SCHEME FOR PLANARI ZI NG THROUGHSI L1CON VI AS BACKGROUND 1. FIELD OF THE

DI SCLOSURE b5Cenerally, the present disclosure relates to sophisticated
integrated circuits, and, nore particularly, to structures and

manuf acturi ng nethods for formng through-silicon vias. 2. DESCRI PTI ON OF
THE RELATED ART, In recent years, the device features of nodern, ultra-high
density integrated circuits have 10 been steadily decreasing in size in an
effort to enhance the overall speed, performance, and functionality of the
circuit. As a result, the sem conductor industry has experience trenendous
growth due to SOARNIEFUI PIASARIING EHROUGHSIICON VAR ati on
density of a variety of electronic conponents, such as transistors,
capacitors, diodes, and the like. These inprovenents have primarily cone
about due to a persistent and sugqaes&ipbuRig ort to reduce the critica

15di mension - i.e., mninumfeattre stze .-- of conponents, directly
resul ting ingRen i ThipRELOSURE
5 Generally, the present disclosure relates to sophisticated integrated circuits, and, more

particularly, to structures and manufacturing methods for forming through-silicon vias.

2. DESCRIPTION OF THE RELATED ART
In recent years, the device features of modern, ultra-high density integrated circuits have
10 been steadily decreasing in size in an effort to enhance the overall speed, performance, and
functionality of the circuit. As a result, the semiconductor industry has experience tremendous
growth due to the significant and ongoing improvements in integration density of a variety of
electronic components, such as transistors, capacitors, diodes, and the like. These improvements
have primarily come about due to a persistent and successful effort to reduce the critical
15 dimension — i.e., minimum feature size — of components, directly resulting in the ability of
process designers to integrate more and more components into a given area of a semiconductor

chip.

Improvements in integrated circuit design have been essentially two-dimensional (2D) —

20 that is, the improvements have been related primarily to the layout of the circuit on the surface of
a semiconductor chip. However, as device features are being aggressively scaled, and more
semiconductor components are being fit onto the surface of a single chip, the required number of

electrical interconnects necessary for circuit functionality dramatically increases, resulting in an

overall circuit layout that is increasingly becoming more complex and more densely packed.



process desigiers to integrate nore and nore conponents into a given area
of a sem conductor chip. inprovenents in integrated circuit design have
been essentially two-dinmensional 20 that is, the inprovenents have been
related primarily to the layout of the circuit on the surface of a

sem conductor chip. However, as device features are being aggressively
scal ed, and nore senm conductor conponents are being fit onto the surface of
a single chip, the required nunber of electrical interconnects necessary
for circuit functionality dramatically increases, resulting in an overall
ci r cui t Fusheouoref dvab thosgh inpreaseng inyphoedidwgnphynpresses hpleereldddignbicantdensel y
packed. Furthernore, even though inprovenents photolithography processes
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circuit designs, sinple reduction in feature size is rapidly approaching

t he | i nirdpidd§ apphathicgthe jmé€ whitycabpregeotly bvatlicved ionhly twavdimgngi@nsi ons.

As the nunber of electronic devices on single chip rapidly increases,

t hree-di nensional (3D) integrated circuit |layouts, or stacked chip design,
have been utilized for sonme sem conductor devices in an effort to overcone
sofre of the Asdeunmbsgi o eleamchiddaviies yn kingle tchipirgndly assweds athesd-dwhdnkio@dD

| ayouts. Typically, in a 3Dintegrated circuit design, tw or nore

sem condidt oneglates caret Jayvded or ogatkbdrchiparidsigl, etdve | bezh vidived cor oosiear e
fornmed. en each die. 100ne nethod of facilitating the chip-to-chip

el ect ri sahicodnaiendevoesiniag effyrt trseveaons cemabf b featurasizghand density limitations

associated with 2D layouts. Typically, in a 3D integrated circuit design, two or more
and electrical connections are formed between each die.
10 One method of facilitating the chip-to-chip electrical connections is by use of so-called through-
silicon vias, or TSV’s. A TSV is a vertical electrical connection that passes completely through
a silicon wafer or die, allowing for more simplified interconnection of vertically aligned
electronic devices, thereby significantly reducing integrated circuit layout complexity as well as
the overall dimensions of a multi-chip circuit. Some of the benefits associated with the
15 interconnect technology enabled by 3D integrated circuit designs include accelerated data

exchange, reduced power consumption, and much higher input/output voltage densities.

Through-silicon vias can be integrated into virtually any phase of semiconductor device

manufacturing, including via-first, via-middle, and via-last schemes. Currently, most integration

20 development has tended to focus on forming TSV’s within an active area of the semiconductor
die — e.g., via-middle and via-last schemes. A typical prior art process for forming TSV’s based

on a via-middle scheme, wherein the TSV’s are formed after transistor and contact element

formation, is illustrated in Figs. 1a-1f, and will now be discussed in detail below.



silicon vias, or TSV s. A TSV is a vertical electrical connection that
passes conpletely through a silicon afer or die, allowing for nore
sinplified interconnection of vertically aligned el ectronic devices,
thereby significantly reducing integrated circuit |ayout conplexity as well
as the overall dinmensions of a mu chip circuit. Sone of the benefits
associated with the interconnect chnol ogy enabled by 3D integrated circuit
desi gns include accel erated data exchange, reduced power consunption, and
much hi gher input/output voltage densities. Through-silicon |as can be
integrated into virtually any phase of sem conductor manufacturing,
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devel t j f
dpeel oprent Mol SPIEA LARARSENLBATIR0 LGSy Yok Ny 30 Loh e €2 ©

prior armte LR grf gc%elglg It’1se]];10r nﬂer}grnj[ %of? of 3 T%%sﬁldacg&dzﬁlcg 'vﬁth%qﬁus at% %BP‘a:Ymer ein

the TSV's tranS|stor and contact cl enent tion,

iI1ustr a];;r(e)'\cdessl nAs sh wn1 aFl la a se"?tﬁ(% \Q‘ftl(!ttlr cHﬁ)Vgr I;!t’:-e\lfe(tj 8¢ Hﬁf q%iréﬂrﬁe ngb%elte }P(ﬁl OW

Flgure Ia"i’s hati ¢ Crooss-sectional Vi ew eplc I'ng one stage in a
ddl e t t h SY. d

Wl hman |]?1fl ngae N flzal‘)\l;éesgngr I%F f %g;l)’r{)&'%a?e c'athle} hﬁastérpagl n%tt){/é) Q)vt’iéh ?na} e 'f@m%ﬁcﬁ)r ance

sem Condul(r:ﬁcc()){ldu%por Ha er .1 f el&dd]IQOQlaﬁ? Y, ﬁﬁfﬂ? 6?, of &eﬁlgt?\% lg QIteﬁBt%(p jdctl\)féhaln%r nay

represeﬁt any appr Optiate ‘carrier materl bove rmed a

sem cond Lzllgsti Oercucm %apen(t) 103Ad dfl 1éxsl t?allgiIStIOYS’ ca !oi'&r %lsfstg%s 3'193 tHe (flEg qPJy IbE %r}r%d

depl cte Ive an aSSI ve CI rcuit Suc -ansi stors,

t t
ggfﬂaggngfj hapd Et?q%g%he%%gﬂéju&or Faged 108 in Wi c%sJ @& Wflich u&&dlaf&)%fm%ggt 0 ay al s0

€ Sem con Ct or ayer

be referf ed e % as ed'(;wiebl%yer ¥eb u%e(t)lémgtg ﬁ%cogvgtgll 9@s1%m§ra%?5ﬁ% 9@? (A

strategy Pedrietrbio dinent$ be

AP Conye rePus O éﬁ%r tec%?ﬁﬁ%ﬁ‘%é?ébﬁ TR R e S P e on
] Eiuf’if e BB anehah ey %Sﬂt%é%f% oA e BB 6 o BT gy
compr | st AP betartrarry e PR EEAE ha R rRy “m{“ﬁéa?@“ il ot her
addi o [‘p%gvi(ﬁm?%ﬁ £t 1 o P P e RGP R “f’tﬂﬁe d?%al’td.ei?
e al oo 1 d0prarbdr tomrmbacs Morenighy Pl bt mavsﬁaf*ﬁyef b drege F 2, o
W?J??'s@%&hﬁ#@n&%ﬁ&ﬁ b Sl r%@ﬁ% G ik phbuT el ”f?t%taipﬁﬁﬁtﬁfﬂeéhe
Sﬁivﬁrt%p%?.vsh%%sl GrabipBng dbs By Byovearee SoRRHR Bk omseaeafove. t he
ol emont &8 10%no LD | ayer 104a may’ conpr | se, for oxanpl e, silicon

di oxi de, S|I|con nitride, silicon oxynitride, and the like, or a
conbi nati on of these conmmonly used dielectric materials. Furthernnre

dependi ng on_t he deyi desi gn and overal | s.flo S t he
interlayer leéﬂ“E‘clPr e ﬁ%@tﬁsgcﬁﬁé"tﬁﬁk}c“ﬁ’%@'e‘gg ?‘écg VYt zf 2d | ow k

di_el ect t h | di

o2 ¢ dotieg TSR SO iy padh eEne %ﬁ@?c‘gax‘re%%%eﬂ%eﬁ% hmscwt %e"i‘et‘e% dzeéca& ol
atterned tQ fornta | ur peni n be fi Iled

With a SERAIRENEN Sy Gt %Mﬁ%&?imﬁ 8h°V'§§gt fiovie 18%’3 ”ﬁe |
silver, cobalt and the |like (as we I | oys ther rnln
cont act BFPSEESInEQBEPS A (S aRlEY Qne ‘?rnm%rBH’éte‘g \étel?ﬁ'ﬁ‘tc (%%9 Tayérs %E' thay 8 )

formed above the device layer 102 so as io electrically isolate the respective circuit elements




one or nore trench opening_ nifornmed in the ill) layer 104a above one or
nore of the 10openi ngs noted above. Thereafter, depending on the specified
processi ng paraneters, any trenches formed in the 11,D | ayer 104a nay he
filled in a cormon deposition step wth a simlar conductive material such
as noted for the contact vias 105 above, thereby farm ng conductive |lines
106 as may be required by the device requirenents. 15As shown in Fig. .l1la,
in certain enbodi nents, a hardmask | ayer 107, which may act as a stop |ayer
for a subsequently pertbnned ehetnical - nechani cal polishingprocess, my
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| ayer 107 may conprise a dielectric material having an etch selectivity

rel ati vexyniiriéd, dndahit likee omat esmizihation ngdr thesencprithenly pipelr dslectiacmatpmald. i on of
the LLD | ayer 104a, such as silicon nitride (SiN), silicon oxynitride

( Si ON), Feitleiaan, depehdicke og SR )devist Idedgn asdrobanll tpricde (IS Geglirceauls.t the | i ke.
In sone illustrative enbodi nents, the hardnmask | ayer 107 nmay be forned
above t imgerbgartdidéctrst layatltembhayBo chidriso \suipabiyf @lanied dovek siidld¢caid mateiposi t i on
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deposi t s@h af GddDY)s gilicoa divgtide sorgnyslicees, orgparpotidpalss, tindthe (iIRVDYhergaftacdss,

atom c | ayer deposition (AID), spin on coating, and the |ike. Thereafter, a
pat t er nEdD tagai 194a magbe paayaed hAGnaylutbtyfod virederdipsactt dfeviicr day dllefayer 107
based on typical photolithography processes, such as exposure, baking,
devel opmith a s@ndletchdukiileansaiabaich as tongwind@ppparickel silve) 8abaltrand He like&k | ayer
108, thereby exposing the hardnmask | ayer 107. Figure | b shows the

i |1 ustratil wealfys drereaf)t thpreby &smingfcokthg.vidsd 05.n Addifiomaflhen some embatimenitng st age,
wherein an etch process 109 is perforned to create TSV openings 110 in the
waf er 106k orAsorstowh opanirgs ghay hisg bd feenmgbintilerlhBdayee $is bova ke bayer ol 08 nmay be
used as an etch nmask during the etch process 109 to formopenings in the
ha dmaskiat apeaingd Gated almore.t Ghaxrgses alepdnding lob theaspecifiddgracessing parameters, any

trenches formed in the ILD layer 104a may be filled in a common deposition step with a similar
conductive material such as noted for the contact vias 105 above, thereby forming conductive

lines 106 as may be required by the device requirements.

