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©  Adaptive  linearisation  of  a  quadrature  modulator. 

©  In  a  linear  transmitter  (20)  for  use  in  combination 
with  a  radio  communication  system  of  TDMA  that 
has  a  plurality  of  radio  stations  each  of  which  has 
the  linear  transmitter,  the  linear  transmitter  is  sup- 
plied  with  an  input  signal  having  a  preamble  at  a  first 
period  and  an  information  signal  at  a  second  period 
following  the  first  period.  The  linear  transmitter  com- 
prises  a  switching  circuit  (21)  for  supplying  a 
quadrature  modulator  circuit  (14)  with  the  input  sig- 
nal  during  the  first  period.  The  switching  circuit  sup- 
plies  the  quadrature  modulator  circuit  with  a  dif- 
ference  signal  of  a  differential  amplifier  (13)  which  is 
supplied  with  the  input  signal.  A  quadrature  de- 
modulator  (18)  quadrature  demodulates  a  transmis- 

sion  signal  into  a  feedback  signal  having  feedback 
inphase  and  feedback  quadrature  components  in  ac- 
cordance  with  a  phase  adjusted  carrier  signal  which 
is  supplied  from  a  phase  adjusting  circuit  (23).  A 
monitoring  circuit  (22)  monitors  a  level  of  the  feed- 
back  quadrature  component  during  the  first  period  to 
produce  a  level  monitored  signal  representative  of  a 
monitored  level.  The  phase  adjusting  circuit  adjusts 
a  carrier  phase  of  a  carrier  signal  in  accordance  with 
the  level  monitored  signal  during  the  first  period  to 
produce  a  phase  adjusted  carrier  signal.  The  phase 
adjusting  circuit  supplies  the  phase  adjusted  carrier 
signal  to  the  quadrature  demodulator. 
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This  invention  relates  to  a  linear  transmitter  for 
use  in  combination  with  a  radio  communication 
system  of  time  division  multiple  access  (TDMA). 

In  general,  a  radio  communication  system  us- 
ing  time  division  multiple  access  (TDMA)  com- 
prises  a  relay  station  and  a  plurality  of  radio  sta- 
tions  which  communicate  with  one  another  through 
the  relay  station.  In  the  radio  communication  sys- 
tem  of  TDMA,  one  of  time  slots  is  assigned  as  a 
specific  time  slot  to  a  specific  one  of  the  radio 
stations.  When  the  specific  radio  station  transmits  a 
transmission  signal  to  the  relay  station  in  the  spe- 
cific  time  slot,  the  specific  radio  station  transmits 
the  transmission  signal  as  a  burst  signal  to  the 
relay  station  as  known  in  the  art. 

Each  of  the  radio  stations  may  be  used  as  one 
of  a  fixed  station  and  a  mobile  station.  The  mobile 
station  may  be  carried  by  an  automobile,  a  human 
being,  or  the  like  and  has  a  variable  location.  Each 
of  the  radio  stations  comprises  a  linear  transmitter 
for  transmitting  the  transmission  signal  to  the  relay 
station  in  order  to  improve  a  non-linear  distortion  of 
the  transmission  signal.  The  linear  transmitter  pro- 
duces  the  transmission  signal  having  transmission 
inphase  and  transmission  quadrature  components 
in  accordance  with  an  input  signal  having  input 
inphase  and  input  quadrature  components  during  a 
predetermined  period.  The  predetermined  period 
may  be  called  a  burst  period. 

In  general,  the  linear  transmitter  implements  a 
linear  power  amplifier  to  amplify  a  modulated  sig- 
nal  which  has  a  time  varying  amplitude  (magnitude) 
for  transmission.  It  is  desirable  for  the  linear  power 
amplifier  to  provide  good  linearity  and  efficient 
power  conversion.  It  is  necessary  to  further  reduce 
an  amplifier  distortion  in  the  linear  power  amplifier. 
In  order  to  reduce  the  amplifier  distortion,  the  linear 
transmitter  uses  a  negative  feedback  loop  on  which 
a  feedback  signal  passes.  The  feedback  signal  has 
feedback  inphase  and  feedback  quadrature  compo- 
nents.  A  cartesian  loop  is  a  known  method  for 
implementing  the  negative  feedback  loop  around 
the  linear  power  amplifier.  A  net  phase  shift  around 
the  cartesian  loop  must  be  maintained  about  180 
degrees  at  a  desired  channel  frequency  in  order  to 
insure  stable  operation. 

However,  the  cartesian  loop  becomes  unstable 
when  a  phase  shift  occurs  between  the  input  signal 
and  the  feedback  signal.  When  the  phase  shift 
occurs  between  the  input  signal  and  the  feedback 
signal,  the  cartesian  loop  may  become  to  a  positive 
feedback  loop.  Such  a  phase  shift  occurs  on  the 
basis  of  a  time  delay  in  the  cartesian  loop  and  the 
other  factors.  When  the  cartesian  loop  becomes 
unstable,  it  is  difficult  to  reduce  the  amplifier  distor- 
tion. 

Furthermore,  the  linear  transmitter  generally 
has  a  transmitter  offsets  inherent  in  the  transmitter 

as  will  be  later  described.  On  the  basis  of  the 
transmitter  offset,  it  is  difficult  to  obtain  a  good 
modulation  characteristic. 

It  is  therefore  an  object  of  this  invention  to 
5  provide  a  linear  transmitter  capable  of  always  re- 

ducing  an  amplifier  distortion. 
It  is  another  object  of  this  invention  to  provide 

a  linear  transmitter  capable  of  obtaining  a  good 
modulation  characteristic. 

io  Other  objects  of  this  invention  will  become 
clear  as  the  description  proceeds. 

