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| N\VENTI ON The present invention relates to a net Hsplagaeeappageat us f or

heati ng sem conductor devices and circuit boards dyrin sninbl y
operations. The present invention has particul ar agpd i@é@fﬂﬂ ty inwre
bondi ng of _stacked die assenblies and in flip-chip bonding. 5 BACKGROUND
ART In conVehbPBi4 stacked di e packagi ng techni ques, BETUSPERTOGj e s
attached to a substrate, such as a netal lead frane or a |lam nated plastic
or ceramic circuit board, as with epoxy or polyinide paste or filmtape,
and a second die is attached to the top surface of the first die, also with
epoxy or polyinm de paste or filmtape. A wire bonding operation is then
carried out, wherein gold or copper 10 wires are fused to bondi ng pads on
the top surfaces of the substrate and the dies, typically using ultrasonics
and heat. To raise the substrate and dies to the proper tenperature for

wi re bonding, typically. about 190 degrees Centigrade, a heater block is

‘commonly enpl Oyed-tqoﬁ}q]ﬁﬂggﬁﬁyﬁfx @%?t m@m romthe bottom In
ot her words, although the wre or’%&ﬁg |B%., o) alhéNgf the wire ends)
occurs on the top surfaces of the substrate and the dies, they are heated
fromthe ELDOF THEDNWENTEONI e- heating the substrate fromthe bottomusing a

heat er bl ock yi i ory results whe he substrate is a thin netal
| ead frane hav?ﬁég: g%nggfbﬁééntar&%tgsn%ﬁé’h \%E ?"?,app?ﬁ@ﬁ¥°é§ea§‘gc§ffﬁlﬁ‘§’fmcf°éaﬁmfsr ane, this
convent i orfaf cifuif fiusigg aspomblyropdritions t The presnt inytdtien hat pavéslandpplicabibity trat es. | n
parti cul arwiretbbidéig of BHiked alt Bortiasehd f 1QY.chPoRif,C SUbstrates that are slower
to heat up may not be brought up to the proper tenperature for wre bonding
by the ol qplexg@fifip Mt hin the available time period for pre 20 heating
(e.g., about 4 seconds or |ess, depending on the speed of the wi re bonder
and t he nunber Ingpovgptioesdsiaskad digipackegingcteebiigues, a fitstdisgyasiachedsto neubsttatvosudli es ar e

r enot eI fr (amitnkta léi?ﬁhﬁbr&ﬁfa:tnﬁl&aiﬁﬁ%&&:?hﬁc cﬁchi%o%@bﬁalfﬂé%g,l;ﬁr?@%gmgt uphteven
nore sl ow, e substrate, a us_ar s_|iKe .0 be brought up
to the p&?sé?ro?g%‘\%ﬁ&f aél-g [oforiY 9%‘%“8“%’?&%‘% &Pgﬂﬁ‘gmf’ﬁ%“ 5Pt dieral Rt gpoxy or

Cons equenPPlyimiqgippsie o5 ShrdanguAvire Yonding opeetion iathén tadripdouy iwkdreln gridoracpper sel y

af f ect Bl wBs Afuandl B bR BPVWRESL 01 ' enLi g |1 P-Chip
assenbl y Eﬁrt hodoqlggg ¢ 2? Feniﬁn a g};}m' Qoﬁﬁﬂfé%%éﬁ%ﬁggyséﬁf@?gg&%i rectly onto
the top sUrface - JOBSP P pubstrate pd dieste the pronsy terageraiirefpr vigsbanding, ci r cui t

