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A Study on Electrical-optical Characteristics of
Mg-doped ZnO(MZO) Nanorods Grown
on Flexible Substrate by Hydrothermal Methods.

Jae Hyeon Oh

Division of Electrical and Electronics Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Recently, photodetector such as wearable optical sensor or portable
photoconductive devices have been widely studied. And as global warming
accelerates, the rate of harmful ultraviolet rays entering the earth is
increasing, so photodetector research is underway to prevent diseases
caused by ultraviolet rays. For the fabrication of flexible photodetector,
hydrothermal methods which can grow at low temperature was introduced
by using PES substrate. In order to grow Mg-doped ZnO (MZO) nanorods
on amorphous plastic substrates, ZnO and MgZnO seed layer were deposited
by a sputtering system and the characteristics of seed layer were analyzed
according to the type of seed layer. ZnO nanorods were doped with
Mg(NO3); and (CH3;COO),Mg precursor to dope Magnesium. And the
precursor species and doping concentration were analyzed. We fabricated a

flexible photodetector using MZO nanorods according to the growth time

- vii —
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and analyzed structural, optical-electrical characteristics. The structural
characteristics of the MZO nanorods grown on the ZnO seed layer were
superior to those of the MgZnO seed layer. The structural and electrical
properties of the MZO nanorods doped by Mg(NOs), precursors were
excellent. The nanorods doped at 3 at.% using the Mg(NOj); precursor on
the ZnO seed layer had the best electrical properties and are considered to
be applicable to photodetectors. MZO nanorods photodetectors fabricated
using Mg(NOs), precursors on the ZnO seed layer are most stable when
grown for 2 hours. It is expected that a photodetector of better quality can

be obtained by future electrode structure and process optimization.

KEY WORDS: Nanorods, Mg-doped ZnO, Flexible device, Photodetector
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Fig. 1. Schematic illustration VLS growth mechanism with increasing time.
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liquid solid

Fig. 2. Schematic illustration of VLS growth at vapor step for nanowire growth.

reaction

7 R ——— (b)
OOSbOO OO00000O
VP L
Wi

(e) (d)

nanorod

OOTTOO

H;l

Fig. 3. Schematic illustrating VS nanowire growth mechanism including four stages:
(a) reaction precursor, (b) cluster migration, (c) nucleation on substrate surface, (d)

anisotropic 1-D growth of nanorod.
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AB+CD BD Solution

flux

droplet Liquid

Crystalline AC
Growth

direction Solid

Fig. 4. Schematic illustrating the SLS mechanism: A and C are elements of the

nanostructure dissolved in the flux droplet.
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2.2 Mg-doped ZnO(ZnO)9] 7|& & EA

Zn0 Ed9o] 712 EAS Table 1 o] YJeERA & AFEA

Sl thate] 7l Eskd T

o
-+
B
2

=43 474

Properties Value
. a=3251 A
Lattice constants at 300 K .
b = 5206 A
Stable phase at 300 K Wurtzite
Melting point 1975 C
, , - a: 6.5%10°
Linear expansion coefficient (/C) Z
c: 3.0x10
Static dielectric constant 8.656
Bandgap energy 3.36 eV
< 10° Jem®
Intrinsic carrier concentration (max: n-type doping > 10 /cm® electrons,

max: p-type doping <10" /cm® holes)

Exciton binding energy 60 meV
Electron effective mass 0.24

Electron mobility at 300 K for
low n-type conductivity

Hole mobility at 300 K for
low p-type conductivity

200 cm?/V * s

5 7 50 cm?/V s

Hole effective mass 0.59
Work function 4.5 eV

Table 1. The properties of ZnO
— 9 —
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221 x4 &4

Zn0= 11-VI g3E " EAZE 4ka

o

Folv AU Zn 59 AA AFeo=E nd
A E4e 7MW oA 584 FE=A0]E (hexagonal wurtzite), ¥4 A=
@l = (cubic zinc blende), ¥¥A <4 (cubic rocksalt) F+x2 A7FA AAHFZE 7}
o 94 $-=2#0]E (hexagonal wurzite), 434 A= B4 = (cubic ZnS), Y4 &
& (cubic rock salt) 7+2& I8 59 YEMHAS ZnO & 204 FERO|E Fxo]
W, ZnS 72+ 7%l AL W B a8 I Fxe agstiArt kst
[21,22]. ¢ A2 ZnO SE2xE Fx& I7 60 YR k. ZnOE O o]0
hexagonal siteoll 9]*]3}3 Zn o] tetrahedral interstitial siteoll $1*3te] ZnZ3} O
ol U E FAHHET S B § Atk ZnO2 AAFZ7F O o]2o] §¥4 #gd
AAeH Zn o] o] ApdA AL el FARkEzE HfEo] A= FEolr] Wil Zngt 09
AAzpo) 7 2] HlwA = AMEA 7HZo] AN T Zn YA} oS A AES
o

