SCHEME FOR PLANARIZING THROUGH-SILICON VIAS BACKGROUND 1. FIELD OF THE
DISCLOSURE 5Generally, the present disclosure relates to sophisticated integrated circuits, and,
more patrticularly, 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 cledfdiE FQ&%LM#iI@M@@B Egﬁsgmg),lgnﬁ%ﬁke. 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 mminto a given area of a semiconductor chip.

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



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. Furthermore,
even though improvements in photolithography processes have yielded significant increases in the
integratign densities of 2D circiégbit, designs, simple reduction in feature size is rapidﬁljy pproaching the
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feature size and densi Iin%g?}m@ e%ssgctiated with Dbla uts. E icalll A in gBD integrated circuit
design, twb or Midre Semiconductor dies are bondet ogfe%ﬁelre,vgn\égeg trical 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 throughy,a Silicen WaarQrdie. laung.f %{r_@%T&%@P&W_i%&%&ﬂ%?é@&i%}@%?"y

aligned electronic devices, thereby significantly reducing integrated circuit layout complexity as well as

the overadigimengionsiota mvltintIRSIreyitSoe Qlije banglitsiassosated withderdpintgreonnect

technology enabled by 3D integrated circuit designs include accelerated data exchange, reduced
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integrated into virtually any phase of semiconductor device manufacturing, including via-first,

via-middigsanstadanast SehameatCurtgpivalMosh inteumating Ztedevriopmenthasdiandgddpfocus on

forming TSV's within an active area of the semiconductor die - e.g., via-middle and via-last schemes. A
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formed after transistor and contact element formation, is illustrated in Figs. la-if, and will now be

tiscussedria wethdldoef dacilitating 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.



Figure la is a schematic cross-sectional view depicting one stage in a via-middle integration scheme
used in the formation of a TSV in accordance with an illustrative prior art process. As shown in Fig. la,
a semiconductor chip or wafer 100 may comprise a substrate 101, 5 which may represent any
appropriate carrier material above which may be formed a semiconductor layer 102. Additionally, a
plurality of schematically depicted active and/or passive circuit elements 103, such as transistors,
capacitors, resistors and the like, may be formed in and above the semiconductor layer 102, in which
case the semiconductor layer 102 may also be referred to as a device layer 102. Depending on the
overall design strategy of the wafer 100, 10 the substrate 101 may in some embodiments be

comprised of a .ubstaﬂtially cr%igﬁalline substrate matlerial i.ed., butlk silicon%,[ whereas in othgé1
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104, which may be formed aboveé the 20 device layer 102 so as to provide electrical interconnects
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device layer 102 during Subsequent processing steps. For example, one or more interlayer dielectric

(ILD) laygsssik@4a-mavRenfoimnes abeyadhadenins yRelor $6atio slactiaally inglate then@spective

circuit elements 103. The ILD layer 104a may comprise, for example, silicon dioxide, silicon nitride,

silicon oxynittdddoanehthe: fikeouaepmpipation efthrse.campeaRiivsasLsisleside roateralsiso
Furthermore, depending on the device design and overall process flow requirements, the interlayer

dielectriolapge Qe oy @SR ORISR sighlyisalaciebelovetadigdectiictmalgriaishd waiieh18e,porous
silicon dioxide, organosilicates, organic polyimides, and the like. Thereafter, the ILD layer 104a may be
patternechtostbrmage didiratity o vianepaiiondisnaacheaofmipaketaly hbanbitladtisvith @ wuilébtesabsicuetive
material such as tungsten, copper, nickel, silver, cobalt and the like (as well as alloys thereof), thereby
forming caritacd Viss DO Abchnanatyrdm sombdaminbdineats, dredrsmoeel (Fencly dpdiomgsimay also
be formed in the ILD layer 104a above one or more of the

the basis of a silicon-on-insulator (SOI) architecture, in which a buried insulating layer 101a may

be provided below the device layer 102. It should be appreciated that the semiconductor/device

layer 102, even if comprising a substantially silicon-based material layer, may include other
15 semiconducting materials, such as germanium, carbon and the like, in addition to appropriate

dopant species for establishing the requisite active region conductivity type for the circuit

elements 103.

Figure 1a also illustrates a contact structure layer 104, which may be formed above the

20 device layer 102 so as to provide electrical interconnects between the circuit elements 103 and a
metallization system (not shown) to be formed above the device layer 102 during subsequent
processing steps. For example, one or more interlayer dielectric (ILD) layers 104a may be

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



10 vias openings noted above. Thereafter, depending on the specified processing 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. 15As shown in Fig. la, 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 havinﬁ.an etch selectivity relative to at least the
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thereby exposing the hardmask layer Figure Ib shows the illustrative prior art process of Fig.
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110 in the wafér 100. As Shown in Fig. Ib, the patterned resist mask layer 108 may be used as an etch

mask duging theetsh e&aaéﬁv%%t@rfgr@ﬁ&pﬁrﬂmﬁ%@hm@ﬂp@f%@é& lanes kQparAddehexRRSEsthe ILD

layer 104a 10 of the contact structure layer 104. Thereafter, the etch process 109 may be continued,

and the paftesnaddpasgiclaysr Hgapdopatierredihardmasislayesd@dnasy Resvsrtadsnask@iements
to form the TSV openings 110 through the contact structure layer 104, through the device layer 102,

and into gae stbsiaieddilopencariain e mhosimanisd inaRiChIpiegasiNbmaydde arshkistantially
anisotropic etch process, such as a deep reactive ion etch (RED, and the like. 15 Depending on the
thip desigasagresicgsaiinnsd anod etchhparainetdepaidipoyadidusirgitlvd piobepsopepsrdiiSetheaaidewalls
110s of the TSV openings 110 may be substantially vertical with respect to the front and back surfaces
100f, 100kmehtisdamatet ibGOo I3 hown lipdeigalp hewh ek asadrsomenelvsdiore sitp tvils idewdllis 110s
may be slightly tapered, depending on the depth of the TSV openings 110 and the specific etch recipe
used to peridren thereteh ghrombsss 1I89cdorebyeroacsinee S TBW G phereiys fotdingayopdsstivrough
and/or into a plurality of different material layers, such as the ILD layer 104a, the device layer 102, a
buried insu¢atlof kayerylbd eequineshbydbe flearns thausighyinsite 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

15 As shown in Fig. la, 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)



other illustrative embodiments, however, the etch process 109 may comprise a plurality of different
etch recipes, each of which may be substantially selective to the material layer being etched.
5Depending on the overall processing and chip design parameters, the openings 110 may have a
width dimension 110w ranging from 1-10 gm, a depth dimension 110d ranging from 5- 50 gm or even
more, and an aspect ratio - i.e., depth-to-width ratio - ranging between 4 and 25. In one embodiment,
the width dimension 110w may be approximately 5 m, the depth dimension 110d may be
approximately 50 m, and the aspect ratio may be approximately 10. 10 Ty,%il%:ta@]%/ﬁ however, and as
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system above the contact structure layer e warfer Is thinned from the back side
Ob so as to expose the finished TSV's 120 (see Fig. 10. 20Figure Ic shows a further advanced step
of the illustrative prior art method illustrated in Fig. Ib after the patterned resist mask layer 108 has

been removed fmapo\GINe I Hmaskddy bl 4rO5s8aRding i the QverallaRIMCoRiaURNgN and

design considerations, an isolation layer 111 may be formed on or adjacent to the exposed surfaces of

the TSV gpaningsrdi0.acas id&etuplly glaetirrRlyiselale ths Viyshadt S Y(Fid 2R:(SegeFitnol 0 from
the substrate 101, the device layer 102, and/or the contract structure layer 104. As shown in Fig. Ic,

the isolafignihayar iklkdidney, b inipetaReKe alldxposetsuiaces @thes watar RRsknelvsinenthe

upper surface 107u of the hardmask layer 107, and the sidewall and bottom surfaces 110s, 110b of
the TSV etch process 109 to form openings in the hardmask layer 107, and to expose the ILD layer 104a

10 of the contact structure layer 104. Thereafter, the etch process 109 may be continued, and the
patterned mask layer 108 and patterned hardmask layer 107 may be used as mask elements to
form the TSV openings 110 through the contact structure layer 104, through the device layer
102, and into the substrate 101. In certain embodiments, the etch process 109 may be a
substantially anisotropic etch process, such as a deep reactive ion etch (REI), and the like.

