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(54)  Antenna  device 

(57)  The  invention  provides  an  antenna  device  (1  0), 
comprising:  an  antenna  unit  (13)  including;  a  basic  body 
made  of  at  least  one  of  dielectric  ceramic  and  magnetic 
ceramic,  at  least  one  conductor  (1  1)  disposed  inside  or 
on  a  surface  of  the  basic  body,  and  a  feeding  electrode 
(12)  for  applying  a  voltage  to  the  conductor  (11),  dis- 
posed  on  the  surface  of  the  basic  body;  a  mounting 
board  (17)  on  which  said  antenna  unit  (13)  is  mounted; 
a  ground  part  (16)  in  association  with  said  mounting 
board  (17)  and  adapted  to  resonate  with  said  antenna 
unit  (13);  and  a  length  in  the  polarization  direction  of  a 
radio  wave  of  said  ground  part  (16)  being  about  A/4  or 
more,  where  X  is  a  wavelength  of  the  radio  wave. 

The  above  antenna  device  (10)  achieves  a  small- 
size  and  high-gain. 
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Description 

BACKGROUND  OF  THE  INVENTION 

5  1  .  Field  of  the  Invention 

[0001]  The  present  invention  relates  to  an  antenna  device,  and  in  particular  relates  to  an  antenna  device  for  use  in  a 
radio  equipment  such  as  a  mobile  communication  apparatus,  a  radio  communication  LAN  (Local  Area  Network),  a  tel- 
evision,  a  radio,  etc. 

10 
2.  Description  of  the  Related  Art 

[0002]  Conventionally,  as  a  small-sized  antenna  to  be  used  in  a  radio  equipment,  an  inverted  F-type  antenna  is 
known.  One  example  of  an  inverted  F-type  antenna  is  explained  in  reference  to  Fig.  8.  The  inverted  F-type  antenna  50 

15  is  composed  of  a  printed-circuit  board  52  which  is  made  of  a  glass-filled  epoxy  resin  of  a  relative  dielectric  constant  of 
4  to  5  and  on  a  surface  of  which  a  ground  electrode  51  connected  to  the  ground  electric  potential  is  provided,  and  a 
radiator  plate  53  which  is  made  of  a  metal  plate  arranged  in  parallel  with  the  printed-circuit  board  52  and  above  the 
printed-circuit  board  52.  The  radiator  plate  53  fulfills  the  function  of  radiating  a  radio  wave,  and  its  length  is  XIA  (X:  wave- 
length  of  the  radio  wave).  On  the  side  edge  of  the  radiator  plate  53  a  short  pin  54  extended  toward  the  printed-circuit 

20  board  52  is  integrally  provided  with  the  radiator  plate  53.  The  short  pin  54  is  electrically  connected  to  the  ground  elec- 
trode  51  on  the  printed-circuit  board  52.  That  is,  the  radiator  plate  53  is  short-circuited  to  the  ground  electrode  51 
through  the  short  pin  54.  On  the  printed-circuit  board  52,  a  coaxial  cable  connection  portion  52a  is  provided,  and  to  the 
coaxial  cable  connection  portion  52a  a  coaxial  cable,  a  connector,  etc.  (not  illustrated)  through  which  a  load  dispatching 
to  the  radiator  plate  53  takes  place,  are  connected  through  a  connection  terminal  53a  led  out  from  the  radiator  plate  53. 

25  [0003]  However,  in  the  above  described  inverted  F-type  antenna,  there  were  cases,  in  which  in  order  to  realize  a 
small-sized  antenna,  a  dielectric  substance  is  inserted  between  the  ground  electrode  on  the  printed-circuit  board  and 
the  radiator  plate,  and  the  wavelength  shortening  effect  of  the  dielectric  substance  is  used.  And  in  these  cases  there 
was  a  problem  that  the  antenna  gain  is  decreased  because  of  the  effect  of  the  dielectric  substance. 

