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©  An  antenna  design  for  use  with  mobile  tele- 
phones  improves  antenna  performance  by  : 
(i)  making  the  antenna  less  sensitive  to  the 
effects  of  the  car  body  when  mounted  on  a  car 
window,  e.g.  backlight  or  sixthlight,  and  (ii) 
improving  the  impedance  matching  between 
the  antenna  and  the  coaxial  feed  line.  Princi- 
pally  two  arms  (21  and  22)  extend  from  a  ground 
plane  strip  (11)  around  a  separate  monopole 
radiating  "T"-piece  (12).  The  ground  plane  and 
"T  "-piece  are  insulated  from  each  other  and  a 
coaxial  connection  is  made  to  the  antenna  with 
the  central  core  connected  to  the  "T"-piece 
and  the  shield  to  the  ground  plane. 
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The  invention  relates  to  an  antenna  formed  on  a 
vehicle  window  for  transmission  and/or  reception  of 
radio  waves  particularly  but  not  exclusively  for  a  mo- 
bile  telephone. 

It  is  known  to  print  antennae  of  various  forms  onto  5 
vehicle  windows  as  they  have  advantages  in  not  be- 
ing  exposed  to  external  damage. 

Such  antennae  can  be  used  for  mobile  tele- 
phones  in  vehicles  and  it  is  an  object  of  the  present 
invention  to  provide  an  improved  antenna  on  a  vehicle  10 
window  suitable  for  use  with  such  a  mobile  vehicle  tel- 
ephone. 

A  conventional  rod  aerial  externally  mounted  on 
a  vehicle  has  two  terminals  normally  connected  to  a 
coaxial  cable  the  outer  conductor  of  which  provides  15 
an  earth  connection  coupled  to  the  vehicle  body 
where  the  antenna  is  mounted.  Other  proposals  have 
been  made  for  incorporated  such  an  antenna  formed 
by  conducting  strips  in  the  plane  of  a  vehicle  window. 

It  is  an  object  of  the  present  invention  to  provide  20 
an  improved  antenna  on  a  vehicle  window. 

The  present  invention  provides  a  vehicle  window 
comprising  a  sheet  for  mounting  on  a  vehicle  body, 
said  sheet  supporting  thereon  adjacent  an  edge  of 
the  sheet  an  antenna  system  for  transmission  and/or  25 
reception  of  radio  waves,  said  antenna  system  com- 
prising 

(a)  a  first  elongated  conducting  member  forming 
a  ground  conductor  and  having  a  connection  ter- 
minal,  and  30 
(b)  a  second  conducting  member  electrically  insu- 
lated  from  the  first  conducting  member  and  hav- 
ing  a  respective  connection  terminal, 

said  first  conducting  member  being  located  between 
the  second  conducting  member  and  an  edge  of  the  35 
sheet  and  having  at  least  one  conducting  arm  con- 
nected  to  the  elongated  conducting  member  and  ex- 
tending  at  least  partially  around  but  spaced  from  said 
second  conducting  member,  both  said  conducting 
members  and  conducting  arm  lying  in  the  plane  of  40 
said  sheet. 

Preferably  two  conducting  arms  are  connected  to 
said  first  conducting  member  each  of  said  arms  ex- 
tending  part  way  around  the  second  conducting 
member  and  spaced  therefrom.  45 

Preferably  said  two  conducting  arms  are  ar- 
ranged  symmetrically  on  opposite  sides  of  said  sec- 
ond  conducting  member  so  as  to  partially  surround 
the  second  conducting  member  with  a  gap  between 
them  on  a  side  of  the  second  conducting  member  re-  50 
mote  from  said  first  conducting  member. 

Preferably  said  second  conducting  member  is  T- 
shaped. 

Preferably  the  T-shaped  second  conducting 
member  has  a  foot  of  the  T  nearest  said  first  conduct-  55 
ing  member  and  said  connection  terminal  for  the  sec- 
ond  conducting  member  is  adjacent  the  foot  of  the  T. 

Preferably  said  first  conducting  member  is  ar- 

ranged  to  form  a  transmission  line  with  said  vehicle 
body  when  in  situ  and  thereby  form  an  earth  line  for 
the  antenna  system. 

Preferably  said  first  conducting  member  compris- 
es  a  linear  conductor  extending  substantially  parallel 
to  said  edge  of  the  sheet. 

The  invention  includes  a  vehicle  window  as  afore- 
said  in  which  a  50  ohm  coaxial  cable  is  connected  to 
respective  connection  terminals  of  the  antenna  sys- 
tem. 

In  an  embodiment  the  or  each  arm  connected  to 
said  first  elongated  conducting  member  has  a  length 
substantially  equal  to  3/4  of  the  wavelength  in  glass 
of  the  radio  frequency  for  transmission  or  reception  by 
the  antenna. 

