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ABSTRACT

This thesis describes the design of high voltage analog front-end circuitry for low-
frequency RFID transponder using a high voltage CMOS process. The propdsed circuit comprises
resonant circuit, rectifier, regulator, clock extractor, clock divider, current reference, modulator
and demodulator. Using high voltage CMOS devices allows optimum RF-to-DC power
conversion at all coupling coefficient values by discarding RF limiter eircuit, thus saving
significant chip area. Furthermore, large load modulation depth is also permitted to achieve
longer reading distance, when compare to conventional low voltage transponder. The proposed

circuits were verified by simulation usin SpectreTM with a high voltage CMOS technology.
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2.1 ynin
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ssuvorfion leAluszuun1dlunmsssy  mzssdyana dadnsedavesdessuy
= ' o ' y ' 4 o
orfion leddsznev ldudmseneundn 3 daufeinesserfionlef (Reader) uiinerd
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1o¥'107 (Tag or Transponder) 11AZIA3041)323170HA (Processor) Faluszuveriiow lodiuudin
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2.2 daulsznevvesszuverserled

2.2.1 oriter lefiuiin (Tag or Transponder)
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PVC Tag E l

PET Tag
wa als Wie
Rugged Tag @.‘ w
Key Fob Token Laundry Tag

CD Label Tag a A
Wiistband

51/ 2.1 Medvewnnluszuuerfien ledn 1w luiligiu

: ¢
2.2.2 n3090 1015101100 (Reader)
& ' 4 - a : - ar A as 1 oa a
w3 me13ten lod lumanaiimiuiidnuuzihuniess udedygyruing
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Pulse
Driver
Generator
Processing Filter and Envelope
Unit Limiter Detector

31 2.3 Tnssadraveunieseny

2.2.3 aavlszulana (Processor)
A - a Y oA o o A '
nso91seunananse lusunsulumsdszuanativiinn lumsdamsnunioniu
¥ ¥ 4 ¥
unzdeyafigndannininiessiu nimmindmszuanaszidoyan1dsun ¥

UsznawalWdwadns 11 lumai lszgnalfamde T

o d =
2.3 msswunszuvesenlen

o

a - g - ° ¥ a o ] a’
5$1J‘1JB'1§'tﬂﬂ'lﬂﬁuullﬂ'lﬂ]'luuﬂiS‘U‘U1ﬂt'ﬂ'Hﬂfﬂll‘]ﬂlﬂﬂ'llllﬂiuql‘llﬂﬂﬂ‘ﬁll‘l.!@ﬂiu

' a & d 3 =
2.3.1 uamunanuavesnauwvivesszuverienled 4]
2.3.1.1 ANNOM (Low Frequency)
a o ad e ' d: & = -
anuavesszuversion leaniamludmanuddniuszinnudves
adunieglugae 100 - 500 Aladsad TaoiiszozmssmegluszorIndtaunme Anmis,
' ° 1 1 o o @ $ o
Tunsewd 1mgn dmlngiimaihlhlszgnaldfunsnuqumsidioonlszg mssd
aunodaiuazmsnunuiigdaudi
2.3.1.2 ﬂ‘nﬂaqq (High Frequency)
< ¢ ado ' 4 & a <
anuavesszuveion ledmhamludmanudgaivziinnudves
A ¢ 1 o a " o
atumHoglugaa 10 - 15 wonz@sad Tasliszozmseimegluszozlnddalunat Ao
Tumsswnhunars s liuwann dwlngiimaihhlszgadldfumsaiuqumsidhesn
uazmNINmMin
2.3.1.3 ﬂimaqaﬁw‘m (Ultra High Frequency)
. ] . " ¥ 1
anudvesszuuosion leaihauludunudigatiimivzinnuives

A d ' a o - ' L]
adunoglugag 850 - 950 wnnui@sad Tavliszuzmsemegluszezlng uazasalunun
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mom  anwdalumsswgauaznaume - dulngiimahlilszgndldtumsaaaiugd
[} ' g a
50 Iy sSTUDANMINUIRUNMINADN
23.14 anua lulasnd (Microwave)
o ¢ adoe U - = g - A
anwdvesszuuosen leanmihnuludmanudgetiatiuszinunves
& ¢ H a a ¢ A Ao o [ e a 1
aduwioglugae 2.4 — 5.8 dnnzi@sad Fefidnuazmahausdoiuanudgatwaudil

S2ULMIBUN INanM

m3ah 2.1 anuaninms Inuszuversien ledlullszmaaien [5)

Uszinn AN AMdgs adgedeea | Tulason
oUUIM 125 kHz 13.56 MHz 902 -928 MHz | 2.40 —2.48 GHz
134 kHz 5.72-5.85 GHz
ylsy 125 kHz 13.56 MHz 868 — 870 MHz 2.45 GHz
134 kHz
u 125 kHz 13.56 MHz - -
134 kHz
duiAy 125 kHz - 865 — 867 MHz 2.40 GHz
134 kHz
iy 125 kHz 13.56 MHz 950 — 956 MHz 2.45 GHz
134 kHz
fanllls 125 kHz 13.56 MHz 923 - 925 MHz 2.45 GHz
134 kHz

2.3.2 amMaIMIdanaanuiazYeyasEn NN MIAZUNN [6]
2.3.2.1 M3aea139eyanuY Half Duplex
1 o A ' " o i n’: =
msdandanunninaiess liunnlunisdeayy Half Duplex viuvziing
[ ' g o 9 a9 & 4 d
ddanuaaeanm  daumsdadeymindeyaideyanniniessnluiunnuazdoyann
unnlifindess e liannsadamdeuiuldudvzimsdeadudiu
2.3.2.2 ms@eaiveyauvy Full Duplex
' o A s g ' b P '
msdandanuanniese Tuiunnlunmsaauuy Full Duplex 1inaziimsds
o U ) & A ' 4 d o a
wSanuaaeanm  daumsdadeymiudeyannniesen liunnuazdeyannunnii

w3 uansadandouiula
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2.3.2.3 MideM3U0YauUY Sequential
1 [ A ' a g 1 . kA = i
ﬂ'l'iﬁ\‘lﬂf‘l\'l\'n'uinﬂlﬂ5@301“1ﬂ“£lﬂﬂ1un15ﬂquuu Sequential HUITUNITA
o ' v o Y & ¥ a o a d °
wasanwuuiluganamieususudoyaninmiesenlunn - Tavhunnezvhmsazay
o a A ' P A ' ' o o ° Y - ¥
“fl\lﬂ'luﬂﬁ\'lu'm'lﬂlﬂ‘JQQﬂ']u‘[% lnﬂlﬂiENE]'IH1’1q@lﬁﬂwfN\'l'|u|.lﬂﬂ§]:"N'IIEJ'IWﬂ\N'IuTIﬁz'ﬁ‘U'l'J

g lumsdedoyaninunanduliniessu

Procedure:
FDX:
S eSS e SIS
downlink: S VTR
uplink:
HDX:
Dt o e SR SR SRy W N
downlink:
uplink:
SEQL
Energy transfer: fo=iv=id paseise o) e sy = ]
downlink: p—-h_r_h
uplink: | I I l

>t

H' 1 a 9 o o
31 2.4 msdandanuunzdoyavesszuuoiiionlod

2.3.3 samumsiuveyaveuiin [6]
2.3.3.1 ufinuu 1 UA (1 Bit Transponder)

3 & ¥ ﬁ 4 da v 49 da
winuuy 1 dmiuszuihuiniiiimsussydeyandesiga Taohiimsula

9 o - ] 3 - M a o " °
anumnovestoyavein Idifivsdeanuminominiufio “1” Aeliunnegluszozims
A L, A 1 o ' o I 4 2 9 d a
Yyoun3eee uaz <0” Ao lullunnegluszezimsveuniowiu Fduninunnuuy 1 in
s a 9 a v 1 P 9 ' ' o
yvusriimsvssydeyaidosuaiianuiionlunsldavedanasumsidluszuuileadu
- & ' 3
yluoluheasindudmiedosayn  Fanszurumssmvesdeyavesszuversion leanld
< a '
unnuuy 1 Dacunsauisoen ldnasuvuie
2.3.3.1.1 nn‘l%’niumma’mq (Radio Frequency)
4 4 a l aa n’: -
ms 1l auszuuersien ledludmaudIngiuamnsa ldmquins
@ i o 4 L4 o
duWea (Resonance) ¥94299315 Taunuud 14 Taoiindnmsdeioasesis Taunuagmindunlu
szopiamsveanioidy  walnunInAAuInghdseoninnniniesszgmmiioni ey
. (3R] " ¥
2esis Tuuanungueavhsuad  Taohidnwdideeeninnniniessuiuasanuny

- o o = a o o t.: o 9/
ANTUDLT TWHNNﬂ\lﬂ@')ﬂiﬁWT“MI‘HNﬂﬂﬂzuﬂﬁzllﬂ"l“ﬂ1uﬂﬂﬂ1ﬁﬂﬂ53uﬁﬂﬂﬂlﬂﬂuu"llg'ﬂ"l'l‘ﬂ
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a ' o a [ ] d 4 ' ° a
Pamuuuimanninemeassiudumnunimaniideesmnnnnioses  mldinans
4 [ {o & i Y - -1 U o
wasulaaussduindads demsulasunasiivwidlumsvenliinliunndunegluszesi
M3
2.3.3.1.2 m3laaululasn (Microwave)
¥
msldamszuuersionleduuy 1 da udwlulasvhivldanmg
Tuseswesmsaduanuies luindvesgunsali lidhuFadulavh laTeadlugunsalinli
HuFaduimnzaulumninnldimead i luindses  Tasinanmsaerlaloaude
fureemauuy laTwa domuemeanuiin 185udyanunnniessmudndde Ui
é ' - o - ﬂ; = 3
laToadadronny luidhududuveslaleanszi fiianawiens Tudndsestuumdaiins
dandueenly) iile Reader 185udnanuanuaniduas Tulindsoafszaiaedy
2.3.3.1.3 M3 l¥m3m1snua (Frequency Divider)
nanmsveanismisanuaiuszadoiy lylason laohdya angn
' - [ n’: Yar - a o ° [] [y -
deoenmnanininsomniuse 1dsumsmisanud Tavaseshegluunnudihmsdenay Ty
- ' - n‘: & an d’ﬂ a ar VAR 9 - 1 £
wIvsmdnass  FIsnsiidumsilesdumsiumnhigndesveuniesiunsdaynm
i d
SUNIUITYNULIENBDNINTYYINITI TAUTUIT
2.3.3.1.4 M3 Ivaauuimdn Invh (Electromagnetic Type)

