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ABSTRACT

This project is a study of wireless system communication called RFID. So, a frequency at
13.56 MHz is used. This system consists of 2 main parts, reader and transponder or tag. The reader
consists of Power supply, Modulator, Demodulator and Power amplifier that can transmit power 3
Watts and PIC family Microcontroller will be nsed to control the reader. The Transponder consists of
load modulator. Similarly to the reader, PIC microcontroller will to be used the control device too but
the energy will be transmitted from the reader. In communication between Reader and Transponder
both serial ports of PIC must be used to send and receive data with the Reader. The reader will
decode and extract data to be used later.
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2.1



A

sﬁmmné’mﬁmsﬁmuﬁmmgw'lumnmufhnmzdwsﬁ'ﬂ Barcode 1sznaufiuil
WAsgINA 9 TFumsdmualdonuunnd 10 masgw fildnssmssig Barcode Uu
RanduMee "Imﬂnﬂwaﬁmhmnsg‘m'nﬁ'mnwﬂunummgmﬁ'ummhwuumﬁma q
1ummmﬂmnmmmlaﬂummamu'l#nummmu Barcode it iqyagunasgmunits St
UIAIYIU European Article Number 138 EAN @4 'lﬁ'mmiﬂﬂﬁ’uwmﬁmm‘lﬂuusﬂw ™Y
Fuf el luvheassnAudums udidng q AIUA WA, 2419 i‘]ﬁquummgm Barcode
Uningegéhenmndutinie q Al llmudesimun EAN fandnnil lavdasimesdazneudan
Joyavimun 13 wdn Faumaslugaldi 2.2

Country J T A Manufacturers item
identifier Company identifiar . ch

4jo]112{a3je{siolsf{1lsfjole

FRG COﬂmny Name Chocotate Rabbit
1 Road Name 100g
80001 Munich

U 2.2 drednlnseademsdhsde Barcode A1MIH591M EAN (European Article Number)

dul52ABYYDIViT Barcode it EAN a3 auonldeemiludeya 3 drumndn 4 fia 2
winusmBusdalfunubnda (Country Identifier) 5 ndndauuiusaunmudovsondadodoy
fugnidoyninargiidfafunodousimuda foznsansiwdsfieguasmnuaviadens
9 18 unxdn 5 vifaie TezidunviinTediduiivesiuifiiinisndn daudoyandngaield
Hundnasivney Felidansdfuildsnnum Medesdummiimlaou Tnoddaayluudas

> o o " - A ot
niinil 185 s 0-0 usnsIny ey EAN u&3 Saflumsgmu Barcode wiinau o Fefims1daulu

»
o

WWIENQUALH
ar - | o el ar W
2.1} sWaULY Codabar : 15 uanasmaunnd nierenmsfihoafuanudaeadodie o

wu TseIimdsauiiuedes Judu



2.1.2 IMTUVY 2/5 interleaved : 14 1ugamIMATININOUA , dRoumuiued dmiuyuds
duf uozgaamnITuming s
2.1.3 1 39 1lulsesngasimnasy Tasmwiz lumenszuiumsnandis q

inTevevuduA (Logistic), u1Anedn uasoanyn

2.2 malulad Optical Character Recognition

Hhuma 1468 Auto-ID AuduBnaiiawilait 185ums Ankumaz 189 mandeus war. 2510
wuIRad1Bveana 1u1a8 Optical Character Recognition H38138n418 9 11 OCR fite n130BNLUY
aanusuazAunumsengu iz Fon) mmedaiinunsos i 18&wmonuyws uas
s 1dkoinTess i OCR 7 I8FUmseenuudmnd iy Idou s ongys 317 2.3 1y
f00InTBe8IMTa OCR #5013 198 Luuae 2 a9 9 hidwzdlusuins Tasewizedneds
mwmuﬁﬂ:mnadnauiwﬁmlmﬁn (Cheque) uinz Wiiiihusauun OCR fadu uenvimiy

gatims auhunmeyImsuasian1iou 4

zﬂﬁ' 2.3 gunsaiemdeyniniuinigii OCR (Optical Character Recognition)

dodnmveanasgiu OCR 1l 185 uanuiion 1 emuminmefaesiamdungu ua

1 ‘ . o J 4 o o A
AUNOIATIVBIATEIB IS OCR Fuden/Toudoudunis 199 Auto-ID uuvdy qud2




wuiunfesemsimnasgu OCR frntumendy wazdatinnududoulumsidanuemizagy
ﬂmuwﬂﬁmg'luﬂsmmﬁmmnmuu u.n-amﬂnnaﬂﬁulmmsgwmnmﬂﬁmmwamn
Tuaendhe m?wmﬂ%nummgm OCR ffansiidosiiauiRsafuinass MUy Barcode i
ﬁmﬁmiﬁ’uﬁﬁﬂ?ﬂémﬁﬁagaﬂ%mzi‘;um'lﬁxﬁﬂn'nnﬁﬁﬂunizmumsqiﬁmmmﬁmﬁ’u

2.3 mnluTadl Biometric

WumsgrunaTuled Auo-D v l¥msdudimsuiordumasg Barcode waz
OCR Gsmumnevssnirduimiy s1emneiants dufadunss q wiolddwmedudoiudld
dwmiumalulad Biometric uu'lﬁmﬂ’naaﬂuuun'minﬂwag'm'nuwam'l sWadiange 39
musalfumudauiiFia su aundedas fumasesfhudnyazmunsnmdiiamth
NNV IRTI T I q @?eﬁ'ﬂymzé’aﬂﬁnvmﬂﬁ'uuuﬂm'lﬂluswinznun?auﬁazﬁa Tneliil
maefiozHgtunyfimdousuld il Tuladmsuaasiiauluaszga Biometic tuming
wmiuns W¥asnmeu wweiuddiddamini

win 1uTad Biometric Tunnuvusosniiume 1uled Auto-D 1awizma 2 Yizinn §o s
asmeulavl¥meiile dromaulad Fingerprint uazn1ias29tey laolhifosyanie voice

Recognition fafisnoaziBeads 1alil

23.1 malulad Fingerprint

ﬁ‘lumﬁIuTaﬁﬁsﬁﬁi‘;un1ﬂmsﬂﬂuumumﬂa§meé"mmyqﬁnu1 Taoudiduuanlams
ﬁauﬂaunmsm‘nqygmnmﬂvﬂmumna womddasneduniofesmnduiiung Mid
wmmwmummuuummmﬂuunﬂumvmm.,m Lifinadrdouiu minsrovaisiiadiem
'lé'ﬂummm'swﬂwlﬁumwmawmuwﬂmnﬂmmwau TisudemsAgainindesses
amuwawﬂsmgaqmmmqma q AfResnade1dinsdesly

ABINTa 18I msmiadhuioe S m'l%ﬁuﬂumuumwmunazuﬂﬂa uﬁ"ammiﬁ?’ﬁﬂﬂ
w%'aumnunmﬁu'l‘nmvuugmffﬂga iledosmanfoudisunoassaoumeiiafe Aol
yasaneiifeasuuniess mmaﬂazmmimummamuamansnﬁauﬁ’uimmwﬁmi

Wutuiin1y mawudmssfufve dusiunmand sunsunel3 gy dndszq dudu




2.3.2 malulad Voice Recognition

uenenmsl4doyamemenin ivu awihile lumsumasiauuda iioanAve YN
damnsaimhiidusiomie 1 fumudn 1ddueid Snfududemsddamsedind1&ims
viannszuudaiudssmalugliuudtees wieudnduma Tuladiszuronaidsdsnea (Digital
Signal Processing M8 DSP) uﬁ')ﬁi‘iaﬁﬂﬁmmﬁ’mm:i’ivzsﬁui’ﬂgmﬁm Wemhmaiinse oy

wisuisududuuuy W'l 1dee19ls e ndenanain

P , " 3z
1kl 2.4 wIess ey Fingerprint S unaziiuiindeynenareiiiie

nannisheuveunaluladasvaeylaolfidosnyad lidreennsdives Fingerprint
nandelimuduiuindeayavesyana 13 idedesnisldam wu dadszg Tasldawani
Alnuszdoann inlulas Inu Taol$use Tonuinsgnmiininisdmun’l? (Predefined sentence)
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ﬁumﬂﬁnhu'luTﬂsTﬂuﬂ:xﬁ’ujﬂszmumsuﬂmﬁ'q;apmnﬂuﬁﬁﬁaa edgnsissinanam
uvuuas Tnssrdvsesimivaya é?qn'ﬂmﬁzqm'h'Iﬂnl‘%‘amﬁﬂuﬁnzﬂzmuﬁﬁmsﬁuﬁmﬁn
Vrewmh mawuhilgduvuuos Inssadvessiadoamye SedouezgmirlwToufoudy
mddmstudinduB¥neunh winwwrhfigduuuessdu fezdidor Wi uiiumsan
ANURBIMS 18

maTuTaBuuy Biometric sy mnsdmiunis Menuiteudaimure sdi§3a Hagd
fohldnalumsduiiumsegwonunis himoi lillsegnd19fuuanasdu 9 18 swranuas
e TuTaBuwy Biometric Wy tmnzdmiums Mruiouansinauunsdaiiasa uazbationld
nanlunsduiiumssgueaunis ‘hiamh'lﬂﬂszqﬂﬁﬂ%’ﬁna‘:umeﬂq'mmifu Sehidhdoiies

sﬂumﬂiu‘laﬁm«ﬁanfhw}’umsﬁﬂmsqmmwnﬁuqnlﬂu’

2.4 mnalulal Smartcard

mTulad Smartcard Sutlsinggeroaidnusia Tan Wil w.e. 2527 fu mslFamiugl
vostins Insdwifimuns adiudu 1 #analomisdiaoniuesing Smartcard vueinefansiloguuf
dail plumswdn ndndedlelion Wonudassddimthduieidusnh rithes fudmdndy
indos 1 Faimnuasiiuen (pin) TAomrFufTUMIHY Smartcard sriiograioye udas At
Fygugmna (clock) Mnnsessu doutsumihduiafiistes i sidnnsoing
moly wewmTuhins %‘Uf?a'ﬁ'egavhum’hﬁ‘uﬁ'ﬁv‘“‘uﬁwﬁmﬁ"ammwwns 1( /O) Post : Input-
Output) #7051948917A5 Smartcard #TiA1s 1991052 1!

Jofvosmalulafuny Smartcard fife wwsoflosfunuduvesdoyaiiuiiney
meluusn 1] TavmssumdeyaszAesldindessnii183unsesnuuuinTasewe 3eldnd
Hulunsdves Smartcard i3 uueAenms Tamsmzfundy siM 719 TunTot
Tnsdwihindend asM 1fu ﬁxﬁmsﬁaf';"u'lﬂlﬁuﬂﬂamﬂuann’mﬂémﬁagaﬁnﬂusﬁ'ﬁlums
Sufiuounany (Authentication Key) 1808 usfez 1t oesmusiu stM 71185 un 380 nuuuu
dhuegsfifieslafinudei I Tianwiion 1 emunaTulad Smartcard W2emsn19Suuazns
swmIAustiauminatw foyavindnin Smartcard s1ovileszyiilune 2535 WosThiae) fivea
113 1997u Smartcard s 200 $ruusnsta Tanuny Tuw.a. 2538 seAn13 1847 Smartcard 1y
ge¥u 600 Fruusu Taoludnaudfuvaiiu Smancard wuusssum 00 Fruuu saziiy
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¥

Smartcard fitkgilnsallasTns Tulsiaiwe 1350 100 Sruudu Sodiunaiafid SasimaiayTage
figalunnssgaamnssulylasddmrsting

01108 Smaricard Adefidoidof lirunsoudly idegiuiaems ety
Fudfer $99i11% Smartcard Tegmaldauiiiida suiteansinasfansefnna nisa
Lﬂumuﬁnﬁm'fuﬁ’mwiuﬁqﬁ'llﬂﬂﬁaduuwﬁ’uﬁuﬁmm Smartcard uens MM BB ARG
TymimshauRanaa wazfdunulumstheiamniideudisgs lunsiounalszon wu
FInsfmimsisaz wissduit bicwniensasmeuunstosiumssnosuilaouuastins 1450
fw

maTuTod Smartcard ansoven 1&idu 2 sz fo s WfTmwizniaea 16
dwfuiuiindeyanTefiimsilslulns T names i dvsu 19z unane WidTwend i

¥ o
wusarilasassumelunes Smartcard isresuuuwodavalRadi

2.4.1 Smartcard UUY Memory Card

¥ londnees Smartcard amnﬁ"a{j?'lmi'wmmﬁumu EEPROM (Electric Erasable and
Programmable Read Only Memory ¥z vhnissuuaz@ndoyamuidonloillgsunnnde s
Tumalfidgbivindonmunsodmualéddie: Wimsdhswadoya (Ciphering) fouriims
Wouvies w14 Lﬁaﬂaaﬁumsﬁ'ﬂaamwudwﬁ'ﬂga Taoynaniousnitldindossudouuny
ﬁaﬁﬁnﬁumslﬁumﬂﬂmﬂsuﬁmuﬁlﬁnﬁwﬁnmnmmmﬁ%gauaz aednlunisinurany
oAy (Address and Security Logic) f'uazmmmn’fﬂﬁsﬁﬁﬁmsaﬁ’uﬁ'vm?ma’mﬁni’lwaaé’
TuSas

0619 15013 1i19991n1HN Smartcard ﬁ'ﬂymzﬁ”ﬁsﬁuwﬁaun11u§1adma‘lmﬁmaeha
#07 Taldmnsmh ldszgnd 18w luuimsfiinnududow18mms Smartcard wuuis
s Thvaare fagatelu a1v1497u Smarcard uuuff‘a‘aﬁ’mﬁﬂ1sﬁ1wuaqaﬂszmﬁ‘{ﬁiﬁmu
wiuew gy Withilasiefidy, das Insdwimmsuzianduni »aq dfidedfiduyudeiing

uanyluseudiesiisdiildomdeudrenhslugsfeidosmsdunusetingd
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2.4.2 Smarteard tl‘l.l‘l.lﬁﬁﬁ:ﬂiﬁﬂﬂﬂ11‘!&1‘!87‘39'5!12!114

luins Smartcard 715 Tnssadramelufidudouniuuuusn Guemnistencies
Yszuranadunars nielulas lynemaed 1 3nmelu w%’amfaﬁmsmsqszuuﬂﬁﬁ‘ﬁms
(Operating System %30 08) Vin1wlumitsaaiust RoM arsviaudiliuandieldemndes
reuAefYuIASUAT DN TTe IR srulianisAinedeasly Smartcard uuiidu
srumnlfiansmarguiindadulaodosnuvuwiv limuisoaunioudleld uasiiog
miteufilu Smartcard ueloz1u Teghifileh Smartcard udoz Wnfuszgmirllidfunimsvde
wewdinduuuladaunnuuanielums My svgndmualaoisunsufiFoudulay
g W lF 0w saz sz gmiu T lumiaennudwuwy EEPROM M UuazdsudoyaasuL
mi2vAu$ UL EEPROM {':ﬂz'lﬁ'%’um:muﬂuIﬂunuuﬂﬁﬁ’ﬁﬂnﬁﬁuﬁnegﬂu ROM
lassafrsamiilnenssy molud iy Smartcard nuvilulns lilsiwmae i iinundesds
dmiums inunn dretefinuriu18ludogiufife udu siM ves Insfmilindowuig 9
Aoail luTas Tdsirmaefninlu sreiimiidnnauas Ussimanaiioifuns 19s s sy
nTeYe L‘i"mmﬂqﬁfmfugm 8619MIATBUTUMT 1F97U (Authentication Process) i SIM
veApsustanIninievis Insiwiindeufiuwhmsyssunana fewhnmadoufiounadns
ann Bfumadnsd Wanndeviounzia ladniu Tuiloqiiuuriu sM Julvi q emunse
saa%"umﬂlszmanmmﬂwﬁmé’uluﬁq 801 Tl5unsu Java2ME 8nf20 tMAu319a S Smartcard
wuvifl u Tns Tusmmansognisly annsaiudfiouorwdndunde Tsunsums 1mdg g
nan 1 Tilsunsa B ludaslufordu

2.5 mniulad RFID
suiieFaud maluTad RED HzduvumsiiaufiadiondsfumaluTod Smarcard oy
uin lidenfulnssadamsaarlaonssuniely #iints§afvuaz Tusindeyansuu
H & H = é . o t o [
masANuS wUKRLWaaEn Felunsdives RFD wivdiuiindoyasefigluuuumndisdlol]

- & roar
fuflufoadummnsamaue insiens iz ainlumsGonny TeweFenusutiuiindeyn
=L r & 1 e r r

lunsdives RFID 91 “1n509gne10” nT80 1916900131 Transponder 8619 1581w Tuns
- T a t 4 t ar 4 1 & o -t & T = {‘]’ o 5/
andetod I T NNATENgNYIAunTesd 1 (@edansmunsiunTossunz@oudoyn) $ilsd

Y o ar J 1 A o P -
desiimsnmiedendanu v ludleuldsundesgairwlugtuuudu lunsdlilsedamndaly




At vumNAI IUNImATiae daad ayadgygugum uazndsa Indhiies Tlsing
tﬂu1ﬂ1§aq‘lﬁﬁmeemw‘lum?mqmﬁw T ugliuveauniesingrindnhidueimes
malulad RFID Saflumisnaunaumanimeddens sy i maedsznisd
dwiu hitwzdunsdomns lalnduing madandenuiinduinglasldnguiveasmy
ma TuTad Insauuiny 49 anﬁ'lﬁmlﬁgﬁﬂu’fnn:rm'lminnmﬂIu'[a'ﬂ'ﬁmi’nmmﬁm

daulaelu1¥ms duie

1 2.5 grinseimiesFudedoynun RFID
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n 3

viiauaziszanves RFID

desnnmaTuled RED  swnsen e 18fumsuansianusaTusald
wornnatogduuy dawalfifannudesmis o lulSinasn sasiianunannaisly
whivvldou Litwailuluismsgammnisy gunsaldnneanuazain szuuinyiai
nends mifamudnd 404 anuvamavmoudimstszgndldaruiios fifnav¥gUnsel
RFID fifimswinsansimitnlutesnatn $1desfinatuuandieiu Faludunsesnuyy
waTuTodidumssudedeya msldiunnd onsuSatumsiudedoyn ana uddens
uﬁ'nﬂm“?ug'm"lumiﬁmuﬁ'n'lﬁ'na'nmluunﬂ'nmauﬁ'uﬁ’mszzm':

