dy ~ N o 1 v =~ = ' gj ' v ) v o v
wnansiiduenansianubidmnsunislynuionisfnewniu lueygslnillydssleguaunisan

I S RV R e gy & voY e ¥ Yda _ov g
lunnsdllag Nvdu Sansmuiilvdauwdauilonuaznesenddiuatvesenarsynasaninisinlly



3 4 da
szuvFmzlagnaunnb ing

RADIO FREQUENCY IDENTIFICATION

1

wgilszdny e 49015149

waileyey NBunss 49015150

MIBS) Nalamn 49015161
W dsniwe 49015204
da (=
a19158n1Ine

walszmng gassa

B ) ¢ o (Y] a a das A
ByaninusdiuivilSaanimnisumeansiiadia
mv1indiannseting
azImnssumans

' ~ v v L
amiumalulagnszasumandgammsainnszii

n1sfinu 2551



dy ~ N o 1 v =~ = ' gj ' v ) v o v
wnansiiduenansianubidmnsunislynuionisfnewniu lueygslnillydssleguaunisan

I S RV R e gy & voY e ¥ Yda _ov g
lunnsdllag Nvdu Sansmuiilvdauwdauilonuaznesenddiuatvesenarsynasaninisinlly



8 v A o
SUUVBRWIZAILAAUA I TN INE

wieilsziny sIndy 317ar 49015149
wietlya Aounss s¥er 49015150
WTYS walul 5 d 49015161
wisntla tensnd  s¥er 49015204
WL.sEnInT qasTe (@1915671Snw)

Umsdnu 2551

unAnge

ﬂ?agmgﬁwuﬁ'ﬂﬁufrsﬂumsﬁﬂm RFID (Radio Frequency Identification)
yhaufinawd 13.56 Mz UeAQALLY ASK 1l5¥noudae 2 daundn fe 1.duvounies
81U(Reader) 1A% 2.62UYDIQAYY (Transponder or Tag) dIuUvBUAIBIE1 Ysznoudae 1.1y
Tasnou Insnino §(CPU)2.uengiaines (Modulator) 3.AueAginines(Demodulator) 4.01AYEY
(Power Amplifier) 1183561189 1A17I(Reader coil) IRUANWAIUULIY Sequential 92M1591fa
mﬂumsﬁawﬁ'\mu"lw'v’hmﬂmé'me'm"lmﬁm%"aaqﬂwa‘luﬁ'ﬂymzﬁacﬁ (Pulse) H5pHoU
wﬁ’muﬁdaaeﬂiuudazCihmaumz“lﬂi’f’ﬂﬁﬂﬂﬂg%umm Wi IihwSeRadifiudean
fmualdiimsdedoya (Downlink) daucﬁwﬁ"lﬂﬁwﬁ'wmﬂsmgag’%xL‘flumidaﬁ'tgtmm
(Uplink) ﬁﬂz?mﬁia“lﬁﬁmﬂ?mthﬂ druveuniosgniiesznondae 1.1y Tnsaoulns
1nB3(CPU) 2.u0nguaime 3 (Modulator) 3.430@ TWS 10 05(Rectifier) 4.91881AP(Tag coil) 9251

wasnunnniess v lunsAndedoasdoya



RFID (Radio Frequency Identification)

Mr.Prajak Nguadchai ID 49015149
Mr.Panya Kontong ID 49015150
Mr.Wuchara Ponsana ID 49015161
Mr.Manut Bosup 1D 49015204
Assist.Prof.Prapakorn Suwanna (Advisor)

Education Year 2008

ABSTRACT

This project is a study of RFID (Radio Frequency Identification). So, a
frequency at 13.56 MHz is used Amplitude Shift Keying Modulate(ASK). This system
consists of 2 main parts, 1.Reader and 2. Transponder or Tag. The Reader consists of
1.Microcontroller(CPU) 2.Modulator 3.Demodulator 4. Power Amplifier and 5.Reader
coil by send the energy sequential will limit time of the energy from reader to tag type
of pulse. Or the energy it to transfer signal data is downlink and not the energy will
send to signal contact with to give with Tag. The Tag consists of 1.Microcontroller
(CPU) 2.Modulator 3.Rectifier 4.Tag coil will take the energy from reader in data

communication
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2.4.3 Phase Shift Keying ( PSK)
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LF HF UHF Microwave
'Freq-Range | 125-134kHz 13.56 MHz 866-915 MHz 2.45-5.8 GHz
Read 10 cm 1M 2-TM M

Range
Market 74% 17% 6% 3%
share
Coupling Magnetic Magnetic Electro Magnetic ElectroMagnetic
Existilng | 11784/85,14223 | 18000-3.1,15693, EPC 18000-4
Standard 14443AB and C CO,C1,C1G2,
18000-6
Application Smart Card, Small item Transportation Transportation
Ticketing, management, Vehicle 1D, vehicle ID(road
Animal tagging, Supply chain, Access/Security, toll),
Access, Anti-theft, Large item Access/Security,
Laundry Library, management, Large item
transportation Supply chain management,
Supply chain

A15°9% 2.1 ANUDINATFIUAY RFID tags UL AW A3 : “RFID Overview”, Greg Leeming,

Intel Corporation, 2004



25

[
= a

2.8 UupumsSvasdeyalaglinnudaaiing
¥ 14
susnumsFudsdoyalaoms ldnauingaunsouiseandiu 3 dszinn deil
é L o 1 7 i
2.8.1 M3A0T5UUY Full Duplex : UL Full Duplex 1n3es8 uazin1sdedaya o
o [-] Qf o A L] 1
annseaseduuazulaaiiuddenu i iiunsegndie ldaaeanar msddoyann
A ' [ A [ R \ A v Y ar A 1
w3098 lldunToagnite (Downlink) wazmsdedoyannnIognIIBndUINdunToeeIU
¥
. o A ro I ¥ Y r 1
(Uplink) enwsanseiidudieladld lidudludessedmzlumsdelindundedla
2.82 MsAPAISUVUHaf Duplex : UUY Half Duplex ufiunsessiuagfiimsds
wasen Tih lil 1dfunTesgnienasana uaddedimstmuaimizadatuiudedoya
' 4 ' A '
TTNTNIATOIOIULAZIATDIGAN Y
® F 4
2.8.3 MIAOAITUDUSequential : HUY Sequential 11U 1§ dararlunsds
L é L ' 1] L3 U U 3
e lheneiess i ldinTesgnireludnuuzRod (Puse) nSoRoundsaiud

14
deeanluudazsanauaz ldmsinngiveemdsnu i wleRadilludayanaufimuald

fimsdedoya(Downlink)daugefi ludindesualsngegerflums dedaann (Uplink)

FDX:

oo . ——————
A
fomsving H—\ #—\ _—\ ﬁ
A 1
G RER TR TR TS

HDX:

momwi - I ——————————
A
dommng H—\ ﬂ—\ h—\
docrivi  — e — —
ATV IVU ;

SEQ:

oo ;I m— m—— -
A
Aoarsvias H—\ ’i—\ #—\
A £
I ﬁ—/ h—/ b

317 2,14 AUURNATNYPINITTDAITUUY Full Duplex, Half Duplex. (a1 Sequential



26

2.9 wnluladl RFID 7l¥msaea1suuy Duplexing
: .4 . .

WIATFIUMITOA1S RFID UUD Duplexing @9euisosuunaugilunumsiau

180 4 Uszan ouldunmaluladuuy Inductive Coupling, Elextromagnetic backscatter
Zn
B . ~ . . é ¥ ~

Coupling, Close Coupling haztnaIuTag Electrical Coupling #99zv0na1unmzma 1y lad
UUU Inductive Coupling 1A 11188 Uy Inductive Coupling

o 299 o ~ ° 4 - Y 4 '

JdumasprunldndnmamilentmeduudmanTassadnvouniosgnie

[] ¥ ] ]
Usznoulidreumarsessedilnldadudoyaden Tnsflvaadatiuiinfreimdhidiu

9
= ¥

9
Mepmadmiy  Suuazdedygn  Neilwnantunaialunisdenendsanu Wdtnn

o

1 3 t4 ]
wsesgnieiefesIiglnsaldlamnsofnuldnouznandanailai 1$lumsTuds

9
1030

r QQ A T
MINIWANIHNNANTBID Y

A [ A i Q’ll = . . ' =)
mmmﬂmsmammmmsmqﬂmﬂumﬂmmuwmmﬂ (Passive operation) NA1IAD

(71 v ar 3 &K o 9 [ [ d' ]
"lmJLmmwawmmﬂiutﬂu%muLm ‘iN‘i]'lL‘T_‘]ui]%ﬁ'élxii‘lj‘Wﬁ\N'lu(Energy) UINNIATONDIU

¥ T ) A ' 2 o Y A
Iﬂﬂﬁﬁ\? ﬂ'ZIEJL?Tﬂ‘L! ‘iNﬂﬁ]\ﬁJﬂ']i'E]'E‘)ﬂLL‘]J'iJﬁ%;“lJ'iJfT'IEJ'E]'Iﬂ'Iﬁ‘U@QLﬂﬁ@\?ﬂ'll!(“]f\ﬁ/nﬂu'l‘ﬂL‘]J‘L!

: £4
v s

wssedansdoyauaznasaulludi) Wansodwmdsnuaduudimdn Wi middags

QU

¥

asaannsznuveaaninihidumeeinmevesniosgniieldesnamnyauy

1
= 3

o A o A v g A
ﬂizﬂeummmﬂnﬂau‘uadfﬁytymﬂammmaﬂ"l‘ﬂlﬁmmmzmaammmmmm
9

¥ sy 1 1 d‘ 1 s d’ 1 é Q./ L4 v Y Q
BUHNMINANITLIZHINIT N TUATBIgNNEALIATEIE Y &9 Taeya luinneviedulundn
] Y P G . . 1 16 3/ Ao a
lajanniin TuaazfimaTuled RFID uuy Inductive Coupling aaulngidanudduiies

o a c'; ] é 4 v [~ A
135 Aladsedniooisezdind Feaduuiman i szlinnuenedugannis 2,400

%4

d' 4 { 1 a [} o A 4 [
was  udluueszuuianudldaudgeludn 1356 wozidsed Adfuiantudyan

] 2 [ ] r 9
aanueadude 221 was 3¢ ldiflgmluSesvesanuemasuinduniullou

[
= ¥

9
walsngmsalifeuvunsegnaaneunnuiiemsniedenoaiedeg maRnsands
9

wunldaeuTaei Ui 18 Tnansonheluainnin

Q g 1 1 é A 1
ﬁﬂ]uiy'lﬂ‘lﬂﬁul,mmﬁﬂll“/\lﬁ'lﬁ?uﬂuﬁ‘i]&’ﬁﬂﬂizﬂﬂﬂlﬂﬁ’lﬂﬁ'l‘c’l'ﬂ'lﬂ'lﬁ‘ll’ﬂﬁLﬂi@ﬁ@'ﬂ‘ll'lﬂ

o

1 =y LY 1 g s 1 é % d’l
Ao ldifauseduldfrvuinseus Funuvaaladenan Feuseaufdezgniiiluidh

QU



27

nszuIUMIEna 1S Tnedufuilse quaz la Toaonseeliiliuusedu Infhnssuaassdmsy

Qs

Yo da o‘/‘ d’l ral & 1 o 24
flouldfugilnyala Vel levesnisesnunusgnmsdondivesdudulssy 1 s

sz fosdiadunutfuaianumilenivesuaaia L e ldauisadivuasianvasiney
d' Y ~ d'l [] I~ d' 1 f_"l ¥
(Resonance Frequency) ¥assfiuanudvesnduuiman Idffigndsseninnnaiessiu
d' 9 a d' o [ d' J [}
welmiamsmilenimasau IdfgegaiinIesgnane
A d‘S) ¢ A [ A [] . . 9
degeaniuuglnsaiinTesduuazIATB9gNYIe RFID WY Inductive Coupling 1#

- { < 3 ~ 4 1 4 [}
anudifyuiniigaife nseenuuuvaaInNefinSose uazinTosgaiieliaiuise

H
= = =

demeandse i FuanuIdeddidszdniamunniiga minSuaumsSeudieuns
1 [ ) g an 9 o (] ] g A @ @ o
seneanaenu lifhsenineaaadaedl Iddueguuunuusimaniferdu adunaeduy
3/ A A A o @ A 9/ ' ] [~}
ldormegstiguaniialumsibwdygaimaheniunuusimanunng
o 3 9= = = \
At lumMIee NUUUTEILLUY Inductive Coupling 1#H1ssAniamiunsarenen
@ 9 d' < 9 9/ Ay A 1 1 o o
wivnuldnnngasedeativlifgmaudfimingaudomsdenszaendsnu Siuiuseu
1 2 b v » » 8
YB9UANTIATEIE U NunihAnvesvamafinosgnie yuAads Laszezviiesening
A 1 Qv d‘ T
INTBIBIUNUIATOINIY
A ddg @ 4 SR 43' ' ot = o Ay ) &
Wannuan ldlumsemsiaigaunniu sswunaanumilsnhideslddmsy
A 1 ot A 2 o o t @
YARINA IR INAYBAUATEIgNIIBIENAAAaY Faraneelgdmauseu lumsiuanaqusuiy
o 1 v s/ P A a a 4 9/ ~ o A A
Aedaty maldnunanudim 135 fladsad sydeslinsiuvanineinannsesgn
' ' ) A = . q a ¢
9181U539 100-1,000 501 uamnmuavdlunisidaudiu 13.56 wasidsad Aerauise

9y
AATIUIUTOLYDIVAR IRV T DL 3-10 FOUWNUY



28

2.10 nqyﬁﬁugmmmmmemmumﬂmmﬁ

a = (4

9 x
11‘lﬂ']5‘w“l]'liiu'lﬁ'lﬂﬂ?ﬂ?ﬁﬂlﬂﬁi%ﬂﬂﬂ?i%m‘l‘ﬂzIﬂﬂﬂﬁu’l'ﬂﬂ Uwawarianeg 2 Usems

9 9 U

=

flo

1) Wedvsmsdenruding aduwin ) IWiluidsnuveuniesgnane
Ai Y [ d'a Qs 9/ d’ L]

2.) WOTUAYYIUANNDING( TYYIUUDYD) NNATDIYNVIY

A a P> Y 1o

dyanuanvdaauIngmuisanzuninsz e ldedrefitdsedniamluiagudu

Q

(]
a8

2 o 4 o
youa M FulTeumesuiuanuenaiuvesarwdnldon  lunsdseygndldau

1 H
a ~

Ed ] ¥

YoeszuuMITmne lnsnduanuding deorme flseduameomes siianly

1 < v . A 1 ~ o :
auLNManTzez 108 (near field magnetic) TumsiFoudomamileaisenivaseims
VDINIAFITWDLAIAAIFTU

v

mahldfaaunuimanTavmeomeauuugy la Twavinadniuee lauws

A 4 o v A 1 o W v v 2/ -3
nszEnaY udwihldntugeutdiaswnnnd aruduauugnanasiae
é [ - v o W { o v o W
(W r=szezvnnnameenie)uaumszeslnd ¢°) duilededdandusiia

' ¥ g A Aa
srezmIoulumsldnuvesszuunssmni: lnsnduanuding

A d' ] < A A o ~

Wanauheulasmnuwimdnezindouiimusaaia (meeinis ) Sunismilen
o W ¥ ' Y o o v A Y A '
thuseiuldanadeumudaisgavesvanin  ussduilezldienszquiniosgnireuuy

~ Q7 o’;’ 1 9 = o o - 4

wagn Asiumeeinmavedsaalndauune gneanuuy damsamileniusduld
gage

2.10.1 ﬂizLLﬁLLﬂ%’,ﬁu'lﬂijmﬁﬂ"lW‘ﬁ'l

' v 9 @ o Y a ] <
mﬂﬂmmuamtﬂs ﬂﬂ'I’J"l’J’J'I ﬂ'li"l"r‘lﬁ‘U'E]\?ﬂi%Llﬁiuﬁ’lu'ﬁlgﬂﬂﬁlﬂﬂﬁu”lll!.m!,‘ﬁﬂﬂ
¥ o s = [} 3 A a 1 2 t g 4 a
0L AU m“lugﬂ'w 2.15 U T UINLH NN NN NTSHTTIUN U AU IWLUKANNLAA

v o Aa o v A Yy
Tl‘lﬂﬂiguﬁsluﬂquﬁl( 079 HNUANUYIIVNINA ﬂﬂul:ﬂinﬂﬁllﬂ'ﬁ

I
B= 'u—o(cos o, —COoS al) (Weber/m) (2.10.1a)
47y
Taem
I=nssue

r = 338NN INgUInA1eYDIaIAAITh



29

Hy = MATNNFUFUNRUIMANYDID1MA = 47 x 1077 (Henry/meter)

Tunsdifanadnihlinnwendusetudi o, = -180° uag a, =0°

b4
U

ReiUNNaNNITN 2.10.12 g a@eu i 4 duaunisy 2.10.1b

I
B=t (Weber/m’) (2.10.1b)
2ar

N
X B (into the page)
31 2.15 nMadnuanssusualmAN IR umis P ilesainnsvuaiiinalusandimss
nneusiminiifannmsemeavemauuuglnaudnauN  sous
usraelugaliiz.16

4 1T 3 A
‘l]%ulﬂffllﬂ"lﬁlﬂ\?ﬁu'muﬂL‘Hﬁﬂﬂﬂ

NIa?
B, =1k (Weber/m’) (2.10.1¢)
2(a2 +7?
dmiunsdin - ri>>a" w2l
Nla®
B, =52 for  r*>>a (2.10.1d)
¥

Teo 1 = nyzue
a = Sallvoegl
] 4
r = ITELHNNGUINa YR
N = §IUIUTOUYDIVAAN
] v ?
MNauMIh 2.10.1dHuaas I uNawusimaniinand 1o 1

3 v 1d
uuuguena gnasasdiy 14 Fuaasiegli 2.17

k4 [ < oy A a
mmwmammmmmaﬂilzuﬂ"m*mw’q{ﬂiuizummqﬂ Lagnanig



30

a v o Jw 1 o dw Aa
NN AUTUAUTOUANTSLE (1) NUIUIDUN) LL’S‘I&'WHVIN’J%ENQ‘]J
a’/’ i ' ' dy
HINNUUAUNITN 2.10.1c Qﬂi‘ﬁl&ﬂﬁﬂ']ﬂ'lﬂﬁzLL’dG‘lE]ﬁE]‘lJ‘VIﬁENﬂ']ﬁ

NS UTLELNI501U

Ao
V= V,sinot

37 2.16 nsAmamuimanidums P iflosninnszuah lnaluaadhugianan

(

ﬂﬁ 2.17 ﬂ’J'IiJ’CTﬂJWH‘Ei“’WJ'Nﬁu'IﬂJLLﬂJmﬁﬂﬂ‘Uiuﬂ“’V]N r

Bl

r

2,102 useeunmienth ldnnssaleaiveims

3

d 1 ' A ] g A (A A v A A

%’lﬂﬂg]ﬂ!’é]ﬁ%hi'ltﬂﬂﬂﬁ'n’ﬂ maﬁmmmmaﬂ'ﬂLﬂaﬂuuﬂmmunm PRDUVTHIUNUN
a e o Y a i o A o o dw s o o o o
N’J‘]Jﬂ‘lﬂ‘]‘i]%‘ﬂﬂ‘l’iLﬂﬂﬂ'limufl?u'liﬂ‘ﬂ”]qﬂ "]NL‘]J‘L.!‘ﬁﬁﬂﬂ'li‘wuﬁ'lu‘ﬂuﬂ?'mﬁ'lﬂf,‘gﬁ'l‘l’ii‘ﬂﬂ'li
[ 4 =Y
‘VIN'IHGU’E]\??Jﬂﬂim RFID LUUW1aaH

317 2.18 ugas Iasesadvedrsirwvesnisdseygnd 19 RFID mﬂﬂmmwﬁmﬂ Wo

] v ¥ a 41 A v g A (A

fT']EJEJ'Iﬂ']ﬁ‘IJENLmﬂLLﬁ&’ﬁ’JB'IME]QGLuUiL’JmWHVIN'ﬁ'ﬂ ﬁmmmmaﬂmﬂaﬂuuﬂmmunmgﬂ

g (-7 L] H <] o 1] 3 1]
a$19vulag gvenaveedeumieniustuGend usandoulWivie EMF oee



31

H H
a A )

) ldfsaeemeveuiin usedumisnimanmieniilumeoiniavesdrsudiu

a { ° = ' '
aungifanszuamilenilugieeimavewin sgwhfumsminveaduusaniman
(Magnetic flux: i)

SaeUNSN 2.10.2a

_ -Ndy
dt

A\ (2.10.2a)

Taen
N = 9UIUTUY9F 18018
9/ (] [~ A ¥ 1
y =duusaimdninzgriuluudazsou
4 { o [} =3 1 ) (]
Lﬂ%'mwmﬂaﬂuﬁumimimﬁmmtmﬂuuﬁm‘lﬁ'mmummﬁau"l%lﬁmg‘lu
a o 9 [ 9/ ¥ I~ o A é’ 4 . I~ °y T A
NANATIAUVINAVET UL WUHANNIAAYU  NNYUBIaUT (Lenz’s Law) slun1sérine

= [ [ =] { A 4 4 o
N3 Maveanszualureesssinanu@ensuauuulmd nfinaa I U nns imilentinve

nszuauase e adudmiumnuiminfigaiila

. Y
Taq COJ'\* é{- f V = Visin(e)
Tag

i
i | B= Bginfen)

I=Igingut)
Reader HT ing Circuit [ \ Reade- Coi
Eloctrorice uning Circui { eade” Co

