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Abstract. We report herein fabrication and characterizatibra dhin-film transistor (TFT)
using a SrTi@ epitaxial film grown on (001) face of LSAT [(LaAKR 3(SrAITaOe)o7]
substrate by a pulsed laser deposition technigheup stepped-and-terraced surface of SgTiO
film, which can be obtained by the thermal anneptithe layer-by-layer grown SrTi®im at
900°C in an oxygen pressure of ~1 Pa, is foundet@ ey material to obtain excellent TFT
characteristics. In the present case, the SFTIEX exhibits following characteristics at room
temperature: on-to-off current ratio >]@hreshold gate voltagéy, = +6.5 V, sub-threshold
swing S-factor ~2.1 Vdecadeand field effect mobility;ee ~0.8 cniV's™.

| ntroduction

Strontium titanate (SrTi€) cubic perovskitePm3m, lattice constan& =3.905 A) is known
as a band insulator with a wide bandgap of ~3.25¢ViO; has attracted growing attention for
the next generation of oxide electronics becau3eOgrexhibits several unique properties:
Charge carrier concentration of SrgiGan be easily controlled from insulator to metab(
~10" cm®) by appropriate substitutional doping such as MbLa [1,2]. SrTiQ exhibits
extremely high Hall mobility of >1Dcn?V st at 2 K [3]. High quality single crystals of
SrTiOs, which is commercially available, are widely apglifor the heteroepitaxial film growth
of several perovskite oxides. Recent finding ofhhaignsity two-dimensional electron gas
(2DEG) by Ohtomo and Hwang [4], which is confineithm extremely thin layer at the
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LaAlOs/SrTiO; heterointerface, accelerates the motivation towdneé realization of
SrTiOs-based electronic devices.

In order to realize the SrTigbased electronic devices, SriiBased field effect transistor
(FET) is essentially important because charge eradensity in SrTi@ can be modulated
electrostatically. A number of SrTihased FETs have been reported to date using higiityg
single crystals of SrTiQwith stepped and terraced surface [5-10]. Veryemdyg, Ueno and
co-workers observed superconducting transition~0.4 K) of electrostatically accumulated
two-dimensional electron channel (sheet charge emumation, n,p =1-10 x 16* cm™) in
SrTiO; single crystal using electric double layer gatteghnique [11]. They modulated the
mean depth of carrier distribution from 16 to 3 nmhich is far thinner than the thickness of
single crystal plate (~100m). Thus, one considers that SrFased thin film transistor (TFT)
with good transistor characteristics is appropritdefurther clarify the condensed-matter
physics of SrTiQ. However, SrTi@based thin TFT has not been reported so far.

In our preliminary study, we fabricated SrEDFTs using as-deposited SrEi@pitaxial
films, which were composed of several grains. Thsultant TFT was normally-on type
transistor and the values of the -eto—off current ratio and S-factor are <1@nd ~20
Vdecadé', indicating that oxygen vacancies and/or carriaps were generated in the SrJiO
film (data not shown). In order to improve the TERaracteristics, the as-deposited SgIO
films were annealed in an oxygen atmosphere.

Here we report fabrication and characterizatio®dfiO; TFTs using high quality epitaxial
films of SrTiO;, which was obtained by the thermal annealing ef ldyer-by-layer grown
SrTiO; film at 900°C in an oxygen pressure ~1 Pa. Wectsmleamorphous 12CaO- %8k
(a-C12A7, permittivity &; = 12) as the gate insulator for the fabricationTéfT because
a-C12A7 gated SrTi@Q FETs exhibit excellent transistor characteris{it®]. The resultant
SrTiOs-TFT exhibits following characteristics at room fgenature: on-to-off current ratio >0
sub-threshold swing ~2.1 Vdecagend field effect mobility ~0.8 cfir s ™.

Experimental

SrTiO; epitaxial films (thickness: ~60 nm) were fabrichten (001) face of LSAT
[(LaAlO3)o 3(SRAITaOg)o 7] substrates by a pulsed laser deposition (PLDhrtiepe (KrF
excimer laser, ~0.5 Jctpulse', 20 ns, 5 Hz). During the film deposition, we ntonéd
specular spot intensity of reflection high enerdgctron diffraction (RHEED) to control the
film thickness. Substrate temperature was kept08PQ® during the film deposition. After the
film deposition, pure @ gas was additionally introduced into the PLD chamto fill up
oxygen deficiency of the SrTgfilm. Then, the film was cooled down to room temgiare.
Crystallographic orientation and thickness of tiag were evaluated by high resolution x-ray
diffraction (HRXRD, ATX-G, Rigaku Co.) using monaameted Cu l§; beam.

Then, we fabricated a top-gate-type TFT structurethee SrTiQ single crystal films as
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schematically shown in Fig. 1. Firs
20-nm-thick metallic Ti films, used as th
source and drain electrodes, were deposi
through a stencil mask by electron beam (E
evaporation (base pressure ~1(Pa, no
substrate heating). Then, 160 nm-tth'\g_
amorphous-12Ca0-74D; (a-C12A7, &=12)

film was deposited through a stencil mask

PLD (~3 Jcm?puls€?, oxygen pressure ~0..

