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PACKAGED M CRCELECTRONI C | MAGERS AND METHODS OF
PACKAG NG M CROELECTRONI C | MAGERS TECHNI CAL FI ELD The

wo edobowisey di scl osure rel ates generally to PCT/US2004/037415
m croel ectroni c devices and net hods for packagi ng

v
A AR R CYR ORI BRGERS ARPIET RS B PACKAGING

m croel ectroni c MIGBROELECTRONIE IMASBERS ve to

radiation in the visible light spectrumor radiation

in other spectruns. BACKGROUND M croel ectroni c imagers

are used in digital cameras, wireless devices with

' r abilities, and many ot her applications.

TECH&&?\%Eﬁ s and Personal Digital Assistants (PDAs),

for exanple, are incorporating mcroelectronic inmagers

fTve folipiving digclasgresresies generily te snicrbetecroni devieéeand methods
m croel ectroni c i magers has been steadi I}( i ncreasin

for pagkaging, MiEeSIREITaNE Ja¥icamd SSMERIcASREStS &f thenRyesent fiyention are
dlrecté‘d Q&ﬁéroohsorasg‘?ﬁ# %éme%%fwar ggﬁé%%r%' l?hg't %?@?é%dﬁ%‘?\}éﬁ? radiation in

e se at use d Devi ce
the wsalyletltgm; spé&ctmrhareadiatign Weotiler Gpedieur8enm conduct or
(CMOS) systems, or other systens. CCD inmge sensors
‘ n widely used in digital caneras and ot her
BACKQ%%@F@E& ons. CMOS image sensors are al so quickly
becomi ng very popul ar because they are expected to

haiceodientraio ftsgererareassied, in kigtal yarletss, wirelessrdevices with picture
sizes. CMOS i mage sensors caneﬁrow de these advant age '

capabjitiesu3ad tRany ainer appleatians: & ﬁhﬁge§ @@ﬁ o¢r§893|alﬁl9'tg| iSS'Sta”tS
a p r t ;
(POASFLIER BRimlEL o0 Bl sl WEASOESRT FRRUELRE capurng anc
sendlmgarmohuses ar éhecgmvdhngaltg fp awikeopdettranic pmagecs hasebeen steadily
ncresigi G2y SRR S8 5 R SER o A S0 SR 57 ounts.
Q\Wl%}’c?éléd:t%}ﬁ& uﬂb@ér@%&ﬁ&é HbGe isBRSSHs thatiddCharged Coupled Device
conventional package. The imager 1 includes a die

(CCDhsystams; ﬁ@gmlemenwy MetabOxiget %@mmnducton éCMCéS)lWSt%mé, or other
h
systeig HE IO AARERE RS ddhE ML RRSS pPHBRYY Bty ana ot

application§laCMO rage ged8orsTae allsagﬁ.nck’ly adeeomlmg Ne@epoaular because
transparent cover 40 over . the di

 they arRcPRESiehIP NAKG oW AfgwCtion ‘é?l%flsahﬁggu)"ﬁ'l%?t 9n§fsma" sizes. CMOS
| |magebgaﬁﬁsﬂ§ < grc?\h&’éttﬁé a'dVaﬁt‘é@gE%Jaﬁséhﬁe}/'ﬁ@eméﬁﬂ%%{ured using

rposer su strate |styp|ca
techndllogyesmd iequipimentr devedopetd) fer fahmrcatlmg wemchpfadswges» CMOS

luralit pads 24
imagq 3§55 alan L BP588 Sonspre are acsorginelyippakagedsdo protect
the déhlcafé Eorfipbhents wRll thiBoviae éxkafal S8cirigaksdritestaondi ng
al | -pads 24. The bal | pads
Flgure 1 is a schematic view of a conventional microelectronic imager 1 with a
conventional package. The imager 1 includes a die 10, an interposer substrate 20
attached to the die 10, and a housing 30 attached to the interposer substrate 20. The
housing 30 surrounds the periphery of the die 10 and has an opening 32. The imager 1
also includes a transparent cover 40 over the die 10.
The die 10 includes an image sensor 12 and a plurality of bond-pads 14
electrically coupled to the image sensor 12. The interposer substrate 20 is typically a

dielectric fixture having a plurality of bond-pads 22, a plurality of ball-pads 24, and
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24 are arranged in an array for surface nounting the
imager 1 to a board or nodul e of another device. The
whondopaeds 14 on the die 10 are electrically ceupUsmot/as7415

traces, 78 SEAEERS SRt b dh 220 Cor SRRl BpEPall¥ g The val-
pads RAeateonrapgdd indammdrayhforalrfaceadunting the inR@er1 fo a board or
ure 1_also has an optics unit includin

sho in Fi . ) a :
mOdUQJ%%\g’FQtﬂGD de'PSC_hB?P bendmadedidspRdhediedl %etﬁi?fitEP%b’oCOUP'ed to

the bl baLE PRI AREROLE:, D IR IHERY by e IRSHPRPBIpVdh electrical
pathwiays betieeen ther bamd-phde ddsartXherbgdigeatisi?4.h t he t hreads

S S SFoub 008 BRI o7 AR G s Ypoor 5
attacHe@Noetikl KELAIngTBO 'R £ BafreNB0 ddjRashI§ dtﬁacha,éttb,tfﬁ‘éléub?éfﬁ 50. The

relatively large footprints and occupy a significan
supparhdlneanfingude i iotarnalpticeads 52, ,ans ¢re paotel 68span Tinelude external

thread’82 ChpSbed Wi ie e 37, Thebbledihd alsbfindiikb8Gions 70 carred

by thelbargeligD.t ypi cal |y nuch |arger than the surface area of
the /5 die 10 and can be a limting factor in the .
daae groblem wathkpackAqing Fopveianal maiceaalectpitin dmagers is that they

have [AVCAF EGR oo TR, SRl GCRRpR & sffificet Bttt Bf efheH space (e

high profites}ie Thiedootpriet bf the imagerge Fsguvet hisstel $wrface area of the bottom

of the Rk RAeh SR 2T Bl el ioeP LR Yiabe area of the

die 1PaR@Hh ¥ é”lihﬂl@%fb%i@r ihQhe RRSIGAB D maiketdbfify of SIEMr&Gell phones
the wire bonds , for exanplé, in the imagér 1 shown

or PDAs Fhecausel these ievicasplasx eontinvellyxphinking t9ebgugroret portable.
orl 2 B DS S gt an

lower besfiiédl e to form wi re-bonds for the high-density,

ine-pitch arrays of sone hi ghperfornmance devices. )
Tataen pEobleRe vath pagkaging ¢onventiondle Migroelacionice imagers is the

g L obi i bve. an oo . _
manuRlctariea5ats 10 fetkadie o¥ipd 1 EoRIBG R YL hoRRCHRFoF xample, in
the in2iRENWINESOWN guiiFégurei § candrepsemphaxt andiat expensivé bacause it requires
... .packaged nicroel ectronigc, i er,_in accordance w,th th
individil Jyires betweiel pach seLob bandiiads sod Rlkbadialn rdiion. it may not
be fe&§iBRITES if6ih [Wird-bbHa$ rfef it HRghttensie), efrid-pitet dPrdy8Bal B8me high-
die in accordance with an enbodi nent of the invention.
performaneecdevizess ) Theeefaeh dherei is arigaificapt seed 4o iephance ithesfficiency,
. rati.ng. vari . ' f form ng an
reiabilfy, 46t Bn S e Bo Db R daorlE ders g a" " *"
m croel ectronic '
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross—sectionél view of a packaged hﬁicfoelectrohic_ imager in
accordance with the prior art.

Figure 2 is a side cross-sectional view schematically illustrating a microelectronic
imaging die in accordance with an embodiment of the invention.

Figures 3A-3J are schematic side cross-sectional views illustrating various stages

in a method of forming an electrically conductive interconnect through a microelectronic

[10829-8748-WO00/SL042350.002} -2- 9-Nov-04
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[ 10829- 8748- WO00/ SL042350. 002] -2- 9- Nov-04i nagi ng ai e
tor providing a oacKsiae array ot oan-paas in
W@ emoen tRoT e vvith an enbodi nent of the inventi oPCT/US2004/037415

ey e o il o SRR ¥ Sof A A BRbonfo S wn on

emboéinesitrofdieé invepdioduct i ve i nterconnect through a
m croel ectronic imagi ng die for providi ng a backsi de

drigekesoAndlr | atea ehemalisc idgagressrsagiionabipws illustrating various

odj f eqt. d;
sagof 0% FRahof{ o ThREh: BRcufelly SRy ricffifect troush -
microglectronie istagies die for pewviding af backsidengrrag of| lmlt—padsalid wnccordance

.., copductiyve . interconnect through a mcroelectronic
with ai”ﬁﬂ'tﬁ tg)chnpgf E&?\/‘P&?'ﬁtﬁ)"a backsi de array of
b bre@agﬁ drii 8B CAedsHenatd ﬁd@%&@@—%em'm ilRistrbfifg various

invention. Figure 6 is a schematic sid
stagesrios & seethpdnel fommgofanaale@trmﬂblgondwmeh mgeraonnect through a

mlcroclﬁﬁ Bﬁléelﬁa@iﬁ%ﬁ@ gﬁ?{ggﬁvvd\g@( \%'062&%3 dZW' ﬁ\y”q@)ajf 8&'1(5& Yn accordance
with aBbtHetldnibodimedPbf he iHGéAtorl. N accordance with an
enbodi nent of the invention. DETAI LED DESCRI PTI ON A.
(E)ﬁlﬂﬂﬁ QWSMeSGhsmaiw ﬁged¢f§§$'§§gﬁl@aﬂé§%‘ﬂlﬁe§” sspemly including a
d 0
mucro&l‘é‘&f{?gh. \3)6}@{: ?éjl,o ﬁfa‘e/fl Id@&gn@‘ uﬂ%hhgsalgg 4nd an optics
workpﬁe:rmhagnglaeqnluram@tl ofyoptarsdumits weaca:ttrdancmmkht aniembodiment of the
m croel ectronic i magers. One particul ar enbodi mnent of
inventig, i nvention is directed toward a microel ectronic
i magi ng die conprising a mcroel ectronic substrate, an
DETAIEPDERSERIPTIONI t, and an i mage sensor electrically
coupled to the integrated circuit. The inmaging die
further includes an electrical termnal (e.g.,
) electrically coupled to the integrated
WH&%HO\@H@ AhcRIKE HE rldésc%gé'r‘a 'é’rﬁbb&h%fﬂ@ H‘F‘frﬁfcroelectromc |
i nterconnect extendi ng through | east a portion of
image{rsle rrmjbsds efoe pachaglegdnnnroehetronmenmmectandomeamas for forming
i nterconne

clectrigafy Etaave lFicopBen i nnsasiecaficommeRgry c.one particular

embodipséritelof Pefd 1iAvétioreTBodiraetetl edwaree d nNﬁﬁbel@Btrbﬁlc imaging die
directed toward a nethod for manufacturing a

compmlago@mar@@ﬁmomﬁa@m%raéﬁ ean TiRtegiatedoairedh amfuam@nage sensor
electrﬁ%ﬁ%gra t5n fhe Oﬁ"t@é@féﬂ“cﬂcﬁﬂ’ps%ﬁ@t ﬁné@f{gcﬁﬁeafhr‘mer includes an

Clrcul an I nmage sensor

electrlcaumrﬁﬂnaIO(etgle bontlggidatedettdcaliyucdupléd taoriting irtegrated rmduut and an
ubstr

electrigaihuCaada yer hio o waied raraonnest 9xtEndiBo iBNgH atdepst a portion o
the substaber OnRnHss the'iftei€onnect contacts the bond-pad, and the other end of
the interconnect can contact a ball-pad on the backside of the die. |