1] b
319 2.18 Taseardreiuguvesdeuuazunnlumssegna 14 REID

1 <3 { 1 q’/’
Lﬁ'mmtmmaﬂiuﬁumsﬁ 2.10.2a ﬁi’] Nammmﬁmmmmﬁﬂ B iU
A A o A Aa 3 9y
‘VILﬂ’ﬁf]u‘VlW']N‘WN'VIN'J‘VN‘Hilﬂ"lJ'El\?ﬁ']fl@"lﬂ"lﬂﬁl]ﬂ'ﬁ'?lﬂLLﬁ%’cT"IiJ"Iiﬂﬁ']‘lﬂﬁJ"lﬂﬁﬂJﬂ"li

w=IB-ds (2.10.2b)

anumanf ldnannaumsh 2.4
9

S = NufAv039989

B

¥
-

wnemy : auuwiman B uaziuiia S dlwilSiannees



32

waguneluvesaewinaes uaunsi 21026 waedddiiud  duusasiman

k4
Q

m'ﬁnﬂﬁm’qﬁm VAR INA Lﬁﬂ‘il'lﬂﬂTiﬂTﬁTLLﬁﬂQHMﬂJ@QﬂJﬂﬁ’Jﬂ’dTfJE]”Ifnﬁ HOf

4 Sy 9 & v AN =
ﬂ']fﬂu"UENﬁ’ENL’JﬂLﬁf]i‘ileﬂTLlE]EJfIﬂLiJEJ‘LjﬂJ cos HUTTHINTNNINADININL 90 D41 1T

3 2 o Y { 4 Y
ﬁ’ENL’JﬂLﬁﬂgﬁﬁﬂTﬂmﬁﬂuuﬁ%ﬂu LLﬁZ%%iJ']ﬂﬁf!ﬂLﬁf] HU cos NNY O BN
=] Yo kY ' <] A 1 & - ]
ﬂJﬂﬁ’Jﬂ‘Uﬂ\?Lmﬂ‘lﬂi'ﬂﬁ]lﬂﬂL’L’fl&LLi\?LLiJLﬂﬁﬂfJI\ifIﬂWVISQN'IULNE]ﬂJﬂ'ﬁ’JﬂﬁJfNGl’J’E]']ULLﬁ%
=] T o v oA Y £ g =2 = 1Y ~ o P~ a ‘3 o
meg“lumtmmmmuﬂu WINHUIINISUUNAULHUSIUIWINNGTANAUVUNUATIN VDY
o ¥ ' = Y o o P a
LmﬂLL'ﬁz‘l)%vlﬂigﬂz’ﬂ'llllﬂ'lﬂ'ﬂﬁ[ﬂﬂ’flﬂ Nﬁﬂ“mﬂ'lﬂii‘muﬁﬂﬁﬂﬁﬁilﬂ'li'ﬂ 2.10.2b @WITHOTUNEY
. ] YN ) <3 . 1
1NWTI1I‘1JEN mutual coupling F¥HIN YATIAVDIAIDIULATUND mutual coupling JEHIN
3 a v k4 dy 9
ﬂﬂﬁ?ﬂﬂﬁﬁﬂﬁ%%gﬁf{ﬂiﬂﬁﬂ'l'JZﬂﬂﬁ'l’JiJ'lLLﬁ'Jl’Uﬂ\?ﬁu

1NANMSN 2.101c 4ag 2.10.2b MU uaunsnz.10.2a 9214

Nudyy __Nadll[5-35)

90 V=
dt dt
Voo N,d| ¢ woiNa®-ds
dt 2(a2 +7? )3/2
Ve ,uONlNzaz(ﬁbz) diy
2(a2 +7? )3/2 dt
ve-mh
dt
Saifu M = | TN, (ab,2)2
2(a2 + rz)3
Taeii V = usanuluvnaanuiin

i = nzuer na luvaaadasy
a=SAllvBeUnRaINAIe U

b = $rdlvesvnaiaunin

r = s2UEMesE i NYAnIATTeS

M = matual inductance 5zﬁiwwﬂmﬂuﬁmmz

1

yaadnde1u laendr M duldamaunsfiz.10.2¢



33

.Uo”'N1N2(ab )2
2(a2 + 7‘2)3/2

T = = é 1 =
Wuusanimandanainszuainveainlgugl Fuduususimdnduaumgliifa

M= (2.10.2¢)

useRuUNvARINY ALYl

A o é‘ v s . v
1UﬂﬂJﬂ'li1’l 2.10.2¢c LLiQﬂuﬂlﬂﬁ?ﬂﬂlﬂﬂuﬁﬂ‘ﬂgﬂluﬂﬂﬂﬂ mutual inductance T¥¥19

¥

UAAIATIABY  mutual inductance giuﬁ)éﬁ’ﬂ;ﬂi"]ﬂ‘il’é)ﬂ‘llﬂﬁ’mlmzizElz?f’NiSﬂ’j'Nﬂlﬂﬁ’Jﬂﬁ”lﬂ
doe usakumienhluannvewiinanasdiesas o fafu szeznssmezanaslum
eI

nauMST 21022 1Az 2.102b aumsgiialddmiuusedumient Vy lu

ynadngilide i ldguez Ideaunish 2.10.2¢

U

Vo =2afNSB, cosx (2.10.2¢)
Tagh

£ =anudvesdaynu

N = 1iussuveuaaln iugll

dy d' = 1 2

S = wuivesgd Snviodlu (m’)

B, =anuduvesdoyan

o = yuvosdygnuidn

Qo

finsguuanin Meduduilssy:c) idyemuna1ud (13.56MHz) U9

=] A :g U [y I'4 Ay v P -4 v
output VO NATIAVVUDY NN LLiQﬂuL'E)'I‘V]‘V!VIVI“lﬂ‘D'IﬂI‘TﬁJﬂ'ﬁﬂ 2.10.2¢ wHNHUAIYA
o

UsgAnFAm (Quality factor) ¥9929933U AtiuguMdMTuLsRumileni 7, Tu vaain
qudhnsguudley Idaaums®h 2.10.24

Vo =2af,NOSB, cosx (2.10.2d)

] b ()
Tagadse@niam (Q) Wudetsdvesmadienanudimunzay
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Il

N, £ 4

\ /.
VBfield <

P v o ' ]
z‘ﬂ‘ﬂ 2.19 ﬂ"liﬂillﬁ'leuQ‘lJi’J\iiT'lfJi’J'lﬂ'lﬁ‘lJi’NLmﬂiﬁmu'l&’ﬁ‘ﬂ

MIMHENNLIRUNLHIUIADIN VBT I8 INIA T YUY T oy g I

Y o ~ 3

[ H ] ' ¥ 1
ussdumHenhezlmunigaisvamadioiuegludumisidmindudygnaiidhiun

<A - ; '
HUUAAD N AWHUS =0

) '+ g A A& ) o ¥ -
ANV NYDITUIULUN AN (B) ‘V]Lﬂi'ENQﬂ‘lﬂﬂﬁ'ﬁ]\?ﬂ'ﬁﬁ'm'ﬁﬂﬂ']u?u"lﬂ INTUNITN

o

\ L A \J { ~
2.10.2¢ HaENANTZUNADIOL (Ampere —turns ) VENEIEDINAYADINYDUAIOIOMUNL AT

laq awnsadvns ldnnauns

(NI)= 2B°(‘; :Zr f (2.10.2¢)
0
VO

nnaunn 2.102d wld B, =
22f,NOS cosx

unua B, aeluaunish 2.102e a2'ld

/
(NI)= 2V0(a2 +r2)3 2 :
24f ,NOS cos au,a

o w v oA A 4 a ' 4 4 o
mm‘uizﬂzmimu‘nmumﬂmutﬂumiuaﬂﬁamiwmimn”l MSIANNTUYDSTAdIUDY

(2.10.2f)

£ ' A Y
vaange9 Idnaunnimsiiunszua i iuvaaie
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100 ¢

10y

11

NI for 1.5 p-Weber/m?

0018 = sqrt(2)y

oot TR T T ™Mo

kK
r(m)
3101 220 avwduRuSsZrIensZIE - SOU (NT) MUSTOEMIBIUG)

nuemg c0ngln 220 B, =1.5uWb/m?
mInsal iz auvesgildosmsmussnszud - seufitTesiign

NANMSTN 2.10.2¢

NI = 2Bo(a2 +r2)3/2 _ K(a2 +r2)3/2
Hoa” a*

2B,
Hy

Tatit K=

Tasmstheywusindiemmseiioz 14

d(N1) _  3/2(a> + 72} *a’)-29(a? + 2]

da a4
d(N ) _K (a2 - 2r2Xa2 +r2)”2
da a’

nnaumsredusziiuldaumsezisntesiqadle (a® -2r%)=0
9 Y o Aa 9
fusSelinmnzavaz 1den

al-2r2=0

a’=2r?
a=+2r (2.10.2g)
Tae a = Saflupsunnia
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r= 338EMIOIU
NnauNsN2.10.2g wermeldifuhasaliiminz aufigauesgldmiumeninma
A ¥ \ T T
insesguzldszana 2 whwesszezmss

2.103 mmé’ﬁu'ﬂmﬂszuﬁmwmﬁ'am

. . P & A
910 American Wire Gauge(AWG) 9199115190 2.2 AWG WIRE CHART Fudlu wan

L] Y 9/

[} @ o o H [~ [ 1 { 3 1
Ltﬁﬂﬁtf%luw'luﬁufjﬂﬁNﬂlﬂﬁﬁ’mﬂ’?lu’l mmmmﬁfmﬂuﬁﬂmuﬁmaﬂwﬁ'mﬂmﬁumu

s a v o A Y o 2 & o Y] A
HYNAY fNﬁ’Zlﬂ¢l’Ju'liJLﬁuN'luf‘{uﬂﬂﬁ'lﬁlﬁﬂﬂ‘ﬂzﬂﬂ’l'mﬁl'lu‘l’l'luﬂigu’dﬂ‘ﬁqxi HIATAIY

e

= @

Y o ¥ @ o A cou A A
ﬂ'lu"/l'luﬂizLlﬁﬂiﬁﬁqﬂiﬂﬂ?uq‘Dgﬂzﬂllﬂﬂ‘ﬂ UAUTNUNUNTTUINA

AEUMSN 2.10.3

RDC=PLT S B, @ (2.10.3)

Taei
2
L, =AU817HUAY899a0  (Total wire length: m)
o =manuih lWihvewsnin  (sm)
¥ []
Ape=Munihda  (m’)
v A
a =3nalvesan (m)
aardunuanios sruduldlddmSuar Q Agen vesesmeeinia iy
neds vaaaanfiiduduguinazdosgnidenldidiuly1ffuaees REID muased
1) 1 9

& &L Y v s o w Aad A = ¥
2.2 HULTAIDN LﬁuN'luf‘{ufJﬂﬁN’d'mi‘]Jﬁ’Jﬂ‘V]‘JJ’CNﬂ’EJ‘I’INLmZL‘l]ﬁ’ﬁ]fl LAS LN AUa TIUNIU

ATSUTAT
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HH g Wire Dia. In Dia. In Cross
g:: Dp:,lsm D,:,qai};n 1‘-;’)';;‘:' si:;f:n Size Mils Mils ﬁ,’c‘g‘i Sectian
(AWWG)  (bare) | (coated] T (mitg) (AWG) | (bare) | (coated) (mils)
1 2693 — 0.126 | 23600 26 [RE] 177 410 252
2 2676 — 0,156 £6350 27 14.2 1£.4 512 20z
3 2294 — 0.197 | £2620 28 126 12.8 B5.3 15¢
4 4.3 — %49 41740 29 113 12 2 R12 122
5 1€1.9 — 0.:°3 33030 20 130 "L +03.0 10C
3 1€2.0 — 0095 | 26240 31 8¢ 99 131 792
7 166.3 0.198 20820 32 6.0 0o 162 4.0
3 158§ 13168 1628 18510 33 i1 /9 205 £0.4
J 1144 1163 | 0793 | 13020 34 6.3 70 261 297
10 119 | 162 | og9s | 10330 35 56 53 Ha]l it14
1 anz 935 100 /7230 36 b0 b 415 bl
12 804 8.3 1.0k 8550 37 45 i1 612 0?2
13 720 74.1 2.0C 5180 38 <0 45 643 16.0
14 G4.1 65.7 2.52 4110 39 3£ 10 817 122
18 57.1 §3.3 3.18 3260 40 KN ih 1780 ea
16 50.8 52.3 4.0z 2560 4 28 31 1320 184
7 453 47.2 5.0& 2360 42 25 2.8 1560 €.35
18 40.3 424 5.3 1520 43 27 25 2140 4.84
19 359 37.3 3.05 1290 M 20 23 25490 1.00
20 320 34.0 1C.1 1320 45 1.75 ‘9 3350 210
21 235 32.2 12.8 §12 46 1.57 7 4210 246
29 253 281 1.z 040 47 1.40 18 5290 1.96
22 228 242 0. 511 48 1.24 54 8750 1.54
24 20.1 21.3 25.7 204 49 1.11 1.3 8420 123
25 ‘79 18.3 324 320 50 0.99 L 1060C C.98
Nole. 1l -254 ¢ 1073 cm Nota: Tmil =254 x 102 cm
A139% 2.2 AWG WIRE CHART
2.104 ﬂ’)”lﬂng)”luﬂ”luﬂizLLﬁﬁﬁﬂﬂl@ﬁﬁ’)ﬁ”l
A 4

dmfunsziaasy WinganhenIzengsouq dIuaNg Y8aIn a1ANANNY

T

A o v o ¥ =] A é’ [V 03; ¥ A
ﬂquﬂﬂmwmmmﬁummeaﬂ"lﬂﬁ”mzmmu AIUUANTNATUNUUDIVADIANUADNIT
o o g 3 o o o LN g a A
m"lmh’“hﬂizuﬁﬁauﬂﬂaqﬂﬂquﬂﬂmwmmﬂmm%xmmmmama;u “lumnm'wum"m
I
‘HN"ILL‘L‘EHEUﬂﬂﬂi&’tlﬁﬂ’)'mﬁ']uﬂ']u‘i]%qxisﬁu
o & A ¢ o o o q ¥
ANUU ‘]_]53‘1}‘1]3Lﬂﬁﬁ]u‘ﬂ"lﬂ‘QﬂﬂuﬁlﬂﬂNﬂlﬂﬂﬁ’mﬁiﬂlll]fN‘U'f)‘lJ‘] UBINIA L‘]Juwﬁ'ﬂﬂ‘ﬂ
v oA ¢ A & 4 a4 Y Ao .
ﬂ’)']ﬂJ‘Hu']LLuu'ﬂ‘QﬂﬂuﬁlﬂﬁN‘U@QﬁﬂlﬂﬁﬂﬂﬂLm“&LWﬂJ‘UuWUﬁL'Jmiﬂﬂﬂ'U‘UE)UQI'ENﬁ'Jﬂ UAD ‘skin
= 9/ o o [ A
effect’ aﬂm"lﬂ“lumm ﬂ’3']3Jﬁu"lLLuuﬂlﬂQﬂﬁ&’LLﬁﬂﬂﬁﬁLﬂu /e 179 37% (= 0.3679) U

Y
1

A4 a AYw s Y . A Y B ' =2
ATNWUAD Lﬂuwgﬂmnﬁuaﬂymmaa skin depth DY foilaveunsnuBLaTAININEY
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1 1 L] [ 1 q’; q’; a -3 9
FULAZMAANUUIVDIAINAT N9 UBY skin effect mﬂmmﬂaamumu‘lummmumu

NSEUATALYDIRINAIN

A ° P
F9e1 skin depth Auaslanaunsi 2.10.4a

o= ——1— (m) (2.10.42)

rfuo
Taedi
f=amd  (H,)
g = Manududumamimanuesiag  (H/m)
o = anuth wihwestag (S/m)

HMFUMINIAT skin depth YDINDWAY AANYD 13.56 MHz W1lAnnaums (2.10.4a)

1 1
S = Mip f=13.56 MHz
nuoc

U= [ My =47 %107 H/m
dMTU g vemeaalimszanamindu 1(wr = 1)uazannuth vt ves

nouns (o) fawidu5.8x107(Q/ m)
fahy S copper !
T J#(13.56x10°far x 107 {5.8x107)

é ' { tﬂ' ¥
% 63 % ‘UENﬂ'Iillﬁﬁﬂizuﬁ RF 114‘1/]’8')4LL@N‘DSIlﬁﬁ’f)gﬁi&’ﬂ%ﬂﬂ'lﬁ‘i)'lﬂ‘l]’f)‘ljuf)ﬂf’;‘fﬂ

~17.92x10%m

15gum 17.92x10° m dwmSuanud 13.56 MHz

4 v o 4 2 4 A4 o
Fennudmmuvesandnheziniuawanud  wezanudumunuegiu
skin depth NITENT ANVAIWMUNTIUAARY (R, ) ga3 lasilszanaveanudiumy

AITUAARY R,. "11dn

1) nydl d<26
wld R, ~ R, [1 + i(iﬂ (@) (2.10.4b)
48126
2.) A3l d>268
wla Ry~ Ply (@) (2.10.4c)
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A =Z(@*-(@-267) (m?)

N

Taein
d = Barewire dia M1891001519% 2.2 AWG WIRE CHART (m)

6= Skindepth (m)

L, =  Total wire length : (m)

3 v
A= fuivesmnudwmunszusady (m?)
Rye =  amudumunssuduesdnh  (Q)

p= Resistivity  (Q-m)

Y d' ©° d' 9 d' d' q’/l
2.10.5 aamteniihnilsznsudlsuaalnmnasuvaledy

manumteniwesvaaaimisunaeiangiln 221 aunsafuiumldnn

ANNITN 2.10.6

0.0276(CNY’ (1)

~1.908C +9b + 10k (2.10.6)
Taefi N = UIUsU
C=X+Y+2h (cm)
X = A7°0n31990999029 (cm)

Y = ANNE1IU099A099 (cm)
b= ANNANIVBIMARAY (cm)
h= ANUFIVRINAAAYIN  (cm)
‘éﬁﬁ(single layer ) h = d; (d,:Total wire diameter mlf9Inasniie2 AWG WIRE CHAR)
b= Nd, +(NV-1)0.1 (mm)
b= 0.1(Nd, +(N -1)0.1) (cm)
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,
-

{a} Top View

ot e

o

{b} Cross Sectional View

T [] [] 9
317 2.21 vnaagi@mteuvaiesu

U

2.11 ANUHHEIH5IN (Mutual Inductance)
L d' o 1 P} A d' d' 0 [ 7Y dgl d'

AU He1ingay Ao AnvavITavetvaalanilsnmieniussaulifaiun

vaalntnefes Taedniseduens H)
. 4
2199508 IWhausoutemsdonTee1d 2 uuufie
4 ) . & 1
- M3t¥on Tean 1989117 (Conductively Coupled) e quvileluases luinadesdn
4 :

gunialuasesrunss e

: , _ 4
- M3FouTesn1wauINUNMAn (Magneticaly Coupled) ¥unefe gunilaludees lud

[] é 3 1 A [ Y [l 1 [~
HasaRngUrileluagesh L ldweuredumun e uulmdnyoutlas (Transformer) §u

U

LY

S 1 2L Agy o A 1 ] [~ & [ A
DNAIDYN Huﬂﬂi‘ﬂﬂﬂﬂﬂ']ﬁﬂTﬁL‘BE]iJﬂﬂﬂNﬁ‘lﬂilLL?JL‘Hﬂﬂ cm%zqﬂmﬂuzﬂwmﬂmwmﬂm

4 o 24
iﬂﬂ’)\i%i?‘iu\‘]llﬂﬂx‘l@ﬂ’il\‘]%iﬁuﬂ
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4 [] i a 1
317 2.22 Wdndaumudmanfifa iy
1n319 2.22 WnIARNU N souazdl nszud lna, i) A ldifaddndeauuiivin
P {
¢ N 1Havu
4 1 9y
F9U9A79 MInnguesHIsuadna1n 13 h

d
v=N a9
dt
H 9/
waﬂcﬁ, ¢ Afanndasmaasunlainssuadenaidaiu
d¢ di
di dt

v=~N

di 4 d
w30 v=L= Taoh L=N—’I_j
dt di
Tagh L 999NN Self-Inductance 1109910 Wovsussauhannmsndsulasnssua

gonalluvaaaferdu

L,

L,

0
Ve

=~ S
)
/l—‘

N, turns N, turns

317 2.23 ¥aaANAT Self-Inductance WU L, uag L,
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YAa3A 2 YANA Self-Inductance AU L, wag L, 7N Indfuasgii 2.23 yaaaa L1
Y o W A (=Y 1Y a‘oa: A a .é’
WoY L2WU N, 12 N, souaudind osnnvaaien L2 hilinszue lva dandgvisnuaiifadiu

Tuseanafi 180 ¢ =4, +4d,,

v da X Jd < d de, di di
uﬁaﬂumﬂﬂﬁuwﬂmm@m 1: v, =N, an =N, 99, dy =1, &
dt dip dt ' dt
v da & 4 d dg,, di di
usafuiifatufivaand 2: v, =N, P _ N, b di _ M, e
dt di dt dr

TA8¥IM,, mutual-Inductancevosunnin lunassiudi  dldaunann L1 lifinszualva
g

9 1 H
wineudeanu dandvianun Afaduluvealedi 2 fe:g, = 4, +4,,

v da d : d dg, di di
ussudnaduluvaaiah 2: v, = N, o _y, 200 dhy

" Cdi, di " dr
4 o di
Foinld v, =1, —L
dr
v da 2 { d de, di di
ussrufaduluvaaiad 1: v, = N, by =N, O diy _ 4y

dt di, d % drf
WU M, =M,, =M Taehl M Ainsi1 Mutual Inductance 3131499020 2 U9

anugenlumsfimuausaay anumileniisan awnsofosanld laeld Dot Convention

b
L

fariu
4 9/ (Y Y d' o A d’g
- finszue nadhgevesvamindunsn  ussnumilsnihiswvesraainficesnda
[
Yo39n 9z uIN
b

- dnszud lvavenaingavesunalnduusn  ussiumileniisuvesvanafivn

o)
yoeynziiuay
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o

-]

L=L+L,+2M L=L+L,-2M
a - o da b
317 2.24 Aesvesnszuatezusnufadulusaaan
2.11.1 wasnuluaesi¥eonTesiu (Energy in a Coupled Circuit)

v v A4 o 1.,
wasnuazaludumileni | w= ELI

[ a o 1 .2 1 .2 ..
wasnazanluvaadamilend | w=~Li° + = L,i,° + Mii,

2 2

v A a g 1Y v A - o 3 1 .2 1 .2 ..
WARNUNNATUITADININADINIDINING 0 ASUU Ele[ +§L212 + Miyi, >0
anudunussznda Muaza L Ao L L, - M v3e ML L,

DT IEIUVDIA AN UM TN AoAmAsYDIAANUMHEIAUAIADA

¢ 2
Fuiszans maauUas(Coefficient of coupling)

k= M O<k<l1

- JLL,

dM3U k < 0.5 9zi5endn Loosely Coupled




dy ~ N o 1 v =~ = ' gj ' v ) v o v
wnansiiduenansianubidmnsunislynuionisfnewniu lueygslnillydssleguaunisan

I S RV R e gy & voY e ¥ Yda _ov g
lunnsdllag Nvdu Sansmuiilvdauwdauilonuaznesenddiuatvesenarsynasaninisinlly
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2.12.1 299515 InuunsiunI1eynss(Series Resonance)

