1 WRE LOOP, SEM CONDUCTOR DEVI CE HAVI NG SAME, W RE BONDI NG METHOD AND W RE
BONDI NG APPARATUS BACKGROUND OF THE INVENTION 5 1. Field of the Invention
The present invention relates to a wire bonding nethod for connecting a
first bonding point and a second bonding point through a wire, a wire
bondi ng apparatus for carrying out the nethod, a wre | oop having a
certain shape and a 10 sem conductor device having such a wire | oop
incorporated therein. 2. Description of the Related Art Conventionally, in
a process of fabricating a sem conductor device, as shown in Fig. 7A or
7B, wire bondi ng WBRE akO@BDNNSEM T OQNRUPAAR 2BEGICEA HAVENG bdswdE hg point A of

a sem conduct or d

second bondi ng potwr%%E B%Mﬁﬁ[% ?’I ‘arglOﬁgﬁ@ ﬁ%&b@%mgiﬁﬁs been
carried out. Typically, |oop shapes of the wire 3. connecting the first
and second bondi ng points A and incl ude 20 a trapezoi dal shape and a
triangul ar shape shown in UN FEQRL | y, as disclosed, for

exanple, in }_U'L@]._d &Fatend ﬁwe@tg&ﬁ 080 or Japanese Pat ent Application
Lai d-Open Publication No. 2000-277558. The wire | oop having a trape20| dal

shape shown in 7AN® PZES§THr iEW HIE PR SRS o8O s apisr P HbiRY |“he %)d 8.
First, ingostepnd&de Piq R gfn%t %&rﬂﬁ’iﬁ%%dlﬁt t DR QUM WU 6 B G Y

passes is |owered and a ball 30 which has been formed at a tip e d of t he
W re 3 i PhoHdethioigihed padra dfwire qublmgoapparaisus bmnducr@rxpmm A

Then, in Kd) c%% ver sed to a

point B | e t‘%em%)mél}{d% aﬂ d%l |€C2? #ﬁr eaft féall? gﬁ% % %a%f Fig. 8,

t he capiSQIaiqortlducstcword@ont@Ihqvmeﬂmm & \pDIEEItlfﬁ)p nlla:cmhrp@catm
therein.

2. Description of the Related Art
Conventionally, in a process of fabricating a
semiconductor device, as shown in Fig. 7A or 7B, wire bonding
15 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 1la
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
20 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
25 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
30 capillary 4 is vertically raised to a point B while the wire 3
is delivered. Thereafter, in step (c¢) of Fig. 8, the
capillary 4 is horizontally moved to a point C in a direction
opposite from the second bonding point Z.

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



+ opposite fromthe second bonding point Z. In general, such an operation of
the capillary 4 to be noved in the direction opposite fromthe second
bonding point Z is referred to as a "reverse operation”. As a result, the
portion of the wire 3 between the points A and Cis forned to be inclined
and the wire 3 is forned at an upper end of the 5 inclined portion thereof
with a kink 3a by a lower end of the eapitlary 4. The portion of the wire
3 between the points A and C thus delivered corresponds to the height of a
neck portion H (or a portion of the wire 3 between the pad 2a and the

ki nk 3a) mmdedv ih tbesdita¢ei®heoppckiperfrom thel@e&h@éeﬁuﬁﬂihg pbmnstep
(d) of Fig..s, fe ca vertlcaI%¥ raised 1o a 0|ni mglle t he
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the capipdetiod bs @@éfmf@ds agetWech. EhetheicePi Al any 4 is rbpnedonsal ly
noved to a point, E in the direction opposite_from 15 the second _bondi ng
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formed in an upper end of this inclined portion the wwre 3. This
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the wire T'oop having a trapezoi ape shown in ereafter in
step (f) mwirtFEaen 18, (¢hea caprtienyofl theveitre cil bgtveesethe opad pda nend  so
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capillary 4 is performed again, i.e. the capillary 4 is
horizontally moved to a point E in the direction opposite from
15 the second bonding point 2. BAs 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
20 constitute an upper base portion L (or a portion of the wire 3
between the kinks 3a and 3b) of the wire loop having.a
trapezoidal shape shown in Fig. 7A. Thereafter, in step (f)
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
25 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 la.
30 The wire locp 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 1s not provided with an
upper base portion (L) unlike the wire loop having a

trapezoidal shape described above, in forming the wire loop of



+ formed by a sequence of steps as shown in Fig. 9. Since the wre |oop
having a triangul ar shape is not provided with an upper base portion (L)
unlike the wire | oop having a trapezoi dal shape described above, in form ng
the wire loop of 3 a triangular shape, the second reverse operation in
steps (d) and (e) of Fig. 8 is not conducted. Therefore, in this

i nstance, a step that corresponds to thezsteps (d), (e) and (f .except for
f, and f2) of Fig. 8 is carried out only in step (d) 5 of Fig. 9. Mre
particularly, steps (a), (b) and (c) of Fig. 9 are the sane as the steps
(a), (b) angr{igng@iafighalde, atttek sddeidthevéissStoperer ben operatépes {@) St ep
(c) of Fig..9, the c,apilla,r% 4 is vertically raised to a point Fin step
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view of the foregoing. disadvantages of the prjor Frt,. Accor dj n}gly, it is
an obj ectifbfd MRNTRE LIk dm iRt 1n step (£) of Fig['8, with fhe
result that the wire 3 is bonded to the second bonding point 2
or the lead 1la.
However, in the above-described techniques, as the wire
15 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 capillilary in order to
make the height of a neck portion H thereof small and the
20 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.

