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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 clectrodes, 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 geod 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 elecirodes 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 25 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. 1 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, €. 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 §, 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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and the movable part 4 is as follows. The length ¢
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 ¢ 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
S 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 ought, however, to
be made of some hard materiai, e. g. tungsten. A suit-
able conmstruction 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. tungsten, while the rest of the
movable part may be made of some light 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 a4 of 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 cught not to be difficult
to fulfill by this construction. The length b of the con-
ical portion of the part 4 shall alsc be short in compari-
son to “half a wavelength and shall preferably not ex-
ceed V& wavelength, Whether the conical peint of the
part 4 comprises 2 metal wire 7 or not, ihe device makes

it possible to obtain a very low inductance in series with

the resistance of the barrier layer. Because also 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. ought to be useful down o
the shortest wavelengths in the micrewave tange.

It may be desirable at the manufacture of crystal di-
odes to have a possibility of adjusting the location of
the point pressured against the semi-conducting element
in order to find a suitable contact point. This may be
effected in a very simple manner. ‘The point pressuring
against the semi-conducting element 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 foilows: The semi-con-
ducting element 2 is fastened at the end of a screw 1i.
If either the conical point of the previcusly mentioned
part 4 or the semi-conducting element 2 is placed eccen-
trically, the contact point between them may be easily
varied by turning said screw 11, Said variation of the
contact point may in this case be effected, although the
spring 5 has been previously inserted.

The electrode 1, which carries the semi-conducting ele-
ment, need not necessarily be constructed as in Fig. 1.
In Fig. 3 there is shown another embodiment 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 Vilue' of said Tductance is determined by
the geometrical dimensions, and at the manufacture of
the, crystal diode said, Inductance, may easily be, given. a
desired vilue, contrary, to the inductance, which js ob-

tainied by the thin, curved contact wire, of crystal diodes
according to previous, constructions. In these previous

constriictions it is rather difficulf toobtain equal valnes
of the ;ﬁdlibtéiﬁri’ce, at different diodes of one and, the
same sort of diode. Tn'a comstruction according to Fig, 3
‘ uctance shall suitably be &iven such a vajue that

the capacitance of the bariier layer is con: i
certain desifed frequericy range,  This shall also be.
case if ‘the electrode 1 is copstructed according to Fig. 4.
The two electrodes 1 and 3 of the diode are held to-
gether by a non-Conducting tial 9, e. g, glass, ceramic
or the like. e space between this non-conducting ma-
terial, the two electrodes and the semi-conducting element

i i e e ae ez Gy e, SO0 SRS MG
may suitably be filled with wax or some other non-con-
diicting taterial having small losses and 2 small dielectric
constant. , e e
Jt mhay be advantageous. to make fhe two electrodes, 1
and 3 with soméwhat différent diameters, so that the
diode may be easily placed e, g in a waveguide,. .
- Fig. 5 shows another embodiment of a crystal diode
1 is a first electrode of a con-

according to the invention. :
ducting miaterial, which electrode carries a semi-conduct-
ing element 2. The point of 4 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
indicdted by 3. "The end of the fixed part 3, which faces
the semi-conduicting elenient, is conical and has an axial
or excentrical hole, in which said thin metal wiré 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 seti-conducting element under
spring pressure. The electrode 1 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 élec-
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 sich a manner, that a
good electrical and méechanical contact will be obtained.
The direct current through the diode will then pass this
fastening point. High freqitency 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 mannérs. E ,
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. . graphite, or said sliding
surfaces may also be coated with an insulating material,

so that a'direct contact bétween the metal surfaces of the

hole and the wire 7 will be prevented. In the latter Case
the length ¢ (more exactly the electrical length) of said
hole shall be chosen 56 as to be an odd nuber of quarter
wavelengths, e. g. ¥4 wavelength, at’ the frequéncy 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 thé frequency, at’ which thé diode i in-
tended to be used.

