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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 scaled 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-clectronic 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 ectroplating techniques to formthe feed-through netallization can
be expensi ve. The present i nvention can obviate the need for
such a buried etc not

ui re use. of
el ect ropt 41 5. t%'%%w‘se G B o BBl FIPE R HEFURIEat i on.
SUMVARY 1L Accor g to. an aspect of the present I nvention,
fabri cat PERLEINGAE §ﬁ REQFEF- i nt er connections include formation of a
sacrificial nmenbrane. For, exanp one nethod of providing
t hr ough- waf er Therreseaigpyragion aﬁgohvrrt%fhzegwéewh adubed glgh étpp layer ydes
formng a sacrificial nmenbrane in a pre-existing sem conductor wafer,
deposi t i #gs petraquifese pbelcdtpplatipg éechigecsde fqrhﬂéhw\gﬁéﬁhfgugmetﬁlbzﬁmer
exposed portions of the sacrificial nenbrane facing the one side of
t he swaf 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 a8UMMARYtact the previously
15deposited metal lization. In sone inplenmentations, the sacrificial
menbrane is sAdcofiM): @ia@%bgtet EthSprebenOihveition] flBrication 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 metaliization 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 ong side of the

25 wafer and subsequently removing regions of the etch stop layer from areas corresponding
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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 sides. The 20net hod includes etching one or nore mcro-vias in
t he second side of the wafer and providing an etch stop | ayer over
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i ncl udes depositing netallization over one side of the 25wafer and
subsequentrllizatiapslepositcd ayir dhisseaend side tademm the gpoyhywsfer intsrsoapecsiens
corresponding to where the mcro-vias were etched. Metallization is
deposi t eid agnpe porrgsponstingelp veiegethe mierhreriasaees etefiedt hat t he netal | i zati on
deposited over the first side is in contact with the netallization
depdsi t ed ovédn otliteirgdcoerdatgingdght cavitycan bdaclick o thg firstafderof the wafer

i nterconnections in areas corresponding to where the mcro-vias were
et ched. Uxforc otchiag thafploesveiat aithosRond $ide, CBhus] fir Gamplie agtctieidior N t he
first side of the wafer before etching the mcro-vias in the second
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i nterconnections in a sem conductor wafer, which has first and second

si des, cRBordfdeydan alchllicREnoGAMVEY in tRe HiRiEsilld §5the ShRE PEviling alRER! |
provi ding an etch stop | ayer over the first side of the wafer,

t
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subsequen
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that theé RS PYFLPF > subscquently, regions p lay
be removed from areas corresponding to where the one or more micro-vias were ctched.
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.



15 deposited over the first side is in contact with the netallization
deposited over the second side to formthe through-wafer

i nterconnections in areas corresponding to where the one or nore

m cro-vias were etched. Al t hough the foregoing techniques use
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nmet al menbrane al so can be used to form capacitive and ot her
structures, such as thin nenbrane i nductors and cantil ever

structures. O BRIEFRESCRIBITAN OHEUERBRYYINGS| | be appar ent
fromthe follow ng detail ed description, the acconmpanyi ng draw ngs
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illustrate an inplenentation of a doubl e-sided etch process for
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di el ectric nmenbrane. FIG 2A through 2F illustrate another
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t hrough-wafer interconnections using a thin sacrificial dielectric
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process for form ng through- wafer capacitive interconnections using

a thin d,ghgskdi c menbrane.

10 FIG. 3 illustrates an example of a double-sided etch process for forming through-
wafer capacitive interconnections using a thin diclectric membrane.

F1GS. 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 8B.



FIGS. 4A through 4E illustrate an inplenmentati on of a single-sided
etch process for formng a netal cantilever structure or inductor

using a thin sacrificial dielectric nenbrane. 15FIG 5 illustrates a
top view of a nmetal cantilever structure according to the process of
FI GS. 4A through 4E. FIG 6 illustrates a top view of an

