W RE "BONDI NG CAPPI LLARY Technical field 5 The present

I nvention relates to a capillary for bondi ng wires between a

seém conductor chip and a | eadf rane, and the like. Particularly, it
relates to an inproved wire bonding capillary, which is capable

of decreasing wire slide resistance ( extraction 10 resistance ) and
suitably applied for a long and | ow | oop Wi re bondi ng process.
Background Art 15 AW reIrendBogpryG I¢HPPILLARY ube nmade of

ceram cs, which is nmounted to a tip of a wire-feeding portion of

a wre bonding apparatus. In general, each w re bonding capillary has
a through bore for feeding a bonding wire, a funnal - shaped bore for
guiding the wire to the through 20 bore, and a chanfer forned at an exit
of the through bore. Here, the through bore is forned at the small est

Technical field
5 The present invention relates to a capillary for
bonding wires between a semiconductor c¢chip and a
leadframe, and the like. Particularly, it relates to
an improved wire bonding capillary, which is capable
of decreasing wire slide resistance {( extraction
10 resistance ) and suitably applied for a long and low

loop wire bonding process.

Background Art

15 Awire bonding capillary is a tube made of ceramics, '
which is mounted to a tip of a wire-feedilng portion of
a wire bonding apparatus. In general, each wire bonding
capillary has a through bore for feeding a bonding wire,
a funnel-shaped bore for guiding the wire to the through

20 bore, and a chamfer formed at an exit of the through
bore. Here, the through bore is formed at the smallest
diametered portion in each wilre passage of a capillary.
The chamfer is generally formed to taper having an

opening angle of between 45° and 60° ( shown 6§ 1,02

25 in Fig.l). Further, the corner between the chamfer and



di ametered portion in each wire passage of a capillary. The chanfer is
generally fornmed to taper havi hg an openi ng angl e of between 45[err]
and 60[err] ( shown 01,02 25 in Fig.1l). Further, the corner between the
chanf er and 1 t he t hrough
bore may be grounded to be round. An enbodi nent of Japanese
Unexam ned Pat ent Publ i cation No.Shou 59(1984)-191338 discloses the
fol I owi ng wir &dnEhagugipi bpaey maviebeawrounged o hecaraiimg.to the
enbodi ment, has a through bore whose di aneter ( corresponding to dl in
Fig.1l) is 43 p mad® embodigtemtepfWicsmanpee inarghds|(ed oPa¢ondi ng
to[err] 1, [err]2 in Fig.1) are 45[err] and 15[err] I n
Japanese ExaniPhsell Ucaltiiton MidelSHubl 5o4tliosu ) 1093 i dlci8P93e 4234 t he
foll owing wire bonding capillary it disclosed as a preferabl e one;

the through bael Dovimierwi{reobos®ong RapL1dhry. ThE Bapidihgythe vire
di aneter plus 8-12 a m

5 according to the embodiment, has a through bore whose
diameter( ¢orresponding to dl in Fig.1) is 43 um and
a chamfer whose opening angles( corresponding tof 1,
2 in Fig.1) are 45° and 15° .
In Japanese Examined Utility Model Publication
10 No.Hel 1(1989)-42349,the following wire bonding
capillary 1% disclosed as a preferable one;
the through bore diameter ( corresponding to d1l
in Fig.1l) 1is the wire diameter plus 8-12 um;
each of the opening angles of the chamfers
15 ( corresponding to 61, 62 in Fig.1l) is 40-50° and
10-20° ,respectively; and
the chatifer length ( corresponding to hl in Fig.1)
is the wire diameter X 0.7-1.5.
However, none of the two prior arts discloses the
20 through boré& length and a technology trend for long and
low loop wirse bonding processes, as described below,
and its ass®ciated problems.
Recentl¥, in VLSI (Very Large Scale Integration)
and the 1ik®, miniaturization of chips and

25 multiplicati%n of pins for high integration purposes



each' of the opening angles of the chanfers 15 ( corresponding to 01, 02
in Fig.1l) is 40-500 and . 10-20 ,resiectively; and the chal ffer
I'ength (‘corresponding to hi in Fig.1) is the wire dianeter X 0.7-1.5.
However'. none of the two prior arts discloses the 20 through bore length
and a technol ogy trend for |ong and | ow | oop wir.e bonding processes,
as descri bed bel ow, and its associ ated probl ens. Recently, in
VLSl (Very Lahgweshsen|advgnaédfurtherandgo kdhadt kenpesdifaxriongi andof
chips and 25 nmultiplication of pins for high integration purposes

