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old value with a decreasing amplitude of the gain control signal. Since the
gate-source voltage and hence the The invention relates to a controllable
amplifier cir-  non-linearities do not change, the distortion and cuIt
comprising successively in a cascode arrangement  cross-modulation effects
caused by these non-linearities between a power supply voltage and ground a
control  5  in this first FET increase considerably with respect to the
transistor having a control input for applying a gain con-  output signal
amplitude. trol signal thereto and a field effect amplifier transistor  To
reduce these non-linearities, the source of the for a controllable
amplification of an input signal applied  first FET in the known
controllable amplifier circuit is con- toa gate input, said control
transistorvarying the working  nected to ground via a source resistor.
Since the voltage point of the field effect amplifier transistor in the
ohmic  10 across this source resistor varies with the drain current range
in dependence upon the gain control signal at least  ID of the FET tetrode,
a DC negative feedback is ob- in a part of the control range of the gain
control signal.  tained which increases the gate-source voltage in the A
controllable amplifier circuit of this type is known  case of a decrease in
gain. A certain extent of lineariza- inter alia from Japanese Patent
publication no. JP-A-1  tion is then obtained. 030 311. Other examples of
controllable amplifier circuits  15  The extent of linearization increases
with the value can be found in DE-A-2 911 514, in US-A-4 806 876 or  of the
source resistor. However, the required power sup- in EP-A-0 337 561.
ply voltage also increases with the source resistance. In In the known
controllable amplifier circuit the cas-  practice, limits are imposed on
the value of the power code arrangement of the field effect amplifier
transistor  supply voltage and particularly when the supply is en- (FET)
and the control transistor is realised by means of 20 sured by means of
batteries, the required power supply first and second field effect
transistors (FETs), respec-  voltage should be as low as possible. This
imposes limits tively of a two-port FET tetrode, hereinafter also referred
on the linearization of the known controllable amplifier to as amplifier
tetrode. The first FET amplifies a high-fre-  circuit. quency input signal
applied to its gate input, hereinafter  It is an object of the invention to
provide a controlla- referred to as first gate. The gain factor of this
first FET  25  ble amplifier circuit of the type described in the opening
is dependent on its working point. This working point is  paragraph which
does not have said limitation or has this controlled mainly by controlling
the drain-source voltage.  limitation to a much lesser extent and with
which a linear To this end, the second FET operating as a control tran-
gain is possible in a control range which is at least equal sistor varies
the drain voltage of the first FET in depend-  to that of the known
controllable amplifier circuit at a pow- ence upon the gain control signal
which is applied to the  30  er supply voltage which may be considerably
lower than second gate, i.e. the gate input of the second FET. The  that of
the known controllable amplifier circuit. gain of the first FET is maximal
in an initial or uncontrolled  A controllable amplifier circuit according
to the in- state of the gain control. In this state the working point
vention isthereforecharacterized in thatthecontrol input of the first FET
is controlled by a maximum drain-source  is coupled also via a controllable
bias circuit to the gate voltage in the saturation range. This is achieved
at an  35  input of the field effect amplifier transistor for applying a
initial maximum value of the gain control signal. Since  controllable bias
voltage thereto, which voltage varies in the source voltage of the second
FET approximately fol-    the opposite direction with the gain control
signal mainly lows its gate voltage and is equal to the drain voltage of
in said part of the control range. the first FET, a decrease of the gain
control signal at least  The measure is based on the recognition that a de-
results initially in a decrease of the drain-source voltage  40 creasing
gain control signal at the gate of the second and hence of the gain of the
first FET. In the output char-  FET results in a gain reduction for working
points of the acteristic, or [err] characteristic of this first FET such
first FET outside the saturation range, even if the DC bias a decrease of
the gain control signal results in a shift of  voltage of the gate of the
first FET increases. its working point through the saturation range and to-
When using the measure according to the invention wards the ohmic range.
45 this recognition is utilized to increase the gate-source In the case of
a continuing decrease of the gain con-  voltage of this first FET and hence
it inhibits the occur- trol signal, it reaches said part of the control
range after  rence of non-linearities in this part of the control range it
has passed a given value, hereinafter referred to as  mainly for working
points of the first FET outside the sat- the threshold value. At this
threshold value the first FET  uration range at a decreasing drain voltage
and a con- comes out of its saturated state: the first FET then has  50
stant source voltage. This measure provides the possi- its working point in
the transition range between the sat-  bility of directly connecting the
source of the first FET to uration range and the ohmic range, also referred
to as  ground with respect to the DC voltage. Since in contrast the knee
region. A decrease of the gain control signal in  to the known controllable
amplifiercircuit no use is made this part of the control range results in a
much stronger  of a source resistor and since there is no voltage loss
decrease of the drain current [err] of the FET tetrode than  55  between
the source and ground, the power supply volt- a comparable decrease of the
gain control signal in the  age may be much lower. preceding part of the
control range. Consequently, the  By suitably dimensioning the controllable
bias circuit gain of the first FET strongly decreases from this thresh-  it
can be achieved that with a variation of the gain control 2    



3                 EP 0 514 974 B1                   4 signal a variation of
the controllable bias voltage at the -    tion is preferably characterized
in that the controllable gate of the first FET is obtained such that the
distortion  bias circuit has a high-ohmic output impedance which is, in the
first FET in the entire control range does not ex-  for example, obtainable
by incorporating aseries resistor ceed a given admissible value.
between the bias circuit and the gate input of the field For example, it is
possible to increase the gain of the  5  effect amplifier transistor.