&ariu doudnduludonldginsal RFD sz aufunnudesms gy
Admteduiudodnuinamumndisioniomadie uasquinyuzveaninsed RFID udaz

3 A ot - H
yiin e ldminsadatuluiunldouldnsmuinglszasifiga

3.1 dnueizveignisl RFID
o & 4 v - & r v r
qunsel RFID ¥11AT09QnY16 (Transponder) 1501050487 (Reade) Witeuiflujula
Gﬂ' -] 1 «y ) U r é ' of r
ffldminwlutesnma wizduvumehausdulasimil sswiumsfudsdoyauuy Fu
Duplex (FDX) /Half Duplex (HDX) UMy Sequential (SEQ) avisasanuuindnmsnisdi

»
uanANAuAl

3.1.1 m33usaveyanuyu FDX/HDX

A 1) a [] A Y » ﬂ L Y 1 ﬁ
nissgussimsdedygadoynennaasanat Funiduindumadendasnldd

1 -y L] o [} . T oy A
mummém‘nq 'lﬂ'n’lﬂ’lﬁ'ﬂumsmm?mqmwﬁag’tumm'm'meumﬂ%’a‘mﬁ"m HAZiBeIn
A - - M 1 [} o @ 1 o = '
A2 INUT W BInaUdYgIunNUDIngNinTsagnYsdssenuilididededr HldSuurTidud
L3 1 1 A L] 1] e o [-"3 r A
dyauetvdas 1 lidunsesem n3oervde lawaiise Audggusuniulsiuegde e

el ot H ] J + J r.} t r [ ] QF
Woviudygrafignaesnnanniess Ffiumasis Ifuuvesaues Mlidedgygn

T s c’: 1 A a 1
sonnlaganh AnfuSedeedinmsmstumsadesnumndnvesdoapuniuing Aiimsds
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4 Coa 4 . BN S A
wnnnsssgnitwinznies dliendnyel (dentity) Hunndrafu e linFossumunin

uonuszuvasiiin 1detegndes Tavlduegmadaanauuy Load Modulation

3.1.2 msfudadeyauuy SEQ
4 T A 1 . L] .ﬂ' ] A ¥ -l
Wumsfemssswhunioss nuaziniosgnes RED fifmualdindoseuiinimga
1 o A aa 1 [ A u’ [] o (r +
dafggnunduanudiingiiugie q dedies wiaduswmunaiasiuaue $2900W WSmsds
ar A ' ‘!’ - ﬂ ar » 4 1 T - o A
dygmvennnniesemiiies feziludimziniesgniwhnsddygrundumdunses
g1u dedfunisadiagiuna (Timing) dmivlddissanislussuydedisuuy RFD §
A4 ' & s = ' a ¢ -
UszaeyludonTessunnznguusunTesgniwiiinunficsasann udmsfudsdoyauuud
oY a8 = a ] o » o J r A ] a di T
wvedifinegiivszinuvesnisniondsnuiifunesgndie dissoinlunafiniossumga
[ n’; ;é r ;’: T o o 3 {1 1 d -
dedgyananiu visaustssgnyioivatsfies hildfuwdson Wdhiideihunenting Wéae
-l = r: t: d} t AI'. o LY
ilddeadinsdedeginsalifusy g Wdhviouummesnnadin B lundosgavio hunldy

¥
mssudedeyauuuil

3.2 vinadeya (Data Quantity)

Iﬂuﬁ'a'lﬂqﬂnsnfmgmthu RFID szilvwiavasniingniust wieRiouondui
nnargdeyn Data Capacity) Tavinedana it lud v enans  Alalud edretsdam
fisfin3osgndio RFID ﬁﬂnduﬂﬁqﬁ'ﬁﬁ's"umiaammumiﬁ'ﬁwmmwqr?ma 1 4 (1 bit
transponder) Fundesgnirouuuiivalinamiszva wazlgalszaed lumni I M amdisaiie
msfumarummeiniy odielsimwgunsdindesgnirouvy 1 Sadl Afunymnsidnud
afnunen Tasewzlumsiszgndldanfifordestunsiathues (Monitoring) 13019
gilnsaldeswndyguedisde 9 Taoinadunuiniszudenn Ldmmmﬂ?mgmhmmu 1
Tn lidesnmsmsaessdiliszinanametuidesisla

MethemslfaunTosgniie RFD wuy 1ia fdhuiuialuife mandadiugilnsdd
Swidn 4 dmiuldaerudutmoludndmieharssndudii 9 lnernruzdoya 1 4a u
m?a«qmiwuﬁazéuﬁﬁa'lﬂﬁnﬁmumnqnﬁmuaﬁnﬂuaa%‘ﬂ “17 Faozgnutlassdiy “0”

& o - - v o LT A of
3o gaunzesnnndufuiielimsdisziuimunndoiuds dalulunsdingnsunseduii
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o i . 2 4 o dwyy  a
AauaunTesgnuy RFID Heananinlaonants wiessmn1dsumsfedsanmiandionn &

f ol ci ] 9 o at 4 o r-] [ |
waswNUNIMmIRTegniwegluiaiining uazesdedygnullfssvudousofiud

33 ansersnsolunisisunsy rogrammable)

msdnmnlssnnyeaunisigneie RFD adaanuaunsolums ldsunsudoya
eusauvseendithunisagnaied hignan Tusunsu 14 Famoludimadeudaynaiions
Husienavmuivla q s udddeinndudaonsnda woz Wawsonfouag
ufleld Smlszmsniladundesgnie RFD fimmmﬁmﬁIﬂmﬂw{’{ﬂgaﬁ‘mﬂmﬂ?aa
aw'ld c"‘mmmmﬁnmmﬂémthm]szmnifeami‘lu 3 ¥iia mumaTuTadnlennusi

i idau

3.3.1 gANuS WYY EEPROM ( Electrically Erasable Programmable Read-Only
Memory )

Wusiiafinunnfigalunssanniosgniiolaoia il witidedooludeswesnisiu
nizunIihitdeudragaluvasfiddatiufindeyn Yiznousuidesdaludomssiniunis

o 4 | 1 -~ L] Q’: f Q’l‘
musafuiindeya Fedaulnganniadoudoyaldlugas 100,000 - 1,000,000 nfaviniy

33.2gANNOWYY FRAM (Ferromagnetic Random Access Memory)

wdanu it lumsvaz@oudoynsnduuy EEPROM Ystana 100w Aoy
msldamlumadoudeyalnidinduuy EEPROM B4 1,000 41 ueneniuaugeeIniu
nandmaosgnit REID #19mizoamudwwi AnamWgunsalinesgnirosiiat 1ild

o Fard 1 25 &
‘ivmmuuuﬁq1u;mswmumuﬂmmueu |

333 gannudwuy SRAM (Static Random Access Memory)
Il Qe Oy A L & LS
fiquauidafiryludssemrunad lunsiuiindeya muzdmivnsiddudia
= ﬂ'l f A!' -3 as -4 r A 1 o d’
doynunimdinduds q fAieedufudmiums ¥ lunensd wiissmmizonnusuani

doaminszunWifes ofmundeyasgrasmam Sefeslimsesnuulituumaes dimiuse
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3 o 1] - g ‘ 1 A 1 ar
Idssiumieanuswiiall dewaldvuiaveaniesgniwneudnlnguasiminzdumsld

»
IURMIZATUYI NI

914 3.1 gilnssin3esgnane RFID uas Dish

3.4 nridanrid e (Sequence)

lunsdiveanoagovwiiannse lsunsuldiiu Afmadinfidluntsdamsiszainnn
doynldidonfinsandhulszdumomniindn nfiemisatonyiavesna Ty lndyszuaana
eoniflu mavszuanmnlaumstivuaienlvatds (State Maching) FudhiTisunsufi@outu
medy udniuiinaswudihlszainonn Wumsiansiiidesivaneusiann wesninlignse
fodouTusunsulmild wingluuuniy s enmlad il M¥TnsAnkudgunsel
Uszanawouuy lulns Tsiwmans (Microprocessor) asluiniosgnine Fuin g 1$ammmnse
WouTlsunauuflumsdhonldawdesns Tasmolugylylas Tussmaese: 145un1sfads
I2UVUQUAMI (Operating System M3® CS) uaz'lﬂmﬂmtmtlwﬁmi"u'li’nu{upuﬁu a9
‘iﬂfauﬁaq"luhanuﬂﬁn il ouiindesindosdodmiuns@ou T sunsulemmeoly

J 1 i " o
insesgniie Idedenaessn
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3.5 UWAINAITI (Power Supply)
y‘ﬂuamﬂnﬁﬁmamﬁﬁﬂi‘;ﬁmwr‘hﬁ‘ogmn‘lumsﬁmsm'};ﬁ'ﬂﬂ‘lﬁﬂ?mgmhu RFID %4
s uunbszamysunissgniivesniti 2 AqUAB WULWIEEW (Passive Transponder)
%asﬁum‘?mqniwﬁw%mmssmn'w'w'l'nlmﬂ]'l%'muluﬁ'a usszefenIm)aadg g
wisam Ihfidannnedessnanith Indoafissedador fudndszmsnilsde uuueniv
(Active Transponder) B9ABsmsszuusiotimolusuniosgniredteldfouswldsuil

dizuonanaaaegniolu

36 dmmma{i’dm (Frequency Range)

Wuguoudaddgydalszarsnils lumsifentdainsed rRem Veszuy Tas
AUMIEYBIATINA 199U (Operating Frequency) 1U¥1ASYIM RFID uszvuods adu
A inginieseuminsdseanluiminty Tawe: Biruleduasesgniioez deandunudlu
o wlnasundian ?jﬂuu1~3n‘:€uﬂ‘siaqqﬂ1iwmsﬁmsﬁaﬂﬁumm?iﬂﬁ'umnﬂumﬂﬂn?ﬁﬁmﬁnﬁ
inTessmdeeen i Tagusanozarmuandfiudismaiinn s uegaadyguuuy Load
Modulation ﬂizLﬁwmﬂﬁummﬁmmﬂ?mqmiw vehilvmszdidglumabhumnsaid
aud Mauesqinsel RFID mansofmumiesn iy 3 dude

3.6.1 01U LF (Low Frequency) @116 30 ~ 300 KHz

3.6.2 81 HF (High Frequency) / RF (Radio Frequency) FaA 3~ 30 KHz

3.6.3 474 UHF (Ultra High Frequency) / Microwave Fauist 300MHz iazannh 3 GHzAU

1 anudndy

37 thsmanveaniosgnahe RFID

3.71 an"?aagml'mnummnmzm‘%ﬂm (Diak and coin)

dhuansfivudiuanniiqa TamaTosgnatoezgaussyegiulassadionmisnay adu
ynmiemioy uazlimsindeudlesiuidueded wnaduiugudonwweuniosgnyioiia
ifdua hintadwas Wouds 10 @uduns Iaﬂﬁ'ﬂﬂ%sﬂmsmzzmnﬁ‘mmwmmmﬁal‘ﬁ'

ar ar -l - : A G4 Qr -; -
f?'mmmwuﬁ@m?aﬁniluﬂsm‘uaamsﬁﬂnﬂmqﬂﬂsﬂfauq dmnfviogilslumsinfeuda
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vu ez ldmsdman Polystyrol wisisdudRend welfindeagnireannsaiiam1ludm
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3.7.2 m3sagnirouvunsznhzudy (Glass Housing)

Hundosgneoit 185umswannunznintudmivldil 38R misvesdnd eldlu
msAanudeya Iamum:au'uiiq“lummqﬁrimunﬁm:msmm:mq-u aansznhzudal
vinannuenlugie 12 -2 fodwes AseraslugUi 3.2 mo'lu'unq"lu'[nmﬁﬁinfmgjuu
WAN2993 (PCB — Printed Circuit Board) Wioudtiftutlszy tthdmiusie dee 19 lulns
#1 luvueitlifidygruntuingdisenuisnniess witegindifies vieda iflagunsal
\n383gney RFID il Liu'rm'hl'luﬁ'uﬁii1ﬂﬁﬁqmwnﬂm§'mqmiw wenAuIY
mmwst‘s’qii'unmn'fm‘lﬂﬁﬁ'i'udaf‘fﬂ;ﬂnmnéuﬁ11uf'55nqﬁﬂ11wmtﬁua 0.03 ndwAs Wuey
vauviamied 15l Tazemdramenil 185 ums vied wsunnasnuiann Soft Adhesive) e
Hoafunsviuvdouvssdud A

' ; i .
32 amdwszezIndvesniesgniionuunsznlizud (Glass Transponder) ¥i1m 32
»
HadwasdminlFaudadeuudidad (nmilszneun Texas Instruments)
o & A = st : 4 L A 1
duIiBIININMIIARBUNYEITR AR uATBIgNY1Y TaseadremeluveunTesgniiouyy
o

naziheufail Tnssedauanslugii 3.3
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717 = Wy
VAR Y
1:;1 21:-1rnm - o Bd‘wcvz.pmp::m ’

; -
311 33 Tnssedeninaman Jvasniesgninenunsznhzud

3.7.3 Wm3osgniionuuneiann (Plastic Housing)

fiouGenduludeded PP (Plastic Package) 1A3esgnuIBHULITIIALNS Loz a1IN3E
whiAedalsznevfunAadasines o Usznniwuhista Tdae msuniesgnt oLy PP
ﬁﬂﬁfqﬂngﬁumaf)ﬂgtm'sﬂm.lﬁ‘luﬁ'ﬂymwmmmtysmé’%n?ﬂz (Blectronic  Immobilization
System) Tnseordranunamansveaniosgniisuuy PP i ez LiuandrsnininTesgneine
wunszahendy faumaslugdil 3.4 dfufssdiuvesvamauazuviae Flsvitianuem
winnhmuunsznhzuda éqﬁﬂaﬁﬂﬁmémqﬂnjwﬁfﬁﬂﬁ fsmilinsiinfuloand dead
mileniBnaealsznsfife wissgnérwiuy pp immdmivdens i lnsdUitnnatugnh
éet;'aunuwﬁa%'ﬂmmmmm“lumiﬂszmauaﬁqen*h unzdenunmusemanzfiowlussdud
gann 4 Susumsduazifeunolusooud lasmavialy dellniniy inSBIgAIBuLY PP 64
1A5umsveuiulundveandesnmmazanunany Tideedlunismudegangififuuds

Aoudage uazmsannaunszINnA o
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Chip capacitor

=
\

\
Ferrite rod

12.05 x 590 mm

P o 4 1 T as T
31"“ 34 Iﬂ‘Nﬂg'NYl'Nﬂﬁmﬂﬂ TVOAURATOAIPAVITLUUNDITAN mmmsqnmmmﬂaauﬁlu

»
wagAninIUMH RS 3 Tndluasyiniy

3.7.4 m3sagniwamulfiamens

fiunosgnii REID Bndszmuited 1sunsesnuuuaiufion dmividemly
nidimwizfio TasfimsAaduuasimnidousundogniwaslulassedaunsmhdudofdu
Towz vamadmiviudedygavounisagnisszgniufuunuessv jimseda U
Tassuivhwihisudedyanuszgnasdssgurunudnnenvesunumos 1sy wozidoudady
vamniudsdygnulaoess Fuanshigui 3.5 dedunseenuutndsgnieilsznnd
wdosamlumsldauvusaeanunedeutiredi 'ls.h'wzsi’luﬁnmﬁﬁﬁmm?ﬂum
wipfiussduazifonsn Wsﬂ?aqgmhmmzunw.ﬂai"lw‘fﬁ):"lﬁ'i"ummswm“lulmm%’nlmz
udunindovdalildimundonln Taoldisduswend i 3.6 Wudedislugiluuunils
vouniesgniroiuuewz A ='1"ﬁ"lﬁ':'i‘umsaammumxﬁaﬁﬁﬁﬁaﬁ'mﬂ‘?mﬁ'ﬂsﬂmmumnﬂu
fuszuuTisunsuneuiomes wie CNC (Computer Numerical Controf) nseenuuuyidnyel

d' o A 1] - ‘, o Q
souenfuifuussgSusiveunfosgairowilail s ldwanmaromuanusuiy uas
muzaulumsldnu
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3.7.5 méaagm‘wuuumeqqm (Key and Key fob)

wioagniie RFID ainsn IBiuntsimnnlieglustlvesnausnuyiieiilflumsda
Uiz vieldfusruuinmmuniaeadoss q dameggueddnmseiindeiad Widgnogue
wanduihmihilumsdedgaudeyanis 9 Fardamsiundrsiaiel$lumsfusudiay
yann Tnssadreveaniesgneivilszimi ﬁw1nwmﬁﬁn4qﬁn€u;ﬂ‘lﬁﬁﬁ‘ﬂumstmz;ﬂma
Wuuwangie ndesgniolszanild5ua ol danudugunalunsmudmiuring

Weenemsdninnuuazaniuiivie g Tnulisediaginssdauandlugili ze

d A L]
719 3.6 1A393gNY18 RFID LUUWNNYUY
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i a
3.7.6 IN3RIPAMBUUIMINM
- J A L L of '
wanduie [iiluuneulddeils uaz1fugdnsaluaasdauludnyuzdoudy
a ‘ 1 1 1 o o : J '
wesuuu1¥msduie (Contactless Sensor) iornudhgguauaddmivinafianats dedean
uanduaiszonil Asu185ua oy dommnniu luaminmnanulosads Tasmwizms
A e A ' =) U ¥ 1 A ' -
gutuanerulszquisseamadiaie q Inssafranioluveuniesgnirotszinnuiin
J ' " as = JU

