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Fig. 2 MIR comb output for each wavelength
band.
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On November 22, 2024, | participated in “IMFEDK
2024 held at Jojukan, Fukakusa Campus, Ryukoku
University, at gave a presentation titled “Neuromorphic
System Operation Using Multiple Devices with Inte-

grated Memristor and Capacitor”.
1. INTRODUCTION

Artificial intelligence research has been active in re-
cent years. Especially, technology based on neural net-
works has been attracted attention. A neural network is
an information processing model based on the neural
circuits of the human brain. Neural networks are
formed by neurons and synapses. Neurons have the
function of holding signals which serve as information,
and synapses have the function of connecting neurons
and transmitting signals between them. Currently, most
research is conducted in software, and these problems
in software are parallel distributed processing, robust-
ness, and power consumption. In contrast, neural net-
works in hardware can overcome these problems in
software.

The goal of this research is to get performance close
to that of the human brain. We aim to realize a spiking
neuromorphic system, which is expected to consume
significantly less power, by mimicking a synaptic ele-
ment through the integration of memristors and capaci-
tors.

So far, the operation of membrane potentials for a

single serial pulse signal has been confirmed. In this

paper, we measure changes in the potential of the
neuromorphic system for multiple pulse signals to see
if the membrane potentials are similar to those of actual
synaptic elements in the brain. We then evaluated the
device integrating memristors and capacitors. Therefore,
we configured a circuit that uses two pulse signals and
compared it to a circuit that uses a single pulse signal.
Then, we see if there is a difference in the increase of
the membrane potential. From the results, we will
evaluate the thin-film device to see if it can be used as

a synaptic element in a neural network.
2. EXPERIMENTAL METHODS

A. Membrane potential measurement circuit

Fig. 1 realizes a sum-of-products circuit for serial
pulse signals. The potential of Out rises when an arbi-
trary pulse is applied from In. The rise in potential is
positively correlated with the conductance of the analog
memristor. Fig. 2 is a circuit that measures the opera-
tion of a thin-film device for multiple pulse signals.
This circuit confirms that the rise in potential can be

varied by applying two different pulses.

Analog Memristor C1 Ca

P iry

Diode

Fig. 1 Circuit with a single pulse

Analog Memristor C1

DL
AL

c2 Ca

v ¥

Out

Diode

Fig. 2 Circuits with multiple pulses



3. RESILT AND DISCUSSION

Fig. 3 shows the change in potential when the circuit
shown in Fig. 1 is used. It shows the pulse signal ap-
plied at regular intervals and the operation of the poten-
tial in response to the pulse signal. It was confirmed
that the potential increased in steps while the pulse sig-
nal was applied and was held while the signal was not
applied.

Voltage (V)

BCLEUYE

0 125

15 175 20
Time (ms)

nenbrane potental

— pulse

Fig. 3 Out potential under single pulse conditions

Fig. 4 shows the results of an experiment using the
circuit in Fig. 2. It shows alternately applied pulses
with time differences and the change in potential in re-
sponse to the pulses. Since the capacitors (C1 and C2)
are connected in parallel, the capacitance of the capaci-
tors in the entire circuit has increased. Therefore, the
maximum value of the potential has increased com-
pared to Fig. 1. Accompanying this, a stepwise increase
in the potential became clearly visible. This suggests
that a parallel-connected circuit allows for a variety of
potential increases. In addition, by changing the condi-
tions, variations can be added to the amount of increase
in potential. If this can be done, we believe that we

will be able to come closer to reproducing the actual

brain’s operation, which changes its operation accord-
ing to various signals.

8 ] ﬁ

Voltage(V)

Time (ms)

w—plse |  e——pulse 7 e membrane potential

Fig. 4 Out potential under multiple pulse con-
ditions

4. CONCLUSION

This experiment confirmed the operation of the
neuromorphic system for serial pulse trains of memris-
tors and capacitors. Building on previous experiments
in which a single pulse was applied, we constructed a
method in which several different pulses were applied.
Compared to the single pulse application, the increase
in potential was larger, and the stepwise increase was
clearly visible. This method showed that thin-film de-
vices integrating memristors and capacitors can be used

more than ever as synaptic elements in neural networks.
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Bilayer Ga-Sn-O Devices Fabricated by Mist CVD
MethodO OO OOODOODOOOOODOODOODO

Abstract—Diode devices were fabricated by a fine-
channel mist CVD method in which GTO was divided
into two layers and the composition ratio of Ga : Sn in
the upper and lower layers was varied. As a result,
when the composition ratio of Ga: Snis1:1and 1: 2,
the film is rich in SnO, and when the composition ratio
is 1: 3 or higher, the film may be rich in SnO2. It was
thereby suggested that the unidirectional diode property
is exhibited when the lower Ga : Sn OO upper Ga : Sn,
and the bidirectional diode property may be exhibited
when the lower Ga : Sn O upper Ga: Sn. By changing
the composition ratio, we succeeded in creating devices

with two different diode characteristics.

