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double Si techni que or provi
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ed through netallization process. The feed-through
Apphﬁ@é% SerigbNp S/ $55643s §ladep Speanihss 26s3098- an
el ectropl ating technique. The sem conductor structure
can be used, for exanple, as a lid for a package that
encapsul ates an opto-electronic or other device or an
I ntegrated circuit. TEQeINIOrquplEnaf er el ectrical 20
i nterconnections may provide electrical contact, for
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circuit encapsulated within the package According to

- r regoi ng
interc PRRO B g SRAALAE RGing - O R LBl 72
performed on a silicon wafer that includes a buried
etch-stop |l ayer. Although the through-wafer electrica
I nt erconnecti ons can HecrbirayIMee 25 satisfactorily,
i nclusion of a buried etch-stop layer in the

S %%@&H f\fo(.)%,Svl\@hgﬁ, a%ggn&fsto tﬂ'e assignee of this application, discloses a

double-sided etching technique for providing a semiconductor structure with one or more
through-holes that are sealed hermetically by a feed-through metallization process. The
feed-through metallization process may include using an electroplating technique. The
semiconductor structure can be used, for example, as a lid for a package that encapsulates
an opto-electronic or other device or an integrated circuit. The through-wafer electrical
interconnections may provide electrical contact, for example, from outside the package to
the device or circuit encapsulated within the package.

According to a particular embodiment disclosed in the foregoing patent, the
double-sided etching technique is performed on a silicon wafer that includes a buried
etch-stop layer. Although the through-wafer electrical interconnections can be obtained

satisfactorily, inclusion of a buried etch-stop layer in the semiconductor wafer can be
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WD 2008/ 038158 PCT/ | B2007/ 004084 expensi ve. Likew se,
use of electroplating techniques to formthe
wo e@dosdisough netal lization can be expensi ve. PATEB2007/004084

present invention can obviate the need for such a

buried etch-stop | ayer and does not require use of
expengivec Likspiises Parpitedeetiaplgtias tachnifipesrp tforan thederd-thiengdh

netallization. 5 SUMMARY According to an aspect of
metalliutioprces batxpenvieat i on, fabrication of through-wafer

i nterconnections include formation of a sacrificial

M Hadent iMAINtiGX @A ate AR BRH Metbuoh a BLAYA etbRGtop layer and
t hrough-waf er i nterconnections in a 10 sem conduct or

does R E&Juirc RS Hf‘jﬁéctfo:%ﬁamngge&n &8 {of fofrh @ f@@@-’ﬁ{r@ﬁ%l tnBtaflization.
pre-existing sem conductor wafer, J%p03|t|n
nmetallization over one side of the wafer so as to
cover exposed portions of the sacrificial nenbrane
facing the one side of the wafer, renoving exposed
portions of the sacri f PEMMARSbr ane facing the other
side of the wafer, and depositing netallization over
s dicdordintgelp agiageecoé! thh proserftanvanponsiabrcationpatroughewater
previously 15 deposited netallization. In sone

intercomfzicgomyihelud ©fismatitreoSagictificial membesmbr ane is silicon
di oxide or silicon nitride. In another aspect, a

MebPOGintpic, Sns CARARRICH 6 vidme Vi L S8 wha bt @eRoMRIBbns in a

i nterconnections in a sem conductor wafer that

semicibﬁc@l’c%%af&j ihﬁ%ggﬂ‘gﬁéﬁgr r‘s‘&cﬁﬁ&%ﬁnerﬁgﬁne Eloa ﬁl%% %gin

es etc nore ncro-vias | & Second
. Sside of the wafer an roviding an.etch, stop | aye
semicB bt U T oe R Sy S i 1o yhar 50 48 o cover
covers surfaces in the mcro-vias. A cavity is etched

expospeh peIhiens p the sagrdiciadmontuangafpeipg the epededstof thqwafer trpmpving

portions of the etch stop layer, in areas where the
exposail porvious alSthevsawifeiad methbrameefacing the other side of the wafer, and

depositing metallization over said other side of the wafer so as to contact the previously
deposited metallization.

In some implementations, the sacrificial membrane is silicon dioxide or silicon
nitride.

In another aspect, a method is disclosed for providing through-wafer
interconnections in a semiconductor wafer that includes first and second sides. The
method includes etching one or more micro-vias in the second side of the wafer and
providing an etch stop layer over the second side, wherein the etch stop layer covers
surfaces in the micro-vias. A cavity is etched in the first side of the wafer to a depth such
that portions of the etch stop layer, in areas where the micro-vias were etched, are
exposed in the cavity. The method includes depositing metallization over one side of the
wafer and subsequently removing regions of the etch stop layer from areas corresponding
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exposed in the cavity. The nethod incl udes depositing
nmetal lization over one side of the 25 wafer and
wadpsmesgiesit |y renovi ng regi ons of the etch st opCT/@Bee07/004084
from areas corresponding 2 WO 2008/038158
PCT/ 1 B2007/ 004084 to where the mcro-vias were
to whesiedhemcromtasware sichesh Mstallizgben selgpesiise oy prethe pther side gbthe
of the wafer so that the nmetallization deposited over
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deposi ted over the second side to formthe
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in arcl ' aviti hed in the fi

in arch{ R RRHOR @herd IS NI BB Ol e orvi e 11
t ' . Thus, f. | . d, f
oot R e o olF e e BB S P IR e water

senj conduct or wafer, which has first and second
beforgptaliag thegricrorviag dbthssesamndgids. dRys 9T xantmhe armstaed K ge

of the wafer, providing an etch stop |ayer over the
providing grroughdealsf int¢reonmstiaons inkeemioondyntorevaihr, sthagh haayfest and

covers surfaces in 10 the cavity, and etching one or
secont®ides, the irxindeasching 4 bevityaa drdirst ddée efthé hafergireviding aa etch

depth such that the one or nore mcro-vias reach the

stop 18c8 BvatiRPfikRYAE of MRt b, ZAbIcANthe dRhREp 1HERADYEE JuPHRS in
one side of the wafer and, subsequently,” regi ons of

the calfﬁf, a%'dcepchg&%?(ﬁlel oqmvd{e %ﬁ&o-\g% i&l‘?ﬁ@ye%gnci LA AhERafer to a degth

correspondihg to whéere the one or nore mcro-vias wer
tched. Metallization c be .deposi t edq .over the other

such GG Gie PHBOGPISTO- Y35 TG TR 5 QYLD 2ghon cah e
%ggosited over the first side is in contact wwth the

deposited ayqriopasids of epvafet @, shsequchby gegionyof the gehstopflayamcan
t he through-wafer interconnections in areas

be rereaved g81mo At M cprtaspevitingetot wigero the oneror mere migrosvgaswvas ctched.
were etched. Although the foregoing techniques use

Metall@atlnas b dépRited b the otfier si@d 6MthO Gafdr 8B thad iR rhétalizdtton
formmcro-vias and etching fromthe other side to

deposztg& & tﬁ'eaﬂf].;s% Ylle isl iR cSRTE vith {h@%&ﬂﬁﬁtﬁhid&ﬁ?ﬁte? over the second

rough- er openi ngs can be etched fromonly one

side t& %oq’ren tﬁg tl{rgl?ghv-\\@vgfee{r interconnections in areas corresponding to where the one

or more micro-vias were etched.

Although the foregoing techniques use double-sided etching (i.e., etching from
one side to form micro-vias and etching from the other side to form a cavity), in some
implementations, through-wafer openings can be etched from only one side of the wafer.

In some cases, the techniques may result in hermetically sealed through-wafer
interconnections.

The thin metal membrane also can be used to form capacitive and other structures,

such as thin membrane inductors and cantilever structures.
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In some cases, the techniques may result in
hernetically seal ed through-wafer interconnections.

wabeswosgiss net al nenbrane al so can be used to fPCTIB2007/004084

capacitive and other structures, such as thin
menbr ane i nductors and cantllever structures.

