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Thermal magnetization noise in submicrometer spin valve sensors
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With decreasing device dimensions thermal fluctuations may ultimately limit the performance of
spin valve sensors. Using finite element micromagnetic simulations, we investigate thermal
magnetization noise in submicrometer soft magnetic sensor elements within the framework of
Langevin simulations. Local random thermal fluctuations lead to a collective motion of the
magnetization. The magnetization precesses in the end domains leading to an oscillation of the total
magnetization parallel to the long axes with an amplitude in the order df1Q At 350 K. The noise

power increases linearly with temperature. Irrespective of the bias field, the time averaged total
magnetization parallel to the long axes decays approximately by M.Q&s the temperature is
raised by 100 K. ©2003 American Institute of Physic§DOI: 10.1063/1.1557853

I. INTRODUCTION We solve the stochastic Landau—Lifshitz—Gilbert equa-
tion applying a robust semi-implicit time integration
With decreasing device dimensions thermal fluctuationsnethod® Owing to exchange and magnetostatic interactions,
may ultimately limit the performance of spin valve sensors. local perturbations, as introduced by the fluctuating field,
Only recently thermal effects have been included in micro-will lead to collective thermal excitations or spin waves. The
magnetic simulations. The computer models either solve therigin of collective magnetization modes, which arise from
stochastic Landau—Lifshitz—Gilbert equaticnshere a ran-  random fluctuations, was originally investigated by Chantrell
dom fluctuating field mimics the thermal excitations, or ap-and co-workers.
ply the Monte Carlo method on an assembly of Heisenberg
spins’ Il. THE METHOD
Heinonef! calculated hysteresis loops and thermal fluc-
tuations of patterned soft magnetic structures including The theoretical treatment of thermally activated magne-
finite-temperature effects by means of the Monte carldization reversal for particl_es with an extension greater thgn
method. The simulations show a large increase in magnetif’® €xchange length requires solving the Langevin equation
noise owing to fluctuations in both the reference and fredlumerically. The Langevin equation follows from the Gilbert
layer of spin valve structures with reduced dimensions. Beréduation of motion by adding a random thermal fluctuation
tram and coworkefs analyzed magnetoresistive thermal l€ld to the effective magnetic field:
magnetization fluctuations experimentally and theoretically  9J @
as a function of the bias current. The results indicate that ;= — [ 719X (Hert Hip) + Nars @

damping plays an important role and can be described in i i i
tensor form. The magnetization noise was found to be in-  1he first term on the right-hand side of H@) accounts
for the gyromagnetic precession of the magnetic polarization

versely proportional to the sensor volume and at low fre- h q _ ¢ ) q 0. AR
quencies proportional to the dynamic damping. Smith and [N€ Second term arises from viscous damping. After space
iscretization using the finite element method an equation

Arnettt showed that the measured magnetization noise ir, lar to Ea.(1) has (o be fulfilled at h node of the finit
spin valve sensors is in good quantitative agreement Wiﬂzllren%zrntomeq:;&o) as to be luffilled at each node ot the finte

redictions based on the fluctuation dissipation theorem:. . . . . .
P P The termy is the gyromagnetic ratio, and is the Gil-

Zhif has found that in spin valve heads at deep SmeICrometiert damping constant. The thermal field is assumed to be a

ter track widths the thermz,al magnet|c’n0|se_ Isata magthd%aussian random process with the following statistical prop-
comparable to the head’s Johnson’s noise. Moreover, hg o

found that the magnitude of noise and the noise spectra are

strong functions of the sensor stripe height. Slavial.’ (H'{h,i ,Hlth’j>=85ij5k|§(t_t,). 2
studied the spatial and temporal distribution of linear and The average of the thermal field taken over different
nonlinear spin-wave excitations in two-dimensional films. o7 ations vanishes in each directidn space. The thermal
They performed their experiments using the space- and timeje|q js uncorrelated in time, uncorrelated at different node
resolved Brillouin light scatteringBLS) technique. They re-  hqints (k I) of the finite element mesh, and uncorrelated in a
port that in the nonlinear regime, stationary and nonstationgifferent direction in space. The strength of the thermal fluc-

ary self-focusing effects were observed. tuations follows from the fluctuation-dissipation theor&m:
26¥kBT
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moments interact by magnetostatic and exchange interac-
tl(.).nS, and each mo_ment feels its local effective f'eld_- In _ad'FIG. 2. Magnetization distribution of a 150L00X5 nn? platelet atT
dition each magnetic moment feels a thermal fluctuation field=500 K. The time interval between the two images is 0.2 ns.
which is determined by Ed3).

