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    SAD (112) (114)LAO ZnO

ZnO

ZnO

 

 

7.1

    

MDs

ZnO (112) (114)LAO  

 

7.1.1 m (112)

    (112)LAO m ZnO

[0001]ZnO 2.89% ]1021[ ZnO

1.04% �/dD � MD

d ]1021[ ZnO 62 nm (6.498 

Å/0.0104) MD [0001]ZnO 9 nm (2.603 Å/0.0289)

MD  

    7-1(a) [0001]ZnO ZnO LAO HR XTEM

7-1(b) 7-1(a) FFT

7-1(c) FFT LAO ±(001) ZnO ± )0011(

IFFT LAO (001) ZnO

)0011( LAO (001)

ZnO )0011(

MD 62 nm
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7-2 Mac CrystalKitXX MacTempasX m ZnO

(112)LAO

ZnO c LAO LAO (112) La Al O

O La 5-7 ZnO O

Zn 3-3 ZnO LAO

ZnO ZnO

m LAO La Al )0011( ZnO

(001)LAO 2:1 7-1 7-3(a)

(b) HR XTEM 7-3(a) (b) 7-2

HR XTEM 5 nm -58 nm

LAO (001)

7-2

7-3(a) (b) m ZnO

(112)LAO 7-2  

 

 
7-1 (a) [0001]ZnO m ZnO (112)LAO HR XTEM (b) (a)

FFT (c) (b) )0011( ZnO (001)LAO

IFFT  
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7-2  m ZnO (112)LAO ZnO c  

( Mac CrystalKitXX ) 

 

 
7-3(a) (b) HR XTEM  
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    7-4(a) ]1021[ ZnO ZnO LAO HR XTEM

7-4(a) FFT 7-4(b)

±(0002)ZnO ± )011( LAO IFFT 7-4(c)

7-4(c) MD MD

9.62 nm 8.32 nm 8.97 nm 9 

nm 7-5(a) ]1021[ ZnO ZnO LAO HR XTEM

BSF 7-5(b) ±(0002)ZnO ± )011( LAO

IFFT 7-5(a)

12.74 nm 7-5(b) 7-5(a)

IFFT MD 7-5(a)

BSF 7-5(b) MD BSF 4.68 nm 8.06 nm

7-5(c) ± )0110( ZnO IFFT )0110( ZnO

BSF ]0110[3/1 7-5(a) 7-6

ZnO LAO (0002)ZnO )101( LAO

ZnO ZnO ABAB

ABABCBC BSF  

BSF ]3220[6/1 ]0110[3/1 ]0001[2/1 m ZnO

(112)LAO MD MD

7-5 MDs ZnO c BSF

ZnO c BSF

7-5(b)

7-5(b) BSF MD

BSF  

    7-7 ZnO a ( )0121( ZnO) m ZnO (112)LAO

7-2 90° LAO (112) La Al
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O Zn

(0002)ZnO La Al )011( LAO 1:1

ZnO c HR XTEM

MD

7-8(a) HR XTEM 7-7

HR XTEM 5 nm -28 nm 7-8(b)

HR XTEM ( 7-8(a) )

HR XTEM 5 nm -30 nm 7-8

7-7 7-8

-30 nm  

 

 

 
7-4 (a) ]1021[ ZnO m ZnO (112)LAO HR XTEM (b) (a)

FFT (c) (b) )011( LAO (0002)ZnO IFFT
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7-5 (a) ]1021[ ZnO m ZnO (112)LAO HR XTEM (b) (a

FFT )011( LAO (0002)ZnO IFFT (c)

)0110( ZnO IFFT  
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7-6 7-5(a) HR XTEM  

 

    7-9 7-9 7-7

]0110[3/1 ZnO 7-7

7-9 ZnO 1/2[0001]ZnO

BSF

7-7 7-9 ZnO Zn LAO O ZnO O LAO

La Al 7-10 7-9 HR XTEM

HR XTEM 5 nm -30 nm

7-5(a) BSF 7-8 7-10

m ZnO (112)LAO  

7-6 7-11

ZnO BSF (112)LAO ABABCAB

BSF L BSF BSF

7-7 BSF 7-9

HR XTEM

7-5 7-6 BSF HR XTEM
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BSFs

7-7 BSF

 

 

 
7-7  m ZnO (112)LAO ZnO a  

( Mac CrystalKitXX ) 

