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FORCE SENSOR IN AN ULTRASONIC WIRE BONDING DEVICE 

 

Field of the Invention 

 

The invention generally relates to force measurement during wire bonding operations 5 

for forming electrical interconnections to semiconductor devices, and more specifically 

to a force sensor for monitoring a bonding force applied by an ultrasonic wire bonding 

device. 

 

Background 10 

 

Ultrasonic welding is commonly used for wire bonding during the assembly and 

packaging of semiconductor devices. A force sensor may be used in an ultrasonic wire 

bonding device to monitor the quality of a wire bond by sensing or measuring a bonding 

force.  15 

 

A conventional ultrasonic wire bonding device in a wire bonding apparatus is depicted 

in US Patent Number 9,640,512 B2 entitled “Wire Bonding Apparatus Comprising an 

Oscillation Mechanism”. Such a wire bonding device comprises an ultrasonic 

transducer including a capillary and at least one electrically-driven actuator which has 20 

a longitudinal actuation direction. 

 

In some existing ultrasonic wire bonding apparatus, the force sensor or an encoder 

may be attached to a bond head or a transducer holder of the ultrasonic wire bonding 

apparatus on which the wire bonding device has been mounted. As the force sensor 25 

is typically located far away from the wire bonding tool (such as a capillary), there is a 

delay in the force sensor  detecting a bonding force applied to a bonding surface by 

the wire bonding tool during wire bonding operations. The accuracy of the bonding 

force detected is therefore compromised.  

 30 

It would therefore be beneficial to provide a solution for more effectively and accurately 

monitoring bonding forces in ultrasonic wire bonding devices during wire bonding 

operations.   

 

Summary of the Invention 35 

 



 - 2 - 

It is thus an object of the invention to seek to provide an improved force sensor for 

effectively measuring a bonding force in an ultrasonic wire bonding device during wire 

bonding operations to obtain more accurate measurement results.  

 

According to a first aspect of the present invention, there is provided a force sensor for 5 

determining a bonding force during wire bonding operations. The force sensor includes 

at least: a piezoelectric sensing element mounted in an ultrasonic transducer of an 

ultrasonic wire bonding device, the piezoelectric sensing element comprising a first 

portion and a second portion, first and second opposing surfaces, wherein the first 

surface of the first portion has a positive electrode and the second surface of the first 10 

portion has a negative electrode respectively, and the first surface of the second 

portion has a negative electrode and the second surface of the second portion has a 

positive electrode respectively.  

 

With the novel arrangement of electrodes on the piezoelectric sensing element in the 15 

proposed force sensor, the contact detection signal arising from application of a 

bonding force will be a sum of outputs of the piezoelectric sensing element caused by 

the bonding force during wire bonding operations. Moreover, the outputs of the 

piezoelectric sensing element caused by driving forces from a piezoelectric driver stack 

for driving the ultrasonic transducer to vibrate that is exerted on the piezoelectric 20 

sensing element will be reduced or even cancelled out. Thus, the bonding force during 

wire bonding operations can be measured more accurately by the proposed force 

sensor. 

 

In some embodiments, the piezoelectric sensing element is mounted in the ultrasonic 25 

transducer such that the first and the second portions of the piezoelectric sensing 

element are arranged along a direction perpendicular to a longitudinal direction of the 

ultrasonic transducer. In one embodiment, the first and second portions of the 

piezoelectric sensing element are arranged and separated along a vertical orientation 

such that the bonding force along the vertical direction can be measured accurately. 30 

In other words, the first and second portions of the piezoelectric sensing element may 

be upper and lower portions of the piezoelectric sensing element.  

 

It should be noted that the shape and dimensions of the first and second portions of 

the piezoelectric sensing element may be the same or different in some embodiments. 35 

Preferably, the first and second portions of the piezoelectric sensing element are 

arranged such that symmetrical positive and negative electrodes are formed on each 
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surface of the piezoelectric sensing element. Here, each surface of the piezoelectric 

sensing element, i.e., each of the first and second opposing surfaces of the 

piezoelectric sensing element, may be referable to each of the front and rear surfaces 

of the piezoelectric sensing element. The front surface of the piezoelectric sensing 

element may include the first/front surfaces of both the first and second portions of the 5 

piezoelectric sensing element, and the rear surface of the piezoelectric sensing 

element may include the second/rear surfaces of both the first and second portions of 

the piezoelectric sensing element.  

