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Investigation of 915 MHz ECR PIasma
        SH4/H2 Mixtures
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   Pla$ma pa,rameters were measured successfidly in a 9, 15 MHz ECR pla.sma wit,h H2 and
SiH4/H2 mixtures using a heated hangrnuir probe. The experimental resu!ts show that there is a
correlation between electron temperature and crystallinity of microcrystalline silicon. From the data
analysis, it was found that there is a possibility that the etectron temperature increased by produc"
tion of negative ions promotes the crystallinity via some chemical reactions.
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1. intreduction

  Microcrystalline silicon (ptc'Si) thin film has

been much attractive to semiconductor device
such as solar cell and thin film transistor for
PDP [1, 21. Reeently, the industry strongly re-
quires higher deposition rate, more uniformity
over 1arge area and ionger operation life. So far,

several methods were tried for the fabrication
of p.c'Si thin film. For instance, mercury sensi"
tized photo ehemical vapor deposition (CND)
utilizing decomposition reaction of SiH4 mole'
cules with photo excited Hg, reactive sputter'
ing of crystalline'silicon targets with Ar+H2
plasma, (lirect photo CVD method where high
energy photons from Xe"resonance lamp or }ow
pressure Hg lamp are used for djrect excitation
ef SiH4 molecules, hot'wire CVD method to
decompose Sill4 and H2 by means of catalytic
reactions on heated metal surface. However,
from the viewpoint of mass production with
high quality, plasma enhanced CVD method
(PECVD) is the most useful method [3"7].
   Electron cycletron resonance (ECR) plasma
has superior characteristics such as high elec'
tron density (ne- lei8 m-3) under low gas
pressures (-10'3 [Ibrr) [8,9], which meets high
deposttion rate and high quality fim with less
dust panicles. In addition, the use of 915 MHz

*! DepartmentofA(lvancedEnergyEngineetmgSeience
"2 Toso Co. L[rb
"3 National institute ofAdvancedlndustrial Science & '

   1'echnology Tsukuba ibaraki

excitation for ECR plasma Ieads to higher
controllability of electron temperature and
sheath potentiai [10] than conventional 2.45
GHz exeitation.
  In this paper, we produeed a 915 maz ECR
p}asma with SM4/H2 mixtures at low pressure
and measured the plasma parameters in cte'
tails under various expetmental conditions.
Furthermore, we prepared ltc'Si thin films on
glass substrates and analyzed their property
in order to examine the relationship between
pla$ma parameters and flm quality. Accordjng
to the recent fabrication of pc'Si thin film, the
dilution ratio of H2 to Sili{4 is extremely high
and t.ypically O.9. Under such conditions, there
are only few discussions about plasma pa"
rameter$ based on experimental data.

2. Experiment
   A schematic diagram of the experimental
appai'atus is shown in Fig. 1. [IJhe cylindrical
vacuum chamber was made of stainless steel
with an inner diameter of 290 mm and a
length of 1200 mm. CEhe chamber wa}l was
grounded. The substrate was located at the
axial position of z = 55e mm from the quarts
window, and isolated electrically and heated at
a constant of 25e OC. The 915 maz microwaves
with TMoi mode were injected into the cham-
ber at the input power of O.6 kW to 2.2 kW.
As a working ga$, pure H2 and SiH4/H2 mix-
tures with different mixture ratio were used.
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Fig. 1. S{theinatie diagMam of t})e exrperimental apparatus
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magnetized plasma is limited. In addition, in
tthLe ECR plasma with SiH4/H2 mixture gas, the
tbim films always cover the probe surface and
m,ake the measurement error increa$e. Cllhe
heated probe develQped by ourselves can make
tk•as centamination infection decrease ade'
quately. The probe made of the tungsten wire
with O.3 mm (liameter was heated by the DC
current of 2 A typically.

3,. Results

  First, the electron temperature and electron
density of 915 MHz ECR plasma with pure
hydi'ogen were measured as a function of mi'

c]rowave power.
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Fig. 2. Magnetic fie}d coi)figuration. (a> Axial distribution

     and <b) two'dimensional contour diagram uf the
     magiietic field.

The gas flow rate was 10 to 200 sccm for H2,
and 60 to 200 secm for SiH4/H2 mixtures. M}e
total pressure was kept at 10 mlbrr.
  The magnetic field B was applied using 6
magnetic coils. In the previous research using
nitrogen, the elect,ron temperature of915MHz
ECR plasma was considerably controlledby
changing the magnetic fie}d distribution Elll.

Accordingly, we used similar magnetic con'
figuration in expectation of high controllabihty
of electron temperature. Figure 2(a) and 2(b)
show the magnetic field distribution and the
contour plot corresponding to the magnetic
field, respectivaly. 11ie ECR pQsition corre'
spon<img to B= e.e327 T was set over relatively
wide area (250 mm sz s 550 mm) in order to
increa,se the controllability of electron tem'
perature Te {11].

  The plasma parameters were measured
carefUl!y using Langrnuir probe because the
analysis of probe characteristics measured in
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Fig. 3. The inicrovvave power dependences of (a) Te and

     <b) nu in H2 plasma at 10 mTorr.