2 lohavkobperwiade aboadl fngt peo ceswsebatb ecomwed fkwehong and
1ow | oop wire bonding processes beconmes keen. When a conventi ona
wi re bonding tool Whetsed doiventictdlywhgeobloraiinggtend iavdioed fbte
bondi ng- process, S it is necessary to feed, fromthe through bore, the
wire Wit lkariy 69 b&gtah lloigeind hedwustelp wAGsimghiig bidcess,

5 1t is necessary to feed, from the through bore, the wire
with a twice length longer than usual. Accordingly, the
wire tends to twine and thus to yield a dispersion of
the loop height due to sagging and excessive tautening.
The sagging of the loop causes the wires to contact each

10 other to lead to a short circuit failure. And also, the
excessive tautening of the l1oop applies excess stress
to a neck portion of a bonded ball to lead to a
disconnection failure. Both failures are fatal defect
on the wire bonding process and have to be completely
15 dismissed.
In view of the above problems, the object of the
present invention 1is to provide &a wire bonding
capillary, which is suitable for a long and low loop

wire bonding process and i1s able to lower wire slide

20 regsistance.

Qisglgaung_gﬁ_:ha_inzﬁntign
In order to solve the above-mentioned problems,

25 a wire bonding capillary according to the present



wire'tends to twine and thus to yield a dispersion of t he |1 oop hei ght
due to saggi ng and excessive tautening. The saggi ng of the | oop causes
the wires to contact each 10 other to lead to a short circuit failure.
And al so, the excessive tautening of the | oop applies excess stress

to a neck portion of a bonded ball to lead to a° di sconnection failure.
Both failures are fatal defect on the wire bonding process and have to
be conpl et el y inkfentimrshad a through bons €wrf elddi mpa doprdbhgneirehe

obj ect of the present invention is to provide a wire bonding
capillary, whiachunhelisakiped &ore Ifong gandii ny theprire toitiee ndoagh
process and is able to lower wire slide 20 resistance. Di scl osure

of the inventimyre, and al&hamhdr tPosRlk\® dt1canbewa-teiti eRed tHOHLGHES,
25 a wire bonding capillary according to the present
3 bore, wherein the through bore is formed at the smallest
5 diametered portion in each wire passage of a capillary
and the bore has a length less than 1.5 times the through
bore diameter.

As a result of experiment as mentioned below, it
is fundamentally proven that the smaller the slide

10 resistance of a wire, the shorter the length of the
through bore. The through bore diameter, for the
requirement of the positioning accuracy of the wire,
is determined by adding some minute clearance to the
through bore diameter, and the wire has to bhe drawn

15 through a narrow place so that the slide resistance is
high. Accordingly, 1t is desirable that the slide
resistance will be lowered by making the through bore
length as short as possible. From this view point, the
through bore length is preferably less than 0.5 times

20 the through bore diameter.

In the wire bonding capillary according to the
present invention, it is preferable that a chamfer is
so formed to widen an opening angle thereof toward an
exit of the through bore. When a long and low loop wire

25 1is arranged, an angle between the axis of the capillary



i nventian has a through bore for feeding a bonding wre, a

funnel - shaped hore for guiding the wire to the through bore, and a
chanfer formed at an exit of the through bore, wherein the through
bore is formed at the small est 5 dianetered portion in each wire passage
of a capillary and the bore has a length less than 1. 5 tines the

t hr ough bore dianeter. As a result of experinent as nentioned
bel ow, it anids tthemdeheet dlendpricyare t hatl gigleer smaltleatt hheshiidee WD11
resistance of a wire, the shorter the length of the t hrough bore. The
bchrough bore dhamp ey, beart tare the ti®qwif ereatcapitlliappstdi pwidguascar acy
“of the wire, I s determ ned by adding sonme m nute clearance to the

through bore disargpé efe syt dheeVidga as tt dPELdhagvbut Sthiehnolgd aeias r ow
pl ace so that the slide resistance is hi gh. Accordingly, it is

desirable that theppldtierore, AEStREALH d‘f'ﬂhé’%dﬁ‘ﬂﬁ%ﬂy tHRK chaiHer
t hr ough bore [ength as short as poSsible. Fromthis View point, the

through boge 'i%thoriilﬁné?pE@fv?:f&‘Qh fagsépklﬁ yéaccor g8fpetlod *?;%vhé'f&”ﬂﬂebore

di aneter. he"wre I'ng cap| |ng tot
exit of the through bore, whereby the wire can be

smoothly introduced while being bent. Conseguently,

the resistance will be reduced.

