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Table 1. Preparation conditions and number of (SDC/YSZ)ny superlattice films.

B S AREHEE N  BERSTFZEEE/am RRYSZEE/am $)Z SDC EEE/nm  FHEE
A 4 100 33.3 66.7 8
B 6 66.7 22.2 44.4 12
¢ 10 40 13.3 26.7 20
D 20 20 6.6 13.3 40

3 X5t
3.1 HEEEBEEEEIRA XRD
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o B FEL A SR S I XRD . R 4, B2 RS
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FEEER: BRATHIER M FE HE I m — 1/m + 1,
m — 2/m + 2 fFig. TR IR B AN [ 4 55 (1)

A I8 ST R A AR O PR RE. i XRD &)
S, B ) 26 AR VR AT FI T 7R R AR TR R A R

3.2 B EE AR BUE IR Y R L 5 B R B
H TEM

Bl 2 T 7y e i b HL R 5T T (SDC /Y SZ)6
2 T3 P ] v S s Y T R K /N8 5,
HEF B8 AR, o R b

B3NN = 6 B A ECA 12 I 8 S A% R iR
Vo P BRI T TEM B 375 1 (18358 2048 x 2048). H
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Fig. 1. XRD Patterns of (SDC/YSZ) with the same thickness and the different numbers of interface.
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Fig. 2. The SEM image of surface morphology pictures %“ ﬁ b ﬁ E 4 ’f't % fi Fj YSZ E Tﬁ H;i'; i E E
(SDC/YS2)6 film sample. FSDC R LRI —2F, IR T 5L 0168 5 b AR
L.
SDC
e YSZ
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spc YSZ
YSZ
100 nm
K3 (SDC/YSZ)e i i 48 A W31 i 2 K4 (SDC/YSZ)e MEHRE b= K
Fig. 3. The bright field TEM image of the cross- Fig. 4. The picture of cross sectional view of
sectional (fracture surface) view of (SDC/YSZ)e film. (SDC/YSZ)e film sample.
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Fig. 5. (color online) The Nyquist plot of four (SDC/YSZ)y samples with the same thickness but different

interface numbers.
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E, = —mR x 2.303, (4)

Ho, mBRELR R, RESKELEN
8.3145 kJ/(mol-K), 1 kJ/mol ~ 0.01 eV.

3

i

Log(cT)/S-cm~ LK
o
T

—a— D
—— C
[ — B
—1r —v— A
_2 1 1 1 1
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1000/T/K~1

6 VYR (SDC/YSZ) Ha Mg J5T H MEAE i (0 £ I ikl Vi
9/ 400—700 °C Z[A]ff] Arrhenius Mk

Fig. 6. The Arrhenius plots of four (SDC/YSZ) v films
in the measured temperature range from 400 °C to
700 °C.

B 6 AFE S E 400700 °CHIA TS E L.
P2 2 25 M & ELARE R, K DURDAS[R] e 10 A
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Table 2. The activation energy and Arrhenius fit-

ting straight line slope of (SDC/YSZ) N samples with

400 nm thickness and different interface numbers.

Fean (%0 PABHLERE K TGLEE Ea/eV
A(4) —4.46072 0.85415
B(6) —4.04587 0.77472
C(10) —3.48653 0.66761

D(20) —3.37253 0.64578

AR 2 AR 3 Il 15 tH: 5 n STO Z2nb =

AN ] 5 1800 (SDC /Y SZ) v # d i TS 1 P
R, AR AR, RGN STO 22 )= e
UF 5 B AL &, BT ERARLE, b T ik
ST, ST A T 5 A T 0 B [ G XSy
T/EH SDC & &, A BT 52 &l f g R 1) i 3
2, EAEIEE.

#3  Arrhenius L& T3 B 2613 J & 8 F 5 300 nm

(SDC/YSZ)n FffhiimALag (1]

Table 3. Arrhenius fitting straight line slope and the

activation energy of samples (111,

s (%) WA R K TS EE Ea/eV
A(3) —4.3001 0.82335
B(5) —4.198 0.80379
C(10) —4.0901 0.7831
D(20) —4.0157 0.76889
Bulk YSZ —7.0512 1.35
4 % #®

K FHPLD # A, LAMgO B & F 1E A #t i,
STOAE &z vi 2, R #F ¥ 5 1) & )8 & A A
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JE. XRD 255 SR, B B R (10 2516 Al s v
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LB 2 25045 AR R, T2
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RE B A ] B 2% R RE 2], X FE S8 /N T AH B RE B
(5 Jo BB 1R DA B, AT BT IR 1R 9 AL
Redali /b, XfbbER 2 FIER 3 R I, W in STO Znh )2 1)
(SDC/YSZ)a i fiks FAAE T LL (SDC/YSZ)20
RS R R, I AT RE R BTN STO ZZ
JERERE AP 5 RS A, BT R AR, b
T EmA ST, SR M R G A B N B R, (R
(X5 1 2 R R E (SDC : YSZ = 2 1) 4R
T SDCAEX 7y T J=2 i &, FHRBRAR T S i
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Abstract

The growing demand for the energy conversion and storage of miniaturized system has promoted extensive researches
aiming at fabricating solid-state ionic devices in thin-film form. Recent developments in the field of thin-film growth
technologies have controlled the films at an atomic level of deposited layers, thus opening new perspectives in the field of
engineering of multilayers and heterostructures based on complex oxides. This work focuses on the characterizations of the
low-temperature properties of Cep.8Smo.202-_5/Y203:ZrO2 (SDC/YSZ) N superlattice films. (SDC/YSZ)n superlattice
electrolytic films with various periods (N = 4, 6, 10 and 20) are fabricated on monocrystal MgO substrates by the pulsed
laser sputtering method. Here, SiTrO3z (STO) is used as a buffer layer, SDC and YSZ are deposited alternately in the
whole process. The total thickness values of samples are all fixed at 400 nm no matter how many periods the samples
have. The surface morphologies, phase structures and electric properties of the as-deposited samples are characterized
by scanning electron microscopy (SEM), X-ray diffraction and alternating current (AC) impedance spectroscopy. It is
indicated that the films have excellent superlattice structures after STO has been used as a buffer layer and the substrate
temperature has heated to 700 °C. The interface between two layers are clearly observed by SEM. Moreover, neither
cracks nor snaps are found at the interface. The grains uniformly grow on the surfaces of films and are arranged into
cylinder structures, leading to compact films. Through AC impedance analysis, the samples which have more periods
exhibit smaller activation energies. With increasing the number of interfaces, the activation energy of film decreases
whereas the ionic conductivity increases. When the number of periods reaches 20, the activation energy is measured to
be approximately 0.768 eV. The conductivity enhancement of (SDC/YSZ)n superlattice electrolyte film can be attributed
to the large lattice mismatch near the interface between two different layers. That is to say, the interface between the
highly dissimilar structures stabilizes a disordered oxygen sublattice with an increased number of oxygen vacancies,
which promotes oxygen diffusion to increase the ionic conductivity of sample. Furthermore, the ionic conductivity of
the (SDC/YSZ)2o film with a thickness ratio of SDC : YSZ of 2 : 1 is much higher than that of the film witha thickness
ratio of 1 : 1. Finally, it is noted that the STO buffer layer provides the proper lattice match for CeOz, inducing
the good epitxial growth of superlattice electrolyte film (SDC/YSZ)20. And the conductivity enhancement could be
attributed to the increase of SDC thickness in a bilayer. Therefore, (SDC/YSZ)20 superlattice electrolyte film is more

ideal low-temperature fuel cell electrolyte material due to higher ionic conductivity.
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