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[OOO0O1] This invention relates generally to

sem conduct or packagi ng, and particularly to a

backsi de nethod and system for fabricating

senic

e e

sem c v g@F

i nter connects fabri dBtle &BQ@ ¢Hh thod and the

system Background of the Invention [0002] A

sem conduct or conponent includes a semn conductor
Fietd BBtheah@elifgi @l ni ng vari ous semnmi conductor devices

and ated.circujts y.pi cal | sen conduct or

subbthBel s e BT APHISE oon LBIATt TR AFAT ihart0
semasobdantmnmpaekeglﬁgpnaadSQGKxﬂuukaI&ymﬁéea bd&gkside
me®H ﬂgﬂeana C@ s§8§|ef%%“C@Q%Wﬁéﬁtgﬁgfog%ﬁlconductor

i ncl udes a sem conductor di e provide th support and
copporestiy widhe @OmAdic tave &@Wnnmm s%hh’ﬁ é%%’ﬁﬂron

al39 cPadHElRy C@HDOW@Hfb@ﬁHu@ﬁﬂk'nébﬁ@%ﬂé&ﬁbD'%av1ng
sem cqonduct or substrates in a stacked.or planar

COPBROEANRD It eF QPG rEADFLEREES PEiPY TriheA and
theukyspkf.sem conductor dice with different electronic
configurations packaged in a plastic body (e.g., an

applic ti n |Peci.fic die + a nenory die). [0003]
nggﬁiégaékig%i—é%ﬂﬁgnents include different types of

i Nt @Ir®@HBRECHS fhmi BBIRIEM bPRY HIh®68Bh S| dAbludes a

transm ssi'on system Interconnects can be forned "on"

semieopvcEaT BIRP L EUBB t FAREALBANGr FRIHAUS rPeBigpRdactor
d%Jﬁ&%sanQnX diﬁ%ﬁéég@edFoé LR £, Surf?ggcally,_ the

erconnect s as_ CORJUCt O § ircuit"s
seoficbhducten coidhictadre cignpioneritg fmﬁmkmiu@eaembconductor

dlel,e%th tc%lalsy beenzoso§AéLu2fa2t9e5d Pgélﬁjsgoggﬂg&grqggctgr wafer.

For example, a chip scale semiconductor component

includes a semiconductor die provided with support and
protective elements, and a signal transmission system.
Semiconductor components can also include multiple
semiconductor substrates in a stacked or planar array.
For example, a system in a package (SIP) can include
multiple semiconductor dice with different electronic
configurations packaged in a plastic body (e.g., an
application specific die + a memory die).

[0003] Semiconductor components include different
types of interconnects for implementing different signal
transmission system. Interconnects can be formed “on”
the semiconductor substrate for transmitting signals in x
and y directions. For example, surface interconnects,
such as conductors “on” a circuit side of the

semiconductor component, can be used to electrically



connect the integrated circuits with termnal contacts

on the circuit side. Interconnects can al so be forned
wO enobazaed ' to the sem conductor substrate forpCcT/us2006/017036

transmtting signals in x, y and z directions. For

exanpl e, wire interconnects,, such as wires bonded to

the sem conductor substraté, can be used to

coﬁ£§§£r£ﬁéhhﬁteﬁgggﬁatcHQ@uEQEe%&%%eQégdﬂﬂéﬂfﬁgﬁkacts on
extérnal" “term nal contacts on a support substrate
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o as "through" interconnects. Typically through |
coppegitcdieciBtegwpliese Prarits| ted “S¥EeTRaLfederrnal

cothcﬁgnEﬁoﬁdHﬁ%§6r§uEﬁhé@&gte“@bfhtﬁéecoﬁBBBEEHEed to
e Ty c

ectrica nect t elntegr_ated circuits on the .
ci r §aP044di d& 1t of @heheat sngnsembhgordiugsost camponents, it

isS%yH&QQE g£05é%g§§%€$$gflQ@%g%%é%e%ﬁﬁ%%§€gHﬁE8Es which

coﬁ%onen S becone s
trianpmitowtigrtalconf rour at icdnssuitsesi@@ndiictorsemiconductor

nuf act ur er st .fabyic t hrough interconnect
subEtharfc LoasPRgIP e b lo SR SHUCHITRTEE. Pagocrate.
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at are known in the art. [0006] The present )
Typdeadtliyonthsogighecipdergoanegdtshodonpd ispstBatrpdr filled

vih@P'd Sald 9. BRI %%%d%éx@fco @J@@&enéﬁb\.‘é‘&?t@”g}ﬂéﬂ Care
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the semiconductor substrate.

[0005] As semiconductor components become smaller
and have higher input/output configurations,
semiconductor manufacturers must fabricate through
interconnects with increasingly smaller sizes and
pitches, but without compromising the performance and
reliability of the signal transmission system. In
addition, it is preferable for through interconnects to
be capable of volume manufacture using equipment and
techniques that are known in the art.

[0006] The present invention is directed to a
method and system for fabricating semiconductor
components with conductive interconnects using backside
processes. In addition, the present invention is

directed to semiconductor components, including chip



scal e conponents, wafer scale conponents, and nulti

di ce conponents, having conductive interconnects.
woeoveaz4eof the Invention [0007] in accordancepau/uieobérer7036

present invention, a backside nethod and a system are

provided for fabricating sem conductor conponents

with conductive interconnects. Also provided are

sc ﬁgrgﬂﬁ§§§ ﬂgﬂuugééE §8£P8n88ﬁ§ongﬁ¥bngd%ﬂ”ﬁﬂf%i dice
conductive int

abrlca er conne 08] The net hod
compcnadQQ,thevsnGpcgﬁdpcbwvaihgtarcgenﬁééﬁductor
substrate having a circuit side, a backside, and at
| east one substrate contact on the <circuit side. The

Sunwnanydfdhe dnvantiondes the steps of thinning the
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[0009] Advantageously, the steps of the method can
be performed primarily from the backside of the
semiconductor substrate. This allows the circuit side of
the semiconductor substrate to remain protected during
the fabrication process. The thinning step can be
performed using a chemical mechanical planarization (CMP)
process, an etching process, or a combination of these
processes. The substrate opening forming step can be
performed using a reactive ion etching process (RIE), a
wet etching process, a laser machining process, a sawing
process or a combination of these processes. The bonding
step can be performed using a wire bonding process, such
as ultrasonic wire bonding, thermosonic wire bonding or
thermocompression wire bonding. Alternately, the bonding

step can be performed using a tape automated bonding



bondi ng, thernoconpression bondi ng or thernosonic

bondi ng. As another alternative, the bonding step can
wmeoospenior med usi ng a conductive pol ynmer bondpaiyus2006/017036

process. As yet another alternative, the bonding step

can be perforned using a bynping process, such as

thermal reflow, |aser solder ball bunping, bunping

pASID lLspensing mpghani. r #ng&rubgwdg nsf gt
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peBE8shedt eusand aabopeegiegnnpebeesshet wersh t e f kermal
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re§lpyyr al @5egontaefderThBatlexPEMPARY, cATRE | MFRE @
di%ﬁ%ﬂ%fﬂ ap@@ﬂ%ﬁ%%ﬁ,OﬁﬂwﬁﬁﬂﬁﬂﬁﬁﬁﬁySHPéhéﬁéE from a bump

ectri comuni cati on wth the flex circuit
temphatuet ors. Wth a conductive pol ynmer bondi ng

pro t he,.conduct . ' o] khcl :
o OFFEDY. " B4R L b PA OBPBEL skl S Ghaotive
intenoenheons et lwsdes aaf verei Louitthe comdstrate apening,
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ang BTG ceeinebAioRs Raiash ERR! Hiirs EAd Rne ipner
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i nner surface of the substrgte contact. [0011 h
borgingmpndafifes thR SeRfEG e drnt%{fb%??é% #?ﬁ“?ﬁé a

r18¥bsttahetcantlaal, ad rhbknRIiRGUSYS @AdIAort M b 1rer
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subgsrame or aher nindanded uAnneetigpePREWeB Dt el nﬁex

ciﬁgﬁﬁﬁcg %%u%@%fﬂgﬁgréﬁf fgﬂéfcgurfﬁeg dOUHH NMibstrate
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co%%g%ggivgnin%%éx”g§f§m%@dtgﬁ%égggEéﬂ”fﬁceelectrical
communication with the flex circuit conductors. With a
conductive polymer bonding process, the conductive
interconnect includes a conductive polymer layer, which
forms bonded connections between a flex circuit
conductor, and the inner surface of the substrate
contact. With a bumping process, the conductive
interconnect includes a solder bump in the substrate
opening bonded to the inner surface of the substrate
contact.

