UC Davis
UC Davis Previously Published Works

Title

Simultaneous enhancement of anisotropy and grain isolation in CoPtCr-SiO2 perpendicular
recording media by a MnRu intermediate layer

Permalink
https://escholarship.org/uc/item/3cs440tm
Journal

Physical Review B, 82(1)

Authors

Liao, Jung-Wei
Dumas, Randy K
Hou, Hao-Cheng

Publication Date
2010-07-21

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/3cs440tm
https://escholarship.org/uc/item/3cs440tm#author
https://escholarship.org
http://www.cdlib.org/

PHYSICAL REVIEW B 82, 014423 (2010)

Simultaneous enhancement of anisotropy and grain isolation in CoPtCr-SiO, perpendicular
recording media by a MnRu intermediate layer
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We demonstrate using both structural and magnetic analyses that an antiferromagnetic MnRu intermediate
layer can simultaneously increase the anisotropy constant and reduce the intergranular exchange coupling of a
CoPtCr-SiO, recording layer. The anisotropy constant of CoPtCr-SiO, is increased by an exchange coupling
with the adjacent antiferromagnetic MnRu intermediate layer. Additionally, the MnRu layer leads to better
SiO, segregation within the recording layer which then weakens intergrain exchange coupling. While the
enhanced grain isolation leads to a reduction in the activation volume, a potential loss in thermal stability is

avoided due to the enhanced anisotropy.

DOI: 10.1103/PhysRevB.82.014423

I. INTRODUCTION

Advances in nanomagnetism have profoundly changed in-
formation technology, exemplified by the 1000-fold increase
in magnetic recording areal density over the past decade.! As
each bit of information is recorded over an ever shrinking
area, thermal stability becomes a critical issue.>® The mag-
netic anisotropy energy K,V that stabilizes the magnetization
of a magnetic recording bit scales with its volume V, where
K, is the anisotropy constant. At very small bit sizes, the
anisotropy will be dominated by the adverse effects of ther-
mal fluctuations. Achieving an enhanced K,, in the recording
media can compensate for the smaller V in order to maintain
thermal stability.* On the other hand, when a particular grain
switches its magnetization, it affects the neighbors through
the intergranular exchange coupling, leading to noises and
also masking the intrinsic switching field distribution.® A cer-
tain number of grains per bit is required to realize a reason-
able signal-to-noise ratio. Media with better isolated grains
are thus highly desirable as they allow each bit to be written
over fewer grains, leading to a higher storage density.°

In practice, however, it has been difficult to simulta-
neously accomplish both goals, as a weaker intergranular
exchange coupling naturally reduces the thermal stability as
well. Currently dual-Ru layers are widely used to promote
(0002) texture and achieve well-isolated grains of the record-
ing layer (RL) in CoPtCr-SiO, perpendicular recording
media.” Sputtering of the second Ru intermediate layer (IL)
at a high working pressure has been suggested to obtain bet-
ter grain isolation in the RL. However, poor grain isolation at
the interfacial region of the RL near the Ru IL was
observed.® Doping oxides into the Ru IL to promote the grain
isolation in the RL is an alternative method.>'* Yet the im-
provement of the grain isolation during the initial growth of
RL has not been clearly demonstrated. Antiferromagnetic
(AFM) IrMn has been proposed to keep similar grain size in
the RL while enhancing the thermal stability.'! However, the
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measured K, of the RL is not appreciably increased and the
enhancement to the RL thermal stability is unclear.!! In this
work, we report an AFM MnRu IL that can simultaneously
enhance the K, of the RL and promote the SiO, segregation
at grain boundaries during the initial growth of the RL. The
reduction in intergranular exchange coupling is balanced by
the interlayer exchange bias so that the thermal stability is
not compromised.

II. EXPERIMENT

All samples were deposited by using dc magnetron sput-
tering. The layer structure of the first set of the samples is as
follows: Ta (3 nm)/Pt (7 nm)/Ru (10 nm)/Mn,Ru,_, (7
nm)/CoPtCr-SiO, (0, 4 or 15 nm)/Ta cap (3 nm). The first IL
is a 10 nm Ru layer deposited at 3 mTorr of Ar. The second
IL is a Mn,Ru,_, layer, cosputtered from pure Mn and Ru
targets at 30 mTorr. Inductively coupled plasma mass spec-
trometry was used to confirm the composition. The RL was
sputtered from a composite CoPtCr-SiO, target with
10 mol % of SiO,. Structural and chemical analyses were
performed by x-ray diffraction (XRD), transmission electron
microscopy (TEM), and electron-energy-loss spectroscopy
(EELS).

