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©  Yig  component. 

©  The  invention  is  directed  to  the  structure  of  a 
YIG-component.  The  component  comprises  a 
magnetic  circuit  for  generating  an  homo- 
geneous  magnetic  field  in  an  air  gap  of  the 
magnetic  circuit  and  at  least  one  ferrite  crystal 
(81)  arranged  in  the  air  gap.  The  magnetic 
resonance  frequency  of  the  ferrite  crystal  (81) 
may  be  controlled  dependent  on  the  strength  of 
the  homogeneous  magnetic  field.  The  magnetic 
circuit  is  enclosed  in  a  cavity  of  a  housing  (53, 
55)  arranged  for  mechanically  relieving  the 
magnetic  circuit  from  external  influence.  The 
housing  (53,  55)  may  be  formed  from  a  material 
selected  at  will.  The  magnetic  circuit  is  ar- 
ranged  in  a  specifically  shaped  seat  for  accu- 
rate  positioning  of  the  air  gap  in  the  housing 
(53,  55).  A  foundation  formed  in  the  housing  (53, 
55)  is  provided  for  supporting  a  YIG-unit  (75) 
comprising  the  ferrite  crystal  (81)  with  correct 
positioning  of  the  ferrite  crystal  in  the  air  gap. 
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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. 

"YIG-components"  is  a  generic  term  for  devices 
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- 
components  are  used  in  high  frequency  applications 
for  frequencies  from  about  500  MHz  and  upwards. 
Electromagnetic  frequencies  in  this  range  are  often 
denoted  microwaves  and  electric  circuits  operating  at 
these  frequencies  are  denoted  "microwave  circuits" 
herein. 

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 
follows  from  this  that  when  using  an  electromagnet, 
the  resonance  frequency  of  a  YIG-component  may  be 
controlled  electrically  via  the  current  through  said 
electromagnet.  The  ferrite  resonator  has  a  number  of 
good  features  and  is  characterized  by  a  high  Q-value 
and  that  it  may  be  controlled  electrically  within  very 
broad  frequency  ranges  (several  octaves). 

The  majority  of  prior  art  YIG-components  have  a 
design  in  which  the  electromagnet  completely  or  part- 
ly  constitutes  the  housing  and  carrier  for  the  remain- 
ing  components,  such  as  said  ferrite  crystal,  micro- 
wave  circuits  etc.,  required  to  make  up  the  intended 
YIG-component.  Because  magnetic  iron  is  a  material 
which  is  difficult  to  work  the  intention  has  been  to  pro- 
vide  an  uncomplicated  mechanical  structure  for  the 
YIG-component.  This  has  brought  about  a  construc- 
tion  in  which  the  magnetic  core  is  constituted  by  a  cy- 
linder  having  a  bottom,  a  cap  and  a  central  pin  or  pole 
pin,  extending  upwards  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  ar- 
ranged  in  the  space  defined  between  the  magnetic 
coil  and  the  cap  of  the  magnetic  core  and  are  attach- 
ed  to  the  cap  or  the  cylinder  wall. 

This  prior  art  construction  has  several  draw- 
backs.  Above  all  it  is  relatively  big,  heavy  and  expen- 
sive  because  the  magnetic  material  is  a  specific  and 
expensive  alloy  which  is  difficult  to  work.  The  con- 
struction  has  been  gradually  minimized  but  size  min- 
imization  is  limited  by  the  fact  that  the  components 

which  are  accommodated  therein  require  a  fixed 
amount  of  space  and  by  the  fact  that  the  resonator 
must  be  oriented  to  the  center  of  the  mechanic  struc- 
ture. 

5  The  thermal  conductivity  of  magnetic  iron  is  low 
and  this  is  a  disadvantage  of  the  prior  art  construction 
because  a  relatively  high  power  dissipation  from  said 
coil  and  circuits  must  be  cooled  via  this  material. 

