
1 7 JUL 2002 20020436 1 -0  1 APPARATUS AND METHOD FOR BOND FORCE CONTROL
5 FIELD OF THE INVENTION This invention relates to an apparatus and method
for bond force control,  and in particular to such control in a die bonding
operation. BACKGROUND OF THE INVENTION 10 In a die bonding operation in a
semiconductor assembly and  manufacturing process, a bond head may pick a
die (which may be an electronic  device such as a semiconducting integrated
circuit device) at a first location and  will move the die to a second
location at which the die is to be bonded to a  substrate, such as a
circuit board. The bond head will then move downwardly 15 (this is known as
the z-direction) until the die touches the substrate. In order to  apply a
required bond force during the bond operation, the bond head may be  driven
downwardly further to exert a required force on the die. Apparatus and
methods for controlling this bond force need to meet a  number of
conflicting requirements. For example, they should preferably be able  20
to apply a bond force over a wide range, should be susceptible to feedback
and control, and should be able to respond rapidly to required changes in
the bond  force.  



2 PRIOR ART To date prior art techniques have failed to satisfactorily meet
all the  requirements for ideal bond force control. Conventionally bond
force control is  achieved using a compression spring, or a pneumatic
actuator, or a solenoid, and 5 a number of examples of such conventional
prior art bond force control  techniques will now be shown. Fig.1 shows a
compression spring type system. In such a system a  compression spring 1 is
mounted within the bond head 3 and exerts a force on a  moving assembly 2
that connects to a collet bearing the die. In a die bonding 10 process a
die will be held (for example by vacuum) to a collet formed as part of  the
moving assembly 2. The bond head is moved downwardly in the z-direction
until the die touches the substrate. In order to exert a bonding force the
bond  head 3 is continued to move in the z-direction so as to compress the
spring I  against the moving assembly 2 and to exert a bond force on the
die through the  15 collet. In order to avoid excess vibrations of the
moving assembly 2 during motion of the  bond head 3, the spring 1 is
usually preloaded and the amount of preload directly  affects the minimum
bond force that can be applied. The larger the preload, the  larger is the
minimum bond force that can be applied. This is because when the 20 collet
and die touch the substrate (which is a rigid surface), the reaction force
that  pushes the collet and die against the spring should be larger than
the preload of  



the spring. This means that if a very small bond force is required, the
preload of  the spring must also be very small, but this in turn has   3
the disadvantage of resulting in more vibrations of the bond head following
movement which will thus require a longer settling time in the bonding
operation.  Another problem that arises from simply reducing the preload of
the spring to enable a small bonding force to be applied, is that the
contact of the spring  5 with the moving assembly 2 and the bond head
housing 3 may be poor and the  bond force may be non-linear. This can be
mitigated by reducing the spring  constant k so that a larger extent of
compression, good contact, and small  preload can all be obtained at the
same time. The price for this, however, is that  the range of the output
force produced by the spring is reduced and this method  10 can only really
work with small bond force applications. US 5950903 discloses a system
similar to the use of a compression  spring, but using a leaf spring
instead of a compression spring. Fig.2 shows a schematic of a prior art
example that uses a pneumatic  actuator instead of a compression spring. A
pressure chamber 4 is provided  15 within the bond head housing 6 and
acting upon the moving collet assembly 5. In this arrangement a variable
bond force can be applied by controlling the pressure  within the pressure
chamber 4. A difficulty with this design, however, is that the  response
time is slow. If the pressure in the chamber 4 is controlled using a
pressure regulator the response time is too slow for a real time closed
loop 



