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ABSTRACT

The paper is established in the advancing edge of spintronics, selectes Sr-doped
manganites Lag 7St 3MnQ; as the main subject investigated ,which is very promising
in room-temperature applications because it possesses the highest Curie temperature
(>370K). By using magnetron sputtering technique which is compatible with
microelectronic applications, LSMO based p-n junctions which have excellent
rectifying characteristic were successfully prepared for the first time.The present
results directly indicate that novel functional mangantie based p-n junctions could be
transfer from experiment study to potential practical application.

Begin with the single crystal Nb-SrTiO; subsrate, high quality LSMO/Nb-SrTiO;
p-n heterostructure was prepared by magnetron sputtering technique successfully. The
research results indicates that rectifying behavior is nearly independent on
temperature over the temperature range from 40 to 320K. Electromagnetic properties
of Lay 7Srp3MnO; could be modulated by the built-in electric field near the interface
of the junction is also been observed. The study not only explored the best preparation
condition for the LSMO film but also deepen the theory cognition of the manganite
based p-n junctions.

As for the device application, it is important to integrate manganite with
conventional semiconductor silicon (Si). (110) orientated LSMO films were
successfully grown on Si (001) wafers using StMnO; (SMO) as a template
layer.Based on the above mentioned work, LSMO/SMO/Si p-i-n junction and
LSMO/Si p-n junction which have excellent electrical property were prepared.The
electrical property was studied profoundly,' the effect of thickness of the insulator
layer SMO and the oxygen content on the electrical rectifying characteristic were
investigated.

On the foundation of the above research work, choosing the conventional
semiconductor Si, integration of LSMO with ZnO by magnetron sputtering technique
was successfully realized. Excellent rectifying characteristic was obtained over the
temperature range from 40 to 360K. The present results indicate that the novel
functional LSMO/ZnO p-n junction is expected to apply in microelectronic field.

Keywords Lay 7St0;MnQs; p-n junction; magnetron sputtering; Si; ZnO
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Fig.1-2 Structural phase diagram for La; ,D.MnQj; (D=Ca,Sr,Ba) at low temperature
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Fig.3-1 Schematic structure of Lay 7Sre sMnO3/Nbjyu,-SrTiOs p-1 junction
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Fig.3-2 XRD spectrum of Lag 1Sy ;MnQ3/Nbys-SrTiO; p-rr junction
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Fig.3-5 I-V curves of LSMO/Nb-STO p-n junction in a wide temperature range from4(0-320k, The

inset shows the diffusion potential as a function of temperature
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Fig.3-6 Schematic diagrams for the band structure of LSMO and Nb-STO at

(8 T=0and (b) 0<T<T,
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Fig.3-7 The temperature dependence of junction conductive resistance under an application of a

large forward current ~ 50mA
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Fig.3-8 Temperature dependence of junction resistance under an application of

forward current of 1mA and 50mA

3.4 XKE/NE

ETHERS TEHEELEUDEpnNEEE N, FEMERAHAAB LK
BHND-STORRAF . RAMERH HE, BRTLSMOMENREHE LS
&4, 1% H R A BTN B 2245 1 A Lay 7510 sMnOy/Nb-1wt%-StTiO; p-ne 7EXT
HABFHRFTANRN, RAERIYES KRR LB 2Ep-nkh R HE L
HmEnBAAEREE. SERN:

L RRRIERN T, EANHNEALERNERTRDHENAERHE
MK LSMONGSTO pn &, ZLREREERERFIE W
Lag 7570 sMnO3/Nb-1wt%-StTiO; p-n#5 H HE LRI R E FHBB BN .

2. 7 HRBJLF B R MM . ZHAETHETLSMOBR F&H
BB R AR, BEHERENEN, He foWRIMNHREE . Eit, 3Bk
B 3 B 1 P T A

3. 7E 40-320K $X 5518 ¥ 5 B P BT 78 B AR 2o 1 ol 80 P A b 4T . IX R e
TE 40-320K R AR AV A 3 i R PEBEE BRI RAT 2/ K, £ s RHE
BRI ERE. Eik SERRSE TR TEER ATk, X TXR
MRABELEF.

-21-



FER TR E TR F R

4. AEIEREH T 4Rl SR AR MERA, BT mEnshsogn
TREIFADOERZFRE, BREEAYASHREERFRFETUELE
p-n SR B R B RORE.

-92-



#4 3 Si & Lag,SuMnOy pn G SHERETF

FA4FE Si#E Lay,;Sr:MnO; p-n GEIF & S 1EE 5T

4.15|5

HEY L F L YRe, . AMnO; (Re=La, Pr&®i 1 T#, A=Ca. Sr. Ba%—
PRERTE) HTATCMREN, EENMBEGHERS. BEEESSELN
AREKRA WO AAIR, MECh BB FENEEHRAME M, REE
TR Ay MR E B R ALY+ R W ScTiOs, LaAlO;, NdGaO; FINb3B 7%
SITiO; kB2 hHI &4, RIFESTHIE L3 & 454kT 6 8 ALY MR Ay A 3507
ARENTHEFRCY. EEHREEHARNERE, F8RAMETR4MNERE
R TR & MTE S G % B4 Si_ LA E £ KB4 F b M RRR A4 & R 7T B8
MNBUHERAEHE, ESHELAREATFEALYEBREBLHEE, B
EEAXERETIYP, SIHRRBEEN—HHERE. WH, ESiHELieE
AR ST AL BN LR A — K 7E 3 B 4k B SRR & 1 B
I A D B ) 2 R R AR 4 T — T el

