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Introduction

• RFID technology is based on the wireless communication between small RFID tags
on the product or card and the receiver in the possible usage area of these tags.

• The most widely used frequency is 22.12 meters in the air and the wavelength is
usually proportional with the antenna dimensions.

• Narrow bandwidth requirement: +/- 7kHz is required around the center
frequency.

• Working in the HF band, it is easy to use lumped elements to do impedance
matching, and also is possible to use long transmission lines between the antenna
and receiver without much signal loss.

• It is quite suitable to be simulated using EM-Core.



FCC Regulations

 902-928 MHz band:

 Power limitation : 1 W (6dBi Gain, 4 W EIRP)

 433.5-434.5 MHz band:

 For container identification at ports and harbors

 High power (50 W) is allowed : occupational exposure

 13.56 MHz :

 Field strength limitation: 10,000 uV/m at 30 m (EMC consideration)

 According to FCC, it is manufacturer’s responsibility to ensure RFID 
system is compliant with FCC regulations

 However, if installed system does not comply with FCC regulations, the 
system cannot be used and should be modified



Antenna design

 A loop antenna on a PCB is the most effective antenna structure.

The overall EM-Core 3D model
EM-Core 2-D view



Simulating results

S11 in rectangular chart S11 in Smith Chart

 S11 from 0 to 1GHz



Impedance matching
 Calculate S11 at 13.56MHz by linear interpolation

@13MHz:  S11=-0.981559+ 0.191268i
@14MHz:  S11=-0.978369+ 0.206991i

So, @13.56MHz:  S11=-0.979773+ 0.200073i

And, the Z11 can be obtained as: 

ZL=Zo(1+S11)/(1-S11)=0.0002+5.053i  almost a pure inductor

The corresponding L @13.56MHz is

L=5.053/2/pi/13.56e6=59.3nH



Cont.

 Typical matching network with lump elements

C2

C1R

C1 and C2 are used to adjust the resonance, while the R is used to control the Q factor.

In our case:

C1 = 2.2nF,  C2=0.2nF 



Near-Field Results up to 50 MHz 
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Near-Field Results at 13.56 MHz 
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Near-Field Simulation around 433.5-434.5 MHz 
band and beyond
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Far-Field 3D and 2D Patterns at 13.56 MHz



Potential spurious radiation at 433.5-434.5 MHz.



Conclusion

• The equivalent inductance can be extracted from the
simulation results easily, and then the impedance matching
can be done with using EM-Core Smith-Chart

• EM-Core can obtain near-field as well as far-field radiation 
patterns and gain precisely from 0 to 1GHz in only one run.

• EM-core is a great tool to design any passive component  and 
in this specific case the design of an RFID antenna for 13.56 
MHz band.


