1 RADIO FREQUENCY IDENTIFICATION AND COMMUNICATION DEVICE Field of Invention 5 The
invention relates generally to communication devices. In particular, it relates to a low-power, passive
radio frequency (RF) identification and communication device. Background 10 A contactless or RF
identification and communication (RFID) device, otherwise known as a tag, transponder or card, is
commonly used in numerous identification- based applications. These applications include sentry
control, access control, inv '&?EEY(?%RE% %@%@Qﬁlﬂgﬂg@f@ﬁeﬁ%try, and etc. 15 For
application efficacy, miniaturization o eV|ce Is desirable Since evice is typically tagged or
attached to an object for identificatio® ONHE GNECA A OV iDE \féGeer identifies the device through
interrogation, which consists of contactless or RF- based communication between the device and the
device reader. For achieving 20 optimal miniaturization, passive devices are preferred over active
devices, whiEellef deverdhaving internal power sources. A passive device generates power from RF
signals gansmitted by the device reader for one-off or instant usage. Because such generated power
is limited and cannot be 25 stored for subsequent usage, it is therefore critical that the design of such
adevice is di mdm@miqcmmius@wwqib«mechual@ﬁerade)riseﬁd raphrﬁvelmw\itpsalmes tperations,
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devices are also typically required to provide different clock frequenmes for operatlon of the different
circuit

Background

10
A contactless or RF identification and communication (RFID) device, otherwise
known as a tag, transponder or card, is commonly used in numerous identification-
based applications. These applications include sentry control, access control,
inventory control, live stock tracking, vehicle telemetry, and etc.

15

For application efficacy, miniaturization of the device is desirable since the device is
typically tagged or attached to an object for identification of the object. A device
reader identifies the device through interrogation, which consists of contactless or RF-
based communication between the device and the device reader. For achieving

20  optimal miniaturization, passive devices are preferred over active devices, which are

devices having internal power sources.

A passive device generates power from RF signals transmitted by the device reader
for one-off or instant usage. Because such generated power is limited and cannot be
25  stored for subsequent usage, it is therefore critical that the design of such a device is

directed at achieving low-power internal operations.

To achieve low-power operations, passive devices are typically required to provide
different operating voltage supplies with different voltage supply levels for powering
30 different circuit blocks within these devices. Such passive devices are also typically
required to provide different clock frequencies for operation of the different circuit
blocks. General requirements include incorporating a read/write memory and

communication capability with the device reader.



blocks. General requirements include incorporating a read/write memory and communication
capability with the device reader. 2 A number of conventional proposals are directed at RFID devices
but do not address the need to provide both different operating voltage supplies and clock frequencies
required for low-power operations in RFID devices. 5 In US Patent No. 6,104,290 to Naguleswaran, a
contactless identification and communication systgm in which use of two oscillators in a transponder

s proposed. T} aNSponder ARSIRISS alahiahel spead kg Sanamision apetaans for
transmitting to a reader and at a 1ow rs%ee uring other operations. By doing this, power-saving
operations atiee magoldxieiby ickerhetth diffeldhl opéE i end e €iR1lleT 86ctolyantyeguahciasattery-free

circuit for anr&@lilpe&af?)ﬁo\w[gﬁ%%?%ség{al[?éﬁg@%rﬂﬁ eqﬁgé'gcation, and in US Patent No. 6,147,605 to
ectrostatic RFI i

Vega et al., a Circuit for an device is proposed. Neither of these proposals is
directed at multiple voltage supplies-multiple clock frequencies operations for 15 power saving in the

respectiye REIBdeesenThersyie S (6IRIE AASAIIDT AN ARACIy RN REIR device having

different opera%ng voltage supplies and ¢ requencies for performing power-saving operations. 20
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afta. '

the controlle a
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In US Patent No. 6,211,786 to Yang et al., a battery-free circuit for an RFID tag is
proposed for low-frequency application, and in US Patent No. 6,147,605 to Vega et
al., a circuit for an electrostatic RFID device is proposed. Neither of these proposals
is directed at multiple voltage supplies-multiple clock frequencies operations for

15  power saving in the respective RFID devices.

There is therefore a need for a low-power, passive RFID device having different
operating voltage supplies and clock frequencies for performing power-saving
operations.

20

Summary

In accordance with one aspect of the invention, there is disclosed a low-power,
passive radio frequency identification and communication device communicable with

25 adevice reader, comprising an RF front end for receiving from and transmitting to the
device reader RF signals and extracting power and data from an RF signal generated
by the device reader, a controller for receiving from and transmitting to the RF front
end data, and a memory for receiving from and transmitting to the controller data.
The memory is readable and writable by the controller and operable using first and

30 second voltage supplies during read and write operations, respectively, the first and
second voltage supplies being of different voltage supply levels.



