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Ultraviolet photovoltage characteristics of SrTiO 3-s/ Si heterojunction
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A photovoltaic effect is observed in the heterostructure-&i/n-SrTiO;_s (p: hole carrier typen:
electron carrier type The current—voltage curve exhibits a good rectifying characteristic similar to
that of the traditional diode. The junction shows the open circuit voltage of 126 mV/mJ, the short
circuit current of 1.78 mA/mJ, and the response time faster than 10 ns for ultraviolet pulsed laser
of 25 ns in duration at room temperature, suggesting the promising potential of this junction as a
new type of ultrafast ultraviolet detectors with high sensitivity for applicatior2G®5 American
Institute of Physic§ DOI: 10.1063/1.1943495

Crystalline metal oxides have attracted much attentiorwith ultrafast response time, high open circuit voltages and
for a wide variety of device applications. Perovskite-typeshort circuit currents.
metal oxides(ABQO,), in particular, have become an impor- SrTiOz_s thin film was deposited directly on p-type
tant class of materials due to their unusual dielectric, piezosilicon substrate(resistivity is 12.95) cm) by the laser
electric, ferroelectric, ferromagnetic, optical, electro-optic,molecular-beam epitaxyLMBE) technique?® First, after
and catalytic propertiejs? SrTiO; as a member of perovskite wet-chemical cleaning, the Si substrate was dipped into a
family is an incipient ferroelectric material with a relatively buffered solution with 4% HF for 60 s to remove the amor-
high dielectric constant with possible aﬂalications in dy-phous SiQ layer from the surface of the silicon, leaving a
namic random access memoriBRAMs)”" and in high  hydrogen-terminated surface. Then the Si substrate was im-
value or tunable capacitors’ The driving force of the semi- mediately put into an epitaxial chamber. The initial deposi-
conductor industry to integrate the transition-metal oxidegion of about two atomic layers of SrO film was under the
with Si has led to the development of SrEiGhin film base pressure of%610°® Pa at the substrate temperature of
growth on Si(001).2° These STO films have served as the300 °C to prevent the formation of the Si@terface layer.
gate-oxide layer for metal-oxide field-effect transistors andAfter that, the substrate temperature was raised to 620 °C,
as the buffer layer for II-V on Si semiconductor technology.and the oxygen pressure was raised to 104 Pa. Then, a

Stoichiometric SrTiQ with Ti** ions has ad” electron  SrTiO,_; layer with a thickness of 200 nm was deposited.
configuration, and consequently is an insulator with a band'he crystallization of the film wa@ situ monitored by re-
gap of~3.2 eV The electrical properties of SrTizan be  flective high-energy electron diffractiofRHEED). The
changed from insulator to-type semiconductor by reducing bright RHEED pattern clearly indicates the smooth STO sur-
it to SrTiO;_s" "2 or doping impurity iong**° SrTiO; thin ~ face and high degree of crystallinity of the film. For mea-
films prepared by vacuum processes usually contain oxygesurement, indiun(in) electrodes of 0.5 mfwere used on
vacancies and these oxygen vacancies can form positiverTiO,_; and Si, respectively.
space charge under high electric fields by detrapping elec- Figure 1 displays the typical-V behavior of the
trons. Then the SrTiQfilms will possess some characteris- p-Si/n-SrTiO;_s junction by tuning the applied voltage in a
tics of the n-type semiconductors. Compared to the tradi-wide range at room temperature. The well-rectified char-
tional semiconductop-n junctions, these oxide junctions acteristic of ap-n diode is prominent similar to that of con-
could be expected to exhibit characteristics, such agentional semiconductgs-n junctions. The structure appears
magnetic,>" electric,® or light-controlled behaviat? to be reverse biased when the negative polarity of the dc

In this letter, we present a functiongin heterojunction  voltage source is applied on the Si side. The leakage current
consisting of ap-type B-doped Si andnh-type oxygen- s as low as 16uA even when —20 V is applied to the junc-
deficient SrTiQ_; we fabricated and its photovoltaic effect tion. When the polarity changdgositive polarity on the Si
under the pulsed ultraviol¢UV) irradiation. Results of this  side), the current increases rapidly with the enhancement of
study revealed that the present heterojunction, based on pafe applied voltage and the structure can be considered as
ovskite oxide thin film on conventional semiconductor mate-forward biased.
rial, had the potential for using as sensitive UV detectors  An energy band profile of the-Si/n-SrTiO,_s hetero-

junction in the equilibrium state is obtained by using an it-

author to whom correspondence should be addressed; electronic mai€fative method to solve the Poisson equation and Boltzmann
hblu@aphy.iphy.ac.cn formulas self-consistently, as shown in Fig. 2. The inset is
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FIG. 1. |-V characteristic of g-Si/n-SrTiO;_; junction diode at 300 K.
The voltage polarity is defined at the electrode on Si side. The schematic n-SrTi0,
circuit of the sample measurement is shown in the inset. U
i . . . p-Si
the amplified part near the spike of the interface. Carriers

concentrations used as the parameters can be directly taken
from our results of Hall measurement, being about 1.45G. 3. Typical voltage response @fSi/n-SrTiO;; junction to 308 nm
X 10 cm2 for Si and 4.83< 10 cm2 for SrTiO-_s. Fur- pulsgd Iasel_‘ irradiation. The solid line shows the flttmg_result us!ngﬁq.

