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1. Introduction 

As predicted by L. Berger [1] and J. Slonczewski 
[2] when a current of polarized electrons enters a ferro-
magnet the current exert a torque on the ferromagnet mag-
netization. This torque can lead to magnetization switching 
between two stable configurations which was later demon-
strated in nanopillar spin-valve structures [3-4].  The abil-
ity of a spin-polarized current to reverse the magnetization 
orientation of nanomagnets should enable a range of mag-
netic devices such as high performance random-access 
magnetic memory. However, several advances are needed 
to realize practical devices [5]. One key point is the reduc-
tion of the currents required to switch magnetization while 
maintaining the thermal stability of the free layer. Other 
key point are the control of the magnetic configurations and 
their dynamics 

 There have been a range of approaches to lower 
the switching currents by optimizing the materials proper-
ties, modifying the layer sequence or sample architecture 
[6-8]. In this paper we discuss the approach of using sam-
ples exhibiting perpendicular anisotropy a pathway to low 
critical current while maintaining large thermal stability 

Since 2006 a few groups have focus their work on 
preparing nanopillar spin valve exhibiting perpendicular 
anisotropy [9-15]. Their motivation were both to give a 
deeper understanding of spin transfer torque in this geome-
try but also to test prediction that such system provide a 
pathway to low critical current. Seki et al have designed 
devices using perpendicularly magnetized FePt layers 
whereas Meng et al used [CoFe/Pt] multilayes.  In the 
current paper we describe structures made of Co/Pt and 
Co/Ni multilayers with perpendicular magnetic anisotropy 
[9-11]. They were grown both by co-evaporation and DC 
magnetron sputtering. The magnetic structure shown in Fig. 
1 consists of a Pt(3nm)/[Co(0.25 nm/Pt(0.52 
nm)]x4/Co(0.2 nm)/[Ni(0.6 nm)/Co(0.1 nm/]x2/Co(01 nm) 
hard reference layer and a Co(0.2 nm)/[Ni(0.6 nm)/Co(0.1 
nm/]x4/Pt (3 nm) free layer separated by a 4-nm Cu spacer 
layer. After the film growth, the multilayers were patterned 
using electron beam lithography to provide nanopillars of 
different shapes (circle, square, hexagone and rectangle) 
and sizes (from 50 nm to 5 mm). In all those devices, the 
resistance of the device depends on its magnetic state, 
through the giant magnetoresistance effect, so that measur-
ing the resistance of the structure allows the magnetic state 
to be inferred. All transport measurements are quasi-static 
and were performed using an AC-Bridge which gives a 
value of the differential resistance dI

dVRAC = . The 

signature of a spin transfer effect is a change in the resis-

tance of the device that is asymmetric in the current. 

 

 
  
Fig.1: a) Schematic representation of a patterned perpendicular 
spin valve. The hard layer is a composite [Co/Pt]x4/[Co/Ni]x2 mul-
tilayer and the free layer is a [Co/Ni]x4 multilayer. The magnetiza-
tion direction of the hard layer is parallel to the positive field di-
rection. For positive current, the electrons are flowing from the 
hard layer to the free layer. 

 
In the macro-spin approximation, the critical current for 
spin-transfer reversal of a free layer at zero temperature is 
given by  
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where MS and V are the saturation magnetization and vol-
ume, a is Gilbert’s damping constant, and p is the spin po-
larization of the current. The factor g(q) depends on the 
relative angle q of the reference- and free-layer magnetiza-
tion vectors. ( )dipappSKeff HHMHH ++-= ^ p4  is 

the effective field acting on the free layer which contains 
contributions from the perpendicular applied field Happ, the 
dipolar field from the reference layer Hdip, and the uniaxial 
PMA field HK┴

. The factor -4pMS arises from the demag-
netizing field of the thin film geometry. 
The thermal stability of the free element is determined by 
the height of the energy bar-
rier ( )[ ] 2/4 SKSK MHVMU p-= ^  between the two 
stable magnetization configurations. Thus the critical cur-
rent is directly proportional to the energy barrier in the ab-
sence of external field, H = Hdip + Happ = 0:
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Within the assumptions of Eq. 2, low critical currents can 
then be achieved by reducing the ap ratio and minimizing 
UK, while maintaining thermal stability. By adjusting the 
perpendicular anisotropy and volume of the free element 
consisting of a [Co/Ni] multilayer one can observe that the 
critical current scales with the height of the anisotropy en-
ergy barrier and critical currents as low as 120 mA is 
achieved in quasi-static room-temperature measurements of 
a 45-nm diameter device [16]. To study the combined effect 
of an applied magnetic field H and a bias current I on the 
nanopillar spin-valve, the magnetoresistance response is 
measured in the (H, I) parameter space and H vs I phase 
diagrams were build. Several magnetization reversal dy-
namic could be identified (hysteretic magnetization reversal, 
magnetization precession, domain wall propagation). 

 
Fig.2: Experimentally determined (H, I) phase diagram for a 50 x 
100 nm2 hexagonal nanopillar at 290 K. In the blue region (1) the 
free and the hard layer magnetization are pointing along the posi-
tive field direction; It corresponds to the parallel state. Symmetri-
cally, in the red region (2) the free layer magnetization is pointing 
along the negative field direction; This corresponds to the 
anti-parallel state. The green region (3) is a bistable region where 
the parallel and the antiparallel states are possible. In the yellow 
region (4), a precessional state is observed. .The hysteretic rever-
sals of the magnetization from the parallel state to the antiparallel 
state (resp. from the antiparallel state to the parallel state) are 
indicated by circles (resp. squares) filled with black. Symbols with 
red (resp. orange) edges correspond to transitions observed while 
sweeping the current I (resp. the field H). Symbols filled with 
other colors indicate reversible changes in the device resistance. 

The experimental phase was compared to the phase dia-
gram calculated in the macrospin approximation. This 
phase diagram has been calculated by several authors in 
various approximation conditions see ref  [17-18]. Most 
discrepancies between the measured and theoretical phase 
diagram could be explained considering the total effective 
field applying on the nanopilar soft layer [19] .  

The dynamic of the hysteretic behavior was studied. 
Pulses between 100 ps and 1 ms duration and amplitudes of 
up to 2 V were injected into the sample to determine the 

switching probability for different external fields perpen-
dicular to the plane. The results [20] are compared to theo-
retical models and calculation [21] 

Finally domain walls can nucleate and propagate in 
perpendicularly magnetized nanopillar spin valves as small 
as 50 × 100 nm2 [10]. The study of these domain walls is of 
great interest to enable new applications such as race track 
or multi-level memories [22]. Telegraph noise behaviour in 
nanopillars with perpendicular anisotropy has been reported 
[23]. For various injected current and different applied field 
telegraph noise was observed and studied. The probability 
of staying in a given magnetic state versus time was ex-
tracted. In all cases, the decay is purely exponential sug-
gesting a one step Néel-Brown process. In addition, the 
evolution of the dwell time as a function of field and cur-
rent were obtained. The evolutions of the dwell times with 
magnetic field for either nucleation or depinning processes 
are in good agreement with theoretical predictions [24]. 
However, the influence of the current on the evolution of 
the dwell times for nucleation and depinning processes is 
not in agreement with the theory. This study suggests that 
the dynamic of the magnetization reversal induced by cur-
rent is not fully understood and that more investigation is 
needed.  
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