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Abstra
t

In this thesis I investigate the behavior of Proximity integrated 
ir
uit 
ard (PICC) operating in

the High Frequen
y (HF) band at 13.56MHz using Advan
ed Design System (ADS) simulator

and also real measurements. Those PICC are passive tags powered by the reader antenna via

indu
tive 
oupling and 
onsist of a 
oil antenna and 
ertain linear and non-linear 
omponents

su
h as resistors, diodes or 
apa
itors. One of the goals of this work was to understand how

some of the elements a�e
t the operation of the PICC in both simulation and measurement.

This work was organized in four 
hapters. In the �rst 
hapter I give a brief overview of the

operation of the PICC a

ording to the ISO/IEC 14443 standard and introdu
e the referen
e

PICC 
ir
uit.

In the se
ond 
hapter, referen
e PICC is analyzed both in ADS simulation and in measurement.

For the measurements, a referen
e PICC is built on 2.2.1.

In the third 
hapter referen
e PICC is tested in a reader emulator 
alled Test PCD assembly.

In the fourth and �nal 
hapter I give 
on
lusions and outlook for a future work.
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Chapter 1

Introdu
tion

Radio frequen
y identi�
ation (RFID) has been used in several pra
ti
al appli
ations, su
h as

improving supply 
hain management, tra
king household pets, a

essing o�
e buildings, and

speeding up toll 
olle
tion on roadways.

Compared to its prede
essor, the proximity 
ard, a 
onta
tless 
ard provides mu
h greater

se
urity and 
ontains 100 times the data storage of a traditional proximity 
ard.

Conta
tless 
hip 
ards are used in variety of appli
ations, e.g. for identi�
ation, in biometri


passports, 
redit and bank 
ards et
. and they are developed to be read without a reader

devi
e using RFID.

In this �rst 
hapter the standards used and the referen
e PICC 
ir
uit are introdu
ed. Further-

more, the operation prin
iple of 
onta
tless 
ards is explained as well as the 
ommuni
ation

interfa
e between 
ard and reader.

The main part of the 
hapter in
ludes the des
ription of the referen
e PICC 
ir
uit de�ned in

ISO 10373-6 whi
h has been used as the base model for simulations and measurements.

1.1 Operating prin
iple of 
onta
tless 
hip 
ards and

requierements of ISO 14443

The 
omponents of an RFID �eld are a transponder or tag and a reader. The intera
tion

between a transponder 
hip and a transponder antenna depends on several parameters su
h as

the design of both 
oils or the operation frequen
y and it has been investigated in [1℄.

In this work we will fo
us on the non linear e�e
ts produ
e on the transponder 
hip produ
ed

when some parameters of its 
omponents are modi�ed.

The operating prin
iple of 
onta
tless 
hip 
ards 1.1 is based on magneti
 
oupling. It means

that the transponder and the reader antenna are 
oupled by the magneti
 �ux through both


oils. An AC voltage is indu
ed in the 
ard loop antenna and the PICC 
onverts this AC

voltage into DC in order to power the Integrated 
ir
uit (IC).

A tag typi
ally 
onsists of an ele
troni
 mi
ro
hip and 
hip antenna designed to allow 
ommu-

ni
ations with a reader [2℄.

RFID tags fall into two 
ategories, a
tive tags, whi
h may be totally or partially powered via

its own battery supply, and passive tags, whi
h obtain power from the signal of an external

reader.

Be
ause of their lower pri
e and smaller size, passive tags are more 
ommonly used than a
tive

tags for retail purposes. A passive tag 
onsists of a mi
ro
hip surrounded by a printed antenna

and some form of en
apsulation [3℄.

As we are working with passive tags, all the energy used in the tag is drawn from the primary
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oil of the antenna therefore the power supply for the 
ard is one of the main 
on
erns in this

work.

Figure 1.1: Operating prin
iple 
onta
tless 
hip 
ards

ISO 14443 is an international standard for proximity or 
onta
tless smart 
ard 
ommuni
a-

tion whi
h des
ribes how 
onta
tless 
ards and terminals should work to ensure industry-wide


ompatibility. For example it plays a key role in identity, se
urity, payment, mass-transit and

a

ess 
ontrol appli
ations.

ISO 14443 is a four-part international standard for Conta
tless Smart Cards operating at

13.56MHz in 
lose proximity with a reader antenna. PICC are intended to operate within

approximately 10
m of the reader antenna [4℄.

� Part 1: de�nes size and physi
al 
hara
teristi
s of the 
ard.

