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Abstract— Results are presented for high performance pla-
nar W-band filters based on silicon micromachining techniques
common in microsensor fabrication. Two types of microma-
chined planar transmission lines are studied: microshield line
and shielded membrane microstrip (SMM) line. In both of these
structures, the conducting lines are suspended on thin dielectric
membranes. These transmission lines are essentially “floating”
in air, possess negligible levels of dielectric loss, and do not
suffer from the parasitic effects of radiation and dispersion. A
90 GHz low pass filter and several 95 GHz bandpass filters
are tested and display excellent performance which cannot be
achieved with traditional substrate supported circuits in CPW
or microstrip configurations. A full-wave finite-difference time-
domain (FDTD) technique verifies the measured performance of
the W-band circuits and provides a basis for comparison between
the performances of membrane supported circuits and equivalent
substrate supported circuits.

I. INTRODUCTION

ILLIMETER wave integrated circuits require low-loss,

low-dispersion, planar transmission line structures. The
advantages of using planar components in microwave circuits
stem largely from reduced fabrication cost and increased
operating bandwidth. Unfortunately, microstrip and coplanar
waveguide (CPW) suffer from several problems at millime-
ter wave frequencies. These include dielectric loss, which
increases with frequency, as well as dispersion. substrate
moding, and radiation loss, all of which can be directly
associated with the air/dielectric discontinuity inherent to
substrate supported transmission lines.

Typically, substrate supported structures rely on processing
technology such as via holes or substrate thinning to improve
millimeter wave performance of planar circuits. An alternate
solution to the frequency limitations of conventional planar
circuits employs micromachining techniques. This technology,
which is widely used in the area of monolithic integrated
sensors [1], was first applied to microwave transmission lines
in the form of the microshield line [2]. This transmission
line structure relies on selective silicon etching and membrane
supported conductors and can be likened to a CPW line with
an air dielectric. Radiation loss into parasitic modes (surface
waves) in CPW [3] has been shown to be a function of
both f2 and (e, — 1)2, where f is the frequency and e,
is the relative dielectric constant of the substrate [4]. Thus,
although radiation loss increases rapidly with frequency, it can
be eliminated by using an air dielectric. In addition, removal
of the silicon substrate eliminates any loss associated directly
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with the dielectric, and any dispersion related to the dielec-
tric/air interface. Passive microwave circuit components based
on microshield line technology have demonstrated excellent
performance up to 40 GHz [5]. Recently, a submillimeter wave
planar bandpass filter was demonstrated using microshield line
[6], and time-domain electro-optic sampling of a CPW line
on a membrane has indicated that these lines are capable
of propagating signals at frequencies as high as 1000 GHz
with low loss and low dispersion [7]. Other planar microwave
circuits have employed membrane technology with excellent
results. These include a 33 GHz air-microstrip Wilkinson
power divider [8] and air-stripline interdigitated bandpass
filters at 15 GHz [9]. Micromachining was also applied in
the development of a completely shielded CPW line [10].

This paper reports on the application of micromachining
technology to W-band circuits using the microshield line
and a new type of micromachined structure—the shielded
membrane microstrip (SMM) line. The fabrication techniques
are presented and the design of the W-band circuits using a
combination of quasi-static and full-wave analysis techniques
[10], [11] is discussed. A 90 GHz microshield line low
pass filter and several SMM coupled-line bandpass filters
centered at 95 GHz are measured. Theoretical validation of
the measurements is provided by the finite-difference time-
domain (FDTD) analysis technique. This method shows great
flexibility and accuracy for W-band circuit analysis, and is
used to simulate structures which are supported by both
GaAs and membrane. Results of these simulations allow for a
direct comparison between membrane supported circuits and
conventional planar circuits.

II. MEMBRANE SUPPORTED TRANSMISSION LINES

A. Microshield Line

Microshield line is a nondispersive transmission line which
is suspended on a thin dielectric membrane via silicon micro-
machining techniques in [2], [5], and [12]. The line geometry
1s best described as a coplanar-waveguide structure situated
above a metallized. air-filled cavity (see Fig. 1). Since the
microshield line is surrounded entirely by air, its range of
possible impedances encompasses higher values than those
of substrate supported lines. Typically, microshield lines can
be designed to realize characteristic impedances ranging from
around 50 2 to as high as 300 Q. For filter and other planar
circuit applications, it is more logical to work with a higher
central impedance than the nominal 50 2 probe impedance.
For this work, characteristic impedances of microshield line
have been computed with a conformal mapping method and
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Fig. 1. A two-dimensional representation of the microshield line geometry.
The cavity height, h, is determined by the thickness of the wafer, which
supports the membrane structure. ‘

with a point-matching method [13]. A value of 92 Q was
selected for the nominal impedance of the line, and this was
realized by setting the slot separation, s, to 220 wm, and the
slot width, w, to 50 ym for A = 355um.

