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Optical non-uniformity test of transparent
infrared chalcogenide film and influencing factors
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Abstract: The non-destructive testing of the non-uniformity of films is important in the preparation of
large-area, high-quality infrared transparent films. In this study, a method is proposed to obtain the
thickness and refractive index non-uniformity of the film. In the experiments, an infrared Ge-Sh-Se
chalcogenide film was prepared on a silicon dioxide substrate using magnetron sputtering. The
transmission spectra of 36 areas with a size of 80 pm X 80 pm were measured using a microscopic
Fourier infrared spectrometer. Further, the background noise was filtered out with the segmentation
filtering method. Finally, the thickness and refractive index of each area were calculated using the
improved Swanepoel method, and the non-uniformity of the film was accurately obtained by comparing
the test results from different areas. The results indicate that the calculation accuracy of the film non-
uniformity is better than 0. 5%.
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Tab.1 Refractive index and thickness of thin film
Wavenumber/cm™'  A/nm Twm T n d,/nm m [(m] d,/nm n,
7723 1294.8 0.962 6 0.6151 2.532 5. 56 5.5 1405.7 2.545
7 054 1417.6 0.968 8 0.620 2 2.524 5.06 5 1403.9 2.533
6 374 1 568.8 0.975 1 0.624 2 2.519 1427.9 4.57 4.5 1400.9 2.523
5 687 1758.3 0.979 7 0.626 3 2.518 1436.0 4.07 4 1396.1 2.513
4 987 2 005.2 0.981 2 0.627 2 2.518 1427.3 3.57 3.5 1393.6 2.508
4 279 2 336.9 0.980 8 0.628 1 2.514 1402.1 3.06 3 1394.1 2.505

sk do F3ME N 1402, 0 nm, [m JFRRH m BEEEEL,

| A i) Swanepoel 51815 ) MR - 36
AN DX A A TR B 5 , A 3 () i L S IR A S 2
JEREZAI R 1 400, 7 nm, rdEZEZA N 2.8 nm., H T I

WETT A AR , R R & B A0 T il =
ZEIRNE 3() Frs R RE 2 1 400. 7 nm, bR ifE
ZLH 8.3 nm, iR RIS,



AL} N i N
1008 2 K% TR 5 28 %
Thickness/nm
1405 1 500 L Film thickness:1 400.74 nm
1 404 Standard deviation:8.34 nm
1403
1 401 1000~
1 400 E
>~
1399 500k
/ 1 400
1398
1396 / 1350
. b 650 700 750
0 125 250 375 500 200 400 600 800
X/um X/pm
(a) 36 AN [F) AL i v s JE (b)) 15 B {30000 45 fy v et 2

(a)Calculation results of film thickness in 36 different areas

(b) Thickness of film measured by step profiler

3 RN [ 7 ik AR 1Y 1 J5E i

Fig. 3 Film thickness obtained using two different methods

i3 3% " Cauchy #5005 45 21 0 B 47 56 B
PR ARk it 28 A B 4 Ca) TR 3 5 3R B A D
KA 3 /N RS R T B R R 22T

2.56¢ - « Original data
5 53] Fitting data
2.54r

N

in

W
T

Refractive index
o
Wi
¢}

1800 2000 2200 2400 2600
Wavelength/nm

Ca) 37 55 25 B 0 I A 728 1k

(a)Refractive index changes with wavelength

1200 1400 1600

0.5% . MBSAEIA 2 pm A4 AN X 38 04 7
AN 4(b) Bz W R T S R B S P4 T 0. 804,
BRI Z D ZIEAE 2 pm AR B O,

500 Refractive index

2.515
250 375
X/um
(b) P 2 pom Ak Y 37 555 48 2 18 5] 1k

(b)Refractive index uniformity at wavelength of 2 pm

2.513
2.511
2.508
2.506
2.503
2.501
2.498

2.496

Pl 4 B Y AT S 5 B 3 o)

Fig. 4 Refractive index and uniformity of film
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