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| MPROVED GARI'M'ARY DESI GNS AND PROCESS FOR FI NE Pl TCH BALL BONDI NG
BACKGROUND OF THE | NVENTI ON FI ELD OF THE I N VENTION Thi s invention rel ates
‘to capillaries and the design thereof for use in.conjunction with wire
bondi ng to the bond pads of sem conductor devices and a nethod of formng

t he bond. BRI EF DESCRI PTION OF THE PRIOR ART Ball bonding is a w dely used
techni que in sem conductor fabrication to connect the internal

sem conductor die to the external |eadsl +n this procedure, a fine gold
wire, usually about 25[err]m (0.0010 inch) to about 30[err]m (0.0013 inch)
is fed down through a cer a¥PBO¥ERI CABINLARIE MESACGNS NI na, having an entry
aperture at the top and PRACESSt FaReF T cPHICH RAIJp BADIAGend of a bore

therein. A ball is formed external to the exit aperture by an electronic
flame off (EFO mechanismthat nelts a small portion of the wire remaining
after the previous bond. Essentially, the ball is forned at the end of the

W re by amaekefboid oF gRargeeRPoo. At this tine, the capillary is
relatively far fromt_ﬁe;- ballT (mIlimeters distant). The wire is restrained

fromnovi EZEDD @Fi THE (INNBNTIOKI | the ball is centered in the chanfer

di ameter of the capjllary and _ ‘ _
This invention relates to capillaries and the design thereof

for use in conjunction with wire bonding to the bond pads of

semiconductor devices and a method of forming the bond.

BRIEF DESCRIPTION OF THE PRIOR ART

Ball bonding is a widely used technique in semiconductor
fabrication to connect the internal semiconductor ~die to the
external leads. In this procedure, a fine gold wire, usually about
25um (0.0010 inch) to about 30um (0.0013 inch) is fed down through
a ceramic capillary, génerally alumina, having an entry aperture at
the top and an exit aperture at the opposite end of a bore therein.‘
A ball -is formed external to the exit aperture by an electronic
flame off (EFO) mechanism that melts a small portion of the wire
remaining after the prev;i._oué bond. Essentially, the ball is formed
at the end of the wire by an electric discharge spark. At this
time, the capillary is relatively far from the ball (millimeters
distant). The wire is restrained from moving by a tensioner until
the ball is centered in the chamfer diameter of the capillary and

is forced downward by the continued motion of the capillary toward



Is forced downward by the continued notion of the capillary toward - 2-
t he bond pad on the.die. The ball is placed on a bond pad of the

sem conduct or devi ce being assenbled and the capillary end then forces the
pal | against the pad to provi.de the bond in conjunction with thernosonic
energy. The above -described bal |l bonding,step presents a nmajor obstacle to
gold wire ball bonding in integrated cir%U|ts with the bond pads cl oser

t han approxﬁwat@hﬁ meo @mrtﬂ&ndﬂ& Oogﬁeihah) tseptacedendiaatendr padfof titee
capillary. pitch _of sem conduct oy device

decr eases, Sﬁ‘f@rFindé'cF%sd?Bb?ﬁf‘B 1‘?9‘1ea%%1‘|?}T‘1PJrea‘? yaRg W&%ec%pb]a]ﬁryan?f‘%otrm”t he
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on an adjacent rent |ne- bal ng uses a fine pitch
or "bottl ewﬂmsehempsduhfé Yeridighy . aI |l ows finer pitch bonding than is

possible with a standard capillary. However, it is not possible to shrink

the capillary drasetavowsuf fesceibed balpr odomdimbondtept cpressddisowa major

approximat e Y oo o W d2e %0a  Bonding th $are5R% & ' 450020 % en the
bond pads closer than approximately 100 pm (0.0039 inch) due to the
diameter of the capillary. As the pad-to-pad pitch of
semiconductor devices decreases, there is less room for the
capillary to make a ball and bond the ball and attached wire to a
pad without interfering with the ball and wire on an adjacent pad.
Current fine-pitch gold ball bonding uses a fine pitch or "bottle-

