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Research Title: Antenna for RFID reader at HE frequency

Researcher: Chatrpol Pakasiri

Faculty: College of Advanced Manufacturing Innovation Department: =

ABSTRACT

Nowadays, RFID (Radio Frequency Identification) system has played a key role in many aspects
such as service, inventory, logistic, security management and especially industrial manufacturing process
because RFID can provide real-time assessment in manufacturing information. For example production
schedule, raw materials, packaging process. etc. This information, transmitted to production control
department, helps the department to improve the efficiency of the production process. especially complex
or non-sequence process. Hence, the author has realized the importance of improving the transponder
antenna (RFID reader’s antenna) operating at high frequency (13.56 MHz) in terms of transmitting power
and reading range to make tracking and troubleshooting in the production line easier.

In this research, performance of the planar loop antenna of RFID reader is improved with
additional ferrite sheet. The field simulated results show that the antenna with undercover ferrite sheet
provides more magnetic flux density at the same distance away from it. By using proper matching
networks, the RFID Reader with undercover ferrite sheet planar antenna provides longer reading range than

conventional planar RFID reader in both metallic and non-metallic environments.

Keywords : Antenna, Impedance matching, RFID, RFID Reader
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SIGOUTO RST
LED L3 INFSEL
XD 44l USBDP
RXD JpR TIT Tl USBDN
BOOTO Jhirne wmrreaIf DVSS

AN 3.13 FUUTLNBUUAZVUFOUADYDI Module Pi-93IMD [9]

@157199 3.2 U1 Pin #1199 ¥99 Module Pi-931MD

PIN SYMBOL TYPE Related SUPPLY Description

1 RX IN AVDD, AVSS Receiver Input

2 VMID OuT AVDD, AVSS Mid Rail Reference
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Voltage

3 TVSS Power TVDD, TVSS Transmitter Ground

4 X2 ouT TVDD, TVSS Transmitter Output 2

5 TVDD Power TVDD, TVSS Transmitter VDD

6 TX1 ouT TVDD, TVSS Transmitter Output 1

7 SIGOUTI1 ouT DVDD, DVSS Test signal SIGOUT]I
from SIC9310

8 SIGOUTO ouT DVDD, DVSS Test signal SIGOUTO
from SIC9310

9 LED ouT DVDD, DVSS LED Output

10 UTXD OUT DVDD, DVSS UART TX

11 URXD IN DVDD, DVSS UART RX

12 BOOTO IN DVDD, DVSS Firmware Programming
Enable

13 DVSS Power DVDD, DVSS Digital Ground

14 USBDN INJOUT DVDD, DVSS USB DN

15 USBDP IN/OUT DVDD, DVSS USB DP

16 INFSEL IN DVDD. DVSS Interface select (0 =
USB, 1'=RS232)

17 RST IN DVDD, DVSS Reset

18 USBEN Power DVDD, DVSS USB Enable (Left Float)

19 DVSS Power DVDD, DVSS Digital Ground

20 DVDD Power DVDD, DVSS Digital Positive Power
Supply

21 AVSS Power AVDD, AVSS Analog Ground

22 AVDD Power AVDD, AVSS Analog Positive Power
Supply

23 AVSS Power AVDD, AVSS Analog Ground

24 VREGIN Power AVSS Regulator Input
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WA 3.14 Block diagram 8819918903 Module Pi-931MD.[9]

Pi-831MD V1 2

- AMANTAAI ) YB3 Pi-931MD
RFID Front-End Chip

® SIC9310

Supported Protocols
® [SO14443A/B, all bitrates: 106, 212, 424 and 848 kbps
® [SO15693. all modes
O Downlink 1 of 4 and 1 of 256
O Uplink 6.6/13/26/53 kbps with 1 & 2 sub-carrier

® MIFARE Classic

Card Compatibilities
® [SO14443A
O MIFARE 1k, 4k, Mini, Ultralight
O Smartcard ISO14443A
® ]SO14443B
O Smartcard ISO14443B, SRI4K, SRI512
® [S0O15693

O SIC5600,
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O ICODE-SLI, ICODE-SLI-L, ICODE-SLI-S

Hardware Features
®  Support various RF topologies
O Closed coupling antenna
O Class E driver
® Read Range of the reference design (ISO15693)
O 3.5 cmx 5 cm close coupling antenna: 10 cm
O 14 cm x 14 cm close coupling antenna: 30 cm
® Host interface
O 3.3V RS232 (UART): 115,200 kbps
O USB 2.0 Full speed
® Heat dissipation pad
® High power transmitter
O 200mA @ 5V TVDD
O 300mA @ 7V TVDD
® Rx sensitivity down to 1 mVpkpk
® On-board 3.3V regulator
® 1 ED Status
® Dimension: 17.8 mm x 30.8 mm