30  SUMMARY  OF  THE  INVENTION 

[0004]  Preferred  embodiments  of  the  present  invention  are  provided  to  overcome  the  above  described  problems,  and 
provide  an  antenna  device  of  small  size  and  having  a  high  gain. 
[0005]  The  preferred  embodiment  of  the  present  invention  provides  an  antenna  device,  comprising:  an  antenna  unit 

35  including;  a  basic  body  made  of  at  least  one  of  dielectric  ceramic  and  magnetic  ceramic,  at  least  one  conductor  dis- 
posed  inside  or  on  a  surface  of  the  basic  body,  and  a  feeding  electrode  for  applying  a  voltage  to  the  conductor,  disposed 
on  the  surface  of  the  basic  body;  a  mounting  board  on  which  said  antenna  unit  is  mounted;  a  ground  part  in  association 
with  said  mounting  board  and  adapted  to  resonate  with  said  antenna  unit;  and  a  length  in  the  polarization  direction  of  a 
radio  wave  of  said  ground  part  being  about  XIA  or  more,  where  X  is  a  wavelength  of  the  radio  wave. 

40  [0006]  In  the  above  described  antenna  device,  said  ground  part  may  comprise  at  least  one  of  a  ground  electrode  dis- 
posed  on  said  mounting  board  and  a  ground  portion  of  a  high-frequency  circuit  portion  mounted  on  said  mounting 
board  together  with  said  antenna  unit. 
[0007]  According  to  the  above  describes  structure  and  arrangement,  because  the  antenna  device  comprises  an 
antenna  unit  and  a  ground  part  resonant  with  the  antenna  unit  having  XIA  as  the  length  in  the  polarization  direction  of  a 

45  radio  wave,  the  antenna  unit  is  able  to  function  as  one  pole  of  a  dipole  antenna  and  the  ground  part  resonant  with  the 
antenna  unit  is  able  to  function  as  the  other  pole  of  the  dipole  antenna.  Therefore,  at  a  resonant  point  the  antenna  unit 
and  ground  part  are  able  to  act  as  a  pair  of  antennas  like  a  dipole  antenna.  As  the  result,  an  antenna  device  having  as 
high  a  gain  as  a  dipole  antenna  is  made  available  although  the  antenna  device  is  small-sized. 
[0008]  Further,  a  radio  equipment  mounted  with  such  a  small-sized  antenna  device  having  a  high  gain  is  also  able  to 

so  be  made  of  small  size  and  of  a  high  gain.  Other  features  and  advantages  of  the  present  invention  will  become  apparent 
from  the  following  description  of  the  invention  which  refers  to  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  DRAWINGS 

55  [0009] 

Fig.  1  is  a  top  view  of  a  first  preferred  embodiment  relating  to  an  antenna  device  of  the  present  invention. 
Fig.  2  is  a  perspective  view  of  an  antenna  unit  constituting  the  antenna  device  in  Fig.  1  . 
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Fig.  3  is  an  exploded  perspective  view  of  the  antenna  unit  in  Fig.  2. 
Fig.  4  is  a  perspective  view  showing  a  modification  of  the  antenna  unit  in  Fig.  2. 
Fig.  5  is  a  perspective  view  showing  another  modification  of  the  antenna  unit  in  Fig.  2. 
Fig.  6  is  a  top  view  of  a  second  preferred  embodiment  relating  to  an  antenna  device  of  the  present  invention. 
Fig.  7  is  a  top  view  of  a  third  preferred  embodiment  relating  to  an  antenna  device  of  the  present  invention. 
Fig.  8  is  a  perspective  view  of  a  conventional  inverted  F-type  antenna. 