10
Brief Description of the Drawings
Fig.l shows a sectilonal view of a wire bonding.
capillary tip according to one embodiment of the
present invention.
15 Fig.2 shows a schematic view of an experiment for

measurement of the extraction resistance of a wire,
with the extraction angle of the wire being changed,
in various wire bonding capillaries.
Fig.3 shows a graph of a result of an experiment
20 for measurement of the extraction resistance of the
wire, with the bore length ratio to the through bore
of the capillary and the extraction angle of the wire
being changed. The abscissa shows the extraction angle
and the ordinate shows the extraction resistance.

25 Fig.4 shows a graph of a result of an experiment



present .invention, it is preferable that a chanfer is so fornmed to

w den an opening angle thereof toward an exit of the through bore.
Wen a long and low loop wire 25 1is arranged, an angle between the axis
of the capillary 4 and the
wire tends to get bigger so that the wire wll sharply bent at the tip
of the capillary to produce a | ar ge resi stance agai nst pulling out the
wire here. for meabeaniment af ttret extfachdomapiesdsrande offariflee 5
is formed to widen the opening angle thereof toward the exit of the

t hr ough bor e, wiley eyl the shapeaff the chamSruoahidyanns x bracddl ehidregbei ng
‘bent. Consequently, the resistance will be reduced. 10 Bri ef

Descri ption obff hehér adivwWsSbeing chahbedl shnes absserssanaihowewttie a W re
bondi ng. capillary tip according to one enbodi nrent of the
extraction angle and the ordinate shows the extraction
5 resistance.
The reference numerals in the drawings are
described as follows:
1l a wire bonding capillary
3 a funnel-shaped bore
10 5 a wire through bore
7 a first chamfer
9 a second chamfer
11 a tapered portion

15 outer surface

15 17 a wire

20 Referring to the attached drawings, the detailed
embodiments of the present invention will be set forth.
Fig.l shows a sectional view of a wire bonding
capillary tip according to one embodiment of the

present invention.

25 A capillary 1 is a tube made of a ceramic sintered



present invention. 15 Fig.2 shows a schematic view of an experi nment
for - nmeasurenment of the extraction resistance of a wire, with the
extraction angle of the wi re being changed, in various wre bonding
capillaries. Fig.3 shows a graph of a result of an experinent 20
for neasurenent of the extraction resistance of the wire, with the
bore length ratio to the through bore of the capillary and the
extraction an®adbt Aheovtes surfare righ cfartded caphtl 2bsy dshashewsonlie
extraction angle and the ordinate shows the extraction resistance. 25
Fi g. 4 shows asgmbacel, Zapsswed hlaneaxpeowamditthe tip( toward a lower
5 for measurenent of the extraction resistance of the

wire, with a stbpectafidheinh@feerl pnd an extracti on angle of the wire
bei ng changed. The absci ssa shows the extraction angle and the

ordi nate shows the 181 rehiNars nesiad @ ¢Funnel-shapddbebesengeyire
nunerals in the drawi ngs are
5 through bore 5 and a tapered portion 11, from the top
to the bottom of Fig.l1l, respectively at the inside
thereof.

The funnel-shaped bore 3 is a bore that leads a
wire 17 to the through bore 5. The through bore 5 is

10 a straight and narrow bore as to locate the wire 17 to
a certain position.

A chamfer 7 1s a portion at which the wire, fed
from the capillary 1 to a slantly downward direction,
bends. In the capillary 1 of this embodiment, the

15 tapered portion 11 is so formed to be tapered in two
steps and has the first chamfer 7 at the through bore
side and a second chamfer 9 at the exit side. Of the
opening angles of both chamfers( the angle between the
axls of the capillary and each of the chamfers, 81,

20 2 in Fig.1l) , the angle at the exit side is larger.
The numerical value of the angle is described later.

By this structure, it is accomplished that stress
at the wire bent portion can be reduced, whereby the
wire can be fed smoothly.

