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ABSTRACT

A passive radio-frequency identification (RFID) tagstem is
proposed in this work. The amplitude shift keyingSK)
demodulator and the bandgap voltage reference wen¢ for
fabrication using 0.18um TSMC technology. Some logies are
proposed for the other blocks that compound theegys
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1. INTRODUCTION

Technologies using RFID have been extensively used

nowadays, aiming the time reduction for the datquasition.
RFID is a generic expression used to describe tlveless
transmission of an identity number assigned to bjeob or a
person.

A typical RFID tag is compounded by a chip connédtean
antenna, which can allow the wireless transmissioits identity
number to a reader. The chip can store up to 2KBatd, which
is sufficient to describe information about a proguas
fabrication date and destination.

To read the information stored in a RFID tag isessary a
device, called reader, adapted of one or multiaféennas able to
transmit and receive information from the tag aeddsthe result
of this communication to a computer.

The tag can be passive or active. The passivedegnd use
a voltage source. It uses the electromagnetic waed by the
reader, to generate the energy necessary to malartuit work.
The active tag uses a battery to energize the afdpto transmit
the information for the reader.

In the present paper, a passive RFID tag will ppsed. Some
internal blocks were designed and sent for fabiboatising the
0.18um/CMOS TSMC technology.

2. PROPOSED CIRCUIT

The block diagram of the proposed passive RFID ifag
presented in Fig. 1. The system is composed byfdhewing
blocks:

Rectifier — The RF signal received by the antesnzdctified
to generate the needed DC voltage to supply ther difocks.
Therefore, this block uses a charge pump and adlmpeut
regulator (LDO regulator) to execute this procedu#ebandgap
circuit is also used to provide a reference voltage to
compensate the temperature effects.
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Fig. 1 — RFID Analog Front End Block Diagram [1].

Demodulator — The proposed circuit accomplishe ASK
demodulation. It was designed using schottky dioded a
hysteresis comparator with a temperature compehsaierent
source.

Clock Generator — It is the internal oscillatorspensible to
provide the necessary clock for digital circuitrit. uses a
traditional ring oscillator.

Modulator — The proposed architecture uses badiescat
techniques to provide the tag’'s ID through BPSK wiation.

In this paper it will be shown the design of an A8&modulator
and a bandgap voltage reference. These blocks semt for
fabrication using the 0.18um/CMOS TSMC
Moreover, the rectifier, clock generator and mothrawill be
discussed through a brief theoretical review, whe@me
architectures will be proposed.

3. BUILDING BLOCKS
3.1 Low-dropout Regulator

Low dropout regulators are an inexpensive and snvphy to
build a voltage source with no compensation capedn its
output, resulting in a smaller circuit [2]. Poweramagement is
very important in integrated circuits due to thmited available
energy and it is critical in autonomous devicesis My, power
rectifier circuits have a big role in passive RFpstems [3],
generating a stable voltage, with low power condionpand high
efficiency, thanks to a small difference betwegpuinand output
voltages [4].

The basic topology used and proposed to build D legulator
is shown in Fig. 2. It consists of a high gain @penal amplifier
which is used as an error amplifier [5]. The paasdistor (Mp)
must be carefully designed so that it can be ablprovide the
power requested by the circuit. The voltage refegel'ref is
obtained by a bandgap reference.

technology.
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Fig. 2 — LDO regulator proposed topology.

3.2 Bandgap Reference

The bandgap main purpose is to generate a vol&fgesnce that
has as minimum dependence with temperature [6}s Thnh be
made when two voltages, with different and opposigns
temperature coefficients (TC), are joined. As allteshey cancel
each other, generating a voltage reference with teawperature
dependence [7].

The schematic of the bandgap, made using CADENGHEId&0

software, is presented in Fig. 3. It is composedbyperational
amplifier (OP), an output buffer, bipolar transistand a resistive
voltage divider. Equation (1) rules the bandgapabéir, where

VBE is the base emitter voltage of transistor Qd & is the

thermodynamic voltage (approximately 25mV al@p

Vrer = Vpga + VrIn (n)(1 + Ry /R5) (1)

The power consumption is 38.77uW, using a supplage of
1.8V. It has two outputs, the first with 1.22 V ath@ second one
with 613 mV and these values are stable in a rafig80°C to
130 °C (Fig. 4).

