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Abstract

The purpose of this project is to get comfortable to the patients because some
of the patients cannot afford the hospital medical attention. This Project is to study
about components of blood pressure measurement such as circuit device (DC and
AC signal) , sensor of Blood Pressure , DC Motor, Amplifier, Filter, Bluetooth and
a microcontroller, DC and AC signal from the sensor will be sented to the
microcontroller then will be deliver to control the DC Motor to gain a maximum
pressure. The report describes how to make an Android application which is able to
measure and analyze a blood pressure of patients including time schedule of
patients. In addition, it serves patient to communicate while they are in critical

situation.
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BUNSUYBIAT wazvas NETMF dumilauiufa COM wasivaneavaiuGusiun comt lu
o 1 al : o Y a a L4 =l
szuunauiimaiarlid CoMo sullenavsyiliiisanuduaudnieelunsdeulusunsy

o | 2| ' '
WeiguiAeamadn COM Willunasn UART vumbeuszanaraidasninitlumie

v o w a w o ' - - &
Ussnanavslimnetaudduizuiud UARTO lild UART1 amsiileuidesiignide COM1
Winiu UARTO wag COM2 winfiu UART 1Lilludiu

[
2.7 walulaglieady
- s - d L
GsM 1Bunnsguvesvaluladinsdwifiedanlasurauiennniigalulan dagoud
2/ ' [V e = L g
gliinndi 1.5 Wudueulu 210 Yssva  GSM Hunasgudlanieldniseuases 3GPP
- ¢ 4 du o ] a & J'lvu A
Aa sy nsdwy indeundavinlaenguusunaglsuayiuan Wussuuitldumnudede
INUsznAn 9 Malan
GsM linalulagfdneadmiudesdyaumuauuasdygiandsuuy TOMA §
' “a v O oA <l -l
wnnenssmaluladinsdwidledensuniiriu Sadedndulnsdwiliedeluyaniaes wie 2G i

Wannsunaninsdwiwuuigagans

fubdng anterna
oo transission
cqupman

3U# 2.10 svuy GsM AildRuA 1Y
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o o v P o '
lugausnifleyszanadudaud Insdwildauildszuu About log W SsuU AMPS
: . Y] v < Vv o Y
(Advanced Mobile Phone Service) Miiun1slgaunduidss uamenisueefiivasiieniu
ﬂ; - L o ) at Ilj - o 4 at - v
LUANNIUTBLLLIS BeImsTdnuniisiin Aniuddndudesimunaumssumaiali
o E 7 nld Ly 1% g 1 4 = v ar 2 oa
sesiumsldnuniinruisssligeld ssuudeunlugaiiaesisios Wunldssuudinea uay
-l LYV Y] - . . . [ [Y) |
wmz%nnuﬁﬂa GSM (Global System for Mobile Communications) anwuza1ssuauy
) aa 2 1l o ' 3 st .
dnygaiinea lnalyseuy nMswiaaarinisandt TDMA (Time Division Multiple Access)
o - \ ) W ) Y e
5%UU GSM Teglugafiasaiutesdyaandsndunan Inglduauunditesseana
9 Aladamavilandss muidrun 9 Aladesedufiatlineiostunsideudaniatis
£ f o o W fed v o W &
vesgunsalileds Fyidaiunsussgnanidsanisainditalunsiusuintu
é 1 A‘H L3 ) | ol . T
Wahuduiifosimurelagmuiszuy WCDMA (Wideband Code Division
3 o a ooquw ) v 1 v v &
Multiple Access) Faumaiiaimilvgedesdygals vnTuwaglduounireiu
as Ll o 4 ot a
MmN GsM Aldivadia TDMA uidh WeomA Lﬁumm‘ig'mwd'mtwmmiwmm
53UU GSM vy Tuanigewsmineiemwannszuu 26 Fudu TOMA versselaald

Yowaluladil EDGE (Enhance Data Rate for GSM) Gaffunsiamn wing 3G 1guiiu

2.7.1 TassadruazesAusznaurasseuu GSM

1. in3eslnsdwviiadoudl (Mobile Station wia MS) Ao inSaslnsdniadauiidt
dlduinislilunisinsesnvdesuanaiGonidmives

2. @uveswnilgiu (Base Station Subsystem w3 BSS) Usnaude 2 daumdn
A8 Base Transceiver Station (BTS) wag Base Station Controller (BSC) dauwes BTS v
wihiRaratuaiosnsdm wdsuit (MS) Wavany

3. dwvesssuuiuasnuazaingds (Network and Switching Subsystem w3e
NSS) fsgneuiiuain MSC, HLR, AUC, uae VLR fivihiilunisauRunsien (Call
control) damstuiuwmisasnisiadeuiivesaiodnsim (Mobiliy Management) wazn1s
qualuidasnasnisliuinisiadu (Supplementary services)

4. seuuUURAnTs (Operation Support Subsystem w3 OSS) futhiiguadanis

< a va
BoansUjiRnisvasszuulae s
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o d a

2.7.2 nsfudsniuinglussuu GSM

' o < < v v )

duvennIedinsdmiindeuiussnaumeisasudasdygrandodiiudygama
i 1asuvasdnygueunden Wludygyunines wazrsasidrsvadoynyin
o L a =t a é = =l a [ [l d v ow o
Wadgyaauiiunitiniaiuisioaniilgiu fasgmitldunssuaunsinduiunindaive
- o v v :J\lud ; aa v d a ¢ d 4 |
Adeygauninenisesnun dygrunladeazagluguvesdygrundvaiagnaindiieidousde

4 o o = o P i &

InsdwiinTasiiudniniemiltiorswmdulnsdmindsuiviadulnsdwinugusssunif
o

2.7.3 mathsiadasdeyyinluszuu GSM

lusruu GSM sannsawdansidsadesdygraesniiu 3 wuundn anudsuan
vasdyyaudayatiazda Ao

1. nadsiadesdyruvesdyyrandss TCH/FS dayaddadudygraeunden
svgnuuadifudyaaiviateu nfuanhludisiesae’s RPE Faazlddaya daya
wiahilaedenhluvindawadesdygnanou Tumsdhsiatod ey

2. nuihsiavesdyguveeyaUssavnin 'z’fauuaﬁﬂ:eiqaanﬁé’m’nﬁm 9.6 kbps
wazdeyaninitiidnain 24 kbps dAwiudnsnsdeiayadimetuiasiineandoaluns
\isviadesdngaiunnsnaiugae

3. madsadesdygauesdyyudnuuaie vlavesdygranuuaisiiing
vihsviadesdygaisenaudan SACCH, FACCH, BCCH, SDCCH, PCH way AGCH Yoya
wantasiluiihawaiidondt FIRE code Aiiiaiianuautsalunisnsisaounasuilons
ﬁmwamwaq-ﬁagamnﬁuﬁﬁwﬁagama’wﬁlﬂﬁﬁn1‘35umﬂ‘§ﬁﬂLﬁaammanszwﬂaaﬁmmm

SUMULUULDSan

2.7.4 GSM Module SIM900B

SIM900B ulugadeansssuy GSM/GPRSTWMEN Seefusvuudaans GSM arwd
850/900/1800/1900MHz Tmuﬁwumumawa%mﬁam'saqn'su RS232 ﬁw'qu-i"rﬁ"q AT
Command annsaussgndldamildinninevasguuuu lidnmadunisivdadygrauuy
Voice, SMS, Data, FAX ua8tsafianisiieanssae Protocol TCPAP #ae

Fammusnduds fawsiluga SIM900B wxitsns waw Firmware usslinmelusaudy
AGeuFosudaigiliannsatlldenldlnensiui iasnlunsidnmseq glday
Laﬁ‘hLﬁuﬁmaanuuuNaﬁauuanﬁﬁnﬂumL‘ﬁaum'aﬁ‘umﬁtytmmﬂaaﬁ’qiugaﬁﬂhuNa";u
Laidnaudiuaeesnia Power Supply, 2995ideusariy SIM Card s2ulUAees Line Driver
284 RS232 1iudu
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2.7.5 nrsansedeansiuluga SIM900B
ast.-ﬂansiashuwa%mﬁamsaqnm Rs232 Tntlddasiauuy DBY faudle IFeadny 0

AMULIATEIU RS232-DCE anunsatiludenserudiyqias RS232-DTE smsgiu Tasldane
DBY wuusanssldviui Tnedeyayramamundl DB 1iléHhwua9as Line Driver ioudasdnyaa
seiu Tadn wnluga Widudygassduuinsgiu RS232 Wuilidvutesuds feddaanis
thiuidensieiu RS232(Com Port) vasneuiamed PC fawnsavinsdensefulaensls
vuit Tnglisasihnsaduanedgyaalagidy Tmué‘mmm%auﬁamaﬁwiu@‘a SIM900B
thu aeiionun 8 udnynyin Sluniadeuseldaiuiy szdsliasusic 8 1du vie sudends
W 3 W (RXD,TXD ua GND) Aldiduieaiu Tngannsasmualdainnis Setup fin
Configuration uazddiliaru Taedoyaranmsidouss Rs232suluga SIM900B axilisil

®  Pin1fuv1 DCD (Data Carrier Detect) vastuga SIM900B dailu
Output 1A SIMI0OB AlFkiuMswUassiudyaaniiu RS232 udh dsmusnivgsiaid
fiu DCD Input vesgUnsain1u Host w3enauimas PC

o Pin2 tfuw TXD(Transmit Data) vesluga SIM900B dufiu Output
91 SIM900B lrinuntsuwassedudyganu RS232 uds Fwusnavsdadniu
RXD(Receive Data) ve3gUnsala1u Host nisnauiames PC

®  Pin3{uv RXD (Receive Data) vasluga SIM900B dullu Input
Y83 SIM900B amnsniudayyrauszdiu RS232 Iilaense Fwnuusniezsatdniu
TXD(Transmit Data) 9ngUnsaiA1u Host WisAsuines PC

L Pind tuwn DTR(Data Terminal Ready) yaaluga SIMI00B Fadu
Input 983 SIM900B FsmuUsnAvzdaiiriu DTR :1ngunsaifu Host wionaxitawmad PC

o Pin5 (Judtyey 1o GND wesluga SIMIOOB Fossiorthiu GND waq
gunsaif Host wionaufiamas PC

° Pin6 auUsnAudaLludygy i DSR (Data Set Ready) uslunseiues
SIM900B axlailewaldany ursdalsfny luvesaldvihnsteudygndeundunie Loop
Back dtyey1au DTR (Data Terminal Ready) aifiu Output @11310 Host w38 AauRImes
PC nduluunulagasgneieluidiudeye i DSR Input va3gunsalsim Host wie
ABUANNDIPC

° Pin7 \uvdtya RTS (Request To Send) waq’iuqa SIM900B 4
u Input ¥995IM9008 FemmsnAinzsaiaiy RTS veagunsaidu Host wle

ABuAImes PC
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Ping \uwdqynas CTS (Clear To Send) 'uaq‘[:uqa SIM9008 Failu

Output 91 SIM900BF R msnAazAaIdnfy CTS vasgunsalfu Host wienaufiuaes PC

Pin9 Wuvdyae RIRing Indicator) ‘uaﬂuga SIM900B Failiu

Output 910 SIM900B FemusnAvzaaitiu R vesgunsalsu Host wie panfiamas PC

ATl 2.3 M99 SABAFYYIUTEWIN GSM SIMI00B iU Aaufiames PC

DB9 Male (Computer
DB9 Female(SIM900B)
PC)
Signal Direction

Pin Signal Signal Pin
1 DCD e DCD 1

2 TXD —_» RXD 2

3 RXD e TXD 3

a4 DTR " DTR 4

5 GND GND 5

6 (DSR) sl DSR 6

7 RTS S RTS i

8 cTS > CTS 8

9 RI > RI 9

ATl 2.4 AITNNTIRBAEEY QY IUTENII GSM SIMIOOB fiu Microcontroller

DB9 Female(SIM900B) Microcontroller
Pin Signal Signal Direction Signal
2 D i RXD
3 RXD -« TXD
5 GND —_— GND

Tunsdiiildnadeudedoygamuy 3 & u (RXD,TXD,GND) desrmuadeulyves
Flow Control Tifuluga SIM900B iy XON/XOFF Tagldidda “AT+FC=1,17
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2.7.6 nrwageUNMsALuluga

1#¥8nsdsrrsardiluzuuuuves AT Command riumewesndearseynsuly
Tituluga femasnAsgsoadoulusunauilediiardwaluldiuligaios uegiui
wldgunsalladusmuqumsiiureduga dlildaindugunsaivuula ereeudu
peufiamei PC vie lulasneulvsaiaasnszgalagily voldiiwesndearseynsu Rs232 agfi
annsahwdensariadenuluga SIM900B 1% dwiulunnsAnvndesiuduamsald
TWsunsuduiagudman Serial Terminal siaquespenianefifiufmaaeunisvireuilevih

v w o o o ' v v ' : <
enudilafugluuuiduassavasmsvhausaglidladeneu Fiuilifldlusunsy putty

2.7.6.1 fesdds AT Command

1. ﬂ’qﬁ'iaﬁmi’uﬁmunﬁﬂé’nﬂmwﬁqﬂaamsﬁamwaﬂnga

Faavdasldrds “AT+PR” Imsma'uJn'sntT'muﬁ']é"aﬂﬁwmugﬂuuuﬁqﬁaaéw
welud

11 dundlildhamisiinesvesrdmsosnst Baud rate fiannsadmunle
aglatnuazimunegils isrfiausaldzuuuuntmedaudnds Tagldads “AT+PR=7”
wazaudaY Entenitadaunnle Inglugavzmauiusiag “+PR:” wiauiuisiamisiines
vesrhdiitiogviaualinau Ae 0,300,1200,..,115200 Fitageing

AT+IPR=?<Ent>
+IPR: (),(0,1200,2400,4800,9600,14400,19200,28800,38400,57600,115200)
OK

v v ' & o o v v oo 1
1.2 fdesmsniuniuvaeil A1 Baud rate invualiual danduduls fawnse
) 0 W @ o ' a s o o & a o o W
Toguuuurndsdmivdssnamisiinesvesmdil fie “AT+PR?” Hlugasznouiuay
“ ” L4 U o n‘ L v oo L 4 o 1
+PR:” aumieAmIamesiimun ka2 limsudaiied 1 (0=Auto Baud rate)

AT+IPR? <Ent>
+|PR: 0
OK

13 2 o 1 1 A Vs é)
1.3 dusrieanisimund Baud rate 1urnsiiluias ielilugaldsaenidail
maen Naunsaldguuuumds Amuarinsie 18 wWu dwesnisimun Baud rate 1
115200 Aagldgunuuddadu “AT+PR=115200" fasatna
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AT+IPR=115200<Ent>
OK
2. msfmun Flow Control

