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Abstract— Several millimeter-wave passive components have
been fabricated using the microshield transmission line geometry,
and their performance is presented herein. Microshield is a
quasi-planar, half-shielded design which uses a thin dielectric
membrane (1.5 ym) to support the conducting lines. This ap-
proach provides a nearly homogeneous, air-filled environment
and thus allows extremely broad-band TEM operation. This pa-
per examines the conductor loss and effective dielectric constant
of microshield lines and presents results on transitions to con-
ventional coplanar waveguide, right-angle bends, different stub
configurations, and lowpass and bandpass filters. Experimental
data is provided along with numerical results derived from an in-
tegral equation method. The microshield line is shown to be very
suitable for high performance millimeter- and submillimeter-
wave applications.

1. INTRODUCTION

HE microshield line was introduced in 1991 as an alter-

native transmission medium to coplanar waveguide for
millimeter- and submillimeter-wave applications [1]. It is a
partially shielded, quasi-planar transmission line in which the
center conductor and upper ground planes are surrounded by
air and supported by a 1.5-um-thick dielectric membrane, as
shown in Figs. 1 and 2. This configuration allows single-mode,
TEM wave propagation over a very broad bandwidth with
minimal dispersion and zero dielectric loss. Furthermore, the
metallized lower shielding cavity minimizes signal cross-talk
between adjacent lines and eliminates radiation into parasitic
substrate modes. Another advantage of microshield relates to
the fact that parasitic effects associated with circuit disconti-
nuities decrease with the dielectric constant of the substrate.
Thus, the membrane-supported geometry offers the optimum
conditions for making circuit performance less susceptible to
frequency dependent phenomena such as end-effects, thereby
simplifying circuit design. A description of these and other
advantages of the microshield geometry can be found in
previous communications [2]-[4], along with a summary of
the fabrication process.

The objective of this paper is to present results from a
detailed study which emphasizes microshield circuit design
and measurement in the 10-40 GHz frequency range. An
important part of the project has been the development of
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Fig. 1. The microshield transmission line geometry (not to scale). The
cross-hatched lines indicate metallization, which is typically 1-2 gm thick.

Fig. 2. Photograph of the backside of a wafer, shown with the ground plane
removed. The circuit in the center is a five-section stepped-impedance lowpass
filter (see Fig. 15).

a good transition between the microshield line and the mea-
surement probe contact pads, which must be printed on the
surrounding high-resistivity silicon substrate for mechanical
support. This transition is covered in detail in Section II. The
conductor loss of microshield, discussed in Section III, has
been measured on lines of different aspect ratios and values
as low as 0.03 dB/mm at 35 GHz have been obtained. These
results demonstrate the potential for low-loss, millimeter-wave
interconnect lines and passive circuit elements. The data are
also consistent with the findings from recent opto-electronic
sampling experiments, in which low-loss signal propagation
on membrane lines has been measured up to 1 THz, well
beyond the upper frequency limits of similar GaAs and quartz
supported lines [5]. In Section IV, some of the advantages
offered by the very low effective dielectric constant of the
microshield line are covered. The performance of several
microshield circuits such as transitions to CPW lines, right-
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angle behds, series stubs, lowpass filters, and a bandpass filter

is presented in Section V.

In addition to measured data, numerical results from a
full-wave analysis are provided as a validation of the mea-
surements and also as a means to predict the performance
beyond the 40-GHz limit of the measurement setup. The
theory is based on a space domain integral equation (SDIE),
similar to that described in [6] but capable of analyzing non-
shielded geometries. The SDIE is derived by replacing the
slots in the metallization by fictitious metal surfaces, and
then imposing magnetic currents on the surfaces which must
satisfy the field continuity conditions. The method of moments
is used to discretize the integral equation and solve for the
magnetic currents, or electric fields, in the slots, from which
the scattering parameters can be determined. It is assumed that
all conductors are infinitely thin and perfectly conducting, and
that the shape of the lower shielding cavity is rectangular. In
addition, the effect of the thin membrane layer is approximated
by assuming that the lower cavity is homogeneously filled with
a material which has a dielectric constant slightly greater than
1 (Section IV).

