WO 2007/ 005695 PCT/ US2006/ 025748 | NTEGRATED Cl RCUI T DI E CONTAI NI NG METEL-
AND PARTI CLE- FI LLED THROUGH- SI LI CON VI AS TECHNI CAL FI ELD [0001] The
invention relates to the field of mcroelectronics and nore particul arly,

but not exglgkphMikds t 0 stacked packages and el ectrica j.ve
through silicon v‘?égs. BACKGROUND [0002] The evol uti Okk%@ﬁ?ﬁﬂ@@:&% ted

circuit designs has resulted in higher operating frequency, increased
nunbers of transistors, and physically smaller devices. This continuing
trend hasTjERRATED ctfROWAST DIM CONTASNING BETEA- GED SARTES.EOf TL.IEN reguah eein.eddnC Ui T S.
To furt heY™®ncrease possible densities of integrated circuits, it nmay be
desirable in sone instances to electrically couple an active circuit |ayer
on a die to another active circuit layer on the sanme, or a different, die

by means of an electrically conductive through silicon via. A typical

t hrough sil iﬁ‘&@ﬁm&si mply be a void within a bulk silicon portion of
athe filled with a bulk material of approximately uniform conposition,

for exanpl e [0} The ipvertion splgiss to thedisBl ofvmisyoeteatrenicsodnd mury partidalagy, a

physi cal expansion or contraction resulting froma change in tenperature.
A coefficient of butmet erplusivelyatositanked pRihges mng electpicallyorhdictiob ggezhi N uni t
volunme of a bulk material for a unit change in tenperature. If a volune of
a first bul k matsilicclvissncl oses a second volume of a second bul k materi al
with different coefficient of thermal expansion fromthe first bulk

material with zero stress at a given tenperature,” a change
BACKGROUND .

[0002] The evolution of integrated circuit designs has resulted in higher operating
frequency, increased numbers of transistors, and physically smaller devices.
This continuing trend has generated ever-increasing area densities of
integrated circuits. To further increase possible densities of integrated

. circnifs, it may be desirable in some instances to electrically couple an active
circuit layer on a die to another active circuit layer on the same, or a
different, die by means of an electrically conductive through silicon via. A
typical through silicon via may simply be a void within a bulk silicon portion
of a die filled with a bulk material of approximately uniform composition,
for example an alloy of copper.

[0003] Many materials may undergo a physical expansion or contraction resulting
from a change in temperature. A coefficient of thermal expansion (CTE)
may ropresent a change in unit volume of a bulk material for a unit change in
temperature. If a volume of a first bulk material encloses a second volume
of a second bulk material with different coefficient of thermal expansion

from the first bulk material with zero stress at a given temperature, a change




1 WD 2007/ 005695 PCT/ US2006/ 025748 in tenperature may cause a non-zero
stress to develop at an interface of the different bulk materials. In sone
cases, under a sufficient change in tenperature, or a sufficient nunber of
t enper at ur lQn cycles, a stress at an interface of the different
bul k mter%ﬁ%ﬁjﬂr@%ﬁ‘gxceed a certain critical stress a ET@ﬁ@gﬂg7ﬁermnent
deformation or dislocation in one or the other or both bulk materials.

Al ternatively, perfornmance of the integrated circuit device nay degrade

froman increasen emp@atfireahaypdhubed Aord-226 sodss b dévelopnit ab itltdsfaceref tiei al s,
wi thout either material undergoing a permanent deformation or dislocation.

[0004] During a sl biRNERFANS | BO s6M€ | Bses P afded O SuffieiRhAichingd innt egr at ed
circuits may undergo various processes, some of which nay occur at an

el evated tenper afehiheratul br § $@¥BlcR mAnbRAEKBABerafi Gclisitg ik disabRd circuits
may undergo, for exanple, a solder reflow process, after perhaps being at

00m L NPT at Ur eyt ghfindra kb, BN RRORASTIs HAY 2liSd GABRARERkiEIW L i n
t he package, including the integrated circuits ahd acconpanyi ng bul k

silicon to whi C&e&?&di Aheo c. ﬁgfd{é%}ﬁigg?%rd%ﬁcg&h%qﬁe@me oach, or

even exceed a tenperature a | e.g., perhaps 230 C
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Further, under noriBlis OREEG 'eQkr hilbed BhS itk W Srkinedt GlkoRSatfdh O eSS 0" S
dislocation.
[6004] During a normal manufacturing cycle, packages containing integrated
circuits may undergo various processes, some of which may occur at an
elevated temperature. For example, a package containing integrated circuits
mway undergo, for example, a solder reflow process, after perhaps being at
room temperature, In a solder reflow process, various components within
the package, including the integrated circuits and accompanying bulk silicon
to which the integrated circuits may be coupled may approach, or even
exceed a temperature at which a solder reflows, e.g., perhaps 230 °C for a
representative Pb-free solder, contrasting with a normal storage temperature,
for example, perhaps 25 °C. In the present example, a package and its
components may undergo a significant temperature change, e.g. based on the
present example, as rauch or greater than 205 °C.
[0005] Further, under normal operation, integrated circuits such as processors
generate heat that may cause various components within a package,

including the integrated circuits and accompanying bulk silicon to which the
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generate heat that may cause various conponents within a package,
I ncluding the integrated circuits and acconpanying bulk silicon to which
the 2 WD 2007/005695 PCT/ US2006/ 025748 integrated circuits nay be

coupl ed, LﬂPgagﬁthStenperature variations. Wile tegpgﬁgéﬁ&gngﬁ ur si ons
X |

under nornmal operation may not be as extrene as thos nced in a
manuf acturing process, throughout a product's design |life, a package and
its conmponents including the integrated circuits and acconpanying bul k
silicon to whi chintageated cirgtitst way dier ceriples, rtayuridergo ciemptetirarayriativder go a hi gh
nunber of tenperature excursions resulting fromnormal operation. [0006]
Copper has a bul While tesaperaB¥E exdursignsunsdermatmd] ppérétidn ppytictbe s etRideast t o
silicon, which has a bulk linear CTE of approximately 2.6 ppniC. Thus, a
unit vol une of ca@phese exgermmtsd domsmanufadinngpioeest,hiiroughaiidid prodhdie of
silicon. Because a typical through silicon via may sinply be a void in a
bul k silicon poddsignriifefa asckage agl isd estopinemslidcludigy the lintegdated thaai® al | oy of
copper and the CTE of each material is alnost an order of magnitude

different, a neadamicombarBingebslk nEllicolCtol WEIUE qHe @itegiated RREUits™ mey e CON
I nterface when the package undergoes a tenperature excursion. [0007] For

exanpl e, Fig. 1(&upledRhfsaitleseoda BightPuler R Itohpdththre! SeRids Sishithgn Vi as,

showing a portion of a bulk silicon die with integrated circuits~100. Prior

art through silfreRRorhadopekdtdon®Y be el ectrically coupled to netal pads 108
through an electrically conductive seed | ayer 114. Between an electrically

c onducti ve RIB06§ CSPHRF hab bl tindhr ROE bOdppRxich ity A6 Fopiirte: GPBorG 102 MY be
silicon, which has a bulk linear CTE of approximately 2.6 ppm/°C. Thus, a
unit volume of copper expands considerably more than a unit volume of
silicon. Because a typical through silicon via may simply be a void in a bulk
silicon portion of an integrated circuit die filled with an alloy of copper and
the CTE of each material is almost an order of magnitude different, a
mechanical stress may be induced at a copper — silicon interface when the
package undergoes a temperature excursion.

