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UNITED STATES
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PATENT OFFICE

2349011 R

' FREQUENCY CONTROL FOB ULTRA HIGH -
FREQUENCY DEVICES :

Rogers M. Smith, Ashland Terrace, N. J., assltnor
to Radio Corporation of America, a corporatlon

of Delaware

' Appllcation July 31, 1941, Seria,l No. 404 856
(CL 250—27)

N 9 Claims.

This invention relates to improvements in the
frequency controls for ultra high frequency de-

.vices and particularly to an ultra high frequency '

sécondarily emissive thermionic tube in which the
frequency characteristic is controlled by adjust-

ing the length of the electron pathis and hencev,

the electron transit time.

In conventional thermionic tubes operating at

. frequencies of the order of 100 megacycles per
second end downwardly throughout the lower fre-
quencies the transit time of the electrons passing
from cathode to ancde has a negligible effect on
the operating frequency. As the tubes are oper-
ated at frequencies of the order of 500 megacycles
. per second the effects of electron transit time be-
come appreciable, and ln fact act a,s a frequency
limiting factor.

While transit time acts as a limiting factor ln
conventional tubes operated at the lower fre-
quencies, the electron flight time in & tube qper-
ated at the higher frequencies may be used to
control the frequency, to control regeneration or
degeneration, to‘tompensate for circuit varia-
tions, and to provide multiple band operatic:.
Thus it is one of the objects of the instant in-
vention to provide means for utilizing the electron
transit time to control the operation of an ultra
high frequency device. An additional object is to
provide means for controlling the electron transit
time in a secondary emissive device thereby to
control its operation. Another object is to pro-
vide improved mesans in ‘an oscillatory circuit in-
cluding a secondary emissive device for controlling
frequency, regenération, circuit variations and
frequency response characteristic of the circuit.

The invention will be described by referring to
the accompanying drawings in which Fig. 1is a
schematic diegram of one embodiment of the in-
vention; Figs. 2, 3 and 4 are graphs illustrating
modes of operation; Fig. 5 is a schematic diagram
of 8 modification; and Figs. 6 and 7 are schematic
diagrams of push pull circuits embodying the in-
vention. Similar reference characters mdlca&e
similar elements in the drawings.

Referring to Fig., 1, within an evacuated en-

velope f are srrengéd: a heater 8, a cathode §,
a control grid 7, & screen grid 9, a pair of defiect-

ing electrodes i,

connected through an oscillatory circuit (8 to
ground. The oscillatory circuit {8 is coupled or
connected to a signal input source. The screen
gri¢ is connected to & B voltage source which is
not shown,

The deflecting electrodes I, 13 are connected

20

respectively, to the adjustable terminals of po-
tentiometers 21, 23. ‘The potentiometers are con--
nected, respectively, through resistors. 25, 21, or .
other suitable inputs for modulation voltages, to -

. ground. The modulation voltages will be herein-

after described.  The secondary emissive electrode '
is connected either directly or through an im-
pedance 29 to a positive terminal of the B volt- -
age sotirce. The anode I1 is connected through

an oscillatory circuit 3! to a positive terminal of

‘the B voltage source. The oscillatory circuit may
be coupled. directly or indirectly to an output or .

load circuit.

In the normal operatlon of the device electrons‘
released from the cathode 5 .travel slong curvi-.
linear paths 83 to the secondary emissive elec-
trode 15 on which the électrons impinge. The im-
pinging electrons release secondary electrons,
which travel to the anode 17 and hence through
the oscillatory circuit 3! where resonance estab-

“lishes oscillatory currents. It should be under-

stood that the amplitude of the electronic cur-

 rents variles 8s a function of the frequency of the -

23

applied signal potentials,

It has been discovered that when the oscillatory
circuits have been tuned to s period correspond-
ing to 500 megacycles, by way of example, and -

- the electron transit requires a period of the same
- order, variations in the electron transit time have

30

‘" more positive, the electrons take the longer path R
35

40

45

a reactive influence on the circuit.. The reactive
influence msay be readily controlled by changing
the potentials applied to either or both deflecting
electrodes (1, 3. Thus by making electrode

85, or il electrode {8 is more positive, the electrons
follow the shorter path 31.,. If the electron velocity
is constant, the path length determines the elec-
tron transit time snd thus the magnitude and
sense of the reactive effect. By way of example, a
4 percent voltage change in the outer deflecting
electrode 9 produced a frequency change of at
léast 0.25 megacycle at 500 megacycles and in
some frequency ranges 0.5 megacycle change ac-
companied & deﬂecting potential change of 2
percent. In these ranges calculations showed that -
the electron transit time appreached the period’

- of the operating frequency.

13, a secondary emissive elec- '
trode 5, and an anade 11. The control grid 7 is.

