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Self-Aligned Top-Gate Coplanar a-Si:H Thin-Film
Transistors With a SiO2–Silicone

Hybrid Gate Dielectric
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Abstract—We have made self-aligned top-gate coplanar hydro-
genated amorphous-silicon (a-Si:H) thin-film transistors using a
SiO2–silicone hybrid material as the gate dielectric. The hybrid
dielectric layer is 150 nm thick and separates a chromium gate
electrode from nickel silicide source and drain. The nickel silicide
is formed by rapid thermal reaction of a deposited nickel film
with the underlying a-Si:H. The electron field-effect mobility is
∼1.0 cm2/V · s, the subthreshold slope is ∼380 mV/decade, and
the ON/OFF current ratio is ∼105. The gate leakage current of
∼10 pA across the 150-nm-thick hybrid dielectric is ∼1/10 of
that observed across the typical 300-nm-thick SiNx dielectric. The
whole process needs only two masks.

Index Terms—Amorphous silicon (a-Si:H), coplanar top-gate
thin-film transistor (TFT), plasma-enhanced chemical vapor de-
position (PE-CVD), SiO2–silicone hybrid.

I. INTRODUCTION

THIN-FILM transistors (TFTs) made with hydrogenated
amorphous silicon (a-Si:H) are used on a very large scale

for active-matrix backplanes. Therefore it is of great practical
interest to improve their performance and simplify their manu-
facture. One path to improvement and process step reduction is
to make a-Si:H TFTs with the gate self-aligned to source and
drain. This reduces parasitic capacitance and thereby the gate
delay of TFT and the parasitic voltage shift across the load (liq-
uid crystal or TFT gate) that the TFT switches. Polycrystalline
Si TFTs are self-aligned by using the top gate as the mask for
doping by ion implantation or ion shower [1], [2], which can be
combined with silicidation for preparing metallic contacts [2].
This process has the additional advantage of a low mask count.
Self-alignment by postdeposition doping is not possible with a-
Si:H. The classical approach to self-aligning standard bottom-
gate a-Si:H TFTs has been to employ the gate electrode as the
mask for exposure of photoresist through the substrate [3]–[5].
This can be done with only two masks [3] but requires optically
transparent structures and long exposure times. While top-gate
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Fig. 1. Schematic of top-gate TFT fabrication process. (a) Deposition of
a-Si:H channel layer. (b) a-Si:H island definition. (c) Deposition of hybrid
gate dielectric and gate metal Cr. (d) Patterning of gate. (e) Sputtering of Ni.
(f) Annealing to form S/D silicide.

staggered a-Si:H TFTs have been fabricated to reduce the mask
count, they have not been self-aligned [6], [7]. Top-gate a-Si:H
TFTs can be self-aligned by a nickel silicide process that forms
low-resistance source/drain (S/D) [8]. In this process, nickel
diffuses into silicon at 250 ◦C [9] to form a layer with a
low sheet resistance; because this layer is inert against nickel
etchant, it remains when the unreacted nickel is etched away
from the sidewall of the gate dielectric [8]. Here, we introduce
our new insulator, which is a SiO2–silicone hybrid material
[10], [11], as the dielectric for top-gate self-aligned a-Si:H
TFTs, in which the hybrid replaces the standard SiNx gate
insulator. Its deposition conditions are described in [10] and
a large number of properties in [11]. The source and drains
are formed as described in [8], by reacting nickel with the
a-Si:H channel material to form a layer that functions as both
S/D and metallic S/D contact. Our motivation was the observa-
tion of very low leakage currents measured in capacitors with
the new dielectric [11]. This suggested that sidewall leakage
might be low even across a thin gate dielectric layer. Our results
show that this is indeed the case.