2
A% A Znol =A@

ki
2=

i

mlm
N
=Y

£

8 o]& 3} v &9l a C
5206 A9 HH#AA FFE 7HA 3 Jdow, Mg-doped ZnO -9 Mg dx= X3y
(substitutional) A=A Zn A2 Aol A& Ao ZE AR HCTH[23]

_10_

Collection @ kmou



Fig. 5. The crystalline structural properties of ZnO

(The gray color is Zn and black color is O)

(a) cubic rock salt , (b) cubic zinc blende , (c) wurzite hexagonal

/‘

N

Tatey
3
21

n @ o

g
A

Fig. 6. The crystalline structural property of Wurzite ZnO
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222 A71A EA

Ey Azuto g ALgEE ZnOv 72 == v|FEHEste) o8 n ¥ HiEA EA

S Yehdth o)A quAuis 22 1Y 79 JERTH

Conduction band
- 0.05eW J-D.Dﬁa‘u’
Znj —J- Jt_ls-e\r' Vy -
n; — 2eV
3Z2aV
v, —
Valenca band
Fig. 7. The energy band structure of ZnO
a7 7 oA Zn &= ALY Znoll 7103k %%’4011 Zn = AU Zn o 93 Ao|th
Voo 2719 Aol ols] HH® Ax FFolw Vo 19 Aol oa) Hi8 2ta

TG, =, TxA E4olA RSl 4x FFoU AUW Znol A Hol =Y

(donon=z #-gstr] mWEelnt. ofd ddol =uyrl g< AvEd 4 (4), G2 2o

/n = 7n" + e e 2] (4)

Zn"= Zn"+ e e 2] (5)

Zn0OE Zn“sh 079l o & A% stx 7] Mol AYY Zn ©f @ A% Aol
Solzt Zni Axst AWAA R FeolA o3t Hol Zn*7t Hu AR 24F W)
A Hd o] AdE AREA HBE YWY Zne =uvt Bk B 3T B
B 2w An FF AANAE PV AR 21 WED s AFsol s 2

_12_

Collection @ kmou



G 4tavh glemm HA 20 s AaEA 9o o] A% 2% WA ge 4 (6),

(M, @3 2o

oO=vVvo + 1420 e 2] (6)

Vo' =Vo' +e e 21 (7)

VO+ - VOZ+ +e e /}_} (8)
e} 2ol ZnO vrate] 22 Azl o3t HAE EA Y 2o AH oz 9 F

A e davt JUbEE Afde A7) dEAel A "k Ligk Nidk o] <
2R wbgo] 22 it H7hEe] JYE dopant® g8k Au Mg, Ga, In, Sn &3 2
o] Zn3 Azt WA o] WS AIRE Azt HAAZE e 3-55% AATE HUbE Zn 47
& X3t A 3d dopant= 8ok A, olE> W=A] Uil doping levels ¥
st A= HHedge)ol Al 0.025~2.2eV §HE Hojx $£1# 3t W= #¥(conduction
leveDell o1z & & dUARE FolATA HdAE st A =4S FEA
Z 4 Atk g2 AE HIE glo], Y& HIAgS e Zn0 wEhE Al zdE Ao
7hs A NE o] Hiuto] tr]Fol| wEEHW EAN AR YA Aok b FERAOE L3
Azt mrek v Aol g435 AXe= 54 /HAV] WEed A5 S AR §83
71 EAZE e AoZ A Qlo] AA ZnO Hhehe] AV MEEE FEAIT)7