50

&6

‘The described method of operation may be used -
to change the response frequency of the circuit by
adjusting the potentiometers 21, 23 without
changing the pscillatory circuits. Furthermore;
as shown in Pig. 2, & modulation voltage of &
square wave form 38 may be applied to the re-
sistors 26 and/or 27 so that alternate frequency
responses are obteined,
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The one peak ll corresponds to modulation
voltage @ and the other peak 43 corresponds to

modulation voltage b. If desifed, the circuits 18
and 31 may be adjusted so that degeneration oc-

curs at the higher frequency and regeneration at

the lower frequency, as the modulation voltages'a _

and b are applied; as shown by the dashline 43.

By applying a sawtooth modulation wave a7
as shown in Fig. 8, the response curve may be

made: to move through & range of frequencies 10

as represented by a serles of response curves
49. If the sawiooth frequericy is very high, the

" resultant response will have a band pass char-

acteristic represented by the dash line®

Regeneration may be controlled by varylng the 15

impedance 28 to broaden or sharpen the {frequen-
cy response ¢f the device a» shown by the curves
§3,58, respectively, of Fig. 4.

One suitable cireuit for. contromng regenera-
tion is shown in Fiz. 5. 'The tuned ihput cir- gp
cult is represented as a quarter wave concentric .
line 57 to which the input signal is applied at .
- '@ suitable impedance point 88, The tuned out-
put circuit is also represented as a quarter wave
concentric line §! to which an ouiput lead €3
may be connected to the line 81 at an appropriate
impedance point.

The impedance or reeeneratlon control cir-
cuit consists of a half wave concentric line §B
to which the emissive electrode 18.is connected g
at @ chosen point 671 on the inner conductor.
The effect of moving the connection as & func-
tion*of the distance ¢ from the grounded ter-

. “minal of the Iine 65 is shown in Fig. 4. In this

connection the transit-time is first regulated, 35

\aﬁs previously described, to obtain:regeneration
"ih the eircuits and then the amount of regenera-
tion may be regulated by the point 67 at which
the -secondary " emissive electrode 1s connected. -

. The length’ I iz the factor determining the 40

amount of impedance Z which is included in the
emission electrode .circuit. It hag been found -
" that the frequency of the circult may also be
‘controlled most effectively by varying the im-

pedance Z. This effect has not been shown in 45
- for adjusting the frequency of at least one of said
‘circuits to correspond -approximately to the

Fig. 4

The insertion ‘of impedance in tﬁe secondary
. emissivé cireult makes it practical to employ &-
-push  pull output circult s= shown in ‘Fig. 6.

iIn this connection & half wave concentric line 50

71 is provided. The central portion of the inner
_ conductor includes a blocking capacitor 72 which
permits different potentials to be applied to the-
emissive electrode 15 and the anocde {7 by Way

. of leads T3 and T8, _respectively. The ends of 55

"the line may include variable capacitors 11 for
tuning the line. The output load may be applied
by tapping the Hne at a suitable impedance point
18. The push pull type of circuit has twice the

power output or the voltage 5 increased by the go

ratio +/2/1 where 1 is the voltage for a single
output circuit. -

"A modification of the pushpunclrclﬂtisshown:
in Pig. 7. In the modification the secondary
emissive electrode 15 and the anode {7 are con- .
. nected to the B source through quarter wave
- Hines 31, 83, respectively.  The terminals of a
halfwavennellureconnectedtopointson-
 the quarter wave lines 81, 83 at which the im-
_pedances of the several lines are appropriately
matched or transformed, if transformation. is
-desired. 'A blocking capacltorxl'l ig included In -
the inner conductor of the half wave line so
that different potentials may be applied to the

. ondary electron ‘emission.

- _effect on the device.

70
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- 81, 88 without the half wave line short cireuiting

the B voltage source, which is not shown. The
output may be.derived by tapping ‘the half wave
line. In the circuits of Figs. 6 and 7 the .poten-
tials of the deflecting electrodes may be ad-

justed or varied as described in connectlon with -

Pig. 1.
Thus the invention has been descrlbed as an
ultra high frequency device émploying a sec-

ondarily emissive electrode. ‘The input voltages:

control the electron stream and hence the sec-
The operating fre-
quency or period is chosen near the electron
transit time which is controlled by means in-
cluding deflecting electrodes. The electron

transit time has .a positive or negative reactive”
‘The reactive effects may

be employed to control the frequency, regen-
eration or response characteristic. While in the
prior art devices the secondary emissive electrode
was generally grounded for radlo freqyency po-
tentials, an impedance is included in the emis-
sive - electrode circult of the.instant invention.

This impedance may be used to control tuning

og -OF MAy be included in a push pull output cir-

cuit When the device is employed as an oscil-
lator it is preferable to include mutual coupling
of the proper sign between the input and output
circuits. Such mutual coupling is often present
in the ordinary wiring of the circuits, especially

; ‘when the bypassing is insufficient.

