmﬁaBI@%ﬁS%ﬁﬁH&W%s@Nﬁ{ MEMS neskaghression

processes ingleashef 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 frocessingSRRAEPPRrSYHghR V@ 500 elesERPIaaasedsieneansy arcafRaRs 858aHe 17 April
2007 16 electroplating process in the Via Electroplating step 406 to appr OIprlately apply the solder
bumps. subsequently patterned to form interconnect pads 566 and bond pads 568. " A layer of
bonding material such as metal or solder is also deposited after the UBM layer and
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.



With reference to Figs. 5A to 5F, further embodiments of the invention are described 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 formingesig@ooect pads
566 and bond pads 568. A layer of bonding materied such as metal or solder is also deposited after

the UBM laybt aNdaksirniRond patsencdo e reaborefigbpatiheendse ta the DRtgWrlasHe? 582 are
congruent WHE\ﬁB%@FH&@&ﬂBFés%ﬂso?QﬁeanFée”&%rﬁﬁfé@_sﬁ’&lﬂ%r%@@ss@??dﬁﬂﬁf'iéi%?é?dsﬂa'élﬁaﬂe”““9 of

the UBM layer and the bonding layer are performed using conventional techniques, which are

followed by theedwhii§ 8ads EM tadignIhe WS vetes Sidevdtitheataponames s sdthddmg the bond

pads 568. ThepEHRRANGSIPEEE SR RRCEYE VRRIOBIE SONRRCHBRMIMNMEEY $opRds 8A 3y epared on
a MEMS wafer 572 and convey sgpals and electrical supply to a MEMS device 574 on the MEMS

wafer 572 20MEMB VRIS D atiBIgY 9reT plsariergBifig i ibadeseethpads 8% fiecaemeichinects in the
cap wafer SQ2in\adt &80VaNethsRighale aRd-plartETah SHRRBHALLING S MAEM heB6KaRg: Such

vertical interconnects are to be formed in the cap wafer 552 after the formation of through-hole vias

554 in the c@3tEREeP6s2 Mastsimraetaniv $aepVIFNS Kartibads seRraciaaaviHetheMdHY and stacking
of the cap Wafes 2337w (iihéh sz WARERMIEME MM WalsRfofRSINRSIgR 8Pthdhe MEMS

pads 579 for the MEMS device 572 with a movable structure 576 and bond pads 580 are formed on
the MEMS waRMabe StraHurR e & padrarsas chyd b Hiei ME MitHcavdtyntd e oNMEER S BEBY 588 on the cap

30 wafgp 552 iHRFEsMAPRE PettRa30 ITMRINS HigMEM DyvattRefr AetRbaCs cpngruent with
the bond pads 568 formed on the cap wafer 552. 17 April 2007 17 In a Wafers Bonding step 506, the

cap wafer 552lgepémaiiPtiaanEinggiatdiossing instead of bonding patches 568.

In 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



using thermocompression or the like compression processes to form a wafer stack. The MEMS pads
579 formed on the MEMS wafer 572, which are congruent with the interconnect pads 566 on the cap
wafer 552, and the bond pads 580 formed on the 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 cawaiyiba07s congruent
with the MEMS device 574 when superposed ovedthe MEMS device 574 so that the movement of the
movable striEMSSIE aumFalset ddMithaieiermetviseraiiey i led. ineusiadivalis: wes 544 wafer 552

may be bo”%‘ﬁﬁtéﬂiHbetM'-:eMérWﬁfaeﬂrﬁl%I‘&Yi&%H&/%?%FHE@E‘?Q@WH@&eé@%‘?&ffﬁ’&éﬁ%@éé&rin

metal-to-metal bonding instead of bohding patches 568. In a Via Etching step 508, the cap wafer 552
is processedif WiticHaptiopjisIsi6taR SPa e aRRRsi pelorridy hadakietmenphanaise agess4 are
etched usingcepVERtIARRY 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
556/5573 for example comprising a suitable silicon oxide barrier and/or a metal barrier like Titanium or

