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Abstract 

We fabricated a Ta/Gd-Fe/Ir22Mn78/Co90Fe10/Ta mul-

tilayered magnetic wire and investigated current-induced 

magnetization switching in the wire. The magnetization 

switching was observed by a current even in zero mag-

netic field. Moreover, we successfully observed the peri-

odical magnetization switching in zero magnetic field. It 

indicates that the present wire is one of the candidates to 

realize the magnetic random access memory with low 

power consumption.  

 

1. Introduction 

   Magnetization switching using spin orbit torque (SOT) 

has been paid much attention because it is available for Mag-

netic Random Access Memory (MRAM). The critical current 

density of current-induced magnetization switching (CIMS) 

using SOT is lower than that using spin transfer torque (STT), 

which indicates that SOT has the advantage over STT from 

the viewpoint of power consumption [1]. However, in the 

case of CIMS using SOT, it is necessary to apply the external 

in-plane magnetic field. If there is not an in-plane magnetic 

field, a magnetization keeps on rotating and its direction is 

not determined. The in-plane magnetic field is a barrier 

against the rotation to determine a magnetization direction 

(up or down) [2]. To fabricate the memory device using SOT-

CIMS, the in-plane magnetic field should be eliminated. In 

this study, in order to achieve SOT-CISM in zero magnetic 

field, we fabricated Ta/Gd-Fe/IrMn/CoFe multilayered mag-

netic wire, where Ta layer generates SOT in the next Gd-Fe 

layer and IrMn/CoFe cap layer has exchange bias field to Gd-

Fe layer corresponding to the effective in-plane magnetic 

field. Since the switching current of SOT-CIMS is propor-

tional to the magnetization of ferromagnetic layer, the mag-

netic materials with low saturation magnetization is suitable 

for low power operation of SOT-CIMS [3]. The Gd-Fe alloy 

is a ferrimagnetic material which has low saturation magnet-

ization. In this study, therefore, we investigate SOT-CIMS in 

zero magnetic field using Gd-Fe alloy film. 

 

2. Experimental 

   The Gd-Fe alloy was fabricated by DC magnetron co-

sputtering using Gd and Fe targets. The Ta, IrMn, and CoFe 

were also fabricated by DC magnetron sputtering. The Ta (6 

nm)/Gd-Fe (8 nm)/IrMn (2 nm)/CoFe (2 nm)/Ta (3.5 nm) 

multilayer film was deposited on a thermally oxidized Si sub-

strate shown in Fig. 1. The 5-m-wide Hall bars were     

Fig. 1 Schematic diagram of the film structure. 

Fig. 2 Experimental setup. 

 

fabricated by the electron beam lithography and a lift-off pro-

cess as shown in Fig. 2. The SOT-CIMS was observed by us-

ing anomalous Hall effect (AHE) in the in-plane magnetic 

field HX. AHE measurements were carried out after applying 

a field of 3 kOe to align the magnetization of CoFe layer. 

 

3. Results and Discussion 

   Figure 3(a) shows the Hall resistance (RH) in Ta/Gd-

Fe/IrMn/CoFe multilayered wire as a function of current un-

der the in-plane magnetic field (HX = 100 Oe). The RH greatly 

changes at the critical current around ± 3 mA. This result in-

dicates that the CIMS was occurred by SOT generated from 

the Ta layer. The critical current of CIMS increased as the 

external in-plane field decreases. 

   However, even when the external field was decreased to 

zero, we could observe the magnetization switching at 5 mA 

as shown in Fig. 3(b). It is noted that the RH change is not 

sharp. It means that the magnetization switching was partially 

occurred in the case of CIMS in the zero magnetic field.  
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Fig. 3 RH -IDC loop of Ta/Gd-Fe/IrMn/CoFe multilayered wire in  

HX = 100 Oe (a) and in HX = 0 Oe (b). 

 

   To investigate the device operation, we applied the 1 sec 

pulse current of ±5 mA or ±8 mA periodically in HX = -40 Oe 

and in the zero magnetic field, respectively. Figure 4(a) 

shows the Hall voltage (VH) in Ta/Gd-Fe/IrMn/CoFe multi-

layered wire as a function of time under the in-plane magnetic 

field (HX = -40 Oe) when the periodical pulse current was ap-

plied. The red and blue backgrounds in Fig. 4(a) show the 

period of time for applying the positive current (+5 mA) and 

the negative pulse (-5 mA) to switch the magnetization, re-

spectively. The gray background between red and blue shows 

the period of time for applying the sense current (0.05 mA) to 

measure the VH. The VH repeatedly changed between positive 

and negative values in response to the pulse current applica-

tion. This means the SOT-CIMS was occurred by the 1 sec 

pulse currents of ±5 mA.  

   Figure 4(b) shows the Hall voltage (VH) as a function of 

time in Ta/Gd-Fe/IrMn/CoFe multilayered wire without ex-

ternal in-plane magnetic field (HX= 0 Oe). As shown in Fig. 

4(b), the VH was clearly changed by the pulse current (±8 

mA). However, the value of |VH| measured by the sense cur-

rent after applying the negative pulse current are extremely 

small compared to that after applying the positive pulse cur-

rent. It is probably due to the partial magnetization switching. 

Then we increased the pulse current from ±5 mA to±8 mA. 

Although the magnitude of VH by CIMS is small, we success-

fully observed magnetization switching in the zero magnetic 

field by using the 1 sec pulse current of ±8 mA. It indicates 

that 1 bit information can be written in Ta/Gd-Fe/IrMn/CoFe 

multilayered wire by SOT under zero magnetic field. 

 

Fig. 4 Hall voltage (VH) as a function of time under periodical 

pulse current in HX = -40 Oe (a) and in HX = 0 Oe (b).   

 

4. Conclusions 

   We fabricated a Ta/Gd-Fe/IrMn/CoFe/Ta multilayered 

magnetic wire with in-plane bias field from IrMn for spin or-

bit torque induced magnetization switching. The magnetiza-

tion switching was demonstrated even without the external 

magnetic field. Furthermore, we successfully observed the 

periodical magnetization switching in the present wire under 

zero magnetic field. It indicates that the Ta/Gd-Fe/ 

IrMn/CoFe/Ta multilayered magnetic wire can be applied for 

memory devices. 

 

Acknowledgements 

   We would like to express sincere thanks to Prof. T. Ki-

mura and Dr. K. Ohnishi for their guidance for the electron 

beam lithography. We also grateful to Prof. T. Asano and Mr. 

T. Takao for use of their wire bonding machine. This work 

was financially supported by Iketani Science and Technology 

Foundation and Research Foundation for Electrotechnology 

of Chubu. 

 

References 

[1] L. Q. Liu, et al., Science 336, 555-558 (2012). 

[2] L. Q. Liu, O. J. Lee, T.J. Gudmundsen, D. C. Ralph, and R. A.  

   Buhrman, Phys. Rev. Lett. 109, 096602 (2012). 

[3] Satoru Emori, Uwe Bauer, Sung-Min Ahn, Eduardo Martinez                      

   and Geoffrey S. D. Beach, Nat. Mater. 12, 611-616 (2013). 

[4] Shunsuke Fukami, Chaoliang Zhang, Samik DuttaGupta, Ale 

   ksandr Kurenkov, Hideo Ohno, Nat. Mater. 15, 535-541   

   (2016). 

 

- 82 -