15 As shown in Fig. 1a, in certain embodiments, a hardmask layer 107, which may act as a
stop layer for a subsequently performed chemical-mechanical polishing (CMP) process, may
thereafter be formed above the contact structure layer 104. The hardmask layer 107 may
comprise a dielectric material having an etch selectivity relative to at least the material
comprising the upper surface portion of the ILD layer 104a, such as silicon nitride (SiN), silicon

20 oxynitride (SiON), silicon carbide (SiC), silicon carbonitride (SiCN) and the like. In some
illustrative embodiments, the hardmask layer 107 may be formed above the contact structure
layer 104 by performing a suitable deposition processes based on parameters well known in the

art, such as a chemical vapor deposition (CVD) process, a physical vapor deposition (PVD)



10 of the contact structure |layer 104. Thereafter, the etch proceg 109 may
be continued, and the patterned mask | ayer 108 and patterned hardmask | ayer
107 may be used as mask elenments to formthe Tsv openings 110 through the
contact structure layer 104, through the device layer 102,, and into the
substrate 101. In certain enbodi nents, the etch process 109 may he a
substantially anisotropic etch process, such as a deep reactive ion etch
(RED, and the |ike. Depending on the chip design considerations and etch
parameters enpl oyed during the etch process 109, the sidewalls 110s of the
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15 Depending on the chip design considerations and etch parameters employed during the etch

process 109, the sidewalls 110s of the TSV openings 110 may be substantially vertical with
respect to the front and back surfaces 100f, 100b of the wafer 100 (as shown in Fig. 1b), whereas
in some embodiments the sidewalls 110s may be slightly tapered, depending on the depth of the
TSV openings 110 and the specific etch recipe used to perform the etch process 109. Moreover,
20 since the TSV openings 110 may pass through and/or into a plurality of different material layers,
such as the ILD layer 104a, the device layer 102, a buried insulation layer 101a (when used), and
the substrate 101, the etch process 109 may be substantially non-selective with respect to

material type, such that a single etch recipe may be used throughout the duration of the etch In



04 and the like, the wafer 100 is thinned fromthe back side 100b so as to
expose the finished TSV's 120 (see Fig. 10. 20Figure Ic shows a further
advanced step of the illustrative prior art nmethod illustrated in Fig. Ib
after the patterned resist mask | ayer 108 has been renoved from above the
hardmask | ayer 107. Depending on the overall chip configuration and design
considerations, an isolation layer 111 may be forned on or adjacent to the
exposed surfaces of the TSV openings 100 so as to eventually electrically
isolate the finished TSV's 120 (see Fig. Il) fromthe substrate 101, the
devi ce logheeillk@aive rentbodineonnt hagtvers teuetiuperckayl®d A condigiss hoplmrality dFi g. | c,
the isolation layer Ill may be forned above all exposed surfaces of the.
waf er 1Qifer¢nnetchidkciygs,teheh ofpyidch sy basebsthiially géledtive td éhe cimiestal lagarareink07, and
t he sidewall and bottom surfaces 110s, 110b of the TSV openings 110. It
shoul d kehabt ed t hat, depending on the overall device requirenents and
processi ng schene, an intervening material |ayer (not shown), such as an
adhesion | ayer or barrier layer, and the |like, nay be deposited between the
isolation Layer 11l and the surfaces 110s, 110b, In certain enbodi nments,

t he i sol at i oDepeayieg okltte avawl! pepcéssinpradd thip pesignqranniegra tiewiptieisel 10 ondyor mal
deposition process 131 designed to deposit an appropriate dielectric

i nsul at ihag amaidér dialendi @y B0 whawgingfram duliqtna it depthl dimermsiohdn 6d tdnpiok fkess5-on t he
exposed surfaces of the TSV openings 110. It should be noted, however, that
t he as- déposirteech mbrecdadas aspeét rhtive- i &,alepthitonvidtayeio —lradgingteyweeadyand 85.a
greater or |esser degree, depending on the specific |ocation and the

or i ent atlh ame cfmbbhienegtirthacadibndimendionc h10w may tHeppprokiatielyhé piwr théetepttli scussed
bel ow. 15For exanple, in sonme enbodinents the isolation |ayer 111 may he
formed dimensiba ¢l gdhpks degproxdngely 50 uake pod ithel Bpecpraticesy tb3pprainamdy &y one of
several deposition techniques well Icriown in the art, such as | ow pressure
chem calTypiaghyr haepeosiahd an sdnPGVD}., 1 bs the-EfVropphes i1¢) de ot ne thishengeosk] vapor
deposition (SACVD), pl asma-enhanced chem cal vapor deposition (PECVD), and
t he | i kdabrikatioseextemd nhroighckherfunilt thickdekeof tho keisiran 10 et instedd soapyshowwprhese
silicon 20di oxi de, and may be deposited based on tetraethylorthosilicate
(TECS) &nack s0Bacedf0inel)thausafiagl00. For example, in some embodiments, the etch process 109 is

continued until the bottom surfaces 110b of the TSV openings 110 come within a range of
approximately 1-20 pm of the back surface 100b. Additionally, and as will be discussed in
15 further detail below, after the completion of processing activities above the front side 100f of the
wafer 100, such as processing steps to form a metallization system above the contact structure
layer 104 and the like, the wafer 100 is thinned from the back side 100b so as to expose the

finished TSV’s 120 (see Fig. 1f).

20 Figure 1c shows a further advanced step of the illustrative prior art method illustrated in
Fig. 1b after the patterned resist mask layer 108 has been removed from above the hardmask
layer 107. Depending on the overall chip configuration and design considerations, an isolation

layer 111 may be formed on or adjacent to the exposed surfaces of the TSV openings 100 so as



|, PCVD, SACVD or PECVD processes, Additionally thequired as-deposited

t hi ckness of the isolation layer IIl may be established as necessary to
ensure that the TSV 120 (see Fig. It) is electrivaliy isolated fromthe
swi oundi ng | ayers of the wafer :100. For exanple, in orderso proper

surface coverage and | ayertheed thickness of the isolation |ayer
point within the TSV openings 110 nay be on the order of approxinmately

100- 200 nrn, whereas in specific enbodiments the nilnimumthickness nay be
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107u of the hardmask layer 107, and the sidewall and bottom surfaces 110s, 110b of the TSV
openings 110. It should be noted that, depending on the overall device requirements and
processing scheme, an intervening material layer (not shown), such as an adhesion layer or
barrier layer, and the like, may be deposited between the isolation layer 111 and the surfaces
110s, 110b. In certain embodiments, the isolation layer 111 may be formed by performing a
suitable conformal deposition process 131 designed to deposit an appropriate dielectric
insulating material layer having a substantially uniform thickness on the exposed surfaces of the
TSV openings 110. It should be noted, however, that the as-deposited thickness of the isolation
layer 111 may vary to a greater or lesser degree, depending on the specific location and the

orientation of the surface onto which it is deposited, as will be further discussed below.

For example, in some embodiments, the isolation layer 111 may be formed of silicon
dioxide, and the deposition process 131 may be any one of several deposition techniques well
known in the art, such as low-pressure chemical vapor deposition (LPCVD), sub-atmospheric-
pressure chemical vapor deposition (SACVD), plasma-enhanced chemical vapor deposition
(PECVD), and the like. In certain embodiments, the isolation layer 111 may comprise silicon
dioxide, and may be deposited based on tetraethylorthosilicate (TEOS) and Os (ozone) using
LPCVD, SACVD or PECVD processes. Additionally, the minimum required as-deposited
thickness of the isolation layer 111 may be established as necessary to ensure that the TSV 120

(see Fig. 1f) is electrically isolated from the surrounding layers of the wafer 100. For example,



10t hi ckness 11 It above the upper surface 107u of the hardmask | ayer 107,

to a thickness IIl U near the upper portion of the TSV sidewall | W, to a
t hi ckness 111L near the tower portion of the 'NV sidewall 110s, to a
thickness Il Ib at the bottom surface 110b of the TSV opening 110.

Furt hernore, depending on the type of deposition process utilized and the
coverage efficiency obtained, the as-deposited thicknesses 111t, 111U, ML
and | 1 Ib may vary fromgreatest to least by a factor of 2, 3, 4 or even
nore. For exanple, when a 50% coverage efficiency is obtai ned when
deposi t iimgrdeheo ieskapioper hafpes colerage taheé lhyeadgtncisratiopoisd mddmtuhi eljweds may be
approxi mately 50% of the greatest as-deposited thickness - i.e., varying by
a f act onhickne®. of Sharisblatidnylayantiéh at iy @int evidagethe fiSIVcopenioys 119 188%be dinehegr eat est
and | east as-deposited thickness may vary by a factor of approxi hen the
cover agerdef bf appesxinyiately 1D620@nm) ebgeas tih epe2ifia ndvegiosnts dat hininnkon éss@sssof t he
isolation layer 111 may vary by a factor of approximately 4 or nore.
Tabl e 1 kgl @wappraimatdp S0 exe nHbaewr, as -dedgsetiadlyl kiaktheghes sufstahtimly
isolation layer 111 when deposited using PECVD based on TECS. The process
deSi gnatcowfosnal idegosition profads| eayl banedge femra theyiselmbndager ié1,0he ugdgpopigedpr ocess
paraneters, as veil as a targeted nom nal thickness in angstrons of the ma
dal depasikned by Bolhtien lapgrell 1 sunyl acetol Odgatef ot kesehdagchenddpehdiyeon 7. As
can be seen fromthe thickness data presented in Table | order to obtain a
m ni numspesifed@atorn ad otibatationes the omfich @hat devialdiion kiOsl 1dnay hedep8iitedpeni ngs
110 of approximately 150- 200 DM as-deposited thickness above the upper
surface 107u of the hardmask |ayer 107 may be on the order of approxinmately
700 nmor nore, resulting in a coverage efficiency of around 25-30%
Fur t her nor e, Fasexainbk, the adidepassse thidknesp efittler isdiptiai laydyel ldwnayt heySobystrant i al |y
increased 10 thickness lilt of the layer 111 above the upper surface 107u
ofi0t he hackoesmd kltlabyerthel ibpensytace 107s ofitke handrhak daysr 107 eowlthicknasspriddaes®i ng
difficulties during subsequently perfornmed O v/LP steps adapted for
pl anar i ziengpéh@rtivaf @rthel DDV afdbesll dposiat thivkness 111heneaothe lwter pertimatoéttieal used
to formthe finished TSV s 120 (see FigiO Process

TSV sidewall 110s, to a thickness 111b at the bottom surface 110b of the TSV opening 110.

