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Compact Folded Line Rat-Race Hybrid Couplers
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Abstract—A new, compact folded line configuration for rat-race
hybrid couplers is proposed. Simple design equations are presented
for the single and double C-section folded line structures. The new "am

configuration exhibits four- to fivefold reduction in footprint as
compared to the conventional rat-race configuration. The design
is validated both by using the full-wave electromagnetic simulator 1

and with measurement. ! I( 5) |
Index Terms—Coupled transmission lines, embedded passives, 1 3
rat-race hybrid couplers.
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AT RACE hybrid couplers are extensively used at mi- _T (A T_
crowave frequencies for a host of applications including
mixers, beam-forming networks, frequency multipliers, ampli-
fiers, etc. In [1], March introduced the hybrid ring configuration
with a short circuitech/4 coupled line in one of the arms. Sub-
sequently, serveral workers [2]-[6] have reported a variety of
configurations for the 180hybrid coupler. L ==
In recent years, compact design of components has been the
focus of attention for several researchers, due to the increased
importance of embedded passives and three-dimensional com-
ponents for radio frequency (RF) and lower microwave applica-
tions. Folding the transmission lines in a multilevel and multi-
conductor environment has been found to be an attractive §i§- 1. Rat-race hybrid configuration using folded line geometry.
lution for achieving smaller footprints. An application of the
folded line configuration for branch line hybrid coupler desigi. Single C-Section 3-dB Rat-Race Hybrid
has been recently reported by the authors [7], [8].

Thi " ¢ desian for th i We first consider the analysis of the hybrid with one folded
IS paper presents a new compact design 1or e rat-rgge, oo g (C-section) in each arm. Referring to Fig. 1, the even
hybrid coupler using the folded line configuration. Simple de-

’ ! . . - . nd odd mode analysis can be carried out with excitation at port
sign equations are given for the hybrid using single and doulcgﬁE port) and port 4 A port), respectively. The four-port scat-

C-sections in each arm. The paper finally presents Va_"d‘?“ ing parameters of the hybrid can be calculated in terms of the

of the proposed d§3|gn using a full-wave electromagnetic SIMYen and odd mode scattering parameters for both excitations.

lator as well as with measurement. At the center frequency, the scattering parameters can be solved

to give a perfect match and equal and in-phase power division
II. DESIGN EQUATIONS between ports 2 and 3 wheh port is excited, and equal and

Fig. 1 shows the proposed rat-race hybrid configuration usifgt-of-phase power division between ports 2 and 3 wheort

folded line geometry. Here, the transmission line sections of tifeexcited. The design equations are

conventional rat-race hybrid are replaced by folded line sec-

tions connecting through transmission line sections of small Zoe = V27, tan b, Zoo = V27, cot b7 1)

length. The folding can be in either edge-coupled (single-level

or broadside-coupled (multilevel) configurations, as describ

in [7] and [8].

e electrical length of the longer arm is given by
92 =T — 91. (2)

From (1) and (2) it is clear that specifyirly determines the
extent of coupling, and hence, we may call it the coupling angle.
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Fig. 2. Footprint comparison for the double C-section hybrid with the
conventional design.

B. Double C-Section 3-dB Rat-Race Hybrid 8 sar (Theory) ]
The analysis for the double C-section rat-race coupler can be
carried out by treating the double C-section in each arm as two -6 i3 7 s e e s
cascaded C-sections which are sufficiently far apart. For this Frequency (GHz)
case, the design equations are found to be (b)
20 T T T T T 200
_ _ _ 4 Sigma port (Momentum) o "
Zoe - Zo tan 91(2 + \/i) Zoo — Zo cot 91 (2 \/E) (3) § 151 — Sigma port (Measurement) A" ! 195 §
k= o Delta port (Momentum) . =
S - - - Delta port (Measurement) i c
2 10g ) 190 2
and % 8 g
_1 (2+\/§)Z0 ugJ, 5 & vu‘ 1185 %
6, = tan — . (4) S _ W s
Zoo 5 Sigma port P 180 g
in . = D £
Again, it can be seen that féf = 7/8, the equationsreduce £ s P d7s
. . . . . 2 (]
to those of the conventional rat-race hybrid using single strip & o g
. . . . . = p
transmission I|n_es, V\_nth?Q = 37 /8 from (4). When coupling & -ior o 7 ol " .
between all the lines is considered, the structure can be analyzec " v & s
using the network approach for muliple-coupled folded lines 12 18 14 Freque:]fy (GHz) 18 17 18
given in [8], and optimized for desired performance. ©
lll. EXPERIMENT Fig. 3. Computed and measured scattering parameters for the 3-dB

To validate the new topology, a 3-dB double C-Sectioﬁ‘PUple C—_secti(')n rat-race hybrid on a homogeneous edge-coupled stripline
. . . onfiguration withe, = 2.2 andZ, = 50(2.

rat-race hybrid is designed in the homogeneous edge-coupﬁe({
stripline configuration with:,, = 2.2 and a ground plane sepa-
ration of 62 mil. For a coupling angle éf = 25° at f, = 1.5 electrical delays associated with the additional lengths have
GHz, the even- and odd-mode characteristic impedances camben taken into account while determining the final lengths of
quickly determined from the design equations given in (1)—(4he coupled line sections. The design has been analyzed using
The physical dimensions for the structure are then obtainedths full wave electromagnetic simulator HP Momentum. To
w = 0.72 mm,s = 0.60 mm, and lengths of the smaller andurther validate the design, the coupler was fabricated using an
longer arms/; = 9.36 mm and, = 26.14 mm, respectively. RT-5880 duroid substrate and tested on an HP 8722c network
The separation between the two C-sections is kept as 1 mmdoalyzer. The layout of the proposed hybrid and that of the
both series and shunt arms. Appropriate curved line sectiamventional rat-race hybrid are shown in Fig. 2. A four- to
have been introduced connecting the coupled lines, and fivefold footprint reduction over the conventional geometry is
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observed in the layout using the present design. Fig. 3 shows
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