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Abstract Lithium terbium molybdate (LiTb(Mo00Q4);) sin-
gle crystal was grown by the Czochralski method. The lat-
tice parameters of the crystal were determined by X-ray dif-
fraction analysis. The absorption coefficient and the Fara-
day rotation spectrum (B = 1.07 T) were investigated at
wavelengths of 400-1500 nm at room temperature. Verdet
constants of LiTb(MoQO4); crystal at 532-, 633- and 1064-
nm wavelengths were measured by the extinction method.
The results show that LiTb(MoOy4), crystal has a larger
magneto-optical figure of merit than that of terbium gallium
garnet at wavelengths of 600-1500 nm.

PACS 78.20.Ls - 81.10.Fq

1 Introduction

Inorganic solids with large Faraday effects can be practically
utilized as optical isolators, optical modulators, sensors of
electrical current, sensors of magnetic field and so forth [1].
Faraday isolators are a key component of many contempo-
rary laser systems. Due to recent progress in laser applica-
tions such as precise measurements and advanced display
systems, the demand for optical Faraday devices is increas-
ing at wavelengths of 400—1100 nm, where conventional yt-
trium iron garnets (YIG) and doped YIG are not applicable
because of their poor transparency. For these devices, both
large Faraday rotation (FR) angles and high transmittance
are important. Terbium gallium garnet (TGG) is thought to
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be the better material for such requirements among transpar-
ent magnetic materials because of its large Verdet constant
[2, 3] and good transmittance [4]. TGG crystal can be grown
by the Czochralski technique [4]; however, the relatively
high decomposition and evaporation of Ga; O3 from the melt
cause some difficulties during TGG crystal growth [5].

The Tb>* ion exhibits a strong paramagnetism due to the
transition 4f8—4f75d [6]. N aTb(WO4), crystal was reported
to have larger Verdet constant and magneto-optical figure of
merit than those of TGG in the visible and near-infrared re-
gions [7]. In the last few years, molybdate crystals with gen-
eral formula MRE(Mo0QO4), (M = alkali metal, RE = rare
earth) are attractive host materials for their large lanthanide
admittance [8-13]. In this work, we study the growth and
magneto-optical properties of LiTb(Mo0QOy4), crystal.

2 Experimental
2.1 Crystal growth

The polycrystalline materials for crystal growth were pre-
pared by solid-state reaction according to the following
chemical reaction equation:

2Li,CO3 + Tb4O7 + 8M003
— 4LiTb(M0O4)2 4+ CO21 + 1/2027. (1)

Stoichiometric amounts of Tb407 (5N), Li,CO3 (3N) and
MoO3 (3N) were weighed accurately with addition of 1.5
wt% excess MoO3 to compensate for its volatilization loss
during the process of crystal growth. These chemicals were
mixed and pressed into tablets, and then the tablets were sin-
tered at 850°C for 20 h in air.
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Fig.1 As-grown crystal of
LiTb(M0O4)2

The LiTb(MoQOy), crystal was grown by the Czochralski
method, in a @ 55 mm x 35 mm platinum crucible with ra-
dio frequency (RF) induction heating. It was grown in the
(001) direction at a pulling rate of 1.0 mm/h and a rotating
rate of 10-15 rpm. Finally, LiTb(MoQOy4), crystal with di-
mensions of @ 18 mm x 30 mm was obtained, as shown in
Fig. 1, which is yellowish-brown and crack free.

2.2 X-ray powder diffraction

The X-ray powder diffraction measurement was carried out
by a computer-automated diffractometer (Rigaku D/max-3c)
equipped with Cu Ko radiation (A = 1.54056 A) at room
temperature. The measured diffraction data of LiTb(M0QO4)>
were refined through an external standard method and an in-
ternal standard method with standard Si powder.

2.3 Transmission spectrum

The grown LiTb(MoQO4), single crystal was cut along
the (001) plane, which was oriented by X-ray diffraction
(XRD), and then ground and polished carefully to about
4-mm thickness for spectral measurement. The transmission
spectrum was measured using a Perkin—Elmer Lambda 900
spectrophotometer over the wavelength range 400-1500 nm
at room temperature. The transmission spectrum of TGG
was also measured for comparison (a commercial device-
quality TGG sample was supplied by Fuzhou TCT Co.).

2.4 FR measurement

FR of LiTb(M0Qy4); crystal in the direction of the optical
axis was measured at room temperature by the extinction
method [7]. In this measurement, lasers of 532-, 633- and
1064-nm wavelengths were used as the sources of probe
light. Magnetic intensity was adjusted from O to 1.2 T con-
tinuously.

@ Springer

In order to indicate the relationship between FR and
wavelength, FR spectra at a constant field (B = 1.07 T) were
measured over the wavelength range 400-1500 nm at room
temperature. Two polarizers and NdFeB permanent mag-
nets were placed on the testing platform of the Perkin-Elmer
Lambda 900 UV-VIS-NIR spectrophotometer. The polariz-
ing directions of the two polarizers are parallel. Transmis-
sion spectra of LiTb(M0O4),> and TGG crystals with and
without NdFeB permanent magnets were measured over the
wavelength range 400-1500 nm at room temperature.