[0007] For example, Fig. 1(a) represents a group of prior art through silicon vias,
showing a portion of a bulk silicon die with integrated circuits 100. Prior art
through silicon vias 112 may be electrically coupled to metal pads 108
through an electrically conductive seed layer 114. Between an electrically
conductive seed layer 114 and a portion of the bulk silicon die 102 may be a
passivation or electrical insulation layer 116, Metal pads 108 and a portion
of the bulk silicon die 102 may be scparated by an interlayer dielectric (ILD)
material 104. A layer of ILD 104 coupled to a portion of the bulk silicon die

102 between metal pads 108 may underlie a layer of passivation material 110
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passivation or electrical insulation |layer 116. Metal pads 108 and a
portion of the bulk silicon die 102 nay be separated by an interlayer
dielectric (ILD) material 104. A layer of ILD 104 coupled to a portion of
the bul k sj.Li i 102 between netal pads 108 may underlie a |ayer of
passi vat i gskbr;r@?@%%%e 110 3 WD 2007/ 005695 PCT/ US2006/ HO6/047748,
protection |layer 106. Fig. 1(b) and Fig. 1(c) represent a prior art
through silicon via suffering stress induced, nmechanical failures of

del am nati on 12Corod @roléctiof &eki106. THig. 1M e @izV elcy repfestiiti Hpriad hrtt hr ough
silicon via may have a bul k CTE substantially simlar in magnitude to the
bul k CTE of the magh dRss RRE JuFBRAS @rald isdbsd, aplbabloy dhiffi&r et from the
bul k CTE of silicon, leading to significant principal stresses under
tenperature excudehinfiffion 120 idok kR 1B REpRAVeIF.! AGRRS Sl thrdughn MY
cause mnmechanical failures of the integrated circuit such as del’am nation

120 or die Crackidd vidfhay Bivd DBlu CTOMidd ARty AAChPRhebieRogS, Wi thout
1 egr ade

causing delam nation 120" or die cracking 118 “may cause
performance w tihy j j 1 ] i L chani cal
stress resulting r%ﬁ?é*@#ﬁgﬁﬁéﬁﬂf%ﬁﬁﬁg?%aﬂ%PQ@Q#Pﬁ@gﬁEEQ%@?g 0 gEither

bul k nateri al fod“gj?a@éieﬁne& .tsﬁi'ggl?ri’etagﬂelgi ﬁ’é%%@égﬂ gﬁh@i@dsgééseqaéu&)e? reduced,

spaci ng between a t vias ray I'as fray be positioned

far fromactive circuitry. Each af these sol uti options nmay |lead to
 ncreased di e si SEbepEkouots’ The significhn? Prncine threoSeR 1n (oY WAL K8\ cal i zed

or increased cost per. di
nmﬂ%mmcﬁ

fa(.alluré of the integrated circuit such as delamination 120 or die
cracking 118. Further, significant principal stresses, without causing
delamination 120 or die cracking 118 may cause degraded performance
within an integrated circuit.

[0008] To maintain a mechanical! stress resulting from a CTE mismatch below a
critical stress of either bulk material for a given temperature excursion, via
size may be reduced, spacing between adjacent vias may be increased, or
vias may be positioned far from active circuitry. Each of these solution
options may lead to increased die size, lower density circuits than may

otherwise be realized or increased cost per die.




WO 2007/ 005695 PCTI US2006/ 025748 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009]
Fig. 1 illustrates a representation of prior art through silicon vias mde
of a single phase bulk material (Fig. 1(a)) leading to delam nation (Fig.

I (b)) and ing (Fig. 1(c)). [0010] Fig. 2 ill r e

enbodi nent %gﬁgteg‘)tgem i ncluding an el ectronic packagﬁ@é‘ﬁ%’f’?fqﬁavi ng
particle-fi I | ed through silicon vias with reduced thermal expansion.
[0011] Fig. 3 illustrates a graph of normalized nmaterial stress variation
with normalized coeffl CI ent of thermal expansion for a given array of

t hrough si |[BRIBRDESG DEZPEPRAWINGS | | ustrates a graph of nornalized
material stress variation vmth via array pitch for vias filled with pure
copper and fl@009]Fig If ilhitmtes wirefresentatibrk of pridrewt thtough tilicidb¥aomaddef ££TE of

pure copper. [0013] Fig. 5 illustrates variation of CTE and variation of
El ectrical Resi ssingletphassibutk materdial @igf 1(a)¢2dihgab delnbpddai@ERanp)shes for two
different filler materials. [0014] Fig. 6 illustrates an enbodi nent of

el ectrically conditadrackingt@igo1(@)). silicon vias made of a bulk material, the
bul k material consisting of a matrix metal form ng a continuous phase and

enbedded panfoexe) sg. f Prilisates cﬂemoamemmira@@gstéﬁ%éhmﬁ b %o debttdnitStrates a
portion of a silicon die prior to applying 016] Fig. 8 illustrates the

Pg%bgg 0f5 a sil bﬁ&ﬁg@hﬁeﬁﬁlyﬁiﬁmg@aﬂcﬁémﬁﬁvﬁhﬂgh%ﬂ%ﬁ vis with'kdiusdd | con
thermal expansion.

[0011] Fig. 3 illustrates a graph of normalized material stress variation with
normalized coefficient of thermal expansion for a given array of through
silicon vias.

[0012] Fig. 4 illustrates a graph of normalized material stress variation with via
array pitch for vias filled with pure copper and for vias filled with a bulk
material with 25% of the CTE of pure copper.

{0013] Fig. § illustrates variation of CTE and variation of Electrical Resistivity with
volume fraction of embedded particles for two different filler materials.

[0014] Fig. 6 illustrates. an embodiment of electrically conductive through silicon
vias made of a bulk material, the bulk material consisting of a matrix metal
forming a continuous phase and embedded particles forming a dispersed
phase.

[0015] Fig. 7 illustrates a portion of a silicon die prior to applying.

[0016] ¥ig. 8 illusirates the portion of a silicon die of Fig, 7 with several areas of

bulk silicon removed.



WO 2007/ 005695 PCTI US2006/ 025748 [0017] Fig. 9 illustrates the portion of
a silicon die of Fig. 8 with a first layer of material deposited on a
surface of the bulk silicon and an underside of a netal pad. [0018] Fig.

10 il ustr §emoetdesogortion of a silicon die of Fig. 9 ?’F:trﬁlrs (ﬁ%‘/ﬁ’ﬁﬂsng t he
nmetal pads through partial renoval of the first layer o rra%erla

deposited. [0019] Fig. 11 illustrates the portion of a silicon die of Fig.
10 with a second | ayer of material deposited over the exposed netal pads
and first | &9W7] Big. feillostratgs the potioopf Fisijicon diej ¢fl Kigt § atithsa fitsblayer ofi on of a
silicon die of Fig. 11 with photoresist applied. [0021] Fig. 13

il lustrates the pwterinbdeposited ani & isuave dif aho bulki sjjlicoft 2nd ramaumderside rof an

el ectrolysis bath with dispersed particles. [0022] Fig. 14 illustrates the
portion of a silmewhpsie of Fig. 13 with partially deposited through
silicon vias wth dispersed particles. [0023] Fig. 15 illustrates the
portion of #0048] Fizon0dilestafes Biegporfien of & Rilicod i cFeligs9 tafiek expbsitgigle Silicon
vias with dispersed particles. [0024] Fig. 16 illustrates the portion of a

silicon die of F'r:@:alg@smrbmtﬂmia@f@ﬁvamfﬂsaf&st_lbﬁstrbfﬁaeg@ﬁmféﬂosithS] Fig. 17
Il lustrates the portion of a silicon die of Fig. 16 with the photoresi st

removed. [ OQ@AD] Figd 11 Uhsirhtb ik HaitRA of BRIREH BieWF Fid, 10 witl 4 §@BndHiagerof Fig. 17
with the first an second |l ayers of material renbved in regionS between

0T 5 S i

[0020] Fig. 12 illustrates the portion of a silicon die of Fig. 11 with photoresist
applied.

