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Abstract—A full-wave analysis model, which uses the cur-
rent–source port concept for combined electromagnetic and
circuit simulation of linear and nonlinear uniplanar circuits is
proposed. The passive distributed parts of the circuit are analyzed
by the mixed-potential integral-equation formulation, and the
connections between distributed parts and lumped elements are
treated by the current–source ports. Based on this model, all
electromagnetic effects associated with the distributed circuit
parts, as well as the interactions between lumped elements
(active or passive) and distributed elements (passive) can easily
be characterized. In this study, the proposed model is tested by
applying it to the problems with a chip capacitor, spiral inductor,
and active slot antenna. The model is then employed to design and
analyze two novel uniplanar mixers. The simulation results are
also validated by the measurements.

Index Terms—Full-wave analysis, singly balanced mixer,
uniplanar circuit.

I. INTRODUCTION

S IMULATIONS of circuit components are essential in pre-
dicting the performance of a complex system and in pro-

viding an optimum circuit design. In a conventional design pro-
cedure, a complicated circuit is separated into several subcir-
cuits, which are then recombined after each subcircuit is simu-
lated individually. This technique may be adequate in providing
useful results for a circuit design. However, as the circuit be-
comes more and more complex and the operating frequency is
increased, it would be difficult to divide the circuit into sev-
eral well-defined subcircuits due to the essential electromag-
netic coupling between each subcircuit. Thus, a combined anal-
ysis of the whole circuit, which includes the distributed and
lumped elements, is of necessity. Especially in the monolithic
microwave integrated circuit (MMIC) process, the implemen-
tation of a highly integrated circuit needs more accurate simu-
lation results at the initial design stage because further tuning
after fabrication is not practical.

Microstrip lines are widely used in implementing the
microwave circuits, for which several full-wave analysis
algorithms have been developed. Some microstrip circuits
with lumped elements have been analyzed, using the extended
finite-difference time-domain (FDTD) approach [1]–[3].
Specifically, by using the equivalent sources, the device–wave
interaction may be characterized and incorporated into the
FDTD time-marching scheme. The linear and nonlinear phe-
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nomena may be examined by employing a large-signal device
circuit model, and the analysis of electromagnetic compatibility
(EMC) and electromagnetic interference (EMI) effects may
also be included. By the same concept, an analysis model was
also realized by using the global finite-element time-domain
method [4], [5], which gave good accuracy when compared
with the extended FDTD approach.

Microstrip circuits may also be analyzed globally using the
frequency-domain methods. An algorithm to extend the capa-
bilities of the finite-element method to treat lumped elements
was reported in [6]. It made use of the port-based concept, by
which the edge unknowns connected to the lumped elements
are defined as the circuit ports so as to combine the distributed
parts with the device parts. Recently, a space-domain technique
[7] was proposed to provide an analysis tool for a nonlinear
circuit. By this voltage–source port formulation, one can de-
sign and analyze each subcircuit of a complex circuit indepen-
dently, and then combine them through the ports in the final
simulation process. Although the formulation is simple, it ex-
hibits some numerical difficulties when lumped elements are in-
volved. Specifically, a numerical error may be generated when
the voltage–source port is treated by a half basis, which intro-
duces an undesired numerical discontinuity effect [8]. Another
kind of error is induced by assuming that the lumped element
is inserted into an infinitesimal gap, and using the full basis to
handle the voltage–source port. This infinitesimal gap assump-
tion would introduce another numerically induced capacitance
effect that is strongly dependent on the mesh size [7] and can
dramatically spoil the results. For this reason, a correction pro-
cedure to reduce such a numerically induced capacitance was
developed [7].

Uniplanar circuits which make use of a coplanar waveguide
(CPW) and slotline receive increased attention due to the merits
such as elimination of the backside processes, simple realization
of series and shunt circuit components, and easy integration with
other lumped or active elements [9]. These uniplanar circuits
can also be designed by dividing the whole circuit into several
subcircuits, which are then treated separately. Sometimes the
electromagnetic coupling and discontinuity effects associated
with the circuit are not negligible, and then a global full-wave
analysis model is urgently needed.