boa][ d. Bo m;ltczg/ ipadﬁzgvgr@g@mﬁm;anﬁﬁa baableirs] edariiofilgl cmj,lwcaiq ®Qbdiedtivelpfd- SOl (rjrglr
preforns gakhednstSRl6d85 he BUTRS T to.the.dige prj,or tp asse y.
Heat and %es%érse ar e useeWohnﬁe?w?Iﬁgégglg%ggf Vi oGt e Rlogiag e e and ¢ he
di e to boie e oeuE of Be top Brfagsp efithesistratyand ghe iew fhey ar¢ hsated frqum the botip= 0~- 2002
2b01. DtEC_: Zooghmﬁgmgmgammam{n&naﬂo@f@m?ﬁbﬁ@kﬁm{a Safi%&t(’g{gscussed ‘
-above, to_pnes ' r artia 1€ sol der "bunps. :
However, as 1?n %ﬁ?ée sgagaées 1(5:‘) é’%’ﬁ%“’?ﬁ%@?‘%& Elﬂ'imé g%‘%%‘gaﬁﬁ“g}‘,‘m‘fl%es“%? &PPBl ock ma
not rai selthEPmceids emumiimel rpthoddieey énpbiematicdortotier tenes if aubetragandintplrsodanl der  bunps
qui ckl'y eﬂmgimiﬂa&dﬁmusﬁer&hﬁ&bﬁm&ls%Nm&wwéqshét&%?ﬁ‘&ﬁé&&%h%%@ﬂ the die
and the sbillgg;[e& > turk ogreebymﬁlg e%seg,ko)élé%ffec%rﬁ% g’}e d and ,refl | ?l?l lity. There
exi sts a nheed for a methodor ogy ik ARt e peEd o f1i pehip
and wiZ0e Wats(ng, Wpuw 4 seamnds o less depending on thhspeadlofthe wiortondenapd e nubileecofur i ng yi el d

and | ower wig peQfid sSsemiif). e, sitst, ote : L D6
(E-1044) or 9, Meleont J&g%r&;t%’%{S%&\l?oﬁf%g"fg%}?h%%%%

bolg].nl\/agcg%g;%l; Patantégstracts of i

(E-1263) , " LOTSEFT eRb BV §Y . slopy tinshe supaiate and thuparg\less lijely)tody broughiype nt
Abst r act stode poedqah wirebondif) t8yperature by B boBk HebtehS ConsddfienMi wed bdRAYdatinamd US- A- 5
346 857 dinsful0iS8nWaid AlsvRAPMERAGat echni ques for seni conductor. devi ces,

parti S larly w re bondi n% techni ques and flip-chip bonding using infrared i
5 radi“dti on. %ﬁ‘@&?“éﬁ"?ﬁ""f’ A5 exists i ponvegtionalifip-ghipassamitly npfbeialozs mhetier e i s
provi ded @semisbiviociorsiie idxeldéredirealy lontn e g s@faterbf Dfubdra® U fi@bEa fistidorS€M conduct or
di e attachedid ised.in.that th t hgqd conpri ses
heating the b,o%c?tnb%&girséeoé&éﬁe%aﬂﬁgn e?’gl%s%[cﬁé Tl ?t%c{]vl"]%lﬁgléef’rag(ii"g%r pé%"‘?‘ﬁe surface of
the die tB"% 1% ‘é"%‘&f Jreatiashed afB dic nripto apsembiy Fret and P@sure mewedidsoelir | ess.
Accor di nght older cidoid e sbspeaid B dié H@oddiheiti Bsubdak eA hicRged a method of
assenbling a flip-chip to a substrate, characterised’in that the nethod
conprises heating a bonding area of a surface of the substrate with
infrared radiation directed at




4 he,surface, wherein the bonding area conprises solder; placing a flip-chip
.8éMrPONAg 25 sol der on the bonding area; and conpressing the %IIQEKthMto
-nmel t- the sol der -of t:he bonding area and the flip-chip and adhere the ‘
flip-chip to the substrate. According to a third aspect of the invention

t here provi ded an apparatus for heatingsa bonding area of a surface of a
sem conductor die attached to a substrate, characterised in that the
apparatus conprises: an infrared heater for heating the 30 bonding area
with infrared radiation directed at the surface of the die, and a second

heater for h ' a : C substrat e; rein the jnfrared
heater and Ae@%%%ystﬁ%ﬁf?@% %?% gol%,fa&etrhglgcg Q%ﬁsgﬁse%%pﬁg g’e&’fﬁﬁg"% ¢er
are adapted fsubstrstatto partiatle el tiengbidereuniyss. aHBWEVerIRCiH the RDQHbE fhess?&%&]s
or less. An a_vantq%%e of the present invention is that It provides tor

reliably heat$fg@ssamedlpothei bapterr aek anayanetutriser thectempdrature cofdihe substedte op O

