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Abstract

A new ion beam extraction system is designed using a simple ion mass filter and a micro mass balance
and a QMS based detecting system. A quadrupole Mass Filter is used for selective ion beam formation from
inductively coupled high density plasma sources with appropriate electrostatic lens and final analyzing QMS.
Also a quartz crystal microbalance is set between a QMF and a QMS to measure the etching and polymerization
rate of the mass selected ion beam. An inductively coupled plasma was used as a ion/radical source which
had an electron temperature of 4-8 eV and electron density of 4 x 10" #/cm’. A computer interfaced system
through 12bit AD-DA board can control the pass ion mass of the gmf by setting RF/DC voltage ratio applied
to the quadrupoles so that time modulation of pass ion's mass is possible. So the direct measurements of
ion - surface chemistry can be possible in a resolution of 1A/sec based on the qcm's sensitivity. A full set
of driving software and hardware setting is successfully carried out to get fundamental plasma information
of the ICP source and analysed Ar" beam was detected at the 2" QMS.
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Fig. 1. A functional schematics of quardrupole mass
filtered ion beam machine.

Fig. 2. Analyzing section installed on main plasma
vacuum chamber with complex motion and
electrical wiring.
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Fig. 3. Electron temperatures at different directions of
Langmuir probe tip shows anisotropy of electron
temperature when substrate bias is applied.
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Fig. 4. lon current density as a function of RF power.
RF bias increases ion current density in two
different directions of Langmuir probe tip.

=, 713 vlolo]2E 100W AR <l

go) AR L2 1V Aw gashs A 2 -

At A7 7

Foz HX % 7%%‘% 81{— %
1+

o
& AF U5 E =35 BH(™E 4) ICP source
power 500 W, RF bias 100 WollA 20 mA/cm?el| A
40 mA/cm*E UER I it vlo]oiart 17

weh e ol AR “‘37} 27 F7he 9
292 & & ok W oleg EHOR 3
sfo] ALgSlEiE 7@ AAY 2o] FEFE T
So] AMgSEIE MR AP AP ICPE VE
A AgelE Aol ¥e ole AEE Ag A
PEYe 9 & an.

ol& Fzol AUT YHS B A3k 06

mTorr¥E 20 mTorr7}HA|
Zalzol [ Ax UE5S S2AAUY. 1Y



FAF/=HHFEE 37 (2004) 220-225 223

o n
5k . Plasma Potential Increase ||| —* — VP
at low pressure ool
50+ 1CP 500W 3.5 tum coil
45 |-
of
35
=
5 Y \./-
> T
N
20 |-
15+
I e
10 g oo e . .
Sr i — N i SR PR — —_
0 5 10 15 20

Ar Pressure(mTor)

Fig. 5. Plasma potential as a function of pressure (ICP
500 W, 3.5 turn coil).
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Fig. 6. Electron Temperature changes as neutral gas
pressure increase from 0.6 mTorr to 20 mTorr
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Fig. 7. Electron density change as neutral gas pressure
increase from 0.6 mTorr to 20 mTorr of Ar.
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Fig. 8. Frequency shift of QCM in CF, discharge at 5.4
mTorr, 238 W, 500 W RF power and 500 W at
closer position toward ICP region.
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Fig. 9. Frequency shift of QCM in O, discharge in 5.4
mTorr, 238 W, 500 W to show flat.

i
ol
_}L
9_1{
N o
o
Ny
30,
°
H
b
>,
B>
il
o
e
N

A
>
N
i
o r
©
N
g

Jo o
o

1

N oo

P ZXC-]

3

i
AN oX
o2t ot

ok

ol

Ir

oL
O
o
£
N
N o
gl
o
f
B
)
oli
ol
e
i
X

=
A%J
)
r & ot

» do dlo
° e N

2l 3= .

o] AANESL FEsed AR AZEdOE
realtime OSE Alg3slaol sl & CPU board,
multi-bus backplanes% F7} Fx|7F Q2R
IBM-PCoIA o 218 A ¢3k= WindowsE OS
2 Adsty A4d4 3= g AFE] 32bit

version® LabWindows/CVIE ZAxlow  zhz}
RS-232C, GPIB, 12bit AD-DA®] interface® PC%}t
Aolsl 27t FAH At o7 AMES 220
g AL A FAEOEHR e RES F
el 83t Zlo| foldnE AT 1

@ SRS RGA Controt

Corﬁgure) Send Comragnd

| serd

Ex - B

ST
Stet Stop Steajamu ~_.-..) P e Persn]
st I 210 MassRange Set) Il

hlass Scan
4 1E-13-

Recelved Message 97.2 Jurghoon Joo

55E-13- |

i
33|
-
£ 25E-13- 74
£
g
£ 208-13-
&
FRENES
1CE-13-
5 CE-14- |
e o L T g e
iP5 w5 % B W B 0
Mass (amul
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analyzing QMS at 40 amu.
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