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Description 

The  invention  relates  to  microwave  cavity 
oscillators  and  in  particular  to  mounting  arrange- 
ments  for  mounting  a  semiconductor  device, 
such  as  an  excitation  transistor,  in  a  microwave 
cavity  oscillator. 

Embodiments  of  the  invention  are  especially 
applicable  to  transistor  mounting  arrangements 
for  negative  resistance  microwave  cavity 
oscillators.  In  such  oscillators  the  transistor  is 
coupled  to  a  probe  which  extends  into  the  cavity. 
In  known  arrangements  the  transistor  is  soldered 
directly  to  the  wall  of  the  cavity  with  one  of  its 
leads  trimmed  to  serve  as  the  probe.  This  has  not 
been  entirely  satisfactory  for  various  reasons.  For 
example,  it  is  difficult  to  optimise  the  transistor 
circuitry  when  the  transistor  in  installed,  and 
usually  not  practical  to  adjust  the  transistor  cir- 
cuitry  before  installation  because  of  changes  in 
circuit  parameters  due  to  slight  inaccuracies  in 
the  lengths  of  connecting  leads,  which  are  deter- 
mined  only  during  final  installation. 

Another  problem  arises  from  the  soldered  con- 
nection  directly  to  the  wall  of  the  cavity.  There  is  a 
tendancy  for  dry  joints  to  occur  due  to  the  large 
thermal  mass  to  which  the  transistor  is  being 
soldered.  It  is  also  awkward  to  remove  the  tran- 
sistor  and  its  associated  circuitry  if  adjustments  or 
modifications  need  to  be  made. 

The  document  DD—  A—  148,421  issued  May  20, 
1981  describes  a  microwave  cavity  oscillator  in 
which  a  semiconductor  device  is  mounted  to  a 
substrate  carried  in  a  waveguide  coupled  to  a 
resonant  cavity  by  means  of  a  hole  connecting  the 
waveguide  to  the  cavity.  Because  the  semicon- 
ductor  device  is  located  within  the  waveguide,  it 
is  difficult  to  obtain  access  to  the  semiconductor 
device  for  modification  or  adjustment. 

The  present  invention  provides  a  microwave 
cavity  oscillator  comprising  a  housing  containing 
a  resonant  cavity,  a  chamber  adjacent  the  cavity 
and  communicating  therewith  by  way  of  a  hole 
extending  therebetween,  and 

a  carrier  supported  by  the  housing  and  carrying 
a  substrate  supporting  a  semiconductor  device, 
said  carrier  being  mounted  adjacent  said  hole 
such  that  said  semiconductor  device  is  coupled  to 
the  cavity  byway  of  the  hole,  characterised  in  that 
the  carrier  is  conductively  connected  and  releas- 
ably  secured  to  the  housing  so  as  to  be  readily 
removable  complete  with  the  semiconductor. 

An  advantage  of  such  an  arrangement  is  that 
the  carrier  and  substrate  can  be  assembled  into  a 
test  chamber  duplicating  the  characteristics  of  the 
microwave  cavity  and  chamber  and  circuit  adjust- 
ments,  such  as  RF  tuning  and  DE  bias  adjust- 
ments  can  be  carried  out.  The  sub-assembly  can 
then  be  transferred  to  the  housing  and  no  further 
adjustments  will  usually  be  required.  If  they  are, 
the  sub-assembly  can  be  removed  while  they  are 
made,  which  greatly  facilitates  adjustments. 

The  carrier  may  comprise  a  carrier  member 
carrying  the  substrate  for  supporting  the  semi- 
conductor  device. 

The  semiconductor  device  may  be  coupled  to 
the  cavity  by  a  probe  extending  through  the  hole 
and  a  short  distance  into  the  cavity.  The  probe 
may  be  an  extension  of  the  substrate  itself  form- 

5  ing  a  flat  capacitive  coupling  probe. 
The  carrier  may  be  located  at  one  end  spigot- 

and-socket  fashion  in  a  socket  or  recess  in  the 
wall  surrounding  the  hole.  Its  opposite  end  may 
then  be  supported  at  the  opposite  wall  of  the 

w  chamber.  Preferably  spring  means  is  provided  at 
said  opposite  end  for  urging  the  carrier  into  the 
socket  or  recess,  to  abut  against  the  bottom 
thereof  or  for  a  surrounding  shoulder  to  abut 
against  the  wall  surrounding  the  recess.  This 

15  assures  accurate  axial  positioning  of  the  carrier 
and  hence  of  the  substrate,  semiconductor  device 
and  probe  (where  applicable). 

