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In this paper, an Ultra High Frequency (UHF) base band processor for a passive tag is presented. It
proposes a Radio Frequency Identification (RFID) tag digital base band architecture which is
compatible with the EPC C C2/1SO18000-6B protocol. Several design approaches such as clock gating
technique, clock strobe design and clock management are used. In order to reduce the area Decimal
Matrix Code (DMC) technique is used. The digital base band processor has been simulated and
implemented using Xilinx platform. The complete design is verified and tested on Spartan-6 Field
Programmable Gate Array (FPGA) board. The performance of system is measured in terms of power.
The synthesis result shows that, the power required for complete design of digital baseband processor
is 5mW on a supply voltage of 1.2 V.
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1. INTRODUCTION?

Radio Frequency Identification (RFID) is “An
automatic identification technology that uses radio
frequency signals to transmit the identity of objects in
the form of a unique serial number”. This technology
does not use line of sight for communication between
reader and tag. It is the best choice for automatic
identification due to factors like flexibility, ease of use,
contactless, multiple tag identification, high data rate,
long read range and low cost. RFID application is
growing in many fields such as smart table, access
control, animal tracking, logistics, supermarkets, airport
baggage handling, antifraud systems and medical
treatment [1-5].

RFID system consists of reader, tag and an antenna.
The reader has antenna that sends/receives radio
frequency signals to/from tags. Tag shares the data with
the reader through radio frequency signals. The main
component of the tag is digital base band processor
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which controls all the functions of the tag. Several tag
digital base band designs have been presented before
namely, Tag in Dingguo. Wei et al. [6] presented a
paper on a “digital base band processor for passive UHF
RFID tag” with reduced power consumption and chip
area. The low power design techniques involved were
low operating frequency, power management with clock
gating and asynchronous design in which power
consumption was about 2.7 pW with area of 0.11mm?,
Jose et al. [7] presented the design of a baseband
processor architecture with low-power design strategies
such as clock gating and clock managing for a passive
RFID transponder and communication link between
reader and tag operates based on EPC class-1
Generation-2 protocol with master frequency of 1.92
MHz and current consumption of about 2.9 pA.

The challenge in designing UHF passive RFID tag is
to reduce power consumption because the energy of a
passive tag comes from the signal sent by a reader
which is a power limited device. The operation range of
a RFID system depends on the maximum of the
dynamic power of the tag. There are static power
dissipation and dynamic power dissipation in the very-
large-scale integration (VLSI) circuit. Dynamic power
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dissipation includes switching power due to charge and
discharge of load capacitance of input signals. Static
power dissipation results from the leakage current when
the logic gate is static [8]. To reduce power
consumption in RFID tag, there is a need to focus on
dynamic power dissipation.

Figure 1 shows the architecture of the passive
UHF RFID tag which consists of four sections: the
antenna, RF/Analog section, digital section and
electrically erasable programmable read only memory
(EEPROM). The antenna is used for receiving and
transmitting signals through the air interface. The
received signal will be demodulated by the RF/Analog
front end. Digital section is a base band processor of the
tag. It consists of three sections. They are: Transmitter,
Receiver and Processing section. Digital base band
processor performs decoding, cyclic redundancy check
(CRC) checking, processing, accessing memory,
encoding message and transmitting data back to reader.

In this proposed paper, we have developed a digital
base band processor for UHF tag which includes,
encoding, and decoding architecture compatible with
ISO/IEC 1800-6 tag on Spartan-6 FPGA and then its
functionality is observed. The base band processor
modelling is developed by Model Sim and is
implemented and verified on Spartan-6 FPGA board.

This paper is organized as follows: Section 2
defines the architecture of the proposed design. Section
3 explains power optimization techniques. Section 4
describes simulation and synthesis results. Finally
section 5 presents the conclusion.