controllable bias circuit in the case of an increasing gain  To optimize
the gain control, a threshold voltage in reduction due to a decreasing gain
control signal in such  the last-mentioned embodiment is preferably
realised by a way that the controllable bias voltage at the gate of the
choosing the ratio between the width and the length of first FET for
working points in the saturation range does  the gate of the second
transistor to be smaller than that not increase or hardly increases with a
decreasing gain  10 of the first transistor of said field effect transistor
bias tet- control signal and that it increases considerably with this
rode. signal for working points outside said range.           The spread in
transistor parameters between the Such a controllable amplifier circuit
according to the  transistors of the controllable bias circuit and said
first invention is preferably characterized in that the control-  and
second FETs is compensated for in a further pro- lable bias circuit
comprises a threshold phase inverter  15 ferredembodimentwhich is
characterized inthatthefield stage for inverting the phase of the gain
control signal  effect amplifier transistor and the control transistor are
which is mainly active for variations of the gain control  constituted by
first and second transistors, respectively, signal in said part of the
control range, said part being  of afield effect transistor amplifier
tetrode which together limited by a threshold value at which the field
effect am-  with said field effect transistor bias tetrode are integrated
plifier transistor has its working point in the transition  20 on a common
substrate. range between the saturation range and the ohmic        Other
preferred embodiments are characterized in range.
that the phase inverter stage includes a transistor which When this measure
is used, the effective operating  has an input electrode to which the gain
control signal is range of the controllable bias circuit is limitedtothe
range  applied via a voltage divider for adjusting said threshold in which
the first FET is turned off and a decreasing gain  25 value, a reference
electrode which is connected to control signal can be prevented from
resulting in an un-  ground and an output electrode which is connected to
wanted increase of the gain for working points of the first    the power
supply voltage via a load resistor and is cou- FET in the saturation range.
pled to the gate of the field effect amplifier transistor. A further
preferred embodiment of such a controlla-  The invention will be described
in greater detail with ble amplifier circuit which is characterized in that
the  30  reference to the Figures shown in the drawing. These phase
inverter stage comprises successively in a cas-  Figures only serve to
illustrate the invention. In the Fig- code arrangement between ground and
the power sup-  ures elements whose functions correspond have the ply
voltage a further field effect transistor and a control-  same reference
indications. lable resistor, the gate-source junction of the furtherfield
In the drawings effect transistor being parallel to the gate-source
junction  35 of the field effect amplifier transistor at a maximum gain
Fig. 1 shows a controllable amplifier circuit accord- of the field effect
amplifier transistor for forming a current  ing to the invention; mirror
therewith, said phase inverter stage also compris-  Figs. 2 to 4 show
alternative embodiments of a con- ing means for realising said threshold
value.           trollable bias circuit for use in a controllable amplifier
When this measure is used, a simple adjustment of 40  circuit according to
the invention; the quiescent current of the controllable amplifier circuit
Fig. 5 shows the output characteristic curve, or in the uncontrolled state
and hence of the gain control  [err] characteristic curve of the first FET
in a con- range is possible.                                     trollable
amplifier circuit according to the invention; For a simple implementation
of the controllable bias  Fig. 6 shows some characteristic curves
indicating circuit, the last-mentioed embodiment is preferably  45  the
variation of the distortion in dependence upon characterized in that the
further field effect transistor and  the gain reduction when using a source
resistor and the controllable resistor of the controllable bias circuit are
when using the measure according to the invention. constituted by first and
second transistors, respectively, of a field effect transistor bias tetrode
having first and  Fig. 1 shows a controllable amplifier circuit accord-
second gates, a source and a drain, the gain control sig- 50  ing to the
invention, having a radio frequency signal input nal being applied to said
second gate, said source being  [err] for supplying a radio frequency input
signal, a radio connected to ground, said first gate being short-circuited
frequency signal output ORF from which a radio frequen- with the drain and
said drain being connected to the pow-  cy output signal is supplied which
is gain- controlled and er supply voltage via a load resistor and to the
gate of  a control input [err] for applying a gain control signal there-
the field effect amplifier transistor via a series resistor.  55 to. Said
controllable amplifier circuit comprises a To reduce noise and signal
losses as a result of a  two-port field effect transistor (FET) tetrode Ta,
herein- load of the input signal by the controllable bias circuit,
afteralsoreferredtoasamplifiertetrode, firstandsecond the controllable
amplifier circuit according to the inven-  FETs Tal and Ta2 of which are
arranged in cascode be- 3    



5                EP 0 514 974 B1                  6 tween a power supply
voltage and ground. The gates  2 shows the same variation at a gate-source
voltage Gal and Ga2 of the first and second FET Tal and Ta2  [err] of 1
Volt and curve 3 shows the same variation at constitute the first and
second gate inputs, respectively,  a gate-source voltage VG1s of 0.5 Volt.
Each curve 1 to of the amplifier tetrode Ta, while the source Sa of the
first  3 can be distinguished in three ranges succeeding each FET Tal and
the drain of the second FET Ta2 constitute  5  other with a drain-source
voltage [err]  increasing from the source and the drain, respectively, of
the amplifier  0, which ranges are an ohmic range 01, 02, 03, a tran-
tetrode Ta. The first FET Tal operates as an amplifier  sition range T1,
T2, T3 and a saturation range S1, S2, transistor and the second FET Ta2
operates mainly as a  S3. In the ohmic range the drain current ID Of this
first control transistor. A radio frequency input signal is ap-  FET Tal
approximately increases linearly with the plied to the gate Gal of the
first FET Tal via the radio  10 drain-source voltage [err]. In this ohmic
range 01, 02, frequency (RF) signal input [err] The source Sa of this  03
the slope of the line tangential to the curves 1, 2, 3 first FET Tal is
connected to ground, while the drain of    is substantially constant and
relatively large and de- Tal also constitutes the source of the second FET
Ta2.  creases for the curves with a decreasing gate-source A gain control
signal is applied to the gate Ga2 of the  voltage [err]. When the
drain-sourcevoltage [err] of the second FET Ta2 via the control input Ic.
