Apparatus for mounting a flip~chip on a substrate Technical field [0001]
The invention relates to an apparatus for nmounting a flip chip on a
substrate of the type nentioned in the preanble of claiml1l. Aflip chipis
a sem conductor chip which has a surface with so- 5 called bunps through
whi ch el ectric connections with the substrnate are nade. Background of the

i nvention [0002] Wen nounting sem conductor chips on a substrate, the
subst r at eapsaradS Y& thotinTREE VAl ARl 8b@ic@ horizontal ly aligned supporting
surface and the sem conductor chips are provided on a wafer table, with

t he el ect]rdcliim@a@ﬂélgctl ng surfaces of the sem conductor chips facing

upwar dl y sem conductor chip is 10 then renoved by a bondi ng head of an
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bondi ng or softsol der die bonding, dependi ng on whether the sem conductor
chip s GRIREPIPE hraishwtidslchs coptsstionamathdhe substraieirgmedad with sol der to
the substrate. The flip chip method differs fromthis nounting nethod in

t hat t he Baek@eeindio€Cthasnvaklidn as t he nechani cal connecti on between the

sem condt@gﬁ{ @H and the substrate is nade 15 via the bunps. To ensure
that the cOATUBLBNE R CofdRfor Fapsisassuabsials: Be subsiise sasually madeawilghic pra

turned (fbiippedy alyhed 8&pafting bufREBNShe Eéxﬂ%rﬂib&oﬁ/\@ﬁ& fard S i8ed MU \%Teﬁ&m: hifhs
t he namsfll‘%chl %@OBA In the fli i p nethod, the bunps of the
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pl aced on \g{/ﬂ rrent precision are therefore higher in the @f met hod
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sem condu 15 @%& ierom the wafer table and
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substrate, }&ﬁ’rl)ql pfe caneras, with the first canmera taking a picture of the

seni Eondidt YreEe Hiebthe sgpiconsuctarghin Wtﬂéﬁlleéumph@ﬁns@é@h‘ﬂteédmeés dRi ng
a pictur e (ﬂﬂfﬁ@ed}@SiGESOPQ‘I*Leﬁl%moGQrfM@%afép{aBlet Weikh Qﬂﬁa@éh@hi ¥ chigen
flipped and is therefore a flip chip, i.e. a picture of the sur ace of the
sem cond r chi ov with the bunps, and a third canmera taki

pi cture E@bﬁhé“ Qb Shig \%P‘? fihg hyenns g e Scmém}ﬂuet@m@p RegHl 19 PO RS LR EREER | s
used in weftbek cleouicheakcdhaumask bE 68 swstratbehesmaﬁw@agtme deRbiRis PIRY sled by
the wafer, table and to newy position the wafer table if necessary, so

that t he® PSP e SAprar QT bigherde &exﬂép ¢ methedha irierowy Fhe&ﬁii“ﬁin&rfdl automatic
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canera are, 30 used er to determne the position of the flip chip a

the posi S[efncl) n{j}fCtCtrﬁBlpg{?B’g&hP éﬁagar table qoh &psttlpﬁesame a pick-and-place device with a bonding head

which receives the flipped semiconductor chip from the flipping apparatus and places the same on the

substrate, and three cameras, with the first camera taking a picture of the semiconductor chip presented
on the wafer table, the second camera taking a picture of the received semiconductor chip that has

25  already been flipped and is therefore a flip chip, i.e. a picture of the surface of the semiconductor chip
provided with the bumps, and a third camera taking a picture of the substrate with the pads. The picture
of the first camera is used in order to check the position of the semiconductor chip provided by the wafer
table and to newly position the wafer table if necessary, so that the flipping apparatus can receive the
semiconductor chip and transfer it to the bonding head. The pictures of the second and third camera are

30 usedin order to determine the position of the flip chip and the position of the substrate, so that the

bonding head can place the flip chip in a positionally precise manner on the substrate.

