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National Chiao Tung University

Abstract

Diluted magnetic semiconductor is a very good material in making spintronics.
Because they can be ferromagnetic with very low magnetic impurity concentrations in
nonmagnetic semiconductors. Magnetic represents spin of unpair electron. When
doping magnetic impurity in semiconductors, they can be applied in semiconductor
technology widely. Cobalt doped zinc oxide has excellent properties of wide energy
band gap and large exciton binding energy. The excellent optical and electronic
properties make it a new material for optoelectronic devices in future.

This thesis will introduce how to make use of a series of technology to
investigate the optical properties of cobalt doped zinc oxide nanowires. The
technology includes using photoluminescence(PL) and magneto-photoluminescence
(MPL) spectroscopy of nanowires by using Confocal microscope and dilution
function. From those information we can know the optical and lattice vibration
properties. The doped zinc oxide shows good lattice period as the bulk zinc oxide. We
also measure the temperature dependence of PL.

The MPL were measured with a Low Temperature High Magnetic Optics System
to get the MPL at low temperature. The PL intensity decreased with increasing
magnetic intensity. We also observed diamagnetic shift at different magnetic field.

These information were used to deduce the exciton radius of material.
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P = aF ,cos2nut + ;AaE , cos 2z(v, + v )t

+ ; Aal |, cos2z(yv, - v )t

APz IR A L E FlEcs - F ¢ 425 (anti-Stokes ) &~ 2 § 3=
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B B S BE HAR  deh 2 RR PA R A JARRGE i 1
B A A Bk R T R TR S AFRBRT g P B
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o BRIRMOE S RI PR BERAH L0 + @) *
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HE AR R RIFRNEE BB BT 10/ + 0 0 SRR AL D
FAGRAE S R A e 8 Fost e AL B B 0 on | i e
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Fa g oerA o $H0 R R B RO E SRR A SRR B st
R K P e ] e B ABT RS IR R f S R R

L % (resonant enhancement) - [2.2]

SRR £ U s R R~ B 2n1/100, 000, 4§ 3 en
Bl A AF7R 0 3 g cnfhats o H 33 R B 478 F Hesi vt B o Fla o o &
KFT P T R AT B AR chi £ d A0 A T g
5 1odm B 5 IR ﬂﬁ¢ovgﬁ&§@¢4ﬂ’@ﬁﬁﬁ@ﬁ@
ol D BEMERR . R o HH X P L FIRA 2 g b
R e~ FHcE TS b h1 TR ARE R v HE W R
FIH o BNRA DT EROPE o FRT F WD FRR M Fla
T H S AR M FAE o

PP S o TR SREEE  FT A W R {eAN o B
RAFTREREOSE - FRTFHMATER B Fa Sy A& i
FIAE S Lo S HAR kG Rk AT AR iR R ke
NPT PR S OS S NP e AT o d P RE K
EoOEATAR AR ANZEEE BB T E- HEEH DS
oo Fo PR B B o TR o

KERME A FP ke e FiE AAEHEFE S &~
Tt 19508 %20 d £ WS 740 R % F ferllarvin Minsky 3 P

£ E ¥ pe ¥ st (Confocal scanning microscope) @ H #d A3
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TE B S hT G ook B R B M Ao R4 [2.4] o ¥ B A
AR AEEA Yy > AT E G FERBNR  EFIT
ML ETRBLRY BT RN PR @2 RSN b
SH o AP FR DA MR R LE BT 2 - o [2.5]

%1884 #Ernest Abbedp #t [2.6] - & 3tk 5 Rficdt < 7]k i 58
BN g RET DR 4 X 3] e A B o] 3T RT3
Fraunhof fer 64 i% £ » ¥ 2+ 5 M H &g

1. 224 A

d > —— = 0.61
2n sin 0 N.A.