B. Shielded Membrane Microstrip (SMM)

Thin dielectric membranes also provide the foundation

for SMM lines. The SMM line is essentially a shielded -

microstrip line with an air dielectric and also benefits from
low dispersion and low dielectric loss. The geometry resembles
that of a stripline, but the conducting strip is not positioned
symmetrically between the two ground planes. Assembly
of the SMM lines requires multiple micromachining steps,
including the incorporation of a second micromachined wafer
to form a shield. This type of micromachined shielding cavity
has been used with completely shielded CPW structures on
silicon substrates [10], and with membrane stripline geometries

[9]. For SMM, the micromachined cavity actually provides the

ground plane for the microstrip signal, and this is accomplished
with a three-wafer assembly as illustrated in Fig. 2. The middle
circuit wafer rests on a metallized carrier wafer which acts to
provide a shielding cover for the microstrip. The ground plane,
then, resides above the signal line since the micromachined
cavity wafer rests on top of the entire structure. The cover
height, A, is determined by the thickness of the circuit wafer,
and the signal-to-ground separation, h, is determined by the
etched depth of the micromachined cavity in the ground plane
wafer. Impedance calculations for the SMM line can be done
easily with two-dimensional (2-D) static methods, but must
take into account both metallized shielding surfaces.

III. FABRICATION TECHNIQUES

The various fabrication techniques used in the microma-
chining of planar transmission line structures are summa-
rized in [81-[10]. [12]. and [14]. These include details of
growing the membranes, which are 1.5-pm-thick, three-layer,
Si02/Si3N4/8104 dielectric composites, and of the ethylene-
diamene pyrocatechol (EDP) wet silicon etching process used
to micromachine the cavities for different transmission line
geometries.
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The metal pattern definition ‘and cavity etching are ac-
complished using standard lithographic processing techniques,
but formation of the ground plane cavity requires specific
attention. The depth of the cavity must be controlled precisely,
since it is crucial in achieving the desired line performance,
and this is done by timing the etch. The silicon etch rate for
the University of Michigan EDP process [15] has been exper-
imentally determined to be approximately 1.2 pm/min. Rate
dependencies on temperature and etch area create difficulties
in precise control of the depth of the shielding cavity, but it
is believed that an accuracy of &5 ym can be obtained. For a
nominal cavity depth of 100 ym, FDTD analysis shows that a
variation in depth of +5% will cause less than 1% deviances
in center frequency and bandwidth for a 4.3% bandwidth filter
centered at 94 GHz. In the future it will be useful to develop
etching techniques which are more controllable, but it is
important to maintain the smooth surface finish that is achieved
with the EDP process, since the etched surface provides an
electrical ground plane to the micromachined circuits.

Formation of windows for on-wafer probing access to the
circuits can be accomplished by a two-step process which
etches the ground plane wafer from both sides and simultane-
ously forms both the ground plane cavities and the probe win-
dows [10]. The two-step process uses 350-um-thick, single-
side polished silicon wafers with 1.2-um-thick layers of SiO,
thermally grown on both sides. It begins with the deposition
of a Cr/Au 250/2000 A masking layer to define the shielding
cavity pattern on the polished (front) side of the wafer. Then,
backside alignment is used to define the probe window pattern
on the unpolished (back) side of the wafer, and another Ci/Au
masking layer is deposited. With the front side protected by
photoresist, the back-side oxide is etched in BHF to expose
the silicon surface. The wafers are then placed in EDP, and the
probe windows are selectively etched from the backside to a
depth of 250 pm. The wafers are removed from EDP, cleaned,
and placed in BHF, this time removing the front side oxide

_layer and exposing the silicon on the polished side of the wafer.

A final etch in EDP to a depth of 100 ym defines the ground
planes for the transmission lines and creates the probing
windows which are etched from both sides during the second
etch step. The ground plane wafer is subsequently stripped
of all masking layers and remetallized with Ti/Al/Ti/Au to a
thickness of approximately 1.2 gm. Upon completion of this
step, the ground plane wafer is attached to the circuit wafer
such that the etched windows permit access to the GCPW
probe pads, and this two-wafer assembly is then placed on a
metallized carrier wafer to complete the circuit enclosure.

