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This invention relates to output windows for evacu 
ate-d ultra high frequency electron discharge devices and 
the like, and, more particularly, is concerned with a 
vacuum or pressure sealing means which eíiiciently 
transmits ultra high frequency electromagnetic energy. 
One limitation in the design of high power klystrons 

and magnetrons has been the need for an output window 
which is capable of eñiciently transmitting ultra high 
frequency electromagnetic energy. Such a window 
should not appreciably affect or be affected by the trans 
mitted energy, and yet must have suiiìcient mechanical 
strength to provide an effective permanent seal between 
the evacuated interior of the electron discharge device 
and a coupled pressurized transmission line. 

Various output windows have heretofore been pro 
posed in the prior art. One such window which has 
gained general acceptance because of its simplicity and 
strength consists of a resonant aperture in a metallic 
plate positioned in a wave guide, the aperture being 
`iilled with a flat sheet of dielectric, such as glass, to 
provide a seal. In this type of resonant window, how 
ever, the relatively short breakdown path and the storage 
of energy in the resonant structure limits the peak energy 
level at which breakdown occurs. Furthermore, concen 
tration of the electric iield in the glass and the small 
cooling surface of the window cause excessive heating 
under c-w operation. 
Some improvement in the average and peak power 

capacities of the resonant window has been effected by 
making the glass portion dome-shaped to increase the 
discharge path length and increase the cooling area. 
While the resonant type window has the advantage that 
it gives rise to very little reñection at the resonant fre 
quency, the resonant window is inherently frequency 
sensitive and lis not suitable for operation over any ex 
tended frequency band. Both the ñat window and the 
dome-shaped window introduce appreciable susceptance 
causing a high VSWR unless the win-dow is combined 
with an aperture to provide a resonant structure at the 
operating frequency. . 

Broad band type windows using very thin mica sheets 
extending across the interior of the wave guide trans 
mission line have been used. 'In addition to having =a 
limited peak power capacity, mica is diñicult to seal and 
is mechanically weak, and so has been used only in 
special tubes. 

«It is the general object of this invention to avoid and 
overcome the foregoing and other dit`ûculties of and ob 
jections to known prior art practices by the provision 
of an improved output window for sealing the trans 
mission line from `an electron discharge device which 
is practical to fabricate and rugged in construction. 

Another object of this invention is the provision of 
`an output window which has la low VSWR over a wide 
operating frequency band. 
Another object of this invention is to provide a vacuum 

seal in the output transmission line of an electron dis 
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' charge device which is capable of withstanding high peak 
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power without breaking down. 
Another object of this invention is t-o provide a high 

power vacuum-sealed window for a wave guide trans 
mission system. 

4Another object of this invention is to provide a high 
power vacuum seal for a rectangular Wave guide trans 
mission system by the employment of an output window 
disposed in a circular wave guide section, the circular 
wave guide section being disposed intermediate and 
coupled to said transmission system. 

These and other objects of the invention which will 
become apparent as the description proceeds are achieved 
by the provision of a non-resonant window for a circular 
Wave guide which includes a thin-walled, hollow, conical 
member of dielectric material, such as glass or other 
ceramic material. The conical member has a length 
substantially greater than the diameter of its base edge. 
Means for securing the conical member to the circular 
wave guide is provided which secures the conical mem 
ber in sealed relationship around its base edge with the 
wave guide. The circular Wave guide is coupled into `a 
rectangular wave guide system by a pair of rectangular 
'to-circular wave guide transition sections at each end 
thereof. 
For a better understanding of the invention, reference 

should be had to the accompanying drawing, wherein: 
Figure l is a longitudinal section of a preferred em 

bodiment of the present invention; and 
LFigure 2 is a perspective View of the assembly of Fig. l 

used as an output window of a Wave guide output klys 
tron tube. 

