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Abstract 
 

The Ultra High Frequencies (UHF) Radio Frequency 

Identification (RFID) chips generate harmonic signals due 

to their nonlinear circuits. Usually these harmonic signals 

are seen as harmful because they are considered as 

efficiency losses or potential sources of disturbing signals. 

This paper overviews several recent works demonstrating 

that the harmonic signals produced by the UHF RFID 

chips could be source of new capabilities for the tags.   

 

1. Introduction 
 

The generation of radiated harmonic signals due to 

nonlinear behavior of circuits is a well-known principle 

that was been extensively studied in electric circuits and 

antennas literature. In the field of the Radio Frequency 

Identification (RFID) technology, this type of nonlinear 

effects is exploited in various applications, for instance as 

active antennas, frequency doubler tags [1], tag radiation 

pattern measurement [2] or localization estimation [3]. 

 

The focus in this paper is different because we are 

interested by the harmonic signals that are not a priori 

desired or intentionally generated. A typical UHF RFID 

tag is constituted by an antenna connected to an integrated 

circuit (i.e., the chip) that includes a nonlinear RF front-

end. Indeed, the wirelessly powering of digital parts is 

notably made by a diode-based voltage multiplier. Due to 

this part, the commercial UHF RFID tags backscatter 

harmonics and possible intermodulation products when 

interrogated with the modulated or unmodulated reader 

signal. Consequently, the chips are the source of a priori 

harmful harmonic signals that the chip manufacturers 

should seek to minimize. The first experimental 

characterization demonstrating this was realized in [4] 

with the objective to quantify the “pollution” of RF 

spectrum by backscattered emissions. Regulations exist 

for RF emissions from electronic devices (including 

various tags) which can interfere with systems and 

components, it is particularly critical in certain contexts as 

aircraft and airline industries that show strong interest in 

tagging airplane parts and cabin items using RFID tags. 

However in other cases, it could be possible and relevant 

to exploit these disturbing and also wasted signals due to 

the nonlinearities of chip circuitry. Consequently, the 

presented paper aims to demonstrate the possible new 

opportunities exploiting the harmonic signals generated 

by the UHF RFID chips. In section II, experimental 

results of harmonic characterizations that complete the 

mentioned first one are summarized. Section III details a 

solution in order to enhance the level of the radiated third 

harmonic signal without affecting the performance in 

normal operation. Finally some feasible applications of 

the presented concept are presented. 

 

2. Characterization of the Harmonics 

Produced by UHF RFID Chips 
 

2.1 Characteristics of harmonic signals 

radiated by the tags 
 

Considering a bi-static setup in anechoic chamber, the 

backscattered response of several commercial UHF RFID 

tags is measured with a digital oscilloscope. In order to 

have significant and comparable observations, a specific 

pre-set of the Query command allows the generation of a 

cyclic and reproducible signal then considered for the 

characterization. Details on the configuration and 

protocols can be found in [5], [6]. 

 

Figure 1 illustrates the principle of this characterization in 

time domain and frequency domain; and in the same time, 

it shows the type of responses achieved considering the 

harmonic frequencies (the third harmonic in this figure). 

 

Figure 2 summarizes the results and especially shows that 

whatever the considered harmonic is, the backscattered 

signal is present, i.e., information is present on each 

harmonic carrier. However it is worth noting that when 

the frequency increases the power levels decreases both 

due to nonlinear behavior and attenuation in the free space 

(the tags are placed at a distance of one meter from the 

emitting and receiving antennas). Moreover the odd 

harmonics are favored versus even harmonics due to the 

filtering behavior of the antenna and associated matching 

network. Consequently the strongest levels are present for 

the third harmonic. We introduce the concept of “Third 

Harmonic” and the applications presented later will focus 

on this harmonic. In addition, the backscattered harmonics 

are independent of the performance of the fundamental 

frequency (normal operation), depend on the power sent 

by the reader (for a given distance), and also depend on 

the sequence of bits that the tag transmits (hence the 



importance to choose a periodic sequence for 

characterization purposes). 

 

 

 

Figure 1. Illustration of the time-frequency responses of 

backscattered signals. 

 

 

Figure 2. Power levels (in dBm) of the first secondary 

lobes of the backscattered signal considering the 

fundamental frequency and the first four harmonics for 

five different commercial UHF RFID tags. 

 

2.2 Characteristics of harmonic signals 

generated by the chips 

 
In order to have a more accurate characterization of the 

place of harmonics generation, i.e. at the chip level, 

conducted measurement is realized. Unlike with the most 

of platforms and methods to characterize RFID chips, the 

chips under test are activated during the measurement. 

Consequently the RFID communication protocol is active 

during measurement and both impedance modulation 

states (scavenging and reflecting states) can be considered 

in a wide range of frequencies. 

