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Abstract The low-frequency noise (LFN) of thin-film
polysilicon  source-gated transistors (SGTs) s
investigated. DC characteristics were firstly measured
and typical behaviors of SGT were observed. Then,
TCAD simulations were performed with different doping
concentrations. Current density distribution shows that
the variation of the conduction channel position in the
thin film induces a second plateau in the (gm/lp)? curves
for bias points in subthreshold region. LFN was measured
for both SGTs and thin-film field-effect transistor (TFTs)
configurations. 1/f noise is confirmed as the main
component of LFN in all our measurements. Carrier
mobility fluctuation (CMF) is found to dominate the
origin of LFN in TFT configuration and the low-current
region of SGT. In the high-current region of SGT
measurements, 1/f noise is mainly attributed to carrier
number fluctuation (CNF).
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1. Introduction

In thin-film field-effect transistors (TFTs) intended
for high-voltage operation, e.g. for large-area display
or analog circuit applications, a new type of device
named Source-Gated Transistors (SGTs) [1] provides
many advantages, such as reduced short-channel
effects, low saturation voltage and high intrinsic gain
[2]. By intentionally overlapping the gate with a
Schottky, or rectifying, source contact (as well as
ensuring the active layer can be fully depleted by the
reverse biased barrier during operation), SGTs have
been extensively studied with various device
architectures [3] and different channel materials
including polysilicon [4], organic [5], and metal oxide
semiconductors [6]. Among them, low-temperature-
processed polysilicon is often favored for its balanced
cost and electrical performance suitable for circuit
applications such as thin-film large-area displays.

Low-frequency noise (LFN), notably 1/f or flicker
noise, has always been an important concern for analog
circuits that require high precision, stability, or
resolution [7]. LFN noise has already been widely
studied in many thin-film transistors [8], as well as
fully-depleted silicon-on-insulator (FDSOI) transistors

(9]

To the best of our knowledge, the noise in SGTs

has not been studied yet, but is of interest, given that
SGTs are promising components for many analog
circuit applications, such as amplifiers [10] or
temperature sensors [11]. In this work, the LFN of
polysilicon SGTs is investigated. Transfer and output
characteristics were measured. TCAD simulations
were used to reveal the current transport mechanism of
SGTs and explain the second plateau observed in the
(gm/1p)? curves. Noise measurements were performed
on the same device structure in both TFT and SGT
configurations. Two 1/f models notably related to
carrier mobility fluctuation and carrier number
fluctuation are finally used to analyze the experimental
noise characteristics.

2. Results and discussion

2.1. DC characteristics of polysilicon SGTs

The schematic cross-section of the device under test is
shown in Fig. 1(a) [4]. The device width, channel

region length (d) — defined as source-drain distance —
and source-gate overlap length (S) are 50, 4 and 4 pum,
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Fig.1. (a) Schematic cross-section of the polysilicon SGT [4].
Depletion region caused by the Schottky barrier is shown as
the gray area. (b) Transfer curves for SGT and TFT
configurations at Vos = 5 V. (c) Output characteristics under
different gate voltages. Here the n-type polysilicon layer
doping dose is 0.5x10'? cm™2,
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Fig.2. (a) TCAD transfer and (b) (gm/Ip)? versus Io curves of polysilicon SGTs simulated for different doping concentrations.
Vps =5 V. (c) The current densities in the channel and below source region with increased Ves-Vr of 1x10Y and 2x107 cm-3
doping concentrations, respectively. (d) Simplified capacitance model of the accumulation-mode subthreshold operation.

respectively [4]. The polysilicon layer is deposited at
low temperature, 40 nm thick and n-type doped. The
bottom gate insulator has an effective oxide thickness
of 120 nm. In this study, SGT configuration for device
measurements uses chromium to form a Schottky
source contact with polysilicon and heavy n-type
doping to form an Ohmic drain. TFT configuration was
obtained by just swapping the source and drain
terminals. The device transfer and output curves are
illustrated in Fig. 1(b) and (c) for both SGT and TFT
configurations with doping dose = 0.5x10* cm™. From
the I-V characteristics, using the equation presented in
[12], the effective Schottky barrier height is estimated
to be about 0.325eV at Vgs = 0 V. In Fig. 1 (b), the on-
current in the TFT configuration increases by two
orders of magnitude compared to the SGT
configuration. Note that in the TFT configuration, the
forward biased Schottky barrier quickly vanishes for a
small Vps and has negligible impact on the LFN. In Fig.
1 (c), at high current, the SGT curves clearly saturate
at very low drain voltages (below 1 V) and the output
impedances are considerably high, thanks to the pinch-
off region under source that is induced by the reverse
biased Schottky barrier, which fully depletes the
polysilicon under the source-edge (the gray region in

Fig. 1 ().

The LFN in transistors is usually characterized by Sp,
its power spectral density (PSD) on the drain current Ip.
A normalized figure-of-merit (FOM) Sio/Ip?, is often
introduced with the form

S g 2
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for comparison of devices as a function of the bias
point, where gm is the transconductance and Svg is the
gate-referred voltage noise PSD.

