
1,075,092                                          5     strate of silicon
body is P-type so that a  cludes gate, source and drain electrodes 180, 



pair of rectifying junctions 152 and 154 are  182 and 184, respectively.
The drain elec-    formed between the drain and source regions  trode 184
is connected through an inductor    respectively and the substrate. The
substrate  186 and a resistor 188 to a B + terminal of  5 side of these
diodes operates effectively as  a source of bias potential (not shown),
which 70    the anode.                                    may be the same
source of bias potential      The drain electrode 149 of transistor 144
used to bias the drain electrode 149 of the    is connected through a
series circuit includ-  transistor 144. Resistor 188 is bypassed by 



ing an inductor 156 and a resistor 158 to a  a capacitor 200 to ground.
Since the ter- 10 B + terminal which is in turn connnected to  minal 183 is
not connected to a source of bias 75    the positive terminal of a source
of bias  potential the substrate of semiconductor    potential (not shown).
The resistor 158 is  material of the insulated gate field effect    coupled
through a capacitor 160 to ground.  transistor 178 is left floating.    The
drain electrode 149 is coupled through a    The output signals from the
first i-f stage 15 coupling capacitor 162 to the converter stage   143 are
coupled to a utilization circuit (not 80 



141.                                          shown) through  a capacitor
212.  AGC      It is to be understood that the poling of the  (automatic
gain control) signals which vary    rectifying junctions 152 and 154 is
repre-  as a funcion of average signal level are ap-    sentative of a
transistor of the type described  plied through a resistor 210 to the gate
elec- 20 in connection with FIGURES 1 and 2 where-  trode 180 of the
transistor 178. The drain 85    in the substrate is of P-type material
relative  electrode 184 of the transistor 178 is coup-    to the source and
drain electrodes. However,  led to the terminal S[err] of the transistor
144 



the transistor device can be fabricated where  to apply an AGC voltage to
the r-f amplifier    the substrate is of N-type material relative  stage
136 by a conductor 214 which is con- 25 to the source and drain electrodes.
In de-  nected to the junction between the inductor 90    vices of the
latter type the rectifying junc-  186 and the resistor 188.    tions would
be oppositely poled such that    The AGC signals which are derived from
the anode side of the rectifying junction ap-  any suitable source, (not
shown) become    pears at the source and drain electrodes, and  more
negative as signal level increases to de- 



30 the cathode side of these junctions appears  crease the source-drain
current of the tran- 95    at the substrate electrode. The description
sistor 178, and thereby reduce its gain. The    hereinwill be restricted to
the type of device  potential of the junction between resistor 188
described in connection with FIGURES  1  and inductor 186 becomes more
positive as    and 2 wherein the substrate eletcrode is of  the drain
current of the transistor 178 de- 35 P-type material relative to the source
and  creases and is applied to the substrate ter- 100    drain  electrodes.
This  would  include  minal S[err], by conductor 214. If desired, an 



materials which were N-type but P-type rela-  isolating resistor can be
connected in series    tive to the more heavily doped (N+) type  with the
conductor 214.    source and drain.                               When the
potential at the terminal S[err] be- 40   Input signals are coupled from  a
signal  comes more positive than the potential of 105    source (not shown)
through a coupling capa-  the source and drain eletcrodes 148 and 149,
citor 166 to the gate electrode 147 of the  rectifying junctions 154 and
152 are respec-    field effect transistor 144. A variable capa-  lively
rendered conductive. When the poten- 



citor 168 is connected between the drain  tial at the terminal S[err],
becomes more positive 45 electrode and the gate electrode of the field
than the potential at the source electrode 148, 110    effect transistor
144 to provide neutraliza-  the rectifying junction 154 is rendered con-
tion in the manner described in connection  ductive, thus increasing  the
current flow    with FIGURES 6 and 7. The source elec-  through the
resistor 170. However, the rela-    trode 148 is coupled through a resistor
170  tive bias voltage between the gate electrode 50 to ground.  The source
electrode circuit is  147 and the source electrode 148 remains the 115 



bypassed to ground for signal frequencies by  same because the gate
electrode is referred    the bypass capacitor 172 which is connected  to
the source electrode through the resistor    across the resistor 170.   A
capacitor 173  174.    couples the terminal S,, to ground. A resistor
When the potential of the terminal S[err], be- 55 174 is coupled between
the gate electrode  comes more positive than the potential at the 120
147 and the source electrode 148 in order to  drain electrode 149, then the
rectifying junc-    reference the potential of the gate electrode  tion 152
is rendered conductive. The con- 



