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Abstract

Four helical resonators are distributed in a 2
x 2 array by modifying upper part of the
conventional reactive ion etching(RIE) type LCD
etcher in order to prepare a large area plasma
source. Since the resonance condition of the RF
signal to the helical antenna, one RF power supply
is used for delivering the power efficiently to
all four helical resonators without an impedance
matching network. Previous work of 2 x 2array
inductively coupled plasma(ICP)requires one
matching circuit to each ICP antenna for more
efficient power deliverly. Distributions of ion
density and electron temperature are measured in
terms of chamber pressure, gas flow rate and RF
power. By adjusting the power distribution among
the four helical resonator units, argon plasma
density of higher than 10"/p® with the uniformity
of better than 7% can be obtained in the 620 x
620mm’ chamber .

=
r

&3

T3 Azg 79 2D HBEAINE ABe anst
Z7bgol whe} WA Sehznp 4z Ade] F o

-282-

A3 olol e A7 Assgn Al Yy (VL
SDe] A Aol A& sub-micronoldte] IojH 7= FA
o HE issue?t FAAEA glot YA HAag
A7l 718 FRAAME AAFH R FId8 FAHo O
& F27% issue7t 1 gl

AS7AA e {FAFH(CCP) Hele) whg A o] 4
3Bl (RIE)E AH3-8 2 4o) 2 Algs o
plasmaE %4 8t powers) bias power7t M2 A%
o}, plasma WXE¢} ion bombardment energyE M€
Hoz A7 ole]9 Alzte] MefAo] oz
BAE 7HAZ vk =% 1Y% 9] plasmad 793
A AAS7IZE g 28 gEEdd Re Axe
=} 10"/m® ol4be] #U& plasmad AAY & o
9 plasma 2 X9} ion bombardment energy & 7N 3
22 %A /1% % remote plasma source?t %o} o} &
H2 Yo Zoj4 HE TAANE & oBA 4
540 aTHE YA )AL B ¢Ydlexg B
oz FoEvh wiuny AN F2I) I
2 AZtEH 74P plasmaZE AAE 4 Y= ICP A
Zpgul o) A3t @4EA WYso] @4 8 inch 7H
TR £ 4452 9?9 29y o Sze
Hoh 2 U3 g HE4de Ad B e
dellz Ao 4 52TY plasma(CP)ol e HE
B A9 {planar) YA B{spiral) YN AP E E3a)
RF A4& ¥4 =0 chamberd =717t AR



Helical Resonator vld-& &

i 7= Plasma Source

wie} erElvte] 2] E§ ZFrtEojol vk el
2o Z74ahA W A8 A (series resistance)®)
Z718te] 2 &&4 (ohmic loss)7t 2718te] powerd]
Age] v EgH Hrh £ et dE3E #
A9 WEE 2A5n 2T A FEE A
Y 4 EE §AAFL FA £ FANAE =
2 AulAjzte] H&e] FrlHn AEZYE &2 A
AAE 2ARE AT Ag?

B dFdAs 444 w222 4(RIE)Y
LCD etchers] A 98E M3 ICPW4 o] ofd
helical resonator ©$] source® 2 x 22 wjH a3t}

Helical resonator® ®{®§ FZoME MEAzd
2712 Ress 459 s1¥WEA7 glel= RF tabd
A E Fhesd FHYXNE ol oz VAT
< F U

zero%! €9 ¥ matching &

2e

2 AFolr] AR 8 chamberd A7|= 7}2 HE ¥
o} 625 x 625 x 180mm= [2H 1] 1 NSH F+25
(BRI LR

Gas iniet

pre

b Z=8om

Z=tom

[2®1) Helical resonator® 2 x 28 s g%
chamber®] +ZX%

zZ} 29 sourceol A bell-jarFele] Faxel A
9= helical coild] FEELZ AXE Al7|L U E
& MPAH O RF power AES AT tab2 coil &
g Alolo A 1 918 WA AL A stHT. 40
o] 24 source® o] RF ddw AZA Rz 44
tab?] YAE HWHAA FHol dolte AAE A
o},