The PICC antenna shall not ex
eed 86mm x 54mm x 3mm.

The PICC should operate as intended after 
ontinuous exposure to a magneti
 �eld of

an average level of 10 A/m rms at 13,56 MHz. The averaging time is 30 se
onds and the

maximum level of the magneti
 �eld is limited to 12 A/m rms.

� Part 2: de�nes the Radio Frequen
y (RF) power and signal interfa
e. Type A and Type

B 
ards are also de�ned in this part.

The PICC shall operate as intended 
ontinuously between Hmin = 1.5A/m and Hmax =
7.5A/m.

Two 
ommuni
ation signal interfa
es, Type A and Type B are des
ribed in the standard.

The Proximity 
oupling devi
e (PCD) shall alternate between modulation methods when

idling before dete
ting the presen
e of a PICC of Type A or Type B.

The PICC shall be 
apable of 
ommuni
ation to the PCD via an indu
tive 
oupling area

where the 
arrier frequen
y is loaded to generate a sub
arrier with frequen
y fs. The

sub
arrier shall be generated by swit
hing a load in the PICC.

The frequen
y fs of the sub
arrier shall be fc/16 ( 848 kHz). Consequently, during

initialization and anti
ollision, one bit duration is equivalent to 8 periods of the sub
arrier.

After initialization and anti
ollision, the number of sub
arrier periods is determined by

the bit rate.

The PICC shall generate a sub
arrier only when data is to be transmited.
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� Part3: de�nes the initialization and anti
ollision proto
ols for Type A and Type B.

In order to dete
t PICCs whi
h are in the operating �eld, a PCD shall send repeated

Request 
ommands. When a PICC is exposed to an unmodulated operating �eld (see

ISO/IEC 14443-2) it shall be able to a

ept a request within 5 ms.

� Part4: de�nes the high-level data transmission proto
ols for Type A and Type B. The

proto
ols des
ribed in this part are optional elements of the standard.

Two 
ommuni
ation signal interfa
es Type A and Type B have been mentioned before. In

table 1.1 the di�eren
es between them are summarized.

Table 1.1: Type A and B 
ommuni
ation interfa
es

Type A Type B

Downlink Modulation (PCD

to PICC)

100% ASK modi�ed Miller


ode

10% ASK NRZ 
ode

Signal/noise ratio Very high (30% noise tol.) Low (3% noise toleran
e)

Uplink Modulation (PICC to

PCD)

Load modulation, ASK

Man
hester 
ode

Load modulation, BPSK NRZ


ode

Anti Collision Binary Sear
h method Time slot method

Speed no di�eren
e between Type A and Type B

Se
urity no di�eren
e between Type A and Type B

Power (energy e�.) no di�eren
e between Type A and Type B

As an example, the 
ommuni
ation diagram between the reader and a Type B 
ard is shown

in 1.2 To initiate the 
ommuni
ation the reader sends a Request 
ommand (REQ) 
ommand

to the PICC.

For Type B signal interfa
e, the PCD is 
ontinuously transmitting the unmodulated 13.56MHz

RF 
arrier frequen
y when not transmitting data to the PICC.

The PCD modulates the amplitude of the alternating magneti
 �eld strength with modulation

pulses in order to transmit data from the PCD to the PICC.

The PICC loads the alternating magneti
 �eld with a modulated sub
arrier signal (load mod-

ulation) in order to transmit data from the PICC to the PCD.

When PCD dea
tivates the RF �eld, PICC should be dea
tivated after no longer than 5ms.
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Figure 1.2: Communi
ation interfa
e diagram

1.2 Referen
e PICC 
ir
uit

Together with standard ISO 14443, Part 6 of the standard ISO 10373 [5℄ has been also 
onsid-

ered. It de�nes test methods for identi�
ation 
ards and spe
i�es the referen
e PICC 
ompo-

nents and 
onstru
tion.

In �gure 1.3 the refere
e PICC 
ir
uit is shown and its parts are labeled and des
ribed below.

Figure 1.3: Referen
e PICC diagram

� Blo
k A 
onsists of two 
apa
itors used for frequen
y tuning.

� Blo
k B is made up of four S
hottky diodes that 
onstitute the re
ti�er where AC

4



voltage is sweep to DC in order to power the 
ard.

� Blo
k C 
onsists of a Zener diode used for power regulation.

� Blo
k D is a 
urrent mirror used for load modulation.

