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A Study on the FEM Analysis and Gripping Force Control of
End-Effector for the Wafer Handling Robot System
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ABSTRACT

On this study, an E.E(End-Effector) for the 300 mm wafer transfer robot system is newly suggested. It is a mechanical
type with 180° rotating ranges and is composed of 3-point arms, two plate springs and single-axis DC motor controlled
by microchip. To design, relationship between the gripping force and the wafer deformation is analyzed by FEM. By
analytic results, the gripping force for 300 mm wafer is confirmed as 255~274 g¢. From experimental results on gripping
force, repeatable position accuracy and gripping cycle times in a wafer cleaning system, we confirmed that the suggested
E.E was well designed to satisfiy on the required performance for 300 mm wafer transfer robot system.
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Fig. 1. Configuration on the suggested E.E.
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Fig. 2. Developed End-Effector.
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Table 1. Mechanical Properties of a Silicon Wafer.

Young's Modulus 150 Gpa
Poisson's Ratio 0.17
Density 2330 kg/m’
Diameter 300 mm
Thickness 0.8 mm
Contact Area 4.8 mm?

Fig. 3. Analytic model of the wafer for FEM Analysis.
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Fig. 4. Wafer deflection by 3-point gripping force.

3. 920 ol

Fig. 4= S-S 712 of glo]# 2] A&, Fig. 5
HEEZE YER L et AolHE AR k= 3304
e AR ekom] 0|3 FollM Hh AH

4
Yehia, $8e Axlshs 3ol 71 Eie,

flo

o X ol



Wafer ¥F4-% End-Effector?] FEM 314 2 91X & Aojo] #g A7 33

RESULTS. 3- B G 1, STRESE.3,LOAD SET 1
STRESS . VON M SES M N 6 4DE403 MAX: 1 DTE.04
3 .

VALUE OPT( ON: ACTUAL
SHELL SURFACE. TOP

1 88D404

Eo |
+ 22004l
+ 1rowdl]
v so00.09)]
f—

ﬁ i o 5300

5. 400403l

Fig. 5. Wafer stress by 3-point gripping force.
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Table 2. Analytic deflection and stress by gripping force
of wafer.

Force Max. deflection Max. str;:ss
(mm) (N/mm~)
weight 0.093 1.39x10?
13N 0.097 1.70x10?
26N 0.121 1.88x10°
39N 0.131 2.02x10?
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Fig. 8. E.E stress distribution of 3-point gripping force.
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Table 4. Deflection and Stress of End-Effector.

Max. deflection Max. deflection Max. stress

Table 3. Properties of duralumin E.E. Force —m), XYZ2  (um), 7% (N/mm?)
Young's Modulus 72 Gpa weight 203 203 0.223
Poisson’s Ratio 033 13N 117 66.5 24
Density 2800 kg/m’ 26N 205 683 435
Material A7075 39N 295 69.3 633
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Fig. 11. Block diagram for control.
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Fig. 12. Experimental setup for control the gripping force.
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Fig. 15, Frequency distribution of wafer center versus X axis.

EE EF/} flo]#HE 23] Al dlols] F4E A% 2
e FAATE AL T8

Fig. 155 EE9] F43 dlolH 49 X5 s
A ol AxE £FEXEE Yeld ot Fig.
162 EE®| S4l3 flo]3 49 YE s o]
G AHTE EFREEE VERE Aolth A T4
[T7EE A2 AE9] 34§ o]F3te] £0.05 mmolE
2 At EE= Auigko] 0.048 mmEA 87485 S
RS o S Qi)

Fig. 172 25X Ao/ |28 H 4] B

rlo

7%

12 -

=y
(=]
T

©®
T

6 |

4|

Frequency Count

2+

‘‘‘‘‘‘‘‘‘‘‘‘‘‘

0 Ll
-0.41-0.36 -0.31-0.26 -0.21-0.16 -0.11 -0.06 -0.01

Y Axis[mm]
Fig. 16. Frequency distribution of wafer center versus Y axis.
16
14 |

12
10

Frequency Count

o N B O o
T

ten o N

Q QQ?‘ Q% 0%

6 D> o Vv
bb Q"o Q‘b 0’\ Q'\ '\
Gripping Time[sec]

Fig.17. Frequency distribution of gripping time.
"
12

10

E2(frequency)

O P L 1 S " 1 Il L Lo L I L 1 L N Il
0.60 065 0.70 0.75 0.80
Releasing Tmie [sec]

Fig. 18. Frequency distribution of releasing Time.