20 control system and instead an open loop control is used instead. A
related  disadvantage is that there is a relatively large impact force. At
the moment that  the die touches the substrate surface an impact force is
produced that acts upon  the die. If this impact force is too large it can
damage the die, but the slow   4 response time of a pneumatic system makes
it very difficult to control the impact  force. It is also difficult to
control the bond force with any great accuracy. In  solenoid systems such
as those described for example in US patents 3,727,822,  4,603,802,
5,230458 and 5,696,329 a solenoid is used in place of a compression 5
spring or a pneumatic actuator to provide the bond force. Solenoid systems
have  a number of advantages, including fast response times, the ability to
incorporate  closed-loop control, and easy accurate control. The main
disadvantage, however,  is that the output bond force is relatively small,
and to create a large bond force  when such is required, a large and
correspondingly heavy solenoid must be 10 used. Generally, solenoid systems
are only suitable for use in applications where  a small bond force is
required. SUMMARY OF THE INVENTION It is an object of the invention to
provide an apparatus and method for  15 providing bond force control that
facilitates the generation of a bond force over a  wide range of values,
allows fast response and closed loop control, and is simple  in design and
construction. According to the present invention therefore there is
provided an  



apparatus for providing bond force in a die bonding operation, comprising
means  20 for generating a primary bond force, means for generating a
compensatory bond force, and means for controlling the compensatory bond
force whereby a bond  force comprising the sum of the primary bond force
and the compensatory bond  force may be controlled.   5 According to a
second aspect of the present invention there is provided a  method of
generating a desired bond force in a die bonding operation, comprising
providing a primary bond force, generating a compensatory bond force in the
same direction or opposite to said primary bond force, summing said primary
5 bond force and said compensatory bond force to generate said bond force,
and  controlling the magnitude and sign of said compensatory bond force to
control  said generated bond force. According to a third aspect of the
present invention there is provided a  method of controlling the impact
force in a die bonding operation, comprising  10 moving a bond head bearing
a die toward a substrate in a first direction, and providing means for
generating a compensatory force in a direction opposite to  said first
direction at the moment of impact of said die on said substrate.  According
to a fourth aspect of the present invention there is provided a method of
preventing vibrations of a collet assembly in a die bond head during  15
translational movement of said bond head, comprising generating a force to
move said collet assembly against a stop means while said bond head is
being  



moved. BRIEF DESCRIPTION OF THE DRAWINGS 20 An embodiment of the invention
will now be described by way of example and  with reference to the
accompanying drawings, in which:   6 Fig.1 is a sectional view through a
first example of the prior art,  Fig.2 is a sectional view through a second
example of the prior art, Fig.3 is a sectional view through an embodiment
of the invention showing the  application of a small bond force, and 5
Fig.4 is a sectional view through the embodiment of Fig.3 showing the
application  of a larger bond force. DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT An embodiment of the present invention will now be described
with  10 reference to Figs.3 and 4. As will be seen in more detail from
.the following  description, an important aspect of the present invention
is that the apparatus  and method involves the provision of a first primary
bond force generating means  such as a compression spring, and a second
compensatory bond force  generating means that is capable of rapidly and
accurately generating a 15 compensating bond force that may be positive or
negative to provide fine control  of the primary bond force. This
compensatory bond force may be generated, for  example, by a motor.
Referring to Figs.3 and 4, a bond head according to an embodiment of the  



invention comprises a bracket 10 for supporting the bond force generating
20 means. The primary bond force generating means comprises a compression
spring 11 fixed between one end of a shaft 12 and a mount 25 for a bond
force  motor coil to be described below. Compression spring 11 is provided
with a  preload P and can act upon a collet assembly 14 and die 15 through
a slider   7 mount 16. A force sensor 17 is located between the slider
mount 16 and the  collet assembly 14. Collet assembly 14 is fixed to slider
mount 16 which is  formed with bearings 18 that allow the slider mount 16
to slide relative to sliders  19 two of which are formed parallel to the
axis of the spring 11, slider mount 16, 5 force sensor 17 and collet
assembly 14 (this axis lying on the z-direction). It will  thus be
understood that the collet assembly 14 may slide relative to the bracket
10 in the z-direction. Collet assembly 14 is adapted to pick and hold a
semiconductor die 15 by suction. A compensatory bond force generating means
is provided in the form of a  10 bond force motor comprising an annular
magnet 21 surrounding the spring 11  and sandwiched between a ferromagnetic
core 22 and a ferromagnetic plate 23.  A bond force motor coil 24 is
supported on coil mount 25 and is provided in the  annular space defined
between the edge of the plate 23 and a downwardly  extending annular flange
portion of the core 22, It will be understood that by the 15 application of
a current to the motor coil 24 a force may be generated in the z- direction
that acts upon the collet assembly 14. Depending on the direction of the  



