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Description 

BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  a  thin  film  magnetic 
head  used  in  a  magnetic  recording/reproduction 
device  such  as  a  video  tape  recorder. 

A  thin  film  magnetic  head  is  constructed  by 
superposing  a  magnetic  thin  film  constituting  a 
lower  (first)  core,  a  gap  film,  a  coil  film,  and  a 
magnetic  thin  film  constituting  an  upper  (second) 
core  one  after  another  on  a  non-magnetic  sub- 
strate.  These  magnetic  thin  films  are  so  formed 
that  its  thickness  is  generally  smaller  than  5  urn.  In 
such  a  magnetic  thin  film,  when  it  is  tried  to 
record/reproduce  e.g.  video  signals  on/from  a  mag- 
netic  tape,  taking  its  recording  ability  into  account, 
it  is  necessary  to  set  its  gap  depth  so  as  to  be 
smaller  than  3  urn. 

However,  a  thin  film  magnetic  head  having 
such  a  small  gap  depth  gives  rise  to  a  problem  that 
its  durability  against  abrasion  is  small  because  of 
its  gap  depth  which  is  as  small  as  3  urn  when  the 
magnetic  head  is  intended  for  the  so-called  contact 
operation  in  which  the  magnetic  head  is  brought 
into  contact  with  a  recording  medium  such  as  in  a 
VTR,  etc.,  although  no  problem  arises  when  the 
magnetic  head  is  intended  for  the  so-called  floating 
operation  in  which  a  certain  space  is  maintained 
between  the  recording  medium  and  the  magnetic 
head  such  as  when  a  hard  disc  is  used  for  the 
recording  medium. 

Therefore  it  has  been  proposed  e.g.  in  U.S. 
Patent  4,219,855  to  construct  the  magnetic  head  so 
that  magnetic  flux  is  concentrated  towards  the  gap 
of  the  core  by  forming  the  thin  film  magnetic  core 
so  as  to  become  wider  gradually  backward  from 
the  position  0  of  the  gap  depth. 

However,  even  in  a  thin  film  magnetic  head 
constructed  in  such  a  manner,  it  is  not  possible  to 
obtain  a  satisfactory  effect  to  concentrate  magnetic 
flux  at  the  neighborhood  of  the  gap.  This  is  due  to 
the  fact  that  the  effect  to  concentrate  magnetic  flux 
stated  above  is  weakened  by  leakage  of  magnetic 
flux  between  the  upper  (second)  and  the  lower 
(first)  core  at  the  portion  near  the  position  0  of  the 
gap  depth  and  thus  the  magnetic  flux  at  the  gap, 
i.e.  magnetic  flux  supplied  to  the  recording  medium 
is  reduced.  Consequently  it  is  not  possible  to  in- 
crease  the  durability  against  abrasion  by  enlarging 
the  size  of  the  gap  depth. 

By  a  thin  film  magnetic  head  according  to  US- 
A-4,353,102  the  recording  efficiency  is  improved 
by  the  following  construction:  a  magnetic  circuit  is 
composed  of  a  base  of  magnetic  material  and  a 
thin-film  magnetic  core  layer,  which  form  an  op- 
erating  gap  at  the  front  end  thereof  and  a  rear 
junction  at  the  rear  end  of  the  magnetic  core  layer. 

A  conductor  layer  forming  a  winding  is  provided 
between  the  base  and  the  magnetic  core  layer.  The 
magnetic  core  layer  has  a  larger  width  at  the 
portion  where  it  crosses  over  the  conductor  layer 

5  than  at  the  operating  gap  portion,  whereby  mag- 
netic  fluxes  generated  by  electric  current  flowing 
through  the  magnetic  core  layer  are  effectively 
passed  through  the  magnetic  core  layer. 

According  to  PATENT  ABSTRACTS  OF  JA- 
70  PAN,  vol.  9,  no.  190  (P-378)  [1913],  Aug.  7,  1985; 

&  JP-A-60  57520  (SUWA  SEIKO-SHA  K.K.), 
3.4.1985;  a  magnetic  head  is  disclosed  for  obtain- 
ing  a  signal  with  a  high  S/N  ratio  extending  up  to 
high  recording  density  by  extending  the  length  of 

75  the  rear  end  part  of  a  magnetic  pole  in  the  breadth- 
wise  direction  of  a  track  to  direct  the  axis  of  easy 
magnetization  to  this  breadthwise  direction.  This 
purpose  is  reached  by  following  constitution:  soft 
magnetic  thin  films  are  connected  by  a  rear  end 

20  part,  and  a  gap  is  formed  in  a  head  front  end  part 
by  a  non-magnetic  material.  A  coil  is  wound  be- 
tween  thin  films  through  an  insulating  film.  The 
length  of  the  rear  end  part  of  the  magnetic  pole  in 
the  breadthwise  direction  of  the  track  is  made 

25  longer  than  a  track  width  in  this  manner  to  direct 
the  axis  of  easy  magnetization  to  the  direction 
parallel  to  a  track.  If  an  external  magnetic  field  is 
impressed  in  this  direction  when  the  thin  films  are 
stuck,  magnetic  anisotropy  is  strengthened.  In 

30  comparison  with  a  head  where  the  axis  of  easy 
magnetization  is  not  directed  to  this  direction,  the 
high  S/N  ratio  is  attained  up  to  the  high  recording 
density. 

PATENT  ABSTRACTS  OF  JAPAN,  vol.  10,  no. 
35  22  (P-424)  [2079],  28th  January  1986,  &  JP-A-60- 

175208,  09-09-1985  discloses  a  thin  film  magnetic 
head  according  to  the  preamble  of  claim  1  . 