_.nose" capillary that allows finer pitch bonding than is possible

with a standard capillary. However, it is not possible to shrink
the capillary diameter sufficiently to produce bond pitches below
approximately 90 um (0.0035 inch) without céusing stitch bond
strength degradation. The reason for this stitch bond strength
degradation is that the dimensions of the face of the capillary
that forné the stitch bond shrink as the capillary diameter
shrinks, thereby reducing the area in which the stitch is formed.
Also, greatlstress is placed on the capillary bond face during the
stitch bond.h The capillary bond tip is iiterally forced into the
leadframe, leaving an imprint of the capillary tip in the lead
finger, thereby bresenting the same problem as discussed above with

regard to the ball bond. Additionally, capillary cost increases

due to reduced manufacturing yields and capillary life is reduced



strength degradation. The reason for this stitch bond strength degradation
Is that the dinensions of the face of the capillary that forns the stitch
bond shrink as the capillary dianmeter shrinks, thereby reducing the area in
which the stitch is formed. Also, great stress is placed on'the capillary
bond face during the stitch bond. The capgllary bond tip is literally -
forced into the leadfrane, leaving an inprint of the capillary tip in the

| ead fingeecatdergiy qapdddaty ngltheesiaredpiizhetaras sdnscelsSedgidisovbani & h

regard to the_ball bond, Additionally, capillary cost increases due to
reduced|ﬁﬁﬁﬂ%&¥%rFﬂ§l§4%$ﬁs ahl- &épﬁbﬁiﬁ‘W?f%@?%r?%RhEEEF an _ 3mppayadse

the capi |15y WD LegHoat U APL el Pl T LARLLE AN 8n 8} 30030, of

caplllary hérefore -app are at —an |npr capi FTary or

i npr Oved_ééﬂwmé&r aBki 88s Wiwie 1boRds irfbrfé&@in@ﬁ.yse&éﬁlmﬂl@ oasdemh@es
will be increasingly desirable as the dinensions and spacing of the bond

‘pads shr i dimer8tIMWERBIO- sPREL hGIMERNTEIEN Handapads delmcinkvi t h t he present
i nvention, the above descri bed

SUMMAR_Y OF THE INVEMION

In accordance with the present invention, the above described
problems inherent in prior art capilléries is'minimized by taking
advantage of the geometry of a typical bond in that the ball bond
is placed on a pad along an edge of the die with bond angles
between 45° and 90° to the edge of the die. The term "bond angle*
is ;he angle that the wire makes with the edge 6f the chip after
the bond of the wire to the pad is made and the wire is then drawn
out through the capiLlary and bonded to a lead finger.

Briefly, a capillary having reduced width in two of the
opposing ones of four sectors relative to a standard capillary is
provided. - Thé fqur sectors can be but need not be quadrants in:
thaﬁ one pair of opposing sectors can be larger than the other pair_
of opposing sec;ors. This is preferably accomplished by removal of
a part of the outer portion of one pair of opposing sectors, yet
leaving a sufficiently thick wall in each of those opposing sectors
to withstand the pressures to be applied to those walls. The

_preferred shape of the capillary tip portion is that of a bow tie.



" problems inherent in prior art capillaries is mnimzed by taking advantage
of thre geonetry of a typical bond in that the ball bond is placed on a pad
along an. edge of the die with bond angl-es between [err] and [err] to the
edge of the die. The term"bond angle" is the angle that the wre nakes
with the edge of the chip after the bond of the wire to the pad is nade and
the wire is then drawn out through the céblllary and bonded to a | ead
finger. Brirefdesirsdcapobkaty dfvihg cadiltlhdywitdioh s'hapta/\xia)ftftarte o ddiiieds
-ones of four sect ors rel atlve to a standard capillary rovi ded. The
four sect oS€CEQRSHBE bR AP LAGEYhELRuUEIPEE DS SheRsH 5ﬂe bhigt o]fe%"p?pom ng
sectors ca r t T 4
pref er abl ygaggégn% %eé% Erﬁé@rmk\gl)%&o?&% %P%Vl%%%q?e 01}?n e g}(r?r talnorrla%'f co%rﬁlé:
pair of opgggangaaegﬁ@rgpadgatth@@éfﬂgma suff|C|entIy thick wall in each of
t hosé opposing sectors to withstand the pressures to be applied to those
wal | s. The préheprainciiape eithér twapishchrganilpapures oprisntédtatbfirighbow
tie. -4- A desi red aproperl_'gglr of the capill aré/atl p shape is that the thick

angles to e Oor a single pillary capable of being
rotated by ninety degrees (90°), is required to realize the four
sector reduced pitch éapability. By :educing the width and not the
length of the bonding area of the capillary, the distance to an
adjacent ball can be reduced without degrading the quality of thel
stitch bond.

