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UNITED STATES

2,227,604

PATENT OFFICE

2,221,604
ULTRA HIGH FREQUENCY BEVICE

Rogers M. Smith, Merchantville, N. J., assignor to
Radio Corporation of America, a corporation of

Delaware

Application January 29, 1928, Serial Ne. 187,607

8 Claims,

My invention relates to ultra high frequency
devices, and especially to means for tuning ultra
high frequency devices whereby undesired re-
actances may be neutralized. Reference is made
to my copending application Serial No. 293,624,
filed September 6, 1939 for Ultra high frequency
devices, said application being a division of the
instant application. )

In radio circuits operated at frequencies up to
thirty megacycles per second the capacitors and
inductors used for tuning are usually of the
lumped or concentrated type. For example, con-
ventional electrical condensers and solenoid types
of inductors are used from the lowest radic fre-
guencies and up to. frequencies of the order of
thirty megacycles per second. At frequencies ap-
proaching five hundred megacycles per second
and upward transmission lines of the two wire
or concentric type are used as resonant circuits.

When transmission lines and associated therm-
ionic tubes are used at ultra high freqguencies,
the input impedance of the tubes has an impor-
tant effect on the results obtainable. It is well
known that the electrons moving from cathode

5 to anode through the grid electrode of a therm-

jonic tube, while of slight or negligible effect at
low frequency, cause a very substantial reduc-
tion of input impedance at the ultra high fre-
quencies. 'The natural capacity between 'the
cathode and grid electrodes, as well as electrode
leads having appreciable length, while effecting
slight reactance at low frequencies, offer large re-
active effects at the ultra high frequencies.

The net effect of the input resistance and in-
put reactance of thermionic tubes operated at
the ultra high frequencies is to establish phase
shifts which are often large enough to have ad-
verse effects on the tubes as amplifiers. I have
found that similar effects in the anode or output
circuits account for an actual attenuation of sig-
nal frequency currents instead of an expected
gain. These effects may be overcome by suitable
tuning adjustments, provided the tuning elements
are designed so that the connecting leads offer
negligible reactance.

In practice a real problem is presented in the
elimination of the effects of connecting leads.
One might assume that a capacitor could al-
ways be connected to by-pass the ultra high fre-
quency currents. However, the use of a by-pass
capacitor usually simply shifts the problem from
the original leads to the leads of the capacitor
{tself. The importance of the lead lengths at
five hundred megacycles per second can be illus-
trated by stating that a grounded lead fifteen

(CL. 179—1%1)

centimeters long standing in space will have min-
imum impedance at the grounded end and maxi-
mum impedance at the free end. Obviously, in-
termediate lead lengths will have infermediate
impedances.

My invention has for one of its objects the pro-
vision of means for eliminating the effects of lead
lengths in ulira high frequency circuits. An-
other object is to provide means for eliminating
the reactive effects of the interelectrode capaci-
ties within & thermionic tube. Another object is
to provide means for tuning the transmission
lines associated with ultra high frequency therm-
ionic tubes. An additional object is to provide
means for eficiently converting currents of ultra
high frequency to currents of intermediate fre-
guency. A further object is to provide means for
preventing sustained blocking of an ultra high
frequency receiver by the application of signals
of large amplitude.

My invention is described by reference fo the
accompanying drawings in which

Figure 1 is a schematic circuit diagram of a
radio frequency amplifier, local oscillator and
first detector;

Figure 2 is a sectional view of one embodiment
of my invention; and

Figure 3 is a sectional view of an oscillator
whieh may be used in conjunction with the ap-
paratus of Fig. 2.

Referring to Fig. 1, which is a diagrammatic
circuit used for purposes of illustration only, a
transmission ‘line 1 is connected by a matching
transformer 3 to the input of a thermionic am-
plifier 8. The input circuit of the amplifier in-
cludes a resistor T and a capacitor 8 which pre-
vent overloading or blocking on application of
signal currents of large amplitude. The output
circuit of the amplifier includes an adjustable in-
ductor 11, a bypass capacitor 3 and a coupling
capacitor 15.