It  is  an  object  of  the  invention  to  provide  a  thin 
film  magnetic  head  capable  of  concentrating  mag- 

40  netic  flux  in  the  neighborhood  of  the  gap  with  a 
high  efficiency  and  to  obtain  recording/reproduction 
characteristics  with  a  long  life  and  with  a  high 
reliability. 

This  object  is  achieved  by  a  thin  film  magnetic 
45  head  according  to  claim  1.  The  subclaims  show 

further  advantageous  features  of  the  invention. 
According  to  the  present  invention,  magnetic 

flux  flowing  in  the  magnetic  core  members  is  con- 
centrated  by  a  thicknesswise  direction  of  the  core 

50  members  without  being  subjected  to  crosstalk 
problems.  Further,  the  magnetic  flux  flowing  in  the 
magnetic  core  members  is  concentrated  in  the 
direction  perpendicular  to  the  first  plane  (see  claim 
1);  i.e.  an  "in-plane"-wise  direction. 

55 
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BRIEF  DESCRIPTION  OF  THE  DRAWING 

Figs.  1a,  2,  3  and  4a  are  front  views  of  the 
sliding  surface  of  heads  showing  1st,  2nd,  3rd  and 
4th  embodiments  of  the  thin  film  magnetic  head 
according  to  this  invention,  respectively. 

Figs.  1  b  and  4b  are  cross-sectional  views  along 
lines  IB-IB  and  IVB-IVB  in  Figs.  1a  and  4a,  respec- 
tively. 

Fig.  1c  is  a  plan  view  of  the  lower  (first)  core  of 
the  thin  film  magnetic  head  indicated  in  Figs.  1a 
and  1b. 

Figs.  5a  to  5j  are  schemes  for  explaining  the 
fabrication  method  of  the  thin  film  magnetic  head 
indicated  in  Figs.  4a  and  4b. 

Fig.  6a  is  a  front  view  of  the  head  sliding 
surface  indicating  a  5th  embodiment  of  the  thin  film 
magnetic  head  according  to  this  invention. 

Fig.  6b  is  a  cross-sectional  view  along  VIB-VIB 
in  Fig.  6a. 

Figs.  7,  8,  9  and  10  are  front  views  of  the 
sliding  surface  of  heads  showing  6th,  7th,  8th  and 
9th  embodiments  of  the  thin  film  magnetic  head 
according  to  this  invention. 

Figs.  11a  to  11j  are  schemes  for  explaining  the 
fabrication  method  of  the  thin  film  magnetic  head 
indicated  in  Figs.  6a  and  6b. 

DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Hereinbelow  some  preferred  embodiments  will 
be  explained,  referring  to  the  drawing. 

Fig.  1a  is  a  front  view  of  the  sliding  surface  of 
a  thin  film  magnetic  head  according  to  this  inven- 
tion;  Fig.  1b  is  a  cross-sectional  view  along  IB-IB  in 
Fig.  1a;  and  Fig.  1c  is  a  plan  view  of  the  lower  core 
thereof.  In  these  figures  the  reference  numeral  1 
represents  a  non-magnetic  substrate,  in  which  a 
groove  1a  arc-shaped  in  cross-section  for  burying 
the  lower  core  therein  is  formed.  The  non-magnetic 
substrate  1  is  made  of  e.g.  glass,  ceramics,  non- 
magnetic  ferrite,  etc.  The  reference  number  2  in- 
dicates  the  lower  core  formed  in  the  non-magnetic 
substrate  1  and  a  part  of  the  lower  core  is  so 
shaped  that  it  can  be  buried  in  the  groove  1a  in  the 
non-magnetic  substrate  1  .  The  reference  numeral  6 
denotes  the  upper  core  formed  so  as  to  be  op- 
posed  to  the  lower  core  2  through  a  gap  material 
layer  11  for  regulating  the  gap  length.  The  lower 
core  2  and  the  upper  core  6  are  formed  so  as  to 
have  an  approximately  same  shape.  The  sliding 
surface  of  the  lower  core  2  and  that  of  the  upper 
core  6  in  the  neighborhood  of  the  gap  (portion 
before  the  part  where  the  gap  depth  is  zero),  on 
which  recording  medium  slides,  are  so  formed  that 
their  end  surfaces  are  approximately  symmetric 
with  respect  to  the  surface  of  the  gap  material  layer 

11  and  that  they  become  wider  linearly  with  in- 
creasing  distance  from  the  surface  of  the  gap  ma- 
terial  layer  11,  forming  angles  ai  and  a2,  respec- 
tively,  as  indicated  in  Fig.  1a.  It  is  possible  to 

5  concentrate  magnetic  flux  in  the  direction  of  the 
film  thickness  of  the  core  and  to  increase  the 
density  of  the  magnetic  field  near  the  gap  in  order 
to  ameliorate  its  recording  ability  by  forming  the 
sectorial  sliding  surfaces  of  the  lower  and  the  up- 

io  per  core  in  the  neighborhood  of  the  gap,  on  which 
recording  medium  slides.  The  effect  of  the  con- 
centration  of  the  magnetic  flux  in  the  direction  of 
the  film  thickness  of  the  core  is  determined  by  the 
ratio  of  the  track  width  Tw  to  the  maximum  core 

75  width  T  of  each  of  the  upper  and  lower  cores  (the 
largest  width  of  the  groove  1a  for  burying  the  lower 
core  therein)  indicated  in  the  figure  and  in  the  case 
of  azimuth  recording  as  in  video  tape  recorders,  in 
order  to  prevent  crosstalk  from  the  next  tracks  but 

20  one,  the  width  T  of  the  core  may  be  selected  to  be 
largest  in  the  following  limit; 

T i 3 T w .  

