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Study on optical thin film parameters measurement method

Li Kaipeng, Wang Duoshu, Li Chen, Wang Jizhou, Dong Maojin, Zhang Ling

(Science and Technology on Surface Engineering Laboratory, Lanzhou Institute of Space Technology and Physics,

Lanzhou 730000, China)

Abstract: Studying more precise and efficient measuring-method for determining optical parameters of
thin films plays a guiding role in improving design and optimizing preparation process of optical thin
films. Several traditional measuring-methods were introduced briefly in this paper, and a new measuring-
method was deduced combined envelope with the full spectrum inversion method fitting. In this method,
optical parameters of a single layer were calculated approximately with envelope method, and according
to the results, the upper and lower limits of the optical parameters were estimated for the full spectrum
inversion method fitting firstly. Then, the physical model of the new method was established. After that,
the optical parameters of thin films were solved by choosing a comprehensive optimization algorithm.
Finally, the validity of the new method was validated through measuring of TiO,. SiO, single-layer and
G 10.5HLHLO.5H IA (H -TiO,,L -Si0,) multilayer. Besides, the measurement accuracy, efficiency and
stability of the new method were also analyzed.

Key words: optical film; optical thin film parameters; envelope method;

full spectral fitting inversion method; envelope-full spectral fitting inversion method

Y Fs HER . 2014-07-05; 1&1T B #.2014-08-03
EEZ Y . 22U (1988-), 53, Wi+ A=, 323 A6 2% W IS B0 5 7 T O IFT . Email: 13259756785@163.com
BRESR. F2150973-), B, i+4 S0, 4, 2ENHE B R AR 70975, Email:wang_d_s@sina.com



% 34 FYUMF RFEBELALNF T EHR 1049
S MBI SR . B2 RECh:
0 5] k=—Aln((-B£(B*+4AC)")/2A)/4md 2)

UTAFEA , Bl D' VB 1 2 i) G i A
o Bt 552 5 i /s S U T I R BRR A | 58I
i 5 R RTE R PR RED G AR A AR Z A FE LA AL
e L RIIE SR | G RHE e WRAR
O ZMERETEAR , B A F IR B STk 1200 WA
TRIPEREIL S . WBER GERDEIETERE N . BHT R 8%
SFR) AT i AR BT SR GO R B R B T
PR T FOR TR THOC R AL RR R AR A= Y
TS A, SePea WA A v, AR fg
R 00 S o A I 2R 2% 2 DI 2 RS, %o
DA R 2k AR ] o T 2SR A AR

FIT, B2 IS Bt I i 7 ik 2 B 4
15 B R A ik U A (B R R kT L PR R AR R
LU A TG LA IR B Ak
BAPE KL AR LR AT T I A PR 0 2
SR ISR (R PR A 8 i i 4D
T UL T 3 0 AR A% R B W =
B, 0 R LI R 7 v MR R A A R
HERAE | RS TR 4y BRI AG 1 530 125 A M M AR
Sif , AR R AN L A Sk AN &3, 00 ) v
TR AR 2 SRR B R e vE L AE 22, R HAT, 1)
BEA — T 2807 i AT LABR S o P 00 A = )
JerE SR, DA, S i Mt Al 2 2k A 4t
TG ROEE R R R, WF5E T — POk 28 £k
IS A A S BT B R, DU
B2 2 2 B B R R R A AR R

1 BR/%&E5EENEREE

1.1 8%%%

LR AR IR R IR B R W oy 2 — S K
RGBS RARAE Toe RN T THA LR
H G TR SR, SERRI AT, 4300 7% 235 B RO 1E
M2k b R KA A S ME R, TE R S 4 2k
T M) Trin(X) o FRAL K L 45 50325 S R (T A

T VE SR RF IO 82 1325 55 39 AL A 0 R, 0 M AR
S R RS ] SRR R BT SRR
n_¢=(N+(NQ—ninf)”2)”2 (1)

