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ABSTRACT

This thesis is a study of the blood pressure measurement with the string
Oscillatoria Lome. The principle is Increasing pressure to arm wrapped condom (Cuff)
to shake the walls of the arteries. Size will vary depending on the oscillation period of
the blocking of the arteries. The pressure difference, the pressure exerted on the
blood pressure arm wrapped condom use in the analysis of the systolic pressure
diastolic pressure acrylic and mean pressure. Then take out the principles and theory
of an experiment on the use of LabVIEW and the signal analysis. The trial will take the
pressure sensor attached to the bag, rubber sleeves and DAQ sensor pressure
transducer pressure in the form of an electrical signal passed to DAQ in order to
signal that it used to Process for the pressure difference. The results are based on the
theory that the blood pressure by Oscillatoria Astrid Salome was applied to
GODELOX-GFX2 equipment to process and display the systolic pressure diastolic
pressure acrylic and the heart through the display OLED.
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Pressure (mmHg)
A

Systolic Pressure

/\ /\ Mean Arterial Pressure

Diastolic Pressure

P(t)

A
.

A4

Time (Second)
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systolic+(diastolic x2)

MAP = PR — 2)

nguaunsn 2 lusllel

systolic—diastolic

MAP = + diastolic ... (3)

PNFNNTA (1) - (3) arwrsamarusuedslawndudmsuanund widrauldig
ANRAUARNINSEUUNTYINUYeIiila (rregulan) agldAausuaisdaianuLanaeiy
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lafimuunaanidnvesnasuaslalud mﬂ'nmulmt,aaimam“m Armududwasgnlddy
AUsznaveslSnslafinfioananilaudasass AAuAULRAY (Maen Arterial Pressure)
%U@nmmmmmmmiwﬂaﬁmlﬂmmmumwq Y519 le

2.2 ﬁzUU‘wquﬁﬂﬂaﬁﬂ (Cardio Vascular System)

Tussuumyuieulada awrsoudadudrulngfldaesdude wala (Cardio) dwine
duiafiowluwndsdremdsanuliflain wazdndrunilsléun naonladin (Vascular) dudy
wwhu‘u@ﬂaﬁmlﬂﬁaﬁ'auﬁmq v83919Me vauzRednuiilulensednlnanunsruumendsls
asodn Falddusilafinuuludidusine vessemelsuanmstuivesnauienile N9
ﬂ'swaamimumaqm’twvwmuiawmﬂ‘smmwu&q 138071 Stroke  volume nsaveanlUd
dausineg vesiume shliflaSeuldtuaiesguitanusonualaislilnadudiuasdu
sanlulnemsmuaumale - Unvesdusiila Tumsgudalaiineanainiilaiiendt dalnda
Larnsramsaulaiadianienit lauealnan

vilaudmnandunisgudalaialilvanunaealafiniethdeiiusslovdl Ui
waduazihaswadbisesnisnduuitedinesnuenstenieniedeunaslingud
Usglewllasn %éqL‘flufi’guﬁﬂﬁfg’Luﬂwiﬂi’;am‘uquLLaz%’ﬂmamwauaawm?idané’au‘luéwma
nsladsuvedladnlusrismedulngerfoussdusveaiala (Heart Contraction) wazdau
tovenfuauiawosniivasnladin ussduresnduiearsvewils (Muscle Contraction)
anasunsludendoviuuenuazausunieludeias

sruumsivaieuvedlaialusanewddddlugg Ju 2 szuvfonisivaivuaadladin
Auvenliend1 “Pulmonary  Circulation” waznisluaieuveslafinsiudiuressiene
38Nt “Systemic  Circulation” n1sluaeunaslainadiudlunalaisonia “Central
Circulation” #n1slvadsudrunarsduduanlainiiluasiniilag e (Right Ventricle)
vinguemruvaenlafinuasmgluuiis (Pulmonary Artery) Fussqlafinsn ieiinguanay
LLanwuwmUsaﬁ’umnmaaunsmﬁ"«ﬂwaamiaﬁmNas%‘iqnszmaa;Jjﬁaw] geaulen
(Alveolus) ma’LuUamsﬁmmaﬂL‘LJé"EJuaam%wuuasm%uauimaaﬂleﬁiwdﬂﬂaﬁmﬁ‘uqaau



reantulaiinazlvaseninleanienaenladindngluun3d (Pulmonary Vein) whgwala
Wosuugy (Left Atrium)
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Sysicmie Pulmonary

JUA 2.2 uansguanununsyuulvaieuladingiunneg
971999970 : a0 1TUIY Wadneneansuasiwalulad uniivedouding

nsmaieuvedladediuininieiieniinisivaivuveslaindiulaie (Peripheral
Circulation) uduainlafinuadlnasenainiizlaviosdnsdne (Left Atrium) lihgnasnladia
woslug  (Aorta)  wdruenluidesdiudeg veainene nasaladauaslnajueniiu
2 wyus Aoluidpainaisuruaniodolndifos Snuvumiaaundiugrmesanedady
dledodaulng lainainuaealadnunsivaluarunasalainune (Artery Vescel) vaen
lafinunssas (Arteriole)  guaealafindesaaniinuasalalinnesidiguasnlainddon
(Venule) saingwasnlaiinm (Vein) wagavinglvadivaenlafiadlngnduidrgialaies
970U (Right Atrium) la#iniiaindiuuuniunivaenlainmiiuinauu (Superior Vena
Cave) anehudtulufunasalaiinduinians (nferior Vena Cava) G‘f»ﬂl,l,am’lugﬂﬁ 2.2

2.3 anwasanaudAnIeidndursUsznisvadlaiin

suunisinaisuvedlafinsyneuieinsedsvesienarsvuiadeiivialafugngud
nanavimihiigudamiiouty dauuseneveslafinuszneudiowadidalafinuaynanas
Tafindadumsihiifienamiaunniidesas 99 veuvadiialafinunuariidiutes fuead
dinlatnvauazindnalaiin anifegluwadidalaindoniraniluead arsthilegly
wanan3enit ansihuenivad

1) uunlna3n (Hematocrit)

auundlafinlaildduvounarimuausdszneudisduiifuwaduaswatan

wladuwadlainuns 99% Avdaithugadlafinvnuazdulsznousug aunsanrioonin
\JueBuamlnadn dri “Buamluain (Hematocrit) aznanldinduaifiveniesidusues
Tadinluduiduead foghe wu BuumneSnvssmednisvuszann 42 YDIENYIUTEU U
38 Tnoiady AduuvivaivnvesnuUnivsvann 40-50 dauvadlainuuneniuiniladin 100



duiliwadifialainuacay 4050 dwiivdedunaraun i iadBuuminaivilaaigauansin
Tadiafimnamilaunn fnavilfaudumunisiveSeuvesladiniiuiu
2) anumilavaslaia (Blood Viscosity)

Uadeddysunilsiiinadenuantinislaunialussuumudolatnfonumin
vaalaiin (Blood Viscosity) @aauiumdimmuluiiovesinaiitedunisiva Tneunfveslna
fflmnumiinasiazioniivedlwaiafu (Newtonion Fluid) faog1aitu ¥ udvesinaung
vilaifiansuviuassegidusunnegiady Taiinvziinnminlinsituogiuarmssly
mslusdasidenvediuaussaniiindu Nonnewtonion Fluid uenanniianuniinvedladio
fuagiurBusminen usvrunvemaeslainaug iy

ANnuniinvadlainivualaandnsidiuveusududoy (Wsesnunisive) de
Velocity Gradient AV/AX st Weuaunsvesdulssavivasaumiiady

/A
T T Av/ax

= fouswiuluvediva

- Aofluiivihdausanisiva
Aarmslunisiva

= feszeevnsiivedlvalvald

X < =
I

3) mwsiulelasauaia (Hydrostatic Pressure)

Tuszuunisivaieunnuduladiniinuvaie 2 dnwazAsuuuausiuiiaiaiy
ausanuelaincululunasnlafinlm3sniinausiusiuenn (Longtudial Pressure) way
wuiliuussiugeannsadasliiilauazaonlafinassogldliunuasiuEonitauiu
AUt (Ateral  Pressure) AusuTiLanseiusenienelufunieuenionitaudy
MW (Tranmural Pressure) mmﬁuiaﬁm’lmzﬁuﬁluswLﬁmﬁ’u%ﬁﬁhwhﬁunﬂﬁmmq
vaevaoalaiindiliaufuUEsunlas AudunsIsEiuRINIRRIMEY h uRLATaE
11U pgh LﬁaﬂqﬂuagmaﬂiuﬂﬂidwuLLasUquﬂﬁ‘Lﬁ’ﬂumqmiLLWVIéWLﬁEJUﬁUﬂ’Jmﬁu
ussemAlasiodnaufuUsIE Aty 0 Fafudianuduladin 90 fadwnsvesUsen
NUYE9 Fhmmﬁuﬁguqm'jwmmmﬁumimmﬁ 90 HadATUTON AIIULANANUDITEAY
veumaI 2 FdemAuiuiinlddveananiuusen auuenieie ey
fadwnsvesdsen (mmHe)  d1veananduiAivesruiaslueuiiunsyenivie
faAATveNN

mmﬁulﬂimamﬁﬂﬁgﬁﬂmﬂmmmeﬁhwaq'ﬁsﬁﬁ’wawmmmﬁmwﬁwﬁmﬁmﬁu
A35IMe1v0eNTUABUNIIB3 198 (Posture) LiasarnunizyinBusysuremanalafinuns
vy (Aorta) fudiduniaindiseiusineiu vhlkeudulafiniivhgeninivaealafaundug
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UM 2.3 uansdnuaiznisivalisuveslaiin
91989970 : @nwide Waundvermassuazivalulad uniinendeuing

(Aorta)  wnnuarluvariivinisAnarusilainluaonlafinuaauusidsa  (Brachial) wile
tamenaglndifssiuilanadluviueusu manudulafinaglndiuivaenladnundvane
waaLLidIﬁm"Jwaﬂaﬂmmaﬁuauswﬂ'mJﬁuiaﬁmﬁmaé’laﬁﬁ'ﬂ%awgaﬂﬁwﬁﬁiWLaxﬁL“v’f'l
019vzganiniialadindos Tuvnefidunssraudilainnsesyiuilasvasiivinfuisesu
Aswrariimanusuladinansias ehu‘i?iLﬁ'lﬁ]sﬁfiflﬂamﬁuiaﬁmgﬁ?uLﬁadﬁnﬂt.ﬁﬂﬁud'wum
Tan msiiiunTeaniveyiunagauasnnusuutiuvesiadin (Density: p) kazdnsswass
Tudasvadlan (Gravity, ¢ FsUnfwinfu 980 cm/$? warAuwAnsIvessEiunaanladio
(Hight : h) wiheslueuiiues Sranuminiwiuvedlafinuwidu 1 auweniwessEduiaen
Tassndnseiuiale 120 wuhuns funufuLenA99siniy 1x080x120  winiu
117,600 metsiaamsnguiiunsiowiniu 88 Jadwnsveslson (1 dadiunsvoslsemiiiu
1,332 A18UFaR15 1 URALLAST) uSeeatiisuinfuatausulelasauninvinfu
0.77 fiaflumsUsondawuiuns dumanusulainuemaonlafinuamsseauilawntu
100 HadwnsUsenuasfivinaziviaiu 188 ﬁaﬁmmﬂsawLLazﬁﬂ%’wsﬁqqqniwwﬁuﬁ’fL%
50 Lwudwns azsinnudulaiaminu 100 - (50 x 0.77) Aewihiu 61.5 Tadwnsvaslsan
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4) Ysumsmsivauazainuisiveanisivae

Usunmsmisivaniednsinisiva (Flow Rate) nunsdauiuinsvewoavainivaluls
senilsvthenal dufusamnisivaveddainluszuunisivaisuvedafindeimduuiung
vadlaiindanan UsuinsveslafinfioanainilovusiniaUseun 5 ansdeundt diu
ausvesnisiva (Flow Velocity) Tadussesnasemiona daiusnsinisivalaeaie
auiluinidinvesiearhiuuiinasmsiva vazvesmaritlvarululdludaladiunis
gaeszuunsivadou Usnmsmsmasswindudusiuiidnogsinstudanuvesnisivase
Wasvluudiinmsnislnavedlafinfiiuvaeslainundvaiamunsiiulsinsvedaiod
Tnashunaealafinuasiomasiuiuuiinasveslafinfiiuvasslainsdosaun Aaniaes
voslnavguusundufuiuiinie Tafinazlvasriianiivaealadinunddvgjuayinatiianly
waoalafindoy

AuduiussEwI AR uiua g mesnsivaty nslvavesladislunassladi
wilounislvaveninluvierh Wisiinnsina 2 wuude nsluaiifudusuuua (Laminar
Flow) Aamsivalurienseq lnsnansiearlvaiirfigauasdnuuuniadunisinawvudhundu
(Turbulent Flow) wuldwaugiladinlvasismuiigainifuausgeings (Critical

anumznsvauLL anuniznisinauuy

STREAMLINE TURBULENT

Critical velocity

FLOW

v

mswlReulaannf (PRESSURE GRADIENT)

UM 2.4 uanansilSeuiisuninusuiiiuduiuanwaienisviavesveawian

U

109N : AR 8521083, sTuuMTIRAusuladin lagldiSeeadlawnsn. 2544

Velocity) wisluanuviefifiu nislawuufondsausuguasldwdoanumn udldusums
vouvnaintuliidudndrulagnsaiunuiuiiisiy
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5) euannsalunsiaveediuazaudavguamasalaiin

waoalainamnsadavened (Dispensability) wasvadald n1swasuuUasunniios
seiululuusazuiswessneiny waealafindudsuuladdszna 6-10 wheemaenlaiin
uasuanirausuisiuilafinlnadiluussglunasalafasunnnimasnlafinuns
Ussinad 6-10 Wi vaugiveniinnsildsuwlastosninfosinausiuladindoudros dau
nsvenemvamaealalindnnimasalaiinuasUsyana 2 wh aulavgussmasnladin
(Vascular Compliance) @mnsamaldaindndiunesnisiiul3uinsuasnisveneinonis
dueufunaenladafifioudavguliun Weiuaudiusaduudiasnsivaldun

131

2.4 anuaulaina

arwsulaiauadldtinsinnfausnludaslud a.m 1773 Tnguto Stephen  Hales
dningimansynidingy linaassiarnuduladinveuihiiidsaavey lnsldvenaeaudy
UaneiUaunadnlunasnlainluguinuireuszdunanisdsundawesimnuiilaing
WegetuUszinm 8 We 91nseduila veaeslul e, 1731 udldfinasalua 1ilod
A.A. 1855 uazlul A.A. 1904 AMZNTIUN15U8lTINBIUIA Massachusetts  enaunauailod]
msiaanusuladiaunmneidlusazyhmsnindn aulutigiuilldioiiiausndulunsia
FAmiulafinung erndalnde lauealndn manusuwads wasAiauduTnes Loy
IneTBneasansanees

JUN 2.5 uanansveaesindimuaulain aorta lushasauwsn

9109910 : WAANA WInUTHiEsy/ adm wgdy, inssinanuiulben 1

anudulaiaiudunnusunisdudneiinssyidentwemannladin diurAitusy
Tafinunaade (Mean Arterial Pressure) L‘ﬂuwaﬁ]fwuaqm’mﬁwumumawaaﬂaﬁmﬁgﬁwu
(System Vascular Resistance) ffuuSsnalafinfidsoanainiilasiewndt (Cardiac Output) &1
durosammlafiouaund Aausulafinuadadsiimuseaa 1/3 YoeAuuLAnge
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sgninAusudaladaduaiudulauealadanisinasiudulafinlaeislvuuelidy
2 Usean Ao n3innnudulainiadlaeniansy (Direct  Measurement of  Arterial
Pressure) mstalngisidnisaentavoidlulunasnlafin Snuseinnmisie nsaarudy
Tafinunslneiivnedon (Indirect Measurement of Arterial Pressure) 354 lidosaonldriawd
Wunaenlainusldiinedouielildmvasmuiulainwng
AuRulan (Blood Pressure) Limainuanistusivesidla A1 “Annudulaiin”
ffnvgvneisnuiulafiouny (Arterial Pressure) Fanruadnuduaiasiaiunsainnanudu
Tafinfdulddie Wuanuduladindn (Venous Pressure) uazarusdulusiasiala (Cardiac
chamber) ausulaiinludiusingg vesederglusnnevsssvuulvaisulaiinldwindumnn
wlagnlunuslalinunsiidsainilagausnaziinnudugege soantuazaoyy anag
wiwasalatindlvgiiaziingiladseedimnudusiian
auslafinuaadidnuaeidu Pulsatile Aogegnuazsialadiud (Systolic) wazsge
vzalanaeds (Diastolic) usidlofmanalafinidng dnwagueenisiia Pulsatile aeAoeY
anasuazmualuiiastiesduiinannisianguuazamiuiuniuvemasaladin n1sivaen
Tafindesiimusuiinsgnaenlafindnihiduredwieviedidssdladiniidioonanialaly
Aot Terzanqitiiinie anusulafinuadluszuulwaisuwninnisganiiszuuinaiou
HuUaA (Pulmonary Circulation) 4 5 AAMUAULARRAN
1. mwsiuladingeanunziilalui Sondy Falada (Systolic)
2. avwilafindnaavnigirlanaed 5enin lauealndna (Diastolic)

Ju—
———
t

=1

SUN 2.6 uanasuntanisinausulseneununsiledyanaiings

v oo

92989910 : WA WinUsealy/ a1om unde, irsesinauiugen 1

3. ANULANANYBIALAU Talnda uaz lauodlnda S9N AUAWTNDS
4. AnAsvesniudiu Falndn uas lawealada Sonin Auaede
5. muunfidngauues Ialnde : lauodalnde : Awas = 3:2: 1
ausulafnlaeriluinosuunelis Systemic Arterial Pressure vaswasnlafinums
yuInUIuNae A9 Brachial Artery
2.4.1 gﬂﬂé‘ummﬁ'ﬂaﬁm
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mwsilafinfioussiunSeusiiiniu Tneladslunionhefuivomdaduladn
uaa ussiuiafsaasilivintuussiontonheiuiluiienmanuunauen Fudunen
nnnguesthamaluntsinisanmsasiuusiureana Aeussiignassinuazviiulufionis
Fauanniiemduveaas muiulaiinunsariinsudsuudasedundilussnintesaunis
vhamvesiils (Cardiac Cycle) Amnusiugednuamasslafinunaiondt dalndn (Systolic) &
Juraunannisinvedlainludulaiiauaslug (Aorta) Inevilavesansdie (Left Ventricle)
mnufuanvomasnlaiinuaadondt lawealnda (Diastolic) wusngeglusaiiasunie
lowealndaa vessoumahauvesidla duandugui 2.7

Inlasinuand
120 PN =
S A\ LI9AURRTAN

) . A .
:IE: 80 e N i
= 7] UNAUNUNTIARTNE
= Ejection

&

7

(]

S 40 Falaa lanaalng

0.2 0.4 0.6 0.8 1.0

a1 (A7)

JUM 2.7 uansgumduussaulaimiduiusiunisviauvesiile
871989970 : MER 938188, sruumMsIneusulain Taeldiseeadlawnsa. 2504

uugURAuANUfuRzUTINg seemdnuiaidundt Dicrotic Notch Suiimiilownandubile
Tuvauglnaauduiruilunasalafauadeguiiuausuluilatesdis vliladie
Uwqﬁaulwaé’auné’uﬁﬂﬂué‘aﬂiswuﬁuﬁyuﬁﬂaﬁﬂmagiumuﬁwaa‘[aﬁmﬁwaaﬁauné’u
senudnafaiiu Dicrotic Notch Avaudulade (Mean Arterial Pressure) 9gunuAIA71M
fundeitialdluseunisrhouresidle Amuduadserlifunseasmeadnmanivos
AuugEALaTAIFUAgn Ins1zALRulafinuAtIzLUTANLLIAY ANLFURABIZgN
ﬁﬂu'sm‘[ﬂﬂm'i%uﬁmimmmﬁuﬁqaﬂiWiﬂﬁﬂiaumiﬁ'musumﬁfﬂﬁ]Lgasm‘sﬁwnaﬂwﬁﬁau
N19919uU Tagaunis




