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OZET

Hastanin vital bulgularinin degerlendirilmesinde, enfeksiyon siiphesinde,
antibiyotiklerin yonetiminde, immun kompremize hastalarda viicut 1sisinin
dogru olciimii 6nemlidir. Insan saghg icin 6nemli olan diger bir konu da kan
basincr ol¢iimii ile elde edilen yiiksek tansiyon (sistolik), diisiik tansiyon
(diastolik) ve nabiz degerlerinin, kan damarlarinin durumu ve Kkalp
karmcigindaki kan atimi hakkinda bilgi vermesidir. Yiiksek kan basinci
(hipertansiyon), damar tikamikhgi, inme, kalp yetmezligi ve bobrek yetmezligi
acisindan onemli risk faktorlerinden birisidir. Siirekli diisiik kan basinci
(hipotansiyon) da altta yatan bazi hastaliklar konusunda bize bilgi vermektedir.
Ayrica nabiz-sicaklik iliskisi de énemlidir. Normal bir insanda her 1 °C’lik

viicut sicakhigr artiminda nabiz degerinin 20 atim arttig1 goriilmiistiir.

Bu bilgiler dikkate alnarak tamilamada kullamilmak iizere MSP430F169
mikrodenetleyicisi, MPX5050GP basin¢ sensorii, 1°C arayizlii TMP100 sicakhk
sensorii kullamlarak, viicut sicaklikhig1 ve osilometrik yontemle tansiyon olcen
bir sistem tasarlanmistir. Sistemde 1°C seri iletisim protokolii kullamlarak
0,0625 °C ol¢iim arahg ile cok hassas viicut sicakhigr 6l¢iimii yapilmistir. Aym
zamanda osilometrik yontemle yapilan tansiyon ol¢iimiinde de labaratuvar
ortaminda Kkalibre edilmis oskiiltasyon yontemiyle oOl¢ciim yapan tansiyon
cihazina, diger tansiyon olcen cihazlardan daha yakin ol¢iim yapildig:

deneklerle yapilan karsilastirmah ol¢ciim sonuglarinda goriilmektedir. Elde



edilen tansiyon ve viicut sicakhig1 6lciim sonuglari incelenerek cesitli 6neriler

getirilmistir.
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ABSTRACT

True measuring of the immune compremise patient’s body temperature is
important for the evaluation of the patient’s vital findings, suspection of
infection and the management of antibiotics. Another important subject for the
health of human is that the high tension (systolic), low tension (diastolic) and
pulse values, handled by the measuring of blood pressure, give information
about the stuation of blood vessels and the omission of the blood in the heart
ventricle. High blood pressure (hypertension) is one of the important risk factor
for ebolism, stroke, heart failure and renal failure. Also the continious low blood
pressure (hypotension) informs us about some underlying diseases. Additionally
the relation of pulse and temperature is significant. It is seen that for a normal
person for each 1 °Con the increasing of body temperature, the pulse value

increases 20 beats.

By taking into consideration, to use on diagnostic; by using MSP430F169
microcontroller, MPX5050GP pressure sensor, TPM100 temperature sensor
interfaced 1°C a system has been designed which meters tension by the
body temperature and the method of oscillometric. In system, I1°C serial
communication protocol is used with 0,0625 °C measuring interval with so
sensitive body temperature measuring is succeed. At the same time with

oscillometric method in measuring tension in laboratory medium calibrated



Vil

auscultatory method versur other conventional tension measure equipment we
observe that oscillometric type approach central then other. Observed tension

and temperatures value results many.
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1. GIRIS

Damarlarin i¢inde dolasan kanin, damarin i¢ ¢eperlerine yapmis oldugu basinca kan
basinct denir. Kisiye ait kan basinci degerlerinin belirlenmesi standart bir klinik
Olctimdiir. Kan basinci olgiimii ile elde edilen sistolik ve diastolik basinglar kan
damarlariin durumu ve karinciktaki kan atimi hakkinda bilgi verir. Cevresel kan

damarlarinda bir daralma kendini kan basincinin artisi ile gosterir.

Sertlesmis ve daralmis arterler, viicudun organlarina yeterli miktarda kan ve oksijeni
iletemez ve organlarin dogru bir sekilde ¢aligmasini engeller. Yiiksek kan basinci,
sistolik kan basincinin 140 mmHg ve iizerinde, diastolik kan basincinin 90 mmHg ve
tizerinde olmasi halidir. Yiiksek kan basinci (hipertansiyon) damar tikanikligi, inme,
kalp yetmezligi ve bobrek yetmezligi agisindan 6nemli risk faktorlerinden birisidir.
Hipertansiyon, goriilme sikliginin ve getirdigi ekonomik yiikiin bliylikligii nedeni ile
tiim diinyada oldugu gibi iilkemizde de kalic1 sakatlik ve 6liim nedeni olan toplumsal

bir sorundur [1].

Hastalarin azimsanmayacak bir kismmnin kan basinci yiiksekliginin farkinda
olmamasi, hipertansiyonun 6nemini artirmaktadir. Yiiksek kan basincinin olumsuz
etkilerinin bir anda ortaya ¢ikmasi ve bu etkilerin 6liimle sonuglanabilecek riskler
icermesi sebebiyle hipertansiyonun tespiti i¢in kan basincinin 6lgiimii ve yiiksek
tansiyon hastalarinin kan basincinin siirekli izlenmesi gereklidir. Kan basinci
degerlerinin kliniklerde doktorlar tarafindan 6l¢iimii, beyaz onliikk hipertansiyonlu
hastalarda bir takim hatal: tespitlere neden olabilir. “Beyaz Onliik Hipertansiyon™ U
hastanin klinikte 6l¢iilen kan basinci degerlerinin psikolojik etkilerden dolay: normal
degerlerinden daha fazla ¢ikmasi olarak tanimlanir. Beyaz onliik hipertansiyonun
gercek hipertansiyondan ayrilabilmesi, hastanin evde kendi kan basinci degerlerini
Olgmesi ve kayit etmesi ile saglanir. Ayrica yatak ucu veya viicutta tasinabilir
(ambulatuar) otomatik 6lgiim aletlerinin kullanimi ile kan basincinin 24 saat takibi,
hastanin tedaviye verdigi cevabin Ogrenilmesini, kardiyovaskiiler olaylarin

izlenmesini ve beyaz 6nliik hipertansiyonun anlasilmasini saglar.