Furthermore, depending on the type of deposition process utilized and the coverage efficiency
obtained, the as-deposited thicknesses 111t, 111U, 111L and 111b may vary from greatest to
15 least by a factor of 2, 3, 4 or even more. For example, when a 50% coverage efficiency is
obtained when depositing the isolation layer 111, the least as-deposited thickness may be
approximately 50% of the greatest as-deposited thickness — i.e., varying by a factor of 2.
Similarly, when the coverage efficiency is 33%, the greatest and least as-deposited thickness
may vary by a factor of approximately 3, and when the coverage efficiency is 25% or less, the
20 as-deposited thicknesses of the isolation layer 111 may vary by a factor of approximately 4 or

more.
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Table 1 below lists some exemplary as-deposited thicknesses of the isolation layer 111
when deposited using PECVD based on TEOS. The process designations listed in Table 1 are
generally indicative of varying process parameters, as well as a targeted nominal thickness in
angstroms of the material deposited above the upper surface 107u of the hardmask layer 107. As
can be seen from the thickness data presented in Table 1, in order to obtain a minimum as-
deposited thickness on the sidewalls 110s of the TSV openings 110 of approximately 150-
200 nm, the as-deposited thickness above the upper surface 107u of the hardmask layer 107 may
be on the order of approximately 700 nm or more, resulting in a coverage efficiency of around
25-30%. Furthermore, as will be discussed in greater detail below, the substantially increased
thickness 111t of the layer 111 above the upper surface 107u of the hardmask layer 107 may, in
some instances, result in processing difficulties during subsequently performed CMP steps
adapted for planarizing the wafer 100 after deposition of the conductive material used to form

the finished TSV’s 120 (see Fig. 1f).

As-Deposited Thicknesses (nm)
Process
111t 111U 111L 111b
4k 350 140-180 60-120 60
6k 612 260-300 115-130 108
8k 720 320-350 150-200 130
16k 1600 250-300 140-230 260

Table 1 — As-Deposited Isolation Layer Thicknesses

Figure 1d depicts the illustrative prior art method of Fig. 1c after a barrier layer 112 has

been formed above the wafer 100. In some embodiments, the barrier layer 112 may serve to
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prevent the conductive material comprising the finished TSV’s 120 (see Fig. 1f) from diffusing
into and/or through the isolation layer 111, or into and/or through the ILD layer 104a, a situation
that could significantly affect the overall performance of the circuit elements 103, the contact
vias 105, and/or the conductive lines 106. Furthermore, the barrier layer 112 may also act as an
adhesion layer, thereby potentially enhancing that overall bond between the contact material of

the finished TSV’s 120 and the underlying dielectric isolation layer 111.

As shown in Fig. 1d, the barrier layer 112 may be formed above all exposed surfaces of

the isolation layer 111, includin aces inside of the TSV openings 110. In

certain illustrative embodiments, the barrier layer 112 may be deposited above the isolation layer
111 by performing a substantially conformal deposition process 132, such as CVD, PVD, ALD
(atomic layer deposition) and the like. Depending on device requirements and TSV design
parameters, the barrier layer 112 may comprise any one of a number of suitable barrier layer
materials well known in the art to reduce and/or resist the diffusion of metal into a surrounding
dielectric, such as tantalum (Ta), tantalum nitride (TaN), titanium (Ti), titanium nitride (TiN),
titanium silicon nitride (TiSiN), tungsten nitride (WN), and the like. Furthermore, due to the
relatively large width 110w of the TSV openings 110 as compared to a contact via used to form
an electrical interconnection to a typical integrated circuit element — such as the contact vias 105
— the thickness of the barrier layer 112 may not be critical to the overall performance
characteristics of the TSV’s 120 (see Fig. 1f). Accordingly, the thickness of the barrier layer 112
may in some illustrative embodiments range between 40 nm and 200 nm, depending on the

material type and deposition method used to form the barrier layer 112, whereas in specific

embodiments, the thickness of the barrier layer 112 may range from 50-100 nm.

10
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After the barrier layer 112 has been formed above the exposed surfaces of the isolation
layer 111, a layer of conductive contact material 113 may then be formed above the wafer 100 so
as to completely fill the TSV openings 110, as shown in Fig. le. Depending on the TSV design
requirements, the layer of conductive contact material 113 may be substantially comprised of a
conductive metal such copper, and the like, or in certain embodiments may comprise a suitable
copper metal alloy. In some embodiments, the TSV openings 110 may be filled with the layer of
conductive contact material 113 based on a substantially “bottom-up” deposition process 133
well known to those skilled in the art, such as a suitably designed electrochemical plating (ECP)
process and the like, thereby reducing the likelihood that voids may be formed and/or trapped in
the finished TSV’s 120 (see Fig. 1f). In other illustrative embodiments, an electroless plating
process may be employed. Additionally, and depending on the type of material used for the
barrier layer 112 and the type of deposition process 133 used to fill the TSV openings 110, a
seed layer (not shown) may be formed on the barrier layer 112 prior to performing the deposition
process 133. In certain embodiments, the optional seed layer may be deposited using a highly
conformal deposition process, such as sputter deposition, ALD, and the like, and may have a
thickness ranging from approximately 5-10 nm. However, in other illustrative embodiments, the
thickness of the barrier layer 133 may be even greater — for example, from 10-15 nm — whereas
in still other embodiments, the thickness may be even less — for example, from 1-5 nm.

Depending on the processing requirements, still other barrier layer thicknesses may be used.

It should be noted that, as a result of the “bottom-up” deposition process 133 used to fill

the TSV openings 110 in some prior art processes, depressions 114 may sometimes be present in

11



140- 230 260 15Table 1 As-Deposited Isolation Layer Thi cknesses Fi gure
|d depicts the illustrative prior art nmethod of Fig. Ic after a barrier

| ayer 112 has been fornmed above thel00. In sone enbodi nents, the barrier

| ayer 112 may serve to prevent the onductive inaerial conprising the
finished TSV's 120 (see Fig, if) fromdiffusing into and/or through the
isolation layer ill, or into and/or through the 1LD | ayer 104a, a situation
that could siglificantly affeci the overall performance of the circuit

el ements 103, the contact vias 105, and/or the conductive |ines 106.
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| ayer 111. As shown in Fig.. Id, the barrier layer 112 nmay be forned
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surfaces inside of the TSv openings 110 10 certain illustrative

enbodi memny siced lwebddeposied dugiderof 1 TRV aypetniegsd Elfomidt abdveatho wepdrHerizawdl at | on
| ayer 111 by performng a substantially conformal deposition process 132,
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devi ce requi renents and TSV design paraneters, the bather |ayer 112 may
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relatively large width 110w of the Tsv openings 110 as conpared to a
cont act Depaadingenh the Widthnhlfw, dé¢pdictl iGd; ahd aspeetr mom ot dtei DYV toperangsyidPcthk
integrated circuit elenent such as the contact vias 105 - the thickness of
t h@ bat lhesrburdeperl 34 i@y, imyonmeatiudteti ¢y dmbodialents det gugaten than dnin, pak hay regsce
characteristics of the TSV s 120 (see Fig. It). Accordingly, the thickness
of the bzhhes-Sluayer eveh2raamy Howsendt shbildibe neitd thes veéreh edihrmdanges condngyiee bet ween
40 um and 200 um depending on h material type and deposition nethod used
t o f or neertet byer dverbutday erickhds2 is névessarySn ioriles peabdre compibie dillmerifshe THe
t hi ckness of the barrier layer 112 nmay range from 50-100 rum

openings 110, the effectiveness of any subsequently performed planarization processes, such as

CMP processes and the like, can be severely impacted. Moreover, when considered in
15 conjunction with the increased thickness 211t of the isolation layer 211 above the upper surface
207u of the hardmask layer 207, the effectiveness of a planarization process may be further

impacted, as will be discussed in more detail below.

In those process recipes wherein the layer of conductive contact material 113 comprises

20 an electroplated copper and/or copper alloy, the wafer 100 shown in Fig. le may be exposed to a
heat treatment process after the layer of conductive contact material 113 has been formed, so as

to facilitate grain growth and stabilization of the copper film characteristics. For example, the

heat treatment process may be an annealing process performed under atmospheric pressure

12



After the bather l|ayer 112 has been fornmed above the exposed surfaces of
the isolation layer 111, a |layer of conductive contact material 113 nmay

t hen be fornmed above the wafer 100 so as to conpletely till the TSV

openi ngs 110, as shown in Fig. Jo. Depending on the tsv design 5

requi renents, the |ayer of conductive contact material 113 may be
substantially conprised of a conductive netal such copper, and the |ike, or
in certain enbodi nents may conprise a suitable copper netal all orne

enbodi nents, the TSV openings 110 may be filled with the |ayer of
conducti ve .cont
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plZnar i zat i oAsFPEE EEYioRHy theinersase dricknasatldle safatiaglpyer AL ddhe 8L gt n nore
detail below. in those process recipes wherein the f FErQ cogdutc}]i ve

cont act ogﬂ@t@pyeaqonggfgm@tg%rlilgg%vmg large amount of overburden 11 ormed outside of the

TSV openings 110 and above the upper surface 107u of the hardmask layer 107 may

substantially impact the overall effectiveness of the planarization process 140. For example,
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20 an el ectropl ated copper and/or copper alloy, the wafer 100 shown in Fig.
|l e may be exposed to a heat treatnent process after the |ayer of conductive
contact material 113 has been formed, so as to facilitate grain growh and
sta dization of the copper himcharacteristics. For exanple, the heat
treatment process may be an anneal i ng process perforned under atnospheric
pressure conditions at a tenperature rangi ng between 100aC and 300C, and
for a tinme of 1 hour or |ess. Depending on the overall integration schene
and thermal budget of the wafer 100, orb heat treatnment recipes may al so be
enpl oyeduring the inftiagstiges bf the plamsizitio prdcksd 940, iRk tha elawiia @iy tpkgerizedsnagho

prior art process depicted in Fig. le in a further advanced Fig. | f, a

pl anar i aalyilenheeadesive téitact Sniedtians13a tHe\Fararigntion procas d 40 hay Ibe lperformy be
performed to renmove the horizontal portion of theof conductive contact

mat er i alsidd Parku@ed® dhad Ukes subbtadtiaBy TEMOP &N tHaGDmMpddXidnt @ntha bandectiveeowadter 100.
Furthernore, in sone enbodi nents the horizontal portions of the isolation

| ayer | olateribiori3pdhitl maghveyfer thenplatepped 80a edpPerciiiog. HunthieimdrBecon&3eri@peni ngs
110 may al so he renoved during the planarization process 140. Mreover, the
t h cknessit ofardehenochar dfion@EBilcdénayieb mh§ Be dhosikedas anoteashrhamhoUSY ypemygsact as a
CM? stop layer, may al so be reduced during the plan. zation process 140.
Af t er conpireto@plewly fillae, thppamadtdrz af the plapreaemprded, 14addly be adiadedyoases, the
front side 100f of the wafer 100 rmay be perfornmed, such as formng
met al | | zashoaen thaylefdomofitle pRndriziog sepomereby resulting in a significant and aggressive
removal of material. For example, an aggressive slurry chemistry that is highly selective to the
material comprising the conductive contact material 113, such as copper, may be used during the
10 initial stage of the planarization process 140 so as to reduce overall processing time. However,
once the barrier layer 112 and/or isolation layer 111 is encountered during the planarization
process 140, the aggressive parameters used to selectively planarize the conductive contact
material 113 may be adjusted so that multiple materials having different planarizing
characteristics — i.e., the conductive contact material 113, the barrier layer 112, and the isolation
15 layer 111 — may be planarized simultaneously. Accordingly, the slurry chemistry may be
changed to a chemistry that is selective to, for example, the material comprising the barrier layer
112, but that is less selective to the other types of materials that may be encountered during this
stage of the planarization process 140. In general, however, it should be noted that planarization

will typically proceed at a significantly slower pace during this stage of the planarization process

20 140 than during the initial aggressive stage noted above, and as will be discussed in detail below.