2 Gulsyrdesurss amtadvapreesry dozogwarcar fiem the fllomarge éﬁt@lled

advantages will be apparent fromthe follow ng
descriggbmithegtcdepenyipg domwingsradaocdapanyi ng dr awi ngs and
the clains. BRI EF DESCRI PTION OF THE DRAWNGS 5 FI G
A through IF illustrate an inplenentation of a
doubl e-si ded etch process for form ng through-wafer

I nt er conne@ p@ESHESCRP A B [ﬂi&@ﬁﬁb dielectric
menbrane. FIG 2A ?Erougﬁﬁgg |iiustrate another

¢ SFic T8 MeRbesC i lusuf o BB BshRBeE bR 9%3%3@%@% pRpcess

sacrificial dielectric  menbran
for fommaélﬁrpagwag% IYRTCAPCStipns %l%%@r%wrlé@al dickertrisraealigne.
for form ng through- wafer capacitive interconnections
u$ilag Aathrdrigh 26 idhsate inothas ibpenmentadpEsf a dpublpmsislag ktchE
illustrate an inplementati on of a single-sided etch
procegy foe &gming throughrwafagingrdt@nadtionansing avigin ssdrifiedd] dicteddtic
i nductor using a thin sacrificial dielectric
membFROrane. 15 FIGS5 illustrates a top view of a netal
cantil ever structure according to the process of
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Waferéﬁga&ef?veda erqownggﬁ\ﬂ'%ﬁg e didRdmenBhe® o M PLE

FIGS. 4A through 4E illustrate an implementation of a single-sided etch process
for forming a metal cantilever structure or inductor using a thin sacrificial dielectric
membrane.

FIG. 5 illustrates a top view of a metal cantilever structure according to the
process of FIGS. 4A through 4E.

FIG. 6 illustrates a top view of an inductor according to the process of FIGS. 4A
through 4E.

FIG. 7A illustrates an example of multiple electrical interconnections formed
through a single opening in a semiconductor wafer.

FIG. 7B illustrates a top view of the through-wafer interconnections of FIG. 7A.

FIGS. 8A and 8B illustrate steps of a process for forming multiple electrical
interconnections through a single hermetic via.

FIGS. 9A and 9B illustrate top views of the electrical interconnections associated

with the process of FIGS. 8A and 8B.
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20 through a single opening in a sem conductor wafer.
FIG 7B illustrates a top view of the through-wafer

w0 ndosfssissect i ons of FIG 7A. FIGS. 8A and 8BPCT/IB2007/004084
illustrate steps of a process for formng nultiple
electrical interconnections through a single hernetic
via. FIGS 9A and 9B illustrate top views of the
el ectrical interconnections associated 25 with the
process of FIGS. IBATAAEIZSBEM RAPTAONSE/ 038158
PCT/ | B2007/ 004084 DETAI LED DESCRI PTI ON

| TRpRARAEbAPNE dACRsEH Hal dEREe Hb@Icsiled Ual@single-sided ctching
doubl e- si ded and si ngl e-sided etching techniques

! i .

e e R 0y 8 SRS B s LR DR R e
At hrough | Foid Lustr at .exanple of an . .

metalighgplefi Bt oG o e T BB R e Sl g uiggplementation
rocess using a doubl e-si ded etchin echni que wher

for a rogghapaicioniFane p@@é&ﬁ%@ﬁ@t Sla%é @Phlfegefgmqa?w re

etching cavities. In FIG |A  sem conductor wafer 100
vias afqetthedas agchiqosduatordeait00tpribrdo sisbimgdagitide MAAG. 1A,

Mcro-vias 106, 108, with bottons 107, 109,
semicoedpegtwalfed W0 iadndde fRiscdiéd] @arddiescsendside $04]e MiOd-ahs

10 the sem conductor wafer 100 to a pre-defined depth.

106, 08! Wk BBROAs 16718 05 &L seRlIGt@h be\WRhed od 8R Lashd28deé104 of
silicon (Si) wafer that can be anisotropically etched

the se%@c&o%%ﬁ%&éhgg} éb‘(y %r aP@je- ! ﬁ(l&%%ﬁth?ég ex:gé\}\)g\,/ E%é?s%%?%o?lgyétwp

aped m Cro-vi as

vias can be forqred in a sidg of. a senj.co gu t or waf er
wafer; 10 Gpg PEp aificon (i Rater i Cunbinisorop gy s pgyaSium

rect%gg}es. Al so, the nunber of mcro-vias is not
hydroxidgi(K&#t o two; one or nore than two micro-vias may be

etched. The nunber of micro-vias and their shape can

b&1GdkA diusiratesitwd pyraexdstplped mbhas-euasaif6s Eifi. cldoderct,anicro-

si ze and processing conditions as well
vias can be formed in a side of a semiconductor wafer in different shapes, for example,
squares or rectangles. Also, the number of micro-vias is not limited to two; one or more
than two micro-vias may be etched. The number of micro-vias and their shape can be
determined, for example, based on semiconductor size and processing conditions as well
as circuit connectivity requirements.

Next, in FIG. 1B, an etch stop layer 110 is deposited on the etched second side

104 of the semiconductor wafer 100. The etch stop layer 110 may be composes, for
example, of silicon dioxide (Si0;) and/or silicon nitride (SizN4). A silicon dioxide layer
can be grown, for example, using a thermal oxidation process. If a thermal oxidation
process is used, then the etch stop layer material may cover both sides of the wafer. The

silicon dioxide layer also can serve as an isolation or passivation layer for the

semiconductor wafer 100.



10

15

20

as circuit connectivity requirenments. Next, in FIG
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The etch stop layer 110 may be conposes, for exanpl e,
of silicon dioxide (SiOQ2) and/or silicon nitride.
( Sin3neh magk layer lddns denegiteskon ty second gideld4 @f gvarpemieanductor
exanpl e, using a thermal oxidation process. If a
wafert19@ onel thoxictiatopdayer gl 6.c dbs efick musk thyet hEhcanhabsodicodongtropd
| ayer material may cover both sides of the wafer. The

of, foSéxahpld) slicox dd&idcam@lor 811i86n GRAIS ETMEsad R 1@ytric6@baditiéis not
or passivation layer for the 25 sem conduct or wafer

necesyifly g ok B0 O ALt Tl B 8%’5%%3??% enﬁ??%%?l{%?‘“
' 100 o, 110,
cm3F GBI EItE) B 498 St L5 LR AR doRy

. exanple, silicon dioxide and/or_silicon nitride. The
using & ANy aic- sk R Brilepesition &Pﬁ?e‘@a%%rsp@snsy used for
the etch stop layer 110 as is used for the etch nmask
| dyter, ad dipwiFarF16. ERaampdteh mablelagerch 4rimdkpdshgden the dirstastde
be conposed of silicon nitride that is deposited
102 ofithe Bgmitohdwet@rvessit (). Chentdanaskalppdr-1dé plefinés apaniplfviohe
process. Also, as shown in FIG 1B, an etch mask | ayer

or motdléhvitfes HER Qb §EEnAN at@rinbd & the ifHlQ sidt 092 Qff thh\afer.

sem conduct or wafer 100. The etch mask | ayer 114

d eg(p TS e&irﬁ&§ c%xq{ieso%%. ,ncg%iﬁ)g? ¥(|5rag?¥ésf?ﬂ§g§1&@ g?&g?d {‘rﬂrél the

subséquently aré Torne

fer. .10 Next, .the on nor.e caviti ( , cavity

first s a2 of Beqernonug A e A o 1 B £ ey

of the sem conductor wafer 100, as illustrated in FIG
technigugusepifa ferng the cpwghhl ey be 8w sepefteshiiqupas way psogd te fgym the

may be the sane technique as was used to formthe
micromviay BovileSs dO6ty lG&anGavichyd fdl6pedefiled depthhedhatdhia

predefi ned depth so that thin nenbranes 120, 122
membr@is8ilng, 122t kgnad ol drhé Befkhdabytthe midrevaasvioas108)6,

108,

respectively. The thin membranes 120, 122 are formed by the material of the etch stop
layer 110. In this example, the etched cavity 116 is larger than the micro-vias 106 and
108.