In order to make the

location of the contact point be-

tween the point of the wire 7 and the ' semi-conduicting 7

element 2 adjustablé, thé 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 -sefni:condutting-elerment: is" carried by
a screw 1%, by means of which the semi-conducting ele-

Either the' sliding
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" ment may be turnable, so that the location of the eon-
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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 cOrsidetably 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 othér elec-
trode’ part 3, 4lso.otght to.be $mall -and, preferably Tess
than one eighth of the smallest wavelenigth, at’ which the
diode is infended to be used. .. b s

The ctystal diode may of ‘cotrse also in this embodi-
ment be constriicted according to Fig.. 3 or 4 so thif the
electrode, which carries the, semi-conducting element, is
constructed to formi 4" reactarice of such a value and
sign, that the capacitance of the barrier layer will be
compensated in a_certain Trequency range i
It iﬁ .v,u,k... R

antageous’ he't

ind 3 With different
order to make thé'di
guide,

ng a_semi-conductive’ m
sécond Eléctrode including a comical mem
inted relative to the first elecfrode and HA
gitudinal bore, ‘and 4 mictal wiré having

relative 10" the ' diatheters of ‘said. cylindfical
the" Said wire béing secured to nd
electrode’ and extending “axially' - ¢ to”
the' Sther end of thé' wir¢ being' pointed’
e

said’ semi-conducting ‘miember ‘with, a
2.'A crystal diode according
portion of the wire protruding f ’ saic
ber i of a Iength considerably Tess fhas o
the shortest wave léngth with w aid dio
3. A crystal diode dccording to” claim " 1,'w
clectrically -conductive Tibricating material i interpos
between said métal wiré and the wall defi
thiough' the ‘réspectivé” electrode’ thereb:
mechdnical’ friction and low electric resist
the metal wire and the said wall. o
4. A crystal ‘diode’ aceording t6_claim 37
said ‘lubricating mateérial coiriprises praphite.
5. A crystal diode’ according to claim’ 1, Wwheféin
bore” thtough said ¢onical meépiber Has' an’” 1ectritally
effective length of 4h 6dd number of GUATEST Wwave lengths,
and’ whereid the wire portion within''sdid" Boré is” eléc-
trically insulated fromi the stirrotinding wall of the ‘coniiéal
member. e
6. A crystal diode according to claim §, Whérein
the said movable wire is coated with insuldtion matéfial,
7. A crystal diode according to claim 1, wher
said electrodes are mounted axially rotatablé reldt]
each other, and’ wherein said “point of ¢ontact be
said wirg and ‘said semi-conducting member is 6ceénttic
relative” to the rotational axis of at least™ one” of "suid
electrodes for varying the locafion of 'said confict point
ori thé seémi-conducting'meiber by totating $aid electrodes
relative to each other. , . . ,
8. A crystal diode according t6 clidim ‘7, whéréin ‘the

electrode including said sémi-coriducting meiiber is ax-

m’ said

g, said’
effecting " low
ance 'between

R L R L
whérein the

5 ially rotatable and said contact point is' eccentiic' relative

to the rotational axis of the said electrode. :

9. A crystal diode according to claini 1,"wheérein ‘the
said electrodes have diameters différent ‘onie ' from “the
other'so as to facilitate insertion of ‘the diode ifi 4 wive
guide. )

10."A crystal ‘diode accotding to claim’ 1, wherein™ )
sleeve member’ made of ‘electrically non-cofidicting’ ta-
terial is disposed between’ said two electtodes for join 4
the”same;, thé' said protiuding wite portion “exténding
through said sleeve member.
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11. A crystal diode according to claim 10, wherein References Cited in the file of this patent
the space bounded by said sleeve rr_xember and said.elec~ UNITED STATES PATENTS
trodes is filled with a non-conductive material having a
low dielectric constant. ; 1,027,238 CarlSom - May 21, 1912
12. A crystal diode according to claim 1, wherein 5 1'?22’459 Lundquist ——-—- mmm—mmm e Mar. 29, iggg
the said electrode including the non-conductive member 2,142,159 Southworth —w---oemeeen Jan. 130’ 19 e
is of a configuration siich as to form a reactance having 2,469,569 Ohl e May e 19 49
a value and sign compensating for the capacitance of 2,472,938 Brittain —— oo June 14, 195 1
the barrier layer of the diode within a predetermined 2,552,052 Matare —-——w——meoomeee May 8, 19

range of frequency. 10




