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Description 

[0001]  This  invention  is  directed  to  YIG-components 
in  general  and  more  specifically  to  a  YIG-component 
comprising  a  magnetic  circuit  for  generating  an  homo- 
geneous  magnetic  field  in  an  air  gap  of  the  magnetic 
circuit,  and  at  least  one  ferrite  crystal  arranged  in  said 
air  gap  and  having  a  magnetic  resonance  frequency 
which  may  be  controlled  dependent  on  the  strength  of 
said  homogeneous  magnetic  field. 
[0002]  "YIG-components"  is  a  generic  term  for  devic- 
es  using  ferrite  crystals,  that  is  thin  layers  or  crystals  of 
YIG  (yttrium-iron-garnet),  LiF  (lithium-ferrite)  NiZnFe 
(nickel-zing-ferrite),  etc.,  as  resonators  in  for  example 
electric  oscillators,  filters  and  discriminators.  YIG-com- 
ponents  are  used  in  high  frequency  applications  for  fre- 
quencies  from  about  500  MHz  and  upwards.  Electro- 
magnetic  frequencies  in  this  range  are  often  denoted  mi- 
crowaves  and  electric  circuits  operating  at  these  fre- 
quencies  are  denoted  "microwave  circuits"  herein. 
[0003]  In  order  to  be  able  to  provide  a  resonator  using 
a  ferrite  crystal,  a  strong,  homogeneous  magnetic  field 
is  required  in  which  the  ferrite  crystal  is  arranged.  The 
magnetic  field  is  generated  by  a  magnetic  circuit  com- 
prising  an  electromagnet  or  a  permanent  magnet  in 
combination  with  a  magnetic  iron  structure.  The  mag- 
netic  resonance  frequency  of  the  resonator  is  directly 
proportional  to  the  strength  of  the  magnetic  field.  It  fol- 
lows  from  this  that  when  using  an  electromagnet,  the 
resonance  frequency  of  a  YIG-component  may  be  con- 
trolled  electrically  via  the  current  through  said  electro- 
magnet.  The  ferrite  resonator  has  a  number  of  good  fea- 
tures  and  is  characterized  by  a  high  Q-value  and  that  it 
may  be  controlled  electrically  within  very  broad  frequen- 
cy  ranges  (several  octaves). 
[0004]  The  majority  of  prior  art  YIG-components  have 
a  design  in  which  the  electromagnet  completely  or  partly 
constitutes  the  housing  and  carrier  for  the  remaining 
components,  such  as  said  ferrite  crystal,  microwave  cir- 
cuits  etc.,  required  to  make  up  the  intended  YIG-com- 
ponent.  Because  magnetic  iron  is  a  material  which  is 
difficult  to  work  the  intention  has  been  to  provide  an  un- 
complicated  mechanical  structure  for  the  YIG-compo- 
nent.  This  has  brought  about  a  construction  in  which  the 
magnetic  core  is  constituted  by  a  cylinder  having  a  bot- 
tom,  a  cap  and  a  central  pin  or  pole  pin,  extending  up- 
wards  from  the  bottom  towards  the  cap  and  leaving  a 
slot  (pole  gap)  between  the  upper  end  of  the  pin  and  the 
cap.  A  coil  is  disposed  around  the  pin.  The  remaining 
components  are  mainly  arranged  in  the  space  defined 
between  the  magnetic  coil  and  the  cap  of  the  magnetic 
core  and  are  attached  to  the  cap  or  the  cylinder  wall. 
[0005]  This  prior  art  construction  has  several  draw- 
backs.  Above  all  it  is  relatively  big,  heavy  and  expensive 
because  the  magnetic  material  is  a  specific  and  expen- 
sive  alloy  which  is  difficult  to  work.  The  construction  has 
been  gradually  minimized  but  size  minimization  is  limit- 
ed  by  the  fact  that  the  components  which  are  accom- 

modated  therein  require  a  fixed  amount  of  space  and  by 
the  fact  that  the  resonator  must  be  oriented  to  the  center 
of  the  mechanic  structure. 
[0006]  The  thermal  conductivity  of  magnetic  iron  is 

5  low  and  this  is  a  disadvantage  of  the  prior  art  construc- 
tion  because  a  relatively  high  power  dissipation  from 
said  coil  and  circuits  must  be  cooled  via  this  material. 
[0007]  Certainly,  the  prior  art  YIG-components  may 
be  controlled  electrically  but  high  inductance  in  the  con- 

10  trol  coil  and  troublesome  eddy  currents  have  the  conse- 
quence  that  changes  of  frequency  are  relatively  time 
consuming,  thereby  limiting  the  range  of  possible  appli- 
cations.  Of  the  magnetic  flux  which  is  generated  by  the 
electromagnet,  the  greater  part  flows  upwards  through 

is  said  pole  pin  via  said  slot  or  pole  gap  to  said  cap,  down- 
wards  through  said  cylinder  and  bottom  and  returns  up- 
wards  through  the  pole  pin.  The  magnetic  flux  thus  pass- 
es  through  many  parts  of  different  sections  and  circum- 
ferences.  When  making  a  current  change  in  order  to 

20  change  the  resonance  frequency,  a  flux  change  results. 
In  that  case,  eddy  currents  are  induced  at  each  section/ 
circumference  with  a  varying  strength  and  decay  time 
or  time  constant  dependent  on  the  section/circumfer- 
ence.  These  eddy  currents  initiate  an  exponential  delay 

25  between  tuning  current  and  magnetization  (frequency 
change).  This  delay  may  be  compensated  by  a  "driver", 
an  electronic  curcuit  for  voltage-to-current  transforma- 
tion  which  is  used  for  enabling  the  YIG-component  volt- 
age  to  be  controlled.  A  magnet  of  this  conventional  de- 

30  sign  initiates  about  five  different  time  constants,  which 
must  be  compensated  by  an  equal  number  of  compen- 
sation  networks,  each  of  which  must  be  defined  in  re- 
spect  of  proportionality  and  time  constant  in  order  to 
counteract  said  delay  effectively. 

