A METHOD OF PROCESSI NG A WAFER Cr oss- Reference To Rel ated Application
5[ 0001] This application clainms the benefit of priority of Singapore
patent application No. 201007953-1, filed 28 Cctober 2010, the
content of it being hereby incorporated by reference inits entirety
for all purposes. Technical Field 10 [0002] Various enbodi nents
relate to a nethod of processing a wafer. Background 15[0003] 3D

integration of die is an Y nol.ogy to nmeet future
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| ogi c. 20[ 0004] 3D interconnect technology can be inplenented as
either die-to-wafer or wafer- to-wafer and each approach has its
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sel ection of known good die priorpiq.thephgndi ng process is not
possi bl e, but a nuch higher throud%pui—canﬂge achi eved. [0005] Wafer
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of 3D int tion, as,if{. ma | | ow the interlayer distance to be
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interconnects. In bulk Si, wafer thinning may be chall engi ng as

Background

15 [0003] 3D integration of die is an attractive technology to meet future performance needs
of integrated circuits. Benefits can be realized in signal bandwidth and latency, power
consumption, form-factor, and cost. In addition, 3D technology may facilitate
heterogeneous integration, for example [II-V materials on silicon (Si) or memory on
logic.

20 [0004] 3D interconnect technology can be implemented as either die-to-wafer or wafer-
to-wafer and each approach has its benefits and limitations, For example, die-to-wafer
allows the use of known good die, which can result in yield enhancement of the final die
stack. However, die-to-wafer results in lower throughput, as each die needs to be aligned
and placed onto the wafer. This process can be especially slow if there are small dies or if

25 a high degree of alignment is required. In comparison, for wafer-to-wafer integration,
selection of known good die prior to the bonding process is not possible, but a much
higher throughput can be achieved.

[0005] Wafer thinning and back-side insulation is a necessary technology component of
3D integration, as it may allow the interlayer distance to be reduced, thereby allowing a
30 higher density of vertical interconnects. In bulk Si, wafer thinning may be challenging as

there is no natural etch stop. The final thickness may depend on the thinning process



there is no natural etch stop. The final thickness may depend on the
t hi nni ng process control capabilities and may be |imted by the

t hi ckness uniformty specifications of the Si renoval process. [0006]
Mor eover, the properties of back-side insulation |ayer affect the
inter-layer performance for chip-to-wafer or wafer-to-wafer
integration. Wth the inter-layer distance 5being decreased, either
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have i nt efifrag6vd $oies. in terms of adhesion to the wafer and may allow
drift or diffusion of the netal of the TSV into the insulation |ayer,
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3 and hag a i
alignnenteHPEﬂF§59 Fore IHAESi vati on openi ng bet ween the TSV and
the resi gpo@®NaRial8itiod,Rhe insulation layer may have interface issues in terms of adhesion to

the wafer and may allow drift or diffusion of the metal of the TSV info the insulation

layer, which may be a source for Time-Dependent Dielectric Breakdown (TDDB)
10 reliability issue. The insulation layer also has defects such as cracks and has large

parasitics.

[0008] Furthermore, conventional process use lithography-processes on a backside

surface {(dual side alignment), and have a limitation in patterning resolution and

alignment accuracy for TSV passivation opening between the TSV and the resist opening.

15

Summary

[0009] According to an embodiment, a method of processing a wafer is provided. The
wafer includes a plurality of through-wafer interconnects extending from a frontside
20  surface of the wafer to a backside surface of the wafer. The method may include
removing a part of wafer material of the back-side such that a portion of the wafer
material between the through-wafer interconnects is removed, thereby exposing a portion
of the through-wafer interconnects, forming a layer of low-k dielectric material between
the through-wafer interconnects, and planarizing the layer of low-k dielectric material

25  such that a surface of the portion of the through-wafer interconnect is exposed.

Brief Description of the Drawings

[0010] In the drawings, like reference characters generally refer to the same parts
30  throughout the different views. The drawings are not necessarily to scale, emphasis

instead generally being placed upon illustrating the principles of the invention. In the



Summary [0009] According to an enbodi nent, a nethod of processing a
wafer is provided. The wafer includes a plurality of through-wafer
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[0016] FIG. 6A shows a schematic cross sectional view of a stacked structure for
simulation, according to various embodiments.

15 [0017] FIG. 6B shows schematics for simulation, based on the embodiment of FIG. GA.
[0018] FIG. 6C shows a plot of simulated insertion loss.
[0019] FIG. 7A shows a simulated eye diagram for a device wafer with a conventional
passivation layer while FIG. 7B shows a simulated eye diagram for a device wafer with a
layer of low-k dielectric material processed according to various embodiments.

20

Detailed Description

[0020] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention
25  may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may be utilized and
structural, logical, and electrical changes may be made without departing from the scope
of the invention. The various embodiments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more other embodiments to form new

30  embodiments.



[ 0015] FIGS. 5A to 5G show m croscopy inmages of the processed
structures, according to various enbodinents. [0016] FIG 6A shows a
schematic cross sectional view of a stacked structure for sinulation,
according to various enbodi nents. 15100171 FIG 6B shows schematics
for sinulation, based on the enbodiment of FIG 6A. [0018] FIG 6C
shows a plot of sinmulated insertion |loss. [0019] FIG 7A shows a
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[0023] In various embodiments, the wafer (e.g. a device wafer) or substrate may include
one or more vias such as silicon vias formed extending from a surface (e.g. a frontside
surface) of the wafer substantially into the wafer. The wafer may be bonded, at least

15  temporarily, to a carrier or a handling wafer, which may support the wafer, for example
during any subsequent processes including but not limited to grinding, polishing, etching,
chemical vapour deposition (CVD), physical vapor deposition (PVD) and/or wet
processes.

[0024] In various embodiments, the wafer may be thinned down, for example with

20  grinding and chemical mechanical polishing {CMP) processes. The wafer may be thinned
down from a backside surface of the wafer until the vias are exposed through the
backside surface of the wafer, thereby forming through vias (e.g. TSVs) or through-wafer
interconnects extending from the frontside surface of the wafer to the backside surface of
the wafer.

25  [0025] The wafer may then be blanket-etched from the back-side, using either a dry
etching process or a wet etching process. The etching process etches into the wafer and
remove a part of wafer material of the back-side such that a portion of the wafer material
between the through-wafer interconnects is removed, thereby exposing a portion of the
through-wafer interconnects. The etching process may be a spin-etching process, for

30 example via wet etching with megasonic cleaning, on the backside surface of the wafer,

thereby removing a part of wafer material of the back-side. The etch back process may



5 passivation, for exanple of a wafer or device wafer, for

t hree-di nensional (3D) integrated circuit (1C) and/or three

di mensi onal (3D) through silicon via (TSV) applications. The wafer
processed or fabricated in accordance with various enbodi nents may

al so be used for interconnection to integrated circuitry or
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[0029] In the context of various embodiments, the terms “through via” and “through-
wafer interconnect” may mean a structure having a conductive filling material and
extending through a wafer such that the structure has conductive portions or surfaces
25  exposed through opposed sides of the wafer, for example the front-side and the back-side
of the wafer so as to provide interconnection between circuitry on the front-side of the
wafer to the circuitry on the back-side of the wafer, and/or to provide connection with
external circuitry. In other words, a “through-wafer interconnect” may mean a structure

extending from a frontside surface of the wafer to a backside surface of the wafer.



5 deposited on the back-side of the wafer between the exposed
portions of the through-wafer interconnects. The | ayer of |owKk
dielectric material may al so be deposited over the exposed portions
of the through-wafer interconnects. The | ayer of |owk dielectric
material nmay be an organic |ayer and may be a pol ymer including but
not limted to benzocyclobutene (BCB), polyimde (P1),
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[0037] At 102, a part of wafer material of the back-side is removed such that a portion of
25  the wafer material between the through-wafer interconnects is removed, thereby exposing

a portion of the through-wafer interconnects. In various embodiments, the removal of the

part of the back-side wafer material may be by wet etching or dry etching.