Rt N=ny +n, /242001, Tog=1/To) , Foo 1y, 5351

X A=dn g (n—ny)’RJT,~[(n=ny) (ny—ny)1*; B =8nonsni
(U T+ 1/ Tin) s C=4nn(nn )Ry T+ (n+ne) (no+n)*, H
L Pt DB KR 2 (B S5 3R o] SR g 2 1) SR
d=MAL2[n(A) A=n(A) A ] (3)
AN A R ARAR T 33 R A K (A /M) a5
A
A2 L I SRR AT B, KR R (H A R
BINSE R JE WA R, b A 45 4 110 3 S SR A
SRR AR/ LR A A A 2R IR 2 AR, 0 v
BRPEAR, B 25 iz AU F I 2 A2 2
FERER WS /N B R IR A e W S 8
1.2 &XiLEEREE
TS A B R T EE A A i AR
I 2R 45 L J2 D' S 2 50 ) ) B ) 2 A S A A
b ) A S AL L A0 A R 2R A o P T A 03 5 R
(BB S 258 ISt 1 s T8 5 B R 45 S )2 1 o o v g
SR, LA G5 A ], A 5 2R 075 B 38 SE PRl (B
TOVREE IR TR E AT BRETE R F .
Merit= j : o[TO)-T(V)]dA (4)

A Ay 2350 D DN R A R B (D)
JEPR M AL BIACEE X, DA Merit S/ IMELVE 0 H AR e
B, BB DG MRS O BUE T BB 8 29 2 1, 1
FROLAL AR Py B RS SR 5 1B 5 3E I AR 505
KA PR RL 15 3 B W) BRSSO A J 2R A
R AR SR, BeJm Rzt A5 R Dy S B iR
AR S R WA A 45 . 5
alife ik (Powell i AELMEf/N "k R R
LR K F R4, APk Powell 1% ARZ Mt/ —
FIEHR)E T R TE™ I F ik ] R 1 3R A5
PRI AU, TR EERR TR IR e 2
AR BRI R T 2R AL %
B AT AR S BUPUEL T Rl A 1 3R A R B0 4
Ry R AL, T B R TR R B IRRCRAR AR E
W2E, N, B IEY PR ot A 5k ol AR
%7 W SR SR AE R

2 BR&-2XIBEUSREE

2.1 EiEM
HeUTE A RAET, KGR  AL ay
PRIS , HA K 20 I 28 G0 0 RRAE R A



1050

oMk TR

% 44 %

C]j+iC2j

{B
($1kj=Sym) =i (syn;+s3k;)

C

i

A H : cy=cosdchy, cy=sindyshdy , s,,=sind,chd;, s,=
—cosdshd,, Horr | 8,=2mnd/\, 8=2wkd/\, FEAN T
RGBSR
T=4nn/(nB+C)(nB+C)* (6)

H AT (6) AT UL, 385 I 38 T J& i B R 4 45 2
FHAES I n k,d W ZTTHREL,
22 GRE-EXRIENEREEYERIET

TR E T 25T 4 5 R JE 2 DR
JEREE R PR AL L vk D i i SR R B e AR S 4
W) () BT ZE A S SR fifk 5 2R 45 JEE 2= 4 558
FFNH R BN WIIRE , % T 250 5 &R
Ik 5 B2 J22 114 A 4 S AR Ay SR A S 2R 4% B 23 )2 B ) 49
TR A K B8 08 P A ] Ao A 93510 N
AL, R GG SR AR § A~/NXTH] |
IS 2244 522 R D'~ B S8 SR ) BRASE AU AR

A ~
minMerit(i)= JA @V [T(M)=T(N)]dA (7
Ny ;< Ny,
S.t. klb,'gk,'gkubi (8)

dlbi = di = dubi

Horpr 23K AR B, 2308 AR AT FHK
e AR 2k e/ > — 3l vk 5 i 3o A% SR AR 45 6 i 45

2 2
[l(S]jnj—SZka)—(S]jkj+S2jnj)]/(nj +kj )

1
)

Il ®
AR, RIS R AR e IS R 1)
BRAE B E 5 i A/ X)L 1 AT RV L, oK
FRIZ Y BRI  RAR S A/ DX B 58 R 45 T2 Y
TSR, R RUCR IR A N-1 A X ][I &
RG-SR, Al A5 B AR A
A A 25 R DG IS R

