Cont act.- making system for sem conductor wre connections The

i nventTon relates to a contact - maki ng system for wire connections on
yel ectroni ¢ conmponents in sem con- duct or connecti on technol ogy,
consisting of a contact- 5 nmking device having a capillary tube arranged
t her eon for guiding a bonding wire,-and having an el ectrode,

which is. allocated |n a statlonary manner or such that it can pivot
into a head piSiaagt—fMAXiNg p_{ ironductoxy wdn : Apps

transfer, which is d| rect ed onto a 10 bondi ng-wi re endpl ece Whl ch projects
fromthe head piece, for Itlngthe bondln%mre en plecetoforma
bondi ng- wire sphdfelfNeationnretates ded & gy&ystem
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capi |l ary tub#&hich lsyamagﬂét@q’l qam aemte@@am mm@a @y susdy R:baé;ncltu nthis

case is form@ahntﬁiv%tquﬂd]%%éédsﬁhsé@ ofoﬁhéxéaﬁiﬁlary thB8, for
bondi ng-wi re spher.e, corresponds appeﬁg rratel y 2.5

tinmes the w r@réfld&ﬁépgr abépﬁﬁkpr erg "6*?1’(‘3‘ éscéir‘?ﬁ’@é’t

(pad) ofiga »emdipgcudtrer endpléoapanﬂm p(mq@menﬂmwh@le:ea@pl%ech i's
known per se, er to

produce el ect rfpfafneggé?‘el ggs\rl\g &ﬁ?épggrgd%'h%pzb cf?dltr?g f\ﬂr?“e Bﬁ&gé,"grt S

known for eitkwdreansfberel eghichle m chbecawebdegi vicd ectha t respepedvet o t he
capillary tub a ctrode to be allocated to the head
e

pi ece of the C e wWre end, which is guided centrally
t hrough the capill aryFegbéhenwire cm@es&tlgnt-rwhwhemhhad ppatacti bynel t ed

to form assphgl@ns of ultrasound, of circuits to electronic com-

ponents, a device is known (US-A 4,586,642) in which, by
means of a contact-making device which is supported such
that it can pivot about an axis and is constructed as an
energy transducer, a bonding wire which is guided through
20 a capillary tube and is gqguided out of the capillary tube
by means of an endpiece is melted by sparks and in this
case is formed into a bonding-wire sphere, for example
the bonding-wire sphere, which  corresponds to
approximately 2.5 times the wire diameter, being pressed
25 onto a connecting surface (pad) of a semiconductor
bomponent (semiconductor device) which is known per se,
and being welded (bonded).
In order to produce electrical sparks for forming
the bonding-wire sphere, it is known for either an
30 electrode which can be pivoted with respect to the
capillary tube or a stationary electrode to be allocated
to the head piece of the capillary tube. The wire end,
which is guided centrally through the capillary tube and
projects from the head piece, is melted to form a sphere .
35 by means of a spark transfer which is produced between
the electrode and the wire. .



35 by means

of a spark transfer which is produced between t he

él ect fode and the wire. - 2-

Jn the case of the electrode which can be pivoted in, the spark i
directed essentially from underneath onto the bonding-wi re endpie
this method on the one hand bei ng dEp%nUent on an increased tine
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with respect to the symmetry axis of the bonding wire
which is guided in the capillary tube, as a result of the
force of the spark acting on the wire end, and it hence
not being possible to maintain the required bonding
accuracy.

The invention is based on the object of improving

the spark transfer which is necessary for fusing the
bonding~-wire sphere on and is directed onto the wire end,
to the effect that the thus fused-on bonding-wire sphere
is’ formed uniformly and is arranged centrally with
respect to the bonding wire which is guided in the
capillary tube.
‘ This object is achieved according to the inven-
tion in that at least two electrodes, which are arranged
diametrically opposite one another and distributed
uniformly on the circumference with respect to the head
pieée, are allocated to the bonding-wire endpiece which
projects from the head piece or to the bonding-wire
spheré which is to be formed, and in that each electrode
is effectively connected to a power unit, which can be
activated by a single control unit, for temporally
synchronous driving.