Another particular embodiment of the invention is directed toward a method for

manufacturing a microelectronic imaging die. The method can include providing a

. microelectronic substrate having an integrated circuit and an image sensor electrically

coupled to the integrated circuit, forming a bond-pad on the substrate, and electrically
coupling the bond-pad to the integrated circuit. The method can further include forming
a passage through the die and the bond-pad, and constructing én'électrically conductive
through-wafer interconnect in at least a portion of the passage so that the interconnect

[10829-8748-WO00/SL042350.002] -3- 9-Nov-04
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a passage through the die and the bond-pad, and
constructing an electrically conductive through-wafer
WO pdoencsonect in at | east a portion of the pasBEmESEO4/037415

ha I nterconnect | 10829- 748 W00/ SLO42350.
contabig” ng \EotdShalnC At ImEESHHIRG (Gl BT STUEEgnRdc pbposiing an
electrizally b@n@@étﬁ/brﬂlll%ﬁférﬁﬁrﬁ@ﬁﬂféabtQg)oﬂibrﬁbﬁﬁbrp&@bbé!
v conductive fill material into at |east a portion of

tQee pakodimentata snetbed feneonstructing the dnteegonnect includes cleaning

e SR HFIN B T HOREF S AFCHEINS 6% Aot Eboron of e

passdgeﬂﬁfptepdepoéimltheaelaotrtclaPy! cohd%dtWerfdlsra?galeﬂlabaﬂome passage. The
, epositing the electrica onductive fi mat

d'e|eqtr|'ff 3"%@ ‘%3 Welnstiadegithe Z‘?ﬁg?" EOMALEENE it the c%ahsyate from the

electricaﬁy'lﬁ%ﬁﬂﬁﬁcﬁ\;@ nPAtBRAI Q?%@nﬁa%s'a el h?h%ulqﬁrt]ﬁ@d &ah' Rifther include

he” el ectrically con ive rratelal fil g the
depositirss ageondlictive naydradto ahleast shportionodfubtie phgsaget and depositing a

wetting e oveE at R48h a ot e Rindlgthas lavBF o be ' dlfctrigally conductive

fill ma@emrctahcme@betd@o@n@aiuﬁb ittve® phSeRye. The electrically
conductive fill material can then be deposited into

tManxaé@@@g@ defailsyofdpe gresentdevention are dassriped detaw with reference
to mldrgf\é%m ffecgg S GiHie8 bﬁL%{é’gtu% JvSIk?)'i%%G Gs tdered throughout this

mecro rkpleces erm m¢cC atur

discloﬁﬂl‘é(ﬁ)mm@s aabsﬂsmtést bpervgiitich drid/er ¢h seHicls umeroerled:tmiﬂs devices,
subﬁtrat es u ich and/or in which m ¢roel ectroni

microgeg¢nagical gey Sﬁe Rihistolrga RlpRents, pad/wits, %@@ponents and other
featur@kegf?er‘tfébrléaffé&i/ Wi €e @nesndcﬁ nAOSHDR WRHIEES can include

are fabricated. For exa such mcrofeature
semicandiplios cwafecsain(el gmclsulmrs@m gaihmmcamemm ewafe(s), glass substrates,

msula?tﬁcg ug{ggg{%%gérl?c# g{{'\ngﬁ{/s R?/S cefs é?bgﬁl’}%g f)f Set rfeaturé sizes in

microfdagrier wbpiecHrecdre deul. Q1§Jrﬁ&ﬁr less, Nb@tr thbedbikpieces can have larger
wor kpi eces can be 0.1 1 nm or less, but the wor kpi eces

submicgen ABY SUPEA-GUGOB (BALEIBN and supra-micron features.
lifd GRS BF éévé’rfal %@é@gﬁ'{ﬂeﬁtm% Ptidh ard @escnbed below with

_ Venti on are deserl oW W th erence
referem:e rtoahizedeloctranic imgger diessamch @tMercrmlecmMBcdevumscm order to

provic%fe :\:1/ gﬁ&gr%uig e %ﬁ%ﬁ%@ngé‘%‘” d 5 lta(?cﬁ] rg%g]gg hnlggrréétgﬁg degcrlblng well-
knowN'BtrLKRPEE oftbh UfssHEREe P WitRmRTSABLRGME d@viéés are not set forth in the

m croel ectronic devices are not set forth in the o
following Hesgrnipjicmeta avpidi unnecessaclydobsewrings ther degcriptioouof the various

t,he descgiption of the v r'ou emhodi
embofiferiSs -PEons bfobririg Kl f e ARV TSttt JPer8l. that the
invenfidiimdyhRavé \oeidri @boaimemy Gwlﬂi haditiendloglenmts onmvithout several of
additional elements or without several -of .the el enents

the elgmms shrve asd desedbest belawivith referencedfodigeresiZbr es

he iﬁ?fﬁﬂi&gérﬂ#ea Srg}‘érgﬁ% ﬂﬁberrenerafﬁf?dé?fﬁ@’gf&sat least generally
similaelekmwhiss Tbo ffacilitate ahe diseusislenusfsanyl mairtlauigr element, the most
signifnggllrrwtt IngliltI or d?glyl{ssngP ta’nyt Pe?err(ra?\%te number refer to the Figure in which that
element is first introduced. For example, element 210 is first introduced and discussed

with reference to Figure 2.
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significant digit or digits of any reference nunber
refer to the Figure in which that elenent is first
WO piosodserd. For exarrpl e, elenent 210 i's firstPCT/US2004/037415

[ :

I\ngm@ezesta sxﬂleccrbsagentprtal aﬂaeWVdfha ﬁhcmegém{r‘v)afoelmagmg die 200 for
use morg %ﬁ&%%@qtggn‘z%ﬁ%rdn raﬁ'gérd%agé (\jngth%%gpsgg\%%a}fgg&%fghe invention. In
this eﬁ#%ﬂﬁﬁéﬁﬂﬂ@ﬁi:&oé%ﬁ@ﬁlc'lﬁ\ ﬁ@&l@ﬂ?@)ﬁln\ﬁfuﬁﬁs%bstmtﬁ 310 having a

dinment of the inventio enbodi nent
first sigiec24dle laesrcondli sidé 2dgiapposite thro brsit sideu2iet, integrated rcircuitry (IC) 230

I Q havin irst side 241 d,.side 242
witinghe US4, 21p; pBb 4 e fensdh 18 Blkcadealy, Clipieq o the IC 230.
The uﬁbgé sénfom2 1 NicAn tHeea BMOSr dévice?dPa @OD faR chpRERgSREERSs or other
el ectri cal I% coupl ed to the IC 230. The inage

imagesdndbe visile spacliama loatherqnbedimants, themnpge seayt)ruﬂ%gan detect
sible spectrum 1In
radlatfi’.)'nclhtgt@(?rgo%fc‘?ﬁﬁfs' (el érﬁﬂ@%rrn:\m/eF S k)r 212 can detect
riddd aniagimgi dleoQberfusuhectmcluﬁe$ @ qplurahh? of ek!érnaingm)acts 220 for

The i magi ng die 200 further inclu luralit
 camying Slcigal Sk Eash Gasaleanistt ate fa-xATaRle, S fglude a bond-

pad 2 gﬁg Lsdd b4 Cgﬁkf @ﬁtelggtgcalf)péomé%r&@ﬂ-W?ﬁF ifl8rédnnect 226

222 and an el ectrica
electricallyl aouplmg the bqgtﬁrpadfzaz tonther balhpadt22426 The emqtfennehbbvtacts 220

' he band d 222 to th 4...Th .
showg 31 Bl 4 3al8rEnbBividk ah ariPveel Bl v385 224 Wit e footerint of
the inRigiNg dRe 200ar Thy til-fdd 2Radan2Bd ddhhébt@dttbeoﬂh@memerﬁbl devices

of the imging die 200. The ball-pads 224 can

such thghthe treging RAP degsdiat aeedan '@é%f Pesing Wﬁfraﬁ’@ be mstalled on
di e 200 does not need an interposing substrate
aCIrCLfI{TBgée@nst alled on a circuit board. One advant age of
lﬁmelgadlvhnta@hef/vaémg ihnd gl vafercinter2@bnecis €d26cta etettrigally couple

the bay Bads PA7 AR DRBaE ea i MataA IR N aRS adgPAJoUTounting the

imagifd8id 20@ t@% g%ﬁ'ﬁte |a7'%8|e|htérﬁb§érpélﬁf§ira¥él b%é@h‘élgm-&&e 200, which
imagi ng d has a significantly sma

has af @tgngfmantly asmaliﬁrofqokmlntr@m toifefile nthenpihee nterposer subsisate of the

convebﬂgngloﬂ%\ﬁgé ggmpg)lnl ﬂfl\-'(lgﬁﬁ% ag%éﬁ Ccéé} é‘gdﬁﬁ%nﬁ'b% foSﬁ)'?lng%ff R& packaged

imagefC CAtebrdgigly, thedmaghgy di@ 20e céaob@mebanmdllerrelectromc devices.
smal |l er el ectronic devices, Furthernore, the im

 Furtheymoregtheanaging dia 380 alsanelimingtasohaiing o wirg-hond fheSona-pads to-

exter%?r%gn it dst'l'?iésﬁﬁt l?%éf@il b&%‘l}s@c\kﬁe bl%b? téﬁd Ll‘z?%ﬁ'%’ék BRE WE ifficult to

reak and are
fabricatebon bighedemsityi afnayde nActordanghgitee rwlcumlebtmyilqlmagiag dle 200 with

m croel gctronic t hr ou
the thid B el Bloppscra s ansisyaonst indn dies bt feglire Wiré-bonas
NeaHE re?n%dlﬁre*ﬁt)ﬂ@%traiéa FnhﬁfgﬁF@QdtH’é‘v‘BFode%%M@tdf%Sqrﬁa@mg die 200
Figure 2, the processing of the imaging d
has been completed As described below, Figures 3A-5B illustrate various
embodiments of methods for forming electrically conductive through-wafer interconnects
in the imaging die 200. Although the following description illustrates forming one
interconnect, it will be appreciated that a plurality of ihterconnect_s are constructed

simultaneously through a plurality of imaging dies on a wafer.

[10829-8748-WO00/SL.042350.002) -5- 9-Nov-04
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has been conpleted. As described bel ow, Figures 3A-5B
illustrate various enbodi nents of nethods for formng
we@bk@en1isenl | y conductive through-wafer intercoPCiBUSE04/087415

tc!—n@crel‘c’r?)? i on %ﬁ%rﬁﬁql"ﬂ@i’ ngr?%xéﬂglﬁsf 8 #grig%ﬂbeéwd of forming the .

through-Wiafére intepcarieat e2bg hiat tite pimagg t dieoR00NtLr sedbr8aHGe with an
are constructed_ sinultanequsly through a plurality of
embodiRgitRf thedavention. whigsre 3A, more specifically, Is a schemiatic side cross-

sectlobipg%a/ gﬁemﬂt | Cg:?ﬁlsﬂéﬁﬁﬁ& &&%ﬂre v IrPfH\?\ép%AdalrgHﬁFsa first dielectric

'y 1T Tustr various stages In
layer 880 hsndapofletﬂ do rtheadirstheidé 1244 uofhtheasdrstiate @10pandcd sé@@‘nd dielectric

layer éﬁ%b%@prglmoglgggr tﬂig%ir%%ﬁlqr&gﬁclg%lg Sg@eg\xpct)&lgﬁé)f the second dielectric
layer SB?Cdvfe'r Qﬁé'bbnd'—ﬁacﬁZ?Q h§'?€ﬁ1'09e§'%ef&hﬁﬁﬁé?%b@%@'knﬁhﬁ\v‘brocess to

area 3A shown on |gure I's enbodi nen
eXposa therlmndalpad 22Pr i Aftey exppsinglthe bancapad 222, adlrsmoleuaﬁﬂt is formed

through % 634q-Beg' 85, THY 5L FoBibq FAE SR REREAY eRHLING center o

the b&rflpad 2w, tbmnn%thbh@nmﬂdnt@ Plechilst ihlé aﬁerca%be%@med using
t he bond- gad 222 is renoved by etching or another

other guitate pretbeds (2.6-.d3§¥3e t he bond- pad 222. After

TRABTIRP RN T ERITR A s (oLl ol e gy 8EPthe imaging

die 2GMmtoredvdrythet bomdvgad [B22cend &t thé firét hdle 3Gihdipade2dfibodiment the

first, sggﬁt)ﬂéoargipﬁrrg @gﬁgfjrlcslng%% @eﬁféhr 35% g?elegd)% ﬁpﬁ@%p}%?erial but these

| dlelecFFﬁ;f %Jéré‘gcdip\ﬂet St@r%rﬁzo%aucﬁ\/et 'Fhét@ngl'seine@Mércel'n@bﬁfments For

