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In this work, we study the device degradation of a-Si:H thin film transistors upon application of high frequency nano-second timescale pulse stress
on the drain contact. Degradation mechanisms at different field stress levels have been investigated using real-time current–voltage, capacitance–
voltage and Raman spectroscopy measurements. A positive VT shift under moderate electric field stress followed by a VT recovery (negative shift)
at high drain fields has been observed. Spatial variance in the degradation has been studied. A variance in the degradation mechanism from the
hot to cold contact is observed. No material changes are observed, confirmed through Raman spectroscopy as the field stress is applied. The role
of self-heating in degradation is studied by varying the pulse width of the field stress in nano-seconds range. Finally, the impact of thermal and gate
bias anneal on VT shift has been investigated through electrical measurements in a recursive stress-anneal cycle.

© 2020 The Japan Society of Applied Physics
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1. Introduction

Hydrogenated amorphous silicon (a-Si:H) based thin film
transistors (TFTs) have found usage in numerous applications
including image sensors,1–3) solar cells,4) active matrix liquid
crystal displays5–7) and owing to their low-temperature
fabrication, in flexible electronics applications.8–11) a-Si:H
TFTs have also been used in active matrix organic light
emitting diode displays due to their uniform and low-cost
fabrication process.5)

However, device reliability is an important consideration
in a-Si:H devices. A reliable operation is important to ensure
the applicability of a technology and is a direct consequence
of the stability of it’s constituent devices. This makes the
exploration of device instability behavior necessary for
proper implementation of the technology. Threshold voltage
(VT) shift is an instability behavior that can have a significant
negative impact on the performance of a-Si:H devices. Gate
bias induced VT shift in a-Si:H TFTs has been studied
extensively, with the physics of the instability explained
through either defect state creation in insulator-channel
interface12–17) or charge trapping in the gate dielectric18–21)

and has been modeled for circuit applications as well.22,23)

While studies have also been done to understand the VT shift
instability caused due to DC stress application on drain
contact,24,25) a similar thorough investigation has been
missing in case of drain induced instability phenomenon
under pulse stress conditions in these devices.26,27)

With the application of field stress across the a-Si:H
channel, optical phonons are generated in the-Si:H layer
(optical phonon energy in a-Si:H is 58 meV). A dense
distribution of optical phonons could lead to a complex
instability behavior, which would not be observed at a low-
field stress condition and present an unique instability
behavior. To efficiently investigate the instability behavior
at varying field conditions, where phonon behavior can
assume significance, it is important that the electrical stress
is applied for a short interval so as to not cause excessive self-

heating. Application of field stress in the time scales
comparable to thermal diffusion time allows us to understand
the potential role of phonons in the instability phenomenon.
Investigation of high-field instability behavior also allows for
probing the device behavior as a potential protection element
in circuits and systems. This also leverages the investigation
of instability behavior at ultra high frequencies, which could
be of potential interest involving high frequency applications.
In the course of this work, we have studied the instability

behavior of a-Si:H TFTs under varying field conditions
through the application of nano-second timescale field stress
at the drain contact. The instability behavior, in this work, has
been characterized using TFTs with inverted-staggered con-
figuration through current–voltage (I–V ), capacitance–vol-
tage (C–V ) and Raman spectroscopy measurements. C–V
hysteresis measurements are performed to further investigate
the physics of device degradation. Thermal and gate bias
anneal are performed to investigate the device degradation
and the recovery mechanism. Material changes taking place
in the a-Si:H under stress are investigated using Raman
spectrosocpy.

2. Experimental details

Devices used in the course of this work have an inverted-
staggered configuration and have been fabricated in-house
(Fig. 1). The devices are based on glass substrate and have an
aluminum–chromium gate contact. A 200 nm thick silicon
nitride (SiNx) layer is used as the gate dielectric and is
deposited using a plasma enhanced chemical vapor deposi-
tion (PECVD) technique. A 150 nm thick a-Si:H layer is used
as the active layer and is also deposited using PECVD. A
30 nm thick, highly n-doped a-Si:H layer, deposited through
PECVD as well, is used to create an ohmic contact between
the semiconductor and metal contacts. Finally, these layers
are etched using a reactive ion etch process. A DC sputtering
process is then used to deposit the aluminum–molybdenum
source/drain contact, which are subsequently etched using a
wet etch process. Further details of the fabrication process
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have been discussed in the supplementary material, which is
available online at stacks.iop.org/JJAP/59/074004/mmedia. It
is also worth mentioning that in some cases, devices with a
300 nm thick SiNx top passivation are also used. However, no
qualitative changes are observed in device degradation
behavior.
Exploration of nano-second timescale stress induced