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



5 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 10 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, QEISEAdIG B theLpatmeNbeasi i the SR RERRS S of tRe St A0EBE WMEHAt T &posited,
as will bed.ft%rthetr dti%cussed below. f’LSFor examBIe, iB some em odtimentst the isolaltii)n Iaéer 111 may
be formet ST EMcBR isRRIE; SHT thie HESBLRBN oSO R A B By BB Ll F b5 ESition
techniqueet% vggll known in the art, such as low-pressure chemical vapor deposition (LPCVD),
sub-atmos;%]he'ricpressure chemical vapor deposition (SACVD), plasma-enhanced chemical vapor
deposition (PECVD), and the like. In certain embodiments, the isolation layer 111 may comprise silicon
20 dioxide, and may be deposited based on tetraethylorthosilicate (TEOS) and 03 (ozone) using

LPCVD, SACVB QY BRI 9{9%‘3@&??'2&993%@34% Lﬂ?pm&i&%&%%%&mﬁg@?ﬁ%@e% of

the isolation layer 111 may be established as necessary to ensure that the TS see Fig.”10 is
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proper surface coverage and layer functionality, the minimum required thickness of the isolation layer

111 at any painWitinibe TaY aPapRgsditd may ke @ndheigideref appaximatalye 00290 nm,

whereas in specific embodiments the minimum thickness may be approximately 150 nm. However, as

noted preyiQuslyeayem thaugha subgtantiabishaonfonahenRsitign Hreass Maymke wseddarform the
isolation layer 111, the as-deposited thickness of the isolation layer 111 may vary to a greater or lesser

degree, dapenengl oodthensprciiplocatian arsd arienialidneafsfhersutfacaiyhrragheisatasgniayer 111
may be deposited. For example, the as-deposited thickness of the isolation layer 111 may vary from a
1® thickribgschllyf abevecihanpperskowada Ty u bf the Tiswdozsknlayel 16, tota ihitknessd biU near
the upper portion of the TSV sidewall 110s, to a thickness 111L near the lower portion of the TSV
sidewall thbfisatiora thickdebsonigh bhat fillé thaftonsssoif fleesdisdlatof b PE\Vimopedingd $korFaftiermore,
depending on the type of deposition process utilized and the coverage efficiency obtained, the
as-depoditek thitaae¥ibsof it wiafdi,001 Homerchihplkh im sgnvaeyniredmgraatdst ¢l 5risass b)%aifactor of
2, 3, 4 or even more. For example, when a 50% coverage efficiency is obtained when depositing the
isolation dayenuet] unhd badisismepoiites IHidkrmdshendy Heoppprasirkitel9BOwidiithe gregtest
as-deposited thickness - i.e., varying by a factor of 2. Similarly, when the coverage efficiency is 33%,

the greafPSraraiselst b3QBpositdbethiirnhesdiemy Wty ByddifadbofagproximbaydBcasgdviten the

coverage efficiency is 25% or less, the _ o '
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



20as-deposited thicknesses of the isolation layer 111 may vary by a factor of approximately 4 or more.
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 5 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. o enirgﬁr;?s 1100?f approximately 150- 200 nm, the Es- osited thickness

/ dep
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nm or mqre, resulting.in a goverage efficiency of around 25-30%. Furthermore, as .will be discussed in
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5 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
10 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.

15 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

20 dioxide, and may be deposited based on tetraethylorthosilicate (TEOS) and O3 (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,
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in order to ensure proper surface coverage and layer functionality, the minimum required
thickness of the isolation layer 111 at any point within the TSV openings 110 may be on the
order of approximately 100-200 nm, whereas in specific embodiments the minimum thickness
may be approximately 150 nm. However, as noted previously, even though a substantially
conformal deposition process may be used to form the isolation layer 111, the as-deposited
thickness of the isolation layer 111 may vary to a greater or lesser degree, depending on the

specific location and orientation of the surface where the isolation layer 111 may be deposited.

For example, the as-deposited thickness of the isolation layer 111 may vary from a
thickness 111t above the upper surface 107u of the hardmask layer 107, to a thickness 111U near
the upper portion of the TSV sidewall 110s, to a thickness 111L near the lower portion of the
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
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
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



250-300 140-230 260 15Table 1 - As-Deposited Isolation Layer Thicknesses  Figure id depicts the
illustrative prior art method of Fig. Ic after a barrier layer 112 has been formed above the wafer 100. In
some embodiments, the barrier layer 112 may serve to prevent the conductive material comprising
the finished TSV's 120 (see Fig. 10 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 5 adhesion layer, thereby potentially enhancing thaf overall bond
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111.  As shown in Fig. id, the parrier layer, 112 may be formed abov ]éaB Xpo surfaces of the
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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

5 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, including the exposed surfaces inside of the TSV openings 110. In

10 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

15 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

20 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



10 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 15 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 - the thickness of the barrier layer 112 may.not be critical to the
varal penformATED B BRI b PO PETISEAES F1E RO MA e A RRAEEe of the
barrier layer may in spme jllustrative embodim range between 40 nm and 200.n epending
o the B T AR R B TR o e

embOdi"ZA @aézcgtezy}?;%‘fﬁggﬁlgffﬁ'@ Q@éﬂﬁ{ ley s 22DRN fﬁﬁg.fl@%ﬁéﬁ%gﬁ the T@Ueéegzgnbaf”er

layer 11 above the exposed surfaces o isolatioh laye 1, alayero

conductiyg conactmatenald 13 i an ReJarnadidbave N wale 1050 8 LaPRBIGIENAfil the
TSV openings 110, as shown In Fig. le. Depending on the TSV design 5 requiréments, the layer of

conductiyg,eanfaet ettt dohpavahe saostengatly (%%Hr%gogirﬂeﬁ%nﬁiﬁ?tmlasﬁﬁ&lﬁgpper’

and the like, or in certain embodiments may comprise a suitable copper metal alloy. In some

embodimepts: el ANo9PeRIgs bt e fitedmithdhalayen af crYBicNecMtAG:M3te iRl 113

based on a substantially "bottom-up" deposition process 133 well known to those skilled in the art,

such as gosuitaily desigies fligriraghernical pladingdaRiko ‘Presaspnddpssliken thetehy reslucing
the likelihood that voids may be formed and/or trapped in the finished TSV's 120 (see Fig. le. In other

