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Abstract; In this paper, the basic principle of the optical-thermal and optical-acoustics detecting methods is
reviewed. The common optical-thermal and optical-acoustics detecting methods are described. Combined with
specific applications such as absorption test of optical films, characterization of laser irradiation and laser dam-
age to the thin films and characterization of the mechanical properties of thin films, some typical detecting
methods are analyzed including laser calorimetry technique, photothermal deflection technique, surface acous-
tic waves and so on. The advantages and disadvantages of these methods are indicated. Finally, some achieve-
ment in the field by these methods are summarized, and the prospect of these methods is presented.
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Fig.1  Experimental facility of laser calorimetric tech-

nique
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Fig.2 Measuring process of laser calorimetric technique
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Fig.3 Sample box of laser calorimetric technique
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Fig.4 Principle of thermal lens technique
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Fig.5 Experimental facility of thermal lens technique
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Fig. 6 Principle of photothermal deflection technique
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Fig. 7 Nonlinear absorptance of fused quartz under

193 nm laser radiation
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Fig.9 Principle of laser photoacoustic technique

Signals Fourier-transformation
= 04 | Impulse 1
= 02 | e .
2 Ll I = e T explion:- dr
= f ImU ([
g —02 ] ) =arctan|mm— SN o
= o W FFarctan RO 1) n2n
32 34 36
t's
> 02 . Impulse 2
P Tn Ui )= ] sty explion - dr
-;,:’ U_U—,J,u-'||‘|||||| -.\/__ i % | (1) explio
2 I . ImU( f
= VY | = t Fa I
Eo ! B(/)are m[l(c{,":( 0
44 16 43
s
Result
Dispersion spectrum
()= (v;—x,)2nf
()T
_'_n 5800F Diamond film on (100) silicon:
E [ film thickness: 3.7 um
S 5600f
_T: 5400
2 [
2 5200
g
5 sl o 0
7 0 80 160 240
Frequency/MHz
K10 SEH S RFASR A
Fig. 10  Transformation and fitting of optical-acoustics

signals

ARSI AR, P A A AR A I, A7 72 S I
G0 U PR BURES, AR RO, B
RERCHF . AT RR T R e Tt S E e AE
B, Mot T B AR T e AR, I, O TR
WSRO, Al LA 400 P e A R 7 O i e
PEBUS A a8 PF i, 2 ok g . X
B AT UM OGS S e U I, Xt B
1AM S RS 7 A Bl D047 3 ST | T



451

ECUR T , 45 I H T PERE LA IR AR AL HOL A AN B AR 707

GESHGIATRI
3.2 AR AREFERLE AR A
3.2.1  SBE I BEOKN 5K

H A G A D T S i 1 vk R B
P2 35— DB R R RS 1 20 2 B Bl e
P ARE AR b A SRR B A SR ' BRI
o BERT S AR WO T R A A
AN, B R T R T R i Py AR R A
PR, X PRRARON 23 3 A S B0 N AU
Bl JE O B SR G A A TR AR i AR 4, PR
PG o P R 7 R R OR i 4
W AL, SE AT DA RS TR, B
I T L AL B L E AR AR L A A
SHEOET R AR SR I AR | R SR 7
PR 5 R B A s LRI = i S K
SHATANEL AR S 5 E bR BORE S AT, BIRT
AR CA W, 28 ik R, w4
SR DT T B A = i (PR WL AR
diit A AR S BRI AR

SR, DA AR 5 70 G 27 W vh AL B HLEE A
e Z A, 52 BNTE A A R | 2 S A i 4
WEZ R, e WREME, K, er ik
H Al S FH ARG A, I A Bk I e
= T BE I IS L ) T2 B0 1 T E IR AR R
SSILLAMBBE , © 8 AR 2K 5 1 6 s 2 W 1Y)
AT T I A 4 aE
3.2.2 MM KA

