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Transport and photovoltaic characteristics in perovskite

transition-metal-oxide manganite-based heterostructures

Jie Qiu (Condensed Matter Physics)
Directed by Professor Kui-juan Jin

Professor Hui-bin Lu

ABSTRACT

Perovskite oxide thin films and oxide heterostructures including LagoSrg 1 MnO;

ultrathin film, BiFeO; and LaggSro»AlO; thin film, La;.,Sr,MnO;/Nb-SrTiO; p-n

heterojunction, BeFeOs/Lag7Sro3MnO; and LaggSrg»Al0s/SrTiO; heterojunctions were

fabricated by laser molecular beam epitaxy. The growth characteristics of Lag¢Srg 1 MnO;

ultrathin film were investigated. And the transport properties and the photovoltaic effect of

these heterostructures were investigated. The main constants and research results in this

paper are listed as follows:

1.

Lag ¢Sro1MnOj3 ultrathin films with the thickness range of 5-100 unit cells were grown
on Nb-SrTiO; substrates. The surface morphology of Lag ¢Sty MnOs ultrathin films
was observed by scanning tunneling microscopy. Our results show that the surface
morphology of Lag ¢Sty MnO; ultrathin films becomes smoother with rising thickness
when the thickness of Lag 9Srg ;MnOjs ultrathin films was more than 20 unit cells.

The thickness-dependent photovoltaic effect of LagoSry MnO3/Nb-SrTiOs
heterostructures was investigated. Our results show that the photovoltage of the
junction increased with rising thickhess of manganite layer. This phenomenon is
explained in light of the change in the electric field in the space charge region at the

interface and interfacial states.

1T
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3. BiFeO3/LagsSro3MnO; heterostructure was fabricated on (001) SrTiO3 substrates by
molecular beam epitaxy. And the transport property of the heterostructure was
measured. In the magnetic fields of 200 Oe. 500 Oe. 1000 Oe and 6000 Oe; the
room-temperature magnetoresistance of the heterosturcuture is up t014.8%, 18.6%,
20.5% and 21.7%, respectively. Moreover, the heterostructure magnetoresistance rises
with increasing temperature. At 30 K, the magnetoresistance reaches up to 30.2% in
the magnetic field of 6000 Oe.

4. The LagsSry»AlO; thin films were grown on SrTiOs substrate, and exhibited a metallic
transport behavior over the temperature range of 80-340 K. And the current-voltage
property and the resistance switching of the LagsSro2AlO3/StTiO; heterostructure

were observed.

Key words: Laser molecular beam epitaxy, perovskite oxide, heterostructure, transport

property, photovoltaic effect
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K 2.9 REHEEAKERX NI RHEED fiff=~2E: (1) BEAERLERE,
Q) EEK, ) Z&MNEYNEHTHE, @2 RERATHRER

#R¥E RHEED f/UTE ™, BAEMATHERER S Gl 2.9(1)), EEK+
HEWEIMRBLL (WHE 2.92)), XEETFAFNETFRE—EMNREA: HES
B RO ERB I UAK S T RUS IR 7 A018 5 SR S S R R = A PO,
Lhr b, T ERE R R e s EEM RS RS, VPR AERNREHREA =4
KRB, ERARFNE. Fik RHEED A f8iE i iX 8 i R A FEHATs . —&
ME, REATH GEMEERNED) SENATH CGHERRT o DURETHRERN R
WX TR, RETHTH P T BEER &S /R L, WE 2.90). (2); TMiEst
RN EEL LMK, mE 2.96)in. MREMEEAZAHE, RHEED
B ZEEN MRS 2R, RIG—EFROE, mE 2. 9w, XIEXFHRE
ZFRM “Debye-Sherrer’E % . Ft, RHEED MIATH IR B B T # IR 45 S rE A
K.
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MONOLAYER GROWTH ELECTRON BEAN RUEED SIGNAL
oGt}

{110}

[1390)

