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Determination of optical constants for aluminum thin film
based on combined optimal algorism
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Abstract: An ex-situ determining method was proposed for the optical constants of aluminum thin
films precisely. Compared to the traditional in-situ method, the method had no need of the complex
optical measurement apparatus attached to vacuum chamber and could do measurement simply and
fastly. By using multi-wavelength fitting method, the ellipsometric and photometric spectra were fittd
with a combination of optimal genetic algorism and a simplex algorism and the oxide layer formed on
the aluminum in air was considered in the fitting process. With the combination of parallel genetic al-
gorithm and least square method, the fitting speed and quality were obviously improved and the opti-
cal constants from the UV to visible range were obtained within an error no more than 2%. With
these data known, an UV induced transmission filter with one cavity was designed. The tested trans-
mission spectra are well consistent with that design in a peak transmittance error less than 1% at 265
nm.
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Fig. 1 Flowchart of optimal algorism
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acterized by dispersion relations
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Tab.1 Dispersion parameters of standard aluminum
A B C B, (O} D, B, C, D,
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Tab. 2 Parameter fitting results of theory data with GA algorism and combined optimal algorism
A B C B, C D, B, C, D, |E8ES TEHY BRI L
it (H 0.9235 —35.4070 1.3989 5.7695 —0.7928 —0.3220195.366 1 2.0636 0.4631 24 0
GA#lE& 0.8797 —35.7801 1.4178 6.0638 —0.7930 —0.3257 196.2110 2.0445 0.4503 23.95 0.3361
WAEBY: 0.9231 —35.4072 1.3987 5.7692 —0.7928 —0.3222195.3670 2.0640 0.4634 24.0015 0.002 1




59 A A TR A U0 I B RO A R 1585
0.9 0.4
Te
0.8 1 03¢ Tcalc by GA
Tcalc by GA&IS|
= 07f 1 ~ 02t 1
Re
0.6 R fit by GA . 0.1}
— R fit by GA&/s 0
0.5 . . . . L . . . 1
200 300 400 500 600 700 800 900 200 300 400 500 600 700 800 900
1.0 1.0
—Ice,
0.8} 1 Ic, fit by GA
Gl —— I, fit by GA&I
& 0.6t ] S
Ise, 06} \
04F Is, fitby GA |
02 ) ) ) Is, fit by GA&Is 04 ) ) ) ) ) )
200 300 400 500 600 700 800 900 200 300 400 500 600 700 800 900
1.0 1.0
Ice,
0.8f 1 Ic, fit by GA
08¢ Ic, fit by GA&IS]
s 0.6F . kS
h Ise, 06}
04} Is) fitby GA [
Is, fit by GA&Is
02 . N . I I I 0.4 L . N A . .
200 300 400 500 600 700 800 900 200 300 400 500 600 700 800 900
A/nm A/nm

3 DG AL Tk X B Ol 1 i £ 4005 R DL X L

Fig. 3 Curves of theory spectra fitted by GA algorithm and combined optimal algorism
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Tab. 3 Parameter fitting results of theory spectra with 0. 002 standard random error

A B C B, C D, B, C, D, JEREE T RR
FHIGME  0.9235 —35.4070 1.3989 5.7695 —0.7928 —0.3220195.366 1 2.0636 0.4631 24 0
RAEBEYE 0.9091 —36.8168 1.3409 5.5522 —0.7909 —0.3162198.2210 2.0884 0.4677 24.0332 0.899 3
F4 BILRERZMO0. 002 WRAFREFHBEHERILE
Tab. 4 Parameter fitting results of theory spectra with 0. 002 system error
A B C B, C D, B, C, D, =85S T 2R A
s (E 0.923 5 —35.4070 1.3989 5.7695 —0.7928 —0.3220195.366 1 2.0636 0.4631 24 0

AT

0.879 3 —35.4310 1.4097 6.1549 —0.7976 —0.3332197.8164 2.0587 0.5735 23.5643 0.9717
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Fig. 4

