Apparatus for mounting components on a substrate

FIELD OF THE INVENTION
[0001] Theinvention relatesto an apparatus for mounting components, typically electronic or optical
components, especially semiconductor chips and flip chips, on a substrate. The mounting is also known

in the field as a bonding process or placement process.

[0002] Apparatuses of thiskind are especially used in the semiconductor industry. One example for
such apparatuses are die bonders or pick and place machines, with which componentsin the form of
semiconductor chips, micromechanical and micro-optical components and the like are placed and bonded
on substrates such as for example lead frames, printed circuit boards, ceramics etc. The components are
taken up at atake-up location by a bonding head, especially sucked up, moved to a substrate location and
placed at a precisely defined position on the substrate. The bonding head is a part of a pick and place
system which allows movements of the bonding head in at least three spatial directions. In order to
ensure that the placement of the component on the substrate can occur in a precise way with respect to
position, it is necessary to determine both the precise position of the component gripped by the bonding
head with respect to the positioning axis of the bonding head and also the precise position of the substrate

|ocation.

[0003] Such apparatuses, in which two mirrors are used which are twisted in relation to the vertical
about 45° in order to project the bottom side of the component to a camera, so that the position of the
component can then be determined in relation to the positioning axis of the bonding head, are known
from EP 449481, US 5878484, WO 2004064472 and EP 1916887. An apparatus in which amirror and a
pentagonal prism are used in order to project the bottom side of the component to the camerais known
from EP 2373145. In these apparatuses, the optical axis of the camera extends parallel to the positioning
axis of the bonding head. In the apparatus of EP 2373145, only the position of the component is
determined, but not the position of the substrate | ocation.

[0004] Inindustrially employed apparatuses of recent design, two cameras are usually used, namely one
camerawhich isarranged in or beneath the substrate plane and which is directed upwardly for
determining the position of the component, and one camerawhich is arranged above the substrate plane
and which is directed downwardly for determining the position of the substrate location. A relevant
disadvantage of these apparatusesis that the bonding head needsto travel at first from the take-up
location to the camera arranged in or beneath the substrate plane and then further to the substrate

location, which often requires a detour.

BRIEF DESCRIPTION OF THE INVENTION

[0005] Theinventionis based on the object of devel oping an apparatus which requires only one camera



for determining the position of the component and for determining the position of the substrate location,

and which offers asimple optical construction and requires little space.

BRIEF DESCRIPTION OF THE DRAWING FIGURES
[0006] The accompanying drawings, which are incorporated into and constitute a part of this
specification, illustrate one or more embodiments of the present invention and, together with the detailed
description, serve to explain the principles and implementations of the invention. The figures are shown

schematically and not drawn to scale. In the drawings:

Figs.1and 2 show two snapshots of an apparatus in accordance with the invention for the
mounting of components, and

Figs. 3and 4 show alternative embodiments of individual optica deflection systems.

DETAILED DESCRIPTION OF THE INVENTION
[0007] Figs. 1 and 2 schematically show side views of two snapshots of an apparatus in accordance with
the invention for mounting components 1 on the substrate locations 2 of a substrate 3. The components
aretypically electronic, micromechanica or (micro-) optical components, especially semiconductor chips
and flip chips. The apparatus comprises a support 4 for the substrate 3, apick and place system 5 with a
bonding head 6, asingle camera 7, afirst optica deflection system 8, a second optical deflection system
9, afirst light source 10, a second light source 11 and athird light source 12. The bonding head 6, the
first optical deflection system 8, the camera 7 and the second light source 11 are fastened to a common
carriage 13. The second optical deflection system 9 is arranged in a stationary manner on the apparatus.
The substrates 3 usually have a plurality of substrate locations. The term “substrate location 2” shall
generally be understood below as the substrate location which is situated in the field of vision of the
camera 7, wherein the beam path from the substrate location 2 to the camera 7 extends through the first
optical deflection system 8 and is deflected therein at least once.

[0008] The surface of the support 4 for the substrate 3 defines a substrate plane 14. The pick and place
system 5 comprises at least three drivesin order to move the carriage 13 in three spatial directions,
namely in two directions which extend parallel to the substrate plane 14, and in a direction designated
here as Z-direction, which extends perpendicularly to the substrate plane 14. The bonding head 6

comprises a gripping axis 15 which extends in the Z-direction.

