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[57] ABSTRACT

A precision variable gain amplifier with linear log-gain
versus control-voltage characteristic having an auto-
matically adjusted input diode bias current propor-
tional to the nominal input signal level. A fixed bias
current is supplied to the output diode where the AGC
(automatic gain control) keeps the nominal signal
level constant. Input bias and input signal currents are
applied through the input diode, transformed to a volt-
age in accordance with the logarithmic forward cur-
rent-voltage characteristic of the diode, a fixed bias
voltage which is proportional to the AGC signal con-
trol-voltage is subtracted from the logarithmic diode
voltage and this differential voltage is applied across
the output diode, the antilogarithmic voltage-current
characteristic of the diode transforms this voltage into
a current linearly proportional to the bias and signal
currents in the input diode, this current.is converted
to a voltage which appears at the output of the varia-
ble gain amplifier, the output signal is applied to an in-
tegrator which adjusts the bias current through the
input diode in such a manner as to drive the d-c bias
of the output signal toward zero.

20 Claims, 1 Drawing Figure
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PRECISION VARIABLE GAIN AMPLIFIER WITH
LINEAR LOG-GAIN VERSUS
CONTROL-VOLTAGE CHARACTERISTIC

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to variable gain am-
plifiers and more particularly to precision variable gain
amplifiers having linear log-gain versus control-voltage
characteristics.

2. Description of Prior Art

In measuring the amplitude of an input signal it is first
necessary to amplify it, but its range variation may be
so large that if it is amplified too much the saturation
condition is reached, whereas if it is amplified too little,

_ precision measurements are difficult to make. What is
needed is a technique for amplifying the input signal by
a variable amount, until it is of a standard size where
it may be easily measured.

One technique for measuring an input signal is to
apply a signal in the front end of the amplifier, adjust
the gain of the amplifier until the output is a standard
size, and then measure the amplifier gain required for
accomplishing this change which then can be utilized
for-indicating the size of the input signal. v

It is known how to obtain variable gain in an ampli-
fier by making use of the well-known fact that when the
forward current through a semiconductor diode is
changed, the change in voltage across the diode is pro-
portional to the logarithm of the ratio of the two cur-
rents e.g. at room temperature a decade increase in for-
ward current produces a voltage increase of about 61
millivolts. !

One technique for utilizing this well-known fact

would produce a voltage across the base emitter of a
diode, which voltage would be proportional to the log
of the input voltage, then a constant voltage propor-
tional to the desired gain change (approximately equal
to 61 millivolts per decade) would be added or sub-
tracted, and finally the antilog of this sum would be ob-
tained. The flaw in this technique is that the log of zero
is minus infinity; however, when the diode current goes
to zero the voltage does not go to minus infinity. The
a-c coupled input voltage to the amplifier not only goes
to zero but it is negative half of the time. Since the cur-
rent to the diode varies proportionately to the input
voltage, or can be made to vary thus by means of an ap-
propriate input resistor between the input and the di-
ode, for negative input voltages the current through the
diode would also go to zero and would cut off the di-
ode. To prevent the current through the diode proces-
sor from going to zero, a constant positive bias current,
slightly larger than the largest negative signal current
expected during the extreme negative swing of the
input signal E,,, is added. Although this concept affords
a technique for preventing the processing diode from
cutting off during zero or negative swings of the inpat
AC signal, it is not sufficient to produce an accurate
wide dynamic range circuit. It was still necessary to find
a way to adjust the bias current itself proportionally to
the input signal level, because too small a bias current
causes the diode processor current to go to zero distort-
ing the negative peaks of the input signal, whereas too
large a bias causes the desired diode voltage variations
to be so small that the desired signal is lost in noise.
There was still another problem with this technique in
that it was necessary to find a way to remove the in-
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2

serted bias before the desired signal reached the output
of the amplifier. The instant invention adds a fixed bias
at the output of the processing diode and then adjusts
the input bias to cancel the output bias.

