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Thermally activated drift mobility and small polaron conduction in La ¢ 755r; 11Cag 14MnO 5 thin
films investigated by the traveling wave method
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We have clearly observed the thermal activation of the drift mobility ip A8 1:C& 1MMnO5 thin films
above the Curie temperature. The drift mobility rises from>21® 2 cn?/Vs at 300 K to about 9.2
X10°2 cm?/Vs at 410 K with activation energy of 171 meV. The measurements of the drift mobility were
made using the traveling wave method. Our results are in agreement with small polaron theory, which indicates
that the conduction in the paramagnetic-insulator state of manganite films is dominated by thermally assisted
hopping of small polaron§S0163-182@9)50934-X]

The transport mechanism in the paramagnetic-insulato80 ns in pulse width was used. The average laser energy
state of the manganites initially was considered to be domidensity was 2.5 J/cfn The target and the substrate holder
nated by spin-disorder scattering. Recently, it is generallyere rotated during the deposition. The films were deposited
realized that the presence of polarons in doped lanthanunon fused silica substrates, with a thickness of 500 nm, at
based transition-metal oxide perovskites plays an importar00 °C in 30 Pa of oxygen. Immediately after the deposition
role in the transport properties of these materiafsA stable  the films werein situ annealed at 850 °C in pure oxygen of
polaron in an ionic solid may be either a large polaron or 0.5 atm for 1 h. A more detailed description on sample
small polaron. Lattice distortion is associated with a largepreparation procedure has been published in our previous
polaron that moves itinerantly extending over a wide spatialvork.2’ The chemical composition of the films was analyzed
range. In contrast, small polarons move only by tunneling oby inductively coupled plasma quantemet&é€P). The re-
thermally activated hopping and the lattice distortion extendsults of ICP measurement show that the films are stoichiom-
over only one or few atomic sit€sThe formation and trans- etry. The samples are single phase, as checked by x-ray dif-
port properties of small polarons in strong electron-phonorfraction. The Curie temperatufig. of the target used in this
coupled system were first discussed in disordered materialpaper is 280 K. To meet the need of the TW measurements,
and later extended to crystalsRecently, Hall and ther- coplanar electrodes with a distance of 1 mm were deposited
mopower measuremen?s'* have been used to investigate by evaporation. The measurements were carried out in
the transport properties in lanthanum-based transition-metatacuum.
oxide perovskites. Although the Hall-effect sign anomaly has A schematic diagram of the traveling wave experiment is
been taken as evidence for small polaron conduction in thehown in Fig. 1. The sample is placed above the surface of
manganites; the most distinctive character of small polaron LiNbO; single crystal plate with a gap of 12m. The trans-
hopping conduction is the thermal activation of the drift mo-ducers on the LiNb© generate a surface acoustic wave
bility as pointed out by Emin and Holstetf. (SAW) that propagates along the surface of the Lilyiptate

In order to gain insight into the nature of the transportin +z direction. Due to the piezoelectric properties of
mechanism, we adopt the traveling watWV) method to | iNbO,, an electric field associated with the SAW couples
investigate the transport properties 0fk&5.11C8% 14AMNOs  into the sample to bunch the carriers into charge packets and
thin films. Since it was introduced by Adlet al,*>the TW drifts these carriers through the material, consequently an
method has been utilized to investigate transport processes i}, stic electronic direct current is produced and can be
amorphogs .semicon_ductors for_ several yéé‘r_é_“?One of the measured from two electrodes. Fritzsche and Chen and
characteristics of this method is the possibility to get 'nfor'co-workeré7‘19 have derived the relationship between drift

mation on the transport mechanism in materials that havﬁwobility and the acoustic-electric current or the acoustic-

high resistance and low mobility. . :
In this paper, we used the TW method to measure con(-aleCtrIC voltage, as the following.

