1 Thermocom ession bondin method and a. .aratus for the mountin of semiconductor chi s on a
substrate PRIORITY CLAIM  [0001] Applicant hereby claims priority from Swiss patent application
no. 2915/12 filed December 21, 52012, the disclosure of which is herein incorporated by reference.
FIELD OF THE INVENTION [0002] The invention relates to a thermocompression bonding method
and an apparatus for the mounting of semiconductor chips on a substrate. BACKGROUND OF THE

INVENT | Oy ibidi&di)ssEioaondiogpeassi andeppaiagsive the dwedati ith @ freenictnduabsetipsonguctor chips
are knowsutstraggample from US 6131795, US 7296727, WO 2011152479 und WO 2012002300.
SUMMARY OF THE INVENTION [0004] It is the object of the invention to improve such a
thermocompression bonding method. [0005] TRERentbABbncerns a thermocompression bonding
method for the mounting of 15semiconductor chips on a surface of a substrate, in which one
semicond000di chjpplattet haetythleins paioeity dpimySeich etgnizpeli @tidn sion2Ridied fdadPecsaibstraite,
whergin aza'lcz‘, honglng heag lﬁrﬁéﬁﬁ?@éh'ﬁé&p@%&%ﬁ&%}fg in a Z direction extending
perpendicularly to the surface of the substrate, the chip gripper is displaceably mounted on the TC
bonding head in the Z direction, and a force transmitter fixed to the TC bonding head is configured to
press an extension of the chip gripper inﬂ%‘&@éﬁﬂﬁdf\%@%y@b'of the TC bonding head, and wherein
the chip gripper comprises a heater, wherein the following steps are performed in order to produce

solid soldéRSE]carhedpYRSIISNTEEIeR to RS BRTERRRBIHH SIaNrkReMEser 708 AA BerarRIS fPaING the

substratepRigting diRIMRGRIMEP RERS AT £RIBAER the chip gripper; positioning of the chip gripper
above the assigned substrate location; 25lowering the TC bonding head by means of the drive to a Z

position in which the chip gripper is %e,;f E%dzy,\ﬁj%gdﬂ%rm'\pgﬂﬂiéﬁnce DS relative to the TC

bonding head, so that the extension of the chip gripper does not rest on the stop of the TC bonding
heady he abitgsU PraétReceRPEERA wokef & WY B R ise AMdiRi Ag 8L 8Emi conductor chips are known for

example from US 6131795, US 7296727, WO 2011152479 und WO 2012002300.

SUMMARY OF THE INVENTION
[0004] Itisthe abject of the invention to improve such a thermocompression bonding method.

[0005] Theinvention concerns athermocompression bonding method for the mounting of

15  semiconductor chips on a surface of a substrate, in which one semiconductor chip after the other is taken
up by achip gripper and is mounted on the substrate, wherein a TC bonding head is displaceable by
means of adrive in aZ direction extending perpendicularly to the surface of the substrate, the chip
gripper is displaceably mounted on the TC bonding head in the Z direction, and aforce transmitter fixed
to the TC bonding head is configured to press an extension of the chip gripper in the direction of a stop

20  of the TC bonding head, and wherein the chip gripper comprises a heater, wherein the following steps are
performed in order to produce solid soldered connections in form of soldering points between a
semiconductor chip and the substrate:

picking up the semiconductor chip with the chip gripper;
positioning of the chip gripper above the assigned substrate location;

25 lowering the TC bonding head by means of the drive to a Z position in which the chip gripper is
deflected by a predetermined distance DS relative to the TC bonding head, so that the extension of the
chip gripper does not rest on the stop of the TC bonding head;

heating up of the semiconductor chip by means of the heater;
terminating the heat-up of the semiconductor chip once the semiconductor chip has reached a

30 temperature above the melting temperature of the solder of the soldering points, so that the soldering

points melt and the extension of the chip gripper comesto lie on the stop of the TC bonding head;

waiting until the temperature of the semiconductor chip has fallen to a value beneath the melting



terminating the heat-up of the semiconductor chip once the semiconductor chip has reached a
30temperature above the melting temperature of the solder of the soldering points, so that the
soldering points melt and the extension of the chip gripper comes to lie on the stop of the TC bonding
head; waiting until the temperature of the semiconduetor chip has fallen to a value beneath the melting
2 temperature of the solder, and lifting of the TC bonding head. [0006] The thermocompression
bonding metp@durey fuettdeomprise actively cooling of the chip gripper during said waiting. 5[0007]

The thermog¢ompr 'Oﬂc,q? ' hod may further comprise: from the start of the heating-up of the
semiconducﬁgtrmg]ﬁﬁﬁ%tll th(eﬂ]gmﬁtﬁlgrﬁme at which the temperature of the chip gripper has reached a

predetermined value that lies beneath the melting temperature of the solder measuring the actual
deflectior 391 tHEG KT YRR Fera R mé“?@osmﬁﬂthaﬁ'aﬂfd%éﬁ%ﬁ%é’%&%gﬁ HiRection D
for a closeddoppecdunirol afdheiZngosition of the toTC bonding head in such a way that the chip gripper
remains deflected by the predetermined distance D. [0008] The step of lowering of the TC bonding

headsmay@RmPIHE ther HBLBHPIBISSAEiRIAR FRtRdPRY WINRE Bomipiert, on which the substrate rests,
and the TC bonding head are displaced relative to each other by the force exerted hy the chip gripper,

and reducinf RERGSAHAENEHSHNHR i die TR0 B4 Cieiortn ¥l LRps IBRERG WA HEPfC bonding

head may attenperaired/ ot tra phipeyrigpte has neached i ptesfeber bl e vyl wehtich [fes bppatt, toanettiob the

substrate re?e%p@r%ﬁ% e QP%@%%%%%@@Q&Q'WYS@%?ﬁ%%ﬁ\%@r‘?ﬁﬁ&’ rBl&FU&%Oc‘F%e erted by

the chip gripper, an ng of t head e distance DTs as soon as the solder starts

melting. 20[TEHPAFHAERHHTE 157 FREMIBUATHRT S HdATTREOP A BRoh & BE A B iR trate
accatding torthednyagtieal cosiphiaesly that the Bapdigpaeatiaviiod| iweisplane pllyrsainie di suaced
direction ext[Ending perpendicularly to the surface of the substrate and comprises a stop; a chip
gripper which®is displaceably mounted in the Z direction on the TC bonding head and which
25comprises an extension; a force transmitter which is fixed to the TC bonding head and which

presses tHOBkieH&GSHERPHHVEARS §FiP5erGrPeRe B9 HFELTBN FANEE the stop of the TC bonding head:; a
drive for mosietgriivenb@ distanis @ hagohin dhe sigbioactomihich the substrate rests, and the TC bonding head

are displaced relative to each other by the force exerted by the chip gripper, and reducing the distance
15 Ds by the distance D+s.

