. ;e3eF{vvwIxF2yz6zTF{ 0zA WAFER- LEVEL PACKAGE FOR M CRO ELECTRO- MECHANI CAL
" SYSTEMS *cooooz* 5 Field O Invention The invention relates ge;mal Im’ to
r

waf er -1 evel packaging. More particularly, the invention relate WHI WM’MM’I
waf er -1 evel packaging for m cro-devices containing Mcro Elect

Systens. |0 Background M cro-El ectro-Mechani cal Systens or MEMS ar eisorsox
typically the integration of nechanical elenents, sensors, actuators and

el ectronics on a comon silj S ie a wafer throu
utilization of mcro-fabri &3?@#’@?%%&‘?@@%% are envi sagﬂmmn”mmwmmmmﬂml
revol uti oni se nearly eMBCROMECECTREO/MECIRANIUAL SYBTEDS Y by bri ngi Ngseghgye
together silicon-based mcroelectronics with m cronmachini ng technol ogi es.

In this way, MEMS nmake possible the realisation of the concept of conplete
syst ens- on- geli Of INeRGsh t he commercial potential of MEMS devices is
practically boundless in the current marketplace. 20 However, extensive

MEMS conmer &haimveniiqnoislates gqpesainte ywaterripiest dackagivet oMerseratiqudaityathe

di fficul tiegyeftioRarkAQl R waREI& eMpedkQaiHs VibF 8RicRNMEyIcBE BhidiRing OfficrbNvol ved in
packagi ng and testing the m cro-devices. The cost of packaging and testing
such i cr o- BiEgire-deckarab¥ysigmst o ten times nore expensive than the cost of
manuf acturing the m cro-devices. The nmuch sought after technol ogical

breakt hrough that is 25 anticipated to drive MEMS comercialisation is
packagi ng t Batkawbwygl es for MEMS. This is because the process of packaging

MEMS af f ect g, nqt M cE Qi devi | , U i S¢ the nost

unrel i abl e &'Qg Ez]a%gjoméecm%rgﬁ]l %ﬁg%ﬁé i°ﬁq§§ﬁ€ﬁgyﬁi%gk ggr#n(t) n%ﬁgeg or MEMS.

For the sucuoesshighl ateymmesy shnsdrs, aatuators aod ele¢tenivis gh b yommooviliténssbiMS devi ces,
t he i nportance of ackagi r nd conj upecti v.el 0 used1@§I iers must be
addr essed afi %raéﬁl“fl\a{s%%?’ rgltlg%ttﬁgu@gzraﬁc)’/n ¢ e“snlcgoﬁggrflcc 18%%8 no&ﬂﬁ?@l Eé‘ﬁegh VENVS

f abri cat i oneftvaabaibtoogielati@iyel neady Burh eficrofdepico paglaascasigoiyl @y biingingnt egr at ed

circuit (1C fabri.cati,on technol ogi.es, . MENS packagi ng,t echnol i,es are 2
CUbst ant's ot fageied fifieturianed GBI RHES i SRR e CoeBRaRaT g7
t echnol ogi esay,NNVBISPasea@ssible tiRClRNBROG EShdealeftdf Sathplelesy@ensiober of

requirements relating to adequate nechani cal protection for Vi ng
structures SHB £09$: Heshomaeadalipqteptiad offIE g doyieesds PW&%%‘M@P?@&%H& al

cont am nat i eg.cuMéh hiddkie®ace.

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



.5 and etc; interaction with environnent for sensing and actuating; support
for electrical power and signals such as |ow | ead i nductance, capacitance
and resistance; good heat dissipation; manufacturability suitable for
- integration into Wafer-Level Packaging (W.P) processes; reliability; and
econom cal or cost effective. 10 The reliability of MEMS depends on
packagi ng t sybstantiuhiy er idiffaentwafand - | enet chalbogages tamd seédl i ngrckafiipods used
for environmental . prat i on _enpl oyi m.cr o-devj ce caps or crocaps. The
tovel oprent FEsLES. QHER S pteREgteoRrioRis il 1l 5roREes TuMeheSE hoi o
MDSt  expensieq@irduisitst ﬁefﬁﬁn@@cﬂ%&lﬂj\xﬁt@ nfIchARSES ploflectibie f@Nhbvifg Modurgy aduct
devel opnent cle, This diffic stems fromthe fact .that NEMS packagi ng
is 15 typi o (PemppRessH %M&B\ﬁ (EYEs P TSHReR PR EORE PGSO YEWP) , t hus

maki ng MEMSaredi& agtiraskidhl Wit &Nlirbmh@ht da\sehsap afn@raclﬁ@tﬁ@’ buppa Bdri fediricaNS .
Currently, nost devel opment efforts for MEMS packaging result in new and

speci al i sedPY4ERRG pigplegsh g lwaelnﬁwwwaﬁém%énd tSiplapge; 82addiat Even t he
20 packagi n&saﬁateﬂeﬂﬁumblngpwlenerfalswgrmucl% WM 146N ERRagithe

accel eroneter, invol ves speci ackagi ng strategies that are dependent on
di fferent nﬁﬁhPh@?%ﬁemefm¢Huxangeﬁepm@aan@Oﬁsﬁeﬂee ways of designing MEMS
packagi ng are desirable and can significantly reduce the total cost of MEMS
as well as save time and effort during 25 early design cycles for MEMS.
However ,10i t Therebtrikty of #M$ depeadd @onackapims thess matsriehevgferckedipmgessspect  of
VEMS fabrlc i ; Q%ﬁﬁﬁ rahegy for
VEMS, howevgrﬁds(%g1 g&%gﬁgffg?gggrlgﬂ?ﬁ?@%ﬁF?ﬁgﬁl I n?hg&%? product
devel opnent oamdrdcapy: iTbatievotopofentyEMSss GfdMENiﬁsmaCngBn@I padkeging pﬂme«rsm ic
packagi ng i the desi.red forn1 ackadgi Perfe [ I kagi ng has
30 good rel ?hﬁ qglletmOStﬁu?ensw i ewtunlg THS % i Tessr]er‘1 tﬁ% gtm rng?%M\gleP%ﬁleﬁpenm ve
and chal | engweg)pménmcmberrhmf dilBy p;mksa@es tae efacmuhateMEMS pahkagicatied usi ng

chi p-scdf o pRERnAR b chpnEion s REV I RABES AT e Mo ces 1o be

attached t oMiaM$ psekadng digficultas ddeloptferdefidriceipplicaioar ds (PCB) face-down with
t he devi ces' pads connecting to the carriers or PCBs through individual
balls of solder. WLP is a packagi ng technol ogy perforned at the wafer |evel

that requir esrbdig, HRREI dRJe1OpmdntOeffdits NOF awm‘semklagﬁgnesm Muledt b@n S5 or
di cing of the bonded wafers to obtain the individual devices that are

al ready pacReggieHsedvpaokaging, epswdimyp resh MEPYISt deafeeclianfabiisetrg- tiven s al

product ign B&‘l‘t&g@é of e ARV hGafr %iaQSUIIBrB&LFc@@MWS’GMces%E hou@tonfagh WP
processi ng steg tends to be nore costly than conventional post-singulation
packagi ng proebeswscifie heckaging strategiss thatierg depppent an fifferpat wawifecdgersn a waf er .
Typi cal wafer-|evel interconnection structures use |ayers of polyner
dielectric s%stems and a thin metal filmredistribution Ia}é Utimtely,
to achi eve Rhemgenreds awhspdujar velyeef designing pOREB patkaging pigtdedire b’ylnﬁﬁﬁlfhg

t hr ough- waf gl Iﬁhﬁﬁl\%: é%dég‘%ﬁét%?aﬁ ¥ost E%M@'ak Yvel1 s sﬁﬂeiagflé %Bé'effbt‘? Qbrin

application onding technique 1s a hni que for
provi di iy ekabt qutgalcycilcst for MﬂM%othvels tahofien etab'bato regiskiopasldérimgghe

bonded t o aPEis (UL oL NANR Tabbalib vy el NS R BT 2 18
connect ed tpaczkagmg stenteglydbﬂ MEMS) howgyler, anusi eecobsidetedrigitiifiom the bé’@lhrdng naviad&7
g A, PGt BRI Aoy FpredC ol FBRRE AMERRT Forl s Rienkd BetiE,

application
hermetic packaging is the desired form of packagmg Perfect hermetic packaging has

30  good reliability, but achieving this ideal requisite is very expensive and challenging.

