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[0001] The discl osed enbodiments relate generally to the fabrication of
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be fill edufierdollespper or ot her conductlve material to 20 provide for an

el ectrical connection to a circuit fromthe backside of a die (or wafer).

Copper, as well as other conductive netals, has a higher coefficient of
thermal expansion (CTE) BARKGROUNDOK THEINYEMNHIOY, copper has a CTE of
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reduced transi stor perfor mance (any .of which nmay lead to_ |l ower yields and
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In addition, through-silicon vias may also find use in MEMS (Micro-Electromechanical

Systems) devices.

[0003]  Through-silicon vias may be filled with copper or other conductive material to

20 provide for an electrical connection to a circuit from the backside of a die (or wafer).
Copper, as well as other conductive metals, has a higher coefficient of thermal expansion
(CTE) than silicon. For example, copper has a CTE of approximately 16.5 ppm/"C,
whereas silicon has a CTE of approximately 2.6 ppm/°C. This CTE mismatch may result
in significant stress in the silicon and copper (or other conductive material) after copper

25  deposition, as well as during any subsequent temperature cycling (e.g., as may occur
during solder reflow, during testing, or during use). In addition, when vias are spaced
relatively close together such that their stress fields interact, these stresses may be further
magnified. The siresses that may result from the above-described CTE mismatch can lead
to numerous problems, including thin-film delamination, cracking of the silicon, and

30  reduced transistor performance (any of which may lead to lower yields and reliability
failures).
[0004] A number of solutions have been proposed to alleviate the effects of CTE
mismatches in conductive-filled through-silicon vias. One solution is to make the



[ 0004] A nunber of solutions have been proposed to alleviate the effects of
CTE m smatches in conductive-filled through-silicon vias. One solution is
to make the 1 WD 2007/002870 PCTI US2006/ 025471 di ameter of the vias
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be formed according to the disclosed 15 enbodi ments. [0008] FIG 4 is a
schematic diagramillustrating an enbodi nent of a conputer system which
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[ 0010] R%O%E%tp block 105 in FIG 1, one or nore vias are forned in a
substrate. isis illustrated in FIGS. 2A and 2B. Referring first to
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[0008] FIG. 4 is a schematic diagram illustrating an embodiment of a computer

system, which may include a component formed according to the disclosed embodiments.

DETAILED DESCRIPTION OF THE INVENTION
20 [0009] Turning now to FIG. 1, illustrated is an embodiment of a method 100 of
forming a via having a stress buffer collar. Embodiments of the method 100 shown in
FIG. 1 are further illustrated in the schematic diagrams of FIGS. 2A through 2L, and
reference should be made to these figures as called out in the text below.
[0010] Referring to block 105 in FIG. 1, one or more vias are formed in a substrate.
25  This is illustrated in FIGS. 2A and 2B. Referring first to FIG. 2A, a substrate 200 is
shown, this substrate including a base layer 210. In one embodiment, the base layer 210
comprises silicon (Si); however, it should be understood that the substrate may comprise
any other suitable material or combination of materials. The substrate’s base layer 210
may be viewed as having a “front side” 211 and a “back side™ 212 (the substrate 200 is
30 depicted face down in the figures). It should be understood, however, that the labels
“front side” and “back side” are arbitrary and, further, that the various surfaces of the
substrate 200 may be referenced by any suitable convention. In one embodiment, circuitry

has been formed on the base layer’s front side 211, and this integrated circuitry may

2



may be viewed as having a "front side" 211 and a "back side" 212 (the
substrate 200 is 30 depicted face down in the figures). It should be
under st ood, however, that the |abels "front side" and "back side" are
arbitrary‘@§§07%Hkq§r, that the various surfaces of thg-rstReddebe 200 may
be referenc y any suitable convention. In one enbodinent, circuitry has
been fornmed on the base layer's front side 211, and this integrated
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these varjious circuit elenents. [0011] In one enbodi nent, as shown in the
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conducti ve Vi as extendi n et ween t hese leve s. The conductors and vias may
conpr i se levwhyf methlizdiion aposeparated fremythg eandudtors efadincast lewsbytat the diglectrig| umi num
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dieléectri e any suita electric or insulating
mat er i al ,cosdictiversasedténding betveen thesq i8velR ) The SoBivctornatdonas IBayckopweiso xi de

(CDO), a glass,,or ol yner. .mat erj al . 0121 l.n o | Nk t he
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ci rcui t r yAkRor alloys obtheseqind dtter matalsb e digkotric snateviabmpy tanpnisd anihe

sem conduct qr fer. may conprise.any .suitable nmaterial (.such,as silicon (as
ot ed_ abcvisble digferiic SrinaHetlesticHiah Ut eoy ot I 0Pk I P8Eac) , or

ot herlsmtda?é@&xidy(ogmpggmgsi,mp‘zﬂyra&mrm,i als. In one enbodi nent, the back
side 212 of the wafer has been thinned (gri or,to via formation. According

to one eSSl rmerln one grbedimaRete spEste AALcomnrisesAsTRLOndrct W EIROR 25 pm and
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semiconductor wafer may comprise any suitable material, such as silicon (as noted above),

silicon-on-insulator (SOI), gallium arsenide (GaAs), or other material or combination of

