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Rare-earth tetraborides RB4 have a tetrag-
onal crystal structure with a space group
P4/mbm which is characterized by the 2-
dimensional orthogonal dimers in the c-
plane. Such dimer systems are equivalent
to the Shastry-Sutherland lattice (SSL) [1]
where nearest-neighboring dimers geomet-
rically frustrated. The frustration effect
in ErB4 manifests itself as a plateau in
the magnetization process M(B) at the half
of the full moment of 9 mB/Er for B//c
and B//a at 2 T and 10 T, respectively
[2]. The frustration in DyB4 is caused by
not only magnetic interaction but also the
quadrupolar interaction [3]. A magnetiza-
tion plateau appears for B//c, but neither
magnetic plateau nor metamagnetic tran-
sition occurs for B//a. In order to investi-
gate the origin in the magnetic anisotropy
and rare-earth dependence on the mag-
netic plateau for B//a, we have searched
other candidates with geometric frustra-
tion in magnetic or quadrupolar interac-
tion among the RB4 series. The previous
study of TmB4 indicates an antiferromag-
netic order at 11.7 K by the measurements
of temperature dependences of electrical
resistivity and magnetic susceptibility [4].
We have studied the magnetization process
and phase diagram of TmB4.

High-quality single crystal TmB4 was
grown by floating zone method using a
four-xenon lamps image furnace [5]. Mag-
netic susceptibility c(T) from 2 K to 300 K
and M(B) up to 5 T in were measured by
a Quantum Design-SQUID magnetometer.
Electrical resistivity was measured by a DC
4-probe method. Specific heat C(T) mea-
surement was performed by a relaxation
method using a QD-PPMS system. Magne-
toresistance R(B, T) was also measured by

using a AC- transport puck of PPMS sys-
tem up to 14 T. High field magnetization
within the c-plane (a-axis) was measured
by a long pulse magnet (pulse width ˜10
ms) up to 50 T . From these experimental re-
sults, TmB4 exhibits three phase transitions
at TN1=11.7K, T*=11K and TN2=10K. The
phase transitions at TN1 and TN2 were al-
ready reported by Fisk et al. However, the
phase transition at T* has been found by
our single crystal study. c(T) shows highly
anisotropic behavior for B//a and B//c.
The effective moment was close to that of
Tm3+ free ion. However the paramagnetic
Curie temperature qP for B//c shows pos-
itive sign (+27.5 K) although those within
c-plane were negative (-146.5 K). This be-
haviour can be fit by supposing the crystal-
field excited states at 20 K and 40 K, re-
spectively. In viewing of the crystal struc-
ture where Tm-Tm dimers stack along the
c-axis and orthogonally aligned along with
the [110] direction, antiferromagnetic cor-
relation may be dominant within the c-
plane and ferromagnetic interaction dom-
inant along the c-axis.
The M(B) for B//c has not only a 1/2

plateau at 2-3 T but also a 1/8 plateau at
1.7-1.4 T in the descending process. This
hysteresis for a 1/8 plateau was observed
in the temperature range from 1.8 up to 8
K. This hysteresis region is named as phase
III hereafter. The phase III may be a state
with a long period modulation by magnetic
frustration for the phase III.
In order to clarify this prediction, we have

performed neutron powder diffraction on
the Kinken powder diffractometer for high
efficiency and high resolution measure-
ments, HERMES, of Institute Material Re-
search, Tohoku University, installed at the
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JRR-3 reactor in JAEA, Tokai. Neutrons
with a wavelength of 1.8265A were ob-
tained by the 331 reflection Ge monochro-
mator. The powder sample Tm11B4 of
about 7 gram was filled in a vanadium
cylinder with a diameter of 7 mm. Further-
more this cylinder was sealed in the alu-
minum can cell with a helium gas atmo-
sphere. The cell was cooled down to 3K
by using a closed cycle He gas refrigera-
tor. The experiments were performed at 3K
(antiferro-magnetic phase, IV), 10.7K (un-
known phase, III), 11.7K (unknown phase,
II) and 20K (paramagnetic phase, I).
Figure 1 shows the powder pattern for

the four phases of TmB4. The pattern at
30 K was used for the nuclear scatter-
ing standard. Phase IV shows simple an-
tiferromagnetic pattern with a propaga-
tion vector k4=(1, 0, 0). This is consis-
tent with the previous report. The Phase III
has been assigned with propagation vector
k4 and an additional long period modu-
lation vector k3=(0.13, 0, 0). Furthermore,
the phase II was also indexed with the
k4 and k2=(0.012, 0.036, 0) and k2=(0.012,
0.012, 0). However, we have not succeeded
in obtaining complete fitting parameter be-
cause some unknown peaks were observed
at this experiment.
Magnetization process M(B//c) in TmB4

shows 1/8 and 1/2 plateaus at 1.7-1.4 T
and 2-3 T, respectively. M(B//a) shows a
1/2 plateau at 32 T. The anisotropy in the
transition field is much higher than that in
ErB4. From the magnetization, magnetore-
sistance, and specific heat measurements, a
complex phase diagram in TmB4 was ob-
tained. These characteristic behavior may
be originated from geometric frustration in
not only magnetic dipole interactions but
also electric multipole interactions.
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Fig. 1. Fig. 1 Neutron powder diffraction patterns
for the four phases of TmB4. The bottom shows a
simulation of powder diffraction only by the nu-
clear peaks.