[0011] The system includes the semiconductor
substrate with the substrate contact, a thinning system
for +thinning the semiconductor substrate from the
backside, an etching system for forming the substrate
opening to the inner surface of the substrate contact,

and a bonding system for forming the bonded connection



of the substrate contact. [0012] The conponent
i ncl udes the sem conductor substrate having at | east
woep@eapnoIcti ve i nterconnect on the backsi de pdipUS™DG6/017036
bonded to the inner surface of the substrate contact.
A stacked semi conductor congonent includes nultiple
sem conduct or conponents in"a stacked array having
be DRBSRLAONBBERLARS VBT HERREANAUE! bk dHa AlfiRinetlrace
on adj acent conponents I mage sensor sem conduct or
of cohposehstirateé udestacteni conductor substrate having
lig ecti e nt ui S
conﬂboggbe in rc%ﬁﬁggbgn%n %ﬁglgg%&mg&e Egﬁlf%%%uc;tor
suﬁ)esratet hawviag tdte Iraat r\@me[eeﬂa];cﬁmgar a9 thchb@nao: on

t | | ustrat t
ng R TPl Yot b bBsBhoRE 'the
subB8@i4keFi @vneadd.is a ssactmﬂeédc s‘énfimtdr&iﬁm}tdford@mﬁdrfmqt

2A-2A of Figure 1A; [0015] Figure 2B is an enlarg
ingLhdna ma s igvbe t%ﬁ@ﬁcapéﬁgtpffnm@%%#s F-Bufe sza@cked

ark8916h Rty e k?&ldiédanc 8Hhé'€:@ﬁ%r§§ hed@t€efl 088nductive
seCtional view taken along |ine 2C 2C of Figure 2B;

infegePRNRCHS @@Dadgase@@he?mﬁp@nenéw t alddh aMgdg§ SemHRer
sefPAh @b Elgur & %ﬁ@ % gh?ﬁr | § 2 SeheIBhlGctor
I gure il

Vi ew equival ent ustrating an
subkteanat dasnibodi Ineglit odetdet ingt bddmehf619n RilpureiBdmit

' L I
103 poaT Aenp CURE CERaiBERTCRBRGBRENPT CRB020r RELatr o 38
is a view taken along line 3B-3B of Figure 3A; [0021]

Fi gure. 3C is an enlarged view taken along Iine 3C of

Brigf Qegpeription eidne drgmindsr o5 PCT/ US2006/ 017036 6 [ 0022]
F'gz 5 AL £ CHOSS 3021 MW Sicflonal
al ternaté enbodi ment sem conductor conponent;

views illustrating steps in a method for fabricating a
semiconductor component;

[0014] Figure 2A is a schematic view taken along
line 2A-2A of Figure 1A;

[0015] Figure 2B is an enlarged schematic view
taken along line 2B-2B of Figure 23;

[0016] Figure 2C is an enlarged schematic cross
sectional view taken along line 2C-2C of Figure 2B;

[0017] Figure 2D is a schematic view taken along
line 2D-2D of Figure 1C;

[0018] Figure 2E is a schematic view equivalent to
Figure 2D illustrating an alternate embodiment of the
method;

[0019] Figure 3A is a schematic cross sectional
view of an alternate embodiment semiconductor component;

[0020] Figure 3B is a view taken along line 3B-3B of
Figure 3A4;

[0021] Figure 3C is an enlarged view taken along

line 3C of Figure 3B;



[0023] Figures 3E and 3F are schematic cross

sectional views of an alternate enbodi nent
wGeewsapnekict or  conponent; [0024] Figure 3G i SP@I/US2006/017036

schematic cross sectional view of an alternate

enbodi nent sem conduct or congonent ; [ 0025] Figure 3H

is a schematic cross sectional view of an alternate

enbqgy [ SELOMBICL O 5 CQHH?HEEEC Egggé]sgbgﬁﬁﬁa§lv1ew

is a schematic cross sectional view of an alternate
oferﬁébcalrmmér@neu@mment mrpmmducqcooz:qmmwta 31

W tf‘f GLQ %%.Ct 'a%'?ial 3\9 e\gr %Lé@igatgross
I rren I

feconduct or conmponent ; gures
sebkzuh&&eVBGMEnafiancmdmennaﬂe(nmbodymems semiconductor
illustrating steps in a method for fabricating an
CHIRS ftie embodi ment seni conduct or conponent; [0029]

Fi gurooe 4D rgafe SChegBai ScRéRgEiseaetbaBakectieWal view
illustratin stepsmamsthodfor fabricating an
O%Iaf%r%%lé%@ocﬁ% TSI SRR SIRIROTN§THH30]

Fi g Plg@re sEhegmji §cﬁéﬁ§§1§e€EbQBaEec‘éh%W%l view
illustrating Steps in a nmethod for fabricating an

ofy| are raidiar et MO iR EEmienshucath cramong g3 1]
Fi vigwt g .
i o R 'FiB “r 1fh iR ALER0cERRE BP0l view
ofs et iaﬂrlzdrna/daav@nbddimm:atsianglcsir@m’dcrr aaomgidrezhif or
f abr rnate e nt semi.canduct or .
cond BT G0 3705 o€ STRSREFY cERERaeRCtipRay view
oiSem | dritad rnatiee s d iahd et Wn&c&fﬁmﬂjﬂmﬂtchcﬁ@ﬂm{ﬁjﬂct or
conp 034 gures 8A- re schematic cross
CocHER T, randren (AT T ReS creRe Tt Y et bt PEFLional
viahs i catiggratingl i eienRogdieBdly SRIP CPABHEEREing an
conponent ; WO 2006/ 124295 PCT/ US2006/ 017036 7 [0035?

aFjqzirat & Enbp i matHe AT C QB e IRIRISIA ew
eqUI[\@ { te;EgHEe 4%D49<’f %&6%@éxﬂﬂfge@8gkn§@t:tlonal

sem conduct or ¢onponent ; ure
vwrﬁerrallustranngecsmetmallmev\method for fabricating an

alternate embodiment semiconductor component;

[0030] Figures 5A-5C are schematic cross sectional
views illustrating steps in a method for fabricating an
alternate embodiment semiconductor component;

[0031] Figure 5D is a plan view taken along line
5D-5D of Figure 5A;

[0032] Figures 6A-6D are schematic cross sectional
views illustrating steps in a method for fabricating an
alternate embodiment semiconductor component;

[0033] Figures 7A-7D are schematic cross sectional
views of alternate embodiment semiconductor components;

[0034] Figures 8A-8D are schematic cross sectional
views illustrating steps in a method for fabricating an

alternate embodiment semiconductor component;



of a nodul e sem conduct or conponent constructed in

accordance with the invention; [0037] Figure 10 is a
waehenaRdc cross sectional view of an underfipdBEUS2006/017036

sem conduct or conponent constructed in accordance

with the invention; [0038] K gures 11A and 11B are

schematic cross sectional views of stacked

senj peRGBYCt O iGRIFRONGAt S s CONSEhealaRd d NcAGSSr AL onal
W th theinvention, [0039] Figure 12A is a schematjc
vigvoegusaeliegtal to Vi EG1REe 3R A% camafdterbadrnmapbodiment

sel®88h8us €8t COHHYGH AL ; cONpPonent constructed in
accordance wth the invention; [0040] Figure 12B is a

schéffBht Ehgssesdctinal schevatde gHOSSt Gasdtional view

enpod,j st ] uc on .
ofcomerhOBRLS" | BELTE SRl CO0E e ShpofiBRRe EBh et rygtad in
acEbgdeacé3wisthatbehémmentiongss sectional view of an

i ma nsor. _sem ¢anduct or. ¢o nent__constructed i .
accOPORAL e THEERSL Y P én O 06 S G e yonal aview
o FSGhe Bid&r £1 5&d S€6hiepalurLeY compaohenRgmsvaited in

sem _conduct or conmponent constructed in accordance
acGPrAapfRe VAYBnERBNLiNYBBE3PRE gure 15A is a schematic

Pl 27038y OFigur¥ACHaq | gREC FEASUrSeHAMMUIELEN cross
conponent” constructed in accordance with the
secrpiama bn v {0410 i giracke® iSsemigeReratar ceeFponents
coBSELLBRan ;¥ BlcBlabiBeSIACkednbmaas RaRAY
$&m-conductor conponent taken al ong section line
14B{00B9df Figure 172% [6045] sFhgmed it ¢soasscimgmional

view of a systemfar perfor.mng the t ho . 1 he
ViRl db R T e T BB BB es <t ddifias tor
colbgueatl édnssractedednt aecovrdanck aithakher datvention;
enbodi nent etching systemfor the system of Fkgure.
ectional

16; [O8¥PA) ¥igure 4P 45a &cRE i efif 8F=a

vigwt eéﬁa%.gl egbedi-nare eiabbAgmens! e dOked hasayisdemdwétor
igure 16;

component constructed in accordance with the invention;

[0041] Figure 13 is a schematic cross sectional view
of an image sensor semiconductor component constructed in
accordance with the invention;

[0042] Figure 14 is a schematic cross sectional view
of an image sensor semiconductor component constructed in
accordance with the invention;

[0043] Figure 15A is a schematic plan view of a
stacked image sensor semiconductor component constructed
in accordance with the invention;

[0044] Figure 15B is a schematic cross sectional
view of the stacked image sensor semiconductor component
taken along section line 14B-14B of Figure 17A;

[0045] Figure 16 is a schematic view of a system for

performing the method of the invention;



[0048] Figure 18A and 18B are schematic views of an

al ternat e enbodi nent di spensi ng bunpi ng systemfor the
woeymtermed Figure 16, with 18B being a cross SeCL/us1w84/017036

vi ew taken al ong section |line 18B-18B of Figure 18A;

and [0049] Figure 19 is a sghematic view of an

alternate enbodi nent tenplate transfer bunping system

forrbge sypigmref Hi7gure ¢l6.5 Daj@hémetPRSCliiRh} OB Of an

the Preferred Enbodi nents [ 0050] As used herein,
alt%éﬂﬁt—@ncﬁ!@b@ﬂlm’éo@&ﬂh‘lﬁﬁaﬁs’s*:@ﬁl ef QEt t&® cSEFERBNOL
Fl%@@é ¢l udes a sem conductor die, or makes

ctrital connections with a sem conductor die.

