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Mode Conversion at Discontinuities in
Finite-Width Conductor-Backed

Coplanar Waveguide

ROBERT W. JACKSON, SENIOR MEMBER, IEEE

Abstract —The effect of overmoding in a conductor-backed coplanar

waveguide is discussed, with special emphasis on mode conversion at

discontinuities. The coplanar waveguide gap end and shorted end are

stndied via a fully electromagnetic application of the moment method

techniqne. Significant conversion occurs at the gap end. The results of a

simple experiment are described.

I. INTRODUCTION

COPLANAR WAVEGUIDE (CPW) is a circuit

medium that is sometimes considered as an alterna-

tive to microstrip lines in millimeter-wave integrated cir-

cuits. Its principal advantage is the location of the signal

grounds on the same substrate surface as the signal line.

This eliminates the need for via holes and thus simplifies

the fabrication process [1]. It also reduces the parasitic

inductance which occurs in grounding field effect transis-

tors. One disadvantage to the CPW is that both an even

and an odd mode (with respect to current) can exist. The

latter mode is commonly removed by short-circuiting it

with air bridges [1].

In practice, additional conducting planes are often pres-

ent above and below the substrate (see Fig. l(a)) in order

to separate the circuit from its environment. In addition,

the lower conducting plane usually contacts the substrate

in order to improve heat dissipation. The standard CPW

plus the lower conducting plane is commonly called con-

ductor-backed, or grounded coplanar waveguide (GCPW).

The moding problem that this conductor backing intro-

duces is the subject of this paper.

The structure shown in Fig. l(a) supports modes which

can be lumped into three groups: (1) the modes (usually

one) guided by the CPW slots, (2) parallel-plate modes

guided between the CPW plane and the lower conducting

plane, and (3) parallel-plate modes guided by the cover.
The third group of modes is relatively less important than

the first two groups and will not be emphasized in what

follows. Of the second group, only the lowest order mode

is usually present and it can serve as a vehicle for energy

leakage from the CPW. As discussed by Oliner [2] (see also

[3]), leakage occurs when the phase velocity of the parasitic
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Fig. 1. Conductor-backed coplanar waveguide with (a) infinite lateraf
extent, (b) shorting sidewalls, and (c) finite-width side planes.

mode is slower than the phase velocity of the fundamental

mode. It is usually a continuous function of frequency with

a leakage angle that varies such that the parasitic mode

velocity projected along the fundamental mode direction

matches the fundamental mode velocity. In a conductor-

backed CPW, the parallel-plate mode is always slower than

the fundamental CPW mode and thus leakage occurs.

Most practical CPW structures are not of infinite lateral

extent, but are limited as in Fig. l(b) and (c). Mode

interactions in these cases are related to the leakage previ-

ously discussed, but are very different. In Fig. l(b), the

shaded parallel-plate region is bounded by electric side-

walls. Similarly, the shaded parallel-plate region in Fig.

l(c) is bounded, approximately, by magnetic sidewalls, as

indicated by the dashed lines. Because of these boundaries,
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the aforementioned parallel-plate wave now becomes a

waveguide mode (in Fig. l(b)) or a microstrip-like mode

(in Fig. l(c)), and qualitatively results from the reflection

of the parallel-plate wave at the sidewall boundaries. Inter-

actions between these modes and the CPW mode occur

when their longitudinal phase velocities match. In this way

they are the same as the leaky wave case. The interactions

are different in that they occur only at discrete frequencies

and are much stronger. This has been discussed by

Shigesawa et al. [4]. Such interactions (mode degeneracies)

must be avoided since the CPW no longer confines the

propagating energy at those frequencies.

Often these interactions can be eliminated over a limited

frequency range. In Fig. l(b), the conducting sidewalls

may be moved in close enough that the parasitic mode is

cut off entirely. At high frequencies, with high-permittivity

substrates, this becomes very difficult to do. For example,

if the substrate in Fig. l(b) has a dielectric constant of 13

(GaAs) and an operating frequency of 40 GHz, the lateral

dimension of the substrate must be less than 1 mm in

order to cut off the waveguide mode. If the structure is

operated above cutoff, the wall separation may be adjusted

so as to preclude a phase match between the waveguide

and CPW modes within a specified frequency range. How-

ever, this is difficult or impossible to do over a wide band

of frequencies.

