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1 PTX10xR family output drivers
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wave, therefore, eliminating the need for external X
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Compared to a conventional architecture PTX10xR enables a direct antenna connection and the removal of the EMI
filter for better power efficiency, an optimized BoM, and antenna design flexibility.

In the Figure below the benefit of having a sine wave output (without EMC filter) compared to a conventional square
wave (with EMC filter) is depicted. Notice the non-monotonic falling edge in the picture on the right (with EMC filter)
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2 Antenna matching network

A well-designed and well-tuned antenna ensures optimum operating distance and optimum power transfer from
the PTX10xR antenna driver output pins. For a 13.56MHz reader device, a matching network adjusts the antenna
impedance to a desired value for the PTX10xR driver output. This is needed for optimum power transfer and to
meet specific requirements.

~ Antenna matching

The matching network that needs to be designed is composed of an external series capacitor, parallel capacitors,
and a parallel resistor for system Q factor adjustment.

A simulation tool, e.g. LTSpice or QUCS can be used to determine the matching components. Note that this is an
example. Any simulation tool can be used to simulate the matching with the antenna.

The matching component estimation starts with data coming from the antenna measurements in its final housing/
position.

With the values of L_ANT and RP_ANT, Cs, Cp_diff, and Rp_se can be determined.

As a rule of thumb: Cs = 10 x Cp. The higher the value of Cs, the higher the voltage of the antenna will be. A voltage
higher than 100V should not be exceeded. The differential voltage of the PTX transceiver pins (TRx_p, TRx_n) should
not be higher than 50V.
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3 Antenna modeling

A well-designed antenna is a base for good performance, factors like antenna area, number of tracks, track gap, and
width determine the electrical parameters of the antenna: inductance, series and parallel resistance, self-resonance
frequency, and Q factor.

. Antenna
-}
c;cé_.émf[]R':R'P_ﬁMT L=L_ANT .
-}

The antenna of the HF reader is a magnetic loop antenna. The
loop antenna is a distributed component with inductance (L) as
the main element, (C) as capacitance, and resistance (R) as
parasitic network elements. For simulation, it must be
represented by an equivalent circuit network of lumped
elements.

The antenna parameters to be considered in the electrical RF
characterization are:

« Area of the antenna
« Number of tracks
«+ Tracks length

« Tracks width
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« Gap between tracks
+ Material properties

Based on these parameters it is possible to characterize the antenna and extrapolate the electrical characteristics
with calculations or simulations. This approach could be a valid one in the case the antenna is in free air and is not
influenced by the environment. A more practical way is to follow an empirical approach by using a Vector Network
Analyzer to measure the antenna RF characteristics and use a circuit simulator to calculate the required matching
network components.
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4 Antenna parameters measurement

In order to measure the antenna parameters a network or impedance analyzer shall be used and set up according
to the procedure detailed below:

In order to retrieve the loop antenna impedance a marker needs to be set at
13.56MHz and the real (Rs) and imaginary parts (Xs) converted to resistance o
Rp and inductance Lp.

Ra

R4=Rs Ly=XS/2mtf Ca

The parasitic capacitance Cp is relatively low and can be omitted in the L
matching network calculation, for completeness the formula to calculate it A

IS:

Set the measurement mode of the network analyzer to S11 reflection measurement.

Use the Smith chart format (R +jX) to display the impedance curve.

Set the start frequency at 1 MHz and the stop frequency at 1500 MHz.

Connect a short SMA cable to the RF port of the network analyzer and start the calibration using OPEN,
SHORT, and 50 Q LOAD resistance as load.

Connect the SMA cable to the antenna to be measured with one pin soldered to the HOT of an SMA
connector and a second pin soldered to one of its ground connections.

Smith chart. Loop antenna measurement with VNA

vna/J 3.3.2 @ DL2SBA 2019

Start 1,000,000HZ
Ref=50.0+0 .01 Stop 150,760,909H=z
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1 1
Jo= 2m,[L,Cy = (= 4m2Lsfp
In most of the Network analyzers, the impedance value is internally processed and the values are already available.
Low Marker High
Frequency (Hz) | = 13,578,967
Loss (dB) | -0.47||
Limit (dB) 6|
Bandwidth (Hz) | 0 o 0.0
G 141.60 pF [L: 970.17 nH ]
[ Rs: 5.00Q } Xs: 82.620)
Rp: _ 1.37kQ Xp: | 82.930Q
Mode | —
Use: ® RL On | Help |

Based on this measurement it is possible to extrapolate the electrical parameters of the antenna which can be
synthesized like in the schematic in the next figure.