25  In  this  way,  owing  to  the  effect  to  concentrate 
magnetic  flux  in  the  direction  of  the  film  thickness 
of  the  core,  since  the  magnetic  flux  density  at  the 
gap  portion  is  increased,  if  the  recording  ability  is 
set  at  the  same  value  as  that  in  the  prior  art 

30  techniques,  it  is  possible  to  increase  the  gap  depth 
Gd  by  a  value  corresponding  to  the  augmentation 
in  the  magnetic  flux  density  and  therefore  to  re- 
move  the  problem  of  abrasion  in  the  prior  art 
techniques. 

35  In  this  case,  the  cores  2  and  6  are  constituted 
by  soft  magnetic  layers  2a,  2b,  2c  and  6a,  6b,  6c 
made  of  e.g.  sendust,  amorphous  alloys,  etc.  The 
soft  magnetic  film  may  be  either  a  multilayer  2a, 
2b,  2c  as  indicated  in  this  embodiment  or  a  single 

40  layer.  9a,  9b  and  10a,  10b  indicate  insulator  layers 
disposed  between  two  adjacent  layers  among  2a, 
2b,  2c,  6a,  6b  and  6c.  The  insulator  layers  9a,  9b, 
10a  and  10b  are  so  formed  that  they  are  not 
parallel  to  the  surface  of  the  gap  material  layer  1  1 

45  and  approximately  parallel  to  or  concentric  with 
respect  to  the  arc-shaped  end  surface  (precisely  in 
the  form  of  a  part  of  a  cylinder)  of  the  lower  core  2 
or  the  upper  core  6,  as  illustrated  in  the  figure.  The 
insulator  layers  9a,  9b,  10a  and  10b  are  made  of 

50  e.g.  Si02,  AI2O3,  etc. 
In  this  way,  by  forming  the  insulator  layers  9a, 

9b,  10a  and  10b  so  that  they  are  not  parallel  to  the 
surface  of  the  gap  material  layer  11  and  approxi- 
mately  parallel  to  or  concentric  with  respect  to  the 

55  arc-shaped  end  surface  (end  surface  of  the  film  2a, 
6a),  it  is  possible  to  reduce  eddy  current  loss, 
when  it  is  used  in  a  high  frequency  band,  and  at 
the  same  time  to  decrease  the  effect  that  the 

4 
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insulator  layers  9a,  9b,  10a  and  10b  act  as  false 
magnetic  gaps  and  produce  false  signals,  so-called 
contour  effect  by  azimuth  loss.  The  reference  nu- 
merals  3,  5,  7  show  non-magnetic  layers,  which  are 
so  formed  that  they  cover  the  lower  core  2  and  the 
upper  core  6.  These  non-magnetic  layers  may  be 
made  of  e.g.  Si02,  AI2O3,  etc.  8  is  a  protection 
plate  formed  on  the  non-magnetic  layer  7,  which 
plate  8  reinforces  the  cores  2  and  6  together  with 
the  non-magnetic  substrate  1.  Owing  to  this  struc- 
ture  the  difference  in  abrasion  between  the  cores  2, 
6  and  the  non-magnetic  layers  1  ,  8  can  be  kept  to 
be  small  and  thus  the  life  of  the  cores  2,  6  against 
abrasion  can  be  elongated. 

Although  the  shape  and  the  size  of  the  record- 
ing  medium  sliding  surface  of  the  lower  core  2  are 
approximately  identical  to  those  of  the  upper  core 
6  in  the  embodiment  described  above,  either  one 
of  the  upper  and  the  lower  core  may  be  smaller 
than  the  other  and  they  may  be  so  formed  that  the 
track  width  Tw  is  defined  by  the  core  width  of  the 
smaller  core  at  the  gap  material  layer  side,  as 
indicated  in  Figs.  2  and  3.  In  this  case,  an  advan- 
tage  is  obtained  that  the  track  width  can  be  defined 
more  easily  with  a  high  precision. 

Further,  as  indicated  in  Figs.  4a  and  4b,  the 
upper  core  6  may  be  formed  in  a  sector,  which 
becomes  linearly  gradually  wider  with  increasing 
distance  from  the  surface  of  the  gap  material  layer 
1  1  so  that  each  of  the  two  end  surfaces  forms  an 
angle  ai  with  the  surface  of  the  gap  material  layer 
in  the  same  way  as  in  Fig.  1  and  the  lower  core  2 
may  become  downward  gradually  wider  with  weak- 
ly  concavely  curved  edges,  each  of  which  forms  an 
initial  angle  a2  with  the  surface  of  the  gap  material 
layer  1  1  . 

By  forming  them  in  this  shape,  in  particular  in 
the  case  where  the  track  width  Tw  is  defined  by  the 
lower  core,  an  advantage  is  obtained  that  the  track 
width  can  be  defined  more  easily  with  a  high 
precision  and  at  the  same  time  it  is  possible  to 
realize  the  condition  to  prevent  the  fringing  effect  in 
the  direction  of  the  track  width  between  the  upper 
and  the  lower  core; 

at  +  ct2   ̂ 60  0 

Still  further,  as  indicated  in  Figs.  6a  and  6b,  the 
upper  core  may  be  formed  in  a  sector,  which 
becomes  linearly  gradually  wider  with  increasing 
distance  from  the  surface  of  the  gap  material  layer 
1  1  so  that  each  of  the  two  end  surfaces  forms  an 
angle  ai  with  the  surface  of  the  gap  material  layer 
in  the  same  way  as  in  the  embodiment  indicated  in 
Fig.  1  in  order  to  have  an  effect  to  concentrate 
magnetic  flux  in  the  direction  of  the  film  thickness 
and  the  lower  core  2  may  be  constructed  in  a  V 
shape  so  that  magnetic  flux  is  concentrated  from 

both  the  side  walls  of  protrusions  of  the  non-mag- 
netic  substrate  1.  In  this  way  it  is  possible  to 
strengthen  the  gap  magnetic  field  at  the  gap  por- 
tion  in  order  to  increase  its  recording  ability  and 

5  further  to  lengthen  remarkably  the  life  of  the  head 
against  abrasion,  because  the  gap  depth  can  be 
great. 

