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ABSTRACT

In this paper, dual-band digital codec for UHF(Ultra High Frequency) and MW(Micro Wave) is proposed for
an RFID reader system. Most RFID systems have been supported only one protocol. But, There are many
protocols of each bandwidth. Especially, UHF bandwidth which is widely used on the globe consists of A,B,C
type, and more standards will be established. Recently, Since an interest about mobile RFID system is
increasing, the RFID system with more than one protocol will be need. Therefore, this paper suggests a
dual-band digital codec with UHF and MW bands for an RFID reader system. Standards used in this system are
18000-6C and 18000-4 standards. The digital codec is synthesize by the Quartus II compiler. Target device is
EPC20Q240C8 which is family of Cyclonell. Main Clock is 19.2MHz and elements of FPGA which is used
fot the system is 18,752.
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a2 A 47l9] SG(Sub-Group)©] 3lo] Hopd® B
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Low High . Micro
Ultra High Freq.
Freq. Freq. Freq.
125KHz, | 13.56 | 433.92 | 860~960
Tk 2.45GHz
134KHz | MHz MHz MHz
3E | 18000-2 | 18000-3 | 18000-7 | 18000-6 18000-4
FAS(5+, = e crve © | cemam o
Agnot| 1coke, HIAES | el | f5EF 5 | FEEF
Ic7h= 4 Raikikly
=P
vl | AFshee) 7} A4k | 900MHT S
e | KA | AbERe | *‘L‘/ial 7Ve, Aol | st
e aF o A o 7hg god | Akt 54
bl 7122} 71 Held
A Y | 2FY | o5 o | vEEY

wEbd] B =elliE o]4-xrF 2 UHF W9#
oo g ylsAe] & MW 7 7HA] didel of
EFo% A classl Generation2Z A= o] 9)

18000-6C2} 180004 ¥iroll whdh 7leksl Adw&
s} B =l AAE Wl P4 ot
< AAEIeh 7ZF HEeiel ulel Ze] o) E(preamble)
= ZH YA A (frame-sync) S A|4g}  18000-6C
EFolME AR 2EE $]8 CRC52F CRCI6S A
At=s =o] ik Fu+ 3 (hopping) WAl A
<, YUk FEel® dplElar giok =3k 553t
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fr et
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2.3.2 18000-6C Ex¢t

UHF tge] %3e] shial 18000-6C ek )
29} Y] AEAL A4 PIEPulse Interval
Encoding)2} FMO, Miller §-&3} HAlS- 2831, &
SR dae]Ee &3 dFESKslotted aloha) WS

Ag . w3eo) Al % 20 heit gleh

E 2. 18000-6C ™ol AA

Length .
Command Code . Protection
(bit)
QueryRep 00 4 Unique Command Length
Ack 01 18 Unique Command Length
Unique Command Length
Query 1000 22
and a CRC-5
QueryAdjust 1001 9 Unique Command Length
select 1010 >44 CRC-16
NAK 11000000 8 Unique Command Length
Rea_RN 11000001 40 CRC-16
Read 11000010 | >57 CRC-16
Write 11000011 >58 CRC-16
Kill 11000100 59 CRC-16
Lock 11000101 60 CRC-16
Access 11000110 56 CRC-16
BlockWrite | 11000111 >57 CRC-16
BlockErase | 11001000 | >57 CRC-16

