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Abgtract : The anomalous photovoltaic efect was sudied in epitaxial Lay.sS0.2MnOsfilms by laser nolecular beam epitar
xy. It is demongrated that the sgnd polarity is reversed when the films are irradiated through the substrate rather than the
film. Hectron microdiffration and high-resolution imaging reveal that Lag.sS0.2MnOs thin filmis epitaxially grown on the
subdrate , and the oriented m crodomai ns run through the thickness of film , forming a columnar gructure. Detailed invediga
tions of the digribution of dectric potentiad in the film surface with regpect to the location of laser gpot suggest that the
anomalous photovoltaic response is due to an asymmetry of oriented microdomainsin thinfilm. Under ultraviolet laser irrad-
aion , the eectron-hole pairs are excited in the manganese oxide film. The asymmetry of m crodomai ns generates a builtin
eectric fidd and induces an asymmetric transgport of the excited carriers, and hence a a photo woltage sgnal is obtained.
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The perovskite manganite have been invegigated
because of their interesing properties full of variety ,
including ferromagnetism, antiferromagnetism, metal-
insulator trandtion, high Tc superconductivity , colos
sal magnetoresstance and 0 on, depending on the
carrier concentration due to srong coupling among the
in, charge , and orbital degrees of freedom'* *. Es
pecialy, in Mn perovskite oxides, complex interplay
between magnetic and electronic properties as a func
tion of doped hole concentration attract a great deal of
interes'™ . With regard to optical efectson manganese
oxides, Sun et ad observed photovoltaic efect in L& 2
Pfo,38C30A33Mr103/S’Nb0A005-ﬁ0.99503 p-n jUﬂCtiOﬂ with a
photovoltaic pulseof 8 msinfull width for half-max-
imum (FWHM) when the Lao.20 Pro.2s Cao.33MnQO; film
in the junction was irradiated by a 532 nm laser pulse
of 10 ns pulse duration'®. In our previous experim
ents, ultrafag optical regponse was observed in L& e
Cap.5sMnO;s films grown on vicinad cut subgrates and
Lao.7S0.sMn0s/S p-n heterojunction” . In this par
per , the photovoltaic dfect in epitaxial Lag.sSro..MnOs
(LSMO) films induced by pulsed laser irradiation at
room temperature without an applied bias to the films
was reported. The dgnals picked up by lateral point
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contacts on top of the film are proven to be due to pho-
to-induced carriers. The polarity was reversed if the
film was irradiated through the subgrate rather than
the film. Detailed invedigations of the digribution of
electric potential in the film surface with regect to the
location of laser ot sugges a smple node , which is
based on the microscopic asymmetry.

1 Experimental

L SMO films of about 700 nm thickness were epi-
taxialy grown on STiOs; (STO) subgrates by comput-
er-controlled laser nolecular beam epitaxy (laser
MBE)''. Hectrical point contacts were made with in-
dium electrodes on the film surface. A 308 nm XeCl
excimer laser beam (pulse width 20 ns, energy densty
300J- m"?) was used for film irradiation. The sgna
was monitored with a Tektronix sampling oscilloscope
(500 MHz bandwidth) which has a regponse gpeed of
2 ns.

2 Results and Discussion

Fg. 1 shows typical photovoltaic pulse as afunc
tion of time (the film areais 3 mm x 10 mm, the dis
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tance between contact points on the film surface is
8 mm, and the irradiation area Sis 3 mm x 6 mm) for
LSMO (700 nm) /STO and STO subsrate , regpective-
ly. Thelarges wltage Upis0.14V , and the senstiv
ity of the wltage over the energy of laser pulse is
26 V-J'. The regponse is composed of a fast rise
time of the pulse and much dower decay. The RC
congant in the circuit should be regponshble for the -
ow decay component. The rate of laser induced carri-
ersin LSMO can be presented as sech’® (tf 1) where
T 1 denotes the duration of laser pulse, thus the laser
induced voltage with T , , here T , being equivaent to
the recharging time RC of the circuit , which can be
obtained by the following equation ,

U(t) e "f seoh’(h) e dt (1)
- ® 1

Numerical results from the above equation are in ex
cellent agreement with experimental data. TheT ,, as
a parameter , istaken as 1.04 s, andT ; , as the laser
pulse duration , is 20 nsin the calculation.

