-1- APPARATUS AND METHODS OF FORM NG W RE BONDS TECHNI CAL FI ELD The present
invention relates generally to the processing of sem conductor 5 devices.
More particularly, enbodinments of the present invention relate to nethods
and apparatus for formng wire bonds. BACKGROUND In processing

sem conductor devices in the m croel ectronics i ndustry, wire 10 bonding is a
w dely used, well-established nethod of chtp interconnection with external
circuitry. FIG 1 shows a side view of a conventional apparatus for form ng
wire bonds. [In a coAPRARAGS AND METHODSOprRQBYHNG ¥IRE BONBDS er poser or
other carrier substrates, the back side, or non-active side, of a

sem conductor die or chip 10, such terns being used interchangeably in the
industry, is firmy attached to a st Ag—u%ﬂ-rDate or package 15 bottom

20. The chip 10 i srcolvent {00/ 0% ?ggﬁfaglg' t{) gﬁpgé\gvg%%%hg&fesegﬁ)coﬂaﬁ& either an
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organi ¢ adhesive, a gl ass, of a neta ess generally shown

as adhesi\e de¥ies. Blre paticulard)ambedimesits bOtheRyesbiit invdntion kit toymathbdcdn@d on
top of the first chitp 10 wusing additional adhesive |ayers 30 between each
]

chip 10 of t happpeatisifer fegmipgivorestomdk. The chip 10 and substrate 20 are
posi tioned on a processing block 40 of a wire bonding 20 apparatus in

contact with either the die back for - an-chi BOC) configuration or
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the substrate for a chip-on-board ( ation. A wre bonding

operation is then GabldsGhlo QtticontiBoEHEiER HHHE mitBelbtditcsIRARES, wid ended

bet ween and fused at” each &nd thereof to bond pads 60 on chip”10 and to
bondi ng si® esbatdingns & mededyindedcwelbstailshaimsthodofchip hitdrgommestionevikioexternaj

capillary, typicall S t her.noconpr.essi on .bondi ng, ultrasonic, 25 bonding
o conbi nat biswtot EItE b Aot oG N OGS CPH <BUTR AN W RO aa1hn,
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t enper at ur e wWhaekside, ovinoa-dotivigkidg ofrmyenhieoridaptoel tig oabkhiprlé] suehkgrmabéiagussd, t he
processi ng bl ock 40 is_conventional Ify heated. In such a_configuration,

processi ng bl BgctBpeenblyi g theiptiesiy) iy frmbitagieddo 2 guifable subpiraie R Pagkiech
conducti 4 BaeEas i P8 Bpa 26 I ihentid Bl 79 e
organic adhesive, a glass, or a metal-alloy reflow process generally shown as adhesive
layer 30. Additional chips 10 may be subsequently attached on top of the first chip 10
using additional adhesive layers 30 between each chip 10 of the resulting chip stack. The
chip 10 and substrate 20 are positioned on a processing block 40 of a wire bonding
20  apparatus in contact with either the die back for a board-on-chip (BOC) configuration or
the substrate for a chip-on-board (COB) configuration. A wire bonding operation is then
carried out, wherein conductive wires 50 are extended between and fused at each end
thereof to bond pads 60 on chip 10 and to bonding sites 70 on the surface of the substrate
20 by a wire bonding capillary, typically using thermocompression bonding, ultrasonic,
25  bonding or a combination of ultrasonic and heat in combination with compression,
sometimes referred to as “thermosonic bonding.”

In order to raise the temperature of the bond pads 60 and bonding sites 70 to an
operating temperature wherein wire bonding may be rapidly and reliably affected, the
processing block 40 is conventionally heated. In such a configuration, processing block

30 40 is typically known as a “heater” block, which conductively heats all of the substrate 20
and the chip 10, including the bonding pads 60 and bonding sites 70. The wire bonding

operating temperature varies depending on the specific application. For example, the wire



operating tenperature varies depending on the specific application. For
exanple, the wire -2- bonding operating tenperature for thin small-outline
packages (TSOPs) maybe generally between 200C and 230C, while for fine ball
grid array (FBGA) packages the wire bonding operating tenperature nmay
generally be about 150 C. Heating the chip,to the el evated tenperatures
necessary to adequately heat the 5 bondi'n%fpads may potentially danage the
chip by overheating. Indeed, the elevated tenperatures introduce

t her no- mechanbandingsiperating tamperaturg dori thie stiall-outlink packagesi TISQPs) inay be gerteeally
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relatively fragile chip 10 i's hea Mor €over, when chi ps are stacked one
on top of anot her, Heatingrthexclsp ticthe devated teinpemhirgs neaessaydo ¢ddgtelyttieat therbi ent

tenperature at the t chip layer.is signjficantly | ower_ than the anbient
t enper at ur5e_ gl?oqdﬁ@ Haaggﬂayp V@?M@rd%%ﬂg é’ﬁ’ B\ egtg}g\é\ﬁbqegﬁ?tgg F’{?&atg‘gur ce is
the processi ngnplfififres ittGice ichfio ikehilal #ALLR He £hivd gsgﬁgaboe and #fek. Thus,

sem conductor chips in the ower layer or layers nust jected to
undesi r abl y hintggrat&bcitcarnethercofi e¥ith the@ontimohoredtitteonkinside padithidkness ofii gher
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or chi .to reach the required.wre bondi n% O(Per i ng
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chips 10 1@ o isheatsdibsforeater, Rbermehips are stackedions ba fupast ahather, uointsstacked, anulti-
pockets, when it is apqpl led. 20 .This is the case wiith so-cal]ed "skip cure”

adhesi ves, whflERPakage(MEP), dieraspbient tannegature atthe don/eup laver ig pignidisanthydpwgr not
fully cured ugtil. the.chi !Q%}ﬁ@ ' i
nol di ng pr oce@téd.1 t@ua??lélg?% may 3@%’5?% #gﬂrégwdlrg*e\?gejwh%mhegﬂlr%iprr%lregtn as%gﬁzleat i on
of the sem cgnigusroedssingblockrduelto hs tieemhakbgradiea i thee dghip stackn Thlis,t he substrate
20 when such an  adhesive materjal between a chig and the substrate. or
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bet ween two stcaRREMuetar ghips ig theslowghlayerias dayets musb be pupiecias! ta updesyalkly dighe

common to,such. tr e ' S.1.: ' - ive
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the adhesive material takes place, ich permanently traps the voids. The
t rapped voi dslayeior layers introduces even more thermo-mechanical stresses in those lower layers.

Furthermore, the material used in adhesive layer 30 to attach one or more chips 10

to the substrate 20 may in some instances have voids, or air pockets, when it is applied.

20  This is the case with so-called “skip cure” adhesives, which are also termed “b stage”
adhesives and are desirably not fully cured until the chip package is encapsulated, as in a
transfer molding process. Such voids may generally be driven out during encapsulation of
the semiconductor chip or chips and at least a portion of the substrate 20 when such an
adhesive material between a chip and the substrate or between two stacked chips is

25  subjected to the high molding pressures common to such transfer molding processes.
However, if such an adhesive material is exposed to excessively high temperatures for an
extended duration, or repeatedly, prior to encapsulation, premature cross-linking of the
adhesive material takes place, which permanently traps the voids. The trapped voids may
cause the device to later fail, exhibiting the so-called “popcorn” effect wherein the gas

30 trapped in the voids expands and compromises the encapsulant envelope. In addition,

repeated heating for wire-bonding a multi-chip stack may cause the adhesive material and



cause the device to later fail, exhibiting the so-called "popcorn" effect
wherein the gas 30 trapped in the voids expands and conprom ses the
encapsul ant envel ope. In addition, repeated heating for w re-bonding a
mul ti-chip stack may cause the adhesive material and -3- substrate to outgas
contam nants onto the in-process package, ich may adversely affect

downst ream assenbly processes. Sone approathes have been devel oped to heat
t he bond pads and bonding sites in addition to, or as an alternative to,
usi ng a heat esubltrase fo, ouBizas eputhmafantsloaethe ppprocesh package whictbméy aberselypdfect
infrared radi&ti on source,to heat the sem conductor die and the substrate
from above i nSPESHCYR AFFERRIPERSHowever , shi ni ng such an infrared
radiation onto t hesGht bifoach@fhate bhfRvolbp&lEhet tﬁé@oﬁfdadaag g:_ld BffilieQRedh the
top surface of the semconductor die stil undesi rably subjects §

subst anti al padditiamrtp, drfas awalterhaive s, iusing diheatet Wodke Meivergl ofShese appreaches hsezed
applicatiaon of heat subjects the active diie surface and the integrated