35  [0008]  The  conventional  magnet  design  generates  a 
large  leakage  flux.  The  optimal  situation  is  when  the  total 
magnetic  flux  passes  through  the  pole  gap  or  air  gap 
between  the  pole  pin  and  the  cap,  but  in  the  prior  art 
construction  a  significant  part  deflects  away  from  the 

40  pole  pin  and  passes  outside  the  pole  gap,  generating 
excessive  inductance. 
[0009]  Furthermore  the  conventional  YIG-component 
is  sensitive  to  mechanical  influences  as  well  as  external 
magnetic  fields  from  fans,  motors,  etc.,  which  may  mod- 

45  ulate  the  resonance  frequency.  Accordingly,  a  specific 
mechanical  mounting  and  an  external,  magnetic  shield 
of  u.-metal  arranged  around  the  YIG-component,  re- 
spectively,  are  often  required. 
[0010]  The  YIG-component  is  ordinarily  used  in  a  mi- 

so  crowave  system  in  which  a  number  of  electric  functions 
are  desirable,  and  in  which  the  YIG-component  is  in- 
tended  for  cooperation  with  other  YIG-components  or 
other  units.  It  follows  from  this  that  said  components  and 
units  must  be  interconnected  by  means  of  external  con- 

55  tacts,  cables  and  mechanical  devices. 
[0011]  Up  to  now,  the  range  of  application  of  the  YIG- 
components  has  been  limited  by  the  abovementioned 
drawbacks. 

2 



3 EP0  591  115  B1 4 

[0012]  An  object  of  the  invention  is  to  eliminate  the 
drawbacks  of  the  prior  art  technology  and  to  provide  a 
YIG-component  which  is  small,  easy  to  assemble  on  a 
circuit  board  and  allows  for  integration  of  a  number  of 
desirable  functions. 
[0013]  It  is  a  further  object  of  the  invention  to  provide 
a  YIG-component  which  is  substantially  less  sensitive 
to  mechanical  and  magnetic  influence  in  comparison 
with  prior  art  components,  which  has  substantially  only 
one  time  constant,  and  which  has  a  low  inductance  for 
obtaining  rapid  changes  of  frequency. 
[0014]  The  objects  of  the  invention  are  achieved  in  a 
YIG-component  as  defined  in  claim  1  . 
[0015]  A  YIG-component  according  to  the  preamble 
of  claim  1  is  known  from  patent  US-A-4  484  1  61  . 
[0016]  A  preferred  embodiment  of  the  invention  is 
characterized  in  that  the  modulation  coil  comprises  a 
printed  circuit. 
[0017]  This  embodiment  has  a  number  of  advantages 
in  comparison  with  prior  art  technology,  because  the 
magnetic  circuit  of  the  YIG-component  according  to  the 
invention  may  be  made  small  and  a  very  short  air  gap 
may  be  formed.  This  allows  only  for  a  very  thin  modula- 
tion  coil.  When  using  a  conventional,  wire-wound  mod- 
ulation  coil  in  this  compact  magnetic  structure,  it  has  to 
be  positioned  outside  the  air  gap,  this  bringing  inferior 
performance  in  respect  of  modulation  features  in  com- 
parison  with  a  conventionally  built  YIG-component.  Ac- 
cording  to  this  preferred  embodiment  of  the  invention,  a 
modulation  coil  has  been  obtained  which  is  adapted  to 
the  existing  conditions  of  the  YIG-component  according 
to  the  invention  and  provides  for  substantially  improved 
modulation  features  as  compared  with  a  conventional 
type  modulation  coil. 
[0018]  The  YIG-component  according  to  the  invention 
will  be  described  in  greater  detail  in  the  form  of  an  ex- 
emplary  embodiment  and  with  reference  to  the  draw- 
ings,  in  which: 

Figure  1  shows  an  exploded  view  of  a  conventional 
type  YIG-component; 
Figure  2  discloses  an  exploded  view  of  an  embod- 
iment  of  a  YIG-component  according  to  the  inven- 
tion; 
Figure  3  discloses  a  second  view  of  the  assembled 
YIG-component  as  disclosed  in  Figure  2;  and 
Figure  4  discloses  a  plan  view  of  a  preferred  em- 
bodiment  of  the  modulation  coil  which  is  comprised 
in  the  YIG-component. 

[0019]  Figure  1  discloses  a  conventional  YIG-compo- 
nent  in  the  form  of  a  microwave  oscillator.  In  this  com- 
ponent,  the  housing  at  the  same  time  constitutes  the 
core  of  an  electromagnet.  This  core  has  an  upper  part 
2  and  a  lower  part  3,  which  is  an  element  which  has  been 
turned  in  one  piece  from  a  magnetic  iron  material.  The 
lower  part  3  has  a  cylinder  4,  a  bottom  5  and  a  pole  pin 
6  extending  upwards  from  the  bottom  5  in  the  centre  of 

the  cylinder  4.  When  the  component  is  assembled,  an 
air  gap  exists  between  the  upper  surface  7  of  the  pole 
pin  6  and  the  cap  2.  A  coil  8,  which  is  a  main  coil  for 
coarse  adjustment  of  the  frequency,  is  disposed  around 

5  the  pole  pin  6.  A  modulation  coil  or  Fm-coil  9  for  fine 
adjustment  is  provided  in  the  air  gap,  the  coil  being  then 
glue-fastened  to  the  end  surface  of  the  pole  pin  6.  The 
modulation  coil  is  a  sparsely  wound  coil  (usually  25 
windings),  which  is  shaped  from  a  thin  insulated  copper 

10  wire.  A  ferrite  crystal  in  the  form  of  a  sphere  1  0  is  posi- 
tioned  in  the  air  gap  and  disposed  on  a  dielectric  rod  11  , 
most  often  made  of  a  ceramic,  for  example  saphire,  and 
which  is  mounted  on  a  carrier  1  2.  The  modulation  coil  9 
is  positioned  as  close  as  possible  to  the  ferrite  crystal 

is  1  0.  The  carrier  1  2  is  fixed  to  the  cap  2  on  its  inside. 
[0020]  On  the  inside  of  the  cap  2,  a  ceramic  circuit 
board  13  comprising  microwave  electronics  is  also  at- 
tached.  Connections  14  for  voltage  supply  and  control 
of  incorporated  components  are  provided  in  the  cap  2 

20  as  well  as  a  microwave  connection  1  5,  this  being  a  sig- 
nal  output. 
[0021]  The  prior  art  component  in  Figure  1  operates 
as  follows.  A  first  control  current  for  controlling  the  main 
coil  8  and  a  second  control  current  for  controlling  the 

25  modulation  coil  9  are  supplied  via  connections  14.  A 
magnetic  flux  is  then  generated  by  the  main  coil  8,  of 
which  a  large  part  follows  the  magnetic  iron,  that  is  up- 
wards  through  the  pole  pin  6,  via  the  air  gap  to  the  upper 
part  2,  downwards  through  the  cylinder  4  and  the  bottom 

30  5  and  returns  upwards  through  the  pole  pin  6.  The  mod- 
ulation  coil  9  influences  the  magnetic  flux  in  the  air  gap 
between  the  upper  end  surface  7  of  the  pole  pin  6  and 
the  cap  2  on  which  the  ferrite  crystal  1  0  is  positioned.  In 
the  air  gap,  an  homogeneous  magnetic  field  is  obtained. 