The drain Da of 15 first FET Tal in the next transition range T1, T2, T3
in- the second FET Ta2 is connected to the power supply  creases, the slope
of the line tangential to the curves 1, voltage via a radio frequency
leakage inductance L and  2, 3 decreases in magnitude: here the drain
current ID to the radio frequency signal output [err] via a coupling
increases much less rapidly with the drain-source volt- capacitor.
age [err] than in the ohmic range. The transition ranges The control input
[err] is also connected to a control- 20 T1, T2, T3 are followed by the
saturation ranges S1, S2 lable bias circuit which is constituted by a
two-port FET  and S3 with a further increasing drain-source voltage tetrode
Tb hereinafter also referred to as bias tetrode Tb  [err] In these
saturation ranges S1, S2 and S3the drain which, likewise as the amplifier
tetrode Ta, comprises a  current [err] only increases to a small extent
with an in- cascode arrangement of a first FET Tbl and a second  creasing
drain-source voltage [err]. Consequently, the FET Tb2. The gates of the
first and second FETs Tbl 25 slope of the curves 1, 2, 3 in the saturation
ranges S1, and Tb2 constitute the first and second gates, respec-  S2, S3
is substantially constant and comparatively low, tively, of the bias
tetrode Tb, while the source Sb of the  while the value of the drain
current ID in this saturation first FET Tbl and the drain of the second FET
Tb2 con-  range, also referred to as quiescent current, is lower as stitute
the source and the drain, respectively, of the bias  the gate-source
voltage [err] is lower. tetrode Tb. The first gate Gbl of the bias tetrode
Tb is 30    In the uncontrolled state the first FET Tal operating
short-circuited with the drain Db of the second FET Tb2.  as an amplifier
transistor is adjusted to a maximum gain, The source Sb of the first FET
Tb1 is connected to  ie. the working point of the first FET Tal is adjusted
in ground, while the drain Db of the second FET Tb2 is con-  the saturation
range. By way of example, Fig. 5 shows nected to the power supply voltage
via a resistor R3. In    this uncontrolled working point, also referred to
as qui- the embodiment shown the resistor R3 is commonly cou- 35 escent or
initial working point, which is indicated by a pled to the drain Da of Ta2
via the radio frequency leak-  point WP on the curve 2. This curve 2
intersects the load age inductance L. Since the radio frequency leakage in-
curve LC at the point WP. The load curve LC is deter- ductance L is mainly
used to separate the bias tetrode  mined by the load which is formed at the
drain of Tal by Tb with respect to the radio frequency from the amplifier
the second FET Ta2. tetrode Ta, it is alternatively possible to connect the
re- 40  The initial working point is obtained by adjusting the sistor R3
directly to the power supply voltage. The drain  gain control signal
applied to the gate Ga2 of the second Db of the bias tetrode Tb is coupled
to the gate Gal of  FET Ta2 operating as a control transistor to a maximum
the first FET Tal via a series resistor R4. This drain Db  value, for
example, 4 Volts. This second FET Ta2 also is also radio-frequency
short-circuited to ground via a  has its working point in the saturation
range, which sub- short-circuit capacitor C2. The control input [err] is
con- 45 stantially does not change during the gain control. The nected to
the second gate Gb2 of the bias tetrode Tb via  drain of the second FET Ta2
is coupled to a power supply a voltage divider R1, R2.
voltage of 5 Volts, while the source of the first FET Tal Reference is made
to the graph of Fig. 5 for the fol-    is connected to ground. At the
maximum voltage at the lowing description of the operation of the
controllable  gate Ga2 the source of Ta2 is adjusted to a maximum amplifier
circuit shown in Fig. 1. The curves 1, 2 and 3  50 value (for example, 3
Volts in the specific case) so that in Fig. 5 show the variation of the
drain current ID of the  the drain-source voltage [err] of the first FET
Ta1 and amplifier transistor Ta1 as a function of the drain-source  the
drain current ID of Ta1 have a maximum value. voltage [err] i.e. the
voltage between the drain [err] and  The gain control signal applied to the
control input the source Vs of the first FET Tal of the amplifier tetrode
[err] is also applied to the second gate of the bias tetrode Ta with the
gate-source voltage [err] as a parameter. 55 Tb, i.e. the gate Gb2 of the
second FET Tb2 of the bias Starting from a gate-source voltage [err] of 1.5
Volts,    tetrode Tb via the voltage divider R1 and R2. In the said curve 1
shows the variation of the drain current ID as a  quiescent state a gate
voltage is obtained at this second function of the drain-source voltage
[err] of Tal, curve  gate Gb2, which voltage is high enough to give the
sec- 4    
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drain to the source such a   amplifier FET Tal. The operating range of this
phase in- low-ohmic value that a short-circuit state can be as-  verter
stage is determined by an input threshold voltage sumed to be present. As
already mentioned hereinbe-  which can be adjusted by means of the voltage
divider fore, the first gate Gbl of the bias tetrode Tb is  R1 and R2. In
the relevant example the gain control sig- short-circuited with the drain
Db of this bias tetrode Tb  5  nal reaches this input threshold voltage at
a working and the source of this first FET Tbl is connected to  point of
Tal in the transition range (T2) between the sat- ground. Since no current
is applied to the first gate Gal  uration range (S2) and the ohmic range
(02 on curve 2). of the amplifier tetrode Ta, there is no voltage across
the  With a further decrease of the gain control signal at the series
resistor R4 and the voltage at the first gate Gal  control input [err] the
drain-source voltage [err] of the am- is equal to the voltage at the first
gate Gb1 of the bias  10 plifier FET Tal also further decreases until the
working tetrode Tb. Consequently, the first FET Tbl of bias tet-    point
of this amplifier FET Tal reaches the ohmic range rode Tb together with the
first FET Tal of the amplifier  (02). tetrode Ta operates as a current
mirror in this uncon-  Due to this further decrease of the gain control
sig- trolled state. The drain current ID of the amplifier transis-  nal,
the voltage at the gate Gb2 further decreases via tor Tal can be simply
adjusted to an initial or quiescent 15 the voltage divider R1, R2 and the
resistance of the sec- value in this way by means of a suitably chosen
value  ond FET Tb2 of the bias tetrode Tb from the source to for the
resistor R3.                              the drain further increases. This
causes a further de- A gain reduction is obtained by causing the ampli-
crease of the drain current ID of this bias tetrode Tb and tude of the gain
control signal at the gate Ga2 of Ta2 to  a further increase of the drain
voltage at the drain Db of decrease. As a result of the voltage decrease at
the gate  20 this bias tetrode Tb and hence of the voltage at the first
Ga2, the voltage at the source of Ta2 also decreases.  gate Gal of the
amplifier FET Ta1. Since the last-mentioned source voltage of Ta2 is equal
Since the source Sa of the amplifier FET Tal is con- to the drain voltage
VD1 of Tal, the drain-source voltage  nected to ground, an increase of the
voltage at the gate of Tal also decreases. As a result, the drain current
[err]  Gal directly corresponds to an increase of the also decreases to a
slight extent with the decreasing  25 gate-source voltage [err]. Notably in
this ohmic range drain-source voltage [err] of Tal and in the given ex-
and even at said comparatively low powersupplyvoltage ample the working
point (WP) of the first FET Tal moves  of 5 Volts, an AC-DC ratio of the RF
input signal to be across the curve 2 in the saturation range S2 towards
amplified is obtained which is favourable for a linear gain the transition
range T2, which is accompanied by a gain  and which is maintained while
preserving an effective reduction.                                     30
gain control. The division factor of the voltage divider R1 and R2  Since
an increase of the gate-source voltage [err] is chosen to be such that,
starting from the uncontrolled  of the amplifier FET Tal in this ohmic
range will result in state, a decrease of the gain control signal at the
control  an increase in the slope of the [err] characteristic input [err]
does not cause or hardly causes a change of the  curve (the working point
of Tal then follows the curve 1 afore-mentioned quiescent state of bias
tetrode Tb, in so  35 instead of curve 2), i.e. a decrease of the output
imped- far as Tal does not come out of its saturated state, ie.  ance of
Tal, an extra reduction of interference compo- as long as the working point
of the first amplifier FET Tal  nents is obtained. I n fact, the
interference voltages at the is in the saturation range (S2 of curve 1). In
practice this  output of the amplifier FET Tal decrease with said output
appears to correspond to a gain reduction of 6 to 10 dB.  impedance of Tal.