Rs L C

Vs Vo T R,

l

517 2.26 299515 Tyuuduunoynsy

O

1n299s lugih 2.26 18

VO(S) -_-H(S): RL
V,(s) !
s R +sL+—+R,
sC
1
B sCR, IC
s’LC+sc(R,+R)+1| 1
LC
SR, | R, + R,
L | R, +R,
- R, + R
st s = L+
L LC
R, S(RS+RL)
Vo(s) R +R; L
Vi(s) P R, +R; +_1_
L LC
9218 Passband gain: K= R
R +R;
= ? 1
ANURRUENAN : @, = —— R/S
: r o JLc
-3 dB Bandwidth :BW = RS-ZRL R/S
wag Qp = —\/E— ! X L ! L
) a AJILC R,+R, R +R\C
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2.12.2 299515 TsuUFUIUILIY W50 2995UN9A (Parallel Resonance or Tank
circuit)

o

a @ A ¢
319 2.27 299565 TUudBLULVNIY HTD F9OTUNA
] ¥
91102995 1UgUN 227 R, wwvuegiu R, @iy

Ry,

0

tal =Rs //RL

a :4 4 A
BUNUAUBUDINITLUNNA : Z gaauilu

a1 1
Z,) = —+—+SC
i R, SL

_sL+R, +s°LR,C

SLR,
1
9218 7 _ SLR, LCR,
sL+R, +s’LR.C| 1
LCR,
C|R
Zos = L
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NANANNIYBIAUMS Band pass filter AoNALAUTUDINITUUIY RLC  9zdidgega

MWl @, 0, ~1/Vb

1
D |7 antiax = @, “Tic

uagsveaduRuaudAa NN 1/4/b = 1/J/LC wiimwify K:K= R, n3e

{ ¥ 1 o { 4 ]
Tuvaght = 7, UMgege AvBWSAN Vo  Ansen Tank Nezfiengage

U@ et uasa -3 dB Bandwidth 9zl

’*]’;U —

C

vemg gVl vesileddu Band pass filter NTidas NSV K wih ey

a)P
K—s
Kas 0,
> =
s“+as+b o 5
sP+—Ls+o,
P

Gaingy, =

Tag?l K = Pass band gain

®, = ANUDEUINA YD BPF

Ja J
2.13 MSUNNTONNUAHS (Impedamce Matching)
2ITUNNFFI (Matching circuit) HluaeesilFlumsulasddufivauduosises wis
oA gy A 1oy s A R 4 ¥ A o g9 A
Taseeieliaees nielasednedlian Zouoy/ uie Z muisidesms moilases wie
Tassheinidedniimbesuas / nieldifiamstenen Mdegegea
g 74 Yy vy A 3) £l
295 g Tumsuundgienldidies drdwmiu vse nifeuilas niesees L-C

2.13.1 westaieu msutlassznisduiuaudeynsy uagduRuauguuy
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[V ~ [ i A o A a oA s
‘Hﬁﬂﬂ'li'i’lﬁ'lﬂﬁy)‘l}’f)ﬁﬂ'ﬁﬂﬁ]ﬂtmﬂ’sﬁ‘i]ilLiJ‘V’l‘iIE]ﬂJWLmu"B ﬂE]ﬂTSLLﬂﬁQ@NWLLﬂuWWBQINEﬂ
ZP = RP //pr Rse +jxse= Zse

Rp
Rp Xp
iXp
() DURLAUBYUIY (v) DuRuaudoynTy
3171 2.28 1estaoudufiuaud
1IngU7i 2.28 () 9214 Zp = Rp // e
R,-jX, , R,—iX
oo - e (Ko
R, +jX, \ R, - jX,
RPZ.]XP +XP2RP
Zp = 2 2
R, +X,
X,’R R’ X
L Zp = el A (2.13.1a)
R+ X, RS°X,

Mgl 2.28 () 9214z =R +iX,,

Zp = Z, (2.13.1b)
X.’R R,’
w'ld PPy P R +iX,
R, +X, R,°X,
X,’R
Real part; R = —ZP—’%
R+ X,
Re{Z }~- RSER—PZ
R
1+[—P]
XP
2
. RP XP
Imaginary part ; X, =

_— (2.13.1¢)
R>+X,°



49

2, |2 sz R,
NNAUMST 2131 R+ X "= —
s F 4 2 Rse
unuadluaumy 213wl x = R+ X, ——
Xp : Rp
RP
Im {ZSC} = XSC= RSC ~r
XP
LAZINAUNITN 2.13.1b
R’
R=R, 1+ 3
XP
A R X
VINTUNSN 2.13.1d :X—P =0 = Rse = 0. = Ounoun (Ov)
P se

4 R
MNAUNIN 2.13.1b : Im{Z } = X, =-X——‘-’—
S
Ase
[ R ~
WU %( Tugums 2.13.1e d2e XseR 22ld
P e

S

2
X,
Re{Z} =R =R, 1+(R ]

Se

! o 1 R & X S oy a o~ 4
AOATITNIU 2 X i SeR 2199NITENIIAT Q YBIDUNLUAUY
P se

(2.13.1d)

(2.13.1e)

(2.13.1f)

(2.13.1g)

(2.13.1f)
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2.13.2 NITUUNFIDURUAUTDE19d 18

o o
Zse
{@ A Rs= Zp RL=R1
o
RL’=R2 Rs’=R1
(M) n3fl R;>R, : R,=R Ua¥ R, =R,
Zse
Qe Rs= Zp RL=R1
RL’=R1 Rs’=R2

(¥) NIARG<R,: R,=RUAT R, =R,

119 2.29 esuumIBuRuaudoideiign

F a A

{ 1 o A a . & Y A&
nngli 229 undsduiliadyann i, Fdidvufivaud R, sxdosumundiu R, weldldms
semoadaeIWihen i 1 R, TWunfiga

- unaaduila i arsdenuInaalia1R = Ry

- R, mdefuunadsiufianiian Ry = R, n1saeneafdsvihlugli 229 o1

£
HUIWIN

9

- myageneafiids Wi luuvdeduia lilgrsesvenelunsdifisuiuausimadhves
sy wirleudu R nSo R, = R,
9 )
- nageneamde fhaineeseeneldds R lunsdliidufiuausinesnyes
=] A
200 wdlowilu R nio R, = R uag Ry, =R,

4' &2 ¥ daa A o ' A
%']ﬂ?"l]‘ﬂ 34 U803 ﬂTUWNﬂﬂJWLLﬂNGHQQﬂQT 1uﬂ5mﬂ
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- R,>R R,=R.UAR, = R, falugilii 2.29 (n)

- R,<R,R,=R AR, — R, falugalii 2.29 (v)

Tasmauiuaus z, Tldovuusuildfiianudumugsnimie R, denmves
z, wevild

R,// X t Rt jX,

el

3
Y

o 1< {
Tufe R, sl umuedowdu R, m1naums 1 2.131b

R

2

P —
R

1+( %(P)

wld X =2 (2.13.22)

(2.13.2b)

-1 Xse+jXse
Zp 7
M %_.

1 =

= a
NOBINUIALY

R, gnutfoaflur, Tnede z,

(M R, gt R + X, Tnemah z, = +ix lildevuufur,
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-jXse,+jXse +jXsel,-jXsel

R1

Z.,=F jX_ QN

@) * jX,, Mnannmah z, lddevuudy R, gnidalasmsth z, = F jx, lddesynsy

el
(W
P Jsa A 4 ’
7U% 230 MILUNFBURLAUG 52T R Uz R,

o i- ) 1 U o ¥ Qr
Tasmsth Z, = X, = IR ydavumidy R, 17 R, grulaiiu R, dosynsudy
R

2
Rl
+ §X_, Segit 34 (M) indums § 213 Awex,, wisudux, =R_. R,
XP
R ‘R, R
X —r(R)
1 R2 1 R2
R
(4% -1)
R2
A R
nInZ, = +jR, /—-1— -1
R,
oA iR
UUAB R, // L R R,+jR, }% -1 (2.13.2¢)

Tnemadufiuaud Z_= ¥ z,, lildvoynsufu R, feglfi 2.29 (1) wdmvesdufiuaudy

sel

z, ihlddesynsudu R

R

Z_ *jR, |+ -1 (2.13.2d)
se 1 R
2

Tnemsidenid Zuos z ,, HuduRuaudnlivansedn Sufiuaud R, szgruumdsu R, M1

¥09 Z uae Z,, ansadeudiugaliala 1ddiy
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|Z,| suufu R, = B (2.13.2¢)
Rl
k|
R2

uag |Z,| eynsuiu R= Rl—&* (2.13.2)

v

By
2

2.13.3 Reader Coil Matching Using Quarter Wave Transformer

Tneh R,> R,

Transmission Line Theory

Tx Line
Characteristic Z=Z0
AT II=1

Z{D=R2

311 231 29estaiiouvesaads
.. . 2 . 'V ' Vo 2
Transmission Line (TX) ¥4% Charactic Impance Wil Z, ia215e7 1 1As Aovgil Load 493

a oA 4 T A A o 4? 1 Qs 1 s
DUWLLAUY ZLmau‘wuﬂumm%muﬂgﬂummma 1MZuae 7, : Z(1) 91

z, . ZO[ZL + jZ, tanﬂl}

Zy+ jZ, tan B

Tnefi B = 27 Rad
A
nafifi 1 dhz,=z, widhz,-7, =20) Taelidufuamen
10 ,Bl=—2£-l=27r—1—
T A
9 o 1 L
i mua 1 — = =
A A
AN Bl = 2k
A
) L
Ay Z=27, A (2.13.3a)

Zo+JjZ, tanZﬂ%
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o
af}
£
=D,
[\ ]
ge
—
fi

[ 14
wldh z=z, Teehlddudusmaes z,

2
w2 lai z)=z, ~Zé‘—’~ w30 Z,= \Z,Z,

1

L

o}
af}
£
=,
[F5)
ge
I
ARSI SIS

A luaums Tx Line @iun21ue11nauues Tx Line 191 4, 104 Free Space

A =] A . ] o g & 9
mmmﬂmmw’mmmuiu Tx Line "lﬂJm'lﬂ‘iJﬂ'J'liJli'JLLﬁﬁ Y3 /10 UATUNIT

C
Ao = = (2.13.3b)
f
e C famanuBuaedatisingy 3x10%m/s
Vp
Uagn A= 7 (2.13.3¢)

Taed Vp A®  Phase Velocity
'] Yy V A . . & ' a . a
%3mwuﬂ"lmw p C = v I8 v Velcity Coefficient %Q%%Lﬂﬂﬂ?ﬂﬁﬂﬂl@ﬁ Tx Line ¥1#

9 )
AN U 18 RG 58 =~ 0.66 ﬁauummmmmﬁumm Tx Line 93101
3x10°y

e T

Quarter Wave Transformer

% Tx 13 Characteristic (W11l Z , ans0a§19@783993 LC fagal

- ¢ L ¢ - Zo,?u/4

O O

119 2.32 msdnnamduRuauduumnFeuesaesadaenang LC

Taen

L=—= (2.13.3d)
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1

C= (2.13.3¢)
272,
LRd

igd Cs

Ouipu T8 ™ )
I

Zo Series Resonance

[@ AC R r — N4 j RL:R]
Vee,Vee sat
22=Z0°R1 Z1=Zc*Ro

319 2.33 msdnnumduitauduunFueeeda199s LC (do)

INMINARDINYI P, Y84 Class C Power Amp N0 lUaN192 Overdrive D305 ASK

o

1 2
Modulation 30158119 1.6 Wiwes P, AfIuIMINaNMs P, = Vee =Vur %R
2

¥
@ Qr

' v [ 2 y
Aetiuenaium R, Iu'ldl 1.6 whaes R, ifinn R, = Ve ~Vur %R Aty
0
183

(Vc “‘VCE(SAT))2 (Vc _VCE(SAT))2
¥ 1251,2R, 7 1.25R,

(2.13.31)

2.13.4Reader coil MATCHING cct

—= XC1
.-

3171 2.34 Reader coil MATCHING cct
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MATCHING EQn
Xel=Q,R, . o=
Bw
Xe2 = |1 Bw=— Lt
R, - R 272cpReor
x2=2 |y
Xe,
fnuas 0, .X, .R, wldm R dlu

(02 +1R? - (B, +20,XL)R, + (XL =0

2.14 Class C Power Ampliflier

(Vc - VCE(SAT))2
= 2.14.
Pomax 2Re {ZCP } (2.14.2)
V.. —
A R.=Re {Z., }= ( C2P cssar)) (2.14.b)
OZ (MAX)

ia I¥e11130 Mod §111 ASK 18910 Reader —» Tag Base Drive 94 Power Amplifier : PA

(Vcc +Viopexy — VCE(SAT))
Re{Zq}

sz Ao nweani i ic=

Tan192 Unmod 1158 V,,,= 0 nsmdammeszedluaniag Overdrive Aaiautidues Class C

P A Taeialalezifiugogl

2 2 A
P0z1'622c NI.ZSRC
D @ /
Po=V2/2R¢ @
0

119 235 nauerasseTvEERmIE C
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y
1 ) <! 1 LY
1INNTIMNITVEIeRME C uilensinsaneendiu 3 9 deil
v oA A1 9 S g
#3471 1: P, HArde UA1d1V, < VThreshold , PO = 0
¥399 2: i () Wuwedue9 Sine Wave 6, < 180°

ic

A

0 - — t

0

7
37U 236 nsuaaans drive NITUAYDII9ITVONBAAE C

oA 4 4 4 o
9297 3 : (54 Over drive : i, (1) willuginfiudiu Rectangular pulse 1ndusag1l

13 over drive ic tAeuidu pulse

ic .
A9 Po Audy

>t

3U% 237 n9muaasns drive NSZLEUBIINITVENY C YBUE overdrive
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UNN 3

N1SAHINUAZN1TOBNUVLIIDS

3.1 TAG Power Supply & Regulator

[Rd D5 LOAD MOD
| SOLATOR
M VM D5
¥ N\ DI-D4RECTIFIER l VpcIN
D1 /
. " -
4 o2 1 l TAC
VTAG == (5 ! + +VoD
P, D3 : C VOLTAGE TAG
! L REGULATOR
LTAG ! D4 ! s
H ! Y RIPPLE FILTEC ,,[ 1
1 1
Reader : : (= Tempaoraly supply while Reader off ( SEQ MODE )
i 1 Ly
coil ! 1 —:,'l TAG DATA
| R
t —_
( T~ DRAIN -SUBSTRATE
TO TAG i
i INHERENT DIODE
CLOCK GEN \ i
| LOAD MOD
! DEVICE
i
¥
TO TAG
CARRIER DGTECT (SEQ MODE)
AND .
waduan
TAG DATA DEMOD (DATA FROM READER) SEQMODE
(IF NEED) ity
I 1 I
o10ilnSe hif N 5 RI-TAG H Toff !
| ! 152 3 md
A V1ac(rms) : MOD : : ;
i I i 1
t
2 . I |
FR yusyny : :
DATA RATE 1 1
VDCIN F=2Fin : :
{ 1

1Y% 3.1 usrmsmsSudsdoynves TAG
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3.2 READER MODULATION
~ 12 A
Reader Modulation 81992 §1%30 11iTif 1& Reader Modulation 14iiVedsdoynan Reader
N 4
aléls TAG 1o
A AT .
- ul@sun ID ¥849 TAG : Yusgfiu Application
A . s Y 1 9o
- 13 Pass word ti® Active TAG §18 TAG : 91981115064 ID voaups 1R/
Yo a 1 154 g Y . .

Reader ‘lﬂwuwagiu Reader Zone 1no1siidon1s Pass word YUBYNU Application Lt0i¥ Protocol
VOITTUL

agalsfmy 1Nl Reader Modulation WA%©9 Reader Mod v¢iimadomste

v o o A - & '

wisuify  TAG vutlesnnmunawesdeya 1 dndlunanfimnadimunaves
ARUNITLIN RipplefNAMANATDY Reader Mod 92 Tf1INNT Ripple AAYIA Carrier 1A

~ ] ¥ . . . 43 rQ o
fssuulimsdedeynein Reader Tag A1we4 Ripple Filter Capacitor :Crf 1 AUBgiUsATINS

v 9 VYo 9 9y

9993AUD9 Reader 1Mf1U Tag , % Mod 494 Reader wazguvuvesdoyn jaluvvvesdoya
Y94 Reader 019131

- NRZ CODING

- MANCHESTER CODING

- MILLER CODING

1 OF 256 CODING

~

a a ~ A 1 tdy
‘luﬂﬁmmzw‘wmmmu SEQUENTIAL READER 2guf1UL301 OFF #qTuyenail Cyr 98

I3 { o 1 e A \
imihidudisell 1Ay TAG aasamunaves t, = 3-20 ms Fuunhmunaves

2

= 1)

J 1 ¥ T Q/ L A H [}
aya 14n odemnn lunsdlil A1wes Cyp 1AUBGHUAT 1, B9 Cpp Y99 TAG ATNULLY

=2

SEQUENTIAL 93AMNNgA



60

3.3 SEQUENTIAL Excitation TAG Power supply and Block Diagram

Vpi=ty ! Vew=2v ; |
- e - VREG=2V !
D1,D2 TMP | D3 [ —>
IN4148X4!| . Q3BC549 nyass 1 R20 Q :

|
] 0
P ( b—N { WA
LTAG Cp % J-+CFR Voltage
R 820 PF i Rogulst
_— egulator
> x| )

1 L<10mA
«—ﬂb
210K
CAR. l+ Vee/ Vo
v DET [4.4t04.8]
TAG CAB 22 pF
DRIVER 18JT or CPU O
1 0mA 0.1mA a 0sC 135
1 ) DATA mA ourl_
ouT
ASK 1K 22 pF
MOD
1.0mA
™. T
Buffer :)
I+
CAR
GATE
1.0mA
zﬂﬁ 3.2 SEQUENTIAL Excitation TAG Power supply and Block Diagram
VDCin
A

Vbe ingk

V¢ inmin

v
-

317 3.3 AR ITIRUYDS TAG Power supply
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ﬂ'liﬁ'll!’)ﬂiﬂ"lﬂ'li'lﬁlﬂﬂiiﬂ"lﬂﬂ YONTAG

910 SEQUENTIAL Excitation TAG Power supply and Block Diagram
k4
9 14 Viope = Vocmpe = Vo + Ve +Vsw + AVpcin

S Vcpe IV +2V+2V +2V

Viagpe =11V

Viaore = Viuope +Vp #11+1=12V
Vg PK 12V

Via (rms) = 2 4

MU I,,, DC

8.5V, .

911 Block Diagram awld

I

racpe = Loree + 1cpy + Learaarme askpiop  Lear per + 1z priver

I DC = 02mA+4mA+2mA+0.2mA+1.0mA

Lnope ~ 7.40m4

Praooe * Vaope * Lo pe = (1% 7.4x10 )~ 81.4mw

Py with 25% Margin ~ 81.4mw + (12656)(81.4mw) ~101.8mw

MIMUIUNIA R,

910 Py (AC) = Py, with 25 % Margin
v 2
—ﬂz(ﬂ ~ Py, with 25% Margin
LAC
y 2 2
oty Ry, ~— G (ms) __£57) _ _ 710Q

P

TAG with25% M argin

" (101.8x107 )

o , I 1 :
AU Co 00 Cpp = —290C = foff ~ 3ms iHoilu dms
FrAVye,, Fr

I
Crp = ( TAG De )‘oﬂ ’ﬁh}f AV, ~1
AV'DCin

Cr ZM—S‘)Z3OW
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3.4 TAG Voltage Regulator
m3l4 78105 Limngaufiy mavianld i TAG Regulator ileann 78L0s Fen 1,

v ¥ i 4 o _ o
dafle 3-5mA 1, AeAnszuad IC Regulator Winwiedl 1, = 0 huiludeseonuuuies

out

in
— 78LXX
Im = Io + IQ l Io
IQ ~ 3-5 mA

Vin Qi1 BC549 B,C v
N ° >
R
s R1 I = F > R2 I
Ir; 1 1 9 °
Icy
Iy, = B
. — i Iro= Ips
c2
2N5089 <4 I
l Ipy=lcp=1Ig - Lo L
& B, R3
VRef IBB 2 20 IBZ
LM385-1.2
Yezd
7N
Q1BC549
BC 549 B 80> =200 @Ic > 2mA
BC 549 C 0> =400 @l =2mA
C B E C B E
p= =100@lc =210 A
Is=5911% 10" A
~ Vet = 1235V
@1:= 20A
NC K
R2
= —+1 V; + V.
Vo (R3 ] ( VReF BE2)
Vpg, = Vg b7 [&
Is

)

3 17 3.4 2995 Voltage Regulator
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‘[R2

—==1 min;‘[ozo (31)
I o In A i
8l — ~ Ty
1 +7
ﬁl ﬁl oA/.fAXﬁ R2 =18MX;IOW (32)
1
Ig =1, +1y (3.3)
n3o
Iy = 1,-1Ip (34
‘[R2 .
1R1_7=]c2W:]o=0 (3.5)
lea = L+l
Iy _lec2min;]om (3.6)
B
RO, Vg + Vapa= Vi 8151000000 1)) 000 A1908Y,, arasonlszanes 1 Tae
TR
2 R +R2
V R3
Veer + Vaga = —2
ReF 2 R, +R2
R2
13o vV, = (VREF + Vg {1‘*'"]%—3) 3.7

4 y .
weld v, fanlszanuawaums 3.7 s2@oavh i T, 00
7 Iy =10 Ip our;n 210 (3.8)
Lay I, =(n+1)I,, (3.9)

INANNT cuay f

'[Rl (n+1)‘[B2 ] 1 3 1
T T T oo T dpux \8- .10
L, |8 AR (&) G190
B, Iy ]aAMX+(n+1)‘[B2 I o)
T = Lg1min \8- 3.11
AT 82) G
Bl

vnauny 3.0 wld 7, =

BB, +(n+1)



I, -1
nnauns 3.1 wld 7, _Bilw ~Toax

BB, +(m+1)
ilosnn BB0n+1 daniu
I
=Ly lo =0 (3.12)
i 5,
IBZ ~ 7 Ji
‘EIZL’";—:;XZZIMM;IO = Iopux (3.13)

LM 385 9z l@dnananaseunsii = v, 1edeslinszualnariuesiandes 20 4 A nde
=§ Y ) v ~ ~y ]
Lnet =l ® Iy 220 g A Weldundlodn 1, =20 g A (Brror 921n1nmstaa R 1u3999)
Wi,,= 40 uA vl
I, mn > 40 A (3.14)

NAUAT 3.12 uag 3.13 92 14

I, =I,Max ;I =0 (3.15)
I.=8,1, = L onax
ce 2 B2 L 5 =lomn s o = Tovax (3.16)
1

MNTUNIT 3.16 Llag 3.14

I
I ~ IR1- 24X > 40uA (3.17)
1
4 IOMAX
170 = I Topmin T— (3.18)
by
IOMAX
L, = 40 puA +-24r (3.19)
1
VINANATT 3.19 Lag 3.12
40 I
Ly = A loax )
ﬂ2 ﬂlﬁ2
Vo = Vin-V. Vg,
A .
138 Vin =V, + V,+Vy
e vk = 1v eld (n)

Vin 2 Vo + 17v (3.20)
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3.5013900UUY TAG REGULATOR
V, =475V = 025V (Error+0.25 znannmsilan R, R;,
Error ¥e3f Vg Wag V)
L = 10 mA
Aauauiiavesdagilnyal
Q, =BC549 B 139 BC549C worst case BC549 B f3, 2 200
Q, =2N5089 S, 2100,/ =5911x107" A
Ve =IM385-12 Vi f =1235 V
D e R, TauSu@unn R = vy /lgiVe 1V Iy

fuag ldanneauns 3.19

R = > L4 = IOmAlV = 1538k
ZAMAE 4 40 —2 140
ST

1min

H ! H
R, = ailaldona R fismonld

anlndifesin 1538 k unfige e 15K v3e 18k
H H M M
msh R, griledudin R, dlddwes I, fsdmusliteuas 7., wdes

fimedeioeiiga 2044 1518023 men 17, 1am R, silald Taeldiue R

¢2 min

?n 5% Tumsme I, .

