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Résumé - Des possibilités d'application, autres que pour l'enregistrement, des 
couches amorphes d'alliages terres rares-métaux de transition et métal de 
transition-métalloide sont présentées. On considère en particulier les dispo
sitifs générateurs d'ondes acoustiques de surface dans lesquels les films 
amorphes peuvent servir à l'accord des paramètres du dispositif. Une utili
sation possible des films comme senseurs thermiques est aussi présentée. 

Abstract - Possible non-storage applications of amorphous films of the rare 
earth-transition metal and transition metal-metalloid alloys are presented. 
Particular attention is given to the surface acoustic wave devices in which 
amorphous films can serve to tune the device parameters. A possible utiliza
tion of these films as thermal sensors is also presented. 

1. INTRODUCTION 

Research on amorphous magnetic films has been triggered by the paper of Chaudhari 
et.al. [1], published in 1973, showing that sputtered films of the Gd-Co alloys can 
exhibit perpendicular anisotropy and that magnetic bubbles with submicron diameters 
can be created in these films. 
Since this discovery, intense research on amorphous films of rare earth-3d 

transition metal (RE-TM) alloys has been discernible. However, this activity was 
mainly oriented towards applications of the RE-TM films as storage media for thermo-
magnetic beam addressable memories, since some technological limitations made it 
rather questionable to utilize these films in bubble memories. 
Though the main effort has been concentrated on the above-mentioned applications, 

there are,nevertheless, other possible ways of utilizing the amorphous RE-TM films, 
e.g. in the surface acoustic wave (SAW) devices, as Hall sensors, etc. 
The rapid development of metallic glasses, which took place during the last decade 

has, despite being concentrated on ribbons, also induced an interest in amorphous 
TM-M films [where M-metalloid). At the beginning, research on these films was con
centrated on their fundamental physical properties, but shortly afterwards it has 
been shown that the TM-M amorphous films can also be utilized in devices, e.g. as 
thermal sensors, magnetic mirrors in ring-laser gyroscopes, etc. 
A survey of the possible non-storage applications of both the RE-TM and TM-M 

amorphous films will be given in this paper. Attention will be focused on the 
utilization of these films in the SAW-devices. However, other possible applications 
will also be briefly indicated, in particular, those which have been developed by 
the authors' colleagues from collaborating institutions. 

2. MAGNETICALLY TUNED SAW-DEVICES 

SAW-devices are at present widely used for signal processing in the frequency 
band of 30 MHz up to 1.5 GHz, giving a cheap and efficient solution in this field 
of application. 
Deposition of a magnetostrictive film onto the surface of a piezoelectric sub

strate (usually LiNb03, LiTa03 or quartz, though Bij2CeO20 also seems to be a 
potential candidate for this application, owing to its good piezoelectric pro
perties) between the interdigital transducers in a SAW-device (its geometry is 
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I/ \ rnaqnetostrictive f i lm 

Fig. 1 - iviagnetically var iab le  SAW-delay l i n e  ( a f t e r  r e f .  1 2 1 ) .  

snown i n  Fig 1)  is  a  technique which gives a  p o s s i b i l i t y  of changing the  ve loc i ty  
of t h e  propagating S k i  by appl ica t ion  of an external  d.c.-magnetic f i e l d .  These 
cnanges a r e  due t o  t h e  magnetoelastic i n t e r a c t i o n  within t h e  f i l n  and mechanical 
coupling between t h e  f i lm and the  p iezoe lec t r ic  subs t ra te .  

The p o s s i b i l i t y  of varying the SAW-velocity i s  des i rab le  because of the correct ion 
of t h e  technological s c a t t e r  ( a f t e r  f a b r i c a t i o n  t h e  e l e c t r i c a l  parameters of the  
device a r e  f ixed ,  s ince  they depend s o l e l y  on t h e  geometry and soacing of the  
t ransducers ,  and on t h e  e l e c t r i c , e l a s t i c ,  and p i e z o e l e c t r i c  p roper t i es  of the  sub- 
s t r a t e  and the  e lec t rodes) .  Because of ageing e f f e c t s  (ageing r a t e s  of  (1+10)~10-6 
per  year a r e  common [2]) a  p o s s i b i l i t y  of per iodic  trimming of t h e  device parameters 
t o  t h e i r  nominal values is a l s o  required.  The p o s s i b i l i t y  of tuning can a l s o  be 
des i rab le  t o  compensate f o r  the  temperature var ia t ion  of the device parameters. 

