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ABSTRACT OF THE DISCLOSURE 
A device for coupling the plate supply voltage to a 

power ampli?er in a radio frequency transmitter includ 
ing a high impedance circuit means to isolate RF frequen 
cies from the power supply and a low impedance circuit 
means to couple the plate supply directly to the output 
of an output ?lter network. The plate supply is also cou 
pled through an ideal transformer relationship with a 
tuning coil of the output ?lter and is applied directly to 
the plate of the power ampli?er device. 

This invention relates to a high frequency transmitter 
and in particular to a transmitter having a shunt fed Pi-L 
network for coupling the plate of a power ampli?er to a 
low impedance antenna feed line. 

Recent developments in high frequency radio transmit 
ters have led to the widespread acceptance of a Pi con 
?gured network for coupling the plate circuit of the RF 
power ampli?er to the antenna feed line. The Pi networks 
have been found to attenuate to a high degree all spurious 
and harmonic signals above its resonant frequency and to 
aid in acquiring maximum power transfer to the antenna. 
However, the introduction of the Pi and Pi-L networks 

as ampli?er coupling devices has required applying the 
plate supply voltage at a point in the circuit that is at a 
high RF potential. The application of the plate supply 
voltage at such a point has heretofore been found not to 
be entirely satisfactory. 

In the Pi or Pi-L networks the plate supply voltage can 
be connected either at the plate end or at the antenna end 
of the circuit. Both connections, however, present draw 
backs to the circuit designer. 

Since the supply voltage is to be connected at a point 
of high RF potential, an adequate plate choke must be 
used to assure a high impedance path at radio frequen 
cies. However, for the plate end connection the use of the 
plate choke presents a problem of introducing a series 
resonant point into the circuit. Should a series resonant 
point occur in the operating frequency, a low impedance 
path would be created to ground resulting in the destruc 
tion of the choke. 

Series resonance in the operating range of 2-30 mc. 
can be substantially avoided by decreasing the inductance 
of the choke as a means of increasing the resonant fre 
quency. But decreasing the choke inductance then offers 
a lower impedance path to the RF signal which greatly 
increases the choke current and requires forced air cool 
ing or the like. 

In contrast, connection of the plate supply at the an 
tenna end of the network reduces the series resonance 
problem because of the lower circuit impedance at that 
point. However, the antenna connection has other draw 
backs. Principally, connection at the antenna end requires 
greatly increased ratings for the tuning capacitor and for 
the high voltage blocking capacitor. The problem of de 
veloping capacitors to meet the ratings required under 
such conditions has assured that the antenna end connec 
tion has seldom been attempted. 

Accordingly, it is a principal object of this invention 
to provide a more et?cient means of applying a DC volt 
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age supply to the plate of a power ampli?er using a Pi or 
Pi-L coupling network. 

It is also an object of this invention to provide a means 
for feeding the plate circuit of a Pi-L network, while elimi 
nating the series resonance problem encountered at the 
plate connection. 

It is another object of this invention to provide a more 
effective means for feeding the plate of a radio frequency 
power ampli?er, while eliminating the series resonance 
problem encountered at the plate connection of a Pi-L 
network and simultaneously reducing the voltage and 
current ratings of the tuning and blocking capacitors. 

It is a further object of this invention to provide a Pi-L 
ampli?er network for a high frequency, high power radio 
transmitter which retains the advantages of a plate con 
nected and antenna connected power supply but which 
eliminates the disadvantages of those connections. 

It is also an object of this invention to provide a Pi-L 
network for a power ampli?er of a high frequency trans 
mitter wherein the Voltage power supply is connected at 
the plate of the ampli?er through a coupling inductor 
which forms a nearly ideal transformer with the tuning 
inductor of the Pi network. 

