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Low Temperature Thin Film Transistor Fabrication Using a Polycrystalline
Silicon Film Formed from a Fluorinated Silicon Film

Kenji NAKAZAWA, Keiji TANAKA and Noriyoshi YAMAUCHI
NTT Applied Electronics Laboratories
3-9-11, Midori-cho, Musashino-shi, Tokyo, 180 Japan

Polycrystalline silicon thin-film transistors (poly-Si TFTs)
have attractive potential for realizing large-area active-matrix-
addressed liquid crystal displays (LCDs) with on—glas§ peripheral
circuits because of their high field-effect mobility. )" Low-cost
glass substrates in such LCDs need low-temperature fabricated
TFTs with high field-effect mobility. Recently, extremely low-
temperature (200°C) epitaxial growth of Si-on-single-Si
substrates by FCVD using SiH Fo, SiH, and Hy mixing gases has
been reported.2 This implies Ehe possibility of forming a high-
quality poly-Si film on an amorphous substrate at a lower
temperature than conventional methods. We have fabricated a TFT
with high field-effect mobility at a low-temperature using a
poly-Si film formed from a fluorinated Si film.

The poly-Si films were formed by recrystallization annealing
of Si films deposited on quartz substrates at 200°C by PCVD using
a mixture of SiH,F,, SiHy4 and Hy. The SiHyF, flow rate was varied
from 0 to 25 sccm because it was expeé%ed to affect the film
crystalinity. The flow rates of SiH4 and H, were constant. The
film thickness was 150 nm. The recrystallization annealing was
carried out at 600°C for 24 hours in an N, atmosphere.

The SiH,F, flow rate dependence of "average grain size in
annealed films is shown in Fig. 1. The average grain size was
measured from TEM dark field images. The grain size increases
with increasing SiH,F, flow rate and shows a maximum value of
230 nm at 20 sccm. The SiH,F, flow rate dependence of the surface
crystalline fraction in as-deposited and annealed films is shown
in Fig. 2. The surface crystalline fraction was obtained from UV
reflectance measurements. The crystalline fraction in annealed
films is greater than 70% regardless of the SiH2F2 flow rate.
However, the fraction in as-deposited films decreases with
increasing SiH,F, flow rate and drops below 5% when the rate is
greater than 10 sccm. TEM dark field images of as-deposited films
show a microcrystalline poly-Si structure when SiH F, flow rate
is lower than 10 sccm. On the other hand, %hey show a
microcrystalline amorphous Si structure when SiH-F, flow rate is
10 sccm or greater. These results suggest that adding SiHyF, gas
decreases the nuclear site density. It is considered tha the
recrystallization proceeds from the nuclear site until the
boundaries of all neighbouring grains come to face each other.

TFTs were fabricated using the poly-Si films described above.
A schematic diagram of the TFT is shown in Fig. 3. To form a good
quality gate-insulator film at low-temperature, a sputtered
51023) film deposited at 200°C was used. The source and drain

were formed by phosphorous ion implantation and then annealed at
600°C. The relationship between field-effect mobility and poly-
Si grain size is shown in Fig. 4. Field effect mobility sharply
increases with increasing grain size as determined by the SiHyF,
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flow rate. The maximum value is 17 cmZ/Vs, which is more than
three times that of a TFT using a conventional CVD poly-Si film
deposited at 600°cC.

In conclusion, a new poly-Si film formation method using
fluorinated Si film has been developed to fabricate TFTs by a
process with a maximum tempefature of 600°C, The field-effect
mobility of the TFT was 17 cm“/Vs. We believe that this method
can produce high-mobility poly-Si TFTs on low-cost glass
substrates.
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Fig. 3. Schematic diagram of the TFT.
1 ] 1

0 ] 16 ié 20 25
SiH,F, FLOW RATE (sccm)

20

Fig. 1. SiH,F, flow rate dependeqce of
average grain size in annealed films.
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Fig. 2.8iH,F, flow rate dependence of Fig. 4. Relationship betwgen ?ield—effect
the surface crystalline fraction in mobility and poly-Si grain Size.
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