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Electrode Charging Effect on Ion Energy Distribution of Dual-Frequency
Driven Capacitively Coupled Plasma Etcher
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"Department of Energy Systems Engineering, Seoul National University

Abstract

The effect of electrode charging on the ion energy distribution (IED) was investigated in the dual-frequency capacitively
coupled plasma source which was powered of 100 MHz RF at the top electrode and 400 kHz bias on the bottom electrode.
The charging property was analyzed with the distortion of the measured current and voltage waveforms. The capacitance
and the resistance of electrode sheath can change the property of ion and electron charging on the electrode so it is sensitive
to the plasma density which is controlled by the main power. The ion energy distribution was estimated by equivalent
circuit model, being compared with the measured distribution obtained from the ion energy analyzer. Results show that
the low frequency bias power changes effectively the low energy population of ion in the energy distribution.

Key Words : IEDF, Plasma etch, Low frequency bias, dual frequency, Capacitively coupled plasma, electrode charging

1- A-I % %(nion,Lovt7/nion )94 ?—]-X]-i -1 %/ﬁ% E T?—:!-— _)F
o &-2] oA REE SAgke) W) vl wizka)
wheA] A7hed el EwA) AT e o] o BaolLdliAE 1715H) DCAS (selfbias)o]

;O

% T &9 2% E2t2vK(Dual-frequency CCP)  Hl&|3taL, /A oA F] F9] oA zpo] = A7FASY
= A4 —5—*394 FAAA] PAPel =& (flux)=} o] o] FZof| vl Fo] °‘Eﬁ7<4 °‘T/P o] el A| L] 21/
2R & Z—.ii 1017P 7Fsdtths ol AR g A9 EEH|E2 7P 3ol vizhst
ATH1,2]. °]F —rJJr—r A% Fepznt FAe] o /7P erﬁxﬂoie Eﬂ °‘/\P°ﬂﬁﬂ—1‘%£ Aol
YAF o] 2Zr2] A Fﬁrz‘j} 7hgell E&AQl AT AFTL o|FAR I E B TH9,10]. 71E AFE 55
o A" S 50}&1 o] F A L YAfol x| e] o A7 MEn|rt /AR HAE Zh= °]i Al

Aol ZAHY 7P &olgk A JVEAE S St UXEE RS SA4S A o] WA
SR SFcZ ©]&3} Si0,/Si *‘7#«] AgulE Aol A] YA
Fig. 134 71;01 A1 o] A Ful A=) oste] 7} o] 2EE Frtol whgt oFE A1), CF, 7 o4
&5 o] 29| YANAAEE = o] /AR g Si0, AkshE A Zh2 AR YAafe]of 93}
A5 zhe BEE YERATH3-8]. o] st FE9] o]  AMEH] Sdo] I ATH12]. kA o] YAl A
NUREE= HFo)2ANURA(Eipy ), I/ANART T BE EAS -5 AFy Ao Ar1EAd fgt
o] NUAZFI(AE,,, ). LB /AN AX|H T B2 o]3 £ 93t d5F ol
E A= A 100 MHzZA B 3} 31 400 kHz
ol o718 &34 AT Zak=r}l A7 oA &

_&

fr _|
2 o

E-mail : ghkim@snu.ac.kr =l

39



40 A - ARE - oM - s
1.0x10° " ' . " ' o 0 2n+¢
i ‘e 1 . 2 1
o ‘ Icathode
)
0O 5.0x10° ) —phase_ -
L © =
- S / 2
2 Ian charging phasg 15
N / \ 1 O
0.0 4 J : ; —tlafa \/ —V,,
0 50 100 150 200 250 300 v
Energy (ev) ; . sh,cathode
0.0 0.5 1.0 1.5

Fig. 1. Ion energy distribution measured by using ion
energy analyzer when 200 W of 400 kHz power
was applied to the bottom electrode and 500 W
of 100 MHz power was applied to the top
electrode in 20 mTorr argon atmosphere.
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Fig. 2. Schematic of dual-frequency CCP source.

