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Abstract

In this thesis I investigate the behavior of Proximity integrated circuit card (PICC) operating in
the High Frequency (HF) band at 13.56MHz using Advanced Design System (ADS) simulator
and also real measurements. Those PICC are passive tags powered by the reader antenna via
inductive coupling and consist of a coil antenna and certain linear and non-linear components
such as resistors, diodes or capacitors. One of the goals of this work was to understand how
some of the elements affect the operation of the PICC in both simulation and measurement.

This work was organized in four chapters. In the first chapter I give a brief overview of the
operation of the PICC according to the ISO/IEC 14443 standard and introduce the reference
PICC circuit.

In the second chapter, reference PICC is analyzed both in ADS simulation and in measurement.
For the measurements, a reference PICC is built on 2.2.1.

In the third chapter reference PICC is tested in a reader emulator called Test PCD assembly.

In the fourth and final chapter I give conclusions and outlook for a future work.
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Chapter 1

Introduction

Radio frequency identification (RFID) has been used in several practical applications, such as
improving supply chain management, tracking household pets, accessing office buildings, and
speeding up toll collection on roadways.

Compared to its predecessor, the proximity card, a contactless card provides much greater
security and contains 100 times the data storage of a traditional proximity card.

Contactless chip cards are used in variety of applications, e.g. for identification, in biometric
passports, credit and bank cards etc. and they are developed to be read without a reader
device using RFID.

In this first chapter the standards used and the reference PICC circuit are introduced. Further-
more, the operation principle of contactless cards is explained as well as the communication
interface between card and reader.

The main part of the chapter includes the description of the reference PICC circuit defined in
ISO 10373-6 which has been used as the base model for simulations and measurements.

1.1 Operating principle of contactless chip cards and
requierements of ISO 14443

The components of an RFID field are a transponder or tag and a reader. The interaction
between a transponder chip and a transponder antenna depends on several parameters such as
the design of both coils or the operation frequency and it has been investigated in [1].

In this work we will focus on the non linear effects produce on the transponder chip produced
when some parameters of its components are modified.

The operating principle of contactless chip cards 1.1 is based on magnetic coupling. It means
that the transponder and the reader antenna are coupled by the magnetic flux through both
coils. An AC voltage is induced in the card loop antenna and the PICC converts this AC
voltage into DC in order to power the Integrated circuit (IC).

A tag typically consists of an electronic microchip and chip antenna designed to allow commu-
nications with a reader [2].

RFID tags fall into two categories, active tags, which may be totally or partially powered via
its own battery supply, and passive tags, which obtain power from the signal of an external
reader.

Because of their lower price and smaller size, passive tags are more commonly used than active
tags for retail purposes. A passive tag consists of a microchip surrounded by a printed antenna
and some form of encapsulation [3].

As we are working with passive tags, all the energy used in the tag is drawn from the primary



coil of the antenna therefore the power supply for the card is one of the main concerns in this
work.

2. Data transmission PCD ==y P|CC
(Downlink)

_D antenna

; PICC
(reader) '

(transponder)

3. Data transmission PICC ===y PCD
(Uplink)

Figure 1.1: Operating principle contactless chip cards

ISO 14443 is an international standard for proximity or contactless smart card communica-
tion which describes how contactless cards and terminals should work to ensure industry-wide
compatibility. For example it plays a key role in identity, security, payment, mass-transit and
access control applications.

ISO 14443 is a four-part international standard for Contactless Smart Cards operating at
13.56MHz in close proximity with a reader antenna. PICC are intended to operate within
approximately 10cm of the reader antenna [4].

e Part 1: defines size and physical characteristics of the card.

The PICC antenna shall not exceed 86mm x 54mm x 3mm.

The PICC should operate as intended after continuous exposure to a magnetic field of
an average level of 10 A/m rms at 13,56 MHz. The averaging time is 30 seconds and the
maximum level of the magnetic field is limited to 12 A/m rms.

e Part 2: defines the Radio Frequency (RF) power and signal interface. Type A and Type
B cards are also defined in this part.

The PICC shall operate as intended continuously between H,,;, = 1.5A4/m and Hy g, =
7.5A/m.

Two communication signal interfaces, Type A and Type B are described in the standard.
The Proximity coupling device (PCD) shall alternate between modulation methods when
idling before detecting the presence of a PICC of Type A or Type B.