It is an additional object of this invention to provide a 
Pi-L coupling network for a high frequency transmitter 
wherein the tuning coil of the Pi network has a groove 
formed along the helical periphery thereof, and wherein 
a DC voltage supply is applied directly to the plate of 
the power ampli?er through a coupling inductor which 
is embedded within the groove of the tuning coil, and 
wherein the ampli?er end of the power lead is dressed 
through a metallic tubing which forms the ampli?er lead 
of the tuning coil. 

These and other objects, features and advantages of 
the present invention will be understood in greater detail 
from the following description and the associated draw 
ings wherein reference numerals are utilized in designat 
ing a preferred embodiment and wherein: 
FIGURE 1 is a schematic of a prior art circuit showing 

a Pi network and a plate connected voltage supply; 
FIGURE 2 is a view similar to the schematic of FIG 

URE 1 showing the antenna connection of the voltage 
power supply; 
FIGURE 3 is also a schematic of a prior art circuit 

showing a widely used means for connecting the plate 
voltage power supply in a Pi-L network; 
FIGURE 4 is a diagrammatic view of a Pi-L network 

as used in a high frequency transmitter of this inven 
tion showing the transformer feeding ’of the voltage 
supply ‘directly to the plate of the power ampli?er tube, 
and 
‘FIGURE 5 is a sectional view of a tuning coil and a 

coupling coil as employed in the transformer of FIG 
URE 4. 

Generally, this invention provides a means for over 
coming the disadvantages associated with the circuit con 
nections of the three prior art networks shown in FIG 
URES l, 2 and 3. 
The circuit shown in FIGURE 1 is commonly referred 

to as a Pi network due to the con?guration of the ?lter 
circuit employed. In FIGURE 1 a common triode ampli 
?er 10 is shown to have a cathode 11 which is grounded 
at a circuit point 12 and a plate 13' which is connected to 
the Pi network and ultimately to the transmitter antenna 
feed line. The triode 10 is a power ampli?er tube and 
has a grid 14 which may be energized from prior oscil 
lator or frequency multiplier stages. 

In FIGURE 1 the circuit elements commonly referred 
to as constituting a Pi network comprise a tuning inductor 
15 and ?rst and second variable capacitors 1'6 and 17. 
The capacitor 16 is connected from the plate lead wire 
18 of the tuning inductor 15 to ground potential at point 
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19. Similarly, the capacitor 17 is connected from the 
antenna end lead wire 20 to ground potential at a point 
21. The capacitor 16 is utilized as a tuning capacitor in 
conjunction with the tuning coil 15 to determine the out 
put frequency response of the circuit. The capacitor 17, 
however while also affecting the tuning of the elements 
15 and 16‘ is used essentially as a loading capacitor to 
shunt to ground potential all resonant harmonic fre 
quencies developed in the oscillator circuit. The capacitor 
17, therefore, keeps undesirable signals from in?uencing 
the low impedance antenna feed line 22 which is con 
nected to the lead wire 20‘ of the tuning inductor 15. In 
this way, only the desired modulated carrier signal reaches 
the antenna 23 of the transmitter. 

While the Pi con?gured network shown in FIGURE 1 
serves the desirable function of greatly attenuating un 
wanted signals ahead of the antenna 23, the connection of 
the capacitors 16 and 17 maintains both the plate end 
lead wire 18 and the antenna end lead wire 20* of the 
tuning inductor 15 at a high radio frequency potential. 
Since, however, a DC power supply must be applied to 
one side of the tuning inductor 15 in order to provide the 
power ampli?cation source for the plate 13 of the ampli 
?er tube 10 and to energize the tank circuit consisting 
of the inductor 15 and the capacitor 16, means must be 
provided to assure that a low impedance path is not 
provided through the DC source in the frequency levels 
of the operating band. 
One possible connection for the DC power supply is 

shown in FIGURE 1. The power supply itself is shown 
schematically as a battery 24. It is understood, however, 
that in practice the power supply will generally be the 
output of a full wave recti?er and ‘?lter network. 
The power supply 24 is connected to the plate 13 of 

