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©  Mixer  circuit. 
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©  In  a  mixer  circuit,  a  first  gate  (25a)  of  a  dual  gate 
MESFET  (1)  having  pulse  doped  structure  is  con- 
nected  through  a  filter  (4)  to  a  local  oscillation  signal 
input  terminal  (5),  and  a  second  gate  (25b)  is  con- 
nected  through  a  matching  circuit  (6)  to  a  radio 
frequency  signal  input  terminal  (7).  The  drain  (27)  of 
the  FET  (1)  is  connected  through  a  low-pass  filter 
(10)  to  an  intermediate  frequency  output  terminal 
(11)  .  The  gate  bias  point  of  the  first  gate  (25a)  is  set 
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in  the  vicinity  of  the  pinch-off  point  of  the  mutual 
conductance,  and  the  gate  bias  point  of  the  second 
gate  (25b)  is  set  in  the  area  where  the  mutual 
conductance  is  unvaried  with  increase  of  the  gate 
voltage.  With  this  arrangement,  the  mixer  circuit  can 
be  so  designed  that  the  isolation  characteristic  of  the 
radio  frequency  signal  and  the  local  oscillation  signal 
is  excellent,  and  a  stable  operational  characteristic 
can  be  obtained. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

This  invention  relates  to  a  mixer  circuit  for  use 
in  a  converter  (frequency  converting  circuit),  a 
measuring  instrument,  etc. 

Related  Background  Art 

Through  a  recent  attempt  to  rapidly  developing 
an  information  network  system,  demand  for  a  sat- 
ellite  communication  system  has  been  also  rapidly 
increased,  and  a  frequency  band  has  been  shifted 
to  high  frequency.  In  this  type  of  satellite  commu- 
nication  system,  a  down  converter  for  converting  a 
high-frequency  signal  to  a  low-frequency  signal  is 
required,  and  a  mixer  circuit  which  is  applied  to  the 
down  converter  has  been  also  increasingly  de- 
manded.  There  have  been  conventionally  utilized 
various  types  of  mixer  circuits,  each  of  which  uses 
any  one  of  a  diode,  a  bipolar  transistor,  a  FET  (field 
effect  transistor),  etc.  as  an  active  device  thereof. 
An  normal  MESFET  (Metal-semiconductor  field  ef- 
fect  transistor)  or  a  HEMT  (high  electron  mobility 
transistor)  has  been  generally  used. 

It  is  pointed  out  as  one  of  most  critical  prob- 
lems  in  design  of  a  mixer  circuit  using  a  FET,  that 
is,  a  FET  mixer  circuit,  that  a  gate  voltage  of  the 
FET  is  greatly  fluctuated  because  an  LO  (local 
oscillation)  signal  is  a  large-amplitude  signal.  The 
variation  of  the  gate  voltage  induces  variation  of 
mutual  conductance  gm  of  the  FET,  so  that  a 
gate/source  capacitance  Cgs,  and  thus  input  imped- 
ance  is  also  varied.  That  is,  viewing  from  an  input 
side  for  RF  (radio  frequency)  signals,  the  FET 
mixer  circuit  operates  such  that  the  input  imped- 
ance  of  the  circuit  greatly  varies  as  a  time  function 
in  accordance  with  fluctuation  of  the  LO  signal. 
Therefore,  design  of  the  FET  mixer  circuit  is  dif- 
ficult,  and  a  stable  operation  thereof  is  hardly  ex- 
pected. 

SUMMARY  OF  THE  INVENTION 

An  object  of  this  invention  is  to  provide  a  mixer 
circuit  which  is  stably  operated  with  no  variation  of 
input  impedance  thereof. 

The  above  and  other  objects  will  be  more 
clearly  understood  from  the  following  description. 

According  to  this  invention,  it  is  provided  a 
mixer  circuit  using  a  first  FET  as  an  active  device, 
in  which  the  first  FET  comprises  a  dual  gate  MES- 
FET  having  a  pulse  doped  structure  and  equipped 
with  first  and  second  gates.  The  first  gate  of  the 
first  FET  is  connected  to  a  local  oscillation  signal 
input  terminal.  The  second  gate  of  the  first  FET  is 
connected  to  a  radio  frequency  signal  input  termi- 

nal.  A  drain  of  the  first  FET  is  connected  to  an 
intermediate  frequency  signal  output  terminal. 

The  first  FET  which  is  used  as  an  active  device 
in  the  mixer  circuit  of  this  invention  comprises  the 

5  FET  having  pulse  doped  structure.  This  first  FET 
has  a  special  characteristic  that  "  it  has  a  flat  area 
where  the  mutual  conductance  is  unvaried  with  a 
gate  voltage",  which  is  not  observed  for  a  normal 
MESFET  or  HEMT  obtained  by  forming  an  active 

io  layer  using  an  ion  injection  method.  Accordingly,  if 
a  bias  point  for  the  second  gate  of  the  first  FET  is 
set  in  this  area,  no  variation  of  input  impedance 
occurs  due  to  the  RF  signal  itself. 