IV. W-BAND CIRCUIT DEVELOPMENT

Generally, W-band circuit development requires the use
of both quasi-static and full-wave analysis techniques due
to parasitics which affect circuit performance much more
severely at W-band than at lower frequencies [10], [11].
In addition, experimental low-frequency modeling can be
used to provide additional insight into W-band planar circuit
performance [14].
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Fig. 2. Geometry of SMM. This membrane supported transmission line requires micromachining of two separate wafers which are subsequently assembled

to form the final structure.

A. Grounded-CPW to SMM Transition

For on-wafer probing of SMM line structures, consideration
must be given to the manner in which the grounded-CPW
(GCPW) geometry of the probe pad can be transformed to
provide a field distribution compatible with the SMM line.
The propagating mode of the SMM line is characterized
by an electric field orientation which is primarily vertical
with respect to the plane of the signal line. Conversely, a
horizontally opposed electric field orientation prevails in a
CPW-style wafer probe. One possible candidate for a transition
between these two modes is the microshield line, which has
shown the ability to support both CPW-like and a microstrip-
like modes [12]. The ratio of slot width to ground plane
height determines whether a microstrip mode or a CPW
mode is excited on the line. When the slot width is large
compared to the ground plane height, the propagating electric
fields tend to concentrate under the center conductor of the
structure with a vertical orientation which is very similar to the
dominant mode of microstrip propagation. Conversely, when
the slots are narrow with respect to the ground plane height,
the electric fields adopt a horizontally opposed orientation
which is characteristic of the odd mode in CPW lines. This
is exemplified in Fig. 3 by the plot of the microshield line
characteristic impedance versus normalized slot width. For
smaller 1/ h ratios, the impedance is very sensitive to changes
in the slot width, indicating a strong horizontal component in
the electric field and a CPW-like mode of propagation. As
w/h increases, however, the dependence on the slot width
decreases, and the impedance gradually approaches that of a
microstrip line with the same s/h ratio.

A tapered section of microshield line, then, could be used
to implement an effective transition between the two different
modes of the CPW wafer probe and the SMM line. This
is a very convenient solution, since there is an impedance
mismatch between the 50 Q wafer probe and the 92 @ SMM
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Fig. 3. Impedance of a microshield line with an upper shield, calculated
using the point-matching method. The solid line indicates the asymptotic limit
for the line impedance, which is represented by the impedance of a microstrip
line (calculated quasi-statically) with an equivalent s/h ratio.

line, and a tapered section of microshield line can also be
used to accomplish the impedance matching function. Fig. 3
provides design data for a Klopfenstein impedance matching
taper, which is an approximation to a Chebyshev matching
transformer of infinite order [16], [17]. A schematic of the
taper is shown in Fig. 4, including the CPW probe pad and
the SMM line. The taper is designed so that the width of
the microshield center conductor remains constant, while the
slot widths gradually increase. At each end of the taper, the
geometry of the microshield line provides a field distribution
that is compatible with the appropriate type of transmission
line.

B. Low Pass Filters

A low pass filter designed using a stepped impedance
implementation of a seven-section 0.5 dB equal ripple Cheby-
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Fig. 4. Layout of the Klopfenstein taper used as a transition from the GCPW
probe pad to SMM line. The entire circuit is supported on the thin dielectric
membrane, with the exception of the probing areas, which are located on the
silicon support rim at the edge of the membrane area.
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Fig. 5. Layout of the stepped-impedaince low pass filter. Dimensions (in pm})
for microshield line and GCPW on GaAs configurations are given in the table.

shev filter prototype is shown in Fig. 5 [18]. The high and
low impedance sections of the filter correspond to 277
and 63 2, respectively, while the feed line and filter center
impedance are designed to be 92 2. The filter section lengths
were initially approximated by means of equivalent circuit
models for short transmission line sections. Then, quasi-static
simulation on Puff [19] was used to adjust the stage lengths
more accurately. The final step in the design sequence involved
full-wave analysis of the filter using the FDTD -method. The
first FDTD simulation revealed that the filter cutoff frequency
was lower than the desired 90 GHz value, so the filter section
lengths were scaled appropriately to achieve the correct cutoff
frequency.

