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Abstract—This paper presents a thorough and systematic in-

vestigation of resonant phenomena in conductor-backed co-
planar waveguides (CBCPW’S). We used a full-wave analysis
first to establish benchmark results and a series of measure-
ments have been conducted to confirm the theoretical results.
As many as ten structures of different side-plane patterns were
buik and tested. AU the test circuits exhibit many resonances

over a frequency range, as measured in terms of two-port scat-

tering parameters. Our full-wave analysis is capable of analyz-

ing shielded guided-wave structures with finite-width sub-

strate, and yields the scattering parameters of the coplanar

waveguide circuits accounting for the overmoded-wave propa-
gation. Finally, simple models are developed for physical un-

derstanding and interpretation of the resonant phenomena.

When treating the side planes as patch resonators, we show
that the resonant frequencies can be accurately estimated by
this simple model. Followed by another MSL (~icro:trip-~ke)
model, which considers the excitation of the first and the second

MSL modes, the resonant frequencies thus obtained are also

shown to be in very good agreement with measured results. By

displaying the current distributions on the conductor strips in

the through or resonant states of the test circuits, the MSL

modes of resonances or the patch-type resonances can be clearly

seen. When resonance occurs, the electromagnetic energy is
confined or carried underneath the side planes and the signal
energy can hardly propagate through the central signal line of
the test circuit.

I. INTRODUCTION

cOPLANAR waveguide (CPW) and its variations such

as conductor-backed coplanar waveguide (CBCPW)

and uniplanar configuration, have been attractive trans-

mission-line structures for monolithic microwave inte-

grated circuits (MMIC) in that CPW’S exhibit ease of par-

allel and series connection of both active and passive

components [1]-[4]. However, the use of CPW subjects

to many inherent limitations and many recent efforts have

focused on the study of mode conversion at discontinui-

ties in order to reduce undesirable propagation character-

istics, such as the undesired modes of propagation, reso-

nant phenomena in through-line measurements, and the

leakage characteristics for various CPW configurations
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[5]-[16]. In circuit design, especially using the CPW-type

structures, the effects of overmoding, leaky ‘wave, and the

undesired propagation modes must be avoided when

broadband performance is desired. Furthermore, one often

needs to mount the CPW circuit on a metal plate for pack-

aging or testing, and the substrate and side planes of the

CPW circuit are often of finite width. Therefore, we con-

sider here, the general case of CBCPW with finite-width

substrate and side planes, so that the ideas derived from

this paper are not only of practical importance but also

applied to other CPW cases as well.

In a CBCPW circuit with side planes of finite width,

there exist three dominate modes that have no cutoff fre-

quencies; they are the CPW mode, MSL, or coplanar mi-

crostrip (CPM) [7] mode, and the coupled slot-line mode.

Without certain mode suppression techniques, these three

dominant modes, as well as higher order modes, may be

excited and propagate along the structures, resulting in

the deterioration of circuit performance. The CBCPW test

circuits studied in this paper possess lateral symmetry and

we may, therefore, consider only the symmetric mode

with a magnetic wall at the plane of bisection. Thus, only

the effect of the microstrip-like modes will be investi-

gated. The mode conversion at discontinuities assuming

dominate CPW mode incidence had been discussed in
[5]-[7]. In practice, the overmoded-wave propagation oc-

curs when CPW circuit is fed at the substrate edge. Thus,

it is our intent to investigate the wave propagation in the

overmoded situation when the discontinuities exist at the

substrate edge, and the theory presented in this paper may

well be applied to the case discussed in [5]-[7]. It will be

shown that even if the contribution of the microstrip-like

mode is reduced [8], [9], the circuit perfofiance will still

deteriorate when certain boundary conditions are satis-

fied.

Until recently, the resonant phenomena of the CBCPW

circuit has not been investigated with mutual verification

between theory and experiment. In a preconditioned ex-

ample [11], where a narrow CBCPW’ through line of fi-

nite-width substrdte has its longitudinal dimension much

greater than its cross-sectional geometry, the resonance
observed in the S-parameter measurement is quantita-
tively related to the excitation of extra higher-order lmode

in the form of microstrip-like (MSL) mode. In this paper,

we will present a viewpoint that the side planes of the

CPW circuits always contribute to the resonance in a way
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Fig. 1. The top views of the tested CBCPW through lines with different
side-plane patterns.

similar to the planar circuit or patch antenna [17], [18].

