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©  A  plane  antenna  with  high  gain  and  antenna 
efficiency.  The  antenna  includes  an  antenna  unit 
comprising:  a  first  dielectric  body;  a  first  grounding 
conductor  body  provided  on  a  lower  side  of  the  first 
dielectric  body;  a  current  supply  line  in  a  form  of  a 
strip  line  provided  on  an  upper  side  of  the  first 
dielectric  body;  a  patch  shaped  radiative  element 
provided  on  the  upper  side  of  the  first  dielectric 
body  at  an  end  of  the  current  supply  line;  a  second 
dielectric  body  formed  on  the  upper  side  of  the  first 
dielectric  body  over  the  radiative  element  and  the 
current  supply  line;  and  a  second  grounding  conduc- 
tor  body  provided  on  the  upper  side  of  the  second 
dielectric  body,  which  has  a  slot  at  a  position  located 
directly  above  the  radiative  element;  wherein  the 
radiative  elements  and  the  slots  of  the  plane  antenna 
are  arranged  in  a  planar  array  with  a  constant  inter- 
val  in  two  orthogonal  directions,  where  the  constant 
interval  has  a  value  equal  to  0.72  to  0.93  or  more 
preferably  0.85  to  0.93  times  a  wavelength  cor- 
responding  to  a  central  frequency  of  a  frequency 

band  for  waves  to  be  used. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  microstrip 
type  plane  antenna  to  be  utilized  in  a  microwave 
communication. 

Description  of  the  Background  Art 

A  plane  antenna  has  been  developed  as  an 
alternative  to  a  parabola  antenna  for  a  microwave 
communication. 

As  an  example  of  such  a  plane  antenna,  there 
is  a  microstrip  type  plane  antenna  shown  in  Figs. 
1(A)  and  1(B),  where  the  antenna  comprises:  a 
dielectric  body  2;  a  grounding  conductor  body  1 
provided  on  a  lower  side  of  the  dielectric  body  2;  a 
current  supply  line  5  in  a  form  of  a  strip  line 
provided  on  an  upper  side  of  the  dielectric  body  2; 
and  a  patch  shaped  radiative  element  4  provided 
on  the  upper  side  of  the  dielectric  body  2  at  an  end 
of  the  current  supply  line  5.  The  antenna  for  prac- 
tical  use  actually  has  a  plurality  of  the  patch 
shaped  radiative  elements  4  arranged  in  an  array, 
among  which  the  current  supply  lines  5  are  ar- 
ranged  with  their  lengths,  branching  positions,  and 
line  widths  appropriately  adjusted  for  the  sake  of 
phase  matching  and  impedance  matching. 

However,  in  this  type  of  a  microstrip  type  plane 
antenna,  the  current  supply  lines  5  are  exposed  on 
the  radiation  plane,  so  that  there  are  unnecessary 
radiations  radiated  from  branching  and  curving  sec- 
tions  of  the  current  supply  lines  5.  As  a  result,  the 
radiation  characteristic  has  been  rather  low  in  this 
type  of  a  microstrip  type  plane  antenna. 

As  an  improvement  on  such  a  conventional 
microstrip  type  plane  antenna,  there  has  been  a 
proposition  of  a  microstrip  type  plane  antenna 
shown  in  Figs.  2(A)  and  2(B),  where  the  antenna 
comprises:  a  first  dielectric  body  2;  a  first  ground- 
ing  conductor  body  1  provided  on  a  lower  side  of 
the  first  dielectric  body  2;  a  current  supply  line  5  in 
a  form  of  a  strip  line  provided  on  an  upper  side  of 
the  first  dielectric  body  2;  a  patch  shaped  radiative 
element  4  provided  on  the  upper  side  of  the  first 
dielectric  body  2  at  an  end  of  the  current  supply 
line  5;  a  second  dielectric  body  21  formed  on  the 
upper  side  of  the  first  dielectric  body  2  over  the 
radiative  element  4  and  the  current  supply  line  5; 
and  a  second  grounding  conductor  body  11  pro- 
vided  on  the  upper  side  of  the  second  dielectric 
body  21,  which  has  a  slot  3  at  a  position  located 
directly  above  the  radiative  element  4. 

