PASSIVE RADIO COMMUNICATIONS | hioiees conote

Ricardo Correia

COMBINING BACKSCATTER WITH WPT | oo

nbcarvalho@ua.pt

M

o4
ﬁ-f’ WIPE 17 DETI— Universidade de Aveiro (nbearvalho@ua.p) | ‘t RADIOSYSTENS 1

FUNDAMENTAL CONCEPTS OF | ..
RADIOQ SYSTEMS | Tremseeierpester

t RADIO SYSTEMS 2

g'kﬂwu‘ag IT- DETI— Universidade de Aveiro (nbcarvalho@ua.pt) ﬁ ‘



RADIO SYSTEM DRAWBACKS

Limitations
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RF RECEIVERS

Analog Domain Digital Domain

* Conversion to the digital domain at baseband

Apc [
where it can be processed

* Currently adopted in most radio receivers due
to low cost components

* Full on-chip integration is concerned and its

ac | design to a specific channel —
prevents the expansion of receiving band

Zero-IF

Super-heterodyne
Analog Domain Digital Domain

* Signal is selected at RF by BPF, amplified and
directly translated to DC 1 ADC B
* Evident reduction in number of components — high LPF
level integration
* Components much more difficult to design SPE L0,

DC offset, 2nd order IMD products generated
around DC Q Ao o

) @

LPF
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SOFTWARE DEFINED RADIO

Analog Domain Discrete Digital Domain
Time-Domain

\/
Bandpass Sampling Receiver: oSl Nng

BPF fs<< fre LO,

Q .:‘ FR |

* Takes the fact that S/H circuit translates the signal to 15 Nyquist zone
* Digital processing capabilities exploited — multi-hand reception
* Mandatory BPF to avoid overlap of signals — tunable or bank of filters

ﬂ_/@%-\ * Analog BW of ADC must include RF carrier
o
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SOFTWARE DEFINED RADIO

S/H circuit translates any input signal to 1" Nyquist zone

) ot ) even, f., =rem(f., ;)
it fix is
fs 4 odd, f, = fs—rem(fc, fs)

0
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TRANSMITTER

The RF transmitter should also fulfill some requests, for instance:

» Use only the bandwidth that refers to the system
standards

» Create low values of harmonic distortion

» Transmit the maximum RF power and simultaneously

poténcia
Largurade  consume the minimum DC power from the system
banda do
sistema
Interferéncia | Interferéncia
(Spectral Regrowth) (Spectral Regrowth)

frequéncia
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TRANSMITTER - avt vicitat

Digital Domain Analog Damain at IF, and up-converted

* Signal created in digital domain, modulated

*1/Q modulator working at IF; Output

—| Dac
spectrum is far away from LO

* Suffers from similar problems of the receiver
case

* Multi-mode implementation is difficult

‘D

DAC
Direct-Conversion Transmitter
Super-Heterodyne Transmitter gt Dormaig St
_‘;. DAC \
* Digital baseband signals are converted and directly PF

modulated to RF
* Reduced amount of circuitry that allows high level integration

LO;; BPF
* Carrier leakage, phase gain mismatch, and requires highly

linear PA a
—| Dpac | \
* With careful design can be employed in SDR TX’s

\\\\ LPF

}(.5/
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TRANSMITTER - st niimae

Visionary solution pointed the use of PWM/AZ Modulator to create an all-digital TX

* |deally will consume no DC power and achieve an efficiency of
100%, actually it consumes

+Vpp

. * Unfortunately is not possible to design such PA with high efficiency
re to operate at high frequencies

MLNVW *Been used in digital

versions of EER, known as
Voslt) Polar TX’s

PWM
Input

H H HH H H LPF/BPF

+Vpp

N

LPF

DSP

* Time misalignment can be

RFPath

compensated  in  digital
3_,,5‘@% memw w0 m domain
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TX/RX EXAMPLE

Typical Tx/Rx system
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RADIO COMMUNICATIONS

These radio architectures are responsible for a large amount of energy consumption....

LA LT e
L
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THE BATTERY PROBLEM | ==

Transceiver Design

;@N\
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BATTERIES

> Batteries take hundreds of years
to decompose, posing a serious
threat to the public health and to
the environment.

&

< Considering 4 Million habitual residences in Portugal (INE — Censos 2011)

and assuming that:

v 75% of them have a TV equipment
v 40% have a cable TV Box
v 30% have a Sound System

“* We end up with an average of 5.8 Millions of remotes in Portugal

< Assuming two batteries per remote and two battery changes per year we
have a total of 23.2 Millions batteries being wasted every year !