SUMMARY OF THE INVENTION

Briefly, the instant invention herein discloses an ap-

paratus and a method for automatically adjusting the
bias current of a precision variable gain amplifier pro-
portionally to the input signal level. A fixed bias is
added at the output of an equivalent semiconductor
(processing) diode means and a variable bias at the in-
put, and then the input bias is varied to cancel the out-
put bias. The bias level at the output is made slightly
greater than the saturation voltage of the output stage
so that the output stage can be driven to its full swing
before the bias is overcome. An Automatic Gain Con-
trol (AGC) voltage is adjusted to keep the output signal
level below the saturation level of the processing diode
means; therefore, the signal level will not exceed the
bias level at the output stage. Since the bias and the sig-
nal are both amplified the same amount, keeping the
signal below the bias level at the output assures that the
signal will be smaller than the bias level at the input of
the processing diode means also. The result of this
feedback bias adjustment system is that, as the AGC
voltage is adjusted to hold the output signal amplitude
constant, the input bias level is automatically adjusted
to be proportional to the input signal amplitude.
- The circuit in summary comprises equivalent semi-
conductor diode means having a forward voltage versus
current characteristic curves such that a change in volt-
age across the equivalent processing diode means is
proportional to the logarithm of the ratio of the current
after the change relative to the current before ‘the
change.

The equivalent diode means further comprise- first
and second equivalent semiconductor diodes (transis-
tors) having their emitters coupled together. The base
of the first semiconductor diode means is maintained at
ground potential. Output-bias-voltage means apply a
bias voltage to the base of the second semiconductor
diode such that the bias voltage is a constant voltage
proportional to the applied AGC control voltage.

Signal-input means and input-bias current. means
apply an incoming signal current and a bias current re-
spectively through the input diode. The emitter termi-
nals of the first and second semiconductor diodes are
connected together and therefore are at the same po-
tential with respect to ground. However because the
base of the first diode is maintained at ground and the
base of the second diode has a bias voltage propor-
tional to the AGC control voltage, the emitter to
ground or emitter to base voltage of the first diode var-
ies proportionately to the log of the input bias current
plus the input signal current; whereas, the. voltage
across the emitter to base of the second diode is pro-
portional to the AGC voltage plus the log of the sum of
the input ‘bias current and the input signal current.
Since the current through the base-emitter junction of
the second diode varies proportionately with the anti-
logarithm of the base-emitter voltage, the current
through the second diode is proportional to the sum of
the input bias current and signal current amplitudes
times the antilogarithm of the AGC voltage. ,

The current through the second diode is subtracted

" from the fixed bias current supplied by the output bias
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means, and the difference current is applied to the
input of an amplifier, which has a large enough gain-
bandwidth-product to assure dependable high-
frequency operation, and the amplified difference sig-
nal is converted to a voltage signal which is integrated
and then fed back to the input bias means.

OBJECTS

It is an object, therefore, of the instant invention to
provide an improved variable gain amplifier.

It is a further object of the invention to provide a pre-
cision variable gain amplifier for amplifying AC input
signals.

It is yet a further object of the invention to provide
a variable gain amplifier that adjusts the bias current
itself, proportionally to the input signal level.

It is still a further object of the instant invention to
provide a high precision variable gain amplifier having
a fixed bias applied at the output and a variable input
bias, and adjusting the input bias to cancel the output
bias.

Another object of the invention is to provide a preci-
sion variable gain amplifier having a linear log-gain ver-
sus control-voltage characteristic.