In  a  microstrip  type  plane  antenna  formed  from 
a  plurality  of  such  antenna  units  arranged  in  an 
array,  the  current  supply  lines  5  are  arranged  in  a 
space  sandwiched  between  the  first  and  second 

grounding  conductor  bodies  1  and  1  1  ,  so  that  the 
unnecessary  radiations  from  the  branching  and 
curving  sections  of  the  current  supply  lines  5  tend 
to  be  suppressed  by  being  obstructed  by  the  sec- 

5  ond  grounding  conductor  body  11  while  the  radi- 
ations  from  the  radiative  elements  4  can  be  trans- 
mitted  without  any  obstruction  through  the  slots  3 
as  shown  in  Fig.  2(C),  such  that  the  antenna  effi- 
ciency  can  be  improved. 

io  Although  this  microstrip  type  plane  antenna  is 
effective  in  suppressing  the  unnecessary  radiations 
from  the  current  supply  lines,  it  is  also  associated 
with  a  problem  that  the  radiation  efficiency  of  this 
antenna  becomes  low  when  the  area  of  the  slot  3  is 

75  small  such  that  the  gain  is  lower  by  1  to  4  dB 
compared  with  the  antenna  of  Figs.  1(A)  and  1(B). 
If  the  area  of  the  slot  3  is  increased,  the  gain  may 
be  improved,  but  the  effect  of  suppressing  the 
unnecessary  radiations  from  the  current  supply  line 

20  would  be  weakened  such  that  the  antenna  gain 
becomes  low. 

SUMMARY  OF  THE  INVENTION 

25  It  is  therefore  an  object  of  the  present  invention 
to  provide  a  plane  antenna  with  high  gain  and 
antenna  efficiency. 

According  to  one  aspect  of  the  present  inven- 
tion  there  is  provided  a  plane  antenna  formed  by  a 

30  plurality  of  antenna  units  arranged  in  an  array,  each 
of  the  antenna  units  comprising:  a  first  dielectric 
body;  a  first  grounding  conductor  body  provided  on 
a  lower  side  of  the  first  dielectric  body;  a  current 
supply  line  in  a  form  of  a  strip  line  provided  on  an 

35  upper  side  of  the  first  dielectric  body;  a  patch 
shaped  radiative  element  provided  on  the  upper 
side  of  the  first  dielectric  body  at  an  end  of  the 
current  supply  line;  a  second  dielectric  body 
formed  on  the  upper  side  of  the  first  dielectric 

40  body  over  the  radiative  element  and  the  current 
supply  line;  and  a  second  grounding  conductor 
body  provided  on  the  upper  side  of  the  second 
dielectric  body,  which  has  a  slot  at  a  position 
located  directly  above  the  radiative  element; 

45  wherein  the  radiative  elements  and  the  slots  of  the 
plane  antenna  are  arranged  in  a  planar  array  with  a 
constant  interval  in  two  orthogonal  directions, 
where  the  constant  interval  has  a  value  equal  to 
0.72  to  0.93  times  a  wavelength  corresponding  to  a 

50  central  frequency  of  a  frequency  band  for  waves  to 
be  used. 

According  to  another  aspect  of  the  present 
invention  there  is  provided  an  array  antenna 
formed  by  a  plurality  of  plane  antennas  arranged  in 

55  an  array,  each  of  the  plane  antennas  being  formed 
by  a  plurality  of  antenna  units  arranged  in  an  array, 
each  of  the  antenna  units  comprising:  a  first  dielec- 
tric  body;  a  first  grounding  conductor  body  pro- 
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vided  on  a  lower  side  of  the  first  dielectric  body;  a 
current  supply  line  in  a  form  of  a  strip  line  provided 
on  an  upper  side  of  the  first  dielectric  body;  a 
patch  shaped  radiative  element  provided  on  the 
upper  side  of  the  first  dielectric  body  at  an  end  of 
the  current  supply  line;  a  second  dielectric  body 
formed  on  the  upper  side  of  the  first  dielectric 
body  over  the  radiative  element  and  the  current 
supply  line;  and  a  second  grounding  conductor 
body  provided  on  the  upper  side  of  the  second 
dielectric  body,  which  has  a  slot  at  a  position 
located  directly  above  the  radiative  element; 
wherein  the  radiative  elements  and  the  slots  of  the 
plane  antenna  are  arranged  in  a  planar  array  with  a 
constant  interval  in  two  orthogonal  directions, 
where  the  constant  interval  has  a  value  equal  to 
0.72  to  0.93  times  a  wavelength  corresponding  to  a 
central  frequency  of  a  frequency  band  for  waves  to 
be  used. 

Other  features  and  advantages  of  the  present 
invention  will  become  apparent  from  the  following 
description  taken  in  conjunction  with  the  accom- 
panying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figs.  1(A)  and  1(B)  are  a  top  plan  view  and  a 
cross  sectional  view,  respectively,  of  an  example  of 
a  conventional  microstrip  type  plane  antenna. 

