WO 2012/ 155345PCT/ CN2011/ 074234 1 WATERFALL W RE BONDI NG BACKGROUND COF THE
| NVENTI ON 5Fi el d [0001] The present technology relates to fabrication of
sem conduwwbanidesisses. Description of Related Art PO@AA20M07€230ONdi Ng
is a primary nmethod of electrically coupling two separate el ectronic 10
conmponents such as seniconductor die or a substrate during sem conduct or
device fabrication. [0003] During a wire bonding process, a length of wre
(typically gold or copper) is fed through a central cavity of a needle-Ilike
di sposabl e tool called the Wadl ER&ALL TWER BONIDENCLdes through a tip of
the capillary, where a high-voltage electrlc charge is applied to the wire
froma transducer associ at ) p.._.The el ectric charge
nmelts the wire at the tip « Lo 55—t a ball owing to the
surface tension of the nDIten metal. As the ball solidifies, the capillary
is lewerggdgto bonding surface and ultrasonic energy is applied by the
transducer. The bondi ng surface can also be heated to facilitate bonding.
The conbi ned heat, pressure, and ultrasonic energy create a weld between
the copp®01pr Tepraseptierhnotngytrplateh snfibretion of sicontietotdpiidesary is then
pull ed up and away fromthe bonding surface, as the wire is passed out
through the capillary. 20 The resulting bond is referred as a ball bond.
The bondi ng surface may be a die bonding pad of a sem conductor die, a
contact pad of a substrate, or even another previous forned ball bond
structuihﬁgpmmgﬁﬁklhﬁﬁdﬁblIIary carrying the wire then noves over to

anot her bondi ng surface such as next die bonding pad of adjacent

sem con el S n :

cr ushes P b e S ALy RSP el o
agailf usomgoﬂaa&tspclpas%smoadmwt di¢ or asbsirae dwargpemidinductendeavicarfabrichtam. pays
out a small length of wire and tears the wire fromthe bonding surface. The

resul ti BNl ha ANEN L AlS 68 ES 1801 0PSir O ica ofla B Lol IR through

a central cavity of a needle-like disposable tool called the capillary. The wire protrudes through a

tip of the capillary, where a high-voltage electric charge is applied to the wire from a transducer
associated with the capillary tip. The electric charge melts the wire at the tip and the wire forms
15 into a ball owing to the surface tension of the molten metal. As the ball solidifies, the capillary is
lowered to bonding surface and ultrasonic energy is applied by the transducer. The bonding
surface can also be heated to facilitate bonding. The combined heat, pressure, and ultrasonic
energy create a weld between the copper or gold ball and the bonding surface. The capillary is
then pulled up and away from the bonding surface, as the wire is passed out through the capillary.
20  The resulting bond is referred as a ball bond. The bonding surface may be a die bonding pad of a
semiconductor die, a contact pad of a substrate, or even another previous formed ball bond

structure.

[0004] The capillary carrying the wire then moves over to another bonding surface such as next
die bonding pad of adjacent semiconductor die or a contact pad of substrate, and descends and
25  crushes the wire by touching the bonding surface to make the wire bond again using heat, pressure
and ultrasonic energy. The capillary then pays out a small length of wire and tears the wire from

the bonding surface. The resulting bond is often referred as a wedge bond, or a stitch bond.

DESCRIPTION OF THE DRAWINGS




WD 2012/ 155345PCT/ CN2011/ 074234 2 [0005] FIGS. 1A, 1B and 1C are a
schematic side view, a schematic top view and a schenatic perspective view
of a w rewbaentedsssructure according to an enbodi nent ofPCtrheaN2prigs sty

t echnol ogy, respectively. [0006] FIG 2A is a schematic side view of a
wi re bondi ng device used in a wat erfald wre 5bondi ng process according to
an enbodi ment of the present technology. [0007] FIGS. 2B-2E are side views
illustratin continuous | ength of wire bonded on the bondi ng pad ,
accor di rﬁ‘éﬂﬂﬁg EivSe fdo dPrandt 1 (arerhichpmatieside viegh Asichriyatic top 0BueInd ghemafig a
perspec EPé ec\fl'VQWe'vJ Aﬁéﬁ%‘f@ﬁd 04 SrR Rk Fgc%gcﬂﬁ Q)rﬂnd&lYBoﬁﬁTénEB{“ fﬁg:?pégﬁﬁt‘@&hnolo?y,
sem con dies and a su strate el ectri y couple e wat er
wre bometlpmyvabfcordl ng 10 to an enbodi nent of the present technol ogy.
[0009] FIGS. 4A-4E are side views illustrati ng a waterfall wire bonding
process e ty I I or. Fi
accordl (Rkl) glg?eré)gsg%r%h‘%&qg ét{i}%v%r ecs)ftsa%t ﬁ de‘qg %%01% % éﬂ HSW?es a

per specbondiny p@eoess labdosdingtd mgerﬁboslﬁmm@ﬂdlmpméntd&hnclegy ncl udi ng two
15sem conductor dies and a substrate electrically coupled with the

wat er f al i T cor di. ot her enbodi nment. of .t resent
oo S T BN T HRE S, G B AIRRhe & CORRITH 118 sdt, whe FRbd on the
sem condufdifg pﬂﬁéﬂc@ﬁldgﬁﬁhﬂémBgdlhféﬁﬂﬁ“tﬁ@@ﬂe%ﬁﬂtém ydi es and a substrate
el ectrically coupled wth the waterfall W re bond accordl ng to anot her

enbodi ment of _t he_present technol og 20DETAI LED DESCRI PT] ON [ 00
Enbodi néM&SI WG fol Bep%ré%e&FlY%eVde% ’t]HStfaélinér Bntediey FFt@% CYIcF h’rnﬁ ng6 two

whi ch 1 ela{8ndiR i diRLAE halibstMe @ BeRUG Lot IENGAtH R @ﬁ@ﬁ“ﬁﬁm@ %H&Eﬁ% Qo ces
with the waterfall w re bonded structure and a nmethod of fabricating a

senil @ ondiwen embatmeneof Wietteseat teghnglagywi re bonded structure. It is understood
that the present technol ogy may be enbodied in many different forns and

shoul d :f@adt@ﬁtﬂ*éfs GANS L ety ie&?iﬂﬂﬂtrllﬁﬁ & ghgll AR tﬁdéﬁ?&gm?g&gsffoﬁ%ﬁec{r%ﬁ% y

her ei n. t hese enmbodi nents are so t scl osure
be t hor cughingrtbe se:mpbmtwtoamldvimb shovirulin ¥ige 8 meegrdingeto pnesehilirhent fofi dheogrgseno
t hose Sklb din the art. Indeed, the present technology is intended to
cover al'fS Pﬁﬁ@i"ves, nodi fi cations and equi val ents of these enbodi ments,
whi ch are included within the

[0010] FIG. 5 is a perspective view illustrating a semiconductor device including two

15  semiconductor dies and a substrate electrically coupled with the waterfall wire bond according to

another embodiment of the present technology.

