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(§£)  Method  of  manufacturing  a  magnetic  head,  and  magnetic  head  manufactured  by  means  of  said 
method. 

©  Method  of  manufacturing  a  magnetic  head,  in 
which  a  transducing  structure  (1)  comprising  at  least 
a  transducing  element  (5)  is  formed  on  a  substrate 
(3)  by  means  of  a  thin-film  technique.  A  coating  (23) 
is  provided  on  an  uneven  surface  (21),  remote  from 
the  substrate,  of  the  structure  formed.  To  this  end  a 

thick  film  forming  the  coating  and  having  a  thickness 
which  is  minimally  equal  to  the  distance  between  an 
area  (21  A)  of  said  surface  which  is  farthest  remote 
from  the  substrate  and  an  area  (21  B)  which  is  most 
proximate  to  the  substrate  is  deposited  on  said  sur- 
face  by  means  of  PE-CVD. 
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The  invention  relates  to  a  method  of  manufac- 
turing  a  magnetic  head,  in  which  a  transducing 
structure  comprising  at  least  a  transducing  element 
is  formed  on  a  substrate  by  means  of  a  thin-film 
technique  and  in  which  a  coating  is  provided  on  an 
uneven  surface,  remote  from  the  substrate,  of  the 
structure  formed. 

Such  a  method  is  known  from  JP-A  62-146418 
(herewith  incorporated  by  reference).  In  the  known 
method  a  protective  coating  of  AI2O3  is  provided 
by  means  of  sputtering  after  a  thin-film  structure 
comprising  an  inductive  transducing  element  and  a 
magnetic  circuit  with  a  transducing  gap  has  been 
formed.  A  drawback  of  the  known  method  is  that 
the  rate  at  which  AI2O3  can  be  deposited  on  said 
structure  is  limited.  Since  a  thick  coating  is  gen- 
erally  required,  this  leads  to  a  relatively  long  depo- 
sition  time  which,  from  a  production-technical  point 
of  view,  is  unfavourable  because  this  results  in  a 
long  manufacturing  time  of  the  magnetic  head. 

It  is  an  object  of  the  invention  to  improve  the 
method  described  in  the  opening  paragraph  in 
such  a  way  that  the  time  of  manufacturing  the 
magnetic  head  can  be  reduced. 

To  this  end  the  method  according  to  the  inven- 
tion  is  characterized  in  that  the  surface  of  the 
transducing  structure  remote  from  the  substrate  is 
provided  by  means  of  PE-CVD  with  a  thick  film 
forming  the  coating  and  having  a  thickness  which 
is  minimally  equal  to  the  distance  between  an  area 
of  said  surface  which  is  farthest  remote  from  the 
substrate  and  an  area  which  is  most  proximate  to 
the  substrate.  The  transducing  structure  may  be 
provided  with  an  inductive  transducing  element 
and/or  a  magnetoresistive  transducing  element. 

By  using  a  Plasma  Enhanced  Chemical  Vapour 
Deposition  process  (PE-CVD  process)  for  forming 
the  coating  on  the  transducing  structure  of  a  mag- 
netic  head,  the  manufacturing  time  can  be  consid- 
erably  reduced  as  compared  with  the  time  required 
for  the  known  method.  As  compared  with  sputter- 
ing,  PE-CVD  has  the  additional  advantage  that 
sharp  or  stepped  surface  portions  of  the  trans- 
ducing  structure  are  better  coated.  The  thick  film 
formed  by  means  of  PE-CVD  generally  has  a  thick- 
ness  of  between  5  urn  and  50  urn,  dependent  on 
the  surface  unevenness  of  the  transducing  struc- 
ture. 

It  is  to  be  noted  that  it  is  known  per  se  to  use 
a  PE-CVD  process  for  providing  a  thin  film  on  a 
surface.  In  this  connection  reference  is  made  to  US 
4,789,910  (herewith  incorporated  by  reference). 

An  embodiment  of  the  method  according  to  the 
invention  is  characterized  in  that,  prior  to  providing 
the  coating,  a  thin  shielding  layer  is  formed  on  the 
transducing  structure,  on  which  layer  the  thick  film 
is  provided  by  means  of  PE-CVD.  The  shielding 
layer  provided  on  the  transducing  structure  pre- 

vents  the  gases  used  during  the  PE-CVD  process 
from  coming  into  contact  with  the  materials  of  the 
transducing  structure  and  thus  prevents  unwanted 
chemical  reactions  and  attack  of  the  transducing 

5  structure.  The  shielding  layer  which  has  a  composi- 
tion  which  is  resistant  to  the  gases  being  present 
during  PE-CVD  may  also  enhance  the  adhesion  of 
the  thick  film  to  the  transducing  structure. 

