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WO 2006/0/1897 PCT/ US20041037415 PACKAGED
MICROELECTRONIC IMAGERS AND METHODS OF PACKAGING

WWEHQQTRONIC IMAGERS TECHNICAL FIELD The fo‘”@?imé%mg/?37415
disclosure relates generally to microelectronic devices and methods 5 for

j ' I ' i t r t
R S A o AR T merae N
responsive to radiation il GR& kisiild Rghiv Kp Hdm@E B radiation in other
spectrums. BACKGROUND Microelectronic imagers are used in digital
cameras, wireless devices with picture is capabilities, and many other
applications. Cell phones and Personal Digital Assistants (PDASs), for

TEG &‘rﬁ)‘l’é- %@Hﬁ’corporating microelectronic imagers for capturing and
sending pictures. The growth rate of microelectronic imagers has been
stedbigyollqriasiisr s the ydatesgermraljewanit predoicenie tieviteages! methods
for %&Q@h@ﬁﬂ!&%&@&ﬂ?&ié\”&é\%&%@f @E%FH?)QEE;%H?&IB??H@ ﬁggéﬁigntion are

at use Charged Coupled Device 15 (CCD) systems, Comple

direffeth QWA RIS RGP RENCRSICsaRaaks BiaitAes repermlyeCiopadiation in
the Wisigle FgRSFeAANE BerMIRRIYHUsEd R shsitalheameras and other -

applications. CMOS image sensors are also quickly becoming very
BAGRRHAI pgpause they are expected to have low production costs, high

yields, and small sizes. CMOS image sensors can provide these N

adyantages because they are manufactured using 20 technology and .

e AT Ao SRR i LRI ARSI e RS QRS with picture.
capabilifje seatsbragag mb&aaubmptimmge%hpbmearamtm@w Digital Assistants
(F’D/Q&%?kﬂﬁegxé%ar&te&}ethﬁc@?ﬂ&ﬁatﬁ OW{P&BE@& gcthR%r?;eg'ge f%)ﬁteéggtluring and

electrical contacts. Figure 1 IS a schiematic view of a conventiona
sengifigoBieittidhic ity aviithratec sHvEREOSIS Perkagnagrrsnfzaerbpen  steadily
incriWdiieastly becamdiaipnsei Rl pRIfRICHbtRY AHasaedita iepkbl counts.

and a housi |%30 attached tqt e jnterposer substrate 20, The ﬁ)ﬁg 30 )

USSP R D R R RO PSR & T B G B PR RS Device
(CCD)adgstameiudezpteansparyid ety & ddeoveminerdiecks. (Mg dfstems, or other
sysiBRisdesan iagR SenRRlrd hatd! BdUHrHiBe! hond-padstd _&%&e&%"ynd other

coupled to the image sensor 12. The interpoSer substrate 20 is typically a

aPPHEAHRIE ctricMiShe rETRRG P BSPIS Ay B SHECPa e somilg MpAktp@pular because

- theyallepagisetecansl HH0828v8 pAGIUEIO0 kst 2350 ORds; -ahd Srivav-$4e¥/OCMOS

. .2006/011897 PC1'/US$20Q004/037415 traces 26 electrically couplin _
ima gnséﬁﬁao Ss é:freoprovn que £ aéVﬂl:%%&%sza?Cﬁ%Jé}% *ﬁgayy are- Hlan%factured using

corresponding ba a
technology and equipment developed for fabricating semiconductor devices. CMOS

image sensors, as well as CCD image sensors, are accordingly "packaged" to protect
the delicate compénents and to provide external electrical contacts.

Figure 1 is a schematic view of a conventional microelectronic imager 1 with a
conventional péckage. 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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pads 24 are arranged in an array for surface mounting the imager 1 to a
board or module of another device. The bond-pads 14 on the die 10 are
%If%c}@)c, lMx%c)upled to the bond-pads 22 on the interposer substrate 20 b
wire-bonds 28 to provide electrical 5 pathways between the 'E)‘OHH%&‘%%"?L 15
tracgfg4Reclzaiitisaty oaunting ibragaradsminie inarigarendils R adsoptics The ball-
padin2dnekidingnGe@nerhpOAtipchediribe hausne RN 0ae 80, poard or
moa?jgs%}a%%t@aeheﬂ to thﬁ‘s%gf?it 50. T4e suF}%)rt 50 can include internal

P& s S IR E BarrbT B0 AR RIGR I Stdhealitn 18adfe edestiifai¥Foupled to
thevbitin dhestir &2 srb thel méeoptios snitstteteiiudewiacddnsndd zardesioldibikiectrical
patfiE08ELACe e BEARISIANIHH BrckRRIRY ERRYejonal microelectronic

imagers is that they have relatively large footprints and occupy a
signtiedmagfohng ifickigsfieck %0, ARy R premiiss) uTihdidodinataosupport 50
attAbeciROBIIMEIGHE CloifaHﬂieasb‘éfﬁé%@%@j%@é@ﬁgﬁ%ﬁe@ft@%@tﬁfﬁﬁéﬂw. The
e

subsg te 20. .T%isd's %Elically much Iaqugéer than the surface area of the

SURKRR™ oA Lol BUE HGHRG T AERTS the: iRyt snaatighilaify 'BFlude extemal

thregidtufe esipbenestiotne Bisduscaisd Heesetide viodsare inointiayallyens 70 carried

by ﬁ‘ty@ﬁl@ g@)‘bg more porta.ble. Therefore, t_here Is a need to pr.ovide
microelectronic imagers with smaller footprints and - lower profiles.

AnSIRBT RSRIBRSH Withh Ridiestingg ceseatigonbrmiserelsecaanicnmagsrdsighat they
havi8e RRVERNUIRRIYEDG GRS RN fadimongititrdias: B DINRWES! space (ie.,
hi bondéseze% fcﬁ%exg)mge, in_the imager 1 shown in Figure 1 can be complex
'l'g%rﬁ)&? 18 pe ¥R P BIREAGSE PFRARE ihbIdSal irestliresn AgaPEdg potiom
of tbgmdmdsambwlqhadﬁ. Imtaglditigniciaipayudt ldrgde daiblénto Sorface area of the
die %‘P(?%gﬁ tr?é g]ﬁnm ‘?5&8&% %Epégqgna&@/ﬁﬁfr}?&%eﬂig%q' icture cell phones

performance devices. Therefore, there IS a significant need to Enhance
or {AeAsridieryse2shenabiRYiICaid PrecrsiBinyrPycRAG mitrodlectrmtie portable.
ThdraagelshBiliska RERGR WAL Erdéibe IRV GRPsFIBMI 8 dRe? footprints and

cross-ﬁectional view of a packaged microelectronic imagerin accordance
Iowent%r%]l €s. . . . - ) . )
Wi e prior art. Figure 2 is a side cross-sectional view schematically

iludtnating apreicierelegtito e cBagimaging distionat cofdambectithi@imagers is the

maRTRAdIRE Ut R6 PYEREQA W%S&%i@éﬁﬁgmﬁ@?ﬁ%gggg%rfor éxampie, in

cross-sectional views illustrating various stageS in a me ming an

the diBeaftallys BBWALEL TR IcGARRE AHBMIX RRAGDENIRARSHE because it requires

indikitAGR Wb G20/ SbOH 28D 0100HH=-ga@s N aNPAHS 2@06HiIAS97it may not
'C P1U32004/037415 imagi re for proyvidinga packsjde array or ,

be %%?I‘?bbat%is%)n%ggoygi‘é%"acbgr\}a?hqgﬁathe %lgﬁw-densx , lne~pl{ch arrays of some high-

performance devices. Therefore, there is a significant need to enhance the efficiency,

reliability, and precision of packaging microelectronic imagers.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view of a packaged microelectronic imager in
accordance with the prior art.

Figure 2 is a side cross-sectional view schematically iliustrating 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
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embodiment of the invention. Figures 4A-4F are schematic side
cross-sectional views illustrating various stages in a method of forming an

glectiicallygonductive interconnect through a s microelectrop}cﬁmg&%w 15
die for providing a backside array of ball-pads in accordance with another

