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Abstract-SiF4 was added into Si2H~-H2 to deposit polycrystalline silicon fihns at low temperatures around 400C 
in a :remote plasma enhanced chemical vapor deposition reactor. It was found out that the fluorine chemistry obtained 
from SiF4 addition had an influence on the chemical composition, crystallinity, and silicon dangling bond density 
of the film. The fluorine chemistry reduced the amount of hydrogen and oxygen incorporated into the film and also 
suppressed the formation of powders in the gas phase, which helped the crystallization at low temperatures. Effect 
of SiF4 concentration as well as the deposition temperature was also significant. 
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INTRODUCTION 

Silicon films have been grown mainly from silicon hydrides 
such as silane (Sill4) or disilane (Si2H6) and sometimes from cblo- 
rosilanes such as SiH2CIz or SiCh. In such cases, Si-H chemistry 
or Si-H-CI chemistry plays an important role in the deposition 
process, i.e., kinetics and crystal growth on the substrate surface. 
Chemical vapor deposition (CVD) of amorphous silicon films (a- 
Si) from silicon hydrides has been widely used for :solar cells 
and thin film transistors and the role of hydrogen on deposition 
kinetics and material properties has been widely studied [Nakay- 
ama et al., 1984; Johnson et al., 1988; Toyoshima et al, 1990; 
Toyoshima et al., 1990; Kim et al., 1991; Langford et al., 1992]. 
There is presently much interest in growing epitaxial or polycry- 
stalline silicon films at low temperatures. Deposition of epitaxial 
Si films at low temperatures from CVD with fluorine chemistry 
has been studied by many researchers I- Nishida et al., 1986; 
Nagamine et al., 1986; Hanna et al., 1989; Yamada et al., 1989]. 
Also the thermodynamic equilibrium composition, along with bound- 
aries of deposition and etching, at various temperatures and initial 
compositions in Si-H-F system was also studied FLee et al., 1992]. 
Polycrystalline films have been used in many applications such 
as thin film transistor (TFT), image sensor and LSI (large scale 
integration) applications. In particular, in the field of active matrix 
liquid crystal display, the use of polysilicon as an active layer 
instead of amorphous silicon has drawn much attention because 
the electron mobility in poly-Si is much faster than a-Si and better 
performance can be achieved with poly-Si TFT's. In this case, 
low temperature processing below 600~ is desirable to utilize 
low cost glass suhstrates and one of the approaches is the annea- 
ling of low temperature deposited a-Si for solid phase crystalliza- 
tion. Another approach is to deposit directly with CVD by utilizing 
fluorine chemistry from F2 or SiF4 mixed with silicon hydrides 
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and hydrogen [Nagahara et al., 1992]. At low temperatures, it 
is relatively difficult to grow crystalline films because adatom mo- 
bility is low and incorporation of impurity is more likely to hap- 
pen. 

With fluorine chemistry, it is expected that oxygen incorpora- 
tion can be suppressed from in-situ chemical cleaning effect of 
fluorine [Nagahara et al., 1992]. At the same time, following reac- 
tions from fluorine chemistry, in addition to the reaction of silicon 
nuclei formation, were believed to occur on the deposition surface 
and the microstructure of silicon tissues formed on the surface 
would depend on the surface reaction. 

Si-H(s) + F(s) -* Si(s)+ HF(g) (1) 

Si-Si-F(s) + F(s) -~ Si(s) + SiF.,(g) (2) 

The H and F coverage of the growing surface is likely to be 
small from the formation and desorption of HF (reaction 1), which 
carl enhance the surface adatom mobility. Also through the forma- 
tion and desorption of SiF2, the preferential etching of weak amor- 
phous tissue can be achieved (reaction 2) [Okada et al., 1989]. 

In this research, the effect of fluorine chemistry on the film 
composition and crystallinity of silicon films was studied. Also 
the effect of deposition temperature and the amount of SiF4 added 
into Si2H6-H~ mixture in a remote plasma reactor was elucidated. 

