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Abstract

®
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Recently, antimony-doped tin oxide nanoparticles (ATO NPs) have been widely used in the
fields of electronics, photonics, photovoltaics, sensing, and other fields because of their good
conductivity, easy synthesis, excellent chemical stability, high mechanical strength, good
dispersion and low cost. Herein, for the first time, a novel nonvolatile transistor memory device
is fabricated using ATO NPs as charge trapping sites to enhance the memory performance. The
resulting organic nano-floating gate memory (NFGM) device exhibits outstanding memory
properties, including tremendous memory window (~85 V), superhigh memory on/off ratio
(~10”), long data retention (over 10 years) and eminent multilevel storage behavior, which are
among the optimal performances in NFGM devices based on organic field effect transistors.
Additionally, the device displays photoinduced-reset characteristic with low energy consumption
erasing operation. This study provides novel avenues for the manufacture of simple and low-cost
data storage devices with outstanding memory performance, multilevel storage behavior and

suitability as platforms for integrated circuits.

Supplementary material for this article is available online
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1. Introduction

Organic field effect transistor (OFET) type nonvolatile
memories have been seen as a promising candidate for next-
generation electronic devices due to the advantages of non-
destructive read-out, facile solution processability, low cost
fabrication and flexibility [1-4]. Currently, based on charge-
storing medium between the semiconductor layer and di-
electric layer, OFET-type memories can be generally
categorized into: [5, 6] (i) ferroelectric OFET memory, (ii)
polymer electret OFET memory, and (iii) floating gate OFET
memory. Among them, the floating gate memory is the most
studied configurations, in which continuously conducting

* Authors to whom any correspondence should be addressed.

0957-4484/22 /025201+-09$33.00

materials with a planar structure or discrete nanoparticles
(NPs) are utilized as charge trapping sites for charging or
releasing during the programming and erasing procedures
[7-9]. However, the floating gate memory with the planar
structure is considered to reach its limitations due to the
fundamental scaling-down and current leakage problems [10].
Therefore, discrete NPs are employed as charge storage sites
to fabricate nano-floating gate OFET memories (NFGO-
FETMs) due to their suppression of charge leakage effect,
capacity to be scaled down, multilevel storage, superior
reliability and high speed of operation [11].

With the advent of the information age, the requirement
of memory device is developing, such as increased density,
faster storage speed, lower power consumption and more
facile fabrication [12, 13]. Several possible solutions have

© 2021 I0OP Publishing Ltd  Printed in the UK
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Table 1. Comparison of current work with representative organic nano-floating gate memories.
Memory Memory on/off Data reten- Multilevel data Light
Floating gate material window ratio tion time storage operation References
CoFe,0,4 nanoparticles 73.84 V 2.98 x 10° 1000 s N/A N/A [11]
PCBM 22.1V 102 12000 s 2 bits Erase [31]
Ceo ~20V 10%-10° 10000 s N/A Erase [34]
CdSe quantum dot N/A 10° 10 000 s N/A Erase [35]
Conjugated polymer 35V 10* 10000 s N/A N/A [36]
nanoparticles
MAPbBr; N/A 10* 40000 s ~2 bits Program (371
ATO NPs ~85V 10° 10000 s 2 bits Erase In this work

been proposed to boost the data storage capacity. One is the
reduction of the memory cell size, but Moore’s Law gradually
approaches the physical limit and the precision of photo-
lithography process is limited [14, 15]. Another effective
method to expanse the storage capacity is to develop multi-
level memory [16, 17]. For example, Yang et al demonstrated
a multilevel photonic memory with a vertical OFET, in which
8 distinctive current levels were obtained and maintained over
a long time period [15]. Tran et al reported multilevel non-
volatile OFET memory using a lithium-ion-encapsulated
fullerene as a charge trapping layer [18]. Four logic states
with high discrepancies were clearly observed. In addition to
increasing the storage space, the multilevel memory effects
can also be used to simulate the behavior of synapses,
showing potential for the neuromorphic circuit applications
[19, 20]. In order to achieve multilevel date storage, memory
properties, such as memory window and retention time, need
to be enhanced [16, 17]. To date, metallic NPs, particularly
gold (Au) NPs, are widely used as floating gate materials in
NFGOFETMs owing to their suitable work function and high
air stability [21]. The floating gate layer based on metallic
NPs is commonly deposited by the expensive high-vacuum
manufacturing processes and cannot easily control the shape,
size, and density of metallic NPs [11, 22]. Therefore, other
nano materials are employed as nano-floating gate in
NFGOFETMs, for example, semiconducting or metal oxide
NPs, however, they are not widely used in storage devices
[11, 23, 24]. Thus, it is urgent to find more suitable nano-
floating gate materials for high performance device with
multilevel storage. Recently, antimony-doped tin oxide
(ATO) NPs, as a transparent conductive oxide, have been
extensively applied in the fields of electronics, photonics,
photovoltaics, sensing, and other electronic fields because of
their good conductivity, easy synthesis, excellent chemical
stability, high mechanical strength and low cost [25, 26].
Moreover, ATO NPs material is a kind of NPs with small
particle size and highly dispersible in water (green solvent),
and more importantly, it can be deposited by solution-pro-
cessing, which is benefit for realizing low-cost large-area
organic electronics [27-29]. These properties of ATO NPs
make them suitable candidate as a nano-floating gate layer in
NFGOFETM devices. However, to the best of our knowl-
edge, ATO NPs have not yet been used in NFGOFETM