14

T

Pave = 1/Tf p(t)dt
0

Fa T WJunardwmsuunissaumsynauvesinla meﬂ,ugﬂﬁ ol

ﬁaﬂ'umfmé’fuqq%Lﬂmﬂmwﬁﬂuam‘umiaumsﬁﬂmwmﬁﬂ% LAZAINUAUMN
2zUsraEn luAINYDITaUNISYINILYR LA LSIEILSWBUANNTS

_ systolic + (diastolic x 2)

M
ap 3

AAuiudBsarinsali duaiidauddyiiaavasiaudulaindes
\uArfluendsaniwnisieueesiala TnsunAriausduldoasiosgendt 40 faduns
Usen tendnideaialaduivas Aanusuaderlifinadesustveseauuadiaoiiluudaf
whifinasie Arhythmias lTunsiAsuudasmuiavesguadunudulafiouns sruvesa
Fuunfasndudilfie

AVINANENER 100 - 140 Uadlumsusew
A LAUAIER 60 - 90 fadwmsusen
PwiUEAs 80 - 100 Hadlunsusen

s

2.5 Uadeiiinadonisiasuudasanusulain

Jaseiifinaronisiudsuudasairuduladininarsegrslngundaiausulain
(Pressure: P) Guediudinnsnmisivavadlaiin (Flow: F) uazaudiumuvevasalain
(Resistance: R)  safupuduiuseasnnusuamusaidsuduaunisldae P=FR  1ne
Usesnisivavedlainisenmedelafinmmuaiidueanainila

Hadeiifinasonmsiasuasmmusulainvessanouszneusneg fai

1. ammsalguislafimuasiala (Pumping Action of Heart) anugalaiudlafiniiean
nnlalvaidiguasalaiin ﬁ’f[,ﬁmmﬁu"luvlaarﬂiaﬁmﬁumﬂﬁuwﬁwaaﬂaﬁmgﬂﬁmaaﬂ 1
wlaluldussUinnsladinfieensnilessanniu Ingunddvnledulaineonuinagyinly
Tadielnaluldundu fatunistusvesiledeinadonusudaladaunniifausy

lawpdalndruazaiusuiasvaslafinluunsifandeainladusfndurinlyaiaiusuy

€

lmaa‘lmﬁﬂgaﬁuﬁw

2. Ysinmslafinluszruulnadsu (Circulating Blood Volume) vaisiilafinlvaiounay
wlaaenlaiindnveiedlad danudunislunaselainizeygluseiuung uasusunsves
Tadinlvaudwilaavund widhivsumslafieuintundwierlatuiléniu viiliaag
fudalnangeiudnUinnsvedaindgileanasenanuiudalnanavanasio

3. ArwduusnduUmeunvemaselaiin (Total Peripheral Resistance)
wugfivasnlafindiuvatsiinudiuniuiuiy %W‘U'ﬁwFhmmﬁulmaaimﬁﬂqﬂﬁuiu
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srovusn mnudanaealafindnvenedalalifudregvinliladndilvasonainsalalells
Uiwasluaundidandennifiladuduiindu unavinliusunsvesladisluaidgilald
anas lunnsnduiuiiauiumuasasdulasazyilisanusulatealpdrana

4. mumilnuasladin (Viscosity of Blood) drarumilnvedadiniiudy fnavinlaiy
funmunsinadsuvedafiniiaiy ililadnlnaldliazaan Wiledesdunssdudininudy
Falnangatuuazamiulauedlnandsgetunilufae

5. nstinvgnevosnianasnlaiin (Dispensability of Blood Vessel Wall) n1sfivaen
Taﬁmﬁmﬁmmaﬁ’av?ﬂﬁ%’nmsxﬁummmﬁulmmaim%ﬂLLaxﬂ'wmmﬁ’umﬁalﬁﬁhﬂﬁgw%
sunnluiiefimufinunfivessaneiiniy

6. Nafuamwiﬁmiwnaﬂaﬂ‘umsuauswmmﬁ'u'[aﬁmLaﬁﬂﬁﬁ'ﬂaawqandwﬁﬁiw
\@ntioy ﬁLﬁ?@’l%@ﬂﬂ’j’lﬁﬁ’ﬂﬁ]Lgﬂﬁ@ﬂwjuﬁu Wiz BunsImAuiulafinnsessuloaaei
WAy fiswrazansiag ﬁauﬁtﬁwzqa*ﬁu dlossnusdifugasedan

7. 01y Amnuiuladinvesnulnfaein anududaladavesinusniinussann
40 fadwasusen Lﬁamqmﬂ%ummmﬁuqaﬁuﬁiaﬁ5] AeAAURUTAlGALAZA LAY
Tanealndauszunm 70/50 ﬁaﬁmmwawiama‘jamq 2 duat AmAnusudaladauayan
auiulauealndauszuna 80/45 Sadwnsvesusenidenny 1 iieu AAududaladauas
Aauiulausalndnusvana 100/65 fadmnsvesusonilonty 4 vruuarAnuiuTale
dauazanuiilawealadausyana 120/80 fadlunsvosusonidontyasu 20 T ndsainiy
deoguniummududaladaasiiiuntunnnimsifisvesaudilavealade flony
60 Vaziimmuaudaladauazainiusulatealndnusyunn 140/90 Sadunsuson

8. A o1giriumayelinaziiAinudulalinganitwands 4-5 JadwnsveaUsen
Emﬁu’iu’?ﬂ‘ﬁwmz@axwm%‘wwmﬁaqqm'w

9. UTNdnwarYedTIniY wuitauddindaanududalndaganitnunes AUl
Joshidwlugiidauiuialadngendinudess eanniiasuiosesluuvisedidly
i"lqmU‘mé"ﬁaanej‘iwumﬂwaﬁ'awaﬂaﬁmmwi'lf"fu

10. (e nadAnuIvInyTuandnuilaingainiieniey iusenuasdamuingn
mx’“;’umﬂﬁﬂwumﬁﬂaﬁﬂ%ﬁﬁhmmﬁ'uiaﬁmqmiwumﬁﬁwn

11. nswdsuwvadluseutu Tnsunfnisauueudsinianudumnitneute (e
MnesualuarAIndon vazususUAANTulainA NI wME Sy NMsUABLLaINg
gsuniity vamnlae 1nss Amudulainasiiuiy

12. Mseenfdenie vazseniidniy snedesnisladinuinlasamznduidoans
warnduiomalesmuindinusudaladniiud uuazarnudulauoalndaagiiudy
dntieeiflossndnsinisushaesilodiviy

13. msliansnsvfuszuunisivaisulafinuagssuudug gnnsedusisansunsviiag
Tszuulusenmeviauunnty ilesnnfiansuiesesluuuisedidluinmendsoongszuy
msaieuvaslaialdviniu
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2.6 vilavainsinarunulain

mrinanudulafavewyudluszuunisivaisuvedladinildlumanisune daulng
linfanuduramasnladnunsivg (Arterial Blood Pressure) a1uisasalalaenienseiu
nadeu Inedandnnisiiindfidumilsdnlavenniosdounsdondidrlulunasnlaiin
(Invasive) 13un31 wdnnstalaeisnense uidldfidnlavenniasiioasninluluvass
Taitm (Non Invasive) Sani13snsimlaeniedon dsluusiazidvaanisasivinesiideldiusou
wazdaiduiUTouunnsinaiu

2.6.1 szuun1siaauaulainlaeisn1sianiems

BisnluseddifuniovearuunadnluluvaenlafinunuarUaisveieaiy
wdolunsmfngeinuiu awnsafnesnunduiiasuarsuaduanuduld 35ilaa
LLaluEhEJQLLaxmmmi’maehwiarffaa nsslauldtennisden I8n1sinlaen1ewmssanunsainla
aU"NLm'uFJ’WQQLL&i%LﬁummLﬁﬂqﬁaﬂWiﬁﬂL%aiiﬂLLaxLﬁmmwﬁﬂmﬁuﬁﬂﬂnﬁLLfiﬂulﬂ'lé'LLa::
nasldidnngnsunsaudulafindsldtouldiniu

mMsinnusulainmeIsinlneasisauuuwnadduvasnlain  (nvasive)
wusmLanwENsisaula 3 3580

1. mMsunsuimlalaenss (Percutaneous Insertion)

2. N15@7U (Catheterization)

3. M54 (Implantation) ns1ufugeshiluvaenlainuasiila

3§ﬁwﬁq1%’viw‘§aﬂaammmmaL*ﬁ'ﬂlﬁiwaamiaﬁmu%nmﬁaxﬁwmiﬁ’uﬁﬂ%aag
ndvala FBilaedduasnamuidunmahludivinaiesyinistadseginaviedrlulngvinla
waz e dumstimaiawesausilSlunasslainusevile aaldnissnarulugly
A sy

dalaSeu

1. insnovausiuszuuasalainuaduazilaensiwaziuivule vinlw
annsnifiadouarinwlaegiagneios

2. Wlunsdnsrainlussezenuuld (Long Term) wazArmusulainiings
\Wasuwaswesszuulnaisuedlaiin

3. nitlaulidenitnsiauuulnenssanunsatnliodtauiugn

Joiduiuseu

1. audssliiuauld enavhldAslsaunsndeuld msedosumnadndy
Tafin Wuildauvasalafinoravhliiamladuiaund (Arthythmia)

2. A sananladguazliaiuisansiadulen dldlasuniseusuun
nou

3. gUnInlAUWILAEABIN1TTE T IuIRILINT RSN

TussuuiposfleYan1edidnnsedndildnistanusulafinuuulnensavie
wuuunadulaia (nvasive) Usenaumiensumiwesanudulazalsviaaiu (Catheter)

1ITVLBUAT N oS DRaTaladl AU DLATRIUUTIN
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Trarouc ALy
Rodu srpifier i
whaty "n,
§ ", T ]
F-'l nm—— o ! ?Yﬂ ""! | i
T B, 5 {lwer=] &
i 3 i 1 [1a=
I e T PICAR:E £
-1 il ¥ )
- i P f,-"' E L G
o = of Ac
i S ; K3
o~ — n:'] "y,
A " y Traezchazsr i M T
2 L= ] with zein N,
" i ; awags bridge *
* -—;‘#/ : ‘]
S i .‘. n‘ < ..., . o 2 3
.‘f:" i ‘ .:;i';-[y
Three=niay Huprrindcad o

taps zabn:

Pressure transducer, bridge ampliier, display and alarm

JUN 2.8 uanssruumsinmusulainlaeisnisinnianss
§1989970 : Wndni winlssiaty/ a1n unde, inTestamuiuidon 1

pdnlsinuiEn1sinlaense (nvasive Method) avdesquanuldidunsdiiavuay
wheUSuifivurrveunsesie (Transducer) Wognssiuidu Arterial Line v09319n18 Lite
USugud (Zero)  ynafaiivinnisasintaninudulaiin sURduvasImuRuazLaaiuly
ooadaladlay AmududalndnezeguenvasgunduarAmnudulauealndnarogsiign
vesgUnAuRauIzEUfusURdusaly

2.6.2 szUUMsInANaUladnlaeis ianiedou

nsarusiulaiinlaeisn1edeuiiisnsiavaneds 35alddulngldudnnisils
\desuSnavaenlaiinuag (Auscultation Method) w3elsenaudnwaznisindivila “Non
Invasive Blood Pressure” flawanafaguil 2.9 mannisiaaruduladislagldinaiianisit
dodliusinaingeenaiuue (Cuff) Jeiuusuuazgnauandrauvilivasslafinunsiiogld
Qeniuuaugnln ud3sdesanusuansenfiasidnasdosauiiny uiliinudulaind
vaaaladinuaslngjuinnitdauiunielugeensiuuay vhldAanisivasueslainain
vinadulaiinuasfignneiivld nisluavaslafinazgnasaatamairudulain Insuda
FBlwadanisasataunnsiaiu mtaanudulafinlaeisiamedesdulngl935Micendy
§ “Sphygmomanometer” t8uitugrulunisiauiiaiocfannusulaindldlunig

Lﬁﬂmaﬁnﬁﬂw@u MNUYRSUIBNENN1TInANUAUlaRalae T AN s dsanad ey

®) o)

K

De

nsinanuiulainlagldiSnsladuddinainiugweinislifladodiegnie
wiulaiiaunslasfiguanidigeenaiuuey (Cuf) Avuseuwruluseiuilosuisrmusiue
viliiiganeivilivaenlainungniniivmzuazgnnall udarsss anausuniglugens
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JUT 2.9 uansigmsinaunulainlagisniesen
NN : LTIAANH windsziedy/ ande ugde, iserinAnududen 1

WuLTLawNNIIATUladR ibintlwedlainunsgnueieeenuilasviuiiiulanudnsinig
wuveshlanaznistuaanesvesile dewavilmannisivavedainuasuutudiuiag
AnnsduasiieunsenunifiesvaeslainunsinlfiAndssduEenit “Korotkoff Sound”
galdyils (Stethro Scope) HudpsiiintuuarldBusuien adreseiilosaunsertirusuly
peonsunyugnuaeslianasauldamsaldbudes Korotkoff fauansluguil 210 uans
dvunsivavedaiiniuvaealafinuaiuazsisaziSsaiiuaiunisiin Korotkoff Sound i 5
an1 (Phase) filfe
anmgi 1 WuthanaSusudsaidaauiitunia “Korotkoff Sound” lu
sewifimusuly Cuff anasuazAAuiuME TN TUANAY
Audalnanm
anngil 2 IFBuduainsyidudeny Lwihj“ﬁ’mwuu‘ﬂmmauﬁgﬂﬁwaa
Cuff
anmedl 3 AseuTnail Cuff neasuudlafinuasaylaBudsts Anausy
LSHULaTABYAnAY

anmei 4 desiintusziaus gouasAoe deunely
dnmgit 5 axliladudeadn Aanuduvnsilddudsinsgavieasyiim

anusulauaalpin

lunisAnwiiilunisuidaiaiusulanalaeiseeadlaiunsa (Oscillometric
Method) wazlanisinauaulainisnisitades (Auscultation Method) Saudae 13uni138

“Sphygmomanometer”
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: i
' [t —
= = §.
=5 ! Blood flows during R L) i
Qo i s - i 2 82
= Z | systole only =t
& 2 i (turbulent flow) Lmae
: e e
E E — §(g.
! 14 mmHg 20 mmHg : 1
- 130 ' H
Bico o= f 5 mmHg
B el = ;
110 1= T 3 5 mmHg
d — '
. 100 i :
e e i
-~ W H
f 90—+ ~== ;
i 80 - .‘_"--g-_--:—..:_
704 @ 1 2 3 4 B
@ Snapping Murmurs =1 = w
3 sound =3 = o
60 +- @ s =3 = =
2 =. =] &
g & o
E ‘r \‘
E E \
| ¢
wv
w -——-
A @ - = e s
- a = I
i O Phe FRelative intensity of sound$ .
b A

5UN 2.10 wanslsmsinanuduladinlagiovades
19BN ¢ @0UWITY Waluivenaansuaswmalulad uvinedvuiiea

2.7 Bnsiaarwsulaiiniigndas
mqﬂ%y'maﬁmmmﬁuiaﬁmLiwsﬂwudﬂmméfuiaﬁmﬁi’mlﬁlﬁw%aﬁ'}ﬂ'ﬁﬂmmig'm 34
fnadiewsthodulsamiusulaingavdeanuduladindviol iesanguninsane
voaunzaulimiloutulazanasgudainetuie fuafuienlildithadulseaudu
TafingevSonnusulaiinsi uiisaansauisssdumamiladin fuandunised 2.1 Tae
Uniidnmnudulafinsudsuulategaasnalngazaieiulutne lunewd nounaneiu
naduiin oy guuniiveseimakarensusiaien duiuAanudiulafndaldduri
ms¥nluvazannuula BnsiamuiulainfigniedaeiEnsiawuumsdeude Mo
anusulafiniinldludisnauazanneiisiuvemansqu WuussingruuagyinisTan
Apuulafinndsvotudazau dundsnisiasasuilidiauduladadldliinty

A13199 2.1 asUiinsiaanuiulaiin uaranuaiunsalunisinm

- Addalndn Alauadlndn Aady
(Systolic) (Diastolic) (Mean)
Palpatory 9 Tailat Tadlel
Oscillometric ) 1) a
Auscultatory o lalla 18
Ultrasonic (A) 1 ladla e
Ultrasonic (B) a Taila Taile
Flush 1t lalla lalla
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oy anudulainiinaeslafinuadugsziafimundmasslaiawaddngusnaiuey
FasuuLey navhnsiamnudulainfigniessdoaiugeesanliiueudiauunseiumis
mapalafinuns (Brachial) lusziuilauazdeadonvuingeensiunay (Cuff) Winngaudad
waseAruiulafindslnsunAfivuauinsgiudonnunine 12413 wuRuns wazenn

22-24 wuiwnsdmIugivuns

A13190 2.2 uansnguennsiusuenivaniznindulsannuiulainge

n&uaIn15 (Category) ARG UTdLlnaA Aranunulauedlnan
AUUNG (Normal) Uouna1 130 mmHg Wouna1 130 mmHg
ﬂuﬁﬁfiwsamuﬁu@dnfhmﬂﬂﬁ 130-139 mmHg 198N 130 mmHg
(High Normal)
AU wiulalings A1PNGUTalRGA AAnusulauaalnde
i 1 (Mitd) 140-159 mmHe 90-99 mmHg
Fuil 2 (Moderate) 160-179 mmHg 10-109 mmHg
Fuil 3 (Severe) 180-209 mmHg 110-119 mmHg
it 4 (Very severe) 11NN 210 mmHg 11NN 120 mmHg

*UMAeTiE : American Heart Association (AHA) : Fighting Heart Disease and Stroke,
Human Blood Pressure Determination by Sphygmomanometer Appendix B page27,
(11]

wiafian1sin Airesivsuiiolirulugwandusiiuioss

1. gaensiunau (Cuff) aunngnses

2. Tgpaeneiuuau (Cuff) 2 vie sniuriinesadlawnia

3. Wunagaiuw (Cuff) iy

4. wmwuﬁi’miﬁagﬂisxﬁuﬁﬂ%

5. Wigeauldad wiurudiedng 3 dadwesusen dedunzmsiduresila

6. Wndnuiilausiaiiinounany

7. BmsHades Feausnidu Falnda (Systolic) urlauealndn (Diastolic) Aegnilides
VEvIe IRaAving

8. vuzUasuaneen agduligasnsiuuay (Cuff) Tasenindeiitn

9. 99 Auscultatory gap lneyuanlvigenoudugnensliiiuadalada (Systolic) 39919
YA

10. Fitinlduusdumutadosneg Iau nsmele o1sual

11. guatasesliogluanwindould

12. figaeneiuuy (Cuff) vansvunaliiden
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n15eANNTl

Tneunasldvinddlunisianudulaiin dunisiannusulaiin Tuvinueuasaum
Tadiafiunnssainindadniios fe mmﬁu%ﬁim%ﬂqqfﬁu 2-3 {iadmsusen uazauaule
werladnanas 2-3 fiadwmsusen ludgeeny asinnnudulafinimiuounaginfu ey
AME Postural hypotension @9ifiadunieluaan 2-5 wilveaidu Tnefinuiudalada
anaeeg1eey 20 Tadwnsusen wielimudulawealninanaieg1atios 10 Sadwnsusen
vwioflonsvetauesnlainuEsy waniluaulunmsinausiulain m{lﬁmuﬁ’iﬁmej
Tusgaulfganuimls af;ummiaﬂmaa’Lummewmulmw Lmlumummadaﬂsvm‘ummnu
m'lwwmsvm‘uLL‘uuaammﬂmla ﬂavm’mmuiammwwwm Hydrostatic Pressure au
Annusdliugawaslan Jeorafintiude 10-12 fadwnsusen wenand ngmmauauaﬂ
Uszan 5 wiineudn Lwia&}wl'sﬁmmﬁmmﬁmmv White Coat Hypertension @afuniaz
mwmu‘[awmwawumnmmmumu zdlonuwnnd weuna Inglailafinnumugease wu
AEiild 20-30% Faanunsamsiefusulalenisinedosnaudidain 24 49l

2.8 mstgedneiaiasinanuduladin

Fumaunsldauiignias

1. YuedesinmusuandsludnvassIoumdou

2. Wandnitldgruvasaudy (§13)

3. u guensseusuuvuniieterenliiousos (Whumia Mark egmsedeiusmulunie
whmﬁaﬁfjﬂaﬁwuﬂ) WA NUTUUULAY

4. Uand (@mduiedeanuutsen uasiuuida)

5. Wi duinesusiadeiie @mudssuuutsen wazuuuidn)

6. Tugnenaitednaudhganns (Cuff) AsniidunsuIuUsengetus
ANMNUAULINNIIANUNG Uz 20-30 fadnsusen (Ui 150 Sadwesusan) udn
Tmgn (FmsuiATeauuy Digital Wnaty Start)

7. Wandliuseiuanasing @miuaieswuutsen wazuuudy)

8. unaTwasuinndeile (Fwsuirdsauu Digital Ihguarldaniaie)

TUABUNITUIITNY
1. vaadnldaunndarinivazeiaases
2. Upnarfilagiuvaoauia (@d)
@ v v o &
3. ugeenuaniulviseuion
4 gnonuazdlimsielinsaiunesauia (Aaslaludumisidonndidnd) fasiu
MAEgINAmevaeauiiudmasauiiazuan (FmsuAsssuuUTen wazuuuiia)
= vy & vy v o & = @
5. Unslwseudanlviieuissuahluivluivasasie
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YaA255839lun15 T

1. lpasldanulung Sduazeswnng mszasitlviawmeiiu

2. limsiiumsesliludig fgumniiganszaninligeens uavgnenadouanimg?