Further,  by  forming  the  lower  core  2  and  the 
upper  core  6  in  a  multilayer  structure,  insulator 

10  layers  9a,  9b  in  a  V  shape,  and  insulator  layers 
10a,  10b  in  an  arc  shape  (in  the  shape  of  a  part  of 
a  cylinder)  parallel  to  the  upper  surface  of  the 
upper  core  6,  it  is  possible  to  reduce  eddy  current 
loss  in  the  case  where  it  is  used  in  a  high  fre- 

15  quency  band  and  at  the  same  time  to  decrease  the 
effect  that  the  insulator  layers  9a,  9b,  10a  and  10b 
act  as  false  magnetic  gaps  and  produce  false  sig- 
nals,  so-called  contour  effect,  by  azimuth  loss. 

Further,  it  is  possible  to  reduce  unbalanced 
20  abrasion  between  the  cores  and  the  non-magnetic 

substrate  and  to  lengthen  the  life  against  abrasion, 
because  the  cores  2,  6  made  of  a  material  worn 
away  relatively  easily  are  reinforced  by  non-mag- 
netic  layers  1  ,  8  in  the  direction  of  the  movement 

25  of  the  recording  medium. 
Further,  as  an  application  of  the  embodiment 

described  above,  the  lower  core  2  may  be  so 
formed  that  its  core  width  is  smaller  than  the  total 
width  L  of  the  head  sliding  surface,  as  indicated  in 

30  Fig.  7. 
Still  further  the  lower  core  2  may  be  formed  on 

a  non-magnetic  substrate  1  having  a  protrusion 
with  both  the  side  surfaces,  which  are  convex 
downward,  as  indicated  in  Fig.  8. 

35  Still  further  the  lower  core  2  may  be  formed  on 
a  non-magnetic  substrate  1  having  a  protrusion 
with  both  the  side  surfaces,  which  are  convex  up- 
ward,  as  indicated  in  Fig.  9. 

Still  further  the  lower  core  2  may  be  formed  on 
40  a  non-magnetic  protrusion  14,  which  is  disposed  on 

a  non-magnetic  substrate  1,  as  indicated  in  Fig.  10. 
Figs.  5a  to  5j  are  schemes  for  explaining  the 

fabrication  method  of  the  thin  film  magnetic  head 
indicated  in  Figs.  4a  and  4b,  which  consists  of  the 

45  steps  illustrated  in  these  schemes. 
Hereinbelow  the  fabrication  method  of  the  thin 

film  magnetic  head  indicated  in  Figs.  4a  and  4b  will 
be  explained. 

At  first,  in  Fig.  5a,  a  groove  having  a  width  T  is 
50  formed  on  a  non-magnetic  substrate  1  made  of  e.g. 

glass,  ceramics,  non-magnetic  ferrite,  etc.  by  me- 
chanical  working,  etching,  etc.  When  the  track 
width  Tw  is  20  urn,  this  width  T  is  about  55  urn  (̂  
3  Tw)  and  the  depth  of  the  groove  is  20  urn.  Then, 

55  in  Fig.  5b,  soft  magnetic  layers  2a,  2b,  2c  made  of 
sendust,  amorphous  alloy,  etc.  and  insulator  layers 
made  of  Si02,  AI2O3,  etc.  are  superposed  alter- 
nately  one  after  another.  The  sum  of  the  film  thic- 

5 
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knesses  is  about  30  urn.  Although  the  number  of 
layers  is  3  in  this  embodiment,  the  number  may 
vary,  depending  on  the  used  frequency  band.  In 
Fig.  5c,  the  soft  magnetic  layers  2a,  2b,  2c  are 
made  flat  by  lapping,  etc.  Further,  in  Fig.  5d,  the 
soft  magnetic  layers  are  etched  by  ion-milling,  etc. 
while  masking  the  surface  defining  the  track  width. 
In  Fig.  5e,  a  non-magnetic  layer  3  made  of  Si02, 
AI2O3,  forsterite,  etc.  is  formed  and  made  flat  by 
lapping,  etc.  After  that,  a  gap  material  layer  11  for 
defining  the  gap  length  is  deposited  thereon  in  a 
predetermined  thickness.  Then,  although  it  is  not 
indicated  here,  a  thin  film  coil  13  and  an  insulating 
layer  5  are  formed,  as  indicated  in  Fig.  4b  and  the 
insulating  layer  5  is  taper-etched,  as  indicated  in 
Fig.  5f,  so  that  its  end  surfaces  at  the  gap  portion 
form  a  taper  angle  ai  .  Since,  if  the  taper  angle  ai 
is  too  large,  film  characteristics  of  the  upper  core 
6a  disposed  thereon  deteriorate,  the  taper  angle  ai 
should  satisfy  the  following  conditions; 

ai  <  a2  and  ai  +  a2   ̂ 60  °  . 

In  Fig.  5g,  a  mask  12  is  patterned  approximately 
into  a  part  of  a  cylinder,  after  having  formed  a  layer 
6a  of  the  upper  core.  This  cylindrical  form  of  the 
mask  12  is  transferred  to  the  upper  surface  of  the 
layer  6a  by  ion-milling,  etc.  In  Fig.  5i,  insulator 
layers  10a,  10b  and  layers  6b,  6c  of  the  upper  core 
are  superposed  alternately  one  after  another.  In 
Fig.  5j,  the  excessive  portion  of  the  upper  core  6b, 
6c  over  the  flat  portion  of  the  insulating  layer  5  is 
removed  by  etching  and  further  a  protection  film  7 
is  formed,  whose  upper  surface  is  made  flat.  Fi- 
nally,  by  sticking  a  protection  plate  8  thereto,  the 
thin  film  magnetic  head  according  to  this  invention 
indicated  in  Figs.  4a  and  4b  can  be  obtained. 

