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ABSTRACT

Wafer defect detection is an indispensable part of semiconductor manufacturing. In this paper, an
automatic and efficient device is designed and constructed to detect wafer physical defects.
Programmable logic controllers (PLCs) are used as the controller of the transmission mechanism
of the device, and the servo motor is used for driving. Wafer images are captured by a CMOS
camera. In addition, in order to improve the detection accuracy, the camera calibration is
completed according to the mapping relationship between the pixel coordinate system and the
world coordinate system. A computer is adopted for wafer image processing and displaying the
final detection results. The device proposed in this paper has low cost and high reliability. It
provides a new solution for wafer defect detection.

Camera calibration © 2022 The Author. Published by Sugisaka Masanori at ALife Robotics Corporation Ltd.
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1. Introduction

Silicon wafer processing is the basis of semiconductor
manufacturing. Wafer defect detection is one of the most
important steps in semiconductor wafer manufacturing.
Semiconductor wafer defect detection methods are
mainly manual inspections, which are affected by human
factors such as visual fatigue and are inefficient
[11,[21,[3].

Research on the automatic wafer defect detection device
was carried out to solve the problem of manual
limitations in wafer defect detection. At present, with the
development of machine vision technology, a large
number of machine vision technologies have been used
to detect chip shape, size, physical defects and other
aspects [4],[5],[6],[71,[8].

The performance of wafer defect detection device
directly affects the quality of semiconductor products and
the efficiency of semiconductor testing [9],[10]. In order
to improve the detection efficiency and positioning
accuracy of the automatic wafer defect detection device,
an optical system is designed and constructed in this
paper to obtain a more complete wafer image. Camera
calibration is used to eliminate the errors caused by the
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distortion of CMOS camera and improve the
identification accuracy of the detection device. The main
structure, motion mechanism, camera bracket and
bearing platform of the device are designed and
assembled. The Siemens s7-200 PLC is used as a
controller to implement the control of all parts of the
detection device.

2. Dual-axes motion platform

The dual-axes(x—y) motion platform is selected for wafer
defect detection. The horizontal ball screw pair of the
platform is mounted on the longitudinal ball screw pair
through the bracket, the longitudinal ball screw pair is
directly mounted on the base surface, and the wafer stage
is mounted on the horizontal ball screw pair through the
bracket. The lead screw pair is supported by both ends,
and the drive motor and ball screw pair are directly
connected. The assembly model is shown in Fig. 1.
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Fig. 1 The dual-axes motion platform. It consists of: 1. Wafer
stage 2. Bracket 3. Y-axis ball screw pair 4. Y-axis servo motor
5. X-axis servo motor 6. X-axis ball screw pair 7. Bracket

2.1. Ball screw pair

The ball screw pair is a transmission component that
converts rotary motion into linear motion with high
precision, high rigidity and high efficiency. The ball
screw pair is rotationally driven by balls mounted
between the spiral groove of the lead screw and the nut.
According to the corresponding function, the ball screw
pair is divided into four components, which are the screw,
the nut, the ball and the reverser. The Y-axis ball screw
pair is located in the lower layer with a larger load and
higher precision requirements. Therefore, the Y-axis ball
screw pair design parameters are used as the overall ball
screw pair design index.
(1) Lead

The lead P, is generally determined according to the
maximum speed of the feed V},,,,., the maximum speed of
the servo motor N,,,, and the transmission ratio i
between the motor and the screw, which can be
calculated by formula (1).
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(i) Load and speed of ball screw pair

Equivalent load F,, is the actual axial force exerted on the
ball screw by the transmission device. This device has no
cutting operation, so equivalent load is equal to static
friction force. F,, can be calculated by formula (2).

