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UHF RFID Chip Impedance Measurement without Vector Network
Analyzer
Rainer Kronberger1 , Volker Wienstroer1 , and Barbara Friedmann2
1

High Frequency Laboratory, Cologne University of Applied Sciences, Germany
2
Noretec GmbH & Co., Koeln, Germany

Abstract— To achieve optimum performance with UHF RFID tags a careful adaptation of the
antenna to the chip impedance is mandatory. Otherwise, mismatch losses result, which reduce
the read range of the tag significantly. This issue has been outlined in several papers before (e.g.,
[1–3]). In general, the chip impedance can be found in the data sheet of the chip manufacturer
but it often depends on the mounting technique of the chip. For optimum matching condition the
exact reference plane of the impedance has to be known. Therefore, impedance measurements
have to be done to find out the correct impedance value of the chip-antenna interface. Those
measurements are performed with a vector network analyzer (VNA) and in addition to achieve
a higher accuracy with a signal generator [1, 2]. In most cases this is very cost-intensive.
This paper proposes a new method that allows the determination of the chip impedance of an
UHF RFID chip in different way. It is based on the extremely narrow wake up threshold of
an RFID chip and the power mismatch between chip and source. By using a set of different
and known source impedances also different wake up power signals will result. This allows the
accurate calculation of the chip impedance exactly at the wake up threshold. In the simplest
form a low cost impedance measurement system could be realized with a standard RFID reader
system and few external rf components.
The method is based on the fact, that maximum power transfer results for the case that the
antenna impedance Z Ant is conjugate complex to the chip impedance Z C . Otherwise mismatch
between the antenna and the chip results, which reduces the available power PC into the chip. In
addition, the RFID chips react very sensitive to the applied power and provide a very sharp wake
up threshold. Mathematically, constant mismatch in the complex impedance plane is described
by a circle around the chip impedance. Such a mismatch circle is be defined by two points
and the radius. Applying this to our case such a circle gets defined by the chip impedance
Z C . = RChip + jXChip , the source impedance Z i . = Ri + jXi and the mismatch between both.
This means vice versus, that from a set of test impedances Z i with corresponding mismatch
values, the radius of the circle could be calculated. Having this twice for two different mismatch
values the center point, which represents the so far unknown chip impedance Z c can be calculated.
To apply this method the RFID chip with unknown impedance has to be connected to generator
with 3 known but different source impedances and the wakeup power level has to be detected.
The paper describes the mathematical way to set up the equation system and how to find the
correct chip impedance, it presents the measurement system that has been created and used for
the measurements and in addition results are shown and compared to conventional RFID chip
measurements. Main advantage of this method is that precise impedance measurements can be
performed even with slightly modified RFID interrogators. Especially at the wake up threshold
this is very helpful to determine the chip impedance under realistic operating conditions.
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RFID Chip Impedance Measurement for UHF Tag Design
M. Daiki2 , H. Chaabane1 , E. Perret1 , S. Tedjini1 , and T. Aguili2
1
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Abstract— Introduction: RFID systems are heavily used in many different areas such as
traceability, access control [1] and tomorrow as low cost captors [2]. A RFID tag consists of
an RFID chip attached to a surrounded antenna. The communication principle of RFID is
relatively simple; indeed the response of the RFID tag is formed by the retro-modulation of the
emitted signal by the RFID reader [3]. To modulate the signal the tag IC must present two
different impedance states Z1 and Z2 . The RFID chip can easily be modeled as lump impedance
connected to the edge of the antenna with a variable value depending on the state of the tag.
These impedance values are assumed to be frequency and power dependant Zi (f, p), i = 1, 2.
In order to use such tags for non ordinary use such as captors, it is fundamental to be able to
characterize precisely the IC impedance in term of frequency and power. It is all the more true
since the manufacturer’s data is generally limited to a single impedance state (the tag antenna is
generally matched to Z1 ) for a single power. The frequency dependence is generally available at
one power (the threshold power, i.e., the minimum transmission power required to activate the
tag) by the equivalent electric circuit provided in datasheet (the equivalent resistance R and the
capacity C). So the only way to access to these values is by measurement. In this field, some
measurement beds have been developed [4, 5]. In current UHF applications, the performances of
the system are limited by the forward link (reader to tag). It is the reason why the mismatch
IC impedance state Z2 is rarely investigated. In these configurations, once the tag is sufficiently
powered (which is a function of the matching between Z1 and the antenna impedance), the reader
sensibility is generally enough to catch the information form the tag. For semi-active UHF tags
or even for captor applications, the reverse link (tag to reader) must be taken into account, and
so, the second state Z2 has also to be characterized as a function of frequency and power.

