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57) ABSTRACT 

An amplitude modulator, which has a combining cir 
cuit for combining a carrier wave with a power modu 
lating signal to control the amplitude of an output 
wave of carrier frequency in accordance with the 
power modulating signal, is very efficient and has low 
distortion. The power modulating signal is produced 
by two transistors, one of which is energized by a low 
DC power supply voltage and the other by a high DC 
power supply voltage. The lower-voltage transistor 
alone performs the modulation when an input modula 
tion signal voltage is in the lower-voltage half of its 
range, and the higher-voltage transistor alone operates 
to perform the modulation when the input modulation 
signal is in the higher-voltage half. Neither transistor 
dissipates much power when the input modulation sig 
nal voltage is in the center of its operating range or 
when the other transistor is active to perform the 
modulation. 

13 Claims, 6 Drawing Figures 
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PROGRESSIVE AMPLITUDE MODULATOR 

BACKGROUND OF THE INVENTION 

This invention relates to modulators for amplitude 
modulating carrier waves, and it is particularly useful 
in modulators for modulating a carrier wave to any of 
a continuum of values of amplitude within a modulat 
ing range. Many amplitude modulators of the prior art 
are either relatively inefficient because they dissipate a 
great amount of power, or they require expensive mod 
ulation reactors or transformers, which limit the quality 
of performance for such uses as audio-frequency ampli 
tude modulation of radio frequency waves. Distortion 
is introduced by the reactances of the reactors and 
transformers that are employed in many modulators of 
the prior art. The waveform distortion is difficult to re 
duce with negative feedback around the distorting ele 
ments because the frequency response of the reactors 
and transformers is often so poor as to make great 
amounts of degenerative feedback impractical at 
higher frequencies of the desired frequency range. 
Moreover, because of the impracticality of employing 
great amounts of negative feedback at the relatively 
higher frequencies, the components of noise which are 
introduced in the power stages of the modulator cannot 
be reduced effectively by feedback. The reduced avail 
ability of feedback at very high audio frequencies in 
such inductive types of modulators prevents the fre 
quency response from easily being made uniform over 
a wide frequency range. 

SUMMARY OF THE INVENTION 

The present invention is a modulator for amplitude 
modulating a carrier wave without the necessity of em 
ploying audio modulation reactors or transformers, but 
which nevertheless provides low distortion and rela 
tively high efficiency, because the range of input modu 
lation signal is divided into two or more regions or volt 
age strata. In one embodiment of the modulator, two 
power transistors are employed, connected in series 
with the output circuit of an RF power amplifier. The 
bases of both the transistors are under the control of an 
input modulating signal. The higher voltage transistor 
of the series-connected pair of transistors receives DC 
power for its collector from a relatively high voltage 
output of a multiple-output DC power supply, and the 
junction between the two series-connected transistors 
receives a voltage of about one-half of the higher volt 
age from a different terminal of the power supply. With 
no modulation, the collector current of the higher 
voltage transistor is just cut off, and the lower-voltage 
transistor is at or near collector current saturation. 
Thus, there is very little power dissipation in either 
transistor when the modulation is zero. The higher 
voltage transistor is active during positive lobes of am 
plitude modulation, and the lower-voltage transistor is 
active during negative lobes of modulation. Only one 
transistor at most dissipates significant amounts of 
power at a time, because the collector current of the 
other transistor is either in saturation or is cut off. 

In more general terms, the inventive concept of the 
progressive amplitude modulator described herein can 
be employed for two or more strata of input modulating 
signal levels, and can be embodied in either a series ar 
rangement of the power semiconductors such as was 
just described, or in a shunt arrangement. 
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Accordingly, one object of the present invention is to 

provide an amplitude modulator having a combining 
circuit for combining an unmodulated carrier signal 
with a power modulation signal in which the power 
modulation signal is produced by circuitry including a 
power supply with a plurality of different DC voltages, 
and including a modulation circuit receiving an input 
information signal over a range, and having a plurality 
of impedance devices each associated with a different 
respective one of the DC voltages and with a different 
fractional portion of the total range of input modula 
tion signal, and in which each of the impedance devices 
dissipates very little power except when the input infor 
mation signal is in its respective portion of the total 
range, and in which only a respective one of the differ 
ent DC voltages is utilized at any one time. 
Another object is to provide an amplitude modulator 

as above and in which the impedance devices, which 
may be transistors for example, are connected in series, 
and in which those of the series impedance devices 
which are between the combining circuit and the par 
ticular impedance device currently being utilized are in 
their most conductive state, for example, current satu 
ration in the case of a transistor. 

