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A Study on the Performance Improvement of ta-C Thin Films
Coating on Tungsten Carbide(WC) Surface for Aspherical Glass Lens
by FCVA Method Compared with Ir-Re coating

Kyung-Seo Jung, Seung-Hee Kim’

Dept. of IT Convergence Software Engineering, Korea University of Technology and Education

2 ¥ AL 2HE Y 52 2HEES A+ A B4 AR dig 897 FUH] w22 WEA 2 UintRAES
Z= olg4d Bg GEo tigt Waddo] Frketa vk 2y Bt 42 Bl /2 A2 Y] AMEEE oY
B3 389 Az 34 4 4 ®HE) U B9 #EZ oFF Pt £ o] 7le2 e A=RE A xS+
Z} A9 wole-2 HFHo E oA FCVA (Filtered Cathode Vacuum Arc) 714 ta-C Hef T 2] o] 2
oA, Zt 22 9 FERY sl EE W ofa AR, HiolojA Heto] A gto] et AYS Fsiqitt. 1 A, ZH
45 SHolA, oldE- dw T v 29EY AE du] D& FAZ oF 50% k1, A= oF 20%, Hate] HFt
B 9F 40 % MAE Ao Z=EGI

2 A7 v 3) 3 A= 39 0|3 WSy i VA 4 2 £ €892 A /8 A2y g 2 g8

o ZA 71998 ALF AlzH}.

Abstract The demand for a low dispersion lens with a small refractive index and a high refractive index
is increasing, and accordingly, there is an increasing need for a releasable protective film with high heat
resistance and abrasion resistance. On the other hand, the optical industry has not yet established a clear
standard for the manufacturing process and quality standards for mold-releasing protective films used
in aspheric glass lens molding. Optical lens manufacturers treat this technology as proprietary
information. In this study, an experiment was conducted regarding the optimization of ion etching,
magnetron, and arc current at each source and filter part, and bias voltage in FCVA (filtered cathode
vacuum arc)-based Ta-C thin film coatings. This study found that compared to iridium-rhenium alloy
thin film sputtering products, the coating conditions were improved by approximately 50%, 20%, and 40%
in terms of thickness, hardness, and adhesive strength of the film, respectively. The thin-film coating
process proposed in this study is expected to contribute significantly to the development and utilization
of glass lenses, which will help enhance the minimum mechanical properties and quality of the

mold-release thin film layer required for glass mold surface forming technology.
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Fig. 1. Type of DLC thin film
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Table 1. Type of DLC deposition Process[4]

Clas'sifi Ton Cathodic Plasma CVD | UBM Sputter
cation Source Arc
Solid Solid
Source C6H6 carbon C2H2/CH4 carbon/CH4
tem‘Zf"cr)amfe 200 ~ 300| Under 200 | Under 200 | Under 250
itionl Hyd Hydrogen Hydrogen Hy]c-ilrodgen free
composition| Hydrogen Free Metal ydrogen
Metal
Buffer Metal or Metal or
Layer [Non-Metal No Carbon Metal
Coefficient 1 _ 5| Under 01| 01 ~02 | 0.1~ 02
of Friction
NHT
Hardness | 1200~ | 2000 ~ s 400 ~ 25001000 ~ 2,000
2,500 4,000
(HV)
Surface
Roughness
Adhesion @)
massiv'e 0 o)
production
i . RF methode
Other PVD ion Jl_g cooling Plastic, the otk'ler
features | plating Filterd Arc Ceramic material
: film N (MoS2) Mixing
Coating
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cathode vacuum arc)@ A= 0] Ut
EHl(target)> WHO| 62.8 mn, AHO| 46 m2) AFck
2% mofo @ Q4 I 4 m, BT 1,110 ke/
af, FEREE 1,615 kg/ar, 49 AL 7620 pocoAt
9] EDM-4 1A =9 ©EAE ARSI e
(chamber)9] 27| FFZ+= 2F 3.0 x 10-5 m Torr ©]

