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This invention relates to high frequency gen-
erators and particularly to an electrical appara-
tus for generating and modulating radio fre-
quency energy in the microwave region.

An object of the present invention is to pro-
vide a simple and highly efficient microwave gen-
erator.

Another object is to provide a modulated micro-
wave transmitter which requires extremely low
power for its operation.

Other objects and advantages will become ap-
parent from the following description when read
in connection with the drawing, in which:

Fig. 1 is a longitudinal cross-section of an
ultra-high-frequency rectifying crystal;

Fig, 2 is a typical current-voltage characteris-
tic curve of a silicon-tungsten crystal;

Fig. 3 is a typical noise characteristic curve of
g silicon-tungsten crystal; and

Fig. 4 is an embodiment of a transmitter appa-
ratus in accordance with the present invention.

The illustrated embodiment of the invention
includes a crystal rectifier which here functions
in novel manner as a radio frequency generator.
- The term “crystal” or “crystal rectifier” as used
in the art refers to a combination of two dissimi-
lar crystals in contact, or a crystal in contact
with a metal point. For example, a crystal unit
may include a tungsten “whisker” in contact with
a smooth silicon surface. Such crystal units have
unilateral or asymmetrical conductivity and are
ordinarily utilized for radio frequency detection
purposes.

A cartridge-type silicon-tungsten crystal suit-
able for use at ultra-high-frequencies is illus-
trated in Fig. 1, in which the silicon crystal 4 and
tungsten whisker 5 are shown contained within
an internally threaded shell 6. Shell § may be
made of ceramic or other insulation material,
and all other parts of the crystal cartridge here
shown are of metal to provide electrical con-
tinuity to the silicon crystal and tungsten whisker.
A portion of silicon crystal 4 is embedded in one
end of a post 1, slidably mounted in an aperture
of internal wall & as shown. The other end of
the post is journaled against an externally
threaded plug 8 which engages with shell 6.
The tungsten whisker is secured to the inner
face of a similar plug 18 which is threaded into
the opposite end of insulating shell 6. Plugs 9
and 19 thus serve for adjustment of the crystal
unit.

The operation of the crystal unit as a detector
is generally with a relatively small biasing or
polarizing voltage applied to the crystal in a “for-
ward” direction, placing it at an operating point
as indicated at 11 in Fig. 2. In the illustrated
embodiment of the present invention, however,
a biasing potential is applied to the crystal in an
opposite or “backward” direction, as indicafted by
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an operating point 12, to secure best action as
a radio frequency generator.

It has been found that “noise” voltage is de-
veloped at the terminals of a crystal unit. The
noise voltage is characterized by a wide distribu-
tion in frequency including the very high radio
frequencies, and the corresponding noise power
is more or less uniformly distributed over the
entire frequency band. The magnitude of the
noise voltage is dependent upon the conditions of
operation of the crystal. In particular, when no
polarizing or radio frequency potentials are ap-
plied to the crystal, the noise voltage developed
is relatively small and due solely to thermal agi-
tation effects. When a polarizing potential is
applied in a forward direction, the noise voltage
is little greater and again is due principally to
thermal agitation. The noise voltage produced is
relatively large in magnitude, however, when g
polarizing potential is applied to the crystal in
3 backward direction, and may be due principally
to Schottky and other effects.

Noise may be produced by many other elec-
tronic components, for example in resistors as a
result of thermal agitation, and such resistor
noise forms a convenient basis of comparison.
The noise power available from a resistor is pro-
portional to the absolute temperature (Kelvin),
and to the band width of the frequencies in-
volved. The output noise ratio N of a crystal is
then defined as the ratio of the output noise
power of the crystal to that of an equivalent re-
sistor at a standard temperature here taken as
300° K., absolute. N may also be termed the
“noise temperature,” for it is equal to the ratio
of the absolute temperature (Kelvin) at which
an equivalent resistance would generate just as
much noise as the crystal, to the standard tem-
perature given above. The noise ratio or tem-
perature may, under suitable conditions, reach
large values for the type of crystal shown in Fig.
1. The manner in which the cutput noise ratio
or noise temperature of a crystal varies as a
function of the crystal polarizing voltage is illus-
trated in Fig. 8. As there shown, a relatively
small voltage applied to the crystal in a backward
direction greatly increases the noise oufpui of
the crystal over that available when the biasing
potential isin a forward direction.

