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Abstract: The goal of our work is to optimise the supply chain management of industrial assets with
UHF RFID system. This allows simple identification. In this work, we try to go further and enrich
the identification information with information about the conditions of the connected assets. To
avoid any maintenance operation, we realise an energy harvesting circuit to provide the needed
energy to the connected sensor. In this paper, we present the conception of an autonomous
connected sensor, which works in UHF RFID band. We set up the global architecture of the
measurement system and we focus mainly on the energy supplier circuit and its improvement.
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1. Introduction

UHF (Ultra High Frequency) RFID (Radio Frequency IDentification) system is nowadays a
technology widely used in the industry, particularly in logistics and stock management. In some cases
a simple identification of the tracked items with RFID tag is quite enough. But in others, more
information is required to improve the supply chain efficiency and the stock management. An
autonomous sensor powered by the RF field could make it possible. Numerous advantages of
autonomous sensor can be listed. For instance, it allows getting rid of maintenance, as is the case of
batteries which need to be changed or recharged regularly.

In order to bypass this problem, we designed a passive tag with a new circuit architecture for
the UHF RFID harvester. It is designed to perform RF energy harvesting in the European RFID band
(865.5-868.5 MHz) according to the ISO 18000-6c standard, from a distance of several meters.

In this article, we present the work we achieved from the whole circuit design to the harvester
performance characterization. It is organized as follows: in Section 2, we introduce the overall
architecture of the system composed of the measurement circuit and the RF harvesting circuit. In
Section 3, we detail the method of efficiency optimisation of the energy harvesting circuit and the
benefits to use charge capacitor coupled with a supervisor. The Section 4 presents the performances
of the multiplier stage and of the overall system, followed by Section 5 with the conclusion.

2. Architecture Design of the Connected Autonomous Sensor

We separate the global architecture in two parts in function of their role. The first one is the
connected measurement system. Its role is to measure and communicate with the UHF RFID reader.
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The second part is the energy harvesting and conditioning circuit. It is designed and optimised to
supply the needed energy to the measurement circuit during the measurement and the result
communication.

2.1. The Connected Measurement Circuit

As shown in Figure 1b, the connected measurement circuit is composed of an UHF RFID chip
connected to the microcontroller via an I2C bus. The sensor is connected and managed by an ultra-
low power microcontroller. The energy remotely provided by the reader is sufficient for the RFID
chip but not enough to activate the sensor and the microcontroller. Last low power microcontrollers
have start voltage around 1.8 V. That is why we designed an RF energy harvesting and conditioning
circuit, introduced in the next subsection, to provide the needed energy.
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Figure 1. Block diagram of the autonomous connected sensor: (a) Block diagram of the RF energy

harvesting and conditioning circuit enhanced with supervisors coupled with charge capacitors;
(b) Block diagram of the connected measurement system and UHF RFID reader on the top of the figure.

2.2. The RF Energy Harvesting and Conditioning Circuit

The harvesting circuit is presented in Figure 1a. It consists in an antenna, a matching network, a
multiplier which rectifies and multiplies the signal, a first charge capacitor with its supervisor, a DC-
DC boost converter to multiply continuous voltage and a second charge capacitor coupled with a
supervisor. The key elements of our harvester circuit design are the supervisors. We present their
functioning principle in the Section 3.

3. Efficiency Optimisation of the RF Energy Harvesting Circuit

3.1. Presentation of the Supervisor Functioning

In our energy harvesting system, the supervisors play a key role regarding the efficiency
optimisation: it control the use of the harvested energy. Indeed, the main difficulty is to get enough
power to overpass the needed energy to activate the following stage. The supervisor turns off the
downstream circuit and leaves time to the charge capacitor to reach the necessary voltage Von to
activate the downstream component. Thanks to this, we prevent the system from ending up in an
intermediary state, where the downstream component would drain energy from the capacitor —the
latter’s voltage Veapa thus remaining too low for the former to start. When the capacitor voltage drops
below a minimum value Vot < Von, the supervisor turns off the downstream components. This
hysteresis principle is shown in Figure 2a while Figure 2b presents the charge capacitor and
supervisor coupled system.
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Figure 2. Functional description of the charge capacitor and supervisor coupled system: (a)

Charge Capacitor

downstream component state versus charge capacity voltage value Veapa; (b) diagram of the system.

3.2. Prototype Circuit of the Energy Havesting System

For the measurement campaign, we realised a circuit prototype, presented in Figure 3 and
composed of:

¢  LC matching network

e Multiplier stage with Schottky diodes

e  Three different DC-DC boost converters for comparison
e  Charge capacitors with supervisors

The multiplier stage and its LC matching network have been characterized first using
electromagnetic simulation to determine the best configuration and component values. Then they
have been adjusted experimentally.
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Figure 3. Circuit prototype of the RF energy harvesting system.

The three boosters on the board are the AD5090, TS3310 and BQ25570. We choose the TS3310
because of its performances and it has the lower price.

The output voltage target is set to 2.1 V—which is representative of the start voltage of a
measurement circuit such as we use.

4. Results and Discussion

The multiplier stage is composed of four stages in the modified Greinacher configuration [1]. Its
efficiency depending on the charge load is presented in Figure 4. Compared to the state of the art,
this multiplier presents better performances [2—4].

The overall system efficiency is presented in the Figure 6. With —~10 dBm, we are able to obtain
an efficiency of 25% which is an improvement of 10% compared to the same circuit without
supervisors. Comparing with [5], where a similar configuration is used, but with only one supervisor,
the efficiency for -10 dBm is about 21% since our system has a higher efficiency. Thanks to this
enhanced system, we are able to obtain the 2.1 V required to activate the microcontroller and more
generally to supply the measurement circuit with less input power as shown in Figure 5. The
minimum input power to activate the measurement circuit is reduced from —11 dBm to —15 dBm and
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the efficiency gain of our system is clearly improved in comparison with the same measure without

supervisor.

Figure 5. Enhanced system efficiency and the added gain efficiency with supervisors versus input

power.

5. Conclusions
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Figure 4. Multiplier efficiency with =10 dBm input power versus Riload.
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In this paper, we presented our work on the design of a connected autonomous sensor and we
particularly focus on the use of supervisors in the energy harvesting circuit to optimise its sensitivity
and efficiency. Thanks to supervisors, we are able to reach our target of 2.1 V with an input power of
only =15 dBm. For -5 dBm input power, we obtain an efficiency of 35%. The next step of this work is

to integrate this circuit with the measurement system (sensor and RFID UHF tag).
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