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Abstract: In the IC industry, commonly used methods are wafer clamping friction transmission type and
vacuum suction. Combining science and theological contact theorythe contact friction transmission
characteristics when using the bump and transmission actuator wafer, the wafer and the end actuators. Starting
from the material properties of the wafer by ANSYS simulation analysis in contact with the wafer bump
deformation due to its own gravity, and verify that it meets the requirements of small deformation wafer transfer.
Compute and solve the friction contact with the wafer bump bristles between.
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I. Introduction

Semiconductor wafer transfer robot is a key component in the manufacture of equipment. Its main role is to
achieve rapid transfer between wafers each station with precise positioning. Where in the end effector is a wafer
transfer robot important transmission section, efficient and reliable transmission of a large degree of influence of
the wafer™.

In the wafer transport system, the wafer transfer mode is considered one of the key technical studies!?.
Currently, on the end-effector design mainly in two ways: Vacuum adsorption using vacuum adsorption wafer to
complete the transfer.Friction transmission type, use friction to complete the transfer, bump into contact and
contactless edge of end two kinds.

the Solder Bump

Fig.1 Wafer transfer robot and the solder bump end effector

High friction and small deformation are basic requirements for transferring large size of the wafer. In this
paper, bump -contact end as the research object, analyzes the characteristics of the wafer anisotropic materials,
due to the weight of the wafer deformation produced under Ansys simulation bump contact. Focus on under
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bump contact friction calculation, influence of transmission microarray bumps friction. Finally, analysis of the
impact of changes in end-effector poses transmission acceleration.

Il. Material characteristics of wafer Bump contact
The main purpose of the end effector is designed to reduce the amount of deformation of the wafer, the
wafer transfer process to prevent damage; while increasing the frictional force to prevent wafer slippage in the
transmission process. In order to determine the feasibility of a bump -contact end effector wafer transfer, we
must first determine the material properties of the wafer, in order to calculate the yield stress ; simultaneous
analysis of wafer deformation properties under its own weight , and verify that meet the requirements of small
deformation .

2.1 Analysis of the wafer material parameters determined

Components of the integrated circuit industry in general for monocrystalline silicon wafers, are anisotropic
materials, the initial thickness of the wafer according to changes in the diameter varies. Because the
semiconductor industry to use more Czochralski (CZ) silicon rods production, so this analysis is used in CZ
monocrystalline material parameters of the legal system®®*.
In terms of the bulk crystal silicon, polycrystalline silicon due to the symmetry of the body structure, the

elastic stiffness matrix formula:

Cll C12 ClS O 0 O
o ¢, C, 0 0 O
C- 0O 0 C; 0 0 O
c o o0 ¢, 0 O
o 0 0 0 C, O
sym 0 0 0 0 Cg]

In monocrystalline material parameters, CZ material stiffness matrix model is known, stiffness matrix
corresponds with monocrystalline silicon, the result is:

C, =C,, =C,, =165.64GPa;C,, =C,, =C,, = 79.51GPa;C,, =C,, =C,, = 63.94GPa

Stiffness coefficient matrix inversion, can get the material compliance coefficient matrix as follows:

Sll S12 S13 0 0 0
S, S, 0 0 ©
S - S; 0 0 O
S 0 O
S, O
| sym Ses

By linear elastic constants of anisotropic materials and engineering flexibility matrix constant relationship
formula: (I3,1,,13).Available single-crystal silicon in an arbitrary direction of Young's modulus:

%2811_2(811_812_%844)012'22+|22|??+|12|3’2) @

Wherein, (I,1,,15) is the crystal orientation of the major axis of the coordinate system direction cosines.
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Monaocrystalline in any direction Poisson ratio:
— 1 2,12 20n2 272
V= -E[S12 +(Syy = Spp — 58, ) (127 +13m? +1Zm; )] @