These and other objects and advantages of the inven-
tion will become apparent from the following descrip-
tion of the preferred embodiment of the invention
when read in conjunction with the drawings contained
herewith.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a preferred embodi-
ment of the invention. DESCRIPTION OF A PRE-
FERRED EMBODIMENT

Referring now to FIG. 1 a temperature stabilized
transistor pair is denoted generally as 100 and is shown
enclosed by a dash-dot line. Typically the circuit shown
enclosed by dash-dot lines in FIG. 1 may be found and
described in pages 89-94 in the “Fairchild Semicon-
ductor Linear Integrated Circuits Applications Hand-
book™ written and edited by James N. Giles and pub-
lished in 1967. This circuit is denoted as u A726 and
is available commercially from Fairchild Semiconduc-
‘tor Corporation although similar circuits of other man-
ufacturers may be used. The temperature stabilized
transistor pair Q1 and Q2 for the purposes of this in-
vention comprise two transistors Q1 and Q2 with the
collector of each transistor coupled to its own base.
This connection makes each transistor Q1 and Q2 an
effective diode. Hence, for the purposes of this inven-
tion each of transistors Q1 and Q2 will be referred to
as an effective diode or a processing diode. The emit-
ters of transistors Q1 and Q2 are coupled to each other
which in turn are coupled to the output of amplifier A1.
Type LM107 operational amplifiers commercially
available from National Semiconductor Corporation
may be used for amplifiers A1 and A4 although other
types made by other manufacturers may also be used.
The positive input terminal of amplifier A1 is grounded
whereas the negative input terminal of amplifier A1 is
coupled through resistor R1 to input terminal 15 for
applying input signal E,,. The base terminal 2 of transis-
tor Q1 is coupled to the collector terminal 4 of transis-
tor Q1, and moreover the base terminal 2 of transistor
Q1 is coupled to the negative (inverting) input terminal
of amplifier A1 through junction point 17. The base
~ terminal 1 of transistor Q2 is coupled to the collector
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terminal 9 of transistor Q2. The base terminal 1 of tran-
sistor Q2 is also coupled to the negative input or sum-
ming terminal of operational amplifier A2 through
junction point 21. (Operational amplifiers are de-
scribed in the above reference ‘‘Fairchild Semiconduc-
tor Linear Integrated Circuits Applications Handbook”’
on pages 17-25. An LM101A operational amplifier
commercially available from National Semiconductor
Corporation may be used for operational amplifier A2
although other types available from other manufactur-
ers may also be used.) The base terminal 1 of transistor
Q2 is also coupled to feedback resistor R7 of opera-
tional amplifier A2. Feedback resistor R7 is moreover
coupled to the negative input and also to the output of
operational amplifier A2 via junction points 21 and 33,
respectively. A zener diode D1 has its anode grounded
and its cathode is coupled to one terminal of resistor
R6 whose other terminal is coupled to the negative
input terminal of operational amplifier A2. The posi-
tive input terminal of operational amplifier A2 is
grounded through a resistor RS and is also coupled to
the gain control voltage input 28 through resistor R4.
Resistors R4 and RS are also coupled to each other at -
junction point 23. Operational amplifier A3 may typi-
cally be a LM101A type operational amplifier available
commercially from National Semiconductor Corpora-
tion although other types may be used, and it has its
input negative terminal coupled to resistor R8 which is
also coupled to the output of operational amplifier A2
at junction point 33. Feedback resistor R10 of opera-
tional amplifier A3 is coupled to the negative input ter-
minal and also to the output terminal of operational
amplifier A3 at junction points 25 and 26 respectively.
Operational amplifier A3 also has its positive input ter-
minal coupled to calibration point 29 via calibration
resistor R9. Resistor R9 is also coupled to resistor RS
via junction points 23 and 24. Resistor R4 is a calibrat-
ing resistor which can be utilized to change the slope
of the gain (in db) versus AGC voltage characteristic
curve to compensate for the temperature of the oven
in the u A726. Resistor R9 may be used to calibrate the
height of the curve of the gain (in db) versus AGC volt-
age characteristic to offset tolerance variations and
semiconductor offsets.

Operational amplifier A4 may be an LM107 type
sold commercially by National Semiconductor Corpo-
ration although other types available from other manu-
facturers may also be used, and it has its negative input
terminal coupled to the output terminal of operational
amplifier A3 via resistor R11. The positive terminal of
operational amplifier A4 is grounded. A capacitor C3
is coupled to the negative input terminal and to the out-
put terminal of operational amplifier A4. This configu-
ration makes operational amplifier A4 function as an
integrator. The output terminal of operational ampli-

- fier A4 is also coupled to the gate of FET transistor Q3.