On t n e  o ther  hand, there a r e  app l ica t ions  of the SAW-devices where some degree of  
tuning is  required,  usua l ly  rapid and unpredictable .  

Though there  a r e  well known methods of tuning the  SAW-devices, f o r  example by 
means of a  control led v a r i a t i o n  of the  e l e c t r i c  charge on t h e  surface of the  semi- 
conducting layer  located on t h e  p i e z o e l e c t r i c  subs t ra te ,  the  use of a  magneto- 
s t r i c t i v e  f i lm seems t o  be a  very promising technique, mainly because of  i t s  
technological s impl ic i ty .  
2.1. Requirements f o r  f i lms 

His tor ica l ly ,  a  po lycrys ta l l ine  Ni-film was one of the  f i r s t  mate r ia l s  evaluated 
f o r  magnetic tuning of  a  Ski-device [ 3 ] .  The changes of SAW-velocity obtained f o r  
Ni-films a r e  i n  the  range of 0.02+0.07% but  t h e  i n t e n s i t y  of t h e  b i a s  f i e l d  neces- 
sa ry  f o r  obtaining these changes is  within t h e  lkOe range. 

The dependence of t h e  ve loc i ty  var ia t ion  upon t h e  f i lm parameters i s  r a t h e r  
complex. Theoret ical  approaches, simple and more r igorous,  have been developed t o  
p red ic t  t h e  dependence of the  SAW-velocity on t h e  applied magnetic f i e l d  (see e.g. 
[4 ] [5] ) .  The common r e s u l t  obtained i s  t h a t  most of t h e  var ia t ion  of the  ve loc i ty  
occurs i n  the range of f i e l d  values i n  wliich a  uniform r o t a t i o n  of the  f i l n  
magnetization takes place and these changes a r e  due to  the change of the 
e l a s t i c  moduli of the  magnetostr ic t ive f i lm ( the  so-cal led AE-effect;. 

This r e s u l t  i s  not  surpr i s ing  s ince  t h e  ve loc i ty  of bulk acous t ic  waves is  given 
by V = (ce f f /p ) l l2 ,  where p i s  t h e  dens i ty  of the  mater ial  i n  which an acous t ic  
wave is  propagating and ceff i s  t h e  e f f e c t i v e  e l a s t i c  s t i f f n e s s  constant ,  dependent 
on t h e  acous t ic  wave mode and t h e  s t r u c t u r a l  symmetry of  the  mate r ia l .  

An ana lys i s  of the  magnetoelastic wave exc i ta t ion  i n  an amorphous f i lm,  performed 
by F u j i i  e t  a l .  [6] on t h e b a s i s  ofas impleone-dimensional  s t r i n g  model, has 
shown t h a t  t h e  maximum change of the  sound ve loc i ty  i s  obtained when t h e  d i r e c t i o n  
of magnetization forms an angle of 450 with t h e  d i r e c t i o n  of sound propagation. To 
achieve t h i s  e f f e c t ,  changes of the  f i lm magnetization should occur a s  a  r e s u l t  of 
the  r o t a t i o n .  This could be the  case i f  one c rea tes  i n  t h e  f i lm an anisotropy 
(possibly a  low one) with the  in-plane easy ax is  perpendicular t o  t h e  external  
f i e l d  d i r e c t i o n .  Such anisotropy can be induced by means of a  thermomagnetic 
t reatment .  However, care  should be taken when using t h i s  procedure s ince ,  
according t o  t h e  authors '  experience, t h e  induced anisotropy can have a  r o t a t i o n a l  
character  (see e.g. [ 7 ] )  with t h e  time constant i n  the  range of 51100 sec.  

