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What isa skyrmion?

A skyrmrion is a topologically protected quasiparticle,
where the magnetic noments are arranged two-
dimensionally in a spiral fashion and is related to helical
domains is a one-dimensional structure with megnetic

noments canted

Qu,050; is the first muttiferroic meterial shown to host
skymmion The skyrmions are stable at a narrow
tenrperature and magnetic field range (57 Kand 200 Ce).
These skyrmrions are packed hexagonally.'?

Magnetic skyrmions could provide a new novel data
storage devices that is faster, more stable and energy
efficient than currently used magnetic hard drives. Recent
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studies have also shown that it is possible to insert and g1, mlcaldmun(tcp) skymrion

delete a skyrmrion with an injection of electrons®

CQu,05e0; consists of magnetically active
Q2" ions with two different site, Qul site
being trigonal bipyramidal and Qu2
square pyranidal. The magnetic moment
o the Qu sites are arranged where the

CQul and Q.2 sites consist of a 3up-1down 1

Crystal Synthesis

Single crystals were grown by chemical
vapour  transpot.  Soichiometric
amounts of precursor were sealed in a
quartz tube with transport agent
(NH,Q). Large dark green crystals were
obtained  with  larger  crystals
synthesized by leaving in the fumace
for a longer period

Hemental Analysis

(iddle) and hexagonally packed
skyrmvion lattice!

»C

structure and is a large contributor to *;,
the formetion of the magnetic helical
dormains and skyrmrions 45

Fig 2 The crystal () and
magnetic structure (r) of
050,
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Fig 3. Schenratics of two-zone fumace used to grow 0,050,

The Te content wes deternrined using both neutron and X-ray diffraction along with
energy dispersive spectroscopy (ED5) and inductively coupled-mess spectroscopy (ICP-
MS). The EDS and ICP-MS shows that Te was successfully doped into the crystals

Fig 4 Scherratics of two-zone furace usedlto growQu, 050,

Table'. Te content obtained fromEDS.

Nominal Doping Te content

Pure Cu;05e0; 0%

5%Te doped Cu;0Se,..Te,0; (453

10% Te doped Cu0Se,..Te,0 33%

20%Te doped Cu;0Se,..Te,0 B

30% Te doped Cu;0Se,..Te,0 7.2%

50%Te doped Cu;0Se,..Te,0 s
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Improving the skyrmion
stability range in Cu,05e0,

Fgure 5. Photo of Ou,05e0; single crystal and
crystal structure nodelled using VESTA®

Scattering Sury Low Terrp Fys 200

Structural Analysis Trer t e 0y

X-ray and Laue Neutron diffraction were both enployed to study the 1. |
aystal structure of the crystals from room tenrperature and the Sl
effects of temmperature as well as determine the Te doping Single Pl
arystals of pure and doped Qu,05¢0; were also analysed using the
Laue Neutron Dffractometer KOALA at ANSTO. The data sets were
reduced and corrected using the program LaueG and subsequently
solved and refined using SHALX"8

Fg 6 C\J—Q.lciﬁancsasafuum
of tenrperature

XRD data showed that Te was successfully doped into the crystal

structure with approximately Y actually doped of the nominal doped H |

Measurements for XRD down to 100 K and Laue Neutron DOffraction e r——a ]
down to 10 K revealed no significant structural distortion from room S '
tenrperature, no significant changes to the Qu-Cu distances and

retained the cubic structure.

Fig 7. Te content derived fromXRD&
Laue Neutron Diffraction

Magnetic Feld-Termperature phase diagram

Small angle neutron scattering (SANS) was used to detect the
magnetic structures in the single crystals. The polarized neutrons are
diffracted from the regular structure resulting in a reciprocal space
diffraction pattern (for a hexagonally packed skyrmion phase this is a
ring of 6 intensity peaks The tenrperature-magnetic field phase
diagram mapping was conpleted using the SANS instrument GUOKKA

Fg 8 Selected SANS scans of pure Qp05e0; at
Fig 8 &9. shows selected scans at various tenrperatures and magnetic Various tenperatures and megnetic field.
fields The pure crystal wes orientated along the 100 direction and 10%
Te doped Qu,05¢0;. In the skyrmrion stability range there is a ring of
intensity indicating that there is muitiple skyrrvion lattice orientated
differently.

The effect of doping is evident in the phase diagranms below with an
increase in nominal Te doping resulting there is an increased stability
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range for both the helical domain and skyrmrion phase up to 20% Q(0°A) g (0°A) g (10°AY)

norrinal doped For the 50% nonrinal doped the helical domein
increases however the skyrrion phase appears to decrease in stahility

Fig 9. Selected SANS scans of 10% nanrinal Te doped
Qu,05e0; at various terrperatures and negnetic
field
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Fig. 10 Magnetic fi pure, 5% 10%, 20% and 50% norvinal Te doped 01020, under a zero-feld cooling

Terrperature ph
What Next?

CQu,0Se0; was shown to retained the cubic space group /2,3 down to 10 Kas well as upto 10% Te doping. Though
further studies are still needed to determrine the homogeneity of the synthesis method. The exact Te content needs
to be accurately determrined using techniques such as ICP-MS The use of Te doping dranstically effected the

skyrmrion stability range.

Further study would involve the synthesis, structural and magnetic studies of Qu site doping with various transition
nretal dopants. Previous studies on polycrystalline doped Ou,05¢0; has shown that doping influences the stability
range of the skyrmrion range with shifts and enlarged stability range.
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