A more complete global analysis of a uniplanar circuit may be
conducted by using a coupled system of Boltzmann’s transport
equations for carrier transport phenomena and Maxwell’s equa-
tions for lumped devices and distributed parts of the circuit [10],
[11]. This global analysis needs intensive computer-memory re-
quirement and large simulation time, and these difficulties may
partly be reduced by the hybridization approach [11].
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The simplified analysis approaches for microstrip circuits
may also be extended to the uniplanar circuits. By coupling the
equivalent current sources with the extended FDTD approach,
the packaging and crosstalk effects for a CPW linear amplifier
were discussed by Ma et al. [3]. Vourch et al. [12] employed the
space-domain technique to design a uniplanar active antenna.
However, the research on uniplanar circuits with lumped
elements is relatively limited.

In this paper, a space-domain full-wave analysis model that
adopts the current–source port in the formulation is proposed
instead of using the voltage–source port in which the voltage
is regarded as a variable [7]. The proposed model is based on
the mixed-potential integral-equation formulation, which uses
the method of moment to solve the magnetic current distribu-
tions on the apertures and uses the overlapping rooftop basis
functions to expand these unknown magnetic currents. Two ad-
vantages are associated with this full-wave analysis model. By
dealing with the unknown magnetic currents, the developed al-
gorithm is easy to handle the uniplanar circuits. Next, with the
removal of the infinitesimal gap assumption, the current–source
ports may be located at the positions where the lumped elements
are inserted, thus, the proposed model can naturally take care of
the lumped-element effect instead of regarding the lumped ele-
ment as a numerical box [12]. Based on this current–source port
concept, the model is tested by applying it to the problems with
a chip capacitor, spiral inductor, and active slot antenna. The
model is then employed to design and analyze two novel uni-
planar mixers. The simulation results are also validated by the
measurements.

II. FULL-WAVE ANALYSIS MODEL

Analysis of uniplanar circuits such as the CPW discontinuity
structures with linear or nonlinear lumped elements inserted
over the CPW slots [see Fig. 1(a)] is the main concern of this
study. The lumped elements under consideration include resis-
tors, capacitors, inductors, diodes, and transistors.

Theoretically, the proposed full-wave analysis model is based
on the mixed-potential integral equation [13]

(1)

Here, is the known excitation magnetic field, and
are the Green’s functions for the CPW structure, and and

are the equivalent surface magnetic currents and surface
magnetic charges over the CPW apertures, respectively. In the
Galerkin’s moment-method procedure, the overlapping rooftop
basis functions are used to expand the unknown surface mag-
netic current

(2)

where are the unknown coefficients and are the
known rooftop basis functions.

Fig. 1. (a) Geometry of lumped-element problem. (b) Configuration of
current–source port in the formulation.

In this formulation, the excitation magnetic field is repre-
sented by a current–source port, which is imposed across a gap
where the lumped element is located. The current–source port
configuration is shown in Fig.1(b) in which the excitation mag-
netic field is expressed in terms of the source current as

(3)

Thus, the inner product of the excitation term can be written as

(4)

Note that the source currents associated with the excitation
ports, where the lumped elements are located, are regarded as
variables and all the other inner product terms are set to zero.

The concepts of the voltage–source and current–source ports
should be clarified. In the voltage–source port formulation [7],
the lumped element is connected to the left- and right-hand sides
of rooftop basis functions so that a gap is introduced across
the port, which would make the basis discontinuous and induce
some numerical errors. In the current–source port formulation,
the directions of electric source current and magnetic current
are perpendicular to each other so that the introduction of a gap
across the port still keeps the basis continuous.

Based on the current–source port formulation, the integral
equation (1) may be converted into a matrix equation

(5)

where and are the column vectors associated with the co-
efficients of basis functions and excitation currents. The super-
scripts and refer to the current–source ports and the other
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Fig. 2. Current–source port for connecting distributed parts and lumped
element.

parts of the circuit, respectively. The admittance matrix equa-
tion in (5) can further be simplified to

(6)

where

(7)

Physically, the admittance matrix may characterize
the complicated phenomena associated with the distributed parts
of the circuit. Specifically, each excitation is represented by a
current–source port, and the excitation port current is re-
garded as an unknown without additional numerical compu-
tation [7]. After the admittance matrix is established
and connected to the lumped elements associated with the cur-
rent–source ports, the whole circuit is then simulated by the cir-
cuit-simulation software, which supplies the required tool for
simulating the complex circuits.

