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Abstract—This paper proposes a novel class of uniplanar
coplanar waveguide (CPW)-to-slotline transitions, which is partic- i
ularly suitable for monolithic millimeter-wave integrated circuits.

Instead of using CPW series stub printed in the ground plane, as

the case in classical CPW-to-slotline transition, this paper shows

the capability to use a CPW series stub printed in the center
conductor of the CPW. Compared to classical CPW-to-slotline
transitions, the proposed transitions have the following advan-

tages: additional degrees of freedom, lower radiation loss, larger
bandwidth, higher compactness, and a major reduction of the 5 e
number of air bridges that are potentially expensive to build. fL

One alternative configuration that appears to have some merit

involves the use of the slotline ring resonator, which does not suffer

from open-end or short-end effects and, therefore, gives more

accurate resonance frequency, provides an accurate localized zero

or infinite impedance point, and maintains low- or high-input

impedance values over a wide frequency range, depending on the

feed type. A principle of achieving such high-quality transitions

is detailed and also confirmed by experimental and theoretical h
results, which are in good agreement up to 50 GHz. A maximum . — :
fractional bandwidth of 160% is achieved for a 10-dB return loss, IEEIE i ! e
and the corresponding insertion loss is less than or equal to 2 dB.

I. INTRODUCTION

N INCREASING system complexity leads to new chal- : k
lenges in circuit design. One way to cope with this is the it
combination of different types of transmission lines to achieve '
optimal performance. Indeed, the association of different
planar structures of propagation brings interesting, simple, and
original circuits. This is notably true in uniplanar technology
where the implementation of some functions necessitates thg 1. New class of wide-band CPW-to-slotline transitions.
coexistence of two structures of propagation: the coplanar
waveguide (CPW) and the slotline. An example of this is the

CPW-to-slotline transition, which is a fundamental passivghq other microwave circuits [1]-[6]. The research for new
component in microwave and milimeter-wave integrate@p\y.-to-siotline configurations with wider bandwidth has been
circuits [(M)MIC's]. The properties of this transition haveyne subject of many papers in the literature and much effort
been a topic of considerable interest, where it is imperative §gntinues to be expended [7]-[13]. The challenge is to achieve
dispose a good transition so as not to degrade the performagggpact transition architectures with lower loss, less radiation
of some devices such as antenna structures, balanced mixgks, hroader bandwidth, which can be easily incorporated in

microwave integrated circuit/monolithic microwave integrated
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Fig. 2. New CPW-to-slotline transition and its equivalent circuit.

CPW. For this purpose, it is necessary to analyze the physi€®W that intersect at the right angle. For compensation, CPW,
evolution of the different parameters of the CPW-to-slotlinand slotline stubs, each of lengifj/4 at the design frequency
transition in order to develop geometric configurations witare connected in series and in parallel, respectively. Two air
larger bandwidths. Considering that the bandwidth perfdoridges are also used to connect the CPW ground planes. Fig. 2
mance of the transition depends strongly on the values of thieows a new CPW-to-slotline transition and its equivalent cir-
characteristic impedances of the used stubs, the difficulty éuit where f; is the design frequency. It should be noted that
realizing low-impedance levels in CPW and high-impedandke same equivalent circuit holds for the classical transition. The
levels in slotline constitutes a serious limitation in the desigfirst step in this study aims to establish the optimal design cri-
particularly at high frequencies. While the upper limit oferia that are determined from the analysis of the equivalent cir-
realizable characteristic impedance is set by manufacturiogit of the transition. As shown in Fig. 2, the impedance looking
tolerances, the lower limit depends on the onset of higher ordeithe plane4 A’ can be expressed as
modes that occurs when the transverse dimensions become 7
comparable to the wavelength or to longitudinal dimension. A 1—3j < SC‘“") cotg
typical lower limit is 20-25Q for CPW and a higher limitis 7 — Zpepw Zocpw
90—10(_)9 for slqtlme. _ N _ 1—j <Zscpw> cot?(¢) — j <Zocpw) cot ¢

In this paper, improved CPW-to-slotline transition topologies Zsslot Zsslot
are proposed and studied both experimentally and theoreticg]fy,
(see Fig. 1). These new forms of CPW-to-slotline transitions in-
dicate, first, the wide range of flexibility and scope for innova- ¢=rf 1)
tion that uniplanar technology offers and, secondly, provides an 2fo-
alternative yet compact structures compared to classical configis clear that the largest bandwidth is obtained whn=
uration [Fig. 1(a)]. Section Il starts with the establishment q,focpw, which leads to (2) as follows:
optimal design criteria, which are required to design wide-band
CPW-to-slotline transitions. A comparison between the clas-
sical [Fig. 1(a)] and the new miniature CPW-to-slotline tran- <

sition [Fig. 1(h)] is also presented in Section Il. In Section 111} — 5
several new designs are developed to extend the bandwidth, as
illustrated in Fig. 1. In Section IV, a novel CPW-to-slotline tran- 1o <Z5cpw> cot?(¢) — j <Zocpw> ot (2)

Zscpw) COt(/)

ocpw

sition using slotline ring alone is presented. sslot Zsslot
II. OPTIMAL DESIGN OFCPW-TO-SLOTLINE TRANSITION This equation holds if
The classical back-to-back CPW-to-slotline transition is pre- 22w and Zsepw o 3)

sented in Fig. 1(a). This transition consists of a slotline and a Zscpw = Z oo

sslot
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Fig. 3. Experimental and simulated results for classical and compact back-to-back transitions.

