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Background/Research Purpose

(i) High thermal stability obtained (ii) Wide operating temperature is possible even above room temperature (iii) Optimal parameters are lower than the zero-temperature limit (iv) Provide a 
way to realize low-cost and fast magnetization reversal
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Analytical model and method

𝜕𝐦

𝜕𝑡
= −𝛾𝐦× (𝐇eff + 𝒉th) + 𝛼𝐦 ×

𝜕𝐦

𝜕𝑡

𝐇eff = 𝐇mw +
2𝐴

𝑀𝑠
𝛻2𝑚 + 𝐻𝑘𝑚𝑧ො𝒛

The stochastic LLG equation,

< ℎ𝑡ℎ,𝑖𝑝 𝑡 > = 0

< ℎ𝑡ℎ,𝑖𝑝 𝑡 ℎ𝑡ℎ,𝑗𝑞(𝑡 + Δ𝑡) > =
2𝛼𝑘𝐵𝑇

𝛾𝑀𝑠𝑉
𝛿𝑖𝑗𝛿𝑝𝑞𝛿 Δ𝑡

Thermal field follows Gaussian process

Numerical results

0 1 2
-1

0

1

0 100 200 300 400 500 600

20

30

40

50

60

70

m
z

t (ns)

 0 K

 10 K

 20 K

 30 K

 40 K

 50 K

 60 K

 70 K

 80 K

 90 K

 100 K

 110 K

 120 K

 130 K

S = 4 ´ 4 nm2 

(a)

(c)

h
 (
n

s-2
)

Temperature (K)

 a=2 nm

 a=4 nm

 a=8 nm

 a=12 nm

(b)

2 4 6 8 10 12

20

25

30

35

40

45

50

55

a (nm)

h
 (
n

s-2
)

0

100

200

300

400

500

600

700

T
m

 (
K

)

0 50 100 150 200 250 300 350

18.0

18.5

19.0

19.5

20.0

20.5

21.0

f 0
 (

G
H

z)

Temperature (K)

 a=2 nm

 a=4 nm

 a=8 nm

 a=12 nm

Hmw=0.045 T

2 4 6 8 10 12

18

19

20

21

a (nm)

f 0
 (

G
H

z)

0

50

100

150

200

250

300

350

T
m
 (

K
)

0 100 200 300 400 500 600

0.020

0.025

0.030

0.035

0.040

0.045

H
m

w
 (

T
)

Temperature (K)

 a=2 nm

 a=4 nm

 a=8 nm

 a=12 nm

f0 =21 GHz

2 4 6 8 10 12

0.020

0.025

0.030

0.035

0.040

0.045

H
m

w
 (

T
)

a (nm)

0

100

200

300

400

500

600

T
m
 (

K
)

0 200 400 600
0.0

0.2

0.4

0.6

0.8

1.0

2 4 6 8
0

500

1000

1500

2000

2500

3000

T
c
 (

K
)

a (nm)

M
s 

(1
06

 A
/m

)

Temperature (K)

 a=2 nm

 a=4 nm

 a=8 nm

Conclusion

Reference
1. M. T. Islam, X.S. Wang, Y. Zhang, and X. R. Wang, “Subnanosecond magnetization reversal of a magnetic nanoparticle driven by a chirp microwave field pulse,” Physical Review B97, 224412 (2018).

2. M.T. Islam, M. A. J. Pikul, and X.S. Wang, “Thermally assisted magnetization reversal of a magnetic nanoparticle driven by a down-chirp microwave field pulse,” Journal of Magnetism and Magnetic Materials 537, 168174 (2021).

Energy landsacape of particle
Magnetization reversal by  
Constant Microwaves

Time-dependent frequency 
profile of microwve field

𝑀𝑈𝑀𝐴𝑋3

Magnetization reversal 
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Saturation magnetization is a function of 
T for different cubic nanoparticles edge


