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Abstract 
In order to improve the quality of thermosonic bonding, a high-frequency ultrasonic 
transducer with a double-branch parallel structure is proposed. The working 
mechanism of this type of transducer is expounded, and the theoretical analysis method 
of two working modes is established; the transducer experimental prototype is made, 
the dynamic characteristic experimental platform is built, and the vibration output 
characteristic is tested; The test results show that the proposed dual-branch parallel 
structure high-frequency ultrasonic transducer is effective, which promotes the 
application and development of the composite structure transducer in the future. 
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1. Introduction 

Wire bonding technology has become the most widely developed new application technology in the 
field of IC chip micro-connection due to its high solder joint precision, strong reliability, low cost, 
and easy control. The principle is to use the coupling of heat transfer, bonding force and ultrasonic 
energy to rub the pads of the IC chip and the wiring pads of the substrate with the micro-vibration 
friction of the riving knife to achieve the effect of reliable connection [1-3]. Therefore, the technology 
of wire bonding using the ultrasonic vibration generated by the excitation of piezoelectric ceramics 
leads to a new type of device-piezoelectric ultrasonic transducer. The excitation signal is applied to 
the stack of piezoelectric ceramics through copper electrodes, and the piezoelectric ceramics generate 
vibration waves due to the inverse piezoelectric effect, which are transmitted through the mechanical 
ultrasonic horn, and finally transmitted to the output end of the head and the riving knife. However, 
when a single-branch transducer is used to connect workpieces with a large contact area, the normal 
force and ultrasonic power of the bonding will inevitably increase, resulting in a large dynamic stress 
in the connection interface, thereby causing The bonding package fails [4-6]. Studies have shown that, 
compared with the longitudinal vibration transducer, under the same input power, the use of 
compound vibration to generate multi-dimensional vibration motion trajectories can significantly 
improve the bond strength. Using complex vibration, with a small vibration amplitude, a large and 
uniform welding strength can be obtained in the vibration direction, and multiple seam welding can 
be performed. The composite vibration generated by the mechanical structure characteristics is used 
to form a multi-dimensional vibration motion trajectory at the output end, which not only improves 
the bonding quality of the connecting surface, but also increases the motion flexibility of the output 
end [7,8]. 

By combining multiple single-channel structures in mechanical series-parallel to form a composite 
structure ultrasonic transducer, different from the single-channel one-dimensional ultrasonic 
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transducer, the multi-dimensional transducer can generate compound vibration at the coupling end 
connector, forming a multi-frequency ultrasonic transducer. Spatial oscillatory trajectories, which can 
be used to achieve more stable solid-state connections or motion control. It is easy to understand that 
by combining multiple ultrasonic transducers, the transducers on multiple branches can share greater 
ultrasonic power and acoustic load without increasing the input power of any single branch transducer. 
In this case, the electrical and dynamic characteristics of the branch transducers are also easy to 
acquire and control [9]. 

Based on this, this study proposes a high-frequency ultrasonic composite structure transducer with a 
double-branch parallel structure. On this basis, the structural composition and working mechanism 
of the transducer are described, and the finite element simulation and optimization are carried out. 
Design, conduct the experimental test of the electrical characteristics and vibration output 
characteristics of the experimental prototype. 

2. Structure and Working Mechanism 

2.1 Structure 

Based on the analysis of the vibration characteristics of piezoelectric ceramics, and the working 
mechanism of the single-branch simple structure transducer. In order to improve the motion flexibility 
of the output end, a new structure, a high-frequency ultrasonic transducer with a double-branch 
parallel structure, is proposed. It consists of two single-branch transducers and connectors, as shown 
in Figure 1. 

 

 
Figure 1. Structure representation of high-frequency ultrasonic transducer 

 

The branch transducer consists of a rear cover plate, a stack of piezoelectric ceramics, copper 
electrodes and a three-stage horn. The two branch transducers are perpendicular to each other and are 
connected to two mutually perpendicular end faces of the connecting piece. Therefore, a V-shaped 
structure with two branch transducers forming 90° is presented as a whole. 

2.2 Working Mechanism 

The working mechanism of the transducer with this structure is as follows: when a sinusoidal 
excitation signal is applied to the sandwich transducers on the two branches, the two branch 
transducers perform simultaneous expansion and contraction motions to form symmetrical 
longitudinal vibrations. The coupling occurs in the structure, and the longitudinal vibration of one 
transducer induces the bending vibration of the other transducer, forming a symmetrical bending 
vibration, which is the first vibration mode: the symmetrical vibration mode, as shown in Figure 2 
(a). In this mode, the surface particles at the joint produce a normal vibrational displacement. When 
a sine signal and an inverse sine signal are applied to the Langevin transducers on the two branches 
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respectively, the two branch transducers perform stretching and contraction motions, respectively, to 
generate antisymmetric longitudinal motion, and excite the The bending vibration of the other side 
forms an antisymmetric bending vibration, which is the second vibration mode: the antisymmetric 
vibration mode, as shown in Figure 2(b). In this mode, the tangential vibrational displacement of the 
surface particles at the joint occurs. When the sine and cosine signals are applied to the Langevin 
transducers on the two branches respectively, the symmetric vibration mode and the anti-symmetric 
mode are excited at the same time, and the surface particles at the driving foot will form an elliptical 
motion trajectory, as shown in Figure 2(c). However, if the excitation frequencies of the two 
excitation signals are set to be different, a rectangular motion trajectory will be formed at the output 
end, as shown in Figure 2(d). 

