1 BONDING HEAD WITH A HEATABLE AND COOLABLE SUCTION MEMBER PRIORITY CLAIM
[0001] Applicant hereby claims priority from Swiss Application No. 245/13 filed January 21, 2013, the
disclosure of which is herein incorporated by reference. FIELD OF THE INVENTION [0002] The
invention concerns a bondhead with a heatable and doolable suction member. BACKGROUND OF
THE INVENTION [0003] Such a bonding head is used in the semiconductor industry for normal
bonding or thermGONTuNeSHEA DOV A HEATAGIDE AN B CODIGUBIOE SOCT N (MEMBERS a die) on a
substrate. The formation of the connection occurs under action of temperature and optional pressure.
[0004] Certain bonding processes such as TERERIING $eddive the heating and cooling of the
semiconductor chip during bonding on the substrate, i.e. the driving of temperature profiles with

extreme heating Al coohogatts mEpisorieatiog swiksappngitien e s4bme fiied Bubstant|aiy 3, the
determin%%g‘h%%%p H’pgi ﬁigrﬂgrghqrr%‘%g%rgh&%g% gé of the machine. [0005] From US Pat. No.
at Ing head is

6,821,38 ermocompression bon nown which comprises a suction member made of
ceramics that is screwed onto the bonding head. The suction member contains a resistance heating
which is attached in a recess of the suctigﬁ%%gﬁgﬂ\'%my&&nent is additionally arranged outside
on the suction member. The upper side of the suction member contains recesses, so that cooling
channels[8087brirwed rventieeeptice romiolindhbzshl tirecheiatals e etid nagi avrerectiwioentsoling channels can
be supplied with compressed air for cooling the suction member. The compressed air flows in the
horizontal direction through the coolggcigragis proFreaehes/teaaNient environment at their end.

[0003] Such abonding head is used in the semiconductor industry for normal bonding or
thermocompression bonding (TC bonding) of a semiconductor chip (known as adie) on a substrate. The

formation of the connection occurs under action of temperature and optional pressure.

[0004] Certain bonding processes such as TC bonding require the heating and cooling of the
semiconductor chip during bonding on the substrate, i.e. the driving of temperature profiles with extreme
heating and cooling rates. This heating and cooling requires time and substantially determines the cycle

time and therefore the throughput of the machine.

[0005] From US Pat. No. 6,821,381 a thermocompression bonding head is known which comprises a
suction member made of ceramics that is screwed onto the bonding head. The suction member contains a
resistance heating which is attached in a recess of the suction member. A thermoelement is additionally
arranged outside on the suction member. The upper side of the suction member contains recesses, so that
cooling channels are formed between the bonding head and the suction member, which cooling channels
can be supplied with compressed air for cooling the suction member. The compressed air flowsin the

horizontal direction through the cooling channels and reaches the ambient environment at their end.

[0006] From WO 2012002300 a thermocompression bonding head is known which comprises a
bonding head body with an integrated heater and a cooling channel which can be supplied with
compressed air, and a suction member which can be held by means of vacuum on the bonding head body.

The suction member also comprises a cooling channel which can be supplied with compressed air.

[0007] With such bonding heads known from the state of the art it is possible to heat up the
semiconductor chip with aheating rate of 100°C/s and to cool the same with a cooling rate of 50°C/s.

SUMMARY OF THE INVENTION

[0008] Theinventionis based on the object of improving such a bonding head, i.e. especially increasing

the heating rate and the cooling rate of suction member.



[0006] From WO 2012002300 a thermocompression bonding head is known which comprises a
bonding head body with an integrated heater and a cooling channel which can be supplied with
compressed air, and a suction member which can be held by means of vacuum on the bonding head
body. The suction member also comprises a cooling 2hannel which can be supplied with compressed
air. [0007] With such bonding heads known from the state of the art it is possible to heat up the
semiconductor chip with a heatgraiESTHICDCIN ardteE Dl saREsWRiEa cooling rate of 50C/s.
SUMMARY OF THE INVENTION 2 BRIEF DESCRIPTION OF THE DRAWING FIGURES [0009] The
accompayieg] AW RESIRRRGA wmerﬁgérmoﬂmafma{a% eoﬂarmé ihis-sperification,

illustrate one_or more embodiments of he present invention and ?et er with the detailed description,
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the drawidgstipiign lsthetm atidailhytisoivs pl e it ngl sheyw aicadad mickng bead. infedoprdanenwith the
invention'sgilg_. |%§ngmr%g_ttom side of a suction member, and

Fig. 1 schematically shows a sectional view of a bonding head in accordance with the
invention;

Fig. 2 shows a bottom side of a suction member, and

Fig. 3 shows an upper side of the suction member.

