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Abstract: The paper presents a comparative analysis of wedge 

bonding methods used for forming contact interconnections in 
microelectronics and hybrid electronic modules, considering the 
principles of energy input, bonding configuration, wire materials, 

and technological conditions. The analysis identifies the main 
advantages and limitations of ultrasonic, thermosonic, thermal, 
and auxiliary-energy-assisted wedge bonding and establishes that 
contact quality is determined by the combined influence of 
ultrasonic energy, temperature, bonding force, bonding time, wire 
properties, contact surface condition, and joint geometry, 
providing a basis for further optimization and digital modeling of 
the bonding process. 
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I. INTRODUCTION 

The modern development of microelectronics and the 

manufacturing of hybrid electronic modules is accompanied 

by continuously increasing requirements for the reliability, 

stability, and quality of contact interconnections, which 

largely determine the operational performance of finished 

electronic devices. One of the widely used techniques for 

forming such interconnections is thin-wire wedge bonding, 

the effectiveness of which depends both on the 
characteristics of the bonding method employed and on a 

combination of technological parameters, material 

properties, and contact formation conditions. Variations in 

bonding force, ultrasonic energy, bonding time, temperature 

conditions, and the geometrical characteristics of the joint 

can significantly affect its mechanical strength, stability, 

and the probability of technological defects. Therefore, a 

comparative analysis of existing wedge bonding methods 

and the identification of the main factors affecting the 

formation of high-quality contact interconnections in 

microelectronics are of considerable relevance. The results 

of such a study provide a basis for the justified selection of 
technological parameters, improvement of quality control 

techniques, and further development of models of the 

wedge bonding technological process. 

II. COMPARATIVE ANALYSIS OF WEDGE BONDING 

METHODS 

To develop a scientifically substantiated approach to the 

selection of wedge bonding technology, it is appropriate to 

conduct a comparative analysis of existing methods, taking 

into account the principle of joint formation, the type of 

energy input, the bonding wire material, and the 

characteristics of the contact surfaces. Systematization of 

these approaches makes it possible to identify their 

distinctive features and provides a basis for further 

investigation of the factors affecting the quality and 

reliability of contact interconnections in microelectronics 

and hybrid electronic modules. A generalized classification 

of wedge bonding methods is presented in Figure 1.  
 

 
Figure 1 – Classification of Wedge Bonding 

Methods 

 

Ultrasonic Wedge Bonding is one of the most widely 

used methods for forming wire contact interconnections in 

microelectronics, in which the bond is formed through the 

simultaneous application of bonding force and high-

frequency mechanical vibrations of the wedge tool. 

Ultrasonic action promotes the disruption of surface oxide 

and contamination layers, increases the actual contact area, 
and induces plastic deformation of the wire material, 

resulting in the formation of a metallic bond without the 

need for significant external heating. The method is widely 

used for thin aluminum wire and is particularly suitable for 

temperature-sensitive components. Its main advantages 

include a relatively low process temperature, high bonding 

speed, the possibility of automation, and suitability for mass 

production. The disadvantages include a strong dependence 

of bond quality on the proper selection of ultrasonic power, 

bonding force, and bonding time, while excessive ultrasonic 

energy or force may cause excessive wire deformation, 
damage to the bonding pad, and reduced mechanical 

strength of the joint. 

Thermosonic Wedge Bonding is based on the 

simultaneous application of ultrasonic vibrations, 

mechanical bonding force, and additional thermal energy. 
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Heating of the contact area increases material plasticity and 

facilitates the formation of a metallic bond, thereby 

allowing the required ultrasonic energy to be reduced 

compared with cold ultrasonic bonding. This approach can 

be applied to materials and contact systems for which the 

formation of a stable bond solely by ultrasonic action is 

difficult. The advantages of the method include the ability 

to obtain stable bonds under less intensive mechanical and 
ultrasonic loading, a wider range of bondable materials, and 

improved conditions for interfacial contact formation. At 

the same time, the need for heating increases the complexity 

of the technological equipment and process control, 

increases the number of parameters requiring optimization, 

and may impose additional technological limitations on 

temperature-sensitive semiconductor structures and 

substrates. 

