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ABSTRACT

The sensitivity improvement RFID receiver based on
the design of a programmable Low Noise Amplifier

Mun Gu Seon
Advisor : Prof. Park, Jong-An, Ph. D
Department of Electronic Engineering

Graduate School of Chosun University

Radio frequency identification(RFID) is an automatically identific method, relying on
storing and remotely retrieving data using the RFID transponders(called as 'Tag’).
This system is different from the existing contact identification system using a
sort of magnetic code such as a bar code or smart code, etc. RFID system is the
contact-less radio identification system utilizing the radio frequency. Also the
RFID’s tag is an object that can be attached to any product, animal, or person for
the purpose of identification.

There are many merits in this system, especially it is possible to perceive a lot
of tags simultaneously, and its operating properties are very stable for
environmental variation. But in the situation of the ultra high frequency band RFID
system based on a passive tag, as it is surrounded by ambient noises and receiving
weaky power, which makes it perceive the distance shorter and its distinct ability
worse.

An improved model is presented to solve above problems designing a low noise
amplifier(LNA) in the receiver part. It makes the noise minimize and amplify only the
wanted signal, so it is made to increase the total sensitivity(approximately 12.6 dBm)
of RFID receiver system. But it caused the degradation of LNA function because

the bigger power(+17dBm) flows into receiver LNA input.
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This paper presents the improved model to solve this problem effectively. It designs
the on/off switch being controlled by central control unit. Being placed in front of
LNA, this switch is possible of CPU to control by generating a RX switching time
in reverse of the TX transmitting time(ASK modulator pulse clock). So this
programmable switch is open when the transfer power is radiated, otherwise it is
closed. Therefore it prevents the TX power from influencing on the LNA that
improves the sensitivity of the RFID receiver’s module.

To conform the effect of this proposed method, we accomplish the test using
proposed algorithm and utilize the signal generator(E4432B, Agilentjil) and a
commercialized transponder(code number is 0988711068, Asiana Airlines’ Luggage
Using). First, in the test of signal generator, according to varying the range of
receiver’'s input power from +20dBm to 0dBm, comparing the signal power detected
in the receiver’'s demodulator output, it is clear that the signal power is 1.8 times
as much as the case of existing system. Second, in the experiment of using a
commercialized transponder, we have found that the perceiving distance is 1.3 times
as long as before. Above all, we can find that the receiver’s sensitivity is improved
about 2.5dB, using the programmable switch.

There are a lot of problem to be settled in the future, analysis of the LNA
properties specification according to varying the output power and study of the
switch mechanical degradation caused by performing the high speed switching
operation, and so on.

But this proposed method is expected to contribute to study of a high efficiency
LNA design for the UHF RFID system based on the passive tag in terms of the

expansion of perceiving distance and the improvement of a receiver’'s sensitivity.

Keyword : RFID, passive tag, perceiving distance, LNA, sensitivity, efficiency,

expansion of perceiving distance, improvement of sensitivity, etc.
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FAREE o] MEYAE Fal AAElarE FAE otoldls dA A AAIE A

Aet® 71 ojH EAUdAHE 2oz et e
48 ARTE T3 Aotk v Auto-ID AE S EPC ZTRZAELE 19999 A7,
570 dish(m =] AL FAl 2 Fage, G Az gqgh, 5 dfEel= g, o
oAlole g, 29 A gehE FAHeRE 10007 22 7YY FHer FF

EES 75 Yrh

Z A E(TRON; The Realtime Operating System Nucleus, 999 AFEHIAAY T &
o7 A F e FHAAE ZFsste] AFHE 4 str] AskA dtele A9
& AR A5 Adstar gl
TS 2001del = FFA Abe FulAE 2~ UMESNA Vs A dwd @ x4}
d )zl g Sl AT NE TS FAF- EA S, fHF
A

MEQ AFe A@S A Bgol & ATAL FAAG AFAT FAWA

Y

5t T
o A S- ¥skstal 9lo], RFIDO gk d&Eo] A7l T 7nk7]s Jfdtel] 24 &
=t =

Yo geole] lE BaL 7

QEo ¥ 2 RFID #t8d Z2AE¢ TRON ZRAEE %27] 92 FuU 9o t}okst
WadsE S/Wel 24 598 AxEsdn EE 3 Ay Jd9d EAHS AAE0 o,
233G HdE NTT EZ29 ‘i-mode’® ITRON’

% m
Fug BEL Wolw Yk Be AvE F- 5N Y £F 1



mn o] ko] A W& 7]

OFO

& 128 ME o] dolth. ®Hl 1ok 7] Abole] FAEAl
gt th 99 E wFol2 wpEWY, NTTH ol g 3
& AAsta glvh a4l &

3
- i=4
Aol wel WdFH HAER57], POSA A" 52 7Este] A4S Aol

frEY A9 2001d FHAFEU)S FEsE AFE 7 AGAST)Y d3o= m
71=AG(FET)O 2w Ads FAste] 1670 A4 Z=AES Adsta 9lom, fH]
A2 AFLel e dgFs ZAsta v A2s AFE WESL % 7239 A

= e Mula FES T ARV

2 i
Fa, AseE Ak grel RAEANS Fa AR AAMAE SRR AT T

o

i
ol

s

D. RFID A 2=

1 Az 74 3
RFID Alz=®lol A d=ti4de] = wolE = dHoly xk A4
drh o7 EdRAZT Y] ddead gy ik Bl Abolo] dHoly gk Aol A

T =94, A714d A= glo] AA e AAA d9s Foke] olF
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[m
2
>
[‘Hil
nj
=
2
5

gt oz u s Ao 7lsd ERAEYY AA V| 5S e ¥4 TS5 EE
(FA719F FA7DE 7FA 2 . g gl R Y9 7le RS232/485(Recommend