35  The  ferrite  crystal  10  has  the  feature  that  when  posi- 
tioned  in  a  magnetic  field  (H-field)  of  a  certain  magni- 
tude,  a  resonance  frequency  which  is  proportional  to  the 
H-field  is  obtained.  The  resonance  may  be  controlled 
within  a  certain  frequency  range,  for  example  2-20  GHz. 

40  It  follows  from  this  that  the  modulation  coil  9  controls  the 
resonance  frequency  of  the  resonance  element,  that  is 
the  ferrite  crystal  10,  within  a  limited  frequency  range 
(deviation)  in  the  vicinity  of  the  frequency  which  is  de- 
termined  by  remaining  elements  and  factors,  including 

45  the  permanent  magnet,  the  main  coil,  the  air  gap  and 
the  magnetic  structure.  The  ferrite  crystal  1  0  is  connect- 
ed  to  an  electric  oscillator  circuit  on  the  circuit  board  1  3. 
The  oscillator  circuit  generates  an  electric  wave  (oscil- 
lation)  having  a  frequency  which  corresponds  with  the 

so  resonance  frequency  of  the  ferrite  crystal  1  0.  Coarse  ad- 
justment  of  the  frequency  is  made  by  means  of  the  main 
coil  8  and  fine  adjustment  is  made  by  means  of  the  mod- 
ulation  coil  9.  The  generated  microwave  signal  is  con- 
nected  to  the  signal  output  15.  This  prior  art  design  of 

55  the  electromagnetic  core  1  generates  a  comparatively 
great  useless  flux,  that  is  a  magnetic  flux  which  will  not 
pass  through  the  air  gap  but  which  will  instead  flow  di- 
rectly  from  the  pole  pin  6  to  the  cap  2. 
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[0022]  When  a  greater  frequency  change  is  to  be  ob- 
tained,  the  control  current  to  the  main  coil  8  is  firstly 
changed  and  in  some  cases  the  frequency  is  fine-ad- 
justed  by  changing  the  control  current  to  the  modulation 
coil  9.  When  changing  the  current  in  said  coils,  eddy  cur- 
rents  are  induced  in  the  core  of  the  electromagnet  which 
attempt  to  counteract  the  change.  Said  eddy  currents 
appear  predominantly  in  the  surface  layer  of  the  mag- 
netic  material.  The  decay  time  of  the  eddy  currents  is 
proportional  to  the  circumference  of  the  magnetic  core 
transverse  to  the  magnetic  flux.  The  prior  art  design  of 
the  magnetic  core  according  to  Figure  1  will  give  rise  to 
substantially  five  different  decay  times  or  time  constants 
in  different  parts  of  the  magnetic  core  1  .  This  brings  with 
it  a  comparatively  long  settling  time  for  the  component 
10,  which,  however,  may  be  partly  compensated  by 
means  of  separate  control  electronics  including  a  com- 
pensation  network  for  each  time  constant,  that  is  up  to 
five  different  compensation  networks.  The  considerable 
useless  leakage  flux  contributes  to  a  large  inductance 
in  the  component  10.  The  settling  time  is  also  delayed 
by  this  large  inductance.  Additionally,  the  modulation 
features  of  the  modulation  coil  are  negatively  influenced 
by  said  eddy  currents. 
[0023]  Figures  2  and  3  disclose  an  embodiment  of  a 
YIG-component  according  to  this  invention.  This  em- 
bodiment,  which  is  disclosed  in  an  exploded  view  in  Fig- 
ure  2  and  a  sectional  view  in  Figure  3,  is  a  microwave 
oscillator.  This  YIG-component  comprises  a  housing  51 
having  a  cap  53  and  a  bottom  55.  In  the  bottom  55,  a 
recess  59  is  defined.  In  the  cap  53,  a  seat  57  is  preci- 
sion-shaped  for  accommodating  a  magnetic  core  61  ,  63 
this  being  a  part  of  a  magnetic  circuit  formed  as  an  elec- 
tromagnet.  This  new  construction  principle  reduces  the 
sensitivity  to  mechanical  influence  because  the  electro- 
magnet  is  protected  by  the  housing  51  .  Said  core  com- 
prises  an  upper  part  61  arranged  in  the  cap  53  of  the 
housing  51,  and  a  lower  part  63,  which  connects  with 
said  upper  part  61.  The  magnetic  core  61,  63  is  E- 
shaped  in  this  embodiment  and  is  built  up  from  elements 
having  substantially  one  and  the  same  circumference 
around  a  section  transverse  to  the  direction  of  the  mag- 
netic  flux  through  the  element.  The  magnetic  core  com- 
prises  an  upper  pole  pin  65  and  a  lower  pole  pin  67, 
defining  an  air  gap  or  pole  gap  69  (see  Figure  3).  The 
end  of  each  of  said  pole  pins  65,  67  which  is  directed 
towards  the  air  gap  69  is  tapered  into  a  respective  end 
part  66  and  68.  The  electromagnet  furthermore  compris- 
es  a  main  coil  71  ,  surrounding  the  upper  pole  pin  65  and 
fixed  to  the  cap  53,  and  a  modulation  coil  73  or  Fm-coil, 
arranged  adjacent  or  in  the  air  gap  69  and  being  at- 
tached  to  either  one  of  the  pole  pins  65  and  67.  The  mod- 
ulation  coil  73,  may,  for  example,  be  glue-fastened  onto 
the  end  surface  of  the  lower  pole  pin  67.  As  shown  in 
Figure  4,  said  modulation  coil  73  is  preferably  made  as 
a  printed  circuit  100  in  the  form  of  a  conductive  pattern 
1  01  in  one  or  several  layers  provided  on  a  very  thin  car- 
rier  120,  having  preferably  a  thickness  which  is  «0,1 

mm.  The  printed  circuit  disclosed  in  Figure  4  comprises 
two  identically  shaped  layers,  one  of  which  is  arranged 
on  the  upper  side  of  the  carrier  1  02  and  the  other  on  its 
underside  (not  shown).  The  coil  conductor  103,  being 