I claim as my invention: ’
1. An ultra high frequency device including a

put circuit, and an electron path; méans for ad-
justinig the period of gaid ‘circuits to correspond

approximately to the transit time required for
- electrons to travel said path; and means for vary-

ing the electron transit time so that' said elec-
trons have a reactive influence on said.device.
2. An ultra high, frequency device including. &

thermionic tube having an electron source and .
. & secondary emissive electrode, an input circuit

connected -to sald source, an output circuit and
.an electron path of controllable length; means

“transit time for electrons to travel sald path;

‘and means for adjusting sald path length so that
electrons travelling ssid adjusted path have a

reactive effect on sald device.

3. In an ultra high frequency devlee, the com- ..
" bination of a thermionic tube including an input °
_circuit, & source of electrons connected to aaid

input eircuit, & secondary emissive electrode,
means for deflecting elecirons from said source

"onto said emissive electrode, gn anode for col-

lecting electrons emitted .from said electrode, a
resonant circuit connected to said anode, and
means including said deflecting means for vary-

ing the length of the path travelled by electrons -
from sald source to said emissive electrode so that -

the reactive-influence of said electrons will vary
tl&f 1;.n'equency cha.racterlstic of ;am resonant cir-
c

© 4, In an ultr& high trequency device, the com-' -
bination of a thermioni¢ tube having & source

of electrons, & secondary emissive electrode, and

an anode electrode for. lgeeelvmg electrons from
said emissive electrode; s variable impedance
coanected to said seeondnry emissive electrode; &

" resonant circuit' connected to said anode; means

for electrons from said source onto

e,mdmeansmcludmzsalddeﬂect-

electrodes 18, 11 tlu-ouch the quarter wave, llnes 5 mfmeam for va:rylng the tramlt time of oho-

_ thermionic¢ tube having an input circuit, an out-
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trons travelling from said source to said emissive
electrode whereby they have a reactive influence
on-said resonant circuit. :

5. In an ultrs high frequency device, the com-
bination of a thermionic tube having a source of
electrons, a secondary emissive electrode, and

an anode electrode for receiving -electrons from’

said emissive electrode; an impedance connected
to said secondary emissive electrode, a resonant
circuit connected to said anode; means for de-
flecting electrons from.said source onto said elec-
trode; and means including said defiecting means
" for varying the transit time of electrons travel-
ling from said source to said emissive electrode
whereby they nave a reactive influence on said
resonant circuit and whereby said impedance
~ controls the response characteristic of said res-
conant circuit. . ©

8. In an ultrs high frequency device the com-
bination of & thermionic tube including a cath-
ode, control electrode, deflecting electrode, sec-
ondary emissive electrode, and an anode; an
input circuit including said cathode and control
electrode; & resonant output circuit effectively
connected in push-pull relation between said
emissive electrode and said anode; and means
including said deflecting electrode for adjusting
the transit time of electrons passing from said
cathode to said emissive elecfrode.

7. In an ultra high frequency device the com-
bination of & thermionic tube including a cath-
ode, control electrode, deflecting electrode, sec-
ondary - emissive electrode, and an anode; an
input circuit including said cathode and control

. electrode; a pair of quarter wave lines connected
respectively to said emissive electrode and to said
anode; a half wave line having its terminals re-

3.

spectively connected to sald quarter wave lines;
and means including said deflecting electrodes
for influencing reactively the currents in said
lines. : ’

‘5 8. The method of controlling the frequency re-
sponse characteristic of an ultra high frequenay
device including a thermionic tube having an
electron source, an input circuit connected to said -
source, and an output circuit which includes the

10 steps of emitting electrons, directing said elec-
trons to said output circuit, adjusting the periods
of said circuits so that they are of the order of
the time required for sald electrons to travel:
from said source to said output circuit, and

15 altering said electron travel time so that said
electrons have a reactive influence on the fre-
quency response characteristic of sald device. :

9, The method .of varying the frequency char-
acteristic of an ultra high frequency device in-
a9 cluding an Input circuit, an oscillatory output
circuit, @ cathode, a secondary emissive electrode,

a deflecting electrode and an anode, which in-
cludes the steps of emitting electrons from sald
cathode, deflecting said electrons on said emissive

28 electrode, collecting on said anode secondary
electrons emitted by said emissive electrode,.
applying to said oscillatory circuit the currents
corresponding to said collected electrons, ad-
justing the periods of both of sald circuits to -

30 correspond approximately with the time required
for the cathode emitted electrons to said emissive
electrode and hence to said anode, and there-
after applying potentials to said deflecting elec-
trodes to establish reactive influences on sald

38 oscillatory circuit. .
. . ROGERS M. SMITH.
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