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Design of an Analog Front End for Passive UHF RFID
Transponder IC”
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Abstract: This paper introduces a high-performance analog front end for a passive UHF RFID transponder IC,
which is compatible with the ISO/IEC 18000-6B standard,operating at the 915MHz ISM band with a total supply
current consumption less than 8uA. There are no external components, except for the antenna. The passive IC’s

power supply is taken from the energy of the received RF electromagnetic field with the help of a Schottky diode

rectifier. The RFID analog front end includes a local oscillator, clock generator, power on reset circuit, matching

network and backscatter,rectifier, regulator,and AM demodulator. The IC, whose reading distance is more than
3m,is fabricated with a Chartered 0.35um two-poly four-metal CMOS process with Schottky diodes and is EEP-

ROM supported. The core size is 300pm X 720p.m.
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1 Introduction

Radio frequency identification (RFID) is be-
coming a hot topic,and applications for RFID are
multiplying rapidly. RFID is an emerging technol-
ogy used for object identification by radio waves.
Some of the common fields of applications include
supply chain management, automation toll collec-
tion systems, access to control buildings, airport
baggage,and public transportation. The increasing
applications require high volume, low cost, small
size,and higher data rates. This paper presents an
analog front end (AFE) of the long range, low
power,passive UHF RFID transponder IC.

Several frequency ranges are commonly used
in RFID technology. Inductive tags usually oper-
ate at around 125kHz or 13. 56MHz""' using a coil
as an antenna. Because coupling is inductive,these
transponders operate in the magnetic near field of
the reader’s coil antenna,and their reading range
(maximum distance between the transponder and
the reader) is typically limited to less than 1. 2m,
and the bandwidth in Europe and other regions is
limited by regulations to a few kilohertz*'. But
operation at UHF (865~960MHz) or microwave
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(2.4GHz) frequencies allows longer reading dis-
tance, higher data rates, and smaller antenna si-
zes. There is a strong interest in UHF frequency
band RFID transponders, especially for 865 ~
960MHz and 2. 4GHz ISM band. Also, UHF fre-
quency bands used in RFID vary throughout the
world. For example,in North and South America
the center frequency is 915MHz,whereas Europe,
the Middle East, and the Russian Federation
mainly use 866MHz. Asia and Australia use fre-
quencies within the band from 866 to 954MHz.
Thereby,the whole bandwidth used in UHF RFID
is from 865 to 960MHz '/ .

This paper presents an AFE of a transponder
with low power and long range. The technology is
a 0. 35um two-poly four-metal CMOS process that
supports EEPROM and Schottky diodes. The
Schottky diodes, with low series resistance and
low forward-voltage drop,allow for a higher con-
version efficiency of the received RF input signal
energy to DC supply power. The reading distance
of the AFE is more than 3m with a supply current
of about 8;;A and an antenna gain of about 0 at
4W (36dBm ) EIRP base-station transmission
power,operating at 915MHz. The system architec-
ture and the operation of the different building
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blocks are described, respectively. The experimen-
tal results are presented, and a conclusion is pro-
vided.

2 Architecture

A block diagram of the AFE is shown in
Fig. 1. The individual blocks of this diagram will
be described in detail in the following para-
graphs. The antenna is the only external compo-
nent of the AFE. It can provide low loss and be
matched to the input impedance of the rectifier by
the matching network. The rectifier converts the
RF input signal power to a DC supply voltage.
The regulator maintains the power supply at a
certain level and limits the amplitude of the dc
supply to protect the chip. The AM demodulator
extracts the data that are embedded in the carrier
waveforms. The backscatter fulfils the return data
link by alternating the impedance of the AFE
using a MOS varactor. The circuit of the power on
reset (POR) generates the chip power on reset
signal. Unlike the HF transponder, the clock in
the UHF transponder can’t be extracted directly
from the carrier. The local oscillator and clock
generation generate the system clock to the logic
circuitry which isn’t within the scope of this pa-
per.
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joscillator r HMgeneration
L2
— #*
POR |— &
— Matching
network & —» Rectifier |[—»] Regulator
— backscatter (protector)
Y
AM
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Fig.1 Block diagram of the AFE

3 Circuit design

3.1 Rectifier and regulator

The rectifier is used to generate the DC pow-
er supply from the RF input signal power for the
whole transponder chip. A schematic of the recti-

fier is shown in Fig. 2. Schottky diodes with low
series resistance and low junction capacitance are
used, which allow for a higher conversion effi-
ciency of the received RF input energy to DC
power supply. For the RF signal,all the diodes are
connected in parallel Cor antiparallel) by the
poly-poly capacitors. For DC, they are connected
in series to allow a DC current to flow between
nodes Vpp and V. The voltage generated be-
tween them is approximately equal to""
Voo = n(Vyre — Vip)

where n is the number of diodes, V, r¢ is the am-
plitude of the RF input signal,and Vi, is the for-
ward voltage of the Schottky diodes, which is ap-
proximately 272mV at 7. 88uA. The size of each
stage poly-poly capacitor is about 1.4pF except
for the last stage,which is larger than the others.
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Fig.2 Schematic of the rectifier circuit

The regulator holds the AFE output supply at
a preferred value and provides a stable voltage to
prevent the chip from breaking down with the
amplitude of the RF input power varied at differ-
ent physical locations. The structure of a propor-
tional to absolute temperature (PTAT) voltage is
used. Furthermore, the structure of the self-bias
cascode is used to promote PSRR and reduce the
current in order to depress the power dissipation.
In addition, unlike conventional RFID tags, the

