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EPC Class-1 Generation-2 UHF RFID Tag
Design and Verification

Abstract

In this paper, a digital anti-collision system circuit design for Radio Frequency
Identification (RFID) Tag is presented completely and verified with RF front-end circuits,
moreover to be aimed at digital anti-collision system to integrated. This system was adapted
with the “Slotted Random” anti-collision algorithm. Two commended Tag functions are the
usage of random number system to do time-division multiplexing (TDM ) and backward data
linking frequencies chosen by readers. The proposed anti-collision system circuit both
enhances functions to Tags, and speeds up the identification rate. Meanwhile, it reduces the
detection error and the power consumption. We implemented the design on ALTERA Cyclone
IT EP2C5T144C7 FPGA chip combine with an antenna and a hybrid RF front-end circuit. The
Alien Reader ALR-9780 had successfully linked with our Tag circuit and read the EPC codes,
which were compatible with the EPC Class-1 Generation-2 UHF RFID Protocol [1]. In the

integrated circuit is used SMIC 0.18 um process.

Keyword : RFID, Tag, Anti-collision, Random number
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PREEE AR > S ST RARM R TR S R ITH F XX RIERL AR E SR
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4

|
'd|lir

I*J —

% 48
(13.56Mhz)

I"I“‘-‘

:r-L

libsa i £8 KR L35S
SRS

A2 54 ik EA848 1.5 2R D48 F R AL 0T g A 4 A
(300-1200Mh2)[| 2.% 5 % % 53 & Bk

B AR RERET 8%

]

1L B g4kt i% 26 &

A

il

D 3 a4k $ oahik e

o
S

HIEF

Lpbsa /£ 3 e m B 24
BLE LB ER &

(245 5% |F2id 1.5 2R 98 [ D 5k oY & B R AR s A&
5.8Gzh) 3.4 RS BN M 24
i}

PRI ks A& F gt & EPC-global 9 T z8w] % 5 (EPC Tag and reader) | # >

4 FAGLT AL R 6 3 & 3 2 & Reader fr Tag 2 ¥

PRim ) TALfL | vR 2 7 epidEdp (A § Reader fv Tag 4p 3 B BF > ffe - PR
o3 AT I AT TR EPRER G PR Fla B3R TE SRR @
i LI A SR Lk 21 0 Tl S e TRFID dei b Al B R B 0

A5 GEEMA BHRAT L FPFAZAARIFTHS CHRDT L

IR B RRE PR 2 ARk - 0 - % - 5 Reader & 7 BpF o



A BaA B Tag PR B 50 i = 5L » @ & Reader 32 & 4]
12 #7775 = k- Tag s S8 a 50} Reader i oI » Tag o przs] 5 &
command > @ 1 Tag & # E%] > 4@ 1.3 #7577 o #7170 » N parsp 20 TREID #ic > sk

ARTE 0 ARTARFEY A R SRR

Tag-F N A i b R e I o A N

B 1.2 RFID % %4 case-1 B 1.3 RFID % %74 case-2

v B 1.4 #7o { _RFID Tag & B 8" 3§ I AR



‘.

Yo # RFID-Tag4p B 7 L
(& % Paper, Data Sheet, Standard, % #5# < ,
il T )

37 % RFID-Tag 4p M 4%
( # % RF Front-end, Anti-collision, Memory )

\

% +7RFID Standard
( # z EPC C1 G2 UHF RFID Protocol &
ISO18000-6 )

77 ZRFID Anti-collision Algorithm
7 T RFID-Tag Anti-collision State
Diagram

v

37 . RFID-Tag Anti-collision
System Circuit

v

VHDL RTL Simulation

I
v v

FPGA Timing Simulation Logic Synthesis

v v

FPGA Verification Verilog Gate Level Simulation

v

Place and Route

v

Post Transistor Level Simulation

v

Tape Out

@ 1.4 RFID Tag & BF7 7 /A%



"RFID #kc = FF sift 4 SLT B g indR

(1) zf RFID Tag Ap B 38 > & 7 & 3% aF F08 A 4% %20 Paper ~ RFID Ap B = 2 #f
2> ® er1Data Sheet ~ EPC £ ISO ¢ Standard[1-6] ~ Eivsh 2 ~ it ¢ THEF o

(2) Rypm g mdz (1) “Tc 3 eF 4 > 37 2 RFID Tag #7175 AP B3R+ > ¢ 2 SPig
BT EEPARE TR eREER

(3) 4 47 RFID Standard > ¥ EPC Radio-Frequency Identity Protocols Class-1 Generation-2
UHF RFID Protocol for Communications at 860MHz-960MHz Version 1.09 [1] % & >
ISO18000-6[2] % # » A~ 4= &5 » L » 2 3 ind% (2) #3% RFID-Tag “77 4p

MRt > £.F 3 228 & EPC Class-1 Generation-2 UHF RFID Protocol °
(4) 11 EPC Radio-Frequency Identity Protocols Class-1 Generation-2 UHF RFID Protocol

for Communications at 860MHz-960MHz Version 1.09 % i » 3t = RFID

Anti-collision Algorithm o

(5) 14" 1 o 42.(4) #7737 = 1 RFID Anti-collision Algorithm » 4 15 ! #7 % 1 RFID-Tag

Anti-collision State Diagram o

(6) 134557 3 inAz (5) #737 = ¢ RFID-Tag Anti-collision State Diagram » 4 47 ~ *» &] !
TRFID #ci-F fide & 2% B8 | #75 ch BB | 4ol BE6 408k TRFID $ici-

LA kTR o
(7)41* VHDL it {7 #ici> 7 72K 3+ > @ ALTERA Quartus IT &2 Cadence Verilog-XL 4
L 444 FPGA & IC Tapeout i8 (7 52 BF R it » g2 2 8 > L w2 700

2 (2) A ik s % L F 5 B & RFID-Tag A4t -

~E\

(8) @ * & % 4]5. ALTERA Cyclone I1 EP2C5T144C7 7 FPGA IC it {7 T RFID #ci= f#

10



AL R T R AMTRIRT % F% 2L v I (2) k%E

ity 15 % L35 # & RFID-Tag 24 -

(9) 1 * 347~ 3% 3* RF frond-end 7 # > & & FPGAIC & % board level RFID TAG >

£ Alien Reader ALR-9780 UHF RFID Reader i& {7 4 i % 3% o

(10) 41* Synopsys Design Compiler i& {7 logic synthesis ¥ scan chain insertion °

(11) #-£& = {4 i% 3| 75 gate level circuit £ =t & 7 HHt > sk 2 st-%di%l T S
RFID-Tag #.% ©

(12) & * Synopsys Astro i& {7 placement {v routing °

(13) #-routing {4 17 3| transistor level circuit & {7 B {4 iR > ek H %V%dia] 2%

73 # & RFID-Tag 4% o

(14) & * SMIC 0.18 @ = tape out °
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2.1 RFID % svi#i¥ & ;U
RSP FEE f Seh BB A &% 4 5 251 (Full Duplex : FDX) #i5 > *
1 (Half Duplex : HDX) @ﬁi%] » 24 (Sequential : SEQ) @ﬂig?]i%ﬁ:—_ F[3] 0 B2.1%77 #

SR A o B T -

Procedure:
FDX:

Energy transfer: R ———
downlink: m_:
uplink:
HDX:
Energy transfer:
downlink: m
uplink:
SEQ:
Energy transfer: m— —— I .
downlink: | p—l_Jw_l_
uplink: H

B 2.1 @@?ﬁ T 7 B

2.2 ## NUHF RFIDE-#F T REH 4

FI225 % et ds SR AR o+ B N 4 AU Spa e B
A AR AT R TT AL T T R B0 BRI Nenfy £ 4
o PR A S PERRILEL o B 5 W R TR AL SR IR R K ek (PR Z TR 127
gy ey £ SURLEE Rk SRR B B 4 PRI AT 0 X AGE R B 1 g o 1 o
i 2 *}?‘?‘ i e TR B % T Bt backscatter L iE T L w8 5 f

o 4 wx FUHFAL 6 5 1 8 crdle (7484 o
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RFID
Front End

VDD r Rx Tx

Digital Block

R12.2 A 3 AR5 28 5 W)

2.3 Backscatter
b hades I AL fv“uﬁi%] M0 ECI M > AR RPN R OR AP o
ETLMOB BN B BRI AR B E D E B ROV SR sy

WAl & w4t % (Backscatter Modulation) o 4o §]2.322 §]2.47 5% [3] -

™ = " == = = =m =m -

—— | :m I

— — EJ Briingg| !

