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The surface flaws and internal knots in a film of high power laser lens are experimentally measured by
using a near field micro-image method, and their formation mechanisms are analyzed as well. The evanescent waves
radiated by a conic tip at a 100 nm diameter interact with the defects embedded in the films. After the evanescent

waves are converted into radiation waves, they are collected by the objective lens and imaged point by point in the far
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same time in effective interacting areas of evanescent wave. By comparing AFM result with SNOM result, we find

field. Atomic force microscopy (AFM) images and scanning near-field optical microscopy (SNOM) images on the
that the surface flaw of substrate accumulates the residual stress in the processing of coating, which results in a
OCIS codes

surface of the thin film are obtained synchronously, so as to visually identify the physical mechanisms of the defects
formation. The results show that the surface flaw and the internal knot in thin film are accurately identified at the
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310.6860; 180.4243; 310.6845; 120.4630

layered cracking on the surface of film. The crosswise profile scale of single minimum flaw is 165 nm, which is
beyond experimental detection precision of traditional far field detection. In addition, the high hot spot in SNOM
graph shows that refractive index of knots exist in the thin film is higher than that in substrate.

thin films; near-field optics; aperture tip; high power optical thin film; knot drawback; flaw

W B CAn T A A TR VRIS BRI m IR R G I RN EERNE Y CEREEAR
W B HI: 2016-09-29; WRIMEMFEBEHEI: 2016-11-02
A4 G F[2011]7001 %) SRR R H GRS FI[2012103]71 5

EEWME .. ERHAHKFEIES (11204046) FFEEF = PrEl 2 A 7E € T (2014DFA00670) | 5t M & B br Rl 8 & 1/E 0T B G F
0103001-1

fEERT: AR 979, 5 W4, Bl #Hz, BN F =R B 2=k 0 5 i A AF5Y . E-mail: yufengve@163.com



H = # ot

A5 e T R 19 016 2 M B 30 2 S 550 JIBE %) SO 1 S 1) R — 20 B AR, )™ L 52 1 D' 27 e 1 8 i 5 i A
TR T A R R e N R R e R R, *ﬂﬁiﬂl»%ﬂi‘:%ﬁm@zﬁ@{)ﬂﬂiﬁﬁﬁﬁg,LPFEX]L»&E}L\
S o AEL SR 30 ok 5 T SR 50K A ) DT S R AR PRI E B o ) A o ik PR S 094 7Y R ) AR AT SR A PR 4 B 3 A T
R W0 b 2 R 25 ) S B S Y Rk 2 A T T B R ] R T

o2 B G 1) fa 3 & 1969 4F Movchan #mﬁﬁﬁaﬁmﬁlﬁ W E T SR T AR R R A
AL O, F1 ZrO, % B2 PR R BUAY . BEJS . 1974 4F Spalvins 451 %lJFFJHT“%% B IUBE (SEMD Xk 5 v 4R K
R Mo, Ag 55 4x Ja R r i) il g AE A7 BIF 5, Jhc R ke o Ak 2 a8 IR e Y 553 %) b 7y DT 28 RIS ot RO 1 2 Mt b
KA FLARGE 25 RAE AT DN IR B B i X R RE I E . BL S BE A = D RO R SR R 1 &
JR , 7 X S 2 Y B 114 55 W) A % T A AT R, 08 S A Ay R ) SR8 e R 580 1 ) e 2 s DR R AT R

1985 4F . Johnson ZEZEMEFE (SIN/SiO, ) 22 )2 JE A 5k B i YR s . % B30 58 B 37 T JEE A0 3508 7 980 25 B
FIBRE . 1995 4F, 36 [ F) 3 5 /R [ 58 52 86 &8 (LLNL) 1Y Sawicki 219 %l AMOS Ll Jz COSMOS/M & ik
XF HEO, /S10, 4514 22 )2 A 5 % 37 R EE 3 S5 sE AT A0, DT 48 7R 1 15 R e 56 - S0 MR Bl I 1680 1 e AT 1 D 1)
XL AIF ST Ay v By 2 O T AR G B 0 B RN S g B R AR T S B T R A L i X v R e R A 1 A T 43 A
LA ) T T ERCT R ) 2 X R I 10 R R R L TG A ARG 00 B R A U A e T R A B T R ) R R 3
JeR G EEILR T,

N 455 016 27 RS R B 1) vk A AR 220 X 6 5 7k 4 A L AR Bk L An SEMLL B S L I fUEE (TEMD %5
J5 vk BRE AR T 00 43 R (R X b TR T B R R Y A5 0, TE A B e R T . R ) R
(AFMD) J5 i B AR L1 fﬁﬁ%é’mwﬁadﬂm/\ T TG O S R R T B o DR Ol R R AR TR ARG I g vk
B 2N RS BRI IO A N . BT, SRR 22 07 1 B A% DR 31 v R Gt o (EL R A K R —
PRS2 BT E AT AR B . S 2 i 3 e L Ry AT A B e A A T Bt T T A e

AR 100 nm LR BT 7006 2 B (SNOMD &2 58 5 10168 38 % 5 25 3 S 38006 T 15 1) B8 s
AHEAE P A 458 0 38 7 1 Ay 3 3 4 A B0l L S DG 2 R e DG T L R T8N 1 OGS UR &R G LB AR
P TGRS o3 B, ST T R SRR ) v A R G R X e o 7 A T PR ) DU G

2 e R
DA% 02 O i th 8 2 T TP 45 5 2 T 2 50 W 0 S A 1 R

laser tip

sample
evanscent
wave

drawback e S

film
far-field light
detector substrate

BI1 oK AL AR B2 D 2 3 5 e 5k o 174 S5 46 Je
Fig. 1 Experimental principle of the measurement of detects in thin films by using nano aperture tip
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Fig. 2 Measurement results of AFM and SNOM at the same time. (a) AFM graph; (b) SNOM graph; (c) profile graph
and width of the flaw in AFM graph; (d) profile graph of the flaw in SNOW graph; (e) profile graph and a minimum
width of the crack in SNOM graph; (f) profile graph of two line knots and their distance in SNOM graph
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Fig. 3 (a) AFM and (b) SNOM graphs of surface microhole and internal multi-knots on the thin film surfaces of

simultaneous measurement
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