 
7-8(a) (b) ]1021[ ZnO HR XTEM  

( 7-7) 
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7-9  m ZnO (112)LAO ZnO a  

( Mac CrystalKitXX ) 

 

 
7-10 ]1021[ ZnO HR XTEM  

( 7-9) 
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7-11  m ZnO (112)LAO BSF ZnO a  

 

7.1.2 )( 0413 (114)

    (114)LAO )0413( ZnO [0001]ZnO ( ]122[ LAO)

2.98 [0001]ZnO ( ]101[ LAO)

2.89 [0001]ZnO MDs : 

: )0011(d /cos 16.06  = (3.249 Å×cos 30 )/cos 16.064  = 2.928 Å 

                 �/dD � = 2.928 Å/0.0298 = 98.26 Å = 9.826 nm 

[0001]ZnO MDs (112)LAO m ZnO

9 nm  

    7-12(a) [0001]ZnO ZnO LAO HR XTEM

LAO (001) 19.471° 7-12(b) 7-12(a)

FFT ±(110)LAO ± )1001( ZnO IFFT
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7-12(c) IFFT

10.452 nm

MD 11.086 nm (10.452/cos 19.471°) 9.826 nm

MD

MD  

 

7-12 (a) [0001]ZnO )0413( ZnO (114)LAO HR XTEM (b) (a)

FFT (c) (b) )1001( ZnO (110)LAO

IFFT  

 

    7-13 Mac CrystalKitXX MacTempasX )0413(

ZnO (114)LAO

ZnO )0413( 0.35° ZnO c LAO )101(

ZnO LAO ZnO
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LAO La ( ) 11.373 Å( 5-13) ZnO

(001)LAO La O ( )

11.712 Å a m ZnO (001) (112)LAO

)0413( (114)LAO LAO [001]

ZnO ]0211[ 3.4° 7-12

HR XTEM IFFT ZnO LAO  

    7-13 (114)LAO (001)LAO ZnO

(001)LAO a ZnO ZnO a

LAO (001) )0413( ZnO (114)LAO ZnO a

LAO (001) 3.4° (001)LAO

(001) (114)LAO (001) 7-13

(001)

ZnO a LAO (001)  

7-14 HR TEM 7-13

5 nm -56 nm

7-13

7-15 HR TEM

4 nm -56 nm

7-13 7-13

 

    7-16 ZnO

7-13 ZnO ]1001[3/1 LAO

 (110)LAO 4 nm -56 nm 7-16

HR TEM 7-17 7-18

5 nm -54 nm 7-17 7-18
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7-16

7-17 7-18 7-16 LAO

[001] ZnO ]0211[  

 
7-13 )0413( ZnO (114)LAO ZnO c  

( Mac CrystalKitXX ) 

 

7-14 [0001]ZnO HR XTEM  

( 7-13) 
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7-15 [0001]ZnO HR XTEM  

( 7-13 7-14 ) 

 
7-16 )0413( ZnO (114)LAO ZnO c  

( Mac CrystalKitXX ) 
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7-17 [0001]ZnO HR XTEM  

( 7-16) 

 
7-18 [0001]ZnO HR XTEM  

( 7-16) 
 

    HR XTEM HR TEM

( )

7-13 7-16 MD ZnO

m ZnO (112)LAO BSF

LAO (114)

7-13 7-16 (114)LAO La Al O



 90

ZnO

LAO XTEM SAD ZnO

LAO ( 5-8 5-11)

ZnO

)0413( ZnO (114)LAO 7-13 7-16

 

 
7-19 (a) ]122[ ZnO )0413( ZnO (114)LAO HR XTEM (b) (a)

FFT (c) (b) )101( LAO (0002)ZnO

IFFT  
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90 7-19(a) ]122[ LAO ZnO LAO

HR XTEM ZnO

7-19(b) 7-19(a) FFT ZnO

c FFT ±(0002)ZnO ± )101( LAO IFFT

7-19(c) IFFT

[0001]ZnO MDs 8.2 nm

9 nm

    7-20(a) HR XTEM 7-19(a)

7-20(b)

7-20(c)

7-13 90° 5 nm -38 nm 7-21(a)

7-20(a) HR XTEM 7-21(b)

7-21(c)

5 nm -38 nm

7-20(c) 7-21(c) O ZnO

7-21(c) 7-16 90°

7-21(c) 7-20(c) 7-21(c)

ZnO LAO ZnO c

( 7-13 7-16) (114)LAO ZnO 9 nm

MD MD HR XTEM

7-20(c)