 

In some embodiments, the piezoelectric sensing element may further include an 10 

isolation wall arranged between the first and second portions of the piezoelectric 

sensing element in order to separate the positive and negative electrodes formed on 

each surface of the piezoelectric sensing element. In one embodiment, the isolation 

wall may have a width of 1mm to 2mm, e.g., 1.5mm.  

 15 

In one embodiment, the piezoelectric sensing element may be preferably located 

between a horn and a piezoelectric driver stack of the ultrasonic transducer so as to 

more accurately detect the bonding force during wire bonding operations. 

 

In order to prevent the piezoelectric sensing element from being in electrical contact 20 

with electrically-conducting surfaces in the ultrasonic transducer, e.g., the horn and 

piezoelectric driver stack of the ultrasonic transducer, the force sensor may further 

include a first insulation plate disposed between the piezoelectric sensing element and 

the horn of the ultrasonic transducer, and a second insulation plate disposed between 

the piezoelectric sensing element and the piezoelectric driver stack of the ultrasonic 25 

transducer. Specifically, the first insulation plate is located between the front surface 

of the piezoelectric sensing element and the horn, and the second insulation plate is 

located between the rear surface of the piezoelectric sensing element and the 

piezoelectric driver stack. 

 30 

In some embodiments, the force sensor may further include a fixing mechanism which 

is threaded through an opening coaxially formed in each of the piezoelectric sensing 

element, the first and second insulation plates and the piezoelectric driver stack for 

fixing the piezoelectric sensing element, the first and second insulation plates and the 

piezoelectric driver to the horn of the ultrasonic transducer. In one embodiment, the 35 

fixing mechanism may include a screw. The opening formed on each of the 

piezoelectric sensing element, the first and second insulation plates and the 
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piezoelectric driver stack may comprise a central hole formed thereon. It should be 

noted that the fixing mechanism in this embodiment is used to install both the force 

sensor and the ultrasonic transducer in which the force sensor is mounted. However, 

in other embodiments, the force sensor and the ultrasonic transducer may be installed 

by different fixing mechanisms.  5 

 

In some embodiments, the force sensor may further include a first conductive plate 

installed to contact the first surface of the piezoelectric sensing element, e.g., the front 

surface of the piezoelectric sensing element, and a second conductive plate installed 

to contact the second surface of the piezoelectric sensing element, e.g., the rear 10 

surface of the piezoelectric sensing element.  In one embodiment, the first and second 

conductive plates may have cross sectional areas with the same shape and 

dimensions as the first or second surface of the piezoelectric sensing element such 

that the first and second surfaces of the piezoelectric sensing element are fully 

contacted by the first and second conductive plates respectively. 15 

 

When the force sensor is used for determining a bonding force during a wire bonding 

operation, the first and second conductive plates may be connected to a charge 

amplifier for converting current signals from the piezoelectric sensing element to 

voltage signals. 20 

 

According to a second aspect of the present invention, there is provided an ultrasonic 

wire bonding device, the device comprising: an ultrasonic transducer and a 

piezoelectric sensing element mounted in the ultrasonic transducer, the piezoelectric 

sensing element comprising a first portion and a second portion, and first and second 25 

opposing surfaces, wherein the first surface of the first portion has a positive electrode 

and the second surface of the first portion has a negative electrode respectively, and 

the first surface of the second portion has a negative electrode and the second surface 

of the second portion has a positive electrode respectively.  

 30 

In some embodiments, the first and second portions of the piezoelectric sensing 

element may be upper and lower portions of the piezoelectric sensing element, e.g., 

the first portion is the upper portion and the second portion is the lower portion 

respectively or vice versa. The first and second opposing surfaces of the piezoelectric 

sensing element may be the front and rear surfaces of the piezoelectric sensing 35 

element respectively or vice versa. In one embodiment, the first and second surfaces 

of the first portion are the front and rear surfaces of the upper portion of the 
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piezoelectric sensing element respectively, and the first and second surfaces of the 

second portion are the front and rear surfaces of the lower portion of the piezoelectric 

sensing element respectively.  