"\\af @0477¢veFigmens 1 Br doessa caelvenation &rieet ergght ,an

uch cC r mafer ai
al}g%ﬁBSﬁSntesn @ I%lﬁqeve%‘: SX%%r‘l%ncefs]éngon %’g%%em ot
Figuhgui@f ed el ement such as a S|ngulated sentconductor

di e acka neans conductor

conbBfaal FiGirag 198 G | 1B Bha: Schehahng Sisrsef an
altéengutl |éit§3&&11ﬁ’en§e@1<‘s@ﬁﬂ-§?'trﬂj Bufip 1h@0%kts (Reh eEbirN Gt he

to Figures 1A-1G_and 2A-2E, steps in the nethod of
SYFhémrmﬁﬂﬁiaﬁrﬁréqdlﬂéFPmﬁﬁﬁ PRipfe @ | FYRSEr SqGHetonal

?kgﬁnéloh es8BLDOH 1$nReiBALTBH 8F FRHGur¥Righ; and
conductor wafer 10 containing a

pI uraorwy Bfigsesi ¢9ndscroschepartist exieip offlan alternate
e s e e R e L
syaddit b6NFiheesedi conduct or substrates 12 can be in

the formof sem conductor dice having a desired

electrical configuration, such as nenory, application
%mbmwe%a@d%mmrﬁg WO 2006/ 124295
06/ UI7030 O Z]As shown in Figure 1A a

senlt95Ahdst orsed Rienainie "SETOAHRIGHA B (CATPORRTEieans

anﬁ%%%Edﬂﬂgfé@%méﬂﬁ'EﬁétShﬂ@iud@ss@W%éﬁlddﬁﬂdﬂﬁbfﬁﬁle,
and ksr 6:l(ﬁ)"second side" .in sone, of

°rcW§Fﬁ§)e Fﬁté&&l NOGGE LONS YR R t TR 4?%&%? 14ie-

”Whﬁ@MW$€va1¢ﬂmmahstﬁ(ﬁrocess conducted on an element,

such as a semiconductor wafer, containing multiple
components. "Die level" means a process conducted on a
singulated element such as a singulated semiconductor die
or package. “Chip scale” means a semiconductor component
having an outline about the same size as the outline of a
semiconductor die.

[0051] Referring to Figures 1A-1G, and 2A-2E, steps
in the method of the invention are illustrated. In the
illustrative embodiment, the method is performed at the
wafer level on a semiconductor wafer 10 containing a
plurality of semiconductor substrates 12. The
semiconductor wafer 10 can comprise a semiconductor
material, such as silicon or gallium arsenide. In
addition, the semiconductor substrates 12 can be in the
form of semiconductor dice having a desired electrical
configuration, such as memory, application specific,
image sensing, or imaging.



substrate contacts 18 on the circuit side 14, which in

the illustrative enbodi nent conprise the device bond
w@ams/124Be substrate contacts 18 can conpri se echugioheo17036

conductive, bondable netal, such as al um num or

copper. In addition, the supstrate contacts 18 can

conprise a base |layer of a netal such as al um num or

coppgr | at ed vvi%lh a bondab) e net such as N,

sol 48P581 a 28 dEPOWRet 1BbIBLHRFS| 1B ShofRMLT ABGiF koL
suBAtrblie dmaonthet aafesuly rieldd@es sai klivstriat edide 14
" thflve subsr cqonpt ts 8. an i.n
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(”peaondc@ndleé siami sl uef otheubé.tanmsé 1er:ea;dd1ricicude the

seﬁn%'&%rﬁiuéﬁ‘@?t r@ﬁﬁs%?'&tt%ct 9218 ahangad i foéii@Q of

confi urati on, such as a center array, an edg array
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substrate 12. In addition, the internal conductors 20
are in electrical communication with integrated circuits
22 in the semiconductor substrate 12. Further, a die
passivation layer 24 on the circuit side 14 protects the
internal conductors 20 and the integrated circuits 22.
The die passivation layer 24 comprises an electrically
insulating material, such as BPSG (borophosphosilicate
glass), a polymer or an oxide. All of these elements of
the semiconductor substrate 12 including the internal
conductors 20, the integrated circuits 22, and the
passivation layer 24, can be formed using well Xknown
semiconductor fabrication processes.

[0054] Initially, as shown in Figure 1B, the
semiconductor wafer 10 and the semiconductor substrate 12
are thinned from the backside 16 to a selected thickness



sem conduct or substrate 12. A representative range for

the thickness T can be from about 10 pmto 725 pm
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2006/12429 emlé%§2m%%éﬂ28§@al planarization (CMP)
apparatus. One suitable CMP apparatus is manufactured by
"ACCRETECH" of Tokyo, Japan, and is designated a model
no. "PG300RM". Suitable CMP apparatus are also
commercially available from Westech, SEZ, Plasma
Polishing Systems, TRUSI and other manufacturers. The
backside thinning step can also be performed using an
etching process, such as a wet etching process, a dry
etching process or a plasma etching process. As another
alternative, a combination of planarization and etching
can be performed. For example, a mechanical grinder can
be used to remove the bulk of the material, followed by
etching to remove grind damage. US Patent No. 6,841,883
Bl, entitled "Multi-Dice Chip Scale Semiconductor
Components And Wafer Level Methods Of Fabrication”, which
is incorporated herein by reference, further describes



11 processes and equi pnent for performng the backside
thinning step. [0056] Next, as shown in Figures 1C and
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the backside 16 of the wafer 10, and an opening _
formng step is perfornmed. Quring the opening formng
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substrate contacts 18. During formation of the mask 26,
the wafer 10 can be held in the temporary carrier 15, or
an equivalent temporary carrier configured for mask
formation.

[0058] As shown in Figure 2D, the substrate
openings 30 can comprise elongated rectangular trenches
that align with, and encircle multiple substrate contacts
18. Alternately, as shown in Figure 2E, alternate
embodiment substrate openings 30A can comprise separate
pockets having a desired peripheral outline, each of
which aligns with only one substrate contact 18.

[0059] The opening forming step can be performed
using an etching process such as a dry etching process or
a wet etching process. With the wafer 10 and the
substrate 12 comprising silicon, one suitable dry etching
process 1is reactive ion etching (RIE). Reactive ion
etching (RIE) can be performed in a reactor with a
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such as CF4, SF6, Cl2 or CCl2F2. Reactive ion etching
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[0060] As with the thinning step the opening
forming step is performed from the backside 16 of the
semiconductor substrate 12, such that the circuit side 14
can remain protected. In addition, the opening forming
step can be performed with the wafer 10 held in the
temporary carrier 15, or an equivalent temporary carrier
configured for dry or wet etching. Further, the opening
forming step can be controlled to endpoint the substrate
openings 30 (Figure 1D) on the inner surfaces 32 (Figure
1D) of the substrate contacts 18 (Figure 1D). For
simplicity in Figures 1C-1G, the substrate openings 30
are illustrated as being about the same width as the
substrate contacts 18. However, in actual practice the
substrate openings 30 can be smaller in width than the

substrate contacts 18. In any case, the substrate
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are illustrated as being about the sane width as the
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substrate openings 30 can be snmaller in wdth than the

substrate contacts 18. In a case, the substrate WO
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being able to make bonded connections on the inner
surfaces 32 of the substrate contacts 18 (Figure 1E).

[0062] As an alternative to forming the substrate
openings 30 (Figure 1D) by wet etching, a laser machining
process can be used. The laser machining process can
also include a wet etching step to remove contaminants
and slag. In addition, the laser machining process would
be particularly suited to forming the pocket sized
substrate openings 30A (Figure 2E). One suitable laser
system for performing the laser machining process is
manufactured by XSIL LTD of Dublin, Ireland, and is
designated a Model No. XISE 200.

[0063] As shown in Figure 1D, the substrate
openings 30 (Figure 1D) can also be electrically
insulated from the remainder of the semiconductor
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designated a Mbdel No. Xl SElégOO. [ 00631 As shown in

Figure 1D, the substrate openings 30 (Figure 1D) can
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substrate 12. [0064] Next, as shown in Flgure 1E, %h 3
fre®ndiiey SRRPT F§H§QQ%N%%d°ESﬁ§?t?ﬁp%Bﬁﬂ fig COR5ATar YR -
Pr34idnh By WiRorporated US Patent No. 6,841,883 BI,
further describes techniques for forming insulating
layers in the substrate openings 30 and on the backside
16 of the semiconductor substrate 12.

