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Effect of SiNx Gate Dielectric Deposition Power and
Temperature on a-Si:H TFT Stability
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Helena Gleskova, James C. Sturm, and Sigurd Wagner

Abstract—The stability of thin-film transistors (TFTs) of hy-
drogenated amorphous-silicon (a-Si:H) against gate-bias stress is
improved by raising the deposition power and temperature of
the silicon nitride gate dielectric. We studied the effects of power
density between 22 and 110 mW/cm2 and temperature between
150 ◦C and 300 ◦C. The time needed to shift the threshold voltage
by 2 V varies by a factor of 12 between low power and low
temperature, and high power and high temperature. These results
highlight the importance of fabricating a-Si:H TFTs on flexible
plastic with the SiNx gate dielectric deposited at the highest
possible power and temperature.

Index Terms—Amorphous-silicon (a-Si:H), electrical stability,
flexible substrate, plasma power, silicon nitride gate dielectric,
thin-film transistor (TFT).

I. INTRODUCTION

HYDROGENATED amorphous-silicon (a-Si:H) thin-film
transistors (TFTs) are widely used in today’s active-

matrix liquid crystal displays (LCDs) as pixel switches. For
LCDs, the a-Si:H TFT backplane is deposited on glass at
temperatures of up to 350 ◦C [1]; but as the deposition temper-
ature (Tdep) is reduced to make a-Si:H TFTs compatible with
flexible plastic substrates, the threshold voltage (VT ) becomes
less stable under gate-bias (VG) stress [2], [3]. In fact, the VT

stability is increased by a factor of ∼5 when Tdep of the a-Si:H
TFT stack is raised from 150 ◦C to 250 ◦C [4], [5]. In gate-
bias space, two stability regimes are observed for a-Si:H TFTs
[6], [7]. At low VG (low electric field strength), the VT instabil-
ity is caused by defect creation and annihilation in the a-Si:H
channel layer. In the high-field regime, the VT instability is
dominated by charge injection into the silicon nitride (SiNx)
gate insulator [8], [9].

Here, we report the effect on VT stability of varying the
excitation power (RF, 13.56 MHz) used in the plasma-enhanced
chemical vapor deposition (PECVD) of the SiNx gate dielec-
tric. This letter follows an earlier work on minimizing the
leakage current through SiNx gate dielectric layers deposited
at low temperature [10]. The deposition power (Pdep) used for
PECVD of SiNx has an effect on built-in strain [11], [12].
As the Pdep is increased, the film’s built-in stress becomes
more compressive. Therefore, the built-in strain in the SiNx

gate dielectric of a-Si:H TFTs made on polyimide foil can be
adjusted to reduce the overlay misalignment in the device layers
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[11]. This letter was motivated by the concern that the TFTs
with optimized built-in stress in SiNx gate dielectrics may not
exhibit the best electrical stability.

II. EXPERIMENTS

We made a-Si:H TFTs at 150 ◦C and 300 ◦C by standard
PECVD processes. The 150 ◦C samples were made on a
50-µm-thick Kapton E polyimide foil [3], and the 300 ◦C
TFTs were made on a 75-µm-thick high temperature clear
plastic [5]. Five samples were made. The 150 ◦C TFT sets,
samples (1–3), had SiNx gate dielectrics deposited at RF power
densities (Pdep) of 22, 53, and 110 mW/cm2 (electrode area =
227 cm2), and the two 300 ◦C sets, samples (4, 5), at 22
and 88 mW/cm2. Deposition conditions are summarized in
Table I. The a-Si:H TFTs were fabricated in a standard bottom-
gate staggered nonself-aligned source–drain (S/D) geometry
[3]. Channel width and length were W = 80 µm and L =
40 µm. Layer thicknesses are inscribed in the cross section of
Fig. 1. The polymer substrate was first passivated with 200 nm
of PECVD SiNx on the front and the backside. The passivation
was deposited at 150 ◦C for samples (1–3) and 300 ◦C for
samples (4, 5). The gate and source-drain metal each were
50 nm of Cr deposited by thermal evaporation. The a-Si:H
TFT stack consisting of ∼300-nm SiNx gate dielectric, 200-nm
intrinsic (i) a-Si:H channel layer, and 50-nm n+ a-Si:H doped
S/D deposited according to sample. For samples (1–3), the SiNx

dielectric was deposited using a H2 diluted recipe [10], which
has been shown to yield better quality films at low temperatures
(150 ◦C). The flow ratios were SiH4 : NH3 : H2 = 1 : 10 : 44,
SiH4 : H2 = 1 : 1, and PH3 : H2 : SiH4 = 0.01 : 1 : 7 for the
SiNx, i a-Si:H, and n+ a-Si. For samples (4, 5), the SiNx

was deposited without dilution. The flow ratios were SiH4 :
NH3 = 1 : 9, SiH4, and PH3 : H2 : SiH4 = 0.01 : 1 : 7 for the
SiNx, i a-Si:H, and n+ a-Si. The i a-Si:H and n+ a-Si:H were
all deposited at 17 mW/cm2. The etch rates in buffered oxide
etchant (BOE, HF : NH4 : H2O = 1 : 4 : 5) [13] and refractive
indexes (by ellipsometry) were measured on gate dielectric
layers deposited separately on Si wafers.