[6021] Fig. 13 illustrates the porﬁon of a silicon die of Fig., 12 immersed in an
electrolysis bath with dispersed particles.

[0022] Fig, 14 illustrates the portion of a silicon die of Fig. 13 with partially
deposited through silicon vias with dispersed particles.

[0023] Fig, 15 illustrates the portion of a silicon die of Fig. 14 with fully deposited
through silicon vias with dispersed particles.

[00624] Fig. 16 illustrates the portion of a silicon die of Fig. 15 with the electrolysis
bath removed.

[0025] Fig. 17 illustrates the portion of a silicon die of Fig. 16 with the photoresist
removed.

[0026] Fig. 18 illustrates the portion of a silicon die of Fig. 17 with the first and
second layers of material removed in regions between the through silicon
vias.

[0027] Fig. 19 illustrates a method of manufacture of reduced CTE through silicon

vias.




vias. 6 WD 2007/ 005695 PCT/ US2006/ 025748 [0028] Fig. 20 illustrates a
tabl e of possible materials used to forma conposite via. 7 WD 2007/ 005695
PCTI US2006/ 025748 DETAI LED DESCRI PTI ON [ 0029] Herein disclosed are a

met hods, appenainesss and systens for providing a thr Oyﬁf}uﬁo{yltﬁg‘ﬂs"i a with
a desirable bulk coefficient of thermal expansion. In the Tollow ng
detail ed description, reference is nade to the acconpanying draw ngs which
forma part hereof wherein like nunmerals designate |like parts throughout,
and in whi cHOP28I g0 ilystrates a table of passitleumiaterials psedit6 Farm seovbapdsiteevis.s whi ch
may be practiced. It is to be understood that other enbodi nents may be
utilized and structural or |ogical changes nay be made w thout departing
fromthe scope of the clains presented herein. It should also be noted
that directions and references (e.g., up, down, top, bottom primary side,
backsi de, etc.) may be used to facilitate the di scussion of the draw ngs
and are not intended to restrict the breadth of application of the clains
presented. Therefore, the follow ng detailed description is not to be

taken in a limting sense and the scope of possible enbodinents is defined
only by the appended clains and their equivalents. [0030] Referring to Fig.
2, there is illustrated one of many possible systens in which enbodi nents
presented may be used. The integrated circuit package 200 rmay contain a
portion of a silicon die simlar to the portion of a silicon



di e 600, 700, 800, 900, and 1800 depicted in Fig. 6 - Fig. 18,
respectively. In one enbodinent, the integrated circuit package 200 nmay
i nclude a mcroprocessor. In an alternate enbodinment, the integrated

circuit pacweger7ddfesray i nclude an application specifi
Integrated circuits found in chipsets (e.g., graphics, f‘é+’§i§("€‘§i6%:)/‘605695

PCT/ US2006/ 025748 sound, and control chipsets) or nenory may al so be
packaged in alternate enbodi nents. [0031] For the enbodi nent depicted by

Fig. 2, the ﬁstem 0 may also include a nmain nmenory 202, a graphics
processor Zm‘ﬁm%e devi ce 206, and an input/output nodul e 208
coupled to e@§£ her by vvgq\; of a bus 210, as shown. Exanples of the
menory 202 i A derem diselased, ate 4 methpdsy apprratuses, and syaleths forprowidingne mor y

(SRAM) and dynam ¢ random access menory N&DRAM. Exanpl es of the mass
storage devi ce 2¢Bropgiesilieas visuwitine desirable bulkepefEidientof themaalxparsiondid ve, a
flash drive, a conpact disk drive (CD), a digital versatile disk drive
(DVD), and so f orthtfollowingpdesailed fdescniption, mefetehcauispmsdentodiié escodPanyime | ude but
are not limted to a keyboard, cursor control devices, a display, a

net wor k i nt er f aclravings whict form a patEherepd wisereih likdbsumdrals dedghatelikepa@s but are
not limted to a peripheral control interface (PCl) bus, and Industry

St andard Archi t edhmonghofd, Sajd tmiswhielndis Sshobsar b wey SRTilAHEHoE EPQMidTENt S, t he
system 90 may be a wirel ess nobil e phone, a personal digital assistant, a
pocket PC, a tablepbodifienta wisitie b9 kbeFsactRedle IKIOR bs ARMMIES thar S@br t OP boOX,

an audi o/video controller, a DVD player, a network

embodiments may be utilized and structural or logical changes may be made
without departing from the scope of the claims presented herein. It should
also be noted that directions and references (e.g., up, down, top, bottom,
primary side, backside, etc.) may be used to facilitate the discussion of the
drawings and are not ini_:ended to restrict the breadth of application of the
claims presented. Therefore, the following detailed description is not to be
taken in a limiting sense and the scope of possible embodiments is defined
only by the appended claims and their equivalents.

[0030] Referring to Fig. 2, there is illustrated one of many possible systems in
which embodiments presented may be used. The integrated circuit package
200 may contain 2 portion of a silicon die similar to the portion of a silicon
die 600, 700, 300, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, and
1800 depicted in Fig, 6 — Fig. 18, respectively. In one embodiment, the
integrated circuit package 200 may include a microprocessor. In an alternate
embodiment, the integrated circuit package 200 may include an application

specific IC (ASIC). Integrated circuits found in chipsets (e.g., graphics,




router, a network switching device, or a server. [0032] Fig. 3 illustrates
a graph of results froma finite elenent sinulation of a first principal
stress with a normalized bulk CTE (reference CTE is that of copper) of a
mat eri al uswd 2000/06369d a 20 micron via in an array of vi | 00

m cron pitch. A normalized CTE of 0.16 represents sili c%?fﬁg%h%mgsg?sg of
Fig. 3 shows the first principal stress may reduce as the via material's
bul k CTE approaches that of silicon. 9 WO 2007/ 005695 PCT/ US2006/ 025748
[0033] Fig. 4 il Perdy aadeconohehipsgtshpr mempricmay alap be petkaseshin aiermateat i on
showi ng a variation of a first principal stress with via pitch for a 20

m cron pure coppémbodimgntand a 20 nicron via nade of a material with a CTE
25% t hat of copper. The data of Fig. 4 shows the first principal stress
may decr easé“%qgrﬂot itsagmbodiment depiated bpillig 12, ife systoml 90 may elso aicludetzh r educed
CTE forns a via. Further, a reduced CTE via may result in a lower first
princi pal stressmagt memerdy 202, graptics prodessor 204; anwss storapalevic206] andat | ar ge
pitch. [0034] A dispersed phase of filler particles may alter one or nore
bulk material  pemjppat/owputahodald 208xegpled itd eachrviher by wagTofXARI10, asd
resulting electrical resistivity of a conposite of a nmetal matri.x form ng

a continuous phastewandExmiplendfabs e@mdpherd Boldé bt £6 nbORMiEDAstAlics per sed
phase may be approximted by the expression, kro,,rorue = 2ki + k2 + p(kk