EXPERIMENT 

In the remote plasma enhanced CVD reactor shown in Fig. 
1, hydrogen (99.9999%) is introduced into an alumina tube on 
the top of the reactor and excited by inductively coupled 13.56 
MHz plasma. Hydrogen flow rate was fixed at 100 sccm and plas- 
ma power was 60 watts. Activated hydrogen radical was formed 
by plasma chemical reaction and flowed into the deposition zone. 
Disilane (99.99%) and tetrafluorosilane (99.99%) were introduced 
into the region 10 cm down stream of the plasma and mixed 
with excited hydrogen and flowed toward the substrate 20 cm 
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Fig. !. Schematic diagram of the remote plasma enhanced chemi- 
cal vapor deposition system. 
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Fig. 2. IR spectra of Si films deposited at various substrate temper- 
atures, (a) 450, (b) 415, (c) 400 and (d) 350~ with Si~l-l~ 
/SiF4/Hz= 1/30/100 sccm, pressure at 400 mtorr and plas- 
ma power at 60 watts (H~ plasma). 

down stream of the plasma. In the gas phase above the substrate, 
activated hydrogen and silane molecules will collide to produce 
activated silicon hydrides and fluorides which will participate in 
the surface chemical reactions to form silicon films. 

Thermally oxidized 4 inch silicon wafer with oxide thickness 
of 1000/~ was used as a substrate because in liquid crystal display 
applications, active layers are grown on glass substrates. Reactor 
pressure was 400 mtorr and deposition temperatures were 300- 
450~ Deposited films were characterized by Fourier transform 
infrared spectroscope (FT-IR) for chemical composition, Raman 
for crystallinity, and electron spin resonance (ESR) for the amount 
of silicon dangling bonds. The deposition rate was in the range 

of 30-100 ~Jmin. Near the reactor outlet, a TEM grid was inserted 
to collect powders if there was any homogeneous nucleation and 
the number  of particles collected per unit area was obtained from 
TEM micrograph. 

D I S C U S S I O N  

Fig. 2 shows FT-IR spectra representing the effect of deposition 

temperature on the chemical composition of the silicon films. The 
amount of Si2H~ and SiF4 was 1 and 30 sccm, respectively. Si- 
l l  stretching vibration mode usually appears in the range of 2230- 
1970 cm i. A couple of bands can be seen at around 2230 cm -t 
and 2120 cm 1 in the film deposited at 350~ which is close to 

that of the Sill2 stretching vibration reported for a - S i : H  films 
(2100 cm t) [Zanzucchi, 1984]. It is well known that the introduc- 

tion of an electronegative component results in the peak shift: 
of Si-H vibration to higher frequencies [Bellamy, 1975]. The' 
bands at 2230 and 2120 cm ~ are probably ascribable to the Si-. 
H stretching vibrations in the -SiHF2 [Thompson, 1960] and the' 
-SiH2-SiF,-groups [Wadayama et al., 1990], respectively. These 
two peaks are not significant in the films, deposited at tempera- 

tures higher than 350~ 
It was reported that bands corresponding to a deformation 
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Fig. 3. IR spectra of Si films deposited with various amount of 
SiF4, (a) 10 sccm, (b) 20 sccm, (c) 30 sccm with substrate 
temperature at 450~ pressure at 400 mtorr, plasma power 
at 60 watts (Hz plasma) and Si21~H2--1/100 sccm. 

mode of the Sill2 group bonded to fluorinated silicon appeared 
near 960, 900 and 850 cm t [Wadayama et al., 1990]. Also the 
band near 640 cm t corresponds to a wagging mode of Si-H [La- 
ngford et al., 1992]. The Si-F stretching region is in the range 
of 1050-800 cm 1. The peak near 1000 cm .1 may be due to 
Si-F4 stretching as reported by Fang et al. [Fang et al., 1980]. 
Shimada et al. [Shimada et al., 1980] reported that -SiF3 appeared 
at 1015 cm t. In Fig. 2, Si-F peak appeared between 1020 and 
990 cm 1 depending on the deposition temperature. 

