Send Orders for Reprints to reprints@benthamscience.ae

1434 The Open Automation and Control Systems Journal, 2015, 7, 1434-1439

Adhesion Characteristics Analysis of Wafer Transfer Plane Based on the

Acceleration Adjustment

Lei Shen', Fang Song', Yigang Hu' and Tao Chen’

"Laboratory of Intelligent Control and Robotics, Shanghai University of Engineering Science, Shanghai, P.R. China;
“Research Center of Robot and Micro system, Soochow University, SuZhou, Jiangsu, P.R. China

Abstract: As a key element of the semiconductor industry, efficient and stable transmission of the wafer has a very high
demand for the wafer transfer manipulator. At present, the wafer transfer robots (SCARA-type, R-0 type) are widely used
in IC manufacturing equipment. These transfer robots can only achieve the wafer movement along the plane and will not
be able to change the attitude of the wafer movement during the wafer transmission. Due to the structure of the re-
strictions, the acceleration of the wafer transmission can only be achieved by the frictional force of the wafer itself in a
vacuum environment. This transmission mechanism determines that it is difficult to further increase the acceleration of the
wafer transmission and therefore it also affects the wafer transmission efficiency. Thus, from the microstructure adhesion
mechanism, the attitude of the wafer transfer manipulator is proposed in this paper. The corresponding model is estab-
lished and the acceleration characteristic is analyzed. It is of great theoretical significance to improve the efficiency of wa-

fer transmission by this means.
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1. INTRODUCTION

Integrated circuit (IC) equipment manufacturing equip-
ment is a typical representative of the high technological
equipment industry. Wafer transfer robot is one of the key
equipments in the IC manufacturing equipment that is re-
sponsible for accurate positioning, and fast and steady
transmission of wafer. The performance of the equipment
directly affects the productivity and manufacturing quality of
wafer production.

At present, there are two basic types of wafer transfer ro-
bots currently widely used in IC manufacturing equipment:
flat joints type (SCARA type) and polar coordinates (R-0
type) (Fig. 1). However, these two systems can only achieve
the wafer movement along the plane and will not be able to
change the attitude of the wafer movement during the wafer
transmission. Thus it is determined that adhesion between
the end effector and the wafer can only rely on its own gravi-
ty to generate frictional force to achieve in vacuum environ-
ment. This transmission mechanism will limit the wafer
transfer acceleration to improve further. Therefore, it has
great significance to improve the transfer efficiency by way
of adjusting the acceleration and the attitude of the manipu-
lator to improve the transmission acceleration.

From the friction model, adhesion model and mechanism
of the microstructure array, the adhesion characteristics and
friction characteristics of the microarray based on the posi-
tion adjustment of the manipulator are analyzed and the cor-
responding model is established.
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Finally, the angle between the unit microstructure and the
substrate and the maximum acceleration that can be allowed
for the wafer transmission plane are determined based on the
attitude adjustment. It is of great theoretical significance to
improve the efficiency of wafer transmission by means of
the acceleration adjustment and the attitude adjustment.

2. ADHESION CHARACTERISTICS ANALYSIS OF
WAFER TRANSFER PLANE

The efficient and stable transmission of wafer puts for-
ward higher requirements for the adhesion properties of the
microstructure array: the high adhesion during the transfer
process and the low adhesion during the desorption process.
Therefore, based on the microstructure, the microarray is
analyzed. The adhesion properties of the microarray with
different tilt angles are analyzed.

When the microstructure is perpendicular to the
substrate, the contact model of microstructure is shown in

Fig. (2).

According to the theory of contact mechanics, the micro-
adhesion force generates when the unit microstructure is in
contact with the rigid plane is:

Fp=,[6mr’Kw, (1

s S
r---the radius of the microstructure, mm;
K---the equivalent elastic modulus, MPa ;
wy---surface energy of the contact surface, mJ/m’ ;

v, ---Poisson’s ratio of the contact surface ;
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Fig. (1).Typical robots for wafer transmission.
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Fig. (2). Analysis diagram of adhesion when the microstructure is perpendicular to the substrate.

vy--- Poisson’s ratio of the microstructure ;
E ---elastic modulus of contact surface material, GPa ;
Ey---elastic modulus of the microstructure, GPa .

When microstructure produces adhesion force F;, adhe-
sive strength per unit area is generated by:

F,
o, =—= 3)
wr

At this point, in order to simplify the analysis of adhesion,
the unit microstructure is assumed to be flexible cylindrical
beam model fixed in the substrate (shown in Fig. 2). In the
adhesion process, one end of the microstructure in contact
with the wafer does not reverse, but only move in the vertical
direction. So the rotating torque of the microstructure end is:

_RL

) )
2

M

F\--- the radial component of the cylinder, F,=F,sin6, N ;
L --- the length of the cylinder, mm;
0 --- the rotation angle of the end effector, °.

According to the mechanics analysis of material, the ex-
istence of M, makes the cylinder half of the pull, half of the
compression. The tensile stress o | caused by M, is:

F sinfL 4 3
M, =”T=j(_Y)01dA=61§r (%)
4
That is,
3F Lsin@
e ©
8r

In addition, the presence of the axial component F, caus-
es tensile stress in the cylinder, and the tensile stress o, pro-
duced by F.is:
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Fig. (4). The adhesion force with different 6 when the microstructure is perpendicular to the substrate.