Uszneu lidemsumenimmypudesgiuusasesivmunadnidagpinsabimusaussgne

T huuniinideileld daethetiaasluglii 3.7

H » 1
1u# 3.7 wikmdeileAaduniesgnite REID WWuuumsdanedeasiuy1insduda e
ATVTUTUA IR 199

3.8 Yeersanlumudenlsginiel RFID
Y X : .
wanNuguiflFoumalulod RED s weez 1819 uusviagiulums
anduludenldlszimvesginsal i 1assiunudesnsdamliuin unzaeandesiige

Taosz IgndannaailumsRasandenidauninileds 4 Yszmsdiosu fe audf1dau

szozvims dedmuadiunmisinyiniunasait uazvuaveIMLEBALST

3.8.1 Anudl¥aw
: i J i 1
gunsal RFD #ildaugunawdlugag 100 KHz #4930 MHz w19 duuudade

L] ‘ " ar J o ' L] -
dygnadeynsznianiesgniofuniessuiuiuuimiieniy (nductive Coupling) Tuvaizdt
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ginsel RFID ﬁﬁmséﬂfmTﬁu'h’fmw't“;dw'lulﬂmﬂémgj'lu&i'n 245 -5.8 KHz 9219013
dedwdygradeynludnyuzvosnfumimdnirtfumy Fsdldoszdoshnudrleofy
woAnssumsuninszerovesgunsel RFD fdonld1¥a uaxWmuzaufugluuums
e WeliAslszntamlunalfangegs

daunmsdonidiwamdlulasomiu laoiales Wradludeswssszormaiilng
ahmsmiioni Teoldaduanudd udgalnsdiinieagnirofirern lugnlu Tasivhiy
Aoamsuumimel ey nifh iilssnnindesgniie limnsoeionder Idhidannnnies
SwdeaiuawE Ingfissediades Mlddesdivnalugjuaziidediialummnmnme g

Ysens

oo d o

YA 4 Z :
fFafimsinsaunlszmsniin dwiunsMamgdned RFD luduanudmife msi
3 P B A 4 « \: 4
U NgNILNINNIANTIRATesueme fieglnfiRed 1A iissnndunsfudefeyaiildnms
1 a a - = A =i
wileah sliinnuionldeunisdems laoldnau lu Tasaunyluns Sivesmsidanumely

Tssrugaamnsy Tamam: Tssanulizneusosud

3.8.2 ywodims
o e = ﬁ! ] o [P, é v A ' 4
Hadvninainesveslasassdeszeniin lumsaAsrsdemsseniaunioseniasinios
. s ° 1 o ' o . ' 4
gnv7e RFID aansoduunld 3 thizum fis duonisveunissgnais szozdudiszniuniongn
' v 4 @ % ' = 4 1 o
VuRazngpafun3Beu Feorsaidoundasl udusilszianueinisdeu arwdvesms
4 P A v o P : A L] o 1
InfoUNYBNNTBIgNYIE tazaI T lumuniisuiveunTosgnyis uazarmir lumsenuay
F.) A T & u’: -v - 9 o ¥ ¥m, 4
Woudoyavouniesgnein Feimusiinnnnefuibiiftunmidieg laslifadtuniesgn
1 ¥
Y1811 Smartcard 1§ nsfudmAornudioondosmegse i 1ddussun ludnuae il la
dr o 1 4 ' L d = Qe L]
Aeamsanuifissasvesdurniunioagniisiainiiosnnlumelfia dlavemsynaudenia
L 1 o o - ‘ 1 ¥ . d‘ b oF 1
tasumas luszosfifouq sxdudatunisssusguia dafians audidgyndumiuszesi
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Tudrfivon insasgnuisheglndiu e luiitiffe szozvisvesdlaomsilogiu lnodlavans
auda lihdaduaen tieWiiuleh dygnanidieennmniessuienszquidifia i@
ar - 1 L é 1 ﬁ: 1 L] or 4
TuiiasluilegiiufiaglndinTese uunfigasz Ligndsl Inasudstinsvesdlavmisausalyl

¥
f) ar

& I3 L : * o QF -
finstiuszdldinTosgranelutiasfisaesludidyapasanumisudum lfifailigmdeynau
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ar o A A P P [ 3 o
Muldlaoia WileRosaBuzesidlasarosenuniTenooglndiiqauda fdesilides

A r 1] ¥ - -
aonuuINATes U RFID Tidsdyanasanunlussosme Wiy 5-10 iudiuag

inductive coupling

Eleciromagnatic coupling
{backecatier} nondirectional

T T !
2 Im

.

Electramagnetic coupling
{backscatter) directional

TR ERY

- ot 4 ] & 1 o o t
71U 3.8 manlSeusioumisuninszsionduuiman ihussginsol RFD udae

HITFIU

- - o 4 1 ai A o ok (] - 4
TunsdiveamsAnduniesgayie RFID aaludadssosuadinglunszuiumsnan welduen
o o or 4 ] 1 v - o ar
drdviazuaasiawilsdignizuaumsdieg wu msqud  msteion Wudulaia e
-] A ] a; o 1 n:‘ ar & =i 9 ] ar
wonldiniesgadrsiivisnludiuanud lulasad Suissnnnlinudunudedgga

4 < &/} L + 4 P
Junau Fegluvuvesnsnizeionauasildi 3.8 TaodgyenundeesntzfiunduluTnsnd

A [ J et o . - ] T -
hundumimn I #Hfifiem1s (Directional) us e sumBveIntsunsnszarelusinminse
udafdrundivesmosimadelidygui TRl sz asfviiiudeeusoulinmis (Nondirectional)
tangey udvurannuusesziififoudnles usmnilndnszurumsndaiiiiudnuas

4 O A‘ r - r o -y ar
#oniu e sooudfuusndsrin luddalidygrudifeunduyt uazifamunsngeady
A T - o = o )
Fygrantunimin ldihnisassvsssasududaufszsi Iiifailgiviuf lunsdiiided
“y 1 ¥ A - A r 4 ¥ ar
nsfinwaAnssumsunsnszisaduidamufsfvuassozvhsveanfosgniie unzdadiy
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3.8.3 fomuadiumsinnaanlasai

msinmaudasaivvesdoyn Uszneylidwmsasistuiunniniosgnie uazms
Whsviadeyniezgadsiumenduing dudeidosmsRosuunzdeenuudosiadulang
dodmualidasunowdonldguns el REID od1a1sAmudosnuuualsAnyveusauesnis
Uszgodldemuna Tu a8 RED vuq TaonFoufoudunnudeansidaudiod aszuaums
w?ammﬁmmsWmu‘lunsﬂtfuq suiludedlfinasmsinmanuilasadionis i niemnds

=4 ar A 3
s Wzdhufissszdula e limsaspuduliledamnzau

3.8.4 YMIAVBIWIBANUS

120A7$ U1 EEPROM sinvyfion 1§ luszuu RED fifimsdismeadeyauyy
miloai Teefvuamizsanudidiminidamlugas 16 luv wie 8 Alalus lusws i
wiaganuduuy SRAM fifnszumdeufuwaasidises i sz 185uanuilonldlums
domeadeynlasldniunnuimlu s vuinvesmissnnusiszegizning 256 lurl i

64 flalust

39 Hﬁ’nmsﬁmuv‘:ugm'lunnﬁﬂviaéaan

winnshsuiugiumsaadedems ﬁammamﬂﬁau%gauazmi%’uﬁawﬁ’mu
s:ninm?mqmiw (Transponder) uszintnafy (Reader) Taudofimusuinsgu RFID #in13
«i1LLumlszm‘n'ueqmmgmmamﬂﬁﬂlumsﬁndaaam:aaﬂmué'ﬂ'ﬂm:msﬁmuumm?mqﬂ
w10 sul&udszuvuut 1 da Fedaulngiinisiailai$eudszian BAS (Blectronic  Article
Surveillance) 41113 Full Duplex / Half Duplex 410zt Sequential Tagudnzuuvaziigluuunas

matamiuAmnsiuesn 1y

3.9.1 EAS uuul¥nauinduing (Radio Frequency)
as o 4 - A d‘ﬂ 4& =4
WndnnmIasnduanunffounlasvessz duanuusadgginiuanuding definis
° F - NI P § -
wginsel Tag indeudidwnufinseaeu Ssernszdiumadiosnvenheassniud filinisda
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1 o o & £
31l 3.9 dnusznhnumamaiinvesgUnsel RFID Uszian EAS i dadunuding

»
gt ndamaihauvesms Tuladaiiail Wasafeaunuuimdn (Magnetic Field) pssuaady
] o [) 4 o A ] ] - ] 4 l& [k .
Fevzdemaltafenduwsimin Iidh lud s nudaduingnininiseeu daluiidfiesSunia
d' [ d’. a Y] 3 J -'.d' k) (] -& ] o
nToeds dgguaduIngdsnaneyilnaguiunideinisasivnsusgaasaaal Weiiniiit Tag
d! ar ¥ -l ] ] o oA - n’:
#e1A5unsesnuun1vn1eluiinsesnisvileuuyy LC resonant nailfviinsdnnsvaaia
] 1 o ] o
(Inductor BAndueyS @ouwnudas L uazanhdmes (Capacitor S nduvhsa Wouunudae ©
4 a \ ; ; N L4 :
wovh Iiiamsfmeu m3eT Tauuud) vondygrarianudlasnuiinisddmns 1denmL
' H a o 1 t o
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TS 1 - 4 o [
anudnfuingainniads (Wouunudle FG) Nuslinadildsufuaudussuanzaduila
] 4 a 1 2 ar s 1 2 a 4 [
mnaimaniimadennas delirausedulith o yadndnaraudnios Safivamefiaziila
ansduvssnnuuiindnosauiisiimdadiginsddnsudggraniomaiuarienuaiy
< or 1 1 L g :
alasuulasvesdygrauiman v ld fvzmnoanudifiqunse Tag Yangegamelunui
1 - ar 1 o A Y 4 (5
uwsnsznedyya manfounlasvesszdunnudiwesenumiminez wanierlosiiuagiv
ar R 1 A 1 o
flodenarsdszms Tuhesdluszezmessnineaainveuniosdeginsel-Tag - vAnIAv09
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oee lsPaw ‘lain'wzlﬁmwﬁﬁqjﬁ'nmsi’mws:wn%ﬁmsaﬂmmuqﬂﬂsm’ Tag 1]
mmzﬁmmN:u1mﬁu~alﬂmﬂﬂf;uuuﬂﬂaszﬁ"un'mm?waeﬂmmﬁmﬁﬂﬁaﬁm‘fmﬂaﬁmﬂh
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4. SN < 4 o
TN 3.1 UATUINYEMIUITUD EAS s idnatiaduing

ETEIE aun 2 L 3 S d

| el (et ' TARATS

sherudivn bwd) | { 141

= a = 2 om & - 1 s
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1 @ a & -~ 5 1 Q‘: 1
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¥ Yo o ar o
Tagi lezesnuunIddufvilssgmotugunse Tag annsadareesdiesididegnszguen
[ 1 4 a dr ] o P 1
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Column ’
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6.2.2 Matching 58319010 Driver AN Power Amplifter
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WUUU R 47-100 Q 1W dUszuim 30 30U

6.2.3 Matching Output Y8300 Power Amplifier

10Q /765> 500
f=13.6MHz I BW= 3.39MHz (Q=4)
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41,503 +40.60/473, 2nH
—i- M !
-76.48M53pF ——
| ! 1
+j39.19 |67 2B173.9pF
ZL RFC >+100 ; L RFC »1.2uH L
— 4 '
& ' :
§
150pt=+$ﬁ€ 120pF;5¢67=

Toroid LAY =24 Tums

(AR ~60cm)

311%“‘1 6.5 Matching Output ¥83)1A Power Amplifier

470nH
n=13
D=6.6mm
1=13 4mm

(AABIA~45cm)
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6.3.3 AIUYB97995 MATCHING
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o - 2
COIL Tudnuaziuivey COIL TudnuaIzuuIfg

L, 2KHz =3.09 4 L, 2KHz ~3.24uH

Suctires = 34.6MHz Sonree = 37 7MHz

¢, ~6847pF ¢, = 5501 pF

Z, 13.56MHz =~ (+j263.2//- j1714)Q Z,13.56MHz ~ (+j276.0//~ j2134)Q
=+ j311Q2/3.651uH ~+ j317.1Q0/3.721uH

Assume  L.,e13 56MHz ~3.7uH
Matching ~ 50Q — 30Q(25C + 1Q + 4Q2)

R -/ i -
LM LR CS
l c, + j24.49 + 72907 = 2907 perz 1\
- j61.24 W
102

31 6.9 urRsEBg1YBIIISILMT

BRF

[ R
i f

22

1 6.10 uermadIBt1av8493 BAND REJECT FILTER
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BRF U1118YNsu

BRJ Uty uTy
1 R NR
& B S L
22(R, +R,) W=
Notch depth ~ 20 Log( ¥ Rs + R

L

1

}dB Notch depth =~
L
r, Loss 11 L,C saufiu

(R //RL)+rS dB
Parallel form

Ty
re Loss T4 L,C sauii
Series form
Ideal L,C r, = Ideal L,C 7, =0
Matching / BPF

L
RZ { AR Cl
A . REL i
AC J—C
@ I 2 § Rl
= L £
gdﬁ 6.11 LerR3AI901998339 MATCHING / BAND REJECT FILTER
Sot
Zeyl = OR, Q ~
(Zer| = OR, Q ) s
R RR
Ze,l = R I - 0 Z, = |Zg |+ 2
1Zc, | VR -R 1Z, 1 | Zey | Z..]
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6.4 Load 50 ohm

10W/20dB RF Load/Attenuator
50,010
R, R,
-3

410 18W 410 98.99x107v,
A e ;
ﬁ oW =~ 0.1y,

0.8197F, R, 9799x107p, | K

—w,, /P, e o § 100 A N §4lg
in H
0.1623P. sw “Tog = (=20.09dB) |
~ 2%ERROR|

3141 6.15 Load 50 Teviy

40 13w=322,82Q 89 o
6 6 6

00 sw=122_ 0
10

41Q 1w=§242+ —8—2?493419

ForPin =10W PRD=x=8.197W
P(R2)=1.623W



6.5 N-TURN SQUARE LOOP COIL WITH MULTILAYER Y984 Reader

Ke3inch

Y=8inch

Tap View

51 6.16 SQUARE LOOP COILW® iReader

AUMI IUNMSHHINIUTOVYBIVANIA

N 0.0276(CN)’

"~ 1.908C +9b +10h (uH)

N = number of tums

C=x+y+2h

x =width of coil

y =length of coil

b =width of cross section = 0.2mm

=2

=height (coil build up) of cross section = 0.2mm
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Reader Coil Drive
W a@ )
21fSNQ cosap,a’
V. =46V, ,f=1356MHz , S=~(5x8)cm*=4x10" m?

