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Abstract A baseband transmitter for UHF (ultra high frequency) RFID (radio frequency identification) reader is
proposed, which supports ISO 18000-6B&6C protocol and works at 840 — 960 MHz. Taking security and
compatibility into consideration, 2-bits PIE-kind encoder and PIE encoder are both implemented, the former is 6
times higher security than the later. In SSB modulation, when there is amplitude mismatch of two quadrature
signals, it will generate two frequency bands and result in performance lost. For this problem, an amplitude
matching module is integrated. A power adjustment module in baseband is also proposed to enhance the signal and
get larger input signal for PA to generate larger PA output power. The whole reader chip is implemented in a 0.18
pum CMOS process and consumes 209461 gates and 102.609 mW. The baseband transmitter takes up 22% of the
total area. This novel architecture doesn’t bring much lost in area and power consumption compared with other
existing designs.
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Radio frequency identification (RFID) technology, (near field communication) payment, health care,
which can provide both identification and definition security, etc!'!, UHF (ultra high frequency) RFID, the
localization of objects, has been widely applied in range frequency of which is from 840 to 960 MHz,

more and more areas, such as logistics, military, NFC has the advantage in long distance identification, high
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efficiency, high robustness and high throughput!®.
However, with RFID applied in a wide range of
applications, which bring us new challenges, such as

the security and privacy concerns” ¥

, management of
various tags, lower power, small size and low cost!].
In this paper, a baseband transmitter for UHF RFID
reader is presented. We focus on the security and
signal processing issues.

To solve the security and privacy problem, one
most cost-effective method is secure authentication
protocol, which is based on hash lock algorithm!®! or

"8 However, the requirements

encryption algorithm
of low area and low power limit the application of
these algorithms in RFID. We realize that the encode
algorithm can also be a security enhancement point.
So, a new encode algorithm, 2-bits PIE-kind encoding,
which

encoding), is proposed. In consideration of compat-

is developed from PIE (pulse interval
ibility, PIE is also supported. The degree of security of
the former is 6 times higher than the later. Compared
with the authentication algorithms, the implement-
tation of new encoder is simpler with less cost. What’s
more, two encoders in reader make system more
secure through switching encoder randomly controlled
by termination.

For the issue of signal processing, we try to solve
two problems existing in reader. The first one is

associated with SSB (single sideband) modulation. If

the amplitude of two quadrature signals, in-phase (I)
and quadrature (Q), are not equal, it will generate two
frequency bands which decreases the antijamming
capability of tag receiver. So, an amplitude adjustable
module designed to eliminate amplitude mismatch.
The second problem is about the signal power of
transmitter. In this paper, we design a power
adjustable module enlarge signal in baseband to
enlarge input signal of PA, and then make PA generate

higher power output.

1  Chip Architecture

Fig. 1 shows the block diagram of the proposed
UHF RFID which

front-end, baseband receiver, baseband transmitter,

reader, includes an analog
MPS (message passing station) and serial interface.
The analog receiver captures signals from antenna and
transform them into digital signals, then baseband
receiver implements decimation filtering, channel
filtering, phase recovery, demodulation, decoding and
CRC (cyclic redundancy check). MPS plays the role
of system control like setting state registers and
anti-collision processing. Through the serial interface,
the termination visits MPS to get the response data
from tag and sends instructions to MPS. When MPS
gets an instruction from termination, it will open
baseband transmitter to start encoding and CRC. After

encoding, the next step is to narrow the frequency

Baseband reciever
] Demodulation Decoder
5| Peak- ol FMO&Miller >
% ] Decimation "C‘hannel’ Phase detect -
'S L5 filter Lplfilter  [Jlretrieval Frame-judge
o~ Bit- b . ¢
| synchronize Message seri.
passing interf:
[ it y CRC Station interface !
5| |l s JAmplinudcy f :
Elet Deta [ Pover | Rise- [mAEE |
2 |_|il pAC adjust- | ] sample (1} SR WTgit i Pulse :
& |« < ment = filter |Gl Hilbert | | shaping - I
égg{og = i modulator !l transform Jj | filter — (=5 lz)itﬁnkin A i
d - :I - | . .
e i Baseband of DAC :ESSB . i Encoder Reader ! Termination
. i loulingh :
]
Baseband transmitter !
1
Fig. 1 Block diagram of the proposed UHF RFID reader
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bandwidth of pulse signals through shape filtering.
Then

amplitude matching and quadrature signals, / and Q,

in SSB modulation, it will generate two
through amplitude matching and Hilbert transforming.
The last step before signals enter into analog front end
is to convert digital signal to analog signal. In the
proposed reader, a rise-sample filter and power
adjustment module are used for preparing high
sampling rate and high power signals before the
sigma-delta DAC (digital analog convert) digital
modulator. The transmitter in analog front-end will
process the signals from baseband and transmit to tag
through antenna.

