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Picosecond photoelectric characteristic in La  §7Srq3sMnO3/Si p-n junctions
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Ultrafast photoelectric effects have been observed &g ;MnO3/Si p-n junctions fabricated by

laser molecular-beam epitaxy. The rise time w&a&10 ps and the full width at half-maximum was
~650 ps for the photovoltaic pulse when the junction was irradiated by a 1064 nm laser pulse of
25 ps duration. The photovoltaic sensitivity was as large as 435 mV/mJ for a 1064 nm laser pulse.
No such photovoltaic signal was observed with irradiation from a L6CGO, laser pulse. The
results reveal that this phenomenon is an ultrafast photoelectric effe@0®American Institute of
Physics [DOI: 10.1063/1.1946901

Many efforts have been devoted recently to explorecleaned sequentially using alcohol, acetone, and deionized
qguantum functional properties and verify new device con-water. The substrates were then dipped inte 5% HF so-
cepts based on manganese oxide. Tarekal. reported the Iution for 20—30 s to remove the native silicon oxide on the
electrical modulation of double-exchange ferromagnetism irsurfaces and to form a hydrogen-terminated surface at the
Lay Bag ;MNOs/Nb-doped SrTiQ p-n junction® Mitra et al. ~ same time. Subsequently, the Si substrates were transferred
observed a large positive magnetoresistai®tR) in a  into the epitaxial chamber immediately. When the base pres-
Lag Cay MNOs/ SrTiOs/Lay -Cey aMnO; tunnel junctiorf  sure of epitaxial chamber was pumped t& 507 Pa, a fo-

We have investigated the fabrication technology of atomicused pulsed XeCl excimer laser beam20 ns, 2 Hz,
cally controlled oxide films on other oxid&band discovered ~1.5 J/cni) was irradiated onto a hot-pressed LSMO target.
the modulation effect of current and voltage as well as alhe initial about 12 A(~3 unit celly LSMO film was de-
large positive MR effect in systems of Sr-doped LaMnO Posited onto the Si substrate surface at room temperature to
and Nb-doped SrTi@p-n junctions*® as well as multilayer ~Prevent the formation of the amorphous Sifayer. The Si

p-n heterostructuré With regard to optical effects on man- substrate was then raised to 620 °C in the base pressure of
ganese oxides, Zhareg al. found laser-induced thermoelec- ~1% 10°° Pa before the deposition of the LSMO film started
tric voltages in Lg,CaMnO; films with a photovoltaic ~again. Anin situ reflection high-energy electron d|ﬁrapt|0n
pulse of~2 us full width at half-maximum(FWHM) when ~ (RHEED) system and CCD camera was used to monitor the
the film was irradiated by a 1064 nm laser pulse of 15 ngrowth process of the LSMO thin films. The RHEED streak
duration® Sun et al. observed photovoltaic effect in Pattern of the LSMO film with the thickness of 12 A ap-

Lag 2Pl 36C 8 3MNO3/ SINBy 00aTio.00:05 P-N junction with peared when the initial 12 A LSMO film was crystallized by
a photovoltaic pulse of ~8 ms FWHM when the Increasing the substrate temperature up to 620 °C and the

Lag 24Pl 36Ca sMnOs film in the junction was irradiated by ther_mal annealing process. Thg LSMO was continuously de-
a 532 nm laser pulse of 10 ns duratfm order to combine Posited and meanwhile an active oxygen soure@0% O

the functional properties of oxide with Si electronics, severalV&S Lntroduced into the chamber and a pressure of 3
insulating oxide films, such as SrTiPBaTiO;, and ferro- X10“ Pa was kept during the dep05|t!on. The thickness of
electric Bi; ,d.a, -TiO4, films, were reported to be epitaxi- the LSMO fllms of samples we deposited for the measure-
ally deposited on Si substrat¥s2in this letter, we present Ment were in the range of 300—600 nm. The crystallization
the laser molecular-beam epitatipser MBB and ultrafast of the LSMO film was examinenh situ by RHEED, and also

photoelectric effect of LgSt, MnO; (LSMO)/Si p-n junc- was characterizedex situ using x-ray diffraction (XRD)