In other words, the side planes act like two-dimensional

resonators. Two examples shown in Figs. 1(a) and (b),

for both theoretical and experimental studies, illustrate our

viewpoint. To substantiate our viewpoint, other examples

included in Fig. 1 are also investigated experimentally and

the measured results show that the resonant phenomena

still exist, though at different frequencies, regardless of

side-plane patterns.
Parts (a) and (b) of Fig. 2 illustrate the top view and

front view of the CBCPW through line as shown in Fig.

1(a). The ratio of i to SPis fixed at 3 throughout this work.

At reference planes a-a’ and b-b’ are two vertical con-

ducting planes with two small holes allowing external

connections to the Cascade MTF-26 test fixture. The 50

(l CBCPW line has its dimensions and material parame-
ters indicated in Fig. 2. In contrast, the structure in Fig.

3 exhibits the same 50 Q CBCPW through line as shown

in Fig. 2, except that the side planes have two cuts of

width WC along c–c’. The width WP is wide enough so that

the CBCPW is still very close to 500 along the gap region

C1-C2.

If only the CPW mode were excited, the transmission

and reflection characteristics of CBCPW through lines

shown in Fig. 1 (including Figs. 2 and 3) would exhibit

almost identical responses. In practice, however, they are

very different. In order to interpret such an unexpected

result, a brief description of three-dimensional (3-D) full-
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Fig. 2. The 50 Q CBCPW through line of Fig. l(a) with l/sP = 3.0. The

physical dimensions are s = w = 0.508 mm, s, = 6.0 mm, and 1 = 18.0

mm. The material parameters are ~, = 10.2 and h = 0.635 mm. (a) Top

view. (b) Front view.
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Fig. 3. The same 50 Q CBCPW through line as that shown in Fig. 2 except

that two cuts exist in the side planes. WC = 1.016 mm, WP = 1.00 mm.
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wave techniques is given first in Section II. Comparisons

of the measured and theoretic results of the two structures

are then given in Section III. Section IV presents two sim-

ple models to predict the resonant frequencies associated

with the structure in Fig. 2. Section V discusses the ob-

served resonant phenomena of the two structures in terms

of the current distributions on the central strip as well as

side planes, as obtained by using the rigorous 3-D full-

wave technique. This enables us to visualize how reso-

nance works. Section VI shows the measured results for

other CBCPW through lines shown in Fig. 1(c)-(j). Some

conclusions are given in Section VII, along with a sum-

mary of the important results obtained in this paper.

II. METHOD OF ANALYSIS: A FULL-WAVE SPACE-

DOMAIN INTEGRAL EQUATION APPROACH USING

MIXED-POTENTIAL EIGENFUNCTION EXPANSION

TECHNIQUE

In contrast to the conventional full-wave formulations

for CPW analyses, where the unknown variables for the

Green’s function are the slot electric field components, a

new formulation extending from the mixed-potential

mode-matching method described in [19], [20] is adopted

in the present work to determine the unknown currents on

the metal strips. Specifically, we consider here a generic

planar transmission-line circuit on layered and non-lay-

ered substrates, which is the same as that shown in Fig.

1 of [20]. Referring to Fig. 2(b), the T’,11-to-y and Z14-to-y

Hertzian potentials are employed to obtain the y-directed

eigenfunctions in the nonlayered region. All those layered

regions incorporate ~~-to-x and TM-to-x Ht?rtzian poten-

tials, Interested readers should refer to [19] for details.

After some complicated numerical procedures we can ob-

tain the electric field in terms of the surface conductor

current as

& = G *~(tim. + t...) (1)

where & is the tangential electric field vector, ~(ti~. + t~~.)

is the total surface current density vector composed of the

impressed vector surface current density ~(ti~) and the ex-
cited vector surface current density &X.), and G is the

integral operator relating the surface current density to the

electric field on the surface. On the conductor surface, (1)

reduces to

G*l(tex.) = – G *~(tim.). (2)

Equation (2) is solved by applying the Galerkin proce-

dure. The unknown surface current density <(t.X) is ex-

panded by the rooftop basis function and the impressed

current .J(tirn.) is applied at the boundary edge extended

from the-individual port. The procedure for extracting the

~ parameters of discontinuity problem is analogous to that

introduced by Jansen [21]. Here, we extend this method

to the analysis of CPW discontinuity problems when

overmoded-wave propagation occurs. Fig. 4 shows the

physical CPW discontinuity discussed in this paper. As

shown in Fig. 4, the shaded regions are connected to

ground, and QI and Qz lay the impressed current. At a
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Fig. 4. Illustration of the S-parameter extraction regions for analyzing the
discontinuity problem of CPW circuit.