Further features of the invention result from the
following description, in conjunction with the drawing

ce

e



sphere which is to be fornmed, and in that each el ectrode Is effectively
connected to a power unit, mhrch can be 35 activated by a single control

unit, for temporally synchronous dri vi ng. Further features
of the.invention result fromthe folgomrng description, in conjunction
with the draw ng - - - 3- and the
I ndi vi dual patent clains. The invention is described bel ow
with referencand thetindiveidualipatentn ot iods. Fig. 1 shoms a
erspective side vie ' [ . [ as a
I[s)yst gm overvi ew, forwfm‘Pé i‘%ﬂ%’({f@n e &gscgd%%q o]?e%%%n‘Z% eef% %1’ ogy,
Fig. 2 shows BOsthR|&xesingwhizwhishepresented on a | ar ger
scale and in pjgecii Ogldwyi LW eﬂd})éétlve side viewCaP! &l @évidd!P&; -ththe
cont act - npki ng device, 10 Fi shows a first varrant whi ¢
repr esent 8d eﬁﬂf’e%é{ eéialf“ﬁyaar‘r”fiﬁf“?‘i’%n OVEFVIe¥, TOF %“Jé?‘é't't rode
arrangement, whi ch |sdwd:1|:ma¢cﬁmécl:itdre eahndlagy , tube of the

cont act - maki ce i ng ireuit represented
as a bl ock drniggéJ %hm d S“’%e&re“&eﬁ‘é“ el“g&‘ﬁbd’e? rgﬁﬁesenteér % £ shows a
second variant of thelaatWrcsd:a]@rrange -in a sectionakntvieuwgvi og acircuit
whi ch is correspondi illary . tube ngen.%ees%gﬁgf%smgk%gchegkggram

In order to explain t I'nvertion, perspective side
view andl@s aFy@ne’ alshows ed flrsevevarmta adhiicke WA ot\emresaxsted)t ality

i s designated by scdiéha{ B a SR M%&?té{a&%ﬁ&?“&f‘ é&%ﬁg&de

The device 100 essentially conprrses a par represente

supporting el enent 1RTZARIGERGHen &F Jé’rhmlfsai‘@«"cﬂf-?ﬁ B8R BReicapiklanni ng
el enent 16 arranged the&ORE aAthe cshﬂé@tllﬂaldﬁ%@ C@le@@ceéndhéﬁl ergy

(ransducer 30 whvch |1 ppgsT T s oDy Sl pepl LE tube 35

15 for the electrodes, and
Fig. 4 shows a second variant of the electrode arrange-

ment, having a circuit which is correspondingly
represented as a block diagram,
In order to explain the invention, Fig. 1 shows

20 in a perspective side view and as a general system
overview, a device which in its totality is designated by
100, for semiconductor connection technology.

The device 100 essentially comprises a partially
represented supporting element 10, a cantilever arm 15

25 with an optical scanning element 16 arranged thereon, a
clamping device 20, and an energy transducer 30 which is
brovided with a horn 31 and a capillary tube 35 arranged
thereon. The energy transducer 30, which is constructed
as a contact-making device, is effectively connected to

30 a drive, which is not shown, and is supported in a manner
known per se in the sﬁpportipg element 10, which is
constructed as a housing, to some extent oscillating
(swinging) about a horizontal axis 11 in the arrow
direction Z). ’

35 The device 100, which essentially comprises the
elements 10, 15, 20, 30 and an electrode arrangement
which in its totality is designated by 60 or 160, forms
an intrinsically closed functional unit which is



‘as a contact-naking device, is effectively connected to 30 a drive, which
is not shown, and is supported in a nmanner known per se in the
Supporting elenment 10, which is constructed as a housing, to sone
extent oscillating (sw ngi ng) about 3 horizontal axis 11 in the arrow
direction Z). 35 The devi ce 100,” which essentially conprises the
el ements 10, 15, 20, 30 and an el ectrode arrangenent Which inits
totality i s desngranstes 5y dhelddghiiyr dynamicaandnpresdsearpy ivesyed

functional unifogaMedft It the energy transducer 30, with the horfi- 31
constructed for the highly dynam c’and preci se deliver novenent of the

energy transd@¥k Be GRPRILAEYh&RRe385 arrgagedhd& 9n%sar%P t BHENAB

arranged therg%mﬂébrﬁmi_ﬂd& cdrifffiea@ductytiich Conpgnentrepredentld s
represented schemat.i.cal | at njts totality by 25.

