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High responsivity UV detector based on TiO,-rGO nanocomposite material

The influence of reduced graphene oxide and the optoelectronic characterictics of a nanocomposites based on
rGO and TiO, were studied. Surface morphology and Raman spectra of nanocomposite materials indicate the
presence of initial components. It has been illustrated that during hydrothermal synthesis further reduction of
rGO occurs, i.e. the variety of oxygen-containing groups decreases. Studies of current-voltage characteristics
have displayed the availability of rGO in the nanocomposite leads to an increase in the photo induced current
to more than 40 uA. Next, the photoresponsivity of the samples was determined, which is three orders of val-
ue higher than pure titanium dioxide for nano-composite material. And the detectivity also increased 9 times.
This parameter allows you to identify the performance of the device. In this regard, the UV detector based on
nanocomposite has a higher performance. Studies also show a decrease in reaction time to light irradiation.
When irradiated, the nanocomposite material reacts to light three orders of magnitude faster than TiO,.
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Introduction

Photodetectors originated as incident light sensors, which were mainly used to convert the energy of a
falling photon into an electrical signal. Typically, the sensing capacity of incident radiation can be signifi-
cantly assessed by measuring the current or voltage signal generated in the device. Therefore, there is great
interest in developing various photodetectors. So far, many researchers have reported various photodetector
mechanisms included in the ultraviolet, visible and infrared regions. Therefore, it is necessary to develop a
strategic device architecture using various composite materials to improve the perception of incident light.
Therefore, achieving excellent photoresponsibility and photoresponsivity mechanism of a photodetector is
primarily due to photoconductive, photoreflective and photoelectric effects.

Due to their improved physical and chemical properties, nanostructures have become attractive materi-
als in the area of nanoelectronics, energy, optoelectronics, photocatalysis, sensors, drug delivery, biomedi-
cine, lasers, and flexible technologies [1-3]. In particular, photodetector technology is practically applied in
the ultraviolet region for ozone detection, pollution detection, gas sensors and flame detection; in the visible
region for energy, fiber optic communications, video imaging and artificial vision, and infrared (IR) for bio-
medical imaging, defence, space telescopes and meteorology.

Wide bandgap metal oxide materials (ZnO, SnO,, Ga,0O3;, WO; and TiO,) provide outstanding pro-
cessing approaches such as ease of fabrication, scalability, crystal orientation control, uniformity and repro-
ducibility in the UV detector community. Thus, all the above features demonstrate that metal oxide semicon-
ductors can be widely used in high-responsivity UV photodetectors.
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In the last decade, works have been appeared where multicomponent and hybrid materials based on
graphene and TiO, nanoparticles [4-6]. Materials received in these works mostly focus on creating TiO,
nanocrystals with the desired size and morphology, followed by their modification and applying on the sur-
face of graphene sheets. However, these hybrid materials have disadvantages. Their size is too small to be
easily agglomerated. Moreover, during the process of photodecomposition of organic compounds, the effec-
tive surface area of TiO, and graphene of such a hybrid material can considerably decrease.

Titanium dioxide (TiO,) is one of the most researched semiconductors due to its high potential of appli-
cation in photocatalysis, photovoltaic cells and gas sensors. Titanium dioxide, with a bandgap of 3.2 eV, is
responsivity to light with wavelengths below 380 nm. This allows it to be used for the manufacture of
photodetectors for the UV-A range. TiO, with a Schottky barrier have high-speed UV detection, but have
low photoresponsivity. This limits its use in UV detection. At the same time, oxygen vacancies in TiO, can
lead to strong tunneling of carriers, this can increase the dark current. Thus, the properties of TiO, with ex-
cellent structural transformation and non-stoichiometric phase transitions ensure its importance in optoelec-
tronic sensors and imaging systems [7-11].

Recently, graphene based photo-electric devices have drawn the attentions because of its superior opti-
cal and electrical properties [12]. Graphene has an almost flat absorption to the specific optical spectrum, and
has ballistic electronic transport and ultrahigh carrier mobility, which may lower the recombination possibil-
ity of electrons and holes [13, 14]. Those properties make graphene an ideal material for photodetecting de-
vices when combining it with other photoresponsivity responsivity materials.

One of the most important graphene derivatives is graphene oxide, an excellent carbon material with a
high specific surface area, good dispersion and a surface rich in functional groups. Go contains a large num-
ber of oxygen-containing functional groups (hydroxyl, epoxy, carbonyl and carboxyl) on its basal plane and
edges; these groups allow combining GO with other modified nanomaterials and provide ample opportunities
for creating hybrid nanocomposites based on GO [15-17].