I's _applied over th elma? to cover the ‘
examwenm@acstzneleam layen 356G and rsQHEhQr enczfsosuhseaquﬁet dielectric layers

can of 3 Bk Epetalfie thdbical SRS neRidnbli R frkirg VD) material

such tabel%&aéﬂwwbrﬂicfsﬂtdalt@ (TEDS)s paylehe, silibor rmtondeommg); \si&hcon oxide
ials in other enbodi nents. For exang g the fir
(SIOz)ma@ﬁécmqh@r ISH%*P'GHBéte&ﬁ!ﬁ ofl hg faregoing figt af, '§ é‘hf“ate"a's is not

exhau@h@% eCthb CdléI@}SﬁchI(al%Ps 8602359 Sﬁsg%l)fl&ﬁg@n&ﬁw‘ %p%sed of the

r deposi t enper at teria
same anaiteeral’sa\as redcbr othes,i butcihiise poJdle) thap &wg| emmpore iof ithese layers are

compdisd abife sarme rhateus. Theidily bhagimate ofhgIYerd déstrived above
with ré“i%?@ﬁdea{os Flg‘éj ré9BAOa X BBUSE H¥Scribetebaio® Rith referbRYES subsequent
52 are not generally composed of the sane

flgureﬁﬂﬂér’lbﬁl@n&t@deach other, but it is possible that two

% L%EZ(}(?%TJ J]‘g}gp%%‘?&%lﬁ grggg-%%?g&gz?lcqi%\égsm? Ao Flgures 3A and

I on, one ayers

3B shidedng ithedrradging: dié 200riaf suby@qeeh'os@@sr@fodﬁﬁwri?gldhélﬂ\rough-wafer
or descr.i bed beI ow vvlth reference to subsequent. ‘

intercenrgfite S igHER ke fomexaraple. & a; qj:ul'n,eggat@cslgg cipeEs-sestional jview of the
|mag|r§3qgﬁ19\fl)m9§%ﬁ<a?ﬁéé'élbgcgﬁt# rt?\.’)leg?EZ ?8%1 %éﬁéns ucﬁg@(ﬁ%?& I'fﬁh@ﬂqr dielectric
layer 892.miTringe sdem)rtdwhoiagiﬁw\affermed by removing a portion of the third dielectric
layer 352 to open the first hole 360 and expose the bond-pad 222. The second hole
362 can be formed by etching or by other suitable methods known to those of skill in the
semiconductor processing art.

Figure 3C further illustrates cutting a passage or through-hole 361 through the

substrate 210. The through-hole 361 extends through the substrate 210 to the first hole

[10829-8748-W0O00/SL042350.002) -6- 9-Nov-04



20

25

30

I nterconnect. Figure 3C, for exanple, is a schematic
si de cross-sectional view of the imaging die 200 after
wa@2@enond’ hol e 362 has been forned through thePehiUszo4/037415

o60 i 5 b 2202 el RS R8T e 8 LB rrst e
360 rogzmnfdrhe éasrsaﬁehelm akendig eMiRgh tl’ﬂcse h{aﬂcya&e 200 in the

The second hol e 362 can be forned n
embogimenteiowguin BipHee aetTHi@dbrwgb\nhpleo%&wﬁy"e offorsmed usml a laser 363

* (showh ForReRAGRNT ] Bin Bt e die4do (rRirBitsdselfrld §H0%42 toward the
first sider 24¢h Inhe diffevent etnboditient e tds"eom ¢ant eoRbdivably cut from the .

ext ends through the substrat 210 to the first hole
first sideciAtotowvard g56rand 3894 Hobhe 'aﬁeréf?ﬁcﬁﬁmla%ébgn@d Wit respect to

2 0 hglie

e o222 2SRRI ACAL Ssyd Nl Wotelghe i oter

embodm«mtd; the Ihlnmu:glghobh’sm naglbleg‘odned ZIyOSunabiehetchmg processes if the
f g{‘q‘?e t shown in Figure 2. The through-hole 361 can

wa erb%np %sing a | aser 363 (shown schematically) to

CAftert fa;rrmjﬂtﬁéqurdughm f36¢mﬂ|§€b|é‘@rié?ﬁﬂ> sefeva dblated byproducts

_ toward first srd a different enbodi nent
(ie., sl&g)lamﬂer mmrcande@fﬁ;tdev@mrgd@@s fesyiinghFom ke lgpere cut. The

4
ivoucit A8 b e, AS5R0H S A EB3S" 1355 Abdiinent shoun
in Figaiea 3@, nméad:nogﬁ-rsentlorsalsmmm$|0mmhthmthrbagm‘ri‘ole 36 10ishess than the

e AR e S Ao P ok T Bt o mr 50
does F\?ﬂ ﬁﬁ)lnﬁé b8hInsPtHE lB‘(Shd Pﬁd tZQQOUN'hs Q%lﬁs%@éducmé slaﬁ of one material

to renove ed byproducts (i.e
in theafingt @oleaﬁﬁarthmugéstheaboedwprMQnd slegunfta dgfetrem.tnmtm*lal in the

* througRle o1 nkolfarl W RBRRRCR TG AR RRalie S o € cleaning

proce§Qchéﬁﬁstﬁ[ t@ﬁéleéﬁcthe@l‘éd frérEHesihedugH- hblé%@hﬁ/@ﬂh@bt havifg to use a -
61 is |l ess than the cross-sectional dinension of the

seconldu ¢leaning|psoss forcleanrasidue am thedirsthale 360t Forexagple, cleaning
agentg\?ﬁ?tg&?ﬁof‘%ﬁaél(@fenﬂgtaﬁ‘%?'tﬁbsBoﬁ&‘?g %mp%%%]pdw'c?ean slag from

producing sla one na
the thraigh-Béle 361 oOgb duch dtemdng)ageﬁeﬁla&ndclede@%ﬂetzﬁmethylammomum

di fferen terial in the.t h-h 61 th h t
hydroZides  LIMAHSS ooropmleger <alyehle Tar | SIONNG; tJgFer o Bkt g byproducts.
Altern@ﬁ@&l?sﬁ‘f %BﬁH?nSthBérté?nBécﬁﬁiénw%é krﬁ%uéﬁ%lé g1 |s not cleaned after

hrotagh- hol e 361 wi t hout havi ng to use a second
formatlDBanl ng process to cl ean resi due fromthe first hole

RS KR 0, BB AgBSRL hh 35038 pBlied 4 i imaging ae

200 télaageégt%wdaemé higawgdit Beltie aﬁbu?hiaaﬁe 364 hnqh@asutiwate 210. The
i ncl ude 6%t etranet hyl ammoni um hydr oxi d

fourth( kR %wyaf@qeagmappm Ueio Y PYDerALdbiosiaihor depositon
procoB48C S 61 RRARSr) LR B8R BASPHE e, 353 appied 0t
entire imaging die 200 so that it covers the exposed portions of the substrate 210, the
bond-pad 222, and the third dielectric layer 352. The fourth dielectric layer 353 can be
a low temperature CVD oxide, but in other embodiments the fourth dielectric layer 353
can be other suitable dielectric materials. The fourth dlelectnc layer 353 electrically
insulates the components of the substrate 210 from an interconnect that is subsequently

formed in the passage 374 as described in greater detail below.
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formation. Referring to Figure 3D, a fourth dielectric
| ayer 353 is applied to the inaeging die 200 to at
wo emsphisover the sidewall of the through-hol e BBLUSW04/037415

Affer> ABBiTE, Bnef 10yl iploBiticyPagth POt &, sl BEbpE R SV 354 s
depogitedcarsto cthe ulnagtdged lel 2(105t rrﬁtr%dlllesst‘mléd repbodibent Othétfhst conductive

electrlcla er is applied to e entire img
layer %56 S@YErSothen urm d&d%trlg leher @Qﬁos&g pgﬁstlwusﬂvee Hayer 354 is

dx h
gener3ifpRa (k) Adfer, SEMDARTADTH Tifer, T, oBiteh! bfibodimonts the first
conducdive hayer 3Bhcar ieecanposedvDlaNi 8¢, Wit Ta,nTipAheCu, Ag, Au, Ni, Co
andiof 4iRe" ShReSls! BB AlS ohaie 1S bbbs & YRl IR e Bt " When the first

condutiob ¢4y b4l i8XempoaddIfaGN! it eah Ibe forhied akrg TiCETIN and an atomic
conmponents of the substrate 210 from an interconnect

layer degositions(Addqoewheicalr vanpri deporitighdENEY Bpseas As explained

- belows FREAEE Condly JHE ey, 384 BrgyBRs %' material, for,plpting another layer of

metal&m@d) vhlysdlécted ansahotiihel eafer (a.gl, ay e ﬁBﬁ@Jgf&hbler 361).
conductive |l ayer 354 is osited onto the img |n%
- Aeferming pexd toiRigre 3k, e‘d’ﬂé‘h‘ﬁﬁoaﬁ therdirst QCHE’UPF'Y%{E‘YGF 354 afe removed

I’}%H‘z%) t
from ']‘F'a er ggﬁ A@y&? P?@é con ugtdlf\lgge llrgﬁghﬁstgﬁqlo?cgféfngrr\%ﬂernbodlment
such aortmnal ofl theefirst sondudsleda'yren\Bﬁﬁme rebavedrfrantbese surfaces by a

smtabi%rgggglggné?oot?gﬁ' fﬁ'}a{:@\,@ cond I%It 'e}/cia“l a&ép%ﬁ' 9\ AR t,\}ﬁat &eferentlally
removaydfrizite @41 gt a %k_?ﬁé}bét%h n@t@ oM hokiBENI sarfhbes andf surfaces having
skill in the a When the first conductive | ayer 354

horlzqr%alcmm@@rewtéfrelﬁtwe tpithelirasdion if tbe elehany- TinCoie esmepdiments,
differdff FP%Q%%I o f%@@%ﬁé@i@%&@w%@fﬁ@? ve I&%ﬁ'é tica Hittions of the first

Condlfdtlfléﬂayelflﬁfhﬂcio thalt Itla@feert?anp@mloms @€ thefi llrmbenaliad:tlvbgayer 354 on the
at | yer o net al,, ont o, on sel ecte
s'dewah%gsth%rhﬁ 2 38R e0d'38. Emain en the WATkBIEGR- hol o 361 ) .