25 SUMMARY OF THE TNVENTTON

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

Accordingly, it is an object of the present invention
to provide a wire loop having a low profile which is stable

30 and of which a neck portion is hard to be damaged.

It is another object of the present invention to
provide a semiconductor device having said wire loop
incorporated therein.

It is still another object of the present invention to



-to-provide a wire loop having a low profile which is stable 30 and of

whi ch a neck portion is hard to be damaged. It is another object of the
present invention to provide a sem conductor device having said wire | oop
incorporated therein. It is still another object of the present invention
to provide a wire bonding nethod capable of formng said wire loop. It is
a further object of the present inventiopn to provide a wire bonding
apparatus capable of carrying out said 5 wire bonding nmethod. In
accordance with one aspect of the present invention, a wire |loop is

provi ded. i r retelyco ; i t4 hd i henedi ng poi nt
and a secporyggb%gnfr%%g;i nt tﬁ?getth@o%mg({fpat%%]vﬁef%%u%iErﬁégi% bal | bonded
to the filrgip.10 bondi ng point, a neck portion adjacent to the ball and a

maj or portion extending gr j t -enqgiqpc- ing

poi nt; wherein t);\[téc r%ésj %r f{‘)%%[nh}eﬁ%&r}%%e%a\; E&%gsr%aé‘%ftuéhe p%r%?cﬂd;r med in
proxi m t yprdritdee ek gpdrdridmdapmraustivyg ddmablpardf cfartityei vg reat ogetder
with a tﬁplfortio of tQ§}b 1. 15 In a preferred enbodi nent of the present
i nvent i oV 1isH&° BTt i ncludes a first kink formed by a part of the

neck portion being Gewdredn@eeksitn cheprafpigted ferdindigmatersf ihemriesent
invention, the nmajor portion of the wire includes a hprizontalkportion 20

ext endi n@ (W& AR it iRHAVLARSH zotRl i IR FIPRIFIFR Rtk Dor ti on
and an i dded ey td FL A HBhRKkiRNGSo flodde: SWEdEPEhd PG tp®mt 0 t he

second bondi ng poi'nt and which has an end thereof bonded to the second

bondi ng pélensthamnaitie thensiitfed nsoridoid i3 Rkh&karded &q Hehdiok+5%ht al

'Pﬁde? Ieggt \;\%er%ﬂrfﬂ"%i%ﬁe%o%dﬂ HofordBhd fhdePardo ofnd N8ad r£nd a major
portion extending from the neck portion to the second bonding
point; 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.

15 In a preferred embodiment of the present invention, the
neck portion includes a first kink formed by a part of the
neck portion being doubled over.

In a preferred embodiment of the present invention, the
major portion of the wire includes a horizontal portion

20 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

25 through a second kink formed in a part of the wire
therebetween.

In a preferred embodiment of the present invention, the
neck portion includes at least one additional doubled over
kink like the first kink.

30 In accordance with another aspect of the present
invention, a wire bonding method for bonding a wire between a
first bonding point and a second bonding point using a

capillary is provided. The wire bonding method comprises the

steps of:



- In-a preferred enbodi mrent of the present invention, the neck portion

i ncludes at | east one additional doubled over kink like the first kink. 30
I n accordance with another aspect of the present invention, a wire bonding
nmet hod for bonding a wire between a first bonding point and a second
bondi ng point using a capillary is provided. The w re bondi ng net hod
conprises the steps of: (a) bonding a-bmll fornmed on a tip end of the wire
to the first bonding point; (b) noving the capillary horizontally and
vertically while carrying out loop control, to thereby forma kink in a 5
neck portion of tfe) Vﬁ)climiiadjaa:éﬁﬁll of dimedadnt ;a (ttip bondlicl) the wWre to® a
top or the V|§ln|ty of .the s&ﬁof the ball bonded to the first bonding

poi nt; ant¢d}LERErRAPILRY POYRNhG the capillary horizontally and
vertlcal ly to thes qmdlrbpnm@g:mmawlﬂ&r%ﬂﬁ/ﬂmgaﬁ&leueﬂ@ldupyfrom

t he capill bi;ﬁand carrying out |loop control, and then bonding the wire to
the secontbbRdFHEE PORHtOUMEPRP EMer Rt ept® nherRRY cFedhi agkinkai® df t he

Wi ke andhdédie OPin the Rk lwikd hadNec&opiLd et fprm @ crushed part in
the wire. 15 I'n a preferred enbodi ment of the present Tnvention, in the

steps (b) and (c)(CX trembiold pdra ivohrofta e Wy e sthip ubiasith ity e tighd or m
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beoween twire from the capillary and carrying out loop control, and
then bonding the wire to the second bonding point;

wherein the step includes crushing a part of the wire
and the top of the ball with the capillary to form a crushed
part in the wire.

15 In a preferred embodiment of the present invention, in
the steps (b) and (c¢), the neck portion of the wire is doubled
over to form the kink.

In a preferred embodiment of the present invention, the
steps (b) and (c) are repeatedly carried out a plurality of

20 times to form at least one additional doubled over kink in the
neck portion.

In a preferred embodiment of the present invention, the
step (d) includes operating the capillary to form an
additional kink in a portion of the wire located between the

25 crushed part and the second bonding point.

