20 February 2006 1 WRE LOOP, SEM CONDUCTOR DEVI CE HAVI I\%@%F%%%@E
BONDI NG METHOD AND W RE BONDI NG APPARATUS BACKGROUND OF NTI ON 1.

Field of the Invention The present invention relates to a wire bonding

met hod for connecting a first bonding point and a second bonding point
through a wire, a wire bonding apparatus for carrying out the nethod, a
wire loop having a certain shape and-al seniconductor device having such a
wire | oop incorporated therein. 2. Description of the Related Art
Conventionally, in_a Brocess of fabricatin sem conduct or device, as

a
shown in Fig. 7AWRE7 OoﬁkrﬁEﬂéﬁQNHBCTPBrDgBﬁﬁEcH$W§N§ PAMERa or a first

bondi ng poi nt Apfp@d R INEMYSISE 4 m%ﬁféwa%%%% frame 1 and3a

|l ead la or a second bonding point Z of t rough a wire
has been carried out. Typically, |oop shapes of the wire 3. connecting the

first and second bondi ng ' nd..Z i-Ac apezoi dal shape and a
triangul ar shape shown i B bE&EO B gF L ,iﬁgg%g%éﬁvely, as discl osed, for
exanpl el.i RiElS. of PRhenInWent 50036, 080 or Japanese Patent Application
Lai d- Open Publjcation No. 2000-277558. The wire | oop havipg a trapezoi dal
shape shown in 175?i%req%qm‘ﬁ‘fptél%%qﬁ%%%ﬁe%ft%t%ﬁg% _ 9 fetifipd s
First, for sbepeteingfa ngrsﬁ,b@n@m@%l it 4andHUBIMH BoddEngv re 3
passes is,lowered and a pall 30 whic as been fornmed at a tip  end of the
wire 3 PIIBbnbRECYEN the Rl 2 B¢ HeoRM BY 2RRArFHUS T Po ATy W nt A
Then, igusteRe (Mota i -whre tTSop GRRHIARTY dedtha P dH lahd & sed to a
point Bwhile the wire 3

semiconductor device having such a wire loop incorporated

therein.
2. Description of the Related Art

Conventionally, in a process of fabricating a
semiconductor device, as shown in Fig. 7A or 7B, wiie bonding
.for-connecting a pad 2a or a first bonding point A of a
semiconductor chip 2 attached to a lead frame 1 and a lead la
or a second bonding point Z of the lead frame 1 through a wire
3 has been carried out. Typically, loop shapes of the wire 3.
connecting the first and second bonding points A and Z include
a trapezoidal shape and a triangular shape shown in Figs. 7A
and 7B, respectively, as disclosed, for example, in U.S.
Patent No. 6,036,080 or Japanese Patent Application Laid-Open
Publication No. 2000-277558. '

The wire loop having a trapezoidal shape shown in 7A is
formed by a sequence of steps as shown in Fig. 8. First, in
.step (a) of Fig. 8, a capillary 4 through which the wire 3
passes is lowered and a ball 30 which has been formed at a tip
end of the wire 3 is bonded to the pad 2a of the chip 2 or
first bonding point A. Then, in step (b) of Fig. 8, the
‘capillary 4 is vertically raised to a point B while the wire 3
is delivered. Thereafter, in step (¢) of Fig. 8, the
capillary 4 is horizontally moved to a point C in a direction
opposite from the second bonding point 2Z.

In general, such an operation of the capillary 4 to be




is delivered. Thereafter, in step (c) of Fig. 8, the C%ﬁéb%&%éomé
hori zontally noved to a point Cin a direction opposite fromthe second

bonding point Z 1In general, such an operation of the capillary 4 to be 20
February 2006 - 2 noved in the direction opposite fromthe second bondi ng
point Zis referred to as a "reverse gperation”". As a result, the portion
of the wire 3 between the points A amd?C-is formed to be inclined and the
wire 3 is forned at an upper end of the inclined portion thereof with a

ki nk 3 r dofthe capillary 4. The portion of the wire 3
bletn meeﬁ“\‘%@adp l&ﬁ&teOt“h8§’Pa>é=|ﬂ1t\?erf§8mcshﬁe§569&§ bendpaInEPHAE of a

neck pqrhbo&eﬁe&Q@datﬁoﬁ%'Qn”Q%vb&%éwbb%rgtgghmeenﬁghg pad i% apfle the

kink 3a) and will constitute the neck portion H se uent in step (d)
of Fig. POrtiRe efpthrawjre Psbefweenc sheyppantedat and poo.at fm:mhdl*eot he

wire 3 b% qghi! e8dana THAR: W esgeﬁs(%Erﬂg FIg. .8 P#g r§X8r8§ Qﬁgratlon of

the capil ary I's per orne again, i. he capi rzontal ly
moved t@nglpuedt pErtmonhEhdreecft wmnhopphsnke%rlmyn atheweecenﬂl ddncharg - poi nt

Z. As t f thi ation wi re 3 has apot her
i ncl i negggﬁtsL gxt eﬁé %g¥§%§§eggpﬁh% 'ﬁb’r’%ti%%‘ﬁ‘a‘aﬁ CRR PR REHIRE 3b s
f or med andag thppeﬁebﬂdeﬁédthoerQpbnﬂth@OEﬁé(Hbiﬁhtfﬁivwrﬁb@k Thi s

I d t f th t del red will constitute an upper
base poPPPBIPE Fofoh PoPPFbEOBroFNEn PG Daraliteen Hevki BAS Tn AR 3b) of

the wi rEhéopﬂniaayapgaﬁd wiBpeEohsed tebapenshawk igb R fon My Thereafter, in
step (f) of Fi , the capillary 4 is vertically raised to a point F so

that the wire ql%s‘?ﬁefﬂﬁ'érléd By sternghh ofrigepdnditde wmrillagiyg 4i dsl i ned
porti onysr{ ffa Bl POFd il oo LGN A€ B MEEMEMhe wire 3 is delivered. :

Then, in step (e) of Fig. 8, the reverse operation of the
capillary 4 is performed again, i.e. the capillary 4 is
horizontally moved to a point E in the direction opposite from
the second bonding point Z. As the result of this reverse
operation, the wire 3 has another inclined portion extending
‘between the points C and E, and a kink 3b is formed in an
upper end of this inclined portion of the wire 3.

This inclined portion of the wire 3 thus delivered will
constitute an upper base portion L (or a portion of the wire 3
‘between the kinks 3a and 3b) of the wire loop haviné a
trapezoidal shape shown in Fig. 7A. Thereafter, in step (£)
of Fig. 8, the capillary 4 is vertically raised to a point F
so that the wire 3 is delivered by a length corresponding to a
long inclined portion S (or a portion of the wire 3 between
the kink 3b and the lead la) of the wire loop shown in Fig.
7A. Subsequently, the capillary 4 is lowered to the second
bonding point Z via positions f, and f,, so that the wire 3 is
bonded.to the second bonding point Z or the lead 1la.