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

10  [0010]  Referring  to  Fig.  1  ,  the  antenna  device  10  is  composed  of  an  antenna  unit  13  having  a  conductor  1  1  and  a 
feeding  electrode  12  connected  to  one  end  of  the  conductor  1  1  ,  a  power  supply  14  connected  to  the  feeding  electrode 
1  2,  and  a  mounting  board  1  7  having  a  linear  conductor  pattern  1  5  formed  by  printing  conductive  material  on  the  surface 
and  a  ground  electrode  1  6  is  substantially  rectangular  shape. 
[0011]  Further,  the  antenna  unit  13  is  mounted  on  the  mounting  board  17,  and  the  feeding  electrode  12  on  the 

15  antenna  unit  1  3  and  the  power  supply  1  4  are  connected  through  the  conductor  pattern  1  5  on  the  surface  of  the  mount- 
ing  board  1  7.  At  this  time,  the  ground  electrode  1  6  on  the  surface  of  the  mounting  board  1  7  becomes  a  ground  part  res- 
onant  with  the  antenna  unit  13.  And  the  length  in  the  polarization  direction  of  a  radio  wave  (horizontally  polarized  wave: 
direction  x  in  Fig.  1,  vertically  polarized  wave:  direction  y  in  Fig.  1)  of  the  ground  electrode  16  on  the  surface  of  the 
mounting  board  1  7  as  the  ground  part  is  XI  A  or  more  {X:  wavelength  of  a  radio  wave). 

20  [0012]  According  to  the  above  described  structure  and  arrangement,  the  antenna  unit  13  comes  to  function  as  one 
pole  of  a  dipole  antenna,  and  the  ground  electrode  1  6  on  the  surface  of  the  mounting  board  1  7  as  the  ground  part  res- 
onant  with  the  antenna  unit  13  comes  to  function  as  the  other  pole  of  the  dipole  antenna. 
[0013]  As  shown  in  Fig.  2,  the  antenna  unit  13  is  composed  of  a  basic  body  of  a  rectangular  solid,  a  conductor  1  1 
spirally  wound  in  the  longitudinal  direction  of  the  basic  body  18  inside  the  basic  body  18,  and  a  feeding  electrode  12  for 

25  applying  a  voltage  to  the  conductor  1  1  ,  provided  on  the  surface  of  the  basic  body  1  8. 
[0014]  In  Fig.  3,  an  exploded  perspective  view  of  the  antenna  unit  13  of  Fig.  2  is  shown.  The  basic  body  18  is  com- 
posed  of  rectangular  thin  layers  19a  through  19c  laminated  which  are  made  of  dielectric  ceramic  having  barium  oxide, 
aluminium  oxide,  silica  as  its  main  components.  Out  of  these  thin  layers,  on  the  surface  of  the  thin  layers  19a,  19b  sub- 
stantially  L-shaped  or  substantially  straight  conductor  patterns  20a  through  20h  of  copper  or  copper  alloy  are  formed 

30  by  screen  printing,  evaporation,  or  plating.  And  at  fixed  positions  (both  ends  of  conductor  patterns  20e  through  20g,  one 
end  of  conductor  pattern  h),  via  holes  are  formed  in  the  thickness  direction. 
[0015]  Further,  after  the  thin  layers  19a  through  19c  have  been  laminated  and  conductor  patterns  20a  through  20h 
have  been  connected  by  way  of  via  holes  21,  a  conductor  11  spirally  wound  in  the  longitudinal  direction  of  the  basic 
body  18  inside  the  basic  body  18  is  formed  by  sintering. 

35  [001  6]  At  this  time,  one  end  of  the  conductor  1  1  (one  end  of  conductor  pattern  20a)  led  out  to  the  end  surface  of  the 
basic  body  1  8  constitutes  a  power  supply  portion  22  and  is  connected  to  a  feeding  electrode  1  2  disposed  on  the  surface 
of  the  basic  body  1  8.  And  the  other  end  of  the  conductor  1  1  (the  other  end  of  conductor  pattern  20h)  constitutes  an 
open  end  23  inside  the  basic  body  18. 
[0017]  In  Figs.  4  and  5,  perspective  views  of  modifications  of  the  antenna  unit  13  in  Fig.  2  are  shown.  In  an  antenna 

