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Abstract

Abstract

ZnO is one of the 11-VI group direct wide band gap semiconductor. The band
gap of ZnO at room temperature is 3.37 eV, and the exciton binding energy is as high
as 60 meV. ZnO possesses a very high transparency in the visible range, and its
ultraviolet absorption ability is very strong. At the same time, ZnO has piezoelectric
and pyroelectric properties, which makes it a new multi-functional semiconductor.
Due to the significant potential application such as solar cell, sensor, detector, light
emitting diode and laser diode, the research of ZnO semiconductor has attracted
intensive attention and many researchers devoted into this field, made it one of the
most important topic today. In order to fit the requirement of the ever growing
technique, we need to fully understand the physical properties of ZnO semiconductor.
Starting from the study of basic optical property, we will thus be able to investigate
the optical behavior of ZnO and then make use of it. Over more than ten years
scientific research, the understanding of ZnO semiconductor goes in-depth gradually.
Drawn from the information at hand, people realize that surface state plays an
important role in the ZnO semiconductor material. In order to investigation this
relationship and understand the mechanism of how surface states influence the
optical properties of ZnO, we carried out the research works presented in this thesis.

In this thesis, we will modify the optical property of ZnO semiconductor
through surface states. After systematic investigation, we obtain the following results.

Firstly, we note that the green emission from ZnO nanowires is constructed by
two zero phonon lines with their phonon replicas. For the first time, Multi-mode
Brownian Oscillator model is adopted to investigation the structured green emission
theoretically. Finally, the relationship between material dimension and electron-
phonon coupling is discussed.

Secondly, for the first time, we use periodic Pt metal structure to achieve 12
fold enhancement of band edge emission from ZnO thin film. The enhance

mechanism is ascribed to the surface plasmon and surface passivation of ZnO thin



Abstract

film by metal deposition. Finally, the passivation of surface nonradiative defects by
organic material coating is demonstrated.

Thirdly, we use low energy argon ion milling to treat the surface of ZnO
nanowires, and obtain inelastic bend ZnO nanowires at the first time by this
approach. Then the influence of stress generated in the bent ZnO nanowires is
discussed in terms of band gap and exciton-photon coupling strength.

Fourthly, for the first time, we achieve core-shell ZnO/Eu,0O3 structure by
simple Eu treatment. Under ultraviolet excitation at room temperature, red emission
is achieved which is ascribed to the intra-4f emission from Eu ions. Detail discussion

about the energy transfer from ZnO to Eu ion is carried out.

Keyword: ZnO; Surface Plasmon; Surface Passivation; Energy Transfer.



B X

7 I
Abstract.. ... ... ... .. .. I
E—B . 1
1.1 ZNO L BAEIITFFTEIH oot 2
LLL GEEEF A DA e 2

L L 2 T e s 4

L3 AL T2 et 5

1.2 ZnO ABHRIEEARPE SR ..o 5
1.2.1 ZNO FAIEBIRGE R oo 5

1.2.2 ZnO P ZARITBET A vt 6

123 BrBE B oot 7

1.2.4 ZnO P ZARIISE A IE I oo 8
L3TFFTEBIE TAEZHE oo 9
BIETUMR oottt 10
EoF InOMBIEIERERIE . ... 15
2L BB oo 15
2.1.1 ZnO FEBEIIAME A K oo 15

2.1.2 ZnO FKMEHA SAH-IBAR- AT (VLS) KT E s 16
22FHBEZRIIE .ot 17
2.2.1 X HFRATHF (XRD)FE A oo, 17

2.2.2 L S AHUBE oo s 19

224 J2 T T BIBIAFM) oo, 21

2.2.5 VEEURIE(PL) covoveeveeereeeeeeeseeeseeeses s 22

2.2.6 I TA] 3 FEVEEUR TE(TRPL) coovveeeeeeveveeeses e 24

2.3 ZKTEIIGE oo 26



BIETUER .o 27
E=E In0 PARGREREALFTFERAR ... 29
Bl B s 29
3.2 ZnO GIKRG G R IGHIFFAE ..o 30
BALLARIE TG T oo 31

3.2.2 AU IEIIR T ererveeeereeeeeeeeseesesees e sseeessss s 32

3.3 Zn0 4R G R GBI AR B A FAHEAER oo 34
3.3.1 ZHA BHIEHR T RITL(MBO) .o 35

332 HL A IEAE FH oo 36

BB ZREE /NG oo s 39
BEIE MR oottt ettt ettt 40
FNME REFEFESREHLN Zn0 FhAELBFE. .. 45
4.1 REFBE FHAX ZnO SMEBREH LR SEETFEI .oovres 45
4.1.1 R IR LA /MR R A5 B T ARG B A o, 46