A r e l a t i o n , l i n k i n g  t h e  AE-effect with the  magnetic and e l a s t i c  parameters of t h e  
materia1,was given by Kersten [S]  ha l f  a  century ago 



where Es and E a r e  t h e  Young's modulus a t  t h e  s a t u r a t e d  and a t  t h e  g iven f i e l d ,  
r e s p e c t i v e l y ,  - magnetic pe rmeab i l i t y ,  A s  - s a t u r a t i o n  magne tos t r i c t ion ,  MS - s a t u -  
r a t i o n  magnet iza t ion.  

Although n o t  u n i v e r s a l l y  a p p l i c a b l e ,  eq.  (1) g ives  a  r easonab le  approximation o f  
t h e  exper imenta l  r e s u l t s .  Fukamichi e t  a l .  [g ]  have shown t h a t  i n  t h e  case  o f  un- 
annealed samples o f  t h e  Fea3P17 and Fe8f,fi14 m e t a l l i c  g l a s s e s ,  t h e  observed and c a l -  
c u l a t e d  (us ing eq .  ( 1 ) )  va lues  of  t h e  AE-effect a r e  i n  r easonab le  agreement, a s  can 
be  seen  i n  Table  1. For s e l e c t i o n  o f  t h e  type  o f  f i l m  t o  be used i n  a  SAW-device, 

Taole  1 - Calcula ted and measured va lues  of  AE/ED ( a f t e r  r e f .  [ g ] )  

where ED is  t h e  Young's modulus a t  zero  f i e l d  (demagnetizing s t a t e ) .  

t h e  m a t e r i a l  wi th  t h e  most f avourab le  parameters  can be found by us ing  eq. ( l ) ,  
looking f o r  t h e  m a t e r i a l  e x h i b i t i n g  t h e  l a r g e s t  AE-effect p o s s i b l e .  A s  can e a s i l y  be 
no t i ced  by cons ide r ing  t h i s  equat ion,  f i l m s  wi th  l a r g e  magne tos t r i c t ion  and low 
magnet iza t ion would be t h e  b e s t  choice  i f  we want t o  f u l f i l  t h e  requirements  f o r  
t h e  maximum p o s s i b l e  AE-effect.  

Tine Tb-Fe amorphous a l l o y s  show r e l a t i v e l y  l a r g e  magne tos t r i c t ion  (As = 3 1 0 ~ 1 0 - ~  
f o r  amorpilous TbFe2 [10],  wh i l e  f o r  a  c r y s t a l l i n e  compound o f  t h e  same composition 
t h i s  va lue  is  almost s i x  t imes  l a r g e r ) .  S ince  t h e s e  a l l o y s  behave l i k e  f e r r imagne t s  
( t h e i r  magnetic s t r u c t u r e  is  of  t h e  sper imagnet ic  t y p e ) ,  c o n d i t i o n s  f o r  a  low 
magnet iza t ion can e a s i l y  be achieved by a  proper  s e l e c t i o n  o f  t h e  f i l m  composition 
( see  F i g . 7 ) .  Though Yanlaguchi e t  a l .  [ l11 have shown t h a t  t h e  u s e  o f  t h e  TbFe2 
amorphous f i l m  i n  t i le SAW-device makes it p o s s i b l e  t o  achieve t h e  l a r g e s t  eve r  
r epor t ed  change o f  the  SAN-velocity, AV/V = -0.27%, t h i s  v a r i a t i o n  is o b t a i n a b l e  f o r  
r e l a t i v e l y  h igh  i n t e n s i t i e s  o f  t h e  magnetic f i e l d  (of  t h e  o r d e r  o f  4kOe) because 
of  t h e  g i a n t  an i so t ropy ,  o f  s i n g l e - i o n  o r i g i n ,  p r e s e n t  i n  t h e s e  f i l m s .  App l i ca t ion  
of  a  f i e l d  o f  s o  high an i n t e n s i t y  i s  unacceptable  from t h e  s t andpo in t  o f  cons t ruc -  
t i o n  o f  tuned SAW-devices, because o f  t h e  over-s ized magnetic b i a s  f i e l d  c i r c u i t r y  
which should  be  des igned f o r  t h e  minimum power consumption and f a s t  swi tching.  

