EXPERIMENTAL STUDY OF WIDEBAND UNIPLANAR
PHASE INVERTERS FOR MICs

Tongging WANG", Zifei OU™", and KewuU™™*

* Nortdl, Wireless Networks
PO Box 3511 Station C, Ottawa, ON, CANADA K1Y 4H7

** POLY _GRAMES Research Center
Dept. of Electrical and Computer Engineering
Ecole Polytechnique de Montreal, C.P. 6079, Succ. Centre-Ville
Montreal, CANADA H3C 3A7

+ On leave from the above institution and now with
Telecommunication Research Center, Dept. of Electrical Engineering
City University of Hong Kong, Tat Chee Avenue, Kowloon, Hong Kong

Abstract

In this work, a class of novel uniplanar phase
inverters are presented for hybrid and monolithic
microwave integrated circuits(MI1Cs). An exten-
sive experimental study for characterizing fre-
guency response of insertion loss and phase shift
has been made. Measured results show that a
CPW phase inverter with dotline transition has
more than 2.3:1 bandwidth centered at 3.9 GHz

with better than 1 dB insertion loss and 140°
phase shift. A compact CPW phase inverter
without slotline transition has aso been devel-
oped that demonstrates better electrical perfor-
mance than its counterpart with dlotline
transition. It shows more than 3.1:1 bandwidth
centered at 3.5 GHz with better than 0.5 dB

insertion loss and 140° phase shift. A new CPW
phase inverter with triple strip line transition is
proposed. It features more than 2.5:1 bandwidth
centered at 6.2 GHz with better than 1 dB inser-

tion loss and 140° phase shift.

I ntroduction

With the rapid advancement of system design for
wireless communications aimed at low cost,

compact, and low power consumption, the
demand for cost-effective miniaturized hybrid/
monolithic microwave integrated circuits
(MICs) has substantially been increased. In the
conventional MICs, microstrip line has been
used as the main building block. It is known that
the microstrip-based MICs suffer from some
potential drawbacks such as the difficult integra-
tion of three-terminal active devices and the
dependency of electrical characteristics on sub-
strate thickness. The uniplanar MIC technology
which only uses one side of substrate was pro-
posed to overcome such problems]1]. Uniplanar
guided-wave structures consist of coplanar
waveguide(CPW), dotline, and coplanar strip.
They have a distinct advantage of easy inter-
transition. Generally, the uniplanar technology
permits a high level of integration and is well-
suited for high frequency applications since it is
easy to minimize the parasitic effects for both
circuit element interconnection and active
device integration. In the uniplanar MICs, there
is no need for via holes to implement shunt pas-
sive or active components, which resultsin asig-
nificant simplification in manufacturing process.
The easy inter-transition of uniplanar guided-
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wave structures provides a great flexibility for
circuit design. Furthermore, the variation of the
slot and strip widths offers additional degree of
freedom in circuit synthesis once the substrate
thickness is chosen. Various high-performance
circuits on the base of the uniplanar technology
have been developed [2,3].

In MICs, a circuit element with a 180° phase
shift is usually required in order to achieve the
cancellation of two-path signals with equal
amplitude. As is well known, the phase inverter

which has 180° phase shift is an indispensable
element in some applications such as wideband
ring coupler, balanced mixer, frequency discrim-
inator, and feeding network of antenna arrays. To
fully take the advantages of the uniplanar config-
uration, an electrical performance study of vari-
ous phase inverter circuits is necessary. In this
work, three types of CPW phase inverter are
developed and experimentally investigated. The
configurations are shown in Fig. 1. The mea
sured results show that the phase inverters have
more than one octave bandwidth with good
insertion loss and phase shift. A compact CPW
phase inverter without dlotline transition demon-
strates more than 3.1:1 bandwidth centered at
3.5 GHz with better than 0.5 dB insertion loss

and 140° phase shift.

Circuit Description

It is well known that a 180° phase shift may be
obtained by means of reversing field orientation
with reference to ground. In MICs, reversing
field orientation to the ground is usualy
achieved by reversing signal and ground paths.
To reverse signal and ground paths, a typical
approach is using balun transformer. Fig.2 illus-
trates the circuit model of a baun-type phase
inverter. In uniplanar circuit, this type of phase
inverter can easily implemented on the basis of
CPW and dotline as shown in Fig.1A. It is obvi-
ous that in the balun-type phase inverter, all
transmission lines must have the same character-
istics impedance to maintain a good electrical

performance over a broad frequency range. Asit
is well documented, however, the dotline is a
non-TEM transmission line, and its modal dis-
persion is more pronounced than that of CPW. In
order to overcome the shortcoming of the phase
inverter with dotline transition, two new CPW
phase inverter are proposed in this work. The
configurations are given in Fig.1B and Fig.1C.
The phase inverter shown in Fig.1B consists of
two CPW sections terminated with short-circuit
radia stubs, which are directly connected at the
opposite side of one CPW dlot. Its advantage
consists in eliminating slotline transition section
and minimizing the radiation loss owing to sym-
metrical distribution of two radial stubs. Conse-
guently, the size of circuit can be reduced. Its
bandwidth is limited only by two radial stubs.
Fig.1C shows the phase inverter using a triple
strip line transition. The CPW section is con-
nected to the triple strip line. Since the CPW and
triple strip line have a symmetrical filed distribu-
tion, the phase inverter eliminates the radiation
loss which exists in the dotline configuration. It
is noted that the parasitic coupled slot-line mode
in the CPW circuit may be excited by asymmet-
rical discontinuities. Therefore, in practica
applications, an air-bridge is needed to suppress
such an unwanted mode.