FEXT AL FE TR AE Y R REE ) 22 R AE T 4
[CRERE — I ZE 24, DGR TR R IR R
FE T KA AR S T A R TR Y AR
PR

308 3 ) % TR P U0 AR R AR AR R 1)
TR, 76 O R B B G BT, ] LA
[ AU A AR B AA B i A7 A A, Hl
O KT Iy m p i oE ) iR 2 55 N
I S 22 43 AR G I 35 IS 2% T 9 5 114 A ER A
S B AR R P G i B 2 v I )
WA FO A B 25 I 11 2K Lawave
T 7 ARSI 1 3R AS I TR TR Az R g e
HP 22 AR TR) T2 1 B R G Ak 0 R 1 A G

PR A I 5 5, o I8 & T R A& 1Y) LaF, 4 £G
Wi 2°M 75 Gpa, MgF, 4 [CAL & 2 140 Gpa, 13
5 AR RV EE AE 24, 10 BH 5 A BRAR 10 B 2%
¥,

sogof—————
50601

5040t

5020F
| —— #0: MgF./389.2 nm, = 139.8+0.28 GPR
8 nm, £=152.14+0.03 GPa

Phase velocity ¢/(m -s ')

5000 | = non-coated Si

0 50 100 150 200 250
Frequency f/MHz

S100—

—_
- g
= s000f M
= #2
= [ #2
=
< #1
2 4900} .
2 L ~
w
= = 76,6+ 0.02 GPir~
.
% 4800 i=73.4+0.1 GPa
E nm, £ 198.9+0.24 GPa
o nm, £=202.1+0.27GPa

4700 _ponequedy o]
50 100 150 200 250
Frequency f/'/MHz

BT TREE SRR A AR 3
Fig. 11  Measurement of DUV thin film’s Young's mod-

ulus

SRR AR F I, i v e ) — g
e N, BT 5 SRR 118 901 TS A L 1 4 G
BN, TS M Ak A v H e
WA AR A R A R T AL, (L SR S RS 6t
ARAK R HIA% e FE IR R 12, 45 30 0 28 o -2 B
2l 2 O B3 1E 5 IR, Bl G SF TR Y &
&I TP 2 R TIRe I, X e T R
BN T ERT, 7S 0 DU a2 3
FERIMNATT SR o ot R B 2 ik = 0 o
ST LA RV SRR A R AR R, OG5 S Ut T D AE
FI ARG, I R LRI 25 PRI, Juequan
SR DGR 20T 4 58 A0 ik Bt T AR I 32 ik
W A7 FC A 1 Dieter 25 A FI G A 1 0 4t
T RMERA YIS G R I 555005 1
HEFT T LRAE, R BRI AR el oK R AR A5 1 25
RAETEARTT )12 (B 12)



708 AlES DR

1%

Indentation
10} T
= L " . —
@ sl ) ‘ Etener= EL e
g 6} .
= 2
73 N ) Lo
2 A
T 4 4y
g %
z i Linear regression:
w 2F Slope: 5=1.9 ]
Correlation coefficient: R=0.84 ]
0 2 4 6 8 10

E-LAwave/GPa

B12 SRl g ER AR A

Fig. 12 Youngs modulus’ detection of soft thin film

3.2.3 HEERA R AN

T R AT E TN 7 1) T 5 14 2 I A 7 1T
REEAPAT RIS AR AR AR AR L ST I 7
0 TV A% 405 1) 4 53 A w2 AH I e AR AR A
Hirao %5 A SRR 3E A, 45 1 T 3R 11 I 1)
JE AR A2 1k 5 A4 6k 3 THT 1Y) B Ak 1L T 43 AT 1 6
ZR00 T B e ) SRS Y 2 T D AR Ak Y
3 AT LIS HE 2 TSR AR T B AT