  As shown in Fig. 3, the electron temperature
(Te) decreased as microwave power increased
from e.8 to 1.5 kW, and $lightly increa$ed
above 1.5 kW. Elhe electron density in" in'
cTeased monotonically as the microwave power
increased from O.8 to 2 kW except 1.8 kW. In
tlhe previous experiment, with N2, 02, Ar gas,
1.b always increased as microwave pewer in"
creased At the present stag.e, we cannot ex-
plain the tendency Tc in H2 plasma Prebably
some chemical reaetions have an irflportant
role and the diseus$ion will be done in the fu"
ture.
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Fig. 4. T?}e mierewave power <lependenGes ef (a) Te aBd

     (b) np in Smu2 mixture plasma at 10 mTorr,

      D=O.1.

  Next, we shew the results fer SilI4/H2mix-
ture plasma. Figures 4<a) and 4(b) show the
electron temperature and thepositive ion (np)
dependence on the mierowave power, respec-
tively. Here we defue D as H'2 fiow rate/ <SiH4
fiow rate + H2 fiow rate). np was calculated by

assuming that the positive ions are compQsed
ef both H" an•d SiH3'. It was eb$erved that Te
had a local maxiinum vahie at 1.5 kW. Ori the
other hand, np was observed to be Slight
mQnotQne mcrease.
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Fig. 6. Raman g.cattering spectrum at 1.5 kW where the

    best microcrystallines was obtained.

  lhey were evaluated by Raman scattemhg
spectrescepy as shown in Fig. 5. [!he produc-
tion of pc"Si was clearly observed oniy at the
microwave power between 1.25 kW and 1.75
kW. The best crystallinity was obtained at 1.5
kW as shewn in Fig. 6. Then, the velurae frac-
tion Ic7Ia was 2.1 and pc"Si was prepared ho-
mogeneously in the radial direction of r = Å}2
cm from the center of substrate.

4. Discussion

 Here, we discuss the correlation between the
eleetron temperature and the film p•reperty.
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  Furthermore, Si thin fflms were actually
prepared on the glass substrate(Cerning 7e59)
at a constant temperature of 250 Åé in accor"
dance with the experimental conditions de"
•scribed abeve.

  Figuwes 7 'show the dependence of the IMm
property on the microwave power. The volume
fraction of ptc'Si was evaluat,ed using Ie/Ia. ob'

tained frem the Raman scattering intensity. Ie
aiid Ia indicates the Raman intensity at a wave
nuMber of 520 cm'i and 480 cm'i, respective}y.
7Ehe depn,sition rate was evaluated from the
fil-m thic}kness measured using a speetropho"
tometer. From the comparison between Fig.4
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(a) and Figs. 7, we notice that the volume frac'

tion is maximum and the deposinon rate is
minimum when the Te has a local maximum
value at 1.5 kW ln general, it is said the foI'
IQwing reactiQns are especiallLy impQrtant for
Si thin fiim deposition process [13].

e+ SiH4 --> e+ SiH3 + H.

SiH4+H --" SiH3+H2.

(1)

(2)-

When reaction (1) proceeds due to theincrease
of Te, the density of SiH3 meleeules whieh are
main precursors inereases and the crystal]iza'
tion proceeds under the adequately supplied H.
However, when this. reactian, prQceeds, teo,
much, the depletion of SiH4 •occurs due to re'
action (2). As a result, the excessive H works to

etch the film surface and the film deposition
-rate decrease$. This mechani$m has been eften
coniirmed in the a-Si film prep'aration using'
the conventional capaeitive                         coupled                                 plasma
f131. In our case, thin llilm of interest is "b-Si

and the plasma is generated by microwaves
under low gas pressure. Tlie same mechanism
cannot be always applied. In order to make
clear the mechani$m, we need further research
such as measurement of radicals and numeri'
cal simulation taking important phy$ical and
chemical reactions into acceimt.
  Next, we considered why Te increased. Fig'
uz'e 8 show the I"V curves of the heated Lang'
muir probe which correspond to Fig. 4(a).
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Fig. 8. I"V curves from the lreated'La"gnmbr pvebe

Y'urther research is necessary in order to clar'
ify the reason.

5. Cbnclusion

  Plasma parameters in a 915 MHz ECR
pla$ma with H2 anct SiH4iH2 mixtures were
measured successfully using a heated Lang"
,muir probe. From the data analysi$, we found
that we eail explain the relationship among
electron temperature, crystallmity ofpc'Si and
dleposition rate of the film. [Vhis meehanism
shou}d be confirmed by the further investiga'
t'i'on'
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As shown in the figure, electron saturation
current became lowest value at 1.5 kW where
the Te was maximum. [Vhis resu}t suggests the
prodnctiQn of negative ion$. [[1ierefore, we can
infer that increase of Te was caused by the loss
of electrons due to the electron attachment. In

the ECR plasma, however, t,he microwave
power deposition a!so influences directly on Te.