Certainly,  the  prior  art  YIG-components  may  be 
10  controlled  electrically  but  high  inductance  in  the  con- 

trol  coil  and  troublesome  eddy  currents  have  the  con- 
sequence  that  changes  of  frequency  are  relatively 
time  consuming,  thereby  limiting  the  range  of  possi- 
ble  applications.  Of  the  magnetic  flux  which  is  gener- 

is  ated  by  the  electromagnet,  the  greater  part  flows  up- 
wards  through  said  pole  pin  via  said  slot  or  pole  gap 
to  said  cap,  downwards  through  said  cylinderand  bot- 
tom  and  returns  upwards  through  the  pole  pin.  The 
magnetic  flux  thus  passes  through  many  parts  of  dif- 

20  ferent  sections  and  circumferences.  When  making  a 
current  change  in  order  to  change  the  resonance  fre- 
quency,  a  flux  change  results.  In  that  case,  eddy  cur- 
rents  are  induced  at  each  section/circumference  with 
a  varying  strength  and  decay  time  or  time  constant 

25  dependent  on  the  section/circumference.  These  eddy 
currents  initiate  an  exponential  delay  between  tuning 
current  and  magnetization  (frequency  change).  This 
delay  may  be  compensated  by  a  "driver",  an  electron- 
ic  curcuit  for  voltage-to-current  transformation  which 

30  is  used  for  enabling  the  YIG-component  voltage  to  be 
controlled.  A  magnet  of  this  conventional  design  ini- 
tiates  about  five  different  time  constants,  which  must 
be  compensated  by  an  equal  number  of  compensa- 
tion  networks,  each  of  which  must  be  defined  in  re- 

35  spect  of  proportionality  and  time  constant  in  order  to 
counteract  said  delay  effectively. 

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 

40  gap  between  the  pole  pin  and  the  cap,  but  in  the  prior 
art  construction  a  significant  part  deflects  away  from 
the  pole  pin  and  passes  outside  the  pole  gap,  gener- 
ating  excessive  inductance. 

Furthermore  the  conventional  YIG-component  is 
45  sensitive  to  mechanical  influences  as  well  as  external 

magnetic  fields  from  fans,  motors,  etc.,  which  may 
modulate  the  resonance  frequency.  Accordingly,  a 
specific  mechanical  mounting  and  an  external,  mag- 
netic  shield  of  n-metal  arranged  around  the  YIG-com- 

50  ponent,  respectively,  are  often  required. 
The  YIG-component  is  ordinarily  used  in  a  micro- 

wave  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 

55  other  units.  It  follows  from  this  that  said  components 
and  units  must  be  interconnected  by  means  of  exter- 
nal  contacts,  cables  and  mechanical  devices. 

Up  to  now,  the  range  of  application  of  the  YIG- 
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components  has  been  limited  by  the  abovementioned 
drawbacks. 

An  object  of  the  invention  is  to  eliminate  the  draw- 
backs  of  the  prior  art  technology  and  to  provide  a  YIG- 
component  which  is  small,  easy  to  assemble  on  a  cir- 
cuit  board  and  allows  for  integration  of  a  number  of  de- 
sirable  functions. 

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  induc- 
tance  for  obtaining  rapid  changes  of  frequency. 

The  objects  of  the  invention  are  achieved  in  a 
YIG-component  according  to  this  invention,  said  com- 
ponent  being  characterized  in  that  the  magnetic  cir- 
cuit  is  enclosed  within  a  cavity  of  a  housing  arranged 
for  mechanically  relieving  the  magnetic  circuit  from 
external  influence  and  shaped  from  a  material  select- 
ed  at  will,  the  magnetic  circuit  is  disposed  on  a  spe- 
cifically  shaped  seat  for  an  accurate  positioning  of  the 
air  gap  in  said  housing,  and 
a  foundation  is  defined  in  said  housing  for  supporting 
a  YIG-unit  comprising  said  ferrite  crystal,  with  correct 
positioning  of  the  ferrite  crystal  in  the  air  gap. 

The  YIG-component  thus  obtained  according  to 
the  invention  discloses  a  completely  novel  way  of 
thinking.  In  a  sense  the  old  construction  has  been 
turned  inside  out.  The  magnetic  core  no  longer  con- 
stitutes  the  housing,  but  instead  a  specific  housing 
has  been  formed  enclosing  the  remaining  component 
parts.  This  means  that  the  construction  may  be  made 
substantially  smaller  and  allows  greater  freedom  be- 
cause  the  incorporated  elements  may  be  positioned 
fairly  much  at  will  in  the  housing  and  the  magnetic  cir- 
cuit  may  be  made  smaller  with  less  regard  to  the  size 
of  the  remaining  elements.  Further,  the  housing  may 
be  of  a  different  material  than  the  specific  alloy  men- 
tioned  above  may  be  shaped  with  high  precision  to  a 
complicated  structure,  in  order  to  ensure  that  ele- 
ments  requiring  an  accurate  mutual  alignment  will  be 
positioned  correctly  when  arranged  in  the  housing 
without  time  consuming  readjustment. 