5  helically  arranged,  is  initially  formed  very  thin  and  there- 
after,  by  gold  plating,  brought  to  a  thickness  which  is 
sufficient  in  order  to  fulfill  the  requirements  of  low  resist- 
ance.  The  YIG-component  is  further  provided  with  a 
YIG-unit  75,  comprising  a  disc-shaped  ceramic  circuit 

10  carrier  76,  which  is  arranged  adjacent  to,  and  fixed  on, 
a  surface  of  a  foundation  in  the  cap  53  of  the  housing 
51.  Among  other  things,  a  ceramic  circuit  79  including 
microwave  electronics  and  a  ferrite  crystal  81  are  dip- 
sosed  on  the  ceramic  circuit  carrier  76.  Said  ferrite  crys- 

15  tal  81  is  then  arranged  at  one  end  of  a  rod  83  being  in 
turn  carried  by  a  support  85.  The  support  85  is  connect- 
ed  to  the  ceramic  carrier  76.  The  microwave  circuit  79 
is  electrically  connected  to  the  ferrite  crystal  81  .  A  heat- 
ing  element  (not  shown)  keeping  the  YIG-crystal  81  at 

20  a  constant  temperature  via  the  support  85  is  arranged 
on  the  support  85.  One  substantial  advantage  is  that  the 
new  construction  according  to  the  invention  has  made 
it  possible  to  assemble  the  integral  parts  of  the  YIG-unit 
75  into  a  substantially  self-supporting  unit.  A  hole  87  is 

25  formed  in  the  ceramic  circuit  carrier  76.  When  arranging 
the  ceramic  circuit  carrier  75  in  the  cap  53,  the  end  part 
66  of  the  upper  pole  pin  65  projects  into  the  hole  87, 
which  has  a  slightly  larger  diameter  than  the  diameter 
of  the  end  part  66.  This  provides  for  centering  of  the  fer- 

30  rite  crystal  81  in  the  homogeneous  magnetic  field  in  the 
air  gap  69.  For  vertical  alignment  of  the  ferrite  crystal  81 
it  is  important  that  the  upper  part  61  of  the  magnetic  core 
is  machined  accurately  to  a  predetermined  height  and 
that  the  distance  from  the  bottom  of  the  seat  57  to  the 

35  surface  of  the  foundation  in  the  cap  53  is  adjusted  ac- 
curately  by  machining  using  the  same  tools  in  the  same 
set-up.  The  precision  working  of  the  housing  51,  the 
magnetic  core  61  and  also  the  support  85  assure  a  good 
alignment  of  the  ferrite  crystal  81  in  the  homogeneous 

40  magnetic  field  and  minimizes  the  need  for  readjustment. 
[0024]  Current/voltage-connections  89  for  feeding 
supply  voltages  and  control  currents  etc.  as  well  as  a 
microwave  output  91  are  arranged  in  the  housing  51. 
The  high  frequency  output  signal  is  obtained  at  the  mi- 

45  crowave  output  91  .  The  cap  53  and  the  bottom  55  of  the 
housing  51  are  connected  by  means  of  tubular  rivets  93. 
A  sealing  ring  95  between  the  cap  53  and  the  bottom  55 
provides  for  good  sealing  between  the  cavity  of  the 
housing  51  and  the  environment.  The  housing  51  may 

so  be  enclosed  by  a  casing  97,  99  of  magnetic  plate,  so 
called  u.-metal,  providing  a  magnetic  shield  for  minimal 
leakage  of  the  magnetic  field  to  the  surroundings  and 
elimination  of  external  magnetic  disturbances.  This 
shield  is  much  smaller  and  more  effective  than  the  cor- 

55  respondingly  arranged  shield  of  the  prior  art  construc- 
tion  because  said  casing  97,  99  is  not  in  direct  contact 
with  the  magnetic  core  61,  63,  an  extra  non-magnetic 
gap  being  obtained  between  the  shield  97,  99  and  the 
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magnetic  core  61  ,  63. 
[0025]  The  embodiment  of  a  YIG-component  accord- 
ing  to  the  invention  as  disclosed  in  Figure  2  and  3  oper- 
ates  substantially  in  the  same  way  as  the  prior  art  con- 
struction.  Accordingly,  current  is  supplied  via  a  connec- 
tion  89  to  the  main  coil  71  for  coarse  adjustment  of  the 
frequency  of  the  output  signal  from  the  component.  Cor- 
respondingly,  fine  adjustment  is  obtained  by  means  of 
the  modulation  coil  73.  The  current  through  the  coil  71 
generates  a  magnetic  flux  substantially  following  a 
closed  loop  through  the  magnetic  core  61  ,  63,  upwards 
through  the  lower  pole  pin  67  and  the  upper  pole  pin  65 
via  the  air  gap  69,  sideways,  downwards  through  side 
elements,  inwards  to  the  centre  and  again  upwards 
through  the  lower  pole  pin  67.  A  strong,  homogeneous 
magnetic  field  is  then  obtained  in  the  air  gap  69  in  which 
the  ferrite  crystal  81  is  positioned.  The  ferrite  crystal 
81  ,  in  combination  with  the  microwave  circuit  79,  gener- 
ates  a  signal  of  a  certain  frequency  which  is  directly  re- 
lated  to  the  strength  of  the  H-field.  The  signal  is  supplied 
to  the  output  91  . 
[0026]  Even  if  the  main  operation  principle  are  the 
same,  the  new  structure  of  the  YIG-component  never- 
theless  provides  for  a  number  of  operating  advantages 
in-comparison  with  prior  art  components,  beyond  the 
great  advantages  of  the  construction  as  such.  A  sub- 
stantially  smaller  useless  magnetic  flux  or  leakage  flux 
is  obtained  by  this  new  magnetic  core  construction  61  , 
63  in  comparison  with  the  prior  art  construction.  The  im- 
proved  performance  of  the  new  construction  and  the  fur- 
ther  design  of  the  YIG-component,  as  discussed  above, 
allows  for  simplified  production  of  a  highly  complicated 
and  compact  component,  which  is  substantially  smaller 
and  has  a  substantially  lower  weight  than  prior  art  YIG- 
components. 
[0027]  The  choice  of  the  material  for  the  housing  51 
may  be  made  reasonably  at  will,  which  allows  for  a 
choice  of  an  easily  workable,  low  weight  material  which 
is  nevertheless  robust.  Preferably  aluminum  or  zinc  is 
used.  However,  it  may  be  an  advantage  to  use  u.-metal, 
at  least  partially. 
[0028]  When  the  currents  in  the  coils  71,  73  are 
changed  in  order  to  obtain  a  change  of  the  output  signal 
frequency,  eddy  currents  are  induced  in  the  magnetic 
core  61  ,  63.  By  dimensioning  the  parts  of  the  core  such 
that  each  section  through  the  material  transverse  to  the 
direction  of  the  flux  therein  has  substantially  one  and  the 
same  circumference,  substantially  one  time  constant  is 
obtained,  which  is  explained  by  the  fact  that  the  eddy 
currents  are  substantially  surface  related.  This  means 
that  it  is  possible  to  use  only  one  compensation  network 
in  order  to  obtain  a  fast  settling  time.  Furthermore,  the 
low  leakage  flux  provides  for  a  low  inductance  in  the 
main  coil  71  ,  also  shortening  the  settling  time.  A  further 
improvement  may  be  obtained  by  building  the  magnetic 
core  from  laminates,  because  this  will  reduce  said  eddy 
currents. 
[0029]  The  dimensions  of  the  section  of  the  magnetic 