On  describing  the  gist  of  the  invention,  it  is 
possible  to  understand  that  a  linear  transmitter  for 
use  in  combination  with  a  radio  communication 

75  system  of  time  division  multiple  access  that  has  a 
plurality  of  radio  stations  each  of  which  has  the 
linear  transmitter.  The  linear  transmitter  is  for  pro- 
ducing  a  transmission  signal  having  transmission 
inphase  and  quadrature  components  in  accordance 

20  with  an  input  signal  having  input  inphase  and 
quadrature  components  during  a  predetermined 
period. 

According  to  an  aspect  of  this  invention,  the 
input  signal  has  a  preamble  signal  at  a  first  period 

25  and  an  information  signal  at  a  second  period  fol- 
lowing  the  first  period.  The  preamble  signal  has 
preamble  inphase  and  quadrature  components. 
The  information  signal  has  information  inphase  and 
quadrature  components.  The  linear  transmitter 

30  comprises  (A)  quadrature  modulating  means  for 
quadrature  modulating  a  carrier  signal  by  a  sup- 
plied  signal  therein  to  produce  the  transmission 
signal,  (B)  differential  amplifier  means  supplied  with 
the  input  signal  and  a  feedback  signal  having  feed- 

35  back  inphase  and  quadrature  components  for  pro- 
ducing  a  difference  signal  having  difference  in- 
phase  and  quadrature  components,  (C)  supplying 
means  for  supplying  the  preamble  signal  as  the 
supplied  signal  to  the  quadrature  modulating 

40  means  during  the  first  period,  the  supplying  means 
supplying  the  difference  signal  as  the  supplied 
signal  to  the  quadrature  modulating  means  during 
the  second  period,  (D)  quadrature  demodulating 
means  supplied  with  the  transmission  signal  for 

45  quadrature  demodulating  the  transmission  signal 
into  a  demodulated  signal  in  accordance  with  the 
carrier  signal  to  produce  the  demodulated  signal  as 
the  feedback  signal,  (E)  monitoring  means  for  mon- 
itoring  a  level  of  the  feedback  quadrature  compo- 

50  nent  to  produce  a  level  monitored  signal  repre- 
sentative  of  a  monitored  level,  and  (F)  phase  ad- 
justing  means  for  adjusting  a  carrier  phase  of  the 
carrier  signal  to  produce  an  adjusted  carrier  signal 
during  the  first  period  in  accordance  with  the  level 

55  monitored  signal,  the  phase  adjusting  means  sup- 
plying  the  adjusted  carrier  signal  as  the  carrier 
signal  to  the  quadrature  demodulating  means. 
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According  to  another  aspect  of  this  invention, 
the  linear  transmitter  comprises  (G)  quadrature 
modulating  means  for  quadrature  modulating  a 
supplied  signal  therein  into  the  transmission  signal, 
(H)  differential  amplifier  means  having  an  amplifier 
offset  inherent  in  the  differential  amplifier  means  for 
producing  a  difference  signal  having  difference  in- 
phase  and  quadrature  components  in  accordance 
with  the  input  signal  and  a  feedback  signal  having 
feedback  inphase  and  quadrature  components,  (I) 
quadrature  demodulating  means  having  a  demodu- 
lation  offset  inherent  in  the  quadrature  demodulat- 
ing  means  for  quadrature  demodulating  the  trans- 
mission  signal  into  a  demodulated  signal  to  pro- 
duce  the  demodulated  signal  as  the  feedback  sig- 
nal,  (J)  monitoring  means  for  monitoring  a  level  of 
the  difference  signal  during  a  waiting  period  except 
the  predetermined  period  to  produce  a  level  mon- 
itored  signal  representative  of  a  monitored  level, 
and  (K)  offset  adjusting  means  for  adjusting  the 
amplifier  and  the  demodulation  offsets  during  the 
waiting  period  in  accordance  with  the  level  mon- 
itored  signal. 

Brief  Description  of  the  Drawing: 

Fig.  1  is  a  block  diagram  of  a  conventional  linear 
transmitter; 
Fig.  2  is  a  block  diagram  of  a  linear  transmitter 
according  to  a  first  embodiment  of  this  inven- 
tion; 
Fig.  3  is  a  timing  chart  for  describing  operation 
of  the  linear  transmitter  illustrated  in  Fig.  2; 
Fig.  4  is  a  block  diagram  of  a  linear  transmitter 
according  to  a  second  embodiment  of  this  in- 
vention;  and 
Fig.  5  is  a  timing  chart  for  describing  operation 
of  the  linear  transmitter  illustrated  in  Fig.  4. 

Description  of  the  Preferred  Embodiments: 

Referring  to  Fig.  1,  a  conventional  linear  trans- 
mitter  will  be  described  at  first  in  order  to  facilitate 
an  understanding  of  this  invention.  The  illustrated 
linear  transmitter  10  is  for  use  in  combination  with 
a  radio  communication  system  of  time  division 
multiple  access  (TDMA)  that  comprises  a  plurality 
of  radio  stations.  More  particularly,  each  of  the 
radio  stations  has  the  linear  transmitter  10.  The 
radio  communication  system  may  further  comprise 
a  relay  station  through  which  the  radio  stations 
communicate  with  one  another.  Each  of  the  radio 
stations  may  be  used  as  one  of  a  fixed  station  and 
a  mobile  station.  The  mobile  station  may  be  carried 
by  an  automobile,  a  human  being,  or  the  like  and 
has  a  variable  location. 

In  the  radio  communication  system  of  TDMA, 
one  of  time  slots  is  assigned  as  a  specific  time  slot 

to  a  specific  one  of  the  radio  stations.  When  the 
specific  radio  station  transmits  a  transmission  sig- 
nal  to  the  relay  station  in  the  specific  time  slot  by 
the  use  of  the  linear  transmitter  10,  the  specific 

5  radio  station  transmits  the  transmission  signal  as  a 
burst  signal  to  the  relay  station  as  known  in  the  art. 