[0011] FIG. 6 is a perspective view illustrating a semiconductor device including three
semiconductor dies and a substrate electrically coupled with the waterfall wire bond according to

another embodiment of the present technology.
20 DETAILED DESCRIPTION

[0012] Embodiments will now be described with reference to Figs. 1 through 6, which relate to a
waterfall wire bonded structure and semiconductor devices with the waterfall wire bonded
structure and a method of fabricating a semiconductor device with waterfall wire bonded structure.
It is understood that the present technology may be embodied in many different forms and should
25  not be construed as being limited to the embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and complete and will fully convey the
present technology to those skilled in the art. Indeed, the present technology is intended to cover

alternatives, modifications and equivalents of these embodiments, which are included within the



WO 2012/ 155345PCT/ CN2011/ 074234 3 scope and spirit of the invention as
defined by the appended clains. Furthernore, in the follow ng detail ed
descri pt iwo 20f2/tsbsspr esent technol ogy, nunerous specifi ecienaniigrase set
forth in order to provide a thorough understandi ng of the present

technol ogy. However, it will be clear %0 those of ordi nary skill in the art
that the present technol ogy may be practiced w thout such specific details.
5[ 0013] The terns "top," " botton}”" "up[ﬁer," "l ower," "vertical" and/or
"hor i zoRgaeangd spifhgf the nyseigpnasdefineddhyethe appender,pimsn Furtheraorg, inyde feliqwiag
pur posesgeQAfly des@f}@%cﬂ{& tﬁggreﬁf&?%chﬁl&og{/ﬁﬂu&ne}&ﬁ sggéﬁé 4 flsOQre?itet fof iRTPRE RS

t echnol ogy I hasnu as t referenced’item can be exchanged 1 n position.

[ 0014] BraERle dhoralBh anderst@damgeofahe pteserattéchnaloge Mpwowerat salhberalearctottioge wf ew
and a schematic..10.perspective view of a w re bonded stryctuyre 100 .
ecor dr AGEEY S REB R Shb Sl U Ao by b S odhg derits

W re bonded structure 100 includes a conponent 102 conprising a bondi ng pad
l%04d15 or rmigy hEhe fmaritbpd ‘ﬁmﬂbinﬂufl@eﬂ,’ehl@W@r,’Of‘Végtiée&” iﬂ@ob‘d’(ﬁg}'ﬁdnt@l”i dds,QﬁapBet he
ondi ng pad, 104. 015] The conmponent 102 nay be a sem conductor dje or a
subst r atiéed h%ﬁlgead% g?ﬁ ?%ﬂve@lﬁ%cel@db%lﬁﬁraﬁﬁe PHEP o540 HigyASleArg 1Ok ReB B Erel o
bondi ng deg&ipAsh 1R&hS PraseRNEMHoR oy dingsrchaasC Rt AfdrerRad iR LhE be Ué%%ltle{ngé&-in The
surface of.Fhe bondi ng pad 104 can be recessed into the conponent 102, as
shown i ®offign. 1A, Alternatively, the surface of the bonding pad 104 can be
substantially coplanar with the surface of the conponent 102. The substrate
may co { itaed &l i : r :
Bondi ng (G A AR 1B aRaPt g Hide VR L ERER AR SR A PR

gol dOpl atwpecaivemiewamf a ®0¢jondérk strwatire YO Lecordmygt to of embpdimkhOofrthe present
divided,intg a first.portjion 11 second rtiopn 114 and nt act .

por t 1 on 4 TAStoB rseBRRh TRCure fondi SRS PR aho s TEDupied fE Sy ising o
connect ibaadih§ Paldandi fagmdrnthedddd abdt 41 cantinubed 1eab@Ch vixal 1100dnded oanep Fhwn)
and the second portion 114 is used for connecting the bonding pad 104 with
a secon®oedBepd 24 contact (not shown). The 25 first electrical contact
and the second electrical contact can be a die bonding pad of an adj acent

sem conqymispr TR SompeHEhAGH2 Rﬁ 8¢ aaseMbsduabe didbr @ ﬁ'b?ché&USCJrﬁéc{ﬁ%ﬂﬂ selsTs

structure. shown in FIG the first portion 112 and the secon

por t1f on bendingpad K4 piay be 2 BemirgneucsorslimBending edd gn i semicandustas slie efetceantast
o o . i . . .
3.1 11l M SR TR Mordth el 39S OORLAN fuoydle CofiBorele B0

portionadkHowd iBFidel AM ridtetdabivelantheesuafacelbf itk Fording pabd4 cdibb@ stbsantialiput
17.8 i ré]oplgr?acr) l\Jz&EithztEé gur%alcg] of ﬁllg%grtnpgnze'ntg lOZW%hzeos%l s/télét?e5r§1§y5 Egnrérgé%(r)l%'}e/d%ﬁuzlg ‘tl)loalrld
(PCB), leadframe and Tape Automated Bonding (TAB) tape. The bonding pad 104 comprises

20  gold or aluminum or gold-plated aluminum.

[0016] The continuous length of wire 110 may be divided into a first portion 112, a second
portion 114 and a contact portion 116, as shown in FIG. 1A. The first portion 112 is used for
connecting the bonding pad 104 with a first electrical contact (not shown) and the second portion
114 is used for connecting the bonding pad 104 with a second electrical contact (not shown). The
25  first electrical contact and the second electrical contact can be a die bonding pad of an adjacent
semiconductor die, contact pad of a substrate, or a previous formed bond structure. As shown in
FIG. 1A, the first portion 112 and the second portion 114 of the wire 110 have a substantially
circular cross-section with uniform diameter, which may be in a range from about 12.7 um to
about 38.1 um. For example, the diameter of the first portion 112 and the second portion 114 of
30  the wire 110 can be about 12.7 um, about 15.2 um, about 17.8 wm, about 20.3 um, about 22.9 um,



about 25.4 tim about 27.9 tim about 30.5 tim about 33.0 tim about 35.6
pm or about 35.6 The contact portion 116 of the wire 110 between the first
and secomsoporzisss¥s112 and 114 is nutually diffused w tirctrhen2bondizsg pad
104, thus bonded on top of the bonding pad 104. The contact portion 116 has
a flat shape with a substantially uniformthickness smaller than the 5

di aneter of the first and second portion 112 and 114. However, it is
necessary to keep the thickness of the contact portion 116 of the wire 110

