| NTEGRATED CI RCUI T DI E CONTAI NI NG METEL- AND
PARTI CLE- FI LLED THROUGH SI LI CON VI AS TECHNI CAL FI ELD
wpQOpsebRe i nvention relates to the field of PCT/US2006/025748
m croel ectronics and nore particularly, but not
excl usively, to stacked packages and electrically
conductive through silicon vias. BACKGROUND [ 0002] The
INTERRHTEP | GRCBIT PAE cNaRERING YEUILt As PRRIE ChESF LeER [ THBQUCH-SILICON
VIA®n hi gher operating frequency, increased nunbers of
transi stors, and physically smaller devices. This
continuing trend has generated ever-increasing area
densities of integrated circuits. To further increase
dESENItAL IERBi ti es of integrated circuits, it may be
desirable in sonme instances to electrically couple an

00011y Ehe invedtién taytes tothedielld 6f ndcragleétR@iicsagid m6re particularly,
circuit layer on the sane, or a different, die by

means pf n %x@lluﬁ%lry' ﬁ)as!tildke& 99@1&%&1 M1 DGR édn'dh&fva through
via. A typical thfough icon“via may sinply
voi d bul k S|I|con portion of a die fllled
with g\ﬁ%&#gaﬁaterlaI of approxi mately uniform
conposition, for exanple an alloy of copper. [0003]
E@n% mat eri al s may undergo a physi cal expansi on or

n resulting froma change in tenperature. A
coefficient of thermal expansion (CTE) may represent a
£0P03% dhe gvelytion whiniegratsd carcwiyidrsigpy bas &sulﬁqglr inzhighfirtoperating
change in tenperature. If a volune of a first bulk
mat er imfueaoy, iosressed metwrdofvtodnsistors, and physically smaller devices.

This continuing trend has generated ever-increasing area densities of
integrated circuits. To further increase possible densities of integrated

. circuits, 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 represent 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



of a second bulk material wth different coefficient

of thermal expansion fromthe first bulk material with
woenw/esaess at a given tenperature, a changei RCT/US2006/025748

tenperature may cause a non-zero stress to devel op at

an interface of the different bulk materials. In sone

cases, under a sufficient change in tenperature, or a

suf f iisitemperaiurfiBRY 6RUSE SissrZerQ flaess ke de valemalcareingastacg of the

stress at an interface of the different bulk materials

may eHffeedt dulkerntasdrinlcr i i s@he stasess snderd acsuffieient change in

per manent deformation or dislocation in one or the

ot here@befRid) 0P Ul skffiEd mudiber offehPeriirt éRbutsion cycles, a stress
performance of the integrated circuit device my

degrage, f 15%%%“ %{; Fh%r cﬁﬁélg%ﬁt Bl Saistehls ?ﬁa&’r MNeEd Qci:%ft% critical

di fferent erial's, wthout el materi a

under goi n ermanent def ormation ot. .di sl ocation,

[ 0004T B ERSE Aderarmen ARtPHRA AR orglidgetion 1 qaf op dae other
containing integrated circujts may undergqQ various . ., .
pr oc exskash bakkmatstiakinAdferpatiy el pgHompangs, Og the, wisggpted circuit
tenperature. For exanple, a package contai ni ng

i nt eglevicednay degmadesrorayn inaeasgd strésorat ax impfase o diffgrendbulk
refl ow process, after perhaps being at room

t enpemaleHie,; withow &itletl@fatéredl [ ideipotnpes permi@teno dsformation or
conmponents W thin the package, including the

i nt eg&i@h@ﬁio‘ﬁi. rcuits and acconpanying bulk silicon to
which the integrated circuits may be coupl ed may

GPAERGag PLABESR. FERHE RS TR R SR megracd
representative Pb-free solder, contrasting.wth a
nor nafir@HH Magje Up VAH O PIOCES o SRM %% “%Zé“whﬁlﬁiﬁ Oggurcat an

In the present exanple, a package and its conponents .
may ueldentebteznpsiagures iFonaxamplppepaskageceligings intgggted circuits
based on the

may 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., pethaps 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 much 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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present exanple, as nuch or greater than 205 C. [0005]
Further, under nornal operation, integrated circuits
weualT/@s9pr ocessors generate heat that may cauBeT/US2006/025748
various conponents w thin a package, including the
integrated circuits and acconpanying bulk silicon to

whi ch, thei ntegrated circuits y be coupled, to ..
under %ear%tﬁéeﬁg%ﬁuﬁ? em?/%rheaﬁ?‘&ﬂ%g‘f A Upeerge nigBPgatite varlations.
excursions under normal operation may not be as

ext r eNBilgdemperswresparsiensaader rpormaheparitiont may nef be as extreme
process, throughout a product's design |ife, a package
and i bs thosepaperndced i laugiangfatfoeing Pregsat thebughowtua tpsoduct’s
and acconpanying bul k silicon to which the integrated

Ci I CUlstorTBEe, RepaeRat AR ARYoHPSRNECindlulidg hBURRE At circuits
tenperature excursions resulting from nornal

oper a [ ] el:has. a by | . Of .

appr b Becifileing BRENARS f e ple, B 53, may be
has a bulk, | i near, CTE of approxinptely 2.6 m C. .
Thus, QiR may Jfdgeeoot ?‘é%lbg‘ﬁ?l%%& Bﬁ.‘r‘d%ge&%}ﬁ%q g’&“&"é‘i"}? resulting
nore than a unit volune of silicon. Because a typical

t hr ouRMsRrabepeyatipiay sinply be a void in a bul k
silicon portion of an integrated circuit die filled