C. Bandpass Filters

The bandpass filters of this work are based on coupled-
line resonator designs derived from equal ripple Chebyshev
prototypes [20]. Both three- and five-element filters of vari-
ous bandwidths were designed based on a center impedance
of 90  [21]. A commercially available software package,
PARFIL [22], was used to synthesize the filter geometry,
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TABLE 1
DIMENSIONS OF THE COUPLED-LINE SECTIONS IN THE BANDPASS FILTERS

Filter 6% Bandwidth Filter
Section

Index, k width (wp) separation (sp)
k=16 160 pm 70 pm-
k=25 180 pm 270 pm
k=34 180 um 300 um
Filter 13% Bandwidth Filter
Section

Index, k ‘width (w;) | separation (sj)
k=1,6 140 pm 30 pm
k=25 180 um 140 pm
k=34 180 um 180 um
Filter 18% Bandwidth Filter

Section

Index, k width (w;) | separation (sp)
k=14 155 pm 25 ym
k=23 180 um 105 pm

using a ground plane separation and an upper shield separation
of 100 pm and 500 pm, respectively. The PARFIL designs
were verified by constructing a 2 GHz 47:1 scale model of a
4.3% bandwidth five-element filter. The dielectric membrane
was simulated by a 76-pm-thick polyethylene sheet and the
filter metallization patterns were defined using copper tape.
Measurements of the 2 GHz filter revealed that the filter center
frequency was not accurately predicted by PARFIL, but the
measured bandwidth agreed well with the PARFIL data. The
PARFIL design values for line widths and gap spacings were
therefore used in the W-band implementation, but the resonator
lengths were determined through experimental iteration on the
low-frequency model (for dimensions, see Table I in Section
V). The desired filter center frequency was achieved when
the resonator lengths were scaled to 94.7% of the original
design lengths (710 um instead of 750 um), and this was
confirmed with FDTD simulations at 94 GHz. The effect of -
the upper shielding cavity was also investigated using the
microwave model, and the measured response of the filter
changed significantly when the upper shielding surface was
removed. Fig. 6 shows that the low-frequency corner of the
bandpass response became severely degraded due to radiation
losses in the case of the open structure.

V. W-BAND MEASUREMENTS AND DISCUSSION

W-band measurements were performed on an HP 8510C
Vector Network Analyzer with an HP 85105A millimeter
wave controller [23]. On-wafer probing was achieved on
a probe station using Model 120 Picoprobes with 150 ym
pitch [24]. The DEEMBED calibration program from NIST

[25] provided an automated calibration routine based on the
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TABLE 11
Loapep Quauity FACTORS ( (21.°s) OF SMM RESONATORS
Filter Bandwidth || Measured S, | Estimated Mismatch Loss | Resonator Qp,
6.1% 3.6dB 0.6dB 199
12.5% 2.2dB 0.6 dB 155
17.7% 1.4 dB 0.6 dB 155
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Fig. 6. Measurements of a 47:1 scale model of a SMM bandpass filter.
Comparison between shielded and open geometries shows the detrimental
performance of the open case caused by radiation losses in the filter.

thru-reflect-line (TRL) technique [26], [27]. The calibration
standards comprised a series of uniform transmission lines
(thru and line types) and either an open- or short-circuited
transmission line to provide the “reflect.”” They were fabricated
in conjunction with the filter circuits to minimize differences
between the standards and the circuits of interest due to
processing variations.

Since membranes are not strong enough to withstand the
pressure of repeated on-wafer probing, wafer probes must be
placed on the silicon support rim of the membrane structure.
For W-band measurements, it was found that the best results
were achieved when the wafer probes were set as close as
possible to the membrane edge. Furthermore, an impedance
transformer was used to reduce the matching problems be-
tween the high-impedance membrane circuits and the 50 Q
test system impedance. For 92 £ microshield line, this took
the form of a simple quarter-wavelength section of 68 2
microshield line. For the SMM filters. the previously described
GCPW-to-SMM transition was employed.

The deembedding software also calculates the effective
relative dielectric constant (g,.g) of the transmission line
[28] (Fig. 7). The measured value of ¢,.4 = 1.08 for
the microshield line is due to the presence of the three-
layer SiO9/SigN.4/SiO2 membrane, whose constituent layers
have dielectric constant values of approximately 4.0/7.5/4.0,
respectively. It is noted that the measured value of ¢, g
is highly dependent on the microshield line geometry, since
lines with different s/(s + 2w) ratios will produce different
levels of field concentration within the membrane [S]. The
measured €, ¢ remains constant from 75-100 GHz, showing
that the membrane causes very little dispersion. Calibration

Frequency (GHz)

Fig. 7. Measured effective dielectric constant of a microshield line. Dimen-
sions in pum are’ s = 220, w = 45, h = 355. Data obtained using the NIST
program DEEMBED.

data from the SMM standards was not as smooth as for the
microshield lines, but it shows the same properties of low loss
and low dispersion. The measured €, og for the SMM lines is
approximately 1.04.

