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Abstrad-In this paper we report on a study of the magnetic 
properties of Co/Pt multilayer films. We have examined 
nucleation and domain wall pinning controlled materials and 
observe two distinct forms of behaviour in terms of the samples 
hysteresis loops. We interpret our data in terms of a two 
coercivity model and we report on the magnetic behaviour in 
terms of a detailed analysis of irreversible magnetisation 
changes obtained from the measurement of remanence curves. 
The domain structures in remanent states have been examined 
using an MFM and we find a correlation between domain size 
and shape and the form of the associated remanence curves. 

I. INTRODUCTION. 

Copt multilayer thin films are of interest for use as high 
bit density magneto-optic media due to their large 
perpendicular anisotropy and favourable Kerr rotation with 
blue laser light [ 11. Bulk magnetic measurements such as 
isothermal remanent magnetisation (IRM) curves measured 
from the demagnetised state and reversing DC 
demagnetising (DCD) curves measured from the saturated 
state, along with a two coercivity model [2], [3] may be used 
to describe magnetisation reversal for these films in terms of 
reverse domain nucleation and domain wall motion [4]. Two 
critical fields representing the reverse domain nucleation 
field (H,,) and the domain wall field &) can then be 
defined. When H,>q the hysteresis loop will be square 
since once nucleated the reverse domains immediately 
overcome domain wall critical fields. If %<Hw the 
hysteresis loop will be rounded, due to the walls of the 
reverse domains being pinned. This leads to the formation of 
smaller domains [4]. 

The distribution of switching fields associated with 
reversal may be obtained from the differential of irreversible 
magnetisation, or remanence, curves, this is termed 
irreversible susceptibility, xIrr [4]. Magnetic force 
microscopy (MFM) is a versatile tool for imaging magnetic 
domains down to the 10 nm scale. This technique may be 
used to obtain a visual record of the state of the 
magnetisation of a sample along IRM and DCD curves. 

11. EXPERIMENTAL. 

A series of sputtered samples having a general structure 
1SSA Pt + n (3A Co + 7A Pt), where n = 9, 15, 18, 24, on Si 
(100) substrates, were used for this study. Hysteresis IRM 
and DCD ,curves were measured at room temperature using a 
commercial AGFM. IRM curves were measured for samples 
in their as deposited, and AC demagnetised states. 
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Domain images were obtained using a Digital Instruments 
MFM. Images were obtained for all of the samples in their 
as prepared, AC demagnetised, and saturated states. Images 
of the 24 bilayer sample were obtained with the sample in 
different remanent states corresponding to various points 
along the IRM and DCD curves. Fields were applied to the 
sample away from the microscope. 

111. RESULTS AND DISCUSSION. 

Figure 1 shows the hysteresis loops for the series. The 
squarest loop is obtained for n=9, this is an example of the 
type of loop observed for samples where reversal is 
dominated by nucleation followed by rapid domain growth. 
The loops become rounded for samples with nr15, in 
agreement with work reported elsewhere [ 5 ] .  It has been 
shown that for films possessing rounded loops reversal 
generally proceeds by more than one process [4], such as 
domain nucleation followed by arrested domain growth. 

Irreversible susceptibility curves for samples possessing 
square (n = 9) and rounded (n = 24) hysteresis loops are 
shown in figures 2 and 3, the insets show the remanence 
data. All of the samples possessed a bulk magnetisation in 
the as prepared state. 

for the 9 bilayer sample lies to the left 
of the peak, this indicates that H,>H, and the 
hysteresis loop will be square. Reversal therefore proceeds 
by the nucleation of reverse domains followed by rapid 
domain wall motion resulting in reverse domain growth. 
The peaks of the virgin IRM and conventional IRM curves 
coincide, this implies that the magnetisation processes that 
these curves depict have the same origins. The first xi,'RM 
peak (at - 0.8 kOe) for the 24 bilayer sample lies to the right 
of the xirrDCD peak, thus %<Hw and the hysteresis loop 
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Fig. 1. Hysteresis loops for 158A Pt + n (3A Co + 7A Pt) samples. 
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Fig 2 Xim curves for 9 bilayer sample Inset. Remanence curves 
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Fig. 3. Xim curves for 24 bilayer sample. Inset: Remanence curves. 