In accordance with still another aspect of the present
invention, a wire bonding apparatus for carrying out the wire
bonding method is provided. The wire bonding apparatus
comprises: a capillary having the wire inserted therethrough

30 to deliver the wire from the capillary; a clamp for releasably
clamping the wire; a moving means for moving the capillary
horizontally and vertically; a control unit for controlling
the movement of the capillary; and a means for manually

inputting height of the capillary to be raised into the



. 25.crushed part and the second bonding point. In accordance with still

anot her aspect of the present invention, a wire bonding apparatus for
carrying out the wire bonding nmethod is provided. The w re bondi ng
apparatus conprises: a capillary having the wire inserted therethrough 30
to deliver the wire fromthe capillary; a clanp for releasably clanping
the wre; a noving neans for noving the gapillary horizontally and
.vertically; a control unit for controlling the novenent of the capillary;
and a neans for manual ly inputting height of the capillary to be raised
into the control unit, whereby the movenent of the capillary is
autonatical%%%contrfgled. | n ﬁﬁcgrdance with a further aspect of the
present FRVEREFLRALLEY SEWLENGtE or device is provided. The 5 sem conduct or
devi ce conprises: 1@ dddStd4ansi bl Ntir Bhed s Hanei tige N9t den@d W re
bonded to the first bonding point and the second bonding point to connect
the firstiBOAYFHYY pdi FELEFRR{REr QB cOPILBRINEF N PBided t heF® hr ough; wherein
the W resbRtbsi@scfoPahdy ROBASSE R b T4 M8l HONGL NG RO B ine, Ngck 10
portion adjacent to the ball and a nmgjor portion extending fromthe neck
portion t¥eedrd seermindapri iy pdiwire dpendedried nthe heinef dropding opobitt he
W re has r €, ggq[i . i m t i y
crushing t %%@?t%@@%e&gmﬂre t%%leﬁcell?éc\%%%n%& o%?%gffﬁ%ﬁo%éﬁﬁg% ball. 15
BRI EF DESGRLFT | 3N OFhd Hie GRAV INGS] il sppo Bmid O dmeetlobpwegh s einer eramytlod t he
att endant_ . adv o] resent 1nvention wl.l be.readil appreci at ed
as the same %e@%‘%‘gg%sét% eéaﬁﬁlngé? sc?%%dt%ytel}ééfglrlé#:eb?b&t%gtﬁ"u%ll%/%‘l I V\ﬁl%%]l(
detai | ed plestcioptadinadren tonsheldsen] | and conmeddi gromt 1dn tdret @eddmgpanyi ng

i , in:_ Fig. j | evati onal view show a sh of an
dr aw ngs’f%ﬂ?r%c—g ngclz polfbfiosn Ao e (fjlsteé)orgjl boneg\irfg Opoz{lrgt; &ng Peherefn

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.

15
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

20 to the following detailed description when considered in
connection with the accompanying drawings; wherein:

Fig. 1A is an elevational view showing a shape of an
embodiment of a wire loop in a semiconductor device according
to the present invention;

25 Fig. 1B 1s a fragmentary schematic plan view showing
the semiconductor device;

Fig. 2 is a schematic elevational view showing a moving
path of a capillary to form the wire loop having a shape shown
in Fig. 1 and a state of connection of the wire loop;

30 Fig. 3 is a schematic diagram showing wire shapes in

respective steps in association with the movement of the
capillary according to a method of the present invention by
way of example;

Fig. 4 is an elevational view showing a shape of



- enbodi ment of a wire loop in a sem conductor device according to the
present invention; 25 Fig. 1B is a fragnentary schematic plan view show ng
the sem conductor device; Fig. 2 is a schematic el evational view showi ng a
noving path of a capillary to formthe wire | oop having a shape shown in
Fig. 1 and a state of connection of the wire loop; 30 Fig. 3 is a schematic
di agram show ng wire shapes in respective-steps in association with the
novenent of the capillary according to a nethod of the present invention
by way of exanple; Fig. 4 is an el evational view show ng a shape of - 7
anot her eamick eme gmindd amewtr eof copvime al ceEw ol ustmicasincesr abeniad ng t o
the present inyention; Fig. 5 is an elevational view showi ng a shape of
still anStFREFIENbO Nt g%’?esae% YO a seni conduct or device 5
accordi ng to the gpiEsentid nMerdlieanit Ikl Gricy aHdwioky ¢ agiare oW TG BN
enbodi mrent of  a w re_bondi ng apparatus according to the present jnvention;
Figs. 7A 2iEE £FRPAEERRY dhlal2 WER i Hy 2 oTRRHig tow rdeviops

hayi ng a {sapezoigalo skt fyddd ol ar shape, respectively; Fig. 8
is a schematic diagram showi ng wire shapes in respective steps in
associ ati on wit hBite rfoviémentblsick relaggam 19having rorgmbatimgnte Afocp of a

L1 8pezO ol SR SO ML Tl 8- adlle S0 16 Rl Sediorl SERL g 1 207 am

showing wre s respective steps in association wth the novenent
of the capill aryigsfofmarke M reerd cdpweft ipnal ang@wsarshsiviipy shown in

Fig. 7B. &%%%W&:Fﬁ %%ll%upg\l h%:ﬂfa{ '\M':al\géz%\idal shape and a

10 triangular shape, respectively;

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

15 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.