5_@\
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N EXT FRONTI ER WIRELESS THINGS

Low bit Rate

* Low Power
* Low complexity

High bit Rate

* High Power
* High complexity
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CHALLENGES
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Mobile communications: from 16 to 56

Spectcassns
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Battery-less Sensors for
health applications

High Efficient Energy

RFID’s Collection

Domestic Appliances
Wireless Energized

Agriculture passive
sensors

RADIO SYSTEMS
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ENERGY HARVESTING AND WPT

Energy Harvesting

Ambient Electromagnetic Energy

Radio and
broadcast

In both cases: Received RF energy is Vdo(Angle)

converted into DC power
Rectenna = antenna + rectifier

ﬁ
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RADIO FREQUENCY IDENTIFICATION - RFID

~— =
Host Reader Antenna Tag

module
Magretic field H

() ‘- : o |

I | ]

Ef““f“ """"""" Transhonaer

q load modulator http://RFID-handhook.com
Reader
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RADIO FREQUENCY IDENTIFICATION - RFID

RFID Systems

1-bit transponder

Radio-Frequency Microwaves
Resonant circuit

(simple LC tag)

N-bit transponder
Harmonic effect

(Single diode tag)

Frequency divider
Sub-harmonic

Electromagnetic
backscatter

Inductive coupling
(transformer look-
alike)

(Power reflection)

Electrical coupling
(Capacitive effect)

SAW
(piezoelectric effect)
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PRINCIPLE OF OPERATION

Basic components
1) Reader/Interrogator — Used for read and store information in Tag
2) Tag/Transponder — small device which carries data (e.g. Tag ID)

3) Host - computer running user application

Application RFID
+ Tag
Data base
RF Power / Clock
S ‘ 7 : —Data i

Dala___

-}
Air Interface (RF) x

cable
_\?ﬁ
o ;</W\PE Re;fer 2
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Passive Tags:
0 Tag has no self battery
0O Tag electronics is remotely powered by the reader
0 Communication made by power reflection (Backscattering)
0 Short range
Power for digital electronics
and RF
Reader ] Virtual power
[P ey
__3ADD10F0 ( (
apd
Reflected signal
\%\ RF B.B.
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PRINCIPLE OF OPERATION

Semi-Passive or Battery-Assisted Tags
0 Electronics powered by a battery

O communication made by power reflection

H Power for digital electronics
0 medium range SEMI-PASSIVE and RF
Battery
Reader
v
. -
3ADD10F0 | Digitsl
ﬂv‘% Reflected signal J; RF BB.
7 wiee - D61 Unersidds do Aveio bcrvlo@uc) [ & woIOSISTENS 23
Active Tags
OTag electronics powered by a battery
O Tag has a self-oscillator
ACTIVE
0 long range (
O conventional radio architecture
Battery
Reader Transmitted signal +| -
3ADD10F0 v 3 1
—®-— Digital
Self - LO BB.
‘%\
s 5
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& ‘wire
F ceroin

Active Tags:

Passive Tags

Semi-Passive Tags
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PRINCIPLE OF OPERATION

RADIO SYSTEMS

PRINCIPLE OF OPERATION

The two main air interface method in today’s systems:

» Propagation systems — using Electromagnetic E-fields

> Inductive systems — suing magnetic B-fields

B-Field Mode
Inductive Systems
(125 kHz & ~13MHz)

Reader
Reader:
Detects Load Modulation
Tag:
Modulates Inductive Coupling

E field Mode / SN
Propagation Systems %
(400 - 900 MHz) "gﬁi//
\ i
5 \ ""Q\;'
N\ ‘HI |
. \‘=. 7\ "‘. i [
V() (] ¢«
ARV R |
Reader 7 ;" .‘I
/ |
/ Tag:
Lerike Reflects EM

Detects Changes in Voltage Standing Wave Rato
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BACKSCATTER

RF RFID Tags are most of the time based on electromagnetic backscatter configurations.

» Backscatter is similar to radars.
tag antenna

incidant wave from reader

»The TAG Antenna reflects part of an
incoming electromagnetic wave back to the

transistor

—= 11—
| i

reader. p modulating

induced current varies signal

depending on modulating transistor ON
» Electromagnetic wave are reflected by signal T e e
most objects that are larger than half the i
wavelength.

other siutf

» The backscatter reflection efficiency is
maximized for antennas that are resonating
with the incoming radar frequency.

