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Improvement of Vibration Performance for Wafer Transfer Robot using Frequency

Analysis of Motion Profile
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This paper is study of solving vibration problem occurred in moving hand of wafer transfer robot in
semiconductor manufacturing line. Long settling time for decreasing vibration makes low
production rate, and moreover the excessive vibration of hand sometimes breaks the wafer in a
cassette. The ways of reducing the moving speed and changing the type of motion profile did not
help for lessening vibration. Therefore, we analyzed the mechanical property of the hand such as
natural frequency, and frequency component of the motion profile currently used in the
manufacturing line. In several conditions of motion profile, we found the best condition of which
the frequency component in near of natural frequency of the hand is minimal and this induced
small vibration in moving hand. The results were verified theoretically and experimentally using

frequency analysis.
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Fig. 1 Hands of the wafer transfer robot
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Fig. 2 Experimental setup to measure vibration of wafer
hand
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Fig. 5 Natural frequencies of hand 1: 21.959 Hz, 37.876
Hz
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Fig. 6 Amplitude of impulse response for hand 3
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Fig. 7 Natural frequencies of hand 3: 22.206 Hz, 38.711
Hz
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Table 1 Natural frequencies for wafer hand

Table 2 Motion condition of Z, T and Y axis

Hand Amplitude 1st Natural 2nd Natural
Freq. Freq.

Hand 1 | 1333.33 um 22.401 Hz 38.399 Hz

Hand 3 | 783.333 um 22.202 Hz 38.619 Hz

Fig. 8 Supporter generating second natural frequency

(2) (1)

i 1
T axis motion

Y axis motion

Fig. 9% dlolHo|E$2 5o o]Fsas Ho
agoez (M YA AzZksle] 2 $
Lty AZRR A A LA A 9] o]
3FY, T, 2)= Al 753+, YRR oF
HAAN FAlo zFoZ FEtal, THOZ 180%
s AsE TS gk ool HUEE 10 %,
60 %, 70 %ol et BT gt T3t
FEAS slo] 7 mAZ Aol #AFIFY Y
NA THAE RS SIS olE niEgoe=
Aol Zt RAZZSAdR ¢ojHo|FR RS o
38l deolA e ES Fgsh

3o M=, 39 e a{HEFE S

ATy gs A4

wol 7 Ze] mAzA

BOpEN

flo fu rlr

. St.aljt End |Acceleration| Ma>§ Motion
Axis | Position | Position [mm/s’] Velocity Profile
€)) (2) [mm/s]
Z |137.1mm|217.3mm 589 413 | Trapezoidal
T | -0.280° | 180.13° 525 263 | Trapezoidal

759.7mm| 2,179 1,525 |Trapezoidal

7.50lmm
* Define the velocity as 10 %, 60 %, 70 % of max velocity

Z motion profile
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Fig. 10 Motion profile of Z, T and Y axes for 10, 60 and
70 % of Maximum velocity
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Fig. 11 Acceleration motion profile in time domain
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Fig. 12 Frequency transform of acceleration term for
motion profile in Fig. 10
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Frequency response of Z motion profile
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Fig. 13 Frequency transform of Z, T and Y motion
profile in the interested range of 22.1~22.6Hz
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Table 3 Maximum amplitude of hands of three robots
for 10, 60, 70 % of maximum velocity (unit

[um])
Robot | Hand | 10% | 60% | 70%
Hand 1 | 500 400 150
Robot 1/ hd3 | 1200 500 200
Hand 1 | 200 160 50
Robot2 141 hd3 | 400 100 100
Hand 1 | 300 250 200
Robot3 1 nd3 | 700 400 100
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E
2 N
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S 200 \
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Fig. 14 Vibration of hand 1 in table 3
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Fig. 15 Vibration of hand 3 in table 3
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