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The present invention relates to rectifiers and,
more particularly, to push-pull connected recti-
fiers of the crystal type employed in systems using
ultra-short electric waves.

It has been known for some time that the use
of push-pull connected rectifiers as detectors or
mixers in systems of the character described is
very advantageous, for example in the case of
mixer stages for the superheterodyne reception
of ultra-short carrier waves wherein, upon suit-
able coupling of the outputs of the antenna and
of the local oscillator to the input of such stage,
the radiation of the oscillator output by way of
the antenna will be prevented. It is also known
that, in the case of ultra-short waves of the order
of ten centimeters or less, the use of rectiiers
of the crystal type is very desirable. Heretofore,
however, it has not been practicable to arrange
rectiflers of this type as a unit suitable for push-
pull operation, this being due to the fact that
known methods of producing such rectifiers do nof
result in rectifier elements having exactly iden-
tical characteristics which is an indispensable
condition for the satisfactory functioning of a
push-pull type detector. In addition to perfect
symmetry, the requirements for a detector or
modulator suitable for ultra-short waves also in-
clude very short inter-electrode connections and
extremely low distributed capacitances.

Tt i3, therefore, an object of the present inven-
tion to provide a rectifier of the character de-
scribed which meets the above requirements.

Another object of the present invention is to
provide a push-pull type mixer or modulator for
ultra-short waves.

A further object of the invention is to provide
a crystal type rectifier adapted to be used in com-
bination with a modulator stage of the resonant
cavity type.

According to a feature of the invention, a recti-
fler for ultra-short waves comprises a pair of
composite layers on a metal base plate and a pair
of connecting electrodes each contacting one of
suld layers at substantially one point only.

According to another feature of the invention,
a rectifier of the character described has a pair
of connecting electrodes coupled capacitively to
spaced portions of a cavity resonator.

The above and other objects and features of
the invention will become apparent from the fol-
lowing description, reference being had to the
accompanying drawing in which:

Fig. 1 illustrates a push-pull crystal detector
acecording to the invention, shown in elevational
cross section;
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Fig. 2 is an end view of the detector shown in
Fig. 1;

Fig, 3 is a diagram showing the equivalent cir-
cuit of the detector illustrated in Figs. 1 and 2;
and

Fiz. 4 shows the detector of Fig. 1 combined
with 8 mixer stage of the resonant cavity type
designed for ultra-short waves.

Referring first to Fig. 1, there is shown a metal-
lic base plate | serving as a cathode and pro-
viged with a spring or contact element 2. The
upiozite faces of this base plate | are provided
with composite erystalline layers 3a, 3b, re-
spectively, of egual thickness, these layers hav-
ing outer surfaces forming barrier layers or bar-
er surfaces. The formation of these barrier
iavers may be carried out by any known method
and preferably takes place in a single operation.
The composite layers may be produced by pre-
cipitaiing erystalline needles directly upon layers
of germanium, silicium, copper or other semi-
eonductive material, for example, by methods
utilized in the manufacture of rectifiers of the
copper oxide type, as by vaporization of a suitable
material or by electrolytic deposition. It is ac-
tually possible to produce composite layers of
predetermined and identical properties on both
sides of the metal base plate in the course of a
single operation. In accordance with the inven-
tion, the two layers are embedded in the metal
base | in such & manner that the serles resist-
ance thereof becomes as small as possible.

The two connecting electrodes or anodes da,
4b are formed by providing bodies Ba, 6b of in-
sulating material having conical cavities and
filiing these cavities with a substantially non-
oxidizable metal such as tin, copper, silver, gold
and so forth, The insulating pieces 6a, 6b should
be of the highest quality in regard to the fre-
quencies utilized, that is to say they should
consist of a dielectrie material having low induc-
tivity and a small loss factor. They may consist
of ceramic material such as steatites or they may
consist of synthetic resins or other material which,

is capable of withstanding ultra-high frequencies..

It is clear that the process of filling and the
type of metal employed for the electrodes da, 4b
will vary depending on whether one or the other
of the above classes of insulating material are
used, in view of the thermal and mechanical dif-
ferences between these materials. In the case of
a steatite, it will be possible to use a metal hav-
ing a relatively high melting point and to pour
the same into the cavity. It will also be pos-
sible to use a metal in comminuted form and to
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compach the particles by a baking or fusing proe-
ess. In the case of synthetic resins, if the elec-
trode material is to be poured, a metal or alloy of
relatively low melting point should be used. It
will likewise be possible to use & mechanical proc-
ess similar to riveting or hammering. Generally.
any suitable technological process may bé em-
ployed In the formation of the electrodes 4a
and 4b.

