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Abstract. In this paper, the magnetic field shaping tech-
nique using the magnetic field repeater for high frequency 
radio frequency identification (HF-RFID) system and near-
field communications (NFC) system is proposed. This tech-
nique aims to improve the communication area between 
HF-RFID or NFC reader and passive tag by changing the 
magnetic field distribution over the original HF-RFID or 
NFC reader antenna. The multiple rectangular loop reso-
nators cooperating with low loss air variable capacitors 
are employed to construct the proposed magnetic field 
repeater. The proposed magnetic field repeater is installed 
on top of the original HF reader antenna without any di-
rect connection to the original reader antenna. The HF-
RFID reader for laundry application is chosen as an ex-
ample to prove the concept and verify the performance. We 
found that the communication area between the tag and 
off-the-shelf HF-RFID reader is improved. The proposed 
technique is useful for antenna improvement of off-the-shelf 
HF-RFID system in many applications such as laundry 
application, product tacking, etc. where a short range with 
wide communication area are required. 

Keywords 
High frequency (HF) radio frequency identification 
(RFID), magnetic field repeater, HF-RFID reader 
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1. Introduction 
High frequency radio frequency identification (HF-

RFID) systems are increasingly used for a short-range 
application because they are low cost and acceptable per-
formance in term of detected distance for many applica-
tions [1] such as a smart card system, product tracking, 
money payment, etc. HF-RFID system is an item identifi-
cation system employing a near-field electromagnetic (EM) 
coupling for both communication and power transfer wire-

lessly. The passive HF-RFID tag receives the EM energy 
from HF-RFID reader to operate the IC-chip and sends 
back an identification data to HF-RFID reader [1]. Moreo-
ver, near-field communications system (NFC) is a subse-
quent system of HF-RFID technology. NFC was developed 
from HF-RFID technology both operating at the same fre-
quency of 13.56 MHz [2]. NFC is proposed for the data 
exchange applications with higher data security such as in 
mobile payment applications. NFC technology is usually 
installed on portable devices such as mobile phones, tab-
lets, smart watches, etc. The communication mode of NFC 
is peer-to-peer communication [3], [4]. Generally, passive 
HF-RFID and passive NFC systems both employ the wire-
less power transfer (WPT) technology for electrical power 
transmission between reader and passive tag [5]. The elec-
trical power is transferred wirelessly to the tag via the free 
space. The passive HF-RFID and NFC systems both em-
ploy the highly quality factor (Q) magnetic resonant cou-
pling technique [5–7], which is more efficient than the 
classical magnetic induction method in term of communi-
cation distance and misalignment between reader and tag 
antennas [5]. At the transmitter (Tx), a single loop antenna 
is usually employed to generate and receive the magnetic 
field as shown in Fig. 1(a). The capacitor is employed to 
tune the resonance frequency fr which can be written as 

r 1 / 2f LC . However, the disadvantages of the conven-

tional (off-the-shelf) HF-RFID single loop transmitting 
antenna are narrow reading area problem and low perfor-
mance in the term of an arbitrary HF-RFID tag orientations 
[2], [3]. Single loop transmitting antenna generates maxi-
mum magnetic field strength at the center of the loop. The 
magnetic field strength decays rapidly along the horizontal 
xy-plane. The dominant magnetic field component Bz is in 
a normal direction to the loop (z-axis) as shown in 
Fig. 1(a). At receiver (Rx), the maximum receiving power 
is occurred when the tag orientation is in the same direction 
as a magnetic field component (z-axis). Those reasons lead 
to low performance in the case of an arbitrary HF-RFID tag 
orientations and narrow reading area (misalignment 
problem).  
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(a)                                                                (b) 

 
(c) 

Fig. 1. (a) Passive HF-RFID and passive NFC systems 
diagram. (b) Axial alignment repeater. (c) Proposed 
horizontal alignment repeater. 