The proposed reader supports both ISO 18000-
6B&6C with higher security and better quantity of
signals. In this paper, we mainly discuss the
baseband transmitter’s design consideration and

implementation.

2 Reader Baseband Transmitter
2.1 2-bit PIE-kind encoder

In the forward link (reader to transmitter), PIE
and Manchester are the most popular encode
algorithms. In this paper, we do not only choose PIE
as forward link encoder, but also choose a 2-bit
PIE-kind encode algorithm to enhance the security of
reader.

Fig. 2 shows the symbol of these two encoding
algorithms. For PIE, there are only two symbols to
represent data 0 and data 1. Despite the change of
Tari, the capture time to crack the encode principle is
A,” =4. For 2-bit PIE-kind, there are four symbols to

represent data 00, 01, 10 and 11. One symbol carries

two bits data. We can infer that the capture time of it
is 4,*=24 which is 6 times larger than PIE, which
means that 2-bit PIE-kind encoder is more secure.
Meanwhile, the new encode algorithm does not
bring performance lost. The power of signals is
associated with the duty cycles of data and higher duty

Bl To make a

cycle can bring better performance
comparison of duty cycles shown in Table 1, there is
no lost of duty cycle in 2-bits PIE-kind encoder. Table
2 shows that there is no encode efficiency lost. The
data preamble of PIE and 2-bit PIE-kind is different
shown in Fig. 3.

Table 1 Duty cycles of data in two encoders

Duty cycle/%

Encoder
00 01 10 11
PIE 50 66.7 66.7 75
2-bit PIE-kind 50 66.7 80 75

Table 2 Encode efficiency of data in two encoders

Encode efficiency/Tari

Encoder
00 01 10 11
PIE 4 4 4 4
2-bit PIE-kind 2 3 5 4

The architecture of encoder is based on a 6 state
FSM (finite state machine). State one is “IDLE” which
keep all registers unchangeable with initialization
value. When MPS fires the encoder, state jumps to
second state. In second state, the function is to choose
preamble according to the value of encode flag
register. After finishing preamble transmits, state goes
on jumping to next state, “Adjustment” implements

generation of calibration or frame synchronous data.

(a) ‘ 2 Tari o (b) P 4 Tari ‘
1.5-2 Tari - g - o
< > PW2 PW2
1Tari  0.5—1 Tari 00 g 11 g
PW1
0 il 3 Tari 5 Tari
PWI - » - >
<> PW2 PW2
1 <> -
01 10

Fig.2 PIE symbol (a) and 2-bits PIE-kind encode symbol (b)

755



JEE R 2 (A AR BE IR %50 &
Calibration/frame sync
Preamble Calibration 1 Calibration2 Encode data END
(a—>a00ps——0 0L o g
PIE Lo iomalt1iome DKl >
2bitPIEkind || L[ L]
<——>400 ps—> 28 L
PIE L0 255t [r1smen >kt >
2bit PlEkind || L] LI
<400 —Dg 8l e gt
PIE |_ 0  25-3Tail | 11-3Tari :><l——l>\
2-bit PIEkind || |] L]
=400 ps—G My re g ate
PIE L 10 2s5sta LJTrsman ok >
2bitPlEkind L] LI L
<+——>400 us—|>1<2|‘5_”f>q_ 6Te ——><— 4Tc
PIE 0 25-3Tai L] 1137 ok >
2bitPlEkind || L L]

Fig.3 FSM based encoder

Then, state moves to “Data-encode” to encode data
according to the symbols of data shown in Fig. 2.
After data encoding, state goes to “CRC-encode” to
encode CRC data. In the last state, sending 8 cycles
high level signal to imply encode completion.
2.2 SSB modulation with amplitude mat-
ching

In the proposed reader transmitter, DSB and SSB
modulation are both supported. Hilbert filter is used to
generate signal Q which is a 21-orders FIR filter and
the AF diagram of it is shown in Fig. 4. There are a lot

~

Magnitude /dB

0
0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
f/MHz

Fig. 4 AF diagram of the proposed Hilbert filter
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of multipliers existing in filter which will bring too
much area and power cost. To reduce cost, all
multipliers are designed based on shifting and addition
logic. Each data, 4 (n bits), can be split like Eq. (1).
So, the multiply of two operands, 4 and B, can be

expressed as the sum-shift format shown in Eq. (2).

A[n:0]=2"+2"" ++--+2°, (1)

2)

A*B=B<<n+B<<n-1+---B<<1+B.