‘ The wire loop having a triangular shape shown in 7B is
formed by a sequence of steps as shown in Fig. 9. Since the
wire loop having a triangular shape is not provided with an
upper base portion (L) unlike the wire loop having a

trapezoidal shape described above, in forming the wire loop of




the kink 3b and the lead la) of the wire l.oop shown in Ay 2006
Subsequently, the capillary 4 is lowered to the second ng point Z via
positions f., and f2, so that the wire 3 is bonded to the second bondi ng
point Z or the lead la. The wire | oop; having a triangul ar shape shown in 7B
is formed by a sequence of steps as shown in Fig. 9. Since the wre |oop

navi ng 42 tiLANAYLAr SRUBDS LRcnOL BrAvLded ULt gD  HBRST, baps PO} On (L)

unlike the w oop ving a rape20| escri bed
f orm ngntihéew b€ Fagp 6f i20néebeuadycPO86 Th8refiot¢) ahgutiats shape, the

second, reverse operation in ste of Fi 8 is not con uct ed.
Ther ef 6PE PRt hg StPRstHALeCO P‘%?é@)’?lﬁaFO é@%e%ﬁ%ﬁﬁ%g (o t HR) sc't”é% (e)
and (f exB¥pePtofof, fahand)faY pigFi@ i8 dsreadd igd 1 onhy s't@pSt%F? (d) of

Fig. 9. Mre parti cul arly, steps  (a), (b) and (c) of Fig. are the sane
as theo#t Epg-( &y, Mobp angtieplelrimig stgpsanid) safter arte 4 rs‘;tf rivier se

oper at 0 n e ) _of g th IIary4|svrt|cII aised to a
poi nt E ?nés i ?8{“8 ?8 Eﬁé 353% § th@gl/vl ?%ds |s fl%regg’ %’%sequentl Y,
in stepfteyx oﬁengrse réhérsapcbﬂ)éﬁz&vlénlijnn@tl@id v¢)a @DSE":IQ;.O% ethand e2 in
a manner sgﬂar to that in step (f Fig. 8 wth the result that the

wire 3CF‘81E ﬁﬁ@d‘ltbstﬁ‘érg%ﬁ%hyb%’ﬁﬂ%%@ ’b%l‘?’ntp‘zln%r H‘ﬁ‘e 2R (X Yowever, in
the abpyg: d?%ﬁibédtﬁéc‘l@ﬂkgl@sm agelNgeMbdie sh udes; f hg ypck por ti on
H having a sonewhat |arge height, the wre | oop ecorres high and thus is:

r ender é€) t of bBLigun8i abhe. C&ipnlhbmrm@)nlsumo‘ae@a‘s:ea Whves et iaove rea Ia@dpetzs
LTtk M LAY S, oBTELL T L L ST AT ! g0 ke
porti oneflls tledticeletwise CRBridifond@y@lt®rthe second bondlng p01nt A

or the lead la.

However, in the above-described technigques, as the wire
loop includes the neck portion H having a somewhat large
height, the wire loop becomes high and thus is rendered to be
unstable. In addition, in a case where a wire loop is formed
without any reverse operation of the capillary in order to
make the height of a neck portion H thereof small and the
height of the neck portion H is reduced to a certain level or
below, the neck portion H is liable to be damaged in drawing

or moving the wire 3 to arrange it in place because of the

wire 3 vertically extending from the first bonding point A.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
foregoing disadvantages of the prior art.

Accordingly, it is an object of example embodiment of
the present invention to provide a wire loop having a low
profile which is stable and of which a neck portion is hard to
be damaged.

It is another object of example embodiment of the

present invention to provide a semiconductor device having

said wire loop incorporated therein.



bel ow, the neck portion His liable to be danmaged in dra%/a 22 ing the
wre 3 to arrange it in place because of the wre 3 ver |calnﬂy ext endi ng
fromthe first bonding point A SUMVARY OF THE | NVENTI ON The present

i nvention has been nade in view of tHhe~- foregoi ng di sadvantages of the
prior art. Accordingly, it is an object of exanple enbodi nent of the
present i nventTonis ostprbliateotthaen rab]ovp davésanld embqstisfdrite aghi ch is
stabl ch a eck ortion is hard to. he .dam t is not her
 0obj ect exarr%{lT£ ehbot lon& ofp]i%mdgepr Et |b°nedn3tr%%ﬁx%tecglop(lr ocvafpc?é)

sem comtﬂtﬁmlzdyw&e:i haimrenglo@w d wire |l oop incorporated therein. 20
February 2006 - is still another object of exanple enbodi mnent of the

present i nvent?ibnist oal ProvG R PRUSE Bohn dFFRP Rt r%@%%ﬂﬁﬁte ofHftH%r mi ng said
wire loabsedd iSvénd 4 hed ORiecle of EXUT&ERP atdfs g ap IR esent

invention to provide a wire bondi ng apparatus capa of carrying out said
wire mmm@rmmmt | g8 it oo o dsi it I@‘té”lca:is-pect of t he present
i nvention, rels r%{ow wire Ioo r|5| re_connecting a

(Yot bonai ng R Re R AR ! f{%@??f&ﬁﬁeﬂ?u@ﬁwer&tﬁ@mr

i ncl udithgre balgrdonded 4 arihe ]_fdcr;sdox{qmlchlrrg; PG Riired cdrerdetiond ion
adj acent to the ball and a nmajor portion extending fromthe neck portion
to t hetSetoRPHERE MP Pt MY & REGRIDPPHMD PRI G Heatigtdaeawts crushed

part fiofdrggh 10 5 proxdimd % e theeek p&;rterfg] AV G Y 91 ga%kr?iacrt L0f the

wire together wth a top portion of the b So that t gortion of
t he winreck xaa@ndison rdyseatit éct itdre thaidr dend e major portlon

extending from the neck portion to the second bonding point;
the major portion of the wire has a crushed part formed in
proximity to the neck portion by crushing the part of the wire
together with a top portion of the ball so that the neck
portion of the wire extends in one direction towards the
crushed part and the major portion of the wire extends from
the crushed part in another direction to contact the second

bonding peoint.

The neck portion may include a first kink formed by a

part of the neck portion being doubled over.

The major portion of the wire may include a horizontal
| portion extending in a substantially horizontal direction from
the neck portion and an inclined portion which extends from
the horizontal portion to the second bonding point and which
has an end thereof bonded to the second bonding point; and the
inclined portion is connected to the horizontal portion
through a second kink formed in a part of the wire
therebetween.
The neck portion may include at least one additional
" doubled over kink like the first kink.
In accordance with another aspect of the present

invention, there is provided a wire bonding method for bonding



crushed part and the major portion of the wire extends f4ppg, zﬂ? ﬁg ¢/shed
part in another direction to contact the second bondlng p0|nt % e neck
portion may include a first kink forned by a part of the neck portion
bei ng doubl ed over. The maj or portipq%qj the wire.may include a horizontal
portion extending in a substantially Thorizontal direction from the neck

porti on %Qge B%bﬁ%hngdffgﬁ']& r'lﬁﬂpgﬁﬁt?néjr?dfé (c)lsn%%t hg hor zontal portion

to the second porn as an en eteor’ ond%d to the

secondpbondi agipgi :ﬁltcarﬁﬂ]ﬂlaﬁhﬁ comsti sty potid | oeps sbnnected to the
hori zontal portion through a second kink forned in a part of the wire
t her ebet ween. Thé %%ﬂl%%r%laﬁl%a@om%qim attiraand R hadt® doubl ed

over kipk kikerthsnfingtpkisk; In accordance with another aspect of the
present invention, there is provided a wire bondi ng method for bonding 20

February 2006 {bb m‘avwgetlb@tm@nlhafy rmrbmr@nmlglspcnm vamd:m@el@ond

bondi n Qint_using a ca |IIar r|S| t s of bondlng a
i carry%|€ QR or° Qh% re to-° q? H&jb (b)

ball forned on

movi ngnébe paptidaryr heé zental id/]@é@hwetrdlaaé In/aw\hl le carryi ng out | oop
control, to thereby forma kink in a neck portion of the wire adjacent to
the ball; (c) bohdPPiflthe Wi &71%° &2 cp &P 1 WiThEY Y tHe thop of the

bal | beagegftehéh@aﬁr@én@@@dwgupéﬂﬂrs@%r(ﬂn gfaﬁaii q moving the

capillary horizontally and vertically to the second bon |ng point while -
del i vering the{dw tefeaft¢he mepitd arlye arabicldrany g mikortop wantd ol , and

vertically to the second bonding point while delivering the
wire from the capillary and carrying out loop control, and
then bonding the wire to the second bonding point,
characterized in that:

the step (¢} includes crushing a part of the wire and
the top ¢f the ball with the capillary to form a crushed part
in the wire so that the neck portion of the wire extends in
one direction towards the crushed part and the wire extends
from the crushed part in another direction to contact the
second bonding point.

