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The object of this invention is to provide a crystal diode 
for microwaves having a new construction, which is 
advantageous from the impedance point of view. 

Crystal diodes are now generally used for mixing and 
detecting purposes in the microwave range. Such a diode 
consists of two electrodes, one of which carries a semi 
conducting element, usually a silicon crystal. A thin, 
bended metal wire is attached to the other electrode, 
the point of said wire being held against the semiconduct 
ing element. The length of the wire is, however, usually 
not small in comparison to a quarter of a wavelength 
at the frequencies in the centimeter wave range. Such 
a wire has an inductance, which causes difficulties in the 
microwave range, and the value of said inductance ought 
to be as small as possible for optimum operation. 
This invention relates to a crystal diode having the 

value of said inductance largely reduced. This makes it 
possible to use the diode with a good result at the highest 
frequencies of the microwave range. 
The crystal diode according to the invention consists 

of a first electrode comprising a semiconducting element 
and a second electrode with a point, which is held against 
the semiconducting element under spring pressure. The 
diode is mainly characterized by the electrodes being 
cylindrical with a rather large diameter and by said other 
electrode being conical with a base diameter approxi 
mately equal to the diameter of the diameter of the 
cylindrical part of the electrode, which diameter is in the 
order of magnitude of 2-5 millimeters, so that the series 
inductance of the diode will be as small as possible. 
The invention will be closer described in connection 

with the accompanying drawing, where Fig. 1 shows a 
crystal diode according to the invention, Figs. 2-4 show 
some different detail constructions, and Fig. 5 shows an 
other embodiment of a crystal diode according to the 
invention. 

Fig. 1 shows an embodiment of a diode according to 
the invention. is a metallic electrode, which carries a 
semiconducting element 2. This may suitably be a silicon 
'crystal, but other semiconducting materials having simi 
lar properties, e. g. germanium, may also be used. The 
other electrode consists of a tubular, metallic cylinder 
3, in which another metallic part 4 having a conical 
point is movable in the axial direction. The point of said 
part 4 is pressured against the semiconducting element 
by help of a coil spring 5. The pressure of the conical 
point against the semiconducting element may be ad 
justed by a screw 6, which is screwed into the tubular 
cylinder 3. In order to be able to maintain the pressure 
at a constant value the conical part 4 shall be able to 
slide easily in the cylinder 3. It would therefore be ad 
vantageous to have a lubricant between the cylinder 3 
and the part 4. On the other hand a good electrical 
contact must exist between them. Therefore the lubri 
cant ought to have a rather high conductivity, and may 
suitably consist of e. g. graphite. Another way of ob 
taining a good electrical contact between the cylinder 3 
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2 
and the movable part 4 is as follows. The length c 
of the movable part 4 is made equal to an odd number of 
quarter wavelengths, e. g. 4 wavelength, at the fre 
quency, at which the diode is intended to be used. Di 
rect electrical contact between the cylinder 3 and the end 
of said movable part 4, which end is most distant from 
the conical point, is prevented by a ring 10 of some non 
conducting material, e. g. nylon. This open circuit is 
then transformed by the quarter wavelength c into a 
short-circuit between the cylinder 3 and the portion of 
the movable part 4, where the conicity begins. A ring 
of Some non-conducting material, which ring is similar 
to the previously mentioned ring 10 may be inserted also 
round that portion. In these cases the direct current 
will pass from the movable part 4 through the coil spring 
5 and the screw 6 to the cylinder 3. In order to get the 
diode rather unsensitive to mechanical shocks the mov 
able mass, thus mainly the part 4 ought to be made light. 
This part may suitably be made hollow, as is shown by 
the figure, and of a light material. The point pressured 
against the semi-conducting element olight, however, to 
be made of some hard materiai, e. g. tungsten. A suit 
able construction of the movable part 4 is shown by 
Fig. 2. The conical point is provided with a hole in the 
axial direction, and a thin, straight metal wire 7 has been 
inserted into that hole. This construction gives the ad 
vantage of the wire 7, which is to be pressured against the 
semi-conducting element, being able to be made of a suit 
able, hard material, e. g. tungster, while the rest of the 
movable part may be made of some iight metailic ma 
terial. The wire 7 may suitably first be pressed into 
the hole and then sharpened, so that a suitably formed 
point will be obtained. The length a cf the portion of 
the wire, exceeding outside the point of the movable 
part 4 ought to be considerably iess than a quarter of 
a wavelength. That condition ought irot to be difficult 
to fulfill by this construction. The length b of the con 
ical portion of the part 4 shali also be short in compari 
Son to half a waveiength and shall preferably not ex 
ceed /8 wavelength. Whether the conical point of the 
part 4 comprises a metal wire 7 or not, the device makes 
it possible to obtain a very low inductairce in series with 
the resistance of the barrier layer. Because aiso the ca 
pacitance shunting the resistance of the barrier layer 
ought to get a small value in the construction according 
to the invention the diode cught to be useful down to 
the shortest wavelengths in the microwave raiage. 