Tantalum, dogenrlificyap dAc-ARRKGAIAR AN SRRAIGIS HHEIEAMIR: OFmprbatibernigriage between

the cap wafer 552 and the fill material for the 20 through-wafer vias 554 using conventional barrier

deposition o i@HSHAEHET arias dchifigPpyeiessad. suhsesirid it B rorsacuitAsTRIBbRYVRNe the metal
barrier proviqes@iigrgplaebicr e HenARA ISR G S Ifidyader 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, cafy be >400uRdf HEfCESR) i the BGISIMRRE PSR %@%g%@frm tpipiayer at which the
etching of the throﬂ\- wafer vias 554 stg%g In an Electroless Plating step 510, an electroless plating

process is perfofmé<fed fIE3IMEARRIDGH- BTSNt IOl A RIRiRgaRticRNAEMNSal 562 such as
copper (Cu), gold Anbnperiskakihy) subpriaing the vertical interconnects. The electroless plating
process is performed using conventional processes. To complete the wafer-level
4. ICP Coll 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



17 April 2007 18 MEMS package solder bumps are formed over the filled through-wafer vias 554 by
switching the electroplating solution and/or process after the electroplating process in the Via
Electroplating step 508 to appropriately apply the solder bumps and the wafer 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 pspaes®is conducted
with the following conditions: 10 1. Seed metal uselfin the experiment: 0.5um An by KDF sputtering
tool 2. Deep\RieT eteh @bf et Watahg tRe Moy PlotesseeRBRieion OC Kk pressure:

35-40mtort 40j£08 PORELCAOMENS frRlalian PR HOWAHRAAR BOREARASTBOSCH 7.

Passivation gas: 130sccm C4F8, 13 sec. 8. Etch gas: 100 sccm SF6 , 9séc. 9. Total process time:

2hrs. for 400N taFobIEh gﬂ@ﬁé,é&wseﬂoi@m@@mpfatheg%qi@nmﬁt@@é_: @8(9@& @,mm@at@rm_m. Seed
metal: An 1?5&1%@?@3@%&% &hE ?&%taezg‘hﬁh&ﬂm%@ﬁfée PAPSIURRIM Sl ustiiRg Wihgreference to

Figs. 6A and 6B, in which a through-wafer via 662 of 400 um depth in a wafer 652 after copper
electropating6 S FHIESEBR GO0 88 atsad o tRe ORpa0itt RMBIPEANBNIdbaecR4bR eraHR@WSUring the

formation of thactbreySR-aIRY 2 ARSI ey barkasiaginnis aNsshans yibReipre.Rrovides

good planarity for the subsequent deposition of a pad or a solder bump. After electroplating, any
sacrificial wafeinaierther Hetieally eeaking matrsilipriarepgisharagnaas EMagefeesses. Fig. 6B

shows the through-wafer via 662

In the foregoing manner, wafer-level packaging for micro-devices is described.
10 Although only a number of embodiments of the invention are disclosed, it will be
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.



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 17
April 2007 19 wafer 752 and a MEMS wafer 772 may through thermocompression or the like
compression processes 786 be hermetically sealed if a hermetically sealing material, such as Frit
glass, is used in place of the solder patterns 378/478 or the bonding patches 582 wsathonthe
foregoing embodiments. In addition, the bonding pd€ds 5 368/380/468/480/568/589 used in the
foregoing enfHatMBients 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-devices is described. 10
Although onf; a nubéneshedndedifrsminer weferyertidncartendelbyedeit wishdoapieardingto one