degradation is done using the experimental setup shown in
the Fig. 2. A pulse generator capable of supplying voltage
levels upto 2 kV with pulse widths ranging from 1 ns to
1.5 μs is used to apply the desired pulse stress to the device
under test (DUT) through a 50 Ω transmission line. The pulse
setup also comprises of a Keithley 4200-SCS parameter
analyser used to measure any changes in the device behavior
in the aftermath of pulse stress through a series of current–
voltage (I–V ) and capacitance–voltage (C–V ) characteriza-
tion. A LabRam HR raman setup is also used to characterize
any material changes in the active layer using a 532 nm
DPSS laser with a spot size of 1.18 μm. The device current
under the pulse voltage is sensed using a current sensor and
the device voltage and current waveforms are captured using

a high bandwidth digital phosphor oscilloscope. Further
discussions on the pulse generation setup are presented in
the supplementary material. The devices are stressed by
applying a pulse voltage at the drain contact while the source
and gate are kept grounded (VG= VS= 0 V). A voltage pulse
with a pre-determined amplitude, rise time and pulse width is
applied and is followed by an off-time of 500 ms, which is
provided to allow device reach thermal equillibrium. In the
course of this work, the voltage stress pulse initiates at 0.5 V
and has a step size of 0.5 V [shown in Fig. 2(b)]. The next
pulse is then applied with similar width and higher amplitude
i.e. 0.5 V higher than last pulse. The voltage stress is then
stopped once a pre-determined stress level is reached and a
series of DC I–V, C–V and Raman measurements are done. A
pulse of width 100 ns and a rise/fall time of 10 ns is used,
unless stated otherwise. It is also worth noting that although,
the devices used in this work have a similar back channel
configuration, there are variations in channel dimensions and
the same have been mentioned in the corresponding figures.

3. Results and discussion

Figure 3 depicts the DC I–V characteristics of the device at
the pulse voltage levels of 0, 60 and 120 V applied in a
grounded gate configuration. It can be observed that as the
device is stressed to 60 V level, a positive VT shift, leading to
a decrease in device current takes place. The sub-threshold
current, however, presents no change. An absence of change
in sub-threshold current implies no change in the properties
of semiconductor–insulator interface and that the degradation
in the device on-current could either be due to charge
trapping in the SiNx dielectric or due to generation of
excessive traps near the drain contact.28) As the stress level
is further increased to 120 V, a negative VT shift takes place

Fig. 1. (Color online) Cross section view of the inverted staggered back
channel etch a-Si:H TFT used in this work.

(a)

(b)

Fig. 2. (Color online) (a) Schematic view of the experimental setup used in the course of this work. Pulse characterization is done using a four probe pulse
setup. A digital phosphor oscilloscope with a bandwidth of 4 GHz is used to capture voltage and current waveforms. Current sensor with a sensitivity of
0.5 mv mA−1 is used to measure device current. (b) Schematic view of the pulse voltage stress waveforms with the averaging window, used to extract quasi-
static pulse characteristics. (c) Schematic description of the device under test. The voltage pulse stress is applied at the drain contact, while the source and gate
are kept grounded.
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and VT recovers towards it’s initial value. It can also be
observed that although the device on-current increases after
120 V, there is also an increase in the sub-threshold current of
the device, indicating a change in the properties of semi-
conductor–insulator interface. To further analyse the beha-
vioral changes in the device at varying pulse stress levels, C–
V measurements are done and the results are presented in
Fig. 4. It is observed from Fig. 4 that there is a parallel shift in
the C–V curve as the pulse stress increases to 60 V level,
indicating that the dominant degradation mechanism at these
stress levels is charge trapping in the dielectric. A positive
shift indicates that the electron trapping takes place in the
dielectric. Even in the sub-threshold condition, electrons are
present in the a-Si:H bulk and an electron density of
5× 1011 cm−2 has been reported at grounded gate
condition.29–31) As the stress pulses are applied to the drain
contact, a field is established across the semiconductor layer
and the electrons gain enough energy to cross the
a-Si:H-SiNx barrier and are trapped in the dielectric layer.
This phenomena also explains the observations made through
DC I–V characterization. Further investigations of the C–V
characteristics in Fig. 4 reveals that, as the pulse stress levels
are increased to 120 V, a stretched-out behavior due to the
fact that defect states are created at the semiconductor–
insulator interface takes place. This is attributed to the fact
that as the voltage levels applied at the drain contact are
increased, a depletion layer is formed in the channel and the
Fermi level moves below the mid-gap level. Extra defects are
then created in the upper half of the bandgap.32) At high field
conditions, optical phonon generation also takes place,
leading to an increase in the channel temperature and thus
defect density. The relation between the channel temperature
and defect generation can be explained through the concept
of “thermalization energy”, given by the expression