AR R A AT ik, RIARESMOZHELH TSI (001) #ELE
AR [1101ZRH FILSMOMMB M BRI H1% . B T3 REEXTLSMOME & #i
BN, RPN RRAT T M. FEEERE B RIS A S R
HERILSMO/SMOY/Si p-i-n %5 5LSMO/S p-nih, M H AT THREAERN
R SHT,

4.2 Si £ 1LSMO HEREHE H B aERTsE

REESIHE LH &SR R YRIE 5 1997ERGH LR B, )
M, AHRESARXAEBETELMEET EELY SSIRR, ZHERHN
ZHWISERMWETZRMLHEN. REDNEW AL, FIFLRESMOK N B
BRHRESMAGRE. LSMOSTFBEUT RELH, LARSNY
0.388nm( CATIR 21 MILSMOM R 5 HR) & 11 $5 3037 7 B s b 2159,
SMOZ—F 5LSMORF 1R R LA S5 M (agmo=0.381nm) (%%
A0, HRTLSMOMANEE K, BEANBREE, NTHABREHEL SN
B, B, SMORBER A —H T BT R o AL AL SMOMIA 5 i

-23-



R Tk A ST HEM A4 03

#BHEEREDP B, AXRALESMOZMEER TSI (001) HELR
B 1101 E FLSMOMBE K R Th#l % . TR T HREEILSMOMB LIl &
ShmeH R RSt RE R B W
4.2.1 Si Z LSMO ¥B &R

BREESFSER: B—SRETRMNHREETZES (001) MELFRR
ARE R SMOMEE, =253 -5 SMOH| & 1.5 4 F 9+ IR EZESMO/SiR
R4 BB 214 1200mILSMOMEE . HERGLZSHFANFE.

(110) g"
e

3 3
£ WaE W s 0 e
Q a 45 nm thickness ()
2 35nm
° “ﬂ'\--\,;n_ A
E M

20 25 30 35 40 45 50
20(degree)

4-1 F[E P SMO B XRD Bl G RBE X 800°C). MM WAL SMO WA
BRXARE
Fig.4-1 XRD patterns of SMO films with the different thickness deposited at 800'C. Inset presents

the FWHM as a function of thickness of SMO films
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Fig.4-2 The XRD patterns of LSMO/SMOQ/Si heterostructures which deposited at 700°C
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Fig.4-3 The XRD patterns of LSMO/SMO/Si heterostructures deposited at 800°C
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Fig.4-4 The XRD patterns of LSMO/SMO/Si heterostructures deposited at 850°C
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Fig.4-5 The XRD patterns of LSMO/SMOY/Si heterostructures deposited at 900°C
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Fig.4-6 Temperature variation of the resistance of LSMO film deposited on Si substrate under an

application of different current
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Fig.4-7 Schematic structure of Lag 7Sty sMnQ3/StMnQs /8i p-i-n junction
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Fig.4-8 I-V curves of Ag/LSMO/Ag and Ag/Si/Ag
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Fig.4-9 I-V curve for LSMO/SMO/Si p-i-n junction measured at room temperature (300K)
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Fig.4-10 I-V curves of LSMO/SMO/Si p-i-» junction in a wide temperature range from260-380k
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Fig.4-11 I-V curve for LSMO/SMO/8i p-i-n junction with different thickness of SMO measured at

room temperature {300K)
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Fig.5-1 XRD pattemns of ZnO films prepared under different working pressure. The left inset
shows the FWHM as a function of working pressure, the right inset shows the rocking curve of

the ZnO film deposited at 0.1Pa
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Fig.5-2 Transmittance spectra (T) of ZnO films deposited under different sputtering pressure
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Fig.5-3 The plots of a® vs. energy for ZnO films deposited under different sputtering pressure
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Fig.5-4 XRD patterns of ZnO films prepared under different substrate temperature. The left inset

shows the size as a function of substrate temperature, the right inset shows the rocking curve of

the ZnO film deposited under various substrate temperature
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Fig.5-5 Transmittance spectra (T) of ZnO films deposited under different substrate temperature
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Fig.5-7 XRD patterns of ZnO films prepared under different oxygen pressure. The left inset

shows the FWHM as a function of oxygen pressure, the right inset shows the rocking curve of the

Zn0 film deposited under various oxygen pressure
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Fig.5-8 Transmittance spectra (T) of ZnO films deposited under different oxygen pressure
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Fig.5-9 The plots of o vs. the energy for ZnO films deposited under different oxygen pressure
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Fig.5-12 Schematic structure ofLag 7810 sMnO3/ZnO p- » junction
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Fig.5-14 I-V curve for LSMO/ZnO p- r junction measured at room temperature(300K)
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LSMO/ZnO p-r junction
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