
  
Abstract - Radio Frequency Identification (RFID) and 

Near Field Communication (NFC) technology is popular for 
item tracking and secured communication system. Both 
technologies make use of 13.56MHz radio wave and loop 
antenna.  

Most of the application needs to be implemented in 
small mobile devices which make the loop antenna deign a 
relatively challenging job. Furthermore, if the Tag Antenna 
or the Writer/Reader loop antenna needs to be placed on 
metallic surface in a small casing, the magnetic field will be 
attenuated and the loop antenna efficiency will drop. Hence, 
data transmission distance will be reduced drastically. 

A way to counter the metallic surface effect on the loop 
antenna is by using ferrite sheet with high permeability µ in 
between the loop antenna and the metal surface. 

A practical example of designing a 13.56MHz loop 
antenna with ferrite sheet on metal plate by Network 
Analyzer will be discussed here. 
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I.  INTRODUCTION 
 
 Radio Frequency Identification (RFID) is the 
technology used to identify item by using radio wave, it 
usually comprises a tag, reader and an antenna. The RFID 
tag could be passive or active depending on the usage and 
the distance required. This technology is well received for 
item tracking. 
 The Near Field Communication (NFC) technology 
which is based on RFID is gaining much momentum as it 
serves as a more secured communication system by 
limiting the operating distance. Mobile devices making 
use of it to do contactless payments and information 
transfer. It could act as both a reader and a tag.  
 Both technologies make use of 13.56MHz radio 
wave. Since the wavelength is relatively large, loop 
antenna would be more appropriate for this kind of 
application. 
 As the loop antenna is making use of magnetic field, 
the more the magnetic flux could go through the loop the 
better. But if the Tag Antenna is to be placed on metal 
surface or the Writer/Reader loop antenna needs to be 
placed on metallic object in a small casing, the magnetic 
field will be attenuated and the loop antenna efficiency 
will drop. Hence, data transmission distance will be 
reduced drastically. 
 

 
 A way to counter the metallic surface effect on the 
loop antenna is by using ferrite sheet with high 
permeability µ in between the loop antenna and the metal 
surface. Fig. 1, Fig. 2 and Fig. 3 illustrate this point. 
 

 
Fig. 1. Loop antenna without metallic surface. 
 
 Fig. 1 shows that Magnetic flux could penetrate the 
loop antenna. 
 

 
 
Fig. 2. Loop antenna with metallic surface. 
 
 Fig. 2 shows that with metallic surface, there will be 
reversed magnetic field which reduces the penetration of 
Magnetic flux. 
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Fig. 3. Loop antenna with ferrite sheet in between loop antenna and 
metallic surface. 
 
 Fig. 3 shows that with the Ferrite sheet added in 
between the loop antenna and the metallic surface, it 
could create Magnetic flux convergence effect and hence, 
allow more Magnetic flux to penetrate as compared to the 
one without the ferrite sheet. 
 A practical example of designing a 13.56MHz loop 
antenna with ferrite sheet on metal plate will be discussed. 
 
 

II. DESIGN TOPOLOGY 
 

 Before we go to the detail of the loop antenna design, 
let’s look at the system level. The loop antenna needs to 
be matched to the Transceiver chip set with the correct 
impedance and Q factor. 

 Fig. 4 shows the system level of NFC antenna 
connected to the Transceiver chip set [5]. The antenna 
could be matched directly to the chip without the Low 
Pass Filter if you wish. The low pass filter is to reduce the 
13.56MHz harmonics. 

 The impedance of the Transceiver input output port 
will be specified by the chipset for optimal performance. 
This could generally be in pure resistance value ranging 
from 30 ohm to 120 ohm. 

 From here, a simple low pass filter could be designed 
based on the given impedance. Hence, the value of Zm 
could be determined. The next step is to match the 
antenna module to Zm* (complex conjugate). 
 

 
 
Fig. 4. System Level. 

III. LOOP ANTENNA DESIGN 
 

Loop antenna could be circular or rectangular [3, 6]. 
There are many application software which calculate the 
inductance of the antenna based on the size and number of 
turn, we shall not discuss it here.  

