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Abstract

Grating structures fabricated in inverted strip dielectric waveguide have for the first time been used as

millimeter-wave leaky-wave antennas and band-reject filters.

theoretical predictions.
Introduction

Grating structures are commonly employed in optics

1 c s
as beam couplers” and as frequency-sensitive reflectors

for distributed feedback lasers.2
ings have not yet been widely used at millimeter wave-
lengths. Since dielectric waveguides in millimeter-
wave integrated circuits (MMIC) are low-freauency repli-
cas of optical waveguide, it is clear that many techni-
ques could be transferred from the optical to the milli-
meter-wave domain.

However, such grat-

This paper reports the first reduction to practice
of a frequency-scannable leaky-wave antenna and a band-
reject filter made of grating structures implemented in

the inverted strip dielectric (IS) waveguide3’4. The
antenna and filter are compatible with and naturally
complement the directional couplers, oscillators, and
phase shifters that have already been developed using

dielectric waveguide fabric¢ation techniques3-7. Grating
structures can be easily and economically fabricated in
the IS guide, The performance of the antenna and the
filter made of gratings can be optimized in a relatively
easy and flexible manner. Hence, the development of
these devices is likely to contribute to realization

of high overall performance of millimeter-wave systems
with modest cost and effort.

Grating Struetures in IS Waveguide

The IS waveguide has a number of useful features.
It is of low loss, has a ground plane for convenience
of mounting solid-state devices, and is easy to fabri-
cate. Unlike many other dielectric waveguides, the
major portion of the energy launched in the IS guide,
shown in Fig. 1, travels in the planar guiding layer
(62) and is also transversely concentrated in the region

immediately above the dielectric strip (el). Many func-

tional device54 can be created by appropriately arrang-
ing the location and length of one or more dielectric
strips while leaving the guiding layer intact, although
principal parts of wave interaction take place in the
guiding layer.

Gratings can also be created by periodically modu-
lating the geometrical or material nature of the dielec-
tric strip and still leaving the guiding layer intact.
For instance, as shown in Fig. 2, grooves are created
periodically, in the dielectric strip. This groove
configuration perturbes the transmission characteristics
of the IS guide periodically, thereby functioning as a
grating.
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Experimental results agree reasonably well with

Leaky-Wave Antenna

Electromagnetic waves in a grating region can be
represented in terms of space harmonics whose phase
constants are:

2my
= + —

Bm Bo d
where d is the grating period and Bo is the phase con-

m=0, #l, 2,.,. (1)

stant of the dominant (m = 0) space harmonic determined

by the excitation of the grating. If perturbation due

to each unit cell of the grating is small, B is very
o

close to the phase comstant Bsw of a surface wave in

the unperturbed IS guide. When the period d is chosen
th

such that the phase constant of the p harmonic (say,

p = -1) satisfies:

]Bp/k] < 1 (k = free space wavenumber) (2)

the grating supports a leaky wave and the energy travel-
ing in the grating leaks into free space along the di-

-1
rection © = sin (Bp/k) measured from the broadside of

8
the grating . For small perturbation the radiation pat-
tern can be approximated bys.

2 _ 1 sin (N¢/2) {2
[£¢oy] =2 s/ I (3)

¥ = kd sin 6 - Bod
where N is the number of grating elements.

A leaky-wave IS guide antenna was designed for 60
GHz. After the design was completed, all the dimensions
were scaled by the factor of four to permit experiments
at 15 GHz. This ecaling is for demonstrating the opera-
ting principle with modest cost and time for fabrication.
A model antenna is pictured in Fig. 3. Since the guiding
layer (Stycast Hik, er = 3.75) is non-transparent for

light, a disassembled view was taken. The smaller tip
on one end of the guiding layet is the transition region
for launching, whereas the larger ome on the other end
is to avoid the reflection of energy left unradiated at
the grating.