core  61,  63  may  be  further  decreased  due  to  the  re- 
duced  leakage  flux.  It  is  thereby  possible  to  obtain  even 
shorter  time  constants  for  said  eddy  currents. 
[0030]  The  coil  73  has  a  lower  number  of  winding 

5  turns  than  conventional  type  coils,  which  in  combination 
with  the  fact  that  it  is  formed  as  a  printed  circuit  1  00  pro- 
vides  for  small  dimensions.  The  reduced  number  of 
winding  turns  is  made  possible  by  the  miniaturized  con- 
struction  according  to  the  invention  with  a  very  narrow 

10  air  gap  69,  because  the  number  of  winding  turns  is  sub- 
stantially  proportional  to  the  length  of  the  air  gap,  and 
the  new  design  of  the  coil  73,  which  enables  positioning 
of  the  coil  73  close  to  the  ferrite  crystal  81  .  The  conduc- 
tor  of  the  modulation  coil  73  is  substantaially  shorter 

is  than  the  conductor  of  the  modulation  coil  in  the  prior  art, 
which  provides  for  a  reduction  in  the  the  eddy  currents 
in  the  pole  pin.  In  turn  this  leads  to  an  enlarged  band- 
width  (modulation  bandwidth)  of  the  modulation  coil  73. 
The  modulation  bandwidth  is  defined  as  the  frequency 

20  at  which  the  sensitivity  of  modulation  has  decreased  to 
71%  (-3  dB)  of  the  sensitivity  at  0  Hz. 
[0031]  The  combination  of  the  very  thin  coil,  the  re- 
duced  number  of  winding  turns  of  the  coil,  the  narrow 
air  gap  and  the  fact  that  the  coil  is  arranged  in  close 

25  vicinity  to  the  ferrite  crystal  provides  for  a  YIG-compo- 
nent  having  modulation  features  which  are  significantly 
improved  in  relation  to  prior  art  YIG-components  using 
conventionally  built  magnetic  structures. 
[0032]  A  further  great  advantage  of  the  new  construe- 

so  tion  is  that  it  allows  for  an  integration  of  several  YIG  and 
other  electric  functions  within  the  same  housing.  Ac- 
cordingly,  mixers,  filters,  power  dividers,  amplifiers  etc., 
may  be  integrated  to  form  one  module.  Accordingly, 
what  formerly  required  a  number  of  separate  compo- 

35  nents  having  intermediate  conductors  may  be  integrat- 
ed  into  one  and  the  same  housing  51  in  the  construction 
according  to  the  invention.  It  follows  from  this  that  an 
optional  system  may  be  built  and  enclosed  in  the  hous- 
ing  51,  whereby  several  cavities  having  several  mag- 

40  nets  and/or  several  ferrite  crystals  may  even  be  provid- 
ed  therein.  Also  other  electronics  for  controlling  and  su- 
pervising  YIG-components,  such  as  circuits  for  voltage- 
to-current  transformation  ("drivers")  of  a  miniaturized 
design  may  be  integrated  into  the  same  housing  51  . 

45  [0033]  The  size  of  the  said  new  YIG  component  al- 
lows  for  direct  integration  into  a  subsystem  unit.  By  this 
integration,  the  control  connections  are  simplified  be- 
cause  of  reduced  requirements  for  protection  against  in- 
terfering  radiation  (EMI).  This  also  provides  for  a  system 

so  which  is  substantially  non-sensitive  to  external  electric 
disturbances. 
[0034]  As  is  evident  to  the  man  skilled  in  the  art,  the 
embodiment  which  has  been  described  above  is  only 
one  example  of  an  YIG-component  according  to  the  in- 

55  vention  and  changes  may  be  made  within  the  framework 
of  the  inventive  idea  as  it  is  defined  in  the  attached  pat- 
ent  claims.  For  example,  the  shape  of  the  magnetic  core 
may  be  varied  as  long  as  it  fulfills  the  criteria  established 
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for  dimensioning  with  regard  to  time  constants  and/or 
leakage  flux,  and  the  same  may  be  shaped  in  one  piece 
or  comprise  a  number  of  separate  parts.  Furthermore, 
the  housing,  the  ceramic  circuit  carrier,  etc.,  may  clearly 
be  shaped  in  different  ways.  Instead  of  being  an  elec- 
tromagnet,  the  magnetic  circuit  may  comprise  a  perma- 
nent  magnet  in  a  magnetic  structure  or  may  comprise 
combinations  of  electro-  and  permanent  magnets.  In 
components  using  only  one  defined  frequency,  a  per- 
manent  magnet  may  be  used  instead  of  the  electromag- 
net.  The  modulation  coil  may  be  shaped  conventionally 
from  a  thin,  isolated  copper  wire. 
[0035]  The  sealing  of  this  new  YIG  component  can  al- 
so  be  made  hermetic  using  a  slightly  different  mechan- 
ical  design. 