The  linear  transmitter  10  has  first  and  second 
input  terminals  11  and  12  each  of  which  is  con- 
nected  to  a  differential  amplifier  13.  Through  the 

io  first  and  the  second  input  terminals  11  and  12,  the 
differential  amplifier  13  is  supplied  with  an  input 
signal  having  input  inphase  and  input  quadrature 
components.  More  specifically,  the  input  inphase 
component  is  supplied  to  the  differential  amplifier 

is  13  through  the  first  input  terminal  11.  The  input 
quadrature  component  is  supplied  to  the  differential 
amplifier  13  through  the  second  input  terminal  12. 

The  input  signal  has  a  preamble  signal  at  a 
first  period  and  an  information  signal  at  a  second 

20  period  following  the  first  period.  The  preamble  sig- 
nal  has  preamble  inphase  and  preamble  quadrature 
components.  Similarly,  the  information  signal  has 
information  inphase  and  information  quadrature 
components.  The  sum  of  the  first  and  the  second 

25  periods  corresponds  to  a  burst  transmission  period 
during  which  the  burst  signal  is  transmitted  to  the 
relay  station. 

The  differential  amplifier  13  is  further  supplied 
with  a  feedback  signal  having  feedback  inphase 

30  and  feedback  quadrature  components,  which  will 
later  be  described.  The  differential  amplifier  13 
carries  out  subtraction  of  the  input  signal  and  the 
feedback  signal  to  produce  a  difference  signal  hav- 
ing  difference  inphase  and  difference  quadrature 

35  components.  More  particularly,  the  differential  am- 
plifier  13  carries  out  subtraction  of  the  input  in- 
phase  component  and  the  feedback  inphase  com- 
ponent  to  produce  the  difference  inphase  compo- 
nent.  Similarly,  the  differential  amplifier  13  carries 

40  out  subtraction  of  the  input  quadrature  component 
and  the  feedback  quadrature  component  to  pro- 
duce  the  difference  quadrature  component.  The 
difference  signal  is  supplied  to  a  quadrature 
modulator  circuit  14. 

45  The  quadrature  modulator  circuit  14  is  con- 
nected  to  a  carrier  signal  producing  circuit  15 
which  produces  a  carrier  signal  having  a  carrier 
frequency.  The  carrier  signal  producing  circuit  15 
comprises  a  local  oscillator  15a  and  a  frequency 

50  synthesizer  15b.  The  local  oscillator  15a  generates 
an  oscillation  signal  having  a  predetermined  fre- 
quency.  Supplied  with  the  oscillation  signal,  the 
frequency  synthesizer  15b  produces  the  carrier 
signal.  The  carrier  signal  is  supplied  to  the  quadra- 

55  ture  modulator  circuit  14. 
Supplied  with  the  carrier  signal,  the  quadrature 

modulator  circuit  14  quadrature  modulates  the  car- 
rier  signal  by  the  difference  signal  to  produce  a 
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modulated  signal  having  modulated  inphase  and 
modulated  quadrature  components.  More  specifi- 
cally,  the  quadrature  modulator  circuit  14  com- 
prises  a  quadrature  modulator  14a  and  a  phase 
shift  circuit  14b.  The  phase  shift  circuit  14b  shifts  a 
phase  of  the  carrier  signal  by  90  degrees  to  pro- 
duce  a  phase  shifted  carrier  signal.  The  carrier 
signal  and  the  phase  shifted  carrier  signal  are 
supplied  to  the  quadrature  modulator  14a.  The 
quadrature  modulator  14a  amplitude  modulates  the 
carrier  signal  by  the  difference  inphase  component 
to  produce  the  modulated  inphase  component. 
Similarly,  the  quadrature  modulator  14a  amplitude 
modulates  the  phase  shifted  carrier  signal  by  the 
difference  quadrature  component  to  produce  the 
modulated  quadrature  component.  The  modulated 
signal  is  supplied  to  a  linear  power  amplifier  16. 

The  linear  power  amplifier  16  amplifies  the 
modulated  signal  into  an  amplified  signal.  The  am- 
plified  signal  is  transmitted  as  the  transmission 
signal  to  the  relay  station  through  an  antenna  17. 

The  amplified  signal  is  further  supplied  to  a 
quadrature  demodulator  18.  The  quadrature  de- 
modulator  18  demodulates  the  amplified  signal  into 
a  demodulated  signal  in  accordance  with  the  car- 
rier  signal  supplied  from  the  carrier  signal  produc- 
ing  circuit  15.  The  demodulated  signal  is  supplied 
as  the  feedback  signal  to  the  differential  amplifier 
13. 

As  readily  understood  from  the  above  descrip- 
tion,  the  linear  transmitter  has  a  negative  feedback 
loop  which  will  be  called  a  cartesian  loop. 

By  the  way,  the  cartesian  loop  becomes  unsta- 
ble  when  a  phase  shift  occurs  between  the  input 
signal  and  the  feedback  signal.  More  particularly, 
the  cartesian  loop  may  become  to  a  positive  feed- 
back  loop  when  the  phase  shift  occurs  between  the 
input  signal  and  the  feedback  signal.  Such  a  phase 
shift  occurs  on  the  basis  of  a  time  delay  in  the 
cartesian  loop  and  the  other  factors.  When  the 
cartesian  loop  becomes  unstable,  it  is  difficult  to 
reduce  an  amplifier  distortion  in  the  linear  power 
amplifier  16.  Namely,  it  is  difficult  to  improve  a 
non-linear  distortion  of  the  transmission  signal. 

