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o a/c=0.98%] LJALAA #F27)0] E (pseudo-tetragonal perovskite) =EE 7HTE A AE)9] ool whAo] Zr] wet ¢
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)‘g MR(%)v TC: TM:[

2AHGOR, o] BHEL Yoo) FEn S4F JBe nLAA.

ABSTRACT
Epitaxial Lag ;A4 33Mn0;5 5 (A=Ca, Sr, Ba) thin films were deposited on (100) LaAlO; single-crystal substrates by pulsed laser

deposition (PLD) technique. For investigating the lattice constants and strain of the films according to film composition, we used
grazing incidence X-ray diffraction (GID) and transmission electron microscopy (TEM) techniques. C-axis of the as-prepared films
were perpendicular to the surface of the substrate, and the films exhibited pseudo-tetragonal unit cells with a a/c ratio of 0.98 due to
lattice misfit between the films and the substrates. With increasing the radius of the cation occupying A sites, the volume of unit-cell,
S”, and £ of the films increased. The electrical transport characteristics of the films, such as MR (%), T¢, Ty were investigated, and
related with the structural features of the films.
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2. HEYH

Lage7A033:MnOz 5 (A=Ca, Sr, Ba) & KrF o)A
(248 nm, Lambda Physik COMPex102)E ©]&8 PLD %
A& AFESH (100) LaAlO; ©AH 719 94 FFaiin},
Fig. 13 Table 14 9=} 53 A] AF4¥ PLD Mwe] =
Azet 34 215 77 vein.
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Fig. 1, Schematic diagram of the pulsed laser deposition
system.

Table 1. Deposition Conditions of the Lay g7A.33MnO;_s(A=Ca,
St, Ba) Thin Films

Pulsed laser deposition parameters

Experimental range

Lag 67A033Mn0O4
(A=Ca, 51, Ba)

KrF (248 nm)
2.0 Jem?, 5Hz

Main target (1" X 1/2")

Lascr source

1 X 10 Torr

100 mTorr
(during deposition)

Background pressure

Oxygen pressure

500 Torr (cooling)
700~800
LaAlQ; (100)

Substrate temperature ("C)

Substrate

1200°Cell A 12417 B2 7104 St 49} skt
A& 33 grESloITh 25000 psi®) 9= slellA] CIP(cold
isostatic pressing)E ©]&3 AHT F 1450°CA 2477+
F7RE7INA At 22HY BEE Rt £ gl
Ao 2 AREBISATE

wet XA 3 EA7|(XRD, Philips PW3719)¢ £3
ZA} €U|7Z(TEM, Philips CM200)& o]-&sle] A T=
4 4 Aads ALbe Fasgth. XRDeE 40kV, Co
Kodl, FAES 0.04%ece] 22304 020 Z=2S ARE
S, TEM2 200kve] 7HsAske ARSIt o= vt
ol 3elaly] 98] U)AW S (micro-area) XA 33 EA
7](Rigaku, DMAX PSPC MDG 2000)E o|&sle] SH=
(pole figure)E SASIAL, Blete] Az} A 2 2EFHA
#24& 93] DCD(double crystal diffractometer, Philips
MRD)E ©|&3 XA 34 EX(GID: Grazing Incidence
X-ray Diffraction)S 3 3s}3c}.

TR FaAAEU R HRTEM)E S A% 220
% (Media Cybemetics, Image-Pro plus)& ©]&35fe] wluko]
A 2A4g Y5t

Lag67A053Mn05 5 (A=Ca, Sr, Ba) 2H=ke] o =}t

E A7) A= BAHE 2] 98] Fig 2¢] vERd A
Z}4 (Lakeshore, EM4-CS)3 AL Z7|AE &4 Al2¥
(Janis, VPF-475)& ©]&3I92, &4 &= Hg <7t =
2o z¥zF 77~300 K, 1.0 Teslao]ITh.

3. 2@ & a8

3.1, 4haF MR

Fig. 3& 718 2% 750°ClA S22 Lagg;Sro1;Mn0Osy
(LSMO) EEte] 002 SHEE Jehdd. FHxs FHS
THOE of 79 T4 FPHE BAFT Jut. zkzte
TAAES S <001> WS VEe 2 g of, ghak o
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Fig. 2. Schematic diagram of the MR measurement system.

RD

Fig. 3. (002) pole figure of the Lag478rg33:Mn0O; 5 thin films.
The thin films were prepared on LaAlO; (100) sub-
strates at a substrate temperaturc of 750°C.
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Fig. 4, XRD patterns of the Lao 67A0.33M1103_5 (A:(El.) BEI., (b)
8r, (c) Ca) thin films.

