Met hod for nmaking a wedge wedge wire loop FIELD OF THE | NVENTI ON [ 00011
The i nvention concerns a nethod for making a wedge wedge wire | oop.
BACKGROUND OF THE | NVENTION 5 [ 00021 Wre | oops serve to produce el ectrical
connections between a sem conductor chip and a substrate. Depending on the
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shaped working surface. The capillary is clanped to the tip of a horn. The
wire runs through the | ongitudi L] he capillary. The
capillary serves to 10 attach tﬂgLR&&é¥b8%§bggﬂkgition poi nt on the

sem conductor chip and to a connection point on the substrate as well as
to gui dg0odi¢ Vhaievdnedweanerbdemetivod Homakict h eadgeoradbswiriopr oduci ng the wire
connection between the connection point on the sem conductor chip and the

connection point on the subq%{ ?Robpﬁ) f@ﬁ QfiviRg ;re protruding out of
e ba +

the capillary is first nelt he ball "i's then attached to the
R T R e R St
appl|edsvbmnweDhmnﬁnﬂWh%sdmﬁmaems¢ﬁ§cmakm@ﬁkbaﬂﬂmb@nmmnqmcThwswmpemk§xmhen
her e R A% SO RANCOAL RS R TBcLOBME g,

| ast subopitodiedsiriiidolsdha emwe@gleto bongiskged Abitker satfcacNierngpitling iailmeped totht he
oyol e cal R TR h T ERED B oAt S o B B A B B
whi cli th@aﬂuh@wp@@pgmaméﬂqtmwdhednnombomhwmﬂﬂn@@mhe@mpmmdpmnwvéo%wcﬁéahgeof
e sSORTSEL s N ARAs Lk LDELANIRL Ol LRI E Bl

pi ece ofbewierrethynelerectioheoing aipihk bamigondigter, chtmd\pkprqmnrﬁgu(gu[pqua@e llgrfsubquetc the
P | SRR IS S OB LIy EAMSS P RO o CORLERAGGLYE

| ncr easedinerémperabuthe scBeealysier thiebxedye oCurmee rdnigaaned hr ddureduitriocng
ng‘|s lpl é \é\: Irf S)léﬁg]gﬁlﬁ%gt}[ﬁ? E%&Sf‘(}ia?ﬂ dg[mgd ﬁ(gtthg ﬂgllx1| l 8L &YA@%" ?l%ﬁ?edtb F b}é“c i ¢ E'Lh\an %wn
wedge bonbedthohgistertasqiitgd &npidicter la‘FfUﬂ@lﬁl \dee lt:memmﬂneemomdﬁ@l epeiah btwyiwao ttlche
mgggef%?@%gﬁéﬁ J%m?gn ﬁ) Eubs mi[f STthhsCIQtn @tﬂﬁ]g ?e?.} E?&l\‘}:\g d”%gn@%‘%lﬂ |r|]1 Cﬁ]?%?}il[zﬂ:ﬂhla lhllgzl e\ ’lll(!
the firse theefmme@wwnmp@l tm sybstratd;iee wiedig éore off netthi oent bompevickagn b(egso cal | ed
wedge bond 2 and a so-called tail bond 3. In order to achi eve good

adhesi Or['(]@f}] t[h@m\m%qﬂ%nm@gélﬁ@ﬂ&Q%Jlliordsis:[ known with which the wire loops are attached to both

20 connection points by means of a wedge connection. This means that the formation of the wire ball is

omitted and that both wire connections are produced by compressing the picce of wire under the
capillary, i.e. the working surface of the capillary presses the wire against the connection point.
Compressing the wire is done by applying a predefined force and ultrasound, generally with increased
temperature. Because the wedge connections are produced with a Ball Wire Bonder with which the

25 capillary presses the wire onto the respective connection point and not with a Wedge Wire Bonder with
which a wedge bond tool serves to attach and guide the wire, the quality of the wedge connection on the
first connection point generally does not fulfil the set requirements. Fig. 1 shows the first wedge
connection produced on the first connection peoint 1. The wedge connection comprises a so-calted wedge
bond 2 and a so-called taif bond 3. In order to achieve good adhesion of the wedge bond on the first

30 connection point, during bonding the wire 4 has to be pressed against the first connection point with a lot
of energy, i.e. with a relatively high bond force and under the application of ultrasound. The junction
between the wedge bond and the tail bond is therefore very thin or is even completely severed so that the
wire is practically only connected to the connection point by the tail bond. Adhesion of the tail bond is

naturally much weaker than the adhesion of the wedge bond as because of the geometry of the capillary
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However dvant
wedge c,onnectlon. lhlS melhod is known as “Reverse Bondmo It is not a wedge wedge method.