Standard number 232/485), TCP/IP(Transmission Control Protocol-Internet Protocol),
USB(Universal Serial Bus) & F7F4 < g o]2~E 7FA L Qo] 418 HolHE

=
=
e Asgon 4% % vk EAAEHE AFAG A4 dolARPoRw T
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Aol 9tk ¥ 23 RFID Al2de] a4 74 249 fg7|9f ERAZGE B
o] =L gith

2RI

n]]» Plisdiiis% (((l
Data B1d= =T, =
Transponder FTTLT T I v e
(B4-2) Computer
Interrogator
(eldan

9 23 RFID A& 4 84

T7IMEE AFAT. w717 A god wkEHo s HARAMEe} FUIMEE
SaM AdEdr. AFAE T FrIAEF wtow dyrlie B 54 F4 dolH

Jri7le dHdelA AEAor ARE wAdm A3 AuAs dolEs} A%

Bzk o Ashuel ckel HojzbW Aol AUX g AEAsh dolHE e

e AUz A4dth dusls dHUE Fa) S8 ARAs dolHEe o1
il

T2 Wedste] HFE dFstan AFEH= dFd g M2

°
Ay
s
=
o
O]
o
2

% 3% UHF W9e RFID Al=wle] A, r7]7 sz

i HaE alE A RRE duAE dojx B4stdn. dd Bt

dstsw AL ARE Aol dojA 2ur]E g AFeh oA FEF A
/\

sge U/ ERE A%E FAstel $4 AUAE FEat How
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I HolH = IC Hel Adeol HW, AFE S oF 25 Byte T 512 KBoJth
g FEl= 97 A8, i 277 7hs e FE, @k 220 ofy W 477 7be
3 YHErh Q3 WEy EFodE EEPROM(Electrically Erasable Programmable
-ROM, #71d oz A5-7]7F 7bss e17] A§ 7192444, FRAM(Ferroelectric-RAM,

A A e A 2b) S ol 3

1=} N
3. FAHE WA

RFID Al=§le FAHSE 4ol wep do
A 2F7] 34124 (electro-magnetic wave method) 2.
ol o] ZAT A ALGHH, B2V} 2tst=d 24

Wi Autel] o8 Fg2s Waoth WA gy A5 JdE ¢ty =
of Z3g #7174 (magnetic field)s ZHAAZIT. o] & A WALE A7) 7Fe] o5
719 ol = vj1e Y eyl A HW fFA Ags TASHA Ha ol &
Aot Bl dYdow ARgeAl "o obe ¥ 2

Ae A BAHE HojFa 2]

Aeader s

“ M&ﬂr?é\'iKField H

Transponder

Banary Code Signal

a8 24 A3 = (inductively coupled) 4]

4715 WAL 3m ol FHALNM AH§EE RFID A2goz nEs e
S A FRE olgdtel MAE WHOE FAS FASE WAoln Fa 548
Arnw, Q4AY 10E o4 FAE Azde 4§ sbsae, AT 0o
< UHF o9 (868Mz-+=, 915MEz-7=, 9085 ~ 916Miz-=u]) 2 ISM o 9 (2,50, 5.8
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EAsEY AHaEsh 35 Aol A (e 500 thEwel 443 F gk

backscatter
Directianal ; w_..tai- -------------------- :
P, P 1l W i :
T ¢°”F"E'. , 0101111 ; D‘l Dzl S0 | !
_ L - T [[e- * B ;
Transceiver i T R & J | E
receiver ‘___I_I -==:I:]]]]]IIIIIIII]]IIIIIIII]]IIIIP' i : : FET| D '
Reader \ i —— '

Dipole Transponder

a4 25 AAF7] I (electro-magnetic wave) W2

4. Wz W

g 7ieh Bae oy 7FA gA"E A9 F 33 coding)E o] 8stol 7] At ¢
doleE  AHggd., FA A5 oAM= ASK(Amplitude  Shift  Keying),
FSK(Frequency Shift Keying), PSK(Phase Shift Keying) 5 = Al 7}x¢9 tx€
Mz A S o] g3te] 7 AAMNEE 159 A2 H\EstA "o 29y 54 Fa
s AT A (o, vl A el UHF W% RFID)ol+ HAtste] Q1A 9 & (SAR;
Specific Absorption Rate, ZAL A A EF&)oly T2 FAA 28 HHS Fo]7]
Aol Fug =

oF stal ~=l e W2 (FHSS; Frequency Hopping Spread Spectrum)e°]th.

rr

fate] 54 WEWAE 2x 2 g aa 9l b o 20

~AEZ i 92 (SSC; Spread Spectrum Communication)o] & tjxd W x 2]
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é
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H
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[40
wn