20 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

25 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

30 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



- Now, a wire |oop, a sem conductor device, a wire bonding nethod and a wire
bondi ng apparatus according to the present invention will be descri bed
hereinafter with reference to the acconpanying drawi ngs in which |ike
parts in each of 25 the several figures are identified by the sane
reference character or nuneral. Referring first to Figs. 1A and 1B, an
enbodiment of a wre |loop and a sem corgluctor device 10 having the wre

| oop incorporated therein according to the present invention is 30
illustrated. In the sem conductor device 10, a sem conductor <chip 2 is
attached gend @24 ead finate dormahichd iy idechd hemeojor pdt isorparbrizai sthirody | S
a first bonding point A The wire |00 of wire 3is forned to have a

tr apezoi %ﬂgq;gqup StRher aﬁﬁﬁ%ﬁ‘?&de@s‘“g %Gﬂl%&ﬂ?c{)@%w % a ball
30 bondedsi i hfas f1akr2h vnddd o koA REiIdE thentkad M fe POdH QN
consisting of_a horizontal upper portion L and an inclined portion S

whi ch hasegPshdBYHdEH REH 1Zead The FonieeT edld YRRk PP L&foridre

bondi ng REIA Hoop & MY IEMHEAla RIS AREdd ik lerRfs thiferedd ME{IPRHIS
prgvi dedggifgt hle OoppposiStripﬂe elnds taher eof dv%lﬁ{h ki nks SBa and 3b. lSuch

const r uctdaranst 3lli_he illustrated enmbodinent is approximately the sanme as
that of a convenidopal, 31%“91:%%’%‘31\“6‘}} %rff 198V11G8y Y endddiftel! st rat ed
enbodi ment, a crushed part 3c i1s formed'in the wre inthe vicinity of

the firstappondimeg:-igi ritheA. sater exss peEt iachald ﬁonmuﬁmﬁiecﬁqmmorﬁhldtsvr
i ik 3a B ErEn dEAETant: ot He e aed Sidisdinn L b nsel i on of
the ball it Ax tite fdrmeed dap thhe haisrd B ior usteedripairtit3c dhushd driveck
adj acent .to the kink 3a, he kink 3a .is stably deforned, resulting in the
wire | oop® hP%A4 VoW pr d134% SHRF 'ac}isjﬁ'n scirruos:}ge%@aﬁf} P&t é%ﬂi on.
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
15 has the crushed part 3¢ 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

20 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

25 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)

30 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



- Referring nowto Figs. 2 and 3, an enbodi nrent of the wre bonding nethod
according to the present invention by 20 which the sem conductor device 10
shown in Figs. 1A and 1B is obtained will be described. Fig. 2 shows a
noving path P of a capillary 4 and a finished state of the wire | oop
connected to the first and second bonding points A and Z by w re bondi ng.
As conpared to 25 the conventional netho®l shown in Fig. 8, the illustrated
enbodi ment of the wire bonding nmethod further includes steps (e) and (f)
of Fig. 3 which are carried out between steps (d) and (e) of Fig. 8. The
remaini ngsaﬁeepjss ofl igtraced eln heuslane mamdhosieatofa keIpsd] dstete séps (a)

to (d) an S to, (k) 30 of Fig. correspond, to, the steps (a) to (d
and the-orudoSEamd % 4 {2 D iAo b F e G R Gt B R rat,
steps (a)cdtddh iy FAd. cBampMd GhiE e ey Hades aﬁtﬁps& drdteng it
conventional nethod, will be described. In_ Fig. Iarrp 5 used for

cl anpi ng B ries BHEE rdi SERIPRFE L s AR |1'sh4‘} I%s‘ﬁ%ﬁ ekl i Wh 5 HERE nanner

that a closggh Si aigy Afe # ci@r@lél@fldt@@ &m&tﬁ&éwwe@r@taw cated
by contacting the clanp 5 with the wire d by separating it fromthe

wire 3, riespardicatisd ihdliadganal chistes rﬁ@dﬁ‘-‘bhﬂl Heh& Glamp B naln b%t%ept in

M the ol Gp & THSEp R CH R AT o e e AL R Qoladp R ACTe
t he cl arrp:pienesd, gt so halak 30 bfa;bafmém dmra:reldlparerai tep Wl wire h33 wre 3
I's bondgg r%cPecg féﬁéStfﬂoq:[dl ”o%cPfﬂ é“int”}f” irgef (élge&?f g o':%g 3

the capil ary 1S VErtiea y ralsed poi nt

deti ver e(t'igl'he?,eafneerqapﬂmJeip {ds o.fertFicgalB_,{ xeaxsmtbr&e aop;mfmt an of the
capillary 4 arried the apilla 4|s hori zont a ved in a
di rect i ot é”JfIPeo%ut]rF’e ded ndi Y %%q%ft 7 g £ PR n¢ {:.Onﬁs a

Fig. 3, a reverse operatlon 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

i5 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
point Dl which may be selected as desired while the wire 3 is
delivered. Then, important or characteristic steps of the

20 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

25 be determined as desired. Subsequently, the wire 3 is bonded
to a point Ml 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

30 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 1is delivered. In this instance, the capillary 4 may be

slightly moved in a horizontal direction toward the second



+15-result, a kink 3a is formed in the wire 3 in the sane manner as in the
conventional nethod. Thereafter, the capillary 4 is vertically raised to a
poi nt DL which may be selected as desired while the wire 3 is delivered.
Then, inportant or characteristic steps of the 20 enbodi ment of the present
invention 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 and horizontal positions may 25 be

det er m nedonrdingsps eat §u@ﬁ@qulemlxyertheamYer31§;§d besdedpointa(petnt ML in
such a nanner that.a part of the crushed together with a top

portion ofP¥R) b% +CQOl%oﬁH%%hY%Ym%ﬁ%l?F?étfﬁ%%d?%@ POttt A As the result

of this opptath@®Pivaly ¢rtsdess ﬂIlaﬁ? 4Sm§9r198dolb]:‘1% I f£1§e@dt@(3€ﬂé to
the kink 30 3a while the kink 3a is forned into a shape in which the part