Margin: Let cosa =0.95

N=2, NO, =8747 :Margin ,Let NOQ =6
a=Read Redius a_, ~2.5cm~0.025m
r = Read Range

r{m/cm) NI(A4,..)
0.1/10.0 6.604
0.05/5.0 1.053
0.04/4.0 0.6329
0.0373.0 0.3591

0.02/12.0 0.1979
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6.7 N-TURN SQUARE LOOP COIL WITH MULTILAYER %04 Tag

X=5cm
 —

T

|

=8 cm

Y

(X0
oele I "
——
b

¥ Cross Section View

Top View

717 6.19 SQUARE LOOP COIL4®4Tag

pIfn fvualdx =5cm, y = 8em
C=x+y+2h
C = 5cm + 8cm + 2(0.2mm)
C =5cm +8cm+ 2(0.02cm)

C =13.04cm
. 0.0276(CN)’
1.908C +9b +10h

Taeldaunis

FREQ =13.56MHz

Vop =4V, Iy, <15mA

Vocin =5V A pey ®15.5mA © Ppppe = T7.5mW
(5+1.4+0.0)V

)

P =46V, [ 4 = Poyppe = T7.5mW

I, =1685mA rms

Ve =4596V_ ~ 4.6V,



Ry =4.6/16.85mA ~273Q

TAG SIZE Loop width =5cm
Loop Length=8cm

Bare wire dia = 0.3608mm

Total wire dia = (0.3913mm

h=~03913mm

N

b(mm)

L,(uH)

Iy (mm)

0.3913 184.3n

L,(uH)

0.2608 184.3n

20

0.7071

0.528

3.0

3 —

0.798

4.0
1.072

0.7072

1.554

1.554

2,700

1259

i83.0

236.8

Qu

Foac (2)
Fpac (€2)

0.2364
1043

0.4786
7585

0.7233
24.22K

0.9717
54 48K

101

Ror () @, C(pF)

2164

263.5

270.0

2716

1378 1477

4374 1948

2039 88.67

1.181 51.01

BW (MHz) NxQ,

0.9842 13.78
3.10 8.747
6.649 6.118
11.49 4723
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7.1.3 anvealdiuniuvesninas

#include <16F877 h>
#use delay {clock = 1000000}
#fuses HS, NOWDT
#use 15232 (baud=1100, parity=N, xmit=PIN_C6, rcv=PIN_C?7)

fidefine en pin_a2
#define rs pin_a0
#define ro pin_al

#define ent_modl 0x04 //address ddram --, couser follow i/d
#define ent mod2 0x05 //address ddram --, couser no moving
#define ent_mod3 0x06 //address ddram++, couser follow i/d
#define ent_mod4 0x07 //address ddram++, couser no moving

#define on_off modl Ox08
#define on_off mod2 0x09
#define on_off_mod3 0x0a
#define on_off_mod4 0x0b
#define on_off mod5 OxOc
#define on_off_mod6é 0x0d
#define on_off_ mod7 OxQe
#define on_off mod8 OxOf

#define £ set_modl 0x20 //data access 4 bits, 1/8 duty, 5x7 dot
#define f_set_mod2 0x38 fidata access 8 bits, 1/6 duty, 5x7 dot

#define f set mod3 0x30
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#define f_set_mod4 0x3c
#define f_set_modS 0x34

-—--setkey
#define columnl pin_ b5
#define column?2 pin_b6
#define column3 pin_b7
#define row1 pin_bl
#define row2 pin_b2
#define row3 pin_b3
#define row4 pin b4
#define chk pin_b0
byte show{11]}= {"000000000"};
byte const data[11]= {" Data "};
byte const con{l11}= {"CONNECT"};
byte const dis[11]= {"DISCONNECT"};
byte const err{12]= {" Data error"};
char k=0,
char datal = 0x00;
unsigned char status = Ox8A;
unsigned char s_show =0;
INT PASSWORD_EX = Q;
mt status_get = 0;
#int_rda
VOID 15232 _isr(VOID){
PASSWORD_EX = GETC();
status_get=1;

}




void clk (void)
{
output_high (en);
delay_ms (1),
output_low {en);
'
void clrs (void)
{
output_low (rs);
output_low (rw);
output_d (0x01);
ck Q;
}
void ret_hom (void)
{
output_low (13);
output_low (rw);
output_d (0x02);
ck ;
}
void ent_mod (byte cod)
{
output_low (rs);
output_low (rw);
output_d (cod);
clk (s
}
void on_off_display (byte cod_on_off)
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{

output_low (rs);
output_low (rw);
output_d (cod_on_off);
ck O;

}

void f_set (byte cod_f set)
{

output_low (rs);
output_low (rw);
output_d (cod_f set);
ck O;

}

void set_ddram (byte add_ram)
{

output_low (rs);
output_low (rw);
output_d (add_ram);
ck O;

}

void sent_dat (byte dat}
{

output_high (rs);
output_low (rw);
output_d (dat);

clk (;

}

void main ()
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{
int comle;
setup_adc_ports (NO_ANALOGS);
setup_ade (ADC_CLOCK _DIV_2);
setup_spi (FALSE);
setup_psp (PSP_DISABLED);
setup_counters (RTCC_INTERNAL, RTCC_DIV 2);
setup_ccpl (CCP_OFF);
setup_ccp2 (CCP_OFF);
ENABLE_INTERRUPTS(GLOBAL);
ENABLE_INTERRUPTS(int_rda);

output_low (en);
ent mod(ent mod3);  //0x06 1B Cursor Tilmev
on_off display (on_off mod8); /0xOF tieAINaLAL Cursor ASTHIV
f set (f_set_mod2); //0x38 LARIHDIUY 2 USSR 8 bits
clrs (;
k=0;
set_ddram (status);
while(1){
if(status_get=—1)
{
if(PASSWORD_EX == 8} PASSWORD_EX — 184 | PASSWORD_EX = 255)
{
k=0;
while(k <= 10)
{
seni_dat(confk]);
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delay_ms (500);
k++;
}
ifPASSWORD_EX >= 128)

{

show[1] = 1"

PASSWORD_EX = PASSWORD EX - 128;
}
ifPASSWORD_EX >= 64)
{

show[2] ="1";

PASSWORD_EX =PASSWORD_EX -61;
}
iflPASSWORD_EX >= 32)
{

show[3] ="1"

PASSWORD EX = PASSWORD EX - 32;
}
iRPASSWORD_EX >= 16)
{

showl4] ='1";

PASSWORD_EX = PASSWORD EX - 16;
}
i{PASSWORD _EX >=8§)
{

show{5]="1";

PASSWORD_EX =PASSWORD_EX - 8;
}
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ifPASSWORD_EX >=4)
{
show{6] ="1";
PASSWORD_EX =PASSWORD_EX - 4;
}
if(PASSWORD EX >=12)
{
show[7] ="1%;
PASSWORD_EX =PASSWORD _EX-2;
}
i(PASSWORD_EX >= 1)
{
show[8] ="1";
PASSWORD _EX =PASSWORD_EX - 1;
}
k=0;
clrs O;
whiletk <= 10)
{
sent_dat(Data[k]};
delay_ms (500);
k++;
}
k=0;
clrs (;
whiletk <= 10)
{
sent_dat(show[k]);



delay_ms (500);

k-t

3

else
{
k=0;
while(k <= 10)
{
sent_dat(dis[k]);
delay_ms (500);
k+t;
}
clrs O;
k=0;
while(k <= 12)
{
sent_dat(err[k]);
delay ms (500);

11
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7.2.3 suvesllsunsuvesnnsgniie

#include <16F628 h>

#define TxD PIN_B?2 //use port_c6=transmitt
#define RxD PIN_B1 //use port_c7=reciver
#define CLOCK_SP 1000000

{f#define CLOCK_SP 1600000 /.......... 2.0
/f#define CLOCK_SP 3390000 /.......... 4.0
#define MAX_DATA_EEPROM 256

#fuses HS

#fuses NOLVP,NOWDT

#fuses NOPROTECT

#use delay (clock=CLOCK_SP)

#use rs232(baud=1100,xmit=TxD,rcv=RxD) //....9600.../
int PASSWORD;

#INT_EXT

VOID EXT(VOID){
iflinput{pin_a0))
{
PASSWORD = PASSWORD+1;
}
iflinput(pin_a1))
{
PASSWORD = PASSWORDH+2;
}
iflinput(pin_a2))
{
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PASSWORD = PASSWORD+4;
}
if{input(pin_a3))
{

PASSWORD = PASSWORDHS;
}
if{input(pin_b3))
{

PASSWORD = PASSWORD+16;
}
i{input(pin_b4))
{

PASSWORD = PASSWORD+32;
}
if{input(pin_b5))
{

PASSWORD = PASSWORD+64;
}
if{input(pin_b6))
{

PASSWORD = PASSWORD+128;

}
PUTC(PASSWORD);

void main(void){

SET_TRIS_A(0X00);
ENABLE_INTERRUPTS(GLOBAL),
ENABLE INTERRUPTS(INT EXT);
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ENABLE_INTERRUPTS(int_rda);
while(1)

{

}
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DuseAuliiuma drive Tuduves9es Power Amplifier iy 12 v udafloudygia
ATINRT 13.56 MHz Mdsdududuf 0 dB Minmeaeqlfuudsdiuueama drive Tasdofu
Tnanfisian Impedance iy 50 Q udaldeandnTaalny (Oscilloscope) Taguriavesdognes
minsifuguudiduneannavesdggrueinoondalanTad bilfusedufin - (Peak) gega

& a s al ﬂ'.
el IdMdsemiudi Inaagega

Wi015NeRBINIL UaNIAY 50 mA

TekRun | + 141 Trigtd

T T ERREA ARRSNEEARELEASE LERES na A 160V
[ 9 o 5 : bd = ! . : @  2.28V
EALAE . A ASEA Y A AN & - - e o Al 39.1MHzZ

™ 1.03MHz

éﬁ*z"‘.o'o'v"'w Ma6.0ns A Chi 7. 000V

+v0,000005 !

12 fan 2007
12:55:12

51 8.1 urAsdnyuz vedyguMA drive figeiu Tuan Impedance Winfiu 50 Q #Anszue 50

mA
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319N 8.1 uamanveandssiuii Tadgga 18en Output ussna drive finszud 50 mA

fdadu (dB) Vout(V, ) Vims (V) Po (W)
0 490 1.732 0.060
1 5.72 2022 0.082
2 6.62 2341 0.110
3 720 2.546 0.130
4 7.32 2.588 0.134
5 7.50 2.652 0.141
6 7.70 2722 0.148
7 7.76 2.744 0.151
8 7.76 2.744 0.151
9 7.76 2.744 0.151
10 7.76 2.744 0.151
11 7.76 2.744 0.151
12 1.76 2744 0.151
13 1.76 2.744 0.151
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MININAADINNTEURNIAY 100 mA

148V
-2.08V
2. IMH2
F.O0IMHz

LE

R %A AN i h O T
TR Ma0.0nT. A Chl 4 0.00V

12 jan_2007
v 9.00000% 12502

3141 8.2 namsdnuaiz yoedngama dive inefiu Tnas Impedance iy 50 Q finTzuer

100 mA

s

M1A 8.2 uprmInupInassTuiidadge 0 14910 Output Y8918 drive NNSTUT 100 mA

A1isdu (dB) Vout(V,,) Vrms (V) Po (W)
0 4,944 1.747 0.061
1 5.84 2.065 0.085
2 6.66 2.355 0.111
3 722 2.553 0.130
4 7.56 2,673 0.143
5 7.62 2.694 0.145
6 7.88 2.786 0.155
7 7.88 2.786 0.155
8 7.88 2786 0.155
9 7.88 2.786 0.155
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10 7.88 2.786 0.155
i1 7.88 2.786 0.155
12 7.88 2.786 0.155
i3 7.88 2.786 G.155

MM NAADINNTLUATINY 150 mA

A 176y
- A m -2ADY
s 7 At A Al 39 1MH:

] 1 & 03MH2

Wae e 'k_ o I en v
H-v 0200005

514 8.3 uamsdnumzvosdggama drive inafiu Ivaa Impedance Whiiy 50 Q Ainszue

{50 mA

m3199 8.3 uanarvondssuiiTadaygnu 189 n Cuput ¥oema drive Anszud 150 mA

firdedy (dB) Vout(V,,) Vims (V) Po (W)
0 4.98 1.761 0.062
1 5.94 2.100 0.088
2 6.80 2.404 0.116
3 726 2.567 0.132
4 7.58 2.680 0.144
5 7.74 2737 0.150
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6 790 2.793 0.156
7 7.90 2.793 0.156
8 7.90 2,793 0.156
9 7.90 2,793 0.156
10 7.90 2.793% 0.156
11 7.90 2.793 0.156
12 790 2.793 0.156
13 7.90 2.793% 0.156
0.18 - A, ARy P
0.4 ~. - — )
0.14 +—— - / il
012 + — E = iy =
g 01t P! Pl () ~—— finszus 50 mA
% 063 g - _ -} |——fnsrus 100 mA
o Aaviua 150 mA
0.06 §Low  —. .. o e
0.04 + S Ne P
0.02 £ mvie S
0 il T r ] AW T T T T T 1
123 456 7 8 951011121314
rinlediu (dB)

310 8.4 ugmans o mduiusveandaandi Ia 18w) fusdedui Input (dB) ¥ drive
Tud 1092995 Power Amplifier ##0RL 1A Impedance 1171 50 € finszua M
A9

8.2 naaaIMAYNElUEINYB 2995 Power Amplifier
swussduIiTumaveeluduuesises Power Amplifier iy 12 v udafloudoygra
ANLAN 13.56 MHz H1AWUGHAUA 0 dB nsnaaeelfuudsdiuvesmavets laseasy

Inaafiiif1 impedance iy 50 Q udql¥oendnTonlny (Oscilloscope) FAgurIAVDITRENA
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winmafuguudidunaguinavesdygnunnesadalaalad W ldusedufia - (Peal)  gaqa

A -3 LJ 4
el ldidsnmuduii Inangega

AN INaasINnNISUEING 50 mA

Al 58.0mv
@ ~80.0mv

Al 39.1MHz
1@®: 1.03MHz

CH ) T WMas.ons, A Chl F 000V
ii+~[5.00000% |

12 Jan 007
13:00:23

314 8.5 uamsdnuzvosdygamavoN@efu Tnaa Impedance 1M 50 Q sz 50
mA

M99 8.4 uaassveandsai iadygin 18910 Output vesmAves Ainszug SO mA

1999 (dB) Vout(V, ) Vrms (V) Po (W)
0 2.55 0¢.902 0.016
1 2,32 0.997 0.020
2 3.17 1.121 0.025
3 3.62 1.280 0.033
4 4.03 1425 0.041
5 4.58 1,619 0.052
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5.14 1.817 0.066

5.86 2.072 0.086

6.96 2.461 0.121

v oo |- ]| o

7.98 2.821 0.159

10 9.18 3.246 0.121

11 10.52 3.719 0.277

12 i2.16 4300 0.370

i3 14.55 5.144 0.529

v
a = 1 or

RKRUn | 1 P &1 . Trigd
r T T -7 lTl T g R A A 102mv
N . N 5 . ] | ®: —-138mv
OO IR Y J B A'é W Ja: 38.1MHz
i S ! Y D : : @ 1.0IMHz
: ; ; A L ; A
2 SEPER B Ieii P - T S NNy L St
t A\ /AR)
R TR TR Revs fv T RV D)
o | TTTE. Wa40.0ns] Al Chi F  0.60 V
_ 12Jan 2007
@+~ [6.00000 s 13:00:48

71 8.6 uansdnuuzvesdgg umaveiefideiuInan Impedance (1A 50 Q finszua 100
mA
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M319N 8.5 LaRIAUBINALLN TaTg918: 18910 Output veamAve1e HINTSUE 100 mA

A18391 (dB) Vout(V, ) Vs (V) Po (W)
0 3.81 1.347 0.036
1 4.28 1.513 0.046
2 4.80 1.697 0.058/
3 5.32 1.881 0.071
4 5.88 2.078 0.086
5 6.82 2411 0.116
6 7.74 2.737 0.150
7 8.66 3.062 0.187
8 9.68 3.422 0.234
9 10.76 3.804 0.289
10 12.22 4320 0.373
1 14.45 5.109 0.522
V. 16.30 5.763 0.664
13 18.15 6.417 0.824
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1M NARDINATZUANIITY 150 mA

%+ 1 Trig'd

ot T T T SB'"*A; 120mv
¥ . : . . @ --158mv
_f. ..... Al 39, 1MHZ

@: 1.03MItZ

=

1 H i
Em 100my u M4n.0ny A Chl £ 00DV

o 121an_2007
@ [0.08600s | 13:00:29

11 8.7 uaesdnvaizvesdyguma drive inoiu Tvan Impedance 11U 50 Q Hinszue
150 mA

M15199 8.6 uansAwBINAs L Iadyana 1910 Output yasmaveIn inszitd 150 mA

Al (dB) Vout(V,,_) Vrms (V) Po (W)
0 4.58 1619 0.052
1 4.94 1.747 0.061
2 5.74 2.029 0.082
3 6.30 2.227 0.099
4 7.00 2.482 0.123
5 7.84 2772 0.154
6 888 3.140 0.197
7 9.86 3.486 0.243
8 10.92 3.861 0.298
9 12.06 4.264 0.364
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10 1420 5.020 0.504
11 15.60 5.515 0.608
12 1735 6.134 0.753
13 19.15 6.7171 0.917

—flnszus 50 mA
—— fnszud 100 mA
~—flassus 150 mA

12 3 45 6 7 8 9 101112 1314
finlietiu (dB)

51 8.8 uemsnsTn AN NSV AT 1A (W) Auiidedud Input (dB) vesmaaey
1ueIUYD92993 Power Amplifier fidofiu Iaa Impedance 141111 50 Q Ainszua m

#1499

8.3 "A009299% Power Amplifier

#1158 Output YBIMA Drive WIAY Input YBIMAYOE $10033AUIRAU993 Power
Amplifier iy 12 v udafloudgyapunnudi 13.56 MHz AdstuSudud -5 B Taudefu
Tnaafilia Impedance Wiy 50 ©Q udaldenadalaalny (Oscilloscope) Inguinavesdggna
nmslfuguuirdansguinevesdyapusmoendalaalnydldldusedufin - (Peak) gaga

el lamasemdui Inangage
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RIS nAaBIANIZLENIAU SO0 mA

gz2omy
~990my

39, 1MHz
1.03MH2

e 3k

- me T Wa0.0ns] A Chi £ 0,00V
i+~ [0.00000 §

12 Jan 2007
13:18:00

71/ 8.9 wermsdnuaizveadyg02993 Power Amplifier fiviofiu Tviaa mpedance Wi 50 Q2

NNTLUE S0 MA

M319A 8.7 A veIndsa i Tadgans 14910 Output ¥993995 Power Amplifier Ainssue

50 mA

fdedi (dB) Vout(V,.) Vims (V) Po (W)
-5 5.24 1.853 0.069
-4 7.68 2715 0.147
-3 1195 4225 0.357
) 18.05 6382 0.815
-1 23.95 8.468 1.434
0 29.70 10.501 2.205
1 34.00 12.021 2.890
2 37.90 13.400 3.591
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3 40.50 14319 4101
4 42.00 14.849 4410
5 43.00 15.203 4.623
6 43.30 13.309 4.687
7 43.30 13.309 4.687
8 4330 13.309 4.687
9 4330 13.309 4.687
10 43.30 13.309 4.687
- a ¢

Wao.n ALCH_F_ 9009

12Jan 2007
¥+~ [0.00000 8 __ 1218:18

51f1 8.10 uaresdnyaz Yo ednyq 1963993 Power Amplifier Hvinfi TviaA Impedance 1111 50
Q#nszus 100 mA
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ar

1 1 as 1 o . P
a9 8.8 uanemusanasuf Jadgge 18910 Output ¥842393 Power Amplifier NNTLT

100 mA
fddy (@B Vout(V, ) Vrms (V) Po (W)
-5 7.80 2.758 0.152
-4 10.60 3.748 0.281
-3 14.60 5.162 0.533
-2 21.60 7.637 1.166
-1 27.00 9.546 1.823
0 31.76 11208 2,512
1 35.50 12.551 3.151
2 39.30 13.395 3.861
3 41.80 14,779 4368
4 4330 15309 4.687
5 4420 15.627 4.884
6 46 .40 16.405 5.382
7 46.40 16.405 5.382
8 46.40 16.405 5.382
9 46.40 16.405 5.382
10 46.40 16.405 5.382
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MM INABBINNTZUANINY 150 mA

Al 920mv
®: -1.07V

Al 3. 1MHz
@: 1.03MH?