Two capillaries are used, one with its major axis parallel
_(longitudinal orientation) to the ultfasonic energy (Y direction
with respect to the leadframe), the other with its major axis
perpendicular (transverse.orientation) to the ultrasonic energy (X
direction with respect to the leadframe). Dual—head bonders, such
as, for example, the TI ABACUS AIIISR, have an advantage over
single head bonders since they can be set wup with the
longitu@iﬁally oriented capillary in one bond head and the
tranSversely oriented capillary in the other bond head. Therefore,
with the dual—h'e.ad bonder, each device can be bonded in a single
pass through éhe bondexr. Single headed bonders can use this
approach by méking a pass wiﬁh the capillary set in one orientation
and then changing the orientation of the capillary on that bonder
before making a second pass or, alternatively, by using another

bonder to make a second pass with the capillary set at the other



sectors of the capillary tip should be shaped to fit at |east partially
aroupd the ball bond previously formed on an adjacent bond pad and spaced
therefrom In production, either two such capillaries, oriented at right
angles to each other, or a single capillary capable of being rotated by
ninety degrees [err] is required to reali.ze the four sector reduced pitch
capability. By reducing the width and not the | ength of the bondi ng area of
the capil | aowientlegaidnst afwe siagde hdpdceondds hanabebehyedgetky\Mnﬂksdtto
degrading the %§3:'t of the StItCF bond., Two cap |IIar| %e us%t

wWith its nef¥r© 1§a%5¥aﬁqﬁﬂsﬁﬂqﬁn eubpRdirams Qﬁﬁ&?lﬁﬂ? T H %’§§6ﬁ|c
energy (Y did G4id QBcUhd horBSPoES d0irkite e keAl A hndi RO bl CEnd! Idadelime
maj or axi s perpendi cu transverse orientation) to t ul trasoni c energy

(X directi aft Midsh beeB@&S boh@et b and toatehg HHerhead 1hepdensre 2 adse
for exanple, the TI ABACUS Alll SR have an advantage over single head

bonders si mo@dusdy can be set up with the longitudinally oriented capillary
in one bond head and the transversely oriented capillary jn the other bond

head. Theref or e TPWtPR FAE R ENfe fd H5En GRPOITRRBE RN/ tRe VT Ynd¥Wd*r] a
singl e pass thy augh INf Lo8SLe to §b99tL.§ 122 d8ge POPGIS d‘i%”p‘i’é&éé“siltch

bonds substantially identical ' to bonds made with standard
capillaries. However, as bond angles move toward 45°, the face
presented to the wire during stitch bonding -appears modified.
Degradation in key bond characteristics can be minimal and
acceptable for producing high quality, reliable bonds in most
applications. This embodiment of the invention is particularly
suitable for orthogonal fine pitch bonding, bond angles near 90°.
A modification of the capillary from that having flattened opposing
sides ih the thinned-sectors to a bow tie configuration minimizes
and possibly eliminates this effect by presenting a uniformly wide
bond face and larger outside radius that produces stitch bonds
substantially identical to those produced by a standard capillary.
The bow tie configuration can produce the smallest ball bond pitch

possible. . ' _ _ e



approach by making a pass with the capillary set in one orientation and
therj changing the orientation of the capillary on that bonder before making
.a second pass or, alternatively, by using another bonder to nake a second
pass with the caplllary set at the other -5- orientation. Two single
head bonders can be physically |inked togautomatical ly transport the’

| eadf r ame belng bonded fronlthe flrst to the second bonder to elimnate
manual B : : ailley BRAWENGSbet ween bonders and produci ng

hi gher quallt nor e rellable groduct In the case of the first, enhodi nent

of the invent %39 UREi + 655 i VBTl ﬁalaﬁ§P§§ PSR @ EPF) B PAECERRyE OF the
die prodyce, gﬁkggﬁeQPﬂgaoz%ugﬁbﬁﬂiég%n%1%%QfthﬁﬁkndtBal?onds mde wth

st andard “capl wever : es nove toward 450, the face
presented to Fheurkre iduei agrﬁid:atpfbma_ws@&taaﬁeaé sinnedicdured: Deggadale on
in key bond characteristics can be mninmal and acceptable for producing
hi gh quabaty, hael bedn eodngleds tPnanbendappdi cations.  This enbodi ment of the

invention is gartlcularly
URE i1s°a cross- ~-sectional view of the tip portlon of a

capillary in acgordance with a first embodiment of the invention;
FIGURE 4 is a cross-secéional view of the tip portion of a
capillary in accordance with a second embodiment of the invention;
FIGURE 5 is a schematic representation of imbortant capillary
positions required to realize the full potential of the capillary
design and bond procéss; and
FIGURE 6 is a diagram showing capillary oriented to avoid
contacting a previously formed ball bond while the capillary is

making a bond at a pad thereunder.