DETAILED DESCRIPTION OF THE INVENTION

[0010] A semiconductor mounting apparatus comprises a pick-and-place system which picks up one
semiconductor chip after the other and places them on a substrate. The pick-and-place system comprises
abonding head 1. Fig. 1 schematically shows the parts of the bonding head 1 which are necessary for
understanding the invention. The bonding head 1 is displaceably mounted on the pick-and-place system
in a direction extending perpendicularly to the surface of a substrate, which direction is usualy the
vertical direction and is designated here asthe Z direction. The bonding head 1 comprises a bonding head
body 2 and a heatable and coolable suction member 3 which is detachably fixed to the bonding head
body 2.

[0011] The suction member 3 has a bottom side 4 and an upper side 5 which are opposite of each other
and extend in parallel with respect to each other. The bonding head body 2 has a bottom side 6 on which
the upper side 5 the suction member 3 rests. The bottom side 6 of the bonding head body 2 or the upper
side 5 of the suction member 3 is provided with one or more first recesses 7, into which opens afirst
channel 8 or several first channels 8, which channels can be supplied with avacuum in order to suck up

and tightly hold the suction member 3 resting on the bottom side 6.

[0012] Fig. 2 shows the bottom side 4 of the suction member 1. The bottom side 4 comprises one (as
shown) or more recesses 9. The bonding head body 2 and the suction member 3 contain at least one
second channel 10, which opens into the said one or more recesses 9 and can be supplied with vacuum
for sucking up the semiconductor chip 11. The surface area of the bottom side 4 which is covered
entirely by the recess or recesses 9 forms a suction area for sucking up the semiconductor chip 11, while
the surface area of the bottom side 4 which is not covered by the recess or recesses 9 alows the transfer
of the heat during heating or dissipation of the heat during cooling of the semiconductor chip 11. These
two proportions of the surface area are to be determined in respect of their ratio in such away that the

semiconductor chip 11 can be sucked up with the necessary force on the one hand and can be heated and



Fig. 3shows an upper side of the suction member. DETAILED DESCRIPTION OF THE INVENTION
[0010] A semiconductor mounting apparatus comprises a pick-and-place system which picks up one
semiconductor chip after the other and places them on a substrate. The pick-and-place system
comprises a bonding head 1. Fig. 1 schematically sh@ws the parts of the bonding head 1 which are
necessary for understanding the invention. The bonding head 1 is displaceably mounted on the
pick-and-plalee yRient yroattéetikonaaatending perpendicularly to the surface of a substrate, which
direction is usually the vertical direction and is designated here as the Z direction. The bonding head 1
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on the one hand and can be heated and 3 cooled efficiently on the other hand. [0013] The suction
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sensor 21 which are integrated in the suction member 3. The temperature sensor 21 is preferably a
temperature-dependent electrical resistor and is used to measure the current temperature of the suction
member 3. The suction member 3 contains for example alateraly protruding projection 22 as shown
here, whose upper side is situated lower than the upper side 5 of the suction member 3 and whose bottom
sideis situated higher than the bottom side 4 of the suction member 3. The upper side of the projection
22 contains two first electrical contact areas 23 which are connected to the electrical resistance heating
20 and two second electrical contact areas 24 which are connected to the temperature-dependent
electrical resistor which forms the temperature sensor 21. The electrical contact areas can also be

integrated in the upper side 5 and/or the side walls 15 of the suction member 3.

[0015] Fig. 3 shows the suction member 3 in atop view. The drawing shows the upper side 5 with the
inlets 13 and the outlets 14 of the cooling channels 12, and the first and second electrical contact areas 23
and 24.

