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Top-Gate Amorphous Silicon TFT With Self-Aligned
Silicide Source/Drain and High Mobility

Yifei Huang, Bahman Hekmatshoar, Sigurd Wagner, and James C. Sturm

Abstract—We report a process for top-gate amorphous silicon
thin-film transistors (α-Si TFTs) that employs a self-aligned metal
silicide for source and drain (S/D). All process steps, including
deposition of active layers and formation of metal silicide, are
accomplished at temperatures that are less than or equal to 280 ◦C.
The thermal budget is compatible with flexible polymer substrates.
The fabricated devices exhibit threshold voltages of ∼2.7 V, satu-
ration electron field-effect mobility of 1.0 cm2/V · s, subthreshold
slope of 600 mV/dec, and on/off ratio of ∼2 × 106. These top-gate
α-Si TFTs with self-aligned silicide S/D have dc performance that
is comparable to that of conventional bottom-gate α-Si TFTs.
Our results suggest that the top-gate α-Si TFT geometry merits
reevaluation for industrial use.

Index Terms—Amorphous silicon (α-Si), self-aligned silicide,
thin-film transistor (TFT), top gate.

I. INTRODUCTION

S TANDARD bottom-gate amorphous silicon thin-film tran-
sistors (α-Si TFTs), as widely used in display backplanes,

have a large overlap between the gate and the source and drain
(S/D) terminals, leading to high parasitic capacitances. A self-
aligned S/D reduces the capacitive coupling and the parasitic
series resistance, which are crucial for circuits that require
high speed and/or low power consumption [1]. The standard
technique for self-alignment of S/D in bottom-gate α-Si TFTs
is the exposure of the photoresist from the back through the
substrate and channel layer, using the bottom metal gate as
the photomask [2], [3]. This technique is limited to transparent
substrates, which precludes metals and many plastics, and it
requires thin α-Si channel layers for sufficient transparency
to the exposing light. Moreover, unconventional equipment is
required for projecting UV light through the backside of the
wafer. Polycrystalline silicon TFTs typically have self-aligned
S/D made by ion implantation or ion shower of an S/D dopant
using the gate as mask [4], [5]. The temperature required for
the subsequent annealing makes this process unrealistic for
TFTs on plastic substrates, except when laser annealing is used,
which brings its own challenges of nonuniformity and high
production cost [6], [7].

We present top-gate α-Si TFTs with silicide S/D that are self-
aligned to the edges of the gate. The S/D are formed directly on
the intrinsic α-Si at low temperatures, and the TFT structure
contains no n+ doped regions at all. In the operation of this
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Fig. 1. Illustration of fabrication process: (a) Deposition of TFT stack (α-Si,
gate dielectric, and gate metal); (b) definition of gate electrode; (c) definition of
the channel width and electrical isolation of devices; (d) blanket deposition of
Ni; (e) liftoff and silicidation; and (f) selective removal of unreacted Ni.

device, electrons are directly injected from the silicide source
into the channel. The self-alignment eliminates the parasitic
gate to S/D overlap capacitance at a temperature viable for
flexible substrates. The process does not require lithography
through the back of the substrate.

II. FABRICATION PROCESS

The fabrication process is shown in Fig. 1. The process
starts with the deposition of the TFT stack on 1.1-mm-thick
Corning 1737 glass slides using plasma-enhanced chemical
vapor deposition (PECVD) with an excitation RF frequency
of 13.56 MHz. The PECVD pressures and temperatures are
500 mT and 280 ◦C unless otherwise noted. First, a 250-nm
layer of α-Si is deposited from a SiH4 plasma with power
density of 18 mW/cm2. This is followed, without breaking vac-
uum, by the deposition of a 300-nm SiNx gate dielectric layer
using a plasma with a gas flow ratio of SiH4 : NH3 = 14 sccm :
130 sccm and power density of 22 mW/cm2. An 80-nm
layer of Cr is then thermally evaporated over the nitride as the
gate metal. The gate is patterned by photolithography and wet
etching. Gate lengths range from 5 to 80 µm and width from
10 to 160 µm. The self-alignment begins with the reactive-
ion etching of the gate insulator SiNx in a fluorinated plasma,
where the gate metal is used as the etch mask. The etch recipe
(CF4 : H2) is optimized for a high etch rate and a vertical
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Fig. 2. Room temperature transfer characteristics (drain–current versus
gate–source voltage for S/D biases of 0.5 and 10 V) for a top-gate α-Si TFT
with self-aligned nickel silicide S/D. W/L = 80 µm/40 µm.

sidewall. This anisotropy is extremely important for reasons to
be discussed below. To form the self-aligned silicide S/D, pho-
toresist is first patterned with openings that expose the regions
that will become S/D, as well as the intervening gate electrode
(for example, one rectangle for each device). This step defines
the width of the device and also electrically isolates one device
from another. A blanket 30-nm nickel layer is deposited and
then removed outside the device region by liftoff. The devices
are then annealed at 280 ◦C in N2 ambient for 1 h to convert
the nickel to nickel silicide by reaction with the underlying
α-Si. The unreacted nickel is removed in a selective wet etch
consisting of HNO3 : HCl : H2O (1 : 5 : 3). Nickel was chosen
because of its low temperature requirement for silicidation
reaction is compatible with several plastic substrates [8]–[10].