The memory is readable and writable by the controller and operable using first and 30 second voltage
supplies during read and write operations, respectively, the first and second voltage supplies being of
different voltage supply levels. 3 Brief Description of Drawings Embodiments of the invention are
disclosed hereinafter with reference to the drawings, in which: 5 Fig. 1 is a block diagram of an RFID
device according to an embodiment of the invention; Fig. 2 is a schematic diagram of an RF front end
block in the EFilel? |t_;jevice f Fig{ E);ralorl]:igs. 3a and 3b are timing diagrams illustrating encoded data

decoded in & {Wo-st%isgcélp &b ng p\r%'cgss using a forward deduction scheme implemented in a digital

block in the RFID device of Fig. 1; 15 Figs. 4a and 4b are flowcharts of an implementation the

decoding pr ;BF' : ﬁh id.:5 IS.a circuit dj - verter in the RFID device of
Fig. 1. 20 D(g{ﬁﬁé%q %@&?ﬁ&@g ?né%ggﬁrﬁéﬁs(sé‘btﬁg%%ﬁ%ﬁa& g%r%@c??%?r@%naﬁer for addressing
the need fordralwingspinavhmhissive RFID device having different operating voltage supplies and clock
frequengies for performing power-saving operations. 25 A low-power, passive RFID device 100
according to an embodiment of the invention is described hereinafter with reference to Figs. 1 to 5.
The RFID dénigel 199 binanaifiemaifeioRAHN gekibadeviding tppodiphoskaéntedrifhenction with an
RFID devicg to form an RFID system. Such an RFID system typically performs 30
identification-%ase dpplications by firstly identifying the RFID devices in proximity

Fig. 2 is a schematic diagram of an RF front end block in the RFID device of Fig. 1;
10

Figs. 3a and 3b are timing diagrams illustrating encoded data decoded in a two-stage

decoding process using a forward deduction scheme implemented in a digital block in

the RFID device of Fig. 1;

15  Figs. 4a and 4b are flowcharts of an implementation the decoding process of Fig. 3;

and
Fig. 5 is a circuit diagram of a DC-DC converter in the RFID device of Fig. 1.
20  Detailed Description

Embodiments of the invention are described hereinafter for addressing the need for a
low-power, passive RFID device having different operating voltage supplies and
clock frequencies for performing power-saving operations.

25
A low-power, passive RFID device 100 according to an embodiment of the invention
is described hereinafter with reference to Figs. 1 to 5. The RFID device 100
exemplifies one of many RFID devices typically used in conjunction with an RFID
device reader to form an RFID system. Such an RFID system typically performs

30 identification-based applications by firstly identifying the RFID devices in proximity
through interrogation, which is a process consisting of the RFID reader broadcasting
an interrogation signal and in response receiving signals from the RFID devices being

interrogated bearing identification information and other data.



through interrogation, which is a process consisting of the RFID reader broadcasting an interrogation
signal and in response receiving signals from the RFID devices being interrogated bearing
identification information and other data. 4 The overall architecture of the RFID device 100 is
described hereinafter with reference to Fig. 1, which is a block diagram depicting circuit blocks of the
RFID device 100. Each circuit block is configured ipternally and vis-a-vis other blocks for 5 passive,
low-power operations and directed at facilitating optimal miniaturized implementation of the RFID
device. The RFID device may then be implemented as a chip, tag, or card as known to those skilled in
the art. In thé iRFIZdE\Vaceh tOCtp enadiniberiial DAR vereel 005 dnkescobedioereinafievmiiik signals 10
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20 limits so Ing voltage ypically kept low (-IV) to minimize power
consumption within the RFID device 100. The capacitor bank 108 provides temporary or short-term
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generation blocks 104, 106, 108 for generating the required operating power from a
carrier, for example a 2.45-GHz carrier, in the downlink signals. The power
generation blocks 104, 106, 108 include a rectifier 104, a regulator 106, and a
capacitor bank 108.

15
In a passive device such as the RFID device 100, such blocks are critical to the
operability of their host device because the generated operating power is supplied to
all other circuit blocks in the RFID device 100. The rectifier 104 provides a rectified
voltage and the regulator 106 maintains the rectified voltage below safe operating

20 limits so that a generated operating voltage Vdd is typically kept low (~1V) to
minimize power consumption within the RFID device 100. The capacitor bank 108
provides temporary or short-term storage of the power generated by tapping the
operating voltage Vdd. The operating voltage Vdd is used to power all circuit blocks,
except a memory 110, which operates with higher operating voltage supplies.

25
A dc-dc converter 112 is connected to the output of the power generation blocks 104
for accepting the operating voltage Vdd and from that generates the higher operating
voltage supplies for the memory 110 to perform memory operations. The dc-dc
converter 112 preferably outputs a higher voltage Vdd-h which through programming

30 the voltage level is double- or triple-times that of the operating voltage Vdd for read
and write operations, respectively. For the same reason, a logic translator 114 is also
connected to the dc-dc converter 112 and used as an interface for bridging logic levels

between other digital circuit blocks in the RFID device 100 and the memory 110. The



for accepting the operating voltage Vdd and from that generates the higher operating voltage supplies
for the memory 110 to perform memory operations. The dc-dc converter 112 preferably outputs a
higher voltage Vdd-h which through programming 30 the voltage level is double- or triple-times that of
the operating voltage Vdd for read and write operations, respectively. For the same reason, a logic
translator 114 is also connected to the dc-dc convegrter 112 and used as an interface for bridging logic
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referred to aRdddainjdattO0psinkisignizdd. Preferably, communication protocols used are OOK/ASK
modulated and encoded with Manchester code for downlink and uplink communication, whereas

uplink communication is achieved by modulating the incoming RF carrier with data2rf through
backscatteridgnedanidus, isbochdniedie the aintefteet ity thos deowrdineficgrdewblindhsipoatyy impedance. A
digital block B&rﬁa‘?ﬁﬁgﬁﬂ%%ﬂ{ é’zﬂﬁ’é}%hﬁfgmﬁnﬁﬁ&[&%&F"r@?%j'r%?té{‘r%a%i’@ﬁ%saéog'C switching in
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anti-collision logic, command control and interpretation, Manchester coding-decoding and memory
control logicare OOK/ASK modulated and encoded with Manchester code for downlink and

uplink communication, whereas uplink communication is achieved by modulating the

incoming RF carrier with data2rf through backscattering technique, which involves

15  reflecting the incoming carrier by changing impedance.

