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Abstract 

We investigate magnetic field angle dependence of 

switching field in CoFeB-MgO magnetic tunnel junctions 

(MTJs) with recording layer diameter of ~20 nm at a tem-

perature T of 5 K. We observe single domain reversal like 

behavior in the MTJ with a structure where no large in-

homogeneous magnetic field from the reference layer acts 

on the recording layer. In contrast, the MTJ with a struc-

ture where an inhomogeneous magnetic field acts on the 

recording layer shows similar behavior to that expected 

from domain wall propagation model. The results indi-

cate that the magnetic field from the reference layer plays 

an important role in determining magnetization reversal 

mode. 

 

1. Introduction 

Understanding of magnetization reversal modes is critical 

for applications using nano-scale ferromagnets with perpen-

dicular easy axis. This is because, in the applications such as 

magnetic tunnel junctions (MTJs) and patterned media, it is 

required to understand the magnetization reversal mode to 

properly evaluate thermal stability factor  which is one of 

the major indices characterizing their properties [1-5]. 

The magnetic tunnel junctions currently studied have a 

junction diameter of less than 20 nm [6-8]. In such small di-

mensions, it is expected that single domain magnetization re-

versal takes place. However, it is not obvious that the single 

domain reversal takes place in the MTJs even at such small 

dimensions, because an inhomogeneous magnetic field from 

reference layer acts on the recording layer in the MTJs, which 

may give rise to incoherent reversal. 

In this study, to elucidate the magnetization reversal mode 

of the MTJ at the reduced dimensions, we investigate mag-

netic field angle dependence of switching field in the MTJs 

with the recording layer diameter D of ~ 20 nm. 

 

2. Experimental 

The stack structure of the MTJs is, from substrate side, Ta 

(5)/Pt(5)/[Co(0.34)/Pt(0.4)]6/Co(0.34)/Ru(0.44)/Co(0.34)/ 

[Pt(0.4)/Co(0.34)]2/Ta(0.3)/Co18.75Fe56.25B25(1)/MgO(1.1)/ 

Co18.75Fe56.25B25(1.5)/Ta(5)/Ru(5). The numbers in parenthe-

sis are the nominal thicknesses in nm. The composition of 

CoFeB is that of the sputtering target. The film stack is de-

posited onto a thermally oxidized Si substrate by dc/rf mag-

netron sputtering and subsequently processed into circular 

MTJs with D ~ 20 nm using electron beam lithography, reac-

tive ion etching, and Ar ion milling. The fabricated MTJs are 

annealed at 300C for 1 h in vacuum under the out-of-plane 

magnetic field of 0.4 T. The product of resistance in the par-

allel state and the recording layer area is ~11 m2. In this 

study, we fabricate two types of the MTJ to study the influ-

ence of the magnetic field from the reference layer on the 

magnetization reversal mode. Schematics of the two struc-

tures are shown in Fig. 1. One has smaller recording layer size 

than reference layer size (called step structure) [9], and the 

other has almost the same size in the recording and reference 

layers (normal structure). In the step structure, the magnetic 

field from the reference layer which acts on the recording 

layer is uniformly out-of-plane, whereas in the normal struc-

ture the recording layer is subjected to a non-uniform field 

from the reference layer with both in-plane and out-of-plane 

components.. 

For measurement of magnetic field angle H dependence of 

switching field, we use a vector magnet equipped with cryo-

stat on which the sample is placed. Resistance versus mag-

netic field curves (R-H curves) are measured at various H 

where H is measured from film normal direction. The meas-

urement is done at temperature T of 5 K to minimize the in-

fluence of thermal fluctuation on the magnetization reversal. 

 

3. Results 

Figures 2 (a) and (b) show the R-H curves of the MTJ with 

 

 
Fig. 1 Schematic of the magnetic tunnel junction structure. 

(a) step structure and (b) normal structure. 
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Fig. 2 Resistance vs. magnetic field curves (R-H curves) of the mag-

netic tunnel junction (a) with step structure (the recording layer di-

ameter = 20 nm), and (b) normal structure (the recording layer di-

ameter = 19 nm). The R-H curves are measured at 5 K and at various 

magnetic field angles H. 

 

the step structure (D = 20 nm) and the normal structure (D = 

19 nm). One can see that the R-H curves show asymmetry 

with respect to H = 0, which is attributed to the difference of 

magnetization angle in the reference layer between the posi-

tive and negative H. In addition, the reduction of R at AP state 

with increase of H which becomes more significant as the H 

increases is due to the difference of relative magnetization an-

gle between the recording and reference layers. There are 

some resistance jumps in addition to the main switching in 

the normal structure, which may be associated with formation 

of multiple domains. 

From the R-H curves, we determine the HSW from parallel 

(P) to antiparallel (AP) and AP to P. To understand the mag-

netization reversal mode, we plot Z component of HSW (HSW, 

Z) against X component of HSW (HSW, X) where Z is defined as 

film normal direction (i.e. H = 0), and X is orthogonal to Z. 

The HSW, Z and HSW, X are calculated according to the follow-

ing equations;  

 

HSW, X = HSWsin(H), HSW, Z = HSWcos(H). 

 

Figures 3(a) and (b) show the relationship between HSW, Z and 

HSW, X for the MTJ with the step structure and the normal 

structure, respectively. The MTJ with the step structure fol-

lows the trend expected from single domain magnetization 

reversal (the so called astroid curve). Note the small shift of 

the diagram along the vertical direction, which we attribute to 

the uncompensated magnetic field from the reference layer 

along the film normal direction. In contrast, the MTJ with the 

normal structure shows different behavior, closer to that ex-

pected from domain wall propagation model rather than sin-

gle domain reversal. This result is in accordance with the for-

mation of multiple domains suggested from the R-H curves 

shown in Fig. 1(b). The results observed in this study indicate 

that the magnetic field from the reference layer plays an  
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Fig. 3 Out-of-plane (Z) component versus in-plane one (X) of 

switching field for the magnetic tunnel junction with (a) the step 

structure and (b) the normal structure. The measurement is done at 

5 K. 

 

important role in determining magnetization reversal mode. 

 

4. Conclusions 

We evaluate magnetic field angle dependence of the 

switching field at 5 K for the MTJs with the recording layer 

diameter of ~20 nm. From the diagram plotting Z component 

versus X component of the switching field, the MTJ with the 

step structure, in which a homogeneous out-of-plane mag-

netic field from the reference layer acts on the recording layer, 

follows the trend expected from the single domain reversal 

model. In contrast, the MTJ with normal structure where the 

reference layer acts on the recording layer with inhomogene-

ous out-of-plane and in-plane fields shows different behavior, 

close to that expected from the domain wall propagation 

model. The present results reveal that the magnetic field from 

the reference layer plays an important role in determining the 

magnetization reversal mode.  
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