Apparatus and method for mounting components on a substrate

Technical field
[0001] Theinvention relatesto an apparatus and a method for mounting components on a substrate,
typically electronic or optical components, in particular semiconductor chips and flip chips, on a

subgtrate. In the field, the mounting is also referred to as bonding process or assembly process.

Background of the invention

[0002] Apparatuses of thistype are particularly used in the semiconductor industry. Examples of such
apparatuses are Die Bonders or Pick and Place machines, with which componentsin the form of
semiconductor chips, flip chips, micromechanical, micro-optica and electro-optical components, and the
like are deposited on substrates such as |eadframes, printed circuit boards, ceramics, etc. and bonded. The
components are picked up by abond head at aremoval location, in particular sucked in, moved to a
substrate location and deposited at a precisely defined position on the substrate. The bond head is part of
a Pick und Place system, which enables movement of the bond head in at least three space directions. In
order to enable the component to be positioned accurately on the substrate, both the exact position of the
component gripped by the bond head with respect to the positioning axis of the bond head and the exact

position of the substrate place must be determined.

[0003] Mounting devices available on the market achieve in the best case a positioning accuracy of 2

to 3 micrometers with a standard deviation of 3 sigma.

Short description of the invention

[0004] Theobject of theinvention isto develop an apparatus and a method, which achieve a higher

placement accuracy compared to the state of the art.

[0005] The apparatus according to the invention comprises a bond head with a component gripper, a
first drive system for moving a carrier over relatively long distances, a second drive system attached to
the carrier for moving the bond head back and forth between a nomina working position and a stand-by
position, a drive attached to the bond head for rotating the component gripper or arotary drive for
rotating the substrate about an axis running perpendicularly to the substrate surface, at least one substrate
camera attached to the carrier and at least one component camera. The bond head or the component
gripper contains at least one reference mark used by both the at least one component camera and the at
least one substrate camera to determine the position of the component rel ative to the bond head or the
position of the bond head relative to the substrate location, respectively. The substrate contains at |east
one substrate mark and the component contains at least one component mark or a structure suitable to

serveas component mark.

[0006] Thefirst drive system serves to move the bond head over relatively long distances with



relatively low positioning accuracy. The second drive system serves to move the bond head back and
forth between the nominal working position and the stand-by position. In the nomina working position,
the bond head covers the substrate mark(s) attached to the substrate and is therefore temporarily moved
to the stand-by position where the bond head no longer covers the substrate mark(s) so that the substrate
camera(s) can take an image of the substrate mark(s). The second drive system preferably serves also to
move the bond head over relatively small distances with very high positioning accuracy, i.e. to perform
high-precision correction movements of the bond head. Alternatively, athird drive system can be

provided to perform high-precision correction movements of the substrate.

[0007] 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, serveto explain the principles and implementations of the invention. The figures are not
drawn to scale.

Description of the figures

Fig. 1 schematically shows afirst embodiment of an apparatus for mounting components on
a substrate according to the invention,

Fig. 2 schematically shows a second embodiment of an apparatus for mounting components
on a substrate according to the invention, and

Fig.3-5  show snapshots taken during the assembly process according to the invention.

Detailed description of theinvention

[0008] Fig. 1 schematically showsafirst embodiment of an apparatus for mounting components 1 on a
substrate 2 according to the invention. The substrates 2 contain at least one substrate mark 23 (Fig. 3).
The components 1 areflip chipsin particular, but also other semiconductor chips. The components 1 can
also be electronic, optical or electro-optical or any other components which are to be mounted with a

precision in the micrometer range or submicrometer range.

[0009] The mounting apparatus includes a bond head 3, a feeding unit 4 for supplying the components
1, adevice 5 for feeding and providing the substrates 2, and afirst drive system 6 for acarrier 7 and a
second drive system 8 for the bond head 3. The second drive system 8 is attached to the carrier 7. The
apparatus further includes at least one component camera 9 and at least one substrate camera 10. The
substrate camera(s) 10 ig/are attached to the carrier 7. The bond head 3 comprises a component gripper
11, which isrotatable about an axis 12. In the following, a component held by the bond head 3 is referred
to as component 1a. The component gripper 11is, for example, a vacuum-operated suction el ement that

sucksin acomponent 1.