[0009] The camera7 and the first optical deflection system 8 jointly form afirst image detection
system, which allows recording an image of the substrate location 2 on which the component 1 isto be
mounted. The camera 7, the first optical deflection system 8 and the second optical deflection system 9
jointly form a second image detection system which alows recording an image of the bottom side of the
component 1 held by the bonding head 6.
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[0010] The pick and place system 5 is set up to take up a respective component 1 by means of the
bonding head 6 at atake-up location and to place said component on a substrate location 2. In order to
thus enabl e highly precise positioning, the camera 7 records an image of the bottom side of the
component 1 on the one hand and an image of the substrate |ocation 2 on which the component 1 isto be

placed on the other hand.

[0011] Thefirst optical deflection system 8 is used to bring the optical axis 16 of the camera 7, which
extendsin alaterally offset manner in relation to the gripping axis 15 of the bonding head 6 in the Z-
direction, as optical axis 17 closer to the gripping axis 15 of the bonding head 6. The object-side optical
axis 17 of the first image detection system extends at a distance D from the gripping axis 15 of the
bonding head 6 due to the first optical deflection system 8, which distance D is considerably lower than
the distance between the gripping axis 15 of the bonding head 6 and the optical axis 16 of the camera 7.

[0012] The second optical deflection system 9 and the first optical deflection system 8 cooperate and
bring the bottom side of the component 1 held by the bonding head 6 into the field of vision of the
camera 7 as long as the bonding head 6 is situated in a predetermined working area above the second

optical deflection system 9.

[0013] In order to allow the camera 7 to record a sharp image of the bottom side of the component 1 as
well as the substrate location 2 on which the component 1 isto be placed, the optical paths of the beam
paths of the first image detection system and the second image detection system must be equally long to
the highest possible extent. The adjustment of the length of the beam paths occurs by displacing the
carriage 13 of the pick and place system 5 in the Z-direction. The apparatus is thus programmed such that
for recording an image of the component 1 the carriage 13 is moved in the Z-direction to a predetermined
height H, above the substrate plane 14 over the second optical deflection system 9, so that the bottom
side of the component 1 islocated in the focal plane of the camera 7 at least during itstravel over the
second optical deflection system 9, so that the camera 7, during the displacement of the component 1, is
ableto record a sharp image of the bottom side of the component 1, and to lift the carriage 13to a
predetermined height H, above the substrate plane 14 for recording an image of the substrate location 2,
so that the substrate location 2 islocated in the focal plane of the camera 7, so that the camera 7 can
record a sharp image of the substrate location 2. The two heights H; and H, are dimensioned in such a
way that the optical length of the beam path between the bottom side of the component 1 and the camera
7 and the optical length of the beam path between the substrate location 2 and the camera 7 are equally
large, so that either the bottom side of the component 1 or the substrate location 2 isin the focal plane of

the camera 7. It appliesthat H, > Hy, asisshownin Figs. 1 and 2.

[0014] The apparatus can be programmed in the respect that an image is recorded first from each of the

substrate locations 2 of a substrate 3 and one component 1 after the other is mounted on the substrate
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locations 2 of the substrate 3. But it can also be programmed to record an image of the bottom side of the

component 1 and then an image of the associated substrate |ocation 2 during each mounting process.

[0015] Fig. 1 shows the apparatusin the state in which the carriage 13 is situated at the predetermined
height H, at a position in which a predetermined substrate location 2 isin the field of vision of the
camera 7, so that the camera 7 is capable of recording a sufficiently sharp image of said substrate
location 2.

[0016] Fig. 2 shows the apparatus in the state in which the carriage 13 is situated at the predetermined
height H, and within the working area of the second optical deflection system 9, so that the bottom side
of the component 1isinthefield of vision of the camera 7, so that the camera 7 is capabl e of recording a

sufficiently sharp image of the bottom side of the component 1.

[0017] According to afirst embodiment, the first optical deflection system 8 comprises a deflecting
prism 18 and amirror 19. The deflecting prism 18 is abody which is triangular in its cross-section and
which reflects alight beam 20 originating from the substrate plane in the Z-direction on two surfaces 21
and 22. The bottom surface 22 of the triangular deflecting prism 18, on which the light beam 20 is
subjected to the second reflection, extends parallel to the substrate plane 14. The second surface 21, on
which the light beam 20 is subjected to the first reflection, is mirrored and encloses a predetermined
angle a with the bottom surface 22. The angle o is determined in such away that the light beam 20 is
reflected totally at the reflection on the bottom surface 22. In order to ensure that total reflection occurs,
the angle o must fulfil Snell’ slaw of refraction:

o <90° - arcsin(n(air)/n(deflecting prism 18))
wherein n(air) designates the refractive index of air und n(deflecting prism 18) the refractive index of the

material of which the deflecting prism 18 consists.