the power ampli?er tube 10' through a plate choke 25 at 
a circuit junction 26. The plate choke 25 is a source of 
high impedance at radio frequency potentials and, there 
fore, both protects the power supply 24 and preserves the 
RF signal. The power supply 24 is further protected from 
high frequency components by a by-pass capacitor 27 con 
nected from the lead 28 of the choke 25 to ground poten 
tial at the circuit point 29‘. The introduction of the plate 
supply voltage at the circuit point 26 requires the use of 
a blocking capacitor 30 between the connection point 26 
and the plate end lead wire 18 of the tuning inductor 15. 
The blocking capacitor 30 keeps the DC voltage from 
in?uencing the low impedance antenna feed line 22. 
The introduction, however, of the plate supply voltage 

directly to the plate 13 as at the connection point 26 
introduces undesirable consequences for the high power 
transmitter. In particular, the very use of the choke to 
obtain a high impedance path at radio frequencies tends 
to develop a series resonance condition in the operating 
band. The existence of such a resonance point within the 
frequency of the highest potential could easily result in 
the destruction of the choke. The point of series resonance 
can be moved above the operating band by signi?cantly 
reducing the inductance of the choke 25. However, re 
duction of the inductance of the choke 25 reduces the 
principal function of that choke, namely to provide a high 
impedance path at radio frequency levels. The result of 
reducing the choke inductance is to greatly increase the 
choke current which results in power losses for the circuit 
and which may require forced air cooling of the choke. 
The circuit of FIGURE 2 is essentially equivalent to 

the circuit of FIGURE 1 and, therefore, reference 
numerals have been carried from FIGURE 1 to FIGURE 
2. However, FIGURE 2 shows an alternate possibility for 
the connection of the plate voltage supply to the Pi net 
work. In particular, the plate supply Voltage 24 is con 
nected through the plate choke 25 to a junction point 31 
which is the equivalent of the antenna end lead wire 20 
of the tuning inductor 15. Also, the blocking capacitor 30 
is connected between the point 31 and the low impedance 
antenna lead 22. 
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4 
The connection of the plate supply source to the con 

nection point 31 in ‘FIGURE 2 greatly attenuates the 
problem of series resonance associated with the connec 
tion illustrated in FIGURE 1. This is due to the fact that 
a much lower circuit impedance is exhibited at the point 
31 than at the point 216 in FIGURE 1. Therefore, the 
series resonance point as shown in FIGURE 2 does not 
constitute a problem. However, the circuit connection 
of FIGURE 2 ‘has circuit problems of its own which 
more than negate the series resonance advantages of 
that connection. 
The circuit connection of FIGURE 2 presents two 

important problems to the circuit designer. First, it 
should be noted that the blocking capacitor 30 has 
been moved from a point between the plate 13 and the 
antenna end lead Wire 18 to a point in FIGURE 2 
which is at the antenna side of the power supply con 
nection of point 31. Therefore, the blocking capacitor 30 
has been moved from a point which keeps the ‘DC sup 
ply olf the tuning capacitor 16 to a point which no 
longer performs that function. The result is that the 
load on the tuning capacitor 16 has been essentially in 
creased by the amount of the plate supply voltage 24. 
Due to the low resistance loading of the plate 13 this 
amounts effectively to doubling the voltage requirement 
of the tuning capacitor 16. That is, where the tuning 
capacitor 16 formerly was required to sustain a plate 
voltage of eb, the tuning capacitor of FIGURE 2 is re 
quired to sustain a combined voltage of approximately 
Earl-Cb 
The second problem associated with the application 