� Blo
k E is for load 
alibration. Changing jumper J1 into a, b, 
 and d position the load

value is modi�ed.

� At CON1 load modulation signal is applied.

� With the voltage at CON2 the load 
an be adjusted until the required DC voltage is

shown at CON3.

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

� CON4 is used for pi
king up the PCD waveform parameters using a high impedan
e

os
illos
ope probe.

In this work the e�e
ts of load modulation are not analyzed therefore the 
ir
uit used for

simulation and measurements is a simpli�ed version of this one and will be shown in further

se
tions.

In 1.2 the 
omponent values are shown.

Table 1.2: Referen
e PICC 
omponents list

Component Value Component Value

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

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

R1 1.8kΩ C3 27pF

R2 0kΩ - 2kΩ (a) C4 1nF

R3 220Ω D1, D2, D3, D4 BAR43S or equivalent (
)

R4 51kΩ Dz BZX84, 15V or equivalent (
)

R5 51Ω Q1a, Q1b BCV61A or equivalent

R6 500kΩ Q2 BSS83 or equivalent

R7 110Ω D1, D2, D3, D4 ACM3225-102-2P or equivalent

R8 51Ω CON1, CON2, CON3, CON4 RF 
onne
tor

R9 1.5kΩ

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

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


: Care should be taken on parameters Cj, Cp, Ls and Rs of equivalent diodes.
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Chapter 2

Simulation and measurements

In this se
tion the 
ir
uit used for simulations will be introdu
ed. It is simpli�ed from the

Referen
e PICC sin
e it ex
ludes the load modulation part. In addition, ADS simulations

results are presented in time and frequen
y domain. In order to analyze how the 
omponents

a�e
t the 
ir
uit behavior, 
omponents with di�erent values of basi
 parameters are used in

the simulations. The behavior of the 
ir
uit 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 
omparison with measurements easier.

The method followed to build the 
ir
uit in a PCB is also reported. Afterward, the setup used

is des
ribed and measurements results are showed.

To 
on
lude 
hapter two a 
omparison between simulation and measurement results is done

and di�eren
es are 
ommented.

2.1 Chip 
ard simulation

In this se
tion one of the main goals of this work is 
overed: analyzing how some of the


omponents a�e
t the 
ir
uit response, espe
ially the DC power measured in the load.

In �gure 2.1 the simulated 
ir
uit is shown.

Figure 2.1: Simulated 
ir
uit

The variable 
omponents are C
in

, C
tp

and R
L

and their ranges a

ording to the list on standard

10373-6 are:

6



RL = 50Ω, 500Ω, 1kΩ, 1.5kΩ, 2kΩ (2.1)

Cin = 10pF, 27pF, 47pF (2.2)

Ctp = 470pF, 1nF (2.3)

The values were 
hosen 
onsidering real values of 
omponents sin
e later on this 
ir
uit was

built and measurements were 
ompared with simulation results. Spe
ial 
are have been taken

when 
hoosing the diode models sin
e ADS allows you to set a wide range of parameters that


annot 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

di�erent values of C
in

, C
p

and R
L

are 
hosen. The input voltage and input 
urrent of the 
hip


ard are plotted in frequen
y and time domain. The re
ti�ed voltage and the Lissajous 
urves

are also plotted.
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At �rst sight, we noti
e that the re
ti�ed voltage in
reases when R
L

and the input power in-


reased. When the resistor R
L

is too low as in 2.2 it is not possible to get a stable DC voltage.

From the Lissajous 
urves we observe that for low input power the shape is a ellipse but when

we in
rease the input power the ellipses start to 
hange their shape be
ause of nonlinear e�e
ts

in the re
ti�er [6℄ [7℄.

At this point we will start analyzing how the di�erent 
omponents mentioned before R
L

, C
in

,
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C
p

in�uen
e the input voltage or the DC voltage

1

of the 
ir
uit.

In the following graphs an input power of 20dBm is applied. The value of R
L

is swept and

the values of the 
apa
itors are modi�ed in ea
h graph to show how it a�e
ts the input voltage,

input 
urrent and Lissajous 
urves plotted.
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Figure 2.7: Lissajous 
urves

From the graphs we noti
e that there is almost no 
hange on the input voltage when 
apa
-

itan
es C
p

and C
in

are 
hanged but when in
reasing R
L

the input voltage of the 
hip also

in
reases.