In the implementation shown in FIG. 1C, the sum of the etch depths for the cavity
116 and cach of the micro-vias 106, 108 exceeds the total thickness of the semiconductor
wafer so that the bottom of the cavity 116 extends beyond the bottom 107, 109 of the
micro-vias 106, 108, respectively. A portion of each thin membrane 120, 122 is,
therefore, exposed within the cavity 116. The etch mask layers 112, 114 then can be

stripped. For example, if the etch mask layers 112, 114 are composed of silicon nitride, a

reactive ion etching (RIE) process may be used to strip the layers. In some
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15 respectively. The thin nmenbranes 120, 122 are
formed by the material of the etch stop |ayer 110. In
w0 bios/0asaa8pl e, the etched cavity 116 is | ar ger P€TYEBROOT®4084
m cro-vias 106 and 108. In the inplenentati on shown
in FIG 1 C the sumof the etch depths for the cavity
implemegtagiog, @ aech coh ProfessiserorhpisporToEid codcarediddrip His ctch
total thickness of the sem conductor 20 wafer so that
mask {dyersbot t om of the cavity 116 extends beyond the bottom
107, 109 of the mcro-vias 106, 108, respectively. A
P FI@N Mftheaed cédiiubtorBaR: 208 islédQdizd® 2ni 5, cxatPRVEADE Ehe
exposed within the cavity 116. The etch nmask | ayers

semicéﬂ'oglﬁto’lr]xﬁ?m i§ qgsed oF 51'119&? Ghe &Q8c B g@ﬂ&ln%’e grctwﬁ h§:

layers 1 114 are conpose of si |7 con

itr rea ve ion e p
examflfiics wdpmd) SRRb¥EpkRhs" TR0 (s DERETRR TR R 18
PCT/ 1 B2007/ 004084 i Ienentatlons a wet etch process
(e.g., 9 GapPolopmed PR ﬂéi’cﬁﬂécoéla?ﬁmtf@né‘é“éﬂf W%fegw%aﬁe {he- Braciseion
mask layers. In FIG 1D, the sem conductor wafer 100
wherd silicon islpreaeht). | Relativ o iptegions ée.g., $H@nmY efidxidn thuet $i0,)
waf er 100 is conposed of silicon, the oxide |layer can
remaib én greaswherk dierdisaxasitidod, Fos extgnisle tth@rm@ahbranesdid0l, 022 of the
process. Thick regions (e.g., 1200 nm) of oxide 118

ctch sl 18yor 190 9hhaifi F0tHRGr R E@%@?, ddTRicd bl tORicro-vias, 106, 108,

sem conduct or wafer surface in aregion where
rﬁmeﬁhJ yeon IS present). Relatively thin regions (e.g
G nm of oxide (e.g., Si02) remain in areas where

1956 g ahF B &&F?i}yﬁﬁleﬁﬁ%@g i d?n?"? Ol e ageond

previ ously defined by the m cro-vias 108, 10
side 1pg op thetseipeqopduncyafc 0. | Tlufsmetak falan ﬂ?fl m@s thethip membsanes

nmetal film 124 is deposited on the second side 104 of
120, 12Beo $@m motatimetnbranas i 82, 130 0respilagvatet Hor dxialnplcl 24hiodare
the thin nmenbranes
copper (e.g., 3-4 micrometers) may be deposited by a physical vapor deposition (PVD) or
other process.

The portions of the thin membranes 120, 122 (i.e., etch stop material) that are
exposed within the cavity 116 then can be removed. For example, a hydrofluoric acid
(HF) based etchant may be used to remove those portions of the etch stop material. As
the oxide 118 on the silicon 100 is thicker than the thin membranes 120, 122, the exposed
portions of the thin membranes 120, 122 can be etched away, with some oxide 118
remaining over the regions of the silicon 100 to provide electrical isolation. Because of
the presence of the thicker oxide over the silicon, a separate etch mask is not required
during etching of the etch-stop layer membranes 120, 122.

Next, as illustrated in FIG. 1F, a thin metal film 130 is deposited over the first side

102 of the wafer. The thin film 130 can be deposited directly on the exposed portions of

7
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120, 122 to formnetal nenbranes 132, 134,
respectively. For exanple, a thin filmof copper
W@ 200§/038138 4 mi croneters) may be deposited by aP@hB0ewi04084
vapor deposition (PVD) or 15 other process The
portions of the thin nenbranes 120, 122 é e., etch
the mst@blpemhtaeﬁs K12, 134 i fosmeelcciqabsemtaciibetyosn theewomidas pf thee
then can be renoved. For exanple, a hydrofluoric acid
semicOmRjctdrasader ¥I0Cc Hawtfirstesyddthinusetd] film 1 20romeadthihs eccond-side thin
portions of the etch stop nmaterial. As the oxide 118
metal @mt 12 f5inhin g et thifhighSvdfld @hbEctiohand,hes imihk ARIRASEHe
120, 122, the exposed 20 portions of the thin

mlcror(ﬁgg)fm lbg%’revlr&?slf@ Rergtehed away, with some oxide

remai ni over  the regions of the silicon 100 to

p electrlca pres
? %fh%l it E R leBRhgliSgydhint g tiAT LFePpedeiil {iémiﬁcﬁrst
not required during etchin of th etch
side IP%%¢ thﬁébﬂerra%‘%ra&%ol 209 522 cageerremgeed befoyera ingmetai @}4 is
IF, a thin netal film 130 is deposited over the first
deposgpdien tiRBeq@ side tideofitlag samicamactonivaferil0fn 130 can be
deposited directly on the exposed portions of 7 WO
2008/ D8 &ikbSPT 11 luB240 7h 6R4H)84 of tuh énpleinahtati®iivr ane®ugh-
132, 134 to formelectrical contact between the two

wafersm@esnﬂéct Ff&essae HoGORABEL QdcdNaiBhe ﬂeQngJ@ehéﬂerc%néé ge

hin metal film1l O contacts the Second-side th

etchecﬁ%tﬁ% i%ﬂcgh&fcﬁbéfw%f@ ib% t3F td %}gﬁﬂg i3l %’@ﬂgg&%ﬁ%& FIG.

ar eas ere m Cr o-vi as

24, siipisp B A ene Ehelngs sioios 2o e B8 S saavitisg

on the flrst si de 102 and t he thin nmenbranes 120 122
(e.g., eatyO0) aissiebiad Benihe fastisierOawe dic septigansperor wafer 200.
deposited on the second side 104 of the sem conductor
wibeexahile, thd @midehduhioo wgfer 280 inlayetar sl @nawafex aFfel @viy
an inplenentation for a through- wafer interconnect
206 chi BEQBISedUS iape-defiudlcpthsiottathgel taii diigcdnardibighe20therE, 20

cavities are
um) in the silicon wafer. Standard etch techniques can be used to form the cavity 206.
For example, the cavity 206 can be etched anisotropically in potassium hydroxide.

In FIG. 2B an etch stop layer 210 is deposited on the etched first side 202 of the
semiconductor wafer 200. The etch stop layer 210 may be composed, for example, of a
thermally grown silicon dioxide and/or silicon nitride layer. This silicon dioxide layer
may also serve as a dielectric layer.

Also, as illustrated in FIG. 2B, an etch mask layer 212 can be deposited on the
first side 202 of the semiconductor wafer 100 over the etch stop layer 210. The etch mask
layer 212 also can be composed of silicon dioxide and/or silicon nitride, for example.