    

(114)LAO )0413( ZnO

(114)LAO (001) (

) ZnO LAO  
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7-20 (a) ]122[ ZnO )0413( ZnO (114)LAO HR XTEM (b)

(c) ( Mac CrystalKitXX ) 

 

 
7-21 (a) ]122[ ZnO )0413( ZnO (114)LAO HR XTEM (b)

(c) ( Mac CrystalKitXX ) 
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7.2

    ZnO TEM

TEM m )0413( ZnO

 

 

7.2.1 m

    7-22(a) (b) [0001]ZnO ZnO

BF DF XTEM 1021g �

�� 02113/1 TDs [0001]ZnO TDs

7-22(a)

m ZnO �� 02113/1 TDs

60° TDs ]0112[ ZnO ]0211[ ZnO

[0001]ZnO ]1021[ ZnO 7-23(a) 7-23(d)

]1021[ ZnO ZnO BF DF 

XTEM 7-23(a) (b) BF DF XTEM 0110g �

�� 02113/1 TDs

�� 32206/1 BSF ZnO

7-23(c) (d) 2000g � BF DF 

XTEM �� 0001 TDs 7-23(c) (d)

�� 0001 TDs (

7-22 7-23) TDs ZnO

c �� 02113/1 c

�� 02113/1 TDs

XTEM

PVTEM  
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7-22 [0001]ZnO 1021g � m ZnO

(a)BF (b)DF XTEM  

 
7-23 ]1021[ ZnO 0110g � m ZnO (a)BF

(b)DF XTEM 2000g � (c)BF (d)DF XTEM  
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    PVTEM BSF

1010g � m ZnO PVTEM 30°

]1102[ ZnO 1010g � 7-24(a)

(d) BF DF PVTEM 7-24(a) (b)

1010g � BF DF PVTEM BSFs

m ZnO BSF 4.3×105 cm-1 7-24(c) (d)

g=0002 BF DF PVTEM

BSFs TDs 7-24

m ZnO 5.1×1010 cm-2  

    BSF TDs 7-24(c) (d)

[0001]ZnO 1010g �

PVTEM 7-24(a) (b) g b=0

ZnO 10)1(0

SMB 7-24 SMB BSFs 7-25(a)

SMB g=0002 BF PVTEM SMB

7-25(b) 7-25(a)

HR PVTEM SMB [0001]ZnO

7-25(b) ZnO c

42.77° ZnO r m

HR PVTEM 7-25(b) FFT

6-4 6-5 SMB   

    7-26(a) 7-25(b) SMB m HR PVTEM

SMB c SMB ZnO

c SMB c 7-26(b) ZnO c

IFFT SMB 7-26(a IFFT

SMB c
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6-6 IDB IFFT

ZnO c SMB c/2 SMB

c g=0002

 

 

 

 

7-24 ]1102[ ZnO 1010g � m ZnO (a)BF

(b)DF PVTEM g=0002 (c)BF (d)DF PVTEM  
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7-25 (a) ]1102[ ZnO g=0002 m ZnO BF 

PVTEM (b) ]1102[ ZnO HR PVTEM  

 

 
7-26 (a) ]1102[ ZnO m ZnO HR PVTEM  

(b) (0002)ZnO FFT IFFT  
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    SMB 1996 John E. Northrup

GaN SMB 7-27 [7.1] BSF

SMB SMB BSF

BSF SMB

6-15 A C ( (001)LAO a ZnO )

SMB

BSF SMB

7-27 ABC AB

SMB BSF  

    ZnO SMB 7-27

SMB

BSF ZnO BSF

7-28 A B ABAB

BSF ABCBC

BSF ( ABC ABA

) 7-29 SMB

SMB BSF

BSF

c 7-29

7-26(b) IFFT

7-27 7-29 BSFs

SMB SMB SMB

c g=0002 SMB

SMB PVTEM SMBs BSFs
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7-27 SMB ( GaN )[7.1] 

7-28 HCP BSF  
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7-29 BSF  

( CrystalMaker ) 

7.2.2� )( 0413 �

    (114)LAO )0413( ZnO

TEM 7-30 )0413( ZnO

SAD SAD [0001]ZnO XTEM

[0001]ZnO [0001]ZnO

]122[ LAO ]1001[ ZnO ]1102[ ZnO ZnO LAO

7-30 PVTEM )0413( ZnO

]2011[ ZnO  

    [0001]ZnO 2011g � ZnO BF

DF XTEM 7-31(a) (b) ZnO c �� 02113/1

TDs 7-31(a) 60°



 101

BF DF XTEM TDs ]0211[ ZnO

 