[0038] At 104, a layer of low-k dielectric material is formed between the through-wafer

interconnects. The layer of low-k dielectric material may also be formed over the

30 through-wafer interconnects. In various embodiments, forming the layer of low-k



10[ 0033] In the context of various enbodinents, while reference is
made to a through- wafer interconnect or a through via (e.g. a
through silicon via), it should be appreciated that the wafer or
device wafer may include a plurality of through-wafer interconnects
or through vias. [0034] In the context of various enbodi nents, a
low-k dielectric material neans a 15 material having a small or |ow
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include coupled to the frontside surface of the wafer or to a back-end-of-line (BEOL) layer
20  disposed on the frontside surface of the wafer. The carrier may be a silicon wafer.
[0042] In various embodiments, the wafer may be formed by thinning a back-side of a
substrate having a plurality of vias extending from a frontside surface of the substrate
substantially into the substrate, such that the vias are exposed on the back-side of the
substrate. In other words, in order to form the wafer, a substrate having a plurality of vias
25 extending from a frontside surface of the substrate substantially into the substrate (e.g. a
full thickness substrate or wafer as fabricated or as obtained from a vendor) may first be
provided. The substrate may be thinned from the back-side until at least the vias are
exposed on the back-side of the substrate such that through vias are formed. This thinned
substrate including the through vias extending from the frontside surface to the backside

30 surface of the substrate is equivalent to the wafer having a plurality of through-wafer



10 the filling material of the through-wafer interconnect. In various
enbodi nents, formng this layer may include treating at |east a
portion of the exposed through-wafer interconnect portions to form
the |l ayer, for exanple by applying benzotriazole (BTA). However, it
shoul d be appreciated that different types of azoles may be used,
e.g. 1HPyrazol e-3, 5-di am ne, 1-Benzoyl benzotri azol e,

1- P- Chl or.0o- Benzoyl benzotriazole, 1-P- 15 t hoxy- Benzoy| .
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y1- ( phenwhd warihyl ene] - N - phenyl - hadr azi ne and 2- phenyl benzi m dazol e.
[0041] In various enbodi nents, the nethod may further include ,
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surface of the s ate substanti y 1nto the substrate (e.g. a
full 1hi RO dInsubsts embodmentaf @mnawy thabackc-aidedf dhe aghsohicanmethchudom a

back- 1 dentnihl She Tl fHnRE Typod bt BBk 80 Bk SRl Rl i Bbrie

subst r at en8udda kdvahd klep oD ghndih@8siad & séRndRenditf ks fichiofaes:t 3808 el ©
i ncluding the through vias extending fromthe frontside surface to
t he backs3bqut 3¢\ presle @fter thenBirst sispt ohagdndiag. st pay dhitherginelyde \ghgraical

havi ng. alﬁéd}hﬁﬁkéltpmiﬁﬁin%m&%d@{d%ep deRRmgnnect s extending fromthe
frontside surfacé of the wafer to the backside surface of the wafer.

[ 004315 | l084f] In camivex embodigenisy m thiclibest rodtthe lawsared lawvaflistechizvinagriaine

or nore vias extendi,ng into the substrate (e.g. a full thickness
waf er wit m&?ﬁjgmﬂg%bro t#/i”gls?rné(?rﬁ.%'%é %’“chei ved froma vendor) while

the ter m[owpd]ah vallB@NEmBodNRERE, HallyBIGofOBR-100iel¥0fiR rhite:@l) FBmYddasiaPbe at
t hr ough-waf er interconnects extending froma frontside surface to a

backsi de 1§%§F§‘B&§@nﬁfﬂh‘tlﬂ@aﬁﬁf er. In this context, the substrate and the
waf er ref[@b4’f}‘ine€h‘ﬂfo\§$‘lee§%?ﬁcen%%§ﬂrtﬁe and thew-p cﬁ&gctﬁg'%%tgﬁé?uﬁigy Wade a

refer to equival ent ut at different stages of processing,
i .e. 1he digfgric cefsemsof twednhibnuetarsidbstriat e. 10[ 0044] I n vari ous

enbodi nen[baf-!S]tIIqing(i)uns%lﬁb% ilrtl)e%?sl,(fhsei I%%rgflogwhﬁdlsei’letc):a‘}crrgétgriaqan}/ayiirrllc(itliéjedoer n?'ay
be of a polymer selected from the group comsisting of benzocyclobutene (BCB),
polyimide (PI), polybenzoxazole (PBO) and Parylene.
[0049] FIG. 2 shows a schematic cross sectional view of a processed wafer 200 having a
25  through-wafer interconnect 202, according to various embodiments. The wafer 200 may
be a silicon wafer and the through-wafer interconnect 202 may be a through silicon via
(TSV). '
[0050] In order to form the through-wafer interconnect 202, an aperture 204 may be
formed through the wafer 200. A 3-layer stack 205 may be deposited on the sidewalls of
30 the aperture 204, the 3-layer stack 205 including a layer of oxide insulation liner 206, a

layer of diffusion barrier 208 (e.g. a titanium (Ti) diffusion barrier) and a layer of seed



first step of grinding using a first grinding surface of about
400-mesh and may further include a second step of grinding using a
second grinding surface of about 1800 nesh to about 2000 nesh after
the first step of grinding, and may further include chem cal
mechani cal polishing after the second step of grinding. 15[0045] In
vari ous enbodi nents, a thickness of the Iayer of |OMFk dielectric

material for may he ab . [0046]. In...
Do oue drSsATRES CF sBR el AT PRI 2ot cattibe & Pafaist lipe
may be atm&t&@éﬂsu&lhﬂﬁha}ﬁ}iek aChy mal aradeposited ihQ0hE ]apbﬂi’ur&@l}ﬂ Oft$ example by
enbodi nents, the layer of lowk dielectric material my have a

20di el ecterl?cém&]b?ﬁ%l?%irﬁlatﬁlfg @&P\Aeﬁheraﬁstﬁjﬂhezﬂa%hawglt infercqrogered02) jpcludes
various ecHP@@éJEEE&%%ZG%d'tHé’EﬁngQE sdielectric material may

i ncl ude or a pol ymer se ecte fron1the group consi sting of
benzodcycl [06%i] eIhshQIBd:B)q appﬂeylawdd@at( Piler spohblb ewpducize| matePBO) oramdtals

or ovesscd war ek oabraield® Atadi PSTGHE G Pled o RERGRNTR pis 3 8ha &

accor di ngh¢ GilNe hrRusiaEIbDdd FBNE. thidighwai eF tROQgieMfddEntdrcdhhdc€ @02, In
waf er and the t hrou h waf er i nterconnect 202 E%/abe a t hrough SI|ICOﬂ
via (TSV)2dditisasche |filipg gapteriy 264 mnghenelide upkeha®Er anft HR cOhe dthere

202, an afgkiopfaBng0dr "R¥h DRafeRRIMGHay MeOl&Hqédh%uYVatfoerﬁuZQﬁe ArRigh VAL
stack 205 may be deposited on the sidewalls of 30the aperture 204,

t he 310 ayietereonaek 2005 |nclud|ng a Iayer of OXIde i nsul ation |iner

206, a | |ff SN barrier 8 i tani u T i ffusion
bat her) :mggzal%yeern Yof%ee %a]ﬂ% /e 8 Ct shiput E%ﬁp 'se egiefh‘)étr?‘ Jﬂye‘

filling mﬁkﬁmﬂabtEé&smﬁamnakaﬁ@kﬁnﬁnﬁ@ﬂﬁu@mnaemﬂthing mat eri al such
as copper §$ na be d%%éSlted i.nto the aperture 204, for exanple by

el ect rochd ot iy HECR) therfhupughoyaer fHercemies gP7 wegtaydes trom the

inter conrg%%ce’-@ﬁ; gl uges 1dmeA3rag&y&fpa§glaﬁisn2ﬁ% R dxhhiflefal hidB e low-k
material 212. 5[00511 It should reciated that ot er sui tabl e

condult i vEelpgirie magdrisl, onayins ddpgsited on a back—szde of the wafer 200 on the surface 214

and over the protruded through-wafer interconnect 202, thereby covering the surface 220
of the through-wafer interconnect 202. Subsequently, CMP or etch back may be
performed such that the surface 218 of the passivation layer 216 and the surface 220 of
the through-wafer interconnect 202 are at least substantially coplanar. Such surface co-

20  planarity may enable the forming of subsequent interconnection layers.

[0054] The wafer 200 may include a back-end-of-line (BEOL) layer or portion 222 on a
front-side of the wafer 200. The BEOL layer 222 may include passive and/or active
devices (not shown), for example transistors, capacitors and resistors, and one or more
levels of redistribution wiring or redistribution layers 224.

