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Abstract

Ubiquitous application is in need of high-level technology to meet various requests for ubiquitous service. In
order to adopt ubiquitous technology in not only pilot projects but also regional services, many projects like
u-City are implemented in and outside the country. RFID has been known as one of the important technology to
provide with core benefits of Ubiquitous services. Because each band of RFID technology has merits and demerits
concurrently, single-band RFID system has limitations for various RFID services. Thus, we developed dual-band
RFID system enable to provide with 1356MHz and 2.45GHz RFID service at the same time to compensate the
shortage of single-band RFID system. Also we have considered the way that the firmware would control signals
without collision, studied battery life and range for tag, and made hardware for dual-band RFID service.
Keywords : u-City, u—Zone, RFID, Firmware, Dual band RFID
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2. Base Station 7l

2.1 Base Station System 7.8
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[72¥ 2] Base Station System

2.2 u—Zone 2.45GHz RFID Reader H/'WES

Base Station Systemell ®©AE+= 245GHz Active
RFID Readert= Tag AW¥e=d F458HE Fo]7]
218l W Chip Component th4l SMA Connector”}
F2tEo] Qlof, o ] A <StElvE Adshd
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=& 7Y, Two-wire Serial Interface® In—circuit
Debuggingg IAR Embedded WorkbenchS ©]-&3}o]
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7= FYAl vlRelE 7EAAL ok AR EEQ] I2S
Interfaces #-&3le] 545 tAE dHeolgH= dds}
), By ~HH O E s}

FHAFX] 2= DMA(Direct Memory Access) 7153}
] 2 gA/BERE ok ©A7sS 7Hth 8719
Input ADC g, T2 78 7153 ZHAJElelw 16-hit
Elo]™ 171, 8-bhit Ele]™ 278, MAC E}ol™ 170, Sleep
Elolw| /5 EEsic

A9 A2HlE =0)7] {8t 457 Power REEH
frastA ARE-sHot

[28 3] u—~Zone 245GHz RFID Reader Block diagram
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Alz=®l Z2 A2+ High speed crystal oscillator(2
4~27 MHz for CC2510Fx) %+ High speed RC
oscillator(12~135 MHz for CC2510Fx)& A3t}

Ultra-low power operation= low—-power RC oscillator
o} Meld oz RT8KHzZE F4o] 753l
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Fimware= KUL(KA}e] Utility Layer), HPL (Hardware
Programming Layer), F<Alo] AT ESolE E38IC)
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2.4 u—Zone 13.56MHz RFID Reader H/WE &
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< olgale] Tagsh TN BAsES sigick 17
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2.5 uZone 13.56MHz RFID Reader S/'WE&

u~Zone 1356MHz RFID Reader V1.0 Firmware+
ATRICSIED2 Z=2A~ 3} 3ALogicTRHO31 Reader
A sk, Hepdoln weHow tixely Zw
EZ A3t A8 RFID oZAlo) S AFEsle]

APl a, 8051 MCU ARiEFol nf2is A de)
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POWER READING
5V RFID Reader
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nanoPC Part %

(1% 4] uZore 1356VHz RFID Reader V1.0 Boock Diagram

< 1> uZone 1356MHz RFID Reader V1.0 Specification

dlo] EEZ FAE o] CCHI10F32 chips 913l 83k
71538 AlFehes uekd golByeE Ui
HPL-2 u—~Zone 245GHz RFID Reader dF=¢o]ol of
gk 7134 Hs Alwstal, st=do] #AIAE 9
u—~Zone 2.45GHz RFID Reader®] 74443} 258 7t
@shAl & s dolBegE AYgith oA
gholBejg]o] 7)solvt wjaRE EFste] thE AREAL

of B4 Zaa9) g4 TE 7HeAS A ¢tk

Specification
Size 89 X 55 X 25 mm
Power Supply | DC 5V 300mA
Interface RS-232C
Operation | o6,

Frequency

Air Interface ISO 15693, ISO 14443A
ISO 15693 5 Cm o] 3}

ISO 14443A 6~ 8 Cm

Read Range
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u-Zone 1356MHz RFID Reader V1.0 ATSC5IED?
o} TRHO3IMS F8.3F 748 40s ¥3si)

ATSICOIEDZE= ¥ A%5S Ul CMOS Flash?!
80C51 CMOS single & AM&-3H= mlo]|a2HEZT
24 Z=9} dlolHE 9% 6dKbyte ZEA] W2 &
25 313t} 64Kbyte S HlR]= ISP capability
oL} AZEojoA] HE Rrol HE nrg g
= 4 9k o] L ISO14443 Type A, Type B, ISO
15698 B4 Z2EF 78 25 At W S
7] BRO F7b4e) %532 glo] 100mm A= 7
o] ZHAR R grIlE eHUE Alojd 4= glck