Y, A v d - 3 v d Y o
ﬂ151ﬁ”1uﬂﬁuuulﬂﬁn1ﬂ‘n1uu ﬂz1ﬂiﬁu1ullu1ﬁﬂﬂﬂ11“lﬂu i‘IQ“

.

ao 1 { 4 A ' & Y ° a
anwamas liuiinnussyuu Tanzozuefla (Amorphous) FausuTangiiaziliifianamd

- .dl- o 4 L J 4 Al -] o d‘ -
#15ueiinYoInNNAN AT UNINAT RN IS ees Iz iINIsATITuANND T ueTing
a & A " a d ' ° - '
avuiensIliuinegluszozimsnio

2.3.3.1.5 M3l dyaaegalauinu@n (Acustomagnetic)
o - 4 -
ona Taudnuanez 14sz TomiluiGeavesarsnles Tsullnmdn
(Ferromagnetic) vziimanaouuasannuinfosmoldsniwavesaumuimin Taoh
/a8 a ' . P o & a a =
Us1ngmsaifignizundn Menetostriction Myasiwes Isutinu@n Iimsndounlamunny
: ¥ - a § { L4
vniuidumsnelifamseoadian  (Oscillation)  Nawas Tauuudvesmsmes Tsuin

= o a 4 U o w A - a -
HAN g’lﬁ'llﬁﬂllﬂzﬂﬂﬁmuiy'lﬂl'ﬂﬁs‘lﬂBﬂl.l'ﬁl'lﬂl.ﬂ?ﬂ\'lﬂ'lﬂﬁﬁ‘l]ﬂuﬁE]U"lﬂﬂzlﬂﬂﬂ'l'iaﬂﬁ"ﬁlﬁ'n

(R L
[l =1

o U 1 A & o o A U
youfineduAsiiiesdinudidioemnilannionsaniv i lasniese
2.3.3.2 UNNUUVHAIWLA (n bit Transponder)
o - | 4 Ada ' ° & o aa
unnuuurawiafeunniiimissnnuimeluieldlumsinudeyadinea

- =2 9 o A d o
mmmnwaqmanﬁqmmmﬁun’umu
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2.3.4 HUINIMIHAIDIONDINHYBINN [7], [8]
2.3.4.1 unnn Idinmasnenasnumely (Passive)
o - 1a a ' ° @ o o a
unnuuvuwadvee liluuamesegnislu udszvinulaverdondsnuiiina
L] o 4 ' 4 L o J ¥ '
nnmsdamdanuveanisssnuielFlumsilszinananazddoyandyluiniosem Jod
o - o 1AM A :‘ w = 9 1o v 9 dAa
voainriiaunadvdeihiminan  simgauasfiogmsldauhidinia uadeidenfeszes

o L4

4 1 Ll 1 e A i o 1
mssvdsdoyalndiiiesninmsidesegluszuzmsdandsnveaniossiu uazdremdoya
zavatinnu g
2.3.4.2 winniuvasenasnumely (Active)
o a 4 a a A [ Yy d o o
unnyiiativzluuamesagnmolumoniondsauiunaia ludmmsiny
i 1Y a4 A 1 ' oy v d4 o Yy o = ]
uazmsdadeyanduluinsese uanmsidealduuamesiailiunnyiaueniviioyms
o o { S o o ° o g ] o o
Haudiamueguesuanes  denuameinuandeniuin lunshigunsmbnduinly
b
i'ld  unnwilauenivilssiimdsdegaiazszozmsivdadoyalnandwmnatiaunad
ﬂl’u o - ::dv =t
vennniidehauluusnuiidygusuniulia
2.3.4.3 uninuuudamadyl (Semi Passive)
] £ a4 aw a o = = = El
unnuuunumadiiiviidnuuzadroduiinuuusenin lasezliuunanes
A o Yo o ' o o ' ' o Y g P oA '
moluienondsnuldduuin  uduuameIAwnazowdsu dunniivsediude
' ' [V 9 o L a a A " & ' 9 s o A 3 g
Fawsondsnulirumsdedeyandyliiniesen Famsddeyandullnmiesenivee

k1 Ly [ - ¥ A " [
T¥msazRoudygrungndannnniesendyly

N it

Passive Tag data exchange
occurs inside the Near Fiad

—_

/ M‘> B P
ST
> \\_..._..../

ocnurs cukec B Neor P

71 2.5 anuanassenamnuuui hilluazlumasiiendanunelu
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2.4 szuversieleaniandugunanuam

e v
=S

o ad o U o o = = A i a 9 o =
svmjmimvl‘laﬁ'nmam‘lumummamuu%vummmmﬂauwmﬂuUuhnumﬂ'ﬂqﬂ
.
ogi 125 Aladsad Fanuiitioninerss uummvﬂammﬂu'lﬂﬂsxqﬂﬁ’lmmsmumsmu
Uizq izu‘umsﬂmﬁ'uﬂnuuax5:nums°ﬂqqﬂﬂsm'mmﬁ'sammumm'lﬂnﬂumaﬁm
4 9 a & ad e ' do A § e
3sdonvesszuuorfien ledanmamluduanuddfeanumunsalumsnzgnzadanud

a A A A ' 4 a & wua - A
ﬂﬁ‘ll’J‘NmENil‘lflﬂ’.l‘mUTJﬂm-l"lfIQQﬂ’)‘l!l‘lJ‘UﬂW‘]ﬂﬂ‘l’!x‘lﬂﬂﬁﬂm‘ngﬂﬂﬂﬁ”m

- d ad o Y &
2.4.1 mamanwesszuveriewledimhandudun o
2.4.1.1 msdamdsalfuuinuuuumadl
d ' 4 ad o 1 o =] UG
uiinduInguesszuuesion oA ludmnnuddozuinuuui il
[ a or A A P v v o =t o a d =2 9
ungetendanuludieanieidundnesviuinuuuunadd nasouildluunniszdean
A ' - v - I o & 4 ' 1 d A
PneIeminiy  duiunszuaumsdesidsnueinniese i iunnzisuINvAnA
= o - ] ] 4 Aa [ 4 ' 9
mileniwouniessmsradwaumimanitinnudugs  Feeenzgrimamlunazien
: ° 4 ' v d A ' = ° y
yamaminhvouniee s aunnsimanigndseennninvaniamisniveun’es
' 1 4 ° g & L A ' = 4 ° s
gundesruuaaamilenihvewindsegrseennnniniessuzimamilonius
a a; = 4 ° H W A ° H o [
Aasufivanramioniweadin vimiuusedui 1dvzgmi 41 IWdedduuindeal
i = ° g o = " e o 4 o 4
wennniinvemamiisniwewindiimsdedufiuilszguunuiuvaadamiioni ead
ﬂ @ A w o 3 a ° Yt = o o
Huaevss Touuud  Taoiidwesdufvsepiusziimsdnnuldiinnuis laumuaaseiu
@ aa A 0 /a o ° 9 Y] P ° et 1
funnvanideeanuninniessin Tavasesis Tauuudfiuiinezdh Idussduimiionivladion
3 o ' = o ar | 1 -] 4 ' i
gannIuAnmannLs Tanuud Wudnfufuiivanlamilsniveunsesgmiziniaie
o o o ~ ° ' o o o ° yA 1w
fufudssquuueynsufuvaaamilonilaoiwesduiulszynezgadnialiiiodey
S o ¥ o9y = gt 1 o < & ¢ 4
yaaaamioniwdh danuds Tsuudimassionnudvesnaumt 25 lauuug
i i 3 o ﬂl L} 4 -] ' J o
nwveynsuveunioss v nszuad Inaruvandamilsnihlimgaiuanamanms
o A - 1 4 A
5 Taudiite Waunnuimani ldennsade ldwiniieglnasenlal1d
2.4.1.2 midavoyannuinnduliniese

4 o v g ¢ ad ' o
msmienhausimanvesszuuersied leaniam luduanuid
ansanfevldtumsmileniwemauasznheflnlgugifenises muaziimaogd
a a4 9w d - A ] Yo - ow 4 o
foudtn fwingana B luaumiminvesniod unnezlaiundsunnnamiisni

v o 4 ' 4 ' r °
amEnvouniois  InsessazansaaITuNsTiegveaninluszuzhimIve
o aa A d A i 4 4 '
mxm"lﬁ’manygﬂummummuau (Transform transponder impedance) Z; YDIUNNNITAD
aqnmagnmﬂmﬂmumuwmmsmmu Hroufnand z, vowdnilsngfiniesemd

msnlaﬂuuﬂaw"m’lmmﬂumamﬂmumuwmmimmuumsnﬂauuuﬂm gﬂuuuuzﬂu
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[ o LY o A 4 a o ~ o
siyvesnsdadeyannuninndy lfinsesemiiogrinnnnu Taofit Inanveunngn
mugy Tavdoyaainen msfiTnaaimanavunlanih lfussduiiniossnmdouudasiiy

mal¥emnsosudeyaninuiinl&gnissniimsueagianuuylnan (Load modulation)

242 nquﬁnmzn1'sf'i1mm";x?';ma’|’mﬁ’us:'u‘ue1s‘mﬂ'laﬁﬁﬁmu'ludmmm?;eﬁ
sevverfionleaan lugmnmddniusz 1dnanmsvesmamiionh
'dmmzﬁm5ﬂﬁ'\1ﬁ’quyfjﬁyugwwamumuﬁm5n$qﬁmmﬁ1ﬁ'tg
2.4.2.1 @UBIMED
2.4.2.1.1 ANMMYNVOITMIIBIHAN (Magnetic field strength)
uﬂnﬂ?gﬂfﬂmﬁu‘muﬁmﬁnﬁ"ummsnuﬂm'lﬁ"lumammaﬂﬂunﬁ'n

] =] “ 9 ] o o 9
YU IuIman (H) Iﬁﬂﬂﬂ'lﬂ'}l']ill‘lm‘llEN'ﬂ'u‘]llll.lll'l"lﬁﬂﬁ1!]'l$ﬂﬂ"lu'3m1ﬂ‘ﬂ'lﬂ