- @ h-l-l-l 1 l\.._ EE L :
|

1 I

®]2.3 Backscatter+ ®, B8]
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Hmod

5— —

- LJHH

P Semod P S-mod
YPt-maod / YPt-mod

il
\ /
ln'

Data

Rl2.4 T8 T F wATHD

2.4 RFID Anti-collision Algorithm f 32 ;5

# EPC Radio-Frequency Identity Protocols Class-1 Generation-2 UHF RFID Protocol
for Communications at 860MHz-960MHz Version 1.09 s 2 & » 24 i #73E T HRFID
Anti-collision Algorithm % T Slotted Random > ¢t f& ;% & * 5% % F *t % #H RFID " Binary

Tree | & & % o

2.4.1 Binary Tree Algorithm
' Binary Tree ; Algorithm ¥ % — =t #9434 » Reader ¥ B #4074 “17 &% - £ Tag >
& # Tag ¥4 eI & Reader “7 A 3 0ID Index » % Tag #tc ¥| 4 Bit B #2 H Index
“Tip P Bit 2 o RIiE M FF LR 0 77 T - i Reader %34 A7 Tag ID % > 217 ¢ %t
Reader 74 #F “7% &> 4 Tag “T{c ¥4 39 Bit &2 2 Index #74p =% 1 Bit4p e > B #
w & ID T - i Bit % Reader’ & Auto-ID 1242 > Tag & “0”{-“1”&_* % F cf1sub-channel’
OB B g AREFA > R RSB Tag w 390781 4 €5 AR %
B fs > % Reader i#d14p 4 ** IDBit #enh 39 Bit {5 » |- & %1 » ¥ w3 — # Tag

AyER K [15] -

B2.5 % Binary Tree Algorithmen#: %+ 2, BI[5] > B]2.6 % Binary Tree Algorithmeh
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State Diagram|5] o

() Root (level 0, not in rea)

B “'p\ Level1  MSB
&
_q D Leveal 2

dooéoooéodo -- éoooo::obooéooooo Lewel n

Product 01001

2.5 Binary Tree Algorithme# ¥ 57 &,

g i) o
|nn:;| /f" Reset ‘\

otrvalia §
nval
\\____- Signats _./
alid Signats
Data0' & ridd
1D flag set \O A N
fekoany, /) i _J/m\-

Stan Data 1 D
- —"'/)‘\_QLL?F_)“ = Data 0.1
il

Sat 1D flag

Data 0 AND
1D flag deared
EE 8
el f
\%g" g

Diata null’ 3|
1D length + Dala 0.1 after

Data 0.1, Mute
matchi TSl s not at\
W Data D1

Dara tast D bit repeal
Data 0
/ o%
Drada 1
- Ermors &
D:sal:-lec cmuﬂ"ﬂl‘ﬂm
L\ \\h

Data 0,1

[¥]2.6 Binary Tree Algorithm¢#State Diagram

2.4.2 Slotted Random Algorithm
@ F ek * en T Slotted Random | Anti-collision Algorithm B £ 41 % 4 pF § 1 cs
% == RFID 2 B el pidg » 2 w5 $£ 3] RFID gidg chi & Rhs = 0 - &% -
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- Reader :£ (T BrpF > 5 o Bt o Bt Tag PRI T R GE > @ = G 5Lapdy >
@ & Reader 32 » 4@ 1.2 #7177 ; = & F - Tag &% 5 & 512+ Reader 7§ E\jp‘wﬁﬂ

» Tag b ¥z 3] 5 4 command > @ & Tag & 4 2] > 4o@) 1.3 #5757 °

=

TP - AT, 0 § % & Reader B4p & fp @ f B RIP F 5 B
Tag F¥ > Reader 8+ T Tag "T18 A 2 pt > 2 Ry  Boim| > Lip#cs: 0 Tag F L w
B FE2ub v Reader » Reader /23 3516 0 foid &v Tag w @ H ID Code » #72 J#* & pF §

1 PR TR B - AR 0 o] 1.2 4T e

A F - AR A 0 Bl E A1 T Session | #EA([1] ﬁk{i}gﬁ 5 Reader & & p
e i B FIN G P B Tag P50 & - Reader %4 p @ B~ Flp s Tag 7 F «F1session

75 > ¢ chTag %ﬁ“u session & ¥ &~ & w B vR— 5 Reader > 4-B] 1.3 #7177 o

‘,% gt 2_ ¢k > Slotted Random ;Anti-collision Algorithm § % 7 " Flag ;s+% 4 [1] " Flag |
3 2fa8E A fr Bt 3 - BN E R Tag X 5 Flag-A- @ 4% Reader 3§ 2~i& ID code
1 Tag i*ui‘-’kf'- Flag # # % Flag-B » » ﬁ*w‘i'\;rub Eaf i Tag 28 £ 37 - B round »

€L ARG B 1 O PAET A FR D BB T A o
g2 7% T Slotted Random ; Anti-collision Algorithm # 2| %44+ & +* [ Binary Tree |
Algorithm % » i § 3 B~eig & frig B > [ Binary Tree | Algorithm » @ 2 & & #4] % & >

T SRR BRI 0V A1 0 % g Bebpide 5 o B 2.7 5 T Slotted Random |

Anti-collision Algorithm 7 State Diagram[1] °
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Power-up & ~klled

2
}
i

i

T
§§§§§§§
i

i
f
ggg

CMD ACK fualid RN 18]
Rephy: PC, EPC. CRC-16
L

Acknowledged

HEW ROUND
CMD: Quevy [shot > 0 & maiching
(wvrentonied & 5L Rags]
Rephy: None

Reply

CMD: DuevyRep, Quarydaiusr [siol <= 0]
» Wi

HEWY ROUND
CMD: Query [shot = 0 & manching
{mventoried

& 5L Mags]

CMD: Guerydefust st = 0

CMD; ACK [valid RN16]
Reply: FC, EFC, CRC-16
CMD; Reg_RAN [invalid RN16]
Raply: hons

i8] 2.7 Slotted Random Anti-collision Algorithm State Diagram
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%= 3% RFID Tag } A p 2R EH#

RFID Tag & #8 % 5L ta37 24240 o 4o@] 3.1 #7577
(1) +* #& RFID Standard > ™ EPC Radio-Frequency Identity Protocols Class-1 Generation-2
UHF RFID Protocol for Communications at 860MHz-960MHz Version 1.09 % & »

1SO18000-6 % # » %737 RFID Tag § 48 % 544 o

(2)w #& RFID 7 B2 o @ 97 o B o0 data sheet » 48 & 2 % %737 RFID Tag £ 48 % sL3R
¥ori i/ent > > @ data sheet ' Philips = ITRI 5 2 > F]J 5 ¢t a & & ¥ i %

EPC-global e= R » % l% i EPC Standard °

®] 3.1 RFID Tag &4 % sL348 57 T 42 )

3.1 Anti-collision Circuit
T 4 3.1[1-6]4+# 3.2[1-6] 4 %] 5= EPC Radio-Frequency Identity Protocols Class-1
Generation-2 UHF RFID Protocol for Communications at 860MHz-960MHz Version 1.09 -

ISO18000-6 -7 RFID Tag #L#& vt # % » % 3.3 | 5 #7377 RFID Tag & 88 % kL34 4 3.4[8-10]



fr# 3.5[8-10]8] % Philips v ITRI 7 data sheet * # % > @ % 3.6 fv# 3.7 B £ P 5 18
#7137 T RFID Tag B #8 % Su4s o
k (£ 3.1~% 357 cn? » 2 & 5 Rk E %)