yIn the drawing, the number iti indicates a section of 
circular wave guide which has secured thereto around its 
outer periphery an annular ñanged member 12. The sec 
tion of wave guide is counterbored, as indicated at 14, 
to provide a shoulder against which a cylindrical sleeve 
16 is seated. The sleeve 16 is brazed in position to the 
circular wave guide section itl to provide a pressure seal 
therebetween. 
The window 'assembly further includes a member 18 

in the form of a hollow thinwalled cone of dielectric 
material. The conical member 1S in one form of the 
invention is made of a glass having a low loss factor 
for electromagnetic energy in the ultra high frequency 
range, but may be made from yother suitable ceramic 
dielectric materials. The glass has the advantage that 
it is easier to work with and seal. However, other 
ceramic dielectric materials, such as alum-ina, have the 
advantage that they can operate at a higher temperature 
than glass, yand thus are best suited to transmitting a 
larger average power. 
The conical shape of the member 18 is important in 

lachieving the low reflection, high power handling char 
acteristics of the Window. Particularly, it has been found 
that the cone should be at least one-half >wavelength 
long at the operating frequency, and preferably should 
be even longer to obtain minimum reilection of energy 
from the window. `In the previously mentioned fiat 
resonant window, and also to a slightly lesser extent in 
the dome-shaped window, voltage breakdown occurs at 
relatively low peak power because the dielectric material 
`of the window extends transversely in one plane across 
a substantial _portion of the wave guide. However, in 
the conical window of the present invention, it will be 
appreciated that there is no one transverse plane in which 
the dielectric of the window provides a substantial por~ 
tion of the electric ñeld path between opposite faces of 
the wave guide. In the middle `of the'wave guide, Where 
the electric ñeld is maximum, the transverse electric field 
passes through only two thicknesses of the dielectric win~ 
down material, whereas in either the dome-‘shaped or 
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flat type windows, the transverse electric field in the 
middle of the guide passes through the dielectric a dis< 
tance substantially equal to the diameter of the window. 
The long -taper of the present window, in addition, mini 
mizes reflection and avoids the bandwidth limitation of 
the usual resonant-type youtput window structure. 
The base edge 20 of the conical member E18 is sealed 

to a cylindrical mounting sleeve 22 which is made of a 
material having substantially the sar e coefficient of cio 
pansion as the material of the conical member'lïl. If a 
glass is used, the conical member liti and sleeve 
22 are secured together by llowing the glass around the 
edge of the mounting sleeve, as shown in the drawing. lf 
an alumina ceramic window is to be used, a shoulder is 
provided on the mounting sleeve 22 against which the 
rnetalized> base edge of the conical member abuts, 
and the assembly is brazed around the joint to provide a 
vacuum tight seal. 
The assembly of the sleeve 22 and conical member i3 

is then secured in position with respect to the circular 
wave guide section lil by joining the cylindrical mounting 
sleeve 22 to the sleeve member 16 in any suitable manner, 
such as by providing an overlapping joint and by brazing 
together the overlapping portions to provide a sealed con 
nection therebetween. This construction is employed 
because the glass-to-metal seal can be made in a sub 
assembly operation, and is merely illustrative of the pre 
ferred method of fabricating the window. 
A second transmission line section 24, having an inner 

diameter slightly larger than the outer diameter of the 
mounting sleeve 22, has secured to its Outer periphery 
a hanged member 26 which is bolted or otherwise secured 
to the ilanged member l2. Thus, a complete window 
assembly is provided including an output and input section 
of circular wave guide with a conical member of glass 
establishing a mechanical pressure seal therebetween. 
As shown, the sleeves 16 and 22 combine with the 

circular wave guide section 2i: and supporting flange 26 to 
provide a halfwavelength shorted section of coaxial line 
extending from the plane of the base edge 20. The co 
axial line section thus defined has two quarters wavelength 
portions of different characteristic impedances, as pro 
vided by the step at 25, the higher characteristic imped 
ance section being adjacent the shorted end. The result 
ing choke conñguration provides an effective short circuit 
between the base edge 29 of the window and the circular 
wave guide 24. While a coaxial-type choke has been il 
lustrated and described, other well known coupling choke 
configurations, such as a radial or combination radial and 
coaxial choke arrangement might be employed. 
As illustrated in Fig. 1 of the drawing, the circular wave 