I nductor according to the process of FIGS. 4A through 4E

FIG 7A illustrates an examlﬂ E%#%@*ﬁ)ﬁé ctrical
i nt erconnections forned 20t ning in a sem conductor

waf er . FIG 7B illustrates a top.view of the through-wafer
i nt er connect i Biptegsmtations arg disclpseddhat gncludedlopleisided and pge-sideghstchipg a
process for formng nultiple electrical interconnections through a
si ngl e Heehwiqucs perfaimed on a semiconductor et toogefma dp@Bdswhest thepmgh-tagifer
views of the electrical interconnections associated 25with the
process métalfiz@®n cgocnud BRI 1ADEDALL HDi DESERrPTaOile of an implementation
| npl enent ati ons are di scl osed that include doubl e-sided and
si ngl e- sfotle thraighhiafer ineedoniat pocee bfiog Adduldnsides athiag edhider whag er to
define openings where through-wafer 5Snetallization can occur. FIG IA
t hr ough vifs dré bidbddriati@erditoRNREIR MR fl 0@ Pribr P keimBlcatitieN In FIG. 1A,
semiconductor wafer 100 includes a first side 102 and a second side 104, Micro-vias
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 ctched in potassium
hydroxide (KOH).

FIG. 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 (SisN4). 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,



for a through-wafer interconnect process using a double-sided etching
techni que where vias are etched in a sem conductor wafer 100 prior to
etching cavities. In FIG 1A sem conductor wafer 100 includes a
first side 102 and a second side 104. Mcro-vias 106, 108, with

bottons 107, . AR gtgh fasP ﬁ&%ﬂ I"l?li%/_t’(l)e@gggéd%ﬁ 1 s%g(gﬁil sﬁ% d]tdggnpf)' tﬁ}‘l ?s%r%gcoﬁh&?orlod'
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ani sot ro‘glaiga%rﬁ/ovee %c?%eecf hisﬁ()pga eéé%‘?ﬁﬁ%%%f&%?ﬂ@(@( kg_ﬁa_n also be COE‘P%?eralA
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di fferent shapes, for exanple, 1l5squares or_rectangles. Al so, the
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m cro-vias may be etched. The nunber of mcro-vias and their shape
can %he deEEPIE HEgichingsk daysirpl 2ecan by semipend sbsilieamduide drat sidepositad
processing conditions as well as circuit connectivity requirenents.
Next, i rusHig@ lowRressnrcetheiicsi-vgpot-dgmmsitibl (LRGVReposéssed on t he et ched
second side 20104 of the sem conductor wafer 100. The etch stop |ayer
110 may be coipase showmin RiGaRlaa ctohfmask ldyeohl 4ds depodided du B2 Firsasidé or
silicon nitride (Si3N4). A silicon dioxide |ayer can be grown, for

exanpl e, 102s9ffig: samidoadindr vaxt i@l The PR &RSISlaydi 113 dehRdsBRbnifd fdAéHAON
process is used, then the etch stop |layer nmaterial nay cover both

si des ofrirhte Wafi®ds that REbsehch P BreFh e 4R tHe FHQ iR 199 o€ 8RR vaLVe as an
i solation or passivation layer for the 25sem conduct or wafer 100.
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sem conduct or wafer 100 over t op 'l ayer e etch mask

layer 112 can ﬁ#z%@t&geﬁ&gsﬁa&c%&%?{mob Ofs iEXRRY 2] i e AR gl pxi de
e. e same layéer conpositi

and/or silicon nitri on’i's’'not "necessarily
1550 LonelBhueLil SR DBLRAR RS LR B Bk o,
nitride r%trc]naotwiiass 1(%? %?I (tleg/?ty 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. IC, 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



using a | ow pressure-chem cal -vapor-deposition (LPCVD) process.

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 nmask | ayer
114 defines openings for one or nore cavities that subsequently are
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102 of thgkﬁgqgconductor wafer 100, as illustrated in FIG 1C The
etch tecﬁﬁiqdﬁ Used to formthe cavity 116 may be the same techni que
as was used to rmthe m.cro-vias 106, 108. Cavjty 116 can be etched
to a predefi nlé‘d:fl‘geﬂ% ’HE%%?D’P?P#?‘“?W ‘ﬁai%f’éﬁ%léﬂ’é@zg‘gdn a)éf’éafi“%lﬁﬂY 15 tHe t he
areas defined by the mcro-vias 106, 108 15 respectively. The thin
menbr ane¥miggductormwaferol 0045 permpassd etiliGen: the paide syer asa beREN s {dp | ayer
110. In this exanple, the etched cavity 116 is larger than the

m créo- vi @empigusipgla thegnal oxidation proedse Thipk watons tad. o208 mowef pridel 8 1C,
the sumof the etch depths for the cavity 116 and each of the