147 to the potential at the source electrode  duction of the rectifying
junction 152 effec-    148.                                          tively
connects the drain electrode 149 to 60   The output of the converter stage
141 is  ground for signal frequencies through the 125    coupled by means
of a coupling capacitor  rectifying junctions 152 and 154 and the    176 to
the input of the first i-f stage 143. The  capacitor 173 whereby the gain
of the r-f    first i-f stage comprises an insulated gate  amplifier stage
is reduced.    field effect transistor 178 similar to the field    FIGURE 9
shows a signal translating cir- 



65 effect transistor 144. The transistor 178 in-  cuit in the form of an
r-f amplifier stage 136' 130       



6                                         1,075,092     which  is  similar
to  the  r-f  ampli-  plilier circuit are derived across the resistor
fier  stage  136  described  in  connec-  230, and a capacitor 234 couples
the output    tion with FIGURE 8. The elements in the r-f  signals to an
utilization circuit (not shown).    amplifier stage 136' which are
substantially   As previously described in reference to 



5 the same as the elements of the r-f amplifier  FIGURES 1, 2, 8 and 9 the
source and drain 70    stage 136 of FIGURE 8 are identified by the  regions
S and D, shown in FIGURE 2, are    same numerals. The main difference
between  doped (N +) and the substrate of silicon    the stages 136 and
136' is the biasing of the  body 12 is effectively doped (N) so that a
gate electrodes 147 and 147' respectively.  pair of rectifying junctions
are formed be- 10 In the r-f amplifier stage 136' the gate elec-  tween the
source and drain regions respec- 75    trode 146' is coupled through a
resistor 216  tively and the substrate. The rectifying junc- 



to a point of bias potential shown as ground.  tions 236 and 238, shown in
FIGURE 10, are      As signal level increases, the feedback  connected to
ground    voltage applied on conductor 214' to the ter-    The source
electrode 224 is connected to 15 minal S[err]' of the field effect
transistor 144'  ground through a resistor 240 in order to 80    becomes
more positive. When the potential  provide self bias for the amplifier
circuit. The    of terminal S[err]' of the field effect transistor
resistor 240 is connected in parallel with a    144' becomes more positive
than the bias  bypass capacitor 244. As the current flows 



potential of the source electrode 148' the  from  the drain electrode 226
through the 20 rectifying junction 154' is rendered conduc-  conductive
channel 242, the source electrode 85    tive, which in turn increases the
amount of  224, and the resistor 240 to ground, the    current flow through
the self biasing resistor  potential at the source electrode 224 becomes
170'.  Since the voltage across the resistor  positive with respect to
ground and thus    170' appears between the source and gate  back biases
the rectifying junction 236. The 25 electrodes, the operating point of the
tran-  capacitance of the rectifying junction 236 is 90 



sistor is changed due to the added current  reduced which reduces the total
output capa-    from the rectifying junction 154'. When the  citance of the
field effect transistor 220 and    bias potential between the source and
gate  hence the high frequency response character-    electrodes reaches a
preselected value the  istic of the amplifier is improved. 30  field
transistor 144' is rendered substantially  WHAT WE CLAIM  IS:
95    non-conductive.                                  1. A  semiconductor
device with a sub-      In another embodiment of the invention   strate of
semiconductive material having a 



the gate electrode 147' may be biased at a  first conductivity, said
substrate having two    fixed bias potential other than ground such  major
surfaces, spaced drain  and source 35 as to a fixed positive potential
relative to  regions arranged on one of said major sur- 100    ground, in
such case, more current through  faces of said substrate defining the ends
of    the rectifying junction 154' may be required   a conductive channel
in said one major sur-    to cut off the transistor 144'.             face,
said drain and source regions and said      Both the r-f amplifier stages
136 and 136'  channel being of different resistivity from 