20 materials. In one embodiment, the back side 212 of the wafer has been thinned prior to via
formation. According to one embodiment, the thinned wafer has a thickness of between
25 pm and 150 pm. _
[0013]  Turing now to FIG. 2B, one or more vias 230 have been formed in the substrate
200. In one embodiment, at least some of the vias 230 extend from the substrate’s back

25  side 212 and through the base layer 210 to the front side 211, as shown in the figures. Ina
further embodiment, at least some of the vias 230 extend fo one of the conductors 225 in
interconnect structure 220, as also shown in the figures. According to one embodiment,
the vias 230 comprise through-silicon vias. In yet another embodiment, the substrate 200
comprises one of two wafers that are to be bonded together to form a wafer stack, and the

30  vias 230 may be used to form backside connections for the stacked wafers {and the stacked
die that are to be cut from the bonded wafers). According to another embodiment, the vias
230 are to be used in the formation of a MEMS device on substrate 200,



200. In one enbodi nent, at |east sone of the vias 230 extend fromthe
substrate's back 25 side 212 and through the base | ayer 210 to the front
side 211, as shown in the figures. In a further enbodi ment, at |east sone
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20  in the vias (e.g., copper). '

[0016] In one embodiment, the buffer material is deposited by a spin-coating process
that fills the vias, and holes are then formed through the buffer material within each via.
This is illustrated by blocks 115 and 120 in FIG. 1, as well as FIGS. 2D and 2E,
According to another embodiment, the buffer material is deposited by a conformal coating
25  process, and the buffer material is removed from the bottom of each via. This is iltustrated
by blocks 125 and 130 in FIG, 1, as well as FIG. 2F and 2G. Each of these embodimeénts
is now discussed in turn.
[0017] Referring to block 115 in FIG. 1, a buffer material is deposited over the
substrate and within the vias using a spin-coating process (or other process) that fills the
30  vias. This is illustrated in FIG. 2D, where a buffer material 250 has been deposited over
the substrate 200. As set forth in block 120, holes are then formed through the buffer
material. This is illustrated in FIG, 2E, where holes 255 have been formed through the
buffer material 250 within vias 230. In one embodiment, the holes 255 are substantially




20 in the vias (e.g., copper). [00161 In one enbodi nent, the buffer

material is deposited by a spin-coating process that fills the vias, and
hol es are then forned through the buffer material w thin each via This is
i 11 ustrat eggPyethoaels 115 and 120 in FIG 1, as well agcFhSRosamsANd 2E.
According to anotﬁg enbodi nent, the buffer material is ep05|te by a
conformal coating 25 process, and the buffer material is renoved fromthe
bottom of__each. vi.a. .Thi.s S i.l ustrat Ln FIG 1,
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t hrough tﬂia@enabufuﬁ@d tHEBoRs s bb%&&mwnagwn%hﬁ&ogﬁ chEbc@é.%Qe nbodi ment, the
hol es 255 are substanti al | WO 2007/ 002870 P 52006/ 025471  concentric
wi th vi adhotghthography, elgptroncbeagriibegranbin otc. )t Injyebanothep praboskimenicthe boles 255

extend  GEW !Bt UGhRIS p@@c@s@&u&iﬁs%ﬂuﬂﬁ@'cﬁbhﬁﬁe'%ﬁﬁ 240 that lies
above the conductors§ 225. hol es may formed using any suitable
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250 w Il be deposited at the bottom of vias 230. This buffer materi al
and extending down to the insulating layer 240 or conductors 2235.

[0019] It should be noted that, irrespective of the mauner in which the buffer layer 250

20  is deposited, the resulting structures will be similar (note that FIGS. 2E and 2G are
similar), although in other embodiments the resulting structures may not be similar., Any
of the above-described embodiments, as well as any other suitable process, may be
employed to form the buffer layer 250. Thus, it should be understood that the disclosed
embodiments of a process for forming the stress buffer collar are presented merely as

25  illustrative embodiments and, further, that the disclosed siress buffer collars are not
limited to any specific fabrication technique.
[0020] The buffer material 250 may comprise any suitable material. In one
embodiment, the buffer material comprises a material capable of absorbing stresses that
are due to a CTE mismatch between the material of base layer 110 (e.g., silicon) and a

30  conductive material (e.g., copper), or other material, that is to be deposited in the vias 230.
In one embodiment, the buffer material 250 has a CTE that is substantially the same as a
CTE of the material (e.g., copper) to be deposited in the vias 230 (or holes 255). In
another embodiment, the buffer material 250 has a CTE that is approximately equal to a



15 253 at the bottomof the vias may then be renoved, as set forth in block
130. This is illustrated in FIG 2G where the buffer material has been
renoved fromthe bottomof vias 230, resulting in the formation of hol es
255 surro | ayer of buffer material 250 and gx b gwn to the
|nsulat|ng&ﬂ§ggﬂﬁ? or conductors 225. [0019] It shoquhﬁgﬂﬁ%%ég t hat,

I rrespective of the manner in whi ch the buffer layer 250 20 is dep03|ted,
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shoul d béeﬂﬂﬁﬂ‘ifjr@tﬂéfo‘ﬂgst m(a‘f‘ﬁgl%lzgé @H%gﬂ%ﬁ%l %ﬁf"é‘y S?m i‘}ﬁd{}%ﬁfg{{f or
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material conprises a material capable of absorbing stresses that are due

to a CTEmndglvaptelassisitnetabontdy GRa andicappes hassemedulygof elasticity(of about 139 | j con)
and a 30 n | : : ) : hat is to
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materials). For exanple, silicon has a nodulus of elasticity of about 47