m cr o- vi @g.. 508;) cadBe foxrmedds thelsdicowsahictttuctknesfsr afrfathé.gdnmacegicuct or
20waf er so that the bottom of the cavity 116 extends beyond the

bot t om 1WHere 3i€oroif ptebent)ri RelaivelyabinkO@&onsl@g,, 40& amneof dxidd (e.2.,8iPOr ti on
of each thin nenbrane 120, 122 is, therefore, exposed within the

cavity lidfainlihercal WhcrdBsle lsayeiBod 1Ror ekdiple "B @bragesI00,] 12ReM theFor
exanple, if the etch mask layers 112, 114 are conposed of silicon

nitride,ctéh i§ARYEME0 kQRaifICME BRad FreBbudly AGRRE bY Rk RRrdiSiEd 1066, 9B 1 P
the layers. I'n sone inplenentations, a wet etcth process using

phogphorig.agi.f, can be used to strip the etch mask layers. In FIG
| D, the sem coriductor wafer 100 is oxidized. In an exanple where the

o condct on e SBTRES AL e A5l o
regi ons sﬁﬁ:’ D of gl*l%os(e)m?c%dl%or%aifeq‘el 06.1 %he 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 film 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., 400 nm of oxide (e.g., Si02) remain in areas where there i s
no silicon. For exanple, thin menbranes 120, 122 of the etch stop

| ayer 110 r LNt r reviaously defi.ned by the mcro-vias,
rob. " 108 e T eRalPbdf 2150 % RARElBhRateolBH (Bl o FERPTE 3
thin nmetal .film 124 is._deposited.pon the 0 side 104 of the .
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120, 122 to form nmetal nenbranes 132, 134, respectively. For exanple,
a thin forR %1@ toiparing ghefhrough-yvafsr spygicaticns 4 96,465 1hthe g3 wheredhoy a
physi cal vapor deposition (PVD) or 150t her process. The

por t i onsmiro-vige 19thand 198 peevagisly warodefid. (i . e., etch stop material)
that are exposed within the cavity 116 then can be renoved. For
exarfpl e, a hyldrohlterorte emplemdntoidm) a idus ewttad fibh 430 camebe depositsé dn the firgnove
t hose portions of the etch stop naterial. As the oxide 118 on the

si | i con 40102sant! thectkimrmérhianandsie0t B2 ranboizhanedbdf@,a thiddnetilHemevgased
20portions of the thin nenbranes 120, 122 can be etched away, with

sone oxi diposited oh EteetoriigidaVIen of tie seaioadft@ivaldraosi | i con 100 to
provide electrical isolation. Because of the presence of the thicker
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etching of the etch-stop | ayer nenbranes 120, 122. Next ,

as i | I usgsmatiatrdondck frockss msiﬂég;&ggbl i frr]i@él etfcﬁihg}e%ﬁ%qﬁ%%g Qzﬁjitrie%gmré) ver

the first side 25102 of the The thin can be deposited

di tl : ' . : : 2 4t
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126, 128 in th t h 1 CI.O-Vi 106 and 108 ' I
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can be deposited on the first side 102 and the thin nenbranes 120,

122 can be r &RbFEENkthsssmicondygioreten 200iman beasilicen yefssiThegavdy t he

second sjde 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 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

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 where cavities are etched in the sem conductor wafer 200

prior to etching mcro- vias As illustrated in FIG. 2A, sem conduct or
wafer 200 in f 202 i de 20 vities
(oo 2oavi e eicrhem et %X%'PPQ?FH’SP ol aonc?fs"h%@ Fot
senlconducto ﬁ h Eor exa e senl ctor wafer
200 may BETR legi 18%“‘\/%‘35’0 Mk lRyst ey 6%30 tﬁ@g@fl Progess.