Figure 1: Measurement bed description.

(a)

(b)

Figure 2: NXP Chip input impedance real (solid line) and imaginary part (dashed line) in upper (o) and
lower (no marker) state versus input power at 915 MHz (a) and operating frequency (b) for −2.6 dBm.
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Chip Impedance Measurement Methodology: The method we propose in this paper is
based on the measurement bed presented Fig. 1. The recording and processing of the chip
response of the chip led us to access to the two chip impedances steps according to the input
signal frequency and power.
The measurement bed is constituted of an arbitrary wave generator in order to send a reader
request, a spectrum analyzer to detect tag response and a circulator to switch between transmitting request and receiving as shown in the Fig. 1. Because of the impossibility to connect the
RFID chips directly to measurement bed, a micro strip line at the chip pins has been added. A
SOL calibration procedure is then used to extract chip impedance values.
In the Fig. 2, we present the real and imaginary part of the NXP GX2L chip input impedance
versus power for a fix frequency of 915 MHz (Fig. 2(a)) and versus frequency for fixed power
of −2.6 dBm (Fig. 2(b)). These two measurement results show much more information about
chip behavior than information given by datasheet (R = 16 Ω, C = 1.16 pF, P th = −15 dBm.).
Besides, it’s clear in Fig. 2 that the chip impedance is a function of frequency and power and
could be considered as Zi (f, p).
Conclusion: The information obtained by the measurement methodology proposed here would
be used to optimize the antenna-chip impedance mismatch for the both states in the whole RFID
UHF frequency band. Delta RCS considerations would be investigated in order to developed
effective semi-active tags or new UHF RFID based captors.
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A 2.45 GHz Rectenna with Optimized RF-to-DC Conversion
Efficiency
O. A. Campana Escala, G. A. Sotelo Bazan, A. Georgiadis, and A. Collado
Centre Tecnologic de Telecomunicacions de Catalunya (CTTC), Castelldefels 08860, Barcelona, Spain

Abstract— RFIDs and RFID enabled sensors call for energy harvesting technologies in order
to achieve autonomous operation [1]. A 2.45 GHz rectenna is presented, consisting of a circularly
polarized antenna and a rectifier circuit optimized for low power incident electromagnetic signals.
The radiator is designed following the topology proposed in [2]. The patch and feed network are
etched on two 20 mil Arlon A25N layers separated by a 9 mm foam layer (Fig. 1(a)). Circular
polarization is achieved by a coupling slot with 45◦ inclination relative to the feed line, in addition
to perturbing the circular surface of the patch [2]. The S-parameters and axial ratio of the antenna
are shown in Fig. 1(b) and Fig. 1(c). The Skyworks SMS7630 Schottky diode was used for the
rectifier circuit. Several charge pump circuits were considered with a varying order from 1 to
4 (Fig. 1(d)). Harmonic balance was used to optimize the RF-to-DC conversion efficiency, by
optimizing the capacitors and load resistor of the charge pumps in addition to an L-section input
matching network [3]. Fig. 1(d) shows the obtained simulated efficiency versus the available
input power when the rectifier components were optimized for an input power of −20 dBm. It is
verified that for the given diode the detector of order 1 using a series diode leads to maximum
efficiency.

