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Bonding head for mounting components and Die Bonder with such a bonding head 

FIELD OF THE INVENTION 

[0001] 	The invention concerns a bonding head for mounting components, typically electronic or 

optical components, in particular semiconductor chips and flipchips, on a substrate. The mounting 

5 process is also referred to as bonding or assembly process. The invention also concerns a semiconductor 

mounting apparatus, known in the industry as Die Bonder, with such a bonding head. 

BACKGROUND OF THE INVENTION 

[0002] 	Automatic assembly machines with bonding heads of this type are used particularly in the 

semiconductor industry. An example of such automatic assembly machines are die bonders or pick & 

10 place machines, which are used to place and bond components in the form of semiconductor chips, 

micromechanical and microoptical components and the like onto substrates such as leadframes, printed 

circuit boards, ceramics, etc. The components are picked up by a bonding head at a pick-up location, in 

particular sucked in, moved to a substrate location and placed on the substrate at a precisely defined 

position. The bonding head is part of a pick and place system that allows movements of the bonding head 

15 in at least three spatial directions. 

[0003] 	The bonding head includes a shaft rotatable about an axis and movable in the longitudinal 

direction of the axis, a drive to rotate the shaft, an encoder to measure the rotational position of the shaft, 

and a force generator to apply a force to the shaft in the longitudinal direction of the axis. The shaft picks 

up a component directly or is configured to pick up a chip gripper, e.g. a "die collet", configured to pick 

20 up a component. 

[0004] 	A bonding head used by the applicant comprises a drive comprising an electric motor and a 

gear formed of two toothed wheels, one of which is attached to the shaft of the electric motor and the 

other to the shaft of the bonding head. 

BRIEF DESCRIPTION OF THE INVENTION 

25 [0005] 	The object of the invention is to develop a bonding head with which the rotational position of 

the shaft can be positioned with a higher angular accuracy and with which the shaft can be moved in the 

longitudinal direction of the axis with as little force as possible. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 

[0006] 	The accompanying drawings, which are incorporated into and constitute a part of this 

30 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 not 

drawn to scale. 

[0007] In the drawings: 
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Fig. 1 	shows schematically and in cross section a first embodiment of a bonding head, 

Fig. 2 	shows the magnet arrangement of the rotor of an electric motor used in the 

bonding head, 

Figs. 3 and 4 	illustrate length ratios, 

Fig. 5 	shows schematically and in cross-section a bonding head with a pneumatic force 

generator, 

Fig. 6 	shows schematically and in cross-section a bonding head with a pneumatic force 

generator and an air bearing, 

Fig. 7 	shows schematically and in cross-section a bonding head with an integrated 

temperature control device, and 

Fig. 8 	schematically shows a drive for the bonding head. 

DETAILED DESCRIPTION OF THE INVENTION 

[0008] 	Fig. 1 schematically shows the cross-section of a bonding head 1. The bonding head 1 

comprises a shaft 2 and a housing part 3, in which the shaft 2 is supported. The shaft 2 contains a hole 4 

which leads to the tip 5 of the shaft 2 and can be supplied with vacuum. The tip 5 of the shaft 2 is 

configured to receive a component or a chip gripper for a component. The bearing of the shaft 2 allows 

both a rotation of the shaft 2 around an axis 6 and a displacement of the shaft 2 in the longitudinal 

direction of the axis 6 by a predetermined stroke H (Fig. 3). The diameter of the shaft 2 can have 

different gradations over its length, as shown in Figs. 1, 5 and 6. The bonding head 1 further comprises a 

drive configured to rotate the shaft 2 about the axis 6, an encoder configured to measure the rotational 

position of the shaft 2, and a force generator configured to apply a force to the shaft 2 in the longitudinal 

direction of the axis 6. The force is, for example, a predetermined pick force when picking up a 

component or a predetermined bond force when mounting the component on a substrate. 

[0009] 	The drive is an electric motor comprising a stator and a rotor, the stator being attached to the 

housing part 3 and the rotor to the shaft 2. The stator comprises coils 7 which can be supplied with 

currents, and the rotor comprises a plurality of permanent magnets 8. 