ensure hi gh- Ly l.der 5,wire bon bet ween the substrate _and the
di es. Additiona E% vanttg‘gessoq%? b Py 9t ieﬁ‘ﬁ?ﬁ i Qn cHFYre alitye saldey

appar ent5 t o tdopfectivks bbsebehthé dicSamd thel fubSriid \ bt vi
description, wherein a preferred enbodi nent o’?m%fgg&%\#&%?l?#yﬁgwg&%ﬂ%d
descri bed by fﬂ}é@%‘b’- exanple only. In the acconpanyi ng drawi ngs, by way of
exanple only: 10 Fwqure. . 1 is ide view of gn apparatys according to an
enbodi ment of the%%%’ﬁ‘?‘*i%%‘%%&ﬁ.mﬁ By unng)agew@ hegting \af flip-

01/ 97278 3 PGHPJSRDMIRTB6hdTh® diesSandPsub3triel eiRidbg Ahlptovihk Ysdnuichurs I al
phases of a nethod in accordance with an enbodi rrgnt %?ﬁ%l%e prescg‘ﬁrtiﬂ:gqyl%ﬂit :
i nvent i on. DRBEWENE¢OSs- THE | NVENTI ON Conventi onal nethodol ogies for wire

bondi n t acked di r..as | i fli i o es do not
ol aniy heat ¢ he Eshararats 9F Sl v 060 ot 16 (arfed), I AT Puie
proper t enpersiistraets bb Jagfanrvol. (1 60 ngh43RUE-1263)5 0b $eptembde | $920USMALS 359945,

t her eby redu %b%fgft.%n ‘%u el d. The present invention addresses and
sol ves these%%#' 5 A *Wg bsyacte siepan yaki01%anos Bt (BA1625)prl6cdasmhs .
According tog 1 | t r t invention,
the wire 10 bgaﬁiﬁgfgggssog% ?E’éqﬁﬁés o} lgﬂgt%lgggiég tg‘fe %uggﬁgbgewgn% Ted
Wi th i nfrar edevigeh, gartismlarkys wiviet bonding teehniguen ahd iflip-chipeBordai uSing G frared
directeig t owar a.the top surfaces of the dies before and during the wire
bondi ng proc& M9 addition, wire bondi ng areas of the substrate can al so
be heated from abg\ceomﬂg}oidi{eragp&@ofﬁ@ﬁééeﬁﬂinv%{i&%ﬁ?e isﬁ;p&i?é?fé%}lb% e
substrate cag be pre-hegated using a conventional conductive heater ock.
The i nvent i vBe#ig Pondipg sreaqol agpefage platsemipodidnetot di¢ attachétbto a substrate,

characterised in that the method comprises heating the bonding area with infrared

radiation directed at the surface of the die to a temperature of about 190°C in about 4
20 - seconds or less.

According to a second aspect of the 'invention there is provided a method of
assembling a flip-chip to a substrate, characterised in that the method comprises
heating a bonding area of a surface of the substrate with infrared radiation directed at
the surface, wherein the bonding area comprises solder; placing a flip-chip comprising

25 solder on the bonding area; and compressing the flip-chip to melt the solder of the
bonding area and the flip-chip and adhere the flip-chip to the substrate.

According to a third aspect of the invention there is i)rovided an apparatus for
heating a bonding area of a surface of a semiconductor die attached to a substrate,
characterised in that the apparatus comprises: an infrared heater for heating the

30 bonding area with infrared radiation directed at the surface of the die, and a second
heater for heating a bottom surface of the substrate; wherein the infrared heater and

AMENDED SHEET



1 S top surfaces of the dies and the substrate ensures that thﬁhr e
-PBOPe200Xe W re bonding areas are heated to the proper wire-bo ﬂn%EC i
tenperature (i..e., about 190 degrees Centigrade) within the necessary tine
period, such as about 4 seconds or |ess, thereby enabling high-quality wire
bondi and increasing wire bonding yield, According to anot her enbodi nent
of t present invention, the bonding padzérea of the top 20 surface of a
substrate to which a flip-chip is to be nounted is heated from above with
infrared radiation froma |lanp or gun to the desired tenperature, such as
about 200 de reesﬁéigtigrade. The flip-chip is then bonded using pressure
and the i nf r AcsecAuh heater. aragdanted fon heating the bondinghares ta heow USETC at sbsad be
pre-heated ugilyddd ﬁ@gyentional conductive heater block. Thus, the present