[0064] Next, as shown in Figure 1E, a bonding step
is performed using the bonding capillary 34 and a wire
bonder 38. In the embodiment illustrated in Figure 1E,
the bonding step comprises a ball bonding process.
However, the bonding step can also comprise a stud
bumping process, or a wedge bonding process, such as a
gold or aluminum wedge bonding process. Alternately, as
will be further explained, the bonding step can comprise
a tape automated bonding (TAB) process, such as single
point TAB bonding, gang bonding or ribbon bonding. As
another alternative, the bonding step can comprise a
bumping process, such as reflow bonding of solder balls
to the inner surfaces 32 of the substrate contacts 18.



bonder 38. In the enbodinment illustrated in Figure 1E

t he bonding step conprises a ball bondi ng process.
wolowenenys t he bondi ng step can al so conpri se apGt/usk006/017036
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af@g“'é@ﬁ& bumper manufactured by Kulicke & Soffa
Industries, Inc. Wire bonding systems are also available
from ESEC (USA), Inc., Phoenix, AZ; Palomar Technologies,
Vista, CA; Shinkawa USA, Inc., Santa Clara, CA; ASM from
Products Inc., San Jose, CA; Kaijo from Texmac Inc.,
Santa Clara, CA.; and Muhibauer High Tech, Newport News,
VA.

[0066] As shown in Figure 1E, the bonding capillary
34 can be movable in x, y and z directions responsive to
signals from a controller (not shown). In the
illustrative embodiment, the bonding capillary 34 (Figure
1E) is configured to bond a wire 36 having a diameter of
from about 18 um to about 150 um to the inners surfaces
32 of the substrate contacts 18. The wire 36 can
comprise a conventional wire material wused in
semiconductor packaging, such as gold, gold alloys,



from ESEC (USA), Inc., Phoenix, AZ, Pal omar

Technol ogi es, Vista, CA, Shinkawa USA, Inc., Santa
w@Ebabsaz2426A; ASM from Products Inc., San Jose, PEA1S2006/017036

Kaijo from Texmac Inc., Santa Clara, CA ; and

Muhi bauer H gh Tech, Newpor {. News, VA, [ 0066] As

shown in Figure 1lE, the bonéing caplllary 34 can be

novable in x, y_and z directions _res

coppejhal SOPPBF &136WT 0l $EEVeHot SN gﬂn ¥T’1e *aluminum,
aldrhiﬂ@ﬁllgilﬂ@oﬁmcid’ﬁu ahfe ab.@i’tﬁJrﬁ@tl-ﬂmgrhésaiMnSAlloys

Fuifidir of6r TP ADSHD 18OBRF L8 Sath e TR ot of A Tal
alloyer £hsu f does ISQtofcdrtlleasmlbs:terthtcetxmm% a@tfs h8zaTheus
su%é%nggsca(q{of% rL58n2 £ONYEQY!, onaﬁx&ana'fgzt Zﬂd)ﬂ'é free

sém conductor packagi ng, such as g
meml@ysnchMQMchw}szo%/ 017036 16 copper,

;FB?,?ES?A Lol)’@gg?]'dv?!.lﬁé wdd%r l@bl Oo'xﬂlg@wmmmcan also
111 (0] an U num I um

inGIREGsa WRGR HEFCS { HECRARE G Jdanl G sbid FErfLavged
toaf@@&ﬂth@|WQ¥etjﬁutd@G&@MﬁtM@nbandlnghmapnhsany 34.

hazardo nce ead ar.
RS Fr Lé%e %?‘%1% n%rpude gord a(rilrg ﬁ%é g gé@%?hrﬁre
feadrmebhaneSmGSSu@kumé oBEp mm¢Qﬂn§¥aﬂ&¢|yﬂbOatWﬁr@bove

deESEnggcfkﬁffémH&%égggure #B) ceﬂfmg%ed tB@ fv@fﬁet heed

Wre rou ondi ng capillary 34. he wire
meqﬂé@alﬁ@cﬁﬁnp@m POMPAH SorpFT S e© H2BPAndlr ale\ﬁhraéﬂCfaéedﬂre
fe8BEPAMTNarSER, a8 @0 lidiC Of$od alned hiamtient, heorbavd inear

descri bed w Fo I th f eed
nof 538 PG A8 RIS EQtprampl o1 Lhe wire [eed

Wi r poofesdgder Iﬂm:hwmrembcmd@tl 88 f getlgueehdiB snranr also
1n£iﬂ83reupogi%§nﬁfgﬂp Qg%&%ﬁ h@ﬂb%%? [99§§lgIP@d to

re bonder
alagnghhenboggsngnpe@@tll@ﬁavmér’)‘l @@tﬁ gmeecsqkaﬁta%ategrpqrh@ct

8b0ndtﬁga@@1ﬂ1&l{y %ﬂewﬁ»éh@om@ragem@m 1%£§. can
I'n addition, W re bgfder 3 e 1E)

8
inphEdgdeda WK Hb‘PJd%?r4 o9 (%‘(’jg? sﬁ‘bpcﬁ'ucpl?%]ét the

semiconductor substrate 12 and the substrate contact 18

during the bonding step. As with the previous steps, the
wafer 10 can be held in the temporary carrier 15 (Figure
2A) during the bonding step. For forming a ball bond as
shown, the wire bonder 38 (Figure 1lE) can also include an
element such as an electronic flame off (EFO) wand (not
shown) configured to form a ball 40 (Figure 1E) on the
end of the wire 36. 1In addition, the bonding capillary
34 in combination with the wire feed mechanism 78 can be
configured to capture the ball 40, and to press the ball
40 against the inside surface 32 of the substrate contact
18 to form a bonded connection 42 (Figure 1lE) between the
wire 36 and the substrate contact 18. The bonding
capillary 34 can also be configured to apply heat and
ultrasonic energy to the ball 40, and to the substrate
contact 18. As will be further explained, as an



sem conduct or substrate 12 and the substrate contact
18 during the bonding step. As with the previous
wGehm@ps420he wafer 10 can be held in the tenpor@r/ys2006/017036
carrier 15 (Figure 2A) during the bonding step. For
formng a ball bond as shows, the wire bonder 38
(Figure 1E) can also include an el enent such as an
wand (not, shown
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suitable process, such as spin on, nozzle deposition, or
vapor deposition. In addition, although the dielectric
encapsulant 46 is illustrated as a single layer of
material covering the backside 16, the dielectric
encapsulant 46 can comprise multiple layers of material.
As another alternative, the dielectric encapsulant 46 can
comprise separately dispensed polymer donuts formed in
each substrate opening 30 to individually support each
conductive interconnect 44.

[0071] Following the dielectric encapsulant 46
(Figure 1G) forming step, a singulating step, such as
sawing, scribing, liquid Jjetting, or laser cutting
through a liquid, can be performed to singulate a chip
scale semiconductor component 50 (Figure 1G) from the
wafer 10. Alternately, a wafer sized component can be
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Cir%%&7??a%LféEEgggnﬂémFlgures 3A-3C, an alternate
embodiment semiconductor component 50A having alternate
embodiment conductive interconnects 44A is illustrated.
In this embodiment, the semiconductor substrate 12
includes a plurality of backside contacts 52 located on
the backside 16 thereof. For example, each substrate
contact 18 can include an associated backside contact 52.
The backside contacts 52 can be formed using a suitable
subtractive or additive metallization process.

[0074] The conductive interconnects 44A (Figure 3A)
include the bonded connections 42 with the substrate
contacts 18, formed substantially as previously described
and shown in Figures 1lE and 1F. However, the conductive
interconnects 44A (Figure 3A) also include second bonded
connections 54 with the backside contacts 52. As with
the bonded connections 42, the second bonded connections



mul tipl e conductive interconnects 44 can be arranged
in a dense area array, such as a pin grid array

wa RGo2a2¢s Wil |l be further explained, the conptmu$0e6/017036
i nterconnects 44 can also be used to interconnect
mul tiple sem conductor co nents havi ng conductive
i nterconnects 44 in stacked assenblies. [0073]
Referring to Figures 3A-3C, an alternate enbodi nent
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ano%ﬁEE'%%m%%%%%ﬁ %%l%%6ther substrate, when the terminal
contacts 58 are used for flip chip bonding structures.
For example, the terminal contacts 58 can comprise balls
having a selected diameter (e.g., 200 um), and the
conductive interconnects 44A can have a selected loop
height LH (e.g., 100 um). A representative range for the
diameter of the terminal contacts 58 can be from 60-500
um. A representative range for the loop height LH can be
from 15 - 400 pm.