steady state, standing-wave current distribution is as-

sumed in the regions D1 and D2, and thus we can extract

the S parameters in these regions. RP1 and RP2 are the

reference planes chosen to meet the practical measure-

ment condition. The procedures for the S-parameter ex-

traction are described as follows. Let the standing-wave

current Z.U(z) in regions D1 and D2 be approximated as

Zuu(z) z I:. e ‘j”’”z – I;. e ‘jfic”z + I~vU e “B””z

— I;vu e +jih.-z V, U= 1,2 (3)

where v is the index of a port and u is that of an excitation

state. 13CUand &U are the propagation constants of the

dominate CPW and MSL modes of Fig. 4 at port v. The

above current is evaluated in region D1 when v = 1 (port

1) and in Dz when v = 2 (port 2). Since Z.U(.z) is known

and obtained from the 3-D program, the current compo-

nents Z&, Z&, Z~uU, and Z~OUcan be readily solved. At

reference point z = .zRpu, the total current ZtUUand total

voltage VtVUat port v and under the u th excitation state

can then be calculated. Finally, the 2N port Y-matrix [Y]

and the f+parameter matrix [~] are obtained by

‘y]=[::::1[;:3-1 (4)

[s] = [ZO]’KIYO] – [Y]) ([ Y,] + [Y])-’ [Yo]l/2 (5)

where [Z. ] and [Y. ] are diagonal matrices consisting of

normalizing impedances and admittances at various ports,

respectively. In this particular case under studied, 201 =

Z02= 100a.
As a direct result of the new attempt, the practical

CBCPW structures with finite-width side planes and fi-

nite-width substrate as shown in Figs. 2 and 3, can be

analyzed rigorously. In the following section we will

compare the full-wave field-theoretic data obtained by the

new formulation with the measured results for the struc-

tures shown in Figs. 2 and 3.

III. COMPARISON OF MEASURED AND THEORETIC

SCATTERING (~) PARAMETERS

Two CBCPW circuits as shown in Figs. 2 and 3 have

been built. The side planes of the two through lines at
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5. The measured and theoretic transmission (S21) and reflection (Si, )
characteristics of the CBCPW through line shown in Fig. 2. (a) Measured
results. (b) Theoretic results extracted by using CPW and MSL modes. (c)
Theoretic results extracted by using CPW mo~e.

.,

a-a’ and b-b’ are grounded by wrapping copper foil

alongside the substrate vertical planes. This ensures good

grounding at interfaces connected to the Cascade MTF-

26 test fixture. The measured S parameters of the test cir-

cuits corresponding to Figs. 2 and 3 are shown in Figs.

5(a) and 6(a), respectively, from which the reflection coef-

ficient S1, and the transmission coefficient S21 are ob-

served to have 7 resonant peaks (dips) for S] 1 (S21) for a

1-12 GHz frequency span. Figs. 5(b) and 6(b) are the

corresponding theoretic results obtained by using the full-
wave analysis described in the preceding section. AS

shown in Figs. 5(a) and (b), the theoretic results are in

good agreement with the measured ones. The measured

characteristics suffer from some conductor loss, dielectric

loss, and also the radiation loss since the test circuits are

built and measured without a conductor housing. The re-

sults in Figs. 6(a) and (b) show some deviation between

measurement and theory. The discontinuity introduced by

the slits in the side planes as shown in Fig. 3 complicates

the analysis when compared to Fig. 2. Some useful ex-

periences and general rules as described in [22] for se-

lecting the number of expansion functions, should be ex-

ercised to give better theoretic results.

Figs. 5(c) and 6(c) are the theoretic results obtained as

those of Figs. 5(b) and 6(b) except that we use only the

dominant CPW mode in extracting the S parameters. Use

of a single dominant CPW mode in S-parameter extrac-

tion gives the same resonant frequencies as those of using

both dominant CPW and MSL modes. However, the latter

shows much better results in the calculated S-parameter

for a 1-12 GHz frequency span. Comparing the resonant

(s11:- -,s21:-)

FREQUENCY(GHZ)

Fig. 6. The measured and theoretic transmission (S21) and reflection (S1,)
characteristics of the CBCPW through line shown in Fig. 3. (a) Measured
results. (b) Theoretic results extracted by using CPW and MSL modes. (c)
Theoretic results extracted by using CPW mode.