| ar ge enbaygRSidnimr dhout 239 imprbow 30Helborktiung3. @turnew@pw et et abhet 349 BM110
and 1 he 1aendhng Paflod 9 o128k LRHUGH SGed] Bl Sl o LGl SpRHER 135 £RATHI 00

caused by stressPCofice ratl on por firs

and secaomnduigrdiffosed Ikizh &fecbohﬂlﬂag ﬂ'adrloex&mrplbendddhm tolpl dfkh@bénchﬁg phk1eHnTact
portion 116 of the wire 11§ %Sha 0 | ess th?1 n The c¢ont act
por t i on YARCtRATtIPM L g FpEdtatiapalwith 8isubstipngrally rfsnt ickness smafielthap dhe A

par ak| e|d1affn€btér*'&” B rfraCaOiechi® pbRRd N2 Ard1 04 HMRVED if B RecBRENZRNERD tRE ane
shown in FIG 1A The dianeter of the contact portion 116 on the reference

pl ane Atldelp@sﬂj@f tb«rncmzmﬂm@wpédw optheiwiee | BR@ceshoeghon ordes thsrtpyrythp dandiog
and pr °%§§1§egrﬂ%‘§t 6 Qﬁwg%ohlﬁgwﬂtlﬁ&tanB%&dc%Q%&f&s Y EJ&S su%ﬁ‘%?

t he di ane e con ma range ween
15ti nmes cmfckmge:adsednm aresofcondmtrﬁmdnsbetwadl ﬂfecmndlcppoﬂnloori 16 1addafivdt 4ddd second

Al ternativel nt.act ti.on 1 can have .ot he onetries suc
s o PP Ed 125 4 B el BB AL T 07 BB Pl 9156 Wil Do 15
of tibe Wisk&hanl® MRFforRN TRELbMEH FRRGIE 106 Rhay3thvieOa EObsibially ¢S §HaBe on a

ref erence pl ane %garal lel to the bondlq;l%i pad 104. The second portion 114

has an ir¢fereneeerlangvyparaljelge thesutfaceoy thesbandingead d 04.ehiehes arhepgentyl| phane shown n
this caseprd e V‘?ﬁméﬁ&&ﬁrﬂ@%&?%ﬁ@ﬁl 6n ftle réﬁerengé) B A'd%@eg&i g%eﬁdlhge

cont act portion 6 en t he cont act po tion
second ped bpennd (BEOY espeftthe behding asd $0bamd procedigafan@terd By fbtmiognhat@ache

seen that th irst.portion,.112 of.the wire 110 d .the seco ti 14
of “the RPRINa1E bt bidkare,ihinteres dafhtiet Portir o7 b et SePimeR Bhet dcT on
of tibe tinie§tofRRE disditcklof tBé firfiendl deonlilfbrash tine aﬁ@leﬂerl&‘l@erﬂitﬂ'@Fr fae2bshtiche

projection of the second portion 114 of the wire 110 on the reference plane

A i's al GAGioa 146 plsp Gin haviepdher soumotriessuaies apealjpseshaperonthq refence @Ne 12 of t he
wire 110 and the second portion 114 of the wire 110 can be aligned in

di fferengord regd fikp omEm 1242 e hfmqlaeraﬁh@cqinh@angaé 0loR80SREARG RAYL { !oocﬁe 114
of the wire 110 on the reference plane A can have an inclination angle a of

45 or | eeferened planevd pamlleite thertwindwiipah 104, Thessefondsoripar tliddras ad thcbhed dnglenp r e
110 t fer 8 110, b | d wi
copper 35 S PR AR e snge IAEE b T B s B SRR PETI iU} s e

al | gy V\Apbﬂmnﬁhg adl fiR chbafdciporfi®r Y 4 wdlicdsudBsech e SonfRt patien I Bd ariSthé B&ond
material for the bonding surface of the bondi n? pad, so that the bond

st r engt ROBAddrresnsetivaly. s shovmindhe RIG. 1o Ipernalsoshesieeiptiny hridisst pottpadaa of

the wire 110 and the second portion 114 of the wire 110 are aligned in the same direction, that is,
the projection of the first portion 112 of the wire 110 on the reference plane A and the projection
of the second portion 114 of the wire 110 on the reference plane A is along a straight line.
25  Altematively, the first portion 112 of the wire 110 and the second portion 114 of the wire 110 can
be aligned in different directions. For example, the projection of the second portion 114 of the
wire 110 on the reference plane A can have an inclination angle o of 45° or less relative to the

projection of the first portion 112 of the wire 110 on the reference plane A.

[0018] The wire 110 may be gold wire, copper wire, palladium wire, palladium plated copper
30  wire or silver based alloy wire. The wire 110 preferably includes the same material as the material

for the bonding surface of the bonding pad, so that the bond strength between the wire 110 and the



5 bonding pad 104 can be inproved. For exanple, if the wire 110 is gold
wire, the bonding pad 104 preferably is gold or gold-plated al um num
Furt her dwoanizissagardi ng the wire bonded structure 100pairidN2ba/diseussed
with reference to a waterfall w re bonding process as described bel ow
[0019] FIGS. 2A-2E are schematic side Yiews illustrati ng a waterfall wre
bondi ng process for 5 formng the wire bonded structure 100 shown in FIG
1A according to an enbodi ment of the present technology. FIG 2A shows a

wire boRandige aed/] Uecan dedmpieved eF areeramplal if thei wise bidhigisaly wire shestondingwad 484 a
capi | | ag Yerdrahy i g&dg&%;d-g}%ﬁ%%gnﬂﬁﬁl FMHEAbGatY # alﬁlﬁ%%‘ 3 dohbbd dhRnfe
8 nee P’e ea t S?’I

profile a circular cross sectio ape for exanple
and a cénd mall be disecusyedhRith fefarerfeedaln mgteafall ovitel bonding praresptas defcrived keldw0. The

continuous length of wire 110 is fed through the 10 capillary 120 during

t he wat | o b LN Ce The . i) ar C I rise a
tr aneauddd S} B BRI aBRRECSRe VENE iRl h et aCBlle Bontnd BBH e
shows i florklifiy th2Bwirt hendminsttueareado Shdwn $n GG POA edcatinihe mosmiesiemént ld2he