. . 3-0 The inset displays the fast response to laser pulse with &Qé&sistance
thermore, the e_nergy gaps of Si and Sra]pare 112 a“‘?' connected in parallel across tpen junction. Vp denotes the peak value of
3.2 eV, respectively. And the work functions without doping the transient voltage. The sketch shows the schematic circuit of the sample
in these two materials are regarded as 4.6 and 5.2a@We  measurement.
offset of valence band and that of the conduction béag
and E¢) for SrTiO; on p-Si are about —1.43 and 0.65 eV, ) ]
respectively, at the interface. According to the band diagrampPerimental data. The,, as a parameter, is taken as 4§,
it can be seen clearly that the barrier height of the spike i€"d 71, as the laser pulse duration, is 25 ns in the calculation.
about 0.4 eV. And this can be comparable to the thresholdVhen a 0.X) resistance is connected in parallel with the

voltage that is about 0.33 V under the forward bias V0|tage!unction as shown in Fig. 3, the trace is almost triangular and
as presented in Fig. 1. symmetrical(see the inset of Fig.)3The fast response has a

junction under the pulsed 308 nm laser irradiation of 25 ns ifind a full width at half maximuntFWHM) of 11 ns, which
duration is presented in Fig. 3. The energy density isa'e limited by the excitation laser.

0.5 mJ/mm and the irradiated area is 2 MniThe pulse ~_ The peak values of short-circuit currehdc and open-
response was monitored with a sampling oscilloscope whicKircuit voltageVoc, generated by the heterojunction under
has a response speed of 2 ns and an input impedance ¥V puls_e |r_rad|athn, were measured using the circuit pre-
1 MQ. We note that the response is composed of a fast risé€nted in Fig. 3 with smaller and larger impedanBgsre-
time and much slower decay. TIRC constant in the circuit SPectively. We can gelisc (Rp=0) and open-circuit voltage
should be responsible for the slow decay phenomenon. Th¥éoc (Rp=%) by fitting the data carefullyVp~Rp and
rate of laser induced carriers in the junction can be presentea(=Vp/Rp) ~ Rp, in Fig. 4. The insets in Figs.(4) and 4b)

as seckt/ ) wherer; denotes the duration of laser pulse, indicate that thesc andVoc are both linear with the irradi-
thus the laser induced voltage with, herer, being equiva- ated areaS, and with a sensitivity of 1.78 mA/mJ and
lent to the recharging timRC of the circuit, can be obtained 126 mV/mJ, respectively.

by the following equation: From the band structure shown in Fig. 2, we can obtain
i , the origin causing the laser induced voltage in the system.

U(t) o e—tlrzf Secﬁ(t_)et’/fzdt'_ (1) Under UV laser irradiation, electrons in the valence bands of

—o 71 SrTiO;_s and Si absorb the UV photons and make the tran-

. sition into the conduction bands, thus holes in the valence
The calculated results from the above equation as shown iy g anq electrons in the conduction bands are created, re-
Fig. 3 by solid line are in excellent agreement with the ex'spectively. Holes in the valence bands of SrTiQwill be
drifted into the valence band of Si, and meanwhile, electrons
p:Si in the conduction band of Si will be drifted into SrTiQ
-4t E; eee\gsmo ; due to the built-in electric field in the system as shown in
Fig. 2. Then the nonequilibrium carriers are partially sepa-
rated by the built-in electric field near the interface of the
junction. Eventually, the Fermi level in Si is lowered and that
of SrTiO;_s is raised, leading to the appearance of an instant
photovoltage.
The photovoltage is decreased by 20 times when the
: : junction is irradiated through thp-Si substrate rather than
0 500 1x000 1500 2000 through the SrTiQ_s film. This can be understood in the
(nm) following way. The substrate thickness is much longer than
FIG. 2. Schematic band structure fiSi/n-SrTiO,_ junction. The insetis  the diffusion length of the photogenerated carriers in the Si

the amplified part near the spike of the interface. side, so only very few photons can be injected into the deple-
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