The short wavelengths of UHF facilitate the

construction of antennas with smaller dimensions and ToomeT
‘(’% greater efficiency.
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The energy reflected from the tag is : RF;‘a_g;le_a;e:___|
i i : |
radiated into free space. : RF Signal Recoiver | |
A copy of this signal severely attenuated 1 | Generator Unit |
due to the free-space attenuation is | B e '
received by the reader’s antenna. Transmit Receive
Antenna Antenna
) ) eider: Modulated
The reflected signal is returned back Power Backscatter
from Tag
to the reader antenna and
interpreted conveniently. RE e
‘%\
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UHF RFID

Radio frequency RFID systems
usually include :

* Passive RFID’s
Mainly based on Backscatter
* Active RFID’s
Based on typical wireless
communications

Reader
(transmitter/receiver)

lonm,

D :

,r WIPE 1T - DETI— Universidade de Aveiro (nbcarvalho@ua.pt) ﬁ it

UHF RFID

Typical Reader systems include:

RF Transmitter
RF Receiver
A Digital Signal Processor

Awb -

An Antenna
Typical RF TAG systems include:

1.  An Antenna
2. Achip

Typical TAG chip systems include:

1. A Voltage Harvester
2. A digital processor and a simple transmitter

o
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antenna  —L— ground

=
~J

N

— radiated wave
et e | e | recive antenns
K? radiated wave from K?
backscattered receive antenna

receiva antenna

- -~} current

signal

)

S =
short circuit load =

Y Y

no backscattered
signal negligible backscatiered
wave

little current flow in
receive antenna

=0 A
- open circult load =
(no connection)
Modulator
RADIO SYSTEMS »
""""""" RFID Tag Reader (interrogator) | Circulator

‘L.: Transmit
[_Chain(m) | f :
FPGA |

or 10 i— ( g RFID
DSP et ] N tag
ld Receive
Chain(Rx) |
Antenna Chip

VOItage

Transistor Rectifier

— v
Antenna State
. Machine

v

Memory
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UHF RFID

Typical Readers are moving fast to a Software Defined Radio Solution, including a digital
part and a RF up-converter and RF down-converter....

/" PCI-5640R IF-RIO “\

[
1 PXI-5610
- )
FPGA Bl Upconverter RFID

Baseband " Tag
M Pxi-s600
RF ((
l‘ Downconverter

Processing
DDC Yz ADC
N

.

1
I
I
i
I
I
I
:
|

________________

Baseband Digital

IllQ Bitstream
High-Pass Clock Matched Symbol
omplex [ arrier) [ g I-{ Decimation [~ %
r FiItZr F(I(e:cover\)/ Filter . Mapping
J(./‘('ﬁ ;
&7 wiee 1081 niversiddede Aviro sbcarvaho@ua) (N9 &t o RADIOSYSTENS
Contrary to inductive coupling, electromagnetic backscatter operates in the far field.
The range can be calculated based on the energy available at the transponder which is
calculated using the Friis formula: ) 2
R A P A
P=A, zGlz_Gz zGl<:>PT =P, GG,
4nr dr " Anr 4nr
Table 3.7 Free space path loss ap at different frequen-
cies and distances. The gain of the transponder’s antenna
was assumed to be 1.64 (dipole), the gain of the reader’s
antenna was assumed to be 1 (isotropic emitter)
Distance r 868 MHz 915 MHz 245 GHz
03m 18.6dB 19.0dB 27.6dB
I m 29.0dB 29.5dB 38.0dB
N 3m 38.6dB 39.0dB 47.6dB
3_,:.5‘5' 10m 40.0dB 49.5dB 58.0dB
7 e 1T - DETI— Universidude de Aveiro (1 RADIOSYSTENS




ELECTROMAGNETIC BACKSCATTER

Main frequencies for backscatter are at UHF frequencies: 868 MHz (Europe) and 915 MHz (USA); and
microwave frequencies: 2.5 GHz and 5.8 GHz

The signal is modulated mainly in ASK and BPSK configurations.

Main use for long-range systems
* Distance between reader and tag > Tm

For higher distances >15m — backscatter tag’s usually use a battery

The tag in this situation is normally put in a stand-by mode for saving battery time, when out of the
reader range

The battery of an active backscatter tag never provides power for the transmission of data between tag
and reader. The battery is used exclusively for supply power to microchip.

