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< NVENTION This invention relates to a capillary and procedure fcpoglgo

wire to a bonding surface, particularly in conjunction with seni cond

devi ces. BRI EF DESCRI PTION OF THE PRIOR ART In the fabrication of

sem conductor devices, wiring between two bond pads on a chip or bet ween a
bond pad on the chip and an external bonding |ocation, such as a |ead
frame, is generally perforneghy fﬂ@ﬁ"@mﬁnﬁﬁé'mﬂ%& oBR -one bondi ng pad at
one end of a wire fed froma spool _and then making a stitch bond at the
other end of the wire. The wire is also severed fromthe spool from which
It has been fed at the stitch bond | ocation. Such bonding and wire severing
S generally perforned W th the aid of a capillary through which the wire
]Eo be bond f -' 2 e spool. The procedure is to forma ball
roma portion o tewr%\r/lyg extends out of the capillar

(o topa e ﬁ pillary, bond the

This invention relates to a capillary and procedure for
bonding wire to a bonding surface, particularly in conjunction

with semiconductor devices.

BRIEF DESCRIPTION OF THE PRYOR ART

In the fabrication of ‘semiconductor devices, wiring between
two bond pads on a chip or between a bond pad on the chip and an
exFern_a.l bonding location, such as a lead frame, is generally
performed by making a ball bond on one bonding pad at one end of a
wire fed from a épéol and then making a stitch bond at the other
end of the wire. . The wire is also severed from the spool from
which it has been fed at the stitch bond location. Such bonding
and wire severing is generally performed with the aid of a
capillary through which the wire to be bonded is passed from the
wire spool. The procedure is to form a ball from a portioﬁ of the
wire which exten_ds out of the capillary, bond the ball to a bond
pad and move the capillary to the second bond pad with the wire

being fed out through the capillary during travel of the capillary



pad and nove the capillary to-the second bond pad with the wre being fed
~out through the capillary during travel of the capillary 2 to the second
bond pad. The wire is then stitch bonded to the second pad, usually a | ead
finger, and prepared for severing fromthe spool, using the nose of the -
capillary to performthese tasks. In orger for the capillary to performthe
function of¢st {h&hsbesit Nebnd iadapi tiaryirgisis afiiny stitehCbongdednsb the
wire which rests on the bond pad. In order to performthis task w thout
fracture ofsédund apid,| asyally @ ¥eadsifipgadi tamh preperedpfet apgveniing from
have sufficient thickness to V\nthstand the forces a plled thereto at he
| ocation of therarecdppreind e (’]‘ﬁ‘FFn@ t%ﬁaﬁ- a’@brﬁ% RETEPERSRASE CPRIE - has

been acconplished in thef_gﬁrgl?e CC :ié_aggo% D9 SV & Qgﬁ%{:ﬂg} CaPidy; %@g

with central bor cﬂrdgﬁe r cr S5 Secton a t i ckness

from exterigindild,athe! apEliaR} Mte apphl 6l @Bkck Oagat®| deh Wifie which

rests on the bond pad. In order to perform this task without

fracture of the capillary, as a first condition, the capillary
wall must have sufficient thickness to withstand the forces
applied thereto at the location of force application during the
stitch bonding procedure. This has been accomplished in fhe _prior
art by providing a wire bonding capillary with central i)ore or
aperture, a circular' cross section and wall thickness from
exterior surface to central bore sufficienf to accomplish the
above described purpose and withstand the forces thereon.