A digital block 118 performs power management of the RFID device 100 and controls
logic switching in order to minimize instantaneous power consumption of the RFID
device 100. A power management logic module (not shown) in the digital block 118
20 s responsible to power up only the necessary blocks for each stage for operations.
The digital block 118 also performs and/or processes anti-collision logic, command

control and interpretation, Manchester coding-decoding and memory control logic.

The digital block 118 is connected to the dc-dc converter 112 for performing power
25  management by controlling via a control signal nR_W, the on/off switching of the dc-
dc converter 112 and voltage level of the higher voltage Vdd-h. The digital block 118
is also connected to the modem 116 for processing downlink and uplink data data2bb
and data2rf, respectively, and controlling via a control signal Cont_mod, the on/off
switching of the modem 116, and the logic translator 114 for reading from and writing
30 tothe memory 110. The digital block 118 is further connected to a clock generator
122 for controlling via a control signal Cont_clk, the generation of different clocks

with different frequencies.



The digital block 118 is connected to the dc-dc converter 112 for performing power 25 management by
controlling via a control signal nR_W, the on/off switching of the dc- dc converter 112 and voltage level
of the higher voltage Vdd-h. The digital block 118 is also connected to the modem 116 for processing
downlink and uplink data data2bb and data2rf, respectively, and controlling via a control signal
Cont_mod, the on/off switching of the modem 116§and the logic translator 114 for reading from and

writing 30 to memory 110 The di ﬁlﬂwb ck 118s further connected toaclocr rator 122 for
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same clock frequency is supplied to the digital block 118 and memory 110, ie f,=f;,
while a clock frequency at a quarter of f; is supplied to dc-dc converter 112, ie f3=f;/4.
With this scheme, only one oscillator is required in the clock generator 122 for
15  generating f; while other clock frequencies are dependent on f; and as a result the
various circuit blocks are supplied with different clock frequencies during different

situations such as the read and write operations performed on the memory 110.

With the programmable dc-dc converter 112 and logic translator 114, the RFID

20  device 100 is able to minimize power consumption while ensuring proper logic level
between various circuit blocks operating under different operating voltage supplies.
With the programmable clock generator 122, the RFID device 100 is able to minimize
power consumption and reduce component count while satisfying different clock
requirements of different circuit blocks in the RFID device 100.

25
As shown in Fig. 2, an RF front end in the RFID device 100 consists of three major
components, namely the rectifier 104, a demodulator 204 and a modulator 208. The
demodulator 204 and modulator 208 forms the modem 116 and the rectifier 104 is
preferably implemented as a rectifying device 202, which serves as a virtual battery to

30  power up the RFID device 100 by rectifying the downlink signal. The demodulator
204 detects the envelope of an OOK modulated downlink signal for processing by
baseband circuit blocks such as the digital block 118. The modulator 208 modulates

uplink CW waves by using the backscattering method.



20 device 100 is able to minimize power consumption while ensuring proper logic level between
various circuit blocks operating under different operating voltage supplies. With the programmable
clock generator 122, the RFID device 100 is able to minimize power consumption and reduce
component count while satisfying different clock requirements of different circuit blocks in the RFID
device 100. 25 As shown in Fig. 2, an RF front end7in the RFID device 100 consists of three major
components, namely the rectifier 104, a demodulator 204 and a modulator 208. The demodulator 204
and modulator 208 forms the modem 116 and the rectifier 104 is preferably implemented as a
rectifying deico2@htvwhit vatage sab kvistpedfotibnado@edas\aaeciffidre R E 1 dhevice 100 by
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capacittr Coperatisgtedltagehédeathode of D3, R2 and C2 being in parallel, an RC time constant of the
demodulator 204 is selected such that the demodulator 204 filters out

The demodulator 204 is preferably constructed by connecting the anode of a diode D3
to the inter-connection between D1 and D2 thereby allowing the demodulator 204 to
tap the downlink signal for detection. With proper selection of resistor R, and

15  capacitor C, connected to the cathode of D3, R, and C, being in parallel, an RC time
constant of the demodulator 204 is selected such that the demodulator 204 filters out
the incoming RF carrier but traces the envelope of the OOK-based downlink signal.
R, may be replaced with a current source (not shown) to drain the current at the inter-
connection between D3 and R, and C,. The current source is switched off to save

20  current drawn at idling time.
Preferably, all diodes are implemented using MOS devices configured as diodes.