pre-defined depth formng a thin silicon menbrane, 2 ., 20 15um
in the silicdmPsREIEFan rs&%hﬂ%tﬁwdéf%theéwﬂ axﬂégoﬂcawhﬁéenagwuﬁar Patem
the cavity 206. For exanple, the cavity 206 can be etched

ani sot r offi0ctaKiping micpovias G2 6 ylissrtceimicro-vias 216,218 tat arzBormredet ch st op
| ayer 210 is deposited on the etched first side 202 of the
semnisconduprete thapreyiopdp-forfied laparivagityn}Dol dhemi@doviasedl 64 Scenpestebid f or
exanple, of a thermally grown silicon dioxide and/or silicon nitride
| ayer. Tibitls: S¢H steolayeti2di dkinl mayrelira2Qr2ay, 2P sonseiny of the cachdtopl legt 2IC

| ayer. Also, as illustrated in FIG 2B, an etch mask | ayer 212

can be dagakd dteitmesk hje 212 redtaibindie 203 RtwdchehsaRite oowluRlthe mi@ber 100
over the etch stop |ayer 210. The etch mask | ayer 212 al so can be

conposed;iff21%] 215 oheGtcMiéMBiqad Héelto aehtwmnm&mwﬁa){ bOmea¥%aEPl €. The
sanme | ayer conp05|t|on is not necessarily used he etch stop

| ayer ZJthh"i\ ub%a%ﬁge&%ffeﬁnm%aﬁhs@ mask layer 212. - Next, an
etch nask I a 4 may also be deposited on the second S|de 204. For

e @géawﬁ%s;rh IS b MR gREE e 18 o
the Semlﬁl?s?l% e(s: 95 p%%me -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.



200 to define mcro-vias. FIG 2C illustrates mcro-vias 216, 218
that are fornmed 5opposite the previously-fornmed |arger cavity 206.
The mcro-vias 216, 218 can be etched to the etch stop |ayer 210.
Thin menbranes 217, 219 consisting of the etch stop layer 210 and the

etch mask | as)&%%é% é‘igf@%ﬁé{hg tﬁlﬁ%{ Fihs 9% %fg t @?ch%%wntlﬁefrha 6£1r€c?1 nd

the mcrovia etc nlque gsed % 5 Crek

m cro-vi as e the sa hni que t hat sed to

ot 41 es ot e GRS TR G oo e e BEmp SR DERp R
gquantities. | lustrate r.am d- shaped nlcro vi as, 216,
218. In ?ﬁ’oﬁ?ﬁ*}e l:d;itl‘?yﬁﬁil 9% on e refpes qfsiicanig provide

m cro-vi as may, be etched and they may have_a rectangul ar or_ ot her
shape. Nsatricah iolafipmnBesauss ocﬁthezmeseﬂwfébecqhmhﬁrsq&%%lg pyerthosilicyagy e
stripped. For 15 exanple, reactive ion etching (ME) may be used to
strisp a sspirpigetchnnaskiistiot eaquivedriwiag repeval offthe ctedrstapdmctn oteorbranas 820,200
then can be oxidized in a thermal oxidation process to form

rel ativel22. t hi ck regi ons of oxide 219, 221 on both sides of the

sem conduct or wafer 200. Thin nmenbranes 220, 222 consisting of the
etch stop | ayxt,24Binmest#lifiimlPR 6 iedpoiited ot ahw firyt 2QB0ANA h kien G LS Vi as
216, 218, respectively. The oxide |ayers 219, 221 are grown to a

20t hi cknas $e geRRitQl ditdap ovdiale @éastol theTRITRL-ARES 622(8, re%ge%uvely, to fortn t hi N
metal film224 is deposited on the second side 204 of the

sem condy&tdal MRt bdABen @S tid dilstdr ﬁ{ees@nﬁdangﬁc%r vidfer 2008 ThObdloh® tuﬁ{:

film 224 should extend along the sides of the mcro-vias and shoul d

covgr thﬁl n?ﬂﬁ@ﬁ%ﬂ ctza@ ﬁrﬁ%gde tﬁg&%ﬁﬁmlﬁ 1R ol el Mdugmtaféfopper

(e.qg., eposite or ot er process
shomn_lq?ﬁhéﬁm&g§2§ _thln nenbranes 220, 222 (i.e., etch stop
material) are renoved. For exanpl e, a HF et ching process may be used

t th t hi nr 20, 2 hi de | 219
o Ton on b alor i BhASER o w8 Bt peby BT 2% Bhe B bRt R EUREL 1 on.
S LI AR R RS Bt 95?%8%414?@%{ e ot op

| ayer menbranes 220, 222,
depositing the thin metal film 224 on the second side of the wafer.

