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Description 

The  invention  relates  to  a  magnetic  head 
having  a  core  of  a  soft-magnetic  material  with  a 
comparatively  low  saturation  magnetization,  a 
gap  between  two  faces  in  the  core,  each  of  said 
faces  being  provided  with  a  layer  of  soft-magnetic 
material  having  a  higher  saturation  magnetization 
than  the  material  of  the  core,  transition  zones 
which  are  poor  magnetic  conductors  being 
present  between  the  core  and  the  layers  of  soft- 
magnetic  material. 

Such  a  magnetic  head  is  known  from  Japanese 
published  Patent  Application  55—58824  (A).  The 
soft-magnetic  material  of  the  core  of  said  mag- 
netic  head  is  ferrite.  The  use  of  ferrites,  in  particu- 
lar  monocrystalline  Mn-Zn-ferrites,  as  a  magnetic 
core  material  for  magnetic  heads  is  much  pre- 
ferred  in  particular  in  systems  for  magnetic 
recording  and  playback,  for  example  audio  and 
video  tape  recorders,  but  also  in  memories 
having  magnetic  discs.  Ferrites  have  a  high 
resistance  to  detrition,  a  comparatively  high 
specific  electrical  resistivity  and  good  magnetic 
properties,  for  example,  a  low  coercive  force,  a 
large  permeability  and  a  good  frequency  charac- 
teristic. 

The  magnetic  field  which  is  generated  at  the 
area  of  the  gap  by  a  magnetic  head  so  as  to  write 
information  on  a  magnetic  medium  is  restricted 
by  the  saturation  magnetization  of  the  material  of 
the  core  of  the  magnetic  head.  Magnetic  heads  for 
the  present-day  video  recorders  generally  have  a 
core  of  Mn-Zn-ferrite.  This  type  of  material  has  a 
saturation  magnetization  of  approximately  0.5 
Tesla  at  room  temperature.  Said  magnetization 
satisfies,  up  to  temperatures  slightly  above  room 
temperature,  the  requirements  imposed  by  writ- 
ing  of  information  on  conventional  tapes,  for 
example  Cr02  tapes  having  a  coercive  force  Hc  of 
approximately  56  kA/m. 

However,  in  order  to  improve  the  quality  of  the 
video  recording  process  there  is  a  tendency  to 
replace  the  conventional  magnetic  tapes  by  mag- 
netic  tapes  having  a  higher  coercive  force,  for 
example,  tapes  based  on  pure  Fe  which  have  an 
H0  of  approximately  80—160  kA/M. 

A  magnetic  head  having  a  core  of  a  soft- 
magnetic  material  with  a  comparatively  low  sat- 
uration  magnetization  cannot  write  such  tapes 
very  well.  In  fact,  for  writing  tapes  with  a  large 
coercive  force  the  magnetic  field  of  the  magnetic 
head  should  also  be  large,  which  presents 
problems  in  that  the  magnetic  field  cannot  be 
larger  than  the  saturation  magnetization  of  the 
material  of  the  core.  Saturation  effects  occur  first 
at  the  edges  of  the  gap. 

In  the  magnetic  head  disclosed  in  the  said 
Japanese  Patent  Application  55  —  58824  (A)  sat- 
uration  effects  are  controlled  by  providing  on 
each  of  the  gap  bounding  faces  a  layer  of  a 
material  having  a  higher  saturation  magnetization 
than  the  material  of  the  core.  Since  the  said 
saturation  effects  occur  first  at  the  edges  of  the 
gap  with  increasing  magnetization  of  the  core. 

said  known  magnetic  head  can  be  magnetized 
more  strongly. 

However,  it  is  also  stated  in  the  said  Japanese 
Patent  Application  55  —  58824  (a)  that  an  artificial 

5  gap  is  formed  between  the  core  and  the  layer  of 
material  having  a  higher  saturation  magnetization 
than  the  material  of  the  core.  Said  artificial  gap  is 
formed  as  a  result  of  the  magnetically  poorly 
conducting  transition  zone  between  the  ferrite 

10  and  the  layer  provided.  As  a  result  of  this  the 
magnetic  head  as  it  were  has  a  main  gap  and  two 
subsidiary  gaps.  It  will  be  obvious  that  such  a  gap 
configuration  adversely  influences  in  particular 
playback  with  a  magnetic  head.  In  particular  the 

15  frequency  characteristic  of  the  magnetic  head  is 
adversely  influenced.  In  the  said  Japanese  Patent 
Application  55  —  58824  (A)  an  attempt  is  made  to 
mitigate  this  disadvantage  slightly  by  giving  the 
magnetically  poorly  conductive  transition  zone  an 

20  irregular  contour.  Such  a  measure,  which  is  tech- 
nically  difficult  to  perform  since  the  main  gap 
should  be  straight  and  the  layers  provided  should 
be  comparatively  thin  to  avoid  eddy  currents  and 
adhesion  problems,  provides  insufficient  effect. 