In accordance with the present invention, a
band of frequencies in the ultra-high-freguency
region is selected from the crystal noise, and the
corresponding energy is concentrated into a nar-
row beam by a wave guide and reflector struc~
ture. The apparatus is shown schematically in
Fig. 4, in which reference numeral 2§ designates
a crystal connected to and mounted upon probe
elements 22, 23 within one end of a relatively
short length of hollow wave guide 24. 'The crys-
tal and probe elements act as exciting means for
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the wave guide, and a proper impedance match
is secured by conventional means including end
plate 25. Other means than that {ilustrated
may, of course, be utilized for coupling the crys-
tal to the wave guide for excitation purposes.
Probe elements 22, 23 communicate with a polar-
izing and modulating circuit as shown. A micro-
phone 2§, connected in seriess with a potential
source 27 and the primary 28 of a microphone
transformer 29, is adapted to produce alternat-
ing voltages at voice frequencies across secondary
winding &0 in response to vcice energy impinging
on the microphone. A capacitance 2! of rela-
tively low impedance completes the alternating
current circuit betwesn secondary winding 23
and crystal 2{. Secondary winding 20 is also
included in a direct current polarizing cireuit
for the crystal, Leing connecied in series with
the potential source 27, erystal 24, and a resist-
ance 32 adapted to limit the erystal voliage to
the value necessary for proper operation.

The polarizing potential applied to the crystal
in the embodiment here described is of suitakle
value to secure operation cn the substantially
straight line portion of the hackward character-

istic. This condition of operation is illustrated
in Tig. 3, in which an operating point (3 is

located at ahout the center of the siraight line
portion of the noise characteristic curve.
voice modulation voltage swing designated V will
then cause the output noise level {0 vary threugh
a range M, and the time curve of noise level will
Bear a substantially linear relation to the time
curve of the maoduiating voltage. 'The noise level
corresponding to operating point {8 may thus
be linearly modulated in sccordance with a signal
voltage impressed ubon the hiasing voltage, 28
by the circuit means shown in Fig, 4.
Beferring again to the wave guide and radias-
ing structure of Fig. 4, a pair of antenna rods
33, 34 protrude throuzh the walls of the radiating
end of wave guide 24, and this end of the wave
guide is clesed by a reflector vlate and plug struc-
ture 35. The aistances between the inner wall
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of the plug and the antenna rods, and between
the reflector plate and the antenna rods, are
suitably chosen to provide vroper impedance
matching ove
daesired,

v the cperating freguency kand.
fdlter means acdapted to pass a fre-
! d of selected width may be included
vave guid angmriesion line befween the
{ and antenna rods 33, 84. Noise volt-
ages present at the terminals of crystal 24, and
and at its connecting probe elements 22 ang 23,
excite microwaves which are guided toward on-
tenna rods 23, 34. A parabolic reficctor 28,
mounted upon the wave guide as shown, coasts
with the antenna rods and reflector plate to fo-
cus or concentrate the wave energy into a narrow
beam, so that highly efficient transmission in the
direction indicated by arrow 87 may be secured.

A microwave receiver for detection of the sig-
nals may ke of the conventional superheterodyne
type, except for the band width of the inter-
mediate frequency amplifier. It is desirable that
the said band width be large, for the signal to
noise ratio as seen at the receiver output is pro-
portional to the square rcot of the band width.
The band width of the microwaves beamed to-
ward the receiver by the present invention is
determined by the characteristics of the wave
guide and associated structure of the transmitter
apparatus, and is sufficiently broad to insure
sufficient wave energy for satisfactery signal
communication.
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The entire apparatus may be physically com-
pact when designed for operation at the ex-
tremely high radio freguencies. Other forms of
noise generators may be utilized, but a crystal
as here described is the preferred embodimens
hecause of its compactness, light weight, and
large noise capabilities. The actual range of
transmission of the illustrated embodiment of the
Invention is in large part dependent upon the
noise temperature of the crystal over the oper-
ating frequency band, and upon the diameter or
aperture of the parabolic reflector. The various
electronic components may be variable, as is
comimon in electronic apparatus for adjustment
purposes to secure optimum performance.

It will be understood that the specific embodi-
ment of the invention shown and descriked is but
ilustrative, and that various modifications may
be made therein without departing from the
scope and spirit of the invention.

Whatis claimed is:

1. In a system for radio frequency electro-
magnetic wave transmission, apparatus for gen-
erating radio frequency noise signals compris-
ing a crystal and a polential source biasing said
crystal in the less conductive direction so that
said crystal generates noise signals, said crystal
having a noise signal energy output character-
igtic which is substantially linear within a cer-
tain range of said biasing potential, and means
for amplitude modulating szid noise signals to
ause said neoise signal output level to vary with-
in said range.

2. In a microwave transmission systeni, a wave
guide, a crystal and a potential source biasing
said crystal in the less conductive direction so
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that said crystal functions as a source of radio
ireguency noise signals, said erystal mounted

within said wave guide, and an antenna coupled
to sald wave guide for transmitting said radio
irequency noise signals.

3. In & very high frequeney electromagnetic
wave transmitier, a crystal and a potential source
biasing said crystal in the less conductive direc-
tion so that said erystal generates very high fre-
auency noise signals, means for modulating said
noisz signals and e high freguency transmission
device for transmitting a band of said modulated
neise signals.

4. A noise source comprising a crystal rectifie
and & potential source biasing saig crystal ree-
tifier in the less conductive direction so that
said crystal generates radio frequency noise sig-
nals, a coupling device, an antenna connected
to said crystal by said coupling device for radiat-
ing said noise signals.
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