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ABSTRACT 

Magnetron sputtered CoCr layers w i t h  various thicknesses, 
m r c i v i t i e s  and other magnetic properties have keen studied by 
a digital enhanced mgneto-optical K e r r  microscope. The slope 
(T) a t  [ d M / a ] M +  is determined fran  the perpendicular 
hysteresis loop. Together with K 1  these values have  been us,& 
for calculation of the  characteristic  stripe damin properties. 
The observed dcrrain densities have been c v e d  w i t h  the 

izhaviour of GAY. The relation between typical  fields  (like 
calculated  densities based ~1 a continuous or prtzcular 

dcxrain configuration and the shoulder of the  hysteresis loop 
the nucleation  field d surface  coercivity),  the observed 

are given. 
On the  basis of the  damin  structure  (fron  stripe  to  cluster- 
Like) we conclude that the samples can be classified  in low, 
nedium and high coercive  layers. 

lNTR3LYJrnIIcN 

?he las t  few years an e n o m s  avalanche of data *ut the 
structural  properties and mgnetic behaviour of deposited Cocr 
layers has been presented i n  literature. All these  layers 

prpendicular to the surface. A very i n p r t a n t  question t o  be 
exhibit a mre or  less m l m r  mrpholcqy with the hcp c a x i s  

answered is the nature of the magnetization reversal  process 
and the d m i n s .  Based  on microstructural  properties two basic 
types of magnetic behaviour are propbsed m l y  the  damin wall 
m t i m  rodel ( i n  the so-called  continuous layer) and the 
rotation &el of the  particle  structure.  In  the  first d e l  
that is often found i n  several  ferrmgnetic  layers,  there 
will be an exchange interaction  across the column boundaries. 
&main wall &ion can then OCCUT at every crystal (column) 
size  or  layer  thickness. 
The particle d e l  is, in principle, based on the absence of 

of the crystal  size, to single damin  particles which can 
exchange forces between the colmms. This leads, as a function 

reverse their  magnetization by one of the  rotation mechanisms 
01 by damin wall motion as  a m l t i d m i n   p a r t i c l e  does. In  the 
case of the  particle  rodel  the  reversal  behavim could be 
influenced by the magneto-static interaction. 
Eoth rrodels are  discussed in  l i terature and supprted by direct 
and indirect measurement mthods. Tne latter  are  carried  out by 
msuring  the shearing of the  perpendicular (easy-) hysteresis 
loop c11, determining Hc and Iir es a function of the 
applied field [2-51, calculating Rh fran torque  curves [3,61 
and d m i n  studies by neutron deplar i sa t im C71. These 
references sulyort the different d e s  of rotation CZ-61 and 
h a i n  wall mtim [1,71. 
l?,m d i rec t  observational m e w s  which are  extensively used at  
the mment are photon and electron techniques- The  magneto 
optic method equippea with a digital  hge-prccessing system 
[a], having a resolution  of a b u t  200 nm, provides infomt ion  
a b u t  the surface magnetic properties by recording the  damin 
structure. A mch  higher  spatial  resolution can be obtained 
w i t h  mrentz  microsco~. Using this metha3 a direct  relation 
iztween microstructural and chemical aspects and the magnetic 
structure can be obtained. A disadvantage of this neW is 
that in general  relatively  thick Cocr layers have to be thinned 
to an acceptable thickness and this cMlld change the magnetic 
structure. A t  the mcment there is little experimental 
in fonra t ion  available on the  relaticm between damins and 
microstructure in C a r .  Preliminary experiments E91 obtained 
fran layers w i t h  a thickness of 110 nm have sham a continuous 
transition between wall mvements and magnetization reversals 
that only take  place  inside the colms. Nevertheless this 
thickness is norrally  not used for recording M i a  ( a u t  500 
m) ,  Also by Lorentz m i c r o s q  it is rep r t ed   t ha t   t he   dmin  
width i s   a s s d   t o  correlate w i t h  the columnar size c101. 
%e present paper describes scme experiaents on the  relation 

iztween observing damins w i t h  the  digital enhanced  Kerr 
microscope [ll] and the  perpendicular  hysteresis  Imp. 