The final structure then has nickel silicide on top of the
α-Si, which is directly adjacent to the gated channel region, and
there is no overlap between the gate electrode and the silicide
S/D electrode. Since no silicide formed on the sidewall or on top
of the metal gate, unreacted nickel can be selectively removed
to ensure that there are no conducting paths between the gate
contact and the S/D. It is very important that there is a vertical
sidewall in the dielectric layer below the metal gate, because
any undercut will result in a nonconducting region between the
S/D and the gated channel.

III. RESULTS AND DISCUSSION

The sheet resistance of the nickel silicide was measured by
using the Van der Pauw structures integrated into the photo-
masks and fabricated along with the devices. The value is
approximately 10 Ω/sq. for samples annealed for 1 h at 280 ◦C.
The observed value is in reasonable agreement with those
reported in literature [11]. The phase of the silicide is unclear
at the present, but it is likely a mixture of amorphous Ni2Si
and amorphous NiSi, based on prior work on crystalline and
polycrystalline silicon of similar anneal conditions [12].

The dc transfer characteristics of a typical α-Si top-gate TFT
with nickel silicide S/D (W/L = 80 µm/40 µm) fabricated on
glass at 280 ◦C are shown in Fig. 2. The performance metrics
are extracted from the saturation curve (VD = 10 V) using con-
ventional MOS theory. The long-channel devices (L > 40 µm)

Fig. 3. Channel length dependence of saturation field-effect mobility. The
fitting model uses parameters of long-channel mobility of 1.0 cm2/V · s and
S/D series resistance per contact of 130 kΩ at W = 80 µm.

Fig. 4. Room temperature output characteristics (drain–current versus S/D
voltage for gate–source bias from 2 to 18 V) of a top-gate α-Si TFT with self-
aligned silicide S/D. W/L = 80 µm/40 µm.

exhibit a threshold voltage of 2.7 V, saturation field-effect mo-
bility of 1.0 cm2/V · s (averaged over gate–source voltages of
3–12 V), subthreshold slope of 600 mV/dec, and an on/off ratio
of ∼2 × 106. The performance parameters of these TFTs are
comparable with those of state-of-the-art conventional bottom
gate TFTs. The dependence of the saturation field-effect mobil-
ity on channel length (in the range of 5–80 µm) is consistent
with previous studies (Fig. 3) [13]. As the channel resistance
drops with decreasing channel length, the contact resistance at
the S/D-to-channel junction becomes increasingly significant,
resulting in a decrease in apparent mobility at shorter channel
lengths. For devices with a 5-µm channel, the apparent (uncor-
rected for contact resistance) saturation field-effect mobility is
still 0.7 cm2/V · s, which suggests that the contact resistance
between the S/D and channel is low. Simple modeling with two
fitting parameters (long-channel mobility and S/D resistance)
of the data in Fig. 3 shows a low effective S/D series resistance
of 130 kΩ (for W = 80 µm). This low series resistance is also
supported by the TFT output characteristics shown in Fig. 4,
which shows a linear relationship between S/D current and S/D
voltage at low S/D biases. A poor contact to S/D typically leads
to rectifying behavior and concave output curves at low S/D
biases.

Previously published top-gate a-Si TFTs have mobilities in
the range of 0.3–0.9 cm2/V · s and subthreshold slopes from
0.75 to 1.7 V/dec [14]–[17]. The exception is an experiment
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using a process temperature as high as 625 ◦C that resulted
in mobility of 1.2 cm2/V · s [18]. Therefore, the mobilities
and subthreshold slopes we obtained are among the best ever
measured in top-gate TFTs.

In conventional bottom gate devices, electrons move directly
into the conduction band of the channel from the conduction
band of the n+ α-Si. In our Schottky-contact devices, there is a
tunneling barrier from the metal-like source into the conduc-
tion band of the channel. The tunneling barrier is decreased
as the gate voltage increases and creates a channel [19]. As
such, device turn-on depends simultaneously on the tunneling
threshold of the source Schottky contact and the inversion of the
channel. Furthermore, the subthreshold behavior and leakage
current may also be affected by the tunnel injection mechanism.
At the present, it is unclear if the channel or the contact dom-
inates the device behavior. A direct comparison of threshold
voltage, subthreshold, or leakage current between our devices
and conventional bottom devices is not possible because of
the different electron mechanism and the inherently different
nature of the α − Si/SiNx interface in the top-gate versus
bottom-gate configuration (e.g., potentially different interface
charges). Gated four-terminal devices are being fabricated to
help understand the nature of the contact and of the interface.

IV. SUMMARY AND CONCLUSION

We have demonstrated a top-gate α-Si TFT process with
silicide S/D self-aligned to the gate edge. The FET perfor-
mance is excellent with sharp subthreshold slopes and high
saturation mobilities at relatively short channel length. The
low process temperature makes it viable for flexible plastic
substrates. These observations suggest that the top-gate self-
aligned silicide structure is an attractive path for high-speed and
low-power α-Si TFT circuitry on flexible substrates.
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