C1j+iC2j

3 HEEMEIESSERSH

3.0 REBRXFERSHNNERLERSH

PABETT ) TiO, A Si0, B )2 BR'G % 1E by il 2 Xt
% BLR N KO BE S AE 400~1200 nm 3% K5 F N, 2
IR FH A 4% 2 1k RN 4% 4 — 2 S i LA I Tk T
PR SR, R 1R BOGTHEE S 500 nm
(1) TiO, F1 SiO, HL)2 B 22 B S B i Il e 25 21, 3%
o RIS E ] g SRR n RATHR kSRR
s BEHHE S %, 8, S J5 B T 45 21 ) 4 X i3
28, 8 4 BT ST 5 AN 6 2 B 45 R R
U XTRIE, d. 851 IR 5 YO A5 5 1Y 5 B P 2
R xR 2%

400~1200 nm Ml & % G FE A, Si0, BHER /N,
Prir LR 1.46, 6 REGE RN 0, I & i #2 ]

x 1 AEAEMRIZIHTEEH 500 nm TiO,. SiO, B BB LS EES
Tab.1 Measuring thin film optical parameters of the 500 nm TiO, and SiO, sample in different ways

TiO,

SiO,

Envelope method

Envelope-full spectral fitting

Envelope-full spectral fitting

Number inversion method Envelope method inversion method

s dimm §.107 §x107, /s dimm § 107 §x10° t/s  d/mm n kx10®  t/s  d/mm n kx10®

1 20  507.38 0.32 0.38 42 500.84 0.15 0.12 20 508.73  1.50 0.02 35 499.33 1.46 0

2 15  506.62 0.29 0.30 38  500.68 0.12 0.20 15 508.87 1.48 0 60 502.18 1.47 0

3 16  506.80 0.31 0.42 39 501.39 0.09 0.23 16 506.65 1.46 0 30 498.76 1.45 0

4 13 507.69 0.40 0.37 45  498.89 0.20 0.10 13 508408 1.50 0.01 55 500.84 1.46 0

5 10 508.33 0.55 0.22 60 499.01 0.18 0.21 10 510.25 1.51 0.05 48 501.25 1.44 0
d=507.36 8;=1.36 d=500.16 8,=0.10 d=508.60 8;=8.60 d=500.47 5,=0.47
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Tab.2 Measuring thin film optical parameters of G10.SHLHLO0.5SHIA sample with full spectral fitting

inversion method used

Wavelength/nm 450 550 700 900
Optical thin film parameters n kx10®  d/mm n kx10®  d/mm n kx10®  d/mm n kx10®  d/mm
Layerl TiO, 2.48 1.50 24.55 2.40 0.66 24.25 2.25 0.21 24.74 2.20 0.08 27.88
Layer2 SiO, 1.47 0 80.97 1.42 0 85.86 1.49 0 84.58 1.48 0 80.65
Layer3 TiO, 2.46 1.22 57.28 2.35 0.23 56.55 2.22 0.25 54.70 2.20 0.1 54.42
Layer4 SiO, 1.48 0 86.01 1.46 0 83.10 1.47 0 82.70 1.46 0 83.38
Layer5 TiO, 2.45 1.37 24.76 2.38 0.35 25.07 2.23 0.38 24.15 2.21 0.06 22.07

®3 BE&-2XEUERFEEARHZENE GI0.5SHLHLO.SHIA BERHILEHESH
Tab.3 Measuring thin film optical parameters of G10.SHLHLO0.5HIA sample with envelope-full spectral

fitting inversion method used

Wavelength/nm 450 550 700 900
Optical thin film parameters n kx10™  d/mm n kx10®  d/mm n kx10®  d/mm n kx10™  d/mm
Layerl TiO, 2.43 1.21 27.01 2.37 0.45 26.65 2.26 0.22 26.66 2.22 0 26.64
Layer2 SiO; 1.46 0 86.39 1.45 0 88.19 1.45 0 87.94 1.46 0 87.38
Layer3 TiO, 2.45 1.25 54.55 2.35 0.55 54.79 2.25 0.18 54.80 2.24 0 53.78
Layer4 SiO, 1.44 0 86.28 1.46 0 87.13 1.47 0 87.39 1.46 0 86.44
Layer5 TiO, 2.42 1.17 26.76 2.34 0.36 26.63 2.27 0.13 27.58 2.25 0 26.63
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