Although the proposed full-wave analysis model can handle
the uniplanar circuit structure by removing the infinitesimal gap
assumption g , it may suffer from some numerical diffi-
culties when the current–source port concept is employed. The
current–source port to connect the distributed parts of a circuit
to the lumped element is represented by Fig. 2. Here, a series in-
ductance is numerically induced by the thin current–source as-
sumption and the value of this inductance depends on
the mesh size. Thus, a correction procedure to reduce the error
due to this numerically induced inductance would be essential
in the subsequent numerical simulation.

III. MODELVALIDATION

As a test of the full-wave analysis model, it is first applied to
the analysis of the passive-element problem associated with a
chip capacitor pF , which contains a parasitic series in-
ductance nH. Fig. 1(a) shows the simulated structure
in which the lumped element is replaced by the chip capacitor.
The simulation is conducted, using the current–source port to
connect the lumped element and the distributed parts, and then
analyzing the whole circuit by the circuit simulation tool Libra.
Fig. 3(a) shows the simulated results (without correction) for
this problem and, for comparison, the measured results are also
included. Due to the presence of parasitic series inductance, the
measured results exhibit a resonance around 7.2 GHz. Without
correction, the simulated results show some numerical errors
and predict a resonance around 3.5 GHz because additional nu-
merically induced inductance is generated. Fig. 3(b) shows the

Fig. 3. (a) Simulated results (without correction) for chip capacitor problem
(capacitance= 1 pF). (b) Numerically induced inductance for different number
of cells in width w.

Fig. 4. (a) Multiport correction procedure in current–source port formulation.
(b) Simulated results (with correction) for chip-capacitor problem.

value of numerically induced inductance for different number
of cells in width used in the current–source port simulation.

The error due to numerically induced inductance might be
reduced by connecting a negative series inductance to the cur-
rent–source port, with the magnitude of the negative inductance
equal to the numerically induced inductance. This method is not
practical in circuit design because an additional simulation is
needed to get the value of the numerically induced inductance.
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Fig. 5. (a) Geometry of spiral-inductor problem and simulated results for spiral-inductor problem. (b) Return loss. (c) Insertion loss.

In this study, a correction procedure for reducing this numer-
ically induced inductance effect is proposed using the multi-
port concept, as shown in Fig. 4(a), in which all current–source
ports are parallelly connected to the lumped element (capacitor).
The numerically induced inductance effect would be reduced
by shunting the ports to each other. The solid line in Fig. 4(b)
shows the simulated results of including the negative induc-
tance, which agree well with the measured ones. The broken
line in Fig. 4(b) depicts the simulated results by connecting three
correction ports to the capacitor, and the dashed line shows the
results simulated by five correction ports. Note that the error due
to numerically induced inductance is reduced when the number
of correction ports is increased. In addition to the reduction in
the numerically induced inductance effect, this multiport cor-
rection procedure can also be used to discuss the influence of
the lumped-element size, and its effect is important especially
in high frequency.

By the proposed full-wave analysis model, together with
the multiport correction procedure, another passive-element
problem with a spiral inductor inserted in the CPW signal
line gap [see Fig. 5(a)] is tested. To confirm the accuracy of
the proposed model, the following simulations are conducted.
First, the whole structure shown in Fig. 5(a) is simulated by
the global full-wave analysis technique [13]. Next, the spiral
inductor along is simulated by the same full-wave algorithm
from which one obtains the values of inductance and parasitic
capacitance as 43.84 nH and 0.044 pF, respectively. Finally,
the spiral inductor is connected to the CPW line, and the
combined (or whole) structure in Fig. 5(a) is simulated by the
proposed full-wave analysis model with multiport correction
procedure. Here, five ports are used in the correction procedure.
In Fig. 5(b) and (c), the simulated results for the whole structure
by the global full-wave analysis technique are represented by
the solid lines and those by the proposed model are denoted by
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the symbol . The full-wave simulated results for the spiral
inductor along are also included in Fig. 5(b) and Fig. 5(c) for
comparison. The results of the proposed model agree very well
with those of the global full-wave simulation. By comparing
with the results for the single spiral inductor, the influence
of actual physical gap and discontinuity effects cannot be
neglected. The agreement in the results for the whole structure
by two different methods implies that the gap and discontinuity
effects can be well treated by the proposed model. Here, the
capacitance of the actual physical gap between CPW signal
lines is approximately 0.15 pF. Note that it needs 409 unknowns
to describe the whole structure [see Fig. 5(a)] by the global
full-wave analysis technique, and it only needs 375 unknowns
(248 unknowns in the CPW line structure and 127 unknowns
in the spiral inductor) by the proposed model. In most cases,
the inserted element, e.g., a transistor or a diode, is always
simulated by its equivalent-circuit model, which consumes less
memory and CPW time.