Claims 

1  .  A  YIG-component  comprising  a  magnetic  circuit  for 
generating  an  homogeneous  magnetic  field  in  an 
air  gap  (69)  of  the  magnetic  circuit  and  at  least  one 
ferrite  crystal  (81  )  disposed  in  said  air  gap  (69)  and 
having  a  magnetic  resonance  frequency  which  may 
be  controlled  dependent  on  the  strength  of  the  ho- 
mogeneous  magnetic  field,  wherein  said  magnetic 
circuit  is  enclosed  in  a  cavity  of  a  housing  (53,  55), 
arranged  for  mechanically  relieving  the  magnetic 
circuit  from  external  influence  and  formed  from  a 
material  selected  at  will,  wherein  said  magnetic  cir- 
cuit  is  disposed  on  a  specifically  shaped  seat  (57) 
for  accurate  positioning  of  the  air  gap  (69)  in  said 
housing  (51,  53),  and  wherein  a  foundation  is  de- 
fined  in  said  housing  (51  ,  53)  for  supporting  a  YIG- 
unit  (75)  comprising  said  ferrite  crystal  (81  )  with  cor- 
rect  positioning  of  the  ferrite  crystal  in  the  air  gap 
(69),  characterized  in  that  the  magnetic  circuit 
comprises  a  magnetic  core  (61,  63)  built  from  ele- 
ments  having  substantially  the  same  circumference 
around  a  section  transverse  to  the  direction  of  the 
magnetic  flux  through  the  element. 

2.  A  YIG-component  as  claimed  in  claimed  1  ,  charac- 
terized  in  that  said  magnetic  core  comprises  at 
least  one  E-shaped  part. 

3.  A  YIG-component  as  claimed  in  claim  1  or  2,  char- 
acterized  in  that  said  magnetic  core  is  constituted 
by  two  E-shaped  parts. 

4.  A  YIG-component  as  claimed  in  any  one  of  claims 
1  to  3,  characterized  in  that  said  magnetic  circuit 
is  provided  with  pole  pins  (65,  67)  defining  said  air 
gap  (69),  in  which  one  pole  pin  (65)  is  projected 
through  a  hole  of  said  YIG-unit  (75),  thereby  posi- 
tioning  it  and  said  ferrite  crystal  (81  )  in  two  dimen- 
sions  in  the  homogeneous  magnetic  field,  and  in 
that  said  foundation  is  precision  shaped  for  posi- 

tioning  of  the  YIG-unit  (75)  and  the  ferrite  crystal  in 
a  third  dimension  in  the  homogeneous  magnetic 
field. 

5  5.  A  YIG-component  as  claimed  in  any  one  of  the  pre- 
ceding  claims,  characterized  in  that  the  magnetic 
core  (61,  63)  is  build  from  laminates. 

6.  A  YIG-component  as  claimed  in  any  one  of  the  pre- 
10  ceding  claims  and  comprising  a  modulation  coil  (73) 

disposed  in  the  air  gap,  characterized  in  that  said 
modulation  coil  (73)  comprises  a  printed  circuit 
(100). 

is  7.  A  YIG-component  as  claimed  in  any  one  of  the  pre- 
ceding  claims,  characterized  in  that  the  compo- 
nent  is  provided  with  means  for  the  direct  connec- 
tion  of  the  same  to  a  circuit  board. 

20  8.  A  YIG-component  as  claimed  in  any  one  of  the  pre- 
ceding  claims,  characterized  in  that  said  housing 
(53,  55)  is  separated  into  a  lower  part  (55)  and  an 
upper  part  (53),  and  in  that  said  magnetic  circuit  is 
attached  to  the  upper  part  (53)  of  the  housing. 

25 
9.  A  YIG-component  as  claimed  in  any  one  of  the  pre- 

ceding  claims,  characterized  by  comprising  a 
housing  (97,  99)  of  a  magnetically  shielding  mate- 
rial  substantially  enclosing  the  housing  (53,  55). 

30 
10.  A  YIG-component  as  claimed  in  any  one  of  the  pre- 

ceding  claims,  characterized  in  that  the  YIG  unit 
(75)  comprises  a  carrier  (76),  a  microwave  circuit 
(79),  said  ferrite  crystal  (81)  and  means  for  electri- 

cs  cally  interconnecting  the  microwave  circuit  (79)  and 
the  ferrite  crystal  (81  ),  said  carrier  being  connected 
to  the  foundation  and  supporting  the  microwave  cir- 
cuit  (79),  the  ferrite  crystal  (81)  and  said  last  men- 
tioned  means. 

40 
11.  A  YIG-component  as  claimed  in  any  one  of  the  pre- 

ceding  claims,  characterized  in  that  said  magnetic 
circuit  comprises  a  permanent  magnet. 

45  12.  A  YIG-component  as  claimed  in  any  one  of  the  pre- 
ceding  claims,  characterized  in  that  further  cavities 
are  formed  in  said  housing  (53,  55),  and  in  that  fur- 
ther  electro-  or  permanent  magnets  are  arranged  in 
said  further  cavities. 

50 
13.  A  YIG-component  as  claimed  in  any  one  of  the  pre- 

ceding  claims,  characterized  in  that  said  housing 
(53,  55)  is  made  of  aluminum  or  zinc. 

55  14.  AYIG-component  as  claimed  in  claim  ^character- 
ized  in  that  means  for  performing  several  different 
YIG-functions  and  means  for  performing  other  elec- 
tronic  functions  are  integrated  into  the  same  hous- 
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ing  (53,  55). 

