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- 7 2,523,287 ' _ ‘ ' 

"VOLTAGE REGULATOR 
Herbert Friedman, Arlington, Va. 

Application November 21, 1947, Serial No. 787,263 

(01. 250_27.5) ' 

(Granted under the act of March 3, 1883, as 
,1928; 3700. G. 757) 

5 Claims. 

amended April 30, 

This invention relates to voltage regulation in 
general and to a novel voltage regulator tube in 
particular. 
vWith greater particularity, the present inven 

tion provides regulation of high voltages'b'y means 
of a gas ?lled diode comprising a pair of cylin 
drical or generally cylindrical electrodes spatially 
arranged in coaxial relation and sealed at their 
adjacent ends to provide a gastight chamber. 
This chamber is ?lled with a diatomic or mon 
atomic gas whichever is preferred. The pressure 
of the gas ?lling and the radial dimensions of 
the tube electrodes are predetermined in accord 
ance with the magnitude of the voltage to be 
regulated. ' 

In applications having low current consump 
tion, the diode is used in connection with a simple 
series voltage dropping resistance element. In 
applications having high current consumption 
the tube is employed as a means for obtaining a 
reference potential for control of a series type 

tion the tube is designed to operate in a con?ned 
region of its voltage-current characteristic, known 
to the art as the “corona discharge region.” 
Speci?cally this region is de?ned as that portion 
of the voltage-current characteristic where a self 
sustaining discharge occurs. 

10 

15 

20 

In either applica- ' 
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It is accordingly an object of this invention to 
provide a new and simple gas tube for voltage 
regulation. 

It is another object of this invention to provide 
regulation of voltages up to or exceeding 40 kilo 
volts in magnitude. 

It is another object of this invention to pro 
vide a corona discharge voltage regulator tube. 
Other and more speci?c objects of this inven 

tion will become apparent upon a careful con 
sideration of the following detailed description 
when taken together with the accompanying 
drawings, in which: ' 

. Fig. 1 is a simpli?ed longitudinal sectional 
‘view of one exemplary embodiment of the inven 
"tion, 

Figs. 2 and 3 illustrate, in circuit diagram form, 
‘two types of regulator circuits \useable in prac 
ticing the teachings of this invention, 

Fig. 4 is a simpli?ed longitudinal sectional View 
‘of an alternate embodiment of this invention, 
and 

Figs. 5 through 8 show a series of graphs use 
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ful in representing certain qualities and opera-' 
'tional characteristics of the invention. 

Referring now to Fig. 1 there is illustrated in 
cross section, a corona regulator tube it con 

. '2 

st'ructed in accordance with the teachings of the 
invention. As exempli?ed, the tube comprises 
only two electrodes; an outer cathode cylinder 
H made from any suitable metal such as stain 
less steel, copper. or etc., and an inner coaxial 
anode cylinder I2 also made of any suitable metal. 
The electrodes ‘are sealed at their adjacent ends 
by means of glass insulating caps l3 and 14 or 
the like to form a gastight chamber between the 
electrodes. This chamber is ?lled to a predeter 
mined pressure with any suitable gas later to be 
described. Attached to the anode cylinder l2 at 
one end thereof to provide an electrical connec 
tion thereto is a flexible lead t5. 
As aforementioned, ‘regulation of high voltages 

by the diode tube of the invention is accom 
plished by operating the tube in the corona dis 
charge region of its voltage-current charactere 
istic. A coronadischarge is self-maintained by 
photoelectric ionization or electrons emitted at 
the cathode by photons or positive ion impact 
and its existence is evidenced by a luminous or 
positive ion sheath formed about the anode 
cylinder. ' 