Spectrum Direct Sequence) W2l 2] S-FH(Spread Spectrum

Frequency Hopping) W4le] Qtl. 53 3 2T vs HE W2 BEupd Eojy

T W (wireless LAN)ol o] &5 &= AFH Al¥A(Direct Sequence) WAz EFFX~

(bluetooth)oll °] &%= F34 & 3 (frequency hopping) 2ol F& A F ¢}

aeuh ol WMEWAS IR e 2o] A&eA HW I 27F EJe A A AT}

Aol Aestal Fu7F AA7] wEel AA A Alel= ey AAeIRE g Wz
=

Ag AE Wz P F AZAME WAL o] §3

1l

>

Tk oy AR AFAHS =ol7] s, =8 JHACRC; Cyclic Redundancy
Check)E &3 ol A4, ALOHA(Additive Links On-line Hawaii Aream, 3}<}o] df
o Al gk gzl ZiHE T H & w2]) 2 CSMA(Carrier Sense Multiple Access)
Ao 83 o)y %5 WA (anti—collision), A = v hd 45 g &S A
4ot= dolH HeF AgEo] sy
a. AZH o] M £ (ASK; Amplitude Shift Keying) #2]

ASK %22 g7y A olA 2AdE gAE FHe ARATE 0
A A zb 2y 9t A S (carrier signal)®] %1% (amplitude)s B 3HA| 7] = W2 o] T},

2]
BRAZE 09 Aol o s IS AA s, 19 dfels 1%FS a4

B
—
2
=
olo




7] dolHE AT Aol AAEEHY, AFE oA FZoly A Fo ofstnz
Mzl AY ArEHA oy B3 wHzUeEs olfdte Au(Ex)FEWE
(QAM; Quadrature Amplitude Modulation) =2 ol A F=2 Alg &) 2811 Hk539

on? off2 TAE NI E A ®xT F o = AAG77E Adee, dEo
= Z&HoR o8 5 de AHE 7HA vk

Zyolwz WA A E ugu AE A7} o)A == AFo] odte] Tl A
B w9 {Ll Abolol A A 3 (switching) B th. o] 71 A w, 9} U14 H &S 7E = H (duty
factor) 'm’olgtx s}, a9 272 AAI WHFO sty HAFHE ZIAUE HAF
o AeHII2]

-y

29 27 A8 Wzl os] wAEE S5y

WA, RE AE me Fas) el wEste Wz AT 279 A&H L 7
shEE A 2-DE AL

. Uy +u

u m:UT] (271)
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Sg e gol weh,

Z1 = Rl +jU)L1 +

0 C, (2-6)

a9 212 Y L& 7R gEr)e Sbs R volojadleln fy e F417]
o 714 HF A% ue TAA gur]e] F271s ey 29 Lol A4
How AZddr

U
f1i 1

o Receiver L4

Bl
O
)
VAN A

=

g% 212 bElY L& 7H 2y 7Y 7k tholo] 1

gy FAERE faps oM Lt GO duldzae Az s glojdint of 7

+ AA dIRE s 42 A Q- DAAA"E eA Rl iRt A2Agsne F
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2 gkl
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SAFEZ LolA w3 ANAE G UC e 5 Aol AF 9 A77F 54

7] wjiol FRAF I glojx el Wiyl HEE M2 AEy. aHy 4z

2}
o #2 v =5 F U ditdoer ¢ BEN) AR U2 AU yilE =

A
=)
A
2
i
flo
2
=i

Tetar 2 oW ZEol)d] Age L Go g4 =Ed 5 9
of e =4 FZ dEUE AT A= A8 H = 22H(53] capacitor)
2 AL TaslA o, A AL Ao olautAe o& A WxE 5 9

a9 213 XY W dsto] @GAA R FUste & HoFa Utk =1

Mz cHeol M AE2 ddd mdat ANAEY Aol dAHoR F71d B, Aol
- = el =Eetol: gy ] StHuve] A wE AAE 2Adees dHele &

800 | | | |

e

0
1%107 1.1x107 1.2x107 1.3x107 1.4x107 1.5x107 1.6 x107 1.7 x 107
e f(Hz)

a9 213 FRAF9 5 (resonance frequency)oll A 9] ©@AAH A F71
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b A TS FAY ABE FEHSA Hm, o RFH 2 Avkel 917 LNA
o) E4o] o}F Satojol Brh AMACR LNAE F¥ L£%rl A W o5
Bk olel FEASE WetA Hd, B LEsh 45ad oSl gran FE
Agt Z7hgvh med] LNAE #8457 43 oSo] Av A4 2 9Eu
Agol Aol AY £Ao] HA AAHfop B} 53] oz T o)A

So avyl, T wAl @ olsle] 5=

S Ao o5& REE AAHIAG BT ofg ¥ 325 LNA W Ade
EASHAA B 290l t5]
Vcc
i
INPUT o {\J {\J {\J o QUTPUT
Vcc

o OUTPUT

INPUT © ‘ ‘

a9 32 LNA UH ¥ =
2. FA X (Sensitivity)

& (sensitivity)= o= AEo] m gt HAAAAE FAlste] FASA ARE A4

T 5 gtste AES uEdh & 9% 24 gl Fold A& o 4 HI(SNR;
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T B Azl dFE Fe FLS FE FAV, FA7] L AER oA B
st ooy, Ay F AR, B4 2 JdAEe B SFo od) dAE =
g 5 WS gYdstA EASY. olF A FESH, 93 (thermal noise), A8 3

S (short noise), WA %2 (white noise), ¥ & (hum noise), £< F3(johnson noise)

o] 9= o, o]zl HLEL AEA3EE I3 (signal degradation)A A EE78 =

WAL 5 B4 Asg e Aot fow A48 HTHA

= =AY REEA wiAd A det el BT Eeom Qs Y=
g, o2 A A o)A BT (random agitation)2. & WAL= 722
A% 7F 0 Q1 A9(-273C, & = 00F At B EAo dwrdoz ey
= 54 F stuolth