Fp =uXx My + M) (2)

w is the friction coefficient. M1 is the X-axis ball screw
counter gravity. M2 is the bearing table and the carrier
table carrier gravity.
(iii) Rated dynamic load
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FnXfw

€)

47

The rated dynamic load C,,, can be calculated by
formula (3). L, is the expected operating distance. F,, is
the load coefficient, set 1.0. f;, is the precision coefficient,
set 1.0. f; is the reliability coefficient.

(iv) Ball screw subbottom diameter

Ball screw subbottom diameter d,,, can be calculated by

the formula (4).
, 10Fy XL
dym 210 X0 ¥XE

F, is the static friction of the guide rail. L is the distance
between the support shafts at both ends. d,, is the
maximum allowable axial deformation of the ball screw.

“

2.2. Servo motor

The device uses servo motor as the driving power system.
The performance of the servo motor largely determines
the positioning accuracy of the moving platform.
(1) Pulse equivalent
Pulse equivalent 6 is the displacement of the actuator for
each output pulse of the servo motor. It can be calculated
from formula (5).
_ PpXip
T 4ipxq

(6))

im 1s the electronic gear ratio of servo motor. i, is the
transmission ratio. Since the motor shaft and lead screw
are directly connected through the coupling, the value of
i, is 1. q is the resolution of servo motor encoder.

(ii) Capacity and torque

When the motor is running, in order to ensure the stable
operation of the system, the moment of inertia of the full
equivalent load on the motor ] should match the moment
of inertia of the motor rotor J,,,.

J= 20 () 4 Zmy ()
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Capacity and torque can be calculated from formula (6),
(7). J; and n; are respectively the moment of inertia and
speed of each rotating part. m; and v; are the mass and
speed of each linear moving part respectively. J,,, and n,,
are the moment of inertia and speed of the motor
respectively.

3. Image acquisition system

The image acquisition system designed in this paper
consists of CMOS industrial camera, lens and ring light



source. CMOS industrial cameras transmit data in
parallel for faster speeds. The purpose of a lens is to
image an object optically onto a sensor. The diameter of
the ring light source is 100mm-140mm, which is used to
make the image receiving light uniform and clear. The
structure of the image acquisition system is shown in
Fig.2

Fig.2 The image acquisition system. It consists of: 1. Camera
shaft 2. Spindle 3. Camera shaft 4. CMOS camera 5. Light
source fixing ring 6. Flange base 7. Light source shaft 8. Fixture

4. Camera Calibration

The main role of camera calibration is to correct image
distortion and determine the positional relationship
between the pixel coordinate system and the world
coordinate system.

(i) Camera internal and external parameters

As shown in formula (8), (9), The default value of Z
plane is 0. ¢ is the scale factor. A is the internal
parameter matrix. fy,f, is the scale factor of the u-axis
and v-axis of the pixel coordinate system. y represents
the scale deviation of pixel points in the image coordinate
system. u, and v, are the center of the image plane. ry,
1, and t are rotation matrix and translation vectors
respectively.
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As shown in formula (10), (11), (12), H is a homography
matrix, and the basic constraint condition of internal
parameter matrix can be deduced according to the
properties of rotation matrix. The homography matrix
can be obtained by the least square method with the pixel
coordinates and world coordinates of the detected corner
points.

H = [hy, hy, h3] = Alry, 13, t] (10)
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(i) Camera distortion factor

Ideally, the least square method can be used to calculate
the camera distortion coefficient according to formula
(13) (14) (15). Ideally (no distortion), the pixel
coordinates are (u, V), and the coordinates in the image
coordinate system are (X,y). When there is distortion, the
real pixel coordinates are (i, V), and the coordinates in
the image coordinate system are (X, y7).

{f =x + x(k;(x% + y?) + ky(x% + v%)?) (13)
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5. Results

Fig. 3 shows a typical wafer image captured by the
CMOS camera. Fig. 4 shows the defect detection results
of Fig. 3. Normal grains are marked as purple, and
physically defective grains are marked as yellow.
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Fig.3 A typical wafer image



Fig. 4 The detection results
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