Experimental Results

To demonstrate the usefulness of the proposed
phase inverter and also to revedl its electrical
properties, an extensive experimental study has
been made to determine the potential operating
frequency bandwidth. Experimental samples
were fabricated on a 1.27 mm-thick RT/Duroid
6010 (€,=10.2) substrate. For 50Q CPW feed

line, slot and central strip widths are 0.33 mm
and 0.8 mm, respectively. A Wiltron test fixture
(model 3680V) is used in our experimental
setup. The Thru-Reflect-Line (TRL) calibration
technique is implemented on an HP 8510C net-
work analyzer [4]. The reference plane in the test
setup is set up at the middle of the circuit so asto
eliminate the phase difference which is produced
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by the physical length of the circuit. Fig.3 shows
the measured frequency response of insertion
loss and phase shift for the phase inverter with
the dot line transition shown in Fig.1A. These
results indicate that the 1 dB insertion loss band-
width is located in the 2.3-5.8 GHz frequency

range while the 140° phase shift bandwidth isin

the 1-5.4 GHz frequency range. A 180° phase
shift appears at 2.86 GHz. It is obvious that the
bandwidth is limited by the intrinsic slotline cut-
off frequency and series resonant frequency of
the short-circuit radia stub. The insertion loss
comes from the CPW and slot impedance mis-
match and air-bridge discontinuity reflection as
well as slotline mode radiation.

Fig.4 shows the measured frequency response of
insertion loss and phase shift for the phase
inverter without dlot line transition shown in
Fig.1B. The experimental insertion loss is less
than 0.5 dB in 1.8-5.9 GHz frequency range. The

140° phase shift bandwidth is located in the 1-
5.3 GHz frequency range. It is noted that the

phase shift at 1 GHz is larger than 154°. As
expected, the CPW phase inverter without the
dlotline transition has better insertion loss per-
formance than its counterpart with the dotline.
Fig.5 shows the measured frequency response of
insertion loss and phase shift for the phase
inverter with the triple strip line transition shown
in Fig.1C. It has more than 2.5:1 bandwidth cen-
tered at 6.2 GHz with better than 1 dB insertion

loss and 140° phase shift.

Conclusions

Three types of uniplanar phase inverter have
been developed. An experimental study was per-
formed. Measured results show that a CPW
phase inverter with dlotline transition has more
than 2.3:1 bandwidth centered at 3.9 GHz with

better than 1 dB insertion loss and 140° phase
shift. The compact CPW phase inverter without
dotline transition demonstrates more than 3.1:1
bandwidth centered at 3.5 GHz with better than

0.5 dB insertion loss and 140° phase shift. The
phase inverter with triple strip line transition has
more than 2.5:1 bandwidth centered at 6.2 GHz

with better than 1 dB insertion loss and 140°
phase shift. These phase inverters are promising
for applications in coupler, mixer, frequency dis-
criminator, and feeding network of antenna
arrays. The proposed uniplanar configurations
arein particular suitable for miniaturized hybrid/
monolithic MICs at high frequencies.

Acknowledgment

The authors wish to express their thanks to Jules
Gauthier for the circuit fabrication and technical
assistance.

References

[1] M. Muraguchi, T. Hirota, A Minakawa, K.

Ohwada, and T. Sugeta, “Uniplanar MMICs
and Their Applications,” |EEE Trans. Micro-
wave Theory Tech., vol. 36, pp.1896-1901,
Dec. 1988.

[2] C. H. Ho, L. Fan, and K. Chang, “New uni-
planar coupler waveguide hybrid-ring cou-
plees and Magic T's” I|EEE Trans.
Microwave Theory Tech., vol.42, pp.2440-
2448, Dec. 1994.

[3] K. Hettak, et al, “Improved CPW to Slotline
Transitions,” in MTT-s Int. Microwave
Symp. Dig., 1996, pp.1831-1834.

[4] Hewlett-Packard Product Note 8510-8A,"
Network Anaysis Applying the HP 8510
TRL Calibration for Non-Coaxial Measure-
ments,” 1992.

0-7803-4603-6/97/$5.00 (c) IEEE



Ountitlied2_tb
STz
Teatp
s[2.7]
a8

(A)

—20.
—30.

—40.

(B)

©

-30.0

—40.0

FIGURE 1: CPW PHASE INVERTERS; (A) WITH SLOTLINE
TRANSITION, (B) WITHOUT SLOT TRANSITION,
(C) WITH TRI-STRIP LINE TRANSITION.
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FIGURE 2: CIRCUIT MODEL OF BALUN-TYPE PHASE 400

INVERTER.
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FIGURE 5: MEASURED FREQUENCY RESPONSE OF
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