N
N

N

HAL

open science

Field sensing using the magnetoresistance of IrMn
exchange-biased tunnel junctions
D Lacour, H. Jaffres, F. Nguyen van Dau, F. Petroff, A. Vaures, J. Humbert

» To cite this version:

D Lacour, H. Jaffres, F. Nguyen van Dau, F. Petroff, A. Vaures, et al..
magnetoresistance of IrMn exchange-biased tunnel junctions. Journal of Applied Physics, 2002, 91

(7), pp.4655-4658. 10.1063,/1.1450050 . hal-02949410

HAL Id: hal-02949410
https://hal.science/hal-02949410

Submitted on 25 Sep 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Field sensing using the


https://hal.science/hal-02949410
https://hal.archives-ouvertes.fr

JOURNAL OF APPLIED PHYSICS VOLUME 91, NUMBER 7 1 APRIL 2002

Field sensing using the magnetoresistance of IrMn exchange-biased
tunnel junctions

D. Lacour?, H. Jaffreés, F. Nguyen Van Dau, F. Petroff, A. Vaures, and J. Humbert
Unite Mixte de Physique CNRS/THALES, Domaine de Corbeville, 91404 Orsay Cedex,
and UniversiteParis-Sud, 91405 Orsay Cedex, France

(Received 24 July 2001; accepted for publication 18 December)2001

An original concept of high sensitivity magnetic field sensor using the spin-dependent tunneling
effect has been investigated. The required crossed-biased configuration is obtained by combining
both shape energy originating from vicinal step bunched Si substrates and unidirectional exchange
anisotropy supplied by an,yMng film in the “top-biased” geometry. We demonstrate a linear and
reversible signal at room temperature and above. The smooth loss of sensitivity at higher
temperature is shown to be correlated to the thermal dependence of the exchange bias property when
IrMn is deposited above the insulating ,/&8l; barrier. © 2002 American Institute of Physics.
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Since the work reported by Moodeed al! on the evi-  herent rotation regime and thus ensures the reversibility of
dence of tunnel magnetoresistance at room temperature, thige signal. This is made possible by taking advantage of the
intensive research on the spin-dependent tunneling of magshape energy introduced by growing this electrode on a vici-
netic junctions paves the way for a technology of integratedhal step-bunched &il1) substrate misoriented by 4° toward
spin-electronics components such as magnetic memorigfie (112 direction, generating a uniaxial anisotropiie”
(MRAM)? or various types of analog high-sensitivity field along the larger axis of the stebdn this approach, the
sensors(read heads, m|cro_cc.)mpa§sBeyo!’1d. the techno-  «p5r4” Co counterelectrode is maintained along the direction
logical difficulties of synthetizing a very thin insulating film perpendicular to the steps by the unidirectional exchange
separating the two magnetic electrodes, what is required is ias effect. This is performed by depositing a 15 nm thick

optimize the magnetic properties of each electrode. AparalleI Mng layer on the “top” Co electrode. The exchange bias
arrangement of both easy magnetization axes can lead to t\/\éﬁ2

: . . rection is adjusted by a thermal process under a field ap-
different states of resistance perfectly adapted to the binar ) y P P

logic required by a MRAM-type functionality. To generate a M!IEd f';\long the desired dlrec.tldthe pinning direction The
: . ; . ) : direction of the exchange bias, controlled by the antiferro-
highly linear and reversible analogical signal, required for

. : 7 magnetic(AF) spins at the ferromagnetic AF interface, is

field sensing, a crossed magnetization pattern has to b etermined by the field orientation during the annealing pro-

stabilized*® Ideally, to realize a sensor, one has to prepare : y el 9 gp
cedure in the vicinity the N& temperaturely of the AF

very “soft” electrode, uniformly magnetized, behaving like a .
macrospin interacting with the applied fiel,, to be de- film. The IrzMneo compour)d has been chq;en because of its
fmetalllc character and its large transition temperdture

tected. Moreover, the “hard” electrode, playing the role of = o ,
spin analyzer, has to be locked along a perpendicular axis'N = ©90 K). Note however that the principle of detection

