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Oversize waveguide has recently been used successfully to develop a
variable attenuator, directional coupler, phase shifter, and a duplexer at
330 Ge. 1,2 Use of oversize waveguide results in lower loss components at
millimeter and submillimeter wavelengths. Filter structures using quasi-
optical techniques in oversize waveguides are described in this paper.

In an oversize waveguide (typically 10 times greater in each dimension
than standard-size rectangular guide), coupling structures normally used in
filters such as irises, posts, etc., are inadequate because they generate
higher-order modes. Optical type structures such as dielectric slabs and
gratings must be used. Examples of quasioptical waveguide filters are
shown in Figs. 1 and 2. Figure 1 shows a low-pass filter consisting of a
series of n cascaded dielectric slabs each having an electrical thickness of
A/4 and separated by A/4 (where A is the free-space wavelength). The
structure is essentially a dielectric reflector”™ housed in oversize waveguide,
This device has a cutoff at a frequency where the slab separations are A2,
By placing a similar series of dielectric slabs at a 45° angle in the center
of a four port waveguide junction (Fig., 2), we obtain a low-pass directional
filter. This filter has low-pass properties at port 2 and high-pass at port 4
and is matched at port 1.

A direct-coupled bandpass filter can be realized by forming resonant cavi-
ties with gratings placed at multiple half-wavelength intervals along the
waveguide. A typical grating consists of a series of holes in a thin con-
ducting plate; each hole is separated from the next by less than A/2 to avoid
higher-order modes; the hole diameters determine the degree of coupling be-
tween resonators. A directional version of this filter would use a structure
analogous to that of Fig. 2; the gratings are placed at a 45° angle. This
filter has bandpass properties at port 2, band-reject at port 4, and is matched
at port 1,
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Fig. 1 Cascaded dielectric slab low=pass filter.
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Fig. 2 Lowspass filter structures,
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Fig. 3 Insertion loss vs frequency of quasioptical two-resonator filter.

At present we have constructed a bandpass filter and a low-pass direc-
tional filter. The bandpass filter consists of two coupled resonators and op-
erates in the 9 mm region with a 22.5 Mc bandwidth and 1.7 db of insertion
loss at its center frequency. The filter uses standard S-band brass wave-

99



guide, Each resonator is five half-wavelengths long. A similar design in
standard size rectangular waveguide (WR28 coin-silver waveguide) would
have had 6.6 db of insertion loss.

A graph of the insertion loss vs frequency for the oversize waveguide
filter is shown in Fig. 3. This figure also shows the insertion loss vs fre-
quency characteristics at frequencies where each resonator is six wave-
lengths long. Tuning the two cavities to the same center frequency was ac-
complished by slight waveguide deformation—that is, pressure on the broad
or narrow waveguide wall. No tuning screws were used because they gen-
erate higher order modes. Figure 4 shows the two-cavity filter; the inter-
resonator grating is shown on the top of the waveguide. Identical input and
output gratings are used. A similar design can be used to construct a filter
operating at 330 Gc, with a 3 db bandwidth of 225 Mc and an insertion loss
of less than 3 db.

A low-pass directional filter has been constructed and is shown in Fig. 5.
It employs four quartz slabs. The slab thickness and the air separation are

Fig. 5 Low-pass directional filter.
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chosen to be A/4 at 330 Ge. It has not been possible to evaluate the fre-
quency response at this time; however, data at 330 Ge, shown in Fig. 6, is
encouraging. The insertion loss at ports 3 and 4 are plotted as a function of
the air separation (S) between the second and third slabs. The loss at port
4 is well below that of port 3, indicating the directionality of the device.
The port 3 loss varies cyclicly, as predicted. The minimum loss of 2 db is
mainly due to dielectric dissipation. This data suggests that the desired
frequency behavior is obtainable.

20 =N T J TTT]
28 ] .
26 d 7\,\ i ’ f | I
2 | N
22 » H/

gZO I

36| ¥

= S — B /) Ps

AN ﬁ I

£ 2r .,.AP o I 1 1Fa

T 0 a7 T - v

z z /‘/ AT ZERO GAR, \' I /(-/

: 2 DB INSERTION

4% LoSS \t\J ) :;/
2K | I[P REFERENCE LEVE: | } |
o | H |

0O 4 8 12 16 20 24 28 32 36 40 44 44
SLAB SEPARATION IN THOUSANDTHS OF AN INCH

Fig. 6 Test data on a four-slab directional filter at 330Ge.

The results, to date, indicate that filters can be designed in oversize
waveguide. Use of these techniques will make it possible to obtain, at
millimeter and submillimeter wavelengths, lower insertion loss and more
ease of construction than is possible using standard size waveguide struc-
tures. Work is continuing to obtain experimental models of a directional
bandpass filter and a low-pass filter at 330 Ge.
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