The same layer composition is not necessarily used for the etch stop layer 210 as is used

for the etch mask layer 212.
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etching mcro-vias. As illustrated in FIG 2A

waesmsossigrict or waf er 200 includes a first si dePpQDPB2a0TA04084
a second side 204. Cavities (e.g., cavity 206) are
etched fromthe first side 202 of the sem conductor
wa¥eat ap@trh sk lesen bt eayakie bsalepesdisd 9u tlay sopardyidod@yt. For
may be a silicon wafer. The cavity 206 can be etched

examplo, asipcer efdereech Meayht lhydr anayi beglepositeid usmigland A€ Vil porcasse

208 (e.g., 20 15 m in the silicon wafer. Standard
el0pRnings BaH KBVEBe 6RAcdBoMIREsdeond SEEDONES @ ¥erhitor@Rtor wafer
For exanple, the cavity 206 can be etched

200 t@&gfﬁ]%trﬁigﬂj- @ | ¥1d, DAL ERRE UM R 01a0%1 §© 18 kit B e?oF%&i an
etc I

stop layer 210 is deposited on t'he etche rst

orposd 8 /ety 0 ) Ts GO o0 THF B gt 4. 2 bf o e ctched
thermal |y grown silicon dioxide and/or silicon nitride

to thejefghestop Hejrgre 18; |Tih8bwemgmpaéﬂ > ay & FOnsabingey they e st {pger 210
as a dielectric layer. Also, as illustrated in FIG

and theB{chanasktleyer 28 kerhaip én the kpeas datween depewsity 886 end thisenicro-
first side 202 of the sem conductor wafer 100 over the

vias 2¢6,H 8stThe etchytechnZdi@.usddh® @tad thrasicro-Viay efay dt Zhedas@e can
be conposed of silicon dioxide and/or silicon nitride,

technfqBé tRXANREE0 BRE tRAGR i@yer conposition is not
necessarily used for the etch stop layer 210 as is

Do PGl O ATRe b8y Bla el fipe fludRODBIG IR
. al so be deposited an the sec i de ,204. For exanpl e,
ilustrled g BuATRESHPRE TR et P ol Gl eb o Rl G RR g onTy
usi ng an LPCVD process. Openings can now be etched
one, of ¢ theg twacBirio-giag aydw ob¢hed jpad deyinepyriiye e gectapgubar or
200 to define mcro-vias. FIG 2C illustrates
other shapeo- vi as 216, 218 that are formed 5 opposite the

previously-forned | arger cavity 206. The m cro-vias
2 Next, 3d Shawaninda GetDhed etdhami dk&a@ir€ D1 5 OP afeasy@%peal Cor
o

Thi n menbranes 217, 219 consisting of the et st op
examﬂl@}’t%ﬁcti%% Qon etching (RIE) may be used to strip a silicon nitride etch mask layer.
The semiconductor wafer 200 then can be oxidized in a thermal oxidation process to form
relatively thick regions of oxide 219, 221 on both sides of the semiconductor wafer 200.
Thin membranes 220, 222 consisting of the etch stop layer 210 remain between the cavity
206 and the micro-vias 216, 218, respectively. The oxide layers 219, 221 are grown to a
thickness greater than that of the membranes 220, 222.

A thin metal film 224 is deposited on the second side 204 of the semiconductor
wafer 200, as illustrated in FIG. 2E. The thin metal film 224 should extend along the

sides of the micro-vias and should cover the thin membranes 220, 222. For example, a

thin film of copper (e.g., 3-4 pm) may be deposited by a PVD or other process.
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and the etch mask | ayer 212 remain in the areas
between the cavity 206 and the mcro- vias 216, 218.
wab@smssiss t echni que used to create the m cro- vPEEIBRAY7/004084

be the sane technique that is used to formthe
cavities. 10 The mcro-vias may be of different shapes
and shayvy imBlGy 2 therthiagnerppranesyi20, 227 Gt ctoheston mpferial) are
pyram d- shaped m cro-vias 216, 218. |In another

removiedp [Fermexingtle,arilF otthing pooeess miay o used thaemovaothe thin membranes
m cro-vias may be etched and they may have a

220, eCtTAB gMbRdr oRlde 19fdAen9 shpRenaiMNexXthe réGiosd whwilitéh tB:__[}EoVide
2D, the etch mask | ayers 212, 214 are stripped. For 15

electrf%éﬁg@llaﬁon rl?@c%{lée &t th@ﬁrggéng? gﬁ&e(tﬁlﬁg%r IR 19 d{z%teﬁiletsﬁlcon a

r|p a silrcon nitr ayer

ctor wafer 200 the zed
Separ%s’fﬁ e RRPOR T B BB Lo Bt SR 18 Pfhanes 220,
regi ons of oxide 219, 221 on both sides of the
222. seni conduct or wafer 200. Thin menbranes 220, 222
consisting of the etch stop |ayer 210 renai n between
t PNext avhinynet@ddmaiid is epasited on ticdysizid; 2021 gThe thin film 226
respectively. The oxide |layers 219, 221 are grown to a
can b@@epobitakdiagdy greahe archhafitht hetroofiad Tie, DEfrvespoadveB2 @ form
222. A thin netal film 224 is deposited on the second

electrﬁhﬁ@on?&f‘rbé%fzve&hﬁlest@msﬁﬁg‘ FEGE QEmicdRARNordMer BR). The second-side
illustrated in FIG 2E. The thin netal film 224 should

thin n?eﬁlm %Ll%gﬁta&g he fs{j §ide 9&1&%@% ?1%&&%6\{6 il tlﬁrggé” g/afer

ranes or exanple
of copper (e.g., 3-4 m may be deposited by
“mn%gkﬂﬁg her process. 9 WD 2008/ 038158
PCT/IBZOO7/004084 As shown in FIG 2F, the thin
alfsgato poplepmpntatipn,dhe than wktad fibp 2%ﬁ@mb§|d)ep<aw§d on the
renoved. For exanple, a HF etching process may be used
first stde of éhowafet el thhinn mentbranres 20,220, m@2k: refveed hiickter
oxi de | ayer 219 can remain on the regions of silicon
depositthgth@iiklteta? GG D04 Galthd £0bRt didkof tBeGagse of the

presence of the thicker oxide 219 over the silicon, a

Upon completion of the foregoing through-wafer metallization, metal structures
may be formed on one or both sides of the semiconductor wafer by additional etch and
deposition steps to provide, for example, electrical interconnects and solder pads.

Although the foregoing techniques use double-sided etching (i.e., etching from
one side to form micro-vias and etching from the other side to form larger cavities), in
some applications through-wafer openings can be etched from only one side of the wafer.
For example, large cavities can be etched from one side (e.g., the first side) of the wafer
all the way through to the second side of the wafer with an etch-stop (e.g., Si0;) layer on

the second side. The two metal depositions and etch-stop membrane removal can be

performed as discussed above (see FIGS. 4A through 4D below).

10
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5 separate etch mask is not required during renoval of
the etch-stop | ayer nenbranes 220, 222. Next, a thin
wOoredalo3fiss m 226 i s deposited on the first si dePQDEB20TH@®4084

thin film226 can be deposited directly over the

areas of the mcro-vias 216, 218, respectively, to

f dhenmegy! aranilirang ceadistused s ethne epplicatonsygs Vel e%ﬂ @kamplg, the

sem conduct or wafer 200. The second-side 10 thin netal
metal inidnmbr2#candrtuaed ®© mbmsufe ths hermetieity bf mpadkhgd thihi hons@26micro

to formthe through-wafer connections 228, 230. In an
comp@hdn@Eutatas ah BptieIraBYias, @i troligneit Bei®d, @herhiche 28, fieo-

be deposited on the first side of the wafer and the

mechdifiédl dBHPD rrﬁ@ﬁ):elt gbm&?@m?@%y%@m émgjd ider rhilr

ep03|t|ng t In nmeta 24 on the secon§ si de

t he waf e 15 | etion,of .the .
optocRhirtigsiRisFLvsrid QRORYEPTEHEL pEPuf! oG bl EdRdipype
fornmed on one. or poth sides of the en1conducFor waf er
microgand §eh-prigABISIZeE elsMsAl THepoSTaNIih caprgss 1t theghars idhe
for exanple, electrical interconnects and sol der pads.
metal saniyapmhare kenstdnsige bmgpticat hrvifidereeict sEhedbabgas-asé wied to
etching (i.e., etching from one side to form
determiing ttige- ¢l adise prodsigt ahd/ogtht l@tortteen aséded Gictigutedfofmedy
| arger cavities), in 20 sonme applications

attachtﬂmy datdqbesaroprant Refr RN gL, cal%{al A @M PHo¥h @ Bfbstrate.
de of the wafer. For exanple, |arge caV|t|es can be