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., Si0O;) 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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Next, a thin netal film226 is deposited on the first side 202. The
thin film 226 can be deposited directly over the areas of the

m cro-vias 216, 218, respectively, to formelectrical contact between
the two sides of the sem conductor wafer 200. The second-side 10t hin

metal film 22 eciﬂé}hafﬁ&ﬁb&&ecafnib%ggédségggtpéﬂpﬂﬁégﬁ%ﬁé asdIMPRE 8k %ﬁ;lé,%em

t he t hrough-wafer connections n an alterna

i npl enen jon,. .the thin al fil 26 be deposited on the first
sihe or Thal Blrngelr kSl heanion ettty 375 53RAE hithcRing igro
prior to depositi t he t.hin net film224 on the second. side of the
waf er . 1%5?5%&6‘88 aétai“&?%‘%aﬂ g‘f‘ﬂ‘é"'* ?%F‘é‘ﬁlﬂ‘ia%et? AFB6g s RIcedevice, micro-

netal lization, tal structures may be forped on one or both sides of
the seni BeHAUCRSICViRGBICTOS cclipgeshasical systerMEMS Hdsyiesiof MBFOst eps t o
provide, for exanple, electrical interconnects and sol der pads.

Al t Bougherterdectigpsefisinirgl ysierH MY Shidevigaipther deviredhattcentring tiny,. e. |
etching fromone side to formmcro-vias and etching fromthe other

si de t o mron dndsyemicanisizcésyments Omorramppl dhenges onthe stimpoafthewaf er
openi ngs can be etched fromonly one side of the wafer. For exanple,

| ar ge cawmetkl resmiorane e setsedveddnd srooptiosiersfildmctee . Dhe, chtufyes bitenséd ®i de) of
the wafer all the way through to the second side of the wafer with an
et ch- st ofetdr@irg. the Blddi} pledyies ardiortitesteaaiid ast4led enthgule\ie i bl
depositions and etch-stop nenbrane renoval can be perforned as

di scuss eedtaéljﬁﬁ)%ﬂie (@R (bl St ofdift WATEO Bt Rx 4fh 10 SdfeWlicin ? to anotherduBstPRd al

menbrane can be used for other applications as well. For exanple, the

met@al nmenbra : LGl : e

Thar houses. o BRalty sNRGRbRe THARHLS vk B ABHG Yo QrocrRRE R

el ectro- i j I Ga ice. m - o evi ce,
SREIRLIo? Hﬁi&}@hg»?aferca&?C?ﬁq&?ﬁ@%h%@@ﬁ?gﬁ%? afRERRS G

m ;:rol- el ectronec anitcal sys i t e hat
(0] oel e [ n L, - St e VI C or o er V] ce a

C(Em o nﬁf?vﬁi%?,ﬁ @ﬁ@%@h@ﬁfﬁ#ﬂéﬁ%@f%&e& %G?%fssd eqfsﬁ%m”satgﬁ T8 B e,
changcs I n e S e o e ne ane are  sense usli.n an
Shangcy &b ot Mued iy Paalg (st T B hana (R T T s R SRR | ve

pressur nd/ o he kK rate in seal ed _encl gsure formed by,
at t achi ﬁ’ge??rﬁeg beidp Fk@'?QEpért in gfocel il aed Brllugfed g B#pnsebeenrerdsited & ng)
to anot her substrate. 10 Additionally, although one application of
t hef5t hi rPnesieln 0§ spnicepduetopwalst Binwhicks thirpmembranes 326n2% oftekphsitaph- waf er
el ectrical interconnections, other applications include formation of
capaci t inpaderial faigic$iOgbare formefe Instopd ofttemowing thikathingremiphess 220,228t(eh st op
| ayer can be renoved only partially (or not at all) to forma
t hr ough-ilkestrated capPHE i2F), \tlee thtormoatalufilel 22Rehe be depgsivaickiretity & BGe ti2Ek oxddd hi n
metal filmz224 is illustrated as having been deposited on