=E kT vtln ,th ( )
where v is the attempt-to-escape frequency.33) The generated
defect states envelope the impact of electron trapping in the
gate dielectric. It is also interesting to note that this VT

recovery behavior is different from what has been reported
for high negative gate bias induced instabilities, where the VT

recovery in the device takes place on the account of hole
trapping in the dielectric layer.34) To further explore the
instability behavior, C–V and C–V hysteresis measurements
are performed at a frequency 10 and 100 kHz at different
stress levels and the results are presented in Fig. 5. The
hysteresis measurements are performed by sweeping the
device to accumulation and then sweeping it back. It is also
worth noting that for the course of this work, hysteresis
measurements are not performed for I–V measurements so as
not to induce additional instabilities due to DC voltage
stresses. It can be observed from Fig. 5(a) that at 120 V
stress level, defect states are formed in the a-Si:H channel.
The amount of hysteresis between the forward and reverse
sweeps can be used to compare nature of the defect states. It
can be observed that there is a reduction in the capacitance in
the reverse sweep in Figs. 5(b) and 5(d), both of which
correspond to C–V results of unstressed devices. This can be
explained by the presence of acceptor defect states in the as-
fabricated a-Si:H channel. As the stress level is further
increased to 120 V, it is also observed from Figs. 5(c) and
5(e), that there is a reduction in the amount of hysteresis
between the capacitance in forward and reverse sweeps. This
observation along with an observed increase in defect states
in the bandgap can be explained if the generated defects are
donor defects. On performing the reverse sweep, the Fermi-
level in the semiconductor channel moves towards mid-gap.
However, there will be electrons trapped in the acceptor
defects. The hysteresis due to these trapped electrons will be

(a) (b)

Fig. 3. (Color online) DC I–V characteristics of the device at various pulse voltage levels. The device experiences a partial recovery in the electrical
characteristics as the applied pulse voltage is increased to 120 V.

(a) (b)

Fig. 4. (Color online) C–V characteristics of the device at different pulse voltage levels depicting the dominant instability mechanism in a-Si:H TFTs at (a)
1 MHz and (b) 100 kHz.
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counter-acted by empty donor states and thus leading to
reduced hysteresis when compared to initial conditions. The
generation of donor defects has been shown to take place in
other investigations as well.26) To investigate the material
changes in the devices upon application of pulse voltage
stress, Raman spectroscopy is done to measure any changes
in the material properties (shown in supplementary material).
It is observed that there is no shift in Raman peak and in full-
width at half maximum on application of pulse voltage,
establishing the fact that there are no changes in the material
properties taking place in the a-Si:H layer with application of
increased voltage levels.
To explore the spatial variation in the instability behavior

across the a-Si:H channel, gate–source capacitance (Cgs) and
gate–drain capacitance (Cgd) are measured post application of
pulse stress at DUT. The corresponding curves are shown in
Fig. 6. It can be observed that Cgs shows a monotonous
parallel shift in C–V curve at both lower and higher stress
levels indicating that the dominant degradation mechanism at
the source side of the channel is the trapping of electrons in
the dielectric. Contrary to Cgs, Cgd shows a non-monotonous
shift in C–V curve with parallel shift taking place at lower

pulse stress level and a stretched-out behavior at higher stress
levels (120 V). This also indicates that as the stress levels
initially increases, electron trapping in the dielectric is the
dominant mechanism across the entire channel. As the
applied stress level is further increased, defect states are
created near the drain contact. The observed defect accumu-
lation near the drain contact is expected since the field across
channel is maximum in the drain–gate overlap region. This
also leads to an accumulation of optical phonons near the
drain contact leading to formation of a localized hotspot,
which further aids defect formation.
To further study the instability mechanism, stress pulses

with higher pulse widths are applied across the device.
Figure 7 shows the DC I–V and C–V characteristics of the
device stressed through 1000 ns wide voltage pulses. It is
observed that as the nanosecond pulse stress is initially
applied, threshold voltage increases. Further application of
voltage stress leads to a higher degree of VT recovery as
compared to 100 ns stress condition. It is also worth noting
that the channel length of the device studied under 100 ns
case is 3 μm while that of 1000 ns case is 20 μm. This is
attributed either to the fact that in the case of 1000 ns pulse,

(a) (b)

(d) (e)

(c)

Fig. 5. (Color online) (a) C–V characteristics of the device at different pulse voltage levels. (b), (c) C–V hysteresis results at initial and 120 V stress level at
10 kHz frequency. (d), (e) C–V hysteresis results at initial and 120 V stress level at 100 kHz frequency. C–V hysteresis measurements are performed by
sweeping the gate bias forward from −5 to 30 V and then reversing the sweep from 30 to −5 V.