Further,  if  the  gate  bias  voltage  of  the  first  gate 
75  of  the  first  FET  is  set  to  a  value  in  the  neighbor- 

hood  of  the  pinch-off  voltage  of  the  mutual  conduc- 
tance,  the  frequency  conversion  could  be  per- 
formed  at  high  conversion  efficiency  using  non- 
linearity  of  the  mutual  conductance. 

20  Still  further,  the  first  FET  is  of  a  dual  gate  type, 
and  thus  an  RF  signal  and  an  LO  signal  are  input 
to  different  gates  respectively,  so  that  an  excellent 
isolation  characteristic  is  obtained. 

The  present  invention  will  become  more  fully 
25  understood  from  the  detailed  description  given 

hereinbelow  and  the  accompanying  drawings  which 
are  given  by  way  of  illustration  only,  and  thus  are 
not  to  be  considered  as  limiting  the  present  inven- 
tion. 

30  Further  scope  of  applicability  of  the  present 
invention  will  become  apparent  from  the  detailed 
description  given  hereinafter.  However,  it  should  be 
understood  that  the  detailed  description  and  spe- 
cific  examples,  while  indicating  preferred  embodi- 

35  ments  of  the  invention,  are  given  by  way  of  illustra- 
tion  only,  since  various  changes  and  modifications 
within  the  spirit  and  scope  of  the  invention  will 
become  apparent  to  those  skilled  in  the  art  form 
this  detailed  description. 

40 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  block  diagram  showing  an  embodi- 
ment  of  a  mixer  circuit  according  to  this  inven- 

45  tion; 
Fig.  2  is  a  cross-sectional  view  showing  the 
construction  of  a  dual  gate  GaAs-MESFET  hav- 
ing  a  pulse  doped  structure; 
Fig.  3  is  a  graph  showing  a  gate  voltage  Vg  - 

50  mutual  conductance  gm  characteristic  of  the 
pulse  doped  structure  GaAs-MESFET; 
Fig.  4  is  a  cross-sectional  view  showing  the 
construction  of  GaAs-MESFET  of  pulse  doped 
structure; 

55  Fig.  5  is  a  block  diagram  showing  another  em- 
bodiment  of  the  mixer  circuit; 
Fig.  6  is  a  block  diagram  showing  another  em- 
bodiment  of  the  mixer  circuit;  and 
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Fig.  7  is  a  block  diagram  showing  another  em- 
bodiment  of  the  mixer  circuit. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Preferred  embodiments  according  to  this  in- 
vention  will  be  described  hereunder  with  reference 
to  the  accompanying  drawings. 

Fig.  1  is  a  block  diagram  showing  an  embodi- 
ment  of  a  mixer  circuit  according  to  this  invention. 
In  this  mixer  circuit,  a  dual  gate  MESFET  (first 
FET)  1  having  pulse  doped  structure  is  used  as  an 
active  device  A  for  the  mixer  circuit. 

Fig.  2  shows  the  construction  of  a  GaAs-MES- 
FET  1  having  pulse  doped  structure.  A  P~-GaAs 
buffer  layer  22  doped  with  no  impurity,  a  pulse 
doped  GaAs  layer  23  doped  with  Si  which  serves 
as  an  active  layer,  and  an  n+-GaAs  cap  layer  24 
are  laminated  in  this  order  on  a  semi-insulating 
GaAs  substrate  21  by  an  epitaxial  growth  method. 
A  source  26  and  a  drain  27  which  are  ohmic- 
contacted  with  the  cap  layer  24  are  formed  on  a 
source  region  and  a  drain  region  on  the  cap  layer 
24  respectively,  and  a  pair  of  first  and  second 
gates  25a,  25b  which  form  Schottky-junction  in 
contact  with  the  cap  layer  24  are  formed  in  a 
region  between  the  source  region  and  the  drain 
region.  An  n+  ion-injection  region  28  is  formed  in 
each  of  the  areas  where  the  source  26  and  the 
drain  27  are  formed  and  the  area  between  the 
gates  25a  and  25b  such  that  the  n+  ion  injection 
regions  28  extend  from  the  surfaces  of  these  areas 
to  the  upper  portion  of  the  buffer  layer  22.  The 
gate  length  is  set  to  0.5  urn  and  the  gate  width  is 
set  to  about  300  urn. 

The  thickness  of  each  layer  is  set  to  the  follow- 
ing  value  for  example.  The  thickness  of  the  buffer 
layer  22  is  set  to  10000A,  the  thickness  of  the 
pulse  doped  layer  23  is  set  to  100  A,  the  thickness 
of  the  cap  layer  24  is  set  to  300  A,  and  the 
impurity  density  of  the  pulse  doped  layer  23  is  set 
to  4.0  x  1018cm-3.  An  organic  metal  vapor  phase 
epitaxial  growth  method  (OMVPE  method)  is  used 
as  the  epitaxial  growth  method.  Specifically,  a  Cr- 
doped  GaAs  substrate  is  used  as  a  substrate,  and 
both  of  TMG  (trimethyl  garium)  and  AsH3  as 
source  gas  and  SiHG  as  dopant  gas  are  introduced 
at  60torr  pressure  and  below  650  °  C  to  perform  the 
vapor  phase  epitaxial  growth.  At  this  time,  a  source 
gas  introduction  V/lll  ratio  is  6  (for  buffer  layer  22)  : 
40  (for  pulse  doped  layer  23):  100  (cap  layer  24). 

