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Mobile communications: from 1G to 5G

Device Specifications

Generalion

M OTIVATI O N COMMUNICATIONS

(3d"en®oy|eAiedqu) oJIdAY ap apepisiaAlun — [13d -1

)
|-
©
=
=
=
@
@
=
-

People & Things

$303e21UNWO03 E B sw
ap o3nIsUl 4




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

tituto d
telecomunicacgdes

) radio V) instituto de
QSYSIEms !t

I OT‘ I O E WIRELESS THINGS

* Low Power

* Low
complexity

]

High bit Rate

* High Power
* High complexity
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M OTIVATI O N ENERGY FOOTPRINT

The bright Smart Future ....

Battery Waste

Huge Amount of Disposals

Large Amount of Energy
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5G

O

Battery-less Sensors
for health
applications

Mobile communications: from 1G to 5G
Generalion Device Specifications

)
1G T

Car Energy Collector

a)doag

High Efficient Energy
Collection

Domestic Appliances
Wireless Energized

Agriculture passive
sensors

5G is about C
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RF RECEIVERS

Analog Domain
1

-

BPF BPF
Lo,

@\

900

Zero-lF

* Signal is selected at RF by BPF, amplified
and directly translated to DC

* Evident reduction in number of components
- high level integration

* Components much more difficult to design
DC offset, 2nd order IMD products
generated around DC

LPF

Lo,

Digital Domain

ADC

-

S

LPF

ADC

BPF

Super-heterodyne

» Conversion to the digital domain at baseband where it
can be processed

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

* Full on-chip integration is concerned and its design to
a specific channel - prevents the expansion of
receiving band

Analog Domain Digital Domain
\ p ADC >
LPF
LO,
\ b ADC |
LPF
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SOFTWARE DEFINED RADIO

Bandpass Sampling Receiver:

Analog Domain Discrete Digital Domain
Time-Domain
ub@—b FIR >
900
BPF Fo<< fr Lo,
Q FR |

» Takes the fact that S/H circuit translates the signal to 1st Nyquist
zone

* Digital processing capabilities exploited =» multi-band reception

 Mandatory BPF to avoid overlap of signals = tunable or bank of
filters

* Analog BW of ADC must include RF carrier

13
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TRANSMITTER

The RF transmitter should also fulfill some requests, for

instance;

>

>
>

Bandwidth
of system

T
-

Frequency

Use only the bandwidth that refers to the system
standards

Create low values of harmonic distortion
Transmit the maximum RF power and
simultaneously consume the minimum DC power
from the system

14
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TRANSMITTER

Digital Domain Analog Domain

_|> DAC | \
BPF } BPF

LPF
L0,

‘D

DAC | \

Super-Heterodyne Transmitter

* Digital baseband signals are converted and directly
modulated to RF

* Reduced amount of circuitry that allows high level
integration

 Carrier leakage, phase gain mismatch, and requires
highly linear PA

» With careful design can be employed in SDR TX'’s

* Signal created in digital domain,
modulated at IF, and up-converted

* 1/Q modulator working at IF; Output
spectrum is far away from LO

» Suffers from similar problems of the
receiver case

* Multi-mode implementation is difficult

Direct-Conversion Transmitter

Digital Domain Analog Domain

_IpnAc_p \

+D

DAC | \
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Mobile gadgets [f 10% of the world’s mobile phone users

turned off their chargers after use, the

energy saved in one year could power
M O I IVA I I O N ENERGY WASTE | 60,000 European homes.

NETWORKS

5G Communications will have a
demand of extra 300% Energy

Air Conditioning

® Power Suply
Signal Processing (Analogue-Digital)
Power amplifier including Feeder

compared with 4G

-70%
Redundancy
Idle resources

Energy from Energy for Energy for Energy for Energy for
power plant telecom sites network elements chips transmitting bits

Source: Nokia calculations based on published operator figures in 2012 UPS ... Uninterruptable Power Supplies

Figure 2: Where energy is consumed in a network - only 15% are used to “transmit bits”

GSNMA
Source: 2010 data .

http://www.gsma.com/mobilefordevelopment/ 16
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RADIO COMMUNICATIONS

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

17
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Installed Base [million units]

Source

Battery Powered loT Devices
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: 2016 data http://edna.iea-4e.org

Standby Energy Consumption [TWh]

45 | mSmart Roads
40 |— ®Smart Street Lighting
35 | m Smart Appliances

Annual Energy Consumption [TWh]

Investigated Mains Connected loT Categories
| \ J |

® Home Automation
m Smart Lighting

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Year

Energy for Battery Manufacturing
25

N
o

h
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_
o

Battery
Manufacturing

o
3]

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Year
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BATTERIES

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

g% ** Considering 4 Million habitual residences in Portugal (INE -
Censos 2011) and assuming that:

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

We end up W|th 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 !!

19
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APPROACHES SOLUTIONS rox

LOW BIT RATE

Movement detectar (PIR)

Smoke detector

Enuresis sensor &
_ 3 Fall detectar

N i A

Low Cost

—— -

How much power is low
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Arnie+/Gem+
triggers i - Natural gas detector
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Sounder beacon

- ] e e s oL
Environmental gontrel selutions Nk -] g
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e
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Bogus caller button

Property exit sensor Video door entry

21

) =die, ‘t




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

MARKET SOLUTIONS e concumron

Typical example from one of the top sellers of 10T Sensors

Parameter Value Unit 2.4 GHz transceiver
%m?:r;j:epgﬁg : tage 40 1té>g+ 35 o\é * 96 dBm sensitivity in Bluetooth® low energy mode
Supply current in transmit @ -10dBm output power 9 mA * 1 Mbps, 2 Mbps supported data rates
Supply current in receive mode 12.5 mA *  TX power -20 to +4 dBm in 4 dB steps
Supply current fOI‘ p-conlroller 4MHz @ 3volt 1 mA ™ Sing'e.pin antenna interface
Supply current for ADC 0.9 mA EECR tin TX (0 dB
Maximum transmit output power 10 dBm ) R A !n ( &
Data rate 50 Kbps e 5.4 mA peakcurrent in RX
Sensitivity -100 dBm *  RSSI(1dB resolution)
Supply current in power down mode 2.5 pA

SoC 1 - Sub <1GHz SoC 2 — UltraLow Power Bluetooth

Transmit — 17mW

Receive - 24mW

instituto de
telecomunicacdes

Transmit/Receive —

22



——AAA ——CR2032 ——CR123A CR2

MARKET SOLUTION

CONSUMPTION

Years

/f

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

Material  Alkaline LiMn02*  Lithium Lithium Transactions per day

Voltage 3V 3V 3V 3V

Capacity 500 mAh 225 mAh 1500 800 mAh /
mAh

=B

"Guilty as charged."