For further verification, the active antenna problem discussed
in [12] is also simulated by the proposed full-wave analysis
model with a multiport correction procedure. Fig. 6(a) shows
the layout of the CPW-fed active slot antenna. The matching
sections in the active antenna circuit are designed so as to get
a maximum gain at the operating frequency. In our simulation,
four current–source ports are used to model the bipolar ampli-
fier, which is represented by its manufacturer’s equivalent-cir-
cuit model. The last step in simulation is to connect the dis-
tributed parts with the current–source ports for the bipolar am-
plifier, and then to analyze the active antenna circuit by the cir-
cuit simulation tool Libra. Fig. 6(b) shows the simulated results,
by the proposed model, which are also compared with the mea-
sured and calculated ones of [12]. It turns out that our simulated
results agree well with the measured ones and even better than
the calculated ones of [12].

IV. UNIPLANARBALANCED MIXERS

The proposed full-wave analysis model together with the
multiport correction procedure is employed to design and
analyze two novel uniplanar balanced mixers. In these designs,
the 180 hybrids are realized by the slotline-to-CPW junctions,
which are useful components due to their simple architecture
and attractive small circuit size. Sections IV-A and B show two
types of slotline-to-CPW junctions in developing the uniplanar
mixers discussed below.

A. Singly Balanced Fundamental Diode Mixer

The slotline-to-CPW junction [see Fig. 7(a)] directly con-
nects the slotline to the CPW line. Here, an air bridge is intro-
duced at a distance from the junction. To give an optimum
design of the singly balanced fundamental diode mixer (Fig. 8),
the influence of the air-bridge location on the characteristics of
the -parameters and must be examined. Through
the junction, the signal from the slotline is converted into the
coupled-slot mode along the CPW line, which would be shorted
when it is propagated through the junction and meets the air
bridge. The power transfer from port 1 to ports 3 and 4 would
be a maximum around the frequency at which the length is

Fig. 6. (a) Layout of active slot antenna. (b) Corresponding simulated and
measured results.

equal to a quarter-wavelength . In the simulation of the
junction in Fig. 7(a), the discontinuity effect of the air bridge has
been taken into account. Fig. 7(b) shows the effect of the length

on the -parameters and . It is clear that the pass-
band of shifts as the length is varied. The signal from
port 2, which is carried by the CPW mode, would transfer an
equal amount of powers into ports 3 and 4 in a broad frequency
range due to the little influence of the air bridge on the CPW
mode. The simulated in Fig. 7(b) does reveal that the vari-
ation in has a negligible effect on the CPW mode signal from
port 2. The coupled-slotline mode and CPW mode propagated
along the CPW are uncoupled, leading to a very good isolation
between ports 1 and 2. By using the slotline-to-CPW junction,
shown in Fig. 7(a), a singly balanced fundamental diode mixer
(Fig. 8) was developed in [14].

Fig. 8 shows the layout of a 180 singly balanced diode mixer.
This uniplanar structure allows for simple grounding without
via-holes and all the components are located on the same sub-
strate side. In this design, the twin-spiral CPW-to-slotline tran-
sition [15] and the slotline-to-CPW junction in Fig. 7(a) are used
to replace the traditional 180 hybrid. A series diode pair is
mounted across the junction of the slotline. In the local oscil-
lator (LO) port, matched sections of lengths and are used
to ensure the satisfactory power transfer from LO port to the
diode pair. The LO high-pass filter is realized by a chip-capac-
itor and the IF low-pass filter by a solenoid-inductor .
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Fig. 7. (a) Configuration of slotline-to-CPW junction. (b) Effect of the length
d on jS j and jS j.

Fig. 8. Geometry of a 180 singly balanced fundamental diode mixer (s =

1:0mm, w = 0:75mm, d = 7mm, d = 12mm, d = 25mm, d =

9:5mm, C = 9 pF, L = 25 nH, " = 4:3, h = 1:54mm).