With the continual decrease in the spacing dimensions between
wire bonding locations, particularly in the semiconductor art, the
problem of bonding wire to a wire bonding surface with a capillary
and then moving the capillary to a new location without
interference with adjacent wire bonding locations and wires bonded
at adjacent wire bonding locations has increased. As the
dimensions decrease, the possibility tha.t the cap:i_.llary will
‘interfere with or strike an adjacent bond pad or wire extending
"from an adjacent bond pad in its travel from one bonding location

to a second bonding location increases.



above descri bed purpose and withstand the forces thereon. Wth the
~continual decrease in the spacing dinensi'ons between wre bondi ng

| ocations, particularly in the seniconductor art, the problem of bonding
wire to a wire bonding surface with.a capillary and then noving the
capillary to a new location without intgrference with adjacent wre bonding
| ocations and Wy @iijBended 8échriidueCehbt Mbs Ghedip@tivefopédCed | axtonmodate

i ncreased. As “the di nensions decrease, the possibility that the -

capi | l ary vénd/dmtmiristizenitiisoproblenebas agiddeed Bocdrpdlary with the
extending froman adjacent bond pad in its travel fromope bon}ciitllgg | ,ocati on

to a seconddimmetiery ¢Hciheomesrr Peskion degraased.r FRi% RS ttat #has
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' A further prior art technique that has been developed to
accommodate and/or minimize this problem has utilized a wire
bonding capillary of circular cross section with a portion of the
capillary wall on a p;.i.r of opposing sides of the capillary
removed to provide an indentation thereat. Capillaries of this
type are provided by Texas Instruments Incorpérated 'unc.ler the
trademark = BowTI . This is accomplished by wusing a capillary
having a nose or stitch face somewhat in the shape of a figure "8"
with a hollow center to carry the wire as in the prior art and
with an enlarged but thiri_walled waist region. A capillary with
this shape is still capable qf performing the functions of forming
and bonding the ball from .-the wire passi_.ng therethrough at  one pad
and then stitch bonding the wire at a second pad, using the
‘thicker-walled portion of the *8"_-shaped capillary. The top and
bottom portions of the "8" must bé used to make the stitch bond
because they are thicker and better capéble of withstanding the
forces applied to the capillary during stitch bonding. With a
capillary having the above described shape, when bonds are to be
made coricurrently at adjacent bond location, the é.dj acent bonds

are made with the capillaries rotated by 90° relative to each



bond. Accordingly, this technique is undesirable. A further prior art
.techni que that has- been devel oped to accommodate and/or ninimze this
probl em has utilized a wire bonding capillary of circular cross section
with a portion of the capillary wall on a pair of opposing sides of the
capillary renoved to provide an indentadion thereat. Capillaries of this
type are pr%%ﬁ%ob)ﬁh-'éﬁxﬂﬁéSﬁédlfa&nbgr{:_ﬂ&ormroﬂieeéabﬁlﬂﬁr# hei s ddioRblst
BowTl [err]. is is acconplished by using a capillary having a nose or
stitch faceisqepsliatetinfidie tHeapaist porftigur of " @e widjacanhoramidlaant.-er Aso
carry the wire as in the prior art and with an enlarged but thin walle

wai st regi obs appeaenkl athe and sppging gea be %‘?W‘Fla@g-éfaﬂﬁﬁrﬁ?s‘f%r“f%ﬁtﬂﬁ

the functions of form, and _bqnding the ball.from.the w ' .
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using the thicker.-wal [ NeTaR € ¢hd’ sl gﬂq_p' i ' iand
bott om port-%%%%?\éfrgggaSBB%ug?&bgalfy&d tth% nc%%gpt € ?ﬁ%ﬂcﬁf%gnéﬂggggﬁgéan

they are thjGked @detlet HdRaADhe DicawiibhsGapihg owlitvh frdmeethapptirediso
the capillary during stitch bonding. Wth a capillary having the above
descri bed spageed wHerougindsheareagidlegy. The other end of the wire just

bonded is then stitch bonded at the next bonding location using

the thicker portions of the capillary to make the stitch bond.