40  unit  13a  in  Fig.  4,  a  basic  body  18a  of  a  rectangular  solid,  a  conductor  11a  spirally  wound  in  the  longitudinal  direction 
of  the  basic  body  18a  along  the  surface  of  the  basic  body  18a,  and  a  feeding  electrode  12a  disposed  on  the  surface  of 
the  surface  of  the  basic  body  1  8a  are  given.  At  this  time,  one  end  of  the  conductor  1  1  a  is  connected  to  the  feeding  elec- 
trode  1  2a  for  applyingt  a  voltage  to  the  conductor  1  1  a  on  the  surface  of  the  basic  body  1  8a.  Further,  the  other  end  of 
the  conductor  1  1  a  constitutes  an  open  end  23a  on  the  surface  of  the  basic  body  1  8a.  According  to  the  antenna  unit  1  3a 

45  constructed  in  this  way,  because  the  conductor  1  1a  is  able  to  be  easily  formed  by  screen  printing,  etc.  in  a  spiral  way 
on  the  surface  of  the  basic  body  18a,  the  manufacturing  processes  of  the  antenna  unit  13a  can  be  simplified. 
[0018]  In  the  antenna  unit  13b  in  Fig.  5,  a  basic  body  18b  of  a  rectangular  solid,  a  conductor  11b  meanderingly  pro- 
vided  on  the  surface  of  the  basic  body  18b,  and  a  feeding  electrode  12b  formed  on  the  surface  of  the  basic  body  18b 
are  given.  At  this  time,  one  end  of  the  conductor  1  1b  is  connected  to  the  feeding  electrode  12b  for  applying  a  voltage  to 

so  the  conductor  1  8b  on  the  surface  of  the  basic  body  1  8b.  And  the  other  end  of  the  conductor  1  2b  constitutes  an  open 
end  23b  on  the  surface  of  the  basic  body  1  8b.  According  to  the  antenna  unit  1  3b  constructed  in  this  way,  because  the 
conductor  1  1b  is  meanderingly  provided  on  only  one  major  surface  of  the  basic  body  18b,  it  becomes  possible  lower 
the  height  of  the  basic  body  1  8b  and  it  becomes  possible  to  lower  the  height  of  the  antenna  unit  1  3b  accordingly.  Fur- 
ther,  even  if  the  conductor  1  1  b  of  a  meandering  shape  is  provided  inside  the  basic  body  1  8b,  the  same  effect  can  be 

55  obtained. 
[0019]  Here,  the  maximum  gain  (dBd)  practically  measured  using  the  antenna  device  10  (Fig.  1)  is  shown  in  Table  1  . 
At  this  time,  an  antenna  unit  having  the  dimensions  of  8  mm  (transverse)  x  5  mm  (longitudinal)  x  2.5  mm(height)  was 
used,  and  by  changing  the  transverse  length  (X  in  Fig.  1)  and  the  longitudinal  length  (Y  in  Fig.  1)  of  the  ground  electrode 
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16  as  the  ground  part  of  the  antenna  unit  13  the  change  of  the  maximum  gain  (dBd)  of  a  horizontally  polarized  wave 
(polarized  wave  in  the  direction  of  X  in  Fig.  1)  and  a  vertically  polarized  wave  (polarized  wave  in  the  direction  of  Y  in  Fig. 
1)  was  investigated. 

[Table  1] 
X  Y  Horizontally  polarized  Vertically  polarized  wave 

wave  maximum  gain  maximum  gain  [dBd] 
[dBd] 

