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1 Introduction Transition metal multilayers have re-
ceived a renewed interest lately with the search for current-
driven spin–orbit torques [1, 2] and thermally-driven spin 
transport [3] in these systems. While bulk transition metal 
ferromagnets possess an anomalous conductivity tensor – 
hence displaying anisotropic magnetoresistance [4] and 
anomalous Hall transport [5] –, it has been recently real-
ized that ultrathin films also display a peculiar form of the 
conductivity tensor. In particular, it has been shown that 
multilayers involving heavy metals possess a sizable ani-
sotropic magnetoresistance with symmetries different from 
the one traditionally found in bulk ferromagnets [6]. While 
anisotropic magnetoresistance in bulk polycrystalline films 
[4] depends on the angle between the flowing current cj  
and the magnetization direction, ,m  i.e. 2

c( ) ,◊m j∼  in ultra-
thin films an additional (interfacial) anisotropic magne-
toresistance emerges that depends on the angle between the 
magnetization and the direction transverse to the current 
flow, 2

c[ ( )] ,◊ ¥m z j∼  where z is the normal to the multi-
layer interfaces. Various origins have been proposed to ex-
plain this effect, such as anisotropic spin scattering arising 
from semiclassical size effect [6], interfacial Rashba spin–
orbit coupling [7] and spin Hall effect taking place in the 
normal metal adjacent to the ferromagnet [8]. Now con-
firmed in a wide range of transition metal magnetic bilay-

ers [9], this effect is usually designated under the broad 
name of “spin Hall magnetoresistance” (SMR). 

The research reported to date on the transport proper-
ties of ferromagnets has recently been extended to anti-
ferromagnets, where spin–orbit torques [10, 11] and spin 
Seebeck effect [12] have been explored. The field of anti-
ferromagnetic spintronics is now blooming, bearing prom-
ises for potential spin-based devices [13, 14]. In his Nobel 
lecture, Néel stated that any properties of ferromagnets that 
are even under magnetization reversal should also exist in 
antiferromagnets [15]. As a matter of fact, bulk anisotropic 
magnetoresistance [16], as well as tunneling anisotropic 
magnetoresistance [17] have been observed in several me-
tallic antiferromagnets already and signatures of spin–orbit 
torques have been reported in antiferromagnetic bilayers 
[18, 19]. In this work, using a recently derived drift-
diffusion model [20], we compute the spin Hall magne-
toresistance in a metallic bilayer composed of an anti-
ferromagnet adjacent to a normal metal. Such an effect has 
been recently reported in insulating antiferromagnets [21].  

 
2 Model The system we consider is depicted in Fig. 1. 

A collinear, bipartite antiferromagnet (yellow) is deposited 
on top of a normal metal (green). The current is injected 
along x and the interface is normal to z. The antiferromag-  

We investigate the emergence of spin Hall magnetoresistance
in a magnetic bilayer composed of a normal metal adjacent to
an antiferromagnet. Based on a recently derived drift-
diffusion equation, we show that the resistance of the bilayer
depends on the relative angle between the direction transverse 

 to the current flow and the Néel order parameter. While this
effect presents striking similarities with the spin Hall magne-
toresistance recently reported in ferromagnetic bilayers, its
physical origin is attributed to the anisotropic spin relaxation
of itinerant spins in the antiferromagnet. 
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Figure 1 Schematics of the antiferromagnetic bilayer. The anti-
ferromagnet (AF – yellow) is adjacent to a normal metal (NM – 
green). Due to spin–orbit coupling inside the normal metal, a 
flowing charge current along x (thick white arrow) creates a spin 
current flowing along z and polarized along y (thick pink arrow). 
The small black arrows represent the magnetic moments in the 
antiferromagnet. 

