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Structural characterization of non-polar ZnO thin films on LaAlQO;
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Abstract

The structural properties of various non-polar ZnO thin films have been systematically
characterized in detail by using electron microscopy. The structural properties include
crystallography relationships, interfaces, crystal defects, and growth mechanism. Non-polar
ZnO thin films have been grown on (001), (112), and (114)LaAlO; (LAO) single crystal
substrates by pulsed laser deposition method, respectively.

The crystallography relationships between non-polar ZnO films and LAO substrate are
identified according to the selected area diffraction (SAD) pattern of cross-sectional
transmission electron microscopy (XTEM). On (001)LAO, a-plane ZnO thin film is realized
to consist of two types of domains perpendicular to each other. The crystallography
relationships between a-plane ZnO domains and (001)LAO are determined to be
[0001]700-//[110]La0 and [1100] zwo// [110] Lao, whereas [0001]zn0.// [110] Lao and
[ITOO] 701!/ [TTO] Lao for the other domain. Non-polar ZnO epitaxial film grown on
(112)LAO appears in pure m-plane (1010) orientation. The crystal orientation relationships
between m-plane ZnO and (112)LAO are verified to be [0001]z,0// [TIO] Lao and
[1210]200//[1 10]La0. For non-polar ZnO epitaxial film on (114)LAO, the surface plane of
ZnO exhibits near (1340) orientation. The (1340)-plane ZnO epitaxial film presents only
one direction parallel to (114)LAO, which is confirmed to be [0001]z.0//[ 1 10] 0.

For the microstructure of a-plane ZnO domains, XTEM images show that the domains
form columnar structure. In a-plane ZnO domains, the threading dislocations extend straight
perpendicular to ZnO/LAO hetero-interface. The results of plan-view TEM (PVTEM) reveal
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that a-plane ZnO domains appear L-like shape. The arms of L-like shape are verified to be
parallel to [1101] zno and [1101] zo(£[100]ca0 and +[010]ca0). According to
high-resolution PVTEM (HR PVTEM) images, domain boundaries are identified to be
inversion domain boundary, near 45° or 45° boundary, and local r-plane (1012) twin
boundary. In a-plane ZnO domains, the predominant crystal defects are dislocation, basal
stacking fault (BSF), and stacking mismatch boundary (SMB). SMB is a planar defect
consisted of m- and r-planes. The densities of dislocations, BSFs, and SMBs are 5% 10" cm'z,
5x10° cm™, and 3x10° cm™, respectively.

For non-polar ZnO epitaxial thin films grown on (112) and (114)LAO, the
hetero-interfaces have been realized by the comparison of HR XTEM images and simulation
HR XTEM images. The results of the simulation images conclude that a ZnO/LAO
hetero-interface might be composed of more than one type of configuration. This
phenomenon can be attributed to the defects in the hetero-interface, such as BSF and misfit
dislocation. The HR XTEM image also shows that the BSF generated at the hetero-interface
might be able to assist the relaxation of mismatch-induced strain. In non-polar ZnO epitaxial
thin films on (112) and (114)LAO, the predominant crystal defects are identical with that in
a-plane ZnO domains. In non-polar ZnO epitaxial films, SMBs can extend to have U-turn
profile and become loops. The appearance of SMBs results from that two crystals with
penetration BSFs coalesce to form a boundary with stacking mismatch. Based on the
calculation in PVTEM images, the densities of dislocations and BSFs are 5.1x10' cm™ and
43%x10° em” in m-plane ZnO epitaxial film. For (1340)-plane ZnO epitaxial film, the
densities of dislocations and BSFs are 3.8x10'" cm™ and 3.1x10° cm™.

The growth mechanism of non-polar ZnO films can be supported by the results of ZnO
nucleation and growth experiments in home-built vertical chemical vapor deposition system.
At the initial stage of thin film growth, m- and r-plane facets naturally appear on non-polar
ZnO island-like growing grains. For a-plane ZnO domains, the growing grains would merge
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with accommodation along r-plane facets to form near 45° or 45° boundaries and local r-plane
twin boundaries in order to reduce the total energy of domain boundaries. During the growth
of non-polar ZnO epitaxy, the growing grains with penetration BSFs coalesce along
pre-existent m- and r-planes to form SMBs. The formation of SMBs in a-plane ZnO domains
is similar with that in non-polar ZnO epitaxy. After the growth of non-polar ZnO thin film, the

surface exhibit stripe morphology parallel ZnO c-axis.
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h

forh —

!

