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Abstract: This paper introduces a novel verification development platform for the passive UHF RFID tag,which
is compatible with the ISO/IEC 18000-6B standard,operating in the 915MHz ISM band. This platform efficiently
reduces the design and development time and cost, and implements a fast prototype design of the passive UHF

RFID tag. It includes the RFID analog front end and the tag control logic, which is implemented in an Altera
ACEX FPGA. The RFID analog front end, which is fabricated using a Chartered 0. 35m two-poly four-metal
CMOS process,contains a local oscillator, power on reset circuit, matching network and backscatter, rectifier,regu-

lator, AM demodulator,etc. The platform achieves rapid, flexible and efficient verification and development,and

can also be fit for other RFID standards after changing the tag control logic in FPGA.
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1 Introduction

In recent years,radio frequency identification
(RFID) is rapidly expending with applications
such as drug anti-counterfeiting, supply chain
management, logistics, automation toll collection
system, access to control buildings, airport bag-

[1=3) " As an automatic

gage, and aviation security
way for data transaction in object identification
without human intervention or error, RFID tech-
nology has become very popular.

Current RFID systems commonly use several
frequency ranges, including LF ( 125kHz,
135kHz), HF (13.56MHz), UHF (860 ~
960MHz) ,and microwave (2. 45GHz). UHF band
is used worldwide for its long read range and low
manufacturing cost in the distribution field. In
North and South America,its center frequency is
915MHz,whereas in Europe,the Middle East,and
the Russian Federation,it is mainly 866 MHz. Asia
and Australia use frequencies within the band
from 866 to 954MHz. Korea made an allocation at
908. 5~ 914MHz (bandwidth 5. 5MHz)" % . The
RFID application systems often have customized
requirements, which generally take a long time to
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design and have low tolerance for changes in spec-
ification'"'. As a result.the RFID tag,reader,rele-
vant database and software must be specifically
designed for each particular application,and must
be physically modified or re-designed each time
when the specification for the current application
is adjusted, which increases the design and devel-
opment time and cost.

This paper presents a novel verification de-
velopment platform for the passive UHF RFID
tag which is compatible with the ISO/TEC 18000-
6B standard,operating at the 915MHz ISM band,
and can be easily customized to work under other
standards and proprietary commands in the de-
sired application. The verification development
platform efficiently reduces the design and devel-
opment time, and implements the fast prototype
design of the passive UHF RFID tag. It includes
the RFID analog front end (AFE) and the tag
control logic, which is implemented in an Altera
ACEX FPGA. The RFID AFE, which is fabrica-
ted using a Chartered 0. 35pm two-poly four-metal
CMOS process, contains a local oscillator, power
on reset circuit, matching network and backscat-
ter,rectifier, regulator, AM demodulator, etc. The
platform achieves rapid,flexible and efficient ver-

* Project supported by the National High Technology Research and Development Program of China (No.2006AA04A109)

+ Corresponding author. Email: tju_rfid@163. com
Received 17 May 2007, revised manuscript received 19 June 2007

(©2007 Chinese Institute of Electronics



%11 Chen Liying et al. :

A Novel Verification Development Platform for Passive UHF RFID Tag

1697

ification and development by changing the tag
control logic in FPGA. In addition to the ISO/TEC
18000-6B standard, the platform can also be fit for
several RFID standards,such as the International
Organization for Standardization (ISO) and the
International Electrotechnical Commission (IEC)
standard ISO/IEC 18000 and the EPCglobal™
standard EPC™ class-1 generation-2 (C1G2)'"'.
The platform architecture and the operation of
the different building blocks are described, re-
spectively. The experimental results are presented
and a conclusion is provided.

2 Architecture

The block diagram of the verification devel-
opment platform is shown in Fig. 1. The RFID
AFE and the tag control logic circuit of the dia-
gram will be described in detail in the following
paragraphs. The antenna, which receives the in-
formation and energy from the reader, can pro-
vide low loss and be matched to the input imped-
ance of the rectifier by the matching network'”'.
The AFE implements the energy transfer from the
reader to the tag, the clock generation, and the
data transmission in both directions. The FPGA-
based control logic circuit performs the communi-
cation protocol and the anti-collision mechanism.
The reset and the clock signals are supplied to the
control logic as the system reset and clock, respec-
tively. The Rx is the data signal received from the
reader, and the Tx is the signal returned to the
reader from the control logic. The Rx and Tx are
enabled by the Dir signal of the control logic.

3 Design implementation

3.1 AFE design

The RFID AFE as shown in Fig. 1, which is
fabricated using a Chartered 0.35pm two-poly
four-metal CMOS process.,contains a local oscilla-
tor,power on reset circuit, matching network and
backscatter, rectifier, regulator, AM demodulator,
etc. The matching network circuit, which is
matched with the impedance of the antenna, is
used to achieve maximum power transfer and bet-
ter performance of the tag with the appropriate
match. The received RF input signal power is con-
verted to DC supply voltage by the rectifier. The
regulator keeps the power supply at a proper level
and provides the VDD supply with the tag control
logic. The AM demodulator can extract the data
from DSB-ASK,SSB-ASK,or PR-ASK modulation
that are embedded in the carrier waveforms. The
backscatter, which achieves ASK or PSK modula-
tion, completes the return data link by adjusting
the impedance of the AFE. The circuit of the
power on reset (POR) generates the chip power
on reset signal reset. Unlike an HF transponder,in
UHF transponder the clock cannot be extracted
directly from the carrier. The clock signal is crea-
ted by the local oscillator, which is synchronized
with the Rx by the control logic. Although the
clock frequency varies slightly with the tempera-
ture, supply voltage, and the process parameter,
the performance of the control logic circuitry will
not be affected.
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Block diagram of the RFID verification development platform
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3.2 Control logic design

