
2,283,568 May 19, 1942. R. s. oHL 
ULTRA-HIGH FREQUENCY SYSTEM 

_ 2 Sheets-Sheet 1 Filed June 18, 1940 

FIG. / 

FIG-.5 

INVENTOR 
R. S. OHL 





Patented May 19, 1942-’ 

UNITED STATE 

' 2,283,568’ 

s PATENT OFFICE ' 
2,283,568 ‘ 

ULTRA men FREQUENCY SYSTEM 
Russell S. 011], Little Silver, N. .I., assignor to 

Bell~ Telephone Laboratori es, Incorporated, 
New York, N. 'Y., a corporation of New York 
Application June 18, 1940, Serial No. 341,128 , 

(Cl. 1'i2—281) a 

2Claims. 

This invention relates to harmonic generators 
for ultra-high frequencies. More particularly, it 
relates to electronic harmonic generatorsoper 
ating above the upper knee of the saturation 
curve of the electronic device. 

It is‘anv object of the invention to provide a‘ 
source ‘of ultra-high frequency, the frequency of 
which may be conveniently controlled. - 
A further object is to obtain more favorable 

physical spacing between the elements of elec 
tronic harmonic generators for ultra-high fre 
quencies. 
Another object of the invention is to provide 

electronic harmonic generators for ultra-high 
frequencies having increased service life. 
Other and. further objects will becomeap 

, parent during the course of the following descrip 
tion and from the appended claims. 
The invention teaches the generation of‘ har 

monics by a multielement electronic tube biased 
beyond the upper knee of its saturation curve. 
At lower frequencies it has been the practice to 
operate electronic harmonic generators on the 
lower knee of the saturation curve to avoid the 
use of the higher voltage which would be re 
quired to operate on the upper knee of the curve 
and also to avoid the diillculty of dissipating 
more power. Under the altered conditions en 
countered at ultra-high frequencies it has been 
found advantageous to employ higher voltage and 
to operate the anode at higher temperature. 

Since the transit time of the electron current 
and the behavior of the cathode normally be 
come dominant factors as the frequency in 
creases, this invention extends the normal op 
erating: limits with respect to these factors by 
increasing the bias of the anode substantially 
above the value required fonsaturation and by 
operating the anode at a higher temperature. 
The transit time of the electron current is there 
by substantially reduced, greater physical spac 
ing between the elements of the electronic de 
vice may-thereby be employed, the device may 
be operated as a voltage saturated device and 
cathode heating means of extremely long oper 
ating life may be realized. To reduce the oper 
ating demands upon the heating element, this 
invention teaches, as a particular feature, the 
operation of the anode at the highest, rather 
than the lowest, practicable temperature and 
consequently the invention teaches the preven 
tion of heat radiation from the anode as con 
trasted with the addition of heat radiating ?ns, 
ef?cient heat radiating surfaces and other simi 
lar features of prior art electronic tube anodes 
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and control elements. From one aspect, there 
fore, the invention teaches that by reversing a- 1 
number of concepts of electronic tube design and 
operation, to which those skilled win the art have 
rigidly and universally adhered in lower frequen 
cy systems, distinct advantages-may be realized 
at ultra-high frequencies. " _ 

' The invention will be more readily understood 
in connection with the following analysis and 
the description of illustrative embodiments of 
the invention, given hereinafter, together, with 
the accompanying drawingsin which: . 

