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Experimental Evaluation of Basic
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Microstrip Lines for Constructing
High-Density Microwave Integrated Circuits
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Abstract— The buried microstrip line (BMSL) is a promising
transmission line structure for realizing low crosstalk character-
istics. The measured crosstalk characteristics of model BMSL’s
have shown good agreement with the estimated ones based
on the rectangular boundary division method and the finite-
difference time-domain (FDTD) method, indicating that these
calculation methods are appropriate for estimating the perfor-
mance of BMSL’s. These results also confirm our expectation
that BMSL’s have extremely low crosstalk characteristics such as
—100 dB in real circuits at high microwave frequencies. The basic
circuit components to construct high-density microwave circuits
using BMSL'’s, couplers, stub matching circuits, and gap-coupled
resonance filter circuits, were fabricated and experimentally eval-
uated.

I. INTRODUCTION

IGH ISOLATION or low crosstalk transmission lines

are of the foremost importance in realizing high-density
microwave integrated circuits because the high density of
microwave integrated circuits (MIC’s) and monolithic mi-
crowave/millimeter wave integrated circuits (MMIC’s) forces
us to make distances between interconnects in MIC’s and
MMIC’s extremely short and such short distances can lead to
serious crosstalk in such circuits. With the increasing demands
for downsized MIC’s and MMIC’s especially those for hand-
held microwave devices such as cellular phones, the study
of high isolation transmission lines is becoming much more
significant. Although several papers have been published in
the past on reducing the coupling between two closely placed
lines [1], [2], guided wave structures with satisfactorily low
crosstalk and with sufficient applicability to MIC’s or MMIC’s
have not yet been reported.

The buried microstrip line (BMSL) shown in Fig. 1 has
the potential to the above low cross-talk requirement, and
whose structure consists of a dielectric medium through which
electromagnetic waves can propagate buried in the substrate
of an MIC or MMIC, a strip conductor placed on the top of
the buried dielectric, and a ground conductor layer formed
to surround the buried dielectric. A BMSL can be formed
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Fig. 1. Buried microstrip line (BMSL) which consists of a buried dielectric
material, a strip conductor, and a ground conductor layer surrounding the
buried dielectric material.

in any type of supporting substrate including conductive
materials, because the electromagnetic waves are transmitted
in the buried dielectric. This feature enables us to improve
the performances of silicon MMIC’s by reducing the loss in
transmission lines. The same structure has been studied in the
case of a single transmission line by Rozzi et al. [3]-[5]. To
our knowledge, however, the crosstalk characterization of this
structure for application in high-density microwave integrated
circuits has not yet been reported.

In our previous paper {6], the BMSL was characterized
using the rectangular boundary division (RBD) method [7]-[9]
based on the quasi-TEM wave approximation and the finite-
difference time-domain (FDTD) method [10]. It was clarified
for the first time that BMSL’s possess much lower crosstalk
characteristics than conventional microstrip lines, such as
—100 dB, and are suited to high-density microwave integrated
circuits. It was also revealed that the quasi-TEM wave approx-
imation is applicable to designing the circuits with BMSL’s,
because the results calculated by the RBD method showed
good agreement with those by the FDTD method. Next, BMSL
stub circuits, which are essential for constructing matching
networks for microwave integrated circuits, were analyzed by
the FDTD method and the feasibility of the matching networks
was demonstrated.

In this paper, we describe the fabrication and measured data
of BMSL circuits to confirm the validity of the simulation re-
sults in [6]. Several types of BMSL circuits were constructed,
namely, couplers for the evaluation of crosstalk characteristics,
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Fig. 2. Photograph of a BMSL coupler for evaluation of crosstalk charac-
teristics of BMSL’s. Gold-plated covar is used for the substrate material and
polyimide (¢, = 3.4) is used for the buried dielectric.

stub circuits for the confirmation of the feasibility of matching
networks, and a gap-coupled resonance filter circuit for the
evaluation of resonance performances.