[0006] Enppedrihay adfull bipgerCHA of tpprokiitatelf 16acppmiiCeaini @htrast to
is alnost an order of nagnitude different, a

nechagilicad, valitlehs ABylk MieaCVE &4 approRintABIPEN6 ppHi°C. ClHks, a
i nterface when the package undergoes a tenperature

eXCUI §hi I i enr t

o oup i oD 0T bobIR HAIR @peilblnly fible LR FRER Bidhne of
MWth.integrated circ

Po0. | Sl Bodttic’ Spicl RnfebSiohid Bes i Be 8 Vot s bune

electnkcall _cou?led to netal pads_ 108 .
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 separated 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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through an electrically conductive seed |ayer 114.
Bet ween an el ectrically conductive seed | ayer 114 and

wea 2pornsen of the bulk silicon die 102 may be BCT/US2006/025748
passi vation or electrical insulation |ayer 116. Metal
pads 108 and a portion of the bulk silicon die 102 may
be separated by an interlayer dielecpriccleD) )
nat er PaR protection layeed08f Figo Hbk and Higed(c) gepressst i prior art
of the bulk silicon die 102 between netal pads 108 nay
under threugh |Isdljoen ofa pasferiugt stoass matdaceda| nibtharicah failures of
protection layer 106. Fig. I (b) and Fig. 1(c)
repr egglpfnirtibh 120 Adt diehér@skane 318, eopecrivalys W baél B through
stress induced, mechanical failures of delam hation
120 ap¢ die:.c [ CTEs | : : ]
thr oug]l‘iwil Cgrli Ig}ac%l%y 51'5 g@ ﬁa% ave gﬁgﬁﬁﬁﬂn@u gljtl g{r?tg?%'ﬂeyto the
simlar.i itude to the bulk CTE of the. c i nuEUS
et o ORHSCEE B et Gnlio il afs Pl uifbiahighl AReteBh g me
CTE of silicon, leading to significant principal
st reshelk riderof; siliseratleading Ko upigniicant m@cmag ritfepsea ninder
principal stresses in turn nay cause mechani ca
f ai | utemsperdtuterpxcimiongr Ahedigoificant primsipph saesses in turn may cause
del am nation 120 or die cracking 118. Further,
si gni hiechdiicab failespet! the integard cirshit baht ascddlkghingtion 120 or die
del ami nati on 120 or die cracking 118 may cause

degr adgdiiRg" 118, naFﬁﬁPé’i‘, L it | ﬁ?rﬁ%a@t ?cﬂes@ésg Q%'_tl_ﬁéyut TQusing

mai ntain a nmechani cal stress resulting from

m Smh&?m?nealtigw £0C 5t tdéeC %lacﬁﬁltrgeﬁ% %Iage&a{;u@g rdegl%,ldgd élerformance
material Tor a diven tenperafure excursion,cvia size

may be.reduced, sgfcing bet ween adj acent vias nmay be

i ncr e 34@Y apintegrated GEGIh e positioned far from active
circuitry. Each of these solution options may |ead to
L0098 Foamaigiain 8 mechanigalestrase ﬁgﬁuit}ngcﬁ'@@uﬁ &R mesmafgly 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.



ot herwi se be realized or increased cost per die.BRIEF
DESCRI PTI ON OF THE DRAW NGS [0009] Fig. 1 illustrates
wa 20emos®ent ati on of prior art through sili conPeras2006/025748
made of a single phase bulk material (Fig. |(a))
| eading to delamnation (Fig. | (b)) and die cracking
(Fig. I(c)). [0010] Fig. 2 illustrates one enbodi nent
of a systemi ncI udi ng an el ectroni c package assenbly
BRIBFIMESCRIPTIR B IIRAWENGS ,gh silicon vias with
reduced ther rral expansion. [0011] Fig. 3 illustrates a
0aphFig 1ntnsteakdszectprencmatial ofspricrsst thamight siliconvwisshmade of a
normal i zed coefficient of thermal expansion for a

gi vensiaglephafbullbfatesial @igl 1QY) 184ddss tol @Qk@hatfindFigh 1(b)) and

illustratés a graph of normalized material stress
vari a ray pitch for vias filled wth
pure gfg%gaec\r%{g}gyé él(é) | as filled with a bulk rrateri al
0

()Itlﬁ]sﬁsgﬁ Slllésgriea eg;rgrbeOfe O ngp(%e ;! asry%t%{oqls chg#n%; an electronic
El ectrical Resistivity wth volume fractjon of
enbe dBEFaE RSB hmag Papsicls-Fikled dupugh piligen yiasewith reduced
[0014] Fig. 6 illustrates an enbodi nent of
el ect theabll expemsiaiuct i ve t hrough silicon vias nmade of a
bul k material, the bulk material consisting of a
oo} Figres aillufteitedl Bggrapk oot homlized haseriansirasbedihdadn with
particles formng a dispersed phase. [0015] Fig. 7
|11 ushp @l fged cQéfﬁEieﬁﬂ oPkhmal bkSRSiofll @Br R §i98n hitay of through
applying. [0016] Fig. 8 illustrates the portion of
Sili C?ﬂcgﬁ%a?.f Fig. 7 with several areas of

[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. 5 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] Fig. 8 illustrates the portion of a silicon die of Fig. 7 with several areas of

bulk silicon removed.



bul k silicon renoved.[0017] Fig. 9 illustrates the

portion of a silicon die of Fig. 8 wwth a first |ayer
wohomwbssal deposited on a surface of the bul RCEiUS2@®6M25748

and an underside of a netal pad. [0018] Fig. 10

illustrates the portion of a silicon die of Fig. 9

after_exposing the netal pads_through partial repoval

D017 hBig: 9y illpstraggaethe gortigg eff aalllcawéespf ig- § withay figst dayer of

11 illustrates the portion of a silicon die of Fig. 10

wi t h mameiabdepdsagdonaf surfacerdf the defosilited and @n underside of a

exposed netal pads and first |layer of material. [0020]

Fi 9. thétal phdistrates the portion of a silicon die of

Fig. 11 wth photoresist applied. [0021] Fig. 13

tdo&ﬁfﬁfé?tlﬁ%llhﬁﬁa@ect idH of'a %il c'o m%‘b Eftgr expsing the

yS|s di sperse

e i gxm%fﬂyaggfo@%%@%posma

h siljcon vias with dispersed parficles.

059] %zg iLil [iatiates dae porgiop of la|58i‘?°8fd1%1°§ﬁg d8vith & S?ﬂonll layer
Fig. 14 with fully deposited through silicon vias with
di speofmdtepiak deposited. ovEDOR4kpdRied metd pady arsh first layertdi enaterial.
portion of a silicon die of Fig. 15 wth the
F0020] Fiy. I2i Slub@dtes tenporeon of Q0Ab¢orFiig. oflFig. I11uwith phewresist
the portion of a silicon die of Fig. 16 with the
phot Oﬁﬁgie&t renoved. [0026] Fig. 18 illustrates the
portion of a silicon die of Fig. 17 wth the first and

f(ﬁﬁ?fﬁr%%hflﬁls ?attefﬁ’} e{)érﬁl)n 'f ﬂ.ﬁpgflﬁgoﬂ Qief SQFPg“ﬁzbﬁﬁM@@éh 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.