4.1.2 R LS TN ZnO G EME TR oo, 48

4.1.3 RACHETRH LI T oot 53

4.2 REBEALXS ZnO GIRBRLRIGHIRE T oo, 54
4.2.1 HHAY PMMA BZE ) ZnO ZHKEK .o, 54

4.2.2 AR FE A ZnO G RIGIIFEM oo, 55

4.2.3 R 51 ZnO AR A RGN e, 59

BB ZKBEINGE oo 60
BBIE MR oottt ettt ettt 62
EHE REEETFRERN Zn0 HRELZ M. ... ... 68
B L TN vt 68
5.2 FAMRAEEE FARABERHEIZTH ZnO PIKEE oo, 69
5.3 RERE B F RN ZnO GKRE R IR (.o, 70
5.3.1 KRB 12 R N ZnO AR IRRE Sk (0 R IGIIFEM ... 70

5.3.2 fIRAEAR B 1 AUHR HEONT ZnO 9K Ze ity B AN KGRI e 71



H o

BA ZEBEIINGE ooooooeeeeeeeee e 75
BIE MR oottt ettt ettt n s 76
ERE In0 PREEHFLHEETF E) ZEMEEEEE ... 82
22 OO 82

6.2 RIEAL ZNO BIKLR ..o 83

6.3 REHAL ZnO KB R IR oo, 85
B.3.1 FEELR T 85

R T = 8 T s OO 87

6.4 AEBALIENLIEITTT coooooeeeeeeeeeeee e 89

B.5 ZEBE/INGE ..ot 90
BEIE MR oottt ettt en s 91
SEE REERE. . 96
7.1 ZnO GIRERHIIRRER LR R I oo 96

7.2 REEBETRSREHIT ZnO HARIEGHTEM oo 97

7.3 REEE B F RN ZnO QKRR IR oo, 97

7.4 ZnO gk 58 LB F(EU™)Z RMBERAER oo 97

LA 2 L OO 98
M. EETHERARR. .. ... 100
B . o 104

VI



Table of Content

Chapter 1 Introduction............... .. .. ... . ... ....

1.1 The Motivation of ZNO ReSEArCh ..........ccooceiiiiiiiiieee e
1.1.1 Wide Band Gap SemicoNAUCTON..........cceveiiriienienie e
1.1.2 EXCItONIC DBVICE ..ottt
1.1.3 OXide EIECIIONICS. ......oviiiiiiiiciieeee e

1.2 Fundmental Properties of ZnO Semiconductor ...........c..ccocvivivinnnnnnnn.
1.2.1 The Crystal Structure of ZNO........cccoiiiiiiiiiiiii e
1.2.2 The Band Gap Structure of ZNO ........ccccccieveiiieieeie e
1.2.3ZN0-Based AllOY .......cooiiiiiiiie i e
1.2.4 The Optical Properties 0f ZNO........c.cccceiiviiiiiiiieie e

1.3 Research Purpose and OULHNE..........cccoooeiiiiieiecc e

RTINS . ... e et snenennnnnnnnnnnnnn

Chapter 2 Growth and Characterization of Zn0O........

2.1 Material GroOWLEN ......cccooiiiiiiii e
2.1.1 Epitaxial Growth ZnO Thin Film........cccccoviiiiiie e
2.1.2 Vapor-Liquid-Solid Method for ZnO Nanowires..........cccccceeeereennene.

