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UV selective photodetector based on nanosized TiO, layers
L. Bedikyan*, S. Zakhariev, M. Zakharieva
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Nanosized TiO; layers were obtained by conventional vacuum thermal evaporation of Ti and triode-cathode sputtering of Ti target
in a vacuum system on silicon and quartz substrates, with high temperature post annealing to TiO; in the range of (450--750)°C.
Structures for UV sensors are formed by contact thermal evaporation of combing contact Al, Ni, In and In-Sn on TiO, layers of
silicon substrates. The optical properties of TiO, were studied by measuring the transmittance spectra in the range of wavelengths
(200--900) nm.

Spectral characteristics of structures with Al and Ni contacts show a maximum spectral sensitivity in the range of (280--330) nm.
I-V characteristics are measured at 4+-30 V forward voltage in the dark and under illumination with blue LED (380 nm) and with an
Hg lamp 50 W (365 nm). Under Hg lamp illumination, and (6+10) V bias voltage, photocurrent increases of magnitude, which shows
that the structure of Al and Ni contacts are suitable for UV sensors.
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INTRODUCTION

The need of monitoring the UV radiation led to
the development of the UV sensors based on differ-
ent materials. TiO, is one of the most attractive metal
oxides as a cheap, safe, simple and chemically stable
material. Absorption of UV light by TiO; is widely
applied when used as a photocatalyst, but the process
of light absorption of TiO; and occurrence of pho-
tocurrent, hard work recent years, because the char-
acteristics of TiO, photodiodes make them suitable
for the detection of UV radiation.

Due to the band gap of TiO, (3.0 eV for rutile and
3.2 eV for anatase), it is generally sensitive to UV
radiation and do not require UV filters unlike silicon
UV photodiodes. Studies in the literature show that
the TiO, can be used for UV and other types of sen-
sors, due to a distinct characteristic absorption, high
sensitivity and resolution, and possibility traditional
silicon to be used as a substrate.

EXPERIMENTAL

TiO, was prepared by two methods: conventional
vacuum thermal evaporation of Ti layer and sputter-
ing of Ti target in a cathode-triode vacuum system in
argon flow (2--6) x 1072 mbar with a preliminary ion
scrubbing. The substrates are optical quartz, sital and
silicon at temperatures up to 100°C. In both meth-
ods, TiO, is formed by high-temperature annealing
of the titanium layer into a resistance furnace on air at
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temperatures Ty, ~ 450,600 and 700°C for 15 h.
The layers have a thickness of 100+300 nm, have
a regular surface in both the method of preparation,
such as the adhesion is improved with increasing an-
nealing temperature. It is believed that at T, ~
450°C anatase phase is formed, at Ty, > 450°C both
phases anatase/rutile are formed, and Ty, > 650°C
formed rutile [1,2].

The optical properties of TiO, were analyzed
using the spectra of transmittance. The spectral
characteristics of the transition are measured with
a spectrophotometer UV-VIS SPECTROMOM 195D
within a range of wavelengths of 200=-900 nm. The
spectra are dependent on the substrate temperature,
the layer thickness and the temperature of annealing.

The width of the band gap energy for direct and
indirect transitions was obtained by plotting the opti-
cal absorption (athv)? and (athv)'/? vs. photon en-
ergy (hv) and extrapolating the linear portion of the
curve to 0 [3]. Values obtained for the width of the
band gap in the two used methods: thermal evapora-
tion and cathode-triode sputtering correspond to TiO,
anatase crystalline phase at annealing 450°C and pre-
dominant presence of rutile TiO, crystalline phase at
temperatures from 600 to 750°C.

For the preparation of structures sensitive to UV
radiation nanosized TiO; layers with thicknesses in
the range of 90-+-280 nm are formed on n-Si (100)
wafers with a specific resistance (6+-9) Q.cm. After
that using a variety of metals such as Al, Ni, In and In-
Sn on the layers are designed electrodes by thermal
evaporation through a contact mask. The realized
structures having a meander shape are mounted on
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(a)
Fig. 1. Photograph (a) and I-V characteristic (b) of a structure n-Si/TiO,/Al.

golden packages with conductive Ag paste. Fig. 1(a)
presents a photograph of structure Si/TiO,/Al.

RESULTS

I-V characteristics of the structures were mea-
sured in the range 4-+-30 V in the dark, illuminated
with blue LED (wavelength A = 380 nm) and illumi-
nated with an Hg lamp 50 W (with filter for radiation
with A = 365 nm). Best results when illuminated with
both lengths A, are obtained from the structures with
Ni and Al contacts (n-Si/TiO,/Ni and n-Si/TiO,/Al).

Fig. 1(b) presents I-V characteristics of pattern
19(2) — structure Si/TiO,/Al with thickness of TiO;
— 90 nm and Al contacts. When the applied voltage
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10 V, the dark current increased from 56 LA to pho-
tocurrent of 700 pA after illumination with Hg lamp,
i.e. photocurrent increased one order of magnitude in
comparison with the dark current.

The photocurrent depends on the thickness of
TiO, layer. On the one side for thicker layers gen-
eration of carriers grows, but on the other it acceler-
ates their recombination and photocurrent increase is
slowing. Increasing of the bias voltage applied to the
structure also slows the growth of photocurrent.