The voltage at the gate Gb2 does not decrease to an  40  For working points
of the amplifier FET Tal outside efficient extent until the drain-source
voltage [err] of the  the saturation range the gain of the amplifier FET
Tal amplifier transistor Tal has decreased so far that the  decreases with
a decreasing gain control voltage at the working point of Tal reaches the
transition range T1, so  gate Ga2 of the control transistor FET Ta2 in
spite of an that the second FET Tb2 of the bias tetrode Tb from the
increase of the controllable bias voltage at the gate Gal source to the
drain shows a resistance which increases  45 of this amplifier FET Tal, and
conversely. In this bias with a decreasing voltage at Gb2. As a result, the
current  range the gain varies unambiguously with the gain con- mirror
action of Tbl with Tal is lost and the drain current    trol signal. ID
through the bias tetrode Tb decreases so that the cur-  For working points
of the amplifier FET Tal in the rent through the resistor R3 also decreases
and the volt-    saturation range it may, however, occur that an increase
age at the drain Db of Tb increases. Since no current 50 of the voltage at
the gate Gal of Tal completely annihi- flows through the series resistor
R4, the voltage at the  lates the gain reduction due to a decrease of the
gain gate Gal of the amplifier FET Tal follows the voltage at  control
signal at the gate Ga2 of the control transistor the drain Db of the bias
tetrode Tb, hence it increases.  FET Ta2 and even gives rise to an increase
in gain. To The controllable bias circuit constituted by the bias tet-
prevent this, the voltage at the gate Gal of Tal should rode Tb and the
resistors R1 to R4 can therefore be con- 55 not increase noticeably until
the gain control voltage at sidered as a phase inverter stage because a
decrease  the gate Ga2 of the FET Ta2 has decreased when the of the gain
control signal at the control input IC results in  amplifiertransistorTal
isbiasedintheohmicrange.This an increase of the voltage at the first gate
Gal of the  can be achieved by a correct dimensioning of the bias    9
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circuit, while the current through the bias tetrode Tb is  very small width
(at least 50 x smaller than that of the not decreased noticeably for
biasing Tal in the ohmic  gates of Ta), R4 and C2 can then also be
dispensed with, range until the gain control signal has decreased.  i.e. R4
= 0 [err] and C2 = 0 pF. In the afore-described controllable amplifier
circuit  Alternative embodiments of the controllable bias cir- according to
the invention the control behaviour is opti-  5  cult are shown in Figs. 2
to 4. mized by applying the gain control signal from the control  Fig. 2
shows a bias FET B1 arranged in common input [err] to the gate Gb2 of the
bias tetrode Tb via a volt-    source configuration whose gate, source and
drain con- age divider R1, R2 operating as a threshold circuit. How-
stitute input, reference and output electrodes, respec- ever, it is
feasible that the above-mentioned unwanted  tively. The gain control signal
whose amplitude has been control behaviour in the saturation range of Tal
is avoid- 10 given acorrectvalue is applied tothe gate viathevoltage ed in
a different way, for example, by incorporating a  divider R1 and R2. The
source of the bias FET B1 is con- threshold circuit having a suitably
chosen threshold val-  nected to ground via a source resistor R5. In the
uncon- ue between the controllable bias circuit and the gate in-    trolled
state, i.e. at a maximum value of the gain control put of the amplifier
transistor Tal.                signal at control input [err] the voltage at
the gate of B1 is However, the part of the gain control range in which  15
also maximum so that the drain current of B1 and hence the amplifier FET
Tal is saturated is comparatively small    the voltage across the resistor
R3 are maximum. The in practice as compared with the entire gain control
range  voltage at the drain of B1 is minimum as well as the volt- and is
only 6 to 10 dB out of 40 to 60 dB.          age at the first gate Gal of
the amplifier transistor Tal. In the embodiment, shown in Fig. 1, of the
control-  When the gain control signal decreases, the voltage at lable
amplifier circuit according to the invention the am- 20 the gate of B1
decreases and hence the drain current plifier transistor and the control
transistor are realised by  through B1 also decreases. As a result, the
voltage means of a FET tetrode. It will be evident that the inven-  across
R3 decreases and the voltage at the drain of B1 tive idea is also
applicable to the use of a field effect tran-  increases as well as the
voltage at the gate Gal of Tal. sistor as an amplifier transistor arranged
in cascode with  The circuit B1, R1 to R5 shown in Fig. 2 thus operates a
bipolar transistor as a control transistor. It is likewise  25 as a
threshold phase inverter stage, i.e. a controllable feasible to replace the
bias tetrode Tb by a FET which  bias circuit. The gain of B1 can be
adjusted to a correct operates like the first FET Tbl and a controllable
resistor  value by means of a correct resistance dimensioning of which
operates like the second FET Tb2 of the bias tet-  R1-R5. rode Tb. This
controllable resistor should then be varied  Fig. 3 shows the same
embodiment as Fig. 2 in in value in dependence upon the gain control
signal.   30 which the field effect transistor B1 is replaced bya bipolar
The value of the series resistor R4 is chosen to be  transistor B2 whose
base, emitter and collector consti- sufficiently high to prevent the input
signal applied to the  tute the input, reference and output electrodes,
respec- radio frequency signal input [err] from flowing to ground  tively.