Lol 7 2

E Ag (nyquist’s theorem)d] WZ W EA Fu4 gdor] Hu %7}
TEKIYE w A date] 2dd Hd A Fas A9 A G-DF 2ol yed 5 3l

= vV 4KTRB (3-1)

o] 71X Ve Ad dx} oo 29 Ha A% A (rms; root-mean-square)©] i, K
Bk (138 10 [J/°KD, T A €5, RS A%, 18 u B: 54 F34¢
o} o & (bandwidth)& YEtHT. ERA~EH(TR)S A &3 EWNA2EH(FET; Field

Effect Transistor) ¢ ZAfolA UlF IS 9= Aoz 3iksto] oA 54Y

rie

Age AL F 9t AP RS 57 4 AFoldn v, WP Feo AL &
AA5E AgE 2AGT Brh AG/AM BARE Ao g ARe A Lms
ZAHE Ge dgE vt 0 4 G-2% 4 6-3% 2ol 7T & Ut
\/2
P, =—— = KTB (3-2)
P.[dB] = 10log(KTB) (3-3)
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of ojsir LA =, e A dolx A ARlM 7 wel wAdEn. o)
o A FE ol 2 A A Fak(fp) o] 1/50] F

AV FE 7)o vlE HAEE FSo] 4 O
. 8FA vk =% w3} (UHF; Ultra High Frequency) ™

Qo= 7 e 4T FEHERI 5719 43 ZYHLETGE vlg ZopA
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=
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T UAE FA A" A FolX HEQ &S o]fote] AT o FoHE A FH

o Uuzl 984 E/NE ol Agai, o2 Adz Adstd okl 4 (3-5)
s @b,

ess -1
Ep (3-5)
Z- Ro
o] 714 Ep dhute] HlEd Eo] v e dHS dolH, Zv YU ev A8
2 AZAY 283 RyE HES(bit rate)S ©IT. =, By U9 Am F7] T

Ev/No = —F—— (3-7)
R
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€s B8
Ew/No[dB] = 20log + 10log —— (3-8)
en Ro

2 (3-8l A 20logles/en)e A5 o F5HI(SNR)E 97t 10log(B/Ry)e A
2 ol 9 %4 (processing gain, A & ¢]5)E vEbATH d¥rH el ¥ E 2 7] (MODEM) A
TR S7HR S WY E B7F MES Ryt 28 AXE A

gAE a7 sk o 7H2-H](CNR; Carrier Noise Rate)9} HIE 2 & (BER;
Bit Error Rate)#°] #Al= vl T3 A sebvjgoln, okxpe] #4242 v 2
(3-9)% -t}

an

Eo- Ro
C/N = (3-9)
No'
8 AHeolA Ce 417 949 e A8S Ty, N2 F2 A48L S5t a8 x
T2171 dEde 57 FS A" 4 (3-103 4 (3-11)3 2.
N = KTBF (3-10)
N[dB] = 10logKT + 10logB + 10logF (3-11)

Fror = Fi + + + SR (3-12)

A Aol A Frore AA Alz="e] Je AlF, Fies 3 dA 229 35 A, Foxe
WA ke e Alg, Fe2 Al WA &2 5 A, G 3 WA &z o
, G T WA 29 o]l5) Y a Gye Al WA A9 o5& ety EE g
Haks Agstdnt. Ze x4 NF(Noise Figure)® ol#]3 & & A+ FE uAHE=

s
Bl Zow 4 (3-13)3 o] vEbd & st

R [
rlr

<

NF = 10logF (3-13)

_28_



AAs o & Folt

B. "oy s dudg=

1. =938 A (forward link)ol A 9 dolg a4
RFID Al 2=¥o A <=wdka] I (forward link) ¥ #9719 Bl 433 27 84 =

£l

& AAss dAe Loy, A5, AdA, eddely wA A%, doly 4d

A AT, HEyo] A GAZS AT WA B ol HYFEA A A POR;

Power On Reset)S FE3stEs 317 falAe =24 o) 9 Z(local bandwidth)e] 2§

s AZF B9 RF A8S Aok wa] Fgstojof g}, ofg) 29 3.3 %7]
.?_

Data Symbal 0 %
| i o ommand AlZH
RESET Osciletor Calibration Signals . Calloration Signals ,
¥ »t y
141 I i st
800LseC Musect
R, R I LN VA R T

I -

a9 33 ge-Ua 27 Be A4

gr7le] Aol 7tyHd 22 Y AR Aol AdET. A AT (reset
signa)+ G 7| Z5E dolg WxEglo] 400us AT A&EH o WEEE A4y
WhE st 2laTh o] Aol A 2ol Ao HYAFJAEAAITS A 200us, = H 7)ol
Al A AE ATAEE HA 600ps T EE H1EC AMA AmE gutEA &

57 A duvle AA F8 A=) $A%0 £2d o]F 800 T AL



NEE BEHI}F Bk o A% ¢
7 oA RReIA Avkre FRE
A4 gl 2edE AA Az 17

] of of

)