This paper shows that characteristics of the microshield
line are well-suited for specialized millimeter-wave and
submillimeter-wave applications. Integrating the thin dielectric
membrane on silicon or GaAs substrates requires additional
steps in the fabrication process, but in many cases this
is offset by eliminating the procedures for air-bridges and
substrate thinning. Furthermore, the circuit yield is very high,
exceeding 95% in a research laboratory, and the substrate
etch can be one of the last steps in the process, thereby
increasing yield. These factors, combined with the very
broad-band, low-loss performance, make microshield a viable
transmission line option for systems operating at mm-wave
" frequencies.

II. MEASUREMENT AND SYSTEM CALIBRATION

In this section the measurement setup is described along
with some details regarding the line standards needed for
calibration. The measurements are made using a microwave
probe station and an HP 8510B. vector network analyzer.
Since the membranes cannot withstand repeated probe contact,
the contact pads are short sections of grounded coplanar
waveguide (GCPW) on the silicon substrate, and a transition
is made onto the microshield line. A one-tier TRL technique
[7] is utilized to calibrate to reference planes which are on the
microshield line. ‘

It was found that the geometry of the probe contact pads
and the transition section have an important effect on the
quality of the calibration. The initial design, shown in Fig. 3,
consisted of 55 2 GCPW contact pads followed by a 735-um-
long GCPW impedance matching section. This configuration
was intended to act as a low-loss transition to the 75
microshield line, the effects of which could be removed with
the TRL calibration. Even though the non-calibrated return
loss from the thru and delay lines was consistently better than
12 dB, the performance of this design was rather poor and
repeatability was difficult to achieve. Typical results for the
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Fig. 3. A transition from the CPW microwave probes to the microshield line,
and the measured S21 of a microshield delay line using this design. All
dimensions are in microns.

calibrated insertion loss of a microshield delay line are also
shown in Fig. 3.

The cause of the measurement errors is the leakage of
power into undesired substrate modes along the length of
grounded CPW line, which cannot be accounted for correctly
using the standard HP 8510B TRL calibration software. The
discontinuities at the probe contact pads, impedance steps, and
the end of the microshield cavity are all possible sources of
excitation for undesired parallel plate modes and TM,, and
TE,, surface waves [8]-[16]. Also, as reported in [12], the
finite lateral extent of the ground planes can result in distinctly
predictable resonances in GCPW delay lines.

The leakage mechanism - associated with the transition in
Fig. 3 exhibits a consistent structure across the 2040 GHz
band, apart from the sharp resonance seen around 35 GHz. The
circuit dimensions suggest that the primary problem is leakage
into the TEM parallel plate mode [10]. Diffetent authors have
shown that the ground plane spacing (S + 2W)must be kept
small compared to the ground plane width, G, and the substrate
height, H, in order to maintain propagation in the CPW-like
mode [13], [15], [16]. Furthermore, since the power leakage
increases with distance, a shorter length of GCPW bétween the
probe contact pads and the microshield line can also reduce
this problem. Finally, leaky modes may be eliminated by
integrating metallized cavities in the back of the substrate near
the probe contact points (see Fig. 2).

These three modifications were implemented into the tran-
sition design shown in Fig. 4, and the significant improvement
in the calibration is demonstrated in the same figure. In a later
design, the ripple near 36 GHz was reduced by completely
eliminating the 300 pm length of GCPW line.
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Fig. 4. Measured S21 of two microshield delay lines of different length, using
the modified transition from the CPW probes. The cavities are etched from
the backside of the wafer and are pyramidal in shape; the dotted line is the
cavity size at the bottom of the wafer. All dimensions are in microns.

III. ATTENUATION

The attenuation characteristics of the microshield line have
been investigated by comparing measured data on different
microshield geometries against experimental and theoretical
results for coplanar waveguide which are found in the literature
[16], [18], [19]. At low frequencies, the two types of lines
are expected to perform equally well, since dielectric and
radiative losses are relatively small and attenuation is therefore
dominated by conductor loss. At higher frequencies, however,
the microshield line gains an increasing advantage since it
has essentialy zero dielectric loss and does not radiate energy
into the substrate, unlike a substrate-supported CPW line.
This characteristic has been verified by recent electro-optic
sampling experiments, which provided attenuation data on
membrane-supported lines up to 1000 GHz [5].