: II. FABRICATION AND EVALUATION
OF BMSL CIRCUIT COMPONENTS

A. BMSL Couplers

The BMSL couplers shown in Fig. 2 were fabricated in
order to confirm their low crosstalk characteristics. Gold-plated
covar was used as the supporting material and polyimide
(e, = 3.4) was used as the buried dielectric material. The
3 mm wide grooves in the BMSL’s were formed by digging
the substrate with an NC machine. Then 1.35 mm thick, 3 mm
wide polyimide was placed in the covar grooves. Conductor
strip lines of 2 mm wide Cu 2 ym/Ni 1 pm/Au 1 pm were
deposited on the top of the polymide by the selective plating
technique. Fig. 3 shows a top view and the dimensions of the
fabricated BMSL coupler. Two types of the BMSL couplers
- with different cross-sectional dimensions were constructed.
These cross-sectional views of the two couplers at A-A’ in
Fig. 3 are shown in Figs. 4 and 5. The first one shown in Fig.
4 has a buried depth, d, of 0 mm with a designed coupling
level of —30.8 dB. The second one shown in Fig. 5 has a
buried depth of 0.5 mm with a designed coupling coefficient

of —39.0 dB. The characteristic impedance of the lines in Fig. .

4 is 50 ohms and that of the lines in Fig. 5, 47 ohms. The
dimensions at the top surface of the two BMSL couplers are
identical.

Various S-parameters were measured to evaluate the
crosstalk characteristics of the BMSL’s. The measurement
was carried out for the isolation port (|S31]) and coupling port
(1S41]) by using a network analyzer, HP8510B. Numerical
analyzes were also conducted to compare the measured results
with the calculated ones. As in the previous paper [6], two
types of design methods were employed, namely, the RBD and
FDTD methods. The S-parameters were calculated using the
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Fig. 3. Top view and dimensions of fabricated couplers. Two types of
couplers were fabricated and they have identical dimensions for the top surface
as shown here.
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Fig. 4. Cross-sectional view at A-A’ in Fig. 3 for a coupler with a buried
depth of d = 0 mm. It has a designed coupling coefficient of --30.8 dB. The
characteristic impedance of the line is 50 2.
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Fig. 5. Cross-sectional view at A-A’ in Fig. 3 for a coupler with a buried
depth of d = 0.5 mm. It has a designed coupling coefficient of —39.0 dB.
The characteristic impedance of the line is 47 €.

formulae by Yamamoto ef al. [11] and using the quasi-TEM
parameters calculated by the RBD method. In the FDTD
analysis, a Gaussian pulse is injected into Port 1 whose
waveform is given by ‘

E,(tAt) = exp(—(t—_Ti—O—)—Z>. (1)

The values of ¢y and T are set as 270 steps and 90 steps,
respectively. These parameters give the maximum analysis
frequency of 20 GHz. The cell dimensions are Az = 0.5 mm,
Ay = 0.25 mm, and Az = 0.25 mm for the BMSL coupler
as shown in Fig. 4, and Az = 0.27 mm, Ay = 0.25 mm, and
Az = 0.25 mm for the BMSL coupler shown in Fig. 5. The
time step duration is A¢ = 0.4 ps for both cases, which are



1076
20 T T T T
— - -RBD
0L ——FDTD -
————— measured

Frequency (GHz)
(a)

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL 44, NO 7, JULY 1996

20 r .

T

— - -RBD
—— FDTD
rrrrr measured

ol

s P
(] o
T
1

[ Ss | (0B)

&
o
T
1

@
S

Frequency (GHz)
(b}

Fig. 6. Crosstalk characteristics of a coupler of a buried depth of 4 = 0 mm. Experimental and calculated results show good agreement, indicating that
the calculation procedures we have employed and therr calculated results are valid. Also, quasi-TEM approximation 1s valid for the BMSL structure. (a)
S-parameters observed at the 1solation port (]|Ss1]). (b) S-parameters observed at the isolation port (|Si1]).
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Crosstalk characteristics of a coupler with a buried depth of 0.5 mm. Expenimental and calculated results show good agreement, indicating that

the calculation procedures we employed and their calculated results are valid. Also, the quasi-TEM approximation 1s valid for the BMSL structure. (a)
S-parameters observed at the 1solation port (|S311). (b) S-parameters observed at the isolation port (|Si1]).

derived from the Courant condition [12] given as
1

1 1 1
\/(Az)z Tt e

The absorbing boundary conditions adopted for the FDTD
analysis are Mur’s 1st and 2nd order conditions [13]. The
numbers of cells are n, = 9,m, = 174, and n, = 178 for the
BMSL coupler shown in Fig. 4, and n, = 21,n, = 174, and
n; = 178 for the BMSL coupler shown in Fig. 5.