[0010] Thefeeding unit 4 comprises, for example, awafer table, which provides a plurality of

semiconductor chips, and aflip device, which removes one semiconductor chip after the other from the
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wafer table and providesit asflip chip for transfer to the bond head 3. The feeder unit 4 can also bea
feeder unit that providesflip chips or other components one after the other for transfer to the bond head
3.

[0011] Thebond head 3 or the component gripper 11 contains at least one reference mark 13 (Fig. 3),
advantageoudly at |east two reference marks 13, so that both a displacement of the component 1a held by
the component gripper 11 of the bond head 3 and a rotation of the component 1afrom its set position can
be detected and corrected. The reference mark(s) 13 is/are mounted on the bond head 3 or component
gripper 11 in such away that it/they is/are visible in the image supplied by the component camera 9 or
the images supplied by the component cameras 9, when the bond head 3isin thefield of view of the
component camera 9 or the fields of view of the component cameras 9, and is/are visible in the image
supplied by the substrate camera 10 or the images supplied by the substrate cameras 10, respectively,
when the bond head 3 isin the field of view of the substrate camera 10 or the fields of view of the
substrate cameras 10, respectively. The reference mark (s) 13 is/are for example formed as crossin
bore(s) in the component gripper 11, preferably they are formed on a platelet of glassin the form of
structures of chrome. Glassistransparent, so that the reference mark(s) 13 is/are seen from above as well
as from below and thus by all cameras 9 and 10. Preferably, a glass with avery low coefficient of
thermal expansion is chosen. The thickness of the glass plate is advantageously selected so that at a
certain height of the bond head 3 above the substrate 2, both the reference mark(s) 13 and the substrate
mark(s) 23 are imaged with sufficient sharpness in the image captured by the substrate camera(s) 10, i.e.
that both the reference mark(s) 13 and the substrate mark(s) 23 are in the depth of field of the substrate
camera(s) 10.

[0012] Thefirst drive system 6 servesto transport the bond head 3 over relatively long distances,
namely from a component removal |ocation, where the bond head 3 takes the component 1 to be mounted
from the feeder unit 4, to the substrate 2, where the bond head 3 places the component 1a on a substrate
place of the substrate 2. The requirements for the position accuracy of thefirst drive system 6 are
relatively modest, a position accuracy of +/- 10 umis usualy sufficient. The first drive system 6 is
designed, for example, as a so-called "gantry" with two or more mechanically highly stable axes of
motion, of which two axes of motion allow movements of the carrier 7 in two horizontal directions

running perpendicular to each other.

[0013] The up and down movements of the bond head 3 to remove a component 1 from the feeder unit

4 and to place the component 1a on the substrate place of the substrate 2 can be done in different ways,

for example

- thefirst drive system 6 contains a third, highly stable axis of motion for the up and down movement
of the carrier 7,

- the second drive system 8 contains an additional, high-precision drive for the up and down



movements of the bond head 3,

- the bond head 3 contains a high-precision drive for up and down movements of the component
gripper 11, which is advantageously supported by air or ball bearings.

The apparatus may contain only one, or two or all three of the above axes of motion/drives for the up and

down movements.

[0014] Thesecond drive system 8 serves on the one hand to move the bond head 3 into a stand-by
position, as described below in more detail, and on the other hand to enable high-precision correction
movements of the bond head 3 in two different horizontal directions. The second drive system 8
comprises afirst drive for moving the bond head 3 along afirst direction designated as u-direction and a
second drive for moving the bond head 3 along a second direction designated as v-direction. The
directionsu and v run in horizontal direction and preferably orthogonally to each other. The bond head 3
comprises, optionally, adrive 14 for the rotation of the component gripper 11 around the axis 12. The
device 5 for feeding and providing the substrates 2 may contain arotary drive 15 in order to rotate the
substrate 2 about an axis running orthogonally to its surface in order to aternatively eliminate any

angular errorsin this manner.

