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Surface Defect Detection Based on Scattering Field Distribution
Fitting Approximation
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Abstract This study proposes a surface defect detection method based on the scattering field distribution fitting
approximation to accurately detect different sizes of optical element surfaces, especially small-size defects, with typical
optical element surface defects-pits and scratches-as the research target. Experimental results show that the method can
rapidly and effectively detect small-size defects on optical element surfaces and the relative error between fitting
calculation results and the original size of a sample is basically less than 5%, which verifies the effectiveness of the
method. In addition, the method addresses the problems of low accuracy and complex structure of existing
measurement methods and introduces a new idea for accurately detecting microsized defects on optical element surfaces.
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Fig. 1 Detection principle of two-dimensional profile of

surface defects

BB R, A ABHROE I I, o S AT

H1 0657 D0 3R TR B 1) o B AN TR 22 B I
I A () HLME— (49 20 A, DRIk vl AR A gl I D
S5 43 A 2Z 6] B R L 0GR T — FR B T RE X Y K
SF GR35 S BRG0S0 A b
LA X AT o LAt /N T iR 22 (RMSE) 9 Hl
WA B0, 38 5 22 Ok S R B 5 T SRORE i ol 4 S
J3E 73 A fi 42 30T 14 RIS 5 R A it 2 Tt 2k B 1Y
GG L d B S SR B B4 T

3 BN UG T 5 ik

T AR A E O v R AR T
IR € B T AR (VA= 2 S DS AR N VA T S
HE 8L VA2 K O 1 BUE 75 810 3%0 0 10 b — 4
S50 2 A 2% T (ww), 2R 00 B A8 A5 b BORE 1 B 4
— 5 B A ] Y R R o, G A AR R R K
RUOYG R BE T, AR A8 %y ) b 9 — 4k 5% 9 43 A th 22
SE SR IR BBl (Lo Lo ), PP L, 9 /NGB0
Lo 0 B KOG AR, K5 D' 58 B /DM T e K (L 1) (L (1]
B 53 9l 15 A ALy FTAL,.o HR 3R SR B TS 20 A KT Y
S5 BUAL T i B TE RS R TS R T R A K
BB, B e B 5 B A 1 i 2 o 1 o 14 3R 1 R B Y TE
BE e /AINME N d s 50 KA N o, W BB 56 32 318 L R
(s ), BT B K9 Al

S WIR I ST/ €0 2 N

0= arctan(w/L)o (1)

WEHESWYMHESH, A 1,=0,1,=0,d = d..,
Hop 10 = 0"/ i ik, [N 500650, d i E
B B B 55 B L8 o, 0FAAR A (2) 3K, 15 3

a=mndsin 0/, (2)

1112003-2



$£58% F 1181/2021 £ 6 B/HAEXBFEHE

W o, LATACA ()X, 58] 46 A th & I -

. 2
Illo(sma) +Igo (3)

a

BB 8L B BRI AR AN TR 2 B b e
AELE A SR A MBS f1 0 DL R R (E, i o
BB 0 BRIV Bt o Teas 0 — 1 (I, 9]
U Twseo = a (@ H—BERMHE D |, Xwss EITTHR
B2 T X R B P BE o TR, S AR AT O
WAL B — RADEm Al 2o oF He gk i 5 5
PR 1 56 BT A i 2 i 4 B0 9 16 55 I 0 A 1 4R
2 I R0 R Y o B g T SRR B Y R O TN A 3 a5k
B 9 RS o R T 5 3 B BROET I T OB T R A R
8, HAR SR 09 a2 47 I ] 5 350 8 50 2 80 A 5%,
UL B B2 ) ) R IR ) B I i i T A% e K e
NI 18] B o IBCLEL W) Fid /) 2 AR B L&
F149 EBCAEL ) o i R B8 /0 DUDORS T2 B g7, 5 3% B9y as A

| input: 1.6; set £i=0, £,=0, Jyyspy=0. d=d.y, |

read matrix [7,6]

¥

no

¥

| d=d,,+Ad, 1,=0, 1=0 |
¢
no
P2 BB S8R AT i AR
Fig. 2 Flow chart for calculation of the defect width
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Fig. 3 Scattering field distribution of the pit with diameter
of 10 um
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Fig. 4  Scattering field distribution diagram after noise reduction. (a) Original image; (b) denoised image; (c) rotated image;

(d) marked image
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Fig. 5 Scattering field distribution of 10 pm scratch. (a) Original image; (b) denoised image; (c) rotated image;

(d) marked image
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Fig. 6 Scattering field distribution diagram of pit defect after noise reduction. (a) Diameter is 40.2 pm; (b) diameter is 10.1 pm
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Table 1  Fitting calculation results of pits with different diameters

) White light o )

Nominal | Fitting Error Relative
. interferometer )
size /pm ) size /pm value /pm  error /%
size /pm

10 10.1 9.8 0.3 2.97

20 20.1 19.2 0.9 4.47

30 30.1 31.4 1.3 4.32

40 40. 2 41.8 1.6 3.98

50 50.3 51.5 1.2 2.38

60 60.1 58.6 1.5 2.49

70 70.2 71.6 1.6 2.28
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Fig. 7 Scattering field distribution diagram of scratch defect

after noise reduction
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. White light o )
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size /pm
10 10.2 10.5 0.3 2.94
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