MagiRBodithelY oPtRYIMRE MioR2E Gie s HR U sBHreathefhatiecsigance with an
embpoaksiseictiohal iviemgdlustrating various stages in a method of forming an
elegtricall ctive interconnect through a migroelectronic imaging die |
for e e S oo b ARG sl SRy various
Sfa@%b(mjirﬂemﬁﬁmﬁe@ﬁyﬁmﬁﬁm F&‘g‘ur?‘@d@@ﬁs&:h@n&ﬂc@deiotes_spseetibr_thfough a
micHSMeCiBRAFHEBIRY HCIHAINIR TG QCIRRIKeRIS W&%@S&% n?%%rdance
_.a plurality of imaging dies and an optics workplace having a plurality o
with ghedheniesnPraEBs i gh desitveai¥imbodiment of the invention. 15
DEFigl-ED FAESGRIR BN che Puetvigye Thhestolewlina4lis@osRustrating various
sta deeésc‘r,i‘beas %eé({%%J %mt%ggrirgpnentg r?f icgoelcﬁctronic ir?a%ﬁrs methods f ’g h
SathgiRg TR deIe Lt oTIL e gl 'S5l Flth SRS, fH&eréfHB?ﬁEE&/ rough a
micgoplgabvnéciimsgipandietdan pivrisigctr dricksitmersaDnt pEiadari@giccordance
witteBIRAAEPERIRHIRR IR B MO iscgiigRted toward a microelectronic imaging

die_comprising a microelectronic substrate, an integrated circuit, and an
imdg8¥enddP BISCIRAMICTife RS thecriearhids kLR TRRSPRAIgIngCluding a
mictiefettheridnphides anomkiseticaldeimginal (ewalithostipadimiedidgallid an optics

ircujt and an electrically conductive

oupled to the integrated .
WO AT, Taegt SRS R GSROIPRIES YR B corbaiment of the
invesifisgtrate. One end of the interconnect contacts the bond-pad, and the
‘other end of the interconnect can contact a ball-pad on the backside of
DE T die Arsthet pridisular embodiment of the invention is directed toward
a method for manufacturing a microelectronic imaging die. The method
A. candrelgigoroviding a microelectronic substrate having an integrated
. cirquit and an image sensor electrically 30 coupled to the integrated | ]
circLE FORITHETE BURIGEALorh R LB S0 RPN ol R adectronic
imalgensl- padttodhefottegreiteding coitcrbeéntethio dreagdus thendn chedieokds nfidmgforming

eleé@ﬁ@a%ﬁy@d{% F'ﬂ%@l’@o’% e 99(‘9118%%1&‘%908%”%%?&9@” One ]par'ticu!ar

trically conductive through-wafer interconnect in at least a portion of
empedimprRadd shithdbREliAferéonABEFLI0ELYBI A8 WO D78 |as2eBD. foaging  die

comBBsNEVDMMIRNRINL189FsRGd /YR 2004RRE4 1Sircuit, and an image sensor
electrically coupled to the integrated circuit. The imaging die further ‘irﬂlvcludes an
electrical terminal (e.g., bond-pad) electrically coupled to the integrated circuit and an
electrically conductive through-wafer interconnect extending through at least a portion of
the substrate. One end of the interconnect 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 inciude forming
a passage through the die and the bond-pad, and constructing énélectrically conductive
through-wafer interconnect in at least a portion of the passage so that the interconnect
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contacts the Dona-pad. Ins interconnect can be constructed by depositing
an electrically conductive fill material into at least a portion of the

RRSSAYR;: e embodiment. of a method for constructing the‘;gtﬁ{ﬁ%)%g]} 415

includes cleaning the passage through the die and applying a dielectric

CONARK 10 BR8P BBrtion DF 1B SEREER BRI RPSHHPEhDY depositing an

ele electlicatipoostiechy e Blonaterialdnieahie @@f&ﬁ@@eﬂm shelpgiec liner
eleg)trlc ixmgulate?t eothﬁ1 (ﬂ*n ong:- t5|£ sub trate frorrg the . ,
electrically conductive mAtEHEiftA S e Pk @&FW [HRPRSG! daudes cleaning

ihefumgadmdeghetpesmagaacbamumgaIayéemtm dinkerast atpedtiragfdhin of the
pas@%@%a&ﬁo%‘géﬁ%%ﬁﬁigqﬂéeYé@WEQI?%%Bc\fﬁvea?tl?ﬁ%tér VHEHRRQ#'? ssage. The

conductive layer. The electrically conductive to fill maten can the

d'elaém%#t@mrﬁ&?cfr{@ﬁ%)sgawaman%p%mc %T&P@’Wﬂ?e’ﬁr&%rﬁqh%ﬁ%ﬁom the
eleam@lgs@ﬂbeddm@wmw;éefﬁrm@cméomﬁggf@atumv%m@@e§aFf herBEN include
de o rofeat%rew é)fce as usetd thr(&# out this c&sclosure includes

RS sq%?eg Lppon WiiCRYShd7Se iR\Wiigh TPSraeR&GIoNG AagRage, and depositing a
wettmgregmthmamﬂ desice g attice sioifeg ecaldimbnesianead/Wiitcetertjpatieotsductive
fil (A AINEAAEAEST RE B FacexamPle, such microfeature

workpieces can include semlconductor wafers (e.g., silicon or gallium

arsMARIE WERHHE)dpiaks o harriieseniisupRiensatssHarsabaacbMay i erference

to riygressatigebstisscése W@twﬂ@fZﬁﬁzﬂ@feﬁﬂﬁ@fﬁ@Wfﬁe‘é@f@é'%@é ﬁﬁfﬁthﬁ)out this
ss but e work micron.an

|ece er
s R B i R S b e 2 pnis, devices.
michovegtior e d!@wﬁﬁeddlamwamgﬁ refemsnde, toaaitvoitke ctronfoiesigerand other

feafies 29K oS dBisroeleetionic AeMiceS iR AR A RIOVIS BrilpoMIan include

understanding of such embodiments. Other details describing well- known

SemfRRAdL o HENCAS st Re FUAER nHEr68IEET o RIS BRIFR e & BIRI Hot WaBforgHDstrates,
insuratbe fmlslﬂwmgg;leaﬁﬁpttmgo amd mc&ssaubsabwrmg H@efeature sxzes in

mncrcﬁéﬁﬂf%on&%neecva”coéjns E%SP%rs[og‘sekogi[ I%Q%é sSlé'eyn' ave larger
understa owever hat e mvent’on may have ot
SUb@Hﬁtﬁ@@hM@’rﬁBWQm&Wé%ments or without several of the elements

sheyyaand fdestsibed Rl MiboEfRsRRCS! 1P & IBVERRiSH0a S dBSRIRH SBlow with

- identical reference numbers identify identical or at least nerally similar
refelRIRR A% MY IRIEHERD hE RERN A8 ) Pa iR SRR Y R0y order to
pro@0 ssig tificant digitdersigitsiog anyuefecenas mianter ©fbetal el Figeseribing well-

knoWR' 6@?& Sgeg}fégcgsgrséé%c& v e#! J::rgelgxﬁ 0 Ied%\ﬁ %nér%lrgo sfeler ¥orth in the

ntro uce an usse erence to igure .
follopep seTARNMD J0/5V0ID 350 OB sArily-Ripsconny dh2odesotiptyy of the various

emFSefriiR00AKI38Ad of ordinary skill in the art will understand, however, that the
invention may have other embodiments with additional elements or without several of
the elements shown and described below with reference to Fig’ur{es 2-6. ’

in the Figures, identical reference numbers identify identical or at leaét generally
similar elements. To facilitate the discussion of any particular element, the most
significant digit or digits of any reference 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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B. Microelectronic Imaging Dies With Through-Wafer Interconnects Figure

2 is a side cross-sectional view of a microelectronic imaging die 200 for

szﬁomgggoelectronic imager in accordance with one embogjr %‘&091}‘()%%15

inv%ltion. In. this embodiment, the microelectronic imaging dis .
B. inchYSE S S HRNIC a9 B NG th FhroL 2 Sl BiereRineRis 242

oppimite tAddirstsaidecdds-tntegnade diecoity (HHr@38cuaminithgging die 200 for

bfﬁﬁ&? 0] anij nsor 212 electrically coupled to lLe IC 230,

s e BB S g onton. 1n
thismatbrsinoeditbe inmegelemreniciisigingpietdin inalodesreesbetiateAts) having a

firsttBRIEMAGE $8838ha Lieaud %sﬁ%dﬂﬁ!éi99&03%@32&9‘?%5%&6%%&&%C) 230

.UV ranges). 10 The imaging die 200 further includes a plurality of ext
W't%rﬁ&?cr%@%tﬁtﬁ %ﬁa% Blelhiss SRIRAS Hachiesiishi eBHRARY Jo¢hwIC 230.

Theeixangelscoaorindideraiondnod 2% billapad B24r aastamelerititalyor other

. ' h-wafer i 226 el I ling th
e e O o e
radipfgirénotRioraReiy prdeide R @rtdy wiggbpads 224 within the footprint

of radhemaeNgidiesf0ukhe-balkinads %@a:ﬁ?&h@%@@%‘r‘ﬁ%@ BRARES 220 for

external devices such that the imaging die 200 does not need an’
CarmyRHSIRTCaLBINAE. 1&ReNRARR] 6ANREICER HBRRKORI ceritayEeR bond-
padudhiy thtaligrawates, iatefconalectacil§ toathaitivalliiroaypleaige interconnect 226
5 to th |- 4 ig that this eligynates the need for
o S 8 T 05 B a0
shoy(ibtrhigurene rReeiAGeicrovdndiearray ekt ¥malleinfduepfaatprint of

the @ qFRfilgidhaootherinteppRsRiasUPSIrdig-oh iheo AABNRRIIRNBLISVISRe rnal devices
shown In Figure 1, can define the final footprint of the packaged imager.
suclh B S eSS ciS LR AT BHe SRR GLBR b fbe Installed on

a cideNicemrd=urthermore, the imaging die 200 also eliminates having to

- ) ¢ . ol

i e LR o Bt AL ISR 2 Bl REGR3Ry counte
the hpagadectdity rahalmapsclebtiv et tig ipldna Eecheitheeddor mounting the
imatifQuab-pEdab i BtSECRIRARCIS ISP iR SNNEORUSithaN digs taldiRgWIE 200, which

wire-bonds. _ the e[pbo;dlrg[gnt |IIus%rateglm lﬂgur(ﬁ?z, Iht%grocessmg? of h
nas i, SRR AR J06 Rad IS0 b A BIEH S AR b O BBRHAT ripzte of the
consaqﬁ@nﬁugtmateevalnims iBCFégutmcﬂimgntsiefﬁmneﬁtmcf_m&brf@tmi@gof the packaged
ima @ptr;&@,lngrg ,%‘ée .mé%gd”d%a d”&SBC%'%”SQé%'ﬂ\t@ﬁmﬂ@rgé'x‘&ﬂl&ﬁ%%evsces.

