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10 Claims,

This invention relates to reception of high fre-
quency oscillations and. more particularly to re-
celving systems for selecting and detecting oscil-
lations in the range of centimeter and millimeter
wave-lengths, ,

An object of the invention is to provide an ef-
ficient selective absorbing system for very high
frequency electromagnetic waves in space,

Another object of the invention is to provide s
stable .detecting system for oscillatlons of such
high frequencies that electron discharge devices
of the usual types are inffective, .

The detection or measurement of electromag-
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netic waves in the centimeter and millimeter -

wave-lenth ranges requires apparatus sensitive
at the frequencies involved and free from exces-
sive capacitance. If the detection is to be pre-
ceded by a frequency selective operation, the se-
lecting or tuning feature should preferably be
of such character as not to greatly impair the
sensitivity of the detecting system or to introduce
excessive capacitance.-

Hitherto the téchnique of electromagnetic wave
reception has centered very largely about the elec-
tron discharge device which long ago superseded
the early contact rectifiers or -detectors of the
general  types developed by . Dunwoody and

. Pickard. Thig change in radio reception prac-
tice was brought akout by many factors among
which are the amplifying property of the electron
discharee device which enables the difficulties of
weak incoming energy and of low detection ef-
ficiencies ‘to be overcome, the high stability of
the electron discharge device and the simplicity
with which it lends itself to coupling to tuned
or selective circuits,

As the technique of electromagnetic waves ad-
vances in the direction toward higher frequencies
a point is reached at which the usual electron dis.
charge device becomes comparatively ineffective.
This point. which is somewhere in the region of
1000 megacycles, is set by inherent factors in the
operation of these electron discharge devices such
ag the capacitance of the input cireuit and the
‘appreciable transit time of electrons as measured
in cycles of the extremely high frequency oscil-
lations. For such high frequency oscillations
which are ordinarily of relatively low power it
has' been found that certain contact types of
rectifiers are suitable as- detectors. These de-
vices have good conductivity in one direction and
very little or no conductivity in the opposite di-
rectlon, " In general, the current passed by such
devices increases as a complex exponential func-
tlon of the increasing voltage but which, for prac-
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tical purposes within relatively low ranges of
applied electromotive force, may be regarded as
having a square law characteristic. 'This is quite
satisfactory for signal detection or for measure-
ment purposes.

A contact rectifying device may, under certain
conditions, be regarded as an asymmetric recti-
fier with a shunt path comprising series resistance
and capacitance. The shunt path causes a de-
crease in sensitivity and a change in the ex-
ponetial response characteristic as the frequency
is Increased beyond certain limits, The high fre-
quency limit at which a contact rectifier remains
effective depends upon the area relations at the
rectifylng contact. For instance, if a point con-
tact be made at an area which is wholly active,
a very desirable characteristic may be obtiained,
If, on the other hand, the contact be made at an
area which is partly active and Partly inactive,
the inactive portion will introduce an effective
shunt path thus decreasing the sensitivity of the
device as a whole. It has been found that by
exploring the surface with g contacting point
of a very small areg, as, for example, .04 square
millimeter, while the rectifying device is subjected
to a fairly high impressed alternating electro-
motive force, for example, 10 volts peak value,
areas can be located which appear to be sub-
stantially wholly active.. Accordingly, it is quite
important that a rectifier to be used for this pur-
pose be of such construction as will readily permit
‘of a nice adjustment or variation of the contact
area. .

The general class of materials sometimes known
as semiconductors such as iron-pyrite or semi-
conducting metals including boron, silicon, ar-
senic and tellurium are all stable in varying de- -
grees for use in point contact detectors. When
a current is drawn through a.body of such a sub-
stance with one contact to the material large
in area and very intimate while the other contact
is relatively small and at g rather low pressure,
an effect similar to a space charge effect is pro-
duced. That is, when a direct current passing
through the contact in one direction is increased
the resistance of the body drops, while, if cur-
rent is caused to flow in the opposite direction,
an increase in current causes the resistance to
increase.

