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One fac tor  which affects the nanosecond remagnet izat ion of magnetic f i lms is the presence of mag-  
netization inhomogeneittes.  Attempts have been made to take into account the inhomogeneity associated 
with the sca t ter  in the direct ions of the easy  axes of var ious  regions of the fi lm [1, 2], but the agreement  
with experiment  has been poor [3, 4]. In par t icular ,  agreement  with experiment requires  an implausibly 
large (15 ~ ) angular spread of easy  axes [2]. 

Another source  of magnetizat ion inhomogeneities is the fine s t ruc ture  of the magnetization. It is 
ve ry  difficult to take this fac tor  into account quantitatively, even in the static case [5], and it is impossible 
in the dynamic case without important  simplifications. 

Both qualitative [6] and quantitative [7] at tempts have been made to analyze this problem by means 
of simplified models.  In this paper we wiII develop one of these models by taking into account new factors ,  
and we will analyze the behavior of a fi lm under var ious  remagnet izat ion conditions and for var ious  film 
paramete r s .  In writ ing the equations and in choosing the numerical  solutions we will s t r ive  for generali ty,  
so the resu l t s  can be used to fur ther  refine the model. 

To evaluate the components of the torque acting on each region of the fine s t ruc ture  (subdomains), we 
adopt a highly simple magnetizat ion distribution. We assume that in the subdomains the magnetization 
deviates f rom the average  magnetizat ion direct ion by an angle :~A| O1, 2 = | :~ A| where | = (01 + 02)/2.  
Here the subscr ipt  1 and the upper sign re fer  to the advanced regions,  while index 2 and the lower sign 
r e fe r  to the re tarded regions.  

In its initial state, we assume the fine s t ruc ture  to be longitudinal r ipple with boundaries running 
normal  to the average  magnetizat ion direction. We assume as in [7] that during a remagnet izat ion the angle 
/3 between subdomain boundaries and the hard axis can change. We neglect possible boundary displacement 
during nanosecond remagnet izat ion (which lasts  up to 10-15 nsec), and we neglect the change in the boundary 
energy. 

We will use the following procedure  to find the magnitude of the magnetostat ic  interaction among sub- 
domains. 

The magnetic charge density at  a boundary is 

M [cos(01--~)--cos(02--~)] 2Msin( ~ 1 7 6  ) 2  -- ~ 'sin o~ 2 %, 

where M is the saturat ion magnetizat ion of the film. The average  field which this charge exerts  on each 
subdomain is determined f rom the demagnetizing factor  N. 

For  a uniformly magnetized band (or subdomain); N can be easily calculated by replacing the magnet i -  
zation by the equivalent surface cur rent  and using the field calculated for a planar coil (see, e.g., [8]). 
After  simplifications based on the thinness of the film, we find 
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[1 ]8 
N~--4z--8 In (1 + r~) --arctgr ~ ~- (1 + 2 ln]?), (1) 

where F = 2 / / D ;  l is the ripple wavelength; and D is the film thickness. The last  of this equation holds for  
the case F > 20, as is usually true in films. 

With F = 20, 40, and 80, N takes on values 2.8, 1.7, and 0.98, respect ively.  

The effect of the neighboring subdomains is taken into account, according to [2], by multiplying N 
by ~r/4. 

The torque exerted by this field on the subdomain magnetization is 

A torque tending to oppose remagnet izat ion is assumed positive. 

For  the dimensionless  torque (i.e., the torque divided by M. HK, where H~ is the anisotropy field), 
the coefficient of the t r igonometr ic  function is p = ~rMN/2H K. For  typical fi lms, having M = 800 G, H K = 2-  
5 Oe, D = 0.05-0.2 ~, and Z = 2-5 g, p var ies  f rom 100 to 2000. 

The concept of a ripple relaxation time ~r, associated with the ra te  at which boundaries rotate,  was 
introduced in [7] without a specific definition. This relaxation time can apparently be defined on the basis  
of a phenomenological equation for  the viscous rotat ion of a boundary: fl = (0 - f l ) /1 - r ,  where ~ is the time 
derivat ive of ft. In [7], ~r was determined to be 1.1 • 0.2 nsee. However, this determination is not ve ry  
rel iable,  and in analyzing the solutions we will va ry  ~'r over a broader  range. 

We can est imate  the other t e rms  of the ripple torque acting on a subdomain in the following manner:  
we assume that the film in its initial state is subjected to a constant field hy along the hard axis. F rom 
the condition for a static equilibrium of the subdomain, we find the initial internal torque of the ripple to 
be 

1 
Toz,2 =by cos (Oo • ~Oo) -- ~ sin 2 (% • A0 o) z- T (1 - h~) sin A0o, (2) 

where | and A| o a re  the initial values of | and A| The last  equation here  takes into account the con-  
ditions Aeo  << 1 and sin|  o = hy. 

We will calculate the remagnet izat ion under the assumption that this torque remains  constant during 
the remagnetization.  