25  It  is  an  object  of  the  invention  to  provide  a 
magnetic  head  in  which  the  detrimental  influence 
of  the  said  subsidiary  gaps  is  considerably 
reduced.  Another  object  of  the  invention  is  to 
provide  a  magnetic  head  which  can  be  used  up  to 

30  very  high  frequencies.  A  further  object  of  the 
invention  is  to  provide  a  magnetic  head  with 
which  magnetic  recording  material  having  a  high 
coercive  forced  can  be  written. 

According  to  the  invention,  a  magnetic  head  of 
35  the  kind  mentioned  in  the  opening  paragraph  is 

characterized  in  that  layers  of  soft-magnetic 
material  of  substantially  different  thicknesses  are 
provided  on  said  faces,  the  ratio  of  the  thick- 
nesses  of  said  layers  of  soft-magnetic  material 

40  being  between  1.15  and  2. 
The  invention  is  based  on  the  recognition  of  the 

fact  that  in  a  magnetic  head  according  to  the 
invention  the  phase  between  the  signals  of  the 
main  gap  and  the  subsidiary  gap(s)  can  be 

45  adjusted.  This  degree  of  freedom  makes  it  poss- 
ible  to  compensate  for  the  detrimental  influence 
on  the  frequency  characteristic  in  a  selected 
frequency  range  as  a  result  of  which  inter  alia  the 
original  purpose  of  the  layers  of  material  having  a 

50  higher  saturation  magnetization  than  the  material 
of  the  core,  namely  avoiding  saturation  effects,  is 
still  realized. 

In  a  magnetic  head  according  to  the  invention 
the  transition  zones  may  in  particular  be  inter- 

55  mediate  layers  which  serve  for  bonding  the  layer 
of  soft-magnetic  material  to  the  material  of  the 
core.  It  has  been  found  that  such  an  intermediate 
layer  is  often  necessary  because  the  bonding  of 
suitable  soft-magnetic  materials  to,  for  example, 

60  an  oxydic  material,  such  as  ferrite,  is  often  bad. 
The  invention  will  be  described  in  greater  detail 

with  reference  to  the  accompanying  drawings,  in 
which: 

Figure  1  shows  a  magnetic  head  according  to 
65  the  invention. 

2 



Figure  2  shows  diagrammatically  the  gap  wiatns 
id  layer  thicknesses  in  the  gap  region,  and 
Figures  3  —  12  show  a  number  of  frequency 
laracteristics  of  magnetic  heads  having  different 
ap  configurations. 
Figure  1  shows  a  magnetic  head  1  having  a  core 
which  is  formed  by  two  core  parts  3  and  4.  The 
jre  parts  3  and  4  consist  of  a  material  having  a 
jmparatively  low  saturation  magnetization,  in 
lis  case  ferrite,  and  in  particular  monocrystalline 
In-Zn-ferrite,  and  they  are  bonded  together  in  the 
sgions  5  and  6  by  means  of  an  adhesive  material, 
or  example  glass).  The  thickness  of  the  layer  of 
onding  material  in  the  region  6  determines  the 
lickness  of  the  gap  13  in  the  recording  direction, 
he  recording  medium  is  shown  as  a  magnetic 
jpe  7.  The  magnetic  core  2  furthermore  corn- 
rises  a  winding  aperture  8.  Writing  and  reading 
/ith  the  magnetic  head  1  is  done  in  known  manner 
y  means  of  coil  9  and  device  10. 
In  the  region  6  the  core  parts  3  and  4  comprise 

jyers  1  1  and  12  of  a  soft-magnetic  material  having 
higher  saturation  magnetization  than  the 

laterial  of  the  core.  The  gap  13  is  located  between 
ne  layers  11  and  12.  The  layers  11  and  12  serve  in 
nown  manner  to  avoid  saturation  effects  in  the 
nagnetic  head  2  which  first  occur  in  the  gap  13,  or 
0  allow  them  to  occur  only  at  higher  field 
trengths.  The  layers  11  and  12  consist,  for 
ixample,  of  sputtered  layers  of  an  Fe-AI-Si-alloy, 
ermed  "Sendust"  having  83.2%  Fe,  6.2%  Al  and 
0.  6%  Si  (percent  by  weight)  or  amorphour  metal 
illoys  such  as  Co70FesB10Si15  or  Co71Mn7B14Si8 
indices  indicate  at  percent). 

