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Abstract: Oxides possess several interesting properties, such as ferroelectricity, magnetism, superconductivity,
and multiferroic behavior, which can effectively be used oxide electronics based on epitaxially grown
heterostructures. The microscopic properties of oxide interfaces may have a strong impact on the electrical
transport properties of these heterostructures. It was recently demonstrated that high electrical conductivity
and mobility can be achieved in the system of an ultrathin LaAlO; film deposited on a TiO;-terminated
SrTiO; substrate, which was a remarkable result because the conducting layer was at the interface between
two insulators. In this study, we observe that the current-voltage characteristics exhibit LaAlOs thickness
dependence of electrical conductivity in TiOp-terminated SrTiOs. We find that the LaAlQs; layers with a
thickness of up 3 unit cells, result in highly insulating interfaces, whereas those with thickness of 4 unit

cells and above result in conducting interfaces.
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22 ZAFe 28 QA @A goz2A He [1,2],
gaxez N2 /Mde ¥xA Azt a7HA
H3ith o224 F5T W AAd ez e 7HE,
AstES 7|2eg & A8V Uk 53] AsE
AaE g¥d 247z T80 7Hs3dta spin-,
charge-, orbital-phase®} #Z2 #AAAge] dFde=
] BFHolm oy EH AL e 7]
E Wz Az Y dAE SEE + A= 7t
54L& AANsAY (3] st 4 A=A, A
AA, BHAA R 972A} 2 ZHE o] £ W
22, AA, BHxAH 2z & F 7|EY AsE]
FeAegs 44 A9y & 7 dgd 7l
< yelgogs MubHel Ropd &&=H1 Utk o
G A3LE Qs F ATV 823 o FoA 1 e
Bofe ZfAA, nHAE, 2AEA, HAA, A%
iy 43 545 d9d S4S YellE perov-
skite 7+ Azolt} [45]. H2 7MY FEEL A7+
perovskite TZo|HA HFEA A& LaAlOs SrTiOs
2 olF AF 7Z FAFNAE d, AHAN =& °olF
9 Az AxE AYE F 2393 @A 7k~ (quasi
2-dimensional electron gas, 2DEG)7} 24" &4 o]
t}. o] AL AR o]FEE 10' em™Vs'Y ol g 2 3
S By ¥ ooy FAHIN 2HE SAE YERT
[6]. o]2) & 4318 o]F HY =29 AWM LI
kgt 28 @4 wAUEL BE§eA ol HA
23 Az AA B dFAEe] o2 ¢ AFPH AT
of sjAs U

B dFdME LaAlOy/SrTiO; °olF A +x9
AdA 2AsE 2DEG A44E LaAlOs FAHAE F
8% AR o LA AF-HY EA BAS
ey g},

2. AlY Wy
2.1 SITiO; EH X2

2 dFoM AFE" SrTiO; 713 (DR e2
g dvprl € AE AHEIATh LaAlOse] F3FES
&4 SrTiO; 71#2 05 cm % 05 cm®] 7|2 2

<, ethanol, acetone, deionized water®] #=4& 5%
A 2gm A (ultrasonicator)S o] &3t} A
ct. A9 7182 BOE (buffered oxide etchant) &
Ao 18 T AL 9 Sr0Fel AALY TiO:-

b2
4

449 5 617
terminated SrTiO;g ©HET. oo d8H

SrTiO; 7182 2k E7|olA # 2 20TH &58
Aseta 950ToANA 327 B¢ €48 E i

2.2 LaAlO; S&}

LaAlOse] 32 98l PVD (physical vapor
deposition)?] & #2491 PLD (pulsed laser
deposition)& AHE3 Y. EZleE  ALEsA #

LaAlOsE 599 Crystec 3JAlA Az & dd4d
A& AHEAA, excimer HolAE KiFE 982 33
& 248 nmolth. WA LaAlO; EIS 23 Ay gt
Mdxeta ¥ A7t @ SrTi0s; 71 3& s Ho| 53
gt 0001 mTorr7HA] AFEE &S of Oy 71~
£ o]&3d dY ¢4HL 1 mTor2 ¥F0h AAS}
2 9% 3 25+ £ 2 10TH $&3k4 700T
A AP BH 71# Age 5 cm, BLAE
Hz, &9 B4% quAE 18 Jem'2 AP F
o] ghgd AlHe EW AL #Adr] A3
AFM (atomic force microscopy)s o|&3lth F3
AHe] A71H EAL g3 MEd 9F ASS Az
A 7pEAE e e F, oy wigto] @Yo n
Ao A current-voltage(I-V) &3 ).

3. @43 % 1

GdZ2AA SITiOsE 4294 BOE £9& AMS
3to] TiOs-terminated SrTiO:E A 29 1(a)
AFM A& SrTiO; 7]1¥& BOE o3 Fo 0, 7+
2 E97)A Atd dxeE g8 ¥W FHo=
TiO; terrace T+&7F YElYE RS A o] RS
71%e 9= Ao A LA EE miscut angleZ <l
3to] SrO%F ¥ TiO.Zo| EWHo| &£dst EAs=d
BOEZ 18 ol &o] ¥ SrOFo] HA AA=HA
A TiOZ2% Edo A |ch oA ] terrace B
Z HolA ®t [7]. 2¥ l@dlA He upel 2o
& #A Fol terrace EF &l pin holeEo] 24
g 4 9dtd, o3 % pin holeES LaAlO; 53 ¥
Ado A AAES SF Yo W3l 242 2A{HER
O, 7k2 ES17]9A Abd dAe & ABste &43hA
Zd. 2¥9 1(b) AFM ArE2 13 uc® FA 9
LaAlOy7} 39 3¢ #¥ FAolth LaAl0; 5%
A 29 1(a)e 43 olIIAR terrace S
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Fig. 1. AFM (atomic force microscopy) image of (a)
before and (b) after deposition of LaAlO; thin films on
TiOs-terminated SrTiOs; (001) substrate.