2. ARCHITECTURE OF THE PROPOSED DESIGN

The proposed design of base band processor is shown in
Figure 2. It is divided into several sub modules such as
Encoder module, CRC module and error corrector
module at the transmitter section and frame generator,
decoder and buffer at receiving section. The processing
section consists of command processing, memory
interface and EEPROM.
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Figure 1. RFID tag architecture

Enable input acts as a control input to each module.
Each sub modules has to set the enable output when
they complete their operation for clock gating purpose.
The used decoder is decimal matrix coding (DMC)
decoding which calculates the ‘H” and ‘V’ from the
received data bits d,-ds; and generates cont module, and
removes from decoder block. CRC module calculates
syndrome bits AH and S according to DMC decoder. If
syndrome bits are not equal to zero, then, it performs the
error correction, otherwise not. Command processing
recognizes command which is given in received data. It
is identified using Ds¢ bit in data. If the Dyg bit is 0, it
generates a read signal to fetch the memory for sending
tag ID number and if Dy is 1, then, it generates write
signal and writes data into memory. Buffer is used to
store, the fetched 32-bit tag 1D number and applied to
the encoder. Encoder is used in DMC encoding which
generates horizontal and vertical redundant bits with the
data bits. Frame generator generates the frame in which
data has to be sent.

Encoder performs the DMC encoding and generates
horizontal, vertical redundant bits with the data bits.
Frame generator generates the frame in which format
data is being sent.

2. 1. DMC Encoder In the proposed design,
DMC encoder is used, which uses decimal algorithm to
increase the error detection and correction capability. In
this algorithm power consumed will be less compared to
other detection methods. This algorithm involves
decimal integer subtraction and integer addition. In the
decimal algorithm, the divide-symbol and arrange-
matrix are performed. Here the N-bit word is divided
into n symbols of m bits (N =nxm), and these
symbols are arranged in an n= n1 X n2 2-D matrix, the
horizontal redundant bits ‘H’ are obtained by
performing decimal integer addition on symbols per
row. Finally, the vertical redundant bits ‘V’ are obtained
by binary operation on the bits per column. It is noted
that both divide-symbol and arrange-matrix are
presented in logical instead of physical form.
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Figure 2. Proposed architecture of base band processor
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To explain the DMC scheme, take a 32-bit word as
input, which is shown in Figure 3. The cells from D, to
D3, are information bits. This 32-bit word has been
divided into eight symbols of 4-bits. n;=2 and n,=4 have
been chosen simultaneously.H, — H,, are horizontal
check bits;V, through V5 are vertical check bits.

The horizontal redundant bits H can be obtained by
decimal integer addition as follows:

H4H3H2H1H0: D3D2D1 DO + Dll D10 D9 D8 (1)

H;HgHs = Dy Dg Ds Dy + Dy5D14 D13D1; 2

Similarly other remaining horizontal redundant bits are
obtained where “+” represents decimal integer addition.
For the vertical redundant bits V, we have:

Vo = Do @ D¢ ©)

Vi=D; @ Dy7 (4)

In a similar manner remaining vertical redundant bits
are obtained. The encoding can be done by decimal and
binary addition operations from (1) to (4). The encoder
that computes the redundant bits using multi-bit adders
and XOR gates is shown in Figure 4. In this figure,
H19-HO are horizontal redundant bits, V5—V, are
vertical redundant bits, and the remaining bits Us;—Uq
are the information bits which are directly copied from
D33 to Dq.

2. 2. DMC Decoder For the correction of word
obtained, the decoding process is required. At the
beginning, the received redundant
H,H;H,H,H, and V,’—V;' are generated by the
received information bits D’.
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Figure 3. 32-bits DMC logical organization [8]
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Figure 4. 32 bit DMC encoder structure using multi bit adders
and XOR gate [9]
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Secondly, the horizontal syndrome bits H,H;H,H,H,
and the vertical syndrome bits S3 —S0 can be calculated
as follows:

A H,HsH,Hy H)=H,H3H,H, H, — HyHyHo Hy H, 5

So =Vo'®V, 6

w_»

Similarly for the remaining vertical syndrome bits,
represents decimal integer subtraction. When A
H,H;H,H,H) and S; — S, are equal to zero, the stored
codeword has original information bits in symbol 0 are
nonzero, then there is an error. Induced errors are
detected and located in symbol 0 and these errors can be
corrected by:

DOCorrect = DO @50 7

The DMC decoder used in our design is shown in
Figure 5, which consists of syndrome calculator, error
locator, and error corrector. Here, each module performs
a particular function in the decoding process. It is noted
from Figure 5, that the redundant bits are obtained from
the received information bits ‘D’ and compared with the
original set of redundant bits in order to obtain the
syndrome bits A H and S. Then, error locator uses A H
and S to detect and locate error bits. Finally, the error
corrector corrects the error bits by inverting the values
of error bits. The ‘En’ signal is used to decide whether
encoder is a part of the decoder.