The detected baseband signal is further converted into binary levels preferably by a
25  low-frequency comparator 206 with built-in hysteresis. An input terminal of the
comparator 206 is connected to a reference voltage, ref=Vdd/2, which can be
generated with a resistor divider and another input terminal of the comparator 206 is
connected to the cathode of D3. A binary coded signal is obtained at an output
terminal of the comparator 206, which is provided as data signal data2bb.
30
The modulator 208 preferably consists of resistor R1 and a switch Sw through which
data2rf to be transmitted to the RFID device reader in uplink signals is delivered, the

switch Sw being connected in series with R1 and the free end of the R1 being



the incoming RF carrier but traces the envelope of the OOK-based downlink signal. R2 may be
replaced with a current source (not shown) to drain the current at the inter- connection between D3
and R2 and C2. The current source is switched off to save 20 current drawn at idling time. Preferably,
all diodes are implemented using MOS devices configured as diodes. The detected baseband signal
is further converted into binary levels preferably bya 25 low-frequency comparator 206 with built-in
hysteresis. A% r'lﬂgé{te 5et (l)'(r]lhnal {%5 fwagta(s%g elﬁncoxgré%ﬁtgv?%) X ref nceo\ﬁgltﬁ%% ref vdd/2,
which can b& generate With & resistor divider and another inpu |na A& comparator 206 is
connected tadddioath@ie loadBy At lnary coded signal is obtained at an output terminal of the
comparator 206, which is provided as data signal data2bb. 30 The modulator 208 preferably consists
of resistor R1 and a switch Sw through which data2rf to be transmitted to the RFID device reader in
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described hereina are currently nurﬁerous conventio esterdecoding schemes.
Some of thaswtsonead dniisdigiady onkdlie ihdeasribefl dexsinaftasvery circuits for synchronising
input data and clock. With the preferred Manchester decoding scheme, hereinafter referred to simply
as the decoding scheme, data may be decoded without a clock recovery circuit or signal-edge
detectiéh medese ag currently numerous conventional Manchester decoding schemes. Some of

these conventional schemes involve the use of clock recovery circuits for
synchronising input data and clock. With the preferred Manchester decoding scheme,
hereinafter referred to simply as the decoding scheme, data may be decoded without a
clock recovery circuit or signal-edge detection means.

15
The decoding scheme comprises of a two-stage process, i.e. stage 1 for pulse-width
synchronisation and stage 2 for data decoding as shown in Figs. 3a and 3b, which are
timing diagrams depicting examples of encoded data, and Figs. 4a and 4b, which are
flowcharts exemplifying an implementation of stages 1 and 2, respectively.

20

In Stage 1, synchronisation bits in the encoded data are detected for providing

references for low and high-pulse widths. In Stage 2, such references are then used

for decoding data bits in the encoded data to obtain decoded data, hereinafter being

referred to as Data [0...(DataSize — 1)]. The DataSize value reflects the number of
25  data bits in the decoded data, out of which the first four bits are used as

synchronisation bits in the example.

In Stage 1, which is shown in Fig. 4a and begins with a step 402 in which a sequence
of data stream in data2bb is processed, when encoded data in data2bb is detected to

30 transition from 1 to O in a step 404, a counter, which is initialised to 0, is incremented
in a next step 406. Thereafter in a step 408 the counter value is compared with the

integer value 2, where if there is a mismatch the counter value is again compared with



The decoding scheme comprises of a two-stage process, i.e. stage 1 for pulse-width synchronisation
and stage 2 for data decoding as shown in Figs. 3a and 3b, which are timing diagrams depicting
examples of encoded data, and Figs. 4a and 4b, which are flowcharts exemplifying an implementation
of stages 1 and 2, respectively. 20 In Stage 1, synchronisation bits in the encoded data are detected
for providing references for low and high-pulse widfhs. In Stage 2, such references are then used for
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measured pulse width is checked whether it remains low for an extended time as
predefined in Max Width, which consists of maximum values, in which if it is true the
measurement is regarded as corrupted and discarded in a step 416, after which the

15  process then loops back to the step 402 in which a next sequence of data stream in

data2bb is processed.

If it is false that the measured pulse width remains low for an extended time, the
process enters a step 418 in which the encoded data in data2bb is detected to

20  transition from 0 to 1 the high-pulse width B of the second synchronisation bit, as
shown in Fig. 3b, is measured with respect to the clock of the RFID device 100 in a
next step 420. This measurement is then checked in a step 422 and if the measured
pulse width remains high for an extended time as predefined in Max Width it is
discarded in a step 424, after which the process looks back to the step 402 for

25  processing the next sequence of data stream in data2bb. Otherwise the process loops
back to the step 404.

In Stage 2, which is shown in Fig. 4b and begins with a step 452, initialisation for

Stage 2 occurs in a step 454 in which the decoded data Data [0...(DataSize — 1)] is set
30 tothe value 0 and a variable Sampling Mode is set to High Sample. DataSize is

indicative of the number of bits in the decoded data. When the Sampling Mode is set

to High Sample the process measures the high-pulse width of the encoded data bits



measurement is regarded as corrupted and discarded in a step 416, after which the 15 process then
loops back to the step 402 in which a next sequence of data stream in data2bb is processed. If it is
false that the measured pulse width remains low for an extended time, the process enters a step 418
in which the encoded data in data2bb is detected to 20 transition from 0 to 1 the high-pulse width B of
the second synchronisation bit, as shown in Fig. 3 0is measured with respect to the clock of the RFID

device 100 in g, hex 420..This, measur nt1sdhen checked in a step 422 and if the measured
ot widih AR B e o BT R e R TR W leicq i e
424, after wipiglseha gihookeihes muksdthditadttse step 402 for 25 processing the next sequence of data
stream in data2bb. Otherwise the process loops back to the step 404. In Stage 2, which is shown in
Fig. 4b and begins with a step 452, initialisation for Stage 2 occurs in a step 454 in which the decoded

data Data [0In.aBlepaSiaethel)pisieeivaOeis trmpaled O/idinDatadidededSathploogosaligdet to High