%H‘ﬁ HeﬁecétH?Qre%' BRI IS, I |6¢§8§th%fthir8%uélb&§k Iiayer 352 and

' uct aye ar e reane romthe horizonta
fourthadielledtrwgemen 353 phdosigontal ahd diagayiahgudaees2oithel firsioside 241 of the
ons. of th

sS85 8t SUPOBEL T8 SePlor BE b, L PG e 353 on e

secon@Uisicdtd| 21 22 1f hined sDbSEEERS 219U sdmamsaondihe Giriging die 200 in this
‘spacer etch" that preferentially renoves nateri al

embodmmrgthein enegnhemipdimendmthe thigh diclectso layere 353 And fourth dielectric
layer %grec | onlﬂbﬁ{b@e fﬁcﬁ% (szlo?l 1l ?He(%é[% %lﬁﬁfath@sto? thdfmaging die

er e
200 byi &faitable jetenimy pescess) suehused Hy ettheot ispater etmoge described
non-vertical portions of the first conductive |ayer -
above354 so that the vertical portions of the first

3 h 1d WFPrigdhe BH3§Ase%Bn8 'E%nahaﬁ)@?lhyér 885 H"Spfﬂ%ldel% tA8%emaining

in on the workpi ece erring next to
portioRs gcofr the Q%tamdiatlvgdayeloﬁé%m thee hotesr aea| anhdci6l.c The second

condulc%g rlay;’e5rz3§§]gan act as a wetting agent to facilitate depositing metals into the
passage 374. The second conductive layer 355 can be Ni that'is deposited onto a first
conductive layer 354 composed of TiN in an electroless plating operation. When the
TiN is activated by an HF:Pd wet dip, it provides nucleation for the Ni during the plating

process. The plating process may also be performed using an activationless Ni

[10829-8748-WO00/5L042350.002] -8- 9-Nov-04
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fourth dielectric layer 353 on horizontal and di agonal
surfaces of the first side 241 of the imging die 200
wae@enenspved. The portion of the fourth diel ece@i/TS2004/037415
| aver 353 on th cond e 2 f the supstrate 21 .
cnemisTYe IS TAGERS ToRatoComENbog o (i SRR Rate dcesion and
electri@aepﬁsﬁwﬂémtndubewcmdn@ndl 18l RAEF bmdoauﬁént§5ﬂ1eaa5%sage 374 can
fourth dielectric |ayer 353 can be renoved fromt

be coatad wishtG, Alhdrdthgosiitable matesals (N’Slﬁgﬁ@thleﬁﬁ@ﬁthgd%il Qé’ one or more

dry etch
of the3iSh i Bp il MRt vt BB 4 SRR malti o {07 i g e
?&éfemn:gemndt@@\’giuetf{sly@ toyductivb Hill materidli 358 tsadéb@sned into the
remai ni ngpportl ons of the first conductive |ayer

Passgge ¢fk tadres ateintersanaeat 37 rRatendinghthredal e |'Wég|”@yé'ﬁ' 200. In
one a§ acfH .tﬁgterﬁﬁo?‘in'Y@{tt{H?ag ﬁgﬁé‘tbnépggg%éd fﬁﬁts%lder copper, or other

positing netals into t e passag . e seco
electricalyl woiniduetivVeayeateB8IS. ¢ Maribas Nirotesdesi sanidq@osnstaédoodemnsn the fill

mater%l%&f t tégged Hﬁcgg%\éﬁﬁl%:r 3%§ﬁcg%8aed ftﬂ-g\l Ignaterlal 358 can be
depos?t‘éﬁ' Y\ﬁi ftk Pussuye BTy u\éﬂg g gdlddrt wave pré@sssh Uﬁ\' Sthletr @Mnbodiments,

for the Ni dur| ng the plating process. The plating
the fllbrr@(t@rs% Jbdycan be depopited bvreé@pttsmlai@gaﬁtmlmgatnlaﬁmgspre-formed

sphergI 418%3? Iﬁﬁn"tﬁ \r%g%%é&ﬁ g%{l%?q r&)r? |w{act|n|gr]a flowable

materiél Ihl_wtoahe @@be‘ﬁg{mw-h e A‘ltéh@ively, &ﬂdtllbﬁuetthbr enﬂdod[mems[ theeflll material
358 CHRDSLURPEHEd aG 1D RESSPER ARSI O] Mehods Bpwn to those of skil

in the%ﬂ_tabl e materials using other nmethods, or one or nore
the first and second conductive Iayers 354, 355 may -
FRefening aubxt aoREfgwei&g ae&ap t3bGicgor beSfD,rrr@d at one end of the

ntercRBECL 2 506} HepBBhTaRh o RelsRnlSB8Shi el BiGdsTara. The cap
359 éleciically t beuplagoineg istefcotPect | 37 ONRitRSHRC thodid- ;séu 222. In one
enbodi nent, the fill nmaterial 358 can be sol de

embodm@etr the)cap3p9r can betNi elarirgplatasioeiol the Inﬁﬁr@i@nraﬁ% 377. In other
embo#@ﬁér%s g@? 33? %afta&: Q%éiﬁﬁg a@%&ggﬁaﬂr%tﬁ%}ﬁ%&?r,al {Alternatlvely,

he” passa

the cdp1859 ichh beaa gorrtidn Gﬁt&edalrmb&n’aﬂ)ltdeltztmlthed:aprﬁﬁﬁ tdrebe omitted. In
374 using,a sol der wave

anoth B Bsas el als ATHRSHIMETT. s URPEPaIbBE0 itaRneiQdBe dutgragnect 377

t I
at theeéféb(rf é 24 f %E%lfﬁlskﬁatfaﬁgg é@?rg\gdg 732{ %t%ﬁ{rﬁg%tgmgctlon to other

electrohle dmi&ase)n tlne bagkside ofghe imbgingtdie 208t eri al into t he

ass 374. Alternalvel St.i | th
IRES et i< reditia Y Hegitote oo byl e thrmyan-hole 361,
anothePfeatliReoftas ertBodiments H8scribiddesbavet Witk sefePsnie tchlgures 3A-3J is
those of skill /5 in the art. Referring next to Figur

that thyy pagsaap 3d4oexends throughwtbe antisn imagidgotie 2. One advantage of
this fé%tgl?é ﬁ?gﬁ\?ﬁtlt kel h‘f‘%y%@gﬁé tgﬁg ehalferi o' bieTRt §hd Al than would

e passage
otherwise be the case if the passage were "bllnd“ (i.e., a passage that extends only

partially through the workpiece). For example, in certain applications where the
passage 374 has an aspect ratio of 25-30:1 or greater, a blind passage is difficult to fill
with metallic materials using known physical vapor deposition (PVD), ALD, or plating
processes. The passage 374 mitigates this problem because the open through-hole is
not subject to "pinch-off," voids or other phenomena of filling blind holes.
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359 electrically couples the interconnect 377 with the
bond- pad 222. I n one enbodi nent, the cap 359 can be Ni
web®enispt at ed onto the |nterconnect 377 In ol’(tTHUSm04/037415
[ { a 9 1895

Oﬁ@%s%‘?\e% t"m%x%?egr na@?%e cap (g can g{n%ugh-wafer
intercormddtan af inEyidg Idie ra@0ein alccd)ﬂd%ﬁbé witht édﬁh@raanib’i)‘&hment of the
) can hﬁ'é)mtted I n anot her aspect of this enbodi nent,
Inventipny o injtiall stage ¢fsthis methed is At Ikast geperYinERtlanto the steps

| descri%dtarb%vs%@m%@&%@é@m@h&ta 3HA %A ng th emwvemé*@vorkp.ece

an external connection to er elec devi ces on
configuretidraitikstrateddh Rigarei 3)4&9 iTihg slibseg0ent ﬁages @tﬂdhlSmethbd however,

differ iah JBRoR oTescibed” BBV il Falsieh 95 e ab i, ot third

dlelecﬂ'ﬁﬁﬁye‘?eig AGOYBpMEd lbveE it aaeBné Odiblcdtic faydi 41 ibefore cutting a
t hat 't he passage 374 extends through the éntire

througm’aghen@‘dtmogglm theosubsteaterd 18y e Taerefores reéfering frst to Figure 4A, the

throu%ﬂﬁ%kiéhi$vﬁr§ge%€g§$@? g%ee gﬁb?ﬁet&%@ g@gagpagylhbl ‘ﬂh?d“ dielectric

layer over the'sddone. dle%cﬁRSI%9€|S45hatFo¢>€a€sed$f r@f‘érﬁn@e metpaislslage formed
t hrough t he wor kpi ece in cer

by thesfhsoughrhPlAS hABHE sk holeASK thrval e bandReREia? iedefesred to as
avia ?’rf ?%srsaﬁg 437453éxt 8@‘3%:@ hgrﬂe Wﬂapﬁ‘rg%ae%dos 'ﬂ‘\ef erGl]%ﬁ -hbR 461 can

rreta |c mat ef1 al s "us nown
be formegubusiog @daser 463 (PN sokleMatmallp), #tching, mranbelsaﬂtabTm processes

374 mtigates this probl em because the open
as de?ﬁﬁ’&?ﬁ’g&%& e is not subject to "pinch-off," voids or

PDenpiRites additibhal 919% bﬂthu@meﬂﬁod that are generally similar to
[1 829- 8748- WD00/ SL042350 -9- 9- Nov- 04hi gur es

the stgps sesaribgdt abave witagweienence tﬁeFlgéae &D.f dnna fgrther aspect of this
embo@al gnowgv&r f'aht@]; 8Ie%ﬂfﬁ:§etﬁe tﬁ@uﬁ@ l{cﬂ@gfbtl]ga ql’n?d a%?eétﬁc Iayer 453 is

ccordance W’ ano enbo theé i nventi

depos"ﬁbd omottln@hmsglagei:efzomo&dvet trdsidewall dfelaéthrgegmhailé 3161 within
lar to the steps descri b&d above with reference t

the subsiaie 230, IMIACHEs the JHKLOIRICHHD [&Yor HOS @RGSR Govers the bond-
pad ZQQVQHCQM@Beﬁéhd 'dtél%étgé‘tl '451Flngg|6§ @ﬁ‘t he éﬁ%é@&%ﬁlon of the

stages of this net owever, rom
substr@&@ﬂommeatb'mmsghmmmt@f erence to Figures SB 3F in

At ot i, P Bt Rl 4 af T CandUile Fer 454 s

deposited BHIHthe ifady dier2oaghintthe ikudifdtedetnbddiment @nheffidsteconductive
referring first to Figure 4A the through- hol'e 461 is

layer #54neaversitbagentiradhidadiclestris Byer fis3hodts papiaigdaabove, the first
condultcg{)//ée ﬁla)%ﬁ)lff t!’:‘%hcbe %y?ﬁ\* Pa&%% Bﬁeth%eﬁr‘sﬂ %ogggét%éfaiygf #953 can be a

or ease o ‘erence . [
differdmy mdterialhr ough- hol e 461 and a first hole 460t hrough

t ebond 2 is referred to a ssa S

T ¢TaTe Rt tﬁﬁ?FtZ'SFHFSu‘b(I['] q ﬁgrqu, thasﬁgsaté:og@gc{lvéi %yer %4 is removed
from tﬁBrW%hfé?la‘?\d‘l&égéﬁél ffrdcRs 'ﬁ‘ihé‘%ﬁg 4idSRJo. 4ﬁ5ﬁe first conductive

hown schemati c , etching, tRer suitab
layer ﬁﬁécmé@ a@ndm#rmdhab@\wﬁaces by a spacer etch or other process
described above with respect to Figure 3E. Referring to Figure 4D, the portions of the
third dielectric layer 453 on the upper horizontal and diagonal surfaces of the imaging
die 200 are then removed to leave portions of the third dielectric layer 453 in the
passageway 474 and on the second side 242 of the substrate 210. The portions of the

third dielectric layer 453 on the upper horizontal and diagonal surfaces of the imaging

[10829-8748-WO00/5L.042350.002) -10- 9-Nov-04
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Figure 4B illustrates additional stages of this nethod
that are generally simlar to the steps described
wabweoiwpt h reference to Figure 3D. In a furtheeT/ESPEO037415

ale Z‘{?‘L?%'ﬂ.g rgﬂf%%h@nénmﬁg é’%&e&ei'{rigg p%'cs glﬁpgtché tng third dielectric

layer 48P eRotldhbetErmindied befge RicHing thB0gh the s¥&dind dielectric layer 451.
: sidewal | of the through-hole 461 W|th|n the substrate