25



described as foll ows: 1 a wire bonding capillary 3 a
funnel - shaped bore 10 5 a wire through bore 7 a first chanfer
9" a second chanfer 11 a tapered portion 15 outer surface

17 a wire

The preferred enbodi nent for carrying out the

i nvention 20 Referring to the attached draw ngs, the detailed
enbodi nents of the present invention will be set forth. Fig.1
shows a sectional WYexE ofthevpkpessimengal exaguplébathatti peaoe aratingetio
one enbodi nent of the present invention. 25 Acapillary I is

tube made of ®#Werini exdereted optimize the angle and size of Gach

1o

15

20

25

portion will be explained.

Fi1g.2 shows a schematic view of an experiment for
measurement of the extraction resistance of a wire, the
extraction angle of the wire being changed, in various
wire bonding capillaries.

The capillary 1 1s set with its tip upward, and
the wire 17 is inserted in the capillary. The wire 17
with 30 um diameter i1s used.

At the bottom end of the wire 17, a 0.6 g weight
31 is suspended. The wire 17 is slantly fed from the
tip of the capillary and coupled to a tension gauge 33
located at the tip end of the wire 17. In this state,
an extraction resistance force is measured while the
wire 17 1s extracted at a constant speed( 0.3mm/sec).
Here, the experiment is carried out while the angle (
the extraction angle « ) between the axis of the
capillary and the extracting direction of the wire 17
is changed to 30° , 60° , 75° and 90° .

Fig.3 shows a graph of a result of an experiment
for measurement of the extractién resistance of a wire,
with a value, (the bore length ratio to the through bore
of the capillary), obtained by dividing the through

bore length by the through bore diameter and an

15

a



body. An.outer surface 15 of the capillary 1 has a conic surface,

tapered thinner. toward the tip( toward a | ower ~direction in Fig.1).
The capillary 1 has a funnel -shaped bore 3, a wire S through bore 5 and a
tapered portion 11, fromthe top to the bottomof Fig.1l, respectively
at the inside t her eof . The funnel -shaped bore 3 is a bore
that | eads a wire 17 to the through bore 5. The through bore 5 is 10
a straight anéxtarsdcowilar canglieo dbcthe whierdi beihl téhanged,. CEhkain

posi ti on. A chanfer 7 is a portion at which the wire, fed

fromthe capi bibayyidsho shebanthy dovtwaced idd e£hy28, and tReNdsdinathe
capillary 1 of this enbodinent, the 15 tapered portion 11 is so forned to

be tapered i nghiws theSéﬁﬂﬁam&ﬁlsrégﬁsft'é&éeChﬁHEeBoZeaietnbetﬁ hr2pgB

bore side and a second chanfer 9 at the exit side. l()Fenl ng
angl es of bot h_ﬂ{rg S(. b h |s of the capillary
and each of tﬁescc rr?falrsiII héﬁi”i % g&@ﬁ‘ﬁii Je'n e angle at the exit

5 e S S0, Tre ERBRERA PR Y e vty e
has the opening angle 8 1 of 45° , and the corner between
the chamfer and the through bore is grounded.

Understood from Fig.3, the extraction resistance
suddénly rises when the. extraction angle exceeds 60° .
10 Fig.3 clearly shows that the operation of long and low
loop wire bonding causes the extraction angle to become
large and then resistance of the capillary increases,
so that the smoothness of feeding of the capillary is
liable to be lost. As for the bore length ratio to the
15 through bore, the extraction resistance will be lower
when the ratio is lower. That is, because the extraction
resistance at a narrow through bore is large, when the
length of the through bore is shortened, the extraction
resistance decreases. According to this Figure, the
20 Dbore length ratio to the through bore is preferably not
bigger than 1.5 at which the extraction angle is 75°
and the extractlon resistance is less than 4.0g. The
ratio is more preferably not bigger than 1.0 at which.
the extraction angle is 75° and the extraction

25 1resistance is less than 3. 6g. Further, the ratio is more



at the wire bent portion can be reduced, whereby the wire can be fed
snoot hly. 25 . 7 Next ,
the experinental exanples that were carried out in order to optim ze

t he angl e and size of each portion wll be expl ai ned. Fig.2
shows a schematic view of an experinent for 5 neasurenent of the
extraction resistance of a wre, the extraction angle of the wre

bei ng changedprefearabtiuy né6t biggerhabdim® chpt Iwhiieh the extracihen
capillary 1 is set withits tip upward, and the wire 17 is inserted in

the capillary.andee 56787 adl twel 8x3@actidhapBLestsndeels 1ess than
the bottomend of the wire 17, a 0.6 g wei ght 31 i s suspended. The

wire 17 is sl anioy.f etd nswsbelimit tdP Ohet Bereanidhgtn anctt roupbednlo a
tensi on gauge 33 | ocated at the tip end of the wire 17. In this state,
through bore is preferably not smaller than 0.2 in view

5 for preventing the eccentricity of a bonded ball.