Still another object is to provide an amplitude modu 
lator having two series-connected transistors in the 
power stage of the modulating signal portion of the 
modulator; and in which, when the input modulating 
signal voltage is higher than a predetermined level, the 
series transistor which is connected to the higher of two 
power supply voltages is operative to perform the mod 
ulation and the lower voltage transistor is in saturation; 
and in which, when the input modulating signal voltage 
is below the predetermined level, the lower voltage 
transistor is active to perform the modulation by utiliz 
ing power received from the lower-voltage power sup 
ply output, and the higher voltage transistor has negligi 
ble collector current. 
A further object of the invention is to provide an am 

plitude modulator as in the first object and in which 
each of the DC power supply outputs is connected to 
a different impedance means and in which, instead of 
the plurality of impedance means being in series with 
each other, the outputs of all of the impedance means 
are connected together at the combining circuit. 
Another object is to provide an amplitude modulator 

in which a relatively great amount of degenerative 
feedback can be employed over a frequency range in 
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cluding relatively high modulating frequencies, to im 
prove the frequency response and minimize distortion 
and noise of the modulator. 
Another object of the invention is to provide an am 

plitude modulator in which power from the power 
source is conserved, and in which heat disposal prob 
lems are thereby reduced, and whose components are 
relatively inexpensive because they have low power rat 
ings, and in which the fidelity is high and the noise is 
low because a relatively great amount of negative feed 
back can be employed even for relatively high modulat 
ing frequencies. 
Other objects and features of the invention will be 

come more apparent upon consideration of the draw 
ings and the following description. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a circuit diagram of a preferred embodiment 
of the modulator employed for amplitude-modulating 
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a transmitter with an audio-frequency modulating sig 
nal. 
FIG. 2A shows an unmodulated carrier input voltage 

to the modulator as a function of time. 
FIG. 2B is a modulating voltage with which the car 

rier wave is to be modulated, shown as a function of 
time. - 

FIG. 2C is an amplitude-modulated carrier wave pro 
vided at the output of the modulator. 
FIG. 3A is a simplified block diagram of a three 

strata, series-connected, embodiment of the modula 
tor. 
FIG.3B is a simplified block diagram of a parallel 

feed embodiment of the modulator. 
DESCRIPTION OF A PREFERRED EMBODIMENT 
A preferred embodiment of the progressive ampli 

tude modulator is shown in FIG. 1. Its purpose is to am 
plitude-modulate a carrier signal in accordance with a 
modulating signal of lower frequency, performing the 
modulation with high efficiency and low distortion. An 
amplifier 10, a power modulator 12, a combiner 14 for 
combining the carrier and modulating signals, and a 
power supply 16 are the major components of the pre 
ferred embodiment. The principal inputs and outputs 
are a modulation input signal that enters the amplifier 
10 at terminals 22, 22g, a carrier signal that enters the 
combiner 14 at a terminal 18, and an amplitude 
modulated carrier output signal from the combiner 14 
at terminals 20, 20g. Terminals 22g and 20g are ground 
terminals. 
The general principal of operation of the modulating 

system is that the power supply 16 provides power 
through paths of the power modulator 12 to the com 
biner 14. The power modulator 12 absorbs or subtracts 
varying amounts of voltage drop from the voltage pro 
vided by the power supply 16, leaving only the remain 
der voltage for use by the combiner 14 in producing RF 
output signals. The amount of voltage drop in the 
power modulator 12 is controlled in accordance with 
the modulating signal. The combiner 14 has an unmod 
ulated carrier input signal at the terminal 18, and it pro 
duces a modulated carrier output at the terminal 20 
whose amplitude is limited by the amount of voltage 
available to the combiner at a terminal 19, after the 
power modulator 12 has subtracted a variable portion 
of voltage from the total available power supply volt 
age. 
The combiner 14 is known and used in the prior art. 