[0009] The step of lowering of the TC bonding head may alternatively comprise:
determining a distance Dts by which a support, on which the substrate rests, and the TC bonding head
are displaced relative to each other by the force exerted by the chip gripper, and lifting of the TC
bonding head by the distance D+s as soon as the solder starts melting.

20 [0010] An apparatus for the mounting of semiconductor chips on a surface of a substrate according to
the invention comprises:
a TC bonding head which is displaceably mounted in a Z direction extending perpendicularly to the
surface of the substrate and comprises a stop;
achip gripper which is displaceably mounted in the Z direction on the TC bonding head and which
25  comprises an extension;
aforce transmitter which isfixed to the TC bonding head and which presses the extension of the chip
gripper in the Z direction against the stop of the TC bonding head;
adrive for moving the TC bonding head in the Z direction;
afirst position measuring element for the detection of the Z position of the TC bonding head;
30 a second position measuring element for detecting a deflection of the chip gripper relativetothe TC
bonding head; and
a closed-loop control device for controlling the drive, wherein the control deviceis set up to control
the drive selectively on the basis of a position signal which is supplied by the first position measuring

element or the second position measuring el ement.



a first position measuring element for the detection of the Z position of the TC bonding head; 30a
second position measuring element for detecting a deflection of the chip gripper relative to the TC
bonding head; and a closed-loop control device for controlling the drive, wherein the control device is
set up to control the drive selectively on the basis of & position signal which is supplied by the first
position measuring element or the second position measuring element. 3 BRIEF DESCRIPTION OF
THE DRAWING FIGURES [08RIEA heESCRIPT RGN YDFJT i DR ey NG EhGuwRBscorporated into and
constitute a part of this specification, illustrate one or more embodiments of the present invention and,

together yyih iherfetelse dhshidnianaerieia sl sbeRineinlRs ARt mplepRiafians of the

invention. The figures are not to 5scale. [001_2] In the drawings; Fig. 1shows an apparatus which is
suitable fRELIFFHIN SHHRGRRT MR PSS BITHR AR PR OO AURL I APRENtH TG HREREEN and
a shapshadéwofi thiertheerneac expriessemni bo piés mpdieii adeant aicoe od amceveitioth & he Vieot s ¢obigs. 2 - 4
showsfurtggénapshots of the thermocompression bonding method in accordance with the invention;
Fig. 5shows a wiring diagram, and Figs. 6, 7 show an alternative apparatus and snapshots of a
thermocompression bonding method modified for an elastic apparatus. 15DETAILED DESCRIPTION
OF THE NTIAK W@%Si'he thermocompression bonding method is an established method for the
mounting of semiconductor chips which are connected to a substrate via a few to very many soldered
connections inffigkrh of soRMEYAgRIPRKLISHENEINS A teblearfiatyng auvidrtheThecempssaias bandfgther

be‘ a _semiconductor‘ chip whisthhaacedeaste Qﬂﬁ@hm@nvaﬁﬁ%%cﬂ@%&l@%@%rmb&)ﬁﬁ@@%ﬂduCtor
chip is pressed against t}}? 2 _substrat(i and heated ug’gll the solder melts and the soldering points fuse

and connect the semiconBXGEIOARTH A AFECLIARSH ML VERHBther. The semiconductor chip is
thenigooled, sdrigmlthve ssideringhpomnapshilissidlidkiihemudmpquesse sdbhuhdioyleetithd omamotidanse [0014]
The drawings are not shoy, thiietg,scale for reasons of clarity of the illustrations, and especially the

soldering points and a distance D are shown on an enlarged scale.
Fig. 5 shows awiring diagram, and

Figs. 6,7 show an aternative apparatus and snapshots of a thermocompression bonding method

modified for an elastic apparatus.
15 DETAILED DESCRIPTION OF THE INVENTION

[0013] The thermocompression bonding method is an established method for the mounting of
semiconductor chips which are connected to a substrate via afew to very many soldered connectionsin
form of soldering points. The substrate can also be awafer. The substrate can further be a semiconductor
chip which has already been mounted on another substrate. The semiconductor chip is pressed against the

20  substrate and heated until the solder melts and the soldering points fuse and connect the semiconductor
chip and the substrate with each other. The semiconductor chip is then cooled, so that the soldering

points will solidify and become solid soldered connections.

[0014] The drawings are not shown trueto scale for reasons of clarity of theillustrations, and especially

the soldering points and a distance D are shown on an enlarged scale.

25  [0015] Thethermocompression bonding method in accordance with the invention will be explained
below in detail by reference to the mounting of semiconductor chips. The thermocompression bonding
method in accordance with the invention can also be used for mounting other components. Only the parts
of an automatic semiconductor assembly machine that are directly necessary for understanding the

invention are shown.

30 Embodiment 1
[0016] A semiconductor mounting apparatus comprises a pick and place system which receives one

semiconductor chip after the other and places the same on a substrate. The pick and place system



25[0015] The thermocompression bonding method in accordance with the invention will be explained
below in detail by reference to the mounting of semiconductor chips. The thermocompression bonding
method in accordance with the invention can also be used for mounting other components. Only the
parts of an automatic semiconductor assembly machihe that are directly necessary for understanding
the invention are shown. 30 Embodiment 1 [0016] A semiconductor mounting apparatus comprises a
pick and ptagei sysiehermibiompess vreisondiegsheiqlachin ng hiad) ey thesthetiaal glaessHiagidgame on

a substra, I . [ ' i bonding
meach. Fig e e G Y e
substrateQ Whihaisepi6ondee & P Re3ngHRts st 1 acsemimesaigd Sothefli Bordtagheashdunted
whi(;]h is mk @ﬁtﬁi@l m&mm@aﬁ@agmmmﬁ@uh %nTmmﬁda@wB@spﬁ' aﬁﬂliwaﬂﬁe&aﬁ?mm?owted
on the pick and place system 1 in a direction which 5extends perpendicularly.to the surface of the
cubstate s SRR T R A R Ao ok SRt A U P AR i eron. A
drive 6 wHestgnetfistéuitiis teeepiethed dipgeiensigiave 6 idighesifteeriovethiekTand e aystaedd Quegsland
down in tt@%@ﬁﬁ@ﬁ@b&ﬁi@ﬁ@&iﬁ% éﬁ&é&%ﬂﬂgtﬁéel%%&ﬂo}ﬁ NSRY Bb@@éﬁ%éé&%@@%maﬁl pighe TC

bonding head 2. This position-controlled drive axis, which enahbles the displacement of the TC bonding

head 2 refSR/E B5HE Rk R Pt gyt 19 B0 1 URRRRILAT- GONUisE SRR 84S BBIEW as the Z
axis. Theehé@lestididgieachétisfabafiglivedtiag febd\® scfati\eatoryhe i okt @l Hoe systao hiprdesion bonding