This can be acconpli sh follow ng. The surface of the copgponent 102 is
masked AP EoaTonH ditte Ay %1°f’véra_rﬁ""a{grb8€‘é‘§% dgers Hﬁ%’gmp%e ASHopTE Rending
bondi ng ppREss1bwn BER daplafONEWC tThY @apbET 1 B h&US hedfie-URE habe MU ALMANYM
is deposited into the recess by a coating process, form ng a bondi ng pad
104 wi t prefilecopeedlerticad 627 odra qifeakar civss sqetipm sleape flon exemplengndriesentraloavy 124

subst anty ' ~ a : t,
s showttt e By hddn b i1 5 e Cone IS TERRE B S8 s ARBARISIRE]
110 1appragtiresl 20hdriap ntiacetedfill e tuaddicngoq@ad TBd catillay red atn Wb comarigea
angl e vvithc{k‘gf erenﬁe to 20 1ref erencg ﬁl ane A conpared with a wire bonding
pr ocess TPRSARATTARCLSARWH) TP @PPIY CHBFHART BIrASNCESES i cal bunp di sposed on t he
bondi ng pad. Thus, the first portion 112 of the wire 110 connecting with a

pr evi ougo0201 shs sh@at ini e, 2Botheavhdinh@hd SOOWDispabéddh the cofipoteit 00TeThig)tah he
capillary 120, has a relative large angle O with reference to the reference
pl ane Absa%wnpéllshqd&Stfw@vﬂegrdTngSlﬁfgae qfghe compengatel Rramaked agd etchedingrdsrfie

bondi ng rp4fh, PeQéSSid%ﬁﬁﬁ:l%@Bsi{i&?&thgﬁorﬁfﬁ{% ;?agiel 09! Th&?ﬁ%%o&&féﬂ@@ﬁ%ri&l@%ch R
| ar ge approaching angfe avoids contact between the wire 110 and the
conpdnemr alb@inem 1ufgpesitedonteghs resessttiyer ¢atieg pawedsoformorgm hepdittgepad difdiwith pad

. Th f the fi i i he bondi. d
10, 5B sl b d Mgt BAGLLSBRAE: (L1 Gl C5BRp 10 ERnES2

120 i s bt compbhert 10Dwer ed and presses the wire 110 against the top
surface of the bonding pad 104 with the profiled needl e head 122 by

appl vi ng, s, 30Lorce and an wilnasani e, sner gy, at, an el evated femperature, WO
approaches the surface of the bonding pad 104 at a relatively large angle with reference to
20 reference plane A compared with a wire bonding process in which the wire is bonded on an
electrical bump disposed on the bonding pad. Thus, the first portion 112 of the wire 110
connecting with a previous first electrical contact (not shown) which is not deformed by the
capillary 120, has a relative large angle 6 with reference to the reference plane A parallel to the
bonding pad 104. In case that the surface of the bonding pad 104 is lower than the surface of the
25  component 102, such large approaching angle avoids contact between the wire 110 and the
component 102 at upper corners of the recesses for forming the bonding pad 104. The angle 6 of

the first portion 102 relative to the bonding pad 102 is preferably about 30° to 70°.

[0022] As shown in FIG. 2D, the capillary 120 is then further lowered and presses the wire 110
against the top surface of the bonding pad 104 with the profiled needle head 122 by applying a

30 force and an ultrasonic energy at an elevated temperature.



6 [0023] The tenperature of the wire bonding process is preferably in the
range of about 140C-175C, nore preferably about 160C. Due to such | ow
processi nyotzerpssAsure, the wire 110 such as gold W re, PCOERDIMITIEY

pal | adium wire, palladiumplated copper wire or silver based alloy all with
mel ting tenperatures over 1000 C does %ot nelt duri ng the waterfall wre
bondi ng process. 5 Rather, the conbination of the force, heat and
uItrasonlc ener gy deforns the wire 110, which fornms an electrical and

physi call0B8hdThs tempemaire of fheusire Rousting arosess a3 grefarablnan drinags ofbont bP°€16

of the f ent.|

cont act Tportione Theerhag «Bhlk 1T, Poue IR PRed ity (RRTEARE I Hifuen
t he bonds ggldpmde T0dpes vatd, ealladineam \mmepa:lladrrm ehgdafoppdrevife msstﬂvpob:tse(blalld}ztﬂl and
second po of .t he 1 Due 1o th el.ativ | ar ge
por oacignas Emkrekes girdSod i€ ot SLuriE st waBHa i Pobdit ek ne
force ammeeokhbwoﬁlhelaﬂdsmf kiedforee kst dm@aﬂtras%alcoénetgaedéf&md tharwirel 200 haisicia

primary conponent in a_ directjon perpendicular to the bondi ng pad 104. In
this cademsiameelestiicat apd,physisatonddty mywpl diffysipm gf materipls e hﬁgcq&lémt partion 116

I ncr eased s 1 f Stk V\Emf ‘é%"f%ﬁdlﬁé’@&ﬁ&a%gﬁetgﬁg f%ﬁ‘ c&ﬁ’éct %oi’f@ﬁ@%&@é'

W re bondi ng process, in turn can avord e to the
bondi ng spasthntioly uniftEmahidknessi pereertdialarits the b@fldldgb@d:t & smaihr éasn theatiznéteny obr

cracki ng_on the.bo ad 104. ¢ ed by .excessive force acted upon the
bondi ng eafgrs flo ﬂg 5%3 condggﬁlé’n%ﬁgﬁ?thﬁémﬁetﬁgw se significant since the

wire 110 is bonded directly on the bonding pad 104 w thout the conductive
bumodi $@uzdpdDoatd the rdaineiynigraeagppiéhidg nngie of the wise EIOf with rdspsettonhe poodiess.

The force,i eferably.in the of .abou - gramf or nor e,

et or g 1TA0HE oo apdiad ey 6 ProRR sRedF s 127 RE healptlang 2 bey BTy ng
a converbinPhiadnt Mtd&ﬂo@ﬁ&ﬁ@ﬁ&u@a@&b D6 beN@Ehg A8 T4 H0§ ERe, tTAEFRENEORTE folue
to the | arge approaching angle, a contact portion 116 with a substantiall y

ci r cul afaciliafire B tondingara berioerepednbuna sorflespmli fjce eant bemployed for the
cross- sgatd ANali s ﬁl OJroéeQ? &fjllngu%ec%g av6i8 £8 elnflgledaﬁ%g%w b %BI}G?I%% g o8 |(%Ut ed

created, so that t ress | uce the ¢ can
nor &5 umafmb reviuge drerm of defebts rsdch@ snateflag; er ofachhg olncthel boglipadadl 08K cabked by

bondi ng BT H BT e 181 DO R Hor he o B FOMCAN Y BBous SEREET °"

par amet eige fthy whier Niong bdieed Ateatt oPahd betidd pad 304 Ryvi@out R EsHdaetive bump
ultrasonic energée etc.. In this case, the dianeter of the contact portl on