[0024] 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. [0027] Fig. 19 illustrates a nethod of
manuf acture of reduced CTE through silicon vias.[0028]
woi2007/08895| | ustrates a tabl e of possi bl e mat er paraSe®ed25748
to forma conposite via. DETAI LED DESCRI PTI ON [ 0029]
Herein disclosed are a nethods, apparatuses, and
systens for providing a throug h silicon via with a
(9628} Bigi 20 ﬁhubuzat@s)@fab? fanossible m&t@rﬁzﬁﬁuseé%pm ®pOmMpgsite via.
the follow ng detail ed description, reference is made
to the acconpanyi ng drawi ngs which forma part hereof
wherein |ike nunerals designate |ike parts throughout,
and in which is shown by way of illustration specific
enbodi nents which nmay be practiced. It is to be
under stood that other enbodi nents may be utilized and
structural or |ogical changes may be nade w t hout
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 drawi ngs and are not intended to
restrict the breadth of application of the clains
presented. Therefore, the follow ng detail ed
description is not to be takenin alimting sense and
the scope of possible enbodi nents is defined only by
t he appended clains and their equival ents. [0030]
Referring to Fig. 2, there is illustrated one of many
possi bl e systens in which enbodi nents presented nay be
used. The integrated circuit package 200 may contain a
portion of a silicon die simlar to the portion of a
silicon die 600, 700, 800, 900, 1000, 1100, 1200,
1300, 1400, 1500, 1600, 1700, and



1800 depicted in Fig. 6 - Fig. 18, respectively. In

one enbodinent, the integrated circuit package 200 may
woOned7wdss9a m croprocessor. In an alternate enmbedirmsmios/025748

the integrated circuit package 200 may i ncl ude an

application specific IC (ASIC). Integrated circuits

found in chipsets (e.g., graphics,sound, and contro

chi psetsg or nenory may al so be packaged in alternate

RI 1] For the enbodi ment depicted by
Fig. 2, the system 90 may al so include a main nenory
[0029] Hewimisclosedpare ce setiod?,04ppacatuses,sarst systge fdeirewding a
206, and an input/output nodul e 208 coupled to each

ot herthidhphayiceh vea Wi a ddlrablshiik evetficieesmh@madéxpansion. In
menory 202 include but are not Iimted to static

rand a ' ;
roor L (O e Rt destHifont RACEHIATE o SRS REGAREine
i ncl ude but ar. ot limted tq a.hard disk.driv .

I s HOiATRES W g aartfezeot shefiin Hpplingti dssieipte fike pars
versatil e disk dri.vewﬁ]DVD),, and so forth. E@anpl es of
t he iWﬁQ}’cgh@% p%ﬁd iBdwhEd Insshowa Be Yt Ohr Blusgation specific
limted to a keyboard, cursor control devices, a

di spl epbodimentswehikh imayebé quecticadd It ds tobehndesstand| et other
of the bus 210 include but are not limted to a

per i paabadinefRtniHl bd wtiled aae sfriR@ihl brisgicanchahpebunty ye made
Standard Architecture (ISA) bus, and so forth. In

var i oysh SFORPLARE om HREsPS e MO aifiy %)ﬂé?en@ed’\hérﬁh? SIB should

nobi | e phone; a personal digital assistant, a pocket

PC, a%ltsgk?)leeﬁotgcp thaf' éﬁ]r ﬁ}t\f@goﬁdplgfﬁrr Oﬁ%ﬁggg? &p%@%} gépé rb’%ttom,

set -t box, an audi o e0 con

a network raoyter, network sw tchin vic r a.
ser Vegﬁmary sQlHe, acks?de, etc\xomay be usec&1 to 9acﬂ%ate the df¥cusSion of the

drawings and are not intended 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 a portion of a silicon die similar to the portion of a silicon
die 600, 700, 800, 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,



[0032] Fig. 3 illustrates a graph of results froma

finite element sinmulation of a first principal stress
waizod1/085698r mal i zed bul k CTE (reference CTE i s phatwsefo6/025748

copper) of a material used to fill a 20 mcron via in

an array of vias wwth a 500 mcron pitch. A norrralized

CTE of 0.16 represents silicon. The data of Fig

showssotthds sndresntrpl ¢lpsatel|or yneraery mwaBQMd@CE%geéﬁé altepate

material's bul k CTE approaches that of silicon.[0033]

Fi 9. e¢nbddindsdts.at es a graph of further finite el enent

si mul ati on showi ng a variation of a first principal

%ﬁs Fof’\ﬂferbrffﬂcﬂuﬁéﬂtccfépfc%d b?y B}, ¥ @fecofysiut 90 wgmgo itictide a
mcron via nade of a material wth CTE 25%

LP?L cr(f)’tfjlgl rﬁgrﬁ&rg 2012-h§ §fja§}1ﬁs gﬁocgésgr 204 ?a.'lﬂ}i\ﬁ ?J}Q%J dév&te 206, and

ase Ssigni cant

pitch if bul wi th. redu

Pur ¢ s Topg Bt s 20 it 1 Eufitnet Py I Ay ?@P e
principal stress, at smaller pitch, than a

conv eshowon aExamtes, phthet merapiye202 inghide (typ 3eg ot limited to static
di spersed phase of filler particles nmay alter one or

mor e fautdmnadcessi alenprp pPERAM}S aofl dynaimio ughdan | docess memory
via. For exanple, a resulting electrical resistivity

of a GSRNBI t Bx&thplds GRUR niiBd kioxagkdeVideg206 aehidertunuse not
phase and an errbedded spherical filler formng a

di spef26di RY %Sﬁarwskp V\ﬂ@fppc{ AXHTBLR al"té’oﬁﬁpﬁéﬂ Qisk dr1ve (CD), a

expressi on, ere conp03|te represents the

ST, R L 0T B, Pt

i e{npgtr}gut{)gtprggc?uelgst %02% Pneclu%elblflt 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.