25 [0055] The fabrication process, including passivation of a wafer, according to various
embodiments will now be described below, by way of examples and not limitations.
[0056] FIG. 3 shows a process flow 300 of a method of processing a wafer, FIGS. 4A to
4G show schematic cross sectional views of a method of processing a wafer while
FIGS. 5A to 5G show microscopy images of the processed structures, according to

30 various embodiments.



including but not limted to alum num (Al), silver (Ag) and tungsten
(W may be used as the filling material 212 to fill the through via
or through-wafer interconnect 202. In addition, the filling materi al
212 may include nickel (Ni) and tin (Sn), where el ectroplating of
such material may be carried out to fill the through-wafer

10i nt erconnect 202. [0052] While not shown clearly in FIG 2, it
should b reciated that the 3-l.ayer,.stack, 205 at | east .

subst ant | 0TH Aot The 0 7 KEacL PSR o8B Relhe WP
FIG 2, tde 4 Silieighaiaf dheividseinapbegniterdfP afd eichedl 85thf srosptithiged Bobdhce
214 of the wafer 200. A |ayer of passivation 216, for exanple a |ayer
of | ow k Precess ©) eéip .acveﬁﬁeﬁmoale a vl hardueask sndesert gnd scablae @n@P@émas

the waf errig0; 9yl aUidBGRoR A @eqaﬂéerou{Jaedepasg%g%g&g)ﬁgtafde%ma\a%,er

i nt erconnect 202, thereby coverlng t he surface

t hr ough- walager mﬁw’fledlé’@ﬁlnedlarrmzandsmﬁfsle@gedwey Tk@l\zﬁasnmaettbd:n baéikledmgithbe

performed _suc 8 vatl o | a er nd

Phe surr seeS36e LR PhafplitudnRatteo Qb BinB AR RO et Y Ghefaftd

;subst ant lt?kélgeve@:g} :aﬁ@éthaﬁﬂ@y%éfdﬁfh&t&mﬁ%—an?@)&h@diﬁrpkéc%éssﬁﬁﬁ@/stﬁj@?b| e the
ormng o que i ntercaonnection | ayers 054] The wafer 200

may i ncl d&ﬁﬁﬁq‘g‘g iﬂ‘\émws(ﬁ SOAPINES EIRRIERD) MCARFEPDISEND e gHo Yhshog g cross

front-si I

andl o - acty oGy 8 e ST Rk URE sRAdIRAh I 0IER oREE Rk

capaciot oref abnd 50gsn. Slﬂlerssale ’azrrdat tredoagomrigheof BIGebA refresepdhi 25t irhbut i on

wiring or redistribution ers 224 25 0 5] . The fabrjcation
process, IP%‘% &&?n@Bﬁﬁ%ﬂf % gHegy S ) ok 2k shgwing dpigeetongayipwyef a via

enbodi Mengscid ﬂl4%’x‘é‘hé}ﬁeh%§&£ e oPAl Vs gman\ﬁea)ﬁe%h smm{ £5 H’g@d not

limtations. [0056] 3 Shows a process flow 300 of od of
processi dgﬂ@]\ﬂarbmqperﬁly@ne dAmbre: BhSak hgws e hePdL q)ocromsrsa)sb@fmmadlon a
nmet.ho essing a wafer while FIGS. 5A to 5G show

vi ews of
nlcroscoﬂsnFﬁgﬁg dﬁﬁ“? @&brocessed structures, according to 30

vari oys qobexdi A4S the {uBGEald with tBOdne @aeuc@é Vi) ® gMth@Swak éhd i Bdmbre a
substrate (for exanple an active wafer, e,g. a silicon wafer). The

vi as may rﬁealda:fee%wrk%]i%dmgt%eaywfqmwiaf&ber ’rﬁ@é{ﬂblBé@’éfi?dmfﬁ@éégd os
obtain a Mgfdic krhgla smc%fn'cb&;er FaRirBl b hmﬂmg%ker}l @61%&&1&1 1c3RE, | op

snoot heni ng. en 'ayer stack depoSition car ‘out to
deposi t 3[00@,} &ks ahbwoxm HLG i4ds alstitétone 405anayat;eexbtmedﬂhejstmfcum #00 includes
barrier, The v

() by’ of Slofspial TG RO ol Tl Kieh 7 By oF oo
annealoi ngepreaptddbyr 404 fov enaniy. Bichestshd hlai 4®¢amchlaesf AltEg MatediA1goany.g.
previ ous (E) ! Ocigt?ahtrlla lysstu?lounded by a 3-layer stack 408 over the top surface 410 and on the
sides of the filling material 406. For illustration purposes, the 3-layer stack 408 is shown
as a single layer in FIGS. 4A to 4G.
[0063] The substrate 401 further includes a BEOL portion 412. As shown in FIG. 4A, the
25  structure 400 includes a carrier 414 bonded to the substrate 401 with glue 416.
[0064] At 306, the substrate may be thinned down from a back-side of the substrate, for
example by back grinding and chemical mechanical polishing (CMP), in order to reduce
the thickness of the substrate and to expose the vias, thereby forming a wafer (i.e. after
thinning of the substrate) with through vias (e.g. through silicon vias, TSVs) or through-

30  wafer interconnects.
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[0058] FIG 5A shows a scanning el ectron mcroscopy (SEM inmage 500
showi ng a cross sectional view of a via structure 502 fornmed, having
a wdth of about 40 pmand a |l ength 10 of about 50 p.m The scal e bar
at the bottomright of FIG 5A represents 25 pm [0059] FIG 5B shows
SEM i mages 510 and 512 show ng cross sectional views of a via
structure 514 fornmed, having a w dth of about 5 pmand a Iength of

about 50 [ 0] Subseguent |y ers or
porti on PSS ABR setah (B AR Yo e SmetRLE e bt Y ShE B nde Vit
304, the eﬁt&ﬁﬂiﬂ@&h&» thie tshibdrhaee @2 a0fullniicknask asaferl Wl bhe br Widr& vidsee NG
or nore netal yers or a BEQOL portion, may be tenporarily or
r enovabl ye%‘ff& ora ¥eRflorehtle the feamy eafer] emsaHSa? @pafer d@Ming o9ne; @y more

waf er or tﬁrohgtttd,tasn& n@t@h)waftptnt&mmetﬁ éac%ena %ghbt% a [FRPEAe ﬁﬁfa%t'qm

in FIG A4A structure 400 nay be obtai ned he structure
i ncl udes lncmdﬁsﬂturfatneoﬂm wWadari Aganpeanaple nm:teot\hnasatl()ﬁmmbetras havmg a via

|IIustrated e e s 20 re rgsen b 0 ane vi
Each of th¥ gigés %fﬂ(ﬁ%ﬁ%l udi 53 afz]fml ok r Wﬁhe? |ﬂg¥ ébgla( 18 f:uﬁlte% the
subst ant isabdtyatesatilt the datkr Bafertto Tahiaylefit fettaﬂal@né@& @Y @hd fl‘f&@hﬁoﬁ@h sulrtRER

410 and on the S|des of th& IIﬁllllng material 406. For illustration
pur poses,diREalent fggrare, Wyt e fifleesat stades RERFPCESIE- singl e | ayer in FIGS.