In principle, the operation of the circuit B2, Rl-R5 via the decoupling
capacitor C2 and to realise that the  corresponds to the operation of the
circuit of Fig. 2 as signal energy of the radio frequency input signal is
ap- 35 described above and does not require any further expla- plied to the
gate input Gal of the amplifier FET Tal. An  nation. improvement of the
signal-to-noise ratio is obtained with  Fig. 4 shows a threshold phase
inverter stage with the series resistor R4.                             a
bias tetrode Tb whose second gate Gb2, the source In practical trial
set-ups the power supply voltage  and the drain constitute input, reference
and output elec- was 5 Volts; the resistors R1 -R4 had values of 10 kO- 40
trodes, respectively. The bias tetrode Tb is adjusted to a hms, 40 kOhms,
25 to 30 kOhms and 50 to 100 kOhms,  specific gain via a voltage divider R6
and R7 at the first respectively, and the capacitors Cl and C2 had values
gate Gbl of the first FET Tbl. The gain control signal at of 4700 pF and 10
pF, respectively.                the control input 'c is given a correct
value via the voltage In an embodiment in an integrated form in which also
divider R1 and R2 and applied to the gate of the second at least the first
FET Ta1 of Ta is formed on the same  45 FETTb2 of the biastetrodeTb. In
principle, the operation substrate as Tb, mutual differences in the
transistor pa-  of the threshold phase inverterstage shown in Fig. 4 cor-
rameters due to spreading are minimized and the effect  responds to the
operation of the circuits of Figs. 2 and 3. of the absolute spreading on
the biasing of the quiescent  Curves 4, 5, 6 in Fig. 6 show the variation
of the dis- current is compensated for by means of the load resistor
tortion in a known controllable amplifier circuit having a R3.
50 constant gate bias voltage of the amplifier transistor Tal Optimization
of the control behaviour may be possi-  whose source is connected to
ground, a similar known ble by choosing the ratio between the width and the
amplifier control circuit in which the source of the ampli- length of the
gate of the second transistor Tb2 to be  fier transistor Tal is connected
to ground via a source smaller than that of the first transistor Tbl of the
bias  resistor of 80 Ohms, and the controllable amplifier circuit FET
tetrode Tb. In the ease of correctly chosen ratios, 55 according to the
invention. An unmodulated desired car- the voltage divider R1, R2 can be
dispensed with, i.e. R1  rier of 100 MHz together with an undesired carrier
of 110 can be short-circuited (R1 = 0 [err]) and R2 can be omitted  MHz
amplitude-modulated with a test signal at a modu- (R2  00). If Tb is so
small that the gates of Tb have a  lation depth of 80% are applied to the
radio frequency 6    11                 EP0514974B1                      12



signal inputs [ERR] of these amplifier circuits. As a result of  transition
range between the saturation range and non-linearities in the amplifier
circuit a cross-modulation  the ohmic range. is produced, with the test
signal appearing ampli- tude-modulated on the desired carrier of 100 MHz at
the  3. A controllable amplifier circuit as claimed in Claim 2, output ORF
of the amplifier circuit. It was measured at  5  characterized in that the
phase inverter stage com- which amplitude of the undesired modulated
carrier of   prises successively in a cascode arrangement 110 MHz at the
radio frequency input [err] the test signal  between ground and the power
supply voltage a fur- appears amplitude-modulated on the desired carrier of
ther field effect transistor (Th1) and a controllable 100 MHz at the output
[err] with a modulation depth of    resistor (Tb2), the gate-drain junction
of the further 0.8%, ie. 1% of the first-mentioned modulation depth.  10
field effect transistor (Tbl) being parallel to the The cross-modulation
giving rise thereto is also referred  gate-source junction of the field
effect amplifiertran- to as the 1% cross-modulation. It is obvious that the
sistor (Tal) at a maximum gain of the field effect last-mentioned amplitude
also increases with an in-
amplifiertransistorforformingacurrentmirrorthere- creasing linearity.
