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Abstract

In this paper, the research progress of absorption properties of oxide optical films at home and
abroad is reviewed, and the relevant absorption measurement techniques are introduced. Optical
absorption loss is an important part of optical system, which can not be ignored. It seriously af-
fects the transmission quality of the beam, the life of the device, etc. Therefore, the thin film with
low absorption loss plays a very important role in large optical system and strong laser system.
Oxide films have the advantages of wide band gap, high hardness, stable performance and corro-
sion resistance. Most optical systems use oxide materials to prepare films to improve their optical
functions. The absorption of optical film is a process of interaction between light and electrons,
excitons, vibration and impurity defects in the film. At present, the deposition process of optical
film includes electron beam deposition technology, ion beam sputtering technology and sol-gel
technology. The selection of process parameters is an important factor affecting the absorption of
optical film, and other factors include temperature, heat treatment and other post-treatment
technology. In addition, the measurement method of absorption coefficient is becoming more and
more advanced, which also plays a key role in the control of absorption loss. With the appearance
of more and more thin film materials, selecting suitable thin film materials and studying their
structure and optical properties is an important link to control absorption loss.
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2.1. EARARER

LA R 1) ) 45 T 1K 2 2 BRI SRR RS I URR, LA 1988 4 It 7 BRI R 5 i T A7 273 [ 5]
AT AT R G LR, P B RO RS S M, SRR TR ThER B s, R S R
SHOTR T 3B B TiO, ZnO, Al ALOs FFE, IE B B A R AFIDG MLk ge, HEA—Em
I AME

B TR T 2R AR AR R, B 50 AR R AN [ 1 T 251 4 S8l A P e R SRk 7 R A 2
k%, 1992 Fi%H% CE[6]RH B F RIS TTRRBR K& T TiO,. ZrO, Wi, A 57 3 B MR I 6
SCAHE 5 1 5 11 R 2 JRR 5 B R ) SR AH LU B S BRAIG, e AT [7 08 I s & TR B IR T2 5
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W TSR B s e DR SR B it T R ST T 1)

2011 A HOB AR (]I I B 1 RIS TV A T IR SR AN BL ALOg Fl SiO, L, I LLIX P FR AR A4
MRME N BRI ST R M BT S, 20 400°CIB G, JEtb2Eit | Al JEFaE 7S 0, kA
SN, BRRE AR R R A — DR, R EE T IR, IR AlLO, HEIE IR KM B
W, JEE— RV TR, BERE R 03 R, AR DA SR K A B R 2 2 i 81 B (1 R LA
TFE, TERSTF . I T 2 SOk BRSO B FE i 2 s, T ELX T AN [ 8 i B )
LB AT A F AL .

2014 FFXIHERS | ZE—BYSE[91RI H TR ZE R UTARER, 7EHDEH IRERTIH] % T TiO,. HfO,. Ta,0s
1Y ,05 4 PN, BFRLE TR 4 FEDIIELRIIKD T B, KM E 2 1
WK A TiO,w HO,. Ta0s Ml Y03, FEIE B /KU IIALE, TG R BN BRI 53 31l 9 TiO,. HfO,.
Ta 05 1 Y 04, UF B S HK 41 & B S5 A K.

BEAEWOCHAR MR, W O  BRE S 1 T kS R, AR A R A LR
REPE LSRR M, I HOB B0 T 2 S80S & T B 2 Jo 4k il US55 A0 P s 2 7 H B e
REDGEMERE, HHABOC RGP RS EMEEER, SRR H k2 . 2014 432
T WIS [ 101K FH B8 7 SRR S DU AR 1l 45 7 SiO, MR, AFF 5T T AR FT I FE X 28 T SRR SiO, AT 5t 2
RRPE . SRR SRR MR IR, B LR W S AL IR Sy 550°C I, 3RAFIN SiO, AR 55 I IS iR /s
1A 1.1 ppm. RIHAR 4G B S/ NS FER) Si0, #iE, RLi%#E 550 CAEAFAL IR FE .

2015 4P 2 S [ 111K FH HEL 7 SR 28 RE AR 1 RS2 AE A [ 2R b i) 2% Si0, S . 7 i 72
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PRI HE, REna DR 3R A, HES) T AT 1) R

2022 IR G E 2] T R AR AN ES T AR TR L2 TR R A T3 T RO R S e 4
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ZE LRIk, [ AT 2 PPN [ ) 6 T2 A SR, FL % v A B AR DURR
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1985 4 Demiryont ZF[15]8F 5T 1 B9 AT 1) Ta O i, K IH M P AE R A A T 80
JELI 5 JR ELAf (Urbach) s R RE S8 AL, AT 5 SCHEIRAE T L, I 20 MBS IS in, s 0 ms P 3% A
XoF T HEHEAA RO 225 4] (P 9 A AR AR IS WSO R I 12 1 Ay 25 3 P 9 1 R

1995 4F: R. Henking Z¢[16]K FH AN A T 22501 5 1 A IR S il £ 7 %K 544 nm 115 SO 83, X B2
SiO, Fll Ta 05 MIZERHEAT T VEAl, FHXTUTRUERREAT T4k, RALS IR SHRTE 514 nm AL I WSE /N T
5ppm, @ TESHMRAL AT DUEAS A AL B 2 SRR gl S, SR B R A B

2004 4= Pulker ZE[17]K FH e AR 25 195 (RLVIP) il £ 1) Ta,0s 5 511 nm (76 R %N k = 9.0 x
107°, BRIGRF 7 TR AN B AR A A RS SR, HRAHEF LK AL, Ba BT
Ta,O5 LRI 2 T A RIS M

2007 4= Price Z£[18]°R F ALD ill#% HfO, i, ik e il i fha ek 25 A b 1) R IRAE 2.9 e, 3.3
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SR (0 LT, AN IR R 8 o T R R R S AR [R], PRI 7 B3 5 B 2 S [ 119 3 1 AR L R i
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2019 4F Hossein Shahrokhabadi 5#[21]5% H HL 3R 28 K HRFESE R SiO, 44K EA R T AlOs. ZrO, il
Al Og-ZrO, R, I 45 H S 7~ B IR PRI e AU AR Sl 6 1) PR T DA AR S B 1) 9 5 23 Y s R 8

2023 4 Fateme Hassan-Aghaei 55 [22] K FIE S e iriE IR = J2 Z 1L SiO, ¥, WH5T 1 ZHEZIX i3
JEEFNRIKZE I FEI, 7E 400~800 nm PTG N, iR Z M PEIEIL 2L 96%. S4iRKM, ZEREN
2 BEFIR 7K M Bk 43 2 (1 FL B 5 R0 2 [R] PR AH ELI%E 42, AT AT DA il B 7% B P e . 72 400~800 nm
KIGH A, LR BRI SE T B sy, = R R e B e K. X SOk P ik & B i B
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VIR o LAY AL PS WERONARAR, RAIVEIR - BERIERI 9K 2 1L SiO, Wik, SRS TE SR N 2R .
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2% AR EEC Sl AR BIIRAT EE (RAL L SR PR R S BB A AR AR R SR AR R 5 N B PR
e T H ATBBEA R A IR S 20, PR 2% 5T BSOSO R AR /N R LA o LA i 2 I o
R8BS S A R HL 1 RO B AR AR BN X, ASHE MR MSOR X B T 27 AR I MRS — BBOR il
ZUMEZ, DIMAMEE GBI, 6™ A SR ) 1 ZE L 4508

1) AR AR AT R . OB ST S R — R IR IR S5 7 sURE B AR A
BHEAZ SR A58 TR B . WO 5 TR AR i B A SR . 25 A
PNy S AT RE (A5 DR AL SRR i T BOE AR LA T B FL L SRR - B4, 2805 B TiO
I, VRN 5 R AESE i EAE R TOX, JRANER A BAS BIRY TO, I,  IX i AL (8 I 1 B vl g
FRAEAR R AR ARG, DRI AN — FBCAE TR TR A v A8 028 rh 78 NSRS TOX T IERAS 31 TO, .

2) W RS E AR AR A AP KRR 2 R IR G, ORI, R
AR ISR EAE R TIABL T, AT e MR RS AP e R i, XKL e ARk
7 AT RESE N PR MR S A A o

3) VA AR o TR AR B A AR AN IR, NSRS TR AR TR KR
MIBREE . M0 ELGREE LL R AR R R 215 2, S A EZ LR, P42, 24, AAFes, XEERiExT
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4) RIMANFHEIZN . AF AR M AS IR, 2R AN S B 5 LLIR G, SR A0 5 B i i
EHE, W S T R R BN 7 A

DA A R AR R RE I LA EER R, 3T AR AR R R R T 228, 2maiii
BRI 1 ZER A, 75 ZERAR A AR W SR A E LA o B2 B KA FLIT AR [24 1R HL 1 18
SO LR A A R B SN LEREAT 1 VR IR, REh iR

3.1. SiO, IR

SiO, BA w17 BB AR WS FELE RO R G b i 2 N, £ ZAE IR S 2 R £ 2 )2
AR T5EA0 WL BT LA B O R G, AR 2 ToE TS50 o TEA R FIPEIE T 20 F il % Sio,
VSR RSB A1) 32 22y

1) /KWc: BEAT Hale Z8[25] IR 1 2EK TG RECG BAK R &R, AR K TG REUEEAE 2.95 pm
BT, MBERE R I SiO, 5 (1 3% 56 28 A KIS 7] LA H 7 28 R T AEAE 2.95 pm WRWSCB R, 85 4 B AN
T A e S Ve R e AR R A 7K RS U, R R e T R DR A8 A TR B 5 R I A T W PR /KA B 2,95 pum 3
SR PRI

2) FREEW: MOFEHHOGTE th 2y DU TR RN B 4B Si0, i H LA ARG -OH i
(2.73 pm).

ZE— [ 26]7E B T AR T BE SiO, B AR R T — S il I B oS Si0, WA, 0 HOG R
BT T VEARORE 00T, BFIT R IR KU 550°CHY, SiO, MM ISCHiRER /N, N THOE R 4G
Jefan e sR AR P, TR R TR, S5 AR R AR GBI AE i X R E
(1 Ak B AT ARG 2 ol 2> S () IR AL E

3.2. Ta,0s IRHTHEEWT R

Ta,Os FRHI 12 N T UL 2L AR BB (Wl HIUH ) e 22 R 2, Bl ot T-98 51 J5iil
RARG T PG AR, BOCFEIRMRIAFE R IS . Tap0s T ZAF Nl bk, oL E 3= 20

1) A ALERFEIRI: T ARG UTIRIN TaOs MM S A BIE L1 4 BUAA BORIKIMR L, g i
BN R AE N R R N, BRI RO, i T SR AR A T R A A O ) A A ik
Ffi o

2) ZAMRENN: Haruhiko Z8[27]7p AR 178 MR T IR KRR L AMR M 28, AL
FES U N IB K (¥ Ta O MRATE 2340 cm ™ B A MR cige , T 7E 00D B K IIRE S 80 AR AT REA
AUTIRKAEFERE R L Ta-O 8, MM T EUE RO . IR 3 2L SMIR S5 S 2R - & Ta=0
B BE 6 M U RS R I8 (R R AL A

3) KW AKX 2.95 pm iz B AR SO AR S EEROIRSCE R, AS R BRI MRS PR AT g e 4= AN A,
i BEELAR AT o [RIASE 384 08 ) SR A 5 P58 A Ul D A o (1 B KOG 2.95 um BREEE IR e R R AL 24

3.3. HfO, IR #L IR R 3%

HfO, 3= B T I £L 41 sk BEk i s e Ak (HFO /SO, M RH ), IR ER 32 B2y 5 25 s ke —
— ML TR B TR HO, FER A TR K5 MR SO R BEAE. Ar “50 FRCGR K RS IR
BN, WD T R RS LR B R R A T L. I ZEAM(1064 nm) e AR ) S R A
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PIBME, AT VF 2 5 RAS IR B e R 5

4.1 HEBARKR

WOt B HGE[28]5& H R ARG 2 4508 3 1 55 RSN B, £ BN R — BN Th AR O e I
HEASE: it 1580 P AV L (A i )0 0 52 4 R B v 0 5 i L P2 AR AR A, T e 59D & T3 v 1 SRAS B
b SR B BUE - AE AR 2 A EOE S RIS B J7i, B0TG B G2 [ B ol 22 T8 A1 W WS 48 e A6 00 s v
(1SOL1S5)HER I Behrfe, %7772 n] LA E B Bt A IR M R A B I A ZEE b, B il R,
VLS, A8 E DA EEOE O O B AT O] B R AR AT DU R 1077, WOk B B H R E
KL B, B S IR IR A% A A B T A N DR AT Y, DAB LR DR A S AR AR A T 3
MEIRZE . BUUINFESI, ORI & SBIAAEIEAS M, B LRRRRE dh BN 5 #0552 BURE), B
TRAERE SR R ERIE B S B Pl DRI, TITH0L, il mRBi e, K% — B A
WRIEERNL: Ra, "B, BOCHOCHA T — M, BERBUEEER, ORI s
THiss, THENLE I S RGO AR IR AR R IR AR s KM R, ARIRAR, THEENL4RSR AR
VAR DRAR AT A I B ARV BN AR . SRR T SRR b AE — BUN R R AR IR 2 P R B AR A 2, R £k
(EANE JEIL A AT UG 2R S 20 R
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Figure 1. Optical path diagram of laser calorimetry testing
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4.2. HRHRILBTIHIEPCI)

& B WD th R R R AR BOR 2 — RO IE 351 (PCI) [29], W&l 2 Bios . FEX Rk,
KR R R INE WD 3 B — A s b, RIEPE BRI 3 BRI R R AR TE B BB
MFXIE . EEBCRPFOXIE, RGO, SRR ACTH ISR Ry 2. X
SRR OAD G Z 18P AR, PRI A R AR BN A5 B, AT DU SIS R AR RS 10 5 5 42
Mo ZRRBAT A AU SO Al 7 17 AL B I N IS 5, AR R B LE(SNR) o iR H I+
UTLLAh, i 1064 nm, B 1071 nm ZREOGIR . ZHEOR I — AN SRR ARSI s AT A5
FEa R AR . DRIE, AR SR, BN, RO SR SRR A, AR E A ERTRHE R T
T R P Z AR 2RISR RR A

Pump Laser
Lens
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Detector
Lock-In
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Figure 2. Typical PCI system schematic diagram
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BT ATIFREOGE RPN FE R RIR S R, WOGHRM 60 s /24, REARNARLZ, (FIEHOER: 484
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Figure 3. Schematic diagram of infrared imager measurement absorption device

Bl 3. a5 g UNERYER EREE

5 RE

PR W SRR R 4% T T RGOR RN L — AN IRTT, TR A T A B i
TE N RSHLERSE Ty T 7 R BRI, 5 e e B S 1 AT 2 A R g B B P 38 1 PR A P R
Ji 10 R DA R 4 ) ik F e 5] N B9 AR 2 B LR 2 o e &, T ELRE T AN [ (R S A R 5 B R B 0E 1
VIR L 2S5 S JE A B AR S5 DOk BRI S FE,  1hb ARt W S W O AR AN e kG - Tk
WAC AR P Bt B A A, TR S R R D SRR SO B AR R A . RV I A AE A A S IR SRR T
O T RERITIFL, (HRXTLARMRR S, EELE S % I B 2 200 T2 MR, &l
13 RS AE SO LB RO P 55 7 T oA s B A0 R AR ) SE B I R 308, X T AN [R) S A A2 v A AR R AT AT 3
PRI 58 K 1) 2% P i B M R 47 1) T B A A SR AT 9 1)

E ST H

TH BEANE S WA BRI RS S Z KA H (622RC671) . M E HAR F ST H

(120MS031)Fl [ 5% [ AR Bl 5 4 301 H (62174046, 62064004, 61964007, 61864002)

SE 0k
[1]1 AfTd, TAeM, vhoe, & SEAYThae BB R R F Bt R 9], E 3R H TFE, 2004(4): 10-14

DOI: 10.12677/amc.2023.111002 15 MORMEZE R


https://doi.org/10.12677/amc.2023.111002

[2]
(3]
(4]
(5]

(6]
(7]
(8]
(9]

[10]
[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]
[27]

B, RIEM, INE, . BOGH BRI U R[], 2R AEIR, 2022, 42(7): 9-22.

YIRS, AR, SThEEOE RGP ORSEEIR IR &R A D). Bkt 52k, 2009, 46(7): 14-17.
B, B IG5 MR D I B S B H R B AU [D]: [ 2R Ane 3], KiF: KFRHLT RS, 2022,
;ng’%ﬁ FEE R B 0 S AR S A A ' 2 T RN BRI R W S LBl 124 [). Ok S5 4 4h, 1988(8):
WE K, WIEE. BT RBhTRE I e S D). SBEoL SR F IR, 1992(2): 245-250.

BE K, WIS, L. SN & F IR TTR[I]. J6% 4R, 1992(5): 473-475.

WHO, &K, B, F O REINEAYER R R[], B B0, 2011, 38(12): 163-167.

iuié;&é F—H), k% % LB R RE X OGS B B R[], AR, 2014, 34(8):
45-350.

LZER, TR, R, 55 MBS SiOo, WM T G 3 AR CRE 1R 4 AT [J]. A5 H0E TR, 2014,
43(10): 3334-3337.

Cui, Y., Li, H., Yi, K. and Shao, J. (2015) Moisture Absorption Characteristics of a SiO, Film from 2 to 3 um. Chinese
Optics Letters, 13, Article ID: 023101. https://doi.org/10.3788/COL201513.023101

FLHIZR. ARG S B FE[D]: [0 18 3C). B o [ERR A Bt R B 7T T, 2019: 78-95.

KRR, AREE, AHi, & RMHETFHRZEKR HIO, MR Jae. S RBTEoeti R[], H B0, 2020,
47(4): 170-176.

Lv, X., Wei, Y., Liu, G., et al. (2023) Effect of Doped Niobium Pentoxide on Structure and Properties of Hafnium
Oxide Films Deposited by lon Beam Assisted Deposition. Ceramics International, 49, 10395-10401.
https://doi.org/10.1016/j.ceramint.2022.11.221

Demiryont, H., Sites, J.R. and Geib, K. (1985) Effects of Oxygen Content on the Optical Properties of Tantalum Oxide
Films Deposited by lon-Beam Sputtering. Applied Optics, 24, 490-495. https://doi.org/10.1364/A0.24.000490

Henking, R., Ristau, D., Alvensleben, F.V., et al. (1995) Optical Characteristics and Damage Thresholds of Low Loss
Mirrors. Proceedings of SPIE—The International Society for Optical Engineering, 27, 281-292.
https://doi.org/10.1117/12.213744

Pulker, H.K. and Schlichtherle, S. (2004) Density-Related Properties of Metal Oxide Films. Proceedings Advances in
Optical Thin Films, Vol. 5250, 1-12. https://doi.org/10.1117/12.513891

Price, J., Lysight, P.S., Song, S.C., Li, H.-J., et al. (2007) Identification of Sub-Band-Gap Absorption Features at the
HfO,/Si(100) Interface via Spectroscopic Ellipsometry. Applied Physics Letters, 91, Article ID: 061925.
https://doi.org/10.1063/1.2769389

Cleary, J.W., Nader, N., Leedy, K.D., et al. (2015) Tunable Short-To Mid-Infrared Perfectly Absorbing Thin Films
Utilizing Conductive Zinc Oxide on Metal. Optical Materials Express, 5, 1898-1909.
https://doi.org/10.1364/OME.5.001898

Sertel, T., Sonmez, N.A., Cetin, S.S., et al. (2019) Influences of Annealing Temperature on Anti-Reflective Perfor-
mance of Amorphous Ta,Os Thin Films. Ceramics International, 45, 11-18.
https://doi.org/10.1016/j.ceramint.2018.09.237

Shahrokhabadi, H., et al. (2019) Effect of Deposition Rate and Heat Treatment on Microstructural, Morphological,
Optical Properties and Ultra-Fast Laser-Induced Damage Threshold of Al,O5-ZrO, Pure and Mixed Thin Films Pre-
pared by Electron Beam Evaporation. Thin Solid Films, 669, 162-168. https://doi.org/10.1016/j.tsf.2018.10.048

Hassan-Aghaei, F. and Mohebi, M.M. (2023) Synthesis and Characterization of Novel Multi-Layer Silica Thin Films
with Tailored Mesostructure as Anti-Reflective Coatings. Optical Materials, 135, Article ID: 113246.
https://doi.org/10.1016/j.0ptmat.2022.113246

Krishnan, M.R., Rajendran, V. and Alsharaeh, E. (2023) Anti-Reflective and High-Transmittance Optical Films Based
on Nanoporous Silicon Dioxide Fabricated from Templated Synthesis. Journal of Non-Crystalline Solids, 606, Article
ID: 122198. https://doi.org/10.1016/j.jnoncrysol.2023.122198

FLIIZR. AR SO S [D]: [ 2 Ar iR 3], B o AR B ORI FE BT, 2019: 78-95.

Hale, G.M. and Query, M.R. (1973) Optical Constants of Water in the 200-nm to 200-miarom Wavelength Region.
Applied Optics, 12, 555-563. https://doi.org/10.1364/A0.12.000555

). BRI m Ik RE SO, MERFE DT FE[D]: [ L2008 0], MR /R I /R Dk oK%, 2013,
Ono, H. and Koyanagi, K. (2000) Infrared Absorption Peak Due to Ta=0 Bonds in Ta,Os Thin Films. Applied Physics
Letter, 77, 1431-1433. https://doi.org/10.1063/1.1290494

DOI: 10.12677/amc.2023.111002 16 MRMEZERT I


https://doi.org/10.12677/amc.2023.111002
https://doi.org/10.3788/COL201513.023101
https://doi.org/10.1016/j.ceramint.2022.11.221
https://doi.org/10.1364/AO.24.000490
https://doi.org/10.1117/12.213744
https://doi.org/10.1117/12.513891
https://doi.org/10.1063/1.2769389
https://doi.org/10.1364/OME.5.001898
https://doi.org/10.1016/j.ceramint.2018.09.237
https://doi.org/10.1016/j.tsf.2018.10.048
https://doi.org/10.1016/j.optmat.2022.113246
https://doi.org/10.1016/j.jnoncrysol.2023.122198
https://doi.org/10.1364/AO.12.000555
https://doi.org/10.1063/1.1290494

LERH 4%

[28] FHIEAT. BT AGHBMRIAFE TiO, Yo AT 5T [D]: [t 22001 30]. BEER: o E B2 B K 2 (b R 22 B e B
ABFTCT), 2021.

[29] Lee, Y.J., Das, A., Mah, M.L., et al. (2020) Long-Wave Infrared Absorption Measurement of Undoped Germanium
Using Photothermal Common-Path Interferometry. Applied Optics, 59, 3494-3497. https://doi.org/10.1364/A0.390374

[30] JRERAT, FLEHAR, T, & HET UMV RO 777k [3]. Y6 1%, 2021, 48(6): 87-93.

DOI: 10.12677/amc.2023.111002 17 MRMEZERT I


https://doi.org/10.12677/amc.2023.111002
https://doi.org/10.1364/AO.390374

	氧化物光学薄膜吸收特性的研究进展
	摘  要
	关键词
	Research Progress on Absorption Properties of Oxide Optical Films
	Abstract
	Keywords
	1. 引言
	2. 国内外氧化物光学薄膜吸收特性研究进展
	2.1. 国内研究进展
	2.2. 国外研究进展

	3. 氧化物光学薄膜材料吸收机制研究
	3.1. SiO2吸收机理研究
	3.2. Ta2O5吸收机理研究
	3.3. HfO2吸收机理研究

	4. 测量光学薄膜吸收特性的相关技术
	4.1. 激光量热技术
	4.2. 光热共路干涉法(PCI)
	4.3. 基于红外热像仪的光学薄膜吸收测试方法

	5. 展望
	基金项目
	参考文献