i nvention ensures ? at the solder on the substrate is at the proper
tenperature for flArpadiahtacd @fdhé Gred i ; j .
operation. As a result, ?ﬁe qual?tyég?ﬁﬁﬂgﬁ???gg%qg ﬂ%ga%ﬁﬁﬁgggﬁ@ﬁganug
flip-chip anthetbpadingoareasselea substrate andéar a die emdiesitoremsurehighkpualityesdtidr or
inventign is_jll in Fig. 1. An.inyventive apparatus 100 for wire

9 b%i% @ét%gerhﬂlle gﬁgfﬂa{}f Pxéé‘ 318 rﬂﬁ%s .

bondi ng; based on @ conve r such as a Model 8028 wire
bonder, avai | abl e AlddhiBnilddvali@ganer e hidet (| ave,
PA, conprises a conventi onal %gnducti @e %0 chhﬁggtﬂg?%igé’adggg vgcitf)onal

wi re bondi ngthesakilled in ghigl artrfrer e follewingsdet8led descriptionywhergih asprefieed di e

package stru t [ onded usin he, i nyenti ve net hod and
appar at us co&rr%trg‘i';@glse&a&gtg%%vggggn 4%‘,0“&?@% dtﬁimé’e%yawﬁ&ﬁama gdY-ed plastic
circuit board, a mhcammﬁyﬁg@gmnggj@,@g% sfper sem conductor die

160, txgically asgenbl ed, to each other With an epoxy adhesive (not shown).
o ~ ~~£92004 WO oligyrRAgisa side/viqwow) Brapperatus aorting) éa e rembodimenteof the
posi tioned kage structure to be wire bonded for heating top
surface ISC§&§¥§%P5%T@%? top surface 160a of die 160, each of which include
bondi ng pads BP, and a "bondi ng area" of substrate 140; that is, the
portion of top surface 140a of substrate 140 havi ng bondi ng pads BP.
Heaters |30 are conventional infi-ared | anps or guns, or can be S specially
designed infrared heaters optim zed for operation in the limted space
avai l able at wire bonder 100. For exanple, a flexible fiber optic tube can
be used to direct infxared radiation toward substrate 140 and dies 1S0,

160. The intensity and wavel ength of infrared heaters |30 is application
specific. The intensity is preferably such that the desired tenperature
~profile is achieved; e.g., the tenperature of die top , 10 surfaces |SQa,

160a and the bondi ng area of substrate 140 reaches the w re bondi ng
tenperature of about 190 degrees Centigrade within the necessary ranp-up
time of about 4 seconds or |ess, depending on the speed of wire bonder 100
and the desired throughput. The wavel ength of the infrared radiation is
determ ned by the materials to-be heated, since sone infrared wavel engt hs

are not absorbed by sone naterials (i.e., they will not heat the material).
Therefore, it can be necessary 1 S or desirable to provide infrared
radi ation of different wavel engths for heating dies 150, | 60 (nmade mainly

of silicon) and substrate 140 (made of plastic or ceram c). Conductive
heater 110 can be used in conjunction with infrared heaters 130 to
facilitate achi evenment of the desired w re bonding tenperature and
tenperature profile, depending on the stacked di e package. For exanple, if
the stacked di e package 100 to be w xe bonded conprises a 20 ceram c or

pl astic substrate 140, conductive heater 110 is preferably used to pre-heat
t he package, and infrared heaters 130 are used as descri bed above to heat
t he bondi ng areas of the substrate 140 and the dies 1S0, 160. However, if
the stacked di e package 100 conprises a netal |ead frame substrate 140,
infrared heaters 130 can be directed to heat die surfaces | SCa, 160a, but
are not needed to heat substrate surface 140a, since conductive heater 110
al one can adequately heat the thin 25 netal substrate. In operation, the
stacked di e package is pre-heated by conductive heater 110, such as while
anot her package is being wire bonded, then noved into position under wre
bondi ng head 120. Infrared heaters 130 then operate to heat the areas of
substrate 140 and dies 1 SO, |60 conprising bonding pads BP to about 190
degrees Centigrade while bonding head 120 attaches wires 170 to 30 bondi ng
pads BP. Since bonding pads BP are adequately heated by conductive heater
110 and/or infrared heaters 130, wires 170 are reliably bonded to bondi ng
pads BP. Anot her, i qué+ the present invention is illustrated in
Figs. 2A and 2B: "An 1nventive apparatus 200 for flip-chip bonding, based on