Figs.  2(A)  and  2(B)  are  a  top  plan  view  and  a 
cross  sectional  view,  respectively,  of  another  exam- 
ple  of  a  conventional  microstrip  type  plane  an- 
tenna. 

Fig.  2(C)  is  a  cross  sectional  view  of  a  conven- 
tional  microstrip  type  plane  antenna  constructed 
from  antenna  units  in  a  form  shown  in  Figs.  2(A) 
and  2(B). 

Figs.  3(A)  and  3(B)  are  a  top  plan  view  and  a 
cross  sectional  view,  respectively,  of  a  first  em- 
bodiment  of  a  microstrip  type  plane  antenna  ac- 
cording  to  the  present  invention. 

Figs.  4(A)  and  4(B)  are  top  plan  views  of  two 
configurations  of  adjacent  slots  for  which  a  relation- 
ship  between  the  gain  and  the  relative  slot  pitch  is 
examined. 

Fig.  5  is  a  graph  of  a  relationship  between  the 
gain  and  the  relative  slot  pitch  obtained  for  the  two 
configurations  of  Figs.  4(A)  and  4(B). 

Fig.  6  is  a  top  plan  view  of  a  configuration  of 
neighboring  slots  for  which  a  relationship  between 
the  gain  and  the  relative  slot  pitch  is  evaluated. 

Fig.  7  is  a  graph  of  a  relationship  between  the 
gain  and  the  relative  slot  size  obtained  for  an 
antenna  and  for  a  single  radiative  element. 

Figs.  8(A)  to  8(F)  are  illustration  of  various 
possible  shapes  for  the  radiative  element  in  the 
microstrip  type  plane  antenna  of  Figs.  3(A)  and  3- 
(B). 

Fig.  9  is  a  top  plan  view  of  an  array  antenna 
formed  by  arranging  a  plurality  of  the  microstrip 
type  plane  antennas  of  Figs.  3(A)  and  3(B)  in  an 
array. 

5  Figs.  10(A)  and  10(B)  are  a  cross  sectional 
view  and  a  top  plan  view,  respectively,  of  a  second 
embodiment  of  a  microstrip  type  plane  antenna 
according  to  the  present  invention. 

Fig.  11  is  a  graph  of  a  relationship  between  the 
io  gain  and  the  relative  slot  size  obtained  for  a  case 

using  the  passive  element  and  for  a  case  not  using 
the  passive  element. 

Fig.  12  is  a  schematic  diagram  for  a  possible 
arrangement  in  pair  of  two  radiative  elements  in  the 

is  microstrip  type  plane  antenna  according  to  the 
present  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

20 
Referring  now  to  Figs.  3(A)  and  3(B),  a  first 

embodiment  of  a  microstrip  type  plane  antenna 
according  to  the  present  invention  will  be  described 
in  detail. 

25  In  this  first  embodiment  shown  in  Figs.  3(A) 
and  3(B),  a  microstrip  type  plane  antenna  10  is 
formed  from  a  plurality  of  antenna  units  arranged  in 
an  array,  each  of  which  comprises:  a  first  dielectric 
body  2;  a  first  grounding  conductor  body  1  pro- 

30  vided  on  a  lower  side  of  the  first  dielectric  body  2; 
a  current  supply  line  5  in  a  form  of  a  strip  line 
provided  on  an  upper  side  of  the  first  dielectric 
body  2;  a  patch  shaped  radiative  element  4  pro- 
vided  on  the  upper  side  of  the  first  dielectric  body 

35  2  at  an  end  of  the  current  supply  line  5;  a  second 
dielectric  body  21  formed  on  the  upper  side  of  the 
first  dielectric  body  2  over  the  radiative  element  4 
and  the  current  supply  line  5;  and  a  second 
grounding  conductor  body  11  provided  on  the  up- 

40  per  side  of  the  second  dielectric  body  21,  which 
has  a  slot  3  at  a  position  located  directly  above  the 
radiative  element  4. 

In  this  microstrip  type  plane  antenna  10,  the 
radiative  elements  4  and  the  slots  3  are  arranged  in 

45  a  planar  array  with  a  constant  interval  d  in  both  of 
longitudinal  and  transverse  directions,  where  a  val- 
ue  of  this  interval  d  is  set  equal  to  0.72  to  0.93  or 
more  preferably  0.85  to  0.93  times  a  wavelength  X0 
corresponding  to  a  central  frequency  of  a  frequen- 

50  cy  band  for  the  waves  to  be  transmitted  or  re- 
ceived  by  this  microstrip  type  plane  antenna  10,  for 
the  following  reason. 