The  thin  film  magnetic  heads  indicated  in  Figs. 
1a  to  3  can  be  fabricated  also  by  methods  approxi- 
mately  identical  to  that  described  above. 

Figs.  11a  to  11i  are  schemes  for  explaining  the 
fabrication  method  of  the  thin  film  magnetic  head 
indicated  in  Figs.  6a  and  6b.  This  fabrication  meth- 
od  consists  of  the  steps  indicated  in  Figs.  11a  to 
11i. 

At  first,  in  Fig.  11a,  approximately  V-shaped 
protrusions  are  formed  on  a  non-magnetic  sub- 
strate  1  made  of  e.g.  glass,  ceramics,  non-mag- 
netic  ferrite,  etc.  by  mechanical  working,  etching, 
etc.  Although  the  two  side  surfaces  of  these  protru- 
sions  are  plane,  these  two  side  surfaces  may  be 
convex  upward  or  downward,  as  indicated  in  Fig.  8 
or  9.  Further,  the  protrusion  may  be  formed  by  a 
non-magnetic  body  separated  from  the  non-mag- 
netic  substrate  1,  as  indicated  in  Fig.  12. 

Next,  in  Fig.  11b,  soft  magnetic  layers  made  of 
sendust,  amorphous  alloy,  etc.,  which  are  to  form 
the  lower  core,  are  superposed  together  with  in- 

sulator  layers  made  of  Si02,  AI2O3,  etc.  alternately 
one  after  another.  The  sum  of  the  film  thickness  is 
about  30  urn.  Although  the  number  of  layers  is  3  in 
this  embodiment,  the  number  may  vary,  depending 

5  on  the  used  frequency  band.  In  Fig.  5c,  after  hav- 
ing  formed  a  non-magnetic  thin  film  thereon  or 
filled  recesses  between  adjacent  protrusions  with 
molten  low  melting  point  glass,  etc.,  it  is  made  flat 
together  with  the  soft  magnetic  layers  by  lapping, 

10  etc.  At  this  time  the  lapping  amount  is  so  regulated 
that  the  exposed  core  width  is  approximately  equal 
to  the  track  width.  In  Fig.  11d,  a  gap  material  layer 
11  for  defining  the  gap  length  is  deposited  thereon. 
Then,  a  thin  film  coil  13  and  an  insulating  layer  5 

15  are  formed,  as  indicated  in  Fig.  6b,  although  the 
former  is  omitted  in  the  figure,  and  as  indicated  in 
Fig.  11d,  the  insulating  layer  5  is  taper-etched  so 
that  its  end  surfaces  at  the  gap  portion  form  a  taper 
angle  ai  .  Since,  if  the  taper  angle  ai  is  too  large, 

20  film  characteristics  of  the  upper  core  6a  disposed 
thereon  deteriorate,  the  taper  angles  ai  and  a2  (a2 
is  the  taper  angle  formed  by  the  end  surfaces  of 
the  lower  core  and  the  surface  of  the  gap  material 
layer  11)  are  so  selected  that  they  satisfy  the 

25  following  conditions; 

on  <  a2  and  on  +  a2   ̂ 60  0  . 

In  Fig.  5e,  a  mask  12  is  patterned  approximately 
30  into  a  part  of  a  cylinder,  after  having  formed  a  layer 

6a  of  the  upper  core.  In  Fig.  11f,  this  cylindrical 
form  of  the  mask  12  is  transferred  to  the  upper 
surface  of  the  layer  6a  by  ion-milling,  etc.  In  Fig. 
11g,  insulator  layers  10a,  10b  and  layers  6b,  6c  of 

35  the  upper  core  are  superposed  alternately  one  after 
another.  In  Fig.  11h,  the  excessive  portion  of  the 
upper  core  6b,  6c  over  the  flat  portion  of  the 
insulating  layer  5  is  removed  by  etching.  In  Fig. 
11i,  a  protection  film  7  is  formed,  whose  upper 

40  surface  is  made  flat.  Further,  after  sticking  a  pro- 
tection  plate  8  thereto,  the  head  sliding  surface  is 
formed  by  mechanical  working,  etc.  In  this  way,  the 
thin  film  magnetic  head  according  to  this  invention 
indicated  in  Figs.  6a  and  6b.  The  thin  film  magnetic 

45  heads  indicated  in  Figs.  7  to  10  can  be  fabricated 
also  by  methods  approximately  identical  to  that 
described  above. 

Claims 
50 

1.  A  thin  film  magnetic  head  comprising  a  non- 
magnetic  substrate  (1),  a  first  core  member  (2) 
formed  on  said  non-magnetic  substrate,  a  gap 
material  layer  (11)  formed  on  said  first  core 

55  member  and  a  second  core  member  (6) 
formed  on  said  gap  material  layer,  said  first 
and  second  core  members  constituting  a  mag- 
netic  path  for  magnetic  flux  with  which  informa- 