71 Yar(next) dHoly FAE wjrojr Hxo
Abste A S AAT Aol 29 34 Al
T3 9l AAAA Aol Zud H]—E}\]

8=y

o o,
=

fx

o

Sadoly @y Wng B F

il
ol

¢

Total irme - 800 mcroseconds

-y -

1% 34 A4 A (Reset) Aol AQxs AR
YU 7|2 5E AEA Aol duHW M= e Aoy wA AErt Fupetof g
o}, 9w ol WA Al Z(oscillator calibration signal)< 8719 A&y HAw FAH
=, AEsA 2457 e A3 A B A 2EH(SAR; Successive Approximation
Register)7} AF&-¥th 870¢] SAR w4 Hx9o ZRFol= HgAQd 27 gy 3
=dl, ol Bark AAAHeR X Fyes 2HSAY, ths SAR w4 22E
a2 ek Vs dHh
SARLS 87 o] 7t =9 A A AH(binary weighted switched elements)& ©] £ 3}
of doly 0o® AAste 22M A2®S AF Aod ol gle oA d A
A AFEE FHAHAYEZE 1000 000002 A E SARS 7] =AW 9
SRR Tt Y] FagrE ke Al Ha, o] wW Bl Al ]l A= SAR
T ot oA A WHA SAR A B2E SAHSHA "k o]y g Ao
Eww 7z }AGuith SAR v HEE AR AU AdAst= 7137 Fo
A, ol g A skl ZF RA A= L7 HEHAE WAL £ U
19 35+ 8HE SAR w4 H29 9y E Aweta vk spekd 2o wAH~
O+ 22 116psol™, SAFEY H2 A (s)S 2442 6ps olstolth. & 312 oA

olg mAel mE ¥¥ v gES AT Aotk

At}
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8 pulses (b each of 116 microseconds shown in blue, 1

'SR TR T

L]

Pulse separations (s) - 6psec RF off, fusec RF on, min., shown in green

1% 35 9A# ol A AT

£ 31 wgBas B A ey
s} 2} v] g Hx rE 2 o 4
Calibration Pulse(t) 115 116 117 1
Separation Widths(s) 6 coe 15 [s

oAl wA As FAe] Eubd ZntE doly A wA st JuEr. b

olg] A WA AlZ(data symbol calibration signal)x &9 A 7je HA~

ZFA 2L de=dl, ol 52 el AuAl(backscatter)’t WHHoFstE AIF A HS A A

3 = Wnk ootyet gg-el HAA 0, T 283 null AEE #5IE HAS

deFe 9T S gr HX7] wA ASEAH A4 AAA AAZH dolE wAAl
A

7} Fubetol sm, wxl7] wAH B ool ey wANE AR wow A
_]

i)
[
i
=)
rob
£
>
)
fr
-4
o,
(i

N,

N

N
lo
=
L
I
ofl
N
i)
[
s
s
flo
av)
)
lo

&l

>.
B
Ip
>
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6s (min)
separator (s)

w3 1

|

o - N

! Y Y Y 1

Reader'T0' Reader'T1' Reader 'T2 :
signal signal signal

a9 36 Hu7IERE 2AE s doly Ad uAg e

T3 a9 374 delE dAFE AT diEAd ghel webA dHeoly A¥ uwA
dolg AFalaol ghe wy, we 18 wy B2 7HA
o 4&stE 7IAdZ BEHET. 974 w2 ‘ol 0% ‘doly 1'9] AHE 319

TARAE AR A 3AE AEstH, wee ‘deoly '3 ‘Holy null A¥E b

=
K2
o FRAME AAse A s AEdH £ 32% Hely uwA 2 AF s 9

Timing for
1 = Caa Event Pants

h’12‘5 S T B ﬁ‘;ﬁ_ﬂ
1 i & i ]
Daa : : 1
0 i i I
H ! !
Ceta ' - 1
; Bus ;tvo. » E !
Ceta | : i .I I
Nl —_— _ I
! : : - 1
I 1 1 1 I
o s i i -
Calib. ! . - 1
T jedassinng ; : !
. i : . I
Cdib. [ L ' H 1
A w77 ] vo¥ ) i :
1 ] H H 1 1

CHib. H | H i .
o e { 311505 vp) : :
' Ll Ll Ll I
] []

(rid 1 bit)  (rricd Ofnull bit) {tag Tx off)

a9 37 "oy wA % dHeolH A A=
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# 3.2 dolg uAy % AdF Az ey

I} 2} ] § Ha A F oy =
Wi 4.5 18 1S
Wo 6.5 > wl 20 [s
W3 95 > w2 25 1S
s(separation) 6 20 Us

A el A sebuE o wi(dlelE 0/1)& ‘HiolE 00 AR e ol Aot ‘dely 1T A
Abol o] FHA Aol A ek st A A= B ATl e welH7t 27135}y
3 oA AlFE 7] Al olw) Eholm oAl =3k E A (latch) wi w3 oA,
TO Sd2dta F2s d¢d ¥E S a7 A En whef TO S 27k 247 A
of vlolgl ko]l EA HW, o] W HolH= ‘Heoly 0 A¥H=E M. weF 2y
719 H2avh wy 14 o] Fof =& AHE JhA FEvH, Al ofnl ‘HolE 1T o] A
L ‘dle]H null’¢] A A o]F itk Hw] A
A wkalo) wrE owi el H AL 45us o] o}

T3k ey wo(dlolH 1/null)eE ‘dHeoldy 10 Ade] Aol x et ‘doly null 44

) i

W:L

Abel o] FkA Aol A gt s oA A= Bl Alg7]el AdE dHolE 7t 27] 8
I A AgE 7] AlFE o] o Blolmol A =3k £ 9 (latch) we #Ey oA d
Zgagy Rt v uE Zga7 AAAG. ek golg ool =1 Tl

Ze vk AAEA gdx TO Z g AAso] givpw, o] W HolgE ‘HelE I
AR A gk wkeF dlolE 2k¢lo] wa T1 Zef2e TO Zhart HA= Ak
W, o] we] wolE= ‘HolE null AE=RE sMEch Hu sk WAl ot w, 3t
AL 775us o] th.