GPa and eEppEAtionsicackepete)-us of elasticity of about 130 GPa. Shoul d the
base | aygg23f0 q&mm&%n&bhlhﬁﬁ@th%dﬂ&qaaaﬁa beo sanRftd £haleflallthd nyas 230,

the buffer material O may, in one enmbodi ment, comprise a material having
a nodul udedeposited using aspm-coatmg process. Buffer materials which may be spin-coated

include, by way of example, silicones, acrylates, polymethylmethacrylate (PMMA),

20  polyimide, benzocyclobuteeene (BCB), as well as various epoxies. In a further
embodiment, the buffer material 250 comprises a material that may be deposited using a
blanket deposition process (e.g., CVD). Buffer materials which may be deposited by CVD
include, for example, polyparaxylelene (also referred to as parylene), fluorocarbons such
as polytetrafluoroethylene (PTFE), and organosilicon materials such as

25 polydimethylsiloxane (PDMS). Other suitable buffer materials include polyesters and
polyolefins. According to yet another embodiment, the buffer material 250 comprises a
material amenable to removal by laser ablation, and in yet a further embodiment the buffer
material comprises a material amenable to removal by an eiching process. In one
embodiment, the buffer material 250 comprises a material that is lithographically

30 patternable, and in a further embodiment the buffer material comprises a material
amenable to removal by a milling process.

[0023]  After deposition of the buffer material 250, a portion 243 of the insulating
material 240 may remain at the boitom of holes 255. Thus, in one embodiment, the



10 elasticity in a range of between approximtely 0.001 to 10 GPa.
Uilizing a buffer material that is relatively conpliant in conparison to
the surrounding materials (e.g., silicon and copper) will, according to

one enbodi litate the absorption of stresses p due to
di fferent \?Q?éﬂgm{a% dt her mal expansi on between the surrounﬂﬁ%?gom\rir%t-’grl al s.

The use of a relatlvely conpliant buffer |ayer may al so serve other
functions 15 (e, g., rve as ss relief I ni |71 ze .poi nt s of stress
concent r &St ,gﬁggf WF?W%?P%ngﬁﬂﬂmﬁwﬁgﬁgﬁﬁk&ﬂgép05&53E§ 3S8¢t. ). [0022]
I'n angt hgértkﬁiﬁmgrmﬂtmﬁliﬁﬂbs&afeﬁﬁnm QHj, tvherd B manmmff'gml hatbesd 3}] tﬂat
may e ep05|te using a spln coatin roges ter S ich may
be. spi - ETREH Fopbp B By leh/ o IR SPBSTERY fedmu g By st GRS

pol ynet h)ﬁhé%”%ﬁ@ﬂa}lér?k%&&’% aﬁ)eﬂaﬁhgpmcsba Alaaﬂaﬁgwmm&eeene (BCB), as

wel | as variogus epoxies. In a further d{d%ment the buffer, mterial 250

conpr Psegmiodigent P%?l' rerpgal pEtpe B‘éu@‘é‘fﬂdéﬁ'e? pagivationlesak Eemdosi ti on
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I ncl ude, tor exanp pol ypar axyl el ene (also referred to as parylene),

f 1 uor ocahblen@ss J@ryet mﬂq@oelyb%hm@ﬂ wdaﬁépﬁw@ﬁ@g((mﬂﬁmpassawm@r%wé. licon
mat eri al O her suitable buffer
mat eri al ?a?lﬁlg Sﬁéi Zu?c}tﬂl ?@?gﬁg%ééh 1}%&%@ Accordl ng to yet another

embodi rrerwuz41 he Aasusfef ﬁrthmabbck 540 2860 lawr;(anc@@'sbamer eorend miaziibe denosiigd e t o
r eno | as ti i & buffer
mat e\rlll al § f”g%tra 5 1?%? Thg% '?hIXE 1111?5@&@%&@1\"/%??{3@%&?%%%&1 ng process. In
one eana‘thmrbhma hgeﬂ))ﬂﬁﬁ msbﬁm@posaied Abfdrmedpver ﬂmsbadcmz,\lm cdlsulisirate i s

l'i thogra caII te afur r._enbod t ffer
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[0023] Afidyer 2am%<ﬂ@n‘@¢scmnafan51 rﬂm bnabfee thershdcRoplating2FQ, coﬂdlmﬁvd ienl Riflin of t he

insulating . materi al 240 e, battom of . hol es 255. Thus, in
one embodihols 25 ﬁ"’é‘dé"w b@‘i"b ERTHEEAYI 5P POIFST Iy | ayer