® DIP 24-pin compatible (100-mil spacing)

Operating Conditions

® Storage temperature from -40 to 850C

® Operating temperature from -40 to 850C

® (ore operating voltage from 2.7 to 3.3V

® Transmitter operating voltage from 2.7to 7V

® Power consumption 60 mA in active mode (excluding Ant)
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Information Support

® Visual C# demonstration software

® Protocol Information

- IN389911 RFID
1 ' E4
1A30901U RFID N 1¥1uiadeiioz 14 Module Pi-931MD  31@0@13 Block Diagram  Pi931-
X34CC V1.2 RFID Reader[9] fuanaly Data Sheet 493 Module Pi-931MD #4010 3.24 Faa1n130
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¥ 3
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RX 2 Z < AVDDOVDD f. 4 -
8 & 2 : el
1= vmic 2 2 £ vireo b TXD - o
T | vmio > . RXD 9
— B PORST &= - :Q
‘ 4 w3 | i ol MCU : & 2
=) T SIC9310 wiso - Tuseod 7
y [ El AMGST e 5\(2
SCK
Todl Th o bttt sKI&—1 sTm3zF103 | UseoN o
i - : 0w
Antenna on iH asci 4 11
2 5 ; RST ‘;_
- e
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1386MH TR " ——
> iz Vs
Pa3IMDVI2 © iTuss T GND a @ ‘fohﬂ S
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w1
(diek=i o]
PLO31-X340C, ¥1.2 }
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' 4 J
w3 15A Y11A 4.2 x 6 mm
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Study Performance of Near-Field HF Antenna using
Undercover Ferrite Sheet
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Abstract—A planar loop antennas with and without
undercover ferrite are studied in this paper. The field
simulated results show that the antenna with undercover
ferrite provides more magnetic flux density at the same
distance away from it. Using a receiving loop antenna in the
simulation, the power gain of both transmitting antennas is
compared. By using proper matching networks, the planar
loop antenna with undercover ferrite provides a better power
gain than that of the planar loop antenna.

Keywords—planar loop antenna; ferrite sheet; wireless
power transfer

[. INTRODUCTION

Near field communication (NFC) has been used widely
in many wireless communication applications, especially in
the HF band of 13.56 MHz frequency. The key performance
of NFC is to have a strong magnetic field in the
communication region and weak field in the far-field region.
Therefore, transmitting antenna with an ability to wirelessly
transfer power in the near field region is desired.
Ferromagnetic material, which has relatively high loss
permeability, has long been used as parts of antennas. It was
believed that high loss permeability material yielding
degraded radiation efficiency until recently T. Yousefi et al.
[1] show that the radiation efficiency is not necessarily
reduced by the magnetic permeability loss. High loss
permeability material can also provide high radiation
efficiency for electrically small antennas. B. Lee, et al. [2]
uses ferromagnetic material as a ground plane of the loop
antenna and changes the sequences of the loop turn fo
improve the quality factor and reading range of HE NFC
antenna. Lau [3] has studied the effect of undercover ferrite
sheet of the loop antenna on the NFC communication. The
read range with the metallic environment has been drastically
improved for the antenna with undercover ferrite sheet. This
paper investigates the performance of antenna with
undercover ferrite sheet in term of power transfer for near
field communication.

II. TRANSMITTING ANTENNAS FIELD SIMULATION

First, transmitting antennas are simulated using ANSYS
Maxwell. There are two types of antennas being considered.
One is a planar loop antenna on FR4 substrate. The other is
the same loop antenna with undercover ferrite sheet located
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below the loop antenna with another FR4 PCB separated
between them. Figure 1 shows the structures of both
antennas.

(a) (b)

Fig. 1 Structures of the antennas under consideration (a)
planar loop antenna (b) planar loop antenna with undercover
ferrite.

The maximum magnetic flux density at various height
are plotted and compared in Fig. 2. The results show that
with the same amount of current delivered to the antenna, the
antenna with undercover ferrite yields higher magnetic flux
density at the distance below 30 mm. For the distance above
30 mm, the magnetic flux density of the planar loop antenna
is higher but they are both insignificant.
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Fig. 2 Maximum magnetic flux density at various height.