1. INTRODUCTION

Amorphous oxide semiconductors have been attract-
ing attention in recent years for their excellent proper-
ties such as high electron mobility and high light trans-
mittance. Among them, Ga-Sn-O has the advantage of
containing fewer rare metals than In-Ga-Zn-O. In addi-
tion, the mist CVD method is a non-vacuum process
and has the advantage of being able to form films in a
short time and at low cost. In this paper, GTO films
were fabricated by mist CVD method to fabricate diode
devices. If GTO diodes can be fabricated by mist CVD,

devices with a variety of excellent characteristics can

[l 2k S s 41

be fabricated at low cost. For example, applications to

transparent devices are expected.
2. EXPERIMENTAL METHOD

A schematic diagram of the diode device fabricated
in this study is shown in Fig. 1. A Ga-Sn-O (hereafter
GTO) thin film is deposited by mist CVD. A Ga : Sn
composition ratio is Ga: Sn0 1: 101 : 5, Two layers
of GTO films were formed using these solutions. The
composition of the upper GTO layer was fixed at Ga :
SnO 1 : 3, whereas that of the lower layer was varied
from 1.1 to 1.5, and each layer was deposited for 10
minutes. A fine channel mist CVD system was used
with a carrier gas of 2 L/min, a dilution gas of 1 L/
min, and a deposition temperature of 350°C. A diagram
of the fine channel mist CVD system is shown in Fig.

2.
[Au [Au |
GTO(1:3) \’

GTO(1:1~1:5)
Al ]
SiO.

Fig. 1 Schematic diagram of the diode device
Dilution gas

Carrler gn\f

—

Ultrasonie Generator

Fig. 2 Diagram of fine channel mist CVD system

3. RESULTS AND DISCUSSION

The measured I-V characteristics for Ga : Sn compo-
sition ratios of 1: 1 and 1 : 2 are shown in Fig. 3 and
for1:3,1:4,and 1:5 in Fig. 4. Its properties depend

on the composition and thickness of the underlying



layer and are classified as Type 1 and Type 2.
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Fig. 3 Measured I-V characteristics for Type 1
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Fig. 4 Measured 1-V characteristics for Type 2

Previous studies have reported that SnOx films pre-
pared by mist CVD consist of SnO and SnO,. Other
studies have reported that the ratio of Sn* to Sn* can
be changed by changing the solution conditions when
ATO films are formed by mist CVD. In the present
study, the Ga : Sn ratio was changed, which may have
changed the ratio of SnO to SnO2 in the GTO films,
with the Ga : Sn composition ratios of 1 : 1 and 1: 2
resulting in films with more SnO and those with a Ga :
Sn composition ratio of 1 : 3 or higher resulting in
films with more SnO.. The rationale for this is that in
previous studies of GTO films prepared by mist CVD,
SnO, crystals were seen as peaks in those with Ga : Sn
composition ratios of 1:4 and 1:5. Typel Typel has
a composition ratio of Lower Ga : Sn O Upper Ga :
Sn. The I-V characteristics in Fig. 3 show that it has
unidirectional diode-like characteristics. It is not Schot-
tky because its properties are opposite to those of a
metal and semiconductor assumed to be Schottky. This

characteristic is presumably not due to the metal semi-

conductor junction but to the difference in the composi-
tion ratio of the upper and lower layers of GTO. Past
studies have reported that SnO is a p-type and SnO:; is
an n-type semiconductor. From the previous discussion,
in typel, the lower layer is a p-type semiconductor, and
the upper layer is an n-type semiconductor. Therefore,
a pn junction is formed at the GTO film, and the bot-
tom electrode is forward biased by a positive voltage
and reverse biased by a negative voltage. This result is
consistent with 1V measurements. Type2 Type2 has a
composition ratio of Lower Ga : Sn O Upper Ga : Sn.
The I-V characteristics in Figure 4 show that it has
bidirectional diode-like characteristics. From the previ-
ous discussion, the GTO film is an n-type semiconduc-
tor film. Unlike typel, it is a single film of n-type
semiconductor and has bidirectional diode-like charac-