aBTR amTR

W " RN EAL A

4-3 PVTEM X B # #H 42 B

422 FEXEFRMESH T &

BA—EEH W5 & RSB ER B MIRE T > B TEM BRA N
BT BB AT BT F — R T AT R IR M 6y & 38 5 B 44 0 TEM
89 1% & 42 4% (selected area diffraction, SAD)EI M R i E LA R EAHEMFT R - AE 44 5
5] 3% B % a &@ ZnO 1 r & sapphire J+ @ &4 SAD B (& & 6,4 ZnO £ sapphire &) 45 4¢
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BH) » &3 H & £3% SAD B » T U415 & #h(zone axis) * BFEFRASH I & > F
B R BME RN FA AT T @ o R T s BT XA N S EAHBAREAT 2R
SR E 0 bW YA B 6048 B R T 4 4o A AR 1 e 8 B A AT O M B 45

=

zone axis [0001],

zone axis [T101].,, i

4-4 FERFEIAFZ SAD B #
(3%BE % a @ ZnO # r & sapphire S @ % SAD B #)

WAL B b T ATAT 2] X TEM #43 $tbie £ - B b #7 5 & 5 B N 3R s a0 16 o) 48
o 7 Rl % A 4 E F R (two-beam condition) 82 4% s 1% R 3 3 4R #H L 0 B ARIE
g * b=0 &9 74 K % Rl (invisibility criterion)f® T | R shFa W B R LM B0 & L+ g HET
ZBETRGAGMN - —RETRAEBB - T ELMTTH —RHIRB(P) LT R
K& T
4, = ;Z: J‘Of o2

H P &, A 0% #k 3B Bk (extinction distance) > s % 1% #% 1% #(deviation parameter) > ¢ A3 R R &

(thickness) » MmN — B A &M T L EF R BBREHBH R ZEHIK
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W (0, )T AR o T A
%:gﬁfm“”mﬁ»ﬁ¢R%v@%zﬁﬁﬁg $REHRE R A BTG

o AR E BRSNS RIEFEILEE  TRERBAEA GBS T e ™ 1
EAEFRBBTLENETELBBMGMAE - MibE R 4% TEM B2 HB L o B

g b=0" Rlg=¢, > Eipsrray it R @i - £ TEM B G PR EHA > B

SbAEZ B kR [4.4,4.5] -

PR TEM 85 - #EF RGBT THE 4-5 %0 - GABERE AEE
GSHEMENEMHT T FTRLEFEAH —HTHE - £452]— % SAD BH#%K
FETHEF OGS W 4-5@) c REHE a ey X TR AF] - B%E
124 g=0002 Y8 E T RESHEMF - RIB A c sE AR F XA EMZAE > L8
A 10°~15° LB R AT ¥ #4500 SAD B ¢ A 4T c 2 B B & A E MR s A
AL ST A 0 R SbME G T X A EAE P A &k 6y 4 4 25 (g=£0001 ~ 0002 ~ 0003 ~
0004...) > ko B 4-5(b)FF & 5= © 4 % LA m b Z d b/ |N AR 3°~4° > BLEFARTE 35 @17
LA AR R EZRE XN k& TEM Bk EEABRHMEeHEREFET TR
#1 g=0002 &9 44 26 A = EARH R IR RE > BB T F R4S > WoE 4-5(c) - Mk
% B (objective aperture) [ 1% 7 1% & F R ATAF X 351212 4 8A 4227 (bright field, BF)#54% -

A g=0002 By 4448 2 F S At 65 B B & AT AT X AR R B g R 2F(dark field, DF)#
1% o £ BFTEM #44& & Z2HE @Mk — 15 24 » M4 DF TEM &+ Al § & — 5 24 -

B THEBRERGOMAT @ EEILEGEAEHEARRIEBE Zn0O & & 5 P30
ARG RTH g b=0 RIH - REF —FFPAADBENER > BN Zn0 & & A HEN
FEFZW TDs EAHEEA1/3<1120>82<0001> & THE/AA BEAH1/3<1120 > A #%
@& TDs 2R ML g=1120 4 at i tFRIAIRA © @B TIRE <0001> Atk §
Zz TDs » g=0002 4 44t 54 EMA - B 7 TDs > BSFs W RE 8 > B0 E S
1/6<2023> > Wb m BT 5 M AE1/3<1010>$11/2<0001> « %A g=1010 L4451