with, said phase inverter stage also comprising It is apparent from curve 4
that the known controlla-  15  means (R1, R2) for realising said threshold
value. ble amplifier circuit without a source resistor produces 1%
cross-modulation already at a comparatively small  4. A controllable
amplifier circuit as claimed in Claim 3, amplitude of the test signal in
the substantially entire gain  characterized in that the further field
effect transistor control range. It is apparent from curve 5 that notably
and the controllable resistor of the controllable bias with an increasing
gain reduction a reduction of the  20
circuitareconstitutedbyfirstandsecondtransistors, cross-modulation, or a
given gain linearization is ob-  respectively, of a field effect transistor
bias tetrode tained with the aid of a source resistor. However, curve  (Tb)
having first (Gbl) and second gates (Gb2), a 6 shows that the controllable
amplifier circuit according  source (Sb) and a drain (Db), the gain control
signal 0    to the invention yields a significant improvement as co n-
being applied to said second gate, said source being pared with the known
controllable amplifier circuits using  25  connected to ground, said first
gate being (Gbl) source negative feedback, in spite of the use of a com-
short-circuited with the drain (Db) and said drain paratively low power
supply voltage of 5 Volts.         being connected to the power supply
voltage via a load resistor (R3) and to the gate of the field effect
amplifier transistor (Gal) via a series resistor (R4). Claims
30 5. A controllable amplifier circuit as claimed in Claim 4, 1. A
controllable amplifier circuit comprising succes-  characterized in that
the ratio between the width and sively in a cascode arrangement between a
power     the length of the gate of the second transistor is supply voltage
and ground a control transistor (Ta2)  smaller than that of the first
transistor of said field having a control input (Ga2) for applying a gain
con- 35  effect transistor bias tetrode (Tb). trol signal thereto and a
field effect amplifier transis- tor (Tal) for a controllable amplification
of an input  6. A controllable amplifier circuit as claimed in Claim 4
signal (err) applied to a gate input (Gal), said con-  or 5, characterized
in that the field effect amplifier trol transistor (Ta2) varying the
working point of the  transistor (Tal) and the control transistor (Ta2) are
field effect amplifier transistor (Tal) in the ohmic  40  constituted by
first and second transistors, respec- range in dependence upon the gain
control signal at  tively, of a field effect transistor amplifier tetrode
(Ta) least in a part of the control range of the gain control  which
together with said field effect transistor bias signal, characterized in
that the control input (Ic) is  tetrode (Tb) are integrated on a common
substrate. coupled also via a controllable bias circuit (Tb, B1, B2) to the
gate input of the field effect amplifier tran- 45 7. A controllable
amplifier circuit as claimed in Claim 2, sistor (Tal) for applying a
controllable bias voltage  characterized in that the phase inverter stage
thereto, which voltage varies in the opposite direc-  includes a transistor
(B1, B2) which has an input tion with the gain control signal mainly in
said part  electrode to which the gain control signal is applied of the
control range.                                via a voltage divider (R1,
R2) for adjusting said 50    threshold value, a reference electrode which
is con- 2. A controllable amplifier circuit as claimed in Claim 1,  nected
to ground and an output electrode which is characterized in that the
controllable bias circuit (Tb,  connected to the power supply voltage via a
load B1, B2) comprises a threshold phase inverter stage   resistor (R3) and
is coupled to the gate of the field for inverting the phase of the gain
control signal   effect amplifier transistor (Tal). which is mainly active
for variations of the gain con- 55 trol signal in said part of the control
range, said part  8. A controllable amplifier circuit as claimed in any one
being limited by a threshold value at which the field  of the preceding
Claims 1 to 7, characterized in that effect amplifier transistor has its
working point in the  the controllable bias circuit (Tb, B1, B2) has a 7
11                  EP0514974B1                        12 



signal inputs [err] of these amplifier circuits. As a result of  transition
range between the saturation range and non-linearities in the amplifier
circuit a cross-modulation  the ohmic range. is produced, with the test
signal appearing ampli- tude-modulated on the desired carrier of 100 MHz at
the  3. A controllable amplifier circuit as claimed in Claim 2, output ORF
of the amplifier circuit. It was measured at  5  characterized in that the
phase inverter stage com- which amplitude of the undesired modulated
carrier of     prises successively in a cascode arrangement 110 MHz at the
radio frequency input [err] the test signal  between ground and the power
supplyvoltage a fur- appears amplitude-modulated on the desired carrier of
ther field effect transistor (Tb1) and a controllable 100 MHz at the output
[err] with a modulation depth of      resistor (Tb2), the gate-drain
junction of the further 0.8%, ie. 1% of the first-mentioned modulation
depth.  10  field effect transistor (Tbl) being parallel to the The
cross-modulation giving rise thereto is also referred  gate-source junction
of the field effect amplifier tran- to as the 1% cross-modulation. It is
obvious that the     sistor (Tal) at a maximum gain of the field effect
last-mentioned amplitude also increases with an in-
amplifiertransistorforforming acurrent mirrorthere- creasing linearity.
with, said phase inverter stage also comprising It is apparent from curve 4
that the known controlla-  15  means (R1, R2) for realising said threshold
value. ble amplifier circuit without a source resistor produces 1%
cross-modulation already at a comparatively small  4. A controllable
amplifier circuit as claimed in Claim 3, amplitude of the test signal in
the substantially entire gain  characterized in that the further field
effect transistor control range. It is apparent from curve 5 that notably
and the controllable resistor of the controllable bias with an increasing
gain reduction a reduction of the  20  circuit are constituted by first and
second transistors, cross-modulation, or a given gain linearization is ob-
respectively, of a field effect transistor bias tetrode tained with the aid
of a source resistor. However, curve  (Tb) having first (Gbl) and second
gates (Gb2), a 6 shows that the controllable amplifier circuit according
source (Sb) and a drain (Db), the gain control signal to the invention
yields a significant improvement as com-  being applied to said second
gate, said source being pared with the known controllable amplifier
circuits using  25  connected to ground, said first gate being (Gbl) source
negative feedback, in spite of the use of a com-   short-circuited with the
drain (Db) and said drain paratively low power supply voltage of 5 Volts.
being connected to the power supply voltage via a load resistor (R3) and to
the gate of the field effect amplifier transistor (Gal) via a series
resistor (R4). Claims                                             30 5. A
controllable amplifier circuit as claimed in Claim 4, 1. A controllable
amplifier circuit comprising succes-    characterized in that the ratio
between the width and sively in a cascode arrangement between a power
the length of the gate of the second transistor is supply voltage and
ground a control transistor (Ta2)   smaller than that of the first
transistor of said field having a control input (Ga2) for applying a gain
con- 35  effect transistor bias tetrode (Tb). trol signal thereto and a
field effect amplifier transis- tor (Tal) for a controllable amplification
of an input  6. A controllable amplifier circuit as claimed in Claim 4
signal [err] applied to a gate input (Gal), said con-  or.5, characterized
in that the field effect amplifier trol transistor (Ta2) varying the
working point of the  transistor (Tal) and the control transistor (Ta2) are
field effect amplifier transistor (Tal) in the ohmic  40  constituted by
first and second transistors, respec- range in dependence upon the gain
control signal at    tively, of a field effect transistor amplifier tetrode
(Ta) least in a part of the control range of the gain control  which
together with said field effect transistor bias signal, characterized in
that the control input (Ic) is  tetrode (Tb) are integrated on a common
substrate. coupled also via a controllable bias circuit (Tb, B1, B2) to the
gate input of the field effect amplifier tran- 45  7. A controllable
amplifier circuit as claimed in Claim 2, sistor (Tal) for applying a
controllable bias voltage  characterized in that the phase inverter stage
thereto, which voltage varies in the opposite direc-   includes a
transistor (B1, B2) which has an input tion with the gain control signal
mainly in said part  electrode to which the gain control signal is applied
of the control range.                                  via a voltage
divider (R1, R2) for adjusting said 50     threshold value, a reference
electrode which is con- 2. A controllable amplifier circuit as claimed in
Claim 1,  nected to ground and an output electrode which is characterized
in that the controllable bias circuit (Tb,  connected to the power supply
voltage via a load B1, B2) comprises a threshold phase inverter stage
resistor (R3) and is coupled to the gate of the field for inverting the
phase of the gain control signal     effect amplifier transistor (Tal).