I
Ioymin = W Lo (3.21)
Rl ﬂlmin
R =15k; I., . = 1 10mA 38.49 A
Lo T 105415000 400
R = 18k; Io, . = ! (10mA ot

1.05x18000 400
4' A

a & ' & 1 Aa 9 &
1uﬁ15W%15m1Lﬁ®ﬂﬂ1 R ﬂ'ﬁmﬂﬂﬂ’]“ﬂUﬂTﬂﬂTNﬂ@Qﬂﬁ’]ﬂﬂ’]ﬂﬂQ’ﬂ LW@%zllmuﬂ'ﬁﬂ"I“ﬁ@

F4
deriuaz ¥ R1 =15k vSo R1= 18k Ala 391
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2) M RsmﬂmeﬁS 312 I ® Ly /18K =55.55 uA

WA Loy & Towax/ Bomn ~ 55.55 #A/100=0.5555 A W 1,=201,..

Iyp=20(0.5555 A )=11.11 LA

Aves vy, wawsodssanalddiu v, & I, Ry =V, + V., (3.22)

unsifis linasyszanne vB2E2 §a6 0.7 v iffeenin I, SNV, AasfLImeIn

auns laTon Tnelden 1, w3e IS 44 Q,910 SPICE Model

|
Ve, = Ve ® Vp £ 77[—10*2} (3.23)
0

Toovax ® 55.55 A, 010AUMS 3.21 ,R =18 K I, . ~27.91 yA

I ~ 55.55/£A;27.91,uA _4173 uA

0.5896 V

) -6
Vi, W08=26 x 10° én{41'73><10 } ~

5911x107%

Vi, ® Vgt 05896 ~ 1.235+0.589=1.8246 V

Ve, _ 1.8246V
I, 11114A

R, =afiilann R, 1% R, = 150k 30 180k

R, ~ ~ 16423K

u R, = 180K
fen

3) w1 R, mnaunsez 18 3.7

Yo
= -1 (3.24)
(VREF+ Ve )
4.75

R, 1235+0.589

o |

-1=1.603

wld R, =1.603R3 = 288.54k

1 f P
flom1 R, wlds R,

nandaum R, R,,R, V, wilsnlsenm| R, = 270K

A 270k
V., ~ V. +V.. ] 1+22 |~ (1.235+0.5896) 1+
0 (Ref B“{ AJ ( { 180%

3

J ~ 4.562)
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3.6 M3U5uU99e e lAlingaaniiA LINE Regulation A
2

1
=

] ] 1 4 [ 1
ms# Vin Baunudiu vld 1, wez 1, fawiniu (7, =aef)msh I,
2 & 2 & s & v 3 o wa
Ay Fld V, indu - 7, sindu sienansod§udgeses e ¥gaaud? Line
o

Regulation A%u 18 Tae m3nlfien R, §luaees nszuened

LM 334 3 - Terminal Adjustable Current Source

-
- 63 R V'V 208V

g L @2uA<I<100pA

v I ] Iy ERROR 6 % MAX

vt R V-~ l . @ 10pA <121mA

@T =~ 32°C[305K]
;ﬂﬁ 3.5 W99 Adjustable Current Source

_69.24x10°

27x10%V /K
o Regr
RSET ISET

2pd (Igr <1mA

ISET

daud i A I, weilfounugungll muesly, NlFlureesilinini1 200 4
3y
— 1 YY) P t A . 2N
V-V e 1V sy Py ~ 200 99z ldifadn1ag self Heating PUNNNUDI LM334

£ e
Tuas %iRegulator%SﬂJuﬂgﬂUﬁﬂleLlﬂﬂﬁlﬂil

Temp Iset % Error
17°% 65.83 mV/ Ryzp -4.92%
32% 69.24 mV/ Ry, 0.0
47°% 72.64 mV +4.92 %
69.24x107?
Ryp = ————— = K

30/_&44.]0&

1



68

BC 549B OR BC549C

Q1

Lm334 v

v R Iy 1
ISF\'

Tez Y

A

%

2N5089 Iz _l lr2
@2 -
Iop
R,
% LM385 §
/7L Yo

717 3.6 2993 Voltage Regulator Tnal¥ LM 334

[RNELY” ST 12;”(;4 +40mA = 6514

1min

' ' 6924x107°  69.24x1073
Ry =R = T T 65%10°

]SET

=1065 Q flash R, '8 R,

4 3 <]
1n R, A4 fwes I, swdiu

R1=1K
69.24x1072 69.24x1073
Joow n 227778 =T 26924
SET RSET C2MAX lK /JA
I 6924 %1073
I o SC2max _ 27 = 0.6924
82MAX ﬂngn 100 /JA
Iy = 20 15, =20x0.6924u4 =13.848u4
Iosin = Lomes — 287 3204
B, min
10x1073

Iy =6924x107° - ———— =4424
C2 min x 400 /JA
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1, MEAN — Loz 21(;2% ) 44.24;&4;69,24;1/1 56744
-4
Vg, ® Vol Leongan. ~26x107%¢n &XIO_IS— ~0.5976 V
1, 5.911x10

" Vag, +1.235 0.5976+1.235

~ ~132.34 KQ
Iy 13.848x107
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T ! A \ v 4
daf1 R, wazm R, weld v, farlndfesdufidesns

¥
- v

=R A 1 dg ya A gy
ﬂﬂuu%Qmﬂﬂﬂ"I‘Vlslﬂﬁlﬂﬂﬁlmzﬁﬁlﬂﬂﬁﬂﬁﬁlwﬂqﬂqqﬂ

R3=120K

Ry Vo | 475

~ ~ ~1~1.5919
R, Vigriross 0.5976 +1.235

SR, ®1.5919x R3'~ 1.5919x120KQ ~ 191.003KQ2

Sotureifenld
R2=200K
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Vox V. +V, 1+—=|={1.235+0.5976} 1+
o ( REF BE2{ R ( 120K

3

jz 4.886V

3.7 m3dSugaluaaniues TAG Voltage Regulator
4 dy v vy o a .
IUB491N Voltage Regulator Nldvonuun3edusziunseua I current consumption
38 No Load :ntszunms 100 u4 9ldshimsulaeousge Voltage Regulator Tneld HT7150
£ o . 4 a . ~ 9 =]
ayadlu High Voltage Regulator $INUNTTUT Ly current consumption AT No Load HDENIIHY

A . P o . .
HT7150 9AUAILLE I current consumption Uszansd 5-9 14 a9z 14 Line Regulation
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Vin m Q Via HT7'150 Vout ;/out
series
T O 18v
“7HE T GND Tioue T oapr T IHF
N . <
common /) Single point GND common
7
o .
7UN3.7uam9n1360 HT7150
3.8 3397 SEQUENCIAL TAG(naaa)
D1,D2 TMP D3
IN 4148 X4 Q3BC549 14148 R20 Q
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+
13.56 MHz VRF l R % 42025 CFR Voltage
< n__“_; 47MF Regulator
‘ S 2K L<10mA
S 10K
2sc1815 T Vce z
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5 22 pF
ouT ™
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J; oUT ouT
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2R
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3
)
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BF324 "
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il 39KS O e T L T 1
i PN8
1.74H 5K
HCD TAG
X

519

3.8 2993 SEQUENCIAL TAG
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3.9 Masneaol TAG

+12 27Px2
Tosymz] 2
220Q) b \ /
4v7
+47 UE 5000 § 4%7 10uF
100 n L AAA— 100 n
it M 1k
/7L /77
EIOOIJH
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@ (@ ® Wi ¢ ToTAG
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33MH

Sk /7L <]> NC NC NC
oYo¥cXo¥oto

VDD RSTCIK CE CO Q9 Q4 Q8

HC 4017

Q5 QL Q0 Q7 Q3 Vg

0@069000
NC NC NC NC NC NC NC

3% 3.9 WeIVAdOU TAG




72

3.10 19309814 (Reader)
3.10.1 VQURYDI29959 Reader coil
PINAUMIT 2.10.2f
2, (a2 + r2)3/2
 27fNOS cos(a) ,a
o &

aiu  (NI)rms %89 Reader coil drive 9214

2VTAG(M)(612 + rz )3/2
2848(NQ, )4 cOS o0’

Tnef S = TAG Surface Area

(NI )rms =

(3.10.1a)

@ = YuYBICoil VDIReader MUCoil VYBITAG
Q = Radius 4949 Reader coil
r = STUSVNILNIN TAG AU Reader

4 e . '
(NQL )T 4o JHDYNU TAG Coil Uag Load Y83 TAG Coil LRVERNTLY ( NO; Vo

G°

Asznsrwen (M), 99 Reader Coil

NNOBYVYDINA5 Parallel Resonant

1
To =0 20ic - Cp
B - 1
i 272CpRor
RTOT =rp/l Ry,
0, = ——]—{i LQ, :Loaded Q)

BW
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RTOT
y ““
LTAG VTAG ‘} Cp § rp RLAG
vIaG
|4
i -3dB
Y
BW _
0 fpk FREQ

3 1/#13.10 2995 Parallel Resonant and Frequency Response

fiB Equivalent loss %89 Ly, uj19959u11

R, 70 Equivalent Load Y84TAG

(UN Load a)

rp
Ls

3UN3.11 Equivalent 494 TAG

OOl _ TP
rs  alp

Lp= Ls(l + é]

rp = rs(l + Q,f)
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3.10.2 MIAIUINYBI19959U Reader Coil

mssnamma (N7),,, ¥99299590 Reader Coil DriveTAG Coil U Rectangular
loop 1A ~(5.5x8.5)m> $waulsey (N=-D1¥am  NO 27 Fafleh Bare diameter
~ 0.36mmungi Total diameter ~ 0.4mm Fanfinand 1356 MHz V., e #11.0V
WO Ly pe = 7.40mA
AUIUMIA (NI)_, ¥BI99939 Reader Coil Drive
rfunoufil Liac
dedmuld
X : Averge widthof coil ~5.5 cm
Y : Averge Length of coil ~# 8.5 cm
h:Coil height 0.4 mm =~0.04 cm (h =~ Total diameter)
b: width of cross section
Tasfi b= [ GWIUTDUYBITAG Coil x Total diameter) + (§augeshuduan x0.1)]
b =[1x0.4)+1-1)0.0)mm ~ 0.4 mm=0.04 cm
c= X+Y+2h = 55+85+2(0.04) =14.08 cm
SIETOMIA Ly, @nnaumseeltd Tas L, =Ls

TAG

_ 0.0276(CN)
1.908C +9b +10A

Iso 0.0276(14.08 x 1)°
~ (1.908x14.08)+(9x 0.4)+(10x 0.04)

L, = Ls = 01981 MH

91N

(uH)

9 v

*Juneui2 M 1, MPu Y09 Coil
A o 3/
Wetmuald

I, | AnmeYeIaIATaNIA ~ OIN(X +7) ~ 2x(1)5.5+85)~28 cm ~ 028 m
7r(d)2

A :Cross section Area of bare wire =~ 4 d : Bare diameter

P :Copper Resistivity = 1.8x10%  m
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A %(0.36 x107f =101.78x10~° m?

rlde) Pl (18x10°x028) o
4 (101.78x107 )
-2 -2
66x107 _ 66x107 1000

1
O : skin depth =~ ~ ~
p J Mo J7 A13.56x10°

~ 036x10° m

~

§

D:Bare diameter =~ 0.36 mm

h d>25 wld

A, w0079 z%(d2—(d—25)2)

A mzk0.36><10‘3 ~(036x107 —(2><17.92><10“6))Z]

v
NI 7,0 1A 4, ©19.258x10°  m?

-8
._.rs(AC)NPlT=Q.8x10 ><o;§8)z02617 o
A, (19258x107)

6 -6
Quz27ﬂ,sz27rxl3.56x10 x0.1981x10 ~ 645
0.2617

Fsuc

ﬁ t lllslw ci’
131 13J15€l14”|ﬂ”lrp(Ac) AU

1 1
L =Ls 1+—1{=0.1981x10% 1+ —— [=0.1982
’ ( Qz] ( (64.5)2) H

u

P o) zrs(AC)(1+Q3)=O.2617(1+(64.5 )2)le89 Q

E4 H
TUABUA3 MM Cp (Resonant) , Ry, Q,, NQL
]
nandsudunidama Ry, wudahifidwhdy 710 Q

SISOV Ry 19AST
Rror ® Fyacy !/ Ry(ucy ~ (1089)//710 Q  ~429.78 Q)

C,~—; 12 ~ ! =695.40 pF
27 f*Lye 4*(13.56x10° f x0.1981x10°

Bw~x ! ~ 1_12 ~0.5325 MHz
27C Ry 270(695.40 x10712 [(429.78)
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fox _ 13.56MH:
B, 0.5325Mhz

Q, ~ ~25.46

NQ, ~(1)x25.46 ~ 25.46

9 ¥ v 9 y 1
AMUBFLANA AT UaDUN 1 D9TURa U3 Taeld N =234 o2 Idnadniaen1s19is.



Loop size and wire parameter
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TAG Parameter : Operating FREQ 13.56 MHz

Loop size ~ (5.5 x8.5)cm” Vesope 110V, T, 00 ® 740 mA  Propc ~ 8140 mw

wire : Total dia 0.4 mm Vi pc = 85 V., P with 25% Margin ~ 101.8 mw

NO. 27 Bare dia 0.36 mm Equivalent R, ~ 710 Q
Turns | Hieght | Width | X+Y+2h | Ls TOTwire | rg, Ts ac Qu Lp mac  [Rygac| Cp By |Q NQ,

N h:(cm) | b:(cm) | c:(cm) (MH) | Length (Q) () (MH) Q) () | (PF) | (MHz)
1;:(m)

1 0.04 0.04 14.08 0.1981 0.28 0.0495 | 0.2617 | 64.5 0.1982 | 1089 429.78 | 695.4 | 0.5325 | 25.46 | 25.46
2 0.04 0.09 14.08 0.7796 0.56 0.0990 | 0.5234 | 126.9 | 0.7796 | 8429.2 | 654.84 | 176.7 | 1.3755 | 9.858 | 19.716
3 0.04 0.14 14.08 1.7264 0.84 0.1485 | 0.7851 | 187.35 | 1.7264 | 27.55k | 692.16 | 79.79 | 2.8818 | 4705 | 14.115
4 0.04 0.19 14.08 3.0215 1.12 0.1980 | 1.047 | 245.87 | 3.0215 | 63.29k | 702.12 | 45.59 | 4.9721 | 2.727 | 10.908

A1519M3.1TAG(N - O, )ProductCalculation




78

v
L

TUADUN4 ¥Ie1 (NI)_, Y94 Reader Coil Drive
10
/2
27, 24r?
oD 0 & 1)

o 27fs (N (o5 )TAG Cos (a)ﬂoa ?
Taofi Vo, oy =85V,

(A-T)

< 3in ————*>

gﬂﬁ3.12 Reader coil (3x 6)in’ Loop
a =Radius 9849 coil
Reader coil (3x6)in> Loop 1sz1a31&lu Loop 29nay

2zl az3—;’1z1.5in~38.115x10-3m

Cosx =0.95[+ 18" Margin|
S=TAG Surface Area
Uy =47 %107 H/m
f =13.56 MHz
Feuez 18

2(8-5X0.O381 152 + 2 )3/2

NI =
Do 27(13.56 x 10° 4.675x 10 )0.95 Y x 107 J0.038115F (NQ, ),
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_ (24609.47964)0.038115% + 72>
” (NQL )TAG

naduseun 3 18 NQDras  ~25.46

sfuld o, =(246O9.47964)2((;.(i?;8115 +r2)

(ND),,, = (966.594)0.038115% + 72

(A-T) (3.10.2)

(ND)

r (Read Range) : cm (ND_, : m(A-T)
0.0 53.52
1.0 59.14
2.0 77.09
3.0 110.31
4.0 163.04

A1979M13.2 A1979Read Range 11 (NI) _, 1 (NQ)),,, =25.46

3.1030139NIUUTONAIN.Q | Y84 TAG

NAMIAIIMNUD 9zlia N Ahldifes N.Q, Maximum SusamnsndendI N fim

a 4 [ ' g 4 a a ] o
TWaadouly N.Q, iy tsnhezidond N W flesnnbs (NQ),,, HABege Aegiinaily
A Y [ =] - v g A 1 A
(NDppys U904 Reader Amtios ugod1elsfay envlinnudauduiniy ndnfe
A 9 a . a g = - & o 9
1 o 1 iNARaYDS Load Modulation AA3UA Reader coil ‘h‘ﬂ‘]ﬁ”lﬂ’a’iﬂﬂﬂ

Nppe >N

Reader

READER TAG
Nrd NTG

-—
—_—> .
ird itac
VTAG RL

l

JUN3.13uanemsmileniues Reader coil &TAG

r
- ————
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PNNANAITUDY Transfer VLWL

N. v
Ai, =~k = Al Ay, & —HG
rd [ N,d ] TAG TAG ARL

A . . { 1 3 [ .
18 k = coupling coefficient UAULIYAINNTTLHI9TEHINTAG U Reader coil
9 ~ ) - ~
MILELTNNAINBVANIAURDN k ~ AgH
wold Ai, Hdwnn Awes NN, 1sdisminadnl vie N, >N,

2) giluuuia lvesmsdedsns vodReader coil 930¢11U31/U42995 Resonant e lilinszua

Tnarugaga
Reader (ﬁs Reader coil
Y Y N
PA 1i
—
Po
§ RT
7UM3. 14400301560 N9 Power Amp 11 Reader coil
< . . 1
NaNIT Resonant — jix,. =+ jx,,, X,=— X, =L
wc

a . . 3 [ Pl { o o {
duflur,c lugannd jx,, — jx., slinwifugudiniuiResonant fdslwdh B, #

v
Y] % o

2997 PA Yusenin sxazioundulilds PA vianua vin R =0 w2 liifAanusni PA

v 14
<

219114 PA Bevie anazfifadutl 56017 Total Mismatch 1138 SWR = o



81

Alaclslccv

[ v
el dslwih P, f2993 PA duvenn azteundulids PA sinua wwdesde

R tinlffiues iegandiu Mddlvia PA dusenin §1R Tiswidu R, v0ePA wwifin

H
[ [

A1 MAXIMUM Power Transfer P, #1 PA duoonun 9¢ luazAounduau PA e PA

axiinnudeudifige g RE TN Perfect Matching 130 SWR = 1.000
Tunsdesssieneuild R =R, vo1 PA Felumatlfiavienunn

éa"lﬂﬂi”lﬂg”u L waz ¢ 1ly L ,c Tugaund mmé’humuﬁtﬁﬂﬁuﬁﬂma%5 seilumasay

VDA 1 HAY 1y UAY R, TUNITNWUDN

Reader coil .
Cs Reader coil
ros CS nd rsL fl Y
AAA | YYY) AN H
s d ! ’ -
iRd

RT= recs +Isi+Rext
Rext

g‘ﬂﬁs.ls @99 Equivalent Reader coil

fasIvifh e, 71 p, 9zdosdiy aiien

2

PO ~ ird ms RT
2
W3 RT = I.scs + I.SL + Rext
NI
L irdnns = —-—( )'m’
N

Reader coil
wiol¥ Po fianleni,,, szdesdfidwlon el i,  Jrles 1xdeeld Reader coil ]
UIUTOLUIN

H y v ¥
Tuvniziduauseuves Reader tHudU §1N,,, <N,, #a¥83 Load Modulation fitl31ngste

v

Reader coil 9aAMNYIN Ny, WlH (N.Q)p, MAXIMUM imée wu N, #imild
1 v @ o3 ] { o A A Aa
(N.Qyax MewinAL 1 ¥l 1 Rmefiezinl? N, > N, Tunsdl WeliiRamaves Load

] 1 9 9y
Modulat N¥a1nuiiga N, szfeeliswiiy 1 ufe i, wwdodidwindu shld p, voe p, i

4 &
INTEVEIAT]
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o o v
UBNIN PO UYL ird ud2dsiusgiua RT 8adae Node Neu15092 Detect M

v94 Load Modulation Hanudiullld 3 Node

Reader @ Cs Reader coil
PA !l : Ja'a'aa

Cin :f — Cin §RT

_____________________________________ = Cin

!
f

gﬂﬁ3.16 LERINITAD Cin V992995 data demod 484 Reader coil
ﬁ Resonant
Av1 =Ai R,
AV3 = Alrd(]eT _rscs _rSL)
Av, =Ai,, (+ JoL,, + (RT Vs ))

Node THWIZAUAD Node 1130 Node3 7 Node 2 v, WYNI v, UAg v, YN LAY input
capacitance ¥842495 Data Demo Y84 Reader 95 6Mafi19995 Resonant Aoudeun luumed
Node 3 #9494 Cin Y992999 Data demod %zﬁwaﬂswuﬁaﬂ‘ﬁqﬂ N1N#D Data demod 171 Node
1 Cin 4943493 Data demod 9190Ha#© 7995 Matching Y04 Reader coil

f1 R, UoNn szlinadon P, ¥o4 P, ud1 Saillwado BW 404 Reader cct @98 BW A3
WA 9ZA Modulated Side Band

2R,
L rd

BwW=

A
ifioann R, Wuwasanves r , 1y WATR
R, A8 - P, v09P, tooag
-BW uAuaq
a 2 2 v 4
-29935 MATCHING 928 Error $inAY unz U5uenniumaves

o
UAY 1 WTNALINTY 51919R UMY 1y UA T

~

SCS
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A 4 4 4
R; ATHNIH -PO 984 PA WU

Y
-BW nA9du

2995 MATCHING 93 Error Hi9a9 uazSudendi

NNNINAIMARBY AR, ~10-20Q FhldEmsUsy Match lalennidulalin (R <R))

3.10.4 MINIATPower N Reader coil Drive Glﬁ'ﬁﬂ TAG

1N919519913.1 TAG (N.Q,) Product calculation {38A§11IUTOUYBY TAG Coil §117u

3500 (N=3) 9214 (N.Q),,, = 14.115
4 1
AaHUINENIN3.102 (1T 71)

