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Abstract—New designs of coplanar waveguide (CPW)-mi-
crostrip, CPW-stripline, conductor backed CPW (CBCPW)-mi-
crostrip, and CBCPW-stripline transitions are presented.
Simulation using the high frequency structures simulator (HFSS)
shows that the return loss of the CPW-microstrip transition is less
than 25 dB up to 11 GHz. Similarly is the CPW-stripline transi-
tion. In the case of two back to back CBCPW-stripline transitions,
the return loss is less than 22 dB up to 9 GHz. Experimentally,
the 11 of two back to back CBCPW-microstrip transitions on
Alumina substrate is less than 15 dB up to 25 GHz.

Index Terms—Coplanar waveguide, microstrip, stripline, tran-
sition.

I. INTRODUCTION

T RANSITIONS between different configurations of planar
transmission lines have been subject to rigorous study

since 1979 [1]–[6]. Recently, a transition between coplanar
waveguide (CPW) and microstrip transmission lines in which
the electric and magnetic fields change gradually from the
CPW mode to the microstrip mode with constant characteristic
impedance was proposed [6].

In this letter, the transition described in [6] is generalized
to connect a CPW or a conductor backed coplanar waveguide
(CBCPW) to a microstrip or a stripline.

II. COPLANAR WAVEGUIDE TO MICROSTRIPTRANSITION

CBCPW has four conductors over a substrate. Three conduc-
tors are on one surface forming the center line and two ground
lines, and the fourth is a ground line at the bottom. 2is the
width of the center line, is the separation between the center
line and the ground lines on the surface,is the ground line
width on the surface, is the substrate height, and is the
relative dielectric constant of the substrate. The characteristic
impedance of the CBCPW is the parallel combination of two
characteristic impedances: The CPW mode ( ) and the mi-
crostrip mode ( ) [7].

The splitting of the characteristic impedance into the CPW
and the microstrip is the basic idea of the proposed structure.
The new transition consists of a CBCPW that connects the
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Fig. 1. Proposed transition; it consists ofn sections of CBCPW. In the figure
n = 3, one port is a CPW and the second port is a microstrip line.

CPW to the microstrip. The width of the center conductor
of the CBCPW changes linearly or according to any specific
function between the width of the center conductor of the CPW
and the width of the microstrip. For practical implementation,
the transition is divided into sections of CBCPW, as shown
in Fig. 1. All sections are designed to have 50impedance.
At the CPW side, the design parameters (2) are very small
with respect to the substrate height (). Along the transition
to the microstrip line, the width of the central line increases
gradually. To keep the characteristic impedance equals to 50

, the separation () of each section is recalculated using the
expressions in [8]. In the last section of the transition, the
microstrip impedance of the CBCPW dominates.

The transition was studied using the high frequency structures
simulator (HFSS), which is commercial software based on fi-
nite element method [9]. The substrate is InP that has
and m. Port 1 is a CPW that has m,

m, and 5 mm length. This is followed by a transi-
tion formed by 5 sections of equal length. The inner width in-
creases with a step equals 30m and the total length of the
transition equals 5 mm. Finally, port 2 is a microstrip having

m and 5 mm length. The of this transition is
less than 25 dB up to 11 GHz, as shown in Fig. 2. This is
10–20 dB better than [1]. Resonance occurs at GHz and

GHz because of the finite length of the device. Fig. 2
also shows the effect of number of sections on the retrun loss.
The length of the transition was kept equal to 5 mm and the
number of section, , was changed to 2, 10, and 20. When
equals 5 or higher is less than 25 dB up to 11 GHz, but as
n decreases to 2, increases such that it is 10 dB larger.
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Fig. 2. Effect of the number of sections ons ; total length of the transition
is 5 mm. Whenn = 5, s is less than�25 dB up to 11 GHz.

III. COPLANAR WAVEGUIDE TO STRIPLINE TRANSITION

Stripline consists of a metal strip surrounded uniformly by
a dielectric that is enclosed in a metallic shield. Connecting
CBCPW or CPW directly to a stripline will lead to an abrupt
transition of the electric and magnetic fields. To reduce the re-
flection the same techniques as in the CBCPW-microstrip tran-
sition can be used. At the second end, it is better to reduce the
fields on the surface. In microstrip, the fields are confined in the
substrate, therefore, adding a small section of microstrip will
lead to a smoother transition at the stripline interface. This is
correct as long as the field in the stripline is confined in the
substrate. Consequently, the proposed transition is as shown in
Fig. 3. It consists of sections of CBCPW, then a microstrip,
so that the CBCPW is connected to either a CPW or a CBCPW,
and the microstrip is connected to the stripline.

Using the HFSS, the return loss of the CPW-stripline transi-
tion was calculated. All parameters are identical to the CPW-mi-
crostrip transition. The microstrip section in the transition has
1 mm length and 260m width. The output port is a stripline
that has 168 m width and 4 mm length. The stripline has a
substrate height equals to the microtrip’s and it is enclosed in
a metallic shield that has 2 mm height and 3 mm width. Fig. 4
shows that using the characteristics of CBCPW, the return loss
of CPW-stripline transition can be less than25 dB up to 11
GHz as in the CPW-microstrip transition shown on the same
figure.