suitable for orthogonal fine pitch bonding, bond angles near [err] A

modi,fi cation of the capillary fromthat having flattened opposing sides in
‘the thinned sectors to a bow tie configuration mnimzes and possibly
elimnates this effect by presenting a uniformy wi de bond face and | arger
outside radius that produces stitch bonds substantially identical to those
produced by a standard capillary. The bow tie configuration can produce the

smal | est BEGIRIFEIONG OF o RHA RREFERRED EMBODIMENT DESCRI PTI ON OF THE DRAW NGS
FIGURE 1 is a_ v rtlcal [ 0SS-Se e tip portion 1 of.a
prior art capiil aerr>1;1 lras%\ntroe%ﬁ%ﬁgai CHETEURE ST 2 YEFECH ][Scross—

Cr 0SS- Sedd @ oS df tﬁie&Efp aﬁ)élféf‘dn theopa| sBafabRe npPanded Cbaqslfﬁagypad

FIGURE 3 is a cross-section view of the tip portion of a capillary in
accor daneshiwht hsagknesal byrboiireddtr dih hbeizowenl i vsskFseRor digl das a
cross-sectional view of the tip portion of a capillary in accordance with a
second eS®EEAREnPoB3® t3he i dowire S is disposed in the bore and has

formed into a ball 7 Wthh is disposed in a chamfer at the bottom
portion of the bore 3. A bond is made as shown in FIGURE 2 by
lowering the ball 7 of FIGURE 1 against the pad 9 of the die 11 and
applying an ultraéonic puise and pressure from the capill;ry tip
impinging on the ball to cause the ball to be flattened against and
bond to the die pad. The capillary is then lifted away from the
die pad and travels to the next wire bonding position. As can be
seen, as the dimensions of bond pads 9 decrease and the distance
between bond pads decreases, it becomes necessary to reduce the
horizontal cross-section of the Capillary 1. As noted above, with
continued cross-section @imeﬁsion reduction, wultimately the
capillary wall becomes too thin to provide the required force to
the ball 7:as shown in FIGURES 1 and 2, yet avoid destruction in
the process. Also, due to the reduced disﬁance between die pads,
the capillary dlmen31ons can be such to cause the caplllany to
interfere with the bonds on an adjacent bond pad. _ _—

The above problem is alleviated in accordance with a first
embodiment of the invention as shown in FIGURE 3 wherein the
horizontal cross-section of the capillary tip is altered so that an
opposing pair of sectors 21 and 23, assuming four sectors, is

flattened while the same dimension as provided in the prior art



FIGJRE 5 is a schematic representation of inportant capillary positions
required to realize the full potential of the capillary design and bond
‘process; and FIGQURE 6 is a diagram showi ng capillary oriented to avoid
‘contacting a previously fornmed ball bond while the capillary is nmaking a
bond at a pad thereunder. -7- DESCRI BTLON OF THE PREFERRED EMBODI MENT
Referring first to FIGURE 1, there is shown a vertical cross- section of

the tip FRIIATIESE S FraiR@sr 40 griopngtetesnnd IdMnechiPRR ASCERdRgLYy |
ircul ar,, ' - i .central C A gold wi
0T Criehe BT Ehas8a REIAGT A1 Mlo3 S OHER, ST AL TS

5 is dispos e bore and has a

a chanf edimdndilter bEt oL REEéO betfwddie cRPER1Sr pdrBVKL I35 FRGE 28 shown in
FIGURE 2 by lowering the ball 7 of FIGURE 1 against the pad 9 of the die 11

and appl yi ng Rafexiripgsonde it s&FIGVREDr éssutizefe omg hesteaypi | laar powi-pie
I mpinging on the hall to cause the ball _to be flattened agai nst and bond to
the die 1OPTECLABI MRRFGiTs ChReNalilf Bdd 2Rfay? 3f rfm Ee Portion of the

opposing pair of sectors that has been removed is somewhat circular
in naturef However, it should be understood that the geometry of
the walls 31 and 33 can be of any shape, it merely being necessary
that the walls 35 and 37 be capable of fitting at least partially
around and spacéd from a previously bonded ball on-an_adjacent bond
pad. The degree of such fit required: Qill depend upon the
dimensions of the capillary and the distance between bond pads.