Furthermore,  the  differential  amplifier  13  gen- 
erally  has  an  amplifier  offset  inherent  in  the  dif- 
ferential  amplifier  13.  Similarly,  the  quadrature  de- 
modulator  18  generally  has  a  demodulator  offset 
inherent  in  the  quadrature  demodulator  18.  The 
amplifier  and  the  demodulator  offsets  may  be  col- 
lectively  called  a  transmitter  offset.  On  the  basis  of 
the  amplifier  and  the  demodulator  offsets,  it  is 
difficult  to  obtain  a  good  modulation  characteristic 
in  the  conventional  linear  transmitter. 

Referring  to  Fig.  2,  description  will  proceed  to 
a  linear  transmitter  according  to  a  first  embodiment 
of  this  invention.  The  illustrated  linear  transmitter  is 
different  in  structure  from  the  linear  transmitter  10 

illustrated  in  Fig.  1  and  therefore  designated  afresh 
by  a  reference  numeral  20.  The  linear  transmitter 
20  comprises  similar  parts  which  are  designated  by 
like  reference  numerals  and  are  operable  with  like- 

5  wise  named  signals.  The  linear  transmitter  20  fur- 
ther  comprises  a  switching  circuit  21,  a  monitoring 
circuit  22,  a  phase  adjusting  circuit  23,  and  a 
control  circuit  24,  all  of  which  will  later  be  de- 
scribed. 

io  As  described  in  conjunction  with  Fig.  1,  the 
input  signal  has  the  preamble  signal  at  the  first 
period  and  the  information  signal  at  the  second 
period  following  the  first  period.  The  first  period 
may  be  called  a  non-modulation  period.  The  sec- 

15  ond  period  may  be  called  a  modulation  period.  In 
the  example  being  illustrated,  the  preamble  in- 
phase  component  has  a  non-zero  value.  The  pre- 
amble  quadrature  component  has  a  zero  value. 
More  particularly,  the  preamble  quadrature  compo- 

20  nent  is  equal  to  the  zero  value. 
The  control  circuit  24  is  connected  to  the  sec- 

ond  input  terminal  12.  At  a  start  of  the  preamble 
quadrature  component  equal  to  zero  value,  the 
control  circuit  24  produces  a  first  control  signal.  On 

25  the  other  hand,  the  control  circuit  24  produces  a 
second  control  signal  at  an  end  of  the  preamble 
quadrature  component.  Each  of  the  first  and  the 
second  control  signals  is  supplied  to  the  switching 
circuit  21,  the  monitoring  circuit  22,  and  the  phase 

30  adjusting  circuit  23. 
Responsive  to  the  first  control  signal,  the 

switching  circuit  21  connects  the  quadrature 
modulator  circuit  14  to  the  first  and  the  second 
input  terminals  11  and  12.  As  a  result,  the  quadra- 

35  ture  modulator  circuit  14  is  supplied  with  the  pre- 
amble  signal  having  the  preamble  inphase  and  the 
preamble  quadrature  components.  In  this  event,  the 
differential  amplifier  13  is  disconnected  with  the 
quadrature  modulator  circuit  14. 

40  Responsive  to  the  second  control  signal,  the 
switching  circuit  21  connects  the  quadrature 
modulator  circuit  14  to  the  differential  amplifier  13. 
As  a  result,  a  difference  signal  is  supplied  from  the 
differential  amplifier  13  to  the  quadrature  modulator 

45  circuit  14. 
As  readily  understood  from  the  above  descrip- 

tion,  the  preamble  signal  is  supplied  to  the  quadra- 
ture  modulator  circuit  14  at  the  first  period.  The 
difference  signal  is  supplied  to  the  quadrature 

50  modulator  circuit  14  at  the  second  period.  Although 
the  preamble  and  the  information  signals  are  car- 
ried  by  the  difference  signal  described  in  conjunc- 
tion  with  Fig.  1,  only  the  information  signal  is 
carried  by  the  difference  signal  described  in  Fig.  2. 

55  In  a  similar  manner  described  in  conjunction 
with  Fig.  1,  the  quadrature  modulator  circuit  14 
carries  out  quadrature  modulation  to  produce  the 
modulated  signal.  More  particularly,  the  quadrature 

4 
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modulator  circuit  14  quadrature  modulates  the  pre- 
amble  signal  into  the  modulated  signal  carrying  the 
preamble  signal  at  first.  Secondly,  the  quadrature 
modulator  14  quadrature  modulates  the  difference 
signal  into  the  modulated  signal  carrying  the  dif- 
ference  signal. 

Referring  to  Fig.  3  in  addition  to  Fig.  2,  the 
modulated  signal  is  amplified  into  the  transmission 
signal  by  the  linear  power  amplifier  16  as  de- 
scribed  in  conjunction  with  Fig.  1.  The  transmission 
signal  is  transmitted  as  the  burst  signal  through  the 
antenna  17  to  the  relay  station.  The  transmission 
signal  has  a  preamble  signal  part  PS  at  the  first 
period  and  an  information  signal  part  IS  at  the 
second  period  as  shown  at  a  first  row  labelled  (a) 
in  Fig.  3.  Furthermore,  the  transmission  signal  is 
supplied  to  the  quadrature  demodulator  18. 

The  quadrature  demodulator  18  quadrature  de- 
modulates  the  transmission  signal  into  the  demodu- 
lated  signal  in  accordance  with  a  phase  adjusted 
carrier  signal  which  is  produced  by  the  phase 
adjusting  circuit  23  as  will  later  be  described.  The 
demodulated  signal  is  supplied  as  the  feedback 
signal  to  the  differential  amplifier  13.  The  monitor- 
ing  circuit  22  monitors  the  feedback  quadrature 
component  of  the  feedback  signal.  More  particu- 
larly,  the  monitoring  circuit  22  monitors  a  level  of 
the  feedback  quadrature  component  during  the  first 
period  to  produce  a  level  monitored  signal  repre- 
sentative  of  a  monitored  level. 

