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Reduction of spin transfer by synthetic antiferromagnets

N. C. EmIey,a) F. J. Albert, E. M. Ryan, I. N. Krivorotov, D. C. Ralph,

and R. A. Buhrman
Cornell University, Ithaca, New York 14853-2501

J. M. Daughton and A. Jander
NVE Corporation, Eden Prairie, Minnesota 55344

(Received 27 January 2004; accepted 2 April 2004; published online 7 May 2004

Synthetic antiferromagnetic layefSAF) are incorporated into spin transfer nanopillars giving a
layer composition Co,gtiom/RU/CQixedl/CU/CQq e, Where square brackets indicate the SAF. The
COyotom @aNd C@yeq layers are aligned antiparalléAP) by strong indirect exchange coupling
through the Ru spacer. All three magnetic layers are patterned, so this AP alignment reduces
undesirable dipole fields on the fz@ layer. Adding the Cg,,m/RU layers reduces the spin
polarization of the electron current passing through the nanopillar, leading to a decreased
spin-torque per unit current incident on theGolayer. This may be advantageous for device
applications requiring a reduction of the effects of a spin-torque, such as nanoscale
current-perpendicular-to-plane magnetoresistive read heads200&¢ American Institute of
Physics. [DOI: 10.1063/1.1757638

The reversal of a thin ferromagnetic layer by applicationstep. The etching is timed to stop partway through the thick
of a spin-polarized current, or spin transfer eff¢8f), has  Cu buffer, patterning all three Co layers. $i@3 deposited
been extensively studied in systems with the familiarwith a plasma enhanced chemical vapor deposition process.
Co0iyeq/CU/CQ,ee  current-perpendicular-to-plane (CPP Photolithography, subsequent ion beam etching steps, and
pseudo-spin valve compositibif as well as other magnetic sputter deposition define top and bottom leads in a four-point
trilayers®® The prevailing theorié€ indicate that the spin- CPP configuration. Resistance measurements are made at
polarized current applies a spin-torque, local to the CilCo T=295 K using a Wheatstone bridge and lock-in amplifier
interface, that can induce a dynamical response from thtechnique with a 2%A excitation current,,. Here, negative
Coree Magnetization. Such dynamics, although important forl indicates electron flow from the SAF to the fgplayer.
the study of ST, are parasitic for more passive devices such Figure Xa) shows the device GMRI&0) with H ap-
as CPP giant magnetoresistan@MVR) read heads, where
the Cq.e layer is sensitive to stray fields from magnetic bits -
on a hard drive mediuh ST-induced dynamics would give 1781 (@)
erroneous signals in nanoscale devices and so it is advanta-
geous to minimize the effects of a spin-torque in such de-
vices.

In this letter we present the results of an experiment
where a third, oppositely aligned magnetic layer ($&on
has been incorporated into the CPP spin valve structure ad- 1.724 SAF{
jacent to the Cgeq layer. We investigate fieltH and a dc . . . ”
currentl-induced switching of the Gg. layer in structures 30 20 -10 00 10 20 3.0
with layer composition Cu(100)/Ggor{11.5)/Ru(0.7)/ Field (kOe)
COrixed(8)/Cu(6)/Cqed 2)/Cu(2)/Pt(30)(in nm), where all 1784 -
three Co layers are patterned in a nanopillar geometry. Inter-
layer exchange coupling through the thin Ru spacer gives a
strong antiparalle(AP) alignment of the two adjacent Co
layers'® The CQouom/RU/CQieq trilayer thus forms a syn-
thetic antiferromagne{SAF), where magnetostatic fields
from the two Co layers are in opposition and the overall 1.741
dipolar coupling to the G, layer is reduced. -1000 -500 0

All layers are dc sputter-deposited & 1 mTorr Ar am- Field (Oe)
bient onto thermally oxidized Si wafer substrates. Base pres- o ) ) )