(and/igr RAEDlcAA, dudly & Ta, mrﬁwmthfmmhg 0otdsovellak allfie of ttese as set
forth in block 135. This is illustrated in FIG 211, where the insulating

mat eri al aRGEr KB eleneatpn AsqoRling 1o enreemhodingnt She 3967 yer 208 1s JeRogRe enbodi nent ,

the insulyghlBg, LAYEE b(aaﬂé{/ sniaa%e%hﬂlaﬁé Qfkhl @ ¥ftlerih S, CVADINE dt Siolidbean
et ching process. According to anot
understood that a smg]e layer of matenal may function as both a seed layer and a barrier

layer, whereas in other embodiments separate seed and barrier layers may be deposited. It
20 should also be understood that, in some embodiments, a seed layer (and/or barrier layer) is
not deposited.
[0025] Referring to block 145 in FIG. 1, a layer of photoresist may be deposited and
patterned. This is illustrated in FIG. 2J, where a layer of photoresist 270 has been
deposited on the substrate 200 and patterned to form apertures 275 that expose the holes
25 255 (and vias 230). In one embodiment, the apertures 275 are larger than holes 255, and
in another embodiment the apertures 275 are substantially concentric with the holes 255.
In yet another embodiment, the apertures 275 may be used to form conductive bond pads,
as will be discussed below. The photoresist material 270 may comprise any suitable
photoresist material, and this material may be deposited using any suitable technique (e.g.,
30  aspin-coating process). Any suitable photolithography and etching processes may be used
to paftern the photoresist layer 270. Also, it should be understood that, in some

embodiments, a photoresist material is not deposited.



5 enbodi nent, after renoval of the insulating |ayer (and/or passivation
| ayer) fromthe bottom of holes 255, conductors 225 are exposed at the
bottom of at |east some of the holes 255. In yet anot her enbodi ment, no

llayer of igaul@lbsid (and/or passivation) material %F 9%“{"}3"““" this
ocC

renoval process 1S unnecessary. [0024] As set forth I n a seed
| ayer (and/or barrier layer) may be deposited 10 on the substrate and

Candi or  B08) &7 Asiglbyh Sublopb oo, Bbtubfle olanet b ool E W TE VL ¢ o

212 of siihstratad i FIGO2K, \aberwa chn@&hmmtﬁaﬂtésti/\mmbsemdephmtedsn ﬂh’éﬁo(esvl thin vias
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enag)l es n@ﬁ.@&gﬁ %@Eg't‘ P?Fgm& ee r#&%‘é“fi\lf C Tgff\ﬁ(’tﬂ?nﬁes k| ??gg?fgta st ZSES (and
vi as 230)metal bgchs® e@bﬂeﬁyﬁﬂloﬁfﬁﬂﬁd@perbﬁd bﬂharmétﬂy.eoiheeﬁﬁtamycommﬁva se any 15

suitable materi al ch as Ta, TaN, Ti, TiN N, NV C, Cu, as well
as al g s’f‘ﬁ‘&@‘ég‘ﬁiﬁgfﬁ'r algmingp, éﬁgﬂ\gﬁ‘ﬁa-s{loyﬁﬂ&%‘?sa prgothey IB‘?fél selfodi ment, the
seed | ay @ﬁirth%ﬁ&nbtﬁinﬁ&ﬁ%b hﬁ&namgalgtea B/holeaiZsa pdnd vids@3bpéontRiBEsd fonon

t echni que, such as sputterln etc. It should be understood that a

single | &9@“0‘6?3 Tgeeqli dhe W“?Wﬁ&#%%&ofﬁ@tb? depesited| by apesuitablg a barrier

| ayer, WARICERS I ShentiRbinRED I CRAMSive ﬁﬁéﬁﬁ‘ﬁ@dﬁﬁ@i@ed&i&&g%%@cﬁ@l&tﬁ%@r s may be
deposited. It 20 shoul d al So be understood t i n some enbodi nents, a

seed | ay@rocesndy W%éﬂmb@mpﬁyﬂiﬁ ):ondgcnwgnat@;@g)@gzﬂep@sged PY)@ZS‘FC‘R&SM ring to

B;gfgpﬁgglah%ﬁg%sglhfﬁgﬁr ate E%%E&%gtd\%%re a aygs'rsﬁs})ngda hotoreS| st 270

has been dephsitios itschuiqen Stldlveisspllitmnate@amomdt Yagon deppsidon, spihgpatingper t ur es
275 that V| nt, the
apertur ed %'S‘ﬁ'gtre;égfgr geé ?Tﬁéeréﬁlgloéggggﬁbagﬁgé%ﬁdaﬂ%%%ﬁgaﬁgﬁ% Pﬁrre nt the
apert ur esna® /ferlaps, tedblddvaadthyal glanacigation ptacess, anch bs chemidabinesha@isdl |1 n yet

anot her e di t he ertures, 275 nmay be used to form conductive bond
pads, agg%%mgqﬁg/haiog%g@@aggm. The photoresist material 270 nay
conpnse [802y] SUiRedting tohaikasephetordsizt aid exposed partiohs of thedeed layer may be
deposite i itaple technique.(e.d.,. pi n-cgating process).
Any sui tgﬂ%& E%beéttf B?)W"é’ﬁ‘gnt‘g%ﬁi lﬁtﬁﬂgﬁﬂ%@@é’g%ﬁ %IT'JBI used to pattern
the phot @h&&teﬁﬂst by €70 Ra%(beeﬂeamed, s B4V pbalioBeofhel ed (A@br bgier) ldyer Some

enbodi rrents hotoresi st material .is not deposited. 7 W 2007/002870
PCT/ US208369 se portions that were underlying the photoresist). Any suitable process may

