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Absiract — Presented here are the first exper-
imental data on microshield circuits which use the
membrane technology. Microshield shows potential
for improved performance relative to current pla-
nar transmission line geometries. This paper will
describe results on stepped-impedance filters and
coplanar waveguide-to-microshield transitions.

I. INTRODUCTION

This paper presents for the first time an extensive ex-
perimental study of microshield transmission line circuits
which are fabricated using membrane technology [1]. The
microshield line was introduced in 1991 and has been shown,
using proven theoretical techniques, to exhibit desirable
waveguiding properties [2]. These properties include pure
TEM propagation and zero dispersion in a wide, single
mode frequency band, low radiation loss, zero dielectric
loss, and a broad range of possible line impedance. The
lower shielding cavity, furthermore, provides ground plane
equalization and thus eliminates the need for air bridges or
via holes.

Several types of microshield circuits have now been fab-
ricated and measured, including filters, stubs, and transit-
ions frorn grounded coplanar waveguide (gcpw) to micro-
shield. The transitions are of immediate interest because
the preferred measurement technique requires initial con-
tact to gcpw, as discussed below. Additionally, transmis-
sion lines with drastic step changes in the dielectric material
may provide novel capabilities and are worthy of investiga-
tion. Stepped-impedance filters are examined since they
are simple to design and are shown to effectively demon-
strate microshield performance. The fabrication and char-
acterization of the transitions and filters are reviewed here.

II. FABRICATION AND DESIGN

The foremost characteristic of microshield circuit fab-
rication is the utilization of the membrane technology de-
scribed by Rebeiz, et al [1]. For the work described here,
340 pm thick < 100 > silicon wafers, with 1.5 pum S70,/
S13Ny4/Si0, membrane layers, have been used. The mi-
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croshield structure is created by first removing photolitho-
graphically defined regions from the membrane layer on the
back side of the wafer. This pattern serves as an etch mask,
allowing pyramidal cavities to be opened in the wafer using
anisotropic Si etchants, such as ethylene diamine Pyrocat-
echol (EDP). The upper membrane layer will behave as an
etch stop, thereby forming the exposed membrane surface
with a surrounding cavity below [3].

The final steps in the fabrication process are the met-
allization of the circuit pattern and the cavity sidewalls. A
tri-layer photoresist/aluminum/photoresist technique with
metal evaporation is used to deposit the circuit pattern on
the top side of the membrane layer. Evaporation is also
used for metal deposition on the cavity sidewalls, but here
some shadowing is required to protect selected areas of the
membrane from backside metallization. A diced or micro-
machined silicon mask is used to shield the region between
the inner-edges of the upper ground planes, thus prevent-
ing metallization in the slots. The finished circuits are then
mounted on a ground plane to fully enclose the lower shield-
ing cavity. A photograph of a 5- and a 7-section lowpass
filter is shown in Figure 1.

An important design objective in this project is to de-
velop a low loss transition from grounded coplanar wave-
guide to microshield. This is necessary because the mea-
surement device is a microwave probe station, and the
probe contacts must be formed in gcpw since the mem-
branes cannot reliably withstand multiple probing attempts
While the design of a transition should include considera-
tion of the characteristic impedance, it must also be consid-
ered that each of these lines is a mixed coplanar-microstrip
guiding structure, for which the relative slot widths, center
conductor width, and ground plane separation all deter-
mine the mode of propagation. Guidelines for the design
of gcpw can be found in {4, 5], while those for the micro-
shield line are found in [3]. Although one transition design
was chosen a priorl for measurement purposes, three other
variations were tested and their performance is reviewed in
the following section.
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III. EXPERIMENTAL RESULTS

A. (Grounded) CPW to Microshield Transitions

The primary motivation for investigating the gcpw-to-
microshield transitions lies in optimizing the design for
measurement purposes, as discussed above. One can en-
vision, however, alternative reasons for utilizing short seg-
ments of cpw along a microshield line (or vice versa): a sim-
ple means of fixed phase delay or advance, as the phase ve-
locity will be lower in cpw than in microshield; mechanical
support to facilitate mounting hybrid active devices along a
microshield line; and obtaining very large impedance ratios
for filter purposes are all possibilities. To our knowledge,
such planar transmission line circuits with similar metal-
lization, yet drastic dielectric changes, have not previously
been explored.