Tuga SIM900B amusarimun Flow Control wie juwuumsmsmasuaam3only
msdeansuaziudsdeyaldse 1 Flow Control axiimwdayiuegnaunn weamnn
Usananavasgunsaliteqasiinrududaitunasnaiu Wefimsiudedeyaiifidoudeys
mnuuustellaniy drihesubindousudayauddneddnsdedeyasently Aagvilvitayagey
wieuanAannuiianantuls 1oy SIM900B LassasiunisamadeummiaNie Flow

Control 1@ 2 wuu fa

2.1 Software Flow Control (XON/XOFF Flow Control) tlumsnsasaeuninumiau
# Softwarelmgagldswa XOF(13H) \usdemegansdetoyasindods uasldsva
XON(11H) Lﬁ'auaﬂu%mgcgm'l.ﬁﬂwiiaL"E'uﬁueiq-z’fa;gaé'"nﬁ’uﬁa‘lﬂmﬁﬂuQa‘lﬁ'f Tnensly Flow
Control LLum"fLumsr‘fumit%'amiaﬁ’uqﬂnizﬁmﬂﬁﬁcgcgﬂmmﬂmaaum'mw"i'au iy
Lulasneulnsaiae fviogunsnitlinsdeaedoygauiies 3 W@ (RXDTXD was GND)

N3 mun Flow Control 18y XON/XOFF azldidnda “AT+FC=1,1"

2.2 Hardware Flow Control (RTS/CTS Flow Control) tun1snsisaeuanuniau
medtyanameeniauag Taaling Active(“Low”) dyayras CTS euenliiihedmganisds
foyadlelugaliniouiudaya uaslunndutudeumsdsdeyandusenlusiuasasnadey
an1uzvey RTS 91 Active agv3ali 61 Active(“LOW”) uamaitdesudshindensuiuasmyn
389UNT RTS 9ullu “HIGH”

A1 mun Flow Control iy RTS/CTS velddds “AT+FC=2,2"

3. N1 Setup WaLATIEBUAT Configuration

auUsnAudnsyiauvediga SIM900B tuazaunse AmuagULuunMsiewla
smnevarednvae Wy Heuldlumsandedeanstuluga dldaunsanwdouwasdsadle
wnue litandue Baud rate wiaguuuuyenis Handshake 19 faeldlunisdeans
Lﬂuﬁuﬁqﬁuﬁﬁuﬁuﬁaaﬁnwﬁmumgﬂwun'ﬁv‘hqwuﬂaﬂuqa'lﬁmqﬁ’umwuﬁaam's Famw
Usniudadoulusieqmanilsimiuiuevegrmiluanendansiidn vide Power ON Ty
Tugaszimuadouluieqlifuiiueduneududunsaudaedismunlily
Configuration figniufinliuda ustetnalsfimueldaunsodaydauwasuilusn
Configuration 199 lflaanuABINTs f'e’iﬁ%'msﬁ'muﬂL'E'aulwn'ﬁﬁ’mu'l,ﬁ'ﬁ’uiuquummsﬂ

¥ila 2 wuu
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3.1 MINMUARLUUANIS %Lﬂunﬁz"faﬁ'uﬁnﬁiﬁau‘lﬂnﬁv‘hmwi'mq'nm‘[u@,amu
JUsuuisrimualilumisemusiamsaislufiluga Taeldd “ATaW” dmdian
Tugacuswiandmi vie vismsidnlugauiazady Amshnuanquaslugassgnimun
Foulvamisrimualfudaudue

3.2 mstmuaAwuutans Wunislédads AT Command seq Wedmuadeulz
msvia Wiifuluga usthitinnsdeduingn Configuration fasnds “ATRW” dsmnavinetu
vaslugafwwudsulununisdamilunasiueg wiledSidansvinunedluga uie i
n13 Power ON Imlgauasdimsvirnuvedugaszgnudsunduidudndudnlasinannsald
Fnds AT Command Tumsda nsradey uax Yuiine Configuration anqlifuluga
SIM900B sl

- s “ATav” iledililugauansa Configuration taqthilsinsu

- ldda “AT&F” ladsfmuns Configuration ﬁqwum‘lﬁné’utﬁuﬁnmmgqu

- ldida “AT&W” iiledauiindr Configuration fweiiivniluvaesiug
4. nvslnsean n15fuate uaz nrsenidnnisivg

a.1 1ddnds “ATD” tladslnsoan Tneguuuunslirdilinuseweiatenn
shedamstnseen Fadunnsdeanssiy Voice avdaslavherdatasindommnaeiinaou

o @O w P v W a '3 v &
(;) wazauANde Enter 1iun1neInisinseanluduues 0811234567 azidudail

ATD0811234567; <Ent>
OK

4.2 Hnds “ATDL” (ladilnseandevinsiarinsoanagnving

4.3 Wrinds “ATA” tefuaeidenidn detumsiumedundy efmadonidn
luga SIM900B awiitananu “RING” wazairaduaianidniudonen wiliwas Handset W
wa1y dglidiaanisiuane Wilddnds <ATA” wediiuany wisldds “ATH” ilenawide

snidnkifuane sadaena

RING
ATA<Ent>
OK
4.4 THAds “ATH” ledaneane viesnidnmsinsesn
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5. mMsiudaninu SMS
vo @ P ) 2 & d a
5.1 ldeinds “AT+CMGF=1 WWanmuagULuuYesanudu Text Mode Juiled
msdetenanu SMS indiluga sziidernuudslinsiu iy +CMTE “SM” 3 Fsmneanu

=l | oW a 1 °o o aw a
E.I'Uaﬂ']'m‘s’NL'U']Ll.a:ﬁl.ﬂ'ljlﬂu‘lriu’lﬂﬂ]’tuilﬂﬂ’lﬂ'U‘VI 3

v o 5 4 w Y v ' [ o o af w
5.2 l¥A1ds “AT+CMGR” \iad1a1udany Ldud1feIn1soutanImanun3 Al
ldFdadu “AT+CMGR=3"
Vo @ s A v o o ' °
5.3 TdAds “AT+CMGL” weduantoniuiauanmiulilundeanush Tne

ansaldenyszinnvastennuld wWu Ternuluil Yonnuniamun

5.4 14Ads “AT+CMGD” iladsaudanussnaamizeninush 1y ddeensds

audomudiuis Alwldmdadu “AT+CMGD=3"
6 n1sdedanau SMS

Tunsdedonnu sMs dusddrnds “AT+CMGS” Tunsdaanu Tnelunsdidild Text
Modetulildquuuumduiu “AT+cMas="+uaifiu” Tnswedueiudaddsiaseme
thuiiunuguisoane Fdunsdimudssmalnealdstasemendu “66” dufudn

£

fiasmsdeonin SMs Wifuvesildausgluvssindlvg gy 081-1234567 fazdasrimun

Vas

wnearvanveifFulatemaiy 6681-123a567 unu delunsdidarldmiaveiiudenin
W “+66811234567” Fuileluga SIM900B d¥udrds “AT+CMGS” 3uuorudaituazmay
fushemsdaniamng “>” nduinuen Sudamnidusuluglifannsassinisiud
'z'fam*mm'"m‘]ﬁﬁ'mmﬁsdﬂﬁﬁ'ﬂuqa‘lﬁﬁuﬁ InelnUavinedannusiiesid “Ctl+Z” amuaig
“Enter” \tuinfasnsaedanai SMS Mifumneiay 0811234567 saedaninu “Hello Test
sms” aufudail

AT+CMGS="+66811234567"<Ent>

> Hello Test SMS<Ctrl+Z><Ent>

+CMGS: 6

OK

2.8 SIM CARD
Fun13m SIM CARD w38 Subscriber Identity Module Card uustiudidnvsaiindvia
a a o o v & o @ a v ¢ d o o
NnnaraRnuuIRamaIEn 4 Yatednavildisesdn Wisvluwdi@unde Amileutng
- o & ¢ - a o
Ussnouluaiesinsiwidledia nveluluresdu minwsussadeyamnaiauiaias uinnsi

Wiweuldideniald sryimuvedlovinned wavtuiinmunoiaulnsdwd [Wudy
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Tulnsdwiiadauiissuu GSM Network “ Group Special Mobile Network ” @il
msdeainnsaudududsenoudrdi@s SIM (Subscriber Identity Module) fifude
vosandandn iiwrldiussuu Gsmiaei sim seilsviaavgudunningldfindefussuy
gunsetevadinsdwiiiletie wiaunda IMSI (Intemational Mobile Subscriber) fia fin
weslnsiduvesumsgiu vilandeslsidriudi sunn 9 byte wio 64 bit uasark
(Individual Subscriber Authentication Key) fia A13%aUss1 SIM Card AldAnsiai
\nFetne Aieeinisdhata udaiesdeenluluintetie axiluuta 128 bit fulur Key i
avilnannaenduge venaniiu sM daldtAulusunsy iuteyaduidandeduann

Insdwyi, deyantsinsidiuazinsean, massage (Husu

L. :Mobile-

Rt s
g B

d : N VI V A I3
JUn 2.11 MegsBuniin

aundaniiafolnswaafndiidy IC (ntegrated circuit) Anwioilsaylusving
wanadndvuaninasiasin  eldlumaifurusudeyauasussnanemelusaedag
BrsdrstanunasgnuitelisruuiimusensogeiuienmautRiiddgussnamil
viliandanidaiimmunnawantnswanadniilufife  samients  (Transaction)
aunianiiaaunsaviulamemuedasbidesedonsindedoarstuszuundn (Font
End) tuffeasnianidaliisniufesiimsindedaans fugudnandeyamilouiuinsuau
wiwdin (Off-line) ¥ilWusendaluidasssuudeansiuliun

lumsuszmanauazdafivioya  aurinminanusavinldedunmiiniidedmi
Wudeyaniladu  q  devumilvhiuiasueusimdniliasaanlunisdniuuasmon
uenunianinndadelinaanisurmmmnihiiidiidendu Jdviaeg Guiine
tlidudunsierenyed) aumwindn ihata mwdu powdou mstae man Al
aunsavihbisnianindomelilasie  Jaihlianianmiadeurinsluneauei
shaussmailafinsldenaninndaduegraunivaty sudululfhaunsamdaiutnsvin

-l 1al ) = o i il nlllv ) o
NUNASL WA UNUA TLUU RO ULHLE NN '?N']Uﬂu%:l?ﬂuﬁi]?‘]u

2.8.1 daulsznauuaslasssiisvasdunianiin
4 P Y) a - W v o ' |
aurinminUseneumeinswatadn ﬂwmmaqﬁ'l'm-nauma uasmduNanusTyEy

o

aunsaninseuiesudn Fsdiuusznousing q uanslisiudisy

u
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@ Printad Circuit

o Microcortroller
D))=
@ — Plastfic St it

i

d (] «
JUT 2.12 drudszneurasaniinnisa

- fatnswanadn

aundaniimdudy IC ewmdniignaietutudieatuiudndidnvseiindaug 7
aemnansisiah thafsauumiduda uasihmsilasudluidodaswaradn fawanadn
Afsuhuyduiatnsedddwanaiin 4 wialdun PVC (Poly vinyl Chlorides), ABS
(Acrylonitrile Butadiene styrene), PC(Polycarbonate) , uay PET (Polyethylene
Terephthaiate) luUszwmealneagldinmatafineiin PVC unnidludusunil drududvass
dudhswanafineiin ABS Fainsmaradnaiin PVC dhanlfifutnswanadnuiin ATM , Tng
WsAn-iAdn  UnsUssnsu vav drudnswarainuiin ABS lumaswuinldauiuninn
tlesanmmganit uazansiifuiasuutnsliasmumamuindnswanainyila PVC aewuf
Wieetnswanainuilndanaulnelitnswaradnuin ABS iuwnuuaza uimatainyin
PVCusRMImumuveaiansazdinswanadniila PvC daulalls
dmSudnswaraindnasswiniinde Svlinuirdinstdimlulsunalne sradaanaingm
fguiuluvesiagiinnldidudatng uasanauasivesnivadaswaradnuia PVC u
Foduiiddauamaadineila PVC Alidorlunivdedventy dufmeiuliawsadesaasls
mussIYRTintu e s iU andeuas i,
- nidudauasiudursanain (Smart card Module)

aundaniinlugavienidudavesiauninniinie duiuansmniuinuvesdu
amndnminfidaauiign aundaniinueiadeniuiuninenhiveulfasiniuie
awndmniaiifinsileiulluidotns fufunisiissryaduindastadutsaundanday
fasfivdnnaihiuuasgniduvestandumdn dedesliuszaunmsaliiaiuaninmia

WaduAIT
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2.8.2 lassafruazasdusznaudne q lunasldsuauninniia

Smart card fifleglutliguivansiia feuanlFuiafunalulad uazsami I
Smart cardgnasethann sauisgunsaliadufitisinngnastuiy Usslowildann Smart
card fivangaein wWulnaiasin, Tnsnds, dasunuduan, Tasunuayaiudn, Uas
Usznou, tasgunw, thstufinnsasialse, Unseugiainesnantuit iludy seiludaus
TzAnuashluldiunuesls yaudugessmart card Aaarwannsalunisussuianalu

RION uasms"s‘nmﬂﬂuﬂaamﬁa'[uiay,a

- Hugruvasdnianida

fugmusnanlidasiusgages nrsihdumioaandh (EEPROM) snadluting
wanadn nefimhdudaduridousessuuameuen msthedumhsnmsunldlutag
wanadn vibiiavesnnnirlfuauwimdnuenainigsldinsiiunsestietuadluan wilaly
feandns (card issue) annsafmuadnslumsidiialnsiesasuminsssun seuniinig
oonuuuRes iamnsadmuaPIN dmiudrdndng desinsdsiannadadlethahds
soaniimsuhlulasiuneagedunldadluainsnnida ildmsihdsdoyalimiauwuy
wiwarmi msldlilasiuasaesaduluauninniin ilidesdduues Os-Operating
System dwiulilaslusisawees wielwlulasTusivaiee fannsovienild

- 99AUsznauAng lunsldauaundanida

- idmswaziady Andnsuasdiulaevdnnisudr Smart card Wuiiedmsniisy
Hoieg annsauiudeyauasusznanaldiviniu deanuuuiiiiiisuldlnAnysslou
wazvihlilaenduiudayanielulng

« ANSANIATAADS Smart card reader Wugunsaldwmiudadaiu Smart card Tag
nelu Smart card reader asUsznaulusig

« gaviiwasldiieRnderuaundnnnde
- Memory card (synchronous card)

lunsiudetoyaldmhdudavesanninniin daumsiudeoyasstiou Lk Wiudy
Tunsu-dedayasnudodidiniusiu CLkiteuliivamnimnidnuiiniitaysenou
- Processor card (Asynchronous card)
aundnndaludeqiuldiinsldlilasiussases ieliduannsoUssnanadoys uasiy
anuaendtliuideya malulasiuswawesidunlaluauninnidn vidlddeady

