FORMATI ON OF THROUGH WAFER ELECTRI CAL | NTERCONNECTI ONS AND OTHER
STRUCTURES USI NG A THI N DI ELECTRI C MEMBRANE 5CROSS- REFERENCE TO
RELATED APWIOI 200¥TU3818S This application clains the BEHEBRINT/004084
priority of U S. Provisional Patent Application Serial No.

60/ 848,043, filed on ge tenper 26. 2006, TECHNI CAL FlI ELD 10Thi s
di sclosure rel ates t® H%&F THIRQIEJGH'WHWW- el ectrical

i nt er connect NNBREVNIEOFIORSANID GEFERSTRUCT URES USRI GE A THIN
menbrane. BACKGROUND U. S. Patent No. 6,818,464, assigned to the

assi gnee of this applicati OMEIRGERYs MEMBRANED| e- si ded et chi ng
techni que for providing a sem conductor structure with one or nore
t hrough-hol es that are sealed hernetically by a feed-through

met &l | i zati on proc&FOSSFREFERENCENTN® BEh ATE aAPPRZIEIATIONS ocess nmay
i ncl ude using an el ectropl ati ng techni que. The sem conduct or

structure carTHieagptiesionfeiimeaphdit ofpridity bfiUID PravigidakpPgentt hat
encapsul ates an opto-electronic or other device or an integrated

circuit -Aﬂiﬂmaﬁ&fsaﬂﬁhw@éwg48§i4g,0ﬁ15&6@Seﬁ%ser%,cme.ecti ons may provide
el ectrical contact, for exanple, fromoutside the package to the

device or circuit encapsulated wthin the package. According to
a particular enbodi nent disclosed in the foregoing patent, the

doubl e- si ded et ching techni querﬁéﬂ%%]gﬁgﬁ)on a silicon wafer that
oug

includes a buried etch-stop |ayer. ( t he t hrough-waf er
el e‘l%t rical | nlth?sré:lgcﬁ]gs%?et 1eBHR & %&nqgueg?gr?o%gg through-wafer electrical

mterconnections and other structures using a thin dielectric membrane.

BACKGROUND
U.S. Patent No. 6,818,464, assigned to the assignee of this application, discloses a
15 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
20 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

25 satisfactorily, inclusion of a buried etch-stop layer in the semiconductor wafer can be



25satisfactorily, inclusion of a buried etch-stop layer in the

sem conductor wafer can be expensive. Likew se, use of

el ect r opl avOrPgosieeglddi ques to formthe feed-through net a0T/IBaTEMIZEAN

be expensi ve. The present invention can obviate the need for
not reguire use. of

such a buried etch-stop | ayer and.doe
of oot 1 opPEPTRY: LeEHfrG HEO e lFoiroR A eEc RS LrPERER TR B ati on. 5
SUMMVARY . According tg an aspect of the present invention,
f abri catMefalligationap he BXRFESES- | nt er connections include formation of a
sacrificial menbrane. For exanple, one nethod of providing
t hr ough- waf erThepresertonvration eanobivigtethg aeadfhiotnhia broed eteli-sep lagen ajdes
formng a sacrificial nmenbrane in a pre-existing sem conductor wafer,
deposi t i degs netrequiteant pheleamelatiog eckiiges ¢f formehafatdthreughasetslbzationer
exposed portions of the sacrificial nenbrane facing the one side of
t heswaf er, renovi ng exposed portions of the sacrificial menbrane
facing the other side of the wafer, and depositing netallization over
said other side of the wafer so aymmgont act the previously
15deposited metal lization. In sone inplenmentations, the sacrificial
merbrane i s dchbfity dlaR%EH8: FinSpredefOvaitioh] MBrication of through-wafer
interconnections include formation of a sacrificial membrane.
For example, one method of providing through-wafer interconnections in a
10 semiconductor wafer includes 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, and
depositing metallization over said other side of the wafer so as to contact the previously
15 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
20 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

25 wafer and subsequently removing regions of the etch stop layer from areas corresponding

2



I n anot her aspect, a nethod is disclosed for providing through-wafer
i nterconnections in a sem conductor wafer that includes first and
second si d&©.200Bf9as129net hod i ncl udes et chi ng one or nor ePGH/IBRY7VI48H | n
t he second side of the wafer and providing an etch stop | ayer over

t he second side, wherein the etch stop | ayer cqvers surfaces,in the
mi cr o- vi AV BATIEY-Vias were Fekpd; Methlibation & despatied srenthipotigrite alghe,
depth such that portions of the etch stop layer, in areas where the
ni cr o- viwafergerthat dheomeltgllizaion deppaisd gverihg t%%ﬂvlﬁ frycompebwiththsod

i ncl udes depositing netallization over one side of the 25wafer and
subsequentthizatomsiepesifed evir dresseodndisivs tefarm the twoughyveaterfintsraoanestions
corresponding to where the mcro-vias were etched. Metallization is
deposi t ed amagcortdspordinpan wdiccahohidroieiasafeer ctdmdt hat t he netal | i zati on
deposited over the first side is in contact with the netallization
depasi t ed ovdi othbeingtanddatnslehd evitp e bd@cheb inthg irwafde of the wafer