The source of FET transistor Q3 is coupled to a plus 12
volt supply through resistor R2, and it is also coupled
to the cathode of zener diode D1. The drain of FET
transistor Q3 is coupled to the base of transistor Q1 and
also to the negative terminal of amplifier A1. Capaci-
tors C1 and C2 are connected from pin 1 to pin 8 of
their respective operational amplifiers in accordance
with the manufacturer’s recommendations to prevent
oscillations. If LM107’s are used the capacitors are al-
ready inside of the amplifiers so no external capacitors
are needed there. Pins §, 6, and 8 of the u A726 (de-
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vice 100) are connected in accordance with the manu-
facturer’s recommendations for operating the tempera-
ture control circuitry of the u A726 device. R3, the
274K resistor to pin 6 sets the operating temperature.

Below are tables I and II. Table 1 sets forth the typical
values of the components of the circuit although other
component values having a proper relationship one
with the other may be used. Table II gives typical com-
ponent types, available commercially that may be uti-
lized in the invention, although other types such as
electron tubes, for example, in place of semiconductors
may be used.

TABLE 1
MAGNITUDE OF COMPONENTS
Component
Identification Magnitude Units
R1 357 Kilohms
R2 1.18 Kilohms
R3 274 Kilohms
R4 Selected 10  Kilohms
- value
typical
RS 59 Ohms
R6 600 Kilohms
R7 249 Kilohms
R8 . 249 Kilohms
R9 Selected value
typically omitted .Megohms
R10 ) 1. Megohms
R11 1 ~ Megohms
C1 6 pf.
Cc2 6 pf.
c3 1 ufd.
TABLE Il
TYPE OF COMPONENTS
Component
Identification Type Manufacturer
Al, A4 LMI107 National Semiconductor
A2, A3 LMI10IA " National Semiconductor
100 w AT26 Fairchild Semiconductor
Q3 2N5116 Union Carbide
Fairchild Semiconductor
D1 6.8 Volt

Zener diode common item

OPERATION OF THE PREFERRED EMBODIMENT

Amplifier A1 causes the current through the emitter
of equivalent diode Q1 to equal E;,/R1 amps (where
E, is the AC voltage input signal) plus the bias current
through FET transistor Q3. The base 2 of the equiva-
lent diode Q1 is kept essentially at ground potential by
amplifier A1 since the voltage of its inverting minus ter-
minal is maintained equal to that of its non-inverting
plus terminal and this terminal is grounded; hence the
emitter to ground voltages of effective diodes Q1 and
Q2 vary proportionally to the log of the bias plus the
input voltage. Also, amplifier A2 keeps the base 1 of
effective diode Q2 at a constant voltage which is pro-
portional to the applied “AGC control voltage” applied
at gain-control-voltage point 28; it does this by virtue
of the fact that the minus inverting terminal and the
plus non-inverting terminal of amplifier A2 are main-
tained at essentially equal voltages; and since the AGC
signal is applied to the plus terminal it is in effect also
applied to the minus terminal of amplifier A2. There-
fore by adjusting the voltage of the positive non-
inverting terminal, the voltage of the negative inverting
terminal of amplifier A2 is adjusted and thus the volt-
age on the base 1 of the equivalent diode Q2 is ad-
justed. Thus the voltage across the emitter to base of
effective diode Q2 is proportional to the AGC voltage
plus the log of the sum of the input bias and the input
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signal amplitudes. Now since the current through the
base emitter junction of effective diode Q2 varies pro-
portionally with the anti-logarithm of the voltage, the
current is proportional to the sum of the input bias and
signal amplitude times the antilogarithm of the AGC
voltage. (Adding the logs of numbers is equivalent to
multiplication.) In this particular embodiment resistors
R4 and RS are chosen as per Table I above, although
other values may be used, and for every 10 volts ap-
plied to resistor R4 to the voltage at the non-inverting
terminal of the amplifier A2 is charged by by the AGC,
approximately 60 millivolts will be provided for adjust- -
ing the gain of the amplifier. Conversely adding 60 mil-
livolts to the voltage across effective diode Q2 changes
the gain of amplifier A2 by approximately 20 db which
is a factor of 10. So far, it is seen that the a-c output
current of effective diode Q2 is proportional to the
input signal E;, times a constant which is adjustable by
adjusting the gain control voltage. To make a useful
variable gain amplifier it is necessary to convert the
current back into a voltage, and provide a means of
keeping diodes Q1 and Q2 forward biased, since the
applied input signal is a-c and could cut off diodes Q1
and Q2 if the signal swings negative. Referring to FIG.
1 it is seen that the current out of diode Q2 is applied