The twin-spiral transition [15] is adopted due to its wide
bandwidth and small size requirement. This transition can
achieve a size that is 1/3 of the conventional CPW-to-slotline
transition and has a 2.55 : 1 bandwidth.

Functionally similar to the 180 hybrid, the slotline-to-CPW
junction converts an RF signal along the slotline into two sig-
nals (equal amplitudes, but 180 out of phases) associated with
the coupled slotline mode of the CPW line. In addition to cre-
ating 180 out-of-phase RF signals on the series diode pair, the
slotline-to-CPW junction in Fig. 7(a) also guarantees excellent
isolations between the RF/LO and RF/IF ports. This is due to
the uncoupling feature of the RF signal (slotline mode) and LO
signal (CPW mode).

Conventionally, the slotline-to-CPW junction and diode pair
in the mixer may be analyzed simply by incorporating the circuit
model for diode pair into the transmission-line models for the
slot line and CPW line [16]. This equivalent transmission-line

circuit model is too simple to take care of the parasitic effect
and mode-coupling effect. Especially when the slotline-to-CPW
junction is more complicated and the diode pair is so close to
the junction, the influence of the parasitic effects, such as the
discontinuity effect of the junction, as well as the interaction
between the junction and diode pair, would become significant.
A method to avoid such an interaction effect might be achieved
by leaving the diode pair far from the junction [17], and this
would make the circuit size become bigger.

In order to optimize the mixer performance and to minimize
the circuit size, the series diode pair in Fig. 8 should be lo-
cated as close to the slotline-to-CPW junction as possible. For
this circuit, it is not enough to simulate the slotline-to-CPW
junction and diode pair merely by the conventional equivalent
transmission-line circuit model [16], which does not include the
discontinuity effect across the junction. In this study, the slot-
line-to-CPW junction and diode pair combined together are an-
alyzed by the proposed full-wave analysis model, which com-
bines the current–source port concept and the harmonic-balance
method in the final simulation. The slotline-to-CPW junction
can then be regarded as a five-port subnetwork, which is then
connected to the current–source ports associated with the diode
pair. The first port is the slotline connected to the twin-spiral
transition. The other two ports are the CPW line to support the
CPW mode and coupled slotline mode, respectively. The diode
pair, which is connected to the remaining two ports, is discussed
by the manufacturer’s equivalent-circuit model. By this com-
bined model, all the parasitic effects can naturally be handled.

The length and the bandwidth of twin-spiral transition
are essential in determining the bandwidth of the mixer. Better
transfer of RF power into two diodes may be achieved by taking
the length around of the RF signal.

The proposed full-wave analysis model may also be used in
the simulation of the LO and IF filters, which are realized by
the capacitor and inductor . Their parasitic discontinuity ef-
fects are very small, thus, the equivalent transmission-line cir-
cuit model [16] is also adequate in dealing with the filter circuits.

Shown in Fig. 9(a)–(d) are the simulated and measured results
for the diode mixer shown in Fig. 8. The mixer is fabricated on
the FR4 substrate whose dielectric constant and thick-
ness mm. Here, the length is not exactly at the
center frequency of 2.5 GHz due to the discontinuity effect. For
the measurement setup, the RF and LO sources are given by the
network analyzer HP8722C and signal generator 83620A, re-
spectively. The IF signal power is measured by the GiGa power
meter 8542B and power sensor. This mixer exhibits a conver-
sion loss of 5 7 dB for an LO signal of 2.7 dBm when the RF
signal is swept from 2 to 3 GHz, and the best is at 2.4 GHz. The
conversion loss begins to saturate around 1 dBm of LO input
power and changes very little above 3 dBm. Fig. 9(d) shows the
corresponding LO-to-IF isolation versus LO frequency, which
is better than 19 dB.

B. Singly Balanced Subharmonic Diode Mixer

Fig. 10(a) shows a modified version of the slotline-to-CPW
junction. Comparing with the one in Fig. 7(a), the modified
structure has a similar behavior in , but it has a different re-
sponse in . To the coupled-slotline mode, the shorted stub
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Fig. 9. Simulated and measured results for the fundamental diode mixer (Fig. 8). (a) and (b) Conversion loss. (c) Return loss. (d) LO-to-IF isolation. (P =

2:7 dBm, PRF = �10 dBm).