A QQzpe] mE o] oA B EA HX= ¥
kS A5 3] 100 MHz <17Fd3 2 400 kHz
o17hd el Wl Walslhe AT A & o] 347
E4E 571829 RCEAAIZHS 7|Eo 2 3435l
Ao sl W o] LJAINUAEE EAJHELE
A

2.4

>

ok

x|

Fig. 2= &eh=n} o] Jfekeo]
A70.6me] AFYF FE87101H, 2 il 04
3ol A3 Ad=e] AA1H ek, A= 0.02 mgt
AL FaL skl st 03 mH e FAH
(ESC)el X ghet. skt A= &7 He tigk ¥
ARNE Ay Apotom Awar = 17 0.6 - 236 22 371 €]
AT e RER S sl ol ZHAo] v
TEE Zhe 98 A =Skzvidlel 7
54om #oz ko] &4y Eekxnt dF

A

orooyor
o 4
o
1

HtEA ) A~Z g o] 7]& s8] A] A1338 #1335, 2014

ot (rad/2x)

Fig. 3. Schematic diagram of voltage and current at the
cathode in the diode switch model.

7F A EATH 1. 2 A5l 100 MHz 22 RFA
FI2E Tt AFAFol Q17Fsk o™, 400 kHz
A& RFARBIZE Fsto] shi-dd=o 7kebaint.

Aot A= 2% AFE SH37] $8H
PearsonAFe] ZAFAIA (P45 : No.6251, 3HE : No.6250)
£ RFAEI 2} H= Atolo] At sH-d=ell
A7 AR5 E 5457 st RFAE3S| 29} 6t
B Alolof| capacitive dividerE A X357t AFAl
A & capacitive dividerol|A] S8 € A3 = 50Q w13
H @A 8 235 3 (Tektronix DPO7000)2 E3l A=
sttt SF-HFo= YAkl 2oyA  FAA
(ImpedansAF2] Semion)E A x| 3}o] AA| SHEH o
JAket= o] AR XS S48 the de] 2Y
oM LRl o] o] 3 Fh Hlaskict.

3. offA el

Fig. 3:& ARI9}G 9] A gto] 17be 129] A9 ¢
g E& BARE g zeth. A4 QI7FASte] ¥
Y& THAHA AFell= AAPAR olste] S319
+74 = ™ (Fig. 39] electron chanrging phase), 217}
o] 9] #E AN HFolE o] Fol <5t
FAS= sPdETh(Fig. 39] ion charging phase). ©]
& A=e] st 58 AX o AFRAYEH | wet
| £

27t 2xt

J : reAcarhodedtZJ- :; l—‘ian(Aanade-"_‘zlcarhoa’e)dt (1)

® ©

gw :lﬂ-l

23

I T (R 0 )
ol

&
o
me
o

ol

=5

A7 g= 7S] S7HE W, V=071 91, ¢



ol A sl o3 Yatol & A RE JstAF 41

é:—’ re—LL:: ?:}/\]-;ﬂx}é:—’ ::"E]l Acathodeg}’ Azmode'E 7—}7—]!-
AzabAgo] Q71E A2 AAZe] WAL ojn|

gtk F2olx o] o] 271 ¢ <ot < ¢, TR o]
FolA BRE YArto] ol |YAEE ] W o] 9] =¢]

B3| && Thew 7o) vehdt,

nion,an~2”+ ¢1 — ¢2

n; 2

A (DEFY o] ZxHE2 W05 W
& 4 Atk E=g RFA7PAS0] RFGR3]

o] ofsle] dAFeIglenz A5S Tl 52 st
9l

<3 °

Nl

=
rlo
[e)
o
s}
9

[
o
)
ot
v}

H

| 27t

l—‘ionAcathndedl‘_j ) reAcathodedt =0 (3)

f

<o M2 (Ohm’s law)oll ©]5te] wlo]oj 2 ke S5t
F (LBl o3 Astat dfiztel #A= okt 2ol

2R A e,

SRS

8IS

d 1

= Vip= CMILF C))
A71A Coim B718 2] & FA83Foltt 24 (3)2
AN7MAF fpe F20lA] AR 9 o] 29 A=A Fo
Felet H 2 714 Wl e HedFe FH =
e e gro g =24 "tk