Page 23
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THE SOLUTION

LoRa — 60 mW to 400 mW Bluetooth — 5 m\W to 90 mW

WiFi — 50 mWto 1 W

* Remove the need of power for transmit / receive!

 Eliminate batteries!

Backscatter

Modulator

Wireless Power

Transmission

Passive

Page 24




- SWIPT

Simultaneous Wireless Information and Power Transfer

Page 25



ENERGY HARVESTING VS WIRELESS

POWER TRANSMISSION
©
®
g WPT
T>u Comparison of Power Density of Energy Harvesting Methods
S C >_.>_-
2 Energy Source RORRLIeTIY & Source of Information
< Performance @-’—-
_g Acoustic Noisa 0.003 pWicm3 @ 750b (Rabaay, Ammar, Da Silva Jr, Patel, & Roundy, 2000) : h
g . i 1
z . 09 pWiem3 @ 10000 . @___»_ -
) Temperature Variation 10 pWicm3l (Roundy, Steingar, Fréchette, Wright, Rabaey, 2004) |
o |
[0} Ambient RF 1 pWicm2 (Yeatman, 2004)
3 Ambient Light 100 mWiem2 (direct sun) Not Cited @ . - P >
= 100 _Wicm2 (iluminated office) @._.>_-
E Thermoelectric 60  Wem2z o {Stevens, 1999)
‘£ - = - @-—-»— -
=) Vibration 4 _Wicm3 (human motion - Hz) | (Mitcheson, Green, Yeatman, & Holmes, 2004)
I (micro generator) B00 _Wicm3 (machines - kHz)
E Vibrations (Piezoelecinic) 200  pWiem3 | (Roundy, Wright, & Pister, 2002)
S Airflow 1 pWiem2 {Holmes, 2004) DC-RF RF-RF  RF-RF RF-RF RF-RF RF-DC DC-DC
- Push Butlons 50 _JN (Paradiso & Feldmeier, 2001) 7 5 8 A 2 8 7 9
Shoe Inserts 30 pWiem2 | (Shenck & Paradiso, 2001) (} 8/ 3 Anr C} C} 0/
[ b 0 % % %
Hand Generators 0 Wikg | (Stamer & Paradiso, 2004) ° ’
Heel Strike 7 Wiem2 | (Yaglioglu, 2002) (Shenck & Paradiso, 2001)
Power & Data
GSMiCellular —>
Wi-Fi
3 RF-DC
gt Converter
o =
55
}é% Logic, Memory,
- Modulation
W distance

Radio and TV
broadcast

Source: The Journal of Technology Studies

£
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HISTORY OF BACKSCATTER

RADIO

Backscatter RF tags have their origins in radar
- the origin of identification by power reflection

The IFF — Identification Friend or Foe system
used during 2nd World War

The foundation for RFID laid;

Development of electronic article surveillance

(EAS) systems (1-bit tags);

RFID began finding mainstream commercial applications, in
particular electronic toll collection. UHF and microwave tags still
using discrete components.

Development of useful Schottky diodes allow the entire tag to be
integrated on a single chip.

Establishment of widely accepted protocols — e.g. the Electronic
Product Code protocaols.

28
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RADAR CROSS SECTION

Scattered Field Eg

% T 3 Incident Field E,
o ~—_ [ [ [ / Teansmitter
P Tgfgat A Range r ~—t

2

£
RCS = LIM 472 &l

(Unit: Area)
F— €y |2

Radar Cross Section (RCS) is the hypothetical area, that would intercept the incident power at the
target, which if scattered isotropically, would produce the same echo power at the radar, as the actual
target.

30
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FAR FIELD OPERATION

]g:onf’gr?cl;y to inductive coupling, electromagnetic backscatter operates in the
ar field.

The range can be calculated based on the energy available at the
transponder which is calculatedusing phe Friis formulag j \?
P. =A,—5G =—G,—5G < P, :Rn[—] GG,

Amr? 4w dar A

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 2.45 GHz
0.3m 18.6dB 19.0dB 27.6dB
1 m 200dB 20.5dB 38.0dB
im 38.6dB 30.0dB 47.6dB
10m 400dB 495dB 58.0dB




BACKSCATTER BATTERY-LESS

PARADIGM
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HISTORY OF BACKSCATTER
RADIO

The Great Embassy Seal Bug

* Given as “gift” to US by USSR in 1946;

* Passive transduction of sound, interrogated from across
the street in the Soviet Embassy;

* Undiscovered until 1952;

Invented by Leon Theremin;

Vibrating diaphragm changes capacitive load seen by
antenna;

Analog speech modulates the backscattered information;
Reflected signal looks like small-carrier AM,;

33
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BAC KS CA-I_I-E R BATTERY-LESS PARADIGM

radiated wave

transmit antenna » < - , .
current / “z_\ / \\ receive antenna
; B \ + current

receive antenna
current

backscattered backscattered wave
sinal +
a e AW

short circuit load —

no backscattered
sinal no backscattered wave
)
ol Mk

match load

N\

Backscatter communications has its
roots in radars type approach

c RIF-11TC 1A 1elice Dall O
an incoming electromagnetic wave
back to the reader based on the

e o7 e a1 K= A =1 B (=1 m (1 A —
is maximized for antennas that are
resonatmg with the incoming signal