devices. Hence, it is extremely significant to open new doors
for employing the ATO NPs in other electronic applications.

In addition, according to recent studies, it is found that
light can be utilized as an individual elimination method to
realize a photo-erasing process in OFET memories [30-35].
For example, Jang et al reported photo erasable memories
based on OFETs by surface modified quantum-dot floating
gates [35]. Liou et al demonstrated photoinduced-reset OFET
memories based on a novel polymer electret [32]. Liao et al
reported the transistor-type photoinduced-reset memories
using a two-dimensional Cs,Pb(SCN),Br,/polymer as the
floating gate [30]. These devices possess a ‘photoinduced-
reset’ mechanism, which implements a photo-erasing process
through photoinduced charge transfer between the organic
semiconductor and floating gate layers. Compared to con-
ventional electrically erasable devices, these ‘photoinduced-
reset’ memories possess remarkable advantages regarding
energy savings, convenient elimination of stored charges, and
extended application as a photosensor. Therefore, it is sig-
nificant to further introduce photoinduced-reset function into
high performance NFGOFETMs.

In this work, a novel nonvolatile OFET memory device
based on ATO NPs is demonstrated, in which 2, 7-dioctyl[1]
benzothieno[3, 2-b][1]benzothiophene (C8-BTBT) is chosen
as the organic semiconducting layer. The absorption of C8-
BTBT is in the ultraviolet (UV) region, which indicates that
UV light could be applied as an alternative to electrical
operation [30-33]. Thus, the device possesses photoinduced-
reset capacity, resulting in energy savings and convenient
elimination of stored information [34, 35]. In addition, the
resulting NFGOFETM devices exhibited outstanding memory
properties, including tremendous memory window (~85 V),
superhigh memory on/off ratio (~10%), excellent data reten-
tion (over 10 years) and eminent multilevel storage ability.
The overall performances of our devices are among the
optimal performances in NFGOFETM devices based on
OFETs as illustrated in table 1 [11, 31, 34-37]. This work
demonstrates that ATO NPs with excellent comprehensive
properties can be introduced as new charge trapping agent for
memory devices and provide novel avenues for the manu-
facture of simple and low-cost data storage devices.
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2. Experimental section

2.1. Materials

Polystyrene (PS, Mw = 280000, 99%) and C8-BTBT (99%)
were purchased from Sigma Aldrich. ATO NPs and toluene
were purchased from Aladdin. Highly doped n-type Si wafers
with 300 nm thick SiO, were used as substrates. All solvents
and regents were used without further purification.

2.2. Fabrication of the NFGOFETM

Si0,/Si substrates were cleaned with deionized water, iso-
propyl alcohol, acetone and ethanol for 20 min each in an
ultrasonic cleaner. The ATO NPs were dispersed in deionized
water into 2.5, 5 and 7.5 mg ml~'. After the substrates were
treated with ultraviolet ozone for 15 min, the ATO NPs
solution was spin-coated on the substrates at 3000 rpm for
60 s and was baked at 150 °C for 30 min on the hotplate to
evaporate the water thoroughly. Then, the PS solution (2.5 mg
ml_l, toluene) was spin-coated onto the ATO NPs thin film
with 3000 rpm for 60 s and they were baked at 80 °C for
60 min. The C8-BTBT film was fabricated on the PS film by
thermal evaporation under vacuum (9.0 x 1073 Pa). The
thickness of PS and C8-BTBT are 6 and 74 nm, respectively.
Finally, patterned gold source—drain electrodes were depos-
ited by vacuum thermal evaporation through a shadow mask
with channel lengths (L) and widths (W) of 90 and 4500 pm,
respectively.