which defines the field sensitive direction. The only magneti¢Ve have usedbased on a softer anisotropy originating from
sensor based on spin-dependent tunneling under develofl® Substrateimposes a so-called “top” exchange-biased
ment uses a biasing field generated by a specific CircuitrW”Ct'on wherein the biased layer is the one deposited above
which is high power consumirfy’ A way to circumvent this the insulating barrier. The efficiency of this “top-biased” ge-
problem is to stabilize the specific noncollinear arrangemen@metry (refer to Fig. 3 has not been addressed in the litera-
by using independent anisotropies induced within each eledure in the case of tunnel junctions devoted to sensing per-
trode acting like an “internal” magnetic fieldFig. 1). This  formance.
allows us to suppress the need of this specific circuitry and The whole stack (Si(113})/Co(15 nm)/AbO5(2 nm)/
thus considerably reduces the power consumption. Co(5 nm)/IpMngy(15 nm)/Au) has been deposited in a
In this letter, we discuss an original concept of high-commercial Alcatel sputtering system B 4 mTorr argon
sensitive field sensor, which combines step anisotropy for thplasma. The tunnel barrier is formed by postoxidation of a
bottom electrode and unidirectional exchange bias anisott.5 nm thick aluminum layemia 2 mTorrAr/2 mTorr O, rf
ropy for the top electrode oriented perpendicularly to the steplasma during 1 min. For magnetotransport measurements,
anisotropy. This provides the required perpendicular configutunnel junctions of circular shape with dimensions ranging
ration. In details, the original method we propose consists ofrom 300 to 10um are patterned in four steps using optical
controlling the rotation of the “soft” Co electrode in its co- lithography and ion beam etching proces¥Bhe annealing
process of the junction has been performed at 280 °C during

dAuthor to whom correspondence should be addressed; electronic maill5 min, .Under a 180 Oe saturating magnetic field applied
daniel.lacour@thalesgroup.com perpendicularly to the steps.
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in this range (-8 Oe). In this regime, the slight angle varia-
tion 56 of the macrospin counted from the step directisee

Fig. 1 is responsible for the linear tunnel magnetoresistance
depicted in Fig. Ba). This angle variation leads to a relative
sensitivity defined asR/(R, X 8H,,) of about 0.12% Oe".

The expected sensitivity can simply be expressed as
TMR/(2H*H=0.12% Oe !, where TMR=24% is the nor-
malized difference of the resistance measured between the
antiparallel and parallel magnetic configuration. Note that
there is good agreement between the expected and measured
sensitivity. In light of the expression of the sensitivity versus
H®P, one must be aware that the sensitivity may be strongly

FIG. 1. Principle of low field measurements. The softer electrode ma netiimprOVEd by Iowering—ISKtep. This can be easily realized ei-
zatic.)n .is forcer:j to rotate coherently around .this equilibrium position bg'y anther by_repla(?mg th(_% soft Co layer by ag_bﬁezo laye_r or by
angle 6. The hard magnet is pinned along the exchange bias directiolepositing thicker films! However, previous studies have
perpendicular to steps. revealed the occurrence of quadratic effects and higher or-
ders perturbatiort$ when H P approaches the dipolar cou-
pling field and/or the applied field. These nonlinear effects
In Fig. 2@, we present the low-field behavior, at room strongly affect angular measurements. In other wokg,
temperaturgRT) of the tunnel magnetoresistance of a 200must be generally adapted to the desired function either field
pm wide junction. The fielcdHy, is oriented along the ex- sensing(low anisotropy or high precision angular detection
change bias direction corresponding to the hard magnetitigh anisotropy. In the present case, the equilibrium posi-
axis of the softer magnet. We can observe that the resistang®n is fixed by the strong local anisotropy fiehtf*induced
depends linearly om,. In addition, the signal plotted in by the topological modulation which has been intentionally
Fig. 2(a), corresponding to three sweeps in field is seen to béixed at 100 Oe to avoid nonlinear effects. The study of the
accurately reversible. This originates from the coherent rotaexchange bias properties of the top electrode by angular
tion mechanism experienced by the bottom Co magnetizatioanalysis, which is discussed in the following, partly explains
away from its equilibrium position under the influencel-bjp our choice of a larged 3P
Indeed, angular measurements, i.e., measuring the resis-
tance versus the orientation of a fixed applied field in the
plane of the junction, constitutes a more powerful method to
probe the linear property of the output tunnel signal versus
Hap- A perfect linear signal should then be described by a
sine-like shape angular response corresponding to the field
componentHgp along the sensitive directiofFig. 1). In-
versely, in the low-field range, any distortion from the ideal
sine-like variation has to be interpreted as the consequence
of a nonideal behavior of the magnetic electrotfeBigure
2(b) presents the angular variation of the tunnel magnetore-
sistance versus the angle between the applied fieldH(,,
=3 Oe) and the step direction. The sensitive direction is here
identified by ®=90°. For clarity, the normalization of the
resistance has been performed from the dRateorrespond-
—o— angular response ing to the perpendicular arrangement stabilized at zero field.
sine function .« This explains the respective positive and negative sign de-
0.25} 45 N 4 pending on the value of the angle The signal has a revers-
£ H=30e" ible quasi sine-like shape, with a peak to peak magnitude of
: 3 0.7%. The sensitivity approaches 0.12% ! which cor-
roborates the previous results. The minim(maximur) of
- . H_, the resistance is obtained close®c=90° (®=270°) i.e.,
25k § 5 i whenH  is parallel(antiparalle] to the exchange bias direc-
2o D tion leading to the minimizatiofimaximization) of the rela-
(b) B*?  Hy tive angle between both electrodes.
-6.50, 20 160 270 360 However, the distortion from the sine shape, evidenced
Angle & (degree) on Fig. 4b), reveals a smaller resistance than expected. This
reduction, originating from a reduction of the effective angle
FIG. 2. (3)(-£-) Low field behavior of the resistance at Rigy s aligned hetween the two magnetizations, may have two sources: the
with the exchange bias direction. The signal was measured to be reversible . .
by performing three minor loopgb)(-©-) Angular measurement of the Mmagnetization deviation of one or the other electrode. In a
TMR at RT. The straight line reproduces a sine curve. previous articlé”” we have shown that the nonlinear response