guide sections 10 and 24 form part of a hollow wave guide 
transmission line which includes transition sections 36 and 
32 for coupling the window into a rectangular wave guide 
transmission line. The whole window assembly as above 
described may be utilized as an output window for a 
rectangular wave guide output klystron, as shown in Fig. 
2. Although rectangular wave guides are used almost 
exclusively in high power high frequency transmitting 
systems, wave guides of other cross-sectional shapes are 
equally capable of transmitting electromagnetic waves. 
The dominant mode of a circular wave guide is a trans 
verse electric mode, designated TEM. The held pattern 
for this mode in circular wave guide is the pattern that 
would be obtained from the ñeld conliguration of the 
dominant rectangular wave guide mode, designated TEN, 
if the rectangular wave guide section were distorted to 
circular form. Thus, by employing a transition section 
Whose cross-sectional shape gradually tapers from rectan 
gular to circular, a rectangular wave guide operating in the 
TEio mode will launch TEu waves into circular wave 
guide. In order to avoid reñection due to the change in 
wave guide type, it is necessary that both wave guides have 
the same characteristic impedances. This is assured if 
both wave guides have the same-cutoff wavelength. A rec 
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4 
tangular wave guide and a circular wave guide having the 
same cutoff wavelengths are said to be corresponding wave 
guides. The dominant mode cutoff wavelength of circu~ 
lar wave guide is 1.71 times the diameter of the guide. 
The dominant mode cutoff wavelength of rectangular 
wave guide is 2.0 times the broad or “a” dimension. 
Thus, the circular wave guide diameter is 1.17 times the 
broad or “a” dimension of the corresponding rectangular 
wave guide. in most rectangular wave guides the ratio 
of the wide to the narrow dimension is two or greater. 
Consequently, the circular wave guide diameter is greater 
than 2.34 -timcs the narrow or “b” dimension of the corre 
sponding rectangular wave guide. The total etfectivc 
voltage of circular wave guide operating in the dominant 
mode is applied across a guide diameter, whereas the 
total eilcctive voltage of rectangular wave guide operating 
in the dominant mode is applied across its narrow di 
mension. Thus, for a given transmitted power the elec 
tric ñeld strength will be considerably less in circular 
wave guide than in corresponding rectangular wave guide. 
Conversely, circular wave guide has greater power 
handling capacity than corresponding rectangular wave 
guide. Furthermore, with its greater size the circular 
wave guide also has lower attenuation than the corre 
sponding rectangular wave guide. 
However, the general preference for wave transmission 

remains with rectangular wave guide since the rectangular 
cross-section definitely Orients the polarization of the 
wave transmitted in the dominant mode. In circular wave 
guide, minor irregularities in the wall surface will cause 
the Wave pattern to turn or rotate within the guide, thus 
rendering less elîective the operation of the terminating 
and coupling devices. Hence, this invention enables the 
employment of the preferred ‘rectangular wage guide for 
coupling energy from the output cavity of a source such 
as a klystron, indicated generally at 40, to a load, and 
yet permits employment of a dielectric window seal, such 
as conical member 18, in a corresponding circular wave 
guide section, where the electric field and consequent 
probability of breakdown are reduced. The transition 
section 30 is secured in sealed relation to the output rec 
tangular wave guide of klystron 40, so that the output 
cavity can be evacuated. The conical window 18 points 
or extends toward the high pressure side of the system, 
so that the -diiîerential pressure across the window sets up 
compressive forces, which the glass or other ceramic di 
electric material can readily withstand. 
By way of example, and to illustrate one suitable win 

dow for use in connection with a 2” X 1" rectangular 
wave guide transmission line system, the following di 
mensions are given: 

Outer diameter of the mounting sleeve-1%". 
Length of the conical member-2.4”. 
Wall thickness of the conical member (using DG707 

glass)0.085". 
A window having the above dimensions has been found 

to operate over a band Width of 4700 to 6400 megacycles 
with a VSWR of less than 1.5 over the band, with a 
VSWR of less than 1.1 over a 10% band being possible. 
The matching characteristics of the cone are affected 
somewhat by length and wall thickness. Such a window 
as described has withstood in test a peak power of the 
order of 2.2 megawatts in air at atmospheric pressure, 
with 3 microsecond pulses at 100 pulses per second, with~ 
out breakdown. As the c-w power capacity would or 
dinarily be limited to values at which the temperature 
rise is not excessive, various well known means for cool 
ing may be employed to raise the average power handling 
capacity of the window. 
From the above description, it will be appreciated that 

the objects of the invention have been achieved by the 
provision of a window for providing a pressure seal in a 
ransrnission line which by its particular conical shape pro 
vides not only a structurally rugged and strong window, 
buty one that provides a minimum of reñection and is 



