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1
MICROWAVE AMPLIFIER

BACKGROUND OF THE INVENTION

Thls mventlon relates to the art mcludmg microwave
amplifiers, and more specrﬁcally, to such amplifiers
havmg double-tuned radial cavity characteristics.

- A well known type of micréwave circuit:is comprlsed
of a triode tube designed: for operation at microwave
frequencies and an associated-circuitry in-the form of
distributed constant transmission line sections. One
common form' which has been utilized to amplify and-
for generate energy in the microwave energy band

comprised so-called *coaxial” transmission, line-sec-’

tions. More recently, in order to provrde ampllﬁcatron.
and/or -generation. of. microwave ‘energy with substan-
tially reduced overall size and with more: compact con-
figuration, it has been proposed to utilize radial modes
of propagation in place of the. earlier developed coaxial
modes. An example of such ‘device for generation of
microwave energy but not amplification thereof is
found in U.S. Pat. No. 3,718,869 to H. W- A. Gerlach
and assigned to the United States of America as repre-
sented by the Secretary of the Army. While the device
disclosed and claimed therein may be operative to ef-
fect a foreshortening of its overall dimensions, this de-
vice, because it discloses only a single-tuned cavity os-

cillator, is devoid of any suggestion of the double- tuned‘

radial cavity amplifier of this mventron .
SUMMARY OF THE INVENTION |

It is, accordingly, a principal object of this invention:,
to provide a microwave amplifier characterized by a

circuit having a radial transmission mode wherein a
double-tuned response characteristic  is provided
thereby to achieve substantially increased gam-
bandwidth product. for such amplifier.
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exemplary, the shape bemg related for. convemence :

shown to be c1rcular, however it wrll be understood
other conﬁguratlon well known in the art may be: used'
within‘ the scope of this.invention. . - D

“The view shown'in FIG. 1is substantrally taken along
line 1=-1"of FIG. 2. Sorie- élements, which; strictly’
speaking, would not be visible when viewed along line
I, have been added to the vrew of FIG -1 to show
their’ relatronshlp therein. :

“The ‘shell' 13 is formed. with a main body portion 16
and is provided with a closure cap 41 having a centrally
provided recess 43 and ‘having a central aperture
throtigh'which-the:RF -output coupling:45.is passed. for
purpeses:explained’hereinbelow; The:closure cap is se-.
cured:tosthe:mainibody portion of shell-13-by: securing
means:24; 28; 42, 46, and 52 inserted. through closure
cap apertures 26, 30, 44, 48, and 54, respectively, and
through aligned openings in a conductive plate 39 and
ultimately fixedly secured in the main body portion 16.

The controlled charge carrier device 11, as shown in
FIG. 1, may be a triode, which may be of any conven-
tional variety of high frequency planar electrode
ceramic-metal construction. ‘As is well known, such a
triode is provided with cathode, grid and plate elec-
trodes. (not shown) with a cathode terminal 15, grid
terminal 17, and anode términal or stud-19, respec-

tively, conductively connected to the associated elec-

~’‘trode. The electrodes, as is well known, are separated
" 'by‘ceramic insulators 21, 23, and 25. The cathode is in-
* - directly heated by current supplied from a source of

35

In accordance with the invention, a double- tuned ml- :

crowave amplifier is provided having means defining a
first radial mode resonant cavity between two terminals
of a controlled charge carrier device and a second ra-
dial mode resonant cavity defined by one of said termi-

nal and an inner wall ofa conductlve enclosure for sard»

amplifier.

These and other objects of this. mventron w1ll be bet-, L
ter understood from the followmg descrlptron taken m -

connection with the accompanymg drawmgs
BRIEF DESCRIPTION OF DRAWING

FIG. 1 is an axial section of one embddlment of the

invention with parts broken away for clarity.

FIG. 2 is a cross section of the device of FIG. 1 taken

along the line II—II of FIG. L.

FIG. 3 is a graph of the power gain of the double-
tuned dmphﬁer of the embodiment of FIG. 1.~

FIG. 4 is an axial section of another embodrment of
this invention.