teristics.
4. CONCULUSION

In this paper, diode devices with two layers of GTO
and varying Ga : Sn composition ratios of the upper
and lower layers were fabricated by a fine-channel mist
CVD method. As a result, SnO-rich films were ob-
tained for Ga : Sn composition ratios of 1: 1 and 1: 2,
and SiO2-rich films were obtained for ratios of 1: 3 or
higher. As for sthe characteristics, lower Ga: Sn O up-
per Ga : Sn shows unidirectional diode characteristics,
and lower Ga: Sn O upper Ga: Sn may show bidirec-
tional diode characteristics. By changing the composi-
tion ratio, we succeeded in creating devices with two
different diode characteristics. Further development is
expected by increasing the combination of upper and

lower layers and the number of GTO layers.
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Introduction

Amorphous oxide semiconductors (AOS) are being
actively investigated as a new low-temperature, large-
area TFT device material. AOS has a large band gap
and is transparent in the visible light range. It also
functions as a semiconductor even when deposited at
room temperature and has the advantage of high field-
1GZO

achieves high mobility due to the role of indium in

effect mobility. The representative material,

forming electronic orbitals. However, indium is a rare
metal with limited reserves and production. To leverage
the advantages of a-IGZO and address these issues,
GTO has been proposed as an alternative. The most
distinctive feature of GTO is that the indium in IGZO
is replaced by tin, which has a similar electronic or-
bital. Therefore, it is a non-toxic AOS. In addition,
GTO has stronger oxygen bonding than 1GZO, which
inhibits oxygen desorption. Therefore, it is an oxide
semiconductor that has excellent stability, is non-toxic,
and solves the problem of stable supply because it is a
rare metal-free semiconductor. In this study, we evalu-
ated the -V characteristics of GTO TFT and investi-
gated the thickness dependence of GTO TFT transistor

characteristics.
Experimental

The structure of the fabricated GTO TFT is shown
below. A film was deposited on a Si wafer with a 150
nm thermal oxide layer using a GTO (Ga: SnO 1: 3)
target. The substrate was heated to 150° C during depo-
sition. First, GTO was deposited on SiO2/Si substrates
using RF magnetron sputtering equipment. Detailed
deposition conditions for the GTO films are shown be-
low. In this experiment, the film thickness was varied
by adjusting the deposition time to check the film
thickness dependence. Then, Au electrodes were depos-
ited using a vacuum evaporation system for 5 minutes
and finally post-annealed at 350°C for 60 minutes. The
GTO TFT was evaluated using a semiconductor pa-

rameter analyzer.
Results and Discussion
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I1-V characteristics of GTO film

Fig. 1

The 1-V measurement results of the GTO TFTs are
shown in Fig. 1. The results show that the best proper-
ties were obtained when the deposition time was 2 and
3 minutes. A rise voltage of 2 minutes is desirable, but
the maximum mobility value was obtained at 3 min-
utes. This is thought to be related to the electron traps
present in the GTO film.
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Fig. 2 Summary of GTO TFT parameters

Fig. 2 shows each parameter of the GTO TFT cre-
ated in this study. Fig. 2 shows that as the deposition
time increases, starting from 1 minute, the mobility in-
creases and SS decreases, confirming the improvement
in TFT performance. However, when the deposition
time exceeds 3 minutes, the TFT performance gradually
degrades. This suggests that the performance of GTO
TFTs is optimal at a film thickness of 25 nm. In addi-
tion, the threshold voltage of the IGZO TFT decreased
with increasing film thickness, whereas the threshold
voltage of the GTO TFT increased with increasing film
thickness. This is thought to be the result of the differ-
ence in the dependence of IGZO and GTO on oxygen
vacancies. In the case of 1GZO, electrons are produced
by oxygen vacancies. The increase in film thickness in-
creases oxygen vacancies and carrier concentration,
which facilitates the formation of channels. As a result,
in the case of IGZO, the threshold value decreases as
the film thickness increases. On the other hand, GTO
tends to be less dependent on oxygen vacancies than
IGZO. This may be due to the difference in the mecha-

nism of carrier supply between In and Sn. Electronega-
tivity of In and Sn was checked to compare their bind-
ing strength to oxygen. Electronegativity was 1.78 for
In and 1.96 for Sn. The results show that In has a
weaker oxygen bonding strength than Sn, which makes
it easier for oxygen to be dislodged, resulting in more
oxygen vacancies. On the other hand, tin has a strong
bond with oxygen, making it difficult for oxygen va-
cancies to form. Therefore, it is thought that Sn, which
has fewer oxygen vacancies, is not as dependent on
oxygen vacancies as In. Therefore, as the film thickness
increases in GTO, gate control over the channel region
becomes weaker and the gate voltage effect decreases.
As a result, higher gate voltages are required to form a
channel, resulting in an increase in the threshold value