In the graphs below the value of R
L

and C
p

are �xed and again an input power of 20dBm

is applied. We will evaluate the e�e
ts of C
in

on the input voltage and 
urrent.
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Figure 2.8: DUT input voltage
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Figure 2.9: DUT Current
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Figure 2.10: Lissajous 
urves

When the input 
apa
itan
e C
in

is smaller the input voltage slightly in
reases and the Lissajous


urves be
ome narrower on the y axis.

Now we will analyze the e�e
t of the third element C
p

on the input voltage and 
urrent. R
L

and C
in

are �xed and an input power of 20dBm is applied.

13



1000 1050 1100 1150 1200
−3

−2

−1

0

1

2

3

P
IC

C
 in

pu
t v

ol
ta

ge
 (

V
)

ns

Input voltage R = 50Ω , Cin = 47pF

 

 
C1 = 1nF
C2 = 470pF

1000 1050 1100 1150 1200
−6

−4

−2

0

2

4

6

P
IC

C
 in

pu
t v

ol
ta

ge
 (

V
)

ns

Input voltage R = 1.5kΩ , Cin = 10pF

 

 
C1 = 1nF
C2 = 470pF

Figure 2.11: DUT input voltage
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Figure 2.12: DUT Current
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Figure 2.13: Lissajous 
urves

The input 
urrent as well as the input voltage are slightly modi�ed by C
p

when the value of

the resistor in
rease.
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The re
ti�ed voltage of the PICC is also plotted using an input power of 20dBm.
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Figure 2.14: Re
ti�ed voltage

From the graphs we observe mutual dependen
e between Cp and RL. If the 
apa
itan
e is to

high and resistan
e is to low, there is large variation in the re
ti�ed voltage. This is undesirable

sin
e for the 
hip's internal 
ir
uit we need DC voltage.

To 
on
lude the simulation results se
tion and with the aim of showing 
learly how C
in

and

C
p

a�e
t the re
ti�ed voltage, two more graphs are plotted. In the �rst one C
in

and the input

power are swept while R
L

and C
p

are �xed and in the se
ond one C
p

and the input power are

swept while R
L

and C
in

are modi�ed.
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Figure 2.15: Re
ti�ed voltage modifying C
in

(right) and C
p

(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 
orrespond 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 appre
iable di�eren
e when C
p

is

modi�ed. The 
hange starts to be visible when the input power in
reases, for example 20dBm.

At that point when the 
apa
itan
e has a higher value the DC voltage is more stable.

Moreover on the right graph it is shown that the DC voltage obtained de
reases when in
reasing

the value of C
in

. This e�e
t is also more evident when the input power in
reases.
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2.2 Chip 
ard measurements

In this se
tion the pro
edure followed to design and build the simulated 
ir
uit is des
ribed.

Afterward, the setup used is introdu
ed and the measurement results are shown as it was done

for simulation.

2.2.1 PICC design and 
onstru
tion

The simulated PICC 
ir
uit was built in a Printed 
ir
uit board (PCB) board. First of all, the


ir
uit was designed using Eagle PCB design software. Surfa
e Mounted Devi
es (SMD) and

normal size 
omponents were used. In the layout two layers of 
opper were used, one ea
h side

of the board. Figure 2.16 shows the layout.

Figure 2.16: Cir
uit layout

On
e the design was ready, it was printed using a laser printer on a photo positive �lm paper

to get the mask. Figure 2.17 shows the top and bottom layer of the mask.

Figure 2.17: Mask front and ba
k
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A photographi
 method was used to engrave the pattern in the board. Using this pro
ess the

entire surfa
e of the substrate was �rst plated, and later on the areas that are not part of the

desired pattern were subtra
ted.

After the mask was made, it was pla
ed onto the photo-sensitive PCB board and was exposed

to the UV for 30 se
. The next step was the developing pro
ess. Here the sensitized photoresist

was taken away using a developer in order to unprote
t the 
ooper to remove. Then the et
hing

pro
ess was performed to remove the 
ooper left.

At that time the board was 
leaned with al
ohol and running water.

To end the building pro
ess of the PCB a manual driller was used to make the holes for the


omponents and 
onne
tions of the PCB. In the �nal step all the 
omponents where soldered.

Figure 2.18 shows the PICC 
ir
uit built.

Figure 2.18: PICC built

The parts of the 
ir
uit have been labeled in the pi
ture and they will be des
ribed in the next

paragraphs. Numbers label the 
omponents and letters the pins used for measurements.

� 1: A SMA 
onne
tor was used to 
onne
t the signal generator to the PCB. The power

values used were -2dBm, 5dBm, 10dBm, 15dBm and 20dBm..