AeliAes F5LdLE =Fste QA WRlol F2 22ola Qth[24]

rr
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A3FAD R EH SH

3.1 Aots A%
3.1.1 Sputtering system

2 AFdA FAg AotS FEo| ALEH RF rfIW EE Sputterd] MF=+ 1
d 8o yetien 3y HZz2s AFoA 2EE FZE ARSI, T3
AFNdes HE A FEZ(Turbo Molecular Pump, TMP)E AF&3Fth. Sputtering
of A& = Plasma A4 7l2e 08 Are ARRE 5 o, 7129 sad< Al
olat7] el Jtx=f# AojAX(Mass Flow Controler, MFO)E AM&3Fich =
SputteringS #3+ AE FFE 93] 13.56 MHz RF power supply &+ tl<} 1 kW DC
power supply ¥ 7} AZA=o] . Chamberdl+= Z 371 Cathode”} o =
°of gAS HA Jhsdta, & 7hsd BAY A71= 4 incholth. Anodedll= &
- A7 AAH Jon HAFY dAd=E TV S AT F

£ 5o 9ty & Cathode9} Z Anode¢}te] #Ael& 13cmeolt).

L

b1

Matching Insulator Matching
13.56 MHz Network Target -I Network 13 56 MHz
sl . Fy
—I‘ 7‘—

L

Sputtering Vacuum
Substrates Gas Anode

Fig. 8. The schematic of RF magnetron sputtering system
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3.1.2 ZnO A stZF 3+

Zn0 AstZF9 AAol= PES 7131 cmx1 cm)2 AFE3E Y. ZnO X otExS A
A7 Aol 7l B .9 28 AASHY] fsl PES 71#2 Methanols z<+
% (deionized water, DI watenZ 7] A& F A4 7F2N,, 99.99% purity) 2 3
ZAHAT. fF71 AlFHe] Ed PES 7|#e #EWY EEEC]l HAQA GECA
sputtering systemell “&2}sto] K StF FE ol AL T

ZnO A 8tF2 ZnO (4 inch, 99.99%) B} A& Ar83te] Sputtering o= A 4A
Zow Z% 7 Chamber Wo] ¢S o 6x10° Torr7bAl A AIZTh ZnO A ot
% &S 98] MFC gas valveE 3] ArS 20 sccm FU 3t cathodeZF¥
H AAEHe] FEZE o238 AJ)=H, Ar gas7t A7|HHA AA} AduAE A
ZE3ta, o] w) 2 H glow dischargeZ plasmasS WA Al Zith o] w AA JAF=
5 mTorr2 =Z4d3la RF #9E= 100 W2 FA89ch ZnO Aot=S 2317 Ao
Zn0 EHAl FHO 2d& AAsY] f13te] 107 5t vl =3 E & (pre-supttering)
TAE APt on AokF TS MEE A FHEH 60 ¢ P oF 100
#® 20 Yeh AT
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>
3

e

=

mlm

Parameter Deposition conditions
Target Zn0O (99.99%)
Substrate PES

Deposition time 60 minute

Deposition Temperature
Vacuum level

Ar gas

Thickness

Room temperature
5 mTorr

20 sccm

100 nm

Table 2. The growth condition of ZnO seed layer
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3.1.3 MgZnO A stz 3+

W3t BYHA PES 71HL Agat

=
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o
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rr
N
=

O
>
o
olNr
ox
o
>

A, da 7t2E A8 AxE T T AkFT S| AHE3A T MgZnO A
k&2 MgZnO(30 at.%, 99.99% purity) EFAlS AF83Fe]  sputtering Ho g2 F2&
FsAT. Aotz A =1de & 39 YEFY AT

Parameter Deposition conditions
Target MgZnO (99.99%)
Substrate PES

Deposition time 60 minute
Deposition Temperature Room temperature
Vacuum level 5 mTorr

Ar gas 20 sccm

Thickness 100 nm

Table 3. The growth condition of MgZnO seed layer
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3.2 A= BA

Za) dFstr] 98l Pt CoaterE

A 71 A MZO Yxatd o] d712 549

AbEste] Pt 5SS FAASAT. A= e Shadow mask & A3 od,

Fig. 9. The pattern of shadow mask.

