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(54)  Antenna 

(57)  The  invention  comprises  an  antenna  structure 
particularly  suited  for  mobile  stations.  The  antenna  com- 
prises  a  radiating  element  (1  00)  which  is  of  a  conductor 
form.  The  antenna  conductor  comprises  a  basic  con- 
ductor  and  as  an  extension  to  this  a  conductor  (11  5,  116) 
which  at  least  partly  is  located  relatively  close  to  the  ba- 
sic  conductor.  As  the  conductors  are  close  to  each  other 
that  causes  an  electromagnetic  coupling,  which  again 
causes  a  second  resonance  frequency  for  the  antenna. 
The  bandwidth  of  the  antenna  can  be  widened  when  the 
second  resonance  frequency  is  arranged  close  to  the 
first  one.  The  antenna  can  be  made  as  a  two-band  an- 
tenna  when  the  second  resonance  frequency  is  ar- 
ranged  relatively  far  from  the  first  one.  The  bands  can 
be  made  relatively  wide,  so  that  the  antenna  operates 
satisfactorily  in  different  positions  and  in  the  neighbour- 
hood  of  objects.  It  can  be  fastened  to  the  back  wall  of  a 
mobile  station,  whereby  the  distance  to  the  user's  head 
is  made  as  large  as  possible. 
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Description 

[0001]  The  object  of  the  invention  is  an  antenna  struc- 
ture  defined  in  the  preamble  of  claim  1,  particularly  an 
antenna  structure  suitable  for  mobile  stations. 
[0002]  The  progress  of  mobile  station  techniques 
have  brought  and  will  bring  to  the  marketplace  new  and 
versatile  models,  in  which  new  requirements  are  placed 
on  the  antennas:  for  instance,  the  antenna  must  operate 
on  two  frequency  ranges,  such  as  the  900  MHz  and  1  .8 
GHz  ranges;  the  bandwidth  or  bandwidths  must  be  rel- 
atively  wide;  the  radiation  and  reception  characteristics 
must  be  rather  good  when  the  device  and  the  antenna 
are  in  different  positions  and  in  different  locations  re- 
garding  external  objects;  and  yet  the  antenna  must  be 
relatively  small  and  compact. 
[0003]  There  are  previously  known  antenna  struc- 
tures  suitable  for  mobile  stations  which  have  a  wide 
bandwidth  or  which  operate  on  two  frequency  ranges. 

Antennas  based  on  a  helix:  Within  a  helix  element 
there  is  placed  a  rod  element  resonating  at  a  differ- 
ent  frequency,  whereby  the  rod  element  is  fed  sep- 
arately  or  in  common  with  the  helix  element,  or  it 
could  be  a  parasitic  rod.  Disadvantages  of  such 
structures  are  the  relatively  high  manufacturing 
costs  and  clearly  deteriorated  characteristics,  when 
the  antenna  is  located  or  turned  close  to  the  frame 
of  the  device. 
Microstrip  structures:  On  the  surfaces  of  and  possi- 
bly  within  a  dielectric  plate  there  are  radiating  con- 
ductor  areas,  of  which  one  or  more  can  be  a  feed 
area,  and  of  which  one  or  more  can  be  parasitic  ar- 
eas.  The  conductor  areas  can  also  be  designed  so 
that  they  contain  one  or  more  gaps  acting  as  radi- 
ators.  A  disadvantage  of  most  microstrip  structures 
are  their  relatively  narrow  bandwidths.  This  disad- 
vantage  is  less  pronounced  in  structures  containing 
parasitic  elements,  but  then  a  disadvantage  will  be 
the  relatively  large  size  of  the  structure.  The  char- 
acteristics  of  microstrip  antennas  are  also  subject 
to  drift,  and  the  costs  of  structures  fulfilling  said  re- 
quirements  are  rather  high. 
Chip  structures:  Within  a  dielectric  monolithic  body 
there  are  one  or  more  conductors,  for  instance  with 
a  meander  form,  which  radiate  at  different  frequen- 
cies.  A  disadvantage  of  these  structures  are  the  rel- 
atively  narrow  bandwidths,  if  the  bands  are  sepa- 
rate. 