t may be desirable at the manufacture of crystal di 
cdes to have a possibility of adjusting the lccation of 
the point pressured against the semi-condicting elenherit 
in order to find a suitable contact point. This may be 
effected in a very simple manner. The point pressuring 
against the semi-conducting eiement may e. g. be placed 
a little eccentrically. By providing the movabie part 4 
with two diametrically situated grooves 8 it will be pos 
sible easily to change the location of the contact point 
between the point of the electrode and the semi-conduct 
ing element by help of a screwdriver. Another way of 
obtaining the same result is as follows: The semi-con 
ducting element 2 is fastened at the end of a screw is. 
If either the conical point of the previously mentioned 
part 4 or the semi-conducting element 2 is placed ecce:- 
trically, the contact point between them inay be easily 
varied by turning said screw ii. Said variation of the 
contact point may in this case be effected, although the 
spring 5 has been previously inserted. 
The electrode , which carries the semi-conducting eie 

ment, need not necessarily be constructed as in Fig. 1. 
in Fig. 3 there is shown another embodinent of said 
electrode. The construction imports an inductance be 
ing obtained in series with the capacitance of the barrier 
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layer. The value of said inductance is determined by 
the geometrical dimensions, and at the manufacture of 
the crystal diode, said inductance, may easily begiven a 

yälue, conträrý, tg the ind?ctance Which is ob 
ed by the thin, curved contact wire of crystal diodes according to previous constrictions. In these previous 

constructions it is rather, dificult toobtain equal values 
of the inductance at different diodes of one and, the Saine sort of diode. In a construction, according to Fig. 3 said inductance shall suitably be given such a value that 
the capacitance of the barrier layer, is comperisated in a 
certain desired frequency range. This shall also be the 
case if the electrodei is copistricted according to Fig. 4. 
The two electrodes 1 and 3 of the diode are held to: gether by a non-conducting material 9, e.g. glass, ceramic 

or the like. The space between this non-conducting ma 
terial, the two electrodes and the semi-conducting element may suitably, be filled with wax, or some other non-con dicting thatérial having small losses and a small dielectric 

It may be advantageous, to make the two electrodes. 1. 
and 3 with somewhat different diameters, so that the diode may be easily placed e. g. in a waveguide, 

Fig. 5 shows another embodiment of a crystal diode 
according to the invention. is a first electrode of a con 
ducting material, which electrode carries a semi-conduct 
ing element 2. The point of a thin metal wire 7 is held 
against that semi-conducting element, Said wire be 
longs to the other electrode, the fixed part of which is 
indicated by 3. The end of the fixed part 3, which faces : 
the semi-conducting element, is conical and has an axial 
or excentrical hole, in which said thin metal wire is mov 
able. The upper portion of this wire is bent or con 
structed in another manner, so that the point of the wire will be held against the semi-condicting element under 
spring pressure. The electrodei and the fixed part 3 
of the other electrode are held together by a non-conduct 
ing material 9, e. g. glass, ceramic or the like. The 
space between this non-conducting material, the two elec 
trodes and the semi-conducting element may suitably be 
filled with wax or some other non-conducting material 
having small losses and a small diaelectric constant. 
The upper end of the thin Wire 7 is fastened to the fixed 

part 3 of said other electrode in such a manner, that a 
good electrical and mechanical contact will be obtained. 
The direct current through the diode will then pass this 
fastening point. High frequency currents shall, however, 
be able to pass from the thin wire 7 directly to the conical 
end of the fixed part 3 of said other electrode. This may 
be effected in two different manners. Either the sliding 
surfaces between the thin wire 7 and the hole, in which 
the wire is movable, are coated with a lubricant with a good electrical conductivity, e.g. graphite, or said sliding 
surfaces may also be coated with an insulating material, 
so that a direct contact between the metal surfaces of the 
hole and the wire 7 will be prevented. In the latter case the length c (more exactly the electricallength) of said 
hole shall be chosen so as to be an odd number of quarter wavelengths, e. g. 4 wavelength, at the frequency at 
which the diode is intended to be used. Because the 
upper end of said hole is open, the lower end of said 
hole will act as if it were shortcircuited from the high 
frequency point of view. In order to make the upper 
end of said hole act exactly as an open circuit, the length 
d (i. e. more exactly the electrical length) of the cavity 
12 above said hole shall be an odd number of quarter 
wavelengths at the frequency, at which the diode is in 
tended to be used. S SSSS SS SSL S S ? ? ? ??? ?? 

