
COL 11(6), 061603(2013) CHINESE OPTICS LETTERS June 10, 2013

Dy3+-doped LiYF4 crystals for UV-excited
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A Dy3+-doped LiYF4 single crystal capable of generating white light by simultaneous blue and yellow light
emission of phosphorescent centers is produced. Chromaticity coordinates and photoluminescence intensity
vary with excitation wavelength. Under 350, 365, and 388 nm excitation, the crystal shows excellent white
light emission. The most efficient wavelength for white light is 388 nm. The CIE coordinates are x=0.316
and y =0.321, and the color temperature (Tc) is 6 368 K. These results indicate that the studied crystal is
a potential candidate for ultraviolet light-excited white light-emitting diodes.
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White light-emitting diodes (LEDs) have elicited con-
siderable attention as replacements for conventional in-
candescent and fluorescent lamps in solid-state lighting
areas because of their remarkable properties, such as high
brightness, rugged structure, lower power consumption,
long lifetime span, and environmental benefits[1−3]. Gen-
erally, white LEDs are classified into two groups. One
group is based on the combination of a YAG:Ce3+ yellow
phosphor with blue LED chip emitting at 460 nm, and
the other is obtained by ultraviolet (UV) light excitation
(350 to 420 nm) of a blend of tricolor phosphors[4−6].
The phosphors for white LED applications are usually
embedded in epoxy resins. However, this type of white
LED has numerous drawbacks. For instance, the refrac-
tive indices of the phosphors considerably vary. The heat
resistance of the epoxy resin is usually poor. In addition,
refractive index mismatch between the phosphors and
the epoxy results in light scattering[7].

To overcome these disadvantages, single-phase white
light phosphors resulting from the simultaneous emission
of blue, green, and red lights under UV light excitation
have been developed in borate-based glasses contain-
ing Ce3+, Tb3+, and Mn2+ as activators[8]. Achieving
white light emission using single-host full-color emitting
glasses, glass ceramics, and transparent ceramics has
drawn considerable attention[9−13]. Many single crystals
exhibit good anti-light irradiation, as well as good ther-
mal, mechanical, and chemical stability. The rigid cyclic
symmetric structure of single crystals results in the high
luminous efficiency of active ions. The excellent thermal,
mechanical, chemical, and optical properties of single
crystals are beneficial for LED applications to obtain
high stability, long lifetime, high luminous efficiency,
and good white color. However, only a few reports have
focused on rare earth-doped single crystals for LED.
LiYF4 crystal doped with rare earth is widely applied

as a laser material. Superior properties, such as thermo-
mechanical properties, high optical damage threshold,
and wide range transparency[14], render LiYF4 crystal
the potential to function as a phosphor for solid-state
lighting, specifically, as a phosphor material for white
LED.

Rare-earth ions have an important function in dis-
play and lighting devices because of their abundant
energy levels covering a wide spectral range from the
UV to the visible (Vis) region. Numerous rare earth
ions, such as Eu2+/Dy3+[15], Eu3+/Tb3+/Tm3+[16], and
Tm3+/Ho3+/Yb3+[17] are used as activators in solid-
state materials for white LEDs. Dy3+ is well known for
its transition in the blue light region at around 480 nm
(4F9/2→

6H15/2) and in the yellow light region at around

573 nm (4F9/2→
6H13/2) when excited by UV light. These

emissions can potentially enable the production of better
white LED when a suitable host material is doped with
Dy3+ions.

In this letter, we report the growth of Dy3+-doped
LiYF4 single crystal by Bridgman method and demon-
strate the capability of generating white light by simul-
taneous yellow and blue emissions of phosphorescent
centers under excitation at 388 nm.