It should be appreciated that the removal rates of the different materials exposed to the

planarization process 140 during this stage of processing the wafer 100 may not be the same, or

14



15t he TS1v"s 120 and the contact struayer 104. Thereafter, the wafer 100
may be thi nned t he back side 100b so as to reduce the thickness of the
substrate 101 (indicated in Fig. If by dashed line 101E) and expose the
bottom surfaces 120b of the TSV's 120 in preparation fo 'ger stacking and
substrate bonding Le., 3D integrated circuit assenbly. 70As noted
previously, the increased thicknesses of the isolation |ayer 111 and the

| ayer of conductive contact material 113 having | arge anount of overburden
| 13b fornmed outside of the TSV openings 110 and above the upper surface
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significantly slower pace during this sta%. of thenplan rizat%on brocess
translafe into additional defects in the layers of a metallization system (not shown) subsequently

15 formed above the TSV’s 120 and the contact structure layer 104, such as voids, gaps, and/or
additional protruding, non-planar regions, thereby potentially leading to decreased product yield

and reduced product performance.

Accordingly, there is a need to implement new design strategies to address the
20 manufacturing and performance issues associated with the typical methods used for forming
TSV’s. The present disclosure relates to methods for avoiding, or at least reducing, the effects of

one or more of the problems identified above.
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20140 than during the initial aggressive stage noted above, and as will be
di scussed in detail bel ow It should be appreciated that the renoval
rates of the different materials exposed to the planarization process 140
during this stage of processing the wafer 100 may not he the sane, or in
sonme instances, may not even be simlar. For exanple, the renoval :rate of
mat eri al s such as copper and/or copper alloys and the |ike (which may
conprise the conductive contact material 113), nay be significantly | ower
than the renoval rate of dielectric materials such silicon dioxide and the
l'i ke (which may conprise $UMMARY UF PHEASELOSURE when both are exposed to
a 5 planarization process 140 based on a slurry chemstry that is
sel ective t oTHdTelIGEAEHERhts Afsinigliie®ainThey of Y pleschidscdsudessibdiegroafdove. As
such, the material of the isolation layer II1 may he phmarized nore ickly
t han t he vaEt @hdedtan@fngtdT&oma yisfec®fdiscoRdUGkdiY € TERVudetary"BRF bdkxikldivet her eby
resulting in a substantially non-planar protruding region 115 above each
fi ni shedvera¥w b2the Bglosio LT iifit fitéhded fo idddlifs Y & EiibOdierRnd Sf tHehebjbei ght
115a of the protruding region 115 10 may exceed 100 nm or nore, and under
cest ai NneeadiiidRaBh&eC s 38le pli@bsee aplegant bdie: funesRNBE anglifisd fdephhallda of
a depression 114, the specific CVP process recipe enployed, the nateri al
renmoval pfeide tdthé inereeBtailed des@ipelod thex ik dik&issed Idie. hei ght 115a may be as | arge
as 300-500 am or even greater. Furthernore, the presence of the protruding
region 115 in the finished TSV s 120 may translate into additional defects
in the layers of a netallization system (not shown) subsequently 15 forned
above the TS¥ererally,Ghandjctiv@at Biséleded Gt GElueetol dy@ictidOda elsmads, aschweoi ds,
gaps and/or additional protruding, non-planar regions, thereby potentially
| eadi ng treuglanicaastd (PEVEY Cind yrh&hdlis o6 faraechigChd sphodutie Pestfaard/aictol.
Accordingly, there is a need to inplenent new design strategies to address
the 20 diveioset aedelirindl@iea ichnidRy £ QY TRA G6latiSb asrid 35O Atif dpanirgfolnted id ypi cal
met hods used for formng TSN s. The present disclosure relates to nethods
for avokdhibghdu®@sr d@lick,@Rs Vialopehigd B@ndingentdfaf @BdtGite0sf tRN@nondmte deficd. he
probl ens identified above.

The method also includes performing a first planarization process to remove at least an upper

portion of the layer of isolation material formed outside of the via opening, and forming a

conductive via element inside of the via opening after performing the first planarization process.

15
Also disclosed herein is a method that includes forming a hardmask layer above a contact
structure layer formed above a device layer of a substrate, and forming an opening that extends
through the hardmask layer, contact structure layer and device layer, and into the substrate.
Furthermore, the method includes forming a layer of isolation material inside of the opening and
20 above the hardmask layer, a performing a first chemical-mechanical polishing process to remove

at least an upper portion of the layer of isolation material formed above the hardmask layer.
Finally, the method also includes forming a layer of conductive contact material to fill the

opening after performing the first chemical-mechanical polishing process.
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SUMVARY OF THE DI SCLOSURE The follow g p eats a sinplified summary
of the present disclosure in order to provide a basic understandi ng of sone
aspects disclosed herein. This summary is not an exhaustive overvi ew of the
disclosure, nor is it intended to identify key or critical elenents of the
subject matter disclosed here, its sole purpose is to present some concepts
inasinplified formas a prelude to the nore detailed description that: is
di scussed | ater. General ly, the subject matter disclosed herein

rel ates to conductive via elenents, such as through-silicon vias (TS Vs.),
and nethods for formng the sane. One illustrative nmethod 10 disclosed
herein includes formng a | ayer of isolation naterial above a via opethng
formed in a sem conduct devigce _the via goening.&xcending o a substrate
of the sem conduct or d,?ﬁgvi)‘ig*l‘; ot —a é% performng a first

pl anari zat i og, py s?l%?u?e L9 rb%rq?l\ﬁgr @bd :b? q‘ﬁﬁ:reﬂ& PR FoIRVidd @cifioh Mkeh @y er of

i sol ation material 1ornmed outside of” the via openi ng, and formng a
conductive. vi.a el.engnt | nsi f. the vi ' r ' the first
pl anari 73t 1“3?1“06 roc ggl 3 .aczi@ﬂ&?ﬁ%‘é) |aygfg8’sfélgwﬁg€ g}( % gﬁfé;‘rglgc% r%?ﬁ{)ajdsq? %Hatl?g ih&égl udes
fogliarq:mggnlg¥ﬁﬁ“gggye a contact structure |ayer formed above a device

| ayer of "a substrate, and ifrwm ng an openi ng that extends through the
har dnmask | ayer, contact structure |layer and device |ayer, and into the
substrate. Furthernore, the method includes formng a |ayer of isolation

material i ns iFg (i"lrecs)fla-tlf| s%h%rﬁ%ﬂ%l%lgﬂgte%oﬁg&gﬁlwgf MRS plngyaﬁ'{ metRod®®F f OF M ng

a Erst chemi cdl-mechani I'Ng process to renove

forming TSV’s in a semiconductor wafer; and

10 Figures 2a-2e schematically illustrate a process flow of an illustrative embodiment of

forming TSV’s in accordance with the subject matter disclosed herein.

While the subject matter disclosed herein is susceptible to various modifications and
alternative forms, specific embodiments thereof have been shown by way of example in the
15 drawings and are herein described in detail. It should be understood, however, that the
description herein of specific embodiments is not intended to limit the invention to the particular
forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the appended
claims.
20
DETAILED DESCRIPTION
Various illustrative embodiments of the present subject matter are described below. In
the interest of clarity, not all features of an actual implementation are described in this

specification. It will of course be appreciated that in the development of any such actual

17



at | east an upper portion of the layer of isolation material fruited above
the hardtnask Finally, the nmethod al so includes formng a | ayer of
conductive contact material to fill the opening after performng the first
chem cal - mechani cal polishing process. BRI EF DESCRI PTI ON OF THE DRAW NGS
The di scl osure may be understood by reference to the follow ng description
taken in conjunction with the acconpanying draw ngs, in which |ike
reference nunerals identify like elenents, and in which: Figures la
If schematically illustrate a process flow of an illustrative prior art

met hod fembodimetr) myméBW Implemantsiéimispenifitu cik@sionswaluetr be angtlel @Fiachievesthza- 2e
schematically illustrate a process flow of an illustrative enbodi nent of

f or m ng d&h®\6psrst rip&tftoo pokds) cachv dsh cdrfydiasdsh ik t sysmintrelatedi &dl bssadssheledn.

Wil e the subject nmatter disclosed herein is susceptible to various

nodi fi cabisaniatsamdiical &l naty i fven fane Nimpledfeaatidn © andbdl Mo vérhér edf bhave been
shown by way of exanple in the 15 drawings and are herein described in
det ai | . apprecdhalithat dneh urRidedpireadeffdromeiiebe cdntiidx dndainmiesmBunghg,dnt heuldi n of
specific enbodinments is not intended to limt the invention to the

pafti cuheverthaesawe dirswine aedbrtaking foomhdséef adinhryakiyl, in ttheeart véngtthoobene® difo cover
all nodifications, equivalents, and alternatives failing wthin the spirit
and scopss difcléshe. | nventi on as defined by the appended clains. 20

The present subject matter will now be described with reference to the attached figures.

Various structures and devices are schematically depicted in the drawings for purposes of

10 explanation only and so as to not obscure the present disclosure with details that are well known
to those skilled in the art. Nevertheless, the attached drawings are included to describe and

explain illustrative examples of the present disclosure. The words and phrases used herein

should be understood and interpreted to have a meaning consistent with the understanding of

those words and phrases by those skilled in the relevant art. No special definition of a term or

15 phrase, i.e., a definition that is different from the ordinary and customary meaning as understood
by those skilled in the art, is intended to be implied by consistent usage of the term or phrase

herein. To the extent that a term or phrase is intended to have a special meaning, i.e., a meaning

other than that understood by skilled artisans, such a special definition will be expressly set forth

in the specification in a definitional manner that directly and unequivocally provides the special

20 definition for the term or phrase.

