Apparatus for mounting a flip chip on a substrate Technical field 100011
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 substrate are nade. Background of the
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that theg,&lb86id bGrasviMeLs as the nmechani cal connection between the

sem conductor chip and the substrate is made 15 via the bunps. To ensure
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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 used in 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

[0004] 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 100041 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
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simultancously 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 /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.

[0007} 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 rotationat
position of the flipping apparatus, the one or other color filter is automatically brought into the beam path
of the camera, so that the fleld 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
ot her hand i nmages in another second col or3the sem conductor chip held by
the chi p 30 gripper onto the canera. The optical switch consists in this
case of twg.c9l, O{jl%atlcers of which the one is transparent for the one
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rotational position of the flipping apparatus, the one or other color
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the fiel VI'6W 0 camera wi || change. Instead of the color filters
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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  ona 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 longitudinal axis, which in this
case is about the z-axis. The sem conductor chips 2 are provided 25 on a
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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 Ao, with Au
30 and Av designating, as usual, the deviation in two orthogonal directions and Ag the deviation of the

rotational position,

- As long as the three values Au, Av and A¢ 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. illunination with |light which inpinges
in an oblique way on the flip chip 3. 20 100121 The interaction of flipping
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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 L, 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 angie 6 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 reproducibie 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.
10013] Figs. 3 and 4 show an advantageous drive nechani sm which rotates the
gripper 16 of the flipping apparatus about the angle 0, in the present
exanpl e about the angle 0 = 180, and the mrror 18 about half the angle
0/2. Fig. 3 shows the gripper 16 of the fdipping apparatus 15 and the
mrror 18 in the 15 end position A Fig. 4 shows the gripper 16 of fli pping
appar at us 15,44 ; hgcim\/re AQBtat:l'(ﬁmf ;Q)Sltt beugnd 1(H)Q&iu“bf%%tth%lglmg@c1@511 Mﬁldﬁ?&gﬁnhg m
conprises a notor 20, a reduction gear consi sting of two gearwheels

22, a thimy sgreapnwbish Uzgnigad ! &is heokanivaljedivpbéel 24, a toothed belt 25 and
tmo | evers 26 and 27. The four gearwheels 21 to 24 are rotatable about

axes Whi @1 X benGgteRaEaldieb mbk: {ahmrra%%ﬂﬁﬁ;es 3 %oﬁﬁ%m@ﬂd’ﬂ%s 208l Putleh Baving a first
x-direction, which in this case is perpendicular to the drawi ng pl ane. The

gri pper dignger fhelis Vﬁ)@lt ﬁtjjnczdf*afﬁti‘aﬁe‘étlﬁé/ 4! pudlenbish hesgbe fiare dignteker epkont hi r d
gear V\pee{x/h@ﬁthe'%nf:brr i Eillﬁ‘@‘gd %d L ﬂﬁ[tzfdc&%!y d @M@'V %8 %ﬁ!g&)ﬁ‘&’}ﬁgh W‘;tamlatn{?‘fcr whl I’1§ Ilﬂtlf
gearwheel 24, a first end of the second | ever fastened to the m

18 and ttﬁéa”BWC‘(ﬁnh‘@Fw}efﬁIéhPP% appreatpsip apranged *@eltlamf they figgh ¥-belb palfeyspgmt ﬁ%‘i d
on a comeicRat r%thﬂT(BQhCI slaéd’ng VIR PMERAbog S0’ RAd § Ratioh @F‘t‘h& hmge»af)é’mﬁ@l'cy 24
have the sane size. When therefore notor 20 turns the third gearwhee

and the ab§piB¥ér 16 via the gearwheel s 21 and 22 and the toothed bel t 25
about 180, then the fourth gearwheel 24 25 is also rotated about 180. The

length Lypoed) tiheaitd ﬁ@tlbkeo/&{m&ﬁe @1% rhddBarli @0 & Mhelrgta®dn drfie sgggm@ ah@WRhotdifon
are dlnen5|oned in way the two | evers 26 an are each in

the &ret éhf'eran'f%éﬁm*taﬁw %qp%t@te\ﬂmwh@aeﬁméﬁwé#e%eﬁ athePthiy ror 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. [0014] 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
t he nlrrgiéﬁg with two separate drives which are independent from each

ot her. PMVS 1. Apparatus for mounting a sem conductor chip (2) as a
flip chip (3) on a substrate (5), conprising: nmeans for supplying the
seniconductGmpmHMpﬁmomampmedemEDmhmeddﬁpshmbmﬂﬁnﬂqpmp&ranﬁmnkaﬁpcsmﬁmﬁmg(6)

wi th a bondin ) with a chip i ppi ng appar at us
(1) it et nbihe WeldiaRoShicRy fih R cdelthing? pdidn) PP 19, 8PPEIALED,
about a pr ed&kemﬁmhecdqyawingé)(\&ﬂ)a bmﬂmlgemmgsm/enlabnp@uﬁpcr 8it3);r ot at i onal

posi tjon to, rece|ve t cto

Posi t1 on v dirrr e BpudR A P RETEE A meban Bhe® iR BESRE SRS
posi ti ona predaersfied akiaél %S emd xondused mra I‘ckmpxdmlaf ;bds;}moﬂ i ecdi@ thdremidongucgr |cpn|per
SIM E Eﬁ b ?gﬁﬂgg %egeguq%ogags% rnta\zlvigg? 18 Oé!hdteg F H1% filmcans ﬁlﬁ% }]ne z}, secmw%ilx(r)tént!ona posﬁlgon d
field ofumm@mﬂmtmnmmhmmOEMEwaﬂhmmWhui%eeﬁpgmmmnthdmmdm@ma@prOV|ded by the
sai d nmeans Qg&g_ cated in HQ% flrst field of viewand with the

sem conduct or- ¢hi heI %y 3% t%lp gri pper being |ocated in the second
field of viewppticelswitcl Wmch isivpgal fogseatppan ai alsnraalndg mbmmwpﬁrscai seemd ekl dﬁelewg
operativgl ect each o i

change ot H e A BAER A ot fra S o bt PR ks P e SRR iRk
second l6ew @hchMtbrhalselploe;ndnJBtommml@eid bethd clop guipenbofg tohacntaamrsaccmh dingled viewom
tazgor_ h: ﬁ% tlg hg lﬂﬂ)é)?l{% %beﬁg\lﬁg fil_nél é{]e ?p?lgzﬁgwqcl1 l%eh%topfeﬁ{wéf conn ci%?/de\n'?‘@g erf]aclaoiéjler in such a
bet ween wiethatfih ihophsegf ap!p.mgfabﬂjhe fuppling Ia@aamm fomh the \f\'wsi Cd!latIOSala)osnE@i’taminmbond
operat i N u rdi.n

ohar ot efeERAMBEApe feudaeP AR LR SRS P h8nll AT Pheserend f9d o
(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 [ or 2, characterized in that the optical switch comprises a rotatably
held mirror (18).



