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Abstract

It is important to control the electron energy
distribution to have high quality plasma process. A
conventional inductively coupled plasma(ICP) source

with 1356MHz power is not adequate for low .

damage sub-half micron patterning process due to
higher electron temperature. Only the pulsed plasma
technique seems to provide low electron temperature,
and thus low process damage. Recently, a novel
method proposed by us, named as "Enhanced-ICP’,
which uses periodic weak axial magnetic field added
to a normal ICP source, has shown great
improvement in etch characteristics. changes of
plasma characteristics according to the frequency of
time-varying axial magnetic field have been
observed by probe-time-averaged Langmuir probe.

1. 48
ARY 29 & MH; o RF d8€ Whgond
%3}5‘— IS 43 Inductively coupled plasma(ICP)
= dHEAsIE foldta AR wx7 gddsin @G
FEAA £ o] UEE U F A FHE AY
2 gl wdE l Ajtel A AE Ag F&o] A2,
Ectzvle] Ay Hdgo] By EFe] 93l e #L
d9e] AgHoz AgdHE EAE JHzm Jeoy,
Edzvh) AALE F o)2UAe FFY ZWo)
of-g- ol k(1] ol d Awe] EAE sdsr] st

-302-

o Higdoe] xisje] AR, RF <HUY ¥y, 93
ANFY ANTE it B $58 ey Eg=
o 22 ALE A AT olFoiAL ATh23) &
3 Zezvle A3 54 i@ 7 g Ay
I glen, ¥ dFAdAE ez s S
ZAFo=A oS 5% Eg2u EAE VEY
= Enhanced inductively coupled plasma (E-ICP)E&
Mg uh ichid]

2 =fdAe E-ICPY =83 SX4&. o887 9
ste] A3 ZEEvie B4 EAE AR, ol¢
37 Langmuir ProbeE o]&3d ©3 A7k HAd
Fet2ole] AR S +9 AT

Ir ot

2. &

#ZYol £#MHz¢| RFAEE A7t ozR Egl=vtE
AR ICPE £¥gez A nFg25E 9
UAE 534 do. AR oty AF(a
gl QrlE e ddsd] RFAZHE A 75,
Aze &F-& Langevin WAL waA gt oz

R, F 24 942 dold 4 Ack(]
LR e % CPo) (-a)
k= AT D C.Po a
& ‘0%

L 21 _ % -
7H=1-—r e (RCPo)  (-b)



Enhanced Inductively Coupled Plasma®} #13} Fabe & SA4

E
£
o
@
a
£
=
n

Skin Depth (M)

39 1 3EFRSG A714e wael we Fgol Wt

d7NA, v,e & FuF, we RFA 7358
Bz Qom, o = o+ iV, =B m
wi= Ng*| egm 2 A9 3 A.

pgtgetzvle] A7A W FE Fue W
nz £33 go| ¥z} AL 1Y LA BAFH
o 23 194 BERE v o) AV =27 E
B RF olUx e T3 e Watg ob7lsA gt
IcPe) A4 Eekzee] EWa2 Aste] 3om oW
o wi¢ Fe B3} PolE AAm Yt 2y, E
Zuto] &4 27)Fe] A", Eg=2Atde ¢4
Aol #9 W3y} F A9 RF-UR] 53 R=7}
HAAsY, o 15 gauss 9 A71Fo] A7tHRA FE=
e FAEE 28808 E54Y F 3k FEC R

Axial Magnetic Field on

- -
<

v

Axial Magnetic Field off

o 3o

< >

1} Zol& zA Hrt. E-ICPE $Wa =713e Al
Wis Ya gy gz FriYez WA oR
A RF YA F4 S4& F71322 W34 F
A "Dk o8 89 Ze=viel G F5 549
WEE o7iAlA Zo2H SERvhye & ¥ AX
o JuxE =d JtEA @ 19 2.& E-ICPY
712 AdE B F1 gtk B =8dAe A F
#48 E-ICP F342 3953t

E-ICP Furl Setzuld mlxE 43& FUs7]
918te] Langmuir ProbeZ o]43te] Zgt=vnl 549
A A49e Fgach6] 20 mTorrd ¢H3HolA
600W2 RF #y< Astsiged, 0; 7t&ag Ads
At