B is used

low power voltage and current reference
with a low-power startup circuit'®’, which com-
pletely turns off once the reference is started,and
there is no dissipation during the typical operation

state.
3.2 Matching network and backscatter

Unlike HF RFID tags at 13. 56MHz,a dipole
antenna is used in this UHF frequency band RFID



688 S S N S 28 &
transponders'™ . Figure 3 shows the equivalent To reduce the chip size and facilitate the integra-

Spice circuits of the dipole antenna™ . The anten-
na is modeled by the series resonant circuit, which
consists of an inductance L,,a capacitance C,,a
radiation resistance R,,and a loss resistance R,;.
The resistance R, ,which is 1IMQ,is used for Spice
convergence. The capacitor C, is used to improve
the performance of the antenna above the reso-
nant frequency f,. This circuit has its minimum
impedance (R, + R,) at the resonant frequency
fo. A voltage source V,, represents the received
voltage due to external electromagnetic waves.
The equivalent antenna impedance Z,, resonant
frequency f,.and quality factor Q can be written
as's]

. L . 1
Z(l (Rr"l‘R])(l ]w Rr+R1 ]a)(Rr+R1)C1>

(D
0o = 1 (2)
27(«/L1C]
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Q= R.+R, R,+RNC, (3
Antenna L,
G
C, =

Fig.3 Electrical equivalent of a half wavelength di-
pole antenna

tion, the equivalent inductance of the antenna is
put into the L-type matching network. The conju-
gate match of the complex number requested is
converted to match the input impendence of the
AFE to 105Q. By calculating, the input impend-
ence of the AFE is approximately 105 — j406.6Q.

The modulation is implemented by a back-
scatter approach"*’'. By modulating the input im-
pedance of the AFE, the eclectromagnetic wave
backscattered by the antenna is modulated. The
modulation of the imaginary of the transponder is
casier to apply by modulating the capacitance
rather than the inductance in CMOS process. By
changing the capacitance of the MOS varactor,
the Bi-state amplitude modulated backscatter is
implemented. With the modulation, high power
efficiency for DC supply voltage generation and
high modulated backscatter power for the back-
ward link are achieved simultaneously. The sche-
matic of the backscatter modulation circuit is
shown in Fig. 4.

3.3 AM demodulator

The demodulator is used to demodulate the
input carrier signal by the forward link from the
reader to the transponder. Figure 5 shows a block
diagram of the demodulator. The envelope detec-
tor uses the same circuit as the rectifier to extract
the envelope. The following low-pass filter is used
to eliminate the carrier noise and power ripple.
whose parameters are determined by the data
rate. Then, the output data waveform is generated
by the hysteresis comparator.

Vdd = 1
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Fig.4 Schematic of the backscatter circuit
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Fig.5 Block diagram of the AM demodulator

3.4 POR

The POR circuit is used to reset the logic
block when the transponder enters the electro-
magnetic field of the reader, and to prevent the
logic block from error operations when the power
supply descends to a certain level or when the
transponder suddenly departs from the reader. In
order to get a reset delay of 10pus, pairs of capaci-
tors and inverters are employed.

3.5 Local oscillator and clock generation

Unlike an HF transponder, in a UHF tran-
sponder the clock can’t be extracted directly from
the antenna'™ . The local oscillator and clock gen-
eration have to be implemented in the UHF tag
chip,which generate the system clock to the logic
circuitry. The three stages of the ring oscillators
are applied with the buffer shaping. The clock
frequency is approximately 250kHz. It slightly va-
ries with the temperature, supply voltage, and
process parameter; however, the performance of
the logic circuitry can’t be affected.

4 Experimental results

This chip is fabricated using a Chartered
0.35um two-poly four-metal CMOS process with
Schottky diodes and EEPROM. Because the AFE
is a part of the transponder, the core size of the
AFE is 300mm X 720mm excluding pads. A die
photograph is shown in Fig. 6. The different
building blocks,such as local oscillator and clock
generation, power on reset circuit, matching net-
work and backscatter,rectifier,regulator,and AM
demodulator.,are labeled. In normal applications,
only two bonding wires are required to connect
the antenna to the transponder. The other bond-
ing pads seen in Fig. 6 are used for testing purpo-

ses. The die photograph only shows the AFE of
the transponder IC and a small part of the logic
control circuitry. The rest not shown contains the
other of the logic circuits and EEPROM. Figure 7
shows the testing results of the total AFE circuit,
where Figure 7(a) shows the waveform of the in-
put signal and Figure 7(b) shows the demodulated
waveform by the AFE circuit as measured by an
Agilent 54642A oscilloscope. With 4W EIRP at
915MHz and 0dB transponder antenna gain, the
reading distance of the AFE is more than 3m.
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Fig.7 Measured waveforms of the total AFE circuit
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5 Conclusion

We have presented a high performance AFE
for a passive UHF RFID transponder, which is
compatible with the ISO/TEC 18000-6B standard,
operating at the 915MHz ISM band with a total
supply current consumption less than 8pA. Theo-
retical analysis used for the design optimization
have been proposed. The whole chip has been fab-
ricated with a Chartered 0. 35pm two-poly four-
metal CMOS process with Schottky diodes. Be-
cause the AFE is a part of the transponder, the
core size of the AFE is 300mm X 720mm excluding
Pads. A novel impendence matching network,
clock generation topology,voltage generation cir-
cuit; AM demodulator, and backscatter link were
achieved with 4W (36dBm) EIRP base-station
transmission power, operating at 915MHz. The
reading distance of the AFE is more than 3m,and
the measurement result meets the specification of
the proposed system.

The authors would like to
thank Li Yanming and Wang Rui for their help in
the process of design and measurements.
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