# 3.1 EPC Class1 Gen.2 / ISO 18000-6 Comparison-1

ISO 18000-6
SR e | e |
Frequency range 360 ~ 960 MHz 360 ~ 960 MHz | 860 ~ 960 MHz
Eeiggod DSB-ASK,SSB-ASK,PR-ASK ASK ASK
Modulator
Forward Coding PIE PIE Manchester
Backward
Modalator ASK or PSK ASK ASK
Modulation 80~100 % 27 ~ 100 % 18 ~ 100 %
Index
Return Coding | FMO,Miller M=2,4,8 sub carrier FMO FMO
Forward 40,80,160 kbps
Data Rate FMO MillerFMO per 40kbps [2] P.14 | 40kbps [2] P.14
40,160,320,640 symbol
# 3.2 EPC Classl Gen.2 / ISO 18000-6 Comparison-2
ISO 18000-6
S _
Anti-collision Slotted random Aloha Binary Tree
Spreading FHSS FHSS FHSS
Collision arbitration 2015-1 250 Tags 2°256
linearity
Tag identifier = 32bits 64 bits (40bits SUID) 64 bits
. : s Byte blocks 1,2,3 or 4
Memory addressing 4 banks, = 224bits Blocks up to 256 bits byte writes.
CRC-5 (with an
Error code forward additional CRC-16
link ERE-0RLRELO appended for all long BRSO
cormmands)
Error code return link CRC-16 CRC-16 CRC-16
Access Password 32 bits ? ?
Kill Password 32 bits 7 2
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# 3.3 RFID Tag Provisional Specification

RFID TAG

Frequency 860 ~960 MHz
Modulation DSB-ASK,SSB-ASK,PR-ASK ASK or PSK
Modulation Index 80~100% 80~100 %
Coding PIE FMO
Data Rate 40 ~ 160 kbps 40 ~ 640 kbps
Error Detection CRC-5 & CRC-16 CRC-16
Tag identifier =32bits
Memory addressing 4 banks , 256 bits
Access Password 32 bits
Kill Password 32 bits
Spreading FHSS

Anti-collision

Slotted random

Collision arbitration
linearity

2715-1

% 3.4 Philips & ITRI RFID Tag Comparison -1

Philips UCODE EPC G2

RF-Interface

ITRI EPC Class | Generation 2

k] 860 ~ 960 MHz 860 ~ 960 MHz
Frequency
Bit Rate 40~ 160k bps | 40~ 640k bps | 26.7 ~ 128 kbps | 40 ~ 640 k bps

Anti-collision

Slotted Random

Slotted Random

Operating
Distance

Up to 7.0m

20




% 3.5 Philips & ITRI RFID Tag Comparison -2

Philips UCODE EPC G2 ITRI EPC Class 1 Generation 2
Memory
Size 512 bits 1024 bits
EPC 96 bits 96 bits
Tag Identifier 64 bits ?
User memory 224 bits 192 bits
Write Endurance 100000 100000
Data retention 10 Year 10 Year
Security
Security 64 bits password 64 bits password
Others
Multi-label 1600 Tags/s @ US )
operation 600 Tags/s (@ Europe '
Tif};l:ilie .25 ~+85 C (operating) -40 ~+85 C
# 3.6 RFID Tag Specification-1
RFID TAG
Forward Link Return Link
Frequency 860 ~960 MHz
Modulation DSB-ASK,SSB-ASK PR-ASK ASK or PSK
Modulation Index 80~100 % 80~100 %
Coding PIE FMO
Data Rate 40 ~ 160 kbps 40 ~ 640 kbps
Error Detection CRC-5 & CRC-16 CRC-16
Tag identifier = 32bits
Memory addressing 4 banks
Access Password 32 bits
Kill Pagsword 32 bits
Spreading FHSS
Anti-collision Slotted random
Collision arbitration 2A15-1

linearity

21




# 3.7 RFID Tag Specification-2

RFID TAG
Operating Distance Upto 7.0m
Memory Size 512 bits
EPC 96 bits
Tag Identifier 64 bits
User memory 224 bits
Write Endurance 100000
Data retention 10 Year
Multi-label operation 1600 Tags/s (@ US ; 600 Tags/s (@ Europe
Industrial Temperature -25 ~+85 C (operating)

3.2 Antenna

TRE TR TG &Y RARIBT b A EPET R €N Ry

Ao iR LR A 4 b G R en e AT & oh A > HRFIDE Y F RE A )

o 4o T Fe b A OFE R 4o

gt

ER A R A G ark o T MR R MR

A

Nk oo AT R AL T ARE E R AT - F32T MK -

%]3.2 Antenna Design
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3.3 Demodulation Circuit
PR R BN R TR AL S8k TFCIRT 8 4 UHF i
B @ RAASKURLE R E i 0T FC3H TR 8 ARCH T ¥ #c 1i' 3
HELIEA R E D endp £ 1233 0 e 5LAS d common-emitter amplifier 2% 4
5 L BN R BT MO E I R o Bl B Sl kT B RS o e

Bl3.3%77F

3.4 Modulation Circuit

A% T B E ) * backscatter it 5L % @ o Backscatter€_d F i R ILA0gE B A0
P &t RFIDIR S HG o 3 2 £ J1* TRABIREY € 22 F &> T 8F &
LA ML A B o [§]3. 3)}* L E A1 L RHQIYITL BB Ak SE D o
Byp F SR h A E BB R R R TXFOR G 07 1A 1 G AT A Rl
RRENF AL B> 22 REFIDARY & seendk (77 585 {3+ enhf % o S5 J,,

2 1R R R T R AOR R Bl R MR RABLEH T

VCC VCC VCC

ANTENNA
L1

B]3.3 RF front-end circuit
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¥z & RFID > aif s v B L 47

FRFID #ci~ 7 fidg % 5v@ B | # * [ Slotted Random | Anti-collision Algorithm » #
LR T A4 R I8 A > & B] 4 3 P& - Linearity ~ Data encoding ~ Begin-of-signaling and

End-of-signaling ~ Data rate - Error correcting code ~ Command ~ Link timing ~ Memory|[1] °

4.1 3 B

1343 &= EPC Radio-Frequency Identity Protocols Class-1 Generation-2 UHF RFID
Protocol for Communications at 860MHz-960MHz Version 1.09 i3 452 = » Tag 7§ B~
& w5 1600 Tags/s _US (% %) 600 Tags/s Europe (#*) [8] > F]#* = T RFID #cix [

FRAE G SRR B ) ol PSR U% R b AT AR

4.2 Linearity

1343 &= EPC Radio-Frequency Identity Protocols Class-1 Generation-2 UHF RFID
Protocol for Communications at 860MHz-960MHz Version 1.09 m*FLEFGLT s BTERF
I Slotted Random Aloha ;Anti-collision Algorithm» 2 & f Tag /b w4 & 2 215—1 1]

Flpt A& TRFID $ic =l fifd % SR B ) ergh B30 0 0% 'Lt b opaf gt o

4.3 Data Encoding

1343 &= EPC Radio-Frequency Identity Protocols Class-1 Generation-2 UHF RFID
Protocol for Communications at 860MHz-960MHz Version 1.09 %42 T » Reader & 1
Tag (R=>T) ez 8> H %mb ;83 % e&_TPIE | %#5[1] > @ Tag = & & Reader (T =>
R) iz 550 H %088 #2742 * 98T FMO baseband | % #% [1] 2 " Miller-modulated subcarrier |

(1] -
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4.3.1 PIE Encoding
"PIE | %8 cnnsS st o 4o® 4.1 #7157 [1] > £ * data-high PP 97 o > kiE 5
data-0 v data-1 sn3%m % > 95 B 4.1 #7357 T timing scheme 40
(1) PW=0.5 Tari
(2) Tolerance = +/- 1% >

(3) Data“0”=1 Tari ; Data“1”=2 Tari

1.5 Tari £ data-1 = 2.0 Tari =

Tari 0.5 Tari = x £ Tari

- e
PW PW
«— +— »
data-0 '
data-1
B8] 4.1 PIE Symbols
4.3.2 FMO0 Baseband

TFMO baseband ; % #5 71 Basis Functions ~ Generator State Diagram ~ Symbols and
Sequences » 4 4.2 #7570 1 & £ 4% data-0 f- data-1 F =i > ki 3] TFMO
baseband | ¥ #% - data-0 fr data-1 %+ i symbol boundary JF’K € F fE4p - = > it data-0
hraEd L RTE K 4P — = data-1 )3 * > 2+ P TFMO baseband | %5 hd