 

The setup combines two techniques: simple chip fixing by 

means of using standard 50  SMA connectors to hold 

the RFID chip without special matching [7]; and 

measurement in temporal and frequency domains while 

the chip is activated [8]. Details on the configuration and 

protocols can be found in [9], [10]. 

 

Figure 3 shows the responses of three integrated circuits 

(IC), commercial UHF RFID chips, in function of an 

input power sweep and for the first four frequencies 

(fundamental and three harmonics). Firstly, the waking up 

point for each chip shows its sensitivity (i.e., the required 

minimum operating power). The achieved results confirm 

the previous observations: the third harmonic is 

predominant for all considered chips; and a modulated 

response is observed for each harmonic carrier. Table I 

gives the values of the power response in dBm at the 

activation power.  

 

 

 

Figure 3. Harmonic responses (in dBm) for a sweep input 

power. 

 

Table 1. Power response at the activation power. 

 
 

Otherwise, the characterization platform also allows the 

measurement of the impedance of the two modulation 

states, that is a relevant knowledge for the joint 

optimization of the read range and the differential Radar 

Cross Section (RCS) for conventional applications at the 

(classic) fundamental frequency but also at others 

harmonics. 

 

3. Enhancement of the radiated third 

harmonic signal 
 

Due to the nonlinear behavior of the rectifier part of RFID 

chips, the current in the tag antenna presents harmonic 

components. Exploiting the multi-stage voltage multiplier 

model proposed in [11], a general expression of the 

rectifier input current can be calculated (see [12]). This 

expression shows that the previous experimental results 

are confirmed with the odd harmonic predominance, and 

notably the third harmonic (with a level comparable to the 

fundamental). However considering the antenna and a 



traditional matching network (i.e., LC section) both 

connected to the chip, the third harmonic from the chip is 

“naturally” attenuated: when the qualify factor of the 

matching network increases, the attenuation increases.  

Consequently unlike traditional approaches in this 

context, in order to promote the third harmonic signal 

without impact on the fundamental signal, a dual band 

impedance matching network can be designed as shown 

on Figure 4 and characterized in Figure 5. L’ and LC 

network operate as usual while L3f and Ceq section 

operates at the third harmonic without affecting the 

matching at the fundamental frequency. 

 

 

 
 

Figure 4. Dual band impedance matching network. 

 

   
 

Figure 5. Transmission coefficient of the dual band 

impedance matching network. 

 

The modification of the traditional matching network 

allows a similar treatment of fundamental signal and third 

harmonic signal. Consequently, the radiated third 

harmonic depends only on the nonlinearity of the chip. 

 

4. Examples of advanced applications 
 

4.1 Harmonic tags 
 

Not related to the main performance criterion in RFID, 

i.e. the read range, the third harmonic concept proposes 

frequency diversity with two channels carrying redundant 

information (Figure 6).  

 

The concept has been experimentally demonstrated with 

modified commercial tags or specifically designed 

harmonic tags [12], [13].  

Knowing that the information is redundant and that the 

propagation properties will be different according to the 

two frequencies (at least in terms of attenuation, 

directivity and propagation direction), specific treatment 

can be developed in order to extract more information for 

more than ID applications like sensing and localization. 

Such harmonic channel, if exploited, will provide a 

significant advantage. 

 

 

Figure 6. Harmonic tag with two information carriers on 

the fundamental frequency and its third harmonic. 

 

4.2 Harmonic harvesting 
 

Another promising application is the exploitation of the 

harmonic signals generated by the UHF RFID chips in 

terms of RF energy source.  

 

Several prototypes and proofs of concept are proposed in 

[14], [15]:  

 for RFID tags with a battery assisted power 

mode, RF-to-dc conversion of the third harmonic 

that is exploited in order to increase the read 

range;  

 RF-to-dc conversion of the third harmonic for 

powering an associated sensor; 

 combination with an ambient source presenting 

similar frequency band than the third harmonic 

in order to enhance the conversion efficiency 

(Figure 7). 

 

 

Figure 7. Efficient powering of a sensor-tag using 

ambient source at 2.45 GHz combined with third 

harmonic. 

 



5. Conclusion 

 
The concept of “Third Harmonic” is now known. Full 

characterization tools exist and preliminary applications 

are demonstrated. We think that the exploitation of the 

nonlinearity in passive RFID could mean a boost for some 

existing applications and also the birth of other new ones. 

In the field of sensing, an approach could be the mapping 

physical phenomena to harmonic strength and impedance 

variation. For localization context, the hybrid directivity 

of tag antennas at the fundamental frequency and the third 

harmonic frequency could delimit zones of detection or 

different operations. Algorithms based on physical layer 

observations and frequency diversity could open new 

ways in the authentication field. And there are certainly so 

much other ideas to imagine. 
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