Magnetic properties were measured by using a polar
magneto-optical Kerr effect magnetometer and a vibrating
sample magnetometer. In addition to standard major hyster-
esis loops, first-order reversal curves (FORCs) are studied,
following prior procedures.'>!3 Samples were brought from
positive saturation to a particular reversal field Hg, and then
the magnetization was measured under increasing applied
field H back to saturation, thereby tracing out a single
FORC. This process was repeated for successively smaller
values of Hy creating a family of FORCs. A FORC distribu-
tion was extracted as p=-M(H,Hg)/20HJHg. By a
simple coordinate transformation, p was plotted in coordi-
nates of (H.,Hpg), where H is the local coercive field and
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FIG. 1. (Color online) (a) Hys-
teresis loops of samples with a 15
nm RL grown on different MnRu
ILs. The compositional depen-
dence of H, and « is shown in (b).
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Hy is the local interaction or bias field.!? The K,, and activa-
tion volume V. of the RL were investigated by measuring
the time-dependent remanent coercivity as follows.'* After
positive saturation the applied field was reduced to a constant
and negative value. The time ¢ for the magnetization to decay
to zero was recorded and the constant applied field was noted
as the corresponding remanent coercivity H,,. The set of data
with different reversing fields was fitted with Sharrock’s
equation: H.=H,(1-{(kgT/K,V,.)In[f,t/In(2)]}"),!>-16
where H, is the time-independent intrinsic coercivity,
K, V,./kgT is the thermal stability factor, f,, is the flip fre-
quency, and n is the response exponent. We chose n and f,
equal to 0.7 and 2 X 10'" Hz, respectively, as previously re-
ported for perpendicular recording media.!” The K, and V,,,,
of RL are determined from the fitting results. To expose the
fundamental interactions present, the AM method!>!'® was
utilized to obtain AM(H)=Mpcp(H)/ M g+2M 150, (H)/ Mg
—1, where Mpcp(H), Mgy (H), and My are the dc demagne-
tization, isothermal, and saturation remanence, respectively.
AM(H) is expected to be positive for interactions dominated
by exchange and negative for those with dipolar origins.

III. RESULTS

The first set of the samples all have the same first Ru (10
nm) IL but different second Mn,Ru,_, (7 nm) ILs. From now
on, the comparisons for the RL grown on different ILs are
made specifically for the second IL. The #-26 XRD scans of
the samples with the Mn,Ru,_, ILs of different Mn concen-
trations all reveal strong Co (0002) texture in the RL. The
rocking curves of the Co (0004) peak show that the full
width at half maximum for samples on both Ru (x=0) and
MnRu ILs is nearly the same (3.4°), indicating that the ad-
dition of Mn into second IL does not affect the crystalline
texture of the RL. In addition, the TEM plan-view images
reveal that the grain diameters (without including the grain
boundary) of 15-nm-thick RL grown on Mng;Rus; and Ru IL
are nearly the same (6.5+ 1.0 nm).

Hysteresis loops of samples with a 15 nm RL on different
Mn,Ru,_, ILs are shown in Fig. 1(a) and the compositional
dependence of coercivity H, and the slope at H, «
=oM/ oH | u, are shown in Fig. 1(b). As the Mn concentration
x increases from 0 to 67 at. %, H, increases from 3.67 to
4.38 kOe while the loop squareness remains unchanged.
However, further increasing x to 70 at. % results in a de-
crease in both H, and loop squareness. Additionally, « de-
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creases with increasing x, indicating reduced intergranular
exchange coupling in the RL." Since all the crystalline tex-
tures of the RLs on different Mn,Ru;_, ILs are the same, the
reduced H,, loop squareness, and « of the sample with the
Mn;gRu;, IL might suggest well-isolated grains with reduced
grain sizes in the RL.%

To investigate the origin of the enhanced H. and reduced
a, the K, and V., of RLs on MngRus; IL (which has the
largest H,) and pure Ru IL are extracted from fits to the
remanent H,,. The K, of RL on MngRus; IL is (3.3*=0.1)
X 100 erg/ cm’, which is 27% larger than that on Ru IL,
(24+0.1) X 10° erg/cm?. The likely sources for the K, en-
hancement are either the exchange coupling between the
AFM MnRu IL and the RL or differential segregation of the
RL grown on different ILs at the grain boundaries. Further-
more, the activation volume V., of the RL on the Mng;Ru3;3
IL [(1.3+0.1) X 107'® cm?] is reduced by 35% comparing
with that on the Ru IL [(2.0£0.1) X 10~'® c¢m?®], which in-
dicates better grain isolation in the former sample. The de-
creased V., is also consistent with the reduced a shown in
Fig. 1(b).