illustrativeegnhodimentsankelratiolessaplating pyecasshaydR i Rleyec:AAEHAD PRI AIRLP)
depending on the type of material used for the barrier layer 112 and the type of deposition process 133
Led to filldbaT:HM tpdiingaddby adedddayetiketihsbdvim) voals bexfosmtaanuni thel hanigypayar 112
prior to performing the deposition 15 process 133. In certain embodiments, the optional seed layer
may be depoasitectdiZiBY 'a hitfhlyeedrtorhial diepdsitiolusnacess;sbothasmsputteeldepasitigriaddD, and
the like, and may have a thickness ranging from approximately 5-10 nm. However, in other illustrative
embodinpeprtsssthieathizk negdaykthe dddriemiad)eran@3daraydrceoeihgrégterof forexample] flomht0-15 nm
- whereas in still other embodiments, the thickness may be even less - for example, from 1-5 nm.
20Deperdiigiola xkie Idrb ead sitwy thequifedrremsiostitroases badrisedaiefithibknESYeepamydiel lded. It
should be noted that, as a result of the "bottom-up" deposition process 133 used to fill the TSV

opening$eEddayeEOMEShABR artprbedesned qephe Suiaies myar rhbd e eSS e daeaenasition

15 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 1-5nm.

20 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



the layer of conductive contact material 113 above each of the TSV openings 110 after completion of
the deposition process 133. Depending on the depth 114a of any depressions 114 that may be
present, a significant amount of material "overburden” 113b, or additional thickness, may need to be
deposited outside of the TSV openings 110 and above the upper horizontal 5 surfaces 100s of the
wafer 100 to ensure that the TSV openings 110 are completely filled with the layer of conductive
contact material 113. In order to ensure that the depth 114a of the depressions 114 in the conductive
contact material layer 113 does not encroach into the TSV openings 110, the overburden 113b may

need to &19e48EERiaF RIS ER cEXYThd IRl 11kh 2PRYSe fitifg? ntmewgthoﬁirﬁﬁ%sdéﬂ)% H%5d, and
aspect ratio of the TSY openings 110, the 10 overburden 113b may, in some illustrative embodiments,
P PR (A BRSSPSR 8 LU ReBl s Do RSB e morod
that whep such a large conductive contact layer overbyrden thickn i necessary in order to ensure
complot S B B S S B PR R SE SRR R

planarizafion 1%%9%3?%56 r%&l}t&? gu'\@f)%é’%)fcﬁlsesﬁér‘c?pgﬁ%%téer ﬁi"%rit&ea?u%‘ég "Bl g’ﬁg’&ch%‘i'tzglﬁ?ove“

when considere conjunction with the increased ess 211t of the isolation layer above

ke uppey spfaceqtR o QNG RATAINASKIRYR #9¢ tﬁberlﬁife NERESS 19f ALIANFIERIORIRIGSHSS may be

t
further impacted, as will be discussed in more detail below. In those process recipes wherein the layer

of condugfive, canfrctnalenial LR aQmpissa 4340 fleglier!ied COPREL AL/ AL SAPPEIAYPYdhe

wafer 100 shown in Fig. le may be exposed to a heat treatment process after the layer of conductive

contact maieiabhld hasbeenfpumasdserante faciitatagain prwth andsiabilization afthseopper

film characteristics. For example, the heat treatment process may be an annealing process performed

under atgjReRNRIICI Pres W AAREHoNS BliAHie MRarauie éandinghbatwrRe R ROE ardRBpRC and for a
time of 1 hour or less. Depending on the overall integration scheme and thermal budget of the wafer

100, othgyepeaditieatmnert raapesImay &t be emplayedp&irigule drstewssttieopersiiadivia Rrioe art
process depicted in Fig. le in a further advanced manufacturing stage. As shown in Fig. if, a
Panarizatierbpréae$$3b4fa glialsasailGivtRjvo eats dinc:te tikerenay thenprormettayemeyasthe
horizontal portion of the layer of conductive contact material 113 formed outside of the TSV openings
110 fromhathoaedthiqimaterel 60 graatthedoreydn soimanbkhbbochimbtits tkchorizbatélrpo dimds aivihe
isolation layer 111 formed

contact layer overburden thickness is necessary in order to ensure complete filling of the TSV

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. 1e 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
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10 above the wafer 100 and outside of the TSV openings 110 may also be removed during the
planarization process 140. Moreover, the thickness of the hardmask layer 107, which as noted
previously may act as a CMP stop layer, may also be reduced during the planarization process 140.
After completion of the planarization process 140, additional processing of the front side 100f of the
wafer 100 may be performed, such as forming metallization layers and the like above 15 the TSV's
120 and the contact structure layer 104. Thereafter, the wafer 100 may be thinned from the back side

100b so as tg reduce the thickness of the substrate 101 (indicated in Fig. if by dashed line 10 it) and
expose tHBO1RENALArEPRE AL BISHE 'P%W%e&ﬁ nprafatdtidn B i LB Ring"SHE YubEtrate

bonding -.e., 3D integrated circuit assembly. 20As no er& reviously, the jncre seg ickféles es of the
solation PATEPTEE STt 0L R G8 L5 e AR a8 S A ARb e b burden
113b formeea1 n?e%ttSigg oef the T&\(/) Bgerrﬁiri se]dlo and above the upper surface 107u of the hardmask
layer 10frmay su stgnﬁgfﬂ)/ impac fhe overall effectiveness of the planarization process 140. For
example, during the initial stages of the planarization process 140, when the material being planarized
may only be the conductive contact material 113, the planarization process 140 may be performed

using parametegs, that ALR SHOFIANHAN, ELEGHYEAR 5?%8&%9&%%@8%%@% &%g‘f&ﬂﬂ%%‘&()&%&l&nate”w

113, which may be, for example, copper or a copper alloy. Furthermore, considering 5 that a large

amount of QYEXBIFARN LD NaYHG HERPRSUEH SP AR SARMN ?Méhﬁtf[%\{cﬁ&%rﬂr@ﬁlﬂw&é%

completely filled, the parameters of the planarization process 140 may be adjusted so as to shorten

the duratign afth&elanarizingsiepnthereRyHesH NI Hof SIgNiIficARbANE AYIIERSIET rRANR Rf
material. For example, an aggressive slurry chemistry that is highly selective to the material

comprisipgnthe GandHativa sastasdnaigril 31 InsursnassanRes, MmaytRemusssh gurpgstherlomitial
stage of the planarization process 140 so as to reduce overall processing time. However, once the

barrier lay@thklA@sdiar splatiaibbayeedd lilis aocoonkarprdotingftie aknarsiatigrprocessmdd, the
aggressive parameters used to selectively planarize the conductive contact material 113 may be
Hiljustedabotbahenwitipte l0taterdats:alang difeTSv plamatiizing ChazgciBisbesemevedhéucmndiietive
contact material 113, the barrier layer 112, and the isolation 15 layer 111 - may be planarized
simultangbmstyzafiosqrdiogly 1 thle SMrgoshertlistdyickagsbefctharigedhiask tiyemidttywhathisisalgetve to,
for example, the material comprising the barrier layer 112, but that is less selective to the other types
of materiaisvihaslman becencaubddiesiguhingrthisistalge bf thduotainduizagitre plevesslid0 progeneral,
however, it should be noted that planarization will typically proceed at a significantly slower pace
during thl§(§ta§étqyfq¢,@mmrgfa@p@rpm§g§0n process 140, additional processing of the front side

100f of the wafer 100 may be performed, such as forming metallization layers and the like above
15 the TSV’s 120 and the contact structure layer 104. Thereafter, the wafer 100 may be thinned
from the back side 100b so as to reduce the thickness of the substrate 101 (indicated in Fig. 1f by
dashed line 101t) and expose the bottom surfaces 120b of the TSV’s 120 in preparation for wafer

stacking and substrate bonding — i.e., 3D integrated circuit assembly.