of the DC supply voltage as in FIGURE 2 is the in 
creased demands on the blocking capacitor 30'. First, the 
capacitor 30 must have a lower reactance in the operat 
ing frequency range than capacitor 30 shown in FIG 
URE 1 as compared with the reactance of the tuning 
coil 15. Failure to observe this would cause the reactance 
of tuning coil 15 to be unnecessarily high. Also, the 
capacitor 30 now must be sufficiently large to sustain the 
high currents of the tank circuit consisting of the ele 
ments 15, 16 and 17 which was not required in FIGURE 
1. For these reasons, the connection of FIGURE 2 is 
an unsatisfactory solution of the series resonance problem 
of FIGURE 1. 
The circuit of FIGURE 3 is similar in many respects 

to the circuits of FIGURE 1 and FIGURE 2 and, there 
fore, common reference numerals have been used in 
FIGURE 3 also. However, in FIGURE 3 an additional 
variable inductor 32 has been added between the output 
of the Pi network and the low impedance lead line 22 
of the antenna 23. The inductor 32 may be referred to 
as a loading inductor and functions in conjuction with 
the loading capacitor 17 to attenuate harmonic frequency 
and spurious signals which would otherwise reach the 
antenna 23. As is well understood, the Pi-L network of 
FIGURE 3 has a higher plate circuit inductance, and, 
therefore, the blocking capacitor 30 need not have as 
low a rectance as the capacitor 30 in FIGURE 2. How 
ever, in FIGURE 3 the tuning capacitor 16 must never 
theless sustain the additional plate voltage, Ebb, and also 
the blocking capacitor 30 must be capable of sustain 
ing the circulating current of the tank circuit. Therefore, 
while the circuit of FIGURE 3 has an advantage over 
the connection of FIGURE 2, it is not an entirely satis 
factory solution to the problem posed by the circuits 
of FIGURES 1 and 2. 

In contrast, the circuit of this invention is illustrated 
in the embodiment of FIGURE 4 retains the advantages 
of both the connections of FIGURES 1 and 2 while elimi 
nating the disadvantages associated with those connec 
trons. 

In FIGURE 4, the power supply 24 is connected 
through the plate choke 25 and ultimately through a 
lead line 33 directly to the plate 13 of the ampli?er 
tube 10 at a circuit junction 34. However, the connec 
tron of the plate supply voltage to the point 34 is ac 
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complished through a coupling inductor 35 which is 
wound in proximity with the tuning inductor 15 of the 
plate tank circuit. 
The coupling inductor 35 offers no interference to the 

application of the DC power supply to the plate 13 of 
the ampli?er tube 10. :In this respect the connection 
of the power supply to the point 34 in FIGURE 4 is 
substantially equivalent in result to the connection of i 
the power supply at the point 26 in FIGURE 1. There 
fore, a blocking capacitor 36 can be introduced between 
the point 34 and the antenna feed line 22 which is also 
between the point 34 and the tuning capacitor 16. [In 
this way the rating of the tuning capacitor 16 is reduced 
from Ebb+eb to simple eh. 

While the circuit of FIGURE 4 has the advantage of 
the low tuning capacitor rating of FIGURE 1, it does 
not have the disadvantage of the series resonance problem 
as described above. In particular, a series resonance 
problem does not exist from the point 34 through the 
inductor 35, as the line 33 is maintained, at the same 
RF potential as the coil 15 such that RF current is 
opposed from the point 34 to the point 28. Therefore, 
and RF current in the choke 25 must be associated with 
the output connections at point 38 through the shunting 
capacitor 37 rather than with the input connection at 
point 34. The line 33 including the coupling inductor 
35 may be considered as a parallel line for carrying the 
RF signal to the antenna feed line 22. Essentially, for 
the purpose of series resonance considerations, the plate 
voltage supply 24 may be considerd to be connected di 
rectly to the point 38 at the antenna end of the tuning 
inductor 15. 