A number of MEMS packages are currently fabricated using Wafer-Level Packaging
(WLP) technologies. MEMS packages can also be chip-scale packages, which are



.20 ultra sonic energy applied in the frequency range between 50 and 100 kHz
for performng wire bonding may stinulate the oscillation of the suspended
mechani cal structure of the MEMS device 4. This is because nost MEMS

- devi ces have resonant frequency in the foregoing frequency range, thereby
increasing the risk of failure during swre bonding. 25 Through-wafer vias
are typi cal igvidenjaekuged thhosllqw Assiicts i@ be rttaghed nive dedcd ehitkean oboprint&i des of

wafers with which ni -devi ces are fabricated using WP. Current packagi ng
e end. showscitHibogRp (PCB HeiGry Bihde o iere 1oy HUPEAmEde MESBSF Soace
efficiency BOHs 6&iglNindiiaw] belld of soldedwWn® it @ phdkaging GcBRies meRLHhar i ty of
WLP devices. 30 For_ exanmple, .array sizes of devices for input/output (1/0
are |imted®iAerafs Ea?lrtb%famuersmé&%%o%w 9 GReel waters beéorp sSineWREY of t he
devi ces, s Pr biMBicinkYofHe tofdddl WhieROoSHAGE R MUkl dedBRSmaH ark NreslgVi ces for
/O leads. This limtation necessitates the use of through-wafer

i nt er connecPaskigsf n{VEP ds garaneryl concept Ahag gan heipg Mg ek PEdusTioneost ol

capaci t ancengidl 4l iR AARR ahtfy &M.Imllouérpéaciv% PydeGifi dlPtendd B WeS€d in RF
applications. Research has been conducted for nmaking these through-wafer

vi as conductpree ceiitly hthproworvgpiaeriat @pgieingslatieu ohckREng mppdessss.i hascostisDeep- waf er
et chi ng hasdﬁh@@mﬁ WAl Neesbidigf, i N MEMS technol ogy because obtai ni ng
hi gh density and hi aspect ratro tﬁrough-mafer vias is critical for
optim silhg for integration and final device performance. The nost two
popul ar dee fie chiin Ses_.ar osch, an rocess,.t o A
nunber of mg erjtgeﬁgﬁgé ﬁ%%%?ﬁ§§§§cﬁﬁpﬁﬁgsa%aggmg6§L¥§¥§8ﬁg%%ﬁnybr
packagi ng neysteosdcadiacthin metab €ihn esdsthlartive tlayer. S@lamately, tdhddevetlegihiiOques

i nclude silicon-tg-gl.ass anodic.banding, .siljicon-to-silicon fusion bonding,
and waf er -t 8?%@%‘%%%3#88 eﬁcséils(rffbbu\%g?ibé’ugm?‘%tﬂér?ﬁ%dwgffre VR r 15788 8s  bondi ng
medi a. Connespteisiisfok GpazeRfficiant agichtjons ERleewirdTbeidingdMinifieds @ populer al | y made
under the bondi.n di a agai nst .one of the 15 wafers or through one of the
waf er. BasetfyHd hg’% fP g‘ignae‘ﬁ'i‘@? PisrromIecyh Speh 138 cthpt E‘BH(%E‘? irfs,

t hr ough- waf ggnvitiaalaEMSIiesict a¥kuwitd Fih)eAeinheisred MEMSdhfend istfonBddCT O
devices is an attendant requirenment., One of the solutions for MENMS

packagi ng cif 98 vagrdead a MY idevieg 4 on s MEYIS Ve fer 4 1t eamgerded tamselden as.

These vi as sans BRoupAANGied BFhdl6OWITEE RIheARAUES Phsing Bipdpok P ARSI §.oTIRONd pads
of the MEMS device. Such vias have advantages for space inprovenent and

ef fi ci ency, WiRGordng frshwigisy hasdinaited; applicatipyin YBiMrpeckasine dearsxpmelenet hod
USI NG DubK kil OFRCEHeRH eholiEd fn E%Wfr}a%gaésp%ge UeNlee£ S0 4id! FooM RN QS can be

used without difficult F . count “m cro-devices, however, this
option can bafamingching bendinzomeshstinudate éhe aspillasiant efthSpuspendedaeehaniclo.

6,228, 675 9LaRLEdof e MS\%EV%! 4"1\’”141%8;(%&&&@{)]5?%%&8 RkGceshalt re?tgﬁﬁ hod of

fabricating a mcroca M th vias on a cap warer é4 is
proposed. THequehasin2te ABregeiag ifreivdngy Iranget thhwsbly amreasisgdhesslopf Welutes and are
filled by a jyve material fromthe top or the side of the cap
waf er 24 ha$§§3gﬁ gﬂﬁbg ches before the cap wafer 24 is bonded with a MEMS
device wafer 12 to provide hernetic sealing. The cap wafer 24 is |ater

thinned by Qﬁ%hg{-{wgglr 04s tarQ:ety}ngﬂl_yt i%%ﬂ&e'& f%{f gleov%fingt ig%rconnects between both
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.

30  For example, array sizes of devices for input/output (I/O) are limited when electrical
connections are found at the periphery of the devices, primarily due to limited space

along the edges of the devices for I/O leads. This limitation necessitates the use of

through-wafer interconnects for micro-devices.



. cap wafer 24 to expose the conductive vias 26/28. The main limtation in

such a 5 proposal is that it provides for form ng conductive vias 26/ 28
that are made of sem conductor materials |ike Polysilicon, I1l-V naterials

- or etc, which results in higher series resistance due to conductive vias

than netallized vias. This approach oy works for trenches with narrow
openi ngs (< 1 Om) but not for trenches vm'th 5 larger openi ngs because a
proportiona hi cke condu tive teri needs t.o bﬁ qge@ﬁa\ié]riﬁ% to
fill-up the P’aé“' eéff% Vs RS EGL SAPAPRTE X %‘Epé Acar'd Pert o “VThi s
further resddvicss iat @%Ce86 i RFappkdatiahs. Rdscatth Uias bbat condelser for wakinghi gh film
stress in the c fromvx/mchth m CcrQq i rmed, .which is
suscept i bl eMf¥ tﬁ’r%égg %r diga cpslugiivevith low ?’Wé‘f‘taﬁ‘?e OéF‘r‘%a‘%ﬁy)a? 08 n t he cap
waf er. Agdi Db@naéfwetcmng Shlal§ msa Hee@ \ﬂﬂ&?%&ﬂ%dﬁﬁﬁ RIS trechfiol o8t b&agski bl e to
fill very deep trenches, diffjcult to obtain a, conform ng

seni - conduc?¥Hnigs pusk dle%}‘é‘r andFPt¥H1 %SH%thTSP‘ég}B‘iOH%h prisbI@sts fhticaks ffppar ent
that there singsinees lﬁt@grm&lvand%namealcé%ewﬁax& trRe 138 (GO PYHNL 2B

waf er -1 evel packaging for mcro-devices. 15 In an article entitled

" Thr ough- WaVafer aefppeproqssey sreiinsehhaniddTyEBiocss.Di mensi onal | Cs" by T. Nguyen et
al, DIMES Netherlands, a nethod for form ng high aspect ratio conductive
through waf er vias 202 in a wafer 204 by form ng seed netal |ayers and

appl yi ng0 a Abwmbenefiyieraopraderdiendiog tdchnifieshavcheeen tdpmmwdmfmpkagms 202 in
thin wafers Jghe

t hr ough- waf 'é‘?"??/?%Vg‘%%‘gg%&gﬁ‘ég‘?ﬁt%‘téﬁ%ﬁ% ?‘%3‘5 '% %@g e\Q/:{%é ogég C\%ﬁl% R‘gar e bl ocked
on one si dead® whdinpesilivahae-sikiceh fayion boiding, se@d/afce{tcawaﬂeabmd"m&mghat is
deposited b n or.at i ces e t.hic a thick
seed net al %%erq%%ebl%e %@teﬂal@ at%h‘?"c“@ﬂ’% (?§ 8? (X’S ro lé'g%]g s pr oposed
nmet hod t husselakeqlmmcxesiemw aEB@deraﬂbt auladd mgdengmemoodmg medga ztghnesteiny ofrgiei ng it an

i 50D
e etV PERERT Ao Tt BB < BRRE ol Betorae e pretormned B SshRs et hod
of form ng ¢duhedsiohs, Warbegh-wafasviby apelidsfivouRd witd heneae skalirg af midy- ng

processes is that it is suitable only for shall ow through-wafer vias
(<150um wi W‘W%F@B\ﬂpﬁiﬂéﬁrﬁ%e’(‘@gum This is because it takes a |onger
time to fill the through-wafer vias by evaporation and electroplating. In

cases where Iarger vias (>5u are used, a very 3o thick electroplated
metal is foPRedT dhf m{@l%lﬁcf%r MY, pagkaginz 19 bgi @ uspetichisallacendugiey ¢l osed.

The thigk nBicighivads ViRr TRde vVasbaes dnBdticalth @ftal @OndubRraBii@onsddcand may
cause the wafer 204 to crack. Also the cost of this proposed nethod is nuch

hi gher due bendcradnpiths MEMBlprice. siusk atns havradyarirgss ifordiPAey BIPTOIvmERlor
removi ng t hg,@ 4f&8ty, and can be fabricated in a high volume-manufacturing method using

bulk micromachining. For low I/O count devices, this method can be used without
difficulty. For high I/O count micro-devices, however, this option can be a technical

25 challenge.