Fig. & shows measured and computed [using (3)}
radiation patterns of the model antenna. At 15 GHz, the
main beam is directed -26° (26° toward the backward
direction) from the broadside, while at 17 GHz the main
beam direction is -10° from the broadside. Measured
and computed sidelobe levels are -10 dB and -13 dB,
respectively at both frequencies.



Band-Reject Filter

When d is chosen as:

Bod =x, Bo ~ B (4)

the grating no longer radiates, but rather it exhibits
a stopband phenomenon. The energy incident on the

grating is reflected back at the frequency at which (4)
is satisfied.

sw

Hence, the reflection phenomenon is fre-
quency sensitive and such a grating can be used as.a
band-reject filter. The bandwidth and reflectance de-
pend on the grating profile, the length of grating re-
gion, etc.

Because the present setup does not allow measure-
ment of transmission characteristics of the band-reject
filter, its reflection properties are measured instead.
Fig. 5(a) shows the reflection from a 30-element grating
filter. The sharp dip around 15.4 GHz corresponds to
the stop band. The cross-sectional dimensions of the
IS guide and the grating profile of the filter are iden-
tical to those for the antenna, except that d is much
smaller in the filter case to satisfy (4).

Fig. 5(b) depicts the reflection from an IS wave-
guide with dimensions identical to those in Fig., 5(a)
but without any grating. Fig. 5(b) serves as a reference
for Fig. 5(a). 1In these figures, the magnitude of re-
flected signals is measured in the downward direction
from the zero level indicated by white, horizontal
straight sweeps. The loaded Q of the filter is found
to be around 100. The return loss characteristic of
the filter in the stop band is rather poor (4 dB).
However, the filter performance could be improved by
increasing the number of elements and by controlling the
grating profile more accurately.

The reflection property of the filter was predicted
by the use of a simple analytical model as follows:
Each grooved and non-grooved section that makes up a
cell of the grating was first represented by a trans-
mission line whose characteristics can be described by

the effective dielectric constants3. Then these indivi-
dual transmission lines were cascaded as a periodic
structure. The return loss calculated by this method
was 2.6 dB, which is 1.4 dB higher than the measured
return loss. The discrepancy is attributed to loss of
energy due to radiation and attenuation in the physical
model and to the use of an oversimplified theory as
described above; however, the center frequency can be
predicted to within 2% by the use of the dispersion

(k - B) diagram of the IS guide.

Conclusion

We have demonstrated for the first time that grat-
ing structures can be used as antennas and filters for
millimeter-wave integrated circuits. Leaky-wave antennas
of the type demonstrated can be implemented in the di-
electric millimeter IC and can be efficiently coupled
with a transmitter or a receiver front end. They are
planar and frequency-scannable, and do not require a ra-
dome.

Grating type filters of the kind demonstrated are

suitable for a number of applications. For instance,
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by the use of their frequency-sensitive reflection pro-
perties, two of the gratings separated by an appropriate
distance could be employed as a resonator. On the other
hand, two band-reject filters combined with a 3-dB hy-
brid can result in a band-pass filter.

The experimental results agree reasonably well with
the theoretical predictions. Therefore, it appears that
accurate design procedures can be found without undue
difficulty.
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Fig. 1 Cross section of |S waveguide
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Fig. 2 Side and top views of grating configuration in IS
waveguide

Fig. 3 Disassembled grating antenna

(c} (d)

90 5.0 dB/div

Fig. 4 Radiation patterns of grating antenna, d = 10.16 mm,
a =318 mm, b = 476 mm, hy = hp = 635 mm, ¢ = 2.1
(Teflon), €2 = 3.75 (Stycast Hik), number of grating elements

= 17. (a) Measured at 15 GHz. (b) Computed at 15 GHz.

{c) Measured at 17 GHz. (d) Computed at 17 GHz.
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Fig. b Reflection property of a grating filter. Parameters hq,
hg, €1 and ey are identical to Fig. 4. (a) Filter with d =
6256 mm, a = 1.59 mm, b = 0.79 mm, number of grating
elements = 30. (b) No grating for reference purposes.
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