Fig.4 is a graph showing a result of the extraction
resistance measurement of a wire, while the shape of
the chamfer and the extraction angle of the wire are

10 changed. The abscissa shows the extraction angle and
the ordinate shows the extraction resistance. The
shapes of the chamfer are shown in various symbols in
Fig.4.

The capillary of the embodiment has two tapered

15 portions( 15° and 45° ) and the bore length ratio is0.7.
The capillary of the comparative example 1 has one

tapered portion(45° ) and the bore length ratio is 3.0.

The capillary of the comparative example 2 has one
tapered portion(45° ) and the bore length ratio is 2.0.
20 Ags shown Filg.4, in the embodiment, the extraction
resistance is substantially low in comparison with the
comparative examples 1 and 2. And, even when the
extraction angle becomes 75° or 90° , the extraction
resistance dose not greatly increase. On the other hand,

25 1in the comparative examples, the extraction resistance

lo



15 an extraction resistance force is neasured while the wire 17 is
extracted at -a constant speed(’ 0. 3mmi sec). ~ Here, the experinent is
carried out while the angle ( the extraction angle a ) between the

axis of the

I's changed to 30[err]

capillary and the extracting direction of the wire 17 20
, 60 , 75 and 90[err] . Fig.3 shows a graph

of a result of an experinent for measurement of the extraction
resi stance of &&Swepé& only hiitigen asl aewh(dle bote alemt bheateixt taction

t hrough bore

of the capillary), obtained by dividing the through 25

bore | ength byresdstlamoeghgbenad Iy abrtere pelsaas the extraction angle

8 extraction angle of the wire being changed. The
absci ssa showsitbeeateact Bpntang e fndi & henaedis ¥ 6d thatSRUWS tdBered
extraction resistance. The bore length ratio ~i's shown in various
synbols in Figpértion, fromMhéhtBantae 9 rlda L¥Rid | Ay ddrhBlStB8XREHENt
has the opening angle 0 1 of 45[err] , and the corner between

5 toward the exit so that the extraction resistance can

10

15

20

25

decrease.
The following results are obtained from the

experiments conducted.

81 is 40-60° , preferably about 45°

LY

§2 1s 10-25° , preferably about 15°

LYY

the through bore diameter d4l1 is the wire diameter
d plus (6-15) um, preferably plus 12um;

the through bore length h2 is the through bore
diameter dl1 X (0.2-1.5), preferably X 0.7.

When the edges of the lower chamfer 9, the upper
chamfer 7 and the boundary part of the through bore are
slightly rounded, the best result will be obtained.

Next, materials and manufacturing methods,
according to this embodiment, of the wire bonding
capillary will be explained.

Materialexamplesareaiuminabasedceramics,ruby
and silicon nitride based ceramics.

Forming methods include a press molding, an
isostatic molding and an injection molding method.

Polishing is an example of a through bore machining

11



the chanfer and the through bore is grounded. Under st ood from
Fig.3, the extraction resistance suddenly rises when the extraction
angl e exceeds 60[err] . 10 Fig.3 clearly shows that the operation of |ong
and | ow | oop wire bonding causes the extraction angle to becone

| arge and then resistance of the capillary increases, so that the
snoot hness of feeding of the capillary is liable to be lost. As for
the bore | engtetherido to the 15 through bore, the extraction resistance
will be | ower when the ratio is lower. That is, because the extraction

resistance at a namaperbﬂomﬁrbmba|maéhi@1ngmméthWﬂs incheigd h of the
t hrough bore is shortened, the extraction resi stance decreases.

