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Influence of Light Sources of Different Wavelengths on
Scattering Rate of Defects

Wang Xudong, Gao Aihua’, Yan Lirong, Qin Wengang, Li Wenjin

School of Optoelectronic Engineering, Xi’an Technological University, Xi’an 710021, Shaanxi, China

Abstract Herein, a multi-wavelength defect detection system based on the theory of integral scattering detection is
proposed. This system uses three light sources with wavelengths of 635 nm, 525 nm, and 405 nm and employs a
photomultiplier tube as the photodetector. Two samples of high-transmittance quartz glass sheets with standard size
defects, one with a width and a depth of 20 pm and the other with a width and a depth of 25 pm, are evaluated. The
powers of the light source are 50 mW and 80 mW, respectively. Experimental results show that the highest scatter
rate 1s achieved using the 405 nm light source. Therefore, the detection ability of the 405 nm light source 1s stronger
than those of the 635 nm and 525 nm light sources. The findings of this study provide a reference for detecting small
defects and achieving defect depth information.
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Fig. 1 Schematic of integrated scattering detection
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Table 1  Partial characteristic parameter table of photomultiplier

NEP T
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Parameter type Value
Anode sensitivity /(V-nW ™) 15
Cathode sensitivity /(mA+-W ') 78
Current gain M 10°
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Fig. 2 Spectral response curves of photomultiplier tube

WL 2 R 206 B AR HS 48 0 Y 15 i 1 il 26 6T )3k
f g2 — 20 M 4 K il 4 2R BH , A BIF 53 i SR A — o
T 4 U B JUT R 07 1) S R 5% 14 A8 ) R R R R 2 43
TE E bR B TR A4 8 AR 8K, 405 nm &b i R A5
J¥ 8 AE T 525 nm M 635 nm, i 3% K & 525 nm Fl
635 m BT 4] 17 fr) 72 B0 AR /IN I B 45

— BT, 2O AE Ry o't H BRI g Y R
PEZ 8, AN ) B B L, RS (9 25 Pk 45 5
M) fe 2 (5 i =X (6) BT AL, A B 5T R
& PO AR S 2, PR AR TSR 2k R v, R DL 22 R
JEE K 0 55 R 8 5

WO A TAER 5/ T 2 R 3 mW, LB Y
BB HL 3 I = Sk + ¢ = 0.234 nA,

BK=1.5, 01 (11) AT 45 : fe /N ol BRI S 2y =
Per=2.886 X 107" W, W% 185 228 A i K

1112002-3



for [ TR AR B S 25 W fiE 7, WU NEP A LUEE /)N i3 BH
A ZR G AT LA AR L s B B OL AR S BB T T
TR D' T 2 TR IBE 0 1 AT 00

4 BHE a5 o b

ARG R T =R K OE I, g ]
LWVL635-100 mW \LWVL525-100 mW LW VL405-
100 mW , R G H 100 B 14 8 Dok 22 47 28 o ) i
CREVIAT 2) , 17 A o 2 T 1 220 A o v RO 8 s 7Y
A SR R, e — A Y SRR X
20 pm, 53 —AN¥32 25 pmo SGIE A EOLE 1 25
129 80 mW (50 mW , I AmA 1040 B4 1 D A (3
Jok s 1) % HEHEAT 08, LS 06 URAE S A
U e SR S ALE AT R0 ) R B S Ab B

1) e B9 98 B2 AR JEE 23 591 2 20 pm 89 F7 00
st ) A 445

B = Bl Dl KOG IR AY a2 R IE B 50 mW o ak
80 mW . SEH I, 4 100 A4 AR o 5 8 7 ik B ) I
S, ek o A B BT BRI I AR Bk 2
P ARG R B R R O B . A 2,
L3R

F 2 ARTEE A A IR T X I e o H A (80 mW )
Table 2 Reference voltage values corresponding to light

sources of different wavelengths (80 mW)

Average voltage
A/nm  Reference voltage value /V

value /V
635 3.7600 3.7620 3.7590 3.7603
525 2.9210 2.9200 2.9180 2.9197
405 0.3715 0.3720 0.3718 0.3718
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Table 3 Reference voltage values corresponding to light

sources of different wavelengths (50 mW)

Average voltage
A/nm  Reference voltage value /V

value /V
635 2.5700 2.5690 2.5710 2.5700
525 1.9780 1.9770 1.9790 1.9780
405 0.2559 0.2560 0.2561 0. 2560
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Table 4 Voltage values of sample to be tested corresponding

to light sources of different wavelengths (80 mW)

Average voltage

A /nm Sample voltage value /V value /V
635 3.7555  3.7560 3.7558 3.7558
525 3.0350  3.0360 3.0340 3. 0350
405 0.4510  0.4513 0.4508 0.4510
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Table 5 Voltage values of sample to be tested corresponding

to light sources of different wavelengths (50 mW)

Average voltage

A/nm  Sample voltage value /V
value /V
635 2.5600 2.5590  2.5610 2.5600
525 2.0210 2.0220  2.0200 2.0210
405 0.3060 0.3061  0.3059 0. 3060
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Table 6 Scattering rate data of sample to be tested
corresponding to light sources of different

wavelengths (80 mW)

A /nm Scattering rate
635 0. 009988
525 0.010395
405 0.012130
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Table 7 Scattering rate data of the sample to be tested

corresponding to light sources of different wavelengths

(50 mW)
A /nm Scattering rate
635 0.009961
525 0.010217
405 0.011953
0.0125
0.0120 1.
—*—50 mW
200115+ a8l ol
g
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Fig. 3 Comparison of sample scattering rate in two working
modes
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Table 8 Voltage value of sample to be tested corresponding

to light sources of different wavelengths (80 mW)

Average voltage

A/nm  Sample  voltage value /V

value /V

635  4.4300  4.4295  4.4297 4. 4297

525  3.6920  3.6917  3.6922 3. 6920

405  0.5780  0.5778  0.5782 0.5780
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Table 9 Scattering rate data of sample to be tested

corresponding to light sources of different wavelengths

(80 mW)

A /nm Scattering rate
635 0.011780
525 0.012645
405 0. 015546
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Table 10  Voltage value of sample to be tested corresponding

to light sources of different wavelengths (50 mW)

Average voltage

A/nm  Sample voltage value /V
value /V
635 2.9870  2.9868 2.9871 2.9870
5925 2.4340  2.4339 2.4338 2.4339
405 0.3680  0.3677  0.3681 0.3679

FAL AN IR A Y D R T L A A R 5 Y BRCS R A A
(50 mW)

Table 11 Scattering rate data of sample to be tested

corresponding to light sources of different

wavelengths (50 mW)

A /nm Scattering rate
635 0.011623
525 0.012305
405 0.014371
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Fig. 4 Comparison of sample scattering rate in two working

modes
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