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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15 one side of a sem conductor wafer in which thin nmenbranes 220, 222
of etch stop material (e.g., Si02) are fornmed. Instead of renoving
the thin nmenbranes 220, 222 (as illustrated in FIG 2F), the thin
metal film 226 can be deposited directly on the thick oxide 219 | ayer

and on the thinrbtﬁgﬁg@gﬁg& Al o GFEmbAL H AR GARAfOLLY G T UCT LT €

Exanpl e of such vvg er capacitive structures are illustrated
in FIG he itive . 20.structures are cq sed of a thin oxide
| ayer 228“‘?%?““5@%%?%16% attsied %ot SR RNG 25 0 Ricipr {)eé%/’ecPE?%"m, 226
and are forned at. the ndar,y bet n the |arge cavi 206 and the
M cr o- vi ngaﬁ%‘fangﬁ‘?r‘ Eﬁ{}ﬁ&ﬂ%ﬂ%{?%ﬁ 4&%ﬁ%@£@6“ﬁﬁ%&@rﬁéﬁ%ﬁf‘?%@ uses a
doubl e-slléged et ch @rocg-;iss (to formthe large cavity. and the .

mi cr o- vi BEYctorpringty camilGyer atrucig o Ehg proessginclvdes foamationpt adiin §i0-
fabricated using a single-sided etch process. |n other _

i mpl%ementagKifigplgnerabragg. ?Flﬁeﬁ dlustretats Wwaaicwwhan cxpmply gha wetad eantilever

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

i nduct orstugtuge 3286 FIG. ilustmesisl tep giantdfler examplé-b R indiktarl328Bgh 4E
illustrate an exanple for fabricating an inductor or netal cantilever
structure. This fhoeodsBIG. A, adeasichuduwat mafer 600 mchudesn SisORdSIRomidfal ci al
menbrane. FIG 5 illustrates a top view of an exanple of a netal

cant i | evetorsl sideca0dr EtchdBlk afdl Gch 6top ldyustdnayes., Ryé&opr Si08\Wh@br SiON,)
exanpl e of an inductor 328B. As shown in FIG 4A a

seni condie Hegosie & bodPdésmob UERIS rahd Watet asd 48:va)3080Gthe8 2ONM B4 de
304. Etch mask and etch stop |layers 310 (e.g., layers of Si 02 and/or

Si 3j4) & ' : r
o) Sqgraent o, o, ot by e 0 20 b STl

the et CRiRRd @10 hhmddb BP0 Ferh ShEAN € LpIR bR BT aNe

312 forne e et stop layer rémai Ns on ace of the

wafer's seco e . lhe.thin etch stop.la nbrane 312 al so
oxt onds Tror et Thihit feh o8 i™sBRorRREST MBS ap B
FIG 4B, 0%( relfglie: veJr%/ é)sgng t hermal oxidation process is 15perforned
to formORPROTAG FY W% s 319 over regions where silicon is present.

The Next, as illustrated in FIG. 4B, a relatively long thermal oxidation process is

15 performed to form thick oxide layers 319 over regions where silicon is present. The
oxidation process should be sufficiently long so that the resulting oxide layers 319 are
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 ctching 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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oxi dation process should be sufficiently long so that the resulting
oxi de | ayers 319 are thicker than the thin nenbrane | ayer 312
extendi ng across the bottomof the cavity 306. Follow ng the thermal
oxi dation process, a relatively thin nmetal film 324 is deposited on
one side of t f , .S in. Fl :
The thin 20Ok$§%ﬂ%§&@¥éﬁgﬂgﬁgﬁpﬁ%ﬁﬁﬁgﬁggﬁggg)}aﬁgﬁﬁéﬁgﬁgﬂg?vﬁiﬂﬁphF
S .of 19.t ha e formed

hi T hi cker. i i d
oL e O BTG L S SBR B BASG R A S 51
oLt on | ayera, ALN D[R Lidm e Lhen L5 depostied ovec 4

deposited over the fjrst side of the wafer extends along t he sides
and bot t Bhti% Theanctallization 3g%at the bottom ofNas¢avity gansbrongiernsd Hpisxample, t he
metal lization 328 at the bottomof the cavity 306 can be patterned to
forr a cepng standaiddithagranhy nd eeBatgntechnigies.atha inetellization| apneShe sdesaf

i nductor 328B, such as that in FIG 6. Open gaps in the netallization
pat t er n the eavilgS0o sériveschslppnd@@bive His fropt the bprasirtive 82 Bicataftrhetieot t om of
the cavity can be patterned, for exanple, 5using standard |ithography
and wet @htikvéred ftnicoue328 AT eind®ital 28Bat i on al ong the sides of the
cavity 306 serves as conductive lines fromthe upper surface of the