Feed gas: 2 sourced] #AA ARolA $d% B2
2 A2 424 lined & ot woz FUAAY
o BRAZAY uAE HEle e FH 209 A
& w3l: 119 matching networkE® ©) &3} A
&9t Langmuir probed Ab&3te] ol 2 (Ar)# A

2(0;) plasma® I YY1, 4bA plasmad o] &3t
FA 42 48L& 43054 Helical resonator B9
sourceZ 2 x 28 wldA AH 3 sourcetd] FHFE

~283-

A B gt

(2921 &4 99 sourced /MEFEE Yehlzm Q)
t}. Helical coil® 4ol YH RF power 3732 1/4
9] oz AFEHUT FAA FHA YA (spiral)
oz ZAgton g 4= AT F9 ¥AHE s}
o Yol Bz57t 28 & dE BY coild AY
stk 29[3]e Langmuir probeZ Al&3ld
plasma® AVE AXNE AFHOR Jehizm Yok

[2¥2] &9 helical resonator source

[283] Langmuir probeg] g9 X]
2r /\

\
6 4 \

o/-\
r -// ' .\\

T s
—a&— 1source
—e— 4source’

lon Density (x107/m")

.——
—

° 10 15 20 25 30 35
Tip position (Y-direction, Cm)

(1384] 949 sourced] 7840 WE jon YEQ X
Source power600W, pressure:20mTorr, Ar flow

rate:150sccm, Tip position:x=18cm



20008 Xx®BEFIZ¢ F

EFHEABWMAE

mXE F 238 F1 2000/6

[2¥4]= RF AY¥& 812l sourcedll?t 42 S of
9} 4709 sourceol ¥ ¥ HVHIYE WY ion YT
A%e detdz gloh 4719 sourcedl FAIHNAE o
iond] e Zadud #dxg d4E HAsAd.

(g5l e & TAZAS WEtAl7iY 2o A
plasma® 22X & dehyz Yk

20— —r v ¥ Y T

e BOOW
%~ 600W
e 400 j

S
| — |
[ Ty

10 20 25 35
Tlp position (Y-direction, Cm)

(a) Pressure-20mTorr, Ar flow rate-150scem,

O

lon Density (x10"/m%)
. \

x-18cm, z-8m
4 r— ey - T—— ~r
~o—20mTon
~a—25mTort
—g— 30mTorr
—~o—40mTormr
3r p

lon Density(xfIm®)

1‘0 1‘5 2‘0 TS 30 35
Probe Tip Position(y-direction Cm}
{(b) Source power-600W, Ar flow rate-150sccm,

x=18cm, z=8cm

4 —— — T T T
—a— 100scem
—a&— 150scem
—w— 200sccm
—e— 250scem
£°f :
£ v\
—
T /
>
o
o
H
24 ). === 4
[ S— s Y e, P P
10 15 20 25 30 35

Probe Tip Pasition(y-ditection Cm)

(C) Source power-600W, Pressure-20mTorr
x=18cm, z=8cm

(z2¥5) 24z & plasmas] X
(a) Source power] W& ion Tx 9 X,
(b) FA d¥Hol dg ion T X,
{c) Gas flow rate®] ¥ ion 329 X

-284

Langnuir probe®] $131& WatAl71m plasma A eHe

FHsd Z Ao dgt Y=g A Yo} [:1%1

6(a)l& 71ga9] ¢4 A2l W& plasmadl ¥

[lﬁﬁ(b) £ 9 43 Ao & plasma«l —Lv_-i
g Jepda 9

[-286(a)lolA] HolZo] ¢ElL} BlE olgfol X
A plasmazt 71®Z oz SAdHEZ 7o) FR 1c
mollA] $3 8 jon BE7} o RolAAD FYEE §
48% B 4 U9 [2¥86))e F sourcegl F A5l
A9} F source Alelo A 9] jon =& 3 Anz
ion xS & AolE HojA F: ;;l‘:}. W=7t 3 g
Holgt FZHHE F source Atole] WEE FAAAe
A plasma #YX9 4L Holm vt

) T T

— g y —
—u— 2=8Cm
—a— 2=1Cm

—
p
EE‘ a4t ./ 4
9 .,
X
=z
[7]
§ ]
s S,
[+ /'M"\_
- L) l\. .