o g, R 1 r 1 o I I L [ 1 1 o a1 1 n o - I T T




MO 01/97278 5 PCT/ US00/ 32700 be bonded to a flip-chip die 250 is shown at
. di e bonder 200, such as a ceramic or lamnated plastic circuit.8caDgl 2004
Infrared heaters 230 are positioned above substrate 240 for heating top

surface 2%@mowd728ubstrate 240, which includes bondi ng padsp@Osoomower ed

wi th sol der 240c, prior to conpressing die S 250 onto substrate 240. As in
t he above-descri bed enbodi nent, heaters 230 are conventional infrared | anps
or guns, or can be specially designed irfrared heaters optim zed for
operation inthe limted space avail able at die bonder 200. As previously
di scussed, t heFigmeehs2Bysclandtivallydllengtelseqientiahpliaassad s hewiodris actdancs with an

determ ne&ﬂ%ﬁ?ﬁ%&h@f?ﬁethe Eig%ncc.ed tenperature profile is achieved; e.g., the

tenperature o FAte op S0Ff ace 240a reaches the bondi ng tenperature

*of about 200 degrees 10 Centigrade within the necessary ranp-up tine of,

-

-

e.g., aboRESCRIBEFIGN OF O INMEENIMNg on the speed of die bonder 200 and the

desired throu . The veel engt.h _of ,the inf d radi ati IS t er,m ned
by the materi %gng%mhsoﬁgs]?%\%t 8i°§&?3%°r86ﬁ%&’8‘&<§? ack@‘ﬁ%?‘m 5 ‘?Otgrs"é%?“i%ﬁng P
conj untt i ahip peickdges df modredidblh dedt eiebordifg treasfolitielsitisahie amidtitRy @BED the@hopehe

desired die bondi te ratur.e and tenperature profile.. 15 Referring now
to Fig. gtﬂr,np?rﬁmffpfggfgfni’%gﬁlggﬂﬂ@% é(fqgeri%g& PiSWiss -nﬂgélfe Yb%ﬁu@a&mf?%ngeat er
210, suchyield. Thd presearinidnton afiseseobid sotvebRetPrébldndrendsts foheonwaN®d] | Nt o
posi tion nt{gldgr di e bondi ng head 270, which is carrying %I i p-chip 2S0
conpri si NG SHI°HERE BYRBE260 corresponding to bondi ng pads 240b. |nfrared
heaters 230 t hesonieytatie rhahdiohiy bDfheethbbdmentd4 8 prdstif invehmna, howdtng pads

240b, ;4 0 ;about 200 degrees Centi.grade to at |east partjal]y nelt solder
240c %)dn SR |%§reﬁsa°éghe%esé)iﬁﬁ?a&ﬁi wr%ﬁffﬂ‘ﬁﬁfe }‘I%aé?ﬂl Vﬁ‘?b‘ggﬁéfaé’é thAtYit 3ee Fig.

ZE) andI moamﬁmab?igldfedgarmﬁﬁ%u24o aa&actmowggme td@@t(jﬂ@&g@&@h40b e cﬁeﬁb&wée ?ﬂ%ﬁ@@@ZSO
then nelt_w.th_.sol der over.l ondi ng _pads tq bo I.pchi p

to subst rifelPqRs p‘é’lc?fé'eh‘oaglﬂ’g“loﬂ’g eglg’ggﬁﬁétﬁasﬁf@eﬁa‘?ﬁ”ﬁﬁtc@ ?S%‘é%‘te%tﬁé Bym
conduct i vebovegitleinfrared Shdiutich.i Mbfeavekhbibatonr of tHe3Ubsdaic@in bpréiheatdiaR gy, t he

