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ABSTRACT

A new variant of CPN which has been termed chan-
nelized CPW, CCP14,is presented. Measured and com-
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Coplanar waveguide, CPW, on a dielectric sub-
strate consists of a center strip conductor with
semi-infinite ground planes on either side (l). A
variant of CPWis grounded coplanar waveguide,
GCPW,which has an additional ground plane on the
opposite side of the substrate to facilitate heat
removal and packaging (2). These transmission
lines have several advantages which make them
ideally suited for microwave integrated circuits.
The disadvantage of CPWand GCPWis that the struc-
ture can support spurious modes besides the CP14
mode since the transverse dimensions may be sev-
eral wavelengths.

This paper presents a new variant of CPW.
The new structure has side walls which, together
with the ground plane, constitutes a channel and
hence is appropriately termed as channel ized copla-
nar waveguide, CCPW. A shielding structure may be
used to further confine the electromagnetic fields.
This structure is shown in Fig. 1. The enclosure
of the CPWtransmission line eliminates radiation
loss and spurious surface modes created at discon-
tinuities. Also, because the basic transmission
line structure is CPN, CCPWmaintains the inherent
advantages over microstrip for easy shunt as well
as series mounting of active and passive components

To maintain a single CPWmode of propagation,
CCPWmust be designed to suppress the dielectric
filled rectangular waveguide mode, the microstriP
mode, and the rectangular coax mode. The channel
width, 2B, is chosen such that the rectangular
waveguide mode is cutoff. The microstrip and rec-
tangular coax modes are suppressed by the proper
selection of the slot width, W, the center strip
width, S, and the substrate thickness, D. The
ratios 14/D and S/D must be sufficiently small

to suppress the microstrip mode. The ratio W/B
must be small to suppress the rectangular coax
mode.

This paper presents lumped element circuit
models for several CCPNdiscontinue ties, together
with their element values as a function of fre-
quency. The discontinuities characterized are an
open circuit and a right angle bend. The measured
frequency dependence of the effective dielectric
constant, e(eff), and the unloaded quality factor,
Q, are also presented for CCPWlines fabricated on
c(r) = 2.210.02 RT/Duroid 5880, e(r) = 6.0~0.15 RT/
Duroid 6006, and c(r) = 10.2*O.25 3M Epsi lam-10
substrates. This is followed by the design and
characterization of a CCPWT-junction and l-to-3
in-phase, matched power divider. Lastly, the per-
formance of a novel Coax-to-CCPW in-phase, N-way
radial power divider circuit is presented.

METHODOF MEASUREMENTS

A resonator technique similar to that des-
cribed by Richings (3) and Stephenson and Easter
(4) was used. The x/4 end coupled stubs could
not be etched off as in the case of microstrip
since this would alter the CCPWopen end parame-
ters. Hence, a four resonator set had to be fabri-
cated for each frequency to determine the end
effects. This will contribute some errors to the
results because the resonator lengths and gaps will
not be identical for the two }/2 and X resona-
tors. The circuit dimensions were measured to
*0.0002 in. The gaps were varied to maintain a
coupling coefficient, B, less than 1. For most of
the resonator sets b s 0.3. This is a sllfficient
condition to minimize the loading of the resonator
for transmission lines with Q’s z 100 as are
reported in this paper. The Q was determined
through a technique given in Ref. 5.

EFFECTIVE DIELECTRIC CONSTANT

The c(eff) was measured over the fr(?qUenCY
range of 3 to 18 GHz for several unshield~?d CCPW
lines and the results are shown in Fig. 2. The
CCPWlines have been modeled using Cohn’s tech-
nique (6) and the c(eff) is plotted for each CCPW
line. e(eff) of grounded CPWcalculated From the
closed form expression of Ghoine and Naldi (7) is
also plotted for comparison.
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Effect of Substrate Thickness

&(eff) was measured for unshielded CCPWlines
fabricated on substrates with D in the range
of 0.062 to 0.250 in. The CCPNparameters S, Id,
2B, and c(r) were held fixed at 0.045, 0.010,
0.200, and 2.2 in. respectively. No variation in
e(eff) was observed for the thicker substrates,
N/D$ 1/12.5. e(eff) of the thinner substrate,
W/D z 1/6, was 0.7 percent higher than the other
measured cases; this may be due to the microstrip
mode.

Effect of Cover Height

E(eff) was measured for shielded CCPWlines
with cover heights of H = D, 2D, and 4D. Resona-
tors were tested with e(r), D, S, and W equal to
2.2, 0.125, 0.045, and 0.010 in. respectively.
Resonators were also fabricated on D = 0.050 in.,
e(r) = 6 and 10.2 substrates. In all the cases,
the change” in c(eff) from the unshielded case was
negligible.

LOSS MEASUREMENTS

Figure 3 shows the measured Q for resonators
of length k as a function of S for a fixed fre-
quency and e(r). The Q of the unshielded reso-
nators decreases with increasing S indicating an
increase in radiation loss. The shielding enclo-
sure eliminates the radiation loss as evidenced by
the higher Q.