PP eur 1y 3o hoetkEne iheiaiabortsciffsed e et misandtoudt e and e PSTHE GO cal
stresses t hat 4o e s 8 froMibelnn HiWevel, AMintriaSubPhs RRabed rQ@a@or{lﬁﬁ(}( fife chtifeCk

and may, as wth the prolonged or repeated use of a heater bl ock,
premat ur el y ctopssrfaderi evdrea shibstamtial pottion dhithsitapesunfateof thé semmdonduatos die still

undesi rabl e outgassing. fromthe adhesive .paterial. and the substrate. In

ot her approac ,Slraz’hf Hbasetsiagsy %t%‘H“’P Borﬂ%tl%télierf’@luée ‘gﬁﬁﬂ heatmer SYFH above. 15
However, usin q . r e - LAf; -and
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i ncl udi ngl@ ur thieregf rthé fueend wrlesirableieat-indgcetd hieerinonnechaical tstressegtatt dnecdvuasdr
of f, bonding the wre, ving the | aser t subsequent bond pad, turning
the | aser on,bm%@fmﬁgovﬁge Hsipg 2 E"Fﬁibi%fitaﬁémaé(s%%w@? the projoRged 9 t he
wre, etc. Su e I i ad] i xt
20 pad then bf)eﬂ |%g, tez)'? gh ?it‘r:@gﬁélldr’ ggn{ﬁaﬂﬁg?@g@es%Qﬂg;}r@%ﬁ%&%%&fﬁ%ﬂ@@%@ﬁ e
bondi ng mnet hochuse windesisatilé owrgassing fiohethe adlesive snaterapasd the sulsttateust a little
fromthe target bond pad, the |aser nmay . radiate the sem conductor die,
causi ng damage to TheherapRipaches laser ispised {p heat 3 siagle band padfmmabevedi e from

the inten h itke fact-uri
w re-bondod saoveiih i et e Bt sbPeS BRI NN, BEHRIARAY |
potential |y dbsmigdnSudieiprovdss kequirbssOmpltpliciof ofisgeps e haktetainigg onthedastly at t ach
the chip to the substrate frompremature_ cross-linking, it wuld be
desirabl e heating the bond pad, turning the laser off, bonding the wire, moving the laser to a

subsequent bond pad, turning the laser on, heating the bond pad, turning the laser off,
bonding the wire, etc. Such a method of heating the pad then bonding, heating the next

20  pad then bonding, etc., requires many steps and may slow down the wire bonding method.
In addition, if the laser is mispositioned just a little from the target bond pad, the laser may
radiate the semiconductor die, causing damage to the integrated circuitry in the
semiconductor die from the intense heat emitted by the laser.

To enable the manufacturing of wire-bonded semiconductor devices without

25  subjecting these devices to potentially damaging heat while also protecting the adhesive
used to attach the chip to the substrate from premature cross-linking, it would be desirable
to develop a wire bonding method and apparatus for effectively limiting areas heated on a
chip to substantially those areas including the bond pads and without subjecting an entire
chip to substantial and repeated heating.

30



to devel op a wire bonding nethod and apparatus for effectively limting
areas heated on a chip to substantially those areas including the bond pads
and without subjecting an entire <chip to substantial and repeated heating.
30 -4- BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 shows a side view of a
conventional apparatus for formng wire bopds. FIG 2A shows a side view of
a wire bondi ng apparatus according to an ~enbodi rent of the present
invention illustrating an infrared radi ati on source heating a 5 bond pad on

a sem conductor die. FIG 2BREHORESE@REHONOEWHE DRAWINGS bondi ng appar at us

of FIG 2A illustratd a_ w.re bej nded to the bon ad on the surface
of a sem conduct orﬁ@'g%hwg Slgfcwseﬁ'o% ng\éﬁnﬁgnﬁ}iagé?%m g”&?‘ﬁ}%n%%v}{ait"ﬂ‘bds-
apparatus of FIG I?IG.IZIA'dhﬁﬁvﬁafsid@fé}ie@vof"ﬂx”vﬁeb&ﬂ%g’@?aﬁﬂls%@f&ﬁgté5}13 bond pad
and a bonding site on a surface of a substrate. 0 FIG 3A shows a side

vi ew of a wi rembustimiemef dispaeseniusvension iliuskgingananarpdradiation douresiieating e he
present i gventtx; an i IOI ust r%t i && z%gﬁé nfrared radi ation being emtted to heat
a bond pad on q @3%1 BENHTEPS ."FIG 3B shows a side view of the wire

bondi ng appar at us piG. BBGhowé\a ksidk Wit ¥ théird bodiAEappataig JTFNAEZA fifistatipnd pad
on a surface of a senmi conductor die. 15 FIG 3C shows a side view of the

wi re bondi ng wjgpheiag bendsfl te-thebogd\pad onibe sarfica gf asersisopiustoediewi r e bond

bet ween the bond a _bonding site on the surface e ..substrate and
another wire bei ngf]g:bgggsé}o‘fvﬁaéﬁ&v% FofigoniEe B ll}ﬁ?ppﬁ%ﬁ@ﬁg%gég%’fﬁ?ﬂmga

sem conduct or wffb ord RImEABetRE&H thB 8ahEshdind abBndinf 5idd &ifla Sinfic@bf Pubsfrdtés 3D
shows a side view of the wire bonding apparatus of FIG 3A illustrating 20
anot her cldhpl et ed FiG.8Axbaws betdgoéaw offrewire hendingappayatus ageatdiag ¢a sr@thdsondi ng

i h f f h h . TAl LED SCRI PTI Th .
S bstrati onsSnhedia e D te e Ry alof e an et Bialigh bepl Smiteta s of

any 25 partigdat @botM p R ChibnaRAG @éus, but are merely idealized
representations which are enployed to describe the present invention.

Addi tional |y, el enEli $Bcshows n sidetvieseof the wire bonding apparatus of FIG. 3A illustrating a
wire being bonded to a bond pad on a surface of a semiconductor die.

15 FIG. 3C shows a side view of the wire bonding apparatus of FIG. 3A illustrating a
completed wire bond between the bond pad and a bonding site on the surface of the
substrate and another wire being bonded to another bond pad on the surface of the
semiconductor die that has been heated by the infrared radiation.

FIG. 3D shows a side view of the wire bonding apparatus of FIG. 3A illustrating

20  another completed wire bond between the other bond pad and another bonding site on the

surface of the substrate.

