AlP  Applied Physic&\ \V H

Effect of interlayer coupling on the reversal process of differential dual spin
valves
M. Chandra Sekhar, C. C. Wang, G. C. Han, and W. S. Lew

Citation: J. Appl. Phys. 111, 07B723 (2012); doi: 10.1063/1.3679764
View online: http://dx.doi.org/10.1063/1.3679764

View Table of Contents: http://jap.aip.org/resource/1/JAPIAU/N111/i7
Published by the American Institute of Physics.

Related Articles

Low frequency noise in La0.7Sr0.3Mn0O3 based magnetic tunnel junctions
Appl. Phys. Lett. 100, 142402 (2012)

Nonlocal spin transports in nanopillar-based lateral spin valve
Appl. Phys. Lett. 100, 132401 (2012)

Soft layer driven switching of microwave-assisted magnetic recording on segmented perpendicular media
J. Appl. Phys. 111, 066102 (2012)

A new kind of non-linear distortion in hard disk drives
J. Appl. Phys. 111, 07B731 (2012)

Superficial magnetic imaging by an xy-scanner of three magnetoresistive channels
Rev. Sci. Instrum. 83, 033705 (2012)

Additional information on J. Appl. Phys.

Journal Homepage: http://jap.aip.org/

Journal Information: http://jap.aip.org/about/about_the journal
Top downloads: http://jap.aip.org/features/most_downloaded
Information for Authors: http://jap.aip.org/authors

ADVERTISEMENT

\\ FIND THE NEEDLE IN THE
| HIRING RRAYSTACK

Post jobs and reach )

thousands of hard-to-find %
scientists with specific skills [ E=*
hitp://careers physicstoday org/post.cim  physicstoday JOBS

Downloaded 20 Apr 2012 to 155.69.4.4. Redistribution subject to AIP license or copyright; see http://jap.aip.org/about/rights_and_permissions


http://jap.aip.org/?ver=pdfcov
http://careers.physicstoday.org/post.cfm
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=M. Chandra Sekhar&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=C. C. Wang&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=G. C. Han&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=W. S. Lew&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3679764?ver=pdfcov
http://jap.aip.org/resource/1/JAPIAU/v111/i7?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3698393?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3698092?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3695378?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3680098?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3694002?ver=pdfcov
http://jap.aip.org/?ver=pdfcov
http://jap.aip.org/about/about_the_journal?ver=pdfcov
http://jap.aip.org/features/most_downloaded?ver=pdfcov
http://jap.aip.org/authors?ver=pdfcov

JOURNAL OF APPLIED PHYSICS 111, 07B723 (2012)

Effect of interlayer coupling on the reversal process of differential

dual spin valves

M. Chandra Sekhar,?® C. C. Wang,? G. C. Han,? and W. S. Lew'

'School of Physical and Mathematical Sciences, Nanyang Technological University, 21 Nanyang Link,
Singapore 637371

Data Storage Institute, Agency of Science, Technology and Research (A*STAR), DSI Building, 5 Engineering
Drive 1, Singapore 117608

(Presented 31 October 2011; received 23 September 2011; accepted 20 December 2011; published
online 13 March 2012)

Differential dual spin valve (DDSV) is a potential read sensor for ultrahigh density magnetic
recording. Recently, it has been found that self-biased DDSVs in which the two free layers (FLs)
align in flux closure configuration could potentially remove permanent hard bias. In the present
work, we have carried out a systematic study of the effect of the interlayer coupling through gap
layer on the reversal process of a self-biased DDSV. From the uniform field response of the DDSV,
it was found that the competition among magnetostatic coupling, interlayer coupling and the shape
anisotropy of the FLs gives rise to distinctive reversal behaviors, and the magnetostatic coupling
could not be perfectly compensated by the interlayer exchange coupling. The down track response
of the DDSYV reveals that interlayer coupling could play a dominant role on the performance of the

DDSV. © 2012 American Institute of Physics. [doi:10.1063/1.3679764]

To survive in the competition with other data storage
technologies, the hard disk (HDD) has to reach an areal den-
sity of 10 Tb/in? by 2015. This high density requires the bit
length (BL) of the media to shrink down to 4-8 nm. In a con-
ventional spin-valve (SV) type of reader, the overall thick-
ness of the multilayer will hit a wall at 20 nm, which limits
the detectable BL to be more than 10nm." It is thus crucial
to develop new sensor designs. Differential dual spin valves
(DDSV) were proposed as potential read sensors for 10 Tb/
in?> and beyond.z’3 Recently, it has been found that self-
biased DDSVs in which the two free layers (FLs) align in
flux closure configuration could potentially remove perma-
nent hard bias which is a common feature in conventional
SV read sensors. Here, we have investigated the effect of
interlayer coupling on reversal process of the self-biased
DDSV.