II. TRANSISTOR FABRICATION AND EVALUATION

The top-gate self-aligned a-Si:H TFT is fabricated in a two-
mask process on Corning 1737 glass substrates, as shown in
Fig. 1. We deposit the a-Si:H and the hybrid insulator in two
different reactors. The 100-nm-thick channel layer is deposited
in a four-chamber reactor by plasma-enhanced chemical va-
por deposition (PE-CVD) from SiH4 and H2, directly on the
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glass substrate, at 250 ◦C substrate temperature, a pressure of
900 mtorr, and a plasma power density of 17 mW/cm2. Be-
fore insulator deposition, we pattern the a-Si:H to islands by
reactive-ion etching (RIE) with SF6 and CCl2F2 and then dip
the sample for 30 s into 100 H2O:1 buffered HF/NH4F (BOE).
The 150-nm-thick gate insulator is deposited in the hybrid PE-
CVD reactor at nominal room temperature under the conditions
described in [10]. An 80-nm-thick Cr layer is thermally evap-
orated and patterned using Cr-7 etchant (perchloric acid and
ceric ammonium nitrate). The patterned gate electrode serves
as the mask for RIE of the underlying hybrid insulator with
CF4 and O2, to expose the a-Si:H channel layer. The sample
is dipped again for 30 s into 100:1 diluted BOE, before sputter
depositing a 30-nm-thick Ni layer. Finally, the sample is rapid
thermally annealed for 2 min at 250 ◦C, and the unreacted Ni
is etched away with HNO3 : HCl : H2O = 1 : 5 : 3. To ensure
that the Ni is removed completely, the sample is overetched
for 40 s.

The TFTs are evaluated for IDS–VDS output characteristics,
IDS–VGS transfer characteristics, and high-field gate-bias-stress
stability with an HP4155A parameter analyzer. For output
characteristics, the S/D voltage VDS is swept from 0 to +15 V,
and the gate voltage VGS is swept from +4 to +22 V in steps
of 2 V. For transfer characteristics, VGS is swept from +20 to
−10 V or −10 to +20 V at VDS = 0.1 and 10 V. The sum of
the S/D contact resistances is derived from the output charac-
teristics in the linear regime of TFTs with channel lengths L
ranging from 40 to 160 μm, following the approach introduced
in [12]. For each data point of gate-bias stressing [13], the
source and drain of a fresh unstressed transistor are grounded,
and a positive VGS is applied for 600 s. Following that, the
transfer characteristics are measured by sweeping the VGS from
+20 to −10 V at a fixed VDS of 10 V. The threshold voltage
shift ΔVT is evaluated for gate-bias voltages between 5 and
22.5 V, which produce electric fields in the hybrid dielectric
that range from 0.33 to 1.5 MV/cm. ΔVT (not VT itself) is
determined on the subthreshold slope of the transfer curve at
IDS = 1 × 10−10 A.

III. TRANSISTOR CHARACTERISTICS

Fig. 2(a) shows the IDS–VDS characteristics of a TFT with
channel width W = 160 μm and length L = 80 μm. The
dc transfer characteristics are shown as (log10 IDS)− VGS in
Fig. 2(b). The on/off current ratio is ∼ 105, the subthreshold
slope S = ∂VGS/∂(log10 IDS) = 380 mV/decade, and the off
and gate leakage currents are ∼10 pA each. We observe a
hysteresis between the two directions of VGS sweep of 0.4 V.
The least squares fits of IDS and

√
IDS to VGS swept from −10

to +20 V (Fig. 3) to the linear (VDS = 0.1 V) and saturated
(VDS = 10 V) regimes yield values for the electron field-effect
mobility μ of 0.9 and 1.0 cm2/V · s, and for the threshold
voltage VT of 2.7 and 1.9 V, respectively. The sum of the S/D
contact resistances decreases as a function of VGS, and it is less
than 0.6 MΩ when VGS is larger than 10 V. Fig. 4 shows the
bias-stress data in the form of a log–log plot of ΔVT versus
gate-bias field applied for 600 s. The TFT has the hybrid dielec-
tric deposited near room temperature, while the representative
ΔVT data for standard-process bottom-gate TFTs shown for

Fig. 2. (a) Output characteristics of the top-gate a-Si:H TFT with hybrid
dielectric and nickel silicide S/D. (b) Transfer characteristics and gate leakage
current.

