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1 Claim. (C. 307-88.5) 

This invention relates to high power solid state switch 
ing means. 

Solid state diode switching involves the establishment 
and a collapse of the barrier charge layer between the 
semi-conductor bulk and the metal contact. This charge 
layer is established and collapsed through the application 
and removal of a bias voltage to the diode terminals. It 
may be shown that, when radio frequency power is being 
transmitted through a single diode switch, bias power is 
required in an amount equal to twice the amount of radio 
frequency power. Not only does this mean that two 
thirds of the power-capability of the Switch is required 
for handling necessary bias power, but in high frequency 
modulation, of either continuous wave or pulse type, 
systems capable of delivering high modulating power to 
the switch must be used, and these are very expensive. 
Assuming, for example, a diode capable of handing a 
pulse of power of 150 watts, 100 watts must be the modul 
lation pulse power, and only 50 watts will be radio 
frequency signal power. This power situation results 
from the fact that the modulating bias for the switch-on 
condition must be sufficient to prevent the diode from 
being cut off by the radio frequency swings which oppose 
the applied conduction-producing bias, in order that the 
entire signal may pass through the diode. 

It is the object of the present invention to provide a 
switching system enabling a high power solid state diode 
to switch at substantially its full power rating utilizing 
a minimum of bias power to achieve high level switching. 
This is achieved by utilizing two diodes, one passing the 
positive swings of the radio frequency signal, and the 
other its negative Swings. For a Switch-on condition, 
therefore, a bias which prevents conduction of the diodes 
during a switch-off condition is merely reduced to zero 
for a switch-on condition, with requirements for pro 
viding only very low power. 
The attainment of the foregoing object, as well as other 

objects relating to advantageous details, will become ap 
parent from the following description, read in conjunction 
with the accompanying drawing, in which: 
FIGURE 1 is a wiring diagram illustrating a Switching 

system provided in accordance with the invention; 
FIGURE 2 is a schematic structural diagram illustrat 

ing a preferred physical arrangement of the parts of the 
switching system; and 
FIGURE 3 is a diagram illustrating an alternative form 

of the invention. 
Referring first to FIGURE 1, 2 represents a radio fre 

quency input terminal and 4 represents the output ter 
minal for the modulated radio frequency, reference 
ground being represented at 32. Input and output con 
nections provided by a coaxial cable arrangement as 
discussed hereafter are indicated at 6 and 8. Between 
these connections are three parallel branches. One of 
them comprises a tuning inductance 10. A second com 
prises the solid state diode 12 in series with a capacity 14. 
The third comprises a diode 16, similar to 12, in series 
with a capacity 18. The diodes are polarized as indicated, 
and at 20 between the anode of diode 12 and capacity 14 
there is connected a choke 24 running to a bias and 
modulating terminal 28. A similar connection is made at 
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22 between the anode of diode 16 and capacity 18 through 
choke 26. The other terminal 30 of the bias and modu 
lating connection is connected to 32. Between connection 
32 and the respective connections 6 and 8 there are pro 
vided the chokes 34 and 36. 
The elements of the arrangement just described have the 

following characteristics: 
The chokes 24, 26, 34 and 36 block loss of radio fre 

quency power from the biasing and modulating devices. 
The capacitances at 14 and 18 are small and pass the 
radio frequency signal power but block the modulation 
and bias. The inductance at 10 is chosen to provide, in 
conjunction with the effective total capacitance between 
connections 6 and 8, a parallel resonance circuit at the 
radio frequency involved. The presence of inductance 
10 creates improvement in diminishing bias insertion loss, 
but its primary result is to increase reverse attenuation in 
switch-off condition due to the introduction of parallel 
resonance. All of the inductances involve low impedance 
to the modulating frequency and static bias. A sufficient 
static bias is provided between terminals 28 and 30, with 
polarity as indicated, to cut off both diodes 12 and 16. 
Alternating modulation is also applied to the terminals 28 
and 30, in the form of a continuous modulating wave or 
pulse to remove the static bias in its Swings opposing the 
static bias. In such swings the bias voltage is removed 
completely and then conductivity occurs as follows: 

During a negative half cycle of the radio frequency 
signal swing at terminal 2 the diode 12 will be self-biased 
into conduction so that the radio frequency power will 
be transmitted. During the opposite, positive, half cycle, 
the diode 16 is similarly conductive. Thus, the diodes are 
alternatively conductive (and cut off) during successive 
half cycles of the radio-frequency signal. The static bias 
voltage must, of course, be sufficient in magnitude so as 
to exceed the swings of radio frequency signals to cut 
them off. The modulation swing, toward a conductive 
condition, need only be sufficient in magnitude to equal 
the static bias to reduce the net bias to zero. Since both 
bias and modulating voltages are, in effect, applied only 
during non-conducting conditions, when their currents are 
substantially cut off, very low power is required. Hence, 
inexpensive modulating and bias sources may be used, and 
radio frequency may be handled to the extent of the power 
ratings of the diodes. Under typical conditions only 
around 5 to 10 milliwatts of bias and modulating power 
per diode is required. 
The foregoing is in contrast with switching involving 

passage of the entire radio frequency signal through a 
single diode; then the modulation must be sufficient, in 
switch-on condition to pass the radio frequency swing that 
opposes the switch-on modulating pulse or Swing. Modul 
lation power must therefore be supplied during switch-on 
condition. 
An optimum physical arrangement is illustrated in 

FIGURE 2, in which the major switching elements are 
included in a cavity in a coaxial cable having the central 
conductors 6 and 8 and the sheath 32 providing the con 
nection illustrated by the same numeral in FIGURE 1. 
In the physical arrangement the ends of the conductors 
6 and 8 are enlarged as shown as 6' and 8', and are 
surrounded by conductive sleeves 38 and 40 insulated 
therefrom by a thin dielectric annulus, the sleeves being 
also insulated as indicated at 42 from the sheath 32 but 
preferably by a relatively thick air gap with insulation 
limited to that required for mechanical separation, so that 
the capacitance to the sheath is low. As will be evident, 
these arrangements provide the Small capacitances 14 and 
18, readily passing the radio frequency power but block 
ing the bias and modulation signals, with grounding effect 
minimized. The connections from chokes 24 and 26 are 
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made to the sleeves 38 and 40 through openings in the 
sheath. The chokes 34 and 36 may be provided at any 
convenient location exteriorly of the enlargements 6' 
and 8. 
FIGURE 3 shows a modified arrangement for the 

switch using a double ended or push-pull arrangement 
fed from a single-ended input through a pulse trans 
former. In FIGURE 3 the input and output connections 
54 and 56 have located between them the three parallel 
arrangements comprising, respectively, the tuning induct 
ance 52 (similar in its function to 10), the series arrange 
ment of diode 44 and capacity 48, and the series arrange 
ment of diode 46 and capacity 50. It will be noted that 
this arrangement is similar to that of FIGURE 1 with 
the exception that both diodes, which are oppositely 
polarized, are on the output side of the arrangement 
(though this may be reversed, with both on the input 
side). The elements just described may be located in 
a cavity in a coaxial cable as indicated in FIGURE 2, 
the coaxial cable having the sheath 58. A ground return 
may be provided as indicated at 61 from either of the 
input or output connections. 
The connections 60 and 62 run to the upper ends of 

resistors 64 and 68 which are connected to ground through 
the static bias sources 66 and 70, illustrated as batteries, 
the ground connection being indicated at 72. Pulse 
modulation in this arrangement is provided from a trans 
former 77 having the secondary winding sections 74 and 
76 joined to the connections 60 and 62 through the ca 
pacitors 78 and 79. Suitable chokes 84 and 86 isolate 
the radio frequency signals from the bias and modu 
lating sources. The primary 80 of the pulse transformer 
77 receives its pulses from terminal 82. 
The operation will be clear from FIGURE 3. The 

outer terminals of the secondary of the pulse transformer 
provide signals of opposite polarity to the two diodes, 
and static biases of opposite polarity are also provided. 
This condition results from the grounding at 72 of the mid 
point of the transformer secondary. When the outputs 
from the pulse transformer oppose and thereby reduce 
to zero the static biases, the diodes will conduct. Other 
wise, they are cut off. 
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4. 
It will be noted that since the diodes are oppositely 

polarized with respect to radio frequency input, during 
the switch-on condition respective positive and negative 
half cycles of the radio frequency signal will be trans 
mitted by the corresponding diodes. The full radio fre 
quency wave will, accordingly, be transmitted as in the 
arrangement of FIGURE 1. 
A wide variety of conventional power diodes may be 

used, chosen to handle the radio frequency power in 
volved and to operate effectively at the frequencies in 
volved. 

It will be evident that various changes in details may 
be made without departing from the invention as defined 
in the following claims. 
What is claimed is: 
Switching means for high frequency signals comprising 

an input terminal for such signals, an output terminal for 
delivery of switched signals, a diode in each of a pair of 
independent parallel connections between said input and 
output terminals, said diodes being oppositely polarized 
with respect to said terminals, means for biasing said 
diodes to non-conducting condition to block passage of 
signals from said input terminals to said output terminals, 
means for substantially removing the biases of said diodes 
to provide passage of positive swings of said signals 
through one unbiased diode and negative swings of said 
signals through the other unbiased diode, and inductance 
means for tuning the effective capacitances which exist 
when said diodes are non-conducting to provide a parallel 
resonant circuit, resonant at the high frequency signal 
frequency, between said input and output terminals. 
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