In United States Patent No. 6,228,675 granted to Ruby et al, with reference to Fig. 1B,
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
30  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

cap wafer 24 to expose the conductive vias 26/28. The main limitation in such a



. 6 seed netal after electroplating. Additionally, such a nethod requires the

handling of thin wafers by a wafer-bondi ng machi ne, which can be a problem
since thin wafers have nore structural liabilities. 5 In another article

- entitled "Through-\Wafer Copper El ectroplating For 3-Di nensional |1Cs" by

T. Nguyen et al, DI MES Netherlands, Ingtitute OF Physics Publishing, Journal
O M cr oneghepuisaisis Ahgt M pesvaden gion éetritpg cordluétivet Viey 26/88 hhed drs npdepdsed usi ng
waf er-to-wafer bonding with., hot oresi st | ayer .as a bondin terial to
formthr ougsﬁm\‘/&gf"g‘i”gqyirg@eri‘aas gﬁﬁgf’@?‘%"eﬂﬁe{ﬁ\%f‘% erils fr F’ﬁew?‘ﬁ:ho‘gﬁﬂgvﬁf er vial
is first bangee sdidstresisknot Aes wredmdictive tasahgPRetalRb@liak. apigs apibdeg t he

phot oresi st | ayer sandw ched between the seed netal |ayer and the wafer

with the t HPOUYRKREPE Frerahss Wit {BITBK APGRIBES 61! Vrmy Bt 1etJBE Eenabgs B

t hr ough-swafigipe bthings bblAR & PripRailoRshelyOthREGOSIANE 1RO thASME heRITRA et hr ough
the through-wafer vias to formseed areas. Once the seed areas_are forned,

el ect ropl atdeRgsitPd il Medvizobefpre| suptrguent prssH- Hemsetre wegemsd; hhist hese seed
15 areas. Aulhdfiréaid AexbssivbindePhPRPRSH HRENAed ry ﬁ?h gihendam adi fficulty
to perform wafer-to-wafer bonding effectively using the photoresist |ayer
wi t hout havidpgvasiofigm veueh, tiamiergpapeld istformedepyhichds Piserptiblede Steakagger soft .
Al so, the exRAsULS aRdqdeye! ng, i EAfi rt;n(},’q rough the
deep through-vvafg v?agﬁfsﬁna%?@ffg{g{% ve ?/E%gg?%ﬁme '1t§§151‘;l)ﬁe.y eS/ﬁeFoper
cannot & earropased mhbodrtas neftpossilo sefill hgry2igen ernsheshasvdfissyery ddBcultipch ar e
deep (> 1 QM . . p r i (5 mn after
devel opnent 1's %85\@&&@%&%& ct% ﬁaéu%lﬁr)oﬁghga?&gg?és&t P'I%glytgﬁ derg%(l){gtﬁrgiélf’%f’q?gsi dual s
are report egppyrehtahdt thene tshaenebdh rooprghidevar elternatias to 1By casemipnanwafet-leadoni ¢ bat h
during deveIaolpamlanntf0 lgﬂ@e_ eevcleccés areas in large vias (>50 x 50 ~n2) may be
opened, but? 8a§a§e PO The"§&&d net al | ayer due to ultrasonic force is
observed. Additionally, the 25 separation of the bonded wafers is not an
easy task t he .t.hro -yvwafer via. fill eri;als in th irst. wafer are
ot achel ¢ dt o UHE G Trpar VER Eaeeedbhdbunkeh FarDiaPE. ©1 ¢ ! he
two waf er s [@seby 0.Nmyseqal,detEYetierhndk g moiebdior foiing hégh dspeet tano waf er s

may not have sufficient bond strength to wthstand the shear force applied
during the %a@%gw HEPYRY G e 0i 1R d eV A e OB Dyt TBTes sed gl o 3l

inherently spiviad Soddnfupr apRewdh fer ke ﬂlmra\%hamer ViIs @O S @i WOl ng
problens, it is apparent that there is a need to provide an alternative to
the conventis GFRPssaf Be-hosomrupppereagh yolvey fommiae dbaidyqugbsvafer vasitdry A

waf er -1 gyel ;YR MAGKAER AR RhiAdrd 116¢KeH B Bnddi& MeQitatheigipgal t er
wherein a MEMS device is connected to bonding pads on a MEMS wafér. A

peri pheral pakineserd gnetal et 80t dlpt o offgosiied ot AR dyaprIsting peess omdt he MEMB
vafer 0 encamashyfieRant 1icRack s e IFNERHRY GRx ddngiifynst ance, a
cap wafer is proceSsed to formthrough-wdfer vi‘as iI'n the cap wafér using an
et ching proweess. Ahiepeposedymethod thnsi eauires yiwdessed inasal loying pserssses.i ci al
brocess. | nSet e tap KioP pEE AR i BRNRN il Bhved 9P BRBETD, L e o
t he cap25/vﬁfl®rremef'®rlw bdubgriﬂdm’géﬁl‘dﬁipr@eqsr d}gésliiatﬁam dehivermssedm;]@hadmfstﬁp | ayer
in an etchi proc . The .c er. | [ i y_Su t hat. t he

thr oughwat e NI Sy FORMP R AR SR e IR et o 11
bot h i nst anit é&s suitable matyafor |shylw gesugbsvadls dassee 0t with nByoweaesngf an

el ectropl at rQacess, and usi t he seed tal, .t t hr ough-wafer vias are
i Ted ui ¢ HaPel Hioe bens s « Pasfind T B ot JEobResy Wi 58
Under_—BErrp %ﬁ(&htédnLMGldc&yﬁﬁﬁngvﬂnfdﬁs?ﬁﬂleﬁela@f viag r(u_esimt)cbaré ggem Jo@ag padz and
a peripheral.pattern congruoys w e..correspondi ng bondi n s an

el phortl WK RORHET ek R o8 onr 5 B B Bege N BPLBHAE B bet ween
the two waf@ssedarmile #higamkQl thu Fore® Widdbdthidhedtierd oif the &RlfdrM4 an@wgct i vel y.
The two wafers are then aligned and eutectically Eonded to forma 20 wafer

stack. In a3t Prarier 489 ek (g0 Hisrashng tis Propese wstindrie rech RIS f or ned
before the dicao @behle BEdNERE BRgess \Whd BitkphRiing SOUMPES: RIRSINgGhE&&qR! ati ng of

t he through-wafer vias after etching. The side of the cap wafer with the

t hrough-waf er vias exposed is now netallized with a UBM | ayer from which
bond pads are patterned. Sol der patterns are formed on the bond pads by
conventional nethods |ike screen printing or 25 solder film deposition,

| i thography and etch before the wafer stack is finally singulated to forma
surface nountabl e wafer-1|evel MEMS package.



. In accordance with a first aspect of the invention, there is provided
hereinafter a nmethod for form ng wafers having through-wafer vias for
waf er - | evel packagi ng of 30 devices, the nmethod conprising the steps of
. depositing a netal layer on one of a first wafer and a second waf er;
bonding the first wafer and the secong wafer using the netal |ayer
deposi t ed oseedne nodtalt heaffer r Stelavabdplatirgn dddhenslBe et avafetiod réquingd g a

t hrough-wafer .via in. one of the first.wafer. and .the second fer; filling
the thr oughhandléngl\%t]ftg?’ W/‘?ef S ehY eré‘b%ﬂ\?gt‘?a\?émﬁ’a‘f’dl@f’}? & beaanarolbtgla M§ a cavity
i n the one thin Wdfers hiveshorvafmeturainibilifies. second waf er having the through-wafer

via wherein the cavity is superposable over a device. 5 Brief Description
O Draw ngs Enbodi nents of the invention are described hereinafter in

detail wt hInraQB@nélea_ﬂrﬁ@le%ﬂitlehe‘mfo%F‘E-Wer Gpp¥heiedtiophatifs Forl3-BiAdiiodalB IS an

il lustration of g_rl or art_wafer-level (ﬁ)ac ages; }1)0 , |ﬁs., 2A to 2C provide
an i |l ustrakGsohy éNeaen Hat IMES Netherlap S@B@%‘ted?fl?}ﬂflﬁﬁ plishiag Jpymdl cap waf er
during waf epye |]\f?i\'5ﬁ)|me91%l‘e§9Aﬁlﬂ?MiEI‘ogﬁgine’éﬁl%,oa R GndhcA0iAPRpbdell URlingat i ng a
met hod for wafer-1level packaging and a t 5 device fornmed P_herefrom

accor di ng tBafermgoustpre herling withea iphoteresisioyerrpy g, bapdingomaterialr 0 Hiragr ans
illustrati R : L FOr = 1ol ; i ge fornmed
therefrom Q%E%Edwr%gég f)ggt(l)l?ﬁgra Feg'ng}({)%{”ﬁ%rn{vgﬁ_o i t{?ﬁg&?ﬁéfeaﬁ}t”?%%;fﬂg%?é?egs. SAto
SF are & agioasnsther Mar ruith agseed metal Haster weingdlee plaatorgsistelaydr esardwipliedk agi ng and
a device folﬁ:ﬁ'@ t her ' r ry, e | S t

I nvention; Fi g%n @g SE%%%EE?%’%E ?ﬁl"ggﬁ‘%&’saff% Tklﬁlgttpea?&l% g%hgg%%rl Y%g'ofﬂ\%i as

f or mat i on dphotarepishiéeyer exipesed by plectkag gingatec gios dithap subjectnd endxpasuneakd of t he

L\g}lgpf : g\r/lél 383%82%8151%9-0“& tiheS> th‘f’rloudghgvgarfearrvielsltg lflosr;[nrsaettxi Qrgas\.lva(gn%g %essteg(f; zli(riearég during
are formed, electroplating is performed to fill the through-wafer vias using these seed
15 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, the exposure and
development of the seed areas performed through the deep through-wafer vias is not
effectively performed as the developer cannot clear the photoresist exposed by
20  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
damage to the seed metal layer due to ultrasonic force is observed. Additionally, the
25  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

during the backgrinding process since the photoresist layer is not inherently suitable

30 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.