40 shown in FIGURES 8 and 9 respectively  and or of opposite conductivity
type to said 105    have a built in voltage delay feature in addi-
substrate, said drain  and source regions    tion to the AGC feature
described above.  effectively  forming   respective  rectifying    The
voltage delay in the circuit shown in  junctions with said substrate, a
gate region    FIGURE 8 is the voltage required at the  being formed of
insulating material and ex- 45 terminal S[err], required to overcome the
bias  tending over at least a portion of said chan- 110    voltage at the
drain electrode 149 to change   nel in said major surface of said
substrate, 



the impedance of the rectifying junction 152.  electrodes  respectively
arranged  on  said    In the circuit shown in FIGURE 9, the volt-  source.
drain and gate regions and adapted    age delay is the required voltage at
the S[err]'  to have current flowing in said channel when 50 terminal to
change the impedance of the  a difference of potential is applied between
115    rectifying junction 154.                     said source and drain
electrodes with no      Referring now to FIGURE  10, there is  charge being
present from said gate electrode    shown a signal translating circuit in
the form   or gate region, and electrical connecting 



of a high frequency amplifier circuit com-  means arranged on said other
major surface 55 prising a field effect transistor 220 having a  of said
substrate.                       120    gate electrode 222, a source
electrode 224.    2. A signal translating circuit including    a drain
electrode 226, and a substrate of  a semiconductor device as claimed in
Claim    semiconductor material 227. The gate and   1 and including means
connecting said gate    drain electrodes 222 and 226 are respectively
source and drain electrodes as a signal trans- 60 biased through resistors
228 and 230 to de-  lating circuit, and means for applying a 125 



sired bias potentials by a source of bias   potential to  said substrate to
control the    potential (not shown).   Input signals are  efficiency of
translation of said circuit.    coupled to the gate electrode 222 through
3. A signal translating circuit including a    a coupling capacitor 232
from a signal source  semi-conductor device as claimed in Claim 65 (not
shown). The output signals of the am-  1. said drain and source regions
being of 130   





6                                          1.075,092     which  is  similar
to  the  r-f  ampli-  plifier circuit are derived across the resistor
fier  stage  136  described  in  connec-  230, and a capacitor 234 couples
the output    tion with FIGURE 8. The elements in the r-f  signals to an
utilization circuit (not shown).    amplifier stage 136' which are
substantially   As previously described in reference to  5 the same as the
elements of the r-f amplifier  FIGURES 1, 2, 8 and 9 the source and drain
70 



stage 136 of FIGURE 8 are identified by the  regions S and D, shown in
FIGURE 2, are    same numerals. The main difference between  doped (N +)
and the substrate of silicon    the stages 136 and 136' is the biasing of
the  body 12 is effectively doped (N) so that a    gate electrodes 147 and
147' respectively.  pair of rectifying junctions are formed be- 10 In the
r-f amplifier stage 136' the gate elec-  tween the source and drain regions
respec- 75    trode 146' is coupled through a resistor 216  tively and the
substrate. The rectifying junc-    to a point of bias potential shown as
ground.  tions 236 and 238, shown in FIGURE 10, are 



As signal level increases, the feedback  connected to ground    voltage
applied on conductor 214' to the ter-    The source electrode 224 is
connected to 15 minal S[err]' of the field effect transistor 144' ground
through a resistor 240 in order to 80    becomes more positive. When the
potential  provide self bias for the amplifier circuit. The    of terminal
S[err]' of the field effect transistor  resistor 240 is connected in
parallel with a    144' becomes more positive than the bias  bypass
capacitor 244. As the current flows    potential of the source electrode
148' the  from  the drain electrode 226 through the 



20 rectifying junction 154' is rendered conduc-  conductive channel 242,
the source electrode 85    tive, which in turn increases the amount of
224, and the resistor 240 to ground, the    current flow through the self
biasing resistor  potential at the source electrode 224 becomes    170'.
Since the voltage across the resistor  positive with respect to ground and
thus    170' appears between the source and gate  back biases the
rectifying junction 236. The 25 electrodes, the operating point of the
tran-  capacitance of the rectifying junction 236 is 90    sister is
changed due to the added current  reduced which reduces the total output
capa- 