The general form of the Langevin equation can be writ-

ten as follows. Here we evaluat® atJ,. We assumdy=J(t;). After a few

dJ(r;,t)=B[J(r;,t)|Hge(r;,t)dt iterations of Eq.(8) we evaluateJ(t;,,), the magnetic po-
larization att=t+At, as
+VEBLI(r; ) ]dW(r; 1), 4

whereH . is the deterministic part of the local field gt, (1) =23=J(Y). ©)
dW are Gaussian random numbers with mean zero and staithe last equation follows from E¢6). Finally, we solve the

dard deviation one, anB[J(r;,t)] is given by nonlinear equation by functional iteration.
B[JI(ri,1)]
1 Ill. RESULTS
- 1+ a? The stochastic Landau-Lifshitz—Gilbert equation is

2 a2 solved for a 156 100X 5 nn? Permalloy element. The ex-
a(Jy+3z)  —Jdmaddy  Jy—aldd, change constark was set to 1.8 10" 1! J/m, the crystalline
x| J—adJdy a(J§+J§) —Jy—add, |. anisotropyK was 5.0< 10° J/n?, and the saturation polariza-
. B 2, 12 tion Js was 1 T. The damping constant used in the simula-
Jymadd, el a(JtJy) tions wasa=0.02. An induced anisotropy was assumed with
(5) its axis parallel to the long axis of the element. The long axis

We use a semi-implicit method to solve Ed). The right- is parallel to thex direction. It is also the direction of the
hand side of Eq(4) is evaluated in the middle of the time €aSY axis bias field. In order to investigate the thermal mag-

interval. The magnetization in the middle of the time interval Netization noise we apply the following procedure. A small
is field is applied at an angle of 10° to the long axis of the

o element. This field is gradually reduced and the equilibrium
J=J(t+At/2)=[J(t)+J(t+ At)]/2. (6) state is calculated for each field &&=0 K. Then we solve
Eq. (1) for a given temperature and external field for a period

If | counts the time step then . .
J P of 1 ns. We continue the calculations for several nanoseconds

ti 1=t +AL (7)  and analyze the magnetization dak4,(t) for t>1ns, to
We introduce a new inde for the functional iteration to ©Ptain the spin-wave frequencies and thermal noise.
solve the nonlinear equation at each time step. fikel !_ocal random thgrmgl fluctuations Igad .to a coIIectlve.
iteration is defined as motion of the magnetization. The magnetization precesses in
- . o the end domains leading to an oscillation of the magnetiza-
Jnr1=3(t) +(1/2)(B[J,]AL+ \/EB[Jn]At). (8) tion parallel to the long axes. Figure 1 shows the spatial
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FIG. 4. Magnetization noise as a function of the easy axis bias field and as
FIG. 3. Fourier spectrum of the magnetization component parallel to thea function of the temperature.

long axis for different points inside a 1%0.00x 5 nnt NiFe platelet at 350
K. Top: Hpias= 16 KA/m, bottom:H ;.= 80 kA/m.
netization noise of a sensor element. The giant magnetore-

o . _ sistancg GMR) signal is proportional to the scalar product of
average of the magnetization parallel to the long axis, whichhe magnetization in the reference layer and the free layer. If

is given by magnetization of the reference layer is assumed to be fixed
1 ~ and parallel to the direction, M, as defined in Eq(1l) is
MX_V_JS J-%dV (10 related to the GMR noise. Figure 4 shows the noise as a

function of the easy axis bias field and the temperature. The

F_igure 2 gives snaps_hots .Of the m_agnetization distribution Hoise decreases rapidly with the easy axis bias field. For
different times. The time interval is 0.2 ns. Figure 3 ShOWSHbias: 16 kA/m the noise increase considerably as the tem-

the Fourier spectra of the magnetization parallel toxtlagis perature is raised from 150 to 250 K. Fil,,.=80 kA/m,

at three different points within the soft magnetic platelet: 8the noise increases linearly with temperature
point in the center of the element, a point on thaxis at a '
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