Tansiyon Ol¢iimlerinde klasik ol¢iim (oskiiltasyon) yontemi kafi sigirerek bir
steteskop yardimi ile korotkoff seslerininin algilanmasi yontemidir. Bu 6l¢iim
yonteminin yaninda dokunma, ultrasonik yontem, osilometrik yontem ve osilometrik
yontem ile korotkoff sesleri algilama yonteminin bir arada kullanildig: ¢ift sensorlii

tansiyon Ol¢lim sistemleri kullanilmaktadir.

Bahsedilen ¢ift sensor teknolojisi ile 6lglim korotkoff yontemi ile yapilmaktadir.
Cift sensor sistemi nabiz tonu diisiik hastalarda ise korotkoff seslerinin algilanma

yonteminden osilometrik yonteme gecis yapar.

Hastaneye yatista, hastanin vital bulgularinin degerlendirilmesinde, enfeksiyon
siphesinde, antibiyotiklerin yonetiminde, immun kompremize hastalarda viicut
isisinin dogru Slglimii dnemlidir. Viicut 1sis1 Ol¢iimii igin teknolojik gelismelere
paralel olarak degisik yontemler gelistirilmistir. Kullanilan yonteme gore agiz,
aksiller, rektal, timpanik gibi birkag viicut bolgesinden civali-cam, elektronik, digital,

transtimpanik, tek kullanimlik termometreler ile 6lgiim yapilabilir [2].

Bazi1 zehirlenme durumlarinda hastanin viicut sicakligr diiserken kalp atiglart hizlanir.
Viriislerin sebep oldugu hastaliklarda da nabiz yiikselirken tansiyon diiser.
Hipotermia vakalarinda viicut 1sis1 diiserken nabiz atimi yavaglar. Hipotermia
vakalarinda sik sik nefes, viicut 1sis1 ve nabiz kontrol edilmelidir. Normal bir

insanda, viicut 1s1s1 1 °C artarsa nabiz 20 atim artar [3].

Tasarlanan devrede bu bilgiler dikkate alinarak bir ilk olarak bileklik tipi nabiz ve
tansiyon Olgen sisteme, viicut sicakligi olgiim sistemi de eklenmistir.  Sistem
osilometrik yontemle yiiksek tansiyon, diisiik tansiyon ve nabiz Olgerken, I°C

arayiizi ile de viicut sicaklig1 6lgmektedir.

Tezin ikinci bolimiinde tasarlanan sistemde kullanilan yontem ve metaryallere
deginilmistir. Tansiyon ve sicaklik Ol¢iim cesitlerinden bahsedilerek tasarimda
kullanilan sensorler ve sicaklik algilamada kullanilan I°C seri iletisim protokoliinden

bahsedilmistir. Ugiincii boliimde, tasarlanan sistem detayli bir sekilde anlatilmistir.



Tansiyon Ol¢iimiinde kafin igerisinden alinan osilasyonlarin yiikseltilerek
mikrodenetleyicide islenmesi ve degerlerin gorsel olarak LCD’ye aktarilmasi
anlatilmistir. Viicut sicakligi dlgiimiinde ise I°C seri iletisim protokolii kullanilarak
seri iletim yolu {izerinde verilerin alinip LCD’ye aktarilmasi sekillerle desteklenerek
anlatilmistir. Dordiincii boliimde, uygulama sonuglart degerlendirilmis ve sonuglar
irdelenmistir. Bu boliimde tasarlanan sistem kalibre edilmis bir sistem ve piyasada
bulunan birka¢ farkli tansiyon Ol¢clim sistemiyle karsilastirilarak sonuclar
irdelenmistir. Besinci boliimde, sonuglar degerlendirilerek ¢esitli  Oneriler

sunulmustur.



2. TANSIYON VE SICAKLIK OLCUMUNDE KULLANILAN YONTEM VE
MATERYALLER

2.1. Kan Basinc1 Ol¢iim Yéntemleri

2.1.1. Tansiyon

Insan viicudunda trilyonlarca hiicre vardir. Bunlar miikemmel bir isbdliimiiyle
calisirlar. Ama caligabilmeleri i¢in yakita ve oksijene gereksinimleri vardir. Bu
yakiti, hiicrede oksijenle yakip, calisabilmeleri ig¢in gerekli enerjiyi saglarlar. Sonra
bu yanmadan arta kalan artiklarin ve ac¢iga c¢ikan karbondioksitin hiicreden
uzaklastirilmas1 gerekir. Iste hiicreye gereken yakit ve oksijenin hiicreye taginmasi,

olusan artitk ve Kkarbondioksitin hiicreden uzaklastirilmasi isini kan {stlenir.

Kanla hiicre arasinda az once soyledigimiz aligverisin yapilabilmesi i¢in, tiim
hiicrelerin kanla temas etmesi gerekir. Bu ylizden, nasil ki dallar incele incele tim
yapraklara kadar ulasiyorlarsa, kan damarlar1 da benzer bigimde damarlarla tiim

hucrelere kadar uzanirlar.

Ne var ki, kanin hiicrelere kadar bir kere gitmesi yetmez. Siirekli yeni yakitin, taze
oksijenin hiicrelere tasinmasi, artiklarin da sitirekli uzaklastirilmast gerekir. Yani
bunun i¢in kanin siirekli hareket etmesi gerekir. Bu isi, dogumdan 6liime kadar hig
durup dinlenmeden kalp iistlenir. Bir ka¢ dakika bile dursa, bizim i¢in tam bir felaket

olur.

Kalp, akcigerden gelen temizlenmis, bol oksijenli kani1 hiicrelere kadar,
atardamarlarla pompalar. Kirlenmis kan ise toplardamarlarla yeniden kalbe taginir.
Yani kalp her atimda, dnce kan1 pompalar, sonra da kanin yeniden kalbe dolmasi i¢in
istirahata gecer. Bu durmadan tekrarlanir. Oyle ki, kalp her dakikada 70-80 kere
pompalar bekler; pompalar bekler. Tansiyon, kanin damarin i¢ ¢eperine uyguladig
basingtir. Kalp kani pompaladiinda, atardamarlarin duvar1 daha fazla gerilir;

bekleme sirasinda ise bu gerginlik daha azdir [4].