X/8  X/8  -8.9  -7.2 

X/8  3X/16  -8.4  -3.6 

X/8  XIA  -8.3  -0.8 

X/8  5X/16  -7.6  -0.2 

3X/16  X/8  -6.5  -7.7 

3X/16  3X/16  -6.6  -3.5 

3X/16  X/4  -6.1  -0.8 

3X/16  5X/16  -5.2  -0.3 

X/4  X/8  -0.8  -7.0 

X/4  3X/16  -0.9  -3.4 

X/4  X/4  -0.8  -1.0 

X/4  5X/16  -0.8  -0.1 

5X/16  X/8  -0.4  -6.9 

5X/16  3X/16  -0.5  -3.6 

5X/16  X/4  -0.4  -0.5 

5X/16  5X/16  -0.4  -0.3 

35  [0020]  According  to  Table  1  ,  it  is  understood  that  by  making  the  length  in  the  polarization  direction  of  a  radio  wave  of 
the  ground  electrode  X  (transverse)  for  horizontally  polarized  wave,  Y  (longitudinal)  for  vertically  polarized  wave  in  Fig. 
1)  XIA  or  more  {X:  wavelength  of  a  radio  wave),  the  maximum  gain  of  a  horizontally  polarized  wave  and  vertically  polar- 
ized  wave  becomes  -  1  .0  (dBd)  or  more,  that  is,  as  much  as  that  of  a  dipole  antenna,  and  the  antenna  device  10  (Fig. 
1)  has  a  high  gain.  Further,  the  length  of  X/4  means  about  40  mm  for  a  radio  wave  of  1  .9  GHz. 

40  [0021  ]  In  Fig.  6,  a  top  view  of  a  second  preferred  embodiment  of  an  antenna  device  according  to  the  present  invention 
is  shown.  The  antenna  device  30  is  composed  of  an  antenna  unit  13  having  a  conductor  1  1  and  a  feeding  electrode  12 
with  one  end  of  the  conductor  11  connected,  a  high-frequency  circuit  portion  32  with  the  feeding  electrode  12  con- 
nected  and  with  a  ground  portion  31  made  of  a  metal  chassis,  and  a  mounting  board  33  having  a  linear  conductor  pat- 
tern  15  formed  by  printing  conductive  material  on  the  surface. 

45  [0022]  Further,  the  antenna  unit  1  3  and  the  high-frequency  circuit  portion  32  are  mounted  on  the  mounting  board  33, 
and  the  feeding  electrode  12  of  the  antenna  unit  13  and  the  high-frequency  circuit  portion  32  are  connected  through  the 
conductor  pattern  15  on  the  surface  of  the  mounting  board  33.  At  this  time,  the  ground  portion  31  of  the  high-frequency 
circuit  portion  32  mounted  on  the  mounting  board  33  constitutes  a  ground  part  resonant  with  the  antenna  unit  1  3.  More, 
the  length  in  the  polarization  direction  of  a  radio  wave  of  the  ground  portion  31  as  the  ground  part,  of  the  high-frequency 

so  circuit  portion  32  has  been  more  than  XIA  (X:  wavelength  of  a  radio  wave)  (horizontally  polarized  wave:  direction  x  in  Fig. 
6,  vertically  polarized  wave:  direction  y  in  Fig.  6). 
[0023]  According  to  the  antenna  device  30  constructed  in  the  above  described  way,  the  antenna  unit  1  3  comes  to  act 
as  one  pole  of  a  dipole  antenna,  and  the  ground  portion  31  of  the  high-frequency  circuit  portion  32  in  the  function  of  the 
ground  part  resonant  with  the  antenna  unit  13  as  the  other  pole  of  the  dipole  antenna. 

55  [0024]  In  Fig.  7,  a  top  view  of  a  third  preferred  embodiment  of  an  antenna  device  according  to  the  present  invention 
is  shown.  The  antenna  device  40  is  composed  of  an  antenna  unit  1  3  having  a  conductor  1  1  and  a  feeding  electrode  1  2 
with  one  end  of  the  conductor  11  connected,  a  high-frequency  circuit  portion  32  with  the  feeding  electrode  12  con- 
nected  and  with  a  ground  portion  31  made  of  a  chassis,  and  a  mounting  board  17  having  a  linear  conductor  pattern  15 