method i%i?&%?ﬁ@sﬁﬁ%&%ﬂ%&ﬂ&%ﬁ%%ﬂé‘faﬂ% %@%%ﬁ%ﬂ% AEAPRY &%ﬂﬁg%r%ﬁigsggl%%fgrw“h an
extension 10 and a suction area which can be supplied with a vacuum in ordér to produce a suction
force in t1@{iogGiOH HiRKBPAERHEIRS W@@%ﬂ%ﬁ%@tﬁ@ﬂ%@ wHi BRipV§ApRT8ad Hispndteably
mounted fiaddng cordlpiesiiertiap dnppbBhamdinekerid1( Al Beating ichyaichiceusiasphenning £or

example. Lig 1 oqdina hed. 2 Lufher Sompres Asiop 442102 g fausitier 12, whie
presses th& extension 10 '0r the ¢ ip grlppereé agains the Set%p THTRE WBrce Fansmitter 1216 &

pneumati€h@ gl esailierer &ie didearea u neantest tetheah SiraetaninihieEabeoteadsad Bul edgarg S be a
D oA SRERIon DB 0P SR T PObSha N aIIRN Lo B bkt e
IS IN the 1dle posiugn relative 1o the ondal ead.zZ. Ihe ecton. o e cni r er rom

i e BEE R e o N BB A LK P e B A Y B R8RSt il b
referred tdnetoiteas ve distamaes Dy A adican e pusitienhangsss (iogtelmmigtet Suth aseddocadmiédiuthis
distance DT Rouy a8l hieD RS HRISRRHEIS) GYR:5105 s Gl iipeRR A oehes the

substrate 4 is known as touchdown. The touchdown is detected by means of the second position
measuring ¥EHREE 8 Hotide %‘P&S"Eﬂar%ié@éﬁmﬁ%Tm%*ﬁﬁg%éﬁﬁpﬂ%%ﬂ%\%ﬂ“&&%% The
chip225gripipen Saitlaipssia dreiaigufihadibyarde darive sttpdh ehs etapddruid cheregtzimidn aodihiatsail
advantaggolisly CONANG,RLARISSYRIETNLBAERR AT INEN R dasaRICoRdHEiquchip S, and an
integrated temperature sensor. An advantageous embodiment of such a chip gripper 8 with a gap
cooling h&stBeeE P E58RBEH ThifRE 3 UBIIShEE S sengHEEmCaRtibeddy DRIChpEBTPEB tPHENEDHENg
system caiihaisfeasWidam 6oRiRBdshAMMEiSARPHERAVY YeibiraNaietkind BEIGhERORPPEStTbrvhich are
supplied yith 3 30coling Jud suah s compreseed q;%%g%g&r%g% LAl et gantop g
n and the secon

S
rnn Ut CQul . Cl .
element 71&arranged on the pick and prace syatem e poSItion Measurig efement 9 is

arrabiged BPRAESTONSUITdINgaRE A4 iR, OTURs todier indhechmisoshisiotinlg b tard soilteradvanthgerysiated with
referencepuEakdding system in order to actively cool the semiconductor chip 5, and an integrated
temperature sensor. An advantageous embodiment of such a chip gripper 8 with a gap cooling has been
described in the published Swiss patent application CH 706512 A1. The cooling system can also
comprise cooling channels (not shown) integrated in the chip gripper 8, which are supplied with a

30 cooling fluid such as compressed air for cooling.

[0017] Thefirgt position measuring element 7 is arranged on the pick and place system 1 and the second
position measuring element 9 is arranged on the TC bonding head 2. The soldering points consisting of

the solder are designated with reference numeral 14.

[0018] The thermocompression bonding method in accordance with the invention for mounting a

35  semiconductor chip comprises the following steps:



[0018] The thermocompression bonding method in accordance with the invention for mounting a
35semiconductor chip comprises the following steps: S [0019] Picking up the semiconductor chip 5
with the chip gripper 8. [0020] Positioning the chip gripper 8 above an assigned substrate location of
the substrate 4. 5The pick and place system 1 move$the TC bonding head 2 to a position and the TC
bonding head 2 rotates the chip gripper 8 about its longitudinal axis if necessary, so that the chip
gripper 8[igopgsitioned in a positionally precise way and with the correct orientation above the assigned

substrate_logg&ﬁ)éh qj}% efgé&\?cg%%?;téﬁ{p%ﬁﬁﬁgi%gpugﬁg@ugy that it presses the extension 10 of the

chip gripper 8 w predetermined force against t 1 of the TC bonding head 2, so that the
chip 10gri Eer 8 is situated relative to the TC bonding head 2 in the idle position with D = 0. This force
is typicallgg %%paratively low, and amounts to a few newtons for example. [0021] Lowering of the TC
bonding heabtitanang’tpoditgrippeyisiebotlecac b gred et s teteoted tiedativerteetihe TC bonding head
2 by g predetgrmineg 4 L%Q%?q@m Qriachiohfds S8R SR GRAES TS pAh i RIGRA 2
corresponds to rﬁhe é%stgme y Wh:lh(ﬂ the sod%éjre@r_ino pqﬁ]ts 14 are?r)e%ucegn% slgze .cﬁjring_éhe melting of
the solder. RIFESHRG ERPOHIRE RribAH! 43| onailisiesl i agse arserry. O Heb hecieidRitor chip 5
touches the sishiinateria ety dha Iy brévnRrdiag Heaclth wconereotienawardiy winiedb grebigugtipger 8
stops. The TC bondji ead 2 is therefore lowered to such an 20 extent until.the ¢hip gripper 8 is
Cofected rel RO 6 TSGR hEals P BT A e e 16 B ctance
has reachedtmperfluétiDe-predefnig rae focaadringdifosiv diliahheibGdhoadianbexLis sibettheiehipl [0022]

25- koweringphhe Esiaadiagirad Rane RkhEReaYs MR ngi ebiva Histlance s force is

typically comparatively low, and amounts to a few newtons for example.

[0021]
- Lowering of the TC bonding head 2 to a Z position in which the chip gripper 8 is deflected relative to
the TC bonding head 2 by a predetermined distance Ds.

15 The distance Ds is dependent on the process. It typically corresponds to the distance by which the
soldering points 14 are reduced in size during the melting of the solder. Ds is therefore also known as
bump collapse distance.

Once the semiconductor chip 5 touches the substrate 4, only the TC bonding head 2 will move
downwardly while the chip gripper 8 stops. The TC bonding head 2 is therefore lowered to such an

20 extent until the chip gripper 8 is deflected relative to the TC bonding head 2 by the predetermined
distance Dy, i.e. until the distance D has reached the value D = Ds. This step can be performed in

various variants such as;

Variant 1
[0022]
25 - Lowering of the TC bonding head 2 and simultaneous monitoring of the distance D.
The distance D begins to increase at the point in time at which the semiconductor chip 5 impacts
on the substrate 4. Thisis known in the field as touchdown. The monitoring of the distance D

occurs by means of the second position measuring element 9.