� 2: This resistor is a 50Ω resistor in
luded in the setup for measuring the input 
urrent

sin
e there were not 
urrent probes available for that s
ope.

� 3: Four S
hottky diodes stru
ture the re
ti�er. The diodes used are HSMS-2812 equiv-

alent to the BAR43S de�ned in the standard.

� 4: The Zener diode used is a BZX84C15LT1G; limit voltage of 15V. The main fun
tion

of the diode is to limit the power supply.

17



� 5 and 6: There are two 0Ω resistors in series with R
L

and the 50Ω resistor able to be

desoldered if needed.

� 7: A 50Ω resistor was also in
luded right after R
L

to ensure that the load resistor is

never 0.

� 8 and 9: Two jumpers are used to 
hange the value of the input and parallel 
apa
itan
e.

For the load resistor R
L

a potentiometer (0− 2kΩ) is used.

� A and B: Those pins are used to measure the input 
urrent of the 
hip using two


hannels of the s
ope. The input voltage of the PICC is dire
tly measured in pin B, just

right after the resistor.

� C and D: For measuring the re
ti�ed voltage we use again two 
hannel of the s
ope and

subtra
t them using those pins.

� E: Ground of the 
ir
uit.

In order to 
ompare the simulations with the measurements the input voltage, input 
urrent and

re
ti�ed voltage of the Devi
e under test (DUT) shall be measured. The signal generator used

was RohdeS
hwarz SMF100A [8℄ [9℄ and the os
illos
ope was a digital storage os
illos
ope DSO-

X 3024A from Agilent Te
hnologies. The same devi
es where used for all the measurements.

2.2.2 Setup and results

Figure 2.19 shows the setup used. A �lter was pla
ed between the DUT and the signal gener-

ator in order to 
an
el out the harmoni
s of the generator. This �lter is des
ribed 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 2.20: R
L

= 50Ω, C
in

= 27pF, C
p

= 470pF
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Figure 2.21: R
L

= 1kΩ, C
in

= 27pF, C
p

= 470pF
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Figure 2.22: R
L

= 2kΩ, C
in

= 27pF, C
p

= 470pF

A 
lear di�eren
e from the simulation graphs is noti
eable: the graphs of the re
ti�ed voltage

and the input 
urrent look a noisier now.

As it was said before, there were not di�erential probes available for the os
illos
ope used and

those measures 
ame from subtra
ting two 
hannels on the s
ope whi
h results in an in
rement

of the noise.

The variation of the re
ti�ed voltage when C
p

and C
in


hange is shown in the up
oming graphs.

A sweep in R
L

and a �xed input power of 20dBm is applied.
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Figure 2.23: Re
ti�ed voltage

Similar e�e
ts to simulation are observed. There is a dependen
e between Cp and RL and the

DC voltage be
ame more stable when in
reasing RL.

To end this se
tion the re
ti�ed voltage will be also plotted �xing the resistan
e R
L

and one

of the 
apa
itors (C
p

or C
in

) and making a sweep on the input power.
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Figure 2.24: Re
ti�ed voltage modifying C
in

(right) and C
p

(left)

From top to bottom the input power is de
reased, so the upper group of three lines 
orrespond

to the higher input power (20dBm).

Although here the e�e
ts 
annot be 
learly noti
ed in se
tion 2.3 this problem will be solved.

2.3 Analyzing simulation and measurements results

In previous se
tions of this 
hapter simulation and measurement results are presented indepen-

dently. Now I have tried to �nd a 
ommon tenden
y for the 
ir
uit behavior.

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

formed. The graphs are presented as the input/re
ti�ed voltage versus input power and the

results produ
ed are 
ommented.
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Firstly, the e�e
ts on the input voltage will be analyzed and afterward the same will be done

with the re
ti�ed voltage.

At that point simulation and measurement results for the input voltage are 
ompared in the

same graph. The values of the two invariable 
omponents are written as the title of the graphs.

In the �rst pair of graphs R
in

is swept, in the se
ond C
in

is swept and in the third on C
p

is

swept.

The power sweep is shown in the x-axis.

Simulation results are presented in dashed line and measurement results are shown in solid

line.
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Figure 2.25: Input voltage simulated and measured, R
L

sweep
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Figure 2.26: Input voltage simulated and measured, C
in

sweep
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Figure 2.27: Input voltage simulated and measured, C
p

sweep

A similar behavior between measured and simulated input voltage is illustrated on the graphs.

