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An Integrated Active Circulator Antenna

M. J. Cryan and P. S. Hall

Abstract—An active circulator is integrated with a quarter- Short Circuit Pins
wave short-circuited microstrip patch antenna to produce a fully «
duplexed transceiver with transmit and receive operation at

Gain Block
the same frequency and with the same polarization. The active g

circulator antenna is shown to have 14-dBi transmit gain and Transmit Gy
7.4-dBi receive gain with a transmit-receive isolation of 26.9 dB —
at 3.745 GHz. This active antenna has potential uses in both o~

short-range communication and radar systems.
9 y DC Block

I. INTRODUCTION

N ACTIVE antenna combines active devices with a
passive antenna in order to improve its performance or
introduce multifunctionality directly into the antenna. New
high-volume millimetric applications such as wireless LAN [1]
and collision avoidance radars require very low-cost and low- Receive
weight solutions, and the high level of integration achievable
with active antennas inherently fulfill these requirements. Fig. 1. Schematic layout of an active circulator antenna.
this letter we will present the integration of an active circulator
with a microstrip antenna in order to combine both transmit II. RESULTS
and receive functions into a single integrated antenna.

Active circulators have been of interest for many years with Fig. 1 shows a schematic of the transceiver circuit. The

their inherent advantages of size and weight over conventio jpuit was designed using the Hewlett Packard Microwave

ferrite devices [2], [3]. They are also highly compatible wit e_sign System (MDS). Thé-parameters of the one of the

monolithic technology and are being used as part of complqum blocks were measured at ten different gain levels and were

microwave transmit receive front-ends [4]. This work presenkrsnpol_rft_ed 'nFO MDdSthh'qgtﬁ"OWg? forﬂ:) ptthlﬁat;OH of _the_
a novel hybrid active circulator based on a phase cancellatipp P Her gains and the widihs and lengins ot the transmission

technique integrated with a microstrip antenna, forming pes in orde.r to pbtgin simultangous m.atching and isc_)lati.on.
fully duplexed transceiver module. Arrays of these eleme € transc.e|ver IS Imegrly polarlzgd with same polgrlzatlon
could overcome the power-handling problems that limit the" transmit and receive. Transmit power is amplified by
performance of current active circulators. A circulator is iq
general a three-port device in which signals pass from off
port to another in one direction only. They are used { ) . .
separate transmit and receive paths in communication systé fg reverse |sqlat|on OGTX. prevents power coupling back

or radars. In this work, three gain blocks (HP MGA-86576)' the transmitter. The gain @rxgx is set to the modeled
are connected in a ring such that signals can pass from Wf\éue given by MDS and then adjusted until minimum transmit

transmitter to the antenna, from the antenna to the receiver, é)rﬁ)e{;’er: '3 ol_aser\ie_d at tthe re_cel\I/e p((j)r_t. Qshortt-cwc?ltthms_et-
from the transmitter to the receiver. Thus, there are two sig fehed Mmicrostrip antenna Is piaced In the center of the ring,
\‘chwh optimizes circuit area and would allow arrays of these

paths from the transmitter to the receiver, one via the anten s 10 be f 4T ircuit stubs h b d
and a direct path. The phase lengths of these paths can tHgnents to be formed. Two open circuit Stubs have been use

be adjusted so that phase cancellation occurs at the recei\t%rmatCh the antenna to the circulator, however, an optimized

Ayasli [2] uses nonreciprocal phase shifters to obtain a simil et geo_metry \;VQUId zillcr)]wdmat_chlng W|th”ou:]thte use .(:f Ztutbst;
cancellation effect, however, insertion loss is present in all t € receive port IS matched using a smait short circuited stub.

signal paths, whereas here measurements of a nonintegr antenna measures 20 mmi.2 mm and the whole circuit

circulator have shown gains in both transmit and receive patf pupies less Fhan 5.0 mm40 mm. The circuit.is fully planar,
g P ngth only dc bias coils placed on the underside of the board.

Fig. 2 shows measured-parameters. The transmit port
Manuscript received January 28, 1997. return loss is seen to be reasonable, however the receive port is
The authors are with the School of Electronic and Electrical Engineerin%ss good Wlth further modlflcatlons to the matchlng CIrCUItS
The University of Birmingham, Edgbaston, Birmingham B15 2TT, U.K. (e;, . o . . .
this could be improved. Fig. 3 shows the transmit and receive

mail: cryanmj@eee. bham.ac.uk). - . ] :
Publisher Item Identifier S 1051-8207(97)04879-4. parameters. The isolation is seen to be quite narrow band,

ain block Gtx and coupled to the antenna by a length
502 microstrip line. Receive power is coupled into the
irculator via the same line and passes throdgky since
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Fig. 3. Measured transmit and receive parameters for an active circulator
antenna. [ll. CONCLUSION

An active circulator antenna has been presented that gives

as expected for a cancellation technique, giving better thaf-9 dB of transmit-receive isolation with transmit and receive
20 dB over a 7-MHz band, with a maximum of 26.9 dB a@ains of 14 and 7.4 dBi, respectively, at 3.745 GHz and is
3.745 GHz. The gains are seen to have larger bandwidths,raglemented in less than 50 mm 40 mm of substrate area.
have the return losses. The gain of the short-circuit antenhl@ese results show the possibility of using larger arrays of this
has been measured Separate|y as approxima’[e|y 3 dBi, tm in the millimetric bands for short-range communication
the circulator is adding approximately 4-dB gain on receiv@ radar systems. Furthermore, the use of millimeter-wave
and 10 dB on transmit. It is felt that with the use of constaffonolithic integrated circuits would enable this technique to
phase shift networks such as Schiffman phase shifters broa@@rimplemented with high repeatability, at very low cost, and
band isolation could be obtained. The transmit and receilfe large volumes.
antenna patterns have been measured and are shown in Figs. 4

and 5. The patterns are seen to be reasonable considering the

proximity of the patch to the surrounding circuitry. It is seeny) 7. itoh, “Quasioptical microwave circuits for wireless applications,”
that the transmit and receive patterns are not identical, which Microwave J, vol. 38, pp. 64-85, Jan. 1995.

is caused by differences in the current distributions in the feg[}] rseaﬁigsgﬁ O?éiit'lg“tg’:;“g’;}nzngaﬁéiggrt;‘;g'cl ﬁzcééevg:fcggj‘tggs;The
lines and active devices when operating in transmit and receive pp. 260-267, Mar. 1965.

modes. The cross-polar level was typically better thatD [3] Y. Ayasli, “Field effect transistor circulatorsfEEE Trans. Magn.vol.
dB at boresight, being degraded at wider angles due to thg 2> 0P, 3242-3247, Sept 1989
Ight, being deg wi g u N8 P. Katzin, Y. Ayasli, L. Reynolds, Jr., and B. Bedard, “6 to 18 GHz

radiation from the microstrip lines and components, and also in MMIC circulators,” Microwave J, pp. 248-256, May 1992.
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