g, ¥ PG RO S Vet PSRGr A BT PR Y of BUArCBR O Fyieas e

pr eﬁelcfjﬁ | itnyemfagﬁmfﬂﬂmieband)maeﬁﬁsﬁgd exbilldreemﬁﬂ tﬁbig ﬁgaeatltmwafbtf u'oﬁai%g aldB 8 ilel'a{ea,
met hodo and equi nt .. Accor di n , .t etails. of, suc terials,
equi pnen ?‘ d ﬁ‘r‘? drRst ﬁgﬁg% PRI (‘s%’t %f’l&rlp ‘ﬁ degzses Crntierpdabyithp Hg PRCePREY
previ ous thhesmriofisudns about rBe@uSs & s, théréby @a{blihg Bighigtaleivirt B6ddhg sg@ich as
specific iIrlnartaeri al.s,b s(ijlréguc.tfér es, chem cals, processes, etc., in order to
provi de a ¥HOF&IGY "GHdR: ¥F%ndi ng of the present invention: However, it

shoul d be recofwbiag to iRither BRbEIRSIEF the Presdit indentidh), tEebbrdgPh@sitd 6fREe topt hout
resordd ng to the detail|s .speci,fically set forth. In_ other instapces, well
knovvnidpr %gléfg(? i"%“&#f%%t"u‘?“é %QWéC?Wd? ¥°ot§’é‘?'f’“8@§ © t@@ﬁf’lﬁa %‘feavi’la‘,mgﬂe‘ir der not
t 0 unnecesdiatidnl fonobEaproe gliti® iy &sesd tetnperire] sA6h as@Bbut 2001@egpse Certighe. The

mbodi ment. of. t t.inventi d b f foit
versat 11 1154 & CHEVROGN HBLET G oEHE: hRGREnh IR B BoPRLE (o bo

under st oadbsiattcai beprphesanising® donwatbiabtbniisctivaRak: Bloof. TIRE, théprv@pi ous ot her
conbi nat i.ons,.and abl.e of changes or aj.i ons

i d i djfi
whthi n o AS RS GsGr PRI Teh of S USEE B 46 peprEeRat P ohip DgAing
2004 Fepltefresremdtdufingthe 6orlify d¥eMtiaf) 04s GledtMEe qlality®of R 401 BéndeBalviéiGha

bondi ng ay.ea .of to rface of ,a sem conductor die (150, 160) attached to
a substrgf[l%%lfl?&ﬁ%hef‘ﬁ’éé#ﬁlsﬁﬁ‘amé%%ri sing heating the bonding 5 area with

infrared radi aAhembelimestiof theptesth énvemtonsgilii@eedof Fighe Ah ivb@ivabspatandsA0C 1 n
about 4 con

r less. 2. A nethod.o laim 1, copprising directing. the
infrar edsfgra‘ﬁﬁr% qngwg’atfas%fl BSEPHY 181’?"‘33’"8;30 e’ist'}g]‘ gslﬁl\ia%gsqgﬁ Wifrcboudasavpilable
(é40) : éa‘mm Kmm:ewmbh f%flm?.isﬁieﬁ[}lﬂc. Fﬁwmwl W GioRg) Pbk@@élhﬁtﬁ#d&nb_&midﬁﬂgm??g@et 0
about 4. t hod of. cl ai, .C sing .attachi ng wres 70) . to
t he b3odndi00§1%’é’kilf ] ﬂﬁ’ialcé’nﬁ?@m? WFEP&@W@%F&%%W%#@&HF heatersdl 39t Arcnrveptipyal
su lr3 face cstacke?deiie:ljaaekadg_ib Stn'ﬁ;tl;ra'hﬂ)e[]ﬁaite?&?d&ﬁ us%g &ie&ﬁx&ent_iﬁdlﬁaﬁdcﬁaiﬁﬁgpﬁh@@ﬁd dafﬁlpfi!sb% f
substrate prior to di.recting.the infrared radiation to the top surface o
the di . “auorRs T4l et groepis ohlammaGhplEisioRERihoars hlpvenenmientiate G B4 1 o
about | 9@ 2uyper winidondtordiy 1600ty pidallyalsiedblbariéach bthb \@ithd @dxy adhesive (not