35




BACKSCATTER

8) .........
2 I |
r_zu I Conventional battery-powered WSN WPT-enabled WSN : | E e | GTX
g e . e | e Unit . ~h Passive
% : = i “\f“‘"‘ anc.dwufc'css : i ! g | Wﬂm Gtag RF Tag
.5 : v .,_i g .anwcr vaasimttn -,-_. ! I oC i ~h
2 e — Aetive sensor o oy Wrelcé.‘; : ' % i *%
[) { ‘ [ WET i
: A R_ :> “E” e gs ' o
E : anss ;::u-us. on e | | . ta
5 | ._|1| . oy gl \ ' J ! % Receiver I y g
2 i "‘E| s '\ ol ! | Unit &
'g i Battery depleted ""|- s LJala .y >y | ' ' RX
| | Gl T o= transmission ™ “ T_.. : . .. 4
[ i . Information : ? i
E ! """-:I access point ]
: 8 M :
| | | a RF tag communicates with a reader, by modulating the
\ Backscatter-based passive RFID WPT-enabled active RFID ! ] ) ’
| — : electromagnetic fields scattered from the RF tag’s antenna.
: Energy signal RFID jx._ (TP |
) j \ |1"“||" I Reader \"-. '||'“J'u||"| Rechargeabla |
I | RFID \ || ||'|"‘ | \' Aol battery 1
: Reader b ., Vol ‘:> Im .‘ Energy han.-tcsllng :
LS T\ N, v
2 . mﬁﬂﬂﬂu :/Mefnergy E Infarmation Lu_j}__i : PrOblemS Advantages
3 : Backscatter HTg—): signal : | !
g | modulated ! [ 1] . .
S '”f"”“a“"”””“"\L\‘fl Lk il Lo A » Limited range communication * No need of active components in
= ! b 1 bimaoy | informatien | | * ASK or PSK modulation schemes wireless transceivers
W : RFID Tag transmitting creuit | bts 1 . . L . | t t
! RFID Tag | (one bit of data per symbol) ow-power implementation
£
._gg Figure taken from S. Bi, C. K. Ho, and R. Zhang, “Wireless
g powered Communication Networks: An Overview,” 36
=
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TRANSMIT AND RECEIVE
SIGNALS

Reader transmission
R081
= Cw
c Cw Query T
D T L Ll
7 RN REERE
o
g Tag response
2
P RCSZ
o
>
Time

Signal transmitted on the forward link (reader to tag) contains both CW and modulated commands.

Each impedance state the tag presents a certain RCS high (RCS;) and low (RCS, ) to provide
significant difference in the backscattered signal.

37
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BAC KS CA-I-I-E R BATTERY-LESA”

Q Vale

—/% D

Scattering
Antenna
MCU 4* RF transistor

Wave \d
Generator 5

Vi giite

Cloud

Demodulator Gateway

Backscatter |[4————

Backscatter
Sensor

BaseStation

*RF Transmitter
*RF Receiver

*Voltage Harvester
*Signal Processor

[ Accelerometer

RF to DC H Power
Management

Microcontroller

Temperature

Sensor

M
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RADIO FREQUENCY
IDENJIFICATION - RFID

\ "
. — b
e ot
H|GH_FREDUENEY SYSTEM The electric field of the
H t Reader Antenna g . - propagating signal gives
OS Anintegrated circuit sends a digital rise to a potential difference
Signﬂ|t0 atransceiver, which across the Tag's d|po|e
mOdL”e generates aradio-frequency signalthat P antenna, which causes
is transmitted by a dipole antenna. ] | current to flow into the
o capacitor; the resulting
- charge is trapped there The vo.ltage acrosst:e .
bu the diode. capacitorturns on the tag's
READER _n"' : integrated circuit, which sends
Integrated s Dibolo o out its unique identifier code as
circuit s P a series of digital high- and low-
voltage levels, corresponding
F‘”‘fe 1o ones and zeros. The signal
3g [derfier ol 4 moves to the transistor.
EEZN[T0020]
L 84 Dap, Current Diode
Ui Capacitor

Digital siﬁnal

The reader's transceiver
detects the reflected
signals and converts them to
adigital signal thatis relayed
to the integrated circuit,
where the tag's unique
identifier is determined.

The variations in the amplitude

of the reflected signal, in what
is called backscatter modulation,
correspond to the pattern of the
transistor turning on and off.

:'J' |‘Pr|' : s /’"“\1 /
Transceiver " iy L Jlll-' W Ul I\._/) . /

ode; W
5’3’?&! /
=

Transistor -
e TAG
The transistor gets turned on or
off by the highs and lows of the
digital signal, alternately causing
the antenna to reflect back or
absorb some of the incident radio-
frequency energy from the reader.

Tag identifier code
REBEILENZE]

Diﬁital siﬁnal

CR)
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PRINCIPLE OF OPERATION

Basic components
1) Reader/Interrogator — Used for read and store information in Tag
2) TaglTransponder — small device which carries data (e.g. Tag ID)
3) Host - computer running user application

Application xio
¢ Tag
Data base RF Power / Clock Y
TPECRER YR L : :
Data {i

[

A

Daia

cable Air Interface

(RF)

Reader

40
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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-36840R IF-RIO

FPGA
Baseband

Processing “

----------------

1

1 PXI-5610

; RF )))

[ Upconverter RFID
:

1

Tag
PX1-5600
RF (
: Downconverter

Bassband Digital
I/a Bitstream
High-taas Clo?k Matched v Symbuol
Complex = (Carrier) [ ; =+ Decimation [ :
} Filter Mapping
Filter Recovery

41
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READER ARCHITECTURES

v Transmitter % ASK Modulator
v'Receiver % Homodyne Receiver

ASK-modulated
Signal

RFID Reader
e TEREERE —

b RFID
e VA Tag
Reader—>Tag

Baseband

|

|

|

|

|

|

|

[ Local
| 5 Backscattered
Oscillator

: ASK or PSK-modulated
|
|
|
|
|
|
|

Comparator signal

Decoder :k 1 LPF

__________________________________
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DOWNLINK DATA
COMMUNICATION

Downlink: Rader & Tag communication

e ASK modulation

BPF

=1=}

fic

Detector
-

~Z

:" Tag's Diode
1?

Vrx (1) y(O)=K,[x(t)]?+...

Baseband ASK signal: m(t) = f'aka(t- kT)

Transmitted Signal:  Yrx(t) = m(t){flc

k =0

N

efwct 1 e—jwct}

2 X
F Carrier

\

Ves(t)

43
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DOWNLINK DATA
COMMUNICATION

Downlink: Rader & Tag communication

* ASK modulation
v Y
Tag's Diode Detector
BPF —B— Tr %‘i

Y1x (t) Y(t)=k2[X(t)]2+... YBB(t)

EB

fo

Envelope Demodulation: el@ct 4 pJwct
" y(t) = k; [m(t) {AE :

2

After low-pass filtering, the baseband signal sent by the

reader is recovered by the Tag: 2
— ckz 2
Vpp(t) = 5 [m(t)]
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BACKSCATTER - STEPS FOR

IMPLEMENTATION

Antenna

Transmitter

Backscatter

RF Harvesting
—p &
Power Management

1

Microcontroller

=
(@)

Temperature
Sensor

Humidity
Sensor

Backscatter design:

* Choose the frequency for the circuit; 2.45 GHz

* Design the rectifier for the chosen frequency and
optimize it for the highest efficiency! 1

* Design the backscatter modulator; 2

* Combine both solutions (Rectifier + Backscatter
modulator).
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Effn=100%(sqr(real(Vout[::,0]))/(Rout*(0.001*(10**(PWR/10))))) Diode_Model
DIODEM1
Is=3e-6 Bv=3.8 V Vjsw=
Rs=25 Ibv=0.3 mA Fcsw=
Set these values: Gleak= Nbv= AllowScaling=no
7 VAR N=1.06 lbvi= Tr?om=
=2 STIMULUS I;td_— Ef_v = )T(rt'.s_ez_
volt=0 {-t} (02018 OF Af E ':0 69
Rout=4.45781 kOhm {0} S!f_o‘ o IS
i=0.35V Ffe= AllParams=
PWR=-10 _dbm M=0.5 Jsw=
FREQ=2450 MHz Fe= Rsw=
Imax= Gleaksw =
Imelt= Ns=
Isr= lkp=
Nr= Cjsw=
P_1Tone Ikf= Msw=
PORT1 TLIN
Num=1 TL202
Z=50 Ohm Z=104.07 Ohm {o}
P=polar(dbmtow(PWR),0) E=136.207 {0}
Freq=FREQ F=2.45 GHz
— P - —
I S L
TLIN Diode TLIN
TL199 DIODE1 TL201
Z=50.0 Ohm Model=DIODEM1 Z=106.516 Ohm {o}
E=43.4867 {0} Area= E=79.7969 {o} R C
F=2.45 GHz Periph= F=2.45 GHz R1 C1
TLsc Scale= R=Rout C=77.4128 pF {0}
TL200 Region=
Z=59.77 Ohm {0} Temp=
E=91.167 {0} Trise= = =
Ref F=2.45 GHz Mode=nonlinear
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dB(S(1,1))

RESULTS OF RF-DC

Matching Frequency = 2.45 GHz

m6

FREQ=2.450GHz

dB(S(1,1))=-25.868

volt=1.000

T /
E /

6
T I T
1.0 1.5 2.0 25 3.0 35 4.0
FREQ, GHz

m1

FREQ=2.450GHz

S(1,1)=0.040 - j0.031

\volt=1.000

impedance = Z0 * (1.082 -j0.067)

FREQ (1.000GHz to 4.000GHz)

Using large signal S-parameters

real(Vout[::,0])

For -10 dBm (0.1 mW) of input power the

output voltage generated is 0.487 V with
53.2 % of efficiency

m4

m2 PWR=-10.000
PWR=-10.000 Effn=53.179
real(Vout[::,0])=0.487 volt=1.000
volt=1.000
20 ipe 60 i ,
] — 50—
1.5
] 404
: £
1.0 = 30 \
] m2 20—
0.5
] 10|
1
0.0~ T T 0~ i T
20 -15 -10 5 10 20 15 10 5
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Transmitter

DESIGN OF BACKSCATTER VL.
MODULATOR

= P_1Tone
m3 - m1 AD)| PORT1
FREQ=2.450GHz FREQ=2.450GHz 9 Num=1
S(1,1)=0.948 / -179/149 S(1,1)=0.997j0.020 $ | z=50 Ohm
volt=1.000 volt=0.000 T P=polar(dbmtow(PWR),0)
impedance = Z0/* (0.027 - j0.007) impedance = Z0,* (13.280 - j98.523) Set these values: Freq=FREQ
/ \ VAR
= STIMULUS TLIN
= !4"3 %1 volt=0 {-4} TL196
AR ) Rout=4.45781 kOhm {0} Z=50.0 Ohm
a PWR=-10 _dbm E=89.8575 {-0}
FREQ=2450 MHz F=2.45 GHz
if
/ TLOC =
TL198
| N Z=50.0 Ohm
| 1 E — | E=78.2474 {-0}
i Il e M F=2.45 GHz
V_DC TLIN
SRC2 TL197
Vdc=volt Z=50.0 Ohm MOBFET _NMOS
FREQ (2.450GHz to 2.450GHz) E=27 2667 {-oMOSFET1
F=2.45 GHz Model=MOSFETM1
Length=
Width=
. . . . .. Ad=—
The goal is to optimize the modulator to behave as an open circuit in one
state of transistor (0 V) and as a short circuit in other state (1 V).
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COMBINING SOLUTIONS -
BACKSCATTER DESIGN

TLIN
TL202

Z=104.07 Ohm {0}
E=136.207 {0}

F=2.45 GHz
A f Tt f s DI f A Vout
P_1Tone TLIN TLIN Diode TLIN
PORT1 TL203 TL199 DIODE1 TL201
Num=1 Z=50.0 Ohm Z=50.0 Ohm Model=DIODEM1 Z=106.516 Ohm {o} |
Z=50 Ohm E=50 {-0} E=43.4867 {0} Area= E=79.7969 {0} 21 81
P=polar(dbmtow [P §Hz F=2.45 GHz Periph= F=2.45 GHz . N
Freq=FREQ T TLSC Scale= R=Rout e C=77.4128 pF {0}
TL200 Region=
Z=59.77 Ohm {o} Temp=
| E=91.167 {o} Trise= — =
Ref F=2.45 GHz Mode=nonlinear
3 TLN
TL196
Z=50.0 Ohm
|| E=89.8575 {-0}
F=2.45 GHz Transmitter
®
D m
TLOC =
TL198
Z=50.0 Ohm
LE~—T E=78.2474 () Backscatier
F=2.45 GHz
V_DC TLIN -
SRC2 TL197 : RF Harvesting
|- s
Vdc=volt Z=50.0 Ohm MOBFET_NMOS > &

