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Neel spin colossal magnetoresistance

i We succeed to manipulate the spin transmission of an antiferromagnetic
insulator by external
magnetic field which rotates the Neel vector. A new phenomenon "spin colossal magnetoresistance" is

established in this study. This work also lays the foundation for the development of insulator-based
spin current circuit. In addition, the magnetic field angle dependence of the SMR in a heavy

metal/antiferromagnetic insulator bilayer i1s calculated analytically.
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Spin valve is the most important and basic device structure for spintronics, which is applied
in the TMR devices. Another most attractive device design based on the spin valve structure
is the spin transistor, which was proposed by Datta and Das . It holds the potential to replace
the conventional electron-based transistors and great effort has been devoted to its
development. However, the Datta-Das type spin field-effect transistor is found to be very hard
to realize. The main reason is that effective gate voltage control of coherent electron spin
current transport are different to realize. So far, the most successful demonstrations still
work at very low temperature, which is far from commercial applications. Recently, our work
shows magnon in antiferromagnetic insulator can be spin current carrier, which indicates

the possibility of magnon-based spin valve.
2. WHED AR

We aim to realize an antiferromagnetic insulator (AFMI) based magnon spin valve. In this
new type of spin valve, the spin current is carried by magnons instead of electrons, and the
spin current can be turned “ON” and “OFF” by the orientation of the Neel vector of the AFMI.
In this work, we will establish the prototype device design for AFM magnon spin valve, which

opens the possibility for AFMI-based spin transistor.
3. WD FHIE

The spin-current transmission in Cr203 was studied by using atrilayer device that
sandwiched a Cr203 thin film between a magnetic insulator YIG and a heavy metal Pt layer .
Here YIG serves as a spin current source. By using a temperature gradient, V T, along the
out-of-plane direction z, the spin Seebeck effect (SSE) generates a spin accumulation at the
interface of YIG/Cr203, which drives a spin current into the Cr203 layer. Spin currents,
transmitted through the Cr203 layer to the Pt interface, are converted into a measurable

voltage via the inverse spin Hall effect ISHE).
4. WFFURE

1. The spin transmission of Cr203 is found to have a sharp peak around the Neel temperature

as shown in Figure le. The antiferromagnetic phase corresponds to the spin nonconductor,
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and the paramagnetic phase corresponds to the spin conductor phase.
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To realize the control of the spin current On/Off switching in our device, a magnetic field with

an out-of-plane tilting angle is applied during the spin Seebeck measurement, and it is found

that the spin transmission shows a modulation over 500% in the phase transition regime

shown in Figure 2. This effect is named as “spin colossal magnetoresistance” in our paper.

2. We calculated the SMR field angle dependence in uniaxial antiferromagnetic materials.
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The results in Figure 3 show that the Neel
vector will rotate for some angles even when
the magnetic field is below the spin-flop field.
It is very important for us to understand the
Neel vector orientation under external field.
The condition for biaxial antiferromagnetic
material is also calculated. Our work
suggests that it is feasible to use the SMR as
a probe of the antiferromagnetic anisotropy

for insulating materials.
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