‘to the minus input terminal of amplifier A2; however,

since operational amplifier A2 has essentially infinite
input impedance not much current will go through the
amplifier A2, also since resistor R6 is about 600 Ki-
lohms (see Table I) and there is no a-c voltage across
R6, essentially no a-c current will go through the R6 re-
sistor. Therefore, essentially all of the a-c current will
go through the R7 feedback resistor which in this em-
bodiment is only 24.9 Kilohms. Therefore operational
amplifier A2 works to keep its inverting negative input
pin at a constant d-c potential and to develop an alter-
nating current that is equal to the signal going through
feedback resistor R7. This provides the output voltage
which is proportional to the input voltage times the
constant. Since resistor R8 has the same magnitude as
resistor R7 (see Table I) the voltage is converted back
to current of the original magnitude which is further re-
converted to voltage by resistor R10. Hence the voltage
output E,,, of the variable gain amplifier is a signal
which is proportional to the input voltage times an ad-
justable constant.

To maintain the above described relationship, effec-
tive diodes Q1 and Q2 must always be forward biased
and not be allowed to cutoff regardless of a-c signal
variations. To do this, a positive bias must be added
that is sufficient to overcome the largest negative signal
swing. Therefore it is first necessary to know the largest
negative signal swing. This knowledge is obtained by
applying enough AGC voltage to give a desired stan-
dard size output signal. Then all that is required is to
add sufficient voltage to overcome this maximum stan-
dard size signal. The required bias is added as a current
into the output diode Q2 through resistor R6, through
the 12 volt supply and resistor R2 which is clamped to
a fixed voltage (6.8 volts) by Zener diode D1. It can be
seen therefore that the output voltage of diode Q2 at
its pin 1 will never go below zero and will never cut off
unless E,,; exceeds approximately volts peak ampli-
tude.

Now it is also necessary to ascertain that diode Q1 is
also always forward biased no matter what the gain is
and does not cut off. This is accomplished by FET tran-
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sistor Q3 whose gate is supplied with a variable d-c
voltage by integrator A4 to drive the gate of the FET
thus varying the FET drain current and thus varying the
input bias current supplied to equivalent diode Q1. It
will be noted from FIG. 1 that the current through the
base to emitter junction of diode Q2, which hereinbe-
fore has been shown to be proportional to the sum of
the input bias and signal amplitude times the antiloga-
rithm of the AGC voltage, is subtracted at node 21
from the fixed bias current supplied through resistor
R6, and the difference current is drawn from resistor
R7, the feedback resistor of amplifier A2. The signal is
so small at this point that two amplifiers A2 and ‘A3 are
utilized to obtain a gain-bandwidth product large
enough to assure dependable high frequency operation.
These two operational amplifiers cause a current to
flow through feedback resistor R10 which is essentially
equal to the magnitude of the current in the R6 resistor
minus the current in the emitter 10 of tramsistor Q2.
This offset current is once again converted to a voltage
at feedback resistor R10, and is integrated by amplifier
A4 and its associated circuitry and utilized to adjust the
constant-current field effect transistor Q3 to cancel any
d-c offset at the output.

