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Study on Total Internal Reflection Microscopy for Subsurface Damage
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Abstract Subsurface damage (SSD) detection and removal play an important role in improving the laser induced
damage threshold (LIDT) of optics. A new method to detect the distribution of SSD is proposed. This method
combines total internal reflection microscope and digital image processing technology. Because of the limited focal
depth of the microscope system, one can get different images focusing at different depth levels by a total internal
reflection microscopy (TIRMD. The connection between the definition curve of TIRM image sequence and the depth
position of SSD is established. Also, the depth length of SSD through the feature of definition curve is obtained. The
imaging process of TIRM is simulated and the typical features of the focusing process is found out. Size information of
the microstructures is got exactly according to the fabricated microstructures by femtosecond laser micromachining.
Focal depth of the microscope determines the test depth accuracy of our method and actually the test accuracy can
achieve 1 pm.

Key words measurement; subsurface damage; total internal reflection microscope; definition evaluation; micro
focusing control; imaging simulation; femtosecond laser micromachining

OCIS codes 140.3330; 290.5820; 110.0180

1 8 = PO 350 B L 5 0 T DR el

BMOE RGO et o g ae AR BA R ALy IR A DAy — A PR IR Bk
KWE, PR, WERBE Rk RS,

YriE B H: 2013-12-08; Wl fEecim B #A: 2014-01-13

BEETA: HEARPAHREAE11104295)

EZE® A B WE989—), I, WL AT A 3 I F 2% o 4 M0 3% 1T e B T 4540 5 T P BE Y
E-mail: cuithui@siom. ac. cn

SR A XA Q979 55 1 4 BIBE S 51 . 355 DS ATT S ' 2 0O 2% A6 I 45 5 1T I AT R
E-mail: shijieliu@ siom. ac. ecn G {58 & )

0612004-1



2 i

i IF 2% 18 Bk B 114 2 100 D7 3 AT LA 43 SR R 2K
FEE T E 731 RS\ W 17 K7 312 S S0 I RS 78
25 JOP VA O R ROR B R . A AR
V2% 1T B B B4 O vk R A LR A WA RN Ol
TR AR DL e 9 B R &, LR
F5 30 T AR 10 NI 3% TR 5k 8 I 00 04O R A A0
FARMK 3 4 H AR T 9 i it 4 i 7E 9l o
BRG] AW, JEFAE T )E P BOR IR
O3 AR T 6 IR B K TR R Lk R A U 1 43 %
KA UK X L R FAE M5 A1 9 4562 0
() I 2R T 50 o o 4 PN S S Sl FE Y v 4 PN S i T
FICE B CR T AL B S5 1R R ARG VR S
S IR T R R A I S A A A

S R B HE R B Temple ™™ e g Y
Liao %MK TIRM BS54 451 ik 2035 3R A% 1) W0 22 16
B G T LA WF ST T AN IRl ' 2% % e A W 5%
T R BA TR 52 R . Sheehan 255500 4 P B2 56 Wi (4 R
T8 A S o Moo ks 2 — 5 T
“ 4 PN RS B s CTTRIVD Ji 52 5 453445 194 {1 2.
MIEFR . SR BH T 4 N R 5 I ik 3R 15 i) 5 4 1
15 v TR BB 7 2 T B0 o R TV % T B8R A B A
5y TCE T 3R T R B ARCHE — 2P BT . A X
G 2% T it B 1TV 6 1T 3Bl 4 B R — S HERST, Sheehan
SR 22 gE S TIRM 5 77 i il e (AFMD >k
X733 T 5k g 5 0 9 T R B L (ELAROR — i, THARAL
FECT G AL BB AR 1 & SR 45 A TTRT LAXS TIRM
Vel 2 At — A5 Rh 3, Sy X 43 6 TG Sk s A T7 6 1T Bl 4
FEE AT BT B R W SR s E o A B Rt T
Al fE.

A SCHE H— P I T A N RS I B R D R
TR B 05 B 058 7 s R B i R e A BRAE TR
Xof 7. 3% THI R B 1 TR B T 1w 43 ) A AT RIS B0 A% AT A
PAFAS A g fa 5 T 0 O B 38 805 BR A 21
FOAR g BB RS T S B E R,
HE— 2 F Y b BE il £ A5 313V 2% T i 04 R BE AL
WREERGE . #3712 T e B 3L e 4% 8, JF X% &
B EE SR WS RT3 W EE VR AN 43 BT, S5
SR B R T AR R O T AT .

2 ®

S PRI B R s A RS DB 2 T
e 2 T R 7 25 T 190 B 06 4T B B BMORIR . A
FIF 2% » B TS8O Aok T 1 55 47 59 A5 0 B O3 80
ST 417 1E BB B A P S 4% B BR . S

R BE B ' 2 BB B UR AS B RO R . — R
U175 N I /N I PN V1 S 1 N R S N7 (2
BT E BETE AR 55 552 P R B TR AR AR AL 2 Bk i Rl
LS5 6 AH EE AU L A7 5 B AN AT 228 L BIS D'e B
T BB AT S R

microscope

O

prism

B 1 TIRM Ji ¥R 3% Kl
Fig. 1 Schematic of TIRM

BT O R R G A A IR AR Y B
B IR AR T e b i LA R — 2 R 0 T IR
J3E 114 IV 2 THT S5 FE 45 T AT 5% o HG Al R B b 1 B s
8T DU 3% B0 A AR R AN [R) 1 B 6 BE . TIRM
L5 v IS 6 BRE B4 ASRA 2 T LA D 975 BT 8 47 R KK
SE AR . PG BT B B A R LA S S A ek A
T AR AT . R R 23 M EE VA oR A
—E R R RE A BT DR R B YRR AR
S [ B 0 A2 P 30 3 RPN RS B A R . S gk
FHMERE S ) TIRM EUR 25 4 LB BT B, 2 F
U 72 45 1 3 AR D R 30T LA 22 RUBE 49 7 I R, B
i A P8 NORG 22 1) 3 — A 1) P A
TIRM B 1K 56 43 B 4 o TR 7. &
it T PR A S AR5 B . T o A 0 %o L T PR 1Y
0T, i, o BRSO /N D A A8 X6 R AR 4 B
2t %f {E 5K AN
E= > e+ lew |+ lenn ] (D

A con BTG AP B B D5 18 o AL K Y- T 1) A At S
I3 B/ ZR R o D9 U8 LT 1A AL K SF J5 17) R
TR0 9 /NI F R e N LT 1) AR T 180 T A i
PR /NI AR R, BB L 2 % DX I 5 i A
S Z AR

PR R R AR - R AR I A X IR R
ZINT A i 2 i B R R TR A R B T T JEE it 2R
W% T 1 1) R (Y BRI IR, I 2 s . AR 3l
il £ 06 F) o7 B, AT AHE T i SR B g TR BE O . X 2R
R BE B A 5 R B IO TR S R MR 1) L.
L 2R ORI A TIRM P (5 3 B RO AR /N
BT OG5 5 X T BB PRI ey TR — B O

0612004-2



OB

A A ISP B AR RN I 2 T B I B i WE

optical microscope

target movement

Focus measure

Image sequence index

P2 B AR e A A TR AR AR T B HL T AL R

Fig. 2 "Defocus-focusing-Defocus" process and definition curve for ideal point defect
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Fig.3 (a), (b) TIRM images of a circular defect get from simulation; (c¢) definition curve of the circular defect
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Fig. 4 (a) V-shape crack; (b) definition curve of the crack
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Fig. 5 Microscopic images of the structures written by femtosecond. (a) Focused on the surface; (b) focused on the strip
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