Brief description of the invention
[0604] The invention is based on the finding that the tasks of the first and second camera can be

assumed by a single camera without giving rise to any technical or process-relevant disadvantages.



bondi ng head can place the flip chip in a positionally preci se manner on
the substrate. Brief description of the invention [0004] The invention is
based on the finding that the tasks of the first and second canera can be
assunmed by a single canmera without giving rise to any technical or
process-rel evant di sadvantages. 2 [0005] ,The invention relates to an
apparatus for nounting sem conductor chips as flip chip on a substrate
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0 PP B AP 00 B BT B 5 A aREYS, Lhe 2r
whi ch armeditenpated dxis andwhieh cHedtgd dsfrbitofithediraichnaat ia opaation, the mirror is rotated
simultaneously with the gripper of the flipping apparatus, but only by half the angle. This means that
when the gripper is rotated about the angle 0, the mirror is rotated about the angle 6/2. The rotation of the
25 mirror preferably occurs by means of two levers which are situated in stretched position relative to each

other when the lever has reached the one or other end position.

10007] The apparatus can alternatively comprise a color filter cross which on the one hand images in a
first color the semiconductor chip provided by the mentioned means at the predetermined position onto
the camera and on the other hand images in another second color the semiconductor chip held by the chip

30 gripper onto the camera. The optical switch consists in this case of two color filters, of which the one is
transparent for the one color and the other for the second color. In the case of a change in the rotational
position of the flipping apparatus, the one or other color filter is automatically brought into the beam path
of the camera, so that the field of view of the camera will change. Instead of the color filters it is also

possible to work with polarizers.

35 [0008] The invention is explained below by reference to an embodiment and the drawings. The figures



ot her when the | ever has reached the one or other end position. [0007] The
apparatus can alternatively conprise a color filter cross which on the one
hand images in a first color the sem conductor chip provided by the

menti oned nmeans at the predeterm ned position onto the canera and on the
other hand i mages in another second col or 4§ he sem conductor chip held by
the chip 30 gripper onto the canmera. The optical switch consists in this
case of t rs, of which the one is transparent for the one

col or andyi‘tghgi%g%%{ﬂ%c%rﬁ the second color. In the case of a change in the
rotational posi t| on of the flipping apparatus, the one or other col or
filter is @s%!ﬁ Iy, Qrought into the beam path of the canera, so that
the fiel V|ew camera wi || change. Instead of the color filters
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Det ai |l ed description of the invention 10 [00091 Fig. | shows a schematic

vi ew of q;btgpé@mlc tg;n(ﬁt@le Q@ i ¢ mounting machine for nounting a

sem conduct or I'S a so-called flip chip and conprises bunps 1,
onto & sdb¥Bt aﬁlé 1pﬂhat§’é340}@fna7ac vig b2 ahepB.of bn atihatbeetintnaachirevioasoshiogn
in Fig. %emlcbﬁfcﬁctlapémﬁzlwlﬁ&?lsﬁ é& HQIS@%I}?&E{%& épcog@ﬁs%@)gﬁl &, Ay suggﬁ%g piace4of a.

sem conductor ch Ip . Flve e anot Ina row
the substhtraep| kdee sectierot wexg posidwnin Bigi U fbaipsps rrmesmmdamenao e@e wbthar for

Car t esi aRachysehROh@cto? Qﬂ{g@' Fi@é $ "TI? %{&%ﬁ'n@ﬁ% gﬁq Mo hlg]f i er ég fG bs%t’aLanlath sthe

x- coor di nat e extendi ng per ar to
aut omat i €OTIFBRNSttP Kyd Rerpd. A ewndpmatess@ aé:awwmasmtad oﬁc@kdxm-apd @mgnayctwehmﬁy

wi th;a bepdi Rgmhead.& ng..an a s?etendlng
in the y-direction, ° rgﬂ%tg\gmgan&lr}%? céﬁ%@rt%&vﬁ%‘a fﬁm%ﬁ wnbgrrp eauwma