- K2) k where 2Kiandi@ acodi(bmods2(SRAMK R uiRPIAIGH! dooksNmEdSY! L1 NG bul k
el ectrical resistivity, kl represents the bulk electrical resisfivity of
the spherical fi {hRAVINCEadple8RIFAEE MaSs 5P detice 206 include but are not

limited to a hard disk drive, a flash drive, a compact disk drive (CD), a

digital versatile disk drive (DVD), and so forth. Examples of the

input/output modules 208 include but are not limited to a keyboard, cursor

control devices, a display, a network interface, and so forth. Examples of the

bus 210 include but are not limited to a peripheral control interface (PCI)

bus, and Industry Standard Architecture (ISA) bus, and so forth. In various

embodiments, the system 90 may be a wireless mobile phone, a personal

digital assistant, a pocket PC, a tablet PC, a notebook PC, a desktop

computer, a set-top box, an audio/video controller, a DVD player, a network

router, a network switching device, or a server.

[0032] Fig, 3 illustrates a graph of results from a finite element simulation of a first

principal stress with a normalized bulk CTE (reference CTE is that of

copper) of a material used to fill a 20 micron via in an array of vias with a

500 micron pitch. A normalized CTE of 0.16 represents silicon. The data

of Fig, 3 shows the first principal stress may reduce as the via material’s

bulk CTE approaches that of silicon.




electrical resistivity of the matrix nmetal and p represents the vol une
fraction of spherical filler to bul k conposite volune. [0035] Further, a
resulting CTE of a conposite of a nmetal matrix formng a continuous phase
and an enbe¥deWorplsessi cal filler formng a dispersed phgggd 18
approxi mated by the expression, CTErommille = p CTEJ +(1- p , Where
CTEm ", wsue represents the resulting bulk CTE, CTEl represents the bul k
CTE of the S@ggical filler and CTE2 represents the bulk CTE of the matrix
metal and p I¥igef ilusgaics a; graph v fugther ffindiet slemens fsimyletioni shakwidg Bl er t o
bul k conposite volune. 10 WO 2007/ 005695 PCT/ US2006/ 025748 [0036] Fig. 5
i|lustrates a gr asHatigaofiafgstamincipal saassevith vk piteh for a 20 inticron pura coppreer i cal
filler with CTE less than a matrix netal may nonotonical |y decrease the
bul k CTE of a restit aidw2Qminsersvia enadf ofratmatetiahwithla GIFEI2 3% e dRcbppphier i cal
filler. Further, Fig. 5 illustrates that increased volume fraction of a
spherical fill erTheidats of [Fég thrshows thedirstgtrinvipblysugssansyedectdagssighifi@btly X net al
may nonotonically increase the bulk resistivity of a resulting conposite
of matrix metal ahsalkphédifeduipmaterialbwith rdduesd CBE ifbdmsfavibh@uthd-he dat a of
Fig. 5inmplies a choice of filler material may conprehend a tradeoff of
reduced CTE wit h reduced €ZR eth mhpebuli mal lowesinst pricipsl stoyVay Ghallef f%i'téh?r
particle volume fractions may range up to nore than 80% [0037] Although
spherical parti cltmwoﬁvdﬁﬁdﬁleﬂﬁﬁiatshgabﬁm_ty of calcul ation, spherical
0

particles reduced to practice may be arbitary shape. Further, filler

particles cqops4]sA @Bpérsed sHaSPef sifick PhASEs FRY aREr S oCRGre Bik material
properties of a through silicon via. For example, a resulting electrical
resistivity of a composite of a metal matrix forming a continuous phase and

an embedded spherical filler forming a dispersed phase may be

= 2k1+k2+P(kt“k2)
¢ 2k, +k, —2plk, ~k,)

approximated by the expression, & k,, where

kcomposire TEpTESENts the resulting bulk electrical resistivity, k; represents the
bulk electrical resistivity of the spherical filler and k; represents the bulk
electrical resistivity of the matrix metal and p represents the volume fraction
of spherical filler to bulk composite volume.

[0035] Further, a resulting CTE of a composite of a metal matrix forming a
continuous phase and an embedded spherical filler forming a dispersed phase
may be approximated by the expression,

CIE composite — P ° CTE! + (l—p )sz ,» Where C:IEcampomg represents the

resulting bulk CTE, CTE; represents the bulk CTE of the spherical filler and
CTE; represents the bulk CTE of the matrix metal and p again represents the

volume fraction of spherical filler to bulk composite volume,

10



conbi nation, of silica, alum na, boron nitride, tungsten, Invar, Super

I nvar, Kovar or other material with CTE | ess than the surrounding bulk die
material through which the via passes, e.g., silicon. Still further,
filler partwole/aossd® of a ferromagnetic material, e.gPCth%aﬁnsﬁyper

I nvar and Kovar, nmay be used in a magnetic-field assisted electroplating
process. [0038] An enbodi nent may use one of many netals for the matrix.
Exenplary natrix materials include copper (Cu), gold (Au), alumnum(Al),
tungsten (VWJ036LFigy 8 illusigiys agreptbdpiving andecreasedivdume fraction® e sphesiodlder s.
Exenpl ary eutectic solders include tin-lead (Pb/Sn) and gold-tin (Au/Sn)
sol ders. [0039] filley. wigh OTEUkssy thaee matex emdval dinae monotbnigallyodaciease g a di e
with integrated circuits 600. In one enbodi nent, through silicon vias 612
may be 11 WO 208k @665 RATHRISDAGOSE2H /M Brix ehetal tand embédded splptiedl t 0 net al
pads 608 through an electrically conductive seed layer 614. In a further
enbodi nent, the filkeroFgtthe] FigcHillustrans thek Indiedyed durfe frfdtjoasi b ephwkiedlei n t he
bul k CTE of the vias 612 is less than the bulk CTE of the matrix metal. In

still a further #ndodiite dlectrical efbistdtyClireatdrnitiiad M Sinhtig OMnevdi and2 may
conprise a matrix nmetal formng a continuous phase and enbedded particles

wWth a CTE | ess #aadtohibRlyTHdréds BB resiéti@ly o FRAIHAE cHBpdsits bPMadir M Ny a
di spersed phase and the reduced CTE throug silicon via 612 having a bul k

CTE I ess than thgefaihla drbsadfl shiBicaBillet Xstlliihbr, 1BRAMMRERILAS nBhiRghr i cal |y

conductive seed | ayer 614 and a portion.of the bulk silicon die 602 may be

P o PR A L S o bl WAl WA 2 2
increased electrical resistivity. However, filler particle volume fractions may
range up to more than 80%.

[0037] Although spherical particles are modeled for simplicity of calculation,
spherical particles reduced to practice may be of arbitary shape. Further,
filler particles comprising the dispersed phase may be any one, or
combination, of silica, alumina, boron nitride, tungsten, Invar, Super Invar,
Kovar or other material with CTE less than the surrounding bulk die material
through which the via passes, e.g., silicon. Still further, filler particles made
of a ferromagnetic material, e.g., Invar, Super Invar and Kovar, may be used
in a magnetic-field assisted electroplating process.