FRILHEM » B 1395 EPC «h3 4§ » duty cycle=50% > Tolerance=+/-5% [1] °
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FMO Bazis Functions

data-0 data-1
4 =t s,it
1 1
-
2 T
= 0 L o
g time {t] 9 T time {t]
m
-1
)
S4(t) = —ss(t) s4lt) =—s,{t)
FMO Symbols FMO Sequences

o 1 o [ e LI L el L
| L

1

] 4.2 FMO symbols and sequences

4.3.3 Miller-modulated subcarrier

I Miller-modulated subcarrier | % #% 57 Basis Functions ~ Generator State Diagram and
Sequences > 4 W4 @ 4.3 #77 » A &+ T Miller-modulated subcarrier | %% 2 " FMO
baseband | $afEFEA - & 4P 02 > ‘%’K HAA0* dp ik s > kiE 3 data-0 fr data-1 i
F5 o data-1 AA £ P L Z K g4 = > data-0 B # * > e § % data-0 B 7| @ J) g3 o
R data-0 fv data-0 2. fF 7 F $&4p - =x > 22 TFMO baseband | % s % Fenf_ % 7
symbol rate cP#% 4 > symbolrate 3 M=2~4 f- 8 ¥ 3 f& > 714 > transmitted waveform *
** baseband waveform %3k + M & & symbol rate> 12 + B £ Miller-modulated subcarrier |

HnkG inds (T RILILP o &t 1395 EPC 24 » duty cycle=50% - Tolerance=+/-5% [1] -
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Miller Basis Functions

data-0 data-1
A 51“:' 59[‘]
| [r— 1
=
s T time (t) time {t)
= 4 |
)
5,0t =—s,1t) sS4l = —s,(t]
Miller Subcarrier Sagquences
M=2 nuu||[|: |.I [ M=4 mu||[]|‘|[ :[]||[]|.’] | Ik
nu1|'||'|:]'||'||_|: no1|| Ml l|'||'||'||'||'[|_||'|:
n1u|| i || IE mu|| I | | ||| M
ot 1M1 u11'| |||' | AN
10u|| || ik 1uu||[ |||| e
101|| || || L 101 [] ||||]||]||||]||:
o [ UL o [T UL
111|| || || [ 111|| |||| [ |||| L
M= uuni MU rmronnnrunn:
umi ML |||l|||‘[|‘|]‘||'|[‘[|'|]‘||'|[‘[|‘]]“||'[|'|]'[:
uwi N |||i MU U
o1 1IN |||‘ MULUn '|| imigihk
1unq|| M. ||$|||| M ||:|| LU
1011 nEnnnnnnnnnnnnnienpnne
wo [ U U U oo
111{ MULn | LU Uy ||| LU

[l 4.3 Subcarrier symbols and sequences

1995 % = & RFID Tag AR % St 2 > F)t & TRFID #kci=p A § ST i
decoding ¥t % 2 "PIE | ¥%# > @ w & T Reader = data encoding F'| 2 " FMO baseband |

4.4 Begin of Signaling and End of Signaling
145 &= EPC Radio-Frequency Identity Protocols Class-1 Generation-2 UHF RFID

Protocol for Communications at 860MHz-960MHz Version 1.09 .42 T - Begin of
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signaling and End of signaling > ¥ 4 = Reader # ¥ Tag (R=>T) 4r Tag ¥ i 2 Reader

(T=>R) #* 2 fBHR k4 B B34 -

4.4.1 Begin of Signaling
(1) R=>T:

. R=>T enifi* T » FI 7 F chcommand 5 ¥ >* » 3 R=>T Preamble fr R=>T
Frame-Sync % & » 4 %[4c®] 4.4 “757 > R => T Frame-Sync ¥ #_H ' 5 command 4245 %
B "$ Query command ¢t > i€ id 3§ * > @ R =>T Preamble P ¥ i * ** Query command >
FEBITPSRLE B aFa LR 7 £ v Tag v @ 3 Reader s datarate 5 @ > 3+ 8
#7238 5 1 LF=DR/TRcal » F]p* & "RFID #ci=fr fidh s AT | S8 F - v 2
R => T Preamble v R => T Frame-Sync 1§ B % o

R==T Preamble

1 Tari 2.5 Tari = RTcal = 3.0 Tari 1.1RTeal = TReal £ 3 RTcal
. = L =
12.5ps +H- 5% P P PW
4 4 4
| delimiter data-0 R=>T calibration {RTeal) T==R calibration {TRzal)

R==T Frame-Sync

1 Tari 2.5 Tari £ RTcal £ 3.0 Tari
. E—
12.5ps +- 3% PW PW
— 4 -+
delimiter data-0 R=>T calibration (RTcal)

B8] 4.4 Preamble and Frame-Sync
(2) T=>R:

B T=>ReiE2T > FkH kB 7 % @ F 7 I o1 Begin of signaling » " FMO
baseband | % # 7 # FMO Preamble > @ " Miller-modulated subcarrier ; %45 R]5 # Miller
Preamble » 12 } & f& Preamble Ts’liﬁ»? F1J& command ? TRext 9% &> @ 5 #73) Long
Preamble (TRext = 0) fv Short Preamble (TRext=1) & | » e H X & cnf= 12 3 & 4p
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o gR R - B AR o A NS B 45 ol 46 91T 0 Bots o W - e

=2

FMO Preamble 4~ Miller Preamble ® ¢ TV > § 3| Z, i & % Rp] > b sk ok

% o
P

FMO Preamble (TRext =0}

FMO Preamble (TRext = 1)
- 12 leading zeros (pilot (ONe) e

00 gl 0f1!0!1 |

8] 4.5 FMO T => R preamble

Miller Preamble (TRext = 0}

H=2H ”ll II[“”'I Il M=4
- AMILF =01 00:4:1:1 = — 4 MILF = 0 1 0 1 1 1

— 4 MILF —————

Miller Preamble {TRext = 1)

+ 16 MILF . R IERE R AR RE N

16 MILF

— G MILF ——»

[ 4.6 Subcarrier T => R preamble

4.4.2 End of Signaling

1345 . EPC Radio-Frequency Identity Protocols Class-1 Generation-2 UHF RFID
Protocol for Communications at 860MHz-960MHz Version 1.09 e d=2. ™ » & @ T
Reader % 3 Tag (R=>T) 1 End of signaling > #]p* ¥ 12 Tag w i# T Reader (T=>R)

e End of signaling = 34#% g 8> A T=R iz 27 » F{K7* FhmmB 7 £ a3
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% F ¢ End of signaling > " FMO baseband | % # 7 # FMO End of signaling > &
" Miller-modulated subcarrier | % #% Bl # Miller End-of-signaling > » %] 5 B 4.7 {1 4.8

CHAPRIAETELT TR RBOZAT LR - LTS LDk 27 R 4T

s

=

e
B 4.8 ¢ thdummy > P & > Sfg & data-1 o

FMO End-of-Signaling

o dummy 1 0 | dumry 1
1 dummy 1 1 | dummy 1

] 4.7 Terminating FMO transmissions

Miller End-of-Signaling

m=z T L[ L[ 1 Fobes 3 L4 L o
| 0 ] dummy | ! o dumny1 I
LI L1 1 1. [ 1 | L 5.
E 1 1 dumnryi 1 : 1 dumny1

1= I Iy I I S S I 6 U 6y IS
E 0 : dummy1 ' , o dumny1 ,

' 1 dummiy : 1 dummiy |

m=s TUMUUUUUUUUL U .. Uy He .
i 1] i dummyi i ] dumnmy i
: 1 i cummy1 ] 1 dumnmy1 i

i8] 4.8 Terminating subcarrier transmissions

4.5 Data Rate
1343 = EPC Radio-Frequency Identity Protocols Class-1 Generation-2 UHF RFID
Protocol for Communications at 860MHz-960MHz Version 1.09 m*ﬁa#a T > ¥ & Reader

4v Tag ¢ Data rate (Link Frequency ) °

Reader => Tag - Data Rate : 40 ~ 160 kbps °
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Tag => Reader » Data Rate : 40 ~ 640 kbps °
& Z 4.1[1]¥ #v Reader to Tag er:g &2 :# & > Tari=25 125~ 6.25us °
( % Reader link frequency =40 ~ 80 ~ 160 kHz ; Data Rate =40 ~ 80 ~ 160 kbps )

% 4.1 Reader to Tag i i & %

Tari Value Tari-Value Spectrum
Tolerance
6.25 Ps +/— 1% DSB-ASK,
12.5 us +/— 1% SSB-ASK,
or PR-ASK
25 us +/— 1%

1343 &= EPC Radio-Frequency Identity Protocols Class-1 Generation-2 UHF RFID
Protocol for Communications at 860MHz-960MHz Version 1.09 3 %%L
T > Reader ¥ 1AL g Tag ¥ @ FRF@MER S WP ez mirit > FHOR =T

Preamble ## #v > 4-§] 4.9 #751 > ¥ v Tag to Reader i Mg K& o

€ B 49 ¢ » ¥ &> ¥ 41 * Tari ~ RTceal ~ TReal ~ DR (divide ratio) #3454
g2 7 s Ja 3 ) Tag to Reader sud s ficis & -

(A) 2.5Tari < RTcal < 3Tari.