[0006}] The two last mentioned methods enable the wire to be guided away practically parallel to the
surface of the semiconductor chip. However “Reverse Bonding™ has the disadvantage that a wire ball has
to be formed for both wire connections which results in a comparatively long cycle time for the

25 production of the wire loop. The other method has the advantage that only one wire ball has to be formed

but has the disadvantage that the wire loop can often not be formed in the required shape.
SUMMARY OF THE INVENTION

[90607] The object of the invention is to develop a method for making a wedge wedge wire loop with

which the above-mentioned disadvantages are eliminated.

30 [0008] A wedge wedge wire loop is formed with the steps:
a) lowering the capillary onto the first consection point and applying a predefined bond force and
ultrasound for producing a wedge connection on the first connection point,

b} raising the capillary by a predetermined distance D in an essentially vertical direction,



to be formed for both wire connections which results in a conparatively

|l ong cycle time for the 25 production of the wire | oop. The other nethod
has the advantage that only one wire ball has to be forned but has the
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wi th'’a %f@éﬁﬁgﬁgﬁgﬂnw%cond wedge connection, Figs. 3 - 8 show snapshots
during produggilon of tshewfd wedeewedgeicoanmedtd orprioras Fig. 9 shows a

POSSI bl e trgjectory pasq‘lg\?vé)j w&p%og ﬁl%'d!mjeﬁ';[y accgtjdgwe %@ll]%]@qx\(?Ol]ﬂon?\ggﬁ 4 ﬁl@héfﬂrd%m
Fig. 9 with enlarged scale, Fig. I "shows two wedge connections that only
differ in their orientsatindmedgrdnndiigs. 12 - 14 show further possible

trajectory H’?‘ésh§ - Qf t Qﬁo& %Pﬂilelo?srch'ing production of the first wedge connection,

i3 Fig. 9 shows a possible trajectory path of the capillary,
Fig. 10 shows a scction from Fig. 9 with enlarged scale,
Fig. 11 shows two wedge connections that only differ in their orientation, and

Figs. 12 - 14 show further possible trajectory paths of the capiliary.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

26 j0010] Fig. 2 shows a wire loop 5 between a first connection point | on a substrate 6 and a second
connection point 7 on a semiconductor chip 8 produced using the method in accordance with the
invention. The semiconductor chip 8 is attached to the substrate 6. In the example, the second connection
point 7 is located at a higher height than the first connection point 1. Before the wire foop 5 is produced,
a so-called bump 9 is applied to the second connection peint 7. The bump 9 can be created and applied to

25 the second connection point 7 with the Ball Wire Bonder or by means of another known method. The
substrate 6 can be any substrate known in the semiconductor industry. The substrate 6 can also be a
second semiconductor chip as there are already many applications with which semiconductor chips arc
mounted directly one on top of the other as “stacked dies”. On producing the wire toop 5, the end of the
wire protruding out of the capillary of the Ball Wire Bonder is first attached fo the first connection point

30 1 on the subsfrate 6 by means of a first wedge connection, the wire is pulled out to the required length
whereby the wire foop is preformed and then, by means of a second wedge connection, the wire is
attached to the bump 9 of the second connection point 7 or alternatively directly to the second connection

point 7.

[0011] Figs. 3 to 8 show snapshots taken during production of the first wedge connection. The method
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taken after this process step.
3. Moving the capillary 11 laterally and downwards in order to bend the wire 4 and press it onto the

wedge connection. Fig. 6 shows a snapshot taken approximately in the middle of this process step.

o]
L

Fig. 7 shows a snapshot taken after this process step.
Step 3 serves to firmly anchor the wire 4 on the first wedge bond 2 so that the wire 4 does not tear off

during the subsequent formation and completion of the wire loop 5.

{0013} As can be seen in Fig. 5, the capitlary 11 leaves an imprint in the wedge bond 2 that is
terminated with an edge 14. As can be seen in Fig. 8, during steps 1 to 3 the capillary 11 moves by the
30 distance D, away from the original point of impact on the first connection point 1. Movement of the
captllary 11 in step 2 occurs preferably along arn essentially circular path with the radius r = Dy centred
on the original point of impact on the first connection point 1. The distance D, is therefore roughly equal
to distance . The distances DD and D; are preferably dimensioned so that the outlet of the longitudinal

drill hole 12 of the capillary 11 comes to rest on the wedge bond 2 as is presented in Fig. 7.

35 [0014) The {first connection between the wire 4 and the substrate 5 has now been produced. The wire



| . Lowering the capillary I | onto the first connection point | and

securing the end 10 of the wire 4 protruding out of the capillary I | to
the first connection point | in that a predefined bond force and 15
ultrasound are applied to the capillary I I . The end of the wire is now
attached to the first connection point P as a wedge connection whereby the
wedge connection conprises a wedge bond 2 and a tail bond 3. In doing so,
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20 6C. The piece of wire protruding out of the capillary 11 is melted into a ball and placed onto the secoad

connection point as a bump.