[ __®

| vy

13.5G\

’ E

_;.[ lnf-co_l_l g1 E
4

v

X

a3y 2 E-ICPY oA &5 E4 ME=E

-303~



20008 AKWMEFLEEG FEHFGHAWMAEG HXE F23%8 FHILIK 2000/6
Azt FAAM AF AA IFE FE I99dU
Substrate 2WHollA A@g FHPsPoen, E-ICP F1
49 F7u 2 B A% BFE -V curved AHE T
srack 3 ost 1
)
2 60 .
(a) ;4
5.5 o
0.00015 | g -
Eoso ) \,\\
c . N 4
I | =,
0.00010 5 -\.
— o 45 <
< w
= 0.00005 }
4.0 a. ) T 1 A d § I e L 1 "
0 10 20 30 40 50 60 70 80
0.00000 | E-ICP Frequency (Hz)
.0.00005 b A FOS
ey — T N %Y 4 E-ICPF 34 ¥igle] o2 &3 A HTd
0.0015 |- 7&1}‘\%‘5 @5}
20 1 T r T _— 30
0.0010 | 1] et —a
:(j 16 » W\A F25
= 00005 | S 144 =
= 20 S
T 124 W g
2 e 2
0.0000 | 8 104 15 £
:
.0.0005 s L 2 s E 81 —o— Plasma Potenail e 3‘
40 20 [ ® o ,] —e—ion Density -
\Y 2] ’
O T T T T i 0.0
o 20 40 60 80 160
28 3 2P -V =4 E-ICP Frequency (Hz)
(a) &3 Azt B8 [V F4
(b) g AT HEHA ¥ -V 34 19 5 E-ICP Fu4 ¥sld 02 &3 Azt

28 4. 3 29Y 55 E-ICP F#39 Wsld e A
A 2xo Wahel Eetzal A ¥ o) Uxe] W3l
E HoFn gtk o wWx 9@ Fetzvl HYs
E-ICP F3d A o&sa JA govt Az &
=7} E-ICP F3t4 dste] mel dg5og washs
e naFn v g3 AL Pie EFdzq 3
Yo} ol WEsL CW-ICPY EAT B XolE
Bolx gk Ao Folgw, 53] 7@ X9 =AX
d& A Zezvl FAFEAMY A EiE B
A EZHol aFE At

a¥ 6& E-ICP 34 ZF7bd ©&
W3 FAe RodFa ok 7 Azt Hed -V F
A9 274 uiog dolA HAFolmz FHHAHA &4
HIE Jledla UARAE Foy, TEFHeR A o
Uz £X& v & & UEE AlAstn adth

A#te]l EEDF

-304-

Probability

Pid o] 4E ¥ Fg=v 1Y

0.10

0.09
0.08
0.07
0.06

0.05
0.04 il
0.03 §
0.02 }
0.01}

0.00

T

E-ICP Frequency

¥ T

e

10
Electron Energy (eV)

18

20

2% 6 E-ICP F x5 ¥zl u& EEDFJ s}



Enhanced Inductively Coupled Plasma®l =8} F=ah4=

ofE 5

4

I8 W42 F 98¢ HelFn glow,
dae Eezvhiel A4RE A7 YRES
B N7 5 Yok EW oE ol4Hd U
Fzvie) B4 23 2 $4 24¢ 33
4 9 Aoz Ardn.

A5t Eepzvie] £ golg oldFoZM, E-ICP
Wiel Qztslt RF-AY andd FFane of
AL 5 AT ol ¥, G A FFE A@H
Aol AW 47139 Fhe dste] BE A
AUX BE AL B, drHE o g
AW A el g FHzvt 54 ZAARE FAS
Ao,

ZFa 73

(1] el &, “ AL stal FAEr 9 =8", 1996

[2] M. V. Malyshev and V. M. Donnelly, “Ultrahigh
frequency versus inductively coupled chlorine
plasmas: Comparisions of Cl and CI2 concentrations
and electron temperatures measured by trace rare
gases optical emission spectroscopy”, J. Appl. Phys.
Vol. 84, Num. 3, pp 122271230, 1998

[3] Haruo Shindo, Takuya Urayama, Takashi Fum,
Yasuhiro Horike and Syuitsu Fujii,"Electron Energy
Control in Inductively Coupled Plasma Employing
Multimode Antenna”, Jpn. J. Appl. Phys. Vol. 38, pp.
11066711069, 1999

{4] Beom-hoan O, Jae-Seong Jeong, and Se-Geun
Park, “Improment of ICP Plasma  with Periodic
Control of Axial Magnetic Field”, Surface & Coating
Technology, in press, Nov. 1999.

[5] Michael A. Liebermann, Allan J. Lichtenberg,
"Principles of Plasma Discharges and Material
Processing”, A Wiley~-Interscience Publication, 1994
[6]Ajit P. Paranjpe, James P. Mc Vittie, Sidney A.
Self, "A tuned Langmuir Probe for measurements in
rf glow discharges”, J. Appl. Phys. 67(11), pp
671876727, 1990

-305-



