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Abstract

Various types of DLC films were fabricated under different conditions by T-shape filtered arc
deposition (T-FAD) system and their optical properties were investigated. DLC films prepared were
ta-C(hard), ta-C(soft), a-C, and a-C:H on well-polished substrate of tungsten carbide with cobalt binder.
Film thickness was approximately from 30 nm to 1,400 nm. As a result, the color of all DLC films
repeatedly changed in the cycle of yellow, red, purple, blue, and green from thinner to thicker film.
This color change was numerically evaluated in CIE xyY color system. The optical constants (refractive
index n, extinction coefficient k) were obtained from spectral reflectance and from ellipsometric
method. As a result, harder or higher density hydrogen-free DLC has lower n and k, approaching to

those of diamond.
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Fig. 1 Schematic diagram of T-shape filtered arc
deposition (T-FAD) system.
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Fig. 2 Photographs of DLC films on WC-Co substrate with continuous distribution of film thicknesses. Y, yellow; R,
red; P, purple; B, blue; G, green. Filled circle, measurement position of Calotest; open circle, measurement position of

reflectance.
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Fig. 3 Relation between a distance from deposition
center and film thicknesses obtained with Calotest and
from spectral reflectance. The curve line was fitted
with Lorentz function from optically derived thickness.
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Fig. 4 Spectral reflectance of various DLC films on
WC-Co substrate with different optical thicknesses.
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Fig. 5 Color change of various DLC films as a function

of film thicknesses on CIE xy color chromaticity
diagram.
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Fig. 6 Luminous Y of various DLC films on WC-Co
substrate as a function of film thickness.

T, KRR L DY YR
NUGHIDRERELIE DL TH D, BEE 300
~350 nm @ DLC [ZZ& Wiz, FK»NL, E0
EOGE b HE OFERITIFIE-HLTWDHZ L
NWbnd, ta-CH)E ta-CS)DHE., n BL Ok
IR R L, ORI H D, Z OfFm
KBRS VLR CTH D, UKL, a-C D
A WRICKR U, n 130U, k3T DM
W25, a-CHIZHOWTIE, WEICR L, nid—
BHM U721 U,k XGRS
%, TEIZ X DiENZRETT A 729, e #f (546 nm)
(BT DIRITE N, & HERE L & I2OW T
L CHTz, 2% Fig8 [T 7T, BEDD,
FAYEL RBEIOWT 7774 FOESHRT,
B, TTT77A M LR, wORR (&)
) L EESERR (B OEEE R LTEA,
WE L AR DO ERIC OV TE ZNIT LV,
RN, LFOZ ERNbnd, KEZ7Y—
DA, BITRITBENEIE S KL 72 D
W5, HERKLEENEWZEREY, OF
V. K#E7 Y —DLC OHE, HBENENMNIELY
AYEY FOFEIESE, BEMNMIWZE, 7
7774 FOMEIZESL, KFELET a-C:H D
Lt BITERMELS . HERE L/, IR
X, a-C:H O%H, AU ~—lozEiel-oH,
K& 7 U —DLC DOHMEH DAL TV D & fiFIR
T&%, oB, AILEETHLKETHRICL.

—130—



T A4 IVH— KT — 7 7K TR L 7= &M DLC D 6k

|

index n

Refractive

0 ta-C(H) from reflectance
A ta-C(H) by ellipsometry

Extinction
coefficiant &
COOOOOOONNNNNNNW

O—NWEAULUAIWAUNAIOOD

Wavelength (nm)
(a) ta-C(H)

Refractive
index n

I I I I
O a-C from reflectance
A a-C by ellipsometry

05504,
OOO
O
OO0 DOOOOOOOOO
OO0«

Extinction
coefficiant &
COOO00O00ONNNNNINNW

o—wbhuauabLhErLaawxoD

350 400 450 500 550 600 650 700 750 800
Wavelength (nm)

(c) a-C

3(9) T i T T T T
. e-line N
2 =028 A
S x 27 7
g .5 25 ,
~ 24 4
23 I
0.7 T T T T T -
- = 0.6 ta-C(S) from reflectance |7
S E 8-2 ta-C(S) by ellipsometry |
2203 :
58 0.2 E
S 0.1 3
0.0
Wavelength (nm)
(b) ta-C(S)
23 T T T T T T T T
2.2 1 e-line .
2 =214 .
5 -02) 207 000000 MAMAAAMMMA%@S%@@@@&_
qa E 19 OOOOOO OOOOOOQOOOOOOOOOOOOOO
KT 18 ° n
1.7 4 n
0.7 T T T T T T T L
c f 0.6 O a-C:H from reflectance |7
2 g 8‘5‘2 A a-C:H by ellipsometry |
Q' N 4 4
= 7
Mo 4 1
© 8(1) | : : : mmomxxxmnnr;nnno?ooo&l

T T T
350 400 450 500 550 600 650 700 750 800
Wavelength (nm)

(d)a-C:H

Fig. 7 Refractive index and extinction coefficient of various DLC films as a function of wavelength obtained from

spectral reflectance and by ellipsometry.
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