Journal of KSSET Vol. 2, No. 3, 2003



&
0
o
Y

He ¢dted U A0S £ 8 48 vepdoh
4] += NI(National Instrument)A}2] Labpe-120034
LabVIEWE ©]-£ 35} t}. Sampling Rate= 1000 sam-
plesfsecZ S48 Fg. 182 IA] A7) o3t &)
2ETHS VeRdTh B 91 A7 0.77 secoll &
Azkol AFES ¢ 7 AUt A A2 A
Azt #Rlo] e adolr).

S

7.4 B

2 Aol whro] 27 E 300 mm 90|
AR A8 =22 F4 9 EEE AQbetat
Ak AtE EE= B 232 o] 7P o3k 39
AHez 749 Gripperd] A HE TAsE AL
Zk31 9lom, 1% 344 2F shiol 93l 339 F
& A7} 7VsslEE A EATE

Ak EES Mg = FHE st e
HEFEM)S o|-8-3te wx &3} do]xe] 8= A
2 &4 dAlsz, Yot A88d AR=RE 255~
274 g 4 W 7H A 54E evte A& ¢
T AR =3, A& R Aojg Al A
&%t v} Zo] BE A& microchip ©]-&-3t 52t
Ao)71E DA s

S2te] A SR E st BE e e dF Al
zgagog AN, AFL E8l AR
A2 ALe L TR Alo]Fe] F2F A1 &5
55t Aete EEZL 7)1 7F o2 O E 554
o] HAAEL & 4 JUTh

o ol

=

rlo

o g ok
rlI
I
R

wEA] ZAE B30 43 A8E Fate Aze
B9 WAY BB} Aol Wl 48 5T &
QAL W) Fh58 4L olgsiel A3 2ol
ohd ThE FHOINE Thte P 982 ¥ 5 3
& 702 D,

&
4
L
i
2
ol
R
ok

}3)2) A2 A|33E, 2003

]

1. Berg, M.C. Rathbun, D.B. and Buffinton, K.W. “Pre-
cise Control of the Position of the End-Effector of an
Industrial Robot”, Proceedings of the ISCIE/ASME
Japan-U.S.A. Symposium on Flexible Automation,
(2002).

2. AF, oA, FAs), wieA A g 2R A
o] A|2"¢] s B 2 A, RieA T =
3 Vol. 2000 No.1 pp. 61-65.

3. 418k, “300 mm <ol FA&H ] 7,
) &4 ZAY Vol. 1998 No.1 pp. 53-67.

4. Park, K.H. Lee, SK. Yi, J.H. Kim, S.H. Kwak, YK.
and Wang, I.A. “Contactless Magnetically Levitated
Silicon Wafer Transport System”, Mechatronics, Vol
6, No. 5, pp. 591-610, (1996).

5. °lA7d, &5 E, “PID Force Control of a Miniature
Robot Gripper”, 3=527148t3)#], A8 23,
(1999).

6. Ag], £, “AE dols b 7 A= 7
W, REeA) gH)71E =83, Vol. 2000 No. 1.

7. 73788, AAAE, A5 2R EEE AT AAs| =
A|o]71¢] i, AH4F71eAT, Vol. 9 No. 1, (1993).

8. 7ATF, 1A AAl 7HF- 71, vheA] ] g A
FEAE, Vol. 1998 No. 1.

9. O]ZF, “FAT ZRE v E o|el9] ATE 5
($A/3) Aofell A A, x| wSHEL =
3, Vol. 1 No. 1.

10. Poduraev, J. Choi, S. J. and Ermolov, 1. “An FCM
Control Method for Microbots”, LARP Workshop on
Microbots, Micromachine and Microsystems, Mos-
cow, Russia (2003. 4).

11. 97, HAF, 0199, o173, “Waferg End-Effector
o] AA B BAE Alojel A A, FFREA G
&3] 2003 =A1E=H 3], pp. 80-87, (2003. 5).

lasliy



