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TRAVELING-WAVE TUBE PACKAGE WITH 
INTEGRAL VOLTAGE ‘REGULATION CIRCUIT 

FOR REMOTE POWER SUPPLY 

BACKGROUND OF THE INVENTION 

The present invention relates in general to electron 
discharge devices and more particularly to a traveling 
wave tube including electronic circuitry so that no ad 
justment is required in the ?eld to provide the voltage 
necessary for proper operation of the traveling-wave 
tube. 
Many complex electronic systems utilize one or more 

- electron discharge devices as traveling-wave tubes and, 
in general, , these traveling-wave tubes are ?eld 
replaceable; Le, a tube is replaced directly in the ?eld 
whenever it fails to meet speci?cations. However, 
because the performance of a travelling-wave tube, 
particularly a low noise traveling-wave tube, is criti 
cally dependent upon the high electrode voltages, typi 
cally in the range of thousands of volts, supplied by the 
system’s power supply and because it is not unusual to 
?nd the regulation of the system power supply just 
barely within the regulation limits permitted by the 
traveling-wave tube speci?cations, operation of the 
traveling-wave tube within speci?ed performance can 
be achieved only if the error in setting electrode volt 
ages is extremely small. A typical cathode helix voltage 
regulation speci?cation for a low-noise traveling-wave 
tube with a helix slow-wave structure is at most 10.5 
percent. 

Presently, one common method in ?eld adjustment 
of low-noise traveling-wave tubes is to adjust the 
cathode-to-helix voltage for optimum small signal gain 
at the highest operating frequency. This method has the 
advantage of not requiring an accurate voltmeter since 
the voltage is not even measured; however, it does 
require much more skill in setting the voltage. Further 
more, the design of equipment may require certain 
modi?cations to permit a small signal gain measure 
ment. Another dif?culty is that many low-noise travel 
ing-wave tubes exhibit optimum performance at a volt 
age different from that producing maximum gain at the 
highest operating frequency. Finally, this procedure 
does not provide a method for accurately setting the 
various anode voltages, necessary in low-noise travel 
ing-wave tubes, without use of an accurate voltmeter 
which has a very high internal impedance. 
As a general rule voltmeters with the required accu 

racy for setting the electrode voltage are not available 
in the ?eld. Therefore, optimum performance is seldom 
achieved in replacement traveling-wave tubes. Even 
when accurate voltmeters are available in the ?eld, 
they require frequent calibration checks which are 
often logistically impossible. Additionally, required ac 
curacy is dif?cult to achieve even if the particular 
meter setting happens to be a full scale reading, and 
danger to the operator exists in setting up such a meter 
to read a high voltage. 
Coupled with the problem of proper setting of the 

cathode-to-helix voltage in low noise traveling-wave 
tubes is the setting of various anode voltages for multi 
ple anode electron guns present in all low noise travel— 
ing-wave tubes. The required anode voltages are deter 
mined by the particular design of the low noise gun. 
Because of manufacturing tolerances there is rather a 
wide variation in anode voltages from tube to tube, but 
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2 
the tolerance within which these voltages must be set in 
order to achieve the desired noise ?gure is only about 
$1.0 percent of the nominal values. Thus, the problems 
encountered in setting the anode voltages are similar 
to, and as difficult as, those encountered in setting the 
cathode-to-helix voltage. 

In another prior art system a voltage bridge network 
is connected within the traveling-wave package 
between the cathode and slow-wave structure of the 
traveling-wave tube. The bridge network is adjusted by 
the manufacturer such that a reading can be made in 
the ?eld across the bridge of the bridge network, and 
the voltage applied between the electrodes adjusted 
until a null reading exists in the measuring device. At 
this‘ point a desired predetermined voltage exists 
between the electrodes. Such a system is more fully 
described in a pending patent application entitled 
“Electron Discharge Device with Integral Voltage 
Bridge and Method of Setting Same,” ?led Feb. 3, 
1969, Ser. No. 796,133, by James L. Palmer and G. E. 
Tallmadge, and assigned to the assignee of the present 
invention. Such a system, while an improvement over 
the previously described prior art system, still has the 
signi?cant disadvantage that a null reading must be 
taken to provide the proper voltage setting and 
complete interchangeability of tubes and supplies 
without adjustment is not possible. 