The re fo re , the  e f f o r t  has  concentra ted  on sea rch ing  f o r  t h e  m a t e r i a l s  which a r e  
much s o f t e r  magnet ica l ly .  

I t  i s  w e l l  known t h a t  fer romagnet ic  m e t a l l i c  g l a s s e s  o f  t h e  Fe-based a l l o y s  sllow, 
i f  p rope r ly  annealed,  an  e x t r a o r d i n a r i l y  low a n i s o t r o  y .  Typical  va lues  o f  magneto- 
s t r i c t i o n  f o r  t h e s e  a l l o y s  a r e  of  t h e  o r d e r  of  30x10-' ( s ee  e .g .  Table  1 ) .  Use o f  
t h e  evaporated Fe-B amorphous f i lms  i n  t h e  SAlY-device has  shown t h a t  t h e  tuning 
e f f e c t  i s  o b t a i n a b l e  w i t h i n  10 Oc o f  tile b i a s  f i e l d ,  b u t  t h a t  i t s  maximum va lue  
does n o t  exceed 0.03% [Z]. Though AV/V is  an o r d e r  o f  magnitude lower t h a n  i n  t h e  
case  of  t h e  Tb-Fe f i lm ,  t h i s  va lue  i s  n e v e r t h e l e s s  adequate  f o r  many a p p l i c a t i o n s .  
It t h e r e f o r e  seems t h a t  amorphous f i lms  of  t h e  Fe-based a l l o y s  a r e  the  
b e s t  cand ida te s  f o r  t h e  m a t e r i a l s  t o  be  u t i l i z e d  f o r  magnetic tun ing  o f  t h e  
SAW-devices . 

Both thermal evaporat ion and s p u t t e r i n g  techniques  can be apy l i ed  t o  produce a  
magne tos t r i c t ive  l a y e r  on t h e  s u r f a c e  o f  t h e  p i e z o e l e c t r i c  s u b s t r a t e  of  t h e  
SAW-device. However, a p p l i c a t i o n  of  s p u t t e r e d  f i l m s  g ives  b e t t e r  r e s u l t s  s i n c e  t h i s  
technique in t roduces  lower i n t r i n s i c  s t r e s s e s .  The s t r e s s  g i v e s  r i s e  t o  e f f e c t i v e  
an i so t ropy  v i a  t h e  magne toe la s t i c  i n t e r a c t i o n s ,  which r e s u l t s  i n  t h e  easy a x i s  o f  
magnet iza t ion being i n  t h e  f i l m  p lane  o r  pe rpend icu la r  t o  it, depending on t h e  s i g n  
of bo th  t h e  s t r e s s  and t h e  magne tos t r i c t ion .  Some good evidence f o r  t h e  presence o f  
t h i s  e f f e c t  i s  shown by t h e  r e s u l t s  o f  anneal ing o f  a  Fe-B amorphous f i l m  s p u t t e r e d  
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onto a Lildb03-substrate, shown i n  Fig. 2 i n  t n e  form of tne  SAN-velocity dependence 
on t h e  S i a s  f i e l d  f o r  d i f f e r e n t  temperatures of t h e  annealing performed i n  an argon 
atmosphere (using t h e  measuring configurat ion shown i n  Fig.3). Note t h a t  the  ind iv i -  
dual curves follow t h e  shape of t h e  AE/E dependence on t h e  magnetic f i e l d t s e e  e .g .  
[12]) .  As can be seen i n  Fig.2, the  f i e l d  a t  which t h e  ve loc i ty  change achieves i t s  
maximum value s h i f t s  with an increase of the  annealing temperature t o  lower i n t e n s i -  
t i e s ,  as  can be expected, whereas t h e  maximum value of  AV/V i s  r a t h e r  weakly depen- 
dent on t h i s  temperature. 

150°C 

-0.005 - 125OC 

100 O C  

W 

l 
as sputtered 

-0.01ot 

Fig. 2 - SAW-velocity change vs.  applied magnetic f i e l d  f o r  d i f f e r e n t  annealing 
temperature f o r  a 0 .7  u m  %orphous Fe-B f i lm on YZ-LiNb03. The frequency 
is  69 EItlz. 