Figure 1: Rectenna circuit design. (a) Circularly polarized antenna topology. (b) S-parameters. (c) Axial
ratio. (d) Simulated RF-to-DC conversion efficiency of voltage multiplier circuits of various orders (f =
2.45 GHz).
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Novel Compact RFID Chipless Tag
A. Vena, E. Perret, and S. Tedjni
Laboratoire de Conception et d’Intégration des Systèmes (LCIS), Grenoble Institute of Technology, France

Abstract— Chipless technology is dedicated to enter market of item tracking, representing
every year 10 trillion items sold [1], and still addressed today by optical barcode. In this communication a new RFID chipless tag is presented. The density of coding per surface of this novel
tag is important and reaches 3 bits/cm2 . For a surface of 1.5 × 2 cm2 , it is possible to encode
9 bits. The design presented in this paper Fig. 1, based on multiband coplanar strip, brings
enhancement in term of miniaturization, configurability and cost of fabrication. Unlike previous
solution [2, 3], only one layer of metal is necessary. Of course conductive ink could be considered
to produce the tag.
The proposed design uses 4 resonators as represented on Fig. 1 by the numbers 1 to 4. Even if
the device is quite compact, each resonator have a resonant frequency that can be tuned independently. Moreover, the methodology used here for the information coding allows a significant
decrease of tag size compared to previous technique [2, 3]. It consists in varying the resonant
frequency of each resonator around a reference by changing short-circuit lengths denoted by L1 ,
L2 , L4 (see Fig. 1). Three tags having different short-circuit configurations, have been designed,
realized and tested. For Tag 1, L1 = 0 mm, L2 = 1 mm, L3 = 0 mm, for Tag 2, L1 = 3.5 mm,
L2 = 0 mm and L3 = 0 mm and for Tag 3, L1 = 0 mm, L2 = 0 mm and L3 = 3.5 mm.
Figures 2(a), 2(b), 2(c) show the corresponding frequency signature obtained using a VNA in a
radar bi-static configuration. A very good agreement is observed between results obtained from
CST and measurements in the whole frequency band. As a first result, it can be noticed that
resonant frequency F1 , F2 and F4 linked to respectively, short-circuit length L1 , L2 , L4 are fully
independents. It is the reason why this device can be used to encode information. In the full
version of the paper, coding technique and measurement setup will be discussed and additional
results obtained from time domain approach will be presented.
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Figure 1: (a) Geometry of the chipless RFID tag. (b) Photography of designed tag 1 (15 mm × 20 mm).
Substrate is FR4, and thickness is 0.8 mm.

-50

-50

F2

F4

F1

F2

-50

F4

-60

-70

S21(dB)

S21(dB)

-60

F1=1.94GHz
F2=2.49GHz
F4=4.09GHz

-80

F1=2.22GHz
F2=2.44GHz
F4=4.09GHz

-70
-80

2

3
4
Frequency(GHz)

(a)

5

6

F4

-70
-80

-100

-100

-100

F1=2GHz
F2=2.42GHz
F4=5.53GHz

-90

-90

-90

F1 F2

-60

S21(dB)

F1

2

3
4
Frequency(GHz)

(b)

5

6

2

3
4
Frequency(GHz)

5

6

(c)

Figure 2: Measurement results in frequency domain (blue solid curve) and simulation results (red dotted
curve) for (a) Tag 1, (b) Tag 2, (c) Tag 3.
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RFID Tag Antenna Design on Metallic Surface by Using
Rectangular Micro-strip Feed
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Abstract— In recent years, radio-frequency identification (RFID) technology has become a
popular application since it provides a convenient identification information, small size, long
reading range and fast reading speed. The operating band of RFID in UHF is mainly from 860
to 960 MHz. When the operating frequency of RFID rises to microwave region, the antenna design
including the impedance matching becomes more important to enhance the system performance.
To provide a better impedance matching network between an antenna and a tag chip is the
way to improve the chip power and maximize the reading range. As the cost and fabrication
requirements, the antenna must directly match to large capacitive reactance and small resistance
of tag chip that different from 50 ohm. Because of chip impedance with high Q, the design of
a matched antenna is difficult. T-matching networks or inductively coupled [1–3] feed that are
commonly used for the efficient matching of UHF tags. Most RFID antennas are currently used
to stick on nonmetal material or easy card. We introduced a new RFID antenna structure that
can stick on metallic surface. A printed rectangular antenna by using microstrip feed structure
on system ground which has the same size as antenna. By using the inductive property of the
microstrip line with short end to match the capacitive reactance of tag chip, and the performance
in free space on metallic surface was measured. The half-power matching bandwidth (VSWR < 3)
of the antenna in free space was measured to be in the frequency range 914–934 MHz. The
measured reading range in free-space is 2–3 m.