Support  means  for  said  opposite  end  of  the 
carrier  may  comprise  a  screw-threated  bush 

20  engaged  in  a  threated  hole  in  the  said  opposite 
wall  of  the  chamber.  The  bush  may  be  adapted  at 
one  end  to  supportingly  engage  the  end  of  the 
carrier,  conveniently  in  spigot-and-socket  fashion, 
and  adapted  at  the  other  end  to  engage  a  screw- 

25  driver,  socket  wrench  or  other  such  implement  for 
screwing  the  bush  into  the  hole. 

Preferably  the  carrier  is  of  generally  segmented 
cylindrical  form  and  the  substrate  is  a  planar 
member  mounted  upon  the  chordal  surface  of  the 

30  carrier.  One  cylindrical  end  portion  of  the  carrier 
is  then  in  the  form  of  a  ring.  The  semiconductor 
device  is  mounted  on  a  part  of  the  substrate  in  the 
ring  and  conveniently  soldered  to  the  interior  of 
the  ring,  which  extends  over  the  device.  The  ring 

35  grounds  the  device  and  serves  also  as  a  heat  sink. 
The  ring  also  acts  as  a  shield  to  reduce  the 
susceptibility  to  stray  couplings  affecting  the 
turning  when  the  sub-assembly  is  substituted." 

An  embodiment  of  the  invention  will  now  be 
40  described  by  way  of  example  only  and  with 

reference  to  the  accompanying  drawings,  in 
which:  — 

Figure  1  is  a  cross-sectional  elevation  of  a 
negative  resistance  microwave  cavity  oscillator 

45  including  a  sub-assembly  comprising  a  carrier 
and  a  substrate. 

Figures  2,  3  and  4  are  plan,  side  and  end 
elevations,  respectively,  of  the  sub-assembly. 

Referring  now  to  Figure  1,  the  negative 
so  resistance  cavity  oscillator  comprises  an  elongate 

block  of  aluminum  10  having  a  cavity  12  and  a 
chamber  14  formed  side-by-side  within  it  and 
both  opening  onto  the  same  one  of  the  elongate 
surface  of  the  block  10.  A  plate  16,  also  of 

55  aluminium,  is  affixed  to  that  surface  by  any 
suitable  means  to  seal  the  chamber  14  and  the 
cavity  12.  The  cavity  12  and  chamber  14  are  of 
parallelepiped  shape  and  separated  by  a  dividing 
wall  18.  A  tuner  20  protudes  into  the  cavity  from 

60  its  sidewall  opposed  to  the  dividing  wall  18.  The 
tuner  20  does  not  comprise  part  of  the  present 
invention  and  so  is  not  described  in  detail.  It  is  the 
subject  of  copending  EP  —  A—  0  125  450  (pub- 
lished  12.11.1984).  An  output  probe  19  extends 

65  through  wall  18  and  is  coupled  in  chamber  14  to  a 
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-op-in  isolator  21  in  a  recess  in  tne  Bottom  ot 
lamber  14. 
A  round  hole  22  extends  through  the  wall  18  at 
position  slightly  more  than  half  way  from  the 