There is relatively wide choice of materials
which may be employed to produce the desired
rectifying effect. However, in addition to the
rectifying effect there are g number of other im-
portant requirements for suitable materials in
such detectors. Among these are stability of con-
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tact which depends upon the chemical inertness
of the materials used and the mechanical design
of the contacts. For example, the metallic oxides
and sulphides which possess a rectifying property
are generally either too soft as Is the case of
galena, a crystalline sulphide of lead, or are too
chemically unstable. Another important char-
acteristic is that the body possess a sufficiently low
specific resistance. In the case of rutile, an oxide
of titanium, the specific resistance is undesirably
high. Another requirement is that the body have
9 satisfactory front-to-back resistance rafio or
asymmetry of conductivity. The semi-metals
which have been mentioned all have these char-
acteristics in varying degrees and of them silicon
appears to be fairly suitable. It is hard. inert
chemically at low temperatures, not too high in
specific resistance and has a satisfactory front-to-
back resistance ratio. Applicant has discovered
that this material has very desirable characteris-

tics in rectification of extremely short electrical

waves. :
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Another characteristic of interest in the. per-

formance of detectors of the contact rectifier type
is the noise introduced by the detector. This is
dependent upon the particular substance em-
ployed and also upon the amplitude of the cur-
rents to which the detector is subjected. For ex-
ample, if a superheterodyne system with a beat-
ing oscillator is employed, the noise increases
with the input of beating oscillations in such a
way that for low levels of oscillation current the
signal gain due to the increasing amplitude of
the beating oscillations is more rapid than the
increase in noise whereas for high levels of oscil-
lation currents, the signal gain with increase of
the beating oscillations is small but the noise in-
crease is large.

Another important factor in the production of
noise in the operation of a rectifying contact de-
tector is the character of what we may term the
“back contact.” This is the contact which the
sethi-conductor body makes with the matrix of
conducting material in which it is commonly em-
bedded. If the back contact is somewhat imper-
fect the noise factor is high. If, on the contrary,
the back contact is made with a matrix of con-
ducting material which forms a substantially in-
tegral mass with the semi-conductor the noise is
greatly reduced. Such a back contact may be
secured in.the case of silicon by electroplating
the silicon body with chromium. ‘Tn the case of
iron-pyrite a similar low noise back contact may
be attained by gold plating. These particular

combinations of materials appear to make molec~ *

ularly intimate contacts. If the semi-conductor
body be so exceedingly small that it is imprac-
ticable to electroplate it a fairly satisfactory re-
sult may be had by dipping the uni{ in aquadag
to form the back contact.

Tt has been found necessary not only to take
into account the character of the body with which
the contact is formed but, also, to employ a me-
tallic point contact element which possesses cer-
tain characteristics. The point contact member
should be inert chemically so that no oxide forms
on its surface which might make possible a non-
rectifying stable metallic contact. The point
contact member must be ductile so that small

wires of it are available and it must be strong and *

flexible enough to provide a contact having a
steady pressure. '
Accordingly, an additional object of the inven-
tion is to provide a metallic point contact with
" which it may be possible to assure uniform con-
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tact with the surface of the semi-metallic body
agddm adjust the pressure of the contact as de-
sired. .

It should be appreciated that the various char-
acteristics and desirable properties which have
been presented must, for practical use In the
reception of millimeter-length waves, be attained-
in an apparatus of physical dimensions suitable
for the reception of such waves and which is,
therefore, of extremely small dimensions.

In accordance with the invention there is em-
ployed as & detector of very high frequency elec- .
trical oscillations a body of a substance such as
the semi-conductors silicon or jron-pyrite con-
nected in the high frequency oscillation circuit
by one large back contact and one small rectify-
ing contact which may be obtained at the tip of
a very fine tungsten wire. The detector is pref-
erably mounted between the open ends of two
miniature Lecher circuit conductors which serve
as the high frequency oscillation selecting cir-
cuit and, also, as the receiving antenna or elec-
tromagnetic wave absorber. Tuning is accom-
plished by variation of the position of a conduct-
ing plate or wall through which the high fre-
quency short-circuited terminal ends of the
Lecher circuit conductors extend. Surrounding
the Lecher system is a conducting chamber of-
variable length for tuning purposes, one end of
which is open to permit entrance of electromag-

. netic wave energy. At its open end‘the chamber
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is provided with an iris to determine the magni-
tude of the opening. :

In the drawing:

PFig. 1 illustrates schematically a superhetero-
dyne receiving set for electromagnetic waves of
millimeter wave-length range; .