A  preferred  embodiment  of  the  invention  is  char- 
acterized  in  that  the  modulation  coil  comprises  a 
printed  circuit. 

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 
modulation  coil.  When  using  a  conventional,  wire- 
wound  modulation  coil  in  this  compact  magnetic 
structure,  it  has  to  be  positioned  outside  the  air  gap, 
this  bringing  inferior  performance  in  respect  of  mod- 
ulation  features  in  comparison  with  a  conventionally 
built  YIG-component.  According  to  this  preferred  em- 
bodiment  of  the  invention,  a  modulation  coil  has  been 
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obtained  which  is  adapted  to  the  existing  conditions 
of  the  YIG-component  according  to  the  invention  and 
provides  for  substantially  improved  modulation  fea- 
tures  as  compared  with  a  conventional  type  modula- 

5  tion  coil. 
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: 

10  Figure  1  shows  an  exploded  view  of  a  convention- 
al  type  YIG-component; 
Figure  2  discloses  an  exploded  view  of  an  em- 
bodiment  of  a  YIG-component  according  to  the 
invention; 

15  Figure  3  discloses  a  second  view  of  the  assem- 
bled  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  com- 

20  prised  in  the  YIG-component. 
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 

25  2  and  a  lower  part  3,  which  is  an  element  which  has 
been  turned  in  one  piece  from  a  magnetic  iron  mate- 
rial.  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 

30  assembled,  an  air  gap  exists  between  the  upper  sur- 
face  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  the  pole  pin  6.  A  modulation  coil 
or  Fm-coil  9  for  fine  adjustment  is  provided  in  the  air 

35  gap,  the  coil  being  then  glue-fastened  to  the  end  sur- 
face  of  the  pole  pin  6.  The  modulation  coil  is  a  sparse- 
ly  wound  coil  (usually  25  windings),  which  is  shaped 
from  a  thin  insulated  copper  wire.  A  ferrite  crystal  in 
the  form  of  a  sphere  10  is  positioned  in  theairgapand 

40  disposed  on  a  dielectric  rod  11  ,  most  often  made  of  a 
ceramic,  for  example  saphire,  and  which  is  mounted 
on  a  carrier  12.  The  modulation  coil  9  is  positioned  as 
close  as  possible  to  the  ferrite  crystal  10.  The  carrier 
12  is  fixed  to  the  cap  2  on  its  inside. 

45  On  the  inside  of  the  cap  2,  a  ceramic  circuit  board 
13  comprising  microwave  electronics  is  also  attach- 
ed.  Connections  14  for  voltage  supply  and  control  of 
incorporated  components  are  provided  in  the  cap  2  as 
well  as  a  microwave  connection  1  5,  this  being  a  signal 

so  output. 
The  prior  art  component  in  Figure  1  operates  as 

follows.  Afirst  control  current  for  controlling  the  main 
coil  8  and  a  second  control  current  for  controlling  the 
modulation  coil  9  are  supplied  via  connections  14.  A 

55  magnetic  flux  is  then  generated  by  the  main  coil  8,  of 
which  a  large  part  follows  the  magnetic  iron,  that  is 
upwards  through  the  pole  pin  6,  via  the  air  gap  to  the 
upper  part  2,  downwards  through  the  cylinder  4  and 
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the  bottom  5  and  returns  upwards  through  the  pole 
pin  6.  The  modulation  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  10  is  positioned.  In  the  air  gap,  an  homogene- 
ous  magnetic  field  is  obtained.  The  ferrite  crystal  10 
has  the  feature  that  when  positioned  in  a  magnetic 
field  (H-field)  of  a  certain  magnitude,  a  resonance  fre- 
quency  which  is  proportional  to  the  H-field  is  ob- 
tained.  The  resonance  may  be  controlled  within  a  cer- 
tain  frequency  range,  for  example  2-20  GHz.  It  follows 
from  this  that  the  modulation  coil  9  controls  the  res- 
onance  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,  includ- 
ing  the  permanent  magnet,  the  main  coil,  the  air  gap 
and  the  magnetic  structure.  The  ferrite  crystal  10  is 
connected  to  an  electric  oscillator  circuit  on  the  circuit 
board  13.  The  oscillator  circuit  generates  an  electric 
wave  (oscillation)  having  a  frequency  which  corre- 
sponds  with  the  resonance  frequency  of  the  ferrite 
crystal  10.  Coarse  adjustment  of  the  frequency  is 
made  by  means  of  the  main  coil  8  and  fine  adjustment 
is  made  by  means  of  the  modulation  coil  9.  The  gen- 
erated  microwave  signal  is  connected  to  the  signal 
output  15.  This  prior  art  design  of  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  directly  from  the 
pole  pin  6  to  the  cap  2. 