[0016] With a first version of the method in accordance with the invention, in steps 3 and 4 the capillary
H follows a predetermined trajectory path 15, whereby on transition from step 3 1o step 4 the direction
of its travelling motion is reversed. Fig. 9 shows the optimum trajectory path 15 of the capillary 11 for

25 producing the wire loop 5 presented in Fig. 2. Fig. 10 shows an enlarged presentation of the scction
marked with a circle in Fig. 9 that concerns the production of the first wedge connection in accordance

with the process steps 1 to 3 explained above.

[0017] Because the first wedge connection produced according to this method is firmly anchored on the
substrate 6, in principle, its alignment is of no importance. Two such wedge connections with different

30 alignment, namely their orientation rotated by 180°, are presented in Fig, 11,

[0018] For the bending of the wire, other trajectory paths are possible instead of the optimum trajectory
path. Examples of this are presented in Figs. 12 to {4, The trajectory paths are formed from straight or

curved path sections that together or with the first connection point 1 embrace the angle o, 3 or v. The



second connection point 7. 7. After attachment and before tearing off the
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the capillary | | follows a predeterm ned trajectory path 15, whereby on

transi t i[0o2of I"Dlm(Sﬁ(—:@ﬁal&dtemlc@lﬁﬁtlﬁ ibhedgli arection of its travelling motion is

reversed. Fig. 9 shows_t rajectory path 15 of the c lary |
for B2 RGEIRGeTHE T PE PoBea ke BBheBaSin PRyt -3 byt S R

enl ar ged pbmse‘mg a)tuil fo)nvlﬁiﬁh it h@:\ﬁ(ﬁ&f broRrmaTeh kedle WnUIIo@ CThd @pi@adyRaiFihgief®e t hat
concerns th e ecti.on i.n accordance i th
The. pr ooed P LR g b S st T 5% B TRt aes FRESH Fo sk bhe
connect i onhgsibdheed dradarminngl thOwtdpe sometthadnitse dubstmtataabenped aonqiikg to
substrate p LN “anchIe, its alignnment is of no inportance. Two such
wedge conﬁéﬁ%?%ﬂ%“%??ﬂtaifferent 30 alignment, nanely their orientation
rot ated -byrhz8flc aneisphase gt pribi gt as bie 1p D08 1IFORicctRerybandiynge ofstchnef
Wi re, other tra ect or at hs are possible instead of the optimumtrajectory
path. Exa ?8’“8?”?Hf%0éyﬁ presented in Figs. 12 to 14. The trajectory
pat hs ar-e War 1e chefhino aecdtdiad 1g |ﬂtc, o5t veS e whaishheseghin@nsad fabatt-ogethbelireor
with the first conngctlon enbr ace

logp NG 1Ew e Cl ne §1t h Lhe ﬁ)?:gl S g"' ?ifi Orl@y Thg 61 ;
angl es a, RPAREPYSELASVR I1° 555 GRIGPUHEI AV S ERIBTNSFY oAl 9% detisty
path is roundesirator ti]li'eechﬁlﬁgcneﬁﬁectlon. Because the dwell time of the capillary at the reversal point is
20 very short and the bent piece of wire is not soldered to the wedge connection by means of ultrasound,
an extremely short cycle time results,
- With certain materials and processes the wedge contact presents a more reliable conpection than the
ball contact. By means of the suggested wedge connection at the first connection point, the previous

problems can be prevented.

25 {0021] The method in accordance with the invention is particularly suitable for the production of a wire
loop as shown in Fig. 2. For applications such as “stacked dies” with at least two semiconductor chips
mounted directly one on top of the other, the wire at the first connection point 1 has to rise very steeply,
i.e. the angle 0 often has to be greater than 75° so that the wire loops running at different levels do not
come into contact with one another and nevertheless take up as litte space as possible. However the

30 invention is not limited to such wire loops. It can be used everywhere where the first connection of the

wire loop te be made has to be a wedge connection,

[6022] While embodiments and applications of this invention have been shown and described, it would
be apparent 1o those skilled in the art having the benefit of this disclosure that many more modifications

than mentioned above are possible without departing from the inventive concepts herein. The invention,



i.e. at the transition fromone path section to the next, so that the
capillary I |1 is able to followthe trajectory path as far as possible