ductivity and drift mobility in the paramagnetic-insulator
state of L@ ;55Ip11C& 14Mn0O5 thin films at different tem- - N
peratures. Thermal activation of the drift mobility in :

z

lanthanum-based manganites is clearly observed, which is a Electrode

powerful evidence for thermally assisted hopping conduction Transducer /
of small polarons. N\
The samples were fabricated by pulsed laser deposition LiNDO:

method using Lg75S15 1/Cay 1MMNO; ceramic target. A 248
nm KrF excimer laser source with 5 Hz in repetition rate and FIG. 1. A schematic diagram of the traveling wave experiment.
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" W ko sint(kd)[(JA|2+ |B[2)costikd) — 2(A- B)sinh(kd)]’

M (1)

| 2ol c(l1—c)e? [ Ty\® Eo+ (Wy—J33729)
7= dw' (2 o=————| 7] exq - kT ., (6)
wherelae_|§ the short-c[rc_wt acoustic electronic curre\ﬂg,e_ c(1-c)ea [Ty W, — 332
the open-circuit acoustic-electronic voltagethe wave vec p=——r—" = exp - ———|, (7)
tor of the SAW, v, the velocity of the SAWd the thickness h T kgT

of the sampleL the distance between the electrodeshe
width in thex direction of the sample. The symb®l, is the
potential at the surface of the piezoelectric plate and is ca
culated from the power of the SAW.

The coefficientsA andB depend on the conductivity and
the dielectric constant of the sample and the substrate. Th
can be described as

wherea is the hopping distancd,the transfer integrak the
Ipolaron concentrationg, the energy difference between
identical lattice distortions with and without the hole or elec-
tron, andWy, is one half of the polaron formation energy .
e\gyhen the adiabatic limit is kepg is equal to 1 andkgT,

0.10
A=[costkh)+ e* (B/A)sinh(kh)] 1, (3 0'09'_ EE
B/A=(es+ e*kd)/(e* + ekd), (4) 0.08 |-
e =e—idnolw, (5) 0.07 i ®

whereh is the gap between the sample and the piezoelectric g 0.06 i E
plate, €5 the dielectric constant of the substratehe dielec- V% 0.05 L
tric constant of the sampley the frequency of the SAW. b I E

TW method can be used to investigate the transport pro- 0.04 - E
cess in the materials with high resistivity and low mobility, - [)
for which Hall measurement meets some difficulties. The 0.03 - [)
transport process in doped La-based manganites in the para- I L)
magnetic state is semiconductorlike, and these materials 0.02 i ® .
have high resistivity and the mobility is rather low. At this 00l b o v
case, TW method is suitable and advantageous to be used to 280 300 320 340 360 380 400 420
investigate these materials. Therefore we can obtain conduc- (a) Temperature (K)
tivity and drift mobility with 1, andV,, from Egs.(1) and
(2), as all the other quantities are either known or measur- 4.0
able. The sign of ;. depends on the type of majority carriers
and the direction of the SAW. Since the direction of the
SAW is controlled by the experiments, the type of majority 33
carriers can be directly determined from the sign gf.

The conductivity of the films was measured by TW 30L
method over the temperature range from 300 to 400 K. The
conductivity obtained by TW method is in good agreement
with that derived from normdl-V measurements. The value B 25r
from TW method is 1.&10 2 S/cm and the value from S
|-V measurement is 1810 2 S/cm at room temperature. ol
The temperature dependence of the conductivity is shown in '
Fig. 2(@). The conductivity increases with increasing tem-
perature and extends from X80 2 S/cm at 300 K to L5+
9.6x10 2 S/cm at 400 K, which shows that the conduction
property of the samples abowig is semiconductorlike. This
conduction behavior is consistent with that previously re- 1.0 L
ported. We plot IngT) vs 10007 in Fig. 2(b). It is obvious 21 24 27 30 3.3 36
that there is a well linear relationship betweendii and () 1000/T (K'l)

1/T, which means thatroc (1/T)expE/T).