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- 
adjusted  by  changing  the  control  current  to  the  mod- 
ulation  coil  9.  When  changing  the  current  in  said  coils, 
eddy  currents  are  induced  in  the  core  of  the  electro- 
magnet  which  attempt  to  counteract  the  change.  Said 
eddy  currents  appear  predominantly  in  the  surface 
layer  of  the  magnetic  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,  how- 
ever,  may  be  partly  compensated  by  means  of  sepa- 
rate  control  electronics  including  a  compensation  net- 
workforeach  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  influ- 
enced  by  said  eddy  currents. 

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 
Figure  2  and  a  sectional  view  in  Figure  3,  is  a  micro- 
wave  oscillator.  This  YIG-component  comprises  a 
housing  51  having  a  cap  53  and  a  bottom  55.  In  the 

5  bottom  55,  a  recess  59  is  defined.  In  the  cap  53,  a 
seat  57  is  precision-shaped  for  accommodating  a 
magnetic  core  61,  63  this  being  a  part  of  a  magnetic 
circuit  formed  as  an  electromagnet.  This  new  con- 
struction  principle  reduces  the  sensitivity  to  mechan- 

10  ical  influence  because  the  electromagnet  is  protected 
by  the  housing  51  .  Said  core  comprises  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  embodi- 

15  ment  and  is  built  up  from  elements  having  substantial- 
ly  one  and  the  same  circumference  around  a  section 
transverse  to  the  direction  of  the  magnetic  flux 
through  the  element.  The  magnetic  core  comprises 
an  upper  pole  pin  65  and  a  lower  pole  pin  67,  defining 

20  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  comprises  a 
main  coil  71,  surrounding  the  upper  pole  pin  65  and 

25  fixed  to  the  cap  53,  and  a  modulation  coil  73  or  Fm- 
coil,  arranged  adjacent  or  in  the  air  gap  69  and  being 
attached  to  either  one  of  the  pole  pins  65  and  67.  The 
modulation  coil  73,  may,  for  example,  be  glue- 
fastened  onto  the  end  surface  of  the  lower  pole  pin 

30  67.  As  shown  in  Figure  4,  said  modulation  coil  73  is 
preferably  made  as  a  printed  circuit  10  in  the  form  of 
a  conductive  pattern  101  in  one  or  several  layers  pro- 
vided  on  a  very  thin  carrier  12,  having  preferably  a 
thickness  which  is  «0,1  mm.  The  printed  circuit  dis- 

35  closed  in  Figure  4  comprises  two  identically  shaped 
layers,  one  of  which  is  arranged  on  the  upper  side  of 
the  carrier  102  and  the  other  on  its  underside  (not 
shown).  The  coil  conductor  103,  being  helically  ar- 
ranged,  is  initially  formed  very  thin  and  thereafter,  by 

40  gold  plating,  brought  to  a  thickness  which  is  sufficient 
in  order  to  fulfill  the  requirements  of  low  resistance. 
The  YIG-component  is  further  provided  with  a  YIG- 
unit  75,  comprising  a  disc-shaped  ceramic  circuit  car- 
rier  76,  which  is  arranged  adjacent  to,  and  fixed  on, 

45  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 
crystal  81  is  then  arranged  at  one  end  of  a  rod  83  be- 

50  ing  in  turn  carried  by  a  support  85.  The  support  85  is 
connected  to  the  ceramic  carrier  76.  The  microwave 
circuit  79  is  electrically  connected  to  the  ferrite  crystal 
81.  A  heating  element  (not  shown)  keeping  the  YIG- 
crystal  81  at  a  constant  temperature  via  the  support 

55  850  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  in- 
tegral  parts  of  the  YIG-unit  75  into  a  substantially  self- 

4 



7 EP0  591  115  A1 8 

supporting  unit.  A  hole  87  is  formed  in  the  ceramic  cir- 
cuit  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  ferrite  crys- 
tal  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  surface  of  the  foundation  in  the  cap  53 
is  adjusted  accurately  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  sup- 
port  85  assure  a  good  alignment  of  the  ferrite  crystal 
81  in  the  homogeneous  magnetic  field  and  minimizes 
the  need  for  readjustment. 