A?(itaﬁ%nfaﬂf rﬁ;ltﬁ&& hsén% a%ﬁn h%hte Sez%:ho% ane#n%faﬁle is for
formafigh aﬁﬂlf%waﬁlewaf%%lef%alﬁﬁ?éﬁonﬁféﬁag% Dftsr. ggéf?ét@?sciﬂclgﬁ%p

menbr ane renoval can be perfornmed as di scussed above
formatign f EpagtivaAndustiya ghother Heicowgs. Fog cyemplooe olsg psw layer

PCT/ 1 B2007/ 004084 The netal menbrane can be used for
can botehervea pplyi peaiallyr(er o anell) to {6ion a éxangll-wafer hegpageivalstructure.

menbrane can be used to neasure the herneticity of a
ReferRA€ Kadao H@! 2 usRSmetaldied 224 is illustrated as having been deposited on
one side of a semiconductor wafer in which thin membranes 220, 222 of etch stop
material (e.g., Si0,) are formed. Instead of removing the thin membranes 220, 222 (as
illustrated in FIG. 2F), the thin metal film 226 can be deposited directly on the thick oxide
219 layer and on the thin membranes 220, 222 to form a capacitive structure. Example of
such through-wafer capacitive structures are illustrated in FIG. 6. The capacitive
structures are composed of a thin oxide layer 220 (or 222) disposed between the pair of
metal layers 224, 226 and are formed at the boundary between the large cavity 206 and
the micro-vias 216, 218. Although the illustrated implementation uses a double-sided

etch process (to form the large cavity and the micro-vias), a through-wafer capacitive

structure also can be fabricated using a single-sided etch process.

11



conmponent such as an optical device, electro-magnetic
devi ce, chem cal device, mcro- nechanical device,
wor@so3gabect r onechani cal system (MVEMS) devi ce PCT/IB20070004084
5 optoel ectromechani cal system (MOEMS) device or other
device that contains tiny, mcron and
s iiotheeinamensentatipns| eihmstal membinceyithphreuglewafiges in

the shape of the netal nenbrane are sensed using an
intercopicictaits, paold padteatedrto forhea dhacegmsh as en inglectot @.g., coil) or

determine the relative pressure and/or the |eak rate

movabl@ cantflevdre $1G8 C4 0 o @t 4H TRGr&Y an akdraglbifaFabhietinaher
(or part of the wafer, for exanple, after dicing) to

inducf¥ Bf helal sHREN AL uctdl. Ad ?Pdﬁ%%éﬁi es%ﬁﬂé}%fQQEn Si0,

pp |cat|on of the thin stop ayer rane i s
t
5 SaCI‘lff Chatl g}egg) Ct | gin 11118Frﬁtgp g é?})lee‘é/ aotf I%g ﬁ:garﬁpllgloa 8 énetal cantilever

formati on of capacitive, uctive or_oth
structyie 348 o F . 6 lﬁé}?traéwpéﬂew H ARG QN 1§ @«‘rtor &R be
renoved only partially (or not at a]lgéto form a
t iysobginwaFKr. 4dapacinijondugior wefcup@) incRdees firshgidp 30K andba
FIG 2E, a thin netal film224 is illustrated as
seconbaidic394 bEeth rdeyesidteat stop 1aberoBe0 &.glelagérs df SiO, and/or SizNa)
sem conductor wafer in which thin nenbranes 220, 222

are de?imﬁeu% BRkPR desRREDOAbT the wifor, ad0Pdavy 806 wa&% through the
nst ead of renDV|ng the thin menbranes 220, 22

10 wafer 30[)“?1I él% %4 %eﬁ ly ?{l}e)zle't:%hnm%%ﬁ {Kﬁ*i Cﬂ(sm%hl%kfeci 'E%Z%?el&mw

depo rec oxl1 dée
et nes 220 22 t.o
thin H@gﬂ% 13 oo o B Bleh ESoRraca 30 Feredi o Pt siees et
capaC|t|ve structures are illustrated in FIG 6. The

wafersgseeid side3 o herthivtatfhesomlageicnembeaag 3 bt algo @htmd%@r%é the
| ayer 220 (or 222) disposed between the pair of netal

bottorh @y @resca22yt 30226 and are forned at the boundary between
the large cavity 206 and the mcro-vias 216, 218.

ANeRQ U Iustrgted il RS 148, @ delbtifadl e Rt rinaNo X 8&fondprocess is
doubl e-si ded et ch process (to formthe large cavity

15 perfom th B {koox\féleal%glgé @fl éaE?]&ggél fcl}@\&/ﬁére GARBRid nﬁr¥§ent The

structure al so can using a single-sid

?/ 038]tﬁ)2§tPCT/ I ?2007J 0?408

LS ong'so hetesulting oxide ayer543 19 are

oxidafiSE proeess sE5ia be Sufficien 3(1)
thicker than the thin membrane layer 312 extending across the bottom of the cavity 306.
Following the thermal oxidation process, a relatively thin metal film 324 is
deposited on one side of the wafer (e.g., the second side) as shown in FIG. 4C. The thin
20 oxide membrane 312 then is removed, for example, by a HF etching process. The thicker
regions of oxide 319 that were formed during the thermal oxidation process can remain
and serve as isolation layers. A thin metal film 326 then is deposited over the first side of
the wafer, as shown in FIG. 4D. The metal film 326 deposited over the first side of the

wafer extends along the sides and bottom of the cavity 306.

12
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In other inplenentations, a thin netal nmenbrane, with
t hr ough-waf er interconnections, can be patterned to
wo orosi03818evi ce such as an inductor (e.g., coilPCDIB2007/004084
novabl e cantilever. FIGS. 4A through 4E iIIustrate an
exanple for fabricating an_ inductor or
c Aot e shawsirJer dEethe mptalbzabion 938 jahidie @eﬁgmﬂf thepgav ey 306
of athin Si02 5 sacrificial nenbrane. FIG 5
can bé pdtiesnadad ésrnaa topilavicead sofuctune #3shieh af that imdli@l 5, or an
cantilever structure 328A; FIG 6 illustrates a top

inducior 828 Bf suah aShaiipl FGO6. @pen gy &t Qe nddB Bzatdn pabiemyré fMentified
FI G 4A a semnm conductor wafer 300 includes a first

[
by 33§t gge F)Q}%dél?%ﬁgﬂ 82%@&9@ go (lggg)rf gi{%gc V@ eﬂl e g ot %?arnple
site s. 302,..204 of the
using 5#8%@? gy Shd P SRR I o g ih 45 A or
was used as the etch mask layer, it is renoved.

the Ca‘m%% SETY & AP ISve fiRe{Tom the winsr surfice of thegvafer torke
_etch stop layer 310 remains on the surface of the

cantilqwsfest steichee o2 of tdu@on328the thin etch stop |ayer
menbrane 312 al so extends across the bottom of the
C aVik tachBigaes MBIGS. 44 thiougls #Daifl ctan e fakéd todBrm aultiple
relatively long thermal oxidation process is 15

clectrREY ATt RN ArBudiY GKol@HbAMHANR Ha 33D iONe serhREhAREOr
where silicon is presen% The oxidation process

wafer> IIEBP E)gﬂ fe %%eéﬁ@o@&hg XI%eL Eﬁm&g {:]faﬂ‘;f]‘g%étﬁ\?er tl?esfﬂs{ %ng of téle

oxl de YErs are
watergfySogis B ﬁiﬁh%%e%@mﬁpn 39 dbeEny B%e%é‘z% (6 3oht through-
relatively thin netal film324 is de osited on one

wafergilegeicst mtteﬁéonmﬁt&m@&gas shovig i Eoneh s renetalizgtionh24, 426 at
FIG 4C. The thin 20 oxide nmenbrane 312 then is

the battenpofatl cdvaty cex daphegmén; for ddemptc hsing stendere sishogTphy and
thicker regions of oxide 319 that were formed during

wet efch@chhRusR! A @ WawioP1thei® 384 endtifoUcRA B inBREbNBeEtihs 332
isolation layers. Athin netal film326 then is