4A to 4G[0f|t%}’§ﬁ]30-5h§1e§#&%§§ ﬁﬁﬁ iftMefaloh A8 arih ik ‘éfé?% FiBEd suBREdit 8Om

412. As shown in A, the 25structure 400 includes a carrier 414
bonded tatStdtr@mehtr:kmse te}@ Tthigkndss gF ubout 118513906 lusiig 8@&pdmgesurface of

substrate wn from g. back-si.de of the.s for
oo o OB Ty B Rl 2 e g SR s s LR R RN,

order to yped eustxtgeat@ilﬂkx{gegﬁfa@t cIfh&)oﬁtJli’g@O“ Alkéh aNdbéR BOPAB&N! hfext a
vi as, therebyformngawaer . after thin nlng)of the substrate)

with thr d&@hampdswéléhigg sten{©8 M@D imaydre peri@sme th@rredmedhgﬁnckness
30waf er |nt 100651 | n..thi ont ext rate
voans o VAPERSREORE S 1 SRR tobbnd, B8 M ks e hied IR PR

(e.g.15a fdflabodthoqtﬁmess wafer with one or nore vias, e.g. as recei ved

froma vendor) while the term"wafer" neans a vvafer havi ng one or
mor e t hr OS]V aariens embastignthvathe grinding red naksding wsusenay he prieimed on

frontside,sybh o&s%f’i‘h f?@o%‘%ﬁbé?ﬁtess%qs?& i m%eha%y‘é’%{s%s asAécéﬁgd &P‘tﬁlg%' €

and not limtati A SUDSLT At e
as to f orm@aammﬂ@m\ﬂm’gma pohshinggleepe |vd11chl maft &amagecanyﬁnb feahires muwbshthat e

and the valer LRhel o eSuia) o0l sty and e Vi, apd, e LI g
pr ocegsi Nfactical limitations on the uniformity of the back-side thinning which may originate
from the earlier blind thinning process such as grinding.
[0068] As shown in FIG. 4B, a structure 420 may be obtained. The structure 420 includes
a wafer 402 with one or more through vias or through-wafer interconnects (four through-
wafer interconnects are illustrated as an example), as represented by 422 for one through-
25  wafer interconnect. The through-wafer interconnects 422 extend from a frontside
surface 424 of the wafer 402 to a backside surface 426 of the wafer 402. Each of the
through-wafer interconnects 422 includes the filling matertal 406 (e.g. Cu), substantially
surrounded by the 3-layer stack 408 on the sides of the filling material 406. As compared
to the structure 400 (FIG. 4A), the 3-layer stack 408 over the top surface 410 has been
30 removed during the thinning process, thereby exposing the through-wafer

interconnects 422, In other words, the filling material 406 of each of the through-wafer
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100661 At 306, the process may include a coarse grinding step to thin
the substrate from 10 its original thickness to a thickness of about
125-150 i.tmusing a grinding surface of about 400-nesh, foll owed by
a fine grinding step to further reduce the thickness to about 100 itm
using a grinding surface of about 1800-nmesh to about 2000-nesh. Next,
a nmechani cal polishing step (e.g. CW) may be perforned to further

reduce the thickne to _about ,30-60.ji.m. l.n vario embodi nent,s, .t.he
Coberr at dnieteOhEERT AR, hosReed e b otk HifasR g GTaR e ehetr of biE
vari ous ehiagdh-ReRRrSatetcbngts 4201 Hag aadddddive SifRg «xhedRs thidygiDthe backside

performed on uniformregions of the silicon substrate so as to
nininizeﬁﬁﬁya§¥¥%sses associ ated with the nechani cal grinding and

pol i shi ngosddtRIGEE GRoWEYN %F‘%gﬁé&%&?% ﬂﬁ&\%g%b%ﬁ@@iﬂgrh b B'%v Bhflwgf T o

silicon substrate. For exa process nmay be app
over cone dffee SMCup CAMR,| tharined | dowtnatd @hsuto#0 tne InFIGr 6Ct Yowf thrdveh-wafer

back-si de thinning which ma riginate fromthe earlier blind
Chi nni ng BYEFOBESHS 8 HeRSS LY 12 190688 INRESEHaTA inifreeneset 4 shown.

struct ur e,,¢2@ aEMiS: PRLA) Redhoul BE uat ruct ure 420 includes a wafer 402
wi th one or rnore through vias or tHrough-mafer i nterconnects (four

t hr ough- [R@TRrAti 398 eosionalbc ths sarface ¢fl ths erpaseidthru gl afsr amtpicelnectsgnay be

represented hy 422 for_one, through- 25 fer,interconnect. .Th .
B of b0 o st i T GREEY OB ol a

t hr ough- wat er Pht & QneEES ¢
of the wBaboidzblé (BPA bacdesb dansallaace.g4 2 6aing lger)Vodce theddposddatiTadef
t he throughimafeg interconﬁﬁpts 422 incLéégs t he fLIIjng mat eri al . 406
(e.g. Cu)® Peeip<dithmeraduelve fiffingundterel Ko fram popsible chepisaidapnse drsuite

si des of e sddsbdieROpBBdsSinh @hch3he ASh GRINASRE 4816 MheIhyel Gy iR ARG
(FIG 4A), the 3-layer stack 408 over the top surface 4T0 haS been 30

renoved dwhimgict dempolnd ipnerapmde smed whitbrtbd goralupidisi flljng material 406. This
Zggog?h‘e‘él’éc\ae?g?eh{‘%rg(;?%ﬁ;bggxghﬁnv\ig%é?ntluﬂin%&?Bf WY S osda Garfabd hivig TR AR

15 material 406 from chemical or particles during the etch back process. Where the filling
material 406 is Cu, Benzotriazole (BTA) treatment may protect the exposed Cu surface
by forming Cu-BTA compound, which 1s a polymeric compound, as a capping layer on
the exposed copper surface. However, it should be appreciated that other suitable
protection means may be employed, e.g. using other types of azoles.

20 [0071] As shown in FIG. 4C, a structure 430 may be obtained, having capping layers, as
represented by 432 for one capping layer, over the exposed surfaces of the through-wafer
interconnects 422, after selective capping of the exposed surfaces of the through-wafer
interconnects 422.

[0072] At 310, a part of wafer material of the back-side (e.g. wafer material of the

25  backside surface) surrounding the through-wafer interconnects are removed. In other
words, a portion of the wafer material between the through-wafer interconnects is
removed, thereby exposing a portion of the through-wafer interconnects. Therefore, a part

of the wafer material (e.g. silicon) may be selectively removed or etched back such that a

portion of the through-wafer interconnects are exposed.
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i nterconnects 422 is exposed through the backsi de surface 426 such
that each of the through-wafer interconnects 422 has a conductive
surface exposed through the backside surface 426. [0069] FIG 5C
shows an optical mcroscopy i nage 520 showing a top view of a wafer
5 after Si/Cu CWP, thinned down to about 40 jim In FIG 5C, four

t hrough-waf er i nterconnects, as represented by 522 for one

t hr ough- | nt erconnect., are sho having .a.wdth (or radius), of
about 40 T BT Aebadons walfmra o beek Sgf Faies sar Pk S8isE Shipe
t hr ough- viatekide BL&T GaNDB6kiSn BR¥adhehichSlatk@tkr $ReRSniclt RIeRpOEH of PRtrudes
exposed surface, for exanple surface-treated with 10 Benzotri azol e

(BTA) so thpughthesrsiduel pufase of diegvafy capping 1 ayer) over the exposed
surface t[ﬁgﬁﬂ%%&ﬁ%"ﬁ%ﬂﬂ&ﬁ& 'tHéthfch bhdiNGo0RE Glavale APQch/RBRWS PLE

chem cal ge resu rom subsequent processing such as the etch
back pr ocasmpht wadéchendited etchingrusingyteiramdtbiglemaopimiy hphroxide Gy AL onayf toer

le f d with th ducti filli terial 406. [
s o oAbt SRR B i B S DNy
the filingidha, mﬁggg@gelégﬁq&%ghem cal or particles during the etch
back process. Were the filling material 406 is Cu, Benzothazol e

(BTA) tr d80Fd s shaynpn i cdD. tastruepsok@dnGubesehtdiagsk whyrefthe waiey4CuhaPA
conpound, i i 0 i ound [Falo e

xposed A5l Sulrioe RN € SRR B9 o SARRLAR Y ey 45 R
sui t alul e gupodedadri @otrianbrovaly tixereeiphloyiefice @42, aftesiragond] dra payrpes tiof
azol es. 20[, 0071 0 i n. Fl 4C, a structure, 430 be .

obt ai ned,W%ﬁw}nﬁknﬁﬁg&?\é@%%?égs% yaniqus saradipens: e Eﬂg‘?{éﬁ Regtions 444
cappi N9 | @yefave QURigH: s BHBOSLOERUET 40863 Al ddAGbbIY RUAD MW Ethe residual

i nterconnects 422, after selective capping of the exposed surfaces of

t he t hr ougifarafié?, fontemoplnbetvsent 2Bout][ DQARJanAtab8d0§ janpdegendingwnaf eie
mat eri al of. the. back-side _(e.qg. fer terial of the backsi de,
ur f ace) CHPBUHAPE §orher et o eRer e HEbE GURREERES 472 4PR i isatired
ot herisV\DrHi&ght %fp@ﬂétp@f}u@lhgtﬂ?:@timf 844, NBEREJeR! itbGoWRIEBe _talﬁﬁreciated that the
t hrough-wafer interconnects is renoved, thereby exposing a portion of

t he t hr ouypydRePortipRetdonmicias otehbeighdr e, a part of the wafer
Corial el . '
mat eria [ﬁgﬂ% In Shlibds btogg%(%nﬁse ﬁg{?fé&gf?ééeftkéénﬁ&ﬂ?s‘é%gfo%e@ét%@ﬁfithp@@J@$g

such t hat ortron o rou I nterconnects are expo
[ 0073] Rdaperamapfthgarbe oinoned,efor netaempilalby ofolishmghb dck siwivde if diGs 4&, a

residual surface on t Ee ack-sid h that. a.portion of each
t hr ough- VEFERR T0PED R SEted: 1 2ol as pripriaes dhas b srpBigriayhaney elso
resi dual wufchated durihdtahabRk. orl O0P4df ihe MLk Aitsecaiidadicheniss subsbfient
etch back process may be dry etch or wet etch. For
processes.
[0077] In various embodiments where the optional surface treatment at 308 is not carried
out, the etch back process at 310 may be performed on the structure 420 (FIG. 4B),
resulting in the structure 450 (FIG. 4E).