In addition, it is believed that the combination of TiO, and graphene oxide GO has synergistic effects
and improves the photodegradation of organic compounds in both gaseous and aqueous media. Meanwhile,
in [18] it was shown that the reduced graphene oxide (rGO) has a higher photocatalytic activity and electrical
conductivity compared to graphene oxide.

In this work, an ultraviolet detector of a nanocomposite material based on rGO and TiO, was obtained.
It is expected that the addition of rGO and TiO, in a complex will improve the optoelectronic characteristics
of the detector, since their use has led to an increase in the effectiveness of photocatalytic properties [19].

Experimental

Preparation of nanocomposite materials was synthesized by the hydrothermal method according to the
methods of work [19, 20]. The preparation were carried out on the basis of rGO (Cheaptubes, USA), TiO,
(Sigma Aldrich), deionized water and ethanol. The concentration of rGO in the resulting nanocomposite ma-
terial is 10%, since studies have shown that at this concentration the materials have highly efficient catalytic
activity [19].

All reagents were analytically pure and used without further purification.

The surface morphology of the resulting composite materials was examined using a JEM-2100F trans-
mission electron microscope with an accelerating voltage of 120 kV. To record Raman spectra, a Confotec
MR520 microscope (Sol Instruments) with laser excitation at a wavelength of 632.8 hm was used. TiO, or
TiO,-rGO nanocomposite films were prepared from a paste obtained by constantly mixing TiO,0f 150 mg
and TiO,-rGO with 1 mL of ethanol for 24 hours.

The finished paste was applied to the surface of the substrates using the “spin-coating” method at a rota-
tion speed of 2000 rpm. After application, the film was annealed in an argon atmosphere for 2 hours at a
temperature of 450 °C.

The photodetector was assembled on glass with a conducting layer of fluorinated tin oxide (FTO, Sigma
Aldrich). Interdigitated tracks were cut on the surface substrates using a laser scriber BLS0503MM
(Bodor) [21].

Measurements of the current-voltage characteristics (CVC) of the prepared samples were carried out us-
ing a potentiostat-galvanostat Elins P-40X (Elins) when the samples were irradiated with light from a xenon
lamp with a power of 35 mW/ cm?.

To study the response time of the samples, we used a setup and a pulsed laser LQ215 (Solar) with a
third harmonic generator with 355 nm and a pulse duration of 7 ns [21].
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Results and Discussion

A TEM study of the structure of prepared films showed that when rGO is applied, an island film is
formed (Fig. 1).

Figure 1. TEM images of rGO (a) and TiO,-rGO (b) powders

TEM images (Fig. 1) show rGO sheets and TiO, particles dispersed on a surface of individual rGO
sheets. In this case, a slight agglomeration of TiO, particles is also observed. Figure 1b shows larger flakes
of thin translucent rGO enveloping TiO, particles.

TEM studies demonstrate that reduced graphene oxide sheets are dispersed throughout the synthesized
composites. This can promote the formation of a conductive network between TiO, particles and more effi-
cient injection of photogenerated electrons into graphene sheets, ensuring their further transfer to FTO layer
and recording.
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Figure 2. Raman shift of samples

Raman spectra were recorded to identify the materials. According to the Raman spectra, the
nanocomposite material contains TiO, and rGO peaks. Titanium dioxide of the anatase structure has six Ra-
man-active peaks in the vibrational spectrum [19, 22]. The spectrum of reduced graphene oxide contains two
characteristic bands: D- and G-bands (Table 1).
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Table 1
Position and intensity of the RC shift
Sample D, cm™ L, o.c. G,cmt L, o.e. I/l
rGO 1326,83 2708 1582,79 1789 1,51
TiO,-rGO 1321,22 1584 1571,97 1079 1,47

A decrease in the Ip/lg intensity ratio in the nanocomposite material indicates the process of further re-
duction of graphene oxide during synthesis, where the formation of sp® carbon domains and a decrease in the
amount of oxygen-containing groups can occur [23].

The main parameters for determining an ultraviolet detector are current-voltage characteristics (volt-
ampere characteristics), with the help of which light and dark photocurrents are found, as well as
responsivity and detectability. Figure 3 shows the CVC of light and dark photo-induced current for TiO, and
TiO,-rGO. The CVC of the samples were measured at a voltage of +30 V and at —30 V. The dependence of
current on voltage has a nonlinear form. At the same time, even without illumination of the samples, so-
called dark currents are recorded. The values of the generated photocurrent Iy, of the detector, shown in Ta-
ble 2, were assessed from the difference in light and dark values.
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Figure 3. CVC of samples: blue — light, red — dark

The maximum photocurrent value was recorded in the TiO,-rGO nanocomposite material, which is
46.83 pA (at +30 V), and the current is 29.76 pA at —30 V. It is also clear from Figure 3 that at +8V there is
an intense increase photocurrent compared to dark current. This shows the response of the samples to irradia-
tion. The difference between light and dark current is equal to the background photocurrent. The figure
shows the current-voltage characteristics for pure TiO,, where upon irradiation the photocurrent is only
1.9 pA, and the dark current is only 0.8 pnA. Table 2 shows that the background current at +30V voltage in
TiO,-rGO is 36 times higher than in TiO,. And at —30V this value only increases by almost 2 times.