3.3 Charge Pump

The charge pump is a circuit that can generateugjoub voltage
larger than the supply voltage. This can be madea legpacitor
network providing a voltage gain per stage. Ascharge pump is
built using many stages as the application requifes voltage
sum of all the stages provide the final DC voltagkis kind of
circuit has many applications, such as nonvolatiiemories
EEPROM, which is used in RFID tag memory, DC-DC
converters and power management chips [8]. Someandalges
are: high energy efficiency, low power consumptiemall area
and low current drivability, being independent bé thumber of
multiplier stages [9].
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Fig. 3 — Schematic of the bandgap.
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Fig. 4 — Bandgap simulation results using a corndteaal.

The charge pump works charging and dischargingaditgpees to
transfer energy to the output [10].

The most famous architecture is the Dickson changap (Fig.
5). Its gain depends on the numbers of stagesopésation is
simple. It uses two clocks in antiphase driving tehes, that
charge and discharge individual cells composed Hiode and a
capacitor, during each half of clock cycle.

3.4 ASK Demodulator

The proposed ASK demodulator uses an envelope tdetem
average filter and a hysteresis comparator to geowinary
values in its output. Its schematic is shown in Big

The envelope detector uses a Dickson voltage niieltiBesides,
schottky diodes are used due to their low forwanitage drop.

After the envelope detector the peak voltage igr@pmately
600mV.

The average voltage is obtained using a low pasdilRC The
low cutoff frequency demands the use of a largéstas As a
result, a transistor biased in the active regionsed to provide
the required resistance.

A hysteresis comparator is used to compare thelepwesignal
with the average voltage. Its schematic is showfig 7. This
kind of circuit was chosen to make the comparis@menmesistant
to ripples which could interfere in the comparisdine circuit
consumes 5 PA using a voltage supply of 1.8V.

The circuit simulation is shown in Fig. 8. The cesvpresented
are, from the top to the bottom, the ASK signak #mnvelop
signal, the average voltage and the comparisoritresu

The power consumption is 9uW. The circuit was sated in
temperature, which resulted in a working rangel&P€ to 95°C.
The entire demodulator occupies approximately 27®,8x
185um.
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Fig. 5 — Dickson charge pump.
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Fig. 6 — ASK Demodulator.

3.5 BPSK Modulator

The tag transmits data to the reader using BPSKutatdn
through backscatter process. This kind of modutatis
accomplished modifying the impedance of the tagterana. This
procedure results in the reflection of part of signal transmitted
by the reader. The reader senses the reflecteclswgnich is
modulated in phase (BPSK).

Figure 9 shows the modulation process. It usesa@asistor to
switch the impedance between two values.

3.6 Clock Generator
The proposed circuit uses a ring oscillator to fEevthe
necessary clock.

The period of oscillation is determined by the togy and some
parameters of the manufacturing process. The tilcgomposed
by an odd number of inverters in series, whereothput of the

vdd_a

last inverter is connected to the input of thetfirs

The odd number of inverters causes the circuitawvemo stable
operating point, producing the oscillation. The ipér of

oscillation (T) can be obtained by the propagatiome of the
signal through the inverter. Equation (2) can bedu® calculate
the oscillation period.

T =2*Tp*N 2
Tp is the propagation time of a single inverter ads the
number of inverters.
To adjust the output frequency some methods camppied,
such as the use of different number of invertelgnge the

supply voltage, change the output capacitance aadifynthe
current biasing the circuit.

4. CONCLUSION
The ASK demodulator and the bandgap voltage referemere
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Fig. 7 — Hysteresis Comparator.
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Fig. 8 — Transient Simulation.

sent for fabrication using 0.18um TSMC technologlje system
will be completed modeled using Verilog-AMS langaagnd,
after characterize the ASK demodulator and bandgzmge
reference in laboratory, mixed signal simulationl Wwe used to
verify whether the proposed system accomplish teedad
functionality.
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Fig. 9 — Backscatter Modulation [11].
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