25  [0078] FIG. 5D shows a scanning electron microscopy (SEM) image 530 showing a tilted
view of through-wafer interconnections, as represented by 534 for one through-wafer
interconnect, where a portion of the through-wafer interconnects 534 is exposed, after
wet etch-back of the silicon material with TMAH at 310. The thickness of the wafer (i.e.

the distance from the frontside surface to the residual surface) is about 34 um. The scale

30  bar for the SEM image 530 represents 10 pm.
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5 exanpl e, wet chem cal etching using tetranethyl amoni um hydroxi de
(TMAH) may be carried out for the etch-back process, providing an
etching rate of about 0.5 gmmn for silicon, with good selectivity
to Si02. [0075] As shown in FIG 4D, a structure 440 may be obt ai ned,
where the wafer 402 has a residual surface 442 such that a portion
444 of the through-wafer interconnects 422 are 10 exposed or

protrudes h resj dual surface 442, after val of_.a part
b °t he. el TR Besb Iiretse Shivts samad deetinnisi oo SEND apen o
prot r udi ng SVArEOMSed?Adw FEhBMRgR erdherdofin@1ibARYE Wb HheRA AUt
3 gm and about 10 gm above the residual surface 442, for exanple

bet ween atbwghﬁvaéﬁrhlatmoamaﬁ%lsmowépé inother werds, eotyuses pmahe rasidunle

depth or e

e o AR B ARSI 1P LSOOI T AR @Dy b
shoul ¢ bet(apps Eed |hledat fmathetﬂwmh@gdﬂmregemfstﬂoqnﬁ 444 may have ot her
hei ghts. [0076] In various_enbodinents, where surface treatnent is
per f or med V480138313, He layah pf Iy -k Ajerctfiaynateiia (B8 Aawsvwiontlayers marhee

by p0| i SMeggsneésov%pqm@ W‘a@erFlog‘thé"%acl@sﬁ& rdfcthblrv@aféSQer%% % ﬂl%ﬁhr\?ger
It should be appreciated that the capping |ayer may al so

renmoved datergpgnests Ml Hsalaieroef WPk aﬁelcdmec Inmaterial dnayl else rbneodenasl‘ezm aer ithe
SUbsequent 8{ esso%sof Jaoh 7f7 t]ﬂ l'gﬁlég ) (28 {n?erconneae nlt laye{ IQIF low- Eﬁl ect
r etc

opti onal & {YeEt e carrred out

process ahat3dil m@ybebcﬁ“ anewftaﬁpmﬁtumhut&hﬂae Glzanic triakediall 2t Gfaly Ge dé}B)slted and
resulting in the structure 450 (FI G 4E). 25[007%‘% JFIG 5D shows a
scanni ng %v@cqrrlawbﬁieé@bgt%wrmwf 25005 Iesd e ow036) B formedayey ity aof

i ough- WL Bl TSEANITE HMRere ¥R S FAENGE YO BRI e towk

t hrough-water 1 nterconn a or n of

I nt er conndeleérid Idattrgal EXPOELR, a afdl@fndl\ains&hﬂ bf beak 08 of h\@s gi.d.i I<CQl‘6) In
material with TMAH at 310. The thickness of the wafer (i.e. the
di st ance Yaright eRkodimgREsheEaveLek lqwek disleptis maeiial gy @mp%lw@yl A uging ¢

34 g h%t?l liSitetPro c% Elobhte eﬁ?@ ”g@ midQ (518 HofbeMo3azbie and
[0079 FI g@ ﬁjrt 2 Ilc nni‘n gect lﬁw ?%)r oscopy ?@ I\)D "
i mage 532P'c’sj?i©m'ptgy1aﬂrsenl arged tilted view of t he through waf er
i nterconn e port.i o f t hro g?
i nter conn@@ 113%4 gvném%ié ﬂ‘a&sp mr@?‘ﬁgrma rds, it ngglsh\‘rr 7300 igiydes
resi dual 51@%@6&1@ k tdi@eotid @fateriine@c Regndgdd wedrahe kBlRELAnNeE U4D A thas
a wdth (or_ radius), of about
wafer 402 and the protruding or exposed portions 444 of the through-wafer
20  interconnects 422. The layer of low-k dielectric material 462 may be planar.
[0082] FIG. 5E shows a scanning electron microscopy (SEM) image 530 showing a tilted
view of a layer of low-k dielectric material (organic coat) 542 deposited over the through-
wafer interconnect topography structure (TSV copper) 544 and the residual surface 546
of the wafer. While not shown clearly, the layer of low-k dielectric material 542 is also
25  deposited between adjacent through-wafer interconnects 544, In addition, as shown in
FIG. 5E, a layer of conductive coating 548, e.g. platinum, may be deposited over the
layer of low-k dielectric material 542, to minimise or prevent damage to the layer of
fow-k dielectric material 542, for example as a result of electron charging and/or

bombardment, during focused ion beam (FIB) SEM analysis to obtain the SEM

30 1image 530. The scale bar represents 10 pm.
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5 40 pm The scale bar for the SEMinage 532 represents 10 p. m
[0080] At 312, a layer of lowk dielectric material (e.g. a

passi vation | ayer) nmay be deposited over the wafer, on the back-side
of the wafer between the through-wafer interconnects. The | ayer of

|l ow-k dielectric material nmay al so be deposited over the exposed
portion of each of the through-wafer interconnects. The | ayer of

I k di f .
or gani ¢ ApE AT LT Grblsa Beot R Rt oReishel Ryl Sdediely
t enper at uegowdd 50&kd b&sks td iopen ébﬁ&as b thortioagh-ayedr Midrboriects. A

t hi ckness of about 3 pin or nore (i pm. In various enbadi nents,
the | ow KRyAEEARDIIRCEHIEY Paperﬁweﬁ&@w‘fa Ao dheppsivaiian layer sudut

2.6 or |efs  burfice %f e e Eﬂse\d%dr@&ﬁoﬁggégqméﬁ -afek BRelcayREt RfexbOWakin
dielectric material may be a polymer, including 15 but not IImted

t 0 berszooykdrotnuds the f@B@)natqm@l «ﬁ e deowghﬂ)fafepmltqrtrammzamoeed(mgh t@nd
Paryl ene IQ ol y(ﬁe OW- k[(gglégll&lg mat%rl cﬁlntha{ each thr S‘Fvg ei(r: t co ect rﬂay a

obt ai ned. ructure PRefudes & ayer of I1c
mat eri al c@ﬁ&cﬁi@@@ﬁfdceéxﬁnsedi ttﬁdj\%hrtﬂélaglﬁaifl(s\wkfcﬁﬂectﬂéé of the waf er 402

and the protruding or exposed portjons 444 of the throuygh-wafer
20i nt er cdﬂﬁ%ﬂ'ﬁ vapous eppodinents. thy Plapdfiartion BIOSESIMYY walelﬁ? Qgﬂ ctalgDe FRsf

be pl anarg pléa%%aehﬁig%r cﬁénfcM@Chaméa%ng}ﬁgg ghps.ron mcroscopy (SEM

i mage 530 Showing a tilt view of a layer of lowk dielectric

mat erifal [(J@$-‘da“m Owam)FI&'z*G;i@w@ymeeu4”&/@ﬁy tbh ebtdiredy ghensed pertion of the