2.3. Characterization

The electrical measurements of NFGOFETM devices were
conducted in ambient atmosphere using a Keysight B1500A
semiconductor parametric analyzer. The UV-vis absorption
spectra of ATO NPs and C8-BTBT were recorded on a Per-
kinElmer UV-vis lambda 365 spectrophotometer. The sur-
faces of ATO NPs films were characterized using a field
emission scanning electron microscope (ZEISS Gemini SEM
300). The morphologies of C8-BTBT films were determined
with atomic force microscopy (AFM, MFP-3D infinity). The
light source was LED with the wavelength of 365 nm. The
illumination intensity was measured by irradiatometers
(THORLABS PM100D).

3. Results and discussion

The schematic diagram of the NFGOFETM device based on
ATO NPs is illustrated in figure 1(a). Figure 1(b) displays the
UV-vis absorption spectra of ATO NPs and C8-BTBT. It can
be seen that the C8-BTBT possesses a distinct absorption
peak at 361 nm and ATO NPs film has almost no absorption
in the entire UV—vis absorption range, which suggests that
ATO NPs film is a transparent material. Figures 1(c)—(e) show
the AFM height images of C8-BTBT film on PS-ATO NPs
films, in which the concentrations of ATO NPs solution are
2.5, 5 and 7.5 mg ml~!, successively. It is found that the
layered grains of C8-BTBT are clearly on these PS-ATO NPs

films, indicating that good alignment of the molecules
deposited on PS-ATO NPs films, which is very important to
obtain high performance floating gate memory. As depicted in
figures 2(a)—(d), the SEM images confirm the existence of
ATO NPs with different densities. The SEM images also
show that the densities and distribution of ATO NPs are in
good agreement with their concentrations, as depicted in
figures 2(a)—(c). It should be noted that the white dots with
low density in figures 2(a)—(c) are the ATO NPs aggregates
rather than ATO NPs. To more clearly understand the
nanoscale structures of the ATO NPs aggregates, higher
magnification SEM was further applied on a selected ATO
NPs aggregate, as shown in figure 2(d). Interestingly,
although the distribution of ATO NPs aggregates is not
completely uniform, the ATO NPs in a single ATO NPs
aggregate present relatively uniform distribution with the
similar size of about tens of nanometers and the exact size
distribution range of ATO NPs is shown in figure S1 (avail-
able online at stacks.iop.org/NANO/33/025201/mmedia)
(corresponding to the SEM diagram in figure 2(d)). Further-
more, the distances between most ATO NPs in an aggregates
range from several nanometers to tens of nanometers. These
phenomena indicate that ATO NPs are suitable for the
application in current transistor memories.

Bottom-gate top-contact C8-BTBT OFETs were fabri-
cated with and without ATO NPs. The typical p-channel
transistor behaviors are observed for all of the transfer curves
and the drain voltage (Vp) is fixed at —40 V, as shown in
figure 3 and figure S2. The OFET performance of the devices
are summarized in table S1. We can find that the mobility of
the device without ATO NPs is 3.8 cm? V! sfl, which is the
highest among the four devices. When the ATO NPs floating
gates are added to the devices, the mobilities decrease to
different extent. The mobilities of the devices with 2.5, 5,
7.5 mg ml"' ATO NPs are 3.5, 2.9 and 0.5 cm*V 's™',
respectively. Therefore, when the density and size of ATO
NPs aggregates are small, the device still can maintain high
mobility, such as the devices with 2.5 and 5 mg ml~! ATO
NPs. When the density and size of ATO NPs aggregates are
too large, the mobility greatly reduced, such as the device
with 7.5 mg ml~! ATO NPs. Similarly, we can find that the
relationship between the values of I, o of the devices and
size of the ATO NPs aggregates is the same. We further
analyze the reasons for these effects on mobility. In our
memory device, PS/C8-BTBT interface belongs to the
organic semiconductor layer/dielectric interface of OFET. In
OFET, the organic semiconductor layer/dielectric interface is
an important interface that dominates carrier transport [38].
As the thickness of the tunneling layer PS is very thin, only
6 nm, and the size of the ATO NPs and its aggregates in the
floating gate layer are much larger than 6 nm, resulting in
uneven and rough surface. However, based on previous stu-
dies, flat and smooth surface morphology of the dielectric
layer is very important to obtain high field effect mobility.
Therefore, with the increase of the density and size of the
ATO NPs aggregates, much rougher surfaces are introduced,
resulting in the degradation of the mobility [11, 39-42].


http://stacks.iop.org/NANO/33/025201/mmedia

Nanotechnology 33 (2022) 025201 R Jin et al

(a)

C8-BTBT Au

PS /

—_
(=3
~—

——ATO
——C8-BTBT

Absorbance (a.u.)