from the rectifying junction 154'. When the  citance of the field effect
transistor 220 and    bias potential between the source and gate  hence the
high frequency response character-    electrodes reaches a preselected
value the  istic of the amplifier is improved. 30 field transistor 144' is
rendered substantially  WHAT WE CLAIM  IS:                       95
non-conductive.                                  1. A  semiconductor device
with a sub-      In another embodiment of the invention  strate of
semiconductive material having a    the gate electrode 147' may be biased
at a  first conductivity, said substrate having two 



fixed bias potential other than ground such  major surfaces, spaced drain
and source 35 as to a fixed positive potential relative to  regions
arranged on one of said major sur- 100    ground. an such case, more
current through  faces of said substrate defining the ends of    the
rectifying junction 154' may be required   a conductive channel in said one
major sur-    to cut off the transistor 144'.              face. said drain
and source regions and said      Both the r-f amplifier stages 136 and 136'
channel being of different resistivity from 40 shown in FIGURES 8 and 9
respectively  and or of opposite conductivity type to said 105 



have a built in voltage delay feature in addi-  substrate, said drain and
source regions    tion to the AGC feature described above.  effectively
forming   respective  rectifying    The voltage delay in the circuit shown
in  junctions with said substrate, a gate region    FIGURE 8 is the voltage
required at the  being formed of insulating material and ex- 45 terminal
S[err] required to overcome the bias  tending over at least a portion of
said chan- 110    voltage at the drain electrode 149 to change  nel in said
major surface of said substrate,    the impedance of the rectifying
junction 152.  electrodes  respectively  arranged  on  said 



In the circuit shown in FIGURE 9, the volt-  source. drain and gate regions
and adapted    age delay is the required voltage at the S[err]'  to have
current flowing in said channel when 50 terminal to change the impedance of
the  a difference of potential is applied between 115    rectifying
junction 154'.                    said source and drain electrodes with no
Referring now  to FIGURE  10, there is  charge being present from said gate
electrode    shown a signal translating circuit in the form   or gate
region, and electrical connecting    of a high frequency amplifier circuit
com-  means arranged on said other major surface 



55 prising a field effect transistor 220 having a  of said substrate.
120    gate electrode 222, a source electrode  24,    2. A signal
translating circuit including    a drain electrode 226, and a substrate of
a semiconductor device as claimed in Claim    semiconductor material 227.
The gate and   1 and including means connecting said gate    drain
electrodes 222 and 226 are respectively  source and drain electrodes as a
signal trans- 60 biased through resistors 228 and 230 to de-  lating
circuit, and means for applying a 125    sired bias potentials by a source
of bias   potential to  said substrate to control the 



potential (not shown).  Input signals are  efficiency of translation of
said circuit.    coupled to the gate electrode 222 through       3. A
signal translating circuit including a    a coupling capacitor 232 from a
signal source  semi-conductor device as claimed in Claim 65 (not shown).
The output signals of the am-  1. said drain and source regions being of
130    



1,075,092                                          7      negative
conductivity type, said gate elect-  and second semiconductor devices to
each 



rode being dispnsed between said source and   other, means for coupling
said drain elect-     drain regions in a position closer to  said  rodes of
said first and second semiconductor     source region, said gate electrode
being effec-  devices to each other so that said semicon-  5 tive to
control the current between  said  ductor devices are connected  in
parallel, 70    source and drain regions, an input circuit be-  capacitive
coupling means converted between    ing connected between said gate and
source  said gate electrodes of said first and second    electrodes, and an
output circuit and a  semiconductor devices, output circuit means 



source  of unidirectional potential having  coupled to said drain
electrodes to derive out- 10 positive  and   negative  terminals  being
put signals, and separate biasing means con- 75    coupled  between  said
source  and  drain   nected to said gate electrodes of said field
electrodes with the negative terminal of said  effect semiconductor devices
to bias said    unidirectional potential being coupled to said  gate
electrodes to different bias potentials    source electrode.
respectively, so that said transconductance 15   4. A signal translating
circuit as claimed  versus gate bias voltage characteristics are 80 



in Claim 2. wherein said means for applying  combined in a composite
transconductance     said potential to said substrate reduces said  versus
gate bias voltage characteristic whioh     efficiency of translation  as
said  potential  has remote-cut-off.     applied to said substrate is made
positive re-    8. A signal translating circuit as claimed 20 lative to the
potential of said source or drain  in Claim  2 said device being an
insulated 85     electrodes.                                   gate field
effect semiconductor device, input       5. A signal translating circuit as
claimed  circuit means are coupled between said gate 