BEE OB Q SRR KR, AM1E &
AT LIS BN R B J K ot . XAMEOCIR A 2
B HEW T E 5. Doxbeck 28 A\ M| FHIGES
W AR ER A A1 HAT, Rk E K
SN XRD 75335 R 1 BT S 4 1) 't i
i 7 E I 7
3.2.4  RFEBERGIEN

FEN AR R AL Z 5, T B ) o0

SE 3k

SERFNR S 53 A0 R A=Ak FE e B B 1 5 5 5
A 2 BEZ R A ORI S . PRI G S 46
T RS A 489 1 — b S FH el iy B

S I G P AR I A A5 1, A A —
G o JCAE R N T AR R B I, A 5 R
FRORE AR 24 B 75 2 1T 0 A 7% 2 ol s B, P R A
Rt A R ARk, SRV S e o 2 A HL
ANAY XRE ST R I B R R AR
B SCHR A 23, v IR A P e R PP S AR PR
PRI PRI O FRIAR D T R0 4 1) A A
PR AN E 1Y, ) P 75 B A T A L A PR
A. K. Kromine H1 Y. Sohn"™"™ 25 A\ 42 H 7 4%
JCIETT I R T XA IR, X RN TS kY DR B
A TR RO IRAE TR 0 e g B 4, OB IR
I T RS0 10 57 5 I [T 2 T R A
LA PRI A5 i 2y He M B 22 57 10 3 AR 5, A
171 531 e A48 3 ) 7

4 % RIE

ITARSK  BEFE A BOR AW D D RS
PR 5 o R B g, A R RS R R
H, JEEE I AP BE T G E B O T R Gk
REMYSCHE, BEFR WA PEREZ 4w, 5 Z ML
TC Y e A A D ARt B = R e, ek
IO 1 LAHG 850 0 0 kD B 0 oo )R DA
S SIS R, 2R T Ok A Y AR
A GE AT ¥ X L A phe 0 R W 2 i
SRS PR IS IV 1 25 D T A ARG v D P Ik DTG
PRIEAIA ORI RBL, ARG REE R A9 A T
A AL NG 1k BRAT 1) — S 5 5001 7] Lt K
YOZ AN Dk, i EL Al RUR] DS $9% FDle
FOEBEATRAE SRR 5 BRI . SEAIERDE
A O SR AT ) B T At ATy
(NRIINEWE Y 2 LT IDNEE VoA

(1] FEEAs st mIPRBEOL RGOt AR A BUR SR a3 [ 1], #5555 8t & ,2009,7 :14-17.
FAN ZH X, WEI ZH Y. Progress and development trends of optical coatings in high power laser[ J]. Laser & Optoelec-

tronics Progress ,2009,7:14-17. (in Chinese)

[2] DAVIEST S J,EDWARDS C,TAYLOR G S,et al.. Laser-generation ultrasound;its properties mechanisms and multifari-

ous applications[ J]. Appl. Phys. ,1993,26.329-343.



%55 W1 ECUR T , 45 I H T PERE LA IR AR AL HOL A AN B AR 709

(3]

(4]