Wi t hout stopping as each stop causes a loss in tinme. This is also valid for
the trajectory path presented in Fig. 9. 5 100191 Wth a second version of
the nethod in accordance with the inventi/‘on, a step 3B is carried out
after step 3 and before step 4. In step 3B a predeterm ned bond force and
opt i onal fhyrefikd, Fsa0tnd i tcdaRdpt BAhd §irliRe e dpbehi@ Yaiths hndf1Rdir uRkREAEL €r m ned
time duration in order to solder the bent piece of wire to the wedge
connection underneath the working surface 13 of the capillary 1 1. 100201
The essential advantages of the invention are: 10 - Because the wire is
firmy anchored to the first connection point 1, it can easily wthstand
the following load to which it is exposed on formation of the wire | oop.
The capillary can therefore follow any trajectory path that is optimally
adapted to the shape of the wire loop to be achieved. On the other hand,
the alignnment of the wedge connection on the substrate can be adapted as
required to the given requirenents. 15 - The cycle tinme is shorter than
with prior art as one less wire ball is necessary, nanely one instead of
two or none instead of one. - Wth the nethod according to the first
version, the wire is bent again during formation of the wire |oop and
pressed agai nst the wedge connection that has just been produced whereby
only a short stop is necessary for the change in direction. Because the
dwel|l tine of the capillary at the reversal point is 20 very short and the
bent piece of wire is not soldered to the wedge connection by neans of
ultrasound, an extrenely short cycle tine results. - Wth certain
materials and processes the wedge contact presents a nore reliable
connection than the ball contact. By neans of the suggested wedge
connection at the first connection point, the previous problens can be
prevented. 25 100211 The nethod in accordance with the invention is
particularly suitable for the production of a wire |oop as shown in Fig.
2. For applications such as "stacked dies" with at | east two sem conductor
chips nmounted directly one on top of the other, the wire at the first
connection point | has to rise very steeply, 1i.e, the angle 0 often has to
be greater than 75 so that the wire loops running at different |levels do
not cone into contact wth one another and nevertheless take up as little
space as possible. However the 30 invention is not limted to such wire

| oops. It can be used everywhere where the first connection of the



wire loop to be made has to be a wedge connection. [0022] Wil e enbodi nents
and applications of this invention have been shown and described, it would
be apparent to those skilled in the art having the benefit of this

di scl osure that many nore nodifications than nentioned above are possible
wi t hout departing fromthe inventive condepts herein. The invention, 7
therefore, is not to be restricted except in the spirit of the appended
clainms apdatheir equivalents. 8 CLAIMS |. Method for making a wedge wedge
wire |oop (5) between a first connection point (1) and a second connection
point (7) with a capillary (1]) that has a longitudinal drill hole (12) an
outl et of. mhihcthfcopehisg aem&mhmMQeeummﬁkkngmsummaﬁetQmaynmmbenebymkheammﬂe IS
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the firstoncannestingm fpoicits (ol guidaniet wippldy bargea thr fdebhmedoband (faind ee sedadd

uItrasounqu m1&mu?5 ing a we qﬂ%+£QQE§9£'O” on the first connection point
(1), 10 By sing ‘t’he ca |FF%r&‘<F> }Ey a predeterm ned distance D in

an essenﬂHa%bywvﬁx&mﬂmhwdnnmﬂﬂh@ﬁmtﬁmnanummgmuhemdamﬂhh@npwﬁﬁﬁkd)mkﬂbeeaIIy
and downwar g n t0..be é% apd,yre§§ the wire against the
wedge conn ey oungi 01 Ip:o émﬁ_ga Wﬁ ecgisllcF ca]rcv “C(i nls!) oall)]c,& 1%%11#{;}‘1},'16 capillary
(r Iy innondegum@qmbmm{H)Mynemhaamnﬁ@mhﬁnﬂcDomahkamhmnphetmﬂkme@%) to the
second cgnne

accordi N nPevnégiipc C<quaa)V%qe)rlglclﬁﬂéfﬂ%%(%w:)wgp g‘lr(lfl t%éﬂ’idt ne{diﬂ ?mssﬁﬁ wnd, i nda

wre d|ree@mom1b$MQELQEMMxmmre | oop to be produced in order to allgn t he
ﬁ/g?hgéma C:(a)ll'} ﬁﬁe C 1;31ﬁd1§é?l%dlrcpmowég ﬂv\haéjillieail E]m oy gcx Po 1101 m ﬁ%lﬁg\/ﬁé}r{'@ :{ng t(} at dhh

cap|IIarytbd@)cmakescpiaubmnakomgmam(éﬁ&eht|aIIy C|rcular pat h secti on.

15 e) tearing off the wire (4).

2. Method according to claim 1, wherein after step d the capillary (11) is moved in a wire direction of a
next wire loop to be produced in order to align the end (10) of the wire (4) protruding out of the capiliary

(L1

20 3. Method according to claim 1 or 2, wherein in step ¢, the movement of the capillary (11) takes place

along an essentially circular path section.