[0038] An embodiment may use one of many metals for the matrix. Exemplary
matrix materials include copper (Cu), gold (Au), aluminum (Al), tungsten
(W), silver (Ag) and both eutectic and non-eutectic solders. Exemplary
eutectic solders include tin-lead (Pb/Sn) and gold-tin (Aw/Sn) solders.

[0039] Fig. 6 illustrates one embodiment of a portion of a die with integrated

circuits 600. In one embodiment, through silicon vias 612 may be
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separated by an interlayer dielectric (ILD) material 604. A |ayer of ILD
604 coupled to a portion of the bulk silicon die 602 between netal pads
608 may underlie a |ayer of passivation material 610 or a protection |ayer
606. [ 0040] W& mo7/ads69sFi g. 18 illustrate articles underggj dto
manuf acture a via through a die containing integrated %F?@S%O@?%OM]

Fig. 7 illustrates a substrate 700 to which a nethod of manufacture may be
applied. Metal pads 608, and portion of a die 602 may be separated by an

i nterlayer diel ecf%cglﬁfﬂ“f’%&tf@rmatﬁl pasla 608 thepygh enirbuttricely conduetivii e 602
may be silicon. In still a further enbodinent, a |ayer of ILD 604 coupled
to a portion of 958 1% €14 I & ither embwliments the drought silicopads @0 Snayay
underlie a |ayer of passivation material 610 or a protection |ayer 606.
[0042] Fig. 8 il| Bepcampasiterdhessin therbuile CFE dfithe vids 6ARisdligs thanpibe bulkn Of a
die with integrated circuits 800 has material renoved in a vicinity near a
metal pad 12 WO SEEAI0bs eumstirerAlSI0 Gl CRBIrhE: cibRlimém, @ReduesdodiEment , the
die 602 may be silicon. Renoval of die material nay be by photolithography
fol l owed by a drythughsilicon vhi 61g mey cmemise adhdux Rtal Yothiing 4 BNAbus™Y be by
a mcromachining technique. In one enbodi ment, a m cronmachi ning techni que
may be bl asting, phast bihgmbaided paniciee with £ CTBRER Midh thel RHRRIAUE, 1QT 2

conbi nation thereof. Further, a portion of the ILD 504 in a vicinity near

a netal pad may sémbddded partisies fonmmy @ dispdSed phabd £hd the 1dRLAl CREASLGR8 and a
portion of the bulk silicon die 602 may be separated by an I nterlayer

dielectric (ILD) silidonrvialgisGving a BureCTE fesd #bh G bR e dr bR AaRQr ti on of
the bulk silicon die 602 between netal

metal. Between an electrically conductive seed layer 614 and a portion of

the bulk silicon die 602 may be a passivation or electrical insulation layer
616. Metal pads 608 and a portion of the bulk silicon die 602 may be
separated by an interlayer dielectric (ILD) material 604. A layer of ILD 604
coupled to a portion of the bulk silicon die 602 between metal pads 608 may
underlie a layer of passivation material 610 or a protection layer 606.

[0040] Fig. 7 — Fig, 18 illustrate articles undergoing a method to manufacture a via
through a die containing integrated circuits.

[0041] Fig. 7 illustrates a substrate 700 to which a method of manufacture may be
applied. Metal pads 608 and a portion of a die 602 may be separated by an
interlayer dielectric (ILD) material 604. In one embodiment, the die 602
may be silicon. In still a further embodiment, a layer of ILD 604 coupled to
a portion of the bulk silicon die 602 between metal pads 608 may underlie a
layer of passivation material 610 or a Protection layer 606.

[0042] Fig. 8 illustrates the substrate of Fig, 7 wherein a portion of a die with
integrated circuits 800 has material removed in a vicinity near a metal pad
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pads 608 may underlie a | ayer of passivation material 610 or a protection
| ayer 606. [0043] Fig. 9 illustrates the substrate of Fig. 8 during

manuf acture showing a portion of a die with integrated circuits 900. In
Fig. 9, a Iwgem7edsessaterial 616 may deposited on the spof@GasRhside die
602. In one enbodinent, the die 602 may be silicon. The layer of materi al
616 may be a passivation layer. Alternatively, the |ayer of naterial 616
may be an electrical insulation material. As in previous figures, netal
pads 608 and a 508.t iloronefembiediniznt, khe dlid 602 maplite BbBonaRepevat @pdliat ed by an
interlayer dielectric (ILD) material 604. A layer of ILD 604 coupled to a
portion of the diaeriaDZnaycherby photelitlograplzd folBO@d nly a udrgieor | wes efching/er of
passivation material 610 or a protection |ayer 606. [0044] Fig. 10

i1l ustrates the psaehst ratemmatibelf; rgmotal magtdedyi amgicronmehinirgiedipigehold ng a
portion of a die with integrated circuits 1000. In Fig. 10, a layer of
material 616 praxemBéEmes, 8 niftloalackinidg 6&@Bniqay ndag be ditmting dritlingerposi ng a
previously 13 WD 2007/ 005695 PCT/ US2006/ 025748 exposed netal pad 608. As

in previous figuh&Ber fktforfichinf}32teBMiqURE ofial éodbinatiof dhérbef. NPirtter,pads 608 and
a portion of the die 602 may be separated by an interlayer dielectric

(I'LD) material &fdion o @Y ILDOS04! aDs GR4niHORMA @0mb@I Pad Bﬁ?tsﬁxﬁﬂhﬂyf bé he bul k

silicon die 602 between netal pads 608 may underlie a [ayer of passivation

material 610 or  g,ffQt %tihgi%!:@iﬁ%{al HRE 608 3¢ R bofofl of thb tuld 4iBddnafies a
portion of the substrate o Ig. 100wth integrated circuits 1100 with a
second | ayer of ¢ggtGUHBke a0 hiAs el BielddficTHI Afifer?l 6841€A layer
of ILD 604 coupled to a portion of the bulk silicon die 602 between metal
pads 608 may underlic a layer of passivation material 610 or a protection
layer 606.
[0043] Fig. 9 illustrates the substrate of Fig. 8 during manufacture showing a
portion of a die with integrated circuits 900. In Fig. 9, a layer of material
616 may deposited on the surface of the die 602. In one embodiment, the die
602 may be silicon. The layer of material 616 may be a passivation layer.
Alternatively, the layer of material 616 may be an electrical insulation
material. As in previous figures, metal pads 608 and a portion of the bulk
silicon die 602 may be separated by an interlayer dielectric (ILD) material
604, A layer of ILD 604 coupled to a portion of the die 602 between metal
pads 608 may underlie a layer of passivation material 610 or a protection
layer 606.
[0044] Fig, 10 illusirates the substrate of Fig. 9 undergoing manufacture, showing a
portion of a die with integrated circuits 1000. In Fig. 10, a layer of material

616 proximate to a metal pad 608 may be removed, re-exposing a previously
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previ ously deposited |layer of material 616. The second | ayer of materi al
614 may be a barrier layer. Alternatively, the layer of material 614 nmay
be a seed layer to facilitate a |ater electroplating process. As in

previ ous f‘gggﬁﬂgaosg%net al pads 608 and a portion of thelf‘gﬂéf"?ﬁié‘laé{’%)n die 602

may be sep Yy an interlayer dielectric (ILD na A | ayer
of 1LD 604 coupled to a portion of the bulk silicon die 602 between netal
pads 608 nay underlie a |ayer of passivation material 610 or a protection
| ayer 606. [ 004@kpdsedmetaPpid 608StARinasetifi® figths! thatdie 602 migbe dilicoti t h
integrated circuits 1200 and a pattern of photoresist 1202 deposited on

the surface of tLHemaRMAIPIS] 608 FARGHARCHI IRy @k 602 ni¥he képhtatéilBly ar's i n
previous figures, a layer of material 616 may overlie the bulk silicon die

