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Abstract:

In this paper, the gas-sensing characteristics of gas sensors for Organic Thin-Film Transistors
(OTFTs) with the different ratio of the channel length to width and thickness of the insulating layer
were studied. The results showed that the device parameters had the influence on the sensitivity and
response time of sensors, and the optimized parameters of OTFT sensors were obtained, that was,
the ratio of the channel length to width was between 160 and 640, and the insulating layer was 195
nm in thickness. The OTFT sensor with the a-Sexithiophene (a-6T) film incorporated into a sensitive
layer was observed to respond strongly to the trace nitrogen dioxide (NO,) vapor ranging from 0.2 to 1

ppm at room temperature.
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Introduction

Using a bottom gate organic thin-film transistor
(OTFT) as a gas sensor was put forward in the
late 1980s, for the analyte-receptor binding
strongly influence the source-drain current
flowing across the transistor channel [1].
Furthermore, organic TFTs as gas sensors for
electronic nose application were also
investigated [2]. In the last several years much
research effort to use OTFT as multi-parameter
sensors have been devoted in pursuit of good
levels of selectivity, reliability, and reproducibility
at low cost. Organic semiconductor materials
such as phthalocyanines, naphthalene tetracar-
boxylic derivatives, pentacene, oligothiophenes,
poly(phenylene ethynylene) are mainly used for
the active layer [3-10]. Responses of OTFT
sensors are simply noted as changes in the
output source-drain current for a given set of
input drain voltages and gate voltages as the
vapor adsorbs onto the OTFT [3].

In this manuscript, we reported initial studies of
a-Sexithiophene (a-6T) film OTFT interacting
with the trace nitrogen dioxide (NO,) gases (0-1
ppm). The effect of the device parameter on the
vapor-sensing properties, such as the ratio of
the channel length to width and the thickness of
the insulating layer, were measured and
discussed.
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Experimental

Fig.1 shows the schematic illustration of bottom-
gated, bottom-contacting OTFT sensors. For the
different ratio of the channel length to width, the
thickness of the dielectric layer was fixed as 195
nm. The channel length was 25 ym, and channel
widths were 1000 um, 4000 um and 16000 um.
That was, the ratio of the channel length to width
(W/L) was 40, 160 and 640, respectively. In
addition, the influence of the insulating layer
thickness on the gas-sensing characteristics
was also studied, and 125 nm, 195 nm and 300
nm of SiO, were thermally grown on heavily Sb-
doped silicon wafers.

The a-Sexithiophene (a-6T) was purchased from
TCI Development Co.Ltd, and the copper
phthalocyanine (CuPc) was purchased from
Luminescence Technology Corp. Both of them
were used without any further purification. The
a-6T was deposited by vacuum deposition as
the sensitive layer for the detection of NO,, and
the CuPc thin film was chosen as the active
layer for the test of hydrogen sulfide (H,S). All
the sensitive thin film was about 90 nm.

The current-voltage characteristics of the
prepared device were studied using a Keithley
4200-SCS source measurement unit. As the p-
channel transistor, the current-voltage (I-V)
curves of the OTFT device were measured in
the accumulation mode. The saturation source-
drain currents were recorded as the output
signals of sensors. All the measurement results
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are obtained at room temperature in N,
atmosphere. Gas concentration is controlled by
a mass flow controls (MT50-4J, Beijing Metron
Instruments Co.Ltd., China).
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Fig. 1. Schematic illustration of the bottom-gated,
bottom-contacting OTFT sensor (a) three-dimensional
and (b) planar diagram

The surface morphology was observed with a
Hitachi S4800 scanning electronic microscope
(SEM).

Microstructure Characterization

Fig.2 and Fig.3 show the SEM images of the a-
6T and CuPc sensitive films deposited on ITO
glass, respectively. The surface morphology of
the films was seen to be dense and crack-free.

