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Temperature effect on carrier transport characteristics
in SrTiO 3_5/Si p-n heterojunction
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A p-n junction has been fabricated by depositing an electron-ddped SrTiO;_5 film on a
hole-doped(p-) Si substrate with a two atomic-layers thickness epitaxial SrO buffer layer using
laser molecular beam epitaxy technique. Good crystallinity and smooth surface of;Srhi€re
confirmed by reflection high-energy electron diffraction and x-ray diffraction. The junction shows
good rectifying behavior at room temperature, and strong temperature dependence of
current-voltage(l-V) properties in the range of 200-300 K. These results present potential
applications in future microelectronic devices based on growing perovskite oxide thin films on
conventional semiconductors. @05 American Institute of PhysidDOIl: 10.1063/1.1888039

Perovskite-type oxide thin films are very attractive ma-  SrTiO;_5 film was deposited by laser molecular beam
terials due to their simple crystal structures and multifunc-epitaxy (LMBE) technique equipped witin situ reflective
tional properties such as ferroelectric, dielectric, and opticahigh-energy electron diffractioRHEED).*? A Si (100) sub-
properties. Epitaxial crystalline perovskite oxide thin films strate (p-type, 12.95(Q cm) was carefully cleaned sequen-
on silicon (Si) introduce the possibility for an entirely new tially using alcohol, acetone, and de-ionized water. Then, the
device physics based on utilization of the anisotropic re-substrate was dipped into HB%) solution for 30-40 s to
sponse of crystalline oxide films grown commensurately on aemove the amorphous Sj@ayer from the silicon surface,
semiconductot.Among the choices of perovskite oxide films leaving a hydrogen-terminated surface. Subsequently, the Si
epitaxially grown on silicon, SrTiQ (STO) is one of the substrate was immediately moved into the epitaxial chamber.
most promising candidates, with desirable structure and diThe initial deposition of about two atomic layers of SrO film
electric propertied® Stoichiometric STO with Ti* ions has ~ was under the base pressure of 50°° Pa at the substrate
a d° electron configuration, and consequently is a insulatofemperature of 300 °C to prevent the formation of the ;SiO
with a band gap of~3.2 eV? The electrical properties of interface layer. After that, the substrate temperature was
STO can bhe Changed from insu|atorr\tﬂype semiconductor raised to 620 °C. When the so treated SrO surface showed a
through reductior(SrTiO;_»)>" or impurity doping®® It is ~ Sharp streaky RHEED pattern, the oxygen pressure was
well known thatp-n junction has been widely used as a basic'@ised to 2<10°* Pa. Then, a SrTiQ, layer with a thick-

element in various semiconductor devices. Compared to thaeSs of 150 A was deposited. Finally, the sanIe incstu
conventional semiconductgr-n junctions, the ones of ox- annealed under the oxygen pressure of 0 Pa for 20

ides could be expected to exhibit characteristics, such as
magnetic behavio®** Moreover, oxidep-n junctions are
expected to work at high temperature where the conventional
semiconductoip-n junctions may not be competent. Along
with the development of material fabrication technique, it is
possible to prepare the artificially designed structures in view
of integration with the mainstream microelectronic devices
based on growing perovskite oxide thin films on conven-
tional semiconductor, such as Si. However, there have been
only a few reports on the fabrication of these atrtificially de-
signed structures based on semiconductive perovskite oxide
thin films on silicon.

In this work, we report the fabrication of a functional
p-n heterojunction consisting of amtype oxygen-deficient
SrTiO;_s andp-type B-doped S{n-SrTiO;_s/p-Si) inserting
a two atomic-layers thickness epitaxial SrO buffer layer.
Good rectifying properties depending on temperature are
found in the range of 200—300 K. Our results show that it is
possible to realize rectifying junctions based on perovskite
oxide thin films on conventional semiconductors.

dauthor to whom correspondence should be addressed; electronic maiFIG. 1. RHEED pattern of the SrTiQ; film with a thickness of 150 A on
zhchen@aphy.iphy.ac.cn Si (100) substrate at 620 °C unden2l0* Pa.
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FIG. 2. XRD profile of the SrTiQ_; film prepared on S{100 substrate.