DESCRlPTlON‘ OF THE PREFERRED
EMBODIMENTS :

Referring now to FIGS. 1'and 2, a controlled charge
carrier device 11 is shown mounted within a conduc-
tive shell 13 which is constructed in accordance with
the features of my: invention in order to provide the
double-tuned response characteristic. The shell 13 is
here shown as having an exterior square cross section.
It will be understood that this configuration is merely
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heater current (not.shown) connected in any conven-
tional manneér to pins 27 through heater wires 29.
‘DC blas on the anode of the triode is provided, in any
conventional manner, from a DC source (not shown)
stich as through, in order, lead wire 31, conventional
quarter wavelength choke- 33, lumped constant choke
35, and lastly, a conductive disc 36 which is conduc-
tively connected:to the anode stud 19. The choke 33 is
preferably formed as- a: distributed constant choke
which in this instance would be a quarter wavelength
at the desired operating fréquency of the device to min-
1m12e leakage of RF. .energy through the line to the

" source of’ DC. “The conductive disc 36 is provided with

a; central aperture through which the anode stud 19

‘passes.in-a trght fit, the disc 36 being spaced from the
plate 39 by means of an insulating disc 40. The disc 40
~may be constructed of beryllia or other heat conductive

material:and thus provides a heat conductive path to
the shell 13. The use of the disc 40 is optional and may
be omitted if not required.

Inasmuch as the shell 13 of the device is normally’
maintained at ground potential, the cathode terminal
15 of the device is supported by means.of a distributed

~ constant quarter wavelength cathode choke 37 formed

60

by a cathode line 55 and an inner coaxial wall 54,
thereby isolating the cathode terminal from ground po-
tential in the manner well known to those skilled in the

" - art. Direct current connection to the cathode of the tri-

ode is provided in any conventional manner such as by
lead wire 38 secured to the inner coaxial wall 54 of
choke 37, the inner wall 54 being conductively con-
nected to the cathode terminal 15. The inner wall 54
is surrounded by a layer of insulation 58 to electrically
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insulate it from the cathode line 55 which is electrically
connected to shell 13.

The conductive plate member 39, which as disclosed
above is fixedly secured to the shell 13, is also conduc-
tively connected to the grid terminal 17.’Apertures 34,
32 are provided: in‘said plate to permit the passage:
therethrough of the connection 31 from the quarter
wave anode ¢hoke 33 and-the ‘ceramic anode msuhtor
25, respectively.

The RF output coupling 45 may be of any conven-
tional type such as that used in the coaxial designs. The
inner terminal 47 thereof may be provided with a disc-
like probe 49 which, as.shown, is positioned in spaced
relation to the anode stud 19 of the tube.

RF input is supplied through a conventional terminal

51 having a probe 53 located in the cathode cavity 14
formed by the cathode line 55 in capacitive‘relation

0

4

the .power gain achieved over this bandwidth was ap-
proximately 10.8 db. as denoted by the flattened por-
tion of the curve approximately between 5,100 and
5,175 mhz. To recognize the significance of the 10.8
db. gain achieved by this amplifier, it may be compared
to.the gain achievable with prior art coaxial single-
tuned amplifiers which can achieve a gain of approxi-
mately 8 db. over 15 to 25-mhz. bandwidth. From this,
it is clear that the gain bandwidth product of this em-
bodiment of the invention is a great improvement over

~ that achieved.: with -prior art amplifiers.

—
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Referring to FIG. 4, a second embodiment con-
structed . in accordance. with the .invention herein ‘is
shown wherein transistor 66.is used as the. controlled
charge carrier device. The ‘transistor. 66 is supported
with.a shell 60 to provide a doubletuned response simi-

" lar, to that, achieved with the embodiment-shown in

with the interior wall of the main body portion 16 of -

shell 13.

In operation, and assummg thdt the tube has been
supplied with the conventional DC potential, heater
current, and an RF input, a first anode cavity 57 oper-
ating in a radial transmission mode is formed in accor-
dance with the invention between the plate 39-and the
surface of disc 36 that is in juxtaposition with the adja-
cent surface of the anode ceramic 25.-A second radial
mode anode cavity 59 is formed between the remote or
free surface of the disc 36 and the inner wall.of the re-
cess 43.

Couphng between the first-and second anode cavities
57, 59 is achieved through a transfer of electromag-
netic wave energy from the conduetive enclosure for
first anode cavity 57 represented by conductive plate
39, the inner wall of the recess 43 and the surface of
disc 36 adjacent the anode ceramic 25 to the conduc-
tive enclosure-for the second anode cavity 59 repre-
sented by the inner wall of closure cap 41 and the sur-
face of conductive plate 36 opposite anode ceramic 25
in accordance with principles well-known in the art.