F, cosf
R i— @)

To sum up the above two effects, the average tensile
stress generated in cross-section is:

3F Lsinfcos’@ F, cosf
0. = 3 + 2
8r w
For the microstructures under the position adjustment of
the end effector, the maximum adhesion force is the force
when the tensile stresso. reaches the adhesive strength.
Therefore, when the microstructure is perpendicular to the
substrate, the adhesive force of the microstructure in contact
with the plane under different pose is:

812 [6mKw

“@ = o 6(37d.sin @cos 6 +8r)

Similarly, when the microstructure and the substrate have
a certain inclination angle, the force model of the microstruc-
ture is shown in Fig. (3).

@®)

Then, adhesion between the microstructure and the plane
under different pose is:

2
o 8r ,[67rerf

ad

When the microstructure is perpendicular to the substrate,
take a kind of typical microstructure material, its structural
parameters is: K=5.0MPa, wf=45.72mJ/m2, L=15um ,
r=2.5um, and substitute these parameters into the formula for
calculating the adhesion. The relationship between the adhe-
sion force with the change of pose angle can be obtained, as
is shown in Fig. (4).

When the wafer is transmitted by means of acceleration
regulation, the transmission process is achieved by constant-
ly adjusting the pitch angle of the end effector to adjust the
acceleration. In this process, it has a large adhesion force to
be advantaged to the steady transmission of the wafer. At
the beginning and end of the transfer of the desorption pro-
cess, the end of the actuator is in a horizontal pose state, then
it is easy to desorp with a small adhesion.

3. ACCELERATION PERFORMANCE ANALYSIS
BASED ON POSE ADJUSTMENT

When the microstructure is perpendicular to the substrate,
the mechanics model of the maximum acceleration that the
end effector can provide at different pitch angles is shown in
Fig. (5).

When the wafer is transported in vacuum environment,
the friction between the microstructure array and the wafer is:

cos(izr+9—ﬂ)[3n’Lsin(72r+0—ﬂ)cos(72r+9—ﬂ)+8r2} (10) f:z:Fnzgmgcose (11
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Fig. (6). Analysis diagram of acceleration when the microstructure and the substrate are at a certain slope angle.
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Fig. (7). Acceleration with different 6 when the microstructure is perpendicular to the substrate.

According to the contact characteristics analysis of the
microstructure array, the following formula can be obtained:

u=u+14,/F, (12)
_7r2EI _7rr4 13
Cr_(aL)z’ _T ( )

T - the shear strength between the wafer and the mi-
croarray, Pa ;

Ay---the actual contact area between the microstructure
and the wafer , m* ;

F,, --- the critical force of the microstructure instability ,
Ny

I --- the microstructure’s sectional moment of inertia , m*;

E --- the microstructure’s elastic modulus, Pa .

According to Newton’s law, the maximum acceleration
that can be allowed by the end effector to transmit the wafer
by pose adjustment is:

. 164’
a. =gcos6’sm¢9+(,u+%)gcos29 (14)
7 Er
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Fig. (9). Comparative analysis diagram of acceleration.
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Fig. (10). Analysis diagram of acceleration with different » and L.
Similarly, when the microstructure and the substrate >
show a f:ertain ti'lt apgle, the force model of acceleration a.. = gsinycosy+(u +ﬁ)g cosycos@ (15)
analysis is shown in Fig. (6). n°Er
Now, the maximum acceleration that the end effector can When the microstructure is perpendicular to the substrate,

permit is: take a kind of typical microstructure material, whose struc-



Adhesion Characteristics Analysis of Wafer Transfer Plane

tural parameters are: g=9.8m/s2, T =10MPa, L=15um,
E=3.5GPa, r=2.5um, u=0.28. The relationship between the
maximum acceleration with the change of pose angle can be
obtained, as is shown in Fig. (7).

Similarly, when the microstructure and the substrate are
at a certain tilt angle, the following conclusions can be ob-
tained: when the angle  between the microstructure and the
substrate is constant, the curve between the maximum accel-
eration a,,,, with the change of pose angle 6 is shown in Fig.

@8).

By the above analysis on the adhesion and acceleration,
it can be seen that when using the way of pose adjustment to
transfer wafer and the tilt angle of the microstructure is 80°,
the microarray has small adhesion. However, it can provide
much larger acceleration than the horizontal pose transmis-
sion, as is shown in Fig. (9).

In addition, based on the above analysis of micro interfa-
cial adhesion mechanism, it can be seen that when the end
effector is at a certain pose angle, the maximum acceleration
change with the radius r and the length L of the microstruc-
ture is shown in Fig. (10).

CONCLUSION

In this paper, by analyzing the adhesion mechanism of
the microstructure array, the adhesion force and the acceler-
ation force models under different pose angles are estab-
lished. In addition, the relationship between the acceleration
and the radius and length of the microstructure is explored.
This analysis is of great theoretical significance to improve
the efficiency of the wafer transmission by means of acceler-
ation regulation and manipulator pose adjustment.
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