Figure 4 shows the measured Q over the fre-
quency range of 3 to 18 GHz for x resonators both
with and without shielding. The reduction in Q
with increasing frequency for the unshielded case
is due to the increase in radiation loss. With
shielding, the Q is observed to increase with
frequency due to the reduction of radiation loss.
A change in the cove~ height from H = 2D to H = D
showed no measurable’ difference in Q. The effect
of varying D in the range of 0.062 to 0.250 in.
on Q was measured. No measurable variation in
Q over the frequency range of 8 to 18 GHz was
observed.

OPEN END LINE EXTENSION

When a CPWline is terminated in an open cir-
cuit, there is an excess fringing of the electro-
magnetic fields which gives rise to a capacitance,
Cf (8). This capacitance is equivalent to a short
length of a transmission line, Lo, terminated in a
perfect open circuit. The open end line extension
for the unshielded CCPWde-embedded from the reso-
nator data is shown as a function of frequency in

Fig. 5. There was no variation in Lo for resona-
tors with a cover height of H ~ 2D.

RIGHT ANGLE BEND

A CCPWright angle bend and its equivalent
circuit are shown in Fig. 6. The capacitance, C,
is created by the accumulation of excess charge at
the corners in the two slots and the resulting
excess electric fields to the ground plane. The
current flow interruption creates the excess

inductance which can be equated to a length of
transmission line, L. Radiation from the corner
is represented by the shunt resistance. The equiv-
alent circuit parameters were found through resona-
tor techniques and are shown in Table I.

CHANNELIZEDCPWMATCHEDT-JUNCTION

A CCPWmatched T-junction was fabricated. At
the T-junction, the characteristic impedance, Zl,
of the two side arms are in parallel and the net
impedence the input arm sees is Z1/2. Therefore,
for impedance matching, the characteristic impe-
dance, ZO, of the feed line was set equal to Z1/2.
The insertion loss of the junction, including test
fixture loss, is 0.5 dB and the return loss is
greater than 10 dB from 3 to 6 GHz.

CHANNELIZEDCPWMATCHEDl-TO-3 IN-PHASE
POWERDIVIDER

A CCPWmatched l-to-3 in-phase power divider
was fabricated. An important requirement for a
power divider is that the signal emerging from the
output ports is in phase. In order to achieve
this, the path length between the side arms and
the thru arm must be equalized. This is achieved
by tapering the center conductors of the three out-
put lines and the input line so they meet at a
point. The taper also facilitates impedance match-
ing of the input port to the output ports. For the
octave bandwidth of 3 to 6 GHz, a maximum amplitude
imbalance of 1 dB was measured. The isolation
between output ports was 9 dB and the input return
loss was greater than 10 dB.

COAX-TO-CHANNELIZEDCPWIN-PHASE N-WAY
RADIAL POWERDIVIDER

A coax-to-CCPW in-phase, four-way radial power
divider is shown in Fig. 7. The junction is formed
by the intersection of four CCPWlines. Power is
coupled to this junction from a coaxial cable whose

outer conductor is slotted along the ~ direction
to form four coupled transmission lines. The cen-
ter pin of the coaxial line meets the intersecting
CCPWcenter conductors while the four coupled outer
conductors meet the CCPWground planes. Therefore,
the electric current at the open end of the coax is
divided into the four CCPWlines as illustrated in
Fig. 8. This arrangement has the advantage of
holding ground planes at the same potential and
exciting the four CPWlines in equal amplitude and
phase. The amplitude and the phase balance for
this circuit over a 2 to 18 GHz band are within
0.5 dB and 1“ respectively; the isolation is 10 dB
between the output ports.

CONCLUSIONS

This paper presents a new variant of CPWwhich
has been termed CCPW. Measured propagation char-
acteristics for CCPWare presented and compared
with computed values. Equivalent circuit compo-
nent values are presented for an open circuit and
a right angle bend. CCPWpower divider junctions
and a novel coax-to-CCPW in-phase, radial power
divider are also described.
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TA8LE I. - CPW RIGHT ANGLE BEND DISCONTINUITY
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FIGURE1. - SCHEMATICILLUSTRATINGACHANNELIZED
COPLANARWAVEGIJIDE(CCPW).
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FIGURE 2. 14EASURED EFFECTIVE DIELECTR [C CONSTAN1 FOR

THE UNSHIELDEDCHANNEL]ZED CPM AS A FUNCTION OF THE

FREQUENCY.
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FIGURE 3, - MEASUREDUNLOAOEDQUALITY FACTORQ FOR

CHANNELIZEDCPM AS A FUNCTION OF THE CENTERCON-
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ENCLOSURE.
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FIGURE 4. - MEASUREDUNLOADEDQUALITY FACTORQ FOR

CHANNELIZED CPWAS A FUNCTION OF THE FREQUENCY.
WITH AND WITHOUTSHIELDING.
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FIGURE G, - SCHEMATIC. (A) A CHANNEL I ZED CPW RIGHT-ANGLED BEND,

(B) LUPIPED EQUIVALENT CIRCUIT FOR THE BEND.
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