The tag control logic is described in Verilog
HDL at RTL level and implemented in the Altera
ACEX FPGA. The main task of the control logic
section is to treat the communication protocol.
The international standard that establishes the
way tags and readers communicate in the UHF
spectrum is ISO 18000-6, which currently has
three versions,i. e. , ISO 18000-6A,6B and 6C. In
this paper,we implement the ISO 18000-6B stand-
ard. This standard defines the protocol for a UHF
passive backscatter RFID system, featuring the
following capabilities: identification and commu-
nication with multiple tags in the field, selection
of a subgroup of tags for identification or commu-
nication,reading from and writing to or rewriting
data many times to individual tags,user-controlled
permanently lockable memory,data integrity pro-
tection, interrogator-to-tag communications link
with error detection,and tag-to-interrogator com-
! In the
version of the prototype tag described below, all

munications link with error detection

of the mandatory commands and a subset of the
optional and custom commands defined by the
ISO standard have been implemented.

Depending on their different logic function,
the control logic is divided into six different mod-
ules,as shown in Fig. 2. The architecture is not on-
ly good for being implemented in FPGA, but also
for being rapid, flexible and efficient verification
and development with other RFID standards.such
as the ISO standard 18000 series and the EPC-
global™ standard EPC™ C1G2. The Rx signal,
which is performed by generating pulses that cre-
ate a Manchester coding,is decoded by the decod-
er module. The Tx is the signal returned to the
reader, which is encoded with the Manchester
coding by the encoder module. The 16bit CRC-16
is calculated on all data bits received and trans-
mitted by cyclic redundancy checks module. The
control unit performs all the commands and con-
trols. Also, the control unit controls the Dir sig-
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Fig.2 Block diagram of the tag control logic imple-
mented in FPGA

nal, which enables the Rx and Tx. The module of
the interface to memory implements the control
of the memory,such as EEPROM, ROM and fer-
roelectric memory. This architecture is an advan-
tage for implementing various kinds of RFID
standards, and efficiently reduces the design and
development time and cost. Figure 3 shows the
time chart of the tag control logic.

Although the local oscillator’s output is stabi-
lized,it is not enough to accurately sample a de-
modulated bit stream. To remedy the frequency
error and synchronization problem, a synchroni-
zation algorithm is used. The demodulated data is
encoded in Manchester code and all commands are
followed by the preamble. The preamble is equiv-
alent to 9bits of Manchester 0 in NRZ format™',
which is used to synchronize the Rx with the
clock signal. The synchronization algorithm,
which satisfies the bit rate accuracy of £ 15% in
the ISO/IEC 18000-6B standard with the local os-
cillator’s output of 1. 2MHz,is designed and opti-
mized by an FPGA-based prototype design. Fur-
thermore, the anti-collision scheme, the different
tag functions and the communication protocols of
the other standards, including EPC™ C1G2, are
implemented in the prototype. The logic depth is
reduced and the delay of each data path is bal-
anced with the FPGA-based prototype, which im-
prove the area and the power consumption of the
RFID transponder IC chip.
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Fig.3 Time chart of the tag control logic
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Fig.4 Photograph of an assembled testing PCB of
the verification development platform

4 Experimental results

A novel verification development platform
for the passive UHF RFID tag is introduced. The
platform includes the RFID AFE and the tag con-
trol logic, which is implemented in the Altera
ACEX FPGA. Figure 4 is a photograph of an as-
sembled testing PCB of the platform. The RFID
AFE includes different building blocks,such as a
local oscillator, power on reset circuit, matching
network and backscatter, rectifier, regulator, AM
demodulator. In normal applications, only two
bonding wires are required to connect the antenna
to the RFID tag. Figure 5 shows the testing results
of the verification development platform. The de-
modulated waveform Rx is shown in Fig. 5 (b)
and the backscattered signal Tx of the tag control
logic is shown in Fig.5 (c¢) with an Agilent
54642 A oscilloscope by the UHF RFID reader of
Model THM6BC1-915 (Tongfang Microelectron-
ics Company, Beijing) , which is compatible with
ISO/IEC 18000-6B standard.

5 Conclusions

This paper presents a novel verification de-
velopment platform for the passive UHF RFID
tag which is compatible with the ISO/TEC 18000-
6B standard,operating at the 915MHz ISM band.
The platform includes the RFID AFE and the tag
control logic, which is implemented in the Altera
ACEX FPGA.The RFID AFE is fabricated using
a Chartered 0. 35um two-poly four-metal CMOS
process. The verification development platform
efficiently reduces the design and development
time and cost, and implements the fast FPGA-
based prototype design of the passive UHF RFID
tag. Consequently, the platform achieves rapid,
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Fig. 5 (a) Demodulated waveform Rx of the RFID
AFE and backscattered signal Tx waveform of the tag
control logic; (b) Expanded demodulated waveform
Rx; (c¢) Expanded backscattered signal Tx

flexible and efficient verification and develop-
ment by changing the tag control logic in FPGA.
In addition to the ISO/IEC 18000-6B standard, the
platform can be used for several RFID standards
such as the ISO standard 18000 series and the
EPCglobal™ standard EPC™ C1G2.1t can also be
easily customized to work with other standards
and proprietary commands in desired applica-
tions.
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