[0077] Referring to Figure 3D, an alternate
embodiment semiconductor component 50B includes a
substrate opening 30B sized and shaped to encompass side
by side substrate contacts 18B. In addition, conductive
interconnects 44B are bonded to the substrate contacts
18B and to backside contacts 52B, substantially as shown
and described for the conductive interconnects 44A in
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contacts 58 can be forned in an area array, such as a
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54%”%%psélilt te?:'s etnlgie. C%rgué:éé:ﬁ/teion, a dielectric encapsulant
46C, substantially encapsulates the looped wire 82C
(Figure 3E), while leaving a tip portion thereof exposed.
As shown in Figure 3F, during a singulating step, a
groove 53, such as a saw cut, is formed in the street
area SA (Figure 3E) to separate the semiconductor
substrates 12-1, 12-2, and to sever the looped wire 82C
in the street area SA (Figure 3E). The semiconductor
components 50C-1, 50C-2 (Figure 3F) include conductive
interconnects 44C-1, 44C-2 formed by the severed looped
wire 82C (Figure 3E). The conductive interconnects 44C-
1, 44C-2 are embedded in the dielectric encapsulant 46C
but have exposed tip portions for making outside
electrical connections to the semiconductor components
50Cc-1, 50C-2.



i nterconnects 44B, while |eaving | oop portions 82B
exposed for making outside el ectrical connections.
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(Figure 3F) are illustrateg. As shown in Figure 3E,
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e substrate contacts 180 substantially as
Popk&PnsusPyeyeeeefbed for conductive interconnects 44

(FigoosdF) . ThersubsSthipt e coptiagire 3H, an alternate
embodiment semiconductor component 50T is substantially
similar to the semiconductor component 50D (Figure 3G).
However, the semiconductor component 50T includes
planarized conductive interconnects 44T bonded to
substrate contacts 18T, and embedded in a planarized
dielectric layer 46T. The planarized conductive
interconnects 44T and the planarized dielectric layer 46T
can be formed using a planarization process such as
chemical mechanical planarization (CMP), grinding, or
polishing, substantially as previously described for the
thinning step of Figure 1B.

[0081] Referring to Figure 3I, an alternate
embodiment semiconductor component 50U is substantially
similar to the semiconductor component 50 (Figure 1G).
However, the semiconductor component 50U includes
conductive interconnects 44U in the form of metal or



18D, and the conductive interconnects 44D as well, can

have a spacing S as snmall as about 25 pm using the
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electrically insulating layer 96LF which covers the
sidewalls of the openings 30A and the backside 16 of the
semiconductor substrate 12. However, the semiconductor
component 50LF includes conductive interconnects 44LF in
the form of planarized solder plugs, substantially
filling the openings 30A. The conductive interconnect
441LF can be formed by depositing a solder, such as a lead
free solder, into the openings 30A and onto the inner
surfaces 32 of the substrate contacts 18. As will be
further explained, the conductive interconnects 44LF can
be formed by direct deposition from a dispensing
mechanism, or by transfer from a bump template having
cavities filled with solder by a dispensing mechanism.
Methods and systems for forming the conductive
interconnects 44LF are shown in Figures 18A, 18B and 19,
and will be described as the description proceeds.
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pedestals 67, 69 can comprise multiple layers of

different metals, such as an adhesion metal layer (e.g.,
Cr, Ti, Al), a barrier metal layer (e.g., Ta, Cu, Pd, Pt,
Ni), and a bump metal layer (e.g., Au, Cu, solder). The
bonding pedestals 67, 69 can be formed using a suitable
process such as electroless plating, electrolytic
plating, screen printing or deposition through a mask.
As an alternative to these processes, the bonding
pedestals 67, 69 can comprise stud bumps formed using a
stud bumper, such as the previously identified stud
bumper manufactured by Kulicke & Soffa Industries, Inc.
[0085] As also shown in Figure 4A, for performing
the TAB bonding step, a flex circuit 61 is provided. The
flex circuit 61 can comprise a multi layer TAB tape, such
as TAB tape manufactured by 3M Corporation of St. Paul,
MN, or "ASMAT" manufactured by Nitto Denko of Japan. The
flex circuit 61 includes flex circuit conductors 63



[0083] Referring to Figures 4A-4C, an alternate
enbodi nent of the nethod is illustrated, wherein the

whondiingostep is perforned using a tape aut omeREOUS2006/017036
bondi ng (TAB) process. As shown in Figure 4A the
sem conductor substrate 12 has been subjected to a
thinning step, as previous descri bed. The
sem conductor substrate 12 includes substrate
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interconnects 44E, substantially as prev1ously described.
[0088] Referring to Figures 4D-4F, an alternate
embodiment of the method of Figures 4A-4C is illustrated.
In this embodiment the bonding pedestals 67, 69 (Figure
47A) are not formed, as a bumped flex circuit 61B is
employed. As shown in Figure 4D, the bumped flex circuit
61B includes flex circuit conductors 63B having bumps 73
on either end, formed of a bondable metal such as Au, Cu
or solder. As shown in Figure 4E, the bonding tool 71
bonds the bumps 73 directly to the substrate contacts 18
and to the back side contacts 52. As shown in Figure 4F,
a semiconductor component 50F includes conductive
interconnects 44F, which comprise the bumped flex circuit
61B having the flex circuit conductors 63B bonded to the
substrate contacts 18 and to the backside contacts 52.



flex circuit 61 includes flex circuit conductors 63 WO
2006/ 124295 PCT/ US2006/ 017036 24 nounted to a pol yner
webstzade 65, which is formed of a material BUDUSAB6/017036
pol yi m de or a photoi mageabl e polynmer. The flex
circuit 61 is configured s that the term na
portions of the flex circuit conductors 63 align with
the bonding pedestals 67, 69. [0086] As shown in
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5C). The polymer substrate 65SP can comprise a

photoimageable polymer such as one manufactured by DuPont
or Hitachi. In addition to providing a support
structure, the polymer substrate 65SP also functions as a
solder mask for the terminal contacts 58SP (Figure 5C).
[0091] The single point flex circuit 61SP also
includes flex circuit conductors 63SP on an inside
surface of the polymer substrate 65SP. The flex circuit
conductors 63SP include terminal contact pads 798P
aligned with the terminal contact openings 85SP. The
flex circuit conductors 63SP also include bonding pads
878P configured for bonding to the substrate contacts 18.
The single point £flex circuit 61SP also includes a
compliant adhesive layer 57SP configured to attach the
flex circuit 61C to the semiconductor substrate 12. The



a sem conductor conponent 50F includes conductive
i nterconnects 44F, which conprise the bunped flex
W@ 2006124295 61B having the flex circuit conduct orcr/681806/017036
bonded to the substrate contacts 18 and to the
backsi de contacts 52. WO 208 / 124295 PCT/ US2006/ 017036
25 In addition, the sem conductor conmponent 5CF
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flex circuit 61SP also includes flex circ
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inseksbhale teb S sThewhliek ciompiilse portions of the flex

circuit conductors 63SP and the bonding pads 87SP bonded
to the substrate contacts 18. The semiconductor
component 50SP also includes terminal contacts 58SP in an
area array in electrical communication with the
conductive interconnects 44SP. The terminal contacts
58SP are also known in the art as outer lead bonds (OLB).

[0094] Referring to Figures 6A-6C, an alternate
embodiment of the method is illustrated, wherein the
bonding step is performed using a flex circuit 61C having
a polymer substrate 65C and a compliant adhesive layer
57C configured to attach the flex circuit 61C to the
semiconductor substrate 12. The polymer substrate 65C
includes flex circuit conductors 63C on an inside surface
thereof in electrical communication with terminal contact
pads 79C on an outside surface thereof. Alternately, as
will be further explained, the flex circuit conductors



conductors 63SP include term nal contact pads 79SP
aligned with the termnal contact openings 85SP. The
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18. The single point flex 4ircuit 61SP also includes
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conductive interconnects 44F on the inside surface of the
polymer substrate 65C.

[0097] Referring to Figure 6D, an alternate
embodiment semiconductor component 500S is substantially
similar to the semiconductor component 50G (Figure 6C).
However, the semiconductor component 5008 includes a flex
circuit 610S having flex circuit conductors 630S on an
outside surface of polymer substrate 6508S.

[0098] Referring to Figure 7A, an alternate
embodiment semiconductor component 50H includes a flex
circuit 61D with flex circuit conductors 63D on an inside
surface of the polymer substrate 65D. Alternately, the
flex circuit conductors 63D can be located on an outside
surface of the polymer substrate 65D. The flex circuit
conductors 63D include bumps 73D bonded directly to the
substrate contacts 18, substantially as previously



[0094] Referring to Figures 6A-6C, an alternate

enbodi nent of the nmethod is illustrated, wherein the
whondiingestep is performed using a flex circui pCHUS2006/017036
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ClNﬂWﬁWlﬁ&E()ﬁﬂ%&ﬁ% &b, Eﬂ#¥$?€rnﬁPBStJé% 65E having
openings 81E aligned with the bonding pedestals 67 on the

substrate contacts 18. The openings 81lE provide access
for the bonding tool 71 for bonding intermediate portions
of flex circuit conductors 63E to the bonding pedestals
67 on the substrate contacts 18. In addition, spacers
77E space the polymer substrate 65E from the
semiconductor substrate 12 during the bonding process.
The spacers 77E can be configured substantially as
previously described for spacers 77D (Figure 7A).