In this study, we have considered the active potion of a
DDSV consisting of two identical FLs separated by a gap
layer (GL) as shown in Fig. 1(a). For FLs, a rectangular ge-
ometry has been considered with stripe height (SH) = 10 nm
and reader width (RW) =12 nm with thickness =2 nm. FLs
are separated by a GL of 1nm thickness. The Object Ori-
ented Micromagnetic Framework code’ was used to simulate
the quasi-static reversal process of the structure. The mate-
rial parameters used in the simulation were saturation mag-
netisation (M) =800 x 10° A/m, exchange stiffness constant
(Aer) =30 x 10~"% J/m. Gilbert damping constant () which
is fixed to 0.5 with a stopping criterion of dm/dt < 0.001.
The mesh size for all simulations was set to be 1 x 1 x 1
nm>. The reversal process is characterized by the GMR
effect using cosine dependence for the respective SV. For
simplicity, the resistance of individual SV in quiescent state
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is assumed to be 0.5 Q, and an MR% of 40% is defined as
(Rinax — Rmin)/Rmin- The total MR response of the DDSV is
simply the arithmetic sum of the two GMR responses. The
initial magnetization of the FLs is fixed as anti-parallel to
each other to form flux closure configuration. The interlayer
coupling is introduced through an exchange coupling con-
stant between two FLs due to the Ruderman-Kittel-Kasuya-
Yosida (RKKY) effect.*® In this paper, only the bilinear
exchange constant (o) is considered, as its contribution is
prominent in common ferromagnetic-metal-ferromagnetic
sandwich structures. The exchange coupling energy as a
function of bilinear coupling constant (¢) can be expressed
as

E,.. = —acos(A0), (D

where A0 is the angle between the magnetization of the two
FLs. A negative ¢ promotes an anti-parallel magnetization
configuration.

Shown in Fig. 1(b) is the uniform field MR response of a
DDSV where the external field is applied along the SH with
no interlayer coupling being considered. The DDSV scissors
the magnetic moments in the FLs with almost identical spin
rotation resulting in a constant net-response due to the cancel-
lation of GMR effect in the respective SV. For this reversal
process, the Zeeman energy due to the external magnetic field
needs to conquer both the demagnetization energy of the indi-
vidual SV and the magnetostatic coupling between them,
which prefers an anti-parallel magnetization state along the
RW direction. As we vary the bilinear coupling constant from
—0.1 to 0.1 erg/cm?, the symmetry and linearity of the MR
response in the respective SV remain the same as the case
with no interlayer exchange coupling interaction. However,
the sensitivity of the SV, which is signified by the saturation
field in the respective SV, is increased almost linearly as o

© 2012 American Institute of Physics
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becomes more negative, as shown in inset of the Fig. 1(b).
The increase can be attributed to the fact that the negative
exchange coupling promotes the anti-parallel alignment
between the two FLs reinforces the magnetostatic coupling,
heightening the energy barrier between anti-parallel align-
ment along the RW direction and the final parallel alignment
along the SH direction. Interestingly a different behavior can
be seen when the two FLs coupled via ferromagnetic cou-
pling. When o is in between 0 to 0.04 erg/cm?, the saturation
magnetic field decreases linearly and saturates at 400 Oe
beyond that. When 0 < ¢ < 0.04 erg/cm?, the ferromagnetic
coupling introduced by the interlayer coupling counteracts
the magnetostatic coupling, and the anti-parallel aligned state
is less stable with higher . As ¢ further increases, the ferro-
magnetic exchange coupling dominates, and it was observed
that the magnetic moments of the two FLs acting as a single
giant spin respond in unison during the reversal process. For
o in this range, the energy cost of varying the magnetization
state of a-single-giant-spin-like DDSV as a whole is invariant,
leading to the observed constant saturation field. This results
in the same reversal response observed for a uniform field,
and hence a constant saturation field.

It is interesting to note that the interlayer coupling cannot
perfectly compensate the effect of magnetostatic coupling, so
that the DDSV behaves as two independently operating SVs.
This can be seen from the saturation field as a function of ¢
terminates at 400 Oe, in contrast with the saturation of a sin-
gle free layer or decoupled FLs which has a saturation field of
300 Oe (not shown here). This is attributed to the fact that the
interlayer coupling energy is only dependent on the angle
between the two ferromagnetic layers (Af), not the absolute
orientation of the individual ferromagnetic layer. In another
word, once A6 is fixed, the interlayer coupling energy is iso-
tropic regardless of the magnetization orientation. The mag-
netostatic coupling energy, though commonly understood to
favor anti-parallel magnetization state, is anisotropic in an
elongated DDSV, as it can be seen from the energy profile for
a perfectly anti-parallel aligned DDSV as a function of the
free layer magnetization orientation in Fig. 2. From the figure,
we can see that, the magnetostatic coupling energy is highest
along the RW direction and lowest when the magnetization
along the SH direction, while the exchange energy is con-
stant. This anisotropy will gradually disappear as the geome-
try of the DDSV becomes more circular. The elongated