E=27.2667 {-0MOS

F=2.45 GHz

Mod

Power Management
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RESULTS OF BACKSCATTER
CIRCUIT

m3 o m7 m2 m5 m4
FREQ=2.450GHz PWR=-10.000 PWR=-10.000 PWR=-10.000 PWR=-10.000
S(1,1)=0.923 / 82. real(Vout[::,0])=0.487| |real(Vout[::,0])=0.002 Effn=53.177 Effn=9.415E-4
volt=1.000 volt=0.000 volt=1.000 volt=0.000 volt=1.000
impedance = Z0/ (0.093 + j1.142) ape 2977 ope 80 m5
B B —~
\\ i /,/‘—; 50— /ﬁ )_\
= m1 | 57 = | / A\
& : | 5 ] | X
g l7 20 / NG
0‘5—, A & i \
4 10—
1 — m2 / il m4
O-O’I/I—IT\‘IIIIIYIII\‘\\II‘\\\\'II\\ OIlllll\\\v‘\\\‘\\\‘\\\\lllll
-20 -15 -10 -5 0 5 10 -20 -15 -10 -5 0 5 10
FREQ (2.450GHz to 2.450GHz) PWR PWR
Two different loads For -10 dBm (0.1 mw) pf input 0power the_ outpl_Jt voltage _
*  The circuit is matched in one state (0 V) — absorption state: genelrated is 0.487 V with 53.2 % of efficiency in the absorption
 The circuit is mismatched in other state (1 V) — reflection state. state! _ o
In the reflection state, the circuit can not generate any output

voltage!
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WIRELESS POWER
TRANSMISSION

v’ Typically High Speed Schottky Diodes are used in RF-DC converters

Commonly used configurations: single-diode detectors (high RF-DC efficiency), voltage
multipliers ( ), full-wave rectifiers (current stability), ...

Single-diode Envelope Detector

Non-linear Non-linear

DCBlock  poyice DCBlock  peyice LPF (Load)

L |

Vout — Vdc

4"_H | y I C
C ‘ A | Vg Ve | e
K | . \\ / AV, /N == load
- - :

= {

D is conducting
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WIRELESS POWER

TRANSMISSION

Half-wave Voltage Multipliers (Charge Pumps)

Voltage Doubler (1-stage)

vin DC Block

T

C

Full-wave Rectifiers

HSMS2852

Diode Pair

HSMS2852
Diode Pair

RL
1 kOhm

10 _1 2_2__§
pF T ufF T i

bl
<4

L
DC Out
(To the banana Connector)

2-stages

[w)

LPF

Cascoded
Non-linear
Devices

Cascaded
Non-linear

| DClLoad
Devices —  Vdcl].

—
C

DC Block
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WIRELESS POWER
T RA N S M I 551lQersis of RF-DC Converters

D¢ Block

‘[C'_
El__

¢

Vin DC Block

—

Any RF-DC Converter can be described by a non-linear
Model:

General Model

Navir 3@/3’:"' > DCB LPF
evices —» c Il Vj:” - Vd':'
DCBlock _ »| MNon-Linear |
I ’_u_ _‘ |_ Device %
‘ |
i \Q
. i Diode Non-linear Characteristic (I-V Curve)
S, LR — &
; Diode Pair Reverse Forward

C
LPF
C
HSMS2852
Diode Pair
RL
1 kOhm
10| 22
—\@:F T wF T
DC Out

(To the banana Connector)

fcl(t] v
| "

//— T (€]
c::::i
f—
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6\) radiowls ‘t

SENSOR RF-DC CONVERTER

WPT Receiver Desired component

! |
| 1 — —
AVARNEN , Vou = NLIX, ()] = XDOY(F,) + ¥(2f,) + Y(3f,) + +
I assive |
: Charge Pump | pfF 1 Y(nfo)
" ey |0 Power | RF-DC conversion process in a diode detector
%5 -
| R 1
- - E Détegtor — —1pE- — —— A== Revprsebiag . 104, 4 Fprward hias
Logic and
= 1] ) In(t)
- " % e C’i.}znuoitr: - 4 o
i ~Vor -Vor Vier¥san- ’yﬁ-ibi : )"
- Sent bits | t ‘ P t
“‘r Backscatter P Lo e thmlh, s w4 o8 e G Vo Vo

f Modulator 1] vi(t) + +‘@é(d i
= - b S ]

<\ A= N
‘ §
1
5
| 2T 4
@
L~~~
_/WV\E_‘
& '*l
a5
=]
=]
=
11
A
S—
<pl'}
O

q_v.lir_ _LF.IF_ VD_REI” s ]]?éeakdovn; . | T
ID — IE(E nkT — 1) = IS (Envt — 1) = IS(E v — 1) r::gio?%n v ) Rt RSREn éi

Rectifying devices exhibit a NON-ZERO turn-on voltage ¥ a certain amount of energy is
needed to overcome the turn-on voltage & low power level efficiency is degraded

A. Boaventura, D. Belo, R. Fernandes, A. Collado, A. Georgiadis and N. B. Carvalho, "Boosting the Efficiency: Unconventional Waveform Design for Efficient Wireless Power Transfer," in IEEE Microwave Magazine,
vol. 16, no. 3, pp. 87-96, April 2015. 56



WIRELESS POWER
COMMUNICATIONS

IT- DETI - Universidade de Aveiro (nbcarvalho@ua.pt) @ radio ‘t T —— i DETLUA.PT 57

systems

tele[OmUniCBCﬁes universidade de aveiro



=
o
@©
®
o
<
@©
>
—
©
1%
Q
5
o
=
g
<
[}
©
[
©
@©
o
(9]
—_
[
2
C
=)
|
E
Ll
a
o

BACKSCATTER BATTERY-LESS

PARADIGM

Access Point-to-sensor link has two
goals

Data communication and Energy

transfer can take place
simultanenuslyv

T Codification must be carefully de5|gned

Energy transfer Codification- Modulatlon with long dead

periods (signal off) would lead the tag

o ||u u‘ ’/\

. _ _ Bad choice: signal is off for long periods of time
Good choice: signal is off for short periods Of & At those periods tag has no available energy to

time operate >®
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BACKSCATTER senso TEND

Combining WPT and Backscatter
using dual band sensors

e s e Rectifier
®—>—'-l l-“@ _________ | r——=-=-=-=-= 1
O = P ] o
: * : | | I
OD>—= ) = I .
®—(>—-| ; |-4>Hf:| L =] !
| > ) : | " |
O->—= - DH L },ﬂwww
OP>—- il i ___C T I L | Load
Matching Network 2 b === — = 10 kOhm
DC-RF RF-RF RF-RF RF-RE RF-RF RF-DC DC-DC L
7 5 8 8 79 -
0 o0 0 Amr o o0 0
% % % % % %

ONE frequency for WPT and OTHER for backscatter

R. Correia, N. Borges Carvalho and S. Kawasaki, "

Continuously Power Delivering for Passive Backscatter Wireless Sensor Networks," in IEEE Transactions on Microwave Theory and Techniques, vol. 64, no. 11, pp. 3723-3731, Nov. 2016.
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Transmitter
-F---- - TeTperature
| ! Sensor
| ' B
SENSOR FRQO E
______ IS Humidity
Backscatter § Sensor
S
- = .
RF Harvesting
_'. & # .
Fower Management ue .