In  the  example  being  illustrated,  the  monitoring 
circuit  22  comprises  a  detecting  circuit  22a  and  a 
sample-and-hold  circuit  22b.  As  described  above, 
the  monitoring  circuit  22  is  supplied  with  the  first 
and  the  second  control  signals.  Responsive  to  the 
first  control  signal,  the  detecting  circuit  22a  detects 
a  level  of  the  feedback  quadrature  component  to 
produce  a  level  detected  signal  representative  of  a 
detected  level  as  shown  at  a  second  row  labelled 
(b)  in  Fig.  3.  The  detecting  circuit  22a  stops  detect- 
ing  the  level  of  the  feedback  quadrature  component 
as  shown  at  the  second  row  (b)  in  Fig.  3.  Namely, 
the  detecting  circuit  22a  detects  the  level  of  the 
feedback  quadrature  component  to  produce  the 
level  detected  signal  during  the  first  period  as 
shown  at  the  second  row  (b)  in  Fig.  3. 

Responsive  to  the  first  control  signal,  the  sam- 
ple-and-hold  circuit  22b  samples  the  level  detected 
signal  to  hold  the  detected  level  as  a  held  level  as 
shown  at  a  third  row  labelled  (c)  in  Fig.  3.  Respon- 
sive  to  the  second  control  signal,  the  sample-and- 
hold  circuit  22b  supplies  the  held  level  as  the 
monitored  level  to  the  phase  adjusting  circuit  23  as 
shown  at  the  third  row  (c)  in  Fig.  3.  Namely,  the 
sample-and-hold  circuit  22b  samples  the  level  de- 
tected  signal  to  hold  the  detected  level  as  the  held 
level  during  the  first  period.  The  sample-and-hold 
circuit  22b  supplies  the  held  level  as  the  monitored 

level  to  the  phase  adjusting  circuit  23  during  the 
second  period. 

The  phase  adjusting  circuit  23  is  further  sup- 
plied  with  the  carrier  signal  from  the  carrier  signal 

5  producing  circuit  15.  The  phase  adjusting  circuit  23 
adjusts  a  carrier  phase  of  the  carrier  signal  in 
accordance  with  the  monitored  level  during  the  first 
period  to  supply  the  quadrature  demodulator  18 
with  the  phase  adjusted  carrier  signal  as  shown  at 

io  a  fourth  row  labelled  (d)  in  Fig.  3.  More  specifically, 
the  phase  adjusting  circuit  23  adjusts  the  carrier 
phase  of  the  carrier  signal  in  accordance  with  the 
monitored  level  when  the  first  control  signal  is 
supplied  with  the  phase  adjusting  circuit  23.  For 

is  example,  the  phase  adjusting  circuit  23  adjusts  the 
carrier  phase  of  the  carrier  signal  until  the  mon- 
itored  level  becomes  to  a  predetermined  level.  The 
predetermined  level  may  be  equal  to  a  zero  level. 
Responsive  to  the  second  control  signal,  the  phase 

20  adjusting  circuit  23  supplies  the  phase  adjusted 
carrier  signal  to  the  quadrature  demodulator  18. 

Referring  to  Fig.  4,  description  will  proceed  to 
a  linear  transmitter  according  to  a  second  embodi- 
ment  of  this  invention.  The  illustrated  linear  trans- 

25  mitter  is  different  in  structure  from  the  linear  trans- 
mitter  10  illustrated  in  Fig.  1  and  therefore  des- 
ignated  afresh  by  a  reference  numeral  30.  The 
linear  transmitter  30  comprises  similar  parts  which 
are  designated  by  like  reference  numerals  and  are 

30  operable  with  likewise  named  signals.  The  linear 
transmitter  30  comprises  a  monitoring  circuit  and  a 
control  circuit  which  are  different  in  structure  from 
the  monitoring  circuit  22  and  the  control  circuit  24, 
respectively.  Therefore,  the  monitoring  circuit  and 

35  the  control  circuit  are  designated  afresh  by  refer- 
ence  numerals  31  and  32  in  Fig.  4,  respectively. 
The  linear  transmitter  30  further  comprises  an  off- 
set  adjusting  circuit  33. 

As  described  in  conjunction  with  Fig.  1,  the 
40  differential  amplifier  13  has  an  amplifier  offset  in- 

herent  in  the  differential  amplifier  13.  Similarly,  the 
quadrature  demodulator  18  has  a  demodulator  off- 
set  inherent  in  the  quadrature  demodulator  18.  On 
the  basis  of  the  amplifier  and  the  demodulator 

45  offsets,  the  modulation  characteristic  becomes  bad 
in  the  linear  transmitter  30.  In  order  to  obtain  a 
good  modulation  characteristic,  the  linear  transmit- 
ter  30  comprises  the  monitoring  circuit  31,  the 
control  circuit  32,  and  the  offset  adjusting  circuit 

50  33,  all  of  which  will  later  be  described. 
Referring  to  Fig.  5,  the  burst  signal  is  produced 

in  accordance  with  the  input  signal  as  described  in 
conjunction  with  Fig.  1.  The  burst  signal  is  trans- 
mitted  to  the  relay  station  in  one  of  the  time  slots. 

55  A  transmission  period  of  the  burst  signal  will  be 
called  a  burst  period  BP.  A  remaining  period  ex- 
cept  the  burst  period  may  be  called  a  waiting  or 
rest  period  RP.  Namely,  the  burst  signal  is  trans- 

5 
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mitted  to  the  relay  station  at  the  burst  period  BP 
and  is  not  transmitted  to  the  relay  station  at  the 
rest  period  RP  as  shown  at  a  first  row  labelled  (a) 
in  Fig.  5. 

