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A Comprehensive Antenna Design Guide for MFRc52x, PN51x, and PN53x

Modern contactless payment systems, access control, and 10T devices rely on reliable and efficient near field
communication. At the heart of these systems are the NXP PN5xx series NFC controllers and the MFRc52x series
MIFARE readers. Designing a robust antenna for these chips is essential to achieve maximum read range, data
integrity, and regulatory compliance. This guide walks you through every step of the antenna design process—from
understanding the chip’s specifications to layout best practices, simulation, and real world testing.

1.Why Antenna Design Matters for MFRc52x, PN51x, and PN53x

Unlike wired interfaces, NFC operates in the 13.56 MHz band, using inductive coupling to transfer power and data.
The antenna is the sole element that mediates this transfer. A poorly designed antenna can lead to:

¢ Reduced read range and increased error rates.

* Inconsistent performance across devices due to layout variations.

 Failure to meet FCC, ETSI, or other regulatory limits on radiated emissions.

e Higher power consumption because the chip must compensate for weak coupling.

Conversely, a well engineered antenna can unlock the full potential of the MFRc52x, PN51x, and PN53x series,
enabling longer read distances, faster data throughput, and lower power usage.

2. Understanding the NFC Chip’s Antenna Requirements

2.1 Key Parameters of MFRc52x, PN51x, and PN53x

The NXP NFC controllers expose a set of parameters that directly influence antenna design:

e Impedance (Z0): Typically 50 /:’ “or the PN5xx series; the MFRc52x may have a slightly different nominal value
depending on the module.

* Resonant Frequency (f0): 13.56 /MHz + 1 /kHz tolerance.

¢ Quality Factor (Q): Determines bandwidth; higher Q yields narrower bandwidth but stronger coupling.

e Maximum Input Power (Pin): The chip’s internal RF front end can tolerate only a limited RF input before
saturation.

e Supply Voltage (VDD): 2.7 /V-5.5 /V; the antenna must be compatible with the chosen supply to avoid voltage
drops.

These values are found in the datasheets (e.g., MFRc522, PN532, PN533) and should be the starting point for any
design.

2.2 Antenna Types Commonly Used with NFC Controllers

There are several antenna topologies that work well with the PN5xx and MFRc52x families:

¢ Loop Antennas — Simple, compact, and low profile; ideal for embedded devices.

¢ Coil Antennas — Provide higher coupling; used in larger readers or access control gates.

Stripline & Microstrip Antennas — Offer precise impedance control; suited for high density PCB layouts.
Integrated Antennas — Built directly into the PCB via copper pours; minimize external components but require



careful shielding.

Choosing the right topology depends on form factor, read range requirement, and manufacturing constraints.

3. Setting Up the Design Environment

3.1 Selecting the Right Simulation Tools
Accurate simulation is essential to predict antenna performance before you build a prototype. Recommended tools
include:

e Keysight ADS — Offers full wave EM simulation and S parameter extraction.

¢ ANSYS HFSS — Provides 3 D full wave modeling for complex antenna structures.

e Altium Designer's 3 D EM Module — Integrates with PCB layout and offers quick parametric sweeps.
e Open source alternatives like FreeCAD + 3D EM plugins can be used for cost effective prototyping.

For most hobbyists and small batch developers, Altium’s built in EM engine suffices, while larger teams may benefit
from Keysight or ANSYS for deeper analysis.

3.2 Defining the Design Constraints

Before you start modeling, list the constraints that will shape your design:

PCB stack up (number of layers, dielectric constants).

Maximum antenna area (device size).

Allowed power consumption (battery powered vs. mains).

Regulatory limits on radiated power (FCC Part /15, ETSI EN 300 /328).
5. Desired read range (e.g., 10 /cm for card readers, 1 /m for access gates).
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4. Antenna Geometry and Parameterization

4.1 Loop Antenna Design

A loop antenna consists of a single or multiple turns of wire or copper trace. The key design variables are:

e Diameter (D) — Influences resonant frequency and coupling.

e Trace Width (W) — Determines resistance and impedance.

* Number of Turns (N) — Increases inductance, which can improve coupling but also raises resistance.
e Spacing Between Turns (S) — Affects capacitance and mutual inductance.