502 and under | i eugiRF BRABYAID)dharedi'G0A] A Lybof IS 84 RBERORG and a

portion of the bulk silicon may be séparated by an interlayer

dielectric (I LD??O@EQ%E%J %"g?é“,e“e""r?‘ aﬁg%@? bg%vggﬁé[lgéa@ggds%%%puﬁ@r& Jortion of

the bulk silico may underlie a | ayer of

passi vati on mat q@&ﬁéﬁ&%ﬁvaﬁ %%gg@t%ﬁgrvdt%ﬂya Qfgogl 0047] Fig. 13

illustrates the _ e of | ~portion of a die with
0 S0 kBt B SRR B B ki 0, 10, ar
Goposi ted_ mat 1 LG PR seeBi e f peiel g, gepBie 9 e ulee HEdlE, o 616

T orial 614, MEFEHTOUSAepaOR N o TR GAF e errgtd PP ne s02 may

be separated by an jinterlayer dielectric (Il D
P y may be a an:riely layer. ﬂtematlrvlely, 1(.he laye)r of material 614 may be a

seed layer to facilitate a later electroplating process. As in previous figures,
metal pads 608 and a portion of the bulk silicon die 602 may be separated by
an interlayer dielectric (ILD) material 604. A layer of ILD 604 coupled to a
portion of the bulk silicon die 602 between metal pads 608 may underlie a
layer of passivation material 610 or a protection layer 606.

[0046] Fig. 12 illusirates the substrate of Fig. 11 with integrated circuits 1200 and a
pattern of photoresist 1202 deposited on the surface of the previously
deposited layer of material 614. As in previous figures, a layer of material
616 may overlie the bulk silicon die 502 and underlie a second layer of
material 614. Metal pads 608 and a portion of the bulk silicon die 602 may
be separated by an interlayer dielectric (ILD) material 604. A layer of IL.D
604 coupled to a portion of the bulk silicon die 602 between metal pads 608
may underlie a layer of passivation material 610 or a protection layer 606.

[0047] Fig. 13 illustrates the substrate of Fig. 12 showing a portion of a die with

integrated circuits immersed in an electroplating bath 1300. In Fig. 13, an
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material 604. A layer of |ILD 604 coupled to a portion of the bulk silicon
the 602 between netal pads 608 nay underlie a | ayer of passivation
material 610 or a protection |ayer 606 and a pattern of photoresist 1202

may be furtwerommsment. [0048] Fig. 14 illustrates theps f Fig.
13 with integrated circuits imersed in an eIectroplatrﬁggggpﬁhﬁﬂgo. In

Fig. 14, a portion of a via 1402 nay be deposited within a void previously
generated in the die 602. In one enbodinent, the via 1402 may be through
silicon. |In one ekohogitingnbath 11862 neliyecchfidn im polptiors iof isusprnsionpatides r opl at i ng
bath 1302 may contain in solution or suspension particles 1304 of reduced
CTE rel ative to 1304 epadiudeddCTR tdlitive toratdepositEdli matrix mbtal. eAe it prepibag | ng
process, filler particles 1304 nay be co- deposited in a portion of the

reduced CTE t hr gisgesSa lldyeObf WateridK6Mh niayirovigie the balkasilibos alicl 6 and i on of
filler particles 1304, a driving potential nmay be applied. The driving

force may be 'gr%ﬁaérueaeécoﬁ@mggmfmﬁterm 614. NdetaD}=ds 5084nd d'Feikod of tRet on the
el ectroplating bath 1302 or filler particles 1304. As in previous figures,

a layer of mat erﬂpﬁd sifidéh aﬁym&ak/gﬁ kb%aiéalﬁgoai idterRiyeBR1eBRid Dyl underlie

a second | ayer of material 614. tal " pads 8 and a portion of the bulk

silicon die 602 aﬁ)go‘fejlg%{ &AL.BY608Roh NPl PP6BEonHr M LHAY dificdn!didd)

material 604. A lTayer o 604 coupled to a portion of the bulk silicon

the 15 VO 2007/¢5 Bodne{ fillaHaad 864 fiay AifindiDiaydh ot BRAVaBR Alieriiflf0 608 1oy

underlie a | ayer of passiva a protection [ayer 606 and

a pattern of ph%tr %rp%gﬂ.egﬁon%c?r?e% @E%@% JaHEﬁxrb?rphOBEeﬁﬁ? o2 may be further
present.

[0048] Fig. 14 illustrates the substrate of Fig. 13 with integrated circuits immersed

“in an electroplating bath 1400. In Fig. 14, a portion of a via 1402 may be

deposited within a void previously generated in the dic 602. In one

embodiment, the via 1402 may be through silicon. In one embodiment, the

die 602 may be silicon. An electroplating bath 1302 may contain in solution

or suspension particles 1304 of reduced CTE relative to a deposited matrix

metal. During the electroplating process, filler pacticles 1304 may be co-

deposited in a portion of the reduced CTE through silicon via 1402. Further,

to aid co-deposition of filler particles 1304, a driving potential may be

applied. The driving force may be gravity, or some other driving potential

made to act on the electroplating bath 1302 or filler particles 1304. As in

previous figures, a layer of material 616 may overlie the bulk silicon die 602

and underlie a second layer of material 614. Metal pads 608 and a portion of

the bulk silicon die 602 may be separated by an interlayer dielectric (ILD)

material 604. A layer of ILD 604 coupled to a portion of the bulk silicon die
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[0049] Fig. 15 illustrates a portion of the substrate of Fig. 16 with
Integrated circuits imrersed in an electroplating bath 1500. In Fig. 14, a
reduced via 612 may be fully deposited, the via being a conposite

conpri si ng veo ewygdseoxat ri x with greater CTE than the dig6R360h8TEL al
matrix formng a continuous phase, and enbedded filler partlcles wWth a
CTE |l ess than the CTE of the netal matrix, the filler particles formng a
di spersed phase, the conposite exhibiting a bulk CTE | ess than the bul k
CTE of the mat r 602 bawedn mdtal pade608andyoidentin & laycheof phssivaion materigl@id anti al | y
silicon. As in previous figures, an electroplating bath 1302 may contain
in solution or stuapenstion lgyer 60€ keba pdthod ob photewsistel20Z Ty s Gutthere to a
deposited matrix nmetal. During the electroplating process, filler
particles 1304 gﬁylﬁe co-deposited in a portion of the reduced CTE through
silicon via 140 Further, to aid co-deposition of filler particles 1304,

a driving qos@Fighs R tres ApiRlibieet thlhstehté o Fig. feowigeintegmyedairegitsavi ty, or
sonme other driving potential nmade to act on the electroplating bath 1302

or filler partlﬁhﬁ&sé@ﬁ%e&m atiHgEHAtO1500f Ilﬂmgieazl Bredhcdll ¥fa 61 @t eri al 616
may overlie the bulk silicon die 602 and underlie a second |ayer. of

