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SUMMARY We propose a temperature sensor employing a ring oscillator composed of poly-Si thin-film transistors (TFTs). Particularly in
this research, we compare temperature sensors using TFTs with lightlydoped drain structure (LDD TFTs) and TFTs with oﬀset drain structure
(oﬀset TFTs). First, temperature dependences of transistor characteristics
are compared between the LDD and oﬀset TFTs. It is confirmed that the
oﬀset TFTs have larger temperature dependence of the on current. Next,
temperature dependences of oscillation frequencies are compared between
ring oscillators using the LDD and oﬀset TFTs. It is clarified that the ring
oscillator using the oﬀset TFTs is suitable to detect the temperature. We
think that this kind of temperature sensor is available as a digital device.
key words: temperature sensor, ring oscillator, poly-Si, thin-film transistor
(TFT), lightly-doped drain structure (LDD), oﬀset drain structure

1. Introduction
Poly-Si thin-film transistors (TFTs) [1] have been widely
applied to flat-panel displays (FPDs) [2], such as liquidcrystal displays (LCDs) [3] for not only computer monitors and mobile displays but also light valves in data projectors [4], organic light-emitting diode displays (OLEDs) [5],
and electronic papers [6]. Because display properties of the
liquid crystals [7], [8] and organic light-emitting diodes [9],
[10] have temperature dependences, it is required to compensate them by controlling driving conditions. Actually,
discrete temperature sensors are prepared near the LCDs for
light valves, and the temperature dependences of the liquid
crystals are compensated. However, because the temperatures have spatial distributions on the FPDs, it is required to
measure the temperatures at several points and compensate
the temperature dependences locally point by point.
Therefore, we proposed a temperature sensor employing oﬀ-leakage currents of poly-Si TFTs to measure the
temperatures at several points [11]–[13]. However, it was
needed to equip analog voltage sensing circuits, which are
fairly complicated circuits and diﬃcult to be integrated on
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the FPDs using poly-Si TFTs. Therefore, we proposed a
temperature sensor employing a ring oscillator composed of
poly-Si TFTs [14]. Although ring oscillators have been utilized to evaluate transistor characteristics [15]–[17], we believe that this was the first report to apply a ring oscillator to
a temperature sensor.
Incidentally, TFTs with lightly-doped drain structure
(LDD TFTs) are indispensable to reduce oﬀ-leakage currents and avoid characteristic degradation [18]–[24]. However, TFTs with oﬀset drain structure (oﬀset TFTs) can be
simultaneously fabricated without any additional fabrication
process. Therefore, as for n-type TFTs, we are very interested in which is suitable for a temperature sensor. On the
other hand, as for p-type TFTs, because oﬀset TFTs do not
work at all, only LDD TFTs are used.
Again, we will propose a temperature sensor employing a ring oscillator composed of poly-Si TFTs. Particularly
in this research, we will compare temperature sensors using
LDD and oﬀset TFTs. First, temperature dependences of
transistor characteristics will be compared between the LDD
and oﬀset TFTs. It will be confirmed which have larger temperature dependence of the on current. Next, temperature
dependences of oscillation frequencies will be compared between ring oscillators using the LDD and oﬀset TFTs. It will
be clarified which is suitable to detect the temperature.
2.

LDD and Oﬀset TFTs

First, the top-gate, coplanar, solid-phase crystallized (SPC),
n-type and p-type, LDD and oﬀset poly-Si TFTs are fabricated [25], [26]. Figure 1 shows the fabrication processes and device structures of the LDD and oﬀset TFTs.
These fabrication processes are standard processes for mass
production. An amorphous Si film is deposited on a
quartz substrate using low-pressure chemical vapor deposition (LPCVD) of SiH4 and crystallized using furnace annealing in N2 ambient to form a poly-Si film. A SiO2 film
is grown using thermal oxidation in O2 ambient and another SiO2 film is stacked using chemical vapor deposition
(CVD) to form a gate insulator film. The quality of the
poly-Si film is improved using post annealing at 1000◦ C for
1 h. A metal film is deposited and patterned to form gate
electrodes. Photoresists are patterned using photolithography as implantation masks, and phosphorus and boron ions
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are implanted, whose dose densities are 5×1011 cm−2 , to
form LDD regions. Photoresists are patterned again, and
phosphorus and boron ions are implanted, whose dose densities are 2×1015 cm−2 and 1×1015 cm−2 , respectively, and
activated using furnace annealing to form source-drain regions. The edge locations of the gate electrodes are apart
from those of the source-drain regions. LDD TFTs are fabricated when the LDD regions are formed there, whereas
oﬀset TFTs are fabricated otherwise. As written above,
oﬀset TFTs can be simultaneously fabricated without any
additional fabrication process. The poly-Si film thickness
(ts ) and gate insulator film thickness (ti ) are 54.0 nm and
33.7 nm, respectively. The gate width (W) and gate length
(L) are 50 µm and 4 µm, respectively, and the LDD length
(LLDD ) and oﬀset length (LOﬀset ) is 1.0 µm and 1.5 µm.
Next, the temperature dependences of the transistor