O: 00 380 w0 480 500
Wavelength (nm)

Figure 1. (a) Schematic illustration of the NFGOFETMs with ATO NPs floating gate. UV—vis absorption spectra of (b) ATO NPs and C8-
BTBT film. (c)-(e) AFM images of C8-BTBT film on the PS-ATO NPs films (The concentration of ATO NPs solution is 2.5, 5 and 7.5 mg
ml_l, successively).

Figure 2. SEM images of ATO NPs with (a) 2.5 mg ml~', ()5 mg ml™', (c)7.5 mg ml~! on SiO, /Si substrates and (d) higher magnification
SEM image of 5 mg ml~' ATO NPs on Si0,/Si substrates.
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Figure 3. Transfer characteristics of the NFGOFETM devices with different ATO NPs concentrations (Vp = —40 V) (a) 2.5 mg mlfl, (b)5

mg ml~" and (c) 7.5 mgml™".

We further investigated the effect of the density of ATO
NPs on the memory characteristics of devices. As a negative
gate bias Vg = —200 V is exerted on the devices for only 10
ms, holes transfer from C8-BTBT and are trapped into the
ATO NPs, which suppresses the formation of hole channel in
C8-BTBT and leads to the negative shifts of transfer curves in
figure 3. Interestingly, the transfer curves of the NFGOFETM
devices can shift back to their initial states after exposing to
UV light (365 nm) with an intensity of 3.5 mW cm ™2 for 30 s,
indicating that UV light could be used as the driving force to
completely replace the electrical responses. The connection
diagram of the device for electrical measurements in figure
S3. The memory windows of the NFGOFETM based on 2.5,
5 and 7.5 mg ml~! ATO NPs are 50.62, 84.77 and 68.33V,
respectively. And their memory on/off ratios are 2.97 x 107,
1.10 x 10° and 3.85 x 10% respectively. The device based
on ATO NPs with a concentration of 2.5 mg ml~' obtains
small memory window and memory on/off ratio, which may
result from less charge trapping sites provided by less ATO
NPs [43-45]. In another case, it is noteworthy that higher off
current and suppressed memory window are observed in the
device with a concentration of 7.5 mg ml™', compared to the
device with 5 mgml~' ATO NPs. We speculate that this
phenomenon may be caused by the following reason. As the
density of ATO nanoparticles increases, the distance between
ATO nanoparticles decreases and even connects, which
eventually enhances the holes conduction between adjacent
NPs and reduce the charge trapping efficiency [46]. There-
fore, among these three concentrations, the NFGOFETM
devices based on 5 mgml~' ATO NPs exhibit the best
memory characteristics, including tremendous memory win-
dow (~85 V) and superhigh memory on/off ratio over 10,
indicating its outstanding hole trapping capability. The trap-
ped charge density (An) was roughly calculated according to
the following equation:[47]

AV,

e

An

G,

where e is the element charge, AV,, is the shift of threshold
voltage and C; is the capacitance of the gate dielectric. The
trapped charge density is calculated to be about 6.0 x 10'?
cm 2. Moreover, in order to explore whether the size and