6 
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tion  is  read/written  on  a  magnetic  medium, 
said  first  core  member,  said  gap  material  layer 
and  said  second  core  member  having  their  first 
ends  constituting  a  recording  medium  engag- 
ing  end  of  said  magnetic  head,  in  which  5 
the  width  of  each  of  said  first  and  second  core 
members  as  measured  on  a  first  plane  contain- 
ing  a  surface  of  said  recording  medium  engag- 
ing  end  of  said  magnetic  head  in  a  direction 
parallel  with  said  gap  material  layer  increases  10 
as  the  width  of  each  of  said  core  members  to 
be  measured  is  farther  from  said  gap  material 
layer  in  a  direction  perpendicular  to  said  gap 
material  layer  on  said  first  plane  and 
a  first  surface  of  each  of  said  first  and  second  is 
core  members  which  is  opposed  to  its  second 
surface  facing  the  gap  material  layer  is,  at 
least  on  said  first  plane  containing  the  surface 
of  said  recording  medium  engaging  end  of 
said  magnetic  head,  not  parallel  with  said  gap  20 
material  layer; 
characterized  in 
that  said  increase  of  said  width  of  each  of  first 
and  second  core  members  is  a  monotonous 
increase  without  discontinuity;  and  25 
that  said  first  surface  of  each  of  said  first  and 
second  core  members  which  face  said  gap 
material  layer  to  define  a  gap  of  said  magnetic 
head  has  a  width  as  measured  on  said  first 
plane  containing  the  surface  of  said  recording  30 
medium  engaging  end  of  said  magnetic  head 
in  a  direction  parallel  with  said  gap  material 
layer  smaller  than  a  width  as  measured  on  a 
second  plane  parallel  with  and  spaced  from 
said  first  plane  in  a  direction  parallel  with  said  35 
gap  material  layer. 

A  thin  film  magnetic  head  according  to  claim  1  , 
in  which  each  of  said  first  and  second  core 
members  is  sectorial  at  said  recording  medium  40 
engaging  end  of  said  magnetic  head. 

A  thin  film  magnetic  head  according  to  claim  1  , 
in  which  said  first  core  member  is  approxi- 
mately  V-shaped  while  said  second  core  mem-  45 
ber  is  sectorial  at  said  recording  medium  en- 
gaging  end  of  said  magnetic  head. 

A  thin  film  magnetic  head  according  to  any  of 
the  preceding  claims,  in  which  each  of  said  so 
first  and  second  core  members  is  in  a  mul- 
tilayer  structure  having  magnetic  layers  and 
insulating  layers  alternately  disposed  one  upon 
another  and  each  of  said  insulating  layers  be- 
tween  two  adjacent  magnetic  layers  is,  at  least  55 
at  said  recording  medium  engaging  end  of 
said  magnetic  head,  not  parallel  with  said  gap 
material  layer. 

5.  A  thin  film  magnetic  head  according  to  any  of 
the  preceding  claims,  in  which  the  angle  ai 
formed  between  the  side  surface  of  said  sec- 
ond  core  member  and  said  gap  material  layer 
and  the  angle  a2  formed  between  the  side 
surface  of  said  first  core  member  and  said  gap 
material  layer  are  such  that  ai  <  a2  and  ai  + 
a2  k  60  0  ,  said  angles  ai  and  a2  being  what 
are  measured  in  the  vicinity  of  said  gap. 

6.  A  thin  film  magnetic  head  according  to  any  of 
the  preceding  claims,  in  which  the  maximum  T 
of  said  width  of  each  of  said  first  and  second 
core  members  as  measured  on  said  first  plane 
containing  the  surface  of  said  recording  me- 
dium  engaging  end  of  said  magnetic  head  in  a 
direction  parallel  with  said  gap  material  layer 
and  the  track  width  Tw  defined  by  said  gap  are 
such  that  T   ̂ 3  Tw. 

7.  A  thin  film  magnetic  head  according  to  any  of 
the  preceding  claims,  wherein  a  surface  of  said 
first  core  member  as  measured  on  said  first 
plane  containing  the  surface  of  said  recording 
medium  engaging  end  of  said  magnetic  head 
is  different  in  size  from  a  surface  of  said  sec- 
ond  core  member  as  measured  on  said  first 
plane. 

Patentanspruche 

1.  Dunnfilm-Magnetkopf  mit  einem  nicht-magneti- 
schen  Substrat  (1),  einem  ersten  Kernelement 
(2),  das  auf  dem  nicht-magnetischen  Substrat 
ausgebildet  ist,  einer  Spaltmaterialschicht  (11), 
die  auf  dem  ersten  Kernelement  ausgebildet 
ist,  und  einem  zweiten  Kernelement  (6),  das 
auf  der  Spaltmaterialschicht  ausgebildet  ist, 
wobei  das  erste  und  das  zweite  Kernelement 
einen  magnetischen  Pfad  fur  einen  MagnetfluB 
bilden,  mit  dem  Information  auf  einem  magne- 
tischen  Medium  gelesen/geschrieben  wird,  wo- 
bei  die  ersten  Enden  des  ersten  Kernelements, 
der  Spaltmaterialschicht  und  des  zweiten  Kern- 
elements  ein  Ende  des  Magnetkopfes  bilden, 
das  ein  Aufzeichnungsmedium  beruhrt,  wobei 
die  Breite  jedes  des  ersten  und  des  zweiten 
Kernelements  gemessen  auf  einer  ersten  Ebe- 
ne,  die  eine  Oberflache  des  das  Aufzeich- 
nungsmedium  beruhrenden  Endes  des  Ma- 
gnetkopfes  enthalt,  in  einer  Richtung  parallel 
zu  der  Spaltmaterialschicht  anwachst,  wenn 
die  Breite  jedes  der  zu  messenden  Kernele- 
mente  weiter  weg  von  dem  Spaltmaterial  in 
einer  Richtung  senkrecht  zu  der  Spaltmaterial- 
schicht  auf  der  ersten  Ebene  ist,  und 
eine  erste  Oberflache  jedes  des  ersten  und 
des  zweiten  Kernelements,  die  seiner  zweiten 
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Oberflache  gegenuberliegt,  die  zu  der  Spalt- 
materialschicht  gerichtet  ist,  und  zwar  wenig- 
stens  auf  der  ersten  Ebene,  die  die  Oberflache 
des  das  Aufzeichnungsmedium  beruhrenden 
Endes  des  Magnetkopfes  enthalt,  nicht  parallel 
zu  der  Spaltmaterialschicht  ist; 
dadurch  gekenzeichnet, 
dal3  das  Anwachsen  der  Breite  jedes  des  er- 
sten  und  des  zweiten  Kernelements  ein  mono- 
tones  Anwachsen  ohne  Diskontinuitat  ist;  und 
dal3  die  erste  Oberflache  jedes  des  ersten  und 
des  zweiten  Kernelements,  die  zu  der  Spaltma- 
terialschicht  gerichtet  sind,  urn  einen  Spalt  des 
Magnetkopfes  zu  bestimmen,  gemessen  auf 
der  ersten  Ebene,  die  die  Oberflache  des  das 
Aufzeichnungsmedium  beruhrenden  Endes 
des  Magnetkopfes  enthalt,  in  einer  Richtung 
parallel  zu  der  Spaltmaterialschicht  eine  Breite 
hat,  die  kleiner  als  eine  Breite  gemessen  auf 
einer  zweiten  Ebene  parallel  zu  und  beabstan- 
det  von  der  ersten  Ebene  in  einer  Richtung 
parallel  zu  der  Spaltmaterialschicht  ist. 