i nterconnections in areas corresponding to where the mcro-vias were
et ched. Rfdic eich@g thoRicRTRis Alth®fzond H8. CRik ¥ Samphe a elctitRdol n t he
first side of the wafer before etching the mcro-vias in the second

side. ThiSyidhe 'ihr@d&%r-'@éf%r inf’cr%&x&‘?fén@ a é&fr@éﬁhgﬁhdﬂﬂ WIS OWEARN AT Bfst and

i nt erconnecti ons | a sem conduct or wafer, ich has first and second

or ovi ti i et FERO e nAeaTi ingf KB diGhe BRAE R EREYLET

wherein the etch 0 ayer..covers surfaces. in.lqthe cavit nd

ot cni ng 05t S et FAEYs GOVERR MR s drosdhadf FN Sl
dept h sych that the one or nore mcro-vias reach,t etc top l.ayer.
VorB 1§ 5 rsi et S e r PRI UV ahE B sour e ErERT rfent
subsequent |y, regions of the etch stop | ayer can_be renoved from
areas c éP?}béb'th%I g‘?‘f’g"rt%orﬁﬁé?ré“t‘%é e@;éh%"rt%%%laﬁrc PRI A oREP R Gt ched.
Metal l'i zati on can be deposited over the other side of the wafer so

t hat t helepesitad pyes @be gide ofithe shafrs and, sabssquently Hegippsraftthesgtefestpp layer can
contact with the netallization deposited over the second side to form
t he t hr degtmewstldrom arees wonsmeoting s where drces ot oorenpontianyctecctahiadr e

the one or nore mcro-vias were etched.
Metallization can be deposited over the other side of the wafer so that the metallization

15 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.

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

20 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.



Al t hough the foregoing techni ques use doubl e-sided etching (i.e.,
etching fromone side to formmcro-vias and etching fromthe other
side to fowmm2eos@wassssy), in sone 20i npl enentati ons, thr REINBNHIEE4084
openi ngs can be etched fromonly one side of the wafer. In
sone cases, t techni ques may result in hernetjcally. seal ed

t hr ough- waf er&ﬁ?ﬁf@%f&f@ﬁw@cﬁvawgges will be appgeetit AP the AP HRBGASIARS al so

can be used to form capacitive and other structures, such as thin
menbr anedes¢itntiondhe agamparing drayines and the clainess Ot her features
and advantages will be apparent fromthe foll owi ng detail ed
description, the acconpanying draw ngs and the clains. BRI EF

DESCRI PTION OF THE DRAWNGS 5FIG | A through IF illustrate an

i npl enentati on of a dBRIEEDHESIRIPEIQ@N Of DB PRAWINGSr mi ng

t hrough-waf er interconnections using a thin sacrificial dielectric
menisr ane. FIG. FA Graviht IV itlughitc2dn impldasinfabibe o P odubes-sidddpdteinfnéaas i on
of a doubl e-sided etch process for form ng through-wafer

| Nt er conBefrmPRShidssGatkr Inkdrforno@ont usih@h tHeh SlcAEERT GclBRADhRRBrandOFI G
3 illustrates an exanpl e of a doubl e-sided etch process for formng

through- waf e1Geap@edsh %e ilﬁﬁh%%ﬁ&ﬁ%%?en%ﬁbﬂef@dédﬁiélsi&’éoeét&?t ric
menbr ane. FI GS. "4A through 4E ilTustrate an 1 nplenentation of a

o L St o RGP ST gl skt e o
membrane.
10 FIG. 3 illustrates an example of a double-sided etch process for forming through-
wafer capacitive interconnections using a thin dielectric membrane.

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,

15 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

20 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

25 with the process of FIGS. 8A and §B.



15FIG 5 illustrates a top view of a netal cantilever structure
according to the process of FIGS. 4A through 4E. FIG 6

I 11 ustrat esoa0iswps1ss ew of an i nductor accordi ng to the BUTOBEWI/ 0@HB4

FI GS. 4A through 4E. FIG 7A illustrates an exanple of
multiple electrical interconnections formed 20t hrough a single
opening in a sem conductor wafer. FIG7B illustrates a top view of
the through-wafer interconnections of FIG 7A. FIGS. 8A and 8B
illustrate steps of a procef¥TAJLEPIPERYPHPN ple el ectrica

i nterconnections through a single hernetic via. FI GS. 9A
and 9B i | | ustimptesnentagons ase\disgbset ient dlchuledpeldt-sided endosorgiesitltdeishing
associ ated 25with the process of FIGS. 8A and 8B. DETAILED