ReplacingZ;cpw by Z2

C

pw /Zsq101, the impedance; becomes

Zoc pW
1—3j <Z—I) cot ¢
sslot
Zs = Zocpw 7 D) 7 .
1 ocpw t2 o ocpw "
J <Zsslot> 0 (d)) J <Zsslot 0 d)

(4)

From this equation, it is evident that the best results are ob-
tained whenZ,.; has a very high value. In this case, the ratio
Zoepw | Zssion, tENds to zero, which cancels the reactive part and
leads to a very large bandwidth sinZg = Z,.;. A first idea
is to choose the highest value fdi,,.and the lowest value
for Z,.pw allowed by the technological process. The difficulty
in realizing low-impedance levels in CPW and high-impedance
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Fig. 5. Multistubs configurations of the CPW-to-slotline transition and their equivalent circuit thak yigg@<ircumference slotline ring resonator and uniform
double), /4 CPW series stubs: (a) printed on the center conductor and (b) ground plane.

levels in slotline constitutes a serious limitation in the desighis problem is to employ the CPW series stub printed
of a broad-band CPW-to-slotline transition, particularly at highn the center conductor (Fig. 2), which provides low loss,
frequencies. While the upper limit of realizable characteristlongitudinal symmetry, and compactness [16]. This also
impedance is set by manufacturing tolerances, the lower lirefiminates the need for two air bridges, and thus, simplifies
depends on the onset of higher order modes. In the practitted fabrication process. For the sake of comparison, Fig. 3
case, characteristic impedance of aboutt?@s used for the illustrates two back-to-back transitions, one realized with
CPW open stub, on account of the technological limitatior@PW series stub printed on the ground plane and the other
(smallest slot and strip widths), and 9Dfor slotline because on the center conductor. The two transitions were fabricated
of electrical restrictions (radiation effects). The choice of thesdth a center frequency, = 15 GHz using alumina sub-
characteristic impedances is mainly dictated by technologidtates £, = 9.9, h = 0.254 mm) and accurate on-wafer
constraints (limitation of slot and ribbon widths in photoetchingneasurement were performed over the frequency range of
is 25um) and by the concern to minimize the effect of discontit—50 GHz. As shown in Fig. 3, compared to the classical
nuities, and notably the parasitic radiation. Indeed, it is possildgucture, the new transition gives broader bandwidth, lower
to obtain very low (202) impedance CPW and high (108 radiation loss, smaller size and reduction of the number of
impedance slotline. That, however, implies large transverse dir bridges. Along with experimental results, Fig. 3 shows
mensions, resulting in an increased sensitivity of the impedargimulated S-parameters obtained using HP-MDS. In this
to dimensional variations. This is very critical, and means thaimulation, the end inductance and capacitance associated
uncertainties in the process of manufacturing can influence séth the short-end slotline stub and open-end CPW stub,
verely the electrical behavior. Moreover, large slot widths atespectively, are introduced in the equivalent circuit. These
ways result in parasitic radiation that affects the transition pegnd effects are evaluated using the full-wave space-domain
formance. integral-equation technique [15]. Parasitic effects due to

To date, CPW series stubs printed on the ground plajumctions and air bridges are neglected. It can be noticed
have been used as the stub of compensation in the rtizat there is a very good agreement between the theoretical
jority of CPW-to-slotline transitions developed thus far [seand experimental results for the compact configuration. The
Fig. 1(a)—(f)]. This requires large area, causes high radiatifnactional bandwidth for the new transition is around 130%
loss, and necessitates the use of air bridges to suppressftinea 10-dB return loss compared to 115% for the classical
parasitic coupled slotline mode. One method to circumveone.
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Fig. 6. Frequency response of the new back-to-back CPW-to-slotline transition.