III. MAGNETICALLY COUPLED ANTENNAS SIMULATION

From the field theory, the magnetic mutual inductance
between two antennas is defined as [4],

1 - e
My, = =, By Hy dv (1)
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where B,is the magnetic flux density resulting from current
at the second antenna, I,. (with currently created by the first
antenna, [;, equals zero) and H, is the magnetic field
intensity due to current ;(with [, = 0). While My, is
defined similarly, it is necessarily equal to M,;. Equation (1)
shows how much the amount of the magnetic field generated
from one antenna can couple to the other antenna with
currents being normalized. To check the transmitting field of
two different types of transmitting antenna, the receiving
antenna is set to locate at the same position and orientation
so that I, and B, is set. Then the higher amount of mutual
inductance implies that there is stronger magnetic field
generated from the transmitting antenna. Next consider an
equivalent circuit of magnetically coupled near-field antenna
shown in Fig. 3.

M

=

A& Ly Lz:

Fig. 3 An equivalent circuit of magnetically -coupled
antennas.

,]ery¢

From Fig. 3, the voltage and current of both antennas can
be written as [5]

V, = (Z, + jwl)], + jwMI,, (2)

V, = joMI + (Z, +jwl,)k,. 3)

With an open circuit is terminated at the second terminal, the
equivalent circuit in Fig. 3 becomes Fig. 4.

4

Fig. 4 The equivalent circuit of magnetically coupled
antennas with an open-circuited load terminated at the
second terminal.
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Then the mutual inductance, M, can be found as

V2

M=o 4)

jw

If the receiving antenna is fixed in position and
orientation, the stronger the mutual inductance, the stronger
the transmitted magnetic field from the transmitting antenna.
Therefore, in the following experiments to check the
performance of transmitting antennas, the receiving antenna
is at the same position in each setup for comparison.

For the simulation experiment, consider a transmitting
antenna shown in Fig. 5. The antenna is a planar rectangular
spiral loop with trace width of 1 mm, space between trace of
0.3 mm. The antenna is made of copper trace on 1.6 mm

thickness FR4 printed circuit board.  The other transmitting
antenna is similar to the first one except there is additional
FR4 printed circuit board with a 0.1 mm thickness ferrite
sheet at the bottom. The ferrite sheet has a complex
permeability of uy = (120 — j2)u,y, where i, is the air
permeability. The receiving antenna is shown in Fig. 6.
Both transmitting and receiving antennas are placed in
parallel with a separation distance, d. Figure 7 shows the
simulation system setup.

.

(b)

Fig. 5 Top view of the transmitting antennas [6]: (a)
planar loop antenna (b) planar loop antenna with undercover
ferrite sheet.

The following simulation results are calculated by ADS
Momentum [6]. Consider the separation distance, d, equals
2 mm. Using a ImA current source excitation and a 50
load at the second terminal, Fig. 8 shows the current gain and
power gain. Figure 9 shows the mutual inductance with the
second terminal terminated with an open-circuited load.

Fig. 6 Top view of the receiving antenna [6].

Fig. 7 Simulation system setup [6].
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From Fig. 8 and Fig. 9, the transmitting antenna with operating power gain of both transmitting antennas. the
undercover ferrite sheet performs better with the same decibel definition is used as follows:
excitation current source. Next, consider a power source
excitation. The transducer power gain, Gr, and the operating Grgg = 10log(Gr,/Gry), (7)
power gain, G,, are defined as follows [7]:
, Gpan = 1010g(Gyz/Gpy), (8)
s power delivered to the load (5)
== - 5
labl ;
S S D where G, and Gr, are the transducer power gain of the
_ power delivered to the load 6 planar loop antenna and the .planar !oop antenna with
P ™ power input to the network’ (©) undercover ferrite sheet, respectively while G,; and G, are
the operating power gain of the planar loop antenna and the
— planar loop antenna with undercover ferrite sheet,
. respectively. Figure 10 shows the comparison of the gain
006 LY v . values in dB.
§ 005 g w«*‘*w Figure 10 implies that th.e planar loop antenna with
£ a0 e undercover ferrite sheet provides more transducer power
3 00 e gain for the frequency band of interest. However, the
o2 operating power gain of the planar loop antenna with
i planiar E na with 2 :
0o - undercover ferrite sheet is more than that of the planar loop
O =

antenna for frequencies below 18 MHz but is less for higher
frequencies. Since the input impedance to the system of the
planar antenna with undercover ferrite is higher than that of
() the planar antenna, more power is dissipated in the system

with a constant power source. At the frequency above 18
MHz, the impedance mismatch of the planar antenna with

10 12 14 16 i8 20
frequency {MHz)