The molar composition of the feed material for the
doped crystal sample is 0.8DyF3-51.5LiF-47.7YF3. The
raw material mixture was ground for 1 h in a mortar,
sintered with anhydrous HF at 800 ◦C for 8 h, and then
converted into polycrystalline bars. Afterward, moisture
and some oxygen impurities in the fluoride powders were
removed. The crystals grown by the Bridgman method
are approximately 100 mm in length and 10 mm in di-
ameter, as shown in Fig. 1. The crystals are transparent
and their purple color deepened with the increase in
Dy3+ concentration. The detailed growth process and
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Fig. 1. As-grown Dy3+-doped LiYF4 crystal and polished
sample.

Fig. 2. Powder XRD pattern of Dy3+-doped LiYF4 crystal
and standard card of LiYF4 (JCPD No.77-0816).

schematics of the apparatus are very similar to those of
the Ce3+:LiYF4 crystal described in Ref. [18]. Along the
growth direction, a small pale opaque matter of approx-
imately several centimeters in length at the top of the
crystal is observed, corresponding to the final portion of
the melt-to-freeze transition. The small pale opaque mat-
ter is the eliguation layer, which results from excessive
LiF in the starting materials. The as-grown crystals were
cut into small pieces and polished well to approximately
3.0-mm thickness for optical measurements. Given the
distribution phenomena of Dy3+ in the LiYF4 crystal,
the concentration of active ions is inhomogeneous. An
inductively coupled plasma emission spectrometer was
used to measure the concentration of the active ions.
The upper part of the Dy3+ single-doped LiYF4 crystal
has a doping concentration of 0.799 mol% Dy, and the
lower part has a doping concentration of 0.795 mol%
Dy. The structure was investigated by X-ray diffraction
(XRD) using an XD-98X diffractometer (XD-3, Beijing).
The absorption spectra were recorded with a spectropho-
tometer (Lambda 900UV/VIS/NIR Perkin-Elmer, USA)
Excitation and fluorescence spectra were measured using
a spectrophotometer (F-4500, Shanghai metash instru-
ments, China) from the UV region to the Vis region. All
measurements were conducted at 298 K.

The XRD pattern of the Dy3+-doped LiYF4 sample
is shown in Fig. 2. Based on the JCPD Card 77-0816,
the XRD spectrum shows that the diffraction peaks and
relative intensity of the crystal sample are very similar
to those of LiYF4. This result indicates that doping with
Dy3+has a negligible effect on diffraction data. Thus,
the crystal has a pure orthorhombic phase, and the cur-
rent doping level does not cause any obvious peak shift
or second phase. The rare earth ion dopant Dy3+ sub-
stitutionally enters the Y3+ sites.

Figure 3 shows the absorption spectra of the Dy3+-
doped LiYF4 single crystals in the wavelength region
from 300 to 600 nm and the absorption bands of Dy3+

corresponding to the transitions starting from the ground
state to the higher levels. The three obvious absorptions
around 350, 360, and 388 nm of the Dy3+-doped crystal

indicate that the crystal can be efficiently excited by UV
light.

Generally, the Dy3+ ion possesses energy levels for 480
and 573-nm emissions. To investigate the effect of the ex-
citing band on these emission intensities, excitation spec-
tra were measured. Figure 4 shows the excitation spectra
of the Dy3+-doped LiYF4 crystal monitored at 480- and
573-nm wavelengths. The obtained spectra were desig-
nated as a and b curves. The excitation spectra of curves
a and b in Fig. 4 exhibit similar characteristic bands of
Dy3+ at 324 (6H15/2 →

4M17/2), 350 (6H15/2 →
6P7/2),

365 (6H15/2→
6P5/2), and 387 nm (6H15/2→

4I13/2) when
monitored at 480- and 573-nm emissions. The intensity
of the excitation bands for curve a is slightly weaker than
that for curve b, indicating that the emission intensity at
480-nm wavelength is slightly weaker than that at 573-
nm wavelength under excitation at 350, 365, and 388 nm.

Fig. 3. Absorption spectra of 0.799 mol% Dy3+-doped LiYF4

crystal.

Fig. 4. Excitation spectra of 0.799 mol% Dy3+-doped LiYF4

crystal.