& 2.10 EM MM RHEED #ERH~EE
0 AEMBERRE

TEMEREAE K A2 o, RHEED AT4BE A58 B & R A2 A IR AE 4K, thEi2 RHEED
BRREIR TS . 8% RUEED 38R 18 (KRBT 5 (Specular Beam), Bl 00 ZKATH B4
T A 3R IR 222, RHEED SRR 1A 3N N T4 K — AN R R R ZE A [
5] 2. 10 £ g RRIMEEKER T HREHIREAIT K RHEED BEIREG AR
B3, g R R T R RO REN, fSRERK: JEEAREKS,
H R RS R, BT REORS, REES 14 BREN, fImE
WNE] 12, BEBEKERBOBT, ARSNGB, ATRERSRD, AR
TANE 12 BRER, FREREIR/N. XS TR E, EREL)Z,
REPBEARIWRE. LREINE 3/4 RRZR, ATHRESOERE 12; HRIEH
— A ERESNEER SRR, A NSRS E RSN R, XRTERE
YRE BAMEN K. Bt RHEED RISBERY AURBR T #RK R RIMEEK,
T BB s AN E A K R L B %K, R4 IR 5% % 50\ RHEED 22 H9 & A
RS TA HANE A KRR R

R gl

W 42 > 72 [ Lambda 24 5475 [ COMPEX 205 % XeCl #E43 THOGAS, fik3E 20
ps, JEK 308 nm. B TAKESRENEE, FEHORERBOCCRU—ZENEE
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FRANMBEEM £, FIBOGKR g S BRI LCRIAS AN S, BT
—MRFEERERE, BAEL— RN R EA N ESNEZ KM RER, Bob
FEMESAMEE, TR T BOEHIRDT R YRR RS 2 A B A Rl =),

mAxREMERE

B aRTRNEERRMME, RABEHSWESEMEENERGME, AT
HRE R UL R B R AT QR BT (8 #E TGRS 34, B E
FEIRFF AR EASEESNER T, WERER &L AP REHIE A e,
LIRSS m R e R 5SS A%EEM I, P afiniheg, &
h s LAEEEER]IA 850 °C.

BT e

EHREEThRE EE R A R B A R, HEROEAREENE AR UL
HEARBEIRTE, WS RXAEEHNLAN, TRERRA 070 mm FEEH .
FER AL SRR TR AT RN BB AR, BRI RASHD
R, THEYL A S

AMShRE
FRERAES THREESAEE, RAY 3 KV AEEREBENTEEE O,

N 454K, A 10%~20%RF O IR F N, NPHET/ERE, IREEERR
PR .

AR BRIE{L

POAR A B A T REAME R P R AR TR ST, DERNTNESRA
BTN -

g bR, BREHETEAD TR BB TR A HEH T Laser-MBE HAM
K&, Laser-MBE $R%E PLD I MBE £ KRB = T —44, & 2.1 ¥ Laser-MBE. PLD
5 MBE W =F07 vERe AR HEL, AR H AT LUE A BTodE A 5835 19 Laser-MBE $%
KAV E AR RRE T A RE NN T A.
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JEAT 52 I R % RHEED — RHEED
KT HhEAEK HESMEAEKC HMEAEK

KRR 18 {73 i)

B R N
A F IR * w o
LB EMER HMEAEK piid SMEAEK
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FESL BRI TAEF, %Eﬂ]ﬁﬁiiﬁi%%ﬁ£§éé@ﬁﬁﬁt%ﬁfﬁ\ BOLRkTE. BkobsigE., RER
BE. TAESUE. BEAEEU A MEMEESE, UEENITIRERMBBEAE, I
f B RHEED FIRTSERERIREEIR S, SCOLE A Seied 45 i R 7 RUE —4E IR B 22
Ko, 14 B R R AMERE . WO TRAMNER AR ST R SRR
SEERIE— N ES . Laser-MBE B& KL A2 T2

) SNTHZHITENEIME, 7T SNEE K SHM R AT B AR
FEEE.
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gEpbel, BT R RHE SRR
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. &R, LS, EEENES TS, £ R8N REMNE AL
W R T B AR A

(4) RANA4Y HREED FIFGEA. Sl s sed Sl A4 s, (BT RAB
O 5 ¥EAR LA I 51 ) 25 R R AT 2 S5 AR ) B )
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(5) REBURTEREEHIMBAK, o LU BTt M AR AR 3 A
HIERE, BIMBREY 8. BRAMEMN. SRS, DESHERRE. KRy
PERIE. (RSt R R L RIS R B RAT R

§2.2.2 BASFRMEH S L IHEMRRG

A EBEEYHE

AU AT LR R B E R M A SCR AR G B A R R 1 46 AR A
FEREIM . A TRARS S, FENEITBIEEEM, DO TS
BATZSH. E2.11 2R T RINGEEEEM T EREE.