which is mainly active for variations of the gain con-  55 trol signal in
said part of the control range, said part  8. A controllable amplifier
circuit as claimed in any one being limited by a threshold value at which
the field  of the preceding Claims 1 to 7, characterized in that effect
amplifier transistor has its working point in the  the controllable bias
circuit (Tb, B1, B2) has a 7    13                EP0514974B1
14 



high-ohmic output impedance.                       fekttransistor und der
regelbare Widerstand der regelbaren Einstellschaftung durch oenen ersten
bzw. zweiten Transistor einer Feldeffekttransistor. Patentansprflche
einstelftetrode (Th) mit einem ersten (Gbl) bzw. 5     zweiten Gate (Gb2),
elner Source (Sb) und einer 1. Regelbare Verstirkerschaltung mit einer
zwischen    Drain (Db) gebildet sind, wobel diesem zweiten Gate einer
Speisespannung und Masse vorgesehenen        das Verstarkungsregelsignal
zugeffhrt ist, wobei die Kaskadenschaltung eines Regeltransistors (Ta2)
Source an Masse liegt, wobei das orate Gate (Gbl) mit einem Regeleingang
(Ta2) zum ZufOhren zu       mit der Drain (Db) kurzgeschlossen ist und
wobei demselben eines VerstArkungsregelsignals, und  10  diese Drain Ober
einen Belastungswiderstand (R3) sines Feldeffeklverstarkertransistors (Tal)
zur    an der Speisespannung und Ober einen Reihenwi- regelbaren
Verstirkung eines einem Gate-Eingang    derstand (R4) an dem Gate des
Feldeffektverstar- (Gal) zugef Ohrten Eingangssignals (I RF), wobel der
kertransistors (Gal) liegt. Regeltransistor (Ta2) wenigstens in einem Teil
des Regelbereiches des Verstarkungsregelsignals die  15 5. Regelbare
Verstarkerschaltung nach Anspruch 4, Arbeitspunkteinstellung des
Fsldeffektverstdrker-  dadurch qakennzeichnot. daB das Verhaltnis zwi-
transistor (Tal) in Abhangigkeit von dern Verstar-  schen der Breite und
der Lange des Gates des zwei- kungsregelsignal in dem Ohmschen Bereich
vari-     ten Transistors kieoner ist als das des genannten iert, dadurch
aekennzeichnet, daB der Regelein-    ersten Transistors der genannten
Feldeffekttransi- gang (Ic) auch fiber eine regelbare Einstellschaltung  20
storeinstelltetrode (Tb). (Tb, B1, a2) mit dem Gate-Eingang des Feldeffekt-
verstdrkertransistors (Tal) gekoppelt 1st zum ZufOh-  6. Regelbare
Verstarkerschaltung nach Anspruch 4 ren elner regelbaren Einstellspannung
zu demsel-   odor 5, dadurch qekennzeichnet, daB der Feldef- ben, die im
wesentlichen in dem genannten Tell des  fektverstirkertransistor (Tal) und
der Regeltransi- Regelgebietes in der entgogengesetzten Richtung  25  stor
(Ts2) durch sinen ersten bzw. zweiten Transi- mit dem Verstirkersignal
variiert.                 stor einer Feldeffekttransistorverstdrkertetrode
(Ta) gebildet sind, die zusammen mit der genannten 2. Regelbare
Verstakerschaltung nach Anspruch 1,
Feldeffekttransistoreinstelltetrode (Tb) in integrier- dadurch
nekennzeichnet, daB die regelbare Ein-     ter Form auf einem gemeinsamen
Substrat ausge- stellschaltung (Tb, B1, B2) mit einer Schwellenpha- 30
bildet sind. senumkehrstufe zur Phasenumkehrung des Ver-
starkungsregelsignals versehen ist, die im wesont-  7. Regelbare
Verstarkerschaktung nach Anspruch 2, lichen fOr Anderungen des
Verstarkungsregolsi-     dadurch aekennzeichnet, daB die Phasenumkehr-
gnals in dem genannten Teil des Regelbereiches     stufe einen Transistor
(B1, B2) aufweist, der mit wirksam ist, wobei dieser Teil durch einen
Schwel- 35  einer Eingangselektrode versehen !st, der das Ver- lenwert
begrenzt ist, wobei der Arbeitspunkt des   stirkungsregelsignal Ober einen
Spannungsteiler Feldeffektverstarkertransistor bei diesem Schwel-  (R1, R2)
zugeffhrt wird zum Einstellen des genann- lenwert in dom Ibergangsgebiet
zwischen dem Sat-   ten Schwellenwertes, mit einer Bezugselektrode,
tigungsgebiet und dem ohmschen Goblet eingestellt  die an Masse lisgt und
einer Ausgangselektrode, die ist.                                        40
fber einen Belastungswiderstand (R3) an der Spei- sespannung liegt und an
das Gate des Feldeffekt- 3. Regelbare Verstirkerschaltung nach Anspruch 2,
verstarkertransistors (Tal) gekoppelt !st. dadurch aekennzeichnet. daB die
Phasenumkehr- stufe mit einer zwischen Masse und der Speise-  8. Regelbare
VerstArkerschaltung nach einem der vor- spannung vorgesehonen
Kaskadenschaltung sines  45  stehenden Ansprfche 1 bis 7, dadurch askenn-
weiteren Feldeffekttransistors (Tbl) und sines     zeichnet. daB regelbare
Einstellschaftung (Tb, B1, regelbaren  Widerstandes  (Tb2), wobei der
B2) mit einer hochohmigen Ausgangsimpedanz ver- Gate-Source-Obergang des
weiteren Feldeffekt-      sehen ist. transistors (Tbl) be! einer maximalen
Verstarkung des Feldeffektverstarkertransistors (Tal) parallel 50 liegt zu
dem Gate-Drain-Obergang des Feldeffekt-  Revendlcatlons
verst&rkertransistors zum Bilden eines Stromspie- gels damit, wobei diese
Phasenumkehrstufe       1. Circuit amplificateur reglable comprenant
successi- zugleich mit Mitteln (R1, R2) versehen ist zum Ver-  vement, dans
un montage cascode entre une ten- wirklichen des genannten Schwellenwertes.