Patentanspriiche 

1.  YIG-Komponente  mit  einer  Magnetschaltung  zur 
Erzeugung  eines  homogenen  Magnetfelds  in  einem 
Luftspalt  (69)  der  Magnetschaltung  und  mit  zumin- 
dest  einem  Ferritkristall  (81),  der  in  dem  Luftspalt 
(69)  angeordnet  ist  und  eine  magnetische  Reso- 
nanzf  requenz  aufweist,  die  in  Abhangigkeit  von  der 
Starke  des  homogenen  Magnetfelds  gesteuert  wer- 
den  kann,  wobei  die  Magnetschaltung  in  einem 
Hohlraum  eines  Gehauses  (53,  55)  eingeschlossen 
ist,  das  die  Magnetschaltung  von  externen  Einflus- 
sen  mechanisch  entlasten  kann  und  das  aus  einem 
nach  Wunsch  ausgewahlten  Material  ausgebildet 
ist,  wobei  die  Magnetschaltung  auf  einem  spezi- 
fisch  geformten  Sitz  (57)  fur  eine  genaue  Positio- 
nierung  des  Luftspalts  (69)  in  dem  Gehause  (51, 
53)  angeordnet  ist,  und  wobei  ein  Unterbau  in  dem 
Gehause  (51  ,  53)  zur  Unterstutzung  einer  den  Fer- 
ritkristall  (81  )  aufweisenden  YIG-Einheit  (75)  mit  ei- 
ner  korrekten  Positionierung  des  Ferritkristalls  in 
dem  Luftspalt  (69)  definiert  ist,  dadurch  gekenn- 
zeichnet,  daR  die  Magnetschaltung  einen  Magnet- 
kern  (61,  63)  aufweist,  der  aus  Elementen  mit  im 
wesentlichen  dem  gleichen  Umfang  urn  einen  Ab- 
schnitt  quer  zu  der  Richtung  des  Magnetflusses 
durch  das  Element  gebildet  ist. 

2.  YIG-Komponente  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  daR  der  Magnetkern  zumindest  ein 
E-formiges  Teil  aufweist. 

3.  YIG-Komponente  nach  Anspruch  1  oder  2,  da- 
durch  gekenn  zeichnet,  daR  der  Magnetkern  aus 
zwei  E-formigen  Teilen  aufgebaut  ist. 

4.  YIG-Komponente  nach  zumindest  einem  der  An- 
spruche  1  bis  3,  dadurch  gekennzeichnet,  daR  die 
Magnetschaltung  mit  den  Luftspalt  (69)  definieren- 
den  Polstiften  (65,  67)  ausgestattet  ist,  wobei  ein 
Polstift  (65)  durch  eine  Offnung  der  YIG-Einheit  (75) 
herausragt,  wodurch  diese  und  der  Ferritkristall 
(81)  in  zwei  Dimensionen  in  dem  homogenen  Ma- 
gnetfeld  positioniert  werden,  und  dal3  der  Unter- 
grund  fur  eine  Positionierung  der  YIG-Einheit  (75) 
und  des  Ferritkristalls  in  einer  dritten  Dimension  in 
dem  homogenen  Magnetfelds  prazisionsgeformt 
ist. 

5.  YIG-Komponente  nach  zumindest  einem  der  vor- 
hergehenden  Anspruche,  dadurch  gekennzeich- 
net,  daR  der  Magnetkern  (61  ,  63)  aus  Schichten  ge- 
bildet  ist. 

6.  YIG-Komponente  nach  zumindest  einem  der  vor- 

hergehenden  Anspruche  und  mit  einer  in  dem  Luft- 
spalt  angeordneten  Modulationsspule  (73),  da- 
durch  gekennzeichnet,  daR  die  Modulationsspule 
(73)  eine  gedruckte  Schaltung  (100)  bildet. 

5 
7.  YIG-Komponente  nach  zumindest  einem  der  vor- 

hergehenden  Anspruche,  dadurch  gekennzeich- 
net,  daR  die  Komponente  mit  einer  Einrichtung  fur 
eine  direkte  Verbindung  derselben  mit  einer  Schal- 

10  tungsplatte  ausgestattet  ist. 

8.  YIG-Komponente  nach  zumindest  einem  der  vor- 
hergehenden  Anspruche,  dadurch  gekennzeich- 
net,  daR  das  Gehause  (53,  55)  in  ein  unteres  Teil 

is  (55)  und  ein  oberes  Teil  (53)  getrennt  ist,  und  dal3 
die  Magnetschaltung  bei  dem,  oberen  Teil  (53)  des 
Gehauses  angebracht  ist. 

9.  YIG-Komponente  nach  zumindest  einem  der  vor- 
20  hergehenden  Anspruche,  gekennzeichnet  durch 

ein  Gehause  (97,  99)  aus  einem  magnetisch  ab- 
schirmenden  Material,  das  das  Gehause  (53,  55) 
im  wesentlichen  umschlieBt. 

25  10.  YIG-Komponente  nach  zumindest  einem  der  vor- 
hergehenden  Anspruche,  dadurch  gekennzeich- 
net,  daR  die  YIG-Einheit  (75)  einen  Trager  (76),  ei- 
ne  Mikrowellenschaltung  (79),  den  Ferritkristall  (81  ) 
und  eine  Einrichtung  zur  elektrischen  Verbindung 

30  der  Mikrowellenschaltung  (79)  und  des  Ferritkri- 
stalls  (81)  aufweist,  wobei  der  Trager  mit  dem  Un- 
tergrund  verbunden  ist  und  die  Mikrowellenschal- 
tung  (79),  den  Ferritkristall  (81)  und  die  zuletzt  ge- 
nannte  Einrichtung  unterstutzt. 

35 
11.  YIG-Komponente  nach  zumindest  einem  der  vor- 

hergehenden  Anspruche,  dadurch  gekennzeich- 
net,  daR  die  Magnetschaltung  einen  Permanent- 
magneten  aufweist. 

40 
12.  YIG-Komponente  nach  zumindest  einem  der  vor- 

hergehenden  Anspruche,  dadurch  gekennzeich- 
net,  daR  weitere  Hohlraume  in  dem  Gehause  (53, 
55)  ausgebildet  sind,  und  dal3  weitere  Elektroma- 

45  gnete  oder  Permanentmagnete  in  diesen  weiteren 
Hohlraumen  angeordnet  sind. 

13.  YIG-Komponente  nach  zumindest  einem  der  vor- 
hergehenden  Anspruche,  dadurch  gekennzeich- 

so  net,  daR  das  Gehause  (53,  55)  aus  Aluminium  oder 
Zink  hergestellt  ist. 