Parameter Range Note
Material Pt

Substrate PES substrate

The structure of surface Zn0O, MgZnO Seed layer

The coating time [sec] 300

Table 4. The coating condition of electrode
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Fig. 10. Schematic diagram for the growth of ZnO nanorods using hydrothermal
methods on PES substrates.
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332 Aok % }shikg

B A A AHEH A¢ke Zinc nitrate hexahydrate (Zn(NOj); » 6H:0, Alfa
Aesar, purity 99%), hexamethylenetetramine (HMT, (CH2)N4 Kanto Chemical, purity
99%), magnesium nitrate hexahydrate (Mg(NOs); * 6H.O, thd3=(5), purity 98%)
18] 31 magnesium acetate tetrahydrate ((CH3;COO).Mg * 4H.O, ™ s}=(5), purity
98%) ol Zt7z} ol &3AIA ALESER T

Z|EA o8 7Zn0 Yo7t AP EHE vhEe ofdfo] 43 o] HMTE &+
| A71H LFLH = HCHO9 F2yot (NHp= #8iH i, o] W NHz= &
ol ThAl FEF o] (INHOHFH 4ksh o] 2(0H)e2 et Zn(NOy); * 6H,0
Zegd gaEo] 27 Znto g EaEal, 4 5] HMTAA 4L OH ¢ o
e Agste ZnOH),7t @A BT £ 9ke] Zn(OH)= 4% (hydrohermalel] | &

rr

qUAE wom ZnOE &A =Foh Zelal Mg(NOy; + 6H:0, (CH3COO)Mg * 4H,0
w3 2efol $HW Mg¥oleo] HAHT HAE Zn0ol 853 Aol MZO
7F A E
(CHpeNs + 6H,O — 6HCHO + 4NHz e 2 (9)
NH; + H)O < NH,+ OH 21 (10)
Zn(NOs); - 6H,0 — Zn* + 20NOy)~ + 6H,0 e 21 (1D

Zn* + 2(OH)  — Zn(OH),
(heating) — ZnO + HLO e 21 (12)

Mg(NO3); - 6H,O — Mg* + 2(NO3z)™ + 6H,0

(CHsCOO):Mg - 4H,O — Mg2+ + 2CH;COO™ + 4H.O e 2] (13)
Mg® + ZnO (chemical substitution) — MgZnO e 2] (14)
— 20 —
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3.3.3 MZO y=dtd) 43

ZnO<¢}t MgZnO #ctFo] FzteE AMZe FAdFAHH 2&) MZO Yistdizt A
A= A8 zAdd wak WA 0.2 Mo Zinc nitrate hexahydrate (Zn(NO3), *

DY

6H,0)¢} 0.2 M9 hexamethylenetetramine (HMT, (CH2No) A& E FH|SIAL, Mg =
& A8 wx=oF AFA | weEl magnesium nitrate hexahydrate (Mg(NOs), « 6H,0),
magnesium acetate tetrahydrate ((CH;COO)Mg * 4H,0) A& & FHH Y. 181
A w59 FE&YES ST A5t wjaAdyGed dA FHIF AR 2ETFE

234 go §AAA 250 mE RFo] 1087 wstel WA wheh Fepazo

dE ot WFeE SHA st & TF AN B
B AEe 2o A7 259 AlFH7]CAA oF 303t AHssion da 7t
x]RS AASAY. A9 HA o= I 11 dEien AA

3
@ 4Y =Ae E 5o E/5%Ach

’ - Seed layer

Sputter system

MZO nanorods

T

A
Seed layer Seed layer
PES substrate " Hydrothermal process PES substrate

Fig. 11. The schematic diagram for experiment overview

_21_

Collection @ kmou



Parameter Range Note
Substrate PES substrate
Seed layer 7ZnO, MgZnO 4.1 4
Thickness of seed layer 100 nm
Doping precursor Mg(NOs),, (CH;COO)Mg 4.2 H
Doping Mg(NO3), [at.%] 0, 1, 3, 5, 10 43 A
Concentration  (cH;c00)Mg [at.%] 5 42 A
Temperature [C] 90
Growth of )
Concentration [M] 0.2
MZO nanorods
Growth time [h] f? 3 44 A

Table 5. The growth condition of MZO nanorods.
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341 #+=x3 EA H7}

ZnO A stFo] Z2HE PES substratee] T @ 727 EAS sy 98 X
A 31" A=A (x-ray diffraction; XRD)E o] &3l A3, FELAHAHA o8l
A" MZO Yx=of o] vA Fde 437 st AA &3 FAF dr) A Field
Effect-Scanning Electron Microscope ; FE-SEM)S At-&3ldth. 18 12+ SEMe] 7]

2 T2 dYE AW HEEoln.

=2,

o/ EEEEE
Cathode-ray
tube for viewing

———

e
Cathode-ray
tube for
photography

Fig. 12. The schematic describing the operation of the FE-SEM.
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TEGAAHA s A" MZO vdx==iio dr)3x 545 S48t fst] HP
4145B semiconductor parameter analyzer®} Hall measurement system-S A}-83}¢]
A-A7 EAH} dAZS AU

