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Abstract - Current methods of controlling the magnetization dynamics of a ferromagnetic metal to store information have substantial limitations, especially in regards to processing speed and 
data storage density. Magnetization switching by spin-transfer-torque is a promising phenomenon for the operation of ultrafast nanoscale devices. In our study, we investigated the possibility of 
using optically generated spin current to manipulate the magnetization of a 0.5 nm ferromagnetic layer. The spin current is generated by the rapid demagnetization of a ferromagnetic metal with 
the use of an ultrashort  laser pulse.  To understand the experimental  limitations,  we developed numerical  simulations that  compare the measured temperature dependence of the remnant 
magnetization with the optically generated temperature rises in order to calculate the spin currents in four different ferromagnetic metals: Fe, Ni, Co50Fe50, and Ni43Fe57. From this model, we 
predict that Ni43Fe57 excited with a 100 fs laser pulse with a fluence of 25 Jm-2 can generate a net spin current of approximately 1010 A/s for ~ 0.5 ps. The model also suggests that 1010 A/s is the 
spin current threshold for switching the spin of a 0.5 nm layer of Co50Fe50B. This investigation allows us to explore new outlets of generating spin currents to flip the magnetization of a 
ferromagnetic film on the timescale of a few picoseconds. 
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CONCLUSIONS 

MOTIVATION 
•  Explore new outlets of 

generating spin currents to flip 
the magnetization of a 
ferromagnetic film on 
picosecond timescales.  

•  Describe the physical 
mechanics that control ultrafast 
spin dynamics to enhance 
ultrafast spin-based electronics.  

•  Characterize the optimal 
ferromagnetic material for 
generating high magnitude spin. 
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SPIN GENERATION & DIFFUSION 

Spin Diffusion to CoFeB 
 

•    

•  Only half of the spin current 
generated by each sample is 
transferred to CoFeB. 

•  Js    =  Spin Current 

•  l Fsf  =  Spin Diffusion Length 
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•  Fe 
•  Ni 
•  Co50Fe50 
•  Fe57Ni43 

Spin Generated by FM 
 

•  We obtained the dM/dt data 
using the M(T) and ΔT(t) data. 

•  We assumed dM/dt is 
approximately equal to the spin 
generated by FM (conservation 
of angular momentum). 
  

Optimal Spin Source 

For Spin Switching   
•  Fe57Ni43 

•  Ni 

•  Fe 
•  Co50Fe50 

Sample Laser Power 
[Jm-2] 

Δ Temp 
[K] 

Fe57Ni43 25 220 

Ni 32 278 

Fe 55 487 

Co50Fe50 76 701 

PROJECT OVERVIEW 
Our experiment focused on the subsequent properties: the generation of spin currents driven 
by thermal energy transport, the transit of spin accumulation, and spin manipulation in a 
ferromagnetic monolayer. 

Pump laser is incident on 10 nm thick ferromagnetic metal (FM), which creates an ultrafast 
temperature excursion. FM demagnetizes with an increase in temperature, thereby generating 
a spin current in the Cu layer that is absorbed by CoFeB.  
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SPIN PRECESSION DYNAMICS 
The Landau–Lifshitz–Gilbert equation was essential to understanding the precession dynamics 
of the second ferromagnetic monolayer. 

   ϒ  (M x H) – ϒ  (M x (M x Heff))  + Js   (M x (M x Mfixed)) dM
dt 1+α2 1+α2 Ms(h)
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Js = 109 A/s 
Duration ≈ 0.5 ps  

Js = 1010 A/s 
Duration ≈ 0.5 ps  

[6]

[5]

[7]