2,786,185 
5 v - _ . , 

capable of operating at a peak power greatly exceeding 
what has heretofore been achieved by any known prior 
art methods for sealing a wave guide. These results are 
achieved by tapering the window vover a distance of at 
least one-half wavelength, with best results being obtained 
by tapering the -cone over a distance of one wavelength 
or more. Actually, a length of about a wavelength has 
been found to provide a satisfactory balance between 
maximum eiiiciency of operation and minimum cost and 
complexity» of construction, a shorter taper length sub 
stantially reducing performance and a longer taper length 
providing weaker and more costly construction. 

Since many changes could be made in the above con 
struction and many apparently widely different embodi 
ments of this invention could be made without departing 
from the scope thereof, it is intended that all matter 
contained in the above description or shown in the ac 
companying drawings shall be interpreted as illustrative 
and not in a limiting sense. 
What is claimed is: 
l. A high power vacuum seal coupling for a wave guide 

transmission line comprising a first section of hollow cir 
cular wave guide, a thin cylindrical metallic sleeve secured 
in sealed relationship to the end of said first section of 
hollow circular wave guide, said sleeve being substantially 
a half wavelength long at the operating frequency of the 
transmission line, a thin-walled hollow conical member of 
dielectric material, the base edge of said conical member 
being hermetically sealed to the edge of the sleeve remote 
from said iirst section of hollow circular wave guide, 
the length of the conical member being substantially 
greater than the diameter of the base, and a second sec 
tion of hollow circular wave guide of larger internal 
diameter than said first section, said second section be 
ing secured to said first section to provide a continuous 
transmission line, said second section being concentrically 
positioned With respect to said sleeve and conical member, 
the outer surface of the sleeve and the inner concentric 
surface of said second section of hollow circular wave 
guide combining to form a half wavelength coaxial line 
section. 

2. A high power vacuum seal coupling for a wave 
guide transmission line comprising a first section of hol 
low circular wave guide, thin cylindrical metallic sleeve 
means secured in sealed relationship to the end of said 
iirst section of hollow circular wave guide, a thin-walled 
hollow conical member of dielectric material, the base 
edge of said conical member being hermetically sealed to 
the edge of the sleeve means remote from said iirst sec 
tion of hollow circular wave guide, the length of the 
conical member being substantially greater than the 
diameter of the base, and a second section of hollow 
circular wave guide of larger internal diameter than said 
first section, said second section being secured to said 
first section to provide a continuous transmission line. 

3. In combination, a first section of hollow circular 
wave guide, a second section of hollow circular wave 
guide of larger diameter than said first section, means 
joining adjacent ends of said sections to provide a con 
tinuous wave guide, hollow cylindrical means secured to 
the end of said first section of cylindrical wave guide and 
projecting into said adjacent second section of circular 
wave guide in concentric relation thereto, and a hollow 
conical dielectric member secured in sealed relationship 
around the base edge thereof to the circular projecting 
edge of said cylindrical means, the conical member hav 
ing a length substantially greater than the diameter of 
the ‘oase thereof. 

4. In combination, a first section of hollow circular 
wave guide, a second section of hollow circular wave 
guide of larger diameter than said tirst section, means 
joining adjacent ends of said sections to provide a con 
tinuous wave guide, hollow cylindrical means secured 
to the end of said first section of cylindrical wave guide 
and projecting into said adjacent second section of circular 
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wave guide in concentric relation thereto and having' a 
circular projecting edge therein, and a hollow conical 
dielectric member secured in sealed relationship around 
the base edge thereof to the circular projecting edge of 
said cylindrical, means, the conical member having a 
length substantially'greater than the diameter of the base 
thereof. 