The second embodiment of the invention is shown in typical
bonding positions in FIGURE 5. the positions A, B and C show the
capillary in the longitudinal orientation while positions D and E
show the capillary in the transvérse orientation. The capillary
places ball bonds 48 on bond pads 46 and 47 which are located'oq
the surfacglof the silicon die 49. Bond wires 50 are shown running
between bond pads 48 and package leads (not shown).

- A ball bond is placed on the bond pad in capillary position A..
Upon completion of the ball bond, the capillary is moved;by the
bond head of the bonder to a position similar to and adjacent to
capilléry position B, where a stitch bond is made to a package
lead. Capillary position B represents a case where the bond angle
is close to 90 degrees with respect to the edge of die 49. 1In this

case, both embodiments of this invention produce high quality ball



die pad and travels to the next wire bonding position. As can be seen, as
t he di nensi ons of bond pads 9 decrease and the di stance between bond pads
decreases, it beconmes necessary to reduce the horizontal cross-section of
the capillary 1. As noted above, with continued cross-section dinmension
reduction, ultimately the capillary wakl _beconmes too thin to provide the
required force to the ball 7 as shown in FIGURES 1 and 2, yet avoid
destruct %% PRIERR RAiSes Lanild@rygprsitd omnE FeRrrrsantd 8t GARe Whatfethedi e

pads, théovﬁxn%{)ih&* ly A ”Ef‘ééeonéocg]? %%ﬁf.é' 4 toz%a%%ﬁﬁtehg%sceapi %ﬂé[)}éa&&d

interfer e bondS on an adjace ohd pad. aboVe problemis

al | evi at eehboaideaor §8nas sviheat b SterRTbedi peat c&fxfigﬂ‘ecajt&\bﬁnt pRBdaseshown
in FIGURE 3 wherein the horizontal cross-section of the capillary tipis

al ter éd swpeldbrastdppodiongspwithofespectots Bheafitr 3 emieslinieng dHuthe
sectors, is flattened while the sane dinension as provided in the prior art
-8- capi MPYPPELCRs retained in the unflattened direction. Accordingly, the

di mensi ons be&%?ﬁ'a‘.":’%} lpsos%%igﬂdD Zr%pir%sgggst] as rI:%tlsleewrnthg ntﬁeh%all bond is
made on a side of the die 49, perpendicular to ball bonds placed by
. the capillary in position A. Capillary position E represents a
stitch bond along the side of the die 49 perpendicular to the
stitch bonds made in capillary positions B and C. It is the
intention ;hat;this bonding:process-;ontinue along each edge of the
die 49 uﬁtil all bonds are completed. All bonds along the sidé
represented by capillary position A and the side opposite this side
are accomplished by the éapillary oriented as in position A.
Likewise, all bonds along the side represented by capillary
position D and the side opposité this side are accomplished by the
capillary oriented as in position D.
Referring now to FIGURE 6, there is shown how a capillary 51
is orienged to avoid contacting a previously formed ball bond 53
thle the capillary 51 is making a bond at a pad thereunder.
| Though the invention has been described with respect to.
spécific prefefred embodiments thereof, many variatiqns and
modifications will immediately become apparent to those skilled in
the art. It is therefore the-intention that the appended claims be
interpreted as broadly  as possible in view of the prior art to

include all such variations and modification.



di mension of a di ameter between circul ar portions 25 and 27. REf err |

to REI'GURE 4, there is shown a bowtie configuration V\heﬂﬂﬂﬂﬂu Im

ng._now

e
33 of the portion of the opposing pair of sectors that S
somewhat circular.in nature. However, it should be understood that the
geonetry of the walls 31 and 33 can bel®f- any shape, it merely being
necessary alvd he walls 35 and 37 be capable of fitting at | east partially
ar ound am#%‘p'a'ced froma previously bonded ball on an adjacent bond pad.

The degree of such &apireaut e Wohhidepeise Upatptitandi:mensi ons of the
capillary and the di stance between bond pads. The second enbodi nent of the
invention is sHewnaimigtiyptebiildomtimbgrpbaving s wad 1p@UREOE andhe gritinglons
A, B and C show the capillary in the |ongitudinal orientation while

posi t i ons A9T&NGPETE YHRY capillary in the transverse orientation. The

capillary pl acembeéiq hands gi%g»tgggb@%«gid& dSed G il 4¢ ﬁ%&%gi%esé@t? £d on

the surface of the silTicon res are s F'uAni ng bet'ween

bond pads 48 and)paakapertesdsdimnlsishovRYroudh iid cbapdrist Haicedoss ddie
bond pad in capillary position A Upon conpletion of the ball bond, the

capi | | ar y nosmadveel sajidt herddmtvesadtbé etebiorerlis af pusd wifosagdmdias to

and adjacent to capillary position B, where a stitch bond is nade to a

package ©Of opposing sectors being substantially greater than the shortest
dimension through the center of said bore and normal to said bore
between the exterior walls of the other of said- pairs of opposing

sectors.