The  first  gate  25a  of  the  FET  1  thus  formed  is 
connected  through  a  filter  4  to  an  input  terminal  5 
for  local  oscillation  (LO)  signals.  The  filter  4  serves 
to  prevent  an  IF  signal  generated  in  the  mixer 
circuit  from  leaking  to  the  local  oscillation  circuit 
side  which  is  connected  to  the  input  terminal  5. 

The  second  gate  25b  of  the  FET  1  is  connected  to 
an  input  terminal  7  for  RF  (radio  frequency)  signals 
through  a  matching  circuit  6  for  performing  the 
matching  of  input  impedance.  With  this  arrange- 

5  ment,  the  RF  signal  input  through  the  input  terminal 
7  is  composited  with  the  LO  signal  input  through 
the  input  terminal  5,  and  converted  to  an  intermedi- 
ate-frequency  signal.  The  drain  27  of  the  FET  1  is 
connected  to  an  output  terminal  1  1  through  a  low- 

io  pass  filter  10  for  passing  therethrough  only  the  IF 
(intermediate  frequency)  signal  which  is  an  output 
signal.  With  this  arrangement,  the  IF  signal  ob- 
tained  by  mixing  down  the  RF  signal  is  output  from 
the  output  terminal  1  1  . 

is  Terminals  8  and  9  serve  as  input  terminals  for 
supplying  a  direct-current  gate  bias  voltage  to  the 
gates  25a  and  25b  of  the  FET  1  ,  respectively.  The 
input  terminal  8  is  connected  to  a  first  bias  circuit 
41  for  supplying  the  first  gate  of  the  first  FET  1 

20  with  a  gate  bias  voltage  in  the  neighborhood  of  the 
pinch-off  voltage  of  the  first  gate  of  the  first  FET  1  . 
The  input  terminal  9  is  connected  to  a  second  bias 
circuit  42  for  supplying  the  second  gate  25b  of  the 
first  FET  1  with  such  a  gate  bias  voltage  that  the 

25  mutual  conductance  of  the  second  gate  25b  of  the 
first  FET  1  is  set  to  a  fixed  value  even  when  the 
gate  input  voltage  of  the  second  gate  25b  is  varied. 

Here,  significance  of  the  bias  voltage  values 
which  are  supplied  by  the  first  and  second  bias 

30  circuits  41  and  42  will  be  described. 
Like  the  conventional  FET  mixer  circuit,  the 

frequency  conversion  in  the  mixer  circuit  of  this 
invention  is  carried  out  using  non-linearity  of  mu- 
tual  conductance.  Accordingly,  the  first  gate  25a  to 

35  which  the  LO  signal  is  input  is  required  to  be 
operated  at  a  gate  bias  point  where  the  mutual 
conductance  gm  behaves  non-linearly  with  variation 
of  the  gate  voltage  vg.  On  the  other  hand,  the 
second  gate  25b,  which  is  supplied  with  the  RF 

40  signal  and  for  which  stable  input  impedance  is 
required,  is  necessary  to  be  operated  at  a  gate 
bias  point  where  the  mutual  conductance  gm  is 
unvaried  with  respect  to  the  gate  voltage  vg. 

Fig.  3  is  a  graph  showing  the  characteristic  of 
45  gate  voltage  vg  -  mutual  conductance  gm  of  each 

gate.  Those  portions  which  are  in  the  vicinity  of 
four  points  as  indicated  by  reference  numerals  32 
to  35  in  Fig.3  are  considered  as  a  gate  bias  point 
where  the  mutual  conductance  gm  behaves  non- 

50  linearly  with  variation  of  the  gate  voltage  vg.  That 
is,  large  conversion  efficiency  can  be  obtained  at 
the  portions  in  the  neighborhood  of  these  points. 
On  the  other  hand,  a  flat  area  31  may  be  selected 
as  a  gate  bias  point  where  the  input  impedance  is 

55  not  greatly  varied  with  fluctuation  of  the  gate  volt- 
age.  The  flat  area  31  where  the  mutual  conduc- 
tance  gm  is  unvaried  with  variation  of  the  gate 
voltage  vg  is  an  inherent  characteristic  to  the  GaAs- 

3 



5 EP  0  587  136  A2 6 

MESFET  having  pulse  doped  structure,  and  a  con- 
ventional  device  has  not  have  such  a  characteristic. 
Non-variation  of  the  mutual  conductance  gm  means 
non-variation  of  input  capacitance,  that  is,  the 
gate/source  capacitance  Cgs  (capacitance  between 
the  gate  and  the  source),  and  the  input  impedance 
of  each  gate  of  the  FET  1  is  remarkably  dependent 
on  the  gate/source  capacitance  Cgs  of  each  gate. 
Accordingly,  no  great  variation  occurs  in  the  input 
impedance  insofar  as  the  gate  voltage  vg  is  varied 
in  the  flat  area  31  .  The  impedance  is  approximately 
represented  by  the  following  equation,  and  it  is  also 
apparent  from  this  equation  that  the  input  imped- 
ance  is  greatly  dependent  on  the  gate/source  ca- 
pacitance  Cgs. 

