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Abstract

In this paper, we designed the cylindrical type light source that had a electromagnetic principle of
inductively coupled plasma, and measured its electrical-optical properties. Using the principle of
transformer, electrically equivalent circuit of cylindrical type light source was analyzed. According to
the parameters of electromagnetic induction which were diameter of coil with 0.3~1.2 mmb, number of
turns with 4~12 turns, distance with 40~120 mm and RF power with 10~150 W, the electrical and
optical properties were measured. When diameter of coil was 0.3 mm®, number of turns was 8 turns
and distance was 40 mm, the highest brightness of 29,730 cd/m’ was shown with RF power 150 W.
The relationship between electromagnetic induction and plasma discharges was shown by mode
transition from E-mode to H-mode.
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Fig. 1. Inductively coupled plasma discharge
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Fig. 2. Electrical equivalent circuit of ICP

discharge tube.
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s Kr Gas 0.15Torr, number of turns : 8turns , Coitf distance : 100mm
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Fig. 4. Inductance dependence on coil diameter.
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Fig. 5. Brightness dependence on coil thickness

and RF power.
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Kr Gas 0.15Torr, Coil diameter : 0.3mmg , Coil distance : 100mm
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Kr Gas 0.15Torr, Coil diameter : 0.3mme¢ , Coil distance : 100mm
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Fig. 9. Inductance dependence on coil distance.

Kr Gas 0.15Torr, Number of turns : 8turns , Coil diameter : 0.3mmg

30000

40mm
60mm
80mm
100mm
¢« 120mm

25000

:

Brightness [cd/m?]
g
8

Input power [W]

a3 10, =YY BA Azl BE HE 54,
Fig. 10. Brightness dependence on coil distance.

29774 W
of w2 QHExe) 54 HAF A} Y 93
Zo) YAl ALFE deae
2 a5

a9 105 29 3ol we 10 W B9 10~
150 W74 RF 48¢ 271884 #E54% =
= wg @ FAstach 19 504 =Yl A
A 03 mmdd ®, 19 9o14 =Y AMFE 8
59 W 4 e HEZHL B GEA A
e M4g Tlzos 29 A6 we HE 5

AL eyt Zd E L 20 mmeYIE 40~
120 mm7+# Z7+8 Az 40 mmolA 150 Wl
AL 78S W 29730 cd/m’ & M we
AESHE 7Tk A71H ZEge WE WY
120 mm 150 Wel A4 40 mme] 70 W& = A ot



Kr Gas 0.15Torr, number of turns : 8turns , Coil distnace : 40mm
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power.

Ae gAsAT 7Y BA0] FHAFE A%e)

Yuert 745t FE ZY WY AE5ded A
A7 E gl FrHDE e AHFdA A7]H
Zo2 AFEHAG

299 A7 03 mmy, AF 83, 3t
A&z RF A Wt g 23

ol 50~80 W W 7FABH gde aswE
7#AE7t §248 F713E Bdm 70 WellA #1713
B ANAH Rz ARES AU stAth
g 4739 nm$t 760.1 nme HFolA AHEH
27t A8 A Fbeste @88 BTl

= H ZtRule)
THPAE 27 45Y FUS 44 R A
a3, A28 R FAH 54 dPAAT =P

ERETS
2 57182 st £48 stk =Y X3
(03~1.2 mmb), AXFU~123]), FH(40~120
mm) §9 A7 £E9 sHeele Wss 10~
150 Wel RF 2 ®stol we a4 - 383
542 oAgosy 2449 WAIEH BAE
el shgict,

1) A7 525 mmo, Aol 250 mmy AEFH I
olglx WAF LR FE IS FAH=S 03

i

~12 mmo, 7ADE 40~120 mm, FHAFN)S

777

A7) AR 288 =2, 4189 A8E, 2005 84

i

4~1282 ¥R E W AL~
33t H et

2) = 249 A4S 03 mmdpEHE 03~1.2
mmo7tA BEE e o dg¥ies 19~17 uH
2 a8t 0.3 mmde A 150 WellA 23,090
cd/m’®] 714 & AES4L YeEhA AA
pEgd A HAEL 1.2 mmdd e 120 Wr
o & AEQ 140 WelA A#HAY & F ==
ol AAe Frt JAGEAE A&, A7
H BEoi 7d mE=z9 AHFHL FFA

AL R &

A,
3 g F=& ved HFE=2de HA 03
mmd 71EA =ZPe A2 100 mmE LA

3, A4S 23 G2 4~1237%] WIS
Y 3= EAFdI3E RF A% 150 W, 8389 =
& ke o 23090 cd/m’e] HE I EA4L B
At BAFE ZA2FE B2 RF A8dAM A
A REg Aol o]FoA= AL dA A
wal @AM F vF A RALLEE FU
A7 7] diteltt £ zmde HA Wl e
ns WE HHEL uasgde AS dxs dgl
3 & el ¥ A ¢S ¥ F ANt

4) Y9 AZ 03 mmo, ZLY AXFE 83
d o L 7HEA S 20 mmeE 40~120 mm

A 2748 AT 40 mmolA 150We] A

Aede W 29730 cd/m® 9 N L IEEA
< Mg 29 7HF 0] FolASFE A& Hup
7y Fotete] fE =Y W9 A&HdEed #AY| T

o] FrtHER we A A m=R

zatel 2
EEEe 006¢E QRUde wu a7 A
EIEL R EEEREY
a3 28

[11 A. Bogaerts, E. Neyts, R. Gilbels, and J. van
der Mullen, "Gas discharge and their appli-
cations”, Atomic Spectroscopy, Vol. 57, No.
4, p. 638, 2002.

D. O. Wharmby, "Electrodeless lamps for
lighting”, IEE Proceedings A, Vol. 140, Iss.
6, p. 465, 1993.

(2]



J. of KIEEME(in Korean), Vol. 18, No. 8, August 2005.

(3]

(4]

I. M. El-Fayoumi and 1. R. Jones, "The
electromagnetic basis of the transformer
model for an inductively coupled RF plasma
source”, Plasma sources Sci. Technol, Vol
7, No. 2, p. 179, 1998.

T. Czerwiec and D. B. Graves, "Mode
transitions in low pressure rare gas cylin-
drical ICP discharge studied by optical emi-

778

(5]

ssion spectroscopy”, J. Phys. D: Appl. Phys.,
Vol. 37, No. 20, p. 2827, 2004.

W. Bolton,
perties of materials”, p. 82, 1992.

"Electrical and magnetic pro-

[6] S. Xu and K. N. Ostrikiv, "Hysteresis and

mode transition in a low-frequency induc-
tively coupled plasma”, J. Vac. Se. Tech-
nology A, Vol. 18, No. 5, p. 2185, 2000.