 
(a) 

    
(b)         (c) 

Fig. 2. (a) Cross section view of the proposed magnetic field 
repeater on an off-the-shelf HF-RFID reader. (b) Off-
the-shelf HF-RFID reader (model: Pi-931-XA5) [15]. 
(c) RFID laundry tag ISO15693, I-code-SLI. 

 
Fig. 3. Considered communication area (500 × 380 mm2) on 

an off-the-shelf HF-RFID reader. 

In the literature work [5], the power transfer effi-
ciency and maximum distance depend on Tx and Rx anten-
nas size and orientations. In the case of the Tx and Rx 
antennas are identical and perfectly aligned, bigger Tx and 
Rx coil provide larger maximum distance than smaller coil 
antennas. The maximum distance in the case of an accepta-
ble efficiency (50%) is around one times of coil diameter 
D. In the case of the Rx antenna is smaller than Tx antenna 
(d/D < 1) as shown in Fig. 1(a), the maximum power trans-
fer efficiency decreases as a function of d/D ratio where d 
denotes Rx diameter and D denotes Tx diameter. d/D = 1 is 
the best case [5]. 

In the WPT system [6–10], several magnetic field 
shaping techniques are proposed to solve these problems. 
Transferred power in case of the misalignment and perfect 
alignment cases can be improved by using the magnetic 
materials to shape a magnetic flux density [7]. However, 
the magnetic materials produce magnetic loss and also 
increase the cost, size, weight and complexity of the sys-
tem. Moreover, the antenna shapes also directly affect the 
magnetic field components and transferred power. Con-
ventionally, the circular and rectangular antennas are usu-
ally employed in a typical wireless power transfer, NFC 
and HF-RFID systems [1–11]. The magnetic field distribu-
tions of both circular and rectangular antennas are very 
similar.  

To improve the distance of wireless power transfer in 
the axial direction, a study on magnetic field repeater in 
wireless power transfer was present in [12]. The intermedi-
ate resonators (repeaters) are installed between the trans-
mitter and the receiver to increase the distance of wireless 
power transfer. However, the Rx antenna size is the same 
as the Tx and repeater size. Several techniques in [12] can 
be applied for read range improvement of HF-RFID appli-
cation where the repeaters are in the axial alignment case as 
the concept in Fig. 1(b) shows. Unfortunately, the study of 
the horizontal alignment of repeaters was not focused. 
Also, only 2 repeaters were studied. In contrast, to improve 
the wide area of wireless power transfer, the switchable Tx 
coil array antenna for free positioning of Rx was presented 
in [5–8] and non-switchable array antenna was presented in 
[13–15]. The presented methods [5] are implemented to 
solve misalignment problem. The multiple Tx coils are 
employed to construct the coil array antenna. The multiple 
Tx coils are connected directly to the transmitter by using 
RF switches. The guided positioning was performed by 
using additional localization system. The multiple Tx coils 
will be scanned to find the receiver location and operate 
three overlapped Tx coils at the receiver position [5]. How-
ever, the system is very complicated and high cost. The 
direct connection between transmitter and each multiple Tx 
coils are required. 

In addition, the multiple power repeater coil antennas 
are presented in [13–15]. Power repeater antennas for 
a portable device of wireless battery charging system are 
presented [13]. The charging distance is increased hori-
zontally by using two identical repeater antennas. It is lo-
cated in the same direction. The Tx antenna and repeaters 
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are identical. Maximum distance in the case of 50% re-
ceiving power was studied. The optimum distribution of 
magnetic field over a considered area was ignored. The rule 
of thumb is that, the suitable spacing between each power 
repeaters and Tx antenna is around 1.05 times of repeater 
antenna diameter (1.05Dr) measured from center to center 
of power repeaters. The power repeater antennas are not 
overlapped with each other. Moreover, the passive booster 
for improving magnetic coupling of metal mounted prox-
imity range HF-RFIDs was presented in [14]. The single 
passive booster resonator contains two coils connected in 
parallel to each other without capacitor. The magnetic 
coupling between the small metal mounted in HF-RFIDs 
and the NFC coil are improved. However, only maximum 
charging distance in a single direction was focused. The 
optimum distribution of magnetic field was ignored. The 
power repeater is not overlapped with each other. Moreo-
ver, the multiple loop power repeater is being studied in 
[15]. The preliminary study of multiple repeater antennas 
for high frequency (HF) RFID reader in [15] is illustrated 
that the magnetic field distribution can be shaped by using 
the multiple repeater antennas. However, the simulation 
and experimental studies in [15] is not completed. In this 
paper, the case study in [15] is rigorously investigated and 
compared with the off-the-shelf model. 

