
Apparatus for mounting a flip chip on a substrate  Technical field 100011
The invention relates to an apparatus for mounting a flip chip on a
substrate of the type  mentioned in the preamble of claim 1. A flip chip is
a semiconductor chip which has a surface with so- 5 called bumps through
which electric connections with the substrate are made. Background of the
invention [00021 When mounting semiconductor chips on a substrate, the
substrate is usually made available on a  horizontally aligned supporting
surface and the semiconductor chips are provided on a wafer table, with
the electric connecting surfaces of the semiconductor chips facing
upwardly. The semiconductor chip is 10 then removed by a bonding head of an
automatic mounting machine, which is a so-called die bonder, and  placed on
the substrate. This mounting method is known in the field as epoxy die
bonding or softsolder  die bonding, depending on whether the semiconductor
chip is glued with epoxy to the substrate or is  soldered with solder to
the substrate. The flip chip method differs from this mounting method in
that the  electric as well as the mechanical connection between the
semiconductor chip and the substrate is made 15 via the bumps. To ensure
that the semiconductor chip with the bumps can be mounted, it needs to be
turned (flipped) by 180 after removal from the wafer table, which explains
the name flip chip.  [00031 In the flip chip method, the bumps of the
semiconductor chip need to be brought into contact  with the electric
connecting surfaces of the substrate, the so-called pads. The demands
placed on  placement precision are therefore higher in the flip chip method
than in epoxy die bonding. An automatic 20 mounting machine for the
mounting of flip chips comprises a flipping apparatus which removes the
semiconductor chip from the wafer table and flips the same, 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 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 100041 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. 2  [0005] The invention relates to an
apparatus for mounting semiconductor chips as flip chip on a  substrate.
The apparatus comprises means for the feeding of semiconductor chips to a
predetermined  position, e.g. a wafer table or waffle pack, etc. The
apparatus further comprises a pick-and-place system  with a bonding head
with a chip gripper, a flipping apparatus with a gripper and two cameras.
The 5 gripper of the flipping apparatus can be rotated about a
predetermined axis and is used in a first rotational  position to receive
from the wafer the semiconductor chip provided by the aforementioned means,
and to  transfer the same in a second rotational position as a flip chip to
the chip gripper of the bonding head.  The first camera is used on the one
hand to determine the actual position of the semiconductor chips on  the
wafer as provided by the aforementioned means for mounting before the
flipping apparatus receives 10 the semiconductor chip, and it is used on
the other hand to determine the actual position of the flip chip  received
by the chip gripper of the bonding head after the flipping apparatus has
transferred the  semiconductor chip. The second camera is used to determine
the position of the substrate place. In  accordance with the invention, the
apparatus comprises an optical switch which is used to alternatingly  set a
first or a second field of view for the first camera, with the
semiconductor chip provided by the 15 mentioned means being situated in the
first field of view and the semiconductor chip held by the chip  gripper
being situated in the second field of view. The flipping apparatus and the
optical switch are  operatively connected with each other in such a way
that in the case of a change of the flipping apparatus  from the first
rotational position to the second rotational position the field of view of
the camera changes  from the first field of view to the second field of
view. The operative connection between the flipping 20 apparatus and the
optical switch is preferably a mechanical operative connection. [0006] The
optical switch comprises a mirror for example which is held rotatably about
a  predetermined axis and which is located in front of the first camera. In
operation, 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
0/2. 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
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 100081 The invention is
explained below by reference to an embodiment and the drawings. The figures
3  are not shown on scale. Description of the Figures Fig. 1 shows an
automatic mounting machine with a flipping apparatus and a mirror, with  5
the flipping apparatus and the mirror being situated in a first end
position; Fig. 2 shows the automatic mounting machine, with the flipping
apparatus and the mirror  being situated in a second end position; Fig. 3,
4 show a drive mechanism for the flipping apparatus and the mirror.
Detailed description of the invention 10 100091 Fig. I shows a schematic
view of an example of an automatic mounting machine for mounting a
semiconductor chip 2, which is a so-called flip chip and comprises bumps 1,
onto a substrate place 4 of a  substrate 5. In the sectional view as shown
in Fig. 1, five bumps I are situated next to one another for  each
semiconductor chip 3. Five pads 12 situated next to one another in a row on
the substrate place 4  correspond to said bumps. The coordinates of a
Cartesian system of coordinates are designated with x, y 15 and z, with the
x-coordinate extending perpendicular to the plane of the drawing. The
automatic  mounting machine comprises a so-called pick-and-place system 6
with a bonding head 8 which can be  reciprocated along an axis 7 extending
in the y-direction, and two cameras 9 and 10 which each comprise  an
associated image processing module. The position of the bonding head 8 on
the axis 7 is regulated by  means of 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 4  the field of view of the first camera 9.
[0010] The flipping apparatus 15 and the mirror 18 change back and forth
between the two end  positions A and B. In Fig. 1, the flipping apparatus
15 and the mirror 18 are in the end position A in 5 which the gripper 16
faces the pick-and-place system 6, while the mirror 18 faces the wafer
table 14. The  first camera 9 thus sees the semiconductor chip 2 provided
by the wafer table 14. In Fig. 2, the flipping  apparatus 15 and the mirror
18 are in the end position B in which the gripper 16 faces the wafer table
14,  while the mirror 18 faces the pick-and-place system 6. The first
camera 9 thus sees the flip chip 3 held by  the chip gripper 13 of the
bonding head 8. When changing from the end position A to the end position
B, 10 the gripper 16 is rotated about an axis 19 extending in the
x-direction about the angle 0 (not shown in the  figures), while the mirror
18 is simultaneously rotated about half the angle 0/2. In the example the
angle  is 0 = 180. The angle 0 depends on the overall construction of the
wafer table 14 and the pick-and-place  system 6 and can therefore also have
a value other than 180. [0011] The flipping apparatus 15 further comprises
lighting means in order to illuminate in the end  15 position A the
semiconductor chip 2 provided by the wafer table 14 and in the end position
B the flip  