,

positions of Figs. 2 and 3, the slits existing in the CBCPW

through line do have certain impact on their relative po-

sitions of resonance. The first resonant point at 2.71 lGHz

is almost not affected by the cuts at the center of the side

planes. The second resonance, however, is shifted dras-

tically from 5.38 to 4.00 GHz by the cut that creates a slit

in each of the side planes in Fig. 3, As we proceed along

the frequency span, only the seventh resonance suffers

more from the slit, e, g., from 10.94 to 11.81 GHz, and

the rest of the resonances are only slightly affected. The

observed resonance at 11.1 GHz appears in all of the the-

oretic plots while not shown in the measurement data of

Figs. 5 and 6. This is due to the first waveguide mode

excited in our theoretic analyses which assume that the

test circuits are placed within the shielded transmission-

line structures. More details about these discussions will

be given in later sections.

IV. THE OBSERVED RESONANCES IN SCATTERING

(S)-PARAMETER MEASUREMENTS: PATCH (ANTENNA)-

RESONATOR AND MSL MODELS

It is already well known in [11] that the resonances will

occur in the form of an extra higher-mode, i.e., the MSL

mode, in a CBCPW through line which has a narTow-

width side plane. In our test circuits shown in Figs, 2 and

3, the side plane is six times the width of that of [1 1].

Because the side plane is quite wide, the number of extra

higher-order modes is mo~e than one when frequency is

below 12 GHz. Thus, we may extend our view of the one-

dimensional resonator in [11] to the two-dimensional one
in our present study. Table I lists the resonant frequencies
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TABLE I
THE RESONANT FREQUENCIES AND THE CORRESPONDING MODES OBTAINED BY MEASUREMENT AND VARIOUS THEORETIC

TECHNIQUES FOR CBCPW THROUGH LINE SHOWN IN FIG. 2

Resonant Phenomena

n th Resonance MSL model; rnY = O, 1; (31 = n, r; Obtained by 3-D Field-

#n (mY, n.) Measurement Patch-Resonator Model (2N-port Model, m, = O) Theoretic Analysis

#1 (o, 1) 2.71 2.61 2.74(2.76) 2.76
#2 (o, 2) 5.38 5.22 5.40(5.44) 5.44
#3 (1, 1) 7.65 8.23 7.71(–) 7.75
#4 (o, 3) 8.01 7.83 8.04(8.08)
#5 (1, 2)

8.08
9.07 9.39 9.21(–) 9.22

#6 (O, 4) 10.61 10.44 10.67(10.71)

#7 (1, 3)
10.71

10.94 11.06 11 .27(–) 11.08

Note: unit = GHz.

associated with the structure depicted in Fig. 2 obtained

by measurement, patch-resonator model, MSL model, and

a 3-D full-wave analysis. The third column of Table I lists

the calculated resonant frequencies by considering the side

planes as patch (antenna) resonators [17], [18]. In calcu-

lating these resonant frequencies, we neglect the effect of

fringing fields of the side-plane conductor. The index ap-

pearing in the first column is modified by adding (mY, n,)

parameters. When mY = O and nZ = 1, 2, “ “ o , etc., the

resonance appears in the longitudinal direction (or z di-

rection) with negligible field variation in the transverse

plane (or y direction). When mY = 1 and n, = 1, the res-

onance should have one half-wave variation in either y or

z direction. Such field description is well known in patch-
resonator theory. When comparing the data shown in col-

umns 2 and 3 of Table I, the agreement is fairly good

except the third and fourth resonant positions, where a

reverge order takes place in column 3. Nevertheless, the

simple patch-resonator model does give the correct num-

ber of resonances and predicts where the resonance should

occur with good accuracy in the frequency spectrum re-

lated to Fig. 2.

Given the fact that the observed resonances are closely

related to patch-resonator-type resonances, we continue

to model the resonant frequencies more accurately by an-

other approach. This method extends a similar technique

reported in [11] to estimate the resonant frequencies by

obtaining the dispersive propagation constants of the extra

higher-order modes, namely, the MSL modes. Reso-

nances occur when the resonant condition (6) is satisfied,

e.g.,

fl~~Ll = n7r (6)

where ~~~~ is the propagation constant of the dominant or

higher-order microstrip-like mode.