(5]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

ROGERS J A,MAZNEV A A,BANET M ], et al.. Optical generation and characterization of acoustic waves in thin films:
fundamentals and applications[ J]. Annual Review Materials Science ,2000,30:117-157.
SHEN Z H,ZHANG S Y. Laser-induced displacement fields in a film-substrate system[ J]. Progress Natural Science,
2001,11:299-302.
ZHANG F F,XU W H,HONG Y ,et al .. Non-destructive characterization of laminated composite films by laser ultrasonic
technique[ J]. Analytical Sciences,2001,17:208-211.
WELSCH E,RISTAU D. Photothermal measurement on optical thin films[J]. Applied Optics 1995 ,34(31) :7239-7253.
W 5], A F 7 B R RE B HOAR MO AR E I E[ ], A5 5 R 3R ,2005,3(1) :53-57.
CHEN X Q,ZU X T,ZHENG W G. Application research of STL technique in photoelectric testing of thin film characteriza-
tion[ J]. Optics & Optoelectronic Technology,2005,3(1) :53-57. (in Chinese)
x| AL, Lol 4 ARk B AU BRSSO B S R RI[T]. RS E,2002,24(4-5) 17377,
LIU P CH,SHEN J F,SHI B X. The experimental setup$ establishment and application for transmission photothermal def
lection technique[ J]. Optical Instruments,2002,24(4-5) ;73-77. (in Chinese)
MANN K,BAYER A,GLOGER J,et al.. Photo-thermal measurement of absorption and wave front deformations in fused
silica[ J]. SPIE,2008,7132.71321F.
PINNOW D A,RICH T C. Development of a calorimetric method for making precision optical absorption measurements
[J]. Appl. Opt. ,1973,12(5) :984-992.
JEE R RFE R K8 S AR AR M. BN« WL R, 2006.
TANG J F,GU P F,LIU X, et al.. Modern Optical Thin Film Technology[ M]. Hangzhou:Zhejiang University Press,
2006. (in Chinese)
ARENBERG J W. An error analysis of 1ISO 11551[J]. SPIE,2000,3902 :324-331.
MANN K,ECKERT G,GOERLING C,et al.. Characterization of DUV and VUV optical components[ J]. SPIE,2002,
4691 :1742-1752.
WU Z L,KUO P K,LU Y S,et al.. Laser-induced surface thermal lensing for thin film characterizations[ J]. SPIE,
1996,2714 :294.
DIJON J E, VAN OOST,PELL C,et al. Laser induced absorption at 355nm in silic studied by calorimetry and photother-
mal deflection] J]. SPIE,1996,2714.61.
A HE I Bk AR A RIITIAE BRI B R U R TTIA[T]. 2 5 4R,2006,55(2) :758-763.
FAN SH H,HE H B,SHAO J D,et al.. Method to improve absorption measurement sensitivity of thin films with surface
thermal lens technique[ J]. Acta Physica Sinica ,2006,55(2) ;758-763. (in Chinese)
FoAR A AR, BRI, ORI B SR [ 1] 4k 5 B8 T42,2011,40(9) :1779-1783.
HUANG Z X,ZHAO J L,HU X Y, et al.. Parameters optimized for optical thin film weak absorption testing set-up[ J].
Infrared and Laser Engineering ,2011,40(9) :1779-1783. (in Chinese)
FUR vk, A7 B F B OCRE B BOR B AR T]. 8540 ,2008,30(1) :34-39.
LI X P,JIANG X D,ZHENG W G,et al.. The principle and application for transmission photo-thermal lens technique
[J]. Optical Instruments,2008,30(1) :34-39. (in Chinese)
BOCCARA C,FOURNIER D. Thermo-optical spectroscopy: detection by the “mirage effect” [J]. Appl. Phys. Leut. ,
1979(36) .130.
M HLIG C,BUBLITZ S,PAA W. Laser Induced Deflection( LID) method for absolute absorption measurements of optical
materials and thin films[ J]. SPIE,2011,8082.:808225.
M HLIG CH. ,TRIEBEL W,KUFERT S, et al. . Characterization of low losses in optical thin films and Materials[ J]. Ap-
pl. Opt. ,2008 ,47.135-142.
ARk IR S TR RIS W B 55 SRR [ D L BT - VL7, 1992.
SHAO Q. Study on optical thin film weak absorption by photothermal deflection technique[ D]. Hangzhou:Zhejiang Uni-
versity,1992. (in Chinese)



710 G 47 %

[23] STARKE K,JUPE M,RISTAU D,et al .. Non-linear absorptance of optical parametric amplified ultrashort pulses in die-
lectric coating materials[ J]. SPIE,2005,5647 :524.

[24] BLASCHKE H,RISTAU D,WELSCH E, et al.. Absolute Measurements of non-linear Absorption near LIDT at 193 nm
[J]. SPIE,2001,4347 .447.