Current/voltage-connections  89  for  feeding  sup- 
ply  voltages  and  control  currents  etc.  as  well  as  a  mi- 
crowave  output  91  are  arranged  in  the  housing  51. 
The  high  frequency  output  signal  is  obtained  at  the  mi- 
crowave  output  91.  The  cap  53  and  the  bottom  55  of 
the  housing  51  are  connected  by  means  of  tubular  riv- 
ets  93.  A  sealing  ring  95  between  the  cap  53  and  the 
bottom  55  provides  for  good  sealing  between  the  cav- 
ity  of  the  housing  51  and  the  environment.  The  hous- 
ing  51  may  be  enclosed  by  a  casing  97,  99  of  mag- 
netic  plate,  so  called  n-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  correspondingly  arranged  shield  of 
the  prior  art  construction  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  magnetic  core  61  ,  63. 

The  embodiment  of  a  YIG-component  according 
to  the  invention  as  disclosed  in  Figure  2  and  3  oper- 
ates  substantially  in  the  same  way  as  the  prior  art 
construction.  Accordingly,  current  is  supplied  via  a 
connection  89  to  the  main  coil  71  for  coarse  adjust- 
ment  of  the  frequency  of  the  output  signal  from  the 
component.  Correspondingly,  fine  adjustment  is  ob- 
tained  by  means  of  the  modulation  coil  73.  The  cur- 
rent  through  the  coil  71  generates  a  magnetic  flux 
substantially  following  a  closed  loop  through  the  mag- 
netic  core  61  ,  63,  upwards  through  the  lower  pole  pin 
67  and  the  upper  pole  pin  65  via  the  air  gap  69,  side- 
ways,  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,  generates  a  signal  of  a 
certain  frequency  which  is  directly  related  to  the 
strength  of  the  H-field.  The  signal  is  supplied  to  the 
output  91. 

Even  if  the  main  operation  principle  are  the  same, 
the  new  structure  of  the  YIG-component  neverthe- 
less  provides  for  a  number  of  operating  advantages 
in-comparison  with  prior  art  components,  beyond  the 

5  great  advantages  of  the  construction  as  such.  A  sub- 
stantially  smaller  useless  magnetic  flux  or  leakage 
flux  is  obtained  by  this  new  magnetic  core  construc- 
tion  61  ,  63  in  comparison  with  the  prior  art  construc- 
tion.  The  improved  performance  of  the  newconstruc- 

10  tion  and  the  further  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. 

15  The  choice  of  the  material  forthe  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  n-met- 

20  al,  at  least  partially. 
When  the  currents  in  the  coils  71,  73  are 

changed  in  order  to  obtain  a  change  of  the  output  sig- 
nal  frequency,  eddy  currents  are  induced  in  the  mag- 
netic  core  61,  63.  By  dimensioning  the  parts  of  the 

25  core  such  that  each  section  through  the  material 
transverse  to  the  direction  of  the  flux  therein  has  sub- 
stantially  one  and  the  same  circumference,  substan- 
tially  one  time  constant  is  obtained,  which  is  explained 
by  the  fact  that  the  eddy  currents  are  substantially 

30  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 

35  may  be  obtained  by  building  the  magnetic  core  from 
laminates,  because  this  will  reduce  said  eddy  cur- 
rents. 

The  dimensions  of  the  section  of  the  magnetic 
core  61  ,  63  may  be  further  decreased  due  to  the  re- 

40  duced  leakage  flux.  It  is  thereby  possible  to  obtain 
even  shorter  time  constants  for  said  eddy  currents. 