The unmodulated carrier wave voltage Vc, which is ap 
plied to the terminal 18 of the combiner 14, is shown 
in FIG. 2A as a function of time. A modulating voltage 
V, which is applied to the terminal 19 of the combiner 
14, is shown in FIG. 2B, to the same time scale as was 
used in FIG. 2A. The terminal 19 having the modulat 
ing voltage V is a source of input power for the com 
biner 14. Also shown to the same time scale is the out 
put voltage Vo of amplitude-modulated carrier wave, in 
FIG. 2C, which appears at the final output terminal 20 
of combiner 14 for application to a load, for example, 
to an antenna. 
The modulating voltage V of FIG. 2B is a replica 

tion of an input modulating voltage applied to an input 
terminal 22 of the amplifier 10, except that the voltage 
V at terminal 19 is of different amplitude and has a 
DC offset component. The same modulating voltage 
waveform appears also at a terminal 24 between the 
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4 
output of the amplifier 10 and an input to the power 
modulator 12. 
The amplifier 10 is a three-stage direct-coupled tran 

sistor amplifier. Its principal functions are to amplify 
an AC input modulating signal received at its input ter 
minal 22 and to apply its amplified output signal, along 
with an appropriate DC offset voltage, to the power 
modulator 12 at the terminal 24. The amplifier 10 pref 
erably has sufficient open-loop gain to permit the em 
ployment of 6 dB or more of negative feedback to im 
prove the frequency response and minimize the distor 
tion and noise of the system. A circuit 25 conducts the 
feedback signal from an envelope detector 21 of the 
power modulator 12 to an input transistor 26 of the am 
plifier 10. 
An input modulating signal, which may be, for exam 

ple, an audio frequency signal, is conducted from the 
input terminal 22 of the amplifier 10 through a cou 
pling capacitor to the base of a first transistor 26, where 
it is amplified. The amplified signal at a collector termi 
nal of the transistor 26 is directly coupled through a 
bias-determining Zener diode 28 to the base of a sec 
ond transistor amplifier 30, where it is further ampli 
fied. The base of a third transistor 32 receives an input 
signal from the collector of the second transistor 30; 
the third transistor functions as an emitter follower to 
develop an output voltage across a filter and local feed 
back circuit indicated generally at 34. A feedback con 
ductor 36 provides some degeneration for part of the 
amplifier 10 by applying a portion of the output signal 
of transistor 32 to the emitter circuit of the input tran 
sistor 26. An attenuator 38 enables the selection of var 
ious open-loop gains of the amplifier 10, the output 
from the attenuator 38 being connected to the input 
terminal 24 of the power modulator 12. 
The power modulator 12 controls the voltage drop 

between the power supply 16 and the power input ter 
minal 19 of the combiner circuit 14, and thereby pro 
vides a modulating input signal for the combiner circuit 
14. The power modulator controls this voltage drop in 
accordance with the modulating signal received at its 
input terminal 24 from the amplifier 10. 
The power modulator 12 includes two main power 

transistors 40, 42, whose collector-emitter circuits are 
connected in series from a DC output terminal 44 of 
the power supply 16 (having, for example, positive 90 
volts), and thence through a buffer resistor 46 at the 
emitter of the transistor 40 and to the terminal 19 of 
the combiner 14. At a junction 48 between the emitter 
of the transistor 42 and the collector of the transistor 
40, connection is made through a diode 50 to receive 
DC power under certain conditions from a lower 
voltage output terminal 52 of the power supply 16, 
preferably having positive 45 volts. The transistors 40, 
42 are driven at their bases by signals from the emitter 
of a corresponding driver transistor 54, 56 respectively. 
The bases of the driver transistors 54, 56 are connected 
with the input terminal 24 of the power modulator 12, 
to receive the modulating signal. The base electrode of 
the transistor 56 is energized through a diode 58 from 
this input terminal 24 and the transistor 54 is energized 
through a Zener diode 60, to provide a small DC volt 
age offset for the modulating signal derived from the 
terminal 24. 
When the modulating voltage at the terminal 24 has 

