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Abstract

The wafer cleaning process is essential to obtain high-quality semiconductors, and wafers are currently transported
using a belt conveyor method. In this paper, a robot equipped with a vacuum suction gripper was used to minimize
damage during wafer transfer. In addition, a cleaning system was implemented that separated the space between
processes, and a vision inspection system was applied to detect wafer defects after the cleaning process. The
performance of the system proposed in this paper was verified with the robot's repeatability of 0.011lmm and
0.033mm on the left and right sides respectively, cycle time of 36.7s, damage rate during wafer processing of 0%,
and wafer defect detection rate of 100%. The use of automated wafer cleaning and surface inspection equipment

proposed in this paper is expected to minimize wafer damage and ultimately increase semiconductor yield.
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| . Introduction

Semiconductors are used in many areas of daily
life, such as mobile phones, laptops, and cars, so it is
difficult to imagine life without semiconductors.
Wafers exist as a key material for semiconductor
integrated  circuits[1]-[2]. Since the semiconductor
process deals with very fine processes, even if a trace
amount of impurities such as metals and organic
substances exist on the wafer surface, the yield of
semiconductor products may decrease and the product
may  malfunction,  ultimately  affecting  the
competitiveness of the semiconductor industry[3]. To
obtain high-quality semiconductors, a wafer cleaning
process 1is essential [4]. Fig. 1 shows the wafer
processing process, with the wafer cleaning process
shown in yellow. The wafer cleaning process is also
called L.E.C(Liquid Encapsulated Czochralski) in the
field[5]. The L.E.C. process generally proceeds in the
following order: water cleaning, brush cleaning, and
air dry cleaning.  Currently, wafer transfer and
cleaning operations are performed continuously in the
field. A conveyor system is used when transferring

wafers[6]. When transported through a conveyor,
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vibration occurs and shock is applied to the wafer,
causing damage, etc., which frequently occurs. If a
problem occurs with one wafer, the process itself may
have to stop due to the stacking of subsequent
work-in-process products. As a result, management
costs for the process increase, processing costs
increase due to defects, and yields decrease. Recently,
in the semiconductor manufacturing process, the
intelligentization and  smartization of production
facilities is continuously progressing due to the spread
of smart factories and strengthening cost competition.
Damage to wafer defects must be minimized in the
wafer cleaning process, which is essential in the
semiconductor ~ manufacturing  process, and an
automated system is required for this process[7]. This
paper discusses wafer cleaning and surface inspection
automation equipment. The existing wafer cleaning
process is carried out using a conveyor method when
transferring the wafer, and damage to the wafer occurs
due to shock during transfer. Additionally, in the
existing method, the wafer cleaning, wafer brushing,
and wafer drying processes were open, causing
problems with interference and cross-contamination

between processes[§].
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Fig. 1. Wafer processing process
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Accordingly, this paper minimizes wafer damage by
safely and quickly transporting wafers between each
process using a vacuum adsorption robot system, and
proposes a cleaning system with a  separate
compartment structure to prevent interference and
cross-contamination between processes[9]-[12]. After
cleaning the wafer, a vision inspection was developed
to inspect the wafer surface for contamination and
damage[13]. As a result, it is expected that using the
automatic inspection equipment proposed in this paper
when cleaning wafers will minimize wafer damage and

ultimately increase semiconductor yield.
II. System configuration

The equipment proposed in this paper consists of a
wafer cleaning tank, wafer transfer robot, three-stage
separate wafer cleaning system, D.I.W(De-ionized
Water) supply system, vision inspection system, and
CST(Controlled Start Transmission) unloading.

Top view

Fig. 2. Top, front, and side views of the system

The top, front, and side views of the system are
shown in Fig. 2. The picture is divided into six parts.
Number 1 in the picture is the wafer cleaning bath,
which consists of ultrasonic waves and a heating
device for wafer cleaning. 2 is a wafer loading robot,
which is a robot that transfers wafers. 3 is the part
where the wafer is cleaned using the wafer cleaning
system. 4 is the D.IW supply part and functions as
an autodrain system. 5 is a vision system that inspects
the appearance of the wafer and detects defects and
damage. 6 is the cst transfer, which is the part that
discharges the finished product.

Fig. 3 shows the process of wafer cleaning. In the
wafer cleaning process, when a wafer is input,
ultrasonic cleaning is performed, followed by washing
and drying, and finally discharge.

Ultrasonic Wash & .
cleaning » Dry » Dispose
Fig. 3. Process of wafer cleaning

Ultrasonic  cleaning is performed in the wafer
cleaning bath and the temperature of the cleaning
water is automatically adjusted. The cleaning and
drying process consists of a three-stage separate wafer
cleaning system to prevent interference and
cross-contamination between processes. The wafer
transfer process utilizes a robot equipped with a

vacuum suction tool.
2.1 Wafer transfer method

The wafer transfer method is shown in Fig, 4. The
existing wafer transfer method is done in a straight
line, but in this study, transfer is done in a “T”
shape. In the existing method, it is difficult to
maintain and check the operating status because the
wafer transfer drive unit is internal, but by changing it
to a “T” shape, the drive unit is exposed to the
outside, making it advantageous to check maintenance

and operating status.
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The robot used for wafer transfer is an cartesian
robot, as shown in Fig. 5. Many wafer defects
occurred due to wafer transfer and cleaning work
performed using the existing belt conveyor method,
but in this paper, wafer damage was minimized by

using a vacuum suction tool.

