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ABSTRACT Gap-type amorphous silicon (a-Si) thin-film transistor (TFT) used as photo sensor has been
reported in previous literature. However, the noise behavior of gap-type a-Si TFT is not inspected yet.
Therefore, we investigate the noise response of the gap-type a-Si TFT under illumination in this paper. We
compare the difference between the results of the gap-type and the conventional-type TFTs. In addition,
we analyze it including the perspectives of power spectrum, integral power spectrum, Hooge parameter,
fluctuate slope. Finally, we explain the reason for its fluctuate slope transition and review the correlation

between noise behavior and photo effect mechanism.

INDEX TERMS Amorphous silicon, gap-type, thin-film transistors (TFTs), noise.

I. INTRODUCTION

In previous research, the mechanism of photo effect in gap-
type amorphous silicon (a-Si) thin-film transistor (TFT) is
revealed [1] and the implementation in fingerprint recogni-
tion is demonstrated as well [2]. The noise, which may affect
the performance of sensor, is a crucial factor in specifica-
tion. Especially for sensing low intensity signal, once the
noise level approach to the sensed signal, the signal-to-noise
ratio (SNR) would drop significantly and result in low sens-
ing resolution. To investigate the noise behavior of device
under different illuminated intensities, we experiment the
device with signal source analyzer (Agilent Technologies
E5052B). Further, we analyze it in perspective of power
spectrum density [3], Hooge parameter (ay) [4], and fluc-
tuate slope [5]. At last, we explain the results of the noise
behavior, and discuss the correlation between noise behavior
and photo effect mechanism.

Il. EXPERIMENTAL RESULTS OF NOISE BEHAVIOR
The fabrication processes of the gap-type a-Si TFTs in this
paper are described elsewhere [6] and the schematic of the
device is shown in Fig. 1, except for a channel width of
50 pum, a channel length of 10 um, and gap length of 4um.
The Ip-Vg characteristics of the device under several light
intensity illuminated is as shown in Fig. 2.

The experimental setup for noise measurement is as shown
in Fig. 3. According to the figure, the gap-type a-Si TFT

Drain

FIGURE 1. Cross-sectional view of gap-type TFT.

is placed in shielding box in order to reduce the illumi-
nation of ambient light. A white LED is used as the light
source in our experiment which is controlled by the wave-
form generator and the illumination conditions are from dark
to 30500 Lux. The drain voltage (Vp) of TFT is biased using
Keithley 4200 at 10V and the gate voltage (Vi) is sweep-
ing from —15V to 15V with signal source analyzer (Agilent
Technologies ES052B). The drain current is fed into a pream-
plifier, which is virtually grounded with the source of TFT,
and subsequently analyze with signal source analyzer.

Fig. 4 (a) and (b) shows the raw data of power spec-
trum density (SI) versus frequency under 22.4 Lux and
30500 Lux, representing the low and high illuminated
intensities respectively. In addition to seeing the trend of
well-known flicker noise (1/f) noise [7], it is worth notic-
ing that the noise increased slightly with higher light
intensity.
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FIGURE 2. Ip-Vg Characteristics of gap-type TFT.
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FIGURE 3. Experimental setup of noise measurement.

IIl. NOISE ANALYSIS

To further discuss the noise behavior, the power spectral
integral (SI*) is further calculated and plotted against light
intensity in Fig. 5. Interestingly, when the light intensity
is lower than 1000 Lux, the power spectral integral (ST*)
increases sharply. When the light intensity is higher than
1000 Lux, the increase of the power spectral integral (ST*) is
comparably gentle and gradually saturate. This phenomenon
may be related to changes in device mechanisms.

To clarify the reason, we refer to some other well-
established noise analysis parameters and methods. One is
the Hooge parameter (o) in Hooge’s theory. The reference
calculation formulas of Hooge parameter are as equation (1)
to (5) [8]:

Si() _ om
B f-N

(1

where Sy, (f) is power spectral density, Ip is drain current,
oy is Hooge parameter, f is frequency, and N is carrier
number.
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FIGURE 4. Power spectral density of gap-type a-Si TFT under illumination
of (a) 22.4Lux and (b) 30500Lux.
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FIGURE 5. Power spectral integral (SI*) versus light intensity (Lux).

where S;* is power spectral integral.
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FIGURE 6. Hooge parameter against (a) over-drive voltage (Vg-Vy,)
(b) light intensity (Lux).

where W is channel width, L is channel length, ¢ is dielectric
constant, q is elementary charge, and d is the thickness of
gate insulator.

Finally, we can derive equation (5) from (1) to (4).
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The extracted Hooge parameters versus gate voltage and
Hooge parameter versus light intensity are plotted in Fig. 6(a)
and (b), respectively. In Fig. 6(a), under the low light
intensity of 22.4lux, the result presents a constant ratio
of ap/Vg-Vi, which is similar to that of conventional
a-Si TFT [9], [10]. When the illuminated light intensity
increases, the ratio of ay/Vy-Vy, shows a downward trend.
While it could be plainly viewed that the value of the Hooge
parameter becomes smaller as the illuminating intensity
getting stronger in Fig. 6(b).

According to (5), it implies the ratio of S;‘/IzD is the dom-
inant variable of the Hooge parameter. Based on the Sy
and Si“ results as mentioned above, we knew that the
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FIGURE 7. Curves of Si"/lzn versus drain current under different light
intensities with the trends of carrier number fluctuation (An) and carrier
mobility fluctuation (A ).

noise does rise, but meanwhile, the value of quadratic Ip
has also risen sharply under illumination. As a result, the
Hooge parameter gradually decreases with the higher light
intensity.

In addition to the Hooge parameter, the other method
to analyze noise is the fluctuation model [11]. The
experimental results are delineated in Fig. 7. Overall,
the data shows that the fluctuation slope changes from
—2 to —1 as the drain current and light intensity
increase.

According to the fluctuation model in previous research,
the slope of fluctuation nearly equals —2, representing that
the noise behavior is imputed to the carrier number fluctua-
tion (An) model. When the slope of fluctuation nearly equals
—1, it represents that the noise behavior is attributed to the
carrier mobility fluctuation (Ap) model [12]. The results
show that the noise behavior will change from the carrier
number fluctuation (An) model to the carrier mobility fluc-
tuation (Ap) model. Under low light intensity, the barrier
lowering mentioned in the photosensitive mechanism section
is insignificant. A comparatively higher barrier will obstruct
the transmission of electrons, resulting in low electron mobil-
ity. The photocurrent mainly comes from the increase in the
number of carriers generated by the illumination. Therefore,
the noise behavior is dominated by carrier number fluctua-
tion. While under high light intensity, the barrier lowering is
comparably significant, the energy barrier that restrains elec-
trons’ transmission is lowered accordingly. In addition to the
increased number of carriers owing to the illumination, the
electron mobility has also apparently increased. Therefore,
the noise behavior is dominated by carrier mobility
fluctuation.

Based on the proposed mechanism, the noise behavior of
gap-type a-Si TFT can also be explained consistently.
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IV. CONCLUSION

In this paper, we experiment the noise measurement of
the gap-type a-Si TFT under illumination. Although the
photo-induced noise increases, the photo-induced current
reflected on device is also greatly increased, resulting in
a trend of decreasing in Hooge parameter with respect to
the increasing light intensity. In addition, the carrier number
fluctuation under low light intensity illumination will transit
to mobility fluctuation when the light becomes stronger. We
explain the transition point as the threshold of the photo-
induced barrier lowering in the energy level of gap-type
a-Si TFT. The transition of noise behavior in gap type a-
Si TFT is consistent with the barrier lowering theory in its
mechanism.
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