Yani iki farkl1 tansiyon vardir (Sekil 2.1). ilki pompalama sirasinda, daha fazla olani.
Buna biiyiik ya da sistolik tansiyon denir. Ikincisi, kalbin istirahat1 sirasinda, daha

diisiik olani. Buna da kiigiik ya da diastolik tansiyon denir.
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Sekil 2.1. Yiiksek ve diisiik tansiyon degerleri

Kanin damar duvarina ne kadar basing yaptigi, bir civa silitununu ne kadar
yiikseltebildigiyle dlgiiliir. Ornegin 120 mm yiikseltebiliyorsa 120 mmHg ya da 12
cmHg olarak sdylenir. Hg, civanin kimya dilindeki kisaltimidir. Bu basing degerleri,
1 cm? alanindaki civa siitununun tabanina yaptig1 basingla karsilastirilarak belirtilir.
Omnegin bir kisinin tansiyonu 12 denildigi zaman, bu basing 120 mmHg

yiiksekligindeki civa siitununun tabanina yaptig1 basinca esdegerdir.

Kan basinci cesitli aletlerle 6l¢iiliir. En bilinenleri civa siitunlu olanlardir. Ama yay
sistemli Olgtimler de gelistirilmistir. Son yillarda elektronik 6lgme teknikleri
kullanilarak gelistirilen tansiyon aletleri, basit kullanimlari nedeniyle, oldukca

kullanislidir.

Kalbin gevsemesiyle, damar igine pompalanan kan durur. Iste bu sirada devreye
damarin elastikligi girer. Once genislemis olan damar, kana bir basing uygulayarak

kalbin gevsemesi aninda da kan akimini saglar. Iste bu sirada olusan en diisiik



basinca da tipta diastolik tansiyon, halk arasinda da kiiglik tansiyon denilir.

Tansiyon degerleri kisinin yasina ve cinsiyetine bagli olmakla birlikte, eriskin bir
kimsede biiyiik tansiyon 130 mmHg'nin, kii¢iik tansiyonun da 80 mmHQg’nin altinda
olmasi istenir. Bu degerlerin iizeri, derecesine gore sinirda yiiksek, yiiksek ve ¢ok
yiiksek tansiyon (hipertansiyon) degerleri olarak adlandirilir. Biiyiik tansiyonun 90
mmHg'nin, kiigiik tansiyonun 70 mmHg’ nin altinda olmasi da diisiik tansiyon olarak
adlandirilir. 45-70 mmHg aralig1 diisiik tansiyon degerleridir. 45 mmHg’ nin alt1
koma halidir [4].

120 |
- Sistolik Basing
o
T 100
£
£
= 80
[&] = .
£ Diastolik
8 60| Basing
=
X 40
20
. & & & @ .\'0‘ S &
o S @ & «OQ
¥ O L Q A A
ve P S 8°
N G
@ S

Sekil 2.2. Dolasim sistemindeki basing profili

Kalp siirekli pompa gibi galisarak, kanin viicutta dolasimini saglar . Sekil 2.2’

de kanin damarlar boyunca degisen basing ve hiz grafigi gosterilmistir.

Viicuttaki organlar1 olusturan dokular, kalp ve damar yoluyla diizenli bir sekilde

oksijen ve besin maddeleri alis-verisi yaparak gorevlerini yerine getirir. Bu islemin



stirekliligi icin kalp diizenli olarak c¢alisir. Kendisine kulakg¢iklardan gelen kant
karinciklar yoluyla biiyiik ve kiigiik dolasima pompalar. Bu pompalama viicudun
degisik bolgelerinde, 6rnegin, boyun ve el bilek damarlarinda nabiz atmasi seklinde
hissedilir. Nabiz sol karinciktan atilan temiz kanin bu damarlarda olusturdugu
basingtir. Biiyilkk dolasim sistemi ile dokularin gereksinimini karsilamak igin
dagitilan bu kan kullanildiktan sonra tekrar temizlenmek iizere kiiciik dolasim

yardimu ile akcigerlerden gegirilir [1,4].

Damarin i¢inde kanin akabilmesi igin belirli bir basincinin olmasi gerekir. Bu
basinci, kalbin kasilmasiyla kani1 damarlarin i¢cine pompalamasi ve atardamarlarin

elastikligiyle bu basinci dengelemesi olusturur.

Kalp kasildigi zaman atardamarlarin igine kani belirli bir basingla pompalar. Bu
sirada damar i¢indeki basing en yiiksek diizeye ulasir. Bu basinca tipta sistolik

basing, halk arasinda biiyiik tansiyon ad1 verilir.

Kalbin gevsemesiyle, damar igine pompalanan kan durur. Iste bu sirada devreye
damarin elastikligi girer. Once genislemis olan damar, kana bir basing uygulayarak
kalbin gevsemesi aninda da kan akimini saglar. Iste bu sirada olusan en diisiik

basinca da tipta diastolik tansiyon denir.

Tansiyon ne kadar yiliksekse, damarin i¢ ¢eperi o kadar ¢cok zorlanir. Yani o kadar
cok bozulur. Oyle bir ka¢ ayda degil ama uzun yillar bu zorlanma devam ederse,
damar duvart sertlesmeye baslar. Damar duvari sertlestikce tansiyon daha da
yiikselir. Tansiyon daha da yiikselince, damar duvar1 da daha ¢ok bozulur. Damar
duvarmin  bu bozulup sertlesmesine, “damar sertligi” ya da ‘“aterosklerozis”

denmektedir.

Viicudun her yerinde damar oldugu igin viicudun her yeri etkilenir (Sekil 2.2). Ama
baz1 yerler, daha da ¢ok etkilenir.

Atis basinct (Pulse Pressure) = Sistolik Basing — Diastolik Basing

Ornegin; Kan basinci 120/80



Atis basinct = 120 — 80 = 40 mmHg
Ornegin; Kan basimci 140/80
Atis Basinci = 140 — 80 = 60 mmHg (Giiglii kasilma, Fazla kan hacmi)

En basta kalbi besleyen damarlar (yani koroner damarlar) etkilenir. Kalbi besleyen
damarlar birden tikanirsa, “kalp krizi” dedigimiz durum ortaya ¢ikar. Kalp krizi o
kadar agir bir hastaliktir ki, kriz gegirenlerin dortte biri hastaneye bile yetisemeden
Olir. Dortte bir kadar1 da hastanede, doktorlarin miidahalesine ragmen hayatlarini

kaybederler.

Kalpten sonra en cok etkilenen ikinci organ beyindir. Beyindeki damarlarin
tikanmasi ya da bazen yirtilip kanamalari yiiziinden “fel¢” olusur. Ugiincii sirada alt
tiyelere yani uyluk, bacak ve ayaga giden damarlarin tikanmasi vardir. Onlar
tikaninca “kangren” denilen ve tikanan yerde ¢lirimeye neden olan, o yiizden de

kesip ¢ikarilmalarin1 gerektiren hastalik gelisir.