. oo lysis.

tions. The rise time was-210 ps and FWHM was-650 ps ana - .

of the photovoltaic pulse when the LSMO film in the junc- The RHE.ED pattern of 400 nm LSMO f|!m 1 shown in
the inset of Fig. 1. The sharp streak pattern indicates that the

::82 was irradiated by a 1064 nm laser pulse of 25 ps duraLSMO film has a good crystallized structure and smooth
- - ; ; ; ; rface. Figure 1 shows a typical XRD pattern of 400 nm
To form a p-n junction with functional properties by su . .
using an oxide and Si semiconductor, we chose LSMO as SMO film on Si s.ubstr:.ate. Except for L.SM@O.D an(_:i
. . ) i . 02 and Si(002 diffraction peaks, there is no diffraction
p-type material, and 2 im-type Si(001) wafers with resis- . . . .
hpeak from impurity phases or randomly oriented grains,

tivity of 4 0 cm as the substrates. The lattice mismatc S o . . ) h
. . ; which implies that the LSMO film ig-axis oriented; that is,
between LSMO(~3.86 A) and Si(5.43 A) is fairly small LSMO [110]1S{001].

[~9'55%:(3'$6\’ 2)/5.43 with the LS.MO unit cell rot_ated To determine the electrical and photoelectric behaviors
45 around Si surface normgl00] axis. The LSMOsfllms of the p-n junction, the 2 in. sample of LSMO/Si was cut
were fabricated by a computer-controllddser MBE.” Be- into 5X6 mn? and 2<2 mn? for the photoelectric and
fore depositing the LSMO film, Si substrates were carefullyg|actrical measurements. The indiuim) electrodes were
placed on the surfaces of the LSMO thin films and Si sub-
¥Electronic mail: hblu@aphy.iphy.ac.cn strates, as shown in the insets in Figs. 2, 3, and 4. For the

0003-6951/2005/86(24)/241915/3/$22.50 86, 241915-1 © 2005 American Institute of Physics
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FIG. 1. A typical XRD pattern of 400 nm LSMO film on Si substrate. The FIG. 3. Variation of the open-circuit photovoltage with time after excitation

inset is a RHEED pattern of 400 nm LSMO film on Si substrate.

with a 1064 nm laser pulse on the LSMO/%in junction. The schematic
circuit of the sample measurement is shown in the inset.

photoelectric measurement, the In electrode was placed on a

corner of the LSMO film surface.
The |-V characteristic of the LSMO/Si-n junctions(2

than that of~2 us observed in Ref. 8, and about seven
orders of magnitude narrower than that-e8 ms observed

X2 mn?) was measured with a pulse-modulated currentn Ref. 9.

source. Figure 2 shows &fV curve of a LSMO/Sp-n junc-

There are two main factors that influence the rise time

tion at room temperature. The junction exhibits good nonlin-2"d FWHM of the photovoltaic effect in Fig. 3. First, the

ear and rectifying-V characteristics.
The photoelectric behaviors of LSMO/$in junctions

(5 mmx 6 mm) were further investigated using a 1064 nm

Nd:YAG laser(pulse width 25 psas well as a 10.eem CGO,

pulse laser and measured by an oscilloscope of 130 ps ri
time (TektroniX’® TDS7254B at ambient temperature. An

open-circuit photovoltage to the-n junction was observed

between the two electrodes when the LSMO film surface wa;

irradiated by a laser pulse. One of the most striking observa
tions of the present work is the picosecond ultrafast photo
electric effect. Figure 3 shows the typical photovoltaic puls

as a function of time when the LSMO/$*n junction is

irradiated with a 1064 nm laser pulse. The rise time is abouﬁh
10 ns and the FWHM is about 12s when the photovoltage

is directly measured. It should be noted that there is a shal
rise of the pulse at the very beginning, but then the photo

voltage signal gradually decreases. When a(.2sistance
is connected in parallel with thp-n junction, as shown in
Fig. 4, the rise time dramatically reduces+@10 ps and the

FWHM also reduces te-650 ps. Evidently, the rise time and . . .
Thealso highly sensitive to the laser pulse. The maximum pho-

FWHM in Fig. 4 are much shorter than those in Fig. 3.