of the mA$bl$h¥%yd@%ﬁ+%ﬁe@vﬁ@l“¢hedrhmﬁrs%%p5¥%ESOfGF|@Hd3(f)t%E Eapi | | ary
4 o verlicathy SRRt ! gaPe ok s DrUe iheundigierd 3o delivered. In this

i nstance, the capllfary 4 may noved 1n a horizontal direction
toward the secondﬂtﬁmdlng Eﬁtﬁmt(lz) anid Eiﬂan Yera is2ddnd regwacs e copepot on

the capi ITarys SepBEbh i il S ARG MLy e PapbHFER Y olR
Thus, in mgmom‘ealhyldncé‘?e)d oin Ra gdifedti¢omeoppushes fieon e i sedondred in
(he 1 Snd U ot el EPedl B . S ofie REPOIE S S eREIaL POyl e
inoa diretdimncloppesite b rom tihe setonde DHonts ng philot3 10 Bheoihie E3. The
roverrent Bled Dol Loy 4,10, (oL e Pl 10,2 L L ROIFL £ form 2 Kink
verti cal lyered el § or & 98 Nfo R Seoihatr the vhie 13n¢ Sw Thed |3/€‘i§ddelivered
by a length which corresponds to the inclined portion S of the
wire 3 extending between the kink 3b and the lead la.
15 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
located at the second bonding point Z, resulting in the wire 3
being bonded to the second bonding point Z. Incidentally, the
20 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
25 the point M1 located almost the above the first bonding point
A 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
30 moved in the direction opposite from the second bonding point
Z 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 length which corresponds to the inclined portion S of the wire 3
extendi ng between the kink 3b and the lead |a. 15 Subsequently, steps (j)
and (k) of Fig. 3 are conducted in the same nanner as that in the
conventional nethod described above such that the capillary 4 is | owered
to be located at the second bonding point Z, resulting in the wire 3
bei ng bonded to the second bondi ng pointllZ.- I ncidentally, the 20 novenent
of the capillary 4 fromthe point F to the second bonding point Z nay be
carried out along the sane path as that in the conventional nethod

descri bedwhbcheis osubayabeisliyabbyal sebegt bdifhbmfatheusopossnba® pat hs.
As descri bed above, the secogd $ondig% of thg wre % tg 25.the polgﬁ M

| ocated aPRbEFCEHE BHHVES t RSP I pBRETRG™ pbiht KIS 37 ndBfie 01 cYhFRy

t hereof isheareéseUt othat nthéepité) l6dpFhgvidg Aolorfpesribe eapibéary 4
bei ng nerelg raised as in step ébé of Fig. 3. Instead, the, second bonding
in step (F9EMeR- Fi Bor 3e¥ampbRdudhiey af fetdtRereapayiagya 4thickeessontal |y

30smoved 3% e dliGeeti BonQ@BR08H t Eofh 0 bHRISECHALL DPRIEROhRSI At  Z in step
(c) of Fig, 3 and the kink 3a is formed in the wire 3 b ﬁgrfornlng st eps
(d) and (@}amgter of sabger @®yimhand cd (shtekpass @€ akowbrh2dimn the wire
3. As ar t CKo POk T iSgC ds @r for ; hav

reduced H%%g%tp?fgﬁbnaﬁic%Qié %ﬁﬁ%%%ntfaf#§95q3§|8§§”§ ﬁ%?% €10€ ?%gthe
hori zont aprepent i bhvénpeen sewhareansi bige beeqleepoxrhioki hkkasaa apdight @ft h

the resulfydhatydhes o | 8000 NAYAROLS {00 PLALLLE; SAIN e f04 medy , For

exanpl e, en a go w're having a't ness pmisS wre bonded to
fafm a boadiRitpari svmcd has arushedepart ofc abbuthéOvjpre adhdia bimdkdess of

cbout 12 B b8 DERPOLMGI ELUFD, gL ol of sbeule 0189, a7 apcp: dhno
about 100eiSSDngnpacc os i tige twitdes commenthondl raetibotdidg 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
15 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 or
control a damage possibly caused to the neck portion H, the

20 operations in steps (b) to (f) of Fig. 3 with respect to the
peint 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

25 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

30 (c) 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



- 10-addition, since the crushed part 3c of the wire 3 is bonded to the
position ML i nmedi ately 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 |loop, with the result that a
wire loop which is stably 15 positioned and which has a strong shape
retention can be formed. Furthernore- iz erder to control the height of
the neck portion H inmediately above the first bonding point A or control
a damage possibly caused to the neck portion H, the 20 operations in steps
(b) to (fYaofikgg. i addhticexspematd)mmc@pimthed:nimniiJ‘arhechlyicaﬂnomaathe

first bondin oint, A or. the cihity thereof m eatedl carried
out twice” %I?%r‘rﬁ?]éy ‘%ljn%shmfijr%% ?‘rje#fsﬁ{%‘fecin 2 ?5%% ﬁ‘:br “chrryfRg out
such Wi reifiendifng anid Bar, eapecmmeahbyfmbsinQOﬁﬂengapmmarﬁ a 2h pherality

of tinmes are shown in Flg. 4 and_5 exanple. The wire | oop shown
in Fig. 4°3%° p@%’?ﬁ%‘ébo%toﬁw%%kfr%r?fﬂ%nsﬁ%ﬁl@ hbcklilﬁilk%g FALR A 32384 whi ch

are for megh bye Mk | dids PandhS] aneer &b Chhd hei ©apid | 3l brimedh @k %@thﬂgl y
nmoved in step 30 (c) of Fig. 3. More specifically, the distance the