_g . FIG. 1. (a) High-field GMR of the SAF nanopillar. Simulated devices are
S_ure.S ares3.>< 10" Torr. EIeCt_ron beam IlthOgraphy’ €aC- shown to indicate the alignment of the three magnetizations as the field is
tive ion etching, and evaporation are used to define a maskvept from negative to positive values. Resistance jumpset50 and 600

which protects the underlying layers during an ion beam etcl®e are reversals of the g layer and SAF pair, respectivelp) Low-field
GMR of the same device. The field is scanned asymmetrically to isolate the

switching of the Cg layer. The dipolar field K357~ —220 Oe) is taken

¥Electronic mail: nce2@cornell.edu as the offset of the hysteresis loop, indicated by the dashed line.
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plied in-plane. The continuing decrease dv/dl at the -4 2 0 2 4
maximum H is the gradual breaking of the SAF AP 180{@ ) ' ' ' ]
alignment!! To distinguish between switching events for - -150 Oe
|H|<1.0 kOe, we use a Stoner—Wolfarth simulation where % 1784 1
total energy(Zeeman, anisotropy, interlayer exchange, and § 76

= 17049 4

dipole field is minimized for all three layers at each 4 Oe
increment inH. This simulation confirms the different mag- -
netic configurations, shown pictorially in Fig.(g. For 19.
H=~150 Oe the switch from high to an intermediate resis-
tance state corresponds to the reversal of thg.Qayer. A
smaller coercivity is expected for the fz@layer due to its
smaller shape anisotropy:h®*%(~thicknes$. The jump back

to high resistance & ~600 Oe is the reversal of the G:Qom
layer, which in turn switches the gQq layer via the strong

interlayer coupling. We do not observe any temporary devia- 4 2 o 2
tion from AP alignment within the SAF that may occur dur- J/t (10" A/(em’ xnm))
ing this jump in resistance. FIG. 2. dV/dI vs current density normalized to the free layer thicknbss

In Fig. 1(b) the magnetic field is scanned over an asym-for (a) a 90x190 nm elliptical SAF sample arf@) a 70x130 nm elliptical
metric range,—1000 Oe<H <300 Oe, in order to isolate the normal sample. The resistance valueghi a two-point measurement, in-
switching of the Cg., layer. The offset of this hysteresis clude lead resistance6 () and contact resistance9 ().
loop is taken as the dipole field on the {z0 layer
[HGip 1~220 Oe. The two thicknesses of the SAF magnetic, 1, \hereyc, is the polarization produced by the spin
layers are chosen specifically to minimize the combined d'TiItering of a single fixed Co layer.
pole field halfway through the Gg, layer. Imperfections in We note that the\RA for normal samples here is larger
the magnetic layers during fabrication are most likely re-ihan for those reported in Ref. 12. We suspect that this dif-
sponsible foHg"™#0. Dipole field calculations from surface ference is due to the fact that the samples here and those in
currents on an isolated magnetic diélke., no SAF pall  Ref. 12 were prepared in different sputter systems which
show|H 4| ~400 Oe halfway through the Gg layer. The  yield multilayer films with different interfacial qualities. The
resistance changes in Figbl shift in H as a biad is ap- g layers in this study had 37% larger grain sizéiem
plied (shown in Fig. 3, a further indication that the minor y_ray diffraction measurementsnd larger rms interfacial
loop is the Cqee layer switching since the SAF is too thick roughnesg~3x, from atomic force microscopy measure-
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to be affected by the spin-torqde. ments than those in Ref. 12. A detailed understanding of the
Looking at the resistance area produaiRA) from the  role of interfacial quality om\RA is still lacking, however.
GMR of 35 SAF samples, we find ARA)sar=0.45 Not surprisingly, we find that the ST switching is also

