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Abstract — With the increase of wafer-size and the decrease of feature-width, the requirement of the wafer-transfer environment is 
increasing more rapidly. Therefore, it is very important to study the high efficiency, reliability and no damage to the wafer in a 
vacuum environment. A method of high acceleration wafer-transfer based on position and orientation adjustment in vacuum 
environment is proposed. Firstly, the accelerations on the horizontal position and posture adjustment of wafer-transfer are 
analyzed, and the relationship between the maximum acceleration of wafer transfer and pose angle are obtained. Then a wafer 
transmission experiment simulation platform is established, the proposed method is then simulated and analyzed by the use of 
Adams software. The simulation results show that the proposed method is effectiveness with high feasibility. 

Keywords - Wafer-transfer; Position adjustment; High-acceleration; Kinematics simulation 

 
 

I. INTRODUCTION 

A large area of the wafer fabrication process, the 
semiconductor equipments should possess the characteristics 
of high-vacuum, high-purity, high-dust and so on. The 
wafer-transfer robot with the efficient, reliable, no 
transmission in the vacuum environment has become a hot 
issue of current research [1-3]. At present, wafer-transfer 
robot is mainly divided into cleaning transport robot and 
vacuum transport robot [4-5]. One of the main differences 
between vacuum transport robot and cleaning transport robot 
is the clamping mode of the wafer. Vacuum transport robot 
cannot use the means of vacuum adsorption and electrostatic 
adsorption, and rely mainly on the friction between the wafer 
and the end effector. So it is difficult to ensure the stability of 
the transmission. It is hope that the transmission speed of the 
wafer can be improved further, which will be more difficult.  

    The research of the wafer transfer robot by the 
domestic scholars began in recent decades. At present, the 
wafer transfer robot is mainly studied by Harbin Institute of 
Technology, Dalian University of Technology and Shenyang 
Institute of automation, Chinese Academy of Sciences and so 
on [6-8]. Due to the limitation of the current wafer 
manipulator structure form, wafer transfer by SCARA type 
mechanical hand and R-θ mechanical hands can realize 
horizontal transmission, the current two kinds of wafer 
transfer manipulator structure is not able to meet [9]. 

The structure of the current wafer manipulator 
determined by the adhesion between the end effector and the 
wafer can only be realized by the friction between the wafer 
itself in the vacuum environment, which will limit the 
acceleration of the wafer transfer. The solution to this 
problem is the main transmission increase friction between 
the wafer and the end effector through the research on the 
contact characteristics between the wafer and the 
manipulator end effector, or by designing a sensor to detect 

the stick-slip state of the contact surface for wafer transfer 
[10-11].  

In order to further improve the efficiency of wafer 
transfer, high acceleration wafer transmission method based 
on the pose adjustment is proposed in this article, the 
acceleration of the wafer transfer is analyzed in horizontal 
position and posture adjustment, wafer transmission 
experiment simulation platform is established and the 
kinematics simulation analysis of the proposed method is 
carried out. The effectiveness and feasibility of the proposed 
method are proved by simulation results.  

II. WAFER TRANSFER ACCELERATION ANALYSIS 

Wafer transfer mainly rely on the friction by its own 
gravity generated to achieve in vacuum environment, the 
acceleration of the manipulator is restricted by the friction of 
between the wafer and the manipulator end effector, which 
will affect the efficiency of wafer transfer. A new method for 
the acceleration of wafer transfer under the position and 
attitude adjustment is proposed based on the analysis of the 
acceleration characteristics of wafer transfer in the horizontal 
position in this paper. The following will be discussed in 
details. 

A. Acceleration Analysis of Wafer Transfer Under 
Horizontal Position 

During the wafer transfer process of the traditional 
friction contact type, the acceleration of the wafer transfer is 
provided by the contact friction between the wafer and the 
end of the manipulator. The force model of wafer transfer 
under horizontal posture is shown in figure 1.  

By the mechanical analysis of the transmission wafer by 
friction, f is the maximum static friction force of the wafer 
when the end effector is in the horizontal state. The 
calculation formula of f is expressed as follows. 
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Fig.1 Force model of wafer in horizontal position 

                                 f=μsmg                                 （1） 
By Newton's second law of motion, F is given as follows. 

                                 F=ma                                  （2） 
Therefore, the maximum transfer acceleration a is 

expressed. 
                                     a=μsg                                     （3） 

If the acceleration of the entire transmission manipulator 
exceeds the maximum value, the wafer will slip. The 
stability of the transmission will be affected.  

