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In this paper, we study the ambipolar behavior of a-SiGe:H thin-film transistors fabricated at 200 °C. A sub-
threshold slope and an on/off current ratio of 0.34 V/DEC and 105, respectively, were measured for the n-type
region, whereas values of 0.15 V/DEC and 104 for were measured for the p-type region. We also obtained the
characteristic energies for the deep localized states of the a-SiGe:H film, the flat-band voltages, and threshold
voltages among other device parameters for the ambipolar thin-film transistors.

© 2011 Elsevier B.V. All rights reserved.
1. Introduction

Thin film transistors (TFTs) are being widely used in active matrix
liquid crystal displays (AMLCD). For this application, the use of com-
plementary devices, n- and p-type transistors, is attractive since this
technology allows for the implementation of efficient digital circuits.
Although complementary metal oxide semiconductor (CMOS) logic
circuits, based on separated n- and p-type doped deposited layers,
are currently under development [1], the use of ambipolar TFTs, oper-
ating as either p- or n-type transistors, can simplify the design and re-
duce the cost for the fabrication of the complementary logic circuits.
Hydrogenated amorphous silicon (a-Si:H) has been typically used as
the active layer of TFTs. However, due to the preference for unipolar
operation (n-type), polycrystalline silicon and other microcrystalline
materials have been proposed for such applications. Nevertheless,
the polycrystalline materials are deposited at temperatures above
450 °C [2,3]. This makes mandatory the use of expensive substrates
which leads to a more expensive fabrication process. The fabrication
of ambipolar transistors calls for both, the formation of source and
drain ohmic contacts (metal–semiconductor interface), and the use
of a high-quality gate insulator (insulator–semiconductor interface)
[4–6]. The electrical parameters of the TFTs depend directly on the
quality of the insulator–semiconductor interface [7]. In order to
achieve a high quality interface, we use Spin-on Glass (SOG) as the
gate insulator and a-SiGe:H as the active layer on our inverted stag-
gered TFTs.
guez).
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In this paper, we study the ambipolar behavior and characteristics
of a-SiGe:H thin-film transistors fabricated at 200 °C. From the elec-
trical characterization of the fabricated devices, we obtained the char-
acteristic energies for the deep localized states of the a-SiGe:H film,
and also other figures of merit and parameters such as the flat-band
voltages (Vfb) and threshold voltages (VT) of the TFTs.
2. Experiment

The fabricated TFTs used the inverted staggered structure; the
process flow and cross section of the TFT structure are shown in
Fig. 1. The simplified process flow is as follows: first, a 200 nm-thick
Aluminum layer is e-gun evaporated and patterned as a bottom
gate above the previously oxidized silicon substrate (Fig. 1a). Next,
160±5 nm-thick of SOG diluted with 2-propanol and cured at
200 °C is used as the gate insulator (Fig. 1b). The refractive index of
the SOG film was very close to that shown by thermally grown SiO2

(1.46). The calculated dielectric constant was approximately 4.03±
0.05, which is also close to the value presented by thermally grown
SiO2 [8]; additionally, we observed an insulator breakdown field
approximately of 4.5 MV/cm. Later, a 100±4 nm-thick undoped a-
SiGe:H and 40±4 nm-thick n-type a-Ge:H films (Fig. 1c) were depos-
ited using low frequency (110 kHz) plasma-enhanced chemical vapor
deposition (LF PECVD) at 200 °C, pressure of 0.6 Torr and an RF power
of 300 W. After that, 300 nm-thick Aluminum was e-gun evaporated
and patterned to form the source and drain electrodes (Fig. 1d).
Then, the n-type a-Ge:H film was etched using reactive ion etching
(RIE) to self-align and to form the source and drain regions
(Fig. 1e). Finally, a passivation 160±5 nm-thick layer of SOG, diluted
with 2-propanol and cured at 200 °C, was deposited (Fig. 1f). The
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Fig. 1. Process flow and cross section of the inverted staggered a-SiGe:H TFTs, using SOG as passivation and gate insulator films (not to scale).
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differences in the thickness of the films are due to process variations
reflected in our pilot samples.

3. Results

The electrical characterization of the devices was conducted using
the HP 4156B Semiconductor Parameter Analyzer. All the measure-
ments were done under dark conditions. Fig. 2 shows the transfer
characteristics of the ambipolar a-SiGe:H TFT with a width/length
ratio W/L=70 μm/75 μm.

As can be seen in Fig. 2, for positive gate bias the transfer charac-
teristic shows an n-type TFT behavior, whereas for negative gate bias
shows a p-type TFT behavior. From this figure we calculated the
Fig. 2. Transfer characteristic of the ambipolar a-SiGe:H TFT.
subthreshold slopes S at Vds=Vgs, resulting in 0.34±0.023 V/DEC
for the n-type region and 0.15±0.024 V/DEC for the p-type region.
On the other hand, the on/off-current ratio was 105 for the n-type
and 104 for the p-type region. The off-current for both regions was
approximately 2 pA at 0 V.