Referning te higure 4E. arrecepd mnauem\&tarypb4f5§yseth&t5@eposned onto the
I S 0
first c@ﬁd\?&t@r&erl?é %’g&{e r T&l\gesek?:gﬂg %dﬁ@@vflé%hg%gﬁsﬂé a wetting agent to
facilitaterfillirm thod gdseagelbts?w wttb éZbOnducti\leemd”lemJghThelacéﬁdi conductive
ielectric

layer 455 Gapi1e, Bendialy Sy 6 the S66Pnd eonHuLNe EYPHAGE dgsgriped above

- with r@Q&ect'tB Iilg@ré ShuskéRAy REROE FTBUFe 4Fh§ il r:ngferlal 458 is deposited

conducti ve | ayer 454 covers the entire
into tht pagssageway a4 ito £o8strust aeﬂpbu@mwf@bmwcomm@tfﬂr?sm a procedure

goner SRSl Y8 1 oot BB Bf el Filtds Do

Raferesi 5 anebB liusiratsagdsin @ metiddosf formirteaf iitetconnect in an
conductive layer 454 is renoved fromthe haorizontal

imaging diei? 0y ascardanea wih anoffies erkedimgniipEihegoventipn. Referring first
to Fuggté ?JA RO RHG a{ia\ﬂeo% ﬁb(sefer}e‘{ﬁéh €an af feA8Y gggé%ggcrl Ea;fgto the steps

ates by d spacer or ot process
describledvabomet \hltln eeﬂaaeeruca to Figgre 8A3 EHoWeﬁ/er rafteg a sedorgldielectric layer

551 is/elehesh o PRhoTs Bertend-ae 2aregbra it eihe Tine hgRobad 222
|REYaiiiy Hekt %Qq:l?ﬁl% ey rtﬁl@@l fchdie 5%\6%np9étﬂoﬁ’ﬂéd othrough the
t he th|rd di el ectric éer 453 in the passageway 4

substraitel 299 aneé the asmg- rsacbl82 42Tbe thrasigbdhele o can e fnfened using a

s BES AR Sook BN e i B BRABSHEC e e tser

563 id US> ﬁ)?#ﬁth‘é(m%@tQH@aEBEWQZ]rst type of sﬂ’ag\lﬂan @éat thezportion of the
can De reno % anoi ner spacer etﬁ . ne spacer
sidewall dﬂ tBP‘ Q%tﬂafﬁ Ogarg @c?@‘FQf‘q BSP@rO §@gsﬁ%|('@abéhe portion of the

t .
mdewéﬂ ctr| X pg{;%’??dgﬁs‘:gﬁc%g terfié ng v Fs%ﬁé?gféd%eamng steps to clean

the thsmggimboleob@ilic tin \genlesa)ethe45lﬁanmgt agentd esedi tbecleamttioe threugh-hole

fir conductive | a The, sec nduc '
561 ”P%)S/BP 'H%eﬁ‘h tB%SeaC é’bagn‘?o 9@?‘95&% ?"h?%""se degrade the
metalfdf lthé Hnk d3222%@Qhé%téﬁél%fﬁhé@u@éﬁbté’ 21ﬂatﬁﬁfér€the through-hole
he second conductive | ayer 455 can be genera

|
561 hgs raelesr swtabdmélegaedntmeclmﬂum dige20@ycan Lawrm@déit@@al packaging

tops 13t 58 AR SEBERUTD A o ool B iR RBID g geronce t

Figure3a36 &Byeteagoréirdct @ trongh+wafer intéroommigdt-asdflestrated in Flgure 3J.
i_nterconnect 477 in a procedure f(_:;ﬂi(e}neral I ?_4 simlar

tihig enbodiments desstikediabave withrefarenee ta-Figyr %%3ét5%ﬁCIUde three
methdo% i%? FnSiRg AR, tHrbtlE@ﬁ hdle’ iRt ARESE 'afhr% W@kﬁ@@e?fthat extend

m ng an~i nterconnect an 1 nmagl ng
througstcbomd:l-@ade and{dr amsotiated sulistritesnin othet enbiodireentispather methods
can bg %fsg(ri rt(') I?grrrf1 iafma}or fill such through-holes. Accordingly, the present invention is
not limited to the particular methods for forming and/or filling the- through-holes
described above, but it also includes alternative methods for pr.d'v'id”ing an ‘electrically
conductive material in a through-hole to form an array of ball-pads on the backside of

the imager die.
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to Figure 5A, the first part of this nethod can be at
| east generally simlar to the steps described above
WwWOoRMmbI0T1I89%Er ence to Fi gure 3A. However, after 6P(SEUS]!0014/037415

c. s NN TR, D P

FEeglmr bnig aeschenhmatici gross-seltiomalt héwugﬁahohﬁeﬁﬁﬁlycwt) thecluding a

' Fred throu h the substrate 210 and the baqond-pad 222.
pluralmh@

i iIMBgerspoY thatRartyingdldeyan imaeing digs200 and an
optics( %PWOS C?ﬁ@'aés's‘éﬁ'wl)}’ hOO%EIgggg 'a ﬂ'ﬁcreglé%iroﬁor W%}& workpiece 602

processes € | aser is use
having lar fitsjhsutistrate @D4, andfa pduratitypef uﬁaghggdlearﬂﬂfbmrmdﬁbon the first

subst25% B The. il Baina db BoniciEbe ftismefy sidlafto the maging
die 260 de¥eited Bbé\h? wiBndspast 2Rig uPé 25 lHR@ refetrerﬁ@é’ nhﬁiﬁ%ri \é@cordmgly

separ at e cl eani n% steps to cI ean the through-hole
[

refer to like empergnts im gweaﬂu anfl 6gdiesassasably $00) 2lse Imcrh'édes an optics
workpiv%;b;1 e gﬂgﬂ&' |ﬁcg?l‘s 'Eage& dI éﬁBsttr%Qje §%4té}gizg tqilgl% msyts ailr b@fcs units 640

not ack or o herw se” degra

on thé Bectrh@dupsilate2@3qr Indieidoak epticlnitd 6uDecaaueiudet an 2pfic member
After the throu h- hol e :?_61 has been suj t abl %écl eaned

650 opribe; $REINGSHRE e $an bR RAtigomeaReri Rrthra BRHgP feess andior
filters ﬁBéuihgtanerfﬁteﬁh 'tﬁé1 igfSEpadiNg ﬁirﬂhyﬁ&hé Bcpfi&oéﬁﬁt 640.
escri above re erenceto Figures 3CG-3J to ' :
cldves essembly 6600ﬁu@hemm<ﬂudemtaepbmam¢mf standtdfiss 66at eamfigured to -

positiqrlinghdlial qblic shilS 2B AR ESBeR TREM IR LRRGE RetisoB 212, Suitable

stand-fdﬂféfﬁrégjlﬁl'@%élf inf)19. l%eﬁtmmﬁhtldwi\ﬁﬁ 101728, 36 D {RérkiseCoie Docket
i eces that extend throug Eads and/or

No. 1958857%6@80%@@&@% Pa¢Kag@thcr@ Aignirsagetsnapd Methods of
wack i oR B3 PN . o0l s eororates
by refé@g/cblmafrefﬂfl Thee trilj]moeﬁbtronnllmag&m g@@sa_ﬁ gredésslr)emMgd I;l))y seating the
a i ng . the throu s descri ove, - but ,
standy Sagé% ?Ché*‘ éW'E?n‘éﬂﬁsvégbre?rﬁo%mfr@?eﬁbr%lglnﬁgnﬂ'tanthe Image
Senso QQQT'lﬁ%ﬂé’eﬁﬁ?gﬁqtvﬁé@bﬁﬂlﬁs 66& éQéé’c\éGrbé?ﬂﬂgesihﬁulating the

orman array o pads on the SI de of
individuahiyeagersei9( sudstrat alt 08 thaonivreelesra6ic ioeRers ae assembled at the

water joyly B ot M BT ARG %ot s\BRRERR. 04 ehd BSP48R B g out along

lines ApeNy ﬁpaﬁtéteaﬁaﬁlﬂﬂa‘i’nﬁ@ébl‘sfﬂglotf?brﬁgaa%hﬂiméra' ity -of
m croel ectronic i magers 690 that each include an

iOre pdyarfrge addhe agsembbpeeQ@ of trmrpemommw%éﬁﬁwllustrated in

Figurqqgss {rﬂé@tﬁ‘?l rs l@?f@f@ké@ﬁ@ ang ‘?{altj)\r’lé;% tyr‘égt‘;/ St Hicroelectronic

imageirsrbg beg‘aﬂneasteél(ﬁl the weddr lzvel bsing lsemccsmdmita)ratabnﬁﬁﬂon techniques.

The i ndi vi na S 0 ca be ener
Becaulr e dP g Herer R IR 286 AiSdte e A% 6 belises 224 on the
backsfo%scﬁ’fetﬁb utn‘é Iﬂggdﬁé§ 280, |t '|5§<ﬁotr rﬁfo@sgﬁﬁﬁto%‘lf@%bﬁd the bond -pads 222 on

accor di ngl y refer to |like components in Figures 2 and
the frant sitee ohtraewiafer tewdanr@bdewcemda§eabprtqapads 222 can accordmgly be
covered at the wafer level. This enables the process of (a) fabricating a plurality of
imaging dies 200 at the wafer level on one substrate, (b) fabricating a plurality of optics
units 640 at the wafer level on another substrate, and (c) assembling a plurality of optic
units 640 with a corresponding plurality of imaging dies 200 at the wafer level using

automated equipment. Therefore, the microelectronic imagers 690 with through-wafer
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wor kpi ece 630 that includes a second substrate 634 and
a plurality of optics units 640 on the second
waabebriad’e 634. I ndividual optic units 640 carPdmu$0ee037415

ey 8 e 30 ke iSRG EMY,HrBb e, g anc

~ accurh@f uSpackagiry ﬁilérbérelcﬂGnkhmagéﬁb ation passing through

the optics unit 640. The assenbly 600 further includes
ﬁrmtnehadwntages@fam asgembly BQDb pf injorastestionie énagers 690 is the

avilty (FXET: PVt gtfete Tt Voeals BT ol bt Bibe. PoA, or

other t(y:ﬁgeLbe‘de\Alf(tm eBéca\ma h;ggMagarsI\ﬁeo diﬁ/n?ﬁ&le@gr’:b avatiposer substrate to
. ie Do t No. 1 74 0 itle Packa

provide, eXGEIAL e Rl Gaiags dn AR R dous MARG AlaEonnects 226, the

footprint Cdf%'eeﬁﬁégé?!; %dmgﬁrtgey thd 'shﬁﬂa a8 thay erike o@@ 208Pf3tead of the

i's 1 ncorporated reference herein.
mterpm;efr &db&irateon'fhﬁ areayoceused bzyatth\eblmmerﬁﬂ%ls mcordmgly less than

seating the stand-off so,th h i ¢S _uni.t . .
convedighal mbders; bRBRUK, e Bt OF nd MicRBRESmHAS ies 200 is
sugnmbanmnerrﬁmbﬁdhmmﬁat bhthes inddripoSéil substeatar eFﬁﬂﬁém(ibre because the

bef ore singul ating the individual inmagers

dies 3QMhproyide & b@‘H@'qﬁ eFgy| Achalbpads 2%9‘8?’% cap @%§§@%ﬁé&r90t|y to a
f

o 5,9yl BB i BSOS g g o

associated apthr mbaniimglthea diedb th\emgenp@séemtbstmtemebhminmw This results

i oro SSRGS, R B " ©

LAY 4@ Htadd I WPABARNER | eé’@areé@éﬂa@l B’ tHaQ'théMni%f'oelectromc :

m croel ectroniT imagers to b brlcat at the wafer
Imagare@@D carn he tS%tﬁﬂdtﬂfﬂ dbe backsideiaf dbe shies 200t dhe wafer level before

e 5T Gl LR S Bl T WSEEBEL 7R BETHR B B o e

dies 2@]08&) 220 thé individoait mivee€lesRoictimagers 600skcabge the through-wafer
bond- pads 222 on the front side of the wafer to

mtem@m%ﬁﬁaa26d@mv@@sbaq&ﬁéd%émtrpf@as;ogt?@t%aﬁog@tdwwneegatuﬁ@ the test
probecgﬁ§é§éjsf %Enfé?: W e | \6% de | Bf ??@%@g@? \X/Qﬁ(g?c%ogéﬁ it will not

