




Anomalous Hall effect
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Spin-orbit coupling force deflects like-spin particles
Skew scattering:
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Dependences of the resistance on the external magnetic 

field at I = -7 - +7 mA.
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Extraction of ordinary Hall effect contribution from 

resistivity hysteresis loop









Local MOKE magnetization
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Hysteresis loop recorded in MOKE microscope at 

field sweeping rate 1080 Oe/s, 300 K temperature and 

magnetic field lying in-plane. Domain dynamics 

accompanying P+↔AP+ and P-↔AP- transitions.
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Conclusions:

1. In GdFeCo/Ir/GdFeCo synthetic ferrimagnet, analysis of angular dependence of Hall effect allowed to extract contributions of

classic and anomalous to the Hall resistance with their values at in-plane orientation ROHE = 22 m, RSOT = 30 m at room

temperature exceeding compensation point ~ 100 K.

2. The shapes of experimentally determined hysteresis loops of anomalous Hall resistance are well described within a macrospin

model for two antiferromagnetically coupled GdFeCo layers. Minimization of magnetic energy in this macro-spin system

describes the experimentally observed angular behavior of the Hall resistance within full 180° range of the magnetic field

angle.

3. Exposure of the film in a saturating in-plane field leads to reduction of the out-of-plane exchange bias. The effect was found to

be reversible and once the in-plane field is switched off, the out of-plane exchange bias slowly returns to its initial value with a

characteristic relaxation time ~30 min. Comparability of the exchange bias relaxation time with the typical durations of

magnetic domain propagation in the synthetic ferrimagnets paves a way for a new generation of antiferromagnetic spintronics

devices, in which the magnetic relaxation times for antiferromagnetic and ferromagnetic subsystems are synchronized.

We acknowledge funding from the Ministry of Science and Higher 

Education of the Russian Federation (Grant No. 075-15-2020-779).



Supplemental Material





-20 -10 0 10 20

-175

0

175

 15 K

 20 K

 25 K

 30 K

 35 K

 40 K

M
 (

em
u

/c
m

3
)

H (kOe)

(b)
Out-of-plane

Temperature

 2 K

 3 K

 4 K

 6 K

 8 K

 10 K

-20 -10 0 10 20

-90

0

90

 160 K

 170 K

 180 K

 190 K

 200 K

 210 K

M
 (

em
u

/c
m

3
)

H (kOe)

Temperature

 50 K

 75 K

 100 K

 130 K

 140 K

 150 K

-10 0 10

-120

0

120

 280 K

 290 K

 300 K

 310 K

 320 K

 330 K

M
 (

em
u

/c
m

3
)

H (kOe)

Temperature

 220 K

 230 K

 240 K

 250 K

 260 K

 270 K

-2 -1 0 1 2

-120

0

120

M
 (

em
u

/c
m

3
)

H (kOe)

Temperature

 340 K

 350 K

-20 -10 0 10 20

-90

0

90

 25 K

 30 K

 40 K

 50 K

 75 K

M
 (

em
u

/c
m

3
)

H (kOe)

In-plane

Temperature

 6 K

 8 K

 10 K

 15 K

 20 K

-20 -10 0 10 20

-120

0

120

 300 K

 330 K

 350 KM
 (

em
u

/c
m

3
)

H (kOe)

Temperature

 100 K

 150 K

 200 K

 250 K

Magnetic hysteresis recorded at different temperature for 

different temperatures in SQUID magnetiometer, which 

magnetic field is directed perpendicular to the sample plane. 

Upper panel (a) demonstrate magnetic moment m, down panel 

(b) demonstrates magnetization M.



-4 -2 0 2 4

0

20

40

60
I = 

 

 

R
 (

m


)

H (kOe)

 1 mA

 4 mA

 7 mA

 -1 mA

 -4 mA

 -7 mA

Dependences of the resistance on the external magnetic 
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Time dependence of the Hall 

voltage during pulsed current 

switching between I = -1 mA and 1 

mA. Pulse duration was 1 s.
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Dependences of the anomalous Hall effect on the magnetic 

field, recorded after 0 (1), 5 (2), 15 (3), and 30 min (4) after 

rotation of the sample (a). Switching fields enlarged (b). Line 

(5) corresponds to the dependence of the anomalous Hall effect 

on the magnetic field in the initial sample not subjected to 

saturation in parallel magnetic fields.




