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The temperature dependence characteristics of hydrogenated amorphous silicon thin-film 
transistors were investigated. The results indicate that as the temperature was increased, the 
threshold voltage and the field-effect mobility were first increased, and then decreased, 
which may be controlled by different mechanisms at low and high temperatures. In addition, 
if the temperature was higher than 420K, the Fermi level was promoted to the 
degenerate-like states, the current channel always existed due to the temperature effect, and 
the threshold voltage became negative. 

1. Introduction 
During 1972, Spear and LeComber investigated the 
density of states distribution in amorphous Silicon 
(a-Si) using an r.f. glow-discharge system by the field- 
effect method [1], and then in 1979, the first a-Si 
field-effect transistor suitable for driving liquid-crystal 
displays was developed by LeComber et al. [2]. Re- 
cently, hydrogenated amorphous silicon thin-film 
transistors (a-Si:H TFTs) have received extensive in- 
terest for applications as switching devices in large- 
area liquid-crystal display panels [3]. In order to 
develop new applications for a-Si TFTs, experimental 
investigations on the temperature effects are required. 
Previous works, both on the fundamental theory and 
on the experimental measurements of the drain-cur- 
rent temperature dependence [4-8]  presented three 
distinct transport regimes. They are the hopping con- 
duction regime for temperatures 80 K < T _< 260 K, 
the band transport regime for temperature 
260 K ( T  _< 360 K, and the unstable region regime for 
T > 360K [4]. However, the characteristics of the 
a-Si:H TFTs at higher temperatures were not investi- 
gated. Bae et al. investigated the temperature effects of 
a-Si:H TFTs from room temperature down to 20K 
[6]. In the present work, the temperature dependence 
of a-Si:H TFTs between 300 and 450K was investi- 
gated, and transport mechanisms have been proposed 
to explain the experimental data. 

2. Experimental procedure 
The structure of a-Si TFTs is shown in Fig. 1. Layers 
of SiNx, a-Si:H, and n+a-Si were consecutively depos- 
ited on the (1 1 1)-oriented silicon wafer during a single 
pump down in a plasma-enhanced chemical vapour 
deposition (PECVD) system operated at 13.56 MHz. 
The substrate was maintained at 250~ during 

deposition. The SiNx( -~ 100 nm) layer served as a gate 
dielectric, which was deposited from an Sill4 and NH3 
source gas mixture with a gas ratio of about 
NH3 : Sill4 = 4: 1. The undoped a-Si( ~- 400 nm) layer 
was deposited from an SiHe and H2 source gas 
mixture with a gas ratio of about SiH4:H2 = 5:2. In 
order to obtain good ohmic contact, the n+a - 
Si( ~-50 nm) layer was deposited between the a-Si:H 
layer and the aluminium source and drain metals. The 
n § a-Si layer was deposited from an Sill4, H2 
and PH3 source gas mixture with a gas ratio of about 
Sill4: H2: PH3 = 4: 1 : 20. The n § a-Si layer between the 
source and the drain electrode was removed by 
plasma etching using a CF4 and 02  mixture with a gas 
ratio of about CF4:O2 = 10: 1. The channel length and 
channel width were 50 and 2000 gin, respectively. The 
I V characteristics of the a-Si TFTs were measured 
using an HP 4145A semiconductor parameter ana- 
lyser. The threshold voltage, Vth, and the field-effect 
mobility, ~, were calculated from the (ID) 1/2 versus V~ 
curves. 

3. Results and discussion 
Fig. 2 shows the TF T  drain to source current, ID, 
versus the drain to source voltage, VDS, at various gate 
voltages, V6. The characteristics of the TF T  at the 
ambient temperature of 304 and 444 K are shown in 
Fig. 2a and b, respectively. The drain to source cur- 
rent, Io, is a thermally activated current. A higher 
value can therefore be obtained for the saturated ID at 
higher temperatures. 