3. naudnldnuasUnndnnass

[ (3 [ d' ] = b s ] 1 :i'

4. msiunairsnulilung ivuenseldlinseiusuwisfivaes
LINARININS TRV IraDaLT LA e

5. sgviuaTeannagilirn inlaligneios

6. ABUATITADUUAMDIBELAND (FmiuiATasluU Digital)

7. uagINVYALTATEILILT AITNDALUALABIDDNLAND
(dw3uimIeaiuu Digital)



unil 3
n1seenuuugUnsainsIainaduduladin

3.1 gunsalildlunismassmdnnisinanunulaindieiSoaadlawnsn
msvaaesinauiulalindieifesadlawninusznousisaunsalitd iy 2 druded
duUsznouseg Al

3.1.1 gUnsal DAQ (Data Acquisition)
‘§SUU:JJGWLLﬁ““i“‘U‘ULﬂ%'l8\‘1ﬁaﬂﬁﬁﬂuﬁﬁiuﬁmU?UUaﬁlﬂ’lWﬂﬁﬁﬂu{]ﬁmﬁufﬂﬂFgftlﬂ’l‘i
duwmesaduneniiumes inngaeuineiamsasiurndoya wasiinseideyaiiianu
dudauunlalasnesiofn Wy esin wesludida wadines mammmlw%aanm
Lifu DAQ  uazanunsamIuAuRISIIUYBIgUnsalansaul$inee 1y vewnes Bawmas
AeulnTaads wionaoaln 5 5ensEULTI "Data Acquisition System (DAQ System)"
s¥UU DAQ 1 Uszneulude
1. Signal Conditioning Module mwm‘m3‘u/aaammmmauwmuaummwﬂu
msldanuuasisansadoudefudygyioste 3 DUNAUAZLDWIWANIUNI Terminal Block Tng
ﬁiu@aa'}Liagﬂu%uUivnaUMmUﬁqnmuwmwmw Amplifier, Isolate, Filter way Exciting a4
swavidunselul
1.1 1asdnygy ety Amplifier vt fivenedaey sl ldengannifise
woflagldaudmsy
- 193Uy QY10 Analog to Digital Converter: ADC d1wsudumnm DAQ
- 2993uUaed e Digital to Analog Converter: DAC d1m3udunm DAQ
wazAdmealviiieanedmiugunsal Final Control Element
1.2 1995U8ANINIA Isolate 299stiazusnnsfseninedyainsnitdioanin
ynswaiiameiiunsndvesreniinmes edssiurudomesussiinannsusUues
Fryqil High Amplitude  waznsuennsIRdafiuauuuleldinaitialdes lifinavos
AUEeAngns1Auens1NAsaN (Common-Mode Ground) @ae19awvinlianiisalaass
Aniitenululdandae Lﬁaﬁmmwmﬁuwmgﬂﬂam% DAQ Board #ausl 2 Tesdrygimuaray
thlugfsiiisniendn ns12digu (Ground Loop) wiefliendy Common Mode Voltage &4
mnuAussdufainaniidwnauiuly ferevhanudenmedessuuiald femaiies lu
ﬁ%qﬁuﬁauﬂaaﬁmmmaﬂlﬁ%’umiﬁmmxmamﬂﬂﬂi’nﬁﬁmmsm%’mmﬁu Common Mode
15@&5& 24 Vrms
1.3 1993n509A14F Filter Ymtiiinses FysuausuNIueaNI NSy auinLTu
Noise Tut4a738 50 - 60 Hz Fao19ulsan Power Line iowdosdnsnalifinluuiim
Inalfea
2. DAQ Hardware fifia Card Interface 1Wuuuu Plug-In ideuidnldlu Computer
Bus n1elu Computer Case ?a'f\i%ﬁﬂ‘ﬁlﬁmmL%fa'l,umm‘iqd"ua%’a;&aqﬁuimﬂ Card fvimii
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]
L =

Wousenuasuiwmasiudyyruinfidewnain Signal Conditioning Module wsiag Card 7

o
=1

fnsialu Computer 9gil Addressed  vasfTuaslngszyfioglusumis Bune/io1vina
Memory Map a8 Specification 484 Card Interface asgnIzylinguuussa DAQ et
T MUALUBIRUYDIUDSA DAQ 7Ils19enuffeuasa DAQ 16 Um Resolution ADC

100 kS/s Sampling Rate #41U Spec LUBIRUIBIEIIALIS DAQ NdATy* fadl
° 1 =3 a ¢ @ Vs 2 o =
2.1 Snurewessutfiondunnvesuesa DAQ dnavlasunisszylivis 2 nsdl

1%

Aasa Uil
o <

- Smgte Ended Imﬂauwm%a DAQ Board wUu Single-Ended tuay

E)’N'eNﬂUﬂ‘i’W'&ﬂﬂﬂLﬂﬂ’Jﬂu‘lﬂdﬂuﬂ Ltauauwmwuum‘l‘ﬂun'ﬁmammmauwmmmummnrm

[t v}

1 Taadt waeldaneTnduq laidu 15 we
- Differential Input ufiazdunmazininavesiiies Fadioidudefinge

\Junsandgygaisuniu Common-Mode 1¢f
s [ VI o s al o 1 L3 @ e
2.2 95 sguinlunsilnesnagimuniiuesa DAQ sza s indmy
dunmleaziduamnitla Tngunfnisa DAQ uwuu Plug-in axdlidnsn1sdu 30,000 - 250,000
ATIARIUNY LiBeRINNITEdNTRAIEAIIUNDEY %ﬁﬂﬁmmmﬁmmumﬂﬂﬁUuLLanm
dysyrasdunalaluviuiiviule (wqw{]wm Nyquist azfaahnisgusuraudidesieainad
otatfon 1.5 whvesmaidyninduwn) lumandunumalddnsnisduia nlamanzan

as

o =l s a & = = a v v o LY =
L ﬂ’limmma@mﬂmauwmwwmwaﬂﬂ IﬂﬁlﬂﬂmLLa? DAQ %maﬂmﬂ’li’mammﬁmauwm

oo

o

natedosdyaiundoniu vesn DAQ Iedesihwesiaiudndiiaidondyyiandiun
AATziniazdodyyin
2.3 syAunisuenuezdynniinainnswlasdyyiudnndygineurden
Hufinea vesueta DAQ Feagldsumubalunsunuaivosdy mamaaﬂimma“mmm
U Msunudiesaies 3 On dulidiauuenuesniies 8 sedu windeansiiiuAiay
wanLLe L‘ﬁaﬂmﬁu*ﬁ'agamaaﬁmmmﬁi’mlﬁmmmﬁﬂ,‘u ﬁ%aﬁauﬁumnmuﬁmqﬁu WU N1T
unulnmesia 8 Jn asamnsaunuseiudygradunaligeds 255 sy Faamduniaiiu
ANULILET INUNTIRBENRe TR
3. Communication-Based QUﬂ‘ifﬁ Data Acquisition 9zAnRBRUABLRIADINIY
1N Communication Port
- Serial Communication srognlilnassiionld RS-232 Tawanusail
Savudalumsdediedeya 115 K baud (bits per second) %1 7 %38 8 Ga (on/off signal) ¢
Hudygyraiiuanifednusaunnsgiu ASCl Code fdfoanissseglnannnin RS-232 f
anunsald RS-422 uaw RS-485 ms1zdnilarwanunsadeansioyageniy
4. Personal Computer 531 Printer A seiduduilddmsuuans Graphic 984
nsvurunsuarlfifududadensuiuimdninlewainnesudedmnssiuieds Alarm e
Process Upnormal
5.DAQ Software yiwhildeatsuaziionuausniouas DAQ  Saduwmileu
\n3eafiodmiuniuANTEUY Data  Acquisition T dulumuanudeenisvesoanuuy

svuuTnAueAlulR sauedanuaisalun1sinsed wasauaiunsalunisiauenanis
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Answiliturensuasiasined Tavamnsadoulieglugunsiiiniieanunsaldaldietu
T,mEJmmmLUSauﬂauﬁama%maqmmlﬂL?Jum%"aaﬁa?ﬂﬁwmaam LU aaa%aiaaiﬂﬂ
Mneadadiiwes iosidingundudynin mddenines (Data Logger) waziA3asiAses
deyeunnd (Signal Analyzer)

3.1.2 TUsunsu LabVIEW
LabVIEW fie Tusunsumesiwasildlunisadessuunisin naaeu WaEAIUAL
A131 LabVIEW 88311310 Laboratory Virtual Instrument Engineering Workbench %3ai3en
duqii v ??J"'wmammd%ﬂulﬂmnmﬁﬁ%’wLﬂ‘%'aaﬁai’mLaﬁauﬁdluﬁawg’ﬂ'ﬁﬂ’ﬁm
Iennssudloanniimihmuaznisvinuederiodiotn 1y seaslawninuiesaafinoilag
lsrasAvanvasnisiauvedlysunsudiifenisdanslusumsiauanaiodiedn gl
UsvAnsnm warlufweslusunsuasdssnovludeisiduiilddaelunisTaunueuay
wineuiign WsunsuilasiivssloniedagaileldsuiuaiosiloSamsdmnssusiag e
LabVIEW uansieanlusunsuduedraiulddniianie Labview Sidulsunsuuszan GUI
(Graphic User Interface) lagauysel tufeslisndudendou Code w3ardalan iedu
wagidAydnvagnwildlulusunsuilisnavdenindy Mw13UN I v3alSENEnaenen
11 G (Graphical Language) vaLmumimﬂuiﬂsmﬂimﬂumwmamwmﬂumsm‘umm
Mug1u WU C, BASIC %38 FORTRAN shegunmmiedadnuaitomn wagiinsreanudataya
adofumsMalianfidlaldine
dnuaziiuvaslusuny LabVIEW fe Tusunsassuamiildmanilede wieiisonin
Text Base ‘I/q?ﬁiﬁﬁ']ﬂflﬂ??ﬂﬂdﬂ?ﬂiﬂﬂ’?‘ﬁﬂm‘iﬁuﬁﬂLLMﬂGﬂ’I‘iENB\i’]U‘EIJEHdﬁﬁl?ﬂJQUﬂifﬁL%ﬂuﬁi@
WU Port w30 Card 6199 Taufianisdansdunmislunirsanudiiefisvainsasiusay
Toyauldluntsiuauasfivieyaliliusslowizgan dynimarillasunisuilely
LabVIEW Taglafin1sussglusunsudiuaumn vide Libraries Tidmsudanisiutamunandu
izj’i’lqﬂﬂiﬂﬁﬂ’l‘iL%au@iaﬁlzLﬁu DAQ (Data Acquisition), GPIB (General Purpose Interface
Bus W3a13undnT091 Hewlett Packard Interface Bus, HP-IB), WosnouNIH 3o Serial Port
Lwalwmﬂmanuaunmwaamwauauwaumu (Serial Instrument) sauflansAasgvideyai
1§ she3Bnnseneq wenaniilu Libraries mmuuaqlﬂ‘u'iﬁﬁm"ﬁumimmuwmﬂmamﬁma
‘LJ‘JvmiL‘uu Signal Generation, Signal Processing, Filters, @fifl, WuAtln LLa”ﬂmmﬂ’lamauﬂ
faifu LabVIEw  Fevilimstauasmislitedesiotanaafudedns uasvhlvmouiinmes
ﬂmamumia\mawwmumsqwmwumaﬁlumimme wardnuzAuBNoL 1A TuTunTy
LabVIEW Sidnwauzuuy Dataflow Programmlng ﬂ@ﬂ’]‘i%ﬂ\ﬂ‘u%”ﬂﬂﬂ’lﬁﬂﬂiﬂﬂﬂ?’]ﬂWi@M‘U@ﬁ
Foyandnudensusznana mimLuums‘lumumlﬂaﬂmwummﬂmmwmmaa‘uauawlm
NNTEVIUMS Tag VI %Usmaulﬂmﬂaqrﬂﬂiwauwaﬂ 3 dufo
1. Front Panel &wiwihilAndefuglduievnivg sxifuduilédeniuiy
gingfléiulsunsuy (HSedifloniSun User Interface)  Tnsvaluasiignunsmilouy
Mﬁ’ﬁ]wﬁmaqm‘%‘adﬁaﬁaqﬂﬂiﬂiﬁli’f@’luﬁﬁuﬂﬁi’mﬁ"?ﬂ U Tnevialuagusenaudae @dnddn
U Juia Juna seuansmavdeusdusaiigléamisaiimug ﬁqﬁuﬁw%’wﬁ’ﬁé’umﬂﬁumi
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WeuluswNsHUSELAY Visual Manataeaaziailaaiminuanil Front Panel dagiUSouiasiou
W GUI vaslUsunsumse VI Tulas anwalzued Front Panel wanslugun 3.1

B> Acquire N - Multi-Digital Trig.vi
 Eile Edi ongate Project Windows Help
@ 14pt Application Font vl =, -l ”33:]

For instructions select Show VI Info from the Windows menu.

=il | START OR STOP
TRIGGER MDI

channels 4 plat 1
k= () | plot2
: plot 3

0000250 0.000500  0.000750 0.000999

W& ) RIF
73 sl

UM 3.1 uand Front Panel
o8N : Aalwyad Faiuges, LabVIEW geviduasifienisimussuunsiauazaauay

]

2. Block Diagram ﬁLﬁuzaﬁauﬁ’U Source Code M38lUsuNIHU8Y LabVIEW &4
Usinghegluzuvesniun G & Block Diagram 1 feiuu Executable Program feanansn
fagviauliviud wavtefidnuszniswileiie LabVIEW aziinnsmsiaaeuanufinwatnves
TUsunsumaenIan m‘lﬁﬂmmmm’mulﬂﬂmamaiumamﬂwmm’LuIUmnmmwquﬂmﬂm
mm'ifmawﬂswawLaamaammwmwamLLam'lwmulﬂmaamnm ylinsideulusunsutiv
Sedun ddssneuneluvienlaosunsuiisussneudeileidund TUsuNsuAIUANNIS
yhaundelassadns nihiluuserdumeni Ferusngluguvesudeniagldsunisdeans
(Wire) dmfuvdeniimnzamdnieiu iodmundnuvugnisinavesdoyasewing uien
Ien Y ﬁﬂﬁ‘ﬂ’ayalﬁ%’um'iﬂ'wmawamuﬁﬁamﬁ uazuanmaoenulglildanu dnwe
984 Block Diagram Lgamﬁugﬂ‘ﬁ 3.2
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b Acquita N - Multi Digital Trig.vi Dingtam
Eie Edt ﬁ:lﬂﬂ Eroject Windows HIU

” 2001 o fransposed
ool roviom

WEa - oL Ll

HL o gger 23 i

[,
nnln:;]uu

[coniigure on Trst Reration] ) a_
=i

jout LED

Ul 3.2 wamsudaninezunsulusunsy
IN w ﬁf‘ﬁ LabVIEW "Haw&’]LL'J'iLWE’]ﬂ'ﬁW@JU'ﬁuUUﬂ']'ﬁ')ﬂLLauﬂ')Uﬂi.l

]

3

3
U
81989370 : Avlwyad Tas

3. Icon wag Connector Pane W3sutaiiouldsunsuges Subroutine Tulusunsy
Unfiviaq Tulae lcon agwanede Block Diagram fvilsiitinsdstoyaduazeoonsiiunis
Connector &slu LabVIEW 151221380 Subroutine 1§31 Sub-VI defiveenisifeulsunsudag
Mw G dfresanseade Vi azdiudunnliinumeiesldededase antuly
Mendmnisdeansisfaunsadeulusunsududunnitedonldou Vi fstasadeidu
Aounthiifiazs Suild Vi Msudeutuneunanaidu subvi T nsidsuludnumeiis
Suni1 Jeudu Module dwiudnwagialuves lcon way Connector ﬁwLLamTugUﬁ 3.3
wegiuiuilasuanduguues Connector inaznwuiniitesiedoyaniafiionin Terminal

Usng ity
AL OTTH
D=TRIG M4l H
g 1117
lcon Connector

UM 3.3 wand lcon uag Connector
81989970 : Aalwyad Fiuges, LabVIEW gewduasiiensiannszuunisinlazamuny

3.2 gunsalnsradaadnunulainlagldiSesadlawnsa
nseeniuugUnIinsIvinaudulaiinleslditeoadlawniafilaadadutudsenay
A28 4 daudAty Jeldrulsznousnee sl

3.2.1 gunsaliguiwainlusiu MPX5050
gunsalnTvinrusiulunuudaaeusiy Reulvdyyiauuu On-Chip finns

yasegungiuarnisaeuiisu Weledidnaiavsnuaiaged u MPX5050 uiguwesin
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Aususenuuudmivgnsldauiniig lasawiznisldonuswiululasreulnsaaes
uwaglulaslusiwaweimedunandu sunden/Mineansuaiivesisiurumainaiesing
IAANTEAUE MUszianadestaielildrAfiaugndeuazusiug Foynyaueving
[ L v v ! s &

oudenIEAUgInlAFRdILINAINRUSE NG

AANURA

1. ARAwaNAgER 2.5% maoan1stdaiulutag 0 - 85 °C

2. mngdmiuszuululasiuswageiuarlilasreulnsaimesitugu

3. fimsvalvegauvginaentiu -40 G 125 °C

T \ OUTPUT
Yout

‘-!;) \1\ <]
Ps |
10 uF 0.01 uF GND 470 pF

v v

JUM 3.4 uaRIRTUMEITIBULALFINTE DY IN

4. @¥aInbunsiau

97989310 : LaNa1s MPX5050, (www.freescale.com/support)

Ve

= T e TR e N S = e e = e 1
| |
! Thin Film Gain Stage #2 |
| Temperature | | and |
| Sensing . | Compensation Ground —— Vo
| Element L and Reference |
| Gain Stage #1 | | Shift Circuitry |
| i/