a particular value, which preferably is near the center 
of the range of variations of the modulating signal, the 
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transistor 54 is in a highly conductive state and its emit 
ter current flows through the base-to-emitter circuit of 
the transistor 40 to make the transistor 40 highly con 
ductive also, preferably just sufficient to produce a sat 
uration level of collector current flow in the transistor 
40. Collector current flows to the transistor 40 under 
the condition now being described from the 45 volt 
power supply terminal 52 through the diode 50. The 
intermediate value of voltage at the terminal 24 for 
which conditions are presently being described is insuf 
ficient to create appreciable emitter current in the tran 
sistor 56. Consequently, the higher-voltage series tran 
sistor 42, which is ordinarily driven by the driver tran 
sistor 56, has a negligible collector current. Thus, with 
one particular intermediate value of modulating volt 
age at the terminal 24, the lower-voltage transistor 40 
operates in a saturated collector current condition, in 
which very little power is dissipated, and the higher 
voltage transistor 42 operates in a collector current 
cutoff condition, in which very little power is dissi 
pated. The particular intermediate value of modulating 
signal voltage at the terminal 24 which gives rise to the 
condition just described, in which neither of the power 
transistors dissipates significant power, is preferably 
chosen to be the voltage level for which the corre 
sponding modulating signal voltage at the input termi 
nal 22 is zero. A corresponding power modulating sig 
nal voltage V is the voltage at a time N of FIG. 2B. 
When the modulating signal voltage at the terminal 

24 is below the particular intermediate value described 
above, modulation is being performed and the modu 
lating signal at terminal 19 may, for example, be at a 
lower voltage value such as is shown at a time L of FIG. 
2B. Under this condition, the transistor 40 is receiving 
current for its collector from the relatively low-voltage 
power supply terminal 52, and is absorbing an appre 
ciable portion of that voltage and applying only the re 
mainder to the output terminal 19 of the power modu 
lator 12. At the same time, the higher-voltage transistor 
42 is inactive, with its collector current cut off. Conse 
quently, very little power is being dissipated in the high 
er-voltage transistor 42 when the modulating signal has 
values below the predetermined intermediate value. 
The modulator 12 is therefore seen to operate rela 
tively efficiently during negative lobes of modulating 
voltage because it operates from a relatively low volt 
age power supply terminal, namely the terminal 52, and 
not from the higher-voltage power supply terminal 44. 
During positive excursions of the modulating signal 

voltage at the terminal 24 of the power modulator 12, 
the higher-voltage transistor 42 is active, and the lower 
voltage transistor 40 is inactive with saturation-level 
current flowing in its collector circuit. The voltage drop 
across the higher-voltage transistor 42 during such 
positive-going exclusions of the modulating voltage, as 
at the time. H of FIG. 2B, is proportioned to the amount 
by which the modulating voltage exceeds the predeter 
mined intermediate voltage value at N corresponding 
to no modulating signal. During positive excursions, 
modulating power is supplied from the power supply 
terminal 44, which in the present example provides 90 
volts DC to the collector of the transistor 42. Current 
from the emitter circuit of the transistor 42 passes 
through the lower-voltage transistor 40 with relatively 
little voltage drop because of the current-saturated 
condition of the transistor 40, and flows to the terminal 
19 of the combiner 14. The voltage at the junction 48 
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6 
between the transistors 40 and 42 in this higher-voltage 
condition is great enough, relative to the voltage at the 
power supply terminal 52, to back-bias the diode 50 so 
that no current flows from the power supply terminal 
52 to the power modulator 12. Because the power dissi 
pation in the transistor 40 is very small when the tran 
sistor is saturated, the power modulator 12 is seen to 
operate relatively efficiently when the modulating sig 
nal voltage at the modulating input terminal 22 is posi 
tive. 
To summarize, the power modulator has been shown 

to operate efficiently under conditions of no modula 
tion, negative modulation signals, and positive modula 
tion signals. 
The power modulator 12 divides the total range over 

which the modulating signal at the terminal 24 is per 
mitted to vary, into an upper portion of the range, for 
which the higher-voltage transistor 42 is active, and a 
lower portion of the range, for which the lower-voltage 
transistor 40 is active. 
Voltage V and current at the terminal 19 of the 