In Fig. 2 (a) and (b) are shown I-V characteris-
tics of patterns 19 (3) and 51 with thicknesses 140
and 170 nm respectively and with Ni contacts, mea-
sured in the range of (4+30) V. The best results for
the photocurrent versus dark current was obtained in
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Fig. 2. I-V characteristics of structures n-Si/TiO,/Ni - patterns 19 (3) (a) and 51 (b).
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Fig. 3. Spectral characteristics of structures with Al (a) and Ni (b) contacts.

layers with thicknesses 90 <170 nm and at applied
bias voltage in the range of (6+12) V.

The spectral characteristics of the photocurrent of
the structures with Al and Ni contacts are shown in
Fig. 3. They show low dependence on the applied to
the structure bias voltage and have photosensitivity in
the range of 280--330 nm, which is in good agree-
ment with the results of the absorption spectra.

Fig. 4 presents the spectra of transmittance and
absorption of a sample 19(2), which show a strong
optical absorption in the range 250320 nm.

The width of the optical zone of direct and indirect
transitions is obtained from a graphs of the optical ab-
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sorption (athv)? and (ahv)? vs. photon energy (hv)
and linear extrapolation to 0. The width of the op-
tical zone of direct transitions of TiO, is determined
3.4 eV at annealing temperature 450°C and 3.2 eV
with increasing annealing temperature up to 600°C.
The width of the optical zone of indirect transitions is
3.12 eV at annealing temperature 450°C and 3.02 eV
with increasing annealing temperature up to 750°C.

CONCLUSIONS

In most published literature values for the width of
the optical zone of TiO; — anatase and rutile, respec-
tively, are in the range 3.0+-3.4 eV, i.e. within a range
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Fig. 4. Optical absorption in TiO; thin films.
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of wavelengths of 370+420 nm. Values obtained for
the energy of the direct and indirect transitions corre-
spond to TiO, anatase crystalline phase at annealing
temperatures of 450°C and with increasing annealing
temperature up to 750°C showed mostly presence of
rutile crystal phase. Changes in the width of the op-
tical zone with annealing temperature are related to
changes in the dimensions of the crystallites, as well
as varying the ratio between the crystalline phase of
anatase and rutile [2].

I-V characteristics show good current differences
between the dark current and photocurrent when il-
luminated by UV radiation. Half-width of the spec-
tral characteristics showed good sensitivity range of

235+420 nm. At applied bias voltage in the range of
610 V photocurrent increased one order of magni-
tude in comparison with the dark current.

These results suggest that the structures and n-
Si/Ti0,/Ni n-Si/TiO,/Al are suitable for UV sensors.
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UV CEH30PU1 HA OCHOBATA HA TiO,
JI. BenuksH, Ct. 3axapueB, M. 3axapueBa

Llenmpanna nabopamopus no npunoxcHa usuxa, Bsazapcka akademus Ha HayKume,
6yn. “Canxm ITemepbypz” N°61, 4000 ITnoedus, benzapus

(Pesome)

HanopasmepHu cioeBe TiO; ca rosydyeHM ypes3 CTaHAAPTHO BAKYYMHO TePMUYHO M3napeHne Ha Ti ¥ TPMOIHO-KAaTOLHO pas3mpali-
BaHe Ha Ti MuIlleHa BbB BaKyyMHa CUCTeMa BbPXY CYIIMIMEBM U KBAPLIOBM MOJJIOXKKHM, C TOC/IeABAIL0 BMCOKOTEMITepaTypPHO OKUC/IeHM e
1o TiO, pu 450+750°C. CtpykTypute 3a UV ceH3opu ca popmMupaHu Ype3 KOHTAKTHO TEPMUYHO M3TapeHyie Ha rpe6eHOBUIHY KOHTaK-
i Al, Ni, In 1 In-Sn Bbpxy cinoeBete TiO,/Si. OntuunuTe cBoiictBa Ha TiO; ca M3caeaBaHM ype3 M3MepBaHe CIIEKTPUTE Ha IIPOITyCKaHe
B MHTepBaJI OT Ib/DKMHM Ha BbhiaHaTa 200+900 nm.

CrieKTpalHMTe XapaKTepUCTUKY Ha CTPYKTypuTe ¢ Al 1 Ni KOHTaKTH II0Ka3BaT MaKCYMyM Ha CIIeKTPaTHa IyBCTBUTEIHOCT B MHTEP-
Bau1 280+330 nm. BonT-aMrnepHuTe XapaKTepUCTUKY ca M3MepeHM B MHTepBai 4+30 V Ha TbMHO U Ipy ocBeTsiBaHe ¢bc ciH LED (380 nm)
u Hg tamma 50 W (365 nm). [Tpu ocBeTsiBane ¢ Hg mamiia u npuiarane Ha 6+10 V HanpexxeHue, GOTOTOKBT HapacTBa Ha MOPSIIBK, KOETO
MoKa3Ba, ye cTpykrypure ¢ Al u Ni KoHTakTH ca noaxonsiiy 3a UV ceH30pHu.
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