associ at @H’uﬂtﬁ@g’@acbm@@%mmga sochliee picHHaed-plasd tyistem cofitlt dnborﬂdmgdhmrgs Whlabl céh lon
the axi srefidrafecgdid ition and, cont r. ol
circuit \I;m:ﬂé E]£|es nggglggxp ZF ﬁe er gfﬁyﬁdlc @%H;ra 9‘3‘2“{%“ aPleraﬁ gi)d arcgtcg@p%se
are convayggodaicdingenpeyespige syduleriihe positien of-thk bceldmgmmdt&)oxah@@zndi? nagegﬂatd on
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wher 8ie4fi®f a known position measuring and control circuit which is not explained here in closer detail. The
20 substrates 5 are conveyed by a conveying system in the x-direction to a bonding station 11 where the
bonding head 8 places a flip chip each on a substrate place 4 which comprises electric contact surfaces,
so-called pads 12, which are associated with the bumps 1. Bonding head 8 comprises a chip gripper 13
which can be moved in a reciprocating manner upward and downward in the z-direction and is rotatable
about its longitudinal axis, which in this case is about the z-axis. The semiconductor chips 2 are provided
25 on a wafer table 14 for example, with the bumps 1 of the semiconductor chips 2 facing upwardly. The
semiconductor chips 2 can also be provided with other means such as waffle packs or tapes. The
automatic mounting machine further comprises a flipping apparatus 15 with a gripper 16 and a control
and computing unit 17 which controls the automatic mounting machine. The flipping apparatus 15 is
rotatable back and forth between two end positions A and B. The wafer table 14 is arranged in such a
30 way that the flipping apparatus 15 can be placed between the wafer table 14 and the bonding head 8. The
first camera 9 fulfils two functions in accordance with the invention: It determines on the one hand the
actual position of the semiconductor chip 2 provided by the wafer table 14 for mounting and on the other
hand the actual position of the flip chip 3 taken up by the chip gripper 13 of bonding head 8. In order to
ensure that the first camera 9 can fulfill these two functions, a mirror 18 is arranged in the flipping

35 apparatus 15 which is also turned when the semiconductor chip 2 is turned. The mirror 18 is arranged in



bondi ng head 8 places a flip chip each on a substrate place 4 which
conprises electric contact surfaces, so-called pads 12, which are
associated with the bunps 1. Bondi ng head 8 conprises a chip gripper 13

whi ch can be noved in a reciprocati ng manner upward and downward in the
z-direction and is rotatable about its Iongitudinal axis, which in this
case is about the z-axis. The sem conductor chips 2 are provided 25 on a
waf er tth@ﬁaéoig@ XN 8 catlh b the bunps | of the sem conductor chips 2
faci ng upward The senlconductor chips 2 can al so be provided with other
means such as maffle packs or tapes. The automatic nmounting nmachi ne
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sem conduct or chip pr ovi er ta in the end position
B the flpqsition A, as shown in Fig. 1. The wafer table 14 has made avaﬂableascmwonductor chip 2 for

mounting. The chip gripper 13 of bonding head 8 holds a flip chip 3 whose bumps 1 have been whetted
and whose actual position still needs to be determined. The chip gripper 13 is located above the flipping

25  apparatus 15. The apparatus works as follows:

- The first camera 9 takes a picture of the semiconductor chip 2 provided by the wafer table 14 and the
associated image processing module determines the actual position of the semiconductor chip 2 from
the picture and the deviation from the desired position of the semiconductor chip 2. The deviation of
the actual position from the desired position is determined by three values Au, Av and Ag, with Ay