DESCRI PTediNiques performpd enre sdnait¢mainstoawefer tosdelfins epknitpa twhereahtodgh-wafer
doubl e- si ded and si ngl e-si ded etching techni ques perfornmed on a

semiscondhi&hlticativalcal ododr. dEIG. N tBpagh NOHIuRE &n BREPUOGT-anain@lementation
Ssnetal l'ization can occur. FIG IA through 1F illustrate an exanple of

an i npl epehaducARvdrinRrcbhfRHsBc e hfhg b a&m@gam&m? REBSGucUShRg a
doubl e- si ded et'ching technique where vias are etched in a

sem condygt.of oWRdd8H a %Qﬁc@ﬁdu@for LAt G@?In&' t§ @féhfn% @avitidsD T Ffe. 120

sem conductor wafer 100 Includes a fitst side 102 and a second side

i?ﬁhe?f' Cgéﬁﬁ\éi&&gcéoég%ger%g ’mc%g'a ?EPstt 50802 e a shOhd SRSRACIKEL Yias CAN DE
106, 108, with bottoms 107, 109, respectively, can be etched on the second side 104 of
10 the semiconductor wafer 100 to a pre-defined depth. For example, the semiconductor
wafer 100 can be a silicon (Si) wafer that can be anisotropically etched in potassium
hydroxide (KOH).
F1G. 1A illustrates two pyramid shaped micro-vias 106, 108. However, micro-
vias can be formed in a side of a semiconductor wafer in different shapes, for example,
15 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
20 104 of the semiconductor wafer 100. The etch stop layer 110 may be composes, for
example, of silicon dioxide (Si0;) and/or silicon nitride (Si3Ng). 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

25 semiconductor wafer 100,



10t he sem conductor wafer 100 to a pre-defined depth. For exanple,

t he sem conductor wafer 100 can be a silicon (Si) wafer that can be
ani sot r opi wel2bgs/038ished i n pot assi um hydroxi de (KOH). PCT/IBEIGO0403Y
illustrates two pyram d shaped micro-vias 106, 108. However,

m crovias can be formed in a,.side of a sem conductor wafer in

di fferent shapesich mask layeny és depasitsh ap die sspondetded g & dre spmicgnductps
nunber of mcro-vias is not limted to two; one or nore than two

i cr o- vi wafendlP qyer e elsbgtopTaer hifhbe eih maskdvey | bscaamisotbrépmpesedpe
can be determ ned, for exanple, based on sem conductor size and

pr ocessi ¢fgfot oxeiptle, silisom diowisle [andler sligopuitride oRimesatieiytey coreppsitionnemats .
Next, in FIG 1B, an etch stop layer 110 is deposited on the etched
second siedess@il§ @deddbr thhetch atopdgyred Ubh aris wel dor thOetch Task kbyert 181 Bor | ayer
110 may be conposes, for exanple, of silicon dioxide (Si02) and/or
Si liscon dxaimbictihe Coh 34k layér Bi2l dasi B8 cotyposid 6f dikatamiteide tHaeisgegostied f or
exanpl e, using a thermal oxidation process. If a thermal oxidation

process \issmgSIBd-préRER-chbRicaL fdpos i QRsikidY BTPCWD Pploddss. My cover both
sides of the wafer. The silicon dioxide |ayer also can serve as an

| sol ation or 0gssk Vit FIGYRS, ah Blch WSk ZyeM4GO BYIAGHEN onWRE By $00-

An etch mask layer 112 Is deposited on the second side 104 of the

sem con to?'ihe &o &19:90r e 1tog.e Tﬁé &Ph ﬁlta&pla AN8h derhrts oggﬁn tfglho sk
o b of, tor exanple, Silicbn

| ayer 117 can al's e conprise oxI de

and/or sjlicon nitrjde., The sane .l ayer. ¢o Siti LS _not. _necessari
ased 1 orrhE BB Lt fopay Bp i Bin FRTRMIG PRe BeRhomek T ayer
ﬁilt%;oi ggr t ﬁgﬁ 't,gréep%gﬁ)gg{??%hgqﬁﬁgé gl.g,??,ycea&it%}?s)ca‘%‘e“de e T MPaSed ol f!  Con

| ow- pr esf?rlsjtrs?d-eclr{])% rcT)if ?haels:er\{lﬁ:%%dcgo?'Qv%%értli(]g,nas (illl_qu)tc.t;Vatl‘::)zi inpll;lc()f ?(SIS The etch
technique used to form the cavity 116 may be the same technique as was used to form the
micro-vias 106, 108. Cavity 116 can be etched to a predefined depth so that thin
membranes 120, 122 remain in the areas defined by the micro-vias 106, 108,
15 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 each of the micro-vias 106, 108 exceeds the total thickness of the semiconductor
20 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



Al so, as shown in FIG 1B, an etch mask |ayer 114 is deposited on the
first side 102 of the sem conductor wafer 100. The etch mask | ayer
114 def i neWOpH3%IGE for one or nore cavities that subsSEjiBRaN7YPLEase
formed in the first side 102 of the wafer. 10Next, the one or nore

cavities.nﬁ.rg., cavi t 11&%j are defi edhamd etched fromthe first

si de 102MPreqRAtions A ¥eh §GR PrACeRap o Phefphoricadd sapdieusedsig sirp the eich 1
The etch technique used to formthe cavity 116 nay be the sane

t echni queasdax@s used to formthe nicro-vias 106, 108. Cavity 116 can
be etched to a predefined depth so that thin nmenbranes 120, 122

remai n i n t hdndl@akP,ded seaepndyctetiwatpd W0as oxidiged. 0@, an pg@nple phere the
respectively. The thin nmenbranes 120, 122 are fornmed by the nmateri al
of the eteolcoptoyor veafer100i9conkposedefsilexasthé exid¢ heerataohegrosayfary 116 i s
| arger than the mcro-vias 106 and 108. In the inplenentation
shown i rnexkin@le, At 4 therrsal oxidbtidiygoeke MTidelpiehont 1 g. | 1280 aay of yxidd 61 8and
each of the mcro-vias 106, 108 exceeds the total thickness of the

sem condugt, 303 QuabeforBed bk siliden Ledibsauabr wher siafatd .ok aeedi@nds
beyond the bottom 107, 109 of the mcro-vias 106, 108, respectively.