as the film thickness increases.
Conclusions

The best TFT characteristics were exhibited by de-
vices with a film thickness of 25 nm, with a high mo-
bility of 27.3 (cm*Vs). Threshold values also increased
with increasing film thickness. This study confirms that
GTO TFT performance is strongly dependent on film
thickness. This is believed to be because the perform-
ance varies significantly depending on the amount and

arrangement of electron traps in the GTO film.
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2. Introduction

O Resistance change memory (ReRAM) based on
amorphous oxide semiconductors (AOS) has been at-
tracting attention in the development of resistance
change devices and neuromorphic systems because of
its superiority in terms of high charge mobility and low
power consumption. Neuromorphic devices require the
production of the same number of memory elements as

the human brain in large quantities and at low cost[1]
3. Experiential

O To fabricate the ReRAM, the bottom electrode, Ti,
is first deposited on a glass substrate using the vacuum
evaporation method. the bottom electrode. The deposi-
tion time is 5 minutes. Next, to accurately and opti-
mally prepare a solution with a (1:1) ratio of gallium
acetylacetonate to tin acetylacetonate we first added (1)

3 g of hydrochloric acid, (2) tin acetylacetonate, (3)

gallium acetylacetonate, and (4) 40 ml of pure water
and allowed it to mature for one week. Two substrate
thicknesses, 0.5 mm and 0.7 mm, were used for com-
parison. The deposition conditions were as follows:
temperature 350°C, deposition time 20 minutes, carrier
gas is 1 [L/min] and dilution gas is 2 [L/min]. During
deposition, a portion of the top electrodes to be depos-
ited next was masked using a portion of the silicon
substrate with thermal oxide film so that it would not
overlap with the deposition of the GTO layer. Next, the
top electrode was fabricated by vacuum evaporation of

a Ti film with a deposition time of 5 minutesCJ

Fig. 1 Stucture of ReRAM deposited with GTO
using mist CVD method

vi NG TO

B The bottom electrode
I The top electrode

Fig. 2 Top view of the created ReRAM structure

4. Result and Discussion

The assumption is that devices with high switching
characteristics at low voltages have good switching
characteristics because they are energy efficient and are
rated as high performance. First, comparing substrates
(1) and (2) in Table 1, the switching ratio is higher
when the substrate thickness is 0.5 nm than when it is
0.7 nm. This is attributed to the uniformity of the tem-

perature distribution; thicker substrates conduct heat



more slowly, resulting in a temperature gradient and
non-uniform deposition. We believe that by using an
appropriate substrate thickness, adsorption of the pre-
cursor will proceed uniformly and high-quality thin
films will be easily obtained. Comparing the substrates
in (2) and (3) next, devices fabricated within one day
from the deposition of the bottom electrode, the first
step in device fabrication, to the deposition of the top
electrode, the final step, have higher switching ratios
than devices fabricated within one week. This is
thought to be due to degradation caused by oxidation
and contamination of the devices. Degradation of semi-
conductor devices due to material oxidation and other
factors adversely affects the electrical characteristics of
the device surface, resulting in changes in characteris-
tics over time. It is believed that early completion and
evaluation of devices will minimize degradation factors
and accurately determine their original performance(T]
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Fig. 3 Results of I-V characteristics for each
experimental condition

Table 1 Table showing each device by experi-
mental condition

Each Device

Experimental
Conditions

Substrate
thickness: 0.7 nm

|| @D

O

Substrate
thickness: 0.5 nm

Device Creation
Term: 1 week

Device Creation
Term: 1 day

Preparation of
solution:*1

0| |0 |0
O[0 0] 1@

0|0
Ol 0] [0

Preparation of
solution:*2

Switching ratio 2.52 | 5.25 | 10.4 | 12.3

-
o
L]

5. Conclusion

O In this study, ReRAM was fabricated by mist CVD
method using GTO film. The highest switching ratio
was obtained when (1) uniform temperature distribu-
tion, (2) prevention of device degradation due to oxida-
tion, and (3) appropriate precursor concentration and
uniformity were used, and it was confirmed that all of
these conditions (1) to (3) affect the switching ratio of
the GTO film[[J
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