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Transport mechanisms in magnetic tunel junctions

MT] - Spintronic 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)

Antiparallel state

Magnetic tunnel junction (MT]): High Resistance <

Free layer
(~30 A)
Insulating barrier
(~10-20 A) FM _ \Parallel state
Pinned layer \" Low Resistance
(~30A) '.

AFM
(~100 A) 450 H(Og) 75
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MR ratio evolution at 300 K
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Coherent tunneling




Nano-Electronics and

Information Technologies

m High density magnetic data
storage systems

®  MT]J read heads for 1 Thit/in?

m Reasonable TMR (~20%)
m Low RxA (~ 1 Qum?)
m Ultra-thin MTJs (5-8 A)

Magnetic memoties
® Spin transfer MRAMs
Sensor applications

m Strain, Current, Position and
Speed sensors

CPP MR Sensors
Needed beyond 200-400 Gbit/1n2

Tunnel
Junction

Transport mechanisms in magnetic tunel junctions
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MgO-tunnel junctions

Deposited by magnetron sputtering

cap NM layer Ta S0A

Free FM layer CoFeB 30A

Insulating barric: — MgO7.5 A
CoFeB 30A

SyAF structure
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Transport properties (ty,o= 7.5 A)
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R(T) Modeling

~# Two conductance channels in
parallel (metallic and tunnel)

# Assumed a linear temperature
variation of R with coefficients

a)

=0.004 /K

.;-..-_m=D.DD25 /K
1 | |

The sign of dR/dT does not give an indication of the dominat
transport mechanism in MTJs

R '-T' = Hpmy + amT
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R(T) Modeling

Justification for the linear R(T) dependencies

dR/dT (<V/K)

CoFe/Cu/CoFe
Spin Valve

2]

T
200

The thermal dependence of the tunnel
resistance has several origins.
However a fairly linear relation is
experimentally observed in thick MgO-
MT]Js over a broad T-range.

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 7> 100 K.

dR/dT (Q/K)

13.5 AMgO
tunnel junction
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Fitting results

For the RBtatatecorisheanihgve ¢vosdottemgrom
pegaedieres:positive dR/dT) one has only
two iﬂq@mé@mﬁ@pﬁms:for P and AP

nn 3 (T — T*

RI:T:I =
— Tf-:|

*  Very large TMR (~200%)

Different metallic parameters for P
and AP states

*  Four parameter fitting
*  Tunneling dR/dT<O0 for the P state
* Large GMR (~60%)

a) Antiparallel state

, =0.017 /K
0,=0.020 (UK

R*=8.9 (1
T*=2408 K
R,=23.4 L)

R =13.00

100
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| R=7.30

Rm=1 3.0 5_‘_____‘___.

0, =0.013 /K
0,=0.002 /K
R,=11.50

R 760

Sample State T h.) R* (12 am (2/K)

ap (Q/K)

MRio (%)

MRBmo (74)

AP 89.8 8.56 0.0185

0.0153

5 - - 0.0185

B - 0.013

O.017

P - - 0.017

P - - 0.013
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Conclusions

m Ultra-thin MT]Js show mixed (tunnel and
metallic-like) R(T) behaviors.
m The sigh of dR/dT does not give an

indication of the dominant conductance
mechanism.

B The model of parallel resistances explains the
observed behaviots.

B Our analysis shows that a metallic spin-
dependent transport channel can occur
through pinhole nanoconstrictions.