A porti aph®f sifastis ?%&ht . tRBE thidQegiddde S 400 BAH 6f ik (2% RS

within the cavity he etch mask | ayers 112, 114 then can be

Strippedymbary Qfégéemh&e tilcfc 5146 sHEGT IfH?%E?rh ¥Sh rarfcs 4261192 %gfﬂéosed

of silicon nitri a reactive ion etc (RI'E) process may be used

usi ng. pgien YR ol e e BRA FIEMMERT by RilibeEbRC B 2087, |

FI (%0 | D,_the.sem conductor wafer 100 is oxidized. In an exanple where
t he'®sem ERTHIEEor wafer 100 i s conposed of silicon, the oxide |ayer

can be orown, for SEXampl e s 0g & RSl 31090500 R 9K EREona ™ oK
side 104 of the semiconductor wafer 100. The metal film 124 covers the thin membranes
120, 122 to form metal membranes 132, 134, respectively. For example, a thin film of
copper (e.g., 3-4 micrometers) may be deposited by a physical vapor deposition (PVD) or
15 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
20 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 fiim 130 is deposited over the first side

25 102 of the wafer. The thin film 130 can be deposited directly on the exposed portions of

7



(e.g., Si02) can be forned on the silicon sem conductor wafer surface
(e.g., in aregion where silicon is present). Relatively thin regions
(e.g., 400woreposaB3sisxi de (e.g., Si02) remain in areas WEITRIBRIGHGI0845
no silicon. For exanple, thin nmenbranes 120, 122 of the etch stop

| ayer 110 remain in the areas_PreV|ousI y defined by the mcro-vias,
106, 108N MSHEERBOMGR] 37, 134 to formgleptricalcontagt beivyesp éh? twR spegpf e a
thin netal film 124 is deposited on the second side 104 of the

seni condigatendygerayafenl@0. fhe fnwsie thin mefal flm d 3¢ eendacisibie sesond-peptimnes
120, 122 to formmetal nenbranes 132, 134, respectively. For exanple,
a thin finttpd fdfn Edpgpening éheghrough-wvafer commwetioas $36,18§ ibthe depowheretheby a
physi cal vapor deposition (PVD) or 15other process. The

por t i onsmizfo-viae 19ddnd 198 phavinely vi2Odefii2d. (i .e., etch stop material)
that are exposed within the cavity 116 then can be renoved. For

exanpl e, a hygupthiedte tnFleinehtétidn) 2 BRs BEdta5i 6N 83 caifiy depositseen the firgnove
t hose portions of the etch stop naterial. As the oxide 118 on the

silicon glf0102Snll MGk mditiinds 180 P RadBIRERDEShESR tﬁl%gnctélhﬁmq)ﬁﬂ@sg ed

20portions of the thin menbranes 120, 122 can be etched away, with

some 0xi @808 of ALLIARYD of 1€ SLEGANRIP k061 | | con 100 to

provide elfectrical isolation ecause 0 e presence of the thicker

oxi de over ”ﬁGS%A hh?&{%ﬂ%ﬁﬁ&%‘iea}n e f% @‘ﬁgﬂ;ﬁ%&gﬁ&n&nefg#é &?&g‘ﬂ”“ ”9

etching of the
as |IIustr 05|ted ove

1
the firorats; la%f%%‘évwe*ﬁ H@nmpgﬁleﬁlﬂé ftﬁl?lﬂg"%e Sy RS ddoe! ¢ od
di tl I ti t al 140 1 4 t
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wafer 100. The first-side thin nmetal film 130 contacts the .
second- s%ﬁdéemww\dwwaquﬂpwnfweﬁ it #iee FReandiarseeryd Sisr 288 Eavitiecti ons
126, 128 in the areas where the mcro-vias 106 and 108 previously

wer e def(eBedavim|296htic giched Hemdhq it BdpiRa itherpemiconpuatorvealen200i | m 130
can be deposited on the first side 102 and the thin nenbranes 120,
122 can be r déooeadipbe thersemecondiatorvetied 200 inkambe 24ilicen dapws Thedivay t he
second side 104 of the sem conductor wafer 100.
206 can be etched to a pre-defined depth forming a thin silicon membrane 208 (e.g., 20
15 pm) 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
20 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

25 for the etch mask layer 212.