116 is .rﬁpaseﬁ&ﬁg b@td}@ewdal@é@mmg @W&tﬁlﬁ%b%ﬁm&wo‘éﬁsw@bﬁor@ﬂsprf-'éerab ydn
110. %ﬁgé PR @E’s‘%@%«%@%g ereFa*Bﬁy ?Qb %Irelm £ € hP@&lh{iﬂlsBﬁ Qf€SS,
ape w out

that is, e"wre a cont i nuous s ei'ng en or
conpPet é¢1ye amhedfdﬁrlm/a térerefitornaEbendplg redceby cante owap«ﬂO gramyfofi@0 Fdcthermypre, ldee

chown) 6 (B @ ppraRye 139 CBRaR et o8 phigu Ry bt A0S e b o

pr ef er abéfgreabo plan8 A ¥¥reshoadibi tth aBORE3s-SERI0EY dMape Df aRPneetle lhead ez Q)\f&he
mobility of the materials in the wire 110 and the bonding pad 104, so that
a rel i asPRIllyFAEP o e sreated mo Einh thsetrassindiised b thersani 1ty 1&0§ﬁ%|3‘? digiiREted g arer ce

and in hﬂﬁoﬁhi%&%@s fRE bbitn £ QRALE bf thE bBMITR: bal 134 MRIEIAG ofhd SnbRNFSMEN

process I's understood that during the waterfall bondi ng process,

t he28 ap|lllf an yhelrzﬁrfmcg htanmpsmdsgmtuoydmg@aépp@m@@r% swietofl the tondingpad d B4l
bal | boggcli Bl%c(e)srs psatre{ntle ers nt% %gqfleo GSitRet por(%lonelxl%npucﬁ as the force, ultrasonic energy

etc.. In this case, the diameter of the contact portion 116 is in a range between about 1.2-2 times

of the diameter of the wire 110.

[0025] In addition, unlike the stitch bond process, the needle head 122 of the capillary 120 does
30 not touch the surface of the bonding pad 104. Therefore, the wire 110 keeps continuity throughout



10 the capillary 120 m ght nove in a speed of 0.8 to 1 relative to the
speed used in the conventional ball bonding or stitch bonding process. The
bondi ng pwocersissisght take about 80-200 mlliseconds, prefreamabiy7adsout 100
mlliseconds for form ng each wire bonded structure 100 in order to bal ance
the throughput and reliability of the “ire bondi ng process. [0028] As shown
in FIG 2E, after the wire bonded structure 100 is formed, the capillary
120 15 noves away fromthe surface of the bonding pad 104 at a relative

| ar ge aitlfl watedglhmwirepooiiae mioaesfe thtt ise the1wire 1 Bivkeeps Raoniimipunishapetthogbpeiag s
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the second el ectrical contact (not shown), which is also not deforned by
t he capil0028t yThasltpsserfiereabtyy anpliahdivea ytranfdusion (mot481000) rof| the i capillaty 1 R@ is
referen | ane [ di.n 4 9 i I aopded
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FIG 3 g @nBEASB8GMb Y thé vl wigd bdingdrécesem conduct or device 200
including two 25 semn conductor dies and a substrate electrically coupled
with the waterfall w re bonding process according to the present

t echnol 6271 AK ispeAgFsteqd thptaluring the,watedpll derding peicedetiiccerdaty Lorpichtmove
first sep i : ] et i

subst r at RESSQMHEErEbpinEy o1 Uy GBRA AR pRIH NS BhafluraceR, TP efhmple
firdo ditke dpribinniZmdght bde it hepeed @bA® todnictoimel trecthe sp&AQised mpthe sesveational

plurali f second. di.e bondi ng pads. 224 and the. trat )

D012 15254 BredTeRDod GrA 35 8o 165 pallERgral it PR BhG 10200 ifzeconds,
The fi r plefeably @6HGUODGKI]IEecondd or fbitging e£chNklir& BoAded BEhukire 1 0d i ordéPtoctathntd e
substrate 230 are stacked sequentially in an offset configuration so that

the firhe hroveharanhipligbiliy offhe wire bppding pregesgeni conduct or die 210, the

second di e bondi ng pads 224 of the second sem conductor die 220 and the
cont act émé? A34h&in WeIG Ul tahat fed3Re BbRIed ItBHBRSESD is FAn&R GNEhpillary 120
sem conductor die 220 is electrically cougl ed to the first sem conduct or
di e1210 maves awey Somshe suréice dbthsybondiazwad P4 al @ refitive lasen angle agrip aseiding the
accordi tQnt ; ~ ) i 0, WO
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cont i nud0$ at desgtibedodbowk.r in PdOcas@nhdeecombpadead 1 thwfithe mara tlfecohngcsihg with the

sem conductor . die 210 1iKke waterfall and nutually. diffuse ith the

bond: ng HRtIQ eissieanintach (s HED; HCA 't 8h0 BCHsaIA t9ith Forars BenereHG huo
214, seqRRfsidipranadi489o5ed atidd e rdaRh@Glamead pAdte] td HRILBAAKE pad T, bondi ng
process is named as "waterfall wire bonding”. It is understood that there

may be many nore bondi ng pads 214, 224, contact pads 234 and bond wires 240
t haR0t hdQ®9% hbhswire beded sguctureppd i) waterfallhwire bending rrogasgageardig toribe present
sem con ' ~ i L .S ' ~
vt b1 £ aTinbgr? B HEErEHE e o BolnBRUERCThotb Seh ELRNERE Sekes A0 chotically
devi ce 2066blmpalferem deh@SnemsAindire s¢iodRiucter deticesa Thad wilhipadfrthér ibastentedavitiof
bonding wire such _as gold wire, copper wire, palladiumwre, palladium

pl at ed ESHPRES By “si |l ver based alloy wire is fornmed at the tip of the
capillary 120 |ocated at a reference position of the wire bonding

appar at ye030sFId. | Lsd hapeshectivdtiow ARstratihg08 33hidiadictoradevedeo0 iintlddifg twWd,