IiELATICN BEIWIBN HYSTERESIS Lo3P AND CCMAINS 

In general,  the easy axis loop of fe rmgnet ic   th in   l ayers  
kving a uniaxial  anisotrow skws a rectangular shape 
(excluding dagnet iz ing  f ie lds)  and exhibits  irreversible 
changes. I f   the  magnetization is uniform and the switching 
rrrrhanisn takes  place by coherent rotation,  then 

= Hk. In mst materials dcnnin walls are nucleated 
(a t  a field Hn) and M can be reversed by wall mtion 
(HnC&). -in wall coercivity (G) is caused by 
the  interaction of the  wall w i t h  lmperfections. In 
plycrystalline  materials  (like C&) the  bundaries  are  the 
mst important centre  for this. The e x p r k n t a l  perpendicular 
hysteresis loop for CcCr has an anamlous  shearing which is 
different frcpn that expected in   t he   f i r s t  place  fran  the 
dmgnetizing  field. The sheared loop shws that the average 
mgnetization can  have every  value between positive and 
mgative Ms. This i s  impossible, for a single d m i n  film 
w i t h  pure  coherent rotation. 
A multidarrain structure,  for  instance, can explain this slope 
by variation of the  damin width. The d m i n  walls have a great 
influence on the magnetization process and consequently the 
shearing of the easy loop can be described by [12]. 
If  the mediumhas a particulate m v i o u r  then the average 
mgnetization is the sum of a l l  particle magnetizations. Such 
m i c l e s  can be switched by rotation  (single  damin) or by 
d m i n  wall W o n   i n  a particle without stable damins. Again 
the l a p  shearing (and the Q) will be changed by the  type 
of particle  character. 
?he relation between the  film  thickness and the slope (T) of 
the easy loop was f i r s t  measured b y ~ i e l i n g a  e t  al.[ll  for RF 
sputtered CcCr layers. Canparison of measured  and calculated 
data of this i n i t i a l  perpendicular susceptibility led to the 
conclusion that there is a gccd agreerent w i t h  the  damin wall 
d e l  [l]. This result is supported by Schaidt C141  who also 
cuncludes the  characteristic  behviour  of a continuous medium 
cn basis of K e r r  microscope observation. 
Another important feature of the perpendicular l a p  of cocr is 
the presence of the  typical "shoulder" which directly 
mrrespnds .with bubbles and/or stripe dmins .  The explicit 
existence of such a shoulder depends  on the magnetic properties 
and consequently the  preparation  conditions.  Starting  fran 
saturation one of the characteristic  fields is the  nucleation 
field (Hn) where reversed d m i n s  (bubbles?)  are nucleated 
and another typical parameter is the field where the reversed 
dCBMin s t a r t s  t o  grow (h). Hn depends on the m u n t  
and nature of the  nucleation  centres and consequently on the 
microstructural  aspects. Again the loop shearing will also be 
influenced by the wall ccercivity which strongly depends on the 
pinning centre  density.  If,  for  instance,  the  dmins and 
crystals both have the same order of mgnitude then the domain 
grav th  is hindered by crystal boundaries a d  the damin 
structure w i l l  be p r .  This is m t l y  the  case i n  layers with 
a high Hc. 
Films  where damins vary i n  shape and size w i l l  have a 
different  dmgnetizing energy to those with pure stripe 
ckrcains.  This results  in a different  shearing of the easy loop. 
Beside the  layer  thickness  the initial  susceptability  also 
depnds  also on the  material parameter (= Uw / y o  M S 2 ) .  
For pure stripe  damin  structures the d m i n  period (Po) and 
other  typical p r m t e r s  can be calculated by minimizing the 
total energy per unit v o l m  of the  damin media, given by the 
sum of the  daragnetizing energy and the wall energy and  can be 
calculated  fran C121. The d d n  wall energy and coercivity 
will be influenced by the  layer  thickness,  surface roughness, 
stress and mhcmzgeneities. For RF sputtered CoCr films 
(15 and 19 a t% C r )  the  relation bet- T and Po i s  given i n  
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higher  coercivities (samples 1-4, 6,7 and 11). 
Also i n  table 1 different  properties obtained fran  damin 
&enation are given together  with sarr? other characteristic 
values like  the  damin  period (W) an3 damin  densities  per 
an2 (N) both in remnent  state. 

c11 by applying C12,131. 

MPERTMWPAL- 

'me COcr layers used are RF magnetron sputtered (3" target) on 
Si substrates  with a backgr0u-d pressure of 1.5*10-7 mbar 
and Par = nbar. The sputter power (and consequently 
the rate) is varied  fran 250-550 watt by Ymrying the sptter 
voltage  fran 150-250 volt. The film  caqnsition (21  at% e) and 
thickness w e r e  determined by XBJ?. The magnetic p a r m t e r s  
(Mst Hcv, T)  are measured by VSM, torque m a g n e a t e r  
(Kl), M.O. Kerr hysteresis loop tracer [17] (surface 
axrc iv i ty  €hs) and the digitally enhanced K e r r  microscope 
(damin  structure). 