[0016] Electrica contact e ements 25 such as contact pins (as shown) or brackets and the like are
attached to the bonding head body 2, which contact elements are preferably mounted in aresilient way
and are electrically connected to a control unit which supplies the current required for the operation of

the resistance heating and for the operation of the temperature sensor 21. When the suction member 3is



16 form one or more cavities which connect the inlets 13 of the cooling channels 12, and the said one
or more recesses 17 form one or more cavities which connect the outlets 14 of the cooling channels
12. The suction member 3 can therefore be cooled by supplying a cooling medium through the third
channel 18 or the third channels 18 and by dischargidg the cooling medium through the fourth channel
19 or the fourth channels 19. The cooling medium is compressed air for example which is supplied to
the third chelanelpls e tuadhirsdeldaui niedHdrdli nghrerelo 1t flewsdinicl gbntie daoting 2hesmeiatd 2 and
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such a wi§ofight Tie eettngrehaenalisd? 3rsnfigler dldly ieanistd nesl A dheE gk ipredinedRIgsPAAtethe

upper ﬁid@%&gwwmnlﬁgg#@ﬁ&mﬁmd _Miﬁﬁ‘iﬁsé&rﬁ}ﬁdﬁg?mrﬁ%@iiﬁ%&%D@Wﬁ@ﬂ f
mutually opposite side walls without considering the projection e compact arrgngement o
the Suctiol T ERDB P IA G BCR U CEHBLE LV3 TS LR s P AR A e lcc
resistanceubiectimgrai@adic oiteigeatddet smpinat nearsd nsvadlldatgito a very low thermal mass of the
suction member 3 on the one hand, and neither the heating nor the cooling are separated from the
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structure of the suction member 3 is gbtained. Flat structure means low overall height. [0020] In the
case of a ¥ABB ARSI RIEFBICLEBMRT RS Hsmine Sl grer B9 ARREPLEASIIESLIRY Ehannel or
the fourth channels 19 preferably extend as illustrated in a direction extending obliquely with respect to
the bottom side 4 of the suction member 3 and open into the ambient environment. The outlet opening
of the fourth channel or fourth channels 19 is therefore further remote from the bottom side 4 of the
suction member 3 than the inlet opening of the fourth channel or fourth



S channels 19. The emitted compressed air therefore flows off in the upward direction, thus reducing
the likelihood that the emitted compressed air displaces or blows away already mounted
semiconductor chips whose connections to the substrate have not yet entirely solidified, or produces
drifting in the adhesive material in the case of adjaceBt substrate places which have been coated with
an adhesive material but have not yet been placed with a semiconductor chip. [0021] Since the suction
member dHandetsrshablyefixaeiteothe dssaaictinghbetsl didslysfo fisHaelohaydiesunsm tiauy atiudiny drethe
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above are £Iossible w(iaterrl]o%c d evalltrtin%om the inv%ntive concepts herein. The invention, therefore, is

not to be res?rrilg{é/&texce Inthe gpalrl o'fcﬂqeugtp())ﬁé:n'géd claims and their equivalents. 6 CLAIMS 1.

Bonding head (1), comprising a bonding head body (2), and
[0021] Since the suction member 3 is detachably fixed to the bonding head body 2 or is held by means

of avacuum on the bonding head body 2, it can be exchanged easily and automatically in order to adjust

the semiconductor mounting device to semiconductor chips of different size.

[0022] While embodiments and applications of thisinvention have been shown and described, it would
be apparent to 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,

therefore, is not to be restricted except in the spirit of the appended claims and their equivalents.



