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SPINTEC - location
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Main topics of research at SPINTEC
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Why MRAM ?

• Non-Volatility of FLASH

• Density competitive with DRAM 

• Speed competitive with SRAM
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Why Thermally Assisted MRAM ?

Problems in conventional MRAM

Selectivity –> difficulty in writing a single junction

Scalability –> electromigration in magnetic field lines with decreasing in-plane size

Thermal stability -> reduced life-time of written information

New approaches

1. Thermally assisted MRAM (Spintec Patent + lab. demo)
- good thermal stability ensured by exchange coupling of the storage layer 
with an Antiferromagnet;
- high selectivity;
- low power consumption during writing at high temperature.

2. Current induced magnetization switching
- linear decrease of power consumption with decreasing junction in-plane area

3. Possibility to integrate 1 and 2
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1. TA-MRAM. Definition, structure and principle of operation.

2. Electric characterization

3. Regimes of operation. Power of the electric pulse PHP vs. junction  

temperature TAF.

4. Exchange bias as a temperature probe. Electric pulse width δ vs.
junction temperature TAF.

5. Conclusions

Outline
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Thermally Assisted MRAM (TA-MRAM) – principle
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Thermally Assisted MRAM (TA-MRAM) – structure
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Thermally Assisted MRAM (TA-MRAM) – electric characterization

UMTJ = 2UPG – (ZPG+ZOSC)I

I = UOSC / ZOSC

PHP = UMTJ I

What do we measure ?
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Thermally Assisted MRAM (TA-MRAM) – measurement procedure
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Thermally Assisted MRAM (TA-MRAM) – operation regimes

T A
F

P H
P

Time

Stationary regime
(TAF=TRT+αPHP)

Transient regime

c - specific heat capacity J/(Kg K)
k – thermal conductivity W/(K m)
ρ - density Kg/m3

d - layer thickness m

Thermal barrier 1 
(cTB, ρTB, dTB)

Magnetic stack (ci, ρi, di)
Thermal barrier 2 

(cTB, ρTB, dTB)

Layer position z

Te
m

pe
ra

tu
re

T

TAF

1-D model of heat diffusion in the MTJ stack
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Thermally Assisted MRAM (TA-MRAM) – transient regime
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Thermally Assisted MRAM (TA-MRAM) – stationary regime
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Thermally Assisted MRAM (TA-MRAM) – consistency of results
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α = 0.84 x 105 K/W
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Thermally Assisted MRAM (TA-MRAM) – consistency of results
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Two temperature regimes of the MTJ evidenced:
transient temperature regime for pulse widths δ < 9 ns;
stationary temperature regime for longer pulse widths; in this
regime, the relationship between the temperature of the
storage layer TAF and the power of the electric pulse PHP is
linear: TAF = TRT + 105 (K/W) PHP.

Use of thermal barrier layers reduces the electric power density
required for writing but also decreases the writing frequency

The writing power density increases with decreasing pulse width
from 0.6 mW for δ = 1 s up to 6 mW for δ = 2 ns; even in the range 
of pulse widths 1 s - 10 ns, where the storage layer reaches the
stationary temperature regime by the end of the electric pulse, 
the writing power shows a 500 % increase.

Thermally Assisted MRAM (TA-MRAM) – conclusions
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Decreasing the pulse width δ may require a considerable increase of the 
writing temperature !!!
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Thermally Assisted MRAM (TA-MRAM) – exchange bias as temperature
probe
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3-D simulation of heat diffusion – experimental write power PHP (δ) is used as input 
WRT

Exchange bias model - temperature required to set HEX = 0 for heating time equal 
to the pulse duration δ; temperature pulse shape is assumed rectangular.

WRT

Exchange bias model - temperature required to set HEX = 0 for heating time equal 
to the pulse duration δ; temperature pulse shape is calculated by 3-D simulation of 
heat diffusion.
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ConclusionConclusion

Writing temperature increases with decreasing pulse width δ as a 
consequence of thermal relaxation in the Antiferromagnetic storage 
layer and approaches the Neel temperature in the limit δ -> 0.
Exemple: writing with 2 ns pulses imply heating at about 300 oC with 
possible negative effects on the integrity of tunnel barrier and
storage layer antiferromagnet.

Solution: decrease the writing temperature by using 
antiferromagnets of lower Nèel temperature than IrMn (TN ≈ 350 oC) 
for pinning the storage layer.