[0L00] Referring to Figure 7C, an alternate
embodiment semiconductor component 50J includes a flex
circuit 61F having flex circuit conductors 63F on a
polymer substrate 65F bonded to the bonding pedestals 67
on the substrate contacts 18 using a conductive polymer
layer 83F. The conductive polymer layer 83F includes
conductive particles 89F in an electrically insulating
base material configured +to provide electrical



enbodi nent sem conductor conponent 5005 is

substantially simlar to the sem conductor conponent
woBsitgure 6C). However, the sem conductor PONPSW661017036
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in Figure 8A, the semiconductor substrate 12 includes
substrate contacts 18 and substrate openings 30, as
previously described. The semiconductor substrate 12
also includes an electrically insulating layer 96ST which
covers the sidewalls of the openings 30 and the backside
16 of the semiconductor substrate 12 as well. The
electrically insulating layer 96ST can be formed
substantially as previously described for electrically
insulating layer 96 (Figure 1D).

[0103] As also shown in Figure 8A, bumps 91ST are
formed on the substrate contacts 18. The bumps 91ST can
comprise stud bumps formed using a stud bumper, such as
the previously identified stud bumper manufactured by
Kulicke & Soffa, Inc. Alternately, the bumps 91ST can
comprise metal bumps or balls formed on the substrate
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in ﬁ?ﬁhé@rgg a bonding capillary 34ST is used to form
second bumps 95ST in the openings 93ST bonded to the
bumps 91ST on the substrate contacts 18. In the
illustrative embodiment, the bonding capillary 34ST is
configured to form the second bumps as stud bumps.
However, the second bumps 95ST can also comprise wedge
bonds, similar to "security bonds" used in the art.

[0106] As shown in Figure 8D, the second bumps 95ST
form rivet like bonded connections between the flex
circuit conductors 63ST and the bumps 91ST on the
substrate contacts 18. To form +the rivet 1like
connections, the second bumps 95ST can have an outside
diameter larger than that of the openings 93ST in the
flex circuit conductors 63ST such that annular shoulders
on the second bumps 95ST bond the flex circuit conductors
63ST to the bumps 91ST. In addition, terminal contacts



in contact with the bondi ng pedestals 67. [0102]
Referring to Figures 8A-8D, an alternate enbodi nent
woredobagh2ps il ustrated, wherein the bonding SPEPUSH06/017036
performed using a stud bunping process. As shown in
Figure 8A, the sem conductoj; substrate 12 includes
substrate contacts 18 and s]bstrate openi ngs 30, as

revi ously descri bed. The sem conductor substrate 12
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wi BB RS Qe PG AR LR o, KAl SBSAPSI FHik Ha8y conductive
inféteonatety, 44NWB. flex circuit conductors 63ST can be
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_ 65S ex C|rc con uctoré o I nclude
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1087gguchypltart i éfﬂ‘i)“u]a% g’up"él,{:?'de%cr 4 Gy another
sef@f@phdagtcor component, such as a die or a chip scale
package. The support substrate 100 includes plated
openings 102 configured to receive the conductive
interconnects 44 on the semiconductor component 50. The
support substrate 100 also includes conductors 138 and
terminal contacts 140 in electrical communication with
the plated openings 102. In addition, bonded connections
104 are formed between the plated openings 102 and the
conductive interconnects 44. The bonded connections 104
can comprise solder joints, mechanical connections,
welded connections, or conductive polymer connections
formed between the plated openings 102 and the conductive
interconnects 44.

[0109] Referring to Figure 10, an underfilled
component 106 is illustrated. The underfilled component
106 includes the semiconductor component 50 mounted to a
support substrate 108, such as a module substrate, a PCB,



adhesi ve layer 57SP (Figure 5A). [0105] As shown in

Figure SC, the flex circuit is attached to the
wGeebapnekct or substrate 12 using the conpli apdT/US2006/017036

adhesi ve layer 57ST. In addition, the openings 93ST

in the flex circuit conductgss 63ST align with the

bunps 91ST on the substrate contacts 18. As al so shown

in Figure 8C, a bonding capillary 34ST is used to form
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component 50A having the conductive interconnects 44A and
the terminal contacts 58. The terminal contacts 58 can
be bonded to mating electrodes (not shown) on a support
substrate (not shown). The stacked semiconductor
component 116 also includes two semiconductor components
50 stacked on the semiconductor component 50A. The
conductive interconnects 44 on the middle semiconductor
component 50 are bonded to the corresponding substrate
contacts 18 on the semiconductor component 50A. In
addition, the conductive interconnects 44 on the top
semiconductor component 50 are bonded to the substrate
contacts 18 on the middle semiconductor component 50.
Further, bonded connections 118 are formed between the
conductive interconnects 44 and the substrate contacts
18. The bonded connections 118 can comprise

thermocompressive connections, thermosonic connections,



conductors 63WB are nounted on a pol ynmer substrate

65WB attached to the sem conductor substrate 12.
wowobherys a w re bond encapsul ant 46V\B encapSptBUS®06/017036

t he conductive interconnects 44WB. [0108] Referring

to Figure 9, a nodule conpogpent 98 is illustrated.

The nodul e conponent 98 incgﬁdes the sem conduct or
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contacts 144 on its circuit side 14 in electrical
communication with the substrate contacts 18. The
stacked semiconductor component 116A also includes two
stacked semiconductor components 50 having bonded
connections 1187, such as metal layers or conductive
polymer layers, bonded to adjacent conductive
interconnects 44 and substrate contacts 18. The stacked
semiconductor component 116A also includes a cap
component 164, such as a semiconductor package, flip chip
bonded to the conductive interconnects 44 on one of the
semiconductor components 50.

[0112] Referring to Figure 12A, an alternate
embodiment module semiconductor component 146 includes
the semiconductor component 50U (Figure 3I) on a
supporting substrate 148. The supporting substrate 148
includes electrodes 150 in electrical communication with



between the el ectrodes 110 and the conductive
i nterconnects 44. The underfilled conponent 106 al so
wo pbuagiess an underfill layer 112 |ocated in a BEPUS2006/017036
bet ween the sem conductor conponent 50 and the
support substrate 108. The,punderfill layer 112 can
conprise a conventional wunderfill material such as a
deposited and cured epoxy. Optionally, the_underfl
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semiconductor component 156 could be made using
semiconductor component 50LF (Figure 3J) in place of the
semiconductor component 50U and bonding the conductive
interconnects 44LF rather +than the conductive
interconnects 44U to the substrate contacts 18.

[0114] Referring to Figure 13, an image sensor
semiconductor component 50IS is illustrated. The image
sensor semiconductor component 50IS includes a
semiconductor substrate 12IS having a circuit side 14IS
and a backside 16IS. In addition, the semiconductor
substrate 12IS includes an image sensor 122 on the
circuit side 14IS having an array of light detecting
elements 124, such as photo diodes, or photo transistors,
each of which is capable of responding to light, or other
electromagnetic radiation, impinging thereon. The
semiconductor substrate 12IS also includes substrate



substrate contacts 18 on adjacent sem conductor

conponents 50 or 50A. As another alternative, the
whondegi2z9connecti ons 118 can be detachabl e conPenUsmDE017036

such that the stacked sem conductor conponent 116 can

be disassenbl ed and reassegbl ed. In addition,

underfill layers 120 can be fornmed in the gaps

bet ween the sem conductor conpgnents 50 or 50A to
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50A-IS is constructed substantially the same as image
sensor semiconductor component 50IS (Figure 13), but
includes conductive interconnects 44A-IS in electrical
communication with terminal contacts 58A-IS. The
conductive interconnects 44A-IS and the terminal contacts
58A-IS are formed substantially as previously described
for conductive interconnects 44A (Figure 3A) and the
terminal contacts 58 (Figure 3A).

[0117] Referring to Figures 15A and 15B, a stacked
image sensor semiconductor component 508IS 1is
illustrated. The stacked image sensor semiconductor
component 508IS includes a base die 130, and two image
sensor semiconductor components 50IS stacked on the base
die 130. The base die 130 can include integrated
circuits, in logic, memory or application specific
configurations. The base die 130 also includes plated



bondi ng or conductive pol yner bonding. [0113]
Referring to Figure 12B, an alternate enbodi nent
wet@mekedoseni conduct or conponent 156 is il |l uspcBUSIH06/017036
The stacked sem conductor conponent 156 includes a
sem conduct or conponent 50V, 6Whl ch is substantially
simlar to the seniconducto? conponent 50U (Figure
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bR 20 2oL EETEWS20864047096 as3previously described

for semiconductor component 50 (Figure 9).

