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This invention relates to a high power, broadband wave 
guide window, and more particularly to a sealed window 
structure constructed as a three-resonator filter. 

Sealed windows that are pervious to electromagnetic 
energy but impervious to air and gases are used at the 
output of microwave electron tubes such as klystrons to 
hermetically isolate the evacuated portions of the tubes 
from the connecting transmission lines which very often 
are pressurized. The development of suitable Windows 
long has been a problem in the electron tube art, and 
particularly so in the more recent years since the develop 
ment of the very high power klystron tubes. The elec 
trical characteristics of the output window often limit the 
use of the full bandwidth and power capabilities of a tube. 
The windows must be mechanically strong and must be 
able to freely pass high power microwave energy over a 
relatively wide frequency range with a minimum of in 
sertion loss. Window failures most often take one or 
more of the following form: 
(1) Arcing within the window or in the waveguide region 

adjacent thereto because of excessively high local elec 
tric fields. 

(2) Erosion and puncture of the dielectric material form 
ing the window by high-energy electron bombardment. 

(3) Mechanical failure caused by thermal expansion, 
pressures and stresses which occur when the dielec 
tric material over-heats because of absorption of micro 
wave energy. 

The first two of these types of failures are more likely to 
occur when there are irregularities such as protrusions, 
restrictions or sharp corners in the waveguides in the 
regions adjacent the window. These irregularities sig 
nificantly contribute to the creation of spurious modes in 
the dielectric material of the window and in the wave 
guide regions adjacent thereto. The spurious modes may 
be propagating or non-propagating modes. Spurious 
modes may initiate a condition of resonance which is char 
acterized by a standing electromagnetic wave pattern hav 
ing an electric field intensity much higher than that of the 
desired dominant propagating mode, thus giving rise to 
breakdown at relatively low power levels of the propa 
gating waves. 
The above-mentioned irregularities also significantly 

contribute to electron bombardment on the high-vacuum 
side of the dielectric material of the window. The very 
high electric field intensities associated with the output 
of high power tubes extract electrons directly from the 
metallic waveguide walls, particularly at sharp corners 
and discontinuities of small radii. Combined with this 
is the fact that the spurious modes, created by the irregu 
larities, very often have axially extending electric field 
components in the region of the dielectric window, and 
because the free electrons receive their kinetic energy 
from, and have major velocity components parallel to the 
electric field components, the electrons travel to and strike 
the dielectric surface with sufficient energy to cause ero 
sion and puncture of the window. It thus may be seen 
that it is desirable to avoid the use of sharp corners and 
abrupt discontinuities in a waveguide window structure 
intended to pass high power electromagnetic waves. 

It therefore is an object of the present invention to 
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provide a sealed waveguide window that is capable of 
operating at high power levels over a relatively wide fre 
Cuency range. 

It is another object of the present invention to provide 
a simple waveguide window structure that is devoid of 
sharp corners and abrupt discontinuities. 
A further object of the invention is to provide a high 

power waveguide window structure that substantially 
emilinates the erosion and puncture caused by electron 
bombardment. 
Another object of this invention is to provide a high 

power waveguide window structure that is readily cooled. 
These and other objects and advantages of the present 

invention are achieved by a waveguide window structure 
comprised of two thin, axially-spaced, parallel-disposed 
dielectric discs sealed about their peripheries to the inner 
surface of a section of circular waveguide. Each end of 
the circular waveguide is coupled to a rectangular-to-cir 
cular waveguide transition section whose electrical length 
is relatively short, i.e. one wavelength or less, in order 
to provide reflective mismatches in the regions of the 
propagating paths occupied by the transition sections. 
The separation between the two dielectric discs, the axial 
dimensions and dielectric constants of the discs are so 
proportioned that the electrical length between the outer 
faces of the two discs is substantially equal to (2n-1) at 
radians, where n is any integer but preferably one, where 
by the discs and the waveguide region therebetween elec 
trically function as a resonator tuned to pass substan 
tially without reflection electromagnetic waves at the cen 
ter of the desired frequency band of interest. The axial 
Separation between a transition section and an adjacent 
dielectric disc is chosen so that the effective electrical 
distance between the disc and a reference plane of the 
reflective mismatch presented by the transition section is 
Substantially equal to (2n-1) it radians, whereby the two 
circular waveguide sections between the dielectric discs 
and transition sections function as resonators to pass sub 
Stantially without reflection electromagnetic waves with 
in the frequency band of interest. The entire waveguide 
window structure therefore electrically functions as a di 
rect-coupled, triple-resonator filter whose frequency re 
sponse is that of a relatively wide band-pass filter. The 
physical structures that comprise the elements of the 
direct-coupled resonators are completely devoid of any 
sharp corners, protrusions or restrictions. 
The invention will be described by referring to the 