+0.07 m) um?. For 59 normal samples without the sysceptible to the reduceg; from the SAF. In Fig. 23) we
Copotorm/RU layers but with identical thicknesses for the restshow a ST scan for a SAF sample at low field ramp
of the trilayer, we measure ARA)noma=0.94  rate=0.5 mA/9 and a similar scan from a normal sample
+0.19 nf) um?, almost a factor of 2 larger. This reduction (1.0 mA/§ Cox,e(40)/Cu(10)/Cqed3)/Cu(2)/Pt(30) (in
of ARA for the SAF samples is attributed to the reducednm), where the CReeq layer is unpatterned, in Fig.(8). We
polarization of the electrons that pass through and are replot the current density) normalized to the G, layer
flected from the SAF trilayer compared to the case of &hicknesst because this is the value most directly related to
single Co fixed layer. Both the Gg,mand the Cg.qlayers  the spin-torqué?
in the SAF are considerably thinner than the room tempera- For four SAF samples, we measurJ. /t=7+1
ture spin-diffusion length of Co(G°~38 nm'¥), and the Ru % 10" A/(cn?nm), while for 24 normal sampleshJ,/t
coupling layer is also much thinng€®.7 nm than its spin- =3.0+1.0x10" A/(c?nm), an increase by a factor of
diffusion length(~14 nm'). Consequently, all of the inter- ~2.3. Here,AJ.=J; —J , whereJ; (J7) is the critical
faces of the SAF play a role in the spin-filteriigand col-  current density for switching Gg. P to AP (AP to P with
lectively determine the net spin polarization of the currentCoy,.4 There is a small difference in the Cu spacer thickness
that impinges onto the Gg, layer in these near-ballistic ST between the SAF and normal devices, but this would only
devices. account for a 2% change g, which is well within our
While the spin-filtering that results from the electronic uncertainties. The polarization of the conduction electrons
structure of the two Co/Ru interfad&s”and any bulk spin-  that exert a spin-torque on the fzglayer may depend on the
dependent scattering that does occur can be expected tfirection of the current flow. Fod ~, electrons traverse the
modify the effect, the two oppositely aligned magnetizationsfixed layer(single Co or SAFand are thereby spin filtered to
of the SAF pair will clearly reduce the spin current ampli- produce a current with polarization_ that impinges on the
tude that passes through or, depending on the bias curre@o,,. layer. ForJ*, the incident electrons that are spin-
direction, reflects off the SAF. Since the magnetoresistancéltered by the Cg,. layer traverse the Cu spacer and im-
signalARA s, in the ballistic limit, linearly dependent upon pinge onto the fixed layer. From there a portion are reflected
the effective polarizationye Of this current, the reduced back to the Cg. layer, after being re-polarizeg, by the

magnetoresistance signal from SAF devices indicates thapin-filtering effects of the fixed laydisingle Co or SAF,
Downloaded 22 Jun 2004 to 128.84.241.29. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp



Appl. Phys. Lett., Vol. 84, No. 21, 24 May 2004 Emley et al. 4259

: ' ' ' o y reducedn. correspondingly has a weaker influence on the
" .,,,.\./ . activation process.

4 In summary, we have added g@,/Ru layers to the
familiar Co;,q/Cu/Cq,ee CPP magnetic nanopillar composi-
tion. The CQ@uom and C@,.q layers are AP due to exchange
coupling through the Ru spacer and succeed in reducing un-
favorable dipole fields on the g layer. It is clear that
o / s ST these AP magnetic layers also reduce the spin polarization of
] b Field 0e) 7 1 | from the bulk Co value or single Co spin-filter value. Such
reduction of the current polarization is advantageous for
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] / ool ] nanoscale devices seeking to reduce the effects of a spin-
ol ¢ oo pAp OO | torque, such as CPP-GMR read hedehere the reduction
o—° in ARA due to the SAF can be countered by partially oxi-
, - : : : : - dizing the magnetic interfacés.
-1.5 0.0 Ls 3.0 _
Jh (10 A/(cm xnm)) This work was supported by the NSF through the NSEC
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FIG. 3. H, plotted vsJ/t, the current density normalized to the {golayer tion Facility which is a node of the NSF-supported National
thickness, for norma(®) and SAF(O) samples. The data illustrate the Nanofabrication Users Network.
boundary separating the bistable P/AP region and the stable P region as

shown. Insets show hoW . was measured.
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