The coupling capacitor {5 is connected to a
pair of resonant coupled circuits 17, 19 which are
grounded. The second resonant circuit 19 is
mutually coupled to a local oscillator 21. The
second resonant circuit is also connected to a first
detector or mixing tube 23. The input of the de-
tector includes an adjustable inductor 25. The
output of the first detector includes a network
27 which is preferably tuned to intermediate fre-
quency currents and which is connected to an in-
termediate frequency amplifier and second detec-
tor. The intermediate frequency amplifier and
second detector are not illustrated because they
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are not essential parts of my invention and they
are well known to those skilled in the art.

It should be understood that the thermionic
tubes of the foregoing circuit are energized by
application of suitable anode, screen, and heater
currents. Likewise, the grid electrodes may be
biased negatively with respect to cathodes by self-
biasing means, biasing batteries or the like. By-
pass capacitors are shown as applied in the con-
ventional manner. While the schematic diagram
shows the inductors, and capacitors as conven-
tional elements, such showing is for the purpose
of illustration only.

For the practical application of my invention
reference is made to Fig. 2 in which the line 29
represents the inner conductor of a concentric
transmission line, which is terminated by a cou-
pling or matching transformer 2{ of the concen-
tric line type. The inner conductor 33 is induec-
tively coupled to the grid connection 35 of the
radio frequency amplifier 37 and is terminated by
grounding on the outer conductor of the trans-
former. The input circuit to the amplifier 37,
which includes the leads and electrodes within
the thermionic tube, is arranged as follows: The
amplifier tube is mounted on a plate 39 which is
located within a metal housing 41. A metal tu-
bular member 43 is adjustably mounted within a
boss 45 in the housing. The tubular member
may be capped by an insulated plug 47. At the
lower end of the tubular member a bypass capac-
itor is formed by insulating, with “Styrol” or the

like, a metal plug 49 from the tubular member.’

The capacity of this condenser is purposely made
small so that sustained blocking wil] not occur
when signals of large amplitude cause grid cur-
rent to flow. A resistor 5{ is connected between
the plug 49 and the tubular member 43. A rod
83 is slidably mounted within the plug, and fix-
edly connected to the grid electrode of the am-
plifier 37 by a suitable clamp 55.

The tubular member 43 may be moved up and
down in the boss to thereby adjust the length of

_ the circuit between the grid electrode and the by-
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pass capacitor formed by 49, etc. The inductive
reactance of this circuit is adjusted to substan-
tially neutralize the capacitive reactance of the
amplifier input. It should be recognized that the
leads and electrodes within the amplifier are a
part of the resonant circuit. It will be observed
that the capacitance of the bypass capacitor re-
mains fixed. To insure that the junction of the
bypass capacitor and the housing shall be

. grounded at a point of suitable impedance, the
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rod 35 is concentrically extended within the tu-
bular member 43 and terminated by a sliding
concentric tube 57. This supplemental ground-
ing circuit is required because of the relatively
small capacity of the bypass condenser.

If the ground connection is to be made of low
impedance, the slidable tube 57 is adjusted so
that the rod 53 and tube 57 have an effective
length of one quarter wave measured from the

. ground point toward the high potential end of

70
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the system. If the ground termination is to be
terminated by a high impedance for any reason,
the effective length should be a half-wave. I
prefer the quarter wave adjustment in the pres-
ent circuit. Thus arranged the amplifier input
circuit may be made to resonate at the operating
frequency and the bypass capacitor and resistor
51 have leads of negligible length, if they can be
said to have any leads at all. The capacitor and
resistor described immediately above correspond
respectively with the elements 9 and T of Fig. 1.

2,227,604

The balance of the amplifier input circuit corre-
sponds to the transformer 3 of Fig. 1.