It has been shown that Si-O stretching mc~ies are located at 
1150-1200 cm 1 in the plasma-CVD a-Si : H film [Wadayama et 
al., 1990]. It can be seen that at low substrate temperatures, more 
oxygen and hydrogen are incorporated into the film. Films depo- 
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Fig. 4. Raman spectra of Si films deposited with various amount 
of SiF4, (a) 0, (b) 10 sccm, (c) 20 sccm, (d) 30 sccm with 
substrate temperature at 450~ pressure at 400 mtorr, 
plasma power at 60 watts (Hz plasma) and Si , .HJHz= I/ 
100 scem. 

sited at 350 and 400t show noticeable amount of oxygen near 
1150 cm-1. Oxygen is due to the surface contamination from the 
residual gas in the chamber. Oxygen contamination is more se- 
rious at low temperatures and is a major obstacle disturbing the 
growth of a high quality Si film. 

Fig. 3 shows the effect of SiF4 addition on the amount of impu- 
rities incorporated into the $i film. The deposition temperature 
is 450~ and the amount of Si2H~ added is 1 sccm. With 20 and 
30 sccm of SiF4 introduced, the amount of oxygen and hydrogen 
incorporated into the film becomes smaller compared with 10 
sccm addition. It can be seen clearly that appropriate amount of 
SiF4 addition can reduce the contamination due to the in-situ 
cleaning effect of fluorine chemistry. 

Fig. 4 shows the Raman spectrum of films deposited with var- 
ious amount of SiF4 addition. For amorphous Si films, broad band 
peak appears around 480 cm -1 and for crystalline Si, a sharp 
peak appears around 520 cm -t with narrower full width at half 
maximum (FWHM) as the crystallinity increases [Johnson et al., 
1988]. Bulk crystalline Si shows FWHM of about 3.5 cm-' .  With 
20 and 30 sccm of SiF, addition, FWHM was about 4.5 and with 
10 sccm, it was about 5. Without SiF4 addition, the film was amor- 
phous. This clearly shows that in-situ cleaning effect enhanced 
the crystallization of Si films. 

Fig. 5 shows ESR peak of Si films deposited at various substrate 
temperatures with 20 and 30 sccm of SiF,. The peak at g =  2.0055 
corresponds to the Si dangling bond. As the deposition tempera- 
ture increases, the amount of Si dangling bonds also increases 
and with 30 sccm of SiF4, it is slightly higher than with 20 sccm. 
It was believed that the Si dangling bonds were formed by the 
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Fig. 5. ESR spectra of Si films deposited at various deposition tem- 
peratures and different SiF4 amounts with pressure at 400 

mtorr, plasma power at 60 watts (Hz plasma) and Si2H,,/H2 
= I/I00 secm. 
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Fig. 6. The number of powders formed in the gas phase at different 
SiF4 flow rate with deposition temperature at 430~ pres- 
sure at 400 mtorr, plasma power at 60 watts (Hz plasma) 
and Si21-IJH2= 5/100 sccm. 

desorption of hydrogen and at high temperatures, hydrogen de- 
sorption is more significant. Also the fluorine chemistry enhances 
the hydrogen desorption through the formation of HF which fa- 
vored the crystallization but also decreases the effect of hydrogen 
passivation of Si dangling bonds. 

Fig. 6 shows the number of powders formed in the gas phase 
at different SiF4 flow rates. Particles were counted from TEM 
micrograph and the number was expressed in terms of unit 
square centimeter. Up to this point, the role of SiF4 in the gas 
phase has not been studied in any depth but this result clearly 
shows that the homogeneous nucleation during the deposition 
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of Si films can be suppressed by adding SiF4. This means that 
fluorine chemistry also plays a role in the gas phase. Incorporation 
of powders from the gas phase into the film makes it harder 
for the crystalline phase to grow in the film and also increases 
surface roughness. Usually in the chemical vapor deposition of 
thin films, the formation of powders in the gas phase causes se- 
rious problems on the film property and device reliability. For 
this reason, powder formation should be suppressed as much as 
possible in a CVD thin film process. 

CONCLUSION 

It was shown that the fluorine chemistry obtained by adding 
SiF~ into Si2H~-H2 reaction system suppressed the incorporation 
of oxygen and hydrogen, which enabled us to get clTstalline Si 
films at relatively lower temperatures than Si-H system. Also the 
fluorine chemistry utilizing SiF4 reduced the powder formation 
in the gas phase, which also helped the crystallization of Si films. 
Appropriate amount of SiF4 should be added into the reactant 
mixture to utilize fluorine chemistry and also the deposition tem- 
perature plays an important role in the fluorine chemistry. 
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