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Itlsatm’therobjectotthlsinventlontode-
vise s waveguide section which comprises a
butlt-in noise diode and may be directly con-
nected into a waveguide system, the diode being
arranged within the section so that it doeg¢ not
produce a substantial impedance discontinuity
therein and so that at the same. time it is effi-
clently operable as a source of noise currents.

A particular feature of the invention is that
the cathode of a noise diode i3 built into a hollow
conductor of a super-high frequency transmis-

sion system, is shislded from abrupt physical

protrugion inte -the - dielectric propagation me-
dium therein, and therefore from close enough
paraliel coupling to apy electromagnetic fields
which uay be present therein to cause a substan~
tial dissontinuity in the impedance of the system
at the point where the diode is built in.

- Angther feature of the invention is
mmmtdmebuuundiodewitham
shoart spacmgtoaﬂord two si-
: (1) that the diode will

function.
noise currents gver & wide band of frequencies,
and (2) that the electron siream will not be

eonductor, i...e., that the electron stream
L coupled to that energy and there-
substantially alter the impedance
- o% the point where the diode is

mmmdmemvmmnu
asrangement whereby the shunt impedance
to. the .diode by the section of the sys-
which. % Is built has a suitably high
 develaping useful amounts of noise
an:sxtreme reduction of an in-
of the hollow conductor of that
short discharge space for
a6 the same time the shunt im-
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Pig. 1 1s a side view of a noise diode constructed
in accordance with & preferred embodiment of
the invention, ths diode being incorporated into
a section of waveguide portions of which are
;howncut:wvtomemtermlstructurutu-

l“k 2 is'an exploded view of some of the com-
ponent parts of the noise diode shown in Fig. 1
to illustrate structural details;

_Fg. 3 is a side view of a noise diode con-
structed in aceordance with another embodiment
of the invention;

Mg. 4 is a crom-gectional view taken through

Mgs. 3 and ¢4;

Pigs. 8 and:-@ represent a modification of the
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taken glong line 8—§ of Pigure 9, and Plgure 9
being a left end view of Migure 8.

Similar reference characters are applied to
gsimilar elements throughout the drawings.

Referring to Fig. 1, the diode comprises a
wave gulde section 10 which in the present em-
bodiment is of the rectangular type and pref-
erably is of some standard size and which also
functions as part of the tube envelope. Section
10 carries at i4s opposite ends filanges 11 and 12
by which it may be readily connected into &
standard waveguide transmission system. The
flanges ({ and 12 may include R. F. (radio fre-
quency) chokes or any other desirable known
features for assisting coupling. In the diode
shown in Fig. 1 a portion 13 of the inner wall
of the top of waveguide section 10 acts as the
anode. Since ordinarily the metallic tubes com-
prising a waveguide system are grounded, the
energizing potential for this diode will prefere
ably be applied as a negative potential to iis
cathode (fllament (4). . However, if desired, the
entire section (0 may be D. C. insulated from
the rest of the waveguide system so that it will
be possible to apply the energizing potential to
it as a positive potential. In either case the poy~
tion 13 of the inner wall of the section will be
at a higher potential than the diocde-cathods,.