OfFugeHQ%%%Sgn%ypﬂ3Pﬂ§ first side of the wafer, as shown
4D The nmetal film 326 deposited over the

bg%go 1fqu?snof ﬁlg‘@ m%ggﬁéb a s%sca% Onge(f tlro]efoSI de tlpq

electrical interconnections through a single hermetic via in the semiconductor wafer.
After depositing the thin metal film 324 over one side of the wafer to cover the thin
diclectric membrane 312, as illustrated in FIG. 4C, the thin dielectric membrane is ctched
selectively where the electrical interconnections are to be formed, and a thin metal film
326 is deposited over the first side of the wafer, as shown in FIG. 8A. The metallization
326 on the first side contacts the metallization 324 on the second side in the area where
the dielectric membrane 312 was etched to form electrical interconnections 340 through a
hermetic via. FIG. 9A is a top view of the semiconductor wafer after selectively etching
the dielectric membrane 312, but before depositing the metal film 326. That figure shows

13



12 WD 2008/ 038158 PCT/ |1 B2007/ 004084 Next, as shown in
FIG 4E, the netallization 328 at the bottom of the
W@ 20080981306 can be patterned to forma canti | eR€r/EgR007/004084
structure 328A, such as that in FIG 5, or an
i nductor 328B, such as that in FIG 6. Open gaps in
the repgmingpestipnsaitthoselgravelyraiched didlegane membencdy 2 380 cxpred
netallization 328 at the bottom of the cavity can be
portiopadf themaderlfing metehfiph8245 usi ng standard |ithography
and wet etch techniques. The netallization along the

SiAdRS d&fositinzah& i fgtaBBifin SE6 MBS nRfalGRRNEH G4 \326lit pREerned
fromthe upper surface of the wafer to the

using %ﬁﬁ ArH ¥R, Sge%fl@tah .eV Efch %ﬁﬁl&gﬁ L %%&noﬁl F’?Ig}SgEé aﬂ?

tec ni que 4A"t 4D al so can Uused

|t tri nec [ o
view %ﬁ"ﬁ@ 08, goF rComer e ey FL SR EE tsﬁ%ﬂff??%r“b%“a%des of
For exanpl e aft r dep03|t|n the thin neta

the W?fie’f {dsine greserais 9 %réqa?gxtﬁéormectew f dhe Hg%rcgwomwo
FIG 4D, the netallization 324, 326 can be patterned

are eleaprigaplyrisalited frghn ongednethes| ect ri cal i nt er connecti ons
332, as shown in FIG 7A. The netallization 324, 326
aOthdrhimphaidneniond artevathi@thetsyomadt theclpabd. er ned, for
exanpl e, using standard |ithography and wet etch
techni ques. A top view of the via 334 and
t hrough-waf er i nterconnections 332 15 of FIG 7A is
shown in FIG 7B. The techniques of FIGS. 4A through
4C al so can be used to formmnultiple electrica
i nt erconnections through a single hernetic via in the
sem conductor wafer. After depositing the thin netal
film 324 over one side of the wafer to cover the thin
dielectric nenbrane 312, as illustrated in FIG 4C,
the thin dielectric menbrane is etched 20 sel ectively
where the electrical interconnections are to be
formed, and a thin netal film 326 is deposited over
the first side of the wafer, as shown in FIG 8A. The
netallization 326 on the first side contacts the
nmetallization 324 on the second side in the area where

14
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the dielectric nenbrane 312 was etched to form
el ectrical interconnections 340 through a hernetic
wWoR@s/0BH1& 9A is a top view of the sem conductPCT/VDET004084
after selectively etching 25 the dielectric nmenbrane
312 but before depositing the netal film 326. That
Vﬁl@ﬁtes gpised 1s:13 WD 2008/ 038158 PCT/ | B2007/ 004084 t he

r qmal ni n&eﬁgato ?&%lcﬁégl%?&ll%e\lv%} 1nY, gl:é/nn%&?&ﬁqn a sef‘rmtcRnductor

direl ectric neng
nder | yi ng et al | m 324, A¢ter depositing the thin

wafor JBY G T 39nd oIS His B TOdpTBHYBa. 3061 o
patterned using standard Iithograp and wet etch
t 6ERHIZARE T MPEC BRGRryigsrn Hagec Saqimogth@wrafﬁé; s view of
FIG 9B. For exanple, the netal filns 324, 326 can be
etpohading pomichotolp Isyad escrahe s¢ched wide evhdroindief ¢tolestbhéayer
separate el ectrical interconnections 340. The

coveré SUrRIcEOMNBE bhORSMSEGnici-eiagl ectrical ly isol ated from
one another. O her inplenmentations are within the

S %&?ﬁlgodf carvpg nf:{h@'ﬂi@t idelst tP[éQV?%Pﬁ{ ap&;c%]d?&ch that Ilr)grthons of %

2007/ 004084 at is C I med
vi di n nterconnect ons

ot s e P Rl RPEP NP el P g i he

. the nmethod conpri sing: etchlng one or nore mcro-vias

cavityin t he second side of the wafer; 5 providing an etch

stop | ayer over the second side, wherein the etch stop

| dypasitingovetnldizationfaisesnd side pkthe mafet more nicro-vias:

etching a cavity in the first side of the wafer to a

deyisbqandl réhating esdiomns thaf etétheop elyehfreincpeds agaesponding to

areas where the one or nore mcro-vias were etched,
wherc¥h€ ofXBOS6R hitrd-DRs weRVdttNod; and

depositing metallization over the other side of the wafer so that the metallization

deposited over the first side is in contact with the metallization deposited over the second

side to form the through-wafer interconnections in areas corresponding to where the one

or more micro-vias were etched.

2. The method of claim 1 wherein the semiconductor wafer comprises

silicon, and the etch stop layer comprises at least one of silicon dioxide or silicon nitride.
3. The method of claim 1 wherein the semiconductor wafer comprises

silicon, and wherein providing an etch stop layer includes thermally growing a silicon

dioxide layer.
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10 depositing netallization over one side of the
waf er; subsequently renoving regions of the etch stop
wo 2008103f15Hm ar eas corresponding to where the PCEIE2007/004084
nore mcro-vias were etched; and depositing
metal |i zati on over the other side of the wafer so that
t He netlar meshad dislaigepwberedad duepsionef thiecayitsisdegpisthpma
contact with the netallization deposited over the
correspending dinfinspindd chch dfdthepbher mbreonigto-was.er
i nterconnections in areas corresponding to where the
one or nore mcro-vias were etched. 2. The nethod of
claim1 wherein the sem conductor wafer conprises
sisl i co
oné of “2%&?%3%? %&@S?@?@? F”écon?ﬂﬁ%% i Sﬂ%c?k%%fﬂ s
aiml ere n
ctehed B hugio B eThesn 55 TS & T SOT RO b E R
| ayer includes thermally growing a silicon dioxide
| ayer. 15 WD 2008/ 038158 PCT/ |1 B2007/ 004084 4. The
nmet hod of claim 1l wherein a dinension of the cavity is
| & ger Thharetkodadroteewplomdiudmeditthensihosavfy teacteptf suchghat a
one or nore mcro-vias. 5. The nethod of claim1l
sum offter dipth dfithe cantbytapdian atbragd ddesh ofihd@nobr be: midrevidss
5 etched to a depth so as to expose thin menbranes of
exceclMeRbtaNhRAARs o MRIwifer t he cavity. 6. The nethod of
claim1 including etching the cavity to a depth such
that a sumof the depth of the cavity and an average
depth of the one or nore mcro-vias exceeds the total
i ckness of th fer. . 7. The. met hod of claim
et udith RS st .Crﬁmaﬂnmfé&n&nr%ﬁﬁwg%HSOi%%n i Pierfaces

of the semiconductor wafer prior to depositing metallization over the one side of the

wafer.