Heated Wedge Bonding involves the formation of a 

contact joint primarily through a combination of mechanical 

pressure and thermal energy. Increasing the temperature 

reduces the material's resistance to plastic deformation and 
facilitates the formation of the required contact area 

between the wire and the metallized pad. An advantage of 

this approach is the absence or substantial reduction of 

intensive ultrasonic loading on the components being 

bonded, which may be important for sensitive structures 

under certain technological conditions. However, the 

method places increased demands on temperature 

conditions, dwell time, and heat-transfer stability, while 

heating may adversely affect temperature-sensitive 

materials, induce thermal stresses, and increase the duration 

of the technological cycle. Therefore, its application 
requires careful coordination of temperature, bonding force, 

and the properties of the particular material system. 

Auxiliary-Energy Assisted Bonding involves 

supplementing conventional mechanical, ultrasonic, or 

thermal action with other physical methods of contact-

surface activation, such as laser or plasma treatment. 

Additional energy can be used for localized heating, 

cleaning, or activation of surfaces to create more favorable 

conditions for bond formation. The advantage of this 

approach is the ability to localize the energy input, broaden 

the process window, and work with complex material 
combinations. Its main disadvantages are increased 

equipment complexity, the need to synchronize several 

energy sources, a greater number of controllable 

technological parameters, and higher implementation costs. 

Furthermore, improper selection of auxiliary-energy 

parameters may result in localized overheating or surface 

damage. 

In terms of bond configuration, Wedge-to-Wedge 

Bonding is a conventional configuration in which both the 

first and second bonds are formed using a wedge tool, with 

a wire loop of a specified geometry created between them. 

This configuration ensures technological uniformity of the 
two bonds and is well suited to the automated 

interconnection of bonding pads on integrated circuits, 

substrates, and packages. Its advantages include 

reproducibility of the technological cycle, the ability to 

accurately form low-profile wire loops, and compatibility 

with thin aluminum wire. A disadvantage is the dependence 

of the process on the orientation of the wedge tool relative 

to the wire routing direction, which may restrict the 

formation of complex trajectories and places higher 

demands on the positioning system. 

The Wedge-to-Pad configuration involves forming a 

wedge bond directly on a metallized bonding pad, whose 

characteristics significantly affect the final bond quality. In 

this case, the wedge geometry, wire diameter, pad 

dimensions, and permissible deformation of the contact area 
must be properly matched. The advantage of this 

configuration is the ability to create compact 

interconnections with high positioning accuracy and to use 

bonding pads of various electronic components. Its 

disadvantages include high sensitivity to the condition of 

the pad surface, metallization quality, contamination, oxide 

layers, and positioning errors, since these factors directly 

affect the actual contact area and mechanical strength of the 

bond. 

Wedge-to-Bump Bonding involves forming a wedge 

bond to a preformed metallic protrusion or bump contact. 

The presence of such an element makes it possible to adapt 
the process to more complex contact structures and may 

improve compatibility between the wire and the bonding-

pad surface. Its advantages include suitability for 

miniaturized structures and the ability to form a bond on a 

specially prepared surface, whereas its disadvantages 

include the need for an additional bump-formation 

operation, increased complexity of the technological route, 

and additional sources of variability associated with the 

geometry, material, and quality of the preformed contact. 

Multi-Layer or Multi-Wire Bonding is used in structures 

requiring multiple wire interconnections or a multilevel 
interconnection system. This approach is particularly 

relevant to power and hybrid electronic modules, where the 

parallel use of several conductors may be necessary to 

provide the required current-carrying capacity and to 

implement complex electrical interconnection topologies. 