ase  of  the  chamber  14.  The  surface  of  wall  18  in 
le  chamber  14  has  a  circular  recess  24,  in  the 
>rm  of  a  counterbore,  around  the  hole  22.  A  hole 
3,  coaxial  with  hole  22,  extends  through  the  end 
'all  28  of  chamber  14,  i.e.  the  wall  opposite  to 
ividing  wall  18.  The  hole  26  is  screwthreaded 
nd  an  externally  screwthreaded  bush  30  is 
ngaged  in  the  hole  26.  A  carrier  31  comprises  a 
arrier  member  32  suspended  between  the  bush 
0  and  recess  24.  As  shown  also  in  Figures  2,  3 
nd  4,  the  carrier  member  32  has  a  segmented, 
pecifically  semi-cylindrical,  portion  34  extending 
jr  most  of  its  length  and  terminating  in  short, 
jll-cylindrical  end  portions  36  and  38,  respec- 
vely.  The  end  surface  of  end  portion  36  is  formed 
/ith  a  spigot  40,  dimensioned  to  fit  snugly  in  the 
nd  of  an  axial  hole  42  through  the  bush  30.  A 
onical  spring  washer  44  is  shown  (Figure  1  )  fitted 
ver  the  spigot  40  to  act  between  the  annular  end 
urfaces  of  the  bush  30  and  end  portion  36, 
espectively.  The  opposite  end  portion  38  is  a 
nug  fit  in  the  recess  24  in  the  dividing  wall  18. 
'he  carrier  member  32  is  made  of  gold-plated 
irass,  or  any  other  suitable  material. 

The  carrier  31  further  comprises  a  substrate  42 
n  the  form  of  a  plate  of  dielectric  material  carried 
in  the  carrier  member  32.  The  substrate  42  is 
lopperplated  both  sides.  The  substrate  42  com- 
irises  a  rectangular  part  44  which  rests  upon  the 
jlaner  chordal  surface  of  semi-cylindrical  portion 
14  of  carrier  member  32,  and  overhangs  its 
iiameter.  The  substrate  42  is  soldered  to  the 
:arrier  member  32.  A  small  rectangular  extension 
16  extends  from  the  middle  of  that  edge  of  the 
substrate  portion  44  adjacent  the  carrier  end 
jortion  38.  End  portion  38  is  hollowed  so  as  to 
orm  a  ring.  The  substrate  extension  46  extends 
:hrough  the  ring  and  its  extremity  projects  a  short 
distance  beyond  the  end  of  the  carrier  member  32 
and  into  the  cavity  12.  This  extremity  portion  is 
slated,  preferably  both  sides  to  form  a  flat 
;apacitive  coupling  probe  48. 

The  substrate  42  carries  a  microwave  semicon- 
ductor  device  in  the  form  of  transistor  50,  in 
sommon  collector  package,  which  serves  to 
axcite  the  cavity  12  to  oscillation.  The  substrate 
also  carries  associated  circuit  components  such 
as  RF  tuning  and  DC  bias  circuitry  (not  shown).  RF 
biasing  chokes  and  decoupling  capacitors  are 
printed  on  the  substrate.  DC  biasing  and  filtering 
components  are  mounted  on  the  substrate  after  it 
has  been  soldered  to  the  carrier  member  32.  The 
transistor  50  is  mounted  on  the  part  of  the 
substrate  42  inside  the  ring  38.  The  transistor  50 
has  its  base  connected  to  the  probe  48  and  its 
emitter  connected  to  the  above-mentioned  cir- 
cuitry,  which  is  carried  by  the  main  portion  44  of 
the  substrate  42.  The  collector  of  the  transistor  is 
connected  to  ground  simply  by  soldering  the 
body  of  the  transistor  directly  to  the  adjacent 
underside  of  the  ring  38,  as  at  52.  When  the  carrier 

transistor  50  will  be  adequately  grounded 
through  the  mechanical  connection  between  the 
carrier  member  32  and  the  body  of  the  apparatus, 
which  connection  also  helps  to  dissipate  heat. 

In  use,  the  carrier  may  readily  be  installed  by 
locating  the  end  portion  38  in  the  recess  24  and 
screwing  the  bush  30  into  the  chamber  14  to 
locate  on  the  spigot  40.  The  outer  end  of  the  hole 

i  42  is  formed  hexagonally  to  receive  a  suitable  key 
to  rotate  the  bush  30.  As  the  bush  is  further 
screwed  in,  it  compresses  the  conical  washer 
which  urges  the  carrier  member  32  firmly  and 
positively  into  the  desired  position.  Accurate  loca- 

j  tion  of  the  carrier  results  from  its  end  abutting 
firmly  against  the  wall  18.  This  also  provides 
corresponding  accurate  location  of  the  transistor 
50  and  probe  48  relative  to  the  cavity  12. 