Z;:g[ﬁ-d_s' @.1)

o s

3 ] o o i o~ ] o ©
lkﬁ:’;ﬂ'lﬂ’]’lilI.‘i’lJlJﬁu’lmmmflﬂiﬂ'lJﬂ‘l'H'Iﬁﬁﬁﬂ'ﬂmzlﬂut%ﬂﬂiﬁﬂﬁ$ﬂzﬂ“ r ¥1N9INAIUN

asosuan ldan

1
H=— 2.2
2xr &

@ a ] d Aa o o n‘.ﬂ & yﬂ e °
AU TUNANNUDITU NN ANNIAAINAIUINE uunaucﬁﬂm HUYAAIAUHUBIUIVOITSUL

o adoe U a0 = o [
oo leamiau ludwanuddnzidnyusasgl
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[ //\\
i )
‘\\\\//

4 1 ] o =1 o
310 2.6 msurauiManYevARIAMTlo NI

o < 3 1 o
ynginmusesnnumanuduvesaunimanfiszeeniavnesn lnngaguinais

yosvamamiionihluuuunu x 1ldnngas

- . 2
H= _ﬂR_ (2.4)

2\J(R* +x*)

Taoi
N Ao nusenvesvaaIAmiuni
R Aosriivesuamaamilunia
x Avszozanvaalamioni I ludismeuuaunu x
d Aonmuminvesuaaamiioni

Fannaumsh 2.4) szifuiiszoziennuanaamiionii x Aoz liaomudy
'umﬂmmm'm5ﬂ1‘f’;quuﬁfhaﬁm

2.4.2.1.2 IEUUSWRIHANIDZA NN MUY AT UNT KN (Magnetic flux
and Magnetic flux density)
uusanimin () duduiindofudaiimaunisiminlaoiiilaidu

"
o

lliillﬂlﬂaﬂﬁ ﬂi]"'lJ ﬁ'LI'lllll.lJlHﬁﬂ ‘-'JN inu'm‘ummuui ) I.'Plﬁﬂﬁ'llﬂiﬂﬂ 1mm'lﬁmn

¢=BxA (2.5)



17
£

dinvemanan nizeamndaIantzk
Taon
B Aosamununtinveuduusunimindonilamisofiui

9
- o v a ] d
A AONUNNAIRINAUNANIVDIAUINLUNAN

]
= o =

i 1 ] ] =] n’: 1 w
AIUMANUAUUHUY amﬁuuimum ﬂﬂumﬂummuﬂumu AVDIAINANUIDSAITY

Wuvesaumuianansodauldon
B = ﬂo#,H (26)

Taei
' - g o - Ve
Ho APAINIUTULIV (Permeability) VOI@UMIMAN TUAINANFYYIMALAUNINY
4z x107 1BUTAIIAT
¥V ° ] 4 w w o @
4, ADAIA NN ANAUANTVDIAIND
2.4.2.2 ANUHHE VAR IAMHEIN (Inductance)
1 =~ n‘: = g A A L] @ o a @ o
auumaniusziavwilelinszue lnaruanimnyiia Taoduiuaani
ﬂlﬂu = o ad!’ d.. 9 = 1]
Angnyaziulnavilsausey N sevuazinunnde A uaziinszud variu 1 wasau
3 v g ° Y a o ¢ v d A A - 9 - &
vauduuswuivanvei ldinandndulmanuson oS NUUOATUUTIINAN  FIATNITO

fuanldn
Y=Y gv=N-g=N-pu-H-4 2.7

A I 4 o o o_ o 1 o
‘-INﬂ'lﬂ‘l'lHl‘H‘ﬁU‘)'IJ"I‘UBs’lﬁ'J'll'lﬂﬁﬂﬁ'l’.lff'm'l‘iﬂﬂ'm?ﬂl‘lﬂyﬁ'lﬂ

_‘I’_N-‘P_N-y-H-A

I 1 I

o an ' P o d o w 7 I T
6’11uﬂsm1aﬁuuﬂ‘l'ﬂLﬁumuﬂuuna1wmmua’mﬂu1111wmi‘|mmmﬂmumumuwmﬂ

(2.8)

o 3 (] o ; o ' 4 ° o 4 °
mnn’ntf’fumu ﬂuunmwmvﬂmﬂm ﬁU'J'LI 110 mmmmﬁ u7u wmmm'ﬁmu 1IN0

Auan'ldnn
2R
L, =Nty -R-In(—) (2.9)

Taon

N, findmauseuvesvandamilonii (sov)


CLP10
Textbox


18

R fosalivasvaaamtionil (uas)

d fedurmuguinasveaduataimiunldiuvanin (uas)

51 2.7 vaaramisnhinUUaeY

¥
o

4 r (] r =: o é d' ) (] o H
31 2.7 uaedrvesmaiuvandamisnhdsdfunui i ldidumswimanuazunui
] 4 o ] U4
Fumsudmandnsaugunnumles 15a
2.4.2.3 ANMHHYINIIIN (Mutual inductance)
- o w a ' @ - o w A & a
thauammmilsnivanassogluszezlndfuvandamiionivaiinis &l
= o @ g; é =4 a ] =] J P e o o - & &
nszua lnaluvaalamioniwinvilsfezfamuuuiinanIunvaa A ilo A MN LN ¥
v o i a -g ] [ H H o o A ° =
Funsaimaniifaduuiediuszinsndesinu lnvaaamiionihdinaes Mmldina
d'. o J ﬂ' d. o W :i ] ) ﬂ. u’l’ A
nszuamiionhduivaatamilonidifiaes Jsaglldhveasamivnimaaesgmiven o
w ' - & 3 o H o o o
Wy Teoduusaivanindowig demanumiionisuvesvaalamilenivnaes

& 4 o o d & o ¥
cmi'luwainmmmﬁmucnmmwnuammmmmm'lmm

_¥al) _g B,
S L 2.10)

Tauh
- = 9/ 1 o = o o e 4 & 9 L] - o
‘1"2] ﬂm.lsmt;u‘ummul.muumammwm'mmummm‘nﬂuwaﬂaawmﬂmmﬂmumm

o 4
AINTD



19

.

o

- A L] - o &
I, fenszuai Inaruvaadamiionimanni

s
a

A " 5 o | ci o 3 S L
'*‘lNﬂ']ﬂ’]'\Hlﬂﬁﬂ')ﬂ'ﬁ']ﬂ'ﬂﬂ@‘ﬂﬂﬂ’lﬁmNU’JH'WN?{BQUNﬂSNﬂ'Im‘]ﬂﬂﬁﬂ
M=M,=M, 2.11)

nnaumIf (2.10) e @iy

BU)-N,-4 _py-HU)-N, 4

1, I,

M, = (2.12)

nazdumuaums 2.4) W luaumsh @.11) 1218

poNRzNRQn'

2‘/7122 +x

o = o o [ ' 3 g
seupordionled 1dviemanmsdanandiiuiugvesszuuTavuaada

(2.13)

- ° et - 9 o M d. ° A J -3
wilgnimiianufvdesiufiovaaamiivnivouniosounazunn
2.4.2.4 dulszansm3wiie il (Coupling coefficient)
) - W v o & o o - 1 |
manumieniswiuilumiuaasdaldndueamsmiteniiyen lo
" H ° o Yo oy, el P o Y
sHIvARIAMmM e Nia0Ia uamdulseanimamilonihensventennuidon T
T H (-] o Y 'J o s Ler=9 4 o :
suhavaaamisnihaesda laoi hivusudnyuzuazquanifvesvaniamilonimades

s lauiadulszaninmsmitonieinsadnnldnn

k=———= (2.14)

A

Taoh
- J gi o ..:i. U d. 4
L, fsmnnumiisniesvandamilenihnannug
L, femanumiieniwesvaniamilsniwiiaes
1 e Y n’ gi ° : e Ll L = J A " e - QJ
mdulszansmsmiloniniusziimegiznin 0 D9 1 Fanmaulszansng
¥ » " ¥
wienimny - 0 semnoayi WiimadeyTessenavaatamilonimaaesimio

H o : o " o - ’ 1 L. = ﬂ( i ) 1 ar
samamiloninaesdeginduiull  daufimdulszandnsmiloniwidy 1 e



20

mneanhamamiloniviaedmsdiduusaniminimugniduniovandn
miluninhaosdouiufumed

dmiuszvuondien leammanludwamidiiivnavaniamiloniwewsindn
nhwamamiieniweaniowm  ( P S ey ) awduiusvesidulszanims

milonhannsowou ldily

2 2
k(x)= i Gl (2.15)

3
’ ‘ 2 2
rTag ' rReader ( X+ rReader )

Tauh

X ApszuzIznivaaamilonihveunIvIe IAZINN

1Y

o

i o o
Fre  ADIRGVOIVARIAMITINTIVE NN

— fosailvesvaniamilvnivouniosiu
24.2.5 ﬂg‘llm}hﬂlﬂtf (Faraday’s law)
nguesthsuadnan imsulasunaslenvesidndiniman () hlvida
auwndh &) 3y
' ” =ch,.-a's=—dq;t(r) (2.16)

14
L L Ry 12

UM 2.8 mamilvnhiuvesvandamiloni

31 2.8 ugansesiaiionveamamilsniwesaaamivahluszuveriionlod lavh L,
= ° A ' o °
Aovamamiloniweuniosoy, L, Avvamamilsnihweaudn, R, Aeanudmunily
4 ° o - °
yoavamAamilenieamnuag R, Aeanudumulnasvewin Taonszurumamiioni
o aa o4 4 A o A 4 o gy
yosszuueriten lednenszue i, Nudsumlasluvaaramiisnihweuniesonumiionily
a I AT 4 2 ' 44 4 oava v 4 4
Aamnuudmanin/asunaiu Fmuuimaniezmilenih 1inausdu u, Yunvaaia

- o & 4 ° 4 i ° o
milvnhweafinamunguosmsmileniha  nszuai Inaluvaadamiivniwownini v



21

= ar [ o 5 o a T ) o
INANTIAUANATON R, M lduseau u, ﬂﬂﬂﬂiﬂﬂﬂ')’lﬁﬁ1uﬂ‘lu’iﬂﬁﬂ (RL) VDIAUNNTINITD

fuanldn

u, = joM i, — joL, i, —i,R, (2.17)
&
Fad i, grunudio u/R, 9214

o JjoM -i
2T T 4R
]+_]G)L2+R2
RL

(2.18)