' o o a wa ' ° ) v a
whemuduRe iusEUUUfURNT wasmhemwsidmiuusnanatoya uasinindiy
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a J 1 1 e - ot )
'tiau'lumiﬂszmawammmmmams’mama’tu nmhsmawa-zm:damqaan o3udmIuns

vin-aensa villauinninuia Processor finsvinaugendtuiin memory waneii

2.8.3 n1siWaudeauinniin

nﬁﬂamsﬁ’uami'mm‘:’ﬂ'luwﬁué’rgtymﬁmmg’m SO 7816-3 \usaimuanis
doans TutlogUiussiuuseiulwild 3 volt seauunssdulnisaglusydu 0 -3 volt il
AuAuAsmdsuantioatlunisdeansiuivauinnineelivuy Single bus tuwan
wARBAULUUBYNSILUUSITNAA Single bus liaursdpansuuy Full Duplex wazlu
aurinninyiin memory axiudsdyg g IamaRn @ Processor duninnsa gy
awsn §u - dv lalegbidndudsslidumudiudygrauninilunisdoansiuamndnnifnes
Fu-dv Yayanuaziianiu uariijuuuudndeyalunisds 2uuy

1. Direct Convention

unu logic “1” @78 Bit = “1”unu logic “0” Mae Bit = “0” waz Bit usnifuLsSB

o1 1]o ofr]o of [,
St z anity ‘
e ¢ 1 23 4 5 6 7huly o

3Ui 2.13 regansdvdioya C9 (HEX) = 1100 1001 (binary)

2. Converse Convention

WU logic “0” @7e Bit = “1”umu logic “1” e Bit = “0” uavBitusniduMsB

0O o1 1101 110 o ]
Start 7 G 1 3 201 o Panty Stop bit
Bit

fan

3Uil 2.14 fetranrsdsdoya Co (HEX) = 1100 1001 (binary)
Winaiifasade Card Driver Wannsanavausintsdeanslidens 2 wuu

..v‘ M i b t I
3 ‘ ] l- U E

¥ [ [0 [oe [P oe B [P [oh[ 6] ¥ [ criac] Do

d et 1 s ] « 3
UM 2.15 Mednunsldsu-deaninnisa
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2.8.4 YWATRBUNTIA
da at ' A = o as a Yal a 14
nnauianEandvuadhsviiuinaasin bdmsndalilivue dguuunandi
wiudla SIM FafiReninidhsaunimnisa undneenlildvuianiuunsgiuwes SIM asduldes

gUlagnsasaznanfgw-deutoyalu SIM CARD LdudynInsdwy

e

e s

GEEE

-t -
S oplEE

-
} ordodigts

(n ()

< o & ¢ oo o ¢
JUN 2.16 (n) JUdmsanianiaaly (v) guBumsaidaunnnUnsansnniie

2.8.5 miwmwIrvasduniin
- ¢ O o tw 1 sy oa o W ° ' ] v =l
ANNUaiuNinTutiuegiuTundlius Mg undiuninudiel
a ¢ v v v a ¢ o w -
Y 16 wa 32 Alalud dunmldnnimundsduniineeiiiay 16k wia 32k ey daune
quiliifluenlymsiu
w & d ° Y Y day v [ [ ¢ v
dwmsuiuimbeanuimang winfilidmivussyleyaayalnsdwsi denimied
=4 i W | e aw
Wiea Faunssuiiianuquansnaiuludnudu fifaus 200-1000 1ede waziiuar
damueaduiedlddndus 15-30 dormu Taeaunsansndeumhennudtldnniyayn

nsdwd viademdnu

2.8.6 swuuinwauUasaievesBuniin

fundnilsvuuinwanuvasadtludsiues itsausbilddalduviniy wif
amsodnlfiagnaing  Tumydee wdadanluiidadn PIN Tasfmunsvadumneias 4
wénldmusainis laesiadudurasduniinuiasofiorlimiloufy sthatures GSMm
Advance vgltwia 1234, DTAC T4f59a 1800 uaw True move ldfsvia 0000

dleWaldausita PIN uér yafeiliaedes fndasvawsiadeuane Tngmauil
Temaldsialigndoadios 3 afuvindu widnantaiaiu 3 afaudaisniufesldswa PUK
Code Uandion winduusjuaziisvaiomniunseunsiudunida wimnlifiidednsaiy
neadLdume M Tasusnmnetaviivsingaguudunidn 19 win a1eazann wietes

nuiuegiuunazu Aeslasia 8 nanuandendni
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winndaiun3slasia PUK Code wuufing 8n 10 A%t duniinszdendioaiui liaunse

Tnulagnasly Jsunauuaninduniiade uiaeq udlildide (lesAsunindensaies
- vyd W ¢ 4w

wolidligduinideyaluduniiald

2.8.7 UstlyyrivasBuniin

1. limsasuanugndessmmingliuinsiueiediediiuinns

2. Wlumssrygleinmelas

3. TAudeyadiudaning q vaadlduins wu mnoiaalnsdmd uag SMS
a. WuaTasilenanisnatn 1y sty Value Added Service

LY

5. awnsalfanuaTestnsdmiluszuy GsM la q Alddi sM Card tuif Tasnns

° | a dv ) , &
ﬂ'T'H']ﬂlﬂ"l'U'iﬂqiﬁ]ﬁﬂﬂﬂ%l.ﬂut'ﬂ'l'ﬂ'ﬂq SIM Card 11Uy

6. atuayun1svii International Roaming (IR)

2.9 Wy (PHP)

o (PHP) Ao nwneufuwmesludnuvandivines-lud an3ud Tnedvavsoglu
anvarlomutaian eyl ddmivdavinivles wazuanmaseniluguwuu HTML Tne
finngrulaseadeidunanam nmd e way neniida 9 et dudne
Aamaeni Jadmnendnuaanenil Aliiniamaiulsdaunsodeu dume diinnw
seuldldodunai swliidiladw Afaindesdleilidmiudsulusunsuindeiugudaya
Lﬁ'aﬂ‘lhluamwauuﬁuma%Lﬁmmuﬂfnm’fmn'ri'uaauﬁ'['ﬁ'a'm
madaulsunsuasiiog 2 wuy

1. Window based

2. Web baesd

> Diabase Server Database Server

31]1'«‘1 2.17 NM9vINauTed (n) Web Based (4) Windows Based
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wilfounndwedraiulddaedomiliie nadunlivinensueaniowieiy

1. Windows based Aalusunsuitiesdasetuiniosmosiliurasauusasiniodngi
079 weldgnudeyad e fifieaiu wiagudeyaruazaiesiudust guszasiues
Tusunsuiug mndunsaliildgudeyasuiuasinaiuioyalimaimaes wilvsunsuild
mazaginienesflinu dufuaunaouiianeiiiliavdedndifsstunwdommaes
Tswnsutiue
2. Web based Aalusunsuiirmuuiui@svineslassuinlsunavusameiialy wy
Internet Explorer, Mozilla Firefox, Google Chrome, Opera, Safari 1" LifosRads
TsunanGearduniimuntuluusianeior mzasdenliouiu@mueimeiuun
\waiing wnzdmiuszuuiamstoye uazsrenusneg uilivmnsdumseaurueniauas
Wity W30815AUaTAUY Tisruu Windows based amunsndauls

PHP dsaglumianiadisulusunsuuuy Web based nswssiasifiuansusiiamn
Adeutunlind e i waglvigldsudendeyarhuiuusige s suanamai
Mo
Founnsieiiuldtnvasmsdulusunsy 2 Ussaanised

1. PHP iulusunsumFerdaiomue@svines dnfudewdounesty AGERIVIT)
aunnSeshisnBusiosdnontusunsumu (wnelailddndilusunsy) mnusae i
wWituwaslumeimsansnaniumslio

2. PHP 'l.:iu’faa&‘amﬁ"’aIUsLLnsuu’%aﬁwe?ﬂ’iuuLﬂ‘%aasﬁ‘z’muﬁ’Qﬁ"’uﬁU'swe‘fm giadan
Usendausy

3. PHP LifeadiuAnavaniliiuyaiauigeniuad msveondusildlunisvann
viamaduwudlewmiueeda (Open source)

4. PHP ﬁanmuawwa"m'ﬁ"uﬁmmmL‘%t}n'l'z'fﬂu‘lﬁ’fuma53UUUﬁﬂ'ﬁﬂ']s LR
unanwasy (Cross-platform) luinasld Windows, Linux, Ubantu fianuisadldauls vie
uiinseiiuugUnsaiindouiiane ssusuFuusiadssnsuanmauisduwiny

2.10 deyeynsaliBeInga118@ATUA JSON : Java Script Object Notation)
JSON (JavaScript Object Notation) A jUuuuvestiayalidmiuanudsudoya
oo - o v v v ' o v
ndvwman Feruausavirarundilalaie uasausagnaiaazerulaaniediing [y
ast & o w = P w @ v ' ) o v
A6n15vinA JavaScript wanwdguteyanu Server Ly SugnAmuaneldniw
JavaScript(JavaScript Programming Language, Standard ECMA-262 3rd Edition —
December 1999.) JSON uguuuudayaiasnusitfinnuiuassogauysal uiaed
winnisnmsdeuiduesuindeulusunsninne 16 lidesdu nwn ¢, Cre, Ci,
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Java, Javascript, Perl, Python Ltﬁ.‘iﬁ‘u‘] Fgfuauuuﬁmii'ﬂﬁﬂﬁ JSON Wumwwanasy
toyaiiflauysaiuuy

Tunisviaunateegraty javascript 1598wy JSON Wwiiieatesdng sndaetia
MV script waegdiimsGendayauuy AJAX Arinazdsdonumeundunily
JUuuu JSON

agdu JsoN Dealdluduneundiatu Tasiane AJAX Tna JSON Liumasuun
madenlumsdedaya uenwileluein xmL Failouliiuagusii aumnd JSON Gulddy
mwiisndumsiznseduuandladeniy xmL
defimfloutudndiduuaatimL)

1. udenusssumiplain text)

2. awnsaguilale

3. L"L‘]ua"ﬁu‘l'?u(hierarchical)
deitlimilauruisndiduuaaxmL)

1. Tfluvin(Tag)my

2. dunseindanin

3. enuaudoulmsing

4. finnuanunsalumsldorsisdidungae

5. Tuiluasnuy
JSON dwnsaaild 2 sunuu fe

- nﬁﬁ’mﬁu'lu‘qm'ﬂ’agaﬁﬁ%aﬁayauasﬁ'agagiﬁ’u lunmeineg deyanzinogly
JUuuUYeY Object, record, struct, dictionary, hash table, keyed list w38 assosiative
array

- @ivvesdrdeya Tunmilusunsudiulng winegluguuuuves array, vector,
list w38 sequence

T JSON digunuusinaquanil (json format) :

object

UM 2.18 JULUULRdULUUObject
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- a v o w

y O o« v e y ] Iy O w
Object tullugmesdoyaniitodayauazrrmadayaiugiu Fuvgnisususiae
o

o a v w v = v ' ' = o a
LASRNNUNE { lLa3%3Uﬂﬂqﬁl'ﬂ@¥ﬁﬂqﬂlﬂia\3“u']EJ } 'Uai‘-l’auﬂaﬁﬂqﬁwulﬂ'iaﬂ“u'lﬂ NNy

' v a 1 i L3 2 0:'
ismwﬂaﬂaganmwaeﬂ'ﬂy’a uaaumawagawﬁm'samma , AU

i G N
@
UM 2.19 JUuuuLaduLUArTay

o w y o a v o w o o o
Array l.flua’mmlaway‘a TG NLTUAUNBLATDINUY [ LASITIUMIULATDININGY
' ' Y o v -l
] LLmaﬁﬂ'ﬁlakﬂjE]J.luafﬂﬁf‘]ﬂﬂuﬂqﬂlﬂia\'r“uqﬂ ,

value

3Uil 2.20 JULUURULUUValue

" o o ie i @ Pl | I3
Value ¥ String flegfluiaSaamune “” viedaay wieAmuRsInAans true, false

138A1 null w38 object w3 array FelaTaasnansaadouiuls



34

string
Any UNICODE character except

" or \ or control character

quotation mark

reverse solidus

carriage return

horizontal tab

GiQ

0J10X0

) ©)

4 hexadecimal digits

Uil 2.21 JUnUUEAULUUString

' o a e e 3 J o o < 1 ‘ ] bl 4
String Wuddiuvesidnusiaus 0 Mdhwintennnnd Feegareldiaiamune
w“n v o | o w1 e o W v ow N
wazazldinamuie Tunsldinseananiiusiieg dasilidnumzadiedu Stine luntw

C W3an1w Java

number

3Ui 2.22 JUUUUEAULUUString
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Number tfufiamuad endaiu Number lunmwn C vian1w Java ogann uslagls]
ausnldiargiu 8 fuavgu 16 16
deainaWhitespace) anunsaiiarldifseninadydnualinagle sniusioausonda
Liﬂiﬁaﬁauqm"lumwﬁmammvi’la']
1Assas19v09 JSON
JSON thildEnuaznmes Javascript wiliignuarindunwilusunsu ndugnuesin
unulunsuandsudeyaninndt lutligiuiflavsivesnmlusunsudug #ld
Uszananateyaluguiuu JSON wnuny feg1awes JSON
[

{"firstname

‘"name","lastname":"name"},

{"firsthname":"name1", "lasthname":"name2"}

]

JSON ﬁuﬁqanuﬂiﬂﬁﬂLﬁuﬁayaﬁLﬂu anwazYae Master - Detail la8naae fodranis
SETEITLGHT)
[
{"firstname" : "name”,

"lastname™: "name”,

‘address" : [
{
"address1" : "adress",
"province" : "bangkok”,
"country” : "Thailand"
}
]
}
1
Uszlaw
g, Wosmnluilowadn misudedayadaiann Ussuasaiman g
\uwadearmsssum
2, wazilasansuducross platform Aslfuniweslsfld uansiisasdou

Wsunsulinwwillifadetusnaemiels Tnenisld JSON Wushnan w14
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h a d _d{_ h ar E . vd - - - at 1
php AYNU android(java), php ABNU javascript Wazausq anwasuezAsy VoA

Huil library 5893U JSON

2.11 uauasaeA (android)

wounsees (android) uszuuufiinisdmiugunsainnm wu nsdwitledie wity
iannaufiuned Wadnvihauudynd wnedua Guiaunlneuisvweunsesd (§inqu:
Android Inc.) mnﬁuu%ﬁ’wuauﬂsaaﬁqniyaiﬂaqt,ﬁa wazueunseun UWuwe nendign
Waluuuyes Open Handset Alliancemnnuialddalinimnamisoudlalénsagg
MBI wazmuRugUnsalinmeYn Java libraries figuiaianniu
wounsessidduiiinsemersunuilouil 5 woaimeu we. 2550 Tagvnugiialavsene
gl Open Handset Alliancendau3sneninuas, sous uaznsdeans 48 i ifanile
e nasgudn dmsugunseiilede Svaviveddausunsessinslsludnvmyaas
wadnIfas