Fig. 10. (a) Configuration of modified slotline-to-CPW junction.
(b) Simulated results for jS j and jS j.

pair together with the air-bridge present similar functions, such
as the one in Fig. 7(a) did. The slotline-mode signal from port 1
could propagate to ports 3 and 4 smoothly when the stub length

is approximately of the signal frequency from port 1. In
this case, the stub pair may be treated as a shunt to the junction.
On the contrary, for the CPW mode signal from port 2, the stub

Fig. 11. Geometry of singly balanced subharmonic diode mixer. (s = 1:0mm,
w = 0:7mm, d = 10mm, d = 12mm, C = 5 pF, L = 67 nH, " = 4:3,
h = 1:54mm).

pair should be treated as the series ones to ports 3 and 4. Thus,
the CPW-mode signal from port 2 would smoothly propagate to
ports 3 and 4 as the stub length is approximately a half-wave-
length of the signal frequency from port 2. The simulated
results of the junction in Fig. 10(a) are shown in Fig. 10(b). The
effects of the stub pair on the coupled-slotline mode and CPW
mode are completely different, thus, the passbands of and

are different. Specifically, the passband of would be
in the frequency range for which is around , and that
of would be in the range for which is around .
By this feature, a new strategy of suppressing the fundamental
spurious response is accomplished by adopting the modified
slotline-to-CPW junction in the design of a subharmonically
pumped mixer.

Fig. 11 shows the topology of the singly balanced sub-
harmonically pumped diode mixer based on the modified
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Fig. 12. Simulated and measured results for the subharmonic diode mixer (Fig. (11). (a) Simulated conversion loss of the signal from f to f � f .
(b) Conversion loss. (c) LO return loss. (d) RF return loss and RF-to-IF isolation (P = 5 dBm, P = �10 dBm).

slotline-to-CPW junction [see Fig. 10(a)]. The major com-
ponents of this uniplanar mixer are the series diode pair,
twin-spiral CPW-to-slotline transition [15], modified slot-
line-to-CPW junction of Fig. 10(a), and diplexer, which is
realized by the capacitor and inductor .

In this design, the 180 hybrid is realized by the combina-
tion of twin-spiral CPW-to-slotline transition [15] and modi-
fied slotline-to-CPW junction. The stub length (in Fig. 11)
is designed to be around of the LO signal so that the LO
signal, carried by the slotline mode, would transfer almost an
equal amount of power into the diode pair. By the short-circuit
action of the stub pair, the RF signal (carried by the CPW mode)
will mainly couple to the diode pair when its frequency is two
times the frequency of the LO signal. For the spurious signal
with frequency , which is close to the LO frequency,
it would not reach the RF port and would be reflected by the
open-circuit action of the stub pair when the length is around

of the spurious signal frequency. Fig. 12(a) shows the sim-
ulated conversion loss from the RF signal to the spurious signal
of frequency . It illustrates that the fundamental spu-
rious response for is effectively suppressed by the use
of the new structure in Fig. 10(a).

Fig. 12(b)–(d)shows the simulated and measured results of
the subharmonic diode mixer shown in Fig. 11. The conversion
loss smoothly varies from 10 to 12 dB when the RF signal is
swept from 3 to 4 GHz and the IF frequency is 0.1 GHz. All the
isolations are better than 25 dB.

V. CONCLUSION

A full-wave analysis model that uses the current–source port
concept to deal with the linear and nonlinear uniplanar circuits

has been established. By incorporating the multiport correction
procedure into this model, the numerically induced inductance
effect may be reduced in the simulation. This model can handle
all the electromagnetic effects associated with the circuit struc-
ture, and can treat any linear or nonlinear and passive or active
lumped element, especially when the element is close to the cir-
cuit discontinuity parts. Specifically, the proposed model can be
applied to a complex circuit configuration with different kinds
of lumped elements once the electromagnetic simulation for the
distributed parts is conducted.

By adopting the modified slotline-to-CPW junction [see
Fig. 10(a)] to the subharmonic diode mixer (Fig. 11), it has
been shown that the fundamental spurious response of the
signal with frequency is successfully suppressed.
The design and analysis of the uniplanar singly balanced diode
mixers reveal that the proposed model may give results in
good agreement with the measurement. The model is easier
in handling microwave circuits, especially with uniplanar
structures.
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