[though the following description illustrates forming one interconnect, |

- Furiifrme gp phedmraing sie #i0raky oimitstesnimdns drevdbbenette bond-pads to

exteFtRRYIEBAEAUS]Y Tioug i SepllRIBNREIMRELRE KHES:ONIAWBIBSK and are difficult to

fabv%g’?ezgr_pgidé :\c/i\é%%g/SLOA'Z?)S .002J -5

y arrays. Accor mgl_y,gd'\tlé) \r/ﬁ(x)cAFoe}ectmhic imaging die 200 with
the through-wafer interconnects 226 is more robust than dies that require wire-bonds.

In the embodiment illustrated in Figure 2, the processing of the imaging die 200
has been completed. As described below, Figures 3A-5B illustrate various
embodiments of methods for forming electrically conductive through-wafer intercovnnects
in the imaging die 200. Although the following description illustrates forming one
interconnect, it will be appreciated that a plurality of interconnects are constructed

simuitaneously through a piurality of imaging dies on a wafer.

[10829-8748-W(000/5L042350.002) -5 G-Nov-04
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WO 2006/011897 1'CTIUS2004/03741 S Figures 3A-3J schematically
illustrate various stages in a method of forming the through-wafer

SLEANREEL-226 in the imaging die 200 in accordance with
empodiment of the invention. Féﬂure 3A, more specifically, .§P§Eé emane 415

sidé 'GHIES- Sctibaaherearietith'4pER SA BHBWN SAgER it 2mRthAR of forming the
thrc&rgb@daimninmfrrehddﬁileczaa Siayiae 3aagiagpling tooheifirsisidedafdeofwith an

rate, 210, a ond ectric_laye is applied over the
irst dleﬁ{c{#ﬁ: a;}g\r/%'%g POttt o%d%f thnéoggc g‘égf]g%’tr'i% aereratigide cross-
seqm@Bwa@é Mam%mm etcﬁ:ggrer:hnmrmrskmmqmmatﬁrst dielectric
Iay&xﬁgé%rﬁpBﬁé’@‘W@\g%@sﬁﬁé %ﬁoéfrlﬁél'ﬁ.upgﬁs%ﬁ)?g%é%n@gr hol% dielectric

360 is formed through the bond-pad 222. T can
lay g #Rd dh§RRERhE et sk @r&k@w@ IBYR358d égao@gn.@fowmrsecond dielectric

3ay@ﬂﬁmt ddmeﬂm@ﬁdﬂml@ﬁﬁ%cmmt égfm,e@tgflsﬁ@ (%Egﬁﬁﬂiﬂ'a?k%v]m process to
me rring now to, Figure ird dielectric la

enggﬁt}sg %péled RSer %?e %@d.ﬁgpa?é”%& %’88%9%?@%%11@ Hsh»de éﬁ/@ iy formed
thranghfitsehude 3eadI2 The Ehebiidinhore (R0 fixst, sedomoeduny thictidieidetrienter of
the [ 8Y¥RIE 520,235 iR G PRV TR Al #ﬂ’é&}%&@e déglgc!\)tg%ormed using

layers can be other nonconductive materials in other embodiments

Oth%&ﬁ%@%ﬁ@?ﬁ@%l@&tﬂ@%{}er 350 and/or one or more subsequent
dieleetdgilayatsy carigara WMWW&%W&%G@MWWS@? ffWmaging

dxet%bo rature QVD% dﬁterl %?4% Cono tho%a&w B(r-l(-b%lge%%bo diment the

arylene OLficIerien
flrsk@mbmméﬁm@ m&megwagﬁ@@f(Bﬁéle'tﬁﬂcarﬂaimmmnmmhamnat but these

' d!el@éW$§§/€rsTegrfj'E@Qfﬂ%}abfﬁﬁ%méﬁé ARt QRRET Pﬁb%dlments

composed of the same materials as each other, but it is.possible that two

exa&?%rwﬁfftﬁés%qwg ST BRphBREPL PR UM mekbRa YA HiRlBAlric layers
carobe arlovwebthatlayerss clareiihed@bovsositith rgtﬁvet@ﬁq)@&lg@reﬁfm material,

n efere ce to subsequ S, M
s B, U e bR loton oo
(SiQuniRRdE FRIESSSYEAIR] rrmeﬁlabwuﬁgwﬁw@rmgmghateoz@mein@ubseqmm is not
exHaiaaRe of iimiagthedbreyehs water piereepnge!. oot é%sm&é% of the

IS a schen‘atlc side cross-sectional view of the imaging die 200 after a

SaNRBAPHDIR 3B2AYS BEIGH Bl dSeTRIMSHBAhNRIIBRTE Riyrsgayers are
corfiessdaiittidhsterBt aseitamea dydivonoving ¢ wt@BfQﬁéﬁ%ybt@dﬁglﬁMQ@ above

tht‘?’pemgm e?gotgé%efe&t%ﬁ ™ %%'eo%% grgngé s‘e the ar?cézgﬁos bsequent

second can ormed by etching or her 0 e me
figurpd e iRsyBIkedkill in the semiconductor processmg art Figure 3C

furthglbestretes sréfingénparsaee erdkyaiiohale, 3% ke eigures 3A and
3B showing the imaging die 200 in subsequent stages of forming the through-wafer
interconnect. Figure 3C, for example, is a schematic side crossise'c':tioné! view of the
imaging die 200 after a second hole 362 has been formed through the third dielectric
layer 352. The second hole 362 is formed 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 cutling a passage or through-hole 361 through the
substrate 210. The through-hole 361 extends through the substrate 210 to the first hole
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substrate 210. The through-hole 361 extends through the substrate 210 to
the first hole 110629-6748-W 000;SL042350.002 -6- 9-Nov-04 WO

GPRNINSQT PCT/US2004/03 7415 ....... ... 360 in the lb(oﬂﬂseggém“r

222. For ease of reference,.the through-hole 361 and the first ho

360,y threh bR hS<dgd 37 sasaeridRigaitetighaneravaling aidtzomm e first hole
360ermipdiefoaRowaskabi e L. SHRe Y RrEoH S%Cﬂﬂé@ﬁ@r@@d 200 in the

| 363 (sh t ).t t the die 200 f
e ARG 43 h e T S | P o DS B 363
(shaiwen|asbe 868 iy )conceihlny gt o i O fifstrsites 24dctowlasid ¢hed 2 toward the
ﬁrstsgﬁ%ngﬂdelgdazd%‘?elﬁtsgﬁw%@%tmpeﬂ%'%t%q Wb 5%%088&}1 t\}QﬁlY cut from the

: 222 using scanning/alignmént systems known in
sttt 2 . . {

RMATEIR seronstsitthMaie Bea laspr o doraeBdglignesbrdth respect to
the ;Eﬁitﬂg)atp%gﬁﬁltﬁsitﬁ@%c%ﬁfgzlér@im{hﬁsttéﬁfﬁﬁbgﬂﬁf?m%ﬁeart In other .
r [ eaned to remove ablate roducts (i.e., slag
e oo A By O RO OIS oA RIEEIC LD Febebses i tre
wafthrsugbt hmet%{l. can be cleaned using a wet-etch process. In the
emRﬂng&?\[nﬁ OHe tH}(ﬁJ Hrﬁo:’?g Sg"le W?SS%@?RQQ %I PéﬂtSOé'%’E%g ?tgebyproducts

through- 36lislesst ant e cross-sectional dimension o

(i-ehoiagbARi(AE BEIRI- YA SRR tRaPREUESerabiing does beinisiageut.  The
thr@mwi&smmwmemﬁsa@wwmmme@w Ofrpﬂﬁe BRiss@mEht shown

he first note 360 th d2 | ifferent

i G T AROuR NS E TR QL S LR Shi5 ThL fedgsssthan the
crogslonsti@singioneledoringf tpm&&sﬁot@e&ﬁi@myttm (Head—msi s'aa@ fothahthe laser 363
doe@mgﬁﬁﬂb’é%WémHtm%@% a ﬁ?%@@@glﬁr@@{}&&g%%t%ne material

clean residue from the first hole 360. For example, ceanléf&é%#entst at

in the AbttRleIcHR hougblhsetRsitPgsd22zoaansiro Rka dngjerial in the
thrdigim-Héle tbmughdm@te afel sOberstach tlearing dgsnirenayidnglugdeshfie cleaning

tetra eth jym h de ro Ie e glycol for removing - ,
Pro| e BT S A e o P TR o wse @
secthtd Wigrhisle BeTesiot drameebigiierfruragitrst 26IRSRIrifpteFiguwpte, cleaning

agemtd RUEhdielastiCHRY AiadadisiRpBiRE I8 agingdif e 19:2h slag from

least cover the sidewall of the through-hole 361 in the substrate 210. The
the fhiipiredidI et fay BN e sye S BEND RIGUSTRY (At de i RlBrasiBiiammonium
hydd@;pdathrrwet)eswpymﬂme |I@mtﬁted>embadjmeglt tiaedourthidietecivigoroducts.
353 is a |edt the er t|r |ma 200 SQ that overs th
Alterﬁ/ o'\s/% i(5]rt(|'(l[;e[r?14!sa Of th r(‘aegu Strate 21 rgstﬁ‘ 3%%0% 2%; gna% ﬁ%rr'gd after
fOTfﬂ%l@ﬁtnc Iayer 352. The fourth dielectric layer 353 can be’