However, often, <_1ue to the yet smaller dimensions now being
introduced and contemplated for the. future, the direct.:ion of
capillary travel from'one bonding location to -the next bonding
location can still be presented with an impediment from the
circular portions of the "8"-shape. Thisl impediment can again be
caused by the wires extending from an adjacent bond location in
that the "8"-shaped capillary may strike the adjacent wires when
travelling to the next bond location. It is necessé.ry tha_t the
capillary not come in contact with the adjacent bond just made or
being made or with the wire extending therefrom in order to avoid
damage to one of the bonds or wires in question. This is often a
problem due to the close proximity of adjacent bonds.

One way to minimize this problem is to further decrease the
dimensions of the stitch face of the capillary. However this
approach presents the problem of capillary breakage and poor

stitch bond strength when forming the stitch bond as discussed



made concurrently at adjacent bond location, the adjacent bonds are nade

MWMth the capillaries rotated by 90[err] relative to each 4 other so that -

the circular portion of one capillary fits into but is separated fromthe

wai st porti

on of the adjacent capillary. As is apparent,-the bond spacing

can be neterially decreased with the abgve described technique. After bal
bondi ng one {rithe ctdef e;?f%xendtag frem ke erpidforey aggaeatpi thall Ya

with wire t

ereln |s noved to the next bonding | ocation during which tine

the wire i sdppsaehtt Bohughond e thps|problem ifhwectdmarysnd of the wire just

bonded is t
portions of

hen stitch bonded at the next bonding | ocation using the thicker
the capillary to nake the stitch bond. However, often, due to

the yet smaller dinmensions now being introduced and contenplated for the

future, the direction of capillary trave

fromone bonding |location to the

next bonding |ocation can still be presented with an inpedinent fromthe

Y OF THE INVENTION

In accordance with the present invention, the above: noted
problem is' minimized without alteration of the dimension of one
ball portion or the waist of the prior art "8"-shaped capillary.

Briefly, the above is accomplished by providing a capillary
in the shape of half of the prior art figure "8" eml:.oodiment
discusse& hereinabove and also including the entire or most of the
waist section aﬁd omitting one of the circular sections. The
resulting capillary is a body having an exterior surface with a
bore therethrough and a wall disposed between and defined by the
bere and the exterior surface, the bore terminating at an end
portion of the body. ~The thickness of the wall along a cross
seetion normal to the bore is much greater along a minor sector of
the wall extending from the bore, the minor sector being on the
order of ninety degrees, this dimension not being critical. The

ball is initially formed with the stitch bond forming portion

being positioned during ball bonding in a position so that it

extends in the direction away from the location of the stitch bond
to be formed. Upon providing the ball bond, the capillary can

then be raised without coming into contact with the wires from the



ci reul ar portions of the "8"-shape. This inpedi nent can agai n be caused by .
.the wires extending froman adjacent bond |ocation in that the "8"-shaped
capillary may strike.the adjacent wires when travelling to the next bond

| ocation. It is necessary that the capillary not cone in contact with the
adj acent bond just made or ‘being nmade op with the wire extending therefrom
in order to, avold.da0RI&HQ gfai Rds OfF Whd RemeNagHEStid bethuSei S
often a pro%%ea% .Ee tot elc (E)Igre1 parloi}lgmty of adjacent bonds. Oie way to
mininmze thié gyr@ibanvEsthe dapgillarydetl Pasteer e dioransed cadjaferitha stirech
face of the capillary. However this approach presents the problem of

capi |l ary br adkage adbereforestarparepbndhaty ehft Hhghehalbr Pongiene off i £he
bond as di scussed 5 above with _the prior art. _It i..therefore apparent
that a di f feaidliazy dsi &eerwari efprbsi éi’ﬂ“-?‘é“r?é&:é’sfsa‘F%P.151@:@(6?%F??"Ej‘-‘e‘fgcE‘é*lo

| NVENTI CN the next bond 1location, the ball portion cannot present an

iﬁpediment to the direction of capillary travel.