An  advantage  of  the  described  mounting 
j  arrangement  is  that  it  combines  multiple  func- 

tions,  namely  transistor  mounting,  heat  sinking, 
RF  coupling,  RF  tuning,  DE  biasing  and  filtering  in 
a  simple,  compact,  low-cost  assembly.  Moreover, 
tuning  can  readily  be  effected  by  filing  the  end  of 

5  the  probe  or  just  adding  solder  to  it. 
The  specific  embodiment  is  intended  for  use 

with  bipolar  transistors  operating  in  the  4  and  6 
GHz  communication  bands.  It  is  envisaged,  how- 
ever,  that  the  arrangement  could  be  used  with 

o  other  semiconductor  devices,  for  example  field 
effect  transistors  or  two  termal  devices  such  as 
Gunn  or  Impatt  diodes;  and  at  other  frequencies. 

Claims 
5 

1.  A  microwave  cavity  oscillator  comprising  a 
housing  (10)  containing  a  resonant  cavity  (12),  a 
chamber  (14)  adjacent  the  cavity  and  com- 
municating  therewith  by  way  of  a  hole  (22) 

to  extending  therebetween,  and 
a  carrier  (31)  supported  by  the  housing  and, 

carrying  a  substrate  (42)  supporting  a  semicon- 
ductor  device  (50),  said  carrier  being  mounted 
adjacent  said  hole  such  that  said  semiconductor 

ts  device  is  coupled  to  the  cavity  by  way  of  the  hole, 
characterized  in  that  the  carrier  is  conductively 
connected  and  releasably  secured  to  the  housing 
so  as  to  be  readily  removable  complete  with  the 
semiconductor. 

so  2.  An  oscillator  as  defined  in  claim  1,  wherein 
the  carrier  has  one  end  positively  located  in  a 
recess  (24)  adjacent  said  hole  and  is  supported  at 
a  position  spaced  longitudinally  from  such  one 
end  by  means  (30,  40)  serving  to  support  the 

55  carrier  and  to  urge  the  carrier  into  said  recess. 
3.  An  oscillator  as  defined  in  claim  2,  wherein 

means  serving  to  urge  the  carrier  comprise  a 
member  (30)  screw-threadedly  engaging  in  a 
screw-threaded  hole  (26)  in  the  opposite  wall  of 

60  the  chamber  and  spring  means  (44)  acting  axially 
between  said  member  and  the  end  of  the  carrier. 

4.  An  oscillator  as  defined  in  claim  3,  wherein 
said  end  fo  the  carrier  has  spigot  (40)  and  said 
member  comprises  a  bush  (30),  the  spigot  being 

65  slidably  located  in  the  internal  end  of  the  bush 
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ana  tne  spring  means  being  a  spring  washer  (44) 
on  the  spigot  acting  between  the  carrier  and  the 
bush. 

5.  An  oscillator  as  defined  in  claim  1  ,  wherein  the 
carrier  comprises  a  carrier  member  (32)  having  a 
ring-shaped  end  portion  (38)  aligned  with  said 
hole  and  the  substrate  (42)  has  a  part  extending 
through  said  ring-shaped  end  portion. 

6.  An  oscillator  as  defined  in  claim  5,  wherein  the 
semiconductor  device  is  mounted  upon  the  part  of 
the  substrate  within  the  ring-shaped  end  portion. 

7.  An  oscillator  as  defined  in  claim  6,  wherein  the 
semiconductor  device  is  connected  to  the  ring. 

8.  An  oscillator  as  defined  in  claim  5,  wherein 
said  substrate  part  has  an  extremity  portion  (46) 
extending  in  the  cavity  to  serve  as  a  probe. 

9.  An  oscillator  as  defined  in  claim  8,  wherein 
said  extremity  portion  is  plated  to  form  a  capaci- 
tive  coupling  probe. 

10.  An  oscillator  as  defined  in  claim  1,  wherein 
said  carrier  is  of  segmented  cylindrical  form  and 
the  subtrate  (42)  comprises  a  planar  member 
mounted  on  the  chordal  surface  thereof. 