The antenna inductance for PTX100R is in the range between 300nH to 1500nH, a value in the range of 500nH to
700nH is recommended to have a good compromise for performance and tuning flexibility. It is recommended to
use 2 or 3 turns depending on the area available, the track width larger than 0.5mm to reduce the parasitic
resistance, and a gap between tracks as close as possible in order to avoid unwanted stray flux.
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5 Quality factor

For one frequency the serial equivalent circuit can be calculated to an equivalent parallel circuit for the inductor
using the Q4 equation:

[ S — O

Ra @ LA _ RPARALLEL

Ca Q,= = c |IrR. JL
RSERH.L (U LA A A =

o

[ S—

This way, an external resistor in parallel to the antenna allows for adjustment of the intended Qj.

The Q-factor is important in terms of power transfer, timing, and data rates. EMV systems are limited to 106 kbit/s. A
too high Q-factor can lead to timing errors and overshoot errors when running EMVCo tests.

A lower system Q-factor could help to simplify the EMVCo waveshape testing and receiver LMA testing due to less
detuning on the PICC's antenna. Keep in mind that a too low Q-factor can lead to failures in the EMVCo power
transfer tests.
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6 Define targetimpedance

The target matching of the impedance is the most important criterion to determine the PTX1xxR output power.
When designing the matching circuitry and defining the target matching impedance, with higher target matching
impedance less power will be transferred forward to the antenna, and therefore the power consumption of the
whole reader unit will be reduced.

For example, an antenna underneath a display will be affected in RF performance due to the losses generated by
the materials which compose the display itself. A larger antenna or more power is than required to fulfill the voltage
over volume requirements of the EMVCo standard.

In general, the graph below shows the relation between antenna size and matching impedance.

Antenna size vs Matching impedance

Target matching impedance

\ 4

Antenna size

A good starting point for the target matching impedance is 6.5Q with 5V supply voltage and the Q-factor in a range
between 12 to 15.

Matching network simulation example
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Matched antenna on smith chart
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frequency: 1.356e+07
5[1,1]: -0.7698+0.003574
Z[1,1]: 6.503+j0.1141

S[1,1]

frequency

The simulated value can now be used to populate the matching network and a first sanity check can be executed

with the Q-measurement in the GUI.
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The material herein may not be reproduced, adapted, merged, translated,
stored, or used without the prior written consent of the copyright owner.
Devices sold by Panthronics AG are covered by the warranty and patent
indemnification provisions appearing in its General Terms of Trade.
Panthronics AG makes no warranty, express, statutory, implied, or by
description regarding the information set forth herein. Panthronics AG
reserves the right to change specifications and prices at any time and
without notice. Therefore, prior to designing this product into a system, it is
necessary to check with Panthronics AG for the most up to date information.
Applications requiring extended temperature range, unusual environmental
requirements, or high reliability applications, such as military, medical life-
support or life-sustaining equipment are not recommended. This product is
provided by Panthronics AG “AS IS” and any express or implied warranties,
including, but not limited to the implied warranties of merchantability and
fitness for a particular purpose are disclaimed. Panthronics AG shall not be
liable to recipient or any third party for any damages, including but not
limited to personal injury, property damage, loss of profits, loss of use,
interruption of business or indirect, special, incidental or consequential
damages, of any kind, in connection with or arising out of the furnishing,
performance or use of the technical data herein.

Legal Notice - Purchase of Panthronics ICs with MIFARE Classic® compatibility:

PTX100R IC offers modes to be compatible with MIFARE Classic® RFID tags, allowing to build MIFARE Classic®
compatible reader systems. MIFARE® and MIFARE Classic® are trademarks of NXP B.V., High Tech Campus 60
NL-5656 AG EINDHOVEN, NL. Purchase of Panthronics' MIFARE Classic® compatible products does not provide a
license of any NXP rights, in particular does not provide the right to use MIFARE® or MIFARE Classic® as a trademark
to brand such systems.

Copyright Panthronics AG, Sternackerweg 16, 8041, Graz
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Phone: +43 316 269 259
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