I n accordance with the present invention, the above noted problemis
.mnimzed without alteration of the dlnen5|on of one ball portion or the
wai st of the prior art "8"-shaped capillary. Briefly, the above is-
acconpl i shed by providing a capillary in the shape of half of the prior art
figure "8 " enbodi ment di scussed herelngbove and also including the entire
or nost of the ma[st.se alg>lqu,p%: one of the circular sections.

The resul t iSRS Caprrrs Ty

O an exterior surface with a bore

t her et hr ough amhéuﬁﬁ' Iy dh.§pcb?e@r5§§\’\@€&t48ﬂaﬂefdlaﬁd ¢y Ehesboremndbbhe
exterior surface, the bore termnating at an end portion of the body The

thi cknes$s afagill@awgl in sdargdance ositls atiei pniowraxd; to the bore is nuch
greater along a mnor sector of the wall extending fromthe bore, the ninor
sector being onFﬂﬁﬁRﬁréerléfQMQﬁ9§§ G@ﬁﬁé@%altﬁ+§Wd?%eﬁs?8ﬁ°ﬂ%twbﬁ?nﬁ°n

critical. The hall is |n|t|% % %ﬁe the titch bond formng portion
bei ng posi t$addadYr AL IRIIH ﬁdVJnlg‘E pﬁﬁ%ﬂarron so that it extends in
the direction aygy U'sz 9! he L 'Ogﬁfrbﬁac@{ vd ReLal idechudonddia1hey f eEnedeure
Upon providing the ball bond he capillary can then be raised mnthout
comng intggontact with the wires fromthe
- FIGURE 3a is.a cross sectional view of a third wire bond
capillary in accordance with the prior art; _
FIGURE 3b is a schematic drawing of the capillary of FIGURE
3a making a bond next to a bond pad with an already bonded wire .
thereat;
FIGURE 3c is a perspective view of the capillary of FIGURE
3a;
FIGURE 4a is a schematic drawing of the capillary in
accordance with the presént invention making a bond next to a bond
pad with an already bonded wire thereat; and

FIGURE 4b is a perspective view of the capillary of FIGURE

d4a.



6 adj acent pads which generally travel in the sanme direction because no
.portion of- the capillary will then be |located adjacent a wire. It is
therefore apparent that if the ball portion of the capillary is rearward of
the direction of capillary noverment to the next bond |ocation, the bal
portion cannot present an inpedinent to the direction of capillary travel.
7 BRI EF DESCRI PTION OF THE DRAWNGS FIGERE 1 is a cross- sectional view of
first wire bond cap|IIary in accordance mnth the prior art; FIGURE 2a is a
Cross sect i pes D EME ENT| [ ary in accordance wth the
prior art;

Referring first to FIGURE 1, there is shown a standard prior
art bond capillary 1 forming a bail bond 3 with a closely_adjacent
bond 5 and bonded wire 7. As can be seen in FIGURE 1, the
capillary 1 strikes the -adjacent wire 7 when forming the ball
bond. o ..

Referring to FIGURES 2a and 2b, there is shown a prior art
proposed solution to the problem in FIGURE 1 wherein the nose 9 of
the capillary has a reduced outside diameter to accommodate the
reddced dimensions between bonds and wires. As stated above, a
capillary of this type breaks easily when subjected to the forces
required for stitc_:h bonding and is therefore not a viable solution
to the problem.

Referring now to FIGURES 3a to 3c, there is shown the prior
art BowTI™ capillary discussed above. As can be seen, a portion
of the nose has been removed at 11 and 13 so that the capillary
fits around an adjacent bond pad and wire at its waist as shown in
FIGURE 3b.