Patentanspruche 

1.  Mikrowellen-Hohlraumoszillator  mit  einem 
einen  Resonanzhohlraum  (12)  enthaltenden 
Gehause  (10),  einer  dem  Hohlraum  benachbarten 
und  mit  deisem  Ciber  eine  sich  dazwischen  erstrek- 
kende  Bohrung  (22)  in  Verbindung  stehenden 
Kammer  (14),  und  einem  Trager  (31  ),  der  durch  das 
Gehause  abgestiitzt  ist  und  ein  Substrat  (42)  tragt, 
welches  ein  Halbleiterelement  (50)  abstiitzt,  wobei 
der  Trager  der  Bohrung  benachbart  so  angebracht 
ist,  da(S  das  Halbleiterelement  mit  dem  Hohlraum 
Ciber  die  Bohrung  gekoppelt  ist,  dadurch  gekenn- 
zeichnet,  daB  der  Trager  mit  dem  Gehause  leitend 
/erbunden  und  losbar  an  ihm  befestigt,  ist,  um  so 
i/ollstandig  mit  dem  Halbleiterleichtentfernbarzu 
sein. 

2.  Oszillator  nach  Anspruch  1,  bei  dem  der 
Trager  ein  zwangsweise  in  einer  Vertiefund  (24) 
der  Bohrung  benachbart  angeordnetes  Ende 
oesitzt  und  in  einer  Lage  abgestiitzt  ist,  die  von 
3inem  solchen  Ende  in  Langsrichtung  uber  Mittel 
[30,  44)  auf  Abstand  gehalten  ist,  welche  dazu 
dienen,  den  Trager  abzustutzen  und  den  Trager  in 
die  Vertiefung  hineinzudrangen. 

3.  Oszillator  nach  Anspruch  2,  bei  dem  Mittel,  die 
dazu  dienen,  den  Trager  zu  drangen,  ein  uber  ein 
Schraubgewinde  in  Eingriff  mit  einer  Schraub- 
gewinde  Hohrung  (26)  in  dergegenuberieigenden 
A/and  der  Kammer  stehendes  Element  (30)  in 
!^xiairichtung  zwischen  dem  Element  und  dem 
Ende  des  Tragers  wirkende  Federmittel  (44) 
jmfassen. 

4.  Oszillator  nach  Anspruch  3,  bei  dem  das  Ende 
Des  Tragers  einen  Zapfen  (40)  besitzt  und  das 
Element  eine  Biichse  (30)  enthalt,  wobie  der 
lapfen  im  inneren  Ende  der  Biichse  gleitend 
angebracht  ist  und  das  Federmittel  eine  Feder- 
icheibe  (44)  an  dem  Zapfen  ist,  die  zwischen  dem 
rrager  und  der  Biichse  wirkt. 

5.  Oszillator  nach  Anspruch  1,  bei  dem  der 

Trager  em  Tragerelement  (32)  mit  einem  ringfor- 
migen,  mit  der  Bohrung  ausgerichteten  End- 
baschnitt  (38)  ist  und  das  Substrat  (42)  einen  durch 
den  ringformigen  Endabschnitt  hindurchreichen- 

5  den  Teil  besitzt. 
6.  Oszillator  nach  Anspruch  5,  bie  dem  das 

Halbleiterelement  auf  dem  innerhalb  des  ringfor- 
migen  Endabschnittes  iiegenden  Teil  des  Sub- 
strates  angebracht  ist. 

w  7.  Oszillator  nach  Anspruch  6,  bie  dem  das 
Halbleiterelement  mit  dem  Ring  verbunden  ist. 

8.  Oszillator  nach  Anspruch  5,  bie  dem  das 
Substratteil  einen  Extremitatsabschnitt  (46) 
besitzt,  der  sich  in  den  Hohlraum  erstreckt,  um  als 

15  eine  Sonde  zu  dienen. 
9.  Oszillator  nach  Anspruch  8,  bie  dem  der 

Extremitatsabschnitt  zur  Bildung  einer  Sonde  mit 
kapazitiver  Kopplung  plattiert  ist. 