DETAILED DESCRIPTION
The illustrations presented herein are, in some instances, not actual views of any
25  particular wire bonding apparatus, but are merely idealized representations which are
employed to describe the present invention. Additionally, elements common between
figures may retain the same numerical designation.
Embodiments of the present invention comprise apparatus for forming wire bonds
on a semiconductor die assembly using infrared radiation to heat a region comprising one
30  or more bond pads to the proper temperature without significantly heating the rest of the

semiconductor die. Further embodiments of the present invention comprise methods of



figures may retain the same nunerical designation. Enbodi nents of the
present invention conprise apparatus for formng wire bonds on a

sem conductor die assenbly using infrared radiation to heat a region
conprising one 30 or nore bond pads to the proper tenperature wthout
significantly heating the rest of the sem gonductor die. Further enbodi nents
of the present invention conprise nethods of -5- form ng wire bonds on a
sem conductor _di e assenbly. FIGS. 2A-2C show a side view of a wire bonding
appar at us 100foapEgdrkpnddon A seraisprsdiicips dic assemtls present i nvention. The wire

bondi ng_appar at us R0, GAIRE L1355, Bae SRR M BphaRdh Y. ARPRLALYS,  Such

as a thernoconpression %onder, an ulltrasonl c

bonder. The wrilodaadiof thegp@rfitdhintidROThewirebamding Spashnlkei@d comprissal y 105
including a conputerized, video-enabled systemfor operably controlling and

positioni ng acanygitionakwira hending apharaispuele at stheenesgmpssssien bprdesl anaigasonic

commer ci al aval | apl Fo. I i th i i b i
appar at us 10058, bEenosblc piach ThEaRLEnfihe iBrERID e NG A pRE e
stinmul ating UlskémsIoN0s inalmi;ggd Egpultetized &ridedRinhbled ¥ysidth fok@pekdblyenoliRgdi Ng

operation. The capillary 110 is configured to forma wire bond with a wire
120 passi ng t #ndmegtioning aeppitipey. 1 19hsuchcorapensnigibaipespprantional and corhmenciably

i ncl udes a proc ing blaock 125 on which. a substrate 130 y .be positioned
and secur ed {BPRTRAEe! Vg ILeGiR o Bshross o siniting Boowps 106k rpadiRg s ot o
130, as depi cin@¢lbe tdifplddde shecapBRCONdBE Rl &ing uldddonic visiteshs hipthb RESiRALG. The
sem conductor die 140 nay be attached to the substrate 130 with an adhesi ve

145 posi t ibnetlbdringabondiag operpiiern diietcepillaiyd 194ncantigured do fmms wise borid3with By

way of exanple.a not. lijtation he sem conductor die 140 may be
attached to t?\glrgﬂggp?sgingtmﬂ@lﬁss%déﬁea "skip cure" die attach fil m ( DAF)

adhesive, a |iqui dTROWiY bBAIRS AppAran@108Furtae iRAIdECa bRREssing bidUkN26 @alvfcioNnt 0
a waf er backside (non-active side) fromwhich 20 sem conductor die 140 is
subsequent | y &ubgataildgmaphe positienred and sesurediforresaiving @ wisthond pnisdoadingci at ed

L e RS e RRBAELAE o S L L SRR AR 0.,
the seni condugleRfo. AR sbhifcoRBEter did1 4EEhPhe SfachdiFto tBAuBEtkaAé €30Lwith ah BIESIE
enbodi nents, the region on which the infrared radiation is emtted

145 positioned between the semiconductor die 140 and the substrate 130. By way of

example and not limitation, the semiconductor die 140 may be attached to the substrate

130 using a “skip cure” die attach film (DAF) adhesive, a liquid epoxy adhesive, or an

adhesive that is spin-coated onto a wafer backside (non-active side) from which

20  semiconductor die 140 is subsequently singulated.

An infrared radiation source 150 may be associated with the wire bonding
apparatus 100, the infrared radiation source 150 being configured to emit infrared
radiation substantially on a region of the semiconductor die 140 and/or a region of the
substrate 130. In some embodiments, the region on which the infrared radiation is emitted

25  may comprise two or more bond pads 155 positioned on or in a surface of the
semiconductor die 140. In other embodiments, the region on which the infrared radiation
is emitted may comprise at least one bond pad 155 and at least one bonding site 135 on
substrate 130. The infrared radiation may be emitted onto the region by focusing the

infrared radiation from the infrared radiation source 150 onto the region of the

30 semiconductor die and/or the substrate.



25 may conprise two or nore bond pads 155 positioned on or in a surface of
the sem conductor die 140. In other enbodinents, the region on which the
infrared radiation is emtted nay conprise at |east one bond pad 155 and at
| east one bonding site 135 on substrate 130. The infrared radi ation may be
emtted onto the region by focusing the ipfrared radiation fromthe
infrared radiation source 150 onto the regfron of the 30 sem conductor die
and/or the substrate. -6- In sone enbodi nents of the invention, the infrared

radi ation source 1BGomsemiedisiraisaiitie yensioadhemdrarsladiadon wurded SP My tsead
assenbly 105. oﬂe?ab?*’?@ﬁf’eﬂ IR theggﬁc?{l&(arﬁgseﬁﬁﬁ}d 165 ﬁgﬁéﬁ&&ﬁm

e
: e
configured to posi the intfrared r at1on source over e substrate

130 and/ or t hihe bond head dseindiy th5emayiBe ¢onfiginde to pasitibnrteeinfitabed raditic odrc
radi ation substantially onto the region conprising at |east gne bond pad 155

and/ or  bondi R aver the sabstraten] 30 3pd/ o ths semiverdustor digel 40rn pederte diregt the indrarebur ce
150 b . ] ' d
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the infrared padingisiten3s.om omeknibodityents thedpfdrédtayiation phieee 130 hinebdond head
assenbly 105 such that the infrared radiati on squrce 10 150 may nove

separat e and ¢qvaledde thebong headassambdy t@hsuch ay therofrargd eadiation sogeri] Ymevesmay

enabl e the i [ Atqin0

bondi ng- of t co M AUE SRR FHGE T SV Bty Wetherk B 00RO FPpALBe e

| ocations. | noprdtdy coupledso thetboad Gagi dshenibly 109Dsurh thdt ed iffaret eadidtion 36@oe

radi ati on source 150 and formw.re bonds on those bond pads 155 and bondi ng

si tes 1351Ghi 39 mblo@orf@&e@ﬁlltateymﬁéeciﬁpw&n fromythe eapilipsy 150.i %@@@?@é@;@i id on
Too s o 3 ' :
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sites 135. Th I on source comprise - an eFight

or bul b heat er35 inagedce oPol@nért B9thekepil@Yi100 tEBERAMS loesticts. eéthér wérds,bond
pad 155 or bonding site 135. The intensity and wavel en%th of the infrared

radi ati on southesapBarydd @ may|fellove thedeiseradiradiption seysem! Yandpmn wirgbpads onThe
ensoves) AR Rkl s e SR iR RSP b e FIRBG Y © <

achieved. A's engt

radi at i onjsrayinfRredebdiationsddroay 50 issimltmebe Phdatnd themert tild padss ma/oe
infrared wavel engths are not absorbed by sone materials. e non-limting

exanpl e of a bendinggiss 135.
The infrared radiation source 150 may comprise an infrared light or bulb heater

capable of heating the region comprising at least one bond pad 155 or bonding site 135.
The intensity and wavelength of the infrared radiation source 150 are selected depending
20  upon the application. The intensity may be such that the desired wire bond operating
temperature is achieved. A suitable wavelength or wavelength range of the infrared
radiation may be determined by the materials to be heated, since some infrared
wavelengths are not absorbed by some materials. One non-limiting example of a suitable
commercially available infrared radiation source is a NUTONE® model 9417DN Bulb
25  Heater by NuTone Inc. of Cincinnati, OH. Such a commercially available infrared
radiation source may be customized to be fitted or mounted to the bond head assembly
105 for embodiments such as that shown in FIGS. 2A-2C. Customizing and mounting the
infrared radiation source 150 to the bond head assembly 105 may include attaching the
infrared radiation source 150 to a mounting arm 180, and attaching the arm to the bond
30  head assembly 105. The bond head assembly 105 may be programmed and configured to

position the infrared radiation source 150 in a manner similar to the way in which a



commercially available infrared radiation source is a NUTONE(r) nodel 9417DN
Bulb 25 Heater by NuTone Inc. of Cincinnati, OR Such a commercially

avai lable infrared radiation source may be custonm zed to be fitted or
nounted to the bond head assenbly 105 for enbodi nents such as that shown in
FI GS. 2A-2C. Custom zing and nmounting the jinfrared radiation source 150 to
the bond head assenbly 105 may i ncl ude atTAEhing the infrared radiation
source 150 to a nounting arm 180, and attaching the armto the bond 30 head
assenmbl y 105. copyentigaalbond Hgacdhassenbly | 03 positiens thrcapiligny bibrda apetherconf i gured to
position the | radiatian. ' S 1P . y in
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optical fi berreBwinigitaied radationgsngpten thayadiationbaingtransmiteddty thedistak tinoef the
generator,c th at | | r L j i p..of,t
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enbodi nents illustrated in FIGS 2A- 2C show the infrared radi ati on source
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infrared radi abimged foottié Bendliad assyhidlyClIs] aguilied dikuésed iubgreier depdil Bal@ o,
radi ati on onto the region conprising at |east one bond pad 155 and/ or