Zin  =  Rg  +  1/jwCgs  +  Rin  +  Rs 

Here,  Rg  represents  gate  resistance;  Rin,  channel 
resistance;  and  Rs,  source  resistance. 

From  the  above  consideration,  the  gate  bias 
point  for  the  first  gate  25a  supplied  with  the  LO 
signal  is  set  to  any  one  of  the  portions  in  the 
vicinity  of  the  four  points  as  indicated  by  reference 
numerals  32  to  35.  In  order  to  minimize  power 
consumption,  it  is  preferable  to  set  the  vicinity  of 
the  point  32,  that  is,  the  pinch-off  point.  Further,  it 
is  preferable  that  the  flat  area  31  where  the  input 
impedance  is  stabilized  with  variation  of  the  gate 
voltage  is  set  to  the  gate  bias  point  for  the  second 
gate  25b  which  is  input  with  the  RF  signal  and  for 
which  stable  input  impedance  is  required.  Like  the 
first  gate  25a,  the  low  power  consumption  is  also 
required  for  the  second  gate  25b,  and  in  consider- 
ation  of  this  point,  the  bias  point  is  preferably  set  to 
the  portion  in  the  vicinity  of  the  point  having  the 
lowest  gate  voltage  in  the  flat  area  31,  that  is,  the 
point  33  in  Fig.  3. 

Fig.  5  shows  another  embodiment  of  the  mixer 
circuit. 

The  mixer  circuit  is  so  designed  that  a  GaAs- 
MESFET  2  having  pulse  doped  structure  is  pro- 
vided  as  a  second  FET  between  the  filter  4  and  the 
first  gate  25a  of  the  mixer  circuit  as  shown  in  Fig. 
1  .  The  gate  of  the  FET  2  is  connected  to  an  input 
terminal  5  for  an  LO  signal  through  the  filter  4,  and 
a  drain  of  the  FET  2  is  connected  to  the  first  gate 
25a  of  the  FET  1  through  a  coupling  capacitor  13. 
With  this  arrangement,  alternating  current  compo- 
nents  of  a  signal  output  from  the  drain  of  the  FET  2 
are  input  to  the  first  gate  25a  of  the  FET  1.  The 
gate  of  the  FET  2  is  connected  to  an  input  terminal 
12  for  supplying  a  proper  DC  gate  bias  voltage. 
The  input  terminal  12  is  connected  to  a  fifth  bias 
circuit  45  for  supplying  such  a  gate  bias  voltage 
that  the  mutual  conductance  is  unvaried  even  when 
the  gate  input  voltage  is  varied  for  the  gate  of  the 
FET  2.  The  input  terminals  8  and  9  of  the  FET  1  of 

the  mixer  circuit  are  connected  to  a  third  bias 
circuit  43  and  a  fourth  bias  circuit,  respectively. 
The  third  bias  circuit  43  supplies  the  first  gate  25a 
of  the  FET  1  with  a  gate  bias  voltage  which  is  in 

5  the  vicinity  of  the  pinch-off  voltage  of  the  first  gate 
25a,  and  the  fourth  bias  circuit  44  supplies  the 
second  gate  25b  of  the  FET  1  with  such  a  bias 
voltage  that  the  mutual  conductance  of  the  second 
gate  25b  is  unvaried  even  when  the  gate  input 

io  voltage  of  the  second  gate  25b  is  varied. 
In  the  mixer  circuit  thus  constructed,  the  FET  2 

has  a  gate  25  as  shown  in  Fig.  4,  and  the  gate 
width  thereof  is  designed  in  about  50  to  100u.m, 
which  is  shorter  than  that  of  the  FET  1.  As  de- 

15  scribed  above,  the  LO  signal  is  input  to  the  FET  2 
having  short  gate  width,  and  thus  the  power  con- 
sumption  can  be  more  reduced  in  comparison  with 
the  mixer  circuit  as  shown  in  Fig.1.  By  setting  the 
gate  bias  point  of  the  FET  2  to  the  flat  area  31  (see 

20  Fig.  3)  where  the  input  impedance  is  stabilized  with 
variation  of  the  gate  voltage,  degree  of  freedom  in 
bias  is  increased,  and  the  bias  providing  the  maxi- 
mum  conversion  efficiency  can  be  selected. 

