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Figure 3: DC output voltage versus input power for the single-diode rectifier and the two-
diode doubler: the lower trace is the voltage at the node where the two diodes are
connected (corresponding to V... in Figure 5); the middle frace is the outpuot of the
single-diode rectifier, and the upper trace is the doubler output voltage which produces

0.3V DG at P, = -6dBm

structures and placed between the antenna
and the IC.

To verify our design under more realis-
tic conditions, a non-linear circuit simula-
tor may be used. The small-signal dicde
model is replaced by the SPICE model, and
the input power is swept. The resulting
graph of output voltage versus input
power, shown in Figure 3, indicates that
we will obtain about 0.3V DC for a refer-
ence input of -6dBm.

Modulated backscatter

To communicate with the reader, the tag
modulates the input impedance of the tag
IC. A modulating impedance is switched in
or out synchronously with the data being
transmitted. It can be shown[3] that the
modulating impedance can be either real
(resistive) or complex (capacitive). In ei-
ther case, the resulting modulation is likely
to include both phase and amplitude mod-
ulation, requiring the reader to employ
complex demodulation. A poorly matched
antenna will limit the degree 1o which the
modulating impedance can affect depth of
the modulated backscatter.

Improving the design by directly matching
the antenna

Let us assume that this performance will
not be sufficient, given the reader or in-
terrogator's output power limits. In addi-
tion, assume that including the matching
network will not make the desired low
cost per tag possible. We want to achieve
both better efficiency and a simpler design.

Perhaps we can review the antenna design
process for guidance.,

Traditionally, antennas are designed in
an electromagnetic (EM) simulator and an
S-parameter file is brought to the circuit
design. The Smith chart method is used to
match the antenna port to the IC. The
matching circuit transforms the 500 at
the antenna port to the impedance of the
IC. While this method works fine, the
matching circuit might cause insertion loss,
resulting in loss of the signal in both the di-
rections and affecting both the IC's rail
voltage and the ability of the tag o com-
municate with the reader via modulated
backscatter. Because every fraction of a

dB is critical in the operation of a RFID
system it is desirable to eliminate the
matching circuit and design the antenna to
match directly to the IC impedance.

The key to being able to match the an-
tenna directly with the IC is to have an an-
tenna topology that produces variable an-
tenna impedance with respect to one of its
geometrical parameters. We have chosen a
microstrip patch antenna fed with an inset.
It has been shown by Basilio and others
that the depth of the inset into the patch
produces a varying impedance[4], A patch
antenna with a well-controlled radiation
pattern and optimised for narrow band
operation around 915MHz was designed
using Momentum, an EM simulator in the
Advanced Design Systermn (ADS). A model
is built for this antenna that is a function
of the depth of the feed line.

As shown in Figure 5, a model of the an-
tenna, built earlier in an electromagnetic
simulator, is brought in direct connection
with the IC. Due to the use of this "layout
component” which has the appearance of
the layout but is placed in the schematic, it
is now possible to tune and optimise the
circuit to give a higher output voltage
(0.4V at Py, = -6dBm as compared with
0.3V for the conventionally-matched cir-
cuit), as shown in Figure 6, especially
when the tuning process in the circuit sim-
ulator responds in real time. the optimum
match is obtained by tuning the feed point
depth parameter DS1 of the patch antenna
layout component in the circuit simulator.
The lower irace corresponds to DS1 =
22mm and the middle trace is the output
for D51 = 18mm. For the optimum value
of DS1, 12mm (upper trace) and at the ref-

Figure 4: Far-field
pattern of patch
antenna
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erence of -bdBm input power, the output
voltage is 0.4V, compared to 0.3V for the
conventionally matched circuit,

The model of the antenna is built using
a new technique that is available in ADS.
The technique relies on adaptively sam-
pling the parameters in a multi-dimen-
sional environment referred to as MAPS
{Multi-dimensional Adaptive Parameter
Sampling).

The response of the antenna, in terms of
its S-parameters, is curve-fitted to a ratio-
nal polynomial at every computation until
the error is below -60dB. At this point the
model, a polynomial, i= constructed as a
function of the parameters. This adaptive
sampling contrasts with uniform sampling
of the parameters and has two distinet ad-
vantages, which are illustrated in Figure 7,
Firstly, the adaptive sampling produces a
model having the minimum number of
points, eliminating time-consuming EM
simulations. Secondly, it offers higher ac-
curacy due to Forsythe interpolation that
takes into account the global behaviour,
because uniform sampling can result in
under- or over-sampling. Under-sampling
results in poor accuracy and over-sam-
pling results in unnecessary and time-con-
suming EM simulations. The model allows
rapid tuning of the depth of the feed point,
which in turn changes the impedance of
the antenna port. This enables the designer
to match the IC directly to the antenna
port to maximise the rectified output volt-
age. In the specific results shown in Figure
6, this design approach yields an improve-
ment of 23% more output voltage by di-
rectly matching the antenna, compared
with the potentially lossy, conventional
Smith chart-based, indirect matching
method.

Figure 5: Simulation
with patch antenna
layout component
model integrated
into ADS permits
tuning and
optimizing the
match without the
need for additional
EM simulations
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Conclusion

Traditional Smith chart technigues for
malching an antenna to a circuit can result
in signal losses as elements are added,
Such losses, as well as the higher costs im-
plied by the added complexity, are highly
undesirable in RFID applications due to
the need to power the circuit using the in-
cident RF energy and to modulate that
signal with the responses of the tag. An al-
ternative method, based upon inserting a
compact parameterised model or "layout
component” into a circuit simulator en-

Figure T{a): Iradltlunal' approach results in over-sampling (inefficiency) or under-sampling
with local interpolation (inaccuracy); and (b): modified approach with global adaptive
modelling (MAPS) and Forsythe interpolation results in better accuracy and higher

efficiency

. freq

(b)

ables fast tuning of a simple physical char-
acteristic of the antenna to obtain the op-
timum match without the need for added
components or struciures. This method
significantly increases the voltage powering
the tag IC and the simple design helps to
reduce the production cost per tag,
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