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(Ga,Mn)N
@ Free holes: RT-FM?
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Introduction
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Introduction

Search for secondary phases

Microscopy

GaN (GaMn)Ny
@ EELS
@ HRTEM

=
o
T

(10%e)

o wu
T

B0 60 60 60 60 o0
Energy (eV)

[Bonanni,..., AG,..., PRB 2011,

Stefanowicz,..., AG,..., PRB 2010]

Grois et. al Exchange interactions in Ga{ _ , MnxN



Introduction

Search for secondary phases
Lab- and Synchrotron X-rays
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Interaction of Mn 3d-states with GaN bands, Xy, <

Strong or weak coupling, effect on the band gap
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Interaction of Mn 3d-states with GaN bands, Xy, <

Strong or weak coupling, effect on the band gap
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Interaction of Mn 3d-states with GaN bands, Xy, <

Giant Zeeman Splitting
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Interaction of Mn 3d-states with GaN bands, x\;, < 1%

Giant Zeeman Splitting
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Interaction of Mn 3d-states with GaN bands, Xy, <

Giant Zeeman Splitting
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Interaction of Mn 3d-states with GaN bands, x\;, < 1%

Giant Zeeman Splitting
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Interaction of Mn 3d-states with GaN bands, x\;, < 1%

Conclusion

As predicted by theory in [Dietl, PRB 2008]:

@ Band gap of (Ga,Mn)N increases with Mn concentration
@ Apparent p — d exchange integral 5" has nonstandard
@ sign
e value

@ (Ga,Mn)N: Strong coupling

@ Bound hole state at Mn ions
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Interaction between Mn ions, x\p, > 1%

Simulated exchange energies
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@ Magn. Mn-Mn interaction
without free carriers
@ Numerous predictions:

@ short ranged
e ferromagnetic

Lack of experimental values J
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Interaction between Mn ions, x\p, > 19

Magnetisation curves modified by Mn-Mn interaction
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Interaction between Mn ions, x\p, > 1%

Curie Constant
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Interaction between Mn ions, x\p, > 1%

Curie Temperature
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(Ga,Mn)N
Interaction between Mn ions, X\, > 1% (Ga,Mn)N:Si

Codoping of (Ga,Mn)N with Si
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Interaction between Mn ions, x\p, > 1%

Magnetisation curves of (Ga,Mn)N:Si
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Interaction between Mn ions, X\, > 1% (Ga,Mn)N:Si

Magnetisation curves of (Ga,Mn)N:Si
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(Ga,Mn)N
Interaction between Mn ions, X\, > 1% (Ga,Mn)N:Si

Conclusion

Mn3*: Ferromagnetic superexchange

@ Curie Constant higher than for noninteracting Mn
@ Millikelvin SQUID: Hysteresis opens, Tc can be measured

Mn2*: Antiferromagnetic superexchange

@ indicated by saturation behaviour
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Outlook

Outlook
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@ Increase carrier concentration
@ Modulation doping
@ 2D hole gas

Interaction without carriers

e weak coupling
e / @ Knowledge of interactions

@ Control FM/AF by codoping

@ Detailed study of phase
TM concentration, DOS —> transitions

[Dietl, PRB 2008]
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Giant Zeeman Splitting

Hexc = EO + Hvb + He—h + HZ,dia + Hs,p—d (1)
He—n = —R"+27Sc- Sh )
Hraa = psB (geSZ + 28, — (3R + 1) /;) + dB? 3)

Hs,p—d = _NOXeff <§(B)> . (geaapp + §h5app) (4)
Ho = - (51) (lﬁz - 1) — 2Dz, Sn, — 203 (I, Sh, + I Sn,)  (5)
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Band Structure

Waurtzite Energy
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[http://www.matprop.ru/GaN_bandstr#Basic%20wurtzite]
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Photoluminescence Spectra
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Sample Structure

Mn-doped layer (850 °)

Buffer layer (1050 °)

Nucleation layer (540 °)
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EXAFS/XANES data
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Near-edge peak fit for x~1%. First two
are spin up and down t, states of a d*
shell, second two are critical points in
conduction bands. Inset: Comparison
to MnO, Mn, O3 , MnO» (ds, d4, da).
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Mn k-edge EXAFS for x~3%
Homogeneous sample has 0.2+0.4
Mn neighbours, no interstitial Mn is
visible
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