W HP 4145B semiconductor parameter analyzer= LabVIEW$} d-&3te] HEEA
2 AZAH EAHES QT 4 Q= Aotk HP 4145B semiconductor paremeter
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BREG A" AFE 93 A LabVIEWEZ HAEsts FECZ FAR . =2
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220VRys

()

AC AC to
Voltage DC Filtering Regulation Load
reduction conversion
——
f\u Y™

- Semiconductor

Semiconductor
: Analyzer
Device
& Power supply

Fig. 13. The principle of HP 4145 semiconductor parameter analyzer

(a) Power supply unit and (b) wiring to semiconductor
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723 Hall measurement systeme] 7|2 &= o3 2o I8 149 (9 &

o golo] Az AWel ERAAY RS 4 (15)9h o] FelHrh

............ ]
p><(bt) 2} (15)

of HelA 1 & A#e ol b & AW F ¢ = Ade TAE guarh,
Adel HAAHY Wel 1=b o|2E R= pft-Rs otk 7|4 RsE EwAFole
3 s Adel @ AZgY EUAFIL AAPe) Ayl FHsch EUAY

7)
£ ohms/squareZ T AT 198 149 (A H 4-point probedl= 47019 ®&3x o] o

(@) (b)
Fig. 14. 4-point probe
(a) Sheet resistance measurement by 4-point probe

(b) 4-point probe method
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2 Ago| A= ZnOgt MZO ASt5S o] &3 #A 71FodA e MZO Yoo A
S 938t Sputtering 3 FEFAHE AHLstATh
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<& ol FE&AoziEH MZ09 Fo] AAFHM FFE AL 7FHd =F3HA
At} 7% Evo] £2F MZO & A 9AE o} FAEY, F2E A
ARE MZO Ytz A"t webd MZ09 o] F2d = Jde 713 E9
o] FeHle AR5 UM Z TS vAH 8T WFE LI
4 epe i1l
Seed layer , - Seed Iayer ‘ Seed layer ‘
PES substrate PES substrate PES substrate
Seed layer & Nucleation MZO nanorods growth
electrode deposition

Fig. 15. The schematic of typical growth process for the syntheis of ZnO nanorods.
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Sputtering A28l o2 3 AIZF F<F 100 nm 7FFe FAZ ZnO9 MgZnO A st&
< PES 71% 9ol A7, I At floll +IFAHS A83te] Mg(NO3),
6H:0 AFAZ 3 at.% T=TF =33t 2 AL ¢ MZO yxvts HAAA
o A" MZO vxgdie mA Fx2 EA4S ¢otrr] 918 FE-SEM imagew 11
o 160 AelstAch 19 169 Aer Zo] ZnO9t MgZnO A st3F o 4%
MZO vydtde FdstA SHAAY 2de Uetlin Zn0 1f9 FFow 4%
o] ¥ A& ¥ & Atk FAT ZnO AstFoA AFHE MZO yx==Hdrl MgZnO
Aot oA Yxrtirt Aol o A3 ’EvF o & ZoZ Jehyed,
o212 ZnO Aot el A MZO Yie®di7E &4d w ZnO 47 MgZnO A sts H
o o FdEA HotTel =Este] FRASR A AAE vehdd. aEx

2% 172 A%E MZO Yxrtie] 2A4S stobatr] $gk XRD sjEdd], o 7] A
Degt peako] A Zt=olal FWHMS WEX| Zo|t}, Peako] A3t 2t =7} 34 °
RoY A $BHAY REFS shAGE oulojun WX Ze g2 7 AR A

$430HE A VERIh T ASSoIA 43 E MZO et mF 34 ° 22
(0027 peak7h WAEE, WAF el 1 Folsk 000822 F Ho]& ol
etk %, Zn0 MotFoM H%E MZO tmuioizh wAl 84 FEAGA o ¢

_28_

Collection @ kmou



SEM HV: 5.0 kV i [ MIRAS TESCAN| SEM HV: 5.0kV WO: 11.10 mm MIRAZ TESCAN|
SEM MAG: 50.0 kx Det: SE

SEM MAG: 5000 kx
Knu

Kmu

(a) (b)

Fig. 16. The FE-SEM images of MZO nanorods with different seed layer.
(@) ZnO (b) MgZnO