power modulator 12 are applied to the combiner 14 to 
limit the amplitude of the carrier signal Vo appearing 
at the output terminal 20 of the combiner 14. The com 
biner 14 includes a carrier-frequency transformer 62 
and two series-connected transistors, 64, 66, whose 
junction is a terminal 72. A primary winding 67 of the 
carrier-frequency transformer 62 is energized by the 
carrier signal Vc applied to the carrier input terminal 
18 of the combiner 14. The transistor 64 is responsive 
only to positive lobes of the carrier wave appearing at 
its base terminal because it is operated in a class C 
mode. The base electrode of the transistor 64 receives 
signals through a biasing diode 68 that is too slow to re 
spond to the carrier-frequency component of signal, 
which comes from a secondary winding 70 of the carri 
er-frequency transformer 62. The transistor 66 is cut 
off. Thus, upon lobes of one polarity of the carrier 
frequency transformer 62, the transistor 64 is rendered 
highly conductive, thereby connecting the junction ter 
minal 72 almost directly to the modulating input termi 
nal 19 of the combiner 14. 
Upon carrier signal lobes of the opposite polarity, the 

transistor 66 is rendered highly conductive and the 
transistor 64 is cut off. Thereupon the junction 72 is al 
most short-circuited to ground through the transistor 
66. 

In this way, the junction terminal 72 is alternately 
subjected to ground voltage and to whatever modulat 
ing signal voltage currently exists at the modulating 
input terminal 19 of the combiner 14. The peak-to 
peak amplitude of the carrier frequency signal at the 
junction 72 is therefore limited to approximately the 
magnitude of the modulating signal voltage at the ter 
minal 19, so that the output voltage Vo amplitude at the 
final output terminal 20 is controlled by the modulating 
voltage V at the terminal 19. The amplitude 
modulated signal at the junction 72 between the tran 
sistors 64 and 66 is conducted to the final output termi 
nal 20 through a coupling capacitor and a low-pass fil 
ter which improves the output waveform V. 
To summarize, the combiner 14 is seen to amplitude 

modulate a carrier wave VC applied to the carrier wave 
input terminal 18, in accordance with a modulating sig 
nal V applied to the modulating signal terminal 19, to 
produce an amplitude-modulated carrier wave V at 
the final output terminal 20. When the modulating sig 
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nal V is in the upper half of the total voltage range of 
modulation, transistor 42 modulates the carrier and 
transistor 40 is saturated. When the modulating signal 
V is in the lower half of the total voltage range of 
modulation, transistor 40 modulates the carrier and 
transistor 42 is cut off. 

In the preferred embodiment described above, the 
modulation input signal range was divided into an 
upper portion and a lower portion. One impedance 
means, namely the transistor 42, was active for modula 
tion signal values in the upper portion of the range, and 
another impedance means, namely the transistor 40, 
was active for modulation signal values in the lower 
portion of the range. The range of input signal values 
could equally well be divided into more than two por 
tions, with a corresponding impedance means for each 
portion of the range. For example, in FIG. 3A, a three 
impedance modulator is shown in which the modulat 
ing input signal is applied to a terminal 24" of a signal 
ranging circuit 74. The circuit 74 is very similar to the 
circuit 10 and portions of circuit 12 of FIG. 1. Circuit 
components and terminals of FIG. 3A have been given 
the same numbers as corresponding elements of FIG. 
1 except that a prime mark has been added to the refer 
ence numerals of FIG. 3A. The lowest third of the mod 
ulating signal range is energized by a power supply ter 
minal 52' having a relatively low voltage, through a 
switching device 50'. The switching device preferably 
is a diode such as the diode 50, although a three 
terminal switching device could be employed instead, 
and controlled from the signal ranging circuit 74. The 
impedance Z1 of FIG. 3A corresponds to the transistor 
40 of FIG. 1, and is active for the lowest third of the 
modulating signal range. 