This paper presents a magnetic field shaping tech-
nique by using magnetic field repeater for HF-RFID system 
and NFC systems. The HF-RFID for laundry application is 
chosen to illustrate the performance of the proposed mag-
netic field repeater. The HF-RFID tag is attached on 
clothes and put on the reader to collect the data. The laun-
dry application requires wide communication area on the 
reader surface. The misalignment of RFID tag on the cloth 
can be a major problem. The proposed magnetic field re-
peater is installed on top of the conventional HF-RFID 
reader antenna without any direct connection to improve 
the reading area as shown in Fig. 2(a). The electrical power 
is transferred via the free space by employing the magnetic 
resonant coupling technique. The magnetic field is stored 
in the proposed magnetic field repeater and repeats to re-
ceiver (tag). The magnetic field distribution over the con-
sidered area is changed depending on a configuration of 
multiple rectangular loop resonators inside the proposed 
magnetic field repeater. The HF-RFID system operating at 
13.56 MHz with ISO 15693 (I-code) standard is employed 
to illustrate the performance of the proposed magnetic field 
repeater. An example of off-the-shelf HF-RFID reader is 
shown in Fig. 2(b) [16]. Considered communication area 
(500 × 380 mm2) over the original HF-RFID reader of 
laundry application is shown in Fig. 3. 

2. Magnetic Field Repeater Design 

2.1 Selected Rectangular Loop Resonator 

Considering a conventional circular loop antenna 
[17], the magnetic field can be approximated as 
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where Bz denotes the magnetic field (Wb·m-2). R and Z 
denote the radius of the loop and observation point distance 
normal to the loop, respectively. The magnetic field de-
pends on the feeding current I, loop radius and number of 
wire turns N. It is found that the magnetic field is decreased 
as a function of axial distance Z where current I, number of 
wire turns N and R are fixed. Approximately, the magnetic 
field is decreased along the axial distance as a function of Z–3. 

The quality factor Q of the Tx and Rx loops plays 
a key role of the magnetic resonant coupling technique and 
affect the power transfer efficiency [5]. Higher Q factor 
provides more power transfer efficiency. The Q factor can 
be calculated as  

 ( )
Maximum Stored Energy 

Q
Power Loss

   .   (2) 

Equation (2) illustrates that lower loss in the loop 
provides higher Q factor if we assume that the maximum 
stored energy in the loop is fixed. Alternatively, Q factor of 
the loop can be written as 

 
loop

L
Q

R


  (3) 

when L  is an inductance (H) of a single loop antenna. The 
Rloop denotes the total resistance of a single loop antenna. 
Generally, in the case of conventional circular helical coil 
antenna with loop radius a, wire radius b, and wire spacing 
2c in [17], Rloop can be calculated as 

 p
loop s

0

( 1)
RNa

R R
b R

           (4) 