TP a B re] A Al(backscatter)] F A A we2 H17F 2leiv]e] Fol FE
o dHelEHE Hule AL HWF ool 2 ] volE e 4 dAE F
Hlgtofof sk A Holth T Axk WA A wse FAS 115pselth 1y 383 1
g 39 % 19 3102 247t doly A™E(0, 1, nulDEY AZF 1HAE RFa 9a

333 % 34 H # 35 A4 ddd ey Eas AWsta

=]
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Total hit exchange tirre - 12.5 ps, typ.
3 |

1
L
I

= 5

l -
Clock  1-2ps reader 112 bit cycle
otart  Txcelay forreference ;eoﬁf[:iz end
19 3.8 #g 7] ‘dolg ¢
F 33 ‘Heolg 0 by

g} 2} ] E HAx A o =9
Bit ‘0’ modulation 45 < wi-1 17 [s
Bit "0’ total width 6.5 > wstl 30 [s

; Total bit exchange time 12.5 ps, typ. '

>

Clock 142 kit cydle

1-2ys reader Brrekrence response end
start Tx delav fom taas
a4 39 gy 7] ‘delE T
F 34 ‘deolg 17 g2k y
g} g} ] § Ha A 3 of 9
Bit ‘1’ modulation 55 s el 19 s
Bit ‘1’ total width 125 > wstl 30 1s
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. ) ]
1 Total bit exchange tirre 12.5 ps, fagt mode ]
i
1 : ™
3.5u8 : I (Notag
H 2 bit cycle : resporse )
for reference I
. 1 I
Clbck ' '
oC
1-21s reader
start Tx delav
a9 3.10 FE 7] ‘"olE null
¥ 35 ‘"ol null’ J2kvH
stehu H = 4 ZA o =9
Bit "1’ modulation 75 > watl 17 1S
Bit ‘1’ total width 115 30 1s

2. B ¥ ¥ A(return link)ol A2 dolg 34

Y& A(return link)&F 24 3tE Bl2o A 2jurjz e F4 RES @tk o uf o
HZ S (reply)2 F79 FrtEu Mo &S ALE3tE RF A 3@ Ab(backscatter)
zo o] RrEojth ¥ 311> dIbdAbel] ok ' & A(return link)ol A1 9] ©] o]

H Fost 3AS =ASe A, F 362 #d FevEES AWeta vH8lL

=]

I
P
I

- |
Tag response : |
|
b
|
|
25 reader response start sponse end
<tart Tx celay tom tags tom tags

a9 311 geE aoA el 2e] Hd3AR(backscatter)
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F 36 @B 7l A4k ol 03 19 F3ts

s} 2} ) B Ha o | of 9
B2 A sl §s) 10 30 %
HE 0 F394 2.2 Wi
HE ‘10 F3< 33 Mz
Fui HeAx -25 2.5 %

9 FoA & F Adxo] dEHAANAN v i 2207HA ] JES ‘doly
o2 A25kal, 33l o1 Ee HelH 'z dAdth E=d Wzd dolHe

|
o] dypZAb(backscatter) H A= T3 2H7] FAF R AFHH, o uwj dupdAl

= o 3o dolE 03 doly 1 AR A A% 3(CW,; Continuous Wave)
ol X Qv HE F7]9 oA AT ‘null’ Aol A= Al
7F sioh
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| FAlRed Eolo =

G Hlefd ko] glu AEdAE Ax ko], A" AA7E ot
71% % 39l Modulated Reflection cross-section 21 (2™ ‘Modulated Backscatter
Ao B2 A HAAZIF gge] wH1/2)RY & AVE e B oF WAt =
RADAR 71%)el 98 &5 7] wiel 8l1% -13dBm AE9 AHE st FHu
-20dBm A=° #¥S u7|E el tAl BAke7] sl gy il FAEE A

g 53 vy el givh

X
offt
o
fuj
5
t
~N
rE
o
ll
ot
c
s
i
=
12
=
e
-
>,
[>
et}
2
>
Ak
nj
N

o

ol FHa7] s 2" 413 o] FAlRel AFSFTEHIE AAS FAAEE
Mdeks BebE aEstth ol # A FAFo LNAS AAR dtolx= °F 126dBm 74

Zo A ARSI vErd g v shAIRE ©es] LNAY AAlsd, 17 4.200 4

= =
AQ $2%0 Be N5FY A(+17dBm)o] FAFoZ F950] LNAS H g

AMNT .ﬁ
| o Filter

TX

Fifles

Tag
FF PWR Ampliler




rr

i

DA YA +17dBm A E Y

o

2
w
[N
ss}
ol
t
o
i
(12
2

Dielecre » Demodulator +| Filter » ADC
Filter
3
A 0y P
Antenna TX Pawer flow CC PLL CPU
Matching
-2dB
TX Power Armp. Qutput: +20 dBm v

Pawer Amp. AsK Pre-Amp TeRiR

T G11.75MHz Madulator

3 4.1 LNA(RF2442) A+t 4
st 2} v B W9 g 9
TE A% - 057 +60 Ve
g ¢4 RF #4 + 10 dBm
A = 40 ~ 85 C
HELZL - 40 T + 50 C
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&1