SUMMARY OF THE INVENTION 

These and other dif?culties of the prior art systems 
are eliminated in accordance with one aspect of the 
present invention by providing within the traveling 
wave tube package electronic circuitry for automati 
cally regulating the voltage across the traveling-wave 
tube regardless of the power supply provided. This is 
accomplished by including within the traveling-wave 
tube package those elements normally associated with 
the power supply which are effective in determining the 
output parameters of the power supply. 
More particularly, a typical power supply for a 

traveling-wave tube includes a reference voltage 
supply, an input resistance connected between the 
reference voltage and a high gain ampli?er, and a feed 
back resistor connected between the output and the 
input of the ampli?er. It will be shown subsequently 
that the output voltage Va.“ of the aforedescribed 
power regulator is substantially a function of three 
parameters of such a power supply, according to the 
relationship; 

Er 
ref RB 

where Vm is the output voltage from the ampli?er 
which is applied across the cathode to helix terminals 
of a traveling-wave tube, Vrd is the reference voltage, 
Rb is the feedback resistance and R, is the input re 
sistance. 

Accordingly, by including the circuit elements deter 
minative of the V0“, within the traveling-wave tube 
package, the output voltage applied to the traveling 
wave tube will be a predetermined constant and will 
require no adjustment in the ?eld. 
According to another aspect of the present inven 

tion, only certain rather than all of the aforesaid circuit 
elements determinative of V0,“, are included within the 
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traveling-wave tube and those not included are precise. 
Therefore, the desired V0,,‘ will be obtained. 

It is therefore an object of the present invention to 
provide an improved traveling-wave tube which has im 
proved operating characteristics due to more accurate 
ly provided operating voltages. 
Another object of the present invention is to provide 

a traveling-wave tube which is adjusted for proper 
operation during manufacturing and does not require 
further adjustment in the ?eld. 
Another object of the present invention is to provide 

a traveling-wave tube tube package with separable 
power supply and tube but with complete ?eld in 
terchangeability of tube and power supply without ad 
justment. 

Still another object of the present invention is to pro 
vide electronic circuitry within an electron discharge 
device such that the device is operable over a range of 
?eld applied voltages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a basic power 
supply circuit used with traveling-wave tubes. 

FIG. 2 is a schematic diagram of a traveling-wave 
tube utilizing aspects of the present invention. 

FIG. 3 is a schematic diagram similar to that shown 
in FIG. 2 and showing another embodiment of the 
present invention. 

FIGS. 4, 5, 6 and 7 are schematic diagrams illustrat 
ing still other embodiments of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a highly stable ?xed gain power 
supply suitable for use with a traveling~wave tube. The 
power supply includes a high gain ampli?er 10. A 
reference voltage source 12 is provided which is con 
nected to the input of the ampli?er 10 through input re 
sistance R,,. A feedback resistance R,, is placed across 
the input and output terminals of the ampli?er 10. The 
power supply output voltage, V0,“, is taken from the 
output of ampli?er 10. As previously stated, the output 
voltage Vm, essentially, is given by: 

This may be derived as follows. If one assumes that 
an ampli?er is an ideal ampli?er, with an in?nite input 
impedance, then the input voltage to the ampli?er will 
be equal to ground voltage. While no ampli?er can be 
made which is ideal, commercially availableampli?ers 
have such high input impedance that they may be con 
sidered as having the properties of an ideal ampli?er 
for many purposes. Since the input voltage to ampli?er 
10 is substantially equal to ground potential, the input 
current to ampli?er 10 is zero and hence all the cur 
rent, IR , ?owing through R“ ?ows through R,,, i.e., 

IRb=IRa and since IBB=IZ€°f 
Vref 

_ RB 

‘ Vnut= —IRbRb and substituting 

then with Vin=ground voltage, 

ref F; 
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4 
Thus the output voltage is determined substantially 

by three parameters, i.e., VM, R5, and R,,, and by vary 
ing or selecting any one or any combination of these 
three, the desired output voltage for the traveling~wave 
tube can be set. 

According to the present invention, all of the three 
controlling components are provided within the travel 
ing-wave tube package, or at least one of these com 
ponents is provided in the traveing-wave tube package 
and those components not included, or their ratio, is 
precise. The value or values of the components 
selected are selected so as to provide the proper output 
voltage for that particular traveling-wave tube. This 
simpli?es installation of the traveling-wave tube in the 
?eld since no adjustment is required during its installa 
tion, such adjustment being provided during the manu 
facturing process. 