The photoresponsivity of the detector is determined by the formula:

|ph
R:?, (1)

where P is the incident radiation power.

Table 2 shows, it is clear that the responsivity of TiO,-rGO nanocomposite films has increased by al-
most three orders of magnitude. Next, the specific detection ability of the prepared samples D* was estimat-
ed, which determines the ability of the device to detect weak light signals and can be determined from ex-
pression (1) [24, 25]:

. _RJA

° :\lz'e'ldark , (2)

where R is the responsivity of the films, A is the illuminated area of the sample, e is the electron charge mod-
ulo, lgar is the value of the dark current at +30 V.
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Table 2
Optoelectronic characteristics UV detectors based on TiO, and nanocomposite TiO,-rGO
Sample Ioh, LA+30 V Ioh, LA-30 V R, AIW D*, Jones 7, S T2 S
TiO, 1.10 2,98 31.4-10° 6.03-10" 17-10° 3,3
TiO,-rGO 36.1 4,03 1.03-10° 55,9-10" 7-10° 0,31-10°

According to the calculations that the specific detection ability of TiO, films is 6.03-10" Jones, while in
the presence of rGO D* increased to 55.9-10" Jones. This can be explained by the fact that the responsivity of
pure TiO2 films has a very low value. Table 2 shows the rise and fall times of the samples. The rise time for
TiO,-rGO is three orders of magnitude longer than that for TiO,. Thus, the nanocomposite material reacts
faster to the incident light. However, the decay time in the nanocomposite material also passes faster and is
equal to 0.31 ms.

Thus, the optoelectronic characteristics of a UV detector based on a nanocomposite material are im-
proved by the addition of reduced graphene oxide.

Conclusions

Thus, a nanocomposite material based on rGO and TiO, was obtained using a hydrothermal synthesis
method. The surface morphology of the nanocomposite is shown and the rGO sheets and TiO, nanoparticles
are clearly visible. The Raman spectrum also confirms the presence of initial components in the
nanocomposite material. The intensity ratio shows that further reduction of rGO occurs in the nanocomposite
material. Studies of current-voltage characteristics have shown that in the hanocomposite material the back-
ground photocurrent is 36 pA, and in pure TiO, it is only 1.1 pA. Accordingly, the responsivity of the
nanocomposite UV detector is three orders of magnitude greater and is equal to 1 mA, whereas for TiO, it is
31 pA. The detectability also shows the best results for TiO,-rGO. Studies of the timing characteristics of the
nanocomposite material show rise and fall reaction times of 7 ps and 0.31 ms, respectively.

Thus, the results obtained show that the optoelectronic characteristics of the UV detector of the TiO,-
rGO nanocomposite material are much higher than those of pure TiO,.
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A. Kymabekos, A. Kacanoa, H. Ucnynos, K. Jlocymb6exos,
K. Ocnanoga, T. Jlocanos, A. KypmaHos

TiO,-rGO HaHOKOMTIO3MTI Heri3iHaeri ;koFapbice3iMTaN YJIbTPAKYJITiH 1€TEKTOP

Makanama TutaH auokcuai MeH rGO Heri3iHaeri HaHOKOMITO3UTTIK MAaTCPHAIBIH ONTO3IEKTPOH/IBIK
KacHeTTepiHe KaiTa KypbutFaH rpadeH OKCHAIHIH ocepi 3epTrenreH. HaHOKOMMO3UTTIK MaTepHaIaapIbiH
OetiniH MOPQOIOTUsICH KOHE paMaHIBIK CHEKTpiepi OacTamkbl KOMIOHEHTTEpHAiH OOJIybIH KepceTeni.
Tunporepmanapik cuaTe3 Kesinme rGO omaH opi KaliTa KYpbUIQABL, SFHM OTTEri Oap TONTapAblH CaHBI
A3asATBHIHIBIFBI KepceTinreH. BompT-ammep cumarTaManapblHBIH 3epTTeyi OoiibiHIIa HanokoMmnosutre rGO-
HBIH OO0JIybl (OTOWHAYKIWSUTaHFaH TOKTHIH 40 MKA-IaH KOFapbl MOHTE OKeNeTiHiH kepceTTi. OcbhliaH
HAHOKOMITO3UTTIK MaTepHa YIIiH Ta3a THTAH JHOKCHAIMEH CaJbICTBIPFAH[A YII OHIBIKTAH apTHIK aCaThiH
YJITIEpiH Ce3iMTaNbIFBI aHBIKTANIBL. AJl JeTeKTopay Kabineti ae 9 ece ocTi. By mapamerp KypbUIFBIHBIH
OHIMJIUIITIH aHBIKTayFa MYMKIHIIK Oepenmi. OcbkiFaH OailIaHBICTHI HAHOKOMITO3MT HETi31HAEr! yIbTPaKyIriH
JETeKTOP/BIH OHiMALNIr xorapsl. CoHfaii-ak, 3epTTeysep »KapblK COyJeNeHYIHAe pPeaKlys yaKbITHIHBIH
azaroblH kepcereni. CoyneneHreH Kke3nae HAHOKOMMO3MTTIK Martepuan TiO,-re KaparaHia YII PeTTIK
IIaMajIarsl )KapbIKKA T3 dPEKET eTei. AJIBIHFAH HOTHXKENIEP/Ii OMTOAICKTPOHIBIK JKOHE (HOTOKATATUTHKAIIBIK
KOCBIMIIIANIAPFa apHAJIFaH JKaPhIKKA Ce3IMTal )KaHa KYPbUIFBLIAP/IbI JKacay1a KoJaaHyra 00Iabl.