The metal base plate [ which supports the two
crystalline layers 3a, 3b constitutés the desired
very short connection between these layers; at
the same time it acts as a mutual Screen betwéen
the two anode electrodes 42 and #b, thus effect-
ing a reduction of the capacitance Cq (Fig. 3)
existing between these electrodes.. It will be un-
derstood that the member | may be dimetisioned
in such a menner that the resulting inter-elec-
trode capacitance will have the value required
to tune the rectlﬁer a.ssembly to a desired reso-
nance frequency, which may be of particular in-
terest in the case of detectors or modulators for
ultra high frequencies.

As shown in Fig. 2, the detector is assembled
as & unit which is centrally symmetrical with
raspect to the axis 0 except for a projection T
provided on the base ‘plate |. This projection is
a convenient means for effecting a cathode con-
nection with the ald of the contact element 2,
such a conn=ctmn being of particular interest in
the case of 'an assembly such as that illustrated
by way of example in Fig. 4.

Fig. 3 represents the equivalent circuit diagram
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corresponding to a push-pull detector according _.

to the invention. Therein, D1 and D2 are ideal
lmidLrectlonal conductors or rectifiers devoid of
any losses of capacitance; Ri1 and Rz are the
ohmic resistancss preferably including any exter-
nal resistances to be considered in connection
with the impedance of the system; Ci and Cz are
the parallel capacitances; Ri’ and R2" are the
respective series resistances which exist at the
boundary layers and are due to the contact be-
tween the semi-conductor and the counter- elec-
trode. It will be noted that the magnitudes of
Ri, C: and R1’ associated with D: are equal, re-
spectively, to the magnitudes of Rz, C2 and Rz’
associated with Dz, owing to the arrangement ac-
cording to the invention. Finally Cq represents
the external capacitance whose absolute value
may be appreciably reduced by virtue of the ar-
rangement herein proposed.

It will be appreciated that a push-pull detector
according to the invention offers not only the
advantage of suppressing the radiation of the
cscillator output by way of the antenna, but also
effects a suppression of the background noises of
the oscillator.

The use of the detector described is particularly
advantageous in connection with oscillatory cir-
cuits using resonant cavities. In such a case it
will be possible to obtain high-frequency coupling
between the two anode electrodes da and 4b on

the one hand and adjacent plates or elements of

the cavity resonator on the other.

Fig. 4 shows schematically a mixer stage for
ultra-short waves comprising an oscillatory cir-
cuit utilizing a resonant cavity.
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The cavity resonator 8, having the cross section

of a fiattened cylinder, is excited by the received
wave through an antenna loop 9. As a result
there will be set up alternating potentials of op-
posite phase on the plates 10e, 10b which form

the flattened portions of the cavity, relative o

the potential obtaining in the plane of symmetry.
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The two electrodes 8z and 4b of the detector,
disposed at opposite sides of the axis of symmetry
of the resonator, are capacitively coupled to the
plates 18a, 10b, respectively, by means of arma-
tures fla and |1b; on the other hand, these elec-
trodes are also connected by means of two coaxial
conductois 12¢ and 126 tb a piisH-pull connec
mtermedia.te -frequency device (not shown). The
oscillator frequency is supplied by the generator
{3, by way of & line 14, to the plane of symrmetry
represented by the base plate | which supports
the crystalline semi-conductive layers.
.. It will thus be seen that the detector is driven
in push -pull by the received frequency and in
parallel excitation by the oscillator frequency,
the intermediate frequency being extracted in
prsh-pill.

_The forms of the invention specifically shown
and described herein are given merely by way of
illustration and not as alimitation upon the scope
of the invention and defined in thé appended
claims.

What is claimed is:

1. A push-pull rectlﬁer of the crystal type for
ultre, ‘short electric Wwaves, comprising a metal
base plate, a pair of electrically identical semi-
conductive layers on npposite faces of said base
plate, the outer part of said layers forming bar-
rier layers, a pair of con.nectlng electrodes each
making contact directly with one corresponding
barrier layer at substantially one point only, a
third electrode connected to said base piate and
bodies of insulating material embedding respec-
tively each "of said pair of electrodes and over-
laying respectively each of said barrier layers and
the major portion of the surface of said base
plate on which is mounted the corresponding
semi-conductive layer.

2. A rectifier according to claim 1 wherem said
connecting ‘electrodes are of substantially conical
shape bearing with the pointed ends upon said
barrier layers, respectively.