TRHO3IM=S- ISO 15693 mode®] F714j¢l 8 X
715 AHEske] 1om7kA B4le] 7ksslth

TRHO3IMS] 2417] F-E-& [SO14443 Type A, Type
B, ISO 156939] compatible cards 7|59 A& #3}9}
U3y 325 FYsis 71eS AT, 3V dyges
P33l TRHO3IM®] Digital %S 9H48 framing
OF AME Aojsy 8-bit u—Processoroll A%
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o] 7Fs3ahH, KULS 15014443 Type A, Type B, I1SO
15693 ¥+ w2& RFID TEEZS A|33dit)

KUL#} HPLS 245GHze] Heloleh sdst 24&

&JshH, 1356MHz2] KUL9] 74-9- ATRIC51EDZ chip
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3. RFID Dual Tag?] 7Nt

3.1 u—Zone 13.56MHz Tag

u-Zone TG-13 V1.0 - 1356MHz Tag+ Dual RFID
ol Ae] HAE 9 ARE-S 93] MEE ek Tags
2 Layer PCBZ 4=} Qa1 37 NXP MIFARE
classic family standard card IC7} ¥-2¥o] i)

u~Zone TG-13 V1.0 Tag <ol x3he MF1 IC S50
+ PCBel =¥ "©S Wdsta Atk MFL IC SX0
H2 1Kbyte EEPROM, RF-interface, Digital Control
Energy ¢t tume 2 FA %ol MF1 IC S0 213 <
A% QHEUE Afstes A E AT

<3 2> u-Zone TG-13 V1.0 Tag Specification

ISO/IEC 14443A
(MIFARE RF Interface)

13.56MHz
106kbps

16 bit CRC, parity, bit
coding, bit counting

RF Interface

Operating Frequency

Data transfer rate

High data integrity

Anti-collision True anticollision

Typical ticketing

. < 100 mS
transaction
Memory 1 Kbyte
Operating distance 0.5 ~ bem

Dimension 25mm X 22mm X 3mm

3% 3> uZone TG-DUO V2.0 Tag Specification

2.4GHz Specification
2400 ~2483.5 MHz

F

reauency ISM/SRD band systems
Range 0~50 m
RF Output Power 0 dBm

-90dBm (@540 kHz digital

Recei S itivit
ecetver Sensiivity | o el filter BW)

RSSI 0~255 (optional)
FSK;
Modulation [GFSK/MSK (differential

offset QPSK)-optional]
250 kbps;

[1.2~500 kBaudoptional]
Beacon (Default);

Mode [Tagreading/
writing—optionalsupport]

Data Rate

Transmission 2.8 Sec. (Default)
Interval [1~255Sec. (optional)]
POWE | Battery 3V, CR2032

R Idle current |0.5pA

13.56MHz Specification
u-Zone TG-13 V1.0 Tag Specification®} =<4 st

3.2 u—Zone 2.45GHz Tag

245GHzE A Q3l= Tag®EE u-Zone TG-24 V1.0,
V12, V1.39] Al 7F WS /MEstsieh o]elst Tag
52 Dua Tagd 715& Fdsk7] sl uZone
TG-13 V91.0Zte] E84< 23S &3 72 Fio&
APl ResS FHE 224 Dual Tagel 71s&
A HALE oY Tage2 ET|4oz Yk S
7hd bl §llan, ek wEe 1] 918l Daul
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ON/OFF Chip
Antenna

CC2510 SoC

CR2032
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[28] 5] u-Zone TG-DUO V2.0 Block diagram
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N REES AEtaE, oy FEAMEC] Off,
Hibernate, Doze, Idle, Sleep, Standby, Standby-I,
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o7 vwsl7] 930 link budget AMg-3hc}

LINK BUDGET = Hd] TX #¥ " RX %%

5 A4S 7 7] Wizl TX

grr RX ¥Izt=r} v S88tA A-8%rh

22 EHo dYdie o =& RS 7R
2 A=7F Boh & link budget 3 7HAa1, TX %12
S FER Agehs Gl FA AlFY] HHE &
Wel=d f8sith <% e gy e 9% §
A gAle] TX dEy RX W=Es 493 wola,
link budget2 Z4#2Q1 HIWE 93] AXE AT

7zt AFEe] Az 52 AR UE R SAAYS
A TR, <3E 4> 49} Link Budget 7t 7o) RX
WIzto) we ot A gho] debxith