The structure in Fig. l(c) has been used for tape auto-

mated bonding (TAB) applications [5]. As stated previ-

ously, it can-be thought of as having magnetic walls lying

along the dashed lines in the figure. The disadvantage of

this structure is that the lowest order waveguide mode

(microstrip-like) has a zero frequency cutoff and thus

cannot be eliminated. For high-frequency, wide-band oper-

ation it has two advantages over the structure in Fig. l(b).

Since the lateral extent of the guiding structure is deter-

mined by the side plane conductors and not the substrate,

it can be made as small as necessary in order to eliminate

higher order waveguide modes. In addition, the lowest

order waveguide mode (which cannot be eliminated) al-

ways has a slower phase velocity than the CPW mode, and

thus a phase match cannot occur. Therefore, the infinitely

long CPW in Fig. l(c) is apparently preferable to the CPW

in’ Fig. l(b) for wide-band applications.

Since the configuration in Fig. l(c) is always overmoded,

it suffers the same problems that an overmoded rectangu-

lar waveguide suffers. At discontinuities, energy couples

from one mode to the other. Reference [6] studies the

coupling between modes at discontinuities by studying the

characteristics of these modes on an infinite line. As will

be seen, the amount of coupling depends on the details of

a particular discontinuity and not only on the infinite line

characteristics. In this paper, this coupling is very accu-
rately calculated for the gap-end and shorted-end disconti-

nuities. Fig. 2 shows the specific configuration which is

analyzed. Setting the thickness of substrate 1 in the figure

to zero results in a conductor-backed CPW input line. An

approximation to an ideal open circuit is created when the

gap is made large enough that further changes in gap size

Fig. 2. Configuration of the CPW gap-end (g # O) or shorted-end
(g= O) discontinuity.
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Fig. 3. (a) Schematic model of the field lines for the three modes of
interest. (b) Three port model of the CPW discontinuity.

have little effect on the end impedance of the line. Reduc-

ing the gap to zero creates an approximation to the ideal
short circuit. For lack of a better term, this will be called a

CPW shorted end.

There are three modes which are significant in this

setup. They are illustrated schematically in Fig. 3. In the

transmission line leading up to the gap, only the first two

modes shown in Fig. 3 can propagate and they are desig-
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nated CPW (coplanar waveguide) and CPM (coplanar

microstrip). Only the third mode in Fig. 3, designated MS

(microstrip), propagates beyond the gap to x = + m.
Transverse symmetry is assumed and so no antisymmetric

mode is excited. Fig. 3(b) shows schematically the three-

port formed by Fig. 2. Ideally, a CPW mode incident on

an open or on a short is totally reflected into the same

CPW mode propagating in the reverse direction. Here,

part of the incident CPW wave is reflected back as a CPW

wave, part is reflected back as a CPM wave traveling on

the same line, and part is transmitted beyond the disconti-

nuity as an MS mode.

This conversion is important since the CPM or MS

modes will not couple to active devices on the ~PW

surface. It may result in resonances and power suck-outs

which could render a circuit inoperable. It should be

emphasized that this conversion occurs even if the CPW

and CPM modes do not couple on the corresponding

infinite line.

In this paper, the simple discontinuity in Fig. 2 is used

to determine the degree of coupling which could occur and

the effect of the configuration on this coupling. It is not an

exhaustive treatment of every type of configuration or

discontinuity. Some preliminary work was reported in [7],

but the configuration presented here is more generic. Re-

lated earlier work for radiation on CPW with infinitely

wide side planes can be found in [8]. The moment method

analysis which is used is fully electromagnetic and is

described in the following section. The third section pre-

sents numerical results. This is followed by a short descrip-

tion of a simple experiment. Finally, the implications of

this work are discussed.

II. OUTLINE o~ THE ANALYSIS

The structure in Fig. 2 is analyzed using a finite element

technique which is rigorous in the moment method sense.