2. The capillary of claim 1 wherein one of the pair of walls
of one of said pairs of opposing sectors extends inwardly toward
said bore and the other of said pairs of opposing sectors extends

outwardly away from said bore.

3. The capillary of claim 2 wherein said one of said pair of
walls of one of said pairs of opposing sectors extending inwardly
toward said bore is concave toward said bore and the o_ther of sa:_'Ld_

pairs of opposing sectors extending outwardly away from said bore

is convex toward said bore.



| ead. Capillary position B represents a case where theﬂﬁﬁﬁa—aﬁ—rgir‘—d——’é
to 90 degrees with respect to the edge of die 49. In thlﬁ“mgmflm‘“l‘“ “i
(gl

enbodi ments of this invention produce high quality bal
bonds. Capillary position C represents a case where the bond
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the first enbodinen nventi on. ary position
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angle is close
to 45 degrees. - In this case, the seédond embodi ment of this invention,

:
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case wher@athe &8ldndUH sasdnpdersnof Siptsitly EBetdts #9,pReiapendhenlsg to
bal | bonds placed by the capillary in position A Capillary position E
repr esent sazdspaichobormllel ofy said ongeoff sahd phairzl Phemgrasdngubertews t he
stitch bonds made in capillary positions B and C It is the intention

t lh?t bt hij sPBHREi T2 plokesd CntPTiRF fAlorfid%e i Tedfe WBrl lehe t&?ed%tfmflfT |
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position . he si de opposite e are acconp
capi | I aryepésiwdingd o¥5 the BeRkli 8P #aid pair of sectors.
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S. The capillary of claim 4 wherein each wall of said other of

said pair of wall is circular.

6. The capillary of claim 1 wherein each of said sectors of

each of said pair of sectors has substantially the same shape of

the other sector of the same pair of sectors.

7. The capillary of claim 2 wherein each of said sectors of

each of said pair of sectors has substantially the same shape of

the other sector of the same pair of sectors.

8. The capillary of claim 3 wherein each of said sectors of

each of said pair of sectors has substantially the same'shape of

the other sector of the same pair of sectors.

9. The capillary of claim 4 wherein each of said sectors of

each of said pair of sectors has substantially the same shape of

the other sector of the same pair of sectors.



Li kewi se, all bonds along the side represented by capillar osition D and
the side opposite this side are acconplished by the capi I, Hﬂﬂmmmﬂ,m’

in position D. Referring nowto FIGURE 6, there is shown 0 51
is oriented to avoid contacting a previously forned ball  bond 53 vhi 1% the

capillary 51 is naking a bond at a pad {hereunder. Though the invention has
to specific preferred enbodi nents thereof, many

been descri bed w respe f _ ]
vari ations ang'on‘o e Eﬁg?giﬁan ShtEticatBeye b conrl Gfpsrdft Seotehh e
skilled ighdih&@rdaia dairSokhebelgfe 1o d i that,Lh pgnded ¢l ai s
be interpreted as blr oaxtjtadlly gs possi bl e fgn %%%&&t%@ﬁé@pﬁ%ﬁgﬁ% o 1 ndtude
al | such sty icahieanseandr nofli fhe &dnm@ pair ofOseddd¥dB 1. A capillary for
bonding wire conprising: (a) a rigid tubular nmenber having a wall portion
and a central bore therethrough; (b) said wall portion having two pairs of
opposing SeCt3&§’A capillary for bonding wire comprising:

(a) a rigid tubular member having a wall portion and a central
bore therethrough,

(b) said wall portiop having the general cross-sectional shape

of a bow tie."

12. A capillary for bonding wire comprising:

(a) a capillary tube having a -bore;

{b) said capillary tube having a cross section in a direction
normal to said bore having a long dimension and a short dimension

in a direction normal to said long dimension.