The PICC shall be capable of communication to the PCD via an inductive coupling area
where the carrier frequency is loaded to generate a subcarrier with frequency fs. The
subcarrier shall be generated by switching a load in the PICC.

The frequency fs of the subcarrier shall be f./16 ( 848 kHz). Consequently, during
initialization and anticollision, one bit duration is equivalent to 8 periods of the subcarrier.
After initialization and anticollision, the number of subcarrier periods is determined by
the bit rate.

The PICC shall generate a subcarrier only when data is to be transmited.



e Part3: defines the initialization and anticollision protocols for Type A and Type B.

In order to detect PICCs which are in the operating field, a PCD shall send repeated
Request commands. When a PICC is exposed to an unmodulated operating field (see
ISO/IEC 14443-2) it shall be able to accept a request within 5 ms.

e Part4: defines the high-level data transmission protocols for Type A and Type B. The
protocols described in this part are optional elements of the standard.

Two communication signal interfaces Type A and Type B have been mentioned before. In
table 1.1 the differences between them are summarized.

Table 1.1: Type A and B communication interfaces

Type A

Type B

Downlink Modulation (PCD

100% ASK modified Miller

10% ASK NRZ code

PCD)

Manchester code

to PICC) code
Signal/noise ratio Very high (30% noise tol.) Low (3% noise tolerance)
Uplink Modulation (PICC to | Load  modulation, ASK | Load modulation, BPSK NRZ

code

Anti Collision

Binary Search method

Time slot method

Speed

no difference between Type A and Type B

Security

no difference between Type A and Type B

Power (energy eff.)

no difference between Type A and Type B

As an example, the communication diagram between the reader and a Type B card is shown
in 1.2 To initiate the communication the reader sends a Request command (REQ) command

to the PICC.

For Type B signal interface, the PCD is continuously transmitting the unmodulated 13.56 MHz
RF carrier frequency when not transmitting data to the PICC.

The PCD modulates the amplitude of the alternating magnetic field strength with modulation
pulses in order to transmit data from the PCD to the PICC.

The PICC loads the alternating magnetic field with a modulated subcarrier signal (load mod-
ulation) in order to transmit data from the PICC to the PCD.

When PCD deactivates the RF field, PICC should be deactivated after no longer than Hms.
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Figure 1.2: Communication interface diagram

1.2 Reference PICC circuit

Together with standard ISO 14443, Part 6 of the standard ISO 10373 [5] has been also consid-
ered. It defines test methods for identification cards and specifies the reference PICC compo-
nents and construction.

In figure 1.3 the referece PICC circuit is shown and its parts are labeled and described below.
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4
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' RY R7 w
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col) ¢ € i ‘ a1a | Qb CMF1 CON1
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[ o e

Figure 1.3: Reference PICC diagram

e Block A consists of two capacitors used for frequency tuning.

e Block B is made up of four Schottky diodes that constitute the rectifier where AC



voltage is sweep to DC in order to power the card.
e Block C consists of a Zener diode used for power regulation.
e Block D is a current mirror used for load modulation.

e Block E is for load calibration. Changing jumper J1 into a, b, ¢ and d position the load
value is modified.

e At CON1 load modulation signal is applied.

e With the voltage at CON2 the load can be adjusted until the required DC voltage is
shown at CON3.

e In CON3 we measured the PICC DC voltage with a high impedance voltmeter.

e CON4 is used for picking up the PCD waveform parameters using a high impedance
oscilloscope probe.

In this work the effects of load modulation are not analyzed therefore the circuit used for
simulation and measurements is a simplified version of this one and will be shown in further

sections.

In 1.2 the component values are shown.

Table 1.2: Reference PICC components list

Component Value Component Value

L1 See Annex D C1 7pF - 50pF (b)

L2 See Annex D C2 3pF - 10pF (b)

R1 1.8k C3 27pF

R2 0k - 2kQ (a) | C4 InF

R3 22092 D1, D2, D3, D4 BARA3S or equivalent (c)

R4 51k Dz BZX84, 15V or equivalent (c)
R5 51Q Qla, Qlb BCV61A or equivalent

R6 500k€2 Q2 BSS83 or equivalent

R7 1102 D1, D2, D3, D4 ACM3225-102-2P or equivalent
RS 51Q CON1, CON2, CON3, CON4 RF connector

R9 1.5k

a: A multi-turn potentiometer (turns>10) should be used

b: Q-factor shall be higher than 100 at 13.56 MHz

c: Care should be taken on parameters Cj, Cp, Ls and Rs of equivalent diodes.




