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This work studies the electromagnetic field of a radiofrequency (RF) antenna on 7-inch liquid crystal display (LCD) and presents a
new approach where the RF antenna is designed on LCD. This approach takes the magnetic field effect of LCD as an input
parameter when building and simulating antenna models using the software Ansoft HESS. After obtaining the PCB of the antenna,
place the antenna on LCD, so that the antenna and LCD overlap up and down and measure the equivalent physical parameters as a
whole. Last, use the vector network analyzer and Smith circle graph to tune the antenna system for completing the impedance
matching of the whole system. This method breaks through the limitation that the card swiping area and the display area cannot be
in the same area due to electromagnetic interference. It has changed the appearance design concept of the mobile point of sale
(POS), and the antenna size can be 20%-100% of the POS display area. A contactless card read-write experiment for the proposed
method has been carried out. Results showed the return loss is less than —30 dB, and the effective read-write distance of the

antenna can reach about 5cm. This design method provides a broader application prospect for mobile POS.

1. Introduction

Radiofrequency identification (RFID) technology is the key
technology of contactless integrated circuit (IC) card pay-
ment, and it is a wireless identification technology. RFID
technology originated in Britain and was used to identify the
enemy and our aircraft in the Second World War. Antenna
design is the most important part of the RFID system.
Antenna raw materials, antenna shape, and antenna
manufacturing process all determine the performance of the
antenna [1-3]. Different antenna structures and antenna
designs are determined by different application require-
ments [4-13]. The complete RFID system includes read-
write terminal (RWT) and an electronic tag (ET). The RF
signal coupling between them can be divided into electro-
magnetic backscatter coupling (EBC) and inductive cou-
pling (INC). EBC is generally applicable to RFID systems
with long distance and high-frequency band, and its iden-
tification distance is usually greater than 1 m. The operating

frequency of INC is generally 125 kHz and 13.56 MHz, and
the typical operating distance is not more than 10cm
[14-19]. In many cases, RWT has multiple antennas. Some
decoupling techniques to reduce the coupling and electro-
magnetic interfaces between RWT and ET are important.
Decoupling technology plays an important role in im-
proving antenna isolation [20-27].

Financial POS, which is widely used in contactless
payment, uses inductive coupling 13.56 MHz RFID tech-
nology. To prevent mutual interference between LCD and
RF antenna, LCD and RF antenna of this traditional POS are
generally arranged up-down or left-right layout. As shown in
Figure 1(a), this is a traditional financial POS. The upper part
of this POS is the LCD area and the lower part is the RF
antenna area. Above is the display part and below is the card
swiping part, so that the display area and the RF area do not
overlap, that is, the two areas are not in the same area. This
traditional design method limits the size of LCD used in
POS, which increases the volume of POS [28-33].
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FiGure 1: Two types of POS. (a) POS with up-down layout. (b) POS with antenna on LCD.
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FIGURE 2: Schematic diagram of the RFID system. RWT, read-write
terminal; ET, electronic tag.

2. System Composition

To solve that the card swiping area and the display area of POS
cannot overlap because of electromagnetic interference, this
study puts forward the design mode of overlapping up and
down between LCD and RF antenna and expounds the design
method of RF antenna. As shown in Figure 1(b), this is a POS
designed using our proposed approach. The card swiping area
of this POS is in the same area as the display area. The RF area
and the displayarea overlap up and down, the frontis the read-
write antenna, and the back is LCD. The 13.56 MHz read-
write antenna matching the LCD size is attached to LCD.
This design method and connection mode break through
the limitation that the card swiping area and the display area
cannot be in the same area due to electromagnetic interference,
which effectively weakens the mutual interference between the
RF antenna and LCD. It realizes that the display area is the card
swiping area and changes the appearance design concept of
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Figure 3: Equivalent circuit diagram of antenna coil. L,, induc-
tance; C,, parasitic capacitance; R, parasitic resistance.
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FIGURE 4: Field strength distribution within the card read-write
distance.

POS. This design method expands the use area of POS, reduces
the volume of POS, and widens the use scenario of POS.

3. Research on 13.56 MHz RF Antenna

As shown in Figure 2 [34], the inductive coupling mainly
completes the transmission of signal and energy between coils
through high-frequency alternating magnetic field. The in-
ductive coupling 13.56 MHz RFID system is mainly composed
of RWT and ET, in which ET is a passive tag. The RWT
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FIGURE 5: Antenna matching schematic diagram. Rg, damping resistance.

completes control, communication, and data storage, and ET
also realizes the same function. When RWT needs to com-
municate with ET, the RWT coil converts the high-frequency
current I into the spatial electromagnetic wave B, generating a
high-frequency alternating magnetic field perpendicular to
the coil plane; the ET coil entering the alternating magnetic
field will have mutual inductance with the RWT coil, and ET
obtains the voltage V through the induced current and the
modulation information on the induced current. When RWT
needs to receive, the RWT coil converts the electromagnetic
wave intercepted from space into high-frequency current.