(B) 1.1RTcal =<TRcal < 3RTcal.

(C) LF =DR/ TReal.
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DR

TRcal
R=>T Preamble
1 Tari 2.5Tari=RTcal= 3.0 Tar 1.1RTcal £ TRcal = 3 RTcal
= > 5% 2
12.5ps +I- 5% PW PW PW

< > — > >
I u IJ

delimiter data-0 R=>T calibration (RTcal) T=>R calibration (TRcal)

t t

1.1RTcal = TRcal = 3RTcal

2.5Tari = RTcal = 3Tari

Tari= 25us,12.5us and 6.2 5us.
(MEE & il ZReader to Taghylink frequency =40 KHz, 80 KHz and 160 KHz)

) 4.9 Tag to Reader =g ¢ B BT

1393 = EPC Radio-Frequency Identity Protocols Class-1 Generation-2 UHF RFID
Protocol for Communications at 860MHz-960MHz Version 1.09 445 2. #74% i 9 Tag to
Reader e #U4E 5 = Bl & > 4 i 42[1]%770 » ¥ RN P e Eenficim e U BRE 0 0 &
I £+ 4 7 Fen Tag to Reader vid 54 F Bcid & > 4ok 4.3 977 o

# 4.2 EPC Standard #74% # Tag to Reader =g SUif 5 4 [f] %

DR: Divide TReal® LF: Link Frequency Tolerance | Frequency Tolerance | Freguency variation
Ratio [ps +— 1%) Freguency (kHz) | FT (nominal temp) FT {extended temp) | during backscatter
333 B840 + /- 16% + - 15% +1—2 %
32.3<TRoal <B67 | 320<LF <840 | +/—22% | +1— 2% | +/—25%
88T 320 +/-10% +/— 16% +/—2E%
% 687 <TReal =833 | 268 < LF =320 +{—12% +1— 15% +/—2 5%
533 | 256 | +—10% | +1—10% | +i—25%
Ee.ae:maar5133.3| 180 < LF = 256 | + - 10% | +1—12% | +i—25%
1333 = TReal =200 | 107 < LF = 180 £/ -T% +{=T% +/—25%
200 =TReal =226 | 05=LF <107 + | - 5% +(— 5% +/—2E%
172=TReal =25 | 320 <LF =485 +{ - 10% +1—10% +1—2 5%
2R 320 +{—10% +1—15% +/—2 5%
25 < TReal < 3126 | 286 < LF =320 +-12% +1—15% +—2 %
- 31.25 256 +{—10% + - 10% +/—25%
3125 < TReal <60 | 180 < LF <256 +—10% +1—10% +1—2 %
50 1680 +/-T% +1—T% +/—2 5%
50 = TReal = 75 107 < LF = 180 +/-T% +/—T% +i—2 %
75<TReal <200 | 40=LF <107 +/ - 4% +/— 4% +/—2 6%

4. A3 RFID #ik = [ fid % 52§ B.4% * Tag to Reader s 547 F #ic & £
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Divide Ratio TReal (us) Link & & ik ayclock
Frequency | (1280 KHz)
(KHz)

64/3 333 040 +2
66.7 320 +4

833 256 +5

1333 160 =8

s 25 320 +4
31.25 256 =5

50 160 +8
200 40 =32

Fpt & TRFID #ici= 17 fdy % 527 B ) #% % ¢h Datarate 40

Reader => Tag > Data Rate : 40 ~ 80 ~ 160 kbps °

Tag => Reader > Data Rate : 40 ~ 160 ~ 256 ~ 320 ~ 640 kbps °

4.6 Error Correcting Code

1393 = EPC Radio-Frequency Identity Protocols Class-1 Generation-2 UHF RFID
Protocol for Communications at 860MHz-960MHz Version 1.09 sl g=2 7 » 24 e "RFID

PR TR TEY S LA 5 CRC (Cyclical Redundancy

Check) » 4 %] 5 CRC-5[1]4v CRC-16[1] » » %]4r# 4.4 fo# 4.5 #77F - T B2

% B 4.10 fr @ 4.11 #757 o

% 4.4 CRC-5 Definition

CRC-5 Definition
CRC Type Length Folynomial Preset Residue
— 5 bits e e 010012 000002

% 4.5 CRC-16 Definition
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| CRC-16 precursor |

| CRC Type Length Polynomial Preset Residue |
ISOMEC 13239 16 bils e xTa FFFFx 1D0F, ]
= C[4:0]
crop | 2] cel e
PRE
L} Y
SET SET SET SET SET
DATA = XOR e@=D Q D Q D O petied XOR g [} D aQ
..">CLR -.-'}CLR +>(‘2LR +>CLR -':():LR
[} [} [}
CLK

] 4.10 CRC-5 % B: % 1

csa
cr e o oy o 5] clgl cm cg] cpl cpo  [co oy Jepy o) oS

PRE
I I I I I I I I I | | |
| | | | | | | | |

¥

SET SET SET SET SET SET SET SET SET 3ET SET SET

DATA XOR[@—D @ Da D Q o Q- XoR Da o a oal-loa D e o a-{xoR D@ Da
’-y > |—' 0> = P> ™ D> ’—' B> - > b

CLK

——

B 4.11 CRC-16 & B 7 #

4.7 Command 7 #F &2 42 5%

 TRFID # =B aif % T B $# % [ Slotted Random Aloha ; Anti-collision
Algorithm- 2 3% = EPC Radio-Frequency Identity Protocols Class-1 Generation-2 UHF RFID
Protocol for Communications at 860MHz-960MHz Version 1.09 3.4 2. T - Reader {r Tag

ik (Timfe 2 Tag o State 4§l 4.12 fo B 4.13[1] %77
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Reader Tags

S | =

Arbitrate

Reply
Inventory ﬁ Acknowledged

Open
Secured
Access I Killed

Anti-collision Finish

B8] 4.12 Reader/Tag operations and Tag state

E Interrogator issues a Query,
QueryAdjust, or QueryRep

ZIwo possible outcomes:
1) Slot = 0: Tag responds with RN16
2) Slot <> 0: No reply
Interrogator acknowledges
[E] Tag by issuing ACK with
same RN16

JIwo possible outcomes:
[2] 1) valid RN16: Tag responds with {PC, EPC)
2) Invalid RN16: No reply

—Eﬁteﬁoﬁwﬁss_ues—r?eq__ﬂﬁ
containing same RN16

Iwo possible outcomes;
1) Valid RN16: Tag responds with {handle)
2) Invalid RN16: No reply

Interrogator accesses Tag.
Each access command uses
handle as a parameter

Tag verifies handle. Tag ignores
command if handle does not match

B8] 4.13 Tag inventory and access

d B 4.12 %) 4.13 #v:§ > T Slotted Random | Anti-collision Algorithm # Reader f**
“Inventory” =ik f& » @ ¥ Tag &t “Acknowledged” sk ik P » 5 & BB 1 A4 ol (7 »
F] % Bt I PF 0 Tag © 5w 1% Reader #7F 77 EPC code °

% 7 F1& Reader v Tag iz ¥ B State ehEid > #7212 T 6 48 Command % 3
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AR R > T (& 4.6~4.11[1] > WP g Command iR F & £ e iliE