The output circuit of the amplifier 37 is as
follows: The anode is connected to a plate 59
which is separated by an insulator 6f{ from a
quarter wave line hereinafter described. The
anode is also connected, through a conductor 63
of adjustable length, to the positive terminal of
a B-battery. The upper portion of the conduc-
tor 63 is slidable with respect to a metal plug 617,
which is separated from an outer tubular mem-
ber 69 by a suitable insulator 74, such as “Styrol.”
The plug 67, the insulator 71 and the tubular
member 68 form a bypass capacitor, which is
adjustably mounted in a grounded member 13.
This bypass condenser may have a large capacity
because the problem of blocking does not pre-
sent itself in the anode circuif. Also no supple-
mental ground circuit is required because the
capacity may be made sufficiently large to effec-
tively bypass. If, however, the capacity for any
reason is to be kept low, the structure described
in connection with the amplifier input circuit
may be used.

The effective length of the conductor 63 is ad-
justed by moving the tubular member 69 back
and forth within the member 73. The bypass
capacitor formed with the tubular member 69 is
fixed in its capacitance, has for practical pur-
poses no leads, and directly and effectively forms
a bypass from the conductor 63 to ground. Thus,
the effective length of the anode circuit may be
adjusted to neutralize capacity reactance with
the amplifier 37. The conductor 63 and the by-
pass ‘capacitor 67, T, 69 correspond to the in-
ductor 11 and the capacitor 13, respectively, of
Fig. 1.

The coupling between the amplifier output cir-
cuit and the input to the detector 15 is a pair of
quarter wave concentric lines 77, 18, which are
connected together and are grounded at their
junction by a screw 8{. The screw 81 acts as the
common coupling between the two quarter wave
circuits. In some arrangements, a single quarter
wave line may be made common to both circuits,
acting, for example, as an autotransformer. The
inner conductor 83 of the concentric lines may
be positioned within the outer conductor 85 by
an insulated support 87. The lower 77 and upper
19 quarter wave lines may be tuned by trimmer
capacitors 89, 81. The amplifier is coupled to the
lower line 71 by the capacitor formed by the
plate 58 and insulator 6i which may be fastened
to the inner conductor 83 as shown. The input
to the first detector 75 is made by connecting the
grid lead 93 to the inner conductor 83 at a point
of suitable impedance match. The input tuning
may be adjusted by means similar to that shown
for the input of amplifier 37 or by suitably choos-
ing the length of a conductor 95 connected from
the grid to the outer conductor §5. The former
means is preferred if excessive overloading or
blocking effects are present in the detector. The
quarter wave lines 171, 79 and the conductor 85
are equivalent, respectively, to the circuits 117, 1§
and the inductor 25 of Fig. 1.

The local oscillator §7 is coupled to the de-
tector input circuit by adjusting the mutual cou-
pling between the inner conductor 99 of the oscil-
lator and the upper quarter wave line 79. The
outer conductor #01 of the oscillator is slidably
mounted on the conductor 85 and spaced there-
irom by an insulating sleeve 183. The insulation
is necessary in the instant arrangement because
the outer conductor (81 is at oscillator anode
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potential while the conductor 85 is atb ground
potential.

A suitable construction for the oscillator is
shown in Fig. 3. The inner and outer conduc-
tors 99 and 131 and the insulating sleeve 193 cor-
respond to the fragmentary showing in Pig. 2.
The outer conductor 181 is divided by a ground
plate {05, The inner conductor 89 is suitably fas-
tened, by soldering, brazing, threading or the
like, to the ground plate. The oscillator tube {01
is fastened to a socket 109 or the like which may
be supported within the conductor 10f. The grid
electrode is coupled to the ground plate through
a capacitor 110. The anode is connected by a
lead i1l to the inner conductor %3 at a point of
suitable impedance. The cathode is coupled to
the inner conductor through lead {i3 and a ca-
pacitor 114. The oscillator frequency may be
adjusted over a small frequency range by 2 trim-
mer plate {15 located near the anode lead fif.
This  trimmer capacitor, and the quarter wave
line trimmers 89, 91 have capacities which are
very small compared to the total capacity of the
associated lines, whereby the desirable character-
istics of the concentric lines are retained.