Fig. 1 illustrates diagrammatically a diode vac 
uum tube and associated electrical circuits suit 
able for practicing the invention; - 

Figs. 2A to 2D, inclusive, show wave form’ 
curves which will be employed in explaining the 
operation of systems of the invention; 

Fig. 3 shows saturation curves for two cath 
ode temperatures of an electronic tube; I ~ ‘ 

Fig. 4 shows the relation between potential 
difference, electrode spacing and frequency for 
limiting conditions of operation; and 

Fig. 5 illustrates diagrammatically the com 
bination of a diode vacuum tube of‘ the inven 
tion, a tubular emitter and a lens, vcapable of 
‘employing the principles of the invention to ad 
vantage. 
When diodes are to be used as detectors or 

harmonic generators, the transit time of the elec 
tron current and the behavior of the cathode 
become the dominant facters as the frequency 
is increased. The transit time in a diode which 
has close cathode-anode spacing is expressible by 

d 
= v _8—_—_ t 3.36X10 4E seconds I (1) 

where t is the transit time in seconds. E_ the 
voltage in common units and d is the electrode 
separation in centimeters.‘ 

- When an alternating potential is impressed 
across a diode, current flows only for one-half ’ 
a period and it is known from experience withv 
magnetrons" and various forms of diodes that if 
the transit time is about one-tenth as long as 
the half period of theimpresse'd wave, the diode‘ 
performs very nearly as though the transit time 
had no in?uence upon its operation. Using this 
as an approximation of the usual operating con 
dition to be desired, Equation 1 can be rewritten 
so that values of E, and d may readily be cal 
culated for which satisfactory operation can be - 
obtained for any transit time, however short. 

z,=a36><1o~"‘T""1_72 -' (2) 



Sometimes it is convenient to express this re- _ 
lation in terms of voltage gradient (abbreviated 
v. gd.) instead of absolute volts as ' - 

(3) 

The reasonfor expressing Equation 3 in terms ‘ 
of the voltage gradient arises from the fact that 
as the frequency becomes very high the distance 
becomes very small, with the result that the volt 
age gradient can reach values of nearly 106 volts 
per centimeter, whereupon cold discharges will 
occur and may damage certain types of cathodes. 
The original expression fort can be rearranged 

so that if t is comparable to a half period, 2t_ is 
comparable to a full period and this in turn is 
expressible in terms of wave-length by multiply— 
ing by the velocity of light. 

The value of x in Equation 4 expresses a con 
dition under which the diode will just be inopera- ‘ 
ble. If we multiply the wave-length by 10 as 
suggested above in connection with Equation 1, 
we then obtain a value which represents a usual 
operating condition to be desired and can be 
expressed as 

d 

By way of illustration, Fig. 4 of the drawings 
shows a plot of Equation 5 for two voltage gradi 
ents, one of 410 volts per centimeter and the 
other of 41,000 volts per centimeter. These in 
dicate the values-of the voltages with which prac 
tical systems are concerned and the dimensions 
of the inter-element spacings when a diode is to 
be used at a particular desired short Wave-length. 
By way of examplasuppose a diode for operation 
at 10 centimeters is desired. One can be chosen 
having a spacing of 10-4 centimeters and a volt 
age gradient of about 410 volts per centimeter 
may_ be employed or one having a spacing of 10-2 
centimeters may be chosen and a voltage gradi 
ent of 41,000 volts per centimeter may be em 
ployed. If the ?rst choice is taken, the actual 
voltage to be used will be about 4.1><10—2 volts 
while with the second choice the voltage will be 
4.1><10-2. Obviously, for radio receiver pur 
poses, neither of these combinations yields rea 
sonable values. ' 

It is, however, practically possible to construct 
a diode having a cathode-anode spacing of 
5 x10‘3 centimeters (.002 inch) and this would 
require a potential of 100 volts yielding a poten 
tial gradient of 20,000 volts per centimeter. This 
potential gradient will not produce a cold dis 
charge and from experience it is known that 
with a voltage gradient of 2X 104 volts per centi 
meter and a spacing of 5><10-:l centimeters the 
electron current will not be limited by space 
charge but by electron emission saturation. An 
estimate of the current density which would be 
required for space charge current limitation can 
be readily calculated from 

d cm. 