y, gnd i s desj ed,
A bondi ng i r SChsRat G IYe a0 3/ Qeﬁﬂ'gﬁa*&% |1 1*%‘?%’*‘#%’%0‘%1’ Wn to the
cl anpi ng device 20, WA dbondindoniterglwise shppd igd derbof r@anwiber eoddntral |y
into the capi l,l agy tuhe d, pe a .hea i.ece o] 10
capillary tub al%é:r} ng‘éu@:&a %g?l‘?i’gr t?’hargeﬁ% %2%‘3@%@%@%’[‘% g@ﬂpi"@gggﬁl' S
arranged on t onstihgiorixeri . i9) quideddefrom nbhazepressradlyThAstBokdieng-wire
endpi ece 1' | |4t ' gecRpryl er - S 4@f
corresponding§§g§ﬁ?%¥ylﬁgﬁﬁn§§cwltgkaor%?ge%oﬁdﬁﬁigafggégpﬁgrngtgﬁd i's
pressed, &  @aridiany tuke ihnkt ofuehed cBANPLE FhakhE RORAINGNFiLR: p
25, which is ggpicted Wi ts COFF @SR BMoLEONeREt 409 (Fig.s0)f agexzhad

(p9), 20 1 R B L0 g bamtipgerize o Stafee 12 44 Bl5R Tacee 10
head 20 pi eca 4anfepeRabwat peri rse ey duesns i of cbrirespbndiingg spark t he
second, oyl | nd TP S EB0R, SR SR 2 SRR § ana S8 biBRECRY T
first holis 41 eddentticdldyiDy meanbedfigheocapiddasy tnbehcontrl e chint he
head piece 4£)f§i which is provided with corresponding connecting
surfaces 26 (pad), and is welded (bonded).
Fig. 2 shows the head piece 40 of the capillary
tube 35 on a larger scale and in sectional view. The head
20 piece 40 is penetrated in the direction of the bushing of
the bonding wire 1 by a first, conically constructed hole
41 and by a second, cylindrically constructed hole 42,
which is connected to said first hole 41, the hole 42
being constructed on the end 40’ of the head piece 40 as
25 a conically outwardly extending recess 43. Fig. 2
furthermore shows the bonding wire 1,. which is arranged
centrally in the head piece 40, with the fused-on
bonding-wire sphere 2.
Fig. 3 shows a first variant, which is represent-
30 ed in plan view and as a block diagram, of an electrode
arrangement 60, and the electrodes 45, 45’, 45", which
are correspondingly allocated to the head piece 40 of the
capillary tube 35 in order to form the bonding-wire
sphere 2 (Fig. 2), can be seen. In order to produce the
35 electrical energy, the electrodes 45, 45’, 45" are
connected via corresponding leads 46, 46, 46" to in each
case one associated power unit 55, 55’, 55". The power
units 55, 55’, 55" are connected to a control unit 50 via



‘25 a conically outwardly extending recess 43. Fig. 2

furthernore shows the bonding wire 1, which is arranged centrally in
the head piece 40, with the fused-on bondi ng-wi re sphere 2.

Fig. 3 shows a first variant, which is represent- 30 ed in plan view and
as a block diagram of an el ectrode - 5arrangenent 60, and the el ectrodes

45, 45', 45", which are correspondingly allocated to the head piece 40
of the cafiecttariyalulleads i5sn,06der 580 formthe bondi ng- w re sphere
2 (Fig. 2), can be se In or eratQ produce the 3 e ergy,
the el ectrodes %@g °g?e seco %b ﬁﬁ?ﬁﬁ | eads

46, 46', 46" BJIBMQQQQMt 160,camd ahe aésm¢madea péﬁeﬁndnﬂﬂ555 which 55".
The power fénbb?rgégaﬁaﬂgigalgé@ae@ere&t&% ﬁ@aé %%Eé q{}o WH pal via