Therefore, the connection of FIGURE 4 not only re 
duces the voltage rating of the tuning capacitor 16 but 
also eliminates the series resonance problem of FIG 
URIE 1, as well as maintaining the blocking capacitor 
36 away from the tank circulating current of FIGURES 
2 and 3. a 

The construction of the transformer formed by the 
tuning coil 15 and the coupling coil 35 is shown in FIG 
URE S. In FIGURE 5, the turning coil 15 is shown wound 
about a supporting shaft or hub 39 which in turn is sup 
ported by end walls 40 and 41. The coil 15 has a rec 
tangular cross section and has an adjustable inductance, 
as illustrated in FIGURE 4, via a provision for a rotatable 
rack 42 and a roller 43 which is mounted to slide on car 
riage rod 44 of the rack 42. The roller 43 has a bearing 
surface 45 and circular side or end ?anges 46 and 47. 
Adequate electrical contact is maintained between the 
roller 43 and the winding 15 as well as between the 
roller and the carriage rod 44 of the rack 42. Also, the 
rack 42 has bearing surfaces 48 and 49 for making elec 
trical contact with the hub or shaft 39. Therefore, if the 
point 50 on the tuning coil 15 is connected to the plate 
lead wire 18, and the shaft 39 is connected to the antenna 
end lead 20, the inductance of the tuning coil 15 can be 
varied by rotating the rack 42 about the shaft 39 and 
causing the contact roller 43 to be carried along the inner 
surface of the coil. It is to be noted that the circular 
?anges 46 and 47 in conjunction with the bearing sur 
face 45 provide a guide for receiving the winding 15 such 
that rotation of the rack 42 will cause the roller 43 to 
be moved axially along the carriage rod 44 in response 
to the tracing of the helical winding 15. The shaft 39 is 
connected to the antenna end lead wire of the coil 15 by 
a conection 51 to a sleeve 52 ‘which is mounted at the end 
support 41 and which makes an electrical contact with the 
shaft 39. It is apparent that the end supports 40 and 41 
are formed of an electrically insulating material for the 
purpose of insulating the high voltage shaft 39 from the 
transmitter chassis or cabinet to which the assembly is 
mounted. 
To insure that all ?ux lines generated by the coil 15 also 

encircle the coupling coil 35, a slot 53 is formed along 
the helical periphery of the coil 15. The slot shown in 
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6 
FIGURE 5 is rectangular in cross section and the winding 
35 is disposed in the slot 53 such that the conductor 54 
of the winding 35 is substantially recessed at the interior 
of the winding 15. Suitable insulating material such as a 
Te?on coating 55 is provided about the conductor 53 
to insure electrical isolation between the conductors 15 and 
35. The Te?on coating shown in FIGURE 5 is particularly 
advantageous as it enables the use of a comparatively 
smaller diameter wire for the winding 35. The compara 
tive sizes of the conductors used to form the tuning coil 
15 and the coupling coil 35 are shown in FIGURE 5. The 
conductor 54 need only supply the DC. voltage to the 
plate circuit, while the tuning inductor 15 must sustain the 
high circulating current which is ultimately the source of 
the electromagnetic radiation at the antenna 23. 
The exceptional tight coupling of the coils 15 and 35, 

as shown in FIGURE 5, insures that little leakage induct 
ance is present in either winding and that all ?ux lines 
encircling one winding also encircle the other. In so doing, 
a near perfect transformer is formed, free of internal 
parasitic resonances. On the winding of such a bi?lar 
transformer, each point on one winding is at the same 
RF potential as a corresponding point on the other. This 
being the case, the insulation between such windings need 
only be su?icient to stand off the DC. plate voltage ap 
plied. Therefore, the use of the Te?on coating as indicated 
is preferable. 
To further insure that the tight coupling between the 

windings 15 and 35 is sustained, and to eliminate the 
possibility of the development of harmonic and spurious 
high frequency signals between the coils 15 and 35, the 
plate end lead wire 56 of the coupling coil 35 is dressed 
through a conductive tubing 57 which in turn is elec 
trically secured along the length of the plate end lead 
'wire 18 of the tuning coil 15. The tubing 57 may be weld 
ed or the like along the length of the lead wire 18 as 
at the point 58. 
Through the circuit structure illustrated in ‘FIGURE 4, 

and through the use of the transformer shown in FIG 
URE 5, the advantages of the three prior art circuits are 
achieved, while the disadvantages are discarded, and this 
is accomplished without deleterious effects on the output 
signal. 