The  coil  73  has  a  lower  number  of  winding  turns 
than  conventional  type  coils,  which  in  combination 
with  the  fact  that  it  is  formed  as  a  printed  circuit  100 

45  provides  for  small  dimensions.  The  reduced  number 
of  winding  turns  is  made  possible  by  the  miniaturized 
construction  according  to  the  invention  with  a  very 
narrow  air  gap  69,  because  the  number  of  winding 
turns  is  substantially  proportional  to  the  length  of  the 

so  air  gap,  and  the  new  design  of  the  coil  73,  which  en- 
ables  positioning  of  the  coil  73  close  to  the  ferrite 
crystal  81.  The  conductor  of  the  modulation  coil  73  is 
substantaially  shorter  than  the  conductor  of  the  mod- 
ulation  coil  in  the  prior  art,  which  provides  fora  reduc- 

55  tion  in  the  the  eddy  currents  in  the  pole  pin.  In  turn 
this  leads  to  an  enlarged  bandwidth  (modulation 
bandwidth)  of  the  modulation  coil  73.  The  modulation 
bandwidth  is  defined  as  the  frequency  at  which  the 

5 
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sensitivity  of  modulation  has  decreased  to  71%  (-3 
dB)  of  the  sensitivity  at  0  Hz. 

The  combination  of  the  very  thin  coil,  the  reduced 
number  of  winding  turns  of  the  coil,  the  narrow  air  gap 
and  the  fact  that  the  coil  is  arranged  in  close  vicinity 
to  the  ferrite  crystal  provides  for  a  YIG-component 
having  modulation  features  which  are  significantly  im- 
proved  in  relation  to  prior  art  YIG-components  using 
conventionally  built  magnetic  structures. 

A  further  great  advantage  of  the  new  construc- 
tion  is  that  it  allows  for  an  integration  of  several  YIG 
and  other  electric  functions  within  the  same  housing. 
Accordingly,  mixers,  filters,  power  dividers,  amplifiers 
etc.,  may  be  integrated  to  form  one  module.  Accord- 
ingly,  what  formerly  required  a  number  of  separate 
components  having  intermediate  conductors  may  be 
integrated  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  en- 
closed  in  the  housing  51,  whereby  several  cavities 
having  several  magnets  and/or  several  ferrite  crys- 
tals  may  even  be  provided  therein.  Also  other  elec- 
tronics  for  controlling  and  supervising  YIG-compo- 
nents,  such  as  circuits  for  voltage-to-current  transfor- 
mation  ("drivers")  of  a  miniaturized  design  may  be  in- 
tegrated  into  the  same  housing  51. 

The  size  of  the  said  new  YIG  component  allows 
for  direct  integration  into  a  subsystem  unit.  By  this  in- 
tegration,  the  control  connections  are  simplified  be- 
cause  of  reduced  requirements  for  protection  against 
interfering  radiation  (EMI).  This  also  provides  for  a 
system  which  is  substantially  non-sensitive  to  exter- 
nal  electric  disturbances. 

As  is  evident  to  the  man  skilled  in  the  art,  the  em- 
bodiment  which  has  been  described  above  is  only  one 
example  of  an  YIG-component  according  to  the  in- 
vention  and  changes  may  be  made  within  the  frame- 
work  of  the  inventive  idea  as  it  is  defined  in  the  at- 
tached  patent  claims.  For  example,  the  shape  of  the 
magnetic  core  may  be  varied  as  long  as  it  fulfills  the 
criteria  established  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  cer- 
amic  circuit  carrier,  etc.,  may  clearly  be  shaped  in  dif- 
ferent  ways.  Instead  of  being  an  electromagnet,  the 
magnetic  circuit  may  comprise  a  permanent  magnet 
in  a  magnetic  structure  or  may  comprise  combina- 
tions  of  electro-  and  permanent  magnets.  In  compo- 
nents  using  only  one  defined  frequency,  a  permanent 
magnet  may  be  used  instead  of  the  electromagnet. 
The  modulation  coil  may  be  shaped  conventionally 
from  a  thin,  isolated  copper  wire. 

The  sealing  of  this  new  YIG  component  can  also 
be  made  hermetic  using  a  slightly  different  mechani- 
cal  design. 

