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A study of the photoluminescence of undoped ZnO and Al doped ZnO single
crystal films on sapphire substrate grown by RF magnetron sputtering
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Abstract 2wt% AlLQOs-doped ZnO (AZO) thin films were deposited on sapphire (0001) single crystal substrate by
parellel type rf magnetron sputtering at 550C. The as-grown AZO thin films was polycrystalline and showed only
broad deep defect-level photoluminescence (PL). In order to examine the change of PL property , AZO thin films
were annealed in N; (N- AZO) and H, (H- AZO) at the temperature of 600°C ~1000°C through rapid thermal annealing.
After annealed at 800C, N-AZO shows near band edge emission (NBE) with very small deep-level emission, and
then N- AZO annealed at 900°C shows only sharp NBE with 219 meV FWHM. In Comparison with N-AZO, H-AZO
exhibits very interesting PL features. After 600C annealing, deep defect-level emission was quite quenched and NBE
around 382 nm (3.2 eV) was observed, which can be explained by the H. passivation effect. At elevated temperature,
two interesting peaks corresponding to viclet (406 nm, 3.05 eV) and blue (436 nm, 2.84 eV) emission was firstly ob-
served in AZO thin films. Moreover, peculiar PL peak around 694 nm (1.78 eV) is also firstly observed in all the H-
AZO thin films and this is believed good evidence of hydrogenation of AZO. Based on defect-level scheme calculated
by using the full potential linear muffin-tin orbital (FP-LMTQ), the emission 3.2 eV, 3.05eV, 384 eV and 1.78 eV of
H- AZO are substantially deginated as exciton emission, transition from conduction band maximum to Vz, from Zn; to
valence band maximum (Vsw), and from V, to Vuy, respectively.
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Fig. 1. (a). XRD patterns of AZO films for as-grown at 550°C
and RTA at 800°C ~ 1000C in N, atmosphere.

(b). Optical Transmission spectra of AZO films for comparison
undoped ZnO and Al doped ZnO of various film conditions.

190

9 13 -

"o e Jes Jis
Py L -
sxa0 [ N 0 H1 4 P
I - “a . P
g o0 N Vi X I LI
2 AN - - L B =
ED e N / , -] 1o 7
= N - 3 - =

>3 N E

Z | s X // 3o = g
& SN = e =
£ / e 2 E
& 1 >\ ’ ;O 0.4 3
2 / - I g
4 | e ' R
4 S It

0/ / E kK

19
[ A J-an
401
ELTERET T T e
Temperature { e )

Fig. 2. The resistivity, Hall mobility and carrier concentration
of AZOQ films for as-grown at 550°C and RTA at 800°C ~1000C
in N; atmosphere.
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Fig. 3. Photoluminescence spectra of AZO films for as-grown
at 550°C and RTA at 800°C ~ 1000C in N, atmosphere.

& Bgon) Bolgh AHgE o)F = o] 9 as-grown A H
£ 75 em?¥/Vs oA 800°C oA 33 crm?/Vs & F7}sid
22 900C 7HA] 5= A|AAM dAE g 99 o|F
532 44 em¥/ Vs & YERi 3 slo). o] dxjE] A
w2 Zigel) $Ag o5 WS Zhe Zn0 whete) AAs)
7} 22150 YAA A BEE Abgbe] AL SIS ¢
4 glch. 282 <ke) XRD S FWHM dloefe} u]4g b
S E & w|is) B Az}3} AbAs) WhEEo] Tl sfe|oial
AAg wgste] A7 AEE ol A ok ZnO 9
g dxg go2H AAY el o YAzt M 3
Zof) 71918 Ao Aty ©r) 'Y

Fig. 3& as-grown A|¥F AL EH7)¢lA 800TC,
900°C ol A dxjejd A|HES 4L PL AHEFE Bojx
2 Aok, A2 AZORME ] PL AHEHL o1z A
o 717k (NBE) %% o] A¥Aal 500~600 nm H
el g gzt B2 o] 22 -7} deep-level &S Bof
F3 3lct. o] deep-level W& ZnO Aol Vsl Zn
o) Aol o3 WA=+ peak E LHA P a2}
800°C JlA |Aelgt B2 3% deep-level HEL FH
A adhs A%E Eeolxm ik ze{dA 2ol Ay
N+ NBE #Ac WZ ¥44¢E o 5 ot ool
NBE &2 900C Z&ol4 X3 & 2 gho] of 34
Hlgdch. 900 CoNA dxejgt AZO uhehe 3.24eV (382
nm) TA4 A% NBEE velllm glem deep-level
Ags) FE " e peaks FHHA WYgkew NBEYH
326 eVollA dutHgo g BRI A A E F39 9
z|e} wi9- 247 )X F At gl 2 1000°C o
A odxjzgt AW 7% NBE W& gistgen A
-4 fax ZagE Ho|n gt} o] PL FAo]
1000 ColA BA=F F JA3}A MaEAE & T A
o}, 800°CoNA FA=gt AlHe] FWHM-2 296 meV oo
900 CollA4 dAejgk AZO ulete] FWHM & 219meVE
o ol o] EL 7IE 1f MU EE AdE
gi%olu} MBEX'P o2 AAAIZ Zn0O wiubel) 4 TR
76meV ¢} 114meV 33} wlwa] 2opg uf whzxje] wio}t
o wjste] & & Eolx glx|uk o AA wiehe As F
A7l RTAYH S E dA2q YEo] F2 AP o

=z ; v

= ¥ P koW

E A H [SF AN

5 s

i e i

= bl st il ik
’_‘M ,:. " e - xi‘x“l>‘ J A

Al
) o Fom i g L o
br oA A et N A e e TR (x4
" 7 i . i—

0o 159 S 554 BN ] cun

wavelength (nm)

Fig. 4. Photoluminescence spectra of AZO films annealed in
hydrogen RTA for various conditions : (a) as-grown, (b) 600°C
for 3 min, (¢) 750°C for 3 min, (d) 750°C for 7 min, (d" ) samples
(c) after cleaned by formaldehyde, (e) 850°C formaldehyde for
3 min, (f) 900°C for 3 min, (g) 1000°C for 3 min
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Fig. 5. Energy band diagrams and defect levels in AZO thin
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Fig. 6. SEM images of AZO films for various hydrogen RT A conditions : (a) as-grown, (b) 600°C for 3 min,

(¢) 750°C for 3 min (d) 800°C for 3 min
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