In the steps (b) and (c), the neck portion of the wire
may be doubled over to form the kink.

| The steps (b} and (c) may be repeatedly carried out a
‘plurality of times to form at least one additional doubled
over kink in the neck portion.

The step (d) may include.operating the capillary to
form an additional kink in a portion of the wire located
between the crushed part and the second bonding point.

In accordance with still another aspect of the present
invention, there may be provided a wire bonding apparatus for
carrying out the wire bonding method. The wire bonding
apparatus comprises: a dapillary having the wire inserted
‘therethrough to deliver the wire from the capillary; a clamp

for releasably clamping the wire; a moving means for moving




t hen bonding the wire to the second bondi ng point, char '! Egg hik that :
the step (c) includes crushing a part of the wire and ta@gﬁet%op %b({hne bal |

with the capillary to forma crushed part in the wire so that the neck
portion of the wire extends in one direction towards the crushed part and
the wire extends fromthe crushed part in another direction to contact the
secondti®neipigl ot nthox hzemiea ke pand b)elatrtkta(bl)y, tshecardoio Jpontitorfaaf t he

wre dover to formthe Ki The steps n (c) may be
r epeat &1y (gaflrlcgdt SUt™ A e acfﬂ%/h ofcatf? A% Bt %“E?aé’ass ©ne

addi t i manaba Doy bi gl t oMey Hféi'tjhﬂ_ ot hthdegdo Pord+preo He wdiged dntmy incl ude
operating the capillary to forman additional kink in a portion of the

wire |'oRarePt Rt ekt 1 HEhereshddi o Brvanant i s mpriidddimg ifoint . I n

accord@p@&né{\g}_&pﬂléommdaspect of the present invention, there may
be provided a wre bonding apparatus for carrying out the wire bonding

net hod. The wi¥re dyoreiidancappertataisfworipr meca: capitHeamprdsmning the wire

i nserte theret rough to deIi. r the wi.re the capillary; a clanp for
rel easarg(f%ntc Anpi Ny the Wter” We‘%q{é‘f‘gﬁ]’ TRAHT20 February 2006 -

6 thecaspiidiary: hordizen addr}dlarrgi ptﬁtrriﬂ L 136chE WHIBIngpdirftor a
controllin the m)verrent of the capillary, and a neans for manually

i nput t1iee d dfo tihe dHigigl s9pdindedHdsedd mhe sevensomansingit
2‘352?3&%&%@%?%%@2%%@% P T R A Rere s
provi deehdirsemaioridudtearetdendwgg; wherein the wire includes a ball
bonded to the first bonding point, a neck portion adjacent to
the ball and a major portion extending from the neck portion
to the second bonding point; and wherein the major portion of
the wire has a crushed part formed in proximity to the neck
portion by crushing the part of the wire together with a top
portion of the ball so that the neck portion of the wire
extends in one direction towards the crushed part and the

‘major portion of the wire extends from the crushed part in

another direction to contact the second bonding point.

BRIEF DESCRIPTION OF THE DRAWINGS

'These and other objects and many of the attendant
advantages of the present invention will be readily
- appreciated as the same becomes better understood by reference
to the following detailed description when considered in

. connection with the accompanying drawings; wherein:




conprising: a first bonding point; a second bondi ng poi 4, i onded
to the first bonding point and the second bondi ng poi n?q%e%(%a\r%%gg?éjt he

first bonding point and the second bonding point therethrough; wherein the
wire includes a ball bonded to the f&rst bonding point, a neck portion

adj acent to .the ball and a major portion extending fromthe neck portion

to the second bb%di Py bdian ;ckeiewheral ivieke shgoMPor titpPofoL tde wire has

a crus o) i roxi.m o) rti.on. by 1 t he
part of t cgﬁ\{}\%rrl% %g‘gagelt%%@wpth ail%/o%o S%ﬁ?%ﬁ%ﬁ&h@%&% a}s(%{ﬁ%tr{b?he neck
porti opo ofhe herevemt Bxtemdsonn one direction towards the crushed part and
the nmajor portjon fhe wire extends fromthe crushed part in another
direction to cIiL)JrﬁJac ét:h% 3 BRI ot Pt L B IAGROF THE
DRAW NG Th@secamdhotheraopiect s and nmany of the attendant advantages of
the present invention will be readil .appreci ated as the sanme becones
better under sttt By ieflesshematie @Kévﬁbl¢@ﬁ&rKﬁQKH&hQWQ@gd@smpWénQon when
‘consi i C ' i t J i W Ngs; erej.n: 20

Febr uary 2oth 2 BT R L SRR R P s Ry an
enbodiienfi@f h awden |Doptd A cemaondiuctof tdevie«adeadi ng to the
present_invent'on;dgig. 1B is a fragpentary schematic plan view show ng
the seni conducdit?: devité FHFmatig R I RvE O rifI2RASR WS howi ng a
NDOVi NOre & Bf e astei | 1rards d QB ReL W ehd SR G @ t3hape shown in
Fig. 1 and a state of connection of the wire loop; Fig. 3 is a schematic
di agr &#ABhbVA Ty agee Gingpdy ish natdspbatl v stpgmsant dgswaitdtarowi th t he

”Dve”%y ng t&?ample;

Fig. 4 is an elevational view showing a shape of




capillary according to a nethod of the present inventio wa
exanple; Fig. 4 is an elevational view show ng a shape gwﬁ%ﬁnﬁg%%@%%y 2006

7 anot her enbodi nent of a wire loop in a sem conductor device according to
the present invention; Fig. 5 is an elevational view showi ng a shape of
still another enbodinent of a wire loop in a sem conductor device
according to the present invention; Fig.-6 is a bl ock diagram showi ng an
enbodi ment of a wire bondi ng apparatus according to the present invention;
Figs. 7A and 7B are el evational views show'ng conventional wre | oops

havi ng 8NPERBEzehEad iBeRpecohml Wirerloopuiara strbcondsper defice Fig. 8 is
a sche ' kagr ] L €5 In respective steps in association
W th tEg&gggg%gﬁtEﬁgé@%gbfééﬁﬁ$I%ﬁgéﬁgf?%?n1the wire |loop of a trapezoida
shape shown inFEg.5 78 aamdelRivat Bonasl avisoherheivicigdiaagrheapes lodfvistg 1di r e
shapes Ln pectiye steps.in assocjation with the venent. of. t he

capi || a‘lﬁlg}oFféggo 'ﬁ?‘?‘#&“%‘? em? o'EbpW eaichq aHbLﬁ AT UH q“:thCIfi g. 7B.
DETAI LEA-QESCRP TR ON K phtds drNVERYRIERNE Ny, a wire [ oop, a semi conductor

device, a wire _ponding nethod and a wi re bondi ng apparat.us according to
the present i rfAsht iﬁor'?-%/via‘l Itbllﬁ’é’lﬂ@@\qu?éfﬂ ShoMdinda Pefeﬁ%ofjﬁ“‘leélﬁ:ef’énée to

the acceipanysidiy %gzﬁ%ﬂu@, W drding Rt igrednt Ghvddigctgver al

figures are identitied by the same refierence character or nuneral

Referring firstF4d® -Filgs anga 78n@1eg elgyaddoadiln¥aewsf showing
conventional wire loops having a trapezoidal shape and a
triangular shape, respectively;

_ Fig. 8 is a schematic diagram showing wire shapes in
respective steps in association with the movement of the
caplllary to form the wire loop of a trapezoidal shape shown
in Fig. 7A; and

Fig. 9 is a schematic diagram showing wire shapes in
respective steps in association with the movement of the
capillary to form the wire loop of a triangular shape shown in

Fig. 7B.