Fig.  6  shows  another  embodiment  of  the  mixer 
25  circuit.  The  mixer  circuit  is  so  designed  that  a 

GaAs-MESFET  3  having  pulse  doped  structure  is 
provided  between  the  matching  circuit  6  and  the 
second  gate  25b  of  the  mixer  circuit  as  shown  in 
Fig.  1.  The  gate  of  the  FET  3  is  connected  to  the 

30  input  terminal  7  for  the  RF  signal  through  the 
matching  circuit  6,  and  a  drain  of  the  FET  3  is 
connected  to  the  second  gate  25b  of  the  FET  1 
through  the  coupling  capacitor  14.  With  this  ar- 
rangement,  alternating  current  components  of  a 

35  signal  output  from  the  drain  of  the  FET  3  are  input 
to  the  second  gate  25b  of  the  FET  1  .  The  gate  of 
the  FET  3  is  connected  to  the  input  terminal  15  for 
supplying  a  proper  DC  gate  bias  voltage.  The  input 
terminal  15  is  connected  to  an  eighth  bias  circuit 

40  48  for  supplying  a  predetermined  gate  bias  voltage 
to  the  gate  of  the  FET  3.  The  input  terminals  8  and 
9  of  the  FET  1  of  the  mixer  circuit  are  connected  to 
a  sixth  bias  circuit  46  and  a  seventh  bias  circuit  47 
respectively,  which  supply  the  first  and  second 

45  gates  25a  and  25b  of  the  FET  1  with  gate  bias 
voltages  in  the  vicinity  of  the  their  pinch-off  vol- 
tages  respectively. 

In  the  mixer  circuit  thus  constructed,  the  FET  3 
has  a  gate  25  as  shown  in  Fig.  4,  and  the  gate 

50  width  thereof  is  designed  in  about  50  to  100u.m, 
which  is  shorter  than  that  of  the  FET  1.  As  de- 
scribed  above,  the  RF  signal  is  input  to  the  FET  3 
having  short  gate  width,  and  thus  the  power  con- 
sumption  can  be  more  reduced  in  comparison  with 

55  the  mixer  circuit  as  shown  in  Fig.1.  The  gate  bias 
point  of  the  FET  3  is  preferably  set  to  the  flat  area 
31  (see  Fig.  3)  where  the  input  impedance  is 
stabilized  with  variation  of  the  gate  voltage  by  the 

4 
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eighth  bias  circuit  48.  By  setting  the  gate  bias  point 
of  the  FET  3  to  the  flat  area  31  as  described 
above,  the  degree  of  freedom  in  bias  is  increased, 
and  the  bias  providing  the  maximum  conversion 
efficiency  can  be  selected. 

Fig.  7  shows  another  embodiment  of  the  mixer 
circuit.  This  mixer  circuit  has  the  FET  2  and  the 
FET  3  in  addition  to  the  mixer  circuit  as  shown  in 
Fig.  1.  In  this  case,  the  input  terminals  8  and  9 
which  are  connected  to  the  gates  25a  and  25b  of 
the  FET  1  respectively  are  also  connected  to  a 
ninth  bias  circuit  49  and  a  tenth  bias  circuit  50 
respectively,  and  supply  the  respective  gates  25a 
and  25b  with  gate  bias  voltages  in  the  vicinity  of 
the  pinch-off  voltages  thereof,  respectively.  The 
input  terminals  12  and  15  which  are  connected  to 
the  gates  of  the  FET  2  and  the  FET  3  are  con- 
nected  to  an  eleventh  bias  circuit  51  and  a  twelfth 
bias  circuit  52  respectively,  and  supply  the  cor- 
responding  gates  with  such  gate  bias  voltages  that 
the  mutual  conductance  of  each  of  the  gates  is 
unvaried  even  when  the  gate  input  voltage  thereof 
is  varied,  (see  Fig.  3). 

With  this  circuit  construction,  the  power  con- 
sumption  can  be  more  reduced  in  comparison  with 
the  mixer  circuit  as  shown  in  Fig.  1.  In  addition,  the 
degree  of  freedom  in  bias  is  increased,  and  the 
bias  providing  the  maximum  conversion  efficiency 
can  be  selected. 

As  described  above,  in  the  mixer  circuit  as 
exemplified  in  the  above  embodiments,  as  the  ac- 
tive  device  is  used  the  dual  gate  MESFET  1  of 
pulse  doped  structure  which  has  the  first  gate  25a 
and  the  second  gate  25b.  In  the  case  where  the 
gate  bias  point  of  the  first  gate  25a  is  set  in  the 
neighborhood  of  the  pinch-off  of  the  mutual  con- 
ductance  and  the  gate  bias  point  of  the  second 
gate  25b  is  set  in  the  area  where  the  mutual 
conductance  is  unvaried  with  the  increase  of  the 
gate  voltage,  there  can  be  obtained  the  mixer  cir- 
cuit  in  which  the  isolation  characteristic  of  the  RF 
signal  and  the  LO  signal  is  excellent  and  the  stable 
operational  characteristic  having  little  variation  of 
the  input  impedance  can  be  obtained. 

Further,  in  the  case  where  the  pulse  doped 
structure  MESFETs  2  and  3  having  shorter  gate 
width  than  the  FET  1  are  provided  between  the  LO 
signal  input  terminals  5  and  the  first  gate  25a 
and/or  between  the  RF  signal  input  terminal  7  and 
the  second  gate  25b,  the  input  current  to  the  FET  1 
can  be  suppressed,  so  that  the  power  consumption 
can  be  reduced.  In  addition,  the  gate  bias  point  of 
the  gate  of  the  FET  2,3  is  set  in  the  area  where  the 
mutual  conductance  is  unvaried  with  the  increase 
of  the  gate  voltage,  so  that  the  degree  of  freedom 
of  the  bias  is  increased  and  the  bias  providing  the 
maximum  conversion  efficiency  can  be  selected. 