The TFTs were electrically stressed using an HP4155A pa-
rameter analyzer, by applying a positive gate-bias voltage with
source and drain grounded. We chose to use VDS = 0 V since
this produces larger threshold shifts particularly in the low-field
regime [14]. After each gate-bias step, the TFT transfer curve
was plotted for VDS = 100 mV and VGS from −15 to 30 V.
We chose VT as the voltage at which the curve passes through
ID = 5 pA. In the first series, separate TFTs were stressed for
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TABLE I
DEPOSITION CONDITIONS FOR THE a-Si:H CHANNEL LAYER AND THE SiNx DIELECTRIC LAYERS

Fig. 1. Cross section of the bottom-gate staggered source-drain a-Si:H TFT
deposited on a polymer substrate, used in this letter.

600-s stress time (tstress) at different gate-bias field (Estress)
strengths. In the second series, separate TFTs were stressed
under VG of 107 V/m (low field) and 108 V/m (high field) for
tstress up to 10 000 s.

III. RESULTS

A decrease in etch rate is associated with an increase in SiNx

film density and a decrease in its hydrogen content [15]. In
Fig. 2(a), the etch rate of the SiNx versus Pdep is plotted for
the five samples of Table I. The etch rate for Si3N4 deposited
by CVD at 900 ◦C is shown for comparison [15]. The index
of refraction increases rises with increasing plasma power, as
shown in Fig. 2(b), which also indicates a reduction in hydrogen
content [12], [15].

In Fig. 3, ∆VT is plotted versus Estress. The ∆VT is plotted
versus tstress in Fig. 4 for both the low-field (107 V/m) and
high-field (108 V/m) conditions. For comparison, Fig. 4 also
includes results from the study in [3] for an a-Si:H TFT on
Kapton E made at 150 ◦C using an 88 mW/cm2 plasma power
for the SiNx.

At high bias-stress fields, Figs. 3 and 4 exhibit large differ-
ences in ∆VT , but not at low fields. The spread in ∆VT below
1 × 107 V/m in Fig. 3 is less than 0.2 V, but as the gate-bias
field is increased, the spread in ∆VT increases. At 2 × 108 V/m,
∆VT in the 150 ◦C samples (1–3) is reduced by 2 V when
going from low to high PECVD power. Increasing the Tdep

from 150 ◦C to 300 ◦C (4, 5) reduces ∆VT by as much as 6 V.
The pronounced effect of high gate bias on ∆VT results from
charge injection into the dielectric at high field. Raising the
Tdep also reduces ∆VT as has been reported earlier. Fig. 4

Fig. 2. (a) Etch rate in BOE versus SiNx deposition power density and
temperature. The etch rate for 900 ◦C CVD Si3N4 is taken from the study
in [14]. (b) Index of refraction versus SiNx deposition power and temperature.
The value for CVD SiNx is taken from the study in [15].

Fig. 3. Threshold voltage shift versus gate-bias field, using a 600 s tstress.
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Fig. 4. Threshold voltage shift versus tstress. The two sets of curves are for
gate-bias fields of 107 and 108 V/m. A curve from the study in [3] at 108 V/m
for 88 mW/cm2 deposition has been added.

makes clear that in the low-field regime, the spread in ∆VT

is small regardless of Pdep and temperature. This observation
supports the published conclusion that ∆VT in this bias regime
results from the formation of defects in the a-Si:H channel
material. The dangling-bond density in high-quality i a-Si:H
deposited between 150 ◦C and 250 ◦C is ∼2 × 1015 cm−3, and
it does not vary much with temperature [7]. The difference in
∆VT is equally small. In the high-field regime, the differences
between samples are pronounced.

We convert the reduction in ∆VT to the increase in tstress
needed to reach a certain ∆VT . For the purpose of illustration,
we choose ∆VT = 2 V. At 150 ◦C, increasing the Pdep from
22 to 53 mW/cm2 (1, 2) lengthens tstress by a factor of 3.5,
and a further increase to 110 mW/cm2 by another factor of
2.5. Depositing at 300 ◦C (4, 5) brings yet another factor of
1.4. These reductions in ∆VT correlate with the reduction in
etch rate and increase in refractive index. It is evident that
raising the Pdep raises the TFT stability against threshold
voltage shift. The data from the study in [3] for a 150-◦C TFT
with 88-mW/cm2 SiNx gate dielectric fit between the 53 and
110 mW/cm2, samples (2, 3), as expected. This enhancement
of TFT stability, which is obtained by increasing Pdep, is nearly
identical at the temperatures of 150 ◦C–300 ◦C.

Previous work has shown that if the deposition conditions
favor formation in the plasma of aminosilanes, Si(NH2)n, the
hydrogen that is incorporated into the SiNx becomes bonded to
nitrogen instead of silicon [16], [17]. N–H bonding may reduce
charge injection and thereby reduce the high-field VT shift. Our
sample 5 (300 ◦C/110 mW/cm2) possibly exhibits this effect,
because its etch rate in BOE of ∼12 Å/s is almost identical to
that found in [16].

We found that the stability of a-Si:H TFTs against electrical
gate-bias stress is raised by increasing the deposition power for
the SiNx gate dielectric. Earlier, we showed that the deposition
power can be used to control the mask overlay alignment in
TFT fabrication on free-standing substrates, often by deposit-
ing at low power to compensate thermal strain [11]. These
conflicting requirements suggest that the dimensional control
of free-standing substrate dimension should be assigned to the
substrate passivation (buffer) layers rather than the TFT gate
dielectric.

IV. CONCLUSION

For maximum stability, the SiNx gate dielectric of a-Si:H
TFTs must be deposited at the highest possible temperature and
deposition power. Because the SiNx deposition power also is
used to adjust the stress in the TFT/flexible substrate structure,
it is advisable to adjust stress and TFT stability independently.
This can be done by adjusting stress in the SiNx buffer layers
that serve for substrate passivation, and depositing the SiNx

gate insulator for maximum stability.
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