To claritfy the AFM characteristic of Mng;Rus3, we depos-
ited a 10 nm FeCo layer on Mng;Rus3. After deposition, the
sample was cooled in an in-plane 1.5 kOe magnetic field
from 250 °C to room temperature. A clear loop shift is ob-
served with an exchange field of 86 Oe. This unambiguous
unidirectional anisotropy is the hallmark of the exchange
bias between the FeCo and AFM Mng;Rus4;.2! To further in-
vestigate the role of the AFM Mng;Rus; and separate the
effects of interfacial exchange bias from the differential seg-
regation at grain boundaries of RL, a second set of samples
were prepared with the following structure: Ta (3 nm)/Pt (7
nm)/Ru (10 nm)/Ru (7 nm)/CoPtCr-SiO, (4 nm)/Ru
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FIG. 2. (Color online) The Ru-layer-thickness dependence of H,
and K, of the samples with the structure Ta (3 nm)/Pt (7 nm)/Ru (10
nm)/Ru (7 nm)/CoPtCr-SiO, (4 nm)/Ru (fg,)/Mng;Ruz3 (7 nm).
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(tfr)/Mng7Rus3 (7 nm). All the RLs in the second set of
samples were grown on the same dual-Ru ILs to ensure the
same microstructures in the RLs. A nonmagnetic Ru layer of
variable thickness 7z, (from O to 1 nm) was purposely in-
serted between the FM RL and AFM Mng;Rus; IL to probe
the interfacial exchange coupling between the two layers.?
The H, and K, decay with increasing g,, as shown in Fig. 2,
which clearly indicates the enhancement of H,. and K, by the
exchange bias between the FM CoPtCr-SiO, layer and the
AFM Mng;Rus; IL. Since we deposited Mng;Rusz; on
CoPtCr-SiO, without field annealing, the exchange coupling
only contributed to the enhancement of H, (and effective K,,)
instead of the loop shift.”

Another potential source of K, enhancement is the film
microstructure. In CoCrPt-SiO, type of media, the presence
of Cr suppresses K,; when Cr preferentially segregates at
grain boundaries, leading to a low Cr concentration in the
middle of the grains, K, can be enhanced.® If this were the
origin of the K, enhancement in the RL grown on MnRu, we
should observe a relatively higher Cr concentration (1) at
grain boundaries vs inside the grains; (2) in the sample
grown on MnRu vs that grown on Ru. To clarify this issue,
we have performed EELS analysis using scanning-TEM
(STEM) on the first set of samples with a 15 nm RL on top
of both Mng;Rus; and Ru ILs. The representative EELS line
scans, along with the corresponding STEM images and po-
sitions of the line scans for the samples with Mng;Rus; and
Ru ILs are shown in Figs. 3(a), 3(c), 3(b), and 3(d), respec-
tively. Through numerous scans we find that while the Co
concentration does decrease at grain boundaries, the Cr con-
centration (~6 at. % in the samples) is essentially uniform
across the grains, as well as at grain boundaries. In particular,
the relative Cr concentration at grain boundaries in the
MnRu sample [Fig. 3(a)] is no higher than that in the Ru
sample [Fig. 3(c)]. These results argue against the possibility
that the enhanced K|, is purely microstructural in origin. Al-
though subtle microstructural differences may still contribute

()
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MnRu

FIG. 3. (Color online) Repre-
sentative EELS line scans for a 15
nm CoPtCr-SiO, grown on 7 nm
(a) Mng;Rus; IL and (b) Ru IL, re-
spectively. The corresponding
STEM images of the samples are
shown in (c) and (d), respectively.
The positions of the line scans are
shown by the bars in (c) and (d).

to the K,, enhancement, this effect is clearly secondary to the
exchange bias contribution.