Pins 4,5, and & are NO CONNECTS

for Unibody Device

Pins 1,5,8.7, and B are NO CONNECTS
for Small Outline Package Device

= o S L
'E“UVH 3.5 WEAMINITIIUVDUATDINDIAAIUAU

8748991 : 1BNAT MPX5050, (www.freescale.com/support)
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(V; = 5.0Vdc, Ty = 25°C  viuwsvianeivs , P1 > P2)
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- v o  o| fAtles | AN :

AMENUR yanwal i vl o wie
SR LAY Pop 0 - 50 kPa
WEIAAAU Vs 4.75 5.0 5.25 Vdc
UUEIN T Iy . 7.0 10 mAdc
AINAUYALTE DR 0.088 02 | 0313 | Vdc
(0 &4 85°C) V, = 5.0 Taavi s
LVinALRNELNg . 4.587 47 | 4813 | Vdc
(0 714 85°C) V; = 5.0 Laavi e
gruNENg ) . 4.5 : Vdc
(0 4 85°C) ¥, = 5.0 Taat =
AL e < . 5 2.5 | 9%V
Al V/P - 90 - | mV/kPa
natlun1snevauss tr . 1.0 5 Ms
WRNNTEUADIVINALEY to+ . 0.1 . mAdc
VInALRNALNG
nailumsguinias - - 20 - Ms
NIRRT - - +05 - %VEss

Yarinum

1) kPa = 0.145 psi

[ oala s ' 1 = @ ] i - v
2) Wugunsaniimytpmegiadudadiuniglurieniinisnsssuans

3) N15YAY (Vogg) §AAIMUARMIBUTIALLDWINANER TSR UTDEER

4) wmeinana (Veso) gnimualilssueWinANgRs Ui onuAuby

2937

1 & o o ] I a 3 P a
5) enuinang (Vess) QNAMUAMEAILLANAINTENINUIRILDINNATIAILAULAY

onTUATLIILMINATIERT TR AN

6) ANNYNABY WI1TUINAWIBLUY

amududadu; madssuwrssoninaanaruduiusitadunssfuussiunaen

YIUAUAULANY
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mwariiosnguugll: madewuuvesevinafiudazgamginunnsiieiy

)
ngliggamginislinu udwingungiasuipgdns Busnganislinusumidesanly
wngn visengagamgiinalinuinngalutiesda fennuduuanseildidueug

et ilasainarudiu; msilsauureseninafiusazussiuiiuandraiu e
anusulinsuiping MndnsTusuieegallinngn uazandasussfunnngalutiosanadi
gungll 25°C

7) amevauss gnimuasslanlumsiiuniswasuulasulewingain 10 - 90%
yosAnanne iefivumeumsivisundananzluuseiy

8) arlunsguines gnimuadieamidesnislidmiunsldgunsainouauss
LS mImATisry ndnusudaueEtiesuds

9) mswawwe Ale Matloauuevmpvesdnsusideldoui 1,000 Fluwowiad

WSy Indnsgunnil Menmegeuluwed

L B e s B e —
4 5| Transfer Function: g W
Viut = Ve*(0.018°P+0.04) + ERROR //’

4.0 vg=50Vdo A g

35| TEMP =014085°C ,% 1

30 /?A TP
g 25 /,%
§ 20 g Mﬂ% /// \ -

MIN

15 7\} ,/

10— A

05 %/

0

10 16 20 25 30 35 40 45 53 55
Differential Pressure (kPa)

o
&n

JUT 3.6 uanussduevinmiuaLAuLAnG1g

8798970 : LONAT MPX5050, (www.freescale.com/support)

3.2.2 gUnInl¥U Ju GODELOX-GFX2
GOLDELOX-GFX2 Lflu%mummiaamwumﬂmﬁaﬁauﬁ’wauamwaniﬂn
OLED wazaauanInans1in LCD @snsauanideniny UMM uaz zapdoulle fins
mammauuu Plug-n-Play  Blaunsaeenuuuladie Imaammmmauauammmmmumu
m‘wmaﬂam nsuuld Iﬂwﬂwau(ﬂdmEJ@'N“LUawau,amwat,wmml,aanm':rLLamma LaENIs
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\Wousieluds GOLDELOX-GFX2 Bnviaiidaléiuiou fio annalunisniseenuuuuasdszndn
GRIGERH
GOLDELOX-GFX2 tfumsypavedusiwalwesiiduiadoulnanisiiad sydvsamgs
femirsUszananaaioufusiayadidavesniseonuuuitesniunissivsalusunsa
4DGL (4D ns1WnN1WN) ATEUARNAUNALALIDYIWA AnaNTRausanlU SPI eynsy
ourdienddnea Uuaswainuasdadagunsal 1-wire amnsnaiadusidudou nanseny
dmiunsvensideaniinfedeawuy RTTTL

U7 3.7 uany GOLDELOX-GFX2 a9 4DGL

$71994970 : 1ONEN5 GOLDELOX-GFX2, (www.4d-Labs.com)

AAUUR

« MU antdyvnludiuniswensievauaninansiiin OLED LCD uaz TFT Ay

i

« unsiiniilonhousznananuuiisviodndeiiiomunsleadla q fidu
WUsznanansingy

- [oudafureuannadfisesu 80 aunsy CPU 8 dn dyareutoyauay
”fuun,;mmuroguﬁgwm

» melufimsuszananaiiiiussavsamauatioundossud (EVE) fegnedsaia
lusiilvjimngdmiu 4DGL wazamwinaiin 4 Hiseiugs

» 5035UNBIA 2 x GPIO

- FAMRATUNMLD N

- fhuwdasaundan/Aineaniniuazidun 8/10 On
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- (@3 unsuwang
- lwsaSessudUiuLse RTTTL
- aaaaﬁmw‘u Multi-Switch
- fiadda 1 Un
« mheAuTuaY 10 KB dwiudaiiusiagldeuuas 510 Tud (255 x vars 16
Um) 910 RAM dwiusudsgldanu
« 1 x32 Um 5gUUdunen MUAEANasidsn Imsec
- 4x 16 T fdunadldnu Mmemuasiden 1Imsec
- g1iAuasneIRaUNTL Asynchronous fuamaudR Auto baud (300 fia 256K
baud)
- nefnsidensieensauas SPI dmsunisavtienust USD/USDHC e
%Uwi:;ammﬁwLLwamuuagnme’iw%’uﬁmﬁu‘taﬂau, JUAM, Awedeulm 1@
. ﬂgmﬁ'mauﬂqmaqmsa%’wﬁdussﬁuqa 4DGLlsAunsWnuazdunouiznisi
aunsamnaNdy YeAdu uwasdu q Snunue
- wansnndfiunedaulm lorounazaauinle
- szuulassaienely 8x8 fMdnvauavuuusnuslisia gliamnsauiuusmde
MNUAAREIUTEEEUTEWINNAIONYS I8
o useiulnn 3.3 Tad 12 Haduauwds

« Juuedn 6 TadWnT x 6 dadung 28 91
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EQEDBDD
2@5?"\
L'l L |

RD D3
WR D2
REF D1

- Exposed PAD 5o
GND CO“”TECE‘S GND I ¢
CLK1 g GND

CLK2

&

TX0 14

m
L
o
D
uwy

ﬁES 10
SCK 11§
SDI

SDCS 8

5U#l 3.8 uansUBY GOLDELOX-GFX2

£7989970 : 1BNA15 GOLDELOX- GFX2, (www.4d-Labs.com)
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M15199 3.2 NNSANUAATTDIVILAL AN

U1

o [

eyeinwal

170

ANa5uNY

RD

wanadeyayalWunase1u GOLDELOX-GFX2 ensdyarauiidiu
LOW egudayaainnisuand Weusevitiiiesu (RD) dyayne
VDIVOUARINA

WR

wansdyyadnunan ey GOLDELOX-GFX2 814 dyayrauiiflu
LOW Wesudeyaludtaeuaniua Woumnouiieidou (WR)
FUIUVDINDUARIHE

REF

fufivusyamunuussdulwihnielusnses Woudeludsiufiu
Us¥q 4.7u uag 10uF 91nulllunngmg

RS

NISLEDNNITULENIADUY

LOW: LLamﬁ"ﬁﬁﬁaLgamamuzﬁgmﬁaﬂ

HIGH: Lans GRAM w’%a%aﬂaﬂ"ﬁawmﬁauﬁgﬂtﬁaﬂ
Beusewiiludsdonnislde (RS e A0 vie C / D wiefii
U Y IVOIVDUAAING

GND

A58

CLK1

SEUUWINRN Bunm 1 vedndn 12MHz

CLKZ

FTUUWIRNT Bunm 2 vedndn 12MHz

Qo |I~N W

SDCS

g

Funsidengunsnl SPI Wewsieviliudyyaesgunsal SPI

oo

=y

AMeuen (NinvtaeAIud1 SD/SDHC, Tuuwaveaynsu 78 ) Lile
Unldaudy (CE w3a CS)

cS

FUnsidonwiee GOLDELOX-GFX2 drdyaauiiiiu Low e

In1stieninee Weaudewniluddyyindumaden (CS) a0
U190

10

RES

15 RESET w98 GOLDELOX-GFX2 1517l LOW @eusaviilile
parndeyeyilval (RES) U899auanng

11

SCK

L@ MINALIRNWULBLNTY SPI Wousav1iluds Clock SPI Serial
(SCK) wpsdyayngUnsaineuen anulidwiumiamieaiiuii
SD/SDHCIUUNawMUIsANTILUUBUNTY

12

SD

nytleudeyasunsu SPI WWeuseviludadyyiey SPI Serial Data
Out  (SDO)vasgUnsaineuen anulidmsumianiisnaud
SD/ SDHCM%@%ULLWaﬂjwﬁ';sJﬂmmi’ﬁLLwayﬂm

13

SDO

aunsudeyaienivg SPI Weuseunlludoyadya ndunaiuy
aynsu SPI (SD)wesgunsalneuan avulidmiunise
wieAINTT SD / SDHCHIeUUWaTMaAmdIwuUaYNsY
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1 | deydnwal | 17O A1a5u"Y

14 | TXO O | 971584 asynchronous BUYNIU ﬁaa&mmﬁwm@uﬁisﬁu
usasiulnih TTL Wenseniludedyaaildsunngunsauuy
oynsuntouen (RX) 1illdinldlusesu 5.0v

15 | RX0 | | 913UeUNIN asynchronous L%amia'*mﬁlﬂﬁdﬁtymumﬁa*qmam
gunselmeuenuuvaynsy (Tx) Mifldwlusesu 5.0v

16 | GND P | n3ne

IF |MEE P | dnglwuanidleudunsne

18 | DO /O | Uauansdeyain 0

19 | D1 /O | Uauantoyain 1

20 | D2 /O | Vauanstoyain 2

21 (D8 /O | Yauanstayadn 3

22 | D4 /O | Vauanstoyaln 4

23 | D5 /O | Uauanstoyadn 5

24 | D6 /O | Vauamstoyadn 6

25 | D7 /O | Vauanstoyain 7

26 | RESET || &yaas Reset ndn Wensassimumu 4.7K 91nuniluds vce

27 | 101 /O | Fnqustasdvinlun 101 qunsn 2.4 dmfuneazBuaiisia

28 | 102 /O | Fngusyasdvialuan 101 gunsn 2.4 dwmsuneasdsniiuniy

PAD | GND P | dudausiulansaneldunainafiazdoadonseriu GND

3.2.3 gunsal LLOLED-160-G1

WUANINATU LOLED-160-G1 (GFX) fvwanthae 1.7 #2 dadulugailvyiian

J0UAANNA 3 MOLED-160-G1 (GFX) Husz@vdamnisuamsuavuinnzinin Tusunsudl

ANNEINTEAUNTHARHAaNT ANwasrENITA NI luNISuARINE GOLDELOX-GFX2

finesnduwn/iewiynvemihsusznana  Boudeuuveynsuiugunsainiuuen gunsal

Plug-n-Play vihliiesonsuausavesdusznounmlunisesnwuuninsiusisieg

AVGE

@

=)

v

* AUNU

1 LANIEEIMSUAIUNITNSBUFADUTNDNT IAALUY OLED

e ANATLEYA 160 x 128 Ainwa 65K & Winaauuy PMOLED

« YA 1.7 17 52 x 32 x 6.1 Taduns WuUNl19U 33.6 Nadluns x 27 Taawss
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gﬂ‘ﬁ 3.9 uanIvBuERINa LOLED-160-G1 (GFX)

81989970 : 1ena1s LLOLED-160-G1 (GFX), (www.ddsystems.com.au)

- yufausia 10 wfugunIainieuan VCC, TX, RX, GND, RESET, 101, 102
« Powered by 4D-Labs GOLDELOX-GFX2 viheUszananansiings
d1m3U 4DGL szAuge 4D N1wns1iin
. 5995UN0IA 2 x GPIO:
- RINDATUNA/LD NG
- fhulateunden/fdneatifiauanden 8/10 On
- mieAudn 10K dwsudaiusiagldaunay 510 ves RAM dmsu
wiugldsus (255 x 16 Tn)
- msideusonuvaynsy TTL Auauli Auto-baud (300 fis 256K baud)
« M3AnEAIUT Micro-SD on-board d@uiunisiaiuvedlenay,
sUnm, awadaulm 989 58950 Micro-SD 64 MB i1 2 GB uiiieatiunin
MiEANT Micro-SDHC Budiuann 4 GB Fuly

o

» meluiifiyansaunqunnsareilaidunsiiin 4 HAseduge uas
Sanesfiufiannsaninanaudi feanu wagdu q Snuinune

« wansnd nadeulnn lensunazeduinle

. iaaﬁ”‘uLLUUé’ﬂwﬁu‘lméﬂz\mmﬁﬁaq'uawsaq%’uﬁué’ﬂmmﬂmauaﬂ

« §7UN15911974 4.0 - 5.5 1an

* HIRNIFU RoHS
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10 O OG-0 o= 43
IJ re) 2011 1] www.4dsystems.com.au
(el nOLED-160-G1
=1F
==

- FRESRAFEEA
o | | et | |

o —uyl=l 16
I:i..,l:.l E = =

=1 T e
= m:m o n B

gﬂﬁ 3.10 WAMNNTVDIBUARINS LOLED-160-G1 (GFX)

97489970 ; Lonang UOLED-160-G1 (GFX), (www.ddsystems.com.au)

o o 5
A197199 3.3 NITATNUAVIVDINDIH

¥ | deydneal | 1/0 AB5U"Y

1 |vcC || fhdneusadundn + 11Bune ve Fandu drsuseiuilldde
4.0 - 5.5 Taad fleuld 5.0 Taad

2 | NC - | lifimsidousio

X O | mmsdeeynsuesddlatadoyaiovimaiiuseiuluinegdu TTL

L.%usiamlﬂé’qé’tyfyﬂmqﬂnsfﬁ%’umauaﬂLmuan‘miu (RX) w11}
Iglwszdiv 5.0 Laad

a |02 0 | Ympuszasamaluan 102

5 | RX | | a13ueynsu asynchronous Wessieunillusgunsalnisuen
dedynaunuvaunsy (Tx) wifldlnsyeu 5.0Tad

6 | 101 | | Aaguszasdvialuan 102

7 | GND P | 5835unsna

8 | GND P | s093unsme

9 | RESET || dysynedseanan gnﬁs%ulﬂma‘[,u 331286 HUAIRIUNIU 4.7K
Fnasshitldaruannniy 2 llasiundi axgfiendiluga &
luganesnsSinAneuenldUssinmaasayay
iunildlunesavesiulagld open collector

10 [ 33Vout | P | wwinnasueu 3.30ad Tldauiia 50 mA drunavessasaiauen
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3.2.4 genauuy (Cuff) Alddwmiunisiannuduladia
mﬁmmmﬁu‘laﬁmﬁm&uET']LLaxQnﬁaqﬁuagﬁﬁummLLmﬂmwaammn%wm

gueneiuuuitlfasdounnzanfudusouisuny anunisvesgesnsiuususeduseuss
vosgeeiuLuiinadeAnuiuiguesiuwy Weluneguievaselaiaunuield
Auuigeesiuusugndsudlufelaeslaiinldedadui 9RTIAUATNYDINIEN
uuvudeiduseuruuedilesiignmsisuszana 40 lwufians dmsugeensiuwsuiily
TnglvjuaziAnlauszaia 45 wufluns wW1AveInNNA19YeIgE TR LLYLIE YT 1.2
wiweadurhgudnaradeiuuuy lunsinausuladislifiauismswaswiugidedsi
mssFerhlulivssleniniesadniuinoiiotn (Load) sehsduenarilimausunely
Qeenaiuay (Cufd linsivTedidaunannndeuls

lelduunavesgeensiuuu (Cuff) diniuluinadentsTarusulafiniel

1. Anusuiiguenaiuuruaznszatsnuiuauuasadunnassmasalaiinuaslsl
(i

2. pwsufigeensiuuIsiiduimnni T duss siaudugale
aﬂLLawhmméfulmLwaimﬁﬂLﬁaLﬁﬂuﬁuﬁwmwé’uiaﬁmﬁwaamiaﬁmLLm’qujﬁﬂﬁfhmmﬁ’u
Tadinitinlétimgendaiusiase

1. anuduiigeseiunauazveslu
wtuwedl wwlaviaanlaiin

2 ﬂ:1mﬁuﬁqa&mﬁumu%ﬁf-ﬁ'\mmﬁuﬁaEjm'wmmﬁ)uﬁmxaﬁhmmﬁu%a’lm
dAuazAmusulauealndna Lﬁatﬁauﬁuﬁﬂm'mﬁuiaﬁmﬁwaaﬂiaﬁmm’[mﬁﬁﬂﬁﬁ'lmfmﬁu
eI TR AR RYRE IR

!