8. The method of claim 1 including:

selectively growing an oxide layer over the first and second sides of the wafer
after etching the cavity in the first side, such that portions of the etch stop layer remain
exposed in the cavity, and wherein the thickness of the oxide layer is greater than the
thickness of the etch stop layer; and

wherein removing regions of the etch stop layer includes using an etchant that

etches both the etch stop layer and the oxide layer.

9. The method of claim 8 including thermally growing the oxide layer.

16



10

15

20

25

of the sem conductor wafer prior to depositing
nmetal lization over the one side of the wafer. 15 8.
wab@sosgisod of claim 1 including: selectively PCDW2¢I/004084
an oxide layer over the first and second sides of the
wafer after etching the cavity in the first side,
subh t Aae npdad dredein8 wherciatthpoxide fnycaipat loagtihies times as
exposed in the cavity, and wherein the thickness of
thick ahthe eschdopllayeer is greater than the thickness of the
etch stop layer; and 20 wherein renoving regions of
the etch stop layer includes using an etchant that
etches both the etch stop |layer and the oxide |ayer.
941 The j ' j '
11. AVRE g4 O@I’m%fgh%%%dg%g‘%%} ﬁ%r&&ﬁl’é;@dl’%%% g%@ﬁ’ﬂch uctor

t he oxide | ayer. 8158 PCIT/ 1B 004084

0.. T net,hod qof . claim 8 erein the oxide |ayer is
waterJpvink 2y i Sr iy ThEhIETRBsble erch st op | ayer
11. A nmethod of providing through-wafer
i RICBIEAGISHY fbihs Tirst Sades(érgﬁlec%mct or 5 wafer having
first and second sides, the nmethod conprising: etching
apeavding an ptch kepflayes ovei the fiot sidhof thefveafer, pthoxeimitha gtchrstop
etch stop layer over the first side of the wafer,
layer wheredunfatdreneicdavittop | ayer covers surfaces in the
cavity; etching one or nore mcro-vias in the second

SicRBinfontRe mRE Blicrb Qi iRt ReoLddd bathe whkrtH§ dORE s@¢h that

nore mcro-vias reach the etch stop |layer; depositing

the onl& %Aré ﬁﬁ&jo%asor\é%hf tﬂ? Etcﬁisﬁ)? lg)ter,t he wafer; subsequently
rrenovi hg regi ons o e etch stop | ayer from areas
corresponding Lo, where Lhe pe O, fore mcro-vias
subsequently removing regions of the etch stop layer from areas corresponding to
where the one or more micro-vias were etched; and
depositing metallization over the other side of the wafer so that the metallization
deposited over the first side is in contact with the metallization deposited over the second

side to form the through-wafer interconnections in areas corresponding to where the one

or more micro-vias were etched.

12. The method of claim 11 wherein the semiconductor wafer comprises

silicon, and the etch stop layer comprises at least one of silicon dioxide or silicon nitride.
13. The method of claim 11 wherein the semiconductor wafer comprises
silicon, and wherein providing an etch stop layer includes thermally growing a silicon

dioxide layer.
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depositing netallization over the other side of the
waf er so that the netallization 15 deposited over the
wo peos3®Esgle is in contact with the netallizatiP@I/IB2007/004084

deposited over the second side to formthe

t hrough-waf er interconnections in areas cornesponding

t d4wherée meghaghd clagm Idprlcrein @rdmnsien olethe caihis dprgarthan a

The nethod of claim 11 wherein the sem conduct or wafer
correspongiing gasendnsifleacont, thaonk otheoetolorstiop | ayer

conprises at | east one of silicon dioxide or silicon

nitride. 13. The nethod of claim 11l wherein the

sem conduct or wafer conprises silicon, and wherein

revi di '
151 O 08 S1SPDL LU ST s e

e SRR B T8 TNy oo

correspondi ng di nensi on of each of the one or nore

m cro-vias. 15. The nethod of claim 11l wherein the one

or nore mcro-vias are etched to 5 a depth so as to

expose Thanrethasidicémes] loficldiag ereidisg op idodapion layer pier

cavity. 16. The nethod of claim 11 including providing
surfacg@Rof Solsamhicondhayrerafom@ior ts defaa g mdtallibgtidesvice thadue tsile of

waf er prior to depositing netallization over the one
the wefegle of the wafer. 10 17. The nmethod of claim11l

i ncluding: selectively providing an oxide |ayer over

the first and second sides of the wafer after etching

the mcro-vias in the second side, such that portions

of _the_etch sto Ch? er. . renai n exposed in the cavity,
aﬂa'mhgﬁgpﬁﬂFWéﬁi 1%%Hé§9ug%gthe oxi de layer is
greater than, , ,
selectively providing an oxide layer over the first and second sides of the wafer
after etching the micro-vias in the second side, such that portions of the etch stop layer
remain exposed in the cavity, and wherein the thickness of the oxide layer is greater than
the thickness of the etch stop layer; and

wherein removing regions of the etch stop layer includes using an etchant that

etches both the etch stop layer and the oxide layer.
18. The method of claim 17 including thermally growing the oxide layer.

19. The method of claim 17 wherein the oxide layer is at least three times as

thick as the etch stop layer.

20. A method of providing through-wafer interconnections in a semiconductor
wafer having first and second sides, the method comprising;:

18
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15 the thickness of the etch stop layer; and wherein
renmovi ng regions of the etch stop |ayer includes using
wa@poosadiamt that etches both the etch stop | apE€r/1B2a7/004084
the oxide layer. 18. The nethod of claim 17 incl uding
thermally growi ng the oxide layer. 20 19. The net hod
obrevidipgpn wcmwgawr Phdhasecerd $idg el thp seraicondugiar waieree
times as thick as the etch stop layer. 20. A nethod
oftcpimgwindipaging m tedhstwadesrf thevefec sm asotdaxpos pontians of the
sem conductor 25 wafer having first and second si des,
ewhs&%gmﬂﬁﬁhod conprising: 18 WO 2008/ 038158
PCT/1B2007/ 004084 providing an etch stop | ayer on the
SQeaRdiny ﬁ&aﬁifzat;&leov%? Hh&ﬁ&@'yﬁfhﬁ wap@f er; etching an
openingin the tirst side of the wafer so as to expose
portions of the etch s I r..depositing,.
nteeT iU o Feafihs M GY Son LS GERT b dRing to he
.subsequent|ly renoving regions of the etch stop | ayer
openipg@Pspondi ng to the opening; and depositing
metallization over the other side of the wafer so that
t Hepaseingl hétalizatom ovge gegithasgidgwed the wafef sa bat the destdllzation
contact with the netallization deposited over the
deposited ot thsfidesit@isfia conthétevitihthe ughalligdtion deposited over the second
i nterconnections in areas correspondi ng to where the

side td rRREL HHIBuMRR a R} fi&dondtionkhe arfal Bagespbndih@idWRe the

i ncluding providing an isolation over surfaces of the

. ] tor wafer before depositing netallization
Opmnggg?ggﬁg&gne side of the wafer. 15 22. The nethod of

clai m 20 i ncl udi ng:

21. The method of claim 20 including providing an isolation over surfaces of

the semiconductor wafer before depositing metallization over the one side of the wafer.

22. The method of claim 20 including:

selectively providing an oxide layer over the first and second sides of the wafer
after etching the opening in the first side, such that portions of the etch stop layer remain
exposed to the opening in the first side, and wherein the thickness of the oxide layer is
greater than the thickness of the etch stop layer; and

wherein removing regions of the etch stop layer includes using an etchant that

etches both the etch stop layer and the oxide layer.

