Is GaN:Gd a Viable rRoute for Spin Polarized Emitters?
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1. Introduction

GaN:Gd thin films have been grown by Metalorganic
Chemical Vapor Deposition (MOCVD) [1] and these films
were found to be ferromagnetic at RT and electrically
conducting although the mechanism for the ferromagnetism
was not well understood [2]. In this work, we have
completed a systematic investigation of interrelationship of
chemical, magnetic, and electrical properties of GaN:Gd.
First-principle calculations based on density functional
theory have shown that the ferromagnetism was likely
mediated by interstitial oxygen. This was confirmed, in
part, because ferromagnetism was only observed in
GaN:Gd thin films grown using TMHD3Gd, an oxygen
containing metalorganic Gd precursor. It was found that the
GaN:Gd was residually n-type (mid 10*cm®) rather than
the highly resistive material grown using TMs and could be
effectively n-type (Si) or p-type (Mg) doped without losing
their ferromagnetic properties. These Si and Mg Co-doped
GaN:Gd films could then be used for spin-injection into
spin light emitting diodes (LEDs) and other spintronic
devices [3]. Preliminary spin-polarized GaN:Gd-based
LEDs where produced which had a maximum spin
polarization of 14.6% at 5000 Gauss and exhibited
magnetic hysteresis at room temperature (Fig. 1).
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Fig 1: Degree of polarization of EL from Ga,.,Gd,N-based
LED at sequentially applied magnetic fields at RT.

2. Experimental Approach and Results

GaN:Gd and the reference GaN LEDs were both
mounted on a non-magnetic DIP package for functional
testing under magnetic field. This testing was performed in
a Faraday configuration, in which the LED is placed inside
the poles of an electromagnet capable of generating up to
5000 Gauss magnetic field. Current is passed through the
devices, and the resulting electroluminescence (EL) is
collected and focused through a quarter wave (QW) plate.
As expected, no response for was seen for the reference
GaN LED with magnetic field for either Right Circularly

Polarized (RCP) or Left Circularly Polarized (LCP) EL
from these devices. This was not the case for the GaN:Gd
LED which showed a systematic variation of the RCP and
LCP emission in with magnetic field. The primary figure
of merit for a spin LED is the degree of polarization, Pgyin,
which is defined as the difference between the left and the
right circularly polarized light intensities divided by their
sum. A maximum EL polarization of 14.6% was observed
at an applied field of 5000 Gauss at room temperature
showing evidence for spin injection at room temperature.
The final measurement shows a persistent EL polarization
of 9.3% after removal of the applied magnetic field (Fig 1).

3. Conclusions

The microscopic mechanisms for the incorporation of
Gd in GaN and its electrical, optical and magnetic
properties are still subject to extensive scientific research
and debate. Many first-principles calculations based on
density functional theory (including this group) predict that
crystal defects are important contributors to the observed
magnetic moments. The interplay of the electrical, optical
and magnetic properties of GaN:Gd as spin-injection layers
is not well understood and require further investigation.

4. Open Questions

e What is the origin of the colossal magnetic moment
observed by some researchers in GaN:Gd?

e What is the site of the Gd incorporation in the lattice
and does clustering occur?

e What is the role of oxygen for the stabilization of the
ferromagnetism?

e Do these devices exhibit spin injection or is some
other mechanism responsible?
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