Compression cavity Cuff wind

l

- ., ——P

Cuff length

JUT 3.11 wansdnuaizvesgueaiuwe (Cuff) Aldinmusuladin
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M13199 3.4 UAMIGNBULYBIIEIRULIUA LA UL AAMI (Association for the

Advancement of Medical Instrumentation)

YUIALHUTIUIIVD S nMs3endavas YUINAIUNINUDY | VUIRAINBIIVDY
WUU(cm) Cuff Cuff (cm) Cuff (cm)
50-175 Newborn 3
75-13 Inflate 5 8

13- 20 Child 8 13
17 - 26 Small Adult 11 17
24 - 32 Adult 13 24
32-42 Large Adult 17 32
42 — 50%* Thigh 20 42

wanewg : ** Aedmiuauldnivinaduseuiuauluguin myiaaauiulaialiiu

fuEIULIUA MUY (leg) W3BNFuMLY Femoral

fldvunavesgeoisitunauiidauniradnun fuavinlidanusulaind s
auianaanniildgueatuneuitaunhelng fafunisldaunnvesgeniuueud
Idldaasniravieuauiinly drgeenstunvuiivunanirafuluvilidinnuduildagaind
ﬁﬂﬁLLﬁﬁ]‘%dM’%aﬁ'masmﬁ’w.muﬁ‘uumLLﬂ'ULﬁulﬂazlﬁﬂ’wﬂfamﬁuqmﬁuﬁhﬁuﬁﬁq

3.3 2999N15W9IUVRLATDIIAAIUAULARR

Sensor

MPX5050

+5

A/D um

LED

10 bit




unii 4
WANNIT BAZIZTUUNISINANNAULaTnA2835 00 lausSa

4.1 wannsiaaduaulainaleisoaadlamnin
nanasinausulaineeitesadlawnin Wuisniinsiatalaeniedeun laeld
AuduuSsEnissunavesdy g aiadiudyainainusuvesonaTiRaa NN 15 aUs
ves0 AN g gL (Cuff) ?jamﬁwé’nmsﬁugﬂwaamﬂwa‘umiaﬁmchwaam
Iaﬁmmﬂmmﬁnﬁﬁmmaﬁ’uwuuﬁﬁuaeiiw] quﬁaa"[,uivﬁmﬁmﬁ’uﬁﬂ%uaw%nmmﬁa
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Freescale Semiconductor MPX5050
Rev 11, 03/2010

Integrated Silicon Pressure Sensor MPX5050
On-Chip Signal Conditioned, MPXV5050
Temperature Compensated and MPVZ5050

Calibrated Series
The MPXx5050 series piezoresistive transducer is a state-of-the-art 0 to 50 kPa (0 to 7.25 psi)
monolithic silicon pressure sensor designed for a wide range of applications, 0.2 to 4.7 V Output
but particularly those employing a microcontroller or microprocessor with A/D
inputs. This patented, single element transducer combines advanced
micromachining techniques, thin-film metallization, and bipolar processing to
provide an accurate, high level analog output signal that is proportional to the
applied pressure.
Features
= 2.5% Maximum Error over 0° to 85°C
* Ideally suited for Microprocessor or Microcontroller-Based Systems
* Temperature Compensated Over -40° to +125°C
+ Patented Silicon Shear Stress Strain Gauge
* Durable Epoxy Unibody Element
+ Easy-to-Use Chip Carrier Option
ORDERING INFORMATION
- # of Ports Pressure Type i
Device Name CI:(?.E None | Single | Dual Gauge | Diﬁerentiay\r | Absolute h?aef‘ﬁic:‘eg
Unibody Package (MPX5050 Series)
MPX5050D 867 . 3 MPX5050D
MPX5050DP 867C . . MPX5050DP
MPX5050GP 867B . . MPX5050GP
MPX5050GP1 867B . . MPX5050GP
Small Outline Package (MPXV5050 Series)
MPXV5050GP 1369 . . MPXV5050GP
MPXV5050DP 1351 . . MPXV5050DP
MPXV5050GC6U 482A . . MPXV5050G
MPXV5050GC6T1 482A . . MPXV5050G
Small Outline Package (Media Resistant Gel) (MPVZ5050 Series)
MPVZ5050GW7U [ 1560 | =] l . MZ5050GW

2 “ freescale’

© Freescale Semiconductor, Inc., 2007-2010. All rights reserved. :
semiconductor




MPX5050

MPX5050D
CASE 867-08

MPVZ5050GW7U
CASE 1560-03

MPX5050GP MPX5050DP
CASE 867B-04 CASE 857C-05
SMALL OUTLINE PACKAGES
MPXV5100GC6U MPXV5050DP MPXV5050GP

CASE 482A-01 CASE 1351-01 CASE 1369-01
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Operating Characteristics

Table 1. Operating Characteristics (Vg = 5.0 Vdc, T, = 25°C unless otherwise noted, P1 > P2. Decoupling circuit shown in
Figure 4 required to meet electrical specifications.)

Characteristic Symbol Min Typ Max Unit
Pressure Range!") Pop 0 — 50 kPa
Supply Voltage(? Vg 4,75 5.0 5.25 Vdc
Supply Current lo — 7.0 10 mAdc
Minimum Pressure Offset(®) (0 to 85°C) Voff 0.088 0.2 0.313 Vdc
@ Vs = 5.0 Volts
Full Scale Output®) (0 to 85°C) VEso 4,587 4.7 4.813 Vde
@ Vs = 5.0 Volts
Full Scale Span'®) (0 to 85°C) VEss - 45 — Vde
@ Vg = 5.0 Volts
Accuracy(® (0 to 85°C) - — — +2.5 %Vess
Sensitivity VIP = 90 = mV/kPa
Response Time(?) tr — 1.0 — ms
Output Source Current at Full Scale Output lo+ — 0.1 — mAdc
Warm-Up Time!®) — — 20 = ms
Offset Stability(®) - — +0.5 — %Vess

1.1.0 kPa (kiloPascal) equals 0.145 psi.
2.Device is ratiometric within this specified excitation range.
3.Offset (Vqp) is defined as the output voltage at the minimum rated pressure.
4.Full Scale Output (Vggp) is defined as the output voltage at the maximum or full rated pressure.
5.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.
6.Accuracy (error budget) consists of the following:
Linearity: Output deviation from a straight line relationship with pressure 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 over the temperature range of 0° to 85°C, relative to 25°C.
TcOffset: Output deviation with minimum pressure applied, over the temperature range of 0° to 85°C, relative to 25°C.
Variation from Nominal: The variation from nominal values, for Offset or Full Scale Span, as a percent of VEsg at 25°C.
7.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.
8.Warm-up Time is defined as the time required for the product to meet the specified output voltage after the Pressure has been stabilized.
9.0Offset Stability is the product's output deviation when subjected to 1000 hours of Pulsed Pressure, Temperature Cycling with Bias Test.

MPX5050
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Maximum Ratings

Table 2. Maximum Ratings(”

Rating Symbol Value Unit
Maximum Pressure (P1 > P2) Praax 200 kPa
Storage Temperature TE.,ig -40° to +125° G
Operating Temperature Ta -40° to +125° °G

1.Exposure beyond the specified limits may cause permanent damage or degradation to the device.

Figure 1 shows a block diagram of the internal circuitry integrated on a pressure sensor chip.

Vs
e e e e 5
| I
J Thin Film Gain Stage #2 !
| . Temperature | | and [
| Sensing Compensation Ground —— Vout
| Element and Reference |
| Gain Stage #1 [ |  Shift Circuitry |

L e e e il i o e L g pmoe o e

Pins 4, 5, and 6 are NO CONNECTS
for Unibody Device

Pins 1,5, 6, 7, and 8 are NO CONNECTS
for Small Outline Package Device

Figure 1. Fully Integrated Pressure Sensor Schematic

VIPX5050
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On-chip Temperature Compensation and Calibration

Figure 3 illustrates the Differential/Gauge Sensing Chip in
the basic chip carrier (Case 867). A fluorosilicone gel isolates
the die surface and wire bonds from the environment, while
allowing the pressure signal to be transmitted to the sensor
diaphragm.

The MPX5050/MPXV5050G series pressure sensor
operating characteristics, and internal reliability and
qualification tests are based on use of dry air as the pressure
media. Media, other than dry air, may have adverse effects on
sensor performance and long-term reliability. Contact the

factory for information regarding media compatibility in your
application.

Figure 2 shows the sensor output signal relative to
pressure input. Typical, minimum, and maximum output
curves are shown for operation over a temperature range of
0° to 85°C using the decoupling circuit shown in Figure 4. The
output will saturate outside of the specified pressure range.

Figure 4 shows the recommended decoupling circuit for
interfacing the output of the integrated sensor to the A/D input
of a microprocessor or microcontroller. Proper decoupling of
the power supply is recommended.

5.0
I T T I T —
4.5 | Transfer Function: ]
i Vout = V5*(0.018*P+0.04) + ERROR //
0| Vg =50 Vde 1
35] TEMP =010 85°C 174
30 ,//A TYPICAL
% 25 /////
§ 20 s //// bt
MIN
1.5 }’//
1.0 VA o
05 /A
0

0 5 10 15 20 25

30 35 40 45 50 55

Differential Pressure (kPa)

Figure 2. Output vs. Pressure Differential

Fluorosilicone Stainless Steel
Gel Die Coat Metal Cover
Die Epoxy
P1 Plastic
Wire Bond = § e Case
g I ==
/ W A Die
Legd e Differential/Gauge Element Bond

P2

Figure 3. Cross-Sectional Diagram (not to scale)

Vv

i Vs
“T1opF 001uF  GND

v

Vout OUTPUT

Figure 4. Recommended Power Supply Decoupling and Output Filtering
(For additional output filtering, please refer to Application Note AN1646)

MPX5050
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Transfer Function

Nominal Transfer Value: V,, =Vg (P x0.018 + 0.04)
+ (Pressure Error x Temp. Factor x 0.018 x Vg)
Vg =5.0V+0.25 Vdc

Temperature Error Band

-40 -20 0 20 40

40 —
Temp | Multiplier
30—
-40
Temperature Oto 85
Error 20 +125
Factor
1.0 —
. I B

Temperature in °C

80 100 120 140

NOTE: The Temperature Multiplier is a linear response from 0° to —40°C and from 85° to 125°C.

Pressure Error Band

Error Limits for Pressure
30 —

20—

1.0 —

! Pressure (in kPa)

|
Y
[=]

Pressure Error (kPa)
o
o

=20 —

=30 —

Pressure | Error (Max)
0to 50 (kPa) | +1.25 (kPa)

PRESSURE (P1)/VACUUM (P2) SIDE IDENTIFICATION TABLE

sensor is designed to operate with positive differential

Freescale designates the two sides of the pressure sensor

as the Pressure (P1) side and the Vacuum (P2) side. The
Pressure (P1) side is the side containing fluorosilicone gel

pressure applied, P1 > P2.
The Pressure (P1) side may be identified by using the

which protects the die from harsh media. The MPX pressure table below:
Part Number Case Type Pressure (P1) Side Identifier
MPX5050D 867 Stainless Steel Cap
MPX5050DP 867C Side with Part Marking
MPX5050GP 867B Side with Port Attached
MPXV5050GP 1369 Side with Port Attached
MPXV5050DP 1351 Side with Part Marking
MPXV5050GC6U/T1 482A Vertical Port Attached
MPX5050

[@)]
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PACKAGE DIMENSIONS

DsrL

©[0250010)@[T[8 ©]A®]
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=

NOTES:

. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,

2. CONTROLLING DIMENSION: INCH.

3. DIMENSION A AND B DO NOT INCLUDE MOLD
PROTRUSION.

. MAXIMUM MOLD PROTRUSION 0.15 (0.0086).

o

= 5. ALL VERTICAL SURFACES 5° TYPICAL DRAFT,
l 8 : a INCHES MILLIMETERS
/ DIM| MIN | MAX [ MIN | MAX
A [ 0415 | 0425 | 1054 | 1079
s B | 0415 | 0425 | 1054 | 10.79
* W e— C [ 0500 [ 0520 | 12.70 | 1321
D | 0038 | 0042 | 09 | 1.07
G | 0100BSC 2.54 BSC
f H | 0002 [ 0010 | 005 025
J | 0009 [ 0011 | 023 | 028
\'4 K | 0061 | 0071 | 155 | 1.80
M 0° | _7°| 0°] 7°
¢ N | 0444 | 0448 | 11.28 | 11.38
c S | 0709 | 0725 | 18.01 | 18.41
V | 0245 | 0255 | 622 | 648
H W | 0115 | 0125 | 282 | 317
L—J j / Ii -T-
* SEATING
r K " PIN 1 IDENTIFIER Hply
CASE 482A-01
ISSUE A
UNIBODY PACKAGE
et O f—
NOTES:
1. DIMENSIONING AND TOLERANCING PER
\ ANSIY14.5M 1982,
7 2 CONTROLLING DIMENSION: INCH
M 3. DIMENSION -A- IS INCLUSIVE OF THE MOLD
AING. MOLD STOP RING NOT TO EXCEED
B EC_—I 16.00 (0.630)
\ INCHES _|MILLIMETERS
i DIM| MIN_| MAX | MIN | MAX
A | 0595 | 0630 | 1511 | 16.00
SEATING B | 0514 | 0534 | 1306 | 1356
LANE C | 0200 | 0220 | 508 | 559
D | 0027 | 0033 | 068 | 084
; F | 0048 | 0064 | 122 | 163
o> G | 0100BSC 254 B5C
S | J {0014 [oote| 036 | odo
L 0695 | 0725 | 1765 | 1842
[ 30" NOM 30" NOM
N | 0475 | 0435 | 1207 | 1257
R | 0430 | 0450 | 1092 | 1143
S [ 0090 | 0105 | 229 | 2466
STYLE 1: STYLE 2: STYLES:
PIN 1 VOUT PIN1 OPEN PIN1. OPEN
2. GROUND 2 GROUND 2. GROUND
3. Vee 3 -VouT 3. +YOUT
4 Vi 4. VSUPPLY 4 4VSUPPLY
5 V2 5. +VOUT 5 VOUT
6. VEX 5 OPEN 6. OPEN
CASE 867-08
ISSUE N
UNIBODY PACKAGE
MPX5050
jensors
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24.04

0.68

[#]1.73 ®[T[PO[Q®]

29.85
29.08
e =
SEATING PLANE 23.11 o
I—g'gi sa93 | 737 |
‘ 4.62 ‘I
11.18
10.67
I'/—
18.16
17.4
\
PIN 1
94.04
g_-;;--—ﬂ-— 3.89
— [$]? 0.25 ®[T[a®™] 2.54|—~‘ L—-
—| 8 - 1.63
7.75 1.22

VIPX5050

CASE 867B-04

ISSUE G

UNIBODY PACKAGE

@FREESACLALLERISGEF’:‘}ISCORNEDSUECR*\/OE%, INC “ECHANICAL OUTLINE PRINT VERSION NOT TO SCALE
TITLE DOCUMENT NO: 98ASB42796B REV: G
SENSOR, 6 LEAD UNIBODY CELL, |CcASE NUMBER: 867B-04 28 JUL 2005
AP & GP 01ASB090878B STANDARD: NON-JEDEC
PAGE 1 OF 2

Sensors
Freescale Semiconductor



PACKAGE DIMENSIONS

NOTES:

1. DIMENSIONS ARE IN MILLIMETERS.

2. DIMENSIONS AND TOLERANCES PER ASME Y14.5M—1994,

3. B67B-01 THRU —3 OBSOLETE, NEW STANDARD 867B—04.

STYLE 1:

PIN 1: V OUT
2: GROUND
3: VCC
4:
5: V2
6: V EX

@ FREESCALE SEMICONDUCTOR, INC

CASE 867B-04
ISSUE G
UNIBODY PACKAGE

SCALE. SEMIGONTUETOR, JNB. MECHANICAL OUTLINE PRINT VERSION NOT TO SCALE
TITLE: DOCUMENT NO: 9BASB427968 REV: G
SENSOR, 6 LEAD UNIBODY CELL, | cASE NUMBER: 8678—04 28 JUL 2005
AP & GP 01ASB090878 STANDARD: NON—JEDEC
PAGE 2 OF 2

MPX5050
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PACKAGE DIMENSIONS

NOTES:
1. DIMENSIONING AND TOLERANGING PER ANSI
Y14.5M, 1982,
P 2. CONTROLLING DIMENSION: INCH,
0.25(0.010)®| T[Q @ A~
‘Q} & 0.25(0.010) l INCHES | MILLIMETERS
X = i | DIM[_MIN | MAX | MIN | MAX |
w L~ A | 1145 | 1175 | 29.08 | 2985
~=— R B | 0685 | 0715 | 17.40 | 18.16
" v C | 0405 [ 0435 | 10.29 | 11.05 |
PORT # PORT #2 VACUUM (P2) | D | 0027 | 0033 | 068 | 0.84
WL i PR F | 0048 [ 0064 [ 122 | 163
1 \ N 1 PRESSURE (1) G | oi00BsC 254 BSC
v J | 0014 [ 0016 | 036 | o041
—Q-] K | 0695 | 0725 | 1765 | 1842
AT, L [ 0200 | 0300 | 737 | 7.2
P2) N | 0420 | 0440 | 10.67 | 11.18
= P | 0453 | 0159 | 369 | 404
B + GJ Q| 0153 [ 0159 | 389 | 404
PIN 1 f R | 0063 | 0083 | 160 | 211
| 5 | 0220 | 0240 | 559 | 6.10
K U | 0810BSC 23.11 BSC
’ i V| 0182 | 0194 | 462 | 493
—> —C [ s W | 0310 | 0330 | 787 | 838
% | 0248 | 0278 | 630 | 7.06
SEATING [—T— —T_| SEATING
BLANE (=T=] [=T=] ANt l«— D 6 PL T STYLE 1:
N PIN . Vour
F [©]0.130.005@[A @] 2 SEBUND
avi©
5. V2
6. Vey
CASE 867C-05
ISSUE F
UNIBODY PACKAGE
MPX5050
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'PACKAGE DIMENSIONS

200 [.006 (0.15)[C[A[B] 2 PLACES 4 TIPS

.680
0. 100

5 — 4 0. 050
— ===
p.48s T—— !
0.465 —— == {?
— —-
8 4 1 X
kn fer 9052 ] DETAIL G
: [¢].004 (0.N@[C[A[B]
0.240
LW
0428 4

GAGE PLANE |
= =
0 ‘ 0.060 0 010J
0.180 0.040 0.002

0.160 __80.130
0.110
L
\@ | ]

0.390 0.

0.370 0.270 T T T
J & 1] = 1
8x [Q]. 004 (0. 1)]
: 0.135
g.c%; E —0.1115
DETAIL G

SEATING PLANE

CirSERSRiLE FEMICONIE o, o [ MECHANICAL OUTLINE ’ PRINT VERSION NOT TO SCALE
TITLE; DOCUMENT NO: 98ASA99255D REV: A
8 LD SNSR, DUAL PORT CASE NUMBER: 1351-01 27 JUL 2005
STANDARD: NON-JEDEC

PAGE 1 OF 2
CASE 1351-01
ISSUE A
SMALL OUTLINE PACKAGE
MPX5050
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PACKAGE DIMENSIONS

NOTES:
1. CONTROLLING DIMENSION: INCH
2. INTERPRET DIMENSIONS AND TOLERANCES PER ASME Y14.5M—1994.

&DIMENSlONS DO NOT INCLUDE MOLD FLASH OR PPROTRUSIONS.
MOLD FLASH AND PROTRUSIONS SHALL NOT EXCEED .006 PER SIDE.

AD\MENSION DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE .008 MAXIMUM,

STYLE 1: STYLE 2:

PIN 1: GND PIN 1: N/C

PIN 2: +Vout PIN 2: Vs

PIN 3: Vs PIN 3: GND

PIN 4: -Vout PIN 4: Vout

PIN 5: N/C PIN 5. N/C

PIN 6: N/C PIN 6: N/C

PIN 7: N/C PIN 7: N/C

PIN 8: N/C PIN 8 N/C

ES E MI TOR, INC.
O FREESTALE SENICAmIE IO, N MECHANICAL OUTLINE PRINT VERSION NOT TO SCALE
TITLE: DOCUMENT NO: 98ASA99255D REV: A
8 LD SNSR, DUAL PORT CASE NUMBER: 1351-01 27 JUL 2005
STANDARD: NON-JEDEC

PAGE 2 OF 2
CASE 1351-01

ISSUE A
SMALL OUTLINE PACKAGE

NPX5050

Sensors
2 Freescale Semiconductor



PACKAGE DIMENSIONS

\[.008 (0.20)[c[A[B] 2 PLACES 4 TIPS

= -éj
= == -
A" == = 'J
== | =
8| 1
Bx b—T A\ DETAIL G

[4].004 (0.1)®][c]A]B]

El

GAGE PLANE : #
014 (0. 35)] ‘ I J
Al

SEATING PLANE

@FREES,\C._ALLERISGE»-‘MTISCOk\EDSUECRTVOERd. INC. MECHANICAL OUTLINE | PRINT VERSION NOT TO SCALE
TITLE: DOCUMENT NOQ: 98ASA99303D REV: B
8 LD SOP, SIDE PORT CASE NUMBER: 1369-01 24 MAY 2005
STANDARD: NON-JEDEC

PAGE 1 OF 2
CASE 1369-01
ISSUE B
SMALL OUTLINE PACKAGE
MPX5050

Sensors
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NOTES:

1

CONTROLLING DIMENSION:

PACKAGE DIMENSIONS

INCH

2. INTERPRET DIMENSIONS AND TOLERANCES PER ASME Y14.5M—1994.

A\ DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PPROTRUSIONS.

MOLD FLASH AND PROTRUSIONS SHALL NOT EXCEED .006 (0.152) PER SIDE.

/A DIMENSION DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE .008 (0.203) MAXIMUM.

