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ABSTRACT

Eight new coplanar waveguide (CPW) to slotline
transitions using uniform and nouniform CPWs or
slotlines will be discussed.  These transitions are
uniplanar and simple to fabricate. No via-holes are
needed for ground connections, and integration with solid
state devices are easy. A pair of broad-band transitions
using CPW shorts and slotline radial stubs is
demonstrated with a 1 dB bandwidth of more than5.2 : 1.

INTRODUCTION

Coplanar waveguide (CPW) and slotline are the
fundamental transmission lines in uniplanar MIC. They
allow easy series and shunt device mounting and simple
fabrication process. These characteristics make CPW and
slotline important in MIC's and MMIC's designs [1]. To
fully utilize the advantages of uniplanar structures the
transition between CPW and slotline is necessary.
Although several papers [2,3] introduce some intuitive
approaches for designing CPW-slotline transitions, a
systematic description of the design techniques is still
lacking. This paper is intended to give a systematic
approach to this problem based on experimental
investigations. Figure 1 shows the eight new CPW-slotline
transitions. The objective of developing the different
transitions was to find a best combination of CPW short
and slotline open circuits to generate broad-band matching
from CPW to slotline. Compared with microstrip-slotline
transitions [4], the CPW-slotline transitions presented in
this paper have the advantages of being uniplanar and easy
to integrate with solid state devices, and they require no
via-holes for ground connections. Experimental results
are given by measuring the insertion loss of one pair of
coaxial-CPW transitions, CPW-slotline transitions and a
8mm length of slotline section.
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NARROW-BAND CPW-SLOTLINE TRANSITIONS

The CPW-slotline transitions have 1 dB bandwidth
of less than two octaves are classified as narrow-band
transitions in this paper. Figures 1(a)-(e) are narrow-band
designs of CPW-slotline transitions.

A. 13/4 Cross-Junctions

Figure 1(a) shows the hg/4 cross-junctions of two
CPW-slotline transitions. The CPWs and slotlines are
etched on the same side of the substrate, and they cross
each other at right angles. The CPWs extend the kg/4
beyond the slotlines and terminate with open circuits.
Similarly, the slotlines extend the kg/4 beyond the CPWs
and terminate with short circuits. The extensions of CPW
and slotline may act as tuning stubs to match the CPW to
slotline. Figure 2 shows the experimental insertion loss of
the two back-to-back transitions and a slotline section.
The insertion loss of the two CPW-slotline transitions is
less than 1 dB from 1.6 to 3.6 GHz, which is
corresponding to a bandwidth of more than one octave.

B. kg/4 Slotline Shorts and (Virtual) CPW Shorts

Figures 1(b) and (c) show the CPW-slotline
transitions using CPW shorts and CPW radial open stubs,
respectively, with ?»g/4 slotline shorted stubs. The center
conductor strip of the CPW in Figure 1(b) is connected to
one side of the slotline to create the CPW short circuit.
The experimental results of the insertion loss for the
transitions of Figure 1(b) are shown in Figure 3. The 1 dB
bandwidth is from 2.3 to 3.8 GHz. Figure 4 shows the
insertion loss of the transitions in Figure 1(c). The 1 dB
bandwidth is from 1.5 to 3.8 GHz.

C. Slotline Circular Opens and lg/4 CPW Opens

Figure 1(d) shows the CPW-slotline transitions
using virtual slotline opens and Xg/4 CPW open stubs. The
virtual slotline opens use slotline circular opens. The

1993 IEEE MTT-S Digest




experimental results of the insertion loss are shown in
Figure 5. The 1 dB bandwidth is from 1.1 to 3.9 GHz.

D. Slotline Circular Opens and CPW Shorts

Figure 1(e) shows the CPW-slotline transitions
using slotline circular opens and CPW shorts. Figure 6
shows the experimental results of insertion loss. The 1 dB
bandwidth is in the 1.6 GHz to 5.3 GHz frequency range.

BROAD-BAND CPW-SLOTLINE TRANSITIONS

The CPW-slotline transitions have 1 dB bandwidth
of more than 2 octaves are classified as broad-band
transitions in this paper. Figures 1(f)-(h) are broad-band
designs of CPW-slotline transitions. Virtual CPW shorts
and slotline opens are used to create broad-band matching
conditions. The virtual slotline opens use slotline radial
opens, and the virtual CPW shorts use CPW radial open
stubs. When testing the transitions, we soldered bond
wires to every discontinuity between the CPW and the
slotline.

A. Virtual Slotline Opens and Ag/4 CPW Opens

Figure 1(f) shows the CPW-slotline transitions
using slotline 45° radial opens and Xg/4 CPW open stubs.
The experimental results of the insertion loss are shown in
Figure 7. The 1 dB bandwidth is from 0.9 to 3.8 GHz,
which is more than 2 octaves.