-5- elegtrlca a second

variant of ancanddiesde tube 35 ahpepxmderiobe £Qrm nehe é&adeeesms and
145", which g he&reezcoeaﬁsmr%éml M:riib'r‘a(é%t ed ﬁ@o&tﬁ@e'ﬁ@e&'e%@&léglo‘c the
5 caplllary tube 35 | ord i@? Qég on |ng phere 2, can
be seen. In oRI&r®a ﬁ dEV% HRCEr $|¥ﬁ§ and 1 @ne?ES'CQ4ﬂ9QRﬂ§ ¥iéct r odes
145 and 145" aicrreepeedieg Vidads 14soramslomsiﬂ nﬂo| gadsedctp 8adeléhe to in

each case one J%ﬁﬁgflated po %fa_ 5' . The power a %ts 155
10 and 155 &PECEHMTES: EFWFTa WY |c§|n CakgWES units a
control Ut h&@.lSS' are connéﬂtedeheetmdde$r45a14aegd&515acamﬂdﬂﬁg to
Fig. 3, %%n%&%ﬁt599%51§65 and 145 accordlng to Fig. 4 are

preferably drlven I'n ng oral 'y “Synchr onous manner 15 power units 55,
55', 55 ", or 155, 15319 epeeeideel §5: 45" whtTh eeceon iten filgy §eparated

and are const e §helSlect XoddstNU 5S AN %S5 Thice 2@ Mge Lol Bal.€aChre
I ndi vi dual el ectrode 45 45' , 45" or 145, 145" produces an i ndepen-

dent, pontrolEEﬁﬁ§r§ﬁ&ﬁk dyen in a teﬂﬂ??ﬁ%%ﬂ<3x9qﬂ£@§°%ﬁl@ﬁ“P?riPYeach
case dirqet edpower units 55, 55¢, 55", or 155, 155’ respectively,

which are functionally separated and are constructed as
current sources. This ensures that each individual
electrode 45, 45', 45" or 145, 145’ produces an indepen-
dent, controllable spark.

20 The spark voltage which is in each case directed
from the electrodes 45, 45’, 45", or 145, 145’ to the
bonding-wire endpiece 1‘ is dependent on the distance
between the respective electrode and the bonding wire,
the spark voltage rising linearly with the distance. This

25 effect can be used, for example, for monitoring the
concentricity of the electrode arrangement and/or for
éontrolling the size of the sphere which is to be fused
on.

During monitoring of the spark voltage, informa-

30 tion on the distance between the individual electrode and
the bonding wire is determined, so that in the event of
the spark voltage of the individual electrodes being of
equal magnitude, the bonding wire is arranged concentri-
cally with respect to the electrodes, and in the event of

35 a different spark voltage, the bonding wire is arranged
eccentrically with respect to the electrodes. If an
eccentric arrangement of the bonding wire with respect to
the electrodes is confirmed, corresponding measures forx



fromthe el ectrodes 45, 45, 45" |, or 145, 145 to the bondi ng-w re
endpi ece'1' is dependent on the distance bet ween the respective

el ectrode and the bonding wire, the spark voltage rising linearly with
the distance. This 25 effect can be us for exanple, for nonitoring

t he concentricity of the electrode arrangenent and/ or for

controlling the size of the sphere which is to be fused on.

During noni t orGFFIALIM ofpshie sphentesl imymeray B80St be dmpdrentendedi.st ance
between the i ndivi dUﬁ'I&'@f&éEd‘éoaQQt and! B8-Papdi BY V"'srp‘?\e'ﬂc‘aﬁ. -ned, so
that in the event of t he spark vol tage of t he |n3|V|duaI ectr odes
bei ng of éﬁﬁﬁfyhagnitude the bonding wire is arranged concentri -

cally with respect tigetébeetesédDdesrranel tantbe Qégét o{hgth c&ndmkferent
spark vol tage, the ngwpre is arran r|ca y respec
tg the el e%t r odes. r#)c%)rpa’n r e@@ﬂ‘@i?!i%’“%%d@ﬁém BP %w%’éﬁmvyrfg%'re with

respect to t he %) ect 5odesox s 166pf i 158U, respeetspoally ng oxeasia exHeor
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respectively, or via ontrol unit or 150 respectively, or
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15 being used to achieve symmetrlcal bonding-wire spheres.

