
Structural and luminescence properties of 

yellow Y3Al5012:Ce3+ thin film phosphors 

prepared by Pulsed Laser Deposition
F.B. Dejene1, K.T. Roro2,*, L.F. Koao1

1Department of Physics University of Free State (Qwaqwa campus), Private Bag X13, Phuthaditjhaba, 9866,South Africa
2CSIR National Laser Centre, P. O. Box 395, Pretoria 0001, South Africa

*Author e-mail address: KRoro@csir.co.za

Introduction
Recently, by combining a blue indium gallium nitride (InGaN) light emitting diodes (LED) with yellow Ce-doped Y3Al5O12 (YAG) phosphore, different groups

have successfully demonstrated white LEDs [1-3]. The production of white light was made possible by the phosphore conversion from the LED to emission of

a longer wavelength. The yellow emitting phosphore converts a major fraction of the blue excitation light from the LED chip into yellow light, and when both

combined white light is produce. Bando et al. [4] and Muller-Mach et el. [5] have incorporated a phosphore/epoxy hybrid with a reflector cup containing a LED

chip for phosphore conversion. The phosphore particles are randomly oriented and interdispersed in the cured epoxy. One of the bottleneck problems of the

phosphore/epoxy hybrid system is the difficulty of achieving uniform emission of white light from the LED. In order to overcome the challenges of using

mixtures of phosphore powders and epoxies thin film phosphore has been used [6,7]. In this study, YAG phosphore thin films were prepared by pulsed laser

deposition (PLD), and the effects of the PLD process parameters on the structural and luminescent properties of YAG thin films were investigated.

Fig. 6. Typical EDS spectra of Y3Al5O12:Ce3+ thin films
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Fig.2. Pulsed laser deposition set-up

Fig. 4 XRD pattern of Y3Al5O12:Ce3+ thin films
Fig.5. SEM images of Y3Al5O12:Ce3+ thin films

Fig.1. Development of luminous efficiency of traditional and LED lamps 

Experimental

Results

Fig.7. PL spectra of Y3Al5O12:Ce3+ thin films
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Fig. 3. 4f 1 and 5d1 energy levels of Ce3+ in garnets

 RT: intermediate phase of Y4Al2O9(YAM)

 500 ºC: Pattern for YAM, YAlO3(YAP) , & YAG

 700 ºC: additional peaks related to YAG

 Peaks related to Y, O, Al, Si are 

observed

 No Ce peak is observed

→ Ce is very little in quantity

 ↑ Tsubstrate ↑ in intensity

→ increase in crystallinity

 PL is due to 4d1 → 4f1 of Ce3+[8-10]

 PL band is red shifted

Conclusions
 The pulsed laser deposition technique is used to deposit Y3Al5O12:Ce3+ thin films

 It is found that as substrate temperature increases from room temperature to 750 ºC the degree of 

YAG phase increased

 The intensity and maximum of the Ce3+ emission were found to change with increase in substrate 

temperature

 RT: Rough, large spherical particles

 500 ºC: size of the particles decreased

 700 ºC: particles irregular in shape & larger in size

→ partial crystallization of YAG
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Synthesis condition

Nd:YAG laser

Freq: 10Hz

Wavelength: 266 nm

Energy: 40 mJ/pulse

Pulse Width ~ 6 ns
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