. according to an enbodi nent of the invention. Detailed Description 30

Enbodi nents of the invention are described hereinafter for addressing the
foregoi ng need to provide an alternative to conventional wafer-|evel

- packagi ng for m crodevices. 9 In accordance wi th enbodi nents of the
invention, wafer-level MEMS packagi ng met hods and wafer-1|evel MEMS packages
are described. In the enbodi nents, a MEMS device is connected to bonding
pads on a I\/B waf er. A perlpheral pattern is patterned along with the
bondi ng pads B he MEMB wafer to enconpass the 5 bondi ng pads and the MEMS
devi ce. | n AcneréeebMEMSpRkage aﬁd]ﬂleﬂﬁﬂﬂ’ierdf&repfeq{reﬁéﬁﬂleﬁr@neff@f whérbmough waf er
vias in the fer .usin n roc is uniformy
Geposi ted ohVaNEhT et foanekydita Porns o KBns PafErecBilabimand
renoved saf trpattéraedtiohy ro@thpnhechaﬁ@mg lpadsObih @i BIFMSI iwaRiatts entdi@a@@uﬁl | ayer is

uniformy Slt before the via-etchin cess to
serve as agb E'g@f‘?d:gr‘i” EE‘EB&F%(@&“F%?%H“%WMCH@W CH pr?‘?‘f’ég’ ?(\Rﬁfer is
formed in athMEh—wdﬁa? vidafn thBecab h»m&ghmwaﬁretdhi@s 168d3s.b8 Iﬁétblgrh%k with the
bond pads of the MEMS wafer. In the fore odinents the metal |ayer

0
serves as a'ndloEplyngarasitedmn Aesgeraficil ‘é‘?fereﬁ@bﬂsr bpndat itaghprar esderatd using t he

seed netal, refdGed m&%%tmge;smyés@swr@thfef 1nsﬁgcewehn@alqgrw vscaﬂlféﬁnﬁgmt erial.
The netal |ayer can al so be an Under-Bunp | ayer, which can
be patt & nedfppatef onnthe s#r Wk befaredthg Vﬁe?tvfpmwpessa@ tS@w] a@:éﬁ@&hé@@ with the
correspondi g r?ﬁﬁﬁhﬂaﬂmgg% s%”ﬁ'heoc% rléllfonlﬂ@t; &l Qa?ﬂ;ek*@ﬁu E%et p’%ﬂr-er for

providing interconnect etmeen t e two ers and a gaske provi di ng
hermeti c sewifenyas ¢aadisedighsdeliph thehend pads ofigifedVIEMay wateh émbeth illgtveld%and

eut ecti cal l(‘{lﬁl?r?e%qge{‘ orl Q740 A ‘§@‘§xf‘e'Ea11 zﬁsﬁgﬁe%%?g%g%fegtgéplﬁﬁg t he

bondi ng of e two"warers 1s VI a- ng process
whi ch t hen msmgjihp esedeinetol, rtiod éwgbwatfdrngasoerre tﬁﬂied Muhcmgdndwfvermanm after
etching., The s f thec waf e fer osed is
now met l? I |§léed WIFa ?ayer (ng'l\/I"1 er fpggrrglr\ﬁ éBHQ/Q T WwaC tcélrg)r%d Sol der

bunps are ppaiesmed oo tfdsml tlmndl pmldswbiefaorperqﬂieﬁal V\wtefn $bmgkouss whthn#lel y
RSN R HIE TN T N T
t hr ough- waf gferstinacctibm béthveeihe 106 aafedd ardnegvdyBoriacKaigg herhltis s¢adingt t ri but ed
to deep respectively. The two wafers are then aligned and eutectically bonded to form a
20  wafer stack. In a further instance, the bonding of the two wafers is 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 pattermed. Solder
patterns are formed on the bond pads by conventional methods like screen printing or

25  solder film deposition, lithography and etch before the wafer stack is finally

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 wafer-level packaging of
30  devices, the method comprising the steps of depositing a 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; filling the through-



. through-wafer via filling processes described hereinafter. 30 There are a
nunber of attendant advantages to the enbodi nents 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 m ni num
process steps of seed |ayer depositiorg through-wafer via etching,

el ect r opl at wafgr dadvilbB\Mopdtdtiee niategial, And fdrering a k@vigduatitage ofethatfes t o t he

conmbi nation_of th rocess of faor.m ol der s and .t hr ough- waf er via
For "provi di ter REPBORRERE vbn AGUEh W Bl PR, PRSerAELOEE Sl t chi ng
t he el ect r opbeabbsapledotuidedidze.and/ or process. A further advantage relates to
the formati on of plated through-wafer vias by bonding two wafers with seed
nmetal 5 sandwi ched between the two wafers. This provides nunerous

possi bi |4 ti Baef Désciipibn ODKAGHY for form ng high-density MEMS packages. A
yet further_advantage relates to the high copductivity through-wafer vias
for use in Rebodinenteaf the Hyentionag %qﬁcr@aﬁg%rﬁmeﬁt%@n deteil whbrdgrencsiefly used. A
still furthghwagyanlage relates to the reduction of the size of the MEMS
package to a chip-scale MEMS package. An even further 1 o advantage rel ates
to the absence of wafer thinning processes after the through-wafer vias are
filled w thrigondugliiiBgs APHIGHa8bn olﬁ!rh?ax!’t%?e"r-%ﬁﬁpa%@ag@;gs- 3A to 3G .
enbodi ments of the invention are described for a wafer-Ilevel MEMS packagi ng
met hod &hd a wafer-level MEMS package. Wth 15 reference to Fig. 3A, the
waf er - | evel g; I i ) i i ref.erence to Figs
3Bto 3G t %/E grﬁ otggs I%@%ﬂ”’f{ﬁh%&ﬁ% gfr-%géé*%wgwg?dﬁgé?ko\g&ﬁ]ége‘égiﬁp ibed. In a
Vi a Et chi ngcaptveyfer30dng wafemjpvelhekag®s2 i s processed in which throughwafer
vias 354 are etched using conventional etching process including DRI E or
the Ii ke etching processes. A barrier |ayer 356/357, for exanple conprising
a suitabl e Pigs.SIA tccdHB aox didgrainarillusgatirgx6omathdd dor waforeleed! peckagingran837 | i ke

Ti tani um or , Tant.al u dependi ng. on th l.i cation and specific

r equi r eftent Vi€ f?’ﬁ?ﬁﬁ%&??%“ﬁ?&%go P Oed%ggnéseo%é WeBh °the cap wafer 352 and
the fill material for the through-wafer vias 354 using conventional barrier

deposition gr lithogra and, et chin rocesses. The oxide barrier 356
provi des i n]glﬁf'élﬁ t8r4g\i?7Fﬁp ‘%gr?rﬂ%‘“f'}%tfaé‘f‘g %efg}ea@giorﬁ?f%?ﬁlﬁve@lp%f&?‘%g& bet ween
25 the fillas@tiRrfbadedaidetdheadcbfd@iggh oikef @iibodindnisiF4hedificbnfioigvent s di f f usi on
of the fill material into the cap wafer 352. A seed film 359 can al so be
deposited on the side of the cap wafer 352 to be bonded with anot her wafer

for fachhitph g tTPr Seafabandilng Bas Waehd: R todoMahRE-fovell phckdpiry case, the
presence of the netal barrier 357 al so Pr ovi des adhesi on between the cap
U

waf er 352 atil adesics Sumed therpfromoaccariipg éhiufther egbodiglsaisof hainyenifn: t he
t hr ough-waf er vias 354 can be high (>10) and the depth of the through-wafer

vias 354, and thus the thickness of the cap wafer 352, can be >400um this
does not | i Higs ohandifhare digeranys ibystrating resuhs 6 vishfosmefontdyeing Wolriaveln to cap
vafers and LiManalhlethey Y bAmBlalAsr ndiiBiphofR. 11 In a next Seed
Layer Deposition step 354, a seed layer 358 1s deposited on a sacrificial
waf er 389. The seed | ayer 358 can be a netal such as gold (Au) or copper
(Cu), whichgal .act s. a . tNg er t S| the |ike
5 conpressi g% ;7?652%8 gl.ag%gf cl)llrﬂg{}%h% ‘SRJS%Y Isgélg{rig ggﬁgggﬁ%%g?t%ag&éﬂ{ % he
sacrifi ci al acgefdérg t86@¢mbodimerdlof thanmviestion359 conpri si ng of Titani um or

Tant al um can be deposited on the sacrificial wafer 360 for providing
adhesi on between the seed | ayer 358 and the sacrificial wafer 360. Then in
a Waf er s BoDedtailgd Beepip@ioh t her noconpression or the |ike conpression process

is applied to,the cap f.er 352 and the, sacrificial wafer.360 with the seed
| ayer 3§§ SEWB%E]‘E‘%‘& of ﬁ%rlgﬁgg%gﬁﬁeﬁﬁ%de%{?%ﬁf% "R BE gosr%%%nr% settings
opti m sed f adedt oeppridpan denciing tokotvestidnab wask-ddvel packagingffer alidry- used in

this case. .
devices.