[0010] 	In principle, the electric motor is a commercially available electric motor, which was modified 

for the purposes of the invention so that the length of the permanent magnets 8 was shortened by at least 

the stroke H. This modification reduces the torque, but is technically simple and has the advantage that at 

the same time the mass of the rotor becomes smaller or can be reduced or even minimized at the expense 

of the torque. The alternative of extending the length of the coils 7 by at least the stroke H is also 

possible, but not preferred. The permanent magnets 8 are - as shown in Fig. 2 - flat, parallelepipedal 

magnets, with their two opposing largest surfaces magnetized as north pole N and south pole S. The 

permanent magnets 8 are arranged on a circle. Their largest area facing the center of the circle is 

alternately a north pole N and a south pole S. Their largest area facing away from the center of the circle 
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is then alternately a south pole S and a north pole N. 

[0011] 	The electric motor serves to rotate the shaft 2 around the axis 6. Since the shaft 2 must be 

displaceable in the longitudinal direction of the axis 6, the length L1  (Fig. 3) of the permanent magnets 8 

is either shorter by at least the stroke H or longer than the effective length L2 of the coils 7 by the stroke 

5 H, so that the forces exerted by the coils 7 on the permanent magnets 8 are independent of the position 

occupied by the shaft 2 along the longitudinal direction of the axis 6. The coils 7 have a predetermined 

mechanical length L3  in the longitudinal direction of the axis 6. The effective length L2  designates the 

length within which the magnetic field generated by the currents flowing through the entirety of the coils 

7 and causing the rotation of the permanent magnets 8 about the axis 6 provides the main part of the 

1 0 forces acting on the permanent magnets 8. The effective length L2  is therefore shorter than the 

mechanical length L3. Fig. 3 illustrates the case where the length L1  of the permanent magnets 8 is 

shorter by the stroke H than the effective length L2  of the coils 7, and Fig. 4 illustrates the inverse case 

where the length L1  of the permanent magnets 8 is longer by the stroke H than the effective length L2  of 

the coils 7. It is therefore 

15 Li 	L2  - H or Li  > L2 ± H 

In the first case, the permanent magnets 8 (and thus the rotor) remain in the magnetic field of the coils 7 

even during the axial displacement of the shaft 2 along the axis 6; in the second case, the permanent 

magnets 8 extend beyond the coils 7 during the entire axial displacement. During the axial displacement 

of the shaft 2, in both cases at most a very small force or change in force acting along the axis 6 occurs. 

20 [0012] 	The encoder is configured to measure the rotational position of the shaft 2. The encoder is 

preferably formed by a circular disc 9 attached to the shaft 2 and with an encoder scale attached to its 

edge, and an encoder reading head 10 attached to the bonding head 1, preferably to the housing part 3 of 

the bonding head 1. The encoder scale has dashes running in the longitudinal direction of the axis 6. The 

length of the dashes measured in the longitudinal direction of the axis 6 and the measuring range of the 

25 encoder reading head 10 extending in the longitudinal direction of the axis 6 are matched so that the 

dashes lie in the measuring range of the encoder reading head 10 over the entire stroke H of the shaft 2. 

[0013] 	An angle sensor can also be used as encoder, for example a magnetic angle sensor, which 

determines the rotational position based on the magnetic field generated by the permanent magnets 8, or 

an optical angle sensor, or any other angle sensor. 

30 [0014] 	The force generator is used to generate both the pick force and the bond force. For example, a 

mechanical force generator can be used as force generator, in particular a force generator in which a 

spring is used which acts on the shaft 2 to generate a force acting in the longitudinal direction of the axis 

6. A pneumatic force generator can also be used as force generator, as is the case with the bonding heads 

1, which are shown schematically and in cross-section in Figs. 5 and 6. Here the housing part 3 and a 
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cover 11 placed on the housing part 3 form together with the shaft 2 a closed cavity 12, the volume of 

which changes during the longitudinal movement of the shaft 2. The cover 11 contains a bore 13 through 

which the cavity 12 can be pressurized with compressed air. The cavity 12 thus forms a pressure chamber 

and the pressure prevailing in the pressure chamber generates a force acting on the shaft 2. The 