4 
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formed  by  printing  conductive  material  on  the  surface  and  a  ground  electrode  16  in  substantially  rectangular  form. 
[0025]  Further,  the  antenna  unit  1  3  and  the  high-frequency  circuit  portion  32  are  mounted  on  the  mounting  board  33, 
and  the  feeding  electrode  12  of  the  antenna  unit  13  and  the  high-frequency  circuit  portion  32  are  connected  through  the 
conductor  pattern  15  on  the  surface  of  the  mounting  board  17.  At  this  time,  the  ground  electrode  16  on  the  surface  of 

5  the  mounting  board  17  and  the  ground  portion  31  of  the  high-frequency  circuit  portion  32  mounted  on  the  mounting 
board  17  constitute  a  ground  part  resonant  with  the  antenna  unit  13.  Furthermore,  the  length  in  the  polarization  direc- 
tion  of  a  radio  wave  (horizontally  polarized  wave:  direction  x  in  Fig.  7,  vertically  polarized  wave  :  direction  y  in  Fig.  7)  of 
the  ground  electrode  16  on  the  surface  of  the  mounting  board  17  and  the  grounding  portion  31  of  the  high-frequency 
circuit  portion  32  both  of  which  function  as  the  ground  part,  has  been  more  than  A/4  (A:  wavelength  of  a  radio  wave). 

10  [0026]  According  to  the  antenna  device  40,  the  antenna  unit  13  comes  to  function  as  one  pole  of  a  dipole  antenna, 
and  the  ground  electrode  16  on  the  surface  of  the  mounting  board  17  and  the  grounding  portion  31  of  the  high-fre- 
quency  circuit  portion  32  which  function  as  the  ground  part  resonant  with  the  antenna  unit  13  as  the  other  pole  of  the 
dipole  antenna. 
[0027]  As  described  above,  according  to  an  antenna  device  of  the  first  through  third  preferred  embodiments,  because 

15  an  antenna  unit  and  a  ground  part  resonant  with  the  antenna  unit  of  the  length  of  A/4  in  the  polarization  direction  of  a 
radio  wave  are  given,  the  antenna  unit  is  able  to  act  as  one  pole  of  a  dipole  antenna,  and  the  ground  part  resonant  with 
the  antenna  unit  as  the  other  pole  of  the  dipole  antenna. 
[0028]  Therefore,  at  a  resonance  point  an  antenna  unit  and  a  ground  part  are  able  to  act  as  one  pair  of  antennas  like 
a  dipole  antenna.  As  the  result,  an  antenna  device  having  as  high  a  gain  as  a  dipole  antenna  is  able  to  be  obtained 

20  although  it  is  small-sized. 
[0029]  In  addition,  a  radio  equipment  mounted  with  such  a  small-sized  antenna  device  having  a  high  gain  becomes 
of  small  size  and  of  a  high  gain. 
[0030]  Further,  according  to  an  antenna  device  of  the  first  preferred  embodiment,  because  the  antenna  device  is  able 
to  be  applied  to  an  antenna  device  in  which  the  power  is  supplied  to  the  antenna  unit  from  a  power  supply,  an  antenna 

25  device  which  is  of  small  size  and  is  more  simplified  is  realized. 
[0031  ]  Furthermore,  according  to  an  antenna  device  of  the  second  preferred  embodiment,  because  the  antenna 
device  is  able  to  be  applied  to  an  antenna  device  in  which  the  power  is  supplied  to  the  antenna  unit  from  a  high-fre- 
quency  circuit  portion  such  as  a  VCO,  a  switching  circuit,  etc.,  the  antenna  device  is  able  to  be  mounted  on  a  radio 
equipment  as  it  is,  and  as  the  result  the  manufacturing  processes  of  the  radio  equipment  is  made  simplified. 