5 ’(@\
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HIGH-FREQUENCY SYSTEM The electric llgld onﬁe
propagating signal gives
Anintegrated circuit sends a digital rise to a potential difference
signalto a transceiver, which across the tag's dipole
generates aradio-frequency signal that antenna, which causes
is transmitted by adipole antenna. \ current to flow into the
capacitor; the resulting
o~ charge Is trapped there The voll:age across‘t’:\e )
. by the diode. capacitor turnson the tag’s
READER } J Y Integrated circuit, which sends
Integrated — Dipole antenna outits unique identifier code as
circuit K P a series of digital high- and low-
a voltage levels, corresponding
F‘”Ve toones and zeros. The signal
r
33 Wderifiar cot moves to the transistor.
gRE20FI00293 4§ Dat, Current pids
\ .
Diﬁi(al siinal JUWMLFL“ r] 1 . \ / Capagitor
Transceiver dJ Wil ¥
Reﬂecred L “ P
Signa, / . b
/ 2
§ / Transistor o
The reader’s transceiver X TAG
detects the reflected 51hevavlallonsln the amplitude The transistor gets turned on or -
S's:‘?'sla nd '"’I""’:”F "‘el"‘ “’d of the reflected signal, In what off by the highs and lows of the
adigital signal thatls relaye: Is called backscatter modulation,  digital signal, alternately causing
to the Integrated circuit, correspond to the patternofthe  the antenna to reflect back or
Wwhere the tag's unique transistor turning on and off. absorb some of the Incident radio- BERHITITI26]
,ﬁ\ identifier is determined frequency energy from the reader.

ﬂ‘(f
& ‘wiee p
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READER ARCHITECTURES

* Bistatic Configuration: Separate Transmitter and Receiver Antennas
*  Monostatic Configuration: Same Antenna for Transmitter and Receiver

(Circulator or Directional coupler isolates TX and RX)

Decoder |— —~|: | LPF

A R

g',f “\gl‘gf. IT - DETI— Universidade de Aveiro (nbcarvalho@ua.pt) E it RADIO SYSTEMS. 36

- | %]
| bistatic | monostatic j i
SOU. "%\RF in RFID : Passive UHF RFID in Practice, Daniel M. Dobkin Fisure 4.1: Bimﬁ‘ Md M - " (- r“
5-? JIPE IT-DETI— Universidude de Aveiro (bcarvolho@uap) [ PR XADIUSTIEMS 3
v Transmitter = ASK Modulator
v Receiver 2 Homodyne Receiver
ASK-modulated
Signal
o EDReadsr |~
I
! e &) b BPF H RFID Tag
|
: Reader>Tag :
| Baseband r—‘ 1
i Local : N
| . ackscatlere:
! Oscillator | ASK or PSK-modulated
I Comparator | signal
I
| |
| |
I
| |
| |
|



DOWNLINK DATA COMMUNICATION

Downlink: Rader = Tag communication

* ASK modulation V.
S e i
Tag's Diode Detector

BPF h \ b= -T'- % ‘i
> (9 YOk +..

fc

Baseband ASK signal: m(t) = Zaké(tfkT)
K

=—0

ejwct + efjwct
Transmitted Signal:  yrx(t) = m(t){Ac 5
_\(,“%I\
5 t RF Carrier

5; WIPE IT - DETI— Universidade de Aveiro (nbcarvalho@ua.pt) ﬁ H

RADIO SYSTEMS

‘ DOWNLINK DATA COMMUNICATION

Downlink: Rader = Tag communication

. -
° ASK mOdUIOflon v Ymg's Diode Detector
BPF h Bl g % _i
BB \ T

0 YO fxps.. Vo0

fc
ej“’ct + efj“’ct
Envelope Demodulation:  y(t) =k, [m(t)[ﬂc f}]

After low-pass filtering, the baseband signal sent by the reader is recovered by the Tag:

o Yoo (©) = 222 o)1
&

.,f “\_ﬂ‘fsl IT - DETI— Universidade de Aveiro (nbcarvalho@ua.pt) E i 2 RADIO SYSTEMS




UPLINK DATA COMMUNICATION

Uplink: Tag = Reader communication
* Load-Modulated Backscatter (ASK or PSK)
The uplink is a two-step operation:
O First the reader illuminates the tag with an un-modulated carrier, x,,(t)

O Tag send back information by reflecting power with a time-varying coefficient '(t)

Tag
~____ FRFIDReader xy(t) Backscattering
] | Z .,
: Reader—»Tag i
: Baseband I
! Local ! r[t]
\ Oscillator ! 7 o
i Comparator !
% i Decoder _JE ;
X | |
g‘,r;(/W'PE IT - DETI— Universidade de nvw;,‘mm T o e e A RADIO SYSTENS El
Uplink: Tag = Reader communication
* Load-Modulated Backscatter (ASK or PSK) Tag
o _________RFDReader x(t) Backscattering
i Rt:’ader—)Tdag T l :
| Local : (1)
) Oscillator ! re)
| Comparator |
i Decoder # j[ :
T ejwct + e_jwct
Transmitted Un-modulated Carrier: *u(t) =14 - 2
ejwct + e_jwct
) Signal Reflected back with tag information: r(t) =T(t) Acf
g‘{"fi‘f'ffl IT - DETI— Universidade de Aveiro (nbcarvalho@ua.pt) E it RADIO SYSTEMS 4



