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Design of a dual-channel optical inspection system with large field of

view for Micro-LED wafer defects
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Abstract: In order to meet the demand for high-precision automatic detection of multiple wafer defects during the
manufacturing process of micro light emitting diode (Micro-LED) chips, a large-field-of-view polarisation dual-channel Mi-
cro-LED wafer defects automatic optical inspection system has been designed. The system integrates microscopic imaging
technology with polarisation imaging technology, thereby enhancing the contrast of Micro-LED wafer defect images and
enhancing the detection accuracy. The system utilises infinite conjugate microscopic objectives and barrel lenses, which
expand the image area of wafer samples captured in a single exposure and improve the detection efficiency. Experiments

have been conducted to verify the performance of the large-field-of-view dual-channel Micro-LED wafer defect optical in-
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spection system, and the results demonstrate that: the system’s magnification is 20, the illumination uniformity is up to
91.6%, and the maximum image field-of-view is 33 mm; The modulation transfer function (MTF) curve of the system is
close to the diffraction limit at the Nyquist frequency of 31 Ip/ mm, which can satisfy the object resolving power of
0.8 pwm. The system has been shown to enhance the information entropy, edge intensity, standard deviation and average
gradient of polarimetric images in comparison to traditional grey-scale images by 25.6%, 24.9%, 33% and 173.3%, re-
spectively. The large-field-of-view dual-channel Micro-LED wafer defect optical inspection system has been demonstrated
to capture the characteristic information of different types of defects in real time, with high recognition efficiency, low

missed detection rate and other advantages, providing a strong support for the high-precision inspection of Micro-LED wa-

fer production quality.
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Fig.1 Inspection system for Micro-LED wafer defects
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Tab.1 Design specifications of the optical system
5 bz L7k [k Worarptdy  RTERE RN A IRAEAL TARB K
FEIE /mm el /mm M I mm M I mm /nm
10 0.45 200 33 11 486 ~ 656
A2 MAMERSK
Tab.2  Primary specifications of the camera
AHPLEL Wis: | B RS um FLTH RSE /mm
MV-CH250-21GC-F-NF 5120 x5 120 4.5 23(H) x 23(V)
PHX050S-PC 2448 x2 048 3.45 8.45(H) x 7.07(V)
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Tab.3  Optical parameters of the microscope objective

RIEFY) B /mm o JEEE/mm kL
1 57.494 6.00 H-ZF73GT
2 -623.237 13.12
3 -18.440 1.50 H-LAKS59A
4 10.090 9.03
5 -29.810 12.00 H-FK61
6 -13.674 10.16
7 35.507 3.90 H-LAK59A
8 -25.991 1.30 H-ZLAF76
9 15.896 4.80 H-7ZPK7
10 -35.470 0.21
11 19.686 4.40 H-ZPK7
12 -32.338 1.00 H-7ZF50
13 133.466 2.14
14 -40.259 3.80 H-ZLAF66GT
15 -6 553.562 1.33
16 -31.608 342 H-ZLAF56B
17 -20.404 0.40
18 18.600 2.60 H-7ZF73
19 57.131 14.00
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Fig.2 Layout of the microscope objective
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Fig.3 Aberration of the microscope objective
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Tab.4  Optical parameters of collimating lens

FI T A% /mm JEE /mm oy

1O TH) o 50.00
2 -1167.419 2.00 H-ZF7LA
3 55.369 8.50 H-ZBAF52
4 -33.529 30.12

NEIRES ALT) o 20.00

6 102.999 6.00 H-ZK4
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8 -193.096 40.00
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Tab.5 Structural parameters of tube lens
KT il = JEEE /mm FrEE

1 1079.143 15.00 H-KF61
2 -32.481 8.00 H-BAK3
3 -2326.274 14.85
4 74.560 10.00 H-FK61
5 -139.762 3.18
6 60.776 8.00 H-BAK3
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Fig.7  Optical layout of the microscopic imaging system
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Fig.8 Aberration of the microscopic imaging system
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(a) Wafer image of the large-area primary inspection camera
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(b) Polarimetric images acquired at distinct polarization angles
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Fig.10 Imaging of Micro-LED wafer specimens
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