The Transient Response of CFs RF Plasmas
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Abstract — CF; gas is one of the most useful gases in modern technologies for semiconductor fabrication. However,
there are many problems which should be solved in order to fabricate semiconductor device, for example, etching speed
drop due to ion charge—up and etching selectivity drop due to the high electron energy. One of useful method in order to
suppress their damages above is pulsed-time modulated plasma (PM). However, transient responses of charged particles
occur when the source power is turned-on and -off in PM method. To control plasma properties in detail, such a

transient phenomenon must be investigated.

In this paper, we investigate CFs RF plasma properties under a one-dimensional fluid model. And also for dynamic and
stable control of CFs plasmas, we investigated the transient behavior of the plasmas after step up or down of the

amplitude of the power source voltage Vi(t).

Fundamental properties of transient CFs plasmas was discussed.

Furthermore, we intend to discuss new method for pulsed-time plasma modulation.
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Fig 1 The concept of pulsed-time modulated plasma method.
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transfer; @, ionization; Ga, attachment gy, vibrational
excitation; and qass, dissociation.
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Fig. 3 External circuit and electrode configuration of the
present CCP model. The discharge gap ¢=2.0lcm],
the blocking capacitor Cy=8[pF], the CF4 gas pressure
P=200[mTorr] and the frequency of the RF power
source is 13.56[MHz].
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Fig. 4. Periodic steady-state profiles of (a) electron concentration N, (b} total positive ions N,, (c) electric
field £, and (d) net charge density o at Vi=2.0kV].
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Fig. 5. Transient behavior of (a) electron concentration A,
(b) total positive ions Np, (c) total negative ions N,
and (d) electron temperature 7. at 2=0.2[cm] during
5000 RF cycles (¢/T). SRngn indicates step-up from

Vr1=20[kV] to 23[kV]1 SRew and SRze0  indicate
step-down from Vi=20kV] to 1.0kVv] and O[V],
respectively.
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Fig. 6. Transient behavior of (a) electron concentration Ne, (b)
total positive ions N,, (c) total negative ions Nn, and
(d) electron temperature 7. at z=1.0{cm] during 5000
RF cycles (/7). SRngn indicates step-up from
Va=2.0lkV] to 23V SRow and SRz indicate
step-down from V4=20kV] to 1.0kV] and O[V],
respectively.

ad 6.

£ 0eVlel A 2D 7 YRE 4I3UE Faho
of ea) FrEch Y HY dRY T F
= o
2

o my o e rfo

br

34 22 Hixof 9|5 x

olo
m
dm

e

o

ezl TeAzE A% 54 P4 L we MUy
& F9te AR AUAE Aojatr] A Ba Wz 4y
£ 3ol HFsD ATk o)t 32 L 33 WelA A
% 2o A4 WYL OVIZ BFNIW B3N A% oy
A A9 0V #4992 FUHSR o2 AL F
REA el g71e] BAAE Aojwth zEy ¢ WA

27



|EPWIRE 55CE 188 20045 1A

Bej7 Azzre AL A4S VI obd YR AYS
Q7P B, 2 Ao A= BE FHEES FEaA I
A% ¢ 4 Utk mebd B ogelAE BY G9e 14

Hehe) 29 wad td YYHE FE $F F4L 2AS
k.
29 704 7 B9 WYL 10V], 50(v], 20(V] 18z

ovliz &5 WHsstdS me Az 9 o)L, agu AA o
vAe &8 54E EAFI A o] AF}E2HYH Y I
S S0[VIZ A7tetsS el & dtd YA FEEI B
o wE2A &3, Azt YA ofeVIdl 7izkel &3t
e AL B F 39 28y Ed2n o Tz A2dMEe
E B oiyt 4 dAe A &x F, 4A FES(flux)
o A= w¢ Fesd ¥ F£ Uok WA, 29 89
50[VIsh Ofvidl wig HEA ¥z AIZkE 3000 RF F7](%
200ps)2 HAst o9 dx 54 B & 54L& Al
ok S0VIZ2 HAY Afrt o)y WErt B we F£&
e AS ¢ F e, o9 f&5= 0VIE 44T A
g A8 dAFE Ae B F Uk )R L AFP o=
Az Age] A7HHE, olVIETdE 7 dAY gl 2

(@)

~~~~~ 2.0kV —1.0kV
35 - 2.0kV — 50V
—- 2.0kV = 20V
2 — 20kV— OV

Np (10%mn™3)  Ne (10%cm™3)

20 (c)
; 1547
L 107 | s
B3]

0 - oy

0 1000 2000 3000 4000 5000
t/T

Oy 7. cigks M ™
ol (a) MX F
oldxiel mix SE
Transient behavior on various conditions of power
source voltage of (a) electron concentration Ne, (b}
total positive ions Np, and (c) electron temperature T,
at z=0.2[cm) during 5000 RF cycles (/7).

2
lo

of A% ®isto] cfgh HAdAolA
Iz, (b) @ o2 UL ¥ (0

EAM
=o.

ne

Fig. 7.

28

Wl Hn, =9 7A PAL S48 F 9= BgE H2
287 2o Y G A9 oleVlE A= o
2 2 % it olg@ Ase Ba Wz BAe =99 I
9 939 77 BAS WHe] N&HA Ba: AYSE o
AgozM Bo BeH0E 7 AR SAUAS Ao &
e RoZ 2P
- 2.0kV — SOV

4 —20kV — OV (a)

3.

2 4

1 J

0 5 10 15 20x10°

Time Modulation (3000 cycle)

(®)

~ 3

‘v 4

QN

E 3;

&

w2 e

o

1

0 . : | -
0 5 10 15 20x10

Time Modulation (3000 cycle)

ag 8. z=0.06 [cmlofiAel W= AlZbE RF 3000 AlOIE=2
MES WA #Hx E2l=o0i9 (@) H o2 UL
2 b) 759 ¢ 54.

Fig. 8. Pulsed-time plasma response of (a) total positive ions
N, and (b) total positive ions flux (/o) at 0.06 [cm].
The pulsed-time is set to be 3000 RF cycles (about
200us).
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