accompanying drawings wherein: 
FIG. 1 is a perspective view, partially broken away, 

illustrating the window structure of this invention; 
FIG. 2 is a graph illustrating the frequency response 

characteristics of the window structure of this invention, 
and; 

FIG. 3 is a vertical sectional view showing a rectangu 
lar-to-circular waveguide transition section of the device 
illustrated in FIG. 1. 

Referring now in more detail to the drawings, the win 
dow structure of the present invention is comprised of a 
section of circular waveguide adapted to freely propa 
gate electromagnetic waves within the frequency range of 
interest in the TE11 circular waveguide mode. Positioned 
transversely across the central region of waveguide 1 are 
two thin, spaced-apart, planar and parallel-disposed di 
electric discs 12 and 13. Dielectric discs 12 and 13 are 
of a low-loss material and are substantially impervious to 
air and gases. Dielectric discs 12 and 13 may be of glass, 
alumina, or any of the other materials suitable for this 
use. A single-crystal synthetic sapphire material obtain 
able from Linde Company, Division of Union Carbide 
and Carbon Corporation, Needham Heights, Massachu 
setts, has been used with Success. Also, a sintered alumina 
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material identified as AD995, and obtainable from the 
Coors Porcelain Company, Golden, Colorado, has been 
used with Success. 

Rectangular-to-circular waveguide transition sections 
16 and 17 couple the respective rectangular Waveguide 
sections 18 and 19 to the opposite ends of circular wave 
guide section 11. The electrical length of each of the 
transition sections 16 and 17 is less than one wavelength, 
and in a device constructed in accordance with this inven 
tion was slightly less than one-half wavelength and thus 
is shorter than the usual rectangular-to-circular transition 
section which customarily has a length of several wave 
lengths. The short lengths for transition sections 16 and 
17 are chosen in order that they will provide reflective 
mismatches in the wave-propagation path and thereby 
serve as elements of resonators, as will be more fully ex 
plained herein below. 

Fluid connectors 22 and 23 are coupled to circular 
waveguide section 11 at diametrically opposite points in 
the region between discs 12 and 13 and provide means 
for passing a fluid coolant through the region of wave 
guide 11 bounded by dielectric discs 12 and 13. Sulfur 
hexafluoride gas has been used successfully as the coolant 
to prevent dielectric discs 12 and 13 from overheating as 
a result of absorbing microwave energy propagating 
through waveguide section 11. 

In assembling the structure illustrated in FIG. 1, the 
wave propagating section 11 may be comprised of a thin 
walled tube of copper-plated Kovar, at least in the region 
bounded by dielectric discs 12 and 13. Discs 12 and 13 
may be secured about their peripheries to the thin-walled 
tube of copper-plated Kovar by any suitable sealing meth 
od, the usual precautions and requirements for making 
a seal of this type being observed in order to provide a 
vacuum-tight seal between the discs and the inner wall of 
circular waveguide section 11. 
The diameter of circular waveguide section 11 is chosen 

to be greater than the width of rectangular waveguide 
sections 18 and 19 because its larger cross-sectional di 
mension increases the power handling capability of the 
window structure. This larger size waveguide, however, 
will support certain higher-order propagating modes if 
they are launched by the short transition sections 16 and 
17. The higher-order modes can become trapped be 
tween the two transition sections and can set up a self 
resonance condition within the structure, thereby creat 
ing high insertion loss to waves propagating in the desired 
dominant waveguide mode. The window structure of 
this invention successfully avoids this condition because 
the transition sections 16 and 17 launch the circular wave 
guide TE dominant mode into waveguide section 11 
with a high degree of purity, i.e., the energy in cross-polar 
ized and higher-order modes is negligibly small. In win 
dow structures built in accordance wtih this invention, the 
interiors of transition sections 16 and 17 were machined 
to the shape of truncated right circular cones, as illus 
trated in FIG. 3. This simple machining operation 
not only provides a short Smooth transition section that 
greatly avoids the undesired cross-polarized and higher 
order modes, but also provides a simple means for chang 
ing the angle of taper of the transition section to obtain 
the correct impedance discontinuity, this being largely 
an empirical procedure. It is to be understood, however, 
that short, smoothly-tapering transition sections having 
other cross-sectional shapes may be employed without de 
parting from the present invention. 