The comparison between the microshield and CPW attenu-
ation is shown in Fig. 5. The microshield data in curves A and
B was generated by averaging the measured insertion loss for
several lines with lengths between 2.3 mm and 8.5 mm, while
the GCPW data of point H was taken from measurements of
a microshield-to-GCPW transition on a high-resistivity silicon
wafer (p> 2000 Q-cm). The CPW curves which are shown
for comparison were chosen either because the dimensions
are similar to the microshield lines (curves C, F, and G) or
to illustrate the effects of reducing the line geometry (curves
D, E). All pertinent geometrical parameters for the CPW and
microshield examples are given in the table beneath the figure,
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Curve | Line € | Substr S| W| H| t |Zp Q| Data | Ref.
A pshield | 1.0 Air 250 25|355|1.2| 75 |Meas -
B ushield | 1.0| Air 190 | 55|355|1.2| 100 | Meas -
C CPW | 12.8| GaAs 232 841100} - 50 | Calc 18
D CPW |12.8| GaAs | 69| 28|100]| - 50 | Cale | 18
E CPW |129| GaAs | 88| 16|500(1.0 30 |Meas| 19
F CPW [12.9| GaAs [250] 25|500({1.0] 30 | Calc 16
G CPW | 4.0|Quartz | 250 | 25|250|1.0| 50 | Calc| 16
H GCPW | 11.7 Si 50| 125(355|1.2| 73 | Meas -

Fig. 5. Attenuation for microshield and coplanar waveguide lines. S is the
center conductor width, W the slot width, H the substrate height, and ¢ the
metal thickness (in pum). The width of the lower shielding cavity for the
microshield lines is 1800 pm.

and it is noted that the conductor thickness is only about 2 skin
depths at 25 GHz for all but two cases.!

Some aspects of the information shown in Fig. 5 deserve
comment. The first point is that the results for the microshield
lines are consistent with the CPW loss behavior outlined
in [17] by Jackson; namely, for a constant ground plane
separation, an aspect ratio (S/S + 2W) of 0.83 (curve A)
gives much higher loss than an aspect ratio of 0.63 (curve
B). A second point relates to a comparison between the CPW
and microshield data in terms of loss per electrical length, as
the wavelength in the air dielectric is about 2.5 times longer
than in GaAs and about 1.5 times longer than in quartz. The
calculated loss for CPW in points F and G is about 0.1 dB/),
lower than the measured loss in curve A for the microshield
line, which has identical center conductor and slot widths. This
is a relatively small difference, however, some of which can
be explained by errors in the measured and/or theoretical data.
The results presented here confirm that the microshield line is
free from unexpected or excessive conductor-loss mechanisms, -
and has performance which is comparable to conventional
substrate-supported coplanar waveguide at lower frequencies.
Furthermore, the absence of dielectric-related loss and the
ability to maintain non-dispersive, single-mode propagation
over a very broad bandwidth lead to low attenuation well into
the millimeter-wave frequencies.

V. ADVANTAGES OF AN AIR SUBSTRATE

Due to the air substrate of the microshield line, the effective
dielectric constant, e, g, is very close to 1. Because of

I'The technique used in [18] assumes zero conductor thickness.



WELLER et al.: HIGH PERFORMANCE MICROSHIELD LINE COMPONENTS

1.25 1 1 1 ] 1
—o—  $=250 um,W=25 um, G=300 um
1.20F oo §=190 pm,W=55 pm, G=300 um -
115 o R ¥
Y Lo, i A
WM et S NS I
. 4 ‘* . ;"o
f et
1.05 F N
1'00 ] 1 | 1 ]

0. 15. 20. 25. 30. 35 40
FREQUENCY [GHz]

Fig. 6. Measured effective dielectric constant, €, o7y, On two microshield
lines with different aspect ratios. The cavity height (H) is 350 ym.

the membrane, however, €rop 15 slightly increased since
a fraction of the fields will be contained within the thin
dielectric layers. The membrane is a 1.5-um-thick tri-layer
composite of S102/SigN4/SiO2 with constituent thicknesses of
approximately 7000 A/3000A/4000A. The dielectric constant
of the oxide is 3.9, and that of the nitride is 7.5. As shown in
Fig. 6, the measured ¢, ¢ changes from around 1.09 to 1.15
as the slot width is reduced from 55 to 25 pm. The increase
is a result of greater field confinement in the slot and thus
in the membrane, and represents a decrease of nearly 3% in
the guided wavelength. This dependence on the slot width is
similar to the characteristics of CPW lines on a substrate such
as GaAs or quartz [19].

