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ABSTRACT

Semiconductor is one of the most internationally competitive areas among domestic industries, the major concern

of which is the stability of the wafer manufacturing processes. The first process for the manufacturing of the
semiconductor wafers is the ingot growing. The vibrations are supposed to be the most important factors for the ingot
quality. In order to maintain the ingot quality, the growers have the automatic shut-down equipments which are

activated by vibrations, and are sensitive enough to react to the earthquakes generated in Japan. In this study, the

structure of an ingot grower was analyzed through experiments and computer simulations, and further the effects of
design alterations to suppress the vibrations have been investigated. The final result shows that the vibrations can be
reduced substantially to improve the stability of the structure.

Key Words : Semiconductor Ingot Grower, Dynamic Properties, Design Alteration, Vibration Suppression,

Stability Improvement
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Fig. 1. Semiconductor wafer manufacturing process.
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Fig. 2. Wafer size and surface quality trend.
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Fig. 3. The location of the sensors.
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Fig. 4(a). Transfer functions of ingot grower
(Imaginary part, 0 ~ 10Hz).
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Table 1. Natural frequencies of ingot grower Parts Roles
Measurement Natural frequencies(Hz) ﬁr Pulingupngot
condition Ist 2nd 3rd
Power off 23 13 17.3 Chamber. | - condion forbeteringot
gowing
Supply magnetic force for
Megnet growing
Column | Support the grower structure

2.3k 13l

7.3

Fig. 5. Mode shapes of the machine from experiments.
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Table 2. Natural frequencies from experiments and simulations

Natural frequencies(Hz)
1 st 2nd 3rd
Experiment 2.3 13 17.3
Simulation 2.5 13 17
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Fig. 6. Simulation model.
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Table 3. Effect of alteration #1 on the magnitudes of
vibrations (X, z direction) by the operations of
excitation sources
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Table 4. Effect of alteration #2 on the magnitudes of
vibrations (x, z direction) by the operations of
excitation sources

X[pm, (%)] Z[um, (%)] X[pm, (%)] Z[pm, (%)]
Original | Alteration#1 | Original | Alteration#1 Original | Alteration#2 | Original | Alteration#2
Seed Seed
rotation 0.76 0.05 0.14 0.0056 rotation 3.56 1.85 0.29 0.1
motor (100) (@) (100) 4 motor (100) (52) (100) 37
[15Hz] [15.9Hz]
Crucible Crucible
rotation 1.74 0.21 0.31 0.034 rotation 6.7 1.88 0.7 0.16
motor (100) (12) (100) (11) motor (100) (28) (100) (23)
[40Hz] [40Hz]
Secdlft 1 saq | 0038 | 4ss | 00137 Seed it 1 g 28 7 245
[2,25,48H7] (100) ©0.7) (100) (0.3) (225 48Hz] (100) (32) (100) (35)
Floor 0.03 0.026 0.34 0.285 Floor 20 1.8 13 1.44
[1Hz] (100) 87 (100) (84) [1Hz] (100) 9 (100) (11)
Average 2 0.08 1.335 0.084 Average 9.79 2 5.24 1.04
s (100) 4) (100) 6) g (100) (20) (100) (20)
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Fig. 10 . Vibration magnitudes of the original model and
the final alteration(alteration #1 + #2).
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