The common antenna coil forms are annular, square,
and rectangular. The rectangular coil is chosen here. A
rectangular antenna is a tuned LC circuit at a particular
frequency. When the inductive impedance is equal to the
capacitive impedance, the antenna will be at resonance. The
equivalent circuit of the antenna coil is shown in Figure 3
[35], and the antenna coil is equivalent to a series resonant
circuit composed of inductance L, parasitic capacitance C,,
and parasitic resistance R,. The resonant frequency of the
antenna can be obtained from Thomson formula (1).

1
f (2nyL,C,) 1)

According to equation (1), the frequency of the antenna
is only related to LC. When the resonant frequency f is
constant, the larger the antenna size, the greater the in-
ductance of the coil and the smaller the relative capacitance.
In addition, to reduce the mutual interference between
electronic components, the carrier field strength in the
antenna induction area of the RWT should be within 1.5 A/
m-7.5 A/m. The field strength distribution within the card
swiping distance is shown in Figure 4.

4. Design of 13.56 MHz RF Antenna on LCD

This study uses the RF chip CLRC663 of the NXP Company
and a 7-inch LCD to design the antenna system and obtains
the reader antenna and matching circuit that meet the actual

requirements. The CLRC663 works at 13.56 MHz. The an-
tenna adopts a printed circuit board (PCB) rectangular
antenna mode, and the antenna coil is attached to the 7-inch
LCD. Figure 5 [35] shows a circuitry design with all relevant
components required to connect an antenna to CLRC663. It
ensures the transmission of energy and data between RWT
and ET. The antenna matching schematic diagram is mainly
composed of an electromagnetic compatibility (EMC) filter
circuit, a network matching circuit, and an antenna coil
circuit. The EMC is mainly used to filter out the third and
fifth harmonics contained in 13.56 MHz and perform an
impedance transformation. The network matching circuit
acts as an impedance transformation block. The antenna coil
circuit determines the quality factor of the antenna.

Figure 6 shows the circuit diagram of the POS RF part
using the RF module CLRC663. It consists of three parts:
the EMC filtering and network matching circuit at the
transmitting end, the receiving circuit at the receiving
end, and the transmitting and receiving antenna and its
matching circuit.

In the design of the RF antenna on a 7-inch LCD, as
shown in Figure 7, the antenna coil and impedance matching
circuit are placed on the same PCB board. Considering the
interaction between antenna parasitic capacitance and LCD
parasitic capacitance, we add an open-circuit compensation
coil at the end of the antenna coil to avoid the ground
current and reduce the magnetic field strength of the an-
tenna coil.

We use the electromagnetic simulation software Ansoft
HEFSS to establish the antenna model and determine the
physical parameters of the antenna coil, including the length
and width, line width, line spacing, thickness and number of
turns, inductance value L, and resistance value R. The in-
ductance value L is between 0.3 UH and 3 Uh, and the re-
sistance value R is between 0.2 Ohm and 2 Ohm.

Figure 8 shows the antenna coil with a 7-inch LCD
designed with Ansoft HFSS. The antenna coil is rectangular,
with a length and width of 162 mm * 97 mm. The composite
substrate with high mechanical properties and high di-
electric constant is selected as the antenna substrate. The
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FIGURE 6: The circuit diagram of the POS RF part.
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substrate is 1 mm thickness, the coil is 0.035 mm thickness
and 3 mm width, and the material is copper foil with good
conductivity to reduce the resistance loss of the coil.

After getting the designed PCB of the antenna coil, we
can use the vector network analyzer or the calculation
formula to obtain the equivalent circuit parameters of PCB,
and according to the required value Q, of the quality factor,
calculate the damping resistance R . Here, we use the vector
network analyzer to directly measure the inductance value
L,, parasitic capacitance C,, and parasitic resistance R, of
PCB, as shown in Figure 3. The equivalent circuit must be
determined under final environmental conditions, especially
if the antenna will be operated in a metal environment or a
ferrite will be used for shielding. Here, the 7-inch LCD must
be placed under the antenna and measured by a vector
network analyzer. If there is no vector network analyzer,
equations (2) and (3) [35] can also be used to calculate L,
and R,. C, can be calculated by measuring the self-resonant
frequency of the antenna or it can be approximated as a rule
of thumb at 5pF-10 pF.
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FIGURE 9: An antenna that completed EMC filtering and imped-
ance matching.
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antenna

FiGure 10: POS assembly diagram.