    [0001]ZnO ZnO XTEM 7-32 7-34

ZnO ]122[ LAO

ZnO g=0002 7-32(a) (b)

g=0002 BF DF XTEM <0001>

TDs 7-23(c) (d)  

    7-33(a) XTEM ]1102[ ZnO SAD

ZnO BSFs SAD g=0001

7-33(b) (c) ]1102[ ZnO BF DF 

XTEM 0101g � BSFs TDs

]1102[ ZnO XTEM 30° SAD 7-34(a)

]1001[ ZnO ]1001[ ZnO 0211g �

BF DF XTEM 7-34(b) (c) �� 02113/1 TDs

�� 02113/1 TDs

m ZnO (112)LAO

ZnO �� 02113/1 TDs c

 

]2011[ ZnO 

PVTEM 7-35(a) (d) 7-35(a) (b)

1001g � BF DF PVTEM ZnO c

BSFs 7-35(a) (b)

)0413( ZnO BSF 3.1×105 cm-1 g=0002

BF DF PVTEM 7-35(c) (d) 7-35(c) (d)

3.8×1010 cm-2 g=0002 SMBs 7-35(c)
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(d) 1001g � BF DF 

PVTEM (001) (112) (114)LAO ZnO PVTEM

SMBs BSFs 7-36(a)

g=0002 BF PVTEM

SMB SMB 7-36(b) 7-36(a)

HR PVTEM SMB ZnO

m r  

m )0413( ZnO PVTEM ZnO

BSFs SMBs BSFs ZnO c SMBs

ZnO m SMBs ZnO r ZnO

SMBs 7-25 7-36

 

 

 
7-30 [0001]ZnO )0413( ZnO XTEM SAD )0413( ZnO
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7-31 [0001]ZnO 0211g � )0413( ZnO  

(a)BF (b)DF XTEM  

 
7-32 g=0002 )0413( ZnO  

(a)BF (b)DF XTEM  
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7-33 (a) ]1102[ ZnO )0413( ZnO XTEM SAD (b) (c)

]1102[ ZnO 0101g � BF DF XTEM  
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7-34 (a) ]1001[ ZnO )0413( ZnO XTEM SAD (b) (c)

]1001[ ZnO 0211g � BF DF XTEM  
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7-35 ]0211[ ZnO 1001g � )0413( ZnO

(a)BF (b)DF PVTEM g=0002 )0413( ZnO (c)BF

(d)DF PVTEM  
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7-36 (a) ]0211[ ZnO g=0002 )0413( ZnO

PVTEM (b) ]0211[ ZnO )0413( ZnO PVTEM (a)
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7.3

    TEM ZnO

TEM

7-37 7-38

 

    7-37 7-38 m )0413( ZnO

7-37(a) 7-38(a) MD1 m ZnO a

MD TD MD1 TD1

m ZnO ZnO a ( �� 02113/1 ) TD

c TD1 TD1 m )0413(

ZnO TD1 ZnO m a

7-22 7-31 XTEM MD2 m ZnO

c TD2 MD2

ZnO  c (<0001>) TD 7-37(a) 7-38(a)

TD3

BSF ZnO c m ZnO  

    7-37(b) 7-38(b) m )0413( ZnO

7-37(b) 7-38(b) c BSFs

m r SMB PVTEM SMB

r m SMB BSFs

ZnO SMB

7-36(a) SMB
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7-37 m ZnO (a) (b)
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7-38 )0413( ZnO (a) (b)

 

 

[7.1] J. E. Northrup, J. Neugebauer, and L. T. Romano, “Inversion Domain and Stacking 

Mismatch Boundaries in GaN” Phys. Rev. Lett. 77 (1996) 103 
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    LAO ZnO

TEM ZnO

ZnO  

 

8.1 3D

    TEM ZnO

LAO ZnO c m

r r

ZnO

 

 

8.1.1

    CVD 3D

ZnO 3D

CVD 8-1

r sapphire a ZnO

r sapphire ZnO ZnO O

(99.999%, O2) Zn (Zn(C5H7O2)2 xH2O, Zinc 

Acetylacetonate, Zn(acac)2) Zn(acac)2 135 ~138

Zn(acac)2 (99.999%, N2)
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    r sapphire 20