' heZ(S:apislerlniE%:ror){du]étzo? iesva%%i aog/u rstreEtg e%egt(:fic];f-hl; g})up eidewgc}? r'g}?el \r)]vgterp')fgl(fI wzlrle4bonding process
according to the present technology. As shown in FIG. 3, the semiconductor device 200 comprises
a first semiconductor die 210 and a second semiconductor die 220 and a substrate 230. The first
semiconductor die 210 comprises a plurality of first die bonding pads 214, the second

semiconductor 220 comprises a plurality of second die bonding pads 224 and the substrate 230



of the first sem conductor die 210 and perforns a ball bond. In particular,
the capillary 120 descends and presses the ball against the first die
bondi ng p&0 28 553¥8anwhi | e ul trasonic energy i s appli edpPoy/aNzeltaraassducer
of the capillary 120. The first die bonding pad 214 is also heated to
facilitate bonding. The conbi ned heat ,® pressure, and ultrasonic energy
bonds the ball and the first 25 die bonding pad 214. The capillary 120 is

then pulled up and away fromthe first die bonding pad 214, as a wire 240
i s passéampiitest hrrdughtyt pe certpetl padsy2¥po. Theo diz] semgcandugipr idie Pi6, thecsecond

capi | | ar ?mﬂcBQdJZB) ga?z‘()eindttﬁ’e §Jﬂ>§tra?t§§§’(5‘9:e‘1'ta%|<&9%g{slég%aggg1 %J%s%?gon?%g;aﬁgﬁo

waterfall wre I Ng process as previous : ar ge
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t he sem conduct or m crons, i s necessary that the curved wire

240 at PRé@sndnthe %‘b&tfaé%rzéﬁc@’ ﬁheomafqﬁ%ﬂsw dondingt Becess excoardingaiogie PIsERRtt he
di anmet e"cec‘ﬂfloﬁ)%?dw Wite %69de'd{kt195ﬂfera s@io(zvﬁqu#Gt hg tf)'l@(ls%rntl&fao dch s%&gld d1e

contactin as shown 1 n D, e cap
120 coanMngh@/ 2%43.y® thatta t:d)relnupuseleﬁgtb odirvdre 54(}rmnelse casearded aloma‘rcnm mheaﬁtst pad

234 of th Th 20 b d th

i oot 1 YOBISPREVEIIT 207 had Damh{ Sl Pt Bl R 8RB o0Enbhurien 2 and e
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row e erra W r onai n as | SCUSSe apove e capi ar can
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an adj agent mh9'We 'rr'Ihng/ h€ors BHRIiNBYads 238 aghign gorﬁL'Q:\f"Eac{srBW dnBBoh®PRired 940 than those
sem conductor die 2 to the Substrate 230 e above-descri bed wat erf al

Wi re bosbbwyindflbcdss can be repeated for all die bonding pads of the
sem conductor dies 210 and 220 and contact pads of the substrate 230 in the

sem con ?{?‘53; fyFlﬁﬁ}r\{]aﬂ“ 8&a1?501% ﬁ'ﬁln@ ?lge‘(’)@nh&nhﬁ'&?lpcf‘e';/ﬁ*g %65 'v&)fl‘? bd ?ﬁ%s?%ioxgiﬁéé?nc;e 0937]

Al terna e capi |l can performthe water or the
di e lbondlw@er&ékjmrahdnchmpmcess parckléatridalie cadplmgahnt sanovonidoctar dewer 208 stiowact i on
startinqqééqﬂ&hﬁe bottom substrate

[0032] First, a ball made of material of bonding wire such as gold wire, copper wire, palladium
wire, palladium plated copper wire or silver based alloy wire is formed at the tip of the capillary

120 located at a reference position of the wire bonding apparatus, as illustrated in FIG. 4A.

20  [0033] Next, as shown in FIG. 4B, the capillary 120 moves over to the first die bonding pad 214
of the first semiconductor die 210 and performs a ball bond. In particular, the capillary 120
descends and presses the ball against the first die bonding pad 214, meanwhile ultrasonic energy is
applied by the transducer of the capillary 120. The first die bonding pad 214 is also heated to
facilitate bonding. The combined heat, pressure, and ultrasonic energy bonds the ball and the first

25  die bonding pad 214. The capillary 120 is then pulled up and away from the first die bonding pad
214, as a wire 240 is passed out through the capillary 120.

[0034] As shown in FIG. 4C, the capillary 120 moves over to the second die bonding pad 224
and performs a waterfall wire bonding process as previously described. Due to the large
approaching angle of the waterfall wire bonding process, the loop height H of the wire 240, that is,
30 the vertical distance between the bonding pad 224 and highest point of the curved wire 240 is no



15 230 to the top sem conductor die 210. In addition, it is understood that
the waterfall wire bonding process according to the present technol ogy nmay
al so be applwedssasersely to formw re bonds sequenti al lPgTiaN2m 1toi&23k ower
substrate to the upper sem conductor dies for all contact pads and die
bondi ng pads. The bondi ng sequence of % he adj acent rows of the bondi ng pads
of the sem conductor dies can also be adjusted depending on particular
configuration. It can be seen that 20 during electrically coupling the die
bondi ng l§sadenaidanictnns given phethickness pbthe semcopfiyctorzagof ks tpterenst Iiip mecessane

24
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the die e top sem conductor die In | ng equence
[ 0038] Alianfetargii theheira@40ein 24der karethine th@mlcdnhlejwtrQMQiethngﬂ& &hdlth in Fig.
3 is along a straight Iine duringthe above-described waterfall wre

bondi ng e re n ne. i
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ies 31Q, 320 an substra 30 electr |y coupl e the waterfa
Wire boﬁaPﬁgefﬁ@&eéE%C%éa&&Pmt%ézh WacmeB éﬂ‘ﬂ g"da 5% shown in Fig.

5, a continuous length of wire 340 connects first bond| ng pad 314 fromthe

left of [0038] f Aftet cls@AtLQBHAERg dictbordfhotfadé hiic EorRR Bhdéh Padly B 4hd waraithine
| eft of the second 30sem conductor die % t hen change direction b

connect ity koadmeras déscussechdpavg. thasadarys 1r2<9rﬁatl iperfosppthe waterfall bonding for the die
2012/ 15 t
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perspective view illustrating a sem conduct or device 400 with thr ee

sem conduct or es.4]10,. 420 nd 0 and trat O.electr c
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second di e bondi ng pads 4 of the second sem conductor die 420 and

thi 18 b3Adintde p@u@nngmdmtmt tie 210t i additipanit dorigestasd tiptéhergaerfalbype @pnd;@g y.
t f
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the pr e%on 1né epCa g‘ ol SBHQ/ bro(ral 1l1J1|grsee%1u£n%\é\ecgf Shteeggjac?err}g rlov%sS Soff %%r Lon t1ng0r1;ads of the
semiconductor dies can also be adjusted depending on particular configuration. It can be seen that
20  during electrically coupling the die bonding pads and contact pad in a row, the wire 240 is not cut
until the wire 240 bonds the last component such as contact pad on the substrate or the die bonding

pad on the top semiconductor die in the bonding sequence.

