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Analysis of Angular Dependent Resistance
Measurements on IrMn-Based Spin Valves
Using a Finite Pinning Model

Chih-Ling Lee, Shaoyan Chu, James A. Bain, and Michael E. McHenry

Abstract—The magnetoresistance of IrMn based spin valve y, fotation
sheet films has been measured as a function of applied field
orientation and temperature. Analysis of these angular resolved
results allows the separation of the magnetic response of each
ferromagnetic layer in the structure. Specifically, the data are
fitted to a model of magnetoresistive response that accounts for
giant magnetoresistance (GMR) effects between the two layers
and anisotropic magnetoresistance (AMR) effects within each
layer. Both the pinned and free ferromagnetic layers are assumed
to be single domains. Additionally, the free layer is assumed to axis
follow the applied field, while the pinned layer follows the vector 0 degree
sum of the applied field and the pinning field. From the fitting
results, several parameters are separated quantitatively, including
thg rgSIStance change assoc'ff‘ted with GMR and AMR eﬁectsz the Fig. 1. Four point measurement for as-deposited IrMn spin valve. The sample
misalignment angle for the pinned layer, the angular excursion s rotated under a fixed external field.
of the pinned layer under external field, the average current
direction and the thermal coefficient of resistance. This analysis . ) .
can support the design of spin valve readers, especially when these fitting parameters, and the supporting experimental results
extended to the determination of the canting angle of the pinned agree with the fitting results. This model is developed below.
direction for patterned devices.

Index Terms—AMR, angular dependent measurement, Il. EXPERIMENT

anisotropy magnetoresistance, canting angle, giant magnetoresis- . L .
tance (GMR), IrMn, magnetic recording heads, memory device, The structure of the IrMn spin valves studied in this work was

spin valve. glass/Ta 26 A/NiFe 47 A/CoFe 21 A/Cu 24 AiCoFe 13 A/NiFe
22 A/irMn 124 A/Ta26 A. They were prepared by dc magnetron
sputtering. During deposition, a uniaxial magnetic field of 30 Oe
was applied in a direction defining the sample’s reference axis.
OR high-density recording, an important issue is to contr@he sheet resistance of the spin valves wag2@uare. The an-
the magnetization rotation of the sensing layer such thagtilar dependent resistance was measured by a Physical Property

moves stably during the sensing of the magnetic field. This is @deasurement System (PPMS) Model 6000 made by Quantum
pecially true when the device is patterned into fine dimensiorBesign Co. The samples were cut into 5 mnd mm squares,
A primary task in controlling magnetization rotation is to be ablgaded in the PPMS and oriented relative to the instrument as
to measure it in both the quiescent and driven states. This watkown in Fig. 1. The magnetic field was fixed while the sample
develops a technique suitable for this task. was rotated within this field. The coordinates given in Fig. 1 are

In this work, the giant magnetoresistance (GMR) effect is agelative to the sample reference axis. As the film was rotated,
sumed proportional to the cosine of the angle between the ft@e free layer remained largely parallel to the external field. The
layer and the pinned layer while the AMR effect is assumedsistance was measured by the four point contact method. The
proportional to the cosine squared of the angle between the oetitact region was sputtered Au with a thickness of 150 nm.
magnetization and the current direction. A spin valve sheet films
resistance has been measured as a function of a rotating applied|||. FiNITE PINNING MODEL OF MAGNETORESISTANCE
field. By using a model to fit the experimental results, all phys-
ical parameters of the system can be quantitatively determin
Several individual experiments had been designed to exam

180 degree

|I. INTRODUCTION

The model of spin valve resistance used in this work was as
Qllows. The total resistanc&, of a spin valve can be expressed
as a combination of GMR and AMR effects according to [1], [2]
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each other and they are also perpendicular to the current direc-
tion. AREY R (2) is the maximum change in resistance due to
the GMR effect andA R'{35, (§2) is the maximum change in
resistance due to the AMR effect. A scaling factey,defined

as the fraction of total AMR contribution from the free layer, is
used to combine the AMR effect for both the pinned and free
layer. The relative angles &f-, 8 andéd; are shown in Fig. 1.

The electrical transport properties of multilayers have been ex-
tensively investigated with regard to both interfacial scattering
and bulk scattering [3]. In this model, the GMR effect is con-
sidered to be dominated by interfacial scattering and the AMR
effect is taken to be bulk scattering dominated. Experimentally, B
we measuré as a function of the applied field anglgy, . In all 275 e
cases, single domain behavior is assumed for the pinned and free o & 100 15‘(’_) 200 250 300 35 400
layers. In this work, the free layer is assumed to be in the same H (degree)

direction as the external field because the external field is mu,ggl 2
larger than the total anisotropy field of the free layer. In other
words, 8 is set equal tdy (see Fig. 1), i.e.0r(fy) = 0y. 235 a3
The pinned layer is assumed to be oriented in a certain directii 2 ¥ Pl
defined byfpo. In order to capture the finite nature of the pin-_zz \ SK 120000 //
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Resistance verstg; at 290 K under different external fields.

320 K § 200 Oe 32
ning field, the torque on the pinned layer is calculated throucs ,,
the total energy of the pinned layer

E=—-MpH,,,cos(0p—0n)— MpH., cos(8p—0po) (2) 2.0; \ / /
\\// \/\'/

whereM p is the magnetization of the pinned lay#f,,,, is the o ve
magnitude of the applied field{.,, is the magnitude of the ex- ¢ & B ey R ey 00
change pinning field} g is the direction in which this exchange
field is directed relative to the reference axis, @adandfdp are Fig. 3. Typical fitting results for the pinning model. The (a) low temperature
still as defined in Fig. 1. This yields a torque on the pinned |ayéﬁta and (b) the high temperature fitting are perfectly fitted with the model.
through—0E /36 p).