[0015] The component camera9 or the several component cameras 9 serve to detect the position of the
component lain relation to the position of the reference mark(s) 13. The substrate camera 10 or the
substrate cameras 10 serve to detect the position of the substrate place on which the component laisto
be placed, in relation to the position of the reference mark(s) 13. Each component camera 9 and each
substrate camera 10 comprises an image sensor 17 and an optics 18 (Fig. 3). The optics 18 of the

substrate camera(s) 10 comprises for example two deflecting mirrors 19.

[0016] Thecomponent camera(s) 9 is/are, for example, arranged stationary on the apparatus and the
bond head 3 is moved on its way from the component removal location to the substrate |ocation above
the component camera(s) 9 and is preferably, but not necessarily, stopped for taking one or more images.
The component camera(s) 9 can aternatively be attached to the carrier 7. For example, either the
component camera(s) 9 or the bond head 3 ig/are attached to the carrier 7 by means of aretractable and
extendable swivel mechanism. The component camera(s) 9 or the bond head 3, respectively, isthen
retracted into an image capture position while moving from the component removal location to the
substrate location, so that one or more images per component camera 9 can be captured during the move.
For the removal of the component 1 from the feeder unit 4 and for recording the images with the
substrate camera(s) 10 and for depositing the component 1a, the component camera(s) 9 is/are extended

into a stand-by position and the bond head 3 is extended into its working position.

[0017] Therange of motion of the second drive system 8 is relatively small and even very small

compared to the range of motion of the first drive system 6. The second drive system 8 must be able to
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move the bond head 3 from a nominal working position to the stand-by position in which the substrate
marks 23 are not covered by the bond head 3 on the one hand, and on the other hand enable high-
precision correction movements of the bond head 3 in two different horizontal directions. For this
purpose, it is sufficient if the range of motion of the second drive system 8 isrelatively long in one
horizontal direction and very short in the other horizontal direction. The range of motion in one direction
istypically afew ten millimeters, for example 20 mm or 30 mm or more, the range of motion in the other

direction istypicaly (only) afew micrometers.

[0018] Thenominal working position of the bond head 3 is a position that differs only slightly from
the final position which the bond head 3 occupiesin the last step of the assembly process. The accuracy
requirements for the nominal working position are relatively low, as any deviation from the nomina

working position is automatically compensated later in the assembly process.

[0019] The apparatusis configured, to lower the carrier 7 and/or the bond head 3 and/or the component
gripper 11 so far that the underside of the component laislocated at an extremely low height of typically
only 50-200 um above the substrate surface, and only then take an image of the substrate mark(s) 23 with
the substrate camera(s) 10. In doing so, it is achieved that the only movement after the determination of
the actual position of the component 1a with respect to its set position on the substrate place and after the
execution of the high-precision correction movementsis only the lowering movement of the carrier 7
and/or the bond head 3 and/or the component gripper 11 and that this distance is so short that any
displacements in the u-direction and in the v-direction during this lowering movement are in the

submicrometer range.

[0020] From the moment when the carrier 7 has reached its position in the area of the substrate 2, the
position of the substrate camera(s) 10 relative to substrate 2 no longer changes. From this moment on,
only the position of the bond head 3 is changed, namely by means of the second drive system 8. The
position of the reference mark(s) 13 can therefore be monitored until the component l1ais placed on the
substrate 2 and any new deviation from its set position that might occur during the final lowering phase
of the component 1a can be corrected. The components can therefore be mounted with an unprecedented

precision in the submicrometer range.

[0021] Fig. 2illustrates a second embodiment of an apparatus according to the invention, which is
largely similar to the first embodiment, but with the essential difference that the second drive system 8is
designed to move the bond head 3 back and forth between the nominal working position and the stand-by
position, but not for the high-precision correction movements, and that the device 5 for feeding and
providing the substrates 2 comprises athird drive system 16, which enables high-precision correction
movements of the substrate 2 in at least two different horizontal directions. The second drive system 8

can therefore only move the bond head 3 in asingle direction running parallel to the surface of the
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substrate 2. However, the second drive system 8 may optionally also be designed to raise and lower the
bond head 3, i.e. to move the bond head 3 in the direction running orthogonally to the surface of the
substrate 2. However, the high-precision correction movements in the plane running parallel to the
surface of the substrate 2 are performed in this embodiment by the third drive system 16. The third drive
system 16 comprises afirst drive for moving the substrate 2 along afirst direction, again designated as u-
direction, and a second drive for moving the substrate 2 along a second direction, again designated as v-
direction. The directions u and v run in horizontal direction and preferably orthogonally to each other.
Thethird drive system 16 may optionally also have arotary drive 15 which allows rotation of the
substrate 2 about an axis perpendicul ar to the surface of substrate 2 in order to eliminate any angular

errors.