In other words, the formulation is exact up to the applica-

tion of the moment method technique. All parallel-plate

modes, surface waves, and radiated energies that are pres-

ent for a particular configuration are included in the

integral equation which follows. The procedure is similar

to those described in [9], [10], [11], and, especially, [12]. It

makes use of a Green’s function that relates the surface

current on the z = O surface to the tangential electric field

on the same surface. This relationship is expressed in a

spectral form as

.~(kx, ky)e ‘kxxe’kyy dkXdky (1)

where E-( x, y) is the two-component surface field,

~(kX, &,) is the Fourier transform of the surface current,

and Q( kX, ky) is the Fourier transform of the Green’s

function. Included in this function is the influence of the

two substrates, the conductor backing, and a cover plate

above the z = O surface. This last plate is not shown in

Figs. 2 or 3, and is located far enough above the z = O

plane that it has minimal effect on the results presented

later. The integrand in (1) has, in general, a number of

poles which correspond to parallel-plate waves guided

between the cover plate and the conductor backing. These

are not the same as the modes in Fig. 3(a), which exist due

to the conductor on the z = O plane. The separation be-

tween the conductor backing and the cover is kept small

enough that only one parallel-plate mode can be excited

and the amount of energy lost to this wave is extremely

small. It can be considered as a negligibly small loss within

the three-port shown in Fig. 3(b). The function Q(kX, ky)

is complicated and, to save space, will not be listed here.

The reader is referred to [13]. By setting l?(x, y) in (1) to

zero on all the z = O conductors in Fig. 2, an integral

equation for 7(x, y) is formed. This equation is exact.

The moment method tec~nique is then applied by very

accurately approximating J with the following expansion:

+R ‘CPM + TM~JCPMJ ‘s+ .7Cpw+ (2)

where ~c’w–, ~cp~, J%’, and fepw + are precomputed

currents which are predominantly sinusoidal and which

have known forms (propagation constants, x and y depen-

dence, x and y vector components). They correspond to

the reflected CPW wave, the reflected CPM wave, the

transmitted MS wave, and the incident CPW wave, respec-

tively. The ~ are finite element rooftop currents, some of

which are x-directed and some y-directed. NM is the total

number of finite element currents. A,, R ~pw, R CPM, and

TMs are complex coefficients that are determined via the

moment method procedure. This procedure is invoked by

taking weighted averages of the electric field in (1) and

setting them to zero on the z = O conductor surface accord-

ing to

- ~~(x,y)~(x~)dxdy=o
—w

i=l,2,3,. . . ,NM+3 (3)

where ~ are the weighting functions. The first NM

weighting functions are the same as the finite element

expansion functions. The last three are described later. The
matrix equation which results from combining (l), (2), and

(3) has the form

r.1

A,

[1

_ 1“1

2. :
R

=-[~+] (4)
CPW

R CPM

T MS

where the ~ matrix results from testing the first four types

of expansion functions in (2), and the vector ~+ results
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Fig. 4. .The grid used in the finite element analysis of the discon-
tinuities.

from te~ing the incident current J7PW+. A typical mem-

berof Z has the form

~ Jx

1 1

CPW

Y

(a)

-J13mliImlL
(b)

z, ~~ = *J%%[WJY)]* ‘-’11 I ‘Jim“Q,x(~x,~y)J:s(~x,~y). (5)
(c)

Impedances such as this are carefully evaluated in order to

take into account the poles of Q arising from the (cover

plate, conductor backirtg) parallel-plate modes mentioned
previously.

Rooftop functions are used for expansion and weighting

in the discontinuity area. These functions are arranged in a

grid similar to Fig. 4. When the shorted end is modeled by

reducing g to zero, additional rooftop functions are added

in order to ensure current continuity across the x = O line.

Both x- and y-directed functions are used. All x-directed

rooftop functions are of the same size. The same is true for

all y-directed rooftop functions. This vastly speeds the

analysis. Further detail can be found in [12].

The incident, reflected, and transmitted waves are all

precomputed and have the form

~cpw’=[g:pwbwk~w(w]
[COS(flcpwX)f jsin(flcpwx)] (6a)

fcPM= [gSPM(y)~-jgcpM( Y)j]
Y

~[cos(pcpMx)+ jsin(flcpM.x)] (6b)

. [cos(~Msx)- jsin(~Msx)] (6c)

where the propagation constants j3 CPw, ~ CPM, ~‘s and

the functions g~pw, g~pw, g~pM, g~”, g~s, and g? are

computed from a full-wave analysis of the infinite line.

Pulse functions are used in modeling gX (see Fig. 5), and

triangular functions are used in modeling gy (not shown).