(HE—mEEH )
1

[ Bk A R B

1
(BFE-—mERmEy

v
( Bk Eesen )

=
( GERR-EEBE )

Bl 2. 11 $I% &M T2 RERE

FRPLERER IR TR RERRAN A #EIA 99.99%, FIAEMEHR K. 16
T BV RRERES, RAEE A210P BTRE OEEN 0.1mg) BRI 77K
Bo 4T BIIETE FORLEBR B B s BIERE BB R b A SR EE R LA S A AN AT
HEZHEH D HERENRER, FRKEHEDEER.

RERE: FEREFRERSIAERNABIEREERIS, Bl 200 5/4 5k ik sk
B2 /Nt BB SR RS MR T IRE TR, B ENEEERRATA R,
TERBVLTNER, THERNES 15 5 A BB A B E sk i WOk R,
AR TR & BRI 785 K

FRBER: BRE R T B RIATHERRTEE, — 7 LU 8 T b
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KRFRE MR B RPRE, REETREN TR, KA. BN
PR A M A B — AN SRBIR T, T R 3R S L R B I SR i —
BRI, iEEAMESES, I T—SHEE R MvES, 7E&AURE T hERRIE A
WA, FHARHEA, ERAH. SRR RET LMER) X AT AT R .
ERMEE: B A R R B R I A\ERERES, TEATERENL L 200 F/oH
(L BT 38 VRIS RGN EE 4 /N, (R R X BT pm B, — TSN R
RIS, B EAEZ B B S MR TR TR g B0 B R
AR, 7EEMEET, WRERTERERE, HFMAKEH, BYE =R,
BAELEENEENEERREL .

BERISEE: BEREAWEHE T E PRI, Paghii BN ORIR I 7 F N E
T, BERTERHELTUERBENREEM, SRR SRR AR
WK, BatkREK. MRS AR BB LI IR X SHEATH GRS B
FH BT B RI .

B. ERHAE

e A K T F B9 EE B SITiOs MgO. LaAlOs f Si %5, X T REER T RE
TiIEHIEREAEK, ERRTMNAERIEN—D,

SrTiOs (LaAlO;) EFEMR: AR ER ROFEERERBMGEY, IT
EKERBEE, FEMTHEMBALEDS, 4L SITios R HMAEET
KB EEE T, RS AR, TREEAEREE 2 R, B2 2 URERTEN
Y. WEVERE AR MIT R, BN Laser-MBE RGMHER R, HBI1EE
FR2REEsMEEEF &, RIGEE 680°C IB K 20-60 47%h, tiEEAKERERE, RN
B2k R K B SRS R,

Si HFREMLE: SiEAESRHERBRETE, TLIUERERN 10%HF
IR TR 20 MER % S| R AEAFAER SIO EME, BT LUE Si fraRimE Rk
H &GP R, EB Si FREEEN; RERBMA Laser-MBE RAE T INEEHEK
AT LN

MgO £ Figik: BT MgO BHF/KPER KN, FrUAREMEHEE T KRER
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PHBERIEYE. HERERERIE MgO ZEABMNER. WEhEEER IR, BRERA
KBV . RIGHERERERTL, NERZEEEWNEZITEEERE, REFHL
 SrTi0; 2 A AH R A # b 3 5 v A0 BE MgO s

C. BASFRMERAFEEAUDHRRRRENTR

AR EEFEMROR T HOGH FHRIMERE W TIERE, EEH & EE T/EL
HERARTRRNES . MAREWIFE, TESENRENBBERE. EtikE.
EARERRRE. Eh BEMNERESENRM~ERRKNER, Hl&E&MFHERST
AR BE T O, BRI PARR B T B LSk Il & T T R AR R R B AR N
BE, B, NRKEEMN b THSNES, HREROAR, BHETSH
SERKRNER, B EERARRHEIAM R —RH& T 2. ACAH TRAR
M FRIMEE ARG &S ELSBEAEEN— KSR,
1. AREFNAE, SRR ERHRE, #HOEER 20—60 74, FEfa
EEFRE, FIFITE BRI .