For efficlent operation it is essential tha$
the inter-electrode space for this diode be vasy
short. If the transit time from the cathode to
the anode is gradually increased it will be noted
that when it is equal to atout one-half of ons
pericd corresponding to the center frequemcy
of the operat:ng band, or, to be more exact, when
it is equal to 3-5 radians at that frequency, the
noise current will be down very markedly, more
particularly the mean squared noise current (@
will be down by 50% and will be decreasing at &
rapid rate. The mean noise current may be
considered as an integration of random current
impulses each of which is produced during the
transit of an individual electron from the cath~
ode to the anode. According to Pourier, if the
transit times are very short the current im-
pulses will include many high frequency ogms
ponents having significant magnitudes whereas
if they are long this will not be true. Thus,
when the noise current drops because of ine
creases In transit time the loss 18 mostly in its
high frequency components. Accordingly it is
desirable for the diode to have a short transit
time. Moreover, it is desirable for the transit
time to be short for another reason, this being
that its duration affects the A. C. plate resistance
of the diode in such a manner that even if it
is operated with temperature-limited emission ¢
can seriously load the guide if the transit time is
too long. But this of itself does not mean that
the interelectrode space must be short, since it is
possible to decrease the transmit time by in-
creasing the electron velocity, i. e., by using
larger and larger potential gradients between the
cathode and the anode. However, if the dis~
charge space is over the full distance from the
bottom to the top of a standard waveguide, the
poteutlal‘ necessary for a transit time of less than
8.6 radians is s0 great as to be impractical and
uneconomical.

Accordingly the present arrangement provida
for a very small interelectrode discharge space.
Moreover, it provides the small discharge space
without entailing any protrusion of the cathode
into the dielectric transmission medium in the

enibodiment -5 Fig. 1, Pigure 8 being a section 75 section. -To this end the cathode, which in the
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to the filament (§ through the rods 27 and 29,
and the energizing potential for the diode may be
appiied to either of these rods.
‘We have found that it is desirable that the
filament (4 be emissive only from its top surface.
11 electrons are emitted from the underside of
the cathode their paths of travel are circuitous
and therefore their transit times are not reliably
controlisble and are excessively long. For this
reason a preferred type of fllament is one formed
of tantalum with & oocating of thorium on its
tep surface. However, if this type of filament is
used, oertain precautions must be observed in
the diode. It will not be proper to

vacuum, it will be seriously damaged if it is
heated to a very much smaller extent in an air
atmosphere.

Therefore steps described below are recom-
mended for assembling the diode to provide it
with a vacuum-tight enclosure.

- 'The waveguide section 1§ is vacuum sealed at
of its ends, the other end being temporarily
open to permit insertion of the guide ridge
8 seal may be an electromagnetic-energy-

e window 8( of the kind shown in Fig.
and more fully described in co-pending ap-
plicstion Serial Number 96,091 filed May 28,

- 358

E

a plate of sponge-glass ma-
formed that the ratio of the volume of
material to that of interstitial
enough to afford a dielectric
close to 1.
material may be utilized to provide a
vacuum while at the same time it
not produce any substantial impedance dis-
Another suitable type of window is
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one formed of & thin sheet of mica fused with

s vitreous material into a shallow recess in the
end surface of the coupling flange. A thin mica
shest used for this purpase
to a thin sheet of solid glass as it is tougher
a resiltent and therefore less likely to
. A8 is known, the dielectric constant
a thin window may be very high without its
producing any substantial tmpedance discon-

‘When all of the parts of the ridge 18 are fully
assembled together, except that the rods 27 and
29 remain unscrewed from the ridge insert (9
and -the minor insert 21 respectively, the ridge
1§ ia inserted into the waveguide section 1§

78

8

through the end which as yet is not sealed
The ridge is fastened into place along
of the bottom of section 10 by any suitable
such as screws 32. Since it is not permissible
seal the screw heads to the bottom of the ses-
tion by soldering or brazing, or the like, because
of the possibility of injuring the filament (4, we
have employed the remaining steps which are

A shallow box 33 is affixed to the outside sur+
face of the bottom of the section 18 with vacuum-
tight junctures all the way round its top edge.
The shallow box 33 i3 large enough and is prop«
erly positioned to cover all of the heads of the
screws 32. If the box 38 is brazed or soldered into
place, ohviously this should be done prior to the
ingertion of the ridge 18. Extending from the
box 33 are several tubular extensions 34 which
are soldered, welded or brazed, or in any other
suitable manner connected to the bottom of the
box 83 each with a vacuum-tight juncture and
each in alignment with the position for one one

R

8

of the screws 32 or with one of the two holes ..