There are several potential advantages of the nearly homo-
geneous air-dielectric. These include the absence of substrate
moding problems, which in turn reduces dispersion and losses
due to parasitic radiation. Another advantage is the improved
electrical performance of discontinuities such as shorts, opens,
steps and bends. As an example, the effective length exten-
sion,> AL, of a grounded coplanar short-end on substrates
with e, = 1.25 and 12.9 (GaAs) is shown in Figs. 7 and 8.
The value of 1.25 was chosen to yield an effective dielectric
constant around 1.12, in order to simulate the microshield
line. The plots contain theoretical results from the full-wave
analysis described in the introduction, and from an expression
by Getsinger which is applicable for quasi-TEM lines printed
on an infinitely-thick dielectric [20]. In Fig. 7, all lines have
S = W = 100 uym with substrate heights of 350 and 700
pm, while in Fig. 8, all lines have a characteristic impedance
around 65 . Since the end-effect is completely inductive for
pure-TEM operation, the physical size of the length extension
is nearly independent of the dielectric constant. The shorter
wavelength in the GaAs substrate, however, makes the ex-
tension become longer electrically. A similar argument can
be made regarding the performance of coplanar open-ends.

2The effective length extension, ALsc, is the position at which an ideal
short circuit would result in the same impedance seen at the physical end of
the line.
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Fig. 7. Effective length extension (in degrees) for a short-end discontinuity
on lines with equal aspect ratios of (S/S + 2W) = 0.33. The characteristic
impedance for the lines are 135 € (e = 1.25) and 55 Q (e = 12.9). The
line parameters are S = 100 pm, W = 100 um and the substrate height H
is given in the legend.
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Fig. 8. Effective length extension (in degrees) for a short-end discontinuity
on lines with equal characteristic impedance (65 §2). The parameters are S =
165 pm, W = 10 um for the line with e, = 1.25, and § = 40 um, W = 67
pem for the line with €, = 12.9. The substrate height H is given in the legend.

Under the quasi-TEM conditions, the physical length of the
effective length extension, AL, is roughly independent of ¢,
for small values of AL,.. Again, this results in an increased
electrical length when the substrate dielectric constant is
higher, and these end effects can become significant since
AL,, is typically at least twice as large as AL, [21]. Thus,
the air-filled environment of the microshield geometry offers
the optimum conditions for making circuit performance less
susceptible to this type of frequency dependent behavior.

V. MICROSHIELD CIRCUIT COMPONENTS

A. Transitions to Coplanar Waveguide

An electrically short, low-loss transifion between mi-
croshield and GCPW is important for measurement calibration
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Fig. 9. Three transitions from 75§2 microshield line (S = 350 pm, W = 35
pm) to CPW and grounded CPW. The dimensions for the GCPW lines are
given in the table in microns, and the characteristic impedance values are for
the grounded CPW configuration (i.e. with a lower ground plane).

purposes and for applications which could integrate circuit
components configured in both types of lines. Furthermore,
although quasi-optical and waveguide probe [22] techniques
can be used to couple power into or out of a microshield
circuit, typical applications will most likely utilize transmis-
sion lines printed on a solid substrate to provide mechanical
strength at the connection,

It has been found that the 51m11ar1t1es of the field con-
figurations. in CPW and microshield make broad band, low-
loss transitions quite easy to achieve [3], despite the large
difference in the dielectric constants of the transmission media.
Although a rigorous optimization has not been conducted, de-
signs based on a simple matching of quasi-static characteristic
impedance values have demonstrated very good performance
up to 40 GHz. Three designs are given in Fig. 9; the ‘wide’
design has slot widths which are nearly twice the substrate
height, and thus will propagate a mode which is similar to
that of microstrip, whereas the ‘match’ and ‘taper’ designs
have narrower slots, leading to propagation of a CPW-like
mode. The measured data on these transitions is shown in
Fig. 10 and the lower plot shows that a return loss below 20
dB across the entire band has been obtained. For the CPW
curves, the ground plane beneath the transition section was
removed. Also, the noise in the data is due to the calibration,
since the original probe-to-microshield transition was used for
these measurements (Fig. 3).