[0004]  The  object  of  the  invention  is  to  reduce  the 
above  mentioned  disadvantages  relating  to  the  prior  art. 
An  antenna  according  to  the  invention  is  characterised 
in  what  is  presented  in  the  independent  claim  regarding 
an  antenna.  A  mobile  station  according  to  the  invention 
is  characterised  in  what  is  presented  in  the  independent 
claim  regarding  a  mobile  station.  Some  preferred  em- 
bodiments  of  the  invention  are  presented  in  the  depend- 

ent  claims. 
[0005]  The  basic  idea  of  the  invention  is  as  follows: 
The  basis  of  the  structure  is  a  quarter-wave  antenna, 
which  can  be  electrically  shortened  with  the  aid  of  the 

5  design  of  a  radiating  conductor.  Then  the  conductor  is 
extended,  as  seen  from  the  end  opposite  to  the  feeding 
end,  so  that  at  least  a  part  of  the  extended  conductor  is 
located  rather  close  to  the  original  antenna  structure.  In 
this  way  an  electromagnetic  feed-back  is  created  in  the 

10  antenna.  The  feed-back  provides  the  antenna  with  an 
extra  resonance  frequency  at  a  desired  point  on  the  fre- 
quency  axis. 
[0006]  One  advantage  of  the  invention  is  that  the  an- 
tenna  can  be  made  into  a  two-band  antenna  by  arrang- 

es  ing  the  first  resonance  frequency  for  instance  in  the  900 
MHz  band  and  the  second  one  for  instance  in  the  1.8 
GHz  band.  The  bandwidth  can  also  be  made  relatively 
wide  in  both  operating  ranges,  which  is  important  par- 
ticularly  when  the  device  is  used  in  different  positions. 

20  An  advantage  of  the  invention  is  further  that  the  band- 
width  of  an  antenna  intended  for  single-band  operation 
can  be  expanded  by  arranging  a  second  resonance  fre- 
quency  close  to  the  first  one.  A  wider  band  also  means 
a  better  matching  in  different  operating  positions  of  the 

25  device.  A  further  advantage  is  that  the  antenna  can  be 
made  very  small  and  flat.  On  one  hand  it  can  then  be 
turned  into  a  protected  position  near  the  frame  of  the 
device,  and  on  the  other  hand  its  electric  properties  are 
kept  at  an  acceptable  level  in  the  protected  position,  be- 

so  cause  the  distance  to  the  frame  of  the  device  remains 
relatively  large.  A  further  advantage  of  the  invention  is 
that  due  to  the  flat  form  of  the  antenna  it  can  in  mobile 
phones  be  fastened  to  the  back  wall  of  the  device, 
whereby  the  power  emitted  from  the  telephone  to  the 

35  user's  body  is  kept  as  low  as  possible,  which  is  advan- 
tageous  due  to  the  power  consumption  savings  in  the 
mobile  station.  A  further  advantage  of  the  invention  is 
that  the  antenna  can  be  rather  freely  located,  because 
it  does  not  require  any  particular  dielectric  medium  nor 

40  any  parasitic  elements.  Due  to  the  same  reason  the 
characteristics  of  the  antenna  remain  stable  over  time 
and  in  changing  environmental  conditions.  A  further  ad- 
vantage  of  the  invention  is  that  the  costs  of  the  antenna 
are  relatively  low  due  to  the  very  simple  structure. 

45  [0007]  The  invention  is  described  in  detail  below.  In 
the  description  reference  is  made  to  the  enclosed  draw- 
ings,  in  which 

Figure  1  shows  an  example  of  antennas  according 
so  to  a  preferred  embodiment  of  the  invention, 

Figure  2  shows  other  examples  of  antennas  accord- 
ing  to  a  preferred  embodiment  of  the  invention, 
Figure  3  shows  characteristics  of  the  band  of  anten- 
nas  according  to  figure  1  , 

55  Figure  4  shows  characteristics  of  the  band  of  anten- 
nas  according  to  figure  2, 
Figure  5  shows  an  antenna  according  to  a  preferred 
embodiment  of  the  invention  mounted  in  a  mobile 
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station  in  different  situations,  and 
Figure  6  shows  some  variations  of  the  antenna 
structure  according  to  the  invention. 