24.2.6 MIaTUNBI (Resonance)
- 1 9 g A /e a o o o
firsesewaendrunivesnniigUnsainldlumsmiioniridenu
yo o v 4 4 o yyd 4 o an 4  wod 4 o wyd
Wsuuindusduiimiioni i3ivearamioningmidly v, Fwssduimionilatiee
o o Y o o & e L) o
gmh 1 Fhuus sduTidealdfussessauveauiinuuuunadvas hiflundesondeay
H P ° ar A o -1 d’ J " e '
muly Tasimsmiioniunsaduvesvaaam o NV NNz AuegiUTToLIENIN
4 4 1 4 ° v g ' r = u’:
YA e NIUBANTBIB IMIRZYARIAMTIENIIVEWNN S2UYTTHINIATEIeIUADUTINIY
a a ’ 4 o § ¥ o A4 A ° o v 4 4 ' 0 q ¥
tatlszosianaisihliussduiimiionildlisaadovas  Fefiszozviveen llowmld
v o 4 ° ' — ' ° <
usauimiionir 1@ linefez Iaesmeamoluinannsoiien1d maduios
(Resonance)  vatfumpuiigmindungaelumaminlsz@niamveamsmiloniussau
o = ' Yo = ° A ' P
youdinsw ldimstonszualifuvantamiloniweunsosede  mas Tsnuudiy
oot 1daeeess Tauwudsznou ldwsvanamiloniuvazduiulsey
H ° - ° ] ] a J
Tavvaaamiionineiinsmienhausimdn WWiunszualih  nszualwihndeyu
d o o W T o a a
wllndedafulszy  ndsnniudaifudszyesiimimolszgeenudnszuaiiiannns
' ¥
mudszyez i Inaduvansamiisnivh fidammunimdnuazszfadhuiginsedily
A 4 ] - o
oo 299313 Isuuudansomiteen Idiuaeriinfo9ess TouuALLLOYNTUIAZ VSIS
L4 ° o o > - o o
Touduuny  dmsuaseas Tauuudiuvoynsuniuduiinaudueins Tauuuan
a ¢ a ¥y A a i ' o
anudis Tauuudsziiantosiiga @unsaauudldduilu 0) dawaeess Taunuduuuyu
¥ v " ¥
usufuaudveaasts Tauudinnudis Tauuudeelimgeiiga  (@unsoad1diuiiy

uiliia) Tavfinnuds Tsuuuaanniodruldnn

1
S — (2.19)
J 27\ LC



22

100
+*
A
I\ - -"..
10 / \ "
p— . = st . :\\
§ e T \\
- a -~
S N
1 ‘?“f
/
0.1
1 x 108 1x107 1x 108
f(Hz)

- Uy Resonant
aaees Up Coll

" o A 4 ° { 4 ° d o ' 4 4
gUn 2.9 wsadufmioni 18ivaaamiisnhwoudinnSouiouiussnhauiinildees

4 4 gy P o o et
l.'iT‘ﬂlluuﬂlm:‘,lmﬂ‘l’!i‘]f‘llﬁﬁ‘)ﬂmutl’m"lmUQEJU"NIFIU’J

‘ J ﬂ. 3 o o ) A L)
yingtlit 29 smdhuiudinildaess Taumudansomiioniusdubilinga dgaiann
/e = s 4 da a = o o -]
Havoam i3 Tauuuannuas Tsnuuagiiannuinififissvaaamiloniniisediuay?

& TP T [ e o
%‘msm'u‘nmumuﬂﬁwuﬂ‘lﬂuﬂuﬂ’nun

d dﬂi o L ‘;. :n
2.5 unnerstenleanmaniduguanuom
d e ' o o d Al 1 o8 o
I.I.VIleﬂ’l\!'}u‘lutl‘luﬂ'nllﬂﬂ'l.[ﬂﬂﬂ'llll]ﬂxiﬂuuﬂﬂ“‘hlﬂllﬂﬁQﬂTUWﬁQQ"I'HﬂTfﬂNUﬂz
o a - a d & - ' ) o
ﬂ'lﬂil:’;lﬂullﬂﬂuuu 1 Uﬂﬂ‘iﬂ“ﬂ1ﬂﬂnﬂ1ﬁ ‘lNIﬁU'n']"l.]?i“5ﬂu1“ﬂﬂﬁ1u“u1ﬁaﬂllﬂﬂuﬂu

unardvlazisznon T awaavsiagii 2.10 (91, [10), [11], [12]



I___
I
Instruction |
Demodulator
|
ck |
Clock extractor Clock divider |
RF1 Vdd
1 ] [ f - § |
Full wave Voltage
Lres ; l
/Icre rectifier Cs up regulator
11 - 1 |
RF2 M GND |
RF Limiter I
I
Data |
Modulator i
I
|

31/ 2.10 29930 mEndMMTweTInUYIY T

2.5.1 290515 191MUA (Resonant)

Digital circuits and

Memory

|
I
|
I
|
I
|
I
|
I
I
|
I
I
—

23

{ 4 ° - A '
299315 Taudimhilunsmilenhaunsimaniignad Taoniess mn it

o 9 o ' < P o [ o - P ok
wdan IiRuesaquiin Tasfineess Tauuudsiiluduidrgdnduniialumstedn

o a o ° - Ay P - | o - Ay - v
‘Wﬂ\N'lu'anuU']u']'lﬁ%zNﬂ'lU'lﬂﬁiﬂuﬂU lliQﬂuﬂlﬂuﬂ?uTvlﬁ.ﬂzUﬂ'm'Iﬂﬂ‘)'E]Uﬂﬂi']ﬂ“ﬂﬂ@

] d U o e
TIHOADITUTNITOIUVDITSUY 81519ﬂ19ﬂﬂﬂﬁ10

—§- RF1

& RF2

51t 2.11 2993 Tsunudveaniin

2.5.2 39939 1NANSIAU (RF Limiter)

- ' g4 o & U a9 R | o ° -
1uﬂ1’131‘!53035311'J'l»'lllﬂﬂﬂ'l]lﬂii)\iil‘luuﬂ’mﬂﬂ usmunmumm"lﬁmﬂmn

P o o & ﬂ ¢ - < o d
wilenhwoadindadlunavesasess Tauuudivesiimganniamdniovliod

o -’v - -
AIUUIN

anusuiuftezdeaiimatidausedu (6], [10], [13], [14], whhvesesimnaussuneng



24

o o tvd'ci ° ~ - o o ynéuéy - Yt + Y P
ausssuimilonildnvaalamiteniwewnn IfegnamAssmnielniianiosnm
¥

Ao 9/ A o - a a o “a o o
‘YIG’NlBﬂ'}I I.WE)‘H‘)U‘ﬂB\‘IﬂUﬂ‘]111lﬂﬂ11"lﬂﬂ'il$lﬂﬂﬂ'l.l’lﬂ'iYIE]Qﬂ'lU1‘NI.WIﬂ VINTAUNTVOINTANTY

4 o 4 4 o = H q. 3 o o ¥
(2.10) omanuimieni 1dimasiudnszuaiimg lnaminiuszh Idus sduiin
P=IV (2.10)

[ 5 o @ o o £ o 9 P & o o 1 q'n : é o o
anas fatuesidaszaunsdutvhmhnlunsAsidanuduifuineliesnussay
voaussAunvaadamiionir’li Taoinesiaussduidnuarmsmauadieiuins
o a  a @ a 4 e e a a @
HoundunuvauTaofiesiiusadudredanilam  usedudedaiuzimanSouiounum
usqﬁ'uﬁgnﬂaunﬁ'nuﬁ'aﬂ'nmmﬂvhwmﬁ'ﬁgtymﬁ’mdnn:anh'lﬂmuquﬁ'w’f'mmuﬁfi1
= v A :
amudnmuannsonfaousldaussduiinniunu (Voltage control resister) 1oAIUAN

A o aor ar 4
nszuﬂmﬁ’vmummsmamnmmnu‘lﬁ'lﬁmnﬁé’mms [13]

Vrf

M1

M2

+1_l__FI

M3

M4

=/

Ems

g1 2.12 2vsirfausaduilFluudinuuuialy



25

2.5.3 2993130903218 (Rectifier)
havsvenszuainthnlumswaon Wnszuaaduidu Idnszuansaionezimsinm
o o 1 a a o a A a 4 A
saquusaguaell Taviasessoenszualaonlfeedl 2 nuufonesGoanszuaUAsTIAaY
o A& . & s
HAZIDTE HINTLUAUUUIALAAY  TASNITIAUDIMNNUBINTFBINTEUMINTINTORUIN
TRnnussudunnuenssaudsinaunvewssiuiaisuveslaToaninszus Inarimlu

4
FOUNNY

Ua

- a & A
51 2.13 2903 vansEUALDUATINDY

L

311 2.14 2935 vanszuanUUIANATY

2.5.4 219033NHITLAVNTIAU (Voltage Regulator)
2993 nEsERuus iR lumssnuszduussduiinnnesisoenszua il
ar o - d'a ar Qe J o s w A
sedunnsfiauidimualiTavdaluldd  FanszurumslumsinnssAuNTAUABT VY
nara9zi A lumsS ouMouus AU UNNTTH AT IRHNINDINNITHLILTIAUVEN
Yo MI0 @9 MI2 fuussdududa (Vre) Tnofinamsvoassdudanazgnuesiazin
T - 4 s 3
wihiidudyaudunnueswod M17 ieniuquaszuad lnaku M17 Fmdnmsaenssud
] d’:‘ or o e o o o " @ P ° 9 P
Wlwaru M17 fSndundnmIndotuiiassinaussdusuiu Taohi M17 ssimiii
o o 9 - a0 = v A - 1 - A’
amotududdiumuiseian/asunlasmuus Wunnamuge HeZIZAINTSUTTIUNUN

4 o o @ S o
esnuszAuussdu Idlisegluszavidmua



26

+- vdd
Ce L

P :ﬂ:mn

ml8 ml9

+ gnd

U7 2.15 2995 inszAuussdun gl [10]
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K i (A gy = 10°) . 0.0002
Spa (Aug,,=0.1) 32 %, -
Spp (At = 0.01) 0.91 . 1.
Sy (Algy = 107) - 2.55W.