material 614. Mgl iy Qﬁg&t@@% Qbange%mﬁ&uet;oﬁlﬁ@slﬁgaiﬁemﬁmhﬂr&%hdle 602 may

be separated by an I'nt ayer |eI ectric (ILD) material 604. A |ayer of

LD 604 coupl ed ol chfdsDlle Al o320 Wk Sl Rty ERnudipligen et al

pads 608 may un I € a | ayer of passivation material 610 or a protection

'28%?ioggggéngc?f%ﬁ%%ﬁ%@ﬁ’%‘%%ﬁ@%%welé"éf%%ﬁ?%?%ﬁ;?f RSt rate of

Fig. 15, a porti Oﬂ'm?fthg ﬁller b b1l %LE da dispersed phase, the composite
exhibiting a bulk CTE less than the bulk CTE of the matrix metal. In one
embodiment, the die 602 is substantially silicon. As in previous figures, an
electroplating bath 1302 may contain in solution or suspension particles
1304 of reduced CTE relative to a deposited matrix metal. During the
electroplating process, filler particles 1304 may be co-deposited in a portion
of the reduced CTE through silicon via 1402. Further, to aid co-deposition
of filler particles 1304, a driving potential may be applied. The driving force
may be gravity, or some other driving potential made to act on the
electroplating bath 1302 or filler particles 1304. As in previous figures, a
layer of material 616 may overlie the bulk silicon die 602 and underlic a
second layer of material 614. Metal pads 608 and a portion of the bulk
silicon die 602 may be separated by an interlayer dielectric (ILD) material
604. A layer of ILD 604 coupled to a portion of the bulk silicon die 602
between metal pads 608 may underlie a layer of passivation material 610 or a

protection layer 606 and a pattern of photoresist 1202 may be further present.
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circuits 1600 with the electroplating bath renoved. As in previous figures,
the die 602 may be silicon, a layer of material 616 nmay overlie the bulk
silicon die 602 and underlie a second |ayer of nmaterial 614. Metal pads 608
and a porti v® 2007/4bmsbul k silicon die 602 may be separa L at er| ayer
dielectric (ILD) material 604. A layer of |ILD 604 coupl gggmgy‘}gé%gﬁgi on of
the bulk silicon die 602 between netal pads 608 may underlie a | ayer of
passivation material 610 or a protection |ayer 606 and a pattern of

phot or esi st [99%8 Fig 16 Jlustrates sy substeateopf Figy é%?ll]’oﬂmlgpf die wifh integratedes t he
substrate of Fig. 16, showing a portion of die with integrated circuits
1700, the patt er gireyts 3RO with dhoseleqtiopipling bathsemevedr s iopeevidusfiguees, a | ayer
of material 616 nmay overlie the bulk silicon.die 602 and underlie a second
| ayer of mat eri akheglieq 60%/may bepsitieons @ dayen if anaperial 666 nuely aviedie thalbliksi | i con
die 602 may be separated by an interlayer dielectric (ILD) material 604. A
| ayer of | LD 604siticandie 92 endunderieiagecant 1eyre obmbierisli 14c dietdllpads 6IX2 bet ween
netal pads 608 nmay underlie a | ayer of passivation material 610 or a
protection | ayer aD® podiio) o theMiudk silioni dib 602 nmay ds sejpeatedibp tuf Riterlagér Fig. 17
showi ng a portion of bulk silicon die with integrated circuits 1800 and a

first layer 614 dichkcisiedTmy thasmid 664 GA loEr SILPrG0d cogilehd pprfvadb e new y
deposited vias 612, exposing a portion of die 602. The the 602 may be

silicon. As in pbelkisiitenf digUG02Sbet@edndiRial Pads GBS Ghiya inhG: HEMyQver | ie the
bulk silicon die 602 and underlie a second |layer of material 614. Metal

pads 608 and a pp4skivaibnOinatdral 10KoSial Bﬁaﬁé& 6 922 2606MaNd he paeRAr &t ed by an
interlayer dielectric (ILD) material 604. A |ayer of 17
photoresist 1202 may be further present.

{0051] Fig. 17 illustrates the substrate of Fig. 16, showing a portion of die with
integrated circuits 1700, the pattern of photoresist removed. As in previous
figures, a layer of material 616 may overlie the bulk silicon die 602 and
underlie a second layer of material 614. Metal pads 608 and a portion of the
bulk silicon die 602 may be separated by an interlayer dielectric (ILD)
material 604. A layer of ILD 604 coupled to a portion of the bulk silicon die
602 between metal pads 608 may underlie a layer of passivation material 610
or a protection layer 606,

[0052] Fig. 18 illustrates the substrate of Fig. 17 showing a portion of bulk silicon
die with integrated circuits 1800 and a first layer 614 and second layer 616
of material eiched among the newly deposited vias 612, exposing a portion
of die 602. The die 602 may be silicon. As in previous figures, a layer of
material 616 may overlie the bulk silicon die 602 and underlie a second layer

of material 614. Metal pads 608 and a portion of the bulk silicon die 602

may be separated by an interlayer dielectric (ILD) material 604. A layer of
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WO 2007/ 005695 PCTI US2006/ 025748 |1LD 604 coupled to a portion of the bul k
silicon die 602 between netal pads 608 may underlie a | ayer of passivation
material 610 or a protection layer 606. [0053] Fig. 19 illustrates a

met hod of fwondmgosssy ough hol e vias conprising a nmatri ' sed
filler particles. In the method illustrated in Fig. 19,%%%%@{ogﬁgmy be
renmoved 1902 from a backside of a bulk silicon wafer having a prinmary side
and a backside A netal pad integrated on a primary side of the bulk
silicon wafer milyD 664 eouptedco a podidn ofitifei tutk silicmalic €12 hetwasnimetal padsy be
deposited on an exposed netal pad and an interior surface of the void

wi t hin the bul k668 hiagands#ié erlays of pedivationraterialaéld enppmieci@0ByerThe | ayer

of material may be etched to expose a region of the netal pad 1908. A

| ayer of electgpgally conductive nmaterial may be deposited over the
exposed region of the netal pad and the previously deposited materi al

1910. A patrhes3) Ff. 190 hRE@A&Sh ShethtR) of CorB@ROtirdupl le fvidk N@nipsiyiag 20f
el ectrically conductive naterial 1912. An electroplating technique may be

applied to depogidiri:Aind Sisedell R pirticREA UL HevVRethbd AGRated id Fipd 19] a made of
a two phase bulk material® 1914, a continuous phase being a matrix netal

and a di spersed 51 WOren @B 406 ok b Bacifieldrcd Sk h@npigker n of
e renoved 1

phot or esi st may 916 and the two layers of naterial deposited

on the backsi de yghinl BBrfilsidd bl BackWRL A olbRY pBf il ehariod § Pmat0054] Fi g

20 illustrates ap - St material s, and sever associ at'ed materi al

e Spent T RSO R RBL o] SeaprpabBt 0057
may be deposited on an exposed metal pad and an interior surface of the void
within the bulk silicon wafer created by material removal 1906. The layer of
material may be etched to expose a region of the metal pad 1908. A layer of
electrically conductive material may be deposited over the exposed region of
the metal pad and the previously deposited material 1910. A pattern of
photoresist may be deposited over the layer of electrically conductive
material 1912. An electroplating technique may be applied to deposit an
electrically conductive through silicon via made of a two phas_e bulk material
1914, a continuous phase being a matrix metal and a dispersed phase being
embedded filler particles. The pattern of photoresist may be removed 1916
and the two layers of material deposited on the backside of the bulk silicon
wafer may be etched 1918.