[0008]  Figure  1  is  an  example  of  a  structure  according 
to  a  preferred  embodiment  of  the  invention  which  pro- 
vides  an  antenna  with  two  operating  bands,  which  are 
relatively  far  from  each  other.  The  structure  includes  an 
antenna  conductor  1  00  which  seen  from  the  feeder  1  50 
first  extends  upwards  (111),  then  sidewards  (112),  fur- 
ther  downwards  (113)  and  then  sidewards  (114)  towards 
the  section  111.  Let's  call  the  conductor  formed  by  these 
sections  the  basic  conductor.  The  basic  conductor  has 
an  extension  directed  upwards  and  containing  a  vertical 
section  115  and  a  bent  oblique  section  116.  The  basic 
conductor  and  its  extension  together  form  the  antenna 
conductor.  The  antenna  does  not  necessarily  require 
anything  else  than  the  conductor  shown  in  the  figure,  for 
instance  no  dielectric  matter  nor  any  separate  support 
element.  Figure  1  b  shows  a  structure  which  in  other  re- 
spects  is  similar  to  that  of  figure  la,  except  that  the  ver- 
tical  section  1  1  1  is  replaced  by  a  vertical  section  1  21  ,  a 
horizontal  section  122  and  a  vertical  section  123.  The 
length  of  the  added  horizontal  section  1  22  is  of  the  same 
order  as  the  other  horizontal  sections.  In  this  description 
and  particularly  in  the  claims  a  "vertical  section"  means 
a  substantially  vertical  part  of  a  conductor  and  a  "hori- 
zontal  section"  means  a  substantially  horizontal  part  of 
a  conductor,  when  the  antenna  points  upwards.  An  "ob- 
lique  section"  means  a  part  of  a  conductor  having  a  di- 
rection  which  differs  from  both  the  directions  of  a  vertical 
section  and  a  horizontal  section.  Thus  the  terms  "verti- 
cal  section",  "horizontal  section"  and  "oblique  section" 
are  in  no  way  connected  to  the  operating  position  of  the 
device. 
[0009]  The  structure  of  figure  la  has  a  first  resonance 
frequency,  the  magnitude  of  which  depends  on  the  total 
length  of  the  antenna  conductor.  Between  the  sections 
115  and  116  and  the  vertical  sections  111  there  is  an 
electromagnetic  coupling  causing  a  second  resonance 
frequency  which  in  this  case  is  substantially  above  the 
lower,  i.e.  the  first  resonance  frequency.  The  value  of 
the  higher,  i.e.  the  second  resonance  frequency  de- 
pends  mainly  on  the  lengths  of  the  vertical  sections.  The 
first  band  means  that  frequency  range  around  the  first 
resonance  frequency  where  the  antenna  is  able  to  radi- 
ate  substantially.  Correspondingly,  the  second  band 
means  that  frequency  range  around  the  second  reso- 
nance  frequency  where  the  antenna  is  able  to  radiate 
substantially.  The  width  of  the  first  band  depends  on  the 
ratio  of  the  lengths  of  the  horizontal  sections  112  and 
114  and  on  the  distance  between  the  vertical  sections 
115  and  111.  The  width  of  the  second  band  again  de- 
pends  mainly  on  the  mutual  relations  between  the  parts 
of  the  electromagnetic  coupling:  the  distance  between 
the  vertical  sections  1  1  5  and  1  1  1  and  the  angle  between 
the  oblique  section  1  1  6  and  the  vertical  section  111.  The 
vertical  section  115  and  the  oblique  section  116  are  at 

a  close  distance  to  the  vertical  section  111.  "Close  dis- 
tance"  means  in  this  description  and  particularly  in  the 
claims  such  a  distance  between  two  sections  of  the  an- 
tenna  that  the  coupling  between  them  substantially  af- 

5  fects  the  radiation  characteristics  of  the  antenna,  how- 
ever  so  that  said  radiation  characteristics  are  at  least 
substantially  retained  at  the  first  band.  A  close  distance 
can  for  instance  be  of  the  order  of  A/1  00,  where  X  is  the 
wavelength  of  the  radiation  of  the  antenna. 

