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Photoluminescence of ZnO:Er Thin Film Phosphors Deposited by
RF Magnetron Sputtering
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Abstract  ZnO is well-known as a promising material for optical commimication systems and electronic
displays. ZnO:FEr thin films were deposited on c-plane sapphire substrates by rf magnetron sputtering, and the
effects of sputtering parameters and the annealing conditions on the luminescence in the visible range were
investigated. Luminescent properties depended on the crystallinity of films and annealing atmosphere. Highly
c-axis oriented ZnO:Er films showed a strong emission band at 465 nm and a weak emission at 525 nm due

to the energy transition of *I)g;-*Fegp and *Tig,-

e, respectively. ZnO:Er thin films annealed at air

atmosphere were superior to those annealed in H; in photoluminescence intensity.
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Table 1. RF Magnetron sputtering parameters for ZnO:Er thin
films.

Pamameters Condition

Q 2||
C-plane sapphire
300°C, 550°C

Target size
Subatrate

Substrate temperature

O AT+0,) ratio 10~50%

Working pressure 5 mTorr

Target to subsirate 5em

RF power 80, 100%, 150°W
Annealing temnperature 700~900°C

Annealing atmozphere Air and H, atmosphers
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Fig. 1. Growth rate of ZnO:Er thin films as a function of (a)
rf power and (b) O,/(Ar+0,) ratio.
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Fig. 2. PL intensity of ZnO:Er phosphor powder as a function
of Er doping concentration.
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Fig. 3. PL excitation spectra of ZnO:Er thin films.
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Fig. 4. PL emission spectra of ZnO:Er (a) thin film and (b)
powders with 385 nm excitation.
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Fig. 5. The energy diagram of Er’* ions.
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Fig. 6. XRD patterns of ZnO:Er thin films deposited at various
rf power and oxygen partial pressure.
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Fig. 8. PL spectra of ZnO:Er thin films as a function of
various O,/(Ar+O,) ratio.
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Fig. 9. PL spectra of ZnO:Er thin films as a function of
various rf power.

o} of7]9bAL 385 nmE Sk 23RS w), 18
oA HoR] npe} o] AbEste] Frtel mE g
B9 AT Wshs A=A Fhth (@) AT (b),
(OET} thAd ¥ WF ATE VeI 1 Aol v
S meksit). of Ao wE PL BAS BoE W), Fig.
90|49} ZHo] 100 WS} 150 WollA] Z23F whube] kg
A=t 80 WollA F2kgk A Bl & g =g Ut
Ae A& eyt weba PL 3 542

ol dalre & FTFS A 2, of FHo i)
M g 7FEe] zpeol7b eIt Ak Bkl Fbl
WA FWHM 2 100 Wb 150 W B50l|A] ZfolH]
IoAen 150 WETHE 100 WellA] o 2 FWHM
e Holi UTh

Fig. 10& 713 2% W& ZnO:Er vhee] A4



406 FEE

Sputtering condition : 5 mTorr, 100 W, 50 %
(b) Firing temperature : 700 °C
atmosphere : Air

:; (a (a) —— Sub. temp.: 300 °C
" : (b) - Sub. temp.: 550 °C

Intensity (a.u.)

1 L i L 1 L 1 n 1

450 500 550 600 650
Wavelength (nm)
(a)
- FWHM value

0.28 —» || -—

sub. temp : 550 °C

Intensity (a.u.)
-
——

- 0.31 —om ||
I J sub. temp : 300 °C
1 1 1 " 1 L 1 " 1 L 1

20 30 40 50 60 70

20
(b)

Fig. 10. (a) PL spectra and (b) XRD patterns of ZnO:Er thin
films as a function of substrate temperature.
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power. At air atmosphere: (a) 10%, (b) 30% and (c) 50%. At 5% H, atmosphere: (d) 10%, (e) 30% and (f) 50%.
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