 

These and other features, aspects, and advantages will become better understood 5 

with regard to the description section, appended claims, and accompanying drawings. 

 

Brief Description of the Drawings 

 

Embodiments of the present invention will now be described, by way of example only, 10 

with reference to the accompanying drawings, in which: 

 

FIG. 1A is a side view of an ultrasonic wire bonding transducer and a force sensor of 

an ultrasonic wire bonding device according to one embodiment of the invention. 

 15 

FIG. 1B shows a perspective view of a piezoelectric sensing element of the force 

sensor in the ultrasonic wire bonding transducer as shown in FIG. 1A according to one 

embodiment of the invention. 

 

FIG. 1C shows front and rear views respectively of the piezoelectric sensing element 20 

of FIG. 1B. 

 

FIG. 1D is a schematic diagram showing a force evaluation system connected to the 

force sensor of the ultrasonic wire bonding device as shown in FIG. 1A for contact 

detection during wire bonding operations according to one embodiment of the invention. 25 

 

FIG. 1E is a schematic diagram illustrating an electrical connection between the 

piezoelectric sensing element of the force sensor and a charge amplifier in the force 

evaluation system of FIG. 1D. 

 30 

FIG. 2 is a side view of the ultrasonic transducer and force sensor of the ultrasonic 

wire bonding device prior to and after making contact with a bonding surface when it 

is being used for wire bonding operations according to one embodiment of the 

invention. 

 35 
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FIG. 3 is a schematic diagram illustrating an output signal generated by the 

piezoelectric sensing element of the force sensor when a reaction force is received by 

the piezoelectric sensing element during a wire bonding operation. 

 

In the drawings, like parts are denoted by like reference numerals. 5 

 

Detailed Description of the Preferred Embodiments of the Invention 

 

FIG. 1A is a side view of an ultrasonic wire bonding transducer 100 and a force sensor 

110 of an ultrasonic wire bonding device according to one embodiment of the invention. 10 

As shown in FIG. 1A, the force sensor 110 is mounted, embedded or disposed in the 

ultrasonic transducer 100.  

 

The ultrasonic transducer 100 includes a piezoelectric driver stack 101, a horn 102, a 

fixing mechanism 120 and a bonding tool 130 which may be in the form of a capillary 15 

attached to the horn 102 for generating ultrasonic energy at the capillary tip. The 

piezoelectric driver stack 101 includes a plurality of piezoelectric elements, e.g., five 

piezoelectric elements, configured for driving the ultrasonic transducer 100 to move 

along a direction substantially parallel to a longitudinal direction of the ultrasonic 

transducer 100, e.g., the Y-axis direction as shown in FIG. 1A.  20 

 

The force sensor 110 is mounted between the piezoelectric driver stack 101 and the 

horn 102 of the ultrasonic transducer 100, and includes a piezoelectric sensing 

element 111 and two insulation plates, i.e., a first insulation plate 112a and a second 

insulation plate 112b. The insulation plates 112a, 112b may be made from an 25 

insulating material, e.g., paper, plastic, rubber, etc. Referring to FIG. 1A, the 

piezoelectric sensing element 111 is disposed and sandwiched between the first and 

second insulation plates 112a, 112b to keep the piezoelectric sensing element 111 

from electrically contacting other electrical conductors in the ultrasonic transducer 100, 

e.g., the horn 102 and the piezoelectric driver stack 101 of the ultrasonic transducer 30 

100. Specifically, the first insulation plate 112a is located between the piezoelectric 

sensing element 111 and the horn 102 of the ultrasonic transducer 100, and the 

second insulation plate 112b is located between the piezoelectric sensing element 111 

and the piezoelectric driver stack 101. In this embodiment, the insulation plates 112a, 

112b may have a same cross sectional area as the piezoelectric sensing element 111 35 

in a plane perpendicular to the longitudinal direction of the ultrasonic transducer 100, 

i.e., in an XZ-plane perpendicular to the Y-axis direction, so that the insulation plates 



 - 7 - 

112a, 112b can effectively separate the piezoelectric sensing element 111 from the 

horn 102 and the piezoelectric driver stack of the ultrasonic transducer 100.  