shown),




. 7. The nmethod of claim5, conprising heating the bonding area to about 190C
prior to or during the attachnment of wires. 25 8. The nethod 2?@{
conpri sing conductively heating the substrate froma bottom sur ace he
subst r at &¥0919787%ret hod of assenbling a flip-chip (250) topaTaisbeys7as e
(240), conprising: heating a bonding area of a top surface of the substrate
(240) with infrared 30 radiation directed at the top surface, wherein the
bondi ng area conprises solder (240c); ptacing a flip-chip (250) conprising
sol der (260) on the bonding area; and 01 DEC ZaQ- Repl acenent page 3 O
NOV 2004 corrphlés@dh@tfcrhé?’(fdrepemﬂrnnpd hhbvaﬂietpadkhge ﬁﬂbﬂﬁto%wﬁr@ﬁoﬂ&@&‘ﬂir”g area

nd t he and. adhere chi 250) to the
gu bst r at 2&%‘ g%{%) %%%Q?SI({? 0¥chqﬁ@3°%?“@?% éﬁ‘? Qf&‘?: i‘?ﬂa F?%l%&m%égﬂc )Ejb(?qﬁ@gbot tom
sur f ace B4ds BReand a Blbanditgareas of dubstie1 40pihhiag tafp ol?tll(ﬁll dﬁ‘tc;;psurf‘é&rmgd &f*gﬂ&u%at g
th S aratus or heating a bonding area of
a ?o;usurrl @%gmgpon%%% ZQQ%}E%‘EW 1@&5‘*? entiona dnyfraged L a@mgau@s af@ubg'?r ate
(140) 7 t ﬁ@c@msmﬂdsnftﬂﬂ@hda&rmuﬁ&d&& opBrbficH ﬁ%e‘”lﬁﬁ&e%%géc@%@ﬂaﬁl@ E%\k)x‘?é‘t ' ng

t he bondj [ with i.nfr adi atlon directed surtace of the

di'e, and AReal Foricxatply a(‘?efg’ji ¥ opticik & 60 be Bt faiirestinfraiedraditiomioward

substratwbetta&OMOanmaeels@ tée infrared heater and the second heater are for

heati ng the bﬂndl g re(il to about  190C in about 4 seconds or less. 15 13.

The appar at us P AR e\’ﬁ‘?@&éﬁ heaters h3p i amplisptionsspecific rhe dntensiy is
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infrared radiation is determined by the materials to be heated, since some infrared wavelengths are

__3

not absorbed by some materials (i.e., they will not heat the material). Therefore, it can be necessary
15 or desirable to provide infrared radiation of different wavelengths for heating dies 150, 160 (made
mainly of silicon) and substrate 140 (made of plastic or ceramic).

Conductive heater 110 can be used in conjunctién with infrared heaters 130 to facilitate
achievement of the desired wire bonding temperature and temperature profile, depending on the
stacked die package. For example, if the stacked die package 100 to be wire bonded comprises a

20  ceramic or plastic substrate 140, conductive heater 110 is preferably used to pre-heat the package,
and infrared heaters 130 are used as described above to heat the bonding areas of the substrate 140
and the dies 150, 160. However, if the stacked die package 100 comprises a metal lead frame
substrate 140, infrared heaters 130 can be directed to heat die surfaces 150a, 160a, but are not
needed to heat substrate surface 1404, since conductive heater 110 alone can adequately heat the thin

25 metal substrate.

In operation, the stacked die package is pre-heated by conductive heater 110, such as while
another package is being wire bonded, then moved into position under wire bonding head 120.
Infrared heaters 130 then operate to heat the areas of substrate 140 and dies 150, 160 comprising
bonding pads BP to about 190 degrees Centigrade while boﬁding head 120 attaches wires 170 to

30 bonding pads BP. Since bonding pads BP are adequately heated by conductive heater 110 and/or
infrared heaters 130, wires 170 are reliably bonded to bonding pads BP.

