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Abstract- In this paper, a compact right-angled CPW using the central short-circuited slotline is proposed. The short-circuited slotline
is fabricated on the central strip of the CPW so that it will not consume any additional area. As compared with the right-angled CPW
using the short-circuited slotline [14], the reflection coefficient is maintained at a low value around -10 dB while the transmission
coefficient is increased from -4.49 dB to -3.28 dB. Besides, the power loss is substantially reduced from 0.55 to 0.37.
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1. Introduction

In 1969, the coplanar waveguide (CPW), which consists of the central strip and two ground planes running parallel to
the central strip, is presented by C.-P. Wen [1]-[2]. Since the central strip and ground planes of the CPW are on top of the
same surface, it is convenient for the CPW to shunt circuits on the PCB [3]. Besides, the CPW has various advantages such
as low dispersion, small crosstalk, and less radiation loss, which make it being commonly used in the microwave circuit
designs.

The CPW has two modes, namely the CPW-mode and coupled slotline-mode (CSL-mode) while the CPW-mode is used
to conduct the signal and the CSL-mode is undesirable. When the CPW makes a right-angled bend, the CSL-mode will be
induced [4]. The induced CSL-mode will in turn increase the radiation loss and therefore decrease the efficiency of the
microwave circuits [5]. To eliminate the CSL-mode, bondwires are placed near the CPW right-angled bend in order to
equalize the potentials of the inner and outer routes [6]-[7]. However, the inclusion of the bondwires will increase the cost
and bondwires themselves would bring forth parasite capacitance, limiting the operating bandwidth of the microwave circuits
[8]. To enhance the performance of the bondwires, the CPW right-angled bend is chamfered, step-compensated, or dielectric-
overlaid [9]-[11]. Although the performance of the bondwires may be improved through these methods, the fabrication
complexities such as repeated photolithography or micromachining are increased [12]. In order to reduce the fabrication
complexities, a balanced coplanar waveguide using the U-shaped slot, which does not need bondwires, is proposed [13].
However, the circuit size of the U-shaped slot is large and the radiation loss of the U-shaped slot is severe. In order to reduce
the circuit size and the radiation loss, the right-angled coplanar waveguide using the short-circuited slotline is proposed [14].
In this paper, in order to further reduce the circuit size and the radiation loss, the right-angled coplanar waveguide using the
central short-circuited slotline is proposed.

2. Reflection and Transmission Coefficients

The schematic view of the right-angled coplanar waveguide (CPW) using the central short-circuited slotline is shown in
Fig. 1 where the short-circuited slotline is implemented on the central strip of the CPW. The central short-circuited slotline
is used to increase the electrical length of the inner slot of the CPW so that the electrical lengths of the inner and outer slots
will be equal. As compared with the right-angled CPW using the short-circuited slotline (Fig. 24, [14]), there is no additional
area copied by the short-circuited slotline since the short-circuited slotline is implemented on the central strip of the CPW.
In order to acquire the frequency responses of the reflection and transmission coefficients, the right-angled CPW using the
central short-circuited slotline shown in Fig. 1 is simulated by using the commercial software Advanced Design System
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(ADS). The simulated reflection and transmission coefficients are shown in Fig. 2. In order to verify the simulation results,
the right-angled CPW using the central short-circuited slotline shown in Fig. 1 is fabricated as shown in Fig. 3. The substrate
used in the fabrication is FR4, which has a relative dielectric constant & = 4.3, height h =1.5mm, loss tangent = 0.02, and
thickness T = 0.035mm. The fabricated circuit shown in Fig. 3 is then measured through using the VNA Agilent E5071C
after the VNA is calibrated with the Agilent N4431B 4-port RF Electronic Calibration (ECal) Module. The measured
frequency responses of the reflection and transmission coefficients are also shown in the Fig. 2. As can be seen from Fig. 2,
the simulation and measurement results agree well from DC to 12 GHz except for some small discrepancies, which may be
caused by the parasitic effects of the connectors shown in Fig. 3. Besides, the simulated and measured reflection coefficients
are smaller than -9.67 dB and -6.74 dB, respectively, while the simulated and measured transmission coefficients are larger
than -3.28 dB and -7.14 dB, respectively. As compared with the reflection coefficient of the right-angled CPW using the
short-circuited slotline (Fig. 29, [14]), the reflection coefficient remains at a low value around -10 dB. As compared with the
transmission coefficient of the right-angled CPW using the short-circuited slotline (Fig. 30, [14]), the transmission coefficient
is increased from -4.49 dB to -3.28 dB.

S

— >

Wy Wy

-~
TULAAAAAAAAR
Pl
N
@

WS TAAANANAAAAN

T=0.035 mmt

< h=15mm

(@) (b)
Fig. 1 Schematic view of the right-angled coplanar waveguide using the central short-circuited slotline. (a) Top view. (b)
Cross-sectional view.
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Fig. 2 Comparison between the simulated and measured frequency responses for the right-angled CPW using the central
short-circuited slotline. (a) Reflection coefficient. (b) Transmission coefficient.
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Fig. 3 The fabricated circuit for the right-angled CPW using theéﬁtral short-circuited slotline.

3. Power Loss

In order to investigate the power loss (1-|S11/>-S21]?) of the right-angled CPW using the central short-circuited slotline,
Fig. 1 is simulated by using the commercial software Advanced Design System (ADS) and the power loss is plotted in Fig.
4. As seen from Fig. 4, the peak value of the power loss is less than 0.37 from DC to 12 GHz. As compared with the power
loss for the right-angled CPW using the short-circuited slotline (Fig. 32, [14]), the power loss is greatly decreased from 0.55
to 0.37.
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Fig. 4 Power loss for the right-angled CPW using the central short-circuited slotline.

4. Electric Field Distribution

In order to investigate the electric field distribution of the right-angled CPW using the central short-circuited slotline,
Fig. 1 is simulated by using the commercial software Advanced Design System (ADS) and the electric field distribution at 6
GHz is plotted in Fig. 5. As can be seen from Fig. 5, the electric field distribution on the inner and outer slots are in phase
since the inner and outer slots are designed to have equal electrical lengths. As a result, the CPW-mode to CSL-mode
conversion will be inhibited, which in turn increases the transmission coefficient of the CPW-mode. Besides, the power loss
caused by the CSL-mode will also be reduced, which in turn results in a low power loss value.
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Fig. 5 The electric field distribution at 6 GHz for the right-angled CPW using the central short-circuited slotline.

5. Conclusion

In this paper, a right-angled CPW using the central short-circuited slotline is proposed. Since the short-circuited
slotline is implemented on the central strip of the CPW, no additional area will be consumed. As compared with the
right-angled CPW using the short-circuited slotline [14], the value of the reflection coefficient is maintained at a low
value around -10 dB while the value of the transmission coefficient is increased from -4.49 dB to -3.28 dB. Besides, the
value of the power loss is substantially reduced from 0.55 to 0.37. The electric field distribution demonstrates that the
inner and outer slots are in phase since the electrical lengths of the inner and outer slots are made equal through the
central short-circuited slotline.
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