Based on normal card size or phone size battery, the 
general guideline is to achieve Inductance value of 200nH 
to 4 µH so that it could resonant with good range of pF 
capacitor, and have less number of turn to reduce the 
coupling effect. 

Fig. 5 shows a typical loop antenna, it could be on 
Printed Circuit Board (PCB) or Flex. Antenna on Flex 
would be useful for attaching to curved surface. 

Fig. 6 shows the example of Flex loop antenna to be 
measured here. 
 
 

 
Fig. 5. Rectangular  loop antenna (2 layer). 

 
 

 
Fig. 6. Flex loop antenna. 

 
 

IV. DETERMINE THE LOOP ANTENNA 
EQUIVALENT CIRCUIT BY NETWORK ANALYZER 

 
Impedance Analyzer could provide a quick way to 
measure the loop antenna equivalent circuit. 
Unfortunately not all labs are equipped with this fantastic 
equipment, but a reasonable good Radio Frequency (RF) 
lab should have a Network Analyzer [2]. Following page 
will illustrate how the equivalent circuit could be 
measured by the Agilent Network Analyzer. 
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Fig. 7. Network Analyzer measured values to equivalent circuit. 

 
From Fig. 7, it is not so straight forward to get the 

equivalent circuit. Rp and Rs need to be determined first 
before getting the equivalent circuit. 

Fig. 8 shows a typical curve of loop antenna over 
frequency. Good practice is to have the inductance 
measured at 1 MHz. At self-resonance frequency, 
reactance will be cancelled out and left only the real term. 
Hence: 

Rs and La could be measured at 1MHz.  
Rp is self-resonance frequency equivalent resistance.  
Ca could be calculated with (1): 

     (1) 
 
where fra is the self-resonance frequency of the  

  antenna. 
Therefore, at operating frequency (fop) which is 

13.56MHz, the Rp and Ra could be determined by (2) and 
(3).  

 

     (2) 
 
 

     (3) 
 
 
 
From here, the equivalent circuit of the loop antenna 

could be obtained by the Network Analyzer. 
Next, a practical measurement of a Flex antenna (Fig. 

6) with and without the ferrite sheet will be shown and 
discussed. As mentioned, ferrite sheet is needed for 
metallic surface.  

 

 
 
Fig. 8. Typical response of  loop antenna over frequency. 

 
 
 

 A.  Loop Antenna Equivalent circuit without the ferrite 
sheet 

 
The antenna has to be at the final product position 

such that all parasitic effects like metal influence, 
additional inductance and capacitance could be included. 

Fig 9 shows the measurement of the loop Antenna 
without Ferrite sheet. La, Rs and self-resonance frequency 
could be obtained as shown. 

Next, apply (1), (2) and (3) to determine the 
equivalent circuit. 

Table 1 shows the Excel calculation for Ra and Ca.  
 

 
 
Fig. 9. Measurement of loop antenna without ferrite sheet by Agilent 
Network Analyzer. 
 
 

Table 1 
Excel calculation for Ra and Ca 

Rs ( 1MHz ) 0.767 ohm
La (1 MHz ) 1.36 uH
Rp ( Self Resonance Freq) 10.17 Kohm
fra ( Self Resonance Freq) 46.68 MHz
fop(operating Freq) 13.56 MHz

Ca=1/{(2*3.14.fra)^2*La} 8.55618E-12 F

Rp(13.56MHz) 18869.33226 ohm

Ra 1.477820512 ohm  
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 B. Loop Antenna Equivalent circuit with the ferrite sheet  
 

 
 
Fig. 10. Ferrite sheet and being placed with loop antenna. 
 
 

Fig 10 shows a typical ferrite sheet and being placed 
together with the Loop Antenna. 

