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We sear hed for an experimental ondition of rystal growth for a ferromagneti super ondu tor URhGe. Samples were prepared for both polyrystalline and single rystals, whi h were ar -melted and grown by the
Czo hralski-pulling method in a tetra-ar furna e, respe tively. Annealing is an important pro ess in order to in rease sample-quality, namely
the residual resistivity ratio. We tried to anneal the samples under various
temperatures, whi h were wrapped by the Ta-foil and va uum-sealed in the
quartz ample, together with the solid state ele trotransport (SSE) method
in ultra-high va uum.
PACS numbers: 81.10.Fq, 74.70.Pq
URhGe with the orthorhombi TiNiSi-type rystal stru ture is a ferromagnet with a Curie temperature TC = 9.6 K and its saturated moment
is 0.35 B /U [1℄. Re ently, super ondu tivity was reported below 0.3 K at
ambient pressure for URhGe [2℄, whi h is ompared to the pressure-indu ed
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super ondu tivity of UGe2 . The relation between ferromagnetism and super ondu tivity is an urgent problem to be laried both experimentally and
theoreti ally. To grow a high-quality sample, we studied the experimental
ondition of rystal growth for poly rystalline and single rystals of URhGe.
The poly rystalline ingot was obtained in a tetra-ar furna e under the
Ar gas atmosphere. The single rystal was grown by the Czo hralski pulling
method in a tetra-ar furna e under the Ar gas atmosphere. A tetra-ar
furna e is a furna e that heats up with 4 ar tor hes. The temperature
of mother liquor in a tetra-ar furna e is more stable than the one in a
onventional tri-ar furna e. The purity of Ar was 99.9999%. Starting materials were 99.95% U, 99.99% Rh and 99.999% Ge. The pulling speed was
10 mm/h in the Czo hralski method. It was de ided from our experien e.
The seed used to prepare the single rystal was the poly rystalline ingot.
Neither the single rystal nor the ru ible was rotated to avoid a mosai
rystal. The ru ible was xed during the pulling pro ess. Figure 1 shows a
single rystal ingot, whi h is 23 mm in diameter and 60 mm in length.

Fig. 1. Single rystal ingot of URhGe.
Annealing is important to get a high-quality sample. In order to determine the best annealing temperature, the poly rystalline samples were ut
from the same poly rystalline ingot, then wrapped in a tantalum foil, sealed
in a quartz tube under va uum of 1  10 6 torr and annealed from 750 to
925Æ C for 50 hours.
To he k the sample quality, we measured the temperature dependen e of
the ele tri al resistivity. The sample quality was determined by the residual
resistivity ratio (RRR) value, RT =0 , where 0 is the residual resistivity
and RT is the resistivity at room temperature. The ele tri al resistivity
was measured by the usual 4-probe DC method.
Figure 2 shows the temperature dependen e of the resistivity for polyrystalline samples with several annealing temperature. The RT values
ranged from 1000 to 1600  m. A steep de rease of the resistivity below
9.6 K in Fig. 3 is due to ferromagneti ordering. The low temperature resis-
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tivity follows the equation of (T ) = 0 + aT 2 . By tting the data to this
equation, we got the 0 value. Thus, obtained RRR value for ea h sample
was plotted as a fun tion of the annealing temperature, as shown in Fig. 2.
The best RRR value was obtained for the annealing temperature of 875Æ C,
where 0 = 38.9  m.
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Fig. 2. Temperature dependen e of the ele tri al resistivity for URhGe samples
with dierent annealing temperatures.
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Fig. 3. Annealing temperature dependen e of the residual resistivity ratio value.
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In the poly rystalline sample in Ref. [2℄, whi h shows super ondu tivity
at 0.3 K, 0 was about 2  m. The present best sample is worse than
the sample in Ref. [2℄. This is mainly due to sta king faults in the present
sample be ause the present sample is brittle. As shown in Fig. 3, the RRR
value de reases steeply above 900Æ C. The main reason is that the annealing
temperature is very lose to the melting point of URhGe. The surfa e of the
sample was olored brown and a small part of the sample was melted.
On the basis of this obtained appropriate annealing temperature, we
annealed the single rystal ingot by the solid states ele trotransport (SSE)
method Ref. [3℄ at 870Æ C and 670Æ C for 1 week under va uum of 8 10 10
torr. The present annealing temperatures 870Æ C means the highest temperature for a middle part of the ingot, whi h ranges from 800 to 870Æ C
in lo ation of the ingot. We measured the resistivity for four dierent single rystal samples from the same ingot with the annealing temperature of
870Æ C for the urrent along the [100℄ dire tion. All the samples showed RRR
' 5 and 0 ' 45  m, whi h is similar to the single rystal value with
RRR ' 4 and 0 = 86.3  m [1℄. For the single rystal ingot with the
annealing temperature of 670Æ C, we got RRR = 10 and 0 = 31.5  m.
This is better than the single rystal sample with annealing temperature of
870Æ C. The appropriate annealing temperature, whi h was obtained for the
poly rystalline samples, is not appli able for the single rystal ingot under
another va uum ondition. In the SSE method, there might be another
appropriate annealing temperature.
In on lusion we determine the 875Æ C for the sample of va uum-sealed
in the quartz sample.
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