 
net possesses  a  G-type  (checkerboard)  magnetic  con-
figuration, characterized by its Néel order parameter n. 
The normal metal possesses spin–orbit coupling so that a 
spin Hall effect emerges: a flowing charge current cj  cre-
ates a spin current s sh c( / ) ,z

ie= ¥e jθJ  where s
iJ  is the i-th 

spatial component of the spin current and shθ  is the spin 
Hall angle. Notice that sJ  is a 3 × 3 tensor, while cj  is a 
three dimensional vector. The spin diffusion equations in 
the normal metal read [22]  

s N
sf

1/i
ie- ∂ = ,μ

τ
J N  (1) 

N
s N sh c( )i

i ie = - ∂ + ¥— .eσ μ θ μJ  (2) 

Here c ( )μμ  is the scalar (vector) of spin-dependent (spin-
independent) electrochemical potential, N  is the density 
of states and Nσ  is the conductivity in the normal metal.  

In a recent work, we derived the drift-diffusion equa-
tion for collinear, bipartite antiferromagnets based on 
quantum kinetic principles [20]. In this model, the metallic 
antiferromagnet is composed of two magnetic sublattices, 
say A and B, aligned antiferromagnetically with each other. 
The spin-dependent electrochemical potential on each 
sublattice can be written ,A B, = ±μ μ μδ  where μ  is the  
uniform component averaged over the unit cell, while μδ   
is the staggered component. Since the spin Hall magne- 
toresistance is driven by the modulation of the (uniform) 
spin-dependent electrochemical potential μ in the normal 
metal (see below), the staggered spin-dependent electro-
chemical potential μδ  in the antiferromagnet does not play 
any explicit role in the effect we are interested in. Hence, it 
is sufficient to compute the spatial profile of the uniform 
spin-dependent  electrochemical  potential  μ through  the  

structure. In the antiferromagnet, it  fulfills  the  following 
drift-diffusion equation [20]  

s AF AF
sf

1 1/ ( )i
ie- ∂ = ¥ ¥ + ,n μ n μ

ϕτ τ
J N  (3) 

where the first term in the right-hand side, AF1/ ,∼ ϕτ  amounts 
for the spin dephasing that relaxes only the spin component 
that is transverse to the Néel order parameter, while the 
second term, AF

sf1/ ,∼ τ  is the conventional isotropic spin re-
laxation (driven by spin–orbit coupling, magnetic impuri-
ties etc.). The left-hand side involves the spatial gradient of 
the spin current density s ,iJ  defined as  

i AF AF
s || ( ) ( ) ,i ie σ σ^= - ∂ ◊ - ¥ ∂ ¥μ n n n μ nJ  (4) 

where AF
||( )^σ  is the conductivity of carriers whose spin lies 

along (perpendicular to) the Néel order parameter n.  
Phenomenologically, one can understand Eqs. (3) and 

(4) in the following way: When itinerant spins enter an an-
tiferromagnet, they precess and dephase around the local 
magnetic moments of each sublattice. Since these local 
moments are staggered, the spin precessions on the two an-
tiferromagnetically aligned sublattices compensate each 
other so that no effective spin precession takes place at the 
level of the unit cell. In contrast, the spin dephasing adds 
up on opposite sublattices and does not cancel over the unit 
cell. As a result, Eq. (3) resembles the spin diffusion equa-
tion in ferromagnets, except that the spin precession term 
is absent. In other words, the drift-diffusion equations that 
govern the transport of the uniform spin-dependent elec-
trochemical potential μ  in antiferromagnets, Eqs. (3) and 
(4), are quite similar to that in a normal metal except they 
are anisotropic with respect to the Néel order parameter n.  
We now compute the spin-dependent electrochemical po-
tential profile in the antiferromagnetic  bilayer  depicted in 
Fig. 1. For the boundary conditions, we neglect interfacial 
spin-flip so that s s0 0| | .z z

z z- += ==J J  Notice that interfacial 
spin-flip can be added by hand but renders the analytical 
expressions cumbersome. Since the spin transport in the 
antiferromagnet is anisotropic, we also consider an anisot-
ropic interfacial resistivity such that  

AF N || s( ) zr- ◊ = ◊ ,μ μ n nJ  (5) 