Damar sertliginin ¢okga etkiledigi onemi fazla olan iki organ daha vardir.
Bunlar goz ve bobrektir. Ilki korliige, ikincisi idrarm atilamamasina

kadar gidebilen kotii sonuglar dogurabilir.

Yukarida siralanan hastaliklar, giiniimiizde insanlarin 6liim nedenlerinin yarisini
olusturmaktadir. Yani, giiniimiizde, her iki kisiden biri, damar sertligi yliziinden
Olmektedir. Bu yilizden, son zamanlarda tip, damar sertligine bagli hastaliklar
konusunda seferber olmustur. Bu hastaliklarin nasil Onlenebilecekleri ve bu
hastaliklarin nasil daha 1yi tedavi edilebilecekleri son zamanlarin en 6nemli ¢alisma

konusudur.

Tansiyon, zarar vermek igin bazen yillarca damarlarin  bozulmasini
beklemeyebilmektedir. Damarda 6nceden var olan bir baloncuk (anevrizma),
tansiyon ylikselince patlayip, ani 6liime neden olabilmektedir. Ya da, kalp pompasi
bir bagka nedenle bozulmussa, yiikselen tansiyon, kalp yetmezligini O6liime

gotiirebilecek kadar kotiilestirebilmektedir.



Ancak tansiyonun zarari, basta da sdylendigi gibi, daha ¢ok damarlar1t bozmasi
yoluyladir. Tansiyon, damari, yillar iginde yavas yavas ama kararl bir sekilde bozar.

Sonunda, yukarida sayilan kotii sonuglara ve Olime kadar gotiirir.

2.1.2. Biiyiik tansiyon, kiiciik tansiyon ve ortalama tansiyon

Sekil 2.3°de arter basincinin zamanla degisimini, sistolik, diyastolik basinglari,

ortalama  basinci  yaklagtk ve tam  veren  bagintilar  gOsterilmistir.

Pa Sistolik(Py)
P +§1 (Ps-Pp)  (yaklagik)
Ortalama 1 T
\>p. = f P(t)dt (tam)
0
Diastolik (Py,)

0 . >

0 T t

Sekil 2.3. Arter basincinin degisimi ve ortalama basinci veren bagintilar [5]

Kan basincinin belirlenmesinde;

a.Direkt (dogrudan 6l¢iim - "invasive") yontemler,

b.Indirekt (dolayli -"noninvasive") yontemler kullanilmaktadir.

2.1.3. Direkt yontemler

Bir kateter yardimiyla arter veya ven igerisinden basincin olgiilecegi noktaya ulasilir
ve Olgiim yapilir. Direkt yontemde basing Olctiimii iki sekilde yapilabilir.
Basing doniistiiriiclisii kateterin ucuna yerlestirilmistir. Boylece basing o6l¢iilen
noktada doniisiim islemi yapilir. Bu amagcla, ¢esitli tipte minyatiir doniistiiriiciiler

kullanilabilir.



10

Olgiim yapilan yerdeki basing, kateterin igerisine konmus saline (damar yolu ile
verilmek iizere hazirlanmis tuzlu eriyik) yardimiyla viicudun disina tasinir ve

doniisiim islemi viicudun disinda bir basing doniistiiriictisii yardimiyla yapilir [5].

Kullanimindaki kolaylik, ucuzluk ve uzun siire kullanilabilmesinin miimkiin olmasi
bakimindan, bir 6nceki yonteme gore bu yontem daha {istiindiir. Rezonans problemi
ve hayati tehlike olusturabilecek hava kabarcigi olusum riski ise bu yontemin

sakincalardir.

2.1.4. indirekt yontemler

Indirekt yontemlerde, kan basincinin &lgiilmesinde tikayici (kapayict -"occlusive™)
diizenler kullanilir. Cok yaygin olarak kullanilan tikayict diizen, kaf (kolluk - "cuff)
adi1 verilen, i¢i hava ile doldurulabilen, lastik bir torbadir. Hastanin yasina gore g¢esitli

boyutlarda yapilir [5].

Bu gruba giren bes yontem vardir. Bu yontemler, Olcebildigi arter basing

bliytikliikleriyle birlikte Cizelge 2.1°de verilmistir.

Cizelge 2.1. Kan basinci 6lglimiinde kullanilan indirekt yontemler [5]

Metodun adi Sistolik Ortalama Diastolik
Dokunma Evet Hayir Hayir
Osilometrik Evet Evet Evet
Dinleme Evet Hay1r Evet
Ultrasonik Evet Hayir Evet
Flush Evet Hay1r Hayir
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Dokunma (palpatory) yontemi

Sekil 2.4'de bu yontem gosterilmistir. Kolu saran kafin basinci sistolik basincin

lizerine ¢ikarilir. Basincin zamana bagli olarak azalmasi saglanir. Kafin asagisinda

(bilek), parmakla arterden darbelerin hissedildigi basing, sistolik basing olarak
belirlenir (Sekil 2.5).

Sekil 2.4. Dokunma yontemi

Kaf Basinci
110 |
2 |
80
2 _-}-‘_" 70 Nabiz
7 g 60
g £ 50 h 3
40 Sistolik

Sekil 2.5. Kaf basincindaki osilasyonlar [7]

Osilometrik yontem

Osilometrik yontem Sekil 2.6’da gosterilmistir. Sistolik basing degerinin iizerine
cikarilan kaf basinci azaltilirken, kaf basincinda osilasyonun basladigi deger sistolik
basing, osilasyonun maksimum oldugu deger ortalama basing ve osilasyonun bittigi

deger ise diyastolik basinci verir [5] .



12

250 -
200 -
150 4
100 -
50 -

0

Sistolik Ortalama Diastolik

| |

Sekil 2.6. Osilometrik yontem

Dinleme (oskiiltasyon - auscultatory) yontemi

Oskiiltasyon, bir organda meydana gelen sesi dinleme demektir. Kaf yardimiyla,
lizerinde basing Olglimii yapilacak arter tikanir, Sekil 2.7°de basing yavasca
azaltilirken, arter icerisinde kesikli akan kanin olusturdugu ses dinlenir. Sesin
basladig1 ve bittigi basing degerleri sistolik ve diastolik basing degerleridir. Dinleme
islemi, kaftan sonra arter iizerinde bir steteskop yardimiyla gerceklestirilir. Bu sesler,
Rus doktoru Korotkoff’un adina izafeten Korotkoff sesleri olarak isimlendirilmistir.