Table 2. Ionic Radii of Elements Involved in Perovskite-struc-
tured Manganatesls)

Ton Radius (A)
Lo’ 122
Ca’™ 1.06
S 127
Ba®" 143
Mn®" 0.70
Mn'" 0.52
0" 132

2z W zkzhe) <kole wbe] 143A(BaY), 127A(SH),
1.06A.(Ca™), 1.22A1La"Y"IDe Z8lE W), dy,e] e
Fole W] Tl 71 RO ALY, RE 249
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Fig. 5. 002 diffraction peaks of the Lajg¢;Cag3:MnO;.5 thin
films. Two different target-substrate distances were
applied; (a) 4.7 cm (b) 6.0 cm.
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2, o Wkl AR} ArE 3.928A004 3909A0 2 A
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22 oA ZEu 300A Az FA SR B3]
I o7 WA AHap Rty & S vl PLD 7
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WAL wimke] £ ZFr) T FE F AR @XT
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(100) LaAlO; ©2A 7187 LageAg;MnOss (A=Ca,
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o B0 o|m vk o] Az Aol D ad agd
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A 2EF)Rl 48 93] 002, 113 WA g GID
(grazing incidence X-ray diffraction) & @-& St
homoepitaxial =9 A37¢9] 739, FLE dA s 7]
Shat dbete] HA Hzrt 4RlsA =HEE T 3 fazd
o] 28 Agle Azl BYX =t #HAEATL & 5 39l
oh meEka 719 FRe dis) £ " g gEke] AR A
T(at,a) )9 2EdEQ (el e o e BAA (2),
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Aeo - eL—eS (2)

A9=A90(H)EA90(b), Aq):Aeo(a);Aeo(b) 3)
L1_ag-as_ _ sinBs

= TS0, +A0,) | @
i sinBs sing

€ = Tn(0s+A0) sn(0+A0) | ©

8., 8¢ Foizl Z7elA vlels} Zide) A= HAE
742 7}z VeI, = Fig 6914 Rol%o] 7]
<113>3} <Q01>¢] o]F= ZhgE r|Tl. Afy(a)=A0-A0H
ABy(by=AB+AgE o] Hiehe] 43 WIEE AR} A (at) 7}
71%e] AR AF(agRTH 2 dlmEdx YAtzio] 640,
B+ o Zzhe] E2lARE Jehdoh

olZ AAE FAHAEMA wel 2 R gk, 232
71&e] Ble] 218 3297 87 Table 3¢ veRfiict
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Fig. 6. A schematic diagram of the inclination angle(Ad)
between asymmetric diffraction planes of the substrate
and the tetragonally distorted epilayer.
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Table 3. The Lattice Constants and Strain of the Epitaxial Films. The Rocking Curve Analysis was Performed Using Symmetric and
Asymmetric Reflections of 002 and 113 Peaks of the Lag 6744 33MnO4 (A=Ca, Sr, Ba) Epitaxial Films, Respectively

Characterization method HRXRD TEM Reference
Lattice constant & strain Lattice constant (A) Strain () (%) Lattice constant (A) Lattice constant (A)
Composition al at g' et al at al at
(Lag ¢7Ca 33Mn0;) 3.828 3911 -1.03 3.32 3.825 3.913 - 3.92”
(Lag 5,5t 33Mn03) 3.832 3.921 118 3.54 3.833 3.923 - 3.926"
(Lag 67Bag 3sMn03) 3.843 3.931 -1.48 3.81 . - R 3.938%
3931A02 2t FrIeIiTE. o B E A wHil
729 F7he A ARlE ARske 271 Yol W Bt
ol 71913 Aew AlgHTh EiI RE FA wlwEe
098 AE] AR ac 7hE 7, YA WA slE2t
o) E(pseudo-tetragonal perovskite) 72 T E 7}R| L
VEE GGt ole Z|H gk AR 8 WY .
o o§ A FEE HHE'—"L "_E fil/%;‘ﬂ 100
719l hE 73 & el = ~Ed .
olo] zkz} z_zﬂa}ggv erz] o] g};ﬁ_ o]% 1{}739} Z7}el| w} onn ot
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220 ®7ZF Agl Wl 3] ¥ AR} o] TelEs
B AuFez 437 HHM A7 AR F7HE AgE Fle
2 daEn). dA2 ¢ /dE AN da LoMoE 3.22,
LSMO= 3.00, LBMO= 257 72t Uttt mhabA
LCMO ®Bf2ke] 7-9- LSMO, LBMO$ Hl3A] Ao =
Z & W AF BRI EAFES & 5 Utk
Kebind} Freiseme ~HE 7]H-S AMRLSt] (100) La
AlO, ©27 713 9ol A=st L, LCMO vzhe] %
& A=} Aol wlsled Kebin 3.872A, Freiseme 3.890
AL 247t vy BUsanh P 23] Freisemo] A=
g LCMO Here FA|71 520A9] - gk mldz B
T3FAL 3.890A2] AR} AE ety HAsIEd, o
Z& Tsui’t PLD 71¥< ©]8dk] AZ3 500A F7<]
LSMO ¥12H(c=3.989A)} W a#lE of, vjwsd 22 Hz}
A4 Zrolm W3 Az sy gee & 4 gl
o 2 oM PLD 719S o183l A=® LCMO
wuko] & Az} A7) 3911448 v g o 29E )
ARG A HhEe] *MHE@ AAFo s wek ) #
Tahe 28919 277 ¥ Fe Aoz H4ZEn)
Fig. 72 F3 A=} @n)A t,'.ﬂ; o]-g8te] ¥-2 LCMO
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A EFe] 7z Hol e
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—

a

51

AR 8

TEM 7148

Fig. 7. Selected area diffraction patterns of the Lage;Cag sy
MnQ;_g thin films; (a) bar B[001], (b) B[011].
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7 & cgz 15k},