Fig. 2 shows the frequency selective apparatus
employed in the system of Fig. 1 as the receiv-
ing antenna and radio frequency selective circuit;

Fig. 3 illustrates details of the Lecher circuit

_constituting the receiving antenna of the appa-

ratus of Fig. 2;
Fig. 4 is an enlarged sectional view in the plane

‘A—A of Fig. 3 showing details of the detector;

Fig. 5 shows in longitudinal section, an alter-
native structure to that shown in Fig. 4, and

Fig. 6 is an end view of the detector of Fig. 5.

Referring to Fig. 1, the receiving apparatus for
very short waves comprises a receiving chamber
{ constituted by electrically conducting surfaces
and including a Lecher circuit 2 which serves as
a receiving antenna for absorbing the energy. of
electromagnetic waves. The two semi-circular
Lecher conductors 2 may be formed from wire of
s highly conducting alloy comprising 70% gold,
259% silver, and 5% platinum. Connected to the
antennsa structure is a contact rectifier 30 (Fig.
3) which will be subsequently described. A local -
source 3 of low power oscillations differing in
frequency from those to be received by a prede-
termined intermediate frequency serves in con-
junction with its radiating antenna & to supply
beating oscillations to the Lecher circuit 2. If
desired, the source 3 may be connected to a small
loop introduced directly into the chamber by
conductors passing through insulating sleeves in
the wall of the chamber. The incoming oscilla-
tions which it is desired to receive, beating with
the oscillations produced by source 3, yield inter-
mediate frequency oscillations which are supplied
from the Lecher circuit 2 by way of conductors §
to the input circuit of intermediate frequency
amplifier 6, the output circuit of which includes
a resonant loop circuit 7 tuned to the intermedi-
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ate fiequency. A second detector 8 which may

be of the fron-pyrite or silicon contactor rectifier

type is connected across the tuned -loop 7 and
audio frequency demodulated waves in its output

circuit are amplified by audio frequency amplifier -

$ and supplied to the receiving Instrument (0, A
lens 42 of paraffin, beeswax, record wax or vic-
tron, may be employed to increase the energy in-
put to the resonant chamber | by itg focussing
action.

Fig. 2 shows in. more detail the receiving
chamber and selective Lecher circuit antenna ap-
paratus employed in the system of PFig.1, A con-
- ducting casing If provided with an aperture
through which the Lecher circuit conductors

.10

project, carries an annular conducting ring 12 of

brass or other conducting material which serves
as a high frequency short-circuiting member for
the Lecher circuit conductors, The annular mem-
ber 12 is spaced from the Lecher conductors just
sufficiently to prevent its acting as a short-cir-
cuiting path for intermediate frequency oscilla-
tions. The capacitance between it and the con-
ductors of the Lecher circuit is, however, sufficient
50 that the Lecher circuit is effectively terminated
for millimeter-length waves at the outer face of
the annular member 2. The member {2 is ex-
ternally threaded to provide an adjusting feature
for the tubular conducting shell 14 which projects
forwardly from the casing Il and carries at its
-open outer end a plate {5 on which is mounted
the. iris member {86. Inasmuch as the tubular
member 14 may be adjusted to extend the cham-
ber I in the axial direction of the Lecher conduc-
tors 2 and the iris 16 may be adjusted to fix the
area.of the opening into the chamber, it is possi-

ble to adjust or tune the system to respond most .

effectively to oscillations of g given wave-length
by adjusting the tubular member {4 and to cause
& maximum quantity of energy of oscillations of
that wave-length to be absorbed by the Lecher