Fig. 3 shows the transfer characteristics at temper- 
atures of 304 and 444 K. It is clearly shown in Fig. 3 
that both the off-current and the on-current increase 
at higher temperature. At higher temperature, the 
curve shifts towards a lower value of Va, indicating 
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Figure ] Structure of amorphous silicon thin-film transistors (a-Si 
TFT). S, source; D, drain; G, gate. 
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Figure 2 (a) The TFT drain to source current, ID versus the drain to 
source voltage, VDS, at 304 K for various gate voltages, Vo. (b) The 
TFT drain to source current, ID,versus the drain to source voltage, 
VDs at 444 K for various gate voltages, V~. Values of VG for curves 
1-6: 0, 5, 10, 15, 20, and 25 V. 

that the TFT threshold voltage, Vth, also decreases at 
higher temperatures. 

Fig. 4 shows the threshold voltage, Vth, at various 
temperatures. Starting at 304K, Vth increases with 
increasing temperature until the trend reverses at 
about 350 K. It was shown in Fig. 2 that ID increases 
with temperature, which causes an apparent reduction 
in Vtt, at higher temperatures. All these data indicate 
that the mechanism controlling the threshold voltage 
at low temperatures is different from that at higher 
temperatures. At temperatures below 350 K, the pos- 
sible mechanism includes charge trapping into the 
nitride and the creation of silicon dangling bonds in 
the channel region, whereas at temperatures above 
350 K, the transport is thermally activated. At temper- 
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Figure 3 The transfer characteristics of a-Si:H TFTs at ambient 
temperatures 304 and 444 K. 
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Figure 4 The threshold voltage, Vth, of a-Si:H TFTs at ambient 
temperatures from 300-450K. 

atures higher than 420 K, the threshold voltages even 
became negative values, suggesting that the Fermi 
level had been raised to the degenerate-like states at 
these temperatures. 

Fig. 5 shows the measured transfer characteristics of 
the a-Si:H TFT at 314K. Curve A in Fig. 5 was 
obtained for the sample kept at 314K, while curve 
B was obtained after the sample had been subjected to 
a heating cycle from 314-444 K, and then cooled to 
314K. The threshold voltages, V~h, for the samples 
represented by curves A and B were 0.7 and 3.3 V, 
respectively. A hysteresis loop is observed in Fig. 5, 
indicating either more charges had been trapped in the 
nitride layer, or more metastable states were created in 
the a-Si layer during the heating cycle. 

Fig. 6 shows the field-effect mobility versus inverse 
temperature. The field-effect mobility increases with 
increasing temperature until the temperature reaches 
about 420K, while for temperatures higher than 
420 K, the effective field-effect mobility decreases. It is 
clearly seen in Fig. 6 that there are two different 
mechanisms governing the field-effect mobility. For 
temperatures from 300-420 K, the current is thermally 
activated so that the field-effect mobility increases 
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Figure 5 The measured transfer characteristics of the a-Si:H TFT 
at 314 K. Curve A was obtained for the sample kept at 314 K, while 
the curve B was obtained after the sample had been subjected to 
a heating cycle from 314 444K, and then cooled to 314K. 
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Figure 6 The field-effect mobility versus inverse temperature for 
ambient temperatures from 300-450 K. 

with temperature, while for temperatures higher than 
420K, the Fermi level reaches the degenerate-like 
states, which cause the scattering mean-free path to be 
greatly reduced by thermal effect. 

Fig. 7 shows the activation energy, Ea, as a function 
of the gate voltage. The monotonic decrease of E, with 
VG reflects the band bending which takes place upon 
application of a transverse electric filed. At zero gate 
voltages, the value of E, approaches the bulk film 
values of 0.709 eV. As the gate voltage increases, the 
activation energy decreases and approaches a min- 
imum value of approximately 0.148 eV. The minimum 
value of E~( ~- EC EF) may be taken as a measure of 
the width of the distribution of conduction band tail 
states [9]. 
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Figure 7 The activation energy, Ea, of a-Si:H TFTs as a function of 
the gate voltage, Vc. 

4. Conclusion 
The characteristics of a-Si TFTs on the temperature 
effect were investigated. There are two different mecha- 
nisms which control the threshold voltage, Vth, and the 
effective field-effect mobility, l.t at low and high temper- 
atures. If the ambient temperature was raised from 
300 K to a higher temperature, the threshold voltage 
and the field-effect mobility first increased, and then 
decreased, which may be controlled by different mecha- 
nisms at low and high temperatures. If the ambient 
temperature was higher than 420 K, the Fermi level was 
promoted to the degenerate-like states, the current 
channel always existed due to the temperature effect, 
and the threshold voltage became negative. 
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