[0022] With this apparatus a similarly high positioning accuracy can be achieved, even if during the
last phase of the lowering of the component 1a, further correction movements of the substrate 2 that may

still be necessary and that are carried out can no longer be checked for correct attainment.

[0023] The mounting of acomponent 1 isnow explained in detail. The mounting method according to

the invention comprises the following steps A to O. The steps can bein part executed in a different order.
A)  with the component gripper 11 picking up acomponent 1 from the feeding unit 4.

B) withthefirst drive system 6 moving the carrier 7 to the component camera 9 or the component
cameras 9, so that the reference mark or the reference marks 13 and the component la arein the

field of vision of the component camera 9 or in the fields of vision of the component cameras 9.

[0024] With amounting apparatus, in which the component camera(s) 9 is/are arranged stationary, step
B is carried out by: With the first drive system 6 moving the carrier 7 to the component camera 9 or the
component cameras 9. In a mounting apparatus in which the component camera(s) 9 is/are attached to the
carrier 7, step B is performed by: Moving the component camera(s) 9 and the bond head 3 relative to

each other into an image acquisition position.
C) takeoneor more images with the component camera 9 or the component cameras 9.

[0025] The components 1 contain component marks 22 (Fig. 3) or other structures that can be used as
component marks. The component marks 22 serve to detect the position of the component 1awith

respect to the reference mark(s) 13 with the required accuracy.

[0026] In amounting apparatus in which the component camera(s) 9 isare attached to the carrier 7,
step Cisfollowed by the step: Moving the component camera(s) 9 and the bond head 3 relative to each
other so that the bond head 3 isin its normal working position and, if necessary, the component

camera(s) 9 isin a stand-by position.



D) determining afirst correction vector describing a deviation of the actual position of the component
lafrom its set position with respect to the reference mark(s) 13 on the basis of the image(s) taken

in the previous step.

[0027] Thefirst correction vector comprises three components Ax;, Ay; und Ag,, wherein Ax;
designates the displacement of areference point of the component 1ain afirst direction designated as X ;-
direction and Ay, the displacement of the reference point of the component 1ain a second direction
designated as y;-direction and A, designates the rotation of the component 1a around the reference point
of the component 1awith respect to the reference mark(s) 13. The components Ax; und Ay, are given in
pixel coordinates of the component camera(s) 9, the component Ag; is an angle. Thefirst correction
vector isanull vector, if the the actual position of the component 1a already correspondsto its set

position.

E) from thefirst correction vector calculating afirst correction movement.

[0028] Thefirst correction movement comprises three correction values Au;, Av; and A6;. The
correction values Au; and Av; are calculated from the components Ax;, Ay; and A8;. The correction value
AB, is calculated from the angular error Agp;. The correction values Aug, Av; and A6; are all givenin
machine coordinates of the corresponding drives. The correction values Au; and Av; indicate the
distances by which the second drive system 8 must move the bond head 3 (in the apparatus shown in Fig.
1) or the third drive system 16 must move the substrate 2 (in the apparatus shown in Fig. 2) in the
direction designated as the u-direction and in the direction designated as the v-direction, and the
correction value A6, indicates the angle by which the drive 14 mounted on the bond head 3 must rotate
the component gripper 11 or the rotary drive 15 must rotate the substrate 2 in order to eliminate the
detected deviation of the actual position of the component 1afrom its set position relative to the

reference mark(s) 13.

F)  withthefirst drive system 6 moving the carrier 7 to a position above a substrate place of the
substrate 2.