20

Zn(acac)2

250 sccm

Zn(acac)2 130  

    a ZnO 20

40 180 

sccm 600 X (X-ray diffraction)

XRD Siemens D5000 SEM

a ZnO  

 
8-1 CVD  
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8.1.2

    8-2(a) (b) 20 40 r sapphire ZnO XRD

XRD )2042( sapphire ZnO 56.5° )0211(

XRD r sapphire ZnO a

ZnO SEM

8-3 8-4 8-3(a)~(c) 20 a ZnO

SEM 20 a ZnO

ZnO 3D 8-3(b) (c) SEM

a ZnO

m c m

c a ZnO 3D SEM

ZnO a ZnO c 43° 8-3(b)

(c) [0001]ZnO m 47° 8-3(b)

8-3(b) (c)

ZnO r r

8-3(d) SEM  

    8-4(a) (b) 40 a ZnO SEM

ZnO m

8-3(b) (c) r

r 8-4(a) (b) 43°

8-3 8-4 ZnO

r r

 

    ZnO a m c

[8.1,8.2] ZnO c
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a c m a

a ZnO ZnO

c m [8.3, 8.4]

Ravi Aggarwal 2010

PLD (yttria stabilized zirconia, YSZ)

ZnO 700

~70 mTorr r ZnO

(  10 mTorr c ZnO [8.5] 6-14(b)

ZnO r

r 

PLD ZnO 700

( 10 mTorr) r

CVD ZnO

r

 

 

 
8-2 (a) 20 ZnO XRD  

(b) 40 ZnO XRD  
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8-3 20 a ZnO SEM  

(a)20000X (b)70000X (c)100000X (d)  
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8-4 (a) (b) 40 a ZnO SEM  

 

 

8.2

    ZnO

(001)LAO ZnO

(112) (114)LAO ZnO

 

8.2.1 �

    a ZnO a ZnO (001)LAO

8-5(a) ZnO-I  ZnO-II

ZnO a LAO (001) c 8-5

ZnO-I ZnO-II r ZnO r [100]LAO [010]LAO
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m c r

ZnO c r

r 45°

ZnO 8-5(b)

 r [100]LAO [010]LAO

ZnO  

    c

m

c m

: 

%1.8%100
603.2

603.2814.2%100
)0002(

)0002()0011( ��
�

��
�

�
d

dd
�  

: 

�/dD � = 0.2603 nm/0.081 = 3.214 nm 

45° 6-10(c)

6.045 nm r

c m

45°

45°

8-6(a) ZnO-I ZnO-II

ZnO a LAO (001)

8-6(b) L ZnO-II 8-6(c)

TEM a ZnO 45°  

    8-7 (001)LAO a ZnO SEM ZnO

ZnO c

SEM SEM
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SEM

45°

TEM

8-5 ZnO a LAO (001) a ZnO

(a) a ZnO (b) a ZnO  
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8-6 ZnO a LAO (001) a ZnO (a)

a ZnO a ZnO (b) L

(c)PVTEM  
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8-7 (001)LAO a ZnO SEM  

8.2.2 �

    TEM ZnO

(112) (114)LAO ZnO

 

 

(112)LAO ZnO  : 

    (112)LAO ZnO 8-8(a) [0001]ZnO

BF XTEM 8-8(b) (112)LAO m ZnO

ZnO c m 8-8(b) ZnO

m ZnO c
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8-8(b) TD TD

8-8(b) TD1 ZnO

a

8-8(b) TD1 ]0112[ ZnO 8-8(a) (b) TD1

8-8(a) TD1 60°  

    TD MD

TD 8-8(b) TD2

m ZnO TD2

8-8(b) TD2 ZnO m m ZnO

TD1 TD2 90°

8-8(a) TD1 TD2 8-8(a)

m ZnO SEM 8-9 SEM

ZnO c ZnO

8-8(b) m ZnO

c  

    (112)LAO m ZnO

8-10(a) (b) (112)LAO m ZnO 8-10(a)

m ZnO A~C(ZnO-A~C)

ZnO r m c

BS

8-10(b) 8-10(b) ZnO- A ZnO-B

m r

30° ZnO-C

BSF

SMB 7-29 PVTEM 30° SMB

8-10(a) (b)  
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8-8 (a) [0001]ZnO (112)LAO m ZnO BF XTEM  

(b) (112)LAO m ZnO ZnO c  

 

8-9 (112)LAO m ZnO SEM  
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8-10 (112)LAO m ZnO (a) m ZnO