el ectrical resistivity of the matrix nmetal and p

represents the volune fraction of spherical filler to
wouabdk/oosyposi te vol unme. [0035] Further, a resuPCTmng2006/25748

of a conposite of a netal matrix form ng a continuous

phase and an enbedded spherical filler formng a

di spersed phase may be approxi nated by the expreSS|on
(@02} Ripod iitlestiatesGTEMph- oPfi@itEp finiiseelemenEsismpaion: gowing a

represents the resulting bulk CTE, CTEl represents the

bul k vefili®f oft férss pligdipal tredsi wikleviagiidh 1220 syieres presopper

the bulk CTE of the matrix netal and p again

repr e3sMba Qb%n&%lnl’w@nfaﬁé‘%f b Mht&ial Sahes 0Td 25% ke lof tepper.

bul k conposite volume.[0036] Fig. 5 illustrates a

g;ﬁgﬁ"hi@a a& c:’]lgq‘ gf 4 sﬂ(ka e@%gﬂft e& n%{iﬁla%&égg trﬁaglrﬂe‘a;ea?e si %zilntly
Compod PTallgtial bRl DelefiaL i A St SHER esugcggangamher, L

filler. Further, Fig. 5 illustrates that_increased

vol umedyoed &¥TFviagnayaregyhiy a loaver firstpsicipr} siress. &6 ppakley pitch,
resistivity greater than a matrix netal may

nonotthm ¢ abdvgntioret €4%¥evis helatpelpitchesi stivity of a
resulting conposite of matrix netal and enbedded

[ﬂﬁﬁﬂrAQﬁé ekdell | pase SF |f1|llbr bautiche rmay ARerd@icaonnokd YulkoSmaterial
i mpli es a choi'ce of filler material may conprehend a

trade fé rﬁgs LEQUREGudHT Fxl‘%ﬁ hih.NCEGA \}gé eglkdfifthg electrical

r esi mever er particle "'ume fractions
80% Al th
SpherFRRviBh 9#% e BB I R0 e P e phase s

cal cul ati on, herical particles reduced to.practice
may b# o‘Pm%ﬁdBF aﬁBhe@ﬁ&lpeﬁuqfu dopeipg £ 1qisperssd, Pﬁﬁsie Juay  be
conprising the dispersed phase nay be any one, or,
2k, + K, + plk, —k,)

2k, +k, —2plk, —k,)

approximated by the expression, ko = k,, where

Kcomposite T€pIesents 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,

CTE = p-CTE, +(1- p)CTE,, where CTEcomposie rTepresents the

composite

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.
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conbi nation, of silica, alumna, boron nitride,
tungsten, lnvar, Super Invar, Kovar or other material
W@i2047/083d5| ess than the surroundi ng bul k di e nRCEMIS2A106/025748
t hrough which the via passes, e.g., silicon. Still
further, filler particles nmade of a ferromagnetic
material, e.g., Invar, Super Invar and Kovar, ma
[0036PFign Sallmmtal grapfhi @b@/l@m istxedsed) \@d;um@f;pqtqnffgya spherical
process. [0038] An enbodi nent may use one of nmany
et aflfief QAtht EENBds th¥n abBnemil el Awdyr inonolhieallyakdecrease the
i ncl ude copper (Cu), gold (Au), alumnum (A ),

tu nggﬁjs(;bc"f]%{%of S?o %l\ét‘;ﬁ{% éd?EgﬂeosﬁF dr ok Btk Ghil @nibRdded spherical

non nplary eutectic sol ders

i[ ngg‘ﬂeﬁq ]'g}lrt}@r,l 1g1§$(ustlt%tgsa {jﬂgiéglg%g\seél %l&rﬁb%r?@tlon;%réjﬁh%ncal

of a die with integrated cjrcuits 600. In 1
embodilleenwitht plestrigal siqu}S&‘B‘r‘iva%teGléh%ya matiix metal may
beel ectrically coupled to netal pads 608 through an

el ecndnotdnially anatemst thecbule easistiaip of 6 Tepulting campgsie Rfymatrix
enbodi ment, the through silicon vias 612 may be a

Conp%étil%nmﬁéﬁ{b@ﬂdbdts Berival RIEGTBtibf futther, theaktbdf FigsS inagliss a
than the bulk CTE of the matrix netal. In still a

furt REDi e jcieitterif hRAMGRErchdld 4 faabdh of irbdueed CTEA with

612 may conprise a matri'’x nmetal formng a conti nuous

h d -
Era? f Iel§ ar?@gg ngcgﬁgldr&g}gt d{arg c}-? paéytel} tcf lgg %r r%esﬁﬂ"urh@ AActidi8 may

di spersed phase nd t e reduced CTE through silicon

vi a IS PARC CTEIessthanthe bul k CTE of

the matrix netal. Between an electrically ondugt Ve i

(08B Aitpought sphesiod aupisiesi SR BPALRG H0IKNBRAYCBh caloglation,

602 may be a passivation or electrical insulation

| ayersphdifcal Maititlespadice808 mactice may be of agfitary shingt kFurther,

silicon die 602 may be
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
cutectic solders include tin-lead (Pb/Sn) and gold-tin (Au/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) materia

604. A layer of ILD 604 coupled to a portion of the
wouabdk/mesdss con di e 602 between netal pads 608 nBET/US2006/025748

underlie a layer of passivation material 610 or a

protection |ayer 606. [0040] Fig. 7 - Fig. 18

illustrate articles undergoing a nethod to manufacture

a vi acleririsaldn cauplpd te gpetali pads g@%ﬂ@@igﬂ a elachioglly sonductive

[0041] Fig. 7 illustrates a substrate 700 to which a

met hoseedf laparaifdacinur firtiey etobodipyehi, ¢tk thidatghl silpaasvi&0@12 may

and a portion of a die 602 may be separated by an

i nt er bayiedontosite® Gheietn (Helddlk CHERHS Ble VB4%612 13 188k€than the bulk
enbodi nent, the die 602 may be silicon. In still a

furth fal 0 d,t
por t ?EEE?*’?% Hﬁﬂf’a@ﬁl PO 4 e SRR I@d‘?‘cea CTE
608

" et Rlior 2 Bt CopBREoA Rl Mt rufy 2 Bgtinuons
the substrate of Fig. 7 wherein Pﬁort!on of a die
with PRassqngdt apbedded pasticles owitth a<C Ritlessi than theymplik mstah the

vicinity near a nmetal pad608. In one enbodi nent, the
di e 6embaddedipartiilesi foomingRedispesdedphast andnthe eeduatd GAE theugh
by photolithography followed by a dry or wet etching

pr ocesicof\vi2 6i2thaviaba bilkOVB|lestbhab ehdBulk CTE of the matrix
m cromachi ni ng technique. In one enbodi nent, a