[0038] Although the wire 240 in the semiconductor device 200 shown in Fig. 3 is along a straight
line during the above-described waterfall wire bonding process, the wire can also change direction
25  from one bonding structure to another during waterfall wire bonding. FIG. 5 is a perspective view
illustrating a semiconductor device 300 including two semiconductor dies 310, 320 and a substrate
330 electrically coupled with the waterfall wire bonding process according to the present
technology. As shown in Fig. 5, a continuous length of wire 340 connects first bonding pad 314
from the left of the first semiconductor die 310 to first bonding pad 324 from the left of the second
30  semiconductor die 320, then change direction by connecting said first bonding pad 324 from the



time conpared with wire bondi ng process using conventional ball bond and
stitch bond. For 15 exanple, in conventional w re bondi ng process using
bal | bondworostisszl bond, the capillary cuts the wire amdTraNees/bask to a
reference point each tine after performng the wire bonding. By contrast,
inthe waterfall wire bond, the capil@ry make consecutive wire bonds
continuously with a continuous length of wire without cutting the wire and
noving the capillary back and forth fromand to the reference position of

t he wi r éefhofihp pryongprimisendsictorigsd 20ite a seapad contpgtived 3 bfiom; the lahyof e yubdsitrie ng
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Thus, fromthe perspective view of F[I)G 6, the first (leftnbst) die pad on

each of teltheprepent tedmologhid A4300B0 It BIG. &5 porrttugis WiresabY) ase hetrded watogthe segond
bonded t ther, n I t.he f ] £ON or
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t ogédhetthird Whi2@iiRtthb dA5RCTspbiaety/ Olf 42 3ddetdto@t that Heveewecondidtof devtideetay
enbodi rrentls t he above-descri %ed V\%taerfall wire bond steps may be perfornmed
bet ween A5 Shar PYMBET QhtericNIUCtBblEH ng pads on respective die. For
exanple, in FIG 6, the leftnost die bonding pad of die 410 may be wre

bonded i[0048T CEXc6t2i0£16 duplind Hecraldondctilr dpgicé witheyltple @Bficdhduchadidsnmgtthe
left on die_ 420. In addition, the bonding wire is not necessar.ily 5al ong
the samWaRrRbovirohonstaccorgdingie thepresenatachiplpey IrgHEHSWET Herssand Ipssifabraggtion

change difeidRReSUHR ise B¥ndiRd bRMR%h ZE AR 8-l b8 bond and stitch bond. For
15  example, in conventional wire bonding process using ball bond or stitch bond, the capillary cuts

the wire and moves back to a reference point each time after performing the wire bonding. By

contrast, in the waterfall wire bond, the capillary make consecutive wire bonds continuously with a
continuous length of wire without cutting the wire and moving the capillary back and forth from

and to the reference position of the wire bonding apparatus. Thus, it saves fabrication time by

20  reducing capillary movements. Moreover, during the waterfall wire bonding, there is no
conductive bump disposed on the bonding pad, therefore saving cost and fabrication time. For

example, UPH (units per hour) can be improved by 22%-40%, 40%-55%, 52%-61% and 59%-

64% for semiconductor devices with a 2-die stack, 4-die stack, 8-die stack and 16-die stack,

respectively.

25 [0041] In embodiments described above, a wire bond is made between corresponding die
bonding pads on respective semiconductor dies. As used herein, “corresponding” die bonding
pads on different semiconductor dies refer to die bonding pads on different semiconductor dies
that are aligned with each other along an edge of the dies including the die bonding pads. Thus,
from the perspective view of FIG. 6, the first (leftmost) die pad on each of dies 410, 420 and 430

30 correspond with each other and are wire bonded together, the second die pad from the left on each

of semiconductor dies 410, 420 and 430 correspond with each other and are wire bonded together,



[ 0042] Mbreover, while enbodi nents descri bed above show wire bondi ng

bet ween adj acent dies, it is understood that the present technol ogy may be
used to fwore/634¢ bond bet ween di e bondi ng pads on di esTwiN2eh/E#234 not
adj acent to each other. Such wire bonds nay be fornmed between
10correspondi ng di e bondi ng pads on néﬁ-adj acent dies, or between diagonal
di e bondi ng pads on non-adjacent dies. [0043] In one aspect, the present
technology relates to a wire bonded structure for a senm conductor devi ce.
The wi r éhoHawavest mytirtheeembogimertasthy abeyridesgrippdavatara! sviredyrnd fitps smavehgt h
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bondi ng pad, and a second portion for electrically coupling the bonding 20
pad wit S PhElosehdZIeragOriseal contact. The contact portion of the wire has
a flat shape with a substantially uniformthickness and the first and

second [peU42] ORoRlovEN&h1E ERbOENRNE dbdcBePAIRRE s Wird behAREb&vebPddRlent &N
t he thickness of the contact portion. [0045] In enbodinents, the dianeter

of the fiiis yndgssped bat thnresent saskinglogs man befisadie foun e wirs bond betaerydie ppoding
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the wir
10  corresponding die bonding pads on non-adjacent dies, or between diagonal die bonding pads on

non-adjacent dies.

[0043] In one aspect, the present technology relates to a wire bonded structure for a
semiconductor device. The wire bonded structure comprises a bonding pad; and a continuous
length of wire mutually diffused with the bonding pad, the wire electrically coupling the bonding
15  pad with a first electrical contact and a second electrical contact different from the first electrical

contact.

[0044] In embodiments, the continuous length of wire has a first portion for electrically coupling
the bonding pad with the first electrical contact, a contact portion contacting the bonding pad and
mutually diffused with the bonding pad, and a second portion for electrically coupling the bonding
20  pad with the second electrical contact. The contact portion of the wire has a flat shape with a
substantially uniform thickness and the first and second portion of the wire have a line shape with

a diameter larger than the thickness of the contact portion.

[0045] In embodiments, the diameter of the first portion and second portion of the wire is in a
range from about 12.7 um to about 38.1 um. The thickness of the contact portion of the wire is no
25 less than S microns. The first portion of the wire has an angle of about 30° to 70° relative to a
reference plane parallel to the bonding pad and the second portion of the wire has an angle of
about 45° to 90° relative to the reference plane. The projection of the first portion of the wire on
the reference plane and projection of the second portion of the wire on the reference plane is not
along a straight line. The contact portion of the wire has a substantially circular cross section

30  shape in the reference plane.