Backscatter modulator

> Control i Mi i Fl - 18 GHZ
::“_ € - - oo __ ! icrocontroller || External
s 0.V i ucC i Sensors F2 — 2_45 GHZ

Matching Network 1

Matching Network 2  Rectifier

= |[-

|
[}
|
- -
|
|
|
[}

nergy Storage

F=-=—"======

i
: +1.0
I
[}
[}
[}
[}
[}
[}
I
I
I
I
I
I
[}
[}
[}
[}
[}
[}

- =

1.0

R. Correia, N. Borges Carvalho and S. Kawasaki, "Continuously Power Delivering for Passive Backscatter Wireless Sensor Networks," in IEEE Transactions on Microwave Theory and Techniques, vol. 64, no. 11, pp. 3723-3731, Nov. 2016.
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HIGHER ORDER MODULATION

QAM Backscatter modulator

Control T !

3 T N | |
i e | Microcontroller | | External
1::::::::::::::: ] uC ! Sensors

o |

vl vad I I

| |

L e e e e e - - 4

+1.0

=
Q
©
®
o
<
©
>
-
IS
1%
Q
c
o)
=
v
<
[
o
o
)
o)
o
(9]
—_
o
2
C
>
I
E
]
o
E

Matching Network 1

_—— e =

= |+

| quﬂlf :-“

|
= = DC out
| |

1.0

R. Correia and N. B. Carvalho, "Design of high order modulation backscatter wireless sensor for passive IoT solutions," 2016 IEEE Wireless Power Transfer Conference (WPTC), Aveiro, 2016, pp. 1-3. 61
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EXPERIMENTAL RESULTS

Wilkinson Power Divider

* Measured S-parameters

+0.

0.0

Matching Network 2

(b)

R. Correia; A. Boaventura; N. B. Carvalho, "Quadrature Amplitude Backscatter Modulator for Passive Wireless Sensors in IoT Applications," in IEEE Transactions on Microwave Theory and
Techniques , vol.PP, no.99, pp.1-8
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EXPERIMENTAL RESULTS

Input Power (dBm)

Energy p/bit (pJ)

2.45 GHz
960 Mb/s with
0,9 pJibit

Data Rate

1000 Mbps

100 Mbps

10 Mbps

1 Mbps

100 kbps

10 kbps

1 kbps

Wireless
UsSB

Wi-Fi:
802.11a/b/g/n

Bluetooth

ZigBee

802.15.4

0.1 mwW 1mw 10 mw 100 mwW 1000 mW

Average Power Consumption
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EXPERIMENTAL RESULTS

Design an MMIC chip for higher frequencies based on high order
backscatter modulation.

SiGe BICMOS
SG13S
technology
0.92 mm?

64



SWIPT - THE FUTURE

Sensor Networks

Internet of Things

Internet

Internet of Knowledge

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

= 3 I, " _-.----. -i__ i
\ WA ., Datatrarismission ~
\ I'Ir}-"ll '.I___.-': .I -\:_'__'_::(:::H I

\ Sy / e )/
\\ "0 -.-; / it / Intelligent Tags
Y, ;. 2238 /7
o, £ BN y
8 N W/ A {E’x':' 0. i
N Power transmission / e ,
3 S o oYy _N5, Wireless Sensor -

| == e Solution for totally passive WSNs

Ins

= ~ < _ Wireless power transmitter _ _ -~

~

- -
-— -
-_— - . -
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BACKSCATTER -
APPI ICATIONS

loT/loE Smart home appliance

Warehouse management WPNs
RFID logistics fr=
u ZD S

e
= Security surveillance
i.ﬁ. oy 111

WSN
Land slide detection
o WPNs Air pollution detection -

-n - Water quality monitoring .

Smart Grid

Smart meters . I
Generation monitoring D O

Power measurement units {(PMUs) _-.Qc}

WPC (Wireless Power Communication) will be
an important building block of many popular
commercial and industrial systems in the
future, Iincluding the wupcoming IloT/IoE
systems consisting of billions of sensing/RFID
devices as well as large-scale WSNSs.

Figure taken from S. Bi, C. K. Ho, and R. Zhang, “Wireless powered communication: opportunities and challenges,” IEEE Commun. Mag., vol. 53, no. 4, pp. 117-125, Apr. 2015. 66
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* Measures the electrical signal of the plant and backscatters

e Several WSN sensor nodes
e Carrier emitter
e Reader

BACKSCATTER - APPLICATIONS

Wireless Sensor Node for Backscattering Electrical Signals generated by Plants

the sensed information to a central reader

Bistatic
Architecture

Backscattering Modulator
* Antenna and a switching transistor controlled by square-wave signal

ON OFF

Incoming carrier signal is
reflected by antenna and
scattered back to the reader
(1t phase-difference)

Received signal is reflected
back to the reader (zero
phase)

(17 o

™ sy
sor node 1I\,I

0
L)
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BACKSCATTER - APPLICATIONS

Backscatter Sensor Network for Extended Ranges and Low Cost with frequency
modulation: Application on Wireless Humidity Sensing

Carrier Emitter Tag Reader

V

* Low complexity e N
* Low power EY}})) ‘EL D:Z%}

* Low cost J-

i . RF Frontend Square Pulse Generator
Based on low-cost and low-power relative humidity (%RH) to frequency

modulator

1 Eachi-th tag can occupy bandwidth on
= —— the order of few kHz and is allocated a .
In2R.(C. +C)) unique subcarrier frequency center, by Fomm

selecting a specific pair of R,,C, Timer acts as a generator of variable
frequency pulser based on %RH

68
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LONG RANGE (LORA)
BACKSCATTER

CHOMMUNIGATIONS T

. . / /1 ' TXI
* Several WPT beacons, high gain antennas > b/ [5
() @ 4
* Fewer backscatter readers with low gain antennas e [5 £ Dot
N f 5.8GHz
' \ 5] f; 3.6 GHz
f

In that situation, the operating range Y
. . . . X2 o
is no longer limited by the WPT link