20 As noted previously, the increased thicknesses of the isolation layer 111 and the layer of
conductive contact material 113 having large amount of overburden 113b formed 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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20140 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 in some
instances, may not even be similar. For example, the removal rate of materials such as copper and/or
copper alloys and the like (which may comprise the conductive contact material 113), may be
significantly lower than the removal rate of dielectric materials such silicon dioxide and the like (which

may comprise the isolation layer 111) when both are exposed to a 5 planarization process 140 based
on aslu r%m?éﬁi}lﬁ%éﬁ%eééﬂfé@ﬁ\%?%afﬁé?ﬂﬂt%ﬁ?ﬁ?ﬁf i Mﬁ?e‘ﬁ%%‘effb‘?é“@ EBESABBYe. As

h, th ial of the isolation layer 111 may.be planarized . ickly than th ial of th
ayer of CONIUEE EOMAEL e EP AP AR LR A LRSI BB AR ing.

region 115 above ea{:h fl%lshed T&\étéanthl ési%%\ﬁlge@oﬁlgé if. In some enflt%lcl)dlments the he{gé][t 115a

using. parameters € S compQsition o conductiye ‘con
of the pl’Oﬁ’U%le region 1 %t f may excee nm or more, aﬁa under certain conélll}'lons -'such as,

for exam ':ﬁﬁrtﬁ? Plr?,s.%ﬁ‘r‘c% ‘%ﬁ‘%’%refj ?(B‘t?f(]a%h il ?Eé@ff’ B"%Slas ié;&b%éfﬁé‘%ﬁ?f@%%&%? (%%(Tesr?nrge;;pe

employed, the material removal rate differential, the lik a may be as larg

300-500 fi , 9L SUER-IIRRIG o FHIAIRN QT8 NG PIRSENCRIRINS RIRITUANM [RAIBR FER/B 06 flished

TSV's 120 may translate into additional defects’in the layers of a metallization system (not shown)

subsequely L2 Jarpnad RRavE, te fa¥hitrOAMRPR AR Sbckie: Y ﬁfag%’ RHERASYUdS,

gaps, and/or additional protruding, non-planar regions, thereby potentially leading to decreased

product yielgd ang g WeesiBrosuG-RaHAIMANC A CeRISNAYs IhRIeis ANaatl dhimplementgew design

strategies to address the 20 manufacturing and performance issues associated with the typical
methodsreisgdaiostfarmpingl T SYrexhhperesandisciasuiaredasite-mathodsiton pvaiding & akleast

reducing, the effects of one or more of the problems identified above.
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
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SUMMARY OF THE DISCLOSURE The following presents a simplified summary of the present
disclosure in order to provide a basic understanding of some aspects disclosed herein. This summary
is not an exhaustive overview of the disclosure, nor is it intended to identify key or critical elements of
the subject 5 matter disclosed here. Its sole purpose is to present some concepts in a simplified form
as a prelude to the more detailed description that is discussed later. Generally, the subject matter
disclosed herein relates to conductive via elements, such as through-silicon vias (TSV's), and methods
for forming the same. One illustrative method 10 disclosed herein includes forming a layer of isolation
material BoVRCATAEEATY rhidaNh A WAL hGU EIET IR IRRNE IR PEEHA Y irtd a
substrate of the sg}niconduct(hr devic(?. Thle mfmé)qéalso includes p}?rforn;jnfgfia first Pla%naritzatiPn
process t97RThaUE At BB LA I¥D A DEMioH Sf P Ry RHof TRERE A h SEAF Yo i8R ATt 8 Bt the via

opening, 3 forig.a condyctvs v element nside oL the vin apening after perianming the fst

planarization process. S0 osed herein I1s a me at'inc orming a ard‘mask layer
above a gontact structure Iﬁ\y r for g t%oyhe a.do?gi%%lzﬁl ro{fal ubstrate, ng ;orm'n gn pening
it e T G

sybstrate, FURDGIMOLL.dO& T&F%@é@%%ﬁﬁ?@“%}%ﬁilﬁ%{hﬁf iRolafian oateral side.plihgopening

and 20 above the hardmask layer, a performinga first chémical-mechanical polishing process to

remove ghleasiaRuPPLLPALieRHRl the Ry enef salatipn matstipbfanned akeyadie haidmaskdayer.

Finally, the method also includes forming a layer of conductive contact material to fill the opening after

gﬂfﬂ@g&ﬁﬁi&%&%ﬁuﬁﬁme@ﬁﬁ%ﬁ@'&%ﬁiﬂ@fﬂ%%ﬁer BRUEBRIAERERIBRP SR THA 3,

thereby resulting in a substantially non-planar protruding region 115 above each finished TSV
120, as shown in Fig. 1f. In some embodiments, the height 115a of the protruding region 115
10 may exceed 100 nm or more, and under certain conditions — such as, for example, the presence
and/or depth 114a of a depression 114, the specific CMP process recipe employed, the material
removal rate differential, and the like — the height 115a may be as large as 300-500 nm, or even
greater. Furthermore, the presence of the protruding region 115 in the finished TSV’s 120 may
translate 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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The disclosure may be understood by reference to the following description taken in conjunction with
the accompanying drawings, in which like reference numerals identify like 5elements, and in which:
Figures la-if schematically illustrate a process flow of an illustrative prior art method for forming TSV's
in a semiconductor wafer; and 10Figures 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 k&/ WabOf exanDDIe In the 15 drawings and are herein
described in detail. It should be UMM’U3 ||uvvcv§ U0 uco\%tlon herein of specific
embodiments i |$an0 ri]tended to I|m|t the i |r1vfe |on to the&al[;lcular foE{ns disclased, but on t (C?{
contrary, the inte EB%’C R L N NS S I TS Pgﬁiﬁ{gt%{ﬁm fe spirit
and Scope,( of the i vent| geflned béecne gfoaendda% clalmsrgo DETAILED DI%SCR PTI

Various ﬁlusatsratlve 81;’%] ents resen E)je ha ter arles aesgrlﬂ)éd%ef)ow Ifcl)stﬁeulnlt\/eerest of

clarity, ngt all; %‘&{?ﬁeoélé‘élo%ﬁligahbmPs'?ﬂ%&%&%"@ﬁﬁéﬁ??&rt'%edo%”cl;*li%a?%?e‘ﬂ{e%%'%? heW{lbplpourse

be appremate that In the development of any such actua

5 matter disclosed here. Its sole purpose is to present some concepts in a simplified form as a

prelude to the more detailed description that is discussed later.

Generally, the subject matter disclosed herein relates to conductive via elements, such as

through-silicon vias (TSV’s), and methods for forming the same. One illustrative method

10 disclosed herein includes forming a layer of isolation material above a via opening formed in a
semiconductor device, the via opening extending into a substrate of the semiconductor device.

