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Reduction of hysteresis for spin valve film by annealing method

LI Wei'?, LIU Hua-rui*, REN Tian-ling®, LIU Li-tian®

(1. Key Laboratory of Optoelectronic Technology and Systems of the Ministry of
Education, Chongqing University, Chongqing 400044, China;
2. Microsystem Research Center , Chongqing University , Chongqing 400044, China;
3. Institute o f Microelectronics » Tsinghua University , Beijing 100080, China)

Abstract: To reduce the hysteresis of spin valve films is important for fabricating Giant Magnetoresist-
ance(GMR) sensors. This paper reports the experiment results of reducing hysteresis of the spin valve
films by using an annealing method and describes numerically simulating annealing conditions and
methods. By utilizing the method of numerical simulating, the annealing conditions and experiment
results are simulated. The simulating results show that the numerical simulating can not only optimize
annealing conditions, but also decrease a large numbers annealing experiments. Using optimized an-
nealing conditions, the coercive force of the spin-valve film is reduced enormously but the Magnetore-
sistance(MR) of the spin-valve film can be kept a higher level. An annealing experiment and different
annealing parameters show that the coercive force and MR of the spin-valve film respectively is 358. 2

A/m and 9. 24 % before annealing, but they have increased to 3. 18 A/m and 8. 54% after annealings.,
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which proves the numerical simulating method is conductive to the improvement of the annealing con-

ditions.
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1 Introduction

The spin valve has been a subject of extensive
studies for more than a decade because of the gi-
ant magnetoresistance (GMR). The effect has
found its application in GMR magnetic field sen-

%) that are widely used in both random ac-

sors-"
cess memory and hard drives.

The spin valve is a complex multilayer struc-
ture and its properties depend strongly on the
structure of its layers and its forming process.
In a general way, because of effect of the pined
magnetic layer, the easy axis of free magnetic
layer and the easy axis of pined magnetic layer of
spin valve are parallel near, to induce hysteresis
of the spin valve film. The key question is to re-
duce hystersis of spin valve film in fabricating
linear GMR spin-valve sensor. Annealing tech-
nology as a instrument often is used to reform
the structure of spin valve film"™.

In this article, we report an annealing technol-
ogy to reduce the hystersis of a spin valve film
and a numerical simulation method to simulate
the results of annealing under different annealing

parameters.
2 Experiment and results

The spin-valve film was deposited on Si/SiO,
(100 nm) substrate by CMS-A six targets sput-
tering system. The spin valve has a configura-
tion of Ta(3 nm)/NiFe(4. 5 nm)/CoFe(1l nm)/
Cu(l. 8 nm)/CoFe(3.5 nm)/ MnlIr(11l nm)/Ta
Annealing experiment was made in

(3 nm).

homemade annealing device, magnetic field

range from 0 to 0. 358 X 10° A/m, temperature
range from 20 'C to 600 C. To prevent film oxi-
dation, fill N, in annealing device. The direction
of annealing magnetic field is perpendicular to
the pined direction of spin valve sample. We
made a series of annealing experiments under
different temperature and magnetic field values.
The MR-H curve of samples was measured by a
four-point probe system in magnetic field under
room temperature. Experiment conditions and

results are shown in Tab. 1.

Tab.1 Annealing conditions and test results
Experiment conditions Test results
Parameter H B MR He
(1703 A/m) (QOp) 73] (1703 A/m)
dn 4dn
50 100 9.12 0.94
50 150 8.96 0. 25
50 200 8. 77 0.12
50 250 8. 36 0.09
100 100 9.00 0. 37
100 150 8.75 0.05
100 200 8. 66 0.036
100 250 8. 24 0.02
Numerical 150 100 6.97 0.13
Value 150 150 6.92 0.03
150 200 6. 85 0.024
150 250 6.72 0.013
200 100 4.61 0.02
200 150 4.23 0.014
200 200 3.75 0.01
200 250 3.13 0.002

3 Simulation

Because the thickness of spin-valve film is about
30 nm, the spin valve film can be described by

single magnetic domain model™. Fig. 1 is the
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Fig.1 Angles in single magnetic domain model

angle sketch map of single magnetic domain
model. According to single magnetic domain
model, the total energy of spin valve film and
MR can be written;
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According to the energy least value condition,
we can get Opy, and Opyy under different H. Af-
terward, used formula (2), we can calculate MR
of sample and plot MR-H curve by Matlab soft-
ware. From MR-H curve, we can obtain MR
and Hc values of spin-valve film.

In our simulation, we simulated MR-H curve
of spin-valve before annealing. Considering the
difference of resistance of free magnetic layer
with pinned magnetic layer is smaller, we can
assume I, =1I,. According to Fig. 1,0y =0s; =0,
=0,051 =0n =7+ 0y =+ Oia » we can simulate
the MR-H curve of spin valve film sample before
annealing. In this process, we can make the fig-

ure of MR-H curve to be similar with experi-

mental curve and to get some basic simulating
parameter, such as MR, = 9.24% ., Mgy =
1 580 emu/cm®, Mpp = 980 emu/cm?®, H, =
1.98X10'" T, Hy, = 1. 59 X 10° T, H, =
1.78X10* T, H;=7.96X10* T, tpy =3.5 nm,
trv2=5.5 nm,w=2 mm, I, =1, =0. 02 mA.
Then, using these basic parameter and changing
the angle value of 0,4 and 0,. . we can simulate
the MR-H curve of spin valve film after annealing.
When simulation MR-H curve is similar with exper-
imental MR-H curve, we can get the angle value of
0.1 and O, under different annealing condition.

Fig. 2 shows the relation between 0,y /0.; and an-

nealing condition.
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Fig. 2 Relation between 0. /0.isz and annealing

conditions

Finally, adopting numerical value simulation
method, we obtain experience formula of 0,4
and 0, »as shown in formula (3) and (4). They

are function of magnetic field H and temperature
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Fig. 3 Simulation between 0, /0.2 and annealing

condition

t. Fig. 3 shows the result of simulating 0, and
O.x» under annealing condition.
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where A, (#), H, (), AH, (), A, (), H, (1),
AH, (¢) is function of temperature ¢, respective-

ly express as follow:
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