Chapter 2
Simulation and measurements

In this section the circuit used for simulations will be introduced. It is simplified from the
Reference PICC since it excludes the load modulation part. In addition, ADS simulations
results are presented in time and frequency domain. In order to analyze how the components
affect the circuit behavior, components with different values of basic parameters are used in
the simulations. The behavior of the circuit is investigated for the wide range of input power.
Although the simulations are performed using ADS, all the results are exported to the Matlab
domain in order to make the comparison with measurements easier.

The method followed to build the circuit in a PCB is also reported. Afterward, the setup used
is described and measurements results are showed.

To conclude chapter two a comparison between simulation and measurement results is done
and differences are commented.

2.1 Chip card simulation

In this section one of the main goals of this work is covered: analyzing how some of the
components affect the circuit response, especially the DC power measured in the load.
In figure 2.1 the simulated circuit is shown.

Vin vd

R I_Probe
R
I_Probe1
R1 R=50 Ohm
R=50 Ohm
Diode Diode:
DIODE1 DIODE2
Us1 Modet=DIODEM1 Model=DIODEM1
c
ViSine Cin
‘| sret =~ c=10 pF
G\J Vde=0 V
Amplitude=Vac Vrect
- Freq=13.56 MHz
Delay=0 nsec
Phase=0 Dicde: Dicde:
DIODE3 DIODE4 Diode
§/ Modet=DIODEM1 Model=DIODEM1 DIODES ¢ R
/\ Mode=DIODEM2 | ctp RL
Mode=nonfinear >~ =470 pF § R=1 kOhm
=
Vrect?

Figure 2.1: Simulated circuit

The variable components are Ciy, Ctp and Ry, and their ranges according to the list on standard
10373-6 are:



Ry, = 509, 5009, 1k€, 1.5kS2, 2k (2.1)
Cin = 10pF, 27pF, 4TpF (2.2)
Cyp = AT0pF, InF (2.3)

The values were chosen considering real values of components since later on this circuit was
built and measurements were compared with simulation results. Special care have been taken
when choosing the diode models since ADS allows you to set a wide range of parameters that
cannot be easily found in a normal datasheet.

In the following graphs 2.2, 2.3, 2.4 the input power is swept from -2dBm to 20dBm. Three
different values of Ci,, Cp, and Ry, are chosen. The input voltage and input current of the chip
card are plotted in frequency and time domain. The rectified voltage and the Lissajous curves
are also plotted.
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Figure 2.4: Ry, = 2kQ, C}, = 27pF, C}, = 470pF

At first sight, we notice that the rectified voltage increases when Ry, and the input power in-
creased. When the resistor Ry, is too low as in 2.2 it is not possible to get a stable DC voltage.
From the Lissajous curves we observe that for low input power the shape is a ellipse but when
we increase the input power the ellipses start to change their shape because of nonlinear effects
in the rectifier [6] [7].

At this point we will start analyzing how the different components mentioned before Ry, Ciy,

10



C, influence the input voltage or the DC voltage® of the circuit.

In the following graphs an input power of 20dBm is applied. The value of Ry, is swept and
the values of the capacitors are modified in each graph to show how it affects the input voltage,
input current and Lissajous curves plotted.

6 T T T
—R1=2kQ N — —R1=2kQ

Input voltage Cin = 47pF, Cp = 470pF Input voltage Cin = 10pF, Cp = 1nF

=\ N

8 4

PICC input voltage
PICC input voltage
o

-6 i i -6 i
1000 1050 1100 1150 1200 1000 1050 1100 1150 1200

Figure 2.5: DUT input voltage
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40 T T T 40 T T T
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PICC input current
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Figure 2.6: DUT Current

!Named in graphs as ’rectified voltage’ from now
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Lissajous curves Cin = 47pF,Cp = 470pF Lissajous curves Cin = 10pF,Cp = 1nF
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Figure 2.7: Lissajous curves

From the graphs we notice that there is almost no change on the input voltage when capac-
itances C}, and Cj, are changed but when increasing Ry, the input voltage of the chip also
increases.