The sizes of these pulse and triangular functions are com-

mensurate with the rooftop functions used in the junction
area. In the discontinuity calculation, the sinusoidal x

dependence of (6) is truncated in a manner similar to the

truncation described in [12]. The gX( y) functions are also

combined with a triangular x dependence and used as the

last three weighting functions mentioned previously (see

also [12]).

Fig. 5. Pulse function approximation of the current densities associated
with each mode.

Once the coefficients R CPw, RCPM, and TMs are deter-

mined by solving (4), they are used to determine the power

flowing in each mode by integrating the Poynting vector

over the cross section of the various lines. This is simple in

principle, but involves some tedious algebra. ‘As an inter-

mediate step, the impedances of each line are calculated

according to the power–current definition of impedance

where the currents in these definitions are, for the CPW

and CPM modes, the total current on the center strip

(IYI < S1/2) and, for the MS mode, the overall strip cur-
rent (Iyl < S1/2 + W+ Sz). Rcpv~ and RcP~ are then used

to calculate the center strip currents of the reflected waves.

TMs is used to calculate the total strip current of the

transmitted wave. These are then combined with the afore-

mentioned impedances to calculate the various reflected

and transmitted powers.

111. NUMERICAI. RESULTS

The results which follow have been checked via several

methods. Those shown in Figs. 6, 7, and 8 have been

computed using approximately 15 columns of elements

(see Fig. 4) distributed in the range 1x1< 3d,. For Figs. 6

and 7, 16 to 24 rows of elements were used. This totals to

roughly 250 to 350 x-directed elements and not quite that

many y-directed elements. Symmetry reduces the size of

the computation by a factor of 2, and a number of addi-

tional techniques have been used to speed the process. By

varying the number and the spacing of these elements, the

calculated values of R CPw, R CpM, and TMs are estimated
to be within 3 percent of full convergence. The results

shown in Fig. 8 are computed using half the number of

rows mentioned above, but the same number of columns.

In that case the convergence is estimated to be better than

6 percent. This is far more accuracy than is necessary for

this application.



IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 37, NO. 10, OCTOBER 1989

_______ --------—- -------
..- S2= s,

------------ ---------
S2=2S1

e~ = 10.2

dl = O.

S1 = 0.7 dz

W=0.35 dz

g= 0.8 dl

001 0.02 0.03 004

d2 / 10

(a)

------- --- —--------

S2=S1

s~ = 10.2
dl=O.

Sl=0.7d2 J1

W = 0.35 dz

.
S2=2F

g=o,

1 1 1

002 0.03 0 04

Fig. 6. Percentage of incident CPW power converted to the transmitted

MS mode ( —) and the reflected CPIVI mode (––––– ) versus
normalized frequency for (a) a gap end and (b) a shorted end.

Each point calculated in Fig. 8 used about 20 minutes

on a MICROVAX computer. There are a number of

numerical techniques which could be applied to the analy-

sis in order to greatly reduce this time. For this particular
application, the added complexity was not worth the time

savings.

A few other details should be mentioned. The structures

which are considered have CPW impedances of roughly 50

Q, and thus the slots are not so narrow that the slot edges

are very tightly coupled. The set of expansion functions

described above does include coupling between the slots

and is capable of accurate results even with reasonably

tight coupling. If, however, a structure with very tight

coupling (as in a Lange coupler) were to be analyzed with

a high degree of accuracy, a set of expansion functions that

do a better job of modeling the edge currents might be

-----------
-.+

g= 1.02mm -.

/
/

E2= 10.2

d~ = O. mm)
d2 = 1.27 mm

SJ= 1.5 SI

w=s, /2.

f = 4.72 GHz

i
I g=o.

o~
o 5 10

(Sl+2W+2S2)/d2

Fig. 7. Percentage of incident CPW power converted to the transmitted

MS mode ( —) and the reflected CPM mode (-----) versus CPW

size.

necessary. The phase angles of R ~Pw were roughly correct,

being slightly capacitive when a fairly wide gap is present

and slightly inductive when a shorted end is calculated.

The sum of the reflected CPW, reflected CPM, and trans-

mitted MS powers was equal to the incident power within

a small fraction of the coupled power. A negligible fraction

of the incident power is transferred to the parallel-plate

wave which exists between the cover and the conductor

backing.

Fig. 6 shows the percentage of incident power that is

converted into a transmitted MS mode and also the per-

centage that is converted into a reflected CPM mode.