[0018] According to afirst embodiment, the second optical deflection system 9 comprises a symmetric
deflecting prism 24 which reflects the light beam 25 originating from the bottom side of the component 1
in the direction of the gripping axis 15 three times until it again leaves the deflecting prism 24 parallel to
the gripping axis 15 and impinges on the first optical deflection system 8. The light source 10 is arranged
on the one side of the deflecting prism 24 beneath the deflecting prism 24. The deflecting prism 24 isin
cross-section an isoscel es triangle with three surfaces 26 to 28 whose angle 3 is selected in such away
that the light beam 25 isreflected totally on the upper surface 26. The angle B must therefore fulfil the
condition

B <90° - arcsin(n(air)/n(deflecting prism 24)).

[0019] Dueto thetota reflection, no silvering of the upper surface 26 is necessary, so that the light
reflected on the component 1 can enter the deflecting prism 24, isreflected in the interior on dl three
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surfaces 26 to 28, can leave the deflecting prism 24 again and can then be conducted by means of the
first optical deflection system 8 to the camera 7.

[0020] The surface 27 is advantageously formed in a silvered manner. If the light source 10 for the
illumination of the bottom side of the component 1 held by the bonding head 6 is present, the surface 28
is not exposed, but a further triangular body 29 forms a beam splitter with a portion of the deflecting
prism 24. Beam splitting occurs on the surface 28, e.g. as usual viafrustrated total reflection. The surface
28 acting as the beam splitter layer can also be formed as a polkadot. A polkadot is a pattern which

consists of reflection points arranged in the manner of an array.

[0021] According to a second embodiment, the first optical deflection system 8 comprises, as shown in
Figs. 3 and 4, amirror 23 instead of the deflecting prism 18, which mirror encloses an angle with the
vertical. This embodiment requires more space than the first embodiment, which leads to the
consequence that the distance D between the gripping axis 15 of the bonding head 6 and the optical axis
17 is greater than in the first embodiment because already the required material thickness of the mirror
22 increases the distance D. The mirrors 19 and 23 can be inclined by 45°, but also by more than 45° or
lessthan 45°, in relation to the vertical. However, thisleadsto a higher need for space of the mirror 19
downwardly in the direction of the substrate plane 14 or the mirror 23 in the direction of the bonding
head 6.

[0022] The second optical deflection system 9 comprises according to a second embodiment and as aso
shown in Figs. 3 and 4 a beam splitter cube 30, a pentagonal prism 31 and, optionally, an optically
transparent body 32 which is preferably seamlessly arranged between the beam splitter cube 30 and the
pentagonal prism 31. The light beam 25 which originates from the bottom side of the component 1is
deflected by 90° in the beam splitter cube 30, reflected on two surfaces in the pentagonal prism 31 and
deflected thereby in total by afurther 90°, so that the light beam emitting from the pentagonal prism 31
extends parallel to the gripping axis 15 of the bonding head 6 and parallel to the optical axis 16 of the
camera 7. The body 32 reduces the optical path and prevents reflections of the light beam 25 both during
exit from the beam splitter cube 30 and also during entry into the pentagonal prism 31 when it isinserted

seamlesdy between said two elements and consists of the same material.

[0023] Theoptica components of the two deflection systems 8 and 9 consist of transparent material,
preferably glass or transparent plastic with arelatively high refractive index.

[0024] Thelight sources 10 and 12 are used for illuminating the bottom side of the component 1. The
light source 10 is preferably arranged beneath the beam splitter cube 30. The beam splitter cube 30 is
thus used for injecting the light emitted by the light source 10 and for decoupling the light reflected on
the bottom side of the component 1. The light source 10 illuminates the bottom side of the component 1

in amanner coaxial to the optical axis 16 in order to optimally illuminate in particular components 1 with
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a smooth, mirroring bottom side, whereas the light source 12 isformed as alateral light for the optimal

illumination of components 1 with arough, diffusely scattering bottom side.

[0025] Thelight source 11 isused for illumination of the substrate location 2. The light source 11
preferably comprises lighting means which are preferably arranged on all sides around the optical axis 17
of the first image detection system and which illuminate the substrate location to be illuminated in the

manner of alateral light. It can additionally comprise coaxia illumination.