30 and Av designating, as usual, the deviation in two orthogonal directions and A¢ the deviation of the

rotational position,

- As long as the three values Au, Av and Ag do not exceed predetermined limit values, the flipping
apparatus 15 is turned to the second end position B where it will grasp the provided semiconductor

chip 2. This state is shown in Fig. 2. The bonding head 8 is moved to a predetermined position. The



chip 3 held by the chip gripper 13 of bonding head 8. In the end position
A direct illumnation is possible, i.e. an illumnation with |ight which
extends parallel to the optical axis and thus inpinges perpendicularly on
the sem conductor chip 2, whereas in the end position B indirect
illumnation is advantageous, i.e. illumaation with |Iight which inpinges
in an oblique way on the flip chip 3. 20 [00121 The interaction of flipping
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predeterm ned position. The 5 first canera 9 takes a picture of the flip

chip 3 he&? by the chip gripper 13 of the bonding head 8 and, the
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20 apparatus 15 rotates together with the third gearwheel 23. A first end of the first lever 26 rotates with the
fourth gearwheel 24, a first end of the second lever 27 is fastened to the mirror 18 and the two other ends
of the two levers 26 and 27 are rotatably held on a common bolt 28. The third gearwheel 23 and the
fourth gearwheel 24 have the same size. When therefore motor 20 turns the third gearwheel 23 and the
gripper 16 via the gearwheels 21 and 22 and the toothed belt 25 about 180°, then the fourth gearwheel 24

25 is also rotated about 180°. The length I; of the first lever 26 and the length L, of the second lever 27 are
dimensioned in such a way that the two levers 26 and 27 are each in the stretched position relative to
each other when the mirror 18 has reached end position A or end position B. Stretched position means
that the two levers 26 and 27 are situated on a common straight line G| (Fig. 3) or G, (Fig. 4). The first
lever 26 acts as a drive lever, the second lever 27 acts as a transfer lever, This drive mechanism offers the

30  following advantages:

- A single motor is sufficient in order to rotate the gripper 16 about the angle 0 and the mirror 18 about
half the angle 6/2.

- The utilization of the stretched position of the two levers 26 and 27 leads to the consequence that the
rotational position of mirror 18 is reproducible with a high amount of precision both in the end

35 position A as well as in the end position B.



The initial position has now been reached again and the next cycle begins.
100131 Figs. 3 and 4 show an advant ageous drive nechani sm which rotates the
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have the sane si ze. herefore notor 20 turns th hird gearwhee

and the aBPWAper 16 V|a the gear wheel s 21 and 22 and the t oot hed belt 25
about 180, then the fourth gearwheel 24 25 is also rotated about 180. The

I engt h L jo@b) tInR alsbpslsid1€NReuis trhedide ABLAnERAN Pk %ot‘a"tﬁontdf' %C%?B&q 6la8Y Ql'?: rc?tZtlon

are dinmensioned in such a way that the two | evers are each

t he é?repéﬂeallﬁerstSt‘vléhtwwep%?trt%ﬂtee whichare e@%vd%%wnwé ofiehor 18 has
reached end position A or end position B. Stretched position neans that
the two | evers 26 and 27 are situated on a conmmon straight line G (Fig. 3)
or & (Fig. 4). The first lever 26 acts as a drive lever, the second | ever
27 acts as a transfer lever. This drive nechanismoffers the 30 follow ng
advantages: - A single notor is sufficient in order to rotate the gripper
16 about the angle O and the mrror 18 about half the angle 0/2. - The
utilization of the stretched position of the two |evers 26 and 27 leads to
t he consequence that the rotational position of mrror 18 is reproducible
wi th a high anount of precision both in the end 35 position A as well as in
the end position B. 6 - Mrror 18 wll achieve a rotational position that
is reproducible with high precision without requiring any stops on which
the mrror 18 is nechanically aligned. 100141 An alternative drive
mechani sm conpri ses a notor which drives a V-belt pulley having a first
diameter. The first V-belt pulley drives a second V-belt pulley which has
the sane diameter and on



