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Abstract 

  The fabrication of magnetoresistive (MR) sensors, with linear response 

is fundamental to the brand new applications of the magnetic sensors in 

the biological and biomedical context. The magnetoresistive sensors used 

were Magnetic Tunel Junctions (MTJ). Since the noise phenomenon is 

always a limitative factor in every detection system; to try to minimize 

this issue individual MTJs were connected in series with the purpose of 

gain in the devices detectivity. 
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1. Theoretical back ground 

 

Magnetoresistance 

Magnetoresistance is the property of a 

material to change the value of its electrical 

resistance when the value of the applied 

magnetic field changes. The magnitude of this 

effect can be expressed numerically as follows 

and is presented as a percentage: 

 

 

 

 

       
         

    
     

 

Magnetic tunel junction 

A magnetic tunnel junction is a 

structure constituted by two ferromagnetic 

layers separated by a insulator layer thin 

enough to allow the electrons tunneling. In the 

MTJ’s structure the current flows 
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perpendicularly to the layer’s plane (current 

perpendicular to plane geometry – CPP 

geometry). 

 

Figure 1: Magnetic tunnel jucntion structure; the 

current flows perpendicularly to the planes. 

 

Like in the spin valve configuration one 

of the ferromagnetic layers is pinned proving a 

fixed reference while the other is free to move 

under an external field application.  

 In the MTJs used in this work the 

pinned layer role is performed by a synthetic 

anti-ferromagnetic (SAF) structure, which is 

composed by two ferromagnetic layers 

separated by non-magnetic one. Hence, the 

anti-ferromagnetic layer is a exchange bias 

material and pines the ferromagnet 1 which 

pins the ferromagnet 2 by RKKY coupling, 

which competes with the ferromagnetic Neel 

coupling, several orders of magnitude inferior 

to RKKY coupling. This way a stronger pining 

is achieved than using just the inter layer 

exchange coupling. 

 

 
 
 

 
 
 
 
 

Figure 2: Coupling forces in the MTJ stack 
  

The FM2 is then free to rotate with the 

applied field, given the 2 states of resistance 

of the magnetic tunnel junction devices: when 

the magnetizations of the two ferromagnets 

are parallel the junction is in the low 

resistance state, and when the ferromagnets 

are in an anti-parallel configuration the 

junction is in the high resistance state. The 

TMR is defined as follows: 

    
      

  
 

Motivation and sensor design 

The work developed during this thesis 

is integrated in an international project which, 

as ultimate goal, has the intention of develop 

a new diagnostic tool for influenza virus 

detection based on an 

immunochromatographic assay with 

functionalized magnetic nanoparticles as 

markers of the virus and ultra sensitive field 

transducers for their detection and 

quantification. 

The concept of the working principle is 

like follows: first the testing sample containing 

the virus is put in contact with magnetic 

nanoparticles functionalized with a specific 

antibody to the particular virus strain. The fluid 

is then put in contact with a porus membrane 

strip; the fluid sample passes through the 

membrane until the virus attached to the 

magnetic markers are recognized by 

membrane immobilized antibodies; finally the 

presence of a particular virus strain is 

detected through the sensing of the magnetic 

fringe field created by the bound magnetic 

nanoparticles, using a magnetic sensor.
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Figure3: Lateral flow recognition.

Reader design 

The sensitive part of the system is a 

magnetoresistive sensor which will detect the 

field produced by the magnetic particles in the 

fringe. In order to the sensor identify the field 

created by the band with the particles it is 

necessary that the band passes close to 

sensor; sensor; this sweeping movement can 

be done using two different methods: 

1- Is used a static MR sensor on chip and 

the test strip mounted on a plastic 

wheel is brought in contact with the 

sensor surface as it passes through it. 

2- The second configuration uses also a 

static MR sensor mounted in a tape 

head and the immobilized particles are 

pressed and passes through the read 

head (like a magnetic tape passing 

over a read head). 

 

Figure 4: Wheel concept 

 
 
 
 
 
 
 
 
 

 

Sensor design 

For this project MTJ devices are used 

as sensors (not memories) it is required a 

linear response and a low noise level. These 

two factors have conditioned the MTJ samples 

design. For this project MTJ devices are used 

as sensors, and so it is required a linear 

response and a low noise level. These two 

Figure 5: Picture of the real wheel device 
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factors have conditioned the MTJ samples 

design. 

The sensors series are in a central 

position of the die sample and 2 contacts are 

at the sides so the stripe can be sweep freely 

and without any constrains over MTJ’s (like 

wires bounding the contacts). 

In order get a linear response the free 

layer of the sensors have a large aspect ratio: 

each individual element is a rectangular pillar 

with 2 by 30 µm2. Concerning the noise level 

the MTJs were arranged in arrays, constituting 

therefore series of MTJs so a lower detectivity 

could be achieved.  