Generally, the subject matter disclosed herein provides various embodiments of

manufacturing techniques for planarizing through-silicon vias (TSV’s) formed in a
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DETAI LED DESCRI PTI ON Various illustrative enbodi nents of the
present subject matter are described below In the interest of clarity, not
all features of an actual inplenmentation are described in this
specification. It will of course be appreciated that in the devel opnent of
any such actual 17 enbodi nment, nunerous inplenmentation-specific decisions
must he nmade to achi eve the devel opers' specific goals, such as conplianc
systemrel ated and busi ness-rel ated constraints, which will vary from one

i npl enentation to another. Moreover, it mﬁll be appreciated that such a

never  narBsenes it e T R g Tt affpﬁ" des PercBAmiR b e
i “""V'vd"%@% “&%%ﬁm‘)%lﬁ%%? PR R Her Hisive RERPRERTBE AURRPEL ™
pur pose< LB %&?E&%ﬁﬁ%ﬂ avers%rifp??ﬁo&%gts‘f%@e r%fdﬁgs Céeif’eﬁrﬂgéﬁeﬂ%ﬁ‘g’ﬂg b

Never { nAjgebt wﬁrﬁfg&%@aseﬁa-ﬁﬁ BiFngecea S bt AT e B Hﬁtﬂé‘%‘pf‘;f :

[ t f the, t di Th d d
neror n. SHOFL TRE' Grch &0 GoaraiaorRbor Brondn gays B PP ULARes, o

ththtdfth rds. and_ph b nth
e evan?‘lﬁftéo?rﬁﬁﬁoﬂ SRR Ol Ry B 2o WAt oy nd e

definition that i fferent fro e.ordi nar st ona as
nder st o0 By ‘P?B"éiépg ithe TSR Py eé:afmgqagoqsﬁ\s gelﬁgy e i % %Bgsg&lbtﬂg

consi stent u tin or phrase. 2pd €rm or

phrase iResf yeﬁﬁ’élasefio Eﬁ‘e“’é“?p&'@ aqe m Ihe h,gs az‘%l )r?tgggulttn&éﬁg%%etrjéth

t hat understo rtisa suc specj al definjitio

expr esslsye‘%tié‘"taﬁi" (SIP%HE‘? tﬁ%fo glf‘ingr%};‘PP'iHan? ﬂwg H’éﬁall els’tl?(sjlhoél bn%tﬁlr(liédrs'!o{)

dlrectly and une al | rovi.d e, s 20def | nigian term
10phr adhat 'g% ?rF eef’ﬁﬁysgﬁﬁﬁ“"éd‘f %Sﬁ%?t ?ae%e gﬁ%h%‘%@&t Sgrrl el nmpdregw téf’lieéswvari ous

enbOdl nﬁesglt)sstan%ally correspond with their like-numbered counterparts illustrated in Figs. la-1f, and

described in the associated disclosure set forth above.

Furthermore, it should be understood that, unless otherwise specifically indicated, any

15 relative positional or directional terms that may be used in the descriptions below — such as
“upper,” “lower,” “above,” “below,” “over,” “under,” “top,” “bottom,” “vertical,” “horizontal,”

and the like — should be construed in light of that term’s normal and everyday meaning relative

to the depiction of the components or elements in the referenced figures. For example, referring

to the schematic cross-section of the semiconductor device depicted in Fig. 2a, it should be

20 understood that the back side 200b of the semiconductor wafer 200 is positioned at or near the
“pottom” or “lower” surface of the wafer 200, and the front side 200f is positioned at or near the

“top” or “upper” surface. Similarly, it should also be understood that the substrate 201 is

positioned “below” or “under” the device layer 202, and the hardmask layer 207 is positioned
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sem conductor wafer. It should be noted that, where appropriate, the
reference nunbers used in describing the various elenents shown in the
illustrative enbodi ments of Figs. 2a-2e substantially correspond, where
appropriate to the reference nunbers used in describing related el enents
illustrated in Figs. la-1f above, except that the | eading nuneral in each
figure has been 5 changed froma "1" to a "1" For exanple, wafer "100"
corresponds to wafer "200," substrate "101" corresponds to substrate "201,"
device layer "102" corresponds to device |ayer "202," and so on.

Accor di fighoye” driievarétlerenaea sunber ldes2@naddtsalls ek teon i“derfigal ’shod dk enent s
of the presently disclosed subject matter may be illustrated in the Figs.
2a- 2e buidersypdne beibg swpratiadly pabpéndictis ar thb &dnti andohBack ddce0MORP0OAD sLthosure. |1 n
t hose instances, it should be understood 10 that the nunbered el ements
shown i wafer 90, wheredahavetns Mhosiv@ntaldthodidnddriiest dsbeide tubistantedlly paraBellosthant i al | y
correspond with their |ike-nunbered counterparts illustrated in Figs.

| a-if, &nnoladéscisackéded 200f h@dbassoci at ed di scl osure set forth above.
Furthernore, it should be understood that. unlessotherw se specifically

i ngli cated, any 15 relative positional or directional terns that may be used
in the descriptions below -- such as "upper,""l ower," "above," " "under,"
"top," "bot tEgare 24 temsiacahemati¢ brossieaivingll view afigh illhgrativkemicosthetdr ovalke
construed in ight of that term s nornmal and everyday nmeaning relative to

t he depl@t éfole pésehihbsctronp dnesnibsamiallgtarspings fonhd Wader WDeéllwnatedlinfRiggures. For
exanple, referring to the schematic cross-section of the sem conduct or

devi ce aegasaited absveFivbereid a, pait¢rngihiandnchsh ¢éay20207nde bsdndodnddhabvd the wakek si de
200b of the sem conductor wafer 200 is positioned at or near the "bottont
or | owerd0, aud fvacreindfSU heeningé 210 200rg zanch! téyeh RiG@iniavs beka 2004 thougodet i oned
at or near the "top" or upper" surface. Simlarly, it should also be

ub@ler st canthct k@tctird dayst 3684, rtat de @@l lays PR, tienbdied bhedudanthg dayet 2Atd 62'SOf he
device layer 202, and the hardmask |ayer 207 is positioned "above" or
"over" thkitectord ia@bked3tand ditotte subyere 2204 AdddidhdliypHigl 2aydepictsen menufidcweing i cal "
shoul d he understood as being substantially perpendicular to the front

and/ or bagkwlhaade an 200iion 26042 0f cothgrisivaf €oir e2@0ple wheritebls itshltibge dirdectric
"horizontal " should understood as being substantially parallel to the front
and/ or haekKalfsades sAR0fi dioRMOhnd the like, nfay dof@mBdalsivovie veafe e nmtluding the
cross-sectional view of an illustrative sem conductor wafer 200 of the

pr esent indids elrbsesr 2 0t lak 2 19 o tha MSVadpkyingsa? 10e $ip emaksilltiorati reenmtmiigentsOe
illustrated in Fig. |c as described above, wherein a patteined hardmask

| Byer 2&écifiadefoeicon procayed3 labede fodnethwiabatio?i@r 2ahoayeeyleinBomS¥egopeifii Ngs
",la having a total depth 210d have been Conned through the 10 contact

st r uct uveyih@gyaror2te dhhe de\depmitédayaterid0thjckhdsees lint, ed 1Ungullabndiglitayer 201a
(if 801 architecture is used), and into the substrate 201. Additionally,

Fi g. 2adgepliot e avarayuif dejoditibm garsh@ere, sattessqirsrednedigoloaiticnrand anyewatidd 1,
conprising, for exanple, a suitable insulating dielectric material such as
si | i conoftthoddpdetianarfhdecandi thedjkenmprdyoufl divewdsalbaihaedpha tnBierc aBO@, i ncl udi ng
the inside surfaces 210s and 2 Cb of the TSV openings 210. In sone
illustrative enbodi ments, the

20 Figure 2b shows the semiconductor wafer 200 of Fig.2a in a further illustrative
manufacturing stage, wherein the isolation layer 211 may be exposed to a first planarization
process 238, such as, for example, a CMP process and the like. As noted with respect to the

illustrative prior art planarization process 140 depicted in Fig. 1f and described above,
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15 specific deposition process 231 used to formthe isolation |ayer 211
may result in sonme degree of varying on or nore of the as-deposited

mat eri al thicknesses 211t, 2111), 2111, and 211b. depending on a variety of
deposition paraneters, such as process recipe, location and orientation of
the deposition surface, and the |ike, as preidously discaissed with respect
to Fig. | e above. 20Figure 2b shows the sem conductor wafer 200 of Fig. 2a
in a further illustrative manufacturing stage, wherein the isolation |ayer
211 may be exposed to a first planarization process 238, such as, for

e ?aRr?‘i?&S“B%r ERSERS ibapraProbt T e eglm%t Qeééfﬁa%ééflélc’offfmﬁplﬂ ancl
st il  arBepandREREToR BF el e el T SOFE BRI o°
A e AR B P waecgguwe. s
f.“EZ‘ " b T ol BT s et e ity arBEFGAE R 11T e
Bndlor RGO B BGR JBlen Eﬁq%&?@w@%ﬁ%{)@c"eﬁﬁe .2€Pa PR o "
or ocess D35 HBE “RATS P aaé’ E%lft‘vﬁreoiaoedef@t?ef@tef?&%‘ﬁfr%weaqoar B aRbg el
S ,ecggn@}egg;gpﬁ o EArbr Her ¢ bt s 05 Ekpgn 3%5%%2?5@%.‘5&35
may not B m??%ég’q R Eﬁr pﬁh%'ﬁ%ﬁ%?t'f%w B ik Beplgific Ahfleda® 1 10
Sii For 1 AERPRGR 1 ICUBGNARET 81 grciee “BESt A8+ re'%aé%‘% A T
<Pt ace BT %ma#énﬂ% e e St a%%ﬂéq%gﬁgv;ae@lu%r AN SR’ UR HPRaL ng
thei ntial renoval ée effe ts caused %# resence of nultlple

mat er i al'&CdB?y rf?ép?ﬁﬁﬁ'é ﬁlﬂe § R ARATZAPR PIGEes as previously described.

However, in other |IIustrat|ve enbodi nent s, the flrst pl anari zation process
238 may be stopped when a reduced residual t hi ckness 211r of the isolation

[ ayer 211 renmins, above the hardmask |a 207, there
4 In certain illustrative embog ments, the fir p anarization process%S may be performed

until substantially all of the horizontal portion of the isolation layer 211 has been completely
15 removed from above the upper surface 207u of the hardmask layer 207, thereby substantially
eliminating the differential removal rate effects caused by the presence of multiple materials
during subsequent planarizing processes, as previously described. However, in other illustrative
embodiments, the first planarization process 238 may be stopped when a reduced residual
thickness 211r of the isolation layer 211 remains above the hardmask layer 207, thereby
20 substantially reducing the effects of the differential removal rate previously described. For
example, in certain embodiments, the first planarization process 238 may be performed until the
residual thickness 211r of the isolation layer 211 remaining above the upper surface 207u of the

hardmask layer 207 is approximately 10-20 nm.
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20 substantially reducing the ffe of the differential renoval rate
previously described. For exanple, in certain enbodinents, the first

pl anari zation process 238 may be perfrmmed until the residual thickness 211r
of the isolation layer 21 1 renmaini ng above the upper surface 207u of the
hardmask | ayer 207 is approximately 10-20 rim Dependi ng on the
overal |l processing strategy, control of the first plartarization process
238 may be performed by any one of several nethods well known in the art.
For exanple, as described with respect to the prior art process above, in
those illustrative enbodi ments of the present disclosure wherein the
isolation layer 211 is substantially conpletely renoved from above the
upper surf aaeepeftiing 6f the heedd peiresing [saytedy, 26hfrol bhene iadt pransdzatiay proc207 may be
used as a CAP stop indicator by detecting the presence of the material,
conpr i sp3gmie: pafodi@sShy hgyme o2 8k edlimkthgdst Wil iplodmnaii theiang fopexaiplons | n
other illustrative enbodi nents, the CM? processing tine may be adjusted
based upaeriteaeyitl respateo and pritataathritcGCASSe, G0 tHokolllustatiad egb@smensucihthas in
10situ neasurenents, feedback control data. from previously processed

waf er s piaeknt Bieclbduke wherein th&is@likien 2geiShOWS dubeanitiblly sdoigétely @emevadciesmluct or
wafer 200 of Fig. 21-) in a further advanced stage of processing after
conpl et itRe B uppte siirtacs RO A i@ taziaiaklonyde 20T, @lsShazBBask W07 mag bbstednt i al | y
all of the horizontal portion of the isolation |layer 211 has been

subst anf iCMB stof BiaRu©EbY dadtiap eheeprishire b pier maeridl @6@prathguhe hartileskHayed mas k

