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Temperature and ion irradiation dependence of magnetic domains
and microstructure in Co /Pt multilayers
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Microstructure and magnetic properties of Co/Pt multilayers with perpendicular anisotropy were
studied as a function of growth temperatuiiezf and ion irradiation. With increasetl;, larger
columnar grain size and an improvétill) texture were observed. Up to a critical temperature
(Teiv), @ monotonic increase in coercivitydg) with Tg was measured, followed by a decrease in
H¢ with further increase ifmg. Magnetic domains of films grown beloW,;; were irregular, with

their submicron size decreasing gradually with increa3igg Films grown at 390 °G T,;; had fine
domains on the sub-100 nm length scale. Béth and domain size were reduced after the
multilayers were exposed. @002 American Institute of Physic§DOI: 10.1063/1.1452230

Magnetic multilayers(MLs) composed of modulated dose®®Understanding the magnetic domain structure in such
ferromagnetic—nonmagnetic layers have attracted much afims is important from a technological as well as a funda-
tention in recent years. In particular, Co/Pt M3, with  mental perspective. In this article, the influence of growth
large perpendicular magnetic anisotrgfMA) and high co-  temperatur® and ion-beam irradiation on magnetic proper-
ercivity have been proposed as future magnetic media ities and, in particular, on the domain structure and coercivity,
Terabit/if magnetic recording systerfisMoreover, ion- Hc, is discussed.
beam irradiation has been shown to modify the magnetic For the specific experiments discussed here, Co/Pt MLs
properties in such MLs by effectively reducing PMA.  with  the  following  structure: /20 nm Ptseed/10
Hence, local patterning of magnetic properties can bex (0.3 nmCo/l nmPt)/1 nm Pt caplayer/, were fabricated
achieved by application of spatially varying irradiation by electron-beam evaporatidhFor the purpose of transmis-
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FIG. 1. Plan-view BF TEM images, SAD patterns gd1)DF images of the Co/Pt MLs grown & =190 °C, Tg=250 °C, andl =390 °C, displayed in
rows. All SADs were collected with a pm aperture.
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(a) Tq= 250°C
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FIG. 2. Enlarged sections of SAD patterig) Tg=250°C and(b) Tg FIG. 3. MTXM images of samples grown at differeng : (a) 190 °C, (b)
=390°C. 250 °C,(c) 390 °C, andd) same sample as in imagl) but irradiated with
700 keV 5x 10" N*/cn?.