Referring now to FIGURES 4a and 4b, there is shown the
capillary in accordance with the present invention. The shape of
‘the capillary has been altered so that the nose portion 21 remains
as in FIGURE 3b and tab or waist portion 31 extends therefrom with
the caﬁillary bore 23 terminating in the tab portion. As can be

seen in FIGURES 4a and 4b, by removal of a portion of one of the



FIGURE 2b is a perspective view of the capillary of FIGURE 2a; FIGURE 3a is
.a cross sectional view of a third wire bond capillary in accordance with
the prior art; FIGURE 3b is a schenmatic drawing of the capillary of FIGURE
3a making a bond next to a bond pad with an al ready bonded wire thereat;
FIGURE 3c is a perspective view of the gapillary of FIGURE 3a; FI'GURE 4a is

a schemat i i A\WRY 1 8hs I 3R bha Ppridy aEeoraSICRY b FICUREEL I ko 3¢,
i nvention maki ng a bond next to a bond pad with an already bonded wire

t hereat; anthd| teifveth peraiqrersfpetheveapidhany tike mapléngery pfeder@REo4a.
8 DESCRI PTI ON OF THE PREFERRED ENMBODI MENT
: provide a potential impediment in the capillary travel path. It
should be understood that only the working end inc]_.uding the nose
port;ion of the capillary is shown in' FIGURES 4a and 4b and that
the remainder of the capillary can assume any cross sectional
shape and would preferably be circular.
In operation, the capillary is first moved to a location over
a bond pad on which a ball bond is to be forméd with the ball at
the end of the wire extendiﬁg out of the bore 23. The wire is fed
through the .bore 23 and the ball is formed and affixed to tlhe bond
"pad. The capillary 1 ‘is then lifted so that the ball portion 22
is located forward of the ball portion 21 in the directioﬁ of
capillary movement and leads the capillary during such capillary
movement when the capillary is beir_lg moved to the second bond
location. The wire is then stitch bonded at the second location
using the ball portion 21 to make the stitch bond. The ball
portion 21 has sufficient thickness to withstand the pressures

applied during stitch bonding without breakage while providing a

capillary nose portion of minimal dimensions.



Referring first to FIGURE 1, there is shown a standard prior art bond
.capillary ‘1 form ng a ball bond 3 with a closely adjacent bond 5 and bonded
wire 7. As can be seen in FIGURE 1, the capillary 1 strikes the adjacent
wire 7 when formng the ball bond. Referring to FIGURES 2a and 2b, 'there is
shown a prior art proposed solution to the problemin FIGURE 1 wherein the
nose 9 of the caiculylr thkadnveheiow eHasubeededdsantibet wiktlacrespmstateot he
reduced di nensi ons between bonds and wires. As stated above, a capillary of

this type bsmadificasprgfabred supikadiagnto thereef cedmamshuivaadatdenst | g
bonding and is, therefore naot ,.a viable sqQlution to th ropl em Referrin
now to FI Gme&aFGOB%,W’tlﬂerlé‘mle@%?é%%(eﬁgmﬁr?@a’%ﬁ“t% %8 P rﬁk‘r,JQﬁdI f"gr y
di scussed ove. . As ca tJ . th S #gﬂﬁ% at
11 and 13 ?’0 9 HEEt heftcar}ﬁbl h%r%%’@?lr%sagé ojﬂn g@rlw{éld?%%{é)n?l%g%p pa d21(E:‘(}Qv\j\'nﬁrge
at its wai Sfe ahthppared &t @FFadly aBepEsdiIe HaVE ew FoHUERRS phd canarébto

there is shown the capillary in accordance wth the present invention. The
shape of include all such variations and modification.



the capillary has been altered so that the nose portion 21 remains as.in
,FIGQURE 3b.and tab or waist portion 31 extends therefromwth the capillary
bore 23 termnating in the tab portion. As can be seen in FI GURES 4a and .
4b, by renoval of a portion of one of the 9 nose portions 22 fromthe
prior art capillary of FIGURES 3a to 3cyqthe renoved portion of the
capillary-kiéﬁﬂFlonger present to provi&e a potential inpedinent in the
capillary travel path. It should be understood that only the working end

i ncl udi ng the nase mocaphblafy t flercipndingy a swiimwhoi & FPAUREES 4gunfdcab
and that the remainder of the capillary can assune any cross sectional
shape and woaipdiginger ably be circular. In operatlon the capillary |s

first dt | bond_pad. on which a bal|
Formedm th the tahr B oty B A2 Ratefi & kel U Hord Whdrichiolifh,
tTEg ‘t’)"' re | S tREPHIR: DS P et thrdd Cadiiiledl Byf Cﬁd’!ﬂj ¥k addd xsélao

exterior surface, said bore terminating at an end portlon of said

body;