2.2 Material CharaCterizations ...........coccoeieiininenisi e
2.2.1 X-Ray DIffraCtion .........ccooieiiiiiiieie e
2.2.2 EIECtron MICIOSCOPY ..veviirieiireieetiesieesieseesieeeessee e eeesnaesseeneesreesaeens
2.2.4 AtOMIC FOrce MICIOSCOPY ...c.viiueeiieieriiesieeieeiiesieeee e
2.2.5 PhOtOIUMINESCENCE ......eoviiiiieisieeee e
2.2.6 Time-Resolved PhotoluminesCence.............cocvvveieieninenisisiseenn

2.3 Summary and CONCIUSION .........cooiiiiiiieie e

R B BINICES . ...ttt ettt nnn e e e e nnnnnnnnnnrnnnn

Chapter 3 Investigation of Green Emission from Zn0..

3L INrOAUCTION ..o



3.2 The Characteristics of Greem Emission from ZnO............cccccocvviiinnennee,
3.1.1 Low Temperature PhotolumineSCeNCe ..........cccuevverieniriienieie s
3.2.2 Temperature Dependent Photoluminescence........ccocevvevveveeseeciesvennnn

3.3 Theoretical Investigation and Electron-Phonon Interaction ....................
3.3.1 MBO Model for SImulation...........cccooeiiiiiiiniiiiieee s
3.3.2 Electron-Phonon INteraction ...........occeveiiriieiesie e

3.5 Summary and CONCIUSION .........ooiiiiieiiee e

RTINS . ...ttt nnnnnnnnnes

Chapter 4 Surface Plasmon and Surface Modification.. 45

4.1 Surface Plasmon Enhanced ZnO EMISSION ........cccociiiiiiiineneniscsceees 45
4.1.1 Fabrication of Structured Metal Pattern............ccccooeveneninniiiiecne 46
4.1.2 The Influence of Surface Plasmon on the Emission of ZnO................. 48
4.1.3 The Mechanism of Enhanced ZnO EMISSION .........cccoverininiinnincnenn 53

4.2 Surface Passivation Enhanced ZnO EMISSION ........ccccovviiiininininienene, 54
4.2.1 PMMA Passivate ZnO NANOWITES ........ccererrereririnieieiesre e 54
4.2.2 The Influence of Passivation on the Emission of ZnO ..............ccce..... 55
4.2.3 The Mechanism of Enhanced ZnO EMISSION ..........cccoveviiiniiinienenn 59

4.3 Summary and CONCIUSION ........c.coiiiiiiiieieee e 60

RETEIBNCES ... s 62

Chapter 5 Low Energy Argon lon Milling.............. 68

S. L INTrOAUCTION ...t 68

5.2 Fabrication of Bent ZnO Nanowire from Ar" Milling...........ccccevvveveneee. 69

5.3 The Influence of Ar* Milling on the Emission from ZnO.......................... 70
5.3.1 The Influence of Green Deep Level EMISSIiON.........ccccooevvenenienennnns 70
5.3.2 The Influence of Ultraviolet Near Band Edge Emission ...................... 71

5.4 Summary and CONCIUSION ...........cocviiiiiiiiecie e 75

RETEIENCES ...ttt 76

Chapter 6 The Energy Transfer from ZnO to Eu lons... 82

B.1 INEFOAUCTION ...ttt e e e e e e e e e et e e aeeeaans



6.2 Surface Eu-Treat ZNO NANOWITES.........cccceiirieiierienie et 83

6.3 The Photoluminescence CharacteriStiCs ...........cooevivrereiiienciseseeeeen, 85
6.3.1 PROLOIUMINESCENCE ...t 85

6.3.2 Carrier LITELIME .......cooiiiiieeeee e 87

6.4 Mechanism of Energy Transter ... 89

6.5 Summary and CONCIUSION ...........cccvoiiiieie e 90
RETEIENCES ... sr e 91
Chapter 7 Conclusion and Future Prospects........... 96
7.1 Green Deep Level Emission from ZnO Nanowires.........ccccccvvveveevieseennnnn 96

7.2 Surface Plasmon and Surface Modification ...........cc.ccvviennenencnc e 97

7.3 Low Energy Argon 10N Milling........c.ccooviiiiiiiiiiii i 97

7.4 Energy Transfer between ZnO and EU 10N ..., 97

7.5 FUQUIE PrOSPECES ... .iiiiiiieiiii et siiie ittt e e e s nnbae e 98
Publications.......... ... . ... ... . il 100
Acknowledgement. ... ... ... ... ... . . . ... ... 104