made in the bottom of section |9 for receiving
the rods 27 and 29. Accordingly, the screws 8%
may be set in position and tightened by work-
ing through the extensions 34. Similarly both
the bushings 28 and 30 and the rods 27 and
29 may be inserted into position and screwed into
piate through the appropriate ones of the ex-
tensions 34. Each of the extensions is thereafter
sealed off in some appropriate manner: for ex-
ample, those positioned over the screws 32 may
be sealed by soldering plugs in their ends,
whereas those through which the rods 27 and 29
extend may be sealed with glass beads. In
ing the extenstons it is preferred to use R.
heating as this induces intense heat so q
that there is very little time for it to be
ducted to the tantalum filament. As an added
precaution the upper portions of the extensions
may be wrapped with cloth soaked with cold water.
If desired, one of the extensions by be left
open for connection to a vacuum pump to be

35

5 pinched off after evacuation.

After the ridge 18 is installed the open end of
the waveguide section is sealed with another
electromagnetic-energy-permeable window 31.
The problem of preventing too much heat from
being conducted to the fllament may be met in
this case by using a long enough section of wave-
guide so that there is considerable distance be-
tween the end at which this second window s
installed and the location of the fllament and
also by using a wet cloth.

The diode is now complete except for evacua-
tion and degassing, which may be performed in
accordance with usual practice. i

It will be seen from the foregoing that the
ridge 1§ provides a support for the cathode 14
which accurately positions it near to the under-
side of the top of section {0. In one experimental
diode which operates very satisfactorily this ine
terelectrode spacing is about 10 mils. This pro-

. vides a sufficiently short transit time for an

anode-cathode voltage difference of only 300 volts.
at an operating frequency of 10,000 megacycles.
In addition the ridge I8 affords & non-reflecting
structure which shields both the cathode and its
heater and energizing leads from protrusion into
the dielectric propagation medium inside the
guide and in addition gradually transforms the
impedance at the center of the guide from that
for the full height thereof to that for the re-
duced spacing at the filament and then gradu-
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output ends according to principles known to
the waveguide art. If it should be desired to
utilize the diode in the same frequency range as
that over which the embodiment of Fig. 1 is use-
ful, all that is necessary is to add to the ends
of the section (8a two sections of waveguide
which oontain the long, tapered end portions so
that, when the three sections are connected to-
gether, the result will be the electrical equivalent
of the diode of Fig. 1. Obviously it is desirable
that the break between such attachable tapered
end portions and the hlunt ends 67 be as small as
possible. For this resson thin vacuum seals, such
&8s mica windows, are to be preferred for embodi-
ments of this type. On the other hand, if it
should be desired to operate the diode over an
extended band of frequencies or over a band of
frequencies not entirely within the operatingz
band of an embodiment of the Fig. 1 type, differ-
ent types of attachable sections should be con-
nected to the ends of the diode such as impedance
transformers containing appropriately tapered
extensions for the ridge 68, or other transform-
ing devices known to the art.

Although our improved diode has been de-
scribed in connection with its use as a noise diode
for the purpose of making certain tests and meas-
urements, it is evident that a device of this type
may have various other applications wherever
it is desirable to maintain a certain circuit im-
pedance and have at the same time an electron
discharge device in this circuit without disturb-
ing the transmission .characteristics thereof. It
will also be evident that, instead of being limited
to a two-element tube, other elements may be
incorporated in our tube. Therefore, while we
have indicated the preferred embodiments of our
invention of which we are now aware and have
also indicated only certain specific applications
for which our invention may be employed, it will
be apparent that our invention is by no means
limited to the exact forms illustrated or the
use indicated, but that many variations may be
made in the particular structure used and the
purpose for which it is employed without depart-
ing from the scope of our invention as set forth
in the appended claims.