DETAILED DESCRIPTION OF THE INVENTION

Now, a wire loop, a semiconductor device, a wire
bonding method and a wire bonding apparatus according to the
present invention will be described hereinafter with reference
to the accompanying drawings in which like parts in each of
the several figures are identified by the same reference
character or numeral.

Referring first to Figs. 1A and 1B, an embodiment of a
wire loop and a semiconductor device 10 having the wire loop
incorporated therein according to the present invention is
illustrated. In the semiconductor device 10, a semiconductor
chip 2 is attached to a lead frame 1 and is provided thereon
with a pad 2a which is a first bonding point A. The wire loop
of a wire 3 is formed to have a trapezoidal shape in general

and includes a neck portion H having a ball 30 bonded to the




wire | oop and a sem conductor device 10 having the wre in or ated
therein according to the present invention is ‘iIIustraE%@&BFﬁ“¥%@kP

sem conduct or device 10, a sem conductor chip 2 is attached to a | ead
frame 1 and is provided thereon with a pad 2a which is a first bonding
point A, The wire loop of a wire 3 is fornmed to have a trapezoi dal shape
in general and includes a neck port+oh H having a ball 30 bonded to the 20

' February 2006 8 pad 2a or first bonding point A and a major portion
consi stin of a horizontal upper portion L and an inclined portion S
whi ch heddata epll bififedanding eeeiint bfande Nt et ibrocons isddod

bondi n o t f. pis
provi dgodfag%lnlt1 lg‘lzo%%gaél t endsﬁélhereofL \?é)r{i aﬁH‘ JIIPCQL]E# (?wé:bl%ns(l%gh

const r ucth ion Inds tare énd Usindeddenbhdddarkrita ict td]@rlcealdnflrakrye tthersame as
t hat of | se ndygt or. _devi ce., However | I I trated
-enbodi men‘f&%a crI%JAs it Pop]a{}m[ Q%’ S &qu&atlhél%erre P@’-'tr}"flhg ﬁ?t y of
the firgire hbmeh nigs piavtided My e:tﬁq)efpﬁdgz@ﬂé ¥ndshe hefriedlfe s ipar klaq::si S

forrredagn tl‘?ff orizontal upper portion L of the wire 3 adjacent to the
kink 3% ing the part of the wire 3 together wwth a top portion of

the ball 30 A uche cons@ rue@RonNd% the §husledapal! erboliientojged adj acent
to the kink 3a, .the kink 3a is stably deforned, resulting in the wire | oop

havi ng 3PRESF iFldTa 1Ye thied SERG 1Rist ithgta Oft uaoﬁ@nyﬁea‘p'éonétleﬁeméﬁondmémrr i ng
now to fdie.2 HRhederdn l%”‘%@@ 'Iﬁ'lhs%attléé BQﬂQHg' ng Hf'%ﬂgﬂaccor di ng

to the present invention by whi ch the sem con uctor évi ce own in
Fi gs. B@EﬁuﬁQlleiormﬁﬁaﬂﬁe&hﬁlWﬂrbe3descthbedlCEngtY20§hbhs &insti ng path

P of aﬁﬁﬂﬁ lgaﬁ%I%taﬁq Apore specifically, the crushed part 3c is
formed in the horizontal upper portion L of the wire 3
adjacent to the kink 3a by crushing the part of the wire-3
together with a top portion of the ball 30. As the wire loop
has the crushed part 3c thus formed adjacent to the kink 3a,
the kink 3a is stably deformed, resulting in the wire loop
having a low profile and exhibiting a strong shape retention.

Referring now to Figs. 2 and 3, an embodiment of the
wire bonding method according to the present invention by
which the semiconductor device 10 shown in Figs. 1A and 1B is
obtained will be described.

Fig. 2 shows a moving path P of a capillary 4 and a
finished state of the wire loop connected to the first and
second bonding points A and Z by wire bonding. As compared to
the conventional method shown in Fig. 8, the illustrated
embodiment of the wire bonding method further includes steps
(e) and (f) of Fig. 3 which are carried out between steps (d)
and (e) of Fig. 8. The remaining steps of Fig. 3 are the same
as those of Fig. 8, i.e. steps (a) to (d) and steps (g) to (k)
of Fig. 3 correspond to the steps (a) to (d) and the steps (e)
and (f [via positions f, and f,]) of Fig. 8.

First, steps (a) to (d) of Fig. 3, which are the same
as those in the conventional method, will be described. 1In

Fig. 3, a clamp 5 used for clamping a wire 3 and releasing the




finished state of the wire | oop connected to the first ondi ng
points A and Z by wire bonding. As conpared to the conv?rﬁegglnggg?iod
shown in Fig. 8, the illustrated enbodi nent of the wire bonding nethod
further includes steps (e) and (f) of Fig. 3 which are carried out between
steps (d) and (e) of Fig. 8 The remaining steps of Fig. 3 are the sane

as those of Fig. 8, i.e. steps (a) to @dy and steps (g) to (k) of Fig. 3
correspond to the steps (a) to (d) and the steps (e) and (f [via positions
f1 and f2]) of Eig. 8. First, steBs (a) to (d?] of Fig. 3, which are the
same aS§amgod€é LAlnRErasRdendi SR AeMABESTWEDRtbE @legedbetatencfFig. 3, a

clamp Seygedibap o 3R 8 Bpbh! EedeaNPhbpbaRsLRg Lhg;clEaDEyary 2006 9
same is Itllustrated in such“a manner that a closed state of “the clanp 5
and an opetastang therebémpr 8 whthchhedwbye 3oandchyngepdmatimgpit with the

wire 3 and b eparating._i fromthe wre respectively..and that a case
I n whi cﬁrgﬁ‘e}éhél Q%QSB frg§e%3eﬁéi)¥ei%’ e??ﬂe?g?ﬁeac %%%dlrét%qje&b?ﬂb%en state
i35 i Edi cahm]ﬁl bymdyagenlhépti mgsaﬁﬂﬂeﬂl ir:]lliletdlflboﬁdz@.n@téte Fi' Sfjlﬂh e"daéht@f FLgl. I
, the capillary 4.is wer e || e the 5 .1is opened,. so that a ba
30 for mt8 6Hdé°¥1:ﬁde}i’m ‘gi-agﬂ’éa%vi }%“%si%dg%‘gzg‘édﬂi% ‘f]rfﬁ“ﬂif‘r'st BoritksRy poi nt
A. Thengal npﬁtﬁﬂ%( b3}, ofhe FefpiBlakPes Capil dddyed disiMerdHLdlamg & sgd to a
point B while the wre 3 is delivered, Thereafter, in step (c) of Fig. 3,
a rever3eenRpdr a$¢ ohhdt anathpid 1Egymed jon cartieewlitcf the winiee Zdfi | [ary

ol nt 2 B T e g o B R et e B e i re 3 11
t he sanBigranherthascamilhery chvishtvesrblcaleihom isptkerteafa @ointhd capil lary 4
s Vert&ﬁfiéytﬁé“5§¥gt§)f% delivered. Thereafter, in step (c) of

Fig. 3, a reverse operation of the capillary 4 is carried out,

i.e. the capillary 4 is horizontally moved in a direction

opposite from the second bonding point Z to a point C. As a

result, a kink 3a is formed in the wire 3 in the same manner

- as in the conventional method.