A2 e AE E & glEd, TiO:-
terminated SrTiO; 7]¥e] LaAlOs7} o5 wiuto =z
F&o] & oA LSS Ye i oy were s)2A
A AR AF I F9 U 3 Aol gE AA
o] EHIAA S5AHE A2FTIHA LHAAE A2
A A& 2, LaAlOsel B9 BaE o
7FA] o3 wtek HFF BE= F layer by layer REZ
AZEd o] 4% RE9 ¢ 7% EdW ¥4L
FA 3 EA dF wate] FAEEZ LaAlQ; 4y
SrTiOs 7|89 terrace T2E U2 FA|&EA 9
HaA F&d AE A F UG Bl 2 2
LaAlO;E unit cell 992 mAg 57 zdd &
Af-Ask SA4eolt. LaAlOs7t 3 ue 719 4% 5
V Aol A ¥a SrTiOsst Z2e] F=EAHY 548
tebfidch St 4 uc F7 oJARHE 169 ~
152 pAsl AF7T Z2AJEES FAAG. 2839
LaAlO:¢} SrTiOs7F 242 56 eVl 32 eVe & W=
AE 7R HdA EFQdE B3 LaAloy
SrTiO; 1% HE +FA LaAlO; o3 dhgto] 4
uc FAFE =49 542 Yl A& 98 #
v}, oj2jg A2 LaAlO; oy utulo] 54 S
o5 H REA 5AE 2sd AVAEEI} T4
A He EA §4& $ARn, ol M9y 4
3|4 LaAlO; /SrTiOs0l 3 M T4 2 283
q3e olsiFoF st} WA Z Edo| A E 54
& B9 SrTiOye] A% (Sr0)°%} (Ti0Y’ 2 3¢ o]
A ol &E9] M7l FYHE o] Fo] £Fo]
3R] =k A9 LaAlO; 542 2¢ (La0)'st
(AlO)) ZF && o|F3 QU+ 9|25 A7 78
€ o|Fa A Fo} HWFo] wAsA o o]¥
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Fig. 2. The current-voltage characteristics of LaAlO;
thin film on SrTiO; substrate for various thicknesses.
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Fig. 3. The LaAlO:; thickness dependance of the
electrical conductivity of the LaAlOsy/SrTiO; hetero-
interface.

A Edd #3022 A3y (LaO)'SL2HEH #ZF
BFoR Ar|He] B dd. 2E drFe
AA718 AAANIAE F71EA 8, LaAlO; °l 9
kel FAZ FAY A4F AAAYAE 0% F
7b A H3 olg ¥F W¥goz P& BA HUA
duAs EXA4A €49, 283 LaAlos7t 4
FAFHE WA dFSE FeE 327 A8 A
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JA Ak 230l AujdEE #HAlA LaAlOs9
(La0) 2o 2 3-8 -¢/29] AztEo| SrTiO:9] W $lol
9l (TIOY'Z o g Eoj7HA ot o g4 2d &
Zo] Aujdz Adte] HA LaAlOy/SrTiOs T+&E=
A71H o2 (o] Hu, o2 Azt FA7H AA
YA = Agdez SAsiA 9o 283 TioFl
=8 -e/2 AAE Fldole] & st LaAlOs+
SrTiOs AWelA 2DEGE #AstA €t [68] <<
2o Axe AuEe ¥ 29 ZAAE LaAlOy
SrTiO; ©1& A3 F+ZAA LaAlOs9 5717} 4ucd
o $AsE AYS FAAG [8l 27 3 A
9] LaAlOy/SrTiO; ©1%F A¥ +FolA LaAlOs9
Aol Mg A7|AEE Aot} LaAlO; YA FA
4 uc O|ARE ZJlste AVAEE AFZ LaAlOy
SITiO; ©1& AF Tz AA 2DEGEA ]
LaAlO; $79 ol&Ao] &g W3 #UF
oli= Axjo|t} [9). =3 LaAl0:e F77F 53 ucellA
AgRez A7AEET} 169 pAR A= olf= 7
792 LaAlOs:= strain relaxationol] ]3] Z A7} plastic
deformation ¥Q17] ¥ ez @asta vk o224 wk
=X =3 &32 wjAsa LaAlOy/SrTiOy AHsHE ol F
AY 728 gAste Aoy e A7HAEAS 29
AaE 2ate] AAAQ T3 sFeAS AT

4. 2 B

B A AE PLD Y& o] &3te LaAlO; ol
1 wrebe ynit cell G E FAE v AsHA =43
o] TiO,-terminated SrTiO; 7|l ZF-Zapsivt. e
el A" LaAlOy/SrTiOy ©o)F Y +x28 Ahe
N AF-Ag 54 BA e T3 2DEGZH 4 H =

BAY 5 619

LaAlOs A $77F 4 ucgl AL AT 5 Ao,
Ao ZAF Ayl Bt AV|AEE7 A
A Z7ke A #@d £ Ak ol2A LaAlOs
/SITIOs o]F A Tx2= vd x4 2x 3] A=
& ke AN G SS I
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