FIG. 2 illustrates the preferred embodiment of the 
present invention. Shown therein is a traveling-wave 
tube package 14 of conventional structure which in 
cludes an envelope 16 provided with a beam-generat— 
ing assembly 18 including a cathode 20 at one end posi 
tion of the envelope 16 for generating and projecting a 
beam of electrons longitudinally of the envelope 16 to a 
collector assembly 22. A slow-wave structure 24 such 
as a helix is positioned between the beam generating as 
sembly l8 and the collector assembly 22 for providing 
wave-beam interaction between a radio frequency elec 
tromagnetic wave traveling along the slow-wave struc 
ture 24 from an input waveguide 26 to an output 
waveguide 28. While the present invention is schemati 
cally illustrated and will be described for purposes of il 
lustration as applied to a low power traveling-wave 
tube utilizing a helix slow-wave structure, it will be ap 
preciated that the invention is applicable for use with 
tubes having other types of slow-wave structures. 

In the case of low noise traveling-wave tubes, a multi 
ple anode low noise electron gun is utilized, and the ap 
propriate voltages intermediate the cathode voltage 
and ground are established on anodes 21 with poten 
tiometers 23 which can be factory adjusted to the 
desired auxiliary voltage when the proper cathode volt 
age is applied. For simplicity this low noise gun will not 
be illustrated in the other embodiments. 
The traveling-wave tube is operated with application 

of a high voltage between the cathode and the slow 
wave structure. Provided within the traveling-wave 
tube package 14 is bridge circuit 15 including feedback 
resistor R, and an input resistor R, which are connecta 
ble in the same manner as shown in FIG. 1 with an ex 
ternally provided ampli?er 10, also identical to the one 
shown in FIG. 1. Connected between the input resistor 
R,, and ground is Zener diode 30 having a breakdown 
voltage equal to the desired reference voltage. To 
maintain the Zener diode at its breakdown potential, a 
current supply 32 is provided. Both the ampli?er 10 
and the current supply 32 are physically separate from 
the traveling-wave tube package 14 in the embodiment 
shown in FIG. 2. Since the traveling-wave tube package 
14 includes the three determining elements of the 
power supply, i.e., R;,, R, and Zener 30 which provides 
the reference voltage, V”, the voltage supplied to the 
tube 16 is self-regulating and all that is required when a 
tube is replaced in the ?eld is that an amplifier and a 
current source be provided for operation of the tube. 
No adjustments are required during the installation of 
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the tube. This results in reduced labor cost and‘ also 
provides a more accurate discharge tube voltage than 
possible with manual adjustment in the ?eld. All the ad 
vantages of an integral ampli?er approach (combined 
power supply and tube) are achieved and at the same 
time the disadvantages usually associated with a 
separable ampli?er are eliminated. 

FIG. 3 is similar to FIG. 2 with the exception that an 
additional variable resistance 34 is provided in bridge 
15. Since the output voltage is a function of the ratio of 

- Rb and R,,, by including the variable resistance 34 it is a 
simple matter to adjust the ratio of R, to R, while in the 
factory to provide the proper ratio. 

In some situations it is less desirable to provide all of 
the three controlable elements of the power supply 
within the discharge tube package, as, for example, 
when a less expensive or a less bulky traveling-wave 
tube package is required. Referring to FIG. 4, only the 
feedback resistance R,, is provided within the traveling 
wave tube package 14. The input resistance R, and the 
reference voltage source 12 are external to the travel 
ing~wave tube package 14. However, as long as the 
critical element or elements which are in the power 
supply are precisely the same value or precisely the 
same ratio of values, the critical element or elements in 
the tube package can be adjusted to match the tube to 
all power supplies. 

FIG. 5 is similar to FIG. 2 except that an additional 
power stage is provided, including a direct current 
source or battery 36 and transistor 38. Additionally, 
ampli?er 10 is of the type characterized as a dif 
ferential ampli?er. A resistance R2 is provided exter 
nally of the traveling-wave tube package 14 as a part of 
the current supply required to maintain Zener diode 30 
in the breakdown condition. 
The embodiment shown in FIG. 6 is identical with 

that in FIG. 5 with the exception that resistor R2 is also 
included within the traveling-wave tube package 14. 

FIG. 7 is identical with FIG. 5 except that Zener 
diode 30 is included with the externally provided por 
tion of the power supply rather than within the travel 
ing-wave tube package. This arrangement requires a 
precise value for the Zener diode for complete in 
terchangeability. 