To investigate the origin of the V,. reduction, we have
analyzed the microstructure of the IL without a RL. Figures
4(a) and 4(c) show the TEM plan-view images of Mng;Rus3
and Ru ILs, respectively. The average grain sizes of the
Mng;Rus; and Ru are about the same (5.6 nm) but relatively
thick grain boundaries are clearly observed in the Mng;Rus;
IL. The thick grain boundaries of the Mng;Rus; IL should
promote the formation of an isolated domelike structure, and
the subsequent SiO, segregation at the grain boundaries of
RL.° To test this idea, we have deposited a thin 4 nm RL on
7-nm-thick Mng;Ru33 and Ru ILs. Plan-view TEM images

FIG. 4. TEM plan-view images of Mng;Rus; and Ru ILs are
shown in (a) and (c), respectively. Similar images of samples with 4
nm of RL grown on Mng;Rus3 and Ru IL are shown in (b) and (d),
respectively.
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FIG. 5. (Color online) (a) Hysteresis loops and (b) AM plots for
samples with a 4 nm RL grown on Mng;Ru33 and Ru ILs. (¢) TEM
cross-sectional image of the sample with a 15 nm RL grown on
Mng;Rus; IL.

reveal well-isolated RL grains grown on the Mng;Rus; IL
[Fig. 4(b)] and poor RL grain separation on the Ru IL [Fig.
4(d)]. This shows that the MnRu IL can indeed promote SiO,
segregation to the grain boundaries during the initial growth
of the RL. This is also consistent with the reduced V., of the
15-nm-thick RL on Mng;Rus; IL.

Magnetic hysteresis loops and AM plots of samples with a
4 nm RL grown on Mng;Rus; and Ru ILs are shown in Figs.
5(a) and 5(b), respectively. The samples grown on the Ru IL
shows a square loop, typical of highly exchange-coupled
grains.® A positive peak is found in the AM plot, also indica-
tive of strong exchange coupling in the sample. In contrast,
the sample deposited on the Mng;Rus; IL exhibits decreased
loop squareness and «; a negative peak is observed in the
AM plot, indicating dipolar interactions between the grains
of the RL. These results confirm that the MnRu IL can in-
deed enhance the RL grain isolation. Figure 5(c) shows the
TEM cross-sectional image of a sample with 15 nm of RL
grown on a Mng;Rus; IL. Grain isolation is clearly observed
through the Mng;Ru3; IL and into the RL.

PHYSICAL REVIEW B 82, 014423 (2010)
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FIG. 6. (Color online) Families of FORCs, whose starting points
are represented by black dots, are shown in (a) and (c) for samples
with 4 nm of RL grown on Mng;Ru33 and Ru ILs, respectively. The
corresponding FORC distributions are shown in (b) and (d).

Further evidence of the enhanced grain isolation is pro-
vided by the FORC analysis. Families of FORCs, along with
the corresponding FORC distributions plotted in the
(H¢,Hg) coordinate system are shown in Figs. 6(a)-6(d) for
the samples with a 4 nm RL on Mng;Rus; and Ru ILs, re-
spectively. While both FORC distributions show a single
peak, characteristic of a reversal via single-domain
rotation,?*?3 the distribution is significantly broader in the
sample with the Mng;Rus; IL. The increased width along the
H axis indicates a broad coercivity distribution while the
enhanced width along the Hy axis indicates strong dipolar-
like interactions between well-isolated grains, as confirmed
by the TEM image shown in Fig. 4(b). Conversely, the TEM
image of the sample with the Ru IL [Fig. 4(d)] shows poor
grain separation, which results in strong exchange coupling
between grains and a narrower FORC distribution along both
Hc and Hy axes as shown in Fig. 6(d).

IV. CONCLUSIONS

In summary, microstructural, magnetometry, and FORC
analyses demonstrate that a MnRu IL can both increase K,
and promote grain isolation in CoPtCr-SiO, perpendicular
recording media. It is therefore an attractive replacement for
the pure Ru IL. Although the effect of microstructure differ-
ences cannot be completely ruled out, the enhancement of
the effective K, of the RL is clearly attributable to the ex-
change bias provided by the adjacent AFM MnRu IL. The
relatively separated grains in the MnRu IL, in turn, enhance
grain isolation in the RL during the initial growth stage.
While the enhanced grain isolation in the RL leads to a re-
duction in V,,,, a potential loss in thermal stability is avoided
due to the enhanced K,,.
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