Modifying C
p

slightly a�e
ts the input voltage however in
reasing C
in

redu
es the input voltage.

A good measure to 
ompare the simulation with the measurement results when the signal

is 
losed to a sine wave is 
omparing the di�eren
e of the harmoni
s. As an example, for

NXP a di�eren
e of 10dB is understood as a good alignment between the simulation and the

measurement. Consequently an spe
tral analysis is performed for measured and simulated

input voltage and input 
urrent in 2.28, 2.29, 2.30 and 2.31.
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Figure 2.28: FFT input voltage, R
L

= 1.5kΩ, C
in

= 27pF , C
p

= 470pF
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Figure 2.29: FFT input voltage, R
L

= 500Ω, C
in

= 10pF , C
p

= 1nF
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Figure 2.30: FFT input 
urrent, R
L

= 1.5kΩ, C
in

= 27pF , C
p

= 470pF
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Figure 2.31: FFT input 
urrent, R
L

= 500Ω, C
in

= 10pF , C
p

= 1nF

Two di�erent set of values were 
hosen to perform the frequen
y analysis.

A 
ursor is pla
ed on the plotted graphs so the maximum value is labeled and 
an be 
ompared.

For both pairs of graphs the di�eren
e between the amplitude of the spe
trum is less than 10dB

so we 
an assume a good mat
hing within simulation and measurement.

From the graphs it 
an also be observed that when the input power is in
reased the harmoni
s

also in
reased.

At that point we will start analyzing the results for the re
ti�ed voltage.

As it was done previously, simulation and measurement results for re
ti�ed voltage are 
om-

pared in the same graph.

Simulation results are presented in dashed line and measurement results are shown in solid

line.

26



−5 0 5 10 15 20
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5
Cin = 10pF, Cp = 470pF

R
ec

tif
ie

d 
 v

ol
ta

ge
 (

V
)

Input power (dBm)

 

 
R1 = 1.5kΩ
R2 = 1.5kΩ
R3 = 1kΩ
R4 = 1kΩ
R5 = 2kΩ
R1 = 2kΩ
R2 = 50Ω
R3 = 50Ω
R4 = 500Ω
R5 = 500Ω

−5 0 5 10 15 20
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5
Cin = 27pF, Cp = 1nF

R
ec

tif
ie

d 
 v

ol
ta

ge
 (

V
)

Input power (dBm)

 

 
R1 = 1.5kΩ
R2 = 1.5kΩ
R3 = 1kΩ
R4 = 1kΩ
R5 = 2kΩ
R1 = 2kΩ
R2 = 50Ω
R3 = 50Ω
R4 = 500Ω
R5 = 500Ω

Figure 2.32: Re
ti�ed voltage simulated and measured, R
L

sweep
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Figure 2.33: Re
ti�ed voltage simulated and measured, C
in

sweep
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Figure 2.34: Re
ti�ed voltage simulated and measured, C
p

sweep

As the �gures show, the same behavior is present in simulation and measurement although

higher values of the re
ti�ed and input voltage are a
hieved in simulation due to the a

ept-

able losses in measurements produ
ed for the measurement devi
es.
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The noti
eable e�e
t is the in
rementation of the re
ti�ed voltage when the input power and

the resistor R
L

value are in
reased. The more resistan
e you have, the slower the 
apa
itor


an dis
harge therefore a higher voltage is obtained.

If we look at ea
h pair of graphs we 
an noti
e that when the parallel 
apa
itan
e 
hanges

and the input 
apa
itan
e does not there is a slightly di�eren
e on the re
ti�ed voltage, being

somehow higher when the parallel 
apa
itan
e is larger.

On the other hand if we vary the input 
apa
itan
e C
in

but leave C
p


onstant and the resistor

R
L

is up to 500Ω, we eviden
e that the re
ti�ed voltage de
reases when C
in

in
reases.

To end this se
tion, the remarkable e�e
ts on the voltages produ
ed be
ause of the variation

of the 
omponents will be summarized.

Consequen
es on input and re
ti�ed voltage are similar:

� In
reasing R
L

and the input power produ
es a higher input and re
ti�ed voltage.

� In
reasing C
in

de
reases the input and re
ti�ed voltage.

� Apparently there are no signi�
ant 
hanges on the input and re
ti�ed voltage when C
p

is modi�ed, ex
ept that the re
ti�ed voltage be
ame more stable when C
p

is in
reased.
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Chapter 3

Test PCD assembly

3.1 Des
ription

Chapter three in
ludes the Test PCD assembly measurements.