skilled in thejayd i \RMOFIPRAICIERT BRI ALG RN AU omBAYIRGUAR sRpPe made

without departing from the scope and spirit of the invention. For example, the foregoing wafer-level
packagihg nfédthods may be applied to a 3-dimensional or 3-D package in which carrier wafers having
micro-devices are Jo@p"é@i‘fff‘%qﬁéﬂéﬁ @,{rgﬁéquﬁyéc@é}@rgne carrier wafer depends on through-wafer vias
of adjacent carrier wafers to convey signals and electrical supply. Therefore instead of processing
cap wafers, the waRG0EGE| BecRAGINYARES Wahappifedeiat HeiRIsHeders Himemsitd MitrBM@evices. 17
April 2007 agagﬁg’ms: 1. A method for forming wafers having through-wafer vias for forming

interconnects for wafer-level ﬂackaging of devices, the method comprising the steps 5 of: depositing
metal on one of twdQuafggsa 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.



bonding the two wafers using the metal deposited on the one 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 wafersihayimgdbe
through-wafer via to which the other of the 15 oneZ3f the two wafers is bondable. 2. The method as in

claim 1, whe?eir_u theTQEégﬂﬁfhWnﬁm@tﬁéaimdugﬁhﬂ@iér% Stemqfrib@gdiﬁg ;t,t@ptw:)ewﬁ*rg ihe
through-wafge i iR & B8 AE N fo R WBfee? féfhrind A% BREIRA. ARt I lmwBRESH the step of

forming the cavity comprises the step of etching the Tavity in the one of the two wafers having the
through-waféVo¥#f8rsThe 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 requifing unirhp&arRiBodasvarain 3oveiereie et Somairgs thiResbmMvEler stiddsof forming a

cavity furthepcRRRESEH thE SER PHRRYIAIRS Y RRIPHEAHHIEASRRGENRS RARRYNY HoimRRGAd

movement of a moving structure of the MEMS device. 17 April 2007 21 7. The method as in claim 1,
wherein the ¥&f8'of bonding the two wafers is performed subsequent to the step of forming the
through-wafer via in the one of the two wafers. 5 8. The method as in claim 7, wherein the step of

forming the through-wafer viais _ o )
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.



performed on the one of the two wafers and the other of the two wafers is a sacrificial wafer. 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 claimii@pvitteeoein the step
of forming the cavity comprises the step of formingZhe 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

walers s pertormesiRAE IR RJIPRANO WAk tHousl welsrR DG ANGRI AR YR wafers, 25

13. The method as in claim 12, wherein the step of forming the through-water via is performed on the
one of the tvi® ReERIISashent e srepbihthwalesswaskeireidey i et frsmpd didhe fhard hethed as in claim
13, further comptising the step of removing the 30 sacrificial wafer, which is performed subsequent to
the step of filling the through- wafer via. 17 April 2007 22 15. The method as in claim 12, wherein the
step of forming the through-wafer via is performed on the one of the wafers and the device is formed

in the other gthe twRe WatRE 23R cIaim IS RbANIEIIED b RRIIMHI.SIRP AfifiiRg the cavity
comprises the step of forming the cavity for superposing over the device formed in the other of
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



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 electroplanpg avut electroless
plating the through-wafer via at the side of the one4¥ 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-wa{ginfig: £ QraRFisSESFRe RiaR RS f5RINg 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 26CR-RIAFERAEVIECPIXOKABE FORIEMS
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
depositihg nfdBstEsone of two wafers; bonding the two wafers using the metal deposited on the one

ofthe two walSHsnfRITInfoRGuaHeNalay Mo A avdhe W wilarse g Be-aghghwiater via 10

with a conductive material; and forming a cavity in one of the two wafers having the through-wafer
via wherein ﬂ?é’@ﬁ%lt&hﬁs@éﬁb‘@%(é@%résmgaﬂ‘@ étﬁf\ﬂ%@f Iciepasting metal on one of two wafers;

bonding the two wafers using the metal deposited on the one of the two wafers;
forming a through-wafer via 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 through-wafer via wherein the cavity is superposable over a device.

Figure 3G
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