Kinm ce3dep: rpaden okcuni, Tutan auokcuni, KII criekTpi, ONTOAIEKTPOHABIK KacHETTEPi, YIbTPAKYIITIH
JICTEKTOPBI.
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A. XKymabekos, A. Kacanosa, H. Ucnynos, K. /fTocymbekos,
K. Ocnanosa, T. [locanos, A. Kypmanos

BbICOKO4YBCTBUTEIbHBII Y® 1eTeKTOp HA 0ocHOBe HaHOKoMMo3uTa TiO,—rGO

W3zydeHo BIHMsHIE BOCCTAHOBIEHHOTO OKCHJA rpad)eHa Ha ONTO3NEKTPOHHBIE CBOWCTBA HAHOKOMITO3UTHOTO
MaTepuaia Ha OCHOBe Juokcuaa thurana u rGO. Mopgonorus moBepxHocTH U PaMaH-CHIEKTpbl HAHOKOMIIO-
3UTHBIX MaTepHAJIOB MOKA3bIBAIOT HAIMYNE UCXOAHBIX KOMIOHEHTOB. [T0oka3aHo, 4TO MpU THAPOTEPMATEHOM
CHHTE3¢ NPOUCXOJMT JanbHeiuiee BoccTaHoBieHne GO, TO €CTh yMEHbBLIAETCS KOJIMYECTBO KHCIOPOJ-
cofepXamux Tpymnin. VcciaenoBaHUs BOJNBT-aMIIEPHBIX XapaKTEPHCTHK IoKazamd, uto Hammune GO B
HaHOKOMIIO3UTE MPUBOJIUT K YBEIHYEHHIO ()OTOMHIYINPOBAHHOTO ToKa K 6osiee 40 MxA. Otcrona Obita om-
pelneneHa TyBCTBUTEILHOCTh 00pa3IoB, KOTOpast A5l HAHOKOMITO3UTHOT'O MaTepHalla IIPEeBBICHIA YPOBEHb Ha
TpPH TIOPSIKA TI0 CPABHEHHIO C YHCTHIM JAMOKCHIOM THTaHAa. A JETEKTHPYIOIIas CHOCOOHOCT TaK)Ke YBENH-
ymnack B 9 pa3. JlaHHBIH mapaMeTp MO3BOJSIET BBIIBUTH IMPOU3BOIUTEIBHOCTL YCTpOICTBA. B cBS3U ¢ 3TUM
Y@ nerexTop Ha OCHOBE HAHOKOMIIO3UTa 00namaeT 0ojiee BBICOKOI NMPOM3BOIUTEIBHOCTBIO. Takke mccie-
JIOBaHUS TOKa3bIBAlOT YMEHBIICHNE BPEMEHN PEaKIMU Ha oOmydeHue ceeToM. [Ipu oOirydeHHH HAaHOKOMITO-
3UTHBIA MaTepHal pearupyeT Ha CBET Ha TpH Hopsaka Ovictpee, deM TiO,. I[lomydueHHBIe pe3ynbTaThl MOTYT
OBITH MCIIOIH30BAHEI IIPH Pa3padOTKe HOBBIX CBETOUYBCTBUTENBHBIX YCTPOMCTB IS ONTOAIEKTPOHHBIX U (o-
TOKATAIUTUYECKUX IPUITOKECHUH.

Knioueswvie crosa: okeun rpadeHna, quokcus Tutana, criektp KP, onrosnekrponHbie Xxapakrepuctuku, Y D ne-
TEKTOP.
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