Namely,  the  present  inventors  conducted  an 
experiment  to  determine  a  relationship  between  a 

55  relative  slot  pitch  D/X0  and  the  radiation  gain  for 
two  cases  shown  in  Figs.  4(A)  and  4(B).  In  a  case 
shown  in  Fig.  4(A),  the  radiative  element  4  has  one 
slot  3  located  directly  above  it  and  another  slot  31 

3 
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located  at  a  distance  D  from  the  slot  3  in  a  longitu- 
dinal  or  a  transverse  direction,  while  in  a  case 
shown  in  Fig.  4(B),  the  radiative  element  4  has  one 
slot  3  located  directly  above  it  and  another  slot  32 
located  at  a  distance  D  from  the  slot  3  in  a  diag- 
onal  direction. 

The  result  obtained  by  this  experiment  is 
shown  in  Fig.  5  along  with  a  case  in  which  the 
radiative  element  4  has  only  one  slot  3  located 
directly  above  it.  According  to  this  result  shown  in 
Fig.  5,  it  can  be  observed  that  the  gain  for  the  case 
of  Fig.  4(A)  or  the  case  of  Fig.  4(B)  becomes 
greater  than  the  case  of  using  a  single  slot  only  for 
the  relative  slot  pitch  D/X0  within  a  range  of  0.72  to 
0.93. 

This  result  implies  that  the  phase  of  the  waves 
radiated  from  the  slot  31  or  32  and  the  phase  of 
the  waves  radiated  from  the  slot  3  are  substantially 
aligned  with  each  other  only  for  the  relative  slot 
pitch  D/X0  within  a  range  of  0.72  to  0.93,  and  that 
the  gain  is  affected  by  the  phase  difference  be- 
tween  these  waves  for  the  relative  slot  pitch  D/X0 
outside  of  this  range. 

On  a  basis  of  this  observation,  a  case  shown  in 
Fig.  6  in  which  the  radiative  element  4  has  one  slot 
3  located  directly  above  it  and  eight  other  slots 
neighboring  to  this  slot  3  in  the  longitudinal,  trans- 
verse,  and  diagonal  directions  is  considered,  and  a 
range  of  the  relative  slot  pitch  D/X0  for  which  the 
gain  can  be  greater  than  that  obtained  by  a  single 
slot  and  for  which  the  antenna  efficiency  can  be 
greater  than  60%  is  evaluated  to  be  a  range  of 
0.85  to  0.93. 

For  this  reason,  this  range  is  selected  as  an 
appropriate  one  for  the  interval  d  between  the  slots 
3  in  the  first  embodiment  shown  in  Figs.  3(A)  and 
3(B).  Thus,  in  this  first  embodiment,  the  radiative 
elements  4  and  the  slots  3  are  arranged  in  an  array 
with  such  an  interval  for  which  the  phase  of  the 
waves  radiated  from  one  slot  can  be  aligned  with 
the  phase  of  the  waves  radiated  from  adjacent 
slots,  so  that  it  becomes  possible  to  realize  a  high 
antenna  gain  while  retaining  a  feature  to  suppress 
the  unnecessary  radiation  from  the  current  supply 
lines  for  the  sake  of  the  antenna  efficiency. 

Also,  in  this  first  embodiment,  the  shape  of 
each  slot  3  is  selected  to  be  a  square  having  a 
length  of  each  side  equal  to  0.48  to  0.65  times  a 
wavelength  X0  corresponding  to  a  central  frequency 
of  a  frequency  band  for  the  waves  to  be  transmit- 
ted  or  received  by  this  microstrip  type  plane  an- 
tenna  10,  for  the  following  reason. 

Namely,  the  present  inventors  also  conducted 
an  experiment  to  determine  a  relationship  of  a 
relative  slot  size  X/X0  with  respect  to  the  gain  per 
antenna  including  384  radiative  elements  which  is 
indicated  by  an  upper  curve,  or  with  respect  to  the 
gain  per  single  radiative  element  which  is  indicated 

by  a  lower  curve. 
The  result  obtained  by  this  experiment  is 

shown  in  Fig.  7,  from  which  it  can  be  observed  that 
the  gain  per  single  radiative  element  becomes 

5  greater  than  a  conventionally  attainable  8  dB  for 
the  relative  slot  size  X/X0  within  a  range  of  0.48  to 
0.65,  with  a  peak  at  a  value  approximately  equal  to 
0.59. 