2.3.3 18000-4 EZ=o

MW o] FEekel 180004 EFS modeldt
mode 22 YFrolA] gtk mode 19] 7-foll= 459
HhALS- 2918}, mode2e 55 WS X3l
18000-6C ¢} =34 PIE, FMO, Miller #3544
ARSI B 1e] SR darE|E o R o)zl ER
(binary  tree)ANE ARgEla glem,  FEle)
18000-6C W} 7hekslx|ul, 2t} Agalof & Al
HEdelo] Jiert gk wEe] AA= & 39 e
™, 4R HFZ 8] CRC-16S |43kl
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— 2 ol Ak TAE Fue] S2wg 7
Cote | Command name Parameter 2 o) ARk cehisle) AR s seld
GROUP eF2] f4l(preamble detection unit)®} UHFS} MW d]
°00° _SELECT_EQ address |byte_mask |word_data o_ﬂl _04 37_‘3] :lﬂ i tﬂ] Rk E] E%i 1/],% _/;: 9\11—/]_ 01
] o S ol =&
o1’ G;ﬁ?ng NE address |byte_mask |word_data E]Z]Eé <= RF :@]Eﬂ. NIPUA]’O]OH -r]7]3]'7ﬂ E]
SELECT. of Hlolel g Aelstod Aok B Tk A
02’ _SELECT GT address |byte_mask |word_data q Z] Eé = ‘3} _8_ %/ MON/OPP)HQL /gl % /\]%-%} °;i7]
=] 1 7lo 3.0 o) 4= gRrlo 2=
b GSI:ECI)}}JEI;T LT address |byte_mask |word_data i R I i R A e
GROUP_ _ WaF =) A (forward link)e} $JW-8F ¥ S (backward link)
04’ UNSELI;CT_EQ address |byte_mask |word_data 2 1/]—% _/,; 9\1\:} _{L\_Hoy-go]: Eo] I= E]H Oﬂ /l-] EH 1 Hoy-;ﬂ:
’05° GROUP_UNSELE address |byte_mask |word_data = ﬂi% ;ﬂ%:%]—% HO]’/EJ'% QIU]E]—U:L MCUQ}- D]
CT_NE - - - -
= 29 zEe] x| £F, 123 RF 325 7A-
GROUP_UNSELE ’
’06° CT_GT address |byte_mask |word_data cﬂ.ﬁh _g__ %gﬂ F’H v—j__qq__o,] %/KJ% ﬁ]_ﬂ] %1:]. H =R
RS _I_EA S EL & slod =i
°07” ﬁics)]gf];CT LT address |byte_mask |word_data oﬂk]“‘ 5% RFID AL‘:E‘:E :TLtﬂE]—’V]] uﬂ;,_—o]]
s eelrh 9 eaelAl Aes wA Hek meb
none none none - -
09’ SUCCESS none none none {':HOh%]: ‘—%iﬂ- Ud;q 01;’101;(]7-” %E}- ﬁﬂo}_‘%‘:‘—%i%
’0A’  |INITIALIZE none none none EHJ.C']]/H E]E]Ho]—fﬂ:o 3] %/\1_0]1;]-‘ ﬁl&]&] /§_]_:§:_°ﬂ
0C” READ 1D address none EHI]— % —% %}Ud €—H°]—i°]: %137_9,].7‘:_ b‘]}tﬁi O‘l—EﬂL}-’
RE3| 25 7 Z|ds §4 ZE8S A =19
R sl Azl oz gl shalsh] s =)
ar e | i
o qlele]E AEE Fr) H AsE ZHEe] v
Parameter 18000(—}::6(21;511;1215&1 18000-4 1‘19’}' %ﬁc}x} ‘ﬁ‘g\% 74;2:] H]O]E%;E— U'“-EI—-E] °ﬂ Z‘]X c!‘
shA ek ofu) vwelis Meuske] Afolel thel
Forward Link PIE(Pulse Interval Manch e -
Data Coding Encoding) anchester 5 sk 9\1% dlolel7} s me]e] AR AAo]
Rewm Link | . H9 MCU7} dlolElE gle] wlEslelol] Adap)
Data Coding QTL}A
Error Detection CRC-5, CRC-16 CRC-16 bl
Anti-collision Dynamic Framed Random Number
Algorithm Slotted ALOHA Binary Tree
L Middie
RF Digital Codec VWare

Preamble
Dretection

[UdFCodee ... ]

Encoder
Decoder

Anti-Collision

Memory

[hacodee

Encoder
Cecoder

Anti-Collision
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X
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L] Unit
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sy data
Decoder Buffer
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T > decoded, error,

dummy
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H =ollx] AAE UHF tle] 502 <

Z2 Sl E Wil o] &3 dEsl WS AR
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AC)