current flow in the coil 24, this force may be positive (ie downwardly in
the z- direction towards the substrate) and will act in addition to the
compression spring,  or may be negative (ie upwardly in the z-direction
away from the substrate) and 20 will act against the compression spring. As
will be seen from the following, the  current applied to the coil 24 may be
controlled in response to the output of the  force sensor to provide
a'closed loop control of the bond force. 16/07/2002 16:06 67503183 ASM
LEGAL PAGE 10/19  8 The operation of the embodiment of the present
invention will now be described  in situations (a) where a small bond force
is required, and (b) where a large bond  force is required. It will be
understood that to begin with the bond head is moved to a  5 location to
pick a semiconductor die. The die may be held to the collet assembly  14 by
vacuum in a conventional manner and is carried to a boding location where
the die is to be bonded to a substrate. The bond head is then moved
downwardly  in the z-direction until the die touches the substrate. This
point can be detected  by the force sensor. 10 The first situation (a) may
be considered to be described by the equation  F < Fmmax + P where F is the
required bond force, P is the preload of the  compression spring and Fmmax
is the maximum force generated by the bond force  motor. In this situation
the bond force can be controlled solely by varying the  output of the bond
force motor by varying the current applied to the motor coil. In 15
particular, if the required bond force is greater than the preload of the  



compression spring, a positive force Fm may be generated by the bond force
motor that acts in addition to the preload P of the spring to provide the
required  bonding force. The force sensor can be used to provide a feedback
control of the  current supplied to the coil so that the bond motor force
is accurately controlled 20 which in turn will accurately control the bond
force. Similarly if the required bond  force F is smaller than the preload
P of the spring, this can be achieved by  suppiying an opposite current to
the bond force motor coil so that the bond force  motor generates a
negative force that acts upwardly against the compression 16/07/2002 16:06
67503183 ASM LEGAL PAGE 11/19  9 spring. Again this negative bond motor
force can be accurately controlled by a  closed loop control using the
force sensor. Situation (b) may be considered to be represented by the
equation F a  Fmmax + P. In this situation the required bond force is
obtained by controlling the  5 force Fm of the bond force motor and the
force Fa generated by the spring. The force generated by the bond force
motor is controlled by supplying a current to  the motor coil as discussed
above. The force generated by the spring is  controlled by moving the bond
head further downwardly towards the substrate  surface. The collet assembly
and die cannot move any further, and therefore 10 there is a relative
movement z of the collet assembly and die in the direction of  the arrow A
in Fig. 4 that serves to compress the spring by a distance z and the  force
generated by the spring will increase to P + kz where k is the spring
constant of the spring. Thus the total bond force is Fm + P + kz and this
can be  



controlled rapidly and accurately by varying the current to the motor coil
to  15 change Fm in response to closed loop control from the force sensor.
In practice the situations (a) and (b) may not always be clearly defined
and  the border between them may be unclear. In particular the methodology
of (b), in  which the spring force component is increased by driving in the
bond head, may  also be applied in scenario (a). 20 It will be understood
that in this embodiment of the present invention there  is provided a
primary bond force generating means in the form of the  compression spring
(though this could be replaced by a leaf spring or by a  pneumatic
actuator). In addition, however, there is also provided a compensatory
bond force generating means in the form of a bond force motor. The
compression 16407/2002 16:06 67503163 ASM LEGAL PAGE 12/19  10 spring
provides the main element of the bond force with all the advantages of a
compression spring (simple construction, large available range of bond
force),  but the addition of a positive or negative compensatory bond force
from the bond  force motor allows the total bond force to be rapidly and
accurately controlled by  5 means of a closed loop control of the current
supplied to the motor coil. It should also be noted that in addition to
providing accurate control of the  bond force in both small and high bond
force applications, a further advantage of  the present invention is that
it allows the impact force to be minimized. This can  be achieved by
allowing the bond force motor to generate a negative bond force 10 at the
moment of impact and before the bonding process is commenced. In  