10  [0010]  The  structures  according  to  figure  1  are  char- 
acterised  in  that  they  can  provide  relatively  large  band- 
widths,  particularly  a  wide  upper  bandwidth.  The  anten- 
na  band  characteristics  are  often  examined  by  measur- 
ing  its  reflection  coefficient,  i.e.  the  parameter  s11  or  the 

is  return  loss  Ar  as  a  function  of  the  frequency.  The  return 
loss  means  the  ratio  of  the  energy  supplied  to  the  an- 
tenna  to  the  energy  returning  from  it.  It  is  the  inverse  of 
the  square  of  the  absolute  value  of  the  reflection  coeffi- 
cient.  The  higher  the  return  loss  is,  the  greater  part  of 

20  the  energy  supplied  into  the  antenna  will  radiate  into  the 
environment,  i.e.  the  betterthe  antenna  functions.  Inthe 
ideal  case  the  return  loss  is  thus  infinite.  When  the  return 
loss  is  one  or  0  dB  the  antenna  will  not  radiate  at  all:  the 
energy  supplied  into  it  will  return  to  the  feeding  source. 

25  The  reception  characteristics  of  the  antenna  follow  the 
transmission  characteristics:  the  more  effectively  the 
antenna  transmits  at  a  certain  frequency  and  in  a  certain 
direction,  the  more  effectively  it  also  receives  said  fre- 
quency  from  said  direction.  The  bandwidth  of  an  anten- 

30  na  can  be  defined  in  different  ways:  It  can  mean  the  dif- 
ference  between  those  frequencies  at  which  the  return 
loss  has  decreased  3  dB  from  the  best  value,  i.e.  from 
the  maximum  value.  However,  often  the  bandwidth  is 
regarded  as  the  difference  between  those  frequencies 

35  at  which  the  return  loss  obtains  a  certain  value,  for  in- 
stance  1  0  dB  =  1  0,  or  5  dB  =  3.2.  The  former  value  cor- 
responds  to  a  standing  wave  ratio  SWR=  1.9  which  rep- 
resents  the  quality  of  the  antenna  matching,  and  the  lat- 
ter  value  represents  a  value  SWR  =  3.6.  In  figure  3  there 

40  is  an  example  of  the  variations  of  the  return  loss  Ar  in 
different  operating  situations  as  a  function  of  the  fre- 
quency  for  the  antenna  according  to  figure  1  .  The  oper- 
ating  situations  are  shown  in  figure  5.  In  figure  5a  the 
antenna  of  the  mobile  station  is  at  the  top  and  pointing 

45  upwards,  and  there  are  no  other  objects  close  to  the  mo- 
bile  station.  In  figure  5b  there  is  a  human  head  adjacent 
the  mobile  station.  In  figure  5c  there  is  a  multi-function 
mobile  station  having  its  antenna  at  the  top,  but  in  an 
oblique  position,  as  it  could  be  during  use.  In  figure  5d 

so  the  antenna  is  turned  into  a  protected  position  close  to 
the  cover  of  the  mobile  station.  The  curve  31  represents 
the  situation  of  figure  5a,  the  curve  32  represents  the 
situation  of  figure  5b,  the  curve  33  represents  the  situ- 
ation  of  figure  5c,  and  the  curve  34  represents  the  situ- 

55  ation  of  figure  5d.  In  this  example  the  antenna  is  intend- 
ed  to  operate  on  one  hand  in  the  band  used  by  the  GSM 
network  and  on  the  other  hand  in  the  band  used  by  both 
the  PCN  and  PCS  networks.  The  two  latter  cover  the 