Its advantage is the ability to realize complex 

interconnection schemes and distribute the electrical load 

among several conductors. At the same time, increasing the 

number of wires complicates the planning of the bonding 

sequence, control of loop geometry, and prevention of 

mechanical contact between wires, while also imposing 
higher accuracy requirements on the automated positioning 

system. 

Wire material is another determining factor in the 

selection of wedge bonding technology. Aluminum wire is 

widely used because of its plasticity, suitability for 

ultrasonic bonding, relatively low cost, and compatibility 

with many types of metallization. At the same time, an 

oxide layer rapidly forms on the aluminum surface, and its 

disruption is an important part of the process of forming a 

high-quality bond. Gold wire is characterized by high 

corrosion resistance and favorable properties for forming 

reliable interconnections; however, its high cost represents 
a significant economic disadvantage. Copper wire has high 

electrical and thermal conductivity and may be more 

economically attractive than gold, but its greater hardness 

increases the mechanical load on the bonding pad, while its 

susceptibility to surface oxidation complicates the 

technological process. The use of silver and specialized 

metal alloys makes it possible to adapt interconnection 
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properties to specific operating conditions; however, it 

requires separate determination of the process window for 

each particular combination of wire, metallization, and 

substrate. 

Thus, the comparative analysis demonstrates that the 

selection of a wedge bonding method cannot be determined 

solely by the method of energy input, since the quality of 

the contact joint is formed through the complex interaction 
of ultrasonic energy, temperature, bonding force, bonding 

time, wire properties, contact-surface condition, and the 

geometrical parameters of the joint. Ultrasonic bonding is 

technologically attractive for low-temperature contact 

formation, thermosonic bonding expands process-control 

capabilities through additional thermal input, while 

auxiliary-energy-assisted methods provide opportunities for 

working with more complex material systems but 

simultaneously increase equipment complexity and the 

number of process-control parameters. Therefore, further 

research should focus on establishing relationships between 

controllable technological parameters and the quality 
indicators of the resulting bonds, which will make it 

possible to determine rational wedge bonding conditions 

and provide a basis for mathematical modeling and digital 

representation of the technological process. 

IV. CONCLUSION 

As a result of the conducted study, a comparative analysis 

of wedge bonding methods was performed, and it was 

established that the quality of contact interconnections in 

microelectronics is determined by the complex interaction 

of the energy input method, ultrasonic energy, temperature, 

bonding force, process duration, wire material properties, 

contact surface condition, and joint geometry. It was 

established that ultrasonic wedge bonding provides 
effective low-temperature contact formation, thermosonic 

bonding broadens the process window through additional 

thermal input, while the use of auxiliary energy sources 

enhances the capability to work with complex material 

combinations but simultaneously increases the complexity 

of technological process control. The obtained results 

substantiate the need for further determination of 

quantitative relationships between controllable wedge 

bonding parameters and contact quality indicators as a basis 

for optimizing technological conditions, mathematical 

modeling, and developing a digital representation of the 
process. 

REFERENCES 

[1] Luo, Z., Wang, X., Li, Y., Zhou, P., Chen, L., Bai, C., ... 

& Ji, H. (2026). Optimization and reliability of 

ultrasonic wedge bonding performance of copper wires 

on gold pads for MEMS devices. Microelectronics 

Reliability, 176, 115971. 
https://doi.org/10.1016/j.microrel.2025.115971 

[2] Nevliudov, I., Vladyslav, Y., & Horovyi, K. (2026). 

MODEL OF THE TECHNOLOGICAL PROCESS OF 

WEDGE BONDING BASED ON FEK DELVOTEC 

6400 IN THE PRODUCTION OF HYBRID 

ELECTRONIC MODULES. Collection of Scientific 

Papers «SCIENTIA», (June 12, 2026; Chicago, USA), 

170–173. 

