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A Multioctave Bandwidth Rat-Race
Singly Balanced Mixer

Chi-Yang Chang,Member, IEEE,Chu-Chen Yang, and Dow-Chih Niu

Abstract—In this letter, we describe a broad-band 7.5–46 GHz
rat-race ring singly balanced mixer. The rat-race ring consists
of an ideal crossover phase inverter and is designed to have a
Chebyshev response of order two. The mixer diodes are virtually
grounded via a quarter-wavelength low-impedance FCPW (finite
ground plane CPW) open circuit stubs. The mixer shows more
than 5 times RF bandwidth and dc to 5 GHz IF bandwidth. The
circuit is realized using FCPW on 25 mil Al2O3 substrate.

Index Terms—Multioctave mixer, uniplanar rat-race ring.

I. INTRODUCTION

T HE rat-race ring mixer is a commonly used component
in microwave systems. The conventional rat-race ring

coupler is realized by microstrip line with three sections of
70.7 lines and one section of 70.7

line. The line section that is longer than others
is performed as a phase inverter. The conventional rat-race
ring mixer, however, is limited to a bandwidth of about
40%. The main constraint that limits the bandwidth of the
conventional rat-race mixer is rat-race ring coupler itself.
Many efforts have been made to increase the bandwidth of
the rat-race ring coupler [1]–[6]. In this letter, we propose a
rat-race ring mixer showing much broader bandwidth than that
of conventional one. The measured bandwidth of proposed
mixer is more than six times. The circuit configuration and
the photograph of the proposed rat-race ring mixer realized by
FCPW are shown in Fig. 1, where is the normalized ring
admittance and is the half-electrical length of the ring arm.
In Fig. 1, there is a crossover in the middle of one of the
rat-race ring arm. Electrically, this crossover is an ideal phase
inverter. Therefore, the infinity isolation should hold for all
frequencies. Unlike the conventional rat-race ring coupler with
70.7- ring impedance, the ring impedance of the proposed
rat-race ring coupler is designed to be 55. The conventional
rat-race ring with 70.7- ring impedance shows a Butterworth-
type response. However, the proposed rat-race ring shows a
Chebyshev-type response of order two with 12-dB return loss.

II. CIRCUIT DESIGN

Instead of half-wavelength phase inverter in conventional
rat-race ring, the proposed rat-race ring has an ideal phase
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Fig. 1. (a) Circuit configuration and (b) photograph of the rat-race ring singly
balanced mixer. The rat-race ring coupler uses a crossover as an ideal phase
inverter.

inverter, as shown in Fig. 1(a). Using the even- and odd-mode
analysis, the insertion loss function of the rat-race ring coupler
can be synthesized as the form [7] of (1), shown at the bottom
of the next page, where and is the
parameter to control the ripple level. The electrical length is
defined to be quarter wavelength (i.e., at the center
frequency. The Chebyshev response of order 2 [i.e. in
(1)] is fit to the ring. The design equations are

(2a)

(2b)

The relationship between and the return loss bump value (at
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Fig. 2. Return loss bump value and equiripple bandwidth versus ring
impedance for the rat-race ring coupler.

the center frequency) is

(dB) (3)

Fig. 2 shows the return loss bump (at center frequency)
value and the equiripple bandwidth as a function of the ring
impedance. The coupler shows a Butterworth response when
the return loss bump disappears (infinity return loss bump
value). According to the design curve of Fig. 2, we choose 12-
dB return loss bump corresponding to 55-ring impedance,
which is acceptable for mixer application and preferable for
circuit fabrication. The coupler is designed with 32-GHz center
frequency. A prototype circuit is fabricated with FCPW on
Al O substrate and measured. The measured results are very
close to theoretical prediction. Because of the crossover, the
signal line of the coupler is dc grounded. We must use radio
frequency (RF) virtue ground to terminate two mixer diodes
and the IF signals are picked up from these RF virtue grounds.
The RF virtue ground is formed by a low-impedance FCPW
open-circuit stub. Here, we use two 50-FCPW lines in
parallel to form a 25- open-circuit stub. The bandwidth of
this low-impedance stub is broad enough to cover the operating
frequency of the mixer. The IF signals are picked up via a low-
pass filter of order two and cutoff frequency of 5 GHz. The
mixer diodes used in the mixer are M/A40416 GaAs Schottky
beam-lead diodes. The mixer is fabricated on a 25-mil-thick
Al O substrate. The whole mixer is .25 in by .2 in, as shown
in Fig. 1(b).