FIG. 4. Thel-V curves of SrTiQ_s/Si junction in a wide temperature range
. o ) of 200-300 K.
min. The Hall coefficient measurement confirmed that the

resistivity and carrier concentration of the SrEi® film )
were 1.8< 1072 Q cm and 4.8% 10° cm™3, respectively. slope of the-V curve becomes clearly steeper in the forward
The RHEED pattern of the STO film grown on Si sub- bias side, and the threshold volta§¥,) decreases nearly
strate is shown in Fig. 1. The streaky and bright patterdif‘ear with temperature increasing.This_phe_nomgnon js quite
clearly indicates the smooth STO surface and high degree dfifferent from that of the conventional $in diode in which
crystallinity of the film. X-ray diffraction(XRD) with Cuke  the shape of all thé-V curves is nearly independent of tem-
radiation was used to determine the phase structure. THeerature in the forward directiof:*°In the reverse direction
XRD ¢-26 scan curve of the STO thin film is shown in Fig. Of Fig. 4, the leakage current saturates kf wherel, is the
2. Except for STO(00¢) and Si(00¢) diffraction peaks, Saturation current density. This is similar to the conventional
there are no diffraction peaks from impurity phases or ranS! P-n diode in whichls slightly decreases with decreasing
domly oriented grains. The full width at half maximum teémperature. o
(FWHM) of the STO(002) peak is 0.87°, indicating a very Figure 5 shows the positive bias voltage dependence of
high degree of crystallinity of the film. the junction resistance at different temperature, defined as
The |-V behavior of then-SrTiOs_s/p-Si junction was Rj=dV/dl. Obviously, with increasing the applied voltage,
measured by tuning the applied voltage in a wide range afj decreases abruptly in low bias voltage range, but then
room temperature, and the typical result is represented iglmost tends to a constant when the applied voltage is larger
Fig. 3. To obtain ohmic contact, indiurin) electrodes of than a certain value, the threshold voltage. Notice that the
0.5 mn? were placed on the surface of SrEiQand Si(in- threshold voltage increases almost linearly with decreasing
set of Fig. 3. The junction exhibits good rectifying behavior, {€mperature, from 0.33 V at 300 K t0 0.57 V at 200 K. Itis
and the shape of theV curve is similar to that op-n diode VY clear that the junction resistance increases with decreas-
made of conventional semiconductor. Even whet0 Vwas ~ Ng temperature. . .
applied to the junction, the leakage current was as low as 10 understand the above results, it is generally believed
10 uA. The threshold voltagédiffusion potential,Vp) is that the band model of semiconductor should be invoked.
about 0.33 V; at that point the current starts to increase obfigure 6 shows the schematic band diagram of the
viously as a result of the application of a positive bias volt-STI0s-5/Si p-n structure. This simple model is based on
age, as shown in Fig. 3. According to the band diagram decontinuity of the vacuum level, neglecting the effects of di-
scription, Vp, appears when a semiconductor is brought intoPoles and interface states. The energy band profile is the case
contact with the other having a different carrier type or bandn Which the electron affinity of Siis larger than that of STO.
structure. Therefore, a spike will occur in the conduction-band edges at
The temperature dependencel ¥ behaviors is shown the interface. Furthermore, the energy gaps of Si and SrTiO
in Fig. 4 measured in a wide temperature range of 200-308"¢ 1.12 and 3.2 eV, respectively, and that of Sg[jds
K. The slope of thé-V curves shows more complex than that thought to be very close to SITiO The work functions
from the calculation of a conventional $in diode> In without doping in these two materials are regarded as 4.6 and

. 7 . .
the SrTiQ._;/Si junction, with increasing temperature, the 52 eV, respect|veI§7. Carrier concentrations meas_ured by
Hall measurement are about 1430 cm™ for Si and
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FIG. 3. The current-voltagé-V) curve of SrTiQ_;/Si junction measuring  FIG. 5. The voltage dependence of junction conductive resistance at differ-
in a wide applied voltage scope at room temperature. The inset is the schent temperature. The dotted line delineates the threshold voltage defined at

matic structure of presen-n junction. that point the current obviously starts to increase.
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p-Si 1 #-STO suring temperature range of 200—300 K. The fabrication of a
i rectifying junction based on growing perovskite oxide thin
: films on conventional semiconductors might open up the
Ef ___________ TJK Ec possibilities in the future generation microelectronic devices.
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