(b) said wall having at one end portion thereof first and
second opposing sectors spaced from each other by third and fourth

opposing sectors, one of said sectors having a thickness greater

than the rest of said sectors.

2. The capillary of claim 1 wherein said sector opposing said
one of said sectors has a thickness greater than the other of said

rest of said sectors.

3. The capillary of claim 1 wherein said body is symmetrical

on both sides of a plane containing said bore.

4. The capillary of claim 2 wherein said body is symmetrical

on both sides of a plane containing said bore.

5. The capillary of claim 1 wherein the exterior of said one

of said sectors is circular.

R Y



pad. The capillary 1 is then lifted so that the ball portion 22 is |ocated
.forward of. the ball portion 21 in the direction of capillary novenent and
| eads the capillary during such capillary novenent when the capillary is
bei ng noved to the second bond | ocation. The wire is then stitch bonded at
t he second | ocation using the ball portil@n 21 to nake the stitch bond.

The bal | portior ZJmEaéa St{id:s} o clhimkyagfered nWichE Sérpskidie oF &addr ofie
applied during stit bondi ng "wi t hout breakage while providing a capillary

nose porti opf Qfaikd Bedbbrsliierdirontar. 10 Though the invention has been
described with.respect to a specific preferred enbodinent thereof, many
variations and nodifications will .i medi ately becone apparent to those
skilled in the art

f ] h
be interpreted s H?‘Ga&??"%ﬁ“é’gf %Iltg"ﬁnﬁ C‘%’tg% Id‘(f)lnt Sa%’f{:%]?mar t q{]%%qncloﬁ%ie
all such vagi afl N geR08- 0o fdieab1 P,

8. The capillary of claim 4 wherein the exterior of said one

of said sectors is circular.

9. A capillary _for i)onding a wire to a bonding surface
comprising:

(a) a body having an exter:i.or surface, a bore therethrough
and a wall disposed between and defined by said bore and said
exterior surface, said bore surrounded by said wall up to and
terminating at an end portion of said body;.

(b) the thickness of said wall along a cross section of said
capillary normal to said bore being much greater along a minor
sector of said wall extending from said bore relative to. the

remainder of said wall.

10. The capillary of claim 9 wherein said body is symmetrical

.on both sides of a plane containing said bore.
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CLAIM5 1, A capillary for bonding a wwre to a bonding surface caonpri sing:
.(a) a body having an exterior surface, a bore therethrough and a wall

di sposed between and defined by said bore and said exterior surface, said
bore term nating at an end portion of said body; (b) said wall having at
one end portion thereof first and second30pposi ng sectors spaced from each
other by third aqd 19l 3pePPLSy NGE SETAOK S9 Wiikreiin died tideknesshali sgia
thickness greater than the rest of said sectors. 2. The capillary of claim
1 wherei n @il sdohgr aopposs rpctdiod noonat twnisgidebove sishareatex alongsa
greater than the other of said rest of said sectors. 3. The capillary of
clai m 1 whewigiar sectiopoely saidsyahbtis @ff sardpeRd RIrFdenPL aﬁi‘t‘gr’i’@dy-
cont ai ni ng said bore. . '

12. The capillary of claim 10 wherein the thickness of said
wall along a cross section normal to said bore is greater along a

minor sector of said wall is at said end portion of said body.