UPLINK DATA COMMUNICATION

Uplink: Tag = Reader communication

Decoder — j[

__________________________________

* Load-Modulated Backscatter (ASK or PSK) v Tag
RFID Reader x(t) Backscattering
! H Tz,
i i
! 1
i Local H r(t)
: Oscillator ! — ()
i Comparator :
i i
I
I
|

ejmct + e_jmct ejmct + e_jmct
Recovered Tag baseband information at the Low-pass filter output:

1
D 255 (t) = 5T ()42

7. WIPE 1T - DETI— Universidade de Aveiro (nbcarvalho@ua.pt) ﬁ ﬁt st RADIO SYSTEMS a

Receiver Mixer Output: z(t) = {F(t)Ac

COMMERCIAL UHF READER (900MHZ)

Intel® UHF RFID Transceiver R1000 Top Level RF Block Diagram

M

/ IF LNA IF Filter Decimation Filter \
RN B i n B
RX = Digital Block
7 LoD BB
Configurable
E3> ? Digital Filter
R B 48 MHz |
A
Ant’ —
PR - P G ...~ i
eme Serial/Parallel
[TVIET | Interface
Interface (e

—&—*—E—ﬂ

AM P edistortion
mrm—

DC/De

i_

i

M

o & oo mismien
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Class

WIRELESS POWER TRANSMISSION

Wireless Power Transmission

ﬂ""f’f' ?1 D81~ niversiddede Aviro vl @ue ) ) ak e BOI0SISTENS
WIRELESS POWER TRANSMISSION FOR PASSIVE RFID
v’ Passive RFID tags have no self-battery
v’ Energy is harvested from reader RF signal
v’ RF Energy is converted into DC Power and used as Power Supply
v’ RF-DC converters are key components of passive RFID tags
______ WPT Receiver
Wireless Power Transmission (WPT) System i V
Power & Data ! Charge pu::SSiti:AG
e j s
M
ﬂq"f"ftglgg‘ 1T FT1— Universiddede Ao obcararo@uogt) [ gl e i RADIDSYSTENS



WIRELESS POWER TRANSMISSION

v’ Typically High Speed Schottky Diodes are used in RF-DC converters
v Commonly used configurations: single-diode detectors (high RF-DC

efficiency), voltage multipliers (
(current stability), ...

Single-diode Envelope Detector

Non-linear
DCBlock  pevice v

Vout T

Vin

% Dis condl;.lcting
J(./‘('
o B

FF e

IT - DETI — Universidade de Aveiro (nbcarvalho@ua.pt)

), full-wave rectifiers

Non-linear
DCBlock  poyice  LPF (Load)
I Vde |
DC

Load |

—i—

RADIO SYSTEMS

WIRELESS POWER TRANSMISSION

Half-wave Voltage Multipliers (Charge Pumps)

Voltage Doubler (1-stage)

——
Vin _DCBlack 1oF
¢ Full-wave Rectifiers
HSMS2852 HSMS2852
= Diode Pair Diode Pair
‘%\

.
DC Out
(To the banana Connector)
-_—

s

I “\ﬁ‘ffl IT - DETI— Universidade de Aveiro (nbearvalho@ua.pt)

N-stages

e L—{ — Cascaded EAAA——i
DCBlock /@/ © Non-linear DC Load
- Devi Vdce
H levices —» 4{0 I
: © \& DCBlock
c
H Ler ' _{ ‘I
\% - C}_¢
N

CI_ :
A
- LPF
Lo (I

RADIO SYSTEMS
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WIRELESS POWER TRANSMISSION

Non-linear Analysis of RF-DC Converters
Any RF-DC Converter can be described by a non-linear Model:

General Model

DCB
Cascaded VWA—i .
Non-linear DC Load VI”

Vdc
Devices —  Vdc —
c

LPF
Non-Linear
o | | | Nombinear | Tt
D€ Block <j/ 4 Device N
T,

I c
—— 1 —
Vin  DCBlock o ' . i
= 7 1

c \&\
.