L1

(a)

(b)

Figure 1: Printed rectangular RFID antenna. (a) Antenna structure. (b) Return loss against f for different
values of L1.
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Simplified Design Approach of Rectangular Spiral Antenna for UHF
RFID Tag
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Abstract— During these last decades, the technologies of information and communications
(ICT) have known unprecedented development. The identification technologies are part of these
information technologies. Due to the recent development of microelectronics and wireless systems,
new contactless identification technology has emerged: the radio identification technology (or
RFID for Radio-Frequency IDentification). These new technologies, by their greater flexibility,
make the exchange of information much faster and efficient.
The first RFID systems which have emerged operate in low frequency bands and are now widely
used. They have paved the way toward the development of a new technology RFID, more efficient
and low-cost operating at higher frequencies: passive UHF RFID. The latter has a very specific
mode of operation. The identification is carried out by some tags (also called “smart tags”) that
are composed of an electronic chip and an antenna. Unlike conventional communication systems,
they are powered remotely and have no own RF emission source.
The development of passive UHF RFID tags is the subject of our work. We are particularly
interested in their antennae.
In this paper we present a method to simplify the calculation of spiral antennas for RFID tag
settings without resorting to numerical analysis methods. It saves up to 99% of the time required
by the simulation based on the method of moments. Thus we present a theoretical and experimental study for the design of the spiral antennas for RFID label in the UHF band. We present
in this study the S11 parameter that enables us to evaluate the evolution of current distribution and therefore the resonance frequency of the spiral antennas. This parameter is calculated
theoretically by applying the method of moments to wired antenna formed by the rectangular
copper spiral printed on a dielectric substrate. The experimental validation of our theoretical
models is performed using a network analyzer. The confrontation theory-experience allows us to
draw some interesting conclusions concerning the number of loops of the spiral and the choice of
dielectric substrate.
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Electromagnetic Analysis of the Near Field Coupling between a
RFID Tag and Harness for Aeronautic Applications
Alexandru Takacs1, 2 , Anthony Coustou1, 2 , Herve Aubert1, 2 , and Manos M. Tentzeris3
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Abstract— During the past decade, Radio Frequency IDentification (RFID) technologies have
been widely used in aeronautic industry. Typical applications include, but are not limited to:
control of the cargo traffic in large international airports, real-time localization of systems for large
assembling plans, and efficient management of the stock of spare parts. Another very promising
application consists of the identification of electrical cables bundles (harnesses) by using RFID
tags in order to maximize time and cost efficiency during aircraft manufacturing or maintenance.
Up to now, the harnesses have been identified using visual methods based on letter/numerical
codes. RFID systems can be used as a very effective alternative means to identify harnesses.
From an engineering point of view, few technical issues need to be resolved before implementing
this approach widely. The major challenge is to minimize the impact of the harness and its close
environment on RFID tags’ performance. This paper addresses the electromagnetic analysis of
the coupling between the tag and the harness. A commercially available tag from Alien working
in the range of 902.1–927.7 MHz band has been chosen as reference for our study. This frequency
band offers a good trade-off in terms of range, global performance, and miniaturization for our
selected application. Note that this tag has been chosen mainly for availability reasons, but also
for its free-space quasiomnidirectional radiation pattern. The electromagnetic coupling between
the tag and the harness is basically magnetic in the near-field region. Consequently, only the
metallic parts of the electrical harness have been taken into account. Fig. 1 shows the simulation
models developed by using FEKO, a full-wave electromagnetic software based on the method
of moments. A worst-case scenario has been chosen for the harness (multi-wire harness with
exterior electric outer diameter of 35 mm). The performance of the tag alone (Fig. 1(a)) has been
taken as the reference to evaluate the impact of the harness on the link performance between

(b)

(c)

(a)

(d)

Figure 1: (a) Simulation model for the link between the reader and the tag positioned in the vicinity of the
harness; (b) The tag model; (c) The tag is perpendicular on the harness axis.
Table 1: Transmission coefficients of the link between tag and reader for various configurations.
Simulated
setup
Tag-Reader
Tag-HarnessReader