Fig. 1

characteristics are compared between the LDD and oﬀset
TFTs. Figure 2 shows the temperature dependences of the
transistor characteristics. Here, the relationships between
the drain current (Ids ) and gate voltage (Vgs ) are shown when
the drain voltage (Vds ) is fixed at 5 V and the temperature
(T ) is varied from −20◦ C to 100◦ C, where the vertical axes
in the graphs for LLDD or LOﬀset = 1.5 µm are the same as
those for LLDD or LOﬀset = 1.0 µm and omitted, and the
relationships between Ids and T are also shown when Vgs
and Vds are equal to 5 V for the n-type LDD, n-type oﬀset,
and p-type LDD TFTs. The subthreshold swing (S ), threshold voltage (Vth ), and field eﬀect mobility (µ) of the n-type
self-aligned TFT, which are not shown in this paper, are
0.279 V·dec−1 , 1.03 V, and 67.3 cm2 ·V−1 ·s−1 , respectively,
and those of the p-type self-aligned TFT are 0.215 V·dec−1 ,
−3.68 V, and 43.7 cm2 ·V−1 ·s−1 , respectively [14].

Fabrication processes and device structures of the LDD and oﬀset TFTs.
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It is confirmed that the oﬀset TFTs have larger temperature dependence of the on current. The mechanisms why the
LDD TFTs have smaller temperature dependence of the on
current and the oﬀset TFTs have larger one are as follows. In
the case of the LDD TFTs, because the parasitic resistances
of the LDD regions are suﬃciently low, Ids is mainly deter-

Fig. 2

mined by the channel resistances. Although µ has certain
temperature dependence, because the carrier densities of the
channel regions are governed by Vgs , Ids does not change
so much [27]. On the other hand, in the case of the oﬀset TFTs, because the parasitic resistances of the oﬀset regions are considerably high, Ids is mainly determined by the

Temperature dependences of the transistor characteristics.
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parasitic resistances. Because the oﬀset regions are intrinsic semiconductors and the carrier densities strongly change
with T , Ids also changes with T very much. Incidentally, it
is diﬃcult to quantitatively measure the parasitic resistances
of the oﬀset regions because the parasitic resistances next to
the channel regions seem quite diﬀerent from those in the
isolated intrinsic semiconductor patterns owing to the physical behavior.
3. Ring Oscillators
Next, ring oscillators composed of poly-Si TFTs are fabricated. The ring oscillators generate spontaneous oscillations, which are subject to the transistor drivability. Figure 3 shows the circuit diagram and microscope photograph
of the ring oscillator. Here, static-type ring oscillators con-

Fig. 3

sist of the circularly connected odd stages of CMOS inverters, which are composed of the n-type LDD and oﬀset TFTs
with W = 20 µm, L = 5 µm, LLDD = LOﬀset = 1.0 µm and
p-type LDD TFTs. The supply voltage (Vdd ) is applied, the
output signal (Vout ) is strengthened using the pickup circuit
and observed using a high-impedance FET probe, and the
oscillation frequency ( f ) is measured. It seems that f is
mainly dependent on the on currents of the LDD and oﬀset
TFTs. Therefore, we expect that f is dependent on T .
Finally, the temperature dependences of f are compared between ring oscillators using the LDD and oﬀset
TFTs. Figure 4 shows the temperature dependence of f .
Here, the relationships between f and Vdd are shown when
T is varied from −10◦ C to 100◦ C for the ring oscillators using LDD and oﬀset TFTs. The temperature sensitivities of
f , which are defined as the ratios between the increase of
f from T = −10◦ C to 100◦ C and f at T = −10◦ C for Vdd =

Circuit diagram and microscope photograph of the ring oscillator.

Fig. 4

Temperature dependence of the oscillation frequencies.
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10 V, ( f @100◦ C − f @−10◦ C ) / f @−10◦ C, are also calculated, which are 0.39 and 2.68 for the ring oscillators using
LDD and oﬀset TFTs, respectively.
It is found that the ring oscillator using the LDD TFTs
has little temperature dependence of f , whereas that using
the oﬀset TFTs has larger temperature dependence of f owing to the larger temperature dependence of the aforementioned on current. Although we currently have only the ring
oscillator composed of the oﬀset TFTs with LOﬀset = 1.0 µm,
we suppose that the ring oscillator composed of the oﬀset
TFTs with LOﬀset = 1.5 µm has the comparable or higher
sensitivity. In any case, it is clarified that the ring oscillator
using the oﬀset TFTs is suitable to detect T . Because the
temperature dependence of f is excellently smooth, the detection of T can be extremely precise. The aforementioned
sensitivity of 2.68 corresponds to the change of 2.44 % in f
per the change of 1◦ C in T , which is a suﬃcient sensitivity
for controlling the driving conditions of the display devices.
We think that this kind of temperature sensor is available as
a digital device.
4. Conclusion
We proposed a temperature sensor employing a ring oscillator composed of poly-Si TFTs. Particularly in this research, we compared temperature sensors using LDD and
oﬀset TFTs. First, temperature dependences of transistor
characteristics were compared between the LDD and oﬀset
TFTs. It was confirmed that the oﬀset TFTs have larger temperature dependence of the on current. Next, temperature
dependences of f were compared between ring oscillators
using the LDD and oﬀset TFTs. It was clarified that the ring
oscillator using the oﬀset TFTs is suitable to detect the temperature. We think that this kind of temperature sensor is
available as a digital device. Generally, digital devices are
superior to analog devices from the viewpoint of the onward
signal operation. It is enough to equip digital pulse counter
circuits, which are very simple circuits and easy to be integrated on the FPDs using poly-Si TFTs.
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