An increase of  t h e  f i lm thickness  gives a g rea te r  ve loc i ty  v a r i a t i o n  s ince a l a r g e r  
f r a c t i o n  of  tile acous t ic  energy i s  car r ied  within t h e  f i lm.  A disadvantage of such 
a procedure i s  an increase of  a t t enua t ion  and dispersion.  Therefore, t h e  optimum 
fi lm thickness i s  adjusted by a compromise and is  usual ly of  the  order  of 1 urn. 

To get  the  bes t  performances the f i lm parameters have t o  be known , 
i n  part icular ,  those appearing i n  eq. (1) .  Since Young's modulus does not change 
s i g n i f i c a n t l y  with t h e  film'composition f o r  the  Fe-based a l loys ,  the  important para- 
meters a r e  and A s .  

However, care should be taken when the magnetostriction of the f i lm has t o  
be measured. A s  a general r u l e  f o r  t h i s  purpose one uses t h e  experimental methods 
which make it possible  t o  determine j u s t  one magnetostriction constant,  namely A s .  
This parameter properly describes t h e  magnetostr ic t ive p roper t i es  of t h e  f i lm only 
i f  t h e  medium is  i s o t r o p i c .  As has been shown e a r l i e r ,  the  amorphous f i lms t o  be 
u t i l i z e d  i n  t h e  SKii-devices have t o  exh ib i t  an anisotropy i n  the  f i lm plane. By con- 
s ider ing  an an iso t rop ic  amorphous f i lm,  Szymczak [l33 has sliown t h a t  t h e  magneto- 
e l a s t i c  tensor  Bijkl  f o r  such a mater ial  has t h e  form (wri t ten i n  t h e  Voigt notat ion)  
determined by -/mm point  symmetry 

Where B3i = -Bll-B12, = 1/2(Bll;B12j, = -2B13. 
In  t h i s  case,  the  magnetoelastic ln te rac t lons  a r e  determined by four  independent 

parameters ins tead  of  t h e  one s u f f i c i e n t  f o r  an i s o t r o p i c  medium. The f i r s t  i n d i r e c t  
ind ica t ion  t h a t  l i n e a r  magnetostriction could have an an iso t rop ic  character  was 
given by Twarowski e t  a l .  j14] f o r  the  case of amorphous r . f . - spu t te red  Gd-CO fi lms.  
Experimental evidence f o r  t h i s  behaviour llas been ,oiven by Zuberek e t  a l .  [IS], who 
invest igated the  Fel-xBx amorphous f i lms by means of the  s t r a i n  modulated fe r ro-  



magnetic resonance (SMFMR) method, which allows one t o  ca lcu la te  more than one 
magnetostriction constant .  The r e s u l t s  obtained i n  t h i s  experiment (shown i n  Table 
2j ind ica te  a  considerable departure of  the  magnetostriction from i s o t r o p i c  behavior, 
s ince  f o r  i s o t r o p i c  magnetostriction the  following r e l a t i o n  should be f u l f i l l e d :  
B l l / B 1 2  = -2. - -  -- 
Table 2 - Measured values of B11/B12 The SMFMR method is  r a t h e r  incon- 

venient f o r  standard measurements. 
f o r  Fel-,BX amorphous films ( a f t e r  r e f .  [l51 l .  Though other methods allow one to 

determine only one magnetostriction 
constant - A s ,  they should neverthe- 
l e s s  be used t o  est imate the  magneto- 
s t r i c t i v e  behaviour of the  f i lms of 
i n t e r e s t .  

Among the  known methods, the  cant i lever-capaci tance one, developed by Klokholm 
[16], seems t o  6e the most s u i t a b l e  (see e.g. 1171). However, i t  has recen t ly  
been shown t h a t  the  so-cal led small-angle magnetization r o t a t i o n  method [l81 can be 
used successful ly i f  the  f i l m  is  deposited onto a  polyester  s u b s t r a t e .  