While the spark voltages are being directed onto

the bonding-wire endpiece 1’, a bonding-wire sphere 2

(Fig. 2), whose diameter is dependent on the bonding-wire

diameter, is fused on in a manner known per se. In this

20 case, the bonding-wire sphere 2 is melted back (not

shown) into the head piece 40 of the capillary tube 35 in

such a manner that the distance between the electrodes

and the sphere is increased, and the spark voltage hence

correspondingly rises. On reaching the predetermined

25 electrical voltage value, the functional unit of the

eiectrode arrangement 60 or 160 respectively is cut off,

in order to -achieve a defined bonding-wire melted-~-back

length. S

At this point, it should be mentioned that two or

30 three electrodes or even, in a manner not shown in more

detail, a plurality of electrodes can be allocated to the

head piece 40 of the capillary tube 35, as represented in

Fig. 3 and Fig. 4. In this case, the electrodes are

distributed uniformly on the circumference with respect

35 to the head piece 40 or with respect to the projecting

bonding-wire endpiece 1’ (Figs. 1, 2). In this case, the

electrodes are attached, in a fixed manner with respect

to the individual electrodes, to a correspondingly



the bondi ng-wi re endpiece 1', a bonding-wire sphere 2 (Fig. 2), whose

di aneter ‘i s dependent on the bonding-wre dianeter, is fused onin a
manner known per se. In this 20 case, the bonding-wire sphere 2 is nelted
back (not shown) into the head piece 40 of the capillary tube 35 in
such a manner that the di stance between the el ectrodes and the sphere
is increased, and the spark voltage hence corres ong ngly rises.
reaching the ReREEBIGHSLFSRLINIK: Qqviae V@PFBQ&SVQPE Hg functlonal

unit of the el ectx@e rasiatge fefhe etlcaQarleamahgméuusf atte of f,

in order to achl fined, bondin re nelt d-ba
At this point, %ﬁ‘g‘{ﬁ geﬁﬁﬁ? %ﬁeg }Q’hatreﬁmcﬁ t%o%lsl%rbonéﬁg‘gtvpb’%?es or
even, in a nanamdpxeneshbmproueqblag fromdéhai head pliecel 40y @ndeltha rodes

can be al ' at@&é&% %ync}gk%l?_&&@ Qﬁ%lvﬁ%gﬁ%ft Eﬁecéﬂé#@é&eéu%%e as

represente i s case e el ectrodes are
di stributed ur®nrerhand wsﬂﬁékcFFéHﬁf@Feh%ea%%W%M gsn ¢3sik¥ PRad

pi ece 40 or WhhniesPestah@ Bhethéolo%%@rngland REFERO- %éﬁrﬂj"dﬁeﬂ@el

(Figs. 1, 2). In this case, .el ecirode attached, 1n a_.fi
manner with r cRpRRINg-wixe, ‘iﬂ?@"“l’en&l +Edas l%Y% t%b%?yn{n}?tﬂcﬁ?‘ﬁ'ﬁsﬁo% ingly
-7- COﬂSttHétQﬂnth@rwimadevuxhdmthé isymmetryhamis S’ of the As a

It of  th t I h diyid trod th
aepect 100 hoPRRRERGTRGTS CPERSE Tt i et fogt. a8 el ARt PREShcad i oce

40, and the 5 tenporally synchronous driving of the el ectrodes, on the

one hand a spark transfer is achieved which can easily be nnnitored and
on the other hand uniform shaping of the bondi ng-wi re sphere 2 is
achi eved. The symetry axis S of the bonding wire 1, and the synmetry

axis S of the 10 bonding-wire sphere 2 are identical to one another.