i ntercon p \ )

surface g%gstm;t%g {’e%/a{@ﬁ 3 R/ga ﬁsg§ 5&%‘90 qé’?fe? Hgte{cgg%gf'%o ?#%%/\7- Kk
di el ectr |a3<pimti¢r¢ alhe hufAce s7mbmcﬂﬁnci@asafbeﬁtdmtmaﬂ A28 ﬁtpemi) and that

through- fer nects 544. | n .addition, own i I

| ayer of 'oril %Cte. FHT Ao Wa{? gnteﬁrﬂ%chuﬁf?s ﬁﬁ@ the s g??Ss&%BF Sror
t he | ayerpagdivdtowiiyedu6d et dtilasiBibsiahi@dilyRdplankiO INbiMeN 8 Rls Othe RVEVIRREen

damage to the [ayer of lowk dielectric material 542, for exanple as

g resifl t R?ﬁSI‘éﬁlt@éth:‘?ﬁ oyprathg thrguetnwaber inervbanedived?2, arel gernavgds Beareleee, it
FI
eam (Fl By, %Mp%% %&g%g%s} Q %g'z{bzt %h%k%@dﬁggﬁléﬁ& a;ﬁﬁeth?&%hewﬂ’@ﬂ'

represents t he deposite ayer o
di el ect riiotenmtisecisad22may be sel ectively renoved or etched back to open

may Do pdPHIES % SBIERE sl oR BT ol Rt BF O DA B Teham

that a suhaeenfhtting @XROSLHRRET i af mﬁ%ﬁ doBh O Rk the residual
i nterconnect is exposed. In 5 other words, the filling material of

t he tr ouyhfagead4y, fdnrnttxennatmbﬂwten abouk @cnmednd hbaw G hdoweneer othdr Hegahik

dielectric ter| uch. t hat ch thro i nter ect S.a
conduct | VERST FRsloe htiot EHPETOR R HETRFSoF RV aioB I Bt frs an
[0084] | npl¥akiz@ibh, @ﬁ?%@'rﬁ@@ﬂﬁm ab&i8 20hANRE bx 1O BetReQE vt BRYn Alicdbege
dry etching such as plasma etching or chem cal mechani cal pol i shi ng

(CWP) . 10 pm, e.g. between about 5 pum and about 8 pm. However, other thicknesses may be
possible.
25 [0087] In various embodiments, the removal of the over-burden passivation layer may
depend on the planarization method and the density of the protruding portions 444 or the
density of the throngh-wafer interconnects 422,
[0088] FIG. 5F shows a scanning electron microscopy (SEM) image 550 showing a tilted
view of the layer of low-k dielectric material 542 at an intermediate stage after having
30 partially removed part of the layer of low-k dielectric material 542 via plasma etching. In

addition, as shown in FIG. 5F, a layer of conductive coating 548 may be deposited over
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10[ 0085] As shown in FIG 4G a structure 470 nay be obtai ned, where
a portion of the passivation layer 462 is renoved such that the

t hrough-waf er interconnects 422 are exposed (i.e. the surface 472 of

each t hrough-wafer interconnect 422 is exposed) and that the surface
472 of the through-wafer interconnects 422 and the surface 474 of the
passi vation | ayer 462 are at |east substantially coplanar. In other

words, t ver - e Y n | ayer. over th swaf er
ot o onmie eSSk Aok aRAL a0 BHEs O el I B G B Bl
a waf er 4@@~M1&ﬂéctﬁ@%@‘ia@§4@%§h&a@é ba@melﬁéuéntshoq&ﬂh waf er

i nterconnects 422. [0086] In various enbodi nents, after

pl anar i zd0P¥H FIEheG shovs Q:@nan@mg)@kt:tirwmmom@%@aae el Pietvingna wlted
range of §£ d“cé‘lﬂglﬂé{efiest @][umegﬁéb 'ﬂ&ovérgoﬁg}i V‘(ﬁ tl{}tﬁ‘e éﬁ%%ﬂgle?egtnc

surface 4 or ex n a wever
ot her sheirgéttisal wwplbﬁenqmslsn@hle:h that a\sarfa@tf@@rﬁﬁmohxmﬂwntoh@f the thtong]ss

of the passivation |ay fter n ation, b

Sbout 2" ghitey Bierar S b Sabed” BradiipaBaiogn G 56 o 5%
bet ween aljobdndaciy® apslinabaug Iﬁaynge deyRitar .ovet RS 1hitr CKMNESHRS didhytrhe
possi bl e. 25[0087] In various enbodinents, the renoval of the

over - bur de#eRd$42 vat itemsurfage oIy THEpRISe ObAreVAE demasaie hetlav ofdevidsd
and the d&?@%&thé( Irﬁ% ferf[1640P) ‘attﬁeggg‘&'%Ogg%ﬁc%g%éﬁﬁeéﬁe%ﬁé he density of the

t hr ough- wa er conrect OWS "a scanni ng
el ectroon [m)!wr] astciipy fifrieMprdcete hoobs harngd.afcr iekimetle Vor@h®bnd Biemore

| ayer of wk dielectric erl a 2 at an internedi ate stage after
havi ng 3@33%6&?% lﬁyqrwa%ahepé?% %ﬁke Phebs arg%fr 3 oAigioR Beerti ey be
mat eri al fpd2hdd BoRli@SWRfegt ching. In addition, as shown in FIG 5F, a

| ayer of conductive coating 548 may be dep05| ted over the |ayer of
| ow k di d08¥KIrThe methedi af vBuous rmbailiioniss @agr pyovislee Huprauerh desutagion her

llayer of a@%ﬁ?%oql %de%t. ds&d %Bﬁ‘\ H-hfeP Q%tercyﬁ?ec?scglll & B?crk-sﬁc?eo rgﬁ%,e{%l?er 18

gm [008 WS a sca ni ng ectron mcrosc
560 stsow prgvide BDIIanlowsep&atfbnm T&mrmleebﬁhmsk ﬁwbdctrrcanaémzér whehmaal acods

part of the l.ayer of lowk dielectric.,.5. nmaterial sma etchin
Pich ¢ hatt EPsSOHacaY 639 FUHES G SO 107 o ie e RS B

i nt er conngRlimisd Qbhskute c@amlﬁgeth@ﬁ@ﬁslaﬁthlmwa&ﬁ@t HieOMherd SedddhigMlioh NayetCor

5G, a layer of conductive coating 548 ma% be deposited over the |ayer
of | ow k MWICEIEBIF jage RCessEhPr smzldgmntthé §@h~$lé@:ef geowaleh PHPhiongtacking

prevent dagam 9 l.aygr of lowk dielectric material 542 and the
TSV Cu. The g@gﬁl a%g%rre rgesents 10 pm

20 [0092] FIG. 6A shows a schematic cross sectional view of a stacked structure 600 for
frequency response simulation, according to various embodiments. The stacked structure
includes a wafer 602 having a through-wafer interconnect 604, a layer of low-k dielectric
material 606 on a back-side of the wafer 602, a first port (Port 1} 608 on the back-side of
the wafer 602 in electrical communication with the through-wafer interconnect 604 (for

25  example via a redistribution line) and a second port (Port 2) 610 on the front-side of the
Wafer 602 in electrical communication with the through-wafer interconnect 604. The
stacked structure 600 includes another wafer 620 electrically connected to the first port
608 of the wafer 602 via a micro-bump 622.

[0093] For simulation purposes, the layer of low-k dielectric material may be a

30 conventional plasma-enhanced chemical vapor deposition (PECVD) silicon nitride (SiN)

layer with a dielectric constant of about 7.6 and a thickness of about 0.2 um, or a layer of
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10[ 0090] At 316, further processing may be perfornmed, for exanple
form ng one or nore subsequent |ayers over the back-side of the
wafer. In addition, the carrier may be detached fromthe wafer.