C S0PmV A | 40.0ns. A Chi 7 0.00V,

12 jan 2007

i+~ [0.00000 ¢ 13.20:23

UM 8.11 narsdnuaiz vesdgn)mI99s Power Amplifier Aviefiu Inaa Impedance i1y 50

Q fnszue 150 mA

o o

M 319N 8.9 urasAvsandsuidadnn o 1AvIn Output 4992997 Power Amplifier NNszuer

150 mA
Mdavy (dB) Vout(V,.) Vrms (V) Po (W)

-5 9.00 3.182 0.203
-4 12.80 4.525 0.410
-3 17.40 6.125 0.757
-2 23.80 8.415 1.416
-1 28.70 10.147 2.059
0 32.70 i1.561 2.673
1 36.60 12.940 3.349
2 40.20 14213 4.040
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3 42.50 15.026 4.516
4 44.10 15.592 4.862
5 45.00 15910 5.063
6 46.60 16.476 5.429
7 46.60 16.746 5.429
8 46.60 16.746 5.429
9 46.60 16.746 5.429
10 46.60 16.746 5.429

— flnssum 50 mA
----- - — finssud 100mA
- finszug 150 mA

0"1.F-||TlllTiirT||
N Povs XM 15

fiadedin (dB)

11 8.12 uamensnTwFuRuTUBIWA 1 LN TA TAW) fufdedui Input (dB) ¥992993

Power Amplifier finefiy Ivan Impedance 111 50 Q ANTzUAAIANC
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8.4 NMAADI Y Oscillator

9190399 1912995 Oscillator WA 12 V udhmsadyanafigumismeg fsil

. . +17V
| £ 100 i“""‘ ‘—Ltiﬁﬂﬂ!::l @ 35mA
= o <~ L
] = I o Zra E
B \n'nd
22000
12008
. Il
" m—so.Q
s g (To Indriver)
Q2
I.ZIE:E
3
fon®
Im‘,‘.sz Imjﬂlmr 18001 I:wmv
Wil s
l CLK To CPU
263
Q3
[T x

31 8.13 LAIEIYBI9N3 Oscillator
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Tek hun 1 + 141 Trig'd
j : v T J Al 732mv
: . : o —S0Rmv
- L. e A0 39.1IMH2
@: 1.03MH?
NN
MIs.0m A Chi F D.00Y,

i : 12 Jan 2007

Wivjo.000008 | 12:20:20

51 8.14 uansdnyaizveadaygNa7903 Oscillator fiduniad 1 (V1 C Y84 Q)

o  ar

AadaNuNAMVUIN 2 (1392993 Low Pass Filter )

m 1 onmv;f\.

5171 8.15 uermednuaizvBady1a39vs Oscillator AFUVSN 2 (MF32995 Low Pass Filter )

i i s
W40.0m A cni 0,00V,
B+~ [000050s

[+ 5
o

4 AL
I H

12 lan

42.0mv
—92.0my

329. IMHZ?
1.03MHz

2007

12:22:2%



134

IndyanuAd i 3 (V1E¥84Q,)

36.0mv

AL
1@ 148mv
A: 39.1MHz
@: 1.03MHz
. . . - + . . . o
Eﬁ 200mv A, “a0.0m A Chl 5 0.00V,
12 Jan 2007
B+v[0.000008 12:28:23

711 8.16 naAsdnynizvei I I993 Oscillator A IUMUIN 3 (N EWBIQ,)

L]
=

I anuNg MU 4 (Output ¥B42493 Oscillator )

Tek Run _ | Y— 31— Trig'd
r T j 1 ! ; i Al 4i16mY
- ' 3 @ -asomy
i \ =5 1A 39.1MH2
: @ 1.03MHz
A Y O S it B
3
1
.......... 1B
At
R .
R |
3 H i di L I i i M ISP P
T | T Wa0.0rs A Ch1 0.0V
124an 2007
B+~ 0.60006% | 12:23:32

717 8.17 urasdnyaizyeada 19393 Oscillator Ak M7 4 ( Output ¥892995 Oscillator )
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v
@ as o o

Iadyanuvidunisi s (¥1CvesQ,)

Nklmr | %T-{--ﬂ--]r - = Jrlg'd

A 416mv
: : : : , : : ! @ -500mY
[P S ST Al 39.1MHz

. . . : N ! N T@® 1.03MH2

Ch T TR * WIS Bne A ChT 7 000V,

32 jan 2007
i@+ ([6.00000s 12:20:18

717 8.18 urAsAnNYMS YBITYY U IS Oscillator AAWMUH 5 (91 CU0IQ,)

8.5 NARB93995 Oscilator Ho1l¥#AU1995 Power Amplifier
M Insasains=uamAl 50 mA

AL daomv
@ -1.15V

SAl 319.1MHz
m: 1.03MI42

IV VOIS SOOI TUITE FUUTUTUUE IO TUUE
i LT M4abom A Chil 7 0.00V,

I 12
i+v'0.000008 | 13:20042

71141 8.19 uermednumzvosdy g 2993 Oscillator fiflou1¥A2993 Power Amplifier

ATZAUTVIAY 50 mA
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N101INANDIANTS LNV 100 mA

A: goomv
@ —115V
A 39.14H7
B 1.0IMHz
L i ; i 1 ] i ; . i
o | T M40.0ns A Chi S 000V,
12 jan_2007
@+~ [0.000005 | 13:30:23

51/ 8.20 uaAsANY N YBETYRNBI299T Oscillator filoul#fua99s Power Amplifier f

ATSUAWINY 100 mA

A: 91omv
B: —1.16V
A 39.1MHeZ
1@: 1.03MHz
.0ns A Ch1 5 0.00V
= 12 jan_ 2007
%+ 0.00000s 12:32:32

11 8.21 upsdnumizunadygniees Oscillator MiflonTWiuiees Power Amplifier #

NIZUEANNIAY 150 mA
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8.6 ynninaaeddan1ssudandinuvesnIniganazinsaty
o [ [ ¥
Mnsae Iidssldfusesmednuniosds fidsenenllde 1eesesadiameifideu

ar W os S . [ 't 1 ar
fygnalvivnes PA eshmsverwdygpaliinouusane udidewenluiis Reder coil

& o o L 4 o o o ar o Fy Y ° 1
wiatiezhesnsduuniosdy Tudamuwdsnufsinedmsunmsvauds Tt
Mnsnaaesiingz e 1o Power 48933935 PA (191 0 mA

i ¥ 1 a A ' A& o oA P |
anl\‘ﬁ 8.10 LTAIA LT WM T T UTINAMN U IT VNI UTOITIUDSIATOY 5”ﬂﬂ55uﬂ1'ﬂaﬂﬁﬂ1ﬂ

Power Y893:995 PA NN 0 mA

Reder Tage
ULV Vcoupping Vrecgurator
(cm) (Vde) (Vde)

Drive 0.200 mW 0 16.00 4.21
fiTnan so Q 3 8.62 416
4 3.93 3.23

6 2.66 1.95

8 1.87 1.12

10 1.42 0.75




Mnisnaassiinszualudannviiy 50 ma
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H o r - L] d 1 4 ™ i as %
ﬂ1113ﬁ8.11 RPN T IV ATINATITHIEHINITEY ﬂﬂttﬂxlﬂiﬂd5ﬂﬁﬂ7$tlﬁ1ﬂ0ﬁ'ﬁﬂ1ﬂ

Power 9942995 PA A1 S0 mA

Reder Tage
JrusNg Veoupping Vrecgurator
(em) (Vdc) {(Vde)
Drive 0.248 mW 0 12.64 4,34
filwan 50 Q
2 1042 425
4 429 3.54
6 2.78 2.10
8 1.94 1.30
10 1.40 0.82




Mmsnanssfinizua ludmanmiify 100 mA
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P @ 1o oM 4w o w -
ATIHN 812 LOAIATT NN ITTUTINAINIUITHIIANTOIN wazwnesivinseua ludaima

Power ¥993995 PA 11111 50 mA

Reder Tage
TTYTNY Vcoupping Vrecgurator
{cm) (Vde) {vde)
Drive 0.251 mW 0 1444 434
filvas 50 Q
2 12.63 436
4 7.53 4.12
6 3.66 3.03
8 2.59 193
10 1.88 129
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Wnsneasiinszua ludonmniidy 150 mA

3 hod L o - L] A o i a9/ ﬂ'-
Mmann 8.13 Llﬁﬂ\‘lﬂ"li'Nﬂ'liWUﬁ'\‘l?m\N'luixH'iNl?ﬂﬂﬁq llﬂ#kﬂiﬂﬂi‘ljﬁﬂ'.izllﬁ‘l‘l]ﬂffﬂﬂ'lﬂ

Power 98973997 PA 17111 150 mA

Reder Tage
FEUENN Vcoupping Vrecgurator
(cm) (vdc) {Vdc)

Drive 0.261 mW 0 15.95 438
il s0 Q 2 14.78 436
4 8.46 4.11

6 3.88 321

8 2.77 221

10 2.04 1.44
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!
|

Wy 7 s
l

. ey e ™ o e

1 ' - A - 1 I \ r
71 8.22 uamsdyg R iaRa0in 30 Spectum Analizer 1 Sub Carrier Modulation Tuvauz#iil
A ¥ - A 1 ol Tad o 1 - -'
wissgnyiennivyinuyaniavesnise i @ hifidasgnwdnluuinam

M1N5 AINAI9TU)

1 - s A ' -
71U 8.23 uaraadgyn 1l Sub Carrier Modulation Tuvaizfifiinissgninadninluuinuvame

‘ 1 @ 1
vounnse U (51 lilideya)
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UM 8.24 uarmadgyg A iada01A 399 Spectum Analizer i Sub Carrier Modulation THymz il

ﬂ. " - ] ¥ ] 1]
A3 BQQﬂV’IUL{'m'ﬂNU'Jnﬂlﬂﬂﬂ?ﬁilﬂllﬂs 99971Y (VR H#ﬁlﬂﬂﬁ@ﬂ ’I;']U)

: o : : -4 i ' -
UM 8.25 uerAsdaygy i Sub Carrier Modulation Tuvaizfifinissgnitadunluninavenia

& J 1 '
vounTB981U (Vauziidoyadudin) newd993 Low Pass Filter
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-l as B I : X & [
31/ 8.26 1AAIN15 39 Sub Carrier Y0998 1% Sub Carrier Modulation Tuvatz AiTlnsssgniadn
- A 1 ) ! e
nlunSnuvananveuniow 1 (vuzlidoyaduifio) nd1993 Low Pass Filter vz

14 SUB 7 847.5 KHz ponIT



144

N 9

umapluaziesal

ﬁ?agwﬁwuﬁldui‘; nanouies RFID 1nuluduand 13.56Miz 13z nevdaodu
ey Ingj 2 daufeduvesndosdunainisaiy Tnondsssmezdemdalssuin sw uas
vxfidauveslunseeulnamefivei 167877 Hlunssmazdoudoyafiniosgnite Tno
winmstsnseunisssnesdandssunsdoyalirumniosiy Tugsluunadmuimdntrith
unzdoynezgnusgianiuy ASK delufuniesiy Taomdesfuss Sundsrunnndosds
wamafiaeests T urhnsdnd Infor Wi eiu Iidszine 33 1aad wudoanses uaziin

msavsganmuusuilaya dsde T lulnsaeuTnanesimlszinanasenut Taowad
18 T e 18 uastah Ty segadlFaudmsends 1114

9.1 deyrnlumsiinm
i 3 =y J d - 4 o 1 L
9.1.1 A uAANAIaNNATTBI NN I TRUYARIAT 1AS 1M souaz gUuu @ i
P~ v a ey 1 © = 9 or 4 '
fosassuazninewhiiinasensihauvesisessauldfsmadlondnmsfimiveulums
M9UYB92995AABATUTZLEINTIUATIAUTUIW
9.1.2 gunsainldFeTelursesiia liassdudfifiuan Sedoadszynd uazdaudas
4 £ 2 24
gilnsaime 1 lAYszAnEnmmnniiga
\ Vo X2 : 4 a
9.1.3 Tumsinmiinnudged 13.56 MEz nisdpaio Taidezifluaie I nie
modyanuia Srmolianuenezlinadeniiiimueesssyy
at 1 2 & 1 1
9.1.4 lumsSudsdoyasinavesnrwdin 13.56 MHz sz unudezdwanents
- . P r o Mg ' o o &
Demodulator ¥8488)8)18: SUB Carrier fidhuedaunnmWilfuudansesdnnn uazdoyaiildn

Aanana 11 Aegiieruaasdsde 10
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T el | b oo -
\ ] TN :

=By
y

}

4
=
1)

1
n

\ ‘l!&:\’"\ - mlﬁﬁsw

31]'7‘1 9.2 LETAINAVBIAYYIUTUNIULININGINADILA 13.56 MHz 717993 SUB CARRIER



. 4 - j 1 1 . o
719 9.4 uamamsInves Innufiusnavesvaniave undesds luva it lilins adgga
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51 9.5 uapgnavesdgaIBITUAIMTIAAI UG 13.56 MHz SuilunounamnIvauiuTou

A ﬂ' ot @
Y99vARIAYBURTBIAS luvaz i Lulimis adygm

: -. & - 4 ' 1 . o
70 9.6 uraamaeves Imaviilndiuuinuvesvaniaveuniesdsluvas i hifiniia

GETETREN
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o z ; ia X 4
vngdit uasanfamuadizansadfies i ins widlgmilifetu s Tfems

senuuy lumsudilymvesdgygnaruniuluiudely

9.2 uIn MmN

9.2.1 Fosuf lulutuvesdyanunud 13.56 MHz filnnsuniusumumsThauses

9.2.2 senuuyisvamahaoumilasiandnnsimenvesssumanl fsiddafodes
wgwaaty g nTun R twadeszuy Inniiqa
‘4 1 é L a A
9.2.3 Mqunsaidniegyl feglugdvesisessrumoantlSinamis dwdsauas ileld
wissnlasnshidedadias T Iifutinsgatiofidesasdrs mldilgmiagndygnasuniun
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MICROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

+ PIC16F873 + PIC16F876
= PIC16F874 = PIC16F877

Microcontroller Core Features:

+ High performance RISC CPU
« Only 35 single word instructions to learn

= All single cycle instructions except for program
branches which are two cycls
= Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

« Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory

« Pinout compatible to the PIC16C73B/74B/76/77
+ Interrupt capability (up to 14 sources)

+ Eight level deep hardware stack

+ Direct, indirect and relative addressing modes

» Power-on Raset (POR)

+ Power-up Timer (PWRT) and
Osclliator Start-up Timer (OST)

* Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operstion

« Programmable code protection

* Power saving SLEEP mode

+ Selectable oscillator options

+ Low power, high speed CMOS FLASH/EEPROM
technology
+ Fully static design
* In-Circuit Serial Programming™ (ICSP) via two
pins
+ Single 5V In-Circuit Serial Programming capability
« In-Circuit Debugging via two pins
« Processor readfwrite access to program memory
* Wide operating voltage range: 2.0V to 5.5V
« High Sink/Source Current: 25 mA
» Commercial, Industrial and Extended temperature
ranges
+ Low-power consumption:
- < 0.6 mA typicat @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 kHz
- <1 uA typical standby current

Pin Diagram

PDIP
MCLRAve ——= [ 1 U [] e RBIPGD
RADIAND 4-—-—-: 2 3q :]-'—c- RB&PGC
RAVANT -—-[] 3 38 [] +— REBS
RAZANZVREF - a—e-[] 4 37 [] =+—= RB4
RANAMIVREF+ a—a[] 5 38 [] v RBWPGM
RAITOCKS a—ae-{] 8 35 [] =—= RB2
RASANAEE =—-[] 7 -« (] +— RBt
REORDIANS ——[] 8 M 33 [ RBOINT
REARWRIANG =—=[] 9 L np-—vvm
RE2/CS/ANT w—a-[] 10 r.: 31 [] -— vss
VoD ——a [ 19 E 30 [J ~—— RD7PSPT
ves o [112 W 28 [] - RDEPSPE
OSCACLKIN ——a-[] 13 ‘6 28 [] #—e= ROSPSPS
QICACLIKOUT e [[] 14 E 27 [] w—e RD4PSP4
RCO/T10SOMICK! +—e-[] 15 28 [ +—a RCTRNDT
RCUT10SHCCPZ w—-[] 18 25 [) =—e RCATXICK
RC2COP1 e [] 17 24 [] v RCWSDO
RCYSCK/SCL =—=[] 18 23 [[] =—e RCUSDUSDA
RDOPSPO w—e[] 18 22 [[] =—s- RDI/PSF3
RDAPSPY e [ 20 29 ] e RD2PSP2

Peripheral Features:

« TimerQ: 8-bit timer/counter with 8-bit prescaler

» Timer1: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via external

crystal/clock

register, prescaler and postscaler

Timer2: 8-bit timer/counter with 8-bit period

* Two Capture, Compare, PWM modules

- Capture is 16-hit, max. resolution is 12.5 ns

- Compare is 16-bit, max. resolution is 200 ns

- PWM max. resolution is 10-bit

10-bit muiti-channel Analog-to-Digital converter
Synchronous Sertal Port (SSP} with SPI™ (Master
mods) and 12C™ (Master/Slave)

Universal Synchronous Asynchronous Recsiver
Transmitter (USART/SCI) with 9-bit address
detaction

Parallel Slave Port (PSP) 8-bits wide, with
extarnal RD, WR and CS controls (40/44-pin only)
Brown-out detection circuitry for

Brown-out Reset (BOR)

© 2001 Microchip Technology Inc.
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PIC16F87X

