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Abstract  — The paper examines the features of the wedge 
welding process in microelectronics on the FEK Delvotec 6400 
installation  and  analyzes  the  main  stages  of  forming  wire 
interconnections  between  contact  pads  of  electronic 
components. The principles of automatic positioning, forming 
welded contacts and quality control of connections are studied, 
and the main technological parameters that affect the reliability 
and durability of microelectronic products are determined. The 
results  obtained  confirm  the  effectiveness  of  using  the  FEK 
Delvotec 6400 for high-precision automated wedge welding in 
modern microelectronic production.
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I. INTRODUCTION

Modern microelectronics is characterized by a constant 
decrease in the size of components and an increase in the 
density  of  electronic  assemblies,  which  places  increased 
demands  on  interconnection  formation  technologies.  [1,2] 
One  of  the  most  common  methods  of  creating  electrical 
contacts between the crystal of a semiconductor device and the 
leads of the case is wedge bonding. [3,4] This technology is 
widely used in the manufacture of integrated circuits, power 
electronics, sensor modules, hybrid microcircuits and special-
purpose electronic devices. [5,6]

The relevance of the study is due to the need to improve 
the  quality  and reliability  of  wire  connections,  since  even 
minor deviations in welding parameters can lead to defects, 
deterioration of electrical characteristics and a decrease in the 
product's  service  life.  Modern  automatic  microwelding 
installations, in particular the FEK Delvotec 6400, provide 
high  positioning  accuracy  and  control  of  technological 
parameters,  which  allows  for  a  stable  process  of  forming 
interconnections  in  the  production  of  microelectronic 
components. [7,8]

Let's analyze the latest publications within the framework 
of research on the wedge welding process in microelectronics 
on the FEK Delvotec 6400.

In the work of Groth A. and Hempel M., the influence of 
related  technological  operations  on  the  quality  of  wire 
connections is investigated and an approach to the analysis of 
the degradation of wire bond contacts after ultrasonic welding 

of other elements of an electronic product is proposed. The 
authors established the relationship between the parameters of 
ultrasonic  exposure  and  the  decrease  in  the  mechanical 
strength of already formed interconnections, which allows for 
timely detection of hidden defects and increased reliability of 
electronic  modules  [9].  But  from  the  point  of  view  of 
researching  the  features  of  the  wedge  welding  process  in 
microelectronics on the FEK Delvotec 6400, this approach 
cannot be directly used as the main research method, since it 
is  focused  mainly  on  analyzing  the  consequences  of  the 
influence  of  adjacent  technological  operations  after  the 
completion of the welding process and does not consider the 
features of automatic positioning, wire loop formation, wedge 
welding  parameter  control  and  the  functioning  of  the 
CCD+PRU system, which are key components of the FEK 
Delvotec 6400 technological process. In the article, Song Y., 
Wang Z., Yi J., Tang S. and Luo J. investigated the current 
state  of  development  of  interconnection  technologies  for 
power semiconductor devices and developed a comprehensive 
review of promising solutions, including wire bonding, ribbon 
bonding,  sintering  technologies  and  new  approaches  to 
creating  highly  reliable  electrical  contacts.  The  approach 
proposed  by  the  authors  makes  it  possible  to  assess  the 
prospects for the development of interconnection technologies 
for power electronics, increase thermal efficiency and ensure 
higher reliability of new generation electronic modules [10]. 
However, this approach cannot be used directly, as the work 
is mainly of an overview nature and considers a wide range of 
interconnection technologies without a detailed analysis of the 
welding  head  kinematics,  automatic  alignment  algorithms, 
contact  formation  sequence,  and  control  parameters  of  a 
specific FEK Delvotec 6400 installation.

In the study Meshki Zadeh P., Brand S. and Dehghan-Niri 
E. modern methods for assessing the structural integrity of 
microelectronic  housings  using  Scanning  Acoustic 
Microscopy  (SAM)  technology  were  investigated  and  a 
systematic  approach  to  detecting  internal  defects, 
delaminations, cracks and hidden damage in microelectronic 
components was proposed. This method makes it possible to 
perform non-destructive quality control of finished products 
and  increase  the  reliability  of  assessing  the  reliability  of 
electronic modules at different stages of the life cycle [11]. 
However, within the framework of these studies, the proposed 
approach cannot be used as the main tool for analyzing the 
technological process, since it is focused on post-operational 
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control of the structural integrity of products and does not take 
into account  the parameters  of  the direct  formation of  the 
welded joint, ultrasonic exposure modes, wedge tool motion 
trajectories and welding process control algorithms.