[0026] The camera 7 can record the image of the bottom side of the component 1 either during the
travel of the bonding head 6 over the second optical deflection system 9, i.e. without stopping, or the
apparatus can stop the bonding head 6 above the second optical deflection system 9 in order to record the

image.

[0027] Inal embodiments, the mirror 19 can be omitted and the camera 7 can be arranged (in atwisted
manner) in such away that its optical axis 16 coincides with the direction which the light beam 20

assumes after the reflection on the deflecting prism 18 or on the mirror 23.

[0028] Theinvention offers at least the following advantages:

- Only one single camerais necessary in order to determine both the precise position of the component
gripped by the bonding head and also the precise position of the substrate location.

- Thefirst optical deflection system moves the optical axis of the camera closer to the gripping axis of
the bonding head and thus increases the working range of the machine.

- Thefirst optical deflection system leads to areduction in the optical path length from the bottom side
of the component to the camera and thus reduces the difference between the heights H; and H, which
is necessary for the adjustment of the focal plane of the camera.

- Thesecond optical deflection system allows arecording of the bottom side of the component during
travel without having to stop the bonding head for this purpose. Thisis because the image of the
bottom side of the component seemingly stands still aslong as the component islocated in a
predetermined working area of the second optical deflection system.

- Thefirst optical deflection system isrigidly connected to the bonding head, and the second optical
deflection system is arranged in a stationary manner on the machine. Displacements of the one or the
other deflection system or parts thereof during the bonding process are thus unnecessary.

- Theheights H; and H, can be adjusted to the specific requirements of the mounting apparatus viathe
selection of the geometry and the material of the element 24 or the elements 30, 31 and 32.

[0029] While embodiments and applications of thisinvention have been shown and described, it would
be apparent to those skilled in the art having the benefit of this disclosure that many more modifications
than mentioned above are possible without departing from the inventive concepts herein. The invention,

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



CLAIMS

1. Apparatus for mounting components (1) on asubstrate (3), comprising
asupport (4) for the substrate (3), wherein a surface of the support (4) defines a substrate plane (14),
apick and place system (5) with a bonding head (6), wherein the pick and place system (5) is set up
to take up a component (1) with the bonding head (6) at atake-up location and to place said
component on a substrate location (2),
acamera (7) for detecting a position of the component (1) held by the bonding head (6) and for
detecting a position of the substrate location (2) on which the component (1) is to be mounted,
afirst optical deflection system (8), and
a second optical deflection system (9),

wherein
the camera (7) has an optical axis (16),
the pick and place system (5) comprises a displaceabl e carriage (13) on which the first optical
deflection system (8), the camera (7) and the bonding head (6) are fastened,
the second optical deflection system (9) is arranged in a stationary manner on the apparatus,
thefirst optical deflection system (8) and the camera (7) form afirst image detection system for
recording an image of the substrate location (2), wherein an object-side optical axis (17) of the first
image detection system extends at a distance (D) from a gripping axis (15) of the bonding head (6)
which is smaller than a distance between the gripping axis (15) of the bonding head (6) and the
optical axis (16) of the camera (7),
thefirst optical deflection system (8), the second optical deflection system (9) and the camera (7)
form a second image detection system for recording an image of a bottom side of the component (1),
and
the apparatus is programmed, for the recording of an image of the component (1), to move the
carriage (13) during the transport of the component (1) from the take-up location to the substrate
location (2) at a predetermined height H; above the substrate plane (14) over the second optical
deflection system (9), so that the bottom side of the component (1), during the travel over the second
optical deflection system (9), islocated in afoca plane of the camera (7), and
for the recording of an image of the substrate location (2) to lift the carriage (13) to a predetermined
height H, above the substrate plane (14), so that the substrate location (2) is located in the focal
plane of the camera (7), wherein the two heights H; and H, are dimensioned in such away that the
optical length of the beam path between the bottom side of the component (1) and the camera (7)
and the optical length of the beam path between the substrate location (2) and the camera (7) are
equally large.

2. Apparatus according to claim 1, wherein the first optical deflection system (8) comprises a



deflecting prism (18) and amirror (19).

Apparatus according to claim 1, wherein the first optical deflection system (8) comprises two
mirrors (19, 23).

Apparatus according to any of claims 1 to 3, wherein the second optical deflection system (9)

comprises a symmetric deflecting prism (24).

Apparatus according to any of claims 1 to 3, wherein the second optical deflection system (9)
comprises a beam splitter cube (30), a pentagonal prism (31) and an optically transparent body (29)
which is seamlesdy arranged between the beam splitter cube (30) and the pentagonal prism (31).