Fig. 5. Emission spectra of 0.799 mol% Dy3+-doped LiYF4

crystal.
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The excitation intensities are closely related to the char-
acteristics of the Dy3+ ion energy levels and the measured
emission wavelength. The result of the excitation spec-
tra corresponds to that of the emission spectra shown in
Fig. 5.

The emission spectra of the Dy3+-doped LiYF4 crystal
under excitation at 350, 365, and 388 nm were mea-
sured and designated as c, d, and e, respectively. Figure
5 shows that under excitation at 350 and 365 nm, the
emission spectra of the crystal show a blue band centered
at 480 nm (4F9/2 →

6H15/2) and a yellow band at 573 nm

(4F9/2 →
6H13/2) of Dy3+. A small yellowish red region

at 612 nm (5D0 →
7F2) is observed upon excitation at

388 nm. The emission intensities showing the blue light
at 480 nm and the yellow light at 573 nm under 365 and
388-nm excitations are weaker than that under 350-nm
excitation. However, the red light emission intensity at
612 nm is generated only under excitation at 388 nm.
These results confirm that blue, yellow, and red lights
can be simultaneously obtained from Dy3+-doped LiYF4

crystals excited with appropriate UV light. The CIE
chromaticity coordinates of the Dy3+-doped LiYF4 crys-
tal calculated from the corresponding emission spectrum
are summarized in Table 1. Excitation at 388 nm shows
better results than that at 350 and 365 nm.

Figure 6 presents the emission spectra of the upper
(0.799 mol%) and lower parts (0.795 mol%) of the Dy3+-
doped LiYF4crystal. The parts show similar pattern
with slightly different relative intensities. The upper
part emission spectra intensity is stronger than the lower
part. In addition, the shape and position of emission
peaks are not influenced by the excitation wavelength.

The CIE chromaticity coordinates for the different
parts of the Dy3+-doped LiYF4 crystal under 388-nm
excitation are illustrated in Fig. 7. The coordinates
are calculated using the corresponding emission spec-
trum in Fig. 6. Upon excitation at 388 nm, the lower
part of the crystal emits white light (point f; CIE

Table 1 Comparison of CIE Chromaticity
Coordinates of 0.799 mol% Dy3+-doped LiYF4

Single Crystall

Serial Number λex (nm) (x, y)

c 350 (0.281, 0.334)

d 365 (0.278, 0.327)

e 388 (0.316, 0.321)

Fig. 6. Emission (λex=388 nm) spectra of Dy3+-doped LiYF4

crystal.

Fig. 7. CIE chromatic coordinate diagram of Dy3+-doped
LiYF4 crystal.

coordinate x = 0.303, y = 0.320) and the upper
part emits pure white light (point e; CIE coordinate
x = 0.316, y = 0.321). The color temperature Tc=7165
K can be obtained from the color temperature calcula-
tion software for x = 0.303, y = 0.320, and Tc = 6 368
K for x = 0.316, y = 0.321. Therefore, emission color
can be tuned by varying the excitation wavelengths and
relative concentration of Dy3+ based on the excitation
and emission spectra, as well as CIE chromaticity coor-
dinates. White light emission can be obtained from the
Dy3+-doped LiYF4 crystal excited with appropriate UV
light.

In conclusion, Dy3+-doped LiYF4 single crystals with
good quality and optical properties can be synthesized
by Bridgman method. The Dy3+-doped LiYF4crystals
exhibit intense emission bands in the near blue region
from 470 to 490 nm and in the yellow region from 570
to 600 nm. A small red region is observed from 600
to 615 nm under excitation at 388 nm. Under exci-
tation at 350, 365, or 388-nm wavelength light, white
light emission is achieved. White light is obtained with
the highest efficiency at 388 nm. Moreover, the color
of luminescence can be adjusted by varying the excita-
tion wavelength and the doping concentration of Dy3+.
Therefore LiYF4 crystal doped with Dy3+ is a promising
phosphor for white LED.
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