bondi ng sl&e 135. Thyinfraedardiaticarsenese dadmaybe configuad tedocus the infirtedr ed
radiation ”ayraﬁigagéxg?}rm]’té?}g? ofiofi Q¥ ibrifing AP Gh SR ad '1§‘9a:§2ﬁ6rebo%g1 g&@%?ond

pad 155 and/ or one nts; e reglén conprising

the bond padsB}Shyafidkipldanthdldintiaties tHeibframy rddatibamidy efoatedte@veess t han
15 square mllimeters. Some enbodi nents may focus the infrared radiation to

a regi on conpraginfgMpRsiae aoretanespbag paddas andpr bandingsits 13hdlnsomgquar e
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focusi ng the tdthprivead ardadels #anAs sh@aré hellifReiro rSom@hbalimentsinal &sk tiene bond
pad 155 or bonding site 135. In one 20 enbodi nent, the infrared radiation
may be focusetfigredgadiaionda adegipn FRMprFiRgAnaressbetwers) LkRdnere miflimaters apd? g

nurmber of bon gquoar%q‘ﬁilﬂl%gtelasp&iép%ﬁdigg Qﬁj .h{%%iz%iotf fir S%I%?cogﬂuc?&%ies iﬂ? "ﬁIe infrared

radiation source 150 may include a lens 185 (FIGS. 2B and 3B) for focusing the infrared
radiation to the region comprising at least one bond pad 155 or bonding site 135. In one

20  embodiment, the infrared radiation may be focused on a region comprising an area
including half the total number of bond pads 155 and/or bonding sites 135 on one side of
the semiconductor die 140 and/or substrate 130, the infrared radiation being specifically
located so as to not emit substantial amounts of radiation to the remaining portions of the
semiconductor die 140. By heating a group of bond pads 155 and/or bonding sites 135

25  together, the wire bonds may be formed on each of the bond pads 155 and bonding sites
135 such that the capillary 110 is not required to wait for a subsequent bond pad or
bonding site to be heated between forming bonds. In other words, a group of bond pads
155 and/or bonding sites 135 may be heated simultaneously and the wire bonds may be
formed between the entire group instead of heating a pad/site, then bonding, then heating

30  another pad/site and bonding, etc.



t he sem conductor die 140 and/or substrate 130, the infrared radi ati on being
specifically located so as to not emt substantial anpbunts of radiation to
the remai ning portions of the sem conductor die 140. By heating a group of
bond pads 155 and/or bonding sites 135 25 together, the wire bonds may be
formed on each of the bond pads 155 and bogdlng sites 135 such that the
capillary 110 is not required to wait for subsequent bond pad or bondi ng
site to be heated between form ng bonds. |In other words, a _group of bond
pads 155 and/ or bondissussed abewe, i@fﬁﬁﬁﬁs%ﬂ:bl@é}éﬂ%ﬁc@nﬁﬁﬂe@&ﬁg&ﬁslﬁgﬂéﬁﬁﬁ“@&e wire

bonds may be n !#Wﬂ t S|te
t hen bondi ng,m{dﬁgﬁgﬂgggﬁlﬁgmﬁ{ﬁggt Fid&ﬁmgg site %qgoﬁﬁfﬁg&l [h[@g)r@ce

di scussed abowleck IZ‘Senwcmﬁ;ﬁ'&blaglehh@pﬂOCésaﬁgWRﬂQS@snateﬂlabf)‘&ﬁ@cﬁﬁr recel vi ng
and supporting the substrate 130. In some enmbgdinents of the invention, the

p[)ocessn ng bfoERuration heiys redermditeas &' lpf@@rh@cb oledsried PrIcswkigilek B3 not ed
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bondi ng si t esprdpér vtuce Breldpptatihg ieppetanea Incorder 1o propest twsubstxlamldmpmer ating

tenperature. |In order t%- protect the substrate 130, the sem conductor die
140 and the a%?ﬁé%ql\%c"? e And,toe ﬁ@‘%%ﬁd%&oﬂwe&&f‘é@%e@@ S¥EssiVidcessary

heat, the pro RodsUfty hyrikcﬂcthe él%%e kclamawe%g?_ﬁ%g& MEBE]IJatt'ﬂféq%&gﬁﬁ?%i ng

block 125 con eat those regrons are rect w t he

general ar easblibék DZS d¢ondudively heay @n@&ﬁoseaegloﬂsl thafarcﬂdlﬁﬁdtlj' Belbh'ahegémﬂ!l aead s of
FI GS. 2A-2C. Sone of these enbod nts may i nclude _a | ayer of insulating

mat eri al Hb0 9fghe bonspads ﬂ)ﬁﬁ \ﬂééh‘s‘!ﬁﬁd mHB%l? dgbmé‘é‘égféﬂ%g BA0 Same ahthesene
substrate 130 roﬁlg@ﬁts &-ﬁg ¢ t g nﬁﬁ 8?ﬁﬁﬁlbﬂ%ﬁh@ﬁ%lhl%giomﬁg&% {vl/ee'ﬁlt heat S

the sem conduc 1ons direct bel ow

the bond padsheabdd. prd)desmglblbclm)liiﬁ)d thérsubktegte 1 30do tharsthie Héatemlg)ramgng Hlbcl&@@S
maybe 15 positioned bel ow an area of the sem conductor die 140 which is

lateral |y of fedugtivshy heats th,ssrrconductor el 4Q substaptiallyondwin the Frginws drediye 140

from conducti Qgﬁq.n imting
enbodi nent ?{ust‘rﬁg%be H?)Q&%ﬁ&sgﬂgﬁé%Bmtshdégbgn pasglga‘ﬁﬁ%ggalté;}ag o@a fé%:l at the
peri pher als edg@uu‘fnedi bdoweilm acgarod ot semichinductiie TAewhich Ilsﬂateteﬂll@ df3gtefrom ¢He

i nsul ating rrat erjial 160 be ali gned bel ow n are t he sem conduct or
die 140 that bony pads I%P%W%Fhetsém!%@ s s %son@ew heat Basfey genarsl

protect the rash QfdCm the non-limiting embodiment illustrated in FIGS. 2A-2C, the bond pads
155 are located at the peripheral edge of the semiconductor die 140. Therefore, the layer

of insulating material 160 may be aligned below an area of the semiconductor die 140 that

20  isinterior to the bond pads 155. Such a configuration may protect the rest of the
semiconductor die 140 and the adhesive 145 from the negative effects (e.g., thermo-
mechanical stresses, premature cross-linking) of being exposed to excessive heat from the
processing block 125. The layer of insulating material 160 may comprise an insulating
material capable of withstanding temperatures of at least 250° C and of sufficient

25  thickness to protect the desired area of semiconductor die 140. By way of example and
not limitation, the layer of insulating material 160 may comprise a heat resistant plastic or
polytetrafluoroethylene (PTFE). Such an embodiment is particularly suitable for wire
bonding a single semiconductor die 140 to a substrate 130, as heat from the uninsulated
areas of processing block 125 is easily transferred to bond pads 155 through the material

30 of semiconductor die 140.



sem conductor die 140 and the adhesive 145 fromthe negative effects (e.qg.,

t herno- nechani cal stresses, premature cross-1linking) of being exposed to
excessive heat fromthe processing block 125. The | ayer of insulating
material 160 nay conprise an insulating material capable of w thstanding
tenperatures of at |east 250 C and of suffdgcient 25 thickness to protect the
desired area of sem conductor die 140. By way of exanple and not

limtation, the | er of sul atin rraerl conprl e a heat
resistant plastic rOne S@P?&EFP%PIS?@WB ‘Wgﬂrgﬁel“glﬂ“ﬁg%g positione ?P@Wt%@?h?@nt is
particul arly gud aBltead PJ"OIM gﬁadh@s‘?v@jiﬁg The ShtRghE 136 ﬁd%R%HS&QxHR%%lsﬂq 0 to a

substrate 130, as heat fromthe uninsulated areas of processi k 125
is easily trdviedlemeiddscnumﬂelpmdif msﬁrdcbasmggihodkHQSrmmpnsesla“haﬂeldﬂock ”?
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the processing 125 conpri ses ‘a aon 155 and
bondi ng si t esthd 8Snicendubter die 148 astinpdated by thy labeabfadmﬂdltmgugztteﬁaldéﬁd’lﬁh& i ve heat

transfer from rocessin 25 whil e the rennini ortions of the
seni conduct ori ﬁﬁrgd a@@@ﬂéﬁ%ﬁ%@é& ppositned gyer,a rggion ﬁ%‘HP‘g%E%\@t least s al  160.