For  this  reason,  this  range  is  selected  as  an 
io  appropriate  one  for  the  slot  size  of  the  slots  3  in 

the  first  embodiment  shown  in  Figs.  3(A)  and  3(B). 
Thus,  the  antenna  efficiency  in  this  first  embodi- 
ment  can  be  further  improved  by  adopting  the  slot 
size  within  this  range. 

is  Here,  it  is  to  be  noted  that  the  shape  of  each 
slot  3  may  be  selected  to  be  a  circular  disk  having 
a  diameter  equal  to  0.48  to  0.65  times  a 
wavelength  X0  corresponding  to  a  central  frequency 
of  a  frequency  band  for  the  waves  to  be  transmit- 

20  ted  or  received  by  this  microstrip  type  plane  an- 
tenna  10,  instead  of  the  square  shape  as  described 
above  and  depicted  in  the  drawings. 

It  is  also  to  be  noted  that  the  shape  of  each 
radiative  element  4  in  this  first  embodiment  can  be 

25  selected  from  various  shapes  shown  in  Figs.  8(A) 
to  8(F).  In  a  case  of  dealing  with  linearly  polarized 
waves,  the  patch  shaped  radiative  element  of  a 
square  shape  as  shown  in  Fig.  8(A)  or  of  a  circular 
disk  shape  as  shown  in  Fig,  8(B)  may  be  em- 

30  ployed.  In  a  case  of  dealing  with  circularly  po- 
larized  waves,  the  two-point  current  supply  type 
radiative  element  of  a  square  shape  as  shown  in 
Fig.  8(C)  or  of  a  circular  disk  shape  as  shown  in 
Fig,  8(D),  to  which  two  current  supply  lines  with 

35  90°  phase  difference  are  attached,  may  be  em- 
ployed.  Also,  in  this  case,  the  one-point  current 
supply  type  radiative  element  incorporating  a  so 
called  perturbation  in  which  a  ratio  with  respect  to 
the  longitudinal  and  transverse  directions  is  altered, 

40  such  as  those  shown  in  Fig.  8(E)  and  Fig.  8(F)  may 
be  employed  instead. 

More  specifically,  the  microstrip  type  plane  an- 
tenna  10  of  this  first  embodiment  has  been  actually 
constructed  as  follows. 

45  In  a  configuration  shown  in  Figs.  3(A)  and  3(B), 
the  first  grounding  conductor  body  1  is  formed 
from  an  aluminum  plate  of  140  mm  x  140  mm  size 
and  3  mm  thickness.  The  first  dielectric  body  2  is 
formed  from  a  polyethylene  foam  of  2  mm  thick- 

50  ness  having  the  relative  dielectric  constant  approxi- 
mately  equal  to  1.1  which  is  covered  on  its  upper 
side  by  a  substrate  formed  by  a  copper  foil  at- 
tached  to  a  polyethylene  film  of  25  urn  thickness, 
where  the  antenna  circuit  including  the  radiative 

55  elements  4  and  the  current  supply  lines  5  are 
formed  on  this  substrate  by  etching  off  the  unnec- 
essary  parts  of  the  copper  foil  from  the  substrate. 
The  second  dielectric  body  21  is  formed  from  a 

4 
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polyethylene  foam  of  2  mm  thickness  having  the 
relative  dielectric  constant  approximately  equal  to 
1.1,  and  the  second  grounding  conductor  body  11 
is  formed  from  an  aluminum  plate  of  0.5  mm 
thickness,  on  which  the  slots  3  are  formed  at 
positions  located  directly  above  the  radiative  ele- 
ments  4. 

Here,  a  number  of  the  radiative  elements  4  and 
a  number  of  slots  3  are  sixteen  respectively,  and 
these  sixteen  radiative  elements  4  and  sixteen  slots 
3  are  arranged  in  a  planar  array  with  a  constant 
interval  d  in  both  of  longitudinal  and  transverse 
directions,  where  a  value  of  this  interval  d  is  set 
equal  to  0.89  times  a  wavelength  X0  =  11.85  GHz 
corresponding  to  a  central  frequency  of  a  frequen- 
cy  band  for  the  waves  to  be  transmitted  or  re- 
ceived  by  this  microstrip  type  plane  antenna  10, 
while  the  shape  of  each  slot  3  is  selected  to  be  a 
square  having  a  length  of  each  side  equal  to  0.51 
times  the  aforementioned  wavelength  X0,  which 
takes  a  value  of  13  mm. 

The  measured  antenna  gain  of  this  microstrip 
type  plane  antenna  was  19.5  dB,  according  to 
which  the  gain  per  single  radiative  element  has 
been  improved  by  approximately  3  dB  compared 
with  a  case  of  the  radiative  element  having  only 
one  slot  directly  above  it. 