An  embodiment  of  the  method  according  to  the 
10  invention  is  characterized  in  that  at  least  one  of  the 

materials  Si02,  AI2O3,  ShN ,̂  TaCfe  is  deposited  by 
means  of  PE-CVD  for  forming  the  thick  film.  It  has 
been  found  that  a  silicon  oxide  nitride  (SiOxNy)  is 
favourable  as  a  deposition  material  for  forming  the 

15  thick  film  by  means  of  PE-CVD. 
In  this  range  of  materials,  SiCfe  is  preferred  due 

to  its  favourable  process  properties  and  due  to  the 
great  hardness  and  wear  resistance  of  the  depos- 
ited  thick  film.  The  latter  is  particularly  important  to 

20  inhibit  hollowing  during  the  formation  of  a  head 
face  on  a  magnetic  head  to  be  manufactured  and 
during  use  of  the  manufactured  magnetic  head. 

An  embodiment  of  the  method  according  to  the 
invention  is  characterized  in  that  at  least  one  of  the 

25  electrically  non-conducting  materials  Si02,  AI2O3, 
Zr02  is  used  for  forming  the  shielding  layer.  The 
thin  shielding  layer  having  a  maximum  thickness  of 
several  microns,  but  preferably  smaller  than  1  urn, 
can  be  formed  by  means  of,  for  example  a  sputter- 

30  ing  process. 
An  embodiment  of  the  method  according  to  the 

invention  is  characterized  in  that  PE-CVD  is  per- 
formed  at  a  process  temperature  between  100°C 
and  300  °C.  This  relatively  low  temperature  pre- 

35  vents  the  substrate  and  the  transducing  structure 
from  being  subjected  to  a  heavy  thermal  load  so 
that  large  expansions  of  material  during  PE-CVD 
are  inhibited.  This  has  the  advantage  that  there  is 
only  limited  shrinkage  during  cooling  so  that,  in 

40  contrast  to  what  was  expected,  no  harmful  stress  is 
generated  in  the  thick  film,  which  results  in  a  stable 
coating  without  any  cracks.  Further  favourable  pro- 
cess  parameters  are:  a  RF  frequency  of  375  Hz 
and  a  Sir-U/N20  gas  flow  in  which  the  ratio  be- 

45  tween  SihU  and  N20  is  between  1:10  and  1:30.  A 
mixing  frequency  of  13.5  MHz  may  be  used. 

In  order  to  provide  the  magnetic  head  to  be 
manufactured  with  electric  connection  means,  an 
embodiment  is  characterized  in  that  an  electrically 

50  conducting  connection  element  is  provided  prior  to 
forming  the  coating,  while  the  shielding  layer,  when 
being  formed,  is  also  provided  on  the  connection 
element,  whereafter  the  shielding  layer  thus  formed 
is  coated  with  the  thick  film  during  PE-CVD.  The 

55  connection  element  may  be  a  conducting  strip  or 
layer  of,  for  example  copper  having  a  thickness  of 
several  tens  of  microns.  By  providing  a  shielding 
layer  on  the  connection  element,  a  possible  reac- 
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tion  between  the  electrically  conducting  material  of 
the  connection  element  and  the  gas  or  gases 
present  during  the  PE-CVD  process  is  prevented. 
The  shielding  layer  may  also  be  used  as  an  adhe- 
sive  layer. 

To  protect  the  transducing  structure  of  the 
magnetic  head  to  be  manufactured,  an  embodi- 
ment  of  the  method  according  to  the  invention  is 
characterized  in  that,  after  planing,  a  protective 
element  is  secured  to  the  thick  film  provided  by 
means  of  PE-CVD.  Planing  may  be  performed,  for 
example  with  CeCfe.  A  thin  adhesive  layer  may  be 
used  as  a  securing  means  between  the  coating  and 
the  protective  element. 

An  embodiment  of  the  method  according  to  the 
invention  is  characterized  in  that  a  portion  of  the 
thick  film  situated  opposite  the  connection  element 
is  removed  during  planing  for  forming  an  electric 
connection  face.  In  accordance  with  this  embodi- 
ment,  an  electric  connection  face  is  obtained  in  an 
efficient  manner,  without  extra  process  steps  being 
required. 

The  invention  also  relates  to  a  magnetic  head 
manufactured  by  means  of  the  method  according 
to  the  invention.  The  magnetic  head  according  to 
the  invention  is  characterized  in  that  a  PE-CVD 
coating  is  present  on  the  transducing  structure.  A 
protective  element  may  be  present  on  the  PE-CVD 
coating.  A  magnetic  head  which  has  a  very  high 
wear  resistance  is  obtained  if  the  PE-CVD  coating 
at  least  substantially  comprises  SiC>2. 