B. Analysis of the Acceleration of Wafer Transfer Under 
the Position and Attitude Adjustment 

The force model of the wafer is shown in Figure 2, in the 
case of the end effector position adjustment.  
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Fig. 2 Force model of wafer under position and orientation 

According to the mechanical analysis, the following 
relations are obtained when the wafer is transmitted in a 
vacuum environment. 

nf u F
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cos sinnF mg f        （5） 

                              sin cosnma F f                 （6） 

By means of formula (4)-(6),  the maximum acceleration 
of the wafer transfer that can be provided with an 
acceleration adjustment is :   
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   To take a typical wafer transfer contact surface 
material, its specific structure parameters are: μ=0.28，
g=9.8m/s2.By use of the means of position and attitude 
adjustment, the relationship between the maximum 
acceleration of the wafer transfer and the attitude angle of the 
wafer is shown in Figure 3. 

 
Fig. 3 Simulation diagram of wafer transfer acceleration 

    According to the above analysis, the movement of 
wafer transfer process is adjusted by using the position 
and attitude adjustment. The obtained acceleration is much 
larger than the maximum acceleration obtained from the 
horizontal position. Therefore, this method can effectively 
improve the acceleration of wafer transfer, and further 
improve the wafer transfer efficiency of the whole system.  

III. MODELING OF WAFER TRANSFER EXPERIMENTAL 

PLATFORM 

The transmission process of the wafer transfer robot is as 
follows: firstly, the unprocessed wafer is removed from the 
wafer cassette, then positioned by means of pre alignment 
and calibration device, and machined after the processing 
equipment. The processed wafers are placed in a wafer box. 
This paper is mainly to verify the feasibility of the proposed 
method of high acceleration wafer transfer based on the 
position and attitude adjustment and to design the end 
effector with position and orientation adjustment. The linear 
motor is used to provide high acceleration for the end 
effector, and the end effector wafer transfer experiment 
platform using NX8.5 UG software is designed. The overall 
experimental platform model is shown in Figure 4.  
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Fig.4 Model diagram of high-acceleration wafer transmission experiment 
platform 

In this paper, the design of high-acceleration wafer 
transfer platform mainly consists of a linear motor, a mobile 
platform, a rotary joint connecting component and a series of 
components. The linear motor can achieve the range of 
acceleration of 0-2g, which can provide the necessary 
acceleration of the experiment. The position and posture 
angle adjustment of the end effector is realized through the 
connection of the rotary motor and the rotating joint parts. 
This structure can meet the requirements of high acceleration 
wafer transfer, that is, may achieve the adjustment between 
the high acceleration linear motion and the attitude of the end 
effector.  

IV. KINEMATICS SIMULATION ANALYSIS 

In order to verify the feasibility of the high-acceleration 
wafer transfer method based on position and attitude 
adjustment, the established 3D wafer transmission 
experiment platform using ADAMS software is analyzed by 
the simulation[12]. Firstly, Descartes's generalized 
coordinates are defined in the three-dimensional model, and 
a complete constraint or incomplete constraint system is 
solved according to the Lagrange equation with multipliers. 
Finally, the kinematics equations of the system are 
calculated.  

A. ADAMS Kinematics simulation analysis 

 

 
Fig.5 The moving assistant between the end effector and the wafer 

Three dimensional models were established by using UG 
software, and then the established model is introduced into 
the ADAMS environment through some necessary 

simplification. According to the following steps, the dynamic 
simulation of manipulator is completed in ADAMS: set the 
gravity, define the part material properties, add the 
constraints, as shown in figure 5. Then add the friction and 
the drive. The simulation calculation is performed.  

After the model of the high acceleration wafer transfer 
platform is introduced, the constraint between each 
component is established in ADAMS. A moving assistant 
between the bracket and the guide rail, the moving assistant 
between the wafer and the end effector and the fixed 
assistant between the guide rail and the earth are separately 
established. The whole assembly model is defined as a 
system with relative motion relation. The special processing 
module ADAMS/Postprocess provided by ADAMS/View is 
used to simulate the model. After the simulation, the data of 
the force, speed, acceleration and displacement can be 
output, and the displacement, velocity and acceleration curve 
of the parts can be also output. After the kinematics 
simulation of the high acceleration wafer transfer platform is 
performed, the displacement, velocity, acceleration and other 
characteristic curve of the wafer, the end effector, and other 
components can be obtained to call the simulation post-
processing module of ADAMS/Postprocess.  