rlca Ing a p ura |ty 0]
damagé¢hevirhage sensdrs @120 thee opiicst mmtse64(f( or dsabciated cnnglmy on the front

of thelitReleckonic: Piresrs M. yoiecudsherig®E offes GPBe il obstruct the

|mage0§’ér‘|s§‘or£3'"E1t25dﬁi‘|’+%0§'I Bé%kﬁld%%eéﬁ%ﬂﬂm iaewBtHE bkt proBE to test a larger
‘ i ng dies at the wafer I|evel using.automated

numbelqmg giesrat oreHime fcompared ¢ pranesees hatdastimaging diesgogm the front

side. M%Q%ﬁrlgﬁﬁogefeﬁ%%@? gaﬁz %ﬁ c@%%&k?@%i@@e ﬁ% mlcflc?electromc

imagess mof acthe Wafernleasic@.et hisefohe singiafationyidamde ue@tc«yach‘ imager 690
from g’re tfagl ng .mcroel ectroni c i magers. Angt her advantag
ro

et sxde | {hesdror0R: ot MPEi B 'ﬁnﬁ@éﬁ@a@%‘% do test the

, mlcroélgﬁtréﬁl'cl g-%\éengG?ﬁ Eﬁ%‘?\vﬁ[}ﬁﬁﬁeﬁﬁbvh%% gf:)ezlrfdr\ﬁa%élhﬁ]ﬁge sensors 212 -

occupy I'n a ce
and/ot gpm:sxﬂmtmm&wﬂl tﬁ&ﬁdEJdarnaged IdlnggItSStB'@J do not require
Eﬂpetl th ersaeévanl’fla?gset ro%t wafer-level processing is that the microelectronic
imagers 690 can be singulated after assembling the optics units 640 to the dies 200.
The attached optics units 640 protect the imager sensors 212 oﬁ‘th’e front side of the

dies 200 from particles generated during the singulation process. Thus, the likelihood
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provi de external electrical contacts in light of the
t hr ough-waf er interconnects 226, the footprint of the
WO mgeris9690 can be the sanme as that of the dimcr20€2004/037415

that tlkgﬁ'{‘l%@j %@c&{é?@t efragé)osci%tsﬁ gq?rﬁg{tsltfréggg ﬁ'ﬂﬁLgi%eoo%ﬁHgi(F gs 200 will

be da rdurmgdinguBBeH and eubssquem dahamgls signiitattiiereduced.
ividual inmaging dies 200 is /0 significantly

sﬁfam éhetfﬁmqm@t ovilk pe ?HP@%@@rthéhtﬁ’@ﬁﬁ'lceembOd'mentS of the
t k
A mvenéﬂigﬂﬁ%ntgTﬁﬁ%gﬁﬁégzﬁgﬁ% f8§g%ﬂ%gﬁ%oégﬁgﬁﬁgmﬁgcﬁ*ﬁQPatvanous
modlfmatmnisj heaywbeé hmde wnhomttcmwnmgfrsmu&tarmrﬁ and]sacqpeotbﬂ fhe invention.
is |lower .and t COSstsS associ

For exATIRR, NTIoWeaBRects 91 eAY Of Ao HBeand amaediEadis, fen be combined in

differefiti SBhadondhi ?\c&&gimdl? {He GiveRtieh NAEUARR. kAR as by the
packagi ng costs, an I magers. /5 A further

appengtgdaclaimg  of wafer-| evel |nager packaging is that the
m croel ectronic i magers 690 can be tested fromthe
backsi de of the dies 200 at the wafer |evel before the
i ndi vidual imagers 690 are singulated. A test probe
can contact the backside of the dies 200 to test the
i ndi vi dual m croel ectronic imagers 690 because the
t hrough-waf er interconnects 226 provi de backsi de
el ectrical contacts. Accordingly, because the test 0
probe engages contacts on the backside of the imger
wor kpi ece 602, it will not damage the inage sensors
212, the optics units 640, or associated circuitry on
the front of the microelectronic inmagers 690.
Mor eover, the test probe does not obstruct the inmage
sensors 212 during a backside test, which allows the
test probe to test a |l arger nunber of dies at one tine
conpared to processes that test inmaging dies fromthe
front 5 side. As such, it is nore efficient in terns
of cost and time to test the mcroelectronic imgers
690 at the wafer level (i.e., before singulation) than
to test each imager 690 fromthe front side of the
dies 200. Furthernore, it is advantageous to test the
m croel ectronic imagers 690 in an environnment where
the individual imge sensors 212 and/or optics units
640 will not be danmaged during testing. O Yet another
advant age of wafer-|evel processing is that the
m croel ectronic i magers 690 can be singul ated after
assenbling the optics units 640 to the dies 200. The
attached optics units 640 protect the imager sensors
212 on the front side of the dies 200 from particles
generated during the singulation process. Thus, the
l'i kel i hood [ 10829-8748- W00/ SL042350. 002] - 13-
9- Nov- 04t hat the inmage sensors 212 or associ ated
circuitry on the front side of the dies 200 will be
damaged during singul ati on and subsequent handling is
significantly reduced. Fromthe foregoing, it wll be
appreci ated that specific enbodi nents of the

[10829-8748-WO00/5L042350.002] -14- . 9-Nov-04
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i nventi on have been described herein for purposes of
illustration, but that various nodifications nay be

woreme/owisphout deviating fromthe spirit and sceEEUSL004/037415

the invention. For exanpl e j ous aspects of any of
the foregoi ng enbodi nents M. conbined in different
conbi nations. Accordingly, the invention is not
limted except as by the appended cl ai ns.

I/We ¢laip829- 8748- WO00/ SL042350. 002] - 14 - 9- Nov- 04ULAI Mo

I/V\e claim 1. A microelectronic inaging die, :
rrprl croel ectropi c substrate having a first
%dmgrgeg%cg] '%f@%g'ﬂﬁﬁﬂ%lqo@ﬁrﬁéngj first side, an
'Hﬁﬁ%r&ﬁéét%mc iBstate Héﬁﬁ@aé ‘ﬁ%tcéldé Wrid &TsedcBfd side opposnte the
substrate electrically coupled to the imge sensor;

term nfiist side.i @0 inAgehseB s tans: enaitegsptast cireult |in 'the substrate

coup! el b IEHLRE g sy, o o2t eal 1
saletmirat canded Gycthy aabstrgtet rd tetectrioally. cduplédeto the integrated

m croel ectronic imaging die of claiml wherein: the
subst r @f@it ABudes a passage extending conpl etely

LhR Oéi%trfcggyf SSRIUERE |ﬁf§i{cért}fé(acft: Sé)?%ﬂ@hﬂeﬁﬂguéﬁethe substrate and

i Nt erconnect conprises a die posed I n
t he pasacrtgetirnthe terbihatont act with the substrate, a
first conductive | ayer di sposed over at |east a

t f .th ' . ducti
PGyer B bR TS Fading PG ABpT T oo 1 ) 1 ©
CiROsistnate Ine}RiesanPaddinyd ehding codipletely wirawgh theadubstrate and
conductive fill nmaterial at |least partially disposed

i n t hethstesamal,Ansk at | east a portion of the second

ﬁ%dﬂﬁé}c\sﬁgb@trﬁ{)m%ﬁgme f@é&hea\He}f &Qﬁ&%}?éﬁ glfwég?a;is%ge and in

t erm nal ronic | na
1 wher epmtact With shdbstbsttate] aélrstdmdacmasls&gedispbseaﬂ iongr at least a
conpl et el

t hrough the substrate and the term nal,, and
Che’i rpanbpitabe Welkaricoth o ecpd condurive: YA Siswdaga over at
on t hejesisgbolforPof 1thE frsPapradetivi fayet Qﬁd‘ttﬁéttéNrﬁﬁhl and an
the substrate, a conductive |ayer over at |east
por t i oelestricaly congdustive i il | matarial watedeast padially dISPosed in the
Conducgt)ééls%glea)é er aqclleggfesa T)'oHion of the second conductive layer and

electrically coupled to the terminal.

3. The microelectronic imaging die of claim 1 wherein:

the substrate includes a passage extending completely through the substrate and
the terminal; and

the interconnect comprises a dielectric liner disposed on the sidewalls of the
passage and in contact with the substrate, a conductive layer over at least
a portion of the dielectric liner, wherein the conductive layer includes TiN,
TaN, W, WN, Ta, Ti, Al, Cu, Ag, Ni, Cu, Co and/or Au, a wetting agent
over at least a portion of the conductive layer and the terminal, wherein
the wetting agent includes Ni, Cu, and/or Au, and a metal fill at least
partially disposed in the passage over at least a portion of the wetting
agent and electrically coupled to the terminal.

[10829-8748-WO00/SL042350.002] -15- : " 9-Nov-04
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TaN, W W\, Ta, Ti, A, Cu, Ag, Ni, Cu, Co and/or Au,
a wetting agent over at |least a portion of the

wemodooisyrve | ayer and the term nal, wherein theCTes204e7415

Moot SPEERYran 8BS M ohoeRck AR dpeinacdsensor ang

termint asé o thefititddebf thesubetratelg agent and el ectrical ly

coupled to the terminal.

[ 10829- 8748- W00/ SL042350. 002] - .15- 9-Nov-044 . The

nPcr oel BR MIBIEeGtioRis MANG disk ofglaimny! Whateinei n t he

| FRAB R R 0P L ArSf SUBYr 1R SublirdiBadd r st side of the
substrate. 5. e mcroelectronic magi ng die of claim
1thehienagdimg dieh furtheromaprises @ didleetri€ilayear dispesest oh ke first side of
substrate; .and.5 the i [ die further co ises a .

di ol eche SUGSIGIS. WhSTRL B Bploide jayet Coupfoableabha portion of the
subst rghr@inavherein the dielectric |ayer covers at

| east a portion of the termnal. 6. The

m croel ectronic inmaging die of claim5 wherein the )
dbel ecThe dnicigalectrenic yanaging die fhdiaim § wherein ghe diglestric layer

;nc|udggfgiq\q&4| £54/6PBic, | maging die of claim1 wherein: the

mag% sensor and the termnal are on the first side of
the substrate; the imaging die further conprises a
bal | - phble onictoetedtropanichaginig: disf oft dlains ivdtereine; and t he

PSRRI poE IS o Hi P8 4t e st

bklel im2fihg 8ie flRBePt6MPALES bkt Fad BRIhE Gebbifd 8ideCodfahBsubstrate;
1 wherein: the interconnect has a first end portion

coupl e@do the ternminal and a second end portion

SiRac; f [ | Qs : -
SRR AT B e BoBesb SBcrBal bifping e tomina
t he seamdtheeball-padti on of 0 the interconnect. 9. The

m croel ectronic imaging die. of claim1l wherein: the

i nt t h first . . ti, led to th
g rogpasel e A sk ord P en caupled o the
Eﬂg\% ihterébnridtd ha'd firggléP@'b@rﬂd?ﬁcédIﬁéd B9 tHE @riniidl 'é‘hﬁea second end

nprises a solder b electrically coupled to t

secondp@rtiendppoed apartdfon ke first end pontéart; ando. The
2@5\%8}%@%&%%&%@%893% § b%il-p%\loaéorﬂpjred {ou htehseercond end portion of

the interconnect.

9. The microelectronic imaging die of claim 1 wherein:

the interconnect has a first end portion coupled to the terminal and a second end
portion spaced apart from the first end portion; and |

the imaging die further comprises a solder ball electrically‘-coupléd to the second

end portion of the interconnect.

10.  The microelectronic imaging die of claim.1, further comprising:

a first through-hole in the terminal, the first throulgh-hole having a first cross-
sectional dimension; and ' _

a second through-hole in the substrate, the second through-hole having a second

cross-sectional dimension, wherein the second cross-sectional dimension

[10829-8748-W0O00/SL042350.002] -16- 9-Nov-04



20

25

30

a first through-hole in the termnal, the first
t hrough- hol e having a first crosssectional dinension;

W(mod6/al18se7c:ond t hrough-hole in the substrate tHE /8R2001M37415

at monclor€osu BBl the noRECRfrs e hOREL LR, and wherein the
di mensintsrchbANSE Is a’éﬁ&sm%&lh%éffﬁﬁ dHidecondithrough-holes.