It will be understood that various modi?cations and 
combinations of the above disclosed embodiments may 
be accomplished by those skilled in the art, but I desire 
to claim all such modi?cations and combinations as 
properly come within the scope of my invention. 

I claim as my invention: 
1. In a radio frequency transmitter an ampli?er out 

put circuit comprising: 
an ampli?er device having an input and an output 

terminal, 
a ?lter network connected to said output terminal for 

attenuating undesirable frequencies from the output 
signal, 

said ?lter network including a ?rst network inductor, 
a ?rst circuit means having a relatively high impedance 

at RF frequencies, 
a power supply circuit coupled to said ?rst circuit 

means, 
a second circuit means having a relatively low im 

pedance at RF frequencies, 
said second circuit means being coupled between said 

?rst circuit means and the output of said ?lter net 
work, 

an electrical branch coupled from a point intermediate 
said ?rst and second circuit means to an output of 
said ampli?er device, and 

said electrical branch including a second inductor 
coupled in a transformer relationship to said ?rst 
inductor. 

2. An ampli?er output circuit as described in claim 
1, wherein said ?rst inductor is deployed in proximity 
with said second inductor to form a substantial ideal 



3,437,931 
7 

transformer and wherein said second circuit means com 
prise a capacitance means. 

3. An ampli?er output circuit as described in claim 
1 wherein the wound conductor forming said ?rst network 
inductor has a longitudinal slot formed therein and where 
in the conductor forming said second inductor is disposed 
within said slot for forming a substantial ideal trans 
former. 

4. In a radio frequency transmitter, a shunt fed Pi-L 
network comprising: 

a power ampli?er device having an input and an output 
terminal, 

a Pi-shaped low pass ?lter connected to said output 
terminal, 

said Pi-shaped low pass ?lter having a tuning inductor 
and ?rst and second capacitors connected at opposite 
terminals thereof for maintaining said tuning in 
ductor at a substantially high RF potential relative 
to ground, 

a ?rst circuit means having a relatively high impedance 
at RF frequencies, a power supply circuit coupled to 
said ?rst circuit means, a second circuit means having 
a relatively low impedance at RF frequencies, 

said second circuit means being coupled between said 
?rst circuit means and the output of said low pass 
?lter, 

an electrical branch coupled from a point intermediate 
said ?rst and second circuit means to an output of 
said ampli?er device, and 

said electrical branch including a coupling inductor 
wound in proximity with said tuning inductor and 
having a substantially zero RF voltage drop from 
said coupling inductor to adjacent points on said 
tuning inductor. 

5. A shunt fed Pi-L network as described in claim 4 - 
wherein a blocking capacitor is connected between said 
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low pass ?lter and the point of connection of said elec 
trical branch at said output of said power ampli?er, and 
wherein said second circuit means includes a shunt 
capacitor. 

6. A shunt fed Pi-L network as ‘described in claim 4 
wherein the wire forming said coupling inductor is physi 
cally embedded within and insulated from the wire form 
ing and tuning inductor, whereby substantially 100% 
of the magnetic ?eld generated by said tuning inductor 
envelops said coupling inductor. 

7. A shunt fed Pi-L network as described in claim 4 
wherein a slot is formed along the helical periphery of 
said tuning inductor and wherein the ‘wire forming said 
coupling inductor is disposed within said slot for being 
enveloped by substantially 100% of the magnetic flux gen 
erated by said tuning inductor, a metallic tubing conduc 
tively secured along the length of the ampli?er end lead 
wire of said tuning inductor, and the ampli?er end lead 
wire of said coupling inductor being dressed through said 
metallic tubing. 
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