(a) (b)

Fig. 6. (Color online) C–V characteristics of (a) gate–drain and (b) gate–source capacitance at 1 MHz. These measurements are performed by keeping the
third contact [source in (a) and drain (b)] floating while the capacitance is measured across the probed contacts.
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higher self-heating takes place (compared to 100 ns case),
which leads to creation of higher number of defect states in
the a-Si:H35) or due to an increase in the channel conductance
post stressing. It can also be observed from C–V character-
istics that the creation of defect states still takes place in the
drain side of the channel and that the dominant degradation
phenomenon on the source side of the channel is charge
trapping in the dielectric.
Further investigations on the instability behavior of a-Si:H

TFTs is done by annealing the devices once a pre-determined
stress level is reached (Fig. 8). To explore the impact of
annealing, the devices are stressed and the degradation in the
device performance is measured using DC I–V, C–V mea-
surements. The devices are then thermally annealed at 423 K
for a period of 1200 s under ambient conditions and the
device electrical characteristics are measured again. This is
followed by stressing the device further to a higher stress
level and the same cycle is repeated. It can be observed that
annealing leads to recovery of the threshold voltage in the
case of both high and low stress induced instabilities. It was
discussed earlier that in the case of low stress levels, electron
trapping into the dielectric is the dominant instability
mechanism and when the device is annealed, thermal energy

is transferred to the charge carriers, which enables them to
cross the energy barrier of the traps. This de-trapping of the
charge carriers leads to observed recovery of the threshold
voltage of the a-Si:H TFT. Further increasing the stress
levels, defect states are created in the a-Si:H channel.
Annealing the device at this stage leads to recovery owing
to removal of defects states.36)

To understand the role of gate bias anneal in recovering the
electrical characteristics of the device at various stress levels,
thermal annealing in above sub-section is replaced by a gate
bias anneal for a period of 1200 s. Figure 9 shows the transfer
characteristics of the device with the application of gate bias
of −10 V. It is observed that (i) at 60 V stress level, threshold
voltage increase takes place (ii) at 120 V stress level, there is
recovery in threshold voltage towards initial values and (iii)
on application of a gate bias of −10 V for the case of both
high and low voltage stress, threshold voltage shifts in the
negative direction. While the other observations have already
been discussed, the third observation could be explained
either due to trapping of holes in the dielectric or due to
creation of defect states in the a-Si:H channel due to the
impact of vertical electric field. Exploration of gate bias effect
is done through C–V measurements and the results are
presented in Figs. 9(b)–9(c). It can be observed that the C–
V curves obtained after the application of gate bias, present a
parallel shift. This can be attributed to the fact that the
threshold voltage recovery takes place due to hole trapping in
the dielectric.

4. Conclusions

In this work, we have investigated the high frequency nano-
second timescale field stress induced device degradation in a-
Si:H TFTs in the condition when the stress is applied on the
drain contact. Through real-time electrical and Raman
characterization, it was found that as the stress levels are
increased, electron trapping in the dielectric leads to the
device degradation. With a further increase in the stress,

(a) (b)

(c) (d)

Fig. 7. (Color online) (a)–(b) DC I–V characteristics (c)–(d) C–V characteristics of a-Si:H TFTs stressed under nanosecond pulse voltage using a 1000 ns
wide pulse. Higher stress width leads to self-heating induced defect states generation.

Fig. 8. (Color online) Transfer characteristics of the device annealed at
different stress levels. Annealing the device leads to VT recovery.
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positively charged defect states are formed at the semicon-
ductor–insulator interface due to depletion of the channel and
associated movement of the Fermi-level below the mid-gap
level. It is also found that the defects are generated near the
hot (drain) contact while electron trapping in the dielectric is
dominant near the cold (source) contact. As a result, a
positive VT shift followed by a negative VT shift is observed
with stress across the a-Si:H layer. Raman spectroscopy
reveals no change in the material properties of the a-Si:H
layer with stress. Increased self-heating, as a result of
increased pulse width of the field stress pulse, leads to an
accelerated degradation behavior by aiding the defect states
generation at the interface. A recursive cycle of measurement,
stressing and annealing was done and a VT recovery is
observed through thermal annealing of the device through de-
trapping of electrons and defect removal. A similar negative
gate bias anneal cycle also leads to VT recovery through hole
trapping in the dielectric.
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