For a 13.56 MHz loop, a diameter of roughly 20 mm with a single turn and a trace width of 0.5 mm is a common
starting point. Use the following approximate formula for inductance:

L (H) "H 0.5 x D (mm)

Then, adjust the trace width and spacing to achieve the desired impedance ("H50 /:"a Tools likemioveochip ANF or
Keysight's Antenna Design Suite can automate this process.

4.2 Coil Antenna Design

Coils are essentially multi turn loops. They provide stronger magnetic fields but are larger. Typical coil parameters:

¢ Inner Diameter (ID) — Usually 5-10 /mm for handheld readers.

e Outer Diameter (OD) — Depends on the number of turns and trace width.
e Number of Turns (N) — 2—4 turns for compact designs.

« Wire Gauge (AWG) — 30-28 AWG for low profile coils.



Use the Wheeler formula for inductance of a single layer solenoid:
L (uH) = (r2 x N2) / (9r + 10h)
where r is the mean radius in cm and h is the coil height in cm.

4.3 Stripline / Microstrip Antenna Design

These antennas are built into the PCB layers. Key parameters:

e Substrate dielectric constant ;W" b Typically 4.4 for FR 4, 2.2 for Rogers 4350B.

« Trace width (W) — Calculated to achieve 50 /: W6—aer FTR O-7&+7G ip impedance formula.

« Length (L) — Roughly ;20" B 2aSb 601¢ a4 6O 6ae" BA ut reduced by effective dielectric constant).
¢ Ground Plane Size — Must be at least 3x the trace width to avoid edge effects.

Because the wavelength at 13.56 MHz is about 22 m in free space, the physical size is dominated by the substrate’s
effective wavelength, which is much smaller. However, microstrip antennas are rarely used for NFC due to their
large size; they are more common in RFID UHF bands.

5. Impedance Matching and Tuning

5.1 Why Matching Matters

The NFC chip’s RF front end expects a 50 :* load. Any mismatch causes reflection, reducing power transfer and
increasing noise. A proper match network ensures maximum energy delivery to the chip and minimal spurious
emissions.

5.2 Matching Techniques
Common matching networks include:
¢ Pi Network — Two series capacitors with a shunt inductor.
¢ T Network — One series inductor and two shunt capacitors.
e LC Ladder — Combines inductors and capacitors in a ladder configuration.

 Integrated Matching — Adjust trace widths and lengths to embed the matching network directly into the
antenna geometry.

For a loop antenna, a simple series capacitor (Cs) can bring the impedance to 50 /:'a The value is calculated by:
C<sub>s</sub> =1/ (2< cC7V#a A+7V#ar fCTV#HAAA+TVH#as
where XL is the inductive reactance of the loop at the resonant frequency.

5.3 Tuning with Software

Once you have a preliminary design, use the simulation tool's S parameter analysis to extract the impedance. Adjust
the matching network components until the return loss (S11) is below —10 dB across the operating band. A return
loss below —20 /dB is ideal for most applications.

6. Layout Best Practices

6.1 Trace Geometry and Layer Stack Up

Maintain a uniform trace width and spacing to avoid impedance discontinuities. Use a 4 layer PCB stack up: top
copper for the antenna, ground plane on layer /2, dielectric layers, and a back copper for shielding.

6.2 Ground Plane and Shielding



A large ground plane beneath the antenna reduces EMI and improves coupling. If the device is battery powered,
consider adding a metal enclosure or a copper foil shield to reduce power leakage.

6.3 Avoiding Crosstalk

Place sensitive analog/digital traces away from the antenna path. Use ground vias to short the ground plane on
both sides of the antenna, ensuring a low impedance return path.

6.4 Thermal Considerations

High current densities in the antenna can cause heating. Use a wider trace or multiple parallel traces if the design
demands more current. Add thermal vias to the ground plane to dissipate heat efficiently.

7. Prototyping and Measurement

7.1 Building the Prototype

Use a PCB fabrication service that supports fine pitch and high copper weight ("e 1 oz) for low resistance. If you're
prototyping a loop, you can also use a copper foil tape or a small coil wound on a non conductive core.

7.2 Measuring Resonant Frequency and Q

Connect a vector network analyzer (VNA) to the antenna via a probe
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