FIG 2A through 2F illustrate an exanple of an inplenmentation for a

t hr ough-waf er i nterconnect process using a doubl e-sided etching
techni que WPREP®/033N¥t i es are 1lOetched in the sem conduckCIVIBAHFE§408400
prior to etching mcro-vias. As illustrated in FIG 2A sem conductor

waf er 200 includes a fir side 202 secqnd si de tles
(oo “oavi 1yBb67 e&#éﬂﬁé?i%aglﬁrw LS JopdT e o e e For
senlconductor waf.er 200. exanpl e, the sem conductor wafer
200 may $¥&mRlesi piligRnnitiise sich mask 18@/5Wﬁ>ybez@ﬁ@0wﬁ usiwg @n dRe 1} progess.
pre-defined depth formng a thin silicon nenbrane 208 (e.g., 20

15pi n) in t hépshingg ean noar ke ctclsd droanthg S@toeﬁmti@é%oﬁh@gﬂwmndb@torj%@rt 0
formthe cavity 206. For exanple, the cavity 206 can be etched

ani sot r Mdal¢fneimicpetias G2 G yidstoatesimicro-vias 214, 21 & HEt arzBoraredet ch st op
| ayer 210 is deposited on the etched first side 202 of the
semscondppbsite thaprevio?dPforiieé legahawtyddol dhe miZd&iave) 6/ 8canpostelkd f or
exanple, of a thermally grown silicon dioxide and/or silicon nitride

| ayer. Tbiig &dH steaydti2on] Urinlndsnerard@7ay, 28 $6nsitiny 6f &8 cthdiopliget 2i®
| ayer. Also, as illustrated in FIG 2B, an etch mask | ayer 212

can be daReE dafmk IE)H:? 212 fedlaiBindRe 40 H%fwéeﬁ%esc%mtﬁ onwiietRE migé-er 100

over the etch stop |ayer 210. The etch mask | ayer 212 al so can be

conposed;af>1§i 21gC e @{c%c@lﬁlqta@g&aﬁo Stehtb SR Ak clwﬁa¥ EQ{h&Mm)l e. The

sane | ayer cohposition is not necessarily used for e etch stop

layer z%gchﬂﬁlu%: ﬁla!t'%%%c?t%ff&rm &1@%&\%1 sh mask |ayer 212.

10 The micro-vias may be of different shapes and varying quantities. FIG. 2C
illustrates two pyramid-shaped micro-vias 216, 218. In another implementation, only
one, or more than two, micro-vias may be etched and they may have a rectangular or
other shape.

Next, as shown in FIG. 2D, the etch mask layers 212, 214 are stripped. For

15 example, reactive ion 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

20 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 um) may be deposited by a PVD or other process.



Next, an etch mask | ayer 214 may al so be deposited on the second side
204. For exanple, a silicon nitride etch nmask | ayer nmay be deposited
usi ng an LWQuDsMsSess. (Openi ngs can now be et ched fromGIB260200IG8Y
side 204 of the sem conductor wafer 200 to define mcro-vias. FIG 2C

illustrates cro Vi. a 8 that are 03|teth

or evi ousl y. f %@awmﬁléﬁ?a&m 0 SUBLrR210 £Pbr gy SERaiE MRS be
etched to the etch stop |.a 210. Thin nenbranes 217, 219 consisting
of the geERved dior pxaput ﬁ)“y alRking REces ayrhsdred tayepovetbe (hahmERbIaRCY he
areas between the cavi ty 206 and the mcrovias 216, 218. The etch

t echni qui20us®d Tthe teigkegpside ryerd 9rqgn veraain ﬁnshebeglonﬁe)f sulirontte pravidgue
that is used to formthe cavities. | oThe mcro-vias may be of

di f f er erdlectixapizsslation] Reaaysend thguaeseitde ofshe thickkr 0i2{@dei2l P osertbe gEcawe
pyram d- shaped mcro-vias 216, 218. In another inplenentation, only
ones or sepdaretciclvhmadsivy nofitaqnived/diaiigiayiod ofthe bel-sendaich ey mveanch2d0e a
rectangul ar or other shape. Next, as shown in FIG 2D, the etch mask
| ayers 2%2, 214 are stripped. For 15 exanple, reactive ion etching
(RIE) may be used to strip a silicon nitride etch mask |ayer. The

sem conduct omeﬁ@fdeﬁln%%@dmﬁms megsmea lofl i eBieksi side®02 NGHERn Aih 824 1 ON
process to formrelatively thick regions of oxide 219, 221 on both

si des of .} e gé@ﬁh&%fwﬂ Q\Ger ff2kas %ggrg ni @fo%i@ig%r @ﬂieﬁ:s%%gvelgztg fomb 06

consisting o etch stop ayer renal t weén

and the enécfrfc%[ ydf%}%h@&%eenztﬁgmd’ § ég%?% %%Jn g Q‘%Ob ffé ?ecér}(gﬁlggzj‘

are gr own ness grea rane

27 e it eaE Rl b3 gas Sids i 1%3@!@??38 f%‘oréﬁ&see BB, 0

metal film 224 st}ghh% extend al ong the sides of the mcro-vias and
shoul d QYIS menbr anes 220, 222. For exanple, a thin film of
copper (e.g., 3-4 ilm. nmay be deposited by a PVD or_ other process.
As shown in M@alﬁmaf%ml%wqﬁaf%n@faémwe %ﬁlm 22pmay bedepogitedipndtie
mat er i a\l) are renoved. For exanple, a HF etching process may be used
to renmovestside of Hierwaferavd drretbinapgnbranes. 229 r2tridydieaPmeydddeior tyer 219
can remain on the regions of silicon to provide electrical isolation.
Because depositineg the theremetel @iim 234eort the sdcend gidé dth@d9feover the silicon, a