Thereafter, the capillary 4 is vertically raised to a
peint D1 which may be selected as desired while the wire 3 is.
delivered. Then, important or characteristic steps of the
embodiment of the present invention are performed. More
specifically, in step (e) of Fig. 3, the capillary 4 is moved

- in a direction toward the second bonding point Z to a point D2
which is located almost immediately above the first bonding
point A and of which the vertical and horizontal positions may
be determined as desired. Subsequently, the wire 3 is bonded
to a point M1 in such a manner that a part of the wire 3 is
crushed together with a top portion of the ball 30 bonded to
the first bonding point A. As the result of this operation; a
crushed part 3c is formed in the wire 3 adjacent to the kink
3a while the kink 3a is formed into a shape in which the part
of the wire 3 is doubled over. Then, in step (g) of Fig. 3,
the capillary 4 is vertically raised to a point D while the
wire 3 is delivered. In this instance, the capillary 4 may be

- slightly moved in a horizontal direction toward the second




poi nt D1 which may be selected as desired while the wr ' } ver ed.
Then, inportant or characteristic steps of the enboding%fF%§u¥¥gg%iesent

i nvention are perforned. More specifically, in step (e) of Fig. 3, the
capillary 4 is noved in-a direction toward the second bonding point Zto a
point D2 which is |ocated al nost i medi ately above the first bonding

point A and of which the vertical arrd ¥ori zont al positions may be

determ ned as desired. Subsequently, the wire 3 is bonded to a point ML in

such a manner that a part of the wire 3.js crushed together with a top
por t i onPPRA{RS B%H‘t38 BB geleR over ke Jri%tr"bb%%‘? NP PRI @C% he resul t

of thi sspegh ftyRIchais Cél‘ﬁiﬁ@@lﬁ?&évf’&téé fPoeEhe pd i W re 3 adj acent to
the kink 3a while the kink 3a is forned into a shape in which the part of

the wi rdlterradbveled Bhercamhelary nt stayp he)obkiquely Faiseask teagihd ary 4
| mst ancel TYREE HEFFat Sap0EAEL Tl i Mol (B n AR oL 8 39 Yect on
t owar d 3 hetlye conusi2€d Rebruaiy 2008 rmedd imdrt ngigmiht Z and t hen
vertically rai de to a p ient ot ¢ ov\_/n)3 whij ctéci S Sli %t IS %evi %ttednf rom
the point D ATl A CHe i ary 4 ney g S5TENGH JEFRASEE o the
- slightlof deve atasti Poay .4 Tiniperformeps (Fatans ( foheolcalpig.lary, 4t e crushed
Fever SHUATTTBILY ROTHE Wheh RSP 9 SRR oM TS S9epRd capt || ary
4 is  hdeay dd oy asb i) poidit et | ahopRREMetf bamthie capsandrybandi ng
point Z to a point, E. The novenent of the capillary 4 formthe point Dto
t he poifRTTE Gl RO KiThk - hieh P twiFr £OFMs Ph&A@kt Sbr 1nj fhet ¥pTEi $-of Fig.
gél }Cgrzgg&iéalfaae&,4 s stef LiiGalley Figd.sed tReABRiiflaEySa Ghat the wire 3 is
‘vertically raised to a point F so that the wire 3 is delivered
by a length which corresponds to the inclined portion S of the
wire 3 extending between the kink 3b and the lead 1la.
Subsequently, steps (j) and (k) of Fig. 3 are conducted
in the same manner as that in the conventional method
described above such that the capillary 4 is lowered to be
iocated at the second bondiﬁg point Z, resulting in the wire 3
being bonded to the second bonding point Z. Incidentally, the
movement of the capillary 4 from the point F to the second
bonding point Z may be carried out along the same path as that
in the conventional method described above, or may be suitably
selected from various possible paths.
As described above, the second bonding of the wire 3 to
the point M1 located almost the above the first bonding point
lA or in the vicinity thereof is carried out in step (f) of.
Fig. 3, not after the capillary 4 being merely raised as in
step (b) of Fig. 3. Instead, the second bonding in step (f)
of Fig. 3 is conducted after the capillary 4 is horizontally
moved in the direction opposite from the second bonding point
% in step (c) of Fig. 3 and the kink 3a is formed in the wire
3 by performing steps (d) and (e) of Fig. 3, whereby the
crushed part 3c is formed in the wire 3. As a result, the

neck portion H is crushed or deformed to have a reduced height




by a |l ength which corresponds to the inclined portion S he | 3
extendi ng between'the kink 3b and the |ead | a. Subsequeﬁgp¥% S %gkfj) and

(k) of Fig. 3 are conducted in the sane manner as that in the conventional
nmet hod described above such that the capillary 4 is |lowred to.be |ocated
‘at the second bonding point Z, resulting in the wire 3 being bonded to the
second bonding point Z. Incidentally, itthe novenent of the capillary 4 from
the point Fto the second bonding point Z nay be carried out along the
sane path_as that _in the conventional nethod described above, or may be

sui t abl YhigR| 181 SWPFERRTVAFIBUSARRESTI 2 BRigRt of HRe BObPHRle, the
second opdiog B pthesdl efcdnd fng Weriabatuid konRd osh Ad@p | hpr@pove the

first bondi ng poi A or in the vicinity thereof is carried out in step
(f) of .theiges@lt nohatftle whee chedp |Rayling beiley prefile gaedeas in  step

b) of Fi o b i ng. J f . Flg. 3.
Conduct S5 15F5, 55 Samp Sy JHAT LRI AL 5 Phg o) HicRbag’ I o
opposi t25 fumnid heise dormd ddnidd nfp i antborkled step Wit)clofthds ¢ 3 and t he
kink 3a.is f dint ' 3 f ] d d f Fig. 3,
her eby HAIE et ok i A R B i Fodis 1 DL ne Check
porti omdtk perrtidiedi Magle didltht @hatpuwrr e dmheidiirdégFelr waky 2006

- 11 which is substantially equal .to a height of the horizontal portion L
per se REQSSTH N ity (PTG T Grk BPTRAA H e e SgiOBEh&E t he

wire | oopatavigig- 1 d Qi RICdd b kR P e hef QARG N thdnAX 3RS ,WheR a gol d
wire having a thickness of 25 pmis wire bonded to forma bonded part

whi ch Relligicfi.ameinge dtheassmsheg pardnd ca ofhitéienadgeoB dsobendgdpip t he
neck pqitd Podididh dnnaintfia i AR0Ubovd §RePPi3et0 IR nhOpbliGt A, a
' rising part of the wire 3 from the first bonding point‘A is
formed to be strong as compared to that of the conventional
wire loop, with the result that a wire loop which is stably
positioned and which has a strong shapé retention can be