) S— L 1 A i L

10 15 20 25 30 35

Tip position{y-direction,Cm)

(a) Tip position : x=18cm

-
12k —a— =17}
—o—x=31
— —— x=45
- o5
E
& of ././' 4
=) - A .
* a .>—<x ~a
:; . P ‘/-/ \’9‘. ]
@
§
§° ~
[ — . - L L 1

10 15 . 20 25 30 35
Tip position(y-direction)

(b) Tip position : z=lcm

[286] AR Nt plasmas] £F
Source power:600W, pressure:20mTorr, Ar flow
rate:150sccm

Ab% plasma® AHE3te] ZEA A4 A¥e s}
710} 2A Langmuir probeZ Ab43to] A4 Zelzol
o B¥ S Auudeh (2Y7]e 71ge] 4¢ Ic
m}t 8cmel A & # ol W& plasmas] £XE =3
st Aot

1



Helical Resonator w8 23 dwi4 57U% Plasma Source

— +'f§;
s /3’/-\.\ e
Falid . A—————a ]
'g ‘/./o\-\. :=
% e} |
2
‘»
5 et 1
o
=
o
el i
° L ) L L s s
10 15 20 25 30 35
Probe tip position(Y-direction Cm)
(a) Tip position : z=8cm
10 T T
—a—x=17
—e—x231
—a—x=45
~ 8 T
-S — w. /l
R e e e
- ——
= -
12
5ot ;
[a]
o
(=]
2,L ]
o " N N L . "
10 15 20 25 30 35
Probe tip position(Y-direction Cm)
(b) Tip position ® z=lcm
[Z17] 4t plasma®) ion ¥ %

Source power:600W, pressure:20mTorr, Oxygen flow
rate:100sccm

Source power 600W, T4 Y¢EE 20mTorr, 449
low rate® 100sccm, bias power: 250W9] ¥R =7
ol A AbA plasmag A2dte #RA AAFHE 4
B}, Alpha-stepg A1§38td F4 F 4" 94
2 AR FAHAT AAE [ZE8lA vdetli
i th.

Source

o,

(298] 71¢e] 4zg FAHA

-285-

! T o bater 1
1800 | patetd
it
— L & — 4
T O A Es‘f%‘
g of TS . — sz/, ]
E 1000 ]
h 800 |- R
600 [
400} i
200 ]
0 . A N \ , A
0 2 4 6 [) 10 12

Position on wafer

[D™9171=e] AxY A 78

(2¥9]= 7129 &4 YA sl 24" 22ee
Vet gk A9 F9%2 58 1A% F source
Atolell 928 6 HANMNE 2 source?] FA]Eo|
uls] 2 zpo] flo] #LE Hzbo] o]Fo] Hr}

48

Helical resonator& ©$] sourceZ Aoz B
£9] ®713 <l tuning capacitor lo]E E&4¢] pow
erdgo] 7te3tAt 47019 &9 helical resonator®
2 X22 vgd3 ddH chamberolA 1WA E2 plasma
& TdstA FAsAL, FFA 44 FAHAL TN 5
F¢ A7 #YEE A A< helical resonator
ol Mg I F8AHE FFIHL, By & yiua
chamberdl X & A &71548& &elsdn.

AZuE3

[1] A. Shih and R. Beer, “Solid State
Technol”, pp.71-80, May 1996.

[2] A. E. Wendt and L. ]J. Mahoney, Pure &
Appl. 68, No. 5 pp. 1055-1058,
1996.

[3] F. Heinrich, U. Bannziger, A. Jentzsch, G.
Neumann, and C. Huth, J. Vac Sci. Technol., B
vol. 14, pp. 2000-2004, 1996.

[4) Z. Yu, D. Shaw, P. Gonzales, and G. ]. Collins,
J. Vac. Sci. Technol., A vol. 13, pp. 871-874,
May/Jun 1995,

[5] C. Chan, U.S. Patent No. 5,653,811, 1997

[6] &%, “TFT-LCDE =gt oA 7=” 19994
% LCDAA Y4, February, 1999.

Chem., vol.