STO snge cryda exhibits a sharp absorption
edge at 388 nm in agreement with its band gap of 3.2
eV and photo-carriers can be generated under ultravio-
let light with a wavelength of 308 nm'™®'. The absorp-
tion goectrum of STO subgrate and L SMO/STO are pr-
esented in the right inset of FHg.1, indicating that the
700 nm thickness allows ultraviolet laser to pass
through L SMO layer to the STO subgrate. The open-
circuit photowoltage arisen in STO subdrate is much
smaller than that in LSO film (see the &t inset of
Fig.1) , indicating that the signal recorded in an oscil-
losoope is mainly contributed by L VMO film. In partic-
ularly , the photovoltage is 10 times lower and has the
same regponse shape when the LSMO film isirradiated
through the STO subdrate rather than the L SMO film
as shown in FHg. 1. The subdgrate thickness is much
longer than the diffuson length of the photo-generated
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Fig.1 Open-circuit photovoltaic reponses of L IMO/STO sanr
ple irradiated by a 308 nm laser pulse through L SMO
film sde (1) and STO subgrate sde (2)
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carriersin the STO dde, and few photons can inject
into the LSVIO layer due to strong absorption in STO
subdrate, resulting in a small photowoltage. Further-
more , the photovoltage cannot be observed with a laser
wavelength of 1.34 or 10. 64 m. The photon energies,
both 0. 925 and 0. 117 eV corresponding to the light
with awavelength of 1. 34 and 10. 64 m, regectively ,
are smaller than both the band gap of L9VIO ( 1eV)
and that of STO subdrate ( 3.2 eV) , D that it is
imposd ble for the photons to excite the electron-hole
pairsin either the manganese oxide film or the sub-
drate. The above facts demondrate that the production
of photon induced carries in the sysem plays a crucial
role in the process of laser induced voltage.

Fg. 2 shows the transent open-circuit photovolt-
age digribution in the film surface when the beam is
moved along the STO subgrate sfour Sdes and two di-
agonals , AB and DC ([100]) , DA and CB ([010]) ,
AC ([120]) ,and DB ([110]) , respectively. Theinr
st diglays schematic diagram of the laser beam mow-
ing along the STO subgrate€ sfour sdes and two diago-
nals. A, B, C and D denote the four electrode pos-
tions. The LSVO/STO film area is 10 mm x 10 mm
and the irradiated area is limited to a got about 0.5
mm diameter by a digphragm. Thefilmisirradiated at
normal incidence and the woltages between the orthog-
onal pairsof contacts are measured under open-circuit
mode. The notation Uxy >0 means that an X postive
to Y sgna is observed with smilar time dependence
to that in Fg. 1. The sgnal height Uga and Ucp isob-
tained to be 0. 005 V independent of laser oot pos-
tion along [100] direction of subdrate. Ugsc and Uap
decrease monotonoudy from 0. 005 to 0 V with the
goot postion. A symmetric variation of Uca and Ugp is
observed for irradiating the film during a scan across
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Fg.2 Laser got postion dependence of maximum opertcir-
cuit photovoltage generated in L SMIO film when the la
ser beam is moved along the STO subgraté sfour sdes
and two diagonals (AB and DC ([100]) , DA and CB
([010]) , AC ([110]) , and DB ([110]))
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Fg.3 Corfiguration of L9VO/STO sanple potential measurer
ment locations and the observed potential polarities
when the laser spot is a the center of the film (A, B,
C and D denote the four el ectrode postions and the ori-
entations of subgtrate are indexed as [100] and [010])

’0.005 m B

the center aong [110] and [110] directions.