56
- A o = - a = o't ' P
910A15197 4.3 5TVUMMNUNNND 125 A TaiEsadilssoemsogada (S,) 32 ¥
o - a a d 1 A o - a
Ay, = 0.1 T20ANAY S1.3 WA Ay, = 10 03190 duszuuiiuNAIIDG 13.56
WNNUFIATITZOTMIBIUGITA (Sy) 1 WATH Ay, = 10 T0A1I0AUAE 2 WATH A gy =
L4 1
| fiaaTad dnfussagl1dhdmanylveanseeshid @agy) wihliszeznism
ﬂmszuugni1ﬁ’ﬂTﬂummmmin‘lumsdu’iay‘nﬂﬁ'umﬁm?mmu'umuﬁﬂ () AT
A ' a a0 v 0 o o
amulvountessnd @anlon) szozmssmvesszuuzgniialasanuaunsalums

WA ANYDAUNTBIO U (S,

31t 4.8 vamamiloniweuniessmihauiinaui 125 Aladsad



57

§ : o { 3 3 A - =
31 4.9 vamamiioniweaminihaudianwd 125 fTadsad

) v 1 d ) A = )
42.4 wansznuaeszarmIoIMvesszuveiiewlefiiesninmsnlasulainmaieg
YOIVARIANHE N1 VBUATBIBIU
- o as U 9 =4 = - ¢ o Ju =)
wenvnguimssnnadnanudidioinninuiaiuiida1dnTema
= o & b a 9 o [ -
TumsnaasaiazeonuuuvaalamisnihFlFnussalulasesmsszuy llvinimaedemse:
@ a . & - . - . 4 =
ﬁmmﬁ'ﬂmimqmum (Intelligent walking cane for the blind and visually impaired) a4'141]
ar W = J o A or H _
mstanaasluaunszreundimanssaiingsd 49 FadaudauioTun 14 — 19 woAINIOU
A d’d P o o ' a da d " e
2549  &alulnsamstiimsesnuuuvaaltamtonihvewmn ninn@univinannsuiag
1] |: i\ s - Al
Ailszg Itivinalugyuiiudguden Tasnnraminaaesannsoaglidhvnadu
' o a ° 4 a ' ' ' ¢ P
HugUINaN yoamIAMoNhveiniHABt1INNARILIEMI BIMVBIsTULDIION 10A
ia : ° ] IJ '
uetannTaviitsvnavesvaaamisniwoamninnalngyu  sildszezmsew
¢ aa X 4 234 & 4 . d a >
yoaszuveiton ledtigeu dunsiiifionnnnilevaniamiloniweaniniivinalnguey
o q 9 v d A v A ' P o o
s nuvesduusanimdnignadannnisssmiinadosimvanlamiisnivewnn
2 2 . wd A .. P ¢ ;
fwnty i Russduiimiionh 1dimmnnvudawaldunnausoiinuldluszesi
F 4 & a o a 4 o da  a ¢ o Ao
navu TashdulSouivuiunguimsesnuuuvaalamilenimimoiinusatuininaue

' 2 - ° = v o
wmrnmsmwummmwamamumuwamﬁnwd’lufmmmsuzmsmwmssuums



58

= ] o y 1 s o i 4 o
iolloA umenvesszozmgegalumsdmdsaunniniessiu ldaumn Taviunnds
aunsaanld (s, tiues Tavlulassnudenanidiinsesnuuuvaniamionhlis
aumeniszanm 1 Tadens T5mauseudssunm 45 seu Tnnnudumumeluves
yaadamiloninszana 3 Tevu fidganm (Quality factor) Yszuai 250 taziivuia 26x26

- Qs Ll 4 o A L] L
asuRwas  lumInaasidanudnivuiavesvaadamisniivesniessuidinade
" o oA = ° A 1 de d o q ¥4 )
SUVE  Spq Frugusuiovaalramdoniweunsssounivamnezii IvanuILYea
v o ™ 9 P oA ' d A v
auaiman luszoglndlinnudugaunn uAvziimanaaiesdat nszozvinesn 1y
- P o A l A v ° 9 9/ ' =1
vazfivanramilsnhveunisssuiivnalugszi dmanuduvessnusimaniu
' H o o =1 1 o P o
seyelndnanudutisonhvaaamienihmivuiaan wa lunenduiuvaalamiionives
A v oA ' ' -1 v - o aAa
mimmunuwm'lmyﬁzmmiﬂmﬁmmmmaﬂaan'lﬂH'lnan'mmmﬂmumumwu‘m
d 4: o = a ] o - 1 [ o P
S0 woneniilumsnaasede laninsmuszozmsdanaanunnnieseu ludwnnTasn
o o . & o
windaensaramld (s,,) Taomsldunume1sd (Ferrite) Fadumsyszinnes Tsusin
= . - - ' [ -1 u;a a ] 4
AN (Ferromagnetic) n3anizonitunimandansin msiuszsoe S, Taoms 1dunames
° @ - ° ¥ ' & ]
sdannson1d laonsiuvaalamilsniveounisseseuunanes 1sa Faunanoslsa
] - s o » [ o - 1 Yt 3 ' ﬂ
sxgolumsiivdszAniamussmsudauuimanveunieeomIdiszos lnavu ety
o 3 ] 4 9: A a [ o °
st It auuuimani 1diuiifeme luuuaunuvesunaes 154 Taomanismauves

o ad ° ¥l ' a A 1aa a
izUUﬂ‘ﬁlaﬂ'laﬂ“ﬂﬂﬂuﬁﬂﬁ-l”15ﬂﬂ141u1ﬂ7‘53031ﬂﬂﬂ11 10 l’ﬁuﬁluﬂilﬁﬂ'luU?Nﬂﬁ“Q‘N

4.2.5 MIHINDIVD 10 T T IUUA

s =) a o o ‘sﬂ'
NINT T‘mluuﬁ'ﬂﬂﬂﬂuUU YN UIADIAIU

4 a { ° o
M13197 4.4 NSAHADIVOIVARIAM U NIIVDI99515 IUUUA

vaaAmiloi oh
L1 100 uH
L2 911 uH

- - o -] o
AMINN 4.5 “15'Illlﬂﬂi”ﬂ\'l?'nlﬂl]l]'i35}1]8~“lﬂ~11~“)5151"ml“uﬁ

vaaamteni il
Cl 1.8 nF
2 16.2 nF




59

ﬂ' .
4.3 19315890321 (Rectifier)
- a 1w (4 - = o«
293 vanszuasiiuasieginninaeeas lauuua Tavasesisvanszuanldluersion
a d .‘I = o A & = 1w
'lt)mmﬂ'uuﬂxti‘lu’nﬁinsmﬂszummummﬁu IGIU'YI’.I11.]’1\1‘0ih’Uﬂﬂi:‘,llﬁ'ﬂzlﬁut'l'ﬁﬂﬂﬂu'lmi
lalon 4 Mdvzlianyuzasgln 4.10 uaziduasesiFvanszuaiosnuuuluisesewaen

1 £ et 4 P @ -
daumhveaiinensien leafinuussdugedndae

ZX D4 XZ D1
j' 4 Vdc
VLAY

51 4:10 20933 vanszuURUAGUTIDENIUY

4.3.1 119313893z UANBONUVY
d 4 d '
it 410 WhinsesBesnszuanuuidunduiioonuuy Tavaungildlalen
Tumseenuuuiiisninlaleaiildlumsesnuuuiinssdudasuiivs 0.47 Traduazaunse
[ o [ 2 fd A v b 4 - .’!
s lusadounduldne 70 Tradgufivanesennudosmslumsesniuy dnims
' ¥
pENIUVS B sanszuadsueainuusugainesh Idussduiimsgadunnnd
4 1 @ a o o a o
ifiosnnueainuussdugartiadueziinssiudaiEy (Threshold voltage) 1szana 2.65 Taad
' - o a a a o o A &t = =
druveafinuussiugariafisziiussiudaculszna -1.8 Taad dnvsnisiszuuldaid

L

A a a ° - a {
snaun 125 Aladsagsai i lalealinnuannsanzadiaynoldanuddmnan



> C
]

60

BaBanny ananny
I I " e T
/-\i ;/-\i | P g
|
I> T T T T "
s
| | N I R B
| I Lo T T B
Ay audunn Ayaaueninm
U7 4.11 usaduBunmuazieiynveaRIGeInII
M3199 4.6 MINNIUVDINVTIFVINTZUMAOUNUT YR IUDUNN
v A
9N TaToavunuay
DI D2 D3 D4
1 Tudansa Tudadoundy ludeansa ludadounau
2 Tudadoundu ludansa ludadoundu Tudansa
3 Tudansa ludadoundy ludansa Tudadoundu
4 ludadoundy ludansa ludadoundu ludansa

4.3.2 msaemmmamﬁmnssua

Taun

ravsisvanszuai ¥ lumseenuuummsadn ldnnaums

Ve

ul

= V;n _2V.rh

o o =
v_, Aoussdueniymueinsisoanszud (1ad)

v, feussdudumuesiGoanszud (1nad)

v, feussdudaiuvoslalen (Tad)

(4.19)

a P ° ' o d = P o
TAUNIIN (4.19) lﬂu TUMTNAWITOANUIUAUITIAUDINWNUYDINIGL Uiﬂlelﬁ"l‘-u{‘ulls"ﬂu

o o a A
'ﬂﬂﬂﬂaﬂ‘ﬂ"ﬂlﬁﬂﬂuﬂﬂliu‘lﬂq‘lﬁiﬂﬂ

= d =
4.3.3 NUADIVINVIFENNTTUT

($1175)

23 sanszianoenuuuiimNimeine laleanndativina 500 msnin




61

L

4.4 13955NUIZAVNTIAU (Regulator)

2vsinpsgdunssduitunesivhimininumnsedy  (Regulate)  usedud 18119102303
- & Ao o Ao A 9 @ et A -
Guanszuadaddnvaziuussduniimanszieugannliifuussduinisvunieiims

& o - A . 9 o ar ¥ o 4: Vo J o 1 o Q,l
nsziouandouierir I 1¥dmivsousedu Iidoa Iinuasesmsg negmeluunnnaees
PUIABNAIUNTIUAZIIAIABANMANGY WITTNHITEAVNTWUIzABATIANE s 0 Tums
' o 3 ar i & 'y @ 1 1]
swnszualdfursesmolunnaees Tavhussduieninndauiiu Wb v iuaesaien Tl

manasuuaan

4.4.1 29935 NUITAVUTIAUNDDNUVY
r o o d' L) - 1
19935 nEsER LI wuneanuuulsznouldie 3 daufelesuendIuvos
1905 AHIT AL IR IR 99315 1TUUUADONINAY  (Isolation circuit) , 99IINVITTAY

{ &
USAFUUVUYUIY (Shunt regulator) , 29930T0IANA (Filter) FIAIWITOTVOUUINUAWUHUN N