9-Nov-04is less than the first cross-sectiona
di mension, and wherein the interconnect is disposed in

b?ﬂ h tAdnicroalecteqnic feaging dorcamprsRgd-es. 11. A
ﬁééétﬁ?{ﬂb %u'bgggienﬁaﬁhﬁ a ‘fl?éfpélﬂ«?'d?ﬂ a% ond side opposite the
m croe u and a

ectroni c substrate having a first SI
secondfirst dede@pposintegrated Sir€uit st Ieasllepaettallynbeiguwneme first and

CIrCUIt at est artiall bet ween the.firs nd, .
SecondeefancSiagt Anthan fagte SEnSE on Nk fist FiefeCirgally coupled to
el ect flh%ﬂh{éqrﬁt@bllﬁﬂn%dnto the integrated circuit; a

bond-pad at 1east proximate to the first side of t he

saﬂmndamd &ﬁde@tempxm@telty theulskaidecot the suhsttatatang electrically
circui é {i’té 9} I"S{étdrél&%lltl g?(ﬁonduct ive

|ntercon g through e substrate fromthe

fam ﬁledru@b}llyOéortdmtlw listercdineetb exteadimecthnolgh the sbstrate from the
substr te and hrg%gqh the b

nd- pad., 12. The
i ot oelist SidsnpTche RistgtaI the séiaric-#ida QtRGe sphstrateeand through

substrﬁ,@e% E%@Ies a passage extending conpletely
t hr oug e substrate and 15 the bond-pad; and the

i nterconnect conprises a dielectric |liner disposed in
t h2. patbageicretedtionimimaging die of claign dlmdereine, a first

f ﬁ%d%qcb&ltré& IJ‘\%KU%{ ﬁéeﬁggga% X Ogédlﬂé cgﬁ@ﬁétegl qﬂ%%#hoﬁ]\e éubstrate and

di spost@ isorri-pad; drkRst a portion of the flrst
conductive | ayer and the bond-pad, and an O

elhecintereanngctc sampEses @ wiglectde linessdispesad i the passage and in
di sposgghy bgtu\;é/ ﬁtrpé‘ §@§Fat8"%rflr teonBae qaia%lr 5?3?8%&? gwﬁat least a

second con ive layer ah ectrica cou :
t he bopdmpacbf tha. dlélbetrm loveneh esacoodicxonduaiglm@yd'r dispiosed over at

claim erein sybstrate i.ncludes a e
ext endiegt Gonpiteney T 1BTgfoaductUs Javeaahabia 85fapad. and an
bond- padctrafy bBﬁduéﬂv@ffﬂpétrléﬁét ﬁé}ﬂﬁlly éi%ﬁoé’edjirﬁﬂ%%éss%\ge over at
liner disposed on the sidewalls of the passage and

cont acleagt arpartien ofitke sgcend gopduetive: layer pag @le@v@allyacoupled to
| east the bond-pad.

13.  The microelectronic imaging die of claim 11 wherein:

the substrate includes a passage extending completely through the substrate and
the bond-pad; and

the interconnect comprises a dielectric liner disposed on the sidewalls of the
passage and in contact with the substrate, a conductive layer over at least
a portion of the dielectric liner, wherein the conductive layer includes TiN,
TaN, W, WN, Ta, Ti, Al, Cu, Ag, Ni, Cu, Co and/or Au, a wetting agent
over at least a portion of the conductive layer and the bond-pad, wherein

the wetting agent includes Ni, Cu, and/or Au, and a metal fill at least
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a portion of the dielectric liner, wherein the
conductive layer includes TiN, TaN, W WN, Ta, Ti, Al,
w@EoeAgIshi , Cu, Co and/or Au, a wetting agent BCDUS004037415

| east n of the nductive |layer and t )
bon: Baftal afehdbent B e Btide! BueiF ledii S Wifiongr the wetting
and/ or agéntaiil dleb®ically édnh;ile@'to tiRabdnd-pad.

[10829 748- \W000/ SLO42350 002] - 17- 9-Nov-O4partially

pos_gd in tne passage oqver _ at_|east a_portion of

tin h%@@ﬁioeéﬁrdml%magl%ﬂ!%/ofc@am dd {qgtheﬁgomprlmnghaedlelectrlc
layer ?%B@?Q&q% n & firkPSidd 6f e Sebdtdie thEFé?h 8 lée&Flcgégér‘]r’T&overs at

er conprising a dielectric I'spose
least a portidnr gfitheitdmdepad.he substrat e, vvhere| n the
dielectric |ayer covers at 5 least a portion of the

i wnor B aerme i ifRoTE R Haohd Yeitafin hBjeiic aver

includes @;NLand/bh8i@jd.croel ectronic imaging die of claimill
wherein: the imaging die further conprises a ball-pad

on_the_second side of the substrate; 10 and the

i H8-er c bR BUEraSIgGtionc. 'fTFﬁ%nLQ;H'et ¢feclaimh 31 whesein:
eﬂh%cthdecﬁr?é b6 f?J Bl tBMhptiBss BAHi- oﬁ'iﬁe %E@oﬁ@%idep@\‘%e substrate;

croe ctronlc I magi n claim1
V\,herelandthe |nterconnect has a f| rst end portl on

Pnfrehect BB 1Bk PBrFeahG bRy the bond-pad

I magi ngn@luﬁa ball-phgr conprises a ball-pad on the second
side of the substrate coupled to the second end
portion of the interconnect. 20. The microelectronic
hégu nfheimicioeleqtronis imagipedis of claime 11 MhereBanect has
e EFroifiettias, ATreCHR Boridh LHTHIB N REQdHpAL and & second
port i oend pndldnhfpacedgapagt fdora thenﬂtdteandmnrpomm a

B Sh L k2 BUES04 B B SSERAE e subst

' Magi ngohied & e é’éd@n@i]en(fwﬁlaﬁbfma%bﬁﬂect a first
t hrough-hole in the bond-pad, the first through-hole

having_a first cross- 5 sectional dinmension; and a
s ondThe micrgelanioniq imagirg digeftalaine 11 whereias ond

ﬁ M%}cg%%%\g 2% rﬁ end g%pt é)(?{ 833pl§8%'tﬂgar£qnd -pad and a second

di frens Cross-sect
di mensémdh portion spaced apart from the first end portion; and

the imaging die further comprises a solder ball electrically coupled to the second

end portion of the interconnect.

19.  The microelectronic imaging die of claim 11, furthér comprising:-

a first through-hole in the bond-pad, the first through-hole having a first cross-
sectional dimension; and

a second through-hole in the substrate, the second through-hole having a second
cross-sectional dimension; wherein the second cross-sectional dimension
is less than the first cross-sectional dimension, and wherein the
interconnect is disposed in both the first and second through-holes.

[10829-8748-WO00/SL042350.002] -18- 9-Nov-04
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is less than the first cross-sectional dinension, and
wherein the interconnect is disposed in both the first

waeae®esond t hr ough- hol es. [ 10829- 8748- WO00/ SLRARBSIH04/037415

002] -,.18 - 9-Nov-04Z . A mcroelectronic imging die,
C_&i‘pri@irﬂ'ﬁ.roejeﬁl\?%’%g?%%'{‘gﬂ%'&oﬂmﬁ'r?%_te having a first

s (RicPedle@rsric FuBsTFhRehAARE A Fifst!dide fandsh seicBAd $ifle opposite the
i mge sensor on the first Side of the substrate; 5 an

i nt egriskaideircuit in the substrate and electrically

c E&g‘?’ ' -pad array on the
S%@%%&g%ggé%?on{ € saggp ré%:fg?@gl?@gt,?t% urality of -

ea iritegieted viradihinubeisubsiratecarabeleetricaliy ebuged to fite image sensor;
i nt egrat ed circuit and co,rrl%z ondi ng bal | -(gads,

v BAliNAc: HEAY AP &he BRERNG Sdg ?%ﬁvl?sg_[ﬁt%m

e . e . .
A FRSALGP OB LRI SO, AIAI gt Bhieh oot it
1. Theamd cooebpendingiballipagsgi, mnedéio tbeé inteatanr@sts are configured to

of 1 nerebealEa0feTnRIRkBRla iRl R Galbadt wihiiine footprin

el ect rpfopklsupeadf.ed to correspondi ng bond- pads. 22.
The mi croel ectronic inmagi ng die of claim20 wherein:.-

/'5 the_individual interconnects have a first end . :
pdtt i ohhaaiceoelectimmic dnaging: diecel claii 9. fydher comprising a bond-

{h! SRAR WHeldd knd ﬁﬂérc%ﬁﬁeﬁ%gﬁr?eglectrically

f
e second portions of each | nterconnect;

couplédhéo comegspunding bbndplads. conpri ses a bond- pad array on

the first side of the O substrate, wherein
the first end

O R RO e oS ot or
| fhRindf/idlid  infPEFHricTt Bave dTFifst BHEPbHA nd WseEGHE end portion
having a first side and a second side opposite to the

first spadeskapartiram thedigst encheeitiobn the first side of

¢ o _ . . o

5 SHREIL HaCld LT b SEIE LIRS of each
bal | - piateraonmectoand he second si de of the substrate;

and neans extending throygh the substrate for . .
N {ThaGIAD| Jlec BIFEF i PRSEn Ao BPBR-PATCRITRYQN (e (ffst side of the

bal | - paeh&@fdt@Ywherein corresponding bond-pads are coupled to the first end

portions of each interconnect.

23. A microelectronic imaging die, comprising: |

a microelectronic substrate having a first side and a second side opposite to the
first surface;

an image sensor on the first side of the substrate;

an integrated circuit in the substrate and electrically coupled to the image sensor;

a ball-pad array on the second side of the substrate; and

means extending through the substrate for electrically coupling the integrated

circuit to the ball-pad array.

[10829-8748-WO00/SL042350.002] -19- . 9-Nov-04
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[ 10829- 8748- W00/ SL042350. 002] - 19- 9-Nov-044 . A
m croTeat ure workpi ece naving a Tront si e ana a back

w@eme/ooponsi te the front side, the m crof eat urBCT/US2004/037415

front

Kpi i sing: a ral ity of nicroelectronic )
ke’ SHECEAREME T eRErE bhkBoid ol alhAnTh Bheh 8 opposite the
didé,aHe micRsTe iR JoFIRNESS combrigingay of bond- pads ,
electrically coupled to the 5 integrated circuit, and.

2@ pilurelity; ofy migroplectrppisndies: whesaie iadiviguah diagginclude an integrated
m cr of J [ LD Ae i Wi I .