B @ 1/3<1010> 8% & > BSFs @ £ %1% ZHF 5 FATRGMHIL > Febfik e
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47 7Zn0 ¢ & © & 45 A g=0002 &4 45 415485 » BSFs a9 42 f5 K # b €94 % » R % F BSF
W ey B A6 A 1/2 <0001 > 87k B L3Ry 2 HEPTE AR AU S - M E T RGESATHE
Prgash ol B2 Mifeto R 42T A P BSFX 80 242 41/3<1010 >

$11/2 <0001 > :E4THL 8% o

(a) ads (b) -

cih 4—6—

. L .« & & » o 0

Booos Booo2  FiE %
o004 Soon2 FHE &

! . ; . ,0
¥ »
T TR o001

TEM%E iz iz B%

&1100

. . L . .

TEMZ A i % 2 B4R

(c) m

/
oM -l ~e 0002w

TR

Y

TEM®R AR AT 4T 2 1%

4-5 BRAFHEET RGAHEFRETEE
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& 42 T F RGH A BERTEMA @ 2 A

g=1120 g=1100 g =0002

_ _ Zhz—wERE

b=1/3<1120> R ) H AR &

T &

b= <0001> $EE 23N & $EE 23N & $HLb 42 3,

) B Znz—HERR

b=1/3<1010> R ) $HE A &
T &

b=1/2 <0001 > H L2 & H L2 E & R R

B T 1% 41845 TEM 24 0479 » TEM B B H — 5% K&y zh ke » 5 A4 TEM(high
resolution TEM, HR TEM)# 1% - 4 date A R4Fe9 & T8 B Eatdhsy - MR TROBH
AT UBE » — BB AREHE > B 4-6()p7 > ZE Ha @ ZnO ARk T @
sapphire 4R £ 2 R @ #1% o £5% & F e 54 F » HR TEM ¥ 4% A RAF & R BAT A 8
oM T B o mAEERIF HR TEM #51%42 =& B h [E N\ Gatan DigitalMicrograph $ 8% i# /71%
B oM A o BB P HN BB E 5 R TR 69 B R AR A 944 (fast Fourier
transform, FFT)E# » LB &R H 7 —4& SAD B > 4w 4-6(b) & B 4-6(a)F @ &
Ik pT%4F 2 FFT B - mE 4-6(b)¥ FFT B THEZE 4-4 FER LT R
SAD B » Bt T4 FFT BH#T TR - ATHAEREEL O R@ELSITA » AA
# 3% j& (inverse fast Fourier transform, IFFT) 2514 4. % 4% 4F & » 47 T B - B 4-6(c)R] &%
+ (1 120) sapphive $2(1100) 700 & &2 FFT 2R3 268144743 2 IFFT #4% S 84% T 69465
112 8 8 R A (1120) sapphire 52 (1100) 200 & 8 89 SR © £BAT IFFT B8tk > B H
SR me RS EF AR ABLBLFRE > Wl 4-6(c)FArsaptEzR > HPTH S
B 4-6()F F@m & ey B35+ BA — 4 MDs- # & Ll T B ¥ HR TEM #4% 3t H R 32
BT AT — 25109047 - IR T A EIHB T B > XA ) 85 7T #h- 3k Wiener 2 X #5347
Wbyt 0 TiBIE HR TEM #5148 F & TEM # & A7 i s 9 3830 0 M 3R AL3IRE L -

LR A 45 2R T ) &5 4% ] 2 [4.6, 4.7] » Wiener £2 X 45 R @ 3 58k L > B R G 2UER
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BoP IR A 0 B bz XA E7 B — AR 2JE 4 TEM ArE4F 2 HR TEM #14 A 48§ K
45 Bh - m4& & TEM 8% 42 iy 54 B8 Bl 14 7% > 1245 A CrystalMaker $k#24R 4% TEM AiiF 2 &
REATERETHIMARAZTER - R4 EHERBT AN = ZRFEERME
F AutoCade #3274 -