Fig. 3. Least squares fits to the linear regime (VDS = 0.1 V) and saturated
regime (VDS = 10 V) for the determination of mobility μ and threshold
voltage VT .

comparison had their SiNx gate dielectric deposited without
breaking vacuum at 150 ◦C and 250 ◦C [14], 300 ◦C [15], and
350 ◦C [16]. The field-effect mobility, subthreshold slope, and
off current do not change in this experiment. VT returns to its
original value during storage for ten days at room temperature.

IV. DISCUSSION

The TFT with the hybrid dielectric has an electron mobility
as high as the highest value reported to date for a top-gate
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Fig. 4. Threshold-voltage shift ΔVT versus gate-bias field for top-gate
a-Si:H TFTs with the hybrid gate dielectric (each point from a fresh TFT) and
for bottom-gate TFTs with the conventional SiNx gate dielectric fabricated at
150 ◦C, 250 ◦C [14], 300 ◦C [15], and 350 ◦C [16]. Gate-bias stress was
applied for 600 s to all TFTs.

device [9], while its gate leakage current of ∼10 pA is approxi-
mately an order of magnitude lower. This difference suggests
that the hybrid dielectric with its thickness of only 150 nm
is better suited to the top-gate configuration than the SiNx

dielectric, which must be made 300 nm thick. However, the
gate leakage current of TFTs in the bottom-gate configuration
(with either SiNx or hybrid dielectric) is lower still, as it lies in
the femtoampere range. Increasing the thickness of the hybrid
dielectric to reduce leakage would reduce the specific gate
capacitance of hybrid TFTs to values less than that of SiNx

TFTs [17]. Answering this question merits further study of edge
currents in capacitors made with the hybrid dielectric, prefer-
ably in an environment with controlled low humidity. Fig. 4
again points to the high stability of the hybrid dielectric against
electron injection, as observed earlier in inverted staggered
TFTs with the hybrid dielectric [10]. That ΔVT is higher than
that in the staggered configuration may be the result of exposing
the a-Si:H channel layer to the atmosphere prior to deposition of
the dielectric, instead of exposing the dielectric prior to a-Si:H
deposition. The noticeable hysteresis in the (log10 IDS)− VGS

characteristics in Fig. 2(b) may have the same origin.
The sheet resistance of the S/D pads is ∼10 Ω/sq. The

existence of a highly conducting layer that is not nickel metal
is supported by the literature on the diffusion coefficient of Ni
in a-Si at 250 ◦C of D = 1.0 × 1.0−15 cm2/s [9]. An annealing
time of t = 120 s results in a diffusion length

√
Dt of 3.5 nm.

While this value is for diffusion into a-Si, not for a diffusion
reaction, it is reasonable to assume that the depth of a reacted
layer will have a comparable value and that the reaction product
is a nickel silicide with the resistivity of a metal. When the unre-
acted nickel is not removed by a thorough etch, the gate–source
path becomes so conducting that the TFT will “burn” during
its electrical evaluation. Therefore we always overetch. The
gate leakage current across a 150-nm-thick hybrid is lower than
that across a 300-nm-thick SiNx, which suggests that the edge
current is lower across the hybrid than across the SiNx. We have
sought but not been able to devise a chemical analysis of the

sidewall of the top-gate dielectric, in either the hybrid or the
SiNx structures in [8].

V. CONCLUSION

We have demonstrated self-aligned coplanar top-gate
a-Si:H TFTs with a new hybrid gate dielectric. The TFTs
have high electron mobility and sharp subthreshold slope and
are comparatively stable at high gate fields. The simple and
low-temperature process, combined with mechanical flexibility
[18], makes the self-aligned coplanar top-gate a-Si:H TFT a
promising candidate for high-speed and low-power a-Si:H TFT
circuitry on flexible substrates.
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