will be rounded. Reversal proceeds by reverse domains being 
nucleated followed by the slow growth of these reverse 
domains due to the motion of the domain walls being 
hindered. The second %;,IRM peak (at - 1.7 kOe) indicates 
the domain walls overcoming pinning and reversal 
proceeding in an unhindered fashion, this is discussed more 
fully elsewhere [SI. The peaks of the virgin IRM and DCD 
curves coincide, this implies that they represent the same 
processes. Saturation via the virgin IRh4 curves occurs 
through different processes for the two samples. 

Domain images for 15 pm x 15 pm areas of the 9 and 24 
bilayer samples in their as prepared states are shown in 
figure 4. The 9 bilayer sample has large irregularly shaped 
domains, the 24 bilayer sample has smaller finger like 
domains that assume a labyrinthine pattern. Figure 5 shows 
domains images for the two samples in an AC demagnetised 
state. Again the 9 bilayer sample has larger irregular 
domains and the 24 bilayer sample has smaller maze like 
domains. 

Figure 6 shows a series of domain images for the 24 
bilayer sample at various fields along the IRM curve. At 800 
Oe the sample is still almost demagnetised, this is indicated 
by the almost equal areas of oppositely magnetised domains. 

As the peak of xidm is approached the darker domains 
begin to grow as domailn wall critical fields are overcome. 
The lighter domains shrink (1.7 kOe) and become separated 
into individual fingers at a field of 1.9 kOe. 

Domain images for the DCD process are shown in figure 
7. Additional reverse domains start to nucleate at fields close 
to the peak of ximDCD c:urve ( 350 Oe). The area of the 
lighter domains decreases as larger fields are applied until 
equal areas are observed at a field of 1 kOe. This image is 
similar to that observed at 1 kOe during the IRM process, 
implying that the walls of the domains are starting to become 
pinned by local energy kiarriers. Care must be taken when 
obtaining images for samples in a remanent state close to 
their peak, as the stray field from the MFM tip may 
act to move the domain walls, giving a false indication of the 
domain structure. Fields around the peak are 
required for maze like patterns to start forming (1.6 kOe), 
and 1.8 kOe is required for these patterns to start collapsing 
and the areas of the dark domains to start increasing. 

The domains observeid in this study are of a notably 
different shape to those observed by electron microscopy [4], 
and they are some 2.5 to 5 times larger. The domain patterns 
observed are reminiscent of those observed for other 
materials possessing perpendicular anisotropy, such as Ga 
substituted YIG [2]. Due to their clarity the images obtained 
here are easier to analyse than those obtained by electron 
microscopy . The results; of this study also imply that areas 
greater than 5 pm should be observed as domains in these 
films can grow quite large, and that several areas of a sample 
should be examined. 

. 
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Fig. 4. 15pm x 15pm dornain image for as prepared samples. 
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Fig. 6 .  15pm x 15pm remanent domain images for 24 bilayer sample during 
IRM process. 

IV. CONCLUSION. 

It has been confrrmed that domain images may be used along 
with the results of conventional magnetic measurements for 
studying magnetisation reversal in magneto-optic thin films. 
Nucleation and domain wall pinning controlled materials 
have been examined. Two distinct forms o€ reversal have 
been identified in terms of hysteresis loops. The magnetic 
behaviour of the two cases has been analysed in detail using 
changes in irreversible magnetisation observed via 
remanence curves. A two coercivity model has been applied 
to describe the reversal mechanisms. Associated domain 
structures have been observed using an MFM, a correlation 
between domain size and shape and remanence curves has 
been noted. The use of an MFM has been shown to be a 
more convenient tool for the acquisition of domain images 
than electron microscopy. However some method of 
applying fields to the sample in-situ would allow imaging of 
the same area of sample and the direct observation of domain 
growth. It has been indicated that great care must be taken 
when analysing images obtained using an MFM. 
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Fig. 7. 15pm x 15pm remanent domain images for 24 bilayer sample during 
DCD process. 
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