- plating the back
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conductors 2, by suitab}y varying the opening of -

iris member (8§, _

The Lecher conductors 2 are electrically separ-
ated by a strip {7 of mica or other dielectric ma-
terial as fllustrated in Pig. 3. A tubular sleeve 18
of dielectric material surrounds the Lecher con-
ductors very closely to hold them firmly clamped
together as a unit and is in turn enclosed in g

tightly fitting metaliic tube 19-a flanged end of «

which is attached to an enlarged circular dielec-
tric block 20 having an obening at one side
through which pass the leads 5 that connect the
Lecher conduectors to the external circuit, A heli-
cal spring 21 confined between the block 20 and
the hollow guide 22 In which the tube 19 slides
urges the block 20 and the entire Lecher circuit
assembly to the right to withdraw it from the
chamber | of shell (4. The position of the Lecher
conductors Is determined by a bell crank 23 bear-
ing against the reaction bolt 24 and hinged at 25,
The position of the bell crank is fixed by the ad-
Justing screw 26 and the retracting spring 21. It
is, therefore, possible to nicely adjust the position
of the Lecher conductors with respect to chamber
I. In Dractice, the Lecher system is tuned to 1%
wave-length or 34 wave-length ds indicated by
maximum: response indications. The chamber f
is-adjusted in length to & multiple of a half wave-
length as indicated by an incoming signal maxi-
mum, Finally the iris 16 is adjusted to obtain the
most favorable impedance condition, -
Fig. 4 which is g section in the plane 4—4 of
Fig. 3, shows the structure of the contact
rectifier-detector, 1t consists of g cylindrical

" which is firmly fixed
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block 30 of the semi-conducting material seated
closely in a circular recess in one of the Lecher
conductors. The other Lecher conductor is pro-
vided with an opening in which is inserted a spring
31, the end 32 of which presses down on the -
surface of the block 30 to make the rectifying con-
tact. The spring 31 is held in position by a small
plug 33 of electrically conducting material, fitting
tightly in the hole and staked therein to secure
the spring in position, .

The block 30 may consist of any of a number
of semi-conducting materials as hag previously
been explained. For low frequencies copper
oxide is quite effective but its response falls off
above the 60 to 70 kilocycle range and at two meg-
acycles 1t is useless, Iron-pyrites is also effective
and its effectiveness may be increased by electro-
surface with gold as has already
been stated, Silicon, however, is preferable.

Since the detector is near the open end of the
Lecher system it is at & point of substantially
maximum voltage. The semi-circular Lecher
conductors 2 extend back through the casing i1,
and the annular member 12 a8 has previous!y been
explained, is 80 nearly in contact with them that'
it serves as a short-circuiting path for high fre-
quency energy thus determining the electrical
tuning frequency of the Lecher circuit. Since the
Separation between the member 2 and the Lecher :
conductors is sufficient to maintain them elec-
trically separated at the intermediate frequency,
the beat frequency oscillations which result from
interaction of the desired high frequency oscilla-

transmitted by the Lecher conductors back to the
terminals § which pass -out through the side of
member 20, : )

An alternative form of detector is shown in Figs.
5 and 6 in which only the ends of the Lecher con-
ductors which carry the members of the contact
rectifier-detector are fllustrated. The two Lecher

members so that there may be
no projecting portions which would interfere with
precise tuning of the Lecher circuit, . The detector
consists of a cylindrical body 38 of semi-conduct-
ing materia] in contact with which is the tip 40
of a U-shaped contact wire 41, the base end of
in the Lecher conductor 36.
The contact wire 41 of Fig. 8 and the spring
contact member 31 of Fig. 4 both preferably con-
sist of tungsten wire having its surface, and
particularly its tip portion, coated with highly -

may also be used. o

In an actual apparatus constructed in accord-
ance with the disclosures of Figs. 2, 3 and 4 and
designed to operate for reception of oscillations
of 4 to 19 millimeters wave-length, the Lecher
conductors 2 with their intervening mica strip

inch. The silicon
crystal employed as the element 30 of Fig. 4 was

was wound on a form
plece protruded from




4
one end of the spring. This end was cut off with
a small scissors. ‘

The contact resistance between
inder and its supporting Lecher conductor is re-
duced to a minimum by an aquadag coating on
the cylinder. ‘The tungsten spring wire 31 Is
carefully ground at the base end of the coil to
hnve a large flat surface which may contact with
the plug 33 at its base. The tungsten material
of the spring wire 31 has sufficient torsional elas-
ticity at the very small wire dlameters employed
to exert sufficient pressure on the crystal block
to effect and maintain a satisfactory rectifying
contact. The pressure, although not particularly
critical, is, in general, so adjusted as to amount
to about 250 grams per square centimeter.