Algilanan ses genliginin kaf basinciyla degisimi, Sekil 2.7'de gosterilmistir [5].
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Sekil 2.7. Dinleme yonteminde algilanan sesin degisimi [5]

Flush yontemi

Ozerinde basing dl¢iimii yapilacak, organ (kol, bacak) ucundan baslayarak band ile
sikica sarilir ve boylece o bolge kansiz birakilir. Organin tist kismina kaf baglanir ve
basing sistolik basincin {izerine c¢ikarilir. Band acilir ve kafin basinci yavasca
azaltilir. Sistolik basinca ulasilinca, kansiz bolgeye kesikli olarak kan gelmeye
baslar. Bu durum kansiz organin renk degistirmesi ve hastanin o bdlgede bir sicaklik

duymasiyla belirlenir [5].

Ultrasonik yontem

Sekil 2.8'de ultrasonik kan basing 6lglim sistemi gosterilmistir Ultrasonik yontemle
kan basinci, hem manuel hem de otomatik olarak olctilebilir. Piezoelektrik kristaller

hasta kolu ile kaf arasina yerlestirilmistir. Damar duvarlarinin, kaf basincinin sistolik
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ve diastolik basinca esit oldugu anlarda, hareketli olmasi sonucu yansiyan ultrasonik
dalganin frekansinda, doppler olay1 nedeniyle kayma olur. Bu degisim, kan akiginin
baslamas1 aninda 200-500 Hz, akisin kesilmesi aninda ise 25-100 Hz kadardir. Bu
frekans kaymasinin tespit edildigi andaki basing sistolik basing ve frekans

kaymasmin bittigi andaki basing, ise diyastolik basingtir. Kaf basincinin

degisimiyle ilgili ayrintilar diger yontemlerin aynisidir [5].
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\\\ / 7
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Yiiksek Hiz Dugiik Hiz
N

Agilis Durumu i Kapanis

Kapans )
----- R L o L
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(b)

Sekil 2.8. Ultrasonik basing 6l¢iim sistemi [6]
a) Doniistiiriiclinlin yerlesimi ve blok diyagram
b) Zamanlama
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Otomatik 6lciim yontemi

Sekil 2.9°da ultrasonik kan basing olgiim sisteminde kafin sisirilip belirli araliklarla
bosaltilmasini saglayan pnomatik sistem gosterilmistir. Sistemin ¢alismasi elektronik
kontrol sisteminden, kaf basincini saglayan pompayi1 ¢alistiran bir isaretin gelmesiyle
baslar. Bu basing 6nceden belirlenen seviyeye ¢ikar, ikinci kontrol isareti V1, basing
azaltma vanasini acar. Kaf basinci sistolik basinca esit oldugunda Doppler kaymasi
olusur. Bu isaret kontrol sistemi tarafindan algilaninca, V2 sistolik vanasini kapatan
bir isaret vanaya ulasir. Kaf basinci diyastolik basinca ulastiginda ise kontrol sistemi,
V3 vanasimi kapatir. Son iiretilen kontrol isareti V4 valfin agilmasini saglar ve kaf
basinct atmosfer basincina diiser. Bu islemler istenirse periyodik olarak

tekrarlanabilir. Sistolik ve diyastolik manometreler iizerinde basinglar okunur [5].

Civali manometreler

Sistolik Diastolik

Pompa

V .
' Atmosfere ¢ikis

vanasi

Tampon

S
Kafa
Hacim

v,
Basing s1zdirma vanasi
[
‘ Kaf
2 Mhz /
Elektronik RF ve Ses 2 Mhz + Af
kontrol sistemi L ——
Unitesi

Veya 8 Mhz

Kaf basing

kontroli

Sekil 2.9. Ultrasonik basing 6l¢iim sisteminde kullanilan pnomatik sistem [6]
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2.2. Viicut Sicaklig1 Ol¢iim Metodlar

Viicut sicakligi 6lcen kisiye, 6l¢iim yapilan saate, 6lglimiin yapildigi viicut bolgesine,
Olclim teknigine, termometrenin tliriine, Ol¢limiin yapildigi ortama, Ol¢lim Oncesi
fiziksel aktiviteye bagli olarak degisebilir. Viicut sicakligi termometre ile 6l¢iiliir.
Gilnliik hayatta ates Ol¢limii amaciyla klasik cam termometreler, elektronik
termometreler, tek kullanimlik kristal termometreler, kulak termometreleri ve kagit
termometreler kullanilmaktadir. Viicut sicakligi agizdan, koltuk altindan, makattan,

kulaktan ve ciltten Olgiilebilir.

2.2.1. Makattan (rektal) ol¢iim

-

Resim 2.1. Makattan 6l¢iim (Rektal)

Viicut sicakliginin 6l¢iilmesinde altin standart olarak kabul edilen viicut bolgesidir.
Makattan 6l¢iim i¢in dijital termometreler kullanilabilir. Resim 2.1’de goriildiigii gibi
dijital termometre ucu vazelin veya jel ile yaglanir ve makatin igine 1,5-2 cm kadar
nazik bir sekilde ilerletilir. En az 3 dakika siire ile makat iginde kalmasi1 saglanir.

Normal rektal viicut sicakligi 36,6-38 °C arasinda degisir.
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2.2.2. Koltuk alt1 6l¢iim (aksiller)

sonra ucu koltuk altina gelecek sekilde yerlestirilir. Termometrenin koltuk altinda en
az 3 dakika kalmasi saglanir. Koltuk alt1 dlgiimde normal degerler 34,7-37,3 °C

arasinda degismektedir.

2.2.3. Agizdan dl¢iim

&I

Oral test
of body
temperature

Resim 2.3. Agizdan dl¢iim

Agizdan 6l¢iim i¢in termometre dilin altina yerlestirilir (Resim 2.3). Agiz kapal
tutularak termometrenin 3 dakika siire ile dil altinda kalmasi saglanir. Agizdan

ol¢iimde normal viicut sicakligi 35,5 ile 37,5 °C arasindadur.
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2.2.4. Kulaktan (timpanik) d6l¢iim
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Resim 2.4. Kulaktan (timpanik) 6l¢iim

Bu yontem viicut kor sicakligini yansitmada duyarli bir yontemdir. Termometrenin
sensor kismi hafifce kulak igine itilir (Resim 2.4). Olgiim birkag kez tekrarlandiktan
sonra bulunan en yiiksek deger viicut sicakligi olarak kabul edilmektedir. Kulaktan

olgiimde normal viicut sicaklign 35,8-38 °C arasinda degisir.
2.3. Kullanilan Malzemeler
2.3.1. Basing Sensorii

Sensorler, ¢esitli enerji bigimlerini elektriksel enerjiye doniistiiren cihazlardir.
Transducer ise enerji doniistiiriicii olarak tanimlanir. Ancak 1969 yilinda ISA
(Instrument Society of America) bu iki terimi es anlamli olarak kabul etmis ve
Olclilen fiziksel oOzellik, miktar ve kosullari, kullanilabilir elektriksel miktara

doniistiiren bir ara¢ olarak tanimlamustir.