 

The fixing mechanism 120 of the ultrasonic transducer 100, which may be in the form 

of a screw, is threaded through an opening coaxially formed in each of the piezoelectric 5 

sensing element 111, the first and second insulation plates 112a, 112b and the 

piezoelectric driver stack 101 for fixing the piezoelectric driver stack 101 and the force 

sensor 110 to the horn 102 of the ultrasonic transducer 100. The cross-sectional shape 

and dimensions in the XZ plane of the openings formed on each of the piezoelectric 

sensing element 111, the first and second insulation plates 112a, 112b and the 10 

piezoelectric driver stack 101 may correspond to the cross-sectional shape and 

dimensions of the fixing mechanism 120 in its longitudinal direction. In this embodiment, 

the opening may be a central hole formed on each of the piezoelectric sensing element 

111, the first and second insulation plates 112a, 112b and the piezoelectric driver stack 

101.  15 

 

FIG. 1B shows a perspective view of the piezoelectric sensing element 111 of the force 

sensor 110 according to one embodiment of the invention. As shown in FIG. 1B, the 

piezoelectric sensing element 111 includes an upper portion 111a, a lower portion 

111b, an isolation wall 111c between the upper portion 111a and the lower portion 20 

111b and a central hole 111d. Each of the upper and lower portions 111a, 111b has 

front and rear opposing surfaces. Accordingly, the front surface of the piezoelectric 

sensing element 111 includes the front surfaces of both the upper and lower portions 

111a, 111b, and the rear surface of the piezoelectric sensing element 111 includes the 

rear surfaces of both the upper and lower portions 111a, 111b. The central hole 111d 25 

is provided to allow the fixing mechanism 120 to pass through the central hole 111d to 

fix the piezoelectric sensing element 111 to the horn 102 of the ultrasonic transducer 

100. 

 

FIG. 1C shows front and rear views respectively of the piezoelectric sensing element 30 

111 of the force sensor 110 according to the embodiment.  Referring to FIG. 1C, in this 

embodiment, the front surface 111a-1 of the upper portion 111a has a positive 

electrode and the rear surface 111a-2 of the upper portion 111a has a negative 

electrode respectively; and the front surface 111b-1 of the lower portion 111b has a 

negative electrode and the rear surface 111b-2 of the lower portion 111b has a positive 35 

electrode respectively. Alternatively, the electrodes on the upper portion 111a and the 

lower portion 111b may be arranged in a reverse polarity, i.e., the front surface 111a-
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1 of the upper portion 111a may have a negative electrode and the rear surface 111a-

2 of the upper portion 111a may have a positive electrode respectively; and the front 

surface 111b-1 of the lower portion 111b may have a positive electrode and the rear 

surface 111b-2 of the lower portion 111b may have a negative electrode respectively.  

 5 

The isolation wall 111c of the piezoelectric sensing element 111 is provided for 

separating the positive and negative electrodes formed on the piezoelectric sensing 

element 111. The isolation wall 111c may have a width of 1mm to 2mm, e.g., 1.5 mm. 

The narrower the width of the isolation wall 111c, the better the performance of the 

piezoelectric sensing element 111 is likely to be.  10 

 

FIG. 1D is a schematic diagram showing a force evaluation system connected to the 

force sensor 110 of the wire bonding device for bonding force detection during wire 

bonding operations according to one embodiment of the invention. As shown in FIG. 

1D, the force evaluation system includes (i) a charge amplifier 140 electrically 15 

connected to respective front and rear opposing surfaces of the piezoelectric sensing 

element 111 of the force sensor 110 for converting current signals from the 

piezoelectric sensing element 111 to equivalent voltage signals, (ii) a digital 

oscilloscope 150 connected to the charge amplifier 140 for receiving and processing 

the voltage signals from the charge amplifier 140 to generate a test result, e.g., a force 20 

value, and (iii) a computer or processor 160 is configured to provide an interface for an 

operator to view the test result.    