Referring to Figure 3D, a fourth dielectric iayer 353 is applied to the imaging die
200 to at least cover the sidewall of the through-hole 361 in the substrate 210. The
fourth dielectric layer 353 can be applied using CVD, PVD, ALD or other deposition
processes. In the illustrated embodiment the fourth dielectric layer 353 is applied to the
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 daelectnc 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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a low temperature CVD oxide, but in other embodiments the fourth
dielectric layer 353 can be other suitable dielectric materials. The fourth

digleqte g.l@%er 353 electrically insulates the components of trate
210 gom an intercon ?ct that is subsequently formed in theq](g@ysb%o%%lm

as QLSCrHE ﬁ’?% et HRIRIG1 s 854s W@W/@OQEBMOW?F 354 is
depdsiBiomt34hd/ (D 2006/ @14 897 . Pmﬁmyma@wﬁ@@mso&ﬁ@r@mwﬂgm@nducuve

d duct d ont
o B e e S S ver o4 i
genagrily384raetaréotis fourth disleetriiNalareB5BuUTHe firsteoraniotivienkayter the first
cordrttiSe AsNSTaRY 2 el YRR AST AN INIaYAG, By iother-,, dCof ‘1‘3§NAU Ni, Co

embodiménts the first 5 conductive layer 354 ¢an be composé

andipr\QIIeT IR, BEIRIR KV dhars: ﬁhek@uit&ﬂf@nﬂﬁen%e” the first
coridmmetmybosszbfssdadhmcﬁbecaw Whendhe Jisbreendustivg TRYETRD4MS an atomic

for ed usm TiCI4TiN n atomic . laye
‘ay%(é ﬁjﬁAL l;l@r %ﬁe?ﬁ%:a Aap6r-depodt t?éﬁ‘?a\/@%\?&%c%’?&e AS' explained
be‘@ﬂplmﬁeﬁsbémﬁuﬂiyﬁr@(ﬁﬁn@@%tﬁf@\?&%@ 354 pivdtidsraptaditarianfather layer of

me@a&m@ anRtasfelaveratAOMABLAND QY STIRRISABIRASIRA S afer
in the through-hole 361). Referrln% next to Figure SE, portlons of the

fII‘S 86‘?{8’0&[%&9&‘%%@&% RPRRRSO B A fise W%té?é@%?ﬂ%@oﬁ@ removed
frorsutfadesiobiie imagiigdieal?O0rheanef enebiachigiant disUBHOPORiohS @f‘ﬁb@dlment

s B R BN I o A S e Rl o by =

Ing process, such as a or 'spacer & afjpre
suiteBlee RIS0EY nPARSREP ats HligHer atd ﬁrsa@qrbnvhoﬁz@m sigficdmbndeferentially

renfRdaCRRAKING! B%iéﬂ@abm%rﬁ@t%@!tgﬁﬂ%'%& stices having

etchapt. In other embodlments different processes can be used to
h°”§8|’éép VETPERIVE FRIRNE R SorlIERLsE fidfifsticomtiuctieBgeemhpdiments,
d:ﬁmmmaird@emmmhpbetloeecbfdm;femtmdmm@Iamt\aﬁﬂc@n ddetions of the first

conBiNElle B 9820 &Nt ISAN. 0 1Ne HRNBIRERGASTSIEN I on tne

next to ures pOI‘tIOI’]S ec rnc layer
sidqw@itn igidledtAleta36P an9 8A henmainandhe wRIseIRISUItaces of the first

sndaﬁéanaémexﬂmg@gré@@o&@rs@ewgﬂs brenrofid @blbedeYaer 352 and

3 h 242 of the substrate 210
o L Al 500 0 Rt LT e PRGBS of e

imagdielectidc 280ea®5 Peamul falirtV die lewtiion25f | dye rf3bRcalicestémiayed &%8non the -

sechifiNerizoYe agd mggguagga%@ciﬁoté%ma%ﬂgtﬂ'ee 79 'waas“ taB!;? in this

etching process, such as a dry etch or spacer etch as descr

emipsiEiiR tdIFRIReaMROs iSiidin dneo it iRlaglis %@fs%ﬁpﬂol%@ tfﬂlﬁ'@ “dielectric

layd€BFHAG be removed from the horizontal and diagonal surfaces of the imaging die
200 by a suitable etching process, such as a dry efch or spacer etch as descnbed
above.

Referring to Figure 3H, a second conductive layer 355 is applied to the remaining
portions of the first conductive layer 354 in the holes 360 and 361. The second
conductive layer 355 can 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 nuclieation for the Ni during the plating

process. The plating process may also be performed using an activationless Ni
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portions of the first conductive layer 354 in the holes 360 and 361. The
second 30 conductive layer 355 can act as a wetting agent to facilitate

SePsiingspetals into the passage 374. The second conducijy,
can be Ni that is deposited onto a first conductive layer 354%%&%%@%@%%15

CReFRtH 4HTRIERHERSSs PRRIMEDSOMEDH, WHEN kR CRreqsnaitRamise mahasion and
eiedﬂf@dn@bﬁﬁﬁ@siwﬁﬁulﬁ%rlmbbi%aﬁﬁﬂfﬁﬂféhﬂaNb%B@ﬁkﬁEBtQ,@HBl%ﬂ%‘gfé%m can
T atl f0GEeSS m also | erformed using an activatijonless Ni
o G Ao L Sh AR Gb B SRR 53 095 SB0RIB 7o one or more
of tiRCTH BR064108T406detibmistygraith4edEbedstakilizeitieantent. Fhe FiN
ca ' d [ reperties 1q,ingyc leation..
T o e ot IS SR BB o ne
Pasgager 3(tdBIdamatendrierspiyetiay hexsasding dieeghnibreirotgingfidia 200. In

oneadsheecadinensebdiayershasmi s snay B atiesk IR@leriBgNextor other
lec&g?' FI%”G %]d atfonductlv.e fill rq;aterlal 358 is deposited into the passage. i
elecloatly 1SRTaKS N e DE KR 37 aé%%&?ﬁﬁcﬁﬁ%%ﬁ?ﬂeq}anéﬁﬁ‘fb Gedsppsih the fill

materiel aspedtiof t_hE mﬂbm, thve ﬁﬂm@vi@i@ﬁﬁlcaﬂhé)éﬂsmriebﬂﬁﬁﬁcaﬂ be
dep@éi@ge%tﬁ@%r'ﬁégé'a(?(e%ng?@m’ﬁﬁ@%rmr%wg (QUSSHy Sﬁ%PSnLi'B%Siments,

to deposit the fill material 358 into the passage . In"'one embodimen
the filrintariakria $58 SsndseesiEsusriarine aliepaaeagling olasing @ pre-formed
sphzc&dar_mawg e basshge @nﬁgﬂkﬁnﬁmgmym&lbg}@@j%&ﬁ @@«W@?@ flowable
eposited by electroplating, stenciling, placing a pre-formed sphere of _
T R R L 5 72 NG AU S BN e il materia
358frandisedenatiital into tine pressage 37 41siig nthivengthodsilkfiosineto those of skill

in tHRModiments, the fill material 358 can be deposited into the passage 374
using, other methods known to those of skill 15 in the art. Referring next to

FigtrLENG 85380 Eige fobnfeFaR oredeid@df Be fGRGEophaRe3BNd of the
inteait@ndepa3itingftthediibosittesiah858 imiardhnal @58aa® IMd.pHISLAP3329 The cap

electrically couples the interconnect 377.with the bond-pad 222. | e
a0 R Y RS o B fitomae, m one
emigrmenbilies 2eredffbdimemmstintectipraaBdamise thavieténgpagertt 3fdl/oin other
emiJGRidRedelidl AlesaatvalelBe g M BRdfPUHER ALIBRAI Alternatively,

material itself, or the cap 359 can be omitted. In another aspect of this
the EdRoodinteh P5 SoRFEFBarT96 U meierglitertheriterctnéed sn by rwitted. In
anotesonpsieldisod it sinbsttatesd LR th plaideiaatexiesoabenaneeionoect 377

at ﬂ?é%%o&#%@Q@Eﬁ‘@?ﬁ%"éb&%‘&&%‘%‘ﬁﬂ%o rmgg gﬁig%tlgriﬁ %(():8 %5c|tn n to other
addition to requiring only a single cleaning‘process tor the tﬁroug ol
elecpnic siRyiRes rrathrebarhsidembbeimaainasbeded above with reference

to i8R 8k iuiring only a single cleaning process for the through-hole 361,
another feature of the embodiments described above with reference to Figures 3A-3J is
that the passage 374 extends through the entire imaging die 200. One advantage of
this feature is that it makes the passage 374 easier to clean and fill than would
otherwise be the case if the passage were "blind" (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 depositibh’(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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that the passage 374 extends through the entire imaging die 200. One
advantage of this feature is that it makes the passage 374 easier to clean

ill t ould otherwise be the case if the passage were "blind" (i.e.