Several models have been reported in the literature in order to
characterize the ambipolar behavior of the TFTs from the transfer
and output characteristics [4–6]. In the sake of simplicity, we use
the method proposed by [4] to obtain the most important parameters
of the ambipolar TFTs. This model consists in the calculation and plot-
ting of the parameter M, which is the ratio of the Ids current (at
Vds=Vgs) to the transconductance (Eq. 1) for both, n-type and p-
type regions of the TFT. Two tangential lines are drawn to the M
curve, one in the regime below threshold (L1), and another above
the threshold regime (L2) (Fig. 3). The intercepts of L1 and L2 with
the Vgs axis are equal to the flat-band voltage and VT, respectively.
From the slope (S1) of L1, we can obtain the characteristic energies
of deep states, EA2 from the n-type region and ED2 from the p-type re-
gion (Eq. 2).

M ¼ Ids= dIds=dVgsð Þ ð1Þ

EA2; ED2 ¼ KT=2S1 ð2Þ

Where K is the Boltzmann's constant and T is the temperature in
Kelvin.

The VT and flat-band voltage values, calculated from Fig. 3, are
1.58±0.04 and 0.21±0.04 V for n-type region and −1.46±0.04
and −0.08±0.04 V for p-type region, respectively.

It is well know that the Density of States (DOS) determines the
electrical properties of the amorphous materials. Numerous experi-
mental techniques have been applied for the investigation of intrinsic
and extrinsic defects states, leading to two models [9–11]. In one of
them DOS is composed of acceptor-like states (near the conduction
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Fig. 3. Ids and M curves for the (a) n-type and (b) p-type regions.
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band) given by the sum of a first term (tail states), a second term
(deep states), and donor-like states (near the valence band) given
by the sum of the third term (tail states) and the fourth term (deep
states). A numerical approximation of the DOS distribution g(E) is
given by [10]:

g Eð Þ ¼ gA1exp E=EA1ð Þ þ gA2exp E=EA2ð Þ þ gD1exp −E=ED1ð Þ
þ gD2exp −E=ED2ð Þ ð3Þ

Where gA1 and gA2, are theminimumDensity of States tail-acceptor and
deep-acceptor states, respectively, and gD1 and gD2 are the minimum
Density of States of tail-donor and deep-donor states, respectively.
While EA1 and EA2, are the characteristic energies of tail-acceptor and
Table 1
Parameters of a-SiGe:H TFTs.

Parameter p-Type region n-Type region

VT −1.46±0.04 V 1.58±0.04 V
Vfb −0.08±0.04 V 0.21±0.04 V
|Vt−Vfb| 1.38±0.08 V 1.37±0.08 V
ΔVfb 0.29±0.08 V
ED2, EA2 72±4.33 meV 35±3.36 meV
S 0.15±0.024 V/DEC 0.34±0.023 V/DEC
deep-acceptor states, respectively, and ED1 and ED2 are the characteris-
tic energies of tail-donor and deep-donor states, respectively.

Then, using the S1 extracted from Fig. 3 and Eq. (2), the values
of EA2 and ED2 are equal to 35±3.36 and 72±4.33 meV. Table 1 sum-
marizes results of the electrical measurements. The differences in the
calculated values are due to process variations and error estimates by
the analysis software Origin.

4. Discussion

As can be seen, the values of VT and subthreshold slopes reported
here are lower than those reported in [4,12,13]. These low values are
most probably a result of the use of SOG as the gate insulator, which
improves the insulator–semiconductor interface. Since the ambipolar
characteristics are strongly related to the high quality of the insula-
tor–semiconductor interface, our result agrees with previous pub-
lished results in the literature, where the ambipolar behavior has
been observed only in devices with a gate insulator based on SiO2

[4–6]. Then, we can infer that the inherent fixed positive charge in
an SiNx insulator may prevent the formation of a p-channel in the de-
vice when the gate voltage is biased negatively.

The characteristic energies of deep localized states for a-SiGe:H
films are lower than those presented by a-Si:H films [4,11]. This is be-
cause the a-SiGe:H film has a higher DOS due to the incorporation of
Ge.

As expected, the flat-band voltages are lower than the threshold
voltages for each region. The difference in flat-band voltages, for the
n-type and p-type regions, is due to the trapping and detrapping of
charge carriers between the a-SiGe:H film and the SOG insulator
[14]. Electrons are trapped in the n-type region and holes are trapped
in the p-type region. Thus, the flat-band voltage for the n-type region
is more positive than that observed for the p-type region.

5. Conclusions

The ambipolar characteristics of a-SiGe:H thin-film transistors fab-
ricated at 200 °C were obtained. For positive gate bias the transfer
characteristic showed an n-type TFT behavior and for negative gate
bias showed a p-type TFT behavior. The very low subthreshold slope
obtained for both regions is an improvement for TFTs fabricated at
low temperatures. The use of SOG as the gate insulator also improved
the insulator–semiconductor interface. The characteristic energies of
deep localized states for the a-SiGe:H film are lower than those pre-
sented by a-Si:H because the a-SiGe:H film has a higher DOS due to
the incorporation of Ge. Therefore, the preparation of higher quality
a-SiGe:H films needs a further investigation.
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