Also,  twenty-four  of  the  antennas  with  a  con- 
figuration  of  Figs.  3(A)  and  3(B)  just  described 
above  are  arranged  in  a  square  array  as  shown  in 
Fig.  9,  with  a  current  supply  point  located  at  a 
center  of  the  square  array  to  form  an  array  an- 
tenna.  The  measured  antenna  gain  of  this  array 
antenna  was  33.2  dB,  according  to  which  the  gain 
per  single  radiative  element  has  been  improved  by 
approximately  3.3  dB  compared  with  a  case  of  the 
radiative  element  having  only  one  slot  directly 
above  it. 

In  addition,  the  antenna  with  a  configuration 
similar  to  that  shown  in  Figs.  3(A)  and  3(B)  except 
that  the  shape  of  each  slot  3  is  selected  to  be  a 
circular  disk  having  a  diameter  equal  to  0.51  times 
the  aforementioned  wavelength  X0  was  also  con- 
structed,  and  the  result  similar  to  that  obtained  by 
the  configuration  of  Figs.  3(A)  and  3(B)  were  also 
obtained. 

Referring  now  to  Figs.  10(A)  and  10(B),  a  sec- 
ond  embodiment  of  a  microstrip  type  plane  an- 
tenna  according  to  the  present  invention  will  be 
described  in  detail. 

In  this  second  embodiment  shown  in  Figs.  10- 
(A)  and  10(B),  a  microstrip  type  plane  antenna  is 
formed  from  a  plurality  of  antenna  units  arranged  in 
an  array,  each  of  which  comprises:  a  first  dielectric 
body  2;  a  first  grounding  conductor  body  1  pro- 
vided  on  a  lower  side  of  the  first  dielectric  body  2; 
a  current  supply  line  5  in  a  form  of  a  strip  line 
provided  on  an  upper  side  of  the  first  dielectric 

body  2;  a  patch  shaped  radiative  element  4  pro- 
vided  on  the  upper  side  of  the  first  dielectric  body 
2  at  an  end  of  the  current  supply  line  5;  a  second 
dielectric  body  21  formed  on  the  upper  side  of  the 

5  first  dielectric  body  2  over  the  radiative  element  4 
and  the  current  supply  line  5;  a  second  grounding 
conductor  body  11  provided  on  the  upper  side  of 
the  second  dielectric  body  21  ,  which  has  a  slot  3  at 
a  position  located  directly  above  the  radiative  ele- 

io  ment  4;  a  third  dielectric  body  22  formed  on  the 
upper  side  of  the  second  grounding  conductor 
body  1  1  ;  and  a  passive  element  6  provided  on  the 
upper  side  of  the  third  dielectric  body  22  at  a 
position  directly  above  the  slot  3. 

is  In  this  microstrip  type  plane  antenna,  the  radia- 
tive  elements  4  and  the  slots  3  are  arranged  in  a 
planar  array  with  a  constant  interval  d  in  both  of 
longitudinal  and  transverse  directions,  where  a  val- 
ue  of  this  interval  d  is  set  equal  to  0.72  to  0.93  or 

20  more  preferably  0.85  to  0.93  times  a  wavelength  X0 
corresponding  to  a  central  frequency  of  a  frequen- 
cy  band  for  the  waves  to  be  transmitted  or  re- 
ceived  by  this  microstrip  type  plane  antenna,  as  in 
the  first  embodiment  described  above. 

25  Also,  in  this  second  embodiment,  the  shape  of 
each  slot  3  is  selected  to  be  a  square  having  a 
length  of  each  side  equal  to  0.48  to  0.65  times  a 
wavelength  X0  corresponding  to  a  central  frequency 
of  a  frequency  band  for  the  waves  to  be  transmit- 

30  ted  or  received  by  this  microstrip  type  plane  an- 
tenna  10,  as  in  the  first  embodiment  described 
above. 

The  additional  feature  of  the  passive  element  6 
in  this  second  embodiment  has  the  following  effect. 

35  Namely,  the  present  inventors  conducted  an 
experiment  to  determine  a  relationship  of  a  relative 
slot  size  I/X0  and  the  gain  for  a  case  using  the 
passive  element  6  and  a  case  not  using  the  pas- 
sive  element  6. 

40  The  result  obtained  by  this  experiment  is 
shown  in  Fig.  11  along  with  a  case  of  using  an 
optimized  microstrip  structure,  from  which  it  can  be 
observed  that  the  gain  becomes  greater  for  the 
case  using  the  passive  element  6  compared  with 

45  the  case  not  using  the  passive  element  6,  for 
smaller  slot  sizes. 