Some  embodiments  of  the  invention  will  now  be 
described  by  way  of  example  and  with  reference  to 
the  accompanying  drawings  in  which:- 

Figure  1  shows  part  of  a  vehicle  window  mounted 
on  a  car  body  and  including  an  antenna  in  accor- 
dance  with  the  present  invention; 
Figures  2a,  2b  and  2c  show  similar  diagrams  in- 
dicating  the  comparative  vertical  polarisation 
achieved  with  the  antenna  of  Figure  1  in  relation 
to  that  of  a  conventional  mounted  rod  aerial  at 
three  different  frequencies  covering  the  range 
normally  used  by  a  mobile  telephone, 
Figure  3  shows  a  modification  of  the  arrange- 
ment  shown  in  Figure  1,  and 
Figure  4  shows  a  connector  used  in  Figure  3. 
The  example  of  Figure  1  provides  an  antenna 

suitable  for  use  with  a  cellular  radio  phone,  the  anten- 
na  comprising  first  and  second  conducting  members 
11  and  12  supported  on  a  transparent  glass  sheet  13 
mounted  on  a  vehicle  body  14.  The  antenna  may  be 
printed  or  otherwise  formed  on  the  glass  sheet  so 
that  the  conducting  members  11  and  12  lie  effectively 
in  the  plane  of  the  sheet  which  may  be  flat  or  curved. 
The  conducting  members  may  be  applied  to  an  inner 
surface  of  glass  in  a  laminate  window  or  alternatively 
and  more  usually  they  may  be  formed  on  an  external 
glass  surface  of  a  laminate  or  a  monolith  sheet.  They 
may  also  be  covered  by  an  electrically  insulating 
sheet  such  as  a  plastics  film  which  may  be  transpar- 
ent  or  opaque.  Alternatively  a  non-conductive  sub- 
stance  may  be  printed  or  painted  over  otherwise  ac- 
cessible  parts  of  the  conducting  members. 

The  first  conducting  member  11  comprises  a 
straight  elongated  conducting  strip  extending  parallel 
to  but  spaced  from  an  edge  15  of  the  window  apera- 
ture  in  the  car  body  14.  Centrally  located  along  the 
strip  11  is  the  second  conducting  member  12  which  in 
this  example  is  a  T-shaped  member  having  a  stem  16 
extending  perpendicular  to  the  length  of  the  strip  11. 
A  foot  17  of  the  T  12  is  located  nearest  but  spaced 
from  the  strip  11  by  a  distance  between  1  mm  to  5  mm 
and  includes  a  connection  terminal  18  adjacent  the 
foot.  The  strip  11  has  a  respective  connection  terminal 
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19  at  its  mid  position.  In  use  terminal  19  is  connected 
to  the  external  conductor  of  50  ohm  coaxial  cable  and 
terminal  18  is  connected  to  the  internal  conductor  of 
the  coaxial  cable.  This  example  provides  improved  5 
matching  of  the  antenna  impedance  with  the  coaxial 
cable  impedance  over  a  broad  band  width.  Conductor 
11  is  spaced  only  a  short  distance  from  the  edge  15 
of  the  car  body  and  acts  as  an  electrical  transmission 
line  between  itself  and  the  adjacent  metal  body  work  10 
of  the  vehicle.  In  this  way  the  transmission  line 
formed  by  the  conductor  11  acts  as  an  open  circuit  at 
its  outer  ends  and  thereby  forms  an  effective  short 
circuit  between  the  conductor  11  and  the  adjacent  ve- 
hicle  body  work  14.  This  has  the  same  effect  as  con-  15 
necting  the  outer  braid  of  the  coaxial  cable  to  the 
body  work  14  and  thereby  provides  an  earth. 

In  this  particular  example,  the  first  conductor  11 
is  provided  with  two  conducting  arms  20  and  21  each 
connected  to  the  conductor  11  and  arranged  symmet-  20 
rically  on  opposite  sides  of  the  second  conductor  12 
so  as  to  extend  partially  around  but  spaced  from  the 
conductor  12.  Each  of  the  conducting  arms  20  and  21 
is  similar  in  shape  and  comprises  a  first  straight  ele- 
ment  22  extending  outwardly  towards  the  end  of  the  25 
conductor  11  at  an  angle  of  45°  to  the  conductor  11. 
A  second  section  23  extends  perpendicular  to  the 
conductor  11  and  a  third  and  final  section  24  extends 
back  towards  the  T-shaped  conductor  12  in  a  direc- 
tion  parallel  to  the  conducting  strip  11.  The  ends  of  the  30 
respective  portions  24  are  spaced  apart  to  form  a  gap 
25  on  the  side  of  the  T-shaped  conductor  12  opposite 
the  elongated  conductor  11.  The  gap  25  is  symmetri- 
cally  located  relative  to  the  T-shaped  conductor  12 
and  is  wider  than  the  width  of  the  head  26  of  the  T-  35 
shaped  conductor  12.  In  this  way  the  arms  20  and  21 
partially  surround  the  conductor  12  by  elements 
which  extend  in  more  than  one  direction  both  away 
from  conductor  11  and  along  conductor  11. 