1nF
—| VG
T, 2442401 - B
22 pF ni
t— —-[T—w O, |
23
L2 H 7] Yo ETE
i 82rH 15 npH E
n 4} £ strip 'T—|' T‘ i ﬂl]ﬂuumnH I
RF N =] I | o F 11 AF T
o5 L 4 ?
ILh oF E _?J 1.6 pF

A& ZZ 7= v RFMDiik 9 RF24420]w, W4
At w3 T 413 19 4204 HZo] LNAZ A}

al
Wol = we Fe AYo] FAZ fQFCE ALt ol ¥
7_:]I

149} 2ol FAANFACPUNA Z2ad s Ba Aol 7bs

g 29 A5 LNA vl2 Fdhe] AXe Z=2afeE LNAS AAsY, =& $4 =
g dyowiy dAse 49FS A7stel RFID 4 #=s ad4do=w Mg
T e dagESs Ateaa g
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v

Diglectire » Demodulator Filter ADC
Filcer

Caupler VEo  — PLL +

CPU
A L
™
k.
Power &mp. (¢ Ak Pre-Amp TCRP
Modulator
4
a9 44 74 ¥E Al ~" 9] Block Diagram
9 29l A RX_Switch®] 293 Bo]g2 FAF ASK Mzdel glojA ] dHel
S Bl Awtoizh Aok FFo] VIAA Sl A o= Ad A aHd FA
= 293 AE Azked A (4-DIF A (4-2)9F 2
RX_SW_ON = TX_SW_OFF + Td (4-1)
RX_SW_OFF = TX_SW_ON - Td (4-2)

o] 714 RX_SW_ON2 do]g 4 ON A7Fe w3, RX_SW_OFF+ dolg <
A1 OFF A17FS, TX_SW_ONZ dolE %4 ON A7+s, TX_SW_OFFE dHolg #
A1 OFF A2k, 21831 Tde 293 AAd Al ZH(delay time)S # 3k}

2. 29 A ¢ &

w wolAM Agtetal = dadEe E=AEetE 9 459 #a, ojAe FAS
ASK W x7] "2 go| 3 vastd 1% 463 2. olF e HAs e
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32 (Agilent 54622A)F5 o] &sto] FAletw 1@l 473

TX ASK Modulation data

l

NO
—> TX_SW_ON
YES l
RX_SW_OFF RX_SW_ON
(Time = TX_SW_ON - Td) (Time = TX_SW_OFF + Td)

{ o omeser Osclllator Calioration Signals L Calibration Signals
Rk iooum i s
: 800usec : 1Busect 4 i i H - H - :
eceeneesonneees . Wi owe iows Pn g
[FRRR]
a9 46 MdE gagFso] 9 g 2=9% ON/OFF Elo]®
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- Agilent Technologles

TAOFF [ TXON \

A = '?— =270 A
ol (eF 69us) FAP LNA A¢k 29 %= OFF7F 3, w2 $4% ASK Wz =
9127} OFFY wjE 2% LNA A% 2927k ONol HAH CPUA Ao]& 5 3]

e BT gt

NAE A2 AAS Bg FA70E A AP ofy] 18 487 o] AHEH

M

4
2] 7] (agilent N9020A)F 21 @A 7] (agilent E4432B) 2 @ A 2 2 F X (agilent 54622A),
e 3 AR 77 (agilent 11667B) 5 o2 FA st A A8kt

A AR EHE BE Aoed 5S40 TdstM(lels £4 - 15dB), &2HE
A 71(N9020A)°F RFID #d7] &¥& dA4dstz] s A&d A" #717]
(11667B)¢] A &4d2 - 6dBoltt.
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MN3020A(Agilent) E4432B(Agilent)

Signal Generator

im ﬁl_ = gé i ﬁ

See e w

546224(Agilent)
Jectlum Anal,_e:

Oscilloscope PC

Cableloss = -1.5dB

Cableloss = -1.5d8 | il
&
g Cableloss = -15d8 [t

11667B(Agilent)

RFID Reader
Power Splitter

[nsertionloss = -6dB

a9 48 ATV E o] &7 FAAE A FAE

71718+ RFID 2t 7] Alole] Aol &2
= (-1.5dB) + (-6dB) + (-1.5dB)
= -9dB

YA APE TAFel, O el A AEWAY F APS +15dBme A
0dBm7t7] 5dBm ©Z 7AAAA FFHAL W JU7] 4 4GS AzHE A
5 Age] 278 wwsw Y 49% 1Y 410, 193 1Y

98 AT F37]E AEEAY] E9o)

]

1l

4113 19 4129 2
7t 7} +15dBm, +10dBm, +5dBm, 0dBm%
uf, +6.02dBm, +0.55dBm, -4.44dBm, -9.45dBmo. 2 A=At} o] & AgstH & 4.2

o} ga, B Ade) Aex= Hit 54 3= +0.5dBo] o}

o}
2R
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Center Freq 915.000000 MHz

CH Freq: 915.000000 MHz
Input: RF Trig: Free Run Profile:10 MHz
IEGain:Low #Atten: 26 dB (Elec 0) Radio Device: BS