M Cr ORREd) MBdd@ed i @1e9Hf%al'fSE¥orQﬁlc§{I@§éeﬁrlgyerCH14l drldWporBbn of

anot her m cromachi ning tec nlque or a conbi nation

t her eﬁ'[ bLﬁE iln:%[l d1$l 6P2 rrﬁa{gotpe 9 aésh\?e\tlol’i or c?)ectrlcal iy C?tloggayer

vicinity nea
in Fi 7, and a ti t he  bu

Si11 BN GNMERhD ggiémg@pa?lgpe S ik Slisbn e 605 may be
dielectric I LD material 604. A layer of |ILD 604

coupl &pagase qo@m ntertaysr dielestrie (DX maiegieh6QH- eAdayer of ILD 604
bet ween net al
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 materi al
610 or a protection |ayer 606. [0043] Fig. 9
wokbugws@ses the substrate of Fig. 8 during mapaTaG2e6©25748

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 embodinent, the

die 82 mWRynbentiodimen, tiEhdic @emapibensilies. alReswyalgl die

be a passivation |ayer. Alternatively, the |ayer of

mat _eﬁlht%haﬁ&ﬁafwb?epmmh@gﬁ iy adllowedubytal dry omwvet ietdhing
in previous figures, netal pads 608 and a portion

of the bul il i ' .
[ oPPESr %@;@%@% fafipfpalY I RREBhRIA D lechgre. 1o
coupled to a ' f.the di .
g‘;t prep?agol O’@Snﬁ’rﬁyn{% or Ik_lgﬁ%?chélgrﬁe %#a%p‘tgegéllagg?%‘f"gﬁﬁmg, or
| a (o) i .
et er ol 610 o 2 proteciion | e 806, LOGALFIAld o

manuf acture, showing a portion of a die with

i nt egodiba bfcthe LD §04 00 vicinityi gear 120,megal|@§lema}5fsimilarly be
material 616 proxinmate to a nmetal pad 608 nay be

r eMDY &byl AXAMEE rBetal pads G08 layid ausieh oibthalbufkaslicon die
60?: As in previous figures, the die 602 may be

St %@g n%g;i})etgg&s:g@& @g ARSI 8RS drMéttrdc @RDY iniferial 6041€A layer

di e eparated by "an interlayer dielectric

(1LD) Bﬁﬁlégdf‘?flé’ug@aﬁog 1{)0%81{ of EheI %L@&@Efcoﬁ AP bEF btHedn metal

i0,
gggtlrm of e ke con die etween netal pads

| ayer of _passivatio t i .
or appfobek mayrindgtie 2 gqyg_r of (%6%5‘]3\{19}1 dmr&irriﬁi ‘fellrolu(gljt i ggogeéctmn
a portion of the substrate of Fig. 10 with integrated
Ci rcuages606.00 with a second |ayer of material 614
deposited on the surface of the
[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 illustrates 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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previously deposited | ayer of material 616. The second

| ayer of material 614 may be a barrier |ayer.
waéhoermsdsvel y, the |ayer of material 614 may BeTaSsmwed25748
| ayer to facilitate a |ater electroplating process. As

in previous figures, netal pads 608 and a portion of

the bulk silicon die 602 may be separated by an

i nt erdxpysed wetel past §08c s iDprewvipus figaresathe, dm@%lwy b silicon

| LD 604 coupled to a portion of the bulk silicon die

602 haiwke mettbads ¢O8dsdeOBortiay ofi taedib 602 adyayesepafited by an
passi vation naterial 610 or a protection |ayer 606.

[ 0046} chiaGer didebthik L{&Eﬁhﬁ?erﬁah 804 UbS 1453t 6f ofD Em cobipled to a

with integrated circuits 1200 and a pattern of

photore | St d

or oviaa] DG BEEE ?%915%312% 60 sl i g b Bty undertic o
previous figures, f mat 616 y overlie
the DAYE Qoflpg?sé"@ﬂo’&l P@t%égﬁé‘ﬁar %PF&E‘?"#IP% lage’ég@%nd | ayer

of material 614. Metal pads 608 and a portion of the
904X Eigi 1t dhvstates sg«zmaybf the subyeataoichish]0 withilpfessatedyrdicuits
dielectric (ILD) material 604. A layer of |ILD 604

coupl HDOt with apsecondinyef of heatdyial l614i depositeddore theOstirface of the
bet ween netal pads 608 may underlie a | ayer of

passi yatiosly Mep&itbd@layBléF MhteAalB16! Elicisecbndaydr ob@faterial 614
[0047ﬁyﬁF| g. y131§| [ ustyrérat es the substrate ofy%?g 12

show fﬁg% BePPhlkig lag : A{l’ﬂe ‘naWVélg ﬂﬁtlg raéfeﬂat%hﬁlcfi‘lcf ﬁlay be a

Immersed 1n an e In F|

an25748 I ec pl bat cont ai

sol ut 1°‘68 i%gaﬁﬂﬁ%tf’ Sﬁatﬁxé?lf:ft‘gquzitmﬁ%gceﬁ J 1c&1ﬁ._f1gur ©s
relative to a deposited matrix meta 0

f 1 gur Betal gadsAP8and e nogic olghe Buls s#wné@i@é 4hy é'sm%?azed by
silicon die 602 and underlie a second | ayer of

mat er amintGlader dileatricfHd?) BOBriane0d Hduver oA ldP 60A soupled 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 illustrates 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 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.