In a typical application, the AGC voltage is con-
trolled to keep the output signal level below the satura-
tion level. Therefore, the signal level will not exceed
the bias level at the output stage. Since the bias and the
signal are both amplified the same amount, keeping the
signal below the bias level at the output assures that the
signal will be smaller than the bias level at the input to
diode Q1 also. The result of this feedback bias adjust-
ment system is that as the AGC control is adjusted to
hold the output signal amplitude constant, the input
bias level is automatically adjusted to be proportional
to the input signal amplitude.

If component tolerance variations and semiconduc-
tor offsets cause the gain (in db) versus AGC voltage
characteristic to differ from the ideal straight line, the
height of the line can be adjusted by changing resistor
R9, and the slope can be adjusted by changing resistor
R4. No adjustment is required for linearity. The tem-
perature of equivalent diode pair 100 is set by resistor
R3 connected from pin 6 to the plus 12 volt supply, and
may be changed for different applications. If the diode
pair 100 is replaced by a non-temperature-controlled
matched pair the slope of the log-gain versus control
voltage characteristics will be proportional to the abso-
lute temperature of that pair.

Having shown and described one embodiment of the
invention, those skilled in the art will realize that many
" variations and modifications can be made to produce
the described invention and still be within the spirit and
scope of the claimed invention.

What is claimed is:

1. A precision variable gain amplifier with substan-
tially linear log-gain versus control voltage characteris-
tic comprising:

a. diode means. for processing electronic signals

therein;

b. first bias means coupled to said diode means, said

first bias means for providing to said diode means
a first bias voltage proportional to an automatic-
gain-controlled (AGC) voltage;

c. second bias means coupled to said diode means,

said second bias means for providing to said diode
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means a second bias current proportional to an
input signal voltage level; and,

d. amplifier means coupled to said diode means and
to said first and second bias means for amplifying
the input signal voltage level.

2. A precision variable gain amplifier as recited in
claim 1 wherein said diode means comprise at least two
semiconductor diodes parallel coupled to each other
each semiconductor diode having a forward voltage
versus current characteristic curve wherein the voltage
is proportional to the log of the current.

3. A precision variable gain amplifier as recited in
claim 1 wherein said diode means comprise at least two
transistors each transistor having its base coupled to its
collector, said transistors also having their emitters
coupled to each other.

4. A precision variable gain amplifier as recited in
claim 3 wherein said transistors each has an emitter-
base forward voltage versus current characteristic
curve wherein the voltage is proportional to the log of
the current and including adding means coupled to the
emitters of said diode means, said adding means for
adding an input voltage signal to a second bias voltage
signal and applying the sum to said diode means.

§. A precision variable gain amplifier as recited in
claim 4 wherein the first bias voltage is applied to one
of said transistors and the second bias current is applied
to another of said transistors. -

6. A precision variable gain amplifier as recited in
claim § including signal input means coupled to said
precision amplifier for applying an electric signal to
said precision variable gain amplifier, and further in-
cluding signal output means also coupled to said preci-
sion amplifier for abstracting an amplified electric sig-
nal from said precision variable gain amplifier.

7. A precision variable gain amplifier as recited in
claim 6 including subtracting means coupled to said
first bias means and to said diode means, said subtract-
ing means for subtracting the processed electronic sig-
nal from the first bias.

8. A precision variable gain amplifier as recited in
claim 7 including feedback means coupled to said sig-
nal subtracting means and to said diode means said
feedback means for applying the subtracted signal to
said diode means, said feedback means further includ-
ing integrating means for integrating the subtracted
processed electronic signal providing a variable DC sig-
nal.

9. A precision variable gain amplifier as recited in
claim 8 including current varying means coupled- to
said diode means and to said feedback means for vary-
ing in response to the voltage magnitude of the sub-
tracted signal the second bias current, and applying
said varied second bias current to said diode means.