2. REEE S REEM R, AR,

3. HEEFEET 3x10™ Pakit, JF/8 RHEED 48 TR UKL EE, Mt
i RHEED 440, 4% RHEED I TIERAESERAE, HioFHuE.

4. BOLERTBENEMERE, FENPEIIXERFROAEKERE. Bl RHEED
WG AF LR B IE R A KOS TR, & 24 9 B SR B] B AR il & A1 A
. TRV IR R R R AR AR E .

5. BEAKSTEEE, XMBOLE, KA RHEED RARINERKE &RENE
S5 5 RHEED RGN ES B TR, EHERRSHEREZR 100 °C,
FFRATENMA RS .

BUBFES:, BERSMERNESEIET 1.0x10* Pabl b, XHARKERESTR.
RIERZEWTR. Wik, Wi,

TURMEIE R, TRIEFREEA R FESE, HHETEALAE, FEERSHK

AR B ) 27 e MR . WERRAEC IR, W LIARIE 75 2 b AT AT 18 AL B 5 TR Y

FRE.

&
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§2.3 LagsSrp2Al05/SrTiOs.5 RREH R EEMERT

SE RS ILaALO; (LAOYTERME: TREN A7 AA EEMHED!. HELAO
BB A SR MU IO MM A R R B K AR 2 — P2, FIIMLAOH
L Sl e A SRR R RIB), BRI Ab, LagsSro2AlOs (LSAO)M BHE R R
T (>800°C) SR TplEFHS, FILBHANRIE AR AR E A r it
G —Fh B AR, R, I\BIRATFTE, SBZMLAOMEHEER ML BT
R, BE, MIWLAOKRBHT THARBIF, FELAO/SITIO; (LAO/STO)S
R AR AR B AL A TSP E R S R PG D AT EIXT STO B F B 5 e
2 R IE K EES BEEMSTOR BB AYADEEIREP. KT/, BAE
STOJE 414 TLSAOME, B T LSAOMEMLSAO/STOR i 4 ket .

KR BB FRAMER A, BAE2<10°EET, 7 (001) LA HKSTOF K L4
K220 nmBE HILSAOHE, BAmHl# LZSH K22,

F221SA0 BEAKTEZESH

EREE 610 °C
HERSE 3x107° Pa
TSR 2x107 Pa
XeCl, #it: 308 nm
BkF: 20 ns
Bt E BEBREE. ~1.5J/em®
. 2Hz
A KRR ~24 Rk b/ R RRE
JRAZIR K B 18] 30 min

AR X HLAT5(Cu Ka FEFEN TEBRNSREFE. B2.12 24K
FE(00D)ER [ (¥ STO #J& b LSAO B[ XRD 0-20 3Lk, &KW LSAO HEE
HARSEN, BERREARR K RASERA. B 2.12 MiEER LSAO #E K RHEED
F75t . B =2 8%) 19 RHEED 440 578 T LSAO H R YeIg R RIF R4 fik.
ARV S E T LSAO MR B EERFE. B 2.13 B8 T LSAO #EEKH
BHPEIE ALK . LSAO MIEAE 80-340 K MR EVaRE p, HEfHMRENT =
T &2 T 18 STO #E_EAEK K LSAO B AA & EHIBIT .
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S8 818
- 3S gle
~ F B2 2
= b 13 Z § v
ul ] o
= b e
8 14
5 B
T T
20{deg)
2.12 LSAO/STO MK XRD 6-20 3 th £
P & LSAO R RHEED f64:
2.5p =1 mA
20 [SYYL
i LSAG thin film

Resistance (Q)
-
E ZEE N R

“T00 150 200 250 300 350
Temperature (K)
B 2.13 AKAE STO | LSAO I i e FE — 35 75 2%

STO #fJ&_L LSAO IR MM E /RN ERHEERT LSAO HENEHR TIKRE. ®
FHRFE R B A2 1.97x10" ecm™. 6.65x107 Q.cm F1-3.12 em®/C. E/REHEH
LSAO HEEZERETEW n BIFESNE], XEE2AFT LSAO H47E 800 °C L E

EUE p BB TFHEAZM,

TEIREE (<5x107 Pa) B KFIAK LSAO EREAMKHE STO #ERBEfi&A, 7o4
BEM. WIFEEPEEE, 89 "B HERE T8 F TEFH— 24 d
HTSSH STO EUS BT H. B STO FETRF4AEBE, RINBE—EMRT

LSAO/STO 45 i - IE -V R .
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