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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embodiment, numerous implementation-specific decisions must be made to achieve the developers'
specific goals, such as compliance with system-related and business-related constraints, which will
vary from one implementation to another. Moreover, it will be appreciated that such a development
effort might be complex and time-consuming, but would 5nevertheless be a routine undertaking for
those of ordinary skill in the art having the benefit of this disclosure.  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 includm' lajn, il ' les of the present disclosure.
The words and phrases used u‘?g%{iﬁﬁ m%umiﬁm to have a meaning
consistent with fhe Understanding of thersWRtHs ARdabrases Rythoseskilierin s relavantart. No
special definition of a term or 15°phrase, i.e., a definition that is different from the ordinary and
customagy, meRnig @ﬁw%eaé&ﬁq)mymgaﬁﬁmgg i thiart 1R HEBARHLS edmilisd i Fomsistent
usage of theé term or phrase herein. To the extent that a term or phrase is intended to have a special
rgeaningejefre@sMBANINGIALRET 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 20definition 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 semigasdugtor swafaiatt aholidsbatvateoddbatMohetaappiopitate pig refefemed riembers
used in describing the various elements shown in the illustrative embodiments of Figs. 2a-2e
substantfaliyie@riespern awhereoappnopriaifetabide reference numbers used in describing related
elements illustrated in Figs. la-if above, except that the leading numeral in each figure has been

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



5 changed from a "1" to a "2." For example, wafer "100" corresponds to wafer "200," substrate "101"
corresponds to substrate "201," device layer "102" corresponds to device layer "202," and so on.
Accordingly, the reference number designations used to identify some elements of the presently
disclosed subject matter may be illustrated in the Figs. 2a-2e but may not be specifically described in
the following disclosure. In those instances, it should be understood 10 that the numbered elements
shown in Figs. 2a-2e which are not described in detail below substantially correspond with their
like-numbered counterparts illustrated in Figs. la-if, and described in the associated disclosure set forth

above. FURMEHRGRE, it RGN o UHERFNEBABECUHie S5 GHEWIRE K pBEifat§ it detut arffe15

Tower * AREUPS 1B o dgh - uN i #58 Sm  UerSE R o B B T o

be constued i Joht ot hat ermio.nqimal and eeryday meanina relative tq e depicton o he
components or e éments in the reference Igures. For example, reterring to the schemaitic

cross-seean,of B EATIRINSUERS ARy ASMEIEAID F. 290 SoNE e 2R UHRISTaR o he back

side 200 the semiconductor wa IS positioned at or near the "bottom" or “Tower" surtace of

the wafer, 200adtBe Irankside ARALISRCRIFMNSY BF BF AR LG RPHe arHRRAh TR RITyarly, it

should also be understood that the substrate 201 is positioned "below" or "under™the device layer 202,
and the hawdmagklayer 207 is positioned "above" or "over" the contact structure layer 204.
Additionally, the term "vertical" should be understood as being substantially perpendicular to the front
and/or back faces 200f, 200b of the wafer 200, whereas the term "horizontal" should understood as
being substantially parallel to the front and/or back faces 200f, 200b. 5  Figure 2a shows a

schematic crosgigestiQpml Misp@hamdiusiaHye $eraiSenpCIONAIRIZQ0 @f the reseatilisslosure
that substantially corresponds to the wafer 100 illustrated in Fig. Ic as described above, wherein a

patterned hasdmaskctayer 207 hasdeeendoirnedakane gsaien2kk angwikgratr Hopapenings 210
having a total depth 210d have been formed through the 10 contact structure layer 204, the device

layer 202xhanbuisie dnlysatdtsogiayaro? 0bec (ife S Tparchitddiciks uscugihl eaxith it the welb Kiraten201.
Additionally, Fig. 2a depicts a manufacturing stage wherein an isolation layer 211, comprising, for
exampletcatbustablelies utating alieleétriertheltsriatisuetiaabesilibowdigxide andutid likedenaipbeidrmed
above the wafer 200, including the inside surfaces 210s and 210b of the TSV openings 210. In some
illustrativexplaibodlimesatisctihwamples 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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15 specific deposition process 231 used to form the isolation layer 211 may result in some degree of
varying on or more of the as-deposited material thicknesses 211t, 21111, 211L and 211b, depending
on a variety of deposition parameters, such as process recipe, location and orientation of the
deposition surface, and the like, as previously discussed with respect to Fig. Ic above. 20Figure 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 TGRS HELE DL QBELRS HSEaIng SR ARRE Iy LSHEFRae MRPHRERthE
simultanraous.lgjlanatrization of m tile%Ie matdgrials is urt:l(ajert ken, as the rbelaoval rateP t%etwezerbthe
various HASHAMEMAY difEP WSt B sed iy the Latte AMP S He BH B for Exaiipie e’ EMP
recipe utilizi urry chemistry that is selective ti{ material of the barrier.layer 212 . and the Jike.
oo e S e e e R D B 8055 ey
be perfoued Ugf g MAingALTIer IRYeL andior YA plannchiaive.coniag! MRl Alakgye the
isolation ayerl%sl(%ulr% this \l/vay%t'e C?\/I regipeX u@e?‘ to per%arrﬁ eulrstapllanearﬁzaq%un pro%ess 238
ngay be agisieirs[aouired to-meetgnly e farqeied removalfals fofs thesecifin maiighae
comprising the isolation layer 211, such as silicon dioxide, because, in contrast to the prior art 10
process dapictegin fidadhothstmatesials. M&@%@PPWZ’# titaniysndtapisitTide: ang the like, may
not present during the first planarization process 238. In certain illustrative embodiments, the first

planarizagoshpracessuandynay hadestermesbuntksuhstantalalofdriioszantakppiion ofibe

isolation layer 211 has been completely
presently disclosed subject matter may be illustrated in the Figs.2a-2e but may not be

specifically described in the following disclosure. In those instances, it should be understood
10 that the numbered elements shown in Figs. 2a-2e which are not described in detail below
substantially correspond with their like-numbered counterparts illustrated in Figs. 1a-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

99 ¢ 29 ¢ 99 <¢

above,” “below,” “over,” “under,

29 << EE T3

“upper,” “lower, 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
“bottom” 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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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 isolatibrHyc"2 £ et ABA OV AR BET Slira S L e AR er DO

approximately 10-20 nm. Depepding on the overall processi trateqy, C |.of the first

o AT e RS D B P e s e e SR e . o
examp'ew%%dgéé‘rr'vtv’ﬁé’ré’g'st respectio.the prion arh process above, n those llystrative smbodiments of
the 5 presen{ Isclosure w erelnn}he ISO é]tlon ?ayer IS SL?bs an |aIL]I comﬁ’le eK/ removed from

above thﬁ uppes su f& efgo7li&§tt%&ardmask layer 207, the hardmask layer 207 may be used as a
CMP stop(fn |cator{%y%et(é%sting the presence of the material comprising the hardmask layer 207

ring the planarizing operation. In other illustrative embodiments, the CMP processing time may be
adjusted based upon one or more automated process control strategies, such as in 10situ

measurementsg{eeback,6RALLOl dRiR.ioMeVoSMINRGE 836 Walelsi RN ANeiRictor figere 2¢

shows the illustrative semiconductor wafer 200 of Fig. 2b in a further advanced stage of processing