AF N s[( ) ] ( )zr̂¥ - ¥ = ¥ ¥ ,n μ μ n n nJ  (6) 

where ||( )r ^  is the interfacial resistivity for spins parallel 
(transverse) to the Néel order parameter. No spin current 
flows through the outer boundaries, 

N AFs s| | 0,z z
z d z d=- == =J J  

where Nd  and AFd  denote the thickness of the normal metal 
and antiferromagnetic  layers,  respectively. We obtain the 
spin-dependent  electrochemical  potential  in  the structure   

AFAF
N AFN AF

|| sh sf || 1sh sf NAF
N

N AF N AFc sf
|| ||AF AFN N

||sf sf

coshcosh
( ) 1 cosh

cosh cosh1 tanh 1 tanh
y

x

z dz d
dnd d d d

γ θ λ λγ θ λ λ
μ λγ η γ η

λ λλ λ

-^ ^

^ ^
^

--È ˘
Í ˙ Ê ˆÍ ˙= - ¥ ¥ + - ,Á ˜Ë ¯— Í ˙+ +Í ˙Î ˚

μ n y n n  (7) 
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N
N
sf

N N
|| ||N N N N N N N

N sf sf sf sf sf sf sh sf

N Nc
|| || N N

sf sf

sinh cosh cosh sinh cosh cosh
( )

1 tanh 1 tanh cosh
yd

x

z d z dz z z z

nd d
λ

γ η γ η
μ λ λ λ λ λ λ θ λ
μ γ η γ η

λ λ

^ ^

^ ^

+ +È Ê ˆ Ê ˆ ˘+ - + -Á ˜ Á ˜Í ˙Ë ¯ Ë ¯Í ˙= - ¥ ¥ + .
— +Í ˙+Í ˙Î ˚

n y n n  

 (8) 
 

 
where  

AF AF AF
AF1 ( / ) tanh drα α α α
α

η σ λ
λ

= + , (9) 

AF N 1 AF
N sf AF( / ) tanh d-= ,α α α

α

γ λ σ λ σ
λ

 (10) 

with || .= , ^α  Notice that 1cosh 1/ coshx x- =  and 
1tanh 1/ tanh .x x- =  We defined  

AF AF AF
|| || sf= ,λ τD  (11) 

AF AF AF AF
sf/(1/ 1/ ) ,^ ^= + ϕλ τ τD  (12) 

where AF AF 2
||( ) ||( ) / .e^ ^= σD N  Assuming that AF AF

|| ,^=D D  we 
obtain AF AF AF AF

|| sf/ 1 / :^ = + ϕλ λ τ τ  the stronger the spin 
dephasing, the larger the anisotropy of the spin relaxation. 
Finally, the charge current flowing through the normal 
metal reads [22]  

c N c sh Nx x y= - ∂ - ∂ ,j σ μ θ σ μ  (13) 

and therefore, the spin Hall magnetoresistance is given by 
the change in yμ  profile when the Néel order changes di-
rection.  
 

3 Numerical results Let us now compute the spin-
dependent electrochemical potential and the associated 
spin Hall magnetoresistance. For simplicity and in the ab-
sence of detailed experimental data, we neglect the anisot-
ropy in both conductivity and interfacial resistivity and 
only consider the impact of spin dephasing in the anti-
ferromagnet. We choose AF AF 3 2 1

|| 0 4 10 m s ,- -
^= = . ¥D D  

||
AF AF

^= =σ σ  6 1 1
N 10 Ω m ,σ - -=   and 2.

|| 0 3 mΩ μm .r r̂= = .  
Finally, for the spin relaxation and dephasing times, we 
choose N 14

sf 6 10 s,-= ¥τ  AF 14
sf 10 s-=τ  and AF 1510 s,-=ϕτ   

such that N
sf 5 nm=λ  (unless stated otherwise), AF

|| 2 nm=λ   
and AF 0 6 nm.^ = .λ   The magnitude of the spin relaxation 
and dephasing lengths are consistent with recent experi-
mental reports [23, 24].  