In a small polaron model, the dominant transport mecha- FIG. 2. (a) The resistivity vs temperaturéb) The resistivity
nism at high temperatures is the thermally activated hoppinglotted in the adiabatic limit. The fine line is a linear fit indicating
of the carriers, with the conductivity and the mobitfty an activation energy of 219 meV.
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=hwy/27r, wherew, is the optical phonon frequenéyin the 0.10
nonadiabatic limit,s=3/2 and kgTo=(7J*4Wy)¥3. As 000l E
shown in Fig. 2b), our finding is consistent with a small L E
polaron hopping model in the adiabatic limit. The activated 0.08 |
energy of the conductivit§ , is obtained to be 219 meV. r E
The drift mobility of the films in the temperature range 0071 E
from 300 to 410 K was also measured by TW method, as = gg6L
shown in Fig. 8a). The drift mobility at 300 K is about 2.2 2 s E
X 10 2cm?/Vs, which approaches to the mobility Ng 0.05 } E E
(0.03cnt/Vs) given in Refs. 11 and 23. The value obtained  Z 004l
for the drift mobility in our samples is much smaller than '_
1 cnf/Vs, which is a distinct character of small polarons. 0.03 | EE
The drift mobility increases with increasing temperature and - 3 E
extends to 9. 10" 2 cn?/Vs at 410 K. We plot the IngT) 002
vs 10007 in Fig. 3(b). The thermal activation of the mobility o1 L,
is clearly observed and the activation eneEgyis 171 meV, 280 300 320 340 360 380 400 420

which is also evidence for the thermally assisted hopping (a)
conduction of small polarons. The purely magnetic polarons
also can be formed and may affect the transport processes in 40
the manganites. The mobility of the purely magnetic polaron
is diffusive in nature, it has a power law rather than ther-
mally activated temperature dependefitélowever, from

Temperature (K)

. g . 351
Fig. 3, it is obvious that the temperature dependence of the
mobility is thermally activated. This result shows that the
polarons in manganites are not purely magnetic polarons but 20

lattice polarons that are the carriers self-localized by the lat-
tice distortions.

From Egs.(6) and (7), the energyE, and the polaron
formation E,, are obtained to be 48 meV and 342 meV, re- 251
spectively. The energ¥, is significantly smaller than the
activation energy of the conductiviti,, (219 me\}, which
can be taken as evidence of the small polaron mdtiarhe 20
energyEy (171 meVj is much larger than the activation en-
ergy of the Hall coefficient (91 me\) from Hall

InuT

measurements- In the small polaron model, the activation 1.5 T

energy of the drift mobility is always more than that of the 21 24 27 3.0 33 3.6

Hall mobility E .** The sign ofl . in our work shows that (b) 1000/T (K)

the behavior of the majority carriers in the films is electron-

like, and the carrier concentration is about X4 B'%cm? at FIG. 3. (@ The drift mobility vs temperaturgb) The drift mo-
room temperature. bility plotted in the adiabatic limit. The fine line is a linear fit

In conclusion, we have investigated the transport mechaindicating an activation energy of 171 meV.
nism in the paramagnetic-insulator state of manganite ﬁlmst; . . .
by the traveling wave method. The conductivity and the drift he paramagnenc-msulator state .Of the manganites is domi-
mobility of the manganite films were measured at differentnated by thermally assisted hopping of small polarons.
temperatures. The drift mobility at room temperature is much  The authors thank Dr. Di Wu, Zhiming Zheng, and
smaller than 1 cAiVs as predicted by a small polaron Yunong Qi for fruitful discussions. This work was supported
model. Thermal activation of the drift mobility in manganites by The Climbing Program—National Key Project for Funda-
has been clearly observed. This means that lattice polaromaental Research. One of the authoksw.) would like to
are present in the manganites and the transport mechanismtimank Motorola for financial support.
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