23. A method of providing through-wafer structures in a semiconductor wafer

having first and second sides, the method comprising;:
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sel ectively providing an oxide |ayer over the first
and second sides of the wafer after etching the
wop@siossss n the first side, such that porti onsPCf/1B2067/004084

etch stop layer remain exposed to the opening in the

first side, and wherein the thickness of the oxide

| Agrating & sacgifisi diclackrammembrang i Rieiss Disfexisiag semIrosdsior

| ayer; and 20 wherein renoving regions of the etch
waferst op | ayer includes using an etchant that etches both

the etch stop layer and the oxide layer. 23. A nethod

ofdepys@itigdh&rgllitiiualer Wad slc 6f thy Glafir@d ab Fo @ver exposed portions
sem conductor wafer having first and second si des,

i 8158
of the SQS"E%%% %gﬁ%%ﬁﬁlg? %er ?n&egséxé%%gg%a icial dielectric

CETBLRDE iRl nftho St 6 ST e BTE TN R g SRl the

as to cover exposed portions of the sacrificial
waferp@iithy ane facing the one side of the wafer; 5 removing

exposed portions of the sacrificial nmenbrane facing

t Hepwitigrmeihldieatafn avee saidather sidantithd exsderi soiando contact the

netallization over said other side of the wafer so as
previduslycdepbsicdd hdiallizgioavi ousl y deposited netal | ization. 10

24. The nethod of claim23 wherein the sacrificial

menbrane conprises at |east one of silicon dioxide or

silicon nitride. 25. The nethod of claim23 wherein

r Vi e L f

|0 uadde SERRREH FRL LA g A0S RRET hblyR RERANE

|nclu in atterning the
least ‘?P@toglsﬁ’ic?éfi}%‘ﬁletoé Hisppmutac"d P )

25. The method of claim 23 wherein removing exposed portions of the

sacrificial membrane includes etching the exposed portions.

26. The method of claim 23 including patterning the metallization to form an
inductor.
27. The method of claim 23 including patterning the metal membrane to form

a movable cantilever structure.

28. The method of claim 23 wherein only some of the exposed portions of the
sacrificial membrane that face the other side of the wafer are removed, the method further
including patterning the metallization to form a plurality of electrical interconnections
through a single hermetic via in the semiconductor wafer.
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i nductor. 27. The nethod of claim 23 including
patterning the netal nenbrane to form 20 a novable
w@a0u8ioBsaver structure. 28. The nethod of cl ai nP@BIB2007/004084

wherein only sone of the exposed portions of the

sacrificial nmenbrane that face the other side of the

waf er are renoved, the nethod further including

patterning the netallization to forma plurality of

eléct r iAcabthod b€ poonhect cqnrsitikb strietoregh aacwmicogthector wafer

hernetic via in the sem conductor wafer. 20 WO
havin2 GOR A3 8%BRd RETY RAQ6H6004@BAsin@9. A method of

prOV|d|ng a capaC|t|ve structure in a sem conduct or

Waf G R 07 Shfrd ﬁﬁ:‘éro and i7 aedorR] G8Sof thbG/afE!L hod

conpr|3|ng et chi ng one or nore n1cro vias in the
econ n tc
i 390&38% o Sef arobd iV e R RAEVUR R 4 ?%Q'%%B Bayer
r covers surfaces in the one or nore m cro-vias;
COVer%?‘H Cﬁbmé € avs efymPLy IRE- Yittst side of the wafer to a
depth such that portions of the etch stop |ayer, in
aeshingeheaniy iththe St siste afthewafer tooe ddpals swebrtkatgotised of the
are exposed in the cavity; and 10 depositing
etch stoptlaydr] inairdéa0 wheyethe baé br siottesiodd-viabevenaételicd, arefeapo’ed in the
capacitive structure conprising a portion of the etch
cavity bP | ayer sandw ched between | ayers of the
netalllzatlon 30. A nethod of prOV|d|ng a capaC|t|ve

éﬁjo%ﬁt %Hétglhgat%o%n%v%?f; lﬂ%&%g Q%afgtjtﬁ gfgr?ﬁ/ %1 @%paclter% structure

sec

n irst s de of th
Compgfle%%%m kst e o bt Pl B sin PR "
wherein the etch stop
metallization.

30. A method of providing a capacitive structure in a semiconductor wafer
having first and second sides, the method comprising:

etching a cavity in the first side of the wafer;

providing an etch stop layer over the first side of the wafer, wherein the etch stop
layer covers surfaces in the cavity;

etching one or more micro-vias in the second side of the wafer to a depth such that
the one or more micro-vias reach the etch stop layer; and

depositing metallization over both sides of the wafer to form a capacitive structure
comprising a portion of the etch stop layer sandwiched between layers of the

metallization.
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| ayer covers surfaces in the cavity; etching one or
nmore mcro-vias in the second side of the wafer to a
waoelesiosassh that 20 the one or nore m cro-vi aBCT/EROT/004084
the etch stop layer; and depositing nmetallization over
both sides of the wafer to forma capacitive structure
conprising a portion of the etch stop |ayer sandw ched
bet ween | ayers of the netallization. 21 WO
2008/ 038thbdoPCampB200:7/ 004084 31. A net hod
conprising: formng a sacrificial nenbrane in a
PrenEXE 8 badhFicke Fcabashich ar, éar&\@fu@tﬁng stepesiduttog wafer;
nmetal I'1zati on over one si of the wafer so as to

C 9¥ sﬁﬁ?éﬁﬁétgﬁlz&%nt AP ?ne ﬁd@t)f t%g %va?’é?}“sﬁ laf kb Rer E%ngﬁﬁﬁ'ﬁons

e one side o renovi ng ex

S t he Sacr. e, facing the other

Ofthegﬁ%ﬁ%ﬁ e N portion of ' he

netal l.i zati on forns a petal nenbrane 32.. The net hod

oF TR AR FPPPSehRATTaNTRf tAasacaiisiah BepvEanedpcing Hrmshcx st the

form 10 an inductor. 33. The nethod of claim 31
waferisndhaidi kegst paorteamoefiihe mietallrmatian forewiarmactel membranen a

novabl e cantilever structure. 15 34. A method of

fabricating a package that houses a m cro conponent,

the nmethod conprising: formng a sacrificial menbrane

i B2a PTHe eactisdd T 138 1GANd4E %?ﬁtt&’ﬁfn%rthe ARRP&ichitRshe to form
netal lization over one side of the wafer so as to

r exposed portions of the sacrificial nenbrane
anuuﬁe%?ng the one side of the wafer; 20 renpbving exposed
portions of the sacrificial menbr ane faci ng the other
side of the

33. The method of claim 31 including patterning the metal membrane to form

a movable cantilever structure.

34. A method of fabricating a package that houses a micro component, the
method comprising:

forming a sacrificial membrane in a pre-existing semiconductor wafer;

depositing metallization over one side of the wafer so as to cover exposed portions
of the sacrificial membrane facing the one side of the wafer;

removing exposed portions of the sacrificial membrane facing the other side of the
wafer so that at least a portion of the metallization forms a metal membrane;

using the semiconductor wafer with the metal membrane as part of the package to
house the micro component; and

using the metal membrane to evaluate the hermeticity of the package.
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wafer so that at |east a portion of the netallization
fornms a netal nenbrane; using the sem conductor wafer
wowaok/ 088188 net al nmenbrane as part of the packagPCT/iB2007/004084

house the mcro conponent; and using the netal

menbrane to eval uate the herneticity of the package

28522 W potigrdodgias Fotharepcoziuednnde hegmeticttyof ﬁ@tméléage

of claim 34 wherein evaluating the herneticity of the
includeaskmge changds i ds shepsofithe oletahgesibiranct he shape of the

metal nmenbrane. 36. The nmet hod of claim 35 including

using the changes to determne a s relative pressure

or leak rate. 23

36.  The method of claim 35 including using the changes to determine a

relative pressure or leak rate.
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