Fig. 7 plots the dispersive propagation constants of in-

finite uniform coupled lines of magnetic-wall symmetry.
The structural parameters are the same as those given in

Figs. 2 and 3. The major difference between this paper

and [11] is that there is an additional MSL mode above

6.7 GHz in our study. This extra MSL mode has one

change-over of transverse electric field pattern underneath

the side planes, resembling the odd-mode type of rnicro-
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Fig. 7. The dispersive propagation constants of infinite uniform coupled
lines of magnetic-wall symmetry. The structural parameters are hi = 0.635
mm, hz = 9.365 mm, SP = 6.0 mm, w = s = 0.508 mm, g = 3.238 mm,
and e, = 10.2.

strip electric field distribution. Following the procedure

reported in [11], we obtain the resonant frequencies listed

in the fourth column of Table 1. These resonant frequ~en-

cies with my = 1 indicate that the second MSL mode just

mentioned is taken into account. Now the agreement be-

tween theory and experiment is much better than what the

previous patch-resonator model can offer. Those resonant

frequencies inside the parentheses are obtained by the

2N-port model of N-coupled transmission lines described

in [11], assuming that my = O. Again, the solutions for

resonant frequencies are very close to the measured re-

sults. As stated in Section III, the resonant point occur-

ring at 11.1 GHz is due to the first waveguide mode. This

can be confirmed by using the resonant condition (31 = z;

here ~ now is the propagation constant of the first wave-

guide mode and 1 in the present study happens to be the

dimension of the conductor housing along the z axis.
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V. VISUAL REPRESENTATION OF RESONANT

PHENOMENA USING THE RIGOROUS THREE-

DIMENSIONAL (3-D) FULL-WAVE

SPACE-DOMAIN INTEGRAL

EQUATION TECHNIQUE

Employing the rigorous 3-D full-wave technique de-

scribed in Section II, we list the resonant frequencies of

the structure shown in Fig. 2 in the fifth column of Table

I, by sweeping the frequencies from 1 GHz to 12 GHz

and carefully locate the resonant positions. As shown” in

Table I, the results obtained by the 3-D analyses are very

close to those obtained by the MSL model assuming mY

= O and 1, and they are very close to the measured val-

ues. In the case of Fig. 3 where a slit exists in each of the

side planes, the simple MSL model or patch-resonator

model becomes cumbersome and only the method of em-

ploying the 3-D field-theoretic analysis can be used to cal-

culate the resonant frequencies. The resonant frequencies

obtained by measurement and theory differ by less than

4%.

As the validity of the 3-D analysis technique is estab-

lished, we are able to visualize with confidence the reso-

nant phenomena as illustrated in Figs. 5, 6, and Table I,

which are still abstract to most investigators until now.

With the aid of the full-wave 3-D program, the current

distributions on the central signal line and side planes can

be obtained. Knowing these current distributions, the

though or resonant characteristics of the test circuits can

be understood. For example, parts (a) and (b) of Fig. 8

plot the .lZ and .lY components on the metal strips of Fig.
2 tested at 2.000 GHz. Note that the impressed source

currents are assumed equal in magnitude and opposite in

phase at input and output ports, respectively. Because of

even symmetry, a magnetic wall is placed at y = 10 mm.

On the central signal strip, a singular behavior is seen at

the edge of the strip. Across the small gap, just opposite

to the central line, there shows a current distribution out

of phase to its counter part at the edge of the central line.

This suggests that, in the through state of Fig. 2, the CPW

mode dominates and results in very good transmission

characteristics with measured return loss about 35 dB as

shown in Fig. 5(a). When the first resonance occurs at

2.756 GHz (see Fig. 5(a) and Table I), most electromag-

netic energy is carried by the side planes in the form of

the MSL mode as seen in parts (a) and (b) of Fig. 9. Note

that not only is the singular behavior at the edges of the

side plane observed in Fig. 9(a), but the singularities are

pointed toward the same direction along the z-axis. When

resonance occurs, the MSL mode dominates and results

in significant transmission loss in the through-line mea-

surement. Figs. 10(a) and (b) illustrate an entirely differ-
ent form of resonance from those shown in Figs. 9(a) and

(b), A two-dimensional current variation in the y-z. plane

is seen. In Fig. 10(a), the ‘~Z component varies from the

most positive value toward the most negative ,value in all

four sides. Fig. 10(b), on the other hand, depicts a bas-

ketlike type of current distribution. Both plots illustrate

that a two-dimensional resonance occurs in the side planes

(a) Jz

- f =2.000GHz

f =2.000GHz

(b)
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Fig. 8. Longitudinal (.lZ) and transverse (JY) current components at the
through state of Fig. 2 at ~ = 2.000 GHz.

and such a resonance can be modeled by the second

(higher) MSL mode as described in Section IV.