The test apparatus is de�ned 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 
oe�
ients of


onta
tless 
ards, tags or devi
es dependent on the �eld strength. This test setup is also used

as a standard reader antenna for other tests and measurements on 
ards (PICC), like testing

the in�uen
e of the reader's signal waveform and the 
ard's ability to dete
t them 
orre
tly.

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

The PCD antenna is showed in �gure 3.1. It is a one turn 
oil of 150 mm diameter. It 
ontains

an impedan
e mat
hing network.

Figure 3.1: PDC antenna

In �gure 3.2 the sense 
oil and the 
alibration 
oil are presented. Two sense 
oils are needed,
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sense 
oil 'a' and sense 
oil 'b'. The sense 
oils are 
onne
ted in a way that the signal from

one 
oil is in opposite phase to the other. The goal of these 
oils it to measure the magneti


�eld strength at a 
ertain distan
e from the reader.

The 
alibration 
oil is �xed to one of the sense 
oils. On the other 
oil, the PICC 
ard is set.

The 
alibration 
oil 
onsists of a printed 
ir
uit board whi
h has the height and width of an

ID-1 type de�ned in ISO/7810 
ontaining a single turn 
oil 
on
entri
 with the 
ard outline

[11℄.

The 
alibration fa
tor is given by the geometry of the 
oil and is 900mV (peak-to-peak) for a

magneti
 �eld strength of a 1.0 A/m (rms) at the operating frequen
y of 13.56 MHz.

The magneti
 �eld strength 
an be 
al
ulated from the measured voltage on the 
alibration


oil by the following formula:

HRMS = 3.11 ∗ VRMS (3.1)

Figure 3.2: Sense 
oil and 
alibration 
oil

The PICC 
ard is shown in �gure 3.3. The parts and 
omponents of the referen
e PICC where

des
ribed in 1.2. It is a 
lass 1 
ard also provided by NXP.
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Figure 3.3: Class 1 PICC

There is also a balan
ing 
ir
uit 
onsisting of a 10Ω potentiometer and two 240Ω resistors used

to adjust the balan
e point when the sense 
oils are not loaded by a PICC.

Figure 3.4: Compensation 
ir
uit

Figure 3.5 gives an overview of the test PCD assembly.

The antenna is pla
ed in the middle and the distan
e from the 
oils to the antenna is the same

and equal to 37.5 mm. The 
alibration 
oil is �xed to the downer sense 
oil and the DUT will

be pla
e into the upper sense 
oil. The balan
ing 
ir
uit is on the right side of the �gure.
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Figure 3.5: Test PCD Assembly

3.2 Referen
e PICC test using a reader emulator

Before any test of PCD was performed the resonan
e frequen
y of the 
ard should be known

and the balan
ing 
ir
uit of PCD test assembly should be tested.

With the 
alibration 
oil in pla
e but without the DUT 
ard in position the signal on the

probe 
onne
ted to the balan
ing 
ir
uit should be below 20mV (peak to peak) when the input

power is in
reased until the probe on the 
alibration 
oil measures 2V (peak to peak). The

10Ω poten
iometer P1 
an be adjust for a minimum output voltage [11℄.

There are di�erent methods of measuring the resonan
e frequen
y of the 
hip 
ard [12℄[13℄[14℄.

In this work, a Ve
tor network analyzer (VNA) was used and the S11 parameter was measured

[15℄.

Firstly the 
alibration kit was used to 
alibrate one-port of VNA. The resonan
e frequen
y of

a 
lass 1 PICC and an ePasslet Suite was measured using the setup in 3.6 .
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Figure 3.6: Resonan
e frequen
y measurement setup

Later on, the VNA was 
alibrated using the 
alibration 
oil in �gure 3.6 as short instead of

the short on the 
alibration kit.

The dimensions of the 
oil are r = 13mm, w = 0.5mm, g = 0.7mm and N = 6. With the same

setup the resonan
e frequen
y was measured again.

Results of the resonan
e frequen
y measurement using the normal 
alibration or the 
ustom


alibration are shown in �gures 3.7 and 3.8 for the 
lass 1 PICC and the ePasslet Suite. The

normal 
alibration is plotted on the left side and the 
ustom 
alibration on the right side.

Figure 3.7: Resonan
e frequen
y ePasslet Suite

33



Figure 3.8: Resonan
e frequen
y 
lass 1 PICC

In the �gures where the normal 
alibration was used it is noti
eable a mismat
h in the right

side of the graph but when using the 
ustom 
alibration this mismat
h disappears.