From  the  invention  thus  described,  it  will  be 
obvious  that  the  invention  may  be  varied  in  many 
ways.  Such  variations  are  not  to  be  regarded  as  a 
departure  from  the  spirit  and  scope  of  the  inven- 

5  tion,  and  all  such  modifications  as  would  be  ob- 
vious  to  one  skilled  in  the  art  are  intended  to  be 
included  within  the  scope  of  the  following  claims. 

Claims 
10 

1.  A  mixer  circuit  for  mixing  a  radio  frequency 
signal  and  a  local  oscillation  signal  to  output  an 
intermediate  frequency  signal  comprising: 

a  radio  frequency  signal  input  terminal  (7) 
is  adapted  to  be  supplied  with  the  radio  fre- 

quency  signal, 
a  local  oscillation  signal  input  terminal  (5) 

adapted  to  be  supplied  with  the  local  oscilla- 
tion  signal, 

20  a  first  FET  (1),  having  first  and  second 
gates  (25a,  25b),  for  mixing  the  radio  frequen- 
cy  signal  and  the  local  oscillation  signal  from 
said  terminals  (7,  5)  to  output  the  intermediate 
frequency  signal, 

25  an  intermediate  frequency  signal  output 
terminal  (11)  for  outputting  the  intermediate 
frequency  signal, 

said  first  FET  (1)  comprising  a  dual  gate 
MESFET  having  a  pulse  doped  structure, 

30  said  first  gate  (25a)  of  said  first  FET  (1) 
being  connected  to  said  local  oscillation  signal 
input  terminal  (5), 

said  second  gate  (25b)  thereof  being  con- 
nected  to  said  radio  frequency  input  terminal 

35  (7),  and 
a  drain  (27)  thereof  being  connected  to 

said  intermediate  frequency  signal  output  ter- 
minal  (11). 

40  2.  The  mixer  circuit  as  claimed  in  claim  1  , 
wherein  said  mixer  circuit  includes: 

first  bias  means  (41)  for  supplying  said 
first  gate  (25a)  of  said  first  FET  (1)  with  a  gate 
bias  voltage  in  the  vicinity  of  a  pinch-off  volt- 

45  age  thereof;  and 
second  bias  means  (42)  for  supplying  said 

second  gate  (25b)  of  said  first  FET  (1)  with 
such  a  gate  bias  voltage  that  the  mutual  con- 
ductance  of  said  second  gate  (25b)  is  unvaried 

50  with  variation  of  the  gate  input  voltage  thereof. 

3.  The  mixer  circuit  as  claimed  in  claim  1  or  2, 
wherein  said  first  FET  (1)  comprises  a  dual 
gate  GaAs-MESFET  having  pulse  doped  struc- 

55  ture. 

4.  The  mixer  circuit  as  claimed  in  any  of  claims  1 
to  3, 

5 
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further  including  a  matching  circuit  (6),  dis- 
posed  between  said  second  gate  (25b)  of  said 
first  FET  (1)  and  said  radio  frequency  signal 
input  terminal  (7),  for  performing  a  matching 
operation  of  the  input  impedance. 

5.  The  mixer  circuit  as  claimed  in  any  of  claims  1 
to  4, 
further  including  a  low-pass  filter  (10)  disposed 
between  said  drain  (27)  of  said  first  FET  (1) 
and  said  intermediate  frequency  signal  output 
terminal  (11). 

6.  The  mixer  circuit  as  claimed  in  any  of  claims  1 
to  5, 
further  including  a  filter  (4),  disposed  between 
said  first  gate  (25a)  of  said  first  FET  (1)  and 
said  local  oscillation  signal  input  terminal  (5), 
for  preventing  the  intermediate  frequency  sig- 
nal  mixed-down  in  said  mixer  circuit  from  leak- 
ing  to  said  local  oscillation  signal  input  terminal 
side. 

7.  The  mixer  circuit  as  claimed  in  claim  1, 
further  including  a  pulse  doped  structure  MES- 
FET  serving  as  a  second  FET  (2)  which  has 
shorter  gate  width  than  said  first  gate  (25a)  of 
said  first  FET  (1)  and  disposed  between  said 
first  gate  (25a)  of  said  first  FET  (1)  and  said 
local  oscillation  signal  input  terminal  (5), 
wherein  a  gate  of  said  second  FET  (2)  is 
connected  to  said  local  oscillation  signal  input 
terminal  (5)  and  also  a  drain  of  said  second 
FET  is  connected  to  said  first  gate  of  said  first 
FET. 