A. Low Pass Filters

The measured response of the low pass filter from 75-110
GHz is plotted in Fig. 8 along with results of the FDTD analy-
sis from 40-140 GHz. The filter achieves a cutoft frequency of
approximately 90 GHz, with less than 1 dB passband insertion
loss, and the FDTD technique accurately predicts the filter
performance. The presence of the membrane does not have a
negligible effect on the performance of the circuit, and it is
therefore incorporated into the FDTD analysis. It is not exactly
modeled as a 1.5-um-thick dielectric sheet, however, since the
mesh subsection size in the vertical direction is 44 pm. Instead,
a sheet of dielectric with a thickness of 44 ;m is placed
underneath the conducting lines of the structure. The relative
dielectric constant of this “thick membrane” is set to 1.16, so
that the effective dielectric constant predicted by the FDTD
analysis corresponds to the measured value of 1.08. This
method of compensation only provides an approximate model
of the membrane effects, however, because the measured ¢, o
strongly depends on line geometry. Different line geometries
will require individually designed “thick membranes” for
accurate FDTD simulations.

An FDTD analysis was also performed for an equivalent
low pass filter designed using grounded-CPW (GCPW) on
a 100-pm GaAs substrate (e, = 12.7). This filter was
synthesized using the same Chebyshev prototype values and
short transmission line models as used in the design of the
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Fig. 8. Measured and predicted performance of a 90-GHz microshield low
pass filter.

microshield line filter, and impedances for the GCPW lines
were found from a conformal mapping method calculation
[29]. FDTD simulations were performed to scale the filter
response to the desired 90 GHz cutoff frequency, but no further
design optimizations were attempted. The microshield line
filter provides 20 dB more out-of-band attenuation than the
GCPW filter, and the return loss of the GCPW filter degrades
with increasing frequency, while the microshield filter return
loss remains high [see Fig. 9(a)]. The graph in Fig. 9(b)
explains that the poor performance of the GCPW filter above
the cutoff frequency can be attributed to increased radiation
losses. The calculated loss factors shown in this plot do not
include conductor or dielectric losses. It should be noted that
while it is possible to improve the performance of the GCPW
filter on GaAs, this requires extensive design iteration that
was not performed for the purposes of this comparison. The
GCPW filter shown here demonstrates the typical problems
encountered when using traditional dielectric substrates such
as GaAs.

B. Bandpass Filters

Fig. 10 shows a fabricated coupled-line bandpass filter.
Three such filters were tested, and the measured results for
all of them show low passband insertion loss, sharp roll-off,
and high out-of-band attenuation. A filter designed for 4.25%
bandwidth (pictured in Fig. 10) achieves a passband insertion
loss of 3.6 dB and a bandwidth of 6.1% at a center frequency
of 94.7 GHz (see Fig. 11). Fig. 12 shows the response of a five-
element filter designed for 8.5% bandwidth with a measured
insertion loss of 2.2 dB and a 12.5% bandwidth centered at
95 GHz. Measurements of a three-element, 12.8% bandwidth
filter are shown in Fig. 13. This filter has a measured insertion
loss of 1.4 dB, a center frequency of 949 GHz, and a
bandwidth of 17.7%. Dimensions of these filters are listed
in Table 1.

Measured S-parameters of the three bandpass filters reveal
wider bandwidths than the designed values, due to the manner
in which the SMM circuits were assembled. The attachment
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Fig. 9. (a) Theoretical performance of a low pass filter fabricated using both
microshield line and GCPW on GaAs. (b) Comparison of theoretical radiation
losses in a low pass filter realized in microshield line and in GCPW on GaAs.
Above 100 GHz the data for the microshield filter becomes negative due to
numerical error in the FDTD simulation.