5}, e 2= AL(R.T, room temperature) 2 & A

ehiet.
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|57 Q= A& DIJETARY] WC (tungsten carbide)
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32 £ Ao AMSE 2388 E FH IS UERRIL
H, YA A71= oF 1.0 meolth. ¥t FES 93t Al EE
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Fig. 3. SEM surface morphology of WC substrate
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3] Ar gasge ©|&%t lon bombardment dry

etching& ¢ 387F AAISE 39| ta-C ¥dhS 795t
Art

Table 2= o2 A4 ofF T4 27oW, Ar gasE
9F 38 sccm FYBRL, A 300 W, 7129 Hio]ojA
A% 600 V, 718 33d&E= oF 20 Hz2 A5t 2
stk
Table 2. Parameter of ion bombardment dry etching

condition.

Classification Unit Value

Ar gas sccm 38

lon gun power \\% 300

Sub’ bias voltage \ 600

Sub’ rotation speed Hz 20
34 ta-C tqaf 7e 2%

9 9]

ARoF e, 1 o]

uo ]

= é 1 O '_|
At gt IS 3 RM (raster magnetron)?] X&
YZ29] Position, Frequency, Amplifier 2+ 274

Chamber
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Target

> | Substrate

N/

Fig. 4. Schematic of FCVA diagraml8]
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Hg = BH(target)o] o3k o] 7]ue] vhato g 3
gEz] Faie= Adl YAHdroplet)E AYFE= HE
(Baffle) ¥} =Zgtzul H& §Edl= EM (emission
magnetron), BM (bond magnetron), OM (output
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1
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E
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uh
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=
S Mt I,.=55A
= n AV BD sen
E V,=-300 V. 60 sec
V,=-150 V. 120 sec
20 - V, = -80V,540 sec
0 . . . .
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3 27 AAdfof dith Table 32 Z82H] AFo] Hj Radius [mm]
d Z7old, AL 2 15 VE IAsIP o, AFHH] Fie 5. Unit h by RM cond
- . = ig. 5. Uniformity grap Y condition
HE AYE Bolo] =&H Afolrt. o] ff ¥ MR
g 55 A SE(uc) A S +23 VE TSGR, ogome 249RWO Ew setel Tge
ofafA] uht 3=jo] B4 Alzh @ slme] HololA At
Table 3. Parameter of magnetron condition HARS =3} uldlo] B4 Ao} st}
Classification Unit Value
Table 6. Parameter of substrate bias voltage
SM (start magnetron) A 5.0
EM (emission magnetron) A 45 Classification Unit Value
BM (bond magnetron) A 5.0 Step 1 bias voltage \ 600
OM (output magnetron) A 5.0 Step 2 bias voltage Y 300
Step 3 bias voltage v 150
Table 4. Parameter of RM X axis condition

Classification Unit Value
Position v -5.5
Frequency Hz 0.5
Amplifier \Y 3.5

Table 5. Parameter of RM Y axis condition

Table 62 7]3%<] HfoJojx o] gk A% Fhol
th. Step 1914 ¥eF 29 A @Az 273FHWO
Hfure] Hzkele FFAI7I7] fs) Hrolola At g
£ At 2 oUAIE ASA7Ie BHE FUA
gk Step 2 ~ 304l HiojolA A9k ghe sig 245t
of Step 1914 FHHE B} 59 &2 S0l F350]

A o|FofAA .

Classification Unit Value
Position v 45 Table 7. Parameter of thin file coating time.
Frequency Hz 0.5 Classification Unit Value
Amplifier A% 0 Step 1 min 3
Step 2 min 7
Table 49} 5t %€ Fslo] shute] FALE 1Y) — N

st RM (raster magnetron)?] &4 ZFAolt}. A7)
z270] wet 19 58k Zo] 2% 2F 100 mn ©JHolA] 20
m/min® FEHE& U +5%°] #Ad=E =&
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Fig. 6. Thickness of ta-C thin film (FTS)

