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Abstract— A new simulator, ContactLess Simulator (CLS) has
been developed in Visual C#. It is thus easy portable; several
windows permit the user to configure the whole electronic
system and to launch the simulation. It is specifically written to
simulate contactless-powered smart systems, such as Near
Field Communication (NFC) coupled to a microcontroller unit
(MCU). More precisely, our study focuses on battery-less
electronic systems: the MCU is supplied by the NFC circuit. To
permit such a system to function, energy budget has to be
explored; this is the aim of this simulator. This paper describes
the considered electronic system, the models, and it details a
simulation example. The simulated example is composed of a
ST-Microelectronics M24L.R04E NFC circuit and a Microchip
PIC18LF2525 microcontroller.

Keywords-Simulation; Modeling; NFC; Microcontroller;
MCU; Energy harvesting.

L INTRODUCTION

New trends in energy-constrained electronic systems are
to harvest energy in the environment and smartly manage
energy. We consider 2 kinds of harvesting: natural and
artificial energy sources harvesting. Natural sources are
directly given by the Nature, such as vibration, temperature,
or solar rays. Many electronic systems are developed to
consider these energy sources, such as for example Seebeck
systems or mini-photovoltaic panels [1]. Non natural sources
include for example vibration (though piezoelectric elements
[2]) ambient radiofrequency waves (through RF to DC
converter), or magnetic fields such as wireless powering
systems.

Wireless powering systems exist since several years, and
are nowadays widespread in powerful systems, such as
inductive charging stations for vehicles [3], smartphones
wireless chargers [4], as well as lightweight systems, such as
Near Field Communication (NFC) tags and emitter. We
consider such lightweight systems that are highly energy
constrained. Details on NFC are given in Section II.

We focus on easy to use and graphical simulator on NFC
systems, more precisely on system-level energy aspects.
Many simulators in NFC field exist. We do not consider
Radiofrequency Identification (RFID) or NFC so-called
"simulators" that are in reality hardware-based measurements
systems (that we would call debuggers or emulators), such as
[5]. Many simulators focus on physical link and
radiofrequency propagation aspects [6], [7]. RFIDSIM [8] is
a more complete simulator that considers physical link and
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protocol. Others higher-level simulators focus on
communication protocol and communication performance,
such as NS-3 [9].

We propose in this paper a new simulator that considers
energy harvesting from NFC emitter and energy balance
according to the tag electrical consumption. The wireless-
supplied tag is not only composed of a classical NFC circuit,
but of a more complex smart system. It is described in
Section II. Section III describes the models that were written
in the simulator. Section IV details simulator graphical user
interface, parameters, and an example result.

II.  CONSIDERED NFC SYSTEM

A typical NFC system is composed of an emitter and a tag.
It is shown in Fig. 1.

NFC systems use Low frequency (LF) from 125 KHz to
134 KHz, high Frequency (HF) at 13.56 MHz, or ultra high
frequency (UHF) at 860 — 960 MHz. We consider the 13.56
MHz frequency communication that is mostly used in NFC
systems [10]. Other frequencies will be supported in further
releases of CLS simulator.

The emitter outputs a powerful signal in a coil (also
called "antenna") at a specific frequency. The
electromagnetic field carries power and data with the help
from an Amplitude Shift Keying (ASK) modulated signal.
Input power at receiver (tag) depends on signal strength at
emitter, antennas gains, and distance between antennas. No
simple exact equation exists since communication is near
field. Friis equation, used in classical long range
radiofrequency communications, is not valid. Indeed,
Maxwell equations have to consider E and H fields. In our
case, we use electrically small antennas thus near field limit
distance d depends only on wavelength A. It t is given as

[11]:
(1)

More precisely, the NFC system we consider (13.56 MHz,
few centimeters distance between emitter and tag) is in
reactive (non-radiative) near field region. Fig. 2 shows this
aspect. As a result, more simple equations are used to model
signal attenuation due to distance.

d= A2n
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Figure 1. Typical Architecture of NFC system [12].
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Figure 2. Radiofrequency signal propagation [14].

Received power formulas are [13]:

Prx@) = (

1 1 1
- + ()
kd* kd* kd® j

+;J
kd*

A tag is often composed of a NFC circuit that comprises
2 main blocks: energy harvesting block and data decoding
block. The energy harvesting block converts the received
electromagnetic field into usable energy in order to supply
the circuit. The data decoding block demodulates the signal
in order to recover the bit-stream. We consider in this study a
smarter tag that comprises a microcontroller unit (MCU).
This MCU controls the NFC circuit.

Novelty is that we focus on entire battery-less system.
Neither NFC circuit nor MCU is externally supplied. The
only energy source comes from electromagnetic field while
NFC communications. To aim this, we choose the ST-
Microelectronics M24LRO4E chip. It is 13.56 MHz NFC
ISO 15693 and ISO 18000-3 mode 1 compatible and it has
an energy harvesting analog output that permits to supply
other circuits on the board (i.e., MCU). The considered
system is shown in Fig. 1, tag-side of the system is detailed
in Fig. 3.

Prxay = ( 3)

k.d?

II1.

As it is shown in Section II, several circuits compose the
system, so they have been modeled separately. Models are
high-level (electronic system level), they have been written
at C language level.