The spatial profile of the spin-dependent electrochemi-
cal potential yμ  through the structure is given in Fig. 2 for 
two configurations of the magnetic order, 1yn =  (solid 
line) and 0yn =  (dashed line). In the normal metal (N), yμ  
is driven by spin Hall effect, while in the antiferromagnet 
(AF) yμ  simply relaxes with different decay rates depend-
ing on the direction of the Néel order parameter. Therefore, 

the change in spin-dependent electrochemical potential is 
associated with the anisotropy of the spin relaxation length 
characteristic of collinear antiferromagnets.  

Injecting Eq. (8) into Eq. (13), one obtains the expres-
sion of the spin Hall magnetoresistance,  

2
1 N 2N

|| || sf N shN
sf

N N
|| || N N

sf sf

( ) 1 cosh

1 tanh 1 tanh
xx

d

d d

-
^ ^

^ ^

Ê ˆ- -Á ˜Ë ¯
D = .

Ê ˆ Ê ˆ+ +Á ˜ Á ˜Ë ¯ Ë ¯

γ η γ η λ σ θ
λσ

γ η γ η
λ λ

 (14) 

The longitudinal conductivity is simply N Nxx dªσ σ  
2

AF AF sh( ).d O+ +σ θ  More specifically, the spin Hall magne-
toresistance is proportional to the anisotropy of the spin 
transport in the antiferromagnet,  

AF AF
|| 1 1AF AF

||AF AF
|| ||

tanh tanhxx

xx

d d r r- -^
^

^ ^

D - + - .∼
λσ λ

σ σ σλ λ
 (15) 

Equation (14) presents striking similarities with the one 
derived in ferromagnetic bilayers [9]. By comparing 
Eq. (14) given above with Eq. (1) in Ref. [9], one can define 
an effective spin mixing conductance for the interface be-
tween the normal metal and the antiferromagnet, such that  

AF
AF

AF AF2Re tanh dG≠Ø ^

^ ^

= .σ
λ λ

 (16)  

 

 
Figure 2 Spatial profile of the spin-dependent electrochemical 
potential yμ  when the Néel order parameter lies along (solid line) 
and normal (dashed line) to the direction c.¥z j  In these calcula-
tions, N 10 nm,d =   and AF 5 nm.d =  



4 A. Manchon: Spin Hall magnetoresistance in AFM/normal metal bilayers 

 

© 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim  www.pss-rapid.com 

st
at

u
s

so
lid

i

p
h

ys
ic

a rrl

Physically, the real part of the spin mixing conductance is 
associated with the amount of spin transfer occurring at the 
interface between a normal metal and a magnetic metal 
[25]. It is therefore reasonable to associate this quantity 
with the absorption of the transverse spin component, as 
explicitly given by Eq. (16). This relation is revealing as 
the spin Hall magnetoresistance in ferromagnetic and anti-
ferromagnetic bilayers arise from the same source, i.e. the 
different interfacial spin resistance when the (ferro or anti-
ferro) magnetic order lies along the direction c¥z j  or 
normal to it. As a consequence, there is formally no differ-
ence in the physics of spin Hall magnetoresistance in 
ferromagnets and collinear antiferromagnets. Recent  
theories have computed the spin mixing conductance for 
special cases of antiferromagnets [26, 27]. With our set of  
parameters, we obtain 14 1 28 10 Ω mG≠Ø - -ª ¥  (for 

AF
AF ),d ^λ  a value comparable to that of metallic ferro-

magnets [28], and to the one recently extracted at Pt/FeMn 
interface [29] 14 1 2( 5 5 10 Ω m )G≠Ø - -. ¥∼  or even Pt/YIG 
interface [30] 14 1 2( 7 7 10 Ω m ).G≠Ø - -. ¥∼  Notice that the 
mixing conductance reported for Pt/SrMnO3 has a smaller 
value [31] 13 1 2( 10 Ω m ).G≠Ø - -∼    