There are many kinds of ferrite sheet [1]. The 
important parameters are the permeability µ and the 
thickness. The permeability for this usage could range 
from 10 to 80 at 10MHz. Permeability of 45 is used for 
the measurement here. The thickness could range from 
0.1mm to 0.5 mm. Hence, the over thickness of the 
antenna with the ferrite could be less than 0.5mm and it 
could be stick on any metallic surface. 
Higher permeability and thinner sheet could cost more. 
Hence, trade-off needs to be made according to the design 
and requirement. Most of the ferrite sheet could come 
with sticker and be customized to the shape of the design. 
 

 
 
Fig. 11. Measurement of loop antenna with ferrite sheet. 

Table 2  
Calculation of Ra and Ca with ferrite sheet 

 
Rs ( 1MHz ) 0.815 ohm
La (1 MHz ) 2.03 uH
Rp ( Self Resonance Freq) 4.17 Kohm
fra ( Self Resonance Freq) 31.62 MHz
fop(operating Freq) 13.56 MHz

Ca=1/{(2*3.14.fra)^2*La} 1.24928E-11 F

Rp(13.56MHz) 6367.766693 ohm

Ra 5.507924846 ohm  
 

Fig. 11 shows the measurement of loop antenna with 
ferrite sheet. Noticed that the inductance value have 
shifted to 2.03uH instead of 1.36uH (without ferrite 
sheet). 

Table 2 shows the Ra and Ca calculation with Ferrite 
sheet. 

Fig. 12 shows the Antenna impedance series 
equivalent circuit with and without Ferrite. Result showed 
that inductance has been increased.  

In order to get accurate measurement, the Antenna 
assembly has to be at final stage with surrounding 
metallic components in placed in actual working 
environment.  

Some designs would purposely place a thin metal 
plate on the Ferrite sheet (Ferrite sheet is sandwiched in 
between Loop Antenna and metal plate) to achieve 
consistent metallic coupling, so that it could be placed on 
any surface with inconsistent coupling. Again, the whole 
assembly (Loop antenna, Ferrite sheet and Metal sheet) 
could be thinner than 0.5mm. 
 

 
 
Fig. 12. Antenna impedance equivalent circuit with and without ferrite 
sheet.  
 
 

Proceedings of the 2015 IEEE IEEM

1365Authorized licensed use limited to: BOSTON UNIVERSITY. Downloaded on April 11,2024 at 12:42:29 UTC from IEEE Xplore.  Restrictions apply. 

WiTricity Corp.
Exhibit 2007

Page 4



 

V. SYSTEM DESIGN 
 

Once you have the Loop antenna series equivalent 
circuit, it could be matched to Zm* as discussed in section 
2 and based on Fig. 4. It could be done by calculation or 
application software.  

Fig. 13 shows how the Loop Antenna Module (Loop 
antenna sandwiched with Ferrite sheet and metal plate) 
could be placed on any mobile device. 

If the metal plate is to be removed, it could be used as 
a standalone tag antenna and be flexible to stick on curved 
metallic surface. 

Whichever the application is, the measurement to 
obtain the equivalent circuit has to be done with final 
assembly as discussed. 

 

 
 

Fig. 13. Loop Antenna with Ferrite sheet and metal plate on mobile 
device. 

 
 

VI. RESULTS 
 

NFC is gaining much momentum as it serves as a 
more secured communication system by limiting the 
operating distance. It could range from 5 cm to 10 cm.  

Fig 14 shows the measured detection range with 
different configuration. Noticed that without the ferrite 
sheet usage on metal surface, the detection range dropped 
drastically which is unacceptable. By using ferrite sheet 
on metal surface, the detection range is not far from that 
of nonmetallic surface. 

 
 

Fig. 14. Detection Range with different configuration. 
 

 
VII. CONCLUSION 

 
 Measurement results showed that by using Ferrite 

sheet on the RFID and NFC Loop Antenna, it could be 
placed on metal surface without suffering much on the 
detection range.  

By choosing the correct permeability and thickness of 
the ferrite sheet, any reasonable size loop antenna and 
detection performance could be achieved. 

The measurement of the characteristic equivalent 
circuit of the Loop antenna proved to be critical. It has to 
be done with final assembly where all metallic influences 
are counted for. A detailed example has been done by 
Network Analyzer in this article. 
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