2.  Dunnfilm-Magnetkopf  nach  Anspruch  1,  wobei 
jedes  des  ersten  und  des  zweiten  Kernele- 
ments  an  dem  das  Aufzeichnungsmedium  be- 
ruhrenden  Ende  des  Magnetkopfes  sektorma- 
I3ig  ist. 

3.  Dunnfilm-Magnetkopf  nach  Anspruch  1,  wobei 
das  erste  Kernelement  nahezu  V-formig  ist, 
wahrend  das  zweite  Kernelement  an  dem  das 
Aufzeichnungsmedium  beruhrenden  Ende  des 
Magnetkopfes  sektormaBig  ist. 

4.  Dunnfilm-Magnetkopf  nach  einem  der  vorange- 
henden  Anspruche,  wobei  jedes  des  ersten 
und  des  zweiten  Kernelements  in  einer  Mehr- 
schicht-Struktur  mit  Magnetschichten  und  Iso- 
lierschichten  ist,  die  abwechselnd  ubereinan- 
der  angeordnet  sind,  und  wobei  jede  der  Iso- 
lierschichten  zwischen  zwei  benachbarten  Ma- 
gnetschichten,  wenigstens  an  dem  das  Auf- 
zeichnungsmedium  beruhrenden  Ende  des 
Magnetkopfes,  nicht  parallel  zu  der  Spaltmate- 
rialschicht  ist. 

5.  Dunnfilm-Magnetkopf  nach  einem  der  vorange- 
henden  Anspruche,  wobei  der  Winkel  a:  ,  der 
zwischen  der  Seitenoberflache  des  zweiten 
Kernelements  und  der  Spaltmaterialschicht 
ausgebildet  ist,  und  der  Winkel  a2,  der  zwi- 
schen  der  Seitenoberflache  des  ersten  Kern- 
elements  und  der  Spaltmaterialschicht  ausge- 
bildet  ist,  derart  sind,  dal3  a:  <  a2  und  a:  +  a2 
k  60°  gilt,  wobei  die  Winkel  a:  und  a2  in  der 
Nahe  des  Spalts  gemessen  sind. 

6.  Dunnfilm-Magnetkopf  nach  einem  der  vorange- 
henden  Anspruche,  wobei  das  Maximum  T  der 
Breite  jedes  des  ersten  und  des  zweiten  Kern- 
elements  gemessen  auf  der  ersten  Ebene,  die 

5  die  Oberflache  des  das  Aufzeichnungsmedium 
beruhrenden  Endes  des  Magnetkopfes  in  einer 
Richtung  parallel  zu  der  Spaltmaterialschicht 
enthalt,  und  die  Spurbreite  Tw,  die  durch  den 
Spalt  bestimmt  ist,  derart  sind,  dal3  T   ̂ 3  Tw 

io  gilt. 

7.  Dunnfilm-Magnetkopf  nach  einem  der  vorange- 
henden  Anspruche,  wobei  eine  Oberflache  des 
ersten  Kernelements  gemessen  auf  der  ersten 

is  Ebene,  die  die  Oberflache  des  das  Aufzeich- 
nungsmedium  beruhrenden  Endes  des  Ma- 
gnetkopfes  enthalt,  in  der  GroBe  unterschied- 
lich  von  einer  Oberflache  des  zweiten  Kernele- 
ments  gemessen  auf  der  ersten  Ebene  ist. 

20 
Revendicatlons 

1.  Tete  magnetique  a  pellicule  mince  comprenant 
un  substrat  amagnetique  (1),  un  premier  ele- 

25  ment  de  noyau  (2)  forme  sur  ledit  substrat 
amagnetique,  une  couche  d'un  materiau  d'en- 
trefer  (11)  formee  sur  ledit  premier  element  de 
noyau,  et  un  second  element  de  noyau  (6) 
forme  sur  ladite  couche  de  materiau  d'entrefer, 

30  lesdits  premier  et  second  elements  de  noyau 
constituant  un  trajet  magnetique  pour  le  flux 
magnetique  avec  lequel  une  information  est 
lue/enregistree  sur  un  support  magnetique,  les 
premieres  extremites  dudit  premier  element  de 

35  noyau,  de  ladite  couche  de  materiau  d'entrefer 
et  dudit  second  element  de  noyau  constituant 
une  extremite,  s'appliquant  contre  le  support 
d'enregistrement,  de  ladite  tete  magnetique,  et 
dans  laquelle 