, As an alternative, the Via Etching step 302 nmay be perforned after the Seed
Layer ~5 Deposition step 304 and the Wafers Bonding step 306. In this case,
the seed |l ayer 358 also acts as an etch-stop | ayer at which the etching of

. the through-wafer vias 354 stop. In a subsequent Via Electroplating step
308, an electroplating process with the seed layer 3 5 8 acting as the

el ectropl atg acgofderice oK il @mbodivdants bfahe ehv@afidng Iwafe-16et MRS Znckgiper

sul phate or the like el ectrol fills the through-wafer vias 354. After
el ect r opl at PRGOS Mo Efeive)eMﬁ&fSeP?%ﬂgeg@E d%%‘jEPFdasI”\cNg\Sp“é‘i‘bo(d&‘*)“,ts’ dol d (Au)

or nickel (MEMS d&vide@d torinbetéd ol bohiigg F)ﬁHSQMQihM‘E@/fS?\R/aﬁi. aspediphéall RktBANNG
vertical interconnects. The barrier layer 356/ 357 acts as a barrier

preventing FresHeRegalene ofithothe flonding ipads o then MEM dfiaéari o enprnass fie 362 into

the cap yafgihdidpdadLmathd FEME &Sid-OR Bk Rfibodifhedts, @hp W& lis foQG&ASI Ng step
310, the sacrificial wafer 360 is renoved by conventional processes such as

backgri ndi ng famuherughotaiestyias dn thlsep wealetusingparctchgg precegs Adgnetdidpyiged by t he

same backgr i ngli : i Shi Y, i e
conductive ﬁgggﬁgé g%%? #ﬁg*%ﬁ?gggf&ﬁﬁiﬁégg’R§?§§q§§5§§%g§§@?e o the seed
| ayer 358 irsmaved afierc Rgr étaliegl raendssor Ipodtherherubadimentpobe métd kbgerdisct i ve
material 362. r L, Sl h..sd of the cap
wafor 352 amiopa; R o R Lar WL ELALE e PR el SRl R o e

el ectri ¢@l | stch-sto tayemin @o eedingiprocesse Thoerguetfenie farmeé m avaB@rh tlatthebond pads

368 to facifitate 12 bondi ng and cking the Pxﬁg@r 2 .-W.th a wafer
cont ai ni ng glrmageé\ﬁlaéec.an%ﬁea%%e@o%ﬁ ?loenkoogﬁd)a%sa %?nl ng of? rhén M | ayers
are per f or nfagegodigngntodimwant the nadtalt lepdnrsegyeess awhéd metat. e Hyomkawed day t he

et ching of VENS .cavity 370 on fhe sane,sjde of the ca r, 352 having
The bond patlec S BEPHsS TRLRHhS Y1 APk hofir A S8 p Bt o 365

i s sol der booerElctive MatMEVE ™hafmdtal Ids2r Bay his@ ba aVEMBeldBWhE Metal 4UBM)N a

novabl e structurg,ﬁ?G gsin sgldgr patterai 378, Mﬁich are formed by
convent i'bnal?YPr BEIEE &85 0% pKee 1Q {rebpnd PReR 3G RETPATEHSHPRSOPEHAE et ch, to
form a waf eith tRCerrespoBdia Sorditk RIS EAd petpheralipibyn dnahé MEMS wiEMiodevi ce 374
are conveyed to the MEMS device 374 via MEMS pads 379 fornmed on the MEMS

waf er 372, WRYidngdptercenieiiandsivegn ihe typ dratesmnddrsasket for proyiding ermdlitnect pads

366 on the gapn'alBbctidely. UBHNGvol NEfeR Ordl @fen RALARN AR B OMytRadsRR Waf er
352. Simlarly, bond pads 380 fornmed on the M5 waf er 375 are al so

congruent worn anafe giaskct wdfurthen prabadimentsdbes bewling of tisdtven Wefses #ap waf er
2352 15 200ShertoiRal b&Ble! e viallfch o&@y'&m{%ﬁtﬁ& SuFAHELs wﬁ}&g fihe MEMS

devi ce %74 en super posed over the NENS evice 374 so | € novenent of
t he novabl ethstthieughiweteBY®Bs iageruaichips ddbe gilde lof thet dap WENDY Bl et hr®Zio-

Al ternativ elv?fer LQF e)g;ﬁ)?:%d’\@fn%(v xﬁéﬁni%y wglf a quyeggrlo@h@grbﬁtwﬁé&r’%ﬁ hre3 /2 us I ng

a bonding materia as netal or s er suit conpr essi on
or the |i kepatemed.cindden huppoare phesl Gtothe hetdepads béforelibe wafedgackbalihadly378. To

conpl ete t h?mé’t\ﬁgtgc{ fo 6] sVENEmBRGH RIS are 2RV RiEMS package.
25
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.

30  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



. bunps 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 bunps may be forned directly in place
. of the interconnect pads 364 forned during the Cap Wafer Processing step
310 by switching the electroplating sehution 25 and/ or process after the

el ectr opl at idvantifeoetiss tonthé Bembinaidnl &Ctthe proadss Y fangfy BOBr bompygmdopr i at el y
apply the solder b s. Wth.reference to_Figs.. 4A to 4F, other enbodi nents
of "the 1 nveREERV21E Ve E PTG Brerconaert gl ke RlesViPRENK BEFFG et hod and
a wafer- Ikev&itchﬁyﬁﬁl@gemwing/\iéélgﬁogﬂamrﬁ&{r PFRBGE A(fl]:x{'_ﬂeg advhiagt Peatsvadoer - | evel
MEMS packagi ng nethod_ i s describe i ith reference to Figs 4B to 4F,
the pr ocessﬁhﬁgormatl%@f a}aﬁg rbropghsyalEKIss E&gﬂﬁg%g MO HakEr ifgecd ol | 0 a Seed
Layer Deposizhdwiohsl RBvét2he @voSa@éls.| BySirodd& dusheflRp padsiidico fordERB Waf er

452. The seed | ayer 458 can be a netal such as

_car , gol d (Au% or cerper (V).
Al ter nat i vePdpkaginajnoraiperhishsina MBI SRapliers et yeuihitess addntaperetadSani um
(Ti), nickef, lﬁwNl')ighoEOrQlQJ:tQIil?AH)ougﬂ-tvaf‘epQ/iaﬁeﬁg ub@HERF3ADlibatioAERPHhi@d on the
cap wafer 452, the seed 5 [ayer 458 has to be renoved after el ectroplating
to fill thecopReroifHrraarrsepripfeasuseda A #ilk fyeheragvanidee relaigsptovhe Fedyctigdnduct i ve
material 46g thQEiQ@BWh%%EM@?aﬁ@%’L kXY Ship4ofle @gaékgéé. 81 henffR waf er 452
for subsequent patterning t orm pads on the cap wafer 452. Before the
seed | ayer aiygntage iglfrodé theckbeamce hewalapthinming pra®@sses afterethe thrénghrwader 457
conpri sing I i a3 can be deposited on the cap wafer 452
for 1o provﬁgﬁ%%hg%tggggﬁmgggeg%ﬁg%ﬁe seed | ayer 458 and the cap wafer 452.
In a Via Etching step 404, the cap wafer 452 is processed in which the
t hrough-waf gr..vi as 454 are .etc usi convent.i onal et chin Qcess
et udi ng e eERpRe RS 8 Bt s RhaR S e M Bfor B ROHPIRE IS, 1 or
exanpl e conpifesieng BEMS padkhging inhdtie@nantiSa oxdfedevehMEMS gibBagandMoth a net al

barrier 457 |ike Titani,ym.or Tantal ependi.ng on the appli.cat.jon and
speci fi & r eGHPERin{1E i%’ s W@&r'%f’ el%l\'&n&ﬁp?gé?émﬁtgf’é\éseﬂes 'Rbeedc‘g]ﬁiewaf er 452
and the fil Withedfeendlto Fips 3Bhe 3G teypgdrewwaigeot t wsfedode]l MEMS packageit | onal
barrier depgsitiqn_or_|ithography and etchi processes. The, oxide barrier
456 provi deSespiRedy i ¢ yip E\Tﬁ‘lg% StFIP]gO%’rétC%H WB{&F? Fpﬁ%e}ssffjrel&ﬂ’}ﬂg‘sth@&ﬁlé'si on

bet ween t hewhfel Via? 95418k @fchad udipednbantiohdl QuahinRbREs Mtiaging DRIBR ther event s
diffusion of the fill material 1nto the cap wafer 452. The aspect ratio of
the throughlikfasteing prsesassq 4 dArrise laypighoG(3>71 B caiaple remBwth? sviadle

thr ough-yaf gricoi 88dé BéwicRS% LRWS hNRethiNb&HACSY Bke triifniGAPorBdrdiuft52, can be
>400um In this case, the seed | ayer or UBM | ayer 458 also acts as an
etch-stop | dspending omiic epplicatoreandspergficoratiremenhisghghfomnedert the iaeriags st op. 25
In a subseqygRtenth@ cdd $&bf P! AliROGE LERAE: dRMBLALKERPLR! 8 0usi{0CesS Wi th
the seed |ayer or UBM | ayer 458 acting as the electroplate is performed in
whi ch an el eswvemsiopelebastierhdepgsitop petithogiaphaeed gichingrodepsss.elBetexideyte fills

t he through I - : i : 1 terial
462, such agtEu s Rt ibulafid GhIh AP Bl T8 profi ORGP KPR &1
t hr ough2faf the fill amtedislarfdothei thipugtewnfer alas i394 end preveuts sliffuffve dathe ifdr | ayer

456 acts as_a, bar.ri revent,i-ng tr i ti | f£USi e
conducti ve Ir’rlﬁerelri"ét'ioquleﬁ pi"ﬁ’t%:br 3t5 'eAcsggdqiﬁ)\}g% gﬁfgggogg f%ioflfrt\e%adngg%%\eaégr

Processi ng dkepp 4@r 357 totdechosdeidvittayrerthed 98fer for fadlitatilgBiMpteavgdbortli® t hen t he
seed | ayer 458 is . renoved by .the conventional backqgrindin / Qr pol i shing
rocesers. PEFEDYedRBaLiHg Tt SRRl bW 8F MRt o BF' e
cap waf er 4pdvidppedhction bbigvesie@d dapyweaferdB8 dnd thd seed ek ntieaghnisy or
polished to 5 expose,.the conductive erial 462 hereaft.er M | ayers
are depofit 899 tb%?ﬁt@ittiré’gé% a{eﬁélaégga\%'? g? hkggfé?sdarﬁa féifa‘?‘fgd’yﬁbe form

i nt er connec thrjg sy A& 413384 48 thushhethickies 6f hetip walet 352, tincecattoraf ed vi a

t he conductive material 462, and bond ds 468 facilitate bopding and

st acki ng t hE1tdgss el lapit s ppgjiqagono R/S‘Q'\a&‘f‘@?mﬂ‘?g&‘eﬁh@"%‘pﬁscﬁ? M8t and
patterni ng afd hinghRile Q46 SotRdrAireikions. med usi ng conventional 10

t echni ques, which are followed by the etching of a MEMS cavity 470 on the

sanme side of the cap wafer 452 having the bond pads 468.