be employed to remove the photoresist and seed (and/or barrier) layers. Again, in some
20  embodiment, a seed {and/or barrier layer) and/or a photoresist layer may not be deposited,
and this removal process may not be necessary.
[0028]  Although the substrate 200 shown in FIGS.2A through 2L includes just two
vias 230 — as well as only a small number of circuit elements 216 — for ease of illustration,
it should be understood that the disclosed embodiments of a method of forming vias
25  having stress buffer collars are typically performed at the wafer level and that such a wafer
may include integrated circuitry for a number of die. This is further illustrated in FIG. 3
which shows a plan view of a wafer 300.
[0029]  Referring to FIG. 3, the wafer 300 comprises a substrate 305 (e.g., Si, SOI,
GaAs, etc.) upon which integrated circuitry for a number of die 390 has been formed, and
30  wafer 300 is ultimately cut into these separate die 390. According to one embodiment, the
substrate 305 includes vias having stress buffer collars formed according to any of the
disclosed embodiments (e.g., in one embodiment, the substrate 305 may be the same or
similar to the substrate 200). In practice, each of the die 390 may include hundreds of vias



[0026] As set forth in block 150, a conductive material is deposited in the
vias. This is illustrated in FIG 2K, where a conductive material 280 has
been deposited in the holes 255 (and vias 230). In one enbodi nent, the

conduct i vewdogfdoado CONPri ses a conductive netal suchpesmgggag&r“ﬁr al | oys
of copper and other nmetals. O her suitable conductive 5 netals 1nclude

gold, silver, alumnum as well as all oys of these and other netals. In a
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a pi ck- anghpsaneddarioh AVsHIUMGRSS be aftiphaizeiitatie d¥BsedRAfHARTntse ) | ovved by
a planari zatlon rocess g uych as. chem cal - nechani cal __polishing (CW) or an

et chi ng d?’b‘@gs% fqunafion of7yiasig silicon and they thy dizglosqdembodirgenss B3y 8¢ and exposed

portions @hliddie aﬁﬁﬁﬁkaﬁl@ﬁﬁfs&at@%@érﬂf m%fdbin%ﬁod SRdtdrisiRy be renoved. This is
illustrated in wher e hot or esi st | ayer 270 has been renoved,

as have gBf30 onsttf?mflS\@ Bt 1@&3‘?@1‘3@@ arembiodinyent ef aspomppey systery400.t hose
portins G&%t%ﬁﬁeﬂ@@tﬁﬁ&lﬁ&%& Bl B0 PRAUIIEEHRES cozlﬁﬁé Iﬁgé&@mr;ﬂed)r €ss may

be enpl oyed to renov ot oresi st and seed barrier) Tayers.
Agai n, irf08 éﬁﬁétezéﬁdéﬁfﬁmsmmcoﬂwhge eﬂor(eem titons buses+ ¢.g4 2 Bﬁym busamd/ or a

phot or esi ﬁﬂ:ﬁz S may not

be necesgglﬁgﬂ&%i@(ggﬁxﬁpﬁ%%%ﬁ Bl gg{mg?éﬂa%%ﬁ oW |n ,1,_;?@5% t hrough 2L

i ncl udes bugste. -t mwramn%fﬂ:ercomponﬂlltd of agstem B0, R epreskhtatiomdfehese buses r cui t

el enment s . - f Ll UST T t shoul er d that the

i ol osed® SumEL AR Bt laet oSy SoniBimndite, SROLSRMAIRREREHTRE D0t 1 o1

col | d5s  alrecsybtymi 408 kd nyot p@hmnednéﬁmaﬁ oft drdinavefskeill ih eheakt vandppﬂaahteshm fhea waf er

may include |nte r at circuitr nunber of ., IS is further

i 11 ust r aCeHPYE @8 Wlh@ﬁemﬁ’éeﬁs %SF%W’B? e@@bn‘“{‘u%w]

Ref erri n@nd corfbhifatiod of bixes.waf er 300 conprises a substrate 305 (e.g., Si,
ntegrated circuitry for_ a nunber of d|e 390

has beenAﬁq?llﬁed aoé‘ﬁgg %ﬁ%&p ‘%(P%’"P%““@I Vigg i dpvices) 41 hemresessitgepar at e

die 390. déﬁﬁ@ﬂi]lﬂ@é&lﬁ@@&%ﬁﬂﬂgﬁi&essﬁ@ﬁewce or system, including a

20  microprocessor, a network processor, an application specific integrated circuit (ASIC), or

a field programmable gate array (FPGA), or similar device. It should be understood that,
although FIG. 4 shows a single processing device 410, the computer system 400 may
include two or more processing devices.
[0032]  Computer system 400 also includes system memory 420 coupled with bus 405,
25  the system memory 420 comprising, for example, any suitable type and number of
memories, such as static random access memory (SRAM), dynamic random access
memory (DRAM), synchronous DRAM (SDRAM), or double data rate DRAM
(DDRDRAM). During operation of computer system 400, an operating system and other
applications may be resident in the system memory 420.
30 [0033] The computer system 400 may further include a read-only memory (ROM}) 430
coupled with the bus 405. The ROM 430 may store instructions for processing device
610. The system 400 may also include a storage device (or devices) 440 coupled with the