In the graphs below the value of Ry, and C,, are fixed and again an input power of 20dBm
is applied. We will evaluate the effects of Cj, on the input voltage and current.
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5 T T T 5 T
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PICC input voltage (V)
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PICC input voltage (V)
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-3 1 - -3 4
4 i 4 i
-5 s i i Y i i ;
1000 1050 1100 1150 1200 1000 1050 1100 1150 1200
ns ns

Figure 2.8: DUT input voltage
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Figure 2.9: DUT Current
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Figure 2.10: Lissajous curves

When the input capacitance Cy, is smaller the input voltage slightly increases and the Lissajous
curves become narrower on the y axis.

Now we will analyze the effect of the third element C}, on the input voltage and current. Ry,
and Cj, are fixed and an input power of 20dBm is applied.

13
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The rectified voltage of the PICC is also plotted using an input power of 20dBm.
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Figure 2.14: Rectified voltage

From the graphs we observe mutual dependence between C), and Ry. If the capacitance is to
high and resistance is to low, there is large variation in the rectified voltage. This is undesirable
since for the chip’s internal circuit we need DC voltage.

To conclude the simulation results section and with the aim of showing clearly how Cj, and
C}, affect the rectified voltage, two more graphs are plotted. In the first one Cj, and the input
power are swept while Ry, and C}, are fixed and in the second one C}, and the input power are
swept while Ry, and Cj, are modified.
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Figure 2.15: Rectified voltage modifying Cj, (right) and C}, (left)

As it is visible in the graphs we have 5 groups of lines and going from top to bottom the upper
group of lines correspond to a input power of 20dBm, the following to 15dBm and so on.
Analyzing those images if the input power is low there is no appreciable difference when C), is
modified. The change starts to be visible when the input power increases, for example 20dBm.
At that point when the capacitance has a higher value the DC voltage is more stable.
Moreover on the right graph it is shown that the DC voltage obtained decreases when increasing
the value of Ci,. This effect is also more evident when the input power increases.
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2.2 Chip card measurements

In this section the procedure followed to design and build the simulated circuit is described.
Afterward, the setup used is introduced and the measurement results are shown as it was done
for simulation.

2.2.1 PICC design and construction

The simulated PICC circuit was built in a Printed circuit board (PCB) board. First of all, the
circuit was designed using Eagle PCB design software. Surface Mounted Devices (SMD) and
normal size components were used. In the layout two layers of copper were used, one each side
of the board. Figure 2.16 shows the layout.

— —
Date: 24.83.2014
Uersion: 6.5

Figure 2.16: Circuit layout

Once the design was ready, it was printed using a laser printer on a photo positive film paper
to get the mask. Figure 2.17 shows the top and bottom layer of the mask.

— -
- ——— Date: 24.93.20°
Uersion: 6.5

Figure 2.17: Mask front and back
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A photographic method was used to engrave the pattern in the board. Using this process the
entire surface of the substrate was first plated, and later on the areas that are not part of the
desired pattern were subtracted.

After the mask was made, it was placed onto the photo-sensitive PCB board and was exposed
to the UV for 30 sec. The next step was the developing process. Here the sensitized photoresist
was taken away using a developer in order to unprotect the cooper to remove. Then the etching
process was performed to remove the cooper left.

At that time the board was cleaned with alcohol and running water.

To end the building process of the PCB a manual driller was used to make the holes for the
components and connections of the PCB. In the final step all the components where soldered.
Figure 2.18 shows the PICC circuit built.

Figure 2.18: PICC built

The parts of the circuit have been labeled in the picture and they will be described in the next
paragraphs. Numbers label the components and letters the pins used for measurements.

e 1: A SMA connector was used to connect the signal generator to the PCB. The power
values used were -2dBm, 5dBm, 10dBm, 15dBm and 20dBm..

e 2: This resistor is a 50€) resistor included in the setup for measuring the input current
since there were not current probes available for that scope.

e 3: Four Schottky diodes structure the rectifier. The diodes used are HSMS-2812 equiv-
alent to the BAR43S defined in the standard.

e 4: The Zener diode used is a BZX84C15LT1G; limit voltage of 15V. The main function
of the diode is to limit the power supply.
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5 and 6: There are two 0f) resistors in series with Rp, and the 5082 resistor able to be
desoldered if needed.

e 7: A 500 resistor was also included right after Ry, to ensure that the load resistor is
never 0.

e 8 and 9: Two jumpers are used to change the value of the input and parallel capacitance.
For the load resistor Ry, a potentiometer (0 — 2k€2) is used.

e A and B: Those pins are used to measure the input current of the chip using two
channels of the scope. The input voltage of the PICC is directly measured in pin B, just
right after the resistor.

e C and D: For measuring the rectified voltage we use again two channel of the scope and
subtract them using those pins.

e E: Ground of the circuit.