Egecialy , when the laser ot is fixed a the
center of the sample plane as shown in Hg. 3, the
peak voltages arisen between pairs of contacts lying
along one of the film sdes, [100] direction of sub-
drate , exceeded the sgna's detected for the orthogonal
geometry of contacts, [010] direction of subgrate.
The difference between Usa and Uap is nearly an order
of magnitude. Note that the findings Usa = U =
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FHg.4 is a lon-magnification bright-field image show-
ing domain digributions from a plan view. It is seen
that the domainsform a rectangular crossgrid pattern.
For each domain, the ratio of* length’ to* width’ is
about 5. With the above data, a plausble argument
can be gven on the origin of the photovoltaic dfect.
The formation of various oriented domains in the pr-
esent orthorhombic L MO is believed to result from the
relaxation of drain a the interface between film and
subdrate. The oriented microdomains in the thin film
result in alarge volume of homointefaces and as a se-
guence mug be regpongble , together with heteroepitar
xy , for tie physcal properties of the film. When light
irradiates the LSMO film , the carriers are excited. At
the boundary between each domain, a barrier is
formed at which the electron-hole pairs created by the
light are separated and give rise to a woltage. The
asymmetry of microdomains generates a built-in elec-
tric field and induces an asymmetric trangort of the
excited carriers. If the carriers move in a preferred di-
rection, a current will be generated and hence an
asymmetric equilibrium charge digribution will be
reached. The reason for asymmetry in generation and
separation of photoexcited charge carriers in the gace
charge region of potential barriers at the boundaries is
more complicated. A more quantitatiwe model calcula
tion in this process can probably be presented in the

0.002V , Ua = Upp =0.002V and Uap = Usc =0is
not condgent with in-plane broken chiral symmetry ,
and the results indicate that a polar asymmetry has
been egablished in the plane of thefilm. The agebra-
ic dgnsaof induced electric fields along the sdesof the
square are inconssent with a snge large current
loop. Because the polarity and amplitude of the in
duced woltage remain the same when measured along
opposte dtes of the sguare, the sum of the woltages
around the loop does add up to zero :
Zoopui = Uas + Usc + Up + Upa =0

From Hg. 2, the photowltage dgna shows a
symmetry characterized by a reflection in a plane nor-
mal to the [010] direction of the film and the variation
of the dgna amplitude with the orientation of subgrate
sdes indicates the presence of preferred orientation,

future with further theoretical indght.

g i . ¥

FHg.4 A low-magnification bright-field image of L SMO film

3 Conclusion

[100] and [110]. The asymmetric crygta gructure is
in explaining the orign of photovoltaic
Bectron microdiffration and highrresolution
imaging reveal the LSMO thinfilmis epitaxialy grown
on the subdrate. The oriented microdomains in the
whole film originate from the interface between the film
and the subdrate , and run through the thickness of the
film, forming a columnar sructure, and no* thin and
featureless’ layer close to the interface is observed

crucial
sgnal ™.

In concluson , the photovoltaic efect was sudied
in epitaxial Lao.s S0.2MnOs films under excited laser
pulse. The dgna polarity is reversed when the films
are irradiated through the subgrate rather than at the
airfilm interfface. The digribution of electric potential
in the film surface with regect to the location of laser
oot suggests the anomalous photowoltaic regponse is
due to an asymmetry of oriented microdomains in
L SMO film.
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Rare Earth Luminescent Materialsfor White L ED Solid State L ighting
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Abstract : Solid-gate white L ED will be a new gener-
ation of energy-saving light ource in 21 century. In
order to emitting white light , one of important ap-
proaches is usng luminescence converson technology
with rare earth phogphors, which can be excited by
the 460 nm blue light or 400 nm near violet light emit-
ted from the InGaN chip and then emit white light.
The rare earths doped phosphors prepared by us such
as YAG C&’, Ca.«9,S EU', GaS EU*",
MGaS, EUV ' (M=Ca, S,Ba) , SGa+Si+y EU",

Key words: white light emisson diode; luminescence; rare earths

(Cau- xSx) S EU”", SLaGaS0 Eu*", (M1, M2) 1o
(FD4)5X2(M1 =Ca, S,Ba; Mo=Eu,Mn; X=F,
d, Br) and NaEup.s» S1o.0s (MoOs) » were reported.
They emit blue, green, yellow or red color light.
Sme white L EDs were made by these phogphors with
blue or near violet InGaN chips and their chromaticity
coordinate (x, y) , correlated color temperature Tc,
and color rendering index Ra are reported.

(SeeJ. Chin. RE. Sc. (in Chin.) , 2005, 23(5) : 513 for full text)
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