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Motivation 

Quadrature Amplitude Modulation Backscatter for Passive Wireless Sensors 

RFID Applications are huge, and only now we start to give the first steps in 
this direction …. 

Search & Find Trust Linking Information 
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Medical applications Sports Transports 
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RFID in the kitchen …. 
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Motivation 

Quadrature Amplitude Modulation Backscatter for Passive Wireless Sensors 

RFID is actually a way to identify 
things and in the future to sense 
data using Radio Frequency …. 
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Motivation 

Quadrature Amplitude Modulation Backscatter for Passive Wireless Sensors 

•  Wireless sensors represent the next stage beyond RFID:  
 
- Health care 
 
-  Industrial applications 
 
- Precision agriculture and animal tracking 
 
- Smart buildings 
 
- Transportation and logistics 
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Motivation 

Quadrature Amplitude Modulation Backscatter for Passive Wireless Sensors 

The wireless sensor networks depend strongly on the battery 
duration, creating a passive sensor network scheme is one of the key 
strategies for IoT or space oriented WSN systems. 
 

Backsca&er	radio	
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Introduction - Backscatter 

Quadrature Amplitude Modulation Backscatter for Passive Wireless Sensors 

•  RF tag communicates with a reader, by modulating the 
electromagnetic fields scattered from the RF tag’s antenna.  

 
•  The sensor modulates information by controlling a semiconductor 

device attached to the antenna. 
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Passive Backscatter WSN with 
WPT capabilities 

Quadrature Amplitude Modulation Backscatter for Passive Wireless Sensors 



12 

Passive Backscatter WSN with 
WPT capabilities 

Quadrature Amplitude Modulation Backscatter for Passive Wireless Sensors 
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Passive Backscatter WSN with 
WPT capabilities 

Quadrature Amplitude Modulation Backscatter for Passive Wireless Sensors 
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QAM backscatter modulator 

Quadrature Amplitude Modulation Backscatter for Passive Wireless Sensors 
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Fig. 9. Model of the QAM solution

and short circuit solution built on a switch that is directly connected to the receiving/transmitting antenna

of the sensor. For a higher level modulation format, the number of different backscattered waves should

change among several states, thus the switch combinations should clearly create a specific impedance for

that symbol combination.

Fig. 9 presents the design for the 16-QAM solution. This model employs a wilkinson power divider

and each branch is terminated with a line and an ideal impedance. The lines present a 45�phase shift

respect to each other, so as to allow that the reflected wave from each branch has 90�phase difference

from the other. Equation 1 shows the reflected wave as a sum of both reflected waves from each branch.

Using (2) and (3) is possible to determine the reflection coefficient of the model for different impedances.
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Considering two different values for each resistance (0 or 1) we obtain four different combinations

with four different reflection coefficients:
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Fig. 10 presents the previous reflection coefficients in the smith chart.
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Fig. 10. Simulation of the model for 4-QAM solution

A similar reasoning can be used to create any type of multi-level higher order modulation. In order

to do that, arbitrary real impedances could be used, instead of the 0 and 1 impedance. Thus different

impedances are implemented using an active load based on a transistor, one example is presented in

Fig. 11, where different impedances were used in the scheme presented in Fig. 9, the impedances were

0 ⌦, 10 ⌦, 100 ⌦ and 300⌦.

The last approach can be extended, where the load presents different impedance values, consider for

instance a, b, c and d real impedances. The impedances are then matched with the overall circuit using

a two branch approach and a microstrip line scheme, were each branch imposes a specific delay. By

combining these two degrees of freedom, 16 impedance levels can be created. Equation 4 was deduced,

where R represents the four different impedances in one branch and Q represents the four impedances in

the other brach. It was based on Fig. 12 and presents sixteen possibilities of impedances from a

�

+a

✓

to d

�

+ d

✓

, using all combinations.

X = R

�

+Q

✓

(4)

Fig. 13 illustrates the diferences of line length in each branch, which are related to 45 �phase shift.

By using this approach, the circuit in Fig. 13 was designed and each transistor is switched for different

voltage levels to achieve different reflection coefficients.
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Fig. 11. Simulation of the model for 16-QAM solution
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Fig. 13. Photograph of the QAM backscatter circuit

V. RESULTS

Fig. 14 presents the photograph of measurement setup used to acquire the reflection coefficient from

our proposed circuit, illustrated in Fig. 13. We used a power supply and a Performance Network Analyzer

Using more impedances : 0 Ω, 10 Ω, 100 Ω, 300 Ω 
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Results 

Quadrature Amplitude Modulation Backscatter for Passive Wireless Sensors 
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Results – Input power variation 

Quadrature Amplitude Modulation Backscatter for Passive Wireless Sensors 

-10 dBm 0 dBm 5 dBm 
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Results - demodulation and 
potential data rates 

Quadrature Amplitude Modulation Backscatter for Passive Wireless Sensors 

8 Mb/s 24 Mb/s 80 Mb/s 
EVM = 8.24 %  EVM = 9.44 %  EVM = 12.71 %  
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Conclusions 

Quadrature Amplitude Modulation Backscatter for Passive Wireless Sensors 

•  Combination of WPT and backscatter can provide a continuous 
power flow to the wireless sensor and this way the sensors can be 
continuously powered during the operation mode. 

 
•  The solution combined with a WPT scheme can actually be used to 

increase bit rate in fully passive WSN and be one of the enablers of 
the IoT paradigm. 

 
•  From the results it was proved that this solution is clearly a potential 

solution for fully passive high bit rate WSNs – low-power wireless 
applications that require high bandwidth such as remote camera 
sensors or wireless audio. 
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Future Work 

Quadrature Amplitude Modulation Backscatter for Passive Wireless Sensors 
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Fig. 3. Example applications of a conventional battery powered WSN and a passive WPT WSN system. The red lines represent

information, and the green represent energy.

fixed energy transmitters used for both wireless charging and data collection. Nevertheless, due to the

more ample power supply from WPT, RFID devices can now expect much longer operating lifetimes,

and afford to transmit actively at a much larger data rate and from a longer distance than conventional

backscatter based RFID communications. Therefore, we envision that a WSN with WPT will be an

important building block of many popular commercial and industrial systems in the future, including

the upcoming Internet of Things/Everything (IoT/IoE) systems consisting of millions of sensing/RFID

devices as well as large-scale WSNs.

In this article we first provide an overview of state-of- the-art in WPT and backscatter modulation

in order to face the above technical challenges. Section II highlights the definition and the importance

of backscatter. Section III shows the first approach for the passive sensor using ASK modulation with

measured results. Section IV describes the approach used for the 16-QAM RF circuit design and the final

solution for the QAM backscatter implementation. Section V presents the simulated and experimental

results as well as the achievable data rates obtained for the implemented backscatter modulator. Finally,

we conclude the work in Section VI.

II. BACKSCATTER CIRCUITS REVISITED

The idea of communication by means of reflected power was revisited in development of an animal

tracking system that involved into a robust design for automated tracking of railway trains [9]. The use
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Thank you! 

Quadrature Amplitude Modulation Backscatter for Passive Wireless Sensors 

Questions? 