FEo] WA ==, o] Aol ZFNA AA
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(slot-counter)®] H|EE FA-S F8 1o $4& w
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off A=A 9t FEHA] BES AA 9] A
Al AEES gl & = ok e 5
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16
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error —»  Anti-Collision Unit

crc_check —
match —*

Command_out

data_length
{FC,EFC,CRC}

12| 6. UHF FE%% duels
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Shifter M 16
FMO __ : L3 data
il N
Select } 16
o : o s comnmas
Decoder C'Tt" 16
ollision
CReAB 6 Unit 23 data_length
Eurfer ™ 16
Check v {ID,CRC}
— CRC_check
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3.3.1 MW CHeje| o3 2E

MW djele] ¢lze EE2 UHF tde ¢lzd
wE R PR 7P vk MW tiee] &=
ekl g0 Za|Ed ofy W Ex] FU3HA 9
v =] WAE 09} delimiters 53} 5 9719
01’2} 11001110108 =P85 A$3r} =3k &
FAARTE Tds] CRC-16S A3t} ulehA
UHF W93} w58t & o wsegtk e REgs
T3tk MW -2 dA~E F53) BAE A
Asl7] wlitell NRZ AlZE WAl2~E] 2152 9l3d
A= fuls AAskck wd=bd oie] corEt
delimiter, "3, 4, BYTE_MASK, CRC-162] <=4
2 WAzE dFY BES 53 DACE A=

3.3.1 MW CHoie| Cj=0| mEm SEUX| 2E

Mwe| Bl Ze|oiBo] Zx|Ee] gleflo]E Al
ol Select MW 4157} ONo| = t]Zr] o] %
zlsl7] Akl MWt UHF tls} vk
Z "lz29] 437} PV0 Al E HaslE]e] 7] o
ol o7& tFRE 3= S AXA =k =gk
CRCI6 2 FAA 55 A=zske A= Tdsic)

vz Ho] 2571 glE Alo] sx A5E ¥
9] Ao} Sl wEl FEA] BEelA st
= HHE 3y 2B Afsp, FEa &
aElEel uE 52s s Sk

GRUOP_SELECT W#o|& ZFsle] Z71ol U=
258 Al €] S5l wel s oAk
27} Ssdsisdvhdd FAIL Al3E, el22XE ol
Sel 9S wiu = shie] dHla HeleE %
kS W) SUCCESS 4135, 53 elav) shix|
qE A%l dlo[gel] ol=2]7} 3ichH RESEND AlEE
QFH BEe wEle] Zole} 3 sl Hoh
FAIL A3l A5 24 daeEel she] =
27} AY s S AXA =k

3.4 bzg| 2&

B EellA] AREEl Wl Re]e] elo]uls 8l73}
zr}, v ®e2lE Quartus I 6.02] Mega-WizardS )-8
&lo] AAS}Ir). FPGA device Cyclonell o 23kgt
ez o, Y 27 22 F 9 1M E 2ES
7L glem, 7t o EES} 3 gH|EL] Fag)
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Query_rep ' ACK Query_rep
1w l
L T T -
= RN16—
{PC;EPC,CRCY —
L LD‘N’(,._LW 0100 (1 N0 T T
i o T I

T2 8. UHF W99 Hl~E A3 g3

] G O T
| B N BN BN I N R B N O - -
- |_ & W ] .-

# 5. UHFAY AJ&#olAd sleig

Parameter [ Value
DR 8
TRcal(us +/-1%) 200
LF 40
M 1
TRext 0
T1 238us~262us
T2 75us~262us
T3 Ous
T4 150us

4.1 Alz2fold

2 w=rellA] Ak YA 382 Modelsim 6.0
= ]B“G}C’% Verilog HDLZ AAsl5ich Al &
29| AZL 93} A EHo|AdoR 7z} el ulch
H~E W25 gl HAE it SEFaee

192MHz °]3 3= FIE 40kbpsE A3
2 ook} sk FEE A A Al 2

= 7HE BlaE WA BEe] AlEHe)dS A
63‘6}214. AlEYe] 2 EFol A= 3= BT
o] mole} Bl 5 Alele] FHuixe} HiXE
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