25 less than 5 mcrons. The first portion of the wire has an angl e of about
30 to 70 relative to a reference plane parallel to the bonding pad and the
second powoi2ore/isE345she wire has an angl e of about 45 to ®0TreN20i1/07€380 t he
reference plane. The projection of the first portion of the wire on the
reference plane and projection of t he '¢econd portion of the wire on the
reference plane is not along a straight line. The contact portion of the
wire has a substantially circular cross section 30shape in the reference
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[0049] In embodiments, the diameter of the first portion and second portion of the wire is in a

25  range from about 12.7 um to about 38.1 um. The thickness of the contact portion of the wire is no
less than 5 microns. The first portion of the wire has an angle of about 30° to 70° relative to a
reference plane parallel to the second bonding pad and the second portion of the wire has an angle
of about 45° to 90° relative to the reference plane. The projection of the first portion of the wire
on the reference plane and projection of the second portion of the wire on the reference plane is

30 notalong a straight line. The contact portion of the wire has a substantially circular cross section

shape in the reference plane.
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present technology relates to a nethod of formng a wire bonded structure
on a bondvogopadsaf a sem conductor device. The nethod eommN28B874338€SSi Ng
a continuous length of wire against a top surface of bonding pad with a
force applied by a wire bondi ng devi CéSCOWpI‘i sing a central cavity feeding
the wire; and nutually diffusing the 5 continuous length of wwire with the
top surface of the bonding pad at an el evated tenperature to thereb
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in the art to best utilize the invention in various enbodi nents and w t

var 26us semupidustoridimin the tap suasies of theodie hengiag weduphithepne or more intermediate

semiconductor dies and to the contact pad of the substrate by pressing a continuous length of wire
against top surface of bonding pads of the one or more intermediate semiconductor dies with a
force applied by a wire bonding device comprising a central cavity feeding the wire and mutually
diffusing the continuous length of wire on the top surfaces of the die bonding pad at an elevated

25  temperature sequentially.

[0053] The foregoing detailed description of the invention has been presented for purposes of
illustration and description. It is not intended to be exhaustive or to limit the invention to the
precise form disclosed. Many modifications and variations are possible in light of the above
teaching. The described embodiments were chosen in order to best explain the principles of the
30 invention and its practical application to thereby enable others skilled in the art to best utilize the

invention in various embodiments and with various modifications as are suited to the particular use



14 contenplated. It is intended that the scope of the invention be defined
by the clainms appended hereto. WD 2012/ 155345PCT/ CN2011/ 074234 15 CLAI M5
W cl ai mwoo12/58845e bonded structure conprising: a bon#cmgNedyo7asd 5a
continuous length of wire nutually diffused with the bonding pad, the wire
el ectrically coupling the bonding pad™ith a first electrical contact and a
second el ectrical contact different fromthe first electrical contact. 2.
The wire bonded structure of claiml1l, wherein the continuous |length of wire
has a ficpatemplagdpdt t5 wiented that therscpeampt the duigptiph e Wpinadontithelaiag appeded he
first e%gﬁ&;ical contact, a contact portion contacting the bonding pad and
mutual ly diffused with the bonding pad, and a second portion for

el ectrically coupling the bonding pad with the second el ectrical contact.

3. The wire bonded structure of claim2, wherein the contact portion of the
wire has a flat 15shape with a substantially uniformthickness and the
first and second portion of the wire have a |ine shape with a dianeter

| arger than the thickness of the contact portion.
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CLAIMS

We claim:
1. A wire bonded structure comprising:

a bonding pad; and

a continuous length of wire mutually diffused with the bonding pad, the wire
electrically coupling the bonding pad with a first electrical contact and a second
electrical contact different from the first electrical contact,

wherein the continuous length of wire has a first portion for electrically coupling
the bonding pad with the first electrical contact, a contact portion contacting the
bonding pad and mutually diffused with the bonding pad, and a second portion for
electrically coupling the bonding pad with the second electrical contact,

the contact portion of the wire has a flat shape with a substantially uniform
thickness and the first and second portion of the wire have a line shape with a
diameter larger than the thickness of the contact portion, and

the first portion of the wire has an angle of about 30° to 70° relative to a reference
plane parallel to the bonding pad and the second portion of the wire has an angle of

about 45° to 90° relative to the reference plane.

2. The wire bonded structure of claim 1, wherein the diameter of the first portion and

second portion of the wire is in a range from about 12.7 pum to about 38.1 pm.

3. The wire bonded structure of claim 2, wherein the thickness of the contact portion

of the wire is no less than 5 microns.

4. The wire bonded structure of claim 1, wherein projection of the first portion of the
wire on the reference plane and projection of the second portion of the wire on the

reference plane is not along a straight line.

5. The wire bonded structure of claim 1, wherein the contact portion of the wire has a

substantially circular shape in the reference plane.
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6. The wire bonded structure of claim 1, wherein the bonding pad comprises gold or

aluminum.

7. The wire bonded structure of claim 1, wherein the wire comprises gold wire,

copper wire, palladium wire, palladium plated copper wire or silver based alloy wire.

8. The wire bonded structure of claim 1, wherein the first and second electrical

contact comprise die bonding pad, contact pad, conductive bump or bonding wire.

9. A semiconductor device, comprising:

a first semiconductor die including a first die bonding pad;

a second semiconductor die including a second die bonding pad, the first
semiconductor die affixing to the second semiconductor die;

a component including an electrical contact, the second semiconductor die
affixing to the component; and

a continuous length of wire mutually diffused with the second bonding pad, the
wire electrically coupling the second die bonding pad of the second semiconductor die
with the first die bonding pad of the first semiconductor die and the electrical contact
of the component,

wherein the continuous length of wire has a first portion for electrically coupling
the bonding pad with the first electrical contact, a contact portion contacting the
bonding pad and mutually diffused with the bonding pad, and a second portion for
electrically coupling the bonding pad with the second electrical contact,

the contact portion of the wire has a flat shape with a substantially uniform
thickness and the first and second portion of the wire have a line shape with a
diameter larger than the thickness of the contact portion, and

the first portion of the wire has an angle of about 30° to 70° relative to a reference
plane parallel to the bonding pad and the second portion of the wire has an angle of

about 45° to 90° relative to the reference plane.
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10. The semiconductor device of claim 9, wherein the component is a substrate and

the electrical contact is a contact pad.

11. The semiconductor device of claim 10, wherein the substrate comprises printed

circuit board (PCB), leadframe and Tape Automated Bonding (TAB) tape.

12. The semiconductor device of claim 9, wherein the component is a third

semiconductor die and the electrical contact is a third die bonding pad.

13. The semiconductor device of claim 12, wherein the continuous length of wire is

mutually diffused with the third die bonding pad.

14. The semiconductor device of claim 9, wherein the diameter of the first portion and

second portion of the wire is in a range from about 12.7 um to about 38.1 um..

15. The semiconductor device of claim 9, wherein the thickness of the contact portion

of the wire is no less than 5 microns.

16. The semiconductor device of claim 9, wherein projection of the first portion of the
wire on the reference plane and projection of the second portion of the wire on the

reference plane is not along a straight line.

17. The semiconductor device of claim 9, wherein the contact portion of the wire has

a substantially circular shape in the reference plane.