[0023]
30 - Detection of the Z position of the TC bonding head 2 as soon asit is determined that the distance
D increases.
This Z position is designated as position Z,. The position Z; correspondsto the Z position of the
TC bonding head 2 at the point in time at which the touchdown was detected. Thispointintimeis

directly after the point in time (i.e. afew microseconds) at which the touchdown effectively



The distance D begins to increase at the point in time at which the semiconductor chip 5 impacts on
the substrate 4. This is known in the field as touchdown. The monitoring of the distance D occurs by
means of the second position measuring element 9. [0023] 30- Detection of the Z position of the TC
bonding head 2 as soon as it is determined that the distance D increases. This Z position is
designated as position Z1. The position Zi corresponds to the Z position of the TC bonding head 2 at
the point in timecadrvebich the touchdown was detected. This point in time is directly after the point in
time (i.e. a few microseconds) at which the touchdown effectively 6 occurred. [0024] Stopping the
lowering dﬂﬂ TC bonding head 2 when the TC bonding head 2 has reached a Z position Z2 = Zi -
Ds- 5This is monitored by means of the position measuring element 7. [0025] Closed-loop control of

the Z position ofPRPEEBENEHERRE AP toPand VaRBESMIRHART S e e] 1BHZdWRITE S fife TC

bonding head Paiidrsipulandnus monitoring of the distance D. [0027] Stopping the lowering of the

TC anding heﬁqsg%bﬁ%% Bﬁr%ﬂs%?ﬁ%?aéﬂ%?ﬁ&gghﬁé%ﬁé&gﬂndicates that the distance D
a e

between the stop 11 and the extension 10 has reac € predetermined value D = D. 15[0028]
Optionally, usage of the second position measuring element 9 for the closed-loop control of the Z
position gpﬂ?é]TC bonding head 2 in such a way that the distance D = Ds is maintained until the
temperature ofGlosedH g tippert 8f e pastivachieT€ teong egdteat 2Serisevaeaches a predetermined
value T3 which still lies beneath the melting temperature of the solder, and reading of the value
20indicated \py{the First position measuring element 7 which corresponds to the current Z position of

[0026]

10 - Lowering of the TC bonding head 2 and simultaneous monitoring of the distance D.

[0027]
- Stopping the lowering of the TC bonding head 2 when the second position measuring element 9
indicates that the distance D between the stop 11 and the extension 10 has reached the
predetermined value D = Ds.

15  [0028]

- Optionally, usage of the second position measuring element 9 for the closed-loop control of the Z
position of the TC bonding head 2 in such away that the distance D = Ds is maintained until the
temperature of the chip gripper 8 as measured by the temperature sensor reaches a predetermined
value Tz which gtill lies beneath the melting temperature of the solder, and reading of the value

20 indicated by the first position measuring element 7 which corresponds to the current Z position of
the TC bonding head 2, and from now usage of the first position measuring element 7 for the
closed-loop control of the Z position of the TC bonding head 2 to the value that was just read.

Fig. Sillustrates on the basis of acircuit diagram how either the position signal of the first position
measuring element 7 or the position signal of the second position measuring element 9 is supplied

25 for this purpose to a closed-loop control device 15 for controlling the drive 6, with which the Z
position of the TC bonding head 2 is controlled.

[0029]
The force produced by the force transmitter 12 now presses the semiconductor chip 5 against the
substrate 4 with arelatively low force which is known as contact force and also includes the
30 deadweight of the chip gripper 8.
The force generated by the force transmitter 12 isincreased if necessary, so that the chip gripper 8
presses the semiconductor chip 5 with a higher force which is known as bonding force against the

substrate 4. The bonding force ensures that any difference in height of the bumps of the



the TC bonding head 2, and from now usage of the first position measuring element 7 for the
closed-loop control of the Z position of the TC bonding head 2 to the value that was just read. Fig. 5
illustrates on the basis of a circuit diagram how either the position signal of the first position measuring
element 7 or the position signal of the second positio measuring element 9 is supplied 25for this
purpose to a closed-loop control device 15 for controlling the drive 6, with which the Z position of the
TC bonding seenebiatiigtopbitip bad cfbipeadaddinjaraepeodiged by the force transmitter 12 now presses
the semiconductor chip 5 against the substrate 4 with a relatively low force which is known as
contact f%@g nd also includes the 30deadweight of the chip gripper 8. The force generated by the
force transmitter 12 is increased if necessary, so that the chip gripper 8 presses the semiconductor

chip 5 with & 1gh1P15 BS R (LIRS HR Q9PEINAhYSdcOUNLIA S S SHIRE BRI IB RGN force
ensures thabeoyr etifficieg 2ahondesghishbt hetimtimpsobfrineudhdenm deigdBistows higmépsbatavhgensated by

bum% coini%%%%&%&&&qwsaﬁﬁﬂgeg’é% Bring the lowering of the TC bonding head 2 before the
touchdown has occurred. Fig. 2 $h

OWS a snaps ot at the time of the touchdown. Fig. 3 shows a
snapshot when 5reaching the Z position Z2 and the distance D. [0031] Heater 13 is switched on in
order to HQQ&“&p the semiconductor chip 5.  The semiconductor chip 5 is heated. The force
transmitter TegeedSes shiecbbdmigitppder8cmnet thietiedcemnitttaciemiabibictor chip 5 with the contact force

and OP“O”a%é@&wﬁ?ﬁ&fﬁu’@o@ﬁ&é‘%ﬁi@é&&@hﬁ%B&E%&Hﬁe@%@&m' Y ofifRsalARLL e force

transmitter 12 or at least reduction of the tforce of the force transmitter 12 before the temperature of the
semiconducitt EMFBEEeneiRpvHRINR ECrRSraRFRE BpYRR Y (e Lontlipa kY sesiagdhfskbsi@fains,

withiwhich the chip gripper 8 presses the semiconductor 15chip 5 against the substrate 4. The residual
force is equal to the original contact force for example. [0033]Reaching the melting temperature of the
solder is Wz?irectly imminent, i.e. it will occur
- Optionally, deactivation of the force transmitter 12 or at least reduction of the force of the force
transmitter 12 before the temperature of the semiconductor chip 5 reaches the melting temperature of
the solder. At least aresidua force remains, with which the chip gripper 8 presses the semiconductor

15 chip 5 against the substrate 4. The residual forceis equal to the original contact force for example.

[0033] Reaching the melting temperature of the solder is now directly imminent, i.e. it will occur
within afew milliseconds. The Z position of the TC bonding head 2 is set in such away that the chip
gripper 8 and, together with the same, the semiconductor chip 5 will be lowered by the distance Ds
during the collapse occurring upon reaching and exceeding the melting temperature of the solder.

20 As soon as the temperature of the semiconductor chip 5 has reached the melting temperature of the
solder, the soldering points 14 will begin to deform as aresult of the pressure produced by the force
transmitter 12 and transmitted by the chip gripper 8 onto the soldering points 14. The chip gripper 8
therefore moves down relative to the TC bonding head 2 until the extension 10 of the chip gripper 8
rests on the stop 11 of the TC bonding head 2 again, i.e. until the distance D = 0 has been reached.