Pin Diagrams

PDIP, SOIC
WCLRVer— 71 ~ 28] - RrB7PGD
rRANAND=—[] 2 27{] =+ RBS/PGC
RrAtANT =—=L] 3 - 26{] =—= RBS
RAZIANZ/VREF- = 4 [ 25 ] =— RB4
RANANMVRers =] 5 « 24[0 = RBIPGM
RadTocK=—[] 6 K 28(] == RB2
RAS/ANASS == 7 [d 22[] ~— RBt
vss—=[] 8 o 243 =— RBOANT
osCICLKIN—[] & O 20[] ~— voo
osc2aLkouT=— 10 T 19[] =— vss
RCOIT10SOT K| =— [] 11 18[J == RCTHUDT
RCHT10SICCP2 =[] 12 17[7] == RCE/TX/ICK
RGC2ICCP1~— 113 16[] = RCHSDO
RGASCK/SCL~=—=[] 14 5[] == RCA/SDHSDA
+ oy
g th
-0 Q
PLCC ﬁég % ggg
23530908830
RAS/, 1SS RB2 GM
RE1AYRIANG 36 REOANT
REZ’CS"QND; PIC16F8B77 VoD
24 Vss
Vss PIC16F874 RDIPSPT
OSC1/CLKIN RDGPEPE
OSCHCLKOUT RDS/PSPS
RCOT1OSOT1CKA RDAPSPA
" NC RCTRXDT
&
o and
5o8enzedcd
Egﬁ %%mgég
sAgRRELaNE
QFP FEXEXCTERERX 2L
HHHHEHHHHEH
FeIIRAERY
RCH/RX/DT =—=CII] 1 NC
RDS/PSP5 =TI 3 310 —= QSC/CLKOUT
RDG/PSPE -+ LTI 4 30T =— OSCICLKIN
RD7/PSP7 =—=CIQ 5 PIC16F877 "" vss
VSS et 1T} 6 LI ) e VDD _
Voo —eCId 7 PIC16F874 0+ REZANTICE.
RBO/INT =17 [I1}-=—a RE$/ANGWR
RBY -=—=CII] 8 (1 =+—= REGANSRD
RE2 -=—s(7IX] 10 HIJ == RAS/AN4/SS
RBAPCGM —=—t17] 14 B O P S e [T 3 == RAA/TOCK)
Iperezooy
AR EABHEHEHH
g odpobog
vgzeon Sy i
zgézggéggwg
23 2288
ng ﬁg
33

m
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PIC16F87

W

Key Features
PiCmicro™ Mid-Range Reference PIC16F873 PIC1¢FBT4 PIC16FBT6 PIC16FB77
Manual (DS33023)
"Operating Frequency DC-20MHz | DC-20MHz | DC-20MHz | DC-20MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
{(PWRT, OST) {PWRT, O8T) (PWRT, OST) (PWRT, OST)
F"AS'(': f_’;’f"::‘ m“g)"m""‘ 4K 4K 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Tnterrupts 13 1% 13 14
/0 Ports Ports A,B,C Ports A,B,C.D.E Ports AB,C Ports A,B,CD.E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 2 2
Serial Communications MSSP, USART | MSSP, USART | MSSP, USART | MSSP, USART
Parallel Communications — PSP -— PSP
10-bit Analog-to-Digite! Module 5 input channels | 8 input channels | 5 input channels ; 8 input channels
35 instructions 35 instructions 35 instructions 35 instructions

Instruction Set

DS30292C-page 3
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PIC16F87X

1.0 DEVICE OVERVIEW

This document contains device specific information,
Additional information may be found in the PICmicro™
Mid-Range Reference Manual (DS$33023), which may
be obtained from your loca! Microchip Sales Represen-
tative or downicaded from the Microchip website. The
Refarence Manual should be considered a complemen-
tary document to this data shest, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modules.

There are four devices (PIC16F873, PIC16F874,
PIC16FB76 and PIC16F877) covered by this data
sheet. The PIC16F876/873 devices come in 28-pin
packages and the PIC16FB77/874 devices come in
40-pin packages. The Paraliel Slave Port is not
implemented on the 28-pin devices.

The following device block diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, raspactively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
Program Data
Devica FLASH | D¥aMemoty | peppom
PIC16F873 4K 192 Bytes 128 Bytes
PIC16FB78 8K 368 Bytas 256 Bytas
13 DstaBus 8 PORTA
Program Counter & RAD/ANG
FLASH !L RA1/ANt
Program Ram RAJANVREF-
el I T i Tk eners
{13-it) Registers RAS/ANASS
Bus 14
RBOANT
instruction RB1
o RE2
“ Direct Addr RE3/PGM
RB4
RBS
RBG/PGC
RB7PGD
8
rd
RCWT10SOTICK!
Power-op 84 N wMux/ RCHTIOSICCP2
\vi Timer l RCZ/ICCE
Instruction Oacilator | RC3/SCKISCL
Decode & =3 | Start-up Timer bert! Y 4—e] RCA/SDYSDA
Control Poweron RCS/SDO
Resat RCEMUCK
RCI/RXDY
Tim Walchdog
[(RK=0 Ganerafon (=1 [ Timer | [ wres ]
OSCH/CLKIN Brown-out
0SC2/CLKOUT Reset
in-Circuit
Debugger
Low
Progmmmﬁg
MCLR Voo, Vas
Timerd Timer1 Timer2 10-bit AID
Data EEPROM cepi2 Serinl Port USART
Mots 1: Higher order bils are from the STATUS register.

@ 2001 Microchip Technology Inc.
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PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM

Program Data
FLAsH |DetaMemory | reppom

PIG16FE74 aK 192 Bytes 128 Bytes
PIC16FBTT aK 368 Bytes 256 Bytes

Device

13 Data Bus
FLASH Program Counter !L 7 RAVAND
RAM
Registers

RALAN1
RAIANZVREF-
RAJANIVRE+
RAAITOCK!
}— RAS/ANA/SS

Bus

RBOANT
RB1

RB2
RBAPGM
RB4

Instruction reg

|

RBS5
RB8/PGC
RB7/PGD

RCO/TIOSOMICKI
RCAT10SYCCP2
RC2/CCP1
RC3/SCKISCL
RCASDISDA
RCS/ISDO
RCBITX/ICK
RCTIRX/OT

Instruction
Controt

Timy
IRK=] Ganomgon
QSCH/CLKIN
OSC2CLKOUT

RDO/PSPO
RD1/PSPA
RDAUPSP2
RD3/PSP3
RD4/PSP4

Programm Paralet Stave Port kK& RDS/PEPS
RDE/PSPE

: RD7/PSP7
PORTE

MCLR Voo, Vss «[] REO/ANSRD

= H—{J REV/ANBWR
[ RE2ANTTS

2 1 5 5 3 & 3

TimerQ Timer Timer2 10-bit A/D

 —— ——————

Data EEPROM ccp1.2 i oo USART

Note 1: Higher order bils are from the STATUS ragister,

—_— e
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PIC16F87X

TABLE 1-1:  PIC16F873 AND PIC16F878 PINOUT DESCRIPTION

DIP | SOIC | VOP | Buffer
Pin Name Ping® Pin# - Type Type Description
DSC1/CLKIN 9 9 1 STICMOS™ | Oscillator crystal inputfextemnal clock source input
OSC2/CLKOUT 10 10 o] — Oscillator crystal output. Connects to crystal or resonator in
crystal oscillator mode. In RC mode, the OSC2 pin autputs
CLKOUT which has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate.
MCLR/VPP 1 1 P 8T Master Clear (Reset) input or programming voltage input. This
pin is an active low RESET to the device.
PORTA is a bi-directional {/O port.
RAD/AND 2 2 o TTL RAQ can also ba analog inputD.
RA1/AN1 3 3 1o TTL RAT1 can alse be analog input1.
RA2/AN2/VREF- 4 4 110 TTL RA2 can also be analog input2 or negative analog
reference voltage.
RAMANINREF+ 5 5 1c TTL RA3 can aelso be analog input3 or positive analog
reference voltaege.
RAAITOCK] 6 & o ST RA4 can also be the clock input to the TimerQ
module. Oulput s open draim type.
RAS/SS/ANS 7 7 o FIL RAS can also be anglog inputd or the slave select
for the synchrenous serial port.
PORTB is a bi-directionat /O port. PORTB can ba software
programmed for internal weak pull-up on all inputs.
RBO/INT 21 21 1o TT/sT RBO can also be the external interrupt pin.
RB1 22 22 yo TTL
RB2 23 23 o TTL
RB3/PGM 24 24 o TIL RB3 can also be the low voltage programming input.
RB4 25 25 {1]e] TTL interrupt-on-change pin.
RB5 26 26 O TTL. interrupt-on-change pin.
RB6/PGC 27 2r o TrusT? \nterrupt-on-change pin or In-Clrcult Debugger pin. Seriat
programming clock.
RB7/PGD 28 28 1o st Interrupt-on-change pin or In-Circuit Debugger pin. Serial
programiming data,
PORTC is a bi-directionat 1/O port.
RCOT1080/T1CKI 1 11 [} ST RCO can also be the Timer1 oscillator output or Timer1
clock input.
RC1/T10SI/ICCP2 12 12 1o ST RC1 can also be the Timer1 oscillator input or Capture2
input/Compare? cutput/PWM2 outpul.
RC2ACCP1 13 13 1o ST RC2 can also be the Capturet input/Compare1 output/
PWM1 output.
RCI/SCH/SCL 14 14 [o] sT RC3 can also be the synchronous serial clook input/output
for both SP1 and 1°C modes.
RC4/SDISDA 15 15 o] ST RC4 can also be the SP1 Data In (SPI mode) or
data 1O (12C mode).
RC5/8D0 16 16 Wo 8T RCS5 can also be the SP! Data Out {SP1 moda).
RCBITXICK 17 17 1o 8T RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.
RC7MMRX/DT 18 18 Vo 8T RC?7 can also be the USART Asynchronous Receive or
Synchronous Data.
vss 8, 19 8,19 P — Ground reference for logic end IO pins.
Voo 20 20 P — Positive supply for logic and /O pins.
Legend: |=input O = output 1O = inputfoutput P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger Input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer Is a Schmitt Trigger Input when configured in RC oscillator moda and a CMOS input otherwise.

® 2001 Microchip Technalogy Inc., DS530292C-page 7



PIC16F87X

TABLE 1-2:  PIC16F874 AND PIC16F877 PINOUT DESCRIPTION
DIP | PLCC | QFP | VO/P Buffer

Pin Name Pin# Pink Pin¥ | Type Type Deacription
...._—_.Wm - — - ]
OSCH/CLKIN 13 14 30 ) | sTICMOS™ | Oscillator crystal input/extemal clock source input.
OSC2ICLKOUT 14 15 k1! 0 - Oscillator crystal output. Connects to crystal or resonator

in crystal oscillator mode. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denoies the instruction cycle rate.

MCLRNVPF 1 2 18 \P ST Master Clear (Reset) input or programming veltage input.
This pin is an active low RESET to the device.

PORTA is a bi-directional KO port.

RAD/ANO 2 3 19 o TTL RAQ can also be analog input0.

RAT/AN1 3 4 20 Vo FTL RA1 can also be analog input1.

RAIAN2NREF- 4 5 21 NG T7L RAZ can also be analog input2 or negative
analog reference voltage.

RAJANINREF+ 5 6 22 o TTL RAS3 can also be analog input3 or positive
analog reference voltage.

RA4ITOCKI & 7 23 YO §T RA4 can also be the clock input to the Timer0 timer/
counter. Qutput is open drain fype.

RAS{SSIANS 7 8 24 vo TTL RAS can also bo analog input4 or the slave select for
the synchronous serial port.

PORTB is a bi-directional /O port. PORTS can be soft-
ware programmed for intemal weak pull-up on all inputs.

RBOANT 33 36 8 o | TTusTY RBO can aiso be the external interrupt pin.

RB1 34 37 9 Vo TTL

RB2 35 38 10 HO TTL

RB3/PGM 38 39 " 10 TTL RB3 can also be the low voltage programming input.

RB4 37 41 14 Vo TTL Intesrupt-on-change pin.

RBS 32 42 15 o T7L Intemupt-on-change pin.

RE&/PGC 39 43 16 o] TTLST? Interrupt-on-change pin o In-Circuit Dsbugger pin.
Serial programming clock.

RBT/PGD 40 a4 17 1o TTUsTR intarrupt-on-change pin or In-Circuit Debugger pin.
Serial programming data.

Legend: 1=input O = output /0 = input/output P = power

— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmiit Trigger input when configured as an extemal interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configurad as general purpose O and a TTL input when used in the Parallel
Slave Port mode (for interfacing to & microprocessor bus).
4: This buffer is a Schmitt Trigger input when configurad in RC oscillator mode and a CMOS input otherwise.

.m
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PIC16F87X

TABLE 1-2:  PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED)

DI t PLCC | QFP | vOom Buffer
Pin Namo pint | Ping | Pin® | Type [  Type Description
PORTCG is a bi-directional /O port.
RCOT1OSOMICKI | 15 15 32 Vo 8T RCO can atso be the Timer1 oscillator output or &
Timer1 glock input,
RC1T1OSICCP2 18 18 35 Vo 8T RC1 can aiso be the Timar1 oscillator input or
Capture2 input/Compare2 output/PWM2 output.
RC2/CCP1 17 19 36 o ST RC2 can also be the Capture1 input/Compare1
output/PWM1 output.
RCAISCKISCL 18 20 37 o ST RC3 can also be the synchronous serial clock input/
output for both SPI and I*C modes.
RC4/SDISDA 23 25 42 o ST RC4 can aiso ba the SPI Data In {SP1 mode) or
data 1/0 (1°C mode).
RCS/SDO 24 26 43 "o ST RCS can aiso be the SP1 Data Out (SP1 mode).
RC6/TX/ICK 25 27 44 HO 8T RC6 can also be the USART Asynchroncus Transmit
or Synchronous Clock.
RCT/RX/DT 26 29 1 o ST RCT can also be the USART Asynchronous Receive
ar Synchronous Dats.
PORTD is a bi-directional VO port or paratiel slave port
when interfacing to a microprocessor bus.
RDO/PSPO 19 21 ag no sTTLe)
RD1/PSP1 20 22 30 Tlo] STATLE
RD2/PSP2 21 23 40 "o STATLE
RD3/PSP3 22 24 41 o sTrTLe)
RD4/PSP4 27 30 2 o sTmL®
RDS5/PSPS 28 31 3 HO sTATL®
RD6/PSP6 29 2 4 Tlo) sTATLY
RD7/PSP7 30 33 5 o | stan®
PORTE is a bi-directional /0 port.
REO/RD/ANS 8 9 25 1o ST/TTL® REO can also be read control for the parallel slave
port, or analog inputs.
RE1/WR/ANG 9 10 26 "o sTTTL® RE* can also be write control for the paraliel siave
port, or analcg inputb.
RE2/CSIANT 10 11 27 o STTTLE REZ can also ba select control for the paraliel stave
port, or analog input?.
Vss 12311 13,4 6,29 P — Ground reference for logic and /O pins.
Voo 1,32 | 12,35 7.28 P _ Positive supply for logic and /O pins.
NC — 147,28, | 12,43, — These pins are not interally connected. These pins
40 33,34 should be left unconnected.
tegend: |=input QO = output 10 = inputfoutput P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer Is a Sehmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Tgger input when configured as general purpese /0 and a TTL input when used in the Parabel
Slave Port made (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configurad in RC cscillator mode and a CMOS input otharwise.

m el L AT A A
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PIC16F87X

20 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16F87X MCUs. The Frogram Memory and Data
Memory have separate buses so that concurrent
access can occur and is detailed in this section. The
EEPROM data mamory block is detailed in Section 4.0.

Additional information on device memory may be found
in the PICmicro™ Mid-Range Reference Manual,
(DS33023).

2.1 Program Memory Organization

The PIC16F87X devices have a 13-bit program counter
capabte of addressing an 8K x 14 program memory
space. The PIC16F877/876 devices have 8K x 14
words of FLASH program memory, and the
PIC16F873/874 devices have 4K x 14. Accessing a
location above the physically implemented address will
cause a wraparound,

The RESET vector is at 00C0h and the interrupt vector
is at 0004h.

FIGURE 2-1: PIC16F877/876 PROGRAM
MEMORY MAP AND FIGURE 2-2: PIC16F874/873 PROGRAM
STACK MEMORY MAP AND
STACK
| PC<120> | | PC<12:0> |
CALL, RETURN B, CALL, RETURN ﬁ? 13
RETFIE, RETLW r RETFIE, RETLW {b re
Stack Level 1 Stack Leve! 1
Stack Levet 2 Stachk Leve) 2
- L ]
Stack Lavel 8 Stack Level 8
RESET Vector ¢000h RESET Vector 0o00h
Interrupl Vector 0oo4h Interrupt Veclor 00odh
{ 0005h 0005h
Page 0 Page 0
07FFh Critdg 07TFFh
0800h Me“wu o800h
Page 1 Page 1
On-Chip OPFFh OFPPh
g < 1000h 1000k
Memory
Page 2
17FFR
1800h
Page 3
\ 1FFFh 1FFFh
— AN,

@ 2001 Microchip Technology Inc.
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PIC16F87X

2.2 Data Memory Organization

The data memory is partitionad into multiple banks
which contain the General Purpose Registers and the
Special Function Registers. Bits RP1 (STATUS<6>)
and RPO (STATUS<5>) are the bank selact bits,

RP1:RPO Bank
00 0
01 1
10 2
il 3

Each bank extends up to 7Fh (128 bytes). The lower
locations of each bank are reserved for the Special
Function Registers. Above the Special Function Regis-
ters are General Purpose Registers, implemented as
static RAM. All implemented banks contain Special
Function Registers. Some frequently used Speciai
Function Registers from one bank may be mirrored in
enother bank for code reduction and quicker access.