Again  referring  to  Fig.  4,  the  control  circuit  32 
is  connected  to  the  first  and  the  second  input 
terminals  11  and  12  and  is  supplied  with  the  input 
signal  having  the  input  inphase  and  the  input 
quadrature  components.  On  the  basis  of  a  start  and 
an  end  of  the  input  signal,  the  control  circuit  32 
knows  the  burst  period.  At  the  start  of  the  input 
signal,  the  control  circuit  32  produces  a  primary 
control  signal  to  supply  the  primary  control  signal 
to  the  monitoring  circuit  31  and  the  offset  adjusting 
circuit  33.  At  the  end  of  the  input  signal,  the  control 
circuit  32  produces  a  secondary  control  signal  to 
supply  the  secondary  control  signal  to  the  monitor- 
ing  circuit  31  and  the  offset  adjusting  circuit  33. 

The  monitoring  circuit  31  is  connected  to  the 
differential  amplifier  13  and  is  supplied  with  the 
difference  signal  having  the  difference  inphase  and 
the  difference  quadrature  components.  It  is  to  be 
noted  that  the  differential  amplifier  13  is  supplied 
with  a  zero  value  signal  having  a  zero  value  when 
the  input  signal  is  not  supplied  to  the  first  and  the 
second  input  terminals  11  and  12.  Namely,  the 
differential  amplifier  13  is  supplied  with  the  zero 
value  signal  during  the  rest  period  RP.  During  the 
rest  period  RP,  the  differential  amplifier  13  pro- 
duces  the  difference  signal  in  accordance  with  the 
zero  value  signal.  The  monitoring  circuit  31  moni- 
tors  a  level  of  the  difference  signal  in  response  to 
the  secondary  control  signal  to  produce  a  level 
monitored  signal  representative  of  a  monitored  lev- 
el.  The  monitoring  circuit  31  stops  monitoring  the 
level  of  the  difference  signal  in  response  to  the 
primary  control  signal.  Namely,  the  monitoring  cir- 
cuit  31  monitors  the  level  of  the  difference  signal 
during  the  rest  period  to  produce  the  level  mon- 
itored  signal.  More  particularly,  the  monitoring  cir- 
cuit  31  monitors  the  level  of  each  of  the  difference 
inphase  and  the  difference  quadrature  components 
to  produce  the  level  monitored  signal  having  first 
and  second  level  signals.  The  first  level  signal  is 
representative  of  the  level  of  the  difference  inphase 
component.  The  second  level  signal  is  representa- 
tive  of  the  level  of  the  difference  quadrature  com- 
ponent.  In  the  example  being  illustrated,  the  moni- 
toring  circuit  31  comprises  a  detecting  circuit  31a 
and  a  sample-and-hold  circuit  31b. 

Referring  to  Fig.  5  in  addition  to  Fig.  4,  the 
detecting  circuit  31a  detects  the  level  of  the  dif- 
ference  signal  in  response  to  the  secondary  control 
signal  to  produce  a  level  detected  signal  repre- 
sentative  of  a  detected  level  as  shown  at  a  second 
row  labelled  (b)  in  Fig.  5.  The  detecting  circuit  31a 
stops  detecting  the  level  of  the  difference  signal  in 
response  to  the  primary  control  signal  as  shown  at 

the  second  row  (b)  in  Fig.  5.  More  specifically,  the 
detecting  circuit  31a  detects  the  level  of  each  of 
the  difference  inphase  and  the  difference  quadra- 
ture  components  during  the  rest  period  RP  to  pro- 

5  duce  the  level  detected  signal  having  first  and 
second  detected  level  signals.  The  first  detected 
level  signal  has  a  first  detected  level  representative 
of  a  level  of  the  difference  inphase  component.  The 
second  detected  level  signal  has  a  second  de- 

io  tected  level  representative  of  a  level  of  the  dif- 
ference  quadrature  component.  The  level  detected 
signal  is  supplied  from  the  detecting  circuit  31a  to 
the  sample-and-hold  circuit  31b. 

The  sample-and-hold  circuit  31b  samples  each 
is  of  the  first  and  the  second  detected  level  signals  in 

response  to  the  secondary  control  signal  to  hold 
the  first  and  the  second  detected  levels  as  first  and 
second  held  levels,  respectively,  as  shown  at  a 
third  row  labelled  (c)  in  Fig.  5.  Responsive  to  the 

20  primary  control  signal,  the  sample-and-hold  circuit 
31b  supplies  the  first  and  the  second  held  levels  as 
the  first  and  the  second  monitored  levels  to  the 
offset  adjusting  circuit  33.  Namely,  the  sample-and- 
hold  circuit  31b  samples  each  of  the  first  and  the 

25  second  detected  level  signals  to  hold  the  first  and 
the  second  detected  levels  as  the  first  and  the 
second  held  levels  during  the  rest  period  RP.  The 
sample-and-hold  circuit  31b  supplies  the  first  and 
the  second  held  levels  as  the  first  and  the  second 

30  monitored  levels  to  the  offset  adjusting  circuit  33 
during  the  burst  period  BP. 

Responsive  to  the  secondary  control  signal,  the 
offset  adjusting  circuit  33  adjusts  the  amplifier  and 
the  demodulator  offsets  in  accordance  with  the  first 

35  and  the  second  monitored  levels  until  each  of  the 
first  and  the  second  monitored  levels  becomes  to  a 
predetermined  level,  for  example,  a  zero  level.  The 
offset  adjusting  circuit  33  stops  adjusting  the  am- 
plifier  and  the  demodulator  offsets  in  response  to 

40  the  primary  control  signal.  Namely,  the  offset  ad- 
justing  circuit  33  adjusts  the  amplifier  and  the  de- 
modulator  offsets  in  accordance  with  the  first  and 
the  second  monitored  levels  during  the  rest  period 
RP  until  each  of  the  first  and  the  second  monitored 

45  levels  becomes  to  the  predetermined  level. 
Although  illustration  is  not  made,  it  is  to  be 

noted  that  it  is  easy  to  combine  the  linear  transmit- 
ter  20  with  the  linear  transmitter  30  from  the  first 
and  the  second  embodiments  in  order  to  reduce 

50  amplifier  distortion  and  to  obtain  the  good  modula- 
tion  characteristic. 