HA B ZnO FE PO R o a ik E T Rams AR
AR FRMER Mac CrystalKitXX $EZEFBHEEY > FHRITEZI R O@HEAEAN
MacTempasX ##% - 4R 4% Multislice /& 22 # 47 HR TEM #1454t - f Multislice 3+ & & 22
BAETTRETROBAA AT EEEMATHAHL - AMERAREEREE—IRE
% EFERA A T2BMERS 0 B OF XK B 45 24 Multislice R 323 B A5 45
P13 2 3514 42 weak phase #935[E (4 nm~10 nm, LB E N TE R BEHL) N A E
o BE EHMERELTALBR ) B-FIRTFEE SETTAERE > BEMAE
#7> Multislice 893t H X 5 e ifm £ - AP HRTEM 446505 ETREFBEHZE
RAGHT R BELGERBEA TR EI4.8] - B b AH 72 A4 weak phase #) §
B WA A 2 A 8 RAF A 2 F KR - R > MR E I BH BT RHE HR
TEM ®4& ¥ 043 > SRR AB LR D44 o BEATEZEF REEZ A 200keV » K
48 % 14 2 (spherical aberration coefficient, Cs) % 1.2 mm > f& weak phase &) 3¢ [E] /9 LA R 3]
B EAE PR BB A EAT R R -

Je KA R P FRAE A 2] 49 TEM 1k 2 A #5805 #H1b4#(LaBe) 2 15 44 &4 Philips Tecnai 20
TEM ~ JEOL 2000FX TEM (3 i@ K% #kHL 8 T4 %)% JEOL 2010 TEM LA & 5 B35

5 4 X, B -F4 69 JEOL 2100F TEM (X i@ K% Ak #HE T w) o

43 B R B RER

ABRRABENIBAEHRE BN AER O ROECLBAEE - A RERF
H#% X E F #8445 (scanning electron microscopy, SEM)i# 47 k4 M ZnO & & B & @A 5k

BB 15 Fl 24 & A B3 7 415 € 740 89 Hitachi S4300 SEM (& B FH A % & )
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#1 JEOL JSM-7001F (i@ K%2) - &L EBEA S EN T @M - A T AEERAETRE
e AT 2R A @M 0 £1EA SEM B EBAT 0 LA%ME R X RS RET RS
PreER o LB GE LB T Mk RSHEEwma R 0 kZEAN SEM %58
5o BT AR &0 E AR T R @ R F L R EAR

1120

sapphire

¢ &

¢ N

1100,

Zone axis«[l)ﬂﬂ_l_.]zllo v
zone axis [1101]

i

|‘|
m H ”l ’ll\ | \\Hn llh\\ ,

B 4-6 () K B K [FB4F 2 HR TEM 4% - (b)i%(a)i /7834 /743 2 FFT B >
(c)iZ 3%+ (1 120) sapphire 2+ (1100) ZnO & &% FFT 338 26 #3477 4% 2 IFFT #4%
(3%8 & a @ ZnO ¥ r & sapphire @ 2 57 4 £)

sapphire
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$RE S/uér g ssemaiig 2 2814

GBS T BALARMROALELEBEALE L AR &5
& o AEH@EAA XTEM $#2 SAD B #IEt&4 ZnO #1(001)LAO » (112)LAO M A

(114)LAO B 5 iR 2 582 Bl 14 B ATIE S

5.1 (001) @ 4aBE4M 4L a | A 16T

#7% ZnO #2(001)LAO ¥ & KA ] & 88 o ey A KB4 T #5 & XTEM = SAD B %
BRI RS TR - B 5-1(a) & ZnO #pE#1(001)LAO ¥ S X ix 28 R @mey SAD B » &
YO aas B 0 oMk 0 % SAD B2 & ZnO 4i4t B A 81 —18 LAO 4
GBI PR 4R o 42 ZnO ¥ fy o M 4L 4E 4 B T 5 %) B 42 B 4 % [0001]82[1100] F P43 2 4
25 LAO &5 B M2 B8] [110] - £ ZnO %45 #0001 A $2[1100] # &) & A48 &
AWy RmE T & 0 BRI E 5-1(a)85 4 RT3 34 (001)LAO LATA kX ZnO % ptsk 4
Buhey AR a @A 0 1256P L & ML AAEE H & & (domain ZnO-1 $ ZnO-I1)Ff 42 7%, °
ZnO M & & #1(001)LAO FAR Z F 6 &4 88 O 43 Bl 45 o T
F—wmHE : ZnO-1
[0001]z004//[110]La0 > [1100] zaot//[110] a0 2 (1120) 2004/(00 )0
#—maE : ZnO-II
[0001]z000//[110]1a0 > [1100]z00-0//[1 10]La0 #2 (1120) za0n//(00 )0