These  and  other  aspects  of  the  invention  will 
be  apparent  from  and  elucidated  with  reference  to 
the  embodiments  described  hereinafter. 

In  the  drawings 
Fig.  1  is  a  plan  view  of  a  transducing  structure, 
Fig.  2  is  a  cross-section  taken  on  the  line  ll-ll  in 
Fig.  1,  in  which  the  transducing  structure  has  a 
coating  provided  by  means  of  an  embodiment  of 
the  method  according  to  the  invention, 
Fig.  3  is  a  cross-section  taken  on  the  line  Ill-Ill  in 
Fig.  1,  in  which  the  transducing  structure  is 
provided  with  the  coating, 
Fig.  4  is  a  cross-section  taken  on  the  line  ll-ll 
showing  the  transducing  structure  according  to 
Figs.  2  and  3  after  the  coating  has  been  planed, 
Fig.  5  is  a  cross-section  taken  on  the  line  Ill-Ill 
showing  the  structure  according  to  Fig.  4  and 
Fig.  6  is  a  cross-section  taken  on  the  line  Ill-Ill 
showing  an  embodiment  of  the  magnetic  head 
according  to  the  invention. 
The  transducing  structure  1  shown  in  the  Fig- 

ures  is  provided  on  a  substrate  3  by  means  of  thin- 
film  techniques  such  as  vacuum  deposition,  etch- 
ing,  lithography.  In  this  embodiment  the  substrate  3 
is  formed  from  a  non-magnetic  material,  for  exam- 
ple  AI203/TiC.  However,  if  desired,  the  substrate 
may  be  magnetic  and  formed,  for  example  from  a 

ferrite.  In  this  embodiment  the  transducing  struc- 
ture  1  is  provided  with  an  inductive  transducing 
element  5  and  a  magnetic  yoke  comprising  a  first 
flux  guide  7  and  a  second  flux  guide  9.  A  non- 

5  magnetic  transducing  gap  1  1  of,  for  example  Si02 
extends  between  the  flux  guides  7  and  9  which  are 
formed  from,  for  example  NiFe.  The  flux  guides  7 
and  9  are  magnetically  interconnected  in  an  area  A. 
The  transducing  element  5  is  electrically  connected 

io  at  two  ends  to  electrically  conducting  layers  13  and 
15  which  make  electric  contact  with  copper  con- 
nection  elements  17.  Instead  of  or  additionally  to 
the  inductive  transducing  element  5,  the  transduc- 
ing  structure  may  be  provided  with  a  magnetoresis- 

15  tive  element.  In  the  embodiment  shown  electrically 
insulating  layers  19  of,  for  example  Si02  are  pro- 
vided  between  various  layers. 

As  a  result  of  the  manufacturing  technique 
used,  the  transducing  structure  1  has  an  uneven 

20  surface  21  remote  from  the  substrate,  with  an  area, 
or  roof,  21  A  being  farthest  remote  from  the  sub- 
strate  3  and  an  area,  or  trough,  21  B  being  most 
proximate  to  the  substrate  3.  In  accordance  with 
the  inventive  method  the  transducing  structure  1  is 

25  planarized  by  providing  a  coating  23  by  means  of  a 
PE-CVD  process,  which  coating  has  a  thickness 
which  is  at  least  equal  to  the  distance  between  the 
areas  21  A  and  21  B,  and  by  subsequently  planing 
this  coating.  In  this  embodiment  a  thick  film  of  SiCfe 

30  forming  the  coating  23  is  deposited.  Before  the  PE- 
CVD  is  started,  a  thin  oxidic  shielding  layer  25,  of 
AI2O3  in  this  embodiment,  having  a  thickness  of 
0.25  microns  is  deposited  by  means  of,  for  exam- 
ple  a  sputtering  process. 

35  In  this  embodiment  the  shielding  layer  25  and 
the  coating  23  is  provided  on  the  transducing  struc- 
ture  1  as  well  as  on  the  connection  elements  17. 
The  shielding  layer  of  AI2O3  also  serves  as  an 
adhesive  layer  between  the  copper  of  the  connec- 

40  tion  elements  17  and  the  SiCfe  coating. 
A  thick  film  forming  the  coating  23  can  be 

provided  by  means  of  known  PE-CVD  apparatus. 
The  following  parameters  were  used  in  an  experi- 
ment  for  forming  the  thick  film  having  a  thickness 

45  of  30  urn  in  this  embodiment:  a  RF  frequency  of 
375  kHz,  a  SiH+/H20  gas  flow  in  a  ratio  of  1:20;  a 
process  temperature  of  225  0  C.  It  was  surprisingly 
found  that  with  these  parameters,  and  generally 
with  the  parameters  within  the  limits  stated  in  the 

50  introductory  part  of  this  description,  the  thick  film 
formed  was  free  from  cracks  and  did  not  have  any 
crumbling. 