~

formed.
Furthermore, in order to control the height of the neck

portion H immediately above the first bonding point A orx
control a damage possibly caused to the neck portion H, the
operations in steps (b) to (f) of Fig. 3 with respect to the
‘point M1 immediately above the first bonding point A or the
vicinity thereof may be repeatedly carried out twice or more
times. Embodiments of wire loops formed by carrying out such
wire bonding with respect to the first bonding point A a
plurality of times are shown in Figs. 4 and 5 by way of
example.
The wire loop shown in Fig. 4 is provided at the neck
portion H with kinks 3a, and 3a, which are formed by varying a
distance which the capillary 4 is horizontally moved in step
(¢) of Fig. 3. More sPecifically, the distance the capillary
-4 is horizontally moved for forming the kink 3a, is slightly
shorter than that for forming the kink 3a,.
The wire loop shown in Fig. 5 is provided at the neck

portion H with three kinks 3a,, 3a, and 3a, which are formed by




present invention, whereas the neck portion H has a hei f

100- 130 pm according to the conventional nmethod. In gﬁ{lfe%nm ?ﬁ%&a t he
crushed part 3c of the wire 3 is bonded to the positlon ML i nedi atel y
above the first bonding point A a rising part of the wire 3 fromthe
first bonding point Ais formed to be strong as conpared to that of the
conventional wre |oop, with the resdiZ that a wire | oop which is stably
positi oned and which has a strong shape retention can be forned.
Furthernore, in order to,control the height of the peck portion H

i medi a¥@FY1R8ovERt additieR B%n@.ﬁibs =3 A2 P LT @TeR| 1k Wiy & fossi bl y

caused &QpilEaPPCk POThOPIzEhtd By APEEQRL1QNSLeH ﬁéﬁﬂﬁ (ﬂa) g (fmf Fig 3
with respect to the point ML inmmediately above the first ondlng poi nt A

or the kwl(s$ ni’%;y anise Bdaf angy foENed ph¥t lé@ﬁf%dl@athe edapitlany ck ot Hhee
bondi
tines. ﬁ 6’% 3@ i@é’pér&ﬁ”{‘i‘?@' DY &M rﬂudrrﬂfufgtj’ (ﬁ“ﬂﬁ‘ 7 W bonding

W th respect to t ondi ng point A a pl | mes ‘are shown
in Fi gsr:llﬂf@r@l’ts dis vayced, whergde. thiheink ed,0d homadi hy Fngvidgi s

provid t eck por t th kinks 3a2 |ch are for rred by
Daryi ng i ARELIES 4 Eh'q REitel aoh, AP Yhe iy IDuitloll B

(c) of #Fiin Sepgbie) speFrigcaly, the distance the capil I ary 4 |s

hori zontal |y ngve r for t he kink 3a2 is slightl horter than that
for Tormng t s R rdbedr Hbakene ooy RoRRaImeATy. OF FBOgMOEPded at the
neck pIddialy mhevHdy ta{tfd%&d&mj(&cﬁ&h?e $rest Iadaptiioh,akdef BbrBANGY 20

February 2006 - 12 varying, in addition to a distance, a direction’in

whi ch (HRETHHRAT |1y BoFdsiansg FdibaSiteprovdd 4 JfdpOfcFigr Bi &S 3. The

carried out at least one time.

The bonding method of the present invention is
performed, for example, by a wire bonding apparatus shown in
Fig. 6. The bonding apparatus includes a base 20, an X-Y
table 22 mounted on the base 20, a z-axis moving mechanism 24,
a control unit 32 and a servo driving and controlling section

33 for controlling the X-Y table 22 and the z-axis moving

mechanism 24 through x-, y- and z-axis motors 21, 23 and 26.
The apparatus also includes a bonding stage 28 on which a lead

frame 1 is placed. The z-axis moving mechanism 24 is provided

with an arm 27 which has a capillary 4 attached to a distal
end thereof while a wire 3 is inserted through the capillary
4. A clamp 5 is arranged above the capillary 4 so as to clamp
and release the wire 3. Such construction permits the
capillary 4 to be moved between a pad 2a (or a first bonding
point A) of a semiconductor chip 2 attached to the lead frame
1 and a lead la (or a second bonding point Z) of the lead
frame 1 while loop control is carried out. The z-axis moving
mechanism 24 is supported by a pivot 25 such that the distal
end of the arm 27 is vertically moved by the z-axis motor 26.

The control unit 32 is adapted to output a control

- signal to the servo driving and controlling section 33 on the
basis of parameters which are previously set therein such that

the servo driving and controlling section 33 moves the



ki nks 3al and 3a3 are fornmed by noving the capillary 4'i%p¢{ﬁh
direction opposite fromthe second bondi ng point Z and
di stances, whereas the kink 3a2 is forned by noving the capillary 4 in a
direction toward the second bonding point Zin step (c) of Fig. 3, As
descri bed above, in the enbodi ments of the wire bonding nethod according
to the present invention, the bonding 1bperation in accordance wth steps
(b) to (f) of Fig. 3 is carried out at |east one tine. The bondi ng net hod
of the present invention is performed, for exanple, by a wre bonding
apparatuapiﬂdmmyim t&i gnd6frdmethendiipgtappdr atosnd nbbndésg apoases 20, an
mechani

X-Y tabl 2 unted on.the base .20 z- S_novi ng 24,

Zont rof 30l ¢ 395445 PLERGESEMEUFAGPARD SBt PRFFRHGE SELt) GAPLBaaF oy 4

control khagthBecXan(pt 8hl eTRE @8fAtEbe dnaki $2 MDY PPov @& i 6 24 t hr ough
y- and z-axis notors 21, 23 and 26. The apparatus al so includes a

bond| ngMapuge 28PBh SETERCR Bhadttarhad thesehP stRdlnHHe RIBANSLHYI ng

mechani s-R4akSpHs PYiLRE o mea@a@imgz Wi £h fGSi Aol |dRdy 4 attached
to a distal end thereof while a wre Ys i nserted through the capillary

4. A cluapticat diremigien adoving h‘éh@aqueabcyndus@ eperak Wmnpln akke r el ease
the wr I b bet ween
‘a pad 2(5(?310f}or§"tl lPrllrst % Elhjrlfgg Bgllﬁ%qﬁ%}&%‘fe %fi@n% co ﬂtél& lﬁ %ttaohed
to the reasledrmrenariueahty alnmactdd {wro atlse omok tehdimig: (3 rlthi@ugﬁ t he

| ead - op cont r ol rri.ed The z-axi Vi ng

rrechanl Z'Bfal?vas er b appsf%/'otct?% eskf}f:htq'lef'nél} ovehend é’[@lt eend of the
arm 27 ¢§pilBIé]t)C84 | s rmmﬂnehyldm}z BN SroMiied. 260 Higy.CH i fauice3? is
adapted to out¥ut a contrpol__signal to the servo drivin3§?nd controlllng

secti orPWREEMLE i ¢ i iAD3 G4 @rd Ritlc Homed advito t<iR) &t dherein

such thgle wire 3, an ITV camera and an image recognition section,
respectively.

The apparatus thus constructed suitably performs the
‘wire bonding as described above with reference to the
embodiment of the method of the presenf invention;

As can been seen from the foregoing, in the wire
bonding method and the wire bonding apparatus, the wire loop
connecting the first bonding point and the second bonding
point therethrough ié provided on the neck portion thereof

- with the crushed part which is formed by crushing a part of
the wire in proximity to the neck portion together with the
top portion of the ball bonded to the first bonding point.
Such construction can provide a wire loop having a low profile
which is stable and strong in shape retention. Such a shape
of the wire loop can be readily obtained by, after bonding the |
ball of the wire to the first bonding point, raising the |
capillary slightly, carrying out loop control, and thereafter
bonding the wire to the top or the vicinity of the top of the
ball.

