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Conventional Backscatter Devices
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@ L\W-level low-power communication

@ Short range (<20 meters)



CSS-based Long-range Backscatter

CSS=Chirp Spread Spectrum

LoRa gateway
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@ CsSS significantly increases the uplink range with pW-level power

@ The downlink range remains limited



CSS-based Long-range Backscatter

CSS=Chirp Spread Spectrum

LoRa gateway

—— uplink
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Can we achieve CSS on the downlink to extend the recelvmg
range of low- power backscatter deV|ces’?

QCSS significantly increases the uplink range with yW-level power

The downlink range remains limited




CSS communication principle

Basic idea of CSS
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De-spreading procedures
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Chirp de-spreading and RF signal amplification consumes

unaffordable Milliwatts of Power
mWs



Two challenges

Challenge 1:

How to de-spread chirp to combat interference with extremely low power?

Challenge 2:
How to raise the signal amplitude with extremely low power?
Challenge 3

(will be discussed later)



Solution to
Challenge 1

Basic idea: upload the power consuming
carrier generation function
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SerboI 1 SerboI 0
Chirp 0: the chirp signal to be de-spread
Chirp 1: plays the role of
carrier signal
+
de-spreading signal (similar to the down-chirp
signhal)

Passive Chirp De-spreading Method
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Using RF diode as mixer
for circuit simplicity



Soluti : : :
Magnify Signals by Accumulating Energy

LNA principle analysis

Commercial
LNA IC

IB = IBias T ISignal
(100s of pA ) (1-10pA)

I = BI; (B>>1)

= BIBias-l_ BISignaI :
(10s of mA) (10s of pA) |
(Unused) (with data)

Unused Bl g;, can waste 99% of power — Power Consumption: mW-level



|uti : : :
Magnify Signals by Accumulating Energy

Our Solution: LC resonance circuit

@ Energy periodically transitions between E and M fields, creating resonance
@ Signal energy can be accumulated in the form of resonance,

® And Hence the signal amplitude is magnified

M-field to
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M-field
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Signal characteristics (e.g. frequency, phase, amplitude) are distorted.

How can the signal information be preserved during the accumulation?



Soluti : : :
Magnify Signals by Accumulating Energy

Encoding data with the duration of resonance

i
S Amplified S,_., - symbol0
beat ©
(Excitation o??{esonance) (Accumulated Resonance) = time :
o
------------- : I \ y A U /
® ' LC resonator R [\f | H(\ g ¢ L |
©
= : E-fieldto 1 = /\V I ! beat  interval |
2 AAAAA— - S - i
% fime | L M field | E VU | “ J time | Y. Symbol 1 |
< LANAAN ! - !
| = |
: K l ' = time - |
- M-field to I I <P c Y T
D Efield = | | beat interval 1
|
|



Challenge 3

How to decode the symbol with low power?

Conventional solution: ADC-based sampling

A symbol to be decoded  Sampling rate — obey Nyquist's theorem
( Blue dots represent sampling points )

e Sapling operation numbers for each symbol : 80-120

Is 1t possible to decode a symbol with

a single integration operation?

e Quantization (using inverse integration )

- - Digital Qutput

Typical power of ADC sampling: 100s of pW



Solution to

Low-power Decoding with a single integration

Challenge 3
Basic idea
A symbol to be decoded Comparator
TA0N00N0N charge R
C —— J Vref_
| ' | o
The signal duration in the symbol = SW

will determine the peak voltage in Capacitor C

Symbol 0 + Symbol 1 Symbol 0 ;| Symbol 1 if Peak voltage in C > V. :

R | > decoding result =1

| ,J if Peak voltage in C < V,4:

decoding result =0



Solution to
Challenge 3

A more detailed circuit design

Amplified Symbols I
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Dynamic signal strength
Problem

Low-power Decoding with a single integration

Discriminated Symbols
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Solution to
Challenge 3

A more detailed circuit design
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Problem

Low-power Decoding with a single integration

Discriminated Symbols
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Capacitor initialization
Problem
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Problem



Solution to
Challenge 3

Low-power Decoding with a single integration

Solution to Synchronization Problem

Keep Close
During synchronization

Consecutive
From Symbol 0
LNA-free
Amplifier Capacitor
Voltage 4
Voltage
Symbol edge detecti L
ymboledge detection C T Threshold Detector — 1 I >
I Capacitor detector Close SW Close SW

= initialization==

Change the RC value of the circuit in the synchronization period,
making the synchronization symbols (which are actually symbol 0) be able to detected



Implementation

LNA-free

Passive CSS Demodulation

Amplification

Receiver
Board
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Low-power Decoding

“uMote -" is a pMote prototype which removes the operational amplifier

26mm x 24mm PCB
Power Consumption
e “uMote” : 62.07uW
* “uMote -": 28.9uW
Communication rate:

1/2/5kbps



Evaluation

Recelving Sensitivity
(Calibrated by Agilent E4418b RF power meter)
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2 Passive DSSS: Empowering the downlink communication for backscatter systems
3 WISP5: https://github.com/wisp/wisp5-hw
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NLOS throughput: signal penetrates one wall
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Evaluation

uMote @1kbps, 2kbps and 5kbps
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Evaluation

Recelving Sensitivity
(Calibrated by Agilent E4418b RF power meter)
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Evaluation

Interference Resistance

RFID interference LoRa interference
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Contributions

We propose the design of uMote, a novel uW-level receiver with
hundreds of meters of receiving range which can effectively resist
Interference and work even under negative SINR.

We address three practical challenges we faced in realizing the receliver,
.e., the passive chirp de-spreading, low-power signal magnification, and
low-power decoding.

We prototype uMote with COTS components and conduct
extensive experiments to verify the feasibility and demonstrate the
performance of our design.
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songyihang@uestc.edu.cn
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