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Abstract

This research project presents low power analog integrated circuits for ambient
intelligence. It describes the design of an ultra low power analog front-end circuitry for UHF
passive RFID transponder. The overall circuits include voltage multiplies, voltage regulator,
power-on-reset, oscillator, voltage reference, demodulator and modulator. Simulation results
using a 0.35um CMOS process parameters show that the analog front-end can operate with the

minimum input power 240 pw, while consuming only 1.2 pw.
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2.5.5 29057 31%A (Power-on-Reset)
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Ultra Low Power Analog Front-End for UHF RFID Transponder
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Abstract— This paper describes the design of an ultra low
ower analog front-end circuitry for UHF passive RFID
ansponder. The overall circuits include voltage multiplier,
ltage regulator, power-on-reset, ring oscillator, voltage
ference and demodulator. Simulation results using a 0.35um
MOS process parameters show that the analog front-end can
serate  with the minimum input power 240 pW, while
nsuming only 1.2 pW. :

eywords: Radio frequency identification (RFID), Tag, Reader,
ackscattering, Passive transponder

L INTRODUCTION

Recently, Ultra High Frequency (UHF) Radio Frequency
entification (RFID) has been coined as the next wave of
chnology that will revolutionize many industry sectors and
plications, such as supply chain management and logistics,
ansportation, access control, and wireless sensing [1]. To
1able massive adoption and deployment of UHF RFID, it is
cessary that the cost of transponder must be lower to a few
nts [2]. Apart from the cost of inlay and antenna, small
ansponder’s chip area plays an important role to reduce the
verall cost of the transponder.

In addition, long operating range in the order of several
eters is vital in many applications. In order to achieve long
yerating range, it is crucial that the power dissipation of the
ansponder must be minimized to a few microwatts. Thus it

important to realize compact and low power integrated
rcuits for the transponder chip.

This paper describes the design and realization of an ultra
w power and compact integrated analog front end in a 0.35-
m CMOS process, for passive UHF RFID transponder
yerating in the 900 MHz band.

II.  UHF RFID TRANSPONDER ARCHITECTURE

Fig. 1 shows the architecture of the UHF RFID
ansponder. A voltage multiplier circuit converts the incident
I signal from the reader to a DC voltage, Vi, which is
rther regulated by a voltage regulator to provide a 1.5-V
pply voltage to all analog and digital circuits. A
modulator circuit extracts the digital data bitstream from
e incident RF signal, for the back-end digital circuits. The
ansponder sends the data back to the reader via backscatter
odulation. A low-power on-chip oscillator circuit provides
ock signal to digital processing circuits, which is initialized
power-up by a power-on-reset circuit. A voltage reference

circuit provide reference voltage and current to both analog

" and digital circuits. Finally, an LC matching network is used

to match the input impedance of the transponder to that of the
antenna for maximum power transfer.
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Backscatter Data_out
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=

Fig.1: UHF RFID transponder architecture.

IIT.  CirCUIT DESCRIPTION

A. Voltage Multiplier

Fig. 2 shows the simplified circuit diagram of the voltage
multiplier that converts the incident RF signal to a DC
voltage. The voltage multiplier is basically a cascade of N-
stage diode-capacitor peak detector [3]. All diodes and
capacitors are identical. In AC analvsis. 2! cazacitors will
appear as short-circuits and all diodes will appear in parallel
or anti-parallel to the input. In DC analysis, all capacitors are
considered as open-circuits, and all N diodes will be series
with the output. Thus the output voltage can be written as

Vmul =N(V;n_Vd) (1)

where V;, is the input voltage of the voltage multiplier and V4
is the voltage dropped across each diode.

In this work, a 14-stage voltage multiplier is used to
provide a 1.5-V output voltage with the minimum input
power of 240 pW.

Schottky diodes are used because their fast turn-on
characteristic and small turn-on voltage allow minimum
detectable incident RFID power. Large diode’s area, thus high
reverse saturation current, is preferred for better power



fficiency of the voltage multiplier. However, the diode’s area
annot be increased excessively, or else the diode’s
apacitance becomes comparable with the capacitor C. This
ill cause the reduction of the power efficiency as only a
action of the incident RF signal would be dropped across the
iode. In this work, simulation results showed the optimum
iode’s area is 1.2 pm x 4.8 pm.

Capacitors value are chosen such that its impedance is
wch larger than impedance of the schottky diode, i.e.
pioge > X where X =1/2zf,C and f, is the incident RF

equency. In this work, the capacitors value are 5 pF.

Shunt Regulator

Fig. 3 shows the shunt voltage regulator that is used to
rovide constant supply voltage to all analog and digital
rcuits. Diode-connected MOSFETs M,; and M, form a
oltage divider that senses the output voltage of the preceding
oltage muiltiplier and compares it with a reference voltage
om the voltage reference circuit. Transistor My is used to
nk the current according to the output of the amplifier.
dditional reduction of the output voltage ripple is achieved
y a simple RC low pass filter. In this work, V. is about 0.7
, Ry is 50 kQ and C; is 600pf, which provides the filter’s
itoff frequency of 6 kHz.