where 0 / 2sR    denotes surface impedance of a con-

ductor. Rp denotes an ohmic resistance due to the proximity 
effect. The proximity effect is occurred when the wire of 
each turns of the loop closed each other. More spacing 
provides lower Rp. R0 = NRs /(2b) is ohmic skin effect 
resistance per unit length (ohms/m). As mentioned, the 
electrical properties of rectangular loop are similar to the 
circular loop type. Therefore, Rloop of rectangular loop with 
N turns, width W, wire radius Dwire/2 and wire spacing 
S = 2c as shown in Fig. 4 can be approximated by using (3) 
and (4) by replacing a  W/2 and b = Dwire/2. Rp is rela-
tively high comparing with R0. In [17], the ratio of Rp/R0 
value decreases as a function c/b ratio (S/Dwire) increases. 
The ratio of S/Dwire should be greater than factor of 3 to 
provide low Rp/R0 ratio where other parameters are fixed. 
Thus, the wire spacing S of each turn should be greater than 
wire diameter around 3 times (S  3Dwire). More wire 
spacing S provides low Rloop resistance due to low proxim-
ity effect. Also, the number of wire turns N affects directly 
to Rloop and the capacitance value of tuning capacitor which 
is available in market. 

In this work, the rectangular loop resonator is chosen 
to construct the magnetic field repeater. The magnetic field 
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in the axial of the rectangular loop is similar to the circular 
loop type [18]. The parameters W, S , N and Dwire denote 
the width of loop, spacing of wire, number of wire turns 
and diameter of wire, respectively. The rectangular loop 
resonators provide high Q factor when the total resistance 
of the loop Rloop is minimum. The width of loop W = 
150 mm is chosen due to the fact that the maximum mag-
netic field coupling between two coils (reader and repeater) 
of the magnetic field resonance technique is occurred when 
the diameter ratio between both antennas D2/D1 is ap-
proached to unity [5] as shown in Fig. 1(b). All parameters 
are shown in Tab. 1. The combination of multiple rectan-
gular loop resonators provides optimum magnetic field 
distribution than a single large loop resonator. The wire 
spacing around three times of diameter 3Dwire is chosen to 
minimize the total resistance of the loop. The number of 
wire turns (N = 4) is chosen to minimize total resistance 
Rloop and provide suitable inductance value for available 
capacitor. Wire diameter Dwire of 2 mm is selected. The low 
loss air variable capacitor (20–126 pF) is employed to tune 
the resonance frequency of 13.56 MHz. The normalized 
magnitude of S21 (dB) of the resonance frequency charac-
teristics of the rectangular and circular loops are illustrated 
in Fig. 4(b). It is measured by using network analyzer with 
small loop probes as the measurement procedure in 
Fig. 4(c) shows. The frequency characteristics of rectan-
gular and circular loops are very similar.  
 

Symbol Quantity Dimension (mm) 

W Width of loop 150 

S Spacing of wire 6 

Dwire Diameter of wire 2 

N Number of wire turns 4 

Tab. 1. Optimum parameters of selected rectangular loop 
resonators. 

  
(a)                                                        (b) 

 
(c) 

Fig. 4. (a) Selected rectangular loop resonator. (b) Normalized 
magnitude of |S21| (dB) of a resonance frequency 
characteristic of rectangular and circular loop 
antennas. (c) Measurement of magnitude of |S21| (dB) 
by a small loop probe. 

2.2 Optimization Procedure and Magnetic 
Field Shaping Investigation. 

Unlike the previous works [12–14], an improvement 
of magnetic field distribution over a considered area will be 
focused in this paper. The magnetic field repeaters are 
employed to store and repeat the magnetic field between 
the reader antenna and tag as shown in Fig. 1(c). In simu-
lation, the current excitation is required. However, it is 
difficult to find the actual current pass though the antenna 
of the complex reader circuit on a printed circuit board 
(PCB). The differential probe is required to measure volt-
age and impedance of the RFID reader, which is located on 
PCB. It is noted that many parasitic elements on PCB af-
fect the actual impedance and real current flow pass though 
the antenna. To avoid the complexity in the simulation, the 
normalized excitation current of 1 A is employed for every 
simulation case. The proposed design procedure by using 
the simulation together with the measurement will be ex-
plained in this section.  