8.  The  mixer  circuit  as  claimed  in  claim  7, 
wherein  said  mixer  includes: 

third  bias  means  (43)  for  supplying  said 
first  gate  (25a)  of  said  first  FET  (1)  with  a  gate 
bias  voltage  in  the  vicinity  of  a  pinch-off  volt- 
age  of  said  first  gate  (25a); 

fourth  bias  means  (44)  for  supplying  said 
second  gate  (25b)  of  said  first  FET  (1)  with 
such  a  gate  bias  voltage  that  the  mutual  con- 
ductance  of  said  second  gate  (25b)  is  unvaried 
even  when  the  gate  input  voltage  of  said  sec- 
ond  gate  (25b)  is  varied;  and 

fifth  bias  means  (45)  for  supplying  a  gate 
of  said  second  FET  (2)  with  such  a  gate  bias 
voltage  that  the  mutual  conductance  of  said 
gate  is  unvaried  even  when  the  gate  input 
voltage  of  said  gate  is  varied. 

9.  The  mixer  circuit  as  claimed  in  claim  7  or  8, 
wherein  the  gate  width  of  said  gate  of  said 
second  FET  (2)  is  set  to  be  shorter  than  that  of 
said  first  gate  (25a)  of  said  first  FET  (1). 

10.  The  mixer  circuit  as  claimed  in  any  of  claims  7 
to  9, 
wherein  said  second  FET  (2)  comprises  a 
GaAs-MESFET  having  pulse  doped  structure. 

5 
11.  The  mixer  circuit  as  claimed  in  any  of  claims  7 

to  10, 
further  including  a  coupling  capacitor  (13)  dis- 
posed  between  said  drain  of  said  second  FET 

io  (2)  and  said  first  gate  (25a)  of  said  first  FET 
(I)  - 

12.  The  mixer  circuit  as  claimed  in  any  of  claims  7 
to  11, 

is  further  including  a  matching  circuit  (6),  dis- 
posed  between  said  second  gate  (25b)  of  said 
first  FET  (1)  and  said  radio  frequency  signal 
input  terminal  (7),  for  performing  a  matching 
operation  of  the  input  impedance. 

20 
13.  The  mixer  circuit  as  claimed  in  any  of  claims  7 

to  12, 
further  including  a  low-pass  filter  (10)  between 
said  drain  (27)  of  said  first  FET  (1)  and  said 

25  intermediate  frequency  signal  output  terminal 
(II)  . 

14.  The  mixer  circuit  as  claimed  in  any  of  claims  7 
to  13, 

30  further  including  a  filter  (4),  disposed  between 
said  gate  of  said  second  FET  (2)  and  said  local 
oscillation  signal  input  terminal  (5),  for  prevent- 
ing  the  intermediate  frequency  signal  mixed- 
down  in  said  mixer  circuit  from  leaking  to  said 

35  local  oscillation  signal  input  terminal  (5). 

15.  The  mixer  circuit  as  claimed  in  claim  1, 
further  including 

a  pulse  doped  structure  MESFET  serving 
40  as  a  third  FET  (3)  which  is  disposed  between 

said  second  gate  (25b)  of  said  first  FET  (1) 
and  said  radio  frequency  signal  input  terminal 
(7)  and  has  gate  width  shorter  than  said  sec- 
ond  gate  (25b)  of  said  first  FET  (1), 

45  a  gate  of  said  third  FET  (3)  being  con- 
nected  to  said  radio  frequency  signal  input 
terminal  (7),  and 

a  drain  of  said  third  FET  (3)  being  con- 
nected  to  said  second  gate  (25b)  of  said  first 

50  FET  (1). 

16.  The  mixer  circuit  as  claimed  in  claim  15, 
wherein  said  mixer  circuit  includes: 

sixth  bias  means  (46)  for  supplying  said 
55  first  gate  (25a)  of  said  first  FET  (1)  with  a  gate 

bias  voltage  in  the  vicinity  of  the  pinch-off 
voltage  of  said  first  gate  (25a); 

seventh  bias  means  (47)  for  supplying  said 

6 
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second  gate  of  said  first  FET  with  a  gate  bias 
voltage  in  the  vicinity  of  the  pinch-off  voltage 
of  said  second  gate;  and 

eighth  bias  means  (48)  for  supplying  a 
gate  of  said  third  FET  (3)  with  such  a  gate  bias 
voltage  that  the  mutual  conductance  of  said 
gate  is  unvaried  even  when  the  gate  input 
voltage  of  said  gate  is  varied. 

17.  The  mixer  circuit  as  claimed  in  claim  15  or  16, 
wherein  the  gate  width  of  said  gate  of  said 
third  FET  (3)  is  set  to  be  shorter  than  that  of 
said  second  gate  of  said  first  FET. 

18.  The  mixer  circuit  as  claimed  in  any  of  claims 
15  to  17, 
wherein  said  third  FET  (3)  comprises  a  GaAs- 
MESFET  having  pulse  doped  structure. 

19.  The  mixer  circuit  as  claimed  in  any  of  claims 
15  to  18, 
further  including  a  coupling  capacitor  (14)  dis- 
posed  between  said  drain  of  said  third  FET  (3) 
and  said  second  gate  (25b)  of  said  first  FET 
(1). 

20.  The  mixer  circuit  as  claimed  in  any  of  claims 
15  to  19, 
further  including  a  matching  circuit  (6),  dis- 
posed  between  said  gate  of  said  third  FET  (3) 
and  said  radio  frequency  signal  input  terminal 
(7),  for  performing  a  matching  operation  of  the 
input  impedance. 