These are plotted versus normalized frequency for two side

plane sizes. For an approximate CPW open (g= 0.8 sub-

strate thicknesses), Fig. 6(a) shows that when S2 = 2SI,

roughly 12 percent of the incident CPW power is con-

verted to a transmitted microstrip mode and an equal

amount converts to a reflected CPM mode. Only about 75

percent of the incident CPW power is reflected back as a

CPW mode and this fraction is relatively constant with

respect to frequency. Fig. 6(b) shows that changing the

discontinuity from an approximate open circuit to a shorted

end (g + O) decreases converted power by a factor of

almost 50. In both cases, the power converted to the MS
mode is nearly the same as the power converted to the

CPM mode. This is not surprising in view of the similar

field configurations of the two modes (see Fig. 3) and their

very similar propagation constants.

Fig. 7 shows the effect of increasing the size of the CPW

with respect to substrate thickness for a fixed frequency.

Smaller structures convert less power and, once again, the

power converted at a shorted end is much less than at a

gap end.

Fig. 8(a) shows some interesting effects that result from

the addition of a low-permittivity layer between the sub-

strate and the conductor backing. Referring to Fig. 2, all
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Conversion (in dB) of the incident CPW mode to the transmit-
ted MS mode at a gap end versus the thickness of an additional

substrate with dielectric constants of (a) c1 = 1.0 ( —) and c1 = 5.0

(-----) and (b) (I= 12.8

parameters are held constant except the thickness of di-

electric 1. Fig. 8(a) plots transmitted power versus slab 1

thickness for two different slab 1 dielectrics. For each

dielectric, the fraction of incident power converted to the

MS mode (in dB) gradually decreases as the thickness

increases until a specific t~ckness is reached. As substrate

1 approaches this thickness, a sharp drop in converted

power is observed. For thicknesses just larger than this

value, the converted power is very large and then de-

creases. The power reflected into the CPM mode behaves

almost exactly the same way except for thicknesses very

near this singular thickness and there the response of the

two modes is still qualitatively the same. This special

thickness corresponds to the value of dl which results in

the effective dielectric constants of the CPW, CPM, and

MS modes being equal. The effective dielectric constant of

the CPW mode is relatively insensitive to dl and can be

estimated by

ce,cpw - (c2i-1)/2. (7)

The effective dielectric constants of the CPM and MS

modes are roughly equal to each other and are both

sensitive to dl. They can roughly be determined by

/( )dl dz
ce, CPM= 6e, MS -(dl+d,) –+; . (8)

cl

The singular value of d, can be estimated by equating (7)

and (8) such that

— dz(~z–l)cl

“- (62+1-26,)62”
(9)

Near this value, the CPW and CPM modes on the input

line are nearly degenerate, as discussed in [4] and in the

introduction. For values of dl in the shaded region of Fig.

8(a), this near degeneracy causecl the determination of the

precomputed currents in (6) to become unreliable. Chang-

ing the gap end to a shorted end (g = O) results in a

conversion curve having roughly the same shape but re-

duced by about 15 dB.

For comparison, Fig. 8(b) shows how the conversion

varies with substrate thickness it’ substrate 1 has the same

dielectric constant as substrate 2. In this case, the effective

dielectric constant of the CPM and MS modes always

remains greater than that of the CPW mode. Thus, no

degeneracy will occur and the peaking seen in Fig. 8(a) will

not occur.

In the case where c1= 5.0 or 1:2.8, care has been taken to

ensure that the cover plate (as in Fig. l(c)) is not so far

above the conductor backing that a TEZ mode is allowed

to propagate between them. Only the lowest TM. mode is

allowed to propagate in the examples discussed herein and

the energy lost to it is relatively insignificant. Also, none of

the structures have been made wide enough to allow a

higher order CPM or MS mode.