gv%qa@%@g%% extends only 30 partially throughpthe W%rkpla}c’g)]:/ *%""(4’ 037415
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dieeantdriyee with@ngthesenbadimenialdhe dreatienialBe tabaiage elitting a
thrcml%[gxeig%l‘it trlea ttgeneralg( %lg I toTheF%t{sps described above with

reference |§u% LTI % 4K'& §'tﬁ%f%?9pﬂ5§%t§ Figure 4A, the

thragegrifioratiti ileistrated i iguTelBAsTheistb Sdqueithstadesnithisthird dielectric
nayén%wmh@%\é%%hag@éﬁrew&oa% He%%ﬂbee&@%wsfxl\%gésf Ihe 68eChge formed

Figures 3B-3F in that a third dielectric layer Is not applied over

by iheikteroeius9 handra EltiRg'a 4BPdhgrabithaborrreagakis referred to as
a visutrspadeatield Thexedatn gafroiing tinet fadgadraidAother Hranaidinlefbls 1 can

farmed through th trate 210 withou {Srav'n | a third dielectric )0
ve {80 RP T e oI GRORE e eeehey ey irefBReEuRg processes
as geeuiirifobmerl by the through-hole 461 and a first hole 460 through the |

P e e

the /48RS RS ARG ININCTEIRFRN Gt SinBiosifatie phocadssibessaspect of this
emblesiefibe hovesr] afdguieadRdiustiaios gudiional stagesobibiscimetRodr 453 is

that are gengrally similar.to. the steps described above, with referepnceto .= . .
e D e TR R R TS S B v
the thiebirairg A blé e laciichirthditlididiclagtic4Bgeis 402 ussitealyntohes the bond-
padBaging digd0Q 1ac0 Vs e siagualkal the JRpuan A 48BN, Pon of the

substrate 210. In practice, the third dielectric layer 453 generally covers
sub{EalAGDE Bar BN cond dielectric layer 451 in addition to the

expdsed foontiog ahthehiubatetset?d Olayshedzougifolededudiiier layer 454 is

formi ird dielectric layer 453, a first conductive layer 454 is_ :
oINS M ASOE IR it LR EBER Y s gt
layeioABficaioeeTaydessaticovbits tHielastiie thiyer déidctris|ayeiaibad Above, the first

con@uet/aedrbaves Benfikst a TiN layer, but the first conductive layer 454 can be a
different material. - '

Referring next to Figure 4C, a portion of the first conductive layer 454 ‘i'sA removed
from the horizontal and diagonal surfaces of the imaging die 200. The first conductive
layer 454 can be removed from these surfaces 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
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25 conductive layer 454 can be a TIN layer, but the first conductive layer

454 can be a different material. Referring next to Figure 4C, a portion of
Hﬁ%‘i?@i uctive layer 454 is removed from the horizontal ag;judz( %@%w
surfaces of the imaging die 200. The first conductive layer 4 Can'sd ;

aie SR UIFORI R SE §Mﬁ§@@é%3§%a§ﬁé@é¢rétcﬁﬁﬁrwrrﬁb‘éé@§tse third dielectric
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ectr ayer the upper horizonta and diagonal surfaces 0
’ayﬁ?fn%@amt@mlsrmm wommmggmoam@JMdem $179) descnbed above

witr2RGIOHIBN iR rd Y P 20Q4M031 ¢ HaRieZHiy Gan 4e Efmor‘ﬁ%(i'ep%lamni@rdeposned

B into gl) cer etcn. i ne spacer etcn of the third dielectric. layer 453 should
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oo 16, Cr5hoRRGUEIE (BYEE 454, T SeROA SONGINE IR ASB.600 1y

be a'wetting agent to 5 tacilitat |ng the passage 474 With & con

imagiagedisl 2PHd seeetd ausdyitanaiirsremeogingd geiherkinesiinnarReferang first
to ﬁg@@“gﬁoﬂ@uﬁiﬁt%kﬁ'}/@f 405 Arsppbed bRV WibirgsRed kP digtetdthe steps

re 4F, a fill materjal 458 is deposited into the
desERed AG 1900 15 LD LB o R SR AR SPPPY ietoctic layer
551pm@ﬂenétwmaﬂymmdadtpaﬁaeﬁesdndﬂedsammom&b ireterehordi@ad 222.

F'g#é?ér 3Ae;<9 t'(:)'gﬁ 65'%@”% Etﬁrglé@rﬁ qzestggpsc aﬂgewegf thtﬁ)urgh the

formi d%an mterconne n an imaging die 200 in acco ance with anot

SUDGHAIBAHHoSF IR FEHTH, Pectorring ARSPUGTHISIRESSA. GrE hietipareet using a
Iaséh@@@%ﬁh@dﬁ%iﬁ@w@éﬂ@ﬁ%ﬁ genpially siotiasteingoiensdeseEbad /o laser

e e R e e
snd&ymiwpafdj@mmt.?ﬂ@féﬁﬂngndeﬁt seFigury»B o teguoimhabatste qaortioe of the
mdéWép‘?ﬁjtﬂgm substiate 240 aRchine ROR: gr%%e-a}%mng ste o clean

through-hole 561 can be formed using a laser 563 (shown schemat |c

the dRERKY!-BP 6t sultaBRN BBk d58edeamih dRBNE HE skt i§1gaB e fbfwgh -hole
561thﬁdiﬂr6@gih1hélffé&ho@élra’ﬁéﬁlﬂ§t@é§WtCaﬁ goatitecRAsHRHAS: degrade the

e B PR I R A L B SR AL o o
561sb@am§rc|@atﬂhy @d@psad d@@mnﬂmmagwwerﬁmdwggeamamhé packaging
ste;%e?ﬁyn%,%ga@tﬁes@eaéﬁe%ﬁ@nm;mrm%@e'%eééﬂed@@yalesmmq Rference to

those chemistries that do not attack or otherwise degrade the
Figures 3C-3J fo construct a through-wafer interconnect as illustrated in Figure 3J.

The embodiments described above with reference to Figures 3A-5B include three
methods for forming and/or filling through-holes in microfeature workpieces that extend
through bond-pads and/or associated substrates. In other embodiments, other methods
can be used to form and/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 pré\/iding 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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metal of the bond-pad 222 or the material of the substrate 210. After the
through-hole 561 has been suitably cleaned, the imaging die 200 can

itional packaging 25 steps that are at least generally similar to
t os%e@g?éed above with reference to Figures 3C-3J to coﬁ%ﬁ%@ﬁ“”ﬁmg
(HOR e Qe drpaseist \Wath L sfestel W afay  rdesgoMirctambodiments
deseigoesl abieve withdietaiensede &detisas SeaB dnciidadheamietiedsiuding a
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particular methods for forming ana/o rough-holes described
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diecoodluetiveipatenal i withreughdiolk toipamana YLt Ral-RaRR R Wordingly
rEfback I‘|<de of the imager die. 110929-6748}WOOO/5LO42350.0021 11 _
I-NoVG 4 URBIBBET0 Tdd7 BeTRIE So0h108P2 8370l G Gracthshides an optics
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SS- 0 i N i lurality of _ ,
e
65Q St griesa0d ThibHEdEnHl -6 J0meRite s mieroBlLwaRidhilselsnses and/or
filta&@fd&gf()@()@?@@?@@ w@g}g fﬁétrﬁbd mksatgg@%%rﬂﬁr@é@% %ﬁ%ﬁb@ﬁé@@gg@do.
ie ormed op the. first substrate 604, The indjvidual imaging dies
200% E‘gnaggegrg% raaélgsfr%%é?ﬁtdr}ﬁg%isa&n‘éu‘fﬂg%ég (fé%'&’fjﬂ%% EQfiiqured fo
posgidigpdnd Mdﬁghﬁ@f@, likibsr 66l aviteraspabers iadbﬁﬁdim!g’lqu@@etmbk@m 2. Suitable
staRAIBRAYAFDIHIR SIGH RSP BNERe ke BROSIBRIN 6 OPoReR %&inﬁgfﬂﬁsoe&ceSDocket

workpiece 630 that includes a second substrate 634 and a plurality of

No o HREL RISV lorPiitied coTrFsaRe dviceaaiemtnvigubmagts uaitd ddethods of
Pacierying|ileres st o emiagsr H5Aan shavseenishsabstats 6ifichhe PRlifporated

member 650 can include lenses and/or _filters,.for focusing and filtering the
oy FERTRIER TR, IR REEER [Rreers SRRt an g W0 %0 fasoating the
staftiite $80plsratiglotranttiohs866 diigueedtoupisitioaligkividwithofitée image

it 40 I i s sy 2l S

Indigd Rl RES 9L NI T B 98 TSI ceht Magata e assembled at the
wafdideveledbathiof thagies and bbethansuekiRackagingMiGeelest amie be cut along

. dmagers,” fi November 26, 20 hich is incorporated by reference
Imehégﬁgl‘n{%g %ﬁ%ﬁ@g@gﬁg Wrr?ggésfs g%g %@neﬁgg‘a %e%ibled by seating the .
. staRtoRe\eBUasts thhtte @ efritd Mfitd afonicreatirandtyimigees Gathithstrated in -

FigliR2g8s2A RaNSFF igh- A58 REMEOHINGE b HReRiand-2 1. P0R A5 mRaRk ctronic

.___before singfulatjngt tge . . '
imagers to be“fabricated at the wafer level using semiconductor fabrication techniques.