FWHM in Fig. 4 is about four orders of magnitude narrower
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FIG. 2. I-V curve of a LSMO/Sip-n junction at room temperature. The
schematic circuit of the sample measurement is shown in the inset.

€

interface of thep-n junction must be of good quality, as well
as the LSMO film, because either defect at the interface or in
the material would influence the production and lifetime of
nonequilibrium carriers, which are of the same order as the

Sqaecay time of the photovoltaic pulse in Fig. 3. Second, there

IS a junction capacitance in the LSMO/$in junction as
well as the impedance of the measurement system. In our
ase, the junction capacitance is about 30 pF at 500 MHz for
e LSMO/Si sample of % 6 mn?, and the input impedance
of the oscilloscope is 1 K). In other words, the discharge
time constant is about 3@s, which is comparable to the
FWHM of the photovoltaic pulse in Fig. 3, so it seems that
e photovoltaic decay time in Fig. 3 is closely related to the
p-n junction capacitance and the impedance in the measure-

ent system. Therefore, the ultrafast photovoltaic pulse ob-
served after connecting a (2 resistance in parallel across
the junction, as shown in Fig. 4, reveals a more realistic
process of photoelectric emission in then junction.

Our experimental results show that the photoelectric ef-

fect in thep-n junctions is not only an ultrafast effect, but is

tovoltaic sensitivity was 435 mV/mJ, and the maximum cur-

Voltage (mV)

20

=y
o

1.5 2.0 2.5 3.0

Time (ns)
FIG. 4. Variation of the photovoltage with time under the same condition as

in Fig. 3, but with a 0.2) resistance connected in parallel across phe
junction. Inset displays a schematic circuit of the sample measurement.
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LSMO Si We did not observe any photoelectric effect when the
SIS LSMO film in the junction was irradiated by a 10.6n CO,
e\ \ laser pulse for which the photon energy is much smaller than
& either of the band gap of the LSMO or Si. This result clearly
----------- :------------v--E demonstrates that the ultrafast photovoltage is a photoelectric
® DO F effect instead of a thermoelectric effect.
\\ In conclusion, we have fabricated the LSMO/in
® junctions and observed the ultrafast photoelectric effects in

_ N _ the junctions. It is noteworthy that then junction of LSMO
FIG. 5. Schematic band structure for tha junction of LSMO/Si, and the

schematic movement of photon created carriers for the system irradiated b@'nd Si ‘?Omb'”e the functional properties Of 'OXIde with Si
the laser pulse. electronics. The key advantages of LSMO/Si is that the new

structure consisting of a manganite as a MR material
(LSMO) and a conventional semiconduct(®i) combines

rents were more than 100 mA when a resistas€e5 Q) was  multifunction of MR rectification, and ultrafast photoelec-
connected in parallel across the junction for a 1064 nm lasetric characteristic, which is with potential of new applica-
pulse of 0.8 mJ energy. tions. The interesting properties of such a new structure re-

Figure 5 shows the schematic band structure forated to spin ordering, charge carrying, and electron-photon
LSMO/Si p-n junction, and the schematic movement of interaction in the system are stimulating a widely study. Fur-
photon-created carriers for the system irradiated by the laseher investigation, both experimental and theoretical, on the
pulse. The Hall effect we measured showed that the carriemechanism of the multifunctional properties of electricity
density of LSMO is around 8 10* cm3, which is much  and optics and magnetics in such systems are under going.
greater than that afi-type Si(around 1x 106 cm™); there-
fore, the depletion region in Si should be much thicker than ~ The authors thank Dr. Wenhao Zhou and Dr. Yue Xu for
that of LSMO, as shown in Fig. 5. The creation of the IOho_thelr.help in picosecond measurgment, and Prof. R. Q. Tan
tovoltaic process can be easily understood as follows. WhefPr his help in CQ pulse laser. This work was supported by
LSMO was connected with Si, electrons fromtype Si the National Natural Science Foundation of Chifido.
leaked out into the adjacerpg-type LSMO, and holes in 10334070.
LSMO moved into Si due to the carrier diffusion. The diffu- .