ILF = Ish,dis + ]sh,con (5)

ol

wahA A7bAt 2795 7]
A ohg} 7,

d _ Ish,dis _ C/ol d Ish,con

dr " ¢, C,dt " C,

S

A4E gelst

'

(©6)

A7NIAM Ipase T2 AAAR, Coe F1& AL,
[Sh,colﬁ% 31:]-)—\‘ @E@%‘% _0,]1]]‘(:5_]:]— Ish,con:Vsh/lesho]v]z—i
A7bAgte] ARl Fold ) 4 (6 T3
2t}
d (sz 1 )
Ly, =220, ———,
ar \¢, O R,C )

A71M 1RuCute AT SFAEAS e RCE
4 A7ke] Bk, FHdstel Y@
A she] RCEAAME A7bdest Sejznide

o thste] T3 22 vgdAS zh=tt

1 32,14
- v 8
R‘thxh xn sh ( )

Fig. 45 20 mTorr o} 279
500 W2] 100 MHzZ & 1718kaL 3-S5l
400 kHzZ 82 200 W7FA] H3tA L of, o]
SR S YAl oA x0Tt} 4
AAfo] LA R E = 400 kHz Q17PAH 7 AAIQ)
30eV A AR I ZE FAI AL 400kHz
7P v ste] oA F] Ae] X7} ST
T} Fig. 5 Fig. 404 S € Jrte] 2UAEEXE
Fig. 1914 Aold /A Ux= =g o= 2}o]
(AE;,,). 28] 3L 2/ WA I T E V)& (ign ow/
N = A% 2k 2] )5 B3t AT A
g o 2HE o4 ghake] HlareE)Zelt). 400 kHz
A7F o] F7stel wet AE,, & AT AR St
BIAL Hjon ronltiri= RHRIEISI] ZhA8l= S B

Fig. 62 20 mTorr oF2:2 $H0llA] SR =] <17}
8 400 kKHZH HL 500 W2 24313 A3 Ao <
7Fet 100 MHZzA 2 S 500 W7HR] H3kAZ wjj o] 371/4]
o x =] Z9] oA Z}O|(AE,,,). Z2]2 A/HANUA]
3 3 F V] E Wi row/Mion) 1 BF. AE,,, = 100 MHz <1
7ol w5l ZABIR L 1, on/Mioni= 100 MHz
ol7FHE Z7lel el 04904 0.52 Z71381

>
0%
1

4.0x10° 1 1 1 1 1
— oW

— 50W
—100W
—200W

3.5x10° 4

3.0x10° 4
2.5x10° 4

2.0x10° 4

IEDF

1.5x10° A
1.0x10° A

5.0x10° 4

0.0 KMMM
0

1
50 100 150 200 250 300

Energy (eV)

Fig. 4. lon energy distribution function (IEDF) measured
by ion energy analyzer as a function of applied
power of 400 kHz measured at 20 mTorr argon
atmosphere when 200 W of 100MHz power was
applied to the top electrode.
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Fig. 5. The characteristics of IEDF as a function of
applied 400 kHz power on the bottom electrode
when the 200W of 100 MHz power was applied
to the top electrode in 20 mTorr of argon
atmosphere. (a) is the energy spread of IEDF and
(b) is the population ratio of low energy peak of
IEDF.
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Fig. 6. The characteristics of IEDF predicted by using
measured voltage at the bottom electrode as a
function of applied 100MHz power on the top
electrode when the S00W of 400kHz power was
applied to the bottom electrode in 20mTorr of
argon atmosphere. (a) is the energy spread of
IEDF and (b) is the population ratio of low energy
peak of IEDF.
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