Note: EEPROM Data Memory description can be

found in Section 4.0 of this data sheet.
221 GENERAL PURPOSE REGISTER
FILE

The register file can be accessed either directly, or indi-
rectly through the File Select Register (FSR}).

e
DS30292C-page 12
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PIC16F87X

—rr —— ——
FIGURE 2-3: PIC16F877/876 REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.(!| 00h Indirect addr.(}| gon indirect addr{" | 100h indirect adar.{?{ 180n
TMRO 0th OPTION_REG | 81th TMRO 10th OPTION_REG] 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR B4h FSR 84h FSR 104h FSR 184h
SORTA 05h vy ol v 108h N - ool
PORTB 06h TRISB 86h PORTS 106h TRISB 186h
PORTC 07h TRISC 87h “] 107h ' 187h
PORTD(M | 08h TRISD™ | 88h 108h 188h
PORTE') | 09h TRISE™ | goh . __|toen | o 188h
PCLATH GAh PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 08h INTCON 8Bh INTCON 108h INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEARR 10Dh EECON2 18Dh
TMR1IL OEh PCON 8Eh EEDATH | 10Eh Reserved® | 18En
TMR1H OFh I | 8Fn EEADRH | 10Fh |- Raserved® | 18Fh
T1CON 10h . 90h 110h 190h
T™MR2 11h SSPCON2 | 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD | 93h 113h 193h
SSPCON | 14h SSPSTAT | 94h 114h 194h
CCPRIL 15h ; 1 95h 115h 195h
CCPR1H 16h 96h 116h 196h
GCPICON | 17h 97h Ganeral 117h genemi 187h
RCSTA | 18h TXSTA__| 88h Ragor | 118n Register | 198N
TXREG 19h SPBRG 8%h 16 Bytes 118h 16 Bytes 198h
RCREG 1Ah ' AR 11Ah 19Ah
CCPR2L 1Bh : 9Bh 11Bh 19Bh
CCPR2H | 1Ch ; 8Ch 11Ch 19Ch
CCP2CON | 1Dh aDh 11Dh 1G9Dh
ADRESH | 1Eh ADRESL 9Eh 11En 19Eh
ADCONG | 1Fh ADCON1 9Fh 1Fh 19Fh
20h Ah 120h 1AOh
General General General General
Purpose Purpose Purpese Purpose
Register Register Register Register
96 Bytos 80 Bytes EFh 80 Bytes 16Eh 80 Bytes 1EFh
accesses Foh accesses 170n accesses 1FCh
70h-7TFh 70h-7Fh 70h-7Fh
7Fh FEh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
O unimplemented data memory locations, read as '0".
* Not a physical register.
Note 1: Thesse registers are not implemented on the PIC16F8786.
2: These registers are reserved, maintain these registers clear.
e T AR
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FIGURE 2-4: PIC16F874/873 REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.{? | ooh indirect addr.™?| gon Indirect addr.{? | 100n | indirect addr."){ 1g0n
TMRO 01h OPTION _REG | 81h TMRG 10th OPTION REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 1 105h 185h
PORTB 06h TRISB Bgh PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTDM | o8h TRISD | agh 108h 188h
PORTE'Y | 09h TRISEM | aon 108h 1 t89n
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh {NTCON 88h INTCON 10Bh INTCON 188Bh
PIR1 CCh PIE} 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMR1L CEh PCON 8Eh EEDATH 10Eh Ressrved® | 18Eh
TMRIH | OFh | 8Fn EEADRH | 10Fh Reserved® | 18Fh
T1CON 10h aCh 110h 190h
TMR2 11h SSPCON2 91h
T2CON 12h PR2 92h
SSPBUF 13h SSPADD 93h
SSPCON i4h SSPSTAT 94h
CCPR1L 15h 95h
CCPR1H 16h 86h
CCP1CON 17h g 97h
RCSTA 18h TXSTA 98h
TXREG 18h SPBRG 9%h
RCREG | 1Ah 9Ah
CCPR2ZL 1Bh 9Bh
CCPR2H 1Ch 9Ch
CCP2CON | 1Dh gbh
ADRESH 1Eh ADRESL 8Eh
ADCONO 1Fh ADCON1 9Fh 120h 1A0h
20h ADh
General Ganeral
Purpose Purpose accesses accesses
Register Register 20h-7Fh AOh - FFh
96 Bytes 96 Bytes 16Fh 1EFN
170h 1FOh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
ﬂ Unimplemented data memory iocations, read as 0",
* Not a physical register.
Note 1: These registers are not implemented on the PIC16FB73.
2: These registers are reserved, maintain thase registers clear.
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PIC16F62X

MICRoCHIP

FLASH-Based 8-Bit CMOS Microcontrollers

Devices Included in this Data Sheet:

* PIC16F627
« PIC16F628

Referred to collectively as PIC16F62X

High Performance RISC CPU:

« Only 35 instructions to leamn

« All single cycle instructions (200 ns), except for
program branches which are two-cycle
QOperating speed:

- DC - 20 MHz clock input

- DC - 200 ns instruction cycle

Mamory
Device FLASH | RAM | EEPROM
Program Data Data

==
PIC16F827 1024 x 14 | 224 x8 128 x8

PIC16F628 | 2048x14 | 224x8| 128x8

Interrupt capability

» 16 special function hardware ragisters

8-leve! deep hardware stack

» Direct, Indirect and Relative addressing modes

Peripheral Features:

« 18 )/O pins with individual direction control
» Migh current sink/source for direct LED drive
« Analog comparater module with:
- Two analog comparators
- Programmable an-chip voitage reference
(VREF) modute
- Programmable input multiplexing from device
inputs and internai voltage reference
- Comparator outputs are externally accessible
= TimerD: 8-bit timar/countar with 8-bit
programmable prescaler
« Timer1: 16-bit imer/counter with external crystal/
clack capability
» Timer2: 8-bit timesr/counter with 8-bit period
register, prascaler and postscaler
Capture, Compare, PWM (CCP) module
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PYWM max. resoiution is 10-bit

* Universal Synchronous/Asynchronous Receiver/
Transmitter USART/SCI

* 16 Bytes of common RAM

Special Microcontroller Features:

+ Power-on Reset (POR)

+ Power-up Timer (PWRT) and Oscillator Start-up
Timer (OST)

+ Brown-out Detect (BOD)

» Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

- Multiplexed MCLR-pin
+ Programmable weak pull-ups on PORTB
s Programmable code protection
» Low voitage programming
+ Power saving SLEEP mode
+ Selectable oscillator options
- FLASH configuration bits for osciliator
options
- ER (External Resistor) oscillator
» Reduced part count
- Duai spead INTRC
» Lower current consumption
- EC Extemai Ctock input
- XT Osciilator mode
- HS Oscillator mode
- LP Oscillator mode
« In-circuit Serial Programming™ (via two pins)
» Four user programmabie ID locations

CMOS Technology:

« Low power, high speed CMOS FLASH technology
Fully siatic design
« Wide operating voltage range
- PIC16FB827 - 3.0V to 5.5V
- PIC16F628 - 3.0V to 5.5V
- PIC16LF627 - 2.0V to 5.5V
- PIC16LFE28 - 2.0V to 5.5V
+ Commercial, industrial and extended temperature
range
+ Low power consumption
- <20mA@ 5.0V, 4.0 MHz
- 15 pA typical @ 3.0V, 32 kHz
- < 1.0 pA typical standby curent @ 3.0V

® 2003 Microchip Technology Inc. : Preliminary DS40300C-page 1




PIC16F62X
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Pin Diagrams

PDIP, SOIC
RAZANZNREF et []-1 - RAHANT
RAVANICMP! w—a-[12 o - RANAND
RAMTOCKICMPZ -+—a(13 & -»—e RATIOSCI/CLKIN
RASMCLR/VPP ~——o-[14 & ~—m RABIOSC2/CLKOUT
ves —=[s5 A ~——— VD
RBOANT w—»-{]6 § -a-—p RB7/T10SIPGD
RB1/RX/DT w—w-{{7 - REGTIOSOMICKIPGC
RBUTWICK =—»[l8 -a—a= RBS
RBYCCP! ~—a-[} 0 - AB4/PGM
S80P
RAZ/AN2VREF gt [+ -a—p= RAVANIT
RANANICMP1 —a—e-[]2 19[] =— RAOANO
RAUTOCKIICMP2 :a—e=[13 0 18] o RA7/OSCI/CLKIN
RASMCLRVPP —-[]4  Q 17[)-e—s RAS/IOSCICLKOUT
V85 w15 % 18] ~+—— Vop
VEs a—e-[]6 15[ st VoD
RBUINT g7 ﬁ 14[]-=—a RBTT10SI/PGD
RBARX/DT w—s-{]8 13[]—+ RBETIOSOMICKIPGE
RB2TNCK -w—a-[]0 12[]-—-s= RB5
REVCCPt -w—a{]10 --—» RBAPGM
Device Differences
Process
Device V;;t:ge Qsclilator Technology
; ge {Microns)
PIC16F627 T 30-55 (Note 1) 07
PIC16F628 3.0-55 {Note 1) 0.7
PIC16LF627 20-55 {Note 1} 0.7
PIC16LF628 20-55 {Nots 1) 0.7

application.

Note 4: If you change from this device to another device, please verify oscifator characterstics in your

——
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PIC16F62X

20 ARCHITECTURAL OVERVIEW

The high performance of the PIC16F62X family can ba
attibuted to a number of architectural features
commonly found in RISC microprocessors. To begin
with, the PIC16F62X uses a Harvard architecture, in
which, program and data are accessed from separate
memories using separate buses. This Improves
bandwidth over traditional Von Neumann architecture
where program and data are fetched from the same
memory. Separating program and data memory further
aliows instructions to be sized differently than 8-bit
wide data word. Instruction opcodes are 14-bits wide
making it possible to have all single-word instructions.
A 14-bit wide program memory access bus fetches a
14-bit instruction in a single cycle. A two-stage pipeline
overlaps fetch and execution of instructions.
Consequsntly, all instructions (35) execute in a single
cycle (200ns @ 20MHz) except for program
branches.

The Table below lists program memory (FLASH, Data
and EEPROM).

TABLE 2-1: DEVICE DESCRIPTION
Memary
Device FLASH RAM | EEPROM
Program Data Data
P 1 e e i
PIC16F627 1024x14 | 224x8 | 128x8
PICI6FE28 | 2048x14 | 224x8 | 128x8
PICIBLFE27 | 1024x14 | 224x8 | 128x8
PICIGLFG628 | 2048x14 | 224x8 | 128x8

The PIC16F62X can directly or indirectly address its
register files or data mefnory. Ali Special Function
registers, including the program counter, are mapped In
the data memory. The PIC16F62X have an orthogonal
{symmetrical} instruction set that makes it possibie to
carry out any operation, on any register, using any
Addressing mode. This symmetrical nature, and lack of
'special optimal situations’ make programming with the
PIC16F62X simple yet efficient. in addition, the learning
curve is reduced significantly.

The PIC16F62X devices contaln an 8-bit ALU and
working register. The ALU is & general purpose
arithmetic unit. 1t performs arithmetic and Boolgan
functions between data in the working register and any
register file.

The ALU is 8-bit wide and capable of addition,
subtraction, shift and logical operations. Uniess
otherwise mentioned, arithmetic operations are two's
complement in nature. In two-operand instructions,
typically one operand is the working register
(W register). The other operand is a file register or an
immediate constant. In single operand instructions, the
operand s either the W register or a file register.

The W register is an 8-bit working register used for ALY
operations. It is not an addrassable register.

Depending on the instruction executed, the ALU may
affect the values of the Carry (C), Digit Carry (DC), and
Zoro (Z} bits in the STATUS register. The C and DC bits
operate as a Borrow and Digit Borrow out bit,
raspectively, bit in subtraction. See the sUBLW and
SUBWF instructions for examples.

A simplified block diagram Is shown in Figure 2-1, and
a description of the device pins in Table 2-1.

Two types of data memory are provided on ths
PIC16F62X devices. Non-volatle EEPROM data
memory is provided for long term storage of data such
as calibration values, lookup table data, and any other
data which may require periodic updating in the feld.
This data is not lost when power Is removed. The other
data memory provided is regular RAM data memory.
Regular RAM data memory is provided for temporary
storage of data during normat operation. it is lost when
power is removed.

p— S —

® 2003 Microchip Technology inc.
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PIC16F62X
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FIGURE 2-1: BLOCK DIAGRAM
13
FLASH Program Counter Data Bue 7
Program l;
Memory RAM
8-Level Stack Fle
(13-bit)
Program
Bus 14
Instruct RAO/AND
. RA1/AN1
Il Direct Addr RA2/AN2/VREF
RAJANICMP1
RAATOCKA/CMPZ
RASMCLRAPP
RAGBIOSC2ICLKOUT
RAT/OSCHCLKIN
=
\l Power-up
Timer RBOANT
Instruction Oscillator RBHRX/DT
Decode & Start-up Timer RB2TX/CK
Control RBI/CCP1
Power-on RB4/PGM
Resal RBS
Re= Tming | ]| Watchdog RB&T10SOMICKIPGC
GanejRigpn Toen RBT/TOSYPGD
OSC1/CLKIN Browr-out
OSC2/CLKI Detect
Low-
Programm
MCLR VoD, Vss
Comparator Timerd Timer1 Timer2
VREF ceP USART Data EEPROM
Note 1: Highsr order bits are from the STATUS register.

—
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TABLE 2-1: PIC16F62X PINOUT DESCRIPTION
Name f_'t_mction input Type | Output Type Description
RAD/AND RAD ST CMOS | Bi-directional /O port
ANO AN _— Analog comparator input
RA1/AN1 RA1 ST CMOS Bi-directional HQ port
AN1 AN —_ Analog comparator input
RA2/AN2/VREF RA2 ST CMOS Bi-diractional /O port
AN2 AN — Analog comparator input
VREF — AN VREF output
RAJ/AN3/CMP1 RA3 ST CMOS Bi-directional HO port
AN3 AN —_ Analog comparator input
CMP1 — CMOS | Comparator 1 output
RA4TOCKICMPZ RA4 ST oD Bi-directional I/O port
TOCKI ST — Timer0 clock input
CMP2 —_ oD Comparator 2 output
RAS/MCLR/VPP RAS ST —_ Input port
MCLR ST — Master clear
VPP — — Programming voltage input. When configurad
as MCLR, this pin is an active low RESET to
the device. Voltage on MCLR/VPP must not
axceed VDD during normal device operation.
RAS/OSC2/ICLKOUT RAS ST CMOS Bi-directional 1/O port
05C2 XTAL — Oscillator crystal output. Connects to crystal
or resonator in Crystal Oscillator mode.
CLKOUT — CMOS In ERANTRC mode, OSCZ2 pin can output
CLKOUT, which has 1/4 the frequency of
osCc1
RA7/OSC1/CLKIN RA7 ST CMOS Bi-directional VO port
0SsC1 XTAL — Oscillator crystal input
CLKIN ST — Externa! clock source input. ER biasing pin.
RBO/INT RBO TTL CMOS Bi-directional YO port. Can be software
programmed for intemal weak pull-up.
INT ST — External interrupt.
RB1/RX/DT RB1 TTL CMOS Bi-directional /O port. Can be software
programmed for intema! weak puli-up.
RX ST —_ USART receive pin
DT ST CMOS Synchronous data 1/O.
RB2/TX/CK RB2 TTL CMOS Bi-directional /O port.
TX -— CMOS USART transmit pin
CK 8T CMOS Synchronous clock I/O. Can be software
programmed for internal weak pull-up.
RB3/CCP1 RB3 TTL CMOS Bi-directional I/O port. Can be software
programmed for internal weak pull-up.
CCP1 ST CMOS Capture/Compare/PWM (/O
Lagend: O = Output CMOS = CMOS Output P = Power
— = Not used ! = Input ST = Schmitt Trigger Input
TTL = TTL Input QD = Open Drain Qutput AN = Analog

® 2003 Microchip Technology Inc.
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PIC16F62X

m
TABLE 2-1:  PIC16F62X PINOUT DESCRIPTION (CONTINUED)

Name Function | Input Type | Output Type Description
RB4/PGM RB4 TTL CMOS Bi-diractional /O port. Can be software
programmed for internal weak pul-up.
PGM 8T — Low voltage progremming input pin. Interrupt-

on-pin change. When low voltage program-
ming is enabled, the interrupt-on-pin change
and weak pull-up resistor are disabled.

RBS RBS TTL CMOS Bi-directional /O port. interrupt-on-pin
change. Can be scftware programmed for
internal weak puli-up,

RBB/T10SO/T1CKIPGC RBS TTL CMOS | Bi-directional /O port. Interrupt-on-pin
change. Can be software programmed for
internal weak pull-up.

T10S0 — XTAL Timer1 oscillator output.
T1CKI ST — Timer1 clock input.
PGC ST - ICSP™ Programming Clock.
RB7/T10SI/PGD RB7 TTL CMOS Bidirectional /O port. Interrupt-on-pin

change. Can be software programmed for
internal weak pufi-up.

T108I XTAL — Timer1 osciliator input. Wake-up from SLEEP
on pin change. Can be software programined
for intermal weak pull-up.

PGD ST CMOS ICSP Data IO
Vss " Vss Power _ Ground reference for logic and KO pins
VDD Voo Power —_ Positive supply for logic and /O pins
Legend: O = Qutput CMOS = CMOS Output P = Power
— = Not used i = |nput 8T = Schmitt Trigger Input
TTL = TTL Input oD = Open Drain Output AN = Analog

DS40300Cpage 10 Preliminary ® 2003 Microchip Technology Inc.
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3.0 MEMORY ORGANIZATION

3.4 Program Memory Organization

The PIC16F62X has a 13-bit program counter capable
of addressing an 8K x 14 program memory space. Only
the first 1K x 14 (0000h - 03FFh) for the PIC16F627
and 2K x 14 (000Ch - Q7FFh) for the PIC16F628 are
physically implemented. Accessing a location above
these boundaries will cause a wrap-around within the
first 1K x 14 space {PIC16F627) or 2K x 14 space
(PIC16F628). The RESET vector is at G0D0Oh and the
interrupt vector is at 0004h (Figure 3-1).

