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Abstract

There have been intensive and continuous efforts in the field of DLC coating process because of

their feature, like high hardness, high elasticity,

abrasion resistance and chemical

stability and have

been applied widely the industrial areas. In this research, optimal grinding condition was investigated

using Microlens Process Machine for the development of aspheric glass lens which is to be used for

mobile phone module with 3 mega pixel and 25X optical zoom, and tungsten carbide(WC) mold core

was manufactured using high performance ultra precision machining and the effects of DLC coating on

the form accuracy(PV) and surface roughness(Ra) of WC mold core was evaluated.

Key Words :

Diamond-like carbon(DLC), Mold core, Glass mold pressing(GMP), Aspheric glass lens,

Micro lens processing machine(ASP0O1), Tungsten carbide(WC)

1. M
7]

#H oz £

a7t

7haruA

Plastic?ll = T& +H Glass d2gto s @43
oz g¢da Qe ¥utd 4w P Yiuv)
o] ¥R Glassdl=el Bagel Wik Fhe
3L dEHI) ofelgh v Glass d=E dybqo
2 2493 498 2o o8 2 ¢ A
Yo A= E Fopde] AW ALE
[2-5] 2 =W =¥ 7|E Ade] Agg AFel}

53], #H+ Glass @z Ay Hofolr AT
o] 4y 8 3oHW DLC ZHL 4¥FA Al Glass
dzel AEE Fojote] oA W P HEE
ol £HIFS Y& FEL Qv 7] Eiofke]
=

g, rlo]o}# =4t €A (Diamond-Like Carbon,
DLC) Z®e 2AE, ¥4, vz, 3434 <t
1. =M ED 7| A F et
2. s4lchetw Helel2a st n)
3 =3V e 2MYUE e

(#F 57 &3 971-35)
a. corresponding author @ kimjh @kopti.re.kr
ﬁ#"'ﬂ 1 2006. 8. 9

At A AF 2006, 10, 11

lA}RFE 1 2006, 10. 24

1050

BgE 7HAT7] T[] vk Skl A B
F7h olFolA AL Jlew, g Eordl M B 9lE

Ag=Ea v
AT 1 Ae

£ Y4 Glass d= NEE
(Demgn of Experiment : DOE)&
H =18 o],oj T}, V=19 5] /<-1 <] AL7].
Ax7tE s Fdstd
33
FHAHE &85t
LC #®el A¥
E(Ra)el P&

3 Mega Pixel, 259 Zoom 74
'E,‘;El o7

I

2 Hg

s |

)

AHg 3

=7} 4

=
. Nachiiit, ASP01)Z
o] §He &glo)
FFEI 2 SA o

Rotary Tabled]
T 7hEe] 7hE

TN e X rk: do
a9



AAALEZE 1 nm9 AEE 7HAH, Ho 7hF

A7 150 mme #2E vhFo] 7hEdiuh Edk of

el #+52 AC Servo Motorell &8 +% ¥ o},

x4 F71i= ZHE(Class 1000008 g2
[e]

1%
N

kI
SO e T

2+1 T2 dAHFGA #X
g7l Y8 B dAE

=,
oo
1= 4o
2
awx
2
r
et
oo

23473715 Este vhEgad 438 =2
o HAAZPY) ¥ EUEERERaZTYES 93
Bt Z294 7FE(AE, KurodailP, KRF-
2200F) & Abgshe Zeldsteicth o9l 11 29 2

A7bE7) 9 =AW nl7E FALFIE

ad
Fig.

1. =3" 7127,
1. Micro lens processing machine.

o

a” 2. HFE EE84 7T
Fig. 2. Aspherical polishing machine.

FEold 4B EL Foleo] st
. % - Nanotechiit:,
DLC Z® 719 =

® AFzolch

Power Sorce

J® 3. DLC #9 7] ¥ DLC =¥ 7=F=(7].
Fig. 3. DLC
diagram of DLC coating process.

coating machine and schematic

v A8 Fojue JAPEEPV) 4
HAAGEE AMRate FHdE TH &48 F4
Fom, SAHE EYW WAIRY GFe] glv 2449
AF3H 3-D Fd SAH7NAYE, Panasoniciil,
UA3P)E AHE[8915H4 t}

Zygoiil, NewViewd000)& A}&3}%ch. d 4e
239 AFI9 3-D 4719 33Y mezEr &
H718 Z+7r R

(0 242 2427
3-D ¥4 547

(a) Ultra High Accurate (b) Aspheric Surface

3-D Profilometer Measurement System

IF 4 YYAE % EWEE SYg),
Fig. 4. Ultra high accurate 3-D profilometer
and aspheric surface measurement system.
22 Alguy
2 A e AEAEH(Design of Experiment:
DOE)[10]& A &3} Glass #=2 3L 2750
9 249 AYBEAE THY
Y& Folel A :+= Tungsten Carbide(WC,

o

o 24
e

ot

o,

2

°

jih
[
=
Iy
~
o T

e

Al
0
o
ol
ok
AN @
Hc
J>«
olr
ob
xQ
A
=51

>
>
o
i
A

® 1.