Considering the (gm/Ip)? factor in the noise FOM,
the device operation was studied with the Silvaco atlas
TCAD tool [13]. The simulated transfer curves and
extracted (gm/lp)? curves of SGTs at Vps = 5 V with
doping concentrations ranging from 1 to 3x10% cm
are shown in Fig. 2 (a) and (b), respectively. With
increased doping concentrations, the transfer curve
shifts toward negative threshold values Vr and the
(gm/1p)? curve gradually forms a second plateau in
subthreshold region. To explain these behaviors and
have a better insight on the current transport
mechanism of the devices, we analyzed the current
densities in the channel and below the source region of



the SGTs at bias points in the subthreshold and near-
threshold regimes for 1x10% and 2x10%" cm doping
concentrations, respectively (Fig.2(c)). For high
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Fig.3 Current noise power spectral densities Sip versus
frequency at increased fixed drain current Ip for the SGTs
with doping doses = (a) 0.5x10% (b) and 1.5x10%2 cm=.
Vbs =5 V. Fitted lines of Sip are displayed as well.

doping, the channel firstly forms at the top of the
polysilicon layer and slowly moves to the bottom
gate with increased Vgs-Vr. For low doping, the
channel region can be fully depleted for the lower
gate bias so that the channel always develops from
the bottom gate. The (gm/Ip)? can be expressed as a
function of the subthreshold slope (SS) :

(gm)z _ (d In ID)2 _ (ln 10)2 @
I,/ \avg/) \Ss

As the subthreshold region of SGT is governed by
the parasitic FET in the channel, SS can be

interpreted by a simplified capacitance model of the
accumulation-mode transistor (Fig. 2(d)) [14]
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Fig.4 Normalized noise power spectral density Sip / Ip? at
10 Hz (dots) as functions of Ip for (a) SGT with Schottky
source and (b) counterpart TFT with Ohmic source for 2
different doping doses at Vps = 5 V. The curves of (gm/Ip)?
and Ip (dashed lines) are plotted for comparison.
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where Cy and Cyc are the coupling capacitances
from gate to channel and channel to source,
respectively. For high doping, the intermediate
plateau of the SS, and hence gw/lp, occurs when the
channel is buried in the middle of the thin film. In

comparison, for low doping, gm/lp is higher (as Cgc
is increased and Cpc is reduced) and keeps more
continuous with bias as is usual.

2.2. LFN characteristics

Fig. 3 (a) and (b) show the Sip of SGTs with
increased fixed drain current in subthreshold region
for 0.5x10 and 1.5x10%? cm? doping doses,
respectively. The curves of Sip as functions of
frequency vary approximately proportional to f 1.
This confirms that the LFN of the studied SGTs in
subthreshold region is mainly contributed by the 1/f
noise. The noise contribution of the channel access
resistances is assessed to remain negligible since
there is no trend of increasing noise in the high Ig
region (as shown in Fig. 4), unliked reported
elsewhere [15].

Two models are usually proposed to analyze the
LFN noise of transistors. One is the the carrier
mobility fluctuation (CMF) model according to
which carrier mobility fluctuations are due to
phonon scattering effects in the poly-Si channel,
given by [16]

Sip _ qaniVps @
I3 L2l

where q is the electron charge, u is mobility, L is the
channel length, and an is a material dependent
parameter, called Hooge parameter. The other is the
carrier number fluctuation (CNF) model, which
considers the trapping/detrapping of defects at
semiconductor/gate oxide interface, given by [16]

Sip _ (gm>2 q°kTAN; )
12 \Iy) WLCES’
where k is the Boltzmann constant, T is the
temperature, 4 is the tunneling attenuation length (=
0.1 nm), Ntisthe oxide trap density, W is the device
width and Cox is the oxide capacitance per unit area.

Normalized PSD Sip/Ip? of SGTs and TFTs as
functions of Ip are shown in Fig. 4 (a) and (b),
respectively. In Fig. 4(a), the SGT Sip/lp? curves of
all doping cases are proportional to the
corresponding (gm/Ip)? curves in the high-Ip region
and to Ip? in the low-Ip region. According to

equations (4) and (5), the LFN of polysilicon SGT
originates from the CMF in the low-Ip region and the
CNF in the high-Ip region, respectively. In the highly
doped device, the (gm/lp)> curve shows an
intermediate plateau following the position of buried
channel in the film depth as discussed in the TCAD
analysis. In Fig. 4(b), the TFT Sio/lp? curves of all
doping cases follow the inverse of Ip. This relates the
origin of LFN in polysilicon TFTs to CMF, which is
consistent with previous studies [17].

3. Conclusion

Our measurements, simulations and analysis,
demonstrate that the LFN in polysilicon SGTs and
TFTs is dominated by the 1/f noise. CMF is found to
be the origin of 1/f noise in the polysilicon TFTs and
in the low-Ip region of polysilicon SGTs, while CNF
causes the 1/f noise in the high-Ip region of
polysilicon SGTs. For the high-doped channel, a
second plateau is found in the (gm/lp)? curve in
subthreshold region due to the slowly varying
position of the buried channel in the very thin
polysilicon layer as analyzed by modelling.

The dependence of LFN on some key parameters
for polysilicon SGTs, such as source contact length
and Schottky barrier height, should be investigated
in the future. This study of LFN in SGTs is valuable
for analog circuit applications (such as displays and
sensors) that requires high resolution, accuracy and
stability.
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The variation of the buried channel position in
the polysilicon thin film causes a second
plateau in the (gm/Ip)? curves for bias points in
subthreshold region

1/f noise is confirmed as the main component
of LFN in the subthreshold region of the
studied SGTs.

Carrier mobility fluctuation (CMF) is found to
dominate the origin of LFN in TFT
configuration and the low-current region of
SGT.

Carrier number fluctuation (CNF) is found to
dominate the origin of LFN in the high-current
region of SGT.