The effect of a field mismatch between the microshield
and GCPW lines is evident by comparing the ‘wide’ and
‘match” GCPW designs, which have a similar characteristic
impedance but different configurations of the electromagnetic
fields. As mentioned, the ‘match’ design, like the microshield,
will have a primarily CPW-like mode since the fields will
tend to concentrate in the narrow slots. The slot widths in
the ‘wide’ design, however, lead to propagation in more of
a microstrip-like mode since there is greater influence from
the lower ground plane. This influence can be examined by
computing the change in the characteristic impedance as the
substrate height (H) is varied. If H goes from 350 um, as
used in the current lines, to 1 c¢m, the changes in Zg for the
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Fig. 10. Measured Sy for three transitions from 75 € microshield line to
CPW and grounded CPW (GCPW). The plots are labeled to correspond to
the designs in Fig. 9.

microshield and ‘match’ GCPW lines are only 5.8% and 6.2%,
respectively, but for the ‘wide’ GCPW the change is 31%. The
field mismatch is clearly reflected in the data, which shows
that S11,matcn 15 4-6 dB lower than S, wide ACTOSS the entire
band.

Additional transitions were tested which have smaller ge-
ometries for both the microshield and GCPW lines than those
in Fig. 9, and are therefore more appropriate. for compact
circuit configurations. The performance for two of the designs
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Fig. 11. Measured scattering parameters for two transitions from 75
microshield line to grounded CPW (GCPW). The center conductor width (S)
and slot width (1) for the microshield are 250 and 25, respectively. In curve
A, the GCPW dimensions are S = 50, W = 125, and the length of the line
is L = 1460. In curve B, the GCPW dimensions are S = 30, W = 80, and
S = 3500. All dimensions are in microns.

is shown in Fig. 11. These circuits were measured using the
modified probe-to-microshield transition (Fig. 4) and thus the
data has much less structure than in the previous figure. The
strong resonances occur at frequencies for which the length
of the GCPW sections are multiples of A.g/2. Each transition
has a reasonably low reflection across the entire band, and it
is expected that a rigorous full-wave analysis could lead to
further design improvements.

B. Right-Angle Bend

A very common circuit ‘element’ in millimeter-wave sys-
tems is the right-angle bend. This structure gains significance
with increasing frequency due to the parasitic capacitance and
inductance which are associated with the abrupt change in the
field orientation. These problems, combined with the mode-
conversion which can also occur, result in a high reflection of

the incident power (large S11). In microstrip form, the typical .

means of improving the return loss is to miter the outside
corners of the signal line [23]. This approach is less effective
for coplanar waveguide [24], and alternative approaches such
as air-bridges and dielectric overlays are adopted [25]. Both
of these techniques are meant to offset the effects of different
electrical path lengths along the two slots. Without this type
of compensation, the asymmetry of the CPW right-angle bend
will lead to excitation of the unwanted slot-line, or even, mode.

Many of the problems inherent to bends which are printed
on conventional CPW-line can be minimized with the mi-
croshield geometry. The absence of the high dielectric constant
material has two important effects: it leads to a reduction
in the parasitic capacitance and, for a fixed physical size,
it reduces the difference in electrical path lengths through
the two slots. It has also been demonstrated that the even
and odd mode propagation velocities are much closer on a
membrane-supported line than on GaAs [5]. Therefore, in
the event of even mode excitation, less signal degradation
will occur with the microshield line. Finally, the shielding
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Fig. 12. Measured performance of right-angle bends fabricated using a mi-
croshield line and a CPW line on GaAs. The CPW bend has § = 39, W =
24, H = 90 and uses 2-um-high air-bridges on each side of the bend [24].
The microshield line has S = 250, W = 25, and H = 350. All dimensions
are in microns.

cavity provides continuous ground plane equalization without
introducing additional discontinuities, unlike the conventional
air-bridges used for CPW.