21.  The  mixer  circuit  as  claimed  in  any  of  claims 
15  to  20, 
further  including  a  low-pass  filter  (10)  disposed 
between  said  drain  (27)  of  said  first  FET  (1) 
and  said  intermediate  frequency  signal  output 
terminal  (11). 

22.  The  mixer  circuit  as  claimed  in  any  of  claims 
15  to  21, 
further  including  a  filter  (4),  disposed  between 
said  first  gate  (25a)  of  said  first  FET  (1)  and 
said  local  oscillation  signal  input  terminal  (5), 
for  preventing  the  intermediate  frequency  sig- 
nal  mixed-down  in  said  mixer  circuit  from  leak- 
ing  to  said  local  oscillation  signal  input  terminal 
side. 

23.  The  mixer  circuit  as  claimed  in  claim  1  , 
further  including 

a  pulse  doped  structure  MESFET  serving 
as  a  second  FET  (2)  which  is  disposed  be- 
tween  said  first  gate  (25a)  of  said  first  FET  (1) 
and  said  local  oscillation  signal  input  terminal 
(5)  and  has  gate  width  shorter  than  said  first 

gate  (25a)  of  said  first  FET  (1), 
a  gate  of  said  second  FET  (2)  being  con- 

nected  to  said  local  oscillation  signal  input 
terminal  (5),  a  drain  of  said  second  FET  being 

5  connected  to  said  first  gate  (25a)  of  said  first 
FET  (1), 

a  pulse  doped  structure  MESFET  serving 
as  a  third  FET  (3)  which  is  disposed  between 
said  second  gate  (25b)  of  said  first  FET  (1) 

io  and  said  radio  frequency  signal  input  terminal 
(7)  and  has  gate  width  shorter  than  said  sec- 
ond  gate  (25b)  of  said  first  FET  (1), 

a  gate  of  said  third  FET  (3)  being  con- 
nected  to  said  radio  frequency  signal  input 

is  terminal  (7),  and 
a  drain  of  said  third  FET  (3)  being  con- 

nected  to  said  second  gate  (25b)  of  said  first 
FET  (1). 

20  24.  The  mixer  circuit  as  claimed  in  claim  23, 
wherein  said  mixer  circuit  includes: 

ninth  bias  means  (49)  for  supplying  said 
first  gate  (25a)  of  said  first  FET  (1)  with  a  gate 
bias  voltage  in  the  vicinity  of  the  pinch-off 

25  voltage  of  said  first  gate  (25a); 
tenth  bias  means  (50)  for  supplying  said 

second  gate  (25b)  of  said  first  FET  (1)  with  a 
gate  bias  voltage  in  the  vicinity  of  the  pinch-off 
voltage  of  said  second  gate  (25b); 

30  eleventh  bias  means  (51)  for  supplying  a 
gate  of  said  second  FET  (2)  with  such  a  gate 
bias  voltage  that  the  mutual  conductance  of 
said  gate  is  unvaried  even  when  the  gate  input 
voltage  of  said  gate  is  varied;  and 

35  twelfth  bias  means  (52)  for  supplying  a 
gate  of  said  third  FET  (3)  with  such  a  gate  bias 
voltage  that  the  mutual  conductance  of  said 
gate  is  unvaried  even  when  the  gate  input 
voltage  of  said  gate  is  varied. 

40 
25.  The  mixer  circuit  as  claimed  in  claim  23  or  24, 

wherein  each  of  said  second  FET  (2)  and  said 
third  FET  (3)  comprises  a  GaAs-MESFET  hav- 
ing  pulse  doped  structure. 

45 
26.  The  mixer  circuit  as  claimed  in  any  of  claims 

23  to  25, 
further  including  a  first  coupling  capacitor  (13) 
disposed  between  said  drain  of  said  second 

50  FET  (2)  and  said  first  gate  (25a)  of  said  first 
FET  (1),  and  a  second  coupling  capacitor  (14) 
disposed  between  said  drain  of  said  third  FET 
(3)  and  said  second  gate  (25b)  of  said  first 
FET  (1). 

55 
27.  The  mixer  circuit  as  claimed  in  any  of  claims 

23  to  26, 
further  including  a  matching  circuit  (6),  dis- 
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posed  between  said  gate  of  said  third  FET  (3) 
and  said  radio  frequency  signal  input  terminal 
(7),  for  performing  a  matching  operation  of  the 
input  impedance. 

5 
28.  The  mixer  circuit  as  claimed  in  any  of  claims 

23  to  27, 
further  including  a  low-pass  filter  (10)  disposed 
between  said  drain  (27)  of  said  first  FET  (1) 
and  said  intermediate  frequency  signal  output  10 
terminal  (11). 

29.  The  mixer  circuit  as  claimed  in  any  of  claims 
23  to  28, 
further  including  a  filter  (4),  disposed  between  is 
said  gate  of  said  second  FET  (2)  and  said  local 
oscillation  signal  input  terminal  (5),  for  prevent- 
ing  the  intermediate  frequency  signal  mixed- 
down  in  said  mixer  circuit  from  leaking  to  said 
local  oscillation  signal  input  terminal  side.  20 
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