The infrare
Compri 9 ng. st aged o toning e IRV RAS %%dﬁ?fﬁﬁg e A

radi ati on nayorethdt regmh@dhmﬂmraalda;t one bbud pddaltSSraadfooboridingsiat]l 36 heearat | east
one bond pad 155 and/ ndi ite 135 to an 1 uate aor desired wire
bond oper]g)t rRyletaty ‘%ﬁ’lﬁ?d(e) Bg Qerating t tgre,»&]% &eﬁ@npﬂgle RRE E ¢ he
sem conduct orodlgf (AR dARASH 1018086 Beilg AibotariEn) Fihtod?ls HRRMI FIGHAC. 24
Wth the bondr pads 155 and bonding sites I35 heated to the appropriate wire

bond operat |Wg¢httl&nlpmrdq1ads S a:ddebondupg kiterl3s h&ﬂedmtb@spprommjwuvbondaond pad
155 to attach wire 120 t 0, .as i ustrate Thec IIary

T30 19 moved SRS Cinilary 14 B RADORL e bomp s ip e Sere o De
drawn t her et hfﬂ{ﬁé}e@ngs ﬂl{?ﬁraYEdrlﬁ‘ FiG OB, sTRN@Pi1RRNA®s hRvePORA 'tcf‘ﬂon?ﬁr{geslté:i% and

severed, formng wrée bond 165 between bond pad 155 and bonding site
as shown i5n Fwile dlowidgithie w20 tsbcrﬂmawmdhnrethroughamd thé@wreamesﬁmnhombd td)o

forma stack of sem.c ucy or d| c 140 an nd ds 15
Subsequent " SEIEBRIGLS S see P AL BeDORA 6" BEWaBL e 155 gYbonding
site 135, as shown in FIG. 2C. Additional semiconductor dice 140 may be attached to

form a stack of semiconductor dice 140 and the bond pads 155 of each subsequent
semiconductor die 140 may be bonded as described above.

20 In embodiments in which the infrared radiation source 150 is configured to move
separately from the capillary 110, the infrared radiation source 150 may continue to heat
other bond pads 155 and/or bonding sites 135 ahead of the capillary 110 while the
capillary 110 is forming wire bonds 165 between previously heated bond pads 155 and/or
bonding sites 135. The capillary 110, therefore, is not required to stop to allow the bond

25 pads 155 and/or bonding sites 135 to be heated, as described above. Similarly, in
embodiments in which the infrared radiation source 150 heats a region comprising a
plurality of bond pads 155 and/or bonding sites 135, the capillary 110 may form wire
bonds 165 between the each of the plurality of heated bond pads 155 and/or bonding sites
135 without the need for stopping to allow the bond pads 155 and/or bonding sites 135 to

30 beheated. In such embodiment, after one region of bond pads 155 and/or bonding sites

135 is heated to the appropriate bonding temperature, the infrared radiation source 150



20 I'n enbodinments in which the infrared radiation source 150 is configured
to nove separately fromthe capillary 110, the infrared radi ation source
150 may continue to heat other bond pads 155 and/or bonding sites 135 ahead
of the capillary 110 while the <capillary 110 is form ng wire bonds 165

bet ween previously heated bond pads 155 qq@[or bondi ng sites 135. The
capillary 110, therefore is not required to stop to all ow the bond 25 pads

155 and/ or bond es, 135 .t o be heat ed, Siml , in
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like wire bonding apparatus 100, conpri ses a conventional bonding appar at us
including a processing binak12 Hamtbinbledes astakrf sgmitoiducior dica 140 pitdched thefetd

coupl ed t an ul trasani t sducer Ln the e ment, il lustrated, the
subgt rate 30us11%g ?5@‘3?11"? f)‘}?ed&@}? g]b?ﬁt@%l% KEIgandrgiordiee g ﬁlﬂvﬂ’dgé"‘g%gt ack of
sem conduct or gfliafeit h4fhedED sl&l'l‘ﬁ{tﬁte%%l%tﬂﬁd é?ﬂbo%ﬁ#ﬂ&?t'n’{a%r alébbe b4 fRYON a

stack of sem conductor dice 140 are shown, it wl apparent to one of
ordi nary ski | $ingla s¢rhigomductor Hmt140hhsscmnﬂmandannt$rnlgc mbeassmgblosledm nmayaot

i ngl i 140. nbodi t t.h k 125
mmy ot - be. MBI ARY O SRE B 2 BRIy B HRGE O TASBrRcE
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and not limtation, the processing 125 may conprise a heat
resi st ant 15l ablbck;IZﬁmpy)tqrma‘lseaﬂieatcrcmtmtty)ﬂ%h@orW}uytﬁtuﬁﬂtmmhyﬂcml ation source

above. The i nf ar cARAE PEIRVGOIES KO0 kYISt ok bub o 1> and bopant | O
sites 135 generally from above. The infrared radiation source 150 may be mounted or
attached to the bond head assembly 105 as described above with reference to FIGS. 2A-
2C, or the infrared radiation source 150 may be positioned generally above the processing

20  block 125. FIGS. 3A-3D illustrate an embodiment in which one or more infrared
radiation sources 150 are positioned generally over the processing block 125 including
semiconductor die or dice 140 so that each infrared radiation source 150 is directed
generally over a selected region of the semiconductor die 140 and the substrate 130 and
powered prior to wire bonding in that region to prevent undesirable heating of an entire

25  semiconductor die 140.

A mask 170 may be positioned between the infrared radiation source 150 and the
semiconductor die 140 in order to limit exposure of the infrared radiation substantially to
those regions comprising the bond pads 155 and bonding sites 135. The mask 170 may
comprise apertures 175 generally configured and positioned with relation to each bond

30 pad 155 of a semiconductor die 140 and bonding site 135 of the substrate 130 to allow
infrared radiation to pass through the apertures 175 onto the region comprising the



attached to the bond head assenbly 105 as descri bed above with reference to
FIGS. 2A- 2C, or the infrared radiation source 150 nay be positioned
general ly above the processing 20 block 125. FIGS. 3A-3D illustrate an
enbodi ment in which one or nore infrared radiation sources 150 are

posi tioned generally over the processing Rliock 125 including sem conductor
die or dice 140 so that each infrared radiation source 150 is directed

general ly over ected.r f the se ductor _die 140 apd the
Substrate 130PSsRti e(lp e 157 ﬁ%&orﬁ&nmnsél%%plﬁ@omﬁ emhatinegis; en eBeBie ent
undesi rabl e h?ﬁriﬁ&%@&ze@%@@%hﬁ&ed%@aﬁ&ﬂhﬁﬁ?é?l%&lgﬁoﬂjﬂo?o ot o theFBsén 170 may

be positioned betvieen the infrared radiation source 1 d the
sem conduct orcotipgising®niyna mngiebom(bpddl IiStor bapdisgisite 1865. finethemémbudadentsidt at i on

bstanti al | th b d 155 d,bondi
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and bonding site 135 of ‘the substrate 130 to a infrared radiation to
pass through ¢dm®1mmnt01ﬁb@si ads 15 anl bdmémgsgesoﬁﬁc dhypwasofaxample and hot