G) lowering the carrier 7 to aheight above the substrate 2 at which the underside of the component 1a
held by the component gripper 11 islocated at a predetermined distance D above the substrate place,
wherein the distance D is dimensioned such that both the reference mark(s) 13 and the substrate mark(s)
23 liein the depth of field of the substrate camera(s) 10.

[0029] Thedistance D istypically about 50 - 200 micrometers, but is not limited to these values.
However, the distance D is so small that when the component 1ais subsequently lowered to the substrate

place, usually no displacements of the component 1a occur in the directionsu and v that lead to a



significant position error.
H)  with the second drive system 8 moving the bond head 3 to a stand-by position.

[0030] StepsF, G and H can be executed one after the other or simultaneoudly, i.e. in parallel. The
carrier 7 and thus also the substrate camera(s) 10 attached to the carrier 7 are no longer moved during the

following, remaining steps.

[0031] During steps A to G, the bond head 3 isusually in its nominal working position. The substrate
camera(s) 10 does not see the substrate marks 23 because the bond head 3 covers them. The position of
the stand-by position is selected such that the bond head 3 does not cover the substrate mark(s) 23.

)] with the substrate camera(s) 10 taking afirst image, wherein the field of view of the substrate
camera 10 or each of the fields of view of the substrate cameras 10 contains at least one substrate mark
23 arranged on the substrate 2.

J) with the second drive system 8 moving the bond head 3 to the nominal working position in which
thefield of view of the substrate camera 10 or each of the fields of view of the substrate cameras 10

contains at least one reference mark 13.
K)  with the substrate camera(s) 10 taking a second image.

L) determining a second correction vector describing a deviation of the actual position of the
substrate place from its set position with respect to the reference mark 13 or the reference marks
13, respectively, using the first and second image or the first and second images taken with the
substrate camera(s) 10.

[0032] The second correction vector comprises three components Ax,, Ay, und Ag,, wherein Ax,
designates the displacement of the reference mark(s) 13 in afirst direction designated as x,-direction and
Ay the displacement of the reference mark(s) 13 in a second direction designated as y»-direction and A,
designates the rotation of the reference mark(s) 13 with respect to the substrate place. The components

Ax, und Ay, are given in pixel coordinates of the substrate camera(s) 10, the component Ag, is an angle.
M)  from the second correction vector cal culating a second correction movement.

[0033] The second correction movement comprises three correction values Au,, Av, and A6,. The
correction values Au, and Av; are calculated from the components Ax,, Ay, and Ag,. The correction
value A8, is caculated from the angular error Ag,. The correction values Au,, Av, and A8, are al given
in machine coordinates of the corresponding drives. The correction values Au, and Av, indicate the

distances by which the second drive system 8 must move the bond head 3 (in the apparatus shown in Fig.



1) or the third drive system 16 must move the substrate 2 (in the apparatus shown in Fig. 2) in the
direction designated as the u-direction and in the direction designated as the v-direction, and the
correction value A8, indicates the angle by which the drive 14 mounted on the bond head 3 must rotate
the component gripper 11 or the rotary drive 15 must rotate the substrate 2 in order to eliminate the
detected deviation of the reference mark(s) 13 of the bond head 3 from their set position in relation to the
substrate mark(s) 23 of the substrate 2.

N)  executing the first and second correction movement.

[0034] The displacements by the correction values Auy, Av,, Au, and Av, are carried out by the second
drive system 8 for the apparatus according to Fig. 1 and by the third drive system 16 for the apparatus
according to Fig. 2. The rotation by the correction values A6, and A, is performed by the drive 14 or the

rotary drive 15.

O) lowering the carrier 7 and/or the bond head 3 and/or the component gripper 11 and place the

component 1a on the substrate place.

[0035] If the mounting processis carried out with an apparatus according to Fig. 1, the method may

optionally also include steps Pto T, which are carried out once or several times after step N:
P)  taking an image with the substrate camera 10 or the substrate cameras 10.

Q) determining the actual position(s) of the reference mark(s) 13 using the image from the substrate

camera 10 or the images from the substrate cameras 10.

R)  withthefirst correction vector calculating corrected actual position(s) of the reference mark 13 or

the reference marks 13.