B 5-1(b)#2(c) & —E Bk a @ ZnO # BE#(001)LAO t = BF $2 DF XTEM #4%
BE S-1(b)Tr L BEE KA/ 330nm- B 5-1(c) AL E T BEE 5-1(a) ¥ SAD B#
B9 (1010) znoa S BLEHWAIFZ AL BETYRES ZnO-1 HEZHBEH K - RIE
DF XTEM %1% » a @ ZnO B RSB @A R EREKEZEH - B 5-2 Ak ZnO &
& #1 LAO R @ay HR XTEM 1% > B4 #4% Zn0 S EHR LAO X R @ g - B 5-2 ¥
H AR Rl 5% & ZnO-1~ZnO-11 2 LAO &5 & 34 pr45 2 FFT B - &8 45472 FFT

B A #1 XTEM SAD B & % — 3 -
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5-3 & a®@ ZnO R K#(001)LAO 2 B FH AKX HE > H#&F @A ZnO &) a @#
LAO #9(001) & - B & 2 & & 447 B i 69 36 5 %) & ZnO-1 $1 ZnO-11 &y B s - 2 &
B d LAO 9 B &0 - B3 4X BB T A 5 LAO 89(001)d =& 75 #4869 & @4
o EH ZnO B S A6 c #hS 4T LAO EHF B et ¥ AL AAak—F &L -
ZnO #y c eh B/ T E R TIFE 48 F 6 A5 B R o B b7 2o B AR & @ 09 B 7 $H 4514
T RBEEREkZa®Zn0 B RAEMEAN LM S o B ZnO B Sindhen §
frBE RS HES LAO B B S0y ¥ A 4 -

PR 5-1~5-2 8153 945 BT A e B a & ZnO $2(001)LAO Z R &9 & 4 R
T BRI > H3t B @24 T
470001200 (c $h) 8] Z SR AE R T B

Zn0:2d ) —LAO:2d ;

ol oqup 520625361
LAO:2d

x100% =2.89%

(110)
FAT[1100] 200 (m #0) 77 ) Z 5 AR B

Zn0:2d,,,, ~LAO:2d 7, | A\
LAO:2d

_627-5301

x100% =4.96%

(110)

&~ 11"'"Zn()l I,

-l

zone axis [0001],,01

zone axis [IIOO]ZnO-II

zone axis [110], ,o

B 5-1 (2)ZnO # 8 $2(001)LAO HAx R & SAD B > (b)4£ & #4[0001]200. F #74F 2 BF XTEM $2(c)
42 & $5[0001] 2001 F B :E (1010) 2001 4.4t 2 P74% 2 DF XTEM
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1120,
t; .

]TOOZnO—I i
E,y*% .
RG0SR

zone axis [0001],,0,

i

zone axis [110]; .o

5-27n0 & & $#2(001)LAO Eix R @< HR XTEM #4% » A B & & &S praic 2 FFT B#

[0001];,,6., / a5

27
* ,L\\O o o
¢« o

®
ZnO : Zn ‘s %
. ¢ -4 g
ZnO: 0O —,3\\—’ e ’ ,\,Q‘;Y:’d{ '62’).
q /‘ ﬁ./, .‘\ (f\
N ’ > - ) O
LAO: La ° ‘) \w\ ® C/ \(‘)oo,x
LAO: O e 1 d &
N
—UfC . .— t 2 .

3791A @ o 0

o o—o o
----- ZnO % 43 558 ‘

— LAOER &M [010].40

5-3a @ ZnO & & B4 558

#2(001)LAO F @& & FHE 7| 445 % B (B A &g CrystalMaker FfzZ 4%)
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5.2 (112) @ 4e BL 4082 m | £ 1bés

E—EPITHERESHBYEAREBERTERZEIEEBIE Zn0 FEd A 1%
MEFALE) B AR MR A IERE Beh R 25 A LAO 69(112) @ 4 A Ak & @ R s & ZnO
BT st b — &5 R o B 5-4(a) & 7% ZnO 84 ¢ #6852 (112)LAO £ m & ZnO # BF XTEM
ZnO B2 # 160 nm > [ 5-4(b) 4 ¥ JEE 5-4(a) ¥ ZnO 2 LAO R @4 SAD B - B
5-4(c) % 7% ZnO #) a #4#3 % (112)LAO £ m & ZnO # BF XTEM> B 5-4(d)8] % & B 5-4(c)
¥ ZnO 2 LAO F @ A7 B4F 2 SAD B - B 5-4(b)#2(d) ¥ 49 ZnO L4425 5 8 A A —
w0 A B &AE(01)LAO Ly ZnO - B8 A K7W (112)LAO L&y ZnO % — % 5
BA@%4A m @ ™ LAO $ ZnO 2 P &) & 48 % A Ml t4 % [0001]200// [110] Lao ~
[1210] z00//[1 10]La0 #2 (1010) z00//(112)L40 °