L, ~ 21(1n(%> - oc)Nl'8, 2

where [ is the single loop circumference of the coil, D is the
line width, « is the rectangle factor of 1.54, and N is the
number of turns of the coil.

pL
R, =75 (3)
where p is the resistivity of copper, L is the total length of the
coil, and S is the cross-sectional area of the coil.

The quality factor Q, represents the loss performance of
the inductor coil. The higher the Q, value is, the higher the
antenna energy is. However, the higher the Q, value is, the
band-pass characteristics of RWT are affected. Generally, the
Q, value is between 10 and 30. Here, we take the quality
factor Q, =27 (Mifare card) and then calculate the damping
resistance R, value according to (4) [35] and (5) [35].

La
=W, 4
Q=wp ()
1 [wLa R ] 5)
9" 9 T al
2 Qq
Antenna resonant frequency f =13.56 MHz, so

w=2rf =8519999.27/s.

The specific parameters of the EMC filter circuit and
network matching circuit are obtained by calculation.
According to equations (6)-(11) [35], we can get C, of the
EMC filtering circuit and C;, C, of the network matching
circuit, respectively, thus completing EMC filtering and
impedance matching of the antenna system. Here, the cutoft
frequency f,, is 14.4 MHz, the matching resistance R, is
20 Ohm between Tx1 and Tx2, and the inductance L, of the
EMC filter circuit is 1000 nH.

1
Co="T—F7u (6)
(znfro)zLO
Ly(1-w’L,C,) —(R%,  /4)C
Xtr=2w 0( 0 0) ( match ) 0 (7)

(1= @’LyCy)” + (@(Rpen/2)Co)”

5
upper shell LCD screen botton shell
Rinatch
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(1 - LOCO) * (w (Rmatch/z)CO)
2
— (wLa) (9)
P R, +2R;
C. ~ 1
N B ’ (10)
w Rteru/4 + X, /2
C, = ! ! 2C
2772 - - pa*
W Lyl2  w\|R,R,,/4
(11)

Use the vector network analyzer to tune the antenna system.
The C, of the EMC filter circuit, C,, C, of the network matching
circuit, and the damping resistance R, are welded to actual PCB;
then, the antenna coil is connected to the actual PCB. The vector
network analyzer and the Smith circle diagram are used to tune
the antenna system. Fix C,, change the value of C, within a
certain range, so that the imaginary part is zero to achieve the
best effect, then fix C,, debug the value of C,, repeat this process
until the best card reading effect is obtained, complete the overall
antenna impedance matching, and obtain the maximum energy
output. Figure 9 shows an antenna attached to a 7-inch LCD that
has completed EMC filtering and impedance matching.

5. Experiment between RF Antenna and LCD

As shown in Figure 10, the designed antenna is placed above
the upper shell, and then, LCD and the upper shell are tightly
fixed, so that the position of LCD and the antenna coincide.
From right to left, assemble the bottom shell, LCD, upper
shell, antenna, and front panel and finally assemble the
mobile POS, as shown in Figure 1(b).

The antenna design method is verified by experiments. In
the experiment, we selected four tested PCB antennas, and their
performance parameters are given in Table 1. The four an-
tennas were assembled into four mobile POS, and then, the
contactless card read-write test was carried out. The experi-
mental results are given in Table 1. The optimal read-write
distance is about 5cm. As shown in Figure 11, in the working
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TaBLE 1: Antenna read-write distance.

POS Antenna Antenna L, (uH) Antenna R, (Q) Card read distance S (cm)

1 1 0.86 0.14 4.9

2 2 1.03 0.13 5.0

3 3 0.87 0.13 5.1

4 4 1.04 0.14 4.9

return loss

dB
0 (dB)
-10
220
230 4
working freq
-40 . . . . . (MHz)

o 11 12 13 14 15 16 17 18

FIGURE 11: Antenna return loss after impedance matching.

frequency band, return loss is less than —30dB and the re-
flection is very small, indicating that the antenna achieves good
matching. The experiment proves that the antenna design is
reliable and meets the performance requirements of the system.

6. Conclusion

This study presents a new approach where the RF antenna is
designed on LCD. This method breaks through the limi-
tation that the card swiping area and the display area cannot
be in the same area. It has changed the design concept of
POS, and the antenna size can be 20%-100% of the POS
display area. The experiment results showed the return loss
of the antenna is less than —30dB, and the effective read-
write distance of the antenna can reach about 5cm. This
approach expanded the scope of use of POS, reduced the
volume of POS, and broadened the use scenario of POS.
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