B. Wafer transfer kinematic simulation of the end effector 
on the horizontal position  

 
Fig.6 The acceleration curve of the end effector and the wafer by the 

ADAMS software 

In the process of wafer transfer in the horizontal position, 
the horizontal direction of the wafer is only affected by the 
friction force, that is, the interaction between the wafer and 
the end effector provides the power for the wafer motion. 
When the end effector lies in the horizontal position, the 
wafer transfer kinematics simulation of high-acceleration 
wafer transfer motion platform is shown in figure 6. The 
solid line represents the end effector acceleration curve and 
the dotted line represents the acceleration curve of wafer. In 
the initial movement stage, the acceleration of the end 
effector and the wafer is gradually increased, and at the 
moment the frictional force acting on the wafer can provide 
the corresponding acceleration. With the further growth 
acceleration, the wafer is gradually increased by the 
combined force. When the acceleration reaches 4.5m/s2, the 
friction between the wafer and the end is not sufficient to 
provide the further acceleration, so that the wafer will lead to 
gradually slip. According to the theoretical calculations, the 
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maximum acceleration of the wafer transport in the 
horizontal posture is 4.38m/s2, but the friction affected by 
many factors that lead to be more complex. Therefore, the 
simulation results is slightly larger than the theoretical value 
at here. As can be seen from the simulation curve , the end of 
acceleration gradually increases to 5m / s2, while the wafer 
after a = 4.5m / s2 can not keep pace with the movement of 
the end effector. 

The displacement curve simulation of the transmission of 
the wafer and the end effector in a horizontal position is as 
shown in figure 7. In the initial stage of motion, the 
displacement curves of the wafer and the end effector are 
overlapped. It indicates that there is no relative slippage 
between the wafer and the end effector, which can ensure the 
reliable transmission of the wafer. When moving to the A 
point in the diagram, the displacement curves of the wafer 
and the end effector happen to deviate. After the A point 
position, two curves are no longer overlapping. It indicates 
that the wafer is sliding relative to the end effector. The 
wafer and the end effector are not able to maintain the 
synchronous transport movement. 

 

 
Fig.7 Displacement curve of the wafer and the end effector by ADAMS 

software 

C.  High acceleration wafer transmission kinematics 
simulation in the posture adjustment 

 

 
Fig.8 The acceleration curve of high acceleration wafer transfer on the 

position adjustment 

The acceleration drive function is reset, kinematics 
simulation is carried out under the condition that the 
maximum acceleration of the wafer transfer platform is up to 
10m/s2. The motion statement of the wafer and the end 

effector is analyzed. Figure 8 is the acceleration curve of 
high acceleration wafer transfer on the position adjustment. 
By adjusting the angle of the end position, the acceleration of 
the wafer transfer can be effectively improved, and the 
acceleration of the synchronous movement of the wafer and 
the end effector can reach 10m/s2. 

Figure 9 is the displacement curve of high acceleration of 
wafer transmission on the position adjustment. The 
displacement curve of the wafer and the end effector is 
overlapped, which indicates that the adjustment of the 
position angle can effectively improve the reliability of the 
wafer transfer and prevent the wafer from slipping.  

 

 
Fig.9 The displacement curve of high acceleration of wafer transmission on 

the position adjustment 

By comparing the above kinematic simulation analysis, 
the maximum acceleration of traditional horizontal pose 
transmission mode of wafer transmission is significantly 
restricted, the acceleration increasing will cause the wafer to 
slip. In the case of the end effector position adjustment, the 
maximum acceleration of the wafer transfer is about 10m/s2, 
and it can prevent the wafer from sliding and ensure the 
reliable transmission of the wafer. Therefore, the adjustment 
of the end effector pose angle can effectively improve the 
wafer transmission acceleration, which will achieve the high-
acceleration motion of the wafer transmission. Therefore, to 
adjust the end effector pose angle can effectively improve 
the wafer transmission acceleration, which will achieve the 
high-acceleration motion of the wafer transmission. 

V. CONCLUSION 

Wafer transfer manipulator is an important part of the 
integrated circuit manufacturing equipment industry. How to 
improve the efficiency of the wafer transfer system and 
ensure the smooth transmission and accurate positioning of 
the wafer is the focus of the current research. For the purpose 
of the high-acceleration wafer transfer manipulator research, 
the acceleration characteristics of the wafer transfer system 
are analyzed in detail considering the particularity of the 
working environment of the wafer transfer system. The 
experiment platform of high-acceleration wafer transfer is 
designed and the kinematics simulation analysis is carried 
out by using ADAMS software. Analysis results show that 
the timely adjustment of the end effector pose can achieve 
higher transmission acceleration in the wafer transfer 
process, and effectively improve the transmission efficiency 
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of the whole system, improve the reliability and the stability 
of the wafer transfer.  
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