Virtual shx‘\n circuit

IIl. ALTERNATIVE SOLUTIONS TO OBTAIN BETTER MATCHING Vil e bircl

With the purpose of overcoming the above difficulty, a new
method to design low- and high-impedance levels associated
with CPW and slotline stubs, respectively, is introduced
in this section. A low-impedance coplanar series stub and
high-impedance slotline parallel stub can be realized by CPW-fed slothine ring
the connection of several single stubs in parallel and series,
respectively. With such structures, it is possible to obtain very
low impedances (typically less than ) or high impedances
(typically larger than 20@2) in uniplanar technology. This is
hardly achievable in microstrip technology. In others words,
using parallel connection of many single CPW stubs can
drastically reduce the total input impedance value. Similarly,
using series connection of many single-slotline stubs increases
the total input impedance value. One possibility is to choose
a double),/4 CPW stubs configuration with a 10w PR TE—
value and a doublé /4 slotline stubs configuration with a
high Z,s10¢ value, as shown in Fig. 1(d). This, in effect, reduceﬁg. 7. Novel CPW-to-slotline transition configuration that uses slotline ring
the contribution of the terms that depend on frequency in (%hly.

Slotline-fed slotline ring
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Fig. 8. Experimental results for the double slot ring resonafors: (0.254 mm,s,. = 9.9).

However, it is also advisable to study the optimal geometric With regard to the implementation of the doublg/4 CPW
configuration of the slotline and CPW stubs. stubs, the two configurations shown in Fig. 5 seem appropriate.
Concerning the implementation of the doublg/4 slotline The topology illustrated in Fig. 5(a) represents one possible way
stubs, the three configurations shown in Fig. 4 seem appto-build these two stubs in the center conductor of the CPW line
priate. While the first configuration [Fig. 4(a)] is very easy tanstead of the ground plane. This new structure combines the
implement, it partially radiates and needs some end corremvantages of the use of the center conductor with the advan-
tion. To avoid radiation, the second configuration [Fig. 4(bXpges of slotline ring resonator, and reduces the number of air
seems the most appropriate. Experimental results showed tivédges from four down to one. An experimental circuit (Fig. 6)
the first resonance of this rectangular slot resonator occuvas designed @ = 15 GHz and fabricated on alumina sub-
when the length of the slot is approximately equalXgy2. strate . = 9.9~ = 0.254, h = 0.254mm). Experimental re-
The two half-parts of the resonator are excited with a®188ults and simulation results obtained using HP-MDS are shown
phase difference via a small slotline feed and, thus, radiationFig. 6, which are in good agreement. It should be noted that
problems are avoided. The major advantage of the slot rigthe HP-MDS simulations, the discontinuity effects are not
resonator, shown in Fig. 4(c), is the existence of a virtual shaaken into account, except the open-circuit capacitance for the
in comparison with the rectangular slot resonator where t#PW stubs. This explains the discrepancy between the simu-
pseudo-short ends are equivalent to excess lengths that bectatesl and measured return loss in the passband. As expected,
significant at high frequencies [15]. the new transition exhibits a larger bandwidth than those shown
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Fig. 9. Frequency response of the new back-to-back transition built from slot ring resonators only.

in Fig. 3. The fractional bandwidth is around 160% for a 10-dBchematic diagram af'-field distribution for the two types. It
returnloss. The corresponding insertion loss is less than or eqaigb presents a new compact CPW-to-slotline transition that
to 2 dB. It should be noted that the transmission-loss variatioises slotline ring only. Compared to the slotline linear resonator,
with frequency is mainly due to the feeding CPW'’s and slotlindhe slotline ring resonator does not suffer from open-end or
length between the two transitions. short-end effects and, therefore, gives more accurate resonance
Pushing this reasoning further and exploiting the flexibilitfrequency. It also provides an accurate localized zero or infinite
of the uniplanar technology, many other transition configurémpedance point, and maintains low- or high-input impedance
tions are feasible, as shown in Fig. 1. In light of this, one altevalue over a wide—frequency range depending on the feed type.
native configuration that appears to have some merit would im order to understand the electromagnetic behavior of these
volve solely integrating the slotline ring resonator [see Fig. 1(I)jesonators and their impact on the transition performance, it
which is the subject of Section IV. is necessary to study their frequency response. Fig. 8 shows
a comparison between the double slot ring resonator fed by
slotline and the one fed by CPW with the same dimensions.
It can be noticed that both configurations have approximately
the same resonant frequency, which indicates the ability of the
The slotline ring resonator is a fundamental passive comlotline ring resonator to substitute simultaneously both CPW
ponent in (M)MIC monolithic circuits and its integration inand slotline stubs.
transitions’ design is a topic of considerable interest [14]. The From these considerations, a novel variant of broad-band
possible uniplanar configurations of a slotline ring resonat@PW-to- slotline back-to-back transition was designed at
can be classified in the following two types: CPW-fed ring angl, = 15 GHz and fabricated on alumina substraig & 9.9,
slotline-fed ring. Fig. 7 shows the physical configurations and = 0.254 mm). Fig. 9 shows the physical configuration and

IV. A NEw BROAD BAND CPW-TO-SLOTLINE TRANSITION
USING SLOTLINE RING ONLY
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