(b)m ZnO  
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(114)LAO ZnO  : 

    (114)LAO ZnO 8-11(a)

[0001]ZnO BF XTEM TEM 8-11(b)

(114)LAO )0413( ZnO

ZnO ZnO ZnO m (114)LAO

ZnO ]0211[ 74° LAO [114] 16°  

    8-11(b) TD1

TD1 ZnO ]0211[

8-11(a) (b) TD1

8-11(a) ZnO TD1 74°

7-31(b) 8-11(b)

MD TD2 TD2

m 8-11(b) TD2 8-11(a)

BF XTEM TD2 TD

(112)LAO m ZnO ZnO c

�� 02113/1  

    ZnO )0413( 8-11(a) BF XTEM

HR XTEM

8-12(a) 8-12(b) 8-12(a) FFT 8-12(a)

ZnO ]0211[ 16° XTEM SAD

8-12(c) ZnO

m )0413(

8-13 ZnO

ZnO m )0413( m

8-13 8-12(c) (114)LAO

ZnO 8-11(b) ZnO
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)0413( 7-31

8-14 (114)LAO )0413( ZnO SEM

ZnO c (112)

(114)LAO ZnO SEM )0413( ZnO

ZnO  

 

    

 
8-11 (a) [0001]ZnO (114)LAO )0413( ZnO BF XTEM (b) 

(114)LAO )0413( ZnO ZnO c  
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8-12 (a) [0001]ZnO (114)LAO )0413( ZnO HR XTEM (b)

(a) FFT (c) (a) HR XTEM  

 

 

8-13 [0001]ZnO ZnO ( CrystalMaker ) 
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TEM

(114)LAO )0413( ZnO 8-15(a) (b) 8-15(a)

ZnO ZnO-A ZnO-B

m c r ZnO- A

BSF ZnO 8-15(b)

ZnO-A ZnO-B ZnO-B ZnO-A

ZnO-A ZnO-B BSF 8-15(b)

ZnO-B ZnO-A m r

BSFs PVTEM SMB ]0211[ ZnO

(114)LAO ZnO 8-11(b)

 

 

 
8-14 (114)LAO )0413( ZnO SEM  
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8-15 (114)LAO )0413( ZnO  

(a) ZnO (b)ZnO  
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    TEM (001 (112) (114)LAO ZnO

(001)LAO ZnO a ZnO (112)

(114)LAO m )0413( ZnO LAO

ZnO : 

(001)LAO ZnO :

: 

: ZnO-I 

[0001]ZnO-I//[110]LAO ]0011[ ZnO-I// ]101[ LAO )0211( ZnO-I//(001)LAO 

: ZnO-II 

[0001]ZnO-II// ]101[ LAO ]0011[ ZnO-II// ]011[ LAO )0211( ZnO-II//(001)LAO 

: 

ZnO c : 2.89% 

ZnO c : 4.96% 

 

(112)LAO ZnO :

:  

[0001]ZnO// ]101[ LAO ]1021[ ZnO// ]011[ LAO )0110( ZnO//(112)LAO

: 

ZnO c : 2.89%

ZnO c : 1.04% 

 

(114)LAO ZnO :

: 

[0001]ZnO// ]101[ LAO )0413( ZnO (114)LAO 0.5°
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: 

ZnO c : 2.89% 

ZnO c : 2.98% 

    (001)LAO a ZnO ZnO

ZnO L L

ZnO c 45° 45° r

IDB  

    ZnO LAO

 

    ZnO �� 02113/1 <0001> TDs

(001)LAO a ZnO TDs

(112) (114)LAO ZnO �� 02113/1

TDs ZnO c  

    ZnO �� 32206/1 I1

BSFs BSF MD ZnO LAO BSF

 

    BSF ZnO c SMB

ZnO SMB m r SMB

SMB  ZnO  

    ZnO m c

r ZnO ZnO

a
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    (a) (b) (112)LAO m ZnO STEM HAADF (Scanning 

Transmission Electron Microscopy High Angle Annular Dark Field) ZnO

c (c) HAADF  
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(c) ( 7-2) 
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(a) (112)LAO m ZnO STEM HAADF

ZnO a (b) (c) HAADF  
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7-7 ( (c)) 
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7-9 ( 134 (b)) 
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(114)LAO ZnO STEM HAADF  
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7-13  
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7-16  
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7-20  
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7-20  
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ZnO a  

 

 