Claims 

1.  A  YIG-component  comprising  a  magnetic  circuit 
for  generating  an  homogeneous  magnetic  field  in 

5  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  homogeneous  magnetic  field, 

10  characterized  in  that  said  magnetic  circuit  is  en- 
closed  in  a  cavity  of  a  housing  (53,  55),  arranged 
for  mechanically  relieving  the  magnetic  circuit 
from  external  influence  and  formed  from  a  mate- 
rial  selected  at  will,  in  that  said  magnetic  circuit  is 

15  disposed  on  a  specifically  shaped  seat  (57)  for 
accurate  positioning  of  the  air  gap  (69)  in  said 
housing  (51,  53),  and  in  that  a  foundation  is  de- 
fined  in  said  housing  (51,  53)  for  supporting  a 
YIG-unit  (75)  comprising  said  ferrite  crystal  (81) 

20  with  correct  positioning  of  the  ferrite  crystal  in 
the  air  gap  (69). 

2.  A  YIG-component  as  claimed  in  claim  1  ,  charac- 
terized  in  that  means  for  performing  several  dif- 

25  ferent  YIG-functions  and  means  for  performing 
other  electronic  functions  are  integrated  into  the 
same  housing  (53,  55). 

3.  A  YIG-component  as  claimed  in  claim  1  or  2, 
30  characterized  in  that  said  magnetic  circuit  is  pro- 

vided  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  pos- 
itioning  it  and  said  ferrite  crystal  (81)  in  two  di- 

35  mensions  in  the  homogeneous  magnetic  field, 
and  in  that  said  foundation  is  precision  shaped  for 
positioning  of  the  YIG-unit  (75)  and  the  ferrite 
crystal  in  a  third  dimension  in  the  homogeneous 
magnetic  field. 

40 
4.  A  YIG-component  as  claimed  in  any  one  of  claims 

1  to  3,  characterized  in  that  the  magnetic  circuit 
comprises  an  electromagnet  having  a  magnetic 
core  (61,  63). 

45 
5.  A  YIG-component  as  claimed  in  claim  4,  charac- 

terized  in  that  the  magnetic  core  (61,  63)  is  built 
from  elements  having  substantially  the  same  cir- 
cumference  around  a  section  transverse  to  the  di- 

50  rection  of  the  magnetic  flux  through  the  element. 

6.  A  YIG-component  as  claimed  in  claim  4  or  5, 
characterized  in  that  the  magnetic  core  (61  ,  63) 
is  built  from  laminates. 

55 
7.  A  YIG-component  as  claimed  in  any  one  of  the 

preceeding  claims  and  comprising  a  modulation 
coil  (73)  disposed  in  the  air  gap,  characterized 

6 
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in  that  said  modulation  coil  (73)  comprises  a  print- 
ed  circuit  (100). 

8.  A  YIG-component  as  claimed  in  any  one  of  the 
preceeding  claims,  characterized  in  that  the  5 
component  is  provided  with  means  for  the  direct 
connection  of  same  to  a  circuit  board. 

9.  A  YIG-component  as  claimed  in  any  one  of  the 
preceeding  claims,  characterized  in  that  said  10 
housing  (53,  55)  is  separated  into  a  lower  part 
(55)  and  an  upper  part  (53),  and  in  that  said  mag- 
netic  circuit  is  attached  to  the  upper  part  (53)  of 
the  housing. 

15 
1  0.  A  YIG-component  as  claimed  in  any  one  of  the  pre- 

ceeding  claims,  characterized  by  comprising  a 
housing  (97,  99)  of  a  magnetically  shielding  material 
substantially  enclosing  the  housing  (53,  55). 

20 
11.  A  YIG-component  as  claimed  in  any  one  of  the 

preceeding  claims,  characterized  in  that  the  YIG 
unit  (75)  comprises  a  carrier  (76),  a  microwave 
circuit  (79),  said  ferrite  crystal  (81)  and  means  for 
electrically  interconnecting  the  microwave  circuit  25 
(79)  and  the  ferrite  crystal  (81),  said  carrier  being 
connected  to  the  foundation  and  supporting  the 
microwave  circuit  (79),  the  ferrite  crystal  (81)  and 
said  lastmentioned  means. 

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

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

13.  A  YIG-component  as  claimed  in  any  one  of  the  35 
preceeding  claims,  characterized  in  that  further 
cavities  are  formed  in  said  housing  (53,  55),  and 
in  that  further  electro-  or  permanent  magnets  are 
arranged  in  said  further  cavities. 

40 
14.  A  YIG-component  as  claimed  in  anyone  of  the 

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

7 
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