 

FIG. 1E is a schematic diagram illustrating an electrical connection between the 

piezoelectric sensing element 111 of the force sensor 110 and the charge amplifier 25 

140 as shown in FIG. 1D. Referring to FIG. 1E, a first conductive plate 131a is 

positioned between the piezoelectric sensing element 111 and the first insulation plate 

112a to contact the front surface of the piezoelectric sensing element 111 to transfer 

the electrical current signals generated by the electrodes on the front surface of the 

piezoelectric sensing element 111 to the charge amplifier 140, and a second 30 

conductive plate 131b is placed between the piezoelectric sensing element 111 and 

the second insulation plate 112b to contact the rear surface of the piezoelectric sensing 

element 111 to transfer the electrical current signals generated by the electrodes on 

the rear surface of the piezoelectric sensing element 111 to the charge amplifier 130. 

As shown in FIG. 1E, the piezoelectric driver stack 101 in this embodiment includes 35 

five piezoelectric elements which are electrically connected to an ultrasonic signal 

generator (USG) driver 170. The piezoelectric driver stack 101 is operated to drive the 
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ultrasonic transducer 100 to oscillate or vibrate along a horizontal direction, e.g., the 

Y-axis direction, such that the bonding tool 130 attached to the horn 102 is moved 

along the horizontal direction.  

 

FIG. 2 shows schematic side views of the ultrasonic wire bonding transducer 100 and 5 

force sensor 110 prior to and after making contact with a bonding surface 180 when it 

is being used for wire bonding operations according to one embodiment of the 

invention. Referring to FIG. 2, when the bonding tool 130 is moved to contact a bonding 

surface 180, a reaction force is experienced and received by the piezoelectric sensing 

element 111 through the bonding tool 130 and the horn 102 of the ultrasonic transducer 10 

100. When the reaction force is received by the piezoelectric sensing element 111, a 

compression force F1 is applied to the upper portion 111a of the piezoelectric sensing 

element 111, and a corresponding tensile force F2 is received by the lower portion 

111b of the piezoelectric sensing element 111.  

 15 

FIG. 3 is a schematic diagram illustrating an output signal generated by the 

piezoelectric sensing element 111 of the force sensor 110 when the reaction force is 

received by the piezoelectric sensing element 111. Due to the arrangement of 

electrodes on the upper and lower portions 111a, 111b of the piezoelectric sensing 

element 111, the output signal of the piezoelectric sensing element 111 will be a sum 20 

of the outputs generated by the compression force received by the upper portion 111a 

of the piezoelectric sensing element 111, and the outputs generated by the tensile 

force applied to the lower portion 111b of the piezoelectric sensing element 111. In 

other words, with the novel arrangement of electrodes of opposite polarities arranged 

on upper and lower portions 111a, 111b of the piezoelectric sensing element 111, the 25 

output signal of the piezoelectric sensing element 111 generated by the reaction force 

will be a superposition of the outputs generated by the compression force applied to 

the upper portion 111a of the piezoelectric sensing element 111 and the outputs 

generated by the tensile force applied to the lower portion 111b of the piezoelectric 

sensing element 111. Furthermore, with the novel arrangement of electrodes on the 30 

piezoelectric sensing element 111, the outputs generated by driving forces applied to 

the piezoelectric sensing element 111 by the piezoelectric driver stack 101 will be 

weakened, even cancelled out. Therefore, the bonding force applied to the bonding 

surface 180 can be accurately determined based on the output signal from the 

piezoelectric sensing element 111. 35 
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As will be appreciated from the above description, embodiments of the invention 

provide a force sensor for accurately monitoring bond forces in an ultrasonic wire 

bonding device during wire bonding operations. The force sensor includes a 

piezoelectric sensing element embedded in the ultrasonic transducer of the ultrasonic 

wire bonding machine. In order to effectively and accurately conduct contact detection 5 

during wire bonding operations, the piezoelectric sensing element is designed to have 

a novel arrangement of electrodes, i.e., both positive and negative electrodes are 

arranged on each of two opposing surfaces of the piezoelectric sensing element and 

different electrodes are arranged on two opposing surfaces of each of two separated 

portions of the piezoelectric sensing element.  With this novel arrangement of 10 

electrodes on the piezoelectric sensing element, the output signal of the piezoelectric 

sensing element caused by the bonding force will be significantly amplified, while the 

output signal of the piezoelectric sensing element caused by the driving force produced 

by the piezoelectric driver stack will be attenuated or cancelled. The bonding force 

detection during wire bonding operations thereby can be effectively and accurately 15 

conducted. Further, due to the arrangement of electrodes on the piezoelectric sensing 

element, only a simple electrical connection between the piezoelectric sensing element 

and a charge amplifier is required to receive the output signals from the piezoelectric 

sensing element.  