According to tdwsnBdguy eanah@ojzpshmﬁrge, length ratio to the through bore is
pr ef erably not bi gger than 1.5 at which the extraction angle is 750

and the extraction wiest StBBCiir%e | 868 alihay é‘a?ﬂll accor@did ?'ﬁo”%%
preferably not bigger than 1.0 at which he extraction angle

rslerr] ang ! fior&xbhdcbn®dafmentoeb $Pitych! 13Fa' S8l uREr HHE Ghrd N°

ratio is nore
is fed to a slantly downward direction, the caplllary

acts as a guide so that the feeding of the wire can be

smoothly carried out and wire bonding failures

assocliated with a dispersion of the loop height can be
10 diminished.

The present invention, as described above,
provides a wire bonding capillary which is able to
decrease wire extraction resistance and suitable for
a long and low loop wire bonding process. Thus, the

15 wire bonding capillary according to the present
invention can be adapted for further high integration
of the VLSI.

Various modifications and alteration can be made
within the scope of the appended claims. Features of

20 one embodiment can be combined with other embodiments,
consistent with proper operation. While the principles
of the invention have been described above in
connection with specific apparatus, it is to be clearly
understood that this description is made only by way

25 of example and not as a limitation on the scope of the

12



preferably not bigger than 0.5 at which the extraction angle is
75[err] and the extraction resistance is |ess than 3.Qg. The | ower
limt of the bore length ratio to the t hrough bore is preferably not
smaller than 0. 2 in view 5 for preventing the eccentricity of a bonded
bal | . Fig.4 is a graph showing a result of the extraction

resi stance neasurenent of a wire, while the shape of the chanfer and
the extractiofiR¥igh&isinthe wire are 10 changed. The absci ssa shows the
extraction angle and the ordinate shows the extraction resistance. The
shapes of the chanfer are shown in various synbols in Fig.4.

The capillary of the enbodi nent has two tapered 15 portlons( 15[err] and
45[er] )and the borBTEMOUITTATTG T35 0. 10 = rheraptttary=of the
conparati ve exanple 1 has one tapered portion(45[err] ) and the bore
length ratio is 3.0. The capillary of the conparative exanple 2 has
one tapered portion(45[err] ) and the bore length ratiois 2.0. 20
As shown Fig.4, in the enbodi ment, the extraction resi stance is
substantially lowin conmparison with the conparati ve exanples 1 and 2.
And, .even when the

13



extraction angle becones 75[err] or 90[err] , the extraction
resi stance dose not greatly increase. On the other hand, 25 in the
" conparative exanples, the extraction resistance _
10 is not only large as a whole but also the extraction
resi stance greatly increases as the extraction angle I ncreases. By
this, it is understood that the tapered portion, fromwhich the wire
is fed, is fornreWea chrd®+ 5 toward the exit so that the extraction
resi stance can " decrease. The followi ng results are obtained
fromthe experinments conduct ed. [er]1l is 40-60 , preferably
about 45[err] ; 10 [err]2 is 10-25 , preferably about 15[err] ;
t he through bore 1di aewdnedl bosdilmeg weae idi hartyer comprd ing:(6-15) [err],
“ preferably plus 12[err]; the through bore length h2 is the
t hr ough bore alitnebeghl b&reld.Pot. Feedinbecaalbyndithg. wire,
5 a funnel- shaped bore for guiding the wire to the
through bore, and
a chamfer formed at an exit of the through bore,
wherein the through bore is a part which is formed
to the smallest diametered portion in each wire passage
10 of the capillary and the bore has a length less than

1.5 times the through bore diameter.

2. The wire bonding capillary according to claim
1, wherein the through bore length is less than 1.0 times

15 the through bore diameter.

3. The wire bonding capillary according to ciaim
1 or 2, wherein the through bore length is more than

0.2 times the through bore diameter.