Here,  it  is  to  be  noted  that  the  shape  of  each 
passive  element  6  in  this  second  embodiment  can 
be  selected  to  be  any  shape  used  for  the  usual 

50  radiative  element,  such  as  a  square  shape  or  a 
circular  disk  shape. 

More  specifically,  the  microstrip  type  plane  an- 
tenna  of  this  second  embodiment  has  been  actually 
constructed  as  follows. 

55  In  addition  to  the  specific  construction  of  the 
microstrip  type  plane  antenna  10  of  the  first  em- 
bodiment  described  above,  the  third  dielectric  body 
22  is  formed  from  a  polyethylene  foam  of  2  mm 

5 
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thickness  having  the  relative  dielectric  constant  ap- 
proximately  equal  to  1.1  which  is  covered  on  its 
upper  side  by  a  substrate  formed  by  a  copper  foil 
attached  to  a  polyethylene  film  of  25  urn  thickness, 
where  the  passive  element  6  is  formed  on  this 
substrate  by  etching  off  the  unnecessary  parts  of 
the  copper  foil  from  the  substrate  at  a  position 
located  directly  above  the  slot  3  and  the  radiative 
element  4. 

The  value  of  the  interval  d  is  set  equal  to  0.89 
times  a  wavelength  X0  =  11.85  GHz  corresponding 
to  a  central  frequency  of  a  frequency  band  for  the 
waves  to  be  transmitted  or  received  by  this  micro- 
strip  type  plane  antenna,  while  the  shape  of  each 
slot  3  is  selected  to  be  a  square  having  a  length  of 
each  side  equal  to  0.51  times  the  aforementioned 
wavelength  X0,  which  takes  a  value  of  13  mm,  as  in 
the  case  of  the  first  embodiment  described  above. 

With  this  microstrip  type  plane  antenna  of  the 
second  embodiment,  the  result  similar  to  that  ob- 
tained  by  the  configuration  of  Figs.  3(A)  and  3(B) 
were  also  obtained. 

Thus,  in  this  second  embodiment,  the  antenna 
efficiency  in  of  the  microstrip  type  plane  antenna 
can  be  further  improved  by  using  the  additional 
passive  element. 

It  is  to  be  noted  that  the  radiative  elements  4  in 
the  above  described  embodiments  may  be  ar- 
ranged  in  units  of  pairs,  as  shown  in  Fig.  12. 
Namely,  one  radiative  element  4a  and  another  ad- 
lacent  radiative  element  4b  may  be  arranged  such 
that  the  radiative  element  4a  is  rotated  by  90°  with 
respect  to  the  radiative  element  4b,  and  the  radia- 
tive  element  4a  is  connected  to  the  common  single 
current  supply  line  5  a  branch  5a  while  the  radia- 
tive  element  4b  is  connected  to  the  common  single 
current  supply  line  5  through  another  branch  5b 
which  is  longer  than  the  branch  5a  such  that  the 
phases  from  the  radiative  elements  4a  and  4b  can 
be  matched  at  the  common  single  current  supply 
line  5. 

It  is  also  to  be  noted  that,  besides  those  al- 
ready  mentioned  above,  many  modifications  and 
variations  of  the  above  embodiments  may  be  made 
without  departing  from  the  novel  and  advantageous 
features  of  the  present  invention.  Accordingly,  all 
such  modifications  and  variations  are  intended  to 
be  included  within  the  scope  of  the  appended 
claims. 

Claims 

1.  A  plane  antenna  formed  by  a  plurality  of  an- 
tenna  units  arranged  in  an  array,  each  of  the 
antenna  units  comprising: 

a  first  dielectric  body; 
a  first  grounding  conductor  body  provided 

on  a  lower  side  of  the  first  dielectric  body; 

a  current  supply  line  in  a  form  of  a  strip 
line  provided  on  an  upper  side  of  the  first 
dielectric  body; 

a  patch  shaped  radiative  element  provided 
5  on  the  upper  side  of  the  first  dielectric  body  at 

an  end  of  the  current  supply  line; 
a  second  dielectric  body  formed  on  the 

upper  side  of  the  first  dielectric  body  over  the 
radiative  element  and  the  current  supply  line; 

io  and 
a  second  grounding  conductor  body  pro- 

vided  on  the  upper  side  of  the  second  dielec- 
tric  body,  which  has  a  slot  at  a  position  located 
directly  above  the  radiative  element; 

is  wherein  the  radiative  elements  and  the 
slots  of  the  plane  antenna  are  arranged  in  a 
planar  array  with  a  constant  interval  in  two 
orthogonal  directions,  where  the  constant  inter- 
val  has  a  value  equal  to  0.72  to  0.93  times  a 

20  wavelength  corresponding  to  a  central  frequen- 
cy  of  a  frequency  band  for  waves  to  be  used. 