An mput tuning screw 52 mounted in shell 13 is pro-
vided in cathode cavity 14. Adjustment of the tuning
screw 52 adjusts ‘the electrical characteristies of the
cathode cavity. in-a well- known manner. Similarly, an
output tuning screw 56, mounted in closure cap 41, is
provided in the:second anode cavity 59 for adjustment
of the electrical characteristics thereof. Also; the insu-
lator 40 provides diclectric loading-of the resonant cav-
ity 57. However, it may be omitted and the loading ef-
fect thereof be l‘LpldCCd by other conventlonal tunmg
denS C

To illustrate the response chdmctemtlcs of.a double-
tuned radial cavity amplifier constructed'in data taken
from this amplifier, withithis. invention, an. amphﬁer
was made substantially as shown in FIGS.-1 and 2 using
a conventional high- frequency triode tube type as the
controlled charge carrier device. The amplifier so con-
structed was operated with a DC voltage source in the
anode circuit of 700 volts with a power output of 150
watts. FIG. .3 shows a gmphlcal representation of data

taken from this amplifier, the ordinate being calibrated
for the change in power gain from areference level of
10.8 db. (corresponding to the **0™ ordinate value) and
the abscissa being calibrated to indicate frequencies in
megahertz between 5,000 and 5,250. As can be seen,
~ the graphical representation of .this data shows the
characteristic form of a conventional double-tuned-am-
plifier. It is significant to note that as shown in FIG. 3
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FIGS. 1 and. 3. The transistor 66, which may be of a
conventional three-terminal construction, has a collec-
tor, base, and emitter (not shown) with collector, base,
and emitter terminals 71, 76, and, 77, respectively, at-
tached thereto. The transistor may be of any conven-
tional construction and furthcr may be either a P-N-P
or N-P-N type.

The shell 60 is provided with end walls 61 and 62 and
a main body portion 109. The RF output coupling 63
and input coupling 95 are supported in end walls 61 -
and 62, respectively. A conductive plate 73 is coupled
between the base terminal 76 and the walls of the main
body portion 109 of shell 60 and divides the shell 60
into two conductive chambers. A heat conductive insu-
lator 93 is positioned around collector terminal 71 to

“insulate plate 73 from a conductive plate 69 which is

DC connected to the end of collector terminal 71. The
insulator also aids in supporting the disc 69. Similarly,
a heat conductive insulator 105 is positioned around
emitter terminal 77 to insulate conductive plate 73
from a conductive plate 107, which is DC connected to
the emitter terminal 77. The insulators 105, 107 func-
tion in a similar manner to the insulator 40 (FlG 1)
and, likewise, may be omitted if desxred

The RF output coupling 63 may be in accordance
with that shown in FIG. 1. The disc-like probe 64 of
coupling 63 is spdced from the collector 71 and the
conductive plate 69 to prowde RF :coupling . therebe-
tween in-accordance with well known principles.

Slmxlarly, the RF input coupling 95 in end wall 62 has
a disc-like probe 97 spaced from emitter terminal 77
and conductive plate 107 to provide an RF input to the
transistor 66. The RF input is preferably transmitted as
shown in FIG. 4 through double-tuned radial transmis-
sion-mode cavities ‘96, 99. The first input cavity 96 is
formed by the inner surface of'end wall 62 and'thé sur-
fidce of- plate 107 remote from spacer 105. The second
emitter cavity 99 is formed by the surface of plate 107
interfaced with spacer 105 and the surface of plate 73.
Coupling between cavities 96, 99 is in accordance with
the principles discussed in regard to'the cavities 57, 59
of the embodiment of FIG: 1-except that the energy is
coupled from the outermost cavity 96 to'the-innermost

“cavity 99 rather than from-the mnermost cavity 57 to

the outermost cavity 59.-

65

It will be apparent to those skllled inthe art that a sin-
gle-tuned resonant emitter: cavity may be’ substituted
for the double-tuned emitter cavity shown in FIG. 4. -

.DC bias to the emitter terminal 77 is provided, in any. -
conventional manner, such a current path through, in
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order, lead wire 87, passing through a feed-through ca-
pacitor 85 in the shell 60, a conventional lumped con-
stant choke 78 and conductive plate 107 which is elec-
trically connected to emitter terminal 77.

DC bias to the collector may be provided in any con-
ventional manner such as along the circuit path
through, in order, lead wire 83, passing through a feed-
through capacitor 81 in shell 60; a conventional lump
constant choke 67 and the conductive plate 69 which
is electrically connected to collector terminal 71.

The operation of the embodiment of FIG. 4 is essen-
tially the same as that of the embodiment of FIGS. 1
and 2. With proper DC biases placed on the emitter
and collector terminals 77, 71 and with an RF input
supplied to terminal 95, a first collector cavity 101 op-
erating in the radial transmission mode is formed by the
plate 73, and the surface of plate 69 juxtaposed the ad-
jacent surface of the insulator 93. A second radial
mode anode cavity 103 is formed by inner surface of
end wall 61, the surface of plate 69 opposite the insula-
tor 93.