a flat suction member (3) consisting of a single piece of sintered ceramic material and having a bottom
side (4) and an upper side (5) which are opposite of each other, wherein in the suction member (3):
the bottom side (4) is formed with at least one recess (9),  one or more cooling channels (12) are
provided beneath the upper side (5), which cooling cléannels comprise an inlet (13) and an outlet (14),
an electrical resistance heating (20) is arranged beneath or above the cooling channels (12), and a
temperatie, sensor (21) is integrated, wherein the electrical resistance heating (20) is connected to
first contact areas (23) and the temperature sensor (21) to second contact areas (24);  wherein the
bottom side (6) of the bonding head body (2) or the upper side (5) of the suction member (3)
comprised oneRA AR ERELELLEPAS Ahd wherein the bonding head body (2) comprises one or more
first channels (8bonbind repe bsdyr(@pamdinto the one or more recesses (7) and can be supplied with

vacuum 1o SUGHAIE ISR (:[ L8R B a gﬁ{%@f\%@%ﬂ%&@&’&%ﬁ%ﬂ&’q%’ dd AREhe suction

member (3) comprise at least one _ opens into the at least one recess (9) in
the bottoPERTB 4§ &b el SRERBY FaTMArNISY SiePRRAT IROSEMHIRRWIth vacuum for sucking up the

semiconductorgigiei Glih)the suéthsrgighibe (Bynding head body (2) comprises one or more third channels

(18) which is o, are in co icating conpection with the inlets (13) of the cooling channels (12), and
one or more fo%ﬁﬁoéﬁyn%e%%g' %ﬁ%ﬂﬁ“@%ﬁ%&ﬁ %eorr%crenﬁﬁrgi ating connection with the outlets (14) of
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wherein the bottom side (6) of the bonding head body (2) or the upper side (5) of the suction
member (3) comprises one or more recesses (7), and wherein the bonding head body (2) comprises one
or more first channels (8) which opens or open into the one or more recesses (7) and can be supplied with
vacuum for sucking up the suction member (3);
wherein the bonding head body (2) and the suction member (3) comprise at least one second
channel (10) which opensinto the at least one recess (9) in the bottom side (4) of the suction member (3)
and can be supplied with vacuum for sucking up the semiconductor chip (11);
wherein the bonding head body (2) comprises one or more third channels (18) whichisor arein
communicating connection with the inlets (13) of the cooling channels (12), and one or more fourth
channels (19) which is or are in communicating connection with the outlets (14) of the cooling channels
(12); and
wherein contact elements (25) are attached to the bonding head body (2), which come into contact
with thefirst contact areas (23) or the second contact areas (24) when the suction member (3) is sucked
up, so that the suction member (3) can be heated by the electrical resistance heating (20), can be cooled
by supplying a cooling medium through the third channel or channels (18) and discharging the cooling
medium through the fourth channel or channels (19), and so that the temperature measured by the

temperature sensor (21) can be transmitted to a control unit.

2. Bonding head according to claim 1, wherein the fourth channel or channels (19) extends or extend
in adirection arranged obliquely with respect to the bottom side (4) of the suction member (3) and open
into the ambient environment, so that an outlet opening of the fourth channel or channels (19) isor are
further remote from the bottom side (4) of the suction member (3) than the inlet opening of the fourth
channel or channels (19).



2. Bonding head according to claim 1, wherein the fourth channel or channels (19) extends or extend
in a direction arranged obliquely with respect to the bottom side (4) of the suction member (3) and
open into the ambient environment, so that an outlet opening of the fourth channel or channels (19) is
or are further remote from the bottom side (4) of the suction member (3) than the inlet opening of the
fourth channel or channels (19). 7 3. Bonding head according to claim 1, wherein the cooling
channels312)Bthei tlgitdachiaosreirgrtclbrimelsvis piandabefiog dhaohels (19) ahe trarnngian(d@9rbelong to a

closed cirgyj r}%i ‘%’%‘ ?# i (o) 33%%9 in.the cooling channels (12)

are arrangéégqﬁeﬁsa(gﬁmg § g]gﬁ)g%@&eﬁ [ ﬁ)gﬁgﬁ%@l’[ ? ﬁ?ﬁ%trgs? la %ﬁ@:g suction member (3). 5.

Bonding head according to any of claims 1 to 4, wherein the contact elements (25) are resiliently

mounted dn t %’P&iﬂ?@dﬁ@%dﬂ)&? egy of claims 1 to 3, wherein the cooling channels(12) are arranged in
asingle plane extending parallel to the upper side (5) of the suction member (3).

5. Bonding head according to any of claims 1 to 4, wher ein the contact e ements (25) are resiliently
mounted on the bonding head body (2).