density distribution of ATO NPs in our work can make the
memory have uniform threshold voltage shifts, we tested ten
devices at random positions on the same Si/SiO, substrate.
Figure S4 shows threshold voltage shifts of the ten devices
and the value of threshold voltage shifts are all about 85 +
5 V. Thus, threshold voltage shifts for our memory devices
based on ATO NPs are almost uniform. The distribution of
memory windows in terms of volts is displayed in figure S5.
In order to quantify the contribution of ATO nanoparticle
film versus SiO, dielectric towards threshold voltage shift, we
perform control experiments by blank OFET memory without
depositing ATO nanoparticle floating gate. Other than ATO
nanoparticle film, the rest functional layers of the devices are
the same. Figure S6 shows the electrical transfer character-
istics of the device. The memory window of the blank device
turned out to be notably narrower than the completed memory
device. Under the application of programming voltage of
VGpro = —200 V, the memory window of the completed
OFET is ~85 V (figure 3(b)), being much larger than that
from the blank device, ~10 V (figure S6). Obviously, the
large memory window comes from ATO NPs floating gate.
These excellent memory characteristics make the device
a suitable candidate for the realization of multilevel data
storage with distinguishable memory states. Therefore, we
further investigated the transfer characteristics of the device
after applying varied programming gate voltages of
Ve.pro = —100, —120, —140, —160, —180, —200 V, r = 10
ms and UV light illumination for erasing process, at
Vb = —40 V. The corresponding log plot of Ip and \/E
versus Vg pro are shown in figures 4(a) and (b), respectively.
As the larger negative programming gate voltages are applied,
the greater the shift of the transfer curves to the negative
direction, which manifests that the trapping density of holes
transferred from C8-BTBT into the ATO NPs can be con-
trollable. To realize multilevel data storage, besides the
aforementioned superhigh memory on/off ratio and tre-
mendous memory window, long retention time and good
durability are also required. Cycling tests by repetitively
programming /erasing (P/E) procedures are illustrated in
figures 4(c) and (d). Then, four distinct current states (dif-
ferent Vgp, values of —120, —160, —200 V and photo-
induced-reset behavior (365 nm, 3.5 mW cm 2, 30 s)) of the
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Figure 4. (a) [—V characteristics and (b) vI—V characteristics of the NFGOFETM devices V, = —40 V. P /E switching cycles (c) at
Vo= -30V,Vp=—-40V and (d) at Vg = —80 V, Vp = —40 V. (e) Time dependent retention properties of 4 current levels (f) estimated

retention time by extrapolation of each on- and off-state plot.

retention capabilities of the NFGOFETM are shown in
figure 4(e). The retention time test indicated that the 4 current
states are distinguishable and well sustained even after 10 000
s without obvious degradation. Importantly, the retention time
estimated from the measured data would be more than 10
years, as shown in figure 4(f), which still shows its highly
stable and distinguishable charge storage characteristics. In
short, the memory devices possess good stability of data
storage for practical applications.

In addition, we further decrease the operating voltages to
explore the memory performance of the NFGOFETM devi-
ces. We measured the transfer characteristics of the device at
Vp = —10 V, after applying Vg po = —80, —100, —120,
—140, —160, —180 or —200 V, t = 10 ms and UV light
illumination (365 nm) for erasing process, as shown in figures
S7(a), (b). The values of the memory window and memory
current ratio were obtained with values of 11 V and
2.7 x 10%, respectively, at the low operation voltages of
Vp = —10 V and Vg p,, = —80 V, and with the increase of
programming voltages, the values of the memory window and
memory current ratio increase successively. Cycling tests and
the retention time test are illustrated in figures S7(c), (d), (e),
which shows that the devices also have highly stable and
distinguishable charge storage characteristics at lower
Vp=—10 V.

The potential operation mechanism of the NFGOFETM
was further investigated.  Ultraviolet photoelectron
spectroscopy (UPS) was used to determine the energy level of
ATO NPs and C8-BTBT. As depicted in figure 5(a), the

highest occupied molecular orbital (HOMO) energy level of
C8-BTBT is estimated to be —5.34 eV according to the
equation, ionization potentials (IP) = hv (Ecutoft

E onser)- Combing with the calculated optical bandgap of C8-
BTBT (3.34 eV) in figure 5(b), the lowest unoccupied
molecular orbital (LUMO) energy level of C8-BTBT is esti-
mated to be —2.00 eV. Au has high work function (5.1 eV)
[48]. From the difference between the work function of Au
electrodes and the HOMO energy level, it can be obtained
that the low injection barrier of holes injected from Au into
C8-BTBT is 0.24 eV, which allows the effective hole injec-
tion. Figure 5(c) shows the UPS spectra of the ATO NPs and
the work function of ATO thin films is estimated to —4.77
eV. The HOMO and LUMO energy levels of C8-BTBT are
—5.34 eV and —2.00 eV, respectively. And the thin PS tun-
neling layer (6 nm) is a wide band gap insulator material
[37, 49]. The work function (—4.77 eV) of ATO NPs is
slightly higher than HOMO (—5.34 eV) of C8-BTBT. The
C8-BTBT layer, PS layer, and ATO NPs layer are indepen-
dent layers. Figure 5(d) shows the energy band diagram of
PS, C8-BTBT and ATO NPs in the flat band state without
VG pro- During the programming process (figures 5(e), S8(a)),
as a negative Vg, is applied to the NFGOFETM devices in
darkness, the energy bands of C8-BTBT and PS are bent and
the corresponding interfacial barriers are overcome, thus the
holes can be injected from the HOMO of C8-BTBT into the
deep-level states of the ATO NPs through a thin PS tunneling
layer. PS, the wide band gap insulating polymer with ultra-
deep HOMO level, prevented vertical leakage of the trapped
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Figure 5. (a) Ultraviolet photoelectron spectroscopy (UPS) spectra of C8-BTBT, (b) optical absorption spectra of C8-BTBT, (c) UPS spectra
of ATO NPs. Energy band diagram of (d) C8-BTBT and ATO NPs at V5 = 0, and (e) during program operation (Vg < 0), and (f) during
erase operation (under light) for the charge trapping/releasing mechanism.

