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Analysis of Magnetic Field Distribution of 13.56 MHz RFID

U. Sangdaowee andK. Chomsuwan
Department of Electrical Technology Education, Faculty of Industrial Education and Technology
King Mongkut’s University of Technology Thonburi, Bangkok, Thailand

This paper proposed the analysis of magnetic field distribution of 13.56MHz RFID. 13.56MHz RFID
operates based on inductive coupling and consists of reader as master and tag as slave. Magnetic field
distribution analyze based on analytical solution and Finite Element Method(FEM). An analysis results will
propose both reader and reader and tag consideration. Measurement of magnetic field distribution is also
- yerified calculation result. An analysis result represents notification in carefully design.

Ve TRAT

INTRODUCTION

H «

éﬁ Radio Frequency Identification (RFID) is applied
‘many application instead of barcode. Comparison
th bar code, RFID do not need an exactly position
4 appropriate distance in identify an object. In
jition, RFID can put more information than barcode.
érefore it is very useful in many applications such as
ds stock, manufacturing process, and etc. There are
iy type of RFID system, low frequency 125kHz,
gh frequency 13.56 MHz, ultra high frequency at
quency of 433 MHz and 915 MHz, and microwave
[:GHz, [1-2] however the 13.56MHz RFID is usually
d in market. The configuration of the RFID consists
freader and tag. The 13.56MHz RFID operates based
#iuductive coupling. A reader transmits energy to tag
i:a tag which is place in the near field of reader must
keive enough energy for normal operate [3]. Energy
L information are transmitted via magnetic field
fribution. The power of magnetic field depends on
Kance. Therefore electronic equipment malfunction
I occur.Tag detector antenna RFID with UHF band
lign was proposed by Maiko Ochiai. Which was able
bearch for aconglomerate tag involving the advantage
e microwaveusetype tag detector, was proposed.
icretely, amicrowave-use type conglomerate tag
gctor was  developedby optimizing leaky coaxial
Ble based on shielded typemicrostrip-line[4].

gThis paper presents analysis of magnetic field
jiibution which generates from 13.56 MHz RFID.
Culation results based on exactly solution and finite
poent method (FEM) were conducted. Analysis result
Bricad to protection or shield an effect that occurs
i the 13.56 MHz RFID.

«

/

3asic structure of 13.56MHz RFID consists of
_: and tag coil as shown in Fig. 1. As the 13.56MHz
k:-Operated based on inductive coupling, tag of the
S 1S passive device. Whenever the tag

places in the suitable distance, voltage induces in the
tag and energy is transferred to capacitor in the tag
circuit. After that the tag circuit will generate signal
which contains information and sent the signal back to
the reader. The reader also detects the read signal from
tag in the same technique in order process in the next
step.

Reader Coil

Fig.1 RFID Structure

2.2Magnetic Field Distribution Analysis

Magnetic field distributes from13.56 MHz RFID
reader can be calculated based on Maxwell’s equation
as following:

(ja)o--cozsos,)A+Vx @0_'#,_'VX A)= M

where is @ an angular frequency, & and & is,
respectively, permittivity of free space and relative
permittivity, 4 and g is, respectively, and
B =V x Ais magnetic flux density whereas A is
vector magnetic potential. From (1), exactly equation of
magnetic field in z-axis from current loop at the center
of the circular

coil can obtained from (2).

poINd

z 2(02 +r2)3/2 (2)

where:
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1= applied current magnetic field generated from reader and it is plot 4
N=turn number of coil vector field and streamline of flux density.
r  =distance from the center of circular loop

a = radius of circular loop
Ho = permeability of free space (4= 107
Henry/meter)

ks

prore e St

Fig. 40btained mesh generation

Fig. 2 Ma%netic field calculation model

3.THE SIMULATION AND RESULTS
3.1 Simulation Model

The model was used in calculate the magpetic field
distribution as shown in fig. 3. The model consists of
two coils, reader and tag. The reader made from print
circuit board with thick of 35 xm has radius of 23.125
mm and has 7 turns. And the tag has radius of 11 mm
and has 10 turns. The reader was placed at the center of
model and the tag was placed far from the reader of 25
mm.The center of reader and tag lie on the same axis.
Current of 3 mA at frequency of 13.56 MHz was feed in
the reader coil.

N

Tag

25mm
(Y] >y T il
——=  Reader Fig. 6Steamline of Magnetic field distribution of the
I RFID
x 6.00E-07
Y,
Fig.3Simulation model HRER
? 4.00E-07
3.2 Finite Element Results A
Simulation was done based on Finite Element é 3.00£.07
Method (FEM). The accuracy of simulation depended £
on mesh number however large number of mesh will ey
effect to calculation time. Therefore the criteria of mesh = T
discretization were set. Largest size of the mesh at the i
reader was 0.0005 mm and at the tag was 0.01 mm 0.00E+00
whereas the other area was automatic mesh. Total mesh ° T 4::..) LU
in simulation is around 500,000 meshes. The mesh :
generation is shown in Fig. 4. Fig.7 Magnetic field of the RFID on z-axis
Fig. 5 and 6 are shown the distribution of the Figure 7 showed magnetic field on z-axis obtained
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B exactly equation (2), from FEM, and from
. curement result. The calculation both of the FEM
'_; exactly equation provide similar curve. The error
¥veen the calculations occurs because of large mesh
- Compared to measurement result, it has large

Radiation of magnetic field from the reader was
ed. Loop coil was design to detect the signal from

egrees.

f7 The radiation results are shown in Fig. 9. The

urement result shown that distribution of the

etic field is an omni directional pattern and has
er distributes in front-side than back-side.

transmitter Croer —
focepror | Al T

d=8m

——— e

ig.8Radiation Pattern Measurement System

Fig. 9 (a) Configuration of measurement reader RFID.
(b) Radiation pattern of the RFID.

Thursday, September 22, 2011

4. CONCLUSION

Magnetic field distribution generated from 13.56
MHz was studied. The results showthe direction of
magnetic field, quantity magnetic field and distribution
of magpetic field obtained from the RFID. Therefore
installation position of the RFID and location of object
which is high sensitivity to magnetic field should be
carefully designed.
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