Therefore, not only a wire loop having a short wiring
distance but also a wire loop having a long wiring distance
can be obtained as a stable wire loop having a low profile.

' In addition, the wire loop thus formed has a strong shape




the servo driving and controlling section 33 noves the 006 -
13 capillary 4 to and fromthe first and second bondinéﬂﬁgﬁﬁ%gggym%nd Z
al ong a predeterm ned path and operates the capillary 4 and the clanp 5.
The control unit 32 is provided with a manual input section 34 attached
thereto to input paraneters, such as positions of the capillary 4 in

hori zontal ‘and vertical direction duﬂﬁng'the W re bondi ng operation, in
the control unit 32. Thus, the height of the capillary 4 to be raised is

manual |y inputted into the control upit 32 through the manual i nput

sect i on\rlgii,e%h%?e‘ﬁ ?lﬁew%e@%mﬂ‘iis of %Cec%iﬁ’lf%%lmﬂe i XSkt bt dihs
control wede 18ofi Grom, oued BdENCEThOHERSRE 5 B WEraNb3d SN P& ol |
formed at a tip end of the wire 3, an I TV canera and an i nage recognition

sectiondn PESHEEENY PROCh P HpHatRg UEIR U R Grr Rt &l shedlablspgdesior ms
the Wi geshoadi dghfsd 48 Sdbesahor e b tdy 19{)1% er‘rté;h%iékeiorﬁ’gf%n”em of
As can e romthe

the nethod of the present |nvention. e seen or'egoi ng,
i n the WEeasowkrliwvayercthodarkbnding the bomd iy dpparsstamd thomddinge | oop

connect. h i : i i and th cand. hondi n i nt
t her et hééc:%%%’ ﬁ’siﬂplﬁagt%ficaggjdﬂ oﬁ%&%%ﬂ(%glorefxﬁc?ﬁ%[aﬁe%é’&c € vﬁ%}he’{)a%(? cPéfshed part
whi ch i Sldwraech o letiushimsg: e i tdwfing hie jwicte oinn qff ahermof diggt he neck

)ortion together with the, top_.partion of the ball bonded to the first
Eondi nd"%%‘Tgﬂltaﬁ aé@cﬁlhceoﬁs'ﬁq.fcg@g RS |55|‘3(5‘\}’|tl etg'a\ﬁ PED REvitdgtaPBow
profil eof Whethviirz: Sinablae bardkigeOligh ithes hep® bHoire@Abnokf Shehwirshape - of
the wire |l oop can be readily obtained by, after bonding the ball of the
wire t o9 r%%? ﬁ&%ﬁcﬁdvﬁéﬁhﬁFﬁﬁﬁn§ﬁﬁg the capillary slightly, carrying
out loop contrghilangrklfereall @mbodiments of the invention have been

described with a certain degree of particularly with reference

to the drawings, obvious modifications and variations are
possible in light of the above teachings. It is therefore to
be understood that within the scope of the appended claims,
the invention may be practiced otherwise than as specifically

described.




bonding the wire to the top or the vicinity of the top Oli‘é%?uarpgb(bﬁ
Therefore, not only a wwre |loop having a short wring I stance” but al so a

wire loop having a long wiring distance can be obtained as a stable wire

| oop having a low profile. In additi the wire loop thus forned. has a
strong shape 20 February 2006 - 14 retention which withstands a force or
pressure @f%e{rﬁé-ng on the wre |oop fromoutside. Therefore, the wire | oop
can perform an excel |l ent shock absorbing function agai nst a shock, such as
a shock caused by contact of the capillary or em ssion of an ultrasonic
wave during bonding the wire to the second bonding point, vibration of the
wire, an exterhal® f'bric® RAORIGAWMEIRANGY ow of a nol ding material during

inj ection of the,mpLdiRgnJmbieh al andstNe dridie %ﬂlé hengesulfcd
bending or tilting of the wire and a breakage I'n e neck portion of the
wire | odpredimbeditecthiemtthpraglent ed. Wil e preferred enbodi nents of the

i nventi on have_ _been. . described with .a certai egree o articularly with
reference to ihe dFaw njg%cflbtb Db fkf%réc?sfcgn‘go a%%l%/aflr%ﬂ 3?1%“‘%&%/9
possi bl e gairdt ,ght afedlbepabevent eatfidgse kb isaidepafior easd® abendyuler st ood

that within the scope of the appended clains, the invention may be
pract i cePVHH Wi SSTERAATEs EPeRi fSadal | PecleskeTben 2@ Fepidarseood - 15

dainms: hofiWMd 08P TNz \%{ﬁhca%necti ng a f irst bonding point
and a second bondi ng point theretzhroug ;
sald major portion of said wire has a c¢rushed part
formed in proximity to said neck portion by crushing the
part of said wire together with a top portion of said ball
so- that said neck portion of said wire extends in one
direction. towards said crushed part and said major portion

of said wire extends from said crushed part in another

direction to contact said second bonding point.

2. The wire loop as defined in claim 1, wherein said
neck portion includes a first kink formed by a part of said

neck portion being doubled over.

3. The wire loop as defined in claim 1 or 2, wherein
said major portion of said wire includes a horizontal
portion extending in a substantially horizontal direction
from said neck portion and an inclined portion which extends
from said horizontal portion to said second bonding point
and which has an end thereof bonded to said second bonding
point; and

said inclined portion is connected to said horizontal
portion through a second kink formed in a part of said wire

therebetween.




said wre including a ball bonded to said first bonding oi.n neck
portion adjacent to said ball and a major .portion exte‘%?ﬂi%??299§éid
neck portion to said second bonding point, characterized in that: said
maj or portion of said wire has a crushgg part formed in proximty to said
neck portion by crushing the part of id wire together with a top portion
of said ball o] tgat sai d neck portjon of said wre extends in one
direction -towards Saitt & ushR par Cedideshi 0 nei8impart ivBHETGM saRddwi re
extends 1408k SBbetebHSNO 1Rl Idt aNoLBeT onfl IRRLi+ARAG CRINIRE S3l drSsecond
bonding point. 2. The wire loop as defined in claim1, wherein sard neck
portion ikErkdeske $¢idtfikisik korled by a part of said neck portion being
doubl ed over. 3. The wire loop as def ined in claiml or 2, wherein said
maj or portion of said wire includes a horizontal portion extending in a
substantial |y horhzedtral kdindely aretHodnEsAl BoAgekgpar tiide aswkased ngl i ned
portion ﬁﬂiCh extends from said horizontal portion to said second bonding
a

poi nt TRF cPILE S BRAMENSR DT ShoRGEANE0 RAMY RS cAfd PondSAgI pdi nt ;

and sai d i06] i nes, porddom 4 shsanpected,d o,sai d horizontal . portion through
a second Q?%k fdﬁ%@d iﬁgg'paﬁf of sgﬁ%)mﬁre t her ebet ween. 20 February 2006

- 16 - 4. The WY ebtodpnasadetilieddmmer] aim 2, t wheeailn ofaitthenackegotdi on

i ncl udes . | eas e i tional, doubled over kink like said first kink.
5. Awre %%dﬁl%sfre %rg%ﬂi%rpcblorhtdi ng a wire between a

b) moving said capillary horizontally and vertically
while carrying out loop control, to thereby form a kink in a
neck portion of the wire adjacent to said ball;

(c) bonding the wire to a top or the vicinity of the
top of said ball bonded to said first bonding point; and

(d) thereafter, moving said capillary horizontally and
vertically to said second bonding point while delivering the

wire from said capillary and carrying out loop control, and

then bonding the wire to said second bonding point,

characterized in that:

the step (c) includes crushing a part of the wire and
the top of said ball with said capillary to form a crushed
part in the wire so that said neck portion of the wire
extends in one direction towards said crushed part and the
wire extends from said crushed part in another direction to

contact said second bonding point.