\‘E‘ A 7\}\]%’}" m"‘-‘»/ﬁ;‘v\ ’nﬂ—\’"ﬁ';__mvlc.g/\’?’#"rﬁr]‘ é"g{’ Qﬂ,\’ﬂ' 4

Fok I ROpBATH ende 4k 3 R (optical aperture)ehE & 5 N A

o ) ; d .
s BciE 3t & (numerical aperture= nsin @ = ? vd Z3vE s f &

EEE) o d 07wl BEpER Y RRAE (A) > AR* FITH
AT (n) > SEFRIEE &P E(0) 7 RS Bk
B R R Ta 4 o

L ERsEa TR E A dp M s cht 8L(0bjective) & ghir
F EZ 8 (Focusing lens)in i ¥ 3 4p AL > A2 P HjnR K
AEEHERA SRR EOM R AR 2.2

I B ET > - TEHE KRG FHEREE T 5 (Focus
Plane){s » & T & F eff Fodd o 8 6 &8 5 = anfgs sk > 5L
kmd Pajeacg s ket (Beam splitter) & (4v® & senf
B i iEkEL P hE B 445 (confocal pin hole)#-3n 555k % » sk

i ;2] 2 (Photon Detector) il & Stk iz B o H ¥ £ E4+5L ek B 7
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TeB~ R E T 6 b anasle § AR g SUBLEER] § Ak S RiE R
a0 2l - g " (NotchFilter) » d,%ﬁ,f Al LN e SRR S - s e
o R AAE T BARERME T Tk E 2 P a4 (Optical
Sectioning) » I # pt f&k & BLIF & et 5y > AP F Y ;‘gg} B8 g
B b B Op 0 BB L R 2 K S b ke R = i
F I e F R L e e { B ahEn| 5 o il R £ K

-~\\

ML & 21 i 34T A0 4 A M AT G

A , A
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B NG R RN Y S RER AT

bl o BARTHEE BRIBBE T G § A AR N HE
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N

TG rA G G A T @ PRR Y g B SEFEEN

4

|+

LRGP gl BB ¢ SR BEEAE A R 2 R T 0 B SLAE L
BACR T AR E S R T A RS T R T 952 R %

R ihansl o [2.8])

2-3 MEBREEEER LR

EBETRALFE®TR Y MR BB RE R k. Lbﬁjg%g#*#’ 2
Blo# 37 (1) %%k~ (2)44p2%c+ B (Lock-in-Amplifier)
(3) $# a4 ¢ ks (£VII - Variable Temperature Insert) ~ (4)
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EEFTEIHTALFF 2 LT 700 1000 nm > 5 F + 9 3
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B - (et 2B
= £, sin(2xf, + ¢,)
2B 1R & B(mixer) R ks I - B Fesdl i !

e, = € XE¢€,

= FE, sin@rxf + @) sin@rf, + ¢,)
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1
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Bl2.2: x Bl Ry B - [2.7]
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Relative Efficiency(%)
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Typical spectral response
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TS end & > 7 1 Xk Sest o (X-ray diffraction -
XRD) 4> 4e@l3. 1 o X SEstHgiss f1* Xk do 2 > § 55 E &
G ARZEHEIDHM > ¢4 2 Mt ¥R F PR T EG2dwsin
O=nA (hkliMiller indices) ° Fl¥Es+ & R 2R 2R 2 F > 2 4
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B o B3.1¢ 0 (hkl) ZMiller indices’ ¥ tFirik & & & a3 e
BT FARE Fa e [3.1,3.2])

Rk P AL I R J\%‘%ﬂ}'l»\%‘? & (ICP-MS -
Inductively coupled plasma mass spectroscopy) 4 17 ° {8332
e kR ARAS 2 R EBER 5’}%%"3%@4\#%%{?4’* [CP#4 &
J ey > L 5 &5 3¥ R (Quadrupole Mass Spectrometer )
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F XA MEL o d BlA 327 i d dr & BIRERME o

%’EE’ SEM (Scanning Electron Microscope) gy » ¥ ¥ H 25
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Bl 3.1 i ppids X%k R O XRD Bl3¥ - [3.4]

Element
Concentration c - Molar Ratio
0 (ppm) (ppm) [, - 0 )
Sample X% o+ In
CoZnO  40% 2.15 2388 0.00090
CoZnO  90% 5.08 2479 0.00204
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WA 3.2 EEBe TRTHFSITREIDEF 2 o [3.4]
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A3
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B 3.3: %% i“42 SEM B - [3.4])
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