To determine the  change of sound ve loc i ty  i n  a  magnetically tuned SAW-device one 
should use the  c i r c u i t  shown i n  Fig.3. This change is  calculated a s  a  funct ion of 

F--- 3 investiaated SAW- delay Line 

I 

vector 
voltmeter recorder 

Fig. 3 ,- Measuring configuration of SAW-velocity cnange. 

t h e  external  magnetic f i e l d  from the  measured phase d i f fe rence  between the  s igna ls  
obtained a t  t h e  outputs of two symmetric SAW-delay l i n e s ,  one of them with t h e  depo- 
s i t e d  f i lm,  both placed on t h e  same p iezoe lec t r ic  subs t ra te .  A s  a  r e s u l t  of t h i s  
design, t h e  inf luence of  t h e  temperature i s  cancel led.  The d e t a i l s  of the  measuring 
set-up a r e  described elsewhere j191. 

2.2. An appl ica t ion  of magnetically tuned SAW-devices 

A s  has been sa id  e a r l i e r ,  tuning of the  SAW-devices is  desired i n  order  t o  cor rec t  
the technological inaccuracies ,  t h e  changes of parameters r e s u l t i n g  from t h e  ageing 
e f f e c t s  and t o  control  t h e  temperature var ia t ion .  

The f i r s t  two of these requirements can e a s i l y  be f u l f i l l e d  by applying a  permanent 
magnet of s u f f i c i e n t  i n t e n s i t y ,  which w i l l  influence the sound ve loc i ty  v i a  the  
deposited f i lm.  A proper placing of  t h i s  magnet gives the  required amount of tuning. 
Control of t h e  temperature var ia t ion  of the  SAW-device parameters can be rea l ized  
by using an electromagnet i n  conjunction with a  tl~ermocouple sensor .  This so lu t ion  
seems t o  be a  good a l t e r n a t i v e  t o  keeping t h e  SAW-device i n  a  tllermostat. 

Magnetically tuned SAW-devices can be used i n  systems i n  which a  small,  but rapid 
and unpredictable amount of tuning is  necessary. A good example of these appl icat ions 
is  t h e  adaptive antenna a r ray  where the d i r e c t i o n  of the beam is  guided by means 
of magnetically tuned SAW-delay l i n e s  [2].  An a t t r a c t i v e  a l t e r n a t i v e  t o  conventional 
approaches seems t o  be a  magnetically tuned SAW-oscillator capable of t racking a  
high speed Doppler t a r g e t  [2].  

Since t h e  SAW-device can a c t  as  a  f i l t e r  with a  very narrow frequency band, i f  
only the  pa t te rn  of t h e  i n t e r d i g i t a l  t ransJucer  is  properly d e s i p e d ,  the  device can 
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be u t i l i z e d  i n  an o s c i l l a t i n g  c i r c u i t ,  shown i n  Fig. 4.  A laboratory design of a 
69 MHz o s c i l l a t o r  based on t h i s  idea  has shown a behaviour which seems promising 
from the  point of  view of t h e  possible  u t i l i z a t i o n  of these devices i n  frequency 
syn the t ize rs .  The generated s igna l ,  as  displayed on a wobbulator screen,  i s  shown i n  
Fig.  5 .  Use of tile harmonics of the  fundmental frequency, possible  i n  t h e  case of 

output 
l I - A 

Fig. 4 - SAW-oscillator c i r c u i t .  

Fig.  5 - Generated s igna l  i n  c i r c u i t  designed a s  i n  Fig. 4 .  

a spec ia l  design of  i n t e r d i g i t a l  transducer p a t t e r n s ,  makes it ?ossible,according t o  
t h e  authors '  es t imate,  t o  generate  frequencies of up t o  1 .5  GHz. i-lowever, fabr ica -  
t i o n  of the  pa t te rn  requ i res  a very high accuracy (of the  order  of 0.1 umj, which 
can only be achieved by means of e lec t ron  o r  x-ray l i thography.  Application of an 
amorphous filrn i n  t h i s  device allows one t o  tune the  frequency and/or t o  compensate 
f o r  the temperature v a r i a t i o n  of the  frequency. 