_ (24609.47964)0.038115% + 2}
” VO )i

/2
Y (1), = (24609.47964)0.038115 + 72
™ (14.115)

(NT) s = (1743.4984)(0.0381152 + r2)3’2

(V1)

(A-T)

r (Read Range ) : cm (ND,,, :m (A-T)
0.0 96.54
1.0 106.68
2.0 139.04
3.0 198.97

M1319913.3 #1579 Read Range 11 (NI)__ 91 (NQ,),,, = 14.115
910915199133 1800 (NI)_ = 198.97m (A-T) Hir=3 cm
{eN$ MU OUYDI Reader coil iW11AY 1.8 59U (N ~1.8)

WenR, #20Q (O =~5)

auiueeld 1__ 90 (NDms =19897m  (A-T)

ms

198.97x107

AN~18agla 1
1.8

(A)

I, ~0.11054 A
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Fathunn P =I°’R
e P~(I,. PR, Jile R, =200
wld P, ~(0.11054)*(20) ~ 244.38 mw

Margin 50% 9214 P, =244.38 mw +I%%(244.38 mw)z 367 mw
fv=5v

(Vc "VSAT )2 (42)
— ~ 7~ ~ ~ 22 Q
Vee ~Vaa)= 4V . Zc 2P, 2(367x107)

3.10.5 Reader coil MATCHING CCt
MN1sNUYARIAYDS Reader 10819 Loop (3x 6 ) in’ $112U 1.8 59U (N ~1.8) udawhnis

FAMAAININIENI Loy mag) HOSAND (Fy)

wld Liow mzp = 166 uH
Seey = 66.3 MH,
o : 1
A C, nn C, =
4z 2(/fself )2LL0WFREQ
C, = ! =347 PF

47°(66.3x10° J (1.66 x10°)
Fafud

£=13.56 MH,  XLiopmy = OLyop prap = 277 x13.56x10° 1.6 x10)

214 XL omrrsg = 141.43
1 1

R A i (P TT) (PTMTEC) e
Fatfu Z = (jXL)//(<Xc)
Z = (jl41.43) //(-j3382.45)
Z = +j1476

147.6
7 x13.56x10°)

=1.732 uH

- L =
* * *~Re ader coil
(2
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XL

~ Cp 3 Liowrrea Ixm a1

51/13.17 uetsReader coil MATCHING CCt
NNNIT MATCHING
wldm r, @y (@2 +1)R2 - (R, +20xL)R, + (XL =0
#M3 MATCHING R,= 50 Q fuR, 10819 Loop 3x6)in® XL

13.56 MH, = +j147.6 92 laanuduiussznin Q AR, femsed 3.4

Q R, (Q)

3 43.65 49.90
5 24.52 34.17
7 17.67 24.65
9 13.91 19.09
11 11.50 15.52
13 9.82 13.04
15 8.58 11.23

A191993.4 ANUFNR LS50 Q U R, Loop (3x6)in’ XL =+j147.6 iag R, = 50 Q
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3.11 290518l vo unsoss (Reader)
3.11.1 Ac source Power Amp 4949 Reader
195 MAIUYDY Ac source Power Amp V99 Reader 92U52nauaie 3 42U Ap
1) 2995 OSCILLATOR 13.56 MH, W% NAND GATE
2.) W95 SEQUENCIAL ON (3ms) , OFF (3ms)
3.) WIINAYY ( Drive )
1.) 3495 OSCILLATOR 13.56 MH, 0¥ NAND GATE
Tuduwes993 seadammed sxvmii Waadyauaus 13.56 MH, Wofle

Y3

defgygIMANND13.56MH,AINAND fiu deyane SEQ CTL #1145U91n2995 SEQUENCIAL

o9

ON (3ms) , OFF (3ms) wozvihwmtindlun1ud mput 192995 SEQUENCIAL ON (3ms)

L3 g] o d' ‘é
,OFF (3ms) 1az193 luduilezsan e imihaduNAND GATE #sazld HC 00

Vec=5v
From
1?3“': SEQ(ON 3 ms,OFF 3ms)
14 /J7
10F 50
X 1™
To SEQ p
13.56MHz 390 <500
0—”] l Pulse Generator g
18pF I T 27pF To drive

g‘ﬂﬁ 3.18 3493 OSCILLATOR 13.56 MH, 16 NAND GATE

2.) 7993 SEQUENCIAL ON (3ms ), OFF ( 3ms )

luda19992995 SEQUENCIAL ON (3ms ) , OFF (3ms ) s¢ad141aeld HC 4060 fiu
#1319 PULSE GENERATOR #uifiennniufives CLOCK output 5y 1655 H,
(13.56MH/,13) ¥303A10 (T) 489 CLOCK output U52370s 500 s 9niuthn i output 71

18910 HC 4060 Tiflowilu CLOCK Frequency W HC 4017 #silau@ues CLOCK
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Wy 165.5 H, (1655HZ /10 ) ¥500M 10 (T) iUl 6ms (1/165.5H, ) ON (3ms ) ,OFF (3ms )
mﬂﬁ,'lu'ﬁqﬁwﬁmumgm SEQUENCIAL fide’a/ NAND fudyanuawd 13.56 ME, #1400
2995 OSCILLATOR 13.56 MH, 1ia2 NAND GATE Ipg Ic fiimih#idiu NAND GATE 124
HC00

+12

2200
av7

+47 JF From Oscillator
100 n

@ééﬁiiim

Vo Q0 Q8 Q9 RST IN OUT
0osC

HC 4060

OUT

Q12 QI3 Q14 Q6 Q5 Q7 Q4 Vss
OJOXOXOXOXGKO,
NC NC NC NC NC NC

e
Pulse Generator

100n/J7
NC NC NC
19 (9 @ (» @ (0 @ &

Voo RST CLK CE CO Q9 Q4 Q8

3 Py
> od

To Oscillator

HC 4017

Q5 Q1 Q0 Q2 Q6 Q7 Q3 Vg

ODLOOOLOOO®

NC NC NC NC NC NC NC

71/13.19 1995 SEQUENCIAL ON (3mS ) ,OFF (3ms )
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3) 195N WYY (Drive)
Tud 999199501890 (Drive) veimrhnlumsdusdsfimuzan1¥sunia Power

Amp TasmsisuanudunudSumld 500 Q  ludauv892995 OSCILLATOR 13.56

MHZ 48 NAND GATE 319 Pulse generator 1¥f11299501A90 (Drive )

P, =70 mw
(Vcc - VCESAT )2
Re(Z, )~ ~140 Q
2P,
(Vee —Veur )= 4.5V
Vee=5 v
£ 10
22/16
- 1t +
i
77 LRFC
} 100pH
Zo
10 nF
———p———o0
To Power Amp
From © Thn [~ PN/MPS2222
Pulse
Generator 33MH
or 3 § 1k
39MH

7 /;7

717320 29957 adY (Drive)
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3.11.2 119 Power Amp

FP,=05 w

Voo —Veg(sat))~ 4 V

2
RC(ZO)%’ (VCC - VCEsat) ~16 O

2P,

Vee=5v

LRFC1

100pH Zo

To Reader coil

-y
Zin - KTD882
o> K :f 100pF
From Co
Drive L»
LRFC2 3 § KTD882
5.61H 50 L .
§ 8 ':r '.|8
77 7 ST ST /%7 77
7Y% 3.21 299510 Power Amp
Q ¥ a o o Y 42’ A Yo & 1 A a
WITH1A Power Amp ‘i]&"ﬂ']ﬁlﬂ‘ﬂiﬂﬂ'ﬁ‘UfJ']Uﬂ'mﬁslﬁqxﬁqJULWﬂ‘lﬂﬁJanN?NL'WUQWE]VI%S

1 [V ] 1 . 4 o 4 P v
ﬁa"lﬂﬂamumm TAG WIUNTY Reader coil HI910MTATUIYU Power ﬁlﬁﬂﬁﬂﬂﬂﬂzﬂ‘ﬂﬁ’JTAG

TWemnsovhauldfe £, ~ 24438 mw ud Margin 50% 1218 P, ~ 367 mw

uariei g Tiulvhamnsademdslifud Tac Idfsmetsoonuuu1¥nin Power Amp

¥
=

inmsvneiddddgeiudu 2, ~05 w

Y

Tudam94N590AUUVNIINA Power Amp 92 1¥Ms T MRS ILIOT KTD 822

o

Wuwaaslugii 321 shnsesnuuulflidanwnemdedszun 85 dB 7



dy ~ N o 1 v =~ = ' gj ' v ) v o v
wnansiiduenansianubidmnsunislynuionisfnewniu lueygslnillydssleguaunisan

I S RV R e gy & voY e ¥ Yda _ov g
lunnsdllag Nvdu Sansmuiilvdauwdauilonuaznesenddiuatvesenarsynasaninisinlly



dy ~ N o 1 v =~ = ' gj ' v ) v o v
wnansiiduenansianubidmnsunislynuionisfnewniu lueygslnillydssleguaunisan

I S RV R e gy & voY e ¥ Yda _ov g
lunnsdllag Nvdu Sansmuiilvdauwdauilonuaznesenddiuatvesenarsynasaninisinlly



dy ~ N o 1 v =~ = ' gj ' v ) v o v
wnansiiduenansianubidmnsunislynuionisfnewniu lueygslnillydssleguaunisan

I S RV R e gy & voY e ¥ Yda _ov g
lunnsdllag Nvdu Sansmuiilvdauwdauilonuaznesenddiuatvesenarsynasaninisinlly



dy ~ N o 1 v =~ = ' gj ' v ) v o v
wnansiiduenansianubidmnsunislynuionisfnewniu lueygslnillydssleguaunisan

I S RV R e gy & voY e ¥ Yda _ov g
lunnsdllag Nvdu Sansmuiilvdauwdauilonuaznesenddiuatvesenarsynasaninisinlly
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° 7=Y o o 1Y 1 . . .
st neIna A flulsessiinnIaneuuudiue 18 ( variable Schmitt Trigger )
& <t a ¥ oA P p o o
"INL{IN’N‘ﬂitﬂiﬂﬂtﬂﬂﬂttiﬁﬂuﬂ)‘uﬂ'ﬂuﬂ “ﬁ\?ﬂTﬁﬂﬂﬁﬂﬂﬁﬂﬁ)uﬂﬁ‘ULL‘U‘lJ‘U'JﬂIﬂfJﬂTi
o @ y o o A a Y 2 g
HUIUDIFYIN Input ﬂTﬂﬁ’JNu"ﬁﬂﬂ@NﬂﬁﬁJL‘WﬂL’Lﬁﬂllmﬂllﬂﬂﬁmﬂﬁm Input ¥99299590LA7
° YA 1 1 4?’ 1 q’:
ﬂg‘ﬂﬂ,‘ﬂLﬂﬂﬂTﬂ’ﬂNLLﬂﬂﬁNﬂluig'ﬂ’JN Output 14 2 91017

AIAIUIUIITNIN A

nnaestmuald v duussdudeds (vren uag v2 Suuseiy nput vos99392
T8nsmnmauiAvesases 51 1

w1 Vth 110 11=12 , 1 (4K7+4K7)=R1 , 2M=R2

Vth _ Voh~Vih

Rl R

7 L N
RI'R2) R2 Rl

< pihe_ Voh V1

+
R2 L + L Rl 1 + L
Rl R2 Rl R2
Vth = R Voh + R2 V1L,Voh=5V
R1+R2 - \Rl+R2

th = (_Z@Ljsv " (——2M—]V1
24K T)+2M 24K 7)+2M

Vih =234mV +V1

11 Vil 910 [1=12
Vil-V1_ Vol -Vil

R1 R2
Vil i + i_ = @ + E
Rl R2 R2 RI
Vil = Vol V1

+
R2 —1—+—1— Rl L+—1—
Rl R2 Rl R2

Vil = Rl Vo2 + R2 V1,Vol =0V
R1+R2 R+ R2

th:[ R2 V=Vl
R1+R2
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v '
= o ?

NN MaNTAYRN9IAe §1i9 1 ﬂ1mmu¢mmqﬁtﬁﬂ%uﬁwiwﬁfgnﬁm Output
a2 amaedl szfend « Fameda (Hysteresis) * LagANNAIavesan1Ig Famosae (
Hysteresis Width ,Vh) gnfiniualag Vh=Vth-vil

dariu Vh=Vth-Vtl=(22.4mV+V1)-V1=23.4mv

éj e ' 1 R o o $
99z IdnamaaaniAvesisesuazilaiiu s3wine Vin fu vout fegtl # 3.27 uay 3.28

Vout Vout
Voh=5y —»< Voh=5V
A v 7 ' ‘ /
Vh /
A Vit -\ 4
Vol=0V <——p4—p Vis=V2 Vol=0V >

0
V=Vl  Vth=234mv+V1

1 327 nalgueniAveses 519 3.28 glaAusendng Vin fu Vout
¥
a [ = . 3 ]
nnnsmesineladeiifonio Vin (V2 159910 Evelope Detector ) 513N
3 : ~ v . A1 g 3 =2
Vth(23.4mV+V1) 9218 Vout=vol(0V) asfaunm vin(v2) swddidni1 vi=vi seez'ld
g o QU b g { Qs

Vout=Voh(5V) @9zt ludnuae il lil§eeqqdlinmsnlfeuulasdoya o mput
(Vin 730 910 Evelope Detector Signal)
MIRINI1NesMa B ifluaees sinnsnnesndumanverting Schmitt Triger)

é] = a Q a 2 g Qs [ [ o

gadlueesnlSeumeuuswusiianileteends  vanmsilounduuuuuanlnemsi
Q/ 1 o a d' = - QU = ]
a1 Output YaWwhndumdloumenSeudeuiudayann nput ve929959nuaz 929

) Al v g 1 g

THifasmanuuenA19UIENI19 Output 113 2 A1z

NSATUINIGINIA B

wesnnmstounduuuuyanildussdu Ouput ¥o93993 Vout nlfsuntlasey 2
A =) - | Q' L
an1g Aip Voh uaz Vol Iaelisveusesdudiacy (Vi vil) whdy

11 Vth 92 14 910 11=12+13
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Vth _ Vee —-Vih N Voh—Vth
100K~ 100K 100K
3Vth =Vcec+Voh

Vih = Zﬁc—;@ (Vec = Voh)

2Vece

S Vith= =0.67Vcc =0.87(5) =3.33V

w1 vt 9214 910

Vil _ Vec— Vil Vol -V

= +
100K 100K 100K
3Vtl =Vec+Vol

_ Vec+Vol

Vil Jol=0

v =Y _3 _1 677
3 3

SVh=Vth-Vtl
Vh=333-1.67=1.66V

4 2 ]
Haeg IdnsnuaniAvesisesunsgUadu sende vin fu vout degtl #i 3.29 ung

3.30 @AY

Vi
Vout n Vout
A < A ‘
Voh=5V >t > Voh=5V
ALY Vvih
Vh
A A\ vit
Vol=0vV -t >t - Vin Vol=0V
A A
Vth  Vih

717 3.29 nymlgauiiavesaees 717 3.30 JalRdusEMI Vin fU Vout
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t4 x
a

nnnaseeiueldasdifede vin Jmwnand vih 9218 Vout=vol(0V) aefi
A ' 0' \ 3 o o H &
WA Vin wilmdind vi 399218 Voursvoh(sv) deszviauludnunsiilyiSosn i

msnlfeunlasvesdyan nput (Vin)

3.12 ’N%‘S!m‘néd (Matching circuit )
’N%iLLﬂJVI‘%Q(Matching circuit) eI lunsulasduiuausuosisesriolnsetne
e 1% viv3e Inseiheiho IdeddicdosnmmSele iRamsdheaensidagega
3.12.1 MIDBNUULITUNNF SEWan AT (Drive) UM APower Amp
g Z, ¥0301A9 (Drive ) = 140 Q , Zin %9421 Power Amp = 8/-i8 Q

Zo(Drive) Zin(power Amp)

WATUNNTS

———— e o ———— o s

madiu(Driver) ae power Amp

H 9 ] 1]
717 331 urasmdufiuandiisaesduiiszdhnsuumnFaniaduiunin Power Amp

9N MATCHING CCT (11 50)02 14
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MAUNNTY
Zo(Drive) l Zin(power Amp)
——————————— . 7™ e
! l XL | I oor -4
: ! L | ! XC1
R2 R g
I i
I R1
140 § i : c2 = XC2 : : g 4
! I
i ' ' i
e L5 I i /77
|

nnady Driver

e e .

nA power Amp

711 332 gluunvesses il lumauumdes sneamadufunia Power Amp

¥ R
mm Xg, 10 X, =R, L ~140,|—2 =24 Q
R,-R, 140 -4
1 R
mm X, 9n X, = L) + X = 4(140)+4=27.33 Q
X 24
~f f=1356MH, w4 C, = ! ~489 pF
oX., Rrx13.56x10°)24)
S oA C2 = 470 pF
fie-3somm, el 1=2L- 2733 ~~320.77 nH
o (27x13.56x10°)
- fen L=330 nH
coupling
i 1on 330nH i
o A ;: o
From | ! To power Amp
Driver | !
I; = 470pF §
________________ i Voo i_‘_____h_____________
N1A Driver A power Amp

31191 3.33 IR NN FaTEN 1A Power Amp ldemass

**C Coupling A15180n X, 10ee)
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3.12.2 MIVBALUUNATLUNINTENINMA Power Amp Hulvian 50 Q

8 Z, Y9aMA Power Amp = 16/§117.37 Q Z. = R = 50 Q

Zo(power Am
(p P) RL
_________________ .
| . |
; WATUNNTN ;
{
— —
|
100pF | ! 50
16 g = Co | i RL §
KTD8B2! ;
f
| |
VA 4 | ! ST
S
ma power Amp vam 50 Q

’o y A

1# 334 uaasmBnfiuaudiie 2 Aufedimsunamdenma Power Amp fuTnan 50 Q

189N MATCHING W11 Quarter wave Transformer

Zo(power Amp) MNATUNNTY
RL
————————————————— | LT Fmmmmm— e
[ | L i '
! ! Ay ! !
1 | 1 !
i ] j !
j— i
r A
100pF ! 1] C-100pF = | : 50
16 § = Co | I T Co o ! RL §
KTD882] ! KTD882 ! \
! f
i | ! :
A | | 77 77 | 77
S
ma power Amp twan 50 O

317 3.35 guuvnvesesilFlunsuunieszninnma Power Amp fuTvan 50 Q
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Z°1 ZL
202

___________ ! L P T
' laaaa! !
! |
AL |,
|
i € i

6 T | T e Te . R
| i
! [
77 | ST 77 :‘ Vedd

L

na power Amp lvsn 50 O

31 3.36 JinvversesilFlunsumsznienia Power Amp Sulvan 50 Q

mmwimmmﬁwmm"lﬁ’mﬂ A/ 4 Transformer

Tavaziimsdeiuddsmqegaan z,, lWiiTvon z, do 2, = 7.,

7 2
nn - Z, =2
ZL

5 Zoy =+Z01Z, =,J(16)(50) ~ 2828 Q

wlid XL=xC=2,,

Fofufinud £=13.56 MH, 318 C = L L - ~415 pF
0Z,, (27x13.56x10°)28.28)
p=for__ 2828 a9 m

o (27x1356x10°)
¢ mudhetdesaumaves C, KTD 882 defaiucildnusiimeduseilos awihdy
C-C, KTD 882 = 415 pF -100 pF =315 pF
safu ¢ madeiie = 315 pF onld 320 pF
C meuNile =415 pF @enld 416 pF

L =331.9nH 1a0n1¥ 330nH
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coupling
_____________ ; S
] |
i
3 22nLow r|
ol 23 , ,5 ToRL=50 O
i
1 t
From power Amp | | (Read Coil)
§ I
I I
I 416pF |
! = 320pF !
| |
{ t
i S
_____________ ! 77
N7A power Amp n7A Read Coil

JUN3.37 UARINITUNNTITEYI190A power Ampfin THan 50 Q (Reader coil)Ti 191154

3.12.3 MODNLULNITUNNTIILNIN IMaA 50Q i1 Reader coil
INNTOBNLULY Reader coil (11177) 9218 X, 404 Reader coil =147.6Q
WezINAI1eN 3.4 Ben Q=5 1A R, Anfes ity 24520 Wenld R, =200

(lumsifend1 R, Asiden R, ~10-20Q maznavhmsySuumes luenfulihin)

: : | XL
.l WATUNNTN ; SRR
| | +{147.6
i
| |
! |
50 § { | §2o
| .
i 1
i |
I
/77 : i Vo4
___________ ! .
Reader coil
uam 50 Q

e

o o 9 =

71713 38 urasABuRLaUgNe 2 Aufiszdimsuamas Tnan 50 Q fuReader coil

9 MATCHING CCT (M11150) 92'l4
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QGQTLLNW%G
——————————— Cooy T T T T A e et EE
! : | Xu
' : I} : | 2’0 p T
i ; .
R2 ! 1 XCA1 ! i +j147.6
s @ | | R
50 Ll xez c2 i : §2°
o T ! !
o . i
77 : b 2T i i ST
D
e 50 O Reader coil
1339 pluvvvesansillumsiumiesznielnan 50 O
MM X, YN X, =R, R _ 50\/ 20 _ 4085 0
R, -R, 5020
RGN X, YN X, =QR e Q=5 ,R=20 Q
X =5%20 '
X, =100 Q
= = v
- AU £=13.56 MH, 1214
C = L _ ! =117.37 F
'Tox,  (rx13s6x10°)oo) P
1 1
C = = = 2875 F
* T aXe, (27x13.56x10° )40.825) P
a C, =C,40pF )+ C (60 pF
AN 1 S( P ) s( p )ii

C, = CP( )+ CS(SOPF)

hd ¥ T o N U 4 g
madiue ¢, szlinauinndnliud ¢, wazflsy C1onnses1dn21uD Resonant qaiu

Cs1(60pF)
From o # IO —
Q 7 1.732 uf
Tvam 50 N R'dl _____ R1
Cs2(30pF) ead col 20Q

Cp2(pF)/;£ Cp1(80pF) l

713.40 uermeesnFeszndrgnan 50 Q fu Reader coil N1du'1de5e
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9
29379 MuA luduves Reader coil Drive P, ~ 0.5 w

