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Spin transfer torque nanotechnologies
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• Less sensitive to structure/lithography
• Higher thermal stability 
• More efficient reversal
• Higher frequency oscillations 
• Narrow domain walls
• New functionality

Perpendicular anisotropy devices
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Mihai et al, Nature Phys. (in press) 
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Stability analysis of the LLG equations

in-plane magnetization

H: in-plane applied fied, Hdip: dipole field, Hk// in-plane anisotropy field
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Demagnetization field suppresses 
out-of-plane precessions

Stability  UK = MSVHK// / 2

Critical current must overcome 2πMS ~ 5-10 kOe



Stability analysis of the LLG equations
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out-of-plane magnetization
(HK⊥ > 4πMS)

Hk⊥ out of plane anisotropy field
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Stability analysis of the LLG equations

out-of-plane magnetization
(HK⊥ > 4πMS)

Zero applied field

Critical current directly proportional to thermal stability

More efficient reversal assuming low α and high p



Magnetic layersMagnetic layers
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H (kOe)

Pt
[Co/Pd] or [Co/Pt]

[Co/Ni]x2
Cu

[Co/Ni]x4

Pd or Pt

H

Ku ∼ 4x106 erg/cm3

Ms = 650 emu/cm3

Films grown on 5 inch Si wafers by e-beam and sputtering

HC1 = 0.7 kOe
HC2 = 2.7 kOe

(111) - Co(1Å)/Ni(6Å)

(daalderop et al, Phys. Rev. Lett 68 (1992)) 



Co/Ni Co/Ni multilayersmultilayers
MBE grown (111) - Co(X)/Ni(3 ML)

0 1 2 3 4 5
0

5

10

 Magnetometry)

FMRK
1 

(1
05  J

/m
3 )

Co thickness (ML)

S. Girod et al. , Appl. Phys. Lett. 94, 262504 (2009) 

0 50 100 150 200 250
18000

20000

22000

24000

26000

28000

Tcell=1470°C
Co / Ni(111)

 

 

 R
H

E
E

D
 In

te
ns

ity
 (a

.u
)

Time (s)



Ta (5 nm)

Pt (3nm)

Cu (35nm)

Cu (4nm)
[Co/Ni] (3 nm)
Pt (3nm)
Cu (15nm)
Ta (5 nm)

100 nm

[Co/Pt]/[Co/Ni] (4nm

Au

NanopillarsNanopillars fabricationfabrication
- Use of negative HSQ resist as a high fidelity mask
-∼1000 devices/5 inch wafer: circles and hexagons from 45nm to 1500nm

100-200 nm50
-1

00
 n

m

Ta

Cu

Pt
[Co/Pt]x4
[Co/Ni]x2

Cu

[Co/Ni]x4

Pt
Cu

I<0 H>0

Ta

Au
45

 n
m



-10 -5 0 5 10

12.85

12.90

12.95
a)

 

dV
/d

I (
O

hm
s)

H (kOe)
 

Field switching in 50x100nm2 nanopillars

Hcfree= 2.65 kOe
Hcref= 10 kOe
Hd= 650 Oe
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Current induced switching in 50x100nm2 nanopillars
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Hcref= 10 kOe
Hd= 650 Oe
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Mangin et al., Nature Materials 5, 210 (2006) 
Ravelosona et al., Phys. Rev. Lett. 96, 186604 (2006)

Ic(Co/Pt)∼4xIc(Co/Ni)
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Critical currents
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sample 1     sample 2 ratio
IC (mA) 1450 110 13

V (10-18 cm3) 11.25 5.8 2
HC (Oe) 2650 420 6.5

Mangin et al., Appl. Phys. Lett. 94, 012502 (2009)
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Angle-dependent field switching 
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Comparison theoryComparison theory--experiment experiment 
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Comparison theoryComparison theory--experiment experiment 

J.Z. Sun, PRB 62, 560 (2000).
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Angular dependence of the spin torque Angular dependence of the spin torque 

+2 x 107 A/cm2
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Current has large effect H // HK

Threshold current for H     HK
HK

H

on the SW astroid
│Heff│= HK sin2(θM)

Y. Henry et al., Phys. Rev. B, 79, 214422 (2009).

HI effonset α∝



Analytic solution Analytic solution 

Equilibrium conditions: magnetization       parallel to m
r *

effH
r

Stability condition: total “damping” positive

Linear stability analysis in the small current limit (2D problem)
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Analytic expression for the Analytic expression for the astroidastroid
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Conclusions

Demonstration of efficient spin transfer inDemonstration of efficient spin transfer in
NanoNano--pillars with perpendicular anisotropy pillars with perpendicular anisotropy 

IIcc scales with thermal stabilityscales with thermal stability
(C(Co/Ni o/Ni multilayersmultilayers: higher p and lower : higher p and lower αα compared to Co/Pt)compared to Co/Pt)

Role of current on the SW Role of current on the SW astroidastroid.  .  
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