
 

Optical properties of neodymium-doped lutetium fluoride thin films grown by 
pulsed laser deposition 

Mirai Ieda1,*, Tatsuya Ishimaru1, Shingo Ono1, Kohei Yamanoi2, Toshihiko Shimizu2, 
Nobuhiko Sarukura2, Yuui Yokota3, Takayuki Yanagida4, and Akira Yoshikawa3 

1Nagoya Institute of Technology, Nagoya 466-8555, Japan 
2Institute of Laser Engineering, Osaka University, Suita, Osaka 565-0871, Japan 

3Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan 
4Kyushu Institute of Technology, Kitakyushu 808-0196, Japan 

INTRODUCTION 

The engineering of band-gap employing 
oxide-based II–VI and nitride-based III–V compound 
semiconductors is a well-established research area in the 
study of solid-state optical devices. However, the 
operating wavelength for these materials, such as AlGaN, 
has not been extended to the VUV region because of 
their narrow band gap. Some of the most prominent 
candidate is fluoride[1]. Fluoride composite materials 
have been extensively studied as applications in the VUV 
region primarily because of its wide band gap[2,3]. 
Recently, large-sized Neodymium-doped lutetium 
fluoride (Nd3+:LuF3) single crystals grown using the 
Czochralski technique were reported to have a prominent 
VUV fluorescence peak at 178 nm. Moreover, these 
crystals were also reported to have higher 
radioluminescence intensities compared with Nd3+:LaF3 
single crystals known for laser material. However, 
growth of LuF3 single crystals is difficult because of the 
phase transition from hexagonal to orthorhombic phases 
at around 950 oC, which occurs during the crystal growth 
process[4]. As a result of this structural reconfiguration, 
crack formation is readily observed in the as-grown LuF3 
single crystals.  

In contrast to crystals, thin films are more robust 
against deformations because of its thinness. The 
availability of VUV fluorescent thin films would enable 
the development of current-injected VUV light emitting 
devices and/or laser diodes. Previously, we have 
demonstrated the successful growth of thin films having 
VUV fluorescence using pulsed laser deposition (PLD) 
such as Nd3+:LaF3 and KMgF3. The advantages of PLD 
are easy evaporation of materials with high melting point 
and small difference of chemical composition between 
source targets and deposited film. Therefore, it does not 
require using F2 gas as the assist gas. In this paper, we 
report the successful growth of Nd3+:LuF3 on MgF2 
substrates by PLD.  

EXPERIMENTAL METHODS 

The thin film samples were grown using PLD. The 

substrate was a (001)-oriented MgF2 crystal mounted on 
a rotating holder, while the target was an Nd3+:LuF3 
pellet that was prepared by pressing NdF3 and LuF3 
powders. The powders had a mixing ratio of NdF:LuF = 
1:9. Thin film deposition was accomplished by 
irradiating the target with a focused beam from the third 
harmonic (355 nm) of a Nd:YAG laser operating with a 
repetition rate of 10 Hz. This excitation wavelength was 
chosen due to the strong absorption of Nd3+ ions at 355 
nm. The Laser fluence is 2.5 J/cm2, and an average 
power of 0.8 W.  Deposition was carried out at an 
average pressure of 3 x 10-4 Pa for 8 hours. The substrate 
of MgF2 was placed parallel to the target surface with a 
substrate-target distance of 50 mm. The temperature of 
substrate was set at 670 K. This temperature was chosen 
based on previous results that showed that the optimum 
crystalline quality of Nd-doped thin films was achieved 
when the substrate temperature was ~670 K [5]. The 
crystallographic orientation and crystalline quality of the 
prepared thin film was determined through X-ray 
Diffraction (XRD) pattern and SEM measurements. 
Cathodoluminescence (CL) spectrum was obtained at 
room temperature using a spectrometer with a 
wavelength range of 125 nm to 270 nm. 

RESULTS AND DISCUSSION 

Figure 1 shows the XRD pattern of the Nd3+:LuF3 
thin film. Several diffraction peaks are observed. The 
corresponding peak assignments are indicated in the 
same figure. The high and sharp peaks indicate that the 

  

Fig. 1. XRD spectra of the Nd3+:LuF3 thin film grown 
on MgF2 (001) substrate at 670 K. 



film is well crystallized. The peaks in the XRD pattern 
can be indexed as (011), (101), (020), (111), (210), (121), 
(221), (131), and (013) planes of the thin film. The high 
crystalline quality of the thin film is also confirmed by 
the SEM image (top view) shown in Fig. 2a. The surface 
of the film contains an irregular array of droplets. In 
principle, structural phase transition during thin film 
deposition would result to cracks, which are most visible 
in the large droplets. Fig. 2b shows that the thickness of a 
uniform layer is about 15 nm. These results show that we 
have successfully fabricated high crystalline-quality 
Nd3+:LuF3 thin films.  

 
Fig. 4. Temporal profile of the dominant 179-nm peak 

showing a luminescence decay time of 6.7 ns. 

Figure 3 shows the CL spectra of the thin film. 
Multiple emission peaks at 179 nm, 223 nm, and 250 nm 
are observed, with the dominant peak in the VUV region 
at 179 nm. The CL peaks are attributed to 
allowed-transitions from the 4f25d excited state 
configuration to the different manifolds of the 4f3 ground 
state configuration in the Nd3+ ions. In particular, these 
emission bands are due to transitions from the 5dl level 
to the 4IJ ,4FJ and 2GJ multiplets of the 4f level, 
respectively. The observed emission peaks in this thin 
film corresponds well with the emission peaks observed 
in bulk Nd3+:LuF3 [17]. This shows good conservation of 
Nd3+ ion doping and the possibility of using Nd3+:LuF3 
thin film for the fabrication of VUV light emitting 
device.  

Fig. 2. SEM images showing the (a) top view and (b) 
side view of the thin film. 

The temporal profile of the dominant emission peak 
(179 nm) was measured by exciting the thin film with the 
157-nm emission of a F2 laser operating at 10-Hz 
repetition rate and 1-mJ pulse energy. Luminescence was 
collected and focused onto the entrance slit of a VUV 
spectrometer and a streak camera system.4 The 
luminescence lifetime of the dominant 179-nm peak is 
single exponential with a decay time of 6.7 ns, as shown 
in Fig. 4. This is in good agreement with reported 
lifetimes of 4f25d to 4f3 transitions in Nd3+. 

CONCLUSIONS 

We have successfully grown Nd3+:LuF3 thin films 
on (001) MgF2 substrate using PLD. XRD spectra and 
SEM images have shown that the thin films have high 
crystalline quality. The thin films were void of cracks 
that are characteristic of structural phase transitions in 
Nd3+:LuF3 during thin film deposition and bulk crystal 
growth. CL spectroscopy revealed multiple emission 
peaks, which are in good agreement with previously 
reported emission peaks from bulk Nd3+:LuF3 crystals. 
The dominant peak was at 179 nm, which is in the VUV 
region. The ability to successfully grow high-quality 
Nd3+-doped fluoride thin films would pave the way for 
the fabrication of VUV light emitting devices, which will 
in turn enhance applications that require efficient VUV 
light sources. 
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