2.  The  plane  antenna  of  claim  1,  wherein  the 
constant  interval  of  the  planar  array  has  a 

25  value  equal  to  0.85  to  0.93  times  the 
wavelength  corresponding  to  the  central  fre- 
quency  of  the  frequency  band  for  waves  to  be 
used. 

30  3.  The  plane  antenna  of  claim  1  ,  wherein  the  slot 
of  each  antenna  unit  is  in  a  square  shape 
having  a  length  of  each  side  equal  to  0.48  to 
0.65  times  the  wavelength  corresponding  to 
the  central  frequency  of  the  frequency  band  for 

35  the  waves  to  be  used. 

4.  The  plane  antenna  of  claim  1  ,  wherein  the  slot 
of  each  antenna  unit  is  in  a  circular  disk  shape 
having  a  diameter  equal  to  0.48  to  0.65  times 

40  the  wavelength  corresponding  to  the  central 
frequency  of  the  frequency  band  for  the  waves 
to  be  used. 

5.  The  plane  antenna  of  claim  1,  wherein  each 
45  antenna  unit  further  comprises: 

a  third  dielectric  body  formed  on  the  upper 
side  of  the  second  grounding  conductor  body; 
and 

a  passive  element  provided  on  the  upper 
50  side  of  the  third  dielectric  body  at  a  position 

directly  above  the  slot. 

6.  The  plane  antenna  of  claim  1,  wherein  the 
radiative  elements  of  the  plane  antenna  are 

55  arranged  in  units  of  pairs. 

7.  An  array  antenna  formed  by  a  plurality  of  plane 
antennas  arranged  in  an  array,  each  of  the 

6 
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plane  antennas  being  formed  by  a  plurality  of  12. 
antenna  units  arranged  in  an  array,  each  of  the 
antenna  units  comprising: 

a  first  dielectric  body; 
a  first  grounding  conductor  body  provided  5 

on  a  lower  side  of  the  first  dielectric  body; 
a  current  supply  line  in  a  form  of  a  strip 

line  provided  on  an  upper  side  of  the  first 
dielectric  body; 

a  patch  shaped  radiative  element  provided  10 
on  the  upper  side  of  the  first  dielectric  body  at 
an  end  of  the  current  supply  line; 

a  second  dielectric  body  formed  on  the 
upper  side  of  the  first  dielectric  body  over  the 
radiative  element  and  the  current  supply  line;  is 
and 

a  second  grounding  conductor  body  pro- 
vided  on  the  upper  side  of  the  second  dielec- 
tric  body,  which  has  a  slot  at  a  position  located 
directly  above  the  radiative  element;  20 

wherein  the  radiative  elements  and  the 
slots  of  the  plane  antenna  are  arranged  in  a 
planar  array  with  a  constant  interval  in  two 
orthogonal  directions,  where  the  constant  inter- 
val  has  a  value  equal  to  0.72  to  0.93  times  a  25 
wavelength  corresponding  to  a  central  frequen- 
cy  of  a  frequency  band  for  waves  to  be  used. 

The  array  antenna  of  claim  7,  wherein  the 
radiative  elements  of  the  plane  antenna  are 
arranged  in  units  of  pairs. 

The  plane  antenna  of  claim  7,  wherein  the 
constant  interval  of  the  planar  array  has  a  30 
value  equal  to  0.85  to  0.93  times  the 
wavelength  corresponding  to  the  central  fre- 
quency  of  the  frequency  band  for  waves  to  be 
used. 

35 
The  array  antenna  of  claim  7,  wherein  the  slot 
of  each  antenna  unit  is  in  a  square  shape 
having  a  length  of  each  side  equal  to  0.48  to 
0.65  times  the  wavelength  corresponding  to 
the  central  frequency  of  the  frequency  band  for  40 
the  waves  to  be  used. 

10.  The  array  antenna  of  claim  7,  wherein  the  slot 
of  each  antenna  unit  is  in  a  circular  disk  shape 
having  a  diameter  equal  to  0.48  to  0.65  times  45 
the  wavelength  corresponding  to  the  central 
frequency  of  the  frequency  band  for  the  waves 
to  be  used. 

11.  The  array  antenna  of  claim  7,  wherein  each  so 
antenna  unit  further  comprises: 

a  third  dielectric  body  formed  on  the  upper 
side  of  the  second  grounding  conductor  body; 
and 

a  passive  element  provided  on  the  upper  55 
side  of  the  third  dielectric  body  at  a  position 
directly  above  the  slot. 
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