Bl 5-5(a) & 12 & 4 2 [0001]2:0 TF A7 384 A7 43 2 ZnO #2 LAO @ HR XTEM &) %1%
bR E LS ZnO L LAO REAE - B 5-5(b)#R ()% % A4 E 5-5(a)F ZnO # LAO
& B3> FFT B & FFT B ML 5-4(b) F ZnO L LAO #4 4 4 B 1 — 3% -HR XTEM
B PR~ LAO #9(112) & 2(001) @ ey & A 4 & 35.264° > b T3t H B (112)@m £ &

L H e B EA A A 6.566 A(3.791/sin 35.264° ) mBE R EAE N1 @ H
#6(3x2.1887 A = 6.566 A) » 3% 1:3 ty B4 T4 B 5-4(b)F (1 11) Lao £2(001)pa0 451 2
AR BTG H o MAE ZnO 4y 0 N F a dh oy @ 4B E A B (1210) 89 & RIS - 47
mARE XY wWE ZnO &9 (1210)F @ E 47 =18 LAO a9 (1 11) T @R gE » sk 4:3 2 B
T Fl k=T 3 [ 5-4(b) ¥ SAD B84 (1 11) Lao 2 (1210) zoo Yo bt B i 48 #4 B 4 th

Bl 5-6(a) £ 75 [1210] 200 & #477 #y A ELE ZnO #2 LAO #4 R & HR XTEM #4% © + M
RS A ZnO 1 LAO R@mfr & - B 5-6(b)#(c)] A48 ¥ EE 5-6(a) F ZnO # LAO &
Bey FFT B - o474 2 FFT B Fl 4k 82 5-4(d) ¥ ZnO 2 LAO &9 4 5t Bl — 3k - 275
ZnO &y c 4 & F » ZnO 2 LAO 8y S8 35| R & 2 B b - ARIFE] 5-4(d) 84 L 54 B A5 41
5-6(a)ty HR XTEM =T 83 884 i ZnO #(0002)-F &@ 2 LAO & (110) F @ ZA8 S © &

# M kg 101
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ZTi#—% T#m @ ZnO #(112)LAO Mm% &M% FHETHA (1010) 20 £
(112)ea0 FE R FH I EHOX BB RRE > LRV EwE 57 i B 57T Y254
LAO + La~ Al 82 O £(112)&@ L&y R FH 74 B - (112) & 2h 3k 5] B 4w 8 0 & B 5 5]
#5361 A #6566 A - B 5-7 %] % ZnO & (1010) F @M% % » ZLBEHE T ZnO H
BB EEA 5206 A #3249 A o RIEE 5-45-5~5-6 ¥1 5-7 phEER 0 A BN
(112)LAO Lty m & ZnO & S B 6 SR T B E i E4o F
F47[0001]z200 (¢ #)Fr o) Z E A R EBLEE

Zn0:2d ,, —LAO:2d
LAO:2d

5.206—5.361

(110)

x100% = x100% =2.89%

(110)
FAT[1210] 200 (2 $) F 1 2 A R BLAE

/n0:4d - —LAO:3d --

(1210) (111)‘ % 100% =

LAO:3d ;1

M x100% =1.04%

TT Ln() 4— 112
* LAO

00"’[ AQ =
\/ l 0 ]‘ OZnﬂ\

/\\

1210/1.0\
111 "'\
LAO N

NN

\ /
zone axis [gﬂt)l]z,,O
— — zone axis [110]; ,,

001] -\()

zone axis [1210],,,
— — — zone axis [111]; ,o

B 5-4 () (112)LAO b 4 £ #) ZnO 34 B8 & B & F 48 4% 7773 2 BF XTEM %1% $1(b)4a 4} JE B (a) ¥ ZnO
1 LAO R @ SAD B » (o) B () EH @ £ &2 &3 T 7432 BF XTEM $1(d)4a # /& B (c) P
ZnO $1 LAO # &% SAD %
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4 ’ -
R
rabABatAaRABRNd Tttt B L L L
EREE AR L L L N T b @ 4
& IS bsammmans b 8N

LR LY

5-5 (a) £ & #h A[0001]200 F AF 34 4% 2 m & ZnO #E#1(112)LAO R Air 7 &% HR XTEM #1% > (b)
#1(c)n % AB()¥ ZnO 1 LAO & B ipii3z FFT B #

(0002)

wieled .