 20 

Although the present invention has been described in considerable detail with 

reference to certain embodiments, other embodiments are possible. Therefore, the 

spirit and scope of the appended claims should not be limited to the description of the 

embodiments contained herein. 

25 
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CLAIMS: 

 

1. A force sensor for determining a bonding force during wire bonding operations, 

the force sensor comprising:  

a piezoelectric sensing element mounted in an ultrasonic transducer of an 5 

ultrasonic wire bonding device, the piezoelectric sensing element comprising a first 

portion and a second portion, and first and second opposing surfaces, 

wherein the first surface of the first portion has a positive electrode and the 

second surface of the first portion has a negative electrode respectively, and  

the first surface of the second portion has a negative electrode and the second 10 

surface of the second portion has a positive electrode respectively. 

 

2. The force sensor according to claim 1, wherein the piezoelectric sensing 

element is mounted in the ultrasonic transducer such that the first and second portions 

are arranged along a direction perpendicular to a longitudinal direction of the ultrasonic 15 

transducer.  

 

3. The force sensor according to claim 2, wherein the first second portions of the 

piezoelectric sensing element are arranged and separated along a vertical orientation. 

 20 
4. The force sensor according to claim 3, wherein the first and second portions 

are arranged such that symmetrical positive and negative electrodes are formed on 

each of the first and second opposing surfaces of the piezoelectric sensing element.  

 
5. The force sensor according to claim 1, wherein the piezoelectric sensing 25 

element further comprises an isolation wall arranged between the first portion and the 

second portion of the piezoelectric sensing element. 

 
6. The force sensor according to claim 5, wherein the isolation wall has a width of 

1mm to 2mm.  30 

 
7. The force sensor according to claim 1, wherein the piezoelectric sensing 

element is located between a horn and a piezoelectric driver stack of the ultrasonic 

transducer. 

 35 
8. The force sensor according to claim 7, further comprising a first insulation plate 

disposed between the piezoelectric sensing element and the horn of the ultrasonic 
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transducer, and a second insulation plate disposed between the piezoelectric sensing 

element and the piezoelectric driver stack of the ultrasonic transducer.  

 

9. The force sensor according to claim 8, further comprising a fixing mechanism 

which is threaded through an opening coaxially formed in each of the piezoelectric 5 

sensing element, the first and second insulation plates and the piezoelectric driver 

stack for fixing the piezoelectric sensing element, the first and second insulation plates 

and the piezoelectric driver to the horn of the ultrasonic transducer.  

 
10. The force sensor according to claim 1, further comprising a first conductive 10 

plate installed to contact the first surface of the piezoelectric sensing element, and a 

second conductive plate installed to contact the second surface of the piezoelectric 

sensing element.  

 
11. The force sensor according to claim 10, wherein the first and second 15 

conductive plates are respectively connected to a charge amplifier for converting 

current signals from the piezoelectric sensing element to voltage signals. 

 
12. The force sensor according to claim 11, wherein the first and second 

conductive plates have cross sectional areas with same shape and dimensions as the 20 

first and second surface of the piezoelectric sensing element, such that the first and 

second surfaces of the piezoelectric sensing element are fully contacted by the first 

and second conductive plates respectively.   

 

13. An ultrasonic wire bonding device comprising:  25 

an ultrasonic transducer and a force sensor, the force sensor comprising a 

piezoelectric sensing element mounted in the ultrasonic transducer, the piezoelectric 

sensing element comprising a first portion and a second portion, and first and second 

opposing surfaces,  

wherein the first surface of the first portion has a positive electrode and the 30 

second surface of the first portion has a negative electrode respectively, and  

the first surface of the second portion has a negative electrode and the second 

surface of the second portion has a positive electrode respectively.  

  