waf cr to the TRnédhhRMEY EFISE! 4L tib @h32BAsOEani BABEE ©lfordBBltiple  The
techni ques of FIGS. 4A through 4D al so can be used to formnultiple

el ectri cadetiidal REGEHAES/IonS Mol aQitRk fonStengbi MM R HE dfcodRetad4 1 N
the sem conductor 10wafer. For exanple, after depositing the thin

metal filgeS34, eya%plé,faﬁ%%ﬁ%@ fle ﬂﬁ{l)nfemﬁmw oved eSOV dHufd G

413, the netallization , 326 can be patterned to form

..tTEre"ﬁS?;d A R R e S VR AR T
patterne

P21t el gy TR g 5SS BB 50 54 P
I nter Cor]c g gtio%lngf t g’ gav}tg %]:m {):EI: pG.atteI?Il%d,i or esxqglp ¢, Iusr}ng Lt%daZrF 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 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

25 the dielectric membrane 312, but before depositing the metal film 326. That figure shows
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The techniques of FIGS. 4A through 4C al so can be used to form
multiple electrical interconnections 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 illus 1 . 1 [l Leh . rang .| ed
20sel ect | \%Z%‘gg%hg? gllntgﬂseégree%:e{l]}&lngg}’@}Cﬂ%cgérhglg%tﬁgc e?@%egr] Za%%e@tgg or med,
and a thin.netal, fil.m 326 i jted over the first side of the
waf er, ORI ttllenunléf’raln%ﬂe§a+ﬁ§[?§édf'al lization 326 on the first side
contacts the tallization 324 op_th cond side ip the area where
the diel ect riggﬁgjlr%‘?f‘gﬁ’e% et metabilongas, s regplRradion a4 g is patiemed

i nterconnections 340 through a hernetic via. FIG 9A is a top view of
the sem &¥HdiRndard lithaessrhy ppd peterhicehniquey, assharmig F16: $i2 apd deaut ri ¢
menbrane 312, but before depositing the nmetal film 326. That figure
shows tYiew & FEG. b d'op exana shomerhilmsSRd c3%0wwen Ye eichdddiom bethsides vk
menbrane 312 and exposed portions of the underlying netal film 324.
Af t er detposiafar iyddfine thersicparate clktrical ime@26ncctibies 346t Tht intatemmnctRad 34826
is patterned using standard |ithography and wet etch techni ques, as
shown i rar&blectri8Blyandated &omame ansth@w of FI G 9B. For exanple, the
nmetal filns 324, 326 can be etched fromboth sides of the wafer to
define the seapasdhpleacattiohsat withindh€dpest thebaingd0. The

i nterconnections 340 are electrically isolated from one anot her.

O her inplenmentations are wthin the scope of the clains. Wat is
clainmed is:
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1. A nethod of providing through-wafer interconnections in a
sem conductor wafer having first and second sides, the method
conprising: etching the first side of the wafer to forma cavity;
provi ding an etch stop | ayer over the first side of the wafer,
wherein the etch stop | ayer covers surfaces in the cavity; etching
t he second side of the wafer to formone or nore mcro-vias such that
the one or nore mcro-vias reach the etch stop | ayer; depositing
metal i zation over ypg: Rfcitiged it st and second sides of the wafer;
subsequent |y renovisn reﬁi ocgs 0 't.aﬁ]rggtlch ts}faé] a%gr from areas
correspondi ng t o .weP e R GREPIIVigHEthapughswaler FISORBFGHANS and
deposi ti ng net al 1P 2atangisoBdeetor mealsr havingnférsband second sidesnidresecond
si des oft he waf emefbotdkampienget al | i zati on deposited over the first
side is in contact ewhli]hbﬂi”@ﬁf&tsﬁiééﬁ@b'&ﬁeﬂ%’%ﬁ%@a@ﬂg{ the second
S

side to formthe through-wafer.interconnections In_are

correspondi ng to wWiEP¥ %%ﬁ@l O GIYEr ﬁivérr@-e\ﬁfébgl%_péﬂﬁdﬁﬁ%&. 2.
The met hod of cl ai m Whareinghe etdhestep Hyeo novers snrfaaé¢sin thenpvitses
silicon, and the etenthisgale beysrl ddepfitbesvder tefsin 616 0Pinsid i con