‘2 8- Patent C ai ns: 1. Cont act - maki ng system for wire

‘connections on el ectroni c conponents in sem conductaor-cenrection tech-
ol ogy, consisting of a contact-making device (30) haV|ng 5 a capillary
tube (35) arranged thereon for guiding_ ag bondi n havi ng
an el ectrode, which is allocated in & Stationa i‘ ‘ ﬂ‘mmthat it
can pivot into a head piece (40) of the capill * for
produci ng a sﬁ&ﬁl@nﬁrgﬂéﬁ@ﬁ which is directed onto a 10 bond| ng wire

endpi ece (1') which projects fromthe head pi ece (40), for nelting the
bondi ng-wi re endpiece to form a bonding-wire s,pher ‘ga’b")f whi ch can be
wel ded to thel- resﬁ@%?ﬁ&“@éﬁﬁﬁﬁerﬁyﬁiﬁ%rESEUF"é'r HEPUREE XM PR ¢ hat

at |east two élleeﬁmd&edt:b&@onkﬁis) ,:.mé\/rye@chcameluambangednéatldnanet:m-cal |y
opposi te one anqtner an ut e uni on rence
PR eopect POIPHTEafs1sELIhAR Y Fontag stk ehT dofild Tad BEVERGLICT .
endpi ece 5 (@l'gaphlbaryr dpbet S{ IF)omerhandeddtpereen( 4@r oguidingea

bondi ng-wi re [ [ b a | t C

el ectrode (14?%}}%1'2\% Z%Eil@ef gﬁgtlve\% glgfr‘l’(nlg?se%in %qek:‘&z%ﬁe h'ﬁ{iuér?/l?‘t tJa'(q155
155'), which éddosatgs: iimted swtawnarYsuwr@n:o%raucamttha(tlwf; CRBr

temporal ly sypaRic@nanto a hééﬂVpﬂéce (40%-of thdWHAA AWK ithbe ?2§§$”1
according to, Claim. 1, 25 char cterls dindth uralit
el ectrodes (4§o:4§modu01ng5a)spaﬁ chrapg ﬁFstV@%ﬁhe&FtdﬁHQ5?ﬁp§ OB%°: Re
circum 10 fem@mamgww&hereaﬂ@abcbo(uhq bdd hpiprogec48) frame thkl head
cated {0 the BTl SeSPURFERY bl pLERotEEL Siace Y Rob 20"
activated by a slnmgﬂmgzﬂ«mtre)l sphereni(2)( 3)ich cas. be wealgladicte nkkieng
DAt ST G5 L gk G oty TRl SRt S LB S EnRET
t he el ec- at least two electrodes (145, 145'}), which are arranged
15 diametrically opp031te one another and distributed
uniformly on the circumference with respect to the head
piece (40), are allocated to the bonding-wire endpiece
(1) which projects from the head piece .(40) or to the
bonding-wire sphere (2) which is to be formed, and in
20 that each electrode (145, 145’) is effectively connected
to a power unit (155, 155}, which can be activated by a
. single control unit (150), for temporally synchronous
driving.
2. Contact-making system according to Claim 1,
25 characterised in that a plurality of electrodes (45, 45',
45"), which are distributed uniformly on the circum-
ference with respect to the head piece (40), are allo-
cated to the bonding-wire endpiece (1’), which electrodes
are in each case effectively connected to a power unit
30 (55; 55’, 55") which can be activated by a single control
unit (50).
3. Contact-making system according to Claims 1 and
2, characterised in that the power units (55, 55’, 55" or
155, 155’) which are effectively connected to the elec-
35 trodes (45, 45', 45", or 145, 145') are constructed as
electrical current sources.
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E’rectri cal

15 mechanical means.
6. Contact-making system according to Claim 4,
characterised in that the individual power unit {55, 557,
55", or 155, 155’) or the control unit (50 or 150) is
provided with means for permanent comparison of the

20 predetermined electrical voltage value with the instan-
taneous value of the electrical voltage.
7. Contact-making system according to Claims 4 and
5, characterised in that the individual power unit (55,
55’, 55", or 155, 155') is constructed with the assoc-

25 iated electrodes (45, 45’, 45", or 145, 145’) in each
case as a functional unit (60 or 160) and is provided
with means using which the functional unit can be
switched off on reaching the predetermined electrical
voltage value.