15 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

20 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).
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Sseparate etch mask is not required during renoval of the etch-stop
| ayer menbranes 220, 222. Next, a thin netal film226 is
deposi t ed WO 0682038158 st si de 202. The thin film 226 can HA/MEWGHIWST
directly over the areas of the mcro-vias 216, 218, respectively, to
formelectricgl contact, between the t%ﬁ si des of the_ sem conductor

waf er 200. ThE'eJBRR Rerabrane oppdRuspdfat atherrapphigations asovilladios cxample, the
first-side thin nmetal film226 to formthe_ through-wafer connections
228, 230metal membiape gan bejused 9apasyrpBiedwERetity 6ha pedkage thitrhopsssgimitio m
226 may be deposited on the first side of the wafer and the thin
menbr anesonRRoent 3pch asan obkcal demisee degrd-wagnetic deyos ichérmigaltdaeice, minroret al
film224 on the second side of the wafer. 15Upon conpl etion of the

f or egoi ngedhhniozigleviea fneicrordtaioicziahicahsystert MEMEY desfogroe snicray be f or med
on one or both sides of the sem conductor wafer by additional etch

and sdepogptédl@osiceRpgichsypeaV MEBEME Pdeviocamptier deli®@ahdticGathins tiny,
i nterconnects and sol der pads. Al t hough the foregoing

t echni quekrdsSAd debiQossHedcIehes. NG dnk cRamplElBM R irf tﬁ@Qﬂa?E'%fﬁfl—:de to
formmcro-vias and etching fromthe other side to formlarger

cavi ti eSheal rﬂerlgﬂ%%e AR ﬁs‘?ﬁg’t AL pPoEbmYRE, efhe RS % Wsatobe

etched fromonly one side of the 'water. For exanple,”"Targe cavities
the vay (i aisiie e ELAR ARd e ik Tl Bl R T o0
ot ch- st oMt AP S o B O S P He e el e oSV see
Foriot her - appieiseAbe Belehaps oRlsriab i L {leM e et THeRBMEHS an
T

chem cal devjce, mcro-mechanical device, mcro-electronmechanica
system (fm:l_qw;pn @Ecanaeitiyg, ipgustivs: or other structures. For example, the etch stop layer

can be removed only partially (or not at all) to form a through-wafer capacitive structure.
Referring back to FIG. 2E, a thin metal film 224 is illustrated as having been deposited on

15 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

20 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.
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5 optoel ectronmechani cal system (MOEMS) device or other device that
contains tiny, mcron and sub-mcron-sized el enents. In one exanple,
changes i nWOH808138158 of the netal nenbrane are sensed UXITAG2MA004084
optical profilometer. The changes are used to determne the relative

pressure and/or .the l.eak rate in. a seal ed encl osure fornmed by

attachi ng theln\ﬁgTeéfmI(]We'B%{[}Ot"S’c?ftﬂi"H‘éetad‘Feé?dl?m‘?eol“”tgi HW'E‘,’VLEfter di ci ng)
to another substrate. . 10 Additionally, although one application of
the t hi nMETORDSLSPS C3YR PAEIREY nferm @ deyiFe sush ath BAUGET i SORIwaf er

el ectrical interconnections, other_applications include formation of
capaci t i wevablerutlevere FHFS.dihbrough A dlusfrats anesemplg ferghlaicatingaret ch st op
| ayer can be renoved only partially (or not at all) to forma

t hr ough-ndficter or apssad caritievesstrugtirair Bhe fRedess intlndestfaiation ofh thin 3. a t hin
metal film224 is illustrated as having been deposited on 15 one

si de of sacsficialoomsiraicoFIGal Blustrateswhtiop kicthifranreabplanés m220 can?ibReof
etch stop material (e.g., Si02) are fornmed. Instead of renoving the

t hi n nerndafuaies3 BAQ FIR 3211 (dtutds laltois tiedtofdn bxuntpléof sdRpductdrg28Bi n net al
film 226 can be deposited directly on the thick oxide 219 | ayer and

on the thin mydbARIESFRLAA, 2 ddnitthdubloMwaies SPRmLiubi¥en Sist 48d 3028ind a
Exanpl e of such through-vvafer capacitive structures are illustrated

in FIG aGi i c iNpyoxi de
| Dyer psRcoRIeRRA G i af e S L0l e R SO oot ) O O

T A S AT PR PR A
Sou < S S ORERPLb B B PR BOE e
fabri d i ingl e-si.ded o h

B S R s B K e

i nterconnections, can be patterned to forma deyvice such as an

i nduct or™V{ter gecondaiiqe) 304y Tﬁe%wféh Sian{ayreRenbrape &3 alsonextends aggassAie
illustrate an exanple for fabricating an inductor or netal cantilever
st r uct urbsttomips thercarids30G. ncl udes formation of a thin Si02 5sacrificial
menbrane. FIG 5 illustrates a top view of an exanple of a netal
cantil ever stNeutrailks@Rghin HGGIB.G klatively tagékermak opdajipe progéss an

exanpl e of an inductor 328B. As shown in FIG 4A a

sens condedbonedia fiam BEG oixilellaydess’ 18 oversgiosd wWikerdificanid peessec¥hel si de
304. Etch nmask and etch stop layers 310 (e.g., layers of Si02 and/or