I

Command ¢ Tag 3 & w B vRe FAL > 12 i 3 Reader 17 5 2|34 chik 3 o

4.7.1 Select Command

% 4.6 Select Command

Reader
Command Target Action | MemBank | Pointer | Length | Mask Truncate CRC-16
# of bits 4 3 3 2 EBV 8 Variable 1 16
description 1010 000: Inventoried (S0) See |00:RFU Starting | Mask Mask |0: Disable
001: Inventoried (S1) | Table |01:EPC Mask length value truncation
010: Inventoried (S2) 6.19 J10:TID address | (bits) 1: Enable
011 Inventoried (S3) 11: User truncation
100: SL
101 RFU
110: RFU
111: RFU
Tag response to Action parameter
Tag ‘ Action Matching Non-Matching

000 assert SL or inventoried —+ A deassert SL or inventeried — 8

001 assert SL or inventoried — A do nothing

010 do nothing deassert SL or inventoried — B

011 negate SL or (A — B, B — A) do nothing

100 deassert SL or inventoried — B assert SL or inventoried — A

101 deassert SL or inventoried — B do nothing

110 do nothing assert SL or inventoried — A

11 do nothing negate SLor{A - B, B— A)

# 4.6 % Seleet command %8 = % % Ffz 3|4 command 6 Tag o 174 4 £ - Select
Command ¥ 14 assert or deassert a Tag’s SL flag, @ 2 ¥ 14 4 fie Reader 3 P~ Bl <h
Tag> % 4 48 Session ¥ % — & Session > - ¥ X Z_Tag =7 inventoried flag # #_A ﬁ.ﬁw‘?\B ’
3 fjk{ Reader ¥ 1/ %ﬁé Select Command 4+ #t#-3f B~ Tag 4 2 enfhis » ¥ L3RI
Reader 2. fF eigiidg > » ¥ 4 Tag 30 {8 5 & 3% & $heh Command 7 H #H ik chiz gy o

2 ** Matching & F §_2 MemBank, Pointer, Length and Mask #_% 4r Tag pr $8¥f %

=\

BAP {5 HIETEER] -

4.7.2 Query Command
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% 4.7 Query Command

Eeader Guery command
Command DR M TRext Sel Session | Target Q CRC-5
# of bits 4 1 2 1 2 2 1 4 ]
description 1000 I DR=8 00: M=1 0: Mo pilot tone. |00 Al 00: 30 0 A 0=15
1: DR=64/3 |01: M=2 1: Use pilof tone J01: All 01: 81 -8
10: M=4 100 -8L 10: 52
11 M=8 11: 8L 11: 53

Tag reply to a Query command

Response

# of bits 16
description RM16

# 4.7 5 Query command /e = & % 32 3| * command & Tag e% & F 4L > Query

Command # i & eh# i §3k ##7 ¢¢ Command matching Tag :7 Q & > a‘}u%’-\;ﬁ 7_Tag

—\

gt ek 0 Q S 0~15> .4 15 Bits > pracfs M 5 2°-1 Vg2 o %S DR

& matching Tag ¥ /2 §v preamble #5fie » # 1! Tag to Reader 77 Data rate (link frequency ) e

4.7.3 QueryAdjust Command
# 4.8 % QueryAdjust command % & & % J& 4 F| 4 command {¢ Tag cHw i@ 74 >
QueryAdjust Command #_{|* Session 2 *|:# Tag 7 # matching » # 31 & hw ax £ 3 2

*z Tag h§- fcde [f] > B Query Command ¥ 3 e Q E 7 G i g dng » fI*

QueryAdjust Command #- Q i 1% = 4v - £ - > BT EMF F o
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# 4.8 QueryAdjust Command

Reader QueryAdjust command
Command Session UpDn
# of bits 4 2 3
description 1001 00: SO 1M0:Q@=Q+1

01: S1 000: No change to Q
10: S2 011:Q=Q-1
11: S3

Tag,

Tag reply to a QueryAdjustcommand

Response I

# of bits 16 I
l description RN16 I

4.7.4 QueryRep Command

# 4.9 QueryRep Command

Reader
QueryRep command
Command Session
# of bits 2 2
description 00 00: S0
01: 51
10: 82
11:83
Tag
Tag reply to a QueryRep command
Response
# of bits 16

description RN16

2.

# 4.9 % QueryRep command e = £ % # 4z 3|}t command & Tag 7w & Fid >
QueryRep Command & f]%* Session 4 *|3# Tag 7 #& matching » # 31 & 5 i 25 =38
Tag sj- #eiiip — > B 4@ cends (7> F A m#c i 0 <9 Tag B|w @ RN16 v Reader »
Re 3 A fEHR Tag 7 11 3 45 QueryRep Command » if‘uf@. #w % RN16 » - &% Query
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Command 3% ¥ _Tag §* #icd> 115 > Tag % — PR A 2 ehjtdics O’?Kf*?xTagﬁfu,ﬁ_ £ w & RNI16;
= #.% QueryAdjust Command % #cpt Bt te > Tag % - PR A 24 chptdics 5 00 70

Tag ﬁ‘uj@_ FEw % RN16 -

4.7.5 ACK Command
% 4.10 ACK Command
Reader ACK command
Command RN
# of bits 2 16
description 01 Echoed RN16 or handle

Tag Tag reply to a successful ACK command
Response
# of bits 21 to 528

description| {PC EPC, CRC-16} OR {00000, truncated EPC, CRC-16}

# 4.10 5 ACK command /e = 4 % 32 3| }* command ¢ Tag 0w & F4d > ACK
Command 3 & ¢ht i 5 #-2 7w @ 1 Reader e RNI6 £ v # 3 5 — =X > = & E’ﬂhTag,T*‘u

v & H PC,EPC,CRC-16 = Reader > % y¢* Tag © %= & o

4.7.6 NAK Command
NAK Command ¢ #+#7% 3% |4 Command 2 Tag » 7 34§ P Tag sk s & @ "
¢ w F| arbitrate state > #_5 #* " Slotted Random ; Anti-collision Algorithm *# 7 Reset

Command -
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% 4.11 NAK Command
NAK command

Command

# of bits 8

description 11000000

Flpt & TRFID #ci 7 midf 4 T 8 | 2 @5 & 24712+ 6 6 command ¥ 4c 14 % @

Reader #73 F L errs 5y o

4.8 Link Timing

st Single Tag Reply ———

QueryRep or

interrogator || [sseee 5, [ 2= B INNC 2L =25, M 2ceron J) Queryacest.
) e
i5 invailid

Tag PC + EPC + CRC1S

“ {mr L

+— Collided Reply ——=+— No Reply —s<=——«+——  Invalid ACK ———»

terrogator|[_asey J[J:% I ezenmeell . Lzeevmee I N2 0,55 I Locmnmee]]

be |

Collision
Detected

Tag

i8] 4.14 Link timing

B 4.14 4v 4 4.12 % % 7 Reader command timing e ¥ > » @ & 7 ~ RFID #ki>
AR TR | F A RN o 247 2 BT command » ¥ w @ Reader #7F

mf‘}' 0
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# 4.12 Link timing parameters

Parameter Minimum Typical Maximum Description
Time from Interrogator transmission to Tag re-
: ; sponse (specifically, the time from the last rising
T M)('“ﬁ‘ﬁ?'f?g" MAX(RTcal, 10T, Mjﬁ‘f}‘ﬁ'f ngSr) edge of the last bit of the Interrogator transmission
- Il S 1io the first rising edge of the Tag response), meas-
ured at the Tag's antenna terminals.
Time required if a Tag is to demodulate the Interro-
= e Sy gator signal, measured from the last falling edge of
2 = s the last bit of the Tag response to the first falling
edge of the Interrogator transmission.
= o Time an Interrogator waits, after T1, before it issues
2 et another command
T4 2.0 RTcal Minimum fime between Interrogator commands

4.9 Memory fie g &# 3 & + /|
13 3% = EPC Radio-Frequency Identity Protocols Class-1 Generation-2 UHF RFID
Protocol for Communications at §60MHz-960MHz Version 1.09 m*ﬁéf’ 2. 5 AN iF A

memory 4 = 4 & Bank> B %% 5 % F enF 4l ¥ & B Bank iodedn = 8 ¥ 2 &40 B 4.15[1]

P_"’—i— /‘ o
M5B L5B
TID [15:0] 1F,
TID [31:18] oF,
Bank 11 USER
LS8
Bank 10 TID EPE .
Bank 01 EPC
EPC [M:MN-15] IF,
Bank 00 RESERVED PG [15:0] 1F,
CRC-16 [15:0] 0F,
M5B LEE
Access Passwd [15:0] 3F,
Access Passwd [31:16] oF,
Kill Passwd [15:0] 1F,
Kill Passwd [31:18] 0F,

] 4.15 Logical memory map
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%I % RFIDTAG it A %%

195+ it TRFID #cifaid kAT Be ) Sh SR RB 2 APT Fhme PR

GHint B3 T > B 5.1 5 TRFID Tag #ici i fide 4 505 i | fo = HF -

Reader data Tag data Tag data
AR BER

.
_— Preamble detector Miller modulated
:: subcarrier coding
% —
e ey : PCHEPC
=)
— I [ 2
o v
z = ; > RNG 15
Z - EBV = i CRC-5
- > " Clock
—
= Memo
>

RNG 16

Bl 5.1 RFID Tag #ici= 7 fide & 52T B e = > SR

5.1 RFID Tag #f53%

RFID Tag i 8857 > % 1 & & = f X iR {7 !