Sample _DataSize.is. indicativ QWQE r @Lbits.in th 0 hen the Sampling Mode is
set to I—ﬁgh [@ginégfé%égg%%i@%%%sures §14§ igﬁ}%@eﬁélﬁjﬁﬁ%%qegﬁggded data bits 10 and when
the Sampling Mode is set to Low Sample the process measures the low- pulse width of the encoded

data bits. | 6 ] ] ' ' if the. lueis 5
ower e prop o RCeeB S AU AL S ROLRREIFR S0 o Rl e TR g Mo
is checked ifntaksis e pragks $amitp, 461tinfedsoresitha curagohtighprdsevddthCswpidb0 measures the

ctaring ot thi e 0 A A S B S o R RO e
high-tollow highditiositiDhisfrifeasiirentencosiet slatednitpackending dBthatmXinhigbtép o2 and if C is
greater than(BHAla) REICHRNRARATFA AT Ml 8 RTIRMEB 2 AT) Tha SIER A =R0% C is
greater than (B+A/2), the current encoded data bit is assigned a “1” in a step 464 and
as shown in Figs. 3a and 3b. Then in a next step 466 Sampling Mode is set to Low
Sample, following which the counter is incremented in a step 468. The measurement
15 is next tested against the respective maximum value in Max Width in a step 470,
which when exceeded by the measurement it is discarded in a step 472, after which
the process looks back to the step 402 for processing the next sequence of data stream
in data2bb. If the maximum values are not exceeded the process loops back to the
step 456.
20
If in the step 462 C is not greater than (B+A/2) the current encoded data bit is
assigned a “0” in a step 472 and in a next step 468 Sampling Mode is set to High
Sample. The process from thence continues with the counter increment step 468.

25  If in the step 458 there is no match in a step 476, the process measures the current
low-pulse width D, which includes the low-pulse width of the current encoded data
bit, starting at the high-to-low transition of the current encoded data bit and ending at
the next low-to-high transition. This measurement is then compared with (A+A/2) in
a step 478 and if D is greater than (A+A/2), the current encoded data bit is assigned a

30  “0”inastep 480, and as shown in Figs. 3a and 3b. Then in a next step 482 Sampling
Mode is set to High Sample, following which the counter is incremented in the step
468. The measurement is next tested against the respective maximum value in Max

Width in the step 470, which when exceeded by the measurement it is discarded in the



as shown in Figs. 3a and 3b. Then in a next step 466 Sampling Mode is set to Low Sample, following
which the counter is incremented in a step 468. The measurement 15 is next tested against the
respective maximum value in Max Width in a step 470, which when exceeded by the measurement it
is discarded in a step 472, after which the process looks back to the step 402 for processing the next
sequence of data stream in data2bb. If the ma}gg&n values are not exceeded the process loops back

to the step 456. 20 If in the sten, 462 C | r r.than (B+ he current encoded data bit is
assigned & T b2 T e O B e SRR e e
process fronsdipeanee obdtitasteanitinttetazhintdf inerespecti\stepatB8uS/Hire ibacitexcd&@there is no

match in a sﬁ%%ﬁ%@%gﬁg&%&{gﬁ%@? current low-pulse width D, which includes the

low-pulse wi e cur it, starting at the high-to-low transition of the current
encoded data bit and ending at the next low-to-high transition. This measurement is then compared

ith (A+A/2),j tep 4 if D, : ta bit i igned
300"t S et 28 s A A 2 e RS g Viode s set
to High SamadgigfeitbaVidg whistephdsS4 aodter damdisepetie Samiing tvjpdéds sathie hosasurement is next
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ine measurern 1 o e B B e e the step 402
for processing the next sequence of data stream in data2bb. If the respective maximum value is not

ded t 4 ' 7 [ than (A+A/2
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set to Liéw Sadm@ommﬁquegshﬁmﬁnmdme@bamﬁwe@w&mqfee&benmdavmcaedﬁiehtmbp 468. In the
decoding schifme AAR 2XhEFREARGTSPLLIRER AREAINGYiAR, A Te measuring at

least the second-half of the bit interval of the current encoded data bit, for determining
the next encoded data bit value using references of both low- and high-pulse widths
measured during Stage 1.
15
The dc-dc converter 112 is described in further details with reference to Fig. 5 for
providing a method to prevent transient current surge in the RFID device 100. As
critical as it is for passive devices such as the RFID device 100 to perform low-power
operations, it is also unacceptable if circuit blocks in the RFID device 100 consume
20 large dynamic currents even though the overall average current consumed is low.
This usually occurs when circuit blocks are turned-on during power-on and huge

surge currents are used to charge internal nodes within these circuit blocks.

In power management concepts, which usually involve turning on/off circuit blocks
25  during actual operation to save power, this can be the factor that causes the device to

malfunction because of large voltage supply dip.

The dc-dc converter 112 consists of a current-clamp circuitry 502 and a charge-pump
circuit 504. The current-clamp circuitry 502 is placed between the output of the

30 rectifier 104 to accept the rectified voltage (Vdd) and the charge-pump circuit 504.
The current-clamp circuitry 502 serves to control current flow during the operation of

the charge-pump circuit 504.