[25] APEL O,MANN K,MAROWSKY G. Nonlinear thickness dependence of two-photon absorptance in Al,O, films[J]. Ap-
plied Physics,2000,A71:593-596.

[26] APEL O,MANN K,ZOELLER A et al.. Nonlinear absorption of thin Al,O, films at 193 nm[J]. Applied Optics,2000,
39(18) :3165-3169.

[27] LIU W J,LI B CH. Repetition rate dependence of ahsorption of fused silica irradiated at 193 nm[J]. COL,2013,11
(5): 053002.

[28] NATURA U,MARTIN R,VON DER G G,et al.. Kinetics of laser induced changes of characteristic optical properties in
lithosil with 193 nm excimer laser exposure[ J]. SPIE,2005,5754:1312-1319.

[29] BALASA I,BLASCHKE H,JENSEN L, et al.. Impact of SiO, and CaF, surface composition on the absolute absorption at
193 nm[ J]. SPIE,2011,8190.81901T.

[30] MUHLIG CH,KUFERT S,TRIEBEL W et al.. Simultaneous measurement of bulk absorption and fluorescence in fused
silica upon ArFlaer irradiation[ J]. SPIE,2002,4779.107-116.

[31] STEWART A F,GUENTHER A H. Laser damage test results on Blazers round-robin thin film samples[ J]. Appl. Opt. ,
1984 ,23(21) :3774-3778.

[32] FOLTYN S R. Spot size effects in laser damage testing[ J]. Spec. Publ. ,1984,669 :368-379.

[33] BENNETT H E,GLASS A J,GUENTHER A H,et al.. Laser induced damage in optical materials: eleventh ASTM sym-
posium[ J]. Appl. Opt. ,1980,19(14) ;2375-2375.

[34] 3tk K= R, ELHRMOCHR I PG ABOC B OB A AE WS [ T]. 65 A% T42,1996,4(5) :61-66.
HUANG W,ZHANG Y D. Study of the damage mechanism and thermal distortion of optical coating components under
CW high power laser radiation[ J]. Opt. Precision Eng. ,1996,4(5) :61-66. (in Chinese)

[35] htiid, A%, B, & AR T 20T Ti0, 52 B A9 e SOR6 05 B E L) ). Bk, 2012,39(4) -
0407001-1-5.
XU J H,ZHAO Y A,SHAO J D,et al.. Absorption and laser induced damage threshold of TiO, single films under differ-
ent process conditions[ J]. Chinese J. Laser,2012,39(4) :0407001-1-5. (in Chinese)

[36] ARZ,KMFF, SR0%, F. BOLRPGEN R RE SN[ )]. F B3 ,2014, CUGE.
ZHAO L,WU X Y,GU Y Q,et al. . Measuring the absorptance of DUV fluoride coatings with Laser Calorimetry[ J]. Chi-
nese J. Laser,2014 received.

[37] ZHANG L CH ,CAI X K. High performance fluoride optical coatings for DUV optics[ J]. SPIE,2014 received.

[38] BERGER L M,SCHNEIDER D,BARBOSA M, et al. . Laser acoustic surface waves for the non-destructive characterisation
of thermally sprayed coatings[ J]. Thermal Spray Bulletin ,2012,1:56-64.

[39] DOXBECK M,HUSSAIN M A,FRANKEL J. Use of laser generated creeping longitudinal waves to determine residual
stresses| J]. IEEE Ultrasonics Symposium ,2000 :725-728.