The effects of slits in the side planes of Fig. 3 on the

(mY, n.) = (O, 1) and (1, 1) resonant modes, are illus-
trated in Figs. 11 and 12, respectively. For the (O, 1) res-

onant mode, the slits do not stop the resonance but shift

the resonant frequency upward by 0.067 GHz from 2.756

GHz in Fig. 9 to 2.823 GHz in Fig. 11. Parts (a) and (b)

of Fig. 11 also show that the current distributions .lZ and

JY are similar to those shown in Fig. 9, except that they

are perturbed by the slits in the middle of the side planes.
As a result, we still attribute this resonant mode as the (O,

1) mode. Note that the transverse current component JY

flows toward the y-axis with two singularities nearby the
slit. “Nevertheless in the state of resonance, very little en-

ergy is carried away by the central signal line. Similarly,

the effect of slits on the (1, 1) resonant mode is illustrated

in Fig. 12. Comparing Figs. 12(a) and (b) to Figs. 10(a)

and (b), the slits only perturb the current distributions

shown in Figs. 10(a) and (b) and result in a slight increase

of resonant frequency.
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(a) Jz

(b)

Fig. 9. Longitudinal (Jz) and transverse (JY) current components at the
resonant state (O, 1) mode, of Fig. 2at~= 2.756 GHz.

Jy

Fig. 10. Longitudinal (J, )andtransverse (JV)cument components at the
resonant state(l~ l) mode, of Fig. 2at~= 7.748 GHz.

@) Jy

Fig. 11. Longitudinal (JZ)and tmnsverse (JY.)cument components at the
resonant state (O, 1) mode, of Fig. 3 atf= 2.823 GHz.
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(a) Jz

Jy

Fig. 12. Longitudinal (JZ ) and transverse (.JY) current components at the
resonant state (1, 1) mode, of Fig. 3 at f = 7.7745 GHz.

VI. MEASURED RESULTS FOR OTHER CBCPW

THROUGH LINES SHOWN IN FIG. l(c)-(j)

As discussed in the previous sections, when the

CBCPW through line operates at resonant frequencies,

most of the electromagnetic energy is confined or carried

underneath the side planes in the form of MSL modes and

the signal energy can hardly propagate through the central

signal line. These resonant frequencies can be altered by

the side-plane geometry. Fig. 13 shows the measured re-

sults for the other eight CBCPW through lines with dif-

ferent side-plane patterns defined by Fig. l(c)-(j). The

most important fact shown in Fig. 13 is that there are

many, at least five, typically seven, resonant frequencies

still observed even when the similar technique for sup-

pressing the TEOI mode in a rectangular waveguide by us-

ing the slits [23] is employed here. This implies that the

so-called MSL modes still propagate in the CBCPW cir-

cuits and the modified side-plane patterns cannot stop res-

onances which are due to the overmoded excitation. In

practice, the suppression of the undesired propagation

(sib ,srl:-)

(i) (j)
Fig. 13. The measured results for the other CBCPW through lines with

different side-plane patterns defined by Fig. 1(c)-(j).

modes, namely, the coupled slot-line mode and micro-

strip-like mode, is often necessary when broadband per-

formance is desired. If air bridges or via holes are intro-

duced along with the slot lines to reduce the undesired

propagation modes, the spatial intervals between these re-

sultant discontinuities should be designed carefully so as

not to create the resonant condition, for example, (6) for

the case of two via holes.

VII. CONCLUSION

The resonant phenomena in CBCPW through-line cir-

cuits are investigated both experimentally and theoreti-

cally. A rigorous three-dimensional full-wave space-do-

main integral equation method accompanied by the

S-parameter extraction technique are utilized for the anal-

ysis of the CPW discontinuity problems. The patch-reso-

nator model and the MSL model are employed to under-

stand the origin of resonance existing in the test circuit

shown in Fig. 2. The 3-D program is also invoked by

displaying the current distributions to help visualize how

the CBCPW test circuits work at both through and reso-

nant states. The results thus obtained, validate the con-

clusions drawn by the patch-resonator model and the MSL

model. The resonant phenomena reported in the paper can

be attributed to one-dimensional (Figs. 9 and 11) or two-

dimensional (Figs. 10 and 12) resonances regardless of
the presence of the slits shown in all the case studies, Fig.

1(b)-( j). Unless some means of suppressing the resonant

phenomena are exercised, the CBCPW MMIC or hybrid

MIC would experience certain resonances and they should

be designed with extreme caution.
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