=2 Link Budgeto & AlSE Melst= AL st
HAE g5s7lde o Ho] WAAw Fad A
T At A9E A& g glo] WYl dE&S 71A=
3 o]9le] 84521 Board JH, o4dY F%7], <F
Hu tJ#}21, matching network 52 L&t}
ro|=7p WAshE thshe dAdA 9] AAl ofF

gAlel S HlAESHS Zlo] Welel dAX|9] L o
A
o

-
Aae) oln oleld HlAES Ed ol
A

o
& Vsd B A9 anE &) HEd
e s A2 AR 5

& beacon ZZEZZE sh}r

dlole] #71S A= beacon ZEZEZFAA AHZ
2 o]Z g Aol AT} TI CCBI0F SoC Tagell AFEH+&=
A2l wiE 2]l CR20825 thdoz wiele] 5+ A
7F

He <3 5>9] AFAHE Ve m ALk

MAX
RADIO X RX SENSITIVITY LINK BUDGET
POWER
. -82 dBm GFSK 2Mbps

Nordic

0 dBm | -94 dBm GEFSK 250kbps | 94 dBm 250kbps
nRE24L01 .

( Bit Error  Rate)

TI CC2510 |0 dBm | -90 dBm 90 dBm
Freescale

+4 dBm | -92 dBm 96 dBm
MC13192
Atmel

+4 dBm | -93 dBm 97 dBm
ATR2406
Cypress o B -93 dBm DSSS 250kbps | 97 dBm

m

CYRET7936 -84 dBm GFSK 1Mbps |83 dBm
Microchip

0 dBm |-95 dBm 95 dBm
MRF24]40

<3 5> SONY #5-43+ wie g CR2032¢ 574

4 At 3V
T4 &% (2V cutoff) 220 mAh

<= Discharge Current(under load) |0.2 mA

100

Disch Load
1scharge Loa Ohm/15sec

Beacon AtolE AEellA A7/ Hoin] Ao
IAVRG=IPM2+*TPM2+TWUIACT-LA+TACT-TXx*I
ACT-TX+
+TLED-ON*(IACT-LA+ILED))/(TPNM2+TWU+TACT
~“TX+TLED-ON) = (05 E-3 * 3 + 100 E-6 * 48 +
636 E6 *26 + 3 E-3 % (48 + 2) / (3 + 100 E-6 +
686 E-6 + 3 E-3)
= (15 E-3 + 048 E-3 + 1783% E-3 + 204 E-3) /
(3.003786)
= 40.216 / 3.003786 = 13.3384 E-3(mA)
= 13.38%4 pA

whebd WiElE] 4
o] 21z,

AIZF TLIFE: 24 77k A)7F

TLIFE = CBAT/ IAVRG
= 792000(mAS)/ 13.3884 E-3(mA) = 59.150687 E+06
(S) = 16432 (h) = 684.67 (days)
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<3 6> TI CCHI0F 7 2} m=of wE AFan] At

Incrrx, TxOlA &3 =
A% - 6dBm Output Power
Incrrx, TxoA 43 =2
A% 0dBm Output Power
Tacr-tx, Tx 843 = A7 6861s
Incria, 843 e Hu £5

18.5mA

26mA

Low CPUAM& 48mA
ILED, LED current 2mA
TLED-ON, &43 == A7k Low 3mS
CPU, LED-ON m
TWU, Wake-Up A3t PM2/3 —>

o 100us
43t me

IPMz, Sleep 2= PM2 0.5mA
Tene, Sleep mode Al 7F (PM2) 3Sec.
5.4 &

2 AFeM e FHe fHlHAE S AH|s 879
7l whet Q5 el Siet ks Al i
95t 1356MHzeF 245GHz thYe E5F AYsh=
Dual Tag®} Base Statione 7W&alith Dual teS
AHE-8Fe] Base Statione ZAg¢} 9A8E % X9
3t 2123 Tag AHZE u—Zone AHlol A%3Hc)

Base Station®lA 245GHz RFID Reader A&
CCOI0Fxs AREsEAaL, w4 A3 QtEHvE o
Al 5m~100m7}4]e] W95 g3t es A2t

1356MHz H9lol= KUL, HPL, HAlo] 23X EY
o] ¥xslshy, KULS % 1S014443 Type A, Type
B, ISO 15693 ¥+#S W2% RFID Z2EZ2 /)it
At} ATRICSIED? Z=2A2 3t 3ALogic TRHO31
Reader S WAslsa, 8051 MCU A E ol wh=
= YE Z2EF Reader IC8} A8t == A=381300k

Dual TagollXl 245GHzE AH&3H7] wiitel] dRkAQl
558 TagolA F8 o7t H= wige] +H 3 He
of tfgt A5 L, ol& ©]&3te] Dual Tag®] wi
He 58S SAsAT

2 Aol A= 1356MHz9} 245GHz Tags 2H2t 71
s, o A FElQl TG-24 V1.3 Tags AA HF
Moz o He ol TG-DUO V202 73t

F5 AR E B AFA e Dual Tagel
e g S A% A7l WY Dual 99e] RFID
Azl g2 A AMERe] A2 AAE Ee
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