What is claimed is: ; . o

1. In a receiving system for short waves, a
tunable Lecher circuit serving as a selective elec-
tromagnetic wave energy-absorbing system and
a rectifying contact detector connected thereto
at substantially the maximum potential differ-
ence points of the Lecher circuit.

2. In a receiving system for. short waves, a

" tunable Lecher circuit constituting an -electro-
magnetic wave-absorbing antenna, a rectifying
detector connected thereto at points between
which there is a large difference of potential, an

the silicon cyl- .
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electromagnetic wave reflector surrounding the .

Lécher circuit and means for varying the length

_of the reflector to obtain maximum energy ab-

sorption at the Lecher circuit.
3. A receiving system for short waves compris-
" ing a tunable Lecher circuit constituting an elec-
tromagnetic wave-absorbing antenna, a rectify-
ing detector connected to the Lecher circuit at
. points between which there is a substantial dif-
ference of potential, a variable length electro-
magnetic wave reflector open at one end sur-
rounding the Lecher circuit and a variable iris
member connected to the reflector at its open end
to tune it for maximum energy reception by the

Lecher circuit.

4. In. a receiving system for short waves, a

tunable Lecher circuit serving as.an energy-ab-
sorbing device for incoming -electromagnetic
waves, a rectifying detector connected thereto
at points between which substantially maximum
potential difference exists and means for pro-

jecting locally generated oscillations of frequency b

different_from the frequency of said incoming
waves upon the Lecher circuit whereby the out-
put of the detector contains a component of the
difference frequency of the received electromag-
netic waves and the locally generated oscillations.

5. In combination, a conducting chamber hav-
ing an aperture to permit ingress of electromag-
netic waves, a pair of Lecher circuit conductors
projecting into the chamber through an aperture
in the wall of the chamber, the wall of said sec-
ond-named aperture being separated from the
conductors by such a small spacing as to effec-
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tively short circuit the Lecher circult at that
point for extremely high frequency oscillations.

6. The combination of claim 5, characterized
in' this, that a rectifying contact detector is
shunted across the Lecher circuit conductors at
a point electrically remote from the wall through
which -they pass. i

7. The combin- *ion of claim 5, characterized
in this, that means is provided outside the wall
of the chamber for varying the tuning of the .
Lecher circuit by varying the length of the Lecher
circuit conductors extending into the chamber.

8. A recelving system for electromagnetic
waves of the millimeter wave-length range, char-
acterized in this, that the receiving antenna and
the radio frequency selecting circuit comprise a
pair of Lecher conductors of variable length dis--
posed within an electrically conducting chamber
which is closed except for an aperture for ingress
of electromagnetic waves the pair of Lecher con-
ductors extending through an aperture in a wall
of the electrically conducting chamber, the mar-
gin of the aperture being so close to the Lecher
conductors as to cause the capacitance between
the wall and the Lecher circuit conductors to
substantially short circuit the Lecher circuit at
the frequency to which it is most highly respon-
sive. . . .

9. A receiving system for -electromagnetic
waves of extremely short wave-length, charac-
terized in this, that two Lecher circuit conduc-
tors constituting the antenna and selective re-
ceiving circuit support between them a contact
rectifier to set up in the Lecher circuit detected
modulation currents corresponding to meodula-
tions of the received electromagntic waves.

10. A system for receiving and detecting elec-
tromagnetic 'waves of the order of millimeter
wave-length comprising two closely spaced linear
Lecher circuit conductors, the maximum dimen-
sion perpendicular to their lengths of which is of
the order of .05 inch, each of said Lecher circuit
conductors being recessed near one end on the
face presented to the other conductor; a recti--
fying contact detector free from leads whereby
substantially the full potential developed between
said Lecher circuit conductors may be available
for production of rectified current, the detector
comprising a block of semi-conducting material
seated in one of the recesses and a conducting
spring member seated in the other recess and
having a contact point in engagement with the
surface of the block and means for tuning the
Lecher circuit to enable it to respond- most
efficiently at a desired electromagnetic wave fre-
quency, the ends of the Lecher circuit adjacent
the recesses being insulated from all other con-
ducting members whereby the Lecher circuit may
develop & maximum open end potential across
the contact detector.. '
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