DDSV is however necessary for the reader application, as the
FLs need shape anisotropy to bias the sensor at the most sen-
sitive operating point (90° apart from the reference layer).
The dependence of the reading performance of a DDSV
on the interlayer coupling is evaluated in the down track
response. We have modeled the reader response from the bit
transition in a 1-D perpendicular recording media with a
thickness of 20 nm.* The saturation magnetization of media
is taken to be 200 x 10* A/m and the magnetic spacing is
considered to be 5Snm above the media. Shown in Fig. 3 is
the MR response of an ideal DDSV (the two FLs are not
coupled) for comparison study and the magnetic field profile
is superimposed at the background. The signal of the DDSV
output is higher when the DDSV is at the center of the transi-
tion, with an opposite field of the same magnitude sensed by
the two FLs. When DDSV is at point A, both the SVs experi-
ence a magnetic field higher than 300 Oe from the media
which drives the spins to saturate along the SH direction so
that the GMR response of the two SVs is same. The overall
response of the DDSV is low at this point due to the cancel-
lation of the individual GMR effect of the respective SV.
When DDSYV is at point B, SV1 experiences higher field as
compared to SV2. The GMR response is higher for SV1 as
compared to SV2 which results in an increase in the overall
response as compared with point A. When DDSV is at point
C, the two SVs experience the same and opposite fields from
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FIG. 2. (Color online) The profile of the interlayer exchange energy and the
magnetostatic coupling energy during the rotation of the spins of the two
FLs from RW direction to SH direction in flux closure configuration. @ is the
angle between the magnetization of RL and FL.
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FIG. 3. (Color online) The down track response of the ideal DDSV (The
two FLs are independent of each other) and the magnetic field profile along
with the snapshots of the magnetization states of the FLs at various positions
on the down track.

the media. The response is highest due to the large differen-
tial field. The response of the DDSV at D and E points can
be explained by the same and opposite effects at B and A
respectively. When the two FLs are coupled by anti-
ferromagnetic coupling, the sensitivity of the DDSV is
improved as signified by the higher dynamic range as shown
in Fig. 4(a). The sensitivity however is nearly g-independent,
as shown by the largely overlapped curves for different o. If
we look into the detailed magnetization state, a distinctive
mode of operation as compared to ideal DDSV can be identi-
fied near the bit transition when the sensed fields have the
same polarity, e.g., at point B and D. At point B, The FL of
SV2 of the anti-ferromagnetically coupled DDSV, which
senses smaller negative field, instead of following the media
field pointing downwards, rotates its magnetization away
from media trying to respond to the antiferromagnetic cou-
pling due to the FL of SV1, as shown in the magnetization
state B in Fig. 4(a). In this sensing mode, only one of the two
FLs experiencing higher magnitude is driven by the media
field and the anti-ferromagnetic coupling spontaneously
drives the other.

When the two FLs are coupled via ferromagnetic cou-
pling for ¢ >0.04 erg/cm?, the sensitivity of the DDSV is
deteriorated with the increase in the strength of the coupling
as shown in Fig. 4(b). When DDSV is at point A and E, the
field from the media is above the saturation field of the two
SVs resulting the overall output to be minimum. At point B
and D, the magnetization states of the two FLs respond
swiftly to the uniform field as can be seen from the tilting of
the magnetization states compared with anti-ferromagnetic
coupled DDSV in Fig. 4(a). However, due to the net effect
of the SVs being compensated, the net output from the
DDSYV is low for ferromagnetic coupling. When the differen-
tial field with the same polarity emerges, the magnetization
of the two FLs prefers to stay aligned due to the ferromag-
netic coupling energy. It is expected that higher the strength
of the ferromagnetic coupling, smaller is the angle between
the FLs for the same differential field. The similar argument
is valid at the bit transition (C), where the magnetization
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FIG. 4. (Color online) (a) The down track response of the DDSV when the
two FLs are coupled via anti-ferromagnetic coupling along with the magnet-
ization states of the FLs at various positions on the down track. (b) The
down track response of the DDSV when the two FLs are under the ferromag-
netic coupling. Below are the snapshots of the magnetization states of the
FLs at various positions on the down track.

symmetrically aligned close to the RW direction. Therefore,
a drop in DDSV sensitivity is expected with g. It clearly sug-
gests that DDSV needs to operate in the anti-ferromagnetic
coupled region to ensure a good performance in sensitivity.

In summary, the effect of the interlayer coupling on the
reversal process of the DDSV has been systematically stud-
ied. DDSV shows different reversal mechanism depending on
the sign and the magnitude of the interlayer coupling due to
the gap layer. It is observed that interlayer coupling along
with the magnetostatic coupling and the shape anisotropy
strongly influence the overall response of the DDSV. The one
dimensional down track response reveals that the sensitivity
of the DDSV is improved when the two FLs are coupled anti-
ferromagnetically as compared to the decoupled DDSV. The
results shown here suggest that interlayer coupling can be
employed as a vital parameter to tune the performance of the
DDSYV reader.
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