The  coating  23  formed  is  subsequently  pro- 
vided  with  a  plane  surface  27  for  which,  for  exam- 

55  pie  Ce02  can  be  used  as  a  polishing  agent.  When 
the  coating  23  is  being  planed,  the  connection 
elements  27  are  cut  through  so  as  to  form  connec- 
tion  faces  17a.  To  protect  the  transducing  struc- 

3 
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ture,  a  protective  element  29  is  glued  onto  the 
surface  27  of  the  coating  23.  The  assembly  ob- 
tained  is  subsequently  provided  with  a  head  face 
31  by  grinding  and/or  polishing.  It  was  surprisingly 
found  that,  due  to  the  favourable  wear  resistance  of 
the  coating  23,  hollowing  was  prevented  entirely  or 
at  least  to  a  great  extent  during  formation  of  the 
head  face  31  . 

The  magnetic  head  thus  formed  in  accordance 
with  the  invention  is  suitable  for  cooperating  with  a 
magnetic  medium,  particularly  a  magnetic  tape  or 
disc. 

Claims 

1.  A  method  of  manufacturing  a  magnetic  head, 
in  which  a  transducing  structure  comprising  at 
least  a  transducing  element  is  formed  on  a 
substrate  by  means  of  a  thin-film  technique 
and  in  which  a  coating  is  provided  on  an 
uneven  surface,  remote  from  the  substrate,  of 
the  structure  formed,  characterized  in  that  the 
surface  of  the  transducing  structure  remote 
from  the  substrate  is  provided  by  means  of 
PE-CVD  with  a  thick  film  forming  the  coating 
and  having  a  thickness  which  is  minimally 
equal  to  the  distance  between  an  area  of  said 
surface  which  is  farthest  remote  from  the  sub- 
strate  and  an  area  which  is  most  proximate  to 
the  substrate. 

7.  A  method  as  claimed  in  Claim  2,  characterized 
in  that  an  electrically  conducting  connection 
element  is  provided  prior  to  forming  the  coat- 
ing,  while  the  shielding  layer,  when  being 

5  formed,  is  also  provided  on  the  connection 
element,  whereafter  the  shielding  layer  thus 
formed  is  coated  with  the  thick  film  during  PE- 
CVD. 

io  8.  A  method  as  claimed  in  any  one  of  the  preced- 
ing  Claims,  characterized  in  that,  after  planing, 
a  protective  element  is  secured  to  the  thick 
film  provided  by  means  of  PE-CVD. 

is  9.  A  method  as  claimed  in  Claims  7  and  8,  char- 
acterized  in  that  a  portion  of  the  thick  film 
situated  opposite  the  connection  element  is 
removed  during  planing  for  forming  an  electric 
connection  face. 

20 
10.  A  magnetic  head  manufactured  by  means  of  a 

method  as  claimed  in  any  one  of  the  preced- 
ing  Claims,  characterized  in  that  a  PE-CVD 
coating  is  present  on  the  transducing  structure. 

25 

2.  A  method  as  claimed  in  Claim  1  ,  characterized 
in  that,  prior  to  providing  the  coating,  a  thin 
shielding  layer  is  formed  on  the  transducing 
structure,  on  which  layer  the  thick  film  is  pro-  35 
vided  by  means  of  PE-CVD. 

3.  A  method  as  claimed  in  Claim  1  or  2,  char- 
acterized  in  that  at  least  one  of  the  materials 
Si02,  AI2O3,  Si3N+,  Ta02  is  deposited  by  40 
means  of  PE-CVD  for  forming  the  thick  film. 

4.  A  method  as  claimed  in  Claim  1  or  2,  char- 
acterized  in  that  a  silicon  oxide  nitride  is  de- 
posited  by  means  of  PE-CVD  for  forming  the  45 
thick  film. 

5.  A  method  as  claimed  in  Claim  3  or  4,  char- 
acterized  in  that  at  least  one  of  the  electrically 
non-conducting  materials  Si02,  AI2O3,  ZrCfe  is  50 
used  for  forming  the  shielding  layer. 

6.  A  method  as  claimed  in  Claim  1,  2,  3,  4  or  5, 
characterized  in  that  PE-CVD  is  performed  at  a 
process  temperature  between  100°C  and  55 
300  •  C. 
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