For SSB, there is only one frequency band exist.
Compared with DSB, the bandwidth efficiency of SSB
is doubled. Fig.5 shows the SSB modulation principle.
A cos wpt is signal I, A, sinwyt is signal Q. A, cosw,t
and A, sinwt are two quadrature carrier signals. After
modulation, the SSB signal is 4.4 ,cos(w.—wp)t which
if the

amplitude of signal / and Q is not equal, there will be

only has one frequency band. However,

two frequency bands exist in SSB shown in Eq. (3) in
Fig. 5 which brings performance lost. So, an amplitude
matching module is taken into consideration to reduce

the amplitude difference between signal / and Q.
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Fig. 5 SSB modulation principle

There are two 12 bits x 12 bits multipliers in
amplitude matching module to generate two 12 bits
data. The architecture of multiplier in Hilbert filter
and amplitude matching module is both based on
shifting-addition logic.
2.3 Baseband Sigma-Delta DAC modulator
with power adjustment

Sigma-Delta DAC consists of digital modulator
and analog-shaping filter. The first module of
digital modulator is an interpolator for oversampling
the encode data to generate oversampled data which
is implemented by a 21-orders FIR filter.

Nowadays, most popular tag is passive that
acquires energy from reader. The energy of tag can

be expressed as Eq. (4)!'™:

ﬂ 2
Ptag = Pththtag (475_13) P (4)

F,1s the receive power of tag, £ is the transmit
power of reader, G_is the transmit gain of reader
antenna, G, is the receive gain of tag antenna, 4 is
the wavelength of carrier signal, R is the length
G- A and P

which

means that P, is larger will make R larger too. To

between reader and tag. When G,

tx 2
are all unchanged, R is depended on P,
achieve longer transfer length, the higher power of
signals from reader the better. In general, power
amplifying is performed in analog front-end.
However, the design of PA is one of the most difficult
tasks in analog front-end design. In this paper, we
introduce a digital power amplifier into reader to
extend the ability of power control which can amplify
signal from 1 to 15 times before sigma-delta DAC

digital modulator. The circuit is composed of two 12

bits x 4 bits multipliers which is based on shiting-
addition architecture and generate two 16 bits data.
Fig. 6 shows the two groups input signal of PA with
different

amplitude of signal is / max which is up to 600 mV,

adjusting coefficients, the maximum
and the minimum one is 0 min which is 100 mV.

At last, the mainly module is a digital modulator
which is based on 3-level CIFF!"" architecture shown
in Fig. 7. Function simulation and performance evalu-
ation by Simulink, we get the power spectrum density
shown in Fig. 8. The SNDR (signal to noise and
distortion ratio) of modulator is 89.2 dB, real accuracy

(ENOB) is 14.52 bits.
3 Results and Discussion

In this paper, we introduce the design and
implementation of UHF RFID reader transmitter
which passes fully function verification and tapes out.
The simulation result is shown in Fig. 9. Data which
comes from encoder is one bit stream of 0/1, then data
will be shaped by pulse shaping filter and the width
extended to 12 bits. The next step is SSB modulation
which includes amplitude matching and Hilbert
transform filter. For DSB modulation, data will be
passed through these two modules straightly. The
wave of data after oversampling becomes much
smoother prepared for DAC. According to Fig. 9, we
can also see that the amplitude of signal / and Q
become larger, the width of which is 16 bits. Finally,
16 bits data is transformed into one bit stream of 0/1
again.

Compared with current designs, we make much
effort on enhancing security and signal processing for

UHF RFID reader transmitter design. A new encoder,
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Fig. 9 Simulation wave of each part

which is developed from PIE algorithm, enhances the
security of system. The other two novel modules in
the system, which are amplitude matching and power
adjustment module, enhance the quantity of transmit
signals from reader. The whole chip is implemented in
0.18 pm CMOS process, the layout of which is
presented in Fig. 10. Core size of reader is 989.5
pm X 1587.6 um, and the chip size is 1299.52 ym X
1897.60 um. The power of whole chip is 102.609
mW. Compared with Ref. [12], the performance of this

work is comparable in area (Table 3).

Fig. 10 Layout of UHF RFID reader chip

Table 3 Performance comparison

Items This work Ref. [12]

Standard Spec ISO 18000 6B & 6C  EPC C1G2

Process 0.18 um CMOS IBM 0.13 um RF CMOS
Chip area/pm? 2465969 9000000

Gates 209461 270000

Power cost/mW 102.609 298.5456

4 Conclusion

In this paper, we have introduced a novel
of UHF RFID baseband

transmitter. In consideration of security and signal

architecture reader
quantity, we have integrated three new modules in
transmitter. One is a 2-bit PIE-kind encoder, the
security of which is 6 times higher than PIE. The
second one is amplitude matching used to generate
two quadrature phase signals with other largest
approximate amplitude to avoid performance lost

brought by two frequency bands in SSB modulation.
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The last one is a power amplifier which plays the role
of auxiliary digital PA for analog PA to enhance the
Under 0.18 pum
CMOS process, the whole reader chip consumes
209461 gates and 102.609 mW which are acceptable.
The baseband up 22%

Compared with some designs, this novel architecture

power of signals from reader.

transmitter takes area.

does not bring up much area and power cost.
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