FIGURE 3-1: PROGRAM MEMORY MAP
AND STACK

3.2 Data Memory Organization

The data memory (Figure 3-2) is partitioned into four
banks, which contain the general purpaose registers and
the Special Function Registers (SFR). The SFR's are
located in the first 32 locations of each Bank. Register
locations 20-7Fh, ACh-FFh, 120h-14Fh, 170h-17Fh
and 1FOh-1FFh are general purpose registers
implemented as static RAM.

The Tabie below lists how to access the four banks of
registers:

{ PC<12:0> |

CALL, RETURN 4N 43
RETFIE, RETLW | >

Stack Leve! 1
Stack Level 2

-
L]

Stack Level 8

RESET Vactor Q00h

interrupt Vector 0004
0005

On-chip Program
Memory
PIC16F627 and
PIC16FG28

03FFh

On-chip Program
Memory

PIC16F628 only
O7FFh

m

1FFFh

RP1 RPO
Bank0 o 0
Bank1 0 1
Bank2 1 0
Bank3 1 1

Addresses FOh-FFh, 170h-17Fh and 1FOh-1FFh are
implemented as common RAM and mapped back to
addresses 70h-7Fh.

321 GENERAL PURPOSE REGISTER
FILE

The register file Is organized as 224 x B8 in the
PIC16F62X. Each is accessed either directly or
indirectly through the File Select Register FSR (See
Section 3.4).

© 2003 Microchip Technology Inc.
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PIC16F62X

FIGURE 3-2: DATA MEMORY MAP OF THE PIC16F627 AND PIC16F628
File
Address
Indirect addr‘¥ | 00h indirect addr.™"! | aon indirect addr.t") | soon Indirect addr{” | 1g0n
TMRO 0th OPTION 81h TMRO 101h OPTION 181h
PCL 0Zh PCL 82h PCL 10Zh PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h .FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 188h
07h 87h 107h 187h
08h 88h 108h 188h
i 08h ‘ 88h 108h 188h
PCLATH 0Ah PCLATH BAh PCLATH 10AR PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
FiR1 oCn PIE1 8Ch 10Ch 18Ch
) 0Dh 8Dh 10Dh 18Dh
TMRIL 0Eh PCON 8Eh 10Eh 18Eh
TMR1H OFh 4 8Fh 10Fh 18Fh
T1CON 10h i 90h
TMR2 1ih ) 91h
T2CON 12h PR2 92h
) 13h [ 93h
. 14h adh
CCPRIL 15h i 95h
CCPR1H 16h g g6h
CCPiCON | 17h 97h
RCSTA 18h TXSTA 88h
TXREG 18h SPBRG 86h
RCREG 1Ah EEDATA 9Ah
Ir 18h EEADR 9Bh
I 1Ch EECON?1 8Ch
1Dh Eeconz) | gph
1Eh 9Eh
CMCON 1Fh VRCON gFh 11Fh
20h AR General 120h
General General Register
Furpose Purpose 48 Bytes 14Fh
Register Register 150h
80 Bytes
80 Bytes
______ 6Fh EFh 16Fh 1EFh
70h 0003565 FOh S 170h acoasses 1FCh
16 Bytes 70h-7Fh 70h-7Fh 70h - 7Fh
TFh FFh 17Fh 1FFh
Bank O Bank 1 Bank 2 Bank 3
E Unimptemented data memory locations, read as '0".
Note 1: Nota physical register.

DS40300C-page 14 Preliminary ® 2003 Microchip Technology Inc.




MICROELECTRONICS

M54/74HC4020
M54/74HC4040

HC4020 14 STAGE BINARY COUNTER
HC4040 12 STAGE BINARY COUNTER

= HIGH SPEED
fmax =73 MHz(TYP.)at Vg =5V

s LOWPOWER DISSIPATION
lcc =4 JA(MAX.}at Ta =25°C

« HIGH NOISE IMMUNITY
ViiH = Vi = 28 % Vee (MINL)

=« OUTPUT DRIVE CAPABILITY
10 LSTTL LOADS

s SYMMETRICAL OUTPUT IMPEDANCE
JloH] =loL =4 mA (MIN.)

= BALANCED PROPAGATION DELAYS
tPLH = tPHL

s WIDE OPERATING VOLTAGE RANGE
Vec (OPR)=2Vio6V

s PIN AND FUNCTION COMPATIBLE WITH
4020B/4040B

DESCRIPTION

The MS4/74HCA020/HC4040 are high speed
CMOS 14M2STAGE BINARY COUNTER
fabricated in silicon gate C2MOS technology. They
have the same high speed performance of LSTTL
combined with true CMOS low consumption.

A clear input is used to reset the counter 1o the all
low level state. Ahighlevel on CLEAR accomplishes
the reset function. A negative transition on the
CLOCK input increments the counter by one.

For HC4020 twelve kind od divided output are
provided; 1stand 4th stage fo 14th stage.

PIN CONNECTION (top view)

e ML

B1R F1R
{Plastic Package) (Ceramic Package)
M1R C1R
{Mico Package) (Chip Carrier)
ORDER CODES :
MB4HCXXXF1R MT4HCXXXM 1R
M74HCXXXB1R M74HCXXXC1R

The maximum division available at last stage is
1/16384 x fiy at clock.

For HC4040 each division stage has an cutput; the
final frequency is 1/4096 x fin.

All inputs are equipped with protection circuits
against static discharge and transient excess
voltage.

HC4020 HC4040
an Yee an Y
oe an af an
o e as -]
o as ar as
o ”n at as
ar OEAR (4] e
ax Era ae a&w
i~ . -0 o

HC4020

L EE L

am

- Wimiale
3!!55 3!235

March 1893
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MS54/M74HC4020/4040

INPUT AND OUTPUT EQUIVALENT CIRCUIT

Yee

INPUT

GND

PIN DESCRIPTION (HC4020)

PIN DESCRIPTION (HC4040)

PIN No SYMBOL | NAME AND FUNCTION PIN Ko SYMBOL | NAME AND FUNCTION
9,7,6, 8 | Q1,Q4 to | Parallet Outputs 9,7,6,5 | Q1 to M2 | Parallel Outputs
3,2 4,13, Q14 3,2, 4 13,
12, 14, 15, 12, 14,15,
1 1 Q|
10 CLOCK | Clock input (LOW to 10 CLOCK | Clock Input (LOW to
HIGH, edge triggered) HIGH, edge triggered)
13 CLEAR Reset Inputs 11 CLEAR Reset Inputs
8 GND Ground {0V) 8 GND Ground (0V)
18 Vee Positive Supply Voltage 16 Vee Positive Supply Voltage
IEC LOGIC SYMBOLS
HC4020 HC4040
RCTR14 RCTR12
r o ;} al ¢ u-—zg- a
o ‘") CT=0 1 ) o4 CL'(‘") c1=g T Q2
A fee QS e (13
L2 o &) oo
i3 ‘
o !ﬂ_>o cT 4 12) :: oK (1—--‘>¢ cT 4 (4 ::
| WAL 1] _(13) -]}
L 413) oy L (12) o
(2 a2 04 g1
() o3 L (15) gy
L spt2 aie [} 01z
L1188 [T=rF 274
TRUTH TABLE
CLOCK CLEAR OUTPUT STATE
X ALL QUTPUTS ="L°
J" NO CHANGE
L ADVANCE TO NEXT STATE

213




M54/M74HC4020/4040

LOGIC DIAGRAM {HC4020)
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M54/M74HC4020/4040

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Veco Supply Voltage -(.5 to +7 Vv
Vi DC Input Voltage -0.5to Vec + 0.5 v
Vo DC Quiput Voltage -0.5 to Ve + 0.5 v
I DC Input Diode Current + 20 mA
lox DC Output Diode Current + 20 mA
lo DC Output Source Sink Current Per Output Pin + 25 mA
lec or teno | DC Voo or Ground Current 1 60 mA
Po Power Dissipation 500 () mw
Tatg Storage Temparature -85 to +150 °c
T Lead Temperature {10 sec) 300 °c

Absclute Maximum Ralings are these values beyond which damage totha device may occuwr. Functiond operation under these condition isnotimplied.

{*1500 mW: =65°C derae to 300 mW by 10mWI°C: 65 °C t085°C

RECOMMENDED OPERATING CONDITIONS

Symbol Pararneter Valueg Unit
Ve | Supply Voltage ‘ 2106 Vv
Vi Input Voltage 0to Ve v
Vo Output Voltage 0 to Ve v
Top Operating Temperature:  M54HC Series -55 to +125 °c
_M74HC Series 40 to +85 °c
t b Input Rise and Fall Time : Vec =2V 0 to 1000 ns
Vec =45V 0 to 500
Ve =6V 0 to 400
513




MS54/M74HC4020/4040

DC SPECIFICATIONS

Test Conditions Value
Symbol|  Parameter |y, Taw25°C 40 to 85 °C |-55 to 125°C{ ynnt
) 54HC and 74HC 74HC 54HC
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
Vi High Level nput | 2.0 1.5 1.5 1.5
Voitage 45 315 3.5 3.15 v
6.0 4.2 4.2 4.2
\' Low Leval Input 2.0 0.5 0.5 0.5
Voltage 45 1.35 1.35 135] V
6.0 1.8 1.8 1.8
Vo High Levai 2.0 Vi = 1.9 2.0 1.9 1.9
Output Voltage | 45 | . [ l0=20pA] 44 | 45 44 4.4
80 | or 59 | 60 59 59 v
45 | Ve llo=-4.0mA] 4.18 | 4.3 4,13 4.10
6.0 =52 mA| 568 | 58 563 5.60
VoL | LowLevel Output | 20 |, _ 00 | 0.1 0.1 0.1
Voltage 45}y, |lo°204A 00 | 04 0.1 0.1
6.0 | or 00 | 0.1 0.1 0.1 v
45§ VL 115240 mA 0.17 | 0.26 0.33 0.40
6.0 o= 5.2 mA 018 | D.26 0.33 0.40
] Input Leakage 6.0 Vi = Vee or GND 01 +1 +1 WA
Current
e Quiescent Supply | 6.0 | V| = Vcc or GND 4 40 80 A
Current
613
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M54/M74HC4020/4040

AC ELECTRICAL CHARACTERISTICS (CL = 50 pF, Input t; = tf = 6 ns}

Test Conditions Value
Symbol Parameter Vec Ta=25°C 40 to 85°C |-55t0 125°C| yny
™) S54HC and 74HC T4HC 54HC
Min. | Typ. | Max. | Min. | Max. | Min. | Max.
tnw Output Transition { 2.0 30 75 95 110
tra | Time 45 8 | 15 19 22 ns
6.0 7 13 16 19
trim Propagation 2.0 20 50 65 75
te. | Delay Time 45 5 10 13 15 ns
(@n - Qn+1) 6.0 4 | o 11 13
trLn Propagation 2.0 76 145 180 220
e, Detay Time 45 for HC4020 2 29 36 44 ns
(CLock a1) 8.0 18 25 31 38
tPLr Propagation 2.0 48 145 180 220
tenL Delay Time 45 for HC4040 17 29 36 44 ns
(CLOCK Q1) 6.0 13 | 25 31 38
tPr Propagation 2.0 60 140 175 210
Delay Time 45 for HC4020 18 28 35 42 ns
(CLEAR-Qn) [ g 15 | 24 30 36
tpre Propagation 2.0 58 140 175 210
Delay Tima 45 for HC4040 18 28 35 42 ns
(CLEAR-Qn) g5 15 | 24 30 36 |
fax Maximum Clock 2.0 6.0 15 4.8 4
Frequency 45 30 24 20 MHz
6.0 a5 70 28 24
twiy Minimum Pulge 20 75 95 110
twqy | Width 45 8 15 19 22 ns
(CLOCK) 6.0 7 | 13 16 19
oy | Minimum Pulse | 2.0 32 | 75 95 110
Width 4.5 for HC4020 8 15 19 22 ns
(CLEAR) 6.0 7 | 13 16 19
twiH) Minimum Pulse 20 70 175 220 265
Width a5 for HCA4040 19 35 a4 53 ns
(CLEAR) 6.0 16 | 30 37 45
tREM Minimum 2.0 0 0 0
Removal Time 45 | for HC4020 ) 0 0 ns
6.0 O 0 0
REM Minimum 2.0 25 30 40
Removal Time 45 for HC4040 5 6 8 ns
6.0 5 5 7
Cm Input Capacitance 5 10 10 pF
Cro (*) | Power Dissipation 34 pF
Capacitance

{*} Cep isdefined as the value of the IC's intemal equivalant capadtancs which is cakadaied fram the operating cumrent corsumption withcut load,
{Refor to Test Circuit). Average operting current can be cbizined by the fdlowing equation. koo{opr) = Cep Ve »fin + oo/ (per FLIPFLOP)

<7}
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M54/M74HC4020/4040

SWITCHING CHARACTERISTICS TEST WAVEFORM
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INPUT WAVEFORMIS THE SAME AS THAT IN CASE OF SWITCHING CHARACTERISTICS TEST.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by BS170D

TMOS FET Switching

N-Channel — Enhancement

W -

TMOS

MAXIMUM RATINGS

1 DRAIN

3 SQURCE

Rating Symbol Value

Unit

Crain--Source Voltage Vps 60

vde

Gate~-Source Voltage
— Continuous Vas +20
— Non-repetitive (tp < 50 ps) VGSM +40

Vde
Vpk

Drain Curent(1) Ip 0.5

Total Device Dissipation @ Ta =25°C Pp 350

mwW

Operating and Storage Junclion T Tstg -55t0 +150
Temperature Range

°C

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless atherwise noted)

BS170

1

23

CASE 28-04, STYLE 30
TO-82 (TO-226AA)

f Characteristic

e

IWpIMurUnlt

OFF CHARACTERISTICS

Gate Reverse Current
(Vgs = 15 Vdc, Vpg = 0)

Gss

0.01 10 nAdc

Drain-Source Breakdown Voltage
(Vgs = 0, ip = 100 pAdc)

V(BRIDSS

60

20 — vde

ON CHARACTERISTICS(2)

Gate Threshold Voltage
(Vps = V@s. Ip = 1.0 mAdc)

Vas(Th)

E:]

2.0 3.0 Vdc

Static Drain—Source On Resistance
(Vs = 10 Vdce, Ip = 200 mAdc)

fpS(on)

1.8 5.0 Q

Drain Cutoff Current
{Vps = 25 Vdc, V@g = 0 Vdc)

1D(off)

Forward Transconductance
{Vps = 10 Vdc, Ip = 250 mAdc}

gfs

200 — mmhos

SMALL_SIGNAL CHARACTERISTICS

Input Capacitance
(Vps = 10 Vde, Vgg = 0, f= 1.0 MHz)

SWITCHING CHARACTERISTICS

Tum-On Time
(ip = 0.2 Adc) See Figure 1

ton

4.0 10 ns

Tum—Off Time
(p = 0.2 Adc) See Figure 1

toff

4.0 10 ns

1. Tha Powar Dissipation of the package may result in a lower continuous drain cument.

2. Pulse Test. Pulse Width = 300 ps, Duty Cyde < 2.0%.

REV 1

© Matorola, Inc. 1997
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RESISTIVE SWITCHING
+25V
lon toff
Vin 150 TO SAMPLING SCOPE b
S0 QINPUT
PULSE GENERATOR 2048 = Vit B0%
l——'""] 40pf 1= 50 £1 ATTENUATOR i \
W jE—-¢ = = OUTPUT 10%
@ ®a | INVERTED o4 = —
500 1.0MQ L
—_— 90%
L L A L 10% 50%
INPUT Vi = PULSE
(Vin Amplitiude 10 Voits) “— \WIOTH
Figure 1. Switching Test Clrcuit Figure 2. Switching Waveforms
20 I 20
w Vps =Ves L Vs =10V
= wn
2 16 Ip=10mA % 1.6 /r' 8.0V
o] = e
= E 7 [~ 80V
o 12 / o B
=2 12 e - WP
% h"“*-,__ g 7 /4-
z g =T+ _
%’ £ S0V
= 04 =1 04 s
40V
1
50 0 50 100 150 0 190 20 30 40
T, JUNCTION TEMPERATURE {*C) Vpg. DRAIN-TO-SOURCE VOLTAGE (VOLTS}
Figure 3. Vgg(th) Normalized versus Temperature Figure 4, On—Reglon Characteristics
20 100
Vgs=10V
& 18 8.0V 80 Vgs =0V
- N o
& 80V %
1.2 4?#; g B0
E ] 2\
Q 70V g '
g 08 Zw
& 6OV 3 A R
P \‘ 55—
Bos 5.0 V- 2 Y I
4.0V Coss
Crss
0 10 20 30 40 Q 10 20 30 40 50 60
Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS)
Figure 5. Output Characteristics Figure 6. Capacitance versus
Drain-To-Source Voltage

2 Motorola Smail-Signal Transistors, FETs and Diodes Device Data
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PACKAGE DIMENSIONS

15 LUINDONTROLLED.

4. DNMENSION F APPUES BETWEEN P AND L.
DIMENSION D AND J APPLY BETWEEN | AND K
MINIMLN. LEAD DIMENSION I8
P AND BEYOND DINENSION K MINILIM.

@:}—;r SECTION X-X
]

R RFERRRRRR
FRE
S5 | B R

CASE 029-04 . o
0-226AA 2
qssus AD) g

Motorola Small-Signa! Transistors, FETs and Diodes Device Data 3
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