capi | | ar ythe ¢2phbkambm ol y2 rbVeRr E 00 fepward the seemrndaonding ipminy
shorter t gﬁ%F the kink 3al. The wire loop shown in Fig. 5
i's provi&ggﬂét t he ﬁ%ck pdgglon Hwth three kinks 3al, 3a2 and 3a3 which
are formed by - Bs degorifpd iabatli tiorthe enhdimgrtess of dihectimn in

whi ch t hg, [ I s f I

ki nks 3a1 (gﬂggéﬁ%re dgﬂgﬁgiﬁﬁghﬁﬁr%?%Tgfcap I%ﬁ%?éfiog @ﬂ@ bondl&g
dilpect i ommmsmre i cmedied seo ndi onghiegs pdntta ahd &f dTi(j erents

di stances, wher eas th 3a2 is forrred by nmoving the capillary 4 in a
di recti o Youkrd $he % ébnabs%onrbe ng- o1 nt

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

15 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

20 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

25 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 2Z) 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

30 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



- Ztn step (c) of Fig. 3. As described above, in the enbodinents of the wire
bondi ng nmet hod according to the present invention, the bonding 10
operation in accordance with steps (b) to (f) of Fig. 3 is carried out at

| east one tinme. The bonding nmethod of the present invention is performned,
for exanple, by a wire bondi ng apparatus shown in Fig. 6. The bondi ng
apparatus includes a base 20, an X-Y 15;table 22 nounted on the base 20, a
z-axi s noving nechanism 24, a control unit 32 and a servo driving and
controlling section 33 for controlling the X-Y table 22 and the z-axis

movi ng AN P 24 LTI Pom dhe ad-- XS JBUMHS ]:?éndi?xﬁ%ag%jir?@s aThe
.apparatus al so includes a bonding stage 28 on which a lead 20 frane 1 is
pl aced. B Z adiondryiprpdataianingd 2Rt b rrrRIRted thearcar W byrant ch

has a capj ed ' I ' it i 3is
i nsertedp%rk:{r %%%%%ﬁpig% I Ifa{%y%cﬂi.ﬁ,@cluaﬁp@gjl]glir %%%&e%g%g%i\ll{éﬁt e
capi | | ar ynahwd dsigh: deariplomaridt radl teageed Hehatiate 3o Sughtc qrest anet ¢10H,

permts the .25 capillary 4 t e npved -bet ween. . i rst bondi ng
po% nt A BHh 4% Ocsolntcfl.?y Sorc'tghtl £ ARty olr?hlg&fllezgo}éa(r)‘grfagnél and a | ead
| a (or a waaothlbetidiswr ipal rRtudngftiderimadorfdiane dpavt o oo camerol is
carried out. The z-axis novin chanism.24 is supported b i vot 25
such t hatt¥H&d 4ot 3307"e_n(§m'6?5'p eaﬁ’fﬁlﬁl}}ﬁ soﬁ/efr}le? c‘%H’Jyﬁrﬁf%dfb the z-axis
not or  26.r5{HQ) GeNtlRluadiniyt iIdtatapied die adiiuto B ol 13 tistewgh to
the servo driving and controll'ing section 33 on the basis of paraneters

whi ch ar &hs SABR Rt SRS sifoh TheePY Hd s AU Y ity Bl

cogtrol | idigh 38G#On 33 MMShdtiRa1143 capridlady. 4 ip @iy fa omdherdhest
and second "bonding points A and Z along a predeterm ned path and é)fer at es

the capi Inwgrads st 3e agidap Femte coalel fimmed At A grivierdl fth a

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

The apparatus thus constructed suitably performs the

15 wire bonding as described above with reference to the
embodiment of the method of the present 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

20 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

25 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

30 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



- manual input section 34 attached thereto to input paraneters, 5 such as
positions of the capillary 4 in horizontal and vertical direction during
the wire bonding operation, in the control unit 32. Thus, the height of
the capillary 4 to be raised is manually inputted into the control unit 32
through the manual input section 34, whereby the novenent of the 10
capillary 4 is automatically controlled.14l» Fig. 6, reference nunerals 30,
35 and 36 denote a ball fornmed at a tip end of the wire 3, an I TV canera
and an imge recognition section, respectively. The apparatus thus

const r uct eetgui i@l whpeh froi s tdmds 15 fvree bondbnes aisre esger bing abovehai t h
referencewtf,)e;i]e efbé)di ment.é)f t mt$od of ,the present inventiop. As can
been seen"tTAM MR ToPRgd  HgtIFn t hHeSTF TR S bolRf NGt HA%P and t ReT he ¥R
bondi ng agpasatebletbesibdle daprb LRnneeidtlon hegdinst dogkham, poheh a8d

t he second bon incq 20 CEZII@W t her et hrougl is provided on the neck portion
thereof i PPTRSHITR R EIEE P i 0 F FaREL TS rUS RS BLPAret o t he

Wi se in piDxdBdYid Ardne NeSknPBIAPInG Odes NBIrditd the s PBLARIMYT the
ball bonded to the first bonding point. Such construction can provide a

wire | oopPRERE ng7 HOX QR o | eh 5V iR cRT seXxt el afri et rosret atehdne
retentiongy SHche 8 SHBRS nﬂmat{@rﬂ%edxpﬂpq c -%i&@%f ytﬁ@tﬁaf&fnﬁ?y’ af ter
e firs ondi he

bonding the ball of the Wre tot ng poil nt, ralsing
capi | | ar ynatemial yandaihyihikeutwitgoptioontesi] t dritht Heerdingror bohti gy t he
wre to the 4ep Pird Nend'| Lillddcle L1 4BP Plok N6 APt DL e ot
only a wire ['oop having a shor ring I stanc ut-also a wire Toop
having a lary aur iy e Staniceelcgrdeemtrdi ned as a stable wire | oop having
‘;’LI 4| ow profile. Iﬁial%d'};;[fe%nérrtebie evr\ﬂbroedilm%?&st Q) tfh%r nj%%er}l S h sﬁtarvoen esehnape )
described with a certain degree of particularly with reference
to the drawings, obviocus modifications and variations are
possible in light of the above teachings. It is therefore to
15 be understood that within the scope of the appended claims,
the invention may be practiced otherwise than as specifically

described.