In the construction of the tube and for pur-l , 
poses of obtaining a suitable corona character 
istic, there exists a certain well de?ned geometri 
cal limit on the ratio of electrode radii. In par 
ticular this geometrical limit arises by virtue of 
the fact that when a corona discharge occurs 
the positive ion sheath formed about the anode 
cylinder increases the effective radius thereof. 
If this increase in radius increases the ?eld in 
tensity at the cathode then the tube will pass di 
rectly into a disruptive or glow discharge. If, 
however, the increase in anode radius decreases 
the ?eld intensity at the cathode then the con 
dition for a corona discharge is ful?lled. In gen 
eral it has been ascertained that for the realiza 
tion of a suitable corona discharge characteristic 
the ratio of cathode radius to anode radius must 
not be less than e, the Napierian logarithm base. 
The voltage-current characteristic of a typical 

embodiment of this invention is illustrated in 
Fig. 5 to which reference is now had. For pur 
poses of illustration the curve shown herein is 
directed to the corona characteristic of a speci?c 
diode ?lled with hydrogen gas and having a 
cathode radius of .5 centimeter and an anode 
radius of .005 centimeter. As will be noted from 
the curve slight changes in applied voltage pro 
duce large changes in current thus indicating -. 
that the tube possesses a positive resistance well 
suited for voltage regulator applications.- The 
potential point denoted as View on the curve is, 



' 100 megohms. 

, tion of gas. 
‘ ?ring voltagefcan be altered to a certain extent 
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indicative of the inception of corona discharge. 
Applied voltages below this value produce non 
self-sustaining discharges which can only be 
maintained by the use of an external ionizing 
source. The reciprocal of the slope of this curve 
is representative of the corona resistance, Rc, of 
the tube. Accordingly, when the tube is used 

i in the circuit of Fig. 2 then the voltage stabiliza~ 
tion ratio, given by the ratio of Ave to AVz'n, or > 

AVO _ 

AVz'n_R..+RB . 

where R5 is the series voltage dropping resistance. 
The corona resistance per unit length of the tube 
is dependent on pressure, and positive ion mo 
bility of gas, and electrode dimensions. To mini 
mize Re, a gas should be selected which produces 
the required ?ring voltage at a relatively low 
pressure, and has a high positive ion mobility. 
For high voltage application, hydrogen offers 
what at present is deemed to be the best com 
bination of mobility and starting voltage versus 
gas pressure characteristic. Air, however, is al 
most ‘as effective because its higher starting volt 
age compensates to a great extent for the lower 
ionic mobility. Helium, neon and mixtures of 
rare gases with hydrogen are effective in the 
lower voltage ranges. 

Neglecting space charge distortion, and as 
sumingrthe anode radius Ta, small in comparison _ 
to cathode radius Tc then to a ?rst approximation 
the, corona resistance per unit length of tube is 
known to approximate 

prc Q 
2KV10g r, 

where. p denotes gas pressure, K is the electron 
mean free path at unit pressure and V is the 
applied voltage. Accordingly, for a given cath 
ode radius, Tc, the larger the anode Ta, the smaller 
the. value of corona resistance Re. It being 
understood, of course, that this condition prevails 
only so long as Ta is kept small in comparison to 
To, and does not exceed the herein above geo 
‘metrical limitas to the ratio of these two values. 
Since RC is representative of the corona resistance 
‘per unit length, it follows that increasing the 
length of the tube reduces the corona resistance. 
Alternatively, a number of short discharge tubes 
may be. combined in parallel relation and en 
closed in a single envelope. 
The manner in which gas pressure and ratio 

of electrode radii effects the regulated voltage 
obtainable from a circuit such as that shown in 
Fig. 2 is illustrated in Fig. 6. In this ?gure, three 
sets of’ curves are drawn; one set for each of 
three different gases, helium, argon and hydro 
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gen. The abscissa is plotted in terms of kilovolts 
of regulated potential and the ordinate in centi 
meters of gas pressure.v The length of the tube 
and the cathode radius are ?xed at 10 centi 
meters and one centimeter respectively. The 
series voltage dropping resistance Re is ?xed at 

In each of the three sets of curves 
the solid curve is representative of an anode 
radius of .038 centimeter and the dotted curve is 
representative of an anode radius of .3175 centi- 1 

, meter. From this ?gure it is apparent that the 
corona ?ring voltage for a given‘ tube not only 
varies with gas pressure, but also with the selec-. 

