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OutlineOutline

�� IntroductionIntroduction
�� MagneticMagnetic tunneltunnel junctionsjunctions

� Fundamental concepts and Applications

�� MgOMgO--basedbased magneticmagnetic tunneltunnel junctionsjunctions (MTJ(MTJ´́s)s)
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�� MgOMgO--basedbased magneticmagnetic tunneltunnel junctionsjunctions (MTJ(MTJ´́s)s)
�� TransportTransport characterizationcharacterization

�� PinholesPinholes andand thethe temperaturetemperature dependencedependence ofof thethe
electricalelectrical resistanceresistance

�� ModelModel ofof twotwo conductanceconductance channelschannels inin parallelparallel
(metallic(metallic ++ tunnel)tunnel)

�� ConclusionsConclusions
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MTJ MTJ -- Spintronic deviceSpintronic device

Magnetoresistive devices

R depends on the relative orientation of the

FM layer magnetizations

AF layer pins the magnetization of one FM

layer

The magnetization of the other FM layer

rotates freely (sensing layer)
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rotates freely (sensing layer)

Insulating barrier
(~10-20 Å)

FM
Free layer
(~30 Å)

FM
Pinned layer
(~30 Å)

AFM
(~100 Å)

H

Parallel state
Low Resistance

Antiparallel state
High ResistanceMagnetic tunnel junction (MTJ):
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MR ratio evolution at 300 KMR ratio evolution at 300 K
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Coherent tunneling Coherent tunneling 
Christian Heiliger, Peter Zahn, and Ingrid Mertig, Materials today 9, 46 (2006)
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� High density magnetic data 
storage systems
� MTJ read heads for 1 Tbit/in2

� Reasonable TMR (~20%)
� Low RxA (~ 1 Ωµm2)
� Ultra-thin MTJs (5-8 Å)

� Magnetic memories

NanoNano--ElectronicsElectronics andand
InformationInformation TechnologiesTechnologies
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� Magnetic memories
� Spin transfer MRAMs

� Sensor applications
� Strain, Current, Position and 

Speed sensors

Transistor
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MgO 7.5 Å 

Ta 50Å 

Free FM layer

cap NM layer 

CoFeB 30Å 

Insulating barrier

DepositedDeposited byby magnetronmagnetron sputteringsputtering

MgOMgO--tunnel junctionstunnel junctions
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MnPt 200Å

Ru 7Å

MgO 7.5 Å 

pinning AFM layer

CoFe 25Å

CoFeB 30Å 

SyAF structure

Insulating barrier
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Transport properties (Transport properties (ttMgOMgO= 7.5 = 7.5 ÅÅ))

• For the P state, R(T) clearly exhibits the

standard metallic behavior.

• For the AP state, we observe a mixed

character, with a crossover from negative to

positive dR/dT with increasing temperature.

• This indicates a competition between

conductance channels (metallic and tunnel).

TMR (300 K) ~70-100%

RxA~40 Ωµm2

T=20 K

T=300 K

J. Ventura, J. M. Teixeira, J. P. Araújo, J. B. Sousa, P. Wisniowski 
and P. P. Freitas, J. Appl. Phys. 103, 07A909 (2008)

Sample 1
(RxA ~38 Ωµm2)
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P-state AP-state



m
ag

ne
tic

tu
ne

lj
un

ct
io

ns
R(T) ModelingR(T) Modeling

Two conductance channels in 

parallel (metallic and tunnel)

Assumed a linear temperature 

variation of R with coefficients 

αm and αt

The sign of dR/dT does not give an indication of the dominat 
transport mechanism in MTJs
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A crossover from positive to 

negative dR/dT can be 

modeled

Tunnel-like behavior can be 

observed even for Rt>>Rm

transport mechanism in MTJs

Changing the model parameters 

leads to changes in the 

crossover temperature

Increasing αm (αt) increases  

(decreases) crossover 

temperature

J. Ventura, J. M. Teixeira, J. P. Araújo, J. B. Sousa, 
P. Wisniowski and P. P. Freitas,  
Phys. Rev. B 78, 024403 (2008)
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R(T) ModelingR(T) Modeling

Justification for the linear R(T) dependencies

A linear  R(T) relation is usual for common 
metals (at least near RT) .
It is indeed observed in CoFe/Cu/CoFe spin 
valves for T > 100 K.
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CoFe/Cu/CoFe
Spin Valve

The thermal dependence of the tunnel 
resistance has several origins.
However a fairly linear relation is 
experimentally observed in thick MgO-
MTJs over a broad T-range.
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Fitting resultsFitting results

For the P state, one can have two fitting 
procedures:
• Equal metallic parameters for P and AP 

states (no MR through metallic paths)

• Two parameter fitting

• Tunneling dR/dT>0 for the P state

• Very large TMR (~200%)

For the AP state  (showing a crossover from 
negative to positive dR/dT)  one has only 
two independent parameters:

• Different metallic parameters for P 

(R*,T*)
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• Different metallic parameters for P 
and AP states
• Four parameter fitting

• Tunneling dR/dT<0 for the P state

• Large GMR (~60%)
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ConclusionsConclusions
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