III. M EASURED RESULTS

Before measuring the mixer, a Chebyshev rat-race ring
with 12-dB return loss and center frequency of 32 GHz
was fabricated and measured. The measured performances are

(a)

(b)

(c)

Fig. 3. Measured performance of the rat-race ring mixer. (a) Down- and
up-conversion loss versus RF frequency. (b) LO to RF and LO to IF isolation
versus LO frequency. (c) Down-conversion loss versus IF frequency for fixed
RF frequency.

summarized as follows. The Chebyshev bandwidth (return loss
better than the bump value i.e. 12 dB in our case) is from 16
to 47 GHz. The amplitude imbalance is better than dB
and the phase difference error is better than8 from .1 to
47 GHz. The isolation is better than 15 dB from .1 to 50
GHz. Because of the excellent phase and amplitude balance,

(1)
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the mixer using this rat-race ring may be worked with much
broader bandwidth than that of Chebyshev bandwidth. The
measured performances of the mixer are shown in Fig. 3.
Fig. 3(a) shows that the conversion loss of down-conversion
is better than 10 dB from 7.5 to 46 GHz with a fixed 100-MHz
IF frequency and the conversion loss of the up-conversion is
better than 8 dB from 7.5 to 33 GHz. Higher than 33 GHz
is not measured because of the limitation of our measuring
equipment. Fig. 3(b) shows that both the LO to RF and LO
to IF isolation are better than 20 dB from 6 to 50 GHz. The
IF bandwidth shown in Fig. 3(c) is from dc to 5 GHz with a
fixed 26-GHz RF frequency. The LO power used for up and
down conversion are 12 dBm.

IV. CONCLUSION

The multioctave rat-race ring mixer has been designed
and fabricated. The measured performances of conversion
loss, isolation, and LO power requirement are as good as
conventional rat-race ring mixers, but the bandwidth is much
broader. The mixer was fabricated with an uniplanar structure
and on a most commonly used MIC substrate.

ACKNOWLEDGMENT

The authors would like to thank C. S. Wu of CSIST for his
constant support and encouragement.

REFERENCES

[1] S. Mar., “A wide-band stripline hybrid ring,”IEEE Trans. Microwave
Theory Tech., vol. MTT-16, p. 361, June 1968.

[2] M. H. Murgulescu, E. Penard, and I. Zaquine, “Design formulas for
generalized 180� hybrid ring couplers,”Electron. Lett., vol. 30, pp.
573–574, Mar. 1994.

[3] C. H. Ho, L. Fan, and K. Chang, “New uniplanar waveguide hybrid-
ring couplers and magic-T’s,”IEEE Trans. Microwave Theory Tech.,
vol. 42, pp. 2440–2448, Dec. 1994.

[4] B. R. Heimer, L. Fan, and K. Chang, “Uniplanar hybrid couplers using
asymmetrical coplanar striplines,”IEEE Trans. Microwave Theory Tech.,
vol. 45, pp. 2234–2240, Dec. 1997.

[5] D. I. Kim and Y. Naito, “Broad-band design of improved hybrid-ring
3-dB directional couplers,”IEEE Trans. Microwave Theory Tech., vol.
MTT-30, pp. 2040–2046, Nov. 1982.

[6] J. L. B. Walker, “Improvements to the Design of the 0–180� rat-race
coupler and its application to the design of balanced mixers with high
LO to RF isolation,” in in IEEE MTT-S Int. Microwave Symp. Dig.,
1997, pp. 747–750.

[7] H. J. Riblet, “The application of a new class of equal-ripple functions
to some familiar transmission-line problems,”IEEE Trans. Microwave
Theory Tech., vol. MTT-12, pp. 415–421, July 1964.