While the present invention has been described 
above in suf?cient detail to enable a person skilled in 
the art to practice the invention, by way of further illus 
tration the component values used for a typical circuit 
illustrated in FIG. 3 are listed in the following table. 

TABLE I 

Zener diode 30 IN 4773 A having a 
breakdown voltage of 
9.1 volts 

R, 12 m!) 
R, 39.8 m 
Resistor 34 15 K9 
Ampli?er l0 RCA CA 3033A plus 

additional ampli?cation 
stages to handle high 
voltage output. 

Although the foregoing invention has been described 
in some detail by way of illustration and example for 
purposes of clarity of understanding, it is understood 
that certain changes and modifications‘ may be prac 
ticed within the spirit of the invention as limited only by 
the scope of the appended claims. 
What is claimed is: 
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6 
l. A traveling-wave tube assembly having voltage 

control for use with an associated remote power supply 
having a high gain ampli?er providing suf?cient volt 
ages for the electrodes of the traveling-wave tube com 
prising: 
a tube package housing; 
a vacuum envelope located within said housing; 
a beam generating assembly for generating and pro 

jecting a beam of electrons from one position 
. within said envelope to another position therein 
and including a cathode; 

a collector assembly located at said other position for 
collecting said beam of electrons, 

a slow-wave structure located between said positions 
for providing interaction between said beam and a 
radio frequency wave propagating along said slow 
wave structure; and 

circuit means connected to said tube package hous 
ing and remote from the power supply including at 
least part of a voltage regulation circuit comprising 
electronic components for operatively cooperating 
with the high gain amplifier for automatically 
establishing a predetermined voltage across said 
cathode and said collector assembly. 

2. A traveling-wave tube assembly as in claim 1 
wherein said voltage regulation circuit regulates exter 
nal high gain ampli?er and comprises an input im 
pedance, a reference voltage source for coupling to the 
input of said ampli?er through said input impedance, 
and a feedback impedance for connection between the 
input and output of said ampli?er. 

3. A traveling-wave tube assembly as in claim 2 
wherein said input'impedance, said reference voltage 
source and said feedback impedance are all connected 
to said tube package housing and remote from the 
power supply. 

4. A traveling-wave tube assembly of claim 3 wherein 
said predetermined voltage, V0,“, is determined by the 
equation: 

Vout : ref R_ 
a 

and wherein V,,,, is the voltage of said reference voltage 
source, Rb is the impedance of said feedback im 
pedance and R, is the impedance of said input im 
pedance. 

5. A traveling-wave tube assembly as in claim 2 
wherein at least one of said components consisting of 
said input impedance, said reference voltage source 
and said feedback impedance is included in said hous 
ing connected circuit means and the other of said com 
ponents have precise values. 

6. An electron discharge device having voltage con 
trol comprising: 
an electron discharge tube package housing; 
a vacuum envelope located within said housing; 
a beam generating assembly for generating and pro 

jecting a beam of electrons from one position 
within said envelope to another position therein 
and including a cathode; 

a collector assembly located at said other position for 
collecting said beam of electrons; 

at power supply remote from said housing and includ 
ing a high gain ampli?er; and, 
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circuitmeans connected to said tube package hous 
ing and remote from said power supply and includ 
ing at least part of a voltage regulation circuit com 
prising electronic component means for operative 
ly cooperating with said high gain ampli?er for au 
tomatically establishing a predetermined voltage 
across said cathode and said collector assembly. 

7. The electron discharge device of claim 6 wherein 
said voltage regulation circuit regulates said high gain 
amplifier and comprises an input impedance, a 
reference voltage source coupled to the input of said 
ampli?er and a feedback impedance connected 
between the input and output of said ampli?er. 

8. The electron discharge device of claim 7, wherein 
said input impedance, said reference voltage source 
and said feedback impedance are all included in said 
housing connected circuit means. 

9. The electron discharge device of claim 8, wherein 
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8 
said predetermined voltage, v,..., is detennined by the 
equation: ' 

Vout = Vruf F’ 
a 

and wherein V", is the voltage of said reference voltage 
source, R4, is the impedance of said feedback im 
pedance and R, is the impedance of said input im- _ 
pedance. 

10. The electron discharge device of claim 7, 
wherein at least one of said components consisting of _ 
said input impedance, said reference voltage source 
and said feedback impedance is included in said hous 
ing connected circuit means and the other of said com 
ponents have precise values. 

* * Ill * * 