13. A method of forming bonds to bond pads compriéing'the
steps of: ) '

(a) providing'at least one capillary having a bore and a cross
section in a direction-nornal to said bore having a long dimension
and a short dimenéion in a direction normal to said loné diménsion;

{b) bondiné a-wi:e Eo one of said bond pads Qith.a saia_
capillary oriented with said long dimension in a first direction;
and |

(c) bonding a wire to a bond pad immediately adjacent said one

of said bond pads.
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(c) the shortest dinension through the center of said bor I
sai d bore between the exterior walls of one of said pai rsﬂﬂﬂﬂ;ﬂﬂ“@ﬂ!}!ﬁﬂ”
sectors being substantially greater than the shortest dinenrsion e
center of said bore and normal to said bore between the exterior walls of

the other of said pairs of opposing seggors. 2. The capillary of claim1l
wherei n one of jyheqpai @b ak! 1 0f e ' ' fo PRRRHiRG saFH.Y S
extends i nmrdll%'t%%rﬂ(ftsaidd Eo?eé)lan}lgat‘ﬁfe?é% e?sag? %g?% opai rs 8f %oppos%lg
sectors exerdpopdt waadiymedtt 10 BERIcEnBOEa1id3 onéhef Cepld | Boyd opadd aisn 2
wherein said one of said pair of walls of one of said pairs of opposing
sectors emtishdingséhdarcdbyliawar drientieBomd ths sk aleng odamensgady Bor e and
the other qof said pairs of oppas] sectors extending outwardly away from
sai d bor e FEEEGATBX P TRy cfosﬁpad'dbggés‘: direcHion. 4 The capillary of claim
1 wherein each wall of the pair of walls of one of said pairs of opposing
sectors is planar, each of

15. The method of claim 13 wherein said capillary has an

external shape generally that of a bow tie.

16. The method of claim 14 wherein said capillary has an

external shape generally that of a bow tie.

17. The method of claim 13 wherein said capillary is a rigid
tubular member having a wall portion and said bore therethrough,
said wall portion having two pairs of opposing sectors, said wall
portion having two pairs of opposing sectors, one of said pairs of
opposing sectors having said short dimension therebetween in a line
through the center of said bore and normal to said bore and the
other of said pairs of opposing sectors having said long dimension
therebetweén in a line through the center of.said bore and normal

to said bore.



said pair of walls of said one of said pairs of opposi ng r eing
‘paralslel to the other of said pair of walls, the di stancej@ﬂi{ﬂ" ﬂilﬂfm'
of wall being smaller than the distance between the walls L "

said pair of sectors. 5. The capillary of claim4 wherein each wall of said

ot her of said pair of wall is circularj46. The capillary of claim1 wherein
each of said segctqrs of each of said pair of. sectors has_substantially. the
same shape of filgl'_eq%’tehglﬁtgg‘gt%’? (bll’alf“hégs‘ﬁkﬁ%r%‘aﬂ S §8eFdrerY 7hS Ther19id
capi | | ar ye @by £4.Al i W 866k Ag€aCha Of pajtq.o?ie%har §a2& 88ch eheséinkridd, Of
sectors has substantially the sane shape of the other sector of the sane
pair of ssaidrwall8pofhionamvimy ywofpaliss BB ofiersdng eaebodf, seaid seqatior s
of each of sajid pair of sectors has substantially the sane 'shape of the

ot her secRYFLIAN MR¥LBEANEDFAirsf of cppesingoseqrersaping axfy sefdcpairs HF
wherei n each of id sectors of each of said pair of sectors has )

subst ant i FKY Jtrﬁzgggﬁ%rss%lgﬁ)%ngfsﬁ = SBehe OGP ot R HEP SR a2 g e

Sectors. through the center of said bore and normal to said bore and the

other of said pairs of opposing sectors having said long dimension
therebetween in a line thfough the center of said bore and normal

to said bore.

19. The method of claim 17 wherein said wall portions of said
one of said pairs of oppqsing sectors are generally circular and
concave inwardly toward said bore and said wall portions of said
other of said pairs of opposing sectors are generally circular and

concave outwardly away from said bore.

20. The method of claim 18 wherein said wall portions of Said
one of said.pairs of opposing sectors are generally circular and
concave ;nwérdly.toward said bore and said wall portions of said
‘other of said pairs of opposing sectors ére generally circular and

' concave outwardly“away from said bore.