MPX5050

INCHES MILLIMETERS INCHES MILLIMETERS
DIM|  MIN MAX MIN MAX  [DIM[ MIN MAX MIN MAX
A | 300 . 330 74 7.62 | @ 0* T 0 7
A1 | .002 . 010 0.05 0.25 | - e -— e -—
b | .038 . 042 0. 96 .07 | - - -—- e -—
D | .465 . 485 11. 81 12.32 | - - - - e
E . 717 BSC 18. 21 BSC S i . — ==
E1 | .465 . 485 11. 81 12.32 | - -—- -—- - -
e . 100 BSC 2.54 BSC - - -— —- -
F | .245 . 255 6. 22 6.47 | - -— -— -— -—
K | .120 . 130 3.05 3.30 | - -— -— -— -—
L . 061 . 071 1.55 1.80 | - -— -— — -—-
M| .270 . 290 6. 86 7.36 | - -— -— -— -—
N | .080 . 090 2.03 2.28 | - -— - — e
P | .009 .011 0.23 0.28 | - — -— -— —
T | 18 . 125 2.92 317 | - - - - -—
R . T MECHANICAL OUTLINE PRINT VERSION NOT TO SCALE
TTTLE DOCUMENT NO: 98ASA99303D REV: B
8 LD SOP, SIDE PORT CASE NUMBER: 1369-01 24 MAY 2005
STANDARD: NON-JEDEC
PAGE 2 OF 2

CASE 1369-01

ISSUEB

SMALL OUTLINE PACKAGE

14
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PACKAGE DIMENSIONS

a=
T

.560

1
\a.oss

$.055

.540

)
1

-

PIN

|

#1
IDENTIFIER (NOTCH)

.245

.210

256 __|

220 _

_1_[0.020 ®[0.375]c]

I
VIEW D 050 SEATING
BX .034 [LANE
Ea .026
[$].010@[C[B[A]
B FRECRENLE SCMIcONBLETOR, Ihy, MECHANICAL OUTLINE ‘ PRINT VERSION NOT TO SCALE
TITLE: DOCUMENT NO: 98ASA10611D REV: D
SO, 8 1/0, .420 X .420 PKG, |CASE NUMBER: 1560—03 25 FEB 2009
100 IN PITCH STANDARD: NON—JEDEC
PAGE 1 OF 3

CASE 1560-03
ISSUE D
SMALL OUTLINE PACKAGE

MPX5050
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PX5050

PACKAGE DIMENSIONS

.01

|

015" —=] |-

VIEW D
© FREEROME SRMITIBILETOR. T MECHANICAL OUTLINE PRINT VERSION NOT TO SCALE
TITLE: DOCUMENT NO: 98ASA10611D REV: D
SO, 8 1/0, .420 X .420 PKG, |CASE NUMBER: 1560-03 25 FEB 2009
100 IN PITCH STANDARD: NON—JEDEC
PAGE 2 OF 3

CASE 1560-03
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PACKAGE DIMENSIONS

NOTES:

1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M — 1994,
2. CONTROLLING DIMENSION: INCH.

ADIMENSIONS DO NOT INCLUDE MOLD PROTRUSION.

4. MAXIMUM MOLD PROTRUSION IS .006.

5. ALL VERTICAL SURFACES 5' TYPICAL DRAFT.

&D\MENSION TO CENTER OF LEAD WHEN FORMED PARALLEL.

CASE 1560-03
ISSUE D
SMALL OUTLINE PACKAGE

CALE SEMI s
© FREESCALE SEMICOWUCTOR. ING MECHANICAL OUTLINE PRINT VERSION NOT TO SCALE
TITLE: DOCUMENT NO: 98ASA10611D REV: D
SO, 8 1/0, .420 X .420 PKG, |CASE NUMBER: 1560-03 25 FEB 2009
100 IN PITCH STANDARD: NON—JEDEC
PAGE 3 OF 3

MPX5050
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4D SYSTEMS

4DGL OLED Display Module

Data Sheet

The POLED-160-G1(GFX) display module brings to
life a breathtaking 1.7 screen, which is the
biggest POLED module available in its range.
Driven by the GOLDELOX-GFX2 processor, the
MOLED-160-G1(GFX) acts as the perfect cost
effective compact display solution for any
application requiring a plethora of colour and awe
on a sharply refined screen. Achieving playback of
shapes, text, images and animation is made
possible by the GOLDELOX-GFX2 graphics
processor. A series of 1/O ports are also made
accessible in conjunction with serial
communications for interfacing with external
devices. This plug-n-play device makes simple
work out of incorporating a visual component into
any product design, with an assortment of built in
functions ready and waiting at the user’s disposal.

Features

* Low-cost OLED display graphics user interface
solution.

* 160 x 128 resolution, 65K true to life colours,
PMOLED screen.

* 1.7” diagonal size, 52 x 32 x 6.1mm. Active
Area: 33.6mm x 27mm.

* No back lighting with near 180° viewing angle.

* Easy 10 pin interface to any external device:
VCC, TX, RX, GND, RESET, 101, 102.

* Powered by the 4D-Labs GOLDELOX-GFX2
graphics processor highly optimised for 4DGL,
the high level 4D Graphics Language.

* 2 xGPIO ports supports:
* Digital I/O
* A/D converter with 8/10 bit resolution
* Complex sound generation
* Dedicated RTTTL tune engine
*  Multi-Switch Joystick
= Dallas 1-Wire
* 10K bytes of flash memory for user code
storage and 510 bytes of RAM for user
variables (255 x 16bit vars).

* Serial TTL interface with auto-baud feature
(300 to 256K baud).

* On-board micro-SD memory card adaptor for
storing of icons, images, animations, etc.
Supports 64MB to 2GB micro-SD as well as
micro-SDHC memory cards starting from 4GB
and above.

* Comprehensive set of built in high level 4DGL
graphics functions and algorithms that can
draw lines, circles, text, and much more.

* Display full colour images, animations, icons
and video clips.

* Supports all available Windows fonts and
characters (imported as external fonts).

* 4.0V to 5.5V range operation (single supply).
¢ RoHS Compliant.

© 2011 4D Systems

www.4dsystems.com.au
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MOLED-160-G1(GFX) Data Sheet

1. Pin Configuration and Summary

[l 00 D60 ﬂ-ﬁ.fﬁ@
e ] () 201; L] www.4dsystems.com.au
TR wedmaEs | U T pOLED-160-G1
1] =]
- .
: - EFEARAER]
o (] =l i

=g
MEE] ‘—-I ; -
ma

]

2

v -

L

Symbol I/0 Description
1 vee | Main Voltage Supply +ve input pin. Reverse polarity protected. Range is
4.0V to 5.5V, nominal 5.0V.
2 NC - Not Connected
Asynchronous Serial Transmit pin. Output data is at TTL voltage levels.
3 TX O Connect this pin to external device Serial Receive (Rx) signal. This pin is
tolerant up to 5.0V levels.
4 102 O |General purpose 102 pin. See section 2.2 for more detail.
5 RX | Asynchronous Serial Receive pin. Connect this pin to external device
Serial Transmit (Tx) signal. This pin is tolerant up to 5.0V levels.
6 101 I General purpose |01 pin. See section 2.2 for more detail.
GND P |Supply Ground.
GND P |Supply Ground.
Master Reset signal. Internally pulled up to 3.3V via a 4.7K resistor. An
active Low pulse greater than 2 micro-seconds will reset the module. If
g RESET | the r.nodulg nEfedls to be reset externally, f:nly use opelfxﬁcollector type
circuits. This pin is not driven low by any internal conditions. The host
should control this pin via one of its port pins using an open
collector/drain arrangement.
L 10 3.3Vout p ;.i\:jiiiyg.ulated output. Available current up to 50mA to power external

I: Input, O: OQutput, A: Analogue, P: Power

© 2011 4D Systems www.4dsystems.com.au Page 4 of 17
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2. Hardware Platform

The pOLED-160-G1(GFX) provides both a
hardware and a software platform. This section
describes in detail the hardware platform, namely
the user interface pins.

2.1 Serial Interface - UART

The pOLED-160-G1(GFX) has a dedicated
hardware UART that can communicate with
external serial devices.

The primary features are:
* Full-Duplex 8 bhit data transmission and
reception through the TX and RX pins.
* Data format: 8 bits, No Parity, 1 Stop bit.
= Auto Baud feature.
* Baud rates from 300 baud up to 256K baud.

The Serial port is also the primary interface for
downloading compiled 4DGL application code as
well as future PmmC updates for the on-board
GOLDELOX-GFX2 processor. Refer to Section 5.
Programming-System Updates for more details.

TX pin 3 (Serial Transmit):

Asynchronous Serial port Transmit pin, TX. The
serial output data is at TTL voltage levels. Connect
this pin to external serial device Rx signal.

RX pin 5 (Serial Receive):
Asynchronous Serial port Receive pin, RX. Connect
this pin to external serial device Transmit Tx signal.

2.2 General Purpose 1/0 Interface

There are two GPIO pins available, 101 and 102.
Each GPIO has a multitude of high level functions
associated with it and these can be selected
within 4DGL user application code.

Refer to the separate document titled
“GOLDELOX-GFX2-Internal-Functions.pdf” for a
complete set of built in 4DGL library functions.

101 pin 6 (General Purpose 101):
General purpose 101 pin. The table below lists the
available GPIO functions and features.

102 pin 4 (General Purpose 102):
General purpose 102 pin. The table below lists the
available GPIO functions and features.

GPIO Functions and Features

Function ] I01 102
Digital Input v v
Digital Output N |
'A/D Converter 8/10 bits v | -
Dallas 1-Wire support v v
Sound Generation, RTTTL Tunes N v
Joystick — 5 position multi-switch v | =

Input/Output:

Both 101 and 102 pins can be programmed to be
Inputs or Outputs. Diagram below shows a LED
connected to 101 (programmed as an output) and
a button connected to 102 (programmed as an
input).

10K
from 101 470 Ohms to 102

Analogue to Digital Converter:

The 101 pin can be programmed as an A/D input.
Option is available to select 8 hit or 10 bhit
resolution. Diagram below is a circuit of a Light
Dependant Resistor (LDR) connected to 101 to
measure and record changes in ambient light.

3.3V
N
LDR
to [Olfp\h/
10K
e

© 2011 4D Systems
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Dallas 1-Wire:

The Dallas 1-Wire protocol is a form of serial
communications designed to operate over a single
data line plus ground reference. Multiple 1-Wire
devices can be attached to the same shared data
line to network many devices. One wire device
support is available on both the 101 and the 102
pins on the pOLED-160-G1(GFX) module.

The diagram below depicts a typical 1-Wire
temperature sensor interface.

== 101 or 102

Sound Output:

The WOLED-160-G1(GFX) module is capable of
generating complex sounds and RTTTL tunes from
its 101 and 102 pins. A simple speaker circuit as
shown below can be utilised.

DIODE

SPEAKER

from 101 or 102 100 Ohm 8 or 16 Ohm

0-1uF 5200 Ohm NPN

GND GND

Joystick - Multi Switch:

Multiple buttons or a multi-switch Joystick can be
connected to the 101 pin on the
MOLED-160-G1(GFX) module. Up to 5 buttons or a
5 position multi-switch joystick connects to a
junction of a resistor ladder network that forms a
voltage divider. The A/D converter of the 101 pin
internally reads the analogue value and decodes it
accordingly. This feature is supported by
dedicated 4DGL library functions. The following

diagrams indicate how to connect up to 5
individual buttons or a multi-switch joystick to the
101 pin.

——————t

SwW2 + SwW3 1 SW4 1 SW5 +

I

—Te

SW1
R1 R2 R3 R4 RS
22K 10K 4K7 K2 1K2
3.3V
R6
i to IO1
S —
1l 4
T,
) _\}m"\x_jn 5
3l ] 6
z ultiSwitch
o 5 E g &
g & 8 2 =
R1 [|R2 3 R4 [R5
22K | [10K K7 2K2 | |1K2

Unused buttons do not need resistors to be
connected to the circuit. Table below lists the
buttons and corresponding resistor values.

© 2011 4D Systems

Number of Button Resistor Value
Buttons Number
1 SW1 22K
2 SW2 10K
3 Sw3 4.7K
4 SW4 2.2K
5 SW5 1.2k |
Page 6 of 17
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2.3 System Pins

VCC pin 1 (Module Supply Voltage Input):
Module supply voltage input pin. This pin must be
connected to a regulated supply voltage in the
range of 4.0 Volts to 5.5 Volts DC. Nominal
operating voltage is 5.0 Volts.

3.3Vout pin 10 (3.3V Regulated Output):

External circuitry that requires a regulated 3.3V
supply can be powered up via this pin. Maximum
available current is 50ma.

GND pins 7,8 (Module Ground):
Module ground pins. These pins must be
connected to ground.

RESET pin 9 (Module Master Reset):

Module Master Reset pin. An active low pulse of
greater than 2 micro-seconds will reset the
module. Internally pulled up to 3.3V via 4.7K
resistor. Only use open collector type circuits to
reset the device if an external reset is required.

3. Software Platform - 4DGL

The heart of the pOLED-160-G1(GFX) module is
the GOLDELOX-GFX2 graphics processor from 4D
Labs. The GOLDELOX-GFX2 belongs to a family of
processors powered by a highly optimised soft
core virtual engine, EV.E. (Extensible Virtual
Engine).

EVE is a proprietary, high performance virtual
processor with an extensive byte-code instruction
set optimised to execute compiled 4DGL
programs. 4DGL (4D Graphics Language) was
specifically developed from ground up for the EVE
engine core. It is a high level language which is
easy to learn and simple to understand yet
powerful enough to tackle many embedded
graphics applications.

4DGL is a graphics oriented language allowing
rapid application development and the syntax
structure was designed using elements of popular
languages such as C, Basic, Pascal and others.
Programmers familiar with these languages will
feel right at home with 4DGL. It includes many
familiar instructions such as |IF..ELSE..ENDIF,
WHILE.WEND, REPEAT.UNTIL, GOTO, PRINT as
well as some specialised instructions SERIN,
SEROUT, GFX_LINE, GFX_CIRCLE and many more.
This section only covers the syntax of the available
instructions and functions. For a more in depth
study refer to the following documents:
“4DGL-Programmers-Reference-Manual.pdf” and
“GOLDELOX-GFX2-4DGL-Internal-Functions.pdf”

The following is a brief outline of 4DGL
instructions and functions available for the
HOLED-160-G1(GFX) module:

Generic 4DGL Instructions:
* if.else..endif
*  while..wend
* repeat..until/forever
* gosub..endsub
* func..endfunc
* goto
* for/next
*  switch/case

© 2011 4D Systems
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GPIO Functions:
e pin_HI(pin)
*  pin_LO(pin)
*  pin_Read(pin)
*  pin_Set(mode, pin)
. OUTPUT, INPUT, ANALOGUE_S,

ANALOGUE_10, ONEWIRE, SOUND

*  joystick()

*  OW_Reset()

*  OW_Read()

*  OW_Read9()

e OW_Write(data)

Memory Access Functions:
* peekB(address)
*  peekW(address)
* pokeB(address, byte value)
* pokeW(address, word_value)
* bits_Set{address, mask)
*  bits_Clear(address, mask)
*  bits_Flip(address, mask)
*  bits_Test(address, mask)

User Stack Functions:
* setsp(index)

*  getsp()

*  pop()

*  push(value)
* drop(n)

= call()

* exec(functionPtr, argCount)

Maths Functions:
*  ABS(value)
*  MIN(valuel, value2)
*  MAX(valuel, value2)
*  SWAP(&varl, &var2)

*  SIN(angle)
* COS(angle)
*  RAND()

¢ SEED(number)
= SQRT(number)
*  OVF()

Text and String Functions:
* txt_MoveCursor(line, column)
* putch(char)
*  putstr(pointer)

putnum(format, value)
print(...)
to(outstream)
charwidth('char')
charheight('char’)
strwidth(pointer)
strheight()
strlen(pointer)
txt_Set(function, value)
txt_Set shortcuts:
* txt_FGcolour(colour)
* txt_BGcolour(colour)
* txt_FontID(id)
*  txt_Width(multiplier)
* txt_Height(multiplier)
*  txt_Xgap(pixelcount)
*  txt_Ygap(pixelcount)
* txt_Delay(millisecs)
* txt_Opacity(mode)
* txt_Bold(mode)
* txt_ltalic(mode)
* txt_Inverse(mode)
* txt_Underlined(mode)
*  txt_Attributes(value)

Graphics Functions:

gfx_Cls()

gfx_ChangeColour(oldColour, newColour)
gfx_Circle(x, y, radius, colour)
gfx_CircleFilled(x, y, radius, colour)
gfx_Line(x1, y1, x2, y2, colour)
gfx_Hline(y, x1, x2, colour)

gfx_Vline(x, y1, y2, colour)
gfx_Rectangle(x1, y1, x2, y2, colour)
gfx_RectangleFilled(x1, y1, x2, y2, colour)
gfx_Polyline(n, vx, vy, colour)
gfx_Polygon(n, vx, vy, colour)
gfx_Triangle(x1, y1, x2, y2, x3, y3, colour)
gfx_Dot()

gfx_Bullet(radius)

gfx_Orbitinit(&x_dest, &y_dest)
gfx_Orbit(angle, distance)

gfx_PutPixel(x, y, colour)

gfx_GetPixel(x, y)

gfx_MoveTo(xpos, ypos)
gfx_MoveRel(xoffset, yoffset)

© 2011 4D Systems www.4dsystems.com.au Page 8 of 17



MOLED-160~G1(GFX)

Data Sheet

gfx_IncX()
gfx_IncY()
gfx_LineTo(xpos, ypos)
gfx_LineRel(xpos, ypos)
gfx_BoxTo(x2, y2)
gfx_SetClipRegion()
gfx_ClipWindow(x1, y1, x2, y2)
gfx_FocusWindow()
gfx_Set(function, value)
gfx_Set shortcuts:
e gfx_PenSize(mode)
e gfx_BGcolour(colour)
* gfx_ObjectColour(colour)
* gfx_Clipping(mode)
* gfx_FrameDelay(delay)
* gfx_ScreenMode(delay)
¢ gfx_OutlineColour(colour)
= gfx_Contrast(value)
* gfx_LinePattern(pattern)
* gfx_ColourMode(mode)

Display I/O Functions:

disp_Init(initTable, stateMachine)
disp_WriteControl(value)
disp_WriteByte(value)
disp_WriteWord(value)
disp_ReadByte()

disp_ReadWord()
disp_BlitPixelFill(colour, count)
disp_BlitPixelsToMedia()
disp_BlitPixelsFromMedia(pixelcount)
disp_SkipPixelsFromMedia(pixelcount)
disp_BlitPixelsToCOM()
disp_BlitPixelsFromCOM(mode)

Media Functions (SD/SDHC Memory Card):

media_Init()
media_SetAdd(HIword, LOword)
media_SetSector(Hlword, LOword)
media_ReadByte()
media_ReadWord()
media_WriteByte(byte_val)
media_WriteWord(word_val)
media_Flush()

media_lmage(x, y)

media_Video(x, y)
media_VideoFrame(x, y, frameNumber)

SPI Control Functions:
* spi_Init(speed, inp_mode, out_mode)
* spi_Read()
*  spi_Write(byte)
*  spi_Disable()

Serial (UART) Communications Functions:
*  serin()
* serout(char)
* setbaud(rate)
* com_AutoBaud(timeout)
e com_lInit(buffer, buffsize, qualifier)
* com_Reset()
* com_Count()
* com_Full()
* com_Error()
* com_Sync()
* com_Checksum()
* com_PacketSize()

Sound and Tune (RTTTL) Functions:
* beep(note, duration)
* tune_Play(tuneptr)
* tune_Pause()
* tune_Continue()
* tune_Stop()
e tune_End()
*  tune_Playing()

General Purpose Functions:
*  pause(time)
* lookup8 (key, byteConstList )
* lookup16 (key, wordConstList )

To assist with the development of your 4DGL
applications on the Windows platform, the 4DGL-
Workshop3 IDE combines a full-featured editor, a
compiler, linker and a down-loader into a single
PC-based application. It's all you need to code,
test and run your applications. The editor provides
sophisticated features to help you rapidly and
reliably develop your applications.