Generally, the RFID tag will be operated under the 
condition of H  Hmin where H denotes the magnetic field 
strength at the tag location and Hmin denotes the minimum 
magnetic field strength of HF-RFID laundry tag. In the 
optimization procedure, the minimum magnetic field 
strength Hmin is the criterion. The magnetic field at obser-
vation points in the considered area is focused. The goal of 
optimization is the maximum total detectable area over the 
HF-RFID reader with H  Hmin condition. The position of 
each rectangular loop resonator inside the proposed mag-
netic field repeater will be optimized.  

As mentioned above, the actual Hmin value depends on 
the model of RFID tags. It is difficult to measure the actual 
Hmin of the tag. In this paper, the equivalent Hmin is ap-
proximated by using the measurement procedure together 
with the simulation. The procedures to estimate the equiv-
alent Hmin of HF-RFID laundry tag in this paper are as 
follows: 

 Step 1: In measurement, off-the-shelf HF-RFID 
reader antenna is employed as shown in Fig. 2(b). 
The HF-RFID laundry tag as shown in Fig. 2(c) is 
employed to find the maximum detectable loca-
tion Rmax. The tag position will be moved away 
from the reader and stop at last detectable location 
Rmax as shown in Fig. 5(a). It is found that Rmax is 
150 mm. 

 Step 2: In the simulation, off-the-shelf HF-RFID 
reader antenna configuration is precisely modeled 
in CST-Microwave Studio [19] as shown in 
Fig. 5(b). In this case, the 1 A current excitation 
from the reader is employed. The magnetic probe 
is modeled at Rmax from the measurement step 1. 
The equivalent Hmin can be approximated. The 
simulated magnetic field strength (A/m) versus 
observation location is illustrated in Fig. 5(c).  

Approximately, it is found that the equivalent mag-
netic field strength around 1.6 A/m (yellow color) at Rmax 
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of 150 mm is suitable to represent the equivalent Hmin for 
the optimization procedure in every case. Note that Hmin of 
1.6 A/m is not an actual value of magnetic field strength of 
the tag. It is relative to the source excitation in simulation 
setup. It may be not accurate for other models of RFID 
reader. The studies of magnetic field shaping of two rec-
tangular loop resonators are illustrated in Fig. 6. Fig-
ure 6(a) shows simulated magnetic field distribution in the 
case of an off-the-shelf HF-RFID reader antenna (only 
RFID reader), Figures 6(b) to (d) illustrate the spacing 
between rectangular loop resonators of 100 mm, 0 mm and 
overlapped, respectively. In simulation, by using equivalent 
Hmin of 1.6 A/m criteria, we found that the overlapped case 
as shown in Fig. 6(d) provides larger detectable area than 
other cases. In this case, the rectangular loop resonators 
with some overlapped part are chosen to construct the pro-
posed magnetic field repeater in the next section. 

  
 (a)                                                              (b) 

 
(c) 

Fig. 5. Measurement procedure of approximated Hmin: (a) find 
Rmax, (b) simulated magnetic field distribution (off-the-
shelf HF-RFID reader antenna), (c) simulated mag-
netic field strength (A/m) versus observation locations.  

   
(a)                                                (b) 

   
(c)                                                 (d) 

Fig. 6. Magnetic field distribution: (a) without resonator,  
(b) two rectangular loop resonators with spacing of 
100 mm, (c) spacing of 0 mm, (d) overlapped case. 

2.3 Proposed Magnetic Field Repeater 

The proposed magnetic field repeater is shown in 
Fig. 7(a) while the previous model [15] is shown in 
Fig. 7(b). The proposed magnetic field repeater consists of 
multiple rectangular loop resonators. The width of the loop 
is fixed. Five rectangular loop resonators are chosen to 
provide optimum magnetic field distribution over the con-
sidered area (application requirement). W = 150 mm, 
S = 6 mm and N = 4 are chosen under the condition of 
minimum total resistance Rloop and suitable for an available 
capacitor in the market. The rest parameters are optimized 
by using CST Microwave Studio program [19]. Os, Osy and 
Osx denote the overlapped area and spacing of rectangular 
loop resonators, respectively. The optimum magnetic field 
distribution over the reader surface of 500 × 380 mm2 is the 
goal of optimization H  Hmin  1.6 A/m. The equivalent 
minimum magnetic field strength Hmin of 1.6 A/m criterion 
is employed to find the maximum detectable area (includ-
ing layers 1 to 7 as shown in Fig. 9). The optimum param-
eters are shown in Tab. 2 while the optimum designed 
parameters of the previous model [15] are shown in Tab. 3. 