Two back-to-back CBCPW-stripline transitions with dif-
ferent dimensions were also studied using HFSS. In this case,
the following parameters were used: , m
which is equal to the substrate height in the microstrip. Port
1 has 2 sections of CBCPW followed by a microstrip. The
first CBCPW has m, m and 5 mm
length, the second has m, m and 5 mm
length. The microstrip has 490m width and 5 mm length. The
stripline has 334 m width and 10 mm length. The width of the
metallic shield is 6096 m and the height is 2800m. Identical
microstrip and CBCPWs are connected at port 2. The resulting

of the fundamental mode, shown in Fig. 5, is less than
22 dB up to 9 GHz with much less value at low frequency. At

higher frequency, higher order modes will be generated.

Fig. 3. Proposed CPW-stripline transition. It consists ofn sections of CBCPW
and a microstrip, in the figuren = 3; one port is a CPW and the second port is
a stripline.

Fig. 4. Return loss of CPW-stripline (CPW-strip) compared to the CPW-
microstrip (CPW-MS) transition. The CPW-stripline consists of five sections
of CBCPW identical to the CPW-microstrip transition. 1 mm microstrip is
inserted before the stripline. Port 1 is a CPW and port 2 is a stripline.

Fig. 5. s of two back to back CBCPW-stripline transitions. Each port has
two CBCPWs and a microstrip. The last is connected to the stripline.s is less
than�22 dB up to 9 GHz.
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Fig. 6. Measureds for two back to back CBCPW-microstrip transitions
on InP substrate. It consists of five sections of CBCPW, microstrip then five
sections of CBCPW.

IV. EXPERIMENTAL RESULTS

To verify the idea, two back to back transitions formed by
5 mm five sections CBCPW transition each of length 1 mm, 5
mm microstrip and 5 mm five sections CBCPW transition each
of length 1 mm was fabricated on InP using conventional pho-
tolithography. and are as given in the simulation of the
CPW-microstrip transition and mm along the
transition. The parameters were measured using on wafer tech-
niques and Agilent 8510 C. Measured , shown in Fig. 6, is
less than 12 dB between 1 GHz and 14 GHz. These results
are better than those obtained in [1]. The simulatedof the
fundamental mode, also shown on Fig. 6, shows the same be-
havior with a magnitude that is less than15 dB to 15 GHz.
The discrepancy between measurements and simulation can be
explained by the fact that we had to simulate a very simplified
version of the experimental structure. In the simulation, the ex-
citations in terms of the RF probes were not included. Including
them requires huge memory and time that may not be feasible.
Also, in the simulation, the structure had to be shielded to have
a single quasi TEM mode at the input (the CPW mode). If it is
assumed open, more modes (microstrip and slot modes), which
do not exist in the measurements, will be available and com-
pletely different interaction will occur. The last reason explains
the resonance that occurs experimentally around 9 GHz, which
is expected for open structures.

For practical application, the transition was fabricated on
Alumina substrate that has 635m thickness. The fabricated
device consists of 5 mm CBCPW, 5 mm ten sections transition
each of length 0.5 mm, 5 mm microstrip, 5 mm ten sections
transition, and 5 mm CBCPW. The input and output CBCPW
have m, m, the width of the microstrip is
642 m and the width of each section in the transition increases
with a step equals 50m. is kept equal to 3 mm.
The measured return loss, shown in Fig. 7, is less than15 dB
up to 25 GHz. As in InP, resonance occurs at GHz
and its multiples. This increases the return loss to around

10 dB. Connecting the ground on the surface of the CBCPW
to its ground at the bottom using silver paint to form an ideal
CBCPW, resonance disappears and the return loss obtained is
less than 15 dB from freq. 45 MHz up to 25 GHz. The

Fig. 7. Measureds for two back to back CBCPW-microstrip transitions on
Alumina Substrate. It consists of an input CBCPW of length 5 mm, ten sections
of CBCPW, microstrip, ten sections of CBCPW, then an output CBCPW of
length 5 mm.

presence of the silver paint reduces the from 2 dB to
4 dB, as shown in Fig. 7.

V. CONCLUSION

Based on the propagation characteristics of the fundamental
mode of the CBCPW, novel designs of CPW-microstrip,
CBCPW-microstrip, CPW-stripline, and CBCPW-stripline
transitions have been proposed. In these designs, the electric
and magnetic fields are transformed smoothly from the CPW
mode to the microstrip mode while keeping the characteristic
impedance constant along the transition. Simulation using
HFSS shows that the return loss of CPW-microstrip transition
is less than 25 dB up to 11 GHz bandwidth. Similar results
were obtained for the CPW-stripline transition. The return loss
of the fundamental mode of two back to back CBCPW-strip
transitions is less than22 dB dB up to 9 GHz. Experimentally,
two back-to-back transitions of CBCPW-microstrip on InP
substrate have less than 12 dB to 14 GHz. In the case of
Alumina substrate, is less than 15 dB up to 25 GHz.
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