In order to make the location of the contact point be 
tween the point of the wire 7 and the semi-conducting 
element 2 adjustable, the point of said wire and the semi 
conducting element may also in this construction be lo 
cated excentrically in relation to each other. According 
to the figure the semi-conducting element is carried by 
a screw 11, by means of which the semi-conducting ele 
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. --- - · - ASAA S YSSAAS AASS SSAM SS SSAASAASAA AAA AAAAS SqLAeLe AAhASALLLS AAAAA ment may be turnable, so that the location of the con tact point may be adjusted. 
The length a of the portion of the wire 7, which portion 

exceeds the conical part of said other electrode ought to 
be small and preferably considerably less than a quarter 
of the smallest wavelength, at which the diode is intended to be used. 
The length b. of the conical portion of said other elec trode part 3, also ought to be small and preferably less 

than one eighth of the smallest wavelength, at which the 
diode, is intended to be used. ..., , a The crystal diode may of course also in this embodi 
ment be constructed according to Fig.3 or 4 só thät the 
electrode, which carries the semi-conducting element, is 
constructed to formi är reacta?cë of''' such a value and 
sign, that the capacitance of the barrier layer will be 

säid s?cond ëlectrode inclü 
mounted relative to the first gitudinal bore 
relative to the 

the other end of th? wir said semi-conducting member with 
2. A crystal dióde according ti 

portion of the wire protruding fr 
ber is of a length considerably le 
the shortest wavelength, with which said 

3. A crystal diode according to cla 
electrically conductive lu in - - - 

between said metal wire and the wall defining said bore through the respective electrode thereby effecting low 
mechanical friction and low electric resistance between 
the metal wire and the said wall. ° 4. A crystal diode according tõ_clai! 
said lubricating material con ?? 

5. A crystal diode according to claim 1 
bore through said conical member has 
effective length of an odd number of er wave 
and wherein the wire portion within said bore is trically insulated from the surrounding wall of the conical 
member. ??... - ?..?? . . . .. 

6. A crystal diode according to claim 5, wherei 
the said movable wire is coated with insulation material. 7. A crystal diode according to claim 1, wherein the 
said electrodes are mounted axially rotatable relative to 
each other, and wherein said point of contact" between 
said wire and said semi-conducting member is eccentric 
relative to the rotational axis of at least one of said 
electrodes for varying the location of 'said contact point ori the semi-conducting member by rotating said electrodes 
relative to each other. . . . 

8. A crystal diode according tó cläim 7, whêrein the 
electrode including said semi-conducting member is ax 
ially rotatable and said contact point is eccentric relative 
to the rotational axis of the said electrode. . . . . 

9. A crystal diode according to claim 1, wherein the 
said electrodes have diameters different one from the 
other so as to facilitate insertion of the diode in a wave guide. 

10. A crystal diode according to claim 1, wherein a 
sleeve member made of electrically non-conducting 
terial is disposed between said two electrodes for join 
the same, the said protruding wire portion extering 
through said sleeve member. 
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11. A crystal diode according to claim 10, wherein 

the space bounded by said sleeve member and said elec 
trodes is filled with a non-conductive material having a 
low dielectric constant. 

12. A crystal diode according to claim 1, wherein 
the said electrode including the non-conductive member 
is of a configuration such as to form a reactance having 
a value and sign compensating for the capacitance of 
the barrier layer of the diode within a predetermined 
range of frequency. 10 

6 
References Cited in the file of this patent 

1,027,238 
1,622,459 
2,142,159 
2,469,569 
2,472,938 
2,552,052 

UNITED STATES PATENTS 
Carlson --------------- May 21, 
Lundquist —----?--?? ?????? ??????? ???????????? ???????? Mar. 29, 
Southworth ------------ Jan. 3, 
Ohl ------------------ May 10, 
Brittain --------------- June 14, 
Matare ---------------- May 8, 

1912 
1927 
1939 
1949 
1949 
1951 

  