L
Table 1. Basic set of experiment conditions.

High Level
40,000
300
1.5
1.0

Low Level
30,000
200
0.25
0.1

Turbine Spindle(rpm)
Work Spindle(rpm)
Feedrate(mm/min)
Depth of Cut(ym)
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Table 2. Optimal grinding conditions of tungsten

carbide(WC).
Material T.ungsten .Carbide, WC
Diameter @ 3.3 mm

Diamond Wheel # 2000

Spindle Speed 300 rpm

Turbine Speed 30,000 rpm

Feedrate 0.25 mm/min

Depth of Cut 0.1 gm

AAQANFEAL BEoe] 24W AT
F Qe #o12 24 AFIH 3D Z47)s
Y EUzxE VR SAYT AR dddE
(PV) 0203 (8] 77)ek 0109 m(FH), THEE
(Ra) 34 nm¥ 7)) 09 nm(HH)e] Z20E o
Atk 2% 6o 28 W BY 48 mole 94
AEPV) ¥ FHUEE(Ra) FHEHE 474 et
Tt

1052

03
= X axis
""" Y axis
a.2
P R e -
£
3 " .
% AN NIV 0 i
©
N
ot

32

-0.3 ~
- -5 0 0% 1 1.6

R-AXIS (mm) UA3P/Panasonic
Status R. M. S = 0.0241 {(um) P-V = 0.1092 (um)

(a) 48§ BW 2o FYHEPY)

(a) Form Accuracy of Plane Molding Core

Hm
-0.00273
83

+6 80200

40,0000
s

28
Distance {mm)

(h) 484 B39 7o FHZET(Ra)
(b) Surface Roughness of Plane Molding Core

I
o
o
)
—
@
S
ot
2
ok
oft
oo
R
2
o
ox
fing
Ae)

Y AF=9 3-D 34719 33d #¥RE
712 F3e A3 FEARPV) 0173 (e T H)
9 0106 m(FT), E¥EERa) 2.0 nm(v] 7%}
05 nm(EH)e] daE AUk 19 79 DLC 2
g % gu 438 oo AHEEPV) 3 w2y
2= Ra)el e FAARE 47 vebdn



20066 119

N

A, AR A

o

-

i

3=

13
il

°.