3 Results and discussion
3.1 Lattice parameters

The unit-cell parameters were determined with the help
of a computer program. The result shows that the crystal
LiTb(MoO4), belongs to the tetragonal system and the unit-
cell parameters are a = b = 0.5179(2) nm, ¢ = 1.1300(5)
nm and V = 0.3031(4) nm>. The patterns of X-ray powder
diffraction were indexed, as shown in Fig. 2.

3.2 Absorption coefficient

Figure 3 shows the transmission spectra of NaLi(MoOg)2
and TGG crystals. The absorption peak around 488 nm cor-
responds to the Tb?* ion 7Fg — 3Dy transition line in the
crystal; the sharp absorption region is usually avoided in
practice.

The absorption coefficient & was calculated by McLean’s
formula [14]:

_ (I — R?) exp(—ad)
14+ R2exp(—2ad)’
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where 6 is the rotation angle, L is the length of the light path
in a medium, H is the magnetic field applied along the light
201 beam and V is the Verdet constant. FR angles at a speci-
fied wavelength are proportional to the magnetic intensity.
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Fig. 4 Absorption spectra of LiTb(MoO4), and TGG crystals

where T is the transmission coefficient, d is the specimen
thickness and R is the dispersion of the reflection coeffi-
cient, which can be calculated from the reflective index. Ab-
sorption loss is an important parameter of magneto-optical
properties. Figure 4 indicates that LiTb(Mo0O4); has a small
absorption loss in the 600—1500 nm wavelength range.

demonstrated in Fig. 5. The Verdet constants can be calcu-
lated by the slope of straight lines. They are listed in Table 1.
At the same time, the Verdet constants of TGG are also given
in Table 1, which came from Refs. [3, 15].

3.4 FR spectrum

The FR spectrum can be calculated by the following for-
mula:

. 180 x arccos(1/1p)

0
- 7 xL

; “

where [ is the intensity of transmitted light without apply-
ing a magnetic field and [/ is the intensity of transmitted light
with applying a magnetic field. The calculated Faraday rota-
tion spectra of LiTb(M0QOy4), and TGG are shown in Fig. 6.
Compared to the FR of TGG, LiTb(M0QO4); has a larger FR
at wavelengths of 400-1500 nm (absolute value).

Magneto-optical properties of RE compounds are closely
connected with their magnetic properties [16]. Van Vleck
and Hebb [17] derived the following relationship between
the paramagnetic Verdet constant and the magnetic suscep-
tibility x for a free ion:

227!
_ —1
V = xKog [1 - P} , )

0
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Fig. 7 Relationship between V! and A2 of LiTb(M0O4), and TGG
crystals

where g is the Lande factor of the ground-state splitting, A
is the wavelength of the effective electron transition equiv-
alent in action to all transitions, producing FR far enough
from the resonance absorption, and Ky is a coefficient of
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Fig. 8 Spectra of magneto-optical figure of merit for LiTb(MoO4)2
and TGG crystals

Table 1 Verdet constants of LiTb(MoO4), and TGG crystals

Crystal LiTb(Mo0O4), TGG

Wavelength (nm) 532 633 1064 532 633 1064

Verdet constants (rad/mT) —335 —233 —-76 —190 —134
—40

proportionality between the magneto-optical activity of the
effective transition and the magnetic susceptibility.
The reciprocal of V in (5) is written as

)\’2
V_l:g(l—k—2>/xKOEBO(A2—A%), (6)
0

where By is a negative constant. Figure 7 shows the rela-
tionship between V—1 and A2 for LiTb(M00O4), and TGG
crystals. Although there is some non-linearity for the two
crystals in the graph of V=1 vs A2, this is different from
that of Tb>* ions embedded in glass systems [18]. It shows
that the CF contribution to the Verdet constant of magneto-
optical crystals should not be ignored [19].

3.5 Magneto-optical figure of merit

The magneto-optical figure of merit, defined by the ratio
of FR and optical absorption loss, can generally represent
the magneto-optical properties of materials [20]. The re-
sult shows that LiTb(MoO4), has a larger magneto-optical
figure of merit than that of TGG at wavelengths of 600-
1500 nm. Because the absorption coefficient increases, the
magneto-optical figure of merit of LiTb(MoO4), decreases
at wavelengths of 400—-600 nm obviously, as shown in Fig. 8.
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4 Conclusions

LiTb(Mo0O4), crystal has been grown successfully by the
Czochralski method. The crystal has a larger specific FR
than that of TGG at wavelengths of 400-1500 nm and a
larger magneto-optical figure of merit than that of TGG at
wavelengths of 600-1500 nm. So, LiTb(MO4), can be a
good candidate material for magneto-optical devices in the
visible and near-infrared regions.
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