[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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bul k silicon die 602 may be separated by an interl ayer
dielectric (ILD) material 604. A layer of ILD 604

woaupleskoso a portion of the bulk silicon di e 80RUS2006/025748
bet ween netal pads 608 may underlie a | ayer of
passivation material 610 or a protection |ayer 606 and
a pattern of photoresist 1202 may be further present,
Fi .elebftoblatits hani €303 heaysedisainainesabitiohi gr sugpengiom particles
integrated circuits imersed in an el ectroplating bath

140Q40} Q)g FLfliced T RNV t8 @posited MattiORetally Abén previous
deposited wt ﬁl n a void previously generated in the

d Lfgféﬁéss 900 TRRLLITBES md6vettic i DLk BcdRedic 602 and

one enbodi nent, the die 602 may be
silicon. An electroplating . bath 2 L
Sol Lieiegr SCCRRRHE, o R Po ety Op P08 B Ebdhah of the
relative to a deposited matrix netal.,EUringéfﬁg ic (ILD)
el ectulopilionndic H02cBwY, be penacatet Ryt 1t ruerlayep Alesirie &
codeposited in a portion of the reduced CTE throuqh )
Si | i @@fRrivi 604140 PayeFof ILE604 ¢anpliddo eqpogiaqroef the balkstlicon die

filler particles 1304, a driving potential nay be

app! @thetdbé Abal hA8 (08 e dHayrliee Igyaif pyssiatios orerial 610
ot her driving potential nmade to act on the

el ectropl ati.n 3 ddrh | BronBarddist 11282 haAbe Asther
in p?reelip&afgcqo?‘g%?ég&(%agﬁa@@ of material 616 may
overlie the bulk silicon die 602 and underlie a second

| ayePre8ftmat eri al 614. Metal pads 608 and a portion of
the bulk silicon die 602 may be separ.ated .an.. .

(0048 Figsyldrilitaes he BebSEACT) Tt &5 PR gertac iy imgpersed
| LD 604 coupled to a portion of the bulk silicon b
di e6@Rakbelecreplatieg bath 1468. S0Figreld, arnpsiion af 3 Vi JA2 ey be
passivation material 610 or a protection |ayer 606 and
a paibgssie®§ wihiat oresd Jireiadly ryertatedf ur tivedie 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 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 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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present. Fig. 15 illustrates a portion of the

substrate of Fig. 16 with integrated circuits imrersed
wono@mosioect ropl ating bath 1500. In Fig. 14, aPCease®d/025748

via 612 may be fully deposited, the via being a

conposite conprising a metal matrix with greater CTE
than the die 602, the netal matrix formng a

contéoaueiisedahnacel, padn 608 ntag dddetlit allayer oppassivetienmajerigl ¢10
CTE |l ess than the CTE of the netal matrix, the filler

par t§,c] BRI B08i SASS pagnpbASRototdsit A2 omiythe further
exhi Di t?ng a bufﬂ% CTE Iessﬁfhan tﬁe bul k C??Eqaof t he
mat rj x tal. In one enbodinment, the die 602 is

subst'&ifttal Iy silicon. As in previous figures, an

el ectroplating bath 1302 .na ks ' ol
[ogegbass’i%,ﬁhﬁg?w Epagicpab oy ofith 8L e P SR hiepRilcireuic

eposited matrix netal ., During the electroplati

pr ocizwserséd inl @y elpfém%lné@aﬁ%%ﬁi’orr% 1@%’ ]g‘{a ?dg{}’ﬁgﬁh tQ’ %06 12, may

a portion of the reduced CTE through silicon via 1402

Fur t befullytdepasittdcthe depling & epmpesife Jomprisigra mepkpatrix with

1304, a driving potential nmay be applied. The drivin

f or CgreHRY CIE MadVhd die 602, honetadthatrixdbimingg qeotiswusghase,
made"to act on the electroplating bath 1302 or filler

parti f L Laus CTR0 aAYERE
mat e?l? %?ﬁj{lg%{g&é&fy}l&g\%ﬁ@é@w}% bul k lséjl’sfﬁzagﬁthgl e 682&1;enanetal

05 aroa o eiTBh R BuiReeh Fophd: Vel ey hmposic
ook Br A B B S T PR o
bul k si I i.con die 602 between netal pads 608 nma )
underehibediandngytbe disf 609ais shbsiantisy FHicen; 4)s BRICHPUSLfigures, 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 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 and a pattern of photoresist 1202 may be further present.
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protection | ayer 606 and a pattern of photoresist 1202

may be further present.[0050] Fig. 16 illustrates the
weubstwswe of Fig. 15, a portion of die wth i RCEESAt06M25748

circuits 1600 with the electroplating bath renoved. As

in previous figures, the die 602 may be silicon, a

| ayer of material 616 may overlie the bulk silicon die
[@05D] Higl 16nidlestidtes thesabyraie PhYig. 157 apertion af digwith meggpted

pads 608 and a portion of the bulk silicon die 602 nay

be separiat Ed0byitiathe ¢léerdphyiag bdthetestived.c Ajsl inDyevious figures,

material 604. A layer of ILD 604 coupled to a portion

of t er bl @ﬁhﬂay HRIsiBédh, GORyHEsMBARHEE 626 nRgdeyHRS tmpulk

underfie a Iayer of paSS|va¥|on material 610 or a

protection. t e

my BEPD 'ﬁqu i I ReRY GoBY o bR QU bl fectos

substrate of Fig, 16, show ortion of di i t.

"t egraearit b fredulonioon e G Pt v83eoinge B Hyertaver

renoved. As in previous figures, a |layer of nateri.a

616 rdigteatiie LD maieriad 0% & leyarsh TP o0 souplad i3 ptiop of the

a second | ayer of material 614. Metal pads 608 and a

por t ibatk aflicohedibubl2 between metkle pads2 688 ymie vnderdieat dayer of

by an interlayer dielectric (ILD) material 604. A

| ayerp @fiviieR GRferkPUPIEGrt & Brofeetién dayef 606eandubkpatern of
silicon die 602 between netal pads 608 may underlie a