TAdagd

Series regulator

|
| |
I | Isolation : v
VDC : circuit T : I “
|_| Shunt |
C. = | Filter
o) i regulator :
|
| |
| |
| |
— e — — e — e - ————— —— — — - |

UM 4.12 imun e Sy szauus sdu i 1F Tuuin inuuseduge

] ] TR 4
Tunininuussdugavesszueision leamanludmanuddanivaesinnsedy
v o 4 &4 4 4 4 o o d H vt
useRuIQRERNUUUAIGIR 412 Fwnmsiuinfinuussiugaiiesnuuuiuesniuy i
=2 - A A ' 4 ada o' -
anudnvosmInoagEaniquiNouszomssuvesszuveien leaniguiluumin -~ 3
¥ [ 1
fuiiteiududed ¢, ensmszavussiuldogluszdunannsainuszdy (Regulate)
bl
8 2eesludmvesmsinuszduusadiniuezlsenoullde 2 diufeasesuondiuves
o LY s o o o o o
29I NUITTAVUTIAUUAZ VIS [FUUUADBNIINAUUAZ NITINYITEAVUTIAULVUYUIY
4 [ @ o ar 4
Taomungideaiims 192995100 dI1Y992993 5 NTTAVUITIAUIAZ 315 THUUUABENIIN

o A = ¥ a o o =) I = n‘: A - o
nummﬁ’hmﬁwﬂ B1uﬂ151‘lﬂ\'ﬁli INHITTLAVUTIAUUULVVUIUINGIDUNIAUIUUINDUNITINE



62

[ 4 o g 4 d:l” ] = r 1:‘.
seRUUSIRY  (Regulate) 1o 1w 1Aus s TWidosn Tidorsesdgmuluunn - ussaun
4 o Ai A' L] o @ or o As’ J -~
milrnh 18R vaaamilonieg 185ukanssnunnmsinunszaunssduiidlonaions
ﬁnm'uanq'as%‘nmizﬁnuiaﬁ'uuuuwmﬁ]:‘l%’ﬂﬁ'nmstﬁmﬁ'uﬁ'mwsi1ﬁ'mmﬁ'u'iﬂm='l§
-= 1 - a : ¢ A 9 o =L ] v
s Banssnaduiduiisasnsudie s wwuaunsotinegluszdundesns 18 1ae
o s @ 4 o o ar i J
HHUMWYRs SN TR uLs s I lumnuuum T aunsouaadlddegiln 413 deee
o " Y d’ J Y -:;u o o o Qs n’:
wudmsssuides  (v) 2 aduusasuitsnuszaulaoessnusduns sy
= @ W Y| ' = & - o 9
Truadrafusuns e ldnnemiymuessidoanszuadannnsisoanszualuive
o v [ o — A o = - o [ a
43 Mldasesnnumusssuimionildnvaatamionihwesunn ldenaumsn

(4.20)
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31#} 4.13 iy inusRuns i 1 i1y
Vep = W +Via (4.20)
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4.4.2 MIPONIVL DI TNITTAVUTINY
4.4.2.1 MIPONUVYIIVTUINTIMNTIAY
msaﬂmmmws%’nuﬁsﬁuusaﬁmfuﬁmﬁmru'amsaamm'u
aamflu'dmdfmﬁadwNn‘nwﬂﬁmusqﬁ’uuazNvs%’ny1szﬁ'uu<saﬁmmmmuéﬂuﬁw
V99T IR UA NI DOV 1AY usaduiianasen R1 1A9NMsuas@uYes
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(4.21)

Taousasuii Idezgminlunfs 2pufouiuns sudndefisonuuuldiia 10 Toaddaldnen
m‘sﬁvnauﬂiuummwﬁﬂvmmn5~uﬁmuuaﬂuﬁ";mﬂs"uﬁn‘lﬁmmummmumuﬂm
il fhums0ammm~mnJ?uumummnwmawiuunmummmmmm'lmﬁvu

U5 ARUBUNNYDIBAN M TAADT M1 AT M2 fisumnunie
Vi = Vrefl (4.22)

l ﬂ' L] L] 1 o é -
9= 1dnszuan lvarkuyea M1 uag M2 sl aveu 18y

I
=lpu2 = —”zi‘i (4.23)

IDMI

- v . a1 W e - -
mnmsived M3 uinaaves M1 auiy I, wWIAWMNUAY 1y, NnMsnnszuanna
HU M, Sunszuai ldenmagefounseuavedinan M3 auvanvesmsaziou

[ a’: a n.-.l’ a ] d °
AT [MARUIN N] muumauns:uﬁn'lﬂamu M, Avzannsodaaldnn

Wee L
Ipm,, = f:;"”z.IDM:‘ (4.24)
wieamnindouldidu
I Vs L Tous (4.25)
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1 Py o o s ag ¥ P ] - 'V o
ualunsdinusedu v, >> v, mldannsoauualdnssuan nardmwea M1 fiswiny
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4 Iy pra (4.26)
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1993 s s uuDYIUansaeenuuy 1d Tasdadumu. R3
uaz R4 semhi lumsutins sduiilgifuus s s oudoufuus sdudrds

(v..,) Taoussduiianason R4 aunsafnaoldnn
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(4.27)
& [ 4 = o A [ o [
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awseannldnn
Vo = A Voa =V5p2) (4.28)

o = ar L] L A
useiu v, vesnssnfiouidiouussduszgnin iduduynveswes M1 7l lumsda

B . & i ' 2
AsTuddILIANNIaINT NUAFINsEuan Tnariy M11 aunsofiuan 1don

1, W
Ipum = Ekp LI_”[(KM ~Fi )“‘Vn’ |]2 (4.29)
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4.4.3 MNSHINDIVDIIIDITNYITTAVNIIAU
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M2 10 um 1 um
M3 10 um 1.4 um
M, 700 um 1.4 um
M4 10 um 1 um
M5 10 um 1 um
M6 10 um 1 um
M7 10 um 5um
M8 10 um 5 um
MI10 10 um 1 um
MIl11 100 um 1.4 um
Frdumunnzduduyszy AUATUNIU (Q) Ay Inlih (Farad)

R1 100 k -

R2 100 k -

R3 100k -

R4 100 k =

Cos » 400 p

C2 = 50n

4.5 299500AT Y IUMIWM (Clock extractor)
2vsneadyanannAnudusiivimihinlumioen  (Extrac)  dygnennfining
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M3~3
et v, w0 M2 uag M3 Tishfuszannsadou 18
k.S
Vi = Kai= k{mSI (Vm _VTNMI) (4.37)
M3%3
9
nmiundaumsman v, fezléh
k.S,
Va+ 275 (Fsvanr)
Va=Vp= = (4.38)
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21,
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soMe K656
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¥ ¥
nMiusdu Tnua y niousadu vy, annsadmoaldnn

Vosus =Vsous+Vou (4.43)
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Va=Vopuat Vi (4.45)
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Coil Design for Optimum Operating Range of
Magnetically-Coupled RFID System

Nakarin Rueangsri and Apinunt Thanachayanont

Faculty of Engineering & Research Center of Communications and Information Technology
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, THAILAND
Tel: +66 2 7373000 # 3309, Fax +66 2 7392429, E-mail: palm_mlap @hotmail.com , ktapinun @kmitl.ac.th

Abstract — This paper describes a systematic design procedure
of coils for optimal operating range of magnetically-coupled
radio frequency identification (RFID) system. Given the
sensitivities of both RFID reader and tag, the proposed design
procedure, theoretically, calculates the inductance values and
dimensions of both reader and tag coils, and predicts the
corresponding optimal operating distance. Two design examples
for both 125 kHz and 13.56 MHz RFID systems using typical
sensitivity values are given to illustrate the proposed design

procedure.
Keyword : RFID, Transponder, Inductive link, Coil design,
Optimum inductance, Design procedure

I. INTRODUCTION

Radio-frequency identification system [1] has become the
enabling technology in many applications, such as access
control, transportation, traceability and wireless sensing. In
many applications, it is desired to maximize the operating
range of RFID. The operating range of RFID system depends
on several factors including power transmitted by reader,
energy coupling efficiency, power dissipation in the
transponder, reader sensitivity, Q factor, data modulation. [2]
General design guidelines for optimal read range of RFID
system have been discussed in [1]-[4]. In practice, design and
implementation of RFID system is built upon trial and error,
cumulative experience of technicians™ and engineers.
Therefore, one still lacks of a systematic design procedure for
optimal operating range of RFID system.

This paper proposes a systematic design procedure for
optimal operating range of RFID system. Given the
sensitivities of both RFID reader and tag, the proposed design
__orocedure, theoretically, calculates the inductance values and
dimensions of both reader and t~~ coils, and predicts the
corresponding optimal operating distance.

II.PROPOSED DESIGN PROCEDURE

Power and data transfers in a magnetically-coupled
resonant RFID system can be equivalently represented as
shown in Fig. 1. The reader front-end is represented by a
current source driving a series resonant circuit (C; and L)),
which produces the maximum current through its coil at the
resonant frequency. The transponder or tag front-end is
represented by a parallel resonant circuit (C; and 1.;), which
produces a maximum voltage at its coil at the resonant
frequency. Maximum coupling between both coils occurs
when both resonant frequencies are identical, and this
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resonant frequency is the carrier frequency of RFID system,
which is typically 125 kHz or 13.56 MHz.

! RTT 2T !
:' L‘IE ELz "Le RL l:
E G Is 3Re :' E Rmod = E
E & E 5 W i
P L Reader 1! Transponder L

Fig. 1. Equivalent circuit of magnetically-coupled RFID system

The operating range (Sy) of a magnetically-coupled RFID
system is determined by the lesser between (1) the maximum
distance which the tag receives minimum required power for
operation from the interrogating field of the reader (Sg.r), and
(2) the maximum distance which the reader correctly detects
the data sent from the tag (St.g).

Sk.r is determined by the RF power transmitted by reader,
which is governed by regulations (e.g. FCC in the United
States, ETSI in Europe, and MPT in Japan), and the minimum
coil voltage (uymin) required for transponder’s operation. St.g
is governed by the reader sensitivity and the modulation depth
of the transponder [2], [3]. This paper describes a systematic
design proce<zre of coils that optimizes the operating range
of RFID system. N

A. Optimum inductance of transponder's coil

In magnetically-coupled RFID system, load modulation is
generally employed for data transmission from transponder to
reader. Load modulation is performed by varying circuit
parameters of the transponder resonant circuit in time with the
transmitted data stream. There are generally two types of load
modulation, namely resistive and capacitive. Load modulation
changes the amplitude and phase of the reader resonant circuit
through the transform transponder impedance (Z;), allowing
the transmitted data to be demodulated accordingly.