20
4. The wire bonding capillary according to claim
1, wherein the chamfer is so formed to widen an opening
angle thereof toward an exit of the through bore.
25 5. The wire bonding capillary according to claim

_—

T

IE



15 When the edges of the |lower chanfer 9, the upper chanfer 7 and
t he boundary part of the through bore are slightly rounded, the best
result will be obtained. Next, materials and manufacturing

met hods, according to this enbodinent, of the wire bonding 20
capillary will be expl ai ned. Mat eri al exanpl es are al um na based
ceram cs, ruby and silicon nitride based ceram cs. For m ng
met hods i ncl udler avpregsinoltdiengchanfer 1issdsiparedniinditigoastepeinj ection
nol di ng met hod. 25 Polishing is an exanple of a through bore

machi ni ng met hod. Tapered portion machi ni ng net hods
I ncl ude grindi ng and poli shing. What the wire bonding
capillary accordi ng t oThbewire fsesdinerbofiIBRry SsaeoBrevaty t6 216aSe
where the wire is fed to a slantly downward direction, the capillary
acts as a gui de, sehldwdihhe feeding of the wire can be snoot hl y
carried out and wire bonding failures associ ated with a dispersion of

the loop height car®g chamfer is tapered in two steps;
the opening angle of the chamfer at the through

bore side is about between 10 and 25° ;and

the opening angle of the chamfer at the exit side

is about between 40 and 60° .

10
7. The wire bonding capillary according to claim
1, wherein:
the through bore length is more than 0.2-1.5 times
the through bore diameter;
15 the chamfer is tapered in two steps;
the opening angle of the chamfer at the through
bore side is about between 10 and 25° ; and
the opening angle of the chamfer at the ocoutlet side
is about between 40 and 60° .
20

8. The wire bonding capillary according to claim

1, wherein:
the through bore diameter is the wire diameter plus

6-15 ﬂmc

I

15




10 di m ni shed. The present invention, as described above,

provi des a wire bondlng capillary which is able to decrease wre
extraction resistance and suitable for a long and low |l oop wire
bondi ng process. Thus, the 15 wre bonding capillary according to the

pr esent invention can be adapted for further high integration of
t he VLSI. Various nodifications and alteratlon can be made

wi thin the scope of the appeAbedtirdatnef Haad d@e one enbodi nent
can be conbi ned with other enbodi nents, conS|stent Wi th proper
operation. Wiile the principles of the invention have been descri bed
above in connection with specific apparatus, it is to be clearly

under stood that this geser it¥h@inigs d'@ﬁ'fl@:'&'ﬁﬁr@y)v"aié:hi?éh 9k @Al ¢o0and
not as a limtation on the scope of 12

i nvention. decrease wire extraction resistance and suitable for

5 a long and low loop wire bonding process, comprises a
through bore(5) for feeding a bonding wire, a funnel-
shaped bore(3) for guiding the wire to the through bore,
and a tapered portion(ll) formed at an exit of the
through bore. The through bore length is between 0.2

10 and 1.5 times the through bore diameter. The tapered

portion 1is tapered in two steps.

16
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13 - . . W claim 1. Awre bonding capillary,
conprising: = a through bore for feeding a bonding wire, 5 a
funnel - shaped bore for guiding the wire to the t hrough bore, and

a chanfef fornmed at an exit of the through bore, wherein the

t hrough pore is a part which is forned to the small est dianetered
portion in each wire passage 10 of tggpiapillary and the bore has a length
| ess than 1.5 times the through di aneter. 2. The wire
bondi ng capillary according to claim 1, wherein the through bore

length is less than 1. 0 tinmes 15 the through bore dianeter. 3.
The wire bonding capillary according to claim

FIG.2
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1 or-2, wherein the through bore length is nore than 0.2 tines the

t hr ough bore: di-anmeter. 20 ‘ 4. The wire bonding capillary according
to clain 1, wherein the chanfer is so formed to wi den an openi ng

angl e théreof toward an exit of the through bore. 25 5. The wire
bondi ng ¢apillary according to claim 1, wherein the chanfer is
tapered in two steps. 6. ggzﬂmﬁre bondi ng capillary according
to claim 1, wherein: 5 th anfer is tapered in two steps:

t he opening angle of the chanfer at the through bore side is about

bet ween 10 and 25[err] ;and t he openi ng angl e of the chanfer at

the exit side I s about between 40 and 60[err] 10 7. The
wi re bonding capillary according to claim _

FIG.3
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the through bore length is nore than 0.2-1.5 tines

1, whergin;

the-throughcb0¥e di aneter; 15 the chanfer is tapefed in two steps;

t he opening angle of the chanfer at the through bore side is about

bet ween 10 and 25[err] ; and t he openi ng angl e of the chanfer at

t he ourr%r si de I s about between 40 and 60[err] 20 8. The

w re bonding capillary according to claim 1, wherein: t he
~through bore dianeter is the wire dia b pl us 6-15 [err]

FIG.4
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