Because the through-wafer interconnects 226 provide an array of ball-pads 224 on the
backside of the imaging dies 200, it is not necessary to wire-bond the bond-pads 222 on
the front side of the wafer to external devices. The bond-pads 222 can accordingly 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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individual imagers 690 such that all of the microelectronic imagers are
assembled at the wafer level. Both of the first and second substrates 604

24, 5ahthen be cut along lines A-A to separate individual imagers =~
gggzﬁrorﬁ each other, One advantage of the assembly 600 of "’ US 7415

IntGGRRASRIE6AR: FRAGKsPEORPRRRstrAGd wionkicagtive enisates the throughput and
acdirsiobr padRE el eaBRRIES KA ficanaRiera plurality of microelectronic

imagers to be fabricated at the wafer level using semiconductor fabrication
techAREs, ABEILAEE tﬂ%%ﬁ?ﬁﬁ- YePHtePESRITERRLeSIB HrolMpaRs 690 is the
abibiray obtaihpatis224iarsthie thatksidenatithe Bagingudies20Qeilt ishoat, PDA, or
wire ond-pads front side of the wafe
OtthQP xtergngéll %)g%liééeé?%%qé%gn%-%g&c?ggz cadngggé%? ﬁ%‘éﬁ% be 3 ero?/seer'éaugtmate o
projige, e mal @lertisd ramiesthégigeeat he(dyrusicaigrapricalityests 226, the

fooltaging eesi#lQastimewvater levehonsant substiateo( i dabricatingifstead of the
lurality oIBo tics lﬂ;ts 640 at the wafer level on another substrate, an
Y

InteHPSEL e ‘ﬁﬁat%' LPRIRIEF BFTPISHiRYHS U eED PeSpsnefRg pilRidpss than
corokimiagaigidiage20Obaicthessvater leveprisingf atitonaiediequipnagiig dies 200 is

e ol e . waf

T I

dieq 8%/ 09yssr0PESImrTcy bR 226 R dibeassks grupled directly to a

mo8igBifigamiv %h_%ﬂ@@p@’@fhé‘,@g]%&% Qﬂétl Wﬂ’fiﬁ‘y I@WC‘%}?@?&) tifme and costs
microelectronic imagers. Another adyantage o assembly 600 0 ,

o S ORIC MAG6I et 16 T IR Sabruias 8 PLETCelate s resuls

in gmﬁmagmmtommam@n@m, mmalls:dmegeme of device.
Be(ﬁ@‘f{ﬁ%@eéﬂﬁg@%@%@ @Qfgg}er\?éiqﬁqgr'%@&ﬁgfﬁ S’llé%t:%?ﬁéomicroelectro’nic

Ight of the thro er

provide external electrical contacts in h-wa

ImABRER OISR bodetier foobilin Brots RICRecH0% AN attHes sufer devel before
thet)rmﬁmmeiﬁiag%ggom&aa@ @?ﬁlﬁﬁaﬂ?@ﬁrmth PHOBY Ain EJ?&@(E?@)@%&R@' e of the
: e Ima IS, accordin ess than convepnu al Imagers

dieg g B B T S R RS H e DRt Sl dafyoh-wafer
intesnoaliercth L thatrofidee intégids @latibstlatenRuntherfmoedbetpusecthese the test
pro@@%%@@tg@w&@ﬁt%&@%ﬁi‘iﬁeaﬁéé’kgfd%a'éﬂpﬂ% %%éé@ﬁt\ﬁé&ﬁgc%owﬁg it will not

dlrec'%eto a module without an interposer substraté, the profile Is lower

dargRgerieetiaIhacrSers aksoBa Rt BtngtREME A theipiEiFp S8ethe front
of Slebaiiaiecisereliminatiegerthéooesulisrdpvareatey @@%ﬁh%td@&ﬂfihot obstruct the
. ackaging c and smaller imagers. 15.A further gdvantage

SR A T ot LR O TR dERe St 1oroe
nurpeetestatictahahe hacksivepsfelddizeo GG es thettest imegihpeioscirtime the front

sigdNdividuglimagers §R0Ae SV IRSeHs AriestPReRAR fPMaCHBEmicroelectronic

backside of the dies 200 to test the individual microelectronic imagers

ima@ﬁ@b@%ﬁﬁeﬂﬁ%"i’ﬁ%ﬁé‘?’}’-ﬁ/a&@r' before singulation) than to test each imager 690

from the front side of the dies 200. Furthermore, it is advantageous to test the

~ microelectronic imagers 690 in an environment where the individual image sensors 212 -

and/or optics units 640 will not be damaged during testing.

Yet another advantage of 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

[10829-8748-WO00/51.042350.002) -13- . 9-Nov-04



interconnects 226 provide backside electrical contacts. Accordingly,
because the test 20 probe engages contacts on the backside of the

WRAGRE W skpiece 602, it will not damage the image sensorg,212.the, -+
that?ﬁ\tics units 640, or associated circuitry on the front of the microelectronic
|

KoePE BB NAGIEovke, tha TRRPIBIBD S HBELHBP BB i eimhtile dies 200 wil
be demsgeri2iiRidgrigyalbimkside tabsanbiait Blawinths Eghiitbeiodastad.
lar ies at.one,time red to,processes that test.
_ imggénngﬁiéo%ﬁé%ﬂétm gﬂ?jeg%%%s%ﬁg&lt fg??]ogrﬁzgé'fﬁ%ieeﬁ? i ééWﬁg%f of the
- INnvesigKimanden & ee teSetsasivaitroelestrdaic prapas 690/astraiorafdribsht various

modifafRSiermsNsL RHRR) Wik e destRRch inadRs G Ié@g' 486 BidGvention.

of the dies 200. Furthermore, it is advantageous to test ] ,
For RraTRIEYBAR RS BO0ARYR dsilerseringveRhedineaivrukrfrigRined in
diffeemsorsrabasindior optics dinids, 640evithviottoe damageathtiwinetesings by the
app%?_l Je%t gg%lggr a_dvantage of Wafer-lev_el 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 on the front side of the dies 200 from particles

generated during the singulation process. Thus, the likelihood

[10829-874&WO000/51 042350.0021 -~3- 9-Nov 04 WO 2006/011897

PC_'PY11S2004/037415 that the image sensors 212 or associated

circuitry on the front side of the dies 200 will be damaged during

singulation and subsequent handling is significantly reduced, From the

foregoing, it will be appreciated that specific embodiments of the

invention have been described herein for purposes of illustration, but that

various s modifications may be made without deviating from the spirit and

scope of the invention. For example, various aspects of any of the

foregoing embodiments can be combined in different combinations.

Accordingly, the invention is not limited except as by the appended

claims. [10829-8748-W000/5L042370.002] -14- 9-Nov-04 LLOYL) WISE

15 INVe claijjl~ 1. A microelectronic imaging die, comprising: a

microelectronic substrate having a first. side and a second side opposite

the first side, an image sensor, and an integrated circuit in the substrate

electrically 5 coupled to the image sensor; a terminal carried by the

substrate and electrically coupled directly to the integrated

[10829-8748-WO00/5L042350.002] -14- 9-Nov-04
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circuit: an electrically conductive interconnect extending from the first side

to the second side of the substrate and contacting the terminal; 10 a first
through-hole it,, the terminal. the first through-hole having a first LLOYD WISE
cross-sectional dimension; and a second through-hole in the substrate,

the second through-hole having a secorld cross- sectional dimension,

whereinthe second cross-sectional dimension is less than the first

cross-sectional diensign, AN ahe Ein g intgiconnect s disposed i

both the 15 first and second through-holes. 2. emlgroelectronlc

imaging d1&"6F ERR'S Wﬁ%?éﬁ'\h“t‘ﬁ%ﬁ SR 2 SHBHSES PEEISHc liner
in contact withfthessisbstratescadirst.condustivesataleredispobeth blisreatcctically
least a portion of the: diglectrigdingtea second conductive 20 layer

dis
poseﬁd 8%16!11 t(.Jx 11@1[ grﬂx DS Iotfetg}lel fl;uﬁlinm gggtxlp ‘%Y& ? tl’ib%teudtcd
termina an elec rlca y conductive matérlaf over at Ieast a porfion

of the second @emtiuctive layer and electrically coupled to the terminal. 3.
The micteelestaniccimaging idie ohctairxlewherginn 26 the itercdrnect

comprises a diglectric [inarin GoniaCtWith lg SHbsURIG: A conductive

layer over at least a portlon of the dlelectrlc liner, wherein the conductive
layer in@IdER&TPHE TR R VTP {}ﬁﬂilélﬁhﬁ’ﬁgﬁf@f&fﬂ@&“ﬁnﬁ joi &gy tonal