Coupling between the radial cavities 101, 103 is in
accordance with - that discussed in regard to the em-
bodiment of FIGS. 1 and 2.

Tuning screws 65 and 79 are provided in end walls
61, 62, respectively, and enable fine tuning of the cath-
ode cavity 96 and second radial cavity 103, respec-
tively, according to principles weil known in the art.

It will be apparent to those skilled in the art that an
amplifier constructed in accordance with the invention
herein may be operated with the anode cavities either
“double-tuned” (i.e., tuned to the same frequency) or
“stagger-tuned” (i.e., tuned, respectively, to comple-
mentary frequencies on each side of a center fre-
quency) in accordance with well known principles such
as sct forth in Electronic and Radio Engineering,
McGraw-Hill Electrical and Electronic Engineering Se-
ries, Chapter 12, pp. 400-442 (4th Ed., 1955).

The invention thus described provides a new and im-
proved microwave amplifier having a compact design
and, more particularly, having a double-tuned radial
transmission mode resonator yielding an improved
power gain bandwidth product.

While the invention has been shown and described
with respect to specific embodiments thercof, it is not
intended to be limited to the particular forms shown
and described. Accordingly, the appended claims are
intended to cover all modifications within the spirit and
scope of the invention.

What I claim as new and desire to secure by Letters 3

Patent of the United States is:

1. A microwave frequency amplifier comprising:

a. a conductive shell having a main body and at least
one end wall, said main body having a longitudinal
axis of symmetry intersecting said at least one end

wall;

b. a controlled charge carrier device for operation at
microwave frequencics supported within said shell,

said device having first, second, and third termi-
nals;

c. an RF input terminal supported in said shell elec-
trically coupled to said first terminal;

d. means in said shell defining a first resonant cavity
between the second and third terminals of said de-
vice radially of said axis and a second resonant cav-
ity between said third terminal and said at least one
end wall radially of said axis;
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e. coupling means for transmitting electromagnetic
energy from said first to said second cavity; and

f. a double-tuned radial resonant circuit being pro-
vided by the electromagnetic coupling of said cavi-
ties upon RF energy being supplied to the RF input,
thereby energizing said device and said cavities to
operate at microwave frequencies.

2. The amplifier of claim 1 wherein said cavity defin-
ing .means comprises a first conductive plate electri-
cally connected to the second terminal of said devxce
and to the main body portion.

3. The amplifier of claim 2 wherein said cavity defin-
ing means further comprises a second conductive plate
electrically coupled to-the third terminal, said first cav-
ity being formed between said first and second plates
and said second cavity being formed between said at
least one end wall and said second plate; and wherein
an RF output coupling is mounted in said at least one
end wall for coupling microwave energy out of said
shell.

4. The amplifier of claim 1 further comprising a first
input means in said shell defining a first input cavity ra-
dially of said axis for transmitting electromagnetic en-
ergy from said RF input to said first terminal.

5, The amplifier of claim 1 further comprising a sec-
ond input means defining a second input resonant cav-
ity radially of said axis, said second input cavity being
electromagnetically coupled between said first input
cavity and said first terminal to transmit electromag-
netic energy therebetween.

6. Microwave frequency amplifier comprising:

a. a conductive enclosure;

b. a controlled charge carrier device having at least
two terminals, said device being supported within
said conductive enclosure;

¢. means in said enclosure defining a first radial mode
resonator circuit between two of said at least two
terminals and a second radial mode resonator cir-
cuit between one of said two terminals and said en-
closure, said first and second resonator circuits
being energized by operation of said controlled
charge carrier device at microwave frequencies;
and

d. means coupling said first and second resonator cir-
cuits to provide a double-tuned resonator arrange-
ment, thereby to provide increased gain- bandWIdth
for said amplifier.

7. The amplifier of claim 6 wherein said circuit defin-
ing means comprises a first conductive plate electri-
cally connected to the other of said two terminals of
said device and to said enclosure.

8. The amplifier of claim 7 wherein said conductive
enclosure comprises a main body portion and at least
one end wall and wherein said circuit defining means
further comprises a second conductive plate electri-
cally coupled to said one terminal, said first cavity
being formed between said first and second plates and
said second cavity being formed between said second
plate and said at least one end wall.

9. The amplifier of claim 6 wherein said device is a
triode, said one terminal being an anode terminal, said
other terminal being a grid terminal.

10. The amplifier of claim 6 wherein sdid device is a
transistor, said one terminal being a collector terminal,

said other terminal being a base terminal.
* * * *. ok