In  this  particular  example  the  section  22  of  the  40 
conducting  arms  20  and  21  are  inclined  at  45°  to  the 
length  of  the  conductor  11.  The  conductor  11  has  a 
length  of  250  mm  and  a  gap  of  between  5  and  20  mm 
is  provided  between  the  conductor  11  and  the  edge 
15  of  the  car  body.  The  T-shaped  conductor  12  has  a  45 
width  across  the  head  26  of  40  mm  and  the  head  26 
is  spaced  20  mm  from  the  closest  edge  of  the  elon- 
gated  conductor  11.  Each  of  the  arms  20  and  21  has 
an  overall  length  between  160  to  170  mm  which  cor- 
responds  to  3/4  of  the  wavelength  in  glass  of  the  eel-  50 
lular  frequencies  used  for  the  radio  of  this  example. 

Figures  2a,  2b  and  2c  show  the  vertical  polarisa- 
tion  results  of  use  of  the  above  described  antenna  for 
frequencies  of  850  MHz,  900  MHz  and  950  MHz  re- 
spectively  which  covers  the  usual  frequency  range  of  55 
a  mobile  telephone. 

The  results  shown  in  these  diagrams  show  the 
comparative  results  for  the  preferred  example  descri- 
bed  above  in  relation  to  equivalent  results  from  a  con- 

ventional  centre  mounted  rod  on  the  exterior  of  a  ve- 
hicle.  In  each  of  the  diagrams  the  broken  line  30  rep- 
resents  the  results  achieved  forthe  conventional  cen- 
tre  mounted  rod  whereas  the  continuous  line  31  rep- 
resents  the  results  achieved  with  the  antenna  of  the 
present  embodiment. 

It  will  be  seen  that  over  the  range  of  frequencies 
used  in  obtaining  these  three  different  results,  the 
performance  of  the  antenna  of  this  example  is  a  close 
approximation  to  that  obtained  with  a  conventional 
externally  mounted  rod  aerial. 

The  alternative  embodiment  shown  in  Figures  3 
and  4  has  first  and  second  conducting  members  11 
and  12  generally  as  previously  described  with  refer- 
ence  to  Figure  1.  In  this  example  the  central  region 
of  the  first  conducting  member  11  is  formed  with  an 
enlarged  conducting  region  35  which  makes  electrical 
contact  with  two  conducting  lugs  36  and  37  on  oppo- 
site  sides  of  a  standard  female  connector  34  for  a  co- 
axial  cable  38.  The  coaxial  cable  38  has  an  earth 
braid  39  and  central  wire  40  as  illustrated  in  Figure  3. 
The  connector  34  comprises  a  cylindrical  conducting 
sleeve  41  connected  to  the  lugs  36  and  37.  The  cen- 
tral  part  42  is  formed  of  insulating  material  surround- 
ing  a  central  bore  43  which  is  in  the  form  of  a  conduct- 
ing  sleeve  connected  to  a  conducting  tag  44  adjacent 
a  break  45  in  the  outer  conducting  sleeve  41.  As 
shown  in  Figure  3  the  connector  34  is  mounted  so  that 
the  conducting  lug  44  engages  the  lower  end  of  the 
T-shaped  conductor  12.  The  two  side  lugs  36  and  37 
engage  the  enlarged  conductor  35  of  the  conducting 
strip  11  .  When  connected  to  a  coaxial  cable  as  shown 
in  Figure  3,  the  cable  38  is  connected  to  a  standard 
coaxial  male  connector  which  engages  the  female 
connector  shown  in  Figure  4  so  that  the  central  wire 
40  of  the  cable  38  is  connected  to  the  T-shaped  con- 
ductor  12  and  the  outer  earthing  braid  39  is  connect- 
ed  to  the  elongated  conducting  strip  11.  In  this  way 
the  T-shaped  conductor  12  acts  as  a  radiating  con- 
ductor  for  the  signal  and  the  elongated  strip  11  acts 
as  a  ground  conductor. 