[ 0091] The net hod of various enbodi nents may provide inproved

i nsul ati on or passivation and exposed through-wafer interconnects on
a back- side of a mafer to 15 provide 3D I C process platform The

| ayer o Iovv-kd terial nich ma t, as a assr tio
aver , iy sspPhd SRR Pk o s T BT Ra 2 PRRT b 8,
may nini rgnaeﬁunsegg@t@ogpymnr ng through the thin wafer or die where
redi stribution |layers or m crobunps are processed or provided on the

back- si dd00¥4]tHhe. R fshewprdhomatics fot siokilatipnwbashd on e enperidement of FEGi @%
201 00921 Fm T B BaRE RIS SRR PR e of % BieGe

structur requency response si accor 0 various
enbodisrreniimulafrh&mtfﬁ(‘}kezd structure i ncl udes a wafer 602 havr ng a

606 o= [B0gH 1ol BEme Rt P ol 1Bisne phtes s uiahs fyeB G SBbGigeRhe
back- si de,rafpotie WRI R vaP88s e&bealﬁﬁhrs %Wlﬁgm%slazmﬁrbagr $fhthE Q%Pranar

t hrough-waf er i nterconnect 604 (for 25 exanple via a redistribution
li ne) andwa/egred@nmetgiqﬂanee I%Z,t632) adfih@ apgraune reftmmrnatrsfodehea’ranstme;swafmd

602 in electri,cal i,cat i on h h- waf er erconnegt
o4, The Groveh&ieret DAL DI b A daletith AR SPARAT iy O SR IR
el ectyoi catduye BABHRSD mllgﬂ@gfa isSdhoROrd 1808 of the wafer 602 via a
m cro-bunp 622. [0093] For sinulation purposes the layer of |owKk

di el ect ri[80%dt1deiright freyrelsé FIG.3B dwveas ¢ ok “@%éb%ﬁﬂ@ﬁm@bﬁE@HBrﬁlNal
vapor dqu it a‘”tp CVD) | I o gcbgi ni tsr;hroglwe1 S CI\Qmaﬁ%&lpaﬁ% Ofathi cé’ﬁ]an%rr

drelectrr Cons Mhd 8 fkhesd s

a | ayer ofavep6ite agatsll Iﬂ:biﬂs en;e 6(4BCB3tmgfas ‘gﬁﬂ’uh@hiauﬁrﬁaﬂﬂfolﬂﬂ[ﬁ@aﬂémﬁd@loﬁ and
di el ectric constant of ﬁbout 2.6 and a thickness of about

[0094] FI%3 OVSBASHEREE € élr?a‘PFtélsplf”&S & np0at] beﬁrldtbafgéeedﬁdrhh%own In the
enbodjsment . 0f isBLGie 1@ %ﬁ%ﬁth ,rjge“ xpanded cross-sectional
e

vrewsatte osrtro ash 5 circular line in FIG
6A. [ 0099p0TH eF IGes sﬁow mloocBS(FdfG:mrﬁiaed kirsegion ddss Soraa eak-aidewedistribintén
| ayer of .BCB of athr ut .3 pm of. var.i ous enbodi ts
e e Aot eft i FEREER. B RalMinise BB il The PREP ST Shosin e
632, 636,reqtitdNdons varaURHh QS ttnfeiinhl PRCVDSIN ragé}Scrﬂ £ tHidk essadTchba
overI ap area 634 of the netal planes 632, 636. The width or line

wi dt h shdWwhrmrangdiiee eotlt 63 for pavadtsovith e 13yt AFBCE of mahighyiss ef abeuiut 1mo
PM " 20 of various embodiments.
[0098] As shown in FIG. 6C, the result 654 for a wafer with a layer of low-k dielectric
material (BCB layer) processed in accordance with various embodiments shows a
reduced insertion loss compared to the result 652 for a wafer with a conventional PECVD
SiN passivation layer. For example, at about 2 GHz, the result 654 shows an insertion
25  loss of about 0.5 dB compared to an insertion loss of about 4.6 dB for the result 652, and
at about 10 GHz, the result 654 shows an insertion loss of about 2.2 dB compared to an
insertion loss of about 7.5 dB for the result 652.
[0099] FIG. 7A shows a simulated eye diagram 700 for a device wafer with a
conventional PECVD SiN passivation layer, which exhibits a jitter root mean square

30 (RMS) of about 4.24 ps and an eye height of about 0.1 V.

17



[0096] The right figure of FIG 6B illustrates a wafer with the
conventional PECVD Si N | ayer of a thickness of about 0.2pm show ng a
central strip 640 of the coplanar wavegui de, netal planes 642, 646,
acting as ground return path for the transm ssion, and an overl ap
area 644 of the netal planes 642, 646. The width or |line width shown
in the 15figure is about 10 pmwhile the gap is about 35 Rm [0097]

FIG 6C pLgt . 650 of si Iat d i ns i.on l.oss fo Sld
Todt stri R el sh8¥E n S Stelit e sy 738 K1k B T Syt of
integrityowlhaicidcaic GherahIneRt l'h@eﬂ)elﬁ%ésse@ﬁ@ccf}ﬂﬁnga tMaE85usVeiBodiRents,
conventional PECVD Si N | ayer of a thickness of about 0.2 gg}and t he

resul t 654higly exhibigairaprovigd perfasmancey eyittop jBeRrast meap UK RSB Dol Aot
3 pm 20 %4%’}?54119%5 sgrpgg}nqﬁ%&?w[ggqg] As shown in FIG 6C, the

result 654 ayer of lowk dielectric material (BCB
| ayer)s prlot@gséuioun emb@dml@ﬁmmaw privideranoinsegearizb giavesst schidmgsback-side

reduced in ion | oss co esult 652 .for fer wth a
Convent i OREF Bits Strpesaetipder off apelicins. 183 AR bty e
GHz, the di@sblck ®54x5dioVEe atﬁrdu@ﬁﬁfa&‘érome%&)ﬂn@@@ My abaut ird walldBntrolled
conpared to an_insertion | oss of about 4.6 dB for the result 652, and

at about repratabBlity pag redused proges defrsthdn AarioussErtadepentn ke depogisionof shey
dB Conparlggr-l%%\n didIs&hid 'I la‘ﬂassu(ﬂgeqﬂglﬁ gagaréa %ce&sb 1'El‘§)§1{"|a;[1\51?02%

[ 0099] FI shows a SI ated eye ram 7/ or a device
W th ® cdrbegrsphyabceRE@VEPBi i qraswi thatliromgh-agler l,ntmmlmhctemhiﬂm bxkeside

Lt about 8 GRS HBES RP oo iRt ool OEET niEnS 68 e,

a devi ce thahgh-watdrhiferb@yREtsOhind ale kwellee! BCtaddRionptiRs | AbthoBCE lvapeds
processed accordlng to varjous enbqadi nents, which exhibits_ inproved
per f or marf@RRodimgnts may prabls highesimapubastusahiliand fpppulstraisisoupling log 3RJC
and an eyg,hgight of about 0.336 V. 5[0101] Various enbodi ment s may
provi de an 1 ntegrated process including back-side wafer thinning and
passi Mat i [§h0%] Ghe3Deth@ afplaricat Fwhedimentsvaay besmpidyedi imeid-selated gragess

et ch- back, lat?cl ?%SCEIFSSDE}CIIM gr wvw%e cfl% %g% nﬁfcltssv lfarg%?s ﬁl Ei _J)I? 1C

vel | - contlfo ea process deffe vari ous
enbodi me I’latp@hcdtlbﬂs depesdrple IfOIOfnobifI&? pfc@d%skrst(ﬁiobﬁe d]PQJs@,Cddmpmtlh@)p%ceﬁsﬂfk

subsequent pl aparization wi t hout photo- 10 .lithog
process t(ﬁorgb‘gwgo¢§@§<pé‘%q’ﬂﬁés?‘}ﬂ%dﬁﬁn%f 2he .mﬁﬂéqdc@ﬁﬁé@pgovsritL cess
back- si de;ogfrolt A8 r¥@halty ORI LR RO PEAGEA SR PIpRYBRIRL 915111% ex%&d
el ectrical properties of t he t hrough-wafer interconnects and

waf er20 | rimpaeied iebstriqah grapertiss dhigngly dici wwdectiontddiamsiiics aﬁéyh@mbi:teon in

hi gher G

ol at f or e H%g%‘l&gg?k%att%n %9 JQHYF %ggfr%}i Bxﬁg‘gﬁm ngb'sgédc@?ﬁcﬂdr;m@aﬁ%o&& wish e

i n 3D r el @hegg @i Oloesls aml thidkalisledtée Byeratni the Bﬁcﬂteskdmxj thy wakaf.dn aédlamk |t1mag)
for 3D TSV pac es and 3D I C a ons r _exa for nobile
processoﬂQe%%EQ%T E?F%EYM1@HW6 h@@b? @8%%8? Sl Wgngaatbbgﬂnoﬁﬁh
hi gh dens 1y iniRERidadhddiéh @f&hmslelwowmxav&n& hRteppCcess control and
reliability in conmparison to conventional I|th08raph process, and

may eHabl @198) Thepnehetofaiasiens srabadipespmey bespnlie amdogie isbnolegy. of
parasi ti Gg 1@4]%5‘ te‘%ﬂ\'r’&ﬁlbf?@l Qeé%gs%ﬁ% aﬁ'@ S%S\%%H{i r'E]!géchg QIYthrl:EiePelnlcé fo

and/ or or ani‘'c su ances an
| ow k andspedific Iemﬂnoéinmtst; i1tCsHoaLdebe omddrheocbhy: Kase dkﬂlecﬂ i hlee mftbert vahaus
addition, ,the i.nterfac hmeen the fer an&18 r of

di el ect ri aRgE dPifHm AR dBté iR bR Bl SR ¥ fedran "JB? Slafﬂband
llayer of Jcope ki @k @hRatis & A&HHRA b3 the appended claims. The scope of the invention is