14.  YIG-Komponente  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  daR  Einrichtungen  zur  Ausfuhrung 

55  einiger  unterschiedlicher  YIG-Funktionen  sowie 
Einrichtungen  zur  Ausfuhrung  weiterer  elektroni- 
scher  Funktionen  in  dem  gleichen  Gehause  (53,  55) 
eingebaut  sind. 
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Revendications 

1.  Composant  YIG  comprenant  un  circuit  magnetique 
servant  a  generer  un  champ  magnetique  homoge- 
ne  dans  un  entrefer  (69)  du  circuit  magnetique,  et 
au  moins  un  cristal  de  ferrite  (81  )  dispose  dans  led  it 
entrefer  (69)  et  possedant  une  frequence  de  reso- 
nance  magnetique  qui  peut  etre  commandee  en 
fonction  de  I'intensite  du  champ  magnetique  homo- 
gene,  et  dans  lequel  ledit  circuit  magnetique  est  en- 
ferme  dans  une  cavite  d'un  boTtier  (53,  54)  agence 
de  maniere  a  reduire  mecaniquement  I'influence 
externe  appliquee  au  circuit  magnetique  et  forme 
d'un  materiau  choisi  a  volonte,  et  dans  lequel  ledit 
circuit  magnetique  est  dispose  sur  un  siege  de  for- 
me  specifique  (57)  permettant  de  positionner  de  fa- 
con  precise  I'entrefer  (69)  dans  ledit  boTtier  (51  ,  53), 
et  dans  lequel  une  base  de  support  est  definie  dans 
ledit  boTtier  (51,  53)  pour  supporter  une  unite  YIG 
(75)  constitute  par  ledit  cristal  de  ferrite  (81)  avec 
un  positionnement  correct  du  cristal  de  ferrite  dans 
I'entrefer  (69),  caracterise  en  ce  que  le  circuit  ma- 
gnetique  comprcnd  un  noyau  magnetique  (61,  63) 
construit  avec  des  elements  ayant  sensiblement  la 
meme  circonference  autour  d'une  section  transver- 
sale  par  rapport  a  la  direction  du  flux  magnetique 
traversant  I'element. 

2.  Composant  YIG  selon  la  revendication  1,  caracte- 
rise  en  ce  que  ledit  noyau  magnetique  comprend 
au  moins  une  partie  en  forme  de  E. 

3.  Composant  YIG  selon  la  revendication  1  ou  2,  ca- 
racterise  en  ce  que  ledit  noyau  magnetique  est 
constitue  par  deux  parties  en  forme  de  E. 

4.  Composant  YIG  selon  I'une  quelconque  des  reven- 
dications  1  a  3,  caracterise  en  ce  que  ledit  circuit 
magnetique  est  equipe  de  tiges  polaires  (65,  67)  de- 
finissant  ledit  entrefer  (69),  dans  lequel  une  tige  po- 
laire  (65)  fait  saillie  a  travers  un  trou  de  ladite  unite 
YIG  (75)cequi  provoque  le  positionnement  decette 
unite  et  dudit  cristal  de  ferrite  (81  )  dans  deux  dimen- 
sions  dans  le  champ  magnetique  homogene,  et  en 
ce  que  ladite  base  de  support  est  conformee  de  fa- 
con  precise  pour  le  positionnement  de  I'unite  YIG 
(75)  et  du  cristal  de  ferrite  dans  une  troisieme  di- 
mension  dans  le  champ  magnetique  homogene. 

5.  Composant  YIG  selon  I'une  quelconque  des  reven- 
dications  precedentes,  caracterise  en  ce  que  le 
noyau  magnetique  (61,  63)  est  constitue  de  strati- 
fies. 

6.  Composant  YIG  selon  I'une  quelconque  des  reven- 
dications  precedentes  et  comprenant  une  bobine 
de  modulation  (73)  disposee  dans  I'entrefer,  carac- 
terise  en  ce  que  ladite  bobine  de  modulation  (73) 

est  constitue  d'un  circuit  imprime  (100). 

7.  Composant  YIG  selon  I'une  quelconque  des  reven- 
dications  precedentes,  caracterise  en  ce  que  le 

5  composant  est  equipe  de  moyens  servant  a  le  con- 
necter  directement  a  un  panneau  de  circuits. 

8.  Composant  YIG  selon  I'une  quelconque  des  reven- 
dications  precedentes,  caracterise  en  ce  que  ledit 

10  boTtiers  (53,  55)  est  subdivise  en  une  partie  inferieu- 
re  (55)  et  une  partie  superieure  (53),  et  en  ce  que 
ledit  circuit  magnetique  est  fixe  a  la  partie  superieu- 
re  (53)  du  boTtier. 

is  9.  Composant  YIG  selon  I'une  quelconque  des  reven- 
dications  precedentes,  caracterise  en  ce  qu'il  com- 
prend  un  boTtier  (97,  99)  forme  d'un  materiau  de 
blindage  magnetique  entourant  pour  I'essentiel  le 
boTtier  (53,  55). 

20 
10.  Composant  YIG  selon  I'une  quelconque  des  reven- 

dications  precedentes,  caracterise  en  ce  que  I'unite 
YIG  (75)  comprend  un  support  (76),  un  circuit  a  mi- 
cro-ondes  (79),  ledit  cristal  de  ferrite  (81)  et  des 

25  moyens  pour  interconnecter  electriquement  le  cir- 
cuit  a  micro-ondes  (79)  et  le  cristal  de  ferrite  (81), 
ledit  support  etant  connecte  a  la  base  de  support  et 
supportant  le  circuit  a  micro-ondes  (79),  le  cristal 
de  ferrite  (81  )  et  lesdits  moyens  mentionnes  en  der- 

30  nier  lieu. 

11.  Composant  YIG  selon  I'une  quelconque  des  reven- 
dications  precedentes,  caracterise  en  ce  que  ledit 
circuit  magnetique  comprend  un  aimant  permanent. 

35 
12.  Composant  YIG  selon  I'une  quelconque  des  reven- 

dications  precedentes,  caracterise  en  ce  que 
d'autres  cavites  sont  formees  dans  ledit  boTtier  (53, 
55),  et  en  ce  que  d'autres  electroaimants  ou 

40  aimants  permanents  sont  disposes  dans  lesdites 
autres  cavites. 

13.  Composant  YIG  selon  I'une  quelconque  des  reven- 
dications  precedentes,  caracterise  en  ce  que  ledit 

45  boTtier  (53,  55)  est  realise  en  aluminium  ou  en  zinc. 

14.  Composant  YIG  selon  la  revendication  1,  caracte- 
rise  en  ce  que  des  moyens  pour  effectuer  differen- 
tes  fonctions  YIG  et  des  moyens  pour  executer 

so  d'autres  fonctions  electroniques  sont  integres  dans 
le  meme  boTtier  (53,  55). 

55 
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