Claims 

55  1.  A  linear  transmitter  for  use  in  combination  with 
a  radio  communication  system  of  time  division 
multiple  access  that  has  a  plurality  of  radio 
stations  each  of  which  has  said  linear  transmit- 

6 
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ter,  said  linear  transmitter  being  for  producing 
a  transmission  signal  having  transmission  in- 
phase  and  quadrature  components  in  accor- 
dance  with  an  input  signal  having  input  in- 
phase  and  quadrature  components  during  a  5 
predetermined  period,  said  input  signal  has  a 
preamble  signal  at  a  first  period  and  an  in- 
formation  signal  at  a  second  period  following 
said  first  period,  said  preamble  signal  having 
preamble  inphase  and  quadrature  components,  10 
said  information  signal  having  information  in- 
phase  and  quadrature  components,  character- 
ized  by: 

quadrature  modulating  means  for  quadra- 
ture  modulating  a  carrier  signal  by  a  supplied  is 
signal  therein  to  produce  said  transmission  sig- 
nal; 

differential  amplifier  means  supplied  with 
said  input  signal  and  a  feedback  signal  having 
feedback  inphase  and  quadrature  components  20 
for  producing  a  difference  signal  having  dif- 
ference  inphase  and  quadrature  components; 

supplying  means  for  supplying  said  pre- 
amble  signal  as  said  supplied  signal  to  said 
quadrature  modulating  means  during  said  first  25 
period,  said  supplying  means  supplying  said 
difference  signal  as  said  supplied  signal  to 
said  quadrature  modulating  means  during  said 
second  period; 

quadrature  demodulating  means  supplied  30 
with  said  transmission  signal  for  quadrature 
demodulating  said  transmission  signal  into  a 
demodulated  signal  in  accordance  with  said 
carrier  signal  to  produce  said  demodulated  sig- 
nal  as  said  feedback  signal;  35 

monitoring  means  for  monitoring  a  level  of 
said  feedback  quadrature  components  during 
said  first  period  to  produce  a  level  monitored 
signal  representative  of  a  monitored  level;  and 

phase  adjusting  means  for  adjusting  a  car-  40 
rier  phase  of  said  carrier  signal  during  said  first 
period  in  accordance  with  said  level  monitored 
signal  to  produce  an  adjusted  carrier  signal, 
said  phase  adjusting  means  supplying  said 
adjusted  carrier  signal  as  said  carrier  signal  to  45 
said  quadrature  demodulating  means. 

A  linear  transmitter  as  claimed  in  Claim  1, 
characterized  in  that  said  phase  adjusting 
means  adjusts  the  carrier  phase  of  said  carrier  so 
signal  until  said  monitored  level  becomes  to  a 
predetermined  level. 

A  linear  transmitter  as  claimed  in  Claim  2, 
characterized  in  that  said  predetermined  level  55 
is  equal  to  a  zero  level. 

4.  A  linear  transmitter  as  claimed  in  any  of 
Claims  1  to  3,  characterized  in  that  said  dif- 
ferential  amplifier  means  has  an  amplifier  off- 
set  inherent  in  said  differential  amplifier  means, 
said  quadrature  demodulating  means  has  a 
demodulation  offset  inherent  in  said  quadrature 
demodulating  means,  further  comprising: 

additional  monitoring  means  for  monitoring 
a  level  of  said  difference  signal  during  a  wait- 
ing  period  except  said  predetermined  period  to 
produce  an  additional  level  monitored  signal 
representative  of  an  additional  monitored  level; 
and 

offset  adjusting  means  for  adjusting  said 
amplifier  and  said  demodulation  offsets  during 
said  waiting  period  in  accordance  with  said 
additional  level  monitored  signal. 

5.  A  linear  transmitter  as  claimed  in  any  of 
Claims  1  to  4,  characterized  in  that: 

said  differential  amplifier  means  carries  out 
subtraction  between  said  input  inphase  compo- 
nent  and  said  feedback  inphase  component  to 
produce  said  difference  inphase  component, 
said  differential  amplifier  means  carrying  out 
subtraction  between  said  input  quadrature 
component  and  said  feedback  quadrature  com- 
ponent  to  produce  said  difference  quadrature 
component. 

6.  A  linear  transmitter  as  claimed  in  any  of 
Claims  1  to  5,  characterized  in  that  said 
quadrature  modulating  means  comprises: 

a  quadrature  modulating  circuit  for  quadra- 
ture  modulating  said  carrier  signal  by  said  sup- 
plied  signal  to  produce  a  modulated  signal; 
and 

a  power  amplifier  for  amplifying  said  mod- 
ulated  signal  into  an  amplified  signal  to  pro- 
duce  said  amplified  signal  as  said  transmission 
signal. 

7.  A  linear  transmitter  as  claimed  in  Claim  6, 
characterized  in  that  said  supplied  signal  has 
supplied  inphase  and  quadrature  components, 
said  modulated  signal  has  modulated  inphase 
and  quadrature  components,  said  quadrature 
modulating  circuit  comprises: 

a  phase  shift  circuit  for  shifting  a  phase  of 
said  carrier  signal  by  90  degrees  to  produce  a 
phase  shifted  carrier  signal;  and 

a  quadrature  modulator  for  quadrature 
modulating  said  carrier  signal  by  said  supplied 
inphase  component  to  produce  said  modulated 
inphase  component,  said  quadrature  modulat- 
ing  circuit  quadrature  modulating  said  phase 
shifted  carrier  signal  by  said  supplied  quadra- 
ture  component  to  produce  said  modulated 
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quadrature  component. 