Figure  2  shows  diagrammatically  the  configura- 
ion  of  the  gap  1  3,  the  layers  1  1  and  1  2  and  the  core 
jarts  3  and  4  in  the  region  6.  Transition  zones  14 
ind  15  which  are  non-magnetic  are  present 
jetween  the  layers  11  and  12  and  the  core  parts  3 
ind  4,  respectively.  They  form  as  it  were  artificial 
japs  which,  as  already  stated,  adversely  influence 
:he  frequency  characteristic  of  the  magnetic  head 
1.  The  transition  zones  14  and  15  may  also  be 
brmed  by  intermediates  layers  of,  for  example, 
glass  or  titanium  which  serve  for  better  bonding  of 
:he  layers  11  and  12  to  the  core  parts  3  and  4.  The 
[hicknesses  of  the  various  layers  and  gaps  are 
shown  in  Figure  2  by  G1(  P„  G,  P2  and  G2.  In  known 
magnetic  heads  the  layers  11  and  12  have  the 
same  thickness  and  hence  PA  =  P2-  In  a  magnetic 
head  according  to  the  invention  P,  is  not  equal  to 
Pa- 

Figures  3—  12  serve  to  illustrate  the  influence  of 
the  variation  of  P2  with  respect  to  P,.  For  all  the 
Figures  3—1  2  G  =  0.3  urn,  G,  =  0.04  urn,  G2  =  0.04 
urn,  and  P,  =  1  urn.  The  head-tape  speed  is  3.14  ml 
s.  The  tape  has  a  high  coercive  force  H0  =  1  1  5  kA/ 
m.  The  frequency  is  plotted  linearly  along  the 
horizontal  axis  from  0  to  8  MHz.  Along  the  vertical 
axis  the  induction  voltage  of  the  magnetic  head  2  is 
plotted  in  dB.  Approaching  zero  MHzthe  induction 
voltage  of  course  becomes  zero.  The  graph  shows 
the  frequency  characteristic  of  the  magnetic  head 
1  with  an  optimally  written  tape  as  input. 

In  Figure  3,  P2  =  Pi  =  1  Mm.  The  frequency 

cnaraciensui;  uieoi  iy  ouuwo  a  »ci  y  ni^auml 
ation  which  is  very  difficult  to  compensate  by 
means  of  filters. 

In  Figure  4,  P2  =  1.1  and  =  1.0  urn.  With  this 
value  of  P2  also  the  frequency  characteristic  is  still 
very  irregular. 

In  Figure  5,  at  P3  =  1.2  and  P,  =  1.0  urn,  the 
frequency  characteristic  is  already  becoming 
reasonably  smooth. 

>  In  Figure  6,  P2=  1.25  urn  and  P,  =  1.0  urn.  In  this 
case  the  frequency  characteristic  has  been 
equalized  optimally  over  the  whole  range  shown. 

In  Figure  7,  at  P2  =  1.3  and  P,  =  1.0  urn  the 
frequency  characteristic  is  very  acceptable. 

;  In  Figure  8  at  P2  =  1  .4  and  P1  =  1  .0  urn  a  dip  in  the 
frequency  characteristic  again  occurs  at  approxi- 
mately  7  MHz. 

In  Figure  9,  at  P2  =  1.5  and  Pn  =  1.0  urn  the 
frequency  characteristic  begins  to  vary  slightly 

3  more  irregularly. 
In  Figure  10,  atP2  =  1.6  urn  and  Pt  =  1.0  urn  and 

Figure  11,  at  P2  =  1.7  urn  and  P,  =  1.0  urn  the 
frequency  characteristic  at  higher  frequencies  is 
irregular  but  the  lower  frequencies  are  readily 

5  compensated. 
It  appears  from  Figures  3—1  1  that  at  the  given 

values  of  Gn,  G2,  G  and  P-,  the  ratio  P /̂P,  should 
preferably  be  between  1.15  and  1.35.  However, 
besides  the  frequency  range  to  be  reproduced, 

o  said  ratio  also  depends  slightly  on  G1f  G2,  G  and  P-i 
and  will  have  to  be  optimized  for  each  design  of 
magnetic  head. 

