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Skyrmions at Room Temperature
The temperature range in which the skyrmion phase of Cu2OSeO3 is stabilized has been significantly 
enhanced from a small range, 55−58.5 K, to a large range, 5−300 K, on applying pressures up to 
42.1 GPa.

A skyrmion state is a special state 
observed in non-centrosymmetric 

helimagnets that exhibit topolog-
ically protected spin textures. The 
skyrmion state is considered prom-
ising for information technology, 
ultrarapid spintronics and microwave 
devices because an extremely small 
current is required to modify its spin 
configuration. To facilitate skyrmion 
applications, one great challenge is 
to expand the region of magnetic 
field–temperature phase space of the 
skyrmion state. Researchers have now 
found that the temperature region for 
the skyrmion phase in bulk Cu2OSeO3 
can be greatly enhanced under ap-
plied physical pressure.1

The authors prepared single crystals 
of Cu2OSeO3; after characterizing the 
structure at ambient pressure, they 
measured χ’ac (H)T,P as a function of 
H at varied P up to 42.1 GPa and T 
up to 300 K, as shown in Fig. 1. The 
H–T regions in which the skyrmion 
state occurs at selected pressures, 
for example 2.5, 7.9, 26.2 and 42.1 
GPa, are shown in Figs. 1(a)–1(d), 
respectively. Figure 1 clearly shows 
that the temperature region (TA1,T A2) 
for skyrmions (red shaded areas), or 
ΔT ≡ (TA2−TA1), has been expanded 
from 55 K−58.5 K, that is, ΔT ∼3.5 K, 

Fig. 1:	 ac susceptibility of Cu2OSeO3 as a function of magnetic field at varied critical pressures: (a) 
2.5 GPa, (b) 7.9 GPa, (c) 26.2 GPa, (d) 42.1 GPa. The evolution of the “dip figure” indicates 
that the temperature region for the possible skyrmion state expands under pressure. At 7.9 
GPa, the upper limit of the temperature range, TA2, increases to 300 K, the highest tempera-
ture measured in this experiment. At 26.2 GPa, the lower limit of the temperature range, TA1, 
extends to 5 K. With pressure increasing to 42.1 GPa, the “dip feature” becomes more pro-
nounced while the temperature range remains between 5 to 10 K and 300 K. [Reproduced 
from Ref. 1]

at ambient pressures to 5 K−300 K), that is, ΔT > 290 K, at 42.1 GPa by lowering 
TA1 and raising TA2 to above 300 K via pressure.  The extension of TA2 above 300 K 
above 7.9 GPa makes the skyrmion state accessible without the aid of liquid cryo-
gen for device applications. At the same time, the field region (HA1, HA2) or ΔH ≡ 
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HA2−HA1 remains almost unchanged, keeping the accessible field small, despite the 
great expansion in ΔT. This observation is in qualitative agreement with previous 
reports at low pressures up to 1.4 GPa by Wu et al.2 and up to 5.7 GPa by Sidorov 
et al.,3 who raised TA2 from ∼56 to 60.5 K, and Tc to 75 K, respectively. It is worth 
mentioning that, while TA2 and ΔT are observed to increase smoothly with pres-
sure, they exhibit a drastic increase at 7.9 GPa, indicating a possible pressure- 
induced structural transition. This effect was explored carefully using high- 
pressure X-ray diffraction experiments at TLS 01C2 of NSRRC, as discussed in the 
following. 

Figure 2 shows synchrotron X-ray diffraction (XRD) measurements under high 
pressure that were undertaken to investigate pressure-induced structural tran-
sitions in Cu2OSeO3. Because of the small volume (～0.003 mm3) of the samples 
in a high-pressure diamond anvil cell, the authors decided to implement the 
structural study using synchrotron XRD. Room-temperature synchrotron XRD 
with wavelength 0.6889 Å (18 keV) was performed; the patterns were analyzed. 
As shown in Fig. 2(a), they display cubic phase P213 with lattice parameter a = 
8.9193 Å, consistent with a previous report.4 The same crystal structure persists 
as pressure is increased to 3.96 GPa. However, at 5.28 GPa, new Bragg reflection 
signals emerge, indicating the breaking of crystal symmetry. This pattern was 
indexed within an orthorhombic phase of space group P212121 (losing the three-
fold rotational symmetry) with lattice parameters a = 8.7988 Å, b = 8.7790 Å, c 
= 8.7409 Å. At ∼7.01 GPa, Cu2OSeO3 underwent a second structural transition 
to a monoclinic phase with space group P21 (losing the 21 screw axis symmetry). 
A schematic diagram of relevant pressure-induced structural phases was con-

Fig. 2:	 Pressure dependence of XRD patterns. (a) Evolution of room-temperature synchrotron XRD 
patterns for a polycrystalline Cu2OSeO3 sample under large quasi-hydrostatic pressure up to 
10.47 GPa, indicating multiple structural phase transitions. (b) Schematic diagram represent-
ing the pressure-induced structural phase transitions in Cu2OSeO3. It should be noted that 
1) initial cubic phase P213 transforms into orthorhombic phase P212121 at 5.28 GPa and 2) a 
second structural transition from orthorhombic P212121 to monoclinic P21 phase occurs at 
7.01 GPa. [Reproduced from Ref. 1]

sequently established, as shown in 
Fig. 2(b), in which phases cubic P213, 
orthorhombic P212121 and monoclinic 
P21 are marked in gray, blue and red, 
respectively. The results thus add two 
additional structural phases below 
11 GPa, the limit of the present 
synchrotron XRD experiments, that 
can host the skyrmions. The authors 
concluded that the observation of 
additional structures suggests that the 
skyrmion state might be insensitive to 
the underlying crystal structure.

This work is expected to stimulate 
research to find new skyrmion 
materials with varied crystal structures 
while retaining the skyrmion state 
under ambient temperature and 
pressure conditions. (Reported by 
Ashish Chainani)

This report features the work of Ching-
Wu Chu, H.-D. Yang and their co-work-
ers published in Proc. Natl. Acad. Sci. 
USA 117, 8783 (2020).
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