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Optical Properties of DLC-coated ZnS Substrates in the Mid-infrared Region

Tae-Hyeong Kwon'?, Seo-Yeong Yeo', Chang-11 Kim', Sahn Nahm?’, Min-Chul Kwon’,
Byoung-Uck Chu*, and Jong-Hoo Paik'”*

Abstract

ZnS substrates with excellent transmittance in the mid-infrared region (3-5 um) were prepared using hot pressing instead of con-
ventional chemical vapor deposition (CVD). Diamond-like carbon(DLC) was coated on either one or both sides of the ZnS substrates
to improve their mechanical properties and transmittance. More specifically DLC was coated using CVD with an Ar and C,H, mixed
gas, and Ge was used as the bonding layer. During CVD, the bias voltage was fixed to 500 V and analyzed by Fourier transform infrared
spectroscopy (FT-IR), nanoindenter, scanning electron microscope and energy dispersive spectrometry. Results of hardness analysis
using the nanoindenter, showed that DLC coating increased from 5.9 to 17.7 GPa after deposition. The FT-IR spectroscopy results
showed that, in the mid-infrared region (3-5 pum), the average transmittance of the samples with DLC coating on one and both sides
increased by approximately 6% and approximately 11.2% respectively. In conclusion, the DLC coating improved the durability and

transmittance of the ZnS substrates.
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Fig. 1. Schematic diagram of the experimental process.
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Fig. 2. SEM images of the DLC coated ZnS substrate suface; (a)
420 nm, (b) 540 nm, (c) 650 nm, (d) 720 nm, (¢) 850 nm of
thickness (x 30k).

Fig. 3. SEM images of the DLC coated ZnS substrate fracture; (a)
420 nm, (b) 540 nm, (c) 650 nm, (d) 720 nm, (e) 850 nm of
thickness (x 30k).
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Fig. 4. EDS images of the DLC coated ZnS substrate fracture.
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Fig. 5. Nanoindenter load-displacement curves for uncoated ZnS
substrate, single side DLC coated.

DLC ZH F7¢
Fgol PR=
& Aol HE
of 3 2k

h R
3,015 2

493 um - 5 um)e] F
¥ @ DLC ¥ 49 DLC I” 9] F
RIS B8k 3 um - 6.5 pm P Fg
£33 BA7|(FT/IR)ZE AMgsl E4S 213513

6} Fig. 79 VFERH AT} Table 13} Table 2
o] HZH YERA ™, Fig. 65 T DLCEH 3
ZnS713e] g5 a2 JeRR It 420 nm F741] DLC
S AL WA= Y FA ) w424 Y9G pum
- 5 um)ol|A] F3go] 4533t Table 12 Fig. 69 HH4<I

2 7

2

N

gk

o

=

_Q_
=

} Fig.
[e)

m Jth J

o] b

100 .
I
|
80+ |
1
& *f l
— 1
8 wL = —
3 %b
E 60 "
E : —— Uncoated
£ sk " (a) 420nm
© | —— (b) 540nm
= I (c) 650nm
e 5 ! ——(d) 720nm
: —— (e) 850nm
3 35 3 a5 5 55 6 65
Wavelength (um)

Fig. 6. Infrared transmittance of single side DLC coated ZnS sub-
strate various thickness.
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Transmittance (%)

Fig. 7. Infrared transmittance of both sides DLC coated ZnS sub-
strate various thickness.

Table 1. Transmittance of single side DLC coated ZnS substrate by

thickness (T4 : %)

Division Base 420nm 540nm 650nm 720nm 850 nm
3 um 603 651 678 607 565 536

4 um 640 629 688 717 707 685

5 pum 654 625 662 698 707 752
AVerage o 609 680 693 679 644
Trans.

Increased 03 49 6.0 47 12
Trans.

Table 2. Transmittance of both sides DLC coated ZnS substrate by

thickness (9 %)
Division Base 420nm 540nm 650nm 720nm 850 nm
3 um 60.3 68.6 76.4 643 53.1 439
4 um 64.0 60.6 73.7 78.2 79.3 674
5 um 65.4 59.0 66.5 713 773 79.7
AVerage o0 613 29 744 T36 646
Trans.
Increased

- -1.9 9.7 11.2 104 14

Trans.
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