SEM HV: 10.0 kV
SEM MAG: 60.0 kx
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Det: InBeam
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Fig. 7. Thickness of ta-C thin film (SEM)
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Fig. 8. Hardness graph of ta-C thin film.
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Fig. 9. Hardness graph of Ir-Re thin film
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ox, A A
X o

gtato] 423 Scratch tester (NLADAH|Z &
Aot oldle €2 Rockwell C Diamond scratch
indenter, R=0.2 m(RST-C-AA-2006)& AR&-5F3tt.
S 24L& 2397 dole 5 m, k= 2F 0.5 m/s,
FA515-2 0.1 N ~ 90 N7H4] &745k%ltt. Fig. 102
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bt Tped 808 ]
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Fig. 10. Adhesion of ta-C thin film

Initial Load : 0.10 [N] = e
Fin. 4 :a0.00 [N] \~

gth : 5.00 fmm]
peed : 0.50 [mmi's]

Ser
Scratch Sy

- 3.8 [N} 0.8 [N] £ 0.05 [mm]

Fig. 11. Adhesion of Ir-Re thin film

AREE 2= AL AT 5= A3tk Fig. 112 AHE
g H4E B9 [r-Re(olHE-8lE) 3= 2t F24
ot AdtolH, oF 49.89] FFHE 71A ta-C
40% o9l FE JAREE 7 E AL
A

44 Q2 Ax N

£ Ul £E w59 3 248 A4 9
3ol A gsle] A= A2 L 232 SHerk Fig. 12
L EeAMg A2 HYsH] e 39 3o A
wolct.

Fig. 12. Design of Glass mold core for Projection

AAzHolE 39 Fol9 27 9 F4% 5 7S
At FR7} 714 o] Q. Fig. 12 AA=HL F4 31
m, sag 8.293 mZ ZZAHE A= FF Fojolr}. A
25 4Ysh7] Aol AAZHIG Zo] 33 o7t Azt
o] HA=A F8S Bl AEoIA.

Fig. 13. Glass mold core ta-C thin film coating.
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Align. Decent. Free:X = -0.2909(um)
Align.Tilt  Lock:a= 0.0000(min)

Design R = -37 472608 (mm)
Desgnaa

Lock’Y = 0.0000(um) Free:Z = -0.0901(um)
Freeb= 0.0209(min) Lockc= 0.0000(min)

MWz X EfectR

k)
a
@

1200 -S50 -7.20 =<.80 -240 0.0
FeANISIT,

240 480 720 s.e0 1200

UA3P/Panasonic

Status RM.S =0.0389 (um) P-V =0.1801 (um)

14. ta-C thin film P-V graph on mold core
(UA3P)

Fig.

Fig. 14 Hfeto] I9E 59 Foj9 34 AUE
UA3P (Ultrahigh Accurate 3-D Profilometer,
panasonicA) 7§ FHIE ARESIGlon, UA3P &4
= ot A= 9 539 &4 AR HY +£0.05
w7 574 7hsd BillsS 7 e, E4% 2
T2, P-V gt] 0.1801 m=Z 1Y 129] SF Fof 44
L9 7% P-V 3 0.5 m oJUE RSt AE 2%
t}. o]% =0 HF2 GMP (glass mold press) 4]
ZolA 214 gz Y F4(Progressive type)oE
Agstaion, AMgHE F29 &A= DZK2-1LolH, 43
2= 9F 575 °C, Cycle time 9F 200%°|t}.

Align. Decent. Free:X = -2.9231(um)
Align. Tilt Free:a = -23.3316(min)
Desian R= 37.41038 (mm)

Design data

Free:Y = 1.7466(um)
Free:b =-23.0126(min)

Free:Z= 0.0426(um)
Lock:c = 0.0000(min)

—— X axs - x Emect R
—mm v oamiE ==y EMectR

2.00

1.60

1.20

2d-AXIS (um)

-z.00
-15.00-12.00 -9.00 -5.00 -3.00 0.0 300 500 ©.00 12.00 15.00
RoAXS(mm)

UA3P/Panasonic

Status R.M.S = 0.0650 (um) P-V =0.2615 (um)

Fig. 15. Glass lens P-V graph(UA3P)
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