in Claim 2 wherein said means for applying  and source electrodes for
applying input sig-     said potential to said substrate reduces said  nals
to said circuit, output circuit means are 25 efficiency of said translation
of said circuit  coupled between said drain and source elect- 90     as the
potential applied to said substrate for-  rodes to derive translated output
signals, and     ward biases said rectifying junctions between   means are
coupled to said substrate of semi-     said source and drain regions and
said sub-  conductor material for applying a signal volt-     strate.
age which varies as a function of the ampli- 



30   6. A signal translating circuit as claimed  tude of said input signals
to said substrate 95     in Claim  2, each of said source and drain  of
semiconductor material to control the am-     regions being coupled  to
said substrate of  plitude of said output signals.     semiconductor
material by separate current    9. A signal translating circuit as claimed
paths having non-linear impedance char-  in Claim 2 or Claim 8 said source
and drain 35 acteristics that are a function of the relative  electrodes
being coupled to said substrate of 100    potential between said substrate
of semi-  semiconductor material, and  said voltage 



conductor material and said source and drain  applying  means being AGC
circuit means    electrodes, and  including  circuit means  coupled to said
substrate of semiconductor    coupled to said gate electrode for applying
material  for  applying  a  variable  bias 40 input signals to be
amplified, output circuit  potential to said substrate of semiconductor 105
means coupled  between  said  drain  and   material whereby  when said
variable bias    source electrodes for deriving amplified out-  potential
is positive with respect to the bias    put signals, and circuit means
coupled to  potential of said drain and source electrodes, 



said substrate of semiconductor material for  current flows between said
substrate and each 45 applying a voltage having an amplitude that  of said
drain and  source electrodes, and 110    varies as a function of the
average amplitude  when said variable bias potential is negative    of said
input signals to vary the relative  with respect to  the bias potential of
said    potential between said substrate of semicon-  source and drain
electrodes there is no cur-    ductor material and each of said drain and
rent flow between each of said source and 50 source electrodes whereby the
impedance  drain electrodes and said substrate.              115 



presented by said current paths vary as a       10. A signal translating
circuit as claimed    function of the amplitude of said input sig-  in
Claim 2 said semiconductor device being    nal and the gain of said
translating circuit  an  insulated  gate  field  effect transistor    is
reduced when said average amplitude of  wherein each of said source and
drain elect- 55 said input signals increases.                 rodes has a
respective effect current path 120      7. A signal translating circuit as
claimed  with said substrate of semiconductor material    in Claim  2 said
circuit including a first and   which varies as a function of the relative 



a second of said semiconductor devices, each  potential between said
substrate of semi-    having a fate electrode, a drain  electrode
conductor material and the corresponding 60 and a source electrode, and
each having a  one of said source and drain electrodes, and 125    sharp
cut-off transconductance versus bias  including circuit means coupled to
said gate    voltage characteristic, tunable input circuit  electrode for
applying input signals to be    means coupled to said gate electrode of
said  amplified, output circuit means counled be-    first semiconductor
device, circuit means for  tween said drain and source electrodes for 



65 coupling said source electrodes of said first  deriving translated
output signals, and circuit 130       



1,075,092     means coupled to said substrate of semicon-  electrode is
reduced because of the offsetting    ductor material for varying  the
relative  of said gate electrode toward the source    potential between
said substrate of semicon-  electrode.    ductor material and at least one
of said drain  15. A signal translating circuit as claimed 



