J.. of the Korean Sensors Society
Vol. 14, No. 3 (2005) pp. 160 - 168

HA 3Ho[X S&(PLD)HO 2|8t ZnO Yo} &1
7Fexiy ZebEof cst FWF AT

g3E

Growth of ZnO thin film by pulsed laser deposition and
photocurrent study on the splitting of valance band

Kwang-joon Hong'

Abstract

ZnO epilayer were synthesized by the pulesd laser deposition(PLD) process on Al,O, substrate after irradiating the
surface of the ZnO sintered pellet by the ArF(193 nm) excimer laser. The epilayers of ZnO were achieved on sapphire
(Al,0;) substrate at a temperature of 400 °C. The crystalline structure of epilayer was investigated by the photolumine-
scence. The carrier density and mobility of ZnO epilayer measured with Hall effect by van der Pauw method are
8.27 x 1016 cm™ and 299 cm™V - s at 293 K, respectively. The temperature dependence of the energy band gap of the
ZnO obtained from the absorption spectra was well described by the Varshni's relation, E(T) = 3.3973 eV — (2.69 x 1074 eV/
K)T*(T + 463 K). The crystal field and the spin-orbit splitting energies for the valence band of the ZnO have been
estimated to be 0.0041 eV and 0.0399 €V at 10 K, respectively, by means of the photocurrent spectra and the Hopfield
quasicubic model. These results indicate that the splitting of the Aso definitely exists in the I's states of the valence band
of the ZnO. The three photocurrent peaks observed at 10 K are ascribed to the A,-, B;-, and C;-exciton peaks for n=1.
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Fig. 1. Pulsed Laser Deposition system for Growth of ZnO thin film.
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Fig. 3. PL spectrum at 10 K for various substrate tempera-
ture of ZnO thin films.
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Fig. 4. Surface morphology of as-grown ZnO thin film.
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Fig. 7. Optical absorption spectra according to temperature variation of ZnO thin film.
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Table 1. Peaks energy of optical absorption specira

according to temperature variation of ZnO thin

film
Temp. (K) Wavelength (nm)  Energy (eV)

293 367.9 3.3701
250 367.5 3.3737
200 366.7 3.3810
150 366.0 3.3874
100 365.5 3.3921
77 365.3 3.3940
50 365.1 3.3958
30 365.0 3.3968
10 364.9 3.3975

~ 3.40

c

<
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Fig. 8. Temperature dependence of energy gap in ZnO thin

film (the solid line represents the Varshni equation).
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Table 2. Temperature dependence of PC peaks for ZnO thin film
Temp. Wavelength Energy difference  Value obtained Acr or Aso Fine
(K) (nm) (eV) symbol (B, or Ey) by Eq. (2) structure
A7T)
367.9 33701 E,293L)  (E)) 0.0026 (or Ae mciteon)
0.0039 Acr B(s—T)
293 3676 33727 E,(293M) YV - (or B xeitaon)
. CT7—Te)
3634 34117 E,2938)  (E;)-0.0390 (or Cor exciioon)
3676 33727 E,50L)  (E)) 0.0028 (or/?x(,ré;aﬁgon)
0.0038 Acr BTy
250 367.3 33735 Ey250.M) -0.0412 Aso (or B, excitoon)
3631 34145  E,2508)  (E;)-0.0390 (orcc(lré;%gon)
3671 33768  E,200L)  (E) 0.0024 (Or/}_“(lr;;’cf{gon)
0.0036 Acr B(Te—Ty)
200 3669 33792 E,(200.M) Yy o or o)
3627 34183 E,2008)  (E;)-0.0391 (Orcélrgcggon)
3661 33866  E(IS0L)  (E) 0.0027 (or”;\(f;;ftﬁgon)
0.0038 Acr B¢l
150 365.8 3.3893 Ex(150.) -0.0401 Aso (or B; excitoon)
3617 34277 Ef150.8)  (E,)-0.0384 (Or%fggggon)
3656 33912 E(100L)  (E;) 0.0028 (Or/’/g(lrggtégon)
0.0039 Acr BT s—T6)
100 363.3 3:3940 Ey(100.M) -0.0398 Aso (or B, excitoon)
3612 34325 Ef100.8)  (E;)-0.0385 (or(:C(TEZ:I;t(gon)
3653 33941  Ey77L) (E;) 0.0028 (orAA(;Z:;:EG(zon)
0.0041 Acr B(s—T)
77 3630 33968 E(77.M) -0.0398 Aso  (or By excitoon)
3609 34353 E(77.) (E;)-0.0385 (Orcézré;%gon)
3652 33949 E,S0L)  (E)) 0.0028 (OrAA(lr;;E{gon)
0.0041 Acr B(s—T)
50 3649 33977 B (50M) -0.0399 Aso (or B, excitoon)
360.8 34363 E,50.9) (E)-0.0386 (Orcc(lrgcfgo)on)
T~
365.1 1958 E,(30.L) (E.) 0.0028 (Orfj\(l ) ifgon)
: 0.0041 Act B(T—Te)
30 364.8 gi?gg Ex(30,M) -0.0400 Aso (or B, excitoon)
' C(r~T,
360.7 E,30,8)  (E»)-0.0387 (or C(1 7 Xciggon)
3650 33968  E I0.L) (E1)0.0028 (Orﬁfngtﬁgon)
0.0041 Acr BT s—T)
10 3647 33996 E(10M) -0.0399 Aso (or B, excitoon)
3606 34382 EL10S) (E2)-0.0386 (orcc(lr é;)cl;tgon)
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