-12 - 10. The capillary of claim5 wherein each of said sectors of each of
said _pair of sectors has substantially the sane shape of the other sector
of. the same pair of sectors. 11. A capillary for bonding w re conprising:
(a) a rigid tubular nenber having a wal]_ portion and a central bore
t her et hrough, (b) said wall portion hév#hg t he general cross-sectional
shape of a bowtie. 12. A Cﬂﬂi» Y, b iAND conprising: (a) a
capillary tube having a bg@ﬂ@%wwmavi ng a Cross
section in a direction normal to said bore having a |ong dinension and a
short dinension in a direction normal to said [ong dinension. 13. A nethod
of form ng ds to bond A Qnpri sing the steps of: (a) providing at
ARSTRACT, QF THE RISCLORMEE and a cross section in a direction normal
to said bore havj n i i it (BN HaQAng Na abdk& ec3y on
normal to sai%’f%%%lgﬁkgng?%%?p?ﬁyﬂgagggﬁgnghaffggtgﬁone ofbsaid bond pads
With a saigh eaptbsarsedioanifc Wirectdiod hengsIlitendieohora taviingsa long

di rection; i
dimension and a short dimension in a direction normal to the long

iy =

dimension. The bond is made to bond pads (9) using the capillary
tube by bonding a wire to one bond pad while the capillary is
oriented with the long Idimension (25 to 27 or 35 to 37) in a first
direction apd bonding a wire to a die immediately adjacent the one
bond pad with tﬁe capillary which can be oriented with the long
dimension in the same direction or in a direction normal to the

first direction, as may be required..



and (c¢) bonding a wire to a bond pad inﬁediately adj acent _said _one of sai

bond pads. - 13 - 14. The nethod of claim 13 wherein

bonding a wire to a bond pa

I mediatel y adjacent said o

§ I ] i
IE'@S‘%%%#_%%%BEEN ‘

pads is with a sandselpPidspak¥qriented with said long di

direction nornmal t i i pefff ection. 15. The method of claim 13
wherei n said capi Iﬂm kﬂ ﬁ:ernal Bape general ly that of a bow tie.
16. The met hod of

generally that of a bowtie.

in said capillary has an external shape
17. The nethod of claim 13 wherein said

capillary is a rigid tubular nenber-having a wall portion and said bore

t her et hrough, said wal

portion havi

ng £wWo pairs_of opposing sectors, said

wal | portion having tw
opposi ng sectors havin
the center of said bor

pairs of Qg
j said shor

e and normal t peogr

0€IMNg; SRS RESF O0ne qf said pairs of
eS| Ol £ ﬁ?yg-.;%\een in a line through
re and the




ot her of said pairTsof -eppesi-dg_sectors having said | ong di nension

t her gbet ween in q,llne t hrough the center of said bore an '
bar e. - 14 - edn@eplagd cl ai m 16 wherein said cgpltif
ki gid tubular ne |l portion and said bore {lheret
wal | portion havi opposi ng sectors, said portion having
two pairs of opposing sectors, one of x3id pairs of opposing sectors having
~said short dinmension therebetween |n a I|ne through the center of said bore

and normal to said bore a é{g 3;@ pposi ng sectors
havi ng said | ong di rren5| § h_the center of
sai d bore and nor mal to &@N&Iﬁ“ tBRALL BONPING, 17 wherein said

wal | portions of said one of sald pai rs of opposing sectors are generally
ci r cul ar Thedolowing/suggestions pare offerat inaiegatdsite thispatent@ppéicatigor ti ons of
said other of said pairs of opposing sectors are generally circular and
concave @GanexablCormmentsf rom sai d bore.

° Replace a" “,.L"' IOWII With llumll'

¢ Be consistentusing " ... 25um (.0010") - 30um (.0013") . . ." notation
throughout.

* Remove all references to complementary conditions of the sides of the
capillary. The shape of the capillary is dictated by the diameter of and the
distance to the previously bonded ball bond adjacent to the current bond.

¢ Replace Figure 5 and its explianation.

1

FIGURE 5 is a schematic reprosentation of important capillary positions needed
to realize the full potential of the capillary design and bond process.

. The second embodiment of this invention is shown in typical bonding positions in
FIGURE 5. The positions 1, 2, and 3 show the capiilary in the longitudinal orientation
while positions 4 and § show the capillary in the transverse orientation. The capillary
places ball bonds, 8, on bond pads 6 and 7 which are located on the surface of the
silicon die, 9. Bond wires are shown running between bond pads, 8 and package leads
(not shown).

A ball bond would be placed on the bond pad in capillary position 1. Upon
completion of the ball bond, the capillary would be moved by the bond head of the



20. The nethod of claim 18 wherein said wall portions of said one of said

pairs of opposi Missg&{%ge@mﬁgﬁmeral ly circular and concaveﬁl:ﬂ%{gr{g}. T HAS BEEN |

toward said bore portions of said other of sai r
. Opposi ng sectors

ik
circular and concave outwar dl {Laway §§%EQED
sai d bore. :
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