7.00E-04 . -
- undercover ferrite eventually causes the operating power
SR8 gain to drop less than that of the planar antenna. Therefore
o T & E 43 matching networks are required at the transmitting and
& 400604 - | L P = receiving antenna to achieve optimum performance.
§ 3.00E-04 M d | # M,i,,’d.@w”"i‘ : -
S - o
7 COE-04 . == planar 0op antenna i
1.00E-04 = plagar loppantenna with 1o ‘\\% \
R undercover ferrite sheet 3.70E-01 - \\\ et GT ratic
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frequency {MHz) o 3 2 e %"\“
-
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o,
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Fig. 8 Gain of the transmitting antennas at d = 2 mm: (a) 3.30€-01 . A & W“M
current gain (b) power gain. 3.20E 01
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2.508-08 .. - |
£ .00E08 2 M (a)
® e R
§ 250608 . BB W - & - e
3 S ¥ &
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Fig. 9. Mutual inductance at d = 2 mm with the second 10 12 14 16 18 20
terminal terminated with an open-circuited load. frequency (MHz)
The measured system used is 50 ohms. The source and (b)

load impedances are also 50 ohms and therefore the
reflection coefficient at the source and at the load are equal Fig. 10. Comparison of (a) the transducer and (b)
to zero. To compare the transducer power gain and the operating power gain values in dB.
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IV. ANTENNA MATCHING NETWORKS

Consider a block diagram representing the antenna
system in Fig. 11. The antenna system consisting of the
transmitting and receiving antennas separated by a fix
distance is modeled as a two-port network. Input and output
matching networks are designed at a required frequency to
maximize power transferred to the load.

! : ‘

’ g & " Antenna | Ut i
— maiching sysii matching 1 1

network < » network |
Zo TF i ; - Zo2

+ ‘
E, | ! ‘ E, ‘
" Is Tin Tout I : \

Fig. 11. Antenna system represented by ttwo-port
network.

The antenna system is represented by S-parameters of
two port network, S,. as

S — [511 512]
3 Is21 Sg2f

Using conjugate match condition, the source and load
reflection coefficients are calculated as [7]

Iy = (B, £ yBY —4IG:I?) /26, (10)

T, = (Bz +/BZZ 4|C2|2)/2C2, (1)

where
By = 1+ Is1 %2 Is: 1%+ A2, (12)
B, = 1+ |5p5|% =111 = JAl%, (13)
Cy =811 —As3, (14)
C; = S —~Asiy (15)
A = 511523 = 512521- (16)

Note that * is the complex conjugate operator. To see the
affects of the impedance matching network, consider the
simulation case in the previous section at 20 MHz where the
operating power gain of the planar antenna is greater than
that of the planar antenna with undercover ferrite. Using T-
matching networks as shown in Fig. 12, the designed
matching network elements are shown in Table I. Ideally,
the antenna systems with conjugated matching networks
should have the same value of G, and G.. However, with
some numerical errors in calculating matching network
elements, both values are not exact but relatively closed in
values. The planar antenna with undercover ferrite yields
better results for both gain values. These results imply that
with a proper matching network, the planar antenna with
undercover ferrite can transmit magnetic near field better
than the planar antenna.

I/P matching network O/P matching network

IR ST AT
I | .| Antenna i | |
f_'_'f_‘?—* || system _:_‘ ‘_
A D R R
E : le L g,
1@ 3 2
| [ : [
i 1
=

Fig. 12. Antenna system with matching networks.

TABLE L MATCHING NETWORKS ELEMENTS
TRANSMITTING Cl L1 C2 c3 E2 C4 Gr Gt
ANTENNA (PF) | (NH) | (PF) | (PF) (NH) (PF)

PLANAR 388 | 220 195 | 2502 | 1854 | 19 0.39 | 036

BLANAR WITH | 139 | 291.5 | 15.3
UNDERCOVER
FERRITE

w
w
'S
B
=
W

77.4 97 053 | 053

)

V. CONCLUSIONS

The planar loop antenna with undercover ferrite sheet is
studied in this paper. In term of the magnetic field, the
antenna with undercover ferrite provides higher magnitude
values of magnetic flux density at the same vertical distance
away from the antenna. These results imply that the
undercover ferrite increases the flux density produced by the
antenna.  Next, a receiving antenna is set above the
transmitting antenna forming an antenna system. Since the
input impedances looking into the system are different for
the antenna with and without undercover ferrite, the input
powers delivered into the system are different. Therefore,
the output power can be less than expected yielding a lower
operating power gain. By using conjugated matching
network, the power can be transferred to the load optimally.
From the simulation results, the antenna with undercover
ferrite shows a better performance than does the antenna
without undercover ferrite. In conclusion, the planar antenna
with undercover ferrite is promising in antenna application.
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