after complefipmopthe firat Ridnarzationriaress23srahsiainosuestantialboall aithedarizental portion
of the isolation layer 211 has been substantially removed from above 15 the upper surface 207u of the

hardmasis laygii8ed -aDSveh e éih FigaderiBCRia NN S5t e MR asisAeisn &AM Ve SHdURL Rarticles
211p of the isolation layer 211 may be generated during the first planarization process 238. The

residual pautiales wadpiand MayphenpreSEnhoviy endpadidpehin the suwéasas abtheaalpodidnsof the
isolation layer 211 which remain inside of the TSV openings 210. As may be well understood by those
Hkilled inctheaart sthetpredapae 1idhen2 Qleesid ualpadideshz2l bpristhynedstii defect2 i an@fesial layers
that may be subsequently formed on the remaining portions of the isolation layer 211, such as barrier
layers, centiuctiveccontswet) maieiiabldyesspsindet 20 1ikeA diccomdihglifi dn2sotep @mbodiméntsuafighe
subject matter disclosed herein, a cleaning process 239 may be performed as shown in Fig. 2c to
remove tHtegeewibieraln an isolation layer 211, comprising, for example, a suitable insulating dielectric
material such as silicon dioxide and the like, may be formed above the wafer 200, including the
inside surfaces 210s and 210b of the TSV openings 210. In some illustrative embodiments, the
15 specific deposition process 231 used to form the isolation layer 211 may result in some degree of
varying on or more of the as-deposited material thicknesses 211t, 211U, 211L and 211b,

depending on a variety of deposition parameters, such as process recipe, location and orientation

of the deposition surface, and the like, as previously discussed with respect to Fig. 1c above.

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. If and described above,
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particles 211p. In certain illustrative embodiments, the cleaning process 239 may be chemical cleaning
process, such as, for example, exposing the surfaces of the isolation layer 211 to a diluted hydrofluoric
acid treatment, and the like. Other suitably designed cleaning recipes well known to those skilled in the
art may also be used. 5  Figure 2d illustrates the semiconductor wafer 200 of Fig. 2c in another
stage of manufacture, after completion of the cleaning process 239 described above. As depicted in
the illustrative embodiment shown in Fig. 2d, a barrier layer 212 may be formed above the wafer 200,
which may, in certain embodiments, serve to prevent the conductive material comprising 10, the
finished PEEPE TR0 (LBEFIGS 09 SO ehurs iy iies AR Be tiFSHGAo8 SO R S 1T bR fusing
into and/ortthr.o gh thedintteiglayer d'éelectric IJ[_D Ia)ge{ 204athurth.ermore th% barrier Igf\?/er %‘12 may
also act B¥ SHAUALSHIFEYSP theiBby POtEAtANS eRRAREhY that SOerdlBe it oBaVedi the Ushtact
material of he fiaishied TS\Y3,220.80d the underlying dielectg islation [ayer 214, 45 o AR shown in
Fig. 2d, in B3me Mustrative embodiMents the barmer a@eraz may B tormed apove'the Wafe¥ 200
using, fo enositi S t r Ié sed sur those partions of
the oola Ty e T e B T e AR o

the hardmaskiiaygh 297wt SheuldogLpIeH 20 ip %ﬁéﬂi}ilﬁkﬂﬁtﬁﬁ%h@s?’@?é)%ﬁiﬁﬁésﬁ@ﬂﬁfﬁ{&a

residual thickness 211r of the isolation layer 211 may remain above the upper surface 207u after

completign Qf ik fifsh PLABALZRUALPIAGRES: 428 DL DATISHHRAYE et MANAL I RaASR AR cover

the residual material of the isolation layer 211 remaining above the hardmask layer 207. In some

embodimgptsafithe,nigsent digelesuresdhpenatg ialsesRmpiisingsthgmethets Jontarming. and
the thicknesses of the barrier layer 212 may be substantially as those described with respect to the

barrier layeradired the priRiRHt REOERSS HHSIrateduinsbigiideRiare.de ghows theedlHstrativgial
semiconductor wafer 200 in yet a further manufacturing stage, after the isolation layer 211 has been

planarizedapdsihg brriieidayendt? hes beenaosimeshahoyidhpeplasariaeshisalationtaygiotlaktand
above the upper surface 207u of the hardmask layer 207. As illustrated in Fig. 2e, a layer of
tonductipeocemtdepittadennnll 3 inagdreniaterien, aloleatheopiaieni2iisn, agdd camplédelydd| dive TSV
openings 210. Depending on the TSV design

like, may not present during the first planarization process 238.

In certain illustrative embodiments, the first planarization process 238 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.

21



10 requirements, the layer of conductive contact material 213 may be substantially comprised of a
conductive metal, such as copper and the like, or in certain embodiments may comprise a suitable
copper metal alloy. In some embodiments, the TSV openings 210 may be filled with the layer of
conductive contact material 213 based on a substantially "bottom-up” deposition process 233 well
known to those skilled in the art, such as a suitably 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 depéssitiorblproces%%s u%gd to fill the TSV o enin&gﬁ 2 Oh artseed layer glrllot shown) may be
formed on the BATBITAFr2 TS SHSHE BOHGRG THE Hepoliion S pract &U337408 Ridiiass of,
and methqds used for forming, the seed layer may be as preyjously outlined with.respect to the prior
ot metad I e e S ot e e R R T e RS & e
"bottom-yp" ition proc 3 d to fill the TSV openi Os.tig [essk e
present EE T B R e

cpmpletign. of thg; AERAFIIAMAGLERS FtaRiMIJOSNE RIGHAILIOEE S RPN ERVE ABFUC. at

least some amount of material 5 "overburden” 213b may need to be deposited outside of the TSV

openingszhQ PRGN LRPRT HHZ AaahRNIGR? 20PSRMARWAICT0PI078Rs) % Rhthe TSV

openings 210 are completely filled with the layer of conductive contact material 213."In some

em bodinae@masrwp%e%adjﬂg%oaet@aiwgdﬁ%%ﬁf@yan&eefm?el&qte%ﬂ ampsstirRtiohihentsV 19pgnings

210, the thickness of the overburden 213b may be greater than 2 nm. Moreover, the overburden 213b

10 may rangedm iR §BaftabifhObRYeEIEMEHHBrAHRELR RN SHIBLIREIE deptnei4asetihiag
depressions 214 in the conductive contact material layer 213 does not encroach into the TSV

openingsidtOnyovy e dhsiepibisdhaplustirtive serisandictarpraies ebig 2a-aigecomgietian of the
15 deposition process 233 used to fill the TSV openings 210 with the layer of conductive contact
mMaterial AhBmAssheawntsn fEégbaik itvthrse puadtesspreciped ywieteirethe déyeraaticba tivketive 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 embbdime Atsshbestbat itstttizantprocaskiogd wady 20thpiiBe.atb anndaltither ploeassl
performed under atmospheric pressure conditions for a time of 1 hour or less, wherein the temperature
range of ftaecapineralinggipeodiéerscatap eofromth Hrgad@a0hseherortsatitent recipey bray ey be

used, depending on the overall integration scheme and thermal budget of the wafer 200.
all of the horizontal portion of the isolation layer 211 has been substantially removed from above