3. LOW POWER DESIGN TECHNIQUES

According to Synopsys’s power model, the equation of
the dynamic power is given by:

P=05.0a. CL. Vpp?f (8)
here C, denotes the total load capacitance of circuit, ‘o’
represents the switching activities, f is the frequency of

circuit operation, and Vpp represents the power supply
voltage.
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Figure 5. 32-bit DMC decoder [9]
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In this paper to reduce the power consumption of the
RFID tag is based on the above equation.

3.1. Low Operating Frequency The dynamic
power consumption of tag design is directly
proportional to its clock frequency. The lower the clock
frequency, the lesser is the power consumption. In our
design we use digital clock manager to divide the clock
into the two clocks of lower frequency and these
frequencies are applied to the corresponding modules.

3. 2. Power Management With Clock Gating In
conventional synchronous design, all the sequential
circuits consume power every clock cycle. However, all
sub-modules are not performing a useful function, while
they dissipate much power. Disabling the clock of
unnecessary  sub-modules can  reduce  power
significantly. These techniques are shown in Figure 6.
Clock manager divides the input clock frequency into
f/2 and f/3 which are input to the clock gating block.
Clock gating block has three inputs such as /2, /3 and
enable input. According to the enable input, the clock
gating module gives the specified clock to the
corresponding module. The circuit diagram for clock
manger is shown in Figure 7.

3. 3. Asynchronous Counter In synchronous
counter, all flip-flops are triggered by the single clock
and have a high switching activity.
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Clk R CkOP
D — —
I3

Figure 6. Low power design technique
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Figure 7. Clock manger circuit diagram

In asynchronous design, as Figure 8 shows, the next bit
flip-flop is triggered by the output of preceding bit and
it reduces the unnecessary switching activities and in the
mean while the power consumption is low.

4.SIMULATION AND SYNTHESIS RESULTS

The proposed design has been done in Verilog HDL;
simulated using model Sim simulator. For synthesis, we
have used the EDA tool Xilinx and all sub module
simulation results and top module results are shown in
the following sections. Figure 9 shows the simulation
result and of encoder module. Input is a 32-bit tag ID
number and generates 20-bit horizontal and 16-bit
vertical redundant numbers as output.

Figure 10 shows the simulation result of transmitter
module. The 32-bit tag ID number is input to this
module. It generates an output frame of 68-bit length.
The frame contains 16-bit vertical redundant number,
20-bit horizontal redundant number and 32-bit input.
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Figure 8. Asynchronous counter

Figure 9. Simulation result of encoder

Figure 10. Simulation result of transmitter
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Figure 11 shows simulation result of encoder in
receiver. The received data may be corrupted due to the
transmission error. So, the error data is given to this
module as an input, then it generates 20-bit horizontal
redundant bits and 16-bit vertical redundant bits derived
from error data as an output.

Figure 12 shows the simulation result of CRC
module, to check whether the received data bits are
correct or not. It calculates the vertical syndrome bits by
XORing the original vertical V [15-0] bits with the
vertical bits being derived from received data V4 [15-0].

Figure 13 shows the simulation result of CRC
module, to calculate horizontal syndrome and whether
the received data bits are corrupted or not. It calculates
the horizontal syndrome bits by subtracting the original
horizontal H [19-0] bits with the horizontal bits which
are derived from received data Hq [19-0]. If it is non-
zero value the data is corrupted otherwise it is not
corrupted.

Figure 12. Simulation result of CRC for vertical syndrome
bits

Figure 13. Simulation result of CRC for horizontal syndrome
bits

Figure 14 shows simulation result of corrector, the 32-
bit error data, computed 20-bit horizontal syndrome bits
and 16-bit vertical syndrome bits given as an input to
the model. It generates an output of corrected 32-bit
data.