(1)iz J5 Alien Reader ALR-9780 #7i% {1 cafp 4 &2 T 4L L 4 5 4% 5 EPC Radio-Frequency
Identity Protocols Class-1 Generation-2 UHF RFID Protocol for Communications at

860MHz-960MHz Version 1.09 -
(2) &3 AWID Reader MPR-2010 BN #7i% 4t cafp £ &2 TR S A R S ISO18000-6 -
5.1.1 Alien Reader
Alien Reader £2 Tag il éhi427 ¥ 24 %% Select #4 » @ LA w T T E T
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2% % Query ¢ £ 0 Flpt &N i P 3# pattern P ik P Alien Reader #74 i% ¢ £ (B R B (T
F#E o ¢ “h Alien Reader e773k T /i o ¥ BV 2% 2. Q S8k d % o #7100 T eppliEe £

WA E Q=02 Q=14 KAk -

v b h Tag ¥ 2§ #-EPC Code 7 fgeiBAfl® @ AL ¥ #3545 » e 500 g o
SUFEEPF 2 22 EPC Code = W Rl3& > 2 AR B P F 3 4r— B CRC-16 cnlush T B Mg pF

i2 7 EPC Code ¥ #8 o

51.1.1Q=0

A Q=0agykm¥ > & _Query & % #7i¢ * e Preamble ® & B Tari ¥ 3| L7 v

Reader => Tag cf1Data Rate 5 80 kbpse @ Tag => Reader 7 Data Rate 1245 TRcal & Query

4 ¢ DR} 487 55 256 kbps ©

=i <Debussynwave:7 > Jexport/home/ma401011/smic/0709/sim_layout/rfid_Q0fsdb | . |
File Signal View Waveform Analog Tools Window Help

=

aurs|a = o 0 0 Q@ "W e f ++ xips

i
AT AT T AT TR

1

IOV A WL

B] 5.2 Alien Reader Q =0

i% ¥ B 4.14 Link timing ® Single Tag Reply # (£/i 4z k LR HE % o

(1) Query Command

4o@ 5.3 8 & 47 #5F 0 ¥ E A Query 6 4 ¢ e E AT




A. DR:1=>DR=64/3-

B. M:0l=M=2-

C. TRext : 1 =>Use pilot tone °
D. Sel: 00=>All -

E. Session : 00 => S0 -

F. Target: 0=>A -

G. Q:0000=>0-

H. CRC-5:01101

. Toponooge, ., [eOgOOOq0 .y [ROQUORORD, |, TAOQOOOOGD, |, [eopoggogu, ,,,  Je0pod]

if

I
=R U FLILL [P EC L [

] 5.3 Alien Reader Q = 0 => Query Command

(2) RN16 Reply
% Tag %423 Query & 4 16 > B L § % PIE 245 2 R #“0"E“1”n kL R 1 i &
cmd_enable © ¢t F¥ Tag ¢ j§ 3 dercS kg3 CRC-5 £_F & Fx > & Az R fH 4 creS_s e 4& 7T
% ff 4 sci_enable » fizdRi> - B4nA P fs enable > )t pF ¢ &5 TRcal &2 DR 3+ &

v @4E 5 5 L f§ 4 RN1S5_enable s i3 Q $-%cA 2 - Lptdc &t 515 Q % 000074714
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FricA 4 907 PdicA 418 € 3 RNIS enable fo Tl e A4 41— S5td &7
* ;’jf‘ulﬁ fo pt B i oslot ¢ #Truf§ ¢ Slot_enable > F] Gt #ic 5 €071 Y ?]i};}g_%:“ € 1§ 3
SlotZero_enable - £ k& & # — ¥ 16 bits 7t it (7w @ > Fpt jf 58 RN16_enable_s
|- & 16 bits «hpficis > f§3# RNI6_enable fo £ 543495 Reader & feiw @2)5% %
Miller-modulated subcarrier #71Z ff 2 miller enable > #- RN16 @& * Miller-modulated
subcarrier €973V ig (7w & 5 ¥ P kg TRext p* $#iccn® v @ pFi * £ o Preamble- &

% % w @i All finish € p {7 disable ‘J%“f Tag p 8 75 B AL o 4o @) 5.4 #7577 o

" Fanooogos, |

0 (T LA U LA T U LU LT

B8] 5.4 Alien Reader Q = 0 => RN16 Reply

(3) ACK Command
# % Reader =5 RN16 w @ ehFfl > #-H 2 41* ACK & 4 B2 % Tag > s pF

% ACK # 4 % i@ * Frame-Sync F# o 4o 5.5 & % 4.10 #7757 ©
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] 5.5 Alien Reader Q = 0 => ACK Command

(4) EPC Code Reply

1f
IF

A T AL L. AT A AT AL A

A AL L A . LA L AT AL LA L AL L

B8l 5.6 Alien Reader Q = 0 => EPC Code Reply
fip By 37 — R 4-PIE f248 5 R 072 “17hF kR 22 15§ cmd_enable © % ¢

FERL 6 £ afddE o SR{S 4 sci_enable » Tag & 45 0t FF{c ¥l 16 bits Tl 222 & w & e

RN16 T8 17 v 5 v $ & /2 B f§ % miller_enable ##-EPC Code F#1 ¢ % 16 bits s7CRC
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FEZULAE W 8 X5 Reader > % = w @ {5 All finish ¢ p {7 disable ‘in“$ Tag p #77

BT % & — = Single Tag Reply %% (5 o 4[] 5.6 #77 °

51.1.1Q=1

Q= 1aykim? » & Query & 4 #7i¢ * eh1Preamble # £ jp| Tari {8 3|3 5LV v

Reader => Tag :r1Data Rate 5 80 kbpse @ Tag => Reader 7 Data Rate 1245 TRcal & Query

bt

DR # %87 4% 256 kbps

ﬁ#_'.

i ¥ B 4.14 Link timing & £ 3R cn@]7 & (T AL KB R RS E -

<Debussynwave:d> /export/home/ma40101 1/smic/0709/sim_layout/rfid_OQ1 fsdb

File Signal View Waveform Analog Tools Window

iR o 0 0 |la®@|eyf <> xips
& D

e P ee———
| [/ | || 11 1101 1000 T AT T T T
|

B8] 5.7 Alien Reader Q =1

(1) Query Command

4o 5.8 & & 4.7 #ror o w iR

A.