DIGITALLY ENHANCED I(ERR MICROSCOPE 

The specimens are observed with the microscope described i n  

the  substrate thickness and can reach 805 kA/m. This 
[a]. The raxinarm amlied  f ield during observation deperds on 

~rpendicular field is generated by a tipped  pole which is 
Located under the specimen. W n  observation in CcCr- layers, 
ming  the  polar Kerr effect, is very diff icul t  because the 
surface is microscopically rough. Imge processing is therefore 
an indispensable technique to suppress the non-mgnetic 
kackground structure. Moreover, a l l  s a q l e s  are covered with a 
1/4 1 evaprated ZnS layer i n  order to intensify the optical 
Fsoperties.  In  general  the procedure was as   fo l lm:   F i r s t   t he  
film is q l e t e l y  saturated and a reference b g e  is stored. 
Then, by lwering  the  field, the image  on the mitor is a 
subtraction  of the actual  fran the reference k g e .  Further, 
the  quality of the resulting images can be optimized, before 
taking a plwtqram, by varying several m t e r s ,  i.e. the 
man nunber of images  used to form the reference irrage. 

E)(pERIMENTAL RESULTS 

The xat relevant  properties obtained fran VSM and torque 
-ur-ts are given i n  Table 1. 

lhe slope (T) of the perpendicular hysteresis loop varies  fran 
1.U-1 .spI and the f i r s t  order anisotropy constant K 1  ,has an 
average value of 15*104 J/d for  the  present samples. 
With these  data  the  characteristic  stripe  damin  pkramters 
h3ve been calculated f m  C13,14]. For each sample we have 

PO, mterial length ( X) ,  B~OCII  all energy ( u 1, 
exchange constant (A) and Bloch wall thickness (1). 
V& feud that the measured T has a great influence on these 
calculated values. The exchange constant and consequently the 
Win wall thickness,  calculated with th i s  mefncd, show a wide 
range of values. Acceptable values for  these parameters were 
cnly found for a few samples sh-g stripe  damins. 
All specimens were observe3 w i t h  the K e r r  microscape and it was 
cnly  fran samples 8-10 and 13 that ty3 damin  structure could be 
registered. Based on our experience this is mainly due to the 

Typical examples of the observed darain  structures  are given i n  
surface roughness. 

figures 1 and 2 together with the perpendicular hysteresis 
loops for samples 4 and 12 respectively. Bath have different 
nagnetic properties  (see  table 1). -le 4 having a  very lcw 
& skws a typical lxlbble loop (shoulder). If   the  f ield is 
decreased, starting f m  saturation, the round damins ( a b u t  
50 nm) will grcxrr i n t o  "stripe" dcrrains. I n   r m e n c e  the f ie ld  
is reversed and increasing it causes the stripes to finally 
keak up into round damins. 
?his type of hysteresis loop is also found for samples with 

W 

Fig.1. CaMin configuration i n  rela- 
tion to  the perpendicular 
Wsteresis loop for lw Hc 
(sample 4) .  

~ i g . 2 .  -in configuration in  rela- 
tion to the  perpendicular 
hysteresis loop for  high HC 
(sample 12). 

Using TEN surface  replicas we measured the  crystal (column) 
diameter ( D l  for another series of magnetron sputtered samples. 
%lying these  values to  the  present samples, it can be 
calculated that the d m i n  width a t  remanence ( d r m )  is a b u t  
40. For ccmparison of  the  theoretical and observed damin 
densities we ut i l ize  the continuous and particle behaviour. 
First we determine the measured density (Nn)  fmn  the 
Ehotographs by counting the n-r of darains and dividing by 
the area. Secondly we use a smle bubble la t t ice  g-try and 
calculate Nb = (2.5 dmr)-2. Finally  three  different colunm 
dis t r ih t ion  functions  are used t o  translate the "physical 
structure"  into a "dcmain structure"  with the particle 
tehaviour a s   s t a r t i n g   p i n t .  , Tw are  based on the crystal 
distribution  function which was determined frcm a TEM-replica 
(surface) micrograph of  a 950 m thick  layer C15l. , 