In a similar manner, a power supply terminal 44' hav 
ing an intermediate DC voltage level provides power to 
an impedance Z2 of FIG. 3A that corresponds to the 
transistor 42 of FIG. 1. Impedance Z2 is active to con 
trol the modulation signal V passing into the combiner 
14' at the modulating terminal 19' when the modulat 
ing input signal at terminal 24' is in the middle third of 
its range. A switching device 76 for connecting and dis 
connecting the power flow from the terminal 44' to the 
impedance Z2 is preferably a diode, but, like the device 
50', may be a transistor which is rendered conductive 
and nonconductive depending upon whether the modu 
lating input signal is or is not within a portion of the 
range corresponding to the respective switching means. 
Each of the impedances Z1, Z2, Z3 is provided with a 
modulating signal through conductors 79 from the sig 
nal ranging circuit 74. It is well within the skill of those 
of ordinary skill in the electronic arts to produce the 
circuit 74 for power supply and signal ranging, in view 
of the detailed circuit diagram of FIG. 1 for a two-level 
embodiment, which is almost identical. The combiner 
14' of FIG. 3A is identical with the combiner 14 of FIG. 
1. 
FIG. 3B shows still another embodiment based upon 

the same general inventive concept described above. In 
FIG. 3B, the outputs of the impedances Z1”, Z2', Z3' 
are all connected in parallel to the modulating input 
terminal 19' of a combiner 14'. The combiner 14' is 
identical with the combiner 14 of FIG. 1. Each of the 
impedances Z1”, Z2', Z3' is supplied with a different 
DC voltage at terminals 80', 44' and 52' respectively, 
in series with a switching device 78', 76' and 50' re 
spectively. 
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8 
In FIG. 3B, each of the impedances Z1”, Z2', Z3' re 

ceives on conductors 79' a modulating signal in accor 
dance with the modulation input signal at the terminal 
24'. DC voltage offset circuitry may be employed be 
tween the signal inputs to the impedances Z1”, Z2', Z3' 
if necessary, such as diode 60 of FIG. 1. The complete 
range of modulating input signal voltages is divided 
here into three strata, although two, four, or more 
strata could equally well be provided. When the signal 
is in the lowest portion or stratum of the range, only the 
impedance Z1' is active, the switch 50' being in a con 
ductive state. The impedances Z2', Z3' are inactive 
and in a low power dissipation condition. If desired, 
switching means 76' and 78' may be placed in a non 
conducting condition at the time of utilization of the 
lowest portion of the signal range. Switching can be 
controlled by simple threshold circuits that are known 
in the prior art to make inactive impedances noncon 
ductive, either by opening the switches such as 76', or 
by biasing inactive impedances such as Z1' to cut off. 

In a similar manner, one at a time of the impedances 
Z2' or Z3' may be employed to perform the modulating 
function, with the other two impedances being disabled 
in a nondissipative condition, when the modulating 
input signal is in portions of its range corresponding re 
spectively to the impedances Z2', Z3". FIG. 3B is seen 
to be a shunt feed embodiment of the invention. 
Because the modulator is efficient, power from the 

power source is conserved, heat disposal problems are 
reduced, and components can be less expensive be 
cause they can have lower power ratings. The effi 
ciency is high, as is exemplified in the embodiment of 
FIG. 1, because the higher-voltage transistor 42 has es 
sentially zero current and hence essentially zero power 
dissipation when the input modulation voltage is at or 
below its center value, and because the lower-voltage 
transistor 40 has essentially zero collector-to-emitter 
voltage and consequently dissipates negligible power 
when the input modulating voltage is at or above its 
center value. For AC modulation signals, the compo 
nent of power dissipation in the modulator final stage 
that corresponds to the DC component of voltage at 
terminal 24, is therefore almost zero. 
The total cost of components of the circuit is rela 

tively low because no modulation transformer or mod 
ulation reactor is required in the power modulator 12. 
The cost is also reduced because the modulation tran 
sistors 40, 42 need not have high power dissipation rat 
ings. Moreover, for AC modulation such as audio mod 
ulation, the required average power dissipation is di 
vided approximately equally between the two modula 
tor output transistors 40, 42. 
Only a small amount of large-modulation signal dis 

tortion occurs such as is present in nonlinear modula 
tors of, for example, a square-law type. No phase inver 
sion is necessary as in push-pull circuits, although some 
of the advantages of push-pull circuits are present in 
this circuit. 
With regard to external modulation characteristics, 