55     sion d'alimentation et la masse, un transistor de commands (Ta2)
ayant une entree de commando 4. Regelbare Verstarkerschaltung nach Anspruch
3,     (Ga2) pour y appliquer un signal de r6glage de gain dadurch
cekennzeichnet. dal3 der weitere Foldef-   et un transistor amplificateur a
sffet de champ (Tal) 8               I 1111111 111111 11111 11111 11111 *
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pour une amplification reglable dun signal d'entr6e  5. Circuit
amplificateur r6glable solon la revendication (IRF) applique a une entree
de grille (Gal ), bedit tran.  4, caracterise an co quo la rapport entre la
largeur sistor de commands (Ta2) faisant varier le point de  et la longusur
de la grille du deuxibme transistor est
fonctionnementdutransistoramplificateuraeffet de    plus petit que celul du
premier transistor dudit champ (Tal) dans la plage ohmique en fonction du
5  tetrodedepolarisation atransistors aeffet de champ signal de reglage de
gain au moins dans une partie  (Tb). de la plage de reglage du signal de
reglage de gain, caract6ris6 en ce qu l'entree de commando (Ic) est  6.
Circuit amplificateur reglable solon la revendication couplee dgalement,
via un circuot de polarisation   4 ou 5, caractrise on ce quo le transistor
ampifica- reglable (Tb, B1i, 82), a rentr6e de grille du transistor  10
tour a effet de champ (Tal) et le transistor de com- amplificateur& effet
dechamp (Tal) poury appliquer  mande (Ta2) sont constitues par un premier
et un une tension de polarisation r6glable, cette tension  deuxieme
transistors, respectivement, d'un tetrode variant dans le sons oppose au
signal de reglage de  amplificateur & transistors a effet de champ (Ta) qui
gain principalement dans ladite partie de la plage de  est int6gr6
conjointement avec ledit t6trode de pola- reglage.
15     risation a transistors a effet de champ (Tb) sur un substrat commun.
2. Circuit amplificateur r6glable solon la revendication 1, caracterise en
ce quo le circuit de polarisation  7. Circuit amplificateur r6glable solon
la revendication reglable (Tb, B1, B2) comprend un 6tage inverseur   2,
caracterise en ce quo l'etage inverseur de phase de phase a seuil pour
inverser la phase du signal de  20  comprend un transistor (B1, B2) qui a
une electrode reglage de gain, qui est principalement actif pour  d'entree
a laquelle le signal de r6glage de gain est des variations du signal de
reglage de gain dans    applique via un diviseur de tension (R1, R2) pour
ladite partie de la plage de reglage, ladite partie  ajuster ladite valour
de seuil, une electrode de refe- etant limiteo par une valeur de seuil ob
le transistor  rence qui est miso & la masse et une 6lectrode de
amplificateur a effet de champ a son point de fonc- 25  sortie qui oet
connectee a la tension d'alimentation tionnement dans la plage de
transition entre la plage  via une resistance de charge (R3) et est coupl6e
a de saturation ot la plage ohmique.                   Ia grille du
transistor amplificateur & effet de champ (Tal). 3. Circuit amplificateur
reglable solon la revendication 2, caracterise en ce quo l'etage inverseur
de phase  30 8. Circuit amplificateur r6glable solon l'une quelcon-
comprend successivement, dans un montage cas-       quo des revendications
precddentes 1 a 7, caracte- code entre la masse at la tension
d'alimentation, un  rise on ce quo Is circuit de polarisation reglable (Tb,
autre transistor a effet de champ (Tbl) et une r6sis-  B1, B2) a une
imp6dance de sortie de haute valour tance r6glable (Tb2), la jonction
grille-drain de   ohmique. I'autre transistor a effet de champ (Tb 1) etant
paral- 35 lle a la jonction grille-source du transistor amplifi- cateur a
effet de champ (Tal) a un gain maximum du transistor amplificateur a
effet-de champ pour for- mer avec celui-ci un miroir de courant, ledit
etage inverseur de phase comprenant egalement des  40 moyens (R1, R2) pour
realiser ladite valeur de seuil. 4. Circuit amplificateur reglable solon la
revendication 3, caracterise on co quo l'autre transistor a offet de champ
et la resistance reglable du circuit de polari- 45 sation reglable sont
constitues d'un premier et d'un deuxieme transistors, respectivement, d'un
tetrode de polarisation & transistors a effet de champ (Tb) ayant une
promiere grille (Gbl) et une deuxieme grilles (Gb2), une source (Sb) ot un
drain (Db), le  50 signal de reglage de gain etant appliqu6 a ladite
deuxieme grille, ladite source etant connectee a la masse, ladite premiere
grille (Gb1) etant court-cir- cuitbe avec le drain (Db) et ledit drain
etant connecte a la tension d'alimentation via une resistance de  55 charge
(R3) et & la grille du transistor amplificateur & effet de champ (Gal) via
une resistance on serie (R4). 9     ~~~~~. . s ll Hlll1 11 III1    