5.`In combination, a first section of hollow circular 
wave guide, a second section of hollow circular wave 
guide of larger diameter than said first section, means 
joining adjacent ends of said sections to provide a con 
tinuous wave guide, a hollow conical member of di 
electric material having a length substantially greater 
than the diameter of the base thereof, and means ̀ securing 
said conical member in sealed relation across the end of 
said first section of circular wave guide, the conical 
member projecting into the adjacent second section of 
circular wave guide. 

6. A non-resonant window for a circular Wave guide, 
said window comprising a thin-walled hollow conical 
member of dielectric material having a length substantial 
ly greater than the diameter of the base edge thereof, and 
means for securing the conical member to the circular 
Wave guide, said means providing a completely sealed 
connection between the base edge of the conical member 
and the wave guide, the inner diameter of the circular 
wave guide being substantially equal to the diameter 
of the base edge of the conical member. 

7. In combination, a thermionic vacuum tube having 
a hollow pipe wave guide output section, and a hollow 
conical member of dielectric material secured in sealed 
relation across the output end of said Wave guide output 
section, the tapered member extending in a direction away 
from the tube, said conical member providing a low loss 
window for permanently sealing said tube. 

8. A non-resonant window for a circular wave guide, 
said window comprising a thin-walled hollow conical 
member of dielectric material having a length of at least 
a half-wavelength at the operating frequency of the wave 
guide, and means for securing the conical member to the 
circular wave guide, said means providing a completely 
sealed connection between the base edge of the conical Y 
member and the wave guide, the inner diameter of the 
circular wave guide being substantially equal to the 
diameter of the base edge of the conical member. 

9. In a klystron having a rectangular wave guide out 
put section, a non-resonant output window comprising a 
rectangular-to-circular wave guide transition section, the 
rectangular end of the transition section being secured 
in sealed relationship to the rectangular wave guide out~ 
put section of the klystron, and a hollow conical member 
of dielectric material, the base edge of said member being 
secured in sealed relationship to the circular end of the 
transition section, said conical member having a length 
substantially greater than the diameter of the base. 

10. A vacuum seal for a rectangular wave guide trans 
mission system comprising in combination, a pair of 
rectangular-to-circular wave guide transition sections, a 
circular wave guide section, said circular wave guide 
section being secured in sealed relationship at one end 
thereof to the circular end of one of the transition sec 
tions, said circular wave guide section being connected 
at the other end thereof to the circular end of the other 
of the transition sections, and a dielectric window mem 
ber extending across said circular wave guide section 
and secured in sealed relationship thereto. 

1l. A vacuum seal for a rectangular wave guide trans 
mission system comprising a rectangular-to-circular wave 
guide transition section, and a hollow conical member 
of dielectric material, the base edge of said member be 
ing secured in sealed relationship to the circular end 
of the transition section. 

12. A non-resonant window for a rectangular wave 
guide transmission system comprising in combination, a 
pair of rectangular-to-circular wave guide transition sec 
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tions, a circular wave guide‘section, said circular wave 
guide section being secured in sealed relationship at one 
end thereof to the circular end of one of the transition 
sections, said circular wave guide section being connected 
at the other end thereof to the circular end of the other 
cf the transition sections, and a hollow conical member 
of dielectric material, the base edge of said conical mem 
ber being secured in sealed relationship to the inner 
surface of the circular wave guide section, said member 
having a length substantially greater than the diameter of 
the base. 

13. In combination, a first section of hollow circular 
wave guide, a second section of hollow `circular wave 
guide of larger diameter than the said first section, means 
joining adjacent ends of said sections, hollow cylindrical 
means secured to the end of said first section of circular 
wave guide and projecting into said second section of 
circular wave guide in concentric relation thereto and 
having a circular projecting edge therein, a hollow coni 
cal dielectric member secured in sealed relationship 
around the base edge thereof to the circular projected 
edge of said cylindrical means, and a pair of circular-to 
rectangular wave guide transition sections, said first tran 
sition »section being secured at the circular end thereof 
in sealed relation to the end of said first circular wave 
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guide section, said second transition section being con 
nected at the circular end thereof to the end of said 
second circular wave guide section. 
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