| ayer 207. As shown in Fig. 2c, in certain illustrative enbodi nents, sone
r esi duabo7pdiring Cheepladiizing @perhtid. | Biodtladr iidustrhty einbddilnenmytht EMJE pecatiegl dur i ng
the first planarization process 238. The residual particles 2.11p and nmay
be present ran bordestbeded upor dnber surd ates:@f prideas@npdrshmegiss, efichtdaén
isolation |ayer 211 which remain inside of the TSV openings 210. As may be
Wil | ungdermsdagaemdiys, fdadigek sdairbl dxth froin pla@oadl protdaed pratese meihofike he 20
residual particles 211p may lead to defects in material |ayers that may be
subsequently fornmed on the remai ning portions of the isolation |ayer 211.,
such. as barrier |ayers, conductive contact material |ayers, and the |iKke.
Accor di ngl y,Figuile 3Odm0we tha ditlistiive Semitorddi@orswidi¢reX00 ofBigt 2brin difetensizandaér ei n, a
cl eani ng process 239 may be perforned as shown in Fig. 2c to reno,, e the

r esi duastagepdiptdcedsag adrigompletiorc 6ff thafint plhnadgition tprocess 2R odiersniubstaiithally cl eani ng
process 239 may be chem cal cleaning process, such as, for exanple,

exposi ngl éthke Eoizbiagesrtidh of the isomaibataidn 11 Ryeker?hbstimiaidy @idouwddgebnnytabvef | uori c
acid treatnment, and the like. O her suitably designed cl eaning recipes well
Krsown t @e upges Suisdck 2bAdof the hir@madktlayea 20 Al 80 shvilisedg. 2¢, in certdm Jlusweatiel
illustrates the sem conductor wafer 200 of Fig. 2c in another stage of
manuf acémtodimeats) emeREPhL phditleOR 1 he tigd RalidAgayer At Sy B3 ferdesardubag above.
As depicted in the illustrative enbodi mrent shown in Fig. 2d, a barrier

| ayer 2t firmyplhfriffiongto@oyss. t ke vdidesl R6R)esviilghndrayay Benpreent an rr

enbodi nents, serve to prevent the conductive material conp 10 the finished
"NV s 2&fbed8&ien fieGurf2@} of thoda paitidh sf theisbhtien lagd 201 whith eangin inkide b&iaE at i on

| ayer 211, or diffusing into and/or through the interlayer dielectric (M)
| ayer 20%aopdnitigs2€0.MBE enaytbsevellamddéradod By @osedkdledriythahs ohapiesease afthadhesi on
| ayer, thereby potentially enhancing that overall bond between the contact
NEL er i adesi@fial pheicikd pi iphed, ESNoIeR20 inndtetifidayend@st pidyng dbehently femedol ati on
| ayer 211.

on the remaining portions of the isolation layer 211, such as barrier layers, conductive contact
material layers, and the like. Accordingly, in some embodiments of the subject matter disclosed

herein, a cleaning process 239 may be performed as shown in Fig. 2c to remove the residual
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15 As shown in Fig. 2d, in sone illustrative enbodi nents the barrier

| ayer 212 may be fornmed above the afer 200 using, for exanple, a deposition
process 232, so as to cover all exposed surfaces of those portions of the
isolation |layer 211 renmining inside of the TSV openings 210, as well as

t he upper surface 207u of the hardmask | ayer 207. It should be noted 20
that in certain illustrative enbodi nents wherein a residual thickness 211r
of the isolation layer 211 nmay renmai n above the upper surface 207u after
conpletion of the first planarization process 238, the barrier |ayer 212

211 e A0y I e P AT B a0 e oS Ban Lt EiesRe "
For m ng, IEHTEHEEEn s S BPP P RRPBUTE [ age Pt 313 B L abblaht i al |y
P ocess fivtgyPRTbens frirgup. and e 1hg; o SablyGanchicfine (&EEbT, *"
sem conduct or waf eklﬁg%tb‘ggﬁ%%fu”h r manufacturing stage, after the

i sol ati offorayethoss T WEH and the barrier layer 212 has been

formed above the platinized isolation |ayer 211 and above the upper surface
20Ph of the hardmask | ayer 207. As illustrated in Fig. 2e, a | ayer of

conductive caontact, material 213 nay be fornmed ab he wafer 100 sg as to
conpl etely f iﬁ‘ﬂ“’et%i’e%t%élfﬁ ﬁ“d@c‘f%ﬁ‘?torDé" dﬁqg(’tgﬁgf %‘é “TS"\?O%%IS PgR B

requi renents, the_layer of conducti.ve cont material 213 e

subst ant PAFAFUES AR %’Eﬁleﬂf’“ SfOEIE‘Bﬁ freng V@c%?ﬁ ‘?es‘érh’(‘?ﬂ a'gos"e'cé\ﬁpdg?ﬁl&gna1 Phe 1i ke,
or in certain enbodiments may conpri se .a suitaple copper tal.allgy. In
some enbPHTREMHR gnbdgen @W%%Jﬁ%ﬁﬁsa E%er Vrt}zgﬂalyl Sggwefj%%?ﬁethf év)?ge?{ of
conductive contact mater.al 2%3 based on a sub tan%iallﬁg;boﬁt%ghqg"

deposi t | B> PRiGR &y, Basrigin) ombRgigIRALst TEHB PEVER 1 EFINAVE WA LT as

sui tabl y desjgned el ectrochenj cal .ati.ng 15 CcP cess .and the. like,

© Hr aby” btk e 20 feet FRow ToRLTbuneistorayor b p SEEIMER I Fllbped i n
the finished TSV s 220 (see Fig. . Jp other illustrative enbod| ments,
an el ectdfidedngyinty pndfpr E@H@b the n‘ﬁ'fir%%)ér QW%FWé&D)AaW?Ibéﬁa:FP@TWS?{& té%pendi ng
on the type of material used for the bather |ayer 2 and the type of
deposi t i B AYERSY Payalse ad atséniﬂf“]elsmf‘ﬁ@’e’F é{‘f’r‘fi’éﬁé’r?feﬂ[jé%'ﬂ'g?“cﬁlgs%%d’g F%@er (not
shown) may be fornmed on the barrier |ayer 21 jor. to rformng the
deposi t i ¥ hetvyser dss sonses mategial ot hedipished (’ﬁsyzsa%ﬂ Aut h’ﬁdglﬁfflyé?? F‘Sﬁcﬁnﬁr nm ng,
the seed | ayer may be as previously outlined with respect to the prior art
met hod iPolgondayerdllin Fig. | e and described above.

15
As shown in Fig. 2d, in some illustrative embodiments the barrier layer 212 may be
formed above the wafer 200 using, for example, a deposition process 232, so as to cover all
exposed surfaces of those portions of the isolation layer 211 remaining inside of the TSV
openings 210, as well as the upper surface 207u of the hardmask layer 207. It should be noted
20 that in certain illustrative embodiments wherein a residual thickness 211r of the isolation layer

211 may remain above the upper surface 207u after completion of the first planarization process
238, the barrier layer 212 may be formed so as to cover the residual material of the isolation

layer 211 remaining above the hardmask layer 207. In some embodiments of the present
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It should be noted that, as a result of the "bottom up" deposition process
233 used to fill the TSV openings 210, depressions 214 nmay be present in
the | ayer of conductive contact nmaterial 213 above each of the TSV openi ngs
210 after conpletion of the deposition process 233, simlar to the prior
art process shown in Fig, le. As such, at |east sone anount of material 5
"over burden" 213b may need to be deposited outside of the TSV openings 210
and above the upper horizontal surfaces 200s of the wafer 200 to ensure
that the TSV openings 210 are conpletely tilled with the |ayer of

conduct dielosued) MicGiterd edmpaising1Be meMho8OiNeg f@IToRERHRAY $he tRidkheskepontieng on
the width 210w, depth 210d, and aspect ratio of the TSV openings 210, the

t hi cknessrief lajdie 1 Dimey basubentAll 3 bs By deeriBéEaitietespddad the Brirdier MyeeDi2esf, t he
overburden 213b 10 may range as high as 4-5 pm or even geater, in order

t 0 ensuk® piibadrt frb@soiamiiaed Ifpiga. t he depressions 214 in the conductive
contact matenal |ayer 213 does not encroach into the TSV openings 210.
Figure 2f depicts the illustrative sem conductor waferle after conpletion
of the 15deposition process 233 used to fill the TSV openings 210 with the
| ayer of conglp@t Dy ehode MictilhstiABEseimidondibir wAfer 0®WNyet B flrihgr madufactuding hose
process reci pes wherein the | ayer of conductive contact material 213

conpri seggahftelieGidph aiye? 1dappBien pRdirdkd eRIPEbarAdr 1O)r 21 1Rs Wahesrm2@0 may be
exposed to a heat treatnent process 234 after the |ayer of conductive

cont act abt eHel pidnaztd idoasioN RO A0 aiesbové the upRy sdrded 207uak tHeGa@iask lgyedwt h and
stabilization of the copper filmcharacteristics. 20 |In certain

i 1 ustradi.ves ankeidie FgS 2e, tallgyeh 0atontitictias batict praeLtAI33 24 bedymed afvese an
anneal i ng process perfornmed under atnospheric pressure conditions for a
tinme of thk JadeH200rs0 la &S conthl@Elg il b aSufopehiagsall0e dbdpagliny aces ISVadesfae from

| @-300'C, Oxher heat treatnent recipes nay al so be used, depending on the
over al | rdgbire@gsnat the Mays€bdvadiatide tdn@ictihtelidl AR inaghe kiR tangdlgrco@Piised of a

Figure 2g shows the illustrative wafer 200 of Fig. 2f in a still further
advanceeonmanivk agdtaly bkl St @gger Ahd ShOWRe, i dt ifri ogrtai? @mbadigeae thypdoatpéise Zat i on
process 240, such as a CWMP process and the like, nay be pc-rimtied to
renove tiliablBesppeointtal allpRr Inisoms edboditientsyeeelSVadpehiayed19 niagbatitledwiisihde of the
TSV openi ngs 210 from above the horizontal upper surface 207u of the

har dmas laytayf @6nddfive chitict niipaeal F13Gadel ¥n a kibstatxeally I batshi-@1 i degosiivh pebicesent  shown
in Fig. 29, the recipe used for the plartarizabon process 240 may be

adapt ed23pwslukedvanbitadsk ¥ki0a il @é edtysubte iy itably designed electrochemical plating

15 (ECP) process and the like, thereby reducing the likelihood that voids may be formed and/or
trapped in the finished TSV’s 220 (see Fig. 2g). In other illustrative embodiments, an electroless
plating process may be employed. Additionally, and depending on the type of material used for
the barrier layer 212 and the type of deposition process 233 used to fill the TSV openings 210, a
seed layer (not shown) may be formed on the barrier layer 212 prior to performing the deposition

20 process 233. The thickness of, and methods used for forming, the seed layer may be as
previously outlined with respect to the prior art method illustrated in Fig. le and described

above.
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10 the horizontal portions of the |layer of conductive contact material 213
and the barrier layer 212 from above the hardmask | ayer 207. For exanpl e,
since the horizontal portions of the isolation |ayer 211 may have been
substantially conpletely renpoved front above the upper surface 207u of the
hardmask | ayer 207 during the previously perforned first planarization
process 238 (see Fig, 2b), the previously-described differential renoval
rate effects may be | ess significant, 15 Accordingly, the paraneters used
for the second planarization process 240 - such as, for exanple, a slurry