In the presence of load modulation, the reader’s series
resonant circuit can be represented as shown in Fig. 2. The
voltage (uy) developed at the reader’s resonant circuit can be
calculated as given in (1), where @, is resonant frequency, M
is the mutual inductance between transponder and reader
coils, L, is the inductance of the reader’s coil, L, is the
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inductance of transponder’s coil, i, is the current through in
reader’s coil, C, is the capacitance of the reader’s resonant
circuit, R; is the resistance of the reader’s coil, R; is the
resistance of the transponder’s coil, and Z, is the effective
load impedance of transponder resonant circuit.

T
Uy = jooLi-iv+——+ Ri.ir— jo,M —I2 (1)
Jo,Ci R+ jola+ Z,
1 1
R1
L1
uo

C1
ZT%

Fig. 2. Equivalent circuit of the reader series resonant circuit in the presence
of load modulation

The impedance Z; equals to R; and (R;//R,.) when the
ransmitted data is ‘0’ and ‘1°, respectively. This changes the
amplitude and phase of u, accordingly with the transmitted
data. Changes in u, (Aug) due to resistive load modulation can
be written as in (2). Maximum changes in u, allows data to be
detected and demodulated more easily, and for a given reader
sensitivity, it translates to longer RFID read range. This
section analyzes the optimum inductance of transponder’s
coil to achieve the maximum change in u,.

|_ekLLi @ok*L L )
® "\ R, + jo,L, +R, R, + jo L, +(R,//R,.,)

Given the values of R;, Ry, and R,, the optimum value of
L,, which gives the maximum Au,, can be calculated by
differentiating (2) with respect to L,. The resulting optimum
L, is given by (3). Fig. 3 plots Au, against L, for different
values of coupling coefficient k. It can be seen that the
maximum Au, can be obtained, for all values of &, by using
the optimum L,. Fig. 4 also shows that, for a given reader
sensitivity, the optimum L, produces the smallest k and thus

" the longest read range. It should also be noted that Auy is
linearly proportional with L,, as shown in (2).

< 1
. [Ry (R 1 Ropg) + R, (R, /I Ryp) + R? +RR, |? 3)
@,

The optimum L, can be used to calculate the dimension of
the transponder’s coil accordingly, for example in (4) for a
circular coil [1], where N, is the number of tum, ry is the
radius, and d is the diameter.

2
L2=N22-po-rr-1n(%) @)
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B. Distance for energy transmission from reader 1o
transponder (Sg.1)

Using the optimum L, the maxiniu.u distance for power
transmission from reader to transponder can be calculated for
a given minimum transponder’s coil voltage (Usmg).
According to [1], the distance for power transmission from
rcader to transponder (Sg.r) can be calculated by (5), where
Hpin, in (6), is the minimum interrogating magnetic field
strength required for transponder’s operation, and N, and ry
arc the number of turns and radius of the reader's coil,
respectively. Fig. 5 plots Sg.r against rg, showing the
existence of optimum rg. For a given Hpyy, the optimum rg
can be calculated as given by (7). By substituting (7) into (5),
the optimum Sg.r can be found. The optimum ry is also used
to design the reader’s coil inductance according to the desired

shape.

02

013

Auy(¥")
0l

005 fr”

1107 1107 001 01
L2(uH)

Fig. 3. Change in voltage of the reader’s resonant circuit due to load
meodulation vs. inductance of the transponder’s coil.
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Fig. 4. Change in voltage of the reader’s resonant circuit due to load
modulation vs. coupling coefficient values.
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iy Ny INPUT DESIGN PARAMETERS
Ser =43l —% ”J -r; (5)
2-H,, Parameters 125 kHz 13.56 Mz
7 2T Ry (kQ) 10 10
. [% +@,,R,C,J +(1—m31,_,c2 +_2] A i i
M= ud R) R:(@) 50 5
@ plo- 712 N, d (em.) 0.1 (AWG 18) (4] 0.1 (AWG 18) [4]
1 i Ni (Turns) 40 [5) 4 (4]
re(op) =56 N, - = Q) N (Turns) 100 [2] 302
(min) U;(m; (V.) 12 12
i1 (A) 1.11[5] 111 (5]
15 . o
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Fig. 5. Distance for energy transmission from reader to transponder Sespease
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C. Distance for data transmission from transponder to Calculate | _@ c;’;‘_:;e
reader (Sr.x) oplimum R — |

For a given reader’s sensitivity (Augmp), the minimum
coupling coefficient (kn;,) that transponder can communicate
with reader can be calculated by using (2), which is
rearranged in (8) for convenience. Therefore the maximum
distance for data transmission from transponder to reader (St.
®) can be calculated by using (9).

P O A snLi ) @
N Rt joL, + R, R+ jooLy +(R R,

2 =2

oy 9

il

gl N -(\/S?_R +r_§)3

Therefore the optimized operating range of RFID system is
determined by the lesser between Sg.r and St.g given in (5)
and (9), respectively. The aforementioned design procedure is
summarized by the flow chart in Fig. 6.

ITII. DESIGN EXAMPLES
To illustrate the proposed design procedure, two design
examples for 125 kHz and 13.56 MHz RFID systems are
described in this section. Typical parameters in existing RFID
system, summarized in Table I, are used for calculation. The
results are summarized in Table II.

RISIOYES ol Reduce R
NO
/'\1
()
Fig. 6. Flowchart of the proposed design procedure.
-~ TABLE II
RESULTS FROM THE DESIGN PROCEDURE.
Parameters 125kHz 13.56 MHz
L; (uH) 911 8.4
Ly (uH) 10,600 333
rr (m) 0.02 0.018
rr (m) 0.726 2
Huin (A/m) 15 [15. 1]
Sg1 (m) 0513 14
Kmin (Alomin=0.1V) 0.0035 -
Kmin (Allomin= 0.01V) 0.0011 0.0006
Kuin (Allgmin= 1mV) - 0.0002
Str (Alomp=0.1V) (m) 0.32 -
St.r (A= 0.01V) (m) 091 1
St (Augp= 1mV) (m) - 2.55

Table IT shows that Sg.t is equal to 0.513 m and 1.4 m for
125 kHz and 13.56 MHz systems, respectively. In the 125



kHz system, the maximum operating range (S,) is equal to
Ste of 032 m and Sgr of 0.513 m when the reader’s
sensitivity (Augg) is 0.1 V and 0.01V, respectively. In the
13.56 MHz system, S, is equal to St.5 of 1 m and Sg.rof 1.4
m when the reader’s sensitivity (Aug,,) is 0.01 V and 0.001V,
respectively. Therefore, it can be deduced that the maximum
operating range of RFID system (Sy) is determined by Sg.r
and Sty when the reader’s sensitivity is high (i.e. Augyy is
small) and low (i.e. Augy, is large), respectively.

Using the parameters in Tables I and II, Cadence Spectre
simulations were performed to verify the results. Fig. 7 shows
that the maximum change in u, is obtained at 1., around 900
HH, as predicted in Table II. Fig. 9 plots Auy against L, at
different values of L,, which shows the optimum value of L,.

Italso shows that the optimum L, is independent of Li.

.16
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Fig. 7. Change in u due to load modulation vs. k at different values of L,.
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Fig. 8. Change in u, due to load modulation vs. L, at different values of Ly

IV. CONCLUSION

A systematic design procedure of coils for optimal
operating range of magnetically-coupled RFID system has
been described. Given the sensitivities of RFID reader and
transponder, the proposed design procedure calculates the
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optimum inductance values for both reader's coil and
transponder’s coil, and estimates the maximum operating
distance of RFID system. The proposea procedure can be
used to implement an interactive design tool for optimizing
read range of RFID system.

ACKNOWLEDGMENT

Financial support from Thailand Research Fund (grant no.
RSA 4680027), and Thailand Graduate Institute of Science
and Technology (grant no. TG-44-22-49-085M), are
gratefully acknowledged.

REFERENCES

[1] Klaus Finkenzeller , RFID Handbook second edition . Wiley

[2] *125 kHz RFID System Design Guide,” DS 51115, Microchip
Technology Inc.

[3] Peter Sorrells Microchip Technology Inc “Optimizing read
range in RFID systems,” EDN , December 2000

[4] *13.56 MHz RFID System Design Guice,” DS 00710B ,
Microchip Technology Inc.

[5] "Designing a Base station Coil for the HCS410,” DS00677A .
Microchip Technology Inc.

P ——



122

& a0 APCC 2007

" 2007 Asia-Pacific Conference on Communications
October 18-20, 2007
Bangkok, Thailand

 PROGEEDINGS

8 maenbar of NSTOA e

E,@! g;n $JEE“EWE NE::TEC"il E O HAILAND CHAPTER

Thailand Chapter gy ot
Thalland Chapter

: R o ﬁ. Q EEE
IEEE CAS Socle =" e *
E o S Ltk s 2 G Siuucanons




Proceedings of Asia-Pacific Conference on Communications 2007

123

FAM1-3

High-Voltage Analog Front-end Circuit for a
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Abstract — An analog front-end circuit for a 125-kHz RFID
transponder has been designed by using a 0.35-um high-
voltage CMOS process. Due to the use of high voltage MOS
transistors in all constituent circuits, RF-to-DC power
conversion has been achicved at the maximum coupling
coefficient without RF limiter circuits, thus saving significant
chip area. Furthermore, large load modulation depth is also
permitted to achieve longer reading distance, when compared
to a conventional low voltage RFID circuit, simulation results

are given to verify the circuit,

Keyword — RFID, high-voltage transponder, ASK modulation,
Adaptive load modulation, reader sensitivity

I. Introduction

Radio-frequency identification [1] is extensively used in
many applications, such as logistics and supply chain
management, automation, access control, transportation,
traceability and wireless sensing. In many applications, it is
desired to maximize the operating distance of RFID, which
depends on several factors including power transmitted by
reader, energy coupling efficiency, power dissipation in the
transponder, reader sensitivity, Q factor, data modulation
[2]. :

The operating range of an RFID system is determined by
~the lesser of (1) the maximum distance at which a tag
receives minimum required power for operation from the
interrogating field of the reader (Sgy), and (2) the
maximum distance at which a reader correctly detects the
data sent from the tag (Sr.g). The RF transmission power is
governed by regulations, e.g. FCC in the United States,
ETSI in Europe, and MPT in Japan, therfore Sgr is
determined by the minimum induced voltage at the coil of
the tag required for its operation. St.g is determined by the
reader’s sensitivity and the load modulation depth of the
transponder [2], [3].