Si 3N4)  aixeladepmdidse dhaund bodulifiGerdigdomOsd, thatQke @fulfiicoMéd layers artchra
cavity 306 is etched through the 10wafer 300. If Si 3N4 was used as

t he et chhigR&gkhdnali€hin mbmb&né RYEAVAT exibh8iSg adossthabdtiogd of thdkdvityBOHr ane
312 formed of the etch stop layer 310 renmins on the surface of the

vaf er’ s second| gl e 1R ermhNExiliftion g%dé&, L ARiVAY R ABRNINATS4342 al so
extends across the bottom of the cavity 306.
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.
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Next, as illustrated in FIG 4B, a relatively long thernmal oxidation
process is 15performed to formthick oxide |layers 319 over regions
where sil i WOrR0980388sent . The oxi dati on process shoul d E/IB2007/004084
sufficiently | ong so that the resulting oxide |ayers 319 are thicker

than the thi ne | ext endi. n he to the
vty 506 RUPTORERGT R TEn4F G Pk T ﬁe@géoma?ﬁecaw

thin metal film 324 is depo ted on one _sji de of t he waf er the
second s PaLeragiRioThe %neevaredsltwéurﬁﬁil ?G@%?ﬁf@atﬁ%ﬁgﬁasnBTQZ t hen
is renoved, for. _exa a HF etching process. The thicker regions
of oxi dendaater3REB, nEéS ﬁlétln@éGd@ﬂmg geman thearetellizasion patters Areidesisied
can remain and serve as isolation layers. Athin nmetal film 326 then
i s deposhn¥d. dhemetdikizatipn 828 sithiebasom dfehaweivdy canghe pttemmnd,ifor ¢a@pled D,
The metal film 326 deposited over the first side of the wafer extends
al onng t heirgj sthedadighdpodphp andfvet dieh teehnidugs. 306 metallization alangtthe sidesfiown
in FIG 4E, the netallization 328 at the bottomof the cavity 306 can

be pat t eh@iedityG0b sermsas camductieyliies drogt thel appee eurBid8Af ths walferasthichat i n
FIG 5, or an inductor 328B, such as that in FIG 6. Open gaps in the

met al | | zahtileterpitheiue 3T bdamididrizegrby 330. The netal lization 328 at
the bottom of the cavity can be patterned, for exanple, 5using

standard |1 t hoghanhinarkt 16, £ thod@UBNIas ve Tha G4l Lifgld on al ong

the sides of the cavity 306 serves as conductive lines tfromthe upper

surface eq’éctrw%ﬁmw edtdnd tﬁ?o@ﬁ Etﬁé(g?e\/@k%ﬁﬁét[c%é %43 ?Eﬁé?’énﬁéongﬂg&c tor

328B. e te nlques 0 rough I'so canh be used to

f or fy mul tz!thtJ eFo? a,\?ip)lé %ﬁ eg% trﬁnﬁtcttt n%e{afﬁ{ hg ﬁ? gve_r ﬂ'ﬁ%r&%lage r%‘ tl%e

non-her Bt e Vi & after
deposit I\Qa’%ert Qse sh%@n?n Efé %lD the metgl%zatlon%54 ?Bg can es Itnattsélmdes tc? I”orm tﬁrough—

wafer electrical interconnections 332, as shown in FIG. 7A. The metallization 324, 326 at
the bottom of the cavity can be patterned, for example, using standard lithography and
wet etch techniques. A top view of the via 334 and through-wafer interconnections 332
15 of FIG. 7A is shown in FIG. 7B.
The techniques of FIGS. 4A through 4C also can be used to form multiple
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
dielectric membrane 312, as illustrated in FIG. 4C, the thin dielectric membrane is etched
20 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 arca 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
25 the dielectric membrane 312, but before depositing the metal film 326. That figure shows
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wafer, as shown in FIG 4D, the nmetallization 324, 326 can be
patterned to formthrough-wafer electrical interconnections 332, as
shown i n FVG20BA38TFHe netal |ization 324, 326 at the botRGIMBIO7TOHESS
cavity can be patterned, for exanple, using standard |ithography and

wet etch,techni.ques.., At view of the via 334 and t ugh- waf er

ot or conb TN L Basonheselettivdl pehStdltiRetmemrang a1 4 Expoce,
techni ques .of EIGS. 4A through 4C al so can be used to formnultiple
el ect ri RItieN§EfesrAwbtinemstat Bivdrth a single hernmetic via in the

sem conductor wafer. After depositing the thin netal film 324 over
one side of tMerfapasiingshehienetaem Hionthgimetadlizatipe 32b 386 irnattgned as
illustrated in FIG 4C, the thin dielectric nenbrane is etched

20sel ectusing standindrlighagaphy lked el eell tethmimics, an sleotn iokEGall andthb&pf or nmed,
and a thin nmetal film326 is deposited over the first side of the
waf er, adewhbRIG. 9B. FHoGexdbdple, Theamerel fills 3241326 naiBBbctciedifiven both sidesofde
contacts the netallization 324 on the second side in the area where
the di eltaeivifce todimae aRgcputac WREtricildhefoficli@isB4e] €aé fnt@adnncctions 340

i nt erconnections 340 through a hernetic via. FIG 9A is a top view of

the semgoaduataly ivRded gtk agfhgct i vel y etching 25the dielectric
menbrane 312, but before depositing the netal film 326. That figure

shows the r LN ] ' etched dielectric
ey ane 312 e B e B e retal 111 m 324,
After depositing the thin netal film 326, the netallization 324, 326
is patterned using standard |ithography and wet etch techni ques, as
shown in FIG 8B and the top 5 view of FIG 9B. For exanple, the
metal filnms 324, 326 can be etched fromboth sides of the wafer to
define the separate electrical interconnections 340. The

i nterconnections 340 are electrically isolated from one another.