4 
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band  between  1  .71  GHz  and  1  .98  GHz,  wherefore  par- 
ticularly  the  second  band,  i.e.  the  upper  band  of  the  an- 
tenna  must  be  a  wide  one.  From  the  curves  it  is  seen 
that  a  condition  of  an  acceptable  operation  is  met,  ex- 
cept  for  the  curve  34,  when  a  return  loss  Ar  value  of  5 
dB  is  considered  as  the  limit.  In  this  case,  i.e.  in  the  case 
of  a  down  turned  antenna  the  antenna  operates  unsat- 
isfactorily  at  the  upper  end  of  the  bands  used  by  both 
the  GSM  and  PCS  networks.  The  figures  are  measure- 
ment  results  obtained  in  an  exemplary  test  arrange- 
ment,  and  thus  they  do  not  represent  the  performance 
of  a  finally  optimised  product. 
[0011]  When  the  mobile  station  is  in  a  vertical  position 
the  radiation  generated  by  the  antennas  according  to 
figure  1  in  a  common  mobile  station  is  mainly  vertically 
polarised;  the  difference  to  the  horizontally  polarised 
field  strength  is  almost  10  dB  on  the  average.  The  di- 
rectional  pattern  regarding  the  vertically  polarised  field 
is  relatively  even.  When  mounted  in  a  certain  multi-func- 
tion  mobile  station  said  polarisation  difference  can  not 
be  detected  on  the  basis  of  a  certain  measurement  ar- 
rangement. 
[0012]  Figure  2a  shows  an  example  of  a  structure 
where  the  bandwidth  of  an  one-band  antenna  200  is  ex- 
tended  according  to  the  invention.  The  basic  conductor 
in  this  structure  forms  a  rectangular  meander  pattern. 
The  term  "meander"  means  a  continuous  line  without 
branching  points  and  having  a  certain  basic  pattern  or 
a  variation  of  the  basic  pattern  or  different  basic  patterns 
successively  repeated  in  the  same  direction.  As  an  ex- 
tension  of  the  meander  pattern  there  is  adjacent  one 
side  of  it  a  vertical  section  202,  which  has  an  electro- 
magnetic  coupling  the  to  the  closest  parts  20  1  of  the  me- 
ander  pattern.  This  results  in  a  further  resonance  fre- 
quency  relatively  close  the  main  resonance  frequency 
of  the  basic  structure.  Figure  2b  shows  a  structure  which 
is  similar  to  that  of  figure  2a,  except  that  the  meander 
pattern  is  made  narrower  at  the  upper  part,  so  that  the 
total  width  of  the  antenna  is  kept  constant,  taking  into 
consideration  the  extension,  i.e.  the  vertical  section  202. 
[0013]  Figure  4  is  an  example  of  the  effect  caused  by 
the  vertical  section  202  on  the  bandwidth  of  the  anten- 
nas  according  to  figure  2.  The  curves  41  and  42  repre- 
sent  the  return  loss  Ar  as  a  function  of  the  frequency  in 
an  antenna  with  a  meander  pattern,  which  is  turned  into 
the  protected  position  according  to  the  figure  5d.  The 
curve  41  represents  an  antenna  without  the  vertical  sec- 
tion  202,  and  the  curve  42  represents  an  antenna  ac- 
cording  to  the  invention  having  a  vertical  section  202.  In 
the  latter  case  the  tail  edge  of  the  band  is  moved  about 
50  MHz  further.  The  front  edge  of  the  band  has  also 
moved  a  little  further.  A  satisfactory  operation  is 
achieved  in  the  range  used  by  the  GSM  network,  be- 
cause  the  band  is  widened.  The  curve  43  represents  the 
return  loss  in  free  space  when  the  antenna  is  in  a  normal 
operating  position.  There  is  only  one  curve,  because  the 
band  does  not  substantially  change  with  the  addition  ac- 
cording  to  the  invention.  The  aim  in  said  structure  was 

also  to  improve  the  antenna  characteristics  only  in  said 
protective  position. 
[0014]  Some  antenna  structures  according  to  the  in- 
vention  and  their  characteristics  were  described  above. 

5  The  invention  is  not  limited  to  the  above  described  so- 
lutions.  Figure  6  shows  examples  of  possible  applica- 
tions.  Figure  6a  has  a  meander  structure  where  an  elec- 
tromagnetic  feed-back  is  made  close  to  the  feeding 
point  of  the  antenna.  The  structure  of  figure  6b  has  two 

10  coupling  points  relatively  far  from  each  other.  In  figure 
6c  the  invention  is  applied  in  an  L-antenna.  The  inven- 
tive  idea  can  be  applied  in  numerous  ways  within  the 
limits  defined  by  the  claims. 
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Claims 

1.  An  antenna  (100,  200)  comprising  a  conductor 
which  has  a  first  end  and  a  second  end,  whereby 

20  said  first  end  is  arranged  to  be  connected  to  the  an- 
tenna  feeding  conductor  (150)  and  whereby  said 
second  end  is  the  open  end  of  the  antenna,  char- 
acterised  in  that 

25  -  the  conductor  forms  a  substantially  planar  pat- 
tern, 
said  second  end  is  closer  to  said  first  end  than 
a  point  of  the  first  conductor  between  said  first 
and  second  ends,  and 

30  -  said  second  end  is  closer  to  a  second  conduc- 
tor  point  than  to  said  first  end,  whereby  said 
second  conductor  point  is  located,  when  meas- 
ured  along  the  conductor,  between  said  first 
conductor  point  and  said  first  end. 