Resistance (kQ)

Applied field H'app (Oe)

(R-R) /R (%)

TMR:
&
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FIG. 4. Henand TMR vs temperature. The lines are guides for the eyes.
FIG. 3. Peak to peak magnitude of the angular response vs the applied field
for different temperatures. The inset evidences the linear drop down of sen-

sitivity when the temperature increases. tween the AF materiallrMn) and the “top” ferromagnetic
electrode(Co) is not strong enough to allow an independent
reversal of each electrode. Therefore both the distortion and

phase shift in the sine response 48iia quadratic effect at a the reduced sensitivity observed at room temperature can be

double frequency. This is clearly not the case here suggestint al|'t:1t|\(/jely e_ﬁplgmetdh b){_ta p?mal tlﬁss of s xchanbge proper-
that the nonlinearity observed originates mainly from the,. s As described in the literature, the exchange bias proper-
es are known to be strongly dependent on the crystalline

hard electrode behavior. The angle reduction may result fronq . ' . ;
a slight motion of the biased layer interacting with the exter-quallty of the AF films. For example the grains szand/or

5 . .
nal field as well as the softer layer through the orange peetﬂe texturé of the AF layer may |_nfluence th? ex!,stenqe and
coupling®® The larger discrepancy is obtained fdr=0° the magnitude of the exchange field. In the “top” configura-

and®=180° corresponding to a perpendicular arrangemen?on’_ l.e., when the AF film is grown aboyt_e a thin amorphous
of the magnetizations, i.e., when the torque imposed by thgarrler(the present ca3ethe growth conditions may alter the

soft layer on the biased one is maximal. The study of thecrystalline quality of the AF layer. Indeed, complementary

angular response versus the temperature presented beldwaY diffraction and high resolution transmission electron
will partly confirm this assumption microscopy studies detailed elsewhéreave revealed how a

In Fig. 3, we have reported the total amplitude of the:aCk o:tttme(lll)r:exturebpf the IrMntfllrIn cogé(ilglve.trllsekto a
angular response in tH®-15 Oé field range for different tﬂsf 0 di ?.Exg angfebl |ask.propt)er Y- nta fion, |b|s nown
temperaturesl’ ranging from 310 to 340 K. The signal is at a distribution ot blocking temperatures can be respon-

again shown to be linear versus the applied fiélgwith the 5|blet of 'f[hswplnned layer motion during angular measure-
slope of the curvésensitivity smoothly decreasing witfi, ~ e 8t R T

For illustration, the thermal dependence of the sensitivity l_ln conclusmntz V\f lr(;ave repo[)ted Zn 0r|g|nall mgthod c§o t
measured forH,,=15 Oe, shown in the insert of Fig. 3, realize€ a magnetic eld sensor based on a spin dependen

presents a linear relative variation of abou27% between tunneling effect. By combining the use of step bunched sub-

295 and 340 K600 ppm K 2). This loss of sensitivity may strates with exchange biasing of the top electrode, we suc-

be attributed to a more and more important motion of theceeded in linearizing the signal supplied by magnetic tunnel

hard layer around its nominal pinning position when the temJunctlons. The optimization of the sensor performances at

perature increases. In order to investigate the role played b gh tempe_ratures requires the improvement of the crystal-
the exchange coupling between the AF material and th ne pr_opert|es of the IrMn layer or the use of an alternate AF
“top” electrode, junctions have been annealed with a fieldmate“al'

applied in a direction parallgl to thg vicinal steps to obtain @ Thjs work has been partially supported by the European

two parallel easy axes. Thls configuration allows us fo QbCommission through Grant Nos. BR CT98-0657Tun-

serve clearly defined antlparallel states of the magnetizationge|sense} and E-32464“Massdots”).
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