412 V

Y
Vee=sv
bl 7 From
w0 s _140}3"’: SEQ(ON 3 ms,OFF 3ms)
____f\_l
a7
I, 50
“dTYE
1L
tr
100
i Xt LY 500
B) () G
L 18pF y
AT e o i’ 27pj Todiive
HC 40607 | ~
QIz Q13 Q4 Q6 Q5 Q7 4 Vi
Pulse Generator
wn e e wc To Oscillator
B (B2 G D)
Vo RST K CE CO A Q3
HC 4017 v
QG _Ql @ @ Q5 Q7 @ Vvsy L Vec=5v
QOOGGO ™
NC N NC FC NC NC NC . _]_ " _l_
1m6l lxw, lh’”
L
e 10
n 2Zn
- - hrl lmr
Zn
7 Lar
“ LRFC1 60pF
LRFC 0w = jLI
B00H Love
10 Veo=5v ,Yhf\ ” i
30pF
10n a0F | ateF T A Reader
” 80pF coil
ok
= 1k
o 77 77

20
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Amplifier and Mixer

Reader
coil

LA1185 or TA7358

RF RF RF Mix Mix
in__byp out in

A
220
== 10uF/16v
77
;[ 77
12k é 100nF W
S6uH
—= 220pF
SEQ CTL
33k 7
2%k 470pF

100nF 10
27uH Envelope
150PF Detector

10nF
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LTAG guﬁ Mz VRF

TP7 DITHP D3

\L IN 4148 Q3BC549 1N41a8 R20 Q
o l pi
Cp
SOPF;E nggF !
"

+Vee

2sc1815s [

+ V! Voo
[4.75105.12v]

H

[

Toal b
1]

uF

Y]

CAB
oUT .
P 0sC
DATA CPU
oUT
ouT
K— TP

TP13

K

22uF

}.5 MHz
]

224F

BF324

TAG

X

4 gll \ A 1 $ o
1U3.42 1essamianua ludiuveunsesgnieTaG) N damess
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unii 4
To)sunsa
4.1 1lsunsuves TAG
#include <16F628.h>
#fuses HS

#fuses NOLVP ,NOWDT
#fuses NOPROTECT
f#fuse delay (clock = 13560000)
#define output PIN A2
void main() {
unsigned char dat,buff;
unsigned int i = 0;
dat = 0xAA;
SET_TRIS_A(0x02);
output_high(output);
while(1) {
if( input(PIN_A1) =0)
{
for(i=0;i<8;i++)
{
buff = dat & 0x80;
if(buff == 0x80)
{
output_high(output);
delay _us(94);

output_low(output);
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delay_us(94);

}
else
{
output_low(output);
delay _us(94);
output_high(output);
delay us(94); }
dat = dat <<I;
} dat=0xAA;

}
else { output_high(output); }
}
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4.1 TJ5un5uv04 Reader
#include<16F628.h>
#fuses.HS
#fuses NOLVP ,NOWDT
#fuses NOPROTECT
#use delay (clock = 13560000)
#define output PIN_A2
void main() {
unsigned char dat,buff;
unsigned int i = 0;
dat = OxAA;
SET_TRIS_A(0x04);
output_high(output);
while(1) {
output_high(output);
if{ input(PIN_A1) ==0)
{
output_low(output);
delay_ms(50);
output_high(output);
for(i=0;i<8;i++)
{
buff = dat & 0x80;
if(buff = 0x80)
{
output_high(output);
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delay us(94);
output_low(output);

delay us(94);

}
else
{
output_low(output);
delay us(94);
output_high(output);
delay us(94); }
dat = dat <<1;
3
dat=0xAA;

¥

/felse { output_high(output); }
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P
UM s

MInaasiLazm 5ﬁ’uﬁnwa

5.1 M13NAABIIIVT Voltage Regulator

TPI P2

D1,D2 THP D3

IN 4148 X4 Q3BC549 1n4148  R20Q Voltage Vo
o P+

_|_+ Regulator
CFR
13.56 MHz VRF R
_ 820 PF 1E L<10mA RL

0O .
° - 2%

317 5.1 2995M15NAB0Y Voltage Regulator
L] ] o i A s {
msneussiud lign TP1 Weoneneeiees Voltage Regulator Tneusadi Wi
9 ]
Telddn 9a TP WunSeuailou ISumsmileniweveatnves TAG Taeldis ety

v
nageume msia Taeld RL uddzeenn lUdedl RL=470, 1k, 2k 00 (Q)

A15199 5.1 RL=470Q)

Vin(V) Iin(mA) Vout(V) Tout(mA)
4 6.1 2.7 5.744
5 8.1 3.7 7.87
6 103 4.6 5.78
7 10.5 4.6 9.78
9 10.5 4.7 10
12 10.5 4.7 10
15 10.5 4.7 10
18 105 4.7 10




9157199 5.2 RL=1k
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Vin(V) Iin(mA) Vout(V) Tout(mA)
4 14 2.9 1.45
5 1.9 3.8 1.9
6 24 4.6 23
7 2.5 4.7 235
9 2.5 4.7 235
12 2.5 4.7 235
15 2.5 4.7 2.35
18 2.5 4.7 235

ﬂ'l'i'l\?‘ﬁ 5.3 R1L=2k

Vin(V) Iin(mA) Vout(V) Tout(mA)
4 1.4 29 1.45
5 1.9 38 1.9
6 24 4.6 23
7 2.5 4.7 235
9 2.5 4.7 2.35
12 2.5 4.7 235
15 2.5 4.7 2.35
18 2.5 4.7 2,35

miN‘ﬁ 5.4 RL=c (No Load)

Vin(V) Iin(mA) Vout(V) Tout(mA)
4 0 3 0
5 0 4 0
6 0 4.7 0
7 0.1 47 0
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9 0.1 4.7
12 0.1 4.7
15 0.1 4.7
18 0.1 4.7
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5.2 NAa831499 AC SOURCE TAG EXCITER

mmMsdangn TP A9 awgilsesdudis Tasld oOsciloscope o Wog gy

A1949)

+12

2200
4V7

+47 UF
l()b n

»

NC NC NC

©O®OE @

27Px2

[ ]

I T
13.5 MHz

500 Q §

10 9

0OSsC

Vo Q10 Q8 Q9 RST IN OUT
0sC

BUF
ouT

HC 4060

Q2 QI3 Q4 Q6 Q5 Q7 Q4 Vss

TP2

NC NC NC NC NC NC

@@@@@@@g

4k7

TP1

9 (96 ® O ® G

Vo RSTCIK CE CO Q9 Q4 Q8
HC 4017

Q5 QL Q0 Q2 Q6 Q7 Q3 Vg

VOOOOOO®

NC NC NC NC NC NC NC

+12

10F
|—_.._

100n
'_._.

}lOOHH

100F  gp

TO TAG

3171 5.2 7993 AC SOURCE TAG EXCITER

TP6
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5.3 110937383 TEMPORALY TAG(NA@8UTAG)

TP7 D1,b2 THP

D3

l 111 4148 X4 Q3BC549 1N4148 R20 Q
T AN
O y
CFR oltage
13.56 MHz VRF R 820 PF e
€ b Regulator
' 2K L<10mA

2501815 tVYeo ™

22Pg

T 5™

BCE
BF324

82 PF

l+ Vel Vo

[4.4 t0 4.8]

CPU

QsC
ouT

2 10K
——— P8
K CAR.
7
CRD DET
CAB
ouUT
DATA
Vop OUT
k— TP12

1.7uH

TAG
X

224F

3.5 MHz
1

22 4F

717 5.9 2995 TEMPORALY TAG(ATBUTAG)
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5.4HaN1INABBIVBIN TAIWTUNEINUDINATEIB TH(Reader)INHANTDIQNVIE(Tag)
9/ ¥
mnaaesludiutisznanos InemsdariungsnuNnNASo9811(Readen)1nda

& v 9 o 4 o A A ] Q sh.:' ] ? 1
Lﬂiﬂ\i@‘ﬂﬂl'IEJ(Tag)LLﬁ’JUu‘ﬂﬂ‘Wﬁ\NTu‘ﬂLﬂiﬂﬂ@‘ﬂ‘lﬂﬂﬂTN”ﬁﬂiijllﬂﬂizﬂgﬂ”lﬂﬁ'l\i‘]iz‘H’J'N

L U

A ' g A 1 § o A 4 o g b
Lﬂiﬂ\?ﬂTH(Reader)ﬂiJLﬂi@ﬂgﬂ‘lﬂﬂ(Tag)Iﬂ gNMaea ‘iﬂﬂLﬂi’t’N’E]Tll(Reader)iJ"lENLﬂ%li’NQﬂ‘U'lﬂ

Qo

1 v 9/
(TaglNAWIAY 0.5 W(Po=0.5w) lunsdin Inantiaa199 ez ldwanisnaaeesedl

A1519715.4. LUAAIHIMINARDIVBIMITIA NS s TUINATBIBU(Reader)iNfainT Dagnahe

@V

(Tag)lunsdingslide TAG Regurattor

2o H9IENINTAGHY | ussfufignvinves | szozviesznig useufigavines
READER  (cm) TAG Regurator(V) | TAGH1 TAG Regurator(V)
READER(cm)
0.0 14.39 4.5 9.18
0.5 14.39 5.0 7.95
1.0 14.39 5.5 6.97
1.5 14.38 6.0 6.32
2.0 13.99 6.5 5.69
2.5 13.42 7.0 5.26
3.0 12.71 7.5 4.51
3.5 11.96 8.0 4.08
4.0 10.66 8.5 3.77
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{ \ ¥ o A A N ) L
GI'Ii'NﬁS.4.2LL’dﬂ\1Nﬁﬂ'li‘ﬂﬂﬁﬂﬂﬂli’]ﬂﬂ'li’dﬂN'Iu‘WﬁN'Iu‘B'IﬂLﬂiﬂﬂi’]'lu(Reader)ﬂJ'IENLﬂ?ﬂﬂ@ﬂ‘iﬂﬂ

(Tag) lunsdifide TnaAues TAG Regulator MUITIR 1,5 =71002)

ITHEHINILNINTAGH usIRufigAVinves ussdufigavoutves
READER  (cm) TAG Regurator(V) TAG Regurator(V)
0.0 9.02 5.14
0.5 8.83 5.14
1.0 8.67 5.14
1.5 8.23 5.14
2.0 7.29 5.14
2.5 6.18 5.12
3.0 5.16 5.12
35 5.02 4.80
4.0 4.70 4.68
4.5 4.62 4.52
5.0 4.45 4.49
55 439 433
6.0 4.18 4.23
6.5 391 4.05
7.0 3.68 3.80
7.5 3.46 3.35
8.0 3.18 324
8.5 3.03 2.98
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{ 1 T Qo ¥ 1 o & '
A1519N5.4. 3R MINANDIVBIM I AN IUNTIIUINAT B GTH(Reader)NTHQLﬂi@QQﬂﬂﬂU

(Tag) lunsdlfidie Tnanues TAG Regulator (R .5 =390 Q)

STV NITNINTAGHY TR AVinUo9 U3l A Voutyoq
READER (cm) TAG Regurator(V) TAG Regurator(V)

0 4.82 443
05 4.57 4.18
1.0 4.36 3.97
1.5 4.18 3.61
2.0 3.95 336
2.5 3.74 3.09
3.0 3.64 2.68
3.5 2.89 2.38
4.0 2.57 2.07
4.5 2.27 1.84
5.0 2.04 1.63
5.5 1.85 1.42
6.0 1.68 1.22
6.5 1.47 1.05
7.0 1.40 0.89
7.5 1.35 0.78
8.0 1.29 0.68
85 1.26 0.58
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A1TITS5.4.4UEAINAMINARBIVDIMI AHIUNS S THIINIATES TH(Reader) AT DN 1E

(Tag)lunsfide [vanves TAG Regulator (R ,; =500€2)

ITUTHNITHINTAGH ussiufigavinves ussfufigavoutves
READER  (cm) TAG Regurator(V) TAG Regurator(V)
0.0 5.48 5.11
0.5 5.38 5.02
1.0 481 492
1.5 4.49 452
20 4.12 4.18
2.5 3.79 3.87
3.0 3.49 340
35 3.09 3.01
4.0 2.78 2.62
4.5 2.53 232
5.0 2.19 1.97
5.5 1.88 1.74
6.0 1.70 1.44
6.5 1.57 1.30
7.0 1.45 1.18
7.5 1.37 1.03
8.0 1.30 0.85
8.5 1.25 0.74
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A3 199154, 5SUAAIHAMNINARBIVOIMITINILUNS S L 9NATR 811 (Reader)NEIAT B IgNT 18

(Tag)lunsdifide [nanved TAG Regulator (R ,,; =890 Q)

JTHTHIIENINTAGH Ussfufigavinyes wseRufigavoutves
READER (cm) TAG Regurator(V) TAG Regurator(V)
0.0 8.65 5.12
0.5 8.62 5.12
1.0 8.23 5.12
1.5 7.42 5.12
2.0 6.61 5.12
2.5 5.42 5.08
3.0 4.84 4.46
35 448 4.07
4.0 3.97 3.60
45 3.50 322
5.0 3.06 2.82
5.5 2.75 2.56
6.0 244 223
6.5 2.09 2.02
7.0 1.87 1.76
7.5 1.68 1.53
8.0 1.53 1.45
8.5 1.43 1.33
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{ ¥ ¥ @ 4 1 73 A 1
A1 N5.4.6LTAIWR NINADDIVDINITE N']‘N‘Wﬁ\i\ﬂui]'lﬂ!,ﬂ%i’é]\?E]'lu(Reader)ﬁJ']fNLﬂiENQﬂil 8

(Tag)lunsfifide Inanwues TAG Regulator (R 5 =1k Q)

ITHTHNILHINTAGHU ussiufiqavinves ussRufigaVoutues
READER  (cm) TAG Regurator(V) TAG Regurator(V)
0.0 9.11 5.12
0.5 9.11 5.12
1.0 8.83 5.12
1.5 8.42 5.12
2.0 7.75 5.12
25 6.44 5.12
3.0 5.50 5.07
35 4.72 4.51
4.0 4.32 4.30
4.5 3.67 3.60
5.0 3.38 3.30
55 3.06 2.85
6.0 2.68 2.52
6.5 2.37 : 2.21
7.0 2.10 2.02
7.5 1.87 1.85
8.0 1.70 1.61
8.5 1.53 1.43
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5.5) A10993999 Detector

Amplifier and Mixer

LA1185 or TA7358

RF RF RF Mix
in__ byp

220
10uF/i6v

TP3

28C 18152
Detector

470uH

1N4148
TP7 x2 To compator

DATA

100k g
:J: ¥% LM 393 x2

319 5.20 2995 Detector
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SN74HC08-Q1
QUADRUPLE 2-INPUT POSITIVE-AND GATE

SCLS5768 - MARCH 2004 — REVISED JUNE 2004

® Qualification in Accordance With D OR PW PACKAGE
AEC-Q100t (TOP VIEW)

¢ Qualified for Au.tomotive_ Applications 1all1 ) 14 Vee

¢ Customer-Specific Configuration Control 1B8[]2 13]] 4B
Can Be Supported Along With iE 12[] 4A
Major-Change Approval 2a[]4 1f] ay

® Wide Operating Voltage Range of 2Vto 6 V 28[15 10f] 38

® Outputs Can Drive Up To 10 LSTTL Loads 2vije of] 3A

® Low Power Consumption, 40-nA Max lcc eNpf7 8l 3y

® Typical tpg =8 ns

® +4-mA Output Driveat5 Vv

® Low Input Current of 1 uA Max

T Contact factory for details. Q100 qualification data available on
request.

description/ordering information

The SN74HC08 device contains four independent 2-input AND gates. They perform the Bootean function
Y = AeBorY = A + Bin positive logic.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
Ta PACKAGE? PART NUMBER MARKING
~40°C to 85°C TSSOP - PW Tape and reet | SN74HCOSIPWRQ1 HCO08i
SOIC-D Tape and reel | SN7AHCOBQDRA1 HcosQ1
_40°C to 125°C ape and ree| 4H Q Q
TSSOP - PW Tape and reel | SN74HCOBQPWRQT | HC08QT

i3 Package drawings, standard packing quantities, thenmal data, symbolization, and PCB design guidelines are
available at www.ti.comvsc/package.

FUNCTION TABLE
(each gate)
INPUTS OUTPUT
A B Y

H H H
L X L
X L L

logic diagram (positive logic)

o

Plgase be aware that an important notice conceming avaitability, standard warranty, and use in critical applications of
Texas Instruments sermiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA informaticn ks current @8 of publcation dste.
Products conform fo specifications wmmm&umm H
sianderd wamanty. Production rocessing does not naeesssrly insuds l TEXAS

' INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1

Copyright © 2004, Texas Instruments incorporated



SN74HCO08-Q1
QUADRUPLE 2-INPUT POSITIVE-AND GATE

SCLS576B - MARCH 2004 - REVISED JUNE 2004

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Viee - ..o oov e -05Vio7V
Input clamp current, lyc (Vi <0orVi>Veg)(seeNote 1) ..o, 20 mA
Output clamp current, lok (Vo < 0orVo > Vee) (see Note 1) oovvviveiiviiiieiinnransrns. .. 220mA
Continuous output eurrent, Ig (Vo = 010 Vo) < oo vernr et i #25mA
Continuous currentthrough Ve or GND .. oo o e e, 50 mA
Package thermal impedance, 84 (see Note 2): Dpackage . ......cooeeer e, 86°C/wW

PWpackage .................. ... ..., 113°CW
Storage temperature range, Tatg .. ...o.uvtii i -65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings™ may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. The input and output voitage ratings may be exceeded if the input and output current ratings are observed.
2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 3)

MIN NOM MAX]| UNIT
Vec  Supply voltage 2 5 6] v
vee=2V 1.5
ViH High-level input voltage Vee =45V 3.15 v
Ve =6V 42
Veeg=2V 0.5
VIiL Low-level input voliage Voo =45V 1.35 v
Vee=86V 1.8
Vi Input voltage 0 vee v
Vo Qutput voltage 0 vee v
veec=2Vv 1000
AbAV input fransition riseffall time Vec =45V 500 ns
Vee=6V 400
. . I-suffix device -40 85
Ta Operating free-air temperature Y perm. 0 o °C

NOTE 3: All unused inputs of the device must be held at Voc of GND to ensure proper device operation. Refer to the TI application report,

Impiications of Slow or Floating CMOS Inputs, literature number SCBAQ04.

‘V TEXAS
INSTRUMENTS

2 . POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74HC08-Q1
QUADRUPLE 2-INPUT POSITIVE-AND GATE

SCLS5768 - MARCH 2004 - REVISED JUNE 2004

electrical characteristics over recommended operating free-alr temperature range (unless
otherwise noted)

Ta=26°C SN74HC08Q | SN74HCO8I
PARAMETER TEST CONDITIONS Vee MIN TP MAXT RN WAX | TN MAX UNIT
2v 19 1.998 19 19
loH =-20 pA 45V 44 4499 44 4.4
YOH V= Vi or Vi 6V 59 5999 59 59 v
loH = -4 mA 45V 3.98 43 3.7 3.84
loH =-52mA 6V 548 58 52 5.34
2V 0.002 0.1 0.1 0.1
o =20 pA 45V 0.001 0.1 0.1 0.1
VoL Vi=Viqor Vi oV 0.001 0.1 0.1 0.1 \
loL =4 mA 45V 017 026 0.4 0.33
oL =5.2mA 6V 015 026 0.4 0.33
1 Vi=Vggor0 6V 101 £100 +1000 +1000 | nA
Icc Vi=Vecorl, Ig=0 6V 2 40 201 pA
Cj 2Vto6Y 3 10 10 t0] pF

switching characteristics over recommended o

(unless otherwise noted) (see Figure 1)

perating free-air temperature range, C = 50 pF

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

FROM 10 Ta=25°C SN74HC08Q | SN74HCOSI
PARAMETER (INPUT) ourrun | VeC TN Tvr max| min wax| mm max] UNT
2V 50 100 150 125
tod AorB Y 45v 10 20 30 25| ns
6V 8 17 25 21
2v 38 75 110 95
Y Y 45V 8 15 22 19] ns
6V 6 13 19 16
operating characteristics, Tp = 25°C
PARAMETER TEST CONDITIONS | TYP| UNIT
Cpd Power dissipation capacitance per gate No load 20 pF
¥ 7,
EXAS
INSTRUMENTS



&} - CD54HC4060, CD74HC4060,
lNST-ll;UMENTS CD54HCT4060, CD74HCT4060

Datﬁ\ Ssge_?t acquired from Harris Semiconductor

SCHs2076 High-Speed CMOS Logic
February 1998 - Revised October 2003 14-Stage Binary Counter with Oscillator
Features the negative transition of ¢l (and ¢O). Al inputs and outputs

are buffered. Schmitt trigger action on the input-pulse-line
* Onboard Osclilator permits unlimited rise and fall times.
= Common Reset In order to achieve a symmetrical waveform In the oscillator
« Negative-Edge Clockin saction the HCT4060 input pulse switch points are the same
Neg g 8 as in the HC4060; only the MR input In the HCT4060 has
= Fanout (Over Temperature Range) TTL switching levels.
- Standard Qutputs............... 10 LSTTL Loads )
- BusDriverQutputs ............. 15LSTTLLoads OFrder ing Information
* Wide Operating Temperature Range . . . -55°C to0 125°C TEMP. RANGE
O,
« Balanced Propagation Delay and Transition Times PART NUMBER e PACKAGE
* Significant Power Reduction Compared to LSTTL CD34HCA060F3A -5510 125 16Ld CERDIP
LogiciCs CDS4HCTA080F3A 5510 125 16 Ld CERDIP
* HC Types CD74HCA0B0E 5510 125 16 Ld PDIP
= 2V to 6V Operation
- High Nolse Immunity: Ny__= 30%, Niy = 30% of Ve | CO74HCA4080M 550 125 16 Ld SOIC
atVec =5V CD74HC4080MT -55t0 125 16 Ld SOIC
* HCT Types CD74HC4060M96 5515 125 16 Ld SOIC
- 4.5V 1o 5.5V Operation
- Direct LSTTL Input Logic Gompatibility, CD74HC4060PW -55t0 125 16 Ld TSSOP
ViL= 0.8V (Max), V| = 2V (Min) CD74HCA080PWR 5510 125 16 Ld TSSOP
- CMOS Input Compatibility, I; < 1A at Vg, V!
P patibility, i< 1uA at Vo, Vou CD74HC4080PWT -55t0 125 16 Ld TSSOP
Description CD74HCT4060E 55t0 125 16Ld PDIP
The 'HC4060 and 'HCT4060 each consist of an oscillator | cp74HCT4080M -55t0 125 16 Ld SOIC
section and 14 ripple-carry binary counter stages. The
oscillator configuration allows design of either RC or crystal | CD74HCT4060MT -5510 125 16Ld SQIC
osciliator circuits. A Master Reset input is provided which CD74HCTA060MY6 _55t0 125 16Ld SOIC

resets the counter to the all-O's state and disables the
osclllator. A high level on the MR line accomplishes the reset  NOTE: When ordering, use the entire part number, The suffixes 96
function. All counter stages are master-siave flip-fiops. The and R denote tape and reel. The sufiix T denotes a small-quantity
state of the counter is advanced one step in binary orderon  reel of 250.