The measured and calculated values for the BMSL coupler
shown in Fig. 4 are plotted in Fig. 6(a) and (b). Fig. 6(a)
shows the S-parameters at the isolation port (|Ss1]) and Fig.
6(b) shows those at the coupling port (|S41|). In these figures,
the measured values and those calculated by the two different

v At < (2)

analysis methods indicate very good agreement. The measured
coupling coefficient at the first local maximum value is —29.4
dB and this value is well consistent with the design value
of —30.8 dB of the coupler. A comparison of the crosstalk
characteristics of the BMSL’s with those of conventional
microstrip lines was done to see the low crosstalk effect of
BMSL as plotted in Fig. 7(a) and (b). Here, the crosstalk
characteristics of the microstrip lines with the BMSL coupler
of the same dimensions were estimated by the RBD method.
The figures show that BMSL’s have about a 10 dB lower
crosstalk level than those of microstrip lines. Fig. 8(a) and
(b) show the measured and calculated values for the coupler
in Fig. 5 where good agreement is observed. The measured
coupling coefficient at the first local maximum value of the
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Fig. 9. Comparison of crosstalk characteristics of BMSL’s with those of conventional microstrip lines having the same dimensions as in the d = 0.5 mm
coupler. BMSL’s have about 20 dB lower crosstalk than microstrip lines for this case. (a) Results for |S31|. (b) Results for |S41]-

Fig. 10. Photograph of a BMSL short stub circuit to investigate the feasibility
of short matching networks, which are essential to realize BMSL microwave
integrated circuits. ‘

Fig. 11. Photograph of a BMSL open stub circuit to investigate the feasibility
of open matching networks, which are essential to realize BMSL microwave
integrated circuits.

coupler is —39.5 dB. This value is well consistent with
the design value of —39.0 dB. Comparison of ithe crosstalk
of BMSL’s and those of conventional microstrip lines was
made as plotted in Fig. 9(a) and (b). The figures show that

Buried dielectric material
/
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31 mm

Fig. 12. Top view and the dimensions of a fabricated short stub circuit. The
cross-sectional dimensions are identical with the BMSL in Fig. 4.
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/

Strip conductor

Port 1 Port 2

31 mm

Fig. 13. Top view and the dimensions of a fabricated open stub circuit. The
cross-sectional dimensions are identical with the BMSL in Fig. 4.

BMSL’s have about a 20 dB lower crosstalk level than
those of microstrip lines. The results in Figs. 6-9(b) clearly
indicate that our numerical analysis methods are appropriate
and BMSL’s certainly have much lower crosstalk levels than
microstrip lines. In these experiments, the line dimensions
were set larger than those in MMIC’s or MIC’s to make
the fabrication and testing easy. Good agreement between the
quasi-TEM approximation and the experimental results should
be maintained in BMSL’s in microwave integrated circuits,
which have very small dimensions.

In these experiments the burial depth, d, was chosen as
0 mm and the relatively small value of 0.5 mm to obtain
rather large coupling coefficients, such as —30 and —40 dB
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Fig. 14. (a) S-parameters observed at Port 1 of a BMSL short stub circwt (|S11]). (b) S-parameters observed at Port 2 of a BMSL short stub circuit

(1S21]). Measured and calculated results by the FDTD method show good agreement for both ports. Also the results have good agreement with the projected
shunt and transmission frequencies calculated by the quasi-TEM approximation.
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(a) S-parameters observed at Port 1 of a BMSL open stub circuit (|S11]). (b) S-parameters observed at Port 2 of a BMSL open stub circuit

(1S21]). The measured results and the results calculated by the FDTD method show good agreement for both the ports. Also the results have good agreement
with the projected shunt and transmission frequencies calculated by the quasi-TEM approximation.

considering the limitations of measurements. The extremely
low crosstalk level of —100 dB as described in the previous
paper [6] was not directly measured in this work. However,
the present agreement between the calculated and measured
values of the BMSL couplers enables us to confirm that the
BMSL has extremely small crosstalk levels.

B. Stub Matching Circuits

A BMSL short stub circuit and open stub circuit, which are
essential components to realize BMSL microwave integrated
circuits, were fabricated to investigate their performance.
Photographs of the short and open stub circuits are shown
in Figs. 10 and 11. respectively. Figs. 12 and 13 show the top
views and the dimensions of the short and open stub circuits,
respectively. The stub length was 12.5 mm in both cases. The
cross-sectional dimensions of the BMSL’s are the same as the
BMSL's in Fig. 4. Fig. 14(a) and (b) show |S11| and |Sa|
of the short stub circuit while Fig. 15(a) and (b) show |Sq|
and |Ss1} of the open stub circuit. These measured values are
compared with the simulation results by the FDTD method
where the same discretion parameters as in the case of the
BMSL coupler as shown in Fig. 4 are used. The cell numbers
are as n, = 9,n, = 492, and n. = 92. Good agreement
between the measured values and the ones calculated by the
FDTD analysis is found in all four of the figures. The shunt
and transmission frequencies of the stub circuits are estimated

by the following formula with the quasi-TEM approximation.
A= UT(.)/w/Eeff

where wg is the velocity of light in a vacuum, f is the
frequency. and e is the effective dielectric constant.