 

 
Figure 2. Working mechanism 

3. Theoretical Analysis 

The cause of the elliptical motion trajectory is the coupling of the normal and tangential vibrations 
generated in the symmetric mode and the anti-symmetric mode, and it is the most widely used 
working mode in the working process of the proposed transducer. Therefore, it is necessary to further 
explain its equation of motion. 

The micro-displacement of any mass point on the common output can be expressed as: 

 

  cos 2x xd D ft                                (1) 

 

  cos 2y yd D ft                                (2) 

 

In the formula, dx and dy represent the vibration displacement along the x-axis and y-axis, 
respectively; Dx and Dy represent the amplitude along the x-axis and y-axis, respectively; f represents 
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the characteristic frequency; t represents the time; γ and δ represent the x-axis, respectively , the initial 
phase in the y-axis direction. 

Simultaneous and deformed equations (1) and (2) can be obtained: 
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Therefore, the trajectory equation obtained by the vertical cross-coupling of the two vibration waves 
is exactly the ellipse equation. When the phase difference γ-δ is zero, the trajectory is a positive ellipse 
whose main axis coincides with the coordinate axis. When the phase difference value is changed, the 
change of the elliptical motion trajectory is shown in Figure 3(a). 

 

 
Figure 3. Ellipse Pattern 

 

The electromechanical equivalent circuit of the single-branch transducer can be obtained from the 
free vibration equation of the slender rod based on the electromechanical equivalent method [10]. 
Using the circuit correlation theory, the size parameters of each part of the transducer can be obtained 
by solving the equation according to the resonant frequency as shown in the Table 1 and Figure 4. 

 

 
Figure 4. Schematic diagram of structure size 
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Table 1. Dimension parameters 
Parameters l1 l2 l3 l4 l5 

Values (mm) 13.3 19.2 23.6 2.3 3.3 

4. Experimental Test 

After the finite element analysis and design, the experimental prototype was made. Therefore, the 
fabricated experimental prototype will be tested. 
 

 
Figure 5. Experimental prototype and test platform 

 

Figure 5 is experimental prototype and test platform. 

The built experimental test platform is shown in Figure 5, including the self-developed high-
frequency acoustic excitation system, optical precision vibration isolation platform and NI PXI high 
sampling rate signal acquisition card. Its prototype is tested for output amplitude. The three end faces 
of the connector are defined as A and B, A is the forward output end, and B is the side output. 

Firstly, the piezoelectric vibrator of the transducer is excited with the resonant frequency obtained by 
the impedance analyzer, and the two excitation signals are sinusoidal signals with no phase difference. 
Figures 6 and 7 respectively show how the output amplitudes of points A and B change with the 
increase of excitation voltage. The obtained output amplitude under excitation of the highest voltage 
20Vpp can reach 0.79μm. 
 

 
Figure 6. Output amplitude of points A 
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Figure 7. Output amplitude of points B 

 

The output trajectory drawing result of the elliptical motion is shown in Figure 8. The results are 
consistent with the results of theoretical analysis. Changing the phase difference will cause changes 
in the direction of the short and long axes of the elliptical trajectory, and its bonding area will be 
larger than that of the single-branch simple structure transducer, the output can achieve better results 
than the single-branch transducer. 

Keep the frequency of one excitation signal unchanged at 130kHz, change the excitation signal of the 
other channel, set it to 127kHz, and its rectangular pattern is shown in Figure 9. 
 

 
Figure 8. Elliptical mode 

 

 
Figure 9. Rectangular mode 



International Core Journal of Engineering Volume 8 Issue 4, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202204_8(4).0092

 

781 

5. Conclusion 

Based on the output characteristics and motion patterns of a high-frequency piezoelectric ultrasonic 
transducer with a single-branch simple structure, a dual-branch parallel structure ultrasonic transducer 
is proposed. Through theoretical analysis, the vibration modes of the output end when two sets of 
excitation signals are applied to two sets of piezoelectric ceramic vibrators are expounded. The 
vibration modal analysis of the proposed transducer is carried out by using the finite element analysis 
method; a series of experimental tests are carried out on the experimental prototype of the double-
branch parallel structure transducer using the built-in experimental test embedded system. The 
effectiveness of the elliptical working mode and the rectangular working mode is demonstrated using 
various excitation strategies. 
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