5 which the mrror is arranged, and sinultaneously a third V-belt pulley
whi ch has a dianeter which is half as large and on which the flipping
apparatus is arranged. A rotation of the first V-belt pulley about 90 then
causes a rotation of the second V-belt pulley about 90 and a rotation of
the third V-belt pulley about 180. (0015% It is also possible to equip the
drive nmechanismfor the rotation of the gripper 16 and the rotation 10 of
the mrror 18 with two separate drives which are i ndependent from each

ot her. 7 “1&M3vs 1. Apparatus for mounting a sem conductor chip (2) as a
flip chip (3) on a substrate (5), conprising: neans for supplying the

sem conduct OAppamm fbiOnGunflh 26 engtdRAGEEr MGS(2) b Wip Bhip(DkmaNdbRl.RTS), SogiRHkg( 6)

with a bondin th a gripper (13); E a flipping apparatus
(15) with a ’Bﬁg'ﬂi“b éﬁufé"?%‘)g%&f‘%"%"aéﬂ?‘l ‘ihﬁﬁp’Pﬁ@’%’B‘ﬁ’é’i“a?WS’é‘éﬂng hel d rotatably
about  a pr edgtieained sfz’s)ﬁéiﬁ(f{)w&m%ﬁmbghéhﬁ (S&Sﬁﬂldéhi@%]rfﬂpbﬁ(tm)’ ot ati onal
position toz%ﬁcelve t he redetermn

n uct or
posi tPon whicHPP'EE WB\?P’&ég{nBV ARG ( &ig)n’é‘%ili‘]gleiﬁ)‘ﬁl’”}gr?paa@é’ék}ﬂﬁﬁ hedd ‘a?f*’l‘%?‘?’a‘ibout
positiona ptrd’daﬂ&ﬁfuﬁéd 4 1 S PNl GG USdat a Gt Pot@®ndl|pbfiti o Pedeve ke fiftiofdu@lok @IHFF

of the b head; a amer a for takin icture,.and 10 an.o tlc
swi t ch WZ%B rh%éjrfiﬁ'glé’amfl POSIEPP ﬁ?tf ihPrgrided ‘fye‘??]%‘f‘ﬂ‘f mernsarthisr sgeqnd rdpticppl @@88%

field of tl‘dhﬁ‘i\vﬂthé@f‘mdoh&lcﬁc&ﬂﬁlfp&s 1 dnkp b e &@d@ @?&djmtecvon@lhg Redaf ovi ded by the
sai d neans bein &Ha E inthe first fiel view and with the
xiaFS b

seni conduct & B%aPWBH%ﬁP% gri pper being located in the second
fieldoof viewoptioat §ditchidhlis RRUMRG sBPIRA FrdnStedREh @SN fiGedr s8thd Gbldbelieg
operativ IX connected with each other in such a way that in the c%se of g
change of amefapwi%&eéﬁw? Seior Filp oV BY the seid SRS e logstsdiit thgHrs Geldr
second 151eWQTxla.EM1tﬁl’ﬂlﬁhl seR@Bhdicen chif@ckivgligh Gfp Mippwy B?;fngtil‘)@tdaaﬁfﬁfe%edbh&ﬂgﬂ%f fie@m
t he flrsttL gf of viewto the secgnd field of view 2. gﬁﬁgb f

accor di ng" 'BRIRG APPARHS AL HE PPRRGS I hDRiRE oy%ﬂvaiyeopafeq%% Qg n such a
bet ween thgthaf Ihltwa&gofa&mafgawawmlﬁmpgam &8I tﬁéf\ﬁrtspxlatdt@mﬂ paﬁmets teakcond
operative conn ect.i.on, aratus according to claim1l

char &ct ef3idigge .PHSIP%WG ? ifid of rﬂew&éff eSRMERT R g Tystigidet: %WO theterendifieldr
(18). of view.

2. Apparatus according to claim 1, characterized in that the operative connection between the
flipping apparatus and the optical switch is a mechanical operative connection.

20
3. Apparatus according to claim 1 or 2, characterized in that the optical switch comprises a rotatably
held mirror (18).