In order to compare the simulations with the measurements the input voltage, input current and
rectified voltage of the Device under test (DUT) shall be measured. The signal generator used
was RohdeSchwarz SMF100A [8] [9] and the oscilloscope was a digital storage oscilloscope DSO-
X 3024A from Agilent Technologies. The same devices where used for all the measurements.

2.2.2 Setup and results

Figure 2.19 shows the setup used. A filter was placed between the DUT and the signal gener-
ator in order to cancel out the harmonics of the generator. This filter is described in [6].

Figure 2.19: Measurement setup
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As it was done for simulations, in the following graphs 2.20, 2.21, 2.22 some of the measurements
are shown. The variable elements and the range was the same as in simulation 2.1, 2.2, 2.3.
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Figure 2.22: Ry, = 2kQ, C}, = 27pF, C, = 470pF

A clear difference from the simulation graphs is noticeable: the graphs of the rectified voltage

and the input current look a noisier now.

As it was said before, there were not differential probes available for the oscilloscope used and
those measures came from subtracting two channels on the scope which results in an increment

of the noise.

The variation of the rectified voltage when C, and Cj, change is shown in the upcoming graphs.
A sweep in Ry, and a fixed input power of 20dBm is applied.
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Figure 2.23: Rectified voltage

Similar effects to simulation are observed. There is a dependence between C), and Ry, and the
DC voltage became more stable when increasing Rry..

To end this section the rectified voltage will be also plotted fixing the resistance Ry, and one
of the capacitors (C,, or Cj,) and making a sweep on the input power.
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Figure 2.24: Rectified voltage modifying Cj, (right) and C}, (left)

From top to bottom the input power is decreased, so the upper group of three lines correspond
to the higher input power (20dBm).
Although here the effects cannot be clearly noticed in section 2.3 this problem will be solved.

2.3 Analyzing simulation and measurements results

In previous sections of this chapter simulation and measurement results are presented indepen-
dently. Now I have tried to find a common tendency for the circuit behavior.

In the following graphs two values are fixed and one is swept. A power sweep was also per-

formed. The graphs are presented as the input/rectified voltage versus input power and the
results produced are commented.
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Firstly, the effects on the input voltage will be analyzed and afterward the same will be done
with the rectified voltage.
At that point simulation and measurement results for the input voltage are compared in the
same graph. The values of the two invariable components are written as the title of the graphs.
In the first pair of graphs Rj, is swept, in the second Cj, is swept and in the third on C}, is

swept.

The power sweep is shown in the x-axis.

Simulation results are presented in dashed line and

line.
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Figure 2.27: Input voltage simulated and measured, C}, sweep

A similar behavior between measured and simulated input voltage is illustrated on the graphs.
Modifying C), slightly affects the input voltage however increasing Cj, reduces the input voltage.

A good measure to compare the simulation with the measurement results when the signal
is closed to a sine wave is comparing the difference of the harmonics. As an example, for
NXP a difference of 10dB is understood as a good alignment between the simulation and the
measurement. Consequently an spectral analysis is performed for measured and simulated
input voltage and input current in 2.28, 2.29, 2.30 and 2.31.
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Figure 2.31: FFT input current, Ry, = 50092, Ci, = 10pF, Cy, = InF

Two different set of values were chosen to perform the frequency analysis.

A cursor is placed on the plotted graphs so the maximum value is labeled and can be compared.
For both pairs of graphs the difference between the amplitude of the spectrum is less than 10dB
so we can assume a good matching within simulation and measurement.

From the graphs it can also be observed that when the input power is increased the harmonics

also increased.

At that point we will start analyzing the results for the rectified voltage.
As it was done previously, simulation and measurement results for rectified voltage are com-

pared in the same graph.
Simulation results are presented in dashed line and measurement results are shown in solid

line.
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As the figures show, the same behavior is present in simulation and measurement although
higher values of the rectified and input voltage are achieved in simulation due to the accept-
able losses in measurements produced for the measurement devices.
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The noticeable effect is the incrementation of the rectified voltage when the input power and
the resistor Ry, value are increased. The more resistance you have, the slower the capacitor
can discharge therefore a higher voltage is obtained.

If we look at each pair of graphs we can notice that when the parallel capacitance changes
and the input capacitance does not there is a slightly difference on the rectified voltage, being
somehow higher when the parallel capacitance is larger.