 

 

The sensors were connected in series 

to improve their detectivity, ie to reduce the 

minimum field that is possible to detect. 

 

 

The detectivity, D (     , is defined 

as: 

  
  

  
   

 

 

where Sv is the spectral noise density, and 

ΔV/ΔH the sensibility of the sensor 

The voltage noise for each MTJ 

element is: 

 

  
                 

  

      
  

   

   

 

 
  

 

In this last equation the first term 

represents the white nose and the second 

term the 1/f noise, where    is the electron 

charge, I the baising current, V the voltage 

between the sensor electrodes of an individual 

junction, T the temperature, kB the Boltzman 

constant, α  the Hooge like parameter, A the 

junction’s area and f the is the frequency. The 

white noise incorporates the thermal noise, 

which results from the random thermal motion 

of electrons, and the shot noise, which results 

from the current flowing trough discontinuities 

in the circuit, and is given by the Hooge model 

like expression.    

For N junctions in series, each junction 

with a resistance r, with a driven current I 

equal for all elements we have V = N R I. 

Therefore the noise voltage spectral density of 

such a series is given by: 

 

  
                  

  

     
  

   

 

 

 
  

Figure 6: Used mask. 
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The sensitivity is given by:  

  
                  

  

     
  

   

 

 

 
  

 

 

Finally returning to the detectivity expression 

   
  

 

        
  

 
 

       
            

  

     
  

   

 

 

 
  

 

when V<<kBT, the detectivity is then  

 

  
 

  

 

 
 
      

 
 

 

   
 

 

This last equation shows that for an 

array of N tunnel junctions the value of D 

decreases with  
  
 , meaning that the 

minimum field which is possible to detect  is 

decreasing with this factor. This is so because 

the square of the noise spectral density 

increases with N while the sensitivity (not the 

square of the sensitivity) increases with N. 

 

 

2. Microfabrication 

 The samples were deposited in a Nordiko 

2000 sputtering system and passivated with 

TiWN2, a protective layer which is also an anti-

reflective layer useful for the optical lithography 

performed by direct write laser. During the 

patterning process 4 lithography steps are made: 

1-botom contact definition; 2- pillar definition; 3- top 

contact definition; 4- definition of path ways for 

contact through the last oxide. After the first and 

second lithography steps an ion milling etch is 

performed. After the second etch is deposited a 

oxide layer to insulate the lateral sides of the pillar 

barrier, and after the 3
rd

 lithography 1500Å of 

aluminum are deposited. Finally after the last 

lithography 800Å of oxide are deposited. 

 

 

 

Figure 8: Microfabrication process Figure 7: Stack Deposited 



6 
 

 

 

 

 

 

 

 

 

 

 

3. Results and conclusions 

 During this work several samples were 

processed with different stacks, where some 

thicknesses of the MgO barrier and CoFeB of 

the free layer where tested (Table 1). 

 

 

 

 

 The previous graphics are from ZarMJ1 

and ZarmTJ3 samples and show the variation 

of the response depending the free layer 

thickness, which have the major impact in the 

sensitivity of the sample.

 

 

 

 

 

 

 

 

 

 

 

 

 ZarMTJ1 ZarMTJ2  ZarMTJ3  ZarMTJ4  ZarMTJ5  

Mgo thickness 17Å 17 Å 12 Å 12 Å 12 Å 

CoFeB thickness 100 Å 15,5 Å 15,5 Å 30 Å 60 Å 

Table 1: Variations in the stack of several patterned samples 
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 A study of the behavior of a series 

based on their number of elements was done 

and can be seen in the previous graphic.  

 Since it isn’t reasonable to expect that 

all the junctions in a series are equal, the TMR 

and resistance values of one series should be 

some kind of a weighted average of their 

individual values. With this in mind, at the first 

sight the previous figure seems quite nice: a 

majority of series have more or less the same 

TMR value for 120, 240 or 360 individual 

elements, meaning that they are quite similar. 

While the work of characterization of 

the sensors was being done, one set of 

sensors was sent to another partner institution 

in the project with the goal of proceeds real 

applications measurements. Thus, sensors of 

the first generation (ZarMTJ1), were sent. The 

wheel device already explained was used and 

one example of the measurements is the next 

graphic. 

When the nanoparticles are trapped in 

the stripe they have a certain tendency to 

accumulate ,themselves at the edge of the 

stripes. Thus, the boundaries of the stripes 

have a higher concentration of the 

nanoparticles, and will create a higher 

magnetic field in these regions of the stripes. 

Therefore, when the stripe is pulled over the 

sensors, because this nom-uniformity in the 

particles concentration over the stripe, two 

spikes appears close to the boundaries of the 

stripe. 

 

 

 

 

 

 

 

Figure 9: ZarMTJ1 - TMR vs number of junctions. 
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Figure 10: Response of the sensors under magneto nanoparticles 
excitation. 