Diode Non-linear Characteristic (I-V Curve)

L

b
we po
()
a3
——
. —
o )<’ 4 = a7
7 WiPE 1T DET— Universidade de Aviro bcarvalho@uagt) [ it : RADIOSISTENS

WIRELESS POWER TRANSMISSION

Non-linear Analysis of RF-DC Converters

Vin Vde Consider a single tone at the system input:

DCB LPF
Non-Li
— | "evice ] %4" x(t) = Beos(w,t + @l)

The output is given by:
Non-linear part can be approximated by
. B%k, 6B*k, B2
a polynomial memoryless model :

z(t) = 2 + 16 + 3 cos(Qwit + 2¢1)

N
YO =) k" B :
n=0

B
+ 4 cos(2w; t + 2¢) +

ke

ky

cos (4wt +4¢@q)
For DC, only the even-order terms are

. . After Low-pass filter, the RF components will
important =2 Model can be restricted to even . P ! P .
e . be eliminated, the only DC component will
order terms and simplified to first 2 terms: .
remain:
x? b _ B, N 6B*k,
) Ypc = 3 16
Xt (1 vt
—-7) x! ° v Hijw) — 4
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MODULATION AND CODIFICATION

* Reader-to-tag link has two goals: Communication and Energy transfer

D3

D3

* Data communication and Energy transfer can take place simultaneously

D3

* In such cases the Modulation and Codification must be carefully designed, otherwise the Energy

transfer will be degraded

+¢* For instance: An inappropriate combination of Codification-Modulation with long dead periods
(signal off) would lead the tag to fail
Bad choice: signal is off for
long periods of time > At
Good choice: signal is off for short periods of time those periods tag has no
(g/@\\ available energy to operate
,r WIPE IT - DETI— Universidade de Aveiro (nbcarvalho@ua.pt) ﬁ it RADIO SYSTEMS 9
Modulation:
v ASK is the preferred Reader-to-tag modulation because it is simple allowing low-
complexity tag design
v’ However, pure 100% ASK (OOK) modulation is not desirable
e.g. 15% ASK: Signal is never
100% ASK ( OOK), not desirable completely switched off
For instance, standard 1ISO14443-B uses 10% ASK Modulation in downlink
o
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CGST 1301

DESIGNING BACKSCATTER WITH DUAL BAND

Combining WPT and backscatter can actually improve the coverage range in a clever
way...

Antenna
; Transmitter
_— «— | Temperature
! Sensor
! [
! o
._l_|> ]
,,,,,, | H < Humidity
Backscatter g Sensor
]
= -
RF Harvasting
& - .
Power Management b .

Correia, R.; Borges de Carvalho, N.; Fukuday, G.; Miyaji, A.; Kawasaki, S., "Backscatter wireless sensor network with WPT capabilities," in Microwave Symposium (IMS), 2015
IEEE MTT-S International , vol., no., pp.1-4, 17-22 May 2015
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DESIGNING BACKSCATTER WITH DUAL BAND

The backscatter is designed so that the input matching network is dual at harmonics ...

1
|
)
|
|
|
J

Matching Network | J ]
| |
1 Hl
] |
|' |
I q
| |
I |
| == 1= AWV
= | I -: Load
= = —_————— 15 KOhm
e~ 2 a Rectifier

Backscatter

Correia, R.; Borges de Carvalho, N.; Fukuday, G.; Miyaji, A.; Kawasaki, S., "Backscatter wireless sensor network with WPT capabilities," in Microwave Symposium (IMS), 2015
IEEE MTT-S International , vol., no., pp.1-4, 17-22 May 2015

5@\
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DESIGNING BACKSCATTER WITH DUAL BAND

The backscatter is designed so that the input matching network is dual at harmonics ...

Vgate = 0V (2.45 GHz)
Vgate = 1V (2.45 GHz)
Vgate = 0V (5.8 GHz)
Vgate = 1V (5.8 GHz)

Correia, R.; Borges de Carvalho, N.; Fukuday, G.; MIW]I A, Kawasakl S,

in -
Symposium (IMS), 2015 IEEE MTT-S International , vol., no., pp.1-4, 17-22 May _i()_s / _i2-0

2015
’dﬁ\ -j1.0
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DESIGNING BACKSCATTER WITH DUAL BAND

The backscatter is designed so that the input matching network is dual at harmonics ...