. . . - H. Tanaka, J. Zhang, and T. Kawai, Phys. Rev. L8&, 027204(2002.

sion barrier was_then built up around the_lnterface to preventzc_ Mitra, P. Raychaudhun, K. Dorr, K. H. Muller, L. Schultz, P. M. Op-
the further leaking of carriers, meanwhile the potential of peneer, and S. Wirth, Phys. Rev. Le0, 017202(2003.
LSMO was raised by the space charge in the interface. With’G. z. Yang, H. B. Lu, F. Chen, T. Zhao, and Z. H. Chen, J. Cryst. Growth
the radiation of photons, electrons in the valence band ab-,227-228 929 (2001.

f : 4 . Wang, H. B. Lu, W. Z. Chen, T. Zhao, F. Chen, H. Y. Peng, S. T. Lee,
sorbed photons and transited to the conduction band. As theg'nd G. Z. Yang, Appl. Phys. Letf5, 3464 (1999.

photon energy of 1064 nm wavelength is slightly larger thans, g Lu, S. Y. Dai, Z. H. Chen, L. Yan, Y. L. Zhou, and G. Z. Yang, Chin.
the band gaps of LSM@L.0—-1.3 eV and Si(=1.12 eV}, so Sci. Bull. 48, 1016(2003.

the electrons and holes in LSMO and Si were created in the'H. B. Lu, S. Y. Dai, Z. H. Chen, L. F. Liu, H. Z. Guo, W. F. Xiang, Y. Y.
system. The created electrons with higher potential in LSMO{fIéMLEeéY'zL'Y i:ou'z ani_? (é-h i-nYZ”% %h;?'thyséﬁio' K13J7(§i?1°%- )
side then flowe_d to the $| s@e,'where the potential was cheﬁg, M. He. L. F.gyl_iu., H. Z. Guo, Y. Y. Fei, W. F. Xia'ng" and L. Yan,
lower. Meanwhile, holes in Si side should move to the appl. Phys. Lett.84, 5007(2004.

LSMO side. After these movements, the Fermi level in Si ép. X. zhang, W. K. Lee, and G. Y. Zhang, Appl. Phys. LeBtl, 4026
was split into two quasi-Fermi levels during illumination. (2002. _

Eventually, the photovoltage occurred in the system. By do- ;‘hR' SL“”£ (8:;1 "géﬁoggba G. Shen, P. Y. Wang, and Y. X. Weng, Appl.
ing the photon apsorption measurement both for Si SubStrat‘aK. ylSiéeﬁLéisér, J. li/l Féi?{der, Z. Yu, J. Ramdani, J. A. Curless, J. A.
and for LSMO/Si, we can conclude that photdii©64 nm Hallmark, R. Droopad, W. J. Ooms, S. Bradshaw, and C. D. Overgaard,
wavelength are absorbed mostly by LSMO rather than by Appl. Phys. Lett. 76, 1324(2000.

Si. One possible reason could be that the heterostructure wé%—gAgéMgk?e, F. ;ég/ngse[égg% M. F. Chisholm, Phys. Rev. L8tt. 3014
”Iu.mma.ted from LSMO side by laser and. the LSMO f.llm I.S 2H.N. Leglegcliesse, N. Zakha'rov, U. Gosele, Scie2&6€, 2006(2002.
quite thick(400 nm). Therefore, the laser-induced carriers in 134 gy, K. J. Jin, Y. H. Huang, M. He, K. Zhao, Z. H. Chen, Y. L. Zhou,

the system are created mostly in LSMO film. and G. Z. Yangunpublished
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