The simulated results of magnetic field distribution 
are illustrated in Fig. 8. The simulated magnetic field dis-
tribution of the proposed magnetic field repeater is shown 
in Fig. 8(a). The magnetic field spread out from the center  

 
(a)                                                       (b) 

Fig. 7. (a) The proposed magnetic field repeater, (b) previous 
model [15].  

 

Symbol Quantity Dimension (mm) 

W Width of loop 150 

S Spacing of wire 6 

Dwire Diameter of wire 2 

N Number of wire turns 4 

Os Overlap spacing 26 

L1 Length 408 

L2 Width 336 

Tab. 2. Optimum parameters of the proposed magnetic field 
repeater. 

 

Symbol Quantity Dimension (mm) 

Osy y-spacing 60 

Osx x-spacing 140 

L3 Length 408 

L4 Width 360 

Tab. 3. Optimum parameters of the previous model [15]. 
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(a)                                           (b) 

  
(c) 

Fig. 8. Simulated magnetic field distribution of (a) the 
proposed magnetic field repeater, (b) the previous 
model, (c) conventional HF-RFID reader antenna 
(model: Pi-931-XA5). 

  
(a)                                                                 (b) 

Fig. 9. Simulated current distribution at 13.56 MHz:  
(a) without resonator, (b) overlapped resonator case. 

of the original reader antenna due to the proposed magnetic 
field repeater. The simulated result of magnetic field distri-
bution of the previous model is shown in Fig. 8(b). Four 
rectangular loop resonators are employed for comparison. 
However, the magnetic field strength is lower than the 
proposed model. Finally, the simulated result of magnetic 
field distribution of an off-the-shelf HF-RFID reader an-
tenna model Pi-931-XA5 is shown in Fig. 8(c). The mag-
netic field is very strong at the center of the reader antenna. 
However, the magnetic field is rapidly decreased as func-
tion of horizontal distance. The study shows that the over-
lapped multiple rectangular loop resonators provide opti-
mum magnetic field distribution inside the considered area 
and cover wider area than the off-the-shelf HF-RFID reader 
and previous model [15]. 

Figure 9 shows the simulated current distribution at 
13.56 MHz. Without resonator case is shown in Fig. 9(a). 
The overlapped multiple rectangular loop resonators are 
shown in Fig. 9(b). The magnetic field from the reader 
antenna excites each resonator and regenerates the surface 
current at resonators. Very strong surface current at each 
resonator provides strong magnetic field in the considered 
area. The magnetic field distribution of the original reader 
is changed by using the proposed repeater.  

3. Experimental Results 
The measurement of reading (communication) area of 

the proposed magnetic field repeater is performed by 
measuring the communication status between the tag and 
HF-RFID reader. The RFID tag of ISO15693 I-code-SLI 
standard for laundry application as shown in Fig. 2(c) is 
employed to evaluate the performance of the proposed 
magnetic field repeater. The off-the-shelf HF-RFID reader 
model Pi-931-XA5 [16] is employed. The RFID tag will be 
moved over the testing surface of layers 1 to 6 on the 
reader antenna with the proposed repeater as shown in 
Fig. 10. The sampling spacing is 2.5 cm with 20 sampling 
horizontal points and 15 vertical points. Six layers are 
measured over the reader antenna with the proposed re-
peater. It is noted that dark blue color denotes an undetect-
able status. Light blue, blue, green, yellow, red and dark 
red colors represent a detectable status until layers of 
10 mm, 30 mm, 60 mm, 90 mm, 120 mm and 150 mm, 
respectively. The total sampling points of each layer are 
300 points. The total testing points of each case are 1800 
points (6 layers).  