- 3/2 

1‘ = 2.34 x 104% (6) 

for large ?at surfaces where X is the distance 
between plates in centimeters and the current 
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is given in amperes per square centimeter. For a 75 

distance of 5><10—3 centimeters and a potential 
of 100 volts, the current density would have to be > 
about 94 amperes per square centimeter for space 
charge saturation. There are no known thermi 
onic emitters which will provide such current 
densities, therefore, such a tube must be operated 
as a voltage saturated device. 

of the heating element may be greatly increased. 
An emitter of the pure metaltype, such as tung 
sten, tantalum, or columbium, is necessary. The‘ 
.use of oxide coated emitters is not practicable 
because the cathode-anode spacing is so small 
that coatings of su?icient uniformity are ex 
tremely hard to manufacture. Furthermore, the 
coated emitters have very short life when oper 
ated out of space charge-and in addition they 
do not have a good voltage cut-o?, which, ob 
viously, is needed in this type of device. 

In more detail in Fig. 1 of the drawings is 
shown one type of structure suitable for a close 
ly spaced diode, operating out of space charge. 
A thimble o'f tantalum or columbium I5 is used as 
a cathode. It is heated by an incandescent 
tungsten wire I6 enclosed within it. The anode 
I‘! is so designed that it becomes hot from the 
cathode. Its exterior surfaces should be highly 
polished to reduce radiation of heat to a mini 
mum. In extreme cases ‘a jacket of material 
which is a non-conductor of heat can be placed 
around the outer‘ surfaces of the anode. The 
object isv to reduce the heat radiation required 
from the cathode. This is very desirable, since 
the temperature of a tantalum or columbium 
cathode must be very high to provide suf?cient 
thermionic current. The close spacing is main 
tained by means of accurately ground quartz in 
sulators II and I2 which are spun into-the ends 
of anode l1. Expansion of the cathode is allowed 
by a sliding action of the cathode extension sleeve 
in the insulator I I. A cathode lead 8 is taken 
through seal 28 of the opposite end of glass'en 
velope I9 from the heater leads 9. An anode 
lead 1 is brought through a‘ seal in the side of 
envelope l9. Projection 25 indicates the seal 
formed in closing the envelope when the evacua 
tion process had been completed. Anyone skilled 
in the art of vacuum tube design can readily vary 
the details of this speci?c design without depart 
ing from the principles involved. The important 
features are that satisfactory means be provided 
to accurately obtain and maintain the neces 
sary close spacing between the anode and cath 
ode with extremely low loss insulators so that 
the impedance at ultra-high frequencies will 
remain large and that heat radiation from the 
anode be reduced to a minimum as above men 
tioned. 

Fig. 1 also shows a schematic circuit arrange 
ment for the use of the diode in the detection, 
frequency conversion, or harmonic production of 
ultra-high frequency signals. Generator 26 fur 
nishes power through conductors 9 for. the heater 
element l8. Generator 24 is an ultra-high fre 
qency source and may be a source of signals to _ 
be detected or a crystal controlled oscillator from‘ 
which still higher frequency harmonics are to 
be generated, etc.’ 
An anti-resonant circuit, comprising induct 

ance 2| and adjustable capacity 20, is employed 
to tune the anode-cathode circuit to a particu 
lar frequency, for example, a harmonic of gener 
ator 24. Battery 22 provides a suitable bias for 
the particular function to be performed andca 

Consequently, by ' 
judicious design, relatively low values of heater _ 
current may be employed and the operating'life ‘ 
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pacity 23 by-passes ultra-high frequency around 
battery 22. . 