30  [0032]  More,  according  to  an  antenna  device  of  the  second  preferred  embodiment,  because  a  ground  electrode  on 
the  surface  of  a  mounting  board  to  mount  an  antenna  unit  and  a  ground  portion  of  a  high-frequency  circuit  portion  con- 
stitute  a  ground  part  resonant  with  the  antenna  unit,  even  if  the  antenna  device  has  been  made  of  small  size,  the  length 
in  the  polarization  direction  of  a  radio  wave  of  the  ground  part  resonant  with  the  antenna  unit  comes  to  satisfy  the  con- 
dition  of  about  A/4  or  more.  Therefore,  the  antenna  device  becomes  further  small-sized  and  a  radio  equipment  mounted 

35  with  this  antenna  device  is  able  to  become  of  small  size. 
[0033]  More,  in  an  antenna  device  according  to  the  first  and  third  preferred  embodiments,  the  cases  in  which  the 
ground  electrode  on  the  surface  of  the  mounting  board  is  nearly  of  a  rectangular  form  were  explained,  but  if  the  length 
in  the  polarization  direction  of  a  radio  wave  satisfies  the  condition  of  more  than  A/4,  the  same  effect  can  be  obtained 
under  a  ground  electrode  of  whatever  form. 

40  [0034]  More,  in  an  antenna  device  according  to  the  second  and  third  preferred  embodiments,  the  cases  in  which  the 
ground  portion  of  the  high-frequency  circuit  portion  is  made  of  a  metal  chassis  were  explained,  but  if  the  length  in  the 
polarization  of  a  radio  wave  satisfies  the  condition  of  more  than  A/4,  the  same  effect  can  be  obtained  whatever  ground 
electrode  is  formed  in  the  high-frequency  circuit  portion. 
[0035]  Furthermore,  the  cases  in  which  the  basic  body  of  the  chip-antenna  is  made  of  dielectric  material  having  bar- 

45  ium  oxide,  aluminium  oxide,  silica  as  its  main  components  were  explained,  but  the  material  of  the  basic  body  is  not  lim- 
ited  to  them.  Even  if  a  dielectric  material  having  titanium  oxide  and  neodymium  oxide  as  its  main  components,  a 
magnetic  material  having  nickel,  cobalt,  and  iron  as  its  main  components,  or  a  combination  of  dielectric  material  and 
magnetic  material  is  used,  the  same  effect  can  be  obtained. 
[0036]  While  the  invention  has  been  particularly  shown  and  described  with  reference  to  preferred  embodiments 

so  thereof,  it  will  be  understood  by  those  skilled  in  the  art  that  the  forgoing  and  other  changes  in  form  and  details  may  be 
made  therein  without  departing  from  the  spirit  of  the  invention. 

Claims 

55  1.  An  antenna  device  (10;  30;  40),  comprising: 

an  antenna  unit  (13;  13a;  13b)  including;  a  basic  body  made  of  at  least  one  of  dielectric  ceramic  and  magnetic 
ceramic,  at  least  one  conductor  (1  1  ;  1  1  a;  1  1  b)  disposed  inside  or  on  a  surface  of  the  basic  body,  and  a  feeding 
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electrode  (12;  12a;  12b)  for  applying  a  voltage  to  the  conductor,  disposed  on  the  surface  of  the  basic  body; 
a  mounting  board  (17;  33)  on  which  said  antenna  unit  is  mounted; 
a  ground  part  (16;  31)  in  association  with  said  mounting  board  and  adapted  to  resonate  with  said  antenna  unit; 
and 
a  length  in  the  polarization  direction  of  a  radio  wave  of  said  ground  part  (1  6;  31)  being  about  A/4  or  more,  where 
A  is  a  wavelength  of  the  radio  wave. 

The  antenna  device  (10;  30;  49)  according  to  Claim  1  ,  wherein 

said  ground  part  (16;  31)  comprises  at  least  one  of  a  ground  electrode  (16)  disposed  on  said  mounting  board 
(17)  and  a  ground  portion  (31)  of  a  high-frequency  circuit  portion  mounted  on  said  mounting  board  (33) 
together  with  said  antenna  unit  (13;  13a;  13b). 
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