In this experiment, three cases are considered namely, 
case 1: the proposed magnetic field repeater, case 2: the 
previous model [15] and case 3: the off-the-shelf HF-RFID 
reader antennas as shown in Fig. 11. It is obvious that the 
experimental result in the case 1, the proposed magnetic 
field repeater provides a detectable area of 1198.08 cm2, 
645.12 cm2, 443.52 cm2, 190.08 cm2 in the layers of 
10 mm, 30 mm, 60 mm and 90 mm, respectively as shown 

 
Fig. 10. Considered communication area and measurement 

procedure. 

 .  
(a)         (b) 

  
(c)         (d) 

Fig. 11. Prototypes of (a) the proposed magnetic field repeater, 
(b) the previous model [15], (c) the conventional HF-
RFID reader antenna (model: Pi-931-XA5), (d) actual 
situation experiment.  
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(a) 

 
(b) 

 
(c) 

Fig. 12. Experimental results of the detected area: (a) the pro-
posed magnetic field repeater, (b) the candidate model 
[15], (c) the conventional HF-RFID reader antenna. 

 

Models 
Measurement 
layers (mm) 

Detectable 
area (cm2) 

Gains and losses 
of detectable 

area (cm2) 
compared with 

off-the-shelf 
RFID reader 

Proposed 
magnetic 

field repeater 

10 1198.08 397.44 
30 645.12 374.4 
60 443.52 161.28 
90 190.08 –51.84 
120 0 –184.32 
150 0 –34.56 
Sum 2,475.8 

Previous 
model [15]. 

10 961.92 161.28 
30 380.16 109.44 
60 0 –282.24 
90 0 –241.92 
120 0 –184.32 
150 0 –34.56 
Sum 1,342 

Off-the-shelf 
HF-RFID 

reader 
(model: Pi-
931-XA5) 

10 800.64 - 
30 270.72 - 
60 282.24 - 
90 241.92 - 
120 184.32 - 
150 34.56 - 
Sum 1,814.4 

Tab. 4. Experimental results. 

in Fig. 12(a) and results shown in Tab. 4. It is better than 
the off-the-shelf HF-RFID reader as shown in Fig. 12(c) 
and results shown in Tab. 4. In the case 2, the detectable 
areas of previous model [15] are 961.92 cm2 and 
380.16 cm2 at layers of 10 mm and 30 mm, respectively. 
However, at high measurement layers, the detectable area 
is decreased. The magnetic field spread out from the center 
and distributed over the surface of the considered area to 
provide a wider detected area. With the simulation results 
in Fig. 8 and measurement results in Fig. 12, we found that 
the pattern of reading status is in agreement with the H-
field simulation. Figure 11(d) illustrates an actual testing 
situation in laundry shop. The performance of the proposed 
magnetic field repeater and overall reader system is 
satisfied. 

4. Conclusion 
This paper presents a magnetic field shaping tech-

nique by using magnetic field repeater for HF-RFID system 
and near-field communications (NFCs) system. The per-
formance of three cases is investigated: Case 1: the pro-
posed magnetic field repeater, Case 2: the previous model 
[15] and Case 3: the off-the-shelf HF-RFID reader antenna. 
The proposed magnetic field repeater provides more de-
tectable area than the previous model [15] and the off-the-
shelf HF-RFID reader in horizontal plane. However, at 
higher measurement layers, the detectable area is de-
creased. The magnetic field spread out from the center of 
reader antenna and distributed over the considered area. 
The proposed magnetic field shaping technique by using 
magnetic field repeater is suitable for improving a coverage 
area of the off-the-shelf HF-RFID reader in some applica-
tions such as laundry application, product tacking, etc. 
where a short range with a wide detected area are required. 
Moreover, an actual testing in laundry shop is performed. 
The performance of the proposed magnetic field repeater 
and the overall reader system is satisfied. 
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