10 deduction technique which involves the measurement of either a low- or high-pulse width starting
at the transition of a current encoded data bit, therefore measuring at least the second-half of the bit
interval of the current encoded data bit, for determining the next encoded data bit value using
references of both low- and high-pulse widths measured during Stage 1. 15 The dc-dc converter 112
is described in further details with reference to Fig.1 for providing a method to prevent transient

current surge, in the REID.device 100, As critical asS 1t is f ive devices such RFID device
00 10 perioh HUbng b e sneen oS R A s BT SRR BB, Gevice 200
consume 20s\artphadyimevinig therr et eviernthadgintéreconaeaiédvarag§d/iBieeingdmgiuored is low. This

usually occuggﬁ%ﬁg@é@%ﬂﬁﬁa %Sth%rrrﬁ%‘ﬁg Eéiﬂg%Pf%‘O(/eﬁo%ﬁé‘.dﬂ%% switces e ents are used

to charge internal nod ese circuit blocks. 11 power nfanagement concepts, which usually
involve turningniroldétl diycauiiohlocked @6 BL0ingdaarrusvdplesd tidbfico ameediaglier, WHisrctne be the factor

that causes mgrﬁjo%'m& dqs Wg%eﬁ%(a@o%%ﬁﬁ% eo;\kﬁ{g%élg%a&?n%%y dip. The dc-dc converter 112

consists of a current-clamp circul a charge-pump circuit 504. The current-clamp circuitry
502 is placed between the output of the 30 rectifier 104 to accept the rectified voltage (Vdd) and the

charge-pump éé Féﬁic‘r’r%duT@%lﬂ?ﬁE?fbtgﬁg%Sﬁ@@‘éX ﬁm%@ﬁﬁ&ﬁ@et t PN %'Iaﬁ]ﬁ 865 gy during the

operation of t arge-pump circuit own in Fig e current-clamp circuitry 502
preferably eogstisnavonBMIEIghvitch @80y tisdirroedpmt. tdimd dbngtinter aroomaictéd, one PMOS

being high op- resj . P bei lQw:Ro" itch
contraien by Lo S B P e G o e 36 i o
accessédl, behiowgde dwitepiesnadulambtodt Stats legiotinpdolss thpedimiess alldtomighso that when

the current GaMB, %2 SYSs 506 is turned on for normal operation (EOC=1).

The advantages of RFID device 100 are manifold. The advantages associated with

the RF front end are as follows:

15 e The RF Front End is implemented using a low-cost standard CMOS process,
which is compatible with the mainstream technology for baseband circuitries, and
allows a fully integrated solution in single silicon chip. In conventional proposals,
the RF front end is constructed from high performance external Schottky diodes
and the baseband circuit is implemented in CMOS process. While Schottky

20 diodes offer the best RF performance, these devices are not available in standard
CMOS process. The hybrid approach suffers from high cost with bulky structure,
which offsets the added value inherent in RFID technology and prevents RFID
from mass scale deployment.

e Reduced cost and form factor by eliminating external components and the

25 associated assembly expense.

e More reliable performance because: 1) IC technology provides better device
matching than discrete devices. 2) Avoid assembly misalignment of critical RF
parts.

e Potential for integrating on-chip antenna to form a total RFID solution.

30

The advantages associated with the current clamp circuitry 502 are as follows:



operating, only the high-Ro" PMOS 506 is turned on. This limits the amount of current that can be
drawn from the rectifier 104. There is an internal counter (not 10 shown) in the logic module 510 that
starts counting for 32 clock cycles, after which the low-Ro" PMOS 506 is turned on for normal
operation (EOC=1). The advantages of RFID device 100 are manifold. The advantages associated
with the RF front end are as follows: 15 The RF Fygnt End is implemented using a low-cost standard

CMOS process, whic? Is compatjple with the mainsiream teclﬂolag% fo[i b@fe@and circuitries, and
allowsafull)fintgapaet%ac o O%ﬁg?éogﬁ(c%%wceﬁimwg%rﬂsg ona %9 f) ) ,est%e RF front end is
constructed frombdiep evithonancergixigfoahiithaltly ciodasdariddine pasetand circuit is implemented

in CMOS process, \While Schottky 20 ﬁ;odes ffer the best RF performange, tf& se devices are not
available in StartS U0 RAGIEC IR ST A s BHSHER AR R H AGRASS by structure,
which offsets thenadbieccuakre tekterelagy) RFID technology and prevents RFID from mass scale
deployment. Reduced cost and form factor by elimijnating external coné%%ne_nts and the 25 associated

assembRy exberi® CHTBRL FerisumseHEPMARE LK Rl0SK Ot 1S RAMRDIORS BBV Setter device

matching than diggitale sesieahoadderassembl/onigalignment of critical RF parts. Potential for
integrating on-chip antenna to form a total RFID solution. 30 The advantages associated with the

current clamb cRAHtAPBYZFUILACS RSB SIees SeRRbe R PARTRAY B SR S AYEHBRRS MaKhgement to
be applied to thgse modules without worrying for high surge current during re-powering. Additional
circuit is small, mainly two switches and some flip-flops (digital is small in current technology)

10  Inthe foregoing manner, a low-power, passive RFID device having different
operating voltage supplies and clock frequencies for performing power-saving
operations is disclosed. Although only a number of embodiments of the invention are
disclosed, it becomes apparent to one skilled in the art in view of this disclosure that
numerous changes and/or modification can be made without departing from the scope

15  and spirit of the invention. For example the Manchester decoding scheme is
applicable to all ranges of incoming data duty cycle. Also in the current clamping
circuitry, the digital counter value is a variable depending on implementation. The
digital logic can be implemented in many other ways, as long as the delay is achieved
to turn on the strong transistor, ie the low-R,, PMOS.