The  preferred  embodiments  described  have  a 
performance  which  is  less  sensitive  to  variations  in 
the  aperture  of  the  car  body  to  which  the  window  is 
fitted.  It  may  be  used  in  a  variety  of  different  sized 
apertures  such  as  a  back  light  or  a  sixth  light  at  the 
rear  side  of  a  vehicle.  It  also  provides  improved  impe- 
dance  matching  with  the  co-axial  cable. 

The  invention  is  not  limited  to  the  details  of  the 
foregoing  examples. 

Claims 

1.  A  vehicle  window  comprising  a  sheet  for  mount- 
ing  on  a  vehicle  body,  said  sheet  supporting 
thereon  adjacent  an  edge  of  the  sheet  an  anten- 
na  system  for  transmission  and/or  reception  of  ra- 

3 



5 EP  0  568  284  A1 6 

dio  waves,  said  antenna  system  comprising; 
(a)  a  first  elongated  conducting  member  form- 
ing  a  ground  conductor  and  having  a  connec- 
tion  terminal,  and  5 
(b)  a  second  conducting  member  electrically 
insulated  from  the  first  conducting  member 
and  having  a  respective  connection  terminal, 

said  first  conducting  member  being  located  be- 
tween  the  second  conducting  member  and  an  10 
edge  of  the  sheet  and  having  at  least  one  con- 
ducting  arm  connected  to  the  elongated  conduct- 
ing  member  and  extending  at  least  partially 
around  but  spaced  from  said  second  conducting 
member,  both  said  conducting  members  and  con-  15 
ducting  arm  lying  in  the  plane  of  said  sheet. 

2.  A  vehicle  window  according  to  claim  1  in  which 
two  conducting  arms  are  connected  to  said  first 
conducting  member  each  of  said  arms  extending  20 
partway  around  the  second  conducting  member 
and  spaced  therefrom. 

3.  A  vehicle  window  according  to  claim  2  in  which 
said  two  conducting  arms  are  arranged  symmet-  25 
rically  on  opposite  sides  of  said  second  conduct- 
ing  member  so  as  to  partially  surround  the  sec- 
ond  conducting  member  with  a  gap  between 
them  on  a  side  of  the  second  conducting  member 
remote  from  said  first  conducting  member.  30 

9.  A  vehicle  window  according  to  any  one  of  the  pre- 
ceding  Claims  in  which  the  antenna  system  is  ar- 
ranged  to  transmit  and/or  receive  radio  waves  in 
the  range  850  to  980  MHz. 

1  0.  A  vehicle  window  according  to  any  one  of  claims 
1  to  9  in  which  said  first  elongated  conducting 
member  is  connected  to  an  earth  conductor  of  a 
coaxial  cable. 

11.  A  vehicle  window  according  to  Claim  10  in  which 
a  50  ohm  coaxial  cable  is  connected  to  respective 
connection  terminals  of  the  antenna  system. 

12.  A  vehicle  window  according  to  any  one  of  the  pre- 
ceding  Claims  in  which  said  antenna  system  is 
formed  on  a  transparent  sheet  below  a  transpar- 
ent  insulating  layer. 

13.  A  vehicle  window  according  to  any  one  of  the  pre- 
ceding  Claims  in  which  the  or  each  arm  connect- 
ed  to  said  first  elongated  conducting  member  has 
a  length  substantially  equal  to  3/4  of  the  wave- 
length  in  glass  of  the  radio  frequency  for  trans- 
mission  or  reception  by  the  antenna. 

4.  Avehicle  window  according  to  any  one  of  the  pre- 
ceding  claims  in  which  said  second  conducting 
member  is  T-shaped. 

35 
5.  A  vehicle  window  according  to  claim  4  in  which 

the  T-shaped  second  conducting  member  has  a 
foot  of  t  he  T  nearest  said  first  conducting  member 
and  said  connection  terminal  for  the  second  con- 
ducting  member  is  adjacent  the  foot  of  the  T.  40 

6.  Avehicle  window  according  to  any  one  of  the  pre- 
ceding  Claims  in  which  said  first  conducting 
member  is  arranged  to  form  a  transmission  line 
with  said  vehicle  body  when  in  situ  and  thereby  45 
form  an  earth  line  for  the  antenna  system. 

7.  Avehicle  window  according  to  any  one  of  the  pre- 
ceding  Claims  in  which  said  first  conducting 
member  comprises  a  linear  conductor  extending  50 
substantially  parallel  to  said  edge  of  the  sheet. 

8.  Avehicle  window  according  to  any  one  of  the  pre- 
ceding  Claims  in  which  said  second  conducting 
member  includes  an  element  extending  perpen-  55 
dicular  to  said  first  conducting  member  said  ele- 
ment  being  situated  substantially  centrally  along 
said  first  elongated  conducting  member. 
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