10.  Oszillator  nach  Anspruch  1,  bei  dem  der 
20  Trager  von  Zylindersegmentform  ist  und  das 

Substrat  ein  an  einer  Sehnenflache  desselben 
angebrachtes  planares  Element  umfafct. 

Revendications 
25 

1.  Oscillateur  a  micro-ondes  a  cavite  compre- 
nant  un  logement  (10)  renfermant  une  cavite 
resonante  (12),  une  chambre  (14)  contigue  a  la 
cavite  et  communiquant  avec  elle  par  un  trou  (22) 

30  s'etendant  entre  elles,  et 
un  support  (31)  maintenu  par  le  logement  et 

portant  un  substrat  (42)  supportant  un  dispositif  a 
semi-conducteur  (50),  le  support  etant  monte  a  un 
endroit  contigu  au  trou  de  fagon  que  le  dispositif  a 

35  semi-conducteur  soit  couple  a  cavite  au  moyen  du 
trou,  caracterise  en  ce  que  le  support  est  connecte 
de  fagon  conductrice  et  assujetti  de  maniere 
amovible  au  logement  de  fagon  a  pouvoir  etre 
enleve  facilement  en  totalite  avec  le  semi-conduc- 

to  teur. 
2.  Oscillateur  selon  la  revendication  1,  dans 

lequel  le  support  a  une  extremite  placee  avec 
surete  dans  un  evidement  (24)  contigu  au  trou  et 
est  maintenu  a  une  position  espacee  longitudina- 

i5  lement  de  ladite  extremite  par  un  moyen  (30,  44) 
servant  a  maintenir  le  support  et  a  sollicker  le 
support  a  I'interieur  de  I'evidement. 

3.  Oscillateur  selon  la  revendication  2,  dans 
lequel  le  moyen  servant  a  solliciter  le  support 

?o  comprend  un  element  (30)  s'engageant  par  vis- 
sage  dans  un  trou  filete  (26)  menage  dans  la  paroi 
opposee  de  la  chambre  et  un  moyen  de  ressort  (44) 
agissant  axialement  entre  I'element  et  I'extremite 
du  support. 

>5  4.  Oscillateur  selon  la  revendication  3,  dans 
lequel  I'extremite  du  support  comporte  un  teton 
(40)  et  I'element  comprend  une  douille  (30),  le 
teton  etant  place  en  coulissement  dans  I'extremite 
interne  de  la  douille  et  le  moyen  de  ressort  etant 

;o  une  rondelle  elastique  (44)  sur  le  teton  qui  agit 
entre  le  support  et  la  douille. 

5.  Oscillateur  selon  la  revendication  1,  dans 
lequel  le  support  comprend  un  element  de  support 
(32)  ayant  une  extremite  en  forme  d'anneau  (38)  en 

!5  alignement  avec  le  trou  et  le  subtrat  (42)  presente 
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une  partie  s'etendant  a  travers  I'extremite  en 
forme  d'anneau. 

6.  Oscillateur  selon  la  revendication  5,  dans 
lequel  le  dispositif  a  semi-conducteur  est  monte 
sur  la  partie  du  substrat  situe  a  I'interieur  de 
I'extremite  en  forme  d'anneau. 

7.  Oscillateur  selon  la  revendication  6,  dans 
lequel  la  dispositif  a  semi-conducteur  est  con- 
nects  a  I'anneau. 

8.  Oscillateur  selon  la  revendication  5,  dans 
lequel  la  partie  a  substrat  comporte  une  portion 

d'extremite  (46)  qui  s  etend  dans  la  cavite  de 
maniere  a  servir  de  sonde. 

9.  Oscillateur  selon  la  revendication  8,  dans 
lequel  la  portion  d'extremite  est  revetue  de 

5  maniere  a  former  une  sonde  a  couplage  capacitif. 
10.  Oscillateur  selon  la  revendication  1,  dans 

lequel  le  support  a  une  forme  cylindrique  seg- 
mented  et  le  substrat  (42)  comporte  un  element 
plan  monte  sur  sa  surface  ayant  rapport  a  la 

<o  corde. 
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