When the resonan
e frequen
y of the 
lass 1 PICC was measured and 
he
ked that it was

around 16.5MHz the following test pro
edure was done.

� 1: The PICC was pla
ed into the DUT position on the Test PCD assembly.

� 2: A sine wave with a magneti
 �eld strength of 1.5A/m, 3A/m, 4.5A/m and 7.5A/m

was applied.

� 3: The voltage on the 
alibration 
oil was measured to verify the operating magneti
 �eld

strength.

� 4: The jumper J1 was swit
h to position 'b' and R2 was adjusted to obtain a DC voltage

of 3V or 6V measured at CON3.

The di�erent values of R2 were noted.
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Figure 3.9: Test setup

Figure 3.10: Test setup

Using 3.1 the voltage that should be measured on the 
alibration 
oil for di�erent values of the

magneti
 �eld strength is 
al
ulated and shown in 3.1.
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HRMS 1.5A/m 3 A/m 4.5A/m 7.5A/m

VRMS 0.4812 V 0.9642 V 1.4464 V 2.4106 V

Table 3.1: VRMS for di�erent magneti
 �eld strength

The values of the variable resistor R2 measured for the di�erent magneti
 �eld strength are

shown in the following graph.

As an example, �gure 3.12 shows a s
reenshot from the s
ope where the blue signal is the signal

measured in the balan
ing 
ir
uit, the green signal is the signal measured on the 
alibration


oil (in this 
ase, 
orresponding to a magneti
 �eld strength of 7.5A/m) and the yellow signal

in the DC voltage measured in CON3, in this 
ase around 3V.

1 2 3 4 5 6 7 8
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

R
2 

(k
Ω

)

Hrms (A/m)

R2

 

 
3V CON3
6V CON3

Figure 3.11: R2 values for di�erent magneti
 �eld strength
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Figure 3.12: S
reenshot

If the magneti
 �eld strength is in
reased a smaller value of R2 is needed to obtain the same

DC voltage measured in CON3.

Later on, the jumper J1 was swit
hed to position '
' and an external sour
e of voltage was


onne
ted in CON2 as shown in 3.13. Now the load of the PICC is modi�ed using CON2 and

the DC voltage is measured at CON3.

The voltage in CON2 is modi�ed until the desired voltage of 3V or 6V is rea
hed in CON3.

The di�erent values of the adding voltage and noted.
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Figure 3.13: Test setup

The next �gure shows the measurements done.
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Figure 3.14: CON2 values for di�erent magneti
 �eld strength
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When the magneti
 �eld strength is in
reased the voltage at CON2 should also be in
reased

in order to get the same voltage (3V or 6V) at CON3.
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Chapter 4

Con
lusion and Outlook

This thesis 
overs the analysis of non linear behavior of 
lass 1 PICCs a

ording to standard

ISO 14443. It has been shown how the variation of some 
omponents a�e
ts the input voltage,

input 
urrent and DC voltage of the 
ard.

In the referen
e 
ir
uit used for measurements DC-output voltages of the re
ti�er do not have a

referen
e to ground. They are pulsating in 
ommon mode with 13.56MHz. In order to improve

the measurements, a
tive di�erential probes 
ould be used in further times to measure the DC

voltage and the input 
urrent of the DUT. With these probes results should have best noise

performan
e and the least parasiti
 
apa
itan
e. It was also noti
eable from the Fast Fourier

Transform (FFT) analysis that the harmoni
s grow when the input power is in
reased.

It was mention in the beginning that the load modulation wouldn't be in
luded in this work.

After having analyzed the power supply of the PICC the next logi
al step would be to introdu
e

in simulation as well as in measurements the 
omponents 
orresponding to the load modulation

and analyze how the 
ard 
ommuni
ates with the reader.

On the other side, a test using the PCD assembly was performed in 3.2. To make sure what


ould we expe
t from this emulator and also 
ontinue the tra
k of this work 
omparing simu-

lation and measurement, it would be a good idea to simulated the PCD assembly in ADS and


ompare it with the measurement results. For this purpose, the 
oupling fa
tor between the

PICC 
oil and the PCD 
oil should be known and the losses due to the measurement devi
es,

su
h as ampli�ers and attenuators, should be 
onsidered.

As the load modulation was not in
luded only PICC tests de�ned in ISO 10373-6 have been

a

omplished although the e�e
ts of load modulation should be also in
luded in future works.
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