* It is desirable to provide long range as well -
R TP S

as low power communications /i /i.\ VL /s.\

s\ L Ly

 WIRELESS SENSOR — \ /

ﬁ\ \  NETWORKS / /
https://www.edn.com/design/analog/4426319/Low-Power-

wireless-sensor-networks-for-the-Internet-of-Things- ‘ i 70

Not so simple to achieve both simultaneously!
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N Technology Sensitivity Data Rate
I | t LoRa -149 dBm 18 bps - 37.5 kbps
Sigfox -126 dBm 100 bps
used in IoT applications NB-IoT -129 dBm 0.6 - 250 kbps
L. Wi-Fi (802.11 b/g) -95 dBm | - 54 Mbps
* Sensitivity - Range Bluetooth -97 dBm I - 2 Mbps
. ] ZigBee -100 dBm 250 kbps
e Is it possible to generate those RFID 85 dBm 40 - 640 Kbps
modulations with  backscattering Bluetooth Backscatter
techniques? — -
1 MI—Iljza(t:IcI)';k_‘/_r) Era:\::;rg Barlrsaectlf:e?;j[f\in\:I]FI Wi-Fi Backscatter cw Signal \\\\’
:_-----------------------------------------”‘ ~ CW Signal \\\\\\
! M B it 1 Mbps | 11 Mbps Y
i i i Baseband Frequency | 5.6 uW | 5.6 uW _ BLE Backscatter Tag
T3] PFD [ Guord® |1 Loop Fiter [ vCO | 1 Synthesizer
! X Baseband Processor 5.0 uWw 48 uw F Switch
| r TR i Backscatter Modulator | 3.9 uW | 5.6 uWw G B:’?"Pi?:n
i +100  |e Counter {2 [ Total Power [ 145 uW [ 592 uW | L e

Frequency Synthesizer

J. F. Ensworth and M. S. Reynolds, “BLE-Backscatter: Ultralow-power IoT nodes
compatible with Bluetooth 4.0 Low Energy (BLE) smartphones and tablets,” IEEE Trans.
Microw. Theory Tech., vol. 65, no. 9, pp. 3360-3368, Sep. 2017

B. Kellogg, V. Talla, J. R. Smith, and S. Gollakot, “PASSIVE WI-FI: Bringing low power to Wi-Fi transmissions,” GetMobile
Mob. Comput. Commun., vol. 20, no. 3, pp. 38—41, Jan. 2017.
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LONG RANGE (LORA)

BACKSCATTER

. LOQQM MMJN LQAT IIQ N

highest currently available sensitivity

* Relies on Spread Spectrum techniques

Resilient to external interference
Less sensitive to multipath fading
Co-existence with other systems
Hard to detect/demodulate

* Chirp Spread Spectrum

DSSS

Technology Sensitivity Data Rate
LoRa -149 dBm 18 bps - 37.5 kbps=
Sigfox -126 dBm 100 bps
ARTIY T.. T 10 ATeaa in £ AN N =
[
= M
INpUE Data = == == — o — — — | . ./\"{( \‘nqlr '|r.’( -\rmu
Tone = (o= "
11
Code t _J_ =
Sequence /rf”” == = _“‘-x.\ -
Re o
Tiemis _..,.: :...‘_
TX Baseband .
i R S
-Re Hrr

- .
]
| | | I‘ |‘ ||

N |
/A |
| 1 I |
/ I'l |I b | | | | | ‘ | | | |

|||| | \I I‘H”‘W
|||||HHHM|

4

5

||n~1rr|||ml|lm 55

Power(dBm)
| |

40 60
Frequency(MHz)
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| ONG RANGE (LORA)
BACKSCATTER
COMMUNICATI O{Na% Symbol Data Symbols

LoRa is a special case of chirp B B
spread spectrum modulation / /
T T S PR A LY >
Cyclic shifts are introduced to o s /
encode data BW?2
. BW
Blt rate: Rb = SF z.S_F Preamble i Sync < Data Symbols <
N 0.15 1 T 1 T T 1 T T 1 T
* SF is the spreading factor (7...12) % | |4 / i
*  BW is the bandwidth of the chirp (125, 250 or 500 /
kHz) 3 0.05 / /
E 0 1 | 1 l 1 1 1 ' | o
2 4 6 8 10 12 14 16 18 20

Time (ms)
ChlPS/ Symb :> possible CYC]iC shifts (each symbol carries SF bits)
73
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LORA BACKSCATTER
COMMUNICATIONS someaion

The baseband reference symbol is represented by

S (t) = e,-”l)(t)

The instantaneous frequency of the signal, , must increase

linearly with time...

SF

t,where 7 —__ t) =
= SO

BW
f@) = T

1 dd(t)

2w dt

Thus, the phase progression required to generate a linear

frequency modulated signal (chirp) is given by

t
(1) = o + 27 f F(@dr = b
0

=

_____________

2(0) = s(t)e (BT

BW’t )

zlk =Ts/m]

k=12..,25 m

=25F 21

z(k)

(t)
- % —><ADC

| [DFT(2(k))]°

£

L T
Reference Symbol *

Index(max

y 200

Index(max [Z(k)])

v

Can be efficiently generated with

backscattering techniques
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* Itisrequired to efficiently generate complex signals with backscattering techniques | wo
ai s Variable load 0‘6\1,_ oV
—]z0v'2 90° Z0 45° [ \ \ .
' p——— 0.0 I
_a.‘ 1 R1
Zovam | Vg T
Z0 0° 100 ohm 5
a2 ! ll / a
— [ 1) I I ,
——170v'2 90° Z0 0° = "
\\ R2
bl b2 aTyels  ar -
b — 4 _ ail e + azl o
V2 2 V2 V2
R — Zo R, — Zo
| = ———— = —
Ry + Zy Ry + Zp
b T ., Ty r, T
=—-=—¢l24+ =T =—+j—

a V2 V2 2 2

R. Correia, A. Boaventura, and N. B. Carvalho, “Quadrature amplitude backscatter modulator for passive wireless sensors in IoT applications,” IEEE Trans. Microw. Theory Tech., pp. 1-8, Feb.72§)17.
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Phase (dcg}

LORA BACKSCATTER
COMMUNICATIONS.