3. A push-pull rectifier of the crystal type for
ultra-short electric waves, comprising a metal

5 base plate having two parallel faces each pro-

vided with a recess, said tworecesses being of the
same depth, 2 semi-conductive layer embedded
in each of said recesses, the outer part of said
layers forming barrier surfaces, a pair of bodies
of insulating material each in contact with one
corresponding barrier surface and overlaying the
major portion "of ‘the corresponding surface of
said base plate in ‘which ‘are inserted said semi-
conductive layers, each of said bodies being pro-

5 vided with a substantially conical ¢éavity open at

its pointed end toward the barrier surface of the
corresponding semi-conductive layer, and a pair
of substantially conical connecting electrodes
each filling one of sald cavities and conductively
conta.ctmg the barner surface of said correspond-
ing semi-conductive layer at said pointed end.

4. A modulator stage for ultra-short waves,
comprising ‘a cavity resonator, input means
adapted to apply an electric wave in opposite
phase to spaced portions of said resonator, & ree-
tifier according to claim 1 disposed in said rese-

‘nator, coupling means capacitively coupling each

of said connecting” ‘electrodes to a respective one
of said spa.ced portions, a source of oscillations,
connector means arranged to apply said oscilla-
tions bhetween ‘zaid ‘base plate on one hand and
said two portions In parallel on the other, and
output means connected in push-pull across said
connector electrodeés on one hand and said spaced
portions on the other, .

12



May 8, 1951 " H.F. MATARE 2,552,052
PUSH-PULL CONVERTER OF THE CRYSTAL TYPE
FOR ULTRA-SHORT WAVES

Filed April 21, 1948

fi67 | fic2

5b . 4b

g 11}
/ RN

S

0
5

AN

5 7

7y R Rz
mwi’vjj:}_o
DW Di .2
.,___li ]
le Vg
Ry
Iz,

o X 4
H
H

7

. INVENTOR;
I-rl\erbert Fra‘?yis Matar

By: \
1 .
His Agent

13



He referred to the use of duodetectors for microwave mixers and to the similarities of
the technologies used in microwave radar and in the crystal amplifier. On August 11,
1949, Mataré and Welker filed a patent application for the invention of *‘crystal
devices for controlling electric currents by means of a solid semiconductor with the
use of one or more control electrodes, either in a barrier layer of the semiconductor,
or closely adjacent to semiconductive layers with a suitable insulator interposed
therebetween.™ (Claims priority, application France August 13, 1948.) The patent was
granted on March 30, 1954.

In the spring of 1949, Westinghouse was ready to produce 10,000 to 20,000 diodes
a month. The total production was sold to the P.T.T. and the CNET (Centre National
d’Etudes des Télécommunications) whose engineers mounted the repeaters in
telephone lines, and the amplifiers in radio sets and transmitters. In June 1949, they
conducted a demonstration in the presence of French government officials who
congratulated them and alerted the press.

First BEuropean transistor constructed
in June, 1948 at the Semiconductor
Laboratory of F & S Westinghouse in
Paris, France by H. F. Matare

First European production models of
trensistors, 1949-1950 at ¥ & S

Westinghouse, Paris, France

(Courtesy of Deutsches Museum)
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Shortly after the press conference the French government decided to concentrate all
its efforts on the development and production of atomic power, and to let private
companies produce and supply semiconductors. Mataré returned to Germany and
founded Intermetall in DUsseldorf. Through a French lawyer he came into contact
with Jakob Michael, the owner of New England Industries, a company established in
Wall Street. Before the war, Mr. Michael owned a very popular chain of department
stores Defaka - Deutsches Familienkaufhaus. Being Jewish, he had emigrated to the
United States. After the war he recovered whatever was left of his property. Several
stores had been reopened and profits were substantial. But exchange controls
prevented him from converting his German marks into dollars. He thought up a
scheme that would enable him to transfer his assets, and was very much interested in
buying German products he could sell in the United States. He supplied the funds
that enabled Mataré to set up production of diodes and transistors. Within a very
short time, the company started producing and selling successfully.

The transistor presented Intermetall’s team of scientists with challenges and
opportunities hitherto unknown. Some of the engineers Mataré had brought with him
from France were very clever. Within a few months, production started and
Intermetall was the first company in the world to sell diodes and transistors. They
soon started dreaming up applications. One them was a transistor radio. The
transistor was a new technological marvel able to reduce the radio from a bulky lump
of furniture to a hand-held, pocket-sized gadget. It required little power and did not
burn out, promising reliability and longevity

In August 1953, at the Dusseldorf Radio Fair, a young lady wearing a black
sweater and a multicolored flowery skirt demonstrated to the public a tiny battery-
operated transistor radio. The housing was made of transparent plexiglas; the sound
was amplified by four transistors and transmitted through an earphone. It was a
prototype developed by Intermetall, the small company founded the previous year by
Herbert Mataré.

In 1953, he emigrated to the United States. Dr. Mataré is currently a consultant
for Pyron Inc., a solar energy company based in La Jolla, Calif. Pyron holds the
world record in lens-surface per ground-surface, and co-operates with BOEING-
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