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Effects of Substrate Temperature on the Microstructure
and Photoluminescence Properties of ZnO Thin Films by
Atomic Layer Deposition
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Abstract Atomic layer deposition (ALD) is a very promising deposition technique for ZnO thin films. However,
there have been very few reports on ZnO grown by ALD. Effects of substrate temperature in both ALD and
post annealing on the microstructure and PL properties of ZnO thin films were investigated using X-ray
diffraction, photoluminescence, and scanning electron microscopy. The temperature window of ALD is found
to be between 130-180°C. The growth rate of ZnO thin film increases as the substrate temperature increases
in the temperature range except the temperature window. The crystal quality depends most strongly on the
substrate temperature among all the growth parameters of ALD. The crystallinity of the film is improved by
increasing the growth time per ALD cycle or doing post-annealing treatment. The grain size of the film tends
to increase and the grzin shape tends to change from a worm-like longish shape to a round one as the
annealing temperature increases from 600°C to 1,000°C.
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Table 1. Standard ALD process parameters for ZnO thin films

Parameter Condition
Source Diethylzinc (DEZn)
Oxidant H,O (D.I. Water)
Process pressure 0.3~0.5 torr
Substrate Sapphire (0001)
Substrate temperature 100-250°C
Post annealin‘grtemperature 400, 600, 800, 1000°C
Reservior temperature 10°C
Cycle sequence DEZn/Ny/H,0O/N,
Source step time (sec) 0.1/2/0.2/2
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Fig. 1. XRD spectra for ZnO “hin films.
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Fig. 2. Deposition rate of the ZnO film as a function of
substrate temperature.
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Fig. 3. Plane view SEM micrographs of ZnO thin films grown at different temperatures : (a) 100°C, (b) 130°C, (¢) 150°C and
(d) 250°C.
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Fig. 4. SEM micrographs of ZnO thin films annealed at different temperatures in O, atmospheres : (a) as-grown, (b) 600°C, (c)
800°C and (d) 1000°C.




744 oz . o

Fig. 4= €A 259 ¥slo] @& ZnO 92te] SEM
ARRlol}, 800°C ololl M= Bxjg] 2o HlE sk 2
AEE7E S7rstATh €42 oste s s
< TTHIAAM AREEIt TUHEER o As AR

FHEGY THH 2o w2 AP M E Flg. 59)
vehfslch =38 ALDS Ze A3AY ZH$ as-

grown’dE| 2] A]HE PL E4do] ymuz 32 gxze
Aotk D Fig 68 Fx4eld Al PL B4 A
ojt}. XJE]OW e AlFIF 400°ColA EA 2] g A
Ho| A9 ZnO Bere w37t A JehtA] eke 7o
2 Hol Ao whgalr] ¥ Aoz = 600°C o
ol vlZA WegEAdo] viehdtl 600-1000°Ce] &=
2ol A “zial 57t S7VE4E UV emission®] 7
L7t 7Kt PL #39] yEx|ZFo] 7+ green band
peak TEFF ZradTh AWk o R 7Zn0O g X
o AT 227 SUFel ot deEEAo] tEE A

%038

(%]

[= 7

£ 0.6-

<

[«]

S 0.44

o

2
= o2 '
g= RT 400 600 800 1000
o Annealing Temperature (C)
£ | |
S
= 1000T
>  ——
= L= (101) 800
S (002)=Jl (100) As—grown
=]

T v T M T T T T T T

20 30 40 50 60 70 80
20 (deg)

Fig. 5. XRD spectra and FWHM of the XRD (002) peak for
Zn0O thin films.
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Fig. 6. PL spectra for annealec. ZnO thin films.
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