!.z’.iL (i I
1 015,000 BHz
D K

a9 410 A%

By TEmas Lo g-Fear
Ty P Fla e
AHur: 22 48

R F5.00 dBm

ul
=

|
WEM %1 kHE

A7 8 -d9o] +10dBm¢l 49 RFID #t]7] 94¥

- 44 -




Tri g IF raem Fam Lo

#ag Tega: Log For oA .
Favgiv S6 A B Ll

Ref %00 dBm

Referonce Lew
8 i
L

Bel 7500 dEm

115
VEW 91 hiz

a9 412 AZHA7]) 8480l 0dBmel 4% RFID #lg7] 48 Als A
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F 42 A5dAr] =9 dEa gy FA5 A9 g
SG &9 #4 AEEA LNA 4= #4
+ 20 dBm - 9 dBm + 11.00 dBm
+ 15 dBm - 9 dBm + 6.02 dBm
+ 10 dBm - 9 dBm + 0.55 dBm
+ 5 dBm - 9 dBm - 4.44 dBm
+ 0 dBm - 9 dBm - 9.45 dBm

AE7lelA B HelEE Fasw el
t}. 53] EPC Class 0 Bl Al

Mzt ‘dlol® 0'o® 9148
Aetd obe) 19 413 2 19 414

o
m

7},

& RFID_comb - solEElnlE

o 7

astel dolEl ge HaB

XE

= Al wek g el !
2205 #FH COM

=

=

dolg I'= <¢124st= 3.2

o] &

shel o4l 4

WMEE BIE Y &) B SSUH
Dw & 3 08 =2

Wi=6.1, W2=0.8, W3=24.7, DS_SEP=15.8,
D#ﬂ=3.9, 0_1=6.9, D_MNULL=11.5, D_INTERYAL=Y.0

[E—

111 111
i1 114

L S
R
]

6, .
066 056,066,066, 55? 057, 057 05?,05?,05?
057,057,057,056, 056,056, 056,056, 056,056,
056,056 058,066, 066,056, 056,086, 066,086,
O57,057,05?,05T,05?,05T,057,057.05?.05?,
057,067,056,056, 056,056, 056,056,066,056,
056,066, 056,056, 056,056, 066,056, 057,057,
0B7,067,067,057,057,057,067,0867,056,086,
066,066, 066,066, 056,066, 066,066, 066,066,
056,056, 056,056, 056,056, 057,057, 057,057,
067,067,067,067,057,067, 066,066, 066,066,
066,066,
CNTO=868, CNTI1=51, CNTn=15&, NULLO=15, NULL1=15,
Wi=g,1, W2=9.8, W3=24.7, D3_SEP=15.8,
D_0=3.8. D_1=6.3; D_NULL=11.5, D_INTERYAL=7.0

911.756 MHz

1111

1111

1111 1111

o 0113 AMSIW | 38400 B-hi-1

19 413 ‘dHolE 19

— 116 —

0170




& RFID_comb — oholsHEdO)E

mEE) HIE ZAG) &0 s ZSH
D &3 D F

047,054 ,046,049 059, 042,052,048, 062, 055,

b5, 052,056,053 ,040, 052, 048,051, 048, 051,

G443, 057,

CNTO=59, CNT1=51, CNTm=135, MULLO=15, HNULL1=15,
Wi=6. 1, W2=9. 8§, W3=24, g D° SEP=1G. 8

Dgo:zkg, D_1=6.9, D_NULL=11.5, D_INTERVAL=7.0

a11.75 MHz |

2000 0000 0000 Q000 0000 0000 DOOO 0000 OOOO Q009 0100 0000
Bca,016,020,000,050,020,020,03¢2,017, 031,

027, 024,019,081 028, 031,051,034, 026,018,
019,024,036,029,037,029,037,034, 027, 028,

022,037,040,027 ,027,020,045,034, 041, 038,
033,034,037,032,051,047,036.040, 037, 032,

039,043,045,041 ,047,0486, 046,042, 049, 037,

032,040,031 ,036,037,049,044,037, 042, 051,

047,042 ,035,081 046,038, 040,045, 044, 050,

048,046,051 ,043,082 047,047,043, 052, 048,

048,051,048, 050,042, 045,046,055, 053, 052,

066,068,061 061,089,061 ,034,066, 063, 067,

064,046,

CNTO=53, CNT1=51, CNT_ |

S KOFAE  AMSIW 38400 8-M-1

28 414 ‘Hlo]E 09 o)A AT FBA

o ¥ 4133 414004 & F gdke] Az FHE ‘Hely 13 ‘HolH
0 A57F LNAE 71A4 HF F28e s 2715 346 A 298 4159 2o

AAHGE FA8 B%7] %3P (demodulator output)oll A A 5}

e

“‘LNA y Dielectr p Demodulator » Filler p ADC
R_SWITCH " Filter
X
Test Point ;
Caupler Demodulator Qutput
a9 415 29 s 4 4%
E 429 19 415004 HZo]l +20dBme HHES Y7 dHSed AvbEH FHF A
o2 INA ¢8=0] +11dBme A#Ho] A7ty a1 (A =<2 -9dBm 17]), ThA LNAS}

A9
4y 2 Hx2VE AA A AdA deHes AEE 248 19 416 2 1



Y 416 +20dBm Y #HEA] SAHAXHANA L AT AZ7](existing system)

: Failent Tocchnalagics

2% 417 +20dBm Y ¥ A

o

AR Ao A 25 A7) (proposed system)



7 EAH9ee ¢ 4 ddt 2 WHoR ¢HNES +15dBmoE A/HAS
2
=

418 2 19 4199 2t}

1Y 418 +15dBm Y E A SAXHA AL A& Z7](existing system)

Augilent Technalagica

9 2l YEvRe] +15dBme] A s g SFAAHAA Y ANsavl= A

e dueFe] 4% oF 3hmV A% o & A5 (F 1.8¥, 25dB)7F SAHASTS &
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