6. The wire bonding method as defined in claim 35,
wherein in the steps (b) and (c¢), said neck portion of the

wire is. doubled over to form said kink.

7. The wire bonding method as defined in.claim 5 or 6,

wherein the steps (b) and (c) are repeatedly carried out a



first bonding point and a second bondi ng point using a éblnhag,&% O6t _
conprising the steps of: (a) bonding a ball forned on a Ti'p en o? he wire

to said first bonding point; (b) noving said capillary horizontally and
vertically while carrying out |oop gog&rgl, to thereby forma kink in a
neck portion of the wire adjacent to said ball; (c) bonding the wire to a

t the, vicinit f the to f said ball bonded to said first bondi ng
pgipm(:);r anﬁllﬂﬁi:{%)r/%gf tté?n,esnﬁ\ﬂp SR ﬂtcgﬁF‘FFaWen&q%ﬁ%ﬂq]y dpigoled

vertical lyvée el Seconrh bondt ngbpoidt. Wwhile delivering the wre from
said capillary and carrying out |loop control, and then bonding the wire to
sai d second bonding point, <characterized in that: the step (c) includes

crushing a par N t f i 1. with.said capillary
to forma crus 'egfh%og‘?%% ng?ﬁggl\}\?rgggé%hg ?%ifgnggc%npocr%%nn %’f E?hoer wre
extends ih oneedkirecthonstawatdls HedHidssshestpaiig askh d heap i Terextends

from sai d_crushed t in another direction to contact said second bondi ng'
poi nt . %Oﬁﬁﬁwet‘h% 38 2f PREGLIPR Qfai FRS, Wikter E9FR 19 t he

steps (b)baibdit)sa it Ghacdd RUA UhPTsdiNP sabdifl isoriau] efbhiguer to form
said kink. 7. The wire bonding nethod as defined in claim5 or 6, wherein
the steps (b) and .(c) are repeatedly carried out a 20 February 2006 - 17

pLural L1y Of 141108 YA LpT Bl BR s A0 EL SR OUREE BV T
7, wher eiboridisnes tregt o) diadnydescoped atlidignssa dcapi ldoripritsdng:
a capillary having the wire inserted therethrough to
deliver the wire from said capillary (4);
a clamp for releasably clamping the wire;
a moving means for moving said capillary horizontally
and vertically;
a control unit for controlling the movement of said
capillary; '
and
a means for manually inputting height of said capillary
to be raised into said control unit, whereby the movement of

said capillary is automatically controlled.

10. A semiconductor device comprising:

a first bonding point:

a second bonding point; and

a wire bonded to said first bonding point and said
second bonding point to connect said first bonding point and
said second bonding point therethrough;

wherein said wire includes a ball bonded to said first
bonding point, a neck portion adjacent to said ball and a
major portion éxtending from said neck portion to said

- second bonding point, characterized in that:




forman additional kink in a portion of the wire |ocate id
crushed part and said second bonding point. 9. Awre bg%ggﬁb a ggggtus for
carrying out a wire bonding nmethod of any one of clains 5 to 8,
conprising: a capillary having the m@rgﬁipserted t heret hrough to deliver
the wire fromsaid capillary (4); a clanhp for releasably clanmping the wire;
a noving nmeans_for noving said capillary horizontally and vertically; a
control unit f3* OHFQSF1iﬂ@th%nn6V£n§%fQoﬂ”§ﬁ?d%aéaﬁ?lF&P?Pegndp%?%eans
for manuakdymédpyht ighebtehohy b salith capkkl foktildh bByr airged it orgai d
control unit, whereby the novenent of said capillary is automatically
control | R 00f Asgédi edAgudiasretdws celtdonpr febngportaoh rast dwoili bl boi nt ;
a second ndi pQLBt;; a. w onded .gaid. firs i ng_point and
sai d sec%sr)ld Hé‘%di %éggoiﬁ?&fo ﬂégolfntﬁie%t ggu dég%‘rﬁst‘g’b%éndietﬁ‘gt%g’or&%nt gﬁnag’g%aid
second bohiiemt jpoi ntovhedet brddglrushereiprsai dndi @ idneldides wobied dn bonded
to said firs ,bondlng poi nt, a neck portion adjacent to said ball and a

g

t
maj or por®¥ oif %t eKdFfig $F oS FHR8ckSpoft i Ot aiRfr tsedBn R HIME hig

poi nt, characderdzad idbitidts L0 Felrdaly ribing Bisali d major portion of
said wire has a crushed part forned in proximty to said neck portion by
crushing the part of said wire together with a top portion of said bal

so that said Wﬁﬁk fﬁétg@%fgbﬁﬁﬂé%&gré%&%égnggid%f%ﬁ%d in claim 10,

wherein said neck portion includes a first kink formed by a

part of said neck portion being doubled over.

12, The semiconductor device as defined in c¢laim 11,
wherein said neck portion includes at least one additional

doubled over kink like said first kink.




- second

direction towards said crushed part and said major portigfipapha§dodeM re
extends fromsaid crushed part in another direction to contact said second
bondi ng point. 11. The sem conductor device as defined in claim 10,

wherein said neck portion includes a first kink fornmed by a part of said
neck portion being doubled over. 12. The sem conductor device as defined in
claim1l, wherein said neck portlon“lh%lndes at | east one additional
doubl ed over kink like said first Kink. Abstract Wre | oo sem conductor
device having sanme, wire bonding nethod and wire bonding apparatus A wre
| oop coftpfit §g§ ta wire (3) connecting a first bonding point (A and a

second {oRdi NBoRQI Bbmé &bnhiietsihaayghe n4DEHE] QaaneE WM FE Eéﬂd%ﬁ a crushed
e wmre

part (30) forned thereln by crushlng the part o and a top of
S Agt appadabySpoint (A) with a capillary (4).

The el 0op 1 LOLoChhY cotbessbonl Dot IPLANER, 1o e bondi ng
hor i z?gba{lﬂy?ﬁnpowmt (B?I :hlydv\?;fecfondrbgnﬂgn%unl)oimgg( zgmM@ie?hﬁ?g;m,?_ t hte
wre o the, . vicini e.to e ba onded to irs

bondlng%B%rﬁ%n(E&e %ﬁﬁetﬁife%??e? ﬁ%%?%% RHEt Lﬁé1l Pt ?ﬁﬁ%&gﬁfa!ly
-and ver&r@@hiygtﬂhéhgaﬁemdtlb@rtdim M) rind 4 tohide daddMeriiw) the wire

(3) an carr ‘goﬁ?ﬁ% %OO& contcgllng pg‘lnr?tt(hf)n mtrjlotnh angcéphlellvgrrye (( 3)) to the

The wire loop is formed by a wire bonding method which

includes: bonding the wire (3) to the first bonding point (A);
moving the capillary (4) horizontally and vertically while
carrying out loop control; bonding the wire (3) to the
vicinity of the top of the ball (30) bonded to the first
bonding point (A); and thereafter, moving the capillary (4)
horizontally and vertically to the second bonding point (2)
while delivering the wire (3) and carrying out loop control,

and then bonding the wire (3) to the second bonding point (3).

FIG. 1