Wherein (I;,1,,15) and (my,m,,m3) are orthogonal to the cosine of the crystal axis of the coordinate system of the
main crystal direction. Calculated according to the formula (1), the wafer can be obtained in the X, Y, Z three

directions of the Young's modulus. According to the wafer in coordinate system: x=[l 0 0]

y= [0 1 O] Z= [O 0 1] Three different crystal orientations were into the formula ( 1) can be obtained:

E, = Ey =E, =128.87GPa
According to equation(2), the wafer can be obtained in the X, Y, Z three directions Poisson ratio:

v, =V, =v,=0.274

X

Meanwhile, wafer calculated shear modulus: G, =G, =G,, =79.51GPa

In consideration of the wafer is plastically deformed, the water will need to determine whether the
occurrence of plastic deformation. According to the guidelines calculation von.Misses wafer equivalent force of
gravity by the formula (3).

O = \/{0.5[(@ -0, )2 +(o, -0, )2 +(o, -0, )2J+3[rfy +72, +er]} @3)

In type:
o,,0,,0, ——normal stress X, Y, Z —axis direction;

7,, ——XoY plane shear stress;

t,, ——YOZ plane shear stress;

7,, ——Z0X plane shear stress;
Calculated by the formula (4) wafer yield stress:

o, =(4.27+0.2)x10° MPax exp 21001V @)

Where k is Boltzmann's constant, T is the wafer where the processing temperature. Into the corresponding data
calculated 0,=43.7GPa, you can determine the nature of the wafer deformation under its own weight.

2.2 Deformation Analysis wafer bump contact

When the contact bump transmitted wafer, wafer deformation analysis of different numbers bump contact,
Here are three points of contact, and when the four-point contact, deformation analysis of different thickness due
to the weight of the water to produce results.
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Fig.2 Stress and strain contour of wafer under bump contact

Based on the above analysis we can see the end of the actuator bump contact wafer transport to meet the
requirements of small deformation. At the same time the bump structure can reduce the weight of the end
effector. The wafer is conducive to steady and rapid delivery.

I11. Frictional contact analysis of wafer and solder bump
In the friction transmission process of the wafer, the forces of the wafer as showed in Fig.3.

Wa{s end ef@ soldgr bump
e\ ma
| 1 \\

| L
Hmeg

Fig.3 The force model of wafer transfer process

In order to achieve efficient and reliable transmission of the wafer, on the one hand to consider the design
of the end effector when the stress state of the wafer, the wafer to prevent deformation , breakage ;on the other
hand to improve the wafer transfer friction , effectively increase the transmission acceleration and improve
efficiency . Therefore, when using contactless transmission wafer bump, to in-depth study of the frictional
contact between the wafer bump characteristics analyzed under different frictional contact state changes.

In bionics, bristle array gecko feet are one of the hotspots of current research. Currently, there is
corresponding gecko setae material such as a polymer, silicone rubber used in scientific research®®!.
Experimental studies have shown that, according to the microscopic structure and function of the adhesive can
be made of artificial gecko feet bonding system!”. Contact the microarray approach bristles can effectively
improve the friction between the contact surfaces. Below to bump arrays bristles example frictional contact
wafer characterization®!,

Firstly, the mechanical model of a single bristles.

WWW.ijres.org 4 | Page



Research on Contact Characteristics between Bump End Effector and Wafer

F

Fsinf

Fig.4 Mechanical model of single bristle
When the contact surface perpendicular to the bristles, the bristles being vertically downward pressure,
while the bristles of the contact surface pressure is generated. According to the material mechanics bar stable
knowledge struts softness:

a=_ ©)

" A
In type:
a ——Bar length factor;
| ——Strut moment of inertia,;
A——Cross —sectional area;

Euler critical buckling strut formula is:

_ 7’El

Fcr_ 3
(a1)

At the end of the fixed end of the free bar, a=2. When the external force is greater than this value, the