[0119] Referring to Figure 16, a system 62 suitable
for performing +the method of the invention is
illustrated. The system 62 includes the semiconductor
wafer 10 containing the semiconductor substrate 12 having
the circuit side 14, the backside 16, and the substrate
contact 18 on the circuit side 14, substantially as
previously described. The system 62 also includes a
thinning system 64 configured to thin the semiconductor
wafer 10 and the semiconductor substrate 12 from the
backside 16 to the selected thickness T. The thinning
system 64 can comprise a chemical mechanical
planarization or an etching apparatus substantially as
previously described. 1In addition, the thinning system
64 can include these elements in combination or standing
alone. For example, the previously described CMP system



contacts 181S on the circuit side 1415 in el ectrical
communi cation with the light detecting el enents 124.
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13) also includes a transparent substrate 126 (Figure
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which areas on the backside 16 are exposed to the etch
gas 134 (Figure 16). 1In addition, the size and location
of the mask opening 28 (Figure 16) determines the size
and location of the substrate opening 30 (Figure 16).
Further, parameters of the etching process such as the
time, the etchant, and the temperature can be controlled
to endpoint the substrate opening 30 (Figure 16) on the
inner surface 32 of the substrate contact 18.

[0122] Alternately, as shown in Figure 17A, a wet
etching system 66B can be used in place of the reactive
ion etching system 66A (Figure 16). The wet etching
system 66B (Figure 17A) includes a Bernoulli holder 68
(Figure 17A) and a wet bath 70 (Figure 17A) configured to
contain a wet etchant 72 (Figure 173). The Bernoulli
holder 68 (Figure 17A) can be constructed using methods
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etching process can comprise an anisotropic process such
that the semiconductor substrate 12 etches along crystal
planes at an angle of about 55°. Alternately the etchant
can comprise an isotropic etchant, such as TMAH.

[0124] Referring to Figure 17B, an alternate
embodiment etching system 66C includes a vacuum holder 88
rather than the Bernoulli holder 68 (Figure 17A). The
vacuum holder 88 is in flow communication with a wvacuum
source 90 configured to create a vacuum force for holding
the wafer 10 on the vacuum holder 88. The etching system
66C also includes a polymer gasket 94, which seals the
circuit side 14 of the wafer 10 and prevents the wet
etchant 72 from contacting the circuit side 14. The
polymer gasket 94 can comprise an o-ring or a tape
material attached to the outside peripheral edge of the
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contact 52 (Figure 16).

[0126] As an alternative bonding system, the wire
bonder 38 (Figure 16) and the wire bonding capillary 34
(Figure 16) in the system 62 (Figure 16) can be replaced
by a tape automated bonding (TAB) system having a
bonding tool 71 (Figure 4B), or a single point TAB
bonding tool 71SP (Figure 5B).

[0127] Referring to Figures 18A and 18B, a
dispensing bumping system 166 for fabricating the
conductive interconnects 44LF (Figure 3J) is illustrated.
The dispensing bumping system 166 takes the place of the
wire bonder 38 (Figure 16) in the system 62 (Figure 16).
The dispensing bumping system 166 includes a work holder
168 configured to hold the semiconductor wafer 10
containing the semiconductor substrates 12. In addition,



[0122] Alternately, as shown in Figure 17A, a wet
et ching system 66B can be used in place of the

WO emetizaees i on etching system 66A (Figure 16).pdireswes/ 017036
etching system 66B (Figure 17A) includes a Bernoul |
hol der 68 (Figure 17A) andyp wet bath 70 (Figure 17A)
configured to contain a wet etchant 72 (Figure 17A).
The Bernoul li holder 68 (Figure 17A) can be
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slot 182 (Figure 18B) are also configured to planarize
the solder 172 in the substrate openings 30A, such that
the conductive interconnects 44LF are substantially co-
planar with the back sides 16 of the semiconductor
substrates 12, substantially as shown in Figure 3J.

[0129] Components of the dispensing bumping system
166, other than the semiconductor wafer 10, are
commercially available from IBM (International Business
Machines) of East Fishkill, NY and SUSS MicroTec AG of
Munchen, Germany. These components are marketed as
"Pechnology for lead-free wafer bumping" under the
trademark "C4NP".

[0130] Referring to Figure 19, a template bumping
system 184 for fabricating bumped conductive
interconnects 44LFB is illustrated. The template bumping



enbodi nent etching system 66C i ncl udes a vacuum hol der
88 rather than the Bernoulli holder 68 (Figure 17A).
wd bwe/1yaesium hol der 88 is in flow comuni cati oPCTUS100€017036
vacuum source 90 configured to create a vacuum force
for holding the wafer 10 opthe vacuum hol der 88. The
et ching system 66C al so inc}udes a polyner gasket 94,
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inallhelasat f Mex bandi afjisyseam coponiendts 196 configured to
apply flux to inner surfaces 32 of the substrate contacts
18, and to align the cavities 188 to the substrate
openings 30A. The template bumping system 184 also
includes clamping and reflow components 198 configured to
clamp the bump template 186 to the wafer 10, and to
transfer the solder 172 in the cavities 188 into the
substrate openings 30A. The template bumping system 184
also includes separation component 200 configured to
separate the bump template 186 from the wafer 10, leaving
the bumped conductive interconnects 44LFB in the
substrate openings 30A. The bumped conductive
interconnects 44LFB are substantially similar to the
conductive interconnects 44LF (Figure 3J), but have a
generally hemispherical or domed surface rather than a
planar surface. In addition, the bumped conductive



bonder 38 (Figure 16) and the wire bonding capillary
34 (Figure 16) in the system 62 (Figure 16) can be

wo epbacees by a tape automated bondi ng ( TAB) SBGL/ES2006/017036
having a bonding tool 71 (Figure 4B), or a single
poi nt TAB bonding tool 71 (Figure 5B). [0127]
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172 conprises a |l ead free solder. The di spensing
mechani sm 170 includes a head el ement 180 having a
solder slot 182 (Figure 18B) configured to di spense

the solder 172 into the substrate openings 30A as the
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t he scan
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directions 174, 176. The head el ement 180 and the
solder slot 182 (Figure 18B) are al so configured to
pl anari ze the solder 172 in the substrate openings
30A, such that the conductive interconnects 44LF are
substantially co- planar with the back sides 16 of the
sem conduct or substrates 12, substantially as shown
in Figure 3J. [0129] Conponents of the dispensing
bunpi ng system 166, otherd3t han the sem conduct or
wafer 10, are commercially available from | BM
(I'nternational Business Michines) of East Fishkill

WHANISSOAA SIS croTec AG of Minchen, Germany. These
conponents are marketed as "Technol ogy for |ead-free
waf er bunpi ng" under the trademark "CANP"'. [0130]

1. Rehehéd REfbAcdng H snitéhdudiof RfipbrdnPcditpiRingd System 184
for fabricating bunped conductive _interconnects 44LFB

Rt gt side, akecksiloand asn

IPEOVIQID ]
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Sothite e iFearoaks odhatrsine iy o it i iy e

openbig S the Sibatatd dontdod | d horted dohfec@MWRIPINE irtiePSurface of the
substrat es 2 include the pocket sized substrate

SubstEtESATHGLUSTE & %?PIW‘FE@ 1hs epeningad opasatsd tofppn the

bondSPEBnRQBONGhET FoHAd ﬁﬁcﬁ@m&&kﬁ%&'ﬂw énéﬁﬁﬁlat%?gat
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least g pestipn ofthy canduetiveimtercorp@at31] The tenpl ate bunpi ng
system 184 also includes a bunp tenplate 186 havi ng
cavities 188 configured to hold solder 172. The

2. Jbwimkedhed oflddim Chwtherspmpdsingthinning thesbyteatecfin the badkiside prior to
to.the suhstrate openings 30A in the sem conductor

ﬂ‘“%‘ﬁ%‘f‘@?“‘?ﬁ'%"ﬁ?ﬁ@”ﬁﬁ ‘er 10. The tenpl ate bunping
system 184 al so includes the dispensing nechanism 170
Figure 18A) configured to dispense the solder 172

3. The eethpd ofgigimy | wheraip the focming tha pendyetive inferconnech; stegJusther

comfR&HbiARE a Ekbnd BHEEd¥bnh&Fion on a second substrate contact on the backside of

the substrate using the bonding capillary.

4, The method of claim 1 further comprising bonding the conductive interconnect to a second
substrate contact on the backside of the substrate.

5. The method of claim | further comprising stacking a second substrate on the substrate
having a second substrate contact bonded to the conductive interconnect.

6. The method of claim 1 further comprising forming a first bump on the inner surface of the

substrate contact and wherein the forming the conductive interconnect step bonds the
conductive interconnect to the first bump.

7. The method of claim 1 wherein the conductive interconnect projects from the backside



conductive interconnects 44LF (Figure 18A). [0132] In
addition, the tenplate bunping system 184 i ncl udes
flux and alignment conponents 196 configured to apply
flux to inner surfaces 32 of the substrate contacts
18, and to align the cavities 188 to the substrate
openi ngs 30A. The tenpl ate bunpi ng system 184 al so
i ncl udes cl anping and refl ow conponents 198 confi gured
to clanp the bunp tenpl abe 186 to the wafer 10, and
to transfer the solder 172 in the cavities 188 into
the substrate openings 30A. The tenpl ate bunpi ng

with SisfecRiNlehgth. al so incl udes separation conponent 200
configured to separate the bunp tenplate 186 fromthe
wafer 10, |eaving the bunped conductive interconnects
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3J), but have a generally hem spherical or doned
surface rather than a planar surface. In addition,
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10. 'Y SBhbPEY ciaim 9 further comprising forming a terminal contact on the backside in
electrical communication with the second contact.