A

o i

F—E 4t

B R A BRI R, 2 AR I ARG AE NI 2R L e P
AN K AR T NI A T S0 e 3 S TN ZE s e, i H
et 7 NI SCHIIED . X AATDR - AR T. 2EAT
ALK T BRI

[l AR R A e I S, KRBT BLoy =4 BL. BN al Lok, Y
T (Si) 2 R 3 L 3 A AF 4 AT AR TS A ok 1 A dm P A2 ft, SRR A K 48
PrAGE A Si AR BB AR I BRI o e R 35 T B £ RN AR o
s S NATTRHAE B Ak At A b BE A SR OB I, LAREEK (GaAs)
AR A E Y P MR LS T R BRI PO, #E3) T30l A
PRI R . 1 % SR 52 BRI R (R B, OB e 1 25 £
#HBEAE 200 °C LA AR, i FLATAR SR RN v i P 8 LARORSS I i Ky
FEl AR A BE i A LA T BRI AR 7 oK o i LB 2847~ AR (W5 SiC. GaN
A ZnO F5) N =ACE SRRl T AR R A I SO H TSR K A
bR B o Zno 24k GaN LU HBLI S —Fh 8 AR AR
o BAERLT HEATE GaN UM TERE, e S A HE RURT 1 A 4l
BE~ Wb Ri s AMEARR AR BAMIR. 75 2l A Jm 4k T2 15
Jifas. = AR RS e R Pt s, A8 ERTd i E IR 2 bF 1
AARE RN, A StIe .

L KINRFRR, MK Zn0 FRARBAEANRTIIR R, 4 TR En
AU FRRRL, AT 250 2 M) R IEARAE () B P o T S0 3 T i
ZnO XFE—AHK, AR ZnO MBERHS S HOLATERER R R L
RN ZnO PP A BRI AR E AT BT He . AT LB =82 ZnO
A EHWISEBIBL, AN AR S 254 224



A

o i

1.1 Zn0 SR B

ZnO ZFEMEAY), MMEEH. /EART, ZnO &L VLN 71E,
I Hog— Mg WRAs IR, )z o A 2= i B il b o R FE 7 U,
ZnO 1& B i B . 2 G kr o 3R 10 75 3k 45 1 (Surface acoustic wave devices:
SAWDS)FIIE W] AR S5 USAT 2 2 IR . B BR0fT, ZnO 72 S il
WIIT 4 FOR I B IR A . Rl AE DG LT B N T A5 008, ZnO i
WG BIRZ VTR T) . K2R AL @B ZnO Hud ald o JI5 A5 X )
#, MHIL n 85 p BB EREH]. — BB T 21 HaAy), XMk RA BT
Mo N T2 H a8 M Ky a5 5k, ATIFGR T3R8 AU T HDE T4
fho ARSI 2] ZnO B2 5, AAIA XS ZnO 3X Rl & 1B BEpT L
A THHEAN X AR ZnO BB S BRRE. ki bR S R 2
KA, BUN 2 DIRER)E SRR B

11,1 SR

AT H o I S ERE T dh T oK, DT IR SU LD R S 2 T
F ] DUFE il 1 BEE S AL T AR msh o SRt b, TARERR
SN RS AROGHRHE I S N H . T B2 AR S W P RE 0 B,
LL Si 5 GaAs BPEHE Y- T AR a5 F80 L BEAEBURIRL L B LAk iR SiC.
GaN s g Wil 25 s AR s P ARRL, e BRI AT E . R di 5 5 1F,
AELA A AT TR B PR R I ok . & T TG B PR, — S 1 B
AL AT NATT 25 TSR TTARCE IR B EE e 85 B D67 ik i SR I I O
e B PDCIRII R 2 IR RO R AR . WU, — Bk
BUEN FOC M S — B i, RS BUREAT IR RS, KBk TR
BHRE S O AR B IRARIZ O EOR —HE, AMETZ T RE, R SR Al
HOJEERTTN