10. A precision variable gain amplifier as recited in
claim 9 wherein said current varying means is a zener
diode.

11. A precision variable gain amplifier with substan-
tially linear log-gain versus control voltage characteris-
tic comprising;:

a. equivalent diode means, comprised of a transistor
pair, each transistor of said transistor pair having
its base coupled to its collector, said transistor pair
also having their emitters coupled together, said
equivalent diode means for processing electronic
signals therein;
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b. signal input means coupled to said equivalent
diode means for applying an electric signal to said
equivalent diode means;

c. first bias means coupled to said equivalent diode
means for applying to said equivalent diode means
a first bias voltage proportional to an automatic-
gain-controlled (AGC) voltage;

d. second bias means coupled to said equivalent
diode means for providing to said equivalent diode
means a second bias current proportional to the
input signal voltage level;

e. subtracting means coupled to said equivalent diode
means and to said first bias means for subtracting
the processed input electronic signal and the pro-
cessed second bias from the first bias;

f. operational amplifier means coupled to said sub-
tracting means, said operational amplifier means
for amplifying the subtracted electronic signal;

g. signal output means coupled to said operational
amplifier means for abstracting the amplified sub-
tracted electronic signal;

h. feedback means coupled to said signal output
means, and to said equivalent diode means said
feedback means for applying a current responsive
to the amplified subtracted electronic signal to said
equivalent diode means.

12. A precision variable gain amplifier as recited in
claim 11 including integrator means coupled to said
output means and said equivalent diode means for inte-
grating the amplified subtracted electronic signal.

13. A precision variable gain amplifier as recited in
claim 12 including current varying means coupled to
said integrator means and to said equivalent diode
means, said current varying means responsive to said
integrator means for varying the second bias.

- 14. A precision variable gain amplifier as recited in
claim 13 wherein said current varying means is a zener
diode.

15. An electric biasing network for biasing an equiva-
lent diode, such that an AC voltage signal applied to
the equivalent diode will always-operate on the positive
portion of the voltage-current characteristic curve of
the equivalent diode comprising:

a. first biasing means coupled to said equivalent di-
ode, said first biasing means responsive to an AGC
(automatic-gain-controlled) voltage for applying a
first bias voltage to said equivalent diode which
first. bias voltage is proportional to the AGC volt-
age;

b. second biasing means coupled to said equivalent

5

10

15

20

25

30

35

40

45

50

55

60

65

10

diode means for providing to said diode means a
second bias current proportional to the applied AC
signal voltage;

c. subtraction means coupled to said equivalent
diode means and to said first biasing means said
subtraction means for subtracting from the first
bias the AC signal voltage after the AC signal volt-
age has been processed through said equivalent
diode means; and

d. current varying means coupled to said subtracting
means and to said diode means, said current vary-
ing means responsive to said subtracting means for
varying the second bias current in response to the

- subtracted voltage signal.

16. An electric biasing network as recited in claim 15
wherein the characteristic curve of the AGC voltage
versus gain in db is a straight line. »

17. An electric biasing network as recited in claim 16
including slope-adjusting means for varying the slope of
the characteristic curve.

18. An electric biasing network as recited in claim 17
including height adjusting means for adjusting the
height of the characteristic curve.

19. A method for providing an- automatically ad-
justed input diode bias current proportional to the
nominal input signal level comprising:

a. applying an input bias current and input signal cur-

rent to an electronic circuit means; ’

b. applying an output bias voltage to said electronic

circuit means, said output bias voltage proportional -

to an automatic-gain-control voltage (AGC);
¢. converting said input bias current and input signal
current to signal voltages each of said signal volt-
ages proportional to the logrithm of the input bias
current and input signal current respectively;
d. combining said converted voltage signals;
e. multiplying said combined voltages by a constant
which is adjustable by the AGC voltage;
f. converting said multiplied combined voltages into
current;
g. subtracting from the output bias current said multi-
plied combined converted current;
h. converting said subtracted current to a difference
voltage;
i. amplifying said converted difference voltage.
20. A method as recited in claim 19 including the fur-
ther step of integrating said difference voltage and
varying the input bias current in response to said differ-

ence voltage.
* ¥ X% * *