Pa) using dense polycrystalline C12A Fig. 1. Schematic structure of the

ceramic as target. Finally, gate electrod SrTiO-TFT. Ti films (20 nm thick) are used
as the source, drain and gate electrodes. A 160
nm-thick a-C12A7 film is used as the gate
insulator. Channel lengthLY and channel
evaporation. The resultant TFTs wet width (W) are 200 and 400 pm, respectively.
annealed at 200°C in air atmosphere to redt

off current.

Gate

Source Drain

a-C12A7 (160 nm")

SrTiO3 film (~60 nm)

LSAT (001) substrate (500 umt)

which is 20-nm-thick metallic Ti film, was
deposited through a stencil mask by E

Results

In the out of plane XRD pattern of the resultantiSg film, Pendellésung fringes were
clearly observed at around 002 diffraction peak SoiO; (data not shown). Thus, we
confirmed the film thickness (60 nm) using the Relidung fringes. Surface morphology was
observed by an atomic force microscope (AFM, Naop8cE, D.l1.)[Fig. 2(a)]. Stepped and
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Fig. 2: (a)Topographic AFM image of the Srgi@pitaxial flm annealed in an oxygen
atmosphere [Oxygen pressure: 1 Pa ]. (b)Crossesetthigh-resolution transmission electron
microscope (HRTEM) images of the 160-nm-theelC12A7/SrTIQ/LSAT heterointerface.
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terraced surface are seen. Figure 2(b)

shows the  cross  sectional @) 107

high-resolution transmission electron __ 10° 3
microscope image of the i 1077 -
a-C12A7/SrTiQ/LSAT interface § 108 i
region (HRTEM, TOPCON EM-002B, 3 10° 1 Vi~ +65 i
acceleration voltage of 200 kV, g o o] i
TOPCON). Featureless structure of = '° ® e vottage, Vy (1) |
a-C12A7 is seen though lattice image 107 N i %’W il 3¢ 3
is clearly seen in the SrTiCfilm. A 107 SRR %w L 3" RS
broad halo pattern is seen in the Gate voltage, Vg (V)

selected area electron diffraction
patterns o fa-C12A7, indicating that (b) 160 —F+———rr
a-C12A7 glass film was deposited on : i
the SrTiQ film. 1201

Transistor characteristics of the E
resultant SrTi@QTFTs were measured :: 80_' ]
by using a semiconductor device % ]
analyzer (B1500A, Agilent % 40- ]
Technologies) at room temperature. G | L 2V vy |
The channel widthW) and the channel o — |+'8'\|/ 0V 1

length () of the TFT are 400 and 200 0 2 4 6 8 10
. . Drain voltage, Vq4 (V)
um, respectively. Figure 3 shows
typical (a) transfer and (b) outptL
characteristics of the resultant TF
Drain current ky) of the FET increasec
as the gate voltageV§) increased,
hence the channel was-type, and
electron carriers were accumulated |,
positive Vy [Fig. 3(a)]. Rather large threshold gate voltaygn) of +6.5 V, obtained from a
linear fit of anIdO'E’-Vg plot [inset of (a)], is observed, which corresp®mdectron trapping state
density of ~5 x 1& cm®. We observed a clear pinch-off and current saturan Iq [Fig. 3(b)],
indicating that the operation of this FET conformedstandard FET theory. The -6mo— off
current ratio, S-factor and threshold voltage, i€, ~2.1 Vdecadé and +6.5 V, respectively.
We then calculated the sheet charge concentraijQn &nd the field effect mobilityugg) of the
SrTiOs-TFTs. Then, values were obtained fromy = C; (Vg—Vin), whereC; was the capacitance
per unit area (67 nFcA). Thepre values were obtained frome = gnf(WIL)Ci-Vg] ™, wheregn,
is transconductana®¢/6Vy. The maximumuee of the TFT was ~0.8 ¢t 's™ (Vg = 47 V,n =
2.0 x 16° cm?).

Fig. 3. (a) Typical transfer and (b) output
characteristics of the TFT using the high quality
SrTiO; epitaxial film, which was annealed in an
oxygen atmosphere. The inset of (a) shaygV,
plot of the TFT.
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Summary

We have demonstrated fabrication and device clexiatits of a thin-film transistor (TFT)
fabricated in single-crystalline SrT§O thin film grown on (001) face of
(LaAlO3)0.3(SrAITaOg)o7 substrate by a pulsed laser deposition technig@brupt
stepped-and-terraced surface of Sgliildn, which can be obtained by the thermal anmepbf
the layer-by-layer grown SrTigdilm at 900°C in an oxygen pressure of ~1 Pagisil to be a
key material to obtain excellent TFT characterssticin the present case, the SrFI-T
exhibits following characteristics at room temperat on-to-off current ratio >%p
sub-threshold swing ~2.1 Vdecagend field effect mobility ~0.8 cfir *s™.
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