25 From now on the chip gripper 8 no longer exerts any force on the substrate 4, so that the force
transmitter 12 can be deactivated, unlessthis has not yet aready occurred at an earlier point in time.

Fig. 4 shows a snapshot at the point in time at which the distance D = 0 has been reached.

[0034]
- Deactivation of the heater 13 once afirst predetermined condition has been fulfilled, which ensures
30 that the temperature of the semiconductor chip 5 has reached a value above the melting temperature

of the solder.

[0035] Thefirst predetermined condition isfor example that the temperature of the chip gripper 8
has reached a predetermined value T, which lies above the melting temperature of the solder. The first



within a few milliseconds. The Z position of the TC bonding head 2 is set in such a way that the chip
gripper 8 and, together with the same, the semiconductor chip 5 will be lowered by the distance Ds
during the collapse occurring upon reaching and exceeding the melting temperature of the solder. 20
As soon as the temperature of the semiconductor chi® 5 has reached the melting temperature of the
solder, the soldering points 14 will begin to deform as a result of the pressure produced by the force
transmitter Joledaeriarearutigicd dycthaehiergsiyesr tBapaimddivecaal det ingi @mbﬂﬂ:aﬂeflhaﬂpesmipi Qréaper 8

therefore moyes:A% df‘ﬁ%"ﬁ% t%‘ﬁg%ufgﬂ g\&ﬁl el forg) t&}qtﬁﬁrﬁé( RASI %ﬁﬁ’pgﬁ@ %H per 8

rests on the stop 1 f the bon ain, .e. unti istance s been re ched

25From nov@éRPeh8 e seaHiehicemsing ﬂ)v@@mém%@w&emﬂm iepaelisenf SoerRidehSinskee

transmitter 1&@6@%@%%&@@@@%@%&@%%%& HEBERNGEE YU BIOHH @ipiiies BedisiBriime.
Fig. 4 show%ha fhP g%godntl mzetﬁt wrlléch the d| C?Lﬂce Dt 0 has been reached. [0034]
Deaclivation 5 H% e%lter 13 0nce'd preq%?%rr%rl'rrl] FLORAti8IT RasRERTY illed, which ensures
30that the temperature of the semiconductor chip 5 has reached a value above the melting
temperatlf836} the solder. 8 predetermined condition can be alternatively that a predetermined period

of time has passAgwiNCedRerpetiraton BE drplpiprRr 8 Badiaiftueation dlhieri sgtdopsttictime that
the temperatug: of the chip gripper 8 has securely reached a value which lies above the melting
temperature of the solder. Since the TC bonding head 2 is held on the Z position Z2 and the extension
10 of the chiigrpisterBafebis P Biheeisreb V1 redicatdT ths rdvl i ebitexhinadpdedirgpdints 14 are not
compressed. [0036] Waiting until the temperature of the chip gripper 8 has fallen beneath the melting
temperatyoeagf the solder. The duration of this step is preferably reduced by active cooling of the chip

gripper 8, e.g. 037 tivati th stem of the chip gripper 8. Cooling occurs until
REASIDRE AL e GOl e

the soldering pomt are su y so eactivation of the cooling system of the chip
gripper 8 once@@b?@ﬂ@%ﬁéﬁ@iéh%ﬂﬂ@@fﬁwmﬂimﬁ@@mmI$ﬂ|éb| which ensures that the
temperature of the semiconductor chip 5 has decreased to

[0038]

- Deactivation of the cooling system of the chip gripper 8 once a second predetermined condition
15 has been fulfilled which ensures that the temperature of the semiconductor chip 5 has decreased to
avalue below the melting temperature of the solder. The second predetermined condition isfor
example that the temperature of the chip gripper 8 has fallen to a predetermined value T, which
lies beneath the melting temperature of the solder. The second predetermined condition can be
aternative in that a predetermined period of time has passed since the activation of the cooling.
20 The period of time will be set to such alength that the temperature of the chip gripper 8 securely

reaches a value which lies beneath the melting temperature of the solder.

[0039]
- Lifting of the TC bonding head 2.
The TC bonding head 2 islifted and moved away by the pick and place system 1 in order to collect

25 the next semiconductor chip.

[0040Q] If the stiffness of the pick and place system 1 is sufficiently large that the contact force exerted
on the substrate 4 is unable to downwardly press the substrate support 3, the mounting method can be
performed as described above. However, if the stiffness of the pick and place system 1 isinsufficient so
that the contact force exerted on the substrate 4 will downwardly displace the substrate support 3 relative

30 tothe TC bonding head 2 and will therefore deflect the substrate 4 relative to the TC bonding head 2
from a zero position, the apparatus and the method as described above will be modified, namely

according to the following embodiments 2 and 3.



a value below the melting temperature of the solder. The second predetermined condition is for
example that the temperature of the chip gripper 8 has fallen to a predetermined value T2 which lies
beneath the melting temperature of the solder. The second predetermined condition can be alternative
in that a predetermined period of time has passed sirce the activation of the cooling. 20The period of
time will be set to such a length that the temperature of the chip gripper 8 securely reaches a value
which IleEbtbbeaﬁbntma melting temperature of the solder. [0039] Lifting of the TC bondlng head 2.

The TC r ollect
25the net;[:tb%9 |co O&;%E?ﬁ%%%éﬂw) %getﬂs\ﬁ%eeg%ssﬁggt pick ant%g1 %%X%y ste %s%%u u%ntly
large thaﬂh‘é‘t’ét‘ﬁ!ﬁéﬂﬁr@é@@t@%@ﬂgﬁ@@mﬁ@aﬁlﬁm@ﬂ@f@ ﬂ&ﬁmm9 PrepsaFRKBStrate

support %ﬁ@mwpﬁﬁiﬂg éﬂﬂf@aﬁfﬁé&bbm@ﬁmm aRydeswikadahena oigpparrss i thepsiifingss of the
pick and Place W rqh IS msufflc ent S0 ghat %ont ct %} xerted on the subdstrate 4 will

dOWﬂW&I’drn ISP ace eeseSrPJIBg raceosrlﬁ:p' ort%“ ?g. ve SqurP(?r SInC}Sj anaowﬂf){herefore

deflect theelsubstmtwl %Iaﬂfxmwm@aﬁ@t@oﬁwﬁ@hé@dtﬂa‘mﬁﬂ)@d@wmmm thehappthewsidied the
method ag, &%ﬁfé*&?%@ﬁ%ﬁMi%%t%ﬂ@ﬁ'%laﬁa%ﬁb’cﬁ%@f@%ﬂ&@ﬁéﬁ'@%lw@mﬁe%@&ﬁ&@”d 3.