Pinout

CD54HC4060, CD84HCT4060 (CERDIP)
CD74HC4060 (PDIP, SOIC, TSSOP)
CD74HCT4060 (PDIP, SOIC)

TOP VIEW

Q12E
o1a|z
a14[3]
as [7]
as [¢]
a7 [§]

Q47
GND [3]

CAUTION. These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
Copyright © 2003, Texas Instruments Incorporated 1




CD54/74HC4060, CD54/74HCT4060

Functional Diagram

12

Q5-Q10, Q12
FIGURE 1. LOGIC BLOCK DIAGRAM
TRUTH TABLE
ol MR OUTPUT STATE
T No Change
1 Advancs to Next State
X All Outputs are Low

Q4
5
Qs
12 4
MR ] L Q8
— Q7
14-STAGE 14
RIPPLE Qe
COUNTER 13
I AND l— a9
OSCILLATOR | 15
f— Q10
e Q112
s Q13
fe— Q‘[4
—
$0 GND=8
$° Q Ve =16
pPEmMNME By
21 afp~-194 4 195 Q13 g 214 Q14
| 1
1 ]
FF1 FF4 1FFS-FF13 1 FF14
i — e [ Eoed — R Sony—
o1 f~4o4 &4 205  Qi3y %14 Q14
R R 1 R % I R
hywpusd
I |
T -
—v-_l
Q4 5 4,6 14,123,151 Q13 a4




CD54/74HC4060,

CD54/74HCT4060

Absolute Maximum Ratings

DC Supply Voltage, Vo ... ... ... ... ...
DC Input Diode Current, i
ForVj<-05VorVi>Vee+05V... ... .. +20mA
DC Output Diode Cunent, {ok
For Vg <-0.5V or Vg > Ve + 0.5V
DC Drain Current, per Qutput, I
For-05V<Vo<Vee+05V. . ..o +25mA
DC V¢ or Ground Cutrent, loe

Operating Conditions

Temperature Range, T, . .....................
Supply Voltage Range, Ve

-550C to 125°C

HCTypes ... ..o 2Vto 8V
HCT Types ... ... ... ... ..... 45Vto 5.5V
DC Input or Output Voltage. Vi, Vo ................. OVto Vee
Input Rise and Fall Time
Vi 1000ns (Max)
A5V 500ns (Max)
BV 400ns (Max)

Thermal information

Themmal Resistance (Typical, Note 1) a4 (OC/W)
E(PDIP)Package ....... . ................ 67
M(SOIC)Package. . ...................... .. 73
PW (TSSOP)Package ................... ... 108

Maximum Junction Temperature. ... ........... ... . . .. . 150°C

Maximum Storage Temperature Range . .. ... ... . -65°C to 150°C

Maximum Lead Temperature (Soldering 10s).......... ... 300°C

(SOIC - Lead Tips Only)

CAUTION: Stresses above those fisted in “Absalute Maximum Ralings” may cause permanent damage to the device. This is a siress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this Specification is not impiied.

NOTE:

1. The package thermal impedance is calculated in accordance with JESD 51-7.

DC Electrical Specifications

TEST
CONDITIONS Vee 26°C -40°C TO 85°C §-65°C TO 125°C
PARAMETER | SYMBOL| Vi(V) [lo(mA)] (v) | MIN | 7vP | max | min T max ] wiN | MAX | unirs
HC TYPES
High Level Input ViH - - 2 1.5 - - 15 - 1.5 - \
Voltage 45 355 - | - 1351 - 351 - v
6 42 - - 42 - 42 - v
Low Level Input ViL - - 2 - - 05 - 05 - Q5 v
Voltage 45 - - 1.35 - 1.35 - 1.35 v
6 - - 1.8 - 1.8 - 1.8 \Y
High Level Output Von VigorVy | -0.02 2 1.9 - - 1.9 - 1.9 - \
Voltage Q Outputs N - = - =
CMOS Loads 0.02 45 44 44 44 \
-0.02 6 59 - - 59 - 59 - v
High Level Output - - - - - - - - - v
Voitage Q Outputs - " - -
TTL Loads -4 4.5 308 384 37 \
-52 6 548 - - 534 - 52 - \
Low Level Output VoL Vi or Vil 0.02 2 - - 0.1 - 0.1 - 0.1 \
Voitage Q Outputs N n - R
CMOS Loads 0.02 45 0.1 a1 Q.1 \
0.02 6 - - 0.1 - 0.1 - 0.1 \
Low Level Qutput - - . - - - . - - Vv
Voltage Q Outpuits N - n -
TTL Loads 4 45 0.26 .33 04 \
52 6 - - 0.26 - 0.33 - 04 A
High-Level Output VoH Veg or -0.02 1.9 - - 19 - 1.9 - \
Voltage $O Output GND 002 25 A4 = - 24 = 24 - v
(Pin 10) - - - - -
CMOS Loads -0.02 6 59 - - 59 - 59 - \
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FAIRCHILD
SEMICONDUCTOR®

KSP2222A

General Purpose Transistor

+ Coliector-Emitter Valtage: Vego= 40V

+ Collector Power Dissipation: P (max)=625mw
* Refer KSP2222 for graphs

NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings T5=25°C unless othenwise noted

g -

TO-92
1. Emitter 2. Base 3. Collector

Symbol Parameter Value Units
Veso Collector-Base Voliage 75 \
YoEo Collsctor-Emitter Voltage 40 V'
VEBO Emitter-Base Voltage 6 vV
o Collector Current 600 mA
Pc Collector Power Dissipation 625 mw
Ty Juncticn Temperaturs 150 *C
Tsta Storage Temperature -55~ 150 °C

Electrical Characteristics T1,=25C uniess otherwise noted
Symbol Parameter Test Condition Min. Typ. Max. Units
BVcan Coliector-Base Breakdown Voltage lc=10pA, Ig=0 75 Y
BVceo Coliector Emitter Breakdown Voltage | 1c=10mA, Ig=0 40 Vv
BVEgo Emitter-Base Breakdown Voltage Ig=10pA, 1c=0 [ vV
Icso Collector Cut-off Current Vep=60V, =0 0.01 pA
lero Emitter Cut-off Current Veg=3V, =0 10 nA
heg DC Current Gain ic=0.1mA, Vce=10V 35
Vee=10V, le=1mA 50
Vee=10V, Ic=10mA 75
Veg=10V, *1c=150mA 100 300
Vee=10V, "1o=500mA 40
Vee (sat) | * Collector-Emitter Saturation Voltage | lc=150mA, 13=15mA 03 A
lc=500mA, ig=b0mA 1 Vv
VgE (sat) | * Base-Emitter Saturation Voltage Ic=150mA, [g=15mA 06 1.2 Vv
Ic=500mA, I5=50mA 2 \Y
fr Current Gain Bandwidth Product Vee=20V, 1g=20mA 300 MHz
=100MHz
Cob Output Capacitance Veg=10V, [g=0, f=1MHz 8 pF
ton Turn On Time Voe=30V, lc=150mA 35 ns
(31:15mA, VBE(ofE)=0,5V
torr Turn Off Time V=30V, Ic=150mA 285 ns
151 =152=1 SmA
NF Noise Figure lc=100uA, V=10V 4 dB
Rg=IKQ, f=1KHz

* Putse Test: Pulse Width=30Cps, Dity Cyde<2%
* Also avallable as and PN2222A

@20C1 Fairchild Semicondudder Corporation

Rev. A1, June 2001
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LM185/LM285/LM385

General Description

The LM185/LM285/LMO85 are micropowsr 3-terminal ad-
iistanie banc-gap valtaga raferanca diodas. Cpamting fom
1.241c 5.3V and cvera (G LA 10 20 mA curret range, they
fcature oxcopficnaly low dynamic impedance and good
temparature stahility. On-chip trimming i 1sed te pmvide
light volteye toleranue. Snve the LM1ES batd-yap refor-
ence uses cnly tronsistors and rosistors, lew noiso and
good long-term stabitty rasull

Carehid design of the | M185 has mada tha davice min-ant
of capactiive loading, making It 2asy 1o use In almost any
reference epplication The wide dynamic cpamating range
alcws iis use with widely varving suppies with excalient
regakalion.

The vxlrenn=ly ‘Ow poawr drain uf the LM 185 imakes il uselu:
fer micropowor circuitry. This veltago refercnce can ko usod
te maka ro-table matars ragulators o Janaral surnnse an

v

&National Semicornductor

I/ 2N 13 -

Dezember 1994

Adjustable Micropower Voltage References

elog circultry with battzry lite approaching snelf ife. Farther,
the wirde cparating ciirrent allbhws t to eplana nider mfar-
erises will g lighter Wierance pail

Tre LM185 Is rated for operation over a —55°C 10 125°C
temoerature range, while the LM285 is rated - 40°C t0 35°C
and the LM38E (PC tn 70°C. The | MIAS = availahla in a
hemetc TO-46 package and a izzdiess chip camler pack-
ege, whie the LM235/LM385 are avalebe in a loa-cost
TO-32 nnidad aackage, as well as S O

Features

® Adijustable from 124V to 5.30V

@ Cporating curront cf 19 A to 20 mA
B 1% and 2% irita toerence

® 1 O dyramic impedance

B | ow temperature coethicient

Connection Diagrams
TO-92 T0-46 S0 Package
Plastic Package Metal Can Package + NG 8

NG
g8 |2 s 5

—

TL/HESC-9
Bottom Yiew T1/HIRS0 -1
Bottom View
Order Number LM28EBXZ,
LNM285BYZ, LM285Z, LM385BXZ, Order Number IR E 4
LM385BYZ, LM385BZ or LM3852 LM185BH,LM135BH/683, K NC M -
See NS Package Number ZD3A LM 165BYH or LM185BYH/863 TL/H/3250=10
See NS Package Number HO3H Order Number LM285M, LM235BYN,
LM3BSBM or L.M385M
See NS Package Number M08A
Block Diagram Typical Applications
‘ + > o 1.2V Refaorence 5.0V Referonce

sV
1.24Y
B8 120k
364k
T-/HS5250-14

LR3I -2

R1905 Naticaal Suricendudtor Compomaton  YLAH/E2ED

RRD- 8PN 5. PEnbdinU 8 A

90UdI0}aH abe}j0A Jomodoudly algeisnipy S8e/G82/S81INT



Absolute Maximum Ratings o« 1

If Military/Aerospace specilied devices are neguired,
please confact the National Semiconductor Sales
OHice/Oistributors for availability and specifications,
{Note 2)

Rovarse Current 30 mA
Forward Zur-ent 10mA
Operating Temgerare Rarge (Note 3)
LM1BE Sarias —55°Cto 125'C
LM2BE Szrias -40°C to B5°C
LM3BE Seriss 0-Cto 7¢°C
Storage Temperaturs 5§5°C to 150°C

Electrical Characteristics (vote 4

Soldesing [fonrnation
T332 Packaga (1N ser b
T30-16 Package (10 s6c.4
S0 Mackage
Vaoo Phese 160 52.)

Infrarad (1< sec.)

face mount dovices.

760°C
300°C

2

220°C
See Ar-a30 “Sorace Mounting Methas and Thar Fifart
217 Product Seligkility” fcr other metnds of saldeting sur-

15°C

LM1RS. L M235 LR35
LMISSBX, LMI1SSBY N
LM185B LU23SBX.  LM28S 'L:;‘;: LM385 Unts
Paramater Cendilione Typ LM2§SBY Typ {Lmit;
Tested | Design Tested|Design Tested | Design | Testec | Design
Limt Limit  LiwH | Lmit Lmit | Umit | Limit | Limit
{Hote 5) | (Mote 6} (Note J}{Note C) (Nots S){Note 6’[{Nots S)l{Note 6)
PcforancoVoltage  fyy = 100 A 1.249] 1252 1265 | 4.220 1,220} 1.252 | 1.288| =055 {1,270 v
1235 {maxy
1220 1245 {1 1,205 1220 1 1.2148] 215 | 1.205 \7
1.215 {miny
Feterencavoitage lum < i3 < 1ma 0.2 1 1.5 ] 18 02 1 1.5 1 1.5 my
CrangzwithCumert 1 mA < lg < 20mA 4 10 20 ic 20 ] 15 23 15 25 imax}
Dyramric Owput ir = 100 A1 = OOH2
imoatance Ixc=0tln Your = Vrer 0.3 0.« n
Vour = 53V 07 t
FeterennaValtage 1 = 1Mk v
Crangawith Oulput 1 3 s 3 € 2 5 10 5 10 1:\;)
voltage
Feadback Carent 13 20 25 x 25 1€ k] 35 30 35 |nA(max)
Miv¥mum Cperatirg  Vegr = Vaer € 2 10 2 100 7 1 13 1 13 HA
Curtent ;e00cuve) Veuy = 5.9V 30 15 50 g 50 I 5 60 56 60 ime)
Output Wideband Iy = 103 pA, 10K < { < 10 kHy
Ncise Newr ~ Ver 50 £ s
N = 5.3 1720 170
Avorage Tomaoratura Iy = 100 uA X Sutix 30 30 30 30 pprfie
Ceefficient (Nox 7) ¥ Sufix 50 50 50 50 imanx}
Al Ob 1. 130 150 130 130
Long Torm Stabilly I — 103 wA, T — 1000 14, 20 20 PPm
Ta = 25°C £C.1°C

Note 1: Aboolte Maxirury Fatings ivdicata limits bavond which demage b the device may dscur. Operatng Netings indicate condlions lor which the device
niovded o bo furetenal but ¢o net guaaloo epasilic porfennance fmile For cuaranteod cpodficctiore and too: sorditons, £oo the Zootrioal Charcotors:ion.

Tha g1 armmead spatlicstions appl saly for fan e nerditinns istad

Note 2. Peler to IETS185H ‘or nidtaty speciticatione, " N
Natp 50 kv altvstad lempaeatim opecetion, 1 ) MEWis Thermal Resist T0-8% 0% so-8
LM2s 1%€°C @n (duncticn lo Atdsen) | 18XC/N (04" bads) | 440°C/W | 1865°Crw
LMz8S 286 17D OV 10125 wads:
LMZ85 104°C
5 Suncton to Lase) N/A BrU/m NFA

Notn & Pammstars identiind wih boldfaca fypa apoly at temperatim axtmrnns All athar pambees anply Ty = Ty = 28°0 [lrkeos otheraisr spaatied, at

BEANBENS ELDY 1M Vpge < Vour < 5.3V,
Hote £: Guarantood cnd 100% production tosted,

Nots ¢ Guartued. bul no; 100% wrocucion kasaad Thass BTl arv not to be wssd 0 celcLkte averae 2ulgong wakty vrels.

Notn 7: Ta awraca tampambt ra tosficinrt is defined as -he mavdmen dwiation of reforonca wolingn of all rascasend tamdarmims from T,

‘max — Trrin Tha reasimd tampesatites am — 65 — 40, 0, 25, 71, A8, 195%

min10 Ty, fadaiby




MICROCHIP

PIC16F62X

FLASH-Based 8-Bit CMOS Microcontrollers

Devices Included in this Data Sheet:

~ PIC16r627
» PIC16F623
Ref2rred to colectivay as FIC168FB2X

High Performance RISC CPU:

* Criy 35 nsinuctions to leam

* Altsingle cycle instructiore (20C ne), excaot for
program branches which are two-cycle

* Crperaling speed:
- DC - 23 MHz clock input
- DC - 233 ns instruction cycle

Memory
Device FLASH | RAM | EEPROM
Program Data Data
PICIGF627  1024x 14 | 224 x8| 126x%6
FICI6FG28 2048x 14 |224xB | 128x8

* fntzrupt caoabiity

* 13 epecial function hardware registers

* B-lzvz! deep hardware siack

- Direct, Indirect and Relativs sccroasing modes

Peripheral Features:

* 15 VO pins with individual directicn sontrol
= High current sink/source for direct LED drive
» Analog comparator moduie with:
- Two analog comparetors
- Programmable 29-chip voltage referencs
IVREF) mod.le
- Programmable nput muitiplexing from devica
inputs and interna’ voltage reference
- Comparator ouiputs are exlemaly accassiye
« T:ma0: 8-bit t:mer/counter with 8-bit
programmable orescaler
* T:mar1: 16-bit imer/counter with 2xtema: crystal!
cleck capztility
* T:mez2: §-bit tmer/counter with 8-bit period
register. prescaler and posiscaler
« Certure, Compare, P'WM (CCP} mocLle
- Caplure is 1€-9:t, max. resolution is 12.% ns
- Compare is 16-ait, nax. resolution is 200 ns
- PV max. resolution is 1J-bit

Universal Synchiorcus/Asynchronous Receiver/
TAansmter HSART/ST

16 Bytzs of common RAM

Special Microcontroller Features:

Power-on Reset (PTR)
Power-up Timer (PWRT; and Oscliator Start-up
T'mer iOST)
Brown-out Detect (BOD)
Watzhdag Timer (VOT) with its oan on-chip RC
occilater for relskle operation
Miltiplexed MCLR-oir
Programmable week pui-uss cr PCRTB
Programmahie coda protection
Low voltage programming
Power saving SLEEP mode
Selectable osciBator options
FLASH configuration bits for cecillator
options
- ER (Exterral Resistrt asciiiater
* Reducec part ccunt
- Dua: speed INTRC
= Lower cuirent consumption
- EC External Cicck input
- XT Oscilator mude
- HS Osciltator modo
- LP Oscillator mode
Ir-sircuit Serigl Programming™ (via two pins)
Faur usar aragrammahla 1D lacat.ars

CMOS Technoiogy:

Low power, high soeed CMOS FLASH tzzhnology
Fuly statc design

‘Nidz2 vperaling vollay:2 range

- PIC16F627 -2.0¢ to 5.5V

- PIC1IGFH?8 - 20V tn 5.5

- PIC16LF627 - 2.0¢to 5.5V

- PICI6LFB28 - 2.0V 105 .5V

Commercia’, industria and extended temosrature
rance

Low power sonsumption

- S20mMA@ S5OV, 40MH?

- 15 uA typical @ 3.0V, 32 kHz

- < 1.0 A typical standby carrent @ 3.0V

© 2003 Miicrachip Tezhnclogy Inc.

Preliminary
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PIC16F62X

Pin Diagrams

PDIP, SOIC
RAZ/ANINFES w— w11 ™  4g[J-e—= RAANT
RAJANI/ICMP! a—| |2 g 17| |~e— Rapann
RATOCKICMPZ ~w—=[13 & 16[]=— KAJUSCICLKN
RasMCLRVer =04 g 1[I« = RAHOSCZCLKOU™
ves —»[15 ;,1 14} ybc
REOINT <4—w[1]6 § T3] ]-e—s R30S PGY
RBVRNDT ~—w[17 12[]-e—e R3&IOSOTICKIAFIC
RBZTX/CK wt—m[18 N[]-— R3S
RBICCP: *+—»[]9 10— RIVPGM
ssoP
RAZANZVREF « »-[]y Z0{1« » RAUAN:
RABANYCMP1 |72 10[]-—m RAVANO
RAYTOCKICMPZ t—m[3 D 18]l RATIOSECHKIN
RASMCLRVPF —e 14 @ 17[jw—w RANOSC2/CLKOUT
Vis »[ls o 16[] - - Voo
Vs w6 o 15— VDO
RBOINT 4 [{* 3 w|je—m RETTIOSPGD
RBI/RX/DT ~w—s-[]0 13[J-+—» RBITIOSO/TICKIFGC
RBAYTXCK « w»[]9 12} RE5
RB3CCP1 w—»[]1C 11} |~a—a= RBYPGM
Device Differences
Process
Device ‘{:lt:g: Osciliator Technology
g (Microns)
PIC16FE27 30-585 {Not= 1) 0.7
PIC16FE28 30-58.5 {Note 1) 07
PIC16LF627 20-5.5 {Note 1) 0.7
PIC16L FA23 20-54% {Not2 1) 0.7z
Note 1: If you change from this device to another device, please verify ascilator cheractaristics in your
application.
L S I |
CS10300Cpege 2 Preliminary © 2203 Mcrcerip Technoogy inc.



PIC16F62X

FIGURE 2-1: BLOCK DIAGRAM
LB . DmaBs 8
FIASH x;+.l Prug i Cuuiter f-;_' ll s
N
Pogram :I L kY
Memory kY
8 Lavel Stack
113-bit;
Program -~ .
Bus ¢ RAM Add (1) 97 2 PORTA
v AL TTTTR Y
Addr MUY, 1 RAQ/ANO
Ttra _f:_____;
clen 19 < s ) RAT/ANS
DrectAddr 7 If y } gt ! RAZIANZVREF
z / ' RAVANVCMP1
ETRS x A/ TUCKT/OMEZ
|+ RASMCLR/VPP
] on b : RAB/CSCHCLKOUT
8 -1 STATUS re k= 3 RA7/CSC 1/CLKIN
Fower-up o .
7 Timer Y RBWINT
instructon | || oscliaor 1 mﬂ
Dexode 8 [~—-1 | Stant-up Timer
Cortrof t ~DXIRBICCR1
Power-on 4 RB4/PGM
Fose: i RRS
] oM Lopf | Watehdng 1 RBET10SOTICKIFGS
-1 Brnetating [~ Timer » RB7/T1QOSWPCD
OSCHCLKN Biuwn-ou
OSCZ/CLKOUT Detact
Programining
MCLR Y, Vss
Ccmparstor Timarl Timer1 Tme?
% o, T
]r I i) i
b l.? "-l l/' ‘I\lf ]r
VREF COPY USART Data EEPRCM
Note 1. Higharoder bits zre f-omthe STATUS reg ster.
DS4033(C-page & Preliminary © 2003 Migcchip Tecknalogy Inc.