[0036] Thefirst correction movement calculated in step E and executed in step N for the bond head 3
and the component gripper 11 also shifts the position of the reference mark(s) 13. This shift of the
reference mark(s) 13 is deducted in step R, because the first correction movement has nothing to do with

the orientation with respect to the substrate position.

S)  determining afurther correction vector describing the deviation of the corrected actual position(s)

of the reference mark(s) 13 from itg/their set position in relation to the substrate mark(s) 23.

T)  fromthe further correction vector calculating afurther correction movement for the bond head 3

and the component gripper 11.

[0037] Thefurther correction movement for the bond head 3 and the component gripper 11 comprises

components Au,, Avy,, Which are given in machine coordinates of the second drive system 8, and a
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component A6,,, which is an angular change in machine coordinates of the drive 14 or the rotary drive 15.

U) withthe second drive system 8 executing the further correction movement for the bond head 3 and
with the drive 14 or the rotary drive 15 executing the further correction movement for the

component gripper 11.

until each component of the further correction vector is smaller than alimit value assigned to the

component.

[0038] Theoptional steps Pto U serveto check whether the bond head 3 has actually reached a
position within the required accuracy after executing the correction movementsin step N, and if thisis
not the case, iteratively perform further correction steps until thisis the case. The detected deviation must

for each component be within the required accuracy.

[0039] Step O of the method according to the invention can - especially in the case of an apparatus

according to Fig. 1 - be supplemented by a monitoring in which the position of the reference mark(s) 13
is continuously detected by means of the substrate camera(s) 10 while the carrier 7 or the bond head 3 or
the component gripper 11 islowered and stabilized by means of the second drive system 8 and the drive
14 or therotary drive 15, to avoid any change of the position of the reference mark(s) 13 and thus of the

component 1a. Step O can therefore be replaced by the following step O1:

0O1) loweringthe carrier 7 and/or the bond head 3 and/or the component gripper 11 and placing the
component 1a on the substrate place, wherein the position of the reference mark(s) 13 is
continuously detected by means of the substrate camera 10 or the substrate cameras 10 during the
lowering and stabilized by means of the second drive system 8 and, optionally, also by means of

the drive 14 or the rotary drive 15.

[0040] The substrate camera or substrate cameras 10 (including image evaluation) and the second
drive system 8, if necessary together with the drive 14 or the rotary drive 15, form a closed loop axis of

motion.

[0041] Figs. 3to 5 show snapshots taken during the mounting process according to the invention. The
illustration is carried out using a mounting apparatus comprising a single component camera 9 and two

substrate cameras 10, the two substrate cameras 10 being attached to the carrier 7 as mentioned above.

[0042] Fig. 3 shows a section of the mounting apparatus after step B. Fig. 4 shows a section of the
mounting apparatus during step |, when the bond head 3 isin the standby position and the two substrate
cameras 10 take the first image. Fig. 5 shows a section of the mounting apparatus alittle bit later during
step K, when the bond head 3 isin a position, in which each of the fields of view of the two substrate

cameras 10 contains at |east one reference mark 13. The position of the substrate cameras 10 relative to
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the substrate 2 has not changed during the movement of the bond head 3 from the state shown in Fig. 4 to
the state shown in Fig. 5. Figs. 3 and 5 also illustrate the beam path 20 from the reference marks 13 to the
image sensors 17 of the substrate cameras 10, while Fig. 4 illustrates the beam path 21 from the substrate

marks 23 to the image sensors 17 of the substrate cameras 10.

[0043] The placement of the substrate marks 23 on the substrates 2 is | eft to the users of the mounting
apparatus of the invention. A mounting apparatus with a single substrate camera 10 requires a different
arrangement of the reference mark(s) 13 on the bond head 3 or component gripper 11 and the substrate
mark(s) 23 on the substrate 2. Since the components 1 are usually rectangular, the component mark(s)
22, the reference mark(s) 13 and the substrate mark(s) 23 are often arranged in two diagonally opposite

corners of the rectangle or in two adjacent corners of the rectangle, as this achieves the highest accuracy.

[0044] Inthe embodiment shown in Figs. 3 and 4, the bond head 3 moves from its nominal working
position to the stand-by position in adirection lying in the drawing plane. However, it can also occur in a

direction perpendicular to the drawing plane.