9 Embodiment 2 [0041] In the apparatus, the second position measuring element 9 is replaced by a

distance §éﬁ‘§l¥¥ei%j Wtﬂ?!ﬁ“r@ Deelarly 3o Teopramertadus e Aatiahed e e R EBween
the distarepe gertbgr dippean@® thefsuppative orthed Suidadeghdb2dyostu@te B Figrs6 shows the modified
apparatus at the point in 5time at which the semiconductor chip 5 touches the substrate 4. The support

3is ig its Eddﬁﬂ?] FHORRRIFY S e goﬁ&iﬁgﬁé&@@@i%%ﬂﬁa%%@n%ﬁ%&f@k@%&@r@%‘@hﬂﬁ ead 2.

Fig. 7 shows e mOdIerd a aratus at th S‘;)glnt in time at which the Iowerlrd% of the TC bonding head

2 is complEEPCRE SR @QIBWE‘?@% SR B PSR Gi RAHEF NG 2'aRE to the
elasticity of.theravahast systech teditenahipdgeppes Boigi hﬂanﬂsemmertd) pheseli G vido olltheg digadAy a

value Ds - Tise E&i&%%ﬁ?ﬁﬁﬂwsﬁ%g i thedirekrndinghgar 2 in YA gpparatus in which the forces

occurring during thermocompression ondlng cause elastic deformations can be subdivided into three
successi ses, i.e. a first phase in which the distance A decreases continu a second phase
i ahich AP CE TSR L SR ELAIY S SR AR Ao s LR e AUBEABERhs mgain
[0048)] In tiesefipst qﬂ@MmrﬂmmcdmdUmwtbhlpVEed@efrﬂaﬂi}@tbmmhhgﬂh@dsabstrate 4. The distance A
15therefore decreases continuously during the lowering of the TC bonding head 2. [0044] The second

phase sta[trmpl Cﬂqﬁ&d{?ﬁf Apaadug d@bﬁ&é%@fi@ﬂi@bﬁ&ﬁ?@ §ME$E@I@?\@SW§%W&E¥K%&W@Y the force
transmitter orementioned ¢ t farce the semiconductor ch Inst

e et T B T T £ e e G B LA e e L e e s b
support 3afpirsi¢heshissirate 4axl seesssstiodiownatandl thelel Bstec oy ermbl Byate® Mtﬂm@okﬁmﬂmatt@tsystem
201 and/grdlg,d&+ Bendingshieade 4spressadimaredly wgmé%otmgﬁa%.w%fpﬁh@ Pk

system 1 and/or the pick and place system 1 will bend. In summary, a relative displacement of the
supibrt 3HEARB R B RO O oA LT By 1R BEas T Do ERRRR AR fhe
entire sysiaedfoptechidesnd poamesystacl iwidibeate thagminatyt e @ ainta di Joecemées &b tige agppors 3osce is

g"’;‘?r: ;th &egﬁg{%éaqgmé e Hoe G R FRBF T ST ESTRE RISRRSION ot ArRicHiF L) pHyipPer 8
J produces aforce which is directed against the contact force. Aslong asthisforceislower than the

contact force, the force transmitter 12 presses the extension 10 of the chip gripper 8 against the stop of

25  the TC bonding head 2. The chip gripper 8 therefore moves downwardly together with the TC bonding
head 2, presses against the support 3 and therefore displaces the support 3 and the TC bonding head 2
relative to one another by the distance D5 from its normal distance. Normal distance or normal position
means the distance between the support 3 and the TC bonding head 2 or its position in the case of lack of
action of force of the chip gripper 8. Oncethisforceisaslarge asthe contact force, the deformation of

30 theentire system terminates, i.e. the support 3 remainsin situ. The second phaseis finished. The distance

A remains constant in the second phase.

[0045] The third phase starts in which the contact force and the aforementioned force are equally large.
The lowering of the TC bonding head 2 continues. Since the support 3 is not deflected further
downwardly, the distance A decreases again, but now the chip gripper 8 is displaced relativetothe TC



25the TC bonding head 2. The chip gripper 8 therefore moves downwardly together with the TC
bonding head 2, presses against the support 3 and therefore displaces the support 3 and the TC
bonding head 2 relative to one another by the distance DTs from its normal distance. Normal distance
or normal position means the distance between the d@pport 3 and the TC bonding head 2 or its
position in the case of lack of action of force of the chip gripper 8. Once this force is as large as the
contact faraeii théaaf2metinindgihagshedendtetory sie fovietng patas TiChdhd rgrpo iS temiatsiionsdu. The

second phase; %@ﬁ&%sﬁ&?&i ?Q&%/é‘té%ﬂﬁ?:%%ﬂ&]ﬁ@%ﬁ%@ tﬁS‘&P&%@Jﬁsﬁ%}%ﬁ] The third

phase starts In the contact force and the aforeme orce aré equally fargE> The lowering of
the TC bonding head 2 continues. Since the support 3 is not deflected further downwardly, the

distance U HELAGhIRE MYYHOW hiE T hpRpnpine gt R prd CeBertA R et HEH RS bonding
head 2. Téwedtiird) phihwes éndethieretoref thieviewering of the TC bonding head 2 is terminated once the
chip gripper 8 is deflected relative to the TC bonding head 2 by the distance D = Ds - DTs. [0046] The
step of thﬁ)&wering of the TC bonding head 2 is performed in the modified method according to these
three phases as follows: 5_[,0047] Lowering of the_TC bonding head 2 up to.a Z gosition in which the

chip gripper ' CHEASEIE F&IBRRNS Y FEPEB AGiRGHILQd N FIHES R AR 8 IBdelIpred FAYRin the
distance Dstistpedd:bendinydea Ritthiheldsence DT Bis Detanmreadtokidisgritelsicprdieerdistechasl DTS is

determined %r&‘\%ﬁ}eg ﬂz%v'%\r,v icﬂ{i_ﬁlag ‘I‘ﬁiﬁ?f%ﬂ%% head 2 by 10[0048] monitoring the distance A and

reading a first Z is supplie e first position measuring element 7 at the point in
time from_which the distance A no longer &e reases @ remains constant for a while, and reading a
second ZT%H‘:@{?TE %ﬁﬁﬁf%ﬁﬂﬁﬁ#ié@qﬂg etj?l‘?'éaf'ﬂgﬁg ﬁ?&%&ﬂﬂ?&@i@%% 7 at the point in time
from which the distance A decreases again, and calculating 15the distance DTS = Z11 - Z12. [0049]
The ¥esultd4fhat at the end of the third phase the TC bonding head 2 has reached the position z = zu -

Ds - DTs, Whipitbereitreaidshend dhe résdiRgadinghaack2 havedaes s pinaingethaelatiyesi@opach other
with respect to the normal di ta%e b%/ the .vaILfe D'I@ 0050] When the Il?emicgnductor chip 5 has

reached and 3L LGP SHIAG R HEPRG Lt LR EIG S SHGE AN FRh G SIRAL | melt,
the solderingopeinrtsf drdawiti leotiathsecampitsrsaroitaet fercewhitiis sygmbad. ik dhe fiegudostinenentire system

moves by thﬂ@@%&é@%&@&%@ﬁ&ﬂﬁ'rﬂﬂﬁ@@&%ﬁiEH%@W&%&@RGH&r%%%@%QRV&HQ%@ igtance

Ds - DTs to its idle position in which the extension 10 rests on the stop o C bonding head 2. The
sold&ing pditfdifaSFLmeréor&acompressed by the distance D.  [0051] The method is further

modified in those cases where DTs > D. The apparatus is the same as in 25the embodiment 2.
[0049] Theresult isthat at the end of the third phase the TC bonding head 2 has reached the position

Z =7y, - Ds - Drs, while the support 3 and the TC bonding head 2 have been displaced relative to each
other with respect to the normal distance by the value D+s.