A  linear  transmitter  as  claimed  in  any  of 
Claims  1  to  7,  characterized  in  that: 

said  preamble  inphase  component  has  a 
non-zero  value;  and 

said  preamble  quadrature  component  hav- 
ing  a  zero  value. 

11.  A  linear  transmitter  as  claimed  in  Claim  10, 
characterized  in  that  said  offset  adjusting 
means  adjusts  said  amplifier  and  said  demodu- 
lation  offsets  until  said  monitored  level  be- 

5  comes  to  a  predetermined  level. 

12.  A  linear  transmitter  as  claimed  in  Claim  11, 
characterized  in  that  said  predetermined  level 
is  equal  to  a  zero  level. 

10 
13.  A  linear  transmitter  as  claimed  in  any  of 

Claims  10  to  12,  characterized  in  that: 
said  differential  amplifier  means  carries  out 

subtraction  between  said  input  inphase  compo- 
15  nent  and  said  feedback  inphase  component  to 

produce  said  difference  inphase  component, 
said  differential  amplifier  means  carrying  out 
subtraction  between  said  input  quadrature 
component  and  said  feedback  quadrature  com- 

20  ponent  to  produce  said  difference  quadrature 
component. 

14.  A  linear  transmitter  as  claimed  in  any  of 
Claims  10  to  13,  characterized  in  that  said 

25  quadrature  modulating  means  comprises: 
a  quadrature  modulating  circuit  for  quadra- 

ture  modulating  a  carrier  signal  by  said  dif- 
ference  signal  to  produce  a  modulated  signal; 
and 

30  a  power  amplifier  for  amplifying  said  mod- 
ulated  signal  into  an  amplified  signal  to  pro- 
duce  said  amplified  signal  as  said  transmission 
signal. 

35  15.  A  linear  transmitter  as  claimed  in  Claim  14, 
characterized  in  that  said  modulated  signal  has 
modulated  inphase  and  quadrature  compo- 
nents,  said  quadrature  modulating  circuit  com- 
prises: 

to  a  phase  shift  circuit  for  shifting  a  phase  of 
said  carrier  signal  by  90  degrees  to  produce  a 
phase  shifted  carrier  signal;  and 

a  quadrature  modulator  for  quadrature 
modulating  said  carrier  signal  by  said  differ- 

45  ence  inphase  component  to  produce  said  mod- 
ulated  inphase  component,  said  quadrature 
modulating  circuit  quadrature  modulating  said 
phase  shifted  carrier  signal  by  said  difference 
quadrature  component  to  produce  said  modu- 

50  lated  quadrature  component. 

A  linear  transmitter  as  claimed  in  any  of  10 
Claims  1  to  8,  characterized  in  that  said  moni- 
toring  means  comprises: 

detecting  means  for  detecting  said  level  of 
said  feedback  quadrature  component  during 
said  first  period  to  produce  a  level  detected  is 
signal  representative  of  a  detected  level;  and 

holding  means  supplied  with  said  level  de- 
tected  signal  for  holding  said  detected  level  as 
a  held  level  during  said  first  period,  said  hold- 
ing  means  supplying  said  phase  adjusting  20 
means  with  said  held  level  as  said  level  mon- 
itored  signal  during  said  second  period. 

A  linear  transmitter  for  use  in  combination  with 
a  radio  communication  system  of  time  division  25 
multiple  access  that  has  a  plurality  of  radio 
stations  each  of  which  has  said  linear  transmit- 
ter,  said  linear  transmitter  being  for  producing 
a  transmission  signal  having  transmission  in- 
phase  and  quadrature  components  in  accor-  30 
dance  with  an  input  signal  having  input  in- 
phase  and  quadrature  components  during  a 
predetermined  period,  characterized  by: 

quadrature  modulating  means  for  quadra- 
ture  modulating  a  supplied  signal  therein  into  35 
said  transmission  signal; 

differential  amplifier  means  having  an  am- 
plifier  offset  inherent  in  said  differential  am- 
plifier  means  for  producing  a  difference  signal 
having  difference  inphase  and  quadrature  com-  40 
ponents  in  accordance  with  said  input  signal 
and  a  feedback  signal  having  feedback  in- 
phase  and  quadrature  components; 

quadrature  demodulating  means  having  a 
demodulation  offset  inherent  in  said  quadrature  45 
demodulating  means  for  quadrature  de- 
modulating  said  transmission  signal  into  a  de- 
modulated  signal  to  produce  said  demodulated 
signal  as  said  feedback  signal; 

monitoring  means  for  monitoring  a  level  of  50 
said  difference  signal  during  a  waiting  period 
except  said  predetermined  period  to  produce  a 
level  monitored  signal  representative  of  a  mon- 
itored  level;  and 

offset  adjusting  means  for  adjusting  said  55 
amplifier  and  said  demodulation  offsets  during 
said  waiting  period  in  accordance  with  said 
level  monitored  signal. 

16.  A  linear  transmitter  as  claimed  in  any  of 
Claims  10  to  15,  characterized  in  that  said 
monitoring  means  comprises: 

55  detecting  means  for  detecting  said  level  of 
said  difference  signal  during  said  waiting  pe- 
riod  to  produce  a  level  detected  signal  repre- 
sentative  of  a  detected  level;  and 

8 
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holding  means  supplied  with  said  level  de- 
tected  signal  for  holding  said  detected  level  as 
a  held  level  during  said  waiting  period,  said 
holding  means  supplying  said  offset  adjusting 
means  with  said  held  level  as  said  level  mon-  5 
itored  signal  during  said  predetermined  period. 
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