Zone axis [Tﬂ]r,,m

5-6 (a) 4 B 30 % [1210] 200 F 74832 m @ ZnO # f #2(112)LAO £ 4g R @2 HR XTEM %1% > (b)
#1(c) 3 A B (a)F ZnO #1 LAO & B3t iapii3 2 FFT B
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S —
La—® ‘i L ) . o, ® ® ® .__Ul
O—e Al o o |2, . . .|8
® - o - 0 o o o o>
. . . - - - g Zn
® " ® : o, e o o o0
[110];,40 [0001],0

L’ [III]LAO L’ [1210] Zn0O

5-7m @ ZnO #1(112)LAO F & & T HE 7] 454545 % Bl (B 2 & CrystalMaker #7244 )

5.3 (114) & 45 & 4M 2 (1340) & §1Lé¢

£ (114)LAO LR EA4E2Z ZnO 4 i BF XTEM #1440 [ 5-8(a)ff-m HE a2 E X
#) 260 nm - [ 5-8(b) A4 B 5-8(a)¥ ZnO ¥ LAO R @ FAFEIF 2 SAD B/ > L@y
L4t BaoT 0 A RN (114)LAO Eoy ZnO 2 — 2 888 > 12 R4 4£(001)$2(112)LAO L
P32 ZnO & — B gL AR A HH58 BAT Aoy R - B 5-8(c)#y4542 % i JE4&IE ZnO &
& Bt ey (1340) @ 2 LAO #4(114) @ A 2 K 433 0.5°09 484+ 8 » 42K & £ > ZnO
8 (3210) @AM BRI FAT LAO 09 (221) @44t © A T FRAHT ReyFH 3¢
%o feb# A RAE(114)LAO iy ZnO HR 5 & (1340) @é 2 5 & 4 - B 5-9a) A ¥
K G B 5-8() e LR k48 £ 90°A7 144k 2 BF XTEM - [ 5-9(b) % B 5-9(a) ¥ LAO
H ey SAD B L4t B e B[22 1] (FA[110]) A LBEF & T i &£4 ZnO
B B R E UL B > B 5-9C)FPTAEE - B 5-9(c) A B E B KR
R&@mz SAD B » %8 ¥ TOREAA H ZnO #9441 25 35 JE 4145 » 42 0t 30 4y » ZnO &
Lc bl A ddh BLT A B PREBRE IR Zn0 8 c LS R - IRIEE 5-8 844 R ZnO
5 & ptey (1340) @ R 4ugtast o B i T ek F 1 (1340) 200 Z 5 86 © 4 R AT H
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5-8(a)8y SAD P &4 4t k48 B4 BAF B EP 2R o A BN A(001)#2(112)LAO k& K AF4F
2 7nO % BA i $h AT $H 45 09 5 8% 7 4 Bl 44 0 (114)LAO AR #2 (1340) @ ZnO & & 4
PER BT AT HAG &8 H 4 0 BP[0001]200/[110]La0 ©

B 5-10(a) % ZnO $1 LAO % & &) HR XTEM %1% > #1815 F47[0001] 200 B 5-10(b)
#1(c)» B % ZnO #1 LAO & 32347432 FFT B # > FFT B 5 #4714 928 5-8(b)#y SAD
R B 5-10@FHREH A ZnO 82 LAO EF R @iz & > LAO #9(114)$2(001)x &
w R A A 194717 0 A A EEARTEE 5-8(b)#y SAD ERFH - HRE—F T#H ZnO
LAO R BHAMATA » ER @K KB R4 B 5-11 A - £ 5-11 P REOREETH
it Ay iR 89 W i3 7 & ZnO $1 LAO R\ 4-4E7] h oy BB - 4£(114)LAO HArfl » #
RH e BE[110] > RIEE 5-11 F AT SATH A% - T oAzt EF 2 e BBl 4
11.373 A(3.791/sin 19.471) » 3% F BEARE R At 4 (221) - & I #E(~1.2637A) - 42 B2
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