13. A method of bonding a wire between two bonding iocations
comprising the steps of:

(a) providing a capillary having a body having an éxterior .
surface, a bore therethrough and a wall disposed between and
defined by said bore and said exterior surface, said bore
terminating at an end pbrtion of said body, said wall having at
one end portion thereof first and second opposing sectors spaced
from each other by third and fourth opposing sectors, one of said
sectors having a th.ickness greater -than the rest of said sectors;.

(b} forming a first bond at a first bonding location with
said capillary; . .

(¢) moving said capillary to a second bonding location; and

(d) forming a stitch bond at said second location while the
.portion of said capillary of greater thickness is downstream of
the path of travel of said capillary while making said sti.tch '

bond.

A



4. The capillary of claim2 wherein said body is symetrical on both sides
;0f a plane containing said bore. 5. The capillary of claim1l wherein the
exterior of said one of said sectors is circular. 12 6. The capillary of
claim2 wherein the exterior of said one of sai.d sectors is circular. 7.
The capillary of claim3 wherein the extldrior of said one of said sectors
is circular. 8. {#he haPibtRéd ¢ dladinnid wheredim shlhid Eitst ilBmdfissal thadhe
of said sectors is circular. 9. A capillary for bonding a wire to a bondi ng
surface corpendi ng: (a) a body having an exterior surface, a bore

t her et hrough .and- a wal | di sposed between and defined by said bore and said
exterior surface, said bore surrounded by said wall up to and

‘) RO 0



termnating at an end portion of said body; (b) the thickness of said wall
;along a cross section of said capillary normal to said bore being nuch
greater along a mnor sector of said wall extending fromsaid bore relative
to the remai nder of said wall. 10. The c gillary of claim9 wherein said
body is symretrical on both sides of a p?ane cont ai ning said bore. 13

11. The capillary of clai m ginkepeirent BonbhnckreeaNabugai d wal | al ong a
cross section normal to said bore is greater along a mnor sector of said

wal | is at zssgaepdoporss erscfosewEl body. 12. The capillary of claim 10
wherein the thickness of said wall along a cross section nornal to said
bore is greater Bakepjliaxyy riar bopddngop wirel kefweepstwe kopdinghdoFsrirR® of

S Doy Hete copproges s "SAsinid:S ) CnRELIE L SR TG0 OBk LR0S:
surface, a bore (23) therethrough and a wall disposed between and
defined by the bore and thé exterior surface, the bore terminating
at an end portion (9) of said bodyf The wall has at one end
portion théreof first (21) and second opposing sectors spaced from
each other by third and fourth opposing sectors (31), the first
sector having a thickness greater than the rest of the sectors and
the second sector having a thickness intermediate the first sector
and the third and fourth sectors. A first bond, generally a ball
bond (3), is formed at a first bonding location with the
capillary. The capillary is moved to a second bondin§ location
and a stitch bond is formed a..t the second location while the

portion of the capillary of greater thickness is downstream of the

path of travel of the capillary while making the stitch bond.

Figure 4(a)



(a) providing a capillary having a body having an exterior surface, a bore
.therethrough and ‘a wall. di sposed between and defined by said -bore and said
exterior surface, said bore termnating at an end portion of said body,
said wall having at oné end portion ‘thereof first and second opposing
sectors spaced fromeach other by third and fourth opposing sectors, one
-of said sectors having a thickness greater than the rest of said sectors;
(b) forming a first bond at a first bOnQ%GQ_Iocation_wﬁth said capillary;
(c) nmoving said capillary to a second bondi ng | ocation; and (d) formng . a
stitch bond at said seconddgcation while the portion of said capillary of
greater ‘'t hi ckmegss r Yarh \§f travel of said capillary
whi | e nmaki ng sa ~The met hod of claim 13 wherein
sai d first bond ~
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. FIG. 2a
1 (PRIOR ART)
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FIG. 2b
(PRIOR ART)



bond.
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FIG. 3a

- FIG. 3c