* Characterization @ 2.45 GHz Ea
(mesh of 1x1 mV) -E/ : | Vel

° ° sl rTZ
e Non-Linear Transformation 455

Power :
Comb/Split u\fgz

Symbol index 44
. “’ ' \ | "rl' i ||f|»1|1|”\||m[4”
z | ’ H”W”HV” \ LU '“"| (i ||‘ A 120 > 60
EHO ||| || |‘ .: I- | ul !I | ll .||: lll |\| ||| .‘.|i || .lhl “ I|I|
“ | M“MHHMHM\“ | /| I'.'.“. alurlﬂrnhllllhi“l 6 Yy 30
0.4 0.6 0.8 1 0.5
Time (ms) i 2 0.6
> 4L 180 ] 0 & H’“
BW % -9
oM B gy
o Zldu ’?"30/' . S 0.2
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ﬁ HW “H ” I i ‘ | ] ] ] /E’ 240 L 300
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Cable measurements
12,000 random symbols

V., and V, generated with MATLAB and loaded to an AWG
VSA down-converts to the complex baseband

IQ loaded to MATLAB and decoded

AWG

Va2 Circuit

Vel Backscatter 4{

VSA

Preamble Symbols/ > Time (ms)

) < 150
CW Signal T
Generator —
‘; 100
2
T
2 50
o |
&
(&3 0=
Data Symbols

Symbol index 44 — o MATLAB

Sampled by the VSA P Dechirp and DFT
- 1 L ,
-~ i _f x aa
% .J; | ul||| fl”"rhlm ” g _ | v:1 ‘
e ) |\\| w ‘} 3
£ \ il ‘\I (U' || I R
0 0.2 0.4 0.6 ;5 n]-'--'ii _!:—_.-_'M "“'.._‘.:.%.____:_r_l13
Time (ms) FFT bin

Fist 40 received symbols @ 9 dB SNR
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* BER estimation
J 125 kHz I.oRa BW

* Sampled by the VSA at 4*BW in order to obtain an
estimation of the noise power

*  Down-converted in MATLAB to exactly BW Hz

* 12,000 Symbols transmitted several times for each value
of SNR

* Control voltage sensitivity

*  Perturbations intentionally added to the control
voltages, 1, 2,4 ,8,16 and 32 mV

100 _
-1 L
107
[
|84
m
1073
Ppyy — P
10" SNR = 10logy, (—BW N’BW)
Py
107" -
20 -15 -10 5 0
SNR (dB)

Instantaneous phase error (deegres)

33

25

20

—32mV
—1l6mV||

g mV
—4mV
—2mV ||

— 1 mV

W |
AR

Time (ms)
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, > ACKSCATTER

——Exp. 1

== Exp. 1 -8mV
80 ] '""“'F.XP, 1- :';va .
s —#—Exp. 2
2 ——Exp. 3
§ 60
o
g
= 40 -
=
)]
20 1
0
-55 -50 -45 -40 -35 -30 -25 -20 -15

Input power (dBm)

*  Exp.1-Typical indoor scenario with LOS conditions, ~10 m

*  Exp. 2 — Desks and laboratorial hardware in between the antennas, ~7.5
m

*  Exp. 3 — A wall in between the antennas, ~10 m
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BATTERY-LESS REMOTE
107> N1 O ST—

“ The Remote requires no battery, based on passive RFID technology
“ Device to be Controlled wirelessly powers the remote control using radio waves
“ The remote control send back information using Backscattering (Power reflection)

Microwave Power

Device to be controlled (Broadcast)

(e.g. TV, door) >>>

RFID Front-End Dete.
‘ (by power reflection)
Ll (

Control Unit — RFID TX )D (

of RFID and Data Battery-less
Device to be Remote

controlled Controller
- RFID RX

Advantages compared to conventional IR technology:

¥ Elimination of costs associated to battery maintenance and treatment of toxic waste
¥ Long range and no line of sight communication thanks to the use of radio waves
¥ Cost-effective solution, thanks to the use of a low-cost RFID technology (UHF EPC)
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PROPOSED SOLUTIONS

Option |: Passive Wireless Sensor - alike Option II: Multi-RFID scheme
T Switch T T
Battery-less Remote Control <)+€:ffulﬁf” ‘ C) C)
(03] R3 &S5

Charge Pump |pPE

Key 1
DC Power S ]

.

N

L Sent bits | o
Fﬁr Backscatter Key N 1

Multi-RFID scheme is implemented
O Several RFID chips are used, each one associated to a key

U Only the chip associated to the pressed key should be read by the
RFID reader to identify the key

i

1 Modulator () @2 C) i

i
()

] %S > % RAD1 RFID3 RFID5 RFID N-1
S \“
Env. Detector | PF Logic Key |
Control g Decoder N N-Port Microstrip Network
1 Rt %* Memory
o MoDem :
‘ RFID2 RFID4 RFID 6 RFIDN
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MULTI-RFID SCHEME

Operating principle:

< 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 respongksonant
- Inactive tags must not interfere with the active one cireuit

< Two challenges: Antenna sharing, Tag activation/deactivatiTtL Cresi

7 r Matching ]
7 z , Lres Z=20 | Network Chip
RFID i

z, Pl Zo| Bl NC
Bsls ZIQ LZA' Bl Zy L Lz Switch f 1
I i -2z -z A -+ | | 1
ZN Zmn
Zo Byl Zo| Pilx
Port termination
i i = 0 Ohms by default
% % =50 Ohms if user presses the
key

Tags interconnection (N-port Network)
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Example: key # 4 is pressed ¥ RFID4 is routed to the antenna port without interference of

idle tags
RFID1 RFID 3
| [
Key 1 Key 3
70 20
90 90
>< >< RFID 5
> Keys
20 20 B
90¢ 909
ke 2 Key 4
RFID 2 RFID4
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MULTI-RFID SCHEME -

MEASUREMENTS

Remote control prototypes: 3, 4 and 5
keys

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

Return loss (S11) of 4-key prototype when each key is presses by the user
S11 - Return Loss (dB)

0 —key 1 pressed

x —key 2 pressed

" —key3
pressed

< —key 4 pressed

stituto de
telecomunicacdes

‘t instituto
]
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MULTI-RFID SCHEME P

MEASUREMENTS

¥ The complete system has been successfully tested and val
¥ The remote control system has been integrated in a TV de
v CH +, CH -, Vol + and Vol - functions were implementec

No electrical connection Alien RFID Reader
v, rTTTTTo oo o———ooo—o-
/ RFID
-

Transmitter
_IR_| RFID-IR

I
RFID :
Control I
Adapter Unit Lo RFID | }

Receiver I
S !

A

. A

PC

TCP-IP

nicacoes

stituto de

telecomu

B 5% &t

The prototype is composed by:
1) TV

2) RFID reader and Computer
3) RFID-IR adapter
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a) b)

R. Correia and N. B. Carvalho, "Design of high order modulation backscatter wireless sensor for passive loT solutions," 2016 IEEE Wireless Power
Transfer Conference (WPTC), Aveiro, 2016, pp. 1-3.
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