FEMZ R, P PRI E 24 e GaN A1 ZnSe Lifi. fE
GaN WFFENIDT AR A, AT 7R 2 XEAL, Bl sy o ) P I L e



oE R

SUSIRA R AMEE K B b BLURFAME R GaN B 5 mi A Ui
AMERIEIE AR T340 — A /E InGaN F s AE K, (i In 198 %
SRR, HARILE T2 4 GaN SEEOEas s, M 12 GaN JEa (1
BB R, BB AR T AT -

M2, ZnSe 55 GaAs i diis FLAHDUAC . 3L id = b il AR 4
¥, ZnSe FEHOCER AR AT LUAMEEKAE GaAs A i, I HLok B R
WO 55, 5 -V R S S, -V S S A R
HLF e BT ROTCR, 1 HL e A8 o DRI -V RS AR S
BONRGE, WerrettBm. i, WAL ZnSe T AM B HLME RER
72, ARSI AR R TP RS 5y AR e, A g A A8 i KR 4R

& 11 W EME AT

Lattice Cohesive  Melting Bandgap  Carrier Effective E?<cit.on

Crystal Constant Energy Point  (atRT) Mass Binding

Structure Energy

a(d) c(A) Exn(eV) Tn(K) Eg(€V) mg* my* Ep (MeV)
ZnO Wz 3.246  5.207 1.89 2250 3.37 0.28 0.59 60
ZnsS Wz 3.823 6.261 1.59 2103 3.80 0.28 1.4/0.49 29
ZnSe ZB 5.668 1.29 1793 2.70 0.16 1.44/0.14 20
GaN Wz 3.189 5.185 2.24 1973 3.39 0.16 21
GaAs ZB 5.653 1.63 1513 1.42 0.063 0.51/0.08 49

1A 21 4], ZnO A FRRIBEAN AATIAET, AE 4 72540 10 Js i kel
M%) 3290, ZnO PP M B IER X USRS T GaN i ZnSe 145 £
PRAEIIMEIE . AT T GaAs 34484
BT LR . v LLE S, H-VIi%E ZnO - SR BRAE S T 0 3.37 eV, &

(718 22 1.1 Jagt T JLF

TRAMNEB(380 nm [ffiL). M

e Aok
Lo T

Zi RS ST LR, ZnO AL BEAR 9. I

A, ZnO [ T45 A REs R, =i T4 60 meV, & GaN B¢ ZnSe K19 =1%.
Rk, ZnO 2 Sk 31 1T LALE ik 400 °C fOUE B NRIEAE . FE, ZnO
(R R A2k 18 A, J& Mott B8 1] LU ik 101 em®, X EL4RAEHS/E ZnO



A

o i

JRA P A AT W A A

1.1.2 BrFas

Wy 2RO I, B B E M RO R B, HA
FEC AR TR 215 P 8 R (8 AR AT, B T s U o
PP B RO S EAT R W RN A S =R I
RT3 £ A 3 A R AR IR RO 2, (HILREERIRAS S [l A R [/
ST 32 AT O R AT 9% kb b, A AR I3 7 A T R T
LA, I 4% A RUAR G Al 5 L B 7 AR 34 B 7 0 ML RE R IK RES AL B e
AR, SEAEAT 1 SARMRE, T R ATREROR, T BUR AR N LR
o TSR WARE T B AR, BBk R, P

LA, A5 B RAARE, BN AT — o D TR AR
b rb R R AEAIRAOA R, T ROt R A 5B
WTARLL, BFAE R B

(1) 5 AMBR T, BrEE SR I R Ikl B, LRI R A
AR

(2) P hedE i i e o A B, IR0 I IO YA AL

(3) MEA—FHERL T, Pyl DA ey B ek A AEAR AR
Ay m] DU S R R IR R R 1 R AR A LA i A 2 K R B o
S R AR T, e AR 2 S I M A, P e O 5
B P oass, PR F IR A SRR, BRI 2 TR 1
fEL.

(4) By n LU A AR AR 5 F AR (SO ) K AR AR . IXREWREAE S
GRS, — BB SRS, KIS ik 1 (Polariton).
WA T8 TR T, n] DUAE A AR 4 ) T Jliis 1 (13 - 52 DX o 1
AESE, HE Bl LU R B - 306 .

AT REMS R BT (RS PN ] B g A E, JRAT 5 BT RES A = el B
i RN R M A AE o X BORAE A SRR P AR BERSEBL . A



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