The value of ¢ is calculated as 2.41 by the RBD method.
The transmission frequency fis of the short stub is given as

4)

(3)

fre =387x(2n—1) (GHz) (n=1,2,3,...)

the shunt frequency, f.. of the short stub is

fss =387 x2n (GHz) (n=1.,2,3,...) (5
the transmission frequency. fi,, of the open stub is
fro =387 x2n (GHz) (n=1,2.3,...) (6)
and the shunt frequency, fs,, of the open stub is
feo=387x(2n—-1) (GHz) (n=1,2,3....). (7)

In Figs. 14 and 15, the values estimated by these formulae
show good agreement with the measured values, indicating
that the short and open stubs matching circuits can be readily
realized for BMSL microwave integrated circuits. The slight
difference seen between the projected shunt and transmission
frequencies and the measured values in the figures is due to
parasitic inductance in the short stub and parasitic capacitance
in the open stup circuit.
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Fig. 16. Photograph of a BMSL gap resonance filter circuit to 1nvest1gate a
BMSL circuit with discontinuities.
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Fig. 17. Top view and the dimensions for a gap-coupled resonance filter
circuit of BMSL. The cross-sectional view and the dimensions are the same
as the one in Fig. 4.

C. Gap-Coupled Resonance Filter Circuit

A BMSL gap-coupled resonance filter circuit as another
BMSL circuit component- is shown in Fig. 16. A top view
and the dimensions of the circuit are shown in Fig. 17. Two
gaps are formed along a BMSL strip conductor. The gap length
is 0.5 mm and the distance between the two gaps is 25 mm.
The cross-sectional dimensions of the BMSL for this circuit
are the same as those in Fig. 4. The experimental data and
those calculated by the FDTD method are depicted in Fig. 18
where the same discretion parameters as in the coupler in Fig.
4 were used. The numbers of the cells for the FDTD analysis
are ny = 9,n, = 492, and n, = 92. The experimental and
measured |Sy;| values show good agreement while a small
difference is seen for |Sa1}: This is perhaps because the FDTD
simulation underestimates the radiation loss in the circuit.
The resonance frequencies of the filter are estimated by the
following formula with the quasi-TEM approximation

fr=387xn (GHz) (n=12,3,...). (3)
The measured resonance frequencies are consistent with the
values estimated by the formula (8), indicating that BMSL gap-
coupled resonance filter circuits perform in a similar fashion
to their microstrip line counterparts.
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Fig. 18. Measured S-parameters at Port 1 ({S11[) and Port 2 (|S21]) for a
BMSL gap resonance filter circuit. They show fairly good agreement with the
results calculated by the FDTD method. Also they have good agreement with
the projected resonance frequenc1es calculated on the basis of the quasi-TEM
approximation.

III. CONCLUSION

BMSL couplers, stub matching circuits, and gap-coupled
resonance filter circuits were fabricated as basic circuit com-
ponents for constructing high-density microwave circuits and
were experimentally evaluated. '

The BMSL couplers were fabricated to measure their
crosstalk levels. Good agreement between the experimental
values and those calculated by the RBD and FDTD methods
confirmed our previous expectation that BMSL’s possess
extremely low crosstalk levels, such as —100 dB.

BMSL stub matching circuits, which are essential when
BMSL’s are incorporated in microwave integrated circuits,
were also fabricated and evaluated by measuring the S-
parameters. The BMSL short and open stub circuits demon-
strated the performances predicted by the FDTD and RBD
methods. The fact that BMSL’s can easily provide matching
networks clearly indicates that the BMSL structure is quite
practical for constructing microwave integrated circuits.

The performance of the fabricated BMSL gap-coupled res-
onance filter circuit showed fairly good agreement with the
performance calculated by the FDTD and RBD methods. This
indicates that BMSL is not only a high isolation transmission
line but it has the great advantage that it can offer the same type
of microwave circuit components as conventional microstrip
lines do.

In conclusion, BMSL is a promising transmission line
structure for constructing microwave integrated circuits.
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