Ihe randan distribution  function ( N r )  is determined af te r  
randdy  adjusting an up or. d m  magnetizaticm to  the colmms. 
The intersection  length of the damin structure can be measured 
&an this. Maximization of the number of pairs of neighbsuring 
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mlumns with oppxite signs  gives the so-called natural 
distribution (En). Both distribution functions have been used 
for a l l  thicknesses of our samples and are given per d. 
Fimlly a shple hexagonal d e l  of uniform grain  size 
(hey& sham) was introduced by Sclrmidt E141 by using 
Nh = 2/3 6 D 2 .  
W calculated  (for the particulate mode! ) the  damin  densities 
for the  three rrcdels wkich are  also given i n  table 1. It can be 
clearly seen that  the  experhntal   densit ies  are much mller 
than these values. 
In table 2 safp characteristic  fields  are listed together with 
a qualitative judgment of  the  hysteresis loop and the dcmain 
bebviour. Frun a series of photasraphs as a function of the 
applied field  the Hn (determined by extrapolation) and 
& are derived. The H, i s  measured w i t h  the M.0 Kerr 
hysteresis tracer and Hk = 2K1/po Ms. 
We have classified our q l e s  in 3 groups on the basis of the 
observed dcnnin structures (see table 2). First  the  lcng stripe 
M n  material (samples 1,3,4) having a very proncunced 
s k d d e r   a t  lcw coercivity (8-16 kA/m), of which an e q l e  is 
sham in  Fig. 1. The second grcup having a mdim coercivity 
(24-32 kA/m), short-stripe  damins and a mll shoulder 
(smples 6 and 11). Finally  the high coercivity (5 40 kA/m) 
group without the typical shoulder shadrg a mre  cluster-like 
danain structure (see Fig.  2). A t  least  i n  the latter case  the 
definition of & is questionable. To explain the different 
-in kehaviours the  ratios of characteristic  fields are 
given. 

Sample stripe shoulder Hcv & Hcw  Hcw Hn 
[kn/m] domains Hcw Hn Hcw Hk [kA/ml 

7 ++ I + .04 .02 .03 -44 236 364 
' 6 

- - .23 -15 -23 .33 200 I- 12 395 

-+ - . 1 3  .10 .13 .54 320 408 ' 5 
+ .04  .12 .15 -39 212 368 11 

-f + .10  .09 .13 .43 256 432 

- 
Table 2 

DISUJSSION AND CGWI.IJS1CN.S 

It is not p s s i b l e  to fully understand the  damin behaviour and 
reversal mechanism of the CoCr layers on the  basis of our 
prelinnxy experiment. The paraneta dependency an3 the 
rmplicated  relation w i t h  the theory allow  only understanding 
of particular samples. A general  explanation is mt possible a t  
present. When relating  the measured results with the knckyn 
theory [13] we have to realize that the  follwing  assunpdons 
kve been made.  The influence  of  the  Coercivity and the wall 
mlmw is neglected and the wall energy is taken independent of 
the film  thickness. This is not the  case  for our sanples. 
&vertheless af ter  ccn@ring the measured and calculated  data 
for the damin  densities (using hoth rrcdels) we conclude that 
the wall mtion d e l  can explain our results. The bin wall 
theory and the miaswed results are only i n  agreement for sane 
of the saqles -1y 4 and 7 which both shcw the typical 
shoulder and stripe daMin  configuration. 
13 the basis of oUr observatims we divided our samples into 3 
qmps of lcw, medium and high  coercivities which correlate 
with the appearance of the  typical shoulder ard the stripe 
b i n  behavicur. This is supported by the ratios of the 
characteristic  fields. For instance snall values for 
&/Hn shcw a mre pronounced stripe  damin  character. 
If t h i s  factor  mre  increases a m e  cluster-like  structure 
appars. Our observations are i n  agr-t w i t h  the results of 
Sdrmidt c14] who measured sanples which were mde by various 
deposition metl-ods having different  mgnetizzitions. 
V k  have also found a relation between the ccercivity and the 
mcleation  density. For the 3 classified group this relation 

High coercivity f i h  (5 40 kA/m) are mre suitable  for 
is r q h l y  2:5:10. 

FerpendicuLar recording and the  cluster-like  damins resemble 
mre the "chain of columns" type proposed on the basis of 

Mqnetic  reversal in the colms has to be studied with 
=utron deplarization 171. 

a3vanced electron microscopical observation methzds. Tcgether 
w i t h  neutron deplarization C161, surface  coercivity s tudies  
c171 and mre detailed observations w i t h  Kerr miaoscopy this 
pmblem may be tackled i n  the near future. 
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