Inswviedaausniannsaldvussuuuoinisueunsesdldae loviid sl
sensmineiile 22 natay 2551

naitudrgaveuunTatnfio 4.2 JellyBean) Anmannsalmives wounsous 4.2
ﬁl,ﬁ'u‘il."uu'lﬁﬂ Photo Sphere ﬁmmsndwgtﬂﬁ 360 8471 way Keyboard Gestures i

annsaaniununisdutanionusla

2.12 Google Map

Google Maps Aiau3n15984 Goosgle ﬁ'lﬁ'u‘%m'iLﬂﬂTuTaﬁﬁﬂuLtwuﬁU'ssﬁnﬁnwwqu Tof
e uarlideyavesgsinluisadu tiun Afwesgsia Teandeansinse uasdumns
n15tud Tneunsusitizusuliuinisdausinansd a.e. 2005 Huuinisws Saliundlin
Tan duvszneuiiddyiirsgagldauduediumn Founuiuaznmaneaiieunmn Wi

¢ & a | '
Fepseanquituialanlunnsiaiusiigg mumanmizay
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2.13 achartengine

Achartengine e libralylunsachartiiiel4luandroid applications #49¢

advayuniTnansmlaun

line chart
area chart

scatter chart

time chart

bar chart

pie chart

bubble chart

doughnut chart

range (high-low) bar chart

dial chart / gauge

combined (any combination of line, cubic line, scatter, bar, range bar, bubble)
chart

cubic line chart

O G ® 11:33am

J a
JUN 2.23 gUuuuLaduLuUBar char
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3.1 1Asa9nAunulaia

AuduUALATAN BN 1YY

wdesiamudulafinssuuaineadidosnuuudy Aildeinnsiassuannaiioe
LCD uavdndauazgnasing Bluetooth tathailldluusruanansisaeunnuiatnivs
fe wdesianuduladindinsléudnnisues Oscillometric mavheuvssssuuAe svuu
aufinmnnuduneludligeiy udrmAunelufvganhanuduladaluiduidon v
Thdudeniuasmuidanliamnsolvainluld vindussuuasdss qandanusunieludvag
Yiliausans19aouAIANAY systolic waz AR diastolic 1¢
wrudimainureaasesinmmiulalinssuuiines annsnesuelanagui 3.1

I o
Control‘

_giontrol

AC
Component Component

DC

J o 4 a L - -
Ui 3.1 vdenlaunsunmiureaaiesineudulainssuuiinea
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o al al o 4‘ ar ar o -aa - bl a o
dmiulimsinureamiarinanuiulainssuuiidnea annsaesuiefavdnnisinalu
1 ] v ot ::’
uaiazdIuYeeas il
4 w o Y ad v owve : ca A Yoa oy o
ssaInAdmAuneenLuulY WeldiunisdaininsdwidedeldiSudunisinau
& o ¢ o a o L l‘:’
lulasaeulvaiaed wluarvqunisinuvewetnefifaiiunudunteludv sndu
Wuwadmmiuazdsdyaailaludnseiousiiu wazees Band-pass Filter \WadslU
a’ L d « v 1 v
gelulaspeulnsiaeslilszana Wialulasroulnsiaeiusunanaiouion ssuuavdsdaya

Alalusilnsdwidede

3.1.1 Pressure Sensor uav Instrument Amplifier

Pressure sensor #il4fe MPX2050 FaimhillumsudasdaudulieglugUves
wsesu ammiidonld MPX2050 ilesmnisdisanisirdauiuieglugassswing 0-240
mmHg 81 MPX2050 tuansnsainamudildlutaeseming 0-375 mmHg lneAnuaRves
MPX2050 tfu uanaitagu

v

40 VS: 10Vdc _-i .
sl Ta=25C
N - MPX2050
5 . SPAN
g RANGE
E 20 A
3 151 N |
7)) E—— '_] MIN
15 T -
0 ] :
o : | | | _ QFFSET
0y 55 T 2 375 50 (TYP)
PSI 18 36 4 7.25

31]17: 3.2 nymiAuduiusszning Output voltage M Differential input pressure

4 U at d =) o as
LBI9INAUTINUNBBNIIN Pressure sensor fvuatdnunisdnludasiinisvenedgygyia

lnuld Instrument amplifier Fasanunsauiusnsweneldmnaudunus

494 K1) (1)

- Jp—
G -1
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R3 Ri 104
S\ M 1.2M AGND

=
"
RI
Vout - WA - |
3\ LI Y 3 \ _— VIIFE
Vout + --——'—I R — |+
el
GND L1A Ly Des
£k M358
MPX2050 ™ 1000 lees
GND E‘R\'l
AGND 47ul
AGND

& R o
SI2M

R? R ca
AGND W A N
: 182
RNIN 182K TE'”
AGND

31]'?1‘ 3.3 Wasvenenan (Differential Amplifier)

' w oo ' | W v '
ALTIAUTDBNIIN Pressure sensor HANTEN 0-25 mV ﬁ?ﬁLLiﬂﬂum‘UdﬁUElqﬂiﬁu'im 0-
5V @y adeeeaniuuli Differental amplifier #dns1venaussuias 200 wih

3.1.2 Band-Pass Filter
| o = Y 4 < <
dhundursesnsesmnudviunaisassenoaudie19as3 stage ABAIUNNTDIATIIND
' P d o . ° o a
ZIHU(HPF) AMNNTDIAMUAAIHIU(LPF) 195818 (Amplifier) 1313EAMUAAINOAD O

v ' o = o v
Wiaglutae 0.8Hz - 38Hz Tumsinnammudfnesisesligns

W, = Ez?.nf;

3.1.2.1 2993509AWTAGaRY

\GND
R10 RIN R12
N 153\ 10k
- = B
‘”‘ (!E . M358
VDIFI I i 2 o 2
I i i _u>—»-—\nm
AGND "
RI3 RI4
W e
5V
R13 R16 RI7
IM 200k 200K

guﬁ3.4 ‘W35 High-Pass-Filter
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= e ds o 1<l Y
Tunseenuuuiiame faveenuuulifiammdndveswet 0.8 Hz uaziiAdam

1ed '
nvanEeagv 21m

3.1.2.2 195Uy

Cé6
5V H AGND
RIS 104 Rig
AGND
IK 10K
Sl 12aA
3 s 1.M358
3] A " SUS, SN
VHPF +
-+
AGND
o "
JU 3.5 2995 Amplifier
a6
3.1.2.3 24995N524AUAAHIUY
R23
s +‘ 9 100
’"U“m
8 AGND
I
Rza to4 T k24
K T
AGND o
) e
b= V1.P}

R21

R0
VAIAG SAds
SOK

ok

,
R2 s +“>

0K

L2B
I M3s8

31]%' 3.6 1995 Low-Pass Filter
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Ry + Ry = .
We + Cg

1
(Rz0+R21)R22C7Cy

- o L A o IJ 1 a
‘lumiaanLL'u'uvdama'sasaanuuulwﬁmmngmwaaﬂagw 38 Hz wagiiA1ansn

1al ]
M3VL8EY 2 V1
3.1.3 AC Coupling Stage

&yayras Output fieenain Band-pass Filter fuariinisunia (Swing) 88 3¥NI A"
-2.5V 2ude +2.5V feanuuulil offset = 2.5V Lﬁ'a‘lﬁﬁ’zyfgnmﬁm'sunfiqasjssniw 0-5V

d 1 § ¥
weddyalilulasreulvamefineusvinanassly

>DI_J
Cap2
{
\ GND
Ci1 R2 ComparatorA
100uF 20K LABSSANINCOPB
(GND >

E‘Uﬁ 3.7 1933AC Coupling Stage
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3.1.4 Drive Motor Circuits

Ndd
Vdd

_GND

< GN])

o . o
JU# 3.8 1935 Drive motor circuit

o a d o < v A o
1astuviuideifielulansrsulnsiaaidoulnlviduiaess niefiviveq
P VW o . .
lilaspoulvsiaesideuratursastifiaotuniiy Logic High (5v)

3.1.5 Solenoid Valve Circuit

Vdd
Vdd >

I

jﬂﬁl 3.9 21995 Solenoid valve circuit

< GND

J‘ o i d v o A
nastvnnuirelelulasasulnsiaesteoulnlviuiees niefie1vss

cal o 1w - o " " 1 W oW
lasreulnsiaesiendaiunasiiiannmiu Logic High (5v) wudsatuiuasaiuau
-
uawmailugui 3.8
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3.1.6 Adaptive Comparator

150K

o .
JUW 3.10 24995 Adaptive Comparator
J Q L =i as ' ¥ H
Whinsesiimihitlumsuiouifisussaduresdygyia neudglulasaeulnsias
4 1 1 ¥ =l
wetelilulasaaulnsiaesaunsousnuesAranuzeasdyaradildannisiuisudieu

w " & . i Voo &
wsetuIndu Logic Low w3e Logic High lafgatiu

3.1.7 d7u Bloodtooth

s

-FJPF

VCC(3.3V)
GND

AB-Co4

3U7 3.1 2995 Bluetooth
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Tur;]auQw‘,ﬁv‘ﬁﬂum'sdqé’mmcuﬁamiaﬁ’mauﬁ'zmai'ma'lutl'%cgtu'iﬁwuéf: A BM-C04 nai]
Teaudunvedlugaugys dasaluil

Standard Bluetooth 2.0

2. Supply Voltage: 3.0-3.6 V

—

3. Power Consumption
- Transmit 40 mA
- Receive 30 mA
- Standby 1 mA
4. Frequency Band 2.4 GHz
5. Sensitivity: 80 dBm
6. RF Power: 0-4 dBm

{

] H#H.p.i".""

&
FH ﬁ{ anpEnaEs:

U 3.13 2985 GSM
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=4

Module GSM  #llunisdsdganandeusefuresfinnednielulassad  Ae
SIM900B TmeiisrazBunves Module GSM fstaluil
- 5993UAA GSM/GPRS 850/900/1800/1900MHz
- 5843U GPRS Multi-Slot Class10 Wwaz GPRS Mobile Station Class B
- 5893UNMIEINAIAY AT Command (GSM 07.07 / 07.05 uasfndaiiuidnann SIMCOM)
- 5893V SIM Applications Toolkit
- Yiuig IRy 3.2V §1 4.8V
- sasfunindeustenieuen
- 14ldiu SIM 3V uag 1.8v
- #7993 Analog Audio (MIC & Speaker) $1uu 2 1
- 3843V 5x4 Keypad Interface & SPI LCD Interface
- ilszuu RTC wiaunees Backupiitaretananianisueniuu Connector uazyatlausie
WUy PAD

3Ui 3.14 Module GSM SIM900B



3.1.9 d9u Microcontroller
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s Mol 2R EDAN
= e RN TIANC

Y- O 12 i ST

R A P3G ALR § 3

i

31]'51‘ 3.15 2999 Microcontroller

14 Microcontroller uuu PIC wa§18F452 lunsdmnarianusilaiin Tasdygyo

flldnnaesiudnge RAT Suludqyuesatlaalay TnefimsraaindlAMCLR Huaind

a o w ' W oo a o < °
AldGumstiuamudy TaoArmudugeaaludv Somnefiinnuduads wwhuildlu

MsAuAANUALEALRdn (Systolic blood pressure) wazanudulaLaalndn(Diastolic

' LI Y = 1 1 al i 1 a A 1
blood pressure) lngArarusudalnanaziayiniuo.50 wirvasriausiuade wasAiru

ar - 1 1] ar ) 1 as 4
ﬂu‘lﬂuaﬂiﬂﬁﬂi]#flﬂ'llM']ﬂ'UO.?O UAIANUAULREE
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o ° o e Y a
3.1.9.1 LtNuH\%ﬂﬂ‘i‘ll'N"lu'llﬂﬂl.ﬂ‘iiJd']ﬁﬂ’]’luﬂutaﬁﬁ

NO

YES

Motor ON
Solenoid Value ON

NO

Pressure

220mmHG

Off Motor

On Solenoid Value

|

Detect Peak

Find Pressure Value

!

Analysis Data

'

L
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SP Value
DP Value

l

Send SMS ]
'

=N
l

END

d a ) d o oA
FUN 3.16 UHURIN1SVINIUTBATEINA LAY

dianadu taesinnruduasinisivaudlulucft funsuduaimaiuas
Lediuandndravagluaniug ON sufissziuanuduil 220 mmHg wetnesazagluanuz
OFF ndmntululasnavlnsiansasiuriain Pressure Sensor wagyinistiufinalugas
Yoyaiidoimsuaztifoyaiildumhmsinssiienmaudilafinuazianwamaniae
LCD



50
3.2 d2uAndroid Application

3.2.1 WHURIN191197UY84 android application for patient

START

C

>?<

Application get latitude and

\
Get the path

1

END

rd
T~

gﬂﬁ 3.17 UARIUHEIN1YIN9UT89 android application for patient

= = m'f v o o v a (Y a IIJ A

Wakawnalrduuavinmaila GPS fu Internet fbilalnagliilawanndintu e
a u ° | . . o ol d da a o v A Y v
\Wauaiagviinisds latitude way longtitude TUdsdnieTosniluannaiatuiiio i wWislasy

YoAY latitude wax longtitud 98%1n15 Get the path andumne Indumieiiedsluss
= & oy ow
dnasewmilidsdaninumn
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3.2.2 UNUE 1519398901514 JSON

START

Key Name

Send Data Patient from database

Application for get Data from JSON

\‘

Show Data Patient

END

JUl 3.18 usudansyineTues JSON

ilaGuuenwiindy invdnueswenndinduasiidedldde uwanavegiae lavih
nstoginia¥adu ﬁT’.lLtawwﬁLﬂ-ﬁ"uwﬁwmiﬁﬁaga'ﬂaaéﬂwmﬂdatabase. KU PHP il
ey TnsdarumnaSoN ddensitudeyanuls wihasagyinsuansdeyavastineg s
ligndas aeiideruuanslyinduluasielml
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3.2.3 WHUKINITHIUYDY Bargraph Achartengine for Blood pressure

=]

Date

Send Systolic and Diastolic from PHP

l

Application get Systolic and Diatolic

\
Plot Bar Graph

e

31]17{ 3.19 WNURINTVINUTBY Bargraph Achartengine for Blood pressure

4 a w a  a - tw ol alw - v P o
wialuRulewndlnduaziidesldiun Mnenishstaya blood pressure liowden
o 2 v - v ' 2
NI WaNIanyayagnmaazaunsftayain database Hun1a PHP Taald JSON Tunns
- v P 2 . . v W Y ' 2
Aataya a1 systolic uavdiastolic W ldluBargraph lusaumdenudiladoyaliignaas
o Va o I

el text Wi fuilmidnafinils



3.2.4 UNUAIN1391197U Y89 Ambulance application

[ START j

-
&

Get SMS Lat,Long and

info from server

Pop-up to False

Decision

Draw a route on

Google Map

A

Send Data for update

Latitude, Longitude to server

Press button False

"Arrived”

