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Goal: to study the effect of spin-polarized current on the
magnetic state of antiferromagnet

Motivation
We know that:

1. Spin-polarized electrons transfer spin torque [1] and
additional magnetization [2] to thin ferromagnetic (FM)
layer thus producing switching or stable precession of
magnetization.

2. The value of electric resistance depends upon the mutual
orientation of two FM layers (GMR effect)

3. The presence of antiferromagnet (AFM) affects the
dependence of GMR versus current and magnetic field
value (experiments [3-5]).

We do not know:

1. How to describe the dynamics of AFM in the presence of
spin-polarized current?

2. What effects could be observed?

. Is there any difference between AFM and FM?

4. Could AFM materials produce GMR effect (see [5])?
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Spin torque in FM (Slonczewski, Berger, [1])

Dynamics of FM in the presence of spin-polarized current [6]:

M = g[MxHM]+aG[M><M]+c7| [Mx[M xpg, ] (1)

. i) T=0

a) 0)

Nature of spin torque: a) free electron is polarized in parallel to
local magnetic moment M — no spin scattering, no spin torque;
b) free electron is polarized perpendicular to local magnetic
moment M, spin scattering induces rotation of M (conservation
of total spin moment), spin torque T is parallel to AM.

Assumptions
In AFM

= AFM order is formed by localized magnetic moments;

® interaction between the conduction electrons and localized
spins (S-d exchange) is short-range;

= free AFM layer is described by macrospins (sublattice
magnetizations My).

Model

Dynamics of each macrospin My is described by LLG equations
of type (1). For the collinear AFM with strong exchange
coupling (M=M;+M, << L=M,-M,) dynamics of AFM vector
can be reduced to equation (a la [7]):
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Lagrange approach

The dynamics of AFM in the presence of spin-polarized current
can be analyzed within Lagrange formalism with the Lagrange
function
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Equations of motion
doL oL  OR

dtol. oL oL (6)
Effects

1. Positive/negative friction: like in FM, spin-polarized
current can compete with internal dissipation (2-d term 1n (4)).

2. Shift of AFMR frequencies & current-induced spin-flop:
If per 18 parallel to EA of AFM, spin-wave spectra are
current-dependent:

QF (k) = (@] + @} )+ K £ fi(0] -] JW1=(1/1,)°, (7)
where % O)=9yK;/ 2. are AFMR frequencies (j=X, Yy). In

contrast to FM, spin current works as nondissipative force and
renormalizes AFMR frequencies!

The critical current of destabilization depends upon
magnetic anisotropy (in FM —by relaxation constant only):

| < lu=glK K, /(2Moo). (8)

Corrections from relaxation (parameter aG)
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3. Spin-flop state: for 4-fold anisotropy (see (5)) another stable
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4. Spin Transfer Oscillator: like in FM, stable rotation of AFM
vector can be stimulated by spin transfer when p.,, is parallel to
“hard” axis (HA). In contrast to FM, critical current depends on
magentic anisotropy
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5. Parametric downconversion: ac current can induce
parametric resonance:
L, + oL, — V2L + @, (0)L, = |, cosat(cgM ., L,, (11)
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In anisotropic AFM the lowest resonance frequency can be as
small asw,, = ‘a)x 0)-a, (0)‘ . Resonance width increases with the

current amplitude:

Aoy = oo, [(1/1,) 1], 1, =(as o) Jom,  (13)

Comparison with experiment

Potential candidates for AFM layer:
FeMn, IrMn (collinear AFM in epitaxial films), FePts;
Mn;NiN, Mn;AgN, Mn;GaN (noncollinear AFM)

Typical parameters:

susceptibility y,-107 (SI units)

magnetization 2poMy=0,1 T

anisotropy K, =10’ J/m’, |K,— Kyloc Ky

quality factor of resonance (inverse damping parameter) 0.1.
Expected threshold field l;0c 10 mA.

Experiments [3,4] loc5+7.5 mA.

All the dynamical effects (e.g., eigenfrequencies of spin waves,
etc) in AFMs are amplified (compared to FM) due to exchange
coupling between sublattices. So, for the AFM and FM samples
with comparable values of resonance frequencies the ratio of
corresponding threshold currents

AFM FM FM
Ithr / Ithr - HA/HOMO

is proportional to AFM anisotropy field Hy < 0.03 T, while
“OMOFM oC 093 +1 T, SO, IcrAFM << IchM-



Conclusions:

1. AFMs can show new (compared with FMs) spin dynamics in
the presence of spin-polarized current. All the spin transfer
phenomena observed in FMs are anticipated in AFMs.

2. Spin-polarized current can induce spin-flop transition, stable
precession of AFM vector and parametric downconversion
in AFM.

3. Spin-wave spectra of AFM are modified in the presence of
spin-polarised current.

4. The values of the threshold currents in AFM should be much
lower than in FM due to "exchange amplification".
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