Her tiirlii fiziki kuvvet ve basing degisimini algilayan ve bu degisimi elektriksel
sinyale ¢eviren elemanlara basing sensorii denir. Devrede kullanilan sensor yapisinin
daha iyi anlanabilmesi i¢in gerilme 6lger (Sekil 2.10) ve piezoelektrik sensor (Sekil

2.10) yapilarinin bilinmesi gerekir .


http://www.otomasyonsistemleri.org/etiket/sensor/
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Sekil 2.10. Gerilme Olger sensor yapist

Temel olarak gerilme Olgerler esneyebilen bir tabaka iizerine ince bir telin veya
seridin ¢ok kuvvetli bir yapistiric1 ile yapistirilmasindan olusmustur. Uzerindeki
basincin etkisinden dolay1 tabakanin esnemesi ile birlikte iletken seridin de gerilerek
uzamasina sebep olacaktir. Bu esnhada telin boyu uzayarak kesiti azalacaktir.
Bilindigi gibi iletkenlerin kesiti azaldikca direncleri artacagindan uygulanan kuvvete
bagli olarak iletkenin direncinde degisme olacaktir. Bu diren¢ degisimine bagh

olarak uygulanan kuvvetin miktar1 tespit edilebilir.

«—kristal pargast
+—madeni levha

-

Sekil 2.11. Piezoelektrik sensoriin yapisi

Basmcin elektrik akimia doniistiiriillme yollarindan biri de piezoelektrik olayidir.
Sekil 2.11°de piezoelektrik sensor yapisi goriilmektedir. Piezoelektrik ozellikli
algilayicilarda kuartz (quartz), rosel (rochelle) tuzu, baryum, turmalin gibi kristal
yapili maddeler kullanilir. Bu elemanlar {izerlerine gelen basinca gore kiigiik degerli
bir elektrik gerilimi ve akimi tretir. Bu elektrik akiminin degeri basincin degeri ile
doru orantilidir. Piezoelektrik 6zellikli elemanlar hizli tepki verdiklerinden ani basing

degisikliklerini 6l¢gmede yaygin olarak kullanilir.


http://www.otomasyonsistemleri.org/etiket/elektrik/
http://www.otomasyonsistemleri.org/etiket/elektrik/
http://www.otomasyonsistemleri.org/etiket/elektrik/
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Tasarlanacak devrede kullanilacak basing sensorii ise Freescale Semiconductor
firmasmin MPX5050GP serisi sensorleri direkt olarak uygulanan basing degerlerine
uygun olarak yiiksek dogrulukta ve dogrusal olarak gerilim ¢ikisi verir. Bu devrede
kullanilan basing sensorii silikon piezodirengli basing sensoriidiir. Sensor gerilme
Olger yapida olup tek parca silikon diyaframi vardir. Yongaya ince film direnci agi
entegre edilmistir. Bu yongaya daha diizgiin bir sekil vermek amaci ile lazer
kullanilmistir ve ofset kalibrasyonu yapilmistir. 0 — 85 °C sicaklik araliginda %2,5
hata ile 6l¢lim yapar. Bu ozelliklerinden dolayr MPX5050GP devrede kullanilmak
tizere secilmistir. Basing sensoriiniin diger kullanim alanlar1 ise robotik uygulamalar,
seviye indikatorleri, tibbi teshis, basing kontrollii anahtarlama, barometreler,
yiikseklikolger sistemlerdir. O ile 50kPa (0 ile 7,25 psi) arasit basing dlger ve 0,2’°den
4,7 Volt’a kadar ¢ikis gerilimi verir. Bu degerlerde 4,7 Volt 300 mmHg’ya denk
gelmektedir. Eger ilerde 230-240 mmHg seviyelerinde tansiyon 6l¢iimii yapilacaksa

secilen sensor bu seviyelere rahatlikla cevap verecektir [8,9].
Kullanilan basing sensorii hakkinda genis bilgi Ek-111"de verilmektedir.
2.3.2. Sicaklik sensorii

Devrede kullanilan sensor 1°C arayiizlii sicaklik sensoriidiir. Sensériin yapisini

anlayabilmek i¢in I°C seri veri iletisim standardinin bilinmesi gerekir.

I°C veri yolu standard ilk olarak Philips firmasi tarafindan gelistirilmis ve kullanima
sunulmustur. I°C veri yolunda tiim haberlesmeler i¢in sadece iki hat kullanilir. Bu
hatlar ise standart olarak SDA (serial data) ve SCL (serial clock) olarak
adlandirtlirlar. Her iki yol da iki yonlidiir. Yani hem veri gonderilebilir hem de veri
alinabilir. Hatta bagli cihazlar o anki durumlarina gére Master ya da Slave (efendi —
kole) olarak ¢alisabilirler. I°C veri iletisimini kullanan her cihazin kendi tiiriine ait bir
7 bit adresi mevcuttur ve bu fabrikasyon olarak ayarlanir. Yalniz bazi cihazlarda bu 7
bitin 4’1 sabit, digerleri ise donanim tasariminda adresleme i¢in ayrilan uglar1 Vcc
veya saseye baglayarak ayarlanir. Bunun en biiyiik faydasi ise 1°C arayliziine sahip

cihazlardan aynmi yol iistiine 7 adet cihaz baglanabilmektir. Ornegin, 7 farkli 6l¢iim
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noktas1 SCL ve SDA iki telli iletisim yolundan alinip mikrodenetleyici de iglenerek

¢ikt1 olarak alinabilir.

I°C veri yolunda ayn1 anda cihazlardan birisi Master digerleri Slave olarak calisirlar.
Master olarak secilen cihaz yoldaki veri transferini yonetir ve transfer boyunca clock
sinyalini saglar. Ayni zamanda herhangi bir cihazi slave olarak adresler. I°C veri
yolu standardinda zaman igerisinde gelistirilmis 3 ¢esit veri hiz1 mevcuttur. Standart
mode olan 100kbit/s, 400 kbit/s fast-mode ve 3,4 Mbit/s high-speed mode. Hat
kapasitanst 400 pF ile smirlidir. Daha genis bilgi Ek-1V’deki veri yapraklarinda

mevcuttur. Sekil 2.12°de cihazlarin baglantis1 gosterilmistir.