bus 405. The storage device 440 comprises any suitable non-volatile memory, such as, for



substrate 305 includes vias having stress buffer collars fornmed according
to any of the disclosed enbodinents (e.g., in one enbodi nent, the
substrate 305 nay be the sane or simlar to the substrate 200). In
practice, Qasdoffozdge die 390 may include hundreds of yiragsshoedds£q07/ 002870
PCTI US2006/ 025471 having stress buffer collars, and the water 300 as a
whol e may include thousands of such vias. Further, each die 390 may

i ncl ude d Ll i ' S0, r i ; S,
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15 the system 400 is not so limted. Those of ordinary skill in the art

wi | | appresepled with pag 445, dThe aghvioik nteriscest Brpompyserapy mtpeledadwatd t abl e bus
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Coupled with bus 405 I's a processing vice (or devices

processi r§0 vdtha nebvark (e.gray neswasrintewacervprd.u Thenstwons igerfacs 4AQmdEvi ce or
system i 1l . ] St plication
specific e?%%%r%?%&”@%%%@i@%&%) &gpﬁﬁ’\é?{é% ées%lgc?[gﬁmm "e‘gigea{ € array
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shows a sj e. pr.ocessing.,devi ce 410, nput er stem 400 may i ncl ude
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COMPI I ST fnz6] O 1ERAIR 62 und oS i PRE CorpiBS S W RELeld in FIG. 41s

intended to represent an exemplary embodiment of such a system and, further, that this

A

20 system may include many additional components, which have been omitted for clarity and
ease of understanding. By way of example, the system 400 may include a DMA (direct
memory access) controller, a chip set associated with the processing device 410, additional
memory (e.g., a cache memory), as well as additional signal lines and buses. Also, it
should be understood that the computer system 400 may not include all of the components

25  shownin FIG. 4. The computer system 400 may comprise any type of computing device,
such as a desktop computer, a laptop computer, a server, a hand-held computing device
(e.g., a personal digital assistant, or PDA), a wireless communication device, an
entertainment system, etc.

[0037] In one embodiment, the computer system 400 includes a component including

30 one or more vias having stress buffer collars. For example, the processing device 410 of
system 400 may include a die including vias with stress buffer collars. However, it should
be understood that other components of system 400 (e.g., network interface 470, etc.) may

include a device including vias with stress buffer collars.

10



menories, such as static random access nenory (SRAM, dynam c random access
menory (DRAM, synchronous DRAM (SDRAM, or double data rate DRAM

( DDRDRAM . During operation of conputer system 400, an operating system and
ot her ap%bg%}o%g may be resident in the system nemdpyrdefasnafssk 0033] The
conput er system y further include a read-only nenory Ré\/g 430
coupled with the bus 405 The ROM 430 may store instructions for processing

440 couplBHBL | BHE-EghEohER e bl PE BB AR R G °F TEv! oo

sui tabl e 1Mﬁaml aall nbi&eﬁtﬁcmrey Theykdve dsen frovidd pfﬁlazmﬁ)ﬂ- QeR87nd

PCTI US2006/ 025471 anpl g, ar.d .di operating system and

ot her pr 682 eq'?’b’(fluﬂ é%‘ﬁﬁ‘&]‘%itﬂeé]ﬁ%ose&%&gjd@m&% dﬁléo cs ther, a device
450 for d&ﬁﬁﬁﬁ@:&s@ﬂe ﬁg%wa&:s@?j@ﬂnefeﬁﬂﬁ m@ﬁieaou(sad@nonsaderllétiommddl sk drive or a
CD ROM drive) ma e coupl.ed wt 405 The, conput er system400
may apsonﬁﬁ%ﬁ%ﬂﬁééé gwﬁFmﬂ@W@n?ﬂG“%gﬁ%@?WﬁﬂFBﬁﬁfm %mB§VFégE“ 1Soupl ed with
the bus ﬁ%be@@m%yltﬂﬁétskm&hﬁﬁ&aﬂ%h&ﬂaeﬂ%@mﬂ&espmbﬂﬂlbﬂﬂcld@di ces such
as a nouse, as well "as other data entry devi ces, whereas common out put
devi ces iembpdiments pabhcgrapsiofihs appanded ¢laigisdevi ces, and audi o out put devi ces.
It will be appreciated that these are but a fem/exanples of the types of
I/ O devices that nay be coupled with the conputer system 400. 10 [0035]
The conputer system 400 may further conprise a network interface 470
coupled with bus 405. The network interface 470 conprises any suitable

har dware, software, or conbination of hardware and software that is

capabl e of coupling the system 400 with a network (e.g., a network
interface card). The network interface 470 may establish a link with the
network (or networks) over any suitable nedium- e.g., wreless, 15 copper
wre, fiber optic, or a conbination thereof- supporting the exchange of
information via any suitable protocol - e.g., TCP/IP (Transm ssion Control
Protocol /I nternet Protocol), HITP (Hyper-Text Transm ssion Protocol), as
wel |l as others. [0036] It should be understood that the conputer system
400 illustrated in FIG 4 is intended to represent an exenpl ary enbodi nent
of such a systemand, further, that this 20 system nay i ncl ude many