Another embodiment of the present invention is illustrated in Figs. 2A and 2B. An inventive
apparatus 200 for flip-chip bonding, based on a conventional flip-chip die bonder such as a Model

Micron 2, available from ESEC of Switzerland, comprises a conventional conductive heater 210,

35 conventional bonding head 220 and infrared heaters 230. A conventional flip-chip substrate 240 to ’
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limited space available at die bonder 200. As previously discussed, the intensity and wavelength of
infrared heaters 230 is determined such that the desired temperature profile is achieved; e.g., the
temperature of substrate top surface 240a reaches the bonding temperature of about 200 degrees

10 Centigrade within the necessary ramp-up time of, e.g., about 0.66 seconds, depending on the speed
of die bonder 200 and the desired throughput. The wavelength of the infrared radiation is
determined by the material of substrate 240. Conductive heater 210 is used in conjunction with
infrared heaters 230 to facilitate achievement of the desired die bonding temperature and
temperature profile.

15 Referring now to Fig. 2A, in operation, substrate 240 is pre-heated by conductive heater
210, such as while another assembly is being die bonded, then moved into position under die
bonding head 220, which is carrying flip-chip 250 comprising solder bumps 260 corresponding to
bonding pads 240b. Infrared heaters 230 then operate to heat top surface 240a, including bonding
pads 240b, to about 200 degrees Ceﬁtigrade to at least partially melt solder 240c on bonding pads

20  240b. Die bonding head 220 then descends (see Fig. 2B) and presses bonding pads 240b to solder
bumps 260. Solder bumps 260 then melt with solder 240c covering bonding pads 240b to bond flip-
chip 250 to substrate 240. Since bonding pads 240b are adequately heated by conductive heater 210
and infrared heaters 130 prior to die bonding, the quaiity of the connections between flip-chip 250
and bonding pads 240b is high, resulting in improved manufacturing yield and reliability.

25 The present invention can be practiced by employing conventional materials, methodology
and equipment. Accordingly, the details of such materials, equipment and methodology are not set
forth herein in detail. In the previous descriptions, numerous specific details are set forth, such as
specific materials, structures, chemicals, processes, etc., in order to provide a thorough
understanding of the present invention. However, it should be recognized that the present invention .

, 30 canbe practiced without resorting to the details specifically set forth. In other instances, well known
processing structures have not been described in detail, in order not to unnecessarily obscure the
present invention.

Only the preferred embodiment of the present invention and but a few examples of its
versatility are shown and described in the present disclosure. It is to be understood that the present

35 invention is capable of use in various other combinations and environments and is capable of

changes or modifications within the scope of the inventive concept as expressed herein.
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r (,’)Z. A mét)hod of claim 1, comprising directing the infrared radiation at a bonding

area of a top surface of the substrate (140).

10
3. A method of claim 1, comprising heating the bonding area to about 190°C.
4. A method of claim 1, comprising attaching wires (170) to the bonding area
while the infrared radiation is directed at the top surface of the die.

15

5. The method of claim 1, comprising heating the substrate prior to directing the
infrared radiation to the top surface of the die.

6. The method of claim 4, comprising heating the bonding area to about 190°C
20 prior to or during the attachment of the wires.

7. The method of claim 5, comprising heating the bonding area to about 190°C

prior to or during the attachment of wires.

25 8. The method of claim 2, comprising conductively heating the substrate from a

bottom surface of the substrate.

9. A method of assembling a flip-chip (250) to a substrate (240), comprising:
heating a bonding area of a top surface of the substrate (240) with infrared
30 radiation directed at the top surface, wherein the bonding area comprises solder
(240c¢);
placing a flip-chip (250) comprising solder (260) on the bonding area; and
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11.  The method of claim 0, comprising heating the substrate to about 200°C.

12. An apparatus for heating a bonding area of a top surface of a semiconductor
die (150, 160) attached to a substrate (140), the apparatus comprising:
10 an infrared heater (130) for heating the bonding area with infrared radiation
directed at the top surface of the die, and
a second heater (110) for heating a bottom surface of the substrate (140);
wherein the infrared heater and the second heater are for heating the bonding

area to about 190°C in about 4 seconds or less.

15
13. The apparatus of claim 12, wherein the second heater is a conductive heater.
14.  The apparatus of claim 12, wherein the infrared heater is also for heating a
bonding area of a top surface of the substrate.

20 15.  The apparatus of claim 12, comprising a wire bonder for attaching wires to the

bonding area and the substrate.

16.  The apparatus of claim 12, wherein the infrared heater comprises an infrared

lamp or gun.