D (mm)

g(mm)

α (◦ )

|S21 | dB

55
55
55
55
55

5
−5
5
5

0
0
90
90

−35
−39
−45
−35
−35
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the tag end the reader. The maximum distance D between the tag and the reader without any
obstruction has been measured to be 55 mm.This distance is quite reasonable for the intended
application and can be increased with a more sensitive reader. The simulated magnitude of the
transmission coefficient corresponding to range D = 55 mm has been taken as reference. Some
of the ensuing results are summarized in Table 1, where g is the distance between the tag and
the harness (positive if the tag is between the harness and the reader and negative if the harness
is placed between the tag and the reader) and α is the angle between the tag and the harness.
We found that the link between the tag and the reader is affected by mainly by two factors: (i)
the near field coupling between the tag and the harness, and, (ii) the masking effect introduced
by the harness itself. These effects depend on the distance between the tag and the reader, their
relative orientation, and the harness diameter. As shown in Table 1, the link budget is strongly
affected by the relative tag position and the optimal tag position can be found if the tag is located
at least at 5 mm away from the harness.
This work shows that an electromagnetic analysis based on appropriate simulation models can be
very useful. We conclude that for a given tag we can minimize the impact of the harness on its
performance, identifying an optimal position for the tag. Moreover, based on this electromagnetic
analysis performed in the near field region, we are able to choose the most appropriate tag among
all commercially available versions, or even design a more specific tag less sensitive to the impact
of the harness. We are currently analyzing the tag Alien positioned in conformal arrangement,
as well as other commercially available tags. Future work will also take into account the close
environment where the tag and the harness are mounted (i.e., metallic parts of the aircraft body).
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Inkjet-printed Paper/Polymer-based “Green” RFID and Wireless
Sensor Nodes: The Final Step to Bridge Cognitive Intelligence,
Nanotechnology, Biomonitoring and RF?
M. M. Tentzeris, A. Traille, H. Lee, R. Vyas, V. Lakafosis, and A. Rida
School of ECE, Georgia Institute of Technology, GA 30332-250, Atlanta, USA

Abstract— In this talk, inkjet-printed flexible antennas, RF electronics and sensors fabricated
on paper and other polymer (e.g., LCP)substrates are introduced as a system-level solution
for ultra-low-cost mass production of UHF Radio Frequency Identification (RFID) Tags and
Wireless Sensor Nodes (WSN) in an approach that could be easily extended to other microwave
and wireless applications. The talk will cover examples from UHF up to the millimeter-wave
frequency ranges. A compact inkjet-printed UHF “passive-RFID” antenna using the classic Tmatch approach and designed to match IC’s complex impedance, is presented as a the first
demonstrating prototype for this technology. Then, we will briefly touch up the state-of-the-art
area of fully-integrated wireless sensor modules on paper or flexible LCP and show the first ever
2D sensor integration with an RFID tag module on paper, as well as numerous 3D multilayer
paper-based and LCP-based RF/microwave structures, that could potentially set the foundation
for the truly convergent wireless sensor ad-hoc networks of the future with enhanced cognitive
intelligence and “rugged” packaging.
The talk will cover also cover issues concerning the power sources of “near-perpetual” RF modules,
including flexible minaturized batteries as well as power-scavenging approaches involving thermal,
EM, vibration and solar energy forms. The final step of the presentation will involve examples
from wearable (e.g., biomonitoring) antennas and RF modules, as well as the first examples of
the integration of inkjet-printed nanotechnology-based (e.g., CNT) sensors on paper and organic
substrates. It has to be noted that the talk will review and present challenges for inkjet-printed
organic active and nonlinear devices as well as future directions in the area of environmentallyfriendly (“green”) RF electronics and “smart-skin” conformal sensors.
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Design of Autonomous Sensing Tag Based on Energy Harvesting
Naoya Nakashima, Hiroshi Nishimoto, Yoshihiro Kawahara, and Tohru Asami
Graduate School of Information Science and Technology, The University of Tokyo, Japan