There were four microshield-gcpw-microshield transit-
ions which were measured. The structures consist of a sec-
tion of grounded cpw of length i"fﬂ at 40 GHz, which is
positioned in the center of a microshield line. The design
is illustrated in Figure 2. In all cases the microshield ge-
ometry has a center conductor width, s, of 350 gym and a
slot width, w, of 35 pm. The characteristic impedance for
this line is 75 . For the four different designs, s + 2w
in the gcpw was also held constant at 420 pym, and center
conductor widths of 35, 70, 140, and 280 pm were tested.
These geometries result in characteristic impedances of 88,
71, 54, and 36 2, respectively.

The measured Si; for the transitions is given in Fig-
ure 3. The best performance, less than -15 dB from 20 to
40 GHz, is obtained with the 70 pm transition, which is also
the design with the closest impedance match. This trans-
ition also operates with very low radiation loss, as shown
in Figure 4. It should be noted, however, that the Si; re-
sponse is very dissimilar to that expected from ideal trans-
mission line theory, which would predict a gradual rolloff
to a perfect match at 40 GHz. These discrepancies may
be partially explained by the field-configuration considera-
tions mentioned above, as the microshield line is operating
in a strongly cpw-like mode, whereas the grounded cpw line
will exhibit more of a hybrid cpw/microstrip characteristic
due to the smaller height-to-slot width ratio.

B. Stepped-Impedance Low Pass Filters

Stepped-impedance filters are commonly used for ap-
plications which do not require a sharp cutoff, such as in
the rejection of out of band mixer harmonics. They are
a desirable test circuit for the new microshield technology
primarily because they are quite easy to design and their
performance may be used to qualify impedance calcula-
tions, the degree of TEM mode propagation, and the level
of conductor and radiation loss.
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A schematic diagram of the 5-section filter design is
given in Figure 5. The measured performance for 5- and 7-
section 0.5 dB ripple Chebyshev designs is shown 1n Figure
6. Also shown is the theoretical filter response obtained us-
ing ideal transmission line theory, with empirically-derived
corrections for the effective line extension at impedance
steps [6]. The agreement is quite good, and the differences
near cutofl can be explained by the peak in the radiation
loss, shown in Figure 7. Also, no correction for conductor
loss is included in the theoretical data.

IV. CONCLUSION

Experimental results on microshield stepped-impedance fil-
ters and transitions to grounded coplanar waveguide have
been presented. The filter response compared very well
to ideal transmission line theory when effective line length
corrections for impedance steps were employed. The best
transition performance demonstrates an Syy below —15 dB
from 20 to 40 GHz.
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Figure 1: Photograph of a 5- and a 7-section microshield stepped-impedance low pass filter. The
upper metallization is 340 ym from the lower ground plane, producing the shadows which are seen
around the center conductor and upper ground plane edges. The thin center conductor sections are
40 pm wide and the width of all ground planes is 0.42 cm. The grounded coplanar waveguide-to—
microshield transitions occur where the line narrows on either end of the circuits.
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Figure 2: Ilustration of the microshield to grounded cpw
(coplanar waveguide) transition. The center conductor
width, S, the slot width, W, and the length of the gcpw, L,
are all indicated. L is i\,f- at 40 GHz. The slots in the gepw
are shaded to indicate that the substrate dielectric changes
from air in the microshield to silicon in the gcpw section.
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Figure 3: Measured Si; response of four different micro-
shield to grounded cpw transitions. The microshield center
conductor width is 350 microns. Each plot corresponds to a
different center conductor width for the gcpw. In all cases,
2s+w is 420 microns for both microshield and gepw lines.
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Figure 4: Measured loss factor, (1— | S1; |* = | Sa1 |?), for

the 70 micron microshield to grounded cpw transition.
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Figure 5: Diagram of the 5-section stepped-impedance low-
pass filter (not to scale). Dimensions are given in gm and
the different impedance sections are also indicated. The
shaded regions are the upper ground planes, which have
been marked to indicate the positions of the lower shield-

ing cavity sidewalls.
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Figure 6: Measured and theoretical response of a 5- and a
T-section stepped-impedance microshield filter.
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Figure 7: Measured loss factor, (1~ {81y |2 ~ | Sy |?), for
the 5- and T-section low pass filters.
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