4 T T
—H&—Vgate = UV {first expeﬁmenf}

—2&— Ygate =1V {first experiment)

3| —=—Vaale =10V (second experiment) .. .
—&— Vgate =1V (second experiment)
—a—Vgate =0V {third experiment} K q

Vout (V)

Pin {dBm)
Correia, R.; Borges de Carvalho, N.; Fukuday, G.; Miyaji, A.; Kawasaki, S.,
"Backscatter wireless sensor network with WPT capabilities,” in Microwave
Symposium (IMS), 2015 IEEE MTT-S International , vol., no., pp.1-4, 17-22 May
2015

> f*‘ﬁ
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BACKSCATTER RADIO ALTERNATIVES ‘ MO Fsive Roclos

+ o
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1-BIT TRANSPONDER USING HARMONIC EFFECT

Transmitter illuminates the Tag with a signal at frequency f, Simple Diode Tag

Due to Non-linear behavior, tag produces harmonic components at f,,
2f,, ..., Nf;
fe

L,
* TAG = Simple Diode + Antenna

fe
oz
nfc
ﬂ‘%
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1-BIT TRANSPONDER USING HARMONIC EFFECT

Receiver detects one of the harmonics (e.g. second harmonic, 2f,)
* If harmonic is detected = Tag in the field
* If not = No tag in the field

* Used in Anti-theft Systems

e

Alarm \1 kHz detector

Receiver Transmitter

i

1 kHz
generator

2nd harmonic

Q) 4,90 GHz

1-bit fransponder
+ /5 P

Non-linear Element

/

Dipole antenna

J

DI0 SYSTEMS
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NONLINEAR DISTORTION

Non-linear System:
Y = kz_:lakx(t - Tk)k =aX(t—7)+ax(t- 2'2)2 +
+aX(t—15)° +...

2 tone input:

X(t) = b, xcos(amt) + b, x cos(w,t)

gfﬂ:’ﬁ 1T DET— Universidade de Aviro bcarvalho@uagt) [ ‘t —
NONLINEAR DISTORTION
YL = & (b, x cos(wt) +b, x cos(m,t) ) +
y1 = 1av ordem
+a, (b, xcos(at) +b, x cos(ayt) ) +
y ) = 22ordem
+a, (b, xcos(@yt) +b, xcos(@,t))’ + ...
) y3 = 3%ordem
o £
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NONLINEAR DISTORTION

1Y()

I T‘T i it

(N0 W, 0, 20, 20, 30, 3w, w
2070, 20,0, 0,10 200, 20,40,
ﬂ‘/ﬁ\
& § WIPE IT - DETI— Universidade de Aveiro (nbearvalho@ua.pt) ﬁ it RADIO SYSTENS

NL RFID PROPOSAL

Reader
(transmitter/receiver)
A

2,46 Ghz

2,4Ghz

Tag

2,34 Ghz

Ts

Gomes, H.G. and Carvalho, N.B.C., “RFID for Location Proposes Based on the Intermodulation Distortion”,
Sensors & Transducers Magazine, vol.106, n.7, pp.85-96, July, 2009

M
o

r WIPE IT - DETI— Universidade de Aveiro (nbcarvalho@ua.pt) H it RADIO SYSTEMS



NONLINEAR DISTORTION

e e I
x(®) =% ' X(t) = %,
id‘sNLS[Y(X)] (x x0)3+
3! d*x X(t) = %,
\N\
gfﬂf‘”\* 1T DET— Universidade de Aviro bcarvalho@uagt) [ it S
NONLINEAR DISTORTION
LoD
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WIPE
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¥ scaionse

BLOCK DIAGRAM

f
&

Power Amplifier | |
Pseudo- Combiner block B
random
signal ASK
v
Distance Dela
calculati [ Y —— seH — LNA [ BPF
mesure ASK
on
Integrate &
Dump b)
Reader
fy
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A
Amp. Seq.
110 ol1 1 1lol1 Transmitied
signal
Auto-correlation
P — o
time
Tseq
A
Amp. Seq.
Transmitied
0 0|1 1 1 signal
Received
1 1f{of1]o0 11 1fo0f1 signal
Cross-correlation
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PROTOTYPE

)
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BACKSCATTER RADIO ALTERNATIVES ‘ Remote Cortrl
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BATTERY-LESS REMOTE CONTROL

A battery-free Remote Control System is proposed:

RS

< The Remote requires no battery, based on passive RFID technology

i Device to be Controlled wirelessly powers the remote control using radio waves

2 The remote control send back information using Backscattering (Power reflection)

Microwave Power

Device to be controlled ¢ deast)

(e.g. TV, door) )>
RFID Front-End Data
(by power reflection)
RFID TX ))) ( ¢
Data Battery-less
Remote

Controller

Control Unit [ "

of RFID and

Device to be
controlled

RFID RX

il

Advantages compared to conventional IR technology:
v Elimination of costs associated to battery maintenance and treatment of toxic waste

v Long range and no line of sight communication thanks to the use of radio waves

M

FS, v Cost-effective solution, thanks to the use of a low-cost RFID technology (UHF EPC)

g",f LX"."EE. IT- DETI— Universidade de Aveiro (nbcarvalho@ua.pt) E at RADIOSHSTEMS