addition, another advantage is that vibration of the bond head during
movement  can be reduced using the embodiment of the invention. In
particular during  movement of the bond head (either in the z direction
prior to engaging the  substrate) or when moving in the x and y directions
to pick a die and to carry it to 15 the bonding location, vibrations of the
collet assembly within the bond head can  be reduced by using the bond
force motor to generate a negative bond force that  causes the collet
assembly to move upwardly relative to the remainder of the  bond head as
far as it can until it reaches a stop position. 16/7/2002 16:06 67503183
ASM LEGAL PAGE 13/19  11 CLAIMS  1. Apparatus for providing bond force in.a
die bonding operation,  comprising means for generating a primary bond
force, means for  generating a compensatory bond force, and means for
controlling the 5 compensatory bond force whereby a bond force comprising
the sum of  the primary bond force and the compensatory bond force may be
controlled, 2. Apparatus as claimed in claim 1 wherein said compensatory
bond 10 force may be directed either in the same direction as the primary
bond  force or in the opposite direction to the primary bond force. 3.
Apparatus as claimed in claim 1 wherein said primary bond force  generating
means comprises a preloaded compression spring.  15 



4. Apparatus as claimed in claim 1 wherein said compensatory bond  force
generating means comprises a motor. 5. Apparatus as claimed In claim 1
further comprising a force sensor for  20 sensing the applied bond force,
and for producing an output for  controlling the compensatory bond force
generating means. 16/07/2002 16:06 67503183 ASM LEGAL PAGE 14/19  12 6.
Apparatus as claimed in claim 1 wherein the primary bond force  generating
means comprises a leaf spring or a pneumatic actuator.  7. Apparatus as
claimed in claim 1 wherein said primary bond force 5 generating means is
movable relative to a die holding means whereby  the bond force component
provided by said primary bond force  generating means may be varied by
moving said primary bond force  generating means relative to said die
holding means. 10 8. Apparatus as claimed in claim 1 wherein said primary
bond force  generating means comprises a spring, and said compensatory bond
force generating means comprises a motor including a coil, wherein  the
direction and magnitude of the compensatory bond force may be  changed by
changing the direction of a current applied to said motor 15 coil, and said
apparatus further comprising a bond force sensor for  sensing the bond
force and for controlling the said current applied to  said coil to
maintain a desired bond force. 9. A method of generating a desired bond
force in a die bonding 



20 operation, comprising: providing a primary bond force, generating a
compensatory bond force in the same direction or opposite to said  primary
bond force, summing said primary bond force and said  compensatory bond
force to generate said bond force, and controlling 16/07/2092 16:06
67563183 ASM LEGAL PAGE 15/19  .13 the magnitude and sign of said
compensatory bond force to control  said generated bond force. 10. A method
as claimed in claim 9 comprising sensing an instantaneous  5 bond force,
and controlling said compensatory bond force in response  to said sensed
instantaneous bond force. 11. A method as claimed in claim 10 wherein said
compensatory bond  force is generated by a motor comprising a motor coil,
and wherein the  10 magnitude and sign of said compensatory force is
controlled by varying the magnitude and direction of a current applied to
said coil. 12. A method as claimed in claim 9 wherein said primary bond
force  comprises a preload component, and wherein the generated bond  15
force comprises the sum of said preload component and said compensatory
bond force. 13. A method as claimed in claim 9 wherein said primary bond
force  comprises a preload component and a variable component, and 20
wherein the generated bond force comprises the sum of said preload
component, said variable component and said compensatory bond  



force. 1E/07/2002 16:06 67503183 ASM LEGAL PAGE 16/19  14 14. A method of
controlling the impact force in a die bonding operation,  comprising moving
a bond head bearing a die toward a substrate in a  first direction, and
providing means for generating a compensatory  force in a direction
opposite to said first direction at the moment of 5 impact of said die on
said substrate. 15. A method of preventing vibrations of a collet assembly
in a die bond  head during translational movement of said bond head,
comprising  generating a force to move said collet assembly against a stop
means 10 while said bond head is being moved. 