(6)

bristles will occur big deflection. When the applied force F<F,,, will not bar instability. Bar axial deformation

occurs. According to the classical formula of friction, single bump down the friction generated for f.

f =;1F=(,u+TA% F

L——Microsorium equivalent friction coefficient between the bump and wafer ;
1 ——Coefficient of dynamic friction between the wafer and the bump material ;

nt r ——Shear strength between the bump and wafer (Pa);
n type:
A, ——Asingle cross —sectional area of the cylinder (mz);

F,. ——The critical buckling pressure single cylinder (N);

F ——The contact pressures between the wafer and the bump (N);

According to the above analysis, the known diameter of 300mm, thickness of 775 zm, wafer gravity 1.28N.
When using four contact bumps, the wafer gravity on the distribution of the pressure on each bump F=0.32N,
the number of bristles per bump required for n, calculated n = 43243. Due to its flexible bristles will deform and
thus an appropriate increase in the number of bristles. Take n = 43500. According to JKR theory, the actual
contact area Ay can be approximately equal to zr?.Wherein, 7 is the shear strength between the two contact
surfaces,  =<10MPa, into equation (7) is calculated to produce the frictional force f = 2N.
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IV. Conclusions

The end-effector is an important part of the wafer transfer robot, frictional contact between the wafer
characteristics it is the focus of this study. Analysis of characteristics of the wafer anisotropic materials, and
based on the relationship of anisotropic material stiffness matrix material constants of constants and engineering
analyzes to determine the model parameters wafer materials for wafer frictional contact analysis of the
foundation. Wafer bumping against contact transmission mode. The paper analyzed and calculated bristling
array of bumps and friction characteristics between wafers.By elastic contact model theory, derived formulas
friction. Simulation and calculation results show that bump -type contact way to meet the requirements of small
deformation wafer transfer, while using bristles array consisting of friction bump -and transmission actuator can
effectively increase the friction between two contacting surfaces. The application in this way, the transmission
can be increased acceleration, improve the efficiency of the water transfer.

V. Acknowledgements
It is a project supported by External-Planned Task (NO. SKLRS-2014-MS-10) of State Key
Laboratory of Robotics and System (HIT) & Jiangsu Provincial Key Laboratory of Advanced Robotics
Fund Projects (JAR201401).As Jiang Cheng’ advisor, Fang Song is as the first author in this paper too.

Reference

[1] Cao Yumei, Contact Properties Analysis and Design of End Effector for Large-Size Wafer Transfer Robot[D],Harbin Institute of
Technology, pp.10-18,2010.

[2] Xavier F.Brun,Shreyes N.Melkotr, Analysis of Stresses and Breakage of Crystalline Slicon Wafers during Handling and
Transport[J], Solar energy Materials&Solar Cell,pp.238-247,2009.

[3] Qian J,Cao H, Effects of Suet Adhension in Biological Attachment system,Acta Biomater,pp. 51-58,2006.

[4] Cong Ming,Du Yu,and Shen Baohong, Wafers for IC manufacturing robotic delivery system overview, Robot, pp. 261-266, 2006.

[5] Martin H, Timothy B, Brooks Automation expends control capability of precision industrial robots[J], Industrial Robot
International Journal for Numerical Methods in Engineering, pp. 334-338,2002.

[6] Yanjie LIU, Yumei CAO, Lining SUN, Vibration Suppression for Wafer Transfer Robot During Trajectory Tracking,
International Conference on Mechatronics and Automation, pp. 78-80, 2010.

[7] Thomsen J,Fidlin A, Analytical Approximations for Stick-Slip Vibration Amplitudes[J] , International Journal of Non-Linear
Mechanics, pp. 389-403,2003.

[8] Cong M, Zhou Y M, Jiang Y, An automated wafer handling system based on the integrated circuit equipments[A], Piscataway, NJ,
USA: IEEE,pp.240-245, 2005.

WWW.ijres.org 6 | Page