Abstract— Wireless sensing system is vital for the realization of ubiquitous computing society
as an information acquisition media. Such wireless sensing systems must be composed of low
cost hardware components and must be operated without battery replacement. However, traditional wireless sensing systems require a primary battery and a high-end microcontroller for
data calculation. Wireless sensing system with energy harvesting is another approach. Though,
existing methods require a high-end microcontroller as well as a harvester with a complicated
energy management. Thus, the high-cost problem cannot be solved.
This paper proposes “Sensing through Harvesting” concept [1], which is a new paradigm of a
wireless sensing system to achieve low-cost implementation. The main idea of our proposal is
this fact that sensor often generates energy and its sensing is a measurement of this energy
as an observed value. “Sensing through Harvesting” concept integrates sensor and harvester,
exploiting this feature. The goal of our proposal is to build a low-cost wireless sensing system
by measuring the interval of beacon transmissions to estimate the quantity of electrical power
harvested at sensor nodes. The major technical challenge to this concept is to find a method
for data extraction from the beacon interval. To solve this problem, each beacon transmission is
designed to occur at a certain amount of charged energy. With this energy management, an AP
can estimate the electrical power harvested at the node dividing the energy per one beacon by
the interval of beacon. After that, the data can be extracted with a proper calibration. For an
implementation, we design the sensor node as shown in Fig. 1. The energy management function
is realized using a reset IC and a thyristor. When the voltage across the capacitor C exceeds
the detection voltage of the reset IC, the energy management circuit starts to supply energy.
The energy supply automatically stops at a certain voltage across the capacitor C caused by a
shortage of the current at the thyristor. To confirm the feasibility of the proposal, we evaluate the
accuracy of sensing based on the variance of data at the same illumination intensity. Illumination
intensity sensor nodes were implemented using both a traditional and the proposed method. The
data was smoothed at an AP by calculating the moving average of the last 10 seconds of data at
each beacon arrival to lessen variability. As a result, the accuracy of the proposed method was
rarely different from the traditional one.
As an implementation of the whole system, we made a demo system [1] of the proposed method.
Fig. 2 shows the Graphical User Interface (GUI) of the demonstration. The value at the lower
left indicates the interval of beacons. From this value, an AP estimates the electrical power
harvested at the sensor node based on the value and the voltage decrement of the capacitor C.
The estimation result is shown at the lower right of Fig. 2. Finally, the AP decides the state
of the sky by the estimated electrical power and shows it on the GUI. The state is divided into
following four levels; sunny, cloudy, sunset, and night. The case of Fig. 2, the GUI says the state
is sunset. Experiment results proved that the system works correctly, and this fact confirms the
feasibility of our proposal. Another implementation was made for human density sensing using
the same method. Therefore, our method has broad utilities.
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Figure 1: Design of sensing tag.

Figure 2: Screenshot of demo GUI
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Abstract— Today the technology of radio frequency identification, RFID, is applied in many
areas, especially in the access control and tracking. This technique is appeared in the 1950s but
has experienced in the real since the 2000s, with its implementation more and more widely. The
most advantage of this technology is the low cost of RFID transponders. It has shown many
interests in various fields and allowed return on investment in the industry. One of applications
of RFID technology is the localization. The localization and positioning of radio frequency
identification will bring many new ideas and new possibilities for radio systems. The famous
localization system is the GPS but it is not operational in the environment indoor. A key element
for wide deployment of a localization solution in the environment is its cost. A system based on
the technology radio frequency identification is a good candidate. Indeed, an RFID tag can be
equipped with one or more sensors (temperature, acceleration, pressure. . . ) to perform distance
measurement operations. It allows both to locate the subject and gets information concerning it.
In this paper, we develop an antenna for the reader RFID and an algorithm for locating objects
of people in an indoor environment by using passive RFID UHF technology. The research of
mapping and localization systems has opened the opportunity to various areas of application of
RFID technology as the people tracking, objects tracking and healthcare. The location study to
be presented is focused in a typical case of a fixed object. The localization technique is based
on the use of tags on the reference map, called here by landmarks. The triangular pattern
distribution was chose for mapping of the RFID tags in the environment indoor. An antenna
Yagi-Uda UHF antenna of three elements which offers a gain of 11.2 dBi at 868 MHz is developed
for the RFID reader of localization system. The experiments and the results of the precision of
the localization system are presented and we propose how to get the system more exact.
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