't er ot oo a8, oy 1Epfal of Bohli e electrcally coupled to the
cor r esiptegtatey bioeult, s a plochlity pf umterédnneots extenlding through the
| anes spac{egg apart the individuyal, _gi es, .25. The ) _
m cr of BIRIAIESTYS WRIkRieCe, fWheTgimingjvidual ntericopBrels; aenglectrically
a plurgli o hdis V4 opti c nenbers,

the i n%l&l{/‘?%%a Cé@?ﬂ%ddﬁq tth%EFEg %qttgached to

ca phusslityredisagbelianesvépacingnapart theaindiyjduat dissobers at a

desired location relative to correspondi hg i mage '

Z%%}IS 2;111% ?m'cg)g%%wé’ %rﬁ'ﬂaigé? ior%gcilaiﬁ 511 c ftﬁ'@&(? Céorﬁﬁpis?ﬁ% a plurality of

I SI' nNg. Croe roni'c

opticshamits ghavihg aopiid Shemblesd, tee itdividual fdptiss Units Welhgdattached to

circuit, a first bond-pad electrically coupled to the

corresponging ghiesy Mithe dndlyideal optie myeabersjea séemitgd location relative to
corresﬁo‘ﬁﬂ?r{d' i ér’lsécr%q% BH ih@vidDl digkegrated circuit; and a

rst ele y conductive I nterconnect extending
through the first substrate and in contact with the
f26.st Aonigrqedestranicideviae sebaomprisig: ond
ni ﬁfﬁiel.ectror{i c.dide havi ng a second substrate with a
s @'FF&%@‘?%‘%’E‘& @W%Vﬂfi’q_,' a second bond- pad o :
el ect rj Gipdtl subsbraRS QBtht @ firfteinfRpaRd ¢irduRyaafiret behdPad electrically
and a second el ectrically conductive interconnect
extendi ng (PR tohdhecHistdintedatachiGrGUR, cal cen iwage sensor

t he second : [ L G ectroni c

di e iss in c%%?g@?%CW%ﬁgél%r?é:@%ec@g%ag?@éﬁégﬁéoni c |

di e. 27.fir8t redetiadalyf condutivet imtergprmest eadenhding rinowgh the first
i magi ng die, .the nethod co i sl ng:.providing a

i eroel ect rHaLBud T eantaphwth 0 AR BE TR L Ard an

| ¢t I%%ﬁh%&hﬂ%idroél@@tr&ﬂc'd?@%_vﬁ@%%ec@h&%gﬁﬁ{é With a second

coupled to the integrated circuit; orm ng
t er mi niategrateahdireuit, ian seeend biosdrhade elegtrinadly rcoupked to the second

Ele: g1u In keg'rgte%l ec(frlcﬁit,caelr{dy a osueoclo'fﬁg te?eétﬁgalfyntc%%%t‘f\% interconnect
extending through the second substrate in contact with the second bond-
pad; wherein the second microelectronic die is in contact with the first

microelectronic die. ‘

27. A method of manufacturing a microelectronic imaging die, the method

comprising:

providing a microelectronic substrate, the substrate including an integrated circuit
and an image sensor electrically coupled to the integrated circuit;

forming a terminal on and/or in the substrate, wherein the terminal is electrically
coupled to the integrated circuit;

forming a passage through the die and the terminal; and

[10829-8748-WO00/SL042350.002) -20- 9-Nov-04
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form ng a passage through the die and the term nal;
and [10829-8748- WO00/ SL042350. 002] - 20-
w@20d601Bdronst ructi ng an el ectrically conauct i REI/US2004/037415

SFARARG 2, it §an e nRaingtt By BETER 2 Ferwon of tne
f urt hepaswiger arsd Bentaptng/thedtemmiael ectric layer to the
substrate, the dielectric layer covering at |east a

portio ofthet mnal 9. The nethod of cl ai

%t he h%dﬂ%‘ihiog lap iy ﬁw%aeroq%n@r&mg @PPIYRG nlﬁc'mc layer to
the sdb%ﬁ%ie %hé’%félé&ﬂc@é ér'?:%v@ ggl%fagff% ?6?0&10 Pé%r‘rﬁﬂsl the

I nt er connect . he net ho Im27 urt her

conprising: cl eam ng the passage after formng the

pd%.sagehe imethgd of iekaion 27, fudhemheomprising spplyang a/dielectric liner to at .

east FRBHEICE B Yskeot baloss P Rrrbl wediphedu ' " ©

conductive material into at | east a portion of the
p&G.s ag€he Bnethod lo€ clairhiRYd furtherlceimpriding: f ur t her

0 r|S| app a_conductive Iaye to a

ggplggt p@ﬁgaé%g gb@rwg)ﬁp B%%@Qﬁt ng de ie and the terminal;
eI ectrig@l |y conductive material into at |east a
portion of the passage. /5 32. The nmethod of claim3 1 -
wheplging a dieleotrcl lingr toat least @ patipn of e ﬁassag*éatmfom{depositing an
W\, Ta T
et hocelgeticafly foadcthmalerialiin, A eBRA Bpd ofdia Passage.
wetting agent to at |east a portion of the passage

bef.or eTHe PRsthbd 1’ chiime2 & durthéecdmpasing la;iplyn@g ﬁ&tcﬁfdu@hve layer to
into at |l east a portion of the passage. 34
at leagbamRprtion of therRapsagadielene derosiiing ?ﬁgelﬁgé'ﬁ?")(:é%‘i"#@é@ material

into a“bas%‘goﬂﬂﬂ&ﬁh%}as@é% The nmet hod of claim 27, further
conpri

dielectric liner to at |least a
portion of the passage; applying a conductive |ayer
o32r afhé ewthod Ofboiaimo’ﬂ wheteﬁretlté edruditative layare@omprises TiN, TaN,

n he, c ctive I incI udes Ti N, TaN, W
W, WWI‘? A? é O@U% A& ‘N’ *Co and/or Au; and
appl yi ng a vvettl ng agent over at least a portion of

t3® conkll etetred lolyriimo2T, durtheepemptising #pplyehg et wénmbl agent to at
conduct i ve material into at | east a portion of t
least @&’;%%@b {hePasspaenkefR fj?ﬂﬁs'ﬂ'@%ﬁf‘ ¢|g%tf lgalggcquuqtjue material into

at Iea@%Bﬁgﬁ%gtL%%%@a 48- WOD0/ SL042350. 002] - 21 -

od of claim?27 vvhereln formng the

passage i ncludes |asercutting
34. The method of claim 33 wherein the wetting agent comprises Ni, Cu,

and/or Au.

35.  The method of claim 27, further comprising:

applying a dielectric liner to at least a portion of the passage;

applying a conductive layer over at least a portion of the dielectric liner, wherein
the conductive layer includes TiN, TaN, W, WN, Ta, Ti, Al, Cu, Ag, Ni, Cu,
Co and/or Au; and '

applying a wetting agent over at least a portion of théi conductive layer before
depositing an electrically conductive material into at least a pbrtion of the
passage, wherein the wetting agent includes Ni, Qu, and/or Au.

[10829-8748-WO00/SL042350.002) ’ -21- 9-Nov-04
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a through-hol e conpletely through the die. 37. The
met hod of claim 27, further conprising formng a hole
WO mos/haseer m nal before forming the passage tm@ugmooh(B7415

(46 nEne Eetd pf Sainy G2 bR FalRng: b 5A8Aam dneluges laser
cumn@a&ﬁﬁﬂrghhra@e%oﬁﬁﬂ@t@qfm?mﬁmtduenal di mensi on, and

wherein the second cross-secti onal dlnenS|on is |l ess
t han the first cross-sectional dinmension.

mef-hodl g methpehos elaimZ 1. Hertheo RRMPEFIRG: fomam @150;‘ ifbihe terminal
beford ﬂfrﬁﬂ%‘ tﬁ@%ﬁ%ﬁ Q%'?ﬁ\lcugﬂ[}ﬂ e/ Hefdrld H?egtetrnﬁnélol/ﬁ]e\%lﬁr}h@ hole in the

ric wherein or mn
termirtahrhasga firke caiss- snmtiohhledhmnmoralandnthleup@aget hasl@ aecond Cross-
t hrough the die

sectloapg&g%r}s:?qgowl er?g?ion‘ﬁ%reetlr? % s%qu[q.{ea -Sect Qﬂqi]dHBegﬂon is less than the

first cds8Eetti6 Rl dimeABUCt | ve i nterconnect in a
m croel ectronic imaging die, the die including a

m croel ectronic substrate, an image /5 sensor, an
i 38.egr Bhemethned of elaim 27hirthas somarsingid el ectri cal | y-

t d a bond-pad »
ecl gd ?|e llﬂ?odﬁl Ei% r?ﬁﬂﬁlr%!é alngjtnegrat ed circuit, the
nidlifip dhe ohplei sithga dietevtricg matl&abE amd t\hlﬁaerieimdennm;; the passage
form%avia co Ietelythrou the ustrate

al i gnntBrRUG t thet 1de hand ﬂhetﬁ'é %@PQH a through-hole

i ongh T PE L MEoHEh e 4B Qﬁ@ﬁﬁe"‘ﬁe%‘“ﬁ"“h‘%‘* oletely

constructing an electrically conductlve i nt er connect
i 30.at A\emﬂthadp@ftfaﬁm"@ﬁ ameelestricaly aadd@@imeadntaﬁ@onnect in a

microdBE SRR BRSO RS0 kol 0t an maoe

sensoPO&h mmg?étd&elr&ﬁSS@QEebﬁimmt§m él&itmcnﬂlytb@.lpled to the image
i nt erconnect. 1. The nethod of claim39, furt

sensog,o@pi 3i h@nd@ﬁeamewglqa% M%éc’ameeﬁntfesra{eﬂgc'fw the method

comp ggage through the die and the bondpad; and appl ying
a drelectric liner to at least a portion of the
plasmiangea hefeoindhe dpodipgadig an 0 el ectrically conductive

oI 84 Oemtstebommd! Biros Mte oF RUBRGRRE Wik foe hole in the

mst hodhHd-phd! Whideinf tHd VR HIMid Hale définel ag PbB@age extending
hole in the bond-pad with a dielectric nateria

wher ei ¢orpletaiy ghraugh he Rubsigieand the doaddadi@ndond- pad |
constructing an electrically conductive interconnect in at least a portion of the

passage and contacting the bond-pad.

40. The method of claim 39, further comprising applying a dielectric liner to at
least a portion of the passage before constructing the interconnect.

41.  The method of claim 39, further comprising:

cleaning the passage after forming the passage through the die and the bond-
pad; and

applying a dielectric liner to at least a portion of the passage before depositing an
electrically conductive material into at least a portion of the passage.
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includes formng a via through the die and the
dielectric material filling the hole in the bond-pad.
Wmm06lifhe97rret hod of claim 39 wherein form ng thCpeSeagEs7415

A ouctie RETGoR 8l Flart 3o, Kt ERriishng BfRaTAE bt the bond-pad

with éﬂfa@&tﬂctmgté}% ewhdfeid ffohhﬁfg 8 fasthpsedh e ! didi AN $hébond-pad
and the via as a second cross-sectional di nensi on,

includes dommeger wia thsorgh she diegad dbe didleetricdnateniel Slingghe hole in the
bond- %gger than the second cross-sectional dinmension. /0
A nmet hod of manufacturing a mcroel ectronic
wor kpi ece having a plurality of imging dies, the
i48]i viThalmethed ohcldici 89 whereirt dgmaingdthel pess’;age amcludes laser-

cutting 8 JULANTI ke TR El TS SHPETathe et had

conprising: forming a plurality of passages conpletely

t4f oughh & aRBthdde of kiR BA- RRETeiR NheC ABRYE hUS! A NErsfiltross-sectional
el ectrically conductive interconnect in at |least a

dimengiont & tbe wadblas| ssaged@eo%mecé@nahdtmwlmeand wherein the first

cros SEEAGTRARABE 88 TRCoECARE ey

each other. 47. The rret hod of cl ai m 45, further
oABIpr i Aingthpd afi rd:'amg‘aatuuhgraihild:rpeta‘ctroafoe\n/en«piiet@ having a plurality
el enent s _on eac nd|V|d di e, wherej

h .
of imagiKLAIBR e EHa (el igingo Inje9TBied Gt an igragg-sensor, and
a bon(ﬁ’ﬁgb ﬁélbcﬁfcaﬁy QSﬁblgﬂ% ltrgaf]@ﬁ V%’Btéqeélﬁ’édltvﬁé Methtsy comprising:

sor on ‘eac ereln an optics unit
ifsrmmgm phiraldy ef phssagis/catopletaly through each die and bond-pad; and
[clc)%%%ruc? ngA;' %n ec(rlca f' %gggug e] mterconnect in aqdleast a portion of each

passage and contacting the corresponding bond-pad.

46. The method of claim 45, further comprising singulating the imaging dies

from each other.

47. The method of claim 45, further comprising providing a plurality of
referencing elements on each individual die, wherein the referencing elements are
configured to position an optics unit at a desired location relatlve to the image sensor on

each die, and wherein an optics unit is coupled to each |nd|V|duaI die.
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