[3] Nevliudov, I., Yevsieiev, V., Maksymova, S., 

Gopejenko, V., & Kosenko, V. DEVELOPMENT OF 

MATHEMATICAL SUPPORT FOR ADAPTIVE 

CONTROL FOR THE INTELLIGENT GRIPPER OF 

THE COLLABORATIVE ROBOT MANIPULATOR. 
Advanced Information Systems. 2025 9(3), P. 57–65. 

DOI: https://doi.org/10.20998/2522-9052.2025 

[4] Amer Abu-Jassar, Hassan Al-Sukhni, Yasser Al-Sharo, 

Svitlana Maksymova, Vladyslav Yevsieiev, Vyacheslav 

Lyashenko, Building a Route for a Mobile Robot Based 

on the BRRT and A*(H-BRRT) Algorithms for the 

Effective Development of Technological Innovations. 

International Journal of Engineering Trends and 

Technology. 2024. Vol. 72, no. 11, P. 294-306, DOI: 

https://doi.org/10.14445/22315381/IJETT-

V72I11P129. 

[5] Park, B. G., Lee, J. H., & Park, A. Y. (2026). Machine 
learning-driven process optimization for ultra-low loop 

wedge bonding in monolithic microwave integrated 

circuit packaging. Journal of Intelligent Manufacturing, 

1-19. https://doi.org/10.1007/s10845-026-02928-x 

[6] Nevliudov, I., Yevsieiev, V., & Horovyi, K. (2026). 

ANALYSIS OF THE TECHNOLOGICAL PROCESS 

OF WEDGE BONDING USING FEK DELVOTEC 

6400 IN MICROELECTRONICS. Collection of 

Scientific Papers «SCIENTIA», (June 5, 2026; Dresden, 

Germany), 117–119. 

[7] Su, Q., Wang, Z., Zhang, B., Wen, X., & Li, J. (2026). 
A Chip-on-Board Packaging Scheme for Amorphous 

Wire GMI Magnetic Sensors. IEEE Transactions on 

Components, Packaging and Manufacturing 

Technology. 

https://doi.org/10.1109/TCPMT.2026.3686378 

[8] YEVSIEIEV, V., & GURIN, D. (2026). Development 

of a model for constructing the optimal trajectory of the 

gripping device of a collaborative robot-manipulator 

taking into account the influence of the cargo mass and 

energy consumption. Open Information and Computer 

Integrated Technologies, 0(107), 224-240. 
https://doi.org/10.32620/oikit.2026.107.15 

[9] Industry 5.0 та колаборативна робототехніка: 

динамічний опис навколишнього середовища 

роботів-маніпуляторів з використанням мови 

Python: монографія / І. Ш. Невлюдов, В. В. Євсєєв, 

C. C. Максимова. – Харків : Видавництво Іванченка 

І. С., 2026. – 279 с. https://doi.org/10.30837/978-617-

8332-95-2 

[11] Attar, H., Abu-Jassar, A., Hafez, M., Al-Sharo, Y. M., 

Yevsieiev, V., & Lyashenko, V. (2025, December). 

Model of Spatial Localization and Identification Objects 

in the Working Area Collaborative Robot. In 2025 Asian 
Conference on Communication and Networks 

(ASIANComNet) (pp. 1-6). IEEE. 

https://doi.org/10.1109/ASIANComNet68615.2025.11

579708 

  

https://doi.org/10.1016/j.microrel.2025.115971
https://doi.org/10.20998/2522-9052.2025
https://doi.org/10.14445/22315381/IJETT-V72I11P129
https://doi.org/10.14445/22315381/IJETT-V72I11P129
https://doi.org/10.1007/s10845-026-02928-x
https://doi.org/10.1109/TCPMT.2026.3686378
https://doi.org/10.32620/oikit.2026.107.15
https://doi.org/10.30837/978-617-8332-95-2
https://doi.org/10.30837/978-617-8332-95-2
https://doi.org/10.1109/ASIANComNet68615.2025.11579708
https://doi.org/10.1109/ASIANComNet68615.2025.11579708