DR:1=>DR=64/3-
M:0l=M=2-
TRext : 1 => Use pilot tone °

Sel : 00 =>All -
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E. Session : 00 => S0 -
F. Target: 0=>A -
G. Q:0001=>1-

H. CRC-5: 00100

] 5.8 Alien Reader Q = 1 => Query Command

(2) Tagto Handle

S % Tag #4¢ 5] Query & £ 16 » 5 % ¢ % PIE 248 5 55072 “17 17 4 2% 14 7 3
cmd_enable ° 4t p¥ Tag ¢ f§ % dere5 *#gin CRC-5 2% it 7 > 1 FE R 3 cre5_s - 4%
¥4 sci_enable » figdRimchds 17 > g ALfE# fS_enable * ¥ € & 45 TRcal &2 DR 3+ & !

w 4TS 5 L f4 RN1S cnable s 4% Q $#cd 4 — % f dic> &t F15 Q 5 “00017 4512

>

e

I

FolcA 4 2C0"RC1” B #kcA 4 (5 ¢ f§% RNIS enable fo F]5 M as A4 91— ¥ 5ti

BT ififx“ gL ioslot @ o 4 f§ 3 Slot_enable > Tag ¢ | %f slot ¥ i@ £ F &
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075 gt I3 F 507k e F1gt Tag € 4 sci_finish % & gt X E I o 4oF] 5.9 17 o

miller data ouw

GE
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Bl 5.9 Alien Reader Q = 1 => Tag to Handle

(3) QueryRep Command

,

4o @) 5.10 &2 £ 4.9 #75F o B & QueryRep ¢ 4 v ¢ * Frame-Sync F L ©
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8l 5.10 Alien Reader Q = 1 => QueryRep Command

(4) RN16 Reply

& Tag #12 3| QueryRep # 4 15 > 7 L § % PIE 245 & {E“07E“1”n R R 15 1Y
% cmd_enable o st BF € FEIR A 4 cPfEEE 0 SRS sci_enable o fiEdNip ehde iF -
£ % Sub enable #- slot N & i (7 R “17ends (T > slot p 208 B 2 F) B
Slot_enable o %] 5 pb #jpt“1718 & <0771 Bf«f %% ¢ f§% SlotZero_enable - 37T k& Z 4
— 4 16 bits gt it 7w & 5 F]pt f§#F RN16_enable s 7 3] - & 16 bits copt Bt » j§ 3
RN16 enable f° # {4345 Reader & fenw @3558 5 Miller-modulated subcarrier #14 f§
%% miller_enable » # RN16 ¢ * Miller-modulated subcarrier 17 3% & (7w & » & ® xz:if;}

TRext #* $-#icsnk v B pFié * £ o Preamble o o = v @ {5 All_finish ¢ p {7 disable

F' Tag P 7% BHFH o 4oB 511 457 o
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] 5.11 Alien Reader Q = 1 => RN16 Reply

(5) ACK Command

R

niller_data ou

] 5.12 Alien Reader Q = 1 => ACK Command
H ¥ Reader &35 RN16 = @ g fd » B2 2515 £ 3741 * ACK & 4 3% % Tag
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P EF & ACK & 4 w0 ¢ * Frame-Sync 42 4o ] 5.12 &2 & 4.10 #757 o

(4) EPC Code Reply
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willer data outd| | NS |ILTHIEINENTEUREE A gty i g

&l 5.13 Alien Reader Q = 1 => EPC Code Reply

hiz By Y - RHE-PIE f275 5 R BE<07 8 <170 22 15 7% omd_enable P §
FEN G £ enfhdE o 2R 18§ sci_enable > Tag & dx #t PFyTF| e 16 bits FAL &2 2 50 v & eh
RN16 FLig (7 44 3%+ 4 it 72 P % miller_enable #-EPC Code F#L ¢ z 16 bits e CRC
FEuAG W 8 4 Reader » % = v @ {5 All finish ¢ p {7 disable iﬁi“ﬁ% Tag p #773 B 4 o

pLPE T2 & — = Single Tag Reply &7 (7 o 4-[] 5.13 #757 o

5.1.2 AWID Reader
AWID Reader £ Tag i inif 427 - $hil 7 %% Select 4 > @ A L TP B
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=
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Bl 5.14 AWID Reader
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(1) Query Command
Yol 515 8 4 4.7 #tn > T L iF 3 Query & 4 ¢ chF R 4o
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D. Sel : 00=>All -

53



E. Session : 00 => S0 -
F. Target: 0=>A -
G. Q:0000=>0-

H. CRC-5: 10011 -

miller dats_ow

&l 5.15 AWID Reader Q = 0 => Query Command

(2) RNI16 Reply
& Tag 21c3] Query &4 f > § 4 § # PIE 248 5 50" 17 enF R 24 14 11 5
cmd_enable o ¢t P¥ Tag ¢ f§ % dere5S ks CRC-5 4% & f/x > & /2R fH 3% creS_s o R 18
f§% sci_enable fizdRixende iv¢ » — B45AL % fs_enable }* PF € &5 TRcal &2 DR 3+

B w @AF S ;£ f§F RN1S enable s 295 Q S8 # — £ 8o &2 715 Q 5 “0000”
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o BT iﬁ*aﬁiﬁ gt B3z & Slot ¢ 7 f§ 4 Slot_enable » F] 4 pt#ic s “O”“Lr'”f ¥¢
7§ % SlotZero enable - # T %k & F 4 - I 16 bits 1t Bk 7w B o F) P
RN16_enable_s ¥ 3| 4 16 bits cr3§* #cis » f§ 3 RN16_enable_f o & {5 345 Reader & f
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e #3558 5 FMO baseband #7114 f§ % fm0_enable » #-RN16 ¢ * FMO baseband 737 3¢
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All_finish § # 7 disable 7' Tag M g Bkl o 4o 5.16 #1F o
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—
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e eEmpH A ARARE B2 EC IR P S0 il R 8 e B i RS

Bl 5.16 AWID Reader Q = 0 => RN16 Reply
(3) ACK Command
#% ¥ Reader 245 RN16 w @ enffl » - 245 3

AT ACK & 4 B3 % Tag >
P ACK 4 %0 ¢ * Frame-Sync 742 o 4] 5.17 &2 & 4.10 #7577 o
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] 5.17 AWID Reader Q = 0 => ACK Command

(4) EPC Code Reply
BiE B Y - HH-PIE f275 & R EC07E <17 F R 2R 15 i % omd_enable 2 pF §
FEIA 4 0fEaE > X155 sci_enable > Tag & 45 8¢ PRI T 6116 bits FAL &2 2 % w & e
RN16 FfLie (70t 4 3 0 72 P f 5 fm0_enable #- EPC Code F#L & 7 16 bits 5 CRC
FE7OAG W B X5 Reader » = = w @ {8 All_finish € p 7 disable i “,/TT Tag p %73 B enf L o

P BE T % & — =t Single Tag Reply 0#5 (7 o 4[] 5.18 #177 o
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&l 5.18 AWID Reader Q = 0 => EPC Code Reply

5.2 RFID Tag & #0 5%
RFID Tag Al M= & — 54 5 X Midie 7
(1) # * FPGA & * ALTERA Cyclone Il EP2C5T144C7 it {7 8|3 -
(2) 41# SMIC 0.18 um #l4zi& 7 IC ## &8 {1 14 & 7 pJ3& o
5.2.1 #* FPGA & %
52.1.1 3 SRl
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4@ 5.21 Bl E ¢ * 57 & B (Tektronix TDS 3032) #7& i

BAEA 47 R BRI ot e o

Query Command

QueryRep Command

D0l

ACK Command

RN16
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8 8H 2006
-16.0000ms 17:43:13

B 521 7 & % Tektronix TDS 3032 £ i 2 %
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Pl A1 * #4c~ %3 RF frond-end T 8 » & & FPGAIC = %

l{‘L-}E " /Ell\zé‘—% i

board level RFID TAG > ¢ Alien Reader ALR-9780 UHF RFID Reader :& {7 /4 i€ &
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B 5.22 § ¥ RFID Tag

g7 & Alien RFID Tag :& {7 7 g4 R 3% » 4o®] 5.23~5.24 #7171 -

B 5.23 # & Alien RFID Tag £ ¢ i¥ RFID Tag
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d Bl 5.24 ¥ § 2141 * Alien Reader ALR-9780 UHF RFID Reader » ¥ Ir % 3§ B~ § ¥

RFID Tag ¥# # & Alien RFID Tag i |7 48 e s » T F = 74 ¢3% P~ EPC Code ©
BFEET R BIEYRGE - KR S25 ¢ 7 g HE A FPEER S 15 22 o

52.21C f# 1
e IC HFRE I RS & Ao AT

A. Technology : SMIC 0.18um

B. Package : LCC64

C. Chip Size : 1612.66*1612.66 (um*um )

D. Power Dissipation : 3.6578 mW

E. Max. Frequency : 2.56MHz
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