B. Virtual Slotline Opens and CPW Shorts

Figure 1(g) shows the transitions using CPW shorts
and slotline 90° radial opens. The slotline radial opens are
broad-band opens; therefore, the resulting CPW-slotline
transitions should have broad bandwidths. One important
feature of this transition is that the CPW and slotline are
connected without bending the transmission structure.
This makes the circuit layout more flexible and easier.
Figure 8 shows the experimental insertion loss of the
transitions using slotline radial opens. The insertion loss

of less than 1 dB is from 1.1 to 5.7 GHz, which is more
than 2.3 octaves. The transitions shown in Figure 1(g)

give the best performance in bandwidth.
C. Virtual Slotline Opens and Virtual CPW Shorts

Figure 1(h) shows the CPW-slotline transitions
using virtual CPW shorts and virtual slotline opens. Both
of the CPW and slotline virtual terminations use broad-
band radial open stubs. The angles of the CPW and
slotline radial opens are both chosen as 45° to avoid
interfering each other. The experimental results are shown
in Figure 9. The 1 dB bandwidth is in the 1.5 GHz to 6.0
GHz frequency range, which is more than 2 octaves. By
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optimizing the angles and radii of the radial opens for
CPW shortts or slotline opens, the usable bandwidth may
be further improved.

CONCLUSIONS

Eight different circuit configurations of CPW-
slotline transitions were proposed and the experimental
results were presented. Table I summarizes the
combinations and usable 1 dB bandwidth of different
CPW short circuits and slotline open circuits. From the
experimental results presented in the previous sections, we
can conclude:

(1) The transition using CPW shorts and kg/4 slotline
shorted stubs is the worse combination for the low loss
and broad bandwidth applications.

(2) The transition using virtual CPW shorts (either quarter-
wavelength or radial open stubs) has sharp gain slopes.
This characteristic may be used in the design of band-
pass filters.

(3) The transition using CPW shorts and slotline opens
(either slotline circular or radial opens) can be
designed without bending transmission structures.
Circuit layout with these transitions is flexible.

(4) The transitions using slotline radial opens with
(virtual) CPW shorts have broad bandwidths of more

than 2 octaves. This means that: (a) slotline open
circuits are the dominant factors of designing broad-

band CPW-slotline transitions, (b) slotline radial opens
are good candidates of designing broad-band slotline
open circuits.

(5) The transition using CPW shorts and slotline radial
opens is the best combination for the broad-band and
low loss applications. The bandwidth of less than 1 dB
insertion loss has been demonstrated more than 5.2:1.
The designs and layouts of this type of transition are
easy, compact and flexible. By choosing proper angles
and radii for the slotline radial opens, the bandwidths
of the transitions can be further improved.
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Figure 1 CPW-slotline transitions under consideration:

(a) kg/4 cross-junction.

(b) Kg/4 slotline shorts and CPW shorts.

©) kg/4 slotline shorts and CPW radial opens.
(d) Slotline circular opens and Ag/4 CPW opens
(e) Slotline circular opens and CPW shorts.

() Slodine radial opens and ?\.g/4 CPW opens.
(g) Slotline radial opens and CPW shorts.

(h) Slotline radial opens and CPW radial opens.
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. Table I
Summary of combinations and 1 dB bandwidth of different
CPW-slotline transitions.

Ag/d Slotline | slotline circular | slotline radial
shorts opens opens
Agla CPW 22:1 3.5:1 4.0:1
opens (Figure l1a) (Figure 1d) (Figure 1f)
CPW shorts 1.6:1 33:1 52:1
(Figure 1b) (Figure le) (Figure 1g)
CPW radial 2.5:1 41:1
opens (Figure 1c) (Figure 1h)
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Figure 2 Measured insertion loss of one pair of
CPW-slotline transitions in Figure 1(a).
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Figure 3. Measured insertion loss of one pair of
CPW-slotline transitions in Figure 1(b).
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Figure 4 Measured insertion loss of one pair of

CPW-slotline transitions in Figure 1(c).

Figure 5 Measured insertion loss of one pair of
CPW-slotline transitions in Figure 1(d).

Sp1 lag MAG Sp1 fog MAG S21 tog MAG S21 log MAG
REF 0.2 4B REF 0.0 dB REF 0.0 4B REF 0.0 dB
L 10.¢ dB/ 2 19.0 dB/ 1 1e.0 dB/ 2 10.0 dB/
V —-2.9897 dB V —~0.9693 dB ~0.9384 dB V ~0.8769 dB
hp b
[ c
MARKER. .1 MARKER |2 MARKER. |1 MARKER 2
1.596225 GHz2 5.333075| GHz 935.P375 MHz 3.803737p GHz
: Y& L 2
Y y kv
r\\’ T
/] 2 / \\ /f\/ N
- / \
Figure 6 Measured insertion loss of one pair of Figure 7 Measured insertion loss of one pair of
CPW-slotline transitions in Figure 1(e). CPW-slotline transitions in Figure 1(f).
Sa1 log MAG Sa1 log MAG So1 iog MAG Sp1 log MAG
REF 0.0 dB REF 0.2 dB REF 0.2 4B REF 0.0 4B
L 10.0 dB/ 2 10.0 dB/ L 10.@¢ d¢B/ 2 10.9 dB/
V _—o.98s2 4B -¢.9902 dB V —e.s30e a8 —0.9877 4B
hp 73
*
c c
MARKER |1 1 MARKER 12 MARKER |1 MARKER P
1.06p20625 GHz 5.6731625 GHz 1.48¢#09 |GHz 6|. 028525 | GHz
1 g§i§§k \\\\
v v
1+ / \A\
Figure 9 Measured insertion loss of one pair of

Figure 8 Measured insertion loss of one pair of

CPW-slotline transitions in Figure 1(g).
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CPW-slotline transitions in Figure 1(h).