Fig. 10. Photograph of a five-section bandpass filter in SMM. The ground
plane cavity wafer has been removed for viewing, and the membrane portions
of the circuit are visible .as darkened regions compared to the lighter gray
silicon support rim.

of the lower ground cavity wafer was accomplished with
small beads of photoresist “glue,” which possessed nonzero
thicknesses. As a result, the distance from the signal line to
the ground plane was approximately 20 pm longer than the
100 pm depth of the ground cavity. This is verified by the
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Fig. 11  Measured S-parameters of a five-section SMM coupled line band-
pass filter with 3.4 dB insertion loss and 6.1% bandwidth at 94.7 GHz. The
FDTD analysis shown uses a 15-pum-thick dielectric sheet with ¢ = 1.1 to
model the effects of the thin membrane.
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Fig. 12. Measured S-parameters of a five-section SMM coupled line band-
pass filter with 2.2 dB msertion loss and 12.5% bandwidth at 95 GHz.

TABLE II
DIMENSIONS OF THE COUPLED-LINE SECTIONS IN THE BANDPASS FILTERS ON GaAs
Filter Section
Index, k width (wy) separation (s;)
k=16 70 um 70 pm
k=25 80 um 190 um
k=34 80 um 220 pm

good agreement with the FDTD analysis shown in Fig. 11,
which was performed using a ground plane separation of 120
pm. For this analysis, a “thick membrane” with a thickness of
15 pm and a dielectric constant of 1.1 was used to simulate
the effects of the 1.5 pum dielectric membrane (again, the
relative dielectric constant of the thick membrane was chosen
to give close agreement between measured and FDTD values
of €r7eﬂ‘).

The losses in the measured filter responses are assumed
to be entirely due to conductor losses within the filter, as has
been proven for air-stripline resonators [30]. This is verified by
PARFIL analysis, which predicts a passband insertion loss of
3.4 dB for the narrow-band (6.1%) filter when only conductor
losses are included (metallization is 4000 A Au). The losses are

Magnitude (dB)

-40 L I | I 1 .
75 80 85 90 95 100 105

110
Frequency (GHz)

Fig. 13. Measured S-parameters of a three-section SMM coupled line
bandpass filter with 1.4 dB msertion loss and 17.7% bandwidth at 94.9 GHz.

also used to extract values for the loaded Q’s of the resonators
in each of the filters. This is done assuming the filters consist
of uniform resonators according to the method presented in
[20]. Table II summarizes the values found for the loaded Q’s
of the resonators in each filter.

As with the low pass filter, the FDTD analysis was used
to compare the performance of an SMM bandpass filter to
an equivalent coupled line bandpass filter realized on GaAs.
Once again, a very simple design methodology was performed
to realize the filter on GaAs; the filter dimensions were
synthesized using PARFIL, and the resonator lengths were
scaled to 230 pm based on FDTD simulations. The ground
plane separation was 100 pym and the cover height was 500
pm, but the substrate dielectric constant was 13 instead of
1. For the purposes of comparison, no effort was made to
compensate for the effects of the dielectric substrate (e.g., via
holes or waveguide enclosures). The dimensions of the filter
on GaAs are provided in Table III for comparison to the SMM
filter dimensions. The theoretical performance of the filter on
GaAs is plotted in Fig. 14(a), and a severe degradation in
performance is observed in comparison with the membrane
supported circuit. The filter pass band is nonsymmetric and
the out-of-band signal rejection suffers due to radiation losses.
Fig. 14(b) shows the high levels of substrate radiation which
plague the filter—note that nearly half of the input power is
lost to radiation around the low frequency corner of the filter
response. Specialized fabrication techniques can be used to
alleviate these problems, but they usually result in increased
circuit complexity and cost.

VI. CONCLUSION

This paper presents a study of membrane supported mi-
cromachined transmission lines for applications in W-band
frequencies (75-110 GHz). Both low pass and bandpass filters
are discussed, as well as issues pertaining to on-wafer probing
and transitions to membrane supported lines. Measured circuit
performance is very good and demonstrates the ability of
micromachined transmission lines to provide very high per-
formance planar circuits at millimeter wave frequencies. Also
demonstrated is the ability of the finite-difference time-domain
technique to provide accurate simulation of measured circuit
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resuits of FDTD simulations.

responses. The FDTD also provided a tool for comparison
to substrate-supported circuits. These comparisons showed
that the parasitic effects of radiation and dispersion can se-
verely degrade performance in conventional planar circuits
unless they are reduced or eliminated through extensive design
and fabrication procedures. Micromachining and membrane
technology provide an option for effectively eliminating dis-
persion, radiation loss, and dielectric loss in high performance,
millimeter-wave, planar circuits.
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