PROPOSED SOLUTIONS

Option |: Passive Wireless Sensor - alike

Battery-less Remote Control
Charge Pump | pp Key 1

DC Power

X

Logic Key
Control |«4—Decoder
Memory
MoDem

'_
Y
T

Env. Detector

—Bt—

&

Key N

Backscatter
Modulator

Multi-RFID scheme is implemented

TR oo (A A AT
ned

Option II: Multi-RFID scheme

= = = =
+ Resonamt:
cr1 @3 @5 RN-1

N-Port Microstrip Network

RFID N

W W =

-7’8

—0
—0
w}—@
‘\}_@

Q0 Several RFID chips are used, each one associated to a key
O Only the chip associated to the pressed key should be read by the RFID

reader to identify the key

m\

J(.j'
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RADIO SYSTEMS

MULTI-RFID SCHEME  oerating principie:

0O N passive RFID tags associated to N keys/switchs

By default, no tag responds to reader (silent mode)

Once a key is pressed the respective tag is allowed to respond

Inactive tags must not interfere with the active one

0O Two challenges: Antenna sharing, Tag activation/deactivation

T int tion (N-port Network
“\\ ags interconnection (N-port Network)

"(.y
& ,f ”“!‘F:EI IT - DETI— Universidade de Aveiro (nbearvalho@ua.pt) E .t

Resonant
circuit

Matching .
Network Chip

RFIDi

Port termination
= 0 Ohms by default
= 50 Ohms if user presses the key
RADIO SYSTEMS



MULTI-RFID SCHEME

Example: key # 4 is pressed = RFID4 is routed to the antenna port without
interference of idle tags

20|
20|
90 90
< > RFID 5
> s
20| 20| N
90 90
Key 2, Key 4
I ey
&7 wiee 11-DET1 - Universidde de Aveiro wbarvaho@uapt) (44 F g RFID 4 RADIO SYSTEMS

MULTI-RFID SCHEME - measurements

RFID chip measurement RFID chip impedance

60 -110
50 | — — Real A7 1120
40 mag // 1-130
30 chip activation point / THo
20 ( (n //( 1-150
10 a 1-160
( oo oo -170
-15 -10 -5
Retum Loss of Matched Chip
0
I —— Operating Frequency = 866 6MHz 1
5
g
= 10
2 Lanaten
S e
& [Cmatn|  Chip
-20 T RFID
}_ff o -10 5 0
ia “EIEE‘ IT - DETI— Universidade de Aveiro (nbcarvalho@ua.pt) a input power (dBm) RADIO SYSTEMS.




MULTI-RFID SCHEME - measurements

Switch characterization

T

rj
\\_\/

frag (00.0MHz to 800.0MHz)

ST

Switch Open
Zin = 50 0hms

Closed Position
inductive behavior >

a
)

NC switch

55,5
544

capacitive behavio

Switch Closed
Zin = 0 Ohms > £

B)

Switch

&7 wiee 1181 Universidads de v pherhoabte rppinati gl

RADIO SYSTEMS

freq (BD0.OMHz o 800 OMHz)

MULTI-RFID SCHEME - measurements

N-Port Network Simulation and Measurement
Objective: measure Return loss (S11, S22) and Transmission coefficient (S21, S12)

Scenario: Only one tag is active, rest of them are short-circuited (inactive)

via-to-g
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MULTI-RFID SCHEME - measurements

Remote control prototypes: 3, 4 and 5 keys

0 —key 1 pressed
x —key 2 pressed
= —key 3 pressed
< —key 4 pressed

3'-;; Wipe 1T - DETI— Universidade de Aveiro (shearvalho@ua.pt) ﬁ - ﬁt e freq, MHz RADIO SYSTEMS

MULTI-RFID SCHEME - measurements

v The complete system has been successfully tested and validated
v The remote control system has been integrated in a TV device

v~ CH +, CH -, Vol + and Vol = functions were implemented.

_IR_| RFID-R
Adapter

The prototype is composed by:

DAY
2)  RFID reader and Computer
\\X 3)  RFID-IR adapter

RADIO SYSTEMS
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FUTURE VISION
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” 1

A .‘-::1:\l :r
Power transmission e
Wireless S
RS
. Wireless power transmitter _
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T WPTC 2016

WIRELESS POWER TRANSFER

Student

Aveiro @ Portugal May 2016

Grants;
Available

Paper submission deadline: February 6, 2016

|IEEE WPTC 2016

ﬂvﬁ www.wptc2016.org
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