BIOIIA QiR A Aok SA=He) A%, 2 A1De
tEea "'*/—EV]' g A me] FFEUL AT H7E A
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A 6y 53
sted HA BEH 7729 a

7g 2= }m M 4,3 d= UHJ 713
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42 e

Fig. 8. (a) Bright-field TEM image of LaggCagssMnOs;
epitaxial films. (b) Image-processed HRTEM image of
the area indicated with letter A in (a).

H LaggAg33MnOy5 (A=Ca, St, Ba) BFe] 272 3 47)4

v =4 375
D=d,d,/(d;-d,) (6)
LCMOS}H LAOS) &3 = W Ax A+ 4 e

7}7+ 3.828A, 3790A°]‘:’:r_, B AHAA(Fig 3(a)lA
Holxo] AWl wgE A9 »éﬁ Z+E Dy oF 382
omel Atk 7@ ghete] T AR @443 oo
LCMO ¥rete] Az A7}t 14@7494 2-17«1 7321 3.858

Al BoE, AR ASe ok 215 nme 7HHCo=E
2] ¥ 0] °‘-¢L Zoltt. meA PLD 71Hg olgste] La
AlO;(100) ©4% 715 ¢lo AZE LCMO o5 Eree]
735, Aol A7 A= Hou]‘— 9] e Bs 9F
HaF} d1s] R I FFS XL 30 A
o= AlEgc)

34. M7= 5o

Fig. 9= A2 QI7kelA) ekwa zh 27de] vt thgh
= ghe] exolEAe 248 slolrk. LCMO £44] LCI,
LC2Ee A 7197 Agrt 42 6.0, 47 cmil 7
vERATH LS—— LSMO, LBE LBMO }f; &zt Vel
0}, o] = LCMO 249 A% 30X10°QeE 712 &
A& %ki velge, 1e2dl His)] LClof o &2 A%
HS & Stk T3 FEAAA Aol (Tyy)

A1730] 27k whE 27192, Ba¥ A7 vt
k260 KE ERATE.
1804 Azd doge 3Id g b Gl
2", Ba’)S La'" ol£3} A& A ey, 4T
Z%L%:;’:Zjoﬂiﬂ HARergona 27} ol 9ge]
Els %L:éﬂ 244 #39 MR 543 48X 44
k. La® Aol A& Hrhee 27 ol v
A At wis} Zhol Az} A wdlel| g TAA
of, ofg] A7)l &l EHSE tolerance factor(t)E A7

S el & o
“’N 32 o Mo o
He 2.
o o flo N
i) MS 4} o % rlo

3.0x10° —8—LC1 b3 distance=6 Ocm
. —— LCZ: -5 dislance=4 Tom

2.5:10% N —a— L5 t3 distance=6 Ocm
3 OX1OS L .: —¢— LB . t-g distarce=6.0crn

%’ 1.5%10° ;

= s [

@ 1.0x10

-.a - 4

w 5.0

[ih)

o2

1.2010° T
8.0x10° S

75 100 125 150 175 200 225 250 275 300
Temperature(K)

Fig. 9. R vs T curves of the Lag ;A4 33Mu0; 5 (A=Ca, 51, Ba)
thin films. No magnetic ficld was applied in the
measurements.
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St, (c) Ba) thin films.
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Fig. 11. MR vs T curves of the Lag¢7A033MnO;.5 (A=Ca, Sr,

Ba) thin films.

Table 4. MR (%) and T¢ (K) Values of Epitaxial Lags7A033
MnO;.5 (A=Ca, Sr, Ba) Thin Films

Thin film MR(%) To(K)
composition Hlc Hile Hlc Hllc
(Lao_67CaO_33MnO3_5) 297 246 128 123
(Lag 675r933Mn0O3.5) 20 17 202 196
&a0_67Ba0,33MnO3_5) 40 30 188 180

magnetic field intensity: 1 Tesla

Table 5. MR (%) and Te (K) Values of Epitaxial Lagg;Cagss

MnQs_5 Thin Films
- a
Target Thin flm MR(%) T(X)
substrate .
distance thickness | Hlc | Hlle | HLle | Hllc
47 cm 1300A 226 215 119 115
6.0 cm 1000A 297 246 128 123

magnetic field intensity: 1 Tesla
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the Lagg7Aq33MnOy 5 (A=Ca, Sr, Ba) thin films; (a)
single-crystals, (b) epitaxial thin films.
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