Setting this torque equal to zero and simplifying yields theeriodicity changes from 3600 18C°, which corresponds to a
following expression: cosine squared behavior and the AMR effect being dominant.

From these results, it can be deduced that the exchange field is

sin fpo + v sin Oy ) between 200 Oe and 300 Oe. When the external field increases
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(3) above 300 Oe the pinned layer is activated and the exchange
coupling no longer constrains the pinned layer. Consequently,

wherey = H,,,1/H.., the applied field normalized by thethe GMR effect is diminished and the AMR effect dominates
exchange field. the resistance response.

This relationship is the essence of the finite pinning model, The results of applying the finite pinning model to ti&f )
and allows the plot of? versusfy to be fitted using the fol- Plots for the spin valve structure described in the experimental
lowing parametersRy, ARE ., ARZS,, av, Opo, §; and~.  Section of this work are shown in Fig. 3. Fig. 3(a) shatifor
Since is a function ofH.,, the temperature dependence o field magnitude of 200 Oe, at 5 K and Fig. 3(b) shows the
H.., has been implicitly included in the term. results at the same field but at a temperature of 320 K. Both
low temperature and high temperature data can be fitted with
the finite pinning model perfectly.

The samples in this study were fitted with the finite pinning
Typical angular dependent measurement results at 290 K aredel for a range of temperatures from 5 K to 320 K. The re-
shown in Fig. 2. In the figure, resistance is plotted vetgugor  sults of fitting the angular dependent resistance to this model are
different applied fields. Fof;; values near Dor 360, a high shownin Fig. 4. Initial inspection of these plots reveals a few ex-

resistance state is shown. This indicates the pinned layer andyibeted trends. The reference resistafg jncreases with tem-
free layer are anti-parallel to each other for this valugg@fLow  perature, as doeg, the ratio of the applied fieldH ., to the
resistance is seen in the mid angle range, indicating the pinrea¢hange pinning fieldd.,. The GMR ARE5F ) and AMR
layer and the free layer are parallel to each other fgar= (AR%37 ) coefficients decrease slightly with temperature. The
180°. At low field, the periodicity of the resistance responsé&action of the free layer contribution to the AMR, given by

is 360°, which corresponds to a cosine behavior and indicatis as expected for these films, around 60%, and the two angles,
the GMR effect dominates the resistance response. When #fag andé; are consistent with experiment. More detailed dis-
external field increases above 300 Oe, the resistance respansssion of these results is provided below.

91)(9[{) = ta11_1 <

cosOpg + ycos by

IV. RESULTS
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Fig. 4. Fitting parameters plotted as function of temperature under an extergald from 5% to 3%, respectively, over the same temperature

field of 100 Ge. range.R,,;, is the minimum resistance measured as a function
of angle. Fig. 4(b) indicates a pinned layer misalignment of

From transfer curves approximately 8 away from the reference axis. The average

o current direction gy, is 2° from the reference axis for both

: cases. These results agree with the direction of applied current

0.4

max ¥
ARgmr

A rom angular dependent for the four point measurement as shown in Fig. 1. It should be
§0:2f  measurement fitting results noted that this agreement suggests that this method could be
K / ARMAX used to identify canting of the pinned layer in patterned devices

The « term, which is the fraction of the total AMR effect
coming from the free layer is shown in Fig. 4(d). These results
o show that the free layer has a higher contribution to the AMR

O mpaature s % effect than the pinned layer. This is likely to be related to the
thickness of the free and pinned layer given the assumption of

Fig. 5. Fitting results of AR versus temperature compared with thepylk Scattering for the AMR effect, since the thickness of the

experimental results from transfer curves (GMR) and high field (1000 O(ﬁ) d th - dl . b 2:1

results (AMR). ee and the pinned layer is a out2:1. o

The~ term, which is the ratio of the applied field over the ex-

change field, is also shown in Fig. 4(d). When the temperature

A
From high field {1000 Oe)
measurements

V. DiIsCUSSION is raisedyy increases. This corresponds to the exchange field de-
The fitting results foA R%3% , and A R%2% ., in Fig. 4(a), are creasing as temperature increases. Furthermore, the maximum

compared with the corroborating experimental results in Fig. &xcursion angle at 320 K for a 200 Oe external field:#2° for

In this figure, the fitting results for\ R%3%,, are compared to the pinned layer, which is calculated by (3), as shown in Fig. 6.
the difference between the high resistance state and the low re-

sistance state obtained from the standard MR transfer curves. VI. CONCLUSION

Also in Fig. 4, the experimental results f&rR{57, are com-  The resistance of IrMn spin valves has been measured as a
pared with .the difference betwgen _the high resistance state @hktion of applied field angle with varying temperature and
the low resistance state from high field angular dependent dafgiq magnitude. By using the model in this paper, a set of fitting
This high field data was collected at an applied field of 1000 Oggrameters describing the resistance, magnetoresistance, layer
As shownin Fig. 2 this is sufficient to smoothly rotate the pinneghientations and exchange fields have been quantitatively sep-
layer. The fitting results in both of these cases are very closejpyed. These fitting parameters have also been confirmed by
value to the corroborating experimental values, indicating ta@parate experiments. Using this approach, the misalignment of
validity of the fitting procedure. the pinned direction has been identified to be absua®ay

From the fitting results above several features can be notgm the reference axis, for a sheet film. This analysis method

Firstly, the resistance change attributed to the GMR effegt experiment can support the design of magnetic recording
(ARE3TR) and the AMR effect AR ) decrease modestly heads or memory devices.

with increasing temperature, as expected. These values go
from 0.31 to 0.27%2 (GMR) and from Q.ll to 0.09 (AMR) REFERENCES
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