wetting agent eweengbdeast a portion of the conductive layer and the

terminal, whereir: (mng@Hiimgh@‘Q@QH@C@h}cd»%(?oh&t@bbgﬁn@{@'haﬁﬂ%ﬁﬂ@@nd Cross-

metal fill at Ieast artl ov ra
p()h Ci ?OH ‘tJv}eeerlgftl hPe EQ)QSQLEQOHVY%I%Q %la( el‘plte s‘ncm thﬁ

and electrlcally oup he'termi nal Microslectronic imaging
of claim | Wherérﬁttﬁ@»?rﬁf&@@%ﬁ@éﬂ%ﬁudﬂ&ﬁﬁﬁr&l“éﬁ% ﬁﬁltﬁé“ﬁr‘s’tﬁ’éﬁ’d@)ﬁfl i both he

the substrate. 35sbanliRe-micioslgstioric imaging die of claim 1 wherein:

the terminal is on the first side of The substrate, and the imaging, die

further comprlses a dieleco i, layer dlsposed on the first side of the

LLOYD WISE 16 Stitistiatsovinigteinaris diélattricaséicovers at least a

portion efdheactesminatomplihe miecraetedtraniccinaging!die: oftelaim b first conductive

wherein the dlqlqurggq},%yg{dqglutqggt $f>%h%n%lxgrd§!%léhﬁu;rb%ccond conductive

microelectronic |mag|n g die of cl a|m t wherein;
layer disposed over at least a portion of the first conductive layer and the terminal,

and an electrically conductive fill material over at least a portion of the second

conductive layer and electrically coupled to the terminal.

3. The microelectronic imaging die of claim 1 wherein:

the interconnect comprises a dielectric liner 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 over at leasta

portion of the wetting agent and electrically coupled to the terminal.

4. The microelectronic imaging die of claim 1 wherein the image sensor and terminal

are on the first side of the substrate.

5. T 'he microelectronic imaging die of claim 1 wherein:
the terminal is on the first side of the substrate; and

the imaging die further comprises a dielectric layer disposed on the first side of the
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the image sensor and the terminal are on the first side of the substrate;

the imaging die further comprises a ball-pad on the second side of the LLOYD WISE

substrate; and the interconnect extends through the substrate electrically
coupling the Icnninifl and tile 10 ball-pad. 8. The microelectronic imaging
die of claim | wherein: the interconnect H&s a first end portion coupled to
the to minal andhausecendendepontioricpacedvapart frgm e dirst drderminal.
portion: and 15 the imaging die further comprises a ball-pad coupled to
the second end portion of the interconnect. ri The migroﬁlggtggnicjmq ing .o
die of cfaim i wHEPBIFOBRS TR 4B RES K st BHE Portion coUple “?o‘“ ues
thieNerminab@nd a second end 20 portion spaced apart from the first end
portion; and the imaging die further comprises a solder ball electrically
Co.uDIe .to theﬁﬁeecigggmgngoggrillll%nngjz H?ee ‘I'fn 1%5%‘3”»»' eecéint:o ) A
microelectronic imaging die, comprising: 25a mlcroefectronlc substrate
having &fifsesidenapidy decemunsidecopsite! thés iidbSives Sifintegrated
circuit atrleaskpartialiy-betweenithesfirst aad seconchsides, o tnd ahsimaged
SENSor gi H&%I‘J%&a%&%%&lg&&'}!%@ ytﬁg E{RJQ%E%@}%NST &Q&Qg@t%qgﬁmﬁ;ﬂ and the
bond-pad at least proximate to the fist side of the substrate and electrically
coupled directl?f‘{bpﬂ‘i‘e integrated circuit having a through hole, the
through-hole 30 having a first cross-sectional dimension; and an
electrically conguctive.insrspnngstiexigngdingithiougheit through-hole in
the substrate having,a second pross: sectional dimension from.the. firs
side of the "SIBYAIETE the EEEoRd ' §iae 0t the substrate an s[hrougL the
through-hole irpthéonsorddyaet Wieréin thHesboheletdss sectional
dimensigg isess than.the fissheressbabpsectignal dimensio.chi @Yo of the
VVISE 17 11. i-rl; O(;:-mmri{:eg{)eIectronic imaging die of claim 10 w herein: the
interconnect comprises a dielectric liner in contact with the substrate, a
first conductive layer disposed. over at least a portion of the dielectric
liner, a secondtenductiedayerdigposkdodvienat leastia:portion of the 5
first conguctive layer and the bendsnad. and.an slectricalin conductvefl
over at least a. portion ofthe second conductive layer and electrically
coupled to the HSHER 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.

10. A microelectronic imaging die, comprising:

a microelectronic substrate having a first side and a second side opposite the
first side, an integrated circuit at least partially between the first and second sides,
and an image sensor on the first side electrically coupled to the integrated circuit;

a bond-pad at least proximate to the first side of the substrate and electrically
coupled directly to the integrated circuit having a through-hole, the through-hole
having a first cross-sectional dimension; and

an electrically conductive interconnect extending through a through-hole in the
substrate having a second cross-sectional dimension from the first side of the
substrate to the second side of the substrate and through the through-hole in the
bond-pad, wherein the second cross-sectional dimension is less than the first cross-

sectional dimension.
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pad. 12. The microelectronic imaging die of claim 10 wherein: 10 the

interconnect comprises a dielectric liner in contact With the substrate, a LLOYD WISE
conductive layer over at least a portion of the dielectric liner, wherein the o
conductive layer includes TiN, TaN, W, WN, 'Ta, Ti, Al, .Cu, At,, Ni, Cu,

Co and/or An, a. wetting agent over at Iégst a portion of the conductive

layer and.the bondvpadicwhereimibhieavattingaiagehtirctudes Ni, Cu. and/or

Au, andia.imetal filQuaratdeast-aneetian of the 15 wetting agent and

electrically coupLed@ ot ehP?thBtad 13, ;I;q(  microelectronic imaging die . o
of claim 10. fufth&l* Eom prising a icleciric ayer dﬁspose ont eflrs Sldlé

of the substratée Whiersin lihe:. dieteifieorivei cdversiapisadt &gt ithagiortion of t
the bond-pad#20 44 the-miercglect onic-imagingudieoficlaimotduwherginver at

the dielectric layer Inclydes, guaoqumam . 10 The m'&m%%mnéﬁ to the bond-

imaging die of claim’ fio Where I: 25 the imaging die further comprises a
ball-pad on thé&econd side of the st.tbstrate; and the interconnect
extends through the substrate electrically coupling the bond-pad and the

ball-pad,16. ling m&a%k%gmdwwegffén@ngf @ajm,dQ. wherein: 30 1h e
interconnect has a first end por lon ¢ e u‘[aled to the bong a s,z.?%m

end portiSiSpRe8H P AR TS ha“FiPst SIG Portion: and the imaging %Jmn(’“ve et
further comprises attyalitpad: bw@iéh@e*éé%dfs|Hébﬁﬂﬁé@§u%§ﬁﬁféi%ébbbéﬂ‘“C udes
to the second end pmti(wﬂ oftheaintergoanect, 85 & (btiieimisroealectiofigent over

imaging die of %Iﬁe r:} ) g }?)g r‘?’{‘a}:t&%ﬁ‘ tt%[g f 99&%{ qgsb% 15' r%&je@&l%ﬂﬂ %rlwattmo

coupled to the a secon portion s aced apart from the

first end portloh&‘&htﬂ"L‘I‘_‘bW s/ %$fhé‘ﬁﬁd@%ﬁﬁ g é“fﬁ‘rt’rﬁéﬁ“ﬁdrﬂ‘ﬁf gl the
a solder ball eleetricadbeoouplec-toctiie sespnd endbqportien of the
interconnect. 18. A microelectronic imaging die, comprising: 5 a

microelectronic substrate havmg a first side and a second side opposite
T iﬁ!actrlc layer

the first Slde, aRirtsgalfsHEicUIFErsaisr TN DEHESHTHE fifs
seiepneisides, fandiandinagebsensohaonithe: dstside electicathyCouphathton of the

t@gﬂi@%g_rated circuit;

14 The microelectronic imaging die of claim 13 wherein the dielectric layer includes

SizN; and/or Si0,.

15. The microelectronic imaging die of claim 10 wherein:
the imaging die further comprises a ball-pad on the second side of the substrate; and
the interconnect extends through the substrate electrically coupling the bond-pad

and the ball-pad.

16. The microelectronic imaging die of claim 10 wherein:

the interconnect has a first end portion coupled to the bond-pad and a second
end portion spaced apart from the first end portion; and

the imaging die further comprises a ball-pad on the second side of the substrate

coupled to the second end portion of the interconnect.