Curve fitting results of theory spectra with 0. 002 standard random error by combined optimal algorism
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Tab.5 Parameter fitting results of tested spectra by combined optimal algorism
A B C B, G D, B, G D, ALOs JBEE WEE ITH R
1.2001 —121.5449 0.8043 6.9430 —0.7856 —0.2518 408.3296 3.6043 9.716 3 5.38 23.1843 2.1717
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of 1 cavity filter

AZEEEMERER &S HME. UEIRE

6 % »

P T — b s R B I E R DG A R R
75 % T o R R LG i€ T AR

SE K
[1]

<2005 R JE AR HE 9 B 1 e H BB U T
JE s 3B S IR B A R M B i &Y & R
U WEARLIE 1 R 22 100

JA B E ARk, AR, S NEE AR AL JE BN 17~33 nm & RIEWE I R E /5], R M E T42,2006,14



1588 it K Y 516 %

(2]

(3]

[4]

[5]

[6]

7]

(8]

(10]

[11]

[12]

(7):1016-1020.
ZHOU H J, ZHONG P F, ZHENG ] J, et al.. Quantitative research on higher order harmonic suppression in 17~
33 nm with different thickness Al filters [J]. Opt. Precision Eng., 2006, 14 (7): 1016-1020. (in Chinese)
ALEKSANDAR D R. Algorithm for the determination of intrinsic optical constants of metal films: application to a-
luminum [J]. Applied Optics, 1995, 34(22) . 4755-4767.
SCHULZ L G. An interferometric method for the determination of the absorption coefficients of metals, with re-
sults for silver and aluminum [J]. J. Opt. Soc. Am., 1951, 41(12): 1047-1050.
LARRUQUERT ] I, MENDEZ ] A, AZNAREZ ] A. Far-ultraviolet reflectance measurements and optical con-
stants of unoxidized aluminum films [J]. Applied Optics, 1995, 34(22) :4892-4899.
ERIC K L, JANUSZ J,MARK N. In-situ ellipsometric measurements of thin film aluminum oxidation [J]. SPIE,
4099.218-227.
Bk ook A TR R L B RR BT MR AN G R IE L)) R F A T42,2006,14(10):1633-1638.
CHEN H, YE D. CHEN G, et al.. Digital image correlation search method based on genetic algorithm [J]. Opt.
Precision Eng. , 2006, 14 (10): 1633-0638. (in Chinese)
R AL KE, R A AL LT UL BRI BRI R AMESR TS [T ], o 4% T 42,2006,14(3) :485-489.
YE D, LIUCH Y, CHE R SH, et al.. Dummy solid camera calibration technology using genetic algorism [J].
Opt. Precision Eng. . 2006, 14(3) :485-489. (in Chinese)
DOBROWOLSKI J] A, HO F C, WALDORF A. Determination of optical constants of thin film coating materials
based on inverse synthesis [J1. Applied Optics, 1983, 22(20): 3191-3195.
VRIENS L, RIPPENS W. Optical constants of absorbing thin solid films on a substrate [J]. Applied Optics,
1983, 22(24) .4105-4110.
NGUYEN H V,COLLINS R W. Optical functions of discontinuous aluminum films-intraband and interband con-
tributions to particle resonance absorption [J]. J. Opt. Soc. Am. A.,1993, 10(3);: 515-511.
OUGHADDOU H, VIZZINI S, AUFRAY B, etal.. Growth and oxidation of aluminum thin films deposited on Ag
(11D [JJ]. Appl. Surf. Sci. . 2006, 252.4167-4170.
JIN'W H, JIN CH SH, ZHU H L, etal.. The determination of optical constants of zirconia and silica thin films
in the UV to visible range [J]. SPIE, 2007, 6722:67220T- 67226T.

EFER N : & Q977—) B w5, FEMNE LI BEAF ST . E-mail:jin. weihua@yahoo. com. cn
SIME I & FKA964—) 5 RO LA S I FEEBEIE Ty I 55 SR X402 . E-mail:jines@sklao. ac. cn