A comparison between the measured performance of a 75-
€2 microshield-line bend and a 50-( CPW-line bend on GaAs
[24] is shown in Fig. 12. The microshield bend has an Si;
which is at least 8 dB lower over the 10-40 GHz band.
Although data for a CPW bend similar to the microshield
design could not be found, the comparison is justified since
the small dimensions of the CPW bend result in an electrical
path length difference through the slots which is less than half
that in the microshield bend. Even when the lower ground
plane was removed and the microshield bend was mounted on
a styrofoam block, the S;; stayed below —20 dB, indicating
that degradation due to the slot-line mode is minimal. The
noise in the data below 18 GHz is due to calibration error.

C. Open-End and Short-End Series Stub

Another common coplanar waveguide component is the
open-end series stub, which was previously analyzed by Dib
et al. [6]. The passband resonance of the stub occurs when
the mean length is Ae/4, and the associated radiation loss
(1—|811|% —|S21]?) is very low due to the location of the stub
within the center conductor. The stop-band resonance occurs
when the stub length is Aegr/2 and is considerably stronger than
the passband resonance, resulting in higher radiation losses.

To demonstrate the stub characteristics, a comparison be-
tween measured and theoretical results for a typical design is
given in Fig. 13. This stub has a narrower 3-dB bandwidth than
a stub with similar transverse dimensions printed on silicon
[26]. The theoretical data, which are in good agreement with
the measured results, extend out to 70 GHz in order to show
the stop-band response. Since the attenuation in the measured
circuit is dominated by conductor loss, the radiation loss is
calculated using the theoretical scattering parameters. Small
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Fig. 13. Measured and calculated S-parameters for a microshield open-end
series stub. The stub dimensions are L = 2500, Lo = 200, S = 250, S2 =
80, W = 25, and Wo = 25. All dimensions are in microns.

errors in the numerical results caused erratic behavior of the
radiation loss above 60 GHz, however, and these results are
not shown. Also, the shift in the predicted frequency response
is believed to result partly from using an inaccurate value for
the effective dielectric constant (refer to Section I), as the slot
widths in the actual circuit were 3-5 pm smaller than expected
due to fabrication problems. As presented in Section 1V, this
causes €,.g to increase and therefore reduces the resonant
frequency.

D. Short-End Series Stub

The short-end series stub, like the open-end stub, is useful
for a variety of circuits including bandstop filters, pin diode
switches and attenuators, and has been reported by several au-
thors [6], [27], [28]. The geometry offers the same advantages
of compactness and low radiation loss. Unlike the open-end
version, however, it has a much wider 3-dB bandwidth than
a comparable stub printed on alumina or GaAs [26] (roughly
70% compared to 35%). The performance for a typical design
which is A.g/4 at ~ 30 GHz, along with results obtained from
the full-wave analysis, are shown in Fig. 14. The shift in the
frequency response is similar to the one in Fig. 13 and carries
the same explanation.

E. Lowpass Filters

The stepped-impedance approach to lowpass filter design is
a relatively easy technique to use, and it is well suited for ap-
plications which do not require a sharp roll-off in the insertion
loss. Often, however, filter specifications call for high rejection
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Fig. 14. Measured and calculated S-parameters for a microshield short-end
series stub. The stub dimensions are L = 2500, Lo = 200, § = 250, So =
80, W = 25, and W2 = 25. All dimensions are in microns.

over multiple-octave bandwidths, a requirement which may
be difficult to meet using conventional substrate-supported
lines due to the propagation of higher order modes. Thus the
very broad, single-mode bandwidth of the microshield line can
provide superior filter performance in this respect. In addition,
the absence of the dielectric-related loss mechanisms, both
attenuation and parasitic radiation, results in very low passband
insertion loss.