[0054] Fig. 20 iltustrates a partial list of materials, and several associated material
properties, that may be used in one embodiment of a composite via.
[0055] Although specific embodiments have been illustrated and described herein

for purposes of description of the preferred embodiment, it will be
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for purposes of description of the preferred enbodinment, it will be 18 WO
2007/ 005695 PCTI US2006/ 025748 appreci ated by those of ordinary skill in
the art that a wide variety of alternate and/or equivalent i rrpl errent ations
cal cul at ed wo2ackisssse the same purposes may be substityt .ﬁﬁ?

speci fic enbodi ment shown and described w thout departing ron1the scope

i ntended. For exanple, an alternative enbodi nent may exi st where filler
particles are packed into an open via hole within a die and a chem cal
vapor deposi ti orappresilied diy thoey of eedinarnshill defesirt it a wids) vasieatebs (e. g.,
sputtering, evaporation, jet vapor deposition) may be used to fill in any
vol ume in the thitemgth dndloe equiveldnt impleimgntptian edicplatetitc lagdbevebe samot her
enbodi ment may exi st wherein solder balls containing filler particles may
reflow i nto an gqueosasi smalobe substitutedn for thee speSific] bmbotitbtr slewodndrent may
reflow solder balls containing filler particles under vacuumto avoid air
filled voids wi tdgsofibed fwithioh @ehaiting. frorkhiis scégeomieendéd. h Fokiekimple, the art wil |
readi |y appreciate inplenentation may be achieved using a very w de

variety of enbodimsmetive enfdtidimehp PlayCeXist WhefeSHiller ghhﬁﬂ&ﬁ@dret cked/ o amy
adaptations or variations of the enbodinments i scusse her ein. Therefore,

: t is manifestl ypbAtvindsd Wi o R &ldh Themidl Wﬁbr &%yu | @ewB) oher eof
imt the scope of possi bl e enbodi nents. 19 CLA is clained is: 1.
A met hod conpri §jhdGeal vapor deposition (PVD) process (e.g., sputiering, evaporation, jet

vapor deposition) may be used to fill in any volume in the through hole

unfilled by packed particles. Yet another embodiment may exist wherein

solder balls containing filler particles may reflow into an open via hole

within a die. Still another embodiment may reflow solder balls containing

filler particles under vacuum to avoid air filled voids within a finished via.

Thus, those with skill in the art will readily appreciate implementation may

be achieved using a very wide variety of embodiments. This application is

intended to cover any adaptations or variations of the embodiments

discussed herein. Therefore, it is manifestly intended only the claims and the

equivalents thereof limit the scope of possible embodiments.
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removing material froma die; formng in the die an electrically conductive
via of an electrically conductive naterial different fromthe die, the

el ectrically conductive material being a conposite of an electrically
conductive matrix form ng a continuous phase and enbedded particles
formng a dispersed phase wthin the electrically conductive matrix. 2.
The net ho iml, wherein formng in the die an electrically

conduct i vcebER Saurther conprises one of the group consisting of

el ectropl ati ng, chem cal vapor deposition (CVD), physical vapor deposition
(PVD), sp ar nl%im vaporation, jet vapor deposition, and reflow ng sol der
cont ai ni ng" P & ?fglrstl cles. 3. The nethod of claim2, wherein

el ectroplating further conprises providing a driving potential to a first
concentration of the enbedded particles to cause a second concentration of
t he enbedded pak medlodsomprising: material of the electrically conductive via.
4. The net hod o; rﬁ!)\% \Q@ﬁ 8' n éhe second concentration of the enbedded
particles is greate P 3€E concentration of the enbedded

particles. 5. Theniikg thﬁie@fe @i@bdﬁmé’aﬂ@*&h@uaﬁehﬁa Qfad/élél&n@éitfd%uaénv%oﬁpfl ses
one of the group consisti 19_ ravity and a magnetic fiel'd. 6. The method

of claim 1 wherein a#eial diHeent drompfthe ée, ethécftl?qh@@ﬂlb’yf:@dn@m@t material/i a has
a different nmateri al bell og%rowogl@gft Qﬁ {Y §$ndzlpﬂ‘é$ ﬁ}g‘]ﬁ% 8d of ?(;I aimé6

wherein the rraterlal IS a coeffrciren oh, the
materi al of the el e@:bnmmmluh yhaesnghd tinbedded apariaole rining a dispersed phase

within the electrically conductive matrix.

2. The method of claim 1, wherein forming in the die an electrically conductive
via further comprises one of the group consisting of electroplating, chemical
vapor deposition (CVD), physical vapor deposition (PVD), sputtering,
evaporation, jet vapor deposition, and reflowing solder containing filler

particles.

3. The method of claim 2, wherein electroplating further comprises providing a
driving potential to a first concentration of the embedded particles to cause a
second concentration of the embedded particles in the material of the

electrically conductive via.

4. The method of claim 3 wherein the second concentration of the embedded

particles is greater than the first concentration of the embedded particles.

5. The method of claim 3 wherein the driving potential comprises one of the

group consisting of gravity and a magnetic field.

6. The method of claim 1 wherein a bulk material of the electrically conductive

via has a different material property than the matrix.
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| ower coefficient of thermal expansion than the matrix. 8. The nethod of
claim1, wherein the matrix conprises a chosen one of the group consisting
of copper (Cu), gold (Au), alum num (Al), tungsten (W, silver (Ag),
eutectic solder, and non-eutectic solder. 9. The nmethod of claim38, wherein
the eutectic solder conprises one of the group consisting of tin-I|ead

(Pol Sn) “sol der r9acghbddd o) S Enmudly G APHIIC Rk aLR! 5 1

wherein the enbe es conprise a ch fe group
consi sting of didrinabexmnsiohnthe inatesinl of the electnt:alltw&b@ducukrélw@er havibgRer

I nvar, and Kov 11. The od of claim1, wherein the embedded particles
conprise a ?9 fificiat '(&’ISFP"&FXP@EIO %@ﬁ@&?"éﬁrrprl sing: renoving
mat eri al from a si I i con substrate; formng in the silicon substrate an

el ectrically conductive via of an electrically conductive materi al
di f f er ent 8f r omlhhienethéd obrlasmbkt wherein thhenatsk emimprized bychosendomdt bf énemat eri al

being a conposite of an.electrical canductive matri ormn
cont i nuous pha§P RnePISHHERQ, chOB%‘?rt 4%)’e§‘%gf®’”§d @istaag%ﬁ’a@)w thin
the el ectri cal kiyvez QAg) elife¥fc §83drl dnd mbh-eutectic solder.

9. The method of claim 8, wherein the eutectic solder comprises one of the group
consisting of tin-lead (Pb/Sn) solder and gold-tin (AwSn) solder.

10.  The method of claim !, wherein the embedded particles comprise a chosen
one of the group consisting of silica, alumina, boron nitride, tungsten, Invar,

Super Invar, and Kovar.

11.  The method of claim 1, wherein the embedded particles comprise a

ferromagnetic material.

12. A method comprising:
removing material from a silicon substrate;
forming in the silicon substrate an electrically conductive via of an
electrically conductive material different from the silicon substrate, the
electrically conductive material being a composite of an electrically
conductive matrix forming a continuous phase and embedded particles

forming a dispersed phase within the electrically conductive matrix,
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