15 the upper surface 207u of the hardmask layer 207. As shown in Fig. 2c, in certain illustrative
embodiments, some residual particles 211p of the isolation layer 211 may be generated during
the first planarization process 238. The residual particles 211p and may be present on or
embedded in the surfaces of those portions of the isolation layer 211 which remain inside of the
TSV openings 210. As may be well understood by those skilled in the art, the presence of the

20 residual particles 211p may lead to defects in material layers that may be subsequently formed
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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Figure 2g shows the illustrative wafer 200 of Fig. 2f in a still further advanced 5 manufacturing stage.
As shown in Fig. 2g, a second planarization process 240, such as a CMP process and the like, may be
performed to remove the horizontal portions of the material layers formed outside of the TSV openings
210 from above the horizontal upper surface 207u of the hardmask layer 207. More specifically, in the
illustrative embodiment shown in Fig. 2g, the recipe used for the planarization process 240 may be
adapted to substantially completely remove 10 the horizontal portions of the layer of conductive
contact material 213 and the barrier layer 212 from above tfgj hardmask layer 207. For example, since

the horiZBHiBortddRs OF rEMBILHEHEY S PP IHES Ha B E e WSHREAT RIS I A IR BE R FBHTBVed from
above the u Per surface 207u of the hardmask Ia(}/er 207 during the p eviouﬁ% r%elrformgglﬁrst
planarizatioh proBess 238s é%igarz%ﬁ?qf?éepfé‘\%osd%%/f & ﬁ%g%ﬁcﬁﬁé nidIFEModairate effelts may

be less significant, 15 Accordingly, the parameters used, for th cond planarization process 240 -
such 2, T A R e R R o8
the like -k%s%nbt% alq;%sggglgarigt%ogﬁz%%gré%?giggu?e%erial removal rate, thgreby sho.rtening the pluration
of the second planarization process and resulting in an overall reduction of device processing
tigne. 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 hardrpgskdayer 7282 HMERIRRIAYELANSI MERSWERRNS: faedbRek-Fonlgl, gnd the

like. Moreover, depending on the control method and process strategy used, the thickness of the

hardmasiayeicRR¢, aiay BenisrueadiaRoma frghse dwingotheseasondulananzalign-ree 8ge240. Sit
should be noted that, since the horizontal portions of the isolation layer 211 may not be present above

the uppefliskiifase 2o ahiba RpsdmaskHiayen 20 BaHENt joe SEcans panaiatiapoREogrsw 440, the
problematic effects described above that may be associated with differential material removal rates
during CMB, pracessing mmayehei s eagiaaiiaditiniaimyzedeifveat elknivadadialiogeifian dMaipesap, even in
those illustrative embodiments of the present disclosure wherein a 10 residual horizontal thickness
R11r of the ifalstiahTaYes 220 (ayFsglI2e foesditfalinig intbeusé/oorid qlahakiz &dvdatiproagss 240, the
detrimental effects of the differential material removal rates may still be significantly reduced, as the
residual thickitess @ Iritp (sed/drigh@bpimdy hetalistadiedyinedlicBl &y ootdaredFialiberaseddposited
thickness 211t of the isolation layer 211. Accordingly, in some illustrative embodiments, the presence
of a prothadirey legiod 12bovg thep act as an adhesion layer, thereby potentially enhancing that overall

bond between the contact material of the finished TSV’s 220 and the underlying dielectric

isolation layer 211.

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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15 finished TSV's 220 (see, e.g., protruding region 115 of Fig. 10 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. 2e) 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 acg%gdance

with variGii AHSEatGe A DA ERRS i1 S35 A RGRSH UiRE <8ty BETLR & Bl B EBE 1|

mitigateq in some respects for at Jeast the follgwing reasons: since the isolation layer 211 may.be
cuboran Y O LR VBV B U LD CMERE U PO R P ALE lnyer

207 prior to formirrl,g the Ia%ﬁql %frz? %g(ri]grtljlgtiv? fontact material 213, the CMP parameters used during the

t » . A
second p’flaerPar%?zraatlo r%?%scess may e adjusted only 5 as required to handle the planarization

characteristics of the material comprising the layer of conductive contact material 213. Accordingly, the
depth 216a of the dished regions 216 may be substantially reduced, or even eliminated. For example,

I3 some i"Us”aﬁ}’gqlf‘er@?%ﬂm%'H%l’_ﬁ'lﬂ?sﬁ’ﬁ% s?ejnﬁéo'iﬁkﬁ)ét%? 18581580 APRIOXFAIRY AR ARt ARG I

certain embodiménts may be as little as 50 nm, or even less. Moreover, due at least in part to the

reduced gepth, g L6 the ikehnend 391 athe RigsGDLR AhdNBARRed 1gaiPa$21R Kthedinizhed

TSV's 220 may translate into additional defects in subsequently formed metallization layers may also

be substaniiglhinigameed ishlsRME Wt Aty eraRedieHe utrs PrRsenrdircipsrasthadepth
216a of the dished regions 216 may be significantly reduced by adjusting the residual thickness 211r

of the isalationd Sllayeril i that may abeyethergimaskiayend@fafterthefinst plananizatios

process 238 (see, Fig. 2b). Thereafter, during a later stage of the second planarization process 240,
the slurrynehenfiistpponay heradpisigetdo a8 b F IV Sairstiveio hednailerishahthedarisidayer 212
as previously described. The removal rate of the remaining portions of the conductive contact material
RA13 mayrtheieiacabetisigaificartthololveitbanriiaat ofatbeatesiduahyhiekndsatislyoddhgi2@ dsofation
layer 211 and the barrier layer 212. Accordingly, when the residual thickness 211r and the slurry
chemistryondedidarmgtdheslaterastagppeofdine 8ectkel planarization pricessddd arey properiyeadjusted
and balanced, good planarization of the finished TSV's 220 may be obtained, such that the depth 216a
of the dishd#eblegimpsi2hétzhaljolye Fedowedvbedwreelinthnated alpogatpe?] 0 may be filled with the

layer of conductive contact material 213 based on a substantially “bottom-up” deposition process
233 well known to those skilled in the art, such as a suitably 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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Figure 2h depicts the illustrative wafer 200 of Fig. 2g in yet another advanced manufacture stage. After
completion of the second planarization process 240, additional processing of the front side 200f of the
wafer 200 may be performed. For example, as shown in 5 Fig. 2h, a metallization system 218
comprising a plurality of metallization layers 218a, 218b, 218c, etc. may be formed above the finished
TSV's 220 and the contact structure layer 204 so as to provide electrical interconnects between the
circuit elements 203 and circuit elements present on any one of a plurality of additional stacked
semiconductor chips that may eventually be bonded %Qd electrjcally connected to the wafer 200.