© 2011 4D Systems
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4. Module Features

The pOLED-160-G1(GFX) module is equipped to
accommodate most applications. Some of the
main features of the module are listed below.

4.1 The Display — 1.7” PMOLED

The pHOLED-160-G1(GFX) is equipped with a full
colour PMOLED screen. Some of the features of
the screen are:

e Screen Size: 1.7” diagonal

¢ Screen Dimensions: 40 x 33.5mm.

*  Viewing Area: 33.6 x 27mm

* 65K true to life colours

* Brightness: 100 cd/m2

* Contrast Ratio: 5000:1

* Viewing Angle: greater than 160 degrees

* No Back lighting

4.2 The GOLDELOX-GFX2 Processor

The module is designed around the GOLDELOX-
GFX2 Graphics Controller from 4D-Labs.

The GOLDELOX-GFX2 is a custom embedded
graphics controller designed to interface with
many popular OLED and LCD display panels.
Powerful graphics, text, image, animation and
countless more features are built right inside the
chip. It offers a simple plug-n-play interface to
many 8bit 80-Series colour LCD and OLED displays.

The chip is designed to work with minimal design
effort and all of the data and control signals are
provided by the chip to interface directly to the
display. Simply choose your display and interface it
to the GOLDELOX-GFX2 on your application board.
This offers enormous advantage to the designerin
development time and cost saving and takes away
all of the burden of low level design.

The data sheet for the chip is available from the
www.4dsystems.com.au website:
“GOLDELOX-GFX2-DS-revx.pdf”

4.3 micro-SD/micro-SDHC Memory Card

The module supports micro-SD/micro-SDHC
memory cards via the on-board micro-SD
connector. The memory card is used for all
multimedia file retrieval such as images,
animations and mavie clips. The memory card can
also be used as general purpose storage for data
logging applications. Support is available for off
the shelf micro-SD with up to 2GB capacity and for
high capacity HC memory cards starting from 4GB
and above.

© 2011 4D Systems
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5. Programming - System Updates

The  GOLDELOX-GFX2 processor on the
HOLED-160-G1(GFX) module can be re-
programmed with the latest PmmC configuration
for updates and future proofing. The chip-level
configuration is available as a PmmC (Personality-
module-micro-Code) file and the programming
must be performed over the serial interface. All of
the high level internal 4DGL functions are part of
the GOLDELOX-GFX2 PmmC configuration file so
please check regularly for the latest updates and
enhancements.

It is recommended that the YOLED-160-G1(GFX)
display module be socketed on the application
board so that it can be easily removed for PmmC
programming.

The PmmC file is programmed into the device
with the aid of “PmmC Loader”, a PC based
software tool. To provide a link between the PC
and the pOLED module, a USB to Serial converter
is required. A range of custom made micro-USB
devices such as the pUSB-MBS and the pUSB-CE5
are available from 4D Systems. For further details
refer to 'Section 7: Development and Support
Tools'.

[9)[0000

2

(0.0.0 00)
(DEDENENED

53 GN9 XL Xd G+

. 4deyctome. com. 3y
. 10SYSTemS, Com, au

uUSB-MB5

uUSB-CE5

6. OLED Screen Precautions

¢ Avoid having a White Background. The more
pixels that are lit up, the more the display
module will consume current. A full white
screen will have the highest power
consumption.

* Avoid displaying objects or text on White
Backgrounds. This will cause a smearing effect
which is inherent to all PMOLED displays.
Instead try a shaded mixed colour as the
background or better still a black background.
Ideally have mixed coloured
objects/text/icons on a black background.

* Avoid having to display the same image/object
on the screen for lengthy periods of time. This
will cause a burn-in which is a common
problem with all types of display technologies.
Blank the screen after a while or dim it very
low by adjusting the contrast. Better still;
implement a screen saver feature.

* The display can be easily scratched. The soft
polarisation film on the glass surface may be
damaged if rubbed by hard objects. Handle
with care to avoid scratching the display.

* Moisture and water can damage the display.
Moisture on the surface of a powered display
will cause the electrodes to corrode. Wipe off
any moisture gently or let the display dry
before usage.

* Dirt from fingerprint oil and fat can easily
stain the surface of the display. Gently wipe
off any stains with a soft lint-free cloth.

* The performance of the display will degrade
under high temperature and humidity. Avoid
such conditions when storing.

* Displays are susceptible to mechanical shock
and any force exerted on the module may
result in deformed zebra strips and cracks.

* Always use the mounting holes on the
module's printed circuit board to mount the
display.

© 2011 4D Systems
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7. Development and Support Tools

7.1 PmmC Loader -
Software Programming Tool

The ‘PmmC Loader’ is a free software tool for
Windows based PC platforms. Use this tool to
program the latest PmmC file into the GOLDELOX-
GFX2 chip embedded in the uOLED module. It is
available for download from the 4D Systems

website, www.4dsystems.com.au

Com Port:

File to load
Load status
Progress: |

7.2 microUSB -
Hardware Programming Tool

The micro-USB module is a USB to Serial bridge
adaptor that provides a convenient physical link
between the PC and the pOLED module. A range
of custom made micro-USB devices such as the
HUSB-MBS5 and the pUSB-CE5 are available from
4D Systems (must be purchased separately). The
micro-USB module is an essential tool for PmmC
programming as well as for using available
software tools to test WOLED-160-G1(GFX)
module.

\uUSB-CE5

uUSB-MB5

7.3 FONT Tool — Software Tool

The Font-Tool is a free software tool for Windows
based PC platforms. Use this tool to assist in the
conversion of standard Windows fonts (including
True Type) into the bitmap fonts used by the
GOLDELOX-GFX2 chip.

© Fant o faw Bitmap Converter

Bl <) By Ewer | veenorn0

Ford size Character operations
&1 Height 18 Wigh 16 Bhcory| CR Paste |

41 ¥ WA wik[12E =]

Measued Widh
Mrd Max 15

Disclaimer: Windows fonts may be protected by
copyright laws. This software is provided for
experimental purposes only.

7.4 Graphics Composer — Software Tool

The Graphics Composer is a free software tool for
Windows. This software tool is an aid to composing
a slide show of images, animations and movie-clips
(multi-media  objects) which can then be
downloaded into the micro-SD/micro-SDHC memory
card that is supported by the pOLED-160-G1(GFX).
The multimedia objects can then be called within
the user application 4DGL program.

It is available for download from the 4D Systems
website, www.4dsystems.com.au

R T———
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7.5 Development and Carrier Boards

CB-160-G1: is the carrier board for the
HOLED-160-G1(GFX) display module. It has a tiny
5-position Joystick as well as a miniature speaker
and driver circuit.

CB-160-G1

DEVBOARD-G1: is a compact and low-cost all in
one development platform for the
MOLED-160-G1(GFX) display module. This board is
the ideal platform for learning and experimenting
with the display module.

DEVBOARD-G1 Development Board

7.6 4DGL-Workshop3 - Complete IDE
Editor, Compiler, Linker, Downloader

The 4DGL-Workshop3 IDE provides an integrated
software development environment for all of the 4D
family of processors and modules. The IDE combines
the Editor, Compiler, Linker and Down-Loader to
develop complete 4DGL application code. All user
application code is developed within the Workshop3
IDE.

It is available for download from the 4D Systems
website, www.4dsystems.com.au

© 2011 4D Systems
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8. Mechanical Dimensions

4 x 3mm holes . e

32mm
26mm

Display
1. Smm

\__Adhesive

i = 0.3mm
- 46mm PC Board
o 52mm > 1. 6mm

NS AR AN AR AN SR AN N

[
" Smm S

uSD Card
Entry
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9. Specifications and Ratings

Absolute Maximum Ratings

Operating ambient temMPEratlire .....iiuc v et e e e e e e e eaenerns -35°C to +75°C
1= L= ) o= = D O -40°C +80°C
Voltage on any digital input pin With resSpect t0 GND ......cvuniveiereerieeeieeeeeieeeensrereenrenns -0.3V to 6.0V
Voltage on SWITCH pin with respect t0 GND .....vuviviiriieeseieies e eeeeeeeereeeeeessnseneses -0.3V to 6.0V
Voltage on VCC.with respect t0 GND s s i s s s -0.3V to 6.0V
Maximurmi:current OULIOF GND BN s isvass s imiiiissmssss mmnnnnnnsmes smmsmsnsnnsnn et 300mA
MaximMUMTCUITEE 100 VEE DT sueinsss nmnssmasnsmssssn s msn aisss tassssnabaan s i S amees 250mA
Maximum output current suNk/SoUrced DY @NY PiM oot eese e re s ee e e eeeeeseneeneesnes 4.0mA
L]t oLt e L=t o T Yl o T 1.0W
NOTE: Stresses above those listed here may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at those or any other conditions above those
indicated in the recommended operation listings of this specification is not implied. Exposure to
maximum rating conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Conditions Min Typ Max Units
Supply Voltage (VCC) 4.0 5.0 5.5 v
Operating Temperature -30 - +70 @
Input Low Voltage RX pin GND . 0.8 vV
Input High Voltage RX pin 2.0 3.3 5.0 Vv
Reset Pulse External Open Collector 2.0 -- = HS
Operational Delay Power-Up or External Reset 1000 =8 == ms

D4 0 E pasea ¢ pera 0 &

Parameter Conditions Min Typ Max Units
Supply Current (ICC) VCC = 5.0V 14 40 120 mA
Low Power Current (ICC) VCC = 5.0V, Contrast = 0 300 500 - uA
Output Low Voltage (voL) | 1 191,102 pins, 0L = - - 0.4 v
Output High Voltage (VOH) 2(,01;‘);, 102 pins, IOL = 2.4 % 5.3 v
A/D Converter Resolution 101 pin - 8 10 bits
Capacitive Loading All pins -= -- 50 pF
Flash Memory Endurance PmmC/4DGL Programming - 1000 - E/W

© 2011 4D Systems
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Current Consumption based on Display Usage

i .
High Contrast
15 13.5 All pixels OFF (Black screen)
15 40.0 Screen has mix text and graphics (Typical usage)
15 115.0 All pixels ON (White screen)
Medium Contrast e
8 13.5 All pixels OFF (Black screen)
8 32:0 Screen has mix text and graphics (Typical usage)
8 110.0 All pixels ON (White screen)
Low Contrast
0 13.5 All pixels OFF (Black screen)
0 18.0 Screen has mix text and graphics (Typical usage)
0 41.0 All pixels ON (White screen)
Don't Care 0.3 Screen Power-Down command executed

Optical Characteristics

Parameter Conditions Min Typ Max Units
Luminance (L) VCC = 5.0V 70 100 -- cd/m=2
Viewing Angle (VA) VCC = 5.0V 160 = - degree
Contrast Ratio (CR) VCC = 5.0V 2000:1 | 5000:1 -- --
50% checker board pattern.

Operational Lifetime (LT) 90 cd/m2. End of lifetime is 10000 | 15000 -- hours
50% initial intensity.

Storage Lifetime (ST) Ta = 25°C, 50% RH 20000 - -- hours

Ordering Information

Order Code: pOLED-160-G1(GFX)
Package: 150mm x 95mm (ZIF Bag dimensions).
Packaging: Module sealed in bubble bag inside a ZIF bag, both Antistatic.

External Documentation References

GOLDELOX-GFX2-DS.pdf
4DGL-Programmers-Reference-Manual.pdf
GOLDELOX-GFX2-4DGL-Internal-Functions.pdf
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Proprietary Information

The information contained in this document is the property of 4D Systems Pty. Ltd. and may be the subject
of patents pending or granted, and must not be copied or disclosed with out prior written permission.

4D Systems endeavours to ensure that the information in this document is correct and fairly stated but does
not accept liability for any error or omission. The development of 4D Systems products and services is
continuous and published information may not be up to date. It is important to check the current position
with 4D Systems. 4D Systems reserves the right to modify, update or make changes to Specifications or
written material without prior notice at any time.

All trademarks belong to their respective owners and are recognised and acknowledged.

Disclaimer of Warranties & Limitation of Liability

4D Systems makes no warranty, either express or implied with respect to any product, and specifically
disclaims all other warranties, including, without limitation, warranties for merchantability, non-
infringement and fitness for any particular purpose.

Information contained in this publication regarding device applications and the like is provided only for your
convenience and may be superseded by updates. It is your responsibility to ensure that your application
meets with your specifications.

In no event shall 4D Systems be liable to the buyer or to any third party for any indirect, incidental, special,
consequential, punitive or exemplary damages (including without limitation lost profits, lost savings, or loss
of business opportunity) arising out of or relating to any product or service provided or to be provided by
4D Systems, or the use or inability to use the same, even if 4D Systems has been advised of the possibility of
such damages.

4D Systems products are not fault tolerant nor designed, manufactured or intended for use or resale as on
line control equipment in hazardous environments requiring fail — safe performance, such as in the
operation of nuclear facilities, aircraft navigation or communication systems, air traffic control, direct life
support machines or weapons systems in which the failure of the product could lead directly to death,
personal injury or severe physical or environmental damage (‘High Risk Activities’). 4D Systems and its
suppliers specifically disclaim any expressed or implied warranty of fitness for High Risk Activities.

Use of 4D Systems’ products and devices in 'High Risk Activities' and in any other application is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and hold harmless 4D Systems from any and all
damages, claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or
otherwise, under any 4D Systems intellectual property rights..

Contact Information

For Technical Support : support@4dsystems.com.au
For Sales Support : sales@4dsystems.com.au

Website : www.4dsystems.com.au

Copyright 4D Systems Pty. Ltd. 2000-2011.
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4D LABS

GOLDELOX-GFX2
Embedded Graphics Controller

Advance Information

The GOLDELOX-GFX2 is a custom embedded
graphics controller designed to interface with
many popular OLED and LCD display panels.
Powerful graphics, text, image, animation and
countless more features are built right inside the
chip. It offers a simple plug-n-play interface to
many 8bit 80-Series colour LCD and OLED displays.

The chip is designed to work with minimal design
effort and all of the data and control signals are
provided by the chip to interface directly to the
display. Simply choose your display and interface it
to the GOLDELOX-GFX2 on your application board.
This offers enormous advantage to the designerin
development time and cost saving and takes away
all of the burden of low level design.

The GOLDELOX-GFX2 belongs to a family of
processors powered by a highly optimised soft
core virtual engine, EV.E. (Extensible Virtual
Engine). EVE is a proprietary, high performance
virtual processor with an extensive byte-code
instruction set optimised to execute compiled
4DGL programs. 4DGL (4D Graphics Language) was
specifically developed from ground up for the EVE
engine core. It is a high level language which is

easy to learn and simple to understand vyet
powerful enough to tackle many embedded
graphics applications.

The device offers modest but comprehensive 1/0
features and can interface to SPI, serial, analogue,
digital, buttons, joystick and Dallas 1-wire devices.
Provision is also made for creating complex sound
effects for audible user feedback with an extended
RTTTL tone generator.

A basic system font is included, and unlimited
customisable fonts with fixed or proportional
spacing can be created using the free FONT-Tool
provided.

All of the display built-in driver libraries
implement and share the same high-level function
interface. This allows your GUI application to be
portable to different display controller types.

The software development tools such as 4DGL-
Workshop3 IDE and Graphics Composer are FREE
and there are no licensing requirements.

In short, the GOLDELOX-GFX2 offers one of the
most flexible embedded graphics solutions
available.

T |1 SystemFonts | | | ——
e - | card Driver |
i [ Sysiom Sorvices | Serial Flash Oriver |
! Internal | Fiers | L i
PmmC Loader
EVE Core [ Emiiee |
=
Extensible Virtual Engine COMO
Butlered Services
| .
Memory Management Display Orivers D#SPM\‘
I : I ¥ | Interface
SRAM FLASH S
510 bytes 10K byles
{285 vars) | User Code Slorage sfr::co?‘ GPIO
User Variables | User Code Exacution
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Features

* Low-cost OLED, LCD and TFT display graphics
user interface solution.

e Ideal as a standalone embedded graphics
processor or interface to any host controller as
a graphics co-processor.

* Connect to any colour display that supports an
80-Series 8 bit wide CPU interface. All data and
control signals are provided.

e Built in high performance virtual processor
engine (EVE) with an extensive byte-code
instruction set optimised for 4DGL, the high
level 4D Graphics Language.

e 2 xGPIO ports supports:
* Digital I/O
* A/D converter with 8/10 bit resolution
* Complex sound generation
e Dedicated RTTTL tune engine
¢ Multi-Switch Joystick
* Dallas 1-Wire
* 10K bytes of flash memory for user code
storage and 510 bytes (255 x 16bit vars) of
RAM for user variables.

* 1x 32bit free running system timer with 1msec
resolution.

* 4 x 16bit user timers with 1msec resolution

* Asynchronous hardware Serial port with auto-
baud feature (300 to 256K baud).

* Hardware SPI port interface for uSD/uSDHC
memory cards or Serial Flash memaory chips for
storing of icons, images, animations, etc.

* Comprehensive set of built in high level 4DGL
graphics functions and algorithms that can
draw lines, circles, text, and much more.

* Display full colour images, animations, icons
and video clips.

* 8x8 built-in system font and support for
unlimited user customisable fonts with fixed or
proportional spacing with the aid of a freely
provided Font-Tool.

* Single 3.3 Volt Supply @12mA typical.
* Available in a tiny 6mm x 6mm 28pin QFN.

Applications

Industrial (general).

Test, measurement and general purpose
instrumentation

Elevator Control Systems.

Point of Sale Terminals.

Home Appliances (general).
Security Systems.

Access Control Systems.
Air-conditioning Control Systems.
Universal Remote Control.
Automotive (general).

Electronic Gauges and Meters.
Portable ECG Systems.

Portable Blood Pressure Monitors.
Aviation (general).

Gaming and Slot Machines.

And much more..

Yidea Clok USB programing

Extensible

Virtual Engine

g A
Graghics, bt
_1 ! ;
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1. Pin Configuration and Summary

Exposed PAD
Connect to GND

Top View

B 3
o

SCK it
SDI 12
SDO 13
TX0 14

SDCS

Symbol 1/0 Description

Display Read strobe signal. GOLDELOX-GFX2 asserts this signal LOW
1 RD O |when reading data from the display. Connect this pin to the Read (RD)
signal of the display.

Display Write strobe signal. GOLDELOX-GFX2 asserts this signal LOW
2 WR O |when writing data to the display. Connect this pin to the Write (WR)
signal of the display.

Internal voltage regulator filter capacitor. Connect a 4.7ufF to 10uF
capacitor from this pin to Ground.

3 REF P

Display Register Select.

LOW: Display index or status register is selected.

4 RS O | HIGH: Display GRAM or register data is selected.

Connect this pin to the Register Select (RS or A0 or C/D or similar
naming convention) signal of the display.

5 GND P |Ground.
i CLK1 | System Clock input 1 of a 12Mhz crystal.
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Symbol

1/0

Description

7 CLK2 O |System Clock input 2 of a 12Mhz crystal.
SPI device Chip Select. Connect this pin to the Chip Enable (CE or CS)
8 SDCS O |signal of the external SPI device (SD/SDHC memory card, Serial Flash
chip, etc.).
Display Chip Select. GOLDELOX-GFX2 asserts this signal LOW when
9 CsS O |accessing the display. Connect this pin to the Chip Select (CS) signal of
the display.
10 RES 0 Display RESET. GOLDELOX-GFX2 initialises the display by strobing this
pin LOW. Connect this pin to the Reset (RES) signal of the display.
SPI Serial Clock output. Connect this pin to the SPI Serial Clock (SCK)
1 sck 0 signal of the external device. Nominaliy reserved for SD/SDHC memory
card or serial flash memory chip.
See Section 8.3 for detailed timing diagram.
SP1 Serial Data Input. Connect this pin to the SPI Serial Data Out (SDO)
12 SO | signal of the external device. Nomina!ly reserved for SD/SDHC memory
card or serial flash memory chip.
See Section 8.3 for detailed timing diagram.
SPI Serial Data Output. Connect this pin to the SPI Serial Data In (SDI)
13 DO 0 signal of th.e external device. Nominally reserved for SD/SDHC memory
card or serial flash memory chip.
See Section 8.3 for detailed timing diagram.
Asynchronous Serial Transmit pin. Output data is at TTL voltage levels.
14 TXO0 O  |Connect this pin to external device Serial Receive (Rx) signal. This pin is
tolerant up to 5.0V levels.
15 RXO | Asynchronous Serial Receive pin. Connect this pin to external device
Serial Transmit (Tx) signal. This pin is tolerant up to 5.0V levels.
16 GND P |Ground.
17 VCC P |Positive supply with respect to GND pin.
18 DO I/O | Display Data Bus bit 0.
19 D1 I/O | Display Data Bus bit 1.
20 D2 I/0 | Display Data Bus bit 2.
21 D3 I/O |Display Data Bus bit 3.
22 D4 I/O | Display Data Bus bit 4.
23 D5 I/O | Display Data Bus bit 5.
24 D6 I/O | Display Data Bus bit 6.
25 D7 I/O | Display Data Bus bit 7.
26 RESET | | Master Reset signal. Connect a 4.7K resistor from this pin to VCC.
27 101 I/O/A | General purpose 101 pin. See Section 2.4 for more detail.
28 102 I/O | General purpose 102 pin. See Section 2.4 for more detail.
PAD GND P | Exposed metal pad under the package, must connect to GND.

I: Input, O: Output, A: Analogue, P: Power

© 2011 4D Labs
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2. Pin and Functional Description

The GOLDELOX-GFX2 provides both a hardware
and a software interface. This section describes in
detail the hardware interface.

2.1 Display Interface

The GOLDELOX-GFX2 supports LCD and OLED
displays with an 80-Series 8 bit wide CPU data
interface. The connectivity to the display is easy
and straight forward. The chip generates all of the
necessary timing to drive the display.

LT B
RES

49 LABS mo
GOLDELOX LM

CS | RS |RD|WR | Operation

0| O | 0| 1 |Read Display Status Register

0 0 1| 0 |Write Display Index Register

O 1 |0 1 |ReadDisplay GRAM Data

0] 1 1| 0 |Write Register or GRAM Data
1 X | X| X |NoOperation

Display Operation Table

DO0-D7 pins (Display Data Bus):

The Display Data Bus (D0-D7) is an 8 bit
bidirectional port and all data writes and reads
occur over this bus. Other control signals such as
RW, RD CS, and RS synchronise the data transfer to
and from the display.

CS pin (Display Chip Select):

The access to the display is only possible when the
Display Chip Select (CS) is asserted LOW. Connect
this pin to the Chip Select (CS) signal of the
display.

RS pin (Display Register Select):
The RS signal determines whether a register
command or data is sent to the display.

LOW: Display index or status register is
selected.
HIGH: Display GRAM or register data is
selected.

Connect this pin to the Register Select (RS) signal
of the display. Different displays utilise various
naming conventions such as RS, AO, C/D or
similar. Be sure to check with your display
manufacturer for the correct name and function.

RES pin (Display Reset):

Display RESET. GOLDELOX-GFX2 initialises the
display by strobing this pin LOW. Connect this pin
to the Reset (RES) signal of the display. This signal
can also be used to control the back-light of the
LCD or as the DC/DC converter enable. Refer to
the reference design in Section 7 in this document
for an example.

WR pin (Display Write):

This is the display write strobe signal. The
GOLDELOX-GFX2 asserts this signal LOW when
writing data to the display in conjunction with the
display data bus (DO-D7). Connect this pin to the
Write (WR) signal of the display.

=X X |

cs

WR
WT

RD7 N N B NN K WR‘HITEiDATA g i

item Sym | Min | Typ | Max | Unit
Write Low Pulse twL | 170 - - ns
Write High Pulse tWH| 85 | - - ns
Write Bus Cycle Total | tWT | 255 | - - ns |
Write Data Setup . tDS | 85 | - - ns
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RD pin (Display Read):

This is the display read strobe signal. The
GOLDELOX-GFX2 asserts this signal LOW when
reading data from the display in conjunction with
the display data bus (D0-D7). Connect this pin to
the Read (RD) signal of the display.

|
RS B4 o T

cs

oo N N

T

D0.07 N\ "\ N_X READ DATA SR RN

tDH

Item Sym  Min | Typ | Max | Unit
Read Low Pulse tRL | 300 | - - ns
Read High Pulse tRH | 300 | - - ns
Read Bus Cycle Total | tRT | 600 | - - ns
'Read Data Hold tDH 150 - | - | ns |

2.2 SPI Interface — Master Mode Only

The GOLDELOX-GFX2 supports uSD/uSDHC
memory cards as well as Serial Flash memory
chips via its hardware SPI interface. These storage
devices are used for all multimedia file storage
such as images, animations and movie clips. The
memory card can also be used as general purpose
storage for data logging applications. Support is
available for uSD with up to 2GB capacity and for
high capacity HC memory cards starting from 4GB
and above. The GOLDELOX-GFX2 also supports any
other general purpose SPI serial device.

SDI

:SDO

i B SCK
5205 | 5 SDCS |
=]

4D LABS
GOLDELOX

Serial Flash
Memory Chip

[ Memory Card

SDI pin (SPI Serial Data In):
The SPI Serial Data Input (SDI). It connects to the
Serial Data Out (SDO) pin of external SPI device.

SDO pin (SPI Serial Data Out):

The SPI Serial Data Output (SDO). This pin
connects to the Serial Data In (SDI) signal of the
external SPI device.

SCK pin (SPI Serial Clock):

The SPI Serial Clock output (SCK). This pin
connects to the Serial Clock (SCK) signal of the
external SPI device.

SDCS pin (SPI Chip Select):

SPI device Chip Select (SDCS). Connect this pin to
the Chip Enable (CE or CS) signal of the external
SP| device.

Also refer to “Section 8.3 SPI Timing Diagram “

2.3 Serial Port - UART

The GOLDELOX-GFX2 has a dedicated hardware
UART that can communicate with external serial
devices. This is referred to as the COMO module.
The primary features are:

* Full-Duplex 8 bit data transmission and
reception through the TX and RX pins.

* Data format: 8 bits, No Parity, 1 Stop bit.

* Auto Baud feature.

* Baud rates from 300 baud up to 256K baud.

* Single byte transmits and receives or a fully
buffered service. The buffered service
feature runs in the background capturing
and buffering serial data without the user
application having to constantly poll the
serial port. This frees up the application to
service other tasks.

The Serial port is also the primary interface for
downloading user application code (compiled
4DGL byte-code) into the GOLDELOX-GFX2 flash
program memory. Once the download is complete
the serial port is available for user application.

Note: Low level PmmC chip programming and
updates also take place via the serial port.

Refer to “Section 4. In-Circuit-Serial-Programming
(ICSP)” for further details.

TX pin (Serial Transmit):
Asynchronous Serial port Transmit pin, TX.
Connect this pin to external serial device Serial

© 2011 4D Labs
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Receive (Rx) signal.

RX pin (Serial Receive):

Asynchronous Serial port Receive pin, RX. Connect
this pin to external serial device Serial Transmit
(Tx) signal.

2.4 General Purpose I/O Interface

There are 2 GPIO pins available, 101 and 102. Each
GPIO has a multitude of high level functions
associated with it and these can be selected
within 4DGL user application code.

Refer to the separate document titled
“GOLDELOX-GFX2-Internal-Functions.pdf” for a
complete set of built in 4DGL library functions.

101, 102 pins (General Purpose Input Output):
General purpose 101, 102 pins. The table below
lists the available GPIO functions and features.

GPIO Functions and Features

Function 101 102 ‘
Digital Input vV v
Digital Output v o[V
A/D Converter 8/10 bits N -
Dallas 1-Wire support vV vV
Sound Generation, RTTTL Tunes o W
Joystick — 5 position multi-switch v | -

Input/Output:

Both 101 and 102 pins can be programmed to be
Inputs or Outputs. Diagram below shows a LED
connected to 101 (programmed as an output) and
a button connected to 102 (programmed as an
input).

T

| +3.3V

10K
from 101 470 Ohms to 102

LED 37 BUTTON

.

(1]
4
o
g
(=]

Analog to Digital Converter:

The 101 pin can be programmed as an A/D input.
Option is available to select 8 bit or 10 bit
resolution. Diagram below is a circuit of a Light
Dependant Resistor (LDR) connected to 101 to
measure and record changes in ambient light.

3.3V ‘
N
LDR
to IOiﬂ\/\)
10K
Gr:ID

Dallas 1-Wire:

The Dallas 1-Wire protocol is a form of serial
communications designed to operate over a single
data line plus ground reference. Multiple 1-Wire
devices can be attached to the same shared data
line to network many devices. One wire device
support is available on both the 101 and the 102
pins.

The diagram below depicts a typical 1-Wire
temperature sensor interface.

—

101 or 102

Joystick - Multi Switch:

Multiple buttons or a multi-switch Joystick can be
connected to the 101 pin. Up to 5 buttons or a 5
position multi-switch joystick connects to a
junction of a resistor ladder network that forms a
voltage divider. The A/D converter of the 101 pin
internally reads the analogue value and decodes it
accordingly. This feature is supported by
dedicated 4DGL library functions. The following
diagrams indicate how to connect up to 5
individual buttons or a multi-switch joystick to the
101 pin.
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+3.3V
R6
4K7
to IO1
=
SW1+ 5W24 SW3+ 5W4* SWS*
R1 R2 R3 R4 R5
22K 10K 4K7 K2 1K2
1.3V
R6
ki to I01
\_—b
4
6
2 &
R4 [|RS
2K2 | [1K2

DIODE

SPEAKER
from 101 or 102 100 Ohm 8 or 16 Ohm
{ pL NPN

0.1uF

2200 Ohm NPN

Unused buttons do not need resistors to be
connected to the circuit. The table below lists the
buttons and corresponding resistor values.

2.5 System Pins

VCC pin (Device Supply Voltage):

Device supply voltage pin. This pin must be
connected to a regulated supply voltage in the
range of 3.0 Volts to 3.6 Volts DC. Nominal
operating voltage is 3.3 Volts.

GND, PAD pins (Device Ground):
Device ground pins. These pins must be
connected to ground.

RESET pin (Device Master Reset):

Device Master Reset pin. An active low pulse of
greater than 2 micro-seconds will reset the device.
Connect a resistor (1K through to 10K, nominal
4.7K) from this pin to VCC. Only use open collector
type circuits to reset the device if an external
reset is required. This pin is not driven low by any
internal conditions.

CLK1, CLK2 pins (Device Oscillator Inputs):

CLK1 and CLK2 are the device oscillator pins.
Connect a 12.00Mhz AT strip cut crystal with 22pf
capacitors from each pin to GND as shown in the
diagram below.

e | ot Resistorvate
1 SW1 22K
2 SW2 10K
3 Sw3 4.7K
4 Sw4 2.9K
5 SW5 1.2K |

Sound Output:
The GOLDELOX-GFX2 is capable of generating
complex sounds and RTTTL tunes from its 101 and
102 pins. A simple speaker circuit as shown below
can be utilised.

to CLK1

_ ||:| to CLK2
12.00Mhz I

|—
[

22pf } 22pF

|
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3. Software Platform - 4DGL

The GOLDELOX-GFX2 belongs to a family of
processors powered by a highly optimised soft
core virtual engine, EV.E. (Extensible Virtual
Engine).

EVE is a proprietary, high performance virtual
processor with an extensive byte-code instruction
set optimised to execute compiled 4DGL
programs. 4DGL (4D Graphics Language) was
specifically developed from ground up for the EVE
engine core. It is a high level language which is
easy to learn and simple to understand yet
powerful enough to tackle many embedded
graphics applications.

4DGL is a graphics oriented language allowing
rapid application development and the syntax
structure was designed using elements of popular
languages such as C, Basic, Pascal and others.
Programmers familiar with these languages will
feel right at home with 4DGL. It includes many
familiar instructions such as IF.ELSE..ENDIF,
WHILE.WEND, REPEAT.UNTIL, GOSUB..ENDSUB,
GOTO, PRINT as well as some specialised
instructions SERIN, SEROUT, GFX_LINE,
GFX_CIRCLE and many more. This section only
covers the syntax of the available instructions and
functions. For a more in depth study refer to the
following documents:
“4DGL-Programmers-Reference-Manual.pdf”
“GOLDELOX-GFX2-4DGL-Internal-Functions.pdf”

The following is a brief outline of 4DGL
instructions and functions available for the
GOLDELOX-GFX2 device.

Generic 4DGL Instructions:
* if.else..endif
*  while..wend
* repeat..until/forever
* gosub..endsub
* func..endfunc

pin_HI(pin)
pin_LO(pin)
pin_Read(pin)
pin_Set(mode, pin)

] OUTPUT, INPUT, ANALOGUE_S8,
ANALOGUE_10, ONEWIRE, SOUND

joystick()
OW_Reset()
OW_Read()
OW_Read9()
OW_Write(data)

Memory Access Functions:

peekB(address)

peekW (address)
pokeB(address, byte value)
pokeW(address, word_value)
bits_Set(address, mask)
bhits_Clear(address, mask)
bits_Flip(address, mask)
bits_Test(address, mask)

User Stack Functions:

setsp(index)

getsp()

pop()

push(value)

drop(n)

call()

exec(functionPtr, argCount)

Maths Functions:

ABS(value)
MIN(valuel, value2)
MAX(valuel, value2)
SWAP(&varl, &var2)
SIN(angle)
COS(angle)

RAND()
SEED(number)
SQRT(number)

OVF ()

Text and String Functions:
*  txt_MoveCursor(line, column)
*  putch(char)
*  putstr(pointer)

GPIO Functions: *  putnum(format, value)

*  poto
¢ for..next
* switch...case

© 2011 4D Labs www.4d-Labs.com Page 11 of 30
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e print(...) e gfx_IncY() _

*  to(outstream) * gfx_LineTo(xpos, ypos)

* charwidth('char') = gfx_LineRel(xpos, ypos)

* charheight('char') » gfx_BoxTo(x2, y2)

* strwidth(pointer) * gfx_SetClipRegion()

* strheight() * gfx_ClipWindow(x1, y1, x2, y2)

* strlen(pointer) * gfx_FocusWindow()

¢ txt_Set(function, value) » gfx_Set(function, value)

txt_Set shortcuts: gfx_Set shortcuts:

* txt_FGcolour(colour) » gfx_PenSize(mode)
* txt_BGcolour(colour) « gfx_BGcolour(colour)
* txt_FontID(id) * gfx_ObjectColour(colour)
* txt_Width(multiplier) » gfx_Clipping(mode)
* txt_Height(multiplier) » gfx_FrameDelay(delay)
*  txt_Xgap(pixelcount) * gfx_ScreenMode(delay)
*  txt_Ygap(pixelcount) * gfx_OutlineColour(colour)
e txt_Delay(millisecs) « gfx_Contrast(value)
* txt_Opacity(mode) = gfx_LinePattern(pattern)
* txt_Bold{mode) * gfx_ColourMode(mode)

*  txt_ltalic(mode)

*  txt_Inverse(mode)

e txt_Underlined(mode)
e txt_Attributes(value)

Display I/O Functions:
¢ disp_Init(initTable, stateMachine)
* disp_WriteControl(value)
* disp_WriteByte(value)

Graphics Functions: * disp_WriteWord(value)
» gfx_Cls() * disp_ReadByte()
* gfx_ChangeColour(oldColour, newColour) * disp_ReadWord()
e gfx_Circle(x, y, radius, colour) * disp_BlitPixelFill(colour, count)
* gfx_CircleFilled(x, y, radius, colour) » disp_BlitPixelsToMedia()
* gfx_Line(x1, y1, x2, y2, colour) * disp_BlitPixelsFromMedia(pixelcount)
* gfx_Hline(y, x1, x2, colour) * disp_SkipPixelsFromMedia(pixelcount)
* gfx_Vline(x, y1, y2, colour) * disp_BlitPixelsToCOM()
* gfx_Rectangle(x1, y1, x2, y2, colour) * disp_BlitPixelsFromCOM(mode)

* gfx_RectangleFilled(x1, y1, x2, y2, colour)
* gfx_Polyline(n, vx, vy, colour)

* gfx_Polygon(n, vx, vy, colour)

* gfx_Triangle(x1, y1, x2, y2, x3, y3, colour)
* gfx_Dot()

* gfx_Bullet(radius)

*  gfx_OrbitInit(&x_dest, &y_dest)

* gfx_Orbit(angle, distance)

* gfx_PutPixel(x, y, colour)

¢ gfx_GetPixel(x, y)

* gfx_MoveTo(xpos, ypos)

* gfx_MoveRel(xoffset, yoffset)

e gfx_IncX()

Media Functions (SD/SDHC Card or Serial Flash):
*  media_lnit()
* media_SetAdd(HIword, LOword)
* media_SetSector(Hlword, LOword)
*  media_ReadByte()
* media_ReadWord()
*  media_WriteByte(byte_val)
* media_WriteWord(word_val)
*  media_Flush()
*  media_lmage(x, y)
*  media_Video(x, y)
*  media_VideoFrame(x, y, frameNumber)
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GOLDELOX-GFX2

Advance Information

Flash Memory chip Functions:
e flash_SIG()
* flash_ID()
flash_BulkErase()
* flash_BlockErase(blockAddress)

SPI Control Functions:
* spi_lnit(speed, inp_mode, out_mode)
*  spi_Read()
*  spi_Write(byte)
* spi_Disable()

Serial (UART) Communications Functions:
*  serin()
* serout(char)
* setbaud(rate)
* com_AutoBaud(timeout)
* com_lInit(buffer, buffsize, qualifier)
* com_Reset()
e com_Count()
e com_Full()
* com_Error()
=  com_Sync()
¢ com_Checksum()
* com_PacketSize()

Sound and Tune (RTTTL) Functions:
*  beep(note, duration)
* tune_Play(tuneptr)
* tune_Pause()
* tune_Continue()
* tune_Stop()
* tune_End()
* tune_Playing()

General Purpose Functions:
*  pause(time)
* lookup8 (key, byteConstList )
* lookup16 (key, wordConstList )

To assist with the development of 4DGL
applications, the 4DGL-Workshop3 IDE combines
a full-featured editor, a compiler, a linker and a
down-loader into a single PC-based application.
It's all you need to code, test and run your
applications.

4. In Circuit Serial Programming-

ICSP

The GOLDELOX-GFX2 processor can be re-
programmed with the latest PmmC configuration
for updates and future proofing. The chip-level
configuration is available as a PmmC (Personality-
module-micro-Code) file and the programming
must be performed over the serial interface. The
chip-resident internal 4DGL functions are part of
the GOLDELOX-GFX2 PmmC configuration file so
please check regularly for the latest updates and
enhancements.

A PmmC file can only be programmed into the
device via its serial port and an access to this must
be provided for on the target application board.
This is referred to as In Circuit Serial Programming
(ICSP). Diagram below provides a typical
implementation for the ICSP interface.

P RY-EXT
= RX " —  TNBXT
GOLDELOX | REcET 220 Ohms to
\ q External Serial Devices
Wi ey e

ICSP Header
uUSB-MBS or uUSB-CES
USB-Serial Interface

|ICSP Interface

-

The PmmC file is programmed into the device
with the aid of “PmmC Loader’, a PC based
software tool. To provide a link between the PC
and the ICSP interface a USB to Serial converter is
required. A range of custom made micro-USB
devices such as the uUSB-MBS5 and the uUSB-CE5
are available from 4D Systems. For further details
refer to 'Section 6: Development and Support
Tools',

Note: The GOLDELOX-GFX2 chip is shipped
blank and it must be programmed with the
PmmC configuration file.
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