Conventional method
11

"c" shaped method

Fig. 4. Wafer transfer method

Fig. 5. Cartesian robot

2.2 Wafer cleaning system

The wafer cleaning process consists of D.LW rinse,
brush clean, and air dry clean processes. Fig. 6 shows
the transport path of the wafer cleaning process. The
existing wafer cleaning process is an open, integrated
process that causes interference and

cross-contamination between processes, but in this

paper, the wafer cleaning process is structured in three
independent spaces to prevent interference and
cross-contamination between processes. The DIW
rinse part has a nozzle that sprays water from the
upper and lower parts. Brush cleaning uses a base
brush that minimizes damage to the wafer and applies
a two-fluid nozzle. The air dry cleaning part removes
remaining foreign substances and moisture from the

wafer surface using warm air.
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Fig. 6. Transport path of the wafer cleaning process

2.3 Vision system

The existing process did not have a vision
inspection system after the wafer cleaning process was
completed. In this paper, a vision inspection system
was added to determine and classify the presence or
absence of defects on the wafer surface after the
cleaning process is completed[14]. The configuration
diagram of the vision system is shown in Fig. 7. A
5-megapixel area camera is installed at the top to
acquire wafer images, and LED(Light-emitting diode)
is installed to obtain uniform image quality even in a
complex environment. The acquired images are
transferred to the PC(Personal Computer), and the
vision inspection program on the PC classifies whether
the wafer is defective or normal. Fig. 8 shows the

work flow of the vision inspection program.
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After confirming that the wafer is located under the
camera through a proximity sensor, the wafer is
inspected for alignment, the wafer is inspected for
contamination and damage, and if there are no

problems, the wafer is loaded.

7

Fig. 7. Configuration diagram of the vision system
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Fig. 8. Work flow of the vision inspection program

Fig. 9 shows the vision inspection program. If it
is a normal product, it is marked in green, and if it

is defective, it is marked in red.

15:44:58.163

Fig. 9. Vision inspection system

[Il. Performance verification

Considering the size and weight of the development
equipment, formal testing was conducted after
evaluation by the Daegu Mechanical Parts Research
Institute in Korea. The results of performance
verification are shown in Table 1. The robot
repeatability evaluation method was evaluated by
measuring the repeatability of the transfer robot of the
wafer cleaning and surface inspection equipment using
a laser tracker device. The repeatability performance of
the existing transfer robot was 0.15mm, and the
repeatability performance of the method proposed in
this paper was 0.033mm for the right robot and
0.01lmm for the left robot, which improved the
repeatability performance by 0.117mm and 0.139mm,
respectively. Cycle time is the process time required
to move 10 wafers using a robot using wafer cleaning
and surface inspection equipment, then wash the
surface, complete air dry clean, and load the cassette.
The cycle time for manual work was about 120
seconds, and the automated equipment proposed in this
paper took an average of 36.7 seconds. Using the
method proposed in this paper, cycle time can be
reduced to 30.58% of the cycle time required during
manual work. Therefore, it can be processed about 3.2
times faster than the time taken manually. The
damage rate during wafer processing was evaluated by
repeating the vacuum suction and movement of the
transfer robot 100 times to measure falling rocks, poor

adsorption, and poor seating,
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As a result of the test, it was confirmed that the
damage rate was 0% and no wafer damage occurred.
System operation stability rate was evaluated by
repeating the process of transferring 10 wafers, surface
cleaning, air drying, and cassette loading 10 times to
evaluate the number of errors. As a result of the
performance measurement, the system operation stability
was 100%, confirming that the automation system was
stable. ~Surface contamination detection rate Wwas
evaluated for surface defects of the wafer using a vision
inspection device. Damage detection rate was evaluated
to determine whether wafer damage was properly
detected using vision inspection equipment. Damage
detection rate and wafer surface contamination detection
rate were 95% during visual inspection, and 100% for
the method proposed in this paper. It was confirmed
that the method proposed in this paper showed about

5% better performance than visual inspection.

Table 1. Results of performance verification

TEMS UNIT World's best Development
performance performance
Robot 0.033(Right)
repeatability mm +0.15 0.011(Left)
Cycle Time S 120545 367
(handwork) (average)
Damage rate
during wafer % - 0
processing
System
operation % - 100
stability rate
Surface
contamination 95
. % (Visual 100
detection ) )
inspection)
rate
Damage 9%
detection % (Visual 100
rate inspection)
IV. Conclusion

The wafer cleaning process consists of D.IW
Rinse, Brush Clean, and Air Dry Clean processes.
While the existing process was an open process, the

system proposed in this paper used a three-stage
process separation with a compartment structure, which
prevented interference and cross-contamination between
processes. In addition, wafer damage was minimized
by transferring wafers using a vacuum suction robot
instead of wusing a conventional conveyor belt.
Immediately after the wafer cleaning process, vision
inspection is used to inspect the wafer for defects or
damage. When the performance of the system
proposed in this paper was verified, including robot
precision, cycle time, and defect detection rate, it was
confirmed that the results were higher than the
existing performance. The repeatability of the robot
has become 0.117 mm more accurate for the right
robot and 0.139 mm more accurate for the left robot
than the existing performance. The cycle time took an
average of 36.7 seconds, which is about 3.2 times
faster than the time required manually. The damage
rate during wafer cleaning was 0%, which confirmed
that no wafer damage occurred, and as a result of the
system stability performance test, it was confirmed to
be stable at 100%. Using vision inspection, the
damage detection rate and wafer surface contamination
detection rate were 100%, confirming that all defects
were detected. The method proposed in this paper
promotes the development of wafer cleaning process
technology, establishing a foundation for high-speed,
low-damage mass cleaning and smart manufacturing.
Furthermore, cost savings can be expected by
minimizing manpower input and improving process
operation rates, and it is believed that if a lot of data
is secured in the future, it will be possible to use it
to build a smart factory.
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