20



5 No current is consumed from the logic block during normal operation (pure digital), as such no
additional wastage of power Additional circuit acts as a clean supply cut off from the charge-pump
when not in use. 10 In the foregoing manner, a low-power, passive RFID device having different
operating voltage supplies and clock frequencies for performing power-saving operations is disclosed.
Although only a number of embodiments of the ianQtion are disclosed, it becomes apparent to one
skilled in theagim view of this disclosure that numerous changes and/or modification can be made
without departing fom the scope 15 and spirit of the invention. For example the Manchester decoding
scheme is applicable to all ranges of incoming data duty cycle. Also in the current clamping circuitry,

the digital counter valye i riable dependi ' tation, T Iqital logic can be
implemented’in maﬁy@%ﬁ@’v@y %%\%r%a&s*?é%hgy?@@&@éﬂ\ﬁeg a{]o(i:g?nr%@rll} aLCe S ?]ong transistor, ie
the low-Ro" BMIDSc@0MUniCialmwith Adewepaeasierpessipasiadio frequency identification and

communication deyjc icable with. I rsipg: nd for
receivin% from and }i{ba%sﬁr?lﬁﬁﬁg qgcfﬁe?%xéév@eﬁgrﬁ%ﬁr @%ﬁléﬁﬁﬁﬂ §n{§ ex roasec\%g(aaggav’é:a'rrﬁfnd data from
an RF signabigeatsranddlyaticndeoicer sadd@ia droonaroRér fioned geidrajetdy thadieraesmitting to the RF
front end data; and a memory for receiving from and transmitting to the controller data 10 wherein the
memory is readable and writable by the controller and operable using first and second voltage

supplies during read comdirolHtefopeaceiving, frospectvedpsnhitifigsto drdRie fond ansitaaje; sugplies being of

diferent voltage SUpRi eysIfo 2reKBGif R AR FAAMRing A6 TR A B guihend extacts power

10  wherein the memory is readable and writable by the controller and operable using first
and second voltage supplies during read and write operations, respectively, the first

and second voltage supplies being of different voltage supply levels.

2. The device as in claim 1, wherein the RF front end extracts power from the RF
15  signal generated by the device reader and conveys the extracted power to a supply
converter, wherein the supply converter provides the first and second voltage

supplies.

3. The device as in claim 2, wherein the supply converter comprises a charge-

20  pump for providing the first and second voltage.

4, The device as in claim 3, wherein the supply converter comprises a current
clamp for limiting current flow from the RF front end to the charge-pump.

25 5. The device as in claim 4, wherein the current clamp is controllable for
disconnecting the current flow from the RF front end to the charge-pump when the

memory is not performing the read and write operations.

6. The device as in claim 3, wherein the charge-pump is controllable to provide

30 the first and second voltage supplies.

7. The device as in claim 1, wherein the voltage supply level of the second

voltage supply is greater than the voltage supply level of the first voltage supply.



15 signal generated by the device reader and conveys the extracted power to a supply converter,
wherein the supply converter provides the first and second voltage supplies. 3. The device as in claim
2, wherein the supply converter comprises a charge- 20 pump for providing the first and second
voltage. 4. The device as in claim 3, wherein the supply converter comprises a current clamp for
limiting current flow from the RF front end to the chgrge-pump. 25 5. The device as in claim 4, wherein
the current clamp is controllable for disconnectingthe current flow from the RF front end to the
charge-pump when the memory is not performing the read and write operations. 6. The device as in
claim 3, wheBein th& lvhdeysgpasip isaouritr dlietbéz torppoisidg e30dhetfarstl zod foe ¢andlatotage supplies.
7. The devicg as i ' wherej It leyel 2cond, vel ly is greater
than the voi s ey R O e e T s RIBE IR e
comprising drogiencaoinataroittiog transktatvelatdheawatdeyand writable by the controller to data having
logic levels for receiving from and transmitting to, respectively, the memory. 5 9. The device as in
claim 8, wherein the logic translator is operable using the first and second voltage supplies. 10. The
device as in &laim Ihetterade tsarRikaino @ aidreonibeitegic 1@rslatotifieoforablerasitigghedivelr from the

RF signal ge %e ice .reader by rectification; a demodulator for detecting the envelop of
the RF signa%hg];%égggt%é % gué@\'/{%é reader; and a modulator for modulating a baseband signal

generated by the controller in 15 response to the RF signal generated by the device reader for
transmitting R.the q%\éi%‘aevice as in claim 1, wherein the RF front end comprises:
10 a rectifier for extracting power from the RF signal generated by the device
reader by rectification;
a demodulator for detecting the envelop of the RF signal generated by the
device reader; and
a modulator for modulating a baseband signal generated by the controller in
15  response to the RF signal generated by the device reader for transmitting to the device

reader.

11.  The device as in claim 10, wherein the rectifier is implemented using MOS
devices.

20
12.  The device as in claim 1, wherein the controller processes the data received
from the RF front end.

13.  The device as in claim 12, wherein the controller performs a two-stage process

25  on the data received from the RF front end.

14, The device as in claim 13, wherein the controller performs synchronization

and decoding stages on the data received from the RF front end.