Figure 15 shows the simulation result of receiver
module, the 68-bit frame is input and generates 32-bit
decoded data as an output. It performs the data
correction if it is required. This module is comprised of
CRC and error corrector modules.

Figure 16 and Table 4. 2 shows the simulation result.
It consists of all sub modules such as encoder, decoder,
CRC checker, error corrector, frame generator and
buffer. It fetches the 32-bit tag ID number stored in
ROM memory, performs encoding, frame generating,
decoding, error corrections and generates fetched 32-bit
tag 1D as output.

Table 1 shows area comparison summary of the
DMC technique. It indicates that DMC technique
performance is better in terms of area when compared
with other publications.

[ x1: 43.000000 w |
Figure 16. Simulation results of top module
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TABLE 1. Area comparison summary of the DMC technique

Name Ref. Ref. This %A_rea_
[13] [14] work  Optimization

No. of slices 75 38 15 40%
No. of flip-flops 100 50 15 30%
No. of LUTs 132 68 14 21%
No. of logic 196 50 13 26%

No .of 10S 72 56 44 79%

No. of bounded 10B 72 40 44

No. of GCLK 1 1 1 0%
Total 584 321 146 45%

Comparison with some researches in base band
processor of EPC C1G2 protocol-based UHF RFID tag
is shown in Table 4. It indicates that our base band
processor has better performances in terms of power,
area and speed.

Figure 17 shows the hardware implementation of the
complete design on FPGA Spartan-6, where, the ID
number is read from ROM. Initially, error is detected,
corrected, encoded and decoded. It is successfully
downloaded and verified on the FPGA Spartan -6 board.

TABLE 3. Device utilization summary of top module

Various other parameters such as delay and power
summary for DMC technique are shown in Table 2 for
various ECC’s. This technique has better performance
in terms of power and speed.

The device utilization summary of top module for
complete design of the passive RFID Tag is shown in

Table 3.

TABLE 2. Power and delay comparison summary of the

Logic utilization Used Available Utilization
No. of slice LUTs 208 27,288 1%
No. of fully used 96 244 39%
LUT-FF pairs

No. of bonded 10Bs 44 218 20%
No. of slice registers 174 54,576 1%
Q:fiezf occupied 78 6,822 1%
No. of flip flops 174 6,408 1%

DMC technique
Type of Slice flip Bounded  Delay
ECC used flops LUTs 10 (ns) Power
Thiswork 174 30 96 44 3.10ns 0.5mw
DMC [8] NA NA NA NA 4.9ns 10.8mW
PDS” NA NA NA NA 18.7ns 221.1mW
MC NA NA NA NA 7.1ns 24.7TmW
Malfix 164 32 201 96 14548ns  0.121W
code
Hagg“;”g 1350 32 2682 84  17.133ns  0.163W
Figure 17. Shows the hardware implementation of the
PIEEFMO NA NA  NA NA NA 1.58mW complete design display FPGA device
TABLE 4. Comparison summary of the design
Ref. No Technology Tag Type Coding Method Input Clock Supply Voltage Power Area
This Work Xilinx FPGA Passive DMC 100 MHz 1.8v *5mwW 78 (slices)
[8] CMOS Technology Passive PIE/FMO 3.55 MHz 1.8V 3.43 W 892 pm x260um
[6] CMOS Technology Passive PIE/FMO 1.92 MHz v 2.7 uW 0.11mm?
[10] CMOS Technology Passive PIE/FMO 1.92 MHz 1.2v 3.5 uw NA
[11] CMOS Technology Passive PIE/FMO 1.92 MHz 0.33Vv 80 nW NA
[12] CMOS Technology Passive PIE/FMO 2.56 MHz v 6.4 uW 0.3 mm?
[7] CMOS Technology Passive PIE/FMO 3.55 MHz 0.96V 7.4 pW 800 pmx 800um
[13] FPGA Passive PIE/FMO 2 MHz 2V 9 mwW NA

*-Complete tag design including memory and peripheral device such as UART
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