If the seed |l ayer 458 is a UBM | ayer 458, then the UBM | ayer 458 is left on
the cap wafer 452 and patterned accordingly to formthe 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
wi th a novabl e structure 476 using sollder patterns 478 to forma wafer
stack. Signals and electrical supply to the MEMS device 20 474 are conveyed

to the ME devi ce.474, vi a . pads f or ned on e S fer 472,

whi ch arewsgn%fﬁ§h§“§j%ﬂm%%gggg%ﬁeggééagoafﬁg'%ﬁ'é%%%ﬁ%ggpmggggIEGG on the
cap waf er 4erifisdl Rgifdri360.s Thasked gt F8rean 8¢ 8 mefil sudhas Igyld (Bohok qpaps 480
formed on t VE fer 472 ar | so, congruent with and connected to the
bond pads 4R BMEBCRET 26 cdk. A Sodinas a5 forh fetmethingierdcn o6 B NiChENe

Cﬁvi ty Ng?g do%p?&si@ﬁ)@ﬂfcbﬂgﬂlBeWréh thetsb&l lb,ﬁlVSSSi?svdeﬁesnéMnmﬁmbl cofifig vpdged over
the ME evjce 474 sqg that the novenent o e novabl e, structure 476 is
uni npeded w%h# ﬁletahearm?é9&3@?@%@7@?“%%?% falpmp gan '%etPéP?;%tﬁ‘? fRther 452 may

be bonded tQcfifigal MG W6 €r Ft6RdiME | ABestonbBUIEMOHBBRERT 1agbr $SCEn@ et al  Or
sol der suitabl e for thernmoconpression or the |jke conpression processes

i nst ead of YA&fidY nder 364y [Teersng WifrBondinetster 398 thympgamaression of theens

package, sofidelmpiien Alobess RRAph B tb @netdaF walth 5 RS tachAda Wié: wod the
waf er stack singulated. Alternatively he sol der s may be forned

b
di rect | yo i nwish fheseesklayqid s m@w@@%%t%ﬁy@@-4%%1Vﬁ§im§gr€@nwmgprﬁﬁ@n0ap af er
Processi ng girps ﬁ&ﬁm@éﬁ fBthe ﬁgip&%&laﬁ% BF i€ Ty %f%w dﬁgpé?élrﬂaw §83q aNglisor process

after the 157el'ectropl ati process 1n the Via Electroplating step 406 to
appropri at etage.apply the sol der bunps. Wth reference to Figs. SA to SF,
further enbodi ments of the invention are described 5 for a wafer-|evel MEVS
packagi ng net hod and a wafer-|evel MEMS package. Wth reference to Fig. SA
t he waf er - | Aveh aldehBivpatbk g2 BghimgtshepBOR snayelscparfoededniicr ehenbdel Lagrer ence to

Figs 5B,to /F, the pr SS| the waf er -l evel . MEMS package i.s.described.
10 In a'%apge@fsglfm ﬁg%%‘{ss@snlﬁﬁgg\é’?’%ﬁs fngas{%ﬁékﬁl %yﬂe"rs ‘e tﬁ%f)egsi 8rd3%§n a cap
waf er 552 aalsb s aneehistoy 19yat dtevhichdhd ecliog of thehenughiwaée tviapatksstéy6 and bond
pads 568. A | ayer of bonding material such as netal or solder is also
deposited after the UBMIlayer and simlarly patterned to form bondi ng

pat ches 582In alhwshmenti Vig Biatroplaingdfied B8ean electroplating process with the seed
layer 358 acting as the electroplate is performed in which an electrolyte such as
20  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
(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.
25
After electroplating, in a Cap Wafer Processing step 310, the sacrificial wafer 360 is
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
30 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
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



congruent with the interconnect pads 566 and the bond pads 568. The
deposition and |5 patterning of the UBM I ayer and the bonding | ayer are
performed using conventional techniques, which are followed by the etching

. of a MEMS cavity 570 on the sane side of the cap wafer 552 having the bond

pads 568. The interconnect pads 566 sgrve to provide connection with MENS
pads 579 prl&maﬁxgdmd)rstaaklhﬂs}ﬁ anpfveaferSis2 awith £ onfeeyorsiigingh MBMA deliect ri cal

supply to VE 574 o waf er 5 20, vi.a the MEMS pads 579.
The i nt er comife Osﬁtécﬁba d@“?‘ﬂ?’@u?éﬁhe\/ggMS feygrs iaFﬁ%ef%’BH?ije‘ésﬂ%g ?%V?%'qu/‘gap waf er
S52 in turneamijuey vitieh &t gaadvied dycdthe kehihg iof al MBMISPdayity A1 bl ¢het damme MEMS
package. Such verti cal onnects ar be formed in the cap wafer 552
after the f%(ﬁ]erﬁttheo‘ﬁpéﬁafefﬁ %)EJ"’@’ E‘T%O‘\qlpé‘is%égﬂf in the cap wafer 552 in a
subsequent step. The bond pads 568 facili tate the bondi ng and st acki ng of

the cap wafer S52 with a MEMS 25 wafer 572. In fer Processing step
504, the NEWE Pashagesintperagen sise SiANEe qay alsr ?557221%0{4%r aorr?ﬁ@éfbﬁéw%w»ucture 576

and bond pagdss58H ﬁmgfaams%wwgﬂvﬁl}{ﬁ aw%%blesztamwgﬂvﬁmg Bags 579 are
congruent with the interconnect pads 566 on the cap 3o wafer  552.
Simlarly, ratempdndl Vﬁa@sarsé@fnﬁérbvréam@nthmbpwsswmhe?s FEEN FFBNg &o

congr uent 6 0] D, 6 In a
Waf er s Bon\(lj\fi1 hgg%’%‘{hgpﬁgg%cm Zorg]a?) ‘Jv‘?/a(@%'rrengréf1 1&%555 1%%%%%(12%@{1%1 3 tOl\/tBh%vvaf er 572
usi ng t her ndEdHHdedes ot are doheeykd ke ﬂ@ob@d\é%ﬁmw E)?Ao&@sMEM& vadsoth a waf er

i ih ihe i CoR o, MES SR S78 hEF A R clug bt Hnds B B0k 560

formed 5 onmteltr@nhﬁwﬁad&dbéronEWQqapVWmfcrkﬁ5amemglt®(ﬁ0hbngartt¢5m37w0nhhetm bond pads

568 formed on.t C er_ 552 ond a i cati

t her rmcorrpr\ggfgrl gﬁz'o%%f’ﬁ%{ybg%‘?%dsg%@c%me 68. tf‘ﬁvB&"{ﬁ.S rrvfp)agrt%%t lst%he VENVS

cavity 570 ¢ammgmemgwiteatid vérinbetédh® ﬂldEM&(ﬂpadsC%8H‘6’14nethnthsmmmfmédz over the
g

MEMS devi ce, 574 so .t hat .t vemen f the nova S re 5

uni npedéd i lﬁlpfﬁ@t@EN)gq\gg ﬁf‘%’?éﬁ s %O“H”tegtrwglﬂ%?? %ﬁ{&[ ﬁee‘"cc?a%ﬁwaf er 552
may be bond@Her giptipeselVioVer maﬂ»mmgazwbwm SUTheCthé enovEh &N Gf shechoable

sol der-to-netal or_netal.- bon i nste of bondi at ches 568.
In a Via Et¥RCHE S{eH S‘B@pe‘{eHEW@é‘b SQV"iys gr oégg@%tﬂ’eB'n f4h

|'i t hogr aphi Gafet ¥521RaP8d b&HdBd ROthe SEMS WardrBd2 adfg & Bendiky Mughalwadteds vi as 554
are etched using conventional etching process |ncI uding DRIE or the |ike

et chi ng pr oB&@k g5 soldgiesuiiphle) dyntheiarospmpsressionseythy like fCBP‘ﬁ’E’aS‘?% PrOGE§Uence wit h
the int e copgesd oL SoldE Dallf 3B Td &mpldY e wFL18RT MENS ptagdlseideonpr i si ng
a suitable silicon oxide barrier and/or a netal barrier |ike Titaniumor
Tantal um depersdiragrrliedttp dhaaipprsonnedt dadsaid Bpediventionglagosossepsigh a5 s 20
fornmed at tQe.d trlﬁ{niflg:‘%q%tﬁ%tm\gﬁﬁ Bnd BEn, GAR Mad £ sPri sﬁBﬂat@@%lte‘rﬂaltlva?t erial for

t he t hrough-wa r v convent i onal barriér deposition or
| i t hogr aphythanelderthuiipsgap be femsedirectinén plxdedé tl@antpﬁcemneptrmds Hedsformeslu| at i on

while the al and the
t hr ough- vva?glﬁrﬂ!\% thgl&%gy %fg{jp%?%\%%ﬁ gpgﬁ?:‘% st%&gtrﬁ ?%%}Q%ﬁfoﬂ alin e@lﬁda into the
cap waf ef SEmi/or'me:e%éprttherdcqtl@pbﬁng procd$ it FeoVig HElesbplating asp 8B4tocan be

hi gh (>10) ho hr ough-waf er vias 554, and thus the

t hi ckness o?pp? rla%av %&d’;} eso%(sfﬁgu%%n be >400um 1In this case, the

i nt erconnect pads 566 act as an etch- stop | ayer at which the etching of the

t hr oughwaf eg,,.yi as 554 s n EI roI ess, Pl.atin an

el ect rol oss ViPLERIITHIOLEE 44D 455 ot Bt ao T oy et BbABRETSE Tias 554
with a condfwgtivgerfeste MBEMS b&iRaging methsd ampape/afe( Eul, MQMSoba(cléag): arithni ckel
(Ni), for formng t cal e The ctrol ting
process *f's ffé‘?r?’l?gﬁ%% %df’ @Epﬁ%‘ &ﬁp&p ggegw 1%8?‘?1‘31 ‘Zetsd V%ﬁ

waf er - | evel with IofedviddSo magsle@t@ 430 L@ erodassifpSofakicewih for-veel MEMIS pablegt id | ed

t hr ough- waf g?scrtﬂ?fgs 554 by switching the electroplating solution and/or

process aft el ectroplating process in the Via Electroplating step S08
to appropriately apply the sol der bunps and the wafer stack singul ated.



