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SII has developed technology to measure and 
analyze surface nano-structure properties such 
as viscoelasticity, friction and electromagnet-
ism under various environments, such as air, 
liquid, vacuum, controlled temperatures, con-
trolled humidity and applied magnetic fields. 
Its scanning probe microscope (SPM) system 
can be used in a wide range of fields, from basic 
research to industrial applications. In this 
brief, we will use the applied horizontal mag-
netic field option of an atomic force microscope 
(AFM) to evaluate Magnetoresistive Random 
Access Memory (MRAM), which is considered 
to be the next generation of universal memory. 
Figure 1 shows an overview of the applied 

horizontal magnetic field option. The option 
has the following features.  

1) It is easy to set the ｓｔｒｅｎｇｔｈ and polarity 
of magnetic field because it is applied by 
an electromagnet.  

2) The distance between magnetic poles is 10 
mm. A magnetic field with a maximum of 
approximately 5000 oersteds can be cre-
ated at the sample stage located between 
the poles.  

3) Coils are located away from the test sam-
ple stage and are water cooled so that heat 
from the coils does not influence the 
measurements.  

4) It is possible to perform lengthy meas-
urements in a stable, fluctuation-free 
magnetic field because the generated 
magnetic field is stabilized by a feedback 
mechanism that uses a Hall device to de-
tect the magnetic flux density. 

 

 

 

 

[A] View from above [B] Side view Figure  

Test sample holder Electromagnetic coil 

Gauss meter/ probe  Water cooling system 

Electromagnetic coil 

Magnetic pole

Cantilever 

Test sample 

Scanner  

Figure 1 - Overview and side view of the applied horizontal magnetic field option  
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Figure 2[A] shows the operational principles 
of MRAM. One MRAM memory cell is com-
posed of two small magnetic entities with dif-
ferent coercitivity separated by insulating 
layer. In other words, it is a tunnel magne-
toresistance (TMR) device. If the magnetiza-
tion of the two ferromagnetic layers is parallel, 
electrical resistance is reduced. Conversely, if 

the magnetization is anti-parallel, electrical 
resistance is increased. These changes in re-
sistance are used to read digital signals of “0” 
and “1”. To write data, the magnetization of 
one of the small magnetic entities is reversed 
by a magnetic field.  
Figure 2[B] shows how the resistance of TMR 

device is measured by Conductive AFM. 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 – MRAM operation principles and measurement of TMR device resistance by AFM  

[A] Operational principles of MRAM          [B] Measurement of resistance by AFM 
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Figure 3[A] and 3[B] are a microphotograph 
of a TMR array and the results of AFM obser-
vation of one device. A probe was placed in the 
center of a device to measure the electrical 
current and voltage characteristics under the 
following two conditions. The applied hori-
zontal magnetic field option applied 100 oer-
steds in the right direction to change the 

magnetization of the magnetic layers to par-
allel. The option applied 100 oersteds in the 
left direction to change the magnetization of 
the magnetic layers to anti-parallel.  
Figure 3c displays the results of these two 

conditions.  We can see that when the mag-
netization is parallel, the electrical current is 
high and the resistance is low.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 - Measurement of the electrical current and voltage characteristics of a TMR device by AFM with magnetic field application  
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Figure 4 shows the magnetic resistance character-

istics as electrical current and voltage characteris-

tics are changed by an external magnetic field, as in 

Figure 3c. Number 1 shows when 100 oersteds has 

been applied in the right direction. The resistance 

has lowered because the magnetization is parallel. If 

a magnetic field is applied in the left direction, the 

resistance rises because the magnetization is 

anti-parallel, as seen in Number 2. If the magnetic 

field applied in the left direction is strengthened, the 

magnetization of the magnetically fixed layer (the 

third layer from the top) reverses and the resistance 

lowers because the magnetization of the two mag-

netic layers has become parallel again. 
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Figure 4 - Measurement of magnetic resistance of a TMR 

device by AFM with magnetic field application 
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