[0045] Theterm "component camera’ isto be understood functionally, i.e. an optical deflection system
can form a component camera together with the substrate camera, as described in the published patent
application SG 10201607243P (A), which isincorporated by reference into this application. In such a
case, a(single) cameraand afirst optical deflection system form together afirst image detection system
which makes it possible to take an image of the substrate location on which the component isto be
mounted, and the camera, the first optical deflection system and a second optical deflection system form
together a second image detection system which makes it possible to take an image of the underside of
the component held by the bond head. The first image detection system corresponds to the substrate
camera and the second image detection system corresponds to the component camera. The first optical

deflection system may under certain circumstances also be omitted.

[0046] 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.
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CLAIMS

1. Apparatusfor mounting components (1; 1a) on a substrate (2), comprising
abond head (3) with a component gripper (11),
at least one reference mark (13), which is arranged at the bond head (3) or at the component
gripper (12),

afeeding unit (4) configured to supply a component (1),

adevice (5) configured to provide a substrate (2),

afirst drive system (6) configured to move a carrier (7),

a second drive system (8), which is attached to the carrier (7), configured to move the bond head

(3) in one or severa different directions,

adrive (14) attached to the bond head (3) and configured to rotate the component gripper (11)

about an axis (12) or arotary drive (15) configured to rotate the substrate (2) about an axis,

at least one substrate camera (10), and

at least one component camera (9) or at least one optica deflection system which, together with

the at |east one substrate camera (10), forms at least one component camera,

wherein
the substrate camera (10) or the substrate cameras (10), respectively, igare attached to the
carrier (7),
the carrier (7) and/or the bond head (3) and/or the component gripper (11) isliftable and
lowerable,
the carrier (7) is movable to the feeding unit (4) by means of the first drive system (6),
either the carrier (7) is movable to the component camera(s) (9) by means of thefirst drive
system (6) or the component camera(s) (9) ig/are fixed to the carrier (7) and svivelablein
relation to the bond head (3), so that the reference mark(s) (13) and a component (1a) gripped
by the component gripper (11) are in the field of view of the component camera (9) or in the
fields of view of the component cameras (9), so that the actual position of the component (1a)
is detectable in relation to the reference mark(s) (13),
the carrier (7) is movable above a substrate place of the substrate (2) by means of thefirst drive
system (6) and the bond head (3) is movable by means of the second drive system (8) in a
standby position, in which the field of view of the substrate camera (10) or each of the fields of
view of the substrate cameras (10) contains at least one substrate mark (23) arranged on the
substrate (2), and the bond head (3) is movable by means of the second drive system (8) in a
nominal working position, in which the field of view of the substrate camera (10) contains the
reference mark(s) (13) or each of the fields of view of the substrate cameras (10) contains at
least one reference mark (13),

and wherein the carrier (7) and/or the bond head (3) and/or the component gripper (11) is
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lowerable to the extent that both the reference mark(s) (13) and the at Ieast one substrate mark
(23) areinthe depth of field of the substrate camera(s) (10).

2. Apparatus according to claim 1, in which the second drive system (8) is configured to move the
bond head (3) back and forth between the nominal working position and the stand-by position on the one

hand and to enable correction movements of the bond head (3) on the other hand.

3. Apparatus according to claim 1 or 2, in which the substrate camera or the substrate cameras (10)
and the second drive system (8) and the drive (14) or the rotary drive (15) form a closed loop axis of

motion.

4.  Apparatus according to claim 1, in which the second drive system (8) is configured to move the
bond head (3) back and forth between the nominal working position and the stand-by position, and which

comprises athird drive system (16), which allows correction movements of the substrate (2).

5. Apparatus according to any of claims 1 to 4, in which the component camera (9) or the component
cameras (9) is/are fastened to the carrier (7) and is/are movable or svivelable relative to the bond head

).