30 15 The device as in claim 14, wherein the controller performs the decoding

process using a forward deduction technique.



reader. 11. The device as in claim 10, wherein the rectifier is implemented using MOS devices. 20 12.
The device as in claim 1, wherein the controller processes the data received from the RF front end.
13. The device as in claim 12, wherein the controller performs a two-stage process 25 on the data
received from the RF front end. 14. The device as in claim 13, wherein the controller performs
synchronization and decoding stages on the data i%ceived from the RF front end. 30 15. The device

as In claim 14, wheggin J06, contralise pedler e e Yredinth RGeS HEINA 8 fayar deghiction
technique. 16 16. The déviCe as In claim 15, wherein the controllér performsthé synchronization
process by messssihyg patsanmiglind JSonidémnifgindentiéjerg ace firanprilsewidte andifaandference

high-pulse V\Pgﬁg}e%%%ﬂﬁgg;@tﬁe%v%c]th-[lks]ﬁ%%?ﬁsas in claim 16, wherein the controller performs the

decoding process uring pulse w or identifying one of a low-pulse width and a high-pulse
width in a current count. 18. The device as in claim 17, wherein the controller performs the decoding

10 i identifi - i igh- idth with th
referencs Ton st RO R e e et count
19. The devipmesassrby|aieasLriingthasewritbhisiiog idarittydngeore atoa lohighulse t8dthamaamable for

providing a %’@ﬁ%%%f@mifﬁaw%ﬁ?& . The device as in claim 19, wherein the memory is

readable an oller and operable using first and second clock frequencies of the
plurality of clock frequencies provided by the clock generator during read and write operations,

18. The device as in claim 17, wherein the controller performs the decoding
10  process by comparing the identified one of a low-pulse width and a high-pulse width
with the reference low-pulse width and the reference high-pulse width for determining

a 1 or 0 in a next count.

19.  The device as in claim 1, further comprising a clock generator which is

15  programmable for providing a plurality of clock frequencies.

20. The device as in claim 19, wherein the memory is readable and writable by the
controller and operable using first and second clock frequencies of the plurality of
clock frequencies provided by the clock generator during read and write operations,

20  respectively, the first and second clock frequencies being different.



20 respectively, the first and second clock frequencies being different. 17 RADIO FREQUENCY
IDENTIFICATION AND COMMUNICATION DEVICE 5 Abstract A low-power, passive radio frequency
identification and communication device communicable with a device reader is disclosed, comprising
an RF front end for receiving from and transmitting to the device reader RF signals and extracting
power 10 and data from an RF signal generated by, the device reader, a controller for receiving from
and transmitting to the RF front end data, and a mémory for receiving from and transmitting to the
controller data. The memory is readable and writable by the controller and operable using first and
second voltage supplies duRADEQd-&REQUIEN ©diaiEdnEl FESpectvdlyANIR first and second voltage

supplies being of different 15 voltage-SypAly RYRSA TSN B L IPcE
5 Abstract

A low-power, passive radio frequency identification and communication device
communicable with a device reader is disclosed, comprising an RF front end for
receiving from and transmitting to the device reader RF signals and extracting power
10  and data from an RF signal generated by the device reader, a controller for receiving
from and transmitting to the RF front end data, and a memory for receiving from and
transmitting to the controller data. The memory is readable and writable by the
controller and operable using first and second voltage supplies during read and write
operations, respectively, the first and second voltage supplies being of different

15  voltage supply levels.

Figure 1

20



	The decoding scheme comprises of a two-stage process, i.e. stage 1 for pulse-width synchronisation and stage 2 for data decoding as shown in Figs. 3a and 3b, which are timing diagrams depicting examples of encoded data, and Figs. 4a and 4b, which are flowcharts exemplifying an implementation of stages 1 and 2, respectively.
	In Stage 1, which is shown in Fig. 4a and begins with a step 402 in which a sequence of data stream in data2bb is processed, when encoded data in data2bb is detected to transition from 1 to 0 in a step 404, a counter, which is initialised to 0, is incremented in a next step 406.  Thereafter in a step 408 the counter value is compared with the integer value 2, where if there is a mismatch the counter value is again compared with the integer value 4 in a step 410.  If there is a match in the step 410 Stage 1 ends and Stage 2 begins and if there is a mismatch the process loops back to the step 404.
	If there is a match in the step 408, the process enters a step 412 where the low-pulse width A of the second synchronisation bit, as shown in Fig. 3a, is measured with respect to the system or internal clock of the RFID device 100.  In a next step 414 the measured pulse width is checked whether it remains low for an extended time as predefined in Max Width, which consists of maximum values, in which if it is true the measurement is regarded as corrupted and discarded in a step 416, after which the process then loops back to the step 402 in which a next sequence of data stream in data2bb is processed.
	If it is false that the measured pulse width remains low for an extended time, the process enters a step 418 in which the encoded data in data2bb is detected to transition from 0 to 1 the high-pulse width B of the second synchronisation bit, as shown in Fig. 3b, is measured with respect to the clock of the RFID device 100 in a next step 420.  This measurement is then checked in a step 422 and if the measured pulse width remains high for an extended time as predefined in Max Width it is discarded in a step 424, after which the process looks back to the step 402 for processing the next sequence of data stream in data2bb.  Otherwise the process loops back to the step 404.
	In Stage 2, which is shown in Fig. 4b and begins with a step 452, initialisation for Stage 2 occurs in a step 454 in which the decoded data Data [0…(DataSize – 1)] is set to the value 0 and a variable Sampling Mode is set to High Sample.  DataSize is indicative of the number of bits in the decoded data.  When the Sampling Mode is set to High Sample the process measures the high-pulse width of the encoded data bits and when the Sampling Mode is set to Low Sample the process measures the low-pulse width of the encoded data bits.