R 2 L
i s bt W
deposnicatiaA eiscues 37000 i &1 BOT RO BICHEG: Goo PrRECTS
die 602 may be silicon. As in previous figures, a

| ayerfigfres, a layer of material 616 may overlie the bul% 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 etched 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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material 616 may overlie the bulk silicon die 602 and

underlie a second |ayer of material 614. Metal pads
woQso7anskoa portion of the bulk silicon die 602PaBSE®6/025748

separated by an interlayer dielectric (ILD) materia

604. A layer of48 |LD 604 coupled to a portion of the

bul k silicon die 602 between netal pads 608 may

undqr D 60decdupledito afpoptimsofithe bulls sitigoardief0%BhewEen getal pads

protection |ayer 606. [0053] Fig. 19 illustrates a

et ha Qhy LRALHIOA thfr sEiohtforvinagriab @10 bs arpotaction layer
mat r1 X an%l gi spersed filler particles. In th(remrret hod

illu ated in Fig. 19, material may be renoved 1902
froﬁ@f'backside of a bulk silicon wafer having a

rimary side and a backsi de. A net | i
0B Fignrtd ety SyRETHAIY PP ol poR ] ToREricils o
exposed 1904. A first |ayer of terial .may b -
depomiatrizdarshdisperesdpiledpartielss. 12 %H’&a’&ﬂn@ﬁf%ﬁ?d&n Fig. 19,
surface of the void within the bulk silicon wafer
cr eatragbrial gt e rahovedntA fro@08 bavksidq gf @rbyk silicon wafer
mat erial nay be etched to expose a region of the netal

pad a ArindY g Kidefanglseickiidal A ynetainpidcniogmterhow a paimary
may be deposited over the exposed region of the netal

pad and the \Dhey|; Qs Yl 8R9 HelefBosdB 190421 firSilayerAf material
pho

g?t E::I 22 ol g or esijst may”be deposited over the |ayer

rical Ly con uctivg ' 12 . .
e eXpose 1900l @hd 49 frferidiRurface of the void
PR AL el
o1 10 0 sillicon vi

Do pritigatis ol ssccar vater axgated B mstsrial el 406 CTafer of

a matrix metal and a dispersed phase being d dl

fill enatgéel maylbestclieh ¢o papase eicgpn ghBiedneia) @ﬁ'ﬁﬁg Z&e ayer of

renoved 1916
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 phase 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 illustrates 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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and the two | ayers of material deposited on the

backsi de of the bulk silicon wafer may be etched 1918.
wpQOBApsdsg. 20 illustrates a partial |ist of PCT/US2006/025748

materials, and several associated material properties,

that may be used in one enbodi nrent of a conposite via.

[ 0055] Al though specific enbodi nents have been )

i | | ugipeevistetl iydthdes of idydidatyesldlinin the pbthsesvige variety of

description of the preferred enbodinent, it wll

beappfgsii@ui@obyqiibaes iafplanetitationy calculated to achizvarthe same

that a wide variety of alternate and/or equival ent

i mpl gﬂ[@g;e@t {n%gsbé albitltaie8 dedr ORC BRI tehdodidiedt shown and
Ses may

purp e substituted for the specific
enbodi ment . shown and i i t ho ar ki
o GhATB) T, BEeLFE e AR MRS 6l

e e S e e

vapor deposition (CVD) or physical vapor deposjti
( PVDpparr oize bele( within, asiatandr # eemisahyapett Aeiipsitiont @VD) or
vapor deposition) may be used to fill in any volume in,
the Eﬁym Kapel eepositioh | @¥DYyprpeask delgp apuitarings evapsration, jet
anot her enbodi nent may exi st wherein solder balls

cont g 0 NGobikibe) g Bd Gde@StoMBl ifi &k OMliné Gn alte dpemgh hole
Vi a ﬁ’g é Wlpt ]ilnﬁj; d?e. Still anot he? enbodi ment may

\r/:]; Lgl\ﬁ.lfiflgci ﬁ?} g%agﬁlclgl ﬁarfi?llg%.gi}mt %8{}1'6{ L&ihod@eht %a%rs%ﬁ%d@ﬁerein

volds wthin a finishe
via. Thus, those with_skill in the ar i Ly 1
appr éejdst @a}lmp@ﬁ@mgaflﬁ% pﬁ’ﬁ'ﬁpeﬁem% ﬁ?%({/&/é"' Ss‘lrﬂﬁ%g%\ﬁ &éar 31/1 o
wi de variety of enbodinments. This aqpbicatbfn iﬁ tain
i nt ervdéidn aolieosll anejhes grpedinieah Say el gy seldep hally, Foqtpping
enbodi ments di scussed herein. Therefore, it is . ,
mani ffikk Ipyrtichtsamdendvaming tohavoid air fidled v@idshwithin 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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equi valents thereof Iimt the scope of possi
enbodi ment s. 2006/ 025748 CLAI M5 V\hgt S (F:)I ai rrgldei s: 1.
wé2eErmsoaduct or package conprising: an integr aCeaS2006/025748
circuit; a material forming an electrically conductive
through hole via coupled to the integrated circuit; a
matrix formng a continuous phase within the rraterial
of the via; and particles enbedded in the matrix
CLf?iﬁw] ng a dispersed phase within the material of the
a. 2. The sem conductor package of Claim1, wherein
W@z}tkféjcglé' tgrlal property of the materi al form ng the
adffters fromthe matrix. 3. The sem conductor
package of Claim2, wherein the material property is a
1861%{15%8933215@%5% pB%B&nsi on. 4. The sem conduct or
age 0 wherein the material property is
g:t e%hgmegdftardﬁcsm Vi t% 5. The sem conduct or package
im erein.the
 overmegErpERgRan Gl el R b tish I e CbpIbe the
matrix. 6§ teHh%e(ﬁﬁfEuﬁondUCt or package of O aim]l,
wherein the matrix corrprlses a chosen on f the
consd sihirixgfonhing GpIvarinyas Phasgoyighip fp matg ?1 A%

Lgﬂg%{lﬁlvga %%beg@pa {he (A%« rSEHIREL Hﬁp&@édjﬁfase #tHin the

material of the via.

2. The semiconductor package of Claim 1, wherein a bulk material property of the

material forming the via differs from the matrix.

3. The semiconductor package of Claim 2, wherein the material property is a

coefficient of thermal expansion.

4. The semiconductor package of Claim 2, wherein the material property is

electrical resistivity.

5. The semiconductor package of Claim 1, wherein the material forming the via has

a lower coefficient of thermal expansion than the matrix.

6. The semiconductor package of Claim 1, wherein the matrix comprises a chosen
one of the group consisting of copper (Cuw), gold (Au), aluminum (Al), tungsten

(W), silver (Ag), eutectic solder, and non-eutectic solder.

