Catalyst-free MBE growth of Mn doped GaAs nanowires on silicon substrates
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Possible methods of formation of as-grown GaMnAs nanowires

low temperature GaMnAs MBE growth on GaAs(100)
with segregated MnAs dots as NW growth catalyst

high temperature GaAs:Mn MBE growth on Si(100)
with Ga droplets inducing the NW growth
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SEM - Si(100) substrate with Ga droplets

Continuing the MBE growth with segregated MnAs
leads to formation of nanowires

deposited in the MBE growth chamber
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GaAs nanowires 45 ° tilt view

GaAs nanowires side view  NW tip: SEM TEM

MBE growth with As, , Ga and Mn fluxes at high substrate temperature (600 °C)

'é 0 = AB24
3 g ] GaMnAs nanowires
o, § 1 H=200e II[110]
g ]
H 02 g
Eon &1
2 ool = -1
"0 20 40 e & 100 120 140 -300-200-100 0 100 200 300
Position along the nanowire [nm] H [0e]
E 1 GaMnAs:aBr%;vlra
5 1
&
&
GaMnAs NW samples grown with é
segregated MnAs are ferromagnetic £

but NWS are disordered,

have needle-like shapes and branches

Optical measurements
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GaAs:Mn nanowires: TEM, Mn composition mapping .

in the Ga droplet

Mn in the main part of NW — below the detection limit of TEM

CONCLUSIONS:
Mn doped GaAs nanowires were grown by the two methods:
(1)- low temperature MBE growth of GaMnAs with MnAs segregation
(2)- high temperature MBE growth of GaAs:Mn on Si(100) with Ga nanodroplets
type (1) NWs - ferromagnetic (probably), very disordered, bad optical properties
type (2) NWs - much better structural properties, Mn in doping concentrations,
better optical properties
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