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Nondestructive fluorescence detection method for
subsurface damage depth of optics
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(1.School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China;
2.Research Center of Laser Fusion, China Academy of Engineering Physics, Mianyang 621900, Sichuan, China)

Abstract; A nondestructive detection method of subsurface damage depth was proposed, in which nano—fluorescent
quantum dots were added as marker in grinding and polishing process, and the quantum dots were excited by light
and produced fluorescence, then the slice images of the samples at different depths were obtained by laser confocal
microscopy. When the scanning depth reached a certain value, the fluorescence intensity became weak and the
subsurface damage depth was determined by fluorescence intensity change of the feature points. A nondestructive
detection software of subsurface damage depth, which has functions of image threshold processing, bright spot
automatic recognition, image display and curve characterization, is developed and it can realize the rapid detection
of subsurface damage depth. The results of non—destructive detection and damage detection were compared, and it
showed that the relative error between the two detection methods was less than 10% , which verified the effectiveness
of the proposed method.
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Fig.1  Total internal reflection confocal microscopy and its

detection principle
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Fig.2 The original image and the image after threshold processing
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Fig.3 Fluorescence images at different depths obtained by stratified scanning
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Fig.4 Schematic diagram of processing of optics
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Fig.5 Schematic diagram of fluorescent quantum dot markings
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Fig.6  Relationship between relative fluorescence intensity and subsurface damage depth
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Fig.7 Relationship between relative fluorescence intensity and subsurface damage depth



57 W Pedtr, 2 Lo R AT TR ) DGR AN J7 vk 21 -

MEL Tt T IEF, 8/ PO FT QM301 il
SEREIG 7 A 18 3 2 T LSR5 A 2.5 pm
I 3um 247, T 0 B TR DR R DU R
RO B TEFEAE L E 99K 2= LRCK Z 1], X i
AH LGS BIS In T, 4i' 5 19%) STV 3% T 463493 R B 3 /N
T 5 | A Ay STV 2 T 463473 TR

3 AW 4 R AT

o A T S — b A P A I 53, A
FHHLSCRe XG0 R i HEA T R LG , TR T
B AR TAFILIEL 8, T FHUEE S 5% 19 HF 21 i
X TR AT 2 ik, 3B T2 i TR
T S BRI AN [+) TR A7 B 1) IV 3 T 4 80, 1 T4

(a) WL

(b) L5 TAF

i A ARG I A T F JLART T AR, 353 O R, X
54 T LUK S A7 AR A ORS00 TR L A
TR I3 ' 0 P 6 1 Sk 8 R 2 B HEAT T 3
AN, K 1 U 5 45 R P R (ELAR SR i XU I
R LRI SR I A I 8 777 94 mT LA 280k 4 I
TRORAT AN TR 0T 552 38 245 2R 3 J ) R W, o U A2 5
LM AR DL 8 (b) , T 8 BR WL 8 ().
TEMRIIN T T EZH0N , #heek 59Otk
I BRI 25 R P 9 B, Al L, AN 18R FH R Aol
LA R A HEAT N T SO 45 R B2 5
TR AR AN 45 SR FEAS PRy — B, IR 7 vk
AIAAXTER ZEAE 10% LA, TSR IE 1 A SR 48 H 1Y
TCARPECAG I 7 15 B IE B 1.

10 T ’
07 3+
_10-\/WW\’\ /N
£ -201 \ I i

= 2301 i

@ —40]

T 2501 f !
-60] ] ‘

0 5 IIO i5 20
IKFALFE fmm
(¢) TAF#m%e)E

B8 wimETihiik&inTH
Fig.8 MRF polishing equipment and workpiece
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