7. The semiconductor package of Claim 6, wherein the eutectic solder comprises
one of the group consisting of tin-lead (Pb/Sn) solder and gold-tin (Au/Sn)

solder.
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7. The sem conductor package of Caim®6, wherein the

eutectic solder conprises one of the group consisting
wofhodrimsdsead (Pb/ Sn) sol der and gol d-tin ( Au/ SRET/US2006/025748

sol der. 006/ 025748 8. The sem conductor package of

Caim1, wherein the filler particles conprise a

chosen one of the group consisting of silica, alumna,
3. PPRORMIESHdud@r phakags belaih ywhsreBupe fillenpaticlenepmprise 2

Kovar. 9. The sem conduct qr,package d ai ,

wHosest pne ofehe BIOUR rcogsamg&?éﬁgeoaﬁ%fﬁr@g‘g‘g"? ?Fﬁg?lré‘é‘r‘%ﬁné

teri.al, d conprising: renpoving materi al

f ﬁ%éuaﬁé%g?béﬁfﬁga?h the die an electrically

conductive via of a material different fromthe die,

the material being a conposite of a matrix formng.a
9.CTht bemiusdushapackagd of Firsade whetsin theitaler partigics gogpPrise a

dispersed,ghase. 11. The method of claim 10, wherein

f SHFADREORC IAETAl ¢ an el ectrical Iy conductive via

further conprises one of the group consisting of
el ectropl ating, chem cal vapor deposition (CVD),
1Py Sl cvapeakingeposi tion (PVD), sputtering,
evaporation, jet vapor deposition, and reflow ng
sol demoying mrEriAldTIPRIME particles. 12. The nethod of

cl ai fga%%ngg % &ie.r%\n%ie%&icfaﬁf ikéﬁd'uﬁﬁvé Vb ol @imge g diffeent from

pr ov Iving potential to the first .
concent r atlieahe, tite @atesddeingmeanpdsis of & madiss OrEitged ond

f ﬁgcte Etr gﬁé&%{]@g&s Iiﬂ;%g St %I%éleg Porhfiffe TRIspEis@d pieke.

11. The method of claim 10, 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.

12. The method of claim 11, wherein electroplating further comprises providing a
driving potential to the first concentration of embedded particles to cause a

second concentration of embedded particles in the material of the through hole

via.

13. The method of claim 12 wherein the second concentration of embedded particles

is greater than the first concentration of embedded particles.

14. The method of claim 12 wherein the driving potential comprises one of the

group consisting of gravity and a magnetic field.
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via. 13. The nmethod of claim 12 wherein the second
concentration of enbedded particles is greater than

woheo7foos@®s concentrati on of enbedded parti cl esPCTAS2006/025748
met hod of claim 12 wherein the driving potenti al

conpri ses one of the group consisting of gravity and a
magnetic field. 25748 15. The nethod of claim 10
15VMIRS @Ehod BE claish KO wtersii e bufk mhtetiel of thegiadaspofiEsren

mat er i al propertﬁgthan thelnatrix nmetal. 16. The
meetetial prppestyaingn e RMHEFRHA he material property is a

coefficient of thermal expansion, the material of the
via having a | ower coefficient of thermal expansion

16} ?ﬁ‘é‘m%ﬁl%d@uaﬁm-xs Ivherdih ehovahtensl pebpettyais mchéfficioneofthermal
the matrix conprises a chosen one of fhe grou
c exminsibi rthe ofatetiapplihe v@havings lgwengget lalﬁleﬁﬂfﬁ%‘?ﬁ"@kl ),
tungst.engé%h silver (Ag), eutectic solder, and
nEFRBHEB TS BAHEY. 18, The nethod of O aim 17,

wherein the eutectic solder conprises one of the group
consisting of tin-lead (Pb/Sn) solder and gold-tin

11, Atk SRthodfatEaim 10, wikhein thet thaigixsompiriagne dwsemprs &fithe
the filler particles conprjse.a.chosen il
QISERHD QOBRISHRG Pl HPPBET (Gipigold CAip iRy (Bl Gy ), stiver
tyRgsten | ar UL edtdRkoldand Kovar. 20. The
mgfs‘%ggﬁigfm alaér]rfi 0, V\,h%r ein the filler particles
conprise a ferromagnetic material. 21. A system
conpri si ng: . )

18. The method of Claim 17, wherein the eutectic solder comprises one of the group

consisting of tin-lead (Pb/Sn) solder and gold-tin (Au/Sn) solder.

19. The method of Claim 10, wherein the filler particles comprise a chosen one of
the group consisting of silica, alumina, boron nitride, tungsten, Invar, Super

Invar, and Kovar.

0. The method of Claim 10, wherein the filler particles comprise a ferromagnetic

material.

21. A system comprising:
a semiconductor package having an integrated circuit, the integrated circuit
including,
an electrically conductive through hole via;
a matrix forming a continuous phase within the via;
particles with a coefficient of thermal expansion lower than the
coefficient of thermal expansion of the matrix embedded in
the matrix and forming a dispersed phase within the matrix;
and

a mass storage device coupled to the semiconductor package.
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a sem conduct or package having an integrated circuit,
the integrated circuit including, an electrically
woanfwosddve t hrough hole via; a matrix form ngPar/Uus2006/025748
conti nuous phase:wthin the via; particles with a
coefficient of thernmal expansion |ower than the
coefficient of thermal expansion of the matrix
2 Mg gkt iof clahe 2pfurther @mapristngri ng a di spersed phase
within the matrix; and a nmass st . devij € I
Vo t nbvasans Eodamicors oty sou e IHE iIENAEA chep B
21, St @u Rtheofabidarougccess nenory
coupiriﬂje%lb{ﬁg&{tﬁ'g%{fg%r at g%dg(iyr cui t fgfand an i nput/ out put
interface coupled to the integrated circuit. 23. The
system of claim 22, wherein the input/output interface
28.Giersiystem of chamids wWhengin the dpu{eutpusipteripge CQRIE 3ot
claim él, Wherein the integrated circuit is a
prigtR, B’Eg.mtf%cerhe system of claim 24, wherein the
systemis a selected one of a group conprising a
set-top box, a nedia-center personal conputer, and a
24 The Sktemastaodiin 2 , dibsteipthaymtegrated circuit is a processor.

25. The system of claim 24, wherein the system is a selected one of a group
comprising a set-top box, a media-center personal computer, and a digital

versatile disk player.
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