IV. EXPERIMENT

In addition to the numerical results presented in Figs. 6,

7, and 8, a couple of simple measurements were made

which partially verify the analysis. The discontinuity shown

in Fig. 2 was constructed on a 1.27-mm-thick Duroid

substrate ( dl = O) with a relative permittivity of 10-2- The

dimensions of the structure were S1 = S2 = 0.90 mm and

W= 0.64 mm. The incident mocle is launched via an SMA

connector on the CPW line with no conductor backing;

conductor backing was then gradually tapered in up to the

discontinuity. Beyond the discontinuity, the microstrip line

on the top surface was tapered down to an impedance of

50 Q and fed to another SMA connector. The entire

assembly was about 16 cm long. The transmission response

of the network was measured versus frequency from 2 to

15 GHz using an HP 8510 network analyzer. The 8510

gating option allowed removal of the extraneous transmiss-

ion pulses which occur due to secondary reflections. The
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resulting frequency response after gating showed the trans-

mission response of the connectors, tapers, and discontinu-

ity. For a shorted-end discontinuity, the transmission mea-

surement was unreliable since it was very small and diffi-

cult to distinguish from energy launched at the taper which
precedes it. All that can be said is that the conversion was

less than – 20 dB. When a gap of about 0.9 mm was cut,

the transmission increased to about – 8.7 dB ~ 0.6 across

the frequency range of interest (3.4–9.5 GHz). The results

in Fig. 6 for a similar configuration show a transmission of

about – 7.5 dB. This is reasonably close to the measured

transmission if one includes connector loss and taper mis-

match.

V. DISCUSSION

Only two discontinuities have been studied in this work.

However, these indicate several important points. Obvi-

ously, a planar line which is overmoded has the same

problems that an overmoded rectangular waveguide has—

mode conversion at discontinuities. Just because a uniform

transmission line is designed not to leak energy (infinite

lateral extent) or not to couple to extra modes (finite

lateral extent) does not preclude the possibility that cou-

pling will occur when a nonuniformity is introduced. As

evidenced by Fig. 6, the coupling can be very severe (the

gap end), or not very severe at all (the shorted end),

depending on the discontinuity. This coupling can cause

resonances and suck-outs for high frequency circuits or

ringing in the case of a digital circuit. The ease with which

one can in practice minimize these effects (by adding Iossy

layers, for example) depends upon the degree of coupling.

Fig. 8 shows that a dielectric layer between the conduc-

tor backing and the substrate can have a very pronounced

effect. A few microns of air gap beneath a high-permittiv-

ity substrate can result in widely varying coupling. A gap

of a few hundred microns reduces the conversion signifi-

cantly. An air gap may not be possible if heat sinking for

active devices is a concern. In that case, a layer of low-per-

mittivity dielectric with good thermal conductivity (di-

amond, for example) may be useful. Fig. 8(a) shows that a

50–60 pm thick layer with a dielectric constant of 5 may

reduce the conversion. A much thicker layer, several hun-

dred microns thick, would also work. However, there is a

possibility that a very thick layer would turn on a TEZ

mode guided between the cover plate and the conductor

backing. Fig. 8(b) shows that just thickening the high-
dielectric substrate will also reduce the conversion, al-

though it may need to be fairly thick for a substantial

reduction. A silicon (c =12) substrate under a GaAs sub-

strate would have the same effect. Fig. 7 actually shows

this effect in a different way. It shows that the coupling

can be reduced if the size of the structure, relative to the

dielectric thickness, is reduced.

In summary, if no air gap is possible due to heat

dissipation requirements, a thick substrate and a small

guide cross section (S’l + 2W’) should reduce conversion.

Discontinuities similar to the gap end are particularly good

converters and should be avoided. Note also, this assumes

that via holes between the side conductors of the CPW and

the conductor backing are not desirable. Vias would, of

course, short-circuit the CPM and MS modes.

Some of the results presented here can be approximately

applied to the shorted sidewall configuration shown in Fig.

l(b). Since the sides of Fig. l(c) can be considered as

roughly open circuits, replacing them by quarter-wave-

length side plane extensions that are terminated in a short

circuit should not change the circuit behavior. Thus, in

Figs. 6, 7, and 8(b), the overall width of the equivalent

shorted sidewall guide would be

w total =s1+2w1+2s2 +Ao/&/’2 (lo)

and the amount of energy converted from an incident

CPW mode to a waveguide mode could be estimated. This

type of estimation is most accurate when S2/(d2 + dl) is

much greater than 1.

Finally, note that discontinuities that are not planar may

also launch microstrip-like modes. Specifically coaxial con-

nectors, which launch a CPW mode, may also launch these

parasitic CPM waves.

VI. CONCLUSIONS

Mode conversion at two types of discontinuity has been

investigated numerically for a version of conductor-backed

coplanar waveguide. Substantial conversion can occur de-

pending on the type of discontinuity. The effects of the

underlying substrate configuration on this phenomenon

were studied.
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