Stepped-impedance filters using 5, 7, and 9 sections have
been designed and tested. Some of the results were previously
presented in [3], where it was shown that the measured
performance compared very well with ideal transmission line
theory, as a result of the pure TEM nature of the microshield
propagating mode. In Fig. 15, the measured data for a 5-
section, 0.5-dB ripple Chebyshev filter is compared with
results from the full-wave analysis described in Section I.
The rejection is greater than 20 dB up to 75 GHz, which is
about 1.5 octaves above the 3-dB point at 26 GHz. Also, the
measured So; is between 0.25 and 0.9 dB from 10-23 GHz.
This is very close to the 0.5-dB ripple design specification, and
indicates that the attenuation is approximately 0.3 dB greater
than predicted in the ideal, lossless model. The discrepancy
between the measured and calculated data may be explained
by the noise in the calibration (see Fig. 4) and the necessity to
model this circuit with a single effective dielectric constant
as discussed in Sections I and IV, even though the low-
and high-impedance sections have drastically different slot
widths. .

As mentioned previously, a short-end series stub can be
utilized to make circuits such as bandstop filters by cascading
multiple stubs in series. It is also possible to take advantage of
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Fig. 15. Measured and ‘calculated S-parameters for a microshield lowpass
filter. The lengths of the different sections are Ly = 745, Ly = 1200, and
L3 = 1189. All dimensions are in microns.

the broad bandwidth of this stub to design high performance
lowpass filters. One example is the addition of a short-end
stub onto the end of the stepped-impedance lowpass filter
described above. The stub has a length of 940 pm, with other
dimensions identical to those listed in Fig. 14, and resonates
around 90 GHz. By comparing the theoretical performance of
this new filter in Fig. 16 to the performance without the stub
in Fig. 15, it is clear that there is a significant improvement in
the stopband of the filter. Another example is a very compact,
easy to design lowpass/bandstop filter with a corner frequency
of 40 GHz, which is simply the series combination of two 90
GHz stubs. This. design has a total length of only 1.98 mm,
using a 100 pm spacing ‘between the stubs, and thus would
have very low conductor loss along with the low radiation
loss. The predicted performance is shown in Fig. 17.

F. Low-Loss Bandpass Filters

By cascading multiple open-end stubs in series, it is quite
simple to realize a bandpass response with high out-of-band
rejection and low loss. A three-section design was fabricated
using the stub dimensions given in Fig. 13, with each section
separated by 150 um. The measured response, shown in
Fig. 18, has an insertion loss of only 1.0 dB from 22-32
GHz, which is competitive with the best waveguide bandpass
filters using suspended stripline. The performance of this
microshield filter could be further improved using thicker
metallization® or larger slot widths to minimize the conductor

3 All circuits fabricated in this study had a metallization thickness of 1 pm.
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Fig. 16. Theoretical performance of the filter shown in Fig. 15 with a 90-GHz
short-end series stub attached.
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Fig. 17. Theoretical performance of two 90-GHz short-end series stubs (sym-
metric configuration).

loss. The calculated data is generated by using the scattering
parameters found from the full-wave analysis of a single
stub and treating the filter as three non-coupled elements in
series. The agreement between the measured and calculated
performance is quite good and indicates that there is very little
electromagnetic coupling between the stubs, even though the
stub separation is only 150 um. The response of the filter can
also be modeled almost exactly by cascading the measured
results for a single stub, and this approach accurately predicts
the 1.0 dB insertion loss.
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Fig. 18. Measured and calculated S-parameters for a microshield bandpass
filter that consists of three open-end series stubs (Fig. 13).

VI. CONCLUSION

This paper presents a comprehensive introduction to the
microshield transmission line and several passive circuit com-
ponents. The measured performance from 1040 GHz is very
good and in certain cases superior to the performance which
is characteristic of conventional coplanar waveguide circuits.
Clearly, there are differences between the microshield line and
a substrate-supported line, including larger circuit dimensions
due to the low dielectric constant and the use of the thin
" dielectric membrane. At the same time, however, there are
the advantages of having very broad-band TEM operation, a
wide range of characteristic impedance, no requirement for air-
bridges, and the possibility of using much thicker substrates at
higher frequencies without the need for mechanical thinning.
At submillimeter wavelengths, furthermore, the larger electri-
cal size could simplify fabrication. Thus, the microshield line
shows significant potential for high-performance millimeter
wave applications, and is a strong candidate for submillimeter
wave designs.
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