5 movement of the shaft 2 in the longitudinal direction of the axis 6, i.e. the stroke H, is limited, for 

example, by a stop. On the one hand, in the unloaded state the force generated by the force generator 

causes the shaft 2 to be pressed against the stop. On the other hand, the force acts on the component as a 

picking force when picking a component and as a bonding force when depositing a component, because 

the shaft 2 is pushed away from the stop during picking and bonding. The movement of the shaft 2 

10 during these process steps is a passive movement resulting from the fact that the shaft 2 comes to a 

standstill when it lands on the component as well as when the component lands on the substrate, while 

the bonding head 1 driven by a drive 17 (Fig. 8) is lowered even further until the touchdown is detected 

and the drive 17 stopped. 

[0015] 	The bearing of the shaft 2 in the housing part 3 can be, for example, a slide bearing, a ball 

15 bearing, an air bearing or another suitable bearing. In the exemplary embodiment shown in Fig. 5, the 

shaft 2 is supported in the housing part 3 by a slide bearing, in the exemplary embodiment shown in Fig. 

20 

6 by an air bearing. With the air bearing, the housing part 3 has air inlets for the supply of compressed 

air. In a preferred design of the air bearing, the housing part 3 also has air outlets for the removal of air 

from the air bearing. The air inlets, for example, are first boreholes 14 and the air outlets, for example, 

second boreholes 15. If air inlets and outlets are present, the air inlets are located in the longitudinal 

direction of the axis 6 between some of the outlets. The air outlets can be connected to the environment 

so that the ambient pressure is exerted on them, or a vacuum can be applied to the air outlets in order to 

suck off the air forced into the air bearing through the air inlets. The flow direction of the air in the air 

inlets and air outlets is illustrated in Fig. 6 by (laterally offset) arrows. With this arrangement, in which 

25 the air inlets are surrounded by the air outlets, it is prevented that a part of the air, which is pressed 

through the air inlets into the gap between the shaft 2 and the housing part 3, reaches the cavity 12 and 

thus changes the force acting on the shaft 2 in the longitudinal direction of the axis 6. 

[0016] 	Fig. 7 shows schematically and in cross-section a bonding head with a temperature control 

device. The temperature control device serves to keep the temperature of predetermined parts of the 

30 bonding head 1 at a predetermined value. The temperature control device comprises, for example, a pipe 

16 which is advantageously integrated into the housing part 3 as shown and which is part of a closed 

thermal circuit through which a fluid flows whose temperature is controlled to the predetermined value in 

an external heating or cooling or heating and cooling device. The fluid can be gaseous or liquid. In 

certain cases, the temperature control device is an electrical heating resistor integrated in the housing part 

35 3. The temperature control device can be used with all bonding heads 1. For example, on a bonding head 
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1 with a pneumatic force generator, it can be used to control the temperature in the pressure chamber to a 

predetermined value so that the force generated by the force generator is independent of variations in 

ambient temperature. 

[0017] 	The bonding head according to the invention is typically used in a semiconductor mounting 

5 apparatus, known in the industry as Die Bonder. Such a semiconductor mounting apparatus comprises a 

drive 17 configured to move the bonding head 1 in the longitudinal direction of the axis 6. When picking 

a component and when bonding the component, the bonding head 1 is lowered by this drive 17, whereby 

the shaft 2 is passively carried along. 

[0018] 	The bonding head offers several advantages, namely: 

10 - 	The drive according to the invention for turning the shaft, in which the rotor is attached directly to the 

shaft, is a direct drive and thus a play-free drive, which enables a play-free and thus high-precision 

moving to the rotational position of the shaft. This is in contrast to known bonding heads, where a 

gear is interposed between the drive and the shaft. 

- 	The measurement of the rotational position of the shaft is a direct and also play-free measurement, as 

15 the encoder scale is mounted on the disc attached to the shaft. 

- 	The direct drive of the shaft without gear and without toothed belt or the like is wear-free and does 

not produce any abrasion. This is particularly advantageous in cleanroom environments where 

abrasion could damage ICs resulting in a contamination of a semiconductor chip with particles. 

