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Abstract

Based on the double exponential distributions of trap states in the channel of the hydrogenated
amorphous silicon thin film transistor (a-Si:H TFT), a new extraction method of the threshold
voltage for a-Si:H TFTs has been developed. By taking advantage of the conductivity, the
expression of the drain current corresponding to the threshold voltage is obtained. The
inclusion of the temperature effect in our model makes accurate the extraction under different

temperatures, and results fit well with the experimental data.
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1. Introduction

Hydrogenated amorphous silicon [1] thin film transistors (a-Si:H TFTs) are widely used for



active matrix liquid-crystal displays (AMLCD) as they can be built on the large flexible or

glass substrate at low cost [2, 3].

In the current situation, the threshold voltage 1is frequently extracted by the
linear-extrapolation techniques, which are based on the assumption that the inversion charge
increases linearly with the gate voltage above the threshold [4]. Although many models
contain the temperature effect and the extraction of the threshold voltage [5-19], it is rare to
put them together, including the AIM-SPICE level 15 model [20]. Moreover, in AMLCD
drive circuits, the operation temperature of a-Si:H TFTs can reach to 70°C [21]. Therefore, the
temperature is an essential factor affecting the electrical properties and it is of importance to
develop simple extraction methods that convenient for modeling with the consideration of the

temperature effect.

In this paper, according to the conduction mechanisms that exist in a-Si:H TFTs at medium
and high temperatures[14, 22-24], a new extraction method of the threshold voltage is
proposed, in which the threshold voltage is defined as the gate voltage when the electron
Fermi level moves into tail states [25]. One of the most important aspects that make the

extraction method accurate is its consideration of the temperature and the defect states.

2. Model development

The densities of tail states n; and deep states nq4 in the channel can be expressed as [26]:
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where kg is the Boltzmann’s constant, g and gq are densities of tail states and deep states at
the conduction band energy Ec, respectively. Tt and Ty are the characteristic temperatures in

Kelvin.

The energy corresponding to the intersection of the two distributions can be gained by:
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Define the threshold voltage as the gate voltage when the electron Fermi level moves from the

deep states into tail states [26], that is:
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where Er is the Fermi level. As the conductivity can be expressed as [12]:
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Substitute Eq(5) into Eq(6), one can obtain:
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where oy is a constant that ranges from100S/cm to 200S/cm [27-30], then, the drain current

corresponding to the threshold voltage can be given by:
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Here, x and y are the position coordinates along the channel depth and the channel length
direction, respectively. Consequently, under certain temperature and drain voltage, the
threshold voltage can be defined as the gate voltage when the drain current is equal to the

value of Eq(8).

3. Results and discussion

Two-dimensional device simulations are effective for investigating the underlying physics of
device operation. In this section, we used the device simulator MEDICI for modeling. This
DOS model applied in simulation is shown in Fig.1, which is put forward by Shur and Hack.
Other device parameters used in simulation are listed in Table 1. Fig.2 presents the measured
[26] and modeled output characteristic curves of the a-Si:H TFT. Fig.3 displays the transfer
characteristic curves under different temperatures of the a-Si:H TFT. Fig. 4 shows the
comparison of experimental results with modeling results [6], it is demonstrated that the
model exhibits a reasonable agreement with the measured data and more accurate than the
linear-extrapolation technique. Moreover, Fig. 4 indicates that the threshold voltage depends
linearly on the operation temperature of the a-Si:H TFT [31] and Vi, values are overestimated

by using the linear extrapolation.
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Fig.1 Distribution of trap states in the amorphous silicon bandgap.

Table 1 [26] Parameters used in 2-D simulations

Band gap of a-Si:H E; 1.72eV
Bulk Fermi level En 0.65eV
Effective density of states in the conduction band Nc 7x10%cm-3
Deep states density at Ec g4 8.8x10"¥%cm>eV-!
Tail states density at Ec e 2.1x10%%cm>eV-!
Deep states characteristic temperature Ty 997K
Tail states characteristic temperature T: 243K
a-Si:H layer thickness tsi 50nm
Insulator thickness fox 300nm
a-Si:H permittivity &si 1x10'° F/m
Insulator permittivity B 6x10"'! F/m
TFT flat-band voltage Vio 0.7V
Band mobility o 17 cm?/Vs
Channel length L Spum
Channel width w 80um
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Fig.2 Measured (symbols) [26] and modeled (solid line) /gs - Vgs data of a-Si:H TFT
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Fig.3 transfer characteristic curves of the a-Si:H TFT with V4=0.1V
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Fig.4 threshold voltage of the a-Si:H TFT with different extraction methods under different temperatures



4. Conclusion

Based on the temperature and the distribution of defect states, a extraction method of the
threshold voltage for a-Si:H TFTs has been developed. In this model, it’s unnecessary to
extract the transconductance and it is analytical that easy to implement the circuit simulators.

Results are favorably compared with the experiments available in the literature.
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