30  thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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25[ 0103] The method of various enbodi ments may be applied to a 65 tun
| ogi ¢ technol ogy. [0104] While the invention has been particularly
shown and described with reference to specific enbodinents, it should
be understood by those skilled in the art that various changes in
formand detail may be nmade therein w thout departing fromthe spirit
and scope of the invention as defined by the appended cl ains. The
scope of (t#;% javention is 30 thus indicated by the appended cl ai ns
and all c whi ch conme within the neaning and range of

equi val ency of the clains are therefore intended to be enbraced.
CLAIMS 1. A Ameidiedll of pReOGRSS] RafR Wefeifer Edﬁﬁgﬁﬂgfeﬁ pRRARY I o3 tﬂﬂ)_ugh—
plurality of through-wafer interconnects extending froma frontside
surface ovafeiiategemagcty extendingciremndelreninidaselase of the vealfede ebacksile sdberod
conprisSi ng: e i of wafer material of the back-side
such tsha{]oqéhep%r?ﬁef’g%e %Bﬁ%ﬂgo%%g{ré mat eri al between the through-wafer

I nt er connect s removiegayed of Mags alayerak pibhe backasifoguch dmt epoitioa of the wafer

t hr ough- waf er. .i,nt er connects: ) formng a l.ayer. of |owk :

di e ect r (TAtFETIEEReD oK R e B RBHEC R NGRS RY AFRSYS 2 PRFliPr
pl anari ziJrghd MfoueBYRiferQhtelcoMhdetsgdi €l ectric material such that a
surface of the portion of the through-wafer interconnect is exposed.
2. The met hod faBniag ap ndgrer wliclay-th diclechic medteriad npetvesm ghe otmgueg-vealer
!ayerloov%tepctonjl&@gtandwa portion of the exposed through-wafer

i nterconnect portrons prior to renoving the part of the back-side

waf er mat eri alplanarizidg thehleyaretf hod kakeleduad megrinhnsuch giama Rurfavk elf @ierpottiven

| ayer for ver.at J|east a portion of the exposed through-wafer

i nter connogjg}?e%Wﬁgpmerdﬁ%lo}’%%ys&’{Bﬁe meric 20 compound. 4. The
method as clainmed in claim2 or 3, wherein formng the | ayer over at

| east a portion of the exposed through-wafer interconnect portions
conpr i ses®-appliedectherd apcdgimed prdairnb Tggha gemprsipg KIrme 4 laye|oxprat deast
wher ejsn t:ﬂ?or@&?!)ﬁh& &&@Wﬁﬂl’dﬂgﬁwf@r' interconnect portions prior to removing the part of

the back-side wafer material.
3. The method as claimed in claim 2, wherein the layer formed over at least a
portion of the exposed through-wafer interconnect portions comprises a polymeric

20  compound.

4, The method as claimed in claim 2 or 3, wherein forming the layer over at least a

portion of the exposed through-wafer interconnect portions comprises applying an azole.
25 5, The method as claimed in claim 4, wherein the azole is benzotriazole.

6. The method as claimed in any one of claims 1 to 5, wherein removing the part of

the back-side wafer material comprises wet etching or dry etching.
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6. The nmethod as clainmed in any one of clains 1 to 5, wherein renoving
the part of the back-side wafer material conprises wet etching or dry
etching. 7.The nmethod as clainmed in any one of clains 1 to 6,
wherein formng the layer of lowk dielectric material conprises

i ncubating at a tenperature of between roomtenperature and about
250C. 58. The nmethod as clained in any one of clains 1 to 7, wherein
pl anarizing t | ayer, of l.owk dielectric terjial conprises, d

St ching o cheredat o ErAFmedIm BB PRSP TREmS. A MIFHOH CHEME aF I 71,
any one ghwdl didlEctrdc trPat@ial Wi RIsBs anduBhGleN@5 S @mpdifulcaye hefech OMbin
dielectric material forned is 3 pm 10 10. The nethod as clained in

any one dfmp¢raiupgsant abeut@S0kerein the | ayer of lowk dielectric
material formed is at |east substantially planar. 11. The nethod as
claimed in any one of clains 1 to 10, wherein the lowk dielectric
15mat eri &. corfheim@bodasddiyieein 56 et @ldime m b fewheelplanmnzingtthaiyef
benzocycl gbut eng, pql yi m de, pol| ybenzoxazol e and Paryl ene. .. The
met hod asofgwmﬂe‘itﬂc Biprigheongiises Gy rchng CE%PIC%HE?%PWCQ%W@ﬁF B k
dielectric material has a dielectric constant of between about 2 and

about 3.
The method as claimed in any one of claims 1 to 8, wherein a thickness of the

layer of low-k dielectric material formed is = 3 pm.
10
10. The method as claimed in any one of claims 1 to 9, wherein the layer of low-k

dielectric material formed is at least substantially planar.

11.  The method as claimed in any one of claims 1 to 10, wherein the low-k dielectric
15  material comprises a polymer selected from the group consisting of benzocyclobutene,

polyimide, polybenzoxazole and Parylene.

12. The method as claimed in any one of claims 1 to 11, wherein the low-k dielectric
material has a dielectric constant of between about 2 and about 3.

20
13.  The method as claimed in any one of claims ! to 12, further comprising

removably coupling a carrier over the frontside surface of the wafer.

14,  The method as claimed in claim 13, wherein the carrier comprises a silicon wafer.
25

15.  The method as claimed in any one of claims 1 to 14, wherein the wafer is formed

by thinning a back-side of a substrate comprising a plurality of vias extending from a

frontside surface of the substrate into the substrate, such that the vias are exposed on the

back-side of the substrate.

30
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13. The method as clained in any one of clains 1 to 12, further
conprising renovably coupling a carrier over the frontside surface of
the wafer. 14. The nethod as clained in claim13, wherein the carrier
conprises a silicon wafer. 15. The nethod as clainmed in any one of
claims 1 to 14, wherein the wafer is formed by thinning a back-side
of a substrate conprising a plurality of vias extending froma
frontsid urf-ace of he ubstrate i nt substrate, suc t

Vi as arquipos b%E%“§|Hb°%F“tﬁ%‘@ﬁ%%?r F@n% ?@ Wﬁ tﬂ%
clai med isabstagd %Iﬂiﬁlsey\/ﬁﬂrﬁl dled Bf HMid¥es (416 Bamke- Gindengodurfabe of bt ma@e
conprises a_ first step of grinding using a first grinding surface of
about 400%¢shesh. 517. The method as claimed in claim16, wherein

t hi nni ng the back-side of the substrate further conprises a second
step of grinding using a second grinding surface of about 1800 nesh
to abdut 12000 Thesmetibd eas ¢lhigneddi 'rrstcla'smel;ﬁ oihegq:ih rthinn'glg 8. Hdvk-sidet hibtheas

clmrmd|r1 wherein thinnj e of, the.
Coaubst r RastRH b caliSTsEL st ddnd MR e eEORE R d o Ea P T Rineprtare e
second stadputof80Q iedll tdbout 2000 mesh after the first step of grinding.

18. The method as claimed in claim 17, wherein thinning the back-side of the

10  substrate further comprises chemical mechanical polishing after the second step of

grinding.
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