Ring Oscillator

Fig. 4 shows the on-chip ring oscillator that generates the
ock signal for the digital circuits. It is a 5-stage (i.e. 5
MOS inverter delay cells, M;-M;,) current-starved ring
scillator to obtain low power clock generation. The output
scillation frequency is 320-kHz and the bias current I, is 90
A. In this work, much attention has been paid to minimizing
e power consumption of the circuit.Simulation results with
ipply voltage variation from 1.4 V to 2.0 V and temperature
ariation from 0 C°to 40 C° showed that the output frequency
ariation is around +/- 10% of the nominal value.
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Fig. 2 Voltage multiplier circuit
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. Power-On-Reset circuit

Fig. 6 shows the power-on-reset circuit [4] used in this
ork. The circuit consists of a cross-coupled pair of
ansistors and a NOR gate. The circuit is designed to provide
reset pulse when the supply voltage reaches 1.5 V.

Vdd

P

MzFl [:M4

Vpor

I
i
7L

Mlj

M2

Fig. 6: Power-on-reset circuit.

Voltage Reference

Fig. 7 shows the voltage reference circuit [5] that is used
-generate the reference voltage and current to the oscillator
d regulator circuits. The principle of the circuit based on
e well-known mutual compensation of mobility and
reshold voltage effects in MOSFET. The voltage reference
rcuit comprises three parts: (i) a typical start-up circuit
M10-My2), (ii) a low-power PTAT current generator circuit
1,-My), and (iii) a diode-connected transistor (Ms). The
I'AT current generator is a self-biased current source, which
nploys a self-cascode MOSFET circuit (M, and M, with DC
as current) to realize a linear resistor. Transistors M, and M,
erate in the strong inversion conduction and saturation
gion, respectivelv: while transistors M,-M: are biased in the
eak inversion region. The drain-source voltage of M; (Vx)
juals to the voltage difference of the gate-source voltages of
s and M. The circuit is designed to provide a 0.7-V output
ltage with 26 ppm°c temperature coefficient from -25 °C to
100 °C, while draining only 170 nA from a 1.5-V supply
ltage. Fig. 8 shows the temperature dependence of the
itput reference voltage. :

Data Demodulator

Fig. 9 shows the demodulator circuit that is used to extract
gital data bitstream from the incident RF input signal. An 8-
age voltage multiplier is used to boost up the input signal
r the following amplifier. Two simple RC lowpass filters
e used to average the boosted input signal with ten times
fference in their cut-off frequencies. The first filter, R; and
; has the bandwidth of 159 kHz, approximately equal to the
ansmitted data rate of 160 kb/sec. The second filter, R, and
; has the bandwidth of 15.9 kHz. Both R, and R; are equal

to 200 kQ, while C; is 5 pF and Cy is 50 pF. The output
voltages of both lowpass filters are then compared with a high
gain amplifier to produce the extracted output digital data.
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Fig. 7: Voltage reference.
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IV. SIMULATION RESULTS

The overall analog front-end circuit was simulated by using
Cadence Spectre™ with process parameters from a 0.35-um
CMOS technology. A 90%, 160-kb/sec, ASK input voltage
with 900-MHz carrier frequency and 50% duty cycle was
used as the incident RF signal for all simulations. Fig. 10
shows the transient waveform of the supply voltage with the
minimum incident RF power of 240 uW. The transponder’s
power-up time of 500 us, according to the standard [6], is

L]



Ifilled. Fig. 11 shows the clock signal at 320 kHz, produced
7 the on-chip ring oscillator. Fig 12 shows the extracted data
ympared with the incident RF input signal. Table 1 compare
e power consumption of the proposed circuit with other
ported RFID system. The proposed transponder front-end
nsumes much less power consumption compared to other
ported work.
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Fig. 10: Supply voltage ramp-up time.
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Fig. 11: Clock signal produced by the oscillator.

1.70 =l VthG_iﬂ‘

8¢0m

>

Fig. 13: Demodulated data waveform

Table 1: Comparison of power consumption

Parameters [7] [8] [9] This work
Carrier Frequency (MHz) 900 900 900 900
CMOS Process (pm) 0.5 0.25 0.25 0.35
Supply Current (A) 1.5p 1.1m m 800n
Supply Voltage (V) 1.5 2 2 1.5
Power consumption (W) 2.25u 22m 8 1.2p

V. CONCLUSION

An ultra low power analog front-end for passive UHF
RFID transponder has been described. The transponder can
detect the minimum incident RF input power of 240 pw. All

circuits have been designed with particular attention to
minimize their power consumption, while still satisfy other
requirements according to the standard. The transponder
front-end consumes only 1.2 pW.
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Abstract

This paper describes the design of an ultra low power analog
front-end circuitry for UHF passive RFID transponder. The overall
circuits include voltage multiplies, voltage regulator, power-on-reset,
ring oscillator, voltage reference and demodulator. Simulation results
using a 0.351im CMOS process parameters show that the analog front-
end can operate with the minimum input power 240 UW, while

consuming only 800 nA.
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