the modulator is capable of linear modulation just as in 
a class B or class AB modulator circuit of the prior art, 
although each of the two output audio transistors of the 
modulator alone operates nonlinearly. The power mod 
ulator circuit has a DC output level that is convenient 
for connection to the collector terminal of an RF tran 
sistor such as transistor 64 for amplitude modulation, 
because the modulation transistors 40, 42, are con 
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nected in series with power supply outputs such as the 
terminals 52, 44, of the power supply 16. 
When the progressive amplitude modulator is em 

ployed in the preferred circuit of FIG. 1, the RF ampli 
fier output V applied to the terminal 18 of the com 
biner 14 can have relatively low power because it need 
provide only control power for the RF combining tran 
sistors 64, 66; most of the output power comes from the 
efficient power modulator 12. Also, when the modula 
tor 12 of the present invention is used in that preferred 
embodiment, the RF combining transistors 64, 66 dissi 
pate very little power, because they are utilized in a 
switching mode of operation. As the input signal swings 
about in the preferred embodiment of FIG. 1, no ancil 
lary control circuits are required to transfer modulation 
control from the lower-voltage modulation transistor 
42 to the higher-voltage modulation transistor 40, and 
vice versa, because the blocking diode 50 at the low 
voltage power supply terminal 52 automatically per 
forms the transfer or switching of the power supply. 
The bases of both the lower-voltage and higher-voltage 
modulation transistors 40, 42, have voltage excitation 
at all times. 

It may be noted that in all of the disclosed embodi 
ments, the power dissipation is also small in the transfer 
devices such as devices 50, 50' or 50' which perform 
switching of the power supply voltages to the imped 
ance elements. The impedance elements 40, 42, Z1, 
Z2, Z3, Z1, Z2', Z3', can be operated in a class B 
mode in which their overlap of ranges is negligible, or 
in a class AB mode in which sufficient overlap of tran 
sistor ranges is provided for a smooth handover from 
one portion of the input signal range to another so as 
to minimize the reliance upon feedback for achieving 
high fidelity. 
The progressive amplitude modulator can, of course, 

be used for pulse height modulation of signals to modu 
late only at a plurality of predetermined amplitude lev 
els, instead of or in addition to the use over a contin 
uum of modulating signal values as described in the 
preferred embodiment. Great amounts of negative 
feedback can be used over a wide range of modulation 
frequencies, and connected for example, from the con 
ventional envelope detector 21 to the base of the input 
transistor 26, to minimize distortion and noise and to 
improve the frequency response of the modulator. 
Feedback can be used to higher frequency limits with 
the present circuit then in modulating circuits employ 
ing transformers or reactors because the transformers 
or reactors limit the maximum frequency much more 
than does the progressive amplitude modulator de 
scribed herein. 

I claim: 
1. In an electrical circuit for modulating a carrier 

wave, combining means for modulating the amplitude 
of a carrier wave in accordance with a varying charac 
teristic of a modulating control signal which varies in 
accordance with a varying characteristic of an input 
signal, said combining means having an input to which 
said modulating control signal is to be applied, and first 
circuit means having an input to which said input signal 
is applied and an output connected to said input of said 
combining circuit, said first circuit means comprising a 
first d.c. power source providing a voltage of a first 
magnitude, a second d.c. power source providing a 
voltage of magnitude which is higher than said first 
power source, first modulating means of variable con 
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ductivity connected to said first power source and said 
output of said first circuit means to supply modulated 
signal current to said output over a first range from a 
minimum to a first predetermined level, second modu 
lating circuit means of variable conductivity connected 
between said second power source and said output for 
supplying modulated signal current to said output over 
a second range from said first predetermined level to a 
higher second predetermined level, and control means 
connected to said first modulating means for effecting 
modulation of said first modulating means in accor 
dance with a first range of said input signal correspond 
ing to said first range of said modulating control signal 
to supply substantially all of the current to said output 
from said first power source up to said predetermined 
level and to said second modulating means to vary the 
conductivity thereof in accordance with said input sig 
nal to effect the supply from said second power source 
to said output of substantially all the modulating signal 
current when the current is to be in said second range 
of said modulating control signal for a corresponding 
second range of said input signal higher than the first 
range thereof including means for applying a signal cor 
responding to said input signal to each of said modulat 
ing means. 