T B S AT

may be rial “renoval rate, thereby
Cesul t1 B TR VapPeBpet A1 PRI o oPaBy PR b 'eifér%g&fc.oﬁuc@eo s
of the. HBTIS BAEFGHD § edS r.ﬁ'a%EmE LR ERRGoTRETh F3p Pg%{aﬁﬁ?% Ben O
St op- T ayBh, STRIGP £ THeBShPBRGn RO f BEfack: WERe ?Ec‘é‘%'é%f'nn% ppetinfgd =
D eovers RBSRE 19 ot SO SRS %a#‘%aﬁ‘ %fsmsmét B SRR g
e hor FaFBF BHTAQBR FEMESoRoE 56 the ot 2% 'y 8 Urels R sPoiEt Hlke “Lhove
Dl armul 7 HOTRIFSH BLEESTDS RS RO EaTIE SRt oL ssgﬁlf SORedBERE Y Par may
B?oiiiif%géﬁéw“wé%ﬂ%éﬁg vt et it Por! B0 PRl 4 Beet ner
wher of n bickert ek AFONIFY %ﬂ*ﬁirﬁ?yt PhEeRficee 251 S%?rfe?%“e. sore?‘*ﬁfoeﬁ 1o 211
Qa0 | rorfa aFY SuiEh ot CHENTEh PR ARG SR FORBVaY Srdh 2Lt e 11 be
SuBSt ant IRy G b e st PO BEFR T Al gt B %%?a%& ey [m%f e
the isolation | ayer 211. Accordingly, in sone illustrative enbodi nents, the
pr esence®PsRings Pot r udi ng regi on above the 15 finished TSV' s 420 (see,

e.g., protruding region 115 of Fig. If) may be substantially elim nated,
thereby resulting in a substantially planar upper surface above the

fini shed TSVs 220. In other illustrative nts unt of
CWP " di shi ng'Figees2fslepige tsiliystragxs, pemiendugtey) WwAfeT n‘g nﬁ?\@%? auy @p% f)targgrret ers
during the second pl anarizatio. n,Process 240 %Q q

15 deposition process 233 used to fill the TSV openings 210 with the layer of conductive contact

material 213. As shown in Fig. 2f, in those process recipes wherein the layer of conductive
contact material 213 comprises an electroplated copper and/or copper alloy, the wafer 200 may
be exposed to a heat treatment process 234 after the layer of conductive contact material 213 has
been formed, thereby facilitating grain growth and stabilization of the copper film characteristics.
20 In certain illustrative embodiments, the heat treatment process 234 may comprise an annealing
process performed under atmospheric pressure conditions for a time of 1 hour or less, wherein

the temperature range of the annealing process may be from 100°-300°C. Other heat treatment
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20 may cause the presence of the any depression Fig. 2e) in the
as-deposited | ayer of conductive contact material 213 to translate into a
di shed region 216 having a depth 216a at the upper end of each finished TSV
220 after conpletion of the second pianarization process 240. However, in
accordance with various illustrative enbodi nents di scl osed herein, these
type of "dishing" effects may be mtigated in sone respects for at | east
the followi ng reasons: since the isolation |ayer 211 may he substantially
or even conpletely renoved from above the upper surface 20Th of the

har dnmaskecipay by 200 bdiisk@depedih® bAHRDvERE inkedydibn Shem® AdUEEINMELABA bAGE
material 213, the Cll MP paraneters used during the second planarization

process waft920my be adjusted only 5 as required to handle the planarization
characteristics of the material conprising the |ayer of conductive contact

mat erial 213. Accordingly, the depth 216a of the dished regions 216 may be

substantially reduced, or even elimnated. For exanple, in sone

iIlustrati verigipogi WBRé She tiRsRRt Wafd 600 MRYFBEf| BSE MAPH@XETRIv@hdd 100 urn,
and in certain nbodinments may be as little as 50 m |, or even |ess.

Mo§ €0V e manéfi@ury 85 s ishovaintFif. Qgt hecoRIANERZAEP bRdcedd 340, st dsiakelibhood
10t hat the presence of the dished regions 216 in the finished TSV's 220 nmay

transl apcésdhrd e diks, iRy peab@ el So tdhovs B @GHRIMA YortiOlsBT tha Biraddl 1gaki on
| ayers may al so be substantially reduced. In sonmestrative enbodi nents of

the presgmtd disiat osme asvhehesiaps Mo2EGa abdve tulibehdiiiz&hﬂdlpﬁmﬂﬁb‘é 16 oMy be
significantly reduced by adjusting the residual thickness 211r of the

i sol at i @arddhbdkap@s 2811 Mdtatkpdtmtaidl Gy enet iesuhavelemsddithey SiowdOif @E.2ef thkhe first
pl anari zatim process 238 (see, 21,). Thereafter, during a |ater stage

of the seRpemstd B BHhhZRIIADRERDRE $nag H0 addpRe 1Subkthtial esrhBElY rdiyve be
adj usted so as to be nore selective to the material of the barrier |ayer
21® as the horizontal portions of the layer of conductive contact material 213 and the barrier layer 212

from above the hardmask layer 207. For example, since the horizontal portions of the isolation

layer 211 may have been substantially completely removed from above the upper surface 207u

of the hardmask layer 207 during the previously performed first planarization process 238 (see

Fig. 2b), the previously-described differential removal rate effects may be less significant.

15 Accordingly, the parameters used for the second planarization process 240 — such as, for
example, a slurry chemistry that is selective to the conductive contact material 213, and the like —
may be adjusted for a more aggressive material removal rate, thereby shortening the duration of
the second planarization process 240 and resulting in an overall reduction of device processing
time.

20

Control of the second planarization process 240 may be performed by any one of the

methods previously described regarding the first planarization process 238, such as, for example,

using the hardmask layer 207 as a CMP stop layer, in situ measurements, feedback control, and
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iously described. The renpoval rate of the remaining portions of the
conductive contact material 213 may therefore be significantly |ower than
that of the residual thickness 211r of the 20isolation |layer 211 and the
barrier layer 212. Accordingly, when the residual thickness 211r and the
slurry chem stry used during the |later stages of second pl anarization
process 240 are properly adjusted and bal anced, good pl anarization of the
"finished TSV's 220 nmayd, such that the depth 216a of the dished regions
216 may be reduced or even elimnated altogether, Figure 2h depicts

the itlustradve waferof Fi t anot her adya t

Af?e: cgﬁ%{g%%ﬁﬂ%%FEﬁ%%mg@g8ﬂ gﬁé?l%: ?onﬁ%g%%éég%ﬁﬁﬁgamggﬁ%5onafS "9e
f 001 of the waf 0 F

7 050 1 5] B0 0 T B PESs or

pluralit 4Oof metallization | ayers 218a, 218b, 218c etc. may be forned
above t finished TSV's 220 and the contact structure |ayer 204 so as to
provi de el ectrical interconnects between the circuit elenents 203 and
circuit elements present on any one of a plurality of additional stacked

cornected t gi&Sﬁ R bite g oS Rard oo SR s tondeite | L veg %885 ment s,
fhe 1 nishel b e glivér FEheS 0 5B e LBTARe q&?é@f?ﬁ%td?‘ﬁ“ﬁ r%g“’i“ e n?aér%gznggg
R s
g?n:ﬁgtsﬁiﬁjgﬁﬁﬁwlI?j%???é?ghggﬂgﬁﬂggVﬁyP%%’ WF@h eéﬁ% rlgzﬁﬁier;?
conpr i sia:"fﬁgelﬂf?é #’ﬁfe(??’i’ra?@? n't#’%ﬁeé Lr'f‘tl:"el H@gﬁ’mﬁ?ts f’ﬁtzngfeFé& & vi%z%fitl ion | ayer
R e
sur e Hehdd AL STy SR
saciniin i v Lo B B TR B
of a griHeaRgallete ‘Fﬁeﬁés C%?Ri‘f"tﬁirtoﬁllﬂals P‘hggn;g ZE% gg‘ 150115P83? 4t hi nned

substrate 201 having a_predet er ned thick ness whereipn the. dettﬁrm ned

¢ hi oknedAecryieli it B8r MEHIFYE HEPHERTS RGPSt o Profi i frEioR above
15 finished TSV’s 220 (see, e.g., protruding region 115 of Fig. 1f) may be substantially eliminated,

thereby resulting in a substantially planar upper surface above the finished TSV’s 220.

In other illustrative embodiments, some amount of CMP “dishing” may occur as a result

of employing aggressive CMP parameters during the second planarization process 240, which

20 may cause the presence of the any depressions 214 (see Fig. 2¢) in the as-deposited layer of
conductive contact material 213 to translate into a dished region 216 having a depth 216a at the

upper end of each finished TSV 220 after completion of the second planarization process 240.

However, in accordance with various illustrative embodiments disclosed herein, these type of
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on the eventual purpose or application for which the wafer 200 may he used
in an overall stacked chip design. As a result, the subject matter
di scl osed herein provides various nethods of planarizing through-silicon
vias (TSV's). Wiile these techniques nmay he of particul ar advantage for
TSV's having a width of 10 p mor nore and a depth of 50 p mor nore, these
techni ques nay be successfully enpl oyed for TSV openi ngs having
significantly smaller dinmensions. Mreover, while sone of the enbodi nments
descri bed above are directed to TSV's conprising silicon dioxide isolation
| ayer s d&dishing®affpes mantié oitigaep pesonal kgpycte tmduletst e folbntigreasoat: emcatlis, t he
10met hods di scl osed herein nay al so be applicable to other suitably

desi gnedolxatre tayal 2ldombyy batutsnstialijepearven ngmplatetyhemovedrfadnh ablewei the up@si gn and
processi ng requirenents. The particul ar enbodi nents di scl osed above
are il | ssfacal@nef drthardamskt lager RET peorttd/JonmidgHze. Ivyeb ef crndiictivechbngmdmgeratt i ced i n
di fferent but equival ent manners apparent to those skilled in the art IS
havi ng 2h¥ tHedidP paranéterts heedtdeandine gisoliepl siarizatibo proessa A4l eay iehdjupedodss st eps
set forth above nmay be performed in a different order. Furthernore, no

[ i ¥ t at porguiardetoi mbda dedplimaritdien dbiradtérstict of GBOBtarcl@t ¢o@pricing deslagm dier ei n
shown. other than as described in the clains below It is therefore evident
t hat t heorgactive cottant metrbieldl 1fe ireordingg the dapttadiow ef traylishal regioer2dd mey baodi f i ed
and all such variations are considered within the scope and spirit of the

i nvent i eubstakiiatigretlungl, yr etehelidpredt dot exampso ugstimehidnwiativel gntmdinzats, fhort h i n
the clains below. CLAIMS WHAT | S CLAI MED:

depth 216a may be less than approximately 100 nm, and in certain embodiments may be as little
as 50 nm, or even less. Moreover, due at least in part to the reduced depth 216a, the likelihood
10 that the presence of the dished regions 216 in the finished TSV’s 220 may translate into

additional defects in subsequently formed metallization layers may also be substantially reduced.