7. T The microelectronic imaging die of claim 10 wherein:
the intercornect has a first end portion coupled to the bond-pad and a second

end portion spaced apart from the first end portion; and
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a bond-pad at least proximate to the fist side of the substrate and

electrically coupled to the integrated circuit; 10 an electrically conductive
interconnect extending through the substrate from the first side of the LLOYD WISE
substrate to the second side of th, substrate and through the bond-pad; a

first through-hole in the bond-pad, the Fir$t through-hole having a first

cross- sectignatdimensioncand assecordihrerdghidaolecinthe sulastrate] end

the sepond thrg(H,gQEQngqut\é'}@(gqgeaeqond 15 (_:ross-sectional distension

wherein the second cross-sectional dimes on is less than the first
cross-sectional dimension, and wherein the interconnect is disposed in

both the first andrsecend thiougtyholes ca@piimir_r,oelectronic imagging

die, codrg@é@i&géc«?r‘%@o@;‘i@%@m%@@i@fﬁb{c@&t&@t@f faaayéoga@z&ifs»bf__ﬁw@ amoha? side, an
second side opposite the first side; an e sensor. on the first side o'f, .
e substrate, DR TG e it D LR A By g s
to the image senseroa bofitipad derayHaviely S PRIFEiN G erd pads on

the first side-ofthesubspateneachnbandspad heingteleatricaliscoupledbupled to the
directly to the iil‘rl} ggrg%t@d. cirgyit and at least 25 one bond-pad having it

a CIrCul . . . .
through-hole witha first cross-sectional dimension; a ball-pad array havin

a plural) DIBAITAEGHHE SEEHHASIGE S e Lwetr dtes RS (il st side of
of electrically conelustive intecconmeécts:extendihgrthreubithbughbholesdn
the su b?‘r’ﬂ@?%%%ﬁﬂ;ﬁ%% R rt?]tu %'&jrﬁﬂ%cthﬁ e%%HQ@Q@\ at the; 1§M;§%ﬁ)@nd

between uhe integrated circuit and corresponding bail-pads, wherein the
interconnects af&" 362 CORHUFSUYY electrically couple the integrated circuit

to the baltepanstiwithim thle ifdotprintraftHe subsiratewahd iheréin ataeast

one through-hqlednsthe-suhstiate hasna seenderassoseational dimension is less

dlmensmn IeS.Sﬂ'EQ]? Q}é x?s Ir?&»&@%ﬁ?ﬁﬁ%@ﬂ%&%oﬁl@g \%’l"l%rl:]diﬂzg"lé i-all-g?cormect is disposed in
microelectronic | di 3

maging die of claim 19, wheréin the interconnects are
electrically couptéutte ‘esrred ponaiit Bshdpids. LLOYD WISE 19 21.
The microelectronic imaging die of claim 19 wherein: the individual
interconn;cts have a firs end.“%r 'ionﬁpgngﬁgg%pd end portion spaced

! A IMICTOSIECUrOC 1 g Al 1
apart from the first end portion; corresponding ball-pads arc coupled to the

second @AEFPGHIGHS B SAEHS R EbRHEEH IS ErBsHuRg e the firstside;
bond-pagds asg-ceutplad tacthefitst endepartion:ofeach interconnect. A
microe"%%t?n‘?t@é%ir%%iﬂﬂt %%c%ﬂ%'ﬂ%‘% electrically coupled to the image sensor;

a bond-pad array having a plurality of bond-pads on the first side of the substrate, each
bond-pad being electrically coupled directly to the integrated circuit and at least
one bond-pad having a through-hole with a first cross-sectional dimension;

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

a plurality of electrically conductive interconnects extending through through-holes in the
substrate from the first side to the second side of the substrate and between the
integrated circuit and corresponding ball-pads, wherein the interconnects are
configured to electrically couple the integrated circuit to the ball-pads within the
footprint of the substrate and wherein at least one through-hole in the substrate has

a second cross-sectional dimension less than the first cross-sectional dimension.

20 . The microelectronic imaging die of claim 19, wherein the interconnects are

electrically coupled to corresponding bond-pads.
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a microelectronic substrate having a first side and a second side opposite
to the first surihce; an image sensor on the first side of the substrate; 10
an integrated circuit in the substrate and electrically coupled to the sage
sensor; a bond-pad array on to first side of the substrate and electrically
coupled directly to the integrated circuit! &t least one bond-pad having a
throughzBole With @ifasicross: segtignéd dimensionylaball-pad array on
the secqnd,sidg .0l e sHRSEAR: antkdS means exiending toughon
through-holes i(ncth?lsgbs;[rate frgmb Eh& first side to the second side of tic
substrate for efB&tFicHiy SR The ht8giated circuit to the hat-pad
array, Whereindnidastvieathrougbdholecipethedsubstratehdsalsetorgnect; and
cross-segtignahddimensipniesscthgrdhenfy steross,sectionaldimensioset.

20 23. A mcroteaturc workpic e havins a Front side and back side

opposite the front side, the niicrofeature workpiece comprising: a plurality

of microetectrohi® e T dirfsididuartiédificlude an integrated

circuit, amimage senseryantanayof bonddpads electrically gpupled the first surface;
directly 10 the .integrated cicuilat lgast aae.pond n.ad having a

through-hole with it Grit cross- 25 sectional dimension, and a plurality of
intercorfHe &G AEiRG thFS g TR OIS ih thdthicroRsatires sehsor
workpieckgiredgimindividuatintercohnedts arendleetically couptediitoctly to the
correspondingihendpads,and supluralibebscrihe.lanes.spacingwapartiti@ross-

individual dies wperqin at least one through- hole in the microtcature
kectional dimension,

workpiece has a second cross-sectional dimension less than 30 the first
cross-secabmaf diffeAsibnsPandTils pidroteatiire Werkpiece of claim 23,

further comprisingapluralityiobapticscunitscRaving Opdic members. th@e second side
individual Opt!c%)?f Hﬂ!'ﬁﬁ[ﬁ{?&% ‘?%r%%@%%ﬂﬁw&&ﬁ ﬁ(& %Pc%&!{ﬂ&c@%&%% the ball-pad array,

individual optic members at a desired 10C-ation relative to corresponding
image sensors’SR N IGHAP S5tk POLEGVRRWEE S bty a55cand cross-sectional
microelectronididevice $et, tconiprisingroa-firstomictosledtronic die,
comprising: a first substrate with a first integrated circuit a first bond-pad
directly electrically coupled to the first integrated circuit and having a

throughHole with'5 fif&t Erod8t 8 St har i‘i*?‘féﬁ@fb?i‘,da‘tﬁ%fi‘céiﬁ“ﬂ%ﬁﬂgé’s“e the front
sefhsdrelectiically soupled tothesintegrated circuit; and
a plurality of microelectronic dies, wherein individual dies include an integrated
circuit, an image sensor, an array of bond-pads electrically coupled directly to the
integrated circuit, at least one bond-pad having a through-hole with a first cross-
sectional dimension, and a plurality of interconnects extending through through-
holes in the microfeature workpiece, wherein individual interconnects are
electrically coupled to corresponding bond-pads; and
a plurality of scribe lanes spacing apart the individual dies, wherein at least one through-
hole in the microfeature workpiece has a second cross-sectional dimension less than

the first cross-sectional dimension.

24, The microfeature workpiece of claim 23, further comprising a plurality of optics
units having optic members, the individual optics units being attached to corresponding dies with
individual optic members at a desired location relative to corresponding image sensors on individual

dies.

LLOYD WISE
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a first electrically conductive interconnect extendin_g through a
through-hole in the Irst substrate from a second side of the first

substrateto a first side of the first substrate opposite the second side of LLOYD wisE

the first substrate and in contact with the first bond-pad 10 on he first side
of the first substrate, the through-hole i the first substrate having a _
cross-sectiond! HiieHgismicekyithart tenfirstieross-sectional dimension,
and at least aisecbnebmicrealeepiamig:die having a second substrate with

2 secondrniagrated. frculh, i aseond bond-nad elegtrically coupled fo the
second integrated circuit, and a second elecui alﬁy cé)ﬁ?jqé‘f’f(} o
interconnect 15 ‘B ilﬁg{‘ tHrbtigH thie setohd Wﬁt{a‘ﬁ?m&X*C{?ﬁt;‘a‘qtth\ﬂthrst Cross-
the second borgiopastinwinéreinnthe seqendnmicroeleGlioBidie i iR integrated
contact with thedirst4nicroelectronic die. 26. A mic_roelect.ronlc_O:magldng

die, comprising.: 20.a microelectronic substrate having a first si eanda
sIecondgnfslgi%élledc%|931n(%%i}tyecﬂ?gLﬁir‘svt'e e é?ggﬁeﬁh%‘é‘@‘g%gﬁ?}‘ﬁh@‘%fﬁ‘iﬁté@iﬁt@@c first
circuit in the sif §fl’*‘éﬁé‘"é1é't%ﬁ%ﬂﬂvi§eub1@dﬁtr®tﬁuestimag@ sensar; @ terminalbstate
carried by theospibstratesand eleetsicallyeaupled.to.the integrated, Girehit: .., d-pad

lectricall ductive interconnect extendil ‘tQ ough the syps‘tra‘t’ef N
2t contacting, 35 Tt 1ot & Tt oL B Rel8 T TR AL AT b
first through-HOTE ARG 4 et iopdssdbetivn arsdimersivipanthasecond
throughi-keteairethelsubstriatepthedseernd theoughshelehaving asggond

[ ' 1QF ' -sectional dimension

cross- sectionakgimansion, wheseinihe second.cr ysaﬁ@v%'%{‘%e%mm
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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.

26. A microelectronic imaging die, comprising;:
a microelectronic substrate having a first side and a second side opposite the first side,

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

image sensor;

a terminal carried by the substrate and electrically coupled to the integrated circuit;

an electrically conductive interconnect extending through the substrate and contacting
the terminal;

a first through-hole in the terminal, 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.