21

RN

[=

s

7] A=A

=
se | £
e © 0 = =
%0 = | B o e = M B o g
et o ™~ ©] & ™ ;o o
W & - | = oA o W OEo L
- W g T W TN Mg o R D
iy FrE o ©8 29
< = N B m C of QO @o ) = H ,/\J\ e ®/o of
"= T | = N o W & o K = = = * o do
= [ o3 < gy T RO AT o o E§ 8 — & : o T
e o] P o = 2 9 ﬂi o = w2 mﬂL alo 19 S oﬂ, A W B Fo o T o
w2 — L = N mo A o = ne B B 0 . o ik X 0
pwme, § 27Moﬂ_im%ah wﬁwﬂrqfﬁmo.iz I mmwmwﬂ E
5 el — ) o] j— o f h e 3
= s 8 = 8 © 4 N 1 2 o o i = T T o o o ™ O ,M, W 4
ol A = = Wog o od g TZTEDagw Mo S g ® oo
o mo .. g < m D.“ w &M ono o mm_., PLV E 3/ m, = o e T Nro ﬁ; iy ) g ﬂo = £
a 55 |u R aswaaﬁ%Dz S_— ?%%ao %}imb__aoo Z %
T E 8 A %‘on N B —_ 2 AOEM.M‘% R o 5 i
i g © % B A.. = O TS B (SO SERT Rt . To —~ o — 7K i _ﬁ ot s
nEl|z| L 28 = L zoAEMmAv ¥ W o =5
b 3= m | = I o B Fﬂ%%klt ! £ & @ﬁﬁo%ﬂoc LGy
0O A ’ < o o RN K T o 0o o s Ty bg, o L
I Lagps e s B T e Q5 g o A mp X0 %° b o -
o o 0w oms oo dy D < B g 23 i 1 ul — o o5 o
« - Hu,Wﬂ%ﬂom_dﬂmEDo_,ii o © o < o o
e -.Ak z — [ = J i - — K
e _ bT Mwl ﬁo OM i 7__0 Wmm ﬂJ .E o J\.W! _.1 en Zx# ‘mﬂw n;)b \m 0 M Bl Ea ‘m,#v o et mv/ o { T IO..l o
w© W | e ﬁcg@ﬁ 5 " %ﬂoaﬁpvm%ﬁ GO z_ﬂaz o < T =
- ™ B B w° dn L N = By J,\JIR\W Iy
¥ i s} woon o s =y 25! Ty W oo T e : N} T o
) = T 4w B e — o G o 1 ol o
oA A B e A 7 it Ml e =
- ™ s B3 Z 4 o
ﬂi%%ﬂé? aom@@m@L)\ B 4w o g
WK Mo or o X° = - mo 0w o = o o 3 <) o
Ho Bl o F ,mo Y mo B o = c(._ o ™ G o B @ of =
s _ , @Mm1XE@}m - n &
38 5 2 o BB N A ) o O el - B
e B 22 <o B S5 % T =
k I < AW e e B %o =
_ AN S E Hoor o X M=
"3 m =z o T %° m -
. @ Wm ‘Vm ;Q.
/ & 2 W,L
o nv. o )
W : ﬂ M m = B A
h & g = S = vl o=
w AR Yo I s
M PR ap EER o . g g
K ) 7y | W 5 = B SIS
Y e o K © pd BR @ _
3 um) 5 S % S 5 wa 19 )
H = m Y [N = W o = i
\ R N 9 S -
! M & o = 5 =) do ], I = ]
oo B < e ey ria B = o=
sk & T = = w = %o A g A=
SE o b e T S & A = =
! 5 = S W0l (_ Mﬂ el
n oo 2 = @ = T T o
] < 2] o 2 Ead! —_ 2 e
¥ = B < o ™ 4 = X M i
; t o A 5] I e m ,Nro I
z o w g = o = %0 § ¢ po B T
= - - s = B o [ A - B n,M o &
e - ; - = & ) 5 o m il m < = y
m 7 s -7 & = ST s B 2
SIXv-pZ B s v = = W& o S T o [
s = - T B N B% ey
= w vz <) —_ ' 5
] — s 2 K Bl 9% To
£ A= o o g oy B i
- o ,
) ' s o i AT el
2 w2 - o
= ~o~ it MM do mr oW
=2 P Up i mo 0 o %
J 2 ) ‘W L\_m umo — =
w <° «© = 1&0 e
RIS I pa v
; % o® :é,"l

1053



J. of KIEEME(in Korean), Vol. 19, No. 11, November 2006.

1]

(2]

[4] 71

(6]

g

ild]
Mo
e

L. Michaud, J.-P. Tchang, C. Baril, and J.
Gresset, “New perspectives in monovision-
A study comparing aspheric with disposable
lenses”, International Contact Lens Clinic,
Vol. 22, No. 90, p. 203, 1995.
T. Kurivagawa, M. Saeed,

K. Syoii,
aspheric

. Zahmaty, and
for
of
(32,

"A new grmdmg method

ceramic  mirrorst”,  Journal

Materials Processing Technology, Vol.
No. 4, p. 387, 1996.

H. Suzuki and S. Kodera,
of CVD-SiC  molding
Journal of the Japan society

engineering, Vol. 64, No. 4, p. 619, 1998.
311 o] V| ﬁ =] )\1-§],. 71 /\LM 71 3,“ 14

“Precision grinding
die”,

for precision

aspherical

713

o IO
3, “Yold FAPREAL F-theta gR", g
G AR REE] Sdetseae g p 459.
2005.
e HEs, Ads gy, 2485
olx W ZTHUEHEL F-theta lens e, W74
Al 7 e s =14 1948, 4%, p. 386, 2006.
H. Hanyu. S. Kamiva. Y. Murakami, and Y.

Kondoh, "The improvement of cutting perfor-

1054

7

(8l

[9]

[10]

by
combination of DLC coating and CVD smooth

mance In  semi—drv  condition the

sorface  diamond coating”, Surface and
Coatings technology, Vol. 200, No. 14, p.
1137, 2005.
Technical Report of Nanotech Co. LTD,
"Introduce of Nanotech”, Nanotech Co.
LTD, 2005.

H. Tsutsumi, K. Yosizumi, and H. Takeuchi,
Accurate 3-D

Profilometer and Case Examples of Measure—

"Presentation of Ultrahigh

ment”, Presentation of Matsushita Electronic
Industrial Co. LTD, 2002.

K. Yoshizumi, H. Kubo, H. Takeuchi, K.
Handa, and T. Kassal, "Ultra Accurate 3-D
profilometer using atomic force probe

measure nanometer”, Journal of the Japan

society for precision engineering, Vol 68,
No. 3, p. 361, 2002.
N. Alagumurthi, K. Palaniradja, and V.

Soundararajan, “Optimization of grinding
process through design of experiment(DOE)”,
Materials and Manufacturing Processes,

Vol. 21, No. 1, p. 19, 2006.