In some illustrative embodiments of the present disclosure, the depth 216a of the dished

regions 216 may be significantly reduced by adjusting the residual thickness 21 1r of the isolation

15 layer 211 that may above the hardmask layer 207 after the first planarization process 238 (see,
Fig. 2b). Thereafter, during a later stage of the second planarization process 240, the slurry
chemistry may be adjusted so as to be more selective to the material of the barrier layer 212 as
previously described. The removal rate of the remaining portions of the conductive contact

material 213 may therefore be significantly lower than that of the residual thickness 211r of the

20 isolation layer 211 and the barrier layer 212. Accordingly, when the residual thickness 211r and
the slurry chemistry used during the later stages of the second planarization process 240 are

properly adjusted and balanced, good planarization of the finished TSV’s 220 may be obtained,

such that the depth 216a of the dished regions 216 may be reduced or even eliminated altogether.
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A nethod, conprising: g a |layer of isolation material above a via opening
formed in a sem conductor device, said via opening extending into a
substrate of said sem conductor device; perfotwing a first planarization
process to renove at |east an upper portion of said |layer of isolation

mat erial fornmed outside of said via opening; and after perfortninu said
first planarization process, formng a |ayer of conductive nmaterial above
said substrate to cover at least a remaining portion of said isolation

| ayer, and thereafter form ng a conductive via, elenent inside of said via
opening fromsaid | ayer of conductive material. 2. The net hod of
claim1, wherein perforning said first planarization process conpri ses

perform’ ng ath %8?1?%' Exe 11 1fat1 e0|vs|/a 5'@ %E'Ol,ggslsg in et anotf’?ér J(R?O thO_d of

claim2, fur ornlng fa“cl eani g-pro d&sS prior orm ng

said ¢ 0@;@ sl Yo, o1 2 di?mp}q*é%r S ing ALl pq%%ya%o&fp%c%és 248 AgaBLFd tO

e P La i'r's anari zatl on 4.
The nethod of c sai |so nprises
formru;@ﬁﬁﬁ?W%ﬁﬁﬁg%ﬁmF18ﬁgglgﬁw z?ggg%ng 03 ‘gﬁ¥s l ace of gald vi

dj t f d
Curtace B 2o gt BE R R e o urﬁt?”' 1@‘2&@0 I
C onpri s A 8((:j - o Isnlagl 'be;I g)nnﬂql!%bekgﬁ'nﬁ 6J alsgt?gitf\él 2?(1%% Vl\‘ﬁg CORtAOr | gtlur%gfza'%l' &(54 ds%%s

di oxi de. ereln ornln

CM A BSOS LA BRCRS I LSRRy oo
outsi de (glf ansyacl)n% (y apl?lpﬁty opaddmonal stacked semiconductor chips that may eventually be
bonded and electrically connected to the wafer 200. Additionally, in some illustrative
10 embodiments, an etch stop layer 217 may also be formed above the hardmask layer 207 and the
finished TSV’s, so as to also facilitate the formation of interconnect structures between the
metallization system and the finished TSV’s 220. The etch stop layer 217 may comprise any one
of a number of dielectric materials that may be suitably selective to an etch process used to form
contact via openings and/or trenches in the interlayer dielectric material of the first metallization
15 layer 218a. For example, depending on the material comprising the interlayer dielectric layer of
the first metallization layer 218a, the material of the etch layer may comprise silicon nitride,
silicon oxide, silicon oxynitride and the like. Furthermore, the wafer 200 may be thinned from
the back side 200b so as to reduce the thickness of the substrate 201 (indicated in Fig. 2e by
surface 201s) and thereby expose the bottom surfaces 220b of the hybrid TSV’s 220 in
20 preparation for wafer stacking and substrate bonding — i.e., 3D integrated circuit assembly. This
back-side thinning operation may be accomplished by performing one or more of a grinding,

etching, and/or polishing process so as to provide a thinned substrate 201 having a predetermined

thickness, wherein the predetermined thickness may, in certain illustrative embodiments, depend

29



8. The method of claim7, wherein performne, said second planarization
process conprises perform ng a chem cal - nechani cal polishing process.
9. The method of claim1l1l, wherein fanning said | ayer of conductive naterial
conprises performng an el ectrochem cal deposition process to deposit a
metal |ayer conprising copper. The nethod of claim1, further
conprising formng a barrier |layer to cover at |east said | ayer of
isolation material prior to formng said conductive via elenen 11. The
met hod of claim 10, further conprising formng said barrier |ayer after
per f or monghesaemudl ptirpbdse ok agpdicdtion forovhighrtbeease 200dalive ussdtih adovefallGlaaked O,
wherein formng said barrier |ayer conprises depositing a conductive
mat er i alchipalegigd.si ng at | east one of tantalumtantalumnitrideand titanium
nitride. 13. A method, conp sing:
As a result, the subject matter disclosed herein provides various methods of planarizing
5 through-silicon vias (TSV’s). While these techniques may be of particular advantage for TSV’s
having a width of 10 pm or more and a depth of 50 um or more, these techniques may be
successfully employed for TSV openings having significantly smaller dimensions. Moreover,
while some of the embodiments described above are directed to TSV’s comprising silicon
dioxide isolation layers and copper and/or copper alloy conductive contact materials, the

10 methods disclosed herein may also be applicable to other suitably designed material

combinations, depending on the overall device design and processing requirements.

The particular embodiments disclosed above are illustrative only, as the invention may be

modified and practiced in different but equivalent manners apparent to those skilled in the art

15 having the benefit of the teachings herein. For example, the process steps set forth above may be
performed in a different order. Furthermore, no limitations are intended to the details of
construction or design herein shown, other than as described in the claims below. It is therefore

evident that the particular embodiments disclosed above may be altered or modified and all such
variations are considered within the scope and spirit of the invention. Accordingly, the

20 protection sought herein is as set forth in the claims below.
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har dmask | ayer above a contact structure |ayer formed above a device | ayer
of a substrate; Form ng an opening that extends through said hardnmask

| ayer, said contact structure |layer and said device layer, and into said
substrate; a layer of isolation material inside of said opening and above
sai d hardrnask |layer; perfonni g a first chem cal - mechani cal polishing
process to renove at |east an upper portion of said | ayer of
isolation material fornmed above said hardmask | ayer; and after perform ng
said first chem cal -mechani cal poliehAamm$rocess, formng a | ayer of
conductive contact material to fill Lid op 14. The nethod of claim 13,

further conpywirFATds RS A®iiDYO a cl eaning process prior to -lotmng said
| ayer of conductive contact material, wherein said cleaning process is

adapted to renove particles created during said 'first chem cal - mechani ca

pol i shi ng pﬁpces§u8dh%iconéﬁﬁnghe met hod of claim 13, further conprising
perform ng a’ second chemcal -

forming a layer of isolation material above a via opening formed in a semiconductor
device, said via opening extending into a substrate of said semiconductor device;

performing a first planarization process to remove at least an upper portion of said layer
of isolation material formed outside of said via opening; and

after performing said first planarization process, forming a layer of conductive material
above said substrate to cover at least a remaining portion of said isolation layer,
and thereafter forming a conductive via element inside of said via opening from

said layer of conductive material.

2. The method of claim 1, wherein performing said first planarization process

comprises performing a chemical-mechanical polishing process.

3. The method of claim 2, further comprising performing a cleaning process prior to
forming said conductive via element, wherein said cleaning process is adapted to remove

particles created during said first planarization process.

4. The method of claim 1, wherein forming said layer of isolation material
comprises forming said layer of isolation material above a bottom surface of said via opening,
adjacent to sidewall surfaces of said via opening, and above an upper surface of an interlayer

dielectric layer formed above said substrate.
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mechani cal polishing process after formng said | ayer of conductive contact
material to expose said hardmask |ayer. conprises fanning a dielectric
material |ayer conprising silicon dioxide. 17. The method of claim
13, wherein formng said |ayer of conductive contact material conprises
perform ng an el ectrochem cal deposition process to forma netal |ayer

conpri si ng copper. 18. The nmethod of claim 13, further conprising
form ng a conductive barrier |ayer above said |ayer of isolation nmateri al
prior to formng said | ayer of conductive contact material. The

met hod of claim 18, wherein form ng said conductive barrier |ayer conprises

deposi ting g mat ¢ht ahethy &f Sl%ﬂiﬁ’?i,sivg&eﬁt f&rﬁﬁﬁéz Osgfaela%r toNsGhtign hadial um

nitride, titaniumand titaniumnitride. Thé met hod of claim 13,
whereir f.orm saj. I 1 - hanj i.shing process
compr 1 <REBRks BBl oot B FHPR G RonBREHBUEBN 4RI 08 B crar m 15,
further conprising formng one or nore netallization | ayers above said
contact structure lay...alter perform ng said second chem cal - nechani cal

pol i shing process. device |layer priaqr to formng sai.d one or nore .
metal lizatidn | ag}" b¢ method of claim 1, wherein forming said conductive via element comprises

performing a second planarization process to remove at least a portion of said layer of

conductive material formed outside of said via opening.

8. The method of claim 7, wherein performing said second planarization process

comprises performing a chemical-mechanical polishing process.

9. The method of claim 1, wherein forming said layer of conductive material
comprises performing an electrochemical deposition process to deposit a metal layer comprising

copper.

10.  The method of claim 1, further comprising forming a barrier layer to cover at least

said layer of isolation material prior to forming said conductive via element.

11.  The method of claim 10, further comprising forming said barrier layer after

performing said first planarization process.
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23. The nethod of claim 13, wherein formng said | ayer of isolation
material conp:rises fansaid |ayer of isolation material having at |east a
first thickness inside of said opening and at | east a second thickness

different than said first thickness above said hardmask | ayer. 24.
The nethod of claim 23, wherein said second thickness is at |east two tines
greater than said first thickness. The nmet hod of claim23

wherein said second thickness is at |east four tinmes greater than said
first thickness. The method of claim 10, wherein forming said barrier layer comprises depositing

a conductive material comprising at least one of tantalum, tantalum nitride, titanium and titanium

nitride.

13. A method, comprising:

forming a hardmask layer above a contact structure layer formed above a device layer of
a substrate;

forming an opening that extends through said hardmask layer, said contact structure layer
and said device layer, and into said substrate;

forming a layer of isolation material inside of said opening and above said hardmask
layer;

performing a first chemical-mechanical polishing process to remove at least an upper
portion of said layer of isolation material formed above said hardmask layer; and

after performing said first chemical-mechanical polishing process, forming a layer of

conductive contact material to fill said opening.

14.  The method of claim 13, further comprising performing a cleaning process prior
to forming said layer of conductive contact material, wherein said cleaning process is adapted to

remove particles created during said first chemical-mechanical polishing process.

15.  The method of claim 13, further comprising performing a second chemical-
mechanical polishing process after forming said layer of conductive contact material to expose

said hardmask layer.
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16. The method of claim 13, wherein forming said layer of isolation material

comprises forming a dielectric material layer comprising silicon dioxide.

17.  The method of claim 13, wherein forming said layer of conductive contact
material comprises performing an electrochemical deposition process to form a metal layer

comprising copper.

18.  The method of claim 13, further comprising forming a conductive barrier layer

above said layer of isolation material prior to forming said layer of conductive contact material.

19.  The method of claim 18, wherein forming said conductive barrier layer comprises
depositing a material layer comprising at least one of tantalum, tantalum nitride, titanium and

titanium nitride.

20. The method of claim 13, wherein performing said first chemical-mechanical

polishing process comprises exposing said hardmask layer.

21.  The method of claim 15, further comprising forming one or more metallization
layers above said contact structure layer after performing said second chemical-mechanical

polishing process.
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22.  The method of claim 21, further comprising forming an etch stop layer above said

device layer prior to forming said one or more metallization layers.

23.  The method of claim 13, wherein forming said layer of isolation material
comprises forming said layer of isolation material having at least a first thickness inside of said
opening and at least a second thickness different than said first thickness above said hardmask

layer.

24. The method of claim 23, wherein said second thickness is at least two times

greater than said first thickness.

25. The method of claim 23, wherein said second thickness is at least four times

greater than said first thickness.
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