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Abstract 

We attempted modulation of hydrogen dilution ratio to 
achieve both the minimal incubation layer and high 
deposition rate. The incubation layer thickness was 
estimated by transmission electron microscopy (TEM) and 
crystallization fraction was measured by Raman 
spectroscopy. 

  
 

1. Introduction 
 

The nanocrystalline silicon thin film transistor (nc-
si TFT) was the current industrial standard in large 
area electronics. The nc-si film has superior stability 
and field effect mobility better than amorphous silicon 
films for applications to thin film transistor [1, 2]. The 
most fabrication of nc-si required additional process 
post annealing or high process temperature (≥600 ℃) 
[3, 4]. These process are increased fabrication time 
and cost. We attempted directly to deposit nc-si film at 
low temperatures (≤ 200℃) to use flexible substrates 
such as plastics. However the amorphous incubation 
layers formed at the onset of deposition [5]. This fact 
was known to deteriorate the performance of the 
transistors because bottom-gate TFT channel is 
formed in the lower part of active layers [6]. In order 
to have thin incubation layer at low temperature, we 
controlled the hydrogen dilution ratio (HDR) at 
catalytic chemical vapor deposition (Cat-CVD). 
Recently, the doped layer deposited by Cat-CVD has 
been widely used for device such as solar cell [7]. The 
TFT device is in need of phosphorous-doped silicon 
(P-doped si), n-type si films for ohmic contact 
between active layer and source/drain electrode. To 
fabrication of bottom-gate TFT without vacuum break, 
we investigated n-type si and SiNx films at low 

temperature using Cat-CVD. 
 

2. Experimental  
 

The nc-si, n-type si and SiNx films were deposited 
directly using Cat-CVD. The catalyst was tungsten wire of 
0.4 mm diameter and the temperature of catalyst was 
1740 ℃ by electrical power. The substrate temperature 
was lower 200 ℃. To obtain nc-si films, the source gas 
was mixture of silane (SiH4) and hydrogen (H2). We 
attempted hydrogen dilution ratio (HDR) control for 
minimal incubation layer thickness.  The HDR was 
calculated by following equation. 

 
HDR = [H2]/ ([H2] + [SiH4]) × 100 %   [1] 

 
Where [H2] and [SiH4] are flow rates in standard 

cubic centimeter per minute of H2 and SiH4, 
respectively. The crystallization fraction of the nc-si 
film was measured by Raman spectroscopy and 
structure of the as-deposited film was studied with 
transmission electron spectroscopy (TEM). The n-type 
si films deposited on substrate with control the 
PH3/SiH4 mixing ratio from 1 % to 15 %. To obtain 
SiNx, the NH3/SiH4 and H2/SiH4 mixing ratio were 
controlled by regulation of NH3 and H2 flow rates. 
The resistance and breakdown voltage determined 
with measurement of current-voltage (I-V) and 
capacitance-voltage (C-V). 

  

3. Results and discussion 
 

The Fig. 1(a) shows the dependence of the 
deposition rate on the HDR. When the HDR was 
increased from 50 % to 70 %, the deposition rate was 
reduced by 20 % and the Fig. 1(b) shows the 
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deposition rate was further reduced to one sixth of the 
initial value when the HDR was increased to 95 %. 
The incubation layer thickness is decreased as 
hydrogen dilution ratio increase. Therefore we 
developed modulation process and obtained minimal 
incubation layer thickness as well as high 
crystallization fraction and deposition rate. The 
change in HDR with time is shown in Fig. 2 first; the 
source gas of 95 % HDR was injected into the 
chamber for 10 minutes. The channel current is 
expected to flow within 10 nm from the bottom in 
typical bottom-gate TFT. Therefore the initial layer of 
films was included high crystalline layer 50 nm 
thickness on incubation layer 3 nm thickness. The next 
step the HDR was fallen by degree to 70 % in 2 
minutes. Lastly the HDR was fixed at 70 % for 6 
minutes. As a result, the deposition time could be 
reduced to 18 minutes for deposition 200 nm thickness 
films. The Fig. 3 shows the crystallization fraction of 
the nc-si films by the modulation of HDR. The Fig. 4 
shows cross section image of high resolution TEM. The 
incubation layer diminished only 3.3 nm due to the first 
step 95 % HDR of modulation process of HDR. The 
Fig. 5 shows change resistance at control PH3/SiH4 
mixing ratio. The lowest resistance observed in gas 
mixing ratio of 3%. The H2-diluted SiNx films showed 
much higher breakdown voltages than their undiluted 
counterparts in the entire range of NH3/SiH4 mixing 
ratio values at previous experiment. These results 
suggest that H2 dilution in the source gas helps increase 
of the breakdown voltages. The Fig. 6 shows the 
breakdown voltages of the samples prepared at various 
substrate temperatures. The breakdown voltage 
increased from 4.0 to 5.7 MV/cm while the substrate 
temperature was varied from 150 to 200 ℃. 
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(b) 
Fig. 1. (a) Deposition rate and incubation layer 
thickness as a function of the HDR and (b) The 
hydrogen dilution ratio change in modulation 
process 

 

 
 

Fig. 2. The hydrogen dilution ratio change in 
modulation process 

 
 

 
Fig. 3 . Raman spectroscopy of the nc-si by the 
modulation process of HDR 
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Fig. 4 . The HRTEM cross section image of nc-si by 
the modulation process of HDR 
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Fig. 5. The change of resistance by PH3/SiH4 
mixing ratio 

 
 

 
Fig. 6. Breakdown voltages of silicon nitride films 

prepared at various substrate temperatures 

 
 

 4. Summary 
 

We fabricated direct deposition of nc-si films at low 
temperature (≤ 200℃) by chemical vapor deposition 
(CVD) and obtained nc-si films of incubation layer 
thickness of 3.3 nm and 110 Å/min deposition rate 
using modulation process of HDR at low temperature 
(≤ 200℃). This technique is expected to enhance the 
field effect mobility of TFT device. We studied n-type 
si and SiNx films deposition at low temperature for 
fabrication of nc-si bottom-gate TFT without vacuum 
break. This study could provoke to reduce additional 
process cost for crystallization such as laser annealing 
and to apply flexible display. 
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