- retention which wthstands a force or pressure exerting on the wre |oop
fromoutside. Therefore, the wire | oop can perform an excellent shock
absorbing function agai nst a shock, such as a shock caused by contact of
the capillary or em ssion of an 5 ultrasonic wave during bonding the wire
to the second bonding point, vibration of the wire, an external force
generated by flow of a nolding materialsduring injection of the nolding
material and the like, with the result tﬁat bending or tilting of the wire
and a breakage in the neck portion of the wire 10 | oop can be effectively
prevente?igyﬁégepreferred enbodi nents of the invention have been
described wth a certain degree of particularly wiwth reference to the
drawi ngs, obvious nodifications and variations are possible in Iight of

t he above teachings., L. is r ef : , be understood that within the
scope of the appgﬁdgﬂ“é 51%%@% ?ﬁg&ﬁﬁ%gﬁtron may be practiced otherw se
than as specifical mireddsSor icomthectings a @Eiaisis bohdiAgnpoantodd )camyt issi ng:

awire (3) co cti a first ndi,n int (A and a 5 second bondi ng
pol nt (Z)S)etor?é\%;%ﬂ’}ﬁ}g’rﬁ RO v&%e%(%e%%pcﬁ’cﬁo Hg a bal |l (30) bonded to said
first bondi ng poisatid( Airead (36CK npafldiony @Hbadd] qeent Homdeal do kalild (30) and

a mgjor portion (L,S) extending from said neck port%gp,(t%g$o saidwfecond
bondi ng pdinft ERRdidkhmedidr | Fdd i NOFF BeRt1ons B A BESE &b

portion (Ha1y) (@fo)saidh W koD pgrtidLl(@sked extending from said neck
portion (H) to said second bonding point (Z), characterized in
10 that:
said major portion (L,S) of said wire (3) has a crushed
part (3c¢) formed in proximity to said neck portion (H) by
crushing the part of said wire (3) together with a top portion
of said ball (30).
15
2. The wire loop as defined in claim 1, wherein said
neck portion (H) includes a first kink (3a, 3a,) formed by a

part of said neck portion (H) being doubled over.

20 3. The wire loop as defined in claim 1 or 2, wherein
said major portion (L,S) of said wire (3) includes a
horizontal portion (L) extending in a substantially horizontal
direction from said neck portion (H) and an inclined portion
(S) which extends from said horizontal portion (L) to said

25 second bonding point (%) and which has an end thereof bonded
to said second bonding point (Z); and

said inclined portion (S) is connected to said
horizontal portion (L) through a second kink (3b) formed in a
part of said wire (3) therebetween.

30

4, The wire loop as defined in claim 2, wherein said
neck portion (H) includes at least one additional doubled over

kink (3a,, 3a,) like said first kink (3a,).



- part (3c) formed in proximty to said neck portion (H) by crushing the
part of said wire (3) together with a top portion of said ball (30). 2.
The wire loop as defined in claim1, wherein said neck portion (H)
includes a first kink (3a, 3al) formed by a part of said neck portion (H)
bei ng doubl ed over. 3. The wire loop as defined in claim1l or 2, wherein
said major portion (L,S) of said wire-(3p iLncludes a horizontal portion
(L) extending in a substantially horizontal direction from said neck
portion (H and an inclined portion (S) which extends from said horizontal
portion (L) to saﬂﬂAsmd)d@mdig1gne;ﬂHd& o) taﬂdiwajcmm@a(m)erﬁéﬂm;eof
bonded to sajd second, bondi ng point and said inclined IEortl on (S

connect e tlol &3} POHLITG dift p‘cﬁh%‘?ﬁ(i)s?qﬁl&u PPREIRE FRIKE i | 351 %rmad
ina parg @gpm&w (®) (Dndhsedetneenin dendthe wire loop as defined in

claim2, wherein said neck portion (H) includes at |east one additional
doubl ed over Ki rﬂ%lf(mh@aﬁomﬁﬂé@@alfdl@flfﬁsqp%w (3al) . - 16 5 Awre

bogndi ng nethod f WHND A MJA ( 3 et d &d id Sélpb% N0 %éﬁhlﬁrﬁé

and a second bongl ng point (Z) using a capillary (4), "characterize
t hat: the(l‘lfr)ettlfmdsaﬂoinﬁlm hdmilstgaprmnft @)(:a) bondi ng a ball (30) forned

on a tip end of t r?(I:%)E\ ; an ﬂ f| O&%ﬁgﬁ"%&ﬁ[ ry§/ (b) novi ng

said capillary ( horlzo ver |ca I e car |ng out | oop
control, vterttivealelhy Whoide acakiying 3aut adgp icomtreck portharelH) fafm tahe

e ) et 30,0958 ehel b3t (g) BOndaAe Yo alidhethec oF
poo nt to said ball (30);
(c) bonding the wire (3) to a top or the vicinity of
the top of said ball (30) bonded to said first bonding point
{(&); and
(d) thereafter, moving said capillary (4) horizontally
15 and vertically to said second bonding point (2) while
delivering the wire (3) from said capillary (3) and carrying
out loop control, and then bonding the wire (3) to said second
bonding point (Z);
wherein the step (c¢) includes crushing a part of the
20 wire (3) and the top of said ball (30) with said capillary (4)

to form a crushed part (3c) in the wire (30).

