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Abstract: This paper introduces a wideband adaptive isolator for UHF RFID reader with a
minimum component count. The operation of the device is based on a reflection from a
variable load, which is connected to a port of a hybrid coupler. The other ports are
connected to the RX, TX and Antenna ports of the reader. The isolator provides an
isolation of 50 dB from TX to RX at 800 MHz - 1 GHz band, covering all the UHF RFID
bands worldwide. The adaptive system ensures high isolation up to an antenna return loss
of 6 dB, or reflection coefficient 0.5. The measured loss in the TX-to-Antenna and

Antenna-to-RX paths is 4 dB.

Introduction: A known problem in Radio Frequency Identification (RFID) at UHF band is
the signal coupling from transmitter (TX) to receiver (RX) port. The transmit power of up to
4 Weirp couples to the receiver, deteriorating the sensitivity of the reader by saturating the
receiver front end [1] and coupling transmitter noise to the receiver [2]. The problem is
becoming more and more important, because the newly introduced semi passive
transponders provide longer read ranges, and hence fainter backscattered signals to the
reader. The problem is known from FMCW radar [3] and later analysed also in UHF

RFID [1].
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In the case of UHF RFID, the problem has been addressed in [4-5] by directional coupler
design, providing good isolation at a narrow band. But as static devices, these cannot
adapt to any change of the coupling. Any variation of the near environment of the antenna
affects the input impedance of the antenna. Hence the coupling is effectively defined by
the return loss, or reflection coefficient, of the antenna. In [2-3, 6] active isolator circuits are
described. The circuits are based on the addition of an antiphase signal. The
compensation line has quadrature attenuator and couplers in TX and RX. The adaptive
solution provides wider band and possibility to eliminate the changes in the environmental
reflection, but with the expense of complexity. A possibility to reduce the system
complexity is to use a hybrid transformer and realise an impedance measurement bridge,

asin[7].

But, an isolator based on reflection, rather than addition, requires fewer components, and
provides isolation at even wider band, because the signal path lengths can be minimised.
The reflection-based isolator described in this paper requires only a hybrid coupler, and a
variable quadrature load. The system is less complex, encompassing all the static phase
shift crucial to adapter stability within the hybrid component. This minimization of the signal

path difference maximises the isolator bandwidth.

The system is analyzed in detail in the next section, after which measurement results are

presented and the paper concluded.

Theory: The isolator consists of a hybrid and a variable load. The block diagram of the
isolator is presented in Fig 1. The analysis and operation principle hold for a 90 or 180

degree hybrid, as well as for a directional coupler.



In this paper, a 90 degree hybrid with the ideal scattering parameters
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is used. The load connected to the port n of the hybrid have the external reflection
coefficients I',. Assuming matched TX and RX ports, i.e. I';= 0 and I', = 0O, the overall S-

parameters for ports 1 and 4 take the form
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The isolation criterion can be seen from Eq. (2). Minimising the coupling between ports 4
and 1, we require Sy; = 0, i.e. I'3 = -I',. Isolation can be achieved by adjusting the variable
load reflection coefficient to the opposite of the reflection at the antenna port. The
drawback is power loss, because some power has to be coupled to the variable load. In

the case of the hybrid, the power loss is ideally 3 dB. A directional coupler would deliver

lower TX power loss, but higher RX power loss.

The variable load can be easily realised as a parallel resonator with a PIN-diode as the

variable resistor and a varactor diode as the variable capacitor.

Measurement results: The realised circuit was measured with a matched load at the

antenna port to experimentally show the wideband characteristics of the device. The



maximum isolation achieved by tuning the load is presented at four different frequencies in
Fig 2. Over 50 dB of isolation is achieved over a tuning bandwidth of 200 MHz, from 800 to
1000 MHz. The isolation bandwidth is approximately 5 MHz at an isolation of 40 dB, which
is more than required for the UHF RFID, where data bandwidths are less than 1 MHz. The
Fig 2 also presents TX and RX losses, i.e. S;1 and Ss, respectively, when the device is

tuned for maximum isolation at 867 MHz.

The tuning range, i.e. the antenna port loads I'; that can be isolated, of the device was
measured by connecting a known (almost matched) load to the antenna port. The variable
load was adjusted to the extrema values of the tuner impedance. Using the isolation
criterion, the extrema of the antenna impedances that can be isolated can be calculated

from S-parameters S41, S11 and Saa,
. 1
T, :—F3:21841+E(Sf4—8f1), (3)

where the superscript O refers to S-parameters that are measured at isolation, i.e., when

541 =0.

The Fig 3. presents the area of the reflection coefficients of the antenna that can be
isolated at 867 MHz in polar form. The simulated values are calculated using the parallel
resonator model introduced in Fig 1. The simulated values support the measured values.

All antenna loads with I'; < 0.5 or antenna return loss up to 6 dB can be isolated.

Conclusion: This paper presented the theory and measurement results of a reflection-
based active isolator for UHF RFID reader. The device consists of a hybrid coupler
connected to reader RX, TX and Antenna ports, as well as a variable quadrature load. The

isolator provides an isolation of 50 dB from TX to RX. The adaptive system delivers the



isolation at 800 MHz — 1 GHz band, covering all the UHF RFID bands worldwide, up to an
antenna return loss of 6 dB, or reflection coefficient 0.5. The isolator has the measured

loss of 4 dB in the TX-to-Antenna and Antenna-to-RX paths.
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Captions

Fig. 1 Block diagram of the isolator circuit.

Fig. 2 Measured S-parameters of the isolator circuit: The isolation (S41) with different tuner

circuit values. Transmission loss (Sz1) and reception loss (Ss;) are presented when

isolation is optimised at 867 MHz.

Fig 3. Measured and simulated values of the antenna reflection coefficient that can be

isolated at 867 MHz.
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