1
pull-up
direncleri Rpﬁ U Rp
|

SCL (seri Saat Sinyali Hatt: )

+Vpp

SDA ( Seri Veri Hatti }

[~ " [sax T | SCLK

I

| SCLKN1_| DATAN1_| DATAN2

! Cikis CIKIS CIKIS

| SCLK DATA DATA

Lemls GRS GRS
CIHAZ 1 CiHAZ 2

Sekil 2.12. I°C Cihazlarin devreye baglantisi

Cihazlar ile mikrokontrolor arasindaki baglanti uglari olan SCL ve SDA uglari ile
3,3 Volt besleme gerilimi arasina birer adet Pull-up (yukari g¢ekme) direnci
baglanmalhidir. Rp (pull-up) direncinin devreye baglantisi Sekil 2.12’de

gosterilmistir.

Haberlesmeye baslamak i¢in Master (genelde bir mikro islemcidir) tarafindan yola
bir START gonderilir. Bundan sonra master olarak calisan cihaz hangi cihazla
haberlesecekse o cihazi slave olarak adresler. Bu adres 7 bitten olusur ve ilk 7 bitten
sonraki 8. bit cihazin okumal/yazma islevi se¢imi i¢in kullanilir. Bu bilgiler
gonderildikten sonra slave cihaz mastera bir ACK gonderir. ACK (onaylama)

gelmisse veri kabul edilmistir. Eger bir hata varsa bu durum NACK (onaylanmama)
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olarak kabul edilir. Cihaz adreslemesi yapildiktan sonra ikinci ve ligiincii bytelar ile
hafiza adreslemesi vb. islemler yaptirilir. Iletisim kesilmek istendiginde master
konumuna alinarak yola bir STOP komutu gonderilir. Anlatilan biitiin bu islemler

yazilimin sorumlulugundadir.

Bir baska deyisle SCL diisiige ¢ekilerek yeni veri SDA iizerinden gonderilir. AKsi

durumda istenmeyen belirsiz durumlar olusabilir.

Haberlesme yoksa pull-up direnglerden dolayr her iki yolda HIGH’dir. Aksi bir
durum varsa sistemde bir hata var demektir. Yazilim ile SDA yiiksege ¢ekilir ve
pesinden SCL yiiksege cekilir. Yapilan bu iki iglem Sadece yol giivenligi igindir.
Eger SCL yiiksekken SDA diisiige cekilirse yola bir START komutu gonderilmis

olur.

Haberlesmenin sonlandirilmasi ve yolun serbest birakilmasi i¢in ise SDA disiige,
SCL yiiksege ¢ekilir ve bu anda tekrar SDA yiiksege ¢ekilirse yola bir STOP komutu

gonderilmis olur.

2.3.3. MSP430F169 mikrodenetleyicisi

Texas Instruments’in irettigi ultra diisiik giicli mikrodenetleyicisi MSP430 ailesi,
ozellikle diisiik giic uygulamalari i¢in tasarlanmistir. Diisiik giic tiiketimi 5 farkli gii¢
modu ile ayarlanir. Giiglii 16 bit RISC CPU mimarisi kullanilarak ousturulmus 16 bit
saklayicilar1 ile maksimum verimlilik hedeflenmistir. Dijital olarak kontrol edilen
osilatorii (DCO) sayesinde diisiik giic modlarindan aktif moda 6 ps’den daha az
siirede uyandirmaya izin verir. Bu “hizli uyamis” disiik giic tiikketiminin temel
mantiin1 olusturur. Hizli uyanis sistemin aktif duruma gegis tepkisi ne kadar hizl

olursa geciste sarf edilen gii¢ de o kadar diisiik olur .

MSP430/16x serileri halinde ailelere sahiptir. MSP430’un tipik uygulamalart ise;

* Sensor Sistemleri,
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* Endiistriyel Kontrol Uygulamalari,
* Mobil Aletleri Igermektedir.

Diisiik giic tiiketimi sayesinde temelde pilli uygulamalar i¢in tavsiye edilen bir
¢oziimdiir. Distlik giic tiiketimini destekleyen 6zellikler ve bazi onemli 6zellikleri

asagida siralanmistir.

* MSP430 16-bit RISC Mimarisi,

» 16-bit CPU tliimlesik saklayict ve sabit iirete¢ ile maksimum kod verimi elde

edilmektedir,

* Sayisal kontrollii osilator 6 ps’den daha kisa siirede stabil ¢alismaya
baslayabilmektedir,

* MSP430x16x serileri iki tiimlesik 16 bit zamanlayiciya (TIMERA, TIMERB),

* 12-bit A/D geviricisine,

* 12-bit D/A geviricisine,

* 2 seri haberlesme ara yiiziine (USART),

* 48 adet giris ¢ikis pinine sahiptir.

Analog sinyalleri yakalayan algilayict sistemleri igeren tipik uygulamalarda Bu
sinyaller MSP430F169’un ADC’si tarafindan sayisal degerlere doniistiiriilerek iglenir
ve veriler ana sisteme iletilir. Zamanlayicilar, sayisal motor kontrolii, tasinabilir
sayaclar, optik aglarin kontrolii gibi endiistriyel uygulamalarda hep ayni temel
mantik vardir. Analog bilgi alinir, sayisala doniistiiriiliir gerekirse islenir ve iletilir.

Resim 2.5°de MSP430F169 FET programlayict goriilmektedir.



Resim 2.5. MSP430 UIF FET Debugger

* Diisiik besleme voltaji araligi 1,8 Volt ... 3,6 Volt

* Asiri diisiik giic tiikketimi,

o Aktif mod=1,1 nA 1 MHz’de 2,2 Volt’da

o Hazir Bekleme modu

o Kapali modu (RAM saklama) =0,2 pA

* 6 us’den daha az zamanda Stand-by modundan uyanma,

* 16 bit RISC yapis1,125 ns komut ¢evrim zamani,

* 3 kanal dahili DMA,

* 12 bit A/D doniistiiriicti dahili referans ile model ve tutma ve otomatik tarama
ozelligi,

* Cift 12 bit D/A senkronizasyonlu doniistiirticii,

* 3 tutma karsilastirma saklayicilari ile 16 bit zamanlama,

* 3 ve 7 karsilagtirma saklayicilar1 ile zamanlama,

* Seri haberlesme arayiizii (USARTO ve USART]1) istenirse SPI, 12C veya UART
modunda ¢alistirilabilir.