40  la  largeur  de  chacun  desdits  premier  et  second 
elements  de  noyau,  mesuree  dans  un  premier 
plan  contenant  une  surface  de  ladite  extremite, 
qui  s'applique  contre  le  support  d'enregistre- 
ment,  de  ladite  tete  magnetique  dans  une  di- 

45  rection  parallele  a  ladite  couche  de  materiau 
d'entrefer  augmente  lorsque  la  largeur  de  cha- 
cun  desdits  elements  de  noyau  devant  etre 
mesuree  est  plus  eloignee  de  ladite  couche  de 
materiau  d'entrefer  dans  une  direction  perpen- 

50  diculaire  a  ladite  couche  de  materiau  d'entrefer 
dans  ledit  premier  plan,  et 
une  premiere  surface  de  chacun  desdits  pre- 
mier  et  second  elements  de  noyau,  qui  est 
situee  a  I'oppose  de  leur  seconde  surface  tour- 

55  nee  vers  la  couche  de  materiau  d'entrefer  n'est 
pas  parallele  a  cette  couche,  au  moins  dans 
un  premier  plan  contenant  la  surface  de  ladite 
extremite  de  ladite  tete  magnetique,  qui  s'ap- 

8 
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plique  contre  le  support  d'enregistrement, 
caracterisee  en  ce 
que  ledit  accroissement  de  ladite  largeur  de 
chacun  desdits  premier  et  second  elements  de 
noyau  est  un  accroissement  monotone  sans 
discontinuity  et 
que  ladite  premiere  surface  de  chacun  desdits 
premier  et  second  elements  de  noyau,  qui  est 
situee  en  vis-a-vis  de  ladite  couche  de  mate- 
riau  d'entrefer  pour  definir  un  entrefer  de  ladite 
tete  magnetique,  possede  une  largeur  mesuree 
dans  le  premier  plan  contenant  la  surface  de 
ladite  extremite  de  ladite  tete  magnetique,  qui 
s'applique  contre  le  support  d'enregistrement, 
dans  une  direction  parallele  a  ladite  couche  de 
materiau  d'entrefer,  qui  est  inferieure  a  la  lar- 
geur  mesuree  dans  un  second  plan  parallele 
audit  premier  plan  et  distant  de  ce  dernier, 
dans  une  direction  parallele  a  ladite  couche  de 
materiau  d'entrefer. 

2.  Tete  magnetique  a  pellicule  mince  selon  la 
revendication  1,  dans  laquelle  chacun  desdits 
premier  et  second  elements  de  noyau  est  sec- 
toriel  au  niveau  de  ladite  extremite  de  ladite 
tete  d'enregistrement,  qui  s'applique  contre  le 
support  d'enregistrement. 

3.  Tete  magnetique  a  pellicule  mince  selon  la 
revendication  1,  dans  laquelle  ledit  premier 
element  de  noyau  possede  approximativement 
une  forme  en  V,  tandis  que  le  second  element 
de  noyau  est  sectoriel  au  niveau  de  ladite 
extremite  de  ladite  tete  magnetique,  qui  s'ap- 
plique  contre  le  support  d'enregistrement. 

4.  Tete  magnetique  a  pellicule  mince  selon  I'une 
quelconque  des  revendications  precedentes, 
dans  laquelle  chacun  desdits  premier  et  se- 
cond  elements  de  noyau  est  situe  dans  une 
structure  a  couches  multiples,  comportant  des 
couches  magnetiques  et  des  couches  isolantes 
disposees  alternativement  les  unes  sur  les  au- 
tres,  et  chacune  desdites  couches  isolantes 
situees  entre  deux  couches  magnetiques  adja- 
centes  n'est  pas  parallele  a  ladite  couche  de 
materiau  d'entrefer,  au  moins  au  niveau  de 
ladite  extremite  de  ladite  tete  magnetique,  qui 
s'applique  contre  le  support  d'enregistrement. 

5.  Tete  magnetique  a  pellicule  mince  selon  I'une 
quelconque  des  revendications  precedentes, 
dans  laquelle  Tangle  ai  forme  entre  la  surface 
laterale  dudit  second  element  de  noyau  et 
ladite  couche  de  materiau  d'entrefer  et  Tangle 
a2  forme  entre  la  surface  laterale  dudit  premier 
element  de  noyau  et  ladite  couche  de  materiau 
d'entrefer  sont  tels  que  Ton  am  <  a2  et  ai  + 

a2   ̂ 60  °  ,  lesdits  angles  ai  et  a2  etant  ceux 
mesures  au  voisinage  dudit  entrefer. 

6.  Tete  magnetique  a  pellicule  mince  selon  Tune 
5  quelconque  des  revendications  precedentes, 

dans  laquelle  la  valeur  maximale  T  de  ladite 
largeur  de  chacun  desdits  premier  et  second 
elements  de  noyau,  mesuree  dans  ledit  pre- 
mier  plan  contenant  la  surface  de  ladite  extre- 

io  mite  de  ladite  tete  magnetique,  qui  s'applique 
contre  le  support  d'enregistrement,  dans  une 
direction  parallele  a  ladite  couche  de  materiau 
d'entrefer,  et  la  largeur  de  piste  Tw  definie  par 
ledit  entrefer  sont  telles  que  Ton  a  T   ̂ 3  Tw. 

15 
7.  Tete  magnetique  a  pellicule  mince  selon  Tune 

quelconque  des  revendications  precedentes, 
dans  laquelle  une  surface  dudit  premier  ele- 
ment  de  noyau  mesuree  dans  ledit  premier 

20  plan  contenant  la  surface  de  ladite  extremite 
de  ladite  tete  magnetique,  qui  s'applique 
contre  le  support  d'enregistrement,  a  une  taille 
differente  d'une  surface  dudit  second  element 
de  noyau,  telle  que  mesuree  dans  ledit  pre- 

25  mier  plan. 
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