. 5 According to an enbodi nent of the invention, an experinment of a process
of etching through-wafer vias in a cap wafer and subsequently filling these
with nmetal by an electroplating process is conducted with the foll ow ng

- conditions: 10 1. Seed netal used in the experinent: O Sum Au by KDF
sputtering tool 2. Deep RIE etch donejgn STS by using the foll ow ng process
condi ti ons:In3a Sedlahber Depesiton @ep 302, 40ndeed rayér 45€Hs Gipbsieover a &@POVAtts 5.

Pl atten power, 0 ts 6. ch process: BOSCH 7., Passivati gas:
130scom OARSHTen &S5 edhe geed dasgh 4% Ean B0 TR s BB TGOPRBIGD) pr ocess
time: 2hrs. Af@hatAOQWNUENIQLEH 450¢m widePositdd) whidhakh be pitaatundris alowéli on used:

Copper sul phate 2 1. Seed netal: Au.12. Electroplating current: 300mA The
result of t@d %rx%’i‘} %AHBntI?F}@ spqd lgyar 339 MW%‘WSPéft@r‘é‘ﬁé‘éaf?ro‘wﬁi he sesdA and 6B,

in whichsa faberasghayfRirembrdeiér SbctABRIHNABIPHR thidugh-Wakeliabd? af t er

copper el ectroplati 2435 25 process froma seed |layer is _achieved. M ninal

bui | d-up 68%°F® ¥4iEtaav iSRG M PGFA? o RSP Vish éha B UgIer et & vi a 662,
whi ch af t erpdps kg id b R fdr% 55 Sl g pdtR i t@rfgmpgé?i\é'oq% apashl! anarity
for the subsequent deposition of a pad or a sol der bunp. After

el ect r opl at 4¥3g,Beforg thegeed Ipyer 448 iswigpesitediprithe lgap Waler4 12ay aretal BarriendvVed by

waf er gri ndj 1shi ses. 1 Fi ; -wafer via
662 30 afte(l?&gjé_c grﬁﬁ%}aﬁgl@l%&ﬁ%@?ﬁ@h?@g‘?ﬂ}\?@ﬁl@e e@gﬁ%a h\'?&(l)f%‘l;?gé.l , a nethod
of providi ngrohidingetiasios datvicpythe eged daywnd Brand dheedap MEMB4PAckage according to
an enbodi rent of the invention is illustrated. A cap 18 wafer 752 and a
MEMS wafer 772 may through thernoconpression or the |ike conpression
processes 786 Yie Bigdrimpedtépc4li4l the sgaiveldr 432 ia proeessat inodlithyths dmbughgvafet eri al |
such as Frit. glass, | sed in place of .the sol der bal 378,478 or the
bondi ng pat UhEL Ews el bBrERE, Sinibe BrbSorilnbl bRIFSEUEID L he
bondi ng padsclin@mBLI8R/ ARrHE0yab83BET, fos exhmple tdgpristipagoitaige @hidwadi nent s
have to be canti nuo pads enconpassi 1he. MEMS pads 379/479/579 so that
When bored T TP RE S BTt RE T HE e piks iy R PO o m
gasket ar oufhd applRatdtMmddp¥tifie requiterhdif, it B6r@@0i1ah theMRRITRIe, bede@thd el
packaging for mcro-deviges is described. 1 g Al.though only a nunber of

enbodi ment sWBET e aihifenlf grteankiagitac Feeieh;ater ViR $ohwsingppirertontlo one

skilled in phgeraddpobifion lof Wtkfgrdphy Sindli st¢hinS PoBeskdiat THe!BRIde Usarédiadbges and/ or

nodi fication can be nade wi thout departi ng fromthe scope and spirit of the
r

i nventi on. Fe¥idescasyrion while thermagdli begrianeddé rreddes| adpesiquabitviernnbe Hidlds may be
gnp g'r io_egég ?C‘Z’g‘%fa{?‘ig‘“? RO -RhfeBvil PRGKAGRvEMS NG 60 ERmaRhER® havi ng
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.



. 15 stacked and a m cro-device on one carrier wafer depends on through-wafer
vias of adjacent carrier wafers to convey signals and el ectrical supply.
Therefore instead of processing cap wafers, the wafer-I|evel packagi ng may

be applied to carrier wafers containing m cro-devices. Clainms: 19 1. A
met hod for form ng wafers having through-wafer vias for wafer-|evel

packagi ng oln d€up Gésfer meeesmagho:@ 408t | the Repdt lager AS@pis mof a IBSBMe}apexi ting a
netal |ayer,Qn _one, of r st.owaf er ng, t he first
naf o and vHE SBBGRE ek e o bty Bnd RERRiR Blkedt MUY or ' ¢ he

]]:i rst vva]: erpoﬂa@gn@ Eﬂm&@@s@ﬂfjérdb@;e@ﬁosnfgalhéfbdﬂglualdehﬁﬂugﬂh-4wf @he wida of theone of the
irst wafer and ¢ secon, er he thro fer v vmth a
conduct i ve $Bt%¥P 1?52 %‘?P&S‘ieo\?g&ﬁﬁ H‘éﬁer ig@ \gaﬁi‘? l?aﬁ]b%rwgg(gﬁ‘\é@ fpoc]‘ﬁ ©rst wafer
and the secopdscmé edsndaatwenﬁat&m 461 qUGBatwaf @BMViagers mmeb@sﬁtea Bnbb@ cavity is
super posabl e over a devic . The nethod as . in cla wherein the step

of form ng Hfs @ H%ﬁmw\ﬂ&r éPZ P, PatgsRsd; e form h@erg?réﬁctoﬁradéﬁéﬁ@ﬁ@ Phe

t hrough- waf ghicly bR dididdify ARGcdthedidieyil iHelondWRIi G maReal et hR b%ﬁ@?ﬁtﬁ, wafer. 3.
The method as in claim1, wherein the step of form ng the cavi conpri ses

the step of 4% teHhsilitaterhondiagiang stasking the sap wefer S “f‘ihr%M]iMFf safeadd2t he second
waf er havi nﬁ%et &lﬂﬁoélmrp h}ga\(’@lfnﬁ{g Mitfhe U%(R/I ﬁ?ﬁr_g h& ﬂ@fb‘?ﬁgd ng Borb@{oall . Wherein

the step of I ng t I rst wafer e second wafer conprises the step
of t her nbcotepmégiss,nghietharefpliastedvint tbe ebzhmgtOIﬁ@ ME¥Snehvitin#é0 on 218 imeThe et hod

as in clai ngh‘i Of\meegagl“;}fyagz ﬁi‘g‘p%tﬁg bcﬁr{drﬁah&fkst he t hrough-wafer via conprises

the step of ectroplating t roug er viawth a netal. 6. The
method as in claim1, wherein the step of depositing the netal |ayer

conprises t pOSI . f first
waf er and tﬁ?h%%eg&s)}ea on \R/g? yrgl\q%y%ﬁ%ig?%ée h%egijggﬁ?éggrcﬁgilfn@ﬁ,quéeghg’i n the
step of forwnkg4E ad\viatiyrmedapoidsely tbiferns the pntefcodnertrpadg4dthandctbebénd f or

superp05| ng adsg(ggvs devi ce.