Additionally, in Yo ARGE D8te P BoEiNENfssn MERTBR 19BN RIS be 5 d Above
the hard asigggyer 207 an%ﬁlwe finished Tr?Y‘is’ SO §s to also faciliéat the formation of interconnect
structure@%etwee???ﬂén%e b SERS S 1 A e R RSE TV By 1EI'Igfg 8?8ﬁ(?1§t%¥)elé:)93traﬁtl7 may
comprise any. f a number of.dielectric materials that may be suitabl lective to an etch process
ot IR R RS R el w A e RS S

metalizafon SRAYS] SRSy extRIC,dsnendng on tie Uiepl somprisg e isriaver

dielectric e first metallization layer 21 e material of the et yer may comprise silicon

rytride, siligongxidR: SlisERQIMULIAS BRdiBEIKE- Skdheupare 190 Walkf 200 mawbaibiangd from

the back side 200b so as to réduce the thickness of the substrate 201 (indicated in Fig. 2e by surface

201s) angh,lereoN SXPASE IS RONAID SHHTRCES.A2ORT iheMNREdNLP YhE F23/ngthRigPaiafigh. for

wafer stacking and substrate bonding - i.e., 3D integrated circuit assembly. This back-side thinning

operatiop Ray-Reyaceamplighsd 1@3@ QferninaRee iePreariAINrINding ssicbitgpandiaipolizhing
process so as to provide a thinned substrate 201 having a predetermined thickness, wherein the

predeterqipgdiicknass Maythin pRitaie ik stiaiyeempedinents, sepend sen spenguentual pHEpose or
application for which the wafer 200 may be used in an overall stacked chip design. As a result, the

subject matigtesiseiase bhatrinigi Mdesieries groaeshasis of phanavizivgvarthfrugitlicn BasH(TSV's).
While these techniques may be of particular advantage for TSV's having a width of 20 m or more and

B0depth oidOrangy maihthese jeohnigquesmaseitersuceedsiukly carupéoyted fie IHhoprhingstiraving
significantly smaller dimensions. Moreover, while some of the embodiments described above are
directed dopFrSMansdihprisitg siticdncdiexidatisolativeridykisadtBcdppenanoiovadppeo aloyi 8dhductive
contact materials, the

openings 210.

Figure 2f depicts the illustrative semiconductor wafer of Fig. 2e after completion of the

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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10methods 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 JFRISHIfRE 4R B Lifch CRTAALISCAD C OHSHEIBESTATITR thRcRbpy! AR eplUorthe ifention.
According%e}%{@protection sought herein is as set forth in the claims below. CLAIMS WHAT IS
CLAIMED. . A method, comprising: 5forming a layer of isolation material above a via opening
formed in a semiconductor

Figure 2g shows the illustrative wafer 200 of Fig.2f in a still further advanced
5 manufacturing stage. As shown in Fig. 2g, a second planarization process 240, such as a CMP
process and the like, may be performed to remove the horizontal portions of the material layers
formed outside of the TSV openings 210 from above the horizontal upper surface 207u of the
hardmask layer 207. More specifically, in the illustrative embodiment shown in Fig. 2g, the
recipe used for the planarization process 240 may be adapted to substantially completely remove
10 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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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
conductive via element inside 10of said via opening. 2. The method of claim 1, wherein performing
said first planarization process comprises performing a chemical-mechanical polishing process.
153.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 PrasrizBB RSO A R hREHOR bt ramor, RAEFaRT R G S AT alis: BiqEaistiSh

material 20 comprises formjng said layer of jsolation material above a bottgm surface of said via
i e LIRS B e e R R e DA SR AP S A5 BRSR Trteriayer
dielectric,layer formed above said substrate. comprises depositing a dielectric material layer
comprising silicon dioxide.

5 It should be noted that, since the horizontal portions of the isolation layer 211 may not be
present above the upper surface 207u of the hardmask layer 207 during the second planarization
process 240, the problematic effects described above that may be associated with differential
material removal rates during CMP processing may be substantially minimized, if not eliminated
altogether. Moreover, even in those illustrative embodiments of the present disclosure wherein a

10 residual horizontal thickness 211r of the isolation layer 211 may still be present during the
second planarization process 240, the detrimental effects of the differential material removal
rates may still be significantly reduced, as the residual thickness 211r (see Fig. 2b) may be
substantially reduced as compared to the as-deposited thickness 211t of the isolation layer 211.
Accordingly, in some illustrative embodiments, the presence of a protruding region above the

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. 2e) 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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6. The method of claim 1, wherein forming said conductive via element comprises 5forming a layer of
conductive material above said substrate to cover at least said isolation layer. 7. The method of
claim 6, 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. 10 8. The method of claim 7, wherein performing said second planarization process
comprises performing a chemical-mechanical polishing process. 9. The method of claim 6, wherein

forming said layer of conductive material 15comprises performing an electrochemical deposition
process tglélélB%si‘f%ePﬁ%fBPYa%PEB?&%H@‘EB%%SP@“S Sfb‘?“‘#ﬁ%%ﬁ%ﬁ%%%‘f%ﬁafﬁ?f“ﬁi%? &prising

forming ?sgﬁg(l)%r g‘ eelrr ﬁ?lccr)l\l/aeyr gygl?bsgtantially or even completely removed from above the upper

surface 207u of the hardmask layer 207 prior to forming the layer of conductive contact material

213, the CMP parameters used during the second planarization process 240 may be adjusted only

5 as required to handle the planarization characteristics of the material comprising the layer of
conductive contact material 213. Accordingly, the depth 216a of the dished regions 216 may be
substantially reduced, or even eliminated. For example, in some illustrative embodiments, the

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 211r 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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said layer of isolation material prior to forming said conductive via element. 20 11. The method of
claim 10, further comprising forming said barrier layer after performing said first planarization process.
12.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. 513.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; 10forming a layer of isolation material
inside of said opening and above said hardmask layer;

Figure 2h depicts the illustrative wafer 200 of Fig.2g in yet another advanced
manufacture stage. After completion of the second planarization process 240, additional
processing of the front side 200f of the wafer 200 may be performed. For example, as shown in

5 Fig. 2h, a metallization system 218 comprising a plurality of metallization layers 218a, 218b,
218c, etc. may be formed above the finished TSV’s 220 and the contact structure layer 204 so as
to provide electrical interconnects between the circuit elements 203 and circuit elements present
on any one of a plurality of additional 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
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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 15conductive 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. 20 15. The method of
claim 13, further comprising performing a chond chemical-mechanical polishing process after forming

said layeP ol GSTERILEHBEBRIS AT ARRATRAIR, 8k SOLE" A AFE AT SR ARy USE0 Mg R TR iR &

dielectricgnat(?rial layer comprising silicon dioxide. 517.The method of claim 13, wherein forming said

layer of SOHUURYT contact material comprises performing an electrochemical deposition process to

form a metal layer comprising copper.

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 pum 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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18. The method of claim 13, further comprising forming a conductive barrier layer 10above 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. 15 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 20layers above said contact structure layer after performing said second
chemical-mechanical polishing process. CLAIMS

WHAT IS CLAIMED:

1. A method, comprising:
5 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 conductive via element inside

10 of said via opening.

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

comprises performing a chemical-mechanical polishing process.

15 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
20 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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device layer prior to forming said one or more metallization layers. 23. The method of claim 13,
wherein forming said layer of isolation material 5comprises 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 10greater than said first thickness. 25. The method of claim 23,
wherein said second thickness is at least four times greater than said first thickness. 15

5. The method of claim 1, wherein forming said layer of isolation material

comprises depositing a dielectric material layer comprising silicon dioxide.

6. The method of claim 1, wherein forming said conductive via element comprises
5 forming a layer of conductive material above said substrate to cover at least said isolation layer.
7. The method of claim 6, 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.

10
8. The method of claim 7, wherein performing said second planarization process
comprises performing a chemical-mechanical polishing process.
9. The method of claim 6, wherein forming said layer of conductive material
15 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.
20

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

performing said first planarization process.
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12. 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.

5 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;

10 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

15 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.

20

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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