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Superparamagnetic tunnel junctions (s-MTJs) are gathering attention as a key element for probabilistic 

computers [1-4]. The temperature dependence of the s-MTJ properties is of importance because the stability 

of their bit states changes with the operation temperature, affecting the computation performance. In this 

work, we investigate the relaxation time of the s-MTJs at different temperatures. 

A stack structure, Ta (5)/ Pt (5)/ [Co (0.4)/ Pt (0.4)]6.5/ Ru(0.4)/ [Co (0.4)/ Pt (0.4)]2.5/ Ta (0.2)/ CoFeB 

(1.0)/ MgO (1.1)/ CoFeB (1.5)/ Ta (5)/ Ru (5) (thickness in nm), is deposited by dc/rf magnetron sputtering. 

Both the bottom and top CoFeB layers show a perpendicular easy axis. The stacks are processed into circular 

MTJs by electron beam lithography and Ar ion milling and annealed at 300oC for 1 hour. The typical tunnel 

magnetoresistance ratio and the resistance area product are 77% and 11 Ωμm2, respectively. The magnetic 

moment of the bottom CoFeB is fixed by the synthetic ferrimagnetic multilayers, and the magnetic moment 

of the top CoFeB layer is designed to fluctuate at room temperature.  

We measure rf transmitted voltage and the time-averaged (dc) resistance R of the s-MTJs at measurement 

temperatures 20oC ≤ T ≤ 120oC and perpendicular magnetic field Hz. By the rf transmitted voltage, we 

determine the relaxation time ave
 [3]. Three typical s-MTJs with diameters D ~ 20 nm showing ave of ~100 

ms at room temperature are studied. With the increase of T, ave decreases and reaches ~10 s at T = 120oC. 

Following Refs. [5] and [6], we determine the attempt time 0 and thermal stability factor  of the s-MTJs at 

each T from ave and the slope of R vs. Hz. Contrary to the standard Arrhenius model with a constant 0, we 

find that, in addition to , 0 varies with increasing T. 
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