6. Method for mounting components (1; 1a) on a substrate (2) by means of a mounting apparatus
which includes afirst drive system (6) configured to move a carrier (7) and a second drive system (8)
configured to move a bond head (3) with a component gripper (11), at least one substrate camera (10)

and at least one component camera (9) or at least one optical deflection system which, together with the
at least one substrate camera (10), forms the at |east one component camera, and adrive (14) attached to
the bond head (3) and configured to rotate the component gripper (11) about an axis (12) or arotary drive
(15) configured to rotate the substrate (2) about an axis, wherein the second drive system (8) and the
substrate camera(s) (10) ig/are attached to the carrier (7) and the bond head (3) or the component gripper
(11) contains at least one reference mark (13), the method comprising the following steps:

A)  with the component gripper (11) picking up acomponent (1) from the feeding unit (4),

B) withthefirst drive system (6) moving the carrier (7) to the component camera (9) or the
component cameras (9), so that the reference mark or the reference marks (13) and the component
(1a) arein the field of vision of the component camera (9) or in the fields of vision of the

component cameras (9),
C) take oneor more images with the component camera (9) or the component cameras (9),

D) determining afirst correction vector describing a deviation of the actual position of the component

lafrom its set position with respect to the reference mark(s) (13) on the basis of the image(s)
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taken in the previous step,
from the first correction vector calculating afirst correction movement,

with thefirst drive system (6) moving the carrier (7) to a position above a substrate place of the
substrate (2),

lowering the carrier (7) to a height above the substrate (2) at which an underside of the component
(1a) held by the component gripper (11) is at a predetermined distance D above the substrate place,
wherein the distance D is dimensioned such that the reference mark(s) (13) and at least one
substrate mark (23) arranged on the substrate (2) lie in the depth of field of the substrate camera(s)
(10),

with the second drive system (8) moving the bond head (3) to a stand-by position,

with the substrate camera(s) (10) taking afirst image, wherein the field of view of the substrate
camera (10) or each of thefields of view of the substrate cameras (10) contains at least one of the
substrate marks (23),

with the second drive system (8) moving the bond head (3) to a nominal working position in which
the field of view of the substrate camera (10) or each of the fields of view of the substrate cameras
(20) contains at least one reference mark (13),

with the substrate camera(s) (10) taking a second image,

determining a second correction vector describing a deviation of the actual position of the
substrate place from its set position with respect to the reference mark (13) or the reference marks
(13), respectively, using the first and second image or the first and second images taken with the
substrate camera(s) (10),

from the second correction vector cal culating a second correction movement,

executing the first and second correction movement by means of the second drive system (8) or a
third drive system (16) enabling correction movements of the substrate (2) and by means of the
drive (14) configured to rotate the component gripper (11) or the rotary drive (15) configured to
rotate the substrate (2), and

lowering the carrier (7) and/or the bond head (3) and/or the component gripper (11) and place the

component (1a) on the substrate place.

Method according to claim 6, wherein after step N the following steps are carried out once or
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several times:
P)  Taking animage with the substrate camera (10) or the substrate cameras (10),

Q) determining the actual position(s) of the reference mark(s) (13) using the image from the substrate

camera (10) or the images from the substrate cameras (10),

R)  withthefirst correction vector calculating a corrected actual position of the reference mark (13) or

the reference marks (13),

S)  determining afurther correction vector describing a deviation of the corrected actual position(s) of
the reference mark(s) (13) from its/their set position in relation to the substrate mark(s) (23),

T)  fromthe further correction vector calculating afurther correction movement for the bond head (3)

and the component gripper (11), and

U) withthe second drive system (8) executing the further correction movement for the bond head (3)
and with the drive (14) for rotating the component gripper (11) or the rotary drive (15) for rotating

the substrate (2) executing the further correction movement,

until each component of the further correction vector is smaller than alimit value assigned to the

component.

8. Method according to claim 6, wherein in step O during the lowering the position of the reference
mark(s) (13) is continuously detected by means of the substrate camera (10) or the substrate cameras

(20), respectively, and stabilized by means of the second drive system (8).

9. Method according to claim 6, wherein in step O during the lowering the position of the reference
mark(s) (13) is continuously detected by means of the substrate camera (10) or the substrate cameras
(20), respectively, and stabilized by means of the second drive system (8) and the drive (14) configured
to rotate the component gripper (11) or the rotary drive (15) configured to rotate the substrate (2).