CLS MODELS
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Figure 3. Considered battery-less tag.

A. Emitter model

The emitter is modeled according to its emitting power,
frequency, distance between emitter antenna and tag antenna.

B. Antenna model

The emitter and tag antennas are PCB coil antennas in
our prototype. Antenna gain is used to calculate propagation
losses.

C. NFC circuit model

Several blocks in NFC circuit will be considered. RF2DC
and DC2DC blocks are modeled. Performances are based on
ST-Microelectronics M24LRO04E circuit characteristics.

D. MCU circuit model

For this release, MCU is simply modeled as an electrical
load. It requires a minimal voltage and consumes a nominal
current. Power is calculated according to the MCU brand and
model, oscillator type and operating frequency. Microchip
PICI8LF2525 is modeled. Table I shows targeted MCUs.

TABLE L. TARGETTED MCUS MODELS
MCU brand MCU model
ATMEL ATMega-328
Microchip PIC18LF2525
ST-Microelectronics ST-8ML
ST-Microelectronics STM-32
Texas Instruments MSP-430

ATMEL, ST-Microelectronics and Texas Instruments
models are under development and will be released soon.

Iv.

The CLS simulator has been written in Visual C# in
order to be easily portable on Microsoft 64-bit Windows
operating systems. It is part of the Visual Studio Community,
a free tool for academic research [15].

Graphical user interface is drawn in a horizontal way,
from Emitter on the left towards Load (Electronic system) on
the right. Fig. 4 shows the main window of CLS simulator.
Architecture presented Section II (Fig. 1) is recognizable.
Each Element has to be setup before simulation is run.

SIMULATOR & GRAPHICAL USER INTERFACE
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Figure 4. CLS Simulator graphical user interface
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Figure 5. Electromagnetic field parameters at Emitter

A. Tag antenna

The tag antenna parameter is the gain (in dBi). At tag
antenna output, the received electromagnetic field is known.
More precisely the received power is known according to all
above parameters; signal attenuation due to propagation is
calculated. According to (2) and (3), as communication is
near field, power of magnetic field decays as the inverse
sixth power of distance [16]. Such a model is used.

B. Tag RF2DC converter and DC2DC converter

The RF2DC and DC2DC converters efficiencies (in %) are
expressed in these windows. Efficiencies can alternatively be
replaced by a transfer function to match a realistic circuit. In
our example, we choose this option and we set equations
from ST-Microelectronics M24LRO4E datasheet.
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Figure 6. Energy storage parameters

C. Energy storage

The energy storage parameters are used to calculate the
amount of energy that can be saved in a switched capacitor,
used as a super-capacitor. Parameters are capacitance value
(in nF) and total leakages (in fA) of switches and capacitor
(Fig.6).

The role of this module is to further simulate energy
storage versus energy usage durations. It will lead to an
energy budget analysis.

D. Load (electronic system)

For this simulator release, the load is a MCU
(microcontroller unit). When a MCU is chosen, the
"Configure MCU" button opens a new window. Oscillator
type is entered.
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Figure 7. Load (electronic system) parameters

For this example, Microchip PIC18LF2525, it can be
external RC (up to 4 MHz), external XTAL (crystal
oscillator, up to 40 MHz), and internal OSC (from the
internal 8MHz source or the INTRC 31KHz source, several
frequencies are available according to frequency post-scaler).
Frequency (in KHz) and supply voltage are then entered. All
these parameters are taken from Microchip PIC18LF2525
datasheet; from current voltage versus frequency, current
versus voltage and current versus frequency curves. User can
enter the supply voltage he would like to obtain from the
energy harvesting block. This field is dedicated to future
features.

E. Simulation setup

The simulation setup permits to configure a simulation
time and a simulation step for transient analysis. These
parameters will be used in future release, for the moment,
only static simulations are run.

F. Launch simulation & result window

In main window, Launch simulation button is pressed to
simulate the system that user has configured. All data are
calculated and written in several output files, and graphical
results are displayed on a window. This window is
automatically opened. Static results in Fig. 8 are obtained for
parameters in table II.
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Figure 8. Result window.

TABLE II. PARAMETERS USED FOR TEST EXAMPLE
Emitting power 30 mW
Frequency 13560 MHz
Distance 1 cm
Antennas gain (Emitter & tag) -1 dBi

RF2DC & DC2DC converters Equations from M24LR04E

Switches leakages 100 fA
MCU brand/model Microchip/PIC18LF2525
MCU Oscillator Internal OSC, 31KHz
MCU Voltage 2V to 5.5V

With the help from Fig. 8, generated current from energy
harvesting circuit can be compared to required current from
MCU; generated voltage can be compared to minimal supply
voltage of the MCU.

V. CONCLUSION

We presented first release of CLS: ContactLess
Simulator. It permits to configure a NFC system: emitter and
tag. Tag is battery-less (self supplied), it comprises an energy
harvesting module and a microcontroller unit (MCU). CLS
was developed with Microsoft Visual C#, its graphical
interface is fully based on windows where parameters are set.
A launch button runs the simulation and displays a result
window. For this release, a static simulation is run and
displays the harvested power (voltage and current) and the
required power (voltage and current) for the MCU. Further
releases will support transient analysis, energy calculation,
and more electronic circuits in library.
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