3 .  THERVAL SENSORS 

A simple experiment performed [20] on t h e  domain s t r u c t u r e  of the  RE-34 amorphous 
f i lms has shown t h a t  i n  a fe r r inagne t ic  f i lm with perpendicular anisotropy, a sudden 
reversa l  of magnetization, whicit could be expected when t h e  temperature passes 
through t h e  compensation po in t ,  occurs only i f  the  ex te rna l  applied f i e l d  Ha is of  
s u f f i c i e n t  i n t e n s i t y .  This i n t e n s i t y  i s  given by I M ~ ~ - M ~ ~ ~ ~  .Ha>Ea, where MRE and Mnq 
a r e  the magnetizations of the  RE, and TM-subnetworks, respec t ive ly ,  Ea-the energy, 
d i r e c t l y  r e l a t e d  t o  t h e  perpendicular anisotropy energy. 

This phenomenon manifests i t s e l f  c l e a r l y  i f  one s tud ies  the  temperature dependence 
of the  Hall vol tage.  I t  i s  well known t h a t  t h i s  vol tage changes i t s  s ign  when the 
temperature of the  f i lm passes through tile compensation point  (see e .g.  [20]j .  Since 
t h i s  e f f e c t  i s  usua l ly  observed under condit ions of a high, applied f i e l d ,  t h e  
thermal hys te res i s  which can be predicted by analyzing the  inequa l i ty  given above 
has not been not iced.  More d e t a i l e d  inves t iga t ions  performed on t h e  Ho-CO amorphous 
f i lms [Zl] have shown the  exis tence of thermal hys te res i s  of the Hall vol tage.  
(Fig.6).  Tne width of the  hys te res i s  loops is  field-dependent, as  could be expected 

Fig. 6 - Thermal hys te res i s  loops of the 
Hall vol tage ( a f t e r  r e f .  [Zl])  . 
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when one considers the inequality discussed above and the known temperature 
dependence of the net-magnetization of the ferrimagnetic film (Fig. 7). 

The effect described above can be utilized 
in sensors as a safety catch for switching 
off a device which may be damaged on over
heating and switching it on after it has 
cooled down to a safe temperature, as has 
been suggested in [21] . The temperature 
range required can easily be adjusted 
by selecting the film composition and/or 
the magnetizing field. 
It has been shown that the Fe-B and 

Fe-P amorphous alloys exhibit Invar beha
viour in a wide temperature range below 
the Curie temperature [9]. Invar materials 
have extraordinarily small thermal expan
sion coefficients; e.g. a = 2.3x10"" 
(Of40°C) in the case of FeS5B15 [9], whereas 
for crystalline Fe, for example, 
a = 11.7xl0-6 (20°C) . This behaviour, 

along with their excellent mechanical properties, provides a unique opportunity to 
utilize amorphous films in bimetallic structures. In addition, use of sputtering 
or evaporation techniques can easily solve the problem of combining amorphous and 
crystalline layers. Since sensitivity of bimetallic sensors is proportional to the 
difference of thermal expansion coefficients of the component used, one can expect 
a significant improvement of this parameter when utilizing amorphous films instead 
of conventional materials. 
The idea described above has recently been realized (Stobiecki and Stobiecki, to 

be published) in the form of a bimetallic structure composed of a Fe-B amorphous 
film sputtered onto a crystalline Al-foil (os = 25*10-6). The very high sensitivity 
of this structure to small temperature changes has been confirmed. 
This result allows us to expect that bimetallic structures utilizing amorphous 

TM-M films will find their way into various precise control instruments. 

Fig.7 - Saturation magnetization vs. 
Co-concentration for Gdj_xCox amor
phous films (room temperature). 

4. OTHER POSSIBILITIES OF APPLICATION 

Amorphous films of both types, RE-TM and TM-M, can be utilized as magnetic mirrors 
in ring-laser gyroscopes [22], giving protection against the undesirable effect 
which manifests itself as the lock-in of the two light beams to a common frequency. 
Since amorphous films exhibit an extraordinarily large spontaneous Hall effect 

they can be applied as sensitive Hall detectors. 
More sophisticated use of these films has also been reported, e.g. the 

propagation of bubbles created in the films, using the so-called "domain-drag 
effect" [23]. 
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