What I claim is:

1. A ridge structure for a hollow conductor
which encloses an electron discharge device com-
prising a thin elongated ridge base, a ridge insert
carried by the central portion of the ridge base,
with relatively large portions of its surface close-
ly-juxtaposed to surfaces of sald ridge base, in-
sulating material having a high dielectric con-
stant interposed between sald juxtaposed sur-
faces whereby the ridge base and the ridge in-
sert are coupled as to R. . energy by a large
capacitance but are isolated as to D. C., the ridge
insert comprising a principal portion and a minor
insert carried by the principal portion but in-
sulated therefrom as to D. C., an elongated cath-
ode having its respective ends directly connected
electrically to the two portions of the ridge in-
sert, and a recess in the ridge insert extending
along it for all of the length of said cathode in-
termediate its ends whereby except for said ends
said cathode is not in direct electrical contact
with any conductive portion of the ridge struc-
ture.

2. A ridge structure for a hollow conductor
which encloses an electron discharge device com-
prising a thin elongated ridge base having a cen-
tral portion of given height and tapering gradual-
ly in height from said central portion to its two
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extremities, a ridge insert carried by said cen-
tral portion with relatively large portions of its
surface closely-juxtaposed to surfaces thereof,
insulating material having a high dielectric con-
stant Interposed between said juxtaposed sur-
faces whereby the ridge base and the ridge insert
are coupled as to R. P. energy by a large capaci-
tance but are isolated as to D. C., the ridge in-
sert comprising a principal portion and a minor
insert carried by the principal portion but in-
sulated therefrom as to D. C., an elongated flla-
ment having its respective ends directly con-
nected electrically to the two portions of the
ridge insert, and a recess in the ridge insert ex-
tending along it for all of the length of the flla-
ment intermediate its sald ends whereby ex-
cept for said ends sald fllament is not in direct
electrical contact with any conductive portion
of the ridge structure.

3. A ridge structure for a hollow conductor
which encloses an electron discharge device com-
prising a thin elongated ridge base, a ridge in-
sert carried by the central portion of the ridge
base with relatively large portions of its sur-
face closely-juxtaposed to surfaces thereof, in-
sulating material having a high dielectric con-
stant interposed between said juxtaposed sur-
faces whereby the ridge base and the ridge in-
sert are coupled as to R. F. energy by a large
capacitance but are isolated as to D. C,, the ridge
insert comprising a principal portion and a minor
insert carried by the principal portion, a filament
having its respective ends directly connected elec-
trically to the two portions of the ridge insert, the
ridge insert being formed witha shallow depression
along its top surface between the pointsof connec-
tion of the respective ends of the fllament whereby
except for its said ends the filament is not in di-
rect electrical contact with any of the conduc-
tive portion of the ridge structure, and means
for supporting the fillament under tension between
the ends of the depression to bridge it so that as
to R. P. currents the fllament will act as the
top surface of the ridge structure.

4. A ridge structure for a hollow conductor
which encloses an electron discharge device com-
prising a thin elongated ridge base, a ridge in-
sert carried by the central portion of the ridge
base with relatively large portions of its surface
closely-juxtaposed to surfaces thereof, insulat-
ing material having a high dielectric constant in-
terposed between said juxtaposed surfaces where-
by the ridge base and the ridge insert are coupled
as to R. F. energy by a large capacitance but are
isolated as to D. C., the ridge insert comprising
a principal portion and a minor insert carried by
the principal portion but insulated therefrom as
to D. C., a fllament having its respective ends
directly connected electrically to the two portions
of the ridge insert, the ridge insert being formed
with a shallow depression along its top surface
between the points of connection of the respec-
tive ends of the filament whereby except for its
said ends the fillament i1s not in direct electrical
contact with any of the conductive portion of the
ridge structure, means for supporting the fila-
ment under tension between the ends of the
depression to bridge it so that as to R. F. cur-
rents the fillament will act as the top surface of
the ridge structure, the ridge insert being formed
to define a cavity for receiving an element of sald
supporting means consisting of a slightly loaded
spring connected to one end of the filament to
keep it under tension, and a corrugated metal
ribbon connected between sald one end of the
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tapering gradually in height from said cen-
portion to its two extremities, a ridge insert
carried by said central portion with relatively
large portions of its surface closely-juxtaposed to
surfaces thereof, insulsting material having a
high dielectric constant interposed between said
juxtaposed surfaces whereby the ridge base and