6. The wire bonding method as defined in claim 5,
wherein in the steps (b) and (c¢), said neck portion (H) of the

25 wire (3) is doubled over to form said kink (3a).

7. The wire bonding method as defined in claim 5 or 6,
wherein the steps (b) and (c) are repeatedly carried out a
plurality of times to form at least one additional doubled

30 over kink (3a,, 3a,) in said neck portion (H).

8. The wire bonding method as defined in claim 5, 6 or
7, wherein the step (d) includes operating said capillary (4)

to form an additional kink (3b) in a portion of the wire (3)



+ (A); and (d) thereafter, noving said capillary (4) horizontally 15 and
vertically to said second bonding point (Z) while delivering the wire (3)
fromsaid capillary (3) and carrying out |oop control, and then bonding
the wire (3) to said second bonding point (Z); wherein the step (c)

i ncludes crushing a part of the 20 wire (3) and the top of said ball (30)
with said capillary (4) to forma crushed_part (3c) in the wire (30). 6.
The wire bonding nethod as defined in claim5, wherein in the steps (b)
and (c), said neck portion (H) of the 25 wire (3) is doubled over to form

sai d ki nkg d3@ed bHethfeM éﬁ&%ﬂiéﬁedﬂ%ib@@ esc fefhdeshid $4abml SHohdfng

wherein the steps (b) and (c) are repeatedly carried out a plurality of
ti mes to Ho afZ ) east one additional doubled 30 over kink (3a2, 3a3) in
sai d neck portion (H. B. The wire bonding nethod as defined in claim5, 6
or 7, wherein the step (d) includes operating said capillary (4) to form
an additional kirtk (Bhinen lwrphintg eppErdtes Wiar (@rying odtocatedrdet ween

sajd crushed, part sai d secon ondi nt Z . Awre

bonhdi ng Ja{’tq.jénﬁ(ti}c}% gﬁ% Bt % wfaelm% o%(gloéng rrer?%%]dsgo?gany one of

claims 5 to 8, cenEESEINGra (oqagplﬂalxarr;g (e h,aiwmg(i)helmenﬁte(cﬁ) | nsert ed
(5)

t her et hr ough to del i ver t wre fromsaid_ca |IIa y cl
for rel eddBHSFRIHEN AP L W% W%F%Db? éﬁil bf frovi ng

said capillary 1 (14mdqry)z @Hxalﬂeaewhmejtdlceaﬁﬁhg a:H-‘éDﬂ&ifﬁl (Lmy;t (32) for

controlling the novenent of sai d cazpl IIaryf( ; and a neans (34)_ for
manual |y i nputti fg M¥iigig msansi(@1-27, oY moving said capillary

10 {4) horizontally and vertically;
a control unit (32) for controlling the movement of
said capillary (4); and
a means (34) for manually inputting height of said
capillary (4) to be raised into said control unit (32),
15 whereby the movement of said capillary (4) is automatically

controllied.

10. A semiconductor device comprising:
a first bonding point (A};
20 a second bonding point (B); and
a wire (3) bonded to said first bonding point (A) and
said second bonding point (B) to connect said first bonding
point (A) and said second bonding point (Z) therethrough;
wherein said wire (3) includes a ball (30) bonded to
25 said first bonding point (A), a neck portion (H) adjacent to
said ball (2) and a major portion (L,S) extending from said
neck portion (H) to said second bonding point (Z),
characterized in that:
said major portion (L,S) of said wire (3) has a crushed
30 part (3c) formed in proximity to said neck portion (H) by
crushing the part of said wire (3) together with a top portion
of said ball (30}.

11. The semiconductor device as defined in claim 10,



- capillary (4) to be raised into said control unit (32), 15 whereby the
novenment of said capillary (4) is automatically controlled. 10. A

sem conductor device conprising: a first bonding point (A); 20 a second
bondi ng point (B); and a wire (3) bonded to said first bonding point (A
and said second bonding point (B) to connect said first bonding point (A)
and sai d second bondi ng point (Z) theretilsreugh; wherein said wire (3)

i ncludes a ball (30) bonded to 25 said first bonding point (A), a neck
portion (H) adjacent to said ball (2) and a major portion (L,S) extending
fron1saidwheeeknp@aidome¢k0p¢rm$@md(Epcnmdlm@@ﬂimgfp@&ﬂtkiik (Bharagheri zed
in that ai d or_portj (L,S) of said wre 3 has a c¢crushed 30 part
(36 Tor nE@ed dhoys et o f s e et ot 1) oeted oot e of
said wire (3) together with a top portion of said ball (30). 11. The

sem conductor device as defined in claim10, - 18 wherein said neck

portion (H) includes B¢ isiqanduqtRr demice fas MRLMed Yardlamm skl d neck
postion (e mds£oub) &k QYeFt i dR- Jhelm&@@dyetpéaa@@%&@ é&dﬁgiéx@gﬂ in

claim1l, 5 wherein said neck portlon (H includes at | east one additional
doubl ed d%@%blﬁfhko‘(%zkl@é%?'@zlrkéashl Hikersaidi AkrgBakink (3a,).