2.  An  antenna  (100)  according  to  claim  1  ,  character- 
ised  in  that  said  conductor  forms  a  pattern  which 
comprises  the  following  sections  in  this  order  start- 
ing  from  said  first  end: 

a  first  section  (111)  in  a  first  direction, 
a  second  section  (112)  in  a  second  direction, 
whereby  said  second  direction  is  approximately 
perpendicular  to  said  first  direction, 

45  -  athirdsection  (113)  inathirddirection,  whereby 
said  third  direction  is  approximately  opposite  to 
said  first  direction, 
a  fourth  section  (114)  in  a  fourth  direction, 
whereby  said  fourth  direction  is  approximately 

so  opposite  to  said  second  direction, 
a  fifth  section  (115)  approximately  in  said  first 
direction,  and 
a  sixth  section  (116),  whereby  said  sixth  section 
is  directed  in  a  direction  which  substantially  dif- 

55  fers  from  the  directions  mentioned  above  in  this 
claim,  and  that  said  second  section  (112)  and 
said  fourth  section  (114)  both  are  shorter  than 
said  first  section  (111)  and  said  third  section 
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(113).  second  conductor  point  is  located,  when  meas- 
ured  along  the  conductor,  between  said  first 

3.  An  antenna  (100)  according  to  claim  1  ,  character-  conductor  point  and  said  first  end. 
ised  in  that  said  conductor  forms  a  pattern  which 
comprises  the  following  sections  in  this  order  start-  5  7.  A  mobile  station  according  to  claim  6,  character- 
ing  from  said  first  end:  ised  in  that  said  antenna  is  located  inside  a  wall  of 

the  cover  of  a  mobile  station. 
a  first  section  (1  21  )  in  a  first  direction, 
a  second  section  (122)  in  a  second  direction, 
whereby  said  second  direction  is  approximately  10 
perpendicular  to  said  first  direction, 
a  third  section  (123)  approximately  in  the  first 
direction, 
a  fourth  section  (124)  in  a  third  direction,  where- 
by  said  third  direction  is  approximately  opposite  15 
to  said  second  direction, 
a  fifth  section  (1  25)  in  a  fourth  direction,  where- 
by  said  fourth  direction  is  approximately  oppo- 
site  to  said  first  direction, 
a  sixth  section  (1  26)  approximately  in  said  sec-  20 
ond  direction, 
a  seventh  section  (127)  approximately  in  said 
first  direction,  and 
an  eighth  section  (128),  whereby  said  eighth 
section  is  directed  in  a  direction  which  substan-  25 
tially  differs  from  the  directions  mentioned 
above  in  this  claim,  and  that  said  second  sec- 
tion  (122),  said  fourth  section  (124)  and  said 
sixth  section  (126)  all  are  shorter  than  said  third 
section  (1  23)  and  said  fifth  section  (1  25).  30 

4.  An  antenna  (200)  according  to  claim  1  ,  character- 
ised  in  that  said  conductor  forms  a  pattern  which 
comprises  the  following  sections  in  this  order  start- 
ing  from  said  first  end:  35 

asection  of  the  meandertype  in  a  first  direction, 
a  straight  section  (202)  in  a  second  direction, 
whereby  said  second  direction  is  approximately 
opposite  to  said  first  direction.  40 

5.  An  antenna  according  claim  1,  characterised  in 
that  said  conductor  is  self-supporting. 

6.  A  mobile  station  (51  ;  52)  having  an  antenna,  which  45 
has  a  conductor  which  has  a  first  end  and  a  second 
end,  whereby  said  first  end  is  arranged  to  be  con- 
nected  to  the  antenna  feeding  conductor  (1  50)  and 
whereby  said  second  end  is  the  open  end  of  the  an- 
tenna,  characterised  in  that  so 

the  conductor  forms  a  substantially  planar  pat- 
tern, 
said  second  end  is  closer  to  said  first  end  than 
a  point  of  the  first  conductor  between  said  first  55 
and  second  ends,  and 
said  second  end  is  closer  to  a  second  conduc- 
tor  point  than  to  said  first  end,  whereby  said 

45 

50 
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