[40] T WOLHREI A 27 R0 F e[ D). P2 P95 Tk K% 2012,
DING Y. Study on Acoustic identification method of laser damage in thin films[ D]. Xi’an:Xi'an Technological Universi-
ty,2012. (in Chinese)

[41]  ARBLIE. BOWEH RN LLIMDEE PRIBOSCGR B PTSE[ ] BOR 4 & ,1996,17(4) :177-184.
LIN Y B. Research on measuring the coefficients of infrared window material by laser photoacoustic technique[ J]. Laser
J. ,1996,17(4) :177-184. (in Chinese)

[42] KHAN A,PHILIP J,HESS P. Young's modulus of silicon nitride used in scanning force microscope cantilevers[ J]. Ap-
plied Physics,2004,95(4) :1667-1672.

[43] JIANG X,PHILIP J,ZHANG W J,et al.. Hardness and Young's modulus of high-quality cubic boron nitride films grown



455 ECUR T , 45 I H T PERE LA IR AR AL HOL A AN B AR 711

[44]

[45]

[46]

[47]

(48]

[49]

[50]

by chemical vapor deposition[ J]. Applied Physics,2003,93(3) :1515-1519.

TRBE AR IR, IR T S R HISE22 A0 BORAG RO JCA 75 3 i S IR R T]. % 5 4R ,2003,28(3)
201-206.

XU X D,ZHANG SH Y,ZHANG F F,et al. . Characterizing of thin film materials by optical difference detection of laser
generated SAW[ J]. Acta Acustica,2003,28(3) :201-206. (in Chinese)

A E F1 WO RIAR G S AR WA TR A NI FE D] R HE RHER 2011,

JIN B Y. Study on the measurement of thin films Youngs modulus using LG/LD surface acoustic waves[ D]. Tianjin;
Tianjin University,2011. (in Chinese)

FA RAE. 193 nm SERIBE RS IR SRR T]. o+ B F 5 2 A K5 ,2008,1(1) :25-35.

GONG Y,ZHANG W. Present status and progress in 193 nm exposure system in lithography[ J]. Chinese J. Optics and
Applied Optics ,2008 ,1(1) :25-35. (in Chinese)

kA BB, KEFEHUTTRE SN AR AR ST R[], 25 % 142 ,2012,20(11) :2396-2401.

ZHANG L. CH, GAO J S. Developments of DUV coating technologies in CIOMP[J]. Opt. Precision Eng. ,2012,20
(11) :2396-2401. (in Chinese)

CHEN J Q,LEE C J,LOUIS E, et al. . Characterization of EUV induced carbon films using laser-generated surface acous-
tic waves[ J |]. Diamond & Related Materials ,2009,18.768-771.

SCHNEIDER D,SCHWARZ T. A photoacoustic method for characterizing thin films[ J]. Surface and Coatings Technolo-
2y,1997,91 :136-146.

HIRAO M,FUKUOKA H,HORI K. Acoustoclastic effect of Rayleigh surface wave in isotropic materials[ J]. Applied Me-
chanics ,1981(48) :119-124.

KROMINE A K,FOMITCHOV P A,KRISHNASWAMY S, et al.. Applications of scanning laser source technique for de-
tection of surface-breaking defects[ J]. SPIE,2000,4076:252-259.

SOHN Y, KRISHNASWAMY S. Mass spring lattice modeling of the scanning laser source technique[ J]. Ultrasonics,
2002,39(8) :543-551.

RUFEF(1988—) 5, NZt WA,
Wit BF5ESE ] 51,2010 4E 2012 4EFb
FUHLT R 225 AR AT 2 B 244
2N IR R AR T 5, E-
mail ; wxy19881107@ 163. com

N 56(1985—) %, BIE VLA PN il
+, BYFBFSE 51,2008 4E 2011 4EFHL T
B A B3R A 2 4 24,
BN SR T I A F5E o E-mail ;

nrconnie@ 163. com

TS (1979—) T E AR E AT,
4 BIBFFE G ,2000 4E 2003 4E Tk
K25 BIARAS 21 224 ,2007 T
i RRAE B 1 OGRS B LA S A
Ol 7R i e w3 AN S Y NE S B
S F R Oy A9 BF 9%, E-mail

zhanglc@ sklao. ac. cn



