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Simulation of Ultrasonic Dry Cleaning for Semiconductor/display Device
Application
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Abstract

In this paper, the optimum design of ultrasonic dry cleaning head was investigated. The transducer
instead of mechanical dynamic structure was used to generate ultrasonic wave and the horn-shape
amplifier was utilized to solve the energy decaying problem of ultrasonic wave with propagating it
through the media. The analyses of ultrasonic wave and a fluid for the selected structure of a cleaning
head were carried out using SYSNOISE and ANSYS simulators, respectively. Based on simulator
results, the distance between a horn and the substrate of 4 mm and the horn diameter of 10 mm were
determined to maximize the energy of ultrasonic waves. The cooling structure was also considered to
reduce the heat from the transducer and the horn.

The equivalent circuit for the fabricated horn was deduced from HP4194A impedance/gain/phase
analyzer and the frequency of an ultrasonic wave of 20.25 kHz was confirmed using the parameters of

the equivalent circuit.
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Fig. 1. Frequency distribution of the mechanical
nozzle fabricated in this study.
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Fig. 2. The focused ultrasonic wave using an

using an exponential attenuation pipe.

(a) PZT and (b) substrate.
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(a) PZT,
designed in this paper.

(b) air flow path, and (c) horn
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Fig. 4. Simulation results for the change of

ultrasonic power as a function of the
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Fig. 5. Cooling mechanism for ultrasonic horn.

% 3ol AAF 280 FE7] EL AFA
Impedance Gain Phase Analyzer(HP4194A)E ol &
o E4E S 29 f = 2025 kHz §2en 2
Y 62 2o tid dudd 2z 5r32E vEbdT

o] FzoA & AL THIE AMNAHE
of 9&& E 4 At FY9 HAAZNDE A EHY
old ¥ A, FE7] 3 71g%e] A7 4 mm
7t HE AR AASY A zdege Ae

]l |
[
Cb

i B e VAVAVE
L Ca R

a3 6. 1Y 39 AAZ ARy EorXE de
e =,

Equivalent circuit of the horn fabricated
as shown in Fig. 3.

Fig. 6.



= F7I(AA

a
O 7ol B AT A 2EH
~Z o] Jdg A4 ;:e%ﬁ} Wg :

3 & (head)E A zHsl7] ¢
0}7]

j_rO*‘
-'d ‘
.8 =
rE

o i E 71 EH

<— direction

substratg

amplifier(horn)
a8 7. vdxEde A AA4E 9 229 A
=0l ),
Fig. 7. Cleaning head for cleaning the display
device.
4.4 g

B RS
=3 Agvlee s A rRE A
1A grEel dd 2§ B4
2ol o A gdelds M
48 Argel elelM, &7

=

al

2

hEE ek Ay

e 1B ¢ka}7) %’43}01 G
=

S|

A

7]

il

steAgst HEDG ABAH 94

= 498
R, o] F AR 8 Ao
of FHv] &3 AAH ol y)=
A 4 mm=z sy Aol
g gl

g x&a WEze) FEv) &
29l YAt

158

g ma

F 9ol
T2E AASAT o
e F7h 2o WA} 220 &

g7kslol WSS aA Hme
@7t A% FEGe] wheb Bae Ao

gg s BRE 9% 5 AU

N

1263

A7 AR A 288 w24, ATA A12E, 20043 12€

# AL

lo

=
=

L Aol Fae

: WA EDFALY, RRC AT
o] Aol o] shed

oo H 1T
2o 23

[1} Yang-Hee Jung and Myoung-Kyu Kim, “A
study on microroughness of silicon surface
induced by APM cleaning and electrical
properties of Si/Si0: system”, J. of KIEEME
(in Korean), Vol. 12, No. 7, p. 571, 1999.

M. G. Byun, H. W. Back, B. H. Cho, and Y.
H. Kim, “Development of New Cleaning Tech-

[2]

nology using Ionized Water by Electrolysis”,
Proc. 1999 Autumn Conf. KIEEME, p. 617, 1999.
Jin-5ik  Choi, Yong-Deuk Ko, Kyung-Wan
Koo, Sung-Il Kim, and Hui-Gon Chun, “Dry
cleaning of si contact holes using UV/O3
method”, J. of KIEEME (in Korean), Vol. 10,
No. 1, p. 8, 1997.
[4] V. B. Bregar and J. Mozina.,
Analysis of the Laser-cleaning Process”,
Applied Surface Science 185, p. 277, 2002.

(3]

“Optoacoustic

[5] Hall, R. M., Jarvis, T. D., Parry, T., Li, L
and Hawthorne, R. C., “Investigating Particle,
Metallic Deposition in Megasonic Wafer

Cleaning”, Micro Jully/ August, p. 80, 1996.
Qi, Q. and Brereton, G. ],
removal  of

f6l “Mechanisms of

by
IEEE
Transactions on Ultrasonics, Ferroelectrics,
and Frequency Control, Vol. 42, p. 619, 1995.

Mayer, A. and Schwartzman, S.,

micron-sized  particles

high-frequency  ultrasonic  waves”,

=

“Megasonic

cleaning: A new cleaning and drying system

for use in semiconductor processing”, Journal

of Electric Materials, Vol. 8 No. 6, p. 85,

1979.

Mikko O. Laminen, Harold W. Walker, and

Linda K. Weavers,

the
particle-fouled ceramic membranes”, Journal
of Membrane Science 237, p. 213, 2004.

[9) A. P. Cracknell, “Ultrasonics”, Wykeham
Publications(London) LTD, The Wykeham
Science Series, p. 4, 19%0.

[8]
“Mechanisms and factors
ultrasonic

influencing cleaning  of