Considering now the electrical characteristics of the 
window structure of FIG. 1, the thickness of dielectric 
discs 12 and 13, their dielectric constants, and the propa 
gation constant of the medium therebetween are propor 
tioned with respect to each other so that the electrical 
distance between the two outer faces of the discs is sub 
stantially equal to (2n-1)T radians, where n is any in 
teger but preferably one. With this condition fulfilled, 
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4. 
the arrangement of the two discs electrically functions as 
a resonator that substantially completely transmits elec 
tromagnetic waves within a given range of frequencies. 
The arrangement of dielectric discs to serve as transmis 
Sion line elements is disclosed in U.S. Patent 2,407,911, 
issued September 17, 1946. Similarly, the sections of cir 
cular waveguide 11 between dielectric discs 12 and 13 
and the respective transition sections 16 and 17 serve as 
resonators, and are comprised of a section of transmission 
line bounded on one end by a reflective discontinuity 
formed by a transition section, and on the other end by 
a reflective discontinuity formed by a dielectric disc. The 
electrical length between a dielectric disc and a reference 
plane taken through the adjacent reflective discontinuity 
is Substantially equal to (2n-1) at radians. The position 
of a reference plane of a discontinuity is a function of 
the angle of taper of a transition section and of the fre 
quency of the electromagnetic waves propagating there 
through. The exact location of such a reference plane 
will be between the ends of a transition section and is 
best determined empirically, as is customary practice in 
the art. The circular waveguide resonators are tuned 
to have frequency responses slightly different from the 
frequency response of the resonator formed by the spaced 
dielectric discs 2 and 13. Thus, the device of FIG. 1 
electrically functions as a direct-coupled, triple-resonator 
filter which has a transmission characteristic of the type 
illustrated in FIG. 2, this being the relatively broadband 
characteristic of direct-coupled resonators tuned in the 
manner described. 

It may be seen that the use of direct-coupled resona 
tors results in a relatively small and compact structure 
having the required transmission function. Additionally, 
the use of the transition sections 16 and 17 as elements 
of the resonators provides a relatively unobstructed pro 
pagating path for the electromagnetic waves and avoids 
the protruding or restricting structures, and sharp corners 
that characterize other known waveguide window struc 
tures. Thus the propagating path existing throughout 
the window structure of this invention has high power 
handling capabilities. An additional important electri 
cal feature of the window structure of this invention is 
that the propagating path introduces relatively little dis 
tortion of the dominant TE mode of the electromagnetic 
waves. The slight fringing or distortion of the dominant 
mode (i.e., excitation of higher order modes) that is in 
troduced by the transition section 16, is attenuated to 
negligible proportions in the half wavelength section be 
tween transition section 16 and dielectric disc 12, so that 
at the point where the waves are incident upon dielectric 
disc 12, the electric field pattern is Substantially that of 
the circular waveguide TE mode and thus parallel to 
the face of disc 2. 
The use of the two thin dielectric discs to form the 

Sealed window reduces the likelihood of power break 
down within or adjacent to the window. It has been 
found that thick slabs of dielectric material which serve 
as windows can Support the spurious mode resonances 
that have high electric field intensities which lead to 
power breakdown. Generally speaking, the prevention 
of Spurious mode resonance in the dielectric discs can 
be reasonably assured by choosing the thickness of each 
of the dielectric discs 12 and 13 to be no greater than 
approximately one-eight wavelength of the waves prop 
agating therethrough. The arrangement of the two 
Spaced-apart sealed discs 12 and 13 also affords a con 
venient means for cooling the window. All of these 
advantageous features of the window are in addition to 
its electrical characteristic of providing an excellent trans 
mission line resonator of low insertion loss. 
One waveguide window structure constructed in ac 

cordance with the present invention, and designed for 
operation in a band of frequencies between 5,000 and 
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6,000 megacycles per second, had the following approxi 
mate dimensions; 
Iength of waveguide section ill------------inches - 4.76 
liameter of waveguide section 11------------do---- 2.065 
Axial length of transition sections 16 and 17-dio---- .98 
Ilf-angle of taper of transition sections 16 and 