addi ti onal conponents, which have been ornitted for clarity and

11



ease of understanding. By way of exanple, the system 400 may include a DVA
(direct nenory access) controller, a chip set associated with the
processi ng device 410, additional nenory (e.g., a cache nenory), as well
as additional signal |lines and buses. Also, it should be understood that
the conputer system 400 may not incipdenal |l of the conponents 25 shown in
FIG 4. The conputer system 400 may conprise any type of conputing device,
such as a desktop computer, a | aptop conputer, a server, a hand-held
conmputin evi ce. .g., a personal digital assistant, or PDA), a wreless
connunicg?&%H38§WP% $7an entertai nnent system etc. [0037] In one

enbodi nent, the conputer system 400 includes a conponent including 30 one
or nore vias having stress buffer collars. For exanple, the processing
devi ce 410 of lsyst@mefrs SERPIEIE] ude a die including vias with stress

buf fer col | ar sgWeVRS in 4 fubshab! tHe viagaVigarsidedat ah@latboRbthe GaEparReNt s of
system 400 (e.g., network interface 470, etc.) may include a device

i ncl udi ngeoppaisedpf st matsgalpuf f er col lars. 10 WD 2007/ 002870

PCT/ US2006/ 025&%%&%%9%@% Iﬁfb.ﬁf%r b il edid QAR Ghd RELOST RO Buffer
acconpanyi ng draw n are only 1

ustrative and not restrictive. They have
been pr ovindedalmpoinpletdly §ill§ e vaa; cl ear and conprehensi ve under st andi ng of the

di scl osed enbogi_nent nd .no necessar i 1.ons er st ood
therefrom Nuntfoté 3315’3? t tﬁ% E‘f{f@%‘ ‘E\t?rilag’nﬁsg? h!élﬁ %g&rr%%ﬁ ?@%ﬁ? atéér)ltshgt% SH{’}ﬁe

enbodi nensfthéeleiacandbed herein, as well as alternative arrangenents, may be
devised by thogse skilled in the art wthout arti fromthe. spirit of

t he discl osed geé’HﬂBEﬁ %WPEEH}?EF“PﬁéO 5‘&‘55@‘3&‘ ﬁ]?ﬁ% Sﬁﬁ)ﬁgﬂ%ﬂwﬂ% o°'? cLAI M
Wiat is Cingibyeer inbieridt wihidBhE Qeh, GRRTYIA Hicliffel QididrY ifcapablei o abscibiagt r at e,
the via haV|ng a sidewall and a bottom_ the substrate conprjsed of a first

g

mat er i al ; StepEus 19 rigtharmal yapansiona misyately bateen ithy firsh andescoond B@kRalhat the
layer of (he-Ruikd Gt miRhg rcbﬁ‘lbri&@ W64 ShdVtht dcbid tfridf Rmprises copper.

2. The method of claim 1, wherein a coefficient of thermal expansion (CTE)

of the buffer material is approximately equal to a CTE of copper.

3. The method of claim 1, wherein a CTE of the buffer material is

approximately equal to a mean of a CTE of silicon and a CTE of copper.

4. The method of claim 1, wherein the buffer material comprises a relatively

compliant material in comparison to silicon and copper.

5. The method of claim 1, wherein the buffer material comprises a material
selected from a group including silicones, acrylates, polyimides, benzocyclobutene

(BCB), parylenes, fluorocarbons, polyolefins, polyesters, and epoxies.

6. The method of claim I, wherein the substrate comprises a silicon wafer,
the silicon wafer having circuitry formed on a front side and an opposing back side, and
wherein forming a via comprises forming a via from the wafer backside, the via

extending to a conductor proximate the wafer front side.
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formng a hole in the buffer material, the hole extending to proximte the
bottom of the via;, and depositing a second material to conpletely fill the
second material in the hole in the buffer material within the via, wherein
the buffer material is capable of absorbing stress due to a thernal

expansi on mi smat ch BgL uRghod BE cfdid St, il SO MR RirinBdl Tusinp e pRdddsst he
first material Conprises silicon and the second material conprises copper.
2. The nesdesteddions b growponsisimgof laser ablativh,i egdhing lithography, sed méllipansi on ( CTE)
of the buffer material is approximately equal to a CTE of copper. 3. The
met hod of claim11, wherein a CTE of the buffer material is approximtely
equal to a neaR. of FhE€htettmd oficlaimdn whattimth€Tayeo bf bufifigranaterdnl isTéeponiidhod of
claiml, wherein the buffer material conprises a relatively conpliant
material PYOELIRIECPOLEE PSS | i con and copper. 5. The method of claim 1,
wherein the buffer material conprises a material selected froma group

i ncluding silicones acrﬁl ates, .pol yi m des, benzocycl obutene (BCB),

paryl enes, fl u8rocalbemsthodatylaimath whereipibg dayer pE bufier materil tvdepogitedThe

met hod of ' -ém_,glg [ I onprises a silicon wafer, the
silicon wlé%graé?\%e\}/{:l%g Clﬁﬁ?ésﬁnﬁgmﬁcﬁsﬁ front side and an opposi ng back
side, and wherein formng a via conprises formng a via fromthe wafer

backsi de, the yja ' t Q. RLOXI . f nt side.
127 “he et K of e iatieR e il CRAHE BnpRURY uBRhfink 4F 18, Gl Il O
sel ect ed insdating fayerpnd @anpassivativn jer msthe wblpdor do, depbsitiomgf the bhflegr aphy,
and n‘illif?lg. .8. The nethod of claim1l, wherein the |layer of buffer materi al
i s deposi W3l si ng a spin-coating process. 9. The nmethod of claim1,
wherein the |layer of buffer material is deposited wusing a chem cal-vapor
deposition (CVD) process. 10. The rreé?qgld of claiml1, further conprising
deposi ting at Feast Tehmetodof claimd () Bytherrompising Ipmovng a erieaaf dhe #ayer in

the via prhont RydaRRs b bo@én of ke buffer material. 11. The method of
claim 10, furthef conprising renmoving a portion of the at