It is also apparent that the corona 

by altering the ratio electrode radii. 
A similar set of curves drawn to represent regu 

lated voltage versus gas pressure for two gases, 
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4 
hydrogen and air is shown in Fig. 7. In this case 
the cathode diameter and length was ?xed at 
three inches and 2,0 inches respectively. The 
solid curve of each set is representative of an 
anode diameter of one quarter inch, and the 
dotted curve is representative of an anode di 
ameter of '§%". Again it is apparent that’ in 
creasing the gas pressurev increases the ?ring 
voltage. Also that the ?ring voltage for air at a 
given pressure is greater than hydrogen, and 
hence greater than argon and helium. , 
The manner in which the voltage regulation 

characteristic of the circuit of Fig. 2 varies with 
electrode dimensions and types of ?lling gas is 
shown in Fig. 8 to which reference is now had. 
Curves shown in this ?gure are plotted as out 
put voltage versus input voltage for several dif 
ferent gases, hydrogen, ‘argon, helium, and air, 
and anode radii. In the circuit, the series volt 
age dropping resistance was ?xed at 10 megohms 
and the cathode radius ?xed at .5 centimeter. 
The solid curves are representative of the voltage 
regulation characteristic with the anode radius 
?xed at .0025 centimeter and the type of ?lling 
gas changed as indicated. Similarly, the dashed 
curves are representative of the regulation char 
acteristics obtainable using a larger anode radius 
of .0125 centimeter. And ?nally the dotted curves 
are representative of the voltage regulation char 
acteristic obtainable using a still larger anode 
radius of .054 centimeter. As will be noted from 
this ?gure, the regulation improves with larger 
anode radius or larger ratios of anode radius to 
cathode radius—irrespective of the gas ?lling. 
Moreover, that the regulation obtainable with 
hydrogen or air is nearly the same. Air being 
favored at the higher voltages due to its higher 
breakdown potentials. 

In, a specific example a tube constructed ac 
cording to the teachings of the invention, com 
prises a cathode electrode made of copper 2.54 
centimeterslin diameter and ten centimeters long. ‘ 
The anode consisted of a stainless steel tube 6.4 
millimeters in diameter. The electrodes were 

“ sealed at their ends by hard glass end ‘caps, and 
the ?lling gas was hydrogen. Changing the gas 
pressure shifted the regulated voltage between 
360 volts at less than one centimeter pressure to 
9000. volts at one atmosphere pressure. The lower 
voltage limit of this tube was reduced to approxi 
mately 250 volts by using helium. From the fore 
going. it becomes apparent that the ?ring poten 
tial or regulated voltage is in large a function of 
gas pressure. Thus by providing a tube with 
means, such as, the Sylphon bellows 20 as shown 
in Fig. 4, for adjusting the gas pressure, the ?r 
ingf potential can be changed accordingly. In 
this embodiment the tube is closed at one end 
by. a‘ glass seal 2! and at the other end by'a 
bellows 20. As exempli?ed, the anode cylinder 
l2 is, rigid and is terminated at its'free end in 
a glass insulating head 22. The cathode cylinder 
l l is flanged at one end 23‘ to receive the bellows 
20, thesame being sealed thereto to provide a 
gastight connection. The other end of the bel 
lows 29 is terminated in a gastight seal to end 
plate, 24 which is carried by a plurality of guide 
rods ,27. Guide. rods 27 are bolted or otherwise 
secured at one end to the, ?anged end 23 of the 
cathode cylinder and similarly secured to support 