holes between ATO NPs and the C8-BTBT [50]. According
to the previous studies [51, 52], for floating gate organic
memory, the charge tunneling could be divided into direct
tunneling and Fowler Nordheim tunneling (FN tunneling). In
the direct tunneling mechanism, the thickness of a tunneling
layer is thin (several nanometers) and the programming vol-
tages are also relatively low. For the FN tunneling mech-
anism, the thickness of the tunneling layer is thick, thus it is
difficult to realize efficient direct tunneling and the pro-
gramming voltages are high. In our work, the PS solution
(2.5 mg ml™ !, toluene) was spin-coated (3000 rpm, 60 s) to
form the tunneling layer. The tunneling layer thicknesses is
only 6 nm, which can cause carriers direct tunneling. In
addition, as shown in figure 5(e), the energy band of PS layer
is bent under the high programming operation voltage, lead-
ing to the holes in the HOMO energy level of C8-BTBT
transfer to ATO NPs mainly through FN tunneling. Therefore,
both direct tunneling and FN tunneling mechanisms exist in
our memory devices. Consequently, the trapped holes in ATO
NPs floating gate would form E;, between C8-BTBT and
ATO floating gate (figure S8(a)) and the transfer curve of the
NFGOFETM shifted to the negative direction [7, 53, 54].
For the erasing operation in figures 5(f), S8(b), light-only
bias is applied for holes to be detrapped. As shown in
figure 1(b), C8-BTBT possesses a distinct absorption peak at
361 nm, while the ATO NPs has no absorption. In this work,
the photon energy (3.40 eV) of the incident UV light is larger
the band gap (3.34 eV) of C8-BTBT and there is an Ej, to
prompt carrier separation and transfer. Moreover, the thick-
ness of the PS tunneling layer is very thin (6 nm). According
to previous important studies, these situations mentioned

above significantly improve direct tunneling transfer of the
photogenerated carriers at zero bias [52]. Therefore, it can be
concluded that the photoinduced-reset mechanism of this
work is that when the NFGOFETM is illuminated by UV
light (365 nm), excitons generate initially in C8-BTBT and
move to the C8-BTBT/PS interface. Then, the excitons are
quickly divided into photo-generated holes and electrons and
driven by the Ej,, photo-generated electrons enter the ATO
NPs floating gate layer by direct tunneling though PS layer to
recombine with holes trapped in deep-level states of ATO
NPs [34, 35, 53]. And the photo-generated holes drift toward
C8-BTBT to increase the concentration of holes in the con-
ductive channel. As a result, the trapped holes are finally
erased in the ATO NPs and the concentration of holes in the
conductive channel of C8-BTBT return to the original state.
Thus, the transfer curves of the NFGOFETM shifted back to
its initial state.

4. Conclusions

High-performance NFGOFETM devices are fabricated using
C8-BTBT and ATO NPs as the organic semiconductor and
floating gate, respectively, in which ATO NPs have been used
as floating gate material for the first time. The NFGOFETM
exhibits outstanding overall performances, including tre-
mendous memory window (~85 V), superhigh memory on/
off ratio (~109), excellent data retention (over 10 years) and
eminent multilevel storage ability, which are among the
optimal performances in NFGOFETM devices based on
OFETs. Furthermore, the ‘photoinduced-reset” behavior could
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be obtained in NFGOFETMs under UV light. This work
demonstrates that ATO NPs can be introduced as new charge
trapping agents for memory devices and provide novel ave-
nues for the manufacture of simple and low-cost fabrication
of data storage devices with multilevel storage and photo-
induced-reset behaviors.
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