[0050] When the semiconductor chip 5 has reached and exceeded the melting temperature of the solder
20  during heating up, the solder will melt, the soldering points 14 will collapse and the contact force will
disappear. As aresult, the entire system moves by the distance D+s to its normal position and the chip
gripper 8 moves down by the distance Ds - D+s to itsidle position in which the extension 10 rests on the
stop of the TC bonding head 2. The soldering points 14 are therefore compressed by the distance Ds.

[0051] The method is further modified in those cases where D+s > Ds. The apparatus is the same asin

25  the embodiment 2.

Embodiment 3
[0052] The step of lowering the TC bonding head 2 is carried out as in the embodiment 2, but with the
modification that the TC bonding head 2 is lowered to a Z position in which the chip gripper 8 is
deflected relative to the TC bonding head 2 by the distance D = Ds. The distance D+s is determined

30 during the lowering as in the embodiment 2, which indicates the extent to which the support 3 has been

lowered in relation to the Z axis of the pick and place system 1.



Embodiment 3 [0052] The step of lowering the TC bonding head 2 is carried out as in the embodiment
2, but with the modification that the TC bonding head 2 is lowered to a Z position in which the chip
gripper 8 is deflected relative to the TC bonding head 2 by the distance D = D. The distance DTs is
determined 30during the lowering as in the embodimEnt 2, which indicates the extent to which the
support 3 has been lowered in relation to the Z axis of the pick and place system 1. 11 [0053] Once
the lower[ogsaf tiamdeGnb tovebngghut alck 2 G asrentgbati ehéswalisel, ofidlTeypositithepessoningslemgnt 7 is
read and gigred 2% valie I difigoce AdeuaIRs IBSIAR unlihe MERDMSR e Spllergnce
the melting of the solder commences, the tontact force disappears and the entire system moves to its

normal p&igeHeineeling eidhaselsion euyesces dbe repise! fisae iaopear aRtiheenti[o OBAgT RSt in time

at which thenprekinasi dha salial 956 A sedtacteslexateanhnf foetisiakce sensor 16 as decrease
of the distance A and subsequently the lifting of the TC bonding head 2 by the distance DTs to the Z

e L U B

semiconcRgeEer this BoHEaSPeA EIiSARCAfe RIHEPRBEr R Fee bif iR Qidfefel @ BPmilNadsanh g Ripihehe 10
precise paigkide et eReNBs Pt ZheZar ofeylirs il dig. Iesassvdy ArdaTC Oamdy Retard idierédipg of the

T ondg a2 6oty agdioenly RGeS IS Re ol dgame
drive, e.g. a lineéar mator or a voice coildrive’ invention offers several advantages: Only
one positihicbdherssiaidanvelaieki nS es essshes) tine orel & nadavpRsAtte of dhrisdael Etroradhegi fg the The

15sybstrafadasatien i Mamalkidtdorite oHai dSonpRHiteReRioriertberisieaiipmhefifisgiaupatewn
and the onlﬁ assive movement of thf _ i%l]ﬁhgrég{)er 8 from thfffldleﬁSI ion with D = 0 to a deflected
position WEABLEY 6B 2B ISy ?l? JAACFRHINGTY RRAYS 1S NI PLIRING HYGHRY after
reaching éencauchwowmpoint)caihdragain to the idle position with D = 0 (because the soldering points
14 become soft and deform under the pressure of the chip gripper 208) leads to a highly precise

constancypgsspeTHigheai dheraetdauad Bl within narrow tolerances. The construction is simple
with respect to its mechanics anqé%?%trol technology. The o tionlal steﬁ of using the segondfﬁosition

measuring etohERE 8F3Y RS UBLLH [BFF BIRIRIGHRDY 2 SBER SR B i E T EBSREHT HEAP PilRuch a
wayithat thesdistatededatiorDsaisaydinetdinaesial tii Shdlyd@gineédr2 reaching the melting temperature of

the solder enguirp:thah BeRETBLERIOAMSIAR T bHP IR SRS hEOGGHE Eﬂ_ﬁ)%HBB& Hechepingof the

semiconductor chip 5 will not have an influence on the distance D and will also ensure that the
extension 16STHARVEHPTiB R Sl FPPREPTHYI G e Riy" D = Ds - Drs(because the TC bonding head
2 islowered dightly further after reaching the touchdown point) and again to the idle position with

D = 0 (because the soldering points 14 become soft and deform under the pressure of the chip gripper
20 8) leadsto a highly precise constancy in the height of the soldering points 14 within narrow
tolerances.
The construction is simple with respect to its mechanics and control technology.
The optional step of using the second position measuring element 9 for the closed-loop control of the
Z position of the TC bonding head 2 in such away that the distance D = D is maintained until shortly
25 before reaching the melting temperature of the solder ensures that thermal expansions of the chip
gripper 8 occurring during the heating of the semiconductor chip 5 will not have an influence on the
distance D and will aso ensure that the extension 10 of the chip gripper 8 will not rest inadvertently
on the stop 11 of the TC bonding head 2.
The method or the modified method is suitable both for apparatuses of high stiffness which do not
30 deform by the contact force, but also for apparatuses which elastically deform under the influence of

the contact force.



on the stop 11 of the TC bonding head 2. The method or the modified method is suitable both for
apparatuses of high stiffness which do not 30deform by the contact force, but also for apparatuses
which elastically deform under the influence of the contact force. 12 CLAIMS 1. Thermocompression
bonding method for the mounting of semiconductor daps (5) on a surface of a substrate (4), in which
one semiconductor chip (5) after the other is taken up by a chip gripper (8) and is mounted on the
substrate (4), rein a TC bonding head (2) is displaceable by means of a drive (6) in a 5Z direction
extending perpendicularly to the surface of the substrate (4), the chip gripper (8) is displaceably
mounted on the TC bonding head (2) in the Z direction, and a force transmitter QlZ) fixed to the TC