12. The method of claim 1, further comprising depositing at least one of a
seed layer and a barrier layer over the buffer material prior to deposition of the second

material.

13. A method comprising:

forming a via in a substrate, the via having a sidewall and a bottom the substrate
comprised of a first material having a first coefficient of thermal expansion (CTE);

depositing a second material in the via such that the second material completely
fills the via, the second material having a second CTE;

forming a hole in the second material the hole extending to proximate the bottom
of the via; and

depositing a third material to completely fill the third material in the hole in the
second material layer within the via, the third material having a third CTE;

wherein the second CTE is in a range between the first CTE and the third CTE

wherein the first material comprises silicon and the third material comprises copper.

14, The method of claim 13, wherein the second CTE is approximately equal
13



| east one layer froma bottomof the via. 12. The method of claiml,
further conprising depositing at |least one of a seed |layer and a barrier

| ayer over the buffer material prior to deposition of the second naterial.
13. A method conprising: formng a via in a substrate, the via having a

si dewal | anfe ida@ttom t he substrate conprised of a first material having a
first coefficient of thermal expansion (CTE); depositing a second materi al
in the via such that the second material conpletely fills the via, the

second mat eri aj s NavirgguSRCA NS whOLHRdoltObPE i phqRBERIdu T er i al

the hole extending to proximate the Bottom: of the vi a; |t|ng a
t hi rd nat ®rad méantof theofins! €T kyd thethird GEEt hird material in the hole in the
second material layer within the via, the third material having a third
CTE; wherein the second CTE is in a range between the first CTE and the
third CTE whel@i n The nfetliodtofmadiar i Blwinpdipsecdad nsitérial comprisks tahmatetialr d

mat eri al rises copper.. 14. The netho f claiml erein the second
CTE | 5 aptSios: § DRt indlsding (Sidhaes pioreey S0 e et SSeEHUEPETCc o m

13, wher e{BUBNBarSREQN HudrdEarbsns ARYAAIPH N déteff) il epokies.@a nmean of the first
CTE and t11e tﬁlﬁ?rg CTE. 16. The net hod ofdﬂélal m 13, wherein second materi al

conprises a materl al selected froma group including silicones, acrylates,

pol yi mi des, Ocy%@gﬁ&@fo%{ﬁ) 4%2%11&'.:&!“% SAdoH@T BB OGR! YOI ef i ns,

pol yesters, and epoxi e _ |'aim 13, wherein the second
mat er i al chatyely semphant nekeaial mmoylp@nwpltoﬁrﬂtmhthgdmtenab conparison to first
and third materials. 18. A nethod conprising: formng a via in a substrate,
the via having a sidewall and a bottomthe substrate conprised of a first
mat eri al ; deposs.ti ngmeth(aycmmpﬁsmg buffer material in the via such that the
layer of the bw;'rilmﬂg a _‘qgl tmezrilsu strateanle%gaelll fglal élaewahl \é aabottom the substrate
comprised of a first material;
depositing a layer of a buffer material in the via such that the layer of the buffer
material completely fills the via;
forming a hole in the buffer material, the hole extending to proximate the bottom
of the via; and
depositing a second material to completely fill the second material in the hole in
the buffer material;
wherein the buffer material comprises a relatively compliant material in

comparison to the first and second materials.

19, The method of claim 18, wherein each of the first and second materials

has a modulus of elasticity greater than approximately 40 GPa.

20. The method of claim 19, wherein the buffer material has a modulus of

elasticity less than approximately 10 GPa.

21, The method of claim 20, wherein the buffer material has a modulus of

elasticity greater than approximately 0.001 GPa.
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formng a hole in the buffer material, the hole extending to proximte the
bottom of the via;, and depositing a second material to conpletely fill the
second material in the hole in the buffer material; wherein the buffer
material conprises a relatively conpliant material in conparison to the
first and second mrﬁémedhad o@&aﬂ@e WEIHiadhObuffdr dhdierdd hayb esiisie@agh of the
first and second materials has a nodul us of elasticity greater than

appr oxi netheimal ggpagpign (GBE) ime range helavest appraximatady a\(Hdr of thedie mupmal,

mat eri al ticity | ess than approximately 10 GPa. 21.
The net ho%ﬁsafénfergl m 8%08%3%1?1?1 the buffer material has a nodul us of

el asticity greater than approxinmately 0.001 GPa. 14 22. The nethod of claim
18, wherein the buffer material has a coefficient of thermal expansion
(CTE) in a range between approximately a CTE of the first material and a
CTE of the second material. 15
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