On the other hand if we vary the input capacitance Cj, but leave C}, constant and the resistor
Ry, is up to 50082, we evidence that the rectified voltage decreases when Cj, increases.

To end this section, the remarkable effects on the voltages produced because of the variation
of the components will be summarized.
Consequences on input and rectified voltage are similar:

e Increasing Ry, and the input power produces a higher input and rectified voltage.
e Increasing Cj, decreases the input and rectified voltage.

e Apparently there are no significant changes on the input and rectified voltage when C),
is modified, except that the rectified voltage became more stable when C), is increased.
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Chapter 3
Test PCD assembly

3.1 Description

Chapter three includes the Test PCD assembly measurements.

The test apparatus is defined in detail in ISO/IEC 10373-6 [5] and ECMA-356 [10].

The primary purpose of this test assembly is to measure the load modulation coefficients of
contactless cards, tags or devices dependent on the field strength. This test setup is also used
as a standard reader antenna for other tests and measurements on cards (PICC), like testing
the influence of the reader’s signal waveform and the card’s ability to detect them correctly.

Parts of test PCD assembly are explained and pictures show the setup used.

The PCD antenna is showed in figure 3.1. It is a one turn coil of 150 mm diameter. It contains
an impedance matching network.

Figure 3.1: PDC antenna

In figure 3.2 the sense coil and the calibration coil are presented. Two sense coils are needed,
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sense coil ’a’ and sense coil ’b’. The sense coils are connected in a way that the signal from
one coil is in opposite phase to the other. The goal of these coils it to measure the magnetic
field strength at a certain distance from the reader.

The calibration coil is fixed to one of the sense coils. On the other coil, the PICC card is set.
The calibration coil consists of a printed circuit board which has the height and width of an
ID-1 type defined in ISO/7810 containing a single turn coil concentric with the card outline
[11].

The calibration factor is given by the geometry of the coil and is 900mV (peak-to-peak) for a
magnetic field strength of a 1.0 A/m (rms) at the operating frequency of 13.56 MHz.

The magnetic field strength can be calculated from the measured voltage on the calibration
coil by the following formula:

HRMS =3.11 % VRMS (3.1)

Figure 3.2: Sense coil and calibration coil

The PICC card is shown in figure 3.3. The parts and components of the reference PICC where
described in 1.2. It is a class 1 card also provided by NXP.
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Figure 3.3: Class 1 PICC

There is also a balancing circuit consisting of a 102 potentiometer and two 240€2 resistors used
to adjust the balance point when the sense coils are not loaded by a PICC.

Figure 3.4: Compensation circuit

Figure 3.5 gives an overview of the test PCD assembly.

The antenna is placed in the middle and the distance from the coils to the antenna is the same
and equal to 37.5 mm. The calibration coil is fixed to the downer sense coil and the DUT will
be place into the upper sense coil. The balancing circuit is on the right side of the figure.
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Figure 3.5: Test PCD Assembly

3.2 Reference PICC test using a reader emulator

Before any test of PCD was performed the resonance frequency of the card should be known
and the balancing circuit of PCD test assembly should be tested.

With the calibration coil in place but without the DUT card in position the signal on the
probe connected to the balancing circuit should be below 20mV (peak to peak) when the input
power is increased until the probe on the calibration coil measures 2V (peak to peak). The
1092 potenciometer P1 can be adjust for a minimum output voltage [11].

There are different methods of measuring the resonance frequency of the chip card [12][13][14].
In this work, a Vector network analyzer (VNA) was used and the S11 parameter was measured
[15].

Firstly the calibration kit was used to calibrate one-port of VNA. The resonance frequency of
a class 1 PICC and an ePasslet Suite was measured using the setup in 3.6 .
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Figure 3.6: Resonance frequency measurement setup

Later on, the VNA was calibrated using the calibration coil in figure 3.6 as short instead of
the short on the calibration kit.

The dimensions of the coil are r = 13mm, w = 0.5mm, g = 0.7mm and N = 6. With the same
setup the resonance frequency was measured again.

