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1. Introduction
A redenna (redifying antenna) is a recaving antenna @mbined with a
redifying circuit which converts RF or microwave power into useful DC power.
It can operate under both large and small signal (low power) condtions.

In some low power applications, aredennaisrequired to supdy certain ouput
DC current and vdtage. For example, an intelligent RFID passve tag requires an
Integrated Circuit (IC) to communicae with the interrogator. The IC requires a
cetain DC current and vdtage to be adivated. As an ill ustration, current state of
the at low power CMOS 1C would require aDC voltage suppy of abou 1V and
DC current of = 30 uA for complex logicd operations. Therefore, the issue in the
redenna design is not only how efficient the redennais but also what the output
DC voltage and current of the redenna ae & a cetain RF inpu power level.
Hence, an appropriate model for a diode that operates at low RF power level (< O
dBm) and povides desired DC output current level is crucia for designing the
matching circuit to oldain an ogtimum power transfer.

In this paper, we present a zero-bias Schottky diode and a redifier circuit
models for alow power (< 0 dBm) redenna redifying circuit. These models rely
primarily on chta obtained from the diode dharaderistic aurve measurement. The
zero-bias Schottky diode model provides diode parameters at the desired ouput
DC current level to be matched with the antenna so that optimum power transfer
from antenna to the diode takes place The redifier circuit model provides
equivalent circuit model for the redenna redifying circuit to cdculate RF to DC
conversion efficiency at the desired ouput DC current level.

2. A zero-bias Schottky diode rectifier circuit models
Generdly in RF design, a diode can be modeled as combination d resistance
and cgpadtance Thisis ownin Fig. 1[1]. Rpd is the resistance of the barrier at

the redifying contad and varies with current flowing through it. Rgy is the
parasitic series resistance of the diode. Cj IS junction cgpadtance aises from
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storage of charge in the boundhry layer. Usually, only Rgq and Cj are provided in
a comporent databook. Rpd isonly given at certain operating current. However,
by measuring diode daraderistic aurve, ore will be ale to oktain Rpd for
various diode DC current and appropriate matching circuit can be designed.

The model shown in Fig.1 can be simplified further to that shown in Fig. 2.1n
terms of the comporentsin Fig. 1, Rg(w) and Cy(w) in Fig. 2 are expressed as[2],
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These ae the parameters to be matched for optimum power transfer at the desired
DC output current [2].

Rg(w) =Ry +

The redenna drcuit can be simplified into AC and DC equivalent circuits as
shown in Figs. 3a and 3b.In the AC circuit, Vg is the receving antenna. The

transformer and the inductor represent the antenna-diode matching circuit. In the

DC circuit, the diode could be modeled as a voltage source with Rg source
resistance R| isavariableload resistor to vary the DC output current.

The desired operating frequency is chosen as a resonant frequency w. In the
redifier circuit model, Rg(w) and Cy(w) are cdculated by using the value of Rpd
when the DC current approadies zero in the diode charaderistic aurve. Similarly,
Rs is the dope of the diode daraderistic aurve (dV/dl) when the DC current

approadies zero. To be pradicd, we can use 1 pA in the diode dharaderistic
curve to oltain al these values. At resonance the voltage drops aaoss the

capadtance Cy(w), denatesas V' g, IS V' out = JQV1 Where voltage magnification
fadtor Q = (wR(w)Cy(w)) ™.

The variable that correlates the AC and DC model are V' gt and Vout- Vout
in the DC model shown in Fig. 3bis equal to the anplitude of V'qt in the AC
model (Fig. 3a). Let P, be the power receved by the aitenna. V1 can be

expressed in terms of P, as V1 = (2 Rg(w)Pip) ™.

The RF to DC conwersion efficiency n which is defined as the ratio o the
power disgpated onR|_ and P, for aredenna drcuit can be written as,
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Utilizing relations (1), (2) and (3), ore could cdculate n and the required
recaved power at the aitenna to achieve the required V| and g a a cetain



resonant frequency withou having to develop the prototype of the redenna
circuit.

3. Results
As an example, we design a single diode redenna redifying circuit using
HSMS-2850 Schattky diode. From HP Tedhnicd Data Shed, Rgy for HSMS-

2850is 20 Q. Cj is 0.16 pF. From the diode charaderistic aurve, Rpq and Rg

when the diode DC current is 1 pA are 7.2 kQ and 5 KQ, respedively. The
measured dode dharaderistic curveisdisplayed in Fig. 4. For 1.47 GHz, by using
Egs. (1) and (2), Rg(w) = 82 Q and Cy(w) = 0.16 pF. A prototype was built and
optimized for I, = 30 pA by foll owing procedure described in Sec 2. The return
loss after matching to 50 Q is excdlent (S11 < -20 dB) when g = 30 pA. The

redifying circuit is conreded to a signal generator (50 Q inpu impedance) which
is st to -10 dBm. The output load resistance of the redifying circuit Ry is varied

to oltain the desired 1o Figure 5 ill ustrates the RF to DC conwversion efficiency
(n) for various Iy at afixed RF input power (-10 dBm). The solid line represents
estimated n by utilizing Eq.(3). The blak das represent measured n. The
measured and cdculated results are comparable aad show similar behavior. The
measured efficiency is lower becaise there ae some RF power that is converted
to higher order harmonics. A caeful measurement of the diode daraderistic
curve would also enhance the greement between the estimated and measured

n. V| can beobtained by multiplying lo: with R|_. The models have been applied

to redifying circuit design using HSMS-8101 Schottky diode, and the results are
in good agreament.

4. Summary

A diode model and redifier circuit model, which rely on the diode
charaderistic aurve, for designing low power redenna redifying circuit is
presented. The diode model allows one to design a matching circuit between the
diode and an antenna for optimum power transfer to occur at the desired DC
output current. The redifier circuit model cdculates RF to DC conversion
efficiency. It can be used to determine whether the redenna drcuit can achieve the
desired DC output voltage and current for a given RF inpu power. These two
models are a very useful tods in cdculating and predicting the performance of a
redenna & low RF inpu power withou having to develop the redenna
prototypes.
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