chip 3 held by the chip gripper 13 of bonding head 8. In the end position
A, direct illumination is  possible, i.e. an illumination with light which
extends parallel to the optical axis and thus impinges  perpendicularly on
the semiconductor chip 2, whereas in the end position B indirect
illumination is  advantageous, i.e. illumination with light which impinges
in an oblique way on the flip chip 3. 20 100121 The interaction of flipping
apparatus 15, mirror 18 and first camera 9 will now be explained in  closer
detail. The following state is assumed at first: The flipping apparatus 15
is located in the first end  position A, as shown in Fig. 1. The wafer
table 14 has made available a semiconductor 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 Acp, with Au 30 and Av designating,
as usual, the deviation in two orthogonal directions and Ap the deviation
of the  rotational position. - As long as the three values An, Av and A<p
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 1 This state is shown in Fig. 2. The bonding head 8 is
moved to a predetermined position. The 5  first camera 9 takes a picture of
the flip chip 3 held by the chip gripper 13 of the bonding head 8 and  the
associated image processing module determines the actual position of the
flip chip 3 from the  picture. Then the bonding head 8 places the
semiconductor chip on the substrate 5 and returns to the  predetermined
position, so that the chip gripper 13 can receive the next semiconductor
chip 2 from the  5 flipping apparatus 15. The flipping apparatus 15 is
turned to the first end position A and transfers the semiconductor chip as
a flip chip 3 to the chip gripper 13 of the bonding head 8. The bonding
head 8 facultatively moves the  flip chip 3 to a wetting station where the
bumps I of the flip chip 3 are wetted with a fluxing agent,  and back again
to the position above the flipping apparatus 15. The wafer table 14 then
presents the  10 next semiconductor chip 2 for mounting. 



The initial position has now been reached again and the next cycle begins.
10013] Figs. 3 and 4 show an advantageous drive mechanism which rotates the
gripper 16 of the  flipping apparatus about the angle 0, in the present
example about the angle 0 = 180, and the mirror 18  about half the angle
0/2. Fig. 3 shows the gripper 16 of the flipping apparatus 15 and the
mirror 18 in the 15 end position A. Fig. 4 shows the gripper 16 of flipping
apparatus 15 and the mirror 18 in the end position  B. The drive mechanism
comprises a motor 20, a reduction gear consisting of two gearwheels 21 and
22,  a third gearwheel 23 and a fourth gearwheel 24, a toothed belt 25 and
two levers 26 and 27. The four  gearwheels 21 to 24 are rotatable about
axes which extend parallel with respect to each other and in the
x-direction, which in this case is perpendicular to the drawing plane. The
gripper 16 of the flipping 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 L2 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 G2 (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 0/2. - 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. 6  - Mirror 18 will achieve a rotational position that
is reproducible with high precision without requiring any stops on which
the mirror 18 is mechanically aligned. [0014] An alternative drive
mechanism comprises a motor which drives a V-belt pulley having a first
diameter. The first V-belt pulley drives a second V-belt pulley which has
the same diameter and on 



5 which the mirror is arranged, and simultaneously a third V-belt pulley
which has a diameter 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 mechanism for the rotation of the gripper 16 and the rotation  10 of
the mirror 18 with two separate drives which are independent from each
other. 7  CLAIMS 1. Apparatus for mounting a semiconductor chip (2) as a
flip chip (3) on a substrate (5), comprising:  means for supplying the
semiconductor chip to a predetermined position; a pick-and-place system (6)
with a bonding head (8) with a chip gripper (13); 5 a flipping apparatus
(15) with a gripper (16), with the flipping apparatus being held rotatably
about  a predetermined axis (19) and being used in a first rotational
position to receive the semiconductor chip  (2) at the predetermined
position which is provided by the said means and in a second rotational
position  transfer the semiconductor chip as flip chip to the chip gripper
of the bonding head; a camera (9) for taking a picture, and 10 an optical
switch which is used for setting in an alternating manner a first or second
field of view  for the camera, with the semiconductor chip provided by the
said means being located in the first field of  view and with the
semiconductor chip held by the chip gripper being located in the second
field of view;  with the flipping apparatus and the optical switch being
operatively connected with each other in such a  way that in the case of a
change of the flipping apparatus from the first rotational position to the
second 15 rotational position the field of view of the camera changes from
the first field of view to the second field  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). 