Figure 3(a, b) represents the spin Hall magnetoresi-
stance as a function of the thickness of (a) the normal metal 
and (b) the antiferromagnet. The dependence as a function 
of the normal metal thickness shows a peak, which reveals 
a competition between the progressive build-up of the spin 
Hall effect in the normal metal (for N

N sf )d < λ  and the 
shunting of the current (for N

N sf ).d > λ  The dependence as a 
function of the antiferromagnet thickness shows a similar 
behavior with a sharp increase at small thicknesses, corre-
sponding to the quenching of the transverse spin-dependent 
electrochemical potential in the antiferromagnet (for 

AF
AF ),d ^< λ  and a slow decay corresponding to the shunting 

of the current through the antiferromagnet (for AF
AF ).d ^> λ   

 
4 Discussion and conclusion The spin Hall magne-

toresistance discussed in this work should be observable in 
any multilayers involving collinear antiferromagnets. The 
experimental observation of this effect requires manipulat-
ing the Néel order parameter, which can be achieved using  

 

 
Figure 3 Spin Hall magnetoresistance ratio as a function of the 
thickness of (a) the normal metal (with AF 5 nm)d =  and (b) the 
antiferromagnet (with N 10 mm).d =  In these calculations, the 
spin relaxation length of the normal metal has been taken at 

N
sf 2λ =  (black), 5 (red) and 10 nm (blue), respectively. 

exchange bias with a proximate ferromagnet [17], field-
cooling procedure [16, 32], or spin–orbit torque in the case 
of non-centrosymmetric antiferromagnets [10]. Noticeably, 
this effect has been observed in bilayers involving an insu-
lating antiferromagnet such as Pt/SrMnO3 [21] and should 
be observable with other antiferromagnetic insulators such 
as NiO, CoO, Cr2O3 etc. In these materials, the interfacial 
mixing conductance is associated with the absorption of 
the spin current mediated by (coherent or incoherent) spin 
waves inside the antiferromagnetic insulator [27, 33]. Re-
cent experiments suggest that the absorption length can be 
quite large [34–36] (up to 10 nm in NiO [34]), and the as-
sociated mixing conductance can be much larger than their 
ferromagnetic counterpart due to its high temperature sen-
sitivity [12, 37]. Lately, two reports investigated the behav-
ior of spin Hall magnetoresistance upon the insertion of a 
NiO layer at the interface between YIG and Pt films [38, 
39]. Since NiO carries spin information through spin 
waves, it is unclear whether NiO is at the origin of the 
magnetoresistive signal or whether it simply mediates the 
spin information to the YIG. Spin Hall magnetoresistance 
has also been reported in metallic FeMn/Pt [29]. In this 
work, FeMn presents a residual magnetization (it is not a 
pure antiferromagnet per se) and the spin Hall magnetore-
sistance signal scales with the residual magnetism. Re-
cently, “electroresistance” has been reported in the same 
material, although its relation to spin Hall magnetoresist-
ance remains unclear [31].  

Finally, an interesting question that remains to be ad-
dressed is whether spin Hall magnetoresistance could be 
observed in non-collinear antiferromagnets. A simple-
minded argument suggests that as long as a magnetic order 
parameter can be defined, spin Hall magnetoresistance 
should emerge, respecting the symmetries of the anti-
ferromagnetic overlayer. Nevertheless, a thorough investi-
gation of realistic systems is necessary.  

In conclusion, we have showed that bilayers composed 
of a collinear antiferromagnet adjacent to a normal metal 
with spin–orbit coupling exhibit spin Hall magnetoresistance, 
similar to their ferromagnetic counterpart. In our model, the 
mechanism responsible for this effect is the anisotropic re-
laxation of itinerant spins inside the antiferromagnet with re-
spect to the Néel order parameter. Several experimental 
methods have been recently used to investigate the emer-
gence of anisotropic magnetoresistance in bulk collinear an-
tiferromagnets, indicating viable routes for the detection of 
antiferromagnetic spin Hall magnetoresistance.  
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