If a sinusoidal potential such as is illustrated 
,by curve 43in Fig. 2A be impressed on the diode ._ v 
by the generator 24 and it is assumed that the 5 
battery 22 has, for the moment, a zero poten 
tial, then at the beginning of each cycle a low 
voltage will be'appiied to the cathode and cur 
rent will increase gradually for a short time and 
then it will suddenly increase to a maximum 10 
limited only by the temperature of saturation of 
the emitter. Thus a substantially‘ square-topped 
wave, as illustrated by curves 42 in'Fig. 23, will 
tend to be produced. This wave form would be 
ine?icient for use in a harmonic producer or in a 15 
frequency converter, but it would be useful as a 

' recti?er-detector except for the 'fact that each 
unit would need to be individually calibrated 
since I the output would not be exponentially 
proportional to the signal yoltage. . _ 
In order to overcome these objections the bat 

tery 22 is placed in the circuit. and its voltage is 
made su?lcient to bias the tube to temperature 
saturation of the cathode. The recti?er current 
thentakes the form shown by curve 44 in Fig. 25 
2C. This is similar‘to the envelope of a recti?er‘ 
current which could be obtained if- a low fre 
quency were used without a biasing potential, ex 
cepting that it is inverted. This type of curve is 
satisfactory for recti?cation and frequency con- ‘30, 
version purposes, the potential 22 being adjusted 
to provide pulses substantially one-half wave 
length long, as indicated by the solid line curve 
46 in Fig. 2D where the dotted line curve 48 rep 
resents the desired harmonic frequency. 
In Fig. 3 are shown the static characteristics 

50 and 52 obtained from a typical‘diode for two 
different cathode. temperatures. When it is de 
sired to use such a tube as a frequency conver 
t'er,'in accordance with this invention it is biased 40 
at least to the upper knee of the curve as indi 
cated by E1 for curve 52, and E: for curve 50. 
Should it be desired to produce a particular har 

' monic then the bias potential is increased to 
some value Ea such that the peak width of the 45 
depressed direct current (as shown by curves 

46 and 48 in Fig. 2D) is substantially the same width as a half period of the harmonic wanted.‘ 

Alternatively, it is obvious from the curves of 
Fig. 3 that adjustment of the peak width can 50 
also be effected by changing the ?lament tem 
perature. In general the latter mode of ‘adjust 
ment will usually be employed only to supplement 
that effected by changing the bias voltage. The 
bias voltage will‘ normally be of such value that a 55 
relatively low cathode temperature will be re 
quired and the life of the heater element will 
thereby be substantially increased. Increasing 
the bias not only permits the selection of the 
particular harmonic desired but also has the 
highly desirable effect of decreasing the electron 
transit time, as mentioned above. This makes 
possible an increase in the cathode-anode spac 
ing and at ultra-high frequencies makes it pos 
sible to construct tubes of physically practicable 65 
dimensions. Stated in other words, if the tube ‘ 
were to be operated with the relatively low bias 
required to bias it to the lower knee of the sat 
uration curve, as taught in the prior art, an im-4 
practicably small cathode-anode spacing would 7 
be necessary at ‘ultra-high vfrequencies to keep 
the electron transit time su?iciently short for 
satisfactory operation. . ~ ' 

In Fig. 5 an arrangement of apparatus iilus- . 
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invention is shown, which can be used for gen 
erating, for example, iii-centimeter waves from 
a -30-centimeter source, and emitting a highly 

Mdirective beam of energy of IO-centimeter wave 
length. The battery 29 furnishes heaterpower 
through concentric conductor pairs 6i and 62, 
the battery 34 anode potential, the generator 32 
a 30-centimeter signal to coupling loop 30 and 
the plunger 21 is adiusted'to resonate the cham- ' 
ber of tube 35 at the third harmonic, or 10 centi 
meters. Handle 31 is preferably of insulating 
material and metallic disc 39, rigidly a?ixed to 
the right end of handle 31, is insulated preferably 
by a mica washer 36, from plunger 21,, and con 
nected by a sliding metallic connecting sleeve 63 
to lead 64, the capacity between disc 33 and 
plunger 21 furnishing a by-pass path for radio 
‘frequency currents around the battery 34. Ap 