ridge insert are coupled as . F. energy by

conductor to a point at which
end of said ridge, the tapering
symmetrical in that on each of its ends its top-
edge and bottom-edge surfaces gradually ap-
priach one another from said central portion so
as smoothly to join one of said inner conductors.

13. An electron discharge device comprising an
evacuated hollow conductor, a ridge connected
along an inner wall of the hollow con-
. & cathode having an emissive surface,
ridge being adapted to support the cathode
its emissive surface adjacent to a portion of
the apposite inner wall of the conductor which
the device and with said

»

magnetic-energy

end of the conductor at least one of the seals

abutting against a blunt end of the ridge.
14.-An evacuated electron discharge device in-

cluding a tubular anode of predetermined cross

section suitable for connection into an R. P.

transinission system as & hollow cohductor there-

central portion thereof and said tubular anode,
said eathode being supported adjacent to said
anode in sald central portion of said support in

port having a
mounted with the emissive surface thereof in
substantially the same plane as adjacent surfaces
of the support.

18. An electron discharge device including a
tubular conductor, electromagnetic-energy-per-
meable means hermetically sealing the ends of
said comductor, a cathode within said tubular
oconductor, said tubular conductor serving as an
anode for said cathode, an elongated support sup-
porting said cathode olostly adjacent the inside
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16
surface ‘of said tubular conductor, said suppott
having an enlarged central portion supporting
said cathode and tapered end portions, said ta-
pered end portions serving as impedance trans-
formers when said device is utilized in an R. F'.
transmission system.

16. An electron discharge device comprising an
envelope including a section of wave guide sealed
at both of its ends with electromagnetic-energy-
permeable material, electron-receiving means in-
cluding an elongated surface extending along the
inside of a wall of the section of wave guide and
facing toward the inside of its opposite wall to
serve as an anode for the discharge device, said
section containing an elongated ridge having a
bottom side which is physically attached to said
inside of said opposite wall in such a position
that a central portion of the top side of the ridge
registers with said elongated surface to act as a
support for a cathode to cooperate with that sur-
face, the height of the ridge as measured be-
tween its top and bottom in its central portion
being large enough so that in said central portion
its top is closely juxtaposed to said elongated
surface while its height in its end portions pro-
gressively lessens until it is negligibly small at its
two extremities, means providing direct current
insulation and radio frequency capacitive cou-
pling between said inside of said opposite wall
and at least the central portion of the top side
of the ridge, a thermionically emissive surface
carried on said central portion of the top of said
ridge in close juxtaposition to and facing toward
said elongated surface to act as a cathode in co-
operation therewith, means for heating said
emissive surface by the use of an externally sup-
plied electrical current, said means including a
resistive filament and a heater lead connected to
one of the ends thereof and extending to a ter-
minal on the outside of said envelope, said lead
passing within the ridge between its top and bot-
tom to be shielded therewithin and extending
through said opposite side of the section of wave
guide to said terminal.

17. An electron discharge device comprising an
elongated hollow conductor, an elongated con-
ducting ridge extending longitudinally within said
conductor, one transverse dimension of said ridge
being almost as great as the corresponding di-
mension of said conductor, at least one side edge
of said ridge being located in close spaced rela-
tion with said conductor, the transverse dimen-
sion of said ridge at right angles to said first-
named dimension being only a small fraction of
the corresponding dimension of said conductor
to minimize the reduction of the impedance of
said conductor due to the presence of said ridge,
ﬂmd‘:: cathode supported on said side edge of said
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