sion electron microscopyTEM) and magnetic transmission
x-ray microscopyMTXM ) imaging, MLs were deposited on oriented grains decreased. For ffig=250 °C sample, Figs.
electron transparent s8, windows. For all samples dis- 2(f) and 2g), the majority of the misoriented grains were
cussed in this article, both the 20 nm Pt seed layer, and themaller than the average grain size, although a few large
ML stack were evaporated at roughly the same growth temmisoriented grains were also found. For samples grown at
perature, T, ranging between 200 and 390 °C. In addition, 390 °C, a good111) texture was observed, with only very
samples were exposed to 700 keV Mn irradiation, from a  few grains lacking th&€111) texture, as shown in Figs(j2
NEC 3UH Pelletron accelerator. Magnetic hysteresis meaand 2k). Moreover, such misoriented grains were much
surements were performed using magneto-optical Kerr effecmaller than th€111) textured grains.
(MOKE) techniques. Figures 2Za) and 2Zb) show enlarged sections of SAD
The microstructure of all samples was evaluated bypatterns for samples grown at 250 and 390 °C, respectively.
TEM (using a Philips CM200FEG and a JEOL 301atiliz- For lowerTg samples, 190 °@not presentedand 250 °C, all
ing bright field{BF), dark field{DF), and high resolution- diffraction rings were split indicating two distinctive lattice
(HRTEM) imaging, and selected area diffractid®AD).  parameters for the Co and Pt layers. The relative ratio of Co
High resolution magnetic imaging was performed with ato Pt rings was 0.97, indicating highly strained Co layers.
magnetic transmission x-ray microscopel® to study the  This splitting explains a fine Moirfringe contrast, visible in
magnetic domain structure as a function of growth temperasome of the grains for 190 and 250 °C films, Fig&)2and
ture and ion irradiation dose with a 25 nm spatial 2(e). However, the intensity in the two subrings had the same
resolution* radial distribution, indicative of columnar growth extending
As depicted in Fig. 1, all of the investigated samplesthroughout the thickness of the multilayer stack, with the
were polycrystalline with an average grain size increasingyrain size determined by the seed layer. This was also con-
with Tg. The SAD patterns, Figs.(d), 1(h), and 1l), firmed by HRTEM. For samples grown above a critical tran-
showed a typical ring spacing associated with polycrystallinesition temperatureT.;;, the ring splitting attributed to two
face-centered-cubic Pt structure. For all samp(2s]) and separate Pt and Co parameters was not detectable, as shown
(002 rings were weak, but not zero, and @22 ring was by one broad ring in Fig. ®), indicating a continuous gra-
the strongest. This implies strong out-of-plan@ll)  dient in lattice parameter between that of strained(@ea-
texture® with only some grains oriented randomly, contrib- sured for 190 and 250 9Gand Pt.
uting to(111) and(002) rings. The SAD patterns from larger In addition to effecting the grain size and ttlLl) tex-
areas show a uniform intensity distribution around all ringsture, T is also known to influence magnetic properties.,
indicating random in-plane orientation and only out-of-planeH ¢, domain siz&® As shown in Fig. 3, MTXM was used to
(111) texture. investigate the magnetic domain size, and MOKE was used
Figures 1b), 1(f), and 1d) are(111) DF images showing to measuréd.. It was reported earlier that - of the Co/Pt
only the grains without thél11) texture and Figs. (@), 2(@), MLs increases almost linearly with increasinfg .’
and 2k) are respective lower magnification images showingMoreover, Welleret all° showed that wheff g is increased
the distribution of such grains. As presented, samples growheyondT,;; a decrease il is observed.
at the low temperature of 190 °C, FiggbRand Zc), had a For samples grown below;, square loops were ob-
large number of uniformly distributed grains lacking the served with a high hysteresis slope. The increaskl nin
(112) texture. With increasing ¢, the number of such mis- this temperature regime was associated with small shearing
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of the loops, seen as a small decrease in the hysteresis slofigam 190 °C—Fig. 8a) to 250 °C—Fig. 8b), H increases
The increase irH¢ correlates with an observed increase inand domain size decreases. The increasd& dnresults in
grain size and improvement of tk§&11) texture. Similar val-  improved(111) texture what gives increased anisotropy re-
ues ofH¢ and nucleationHy, were measured, indicating a sulting in increase ofi from 3.8 to 7.8 kOe, corresponding

magnetic reversal, which is communicated throughout thgo smallerD. When theTg= 250 °C sample was then irradi-

film via strong exchange coupling between grains. In agre€zseq \which reduceti. back down to 3.5 kOe, the smallest
ment, the MTXM imaging found large irregularly shaped ! '

submicrometer magnetic domains. As shown, Figa) and  domain size was observgsiig. 3(d)]. In the latter step, how-

3(b), the size of the observed domains was found to decreagver, the grain structure is not changed, and only the PMA is

with increasingT g, consistent with the increase i . reduced due to local intermixing of the MLs. Hence, the ion
On the other hand, for samples grown abdvg,, the irradiation reduces the domain size, similar to the increase in

hysteresis loops were significantly sheared, indicating reverf g in the high temperature regime, abovg;.

sal over a broad range &f,. This suggests magnetic clus- To summarize, changes in the domain structure with pro-

ters that reverse rather independently of their neighbors ovetessing parameters, i.&.g and N" ion dose, were investi-

a range ofH,, implying an exchange de-coupled granulargated. With increase ifig up to T, an increase in grain

system. For these samples, a very fine domain structurgjze and an improved11) texture were found, both contrib-

comprised of individual grains or small clusters of similarly uting to increase il . Moreover, a decrease in the domain

oriented grains, with length scales below 100 nm was obsize was observed. For MLs grown B§=390°C>T.;, a

served as shown in Fig(& for sampleT;=390°C>T,;. decrease irHc was measured, and small magnetically de-

TEM analysis of théTg=390 °C sample showed one set of coupled domains, with size about the grain size, were ob-

CoPt rings indicating diffused interfaces, which correlatesserved. This correlates well with Co depletion at the column

with the observed reduction in PMA measured as loWgr. ~ grain boundaries and diffused Co/Pt interfaces. The latter one

Moreover, energy filtered TEM revealed Co depleted, Pt rictis known to reduce the PMA and, hence, redtice.
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