2. In an electrical circuit for modulating a carrier 
wave as defined in claim 1 wherein said control means 
includes means for blocking current flow from said first 
power source to said output when said input signal ex 
ceeds its said first range. 

3. In a modulating circuit for modulating a carrier 
wave as defined in claim 1 wherein said first modulat 
ing means is connected in series with said second mod 
ulating means and said control means includes biasing 
means for rendering said first modulating means in a 
substantially non-dissipative current conducting condi 
tion as said input signal exceeds said first range. 

4. In an electrical circuit for modulating a carrier 
wave as defined in claim 3 wherein said control means 
includes means for blocking current flow from said first 
power source to said output when said input signal ex 
ceeds its said first range. 

5. In an electrical circuit for modulating a carrier 
wave as defined in claim 1 wherein said control means 
comprises threshold means for blocking current flow 
from said first power source to said output as said input 
signal exceeds said first range. 

6. In an electrical circuit for modulating a carrier 
wave as defined in claim 2 wherein said means for 
blocking said current flow comprises means responsive 
to current flow in said second modulating means for ef 
fectively disconnecting said first source. 

7. In an electrical circuit for modulating a carrier 
wave as defined in claim 1 wherein said control means 
comprises means responsive to said input signal being 
in a particular one of its said ranges to render a corre 
sponding one of said modulating means active and each 
of said modulating means being connected in parallel 
between its corresponding power source and said out 
put of said first circuit means. 

8. In an electrical circuit for modulating a carrier 
wave as defined in claim 7 wherein said means respon 
sive to said input signal comprises a switching means 
for effectively connecting and disconnecting each of 
said power sources from its corresponding modulating 
means, and means responsive to said input signal for 
switching said switching mean: between conditions 
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connecting and disconnecting said power supplies to 
said modulating means. 

9. In an electrical circuit for modulating a carrier 
wave, combining means for modulating the amplitude 
of a carrier wave in accordance with a varying charac 
teristic of a modulating signal which varies in accor 
dance with a varying characteristic of an input signal, 
said combining means having an input to which said 
modulating signal is to be applied, and first circuit 
means having an input to which said input signal is ap 
plied and an output connected to said input of said 
combining circuit, said first circuit means comprising a 
plurality of d.c. power sources providing a plurality of 
successively higher voltages proceeding from a first one 
to a last one, each of said power sources having a corre 
sponding variable impedance connected to the source 
and to said output, each of said variable impedances 
having a control element for varying the impedance in 
response to the magnitude of a signal applied thereto 
to effect modulation of current from its corresponding 
source to said output, control means for applying sig 
nals to said control elements which vary in accordance 
with said input signal and for rendering one of said 
power supplies and its corresponding modulating 
means effective to supply modulated signal current to 
said output including biasing circuit means for render 
ing each of said modulating means effective to modu 
late current for different ranges of said input signal be 
tween the minimum and maximum magnitude of said 
input signal. 

10. In an electrical circuit as defined in claim 9 
wherein said modulating means are connected in paral 
lel between their respective sources and said output 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
and said control means comprising switching means for 
effectively connecting and disconnecting at least each 
of said power sources other than said last one from con 
nection to said output through its modulating means 
and control means responsive to said input signal to se 
quentially actuate said switching means as said input 
signal varies from a minimum to the range correspond 
ing to said last modulating means. 

11. In an electrical circuit as defined in claim 9 
wherein said modulating means each comprises a tran 
sistor having load electrodes connected in series circuit 
with the load electrodes of the transistor of the other 
of said modulating means, each of said power supplies 
being connected to the said series circuit at a load elec 
trode of the transistor of the corresponding modulating 
caS 

12. In an electrical circuit as defined in claim 11 
wherein each of said power supplies between the last 
one of said power supplies and said output has a diode 
in its connection between the power supply and said se 
ries circuit to block current flow from the power source 
when the voltage at its connection to said series circuit 
is higher than the voltage magnitude of the power 
SOC, 

13. In an electrical circuit as defined in claim 11 
wherein said control means comprises for effecting the 
biasing of each of said transistors to a saturated range 
in response to said input signal exceeding the range 
corresponding to the range in which the transistor is to 
effect modulation of the modulating signal for said 
combining means. 
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