bonding Head (¥ RCEYRRGETOH BO"SHEE GHRURHBRIRUBY B LIS YIHB LD R RS SHERESh Bf a
stop (11) sbtivetd @) borvding beasb{¢oandtorvaneii3)tbicectiip @hpetal@h opmpaisias erippats) Ei)is
wherein t | | - I‘%%gj(‘ﬂ fje §%H TelatN of
1Osolderiﬁgi%%g%g%§rv§§¥3 ;g@érﬁﬁgn%%ﬁ cﬁgip ) a%%?%g su stga e (4): pﬁ%gg\?ﬁp&[ﬁ%@
semiEonduEtBEEPIPEN RS REEeEHipH Y. fB TS fbHIR g bR RS “hit g SPPSr @raldi® the assigned
substratediggratieul (Aiounteinsi g Taenditdi hy Rl LA 2)dnedingaaadef fibrecdriveni®ietqi)4i pasiton in
which the chip gripper (8) is.deflected by .a predetermined djsiance DS relative ta the TC.bopding head
) so tiFue Sa b AT S R R S R ARG ol s
bonding IeéadteR) 1Akeatithg T lindtinadeass ¢dh and wirereiptits chip aneaerd @faprepneeaaneay:(13erminating
the heat'%é?&i}h@éﬁiﬁﬂmﬁéd%&%ﬁ“ﬂﬁr@h%% 6%%@6&%%&%%@&&%%§&%Wﬂﬁﬁempefaw re
above the melting temper n%Jre of the solder of thgvs?%%‘a%@omts %4() so that the soldering points
(14) helt STHPHAE RO G PSRBT LR LB 45 OIS SR e stop (11) of the TC
20bonding kmadr@)p thwaimng)mduﬁdhdﬁte(ﬁbmmmeqmplgdrwrr(@onductor_ chip (5) has fallen to a value
beneath the eiting {ePEtRiIGBh BPBER randdiiBg Sh g dicchppding head 2). 2.

Thermocompression bonding method according to claim 1, further comprising actively cooling of the
25¢chip gripd@W?gj‘@ m%w&ngi'ﬂ?@.(z) by means of the drive (6) to a Z position in which the chip gripper
(8) is deflected by a predetermined distance DS relative to the TC bonding head (2), so that the extension

15  (10) of the chip gripper (8) does not rest on the stop (11) of the TC bonding head (2);
heating up of the semiconductor chip (5) by means of the heater (13);
terminating the heat-up of the semiconductor chip (5) once the semiconductor chip (5) hasreached a
temperature above the melting temperature of the solder of the soldering points (14), so that the soldering
points (14) melt and the extension (10) of the chip gripper (8) comesto lie on the stop (11) of the TC
20  bonding head (2);
waiting until the temperature of the semiconductor chip (5) hasfallen to a value beneath the melting
temperature of the solder, and
lifting of the TC bonding head (2).

2. Thermocompression bonding method according to claim 1, further comprising actively cooling of the

25 chip gripper (8) during said waiting.

3. Thermocompression bonding method according to claim 1 or 2, further comprising:
from the start of the heating-up of the semiconductor chip (5) until the point in time at which the
temperature of the chip gripper (8) has reached a predetermined val ue that lies beneath the melting
temperature of the solder measuring the actual deflection D of the chip gripper (8) relativeto the TC
30 bonding head (2) and using the measured deflection D for a closed-loop control of the Z position of
the TC bonding head (2) in such away that the chip gripper (8) remains deflected by the
predetermined distance Ds.

4. Thermocompression bonding method according to any of claims 1 to 3, wherein the step of lowering
of the TC bonding head (2) comprises:



3. Thermocompression bonding method according to claim 1 or 2, further comprising: from the start of
the heating-up of the semiconductor chip (5) until the point in time at which the temperature of the chip
gripper (8) has reached a predetermined value that lies beneath the melting temperature of the solder
measuring the actual deflection D of the chip gripperi®) relative to the TC 30bonding head (2) and

using the measured deflection D for a closed-loop control of the Z position of the TC bonding head (2)

in such a waigttinaiiriimg &l stagip Peg K8 Jwiet ohedsspperi¢s).ash byhidie iy eateietninadstisiante DC 13

determining,a di whi t (3), ?ﬁ V‘(t‘ r

bonding hea@@?@ﬁﬁ?Ji%%%%%ﬁ%#%%%ﬁ%ﬁgr y PA%%E%E%%?%@@E%@%%@E%p:(gz’rl(@, and

reducing theegistardbedsBycasdstaneisiante Drs-5. Thermocompression bonding method according to
any of claims 1 to 3, wherein the step of lowering 50f the TC bonding head (2) comprises: determining

a distancs. Diferhyeuhiplesai st ppalin(@3 hetoddeizinding teudng ol tbaidhy lests, whadheht Qdpaidaagrivend (2)
are di place(gH (% E’% i M r B% ngegorce exerted by the chip gripper (8), and lifting of the TC
o ﬁzai)y té’g g%tancg%gr

bonding head S as soon as the solder starts melting. 6. Apparatus for the

mounting of STt AE GEISIEERHY oY ABiIsHARPPE Q)b fEc e HOAFRAAUSIIEREMBriSing: a TC
bonding heagb{@hyhdah (> eisplagacklycnanmitechin arérdijanti oo @denttinpynrsRanctiaviRiyeiodhe
surface of the substrate (4) and comprises g stop (11):  a chip gripper hich is displaceably
mounted inllﬁtérE c(;jir{eﬁlgﬁcénggﬂ[]{ﬂ%gfae?k@ncﬁﬁbeﬁoéga%cé?g‘nag Wﬁ‘c%sc%n%gge%agﬁ ne]étt('er?%ion (10); 15a
force transmitter (12) which is fixed to the TC bonding head (12) and which presses the extension (10)

of the chifr gNRRFERYEfGRtheEneUlBG BhFRANFRRFAICARCABR oA SRRSO TR SIRSHAR G h X PRRF BliBIrive (6) for
moving thenigsidagnding head (2) in the Z direction;  a first position measuring element (7) for the
detection of t sition_qf %S'e TC bonding head 2{}1 a.sec sition, measuring element (9) for
detocting a JATCAT OIS (an e SRR RS B S BTN ) oo
control déRecefas) dothesHprTMadArRadERPBEESRIORRIRLIhe control device (15) is set up to control the
drive (6) selgeHyrdyi st WARIS i9LRIASAMN midRRMNIGE ZirdaRiieshitietne HoRbiRgFIERNZNaasuring
element m]_or] the second gosm.on asuring element (9).
ich comprises an extension H(%
15 aforce transmitter (12) which isfixed to the TC bonding head (12) and which presses the extension
(20) of the chip gripper (8) in the Z direction against the stop (11) of the TC bonding head (2);
adrive (6) for moving the TC bonding head (2) in the Z direction;
afirst position measuring element (7) for the detection of the Z position of the TC bonding head (2);
a second position measuring element (9) for detecting a deflection of the chip gripper (8) relative to
20 the TC bonding head (2); and
a closed-loop control device (15) for controlling the drive (6), wherein the control device (15) is set
up to control the drive (6) selectively on the basis of a position signal which is supplied by the first

position measuring element (7) or the second position measuring element (9).