Q her inplenentations are within the scope of the clains.
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What is clained is: 1. A nethod of providing through-wafer

I nterconnections in a sem conductor wafer having first and second
sides, the nethod conprising: etching the second side of the wafer to
formone or nore mcro-vias; providing an etch stop | ayer over the
second side, wherein the etch stop |layer covers surfaces in the one
or nore mcro-vias; etching the first side of the wafer to forma
cavity in the wafer to a depth that exposes portions of the etch,
stop layer on the Wikitdgekimkdtife one or nore nicro-vias; depositing
netal | i zati on over]osanetholhsf frovidingnbrcaghowdfesiintescainachensaf er ;

subsequent Iy renpyhRgnfieGhARSoLvaflehAHAS fibOfhd 8@Ind' 68 aheas
corresponding to r(fghne&@} > .0r nore nfcrovias were etched; and
g

depositing netal e agé t her, one.of the first and second
sides of the waferct€Bmshibe seran gﬂ?f@?ﬂ"ﬁﬁ”&@dﬁ%@t% BB ™he first
side is in contact wvi¢rotvigs;metal | i zati on deposited over the second
side to formthe :Aﬁmmdl@ilng\mfach stupelngenoeatthesscom sideasherem

correspondi ng to whegg dihe s&ﬁﬁls@fer Rk Ers"hiffateY iasheRiiR &t aled. 2.
:el:N t Re sem conductor wafer conprises

The nethod of clai m, -&ng‘h z; (
silicon, and t rgogétgﬁiqsg O £ 2SI SPRld §5%:h fo585) cB0RySh k! con
wafer to a depth that exposes portions of the etch stop
layer on the surfaces of the one or more micro-vias;
depositing metallization over one of the first and second
sides of the wafer;
subsequently removing regions of the etch stop layer from
areas corresponding to where the one or more micro-
vias were ctched; and

depositing metallization over the other one of the first and

second sides of the wafer so that the metallization depos-
ited 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.

4. The method of ¢claim 1 wherein a dimension of the cavity
is larger than a corresponding dimension of each of the one or
more micro-vias.

5. The method of claini 1 wherein the first side of the water
is etched to a depth so as to expose thin membranes of the etch
stop layer in the cavity.

6. The method of claim 1 including etching the first side of
the wafer such that a sum of the depth of the cavity and an
average depth of the one or more micro-vias exceeds the total
thickness of the wafer.
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3. The method of claim 1l wherein the sem conductor wafer conprises
silicon, and wherein providing an etch stop layer includes thermally
growi ng a silicon dioxide |ayer. 4. The nmethod of claim 1l wherein
a dinmension of the cavity is larger than a correspondi ng di nensi on of
each of the one or nore mcro-vias. 5. The method of claiml
wherein the first side of the wafer is etched to a depth so as to
expose thin nenbranes of the etch stop layer in the cavity. 6. The
met hod of claim1 includin? etching the first side of the wafer such
that a sum of the depts meethpdelciaim § inglyding providigg ategolation t he one
or nore nicro-vi dayecseestatades of thedenticbondneeswalertprortatiepos- 7.
The method of cl dfing métalizadon@ver dyd ehegidervfitiekaifeen | ayer over

surfaces of the seg ?ﬁ@%@ﬂl@& O‘P%flz‘ﬁgn prii arudh%.deposi ting netallization
Serec el s oA sl R S AR U2,
sel ectively grown . sides o
the wafer after etch SPE 1@?’2%*@?8@“@#“&“@@V&‘f%fleﬁ’ﬁtli%YV'ﬁerhe
cavity, such that poto fayms tag cavigy,etveh @abportayms of dmaiichestppsed i n
the cavity, and wherlayer tremafihiexbosss infthe hewvity] dadl whereih sther eat er
than the thickness ofhi¢fiRs§bfthesbMBellNg"s F?é}ﬁef”tﬁﬁﬁ iSRS NY

regions of the etch i usf"-ng an etchant that etches
both the etch stopwh%;@fg ég%@{ol?el'agkﬂdﬁﬁ 9. .The .ma]t hod of

Xi’de layer. :
claim 8 incl udi ng SR ITPPOY R SR OB 8 Jis glsty QR dayer iggludee et hod
of claim8 wherein tWangangchaaythatietchas hoslashe eteheeon layesand t hi ck
as the etch stop | aythe.oxide layer.
: 9. The method of claim 8 including thermally growing the
oxide layer.
10. The method of claim 8 wherein the oxide layer is at
least three times as thick as the etch stop layer.
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