Results of the resonance frequency measurement using the normal calibration or the custom
calibration are shown in figures 3.7 and 3.8 for the class 1 PICC and the ePasslet Suite. The
normal calibration is plotted on the left side and the custom calibration on the right side.
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Figure 3.7: Resonance frequency ePasslet Suite

33



Trel dBMag 02dB/ Ref-06dB  Cal

Tred dBMag 0.2dB/ Ref-06dB  Cal 1 BN =M1 18.220000 MHz -1p750 dB
Sk =1 16.520000 MHz -1P924 dB =0
Fo
e v —
Lo [T
| T /’ Lo \
F-0
/ I
T \[ ]
Lo /
/
: /
\Nlj [ V}'
Ly v
F-1
F-1
L Loy
Ch1 Base Freq Start 1 hHz Base Pwr 5dBm Stop 20MHz  Ch1 Base Freq Start 1 hHz Base Pwr 5dBm Stop 30 MHz

6/13/2014,5:25 PM

Figure 3.8: Resonance frequency class 1 PICC
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In the figures where the normal calibration was used it is noticeable a mismatch in the right
side of the graph but when using the custom calibration this mismatch disappears.

When the resonance frequency of the class 1 PICC was measured and checked that it was
around 16.5MHz the following test procedure was done.

1: The PICC was placed into the DUT position on the Test PCD assembly.

e 2: A sine wave with a magnetic field strength of 1.5A/m, 3A/m, 4.5A/m and 7.5A/m

was applied.

strength.

of 3V or 6V measured at CON3.
The different values of R2 were noted.
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3: The voltage on the calibration coil was measured to verify the operating magnetic field

4: The jumper J1 was switch to position 'b’ and R2 was adjusted to obtain a DC voltage



Figure 3.9: Test setup

Figure 3.10: Test setup

Using 3.1 the voltage that should be measured on the calibration coil for different values of the
magnetic field strength is calculated and shown in 3.1.
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Hryms | 1.5A/m | 3A/m | 45A/m | 7.5A/m
Verms | 04812V | 0.9642 V | 1.4464 V | 2.4106 V

Table 3.1: Vijsg for different magnetic field strength

The values of the variable resistor R2 measured for the different magnetic field strength are
shown in the following graph.

As an example, figure 3.12 shows a screenshot from the scope where the blue signal is the signal
measured in the balancing circuit, the green signal is the signal measured on the calibration
coil (in this case, corresponding to a magnetic field strength of 7.5A/m) and the yellow signal
in the DC voltage measured in CON3, in this case around 3V.
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18-
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Figure 3.11: R2 values for different magnetic field strength
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Figure 3.12: Screenshot

If the magnetic field strength is increased a smaller value of R2 is needed to obtain the same
DC voltage measured in CON3.

Later on, the jumper J1 was switched to position ’c’ and an external source of voltage was
connected in CON2 as shown in 3.13. Now the load of the PICC is modified using CON2 and
the DC voltage is measured at CON3.

The voltage in CON2 is modified until the desired voltage of 3V or 6V is reached in CONS3.
The different values of the adding voltage and noted.
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Figure 3.13: Test setup

The next figure shows the measurements done.
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Figure 3.14: CON2 values for different magnetic field strength




When the magnetic field strength is increased the voltage at CON2 should also be increased
in order to get the same voltage (3V or 6V) at CON3.
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Chapter 4
Conclusion and Outlook

This thesis covers the analysis of non linear behavior of class 1 PICCs according to standard
ISO 14443. It has been shown how the variation of some components affects the input voltage,
input current and DC voltage of the card.

In the reference circuit used for measurements DC-output voltages of the rectifier do not have a
reference to ground. They are pulsating in common mode with 13.56 MHz. In order to improve
the measurements, active differential probes could be used in further times to measure the DC
voltage and the input current of the DUT. With these probes results should have best noise
performance and the least parasitic capacitance. It was also noticeable from the Fast Fourier
Transform (FFT) analysis that the harmonics grow when the input power is increased.

It was mention in the beginning that the load modulation wouldn’t be included in this work.
After having analyzed the power supply of the PICC the next logical step would be to introduce
in simulation as well as in measurements the components corresponding to the load modulation
and analyze how the card communicates with the reader.

On the other side, a test using the PCD assembly was performed in 3.2. To make sure what
could we expect from this emulator and also continue the track of this work comparing simu-
lation and measurement, it would be a good idea to simulated the PCD assembly in ADS and
compare it with the measurement results. For this purpose, the coupling factor between the
PICC coil and the PCD coil should be known and the losses due to the measurement devices,
such as amplifiers and attenuators, should be considered.

As the load modulation was not included only PICC tests defined in ISO 10373-6 have been
accomplished although the effects of load modulation should be also included in future works.
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