Send Data "Arrived” and stop
update Latitude, Longitude

4

END

Ui 3.20 wnuanisvieuYes Ambulance application
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o - o - al L4 y Vas
MIVNIUYBI WonnaLATU Ambulance Tuaniilnsdwivamalssanealasu
- ¢ aw o ) oy w o I v
SMS nmadneiliuiiinfieguasdiiendesnsliluiu Welnsdwintsanewialdsu
' Ry i [V aw a ' a '
SMS uanavthensliidndulaiezluiudiasluiifiaidanvisl mnnaufjiaseslifinaesls
- 4’ v a ] ar Ly = .‘I L4 v ar d
\intu widhan seusu wdsmaludmtiuewndinduliarndunludsivane uag ma
- ‘IJ o ] - 4 1 o L% - v = e lJ 1
LawnaLAgUIEYIIN1SAY SMS Rineguessalullaqiululimadviesiinsuiiniietues
a o v a o hosS A W ver o D
sann 30 it laglunihvinuenndinduasiiduiasduduirsaldfeivunouds daviinsna
I @ ' @ a o o \ awv o ' Loy L3 o ]
Yuasnam fAuennairduasinnmmgedaiinnegvessaliid@viaes uay auvinisds SMS

o ' o o v g ve )
WauanInInuune Ll.ﬁ'l‘lMﬂUWNL%WI.’JaﬂﬁWS’IU
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NaN1INA&aa3

= [ ) a
4.1 1AsaIaAuRUlaln

4.1.1 dutuRBUNIMARES

1.1 thgneduausenuansvieauas cuff Wuwuwaziinaiannudusiowd iy
vioauvasAw

1.2 9185990 Power Supply Tiuees

1.3 11 DVM (Digital Volt Meter) mzw'wuﬁmﬁusaﬁ’u‘lﬂmﬁﬂﬁmaﬂﬁwmﬁaanmn
Instrument Amplifier

1.4 dinnuduliiy cuff Tnsnstiugnens udsgumanuduiinefarnuduuas
suAwslnssiiaimed tuiinwaadluntsiei 4.1

1.5 11 Oscilloscope Yadnayaupaadianiiooninain Band-Pass Filter

A9 4.1 NANITIRAILTIAUVIDBAYDY Sensor MPX2050 WBURUAIAINNNY

armdusma (Air) mmHg useduitinléanmaen (Voltage)Volt
20 0.23
40 0.50
60 0.78
80 1.07
100 1.40
120 1.55
140 1.65
160 2.20
180 2.40
200 2.60




Pressure-Voltage

POH e e s e o e
200

150 4—o

Pressure - voltage
100 |

50 ' SO

0 0.5 1 15 2 2.5 3

J al o 1 ) ) s s 1 al
JUN 4.1 nsmAnuduRusInig AUSITUAUAIAINAY (mmHgVolt)

4.1.2 Sndyy e ea@ianili1u199s Band-Pass Filter

;nJ'ﬁ' 4.2 Pressure signal(@wéiae) and Oscillometric signal(@#)
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31.1‘7'! 4.4 Pulse signal

¥oc
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d 1] o
4.1.3 n1vaaauWadunaamwivg1vegUnsal

oA W e ¢
1919 4.2 ﬂ'l'i"/lﬂaaﬂ{WBE‘NLﬂﬂﬂ']"luu”utﬂ'ﬂaﬂﬂ‘ﬂﬂim

Auil 1A389 omron \nTaciiussAutly AUARIALAREY

SYS DYS SYS DYS SYS DYS
1 137 86 137 94 0% 8.5106%
2 137 91 138 95 0.7246% 4.2105%
3 134 83 139 96 3.597% 13.5416%
4 130 82 139 95 6.4748% 13.6842%
5 136 85 138 91 1.4493% 6.5934%
6 100 69 95 57 5.0000% 17.3913%
7 104 72 99 67 4.8077% 6.9444%
8 91 63 96 59 5.2083% 6.3492%
9 96 66 89 56 1.2917% 15.1515%
10 103 71 99 66 3.8835% 7.0423%

4.1.4 n15MAaRIAARD GSM Module

\feusiouain GSM Module H1u Bluetooth Tagl#Tusunsu Tera Term dagarnd

AT command Tudsuasa GSM Module udhdainath GSM Module dsdayaasisnduin

o a
#1514 4.3 MiRaoananane GSM Module

AR AT Command

TUsunsu Tera Term

AT OK
AT+CMGF=1<Ent> OK
AT+CMGS="“+66869035123" OK

> Hello Test SMS <Ctrl+Z> <Ent>
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4.1.5 n1sNAaasds SMS

A o al U al Y 15 v o o - U s -

wavinisinaanuauladinuan seldrimnusudaladn wazaanusulawealndn
WamHuIBUBaTARIY

4 1 o - ﬂJ 1
E‘UVI 4.5 uanarAuaulaiaNLanINIuIaLCD

911 Microcontroller 98vi1n1589 SMS s GSM Module wlues

4 o < oo v Y
Insdwiiindeuivieserver taiunstiuiindeyadugunmusalgeey fgy

< @ +66870302032

d e e d we o e 4 d
JUN 4.6 Amnuauladiandadinsfmwiindaun
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TEETE S e e e e
* c localhost =

php
Recernisaies

» + S by M e
msuance

cozame

‘x

Moy .

pavancy L =
Ty 1

L 4 p s ramecsse km bp bpl c dats

Cane L2

&l o O
d ) a = 44 1] k2
JUi 4.7 AnnuduladiandadServer

B

4.2 Android Application

4.2.1 android application for patient

d a v aw 2 4 v a
4.2.1.1 dieiimsiuiidnnnglhe asiinisuanmuninensdwimasuiiy
SMS alert

e wim v

JUN 4.8 M3UT1 SMS ifaunalnsdn



4.2.1.2 uanndrdultuandnotificationudalnsAwy

A efamana lumIEmnnme: vannuraw

W wi
parnpis asadmnad

B +66843550025
I need help!!!

m V2

worrwidslilao v B sasu

UM 4.9 M3uda notification 1dalnsdm
4.2.1.3 navtn iU Tuwewndiaduy

wWi-Fi

TRUE
nvuandou

A sofavaralunmilevinuusay vannuraw
B Wi
§ +66843550025

= V2

UM 4.10 msithguanwiiadu
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4.2.1.4 wowwdladuiiuininisget direction naumialugagUae

’ Getting driving directions

JUN 4.11 msAumdmisvestie

4.2.1.5 wewwdladuazanidunisanniniugadiae

UFA Ath
Viiage Latkabang

Thap Yao

JUN 4.12 unasenianiudagae



4.2.2 JSON
4.2.2.1 \ileiingwih Application uulnsdnyiiadaudi

@ 5554:abc |:4L.'..-'_:l.;‘2|

Basic Controls

i
i Hello Android HTTP @ @ @

Hatdware Button:

®®00

Submit

Haidware Keyboard
Use your physical keyboard 1o provide input

gﬂﬁl 4.13 n1sidgwi Application

= ¢ W 9w - Wy )
4.2.2.2 agiltesdmivlinsentevefiieiiioviins Login

& 5554abc

18 Hello Andraid HTTP

Niwat

’ Submit

— l‘ | 2} i
FUN 4.14 Mslvgsvu Login




4 o a & ) . . 0 v
4.2.2.3 dlevinsRuideudanannas Appllcat|on"azmn'l'iﬁwauua‘zim

#U2897n Database aonun

@ 5554abe =] et

Basic Controls

81 Hello Android HTTP @ m @
o =g

s,

Hardwara Buttont

®

-

DPAD

Submit

Hardwaie Keyboard

WiHiwat
Niwa Use your physical keyboard 1o provide ingut

d L2 LR
UM 4.15 msfadayagUisn database

4.2.2.4 dminmslogingnie Applicationdzanansafistayavasgaean

Database aanuile
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i lecahast / LITCL | phphbyAdmin 409 - Windzws Intemet Dxplorer T
@ eaer ST REIEL
[ s A 8 ome L e LT (B ® e
v 510 s+ [5) , Do
Fovories __ lecathont / 117001 | phphyadmin 409 S0~ w = Page~ Sefsty> Tochv @i+
# Intranet settings are naw tumed off by default. Intrenet sefting: ace lats secure than internet settngs. Chek fer optiens... o
php ¥ S5 e e e St N e e e S R P R e |
¢ Bio sal Search  BE lnsen s Fxpert o bmpent operatlens = Tracking Tilggars
ecent taties) -
information_schena T Tw " T T 1ITERIE ! i
ki - ot 4 T
o New - ‘
docnama s i i
™
patients L ] s ¥ 13
iy ] « 1 2
myed . .
padormance_schema 2
phomysdmin ) a1 o '
L T eppree - po 70
webauth
..... -
g Dsists 1) i ] e 0y
3 i - ——
asttaioee Y ] por :2g
@ g
+ - e
# Done ""'ﬂ‘iiul!!ﬂ“”!'ﬁsﬁiﬂ!ﬂiw e “10% -

©e . ¢ 08T ¢ @ = @@ Eonaw
U 4.16 nsteyadieiifieglu database



4.2.2.5 mnvhmslatle vieuwanain ssiifen1u “Please enter your
oo v | ' o
name again” tieWEldldde-umanalusidnaanis

@ sssia -

Basic Control

#® Hello Android HTTP @ @ @
R : e

Hardware Buttons

®® 00

DPan

L

Submit

yboard

| Please erter yout rame agan
| ¥ ame. e ¢ physical keyhoard to provide wput

UM 4.17 milLog infilsignéiag



4.2.3 Bargraph Achartengine for Blood pressure
4.2.3.1 Lﬁatﬁﬂdwﬁw Application uulnsAwyiaAewd

) & 5554iabc L] ﬁﬁl

Basic Controls

': Hello Android HTTP @ @ @

Hardware Buttens

0999

Somna

Hardware Keyboard
Use yout physical keyboard to provide inpu

Submit
|
|

Uil 4.18 nsidgnii Application

u
4.2.3.2 415 Login gnresasiingmin Bar Graph

& 5554:bc [ il

L]
i@ SecondActivity @ m @
_ R =

Bar Graph

Hardware Buttons

3UT 4.19 nsudngwii Bar Graph
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4.2.3.3 991y Application azvin1sAstoyariaudulainan Server

1 L o3 -] 1 v =l ol 4 4
HUM9 JSON udahailaundeunsw wanslulnsdwiiadoud

@ 5554abc | ]

Bagic Controls

' Hello Android HTTP Q @ @

Hardware Buttons

@200

DPAD

Hardwate Keyboard
Use your physical keyboard to provide inpot

] ] W a A .=
JUN 4.20 nsidiunsiwvasiauiulalin wanmalnsdwiadeun

4.2.3.4 winvihsldde wieuwanafin wxiidan1nu “Please enter both
d g v | ' O o
first name and last name” \ileligldldde-umanalmisnafmi

@ 5554:be ol o)

Bazic Controls

81 Hello Android HTTP @ @ @

Hardware Buttons

@200

DPAD d in AVL

Hasdware :
Use your physical keyboard to provide input

[} Pleas enter both first name and last
[ e

Ul 4.21 msLog infilaignas
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4.2.4 Ambulance application
4.2.4.1 nmsiasauenwiiaduasuudiadeiifiszuuufifng Android T
wonwdinduiflalddadn AMBULANCE

3T 4.22 uowwalATu“ AMBULANCE”

o y . Vs o ] | o
4.2.4.2. \a5amla android 9¢l@sU SMS LiavaautBwaaduA1ANg
;7 ! LY u’j L) ¥ 1 v s
wazdayailawiu antulusunsuednlugwinedaduls

. EMERGENCY

ACCEPT DECLINE

3Uf 4.23 android 1é5u SMS vemmtinmde
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o = ) v o | = o v
4.2.4.3. winniinanauiuninseasinlugniiuaui uazinisandunig
d o 1o w v
e mslugRaaildsunaumne

D AW

AMBUL ANCE

TEL : 0853314850
P2 XX xxxxx
Ph. : 000

oy

vou AUAT > Rama !

J o 1o ar Vas
JUM 4.24 msannidumaiteimalugnadildsuseumne

kY a @ o | aw d 1o w v v
4244, MILBWNALATUIENINTTEINNANDE Wodwanliunadniiesin

' =¥ =3 Iél E=Y =i
nswImeulsaneutaivegnivu vineg 30

essse diac T 18:45 98% S

€ Messages uau Contact

13.7220433,100.7796282
13.7220433,100.7796282
13.7220433,100.7796282
13.7220433,100.7796282

ot
13.767332,100.641983,08

53314850, natthiwut van.

13.7220433,100.7796282

d a |IJ I & J 3 as 3 - =
JUN 4.25 uennaladudeinanaglvinumadniiednng 30 Juri
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4.2.4.5. vNlAsU SMS Anakazdauadnase syuuazyitnIsatuwilauudy

v

wAdsmeuUias Auewndinduasdravinauluiiaiy

QAW

AMBULANCE

TEL : 0853314850
P XXXXXXXXXX
Ph. 1 XXXxxxxxxx

JUN 4.26 Mslasu SMS Aiauazdayadh

) I o ] v o
4.2.4.6. 101050 SMS wdadsansasudunie auisanaznanauiu e
4 } 2 1 2
Wasudumale

QAW

AMBULANCE

TEL . 0853314850
P. : natthiwut
Ph. :van

EMERGENCY

ACCEPY DECLING

= c k4 Lo Vs .
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5.2.3 Bargraph Achartengine for Blood pressure
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Electronic Component's Datasheet Search (aaulatl). (2546). dufuain :
www.alldatasheert.com [27 WgAdn1eu 2556]

. Portable Digital Blood Pressure Monitor (saulau). (2548). 8uAuan :
http://people.ece.corell.edu/land/courses/ece4760/FinalProjects/s2005/\ww56 w
$62/Final%20Project%20Web/indexhtml [1 §u21Au 2556]

. ARM Blood Pressure Monitor (aaulai). (2553). duAuain :
http://www.samsung.com/global/business/semiconductor/file/product/S3P8245
ARM_Blood_Pressure_Monitor AN_REVO00-0.pdf

50 kPa On-Chip Temperature Compensated and Calibrated Silicon Pressure
Sensors (aaula). (2551). duAuain :
http://www.freescale.com/files/sensors/doc/data_sheet/MPX2050.pdf
mymausiuladin (eaula). duAuain :
http://www.siamhealth.net/public_html/Disease/heart_disease/Hypertension/mea
sure.htm

PHP Apazls (eaulat). (2556). duduain :
http://www.sunzan-design.com/2013/01/php.html

\wAU(SON) Avazls (eaulad). (2555). duAuan :
http://na5cent.blogspot.com/2012/03/json.html
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®

LM158,A-LM258,A
LM358,A

LOW POWER DUAL OPERATIONAL AMPLIFIERS

INTERNALLY FREQUENCY COMPENSATED
LARGE DC VOLTAGE GAIN: 100dB

WIDE BANDWIDTH (unity gain): 1.1MHz
(temperature compensated)

VERY LOW SUPPLY CURRENT/OP (500uA)
ESSENTIALLY INDEPENDENT OF SUPPLY
VOLTAGE

LOW INPUT BIAS CURRENT: 20nA
(temperature compensated)

LOW INPUT OFFSET VOLTAGE: 2mV

LOW INPUT OFFSET CURRENT: 2nA
INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

DIFFERENTIAL INPUT VOLTAGE RANGE
EQUAL TO THE POWER SUPPLY VOLTAGE
LARGE OUTPUT VOLTAGE SWING 0V TO
(Vee - 1.5V)

DESCRIPTION

These circuits consist of two independent, high
gain, internally frequency compensated which
were designed specifically to operate from a sin-
gle power supply over a wide range of voltages.
The low power supply drain is independent of the
magnitude of the power supply voltage.