11. A method for fabricating a semiconductor component comprising:

providing a semiconductor substrate having a circuit side, 8 backside, a first contact on the
circuit side having an inner surface, and a second contact on the backside;

forming a substrate opening in the semiconductor substrate from the backside to the inner
surface of the first contact; and

forming 2 conductive interconnect from the back side on the inner surface of the first
contact and on the second contact, the conductive interconnect comprising a wire having a first
bonded connection on the inner surface and a second bonded connection on the second contact,
the first bonded connection comprising a ball bond and the second bonded connection
comprising a wedge bond; and



as defined by the following clains. 43 WHAT IS
CLAIMED I'S: 1. A nethod for fabricating a
sem conduct or conponent conprising: providing a
sem conductor substrate having a circuit side, a
backsi de, and a substrate contact on the circuit side
havi ng an inner surface; form ng an opening fromthe
backsi de to the inner surface of the substrate
contact; and form ng a conductive interconnect
conprising a wire fromthd5backsi de through the
opening to the substrate contact having a bonded
connection with the inner surface of the substrate
fmningatdielectrienaagzolant onghelmpksideansapaliating Gt leist & lpertion of the
a2 eni ng and operated to formthe bonded connection;
on ?U%ﬁ?ﬂﬁma di el ectric encapsul ant on the backsi de
encapsulating at |east a portion of the conductive

|nterconnect 2. The nmethod of claim1 further
12. Adngshodsph, fabricatinga ptackerh seraicondustencempensnt eamprisingksi de

g&bﬂfngf %WWW%%@F%@he opﬁ:ng

the mmrtdnichaw aminner sunface,cind st epeningrextending frambhs st side to the
backsf' rmng a second bonded connection on a second
Mbstrate contact on the backside of the substrate

fﬁsmtr% atcbﬁddaﬂﬂdir@gmﬂ?& Jérl #e ﬁrsf1 femicbuotdt icompPoreht Wi a Bohding
ur er conpri sl ng ondl n t he, congduct i ve,l nt er conn Ct
capillpgy, %e sendyehive intgoennech g2 wirg | the,epeping hayipga

conmé&tbPéd RE nersurAGoMRL d3AEOindC! al m 1 further conprisi ng

stacking a second substrate on the substrate havi ng a
seernd semicendugtor enmponen dxthe ﬁmmﬂwwm@wm Y

fmﬁh@&?&ﬁﬁ&‘@&ﬁ%rm o a%‘lﬂ%%dﬂn% erodntidt 05 a 5

conpri si ng anp on e I nner sur ace
substrate dohvtact caulestecakisemigntductor enspontryeadn t he formi ng the

&:ondu&ﬂﬁ%ﬁnter colnnecflg%slt ep. Eonds tFHe %@%g%%ng%

condictivbitegdonndche conductive interconnect projects from
the backside 44 wth a selected |length. 8. The nethod

of claim1l wherein the substrate conprises a plurality

15, The MG ST RRRI e JAC plof S TP SpaiEE (M £310c0d lengtn
and tessetond seinicontuctooenmpoaertt includes 4 glatedjopeping woufigugedao receive the
sem conductor substrate having a circuit side, a

™-hacksi de, a first contact on the circuit side having
an i nner surface, and a second contact on the

back5|de formn a.s trateoenln in the .
14, Jhemeth d%?f‘ﬁ“h ‘FSFWE %W%@W%ner
semicHécR gle%d &ﬂeeseédn&%me&mbasi confpBiknt SUnkPriRes PsubPsttibithaye

i nterconnect fromthe back side on the inner surface
of the first contact and on the second contact using

15, ShPRRHbdEr GAR 12!valerein tho first MRHtnthfG coMpEenPIHARRL second

semiconductor component comprise semiconductor dice.

16. The method of claim 12 wherein the bonded connection comprises a wire bond.

17. The method of claim 12 further comprising forming an underfill layer between the first
semiconductor componen and the second semiconductor component substantially



conprising a wre having a first bonded connection on
the inner sur&ce and a second bonded connection on
the second contact and forming a dielectric
encapsul ant an the backside encapsulating at |east a
portion of the conductive interconnect 10. The net hod
of claim9 farther conprising formng a term nal
contact on the backside in electrical comrunication
with the second contact. #§. A nethod for fabricating
a sem conduct or conponent conprising: providing a
sem conduct or substrate having a circuit side, a
encapiseleting thecondudtive sitercommetct on the circuit side having
an inner surface, and a second contact on the
backsi de; formng a substrate opening in the
18. Thennehbdlofdisiin 2ukiktdinihe fifst SomitdndudirCempoifent Eonipiied diliMhge
surface of the first contact; and formng a conductive
seasor KHARLOMPPBA®t he back side an the inner surface
of the first contact and on the second contact, the
conductive interconnect conprising a wire haV|ng a

19. The methedroivdrin 12ovhemin the firsh semitandigtercomponenbenmpaises aa image

senc S PR i AR o B BB oA SmardelF

semicoadwtat dizonded connection conprising a wedge bond; and
45 formng a dielectric encapsul ant on the backside
encapsul ating at |least a portion of the conductive
20. IAVh@RGIRFfRBHcatihg a sénibBiidAaEr doRiporebEdmpsingg 2 st acked
sen1conductor conponent conprisin providing a first
kguned (0 wige bondia Wi ¢ si de, a

%ﬁg‘% | T
pnner surtace, an olﬁae'ﬁn gér{ggitegﬁgf%bqa?romt ted circui,

and mhmmmm@nm mrhmt sithaiplelscligal chmmuiicstion mﬁrthelmmd circuit
hlaWlntercon ct on the first sem conductor conponent
PS84 ng  capillary, the conductive
ifdtinirigan Rpethg RakeNehtidoRguctor solisBatk froinhte Wadledidetg thecikinad Gurtace
bonded conng%élon on the inner surface of the
of the, ndlng a second sem conductor conponent

g!gg'?) d Jgg%%'éd connect i onm{)etmeﬁﬂﬁ%ﬂem%déﬁpuﬂg’ﬁ?ﬂ
condizotive ingesennoest comprisingdhe wirelanda hegded-connestion between the wice and the

inner qw eniconductor conmponent; and formng a
rerectric encapsul ant on the backsi de encapsul ati ng
ddrmigasdielectiioenicapsolant ontthebacksidectmcdpsulatingrit ast arportioh of the
13. The nmethod of claim 12 wherein the wre projects
condyiRye nfateonBeilni ng with a selected length and the
second sem conduct or conponent includes a plated
’1. ﬁggnlng confl ured to receive the wre. 14. The

mgtirod pf claiey 40 futhergamprnising heading ¢ secondsemicondurtar spbstrate
havifg Q' en e e&nda&mr hiSRamfeet LORIEIGE B WehdREtivE ifeRBRnd €

second sem conduct or conponent conprises a support
substrate. 15. The nethod of claim 12 wherein the

22. Frhé ShenSE BF GARH Fhathier CONPHVAT thmffif'a HifRctiE 3B hetween the first

semiconductor component and the second semiconductor component.

23, The method of claim 20 further comprising forming & conductor on the backside in



sem conduct or conponent conprise sem conductor dice.
16. The nmethod of claim 12 wherein the bonded
connection conprises a wire bond. 17. The nethod of
claim12 further conprising formng an underfill [Iayer
between the first sem conductor conponent and the
second sem conductor conponent substantially 46
encapsul ating the conductive interconnect. 18. The

met hod of claim 12 whereiythe first sem conductor
conmponent conprises an i mage sensor sem conduct or
conponent 19. The nethod of claim 12 wherein the first

cleooR AR with BRAARE bRl Gt o R Bk BB 7 ctial
comnamiqatioewith thewpudustes a seni conductor die. 20. A nethod
for fabricating a sem conductor conponent conpri sing:
provi ding a bonding capillary configured to wire bond
a wre; providing a sem conductor substrate having a
circuit side, a backside, an integrated circuit, and
a substrate contact on the circuit side in electrica
communi cation with the integrated circuit having an
i nner surface; form ng an opening in the sem conductor
substrate fromthe backside to the inner surface of
the substrate contact; and form ng a conductive
i nterconnect in the opening using the bonding
capillary, the conductive interconnect conprising the
wire and a bonded connection between the wire and the
i nner surface; and formng a dielectric encapsul ant on
t he backsi de encapsul ating at |east a portion of the
conductive interconnect. 21. The nmethod of claim 20
further conprising bonding a second sem conduct or
substrate having a second conductive interconnect
bonded to the conductive interconnect 22. The net hod
of claim21 further conprising formng a dielectric
| ayer between the first sem conductor conponent and
t he second sem conductor conponent. 23. The nethod of
claim 20 further conprising formng a conductor on the
backside in 47 electrical communication with the
wire, and a term nal contact on the backside in
el ectrical conmunication wth the conductor,
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