di oxi de or silicon npfitdl@ias suc_ﬁ-t_hﬂ"ﬁle”&tlé‘Bgﬁ%reﬁh?érglﬁaé"’p&{cﬁi n the
sem conduct or waf er ﬁﬁé@rchlssf Fabjei'pon’ and erein providing an etch
er.nm " 0

stop layer include ng a silicqgn dioxide |ayer,. 4.
Theprret Kod of cl ai FEROHHERLNR!A l%ﬂvfm’r?é’%%'i"ﬁno%q 0?%@ Sxstiangd $e§¥3lnér ger
than a correspondi ngS@ﬁﬁ@ﬁéh%Wa&I’; each of the one or nore mcro-vias.
5. The nethod of chkabseqhentigramoviteregtmonst thi decioftop Neyerdf@n i s
etched such that theaRag @ird¥poadifiaCloOwhieAs L8R8 o fRE thisR-as to
expose thin nenbraneg;Q Jelienfbgaxior | ayer in the cavity.
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 formed.

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
1s larger than a corresponding dimension of each of the one or
more micro-vias.

5. The method of claim 1 wherein the second side of the
walfer is etched such that the one or more micro-vias reach a
depth so as to expose thin membranes of the etch stop layer in
the cavity.

6. The method of claim 1 including providing an isolation
layer over surfaces of the semiconductor wafer prior to depos-
iting metallization over the one side of the wafer.
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6. The nethod of claim1 including providing an isolation |ayer over
surfaces of the sem conductor wafer prior to depositing netallization
over the one side of the wafer. 7. The nmethod of claim1l

i ncludi ng: selectively providing an oxide | ayer over the first and
second sides of the wafer after formng the one or nore mcro-vias in
t he second side, such that portions of the etch stop |ayer remain
exposed in the cavity, and wherein the thickness of the oxide |ayer
is greater than the thickness of the etch stop |ayer; and wherein
removi ng regi ons ofl. the me¢tbhd stfepainayencludiigides usi ng an et chant
that etches both t beleeticdlygropidiny an oxide Ier exed@el B¥esind sec-8. The
method of claim 7 i nghadidg shaiawiakyy SRAMOMhBaNHC! BiGE. O
The nethod of claim r.uwheral r}l§t gsé)g(dfgf"' ayer Iti‘ L Least dhree tines
as thick as the et chidfigh Faydhe secomlsidrestch 8@13%1?“0 STt wherein
the seni conduct or waf%&f St PITERUN FRRRTEIIRHIGFRAE: MAWHRHRIRSI on of
the cavity is | argertherhickacsorr depxide Fyedingestesthaf thedbickof t he
one or nore nicro-vinsss offthe etah sthp lapamoaddsi de of the wafer is
etched such that théeeasa @ﬁldﬁﬁgrégiéﬁsjn‘f'ﬂ@éefcﬁaﬁbﬁ%ﬁﬁﬂhbhﬁﬁsas to

expose thin menbranegs;b ah@?cﬁl%ﬁlgtgha?te?&}éészr%ﬁﬁﬁ t];lé;e% %tcﬁ?‘l’ahrte}‘an&nd

wherei n the net hod fllll’tcﬁel’ es se ve g an oxi de

H 2 !: ( rovitdi
| ayer over the fi rgtggnd( Q% r?g sides, of the wafer_after, formng the
one or nore mcro-¥Yi 0

e methorboSelagng wichding thernpalht giooringdhe of the
etch stop |ayer p¥idgilayeskposed in the cavity and such that the
t hi ckness of the ofiTlee nayierd ¢ fclgine Atvelierehathetoxedd Riyekivendeast t he
etch stop |ayer. three ikacsdi@hiBK 40theQtcls sRIpMaflr.i ncl uding thermal ly
growi ng the oxide {@y¢fie method of claim 1 wherein the semiconductor
wafer comprises silicon and wherein a dimension of the cav-
ity is larger than a corresponding dimension of each of the one
Or more micro-vias,
wherein the second side of the wafer is etched such that the
one or more micro-vias reach a depth so as to expose thin
membranes of the etch stop layer in the cavity, and
wherein the method further includes selectively providing
an oxide layer over the first and second sides of the wafer
after forming the one or more micro-vias in the second
side, such that portions of the etch stop layer remain
exposed in the cavity and such that the thickness of the
oxide layer 1s greater than the thickness of the etch stop
layer,
11. The method of claim 10 including thermally growing
the oxide layer.
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