PIC16F62X

TABLE 2-1: PIC16F62X PINOUT DESCRIPTION
Name Function | input Type | Output Type Description
RAO/ANO RAO ST CMOS Bi-directional 1/O port
ANO AN —_— Analog comparator input
RA1/AN1 RA1 ST CMOS Bi-directional }/O port
ANt AN — Analog comparator input
RA2/AN2/VREF RA2 ST CMOS Bi-directional /O port
ANZ2 AN — Analog comparator input
VREF — AN VREF output
RA3/AN3/CMP1 RA3 ST CMOS Bi-directional /O port
AN3 AN — Analog comparator input
CMP1 —_— CMOS Comparator 1 output
RA4/TOCKI/CMP2 RA4 ST oD Bi-directional 1/0 port
TOCKI ST — Timer0 clock input
CMP2 —_ oD Comparator 2 output
RASMCLRNPP RAS ST — Input port
MCLR ST — Master clear
VPP — —_ Programming voltage input. When configured
as MCLR, this pin is an active low RESET to
the device. Voltage on MCLR/VPP must not
exceed VDD during normal device operation.
RAB/0OSC2/CLKOUT RA6 ST CMOS Bi-directional 1/O port
oscz2 XTAL — Oscitlator crystal output. Connects to crystat
or resonator in Crystal Oscillator mode.
CLKOUT — CMOS In ER/INTRC mode, OSC2 pin can output
CLKOUT, which has 1/4 the frequency of
OSC1
RA7/0SC1/CLKIN RA7 ST CMOSs Bi-directional 1/O port
0SscC1 XTAL — Osciliator erystal input
CLKIN ST — External clock source input. ER biasing pin.
RBO/INT RBO TTL CMOS Bi-directional I/O port. Can be software
programmed for internat weak pull-up.
INT ST —_ Extemal interrupt.
RB1/RX/DT RB1 TTL CMOS Bi-directional I/Q port. Can be software
programmed for internat weak pull-up.
RX ST — USART receive pin
DT ST CMOS Synchronous data 1/O.
RB2/TX/CK RB2 TTL CMOS Bi-directional I/0 port.
TX — CMOS USART transmit pin
CK ST CMOS Synchronous clock 1/Q. Can be software
programmed for internal weak pull-up.
RB3/CCP1 RB3 TTL CMOS Bi-directional /O port. Can be software
programmed for internal weak puil-up.
CCP1 ST CMOS Capture/Compare/PWM /O
Legend: O = Qulput CMOS = CMOS Output P = Power
— = Not used | = input ST = Schmitt Trigger Input
TTL = TTL input oD = Open Drain Qutput AN = Analog
© 2003 Microchip Technology Inc. Preliminary DS40300Cpage 9



PIC16F62X

TABLE 2-1: PIC16F62X PINOUT DESCRIPTION (CONTINUED)

Name Function | Input Type | Output Type Description

RE4,PGM RB4 TTL CMOS Di-directional /O sort. Car be software
programmed for infamal waak pf-up.

PGM |7 —_ { nw vnitage prngramming input pin. Intarapt-
on-pin change. Wher lbw vcltage program-
mirg is enabled, the interrupt-on-nin change
and weax pull-up resislor are disabed.

RBS RB& TTL CMOS Bi-directiongl /0 port. Interrupt-on-pin
change. Can be softwiare programmed for
irternal weak puli-up.

RB6, T10SO/T - CKI/PGC RBE TTL CMOS Bi-directionel 1/O Don. Interrupt-on-pin
chenge. Can be software programmed for
irternal weak pull-up.

T1080 — XTAL Tirer1 oscitator oLtput.

T1CKI 57 — Trer1 dock nput.

PGC 57 — ICSP ™ Programming Clock.

RE//T10SVPGD RB/ TTL CMOS B-directionzl /O port. Interrupt-on-pin
chenge. Can be softwere programmed for
irternal weak pull-up.

T108I XTAL — Tirer1 oscilator input. Wake-up from SLEEP
©n 2in change. Can be sofiware pregrammred
for intema: weak aull-up.

PGD 8T CMOS ICSF Datz LG

\'ss Vss Power _ Ground reference for logic and VO pins

\DD voC Power — Positive supply for logic and I/O pins

Legend: O = Output CMCS = CMCS Output P = Power

— = Nofusec i = Input ST = Schmitt Trigger Input
TTE =TTl Inpet an = Opan Dran Chp.st AN = Analng

DSA40300C-pzge 10

Preliminary

© 2203 Mic-oship Technclogy tne
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LA1185

Operating Conditions at Ta = 25°C

Parameter Symbol Conditions Ratings Unit
Recommended supply voltage Vee 45 \'
Operating voltage range Veeop 1.5t080 \'4

Operating Characteristics at Ta = 25°C, Ve = 4.5 V, frr = 108 MHz, fosc = 118.7 MHz,
See specified Test Circuit
Parameter Symbol Conditions min typ max | Unit
Current dissipation lec Quiescent 55 80 | mA
Output saturation voltage Vo 100 dBp 95 115 135 |mVrms
Local osciliation voitage Vosc Vo =2V 190 | 235 mVvrms
Oscillation stop voltage Vstop 1.4 1.6 A
2 Pdmax — Ta
E 10 l
f H
x W0 :
g
5 120
& !
< K0 -
2
a e
2
5 60
$ w0
Q
Q
o 2 ,,-.__..“},..“M
<
2 4]
o -20 o b.o] @0 ) 20 00
< Ambient temperature, Ta - °C
Test Circuit and Equivalent Circuit Block Diagram
4 [
" | w——Y Set——| ——— ’——-
3 4 s 6 7 9
= (&}
i‘!mp '—L}—l ”L =%0p
o~ r— &< "
8F —~ L ] Q<|-oms01
32l ! I T E | (Sumida)
22 | |
e 1 t 20p
sNyorsaer L e
(Sumida) W P WO Yc=4sv
'°°°PJ; YT-30224 Im’"
(Mitsumi)

Unit (resistance: (2, capacitance: F)

No.1521-2/5



LM193, LM293, LM293A, LM393
LM393A, LM2903, LM2903Q
DUAL DIFFERENTIAL COMPARATORS

SLCSO05K — JUNE 1976 — REVISED JUNE 2002

LM193... D OR JG PACKAGE
LM283...D OR P PACKAGE
LM203A ... D PACKAGE

Single Supply or Dual Supplies
® Wide Range of Supply Voltage

...2Vto36V LM333, LM393A .. . D, P, P'S, OR PW PACKAGE
® Low Supply-Current Drain Independent of LM2903...D, P, PS, OR PW PACKAGE
Supply Voltage . .. 0.4 mA Typ Per LM2903Q '(1'.6"3 SI'EQ)PACKAGE
Comparator
® Low input Bias Current ... 25 nA Typ 10UT 1 Yo ] Vee
® Low Input Offset Current ... 3 nA Typ 1IN-[] 2 T[] 20UT
(LM193) N3 sf2n-
® Low Input Offset Voltage . . . 2 mV Typ GNDfl4 sl
¢ Common-Mode Input Voltage Range
Includes Ground LM193... FK PACKAGE
(TOP VIEW)

& Differential Input Voltage Range Equal to

Maximum-Rated Supply Voltage ... £36 V o g) o 8o
® Low Qutput Saturation Voltage zZ - Z>2Z
® OQutput Compatible With TTL, MOS, and 2 12019
CMOS NC] 4 18[] NC
® LM2903Q Available in Q-Temp Automotive eps j;E 2ot
- High-Reliability Automotive Applications 6 2N
- Configuration Control/Print Support N+ 7 150} 2IN-
- Qualification to Automotive Standards NCHS 0 o1t 1 1o NG
o s s ny (' ¥ |
description eogeze
4] ]

These devices consist of twoindependent voltage
comparators that are designed to operate from a
single power supply over awide range of voltages.
Operation from dual supplies also is possible as long as the difference between the two suppliesis 2V to
36V, and Ve is atleast 1.5V more positive than the input common-mode voltage. Current drain is independent
of the supply voitage. The outputs can be connected to other open-collector outputs 1o achieve wired-AND
relationships.

The LM 193 is characterized for operation from —55°C ta $25°C. The LM293 and LM293A are characterized for
operation from —=25°C to 85°C. The LM393 and LM333A are characterized for operation from 0°C to 70°C. The
LM2903 is characterized for operation from ~40°C to 125°C. The LM2903Q is tested from —40°C to 125°C and
is manufactured to demanding automotive requirements.

iN+ out
iN=-

NC — No intemal connection

symbol (each comparator)

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereta appears at the end of this data sheet.

PRODUCTION DATA iiormation & cumert s of publication dais, . Copyright & 2002, Texas Instruments incorporated
Products conform Qsz”hmﬂgu Inatremers: " On produets-compliant to MIL-PRF-30545, all parameters are-tested
standiard warranty. p g doas not y Include: TEXAS uniiss othersise noted. On al ofher cts, production
testing of all parameters. [ processing does not necessarily inchude of aff parameters.

POST OFFICE BOX 655203 ® DALLAS, TEXAS 75265 1




.
FAIRCHILD
SEMICONDUCTOR®

VHF/UHF transistor

NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings 1,=25:C unless

KSP10

1- ..

1. Base 2. Emitter 3. Collector

otherwise noted

TO-92

Symbol Parameter Value Units
VeBo Collector-Base Voltage 30 v
Veeo Collector-Emitter Voltage 25 %
VEBO Emitter-Base Voltage 3.0 N
Pe Collector Power Dissipation (T,=25°C}) 350 mWw

Derate above 25°C 28 mW;°C
Pe Collector Power Dissipation {Tc=25°C) 1.0 w

Derate abova 25°C 8.0 WreC
T, Junction Temperature 150 °C
Tst1e Storage Temperature -55~150 C
Rih{j-c} Thermal Resistance, Junction to Case 125 SCW
Rth{j-a) Thermal Resistance, Junction fo Ambient 357 °Cw

Electrical Characteristics T,=25°C unless otherwise noted
Symbol Parameter Test Condition Min. Max. | Units
BVeso Collector-Base Breakdown Voltage le=100pA, =0 30 \'
BVeeo Collector-Emitter Breakdown Voltage lg=1mA, Ig=0 25 \'
BVepo Emitter-Base Breakdown Voltage IE=10pA, =0 3.0 \'
Icgo Collector Cut-off Current Vep=25V, Ie=0 100 nA
leso Emitter Cut-off Current Veg=2V, ic=0 100 nA
Neg DC Current Gain V=10V, Ic=4mA 60
Vce(sat) | Collector-Emitter Saturation Vioktage Ic=4mA, lg=0.4mA 0.5 v
Vge (on} | Base-Emitter On Voltage Vee=10V, Iz=4mA .95 \'
fr Current Gain Bandwidth Product V=10V, lh=dmA, =100MHz | 650 MHz
Cob Qutput Capacitance Vep=10V, Ig=0, f=1MHz 0.7 pF
Cry Collector Base Feedback Capacitance Vop=10V, Ie=0, I=1MHz 0.35 085 pF
Cetbr Collector Base Time Constant Vop=10V, Io=4mA, 9.0 ps
=31.8MHz

* Pulse Test: Pl 300ys, Duly Cycle<Z%

©2001 Fairchild Semiconducdor Corporatian

Rev. A1, June 2001

Nl doN



TOSHIBA 25C1815
TOSHIBA Transistor  Silicon NPN Epitaxial Type (PCT process)
Audio Frequency General Purpose Amplifier Applications y
. o nit: mm
Driver Stage Amphﬂer Apphcatlons
5.1 MAX,
¢ High voltage and high current: VCEO = 50 V (min). f 3
Ic =150 mA G(max) nad 5
* Excellent hFE linearity: hFE (2) = 100 (typ.) 0.5 MAX. b - =
at VCE=6 V,IC = 150 mA a5 a3 =
: hFE (¢ = 0.1 mAVhFE (¢ = 2 mA) o
=0.95 (typ.) -
s Low noise: NF =1dB (typ.) at £ =1 kHz \27 -
* Complementary to 2541015 (O. Y. GR class) 0 -
s / :
1 ] Al g
Maximum Ratings (Ta = 25°C) =i
t 23
Characteristics Symbol Rating Unit 1. EMITTER
2. L
Collector-base voltage Vego 60 \2 3 EESEECTOR
Collector-emitter voltage Veeo 50 v
Emitter-base voltage Vegso 5 v JEDEC TO-92
Collector current Ic 150 mA JEITA 5C-43
Base current Is 50 mA TOSHIBA 2.5E1B
Collector power dissipation Pc 400 mw Weight: 0.21 g (typ.)
Junction temperature Tj 125 °C
Storage temperature range Tstg -55~125 °C
Electrical Characteristics (Ta = 25°C)
Characteristics Symbol Test Condition Min Typ. Max Unit
Collector cut-off current lcBo Veg=60V,Ig=0 — — 01 pA
Emitter cut-off curent leBO Vep=98V,Ic=0 — — 01 pA
hy
, FEM 1y e=6V. Ic=2mA 0 | — | 700
DC current gain . (Note}
hrE (2) Vee=6V, Ic= 150 mA 25 100 e
Collector-emitter saturation voltage VeE(sat) |le=100mA, lg=10mA - 0.1 025 \%
Base-emitter saturation voltage VBE (saty |lc=100mA, Ig= 10 mA — _— .0 A
Transition frequency fr Vee=10V, Ig= 1 mA 80 | - e MHz
Collector output capacitance Cob Veg=10V,lg=0,f=1MHz | — 20 a5 pF
Vee=10V, l[g=-1mA
Basa intrinsic resistance fbo' cE E — 50 —— Q
f=30 MHz

VCE=6V, lc:O.f mA
f=1kHz, Rg=10kQ

Noise figure NF

1.0 10 dB

Note: hrEg classification O: 70~140, Y: 120~240, GR: 200~400, BL: 350~700

2003-03-27



SN54HC00, SN74HCO00
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

SCLS181E -~ DECEMBER 1982 — REVISED AUGUST 2003

® Wide Operating Voltage Range of 2Vto 6V
® Outputs Can Drive Up To 10 LSTTL Loads ]
® Low Power Consumption, 20-pA Max ice L

Typical tpd =8ns
+4-mA Output Drive at 5V
Low input Current of 1 nA Max

SN64HCO0. . . J ORW PACKAGE SNG4HCO00 . . . FK PACKAGE

SN74HCO00. .. D, DB, N, NS, OR PW PACKAGE (TOP VIEW)

{TOP VIEW) w0 Sm

W, ~ - Z > «

ALl =l Vee 321201
B2 13] 4B 1 [Ja 18} 4A
1Y [I3 12} 4A NC |15 17 NC
2afl4 1} 4y 2a{ls 16[] 4y
2B[5 10§] 3B NC(]7 15[ NC
2y []6 9]l 3a 2&[]s 1[] 3B

enoll”  sflay oothEs

SR

&)

NC — No internal connection

description/ordering information

The 'HCOO devices _contain four independent 2-input NAND gates. They perform the Boolean function
Y=AeBorY=A+Bin positive logic.

ORDERING INFORMATION

PDIP-N Tube of 25 SN74HCOON SN74HCOON
Tube of 50 SN74HC00D
SOiIC-D Reel of 2500 SN74HCOODR HC00
Reel of 250 SN74HCOODT
-40°Cto 85°C SOP - NS Reel of 2000 SN74HCOONSR HCOO
SSOP-DB Reel of 2000 SN74HCO0DBR HC00
Tube of 80 SN74HCOOPW
TSSOP-PW Reel of 2000 SN74HCOOPWR HCO0Q
Reel of 250 SN74HCOOPWT
CDIP —J Tube of 25 SNJS4HCO0J SNJS4HCO0J
-85°Cto 125°C | CFP-W Tube of 150 SNJS4HCOOW SNUSIHCOOW
LCCC-FK Tube of 55 SNJS4AHCOOFK SNUJ54HCOOFK

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are
available at www.ti.com/sc/package.

Please be aware that an important notice concerning availabiiity, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disciaimers thereto appears at the end of this data sheset.
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Audio Frequency Power Amplifier
Low Speed Switching
+ Complement to KSB772
1o TO-126
1. Emitter 2.Collector 3.Base
NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings 7.=25:C unless otherwise noted
Symbol Parameter Value Units
Veso Collector- Base Voitage 40 \
Veeo Collector-Emitter Voltage 30 N
VERD Emitter- Base Voitage 3 \J
lg Caliector Cuirent {DC) 3 A
Icp “Collector Current {Pulse) 7 A
i Base Current 0.6 A
Pg Coilector Dissipation (T¢=25°C) 10 w
Pc Collector Dissipation (T,=25°C) 1 w
Ty Junction Temperature 150 °C
Tsre Storage Temperature -55~ 150 °C
* PW=10ms, Duty Cycles50%
Electrical Characteristics 14=25°C unless otherwise noted
Symbol Parameter Test Condition Min. | Typ. | Max. | Units
Icen Callector Cut-off Current Ve =30V Ig=0 1 nA
leso Emitter Cut-off Current Veg=3V. Ic=0 1 pA
hret *DC Current Gain Vee =2V, Ic = 20mA 30 150
hegp Vee=2V, Ic= 1A 60 160 400
Vee(sal) "Collector-Emitter Saturation Voltage le=2A, I5=0.2A 0.3 0.5 \4
Vge(sat) *Bass-Emitler Saturation Voltage Ic=2A,1g=02A 1.0 20 vV
fr Current Gain Bandwidth Product Veg =5V, g=0.1A 90 MHz
Cob Qutput Capacitance VYep=10V, =0 45 pF
= 1MHz
* Pulse Test: PW350ps, Duly Cyclesa% Pulsed
hgg Classificntion
Classification R O Y G
bEe2 €0 ~ 120 100 ~ 200 160 ~ 320 200 ~ 400

©2C0 Fairchiid Semiconductor Itermational

Rev. A. February 2000
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HOLTEK HT71XX
High Voltage Regulator

Features

¢ low power consnimption ¢ High input vnltage (up ta 24V)
e Lowvoltaga drop e TO0-92 and SOT-89 packages

+ Low temperature coefficien:

Applications

e Battary-powered equipment e Aadio/Video equipment

e Communication eyuipment

General Description

The HT71XX series is a set of three-terminal Althaugh designed primarily as fixed vcltage
low powar high voltage reguiators implemented regulators, these devices can be used with ex-
in CMOS technology. They allow input voltages ternal components to obtain variable voltages
as high as 4V. They are available with several and curronts.

fixed output voltages ranging from 3.0V to

5.0V. CMCS technology ensures low voltage

drop and low quiescent current.

Selection Table

Part No. Output Voltage Tolerance
HT7130 3.0V ~H%.
IIT7190 H LO%
HT7136 3.6V 5%
HT7144 4.4V =5%
HT7150 5.0V =5%

1 August 8 2000



I-IJLTEK# HT71XX

Block Diagram
I 1
VIN ——vout
‘ '
i B
3
; N s
Vel e :
} S N
2
T
GNT: —i !

Pin Assignment

TO-92
!
!
‘ Frun! Visw
(51,1} Vﬁ VR
t\ / Boticm Vew
AN GHD VIN VOUT
Pad Assignment Pad Coordinates Unit: pm
Pad No. X Y
1 480,00 —151.50
€,0) 2 8750 114450
3 482.00 -444.50
5

7]

NA ]
nns @]

Ch:p size: L $idv1294 (pmlg
“ The IC subsLrale shvald e connecled W VDD in the PCB Jayuul artworle

2 August 8, 2000



MC140178

Decade Counter

The MC14017B is a five-stage Johnson decade counter with
built—in code converter. High speed operation and spike—free outputs
are obtained by use of a Johnson decade counter design. The ten
decoded outputs are nommally low, and go high only at their
appropriate decimal time period. The output changes occur on the
positive-going edge of the clock pulse. This part can be used in
frequency division applications as well as decade counter or decimal
decode display applications.

Features

Fully Static Operation

DC Clock Input Circuit Allows Slow Rise Times

Carry Out Output for Cascading :

Divide—by-N Counting

Supply Voltage Range = 3.0 Vdc to 18 Vde

Capable of Driving Two Low—Power TTL Loads or One Low—Power
Schottky TTL Load Over the Rated Temperature Range

¢ Pin—for—Pin Replacement for CD4017B

¢ Triple Diode Protection on All Inputs

Pb—Free Packages are Available®

MAXIMUM RATINGS (voitages Referenced to Vgg)

Symbol Parameter Value Unit
Vop DC Supply Voltage Range -0.510 +18.0 '
Vin. Vaut | Input or Output Voltage Range -05toVpp+05 \
(DC or Transient)
fin, It | Input or Output Current +10 mA
{DC or Transient} per Pin
Pp Power Dissipation, per Package 500 mvy
(Note 1)
Ta Ambient Temperature Range -5510 +125 °C
Tatg Storage Temperature Range —65to +150 °C
T Lead Temperature 260 °C
{8-Sacond Soldering)

Masximum ratings are those values beyond which device damage can occur.
Maximum ratings applied to the device are individual stress limit values (not
normal operating conditionsy and are not valid simultaneously. If these limits are
exceeded, device functional operation is not implied, damage may occur and
reliability may be affected.
1. Temparature Derating:

Plastic ‘P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protaection circuitry to guard against damage duse to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high=impedance circuit. For proper operation, Vi, and Vout Should be constrained
to the range Vg = (Viy oF Verptt = Vpp.

Unused inputs must always be tied to an appropriate logic voltage level
(e.g., either Vgs or Vpp). Unused outputs must bs left open.

*For additional information on our Ph-Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

» ® Sm‘ni’mnd‘urdror ComponemslndlstnasLLcwos S ) 1‘ o
February, 2006 - Rev. §

ON Semiconductor®

http:ffonsemi.com

*

PDIP-16 |
P SUFFIX
CASE 648

SOIC-16
P SUFFIX
CASE751B

SOEIAJ-16
F SUFFIX
CASE 966

1

MARKING
DIAGRAMS

DSy e ey ]

MC14017BCP
o AWLYYWW

AL

16
Inluininlnln]

14017B
o AWLYWW

[TILILILJ\_ILIU

16
oonoooon

MC140178
o AWLYWW

|1_H_IL|L..H_|U

A = Assembly Location
WL L  =Wafer Lot
YY, = Year

WW, W =Work Week

ORDERING INFORMATION
See detalled ondering and shipping information in the package
dimensions section on page 3 of this data sheet.

Publication Order Number-

MC14017B/D




MC14017B

PIN ASSIGNMENT
asf1e 16 I Vpp
iz 15 [1 RESET
qol 3 14 [1 CLOCK
Q20 4 1Bl
Qs s 12 1] Cour
a7l s 1njaoe
Qifg7 10 1 Q¢
Vss [ 8 o[laa

FUNCTIONAL TRUTH TABLE BLOCK DIAGRAM
(Positive Logie)
CLOCK 14 0—iy 0+—o0 3
Clock Decode gl U
Clock | Enable | Reset| Qutpute=n Q2o 4
0 X 0 n QpP—o7
X 1 0 n Q4|—o 10
X X 1 Qo K 30— as—o1
e 0 0 n+1 ‘ QBl—0 5
" X 0 n Q7l—o6
X s n Q8k—09
1 s 0 n+1 Qt—o 11
X = Don't Care. if n < 5 Cany = 4, RESET  150— Cou—o 12
Otherwise = 0"
Voo =PIN16
Vgs=PING
LOGIC DIAGRAM
a5 at a7 ® a9
1 2 8 7 1
14
CIOCK 12
EWBEE | 7, ot | lewr | e a4 | e oo ca-l—D«m
—C ¢ ¢ —c ¢
o o0 al- | —lo a+—o gH &b @
15 R H [: I A H a8 R AR H
peser - o> ] 1 1 T
S o — ]
! I
=T _
3 5 4 9 16
ae Qs a2 as o

2
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