5 and source electrodes.                        in Claim 2 said substrate
being made from  70       11. A signal translating circuit as claimed
nearly  intrinsic  semiconductor  material,    in Claim 2, said gate
electrode being dis-  and said source and drain electrodes effec-    posed
between said source and drain elect-  tively operating as a pair of
rectifying junc-    rodes in a manner to control current through  tions
connected between said substrate and 10 said conducting channel, and said
gate elect-  between said source and drain electrodes, re- 75    rode being
offset in a direction closer to the  spectively, a resistor being coupled
between 



one of said source and drain electrodes to  said source electrode and a
point of refer-    which the negative terminal of said unidirec-  ence
potential, an output circuit including a    tional source is connected so
that the de-  source of unidirectional potential coupled 15 generation
produced by the resistance of said  between said drain electrode and said
point 80    conducting channel is reduced.                of reference
potential, means being coupled       12. A signal translating circuit as
claimed  to said gate electrode for biasing said gate    in Claim 8 said
output circuit means being  electrode to a desired bias potential with re- 



tunable and neutralizing circuit means being  spect to said point of
reference potential. and 20 coupled between said output and input cir-
means connecting said substrate of semicon- 85    cuit means including a
variable capacitor for  ductor material to said  point of reference
feeding back energy 180[err] out of phase with  potential so that the
rectifying junction effec-    the energy fed back  through the inherent
tively connected between said substrate and    capacitance between said
gate and drain  said source electrode is back-biased whereby 25 electrodes.
the effective capacitance of said rectifying 90 



13. A signal translating circuit as claimed  junction is reduced thereby
reducing the out-    in Claim 3 wherein said conductive channel  put
capacitance of said field effect semicon-    connecting said source and
drain electrodes  ductor device and thus increasing the fre-    allows
current flow from one of said drain  quency response of said signal
translating 30 and source electrodes to the other of said  circuit.
95    electrodes in accordance with the polarity    16. A signal
translating circuit as claimed    of the respective potentials of said
elect-  in Claim 3 including first and second insul- 



rodes, said gate electrode being effective to  ated field effect
semiconductor devices each    control the current flow beteen said source
having gate, drain and source electrodes re- 35 and drain electrodes, said
input circuit being  spectively and each having a non-linear log 100
coupled to said gate electrode for applying  transconductance versus gate
bias voltage    input signals to said signal translating circuit
characteristic, tunable input circuit means    to vary the flow of current
through said con-  coupled to said gate electrode of said first    ducting
channel in accordance with the am-  field  effect semiconductor device,
circuit 



40 plitude of said input signals, whereby con-  coupling means for
connecting said drain 105    ventional current flows from  said drain to
electrodes and said source electrodes of said    said source electrode and
due to the closer  first and second field effect semiconductor de-
proximity of said control electrode to said  vices to each other
respectively, so that said    source electrode the intrinsic opposition to
first and second field effect semiconductor 45 current flow in said
conducting channel is  devices are connected in parallel, separate 110
substantially all in said output circuit.    bias circuit means for biasing
said gate elect- 



14. A signal translating circuit as claimed  rodes of said  first and
second field effect     in Claim 2 said substrate of semiconductor
semiconductor devices to different bias poten-     material being formed
from silicon and said  tials respectively, means for coupling said 50 gate
electrode being insulated from said sili-  input circuit to said gate
electrode of said 115    con substrate and located so that the distance
second  field  effect semiconductor device    between said gate electrode
and said drain   whereby said log transconductance versus    electrode is
longer than the distance between  gate bias voltage characteristics are
com- 



said gate electrode and said source electrode,  bined into a composite log
transconductance 55 said conductive channel providing a path for  versus
gate bias voltage characteristics which 120    current flow between said
pair of electrodes  is substantially linear, tunable output circuit    in a
direction corresponding to the relative  means coupled to said drain
electrodes of    polarity of the potential between said elect-  said first
and second field effect semiconduc-    rodes. and an output circuit
including a d.c.  tor devices, and a variable capacitor coupled 60 voltage
source  connected  between  said  between said output and input circuits
for 125 



source and drain electrodes so that said  neutralizing the energy fed back
from  said     drain electrode is biased positively relative  output
circuit to said input circuit through     to said source electrode and the
signal feed  the inherent capacitance of each of said first     back
through the inherent capacitance be-  and second field effect semiconductor
device. 65 tween said gate electrode and said drain    17. A semiconductor
device substantially 130   
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as herein described and illustrated in Figures          ANDREW  CLARK,
I and 2 of the accompanying drawings.                Chartered Patent
Agents,       18. A signal translating circuit substanti-           5,
Stone Buildings,     ally as herein described and illustrated in any
Lincoln's Inn,   5 of Figures 5 to 10 of the accompanying
London W.C.2.     drawings.  
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