17 ----------------------------- degrees-- 30 
l)ia incter of dielectric discs 2 and 13- inches-- 2.065 
Thickness of dielectric discs 2 and ---do---- 085 
Axial separation between adjacent faces of dielectric 

thises 12 and 13-------------------------- do---- .98 

While the invention has been described in its preferred 
embodiments, it is understood that the words which have 
been used are words of description rather than of limita 
tion and that changes within the purview of the appended 
claims may be made without departing from the true 
scope and spirit of the invention in its broader aspects. 
What is claimed is: 
1. A waveguide window structure comprising 
a section of circular waveguide, 
a pair of thin, spaced-apart, planar dielectric discs 

sealed about their peripheries in a vacuum-tight man 
ner to the interior surface of said circular wave 
guide at its central region intermediate its two ends, 

said dielectric discs being pervious to electromagnetic 
wave energy but being impervious to air and gases, 

first and second conical rectangular-to-circular wave 
guide transition sections respectively coupled to the 
opposite ends of said circular waveguide, 

said transition sections having lengths no greater than 
one wavelength of the electromagnetic waves prop 
agating therethrough to provide at a respective trans 
verse reference plane between the ends of each transi 
tion section a respective reflective discontinuity, 

the electrical separation between the outer faces of 
said two discs being substantially equal to (2n-1) at 
radians for electromagnetic waves at a frequency 
in a band of frequencies, 

the electrical separation between each of said discs 
and the transverse reference plane through the adja 
cent transition section being approximately equal to 
(2n-1)Tr radians for electromagnetic waves with 
in said band of frequencies, 

whereby the combination of said two spaced-apart di 
electric discs, the circular waveguide sections and 
transition sections on each side thereof comprise a 
triple-resonator filter. 

2. The combination claimed in claim 1 wherein said 
transition sections are in the shape of truncated right cir 
cular cones. 

3. The combination claimed in claim 1 further in 
cluding 

first and second fluid passages extending through the 
walls of said circular waveguide in the region inter 
mediate said two dielectric discs to provide means for 
passing a fluid coolant between said two discs. 

4. The combination claimed in claim 1 wherein, 
each of said resonators of the triple-resonator filter 
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is tuned to a different center frequency that is within 
said band of frequencies, 

whereby said filter passes electromagnetic waves in a 
frequency band that is wider than the band of fre 
quencies passed by any one of said resonators by 
itself. 

5. A waveguide window structure comprising, 
a section of circular waveguide, 
a pair of thin, spaced-apart, planar dielectric discs 

extending transversely across said circular waveguide 
section normal to the longitudinal axis thereof, 

said dielectric discs being pervious to electromagnetic 
wave energy but impervious to fluids and being sealed 
about their peripheries in a vacuum-tight manner to 
the interior surface of said circular waveguide, 

the electrical separation between the outer faces of 
said two discs being substantially equal to (2n-1) tr 
radians for electromagnetic waves at a first frequency 
in a band of frequencies, 

whereby said spaced-apart dielectric discs function as 
a resonator to substantially completely transmit elec 
tromagnetic waves at said first frequency in said 
band of frequencies, 

first and second conical rectangular-to-circular wave 
guide transition sections coupled to the opposite 
ends of said circular waveguide, 

said transition sections having axial lengths no greater 
than one wavelength of the electromagnetic waves 
propagating therethrough thereby to present a respec 
tive reflective discontinuity at a respective plane 
through each of said transition sections, 

the electrical separations between the respective discs 
and the reference plane through the adjacent transi 
tion section being approximately equal to (2n-1) at 
radians for electromagnetic waves at respective sec 
ond and third frequencies within said band of fre 
quencies, 

whereby the two sections of circular waveguide each 
bounded on one end by a transition section and on 
the other end by a dielectric disc function as second 
and third resonators thereby forming with said di 
electric discs a direct-coupled triple-resonator filter 
that passes electromagnetic waves in a frequency 
band that is wider than the band of frequencies 
passed by any one of said resonators by itself. 
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