Fig. 2. The SEM micrograph of the a-6T thin film
deposited on ITO glass
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Fig. 3. The SEM micrograph of the CuPc thin film
deposited on ITO glass
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Electronic characteristics of OTFT

Fig.4(a) shows the typical drain current (/;s) and
drain voltage (V) characteristics at different
gate biases of bottom contact a-6T OTFT
(W/L=640) operating in the accumulation mode
(gate negatively biased). The V,s swept from 0
to -60V at gate bias (V) between 0 to - 60V, /ys
increases almost linearly at low Vs values and
then tends to saturate at higher Vs values [4-8].
And Fig.4(b) shows transfer characteristics of
OTFTs at Vys = - 50V.
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Fig. 4. The electronic characteristics of a-6T OTFT
(a)Drain current (lss) vs drain voltage (Vs
characteristics at various gate voltages (Vys); (b) lds i
vs Vys characteristics (Vs =-50V)

The Iy in the linear and saturation regions is
given by eq.(1) and (2), respectively:

WCu 1
Ids :l:(l/:gs _I/th)l/:is_lﬁv:|

wc
dsat = 211/1 (Vgs _I/th )2 (2)

Here, W and L is the channel width and length,
respectively. C; is the capacitance of the
insulator, # is the carrier mobility, and V4, is the
so-called threshold voltage that accounts for any
voltage drop at the insulator semiconductor
interface and the bulk conductivity of the
semiconductor layer. C; is given by eq.(3):
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C = €€,

’ d (3)

Here, d is the thickness of insulator layer, ¢;and
¢ are the dielectric constant and capacitance of
vacuum, respectively.

Parameter optimization of OTFT sensors

The sensor sensitivity (S) is defined as (Ig-In)/ Iy,
where Ig and Iy are the saturation drain-source
current of the OTFT gas sensor in the
measuring gas and nitrogen, respectively. And
the response time is defined as the time
required reaching 90% total current change. The
dynamic response of a-6T thin film OTFT sensor
with the different ratio of W/L exposed to 2 ppm
NO, was investigated at room temperature, and
the result was displayed in Fig.5. It is noticeable
that the response time and recovery time were
limited to 600s for the convenience of
comparison. And the sensitivity and the
response time can be calculated from the graph
curve of Fig.5, which was shown in Tab.1. It can
be seen that the largest sensitivity of the OTFT
sensor was obtained with the ratio of W/L as 640,
which also had the longest response time as
300 s. Therefore, it was speculated that the ratio
of the W/L should be between 160 and 640.
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Fig.5. Response transients of a-6T OTFT sensor with
the different ratio of W/L exposed to 2 ppm NO:

Tab. 1: The sensitivity and the response time of a-6T
OTFT sensor with the different ratio of W/L exposed
to 2 ppm NO3
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layer of 195 nm had the optimized gas-sensing
property.
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Fig. 6. Response transients of OTFT sensor with
the different thickness of the dielectric layer exposed
to 200 ppm H>S

Tab. 2: The sensitivity and the response time of a-6T
OTFT sensor with the different ratio of W/L exposed
to 2 ppm NO3

Tsio2 Sensitivity Response time (s)
125 0.56 86
195 0.61 65
300 0.39 141

W/L Sensitivity Response time (s)
40 1.32 130

160 5.57 206

640 6.72 300

The response and recovery curves of OTFT
samples with the distinct thickness of dielectric
layer exposed to 200 ppm H,S were plotted as a
function of time in Fig.6, and the corresponding
sensing values were listed in Tab.2, indicating
that the OTFT sensor composed of dielectric

Tsio2: The thickness of the SiO; layer.

Trace NO,-sensing properties

Based on the above parameter optimization of
OTFT sensors, the trace NO,-sensing properties
were further measured and discussed employing
the OTFT sensor with the ratio of W/L as 320
and the thickness of the dielectric layer as 195
nm, using the a-6T thin film as the sensitive thin
film. It can be seen that the drain-source current
increases dramatically after exposed to NO, gas,
which might be ascribed to the adsorption effect
between NO, gas molecules and the polar-
bonding of a-6T thin film. Also, the good
reproducibility and reversibility were indicated.
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Fig. 7. The change in response as a function of time
when the OTFT sensor was exposed to cycles of
exposure and evacuation of NO, concentration
ranging from 0.2 to 1 ppm at room temperature
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Conclusion

The sensing properties of OTFTs with different
ratio of channel width to length and the
thickness of dielectric layer were studied. The
results showed that OTFTs with the WI/L
between 160 and 640 and the 195 nm dielectric
layer provided the optimized gas-sensing
properties. The OTFTs based on a-6T sensitive
film can be used for the trace NO, gas detection,
and the least detection limit is 0.2ppm.
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