- propriate channelsand slots are provided in han 
dle 31 for the [passage of the anode lead 64 to 
battery 3.4;.,:_I,'he...anode-cathode circuit may be 
completed by a cathode lead 66, shown dotted, ' 
connecting to tube '35 or, inthe present instance, 
it may be completed by member 60, which serves 
van additional function as described below. The 
lens 33 produces a beam directive from the open 
end of tube 35, in only onedirection, i. e., to the 
right along the axis-of the tube 35. 'Lens 33 may 
be made of any of the materials well known to 
the art, such, for example, as beeswax, suitable 
for focussing electromagnetic waves. Concentric 
conductor GI and projection 3| of tube 85 are 

_ short-circuited by member 60 at a distance from 
tube 36 such that a high impedance is presented 
‘to the energy generated within tube‘35. " 

> The general arrangements of the invention 
obviously form advantageous bases for generat 

‘ ing crystal controlled signals of appreciable 
power, of the order of watts, in the centimeter . 
region. They are also the necessary key to the 
production of e?icient double detection receivers 
in this wave-length region.~ A particular ad-‘ 
vantage is that the fundamental frequency can 
‘be made relatively low in frequency so that 
it-can conveniently be subjected to precise fre 
quency control by a quartz crystal or by tank 
circuits of the type, for example, shown in 

' ,U. S. Patent 2,030,178 issued February 11, 1936, \ 
. ton} K. Potter, and the harmonics derived there 
from will then be endowed with a like precision 
of‘ frequency‘ control. Furthermore, the higher 
the order of the harmonic employed, the higher 

’ the voltage bias, the shorter the electron transit 
time and the greater the permissible cathode 
anode spacing which may be employed for a 
given ultra-high frequency. The general lim 
itations which should be observed have been dis 

I cussed above. ' 

Numerous applications of the principles of 
the invention will occur to those skilled in the 
art. For example, triodes and other more com 
plex electronic vacuum tube devices may ob 
viously employ vthe principles of the invention ' 
to advantage at ultra-high frequencies, the diode 
being hereinabove employed as an illustrative ' 
embodiment principally to avoid complexity 
and possible confusion. No attempt has here 
been made to exhaustively cover such applica 
tions. The scope of the ‘invention is de?ned 
in the following claims. 

' What is claimed is: 
L'In'an ultra-high frequency system a pre- ' 

cision controlled high frequency generator and 
_ -‘ means for deriving therefrom a fre enc her 
trative of one mode of employing a- device of the 75 qu y m than anywhich may be produced by such a gen. 
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erator, said means including an electronic har 
monic generator having a cathode and an anode, 
a resonant circuit tuned to the higher frequency 
and a source of direct current bias, said resof 
nant circuit and said source of'bias being con 
nected electrically in series with the ?rst stated 
high frequency generator, the said series com 
bination of resonant circuit, source of bias and 
high frequency generator being connected elec 
trically in the cathode-anode circuit of said elec 
tronic harmonic generator, the said source of 
bias being poled and proportioned to bias said 
electronic generator beyond the upper knee of 
its saturation curve to an extent such that each 
negative cycle of said ?rst stated generator pro 
duces a pulse of current in said cathode-anode 
circuit of the duration required for a half cycle 
of said higher frequency. 

10 

2. In an ultra-high frequency electrical sys-' 

tem, a source of high frequency oscillations,- an 
electronic vacuum tube, having a cathode and 
an anode, a source of direct current voltage, 
said source of high frequency oscillations and 
said source of direct current voltage being con 
nected electrically in series in the cathode-anode 
circuit of said electronic vacuum tube, the said 
source of voltage being poled and proportioned, 
with respect to the amplitude of the oscillations 
of said high frequency source, to bias said vac 
uum tube beyond the upper knee of its satura 
tion curve to an extent such that each negative @ 
half cycle of said source of oscillations produces 
a pulsation of the-current in said cathode-anode 
circuit of only the duration required for a half 
cycle of a particular predetermined ultra-high 
frequency. 

' ' ' RUSSELL S. OHL. 