* Girig gerilimini kontrol eden denetleyici,

* 60kb+256byte Flash Memory,

* 2kb RAM.

Bu 6zelliklerde bulunan diisiik gli¢ modundan aktif diigiik giic moduna gegisteki

Hizi ve bu modlardaki harcadigi enerjinin diisiikliigii, ¢ok hassas Ol¢lim
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icin 12 bit ADC (4095 desimal) 6zelligi, I°C arayiiziiniin olmasi cihazin
secilmesinin baglica nedenleridir. Sekil 2.9°da MSP430  mikrodenetleyicisinin
bacak baglantilar1 gosterilmistir. MSP430 mikrodenetleyicisinin komutlar1 ve i¢

yapist hakkinda genis bilgi Ek-1I’de verilmistir. Ugiincii béliimde sistemin

tasarimi detayli olarak anlatilacaktir.
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Sekil 2.13. Msp430£169°un bacak tasarimi
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3. SISTEMIN TASARIMI VE CALISMASI

Bu bélimde sistemin ¢alismasi detayli olarak anlatilacaktir. Oncelikle sistem
kullanicidan aldigi talimatla 6lgiim degerini yapmak igin ilgili islemleri baslatir.
Ardindan tansiyon Ol¢lim butonuna basildiginda kollugu 170mmHg degerine
gelinceye kadar kolluga hava basar. Bu degere ortalama bir insanin yiiksek tansiyon
degerinin (120 mmHg) 50 mmHg daha fazlasi alinarak seg¢ilmistir. Kollugun
sigirilmesi isleminin ardindan, sistem kollukta belirli degerlerde 2mmHg adimlarla
hava bosaltmaya baglar. Bosaltma islemi sonlanincaya kadar sistem yiiksek tansiyon,
diisiik tansiyon ve nabiz degerlerini ilgili degiskenlere yazmis olur. Bu islemden
sonra bu degerler LCD’ye aktarilir. Sistemin gelistirilmesi asamasinda bu degerler
bir bilgisayar ekranina ya da hastanedeki bir bilgi bankasina aktarilabilir. Kan basing
Ol¢lim sisteminin yiizeysel akis diyagrami Sekil 3.1°de gésterilmistir. Akis diyagrami
kisaca agiklanacak olursa tansiyon 6l¢iim butonuna basildigi an motor kafi sisirmeye
baslayacaktir. Ilk dnce sistem yiiksek tansiyon (sistolik) degerini kaydeder. Daha
sonra 4 atim {ist iiste nabiz degerini kaydeder. Ust iiste 4 atim nabiz degeri
kaydedilmesinin nedeni birbiri ardina yapilan 6l¢iimlerde 2-3 atim i¢in kaydedilen
degerlerin dakikadaki nabiz degerlerinin hesaplanmasinda birbiriyle uyumlu sonuglar
vermemesinden kaynaklandi. 5 atim igin nabiz degeri se¢ilmemesinin nedeni ise
tansiyon araligi kiiglik olan bireylerde nabzin oOlgiilememesi gibi sorunlardan
dolayidir. Son olarak diisiik tansiyon degerini algilayip LCD’ye yazarak tansiyon
Ol¢limiinii bitirir. Bu esnada herhangi bir anda sicaklik ol¢limii yapilacak olursa

sicaklik 6l¢tim butonuna basilarak sicaklik 6l¢iimiine gecilebilir.

Viicut sicakligr dl¢iimiinde ise TMP100 sicaklik sensoriinden SCL, SDA uglar ile
seri olarak alinan bilgiler alimr. TMP100’iin I°C protokoliindeki slave (uyandirma)
adresi 0x48h’dir. Sicaklik ¢dziiniirliigii 12bit (0,0625 °C) olarak segilmistir. Bunun
icin Ek-III’deki veri yapraklarindan faydalanilarak R1 ve R2 konfigiirasyon
registerleri 1 olarak seg¢ilmistir. TMP100’e gonderilen 0x48h adresi ile TMP100
slave olarak adreslenir. Mod olarak okuma modu segilir. Sicaklik bilgisi seri olarak
almarak LCD’ye aktarilir. TMP100, SDA ucu yiiksege c¢ekilerek uyuma moduna

alinir. Tansiyon ve sicaklik 6l¢timii program kodlar1 Ek-I"de gosterilmistir.
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Sistemde Ol¢iim alinmasi i¢in Oncelikle kollugun 6l¢iim i¢in gerekli olan 170 mmHg

basing seviyesine getirilmesi gerekmektedir. Bunun i¢in dncelikle kollugun tahliye

vanasinin kapatilarak kolluga hava pompasi ile basilan havanin disari g¢ikmasi

engellenir.  Bu ¢alismada ilk uygulamalarda kaf ile sensor arasindaki hortum

hareketli oldugundan c¢ikmalar s6z konusu olmustur. Bu deneysel yaklasimlara

dayanarak Timer A 5ms’ye kurularak analog c¢ikisin kesilmesi saglanarak,

mikrodenetleyici hataya gegcirilmistir. Karsilagilan bu sorun yaninda olusabilecek

diger sorunlar kollugun patlamasi, hava pompalayan motorda olusabilecek hatalar ya
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da basing sensoriinden kaynaklanan sorunlar dolayisiyla kolun sismemesi ya da fazla
sismesini engellemek igin Timer A’ nin 5 ms’ye kurulmasi deneysel (ampirik) bir
onlemdir. Basincin 6lgiilecegi ADCO’1n referans gerilimi ve saklayicilar1 kurulur.
Burada ADCO, siirekli 6l¢tim alma modunda ¢alisir, béylece her 6l¢iim alinacaginda
ADC’nin tekrar tekrar kurulmasina gerek kalmaz. Referans geriliminin stabil bir
duruma gelmesi i¢in gerekli olan 13 ms boyunca beklenir. Burada daha dnceden
kurulmus olan TIMERA kullanilir. TIMERA sayaci ACLK’dan beslendiginden
TAR’mn 13ms’ ye esdeger olan sayma sayisina ulastiginda beklemeye son verilerek
ADCO tetiklenir. ADCO’1n 6l¢liim alana kadar ge¢en zamanda islemci LPM3 moduna
sokulur. Boylece bekleyerek harcanacak olan giicten de tasarