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Abstract

Silicon is stable at room temperature and has a wide infrared transparent region, the silicon film
formed is hard and has a high refractive index in the infrared region, which is an ideal material for
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infrared optical film. It is widely used in infrared camera, thermal imager, infrared spectrometer,
infrared wave plate and so on. This paper analyzes the optical thin film design theory, studies the
substrate material and coating material characteristics, through the TFCalc film design software
design and optimization of quartz glass and sapphire under different substrate materials, the film
thickness of 900 nm silicon film characteristics, design results show that in the near-infrared wa-
velength band thin film extinction coefficient of 1 x 10-3 in the thickness of 700~1000 nm simula-
tion of silicon thin film Optical properties are different.
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Si fEWIR TS . AANEMIXTE. BB, PR A . ELLAMX B B w2 —Fh
AW LA R, XS T LA E SR H A e A IR . JE SR (a-Si)FE A —Fh T
SR PR HAELLAMX 1~9 pm G PIE R, a-Si ¥R Z A A& il i T RO = 8 AR R, RN TE
ANFI IS N AT RER AR A AR AL, B 208 B AR AN e, o PR RE SR T B s i sk, JF
Xof i i F e S R A 1k BE AT 1 etk [1] . [RIUE a-Si SRSV B T AL AMRIEO S EIAR R, Bl e E R N
ZLAh . HAANX SRR, S SO AR S T v RS = 4T S FE A REAE[2] [3]. FEILAN A ITTARE:
R, R HE& SN BT R E e a-Si I, {F a-Si A RIE N . BRikz A, X
FEERE R T R AR VUBREAR, AHREMHA R BIEEBOR S S, AN AR 2 2 Z Rk T
PECVD 546 %[4].

2008 4, Stephane Bruynooghe %5 A [5]F &5 B T 44l BB Ak i 2 R et . AEIT 20 AP X S B4 98
KR iliE IS . 2009 4F, Marie Netrvalova &5 A [6]H/F 7T 1 fe#limE ik H A 78 R AR AE i 7 35885 DA
Ak A TURIF B 5 M AR 24 45 5 1 22 S e I I S5 A RO R 1 . IR 4 o L 2B KRN
600°C /A, 1B KA 3 /Nif. 2011 4F, Christiane Becker 25 A\ [7]5% FH HL T o 7% % 22 d fek 1 46 (AT DL
TV B A IR A AT TR R IR B SRR, A R A S ZnO W B AE AT R AL . 4551
KB, 2k TT DO I R e 15 B A AR R R A ][RR, WK RAE N[8]8 T 133 a-Si iR 4b
HEFEHHE T ESHZ BMNKR, K Ar & i 7RG R ARSI % a-Si Wi, 7EHK 1~5um 2
i) a-Si W33 ARG 2.47~3.28, 2013 4F, ERHZRSEAN[WFFT 1 HEERACRRPE DL 7E 62
P A R AR 25 . RIS ST R 852 A 0.2 nmifs I Si B 6 RECEIR . MRS AT
P BRI E T HERAE 0.5 um~5 pm U BV 3T 569 22 0 A i 28 . 2014 4, Bl s A [9]did
PR AR T, WA T TEARIDORRE T IR S b 22 I 1 47 S SRR e R BB . g5 1R, 78
200°C RYLR Si R AGHTHT 2 n B Kol 3.3, T R BB IR FE RO FF B/, k A 3 x 10728 1 x 1073,
2020 4F, XILRGIZE N [10] R GEHIIT 78 1 18 I X fek 8 A AN 2 M BB B2, SR H 1 AR 2R R v
HAEME, £ 200~500°C 1) N AR K, Z5RKH, 7EIE 4 B E T IR KAT LLA R B i s A i 41
HMX BIPEIRIL, 0 T 5 R 2 B (1 I R 2 A DGR
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Table 1. Physical parameters of commonly used coating materials

1 BRERM I MES K

M 18 m(°C) FERIRFE(C) R ITIE IR ES WAL 6 R

Si 1420 1500 HFIRZER 3.4 (3 um) 1.7 x 1074 (2.7 um)
Si0, 1700 1600 TR R 1.45~1.46 (0.55 um) 7'72211()(:6(?1'35%”1)
mo: 1850 oo EEEE 0RImRS a
MgF, 1266 1540 é%gggii 1.38 (0.55 um) %ﬁﬁg%%iﬁ?

wo me  am  UOH sesmao awesem
Ta,05 1800 2100 E%;gf; 2.16 (0.55 um, 250°C) ? ' 18:2 Eg:g tmg

TR A EOAR RIS, KT AR AR TR O — AR TTER . AR — PR A
Bl HREL R T2 SRR, ITEL, FEXT OB R 0 R SRAS T B v R R, SRR ) 6 5
JETZME G, MR R R] T RMREEN . ERBEEOR S, Je AR RARL I AT 2R 52 fx
M
4. Si SERRHARINBL T

RS M, £ TFCale B st iR IE HY A 50 A SE BB O iR, AU R AE T 20 A M
Bk 1.5 pm, JRE09 900 nm (1 Si S AR M2k, WP 1 Fros AN R AR (07 B A 5 il
LAA YRR, Hrp e A R AR, A SE P IR EE S R AE 95% A L, TS A4
JRUE R I A AE 90% LA E, i S R RV B i 3 EU A S BB A R ) v B 1 R IR
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Figure 1. Transmittance curves of Si films with different substrates
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Figure 2. The transmittance curves of Si films with different thickness on quartz glass substrate
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SRR E k = 0 £ k = 0.001 B, FGFRAWE 4 fros, @ ORI, R RESE N, R
MEEE IS 2 R, O IR IR KR se e, Rk, 7EMEDIRUE R P B R T 2S5, REE
LLAM R L rr, G FEAE A P I 2 oA BT S RS TR — 2, VO REUR AT RB(R— L

[FFEAE TFCale F i b1k IR 5 A A I, BEAAS H AR I 20 A0 Be b0 i K 1.5 pm, JEFEAE 900 nm,
BURTHE R % k = 0 2 k = 0.001 B, EFEHRMWE 5 R, 6 RE IR 5 A4 R N EEE 15
MR, DRI, ) 8 el e B P A b vl B A Y D' 2 St ot e e )3 3 2 DA R TR
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Figure 3. The transmittance curves of Si films with different thickness on sapphire substrate
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Figure 4. Change of extinction coefficient under quartz glass substrate transmittance curve of Si film
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Figure 5. Change of extinction coefficient under sapphire substrate transmittance curve of Si film
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B TFCale R TH M B v AR A A SE B3R AR 5 40 AN [F) B0 A SR A RE 2B K HO R EL 24 900
nm FOREMEBEARE P, Bt R W TE T 4T AN BERE I VY 't 2230 1 x 107 7 700~1000 nm f) J5E 5 R A ULk
A REAN ], IR FH BT R 28 R 7R AT DATE SEG s R il . HAT, Rt s gy
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