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 balls 378. 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



. 20 8. The nethod as in claim7, wherein the step of formng a cavity
further conprises the step of providing substantial clearance for enabling

uni npeded novenent of a noving structure of the MEMS device. 5 9. The

method as in claim1, wherein the step of bonding the first wafer and the

second wafer is performed subsequent t® the step of formng the

t hr ough- waf @ectroplatingn preesf inhethei r¥ta afiecttopmtisge sepdiOdab eappropatély. The

met hod as in cl in1§, wherein the step of formng the through-wafer via is

per f or med dwpgﬁge%#‘?Hng?rst waf er and the second wafer and the step of

depositing the netal |ayer is perforned on the other of the first wafer and

t he second er, wherejn e er. of the first wafer . and the second wafer
0 eaort 1WA St ergatedp Fidhs A To SErlEreeembotment Al bf SMErE i deH

co gpr i sing fobe wﬁf&ﬂbv@f MIE?[BnydicF@giﬁélﬁ%tﬁadlﬁddfd \Qi;lfaﬂ-le}i@fl\@lEMSVMaiil&Ee.iTWimer f ﬁr {Fd
subsequent t the step o | I ng the_throu Jwar er I a. . e net hod as
inclaim o, TelBRFE 1 it s MspRatb Brd VEMS Bikin Begd ldssfT I3t and
deposi ting e i@t b 8%85BAL SFPAE hbRIBRMA VR techParsralb®el WHENIK padkapdis fir st

waf er and the second wafer. 13. The nethod as in claim 12, wherein the step

of form ng ¢9eikedvity conprises the step of fornming the cavity for

super posi ng over the device forned in the other of 25 the one of the first
waf er and the second wafer having the through-wafer via. 14. The nethod as
in claim 1, ngHeapelafet Processinpsterf SBo adiBM laybrds fignositedgafacsep avater 6 Heandecond

¢ . ) ' . h il
one of ¢ ho. 17 FeallftyRaiiRhod § (AR RRn Et piioB Rl bR ol A IR )
wher ei n t hebaing nofterfasyrhrag mdtid  ethrobsley Fe-alef deposited aftey the VBdf fver @ one of
the first "‘%ﬁErl?B&’u&&% l%eﬁ)%qao\pﬁimgrpa%ﬂgs %gf Sﬁhgpoogfiing%&ﬁésl 580 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.



. 21 the netal layer is perforned on the other of the first wafer and the
second wafer, wherein the other of the first wafer and the second wafer is
a sacrificial wafer. 16. The nethod as in claim 15, further conprising the
. step of renobving the 5 sacrificial wafer, which is performed subsequent to
the step of filling the through wafer1gia. 17. The nmethod as in claim 14,
wher ei n t helnsi @Men@de‘ndingist@ SOGe tﬁehéchugdnafmajseris voled nalthd pPEIStwate t he net al
| ayer are performed on the s the first wafer .and 1 t he second

waf er . eV Tt H“%?é’mlpﬁs%‘i"b P’ 7ﬂke\AﬁPé?FE?Sﬁ‘°PrPé°°§fs§ft) DETHP A t he

cavity COWD&’t&&ESTHehﬂEMS%dQBﬁ fiikdgn tHIMERSI wafed 1, SHRBLROSNR@eMVEr the
device forned in the other of the one of the first wafer and the second

waf er havi n§ith H BIRCORFAL RadF €60 o1 the cap Wf@f 5228t Hisdond padsoisi fagnsdar er s

havi ng tir opipine WM wéted$74, Yhickak&4isd OMBlueRafAlE BchdHadHs98i f6@%ed dnhe met hod
conprising the steps of: de ositing a netal |ayer on one of a first wafer

and a secondi® P evaferhydiarig berkled i ghe tprtieation i thermosuespioadtefieysi ng t he
et al | ayer plBRaTikad A0, WP nRoRlnbeNESls HRESAIdaihRrsRRAR val T

forming a through-wafer via in one of first wafer and the second wafer
and filli nthE{%g( tdayieel P4 wethaayr supiegpogedt hveei kb@rMﬁMS deviegea©é4 isal thapthep0. The

met hod as i o%n?én%t?)‘l?n Tyr%%l@kt%cw@s Eﬁmﬂﬁ;\)f\eg?egltﬂ& hd"FrEMY O MP'S"?@fer via

COI’TpI’ISGS the step t he rou via I h a car er wafer
cont ai nilhg éltcteanvcky ﬂ\@lcappwafw iﬁanaydae@ddeﬁﬂmed\rﬂéMSpm«é@ébby esttedcki ng at
least two CREMLE SuchAs goléer to- meta’f‘or mﬂ%l-to-n@al bo§dmg 1nstea<@f bonding patches

568.

In a Via Etching step 508, the cap wafer 552 is processed in which lithographically
15 patterning is performed and the through-wafer vias 554 are etched using conventional
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
20 formed at the interface between the cap wafer 552 and the fill material for the
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
25  through-wafer vias 554 can be high (>10) and the depth of the through-wafer vias
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.

30 In an Electroless Plating step 510, an electroless plating process is performed to fill
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



.A@Af . Af LAS2 . AF.AfLAS . A@ . Af L A@. A@. A@ . A@ AECEX"h_xI ~P>
E~ytoj e [V]ca]ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] calU) ca] ca] ca]ca]caU]calcalcaU caUc<alEi]:8 b
- AL (" #n#| ##$} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cayca] ca] ca] ca! $$) WHBEWEEL) ) ) 9* ** 3++(, ,
. k. / 0099MIEMS package solder bumps are formed over the filled through-wafer vias 554 by

wr mhc” C calcalcal ¢ a] cal cal cal cal cal cal]ca]ca]c
a] }ca] ca] Caﬂ] scélél cﬁ%t%%l &lﬁgr%g]]%ﬁ Hqtlon%an(?ll)r prl)ces i%]r ?he]e(l:e ol?llltmé pr0c|ess xln ] ] ]
O<<==0>* @ @AVAAE BEBNHGEDS P BEDEpRibp e Xenotlehejisaall de|vwddrca] ca) ca] ¢
a) ca] ca] ca] %C?‘{%ﬁﬁkﬁa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a] cal G2H_ H fx2 LL?MVIVN( OO
PvPPPQZQUCRRRLW \ H] ] } xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calc

aJcalca] caJcalc ca calca] ca ANG >aa: bb

Lj c]m:clld 13 ‘]656811‘51]?]“]“1 J"ﬁ%?bl?’l‘ F?i@‘ﬁ% ‘&c’é‘] EEpe Tﬁ‘la‘]o é]pc ?a‘]f?ﬁie’é] ca] ca] ca]
Ca] ca] ca] caheabEaatalea]isal &pl ﬁﬁbﬁﬁh@b@qh@ﬂ]qailﬁgahﬁ@] b el ! vI mvmmnn

"rxxy+zg{{K| || J}%w) X\ Nf Y} xsnid Z é‘ a ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca
] ca] ca] ca] cHF P REPERIPESS 5&]’%‘1&‘]’@5]"& | PH%[‘]”@&P%‘"ai}tdfa‘]‘ca] ca] cal aT=84+~/ Kf 8Np}
xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]lca]ca]ca]lca]lca]lcalca)lca]lcalcalcalcalcalcalc
a] ca] ca] ca] ca] ca] ca] caLca ca] ca] cal! ph#QH 5T/ 2} xsni d_Z] c] ] cal] ca] ca] ca] ca] ca]
ca] ca] cd ca] ca] c%ifr@;aqe@ P64 AT excHBRra) s W da Rydf A RSP tedl] ca] ca] ca] ca] cal
ca] ca! Quhr*{ WF}ME @icgdgtleclLh%h‘}%lﬁé‘}h‘é@&lﬁﬁ\]lCf%r%@%sgé’t]ngﬁ]oﬁ@] caj ca] ca] ca] ca

] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] al #hr *{ DGH<GFE} xsni d_Z
] c]]ca] ca] cal éa](élal}rtbat]ma‘]sera] Tajetpea] ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

1096 & Ls10%&
LosLarl v L IPTPRIR T /50,6 )75 e sovs 0

109%&' () - 10%3& (I)latfe&sppwer 140Watts

1096& ()" 109 [%} r10%3 ég% < “PdE, 0109%& () - - 109%6& () - g, 10%& ()-*
1096& ()2' 109 §i"65 S 9> bCl09%%& () - S1096& ()- 105 105
105, 61096& () 7, @kOUieh g)s: GUEEHS R4S, 1p 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
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10\ to a 3-dimensional or 3-D package in which carrier wafers having micro-devices are

O-"y

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.
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the step of etching the cavity in the one of the first wafer and the second wafer having
the through-wafer via.

20
4, The method as in claim 1, wherein the step of bonding the first wafer and the
second wafer comprises the step of thermocompressing the first wafer and the second

wafer.

25 5. The method as in claim 1, wherein the step of filling the through-wafer via

comprises the step of electroplating the through-wafer via with a metal.

6. The method as in claim 1, wherein the step of depositing the metal layer
comprises the step of depositing a seed metal layer on one of the first wafer and the

30  second wafer.

7. 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.
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"()-T, - 19 2u}0. @ ! The @etioadas (1) claimgR, whetein the step of forming the through-wafer via is

20

25

30

performed on one of the first wafer and the second wafer and the step of depositing
the metal layer is performed on the other of the first wafer and the second wafer,

wherein the other of the first wafer and the second wafer is a sacrificial wafer.

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

wafer via.

12, The method as in claim 9, wherein the steps of forming the through-wafer via
and depositing the metal layer are performed on the same wafer of the first wafer and

the second wafer.

13.  The method as in claim 12, 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 one of the first wafer and the second wafer having the through-wafer via.

14. The method as in claim 1, wherein the step of bonding the first wafer and the
second wafer is performed prior to the step of forming the through-wafer via in one of

the first and the second wafer.

15.  The method as in claim 14, wherein the step of forming the through-wafer via

is performed on one of the first wafer and the second wafer and the step of depositing

10% &
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17.  The method as in claim 14, wherein the steps of forming the through-wafer via

and depositing the metal layer are performed on the same wafer of the first wafer and

10 the second wafer.

18.  The method as in claim 17, 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 one of the first wafer and the second wafer having the through-wafer via.
15
19. A method for forming wafers having through-wafer vias for wafer-level
packaging of devices, the method comprising the steps of:
depositing a 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
20  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;
and

filling the through-wafer via with a conductive material.

25 20.  The method as in claim 19, 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.