Application areas include transducer amplifiers,
dc gain blocks and all the conventional op-amp
circuits which now can be more easily implement-
ed in single power supply systems. For example,
these circuits can be directly supplied with the
standard +5V which is used in logic systems and
will easily provide the required interface electron-
ics without requiring any additional power supply.
Inthe linear mode the input common-mode voltage
range includes ground and the output voltage can
also swing to ground, even though operated from
only a single power supply voltage.

PIN CONNECTIONS (top view)

ul

N
DIP8

D&S

P

(Plastic Package)

e »

S08 & miniSO8
(Plastic Micropackage)

TSSOP8
(Thin Shrink Small Outline Package)

ORDER CODE
Part Temperature Package
Number Range N s ol p
LM158,A -55°C, +125°C ® . .
LM258,A -40°C, +105°C . . ®
LM358,A 0°C, +70°C . o . ®

Example : LM258N

N = Dual In Line Package (DIP

D = Small Qutline Package {SI }S- also available in Ta
min

§ = Small Outline Package 0) onl
P = Thin Shrink Small Outline Package
&Reel (PT)

available in %gpe & Reel

& Reel (D

T&T)

SSOP) - only available in Tape

4 [ Rl il
2 [ (] 7
3 [} (] e
4 [ (15

1 - Output 1

2 - Inverting input

3 - Non-inverting input
4-Veo

5 - Non-inverting input 2
6 - Inverting input 2

7 - Output 2

8 i~ Vcc+

July 2003
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LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

SLCS007H — SEPTEMBER 1973 — REVISED AUGUST 2003

@ Fast Response Times @ Can Operate From Single 5-V Supply
@ Strobe Capability ® Available in Q-Temp Automotive
® Maximum Input Bias Current . .. 300 nA — High-Reliability Automotive Applications
) — Configuration Control/Print Support
=)
Meokh i Inpat Of ot GUrRHE.o.. Sl — Qualification to Automotive Standards
LM111 ... JG PACKAGE LM111 ... FK PACKAGE
LM211...D, P, OR PW PACKAGE (TOP VIEW)
LM311...D, P, PS, OR PW PACKAGE -
(TOP VIEW) 3
- 4
emrout[[1 8 [l Vocs oS0 8o
IN+ [] 2 7[] coL out o ol s o
Vee- [ 4 5 [] BALANCE NC [] 4 18[J NC
IN+ []5 17[] coL ouT
NC []6 16[] NC
IN- 17 15[] BAL/STRB
NC 14| | NC
]8910 11 1213 !
| o ) o I e ) oy
O bowo
ZBZQZ
> Z
3
<
m

NC = No internal connection

description/ordering information

The LM111, LM211, and LM311 are single high-speed voltage comparators. These devices are designed to
operate from a wide range of power-supply voltages, including +15-V supplies for operational amplifiers and
5-V supplies for logic systems. The output levels are compatible with most TTL and MOS circuits. These
comparators are capable of driving lamps or relays and switching voltages up to 50 V at 50 mA. All inputs and
outputs can be isolated from system ground. The outputs can drive loads referenced to ground, Vo4 or Voc—.
Offset balancing and strobe capabilities are available, and the outputs can be wire-OR connected. If the strobe
is low, the output is in the off state, regardless of the differential input.

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

T
PRODUCTION DATA information is currenl as of publication date. Copyright @ 2003, Texas Instruments Incorporated

Products conform to specifications per the ferms of Texas Instruments " On products compliant to MIL-PRF-38535, all parameters are lested
standard warranty. Production processing does not necessarily include TEXAS unless otherwise noted. On all other products, production

testing of all parameters. processing does not necessarily include testing of all parameters.
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



LM111, LM211, LM311
DIFFERENTIAL COMPARATORS WITH STROBES

SLCS007H - SEPTEMBER 1973 — REVISED AUGUST 2003

description/ordering information

ORDERING INFORMATION
Vio max ORDERABLE TOP-SIDE
Ta AT 25°C PACKAGET PART NUMBER MARKING
PDIP (P) Tube of 50 LM311P LM311P
Tube of 75 LM311D
SOIC (D) LM311
Reel of 2500 LM311DR
-0°C to 70°C 7.5 mV
SOP (PS) Reel of 2000 LM311PSR L311
Reel of 150 LM311PW
TSSOP (PW) L311
Tube of 2000 LM311PWR
PDIP (P) Tube of 50 LM211P LM211P
Tube of 75 LM211D
SOIC (D) LM211
-40°C to 85°C ImVv Reel of 2500 LM211DR
Reel of 150 LM211PW
TSSOP (PW) L21
Reel of 2000 LM211PWR
Tube of 75 LM211QD
—40°C to 125°C 3mV SOIC (D) LM211Q
Reel of 2500 LM211QDR
CDIP (JG) Tube of 50 LM111JG LM111JG
-55°C to 125°C 3mv
LCCC (FK) Tube of 55 LM111FK LM111FK

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at

www.ti.com/sc/package.

functional block diagram

BALANCE
BAL/STRB
IN+ coL ouT
N~ EMIT OUT

¢ TeExXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




i
b TEXAS NA555, NE§55, SA555, SE555

INSTRUMENTS PRECISION TIMERS
www.ti.com SLFS022F-SEPTEMBER 1973-REVISED JUNE 2006
FEATURES
¢ Timing From Microseconds to Hours ¢ Adjustable Duty Cycle
o Astable or Monostable Operation o TTL-Compatible Output Can Sink or Source
up to 200 mA

DESCRIPTION/ORDERING INFORMATION

These devices are precision timing circuits capable of producing accurate time delays or oscillation. In the
time-delay or monostable mode of operation, the timed interval is controlled by a single external resistor and
capacitor network. In the astable mode of operation, the frequency and duty cycle can be controlled
independently with two external resistors and a single external capacitor.

The threshold and trigger levels normally are two-thirds and one-third, respectively, of Vqc. These levels can be
altered by use of the control-voltage terminal. When the trigger input falls below the trigger level, the flip-flop is
set, and the output goes high. If the trigger input is above the trigger level and the threshold input is above the
threshold level, the flip-flop is reset and the output is low. The reset (RESET) input can override all other inputs
and can be used to initiate a new timing cycle. When RESET goes low, the flip-flop is reset, and the output goes
low. When the output is low, a low-impedance path is provided between discharge (DISCH) and ground.

The output circuit is capable of sinking or sourcing current up to 200 mA. Operation is specified for supplies of
5V to 156 V. With a 5-V supply, output levels are compatible with TTL inputs.

NAS55...0 OR P PACKAGE
NES555...D, P, PS, OR PW PACKAGE SES"‘{‘T'B':,KV':EA%‘AGE
SA555...D OR P PACKAGE

SE555...D, JG, OR P PACKAGE = i
(TOP VIEW) 2 & 2 -8 =
W) g " | S | i -
GND[] 1 8 [] Vec NC]43 2 1201913E NC
TRIG[] 2 7[] DISCH TRIGH 5 17[] iscH
OUT[] 3 6 [] THRES Ncf]s 16l NC
HESET[I®  S{lCaNT outf]7 15E THRES
NC|[] s 14[] NC
9 10 11 12 13
i o o s |
- =
2Liz2z2
B0
B a

NC - No internal connection

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

gﬁggg'ﬁ? DA‘I;: infonggtaiﬁgr:s cpng:ulnr:e a? of publfic‘il}sioanatae:é Copyright © 1973-2006, Texas Instruments Incorporated
orm to specil s erms of the Tex com PRF- "
Instruments standard warranty. Production processing does not g;ﬁ".f.ﬂ:‘;‘s omapn'LaI:; ;,?,‘:é',l'gn ';;[333?,";' pi','dl'}:{; mp::;r:cf;

necessarily include testing of all parameters. processing does not necessarily include testing of all paramaeters.



TIP41A/41B/41C

[71® TIP42A/42C

COMPLEMENTARY SILICON POWER
TRANSISTORS

s COMPLEMENTARY PNP - NPN DEVICES

DESCRIPTION

The TIP41A, TIP41B and TIP41C are silicon
Epitaxial-Base NPN power transistors mounted in
Jedec TO-220 plastic package. They are intented
for use in medium power linear and switching
applications.

The TIP41A and TIP41C complementary PNP
types are TIP42A and TIP42C respectively.

TO-220

INTERNAL SCHEMATIC DIAGRAM

Co(2) Co(2)
(1) (1)
B B
E0(3) EO(3)
SC06960 SC08810
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
NPN | TIP41A TIP41B TIP41C
PNP | TIP42A TiP42C
Vceo |Collector-Base Voltage (I = 0) 60 80 100 \)
Vceo |Collector-Emitter Voltage (Is = 0) 60 80 100 V
Veso |Emitter-Base Voltage (Ic = 0) 5 vV
Ic Collector Current 6 A
lcm Collector Peak Current 10 A
g Base Current 3 A
Ptot Total Dissipation at Tcase < 25 °C 65 w
Tamb < 25 °C 2 w
Teig Storage Temperature -65 to 150 ki ¢
Tj Max. Operating Junction Temperature 150 °c

For PNP types voltage and current values are negative.

October 1999
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TIP41A/TIP41B/TIP41C/TIP42AITIP42C

THERMAL DATA
Rthj-case |Thermal Resistance Junction-case Max 1.92 °ciw
Rihj-amb | Thermal Resistance Junction-ambient Max 62.5 °ciw
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min. | Typ. | Max. Unit
lceo Collector Cut-off for TIP41A/42A Vee=30V 0.7 mA
Current (Ig = 0) for TIP41B/41C/42C Vce =60V 0.7 mA
lces Collector Cut-off for TIP41A/42A Vece =60V 0.4 mA
Current (Vee = 0) for TIP41B Vee =80V 0.4 mA
for TIP41C/42C Vce =100V 0.4 mA
leo Emitter Cut-off Current |Veg =5V 1 mA
(Ic=0)
Vceo(sus)” |Collector-Emitter lc =30 mA
Sustaining Voltage for TIP41A/42A 60 \
(ls =0) for TIP41B 80 \Y
for TIP41C/42C 100 \
VCE(sa!]* Collector-Emitter lc=6A Ig=0.6 A 1.5 N
Saturation Voltage
VBe(on)* |Base-Emitter Voltage [lc=6A Vece=4V 2 \
hre* DC Current Gain lc=03A Vce=4V 30
lc=3A Vee=4V 15 75
hte Small Signal Current lc=05A Veg=10V f=1KHz 20
Gain lc=05A Vce=10V f=1MHz 3

* Pulsed: Pulse duration = 300 s, duty cycle <2 %
For PNP types voltage and current values are negative.

2/4
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MICROCHIP

PIC18FXX2

28/40-pin High Performance, Enhanced FLASH

Microcontrollers with 10-Bit A/D

High Performance RISC CPU:

+ C compiler optimized architecture/instruction set
- Source code compatible with the PIC16 and
PIC17 instruction sets
*+ Linear program memory addressing to 32 Kbytes
+ Linear data memory addressing to 1.5 Kbytes

On-Chip Program
Memory On-Chip| Data
Device RAM |EEPROM
FLASH | # Single Word | (bytes) | (bytes)
(bytes) | Instructions

PIC18F242| 16K 8192 768 256
PIC18F252| 32K 16384 1536 256
PIC18F442( 16K 8192 768 256
PIC18F452( 32K 16384 1536 256

« Up to 10 MIPs operation:
- DC - 40 MHz osc./clock input
- 4 MHz - 10 MHz osc./clock input with PLL active
« 16-bit wide instructions, 8-bit wide data path
« Priority levels for interrupts
» 8 x 8 Single Cycle Hardware Multiplier

Peripheral Features:

= High current sink/source 25 mA/25 mA
« Three external interrupt pins
» TimerQ module: 8-bit/16-bit timer/counter with
8-bit programmable prescaler
e Timer1 module: 16-bit timer/counter
+ Timer2 module: 8-bit timer/counter with 8-bit
period register (time-base for PWM)
« Timer3 module: 16-bit timer/counter
« Secondary oscillator clock option - Timer1/Timer3
» Two Capture/Compare/PWM (CCP) modules.
CCP pins that can be configured as:
- Capture input: capture is 16-bit,
max. resolution 6.25 ns (TCY/16)
- Compare is 16-bit, max. resolution 100 ns (TcY)
- PWM output: PWM resolution is 1- to 10-bit,
max. PWM freq. @: 8-bit resolution = 156 kHz
10-bit resolution = 39 kHz
« Master Synchronous Serial Port (MSSP) module,
Two modes of operation:
- 3-wire SPI™ (supports all 4 SPI modes)
- 12C™ Master and Slave mode

Peripheral Features (Continued):

= Addressable USART module:
- Supports RS-485 and RS-232
« Parallel Slave Port (PSP) module

Analog Features:

« Compatible 10-bit Analog-to-Digital Converter
module (A/D) with:
- Fast sampling rate
- Conversion available during SLEEP
- Linearity <1 LSb
» Programmable Low Voltage Detection (PLVD)
- Supports interrupt on-Low Voltage Detection
» Programmable Brown-out Reset (BOR)

Special Microcontroller Features:

» 100,000 erase/write cycle Enhanced FLASH
program memory typical

» 1,000,000 erase/write cycle Data EEPROM
memory

*» FLASH/Data EEPROM Retention: > 40 years

= Self-reprogrammable under software control

= Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

» Watchdog Timer (WDT) with its own On-Chip RC
Oscillator for reliable operation

* Programmable code protection

* Power saving SLEEP mode

+ Selectable oscillator options including:
- 4X Phase Lock Loop (of primary oscillator)
- Secondary Oscillator (32 kHz) clock input

= Single supply 5V In-Circuit Serial Programming™
(ICSP™) via two pins

* In-Circuit Debug (ICD) via two pins

CMOS Technology:

» Low power, high speed FLASH/EEPROM
technology
* Fully static design
» Wide operating voltage range (2.0V to 5.5V)
« Industrial and Extended temperature ranges
* Low power consumption:
- < 1.6 mA typical @ 5V, 4 MHz
- 25 pA typical @ 3V, 32 kHz
- < 0.2 pA typical standby current

© 2002 Microchip Technology Inc.
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PIC18FXX2

Pin Diagrams

PLCC

5 [J=— RA2/AN2/VREF-
4 [J=—= RA1/AN1
3 [J=— RAD/AND

2 [J=— MCLR/NPP

6 [J=—= RA3/AN3/VREF+

RA4/TOCKI +—s[{7 39[]=—= RB3/CCP2*
RAS/AN4/SS/LVDIN «—s [| 8 38[] «—»= RB2/INT2
REO/RD/ANS =—=[] 9 37 i 23{1};::;3
RE1/WR/AN6=—=[] 10 36[] -
RE2/CS/AN7 =— ] 11 PIC18F442 35 =— VoD

voo—= 012 PIC18F452 340+— Vss

vss—= ] 13 33 ] =—= RD7/PSP7
osc1/CLKI—= L[] 14 32[] =—= RDB/PSP6
0SC2/CLKO/RA6=— O] 15 31[] =—» RDS5/PSP5
RCO/T10SO/T1CKI=—= ] 16 300 == RD4/PSP4

17 29[] =—= RC7/RX/DT
po SRR BRRERN
.E.I-ETIIT
88388888333
SRYeIpDBAD
2822222884
O%gvv%vzog
gr 3
0
N
N
&
< 3 O
Co=apaoaxbo
EGBEeRERSE
] "S S A= g 5=
000000000 0L
FEFCXCEEXEEZ
TaFP SRR
OABAOABABA
HHHHHHHHHH
FEITSEBEE
RC7/RX/DT <101 33 NC
RD4/PSP4 <—=L[10 2 32013 <+ RCO/T1080O/T1CKI
RDS/PSPS =™ LIL3 31— 0SC2/CLKO/RA6
RD6/PSPE <= 1T 4 300 <—  QSC1/CLKI
RD7/PSP7 =—=[IL]5 PIC18F442 20T <-— Vss
Vss —= IO 6 28I =— VDD .
Vop —=CI0 7 PIC18F452 27[IJ=—= RE2/AN7/CS
RBO/ANTO =—= I8 26 I3 =—= RE1/ANB/WR
RB1INT1 =—=[CIH9 25T <+—= REO/AN5/RD
RB2/INT2 <—=C10 10 24T =— RA5/AN4/SS/LVDIN
RB3/CCP2* =—=LCT1T] 11 23T =—= RA4/TOCKI
ronIno oSN
HHEHHHHHEH
qoooooooo
55338852288
333355322
ROOIZ
;003=4§3
o
mm
LI

* RB3 is the alternate pin for the CCP2 pin multiplexing.

(== =N
DS39564B-page 2 ® 2002 Microchip Technology Inc.



PIC18FXX2

Pin Diagrams (Cont.’d)

DIP
MCLR\VPP —=[] 1 L 40 [0 =~— RB7/PGD
RAQG/AND =-—-s[] 2 39 [] =— RB6/PGC
RA1/AN1 =—[] 3 38 [] =— RB5/PGM
RA2/AN2/VREF- «—s-[] 4 37 [] «— RB4
RA3/AN3/VREF+ =—[] 5 36 [] =— RB3/CCP2*
RA4TOCKI = [] 6 35 [] «=—» RB2/INT2
RAS5/AN4/SSILVDIN =—=[] 7 34 [1 =— RB1/INT1
REQ/RD/AN5 +—[] 8 g S 330 <— RBONTO
RE1/WRIANG =—=[9 [ & 330 <—-VoD
RE2/CS/AN7 =—=[]10 @ © 31[] =——Vss
Voo —= 11 & G 30— RD7/PSP7
V[ T e—— [j 12 = - 29 [] =— RD6/PSP6
o o
OSCH/CLKI ——=] 13 28 [] <—» RD5/PSP5
OSC2/CLKO/RAG <——] 14 27 [] =—» RD4/PSP4
RCO/T10SOMICKl <—s[] 15 26 [] =— RC7RX/DT
RC1/T10SIICCP2* <[] 16 25 [1 =— RCEITX/ICK
RC2/CCP1 =—[] 17 24 [] =— RC5/SDO
RC3/SCK/SCL «+—[] 18 23 [] =— RC4/SDI/SDA
RDO/PSPO «—s [ 19 22 [] «—= RD3/PSP3
RD1/PSP1 <—[] 20 21 [] «—s RD2/PSP2
Note: Pin compatible with 40-pin PIC16C7X devices.
DIP, SOIC
MCLRNep —=[]° 1 ~ 28[ ] =— RB7/PGD
RAO/AND <—=[] 2 27[] =— RB6/PGC
RAUANT =—=[] 3 26[_] <—= RB5/PGM
RA2/ANZ/VREF- <[ 4 25[ ] = RB4
RAJANIVREF+ =[] 5 o o 241 < RB3/CCP2*
Ramockl =] 6 & @ 23] <= RB2NT2
RAS5/AN4/SS/LVDIN =—= [] 7 Louw 22[] = RBA/INT1
vss—=[]8 + £ 210 = RBOINTO
osciicltk —[Cl 9 € © 200 =—voo
OSC2/CLKO/RAG =—[J10 B @ 19[] =— Vss
RCO/T10SOM1CKI =—= [ 11 18[] <— RC7/RX/DT
RC1/T10SI/CCP2* =—[|12 17[] = RC6/TX/CK
RC2/CCP1 =—=[]13 16]_] <= RC5/SDO
RC3/SCK/SCL =—= [ 14 15[ ] =—= RC4/SDI/SDA

* RB3 is the alternate pin for the CCP2 pin multiplexing.

® 2002 Microchip Technology Inc.
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PIC18FXX2

1.0 DEVICE OVERVIEW

This document contains device specific information for
the following devices:

« PIC18F242 « PIC18F442

» PIC18F252 « PIC18F452
These devices come in 28-pin and 40/44-pin packages.

The 28-pin devices do not have a Parallel Slave Port
(PSP) implemented and the number of Analog-to-

The following two figures are device block diagrams
sorted by pin count: 28-pin for Figure 1-1 and 40/44-pin
for Figure 1-2. The 28-pin and 40/44-pin pinouts are
listed in Table 1-2 and Table 1-3, respectively.

Digital (A/D) converter input channels is reduced to 5.
An overview of features is shown in Table 1-1.

TABLE 1-1: DEVICE FEATURES
Features PIC18F242 PIC18F252 PIC18F442 PIC18F452
Operating Frequency DC - 40 MHz DC - 40 MHz DC - 40 MHz DC - 40 MHz
Program Memory (Bytes) 16K 32K 16K 32K
Program Memory (Instructions) 8192 16384 8192 16384
Data Memory (Bytes) 768 1536 768 1536
Data EEPROM Memory (Bytes) 256 256 256 256
Interrupt Sources 17 17 18 18
1/O Ports Ports A, B, C Ports A, B, C Ports A,B,C,D,E |Ports A,B,C,D, E
Timers 4 4 4 4
Capture/Compare/PWM Modules 2 2 2 2
MSSP, MSSP, MSSP, MSSP,
Serial Communications Addressable Addressable Addressable Addressable
USART USART USART USART
Parallel Communications — e PSP PSP
10-bit Analog-to-Digital Module 5 input channels | 5 input channels 8 input channels | 8 input channels
POR, BOR, POR, BOR, POR, BOR, POR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
RESETS (and Delays) Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow | Stack Underflow Stack Underflow | Stack Underflow
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
Programmable Low Voltage Yes Yes Yes Yes
Detect
Programmable Brown-out Reset Yes Yes Yes Yes
Instruction Set 75 Instructions 75 Instructions 75 Instructions 75 Instructions
; . 40-pin DIP 40-pin DIP
Packages 2:;?-?:1'18%?0 2???8%?0 44-pin PLCC 44-pin PLCC
P P 44-pin TQFP 44-pin TQFP
A S S i e e e s e ]

® 2002 Microchip Technology Inc.

DS39564B-page 7




PIC18FXX2

T
FIGURE 1-2: PIC18F4X2 BLOCK DIAGRAM
Data Bus<8>
AN r—- - - - - — = 1
@ éL I PORTA I
RAD/ANO
[__Table Pointer | Data Latch | RA1/AN1 |
8 8 48 Data RAM [ RA2/AN2/VREF- I
; ; (up to 4K —_— RAJ/ANS/VREF+
21 Inc/dec logic address reach) [ RA4/TOCKI |
’ ‘Address Latch | RAS/AN4/SSLVDIN |
RAG
Address Latch 21, PCLATU |PCLATH 12(2] f |
i (TR Hrar
(up 10 2 Mbytes) PCU PCL 7~ || | PorTB I
Data Latch Frogrem, Sounter AN IZII 4§’I [ RBO/INTO |
m FSRO M RB1/INT1
31 Lovel Stack] || ]| igig | RB2INT2 |
1 12 ! ) EE?’CCPZ |
| o
b | RB7/PGD I
I |
| PORTC [
RCO/T10SO/T1CKI
| Rc1/T10sliccr2 |
s RC2/CCP1
Rogater i reaisckisct |
Bl RC4/SDISDA |
Instruction RCS/SDO
Decode & I RCBITX/CK I
Control | RC7/RX/DT |
0SC2/CLKO
OSC1/CLKI I I I‘ I I | |
Power-up PORTD
X=> Timer | RDO/PSPO |
T108cCl Timing ||| Oscillator | RD1/PSP1 |
T10SCO Generation |~ |Start-up Timer| RD2/PSP2
1T Power-on RD3/PSP3 |
AV Reset RD4/PSP4
o I RDS5/PSP5 I
4X PLL K= a og RD6/PSP6
oo I RD7/PSPT |
Brown-out | |
Precision 8
Voltage [ Resel ~J | PORTE |
i Reference Low VOIKBgB .
MMIZI Programming I [<] REO/ANSRD I
Voo, bes gna(b:‘:rcuit SEN {X] RE1/AN6WR |
ebugger __
X = I 5 RE2ANTCS |
| I
b "o T T e e e ) =
| e | Rl i
| Timer0 Timer1 Timer2 Timer3 —————3 A/D Converter :
I
I i it i |
| b U v & b L
| Master |
cePi ccP2 Synchronous Addressable Parallel Slave Port| | Data EEPROM
| Serial Port USART |
i i i i i iy e e, i s ) i [t i e (R (e [ GRS e eyl Sl s e Fpes Ve jemes pmmm e e (i |
Note 1: Optional multiplexing of CCP2 input/output with RB3 is enabled by selection of configuration bit.
2: The high order bits of the Direct Address for the RAM are from the BSR register (except for the MOVFF instruction).
3: Many of the general purpose I/O pins are multiplexed with one or more peripheral module functions. The multiplexing combinations
are device dependent.
A L e e ]

© 2002 Microchip Technology Inc.
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Freescale Semiconductor

50 kPa On-Chip
Compensated and Calibrated
Silicon Pressure Sensors

The MPX2050 series devices are silicon piezoresistive pressure sensors
providing a highly accurate and linear voltage output, directly proportional to the
applied pressure. The sensor is a single, monolithic silicon diaphragm with the
strain gauge and a thin-film resistor network integrated on-chip. The chip is laser
trimmed for precise span and offset calibration and temperature compensation.

Features

Temperature

« Temperature Compensated Over 0°C to +85°C
= Unique Silicon Shear Stress Strain Gauge

» Easy to Use Chip Carrier Package Options

» Ratiometric to Supply Voltage
« Differential and Gauge Options
* x0.25% Linearity

MPX2050

Rev 9, 10/2008

MPX2050

Series

0 to 50 kPa (0 to 7.25 psi)
40 mV Full Scale Span

(Typical)

Application Examples

* Pump/Motor Controllers

* Robotics

« Level Indicators

+ Medical Diagnostics
« Pressure Switching
« Non-Invasive Blood Pressure

ORDERING INFORMATION

MPX2050D
CASE 344-15

MPX2050GP
CASE 344B-01

© Freescale Semiconductor, Inc., 2002, 2008. All rights reserved.

MPX2050DP
CASE 344C-01

of Ports Pressure T

Blvice Hame %al;:tli‘:g: c::-a None | #Slngle | Dual Gauge | leferemlya:”| Absolute Deyive Marking
Unibody Package (MPX2050 Series)

MPX2050D Tray 344 . . MPX2050D
MPX2050GP Tray 344B . . MPX2050GP
MPX2050DP Tray 344C . . MPX2050DP
MPX2050GSX Tray 344F . . MPX2050D

PACKAGES

MPX2050GSX
CASE 344F-01

freescale

semiconductor



Operating Characteristics

Table 1. Operating Characteristics
(Vg = 10 Vdc, Tp = 25°C unless otherwise noted, P1 > P2)

Characteristics Symbol Min Typ Max Unit
Pressure Range(!) Pop 0 = 50 kPa
Supply Voltage!® Vs s 10 16 Vde
Supply Current lg - 6.0 — mAdc
Full Scale Span® VEss 385 40 415 mv
Offset) Vo -1.0 —_ 1.0 mV
Sensitivity AV/AP — 0.8 - mV/kPa
Linearity!) — -0.25 - 0.25 %VEess
Pressure Hysteresis(®) (0 to 50 kPa) - - 0.1 - %VFss
Temperature Hysteresis® (-40°C to +125°C) - - x0.5 = “%VEss
Temperature Effect on Full Scale Span(s) TCVrss -1.0 - 1.0 %VEss
Temperature Effect on Offset(®) TCVot -1.0 ¢ 1.0 mV
Input Impedance Zin 1000 - 2500
Output Impedance Zowt 1400 - 3000 Q
Response Time!®) (10% to 90%) tg = 1.0 = ms
Warm-Up — — 20 — ms

— — 0.5 - %Vrss

Offset Stability(”

1. 1.0 kPa (kiloPascal) equals 0.145 psi.
2. Device is ratiometric within this specified excitation range. Operating the device above the specified excitation range may induce additional
error due to device self-heating.
3. Full Scale Span (Vggg) is defined as the algebraic difference between the output voltage at full rated pressure and the output voltage at the
minimum rated pressure.
4. Offset (Vo) is defined as the output voltage at the minimum rated pressure.
5. Accuracy (error budget) consists of the following:
Linearity:Output deviation from a straight line relationship with pressure, using end point method, over the specified pressure range.
Temperature Hysteresis:Output deviation at any temperature within the operating temperature range, after the temperature is cycled to and
from the minimum or maximum operating temperature points, with zero differential pressure applied.
Pressure Hysteresis:Output deviation at any pressure within the specified range, when this pressure is cycled to and from the minimum or
maximum rated pressure, at 25°C.
TcSpan:Output deviation at full rated pressure over the temperature range of 0 to 85°C, relative to 25°C.
TcOffset:Output deviation with minimum rated pressure applied, over the temperature range of 0 to 85°C, relative to 25°C.
6. Response Time is defined as the time for the incremental change in the output to go from 10% to 90% of its final value when subjected to a
specified step change in pressure.
7. Offset stability is the product's output deviation when subjected to 1000 hours of Pulsed Pressure, Temperature Cycling with Bias Test.

MPX2050

Sensors
Freescale Semiconductor



Maximum Ratings

Table 2. Maximum Ratings(!

Rating Symbol Value Unit
Maximum Pressure (P1 > P2) Proai 200 kPa
Storage Temperature Tetg -40 to +125 °C
Operating Temperature Ta -40to +125 °C
1. Exposure beyond the specified limits may cause permanent damage or degradation to the device.
LINEARITY
Linearity refers to how well a transducer's output follows T 7
the equation: Vg4 = Vg + sensntlvnt'y x P over the operatrr_\g Least Squarea Fit I
pressure range. There are two basic methods for calculating
nonlinearity: (1) end point straight line fit (see Figure 2) or (2) Exaggerated S
aleast squares best line fit. While a least squares fit gives the e | PeMiorENCS Lo @ |
“best case” linearity error (lower numerical value), the = Cirve . . |Straight Line
calculations required are burdensome. S " S('J—S:rsét Deviation
Conversely, an end point fit will give the “worst case” error g PRl Deviation,
(often more desirable in error budget calculations) and the B ¢ 2! '
- i ; > o | [
calculations are more straightforward for the user. Motorola's o ’ ’
specified pressure sensor linearities are based on the end {’g A 4 # ¢ énd Point |
point straight line method measured at the midrange 2l i Straight Line Fit I
pressure. ’ | |
: [ |
| |
Offset | |
A L 1
0 50 100

MPX2050

Pressure (% Fullscale)

Figure 2. Linearity Specification Comparison

Sensors

Freescale Semiconductor




On-Chip Temperature Compensation and Calibration

Figure 3 shows the minimum, maximum and typical output The effects of temperature on Full-Scale Span and Offset
characteristics of the MPX2050 series at 25°C. The output is are very small and are shown under Operating
directly proportional to the differential pressure and is Characteristics.

essentially a straight line.

40— Vg =10Vdc ]
sl Ta=25%C A
—~ MPX2050 P
33— pi>p2 TR Z2F
= 25 f A Span
E MAX — P
= 20 % ~ Range
g PV~ (Typ)
3 15 =
5
0
-5 A t Offset
kPa "~ 0 12.5 25 375 50 Typ)
PsI 1.8 3.6 5.4 7.25

Figure 3. Output versus Pressure Differential

Silicone Stainless Steel
Die Coat Die Metal Cover
\ P1 Epoxy
Wire Bond / Case
i ]
RTV Die
Lead Frame
Bond

P2

Figure 4. Cross-Sectional Diagram (not to scale)

Figure 4 illustrates the differential or gauge configuration The MPX2050 series pressure sensor operating
in the basic chip carrier (Case 344). A silicone gel isolates the characteristics and internal reliability and qualification tests
die surface and wire bonds from the environment, while are based on use of dry air as the pressure media. Media
allowing the pressure signal to be transmitted to the silicon other than dry air may have adverse effects on sensor
diaphragm. performance and long term reliability. Contact the factory for

information regarding media compatibility in your application.

MPX2050

Sensors
Freescale Semiconductor 5



PACKAGE DIMENSIONS

L<

NOTES:

Y14,5M,

1994,

. CONTROLLING DIMENSION: INCH.
. DIMENSION -A- IS INCLUSIVE OF THE MOLD
STOP RING. MOLD STOP RING NOT TO EXCEED

. DIMENSIONING AND TOLERANCING PER ASME

4 4 16,00 (0.630).
A- INCHES _[MILLIMETERS
DIM[_ MIN | MAX | MIN | MAX
A | 0595 | 0630 | 1511 | 1600
B | 0514 | 0534 | 13.06 | 1356
C | 0200 | 0220 | 508 | 559
D | 0016 | 0020 | 041 | 051
F | 0048 | 0.064 | 122 | 163
G | 0100BSC 2.54 BSC
] F J | 0014 | 0016 | 036 | 040
J L | 0695 | 0.725 | 17.65 | 18.42
Y M 30" NOM 30" NOM
N | 0475 | 0495 | 12.07 | 1257
DAMBAR TRIM ZONE: —-fat— R_| 0430 | 0450 | 1002 | 11.43
I$!0'136 (0.005) ®]T] A ®| THIS IS INCLUDED Y | 0.04 0052 | 122 132 |
WITHIN DIM. “F" 8 PL Z [ 0106 | 0118 | 266 | 3.00
STYLE 1: STYLE 2 STYLE 3
PIN 1. GROUND PINT. Ve PIN1. GND
2. +0UTPUT 2. - SUPPLY 2. -VouT
3. +SUPPLY 3. + SUPPLY 3. V§
4. - OUTPUT 4. GROUND 4 +VoUT
CASE 344-15
ISSUE AA
UNIBODY PACKAGE

SEATING =

PLANE L=

NOTES

1: DIMENSIONING AND TOLERANCING PER ANSI

e e Y14.5M, 1982.
—» R ol L lal. 2. CONTROLLING DIMENSION: INCH,
H INCHES | MILLIMETERS]
- DIM[ MIN | MAX | MIN | MAX
A | 1145 | 1175 | 22.08 | 29.85
N 1 B | 0685 | 0715 | 17.40 | 18.16
F',’gg.}':,‘e 1 Q- C | 0305 | 0395 | 7.75 | 826
PRESSURE D | 0016 [ 0020 | 041 | 051
P1) F | 0048 | 0064 | 122 | 163
G | 0100B5C 2.54B5C |
B H | 0182 194 4,62 4,93
J 0.014 0.016 0.36 0.41
K | 0695 | 0725 | 17.65 | 1842
LJ_ L | 0290 | 0300 | 737 | 762 |
N | 0420 | 0440 | 1067 | 11.18 |
[P- | P | 0153 | 0150 | 389 | 404
Q | 0153 | 0159 | a 4.04
$|®U.25(0.010}®|T|Q @l A 0230 | 0250 | 584 | 635
et S | 0220 | 0240 ] 559 | 6.10
J U | 0810BSC 2311 BSC
Cc (=
D 4 pL—jf—o
[ [0.13 (0005 @[ T| s ® [0 -
PIN 1. GROUND
2, +0UTP
3. +SUPPLY
4, -OUTPUT
CASE 344B-01
ISSUE B
UNIBODY PACKAGE
MPX2050
Sensors
Freescale Semiconductor 7



SIM900
The GSM/GPRS Module for M2M applications

SIM900
GSM/GPRS Module

—mmmuumn—
 sz-1vass _ é
| marunesseman ¥ 888..;-_;
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| T

The SIM900 is a complete Quad-band GSM/GPRS solution in a
SMT module which can be embedded in the customer applications.

Featuring an industry-standard interface, the SIM900 delivers
GSM/GPRS 850/900/1800/1900MHz performance for voice, SMS,
Data, and Fax in a small form factor and with low power
consumption. With a tiny configuration of 24mm x 24mm x 3 mm,
SIM900 can fit almost all the space requirements in your M2M
application, especially for slim and compact demand of design.

e SIM9O00 is designed with a very powerful single-chip processor integrating

AMR926EJ-S core
¢ Quad - band GSM/GPRS module with a size of 24mmx24mmx3mm
e SMT type suit for customer application
e An embedded Powerful TCP/IP protocol stack
e Based upon mature and field-proven platform, backed up by our support

service, from definition to design and production



SIM900

The GSM/GPRS Module for M2M applications

General featrues

Quad-Band 850/ 900/ 1800/ 1900 MHz @

GPRS multi-slot class 10/8

GPRS mobile station class B
Compliant to GSM phase 2/2+

— Class 4 (2 W @850/ 900 MHz)
—Class 1 (1 W @ 1800/1900MHz)
Dimensions: 24* 24 * 3 mm
Weight: 3.4g

Control via AT commands (GSM

Hands-free operation
(Echo suppression)

AMR

Half Rate(HR)

Full Rate(FR)

Interfaces

07.07 ,07.05 and SIMCOM enhanced AT @

Commands)

SIM application toolkit

Supply voltage range 3.4 ... 4.5V
Low power consumption
Operation temperature:

-30 °C to +80 °C

Specifications for fax

Group 3, class 1

Specifications for data

GPRS class 10: max. 85.6 kbps
{downlink)

PBCCH support

Coding schemes CS 1, 2, 3, 4
CSD up to 14.4 kbps

ussD

Non transparent mode
PPP-stack

Interface to external SIM 3V/ 1.8V
analog audio interface

RTC backup

SPl interface

Serial interface

Antenna pad

12C

GPIO

PWM

ADC

Compatibility

AT cellular command interface

Approvals (in planning)

CE
FCC
ROHS
PTCRB
GCF
AT&T
IC

TA

Specifications for SMS via GSMPin Assignment
| GPRS

Point-to-point MO and MT
SMS cell broadcast

® Text and PDU mode

Drivers

MUX Driver

Specifications for voice

® Tricodec

More about SIM900 module, Please contact:

— Half rate (HR)
— Full rate (FR)
— Enhanced Full rate (EFR)

el
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E
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[
W
e
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200
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T
sme
CEA L EEH RALELE
Tel:+86 21 32523300

Fax:+86 21 32523301
Email:simcom@sim.com



CSR BLUETOOTH MODULES
MB-CO04

Specification
Version 1.0
15-May-06

Product No.: MB-C04

Product Description: Class2 BT SPP Module

Issue Date: 2006/5/15

Release Version: 1.0
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Module Technologies Inc..

1. Hardware & Technical Information

1.1 Pin definition

Antenna
1 GHD —— 34 AGKD 1 GKD
2NC RF OUT 33 IRF_OUT i 2 nc
— Sl 32 AGKD om0
STEST & i 3N POy 4TEST 4
sTesT s =01 % i Y s 7es7_o
© RESET P12 2 sl | ¢ ReseT
7 SPI_MSO s 287103 7 8PI_WISO
e 3p_Cse P104 27 27 P04 |
3 SPI_CLK PI0S 2 M09 | 2 551 cuk
10 5P1_MOS PiOS 2 25 PI0S 10 591_nosi
11 UART TS P4 2 P07 11 UART_CTS
12 UART_TX 23USB- use-. 12 VART_TX
13 UART &T8 22u88- 22UsB. | 12 usnT_ATs
1" u:-.llr:ﬂx 21 POM_CLK 21 PCM_CLK | 14 varT_Rx
15 VEC_1 Bv 20PCM_IN 20 PCM_I | 15 vee 1 o
- '.'::-s'. J : 22 19 5CM_SYSNC  TIPCM_SYSNC | 16 vcc_av
" cu::- s o ; " 18 PCM_OUT 18 PCM_OUT 17 GND
:Ln Name Type Note zg’ Name Type Note
1 Ground 34 |Ground
2 NC 33 JRF OUT Qut
3 Ground 32 [Ground
4 JTestA Internal testing using | 31 [PIO0 InfOut
5 |JTesiB Internal testing using | 30 [PIO| IndOut
6 Reset Input 29 |JPIO2 In/Out
7 SPI_MISO Internal testing using | 28 |PIO3 In/Out
8 |JSPIL_CSB Internal testing using | 27 [PIO4 InfOut
9 |JSPI_CLK Internal testing using | 26 |PIOS InéOut
10 SPI_MOSI Internal testing using | 26 [PIO6G nfOut
11 JUART _CTS | Input 24 |PIOT Qut Driving LED
12 JUART_TX Out 23 JUSBE- InfOut
13 JUART RTS | Qut 22 JUSB+ I/t
14 JUART_RX Input 21 JPCM_CLK InfOut
15 [VCC 1.8Y Out 20 [FCM IN In
16 JVCC_3.3v Input 19 JPCM_SYNC 'Ot
17  JGround 18 JPCM QUT Qut
;Ln Name Type Note :I: Name Type Note
35 JFIC8 In‘Out 37 JPIOI10 InfOut
36 JFIO9 In‘Out 38 JPIO1I In/Out
3
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1.2 Mechanical Specification

| }4 i — NPT
+ I

21.8mm

1 3m T
1?'?1-"-1.} l<

Fid. 1.2.1 Mechanical Specification

4
12F, No.866-8, Thongjheng Rd., Jhonghe City 235, Taipei, Taiwan
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Module Technologies Ine..

Kz;?’?wlu&or For Your Success

1.3 Block Diagram

Crystal

i

PIO4

Balanced CSR BlueCore-04
Filter External

il

Flash
Memory

Fig 1.3.1 BT-Class2 Module Block Diagram

5
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Module r!"\'i'lllh‘i\"}'ik‘\ Inc.,

1.4 Electrical Characteristics

BT-Class 2
Min Typ. Max. Unit
Supply Voltage 3.0 33 3.6 W
RX Supply Current - 30 - mA
TX Supply Current{Normal) - 40 - mA
TX Supply Current{Continuous) - 13 - mA
Sleep Supply Current - 1 - mA
Storage Temperature -20 - +85 C
BPower Consumption
BT-Class 2
Mode Avg.
Standby ImA
Transmit 40mA
Receive 30mA
M Operating Conditions
Voltage Range 3.3v=0.3v
[Operating Temperature Range -20°C ~80°C
Storage Temperature Range -20°C ~80°C
|Re|ative Humidity (Operating) <50%
[Relatwe Humidity {Storage) =90%
6
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Module Technologies Inc.,
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1.5 Radio Characteristics
B BT-Class2 BT2.0 Module

Frequency Min | Typ Max BT Spec. Unit
(GHz)
2402 - -80 -86 dBm
Sensitivity at 0.1%BER 2.441 - -80 -86 ==70 dBm
2.480 _ -80 -B6 dBm
2.402 - 0 - dBm
RF Transmit Power 2.441 - 0 - =0 dBm
2.480 - 0 - dBm
2.402 - a 75 kHz
Initial Carrier Frequency
2.441 - g 75 75 kHz
Tolerance
2.480 - ] 75 kHz
20dB bandwidth for modulated carmier - 800 1000 < 1000 kHz
|ant (Five slots packet) - 15 - 40 kHz
Drift Rate - 13 - 20 kHz
R ‘ I 2.402GHz 140 165 175 . kHz
ﬂtlw: ‘Maximum Modula 140 < Atlwg
- 2.441GHz 140 165 175 kHz
ion
2.480GHz 140 165 175 kHz
_ 2.402GHz 115 | 190 - kHz
Af2ew: “Minimum Modulaf
fion” 2.441GHz 116 190 = 115 kHz
i
2.480GHz 115 190 - kHz

7
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1.5 Reference Schematics
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