Traditionally, a parallel LC resonant circuit is used at the
front-end of an RFID transponder to boost the coil voltage,
which can be up to about 100 V. This magnitude of voltage
is usually too large for a typical CMOS process, which is
used to realize the RFID transponder microchip. Therefore,
an RF limiter circuit is usually employed to draw a large
current from the coil, in order to limit the induced voltage
to about 8-10 V to avoid damages to CMOS devices. An
typical RF limiter is realised by using an adaptively biased
shunt MOSFET with large aspect ratio (W/L), thus a large
chip area is sacrificed.

Furthermore, since the coil’s voltage is limited to about
8-10 V, the load modulation depth of the transponder is
usually not more than 6-8 V, assuming that a supply voltage
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of 2 V is required for the tag’s circuit operation. Given a
fixed reader’s sensitivity, a large load modulation depth can
result in a longer transponder-to-reader operating distance.
Therefore it is desired to maximize the load modulation
depth.

This paper presents the design of an analog front-end for
low-frequency RFID transponder using a 0.35-um high-
voltage CMOS process. All circuits have been realized by
using high voltage devices which can withstand up to 80 V,
therefore RF voltage limiters are not required. Furthermore,
due to a large induced coil voltage, large modulation depth
is allowed to render longer reading distance.

II. High Voltage RFID System

Fig. I shows a simple equivalent circuit of RFID system.
The induced voltage of the reader coil, due to transponder
being in the interrogation zone, can be calculated by using
the transform impedance theory [1], as shown in eq. (1),
where vy is the induced voltage at reader’s coil, Z, is the
equivalent load impedance of transponder, L, is the coil
inductance of the reader, L, is the coil inductance of the
transponder, R is the resistance of the reader coil, R; is the
resistance of the transponder coil, C, is the resonant
capacitor of the reader coil, C, is the resonant capacitor of
the transponder coil, and k is the coupling coefficient.

Uy = jow Li-h+— +Rl‘i|-jqu-—-J—aw';(l)
Ja,Ci R+ jw, L2+ Z,
k =
[ L .
e ) L F ki
q 1
TC’ &) e o EL' | Rioad

S

f}—— Deata

Figure 1. Equivalent circuit of RFID system.

Data is transmitted from transponder to reader via the use
of load modulation which reflects as a voltage change at the
reader coil. Subject to load modulation, the voltage change
at the reader coil (Aug) can be calculated as given by eq. (2),
where Ry is the equivalent load modulation resistance.



@yk*L, Ly, o @ k*L Ly,
R, +jo,L,+R, R,+ jw,L, +(R, //Rm)

Au, ={ J @

The reader sensitivity determines the minimum Au, that
can be detected. For a given reader sensitivity, the
maximum St is obtained when the desired minimum Aug
is achieved at the smallest value of k [2]. This can be
achieved by using optimally tuned resonant circuits at both
coils and a large load modulation depth of the transponder
coil voltage. A deep load modulation can give the desired
Aug at a less value of k, thus the RFID operating distance
can be increased.

To achieve a large load modulation depth, an all high
voltage analog front-end has been proposed in this paper.
Due to the use of high voltage devices, an induced voltage
in the order of 60-80 V is allowed thus enabling deep load
modulation. Furthermore, RF limiter is no longer necessary
thus significant chip area can be saved.

III.  Circuit implementation

Fig. 2 shows the architecture of a typical analog front-
end for low-frequency RFID transponder, with the
exception of RF limiter circuit since all building block
circuits have been realized with high-voltage devices. The
RF limiter was left out because our simulation results
showed that the induced coil voltage at the maximum k of
0.1 is less than the maximum tolerance voltage (80 V) of
the technology.

= Data in
R |
extractor dnider
RFY Vdd g
cd 3z
12f c2 & | 2 £
RF2 GND
Lowd Data out
L Modulator

Figure 2. Block diagram of HV RFID analog front-end.
A. Resonant circuit

The resonant circuit should be properly tuned to allow
optimum power and data transfers from an interrogating
reader, in order to achieve the maximum operating distance.
Optimum values of both L, and C, can be calculated as
given by eqns. (3) and (4) [2]. In this work, the carrier
frequency is 125 kHz, L, = 911 uH and C, = 1.8 nF were
obtained from the calculation.

[Ry-(R IR )+ R, -(R, /I Ry)+ R} +R,Rl]%

Ly(opr) = - 3)
i el @
@, Ly oy
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B. Full wave rectifier

The full-wave rectifier circuit converts the input RF
voltage to DC voltage to supply to all circuits. In typical
low-voltage RFID analog front-end, it is desirable to
minimize the voltage dropped across the rectifier circuit, in
order to get the maximum power supply voltage under
small values of k (i.e. for long read distance). However, in
this work, the conventional full-wave diode rectifier, shown
in Fig. 3, is used because the voltage dropped across diodes
(~0.65V) is much smaller than the induced coil voltage.

RF1

D4

RF2

Figure 3. Full wave diode rectifier

C. Voltage regulator

The voltage regulator [7], shown in Fig. 4, is used to
provide a regulated power supply voltage to all constitutent
circuits,. To achieve deep load modulation without
disrupting the operation of all circuits, a series voltage
regulator is used to isolate the unregulated DC voltage (Vg.)
from the regulated power supply voltage (V) and a 400-pF
shunt capacitor (Cy) is used to reduce the voltage ripple.
The regulated Vdd is varied from 4.8 V to 9.9 V at the
minimum and maximum values of k, respectively.

7004 | Vvdd
Mreg |
1 T
l Ll |
I
TGZ | [100ka
L4 : s 10014
I
J 1| &v M4 == C3
cd == 19 500F
400 pF| vreft |
av I
|
| 1000
I2R4
I
OpA |
Series Reguiator | | Shunt Reguiator
H
o i I

Figure 4. Voltage Rc‘gulalor
D. Clock extractor

A conventional CMOS Schmitt trigger inverter [4],
shown in Fig. 5, is used to extracts the clock signal from the
input RF carrier frequency. The sizes of transistors have
been optimally scaled to work with the range of k from 0.03
to 0.1.
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Figure 5. Clock extractor
E.  Clock divider

The extracted 125-kHz clock signal is further divided by
a divide-by-32 circuit to provide a 3.9-kHz clock signal to
digital back-end circuits. The divide-by-32 circuit is
realized by using five identical cascaded asynchronous
divide-by-2 circuits, as shown in Fig. 6, which are realized
by using dynamic latch circuits [5].

Clock in |

l

Figure 6. Divide-by-two clock divider

F. Adaptive load modulator

Fig. 7 shows the resistive load modulator. Transistor M,
acts as a switch, which is controlled by the transmit~d
digital data. The diode-connected transistor, M,, realizes an
aclive resistor, which exhibits an adaptive resistance
characteristic under different values of k and induced coil
voltage. Comparing with a fixed load resistor, an adaptive
resistor provides a small resistance for large induced coil
voltage (large k), while providing a large resistance for
small induced coil voltage (small k). The size of M2 has
been optimized to provide suitable modulation depth for all
values of k. As a result, this relaxes the requirement of the
following clock extractor, thus allowing the use of simple
Schmitter trigger inverter circuit.
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70000/1

|— Data in

Figure 7. Adapt_ive load modulator.
G.  Demodulator

Fig. 8 shows the demodulator circuit that extracts the
input digital data bitstream from the induced RF voltage.
Two simple RC low-pass filters are used to average the RF
voltage, of which the output voltages are compared by a
simple voltage comparator to produce the output digital
data. Both resistors of the low-pass filter are realized by
MOSFETs operating in the triode region. Bulk-switching
transistors M,s-Mq are used to connect the body of M4 to a
higher RF voltage for correct operation. The current source
Ig is provided by an on-chip bandgap reference.

RF1

Vdd

M15

RF2

Figure 8. Demodulator

IV. Simulation Results

The overall analog front-end circuit was simulated by
using Cadence Spectre™ with process parameters from a
high voltage 0.35-um CMOS technology, which has the
maximum tolerance voltage of 80V. The threshold voltage
of n-channel MOSFET is about 2.5 V. The transmitted data
rate was 1 kb/sec with 90% modulation depth and 125-kHz
carrier frequency. The current in the reader coil was
assumed to be 1.0 A, while the current consumption of all
digital circuits was assumed to be 2 pA.

Fig. 9 shows the waveforms of the voltage at the reader
coil during load modulation of the transponder at k = 0.1,
for both the proposed high-voltage front-end and a typical
low-voltage counterpart. All parameters in the simulation
were identical except for the use of high-voltage devices
and the exclusion of RF limiter. The envelope variations are
3.2 Vand 0.2 V for high-voltage and low-voltage front-
ends, respectively. Therefore, it can be concluded that the
high-voltage front-end can provide a much larger Aug at the
reader coil, which renders an increased operating distance.



Fig. 10 shows the waveforms of the transmitted data at
the reader coil and the extracted data received by the
transponder, at the minimum k of 0.02. Fig. 11 shows the
waveforms of the extracted clock signal and the
transponder coil voltage during load modulation, at the
maximum k of 0.1.

iy oL L

Figure 9. Received voltage at reader éail due to load modulation
of a) high voltage transponder and b) low-voltage transponder

e ) ae 18
i )

Figure 10. Demodulation at k = 0.02 a) Demodulated signal
transponder and b) transmitted signal at reader coil

[BX%. = .

125 15 173 2. 225
e )

Figure 11. a) Extracted clock signal and b) transponder coi
voltage during load modulation

TABLE 1.
Performance summary

Technology 0.35-um high-voltage CMOS
Carrier Frequency 125 kHz

Modulation Type 90% ASK

Data rate 3.9 kbps

Range of k 0.02 - 0.1

Current in reader coil 1 A
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V. Conclusion

An all high-voltage analog front-end circuitry for RFID
transponder is presented. Since all circuits have been realized with
high-voltage devices, large load modulation depth is permitted to
increase the operating distance. Moreover, RF limiter is no longer
needed, therefore significant chip area and power consumption are
saved. The proposed circuit has a strong potential for realization
of a long read-range RFID transponder.
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