Thus, the analysis of the presented publications showed 
that modern research is focused mainly on issues of reliability 
of interconnections, development of promising technologies 
of electronic assembly and methods of non-destructive quality 
control of finished products. At the same time, insufficient 
attention is  paid  to  the  comprehensive  study of  the  direct 
technological  process  of  wedge  welding  on  automated 
installations of the FEK Delvotec 6400 type, including issues 
of automatic positioning, control of welding parameters and 
digital support of the production process, which confirms the 
relevance and practical significance of further research in this 
direction.

II. ANALYSIS OF THE WEDGE WELDING PROCESS 
IN MICROELECTRONICS ON FEK DELVOTEC 6400

Wedge  welding  is  a  type  of  thermocompression  or 
ultrasonic welding in which a metal wire (gold, aluminum, or 
copper) is pressed against the contact pad using a special tool 
– a wedge. [12] The formation of the welded contact occurs 
under  the  influence  of  mechanical  pressure,  ultrasonic 
vibrations and, if necessary, local heating. The general scheme 
of the wedge welding process is shown in Fig. 1.

Fig.1 - Forming the first welded contact

The first stage involves welding the wire to the crystal 
contact pad. After forming the first contact, the system moves 
the tool to the second connection point, forming a wire loop of 
the required geometry. [13] Next, a second contact is formed 
on  the  housing  lead  or  another  contact  pad.  The 
interconnection formation scheme is shown in Fig. 2.

Fig.2 - Forming a wired interconnection

The FEK Delvotec 6400 installation is equipped with a 
high-precision  X-Y-Z-P  coordinate  positioning  system,  a 
digital process control system and a machine vision module 
based on a CCD camera. Before welding, the system performs 
automatic  recognition  of  the  product  reference  marks  and 
correction of the work program coordinates, which ensures 
high accuracy of tool guidance to the contact pads. [14]

The general structure of the welding process on the FEK 
Delvotec 6400 is presented in Fig. 3.

Fig.3 - General structure of the welding process on the 
FEK Delvotec 6400

Let us describe the purpose of each step of the welding 
process on the FEK Delvotec 6400: [15,16]

Step 1. Loading the welding program - at this stage, a 
technological program is loaded into the FEK Delvotec 6400 
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control system, which contains the coordinates of the welding 
points,  wire  parameters  and  modes  of  wedge  welding 
operations.

Step 2. Automatic alignment (CCD + PRU) - the vision 
system uses a CCD camera to search for reference marks on 
the product, determine their actual position and automatically 
correct the coordinates of the work program to ensure high 
positioning accuracy.

Step  3.  Wedge  positioning  -  the  welding  head 
automatically moves to the specified coordinate of the first 
contact area and sets the wedge tool in the required working 
position relative to the surface of the product.

Step 4. Formation of the first contact - the wedge tool 
presses the wire to the contact pad and, under the action of 
mechanical  force,  ultrasonic  vibrations  and  technological 
heating, forms the first reliable metal connection.

Step 5. Formation of the wire loop - after creating the first 
contact, the welding head moves to the second welding point, 
simultaneously forming a wire loop of the specified geometry 
and  height  in  accordance  with  the  requirements  of  the 
technological process.

Step 6. Formation of the second contact - the wedge tool 
welds  the  wire  to  the  second contact  pad,  completing  the 
creation of an electrical interconnection between two points of 
the product.

Step  7.  Connection  quality  control  -  after  welding  is 
completed,  the  system  checks  the  quality  of  the  formed 
connection  by  visual  inspection  and  analysis  of  the 
compliance of geometric and technological parameters with 
the established requirements.

The main technological parameters of the process are the 
tool pressing force, power and duration of ultrasonic exposure, 
loop height, head movement speed, geometric parameters of 
the wire and material of the contact surfaces. The optimal 
selection of these parameters directly affects the strength of 
the connection, the electrical resistance of the contact and the 
durability of the product. To ensure process stability, the FEK 
Delvotec 6400 allows you to programmatically set and control 
all of these parameters for each individual connection. [17-19]

CONCLUSION

As a result of the conducted research, the features of the 
wedge  welding  process  in  microelectronics  on  the  FEK 
Delvotec  6400  installation  were  analyzed  and  the  main 
technological stages of forming wire interconnections, which 
ensure high quality electrical contacts,  were determined. It 
was  established  that  the  use  of  the  X-Y-Z-P  automatic 
positioning  system  and  machine  vision  based  on  a  CCD 
camera allows to increase the accuracy of tool guidance and 
reduce the likelihood of defects during welding. It was shown 
that the optimal choice of parameters of ultrasonic influence, 
pressing force and geometry of the wire loop directly affects 
the  mechanical  strength  and  durability  of  the  formed 
connections. The results obtained confirm the effectiveness of 
using the FEK Delvotec 6400 for automated production of 
modern microelectronic components and create the basis for 
further development of a digital twin of the wedge welding 
process.
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