If  the  frequency  range  to  be  reproduced  only 
extended  up  to  3.5  MHz,  only  the  first  two  dips 

■5  need  be  compensated.  The  optimum  ratio  P2/Pi  is 
then  between  1.5  and  2.0  as  may  be  seen  from 
Figures  10  and  11.  The  part  of  the  frequency' 
characteristic  which  is  straight  is  shifted  to  lower 
frequencies  when  the  ratio  P2/Pi  becomes  larger, 

to  as  is  evident  in  Figures  3—1  1  .  The  optimum  ratio 
Pa/P,  also  proves  to  become  larger  when  the  layer 
thickness  P,  becomes  smaller  because  the  peaks 
and  valleys  then  become  spaced  apart  by  a 
proportionally  largerfrequency  range.  This  means 

ts  that  at  smaller  layer  thicknesses  and  at  a  repro- 
duced  frequency  range  which  is  invariably  1  —  8 
MHz,  only  the  first  dip(s)  need  be  compensated. 
The  optimum  ratio  Pa/P,  therefore  is  between  1.15 
and  2. 

so  Finally  it  is  to  be  noted  that  experiments  have 
demonstrated  that  the  thickest  layer  can  best  be 
provided  on  that  side  of  the  gap  where  the  tape 
leaves  the  gap. 

55  Claims 

1.  A  magnetic  head  having  a  core  of  a  soft- 
magnetic  material  with  a  comparatively  low  sat- 
uration  magnetization,  a  gap  between  two  faces  in 

60  the  core,  each  of  said  faces  being  provided  with  a 
layer  of  soft-magnetic  material  having  a  higher 
saturation  magnetization  than  the  material  of  the 
core,  transition  zones  which  are  poor  magnetic 
conductors  being  present  between  the  core  and 

65  the  layers  of  soft-magnetic  material,  characterized 

o 
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n  that  layers  of  soft-magnetic  material  of  sub- 
stantially  different  thicknesses  are  provided  on 
said  faces,  the  ratio  of  the  thicknesses  of  said 
ayers  of  soft-magnetic  material  being  between 
1.15  and  2. 

2.  A  magnetic  head  as  claimed  in  Claim  1, 
:haracterized  in  that  the  transition  zones  are 
ntermediate  layers  which  serve  for  bonding  the 
ayer  of  soft-magnetic  material  to  the  material  of 
tie  core. 

'atentanspriiche 

1.  Magnetkopf  mit  einem  Kern  aus  weich  mag- 
letischem  Material  mit  einer  relativ  niedrigen 
Sattigungsmagnetisierung,  einem  Spalt  zwischen 
n/vei  Flachenin  dem  Kern,  die  mit  je  einer  Schicht 
aus  weich  magnetischem  Material  mit  einer  hohe- 
ren  Sattigungsmagnetisierung  als  das  Material 
des  Kerns  versehen  sind,  wobei  zwischen  dem 
Kern  und  den  Schichten  aus  weich  magnetischem 
Material  den  Magnetismus  schlecht  leitende 
Ubergangszonen  vorhanden  sind,  dadurch 
gekennzeichnet,  dass  verschieden  dicke  Schich- 
ten  aus  weich  magnetischem  Material  auf  den 
Flachen  vorgesehen  sind,  wobei  das  Verhaltnis 
der  Dicken  der  Schichten  aus  weich  magne- 
tischem  Material  zwischen  1,15  und  2  liegt. 

2.  Magnetkopf  nach  Anspruch  1,  dadurch 

gekenneichnet,  das  die  Ubergangszonen 
Zwischenschichten  sind,  die  zum  Befestigen  der 
Schicht  aus  weich  magnetischem  Material  auf 
dem  Material  des  Kerns  dienen. 

5 
Revendications 

1.  Tete  magnetique  munie  d'un  noyau  en  un 
materiau  magnetique  doux  presentant  une 

to  magnetisation  de  saturation  relativement  faible, 
un  entrefer  entre  deux  faces  dans  le  noyau, 
chacune  desdites  faces  etant  munie  d'une  couche 
en  un  materiau  magnetique  doux  presentant  une 
magnetisation  de  saturation  plus  elevee  que  cell 

is  du  materiau  du  noyau,  des  zones  de  transition, 
qui  constituent  de  mauvais  conducteurs  magneti- 
ques,  etant  presentes  entre  le  nouyau  et  la  couche 
en  materieu  magnetique  doux,  caracterisee  en  ce 
que  des  couches  en  materiau  magnetique  doux 

20  d'epaisseurs  pratiquement  differentes  sont  appli- 
quees  sur  lesdites  faces,  les  rapports  entre  les 
epaisseurs  desdites  couches  en  materiau  magne- 
tique  doux  etant  situes  entre  1  ,1  5  et  2. 

2.  Tete  magnetique  selon  la  revendication  1, 
25  caracterisee  en  ce  que  les  zones  de  transition  sont 

des  zones  intermediaires  servant  a  I'adherence  de 
la  couche  en  materiau  magnetique  doux  au  mate- 
riau  du  noyau. 
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