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Abstract : Transverse sonic wave was generated by T type waveguide for single wafer cleaning application. T type
megasonic waveguide was analyzed by acoustic pressure measurements and particle removal efficiency. Compared to conventional

longitudinal waves, not like longitudinal waves, transverse waves showed changes of direction and phase which increased the

cleaning efficiency.
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1. Introduction

Single wafer cleaning process has been developed for the
‘next generation cleaning process. Commercial megasonic
cleaning system has been used for the particle removal on
the single wafer surface {1, 2].

. The effective sonic wave for the particle removal is a
iongitudina! wave which is widely used in the commercial
megasonic cleaning system. When a megasonic transducer is
located on the bottom side of wafer front surface, the
direction of sonic wave peak is perpendicular to the particles
on the surface. If the peak is perpendicular to the particles,
higher cleaning efficiency could be expected due to the
direct contact between the sonic wave and the particles.

It is well known that a transverse wave can be generated
; from longitudinal wave in a cross waveguide structure at low
frequency level. Figure 1 shows the schematic diagram for
the longitudinal and transverse waves when the megasonic
transducer is located on the wafer surface. If the transverse
sonic wave is generated at high frequency, this wave can Le
applied in the megasonic single wafer cleaning process.

In this research, the acoustic pressure field was measured
acoustic pressure in order to confirn the creation of the
transverse wave in vertical waveguide region and was
im-/estigated the particle removal efficiency on silicon wafer

in DI water.

2. Experimental Materials and Procedure
The megasonic cleaning system was simply composed of
a spinner with a wafer chuck, UPW supply and a T type
waveguide which was made of aluminum which was
connected to a megasonic transducer. Figure 2 shows the
schematic diagram of a megasonic system for single wafer
cleaning experiments. '

For the particle removal experiment, 0.3 pm PSL

particles were used as contaminants. The particles were
deposited on the 6 inch blanket silicon wafer surface using
an aerosol spray method. A contaminated wafer was set on
the spin chuck and the T type waveguide was closely
positioned to the wafer surface maintaining a gap distance of
3.5~4 mm. Ultra pure water was supplied on the center of
the wafer surface at a flow rate of 2.4 Vmin. The wafer was
spun at 60 rpm during cleaning process. After the cleaning
process, the wafer was spin dried at 1500 rpm for 3 min.
The removal efficiency was measured by counting particles
before and after cleaning. A surface particle scanner
(SurfScan 5500, KLA-Tencor Co.) was used to measure the
number of particles on the surface.
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Figure 1. The schematic diagram of (a) lohgitudinal and (b)
transverse sonic .waves when the megasonic transducer is

Jocated on the wafer surface.
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3. Results and Discussion.

The particle removal efficiency (PRE) as a function of
cleaning time at three different megasonic powers of 44, 90
and 120 W with a T type waveguide was tested as shown
in Fig. 3. The highest particle removal efficiency was
observed at a power of 44 W. The removal efficiency even
decreased at a power of 90 W, then increased at 120 W .as
a function of time. The results of acoustic pressure field
analysis at difference megasonic powers were shown in Fig.
4.
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Figure 3. The particle removal efficiency as a function of

cleaning time and power with a T type waveguide.

Figure 4. The acoustic field analysis for sonic wave (a) at
strait waveguide and at cross waveguide (b) at 44 W, (c) at
90 W and (d) at 120 W respectively.

It should be mentioned that the particle removal
efficiency was not strong functions of cleaning time and
megasonic power. The matching and optimization of the
megasonic transducer and waveguide played important roles
in the transverse type megasonic cleaning system.

The differences in direction and phase of longitudinal and
transverse sonic waves have- influence on cleaning efficiency.
Single sonic wave exists at a thin waveguide because
wavelength is long at low fréquency. but if thickness of
waveguide was same, multiple sonic waves exist at high
frequency region.

The direction and phase of longitudinal and transverse

sonic waves in waveguide were shownin Fig. 5. The phase
of longitudinal sonic wave is the same even if there are
multiple sonic waves existed with same frequencies.
Therefore, it creates low and high sound pressures at
longitudinal direction which may cause non-uniform sound
pressures. It might be -the reason for low PRE in
longitudinal megasonic system. However, the transverse sonic
waves have phase difference at waveguide. It has effective
cleaning performance because the pressure difference over the
area is small. Therefore, transverse sonic wave at even lower

megasonic power resulted in a good PRE.
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Figure 5. The schematic diagram of the direction and

|

phase of (a) longitudinal sonic waves and (b) transverse

sonic waves.

4. Conclusion

Transverse sonic wave which was generated by
longitudinal sonic waves at T type waveguide was
investigated for single wafer cleaning application. The
designed transverse waves showed the uniform sound
pressure compare to the longitudinal sonic wave at a single
beam waveguide. A spinner with T type waveguide was set
up to evaluate cleaning efficiency. Wave direction and phase
difference determine the cleaning efficiency of a megasonic
system. Transverse sonic wave at low megasonic power
showed effective particle removal efﬁcien.cy due to uniform

acoustic surface pressure on the substrate.
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