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Abstract

This paper focuses on progress in the preparation of broadband permeability-enhancing films and
their low-loss properties. Optical films are everywhere, from everyday life to national weapons. As
the most widely used optical film, transparency-enhancing films play an important role in our
daily life. Among the different types of optical films, transparency-enhancing films play an impor-
tant role in advancing the overall development of optical technology by reducing the reflection of
light and increasing the transmission rate of optical systems. In general, it is difficult to achieve
the desired transmission enhancement effect with a single layer of transparency-enhancing film.
In order to achieve zero reflection at a single wavelength, or to achieve good transmission en-
hancement in a wider spectral region, double, triple or even more layers of reflectance-reducing
films are often used. This paper synthesizes the research status of broadband transmission en-
hancement films at home and abroad, and introduces the manufacturing methods and technical
characteristics of some commonly used films as well as the low loss characteristics of the films.
Based on the current state of research, predictions are made for the application of the films.
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Table 1. Classification of optical films
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Figure 1. Classification of film preparation technologies
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K F MgF,/SiO, HE S 200 [ S 4540, IETHH LA Si0, Bk MgF, il s i s, 5 i N5 A i /b &1 20R (EQE)
WH N 2.35% . S L7, AT X B 2 A4 i XU bk 3] 95.16%, S B A4 K B R B,

2.2. BIRFIERAR
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IR A RO BLAE A2 UMTTRR S TRIE - BRI DL B SRS, anlE 1 s R LA
fRT 203 ARSI SR BA AR, 7 EHRE SR T RIEFIE A SR .
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FSCTHERE o JF o A A 5 o] 6 D7 VA I I R D TAR AT B U OR Bl 6 2 B IR . 8 W TR A
CVD i FE i 2 A RTAARL, 140 SiHsw NHa. NoO Al TiCl, %5, DAP=AERTfR OGS . H FI skt
FRBGIE BRI 772 45 CVD. 55 TR I655 CVD 4.

# CVD & —Fh CVD J7ik, FIH mliRALRE S SV BT A 2 S R, AT TR i fise . 734 CVD i %
OSBRI BB SR (B AE 800~1100°C 2 1)), A H R AR B2 I e FH T e il T DASR i SR
RN B A, DRI T DA J 82 470 Jo 6 A N T PN RO S, T I o T A R A S A DTAR
(PECV D)2 — Tt FH 45 B 1A 0 S S0 A A L DTARAE A IS B TR G I BOR « PECVD Sl H AEAIRE R
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Table 2. Comparison of thermal CVD and PECVD
2. # CVD MFE T3 CVD 3Lt
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2012 4F, Lee Youngseok S5[71HF 7L T 55 85 7RI 58 Ak 2= SARUTRR R Suihil 4 0 FH T K BH A Bt R sk i
SHRZM SINX: H MR E M. Ao PRI A SR ST, Bl R FAIE B . IS 0
BAMENST . AHFFCUESE T WUZ 8B BT AN S 2 A E 1

2013 4F, Erik R. Klobukowski Z£[8] LA[[(‘BUO)sSiO],-Ti(O'Pr) | i kA4 o e FH 21— e 1) S 4 J8 4 AL
FRINRE ST, 75 500°C TG o DLACK G T 284 8 Tl SR LRTE Tol A 214 T 2B~ AR R K AT R
.

2015 4F, 2R G HAE (9] K UK B AL 22 SR ITU AR (LPC VD) A2 il 4 1 2 i ik A 4 JEE B 4% T B 824 ZnO
(BZO)KJiZEWI T HLTHIE, WFFL T BoHe i34 JURART X BZO S AIMOM IS 5 B RE Joo 2 I 1
BEMIRENA o ASHIF 7834 3 B AE 1) 28 o e A 4 JEC Ll £ BZO J S 2RI “2Re 7387 MR, [FH%
T35 S5 R 159% 00 B FRAR S 5% A2 4, R LR 6 s R

2020 4, Yin Chaoyi %5[10]R RIS &5 11k 18 5 5 1 2 VTR (PEALD) B oRE &1 T 584MUV) O L3
JHI HFO,/SIO, i S 55 (AR) I (11 0 175 S 40455 BB (LIDT), MALZEZL AR e, 2 T S Ao He B 4%
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J5 43 I FE T i XA BE I (A6 PEALD SiO, v s g Fr 52 1 A1 AR AR BEXT PEALD SiO, Al HFO, i
PERE IR o

2022 4%, Hang Liangyi S5[11]J& TSR BT 2000, & H T —Fh i 50 5 B AR I 90U I (ARC)
Wl 7. Wil T BN R 97 (400~800 nm). HT S E AT = Z BERIXE] ARC, &N 5N
99.2 %#11 98.5 %. HIAEILE TR LA EAAE RIS PECVD HRTE BB AL K _E T R I A Ak TS 2 o

2023 4E, Li Zhaoyi Z[12] R FMEEAL A S A UTRLE B S BALRES 5 BA ER B E i T2 &
. 2T L% CMOS T2 S RIS VAT 8 Je~F ik R INHi4% T 400 nm JE & ALRESE
5, FFIER T LE 1550 nm AL LR AR 0.157 dB/em,  7E 1580 nm 4k (4% %15 #6142 v 0.06 dB/cm.

SRR, 2B S TTR (CVD) AN AR B 1 PR3 s At 2 S AHDTR(PEC VD) AR A& ¥ FH 1 T st 2 B AR
o CVD TEf & m i B R, TS A CVD N EE A 5 R A R . # CVD
FEE T & i B B BEVE. PR RERIEL, 1A S TG R CVD & T & AR AL RE
FALEE. bR, JUGEE. BHLIESMBIAZNE. SR, JUR RS,

2.2.2. BE - BEBSE

VIR - B (Sol-gel) [13] [14]HIHT SRR S Fim A A 1AL &4, TEUH TRF X 28 J5RL Y 51
H FEATAKR . BEERN, TR R R I VA R R, B 184y, RE[15])% T2 I fR1E
Btk PR B S IR . AR - BRI AT DUE A R . SRl B RNiE] . AEE S AR
Hile WA BB 2. TE K EREEmI AR ZA T R AR B SR R R A R I
TERUECE P, & AR 2 Fros .

2010 4, XKAEZE[I61RHER - BERHAS & 7 — g BRI 2ok, IRt Hahig . tEae
FISKT I B M S HEAT T 4R .

2013 4=, Amita Verma &5 [17]F F HE sk AR AL fE(Si) & AR BRI m 4 S _E 0B 1 I e - Byl
HHER(ANIB R E BRI, FEEH ALZn JEFHE4r 5008 0.05 0.1, 0.2, 0.3, AR I 1oLE
it #(90%), T FAE 1.47~1.53 Z[A], HEAER Ky 600 nm I LRI H L) 3 %) S 2.

2015 4, BARAHESE[18] LAIETERR S Ea AT IRAA, R FH R HE AL S s IR & 1 07 e 1 IS I
SPE, FERCH] T XUZEE A LA R AA RS, H14H T 351 nm AbiEid % KT 99.5%, 527 nm iEid AT
98%, 1053 nm %L # KT 98% [ — I K AEE ikt o ACHIF 70 I Ik BRSNS IR AR 45 A 110 5 SBF AL T BAXUZ
JEE (1 77 RS = P K &A%

2018 4E, Sun Laixi %5 [19]38 itk 40 %5 5 TR BERIIA i - Bt DY IR AR M 45 & 10078k, (AR T 2
PP R A5 B TR AL FR A (AR S, AbHR S Y FEP S R ACERAE AR EL, B RIRE T 4.7%. fEIXFh
FOLT, ELRET 99 %, %6 B E M 600~950 nm.

[[4, Genghua Yan Z¢[20]7E4NES 3 Bl es 1T TR 308 1.12, JRIZHTH 28 1.30~1.40 HIXUZ
RUERE . GRS SR, I S FR AR A B 22 R RN, RIS T TR BB . (AL
JE B E 35 G R IA ) 99.04%, 7F 300~1200 nm i K 78 4 ST 4135 ik 5] 95.49 %.

2020 4F, Fardo F. M.5F[21] DA IERERR LB A1 T AL SO T B4R, I8 e — B L2048 7 AL -
H B B I A XUZ R . ARV AR SRR B & 2 T B R i 2.0 i 1.7, AR R
53 %17 65 nm A 81 nm. AN FLR B AT DAYE B TE 1 0] IO i A0 (550 nm) b 3RAF VU 4 2 — K 1k
JERE, B EE R 3.4 %.

2023 4F, P xS [22] K FH ¥ F i e v 1) 4% 15 281 DA IE TR I AN IERE TR £ IR R i BIRAAR F ZrO, A SO, TR 1
i TRCale Y62 AR T ZrOo/Si0, =2 “ % M Y FES — A yal S M6 T4 F SR bkl s 45 31 1
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ZHAEZ . = 2R METE 527 nm A1 1053 nm Ak 13E L 240 99.5%, HE 2 KT 99% ik K5 1Y
L 150 nm. b H S R 2 R T 7 MR FE N 1.34 nm, R PR REF; JFEH 1-on-1 Bokdi
155 R R 75 2 A5 12080 S R 1) 5 T LR o457 U4 %) 36.8 J-cm ™2 (1064 nm,, 10.7 ns).

[]4F, Manna Srikrishna £ [23]f8 ¥ IR - SR RE, FIH R REEER(TTIP). JUKEE S (ZOC)
Al B L 5 P123 (FR MG PR ) A e W Bl iR 2, SRS TE 80°C/2 /N N, FHAE 400°C//INET A D
o WRZBEISLE 700 £ 1100 GK A G P ISP 385E S 2180 T 3%, XK N RIE HEELRAR, [FE
wERA NSRRI,

TR - BRI S SG BT A 2 N o AT HA T 3%, WRBRE R A2, il %
ARERIER, RAMRAE, X T AR ARG FERNAE, IF HEREHI & R S5 MR, AR - KA

VRAESGE LS A, f R IR AR (SIOp) PR R (ITO) AR . il % (1 LA 0 e e 2
RE, RESWE SPGB IR R, WOKPHREHIL. LED AT, RoRa8%. tbsh, GV 2 HARKI SN,
s SRR AR e T e IRIRSE

Bk

P13 HERHE FiE RabE
Bl - B [ | R [ | SR Bk
LRI

Figure 2. Sol-gel preparation process
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IR EAARITHERRA, RS FA FUORRBI R R LT, TR & KRS . PVD SR
SR E, WS M IR 5 .

Table 3. Comparison of three commonly used physical vapour deposition methods
5 3. ZMERIBSHETIESTEE

e HERE W Pt BT

e il A, Bras i A, R R, EHT WL, RS,
o 5T R Y2 NIbE- I BE 5 1] 26 v JoT B ) VR

. ARG, A RER % il A =, B R, HRRG AR, W
o R el BEAT 5 LA 3

] 5 F A % = T

PR {8 =i =

VO B — & [

A — — M uf

32 F 45 JutE. T @GS JeiE T BATERRLSE JeEL BT RERZES

FAE AR [241 8 — ORI R R T A BAARAARE . e AP A e 48 A oy LS R IR A R I A% 4
SRIGUITRMER A R M R BOR . HIEA T 2R Jam . m#k. &Kk, VIREDER. #
PSS [25]2 — bR Y i RE 18 S e #E A 2R 7 A < B 1 D5 R B T TARAE R TR i) 28 W ) AR
FERL RS R h, @RI AERS, MR IR SRR TR R TR TR, TERE TSR
JEZ5, SR SRR SRR, R 7R S| AR RR I, ARG R I TIRUR R . B TP [26]
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ST — PRI B TR YR B AL, R B 3 ARk FLUTARAE 2R ISR T I R AL BR R . 38 R FH 1 8
TIEA S THRME AR, FA SRS &L HRRRT, FHEFHHRERKET, Bi—2
BI5) BUE . ORI TSREIE . gk 3 A= B SRR TR TR R A L AR 7 AR AR T T Y
Lt

2013 4E, Li Minghua Z5[27]% % F % 3L T 214 19 1.56 x 1.56 mm? mc-Si A PH i, FIF A7 AR 2%
REARTEARUE SINCH IR 2 Si0, AT T 5256 . X R F (0, 5, R (RS B 41 ig 14617 T 300~1100
nm F9EIR SR RAT 1~V & . %0 SIO/SiNX:H DARC HLh 2R ShrE SiNx:H 3R Ay, &R
T AR TS A T AT

2014 4F, PR ESE[28] 0L QK3 AR LT 1 —Fh o il WOGIX i R (MG A K 0.4~0.8 pm), T2
SEHR A T R ZE RS AR TR BT WA EMX B TiO, AT SiO,, I 43 Sl A AT S Z A kL
FIH Edinburgh RSO X 4 2 I R AR 2 g AT I &, S5 R WP IE I ik 97.73%. bR
MR, A R (AR PE AN A A

2015 4E, Bruynooghe S “5[29]R F ¥ S8 25 1 %1 i SOy T AL i1l 46 140 095 K 5 M R B b 2 -5 il i
S AR GEE AT R R 2 12 RIS A 1007, B3 BKT 383 A, Wit T —FMiR&RZ, Lk
/IMEFLAE 400~900 nm Y S FE Y AR A St 6. ART IR R W], T gk mmestt, S5 ER
BRI AR, SEOT BRI R R .

2016 4, PMFZEZF[30] AT R SAHYUAR I T IEAE CaFyp 2RI b vh T —Ffls 2141 56 7 1 2 L
KPP EA R A BB R R, R DU TR0 7= i ] S P BRI S R

2018 4F, Nancy Sharma Z5[31]2K A HL TR 28 K HRYTER, A Filmstar TM 3R 24X 52 A1 2 2352 5
(B2 SR L HEAT T ARG . R & O REROR i Ah- 1] W43 Y66 B2 THAT Gonio 43 60 BE TR 2 1 Re ik
1T 7 3RAE . HJZ 3837 5N 22 22 1533 I A WA 7 1 2643 71l 96.41 %A1 94.09 %

2019 4, Adem Yenisoy %5 [32]>K F &5 B8 1% Bh i 7 R 28 R ARTE T2 S804 R Rk 1 9%
il T B AR (ALOS) FE (Ge) /2 73 I E AN = 417 S 2R (1 22 J2 1Y T S o ik R 3 2 35 — b e g
ZLAMNMWIR) P B PA s /b (19 2 HUTE 1400 nm FE 6 1S V0 Bl N SEI T 99.7% LA 1 [¥1°F 14388 ik 26 (1) 36385 i

2022 4F, Ruud Christian J %5 [33]4E T- IS IR B L 2K % 2 Z9K 2 4L Sio, ik )2, HAfrht
AP ZE e = 111 FIHXFPINVERT TR T —FBA B AR M AR PR (AT WG A 5L P35 J St
2 M IE NS 17 0.2% 21 40°H 1) 0.7%A55), R 47 1 G 3 FIA BT & RS AV I BRIRXUZ AR 1R 2

[F4F, Addie Ali J 28 [341H) IR IR 2R G B —FhAE B0k CNx iR, 1EAH T c-Si KBHAE
TP AN T RESEIE L (ARC) . B & R 2 BRI E TR, W0 T CNx 7
fE. 7E 550 nm Y KA e/ I 508 0.3%,  7E B I8 K Y8 R Y SR B 18 1 R i 90% .

TERI & IGE T, B M IR AN e FRE A 2 IR . B 78450 s T &8 S
VIR, B RS PR R BUR AR e R, (R R B 2 H AR P R B . W
PRSI T & SR E SA R R, BAA S R E AR A R, ERESUENRE, NE
Gl R B R BRI AT DA £ i BT AR, H R A B SRR R . TEM
R E, B 7 #0E OG22 SR TR A, B 2 T T OR B RE R, W DA 3G T
VRAAT, TR TR B S TR SR

il I — DU AR, SRR VIR - BERIE RIS AR PUARE & =i DL f 14 35 s
HEEA . BIRENIHAT LA & @ B E N, HENCRFEESR, RHERA. B8 A
JRESETH . Fih, fEEPEEIE M EBEH SBORE, FEFAHEREE R, Wk 4 WX =FEAR# T
VRIS LT
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Table 4. Comparison of three film preparation techniques

4. ZHERSIF AL

R 2 SARYIR IR - Beigis PESHTIR
i AUARAEIERCR AL S OSSR R B AR AE AR S RO ST O B AR R T T
A T RIMEERE, TR R
- bR AT REEAE DB T E AT IRATER B g o -
. DySEG R BRI R EREEEE SRR IR A S BRI
A HEE RIS A PE B A ) A
il % A Lglis fik B
CE & 5] fi% {(iS
T 50, Foms, G iﬁdﬁ%ﬁ’ﬂﬂﬁ‘@ﬁéﬁlﬁ,ﬁ%%% %ﬁiﬁ&%ﬁyug%i‘ﬂ%ﬂ%
7 FE i EM T TR MG ST ARG GBS S TR BRI T
PR RESRE R, WS R FL T AR INEJE . AR

3. R&ERE

T A G B REE — AT ARSI MKV Y S B AR A A R, DA AE VR 2 AU R )i
R, WORPHAERM, JestRoRasfh. StlE &g, Hil, SHgERNH SRS 7€M
BEFEANGER . & IR 26 58 i M B R 7 0o R 2 R IR B, JEI I AN RIS R LS AN A2 T2 R 5

Blo MAZESATOR PV WAL - BURSEBOR G & 2 )2, AT BLSEEI A [R5 Vi 1Y 1
AT

TR, AR A BRI T2 N AR T i G R % 5 T ok B HERE . BN, &)
AHEY. THEHURACARL. B5ERT SRR AU A e, A BN B mR. SEARE 1 985 15 15
FESRAUR @A . RIS, R A7 A 2 B AN G ORK A 26 0037 70 2 i SO 45 4 th A8 18 5l e~ A X 1
JTH R TIERIOL S . BEEBTARL B T Z AU BRI AR DL, 5817 532 R 0 ) 24 2 R v 2k
AR EE, F I FRN S S AR ks SE RS AN iz o R, B G SR B B R TR, Xt
T BB NRAE TR AR e M PTRETE W AV DT T RO AL BE AR

E&WmE

DHEWAER: R ERB RS S ERANAIUH (622RC671) . /A H AR 2 RS0 H
(120MS031) Fl [ 5% H SR B} 256 4 51 H (62174046, 62064004, 61964007, 61864002).

SE K

[1] 4. BERmAERIGE RIS T[I]. B4 MR, 2008, 29(6): 34-38.

[21 REF, Wil RBH, 5. V045 GaAs R FH it 58 5 S R K ¥t S5 70 T [3]. = B IRV R 27 54 (B AR B2
fiK), 2019, 39(5): 11-14.

[38] L7, 55, LAV, %5 FEKPHBE RIS BRI 7t R [J]. MRS, 2012, 26(19): 151-156.

[4] Z2A. ZMERRA st SR i & B 78 [D]: [l 224 i 5], M RN K2, 2019: 9-12

[6]1 #&d, BN, g, & BHE w45 A PDMS o4 il #% K BH g F it s S B [I]. iR K22 223 (B SRR 2 ),
2019, 40(3): 45-52.

[6] B5, ZFEE, HIEM, 5. 95% @8 2 5 i 45 K BH it 1) & 2 U S 7E [0]. ThReA kLS 244k, 2022,
28(5): 469-474.

[7] Lee, Y., Gong, D., Balaji, N., et al. (2012) Stability of SiNx/SiNyx Double Stack Antireflection Coating for Single
Crystalline Silicon Solar Cells. Nanoscale Research Letters, 7, Article No. 50. https://doi.org/10.1186/1556-276X-7-50

DOI: 10.12677/amc.2023.112005 48 MRMEZERT I


https://doi.org/10.12677/amc.2023.112005
https://doi.org/10.1186/1556-276X-7-50

IRET 45

(8]

[9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]
[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

Klobukowski, E.R., Tenhaeff, W.E., McCamy, JW., et al. (2013) Atmospheric Pressure Chemical Vapor Deposition
of High Silica SiO,-TiO, Antireflective Thin Films for Glass Based Solar Panels. Journal of Materials Chemistry C, 1,
6188-6190. https://doi.org/10.1039/c3tc31465k

KRR, ZFE, XA, 55 LPCVD EAERISRE f e iy 4 I L4 ZnO:B & W] 3 s it S SR BERI B 7E[3]. A
T AR2E4R, 2015, 44(1): 19-23+37.

Yin, C.,, Zhu, M., Zeng, T., et al. (2021) HfO,/SiO, Anti-Reflection Films for UV Lasers via Plasma-Enhanced Atomic
Layer Deposition. Journal of Alloys and Compounds, 859, Article ID: 157875.
https://doi.org/10.1016/j.jallcom.2020.157875

Hang, L., Liu, W., Zhang, X., et al. (2023) Design and Preparation of High-Transmittance Broadband Antireflection
Coatings with Tailored Refractive Indices Deposited by PECVD. Vacuum, 208, Article ID: 111714,
https://doi.org/10.1016/j.vacuum.2022.111714

Li, Z., Fan, Z., Zhou, J., et al. (2023) Process Development of Low-Loss LPCVD Silicon Nitride Waveguides on
8-Inch Wafer. Applied Sciences, 13, Article No. 3660. https://doi.org/10.3390/app13063660

HEK, FEE, Hod. ER-EREHERS % T2 LMD, BT K], 1997(1): 146-149.
Racheva, T.M. and Critchlow, G.W. (1997) SnO, Thin Films Prepared by the Sol-Gel Process. Thin Solid Films, 292,
299-302. https://doi.org/10.1016/S0040-6090(96)08956-0

Biswas, P.K., Devi, P.S., Chakraborty, P.K., et al. (2003) Porous Anti-Reflective Silica Coatings with a High Spectral
Coverage by Sol-Gel Spin Coating Technique. Journal of Materials Science Letters, 22, 181-183.
https://doi.org/10.1023/A:1022241707860

KRA, BRI, Prdhin, 55 KB Al AR SR 9K St S S BT FE[3]. S48 77, 2010, 38(11): 1794-1797.

Verma, A. and Vijayan, N. (2013) Sol-Gel-Derived Nanocrystalline Aluminum-Doped Zinc Oxide Thin Films for Use
as Antireflection Coatings in Silicon Solar Cells. Journal of Materials Research, 28, 2990-2995.
https://doi.org/10.1557/jmr.2013.273

B, BiEf, T, & BR-ERZE KIS R 4 0], w0 5 RF R, 2015, 27(1): 169-172.

Sun, L., Chen, S., Yang, F., et al. (2018) Fabrication and Properties of Broadband Antireflective Coatings on Inert Per-
fluoropolymer Films Treated by Inductively Coupled Oxygen Plasma. Optics Letters, 43, 4969-4972.
https://doi.org/10.1364/0L..43.004969

Yan, G., Yuan, Y. and Hong, R. (2018) Preparation of Broadband Antireflective Coatings with Ultra-Low Refractive
Index Layer by Sol-Gel Method. Construction and Building Materials, 176, 75-80.
https://doi.org/10.1016/j.conbuildmat.2018.05.016

Fardo, F.M., Ribeiro, R.S., Strauss, J.A., et al. (2020) Double Layer SiO,-TiO, Sol-Gel Thin Films on Glass for Anti-
reflection, Antifogging, and UV Recoverable Self-Cleaning. Applied Optics, 59, 7720-7725.
https://doi.org/10.1364/A0.397484

VR, SKAE, REPR, 55 TR RREERS ZrO,/SiO, FE IS BN i # S VR REI]. JLaE Ak, 2023, 1-14.

Manna, S., Adak, D., Manna, S., et al. (2023) Antireflection Cum Photocatalytic with Superhydrophilic Based Durable
Single Layer Mesoporous TiO,-ZrO, Coating Surface for Efficient Solar Photovoltaic Application. Sustainable Energy
Technologies and Assessments, 57, Article 1D: 103236. https://doi.org/10.1016/j.seta.2023.103236

RS, EORRSG, TR, S U AR AR PR v AR A A R L o R ) B B R R % [PY. A
CN111254407A. 2020-06-09.

Gao, B., et al. (2021) Organic-Inorganic Perovskite Films and Efficient Planar Heterojunction Solar Cells by Magne-
tron Sputtering. Advanced Science, 8, €2102081. https://doi.org/10.1002/advs.202102081

FARU, XK, AHW. SRR R[] E2=, 2014, 51(5): 1-8.

Li, M., Zeng, L., Chen, Y., et al. (2013) Realization of Colored Multicrystalline Silicon Solar Cells with SiO,/SiN,:H
Double Layer Antireflection Coatings. International Journal of Photoenergy, 2013, Article ID: 352473.
https://doi.org/10.1155/2013/352473

WASEAE, R0, R, QK3 BEIEALIR LR WOBIX SE G B FL 0], VLR K2 AR (E AR 2RR), 2014, 13(1):
113-116.

Bruynooghe, S., Helgert, M., Challier, M., et al. (2015) Wideband Antireflection Coatings Combining Interference
Multilayers and Subwavelength Structures Prepared by Reactive lon Etching. Nanostructured Thin Films VIII SPIE,
Vol. 9558, 20-31. https://doi.org/10.1117/12.2189810

PNIEE, Radil, I, 5. CaFy FE _RITLLAMX 58 i B A AT FE [9]. WOt 52041, 2016, 46(1): 76-80.

Sharma, N., Kumar, M., Kumari, N., et al. (2018) Design and Deposition of Single and Multilayer Antireflection
Coatings of Glass Substrate Using Electron Beam Deposition. Materials Today: Proceedings, 5, 6421-6425.

DOI: 10.12677/amc.2023.112005 49 MRMEZERT I


https://doi.org/10.12677/amc.2023.112005
https://doi.org/10.1039/c3tc31465k
https://doi.org/10.1016/j.jallcom.2020.157875
https://doi.org/10.1016/j.vacuum.2022.111714
https://doi.org/10.3390/app13063660
https://doi.org/10.1016/S0040-6090(96)08956-0
https://doi.org/10.1023/A:1022241707860
https://doi.org/10.1557/jmr.2013.273
https://doi.org/10.1364/OL.43.004969
https://doi.org/10.1016/j.conbuildmat.2018.05.016
https://doi.org/10.1364/AO.397484
https://doi.org/10.1016/j.seta.2023.103236
https://doi.org/10.1002/advs.202102081
https://doi.org/10.1155/2013/352473
https://doi.org/10.1117/12.2189810

[32]

[33]

[34]

https://doi.org/10.1016/j.matpr.2017.12.254

Yenisoy, A., Yesilyaprak, C. and Tizemen, S. (2019) High Efficient Ultra-Broadband Anti-Reflection Coating on Sil-
icon for Infrared Applications. Infrared Physics & Technology, 100, 82-86.
https://doi.org/10.1016/j.infrared.2019.05.014

Ruud, C.J., Cleri, A., Maria, J.P., et al. (2022) Ultralow Index SiO, Antireflection Coatings Produced via Magnetron
Sputtering. Nano Letters, 22, 7358-7362. https://doi.org/10.1021/acs.nanolett.2c01945

Addie, AJ., Ismail, R.A. and Mohammed, M.A. (2022) Amorphous Carbon Nitride Dual-Function Anti-Reflection
Coating for Crystalline Silicon Solar Cells. Scientific Reports, 12, Article No. 9902.
https://doi.org/10.1038/s41598-022-14078-0

DOI: 10.12677/amc.2023.112005 50 MRMEZERT I


https://doi.org/10.12677/amc.2023.112005
https://doi.org/10.1016/j.matpr.2017.12.254
https://doi.org/10.1016/j.infrared.2019.05.014
https://doi.org/10.1021/acs.nanolett.2c01945
https://doi.org/10.1038/s41598-022-14078-0

	宽带增透膜的制备及其低损耗特性的研究进展
	摘  要
	关键词
	Research Progress on Preparation of Broadband Anti-Reflection Film and Its Low Loss Properties
	Abstract
	Keywords
	1. 引言
	2. 增透膜制备研究现状
	2.1. 增透膜原理
	2.2. 薄膜制备技术
	2.2.1. 化学气相沉积
	2.2.2. 溶胶–凝胶法
	2.2.3. 物理气相沉积


	3. 总结与展望
	基金项目
	参考文献