Deg: 34.32° FWHM: 0.2815 Deg: 34.32° FWHM: 0.2897

> >

2 2

e &

c c

@ Q

- -

s =

T T T T T T T T T T T T T T T T T T

60 65 15 20 25 30 35 40 a5 50 55 60

2-Theta [degree] 2-Theta [degree]

(a) (b)

Fig. 17. The XRD pattern of MZO nanorods with different seed layer.
(@) ZnO (b) MgZnO
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412 A71F EA
H714 54L& HP4145B semiconductor parameter analyzere} Hall
measurement system-= AR&3t] HAd-AF{F FAH} WAZS FAHS}AY. o= 44
a9 189 & 69 YERRAT. 29 19 -4 V FE 4V 74A HE Qs O
of we AFF WaE JeEd Zn0 HotE3 MgZnO A otEelA A4g®
MZO yxuttioll A Ht-d7F =4 71e71¢ Askel m& AR/ae Zol7k A &
AEA &g,
E 62 HAFY TRl wWE MZO oo HAEgS et =d, ZnO At
Sl AFd MZO vxuttho] mA g oF 4 2/ A vYetHess & T 3
=3
b 411 o 724 543 B He H7]F SA4S TS AckTol mE
A7NA B4 2AAH F2= SAdde 2 Aol AT mA 72 A ZnO A
SFFolA A" MZO vd=®tdizt 25 § $53ttdes A &+ A
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—=&—Zn0 Seed layer
—®— MgZnO Seed layer

Current [#A]

T T T T T T T T T
-4 -2 0 2 4

Voltage [V]

Fig. 18. The I-V curve of MZO nanorods with different seed layer

Seed layer Sheet resistance [2/[]
Zn0O 75
MgZnO 79

Table 6. The Sheet resistance of MZO nanorods with different seed layer
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MirAz TESCANIE

Kmu

(a) (b)

Fig. 19. The FE-SEM images of MZO nanorods with different precursor.
(@) Mg(NO3), * 6H0 (b) (CH3COO):Mg * 4H,0O

Deg: 34.32° FWHM: 0.3741 Deg: 34.32° FWHM: 0.5132

Intensity

Intensity

2-Theta [degree] 2-Theta [degree]

Fig. 20. The XRD pattern of MZO nanorods with different precursor.
(@) Mg(NO3), * 6H,O (b) (CH3COO);Mg * 4H,O
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§ - g 0'/'./ —=—Mg(No)),
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./I
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>
-4
6 T J T T T T
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Fig. 21. The -V curve of MZO nanorods with different precursor
Precursor Sheet resistance [2/]

Mg(NO3), * 6H,0
(CH3CO0):Mg * 4H,0O

79
100

Table 7. The Sheet resistance of MZO nanorods with different precursor
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Fig. 22. The FE-SEM images of MZO nanorods with varied doping concentration
(@ 1 at.% () 3 at.% (©) 5 at.% (d) 10 at.%
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Fig. 23. The XRD pattern of MZO nanorods with varied doping concentration
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Fig. 24. The [-V curve of MZO nanorods with varied doping concentration
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Fig. 25. The sheet resistance of MZO nanorods with varied doping concentration
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Parameter Range Note

Substrate PES substrate
Seed layer Target Zn0
deposition Thickness of seed layer [nm] 100

Temperature [C] 90
Growth of

Concentration [M] 0.2
ZnO nanorods

Growth time [h] 1, 2, 3
Mg dopant Mg(NOs); * 6H.O [at.%] 3

Table. 8. Production conditions of MZO nanorods photodetector

UV illumination

>® 0

p—— |
Electrode

\

Zn0 Seed layer
PES Substrate

Fig. 26. The schematic diagram of MZO nanorods photodetector under UV

illumination
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Zn0 Seed layer
PES Substrate

Zn0 Seed Ia-lr_er

Fig. 27. The schematic diagram of production process about MZO nanorods

photodetector

Electrode|

Fig. 28. The FE-SEM image of selectively grown MZO nanorods on patterned ZnO

seed layer
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Fig. 29. The FE-SEM image of MZO nanorods with varied growth time
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e

(b)

(a)
Fig. 30. The schematic diagram of experiment condition in

(a) darkroom (b) UV illuminating
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Fig. 31. The Photoresponse measurements of the MZO nanorods upon UV (365 nm)

o 1o

illumination being turned on and off at 1V bias
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