- 	The axial displacement of the shaft, i.e. the displacement of the shaft along its longitudinal axis, is 

20 substantially free of force. This means that the displacement of the shaft along the longitudinal axis 

during the build-up of the pick force or the bond force does not generate any additional force that 

increases or decreases the force generated by the force generator. This is in contrast to known bonding 

heads in which a toothed gear or belt is interposed between the drive and the shaft. 

- 	The design is space-saving, compact and allows the relatively large bond force required for the 

25 mounting of semiconductor components to be generated in a small space and with small weight. 

- 	The mass of the shaft inclusive the rotor is very small. The temporary force exerted on the component 

when the shaft hits it is proportional to the momentum, i.e. the product of the mass and speed of the 

shaft, and must not exceed a predetermined value, otherwise the component could be damaged. A 

smaller mass allows a higher speed and thus results in a shorter cycle time. 

30 - 	The design of the bonding head with an air bearing allows an almost friction-free rotation and 

displacement of the shaft. 

- 	The design of the bonding head with a temperature control device makes it possible to minimize or 

eliminate influences of temperature fluctuations of the environment on the bonding head and thus on 

the bonding process. 

35 [0019] 	While embodiments and applications of this invention have been shown and described, it would 
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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. Bonding head (1) for mounting components on a substrate, comprising 

 a shaft (2),  

 a housing part (3) comprising a bearing for the shaft (2) which allows rotation of the shaft (2) about 

an axis (6) and a movement of the shaft (2) in a longitudinal direction of the axis (6) about a 

predetermined stroke (H), 

 a single drive, 

 an encoder configured to measure the rotational position of the shaft (2), and 

 a force generator configured to apply a force to the shaft (2) in the longitudinal direction of the axis 

(6), 

 wherein  

 the single drive is configured to rotate the shaft (2) about the axis (6) only,  

 the single drive is an electric motor comprising a stator and a rotor, wherein  

 the stator is attached to the housing part (3) and the rotor to the shaft (2), 

 the rotor comprises a plurality of permanent magnets (8),  

 the stator comprises coils (7) to which currents can be applied, wherein the magnetic field generated 

by the currents flowing through the entirety of the coils (7) causes only a rotation of the permanent 

magnets (8) about the axis (6), and 

 a length (L1) of the permanent magnets (8) measured in the longitudinal direction of the axis (6) is 

shorter or longer than an effective length (L2) of the coils (7) measured in the longitudinal direction of the 

axis (6) by at least the stroke (H). 

2. Bonding head according to claim 1, wherein the permanent magnets are arranged on a circle.  

3. Bonding head according to claim 1, wherein the permanent magnets are arranged on a circle with an 

area facing a center of the circle being alternately a north pole N and a south pole S. 

4. Bonding head according to any of claims 1 to 3, wherein the encoder comprises a circular disc (9) 

fixed to the shaft (2) and having an encoder scale attached to its edge, and an encoder reading head (10), 

wherein  

 the encoder scale has dashes running in the longitudinal direction of the axis (6), and 

 a length of the dashes measured in the longitudinal direction of the axis (6) and a measuring region 

of the encoder reading head (10) extending in the longitudinal direction of the axis (6) are matched to one 

another in such a way that the dashes lie in the measuring region of the encoder reading head (10) over 

the entire stroke (H) of the shaft (2). 
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5. Bonding head according to any of claims 1 to 4, wherein the force generator is a pneumatic force 

generator which has a pressure chamber to which compressed air can be supplied, wherein the pressure 

prevailing in the pressure chamber acts on an end of the shaft (2). 

6. Bonding head according to any of claims 1 to 5, wherein the bearing is an air bearing, wherein the 

housing part (3) has air inlets for the supply of compressed air and air outlets for the removal of air from 

the air bearing, wherein the air inlets are arranged in the longitudinal direction of the axis (6) between 

some of the air outlets. 

7. Bonding head according to any of claims 1 to 6, further comprising a temperature control device 

serving to maintain the temperature of predetermined parts of the bonding head (1) at a predetermined 

value. 

8. Die Bonder with a bonding head according to any of claims 1 to 7 and with a drive (17) configured 

to move the bonding head (1) in the longitudinal direction of the axis (6). 