Thus I have described an ultra high frequency
device in which the input and output reactances
of the associated thermionic tubes may be neu-
tralized by adjustable elements of opposite re-
actance. Where the by-passing is critical, the
capacitors have no leads of appreciable length.
Means are disclosed for establishing points of
high or low impedance as may be required. The
arrangement shown is further characterized by
the relative disposition of the component parts
which are positioned to reduce the lengths of
leads to a minimum. Finally, the component
parts are largely concentric lines in which the
losses are extremely low, temperature effects may
be corrected, high frequency stability may be
obtained and other desirable features, known
to those skilled in the art, are present. It wiil
be obvious that my invention may be applied
to ultra high frequency transmitting and receiv-
ing devices. I have chosen to describe the lat-
ter merely by way of illustration.

I claim as my invention:

1. In an ultra high frequency amplifier, a
thermionic tube having input connections and
output connections, means for tuning said input
connections, said input tuning means inciuding
4 fixed conductor having a reactive component
and a conductor adjustable with respect to said
fixed conductor, said input connections includ-
ing a low potential point and a high potential
point, said fixed conductor being effectively con-
nected to one of said points, said adjustable con-
ductor being effectively connected to the other
of said points, a capacitor, said capacitor includ-
ing a plug slidably connected to said fixed con-
ductor and at least a portion of said adjustable
conductor as its respective plates and a dielec-
tric portion movable with the said portion of
said adjustable conductor, and a tunable circuit
effectively connected to said plates for supple-
menting the path across said capacitor where-
by a low impedance path to ground is estab-
lished.

2. ITn a device of the character of claim 1, a
resistor connected between said capacitor ele-
ments and slidable therewith.

3. In a device of the character of claim 1, said
output tuning means including a reactive con-
ductor and a capacitor having one element slid-

3

ably connected thereto, and having its other ele-
ment. slidably connected to ground.

4. Tn an ultra high frequency amplifier, a
thermionic tube having input and output con-
nections, said input connection including a rod,
5 plug slidable on said rod, a metal tube, insu-
lating means for securing said plug within said
metal tube, a bushing within which said metal
tube is slidably mounted, and means for ground-
ing said input circuit and said metal tube at said
mounting, whereby the effective length of said
rod may be varied and said input connection
tuned.

5. In a device of the character of claim 4, said
output connection including a rod, a plug slid-
able on said rod, a metal tube, insulating means
for securing said plug within said metal tube, a
bushing within which said metal tube is slidably
mounted, and means for grounding said bush-~
ing, whereby the effective length of said rod may
be varied.

6. In an ultra high frequency amplifier, a
thermionic tube having input connections and
output connections, means for tuning said input
connections, said input tuning means including
a fixed conductor having a reactive component
and a conductor adjustable with respect to said
fixed conductor, said input connections includ-
ing a low potential point and a high potential
point, said fixed conductor being effectively con-
nected to one of said points, said adjustable con-
ductor being effectively connected to the other of
said points, a capacitor, said capacitor including
a plug slidably connected to said fixed conduc~
tor and at least a portion of said adjustable con-
ductor as its respective plates and a dielectric
portion movable with the said portion of said
adjustable conductor, and & tunable concentric
line connected to said fixed and adjustable con-
ductors supplementing the path across said ca-
pacitor.

7. In an ultra high frequency device, a therm-
sonie tube having a reactive circuit, and means
for neutralizing said reactive circuit including
a conductor having a reactive component oppo-
site in sign to the reactive component of said
circuit connected to the high potential point of
said circuit and effectively connected to a low
potential point by a capacitor having a slidable
contact on said conductor and a second contact
slidable with respect to said low potential point,
and a tunable line connected across said capaci-
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tor to supplement said capacitor and insure a )

low impedance path from said conductor to said
low potential point.

8. In an ultra high frequency device, a therm-
icnic tube having a reactive circuit having high
and low potential terminals, and means for neu-
tralizing said reactive circuit including a conduc-
tor having a reactive component of the opposite
sign to the reactive component of said circuit
and having one portion connected to said high
potential terminal and another portion which is
effectively connected to said low potential ter-
minal by a capacitor having two conductive ele~
ments, one element being slidably connected to
said first mentioned conductor, the other ele-
ment being slidably connected to said low poten-
tial terminal, and a tunable transmission line
connected across said capacitor to supplement
said capacitor and insure a low impedance path
from said conductor to said low potential termi-
nal.

ROGERS M. SMITH.
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