In nanosecond-remagnet izat ion experiment,  the film is placed between s t r ips  of a s t r ip  t ransmiss ion  
line; in a f i r s t  approximation these s t r ips  can be treated as infinite conducting planes.  The eddy-cur ren t  relaxation 
t ime in these str ips is much longer than the nanosecond-remagnet izat ion t ime ([9], p. 34), and the damping 
of eddy currents  over the remagnet izat ion t ime can be neglected. Then using May = M cos (| - |  and 
Tdi,2 = § sin (| - |  along with Eq. (55) of [11] for the dynamic demagnetizing field Hd, we 
find the torque exerted on the magnetization of each subdomain by the dynamic demagnetizing field: 

.xMD { 1 -}- 
Tpl2:=FCsin(O'--~}2)' where C~--~K \d- 1 ) .  

where d is the d iameter  of the c i rcu la r  film; and 2a is the "gap" of the s tr ip line. As H~ is changed f rom 
2 to 5 Oe, D f rom 0.05 to 0.2 p, d f rom 0.5 to 1 cm, and 2a f rom 0.2 to 0.4 cm, the value of C for a flat 
film var ies  f rom 0.18 to 0.008. 

Since the film is nonellipsoidal, the demagnetizing field at the per iphery of the film is higher than 
the theoret ical  value. On the other hand, because of the finite width of the s t r ip  line, this field is lower. 
For  this reason,  C might either increase  or  decrease;  for cylindrical  fi lms, we have C = 0. 

The numerical  value of the damping parameter  k, which is to be substituted into the dynamical 
equation, is ex t remely  important.  It was pointed out in [10] that for even a qualitative agreement  between 
the Stein model [6] and experiment,  k must  be several  t imes grea te r  than its value found f rom f e r r o m a g -  
ne t ic - resonance  experiments ,  (1-2) �9 106 sec -1. However, analysis  of experimental  data [12] shows that 
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during the initial  s tage of r emagne t i za t ion  the effect ive damping p a r a m e t e r ,  de termined as in [4], is con-  
stant.  This value (Xin i) is {4-5) �9 108 sec  -1 for  f i lms  having a re la t ive ly  low (~0.5) coerc ive  force  h c and 
2-4 t imes  g r e a t e r  for  f i lms  having h c ~ 1. Without going into detail  on the r easons  for  this l a rge  d i s -  
c repancy  between ~ and Xini, we note that it is natural .  Accordingly,  }qni c h a r a c t e r i z e s  a t rans ient ,  i r -  
r e v e r s i b l e  ro ta t ion  of magnet iza t ion  over  quite la rge  angles ,  while the p a r a m e t e r  de termined in l inear  
f e r romagne t i c  r e sonance  co r r e sponds  to smal l  osci l la t ions  in a specif ic  s t eady - s t a t e  cycle.  

Uniform rota t ion  is descr ibed  in genera l  by a two-dimens iona l  equation [13], but for  pract ica l  ca l -  
culations we need take into account  only the magnet iza t ion  rota t ion in the plane of the fi lm. 

Taking these  cons idera t ions  into account,  we see  that we can calculate  the motion of the subdomain 
magnet iza t ion  by jointly solving the s y s t e m  

F + ,2 -{- 4~M72Ht~ [sin 01, 2 �9 cos 01, 2 - -  h x sin 01, 2 - -  hy cos 0 t,2 

::Jxpsin( 01-]-02 ~ " 0 1 - 0 2  ] 
2 - - ~ ) . s , n  - - - 2 - - . s i n  (01. 2 - -  ~) + To , ,  2 q: C sin (0~ - -  02) = 0, ( 3 )  

1(o,+o~ ) 
fo r  var ious  numer i ca l  va lues  of the coeff ic ients ,  for  v a r i o u s  initial values  | and A| and for  va r ious  
t ime  dependences of the f ie lds  h x and hy applied along the ea sy  and hard di rec t ions ,  respec t ive ly .  The 
f i r s t  two equations of this th ree -equa t ion  s y s t e m  a re  s y m m e t r i c  and a r e  wr i t ten  together .  

The s ame  s y s t e m  of equations,  with To~,2 = 0, p = 0, h x replaced  by h x c o s ~  § h y s i n ~  and hy r e -  
placed by hycos  ~ =~ h x s i n ~  , de sc r ibe s  a f i lm in which there  is a spread  in only the easy  axes  in var ious  
regions .  

Fo r  brevi ty ,  we omit  the s ix-equat ion  s y s t e m  to be used to analyze the remagne t iza t ion  for  the case  
in which there  is both r ipp le  in the magnet iza t ion  and a s ca t t e r  in axes.  

A detailed study of these  equations r equ i r e s  the use  of compute r s ,  in which connection the following 
c i r cums tances  mus t  be taken into account: it would be i n c o r r e c t  to t ry  to match  the calculated and ex-  
pe r imenta l  r emagne t iza t ion  curves  by means  of a sui table  choice of p a r a m e t e r s ,  because  of other r e t a r d a -  
t ion mechan i sms ,  not taken into account  in this model ,  the assumpt ions  used in wri t ing the equations, and 
other fac tors .  The p rob lem of analyzing the model  cons is t s  of explaining how in pr inciple  an apprec iab le  
r e t a rda t ion  remagne t iza t ion  can be caused by the magnetos ta t ic  in te rac t ion  of inhomogenei t ies  and of r e -  
lating this r e t a rda t ion  to the shape of the a ve r age -magne t i z a t i on  t ra jec tory .  In addition, we can t r ace  
the effect  of each of the f i lm p a r a m e t e r s  (the th ickness ,  the wavelength and initial ampli tude of the r ipple,  
the s ca t t e r  in the easy  axes ,  and the boundary re laxa t ion  time) on the course  of the remagne t iza t ion  under 
va r ious  conditions. 
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