aporture. 17olimidHe. G 3afRrlT9d0nt eced g oBPRiHRnRA i Ao JUFR BAHG pass
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In other enbodi'nents, at” |east sone of the apertures 5 may be sized
and/ or positi awéat blondlag kitay 13honaneside aﬂseatlmmldu@om che M@ssThmtbtal area 8giyon

conpri si e bon ads. 15 r 135 or onbi nati on
of "bona pis $e8nd RS siao e sppisgadustor i L B frauilendt s pesinents e
limtation, the)aRgcbMpRsindw Moﬂé%oﬁd B&H 185 4h@6r BRI SRBEMB stRayRd nﬁhi%i
I nfrared radlatlon to pass onto a region conprising approximtely 't the

total nunber lefs thivel baqudrepnidlsmates. hammnonkiumﬂmggnﬂaodlamnts%emdangommg of
sem conductor die.140. The total .afea nma 0 depend on the size

o Comatict or coiist 40 areh pPIaR LIS o eIL L SR e B R ani B sie pimihgs,
conprising two or H?Hr@erQQBﬂ)cEﬁﬂv%mﬁéﬁmﬁﬁfyd%mM&ﬂp§és é%g‘m% RYn£RIPH | Se

| ess than 15 square mllinmeters. In sone non-limting nts, the total
regi on nmabs catrapeas srewhich dhreecara pp aporturest K15yth etask ¢70 1y sopuprise athérmialtyt er s and

pasel ng t hr outsHIEs dndiog reee ilaralgapants Y bogkinat e BB AESE s  ur es
175, the maskenhiffdd BpYheGRFREH $Rlidioh RGB! 50/ The mask 170 may comprise a rigid core

with a thermal insulative material positioned over a surface facing the infrared radiation

source 150. By way of example and not limitation, the rigid core may comprise a PCB-

20  type material, such as FR4 in which the apertures 175 may be formed by micro-drilling or
etching. By way of further example and not limitation, the thermal insulative material
positioned between the rigid core and the infrared radiation source 150 may comprise a
thermal insulation tape such as an aluminized polyimide tape. A non-limiting example of
a suitable thermal insulation tape is sold as PB216B aluminized polyimide tape from

25  Sheldahl, located in Northfield, Minnesota. In some embodiments, a lens or lenses 185
may be employed in combination with the mask 170 to focus the infrared radiation
passing through apertures 175 onto the region comprising, for example, an associated
bond pad 155 and bonding site 135.

In one embodiment, a wire bond 165 may be formed by positioning a substrate
30 130 having a semiconductor die 140 adhered thereto with an adhesive 145 on processing

block. Infrared radiation may be focused onto one or more bond pads 155 and bonding



insul ative and/or reflective material capable of blocking the infrared

radi ati on waves emtted by the infrared radiation source 150. The mask 170
may conprise a rigid core with a thermal insulative material positioned
over a surface facing the infrared radiation source 150. By way of exanple
and not limtation, the rigid core may conprise a PCB 20 type material, such
as FR4 in which the apertures 175 maybe foffmed by mcro-drilling or
etching. By wa further exappl nd. not limtation, the thernal

Cnsul ati ve. menEs ?%ﬁ by prssing the B RATBL n fhreugh aperures | & @r{aa‘%ﬂé Otoheab pe g
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al um ni zed polyi mde tape. non-limting exanple of a suitable™ hermal
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Shel dahl, located,in Northfield, .M nnesotg. In sane enbodi nepts, .a | or
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conprising, for exanple, an associated bond pad 155 and bondi ng si
I n one enbodicomnegt varevli20@nibond pad B Syayillbstratal inddGo3B.pbld ¢apdharntyl Geis sheinst r at e

30 130 having a sem caondugto i.e_140 adhered thereto W an adhesi 145
on processi ngm%ffdc?é’ﬁy t?‘i’i‘? E%@%rlgéi%{?ﬁ 184 bR %é‘.tef u‘glé‘g %ﬁf”b“&) Ewé‘ie_l:ég!“é
bond pads 15%@&}9@@&%%1&%%%10%5%%%& IRYRRS $20Y tﬁéﬁ%oh&écf&re‘fééujlch%ﬂ%at' on

t hrough apertures 175 in 170 to heat up the one or nore bo ads 155
and bondi ng sednasctdd® boodinp sitevl 3% fdyomg wipebartd 1¥g betvesepdroad pad] 55emd bonding

illustrated in Fl 3A. Wt one or.nore band pads and hondi ng
Gi tos. 135 theatisd 3D eHRVRHHFISh A coHier RGP Ia wERie W T FEBF AR ur &, ¢ he
capillary 110in§af%¥acﬁﬁid?ﬂﬁ1:olh%l?8ﬁgr Selred 1 PPHnARA 7@)?@01%%@3@3%1651'5&&;?&%

mechani cal ly and el ectrica connect wire 120 on ,
i | lustrated ibordpads B8 anfibendiagisité¢saldy. Capillary klhemay positied vamwal20fin oontiwwond pad

155 to a_ bondi ite 1 ile allgwing the wire 120 t d
ther ot ough Y Reraies pitpacas o meSticall sn? eecfedly Gonert a1 28 Rueei Car 1
connected to ’gﬁé;%i%pﬁ&rfl 1(Fis idwed Bﬁéﬁﬁ&ﬂltﬁé 6t§%ﬂ%ﬂé pa@ Ps PSS e BRRAL ARGl OO

and bonding 1 e 135, as shown1n F . Anot her 1 nfrared radiation
source 1505 nasitec¥iStto bond orrelectically ceaiecttthowire h2@togthe othkelbondpegrsitad 88, famting n

ek 170 0,016,015 QFT, ReuD B heR.a00.Be0 10 H 25, 132,
to mechani cal hyadHerldb Belibp 6Parypr&eBing Stmitbhduclh? Aid ONRIG-adhesive 145, and
each subsequent semiconductor die 140 may have wire bonds 165 formed in a similar
fashion as described above.
20 It will be appreciated by those of ordinary skill in the art that heating
semiconductor dice 140 solely from above becomes ever-more desirable in the case of
stacked semiconductor dice 140 as the number of dice in the stack increases, to avoid

undue heating of the semiconductor dice 140 and adhesive layers 145.

25 Conclusion
Various embodiments of the present invention are described above and directed
toward embodiments of an apparatus and method for forming a wire bond without
substantially heating a semiconductor die. In one embodiment, an apparatus for forming a
wire bond may comprise a processing block configured to support a substrate thereon.
30  The substrate may include at least one semiconductor die attached thereto as well as at

least one bonding site. An infrared radiation source may be provided and configured to



The capillary 110 is noved away fromthe other bond pad 155 over to the

ot her bonding 15 site 135 to bond or electrically connect the wire 120 to
the other bonding site 135, formng another wire bond 165, as depicted in
FIG 3D. Additional seniconductor dice 140 may be adhered to the top of any
precedi ng sem conductor die 140 using adh ?lve 145, and each subsequent

sem conductor die 140 may have wire bonds 165 fornmed in a simlar fashion

as descri bed above. 20 .Ilt_w || be appr ed t hose .of or.din skill in
the art that %?Eegtw%emgé?#%%ad@fm by Bendy @bﬁ%ﬁeyuwﬁmt%% and i bpding
ever-nor e desifealpkie substialfio HafthObondPad Gk the HBAUIRS S4B A ﬁfrecf@té%ﬁmi’eﬂo as the

nunber of dice in the stack increases, to avoid uUndue heating of the
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enbodi nents of the sent vention a escrj bed .abqve and directed
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apparatus for formng a wre bond may conprise a processi ng bl ock

confi gured t omgyppemplozedstalssiectately hdatpations GtheTemicmdsttondie amiagubstnmd: frdm at
| east one ser’% cor}ﬂuct or die attached thereto as well as at |east one
bondi ng site. nfrared radi ati on source may be provided and configured to

-13- selectively eghlbmbBiihRhesk 4 @&thad bpwu@ﬂo@lméénﬁe&dqétoi e t&@gub%%e&sct or
die and the bonding site of the substrate to heat the bond pad and

bondi ng site also propldedeTmmcme@Icommspemmmmg ﬂhbsmipanapwesm;ghlmkl, thde a
bond head, ass l’ISI ttache Iar confl d to,forma

wi re bond Ooetwgbtﬁ}/? %gﬁt % H%EIEP, éﬁﬂ%ﬁt‘?@r @19?89? WalaYh% bondi ng
site of the Sétpa%ﬁé@tb%e s%ba?dté i zitYea‘strb?lwséhﬁzgndd%Rﬁ“d?éjcoﬂfﬁ?ﬁﬁ%%t l'égstl%hé’%nd may
be enployed to selectively héat portions of the sem conductor die and

substrat e fr opad. defimed radiation mdydamapplmd inf centradlet mthnoér amiroptldnmﬂighforglsed on

sem conductor _die, to a gub tratg g}g 3 fl(grow de The net hod conpri ses
posi tioni ng ath€dblesst epeb Bad /e Brat theibogd prdyio@ Wire,Rondigpeaipg fsmperAtine My di ng
at |east one Qﬁ@%a’}%e%ﬁ@ed t6%hel £ 3Lt o%%oﬁ@?ﬁdceﬁhﬁ%%% le‘i&t%n%bfn&?ﬁ% atet ached to
the substrate, the at |east one sem conduc die conprisin east one
bond padl5 | nSeleative heatthiganf portionngf the sappdndadtor dieand alrhstr@tlelmay amrheeffectad,

optionally fo(():ruasl

leheagrrllg of the bond pads and bonding sites may be effected in a controlled, selective
manner from above
While certain embodiments have been described and shown in the accompanying
drawings, such embodiments are merely illustrative and not restrictive of the scope of the
20 invention, and this invention is not limited to the specific constructions and arrangements
shown and described, since various other additions and modifications to, and deletions
from, the described embodiments will be apparent to one of ordinary skill in the art. Thus,
the scope of the invention is only limited by the literal language, and equivalents, of the

claims which follow.



the at | east one bond pad to heat the bond pad to a wire bond operating
tenperature. A wre may be bonded to the at |east one bond pad and to the
at | east one bonding site. 15 Selective heating of portions of the

sem conductor die and substrate nay al so be effected, or all heating of the
bond pads and bonding sites may be effecgqq_in a controlled, selective
manner from above Wil e certain enbodi nent's have been described and shown in
t he acconpanying draw ngs, such enbodinents are nmerely illustrative and not
restrictive of the scope of the 20 i nv&AABR and this invention is not
limted to the specific constructions and arrangenents shown and descri bed,
since various other additions and nodifications to, and deletions from the
descri bed enb@thahsriasmedisil be apparent to one of ordinary skill in the art.
Thus, the scope of the invention is only limted by the literal |anguage,
and equi val ents, of the <clains which follow -14- CLAIMS What is clained

is: b5 1étA%ﬁ appar af us f%aé@ir%@ﬁ)r%ﬁxﬁn%@ﬁgﬁon&og@ﬁﬁ . a processing

bl ock; east one infrar radi ation sourcée positionabl e above the
processi ng bl aptocéssingdiocki i ng radiation limted to at | east one sel ected

| ocation on thj processi ng bl ock, the at, Ieasg one sel ected, | ocatian,
conpri si ng andtdfashonsrintraysd ;diatign soyenprsiianabls aboyehe RioReSing BlRoKJPr mitting

di sposed on the pr S RO ; i . b head
assonbl y. 2. The anacnon Iy REificdslthe SiebbRldenirtorfht BB R BRS
conpri ses a heat er leastlone kelesderplocaiongomptisiyg an aka dhHisvam mora bohdpade@f aat eri al

positioned to lie bel.ow an area.of 15 carrier supstrate bearing at |east
one seni cbhduct or ﬁinélc%f’rﬁjé?"tﬁfg]ﬁgégéasegr?nt prﬁgc;;glggbﬁch,cq{ld during formation of

the wire bondg {ary AfacRPPRY Qhd &sahpiyl, wherein the at |east one
sel ected Iocatf%ﬁlmgén%r?segﬁﬁg@gl6% tﬂgﬂ%bnd pads on a single side of the
sem conductor die. 20 4. The apparatus of claim1l, wherein the at |east one
infrared radiation_source ) ) ) )
2. The apparatus of claim 1, wherein the processing block comprises a heater
block comprising a layer of thermal insulating material positioned to lie below an area of a
15 carrier substrate bearing at least one semiconductor die and disposed on the heater block

during formation of the wire bonds.

3. The apparatus of claim 1, wherein the at least one selected location
comprises half of the bond pads on a single side of the semiconductor die.
20
4. The apparatus of claim 1, wherein the at least one infrared radiation source

is mounted to the bond head assembly.

5. The apparatus of claim 4, wherein the at least one infrared radiation source

25  is configured to be positioned over the processing block independently of the capillary.

6. The apparatus of claim 4, wherein the at least one infrared radiation source

comprises a lens to focus the infrared radiation to the at least one selected location.



is nounted to the bond head assenbly. 5. The apparatus of claim4, wherein
the at |l east one infrared radiation source 25 is configured to be

positi oned over the processing block independently of the capillary. 6. The
apparatus of claim4, wherein the at |east one infrared radi ati on source
conprises a lens to focus the infrared ragiation to the at | east one

sel ected location. -15- 7. The apparatus P'clain11, wherein the at | east

one infrared radiation source is posjtioned generally ahove the, processing
bl ock, and further7-corrppi‘%4ﬂﬁ’§raalsr?g§]l@1m[50‘§h?¢@ﬁ%?ﬂ5‘“@§&%’@d“f?ﬁ€dEﬂdlqtlé%?ur%ene

infrared radigt, ' I i sing at
| cast one apes ool QRO eI DR R Rk PR LA

| east one | enpospaed baweeh the at least use infrareid midiatioadon@d and the prgressingigodk) thirzugh
the at |east one aperture, 9. The apparatus of claim1l, wherein the at |east
one i nfrared P& QRGINgAEleast ong gp rises a plurality of radiation sources
| ocated ower different regions of the processing block. 10. An apparatus
for formng wire bonds, conprising: a processing block; 15 at |east one

i nfrared radi ati or8.sour Tke gpparahisafalaim 7afncthier dongrisingaekastvge keine pésiticred to

emtting radiation limted to at | eg&t]ﬁgglne sel ected | ocation on the
processi ng bl ©E¥s the frazgd radiation passine twpughytheiat leasteneARet¥ipri si ng an area

positioned to conprise at | east one bonding site of a carrier substrate
di sposed on the processing block and at | east one bond pad of a
sem conduct or di e osi t Thaappamtustdfielaimn ; whereinuhsatiedseoneanfiardd radiatiapisburee y

attached to a bond head assenbly. 11. The apparatus of cl.aim 10, wherein the

process bltbckCURRHSFS Lpluraty pdiation,joyeees f%@g BY?S@kf%‘?FBTHﬁ?@%@Srﬂf the pragrssing

thermal insulggijpg material positioned to lie below a central area of the
carrier substrate disposed on the processing block. 25 12. The apparatus of
claim 10, wherein the at |east one infrared radiation source is nmounted to

t he bond head assenbly. i i ..

10. An apparatus for forming wire bonds, comprising:
a processing block;

15  atleast one infrared radiation source positionable above the processing block for emitting
radiation limited to at least one selected location on the processing block, the at
least one selected location comprising an area positioned to comprise at least one
bonding site of a carrier substrate disposed on the processing block and at least one
bond pad of a semiconductor die positioned on the carrier substrate; and

20  acapillary attached to a bond head assembly.

11. The apparatus of claim 10, wherein the process block comprises a heated
processing block comprising a layer of thermal insulating material positioned to lie below
a central area of the carrier substrate disposed on the processing block.
25
12. The apparatus of claim 10, wherein the at least one infrared radiation

source is mounted to the bond head assembly.

13. The apparatus of claim 10, wherein the at least one infrared radiation

30 source is positionable over the processing block independently of the capillary.



13. The apparatus of claim 10, wherein the at |east one infrared radiation
30 source is positionable over the processing block i ndependently of the
capillary. -16- 14. The apparatus of claim 10, wherein the at |east one
infrared radi ation source is positioned generally above the processing bl ock
and further conprising a mask positioneqlggtmeen the at |east one infrared
radi ati on source and the processing block, 'the nask conprising at |east one

aperture for allowing infrared radiation to pass onto the at 5 | east one
sel ected | ocation Mdn t hEhgapgaatisofglaim ¢ rvherein theqat leastong infeargdyadiglenyi ng wir e

bonds, i si g NI _
materfal posi PLRRLP Ao EEsrRl AN SERARL pitkAfind oK Eha R P BA, 10,

| east one semposhiotetbawedh the atidastosinfradd eadiatiba sbiree hidithe prdekssirg Blook, thewi r e
bondi ng operation; at, | east one infrared radiation source configured to emt

radi ation t oV cOMPrigiAg pt lsast oneanegurear aliaving tiirapd radiationdigass Rt a wire
bond capi I arl)éas%ﬁ@%'fb%%d}l@caﬁox%ﬁ'%g% S&%ﬁg“g&_y. 15 16. The apparat us of
1 on 30

claim 15, 'wherein'the Infrared radi a urce is munted to the bond head
assenbly. 17. The apparatus of claim 15, wherein the at | east one selected

| ocation conprises one of. two or nore bond pads of, {he sem conductor die;
and at | east one bond A0 3pRaRELer farming wire BondsomNsHEsi te of the

substrate. 1 ' ' ik -adiatiaon
source i 5 posiits pREREEApHENES 1A Thekial HRHEls By b, R HLRL
conprising a mask gresoftd cands sulistrhtsdbearing least orerselicoaducadri diwargiadisposedoord t he
heat er bl ock, the mask conprising. at |east 25 one aperture to allow the

i nfrared adi at i orthe Begierddocki{er 2 WHE SoRHNg eREEIPNE he at | east one sel ect ed

| ocati on. 19,y g ARARE AL RaPiof kB gl 10\6hit FRERIOh 3 feiiSne

configured, in conbination wt e at Feast one mask aperture to
i nfrared radi ati onsetegted 16dadomdn thedsiter MOckyne sel ected | ocation. -17- 20. A

nmet hod of wi re bondi ng a sem conductor die, conprising:
a wire bond capillary attached to a bond head assembly.

15 16. The apparatus of claim 15, wherein the infrared radiation source is

mounted to the bond head assembly.

17. The apparatus of claim 15, wherein the at least one selected location
comprises one of: two or more bond pads of the semiconductor die; and at least one bond

20 pad and at least one bonding site of the substrate.

18. The apparatus of claim 15, wherein the infrared radiation source is
positioned generally above the heater block and further comprising a mask positioned
between the infrared radiation source and the heater block, the mask comprising at least

25  one aperture to allow the infrared radiation to pass therethrough toward the at least one

selected location.

19. The apparatus of claim 18, further comprising a lens configured, in
combination with the at least one mask aperture to focus infrared radiation onto the at least

30 one selected location.



positioning a substrate conprising at | east one bonding site on a processing
bl ock; adhering at |east one sem conductor die conprising a plurality of
bond pads on the substrate; 5 focusing infrared radiation on a sel ected
region conprising one of two or nore bond pads of the plurality of bond
pads; and at | east one bond pad of the plycality of bond pads and at | east
one bonding site; and formng at |east one w re bond between a bond pad and
a bonding site. 10 21. The nethod of claim 20, further conprising heating a
region directly Bé ow Ameetkad ofsyira bopdimgissamicendudteralio compasiagibst rat e and
the plurality_qf. 0 . at o | 1 CO t e Wth the
processor bl or()ﬂ%lctlv‘\)/ﬁ?]gg Sg?%‘\s/“éen‘{".“{ﬁg‘%ﬁ‘ é’{ 163%2’?}%B?@r?gsgrogln%nqqﬁé%%g]%gggléor bl ock
under anot heradhedngdt 16kt sk emitdadictdralic ddmptiding Bsturatydord padsanthe20,
wherein focusing the infrared radiation on a region conprises emtting the
infrared radi ati orSubstsi§;an i nfrared radi ati on source controllably nounted
to a bond che . 0 i .wherein focusing the
i nfrared r%ffégl?%t?ﬁﬁﬁk%ﬂé&ﬂ@téﬁgg}&%h?@%Pe%ﬁonc%) Flgisng]s()%gr?lf'tti ng the infrared
radi ation through o drewst borkpadp ef thepturality af bor@ipads;24d The nmet hod of claim
20, wherein focusing the infrared radiation on the 25 selected region
conpri ses focusi ngatd¢nst enetboad ped ofthe luradity ofpond adseand et legstoagberding gitepr i si ng
hal f of the bond p&(as on a single side of the sem conductor die. 25. The
met hod of cl ai m 20, wherein adhering the at | east one sem conductor die on
the subst r at efogfifigrat Ras oat Wirebonid bétwker sborkigridaad dbohding sitee on the substrate
and 30 adhering at | east one other sem conductor die on the first
semi conduék or die. -18- 26. The nethod of claim20, further conprising
focusing the infrayed radiati . : I st.angially
si mul taneous to t?\iel‘ st efl|g)1siiéorﬁE g@%f)ﬂalﬁfﬁié l?'gfhef g‘g@fﬁ&r%%e%\%l? gr%golr?\laénaec&'
below the at least one bonding site of the substrate and the plurality of bond pads of the at

least one semiconductor die with the processor block while preventing heat conduction

from the processor block under another region of the substrate.

15
22, The method of claim 20, wherein focusing the infrared radiation on a
region comprises emitting the infrared radiation from an infrared radiation source
controllably mounted to a bond head assembly.
20 23. The method of claim 20, wherein focusing the infrared radiation on the

selected region comprises emitting the infrared radiation through at least one aperture in a

mask.

24. The method of claim 20, wherein focusing the infrared radiation on the
25  selected region comprises focusing the infrared radiation on the selected region

comprising half of the bond pads on a single side of the semiconductor die.

25. The method of claim 20, wherein adhering the at least one semiconductor
die on the substrate comprises attaching a first semiconductor die on the substrate and

30 adhering at least one other semiconductor die on the first semiconductor die.



5 27. A nethod of wire bonding, conprising: positioning at |east one

sem conductor die conprising at |east one bond pad on a substrate
conprising at |east one bonding site; positioning the substrate on a heater
bl ock conprising an insulation |ayer positioned 10 between a portion of the
heater bl ock and the substrate and conducHgvely heating the substrate at a
region directly below at |east one of thé dat |east one bond pad and the at
| east one bonding site without heating an area of the substrate over the
insulation layer; focusing infrared radiation on the at |east one bond pad

to heat the at le o] b . ' ially heati a..
remai ni ng porti onazc?)‘t@f t Rghearﬁgtﬂgtggfcl%%n?dgg%h %g%%ﬁu}gl%%ﬁrg%é‘ilsér}g téﬁgl%#dlg %lau%{l wre
to the at | east ariter Bdedd@gion substantially simultaneous to the step of forming the at least

one wire bond.

27. A method of wire bonding, comprising;:
positioning at least one semiconductor die comprising at least one bond pad on a substrate
comprising at least one bonding site;
positioning the substrate on a heater block comprising an insulation layer positioned
10 between a portion of the heater block and the substrate and conductively heating
the substrate at a region directly below at least one of the at least one bond pad and
the at least one bonding site without heating an area of the substrate over the
insulation layer;
focusing infrared radiation on the at least one bond pad to heat the at least one bond pad
15 without substantially heating a remaining portion of the at least one semiconductor
die; and

bonding a wire to the at least one bond pad.





