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Feedforward Embedding Circulator Enhancement
In Transmit/Receive Applications

S. L. Karode and V. F. Fusco

Abstract—In this letter, a feedforward embedding technique Port 1 Port 2
is presented to improve the isolation of a circulator. The circuit
configuration is particularly suitable for transmit/receive appli- Coupler C1 N, yd
cations where the received signal is extremely weak compared & m ®
to the transmitted signal and where a mismatch at the antenna v % SJ e
may exist. It is demonstrated that the isolation of a circulator Input To Transmit/Receive

can be improved by an additional 30 dB by using a feedforward (transmit Port) b / Antenna
embedding method. Test performance of a commercial 1-GHz ort 3

circulator with and without the feedforward network is shown. .
Power combiner P1

Index Terms—Circulator, feedforward, feedback. >_‘
| 4 ;

. INTRODUCTION

/ Output
IRCULATORS are widely used in transmit receive ap- (Receive Port)
plications where a shared antenna is required to be Attenuator Phase
used for both transmission and reception of the signal. Such Shifter

applications demands excellent isolation properties from the o .
h . . . . Fig. 1. High isolation circuit for circulator.
circulator at the receive port as the received signal is often ver?

weak. Conventional ferrite circulators usually offer isolation igf a4 sample signal with the signal at the received port does
the range of 30-35 dB when properly matched. The isolationet affect the received signal from the antenna since only the
however, degrades considerably when such circulators ggkage signal is cancelled. Power combiner P1 adds loss of
connected to loads having nonideal VSWR. This is particularty dB to the received signal from the antenna; this loss can

true when antennas are to be used toward their band edgeminimized using an unequal power combiner or a reactive
where there VSWR may degrades from unity. power combiner.

In this letter a feedforward circuit is presented to enhance
the isolation of any circulator, passive [1] or active [2]. The m
circuit presented here works on the principle of cancellation o ) . ]
of the leakage signal by using a sample signal from the The circuit was fabricated at 1 GHz using commercially
input to the third circulator port which has exactly the corre@vailable components. Fig. 2(a) shows the isolation between
magnitude and phase to nullify any leakage signal. The circgtfi@nsm't and receive po_rts when the antennz_i port_ls terminated
can improve the isolation between these ports by more th#n@ matched load. Fig. 2(b) shows the isolation when a
30 dB. To demonstrate the concept the circuit is implement84crostrip patch antenna with VSWR of 1.6 is connected to

M EASUREMENTS

using commercially available components at 1 GHz. the antenna port of the circulator. It can be seen from Fig. 2(a)
that the isolation of the circulator is20 dB from 950 MHz
Il. HIGH ISOLATION FEEDFORWARD CIRCUIT to 1.2 GHz when matched terminated. The isolation, however,

grades considerably when connected to the microstrip patch
tenna, and is-10 dB only in the band between 990-1020
@z, as shown in Fig. 2(b). At the design frequency of 1
z the raw isolation, which was-32 dB with matched
ads, degrades to approximatei3 dB when connected to
f patch antenna. Fig. 3(a) and (b) shows that the isolation
tween transmit and receive ports when incorporated with
¢ high-isolation feedforward circuit improves each case
_ _ _ considerably. It can be seen from these figures that in matched
c Manusc”ptl Lecg";]eﬁ' A‘%QUStCZSr 1997. T*XS work was fsucppo”ed by thendition the isolation of the circulator is20 dB throughout
ommonwealt cholarship ommission, ssociation o ommonweal] . . P
Universities, London, U.K., and by the Engineering and Physical Scien e measuremen_t ra”ge 0.8-1.2 GHz, improving to a minimum
Research Council. value —71 dB, i.e., improvement of>35 dB at 1 GHz
The authors are with the High Frequency Electronics Laboratoryelative to the matched response in Fig. 2(a). With a microstrip
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The feedforward high isolation circuit for the circulator ile
shown in Fig. 1. Here a sample of the input signal is tak
using a coupler C1. This signal is then attenuated and ph
shifted such that the amplitude of the sampled signal is t
same as that of leakage signal at the receive port, but it is 1
out of phase from the leakage signal. These two signals, w
added together using a power combiner, interfere destructiv
thus improving the circuit isolation considerably. The additio
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Fig. 2. (a) Isolation between transmit and receive ports of circulator wi hig' 3. (a) Isolation between transmit and receive ports of circulator with

a matched antenna port and (b) with an unmatched microstrip patch ante WQ isolation feedforward circuit when antenna port is matched and (b) when
connected at the antenna port an unmatched microstrip patch antenna is connected to the antenna port.

o o _ o band. The embedding circuit presented could be implemented
in Fig. 2(b). High isolation at any other frequency within then monolithic microwave integrated circuit (MMIC) form

bandwidth of the circulator can be obtain just by changing th@iowing for the fabrication of very high-isolation integrated
attenuation and phase delay of the sampled signal. circulators circuits.
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