, 28 at their other end. The bellows end plate 24 
' is provided with a series of pilot holes 35 for slide 
ably receiving the guide rods 2's’. The longitudi 
nal positioning of the bellows end plate 24 is con 
trolled from a screw member 30 which is adapted 
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to engage the threads of an internally threaded 
aperture cut in support 28. Turning screw 30 
compresses or expands bellows 20 to thereby 
change the pressure of the gas in the tube and 
hence the ?ring voltage thereof. 
The diode regulator tube provided by this in 

vention is well suited for types of regulator cir 
cuits other than that shown in Fig. 2. For ex 
ample, the diode may be employed as a means 
for obtaining a reference potential as illustrated 
in Fig. 3. In this application, a series hard tube 
40 is used as a variable impedance and the diode 
l0 as a source of reference potential for the grid 
of the hard tube. Diode ID operates to inversely 
vary the conductivity of the hard tube with varia 
tions in output voltage. This regulator circuit 
is particularly advantageous for high current 
loads. Other modi?cations and variations can 
of course be made in the present invention with 
out exceeding the spirit thereof. Accordingly, 
although I have shown only certain and speci?c 
embodiments of the inventon it must be under 
stood that I am fully aware that there are many 
other modi?cations possible thereof. 
The invention described herein may be manu 

factured and used by or for the Government of 
the United States of America for governmental 
purposes without the payment of any royalties 
thereon or therefor. 
What is claimed is: 
1. A diode voltage stabilizing tube; compris 

ing an outer cylindrical non-thermionic cathode 
electrode and an inner cylindrical anode elec 
trode coaxially disposed within said outer elec 
trode providing an annular space therebetween, 
the ratio of said cathode radius to said anode 
radius being only slightly greater than the 
Napierian logarithm base, a gaseous medium 
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?lling said space to a predetermined pressure ' 
operative to produce a self-sustaining corona 
discharge within the tube at a desired operating 
voltage. 

2. A diode voltage stabilizing tube; compris 
ing an outer cylindrical non-thermionic cathode 
electrode and an inner cylindrical anode elec 
trode coaxially disposed within said outer elec 
trode providing an annular space therebetween, 
the ratio of said cathode radius to said anode 
radius being only slightly greater than the 
Napierian logarithm base, a body of air ?lling 
said space to a pressure operative to produce a 
self-sustaining corona discharge at the desired 
operating voltage. 

3. A diode voltage regulator tube comprising, 
a pair of spatially disposed non-thermionic elec 
trodes one of which surrounds the other and has 
a radius of curvature approximately three times 
greater than the other, said one of said elec 
trodes serving as the cathode of said tube and 
the other as the anode of the tube, and a gaseous 

45 

50 

55 

60 

6 
medium ?lling the space between said electrodes 
to a predetermined pressure, said pressure being 
characterized by the production of corona dis~ 
charge between said electrodes at the desired 
operating voltage. 

4. A diode voltage regulator tube comprising, 
a pair of non-thermionic cylindrical electrodes 
one coaxially surrounding the other and having 
a radius of curvature approximately three times 
greater than the other, insulating plugs seal 
ing said electrodes together at their adjacent 
ends thereby providing a gastight chamber there 
between, and a gaseous medium ?lling said cham 
ber to a predetermined pressure, said pressure 
being characterized by the production of a self~ 
sustaining corona discharge between said elec 
trodes at the desired operating voltage. 

5. A diode, voltage regulator tube comprising, 
a pair of spatially disposed non-thermionic 
cylindrical electrodes one of which has a radius 
of curvature approximately three times greater 
than the other, said one of said electrodes serving 
as the cathode of said tube and the other as the 
anode of the vtube, and a body of air ?lling the 
space between said electrodes to a predetermined 
pressure, said pressure being characterized by 
the production of a self-sustaining corona dis 
charge between said electrodes at the desired 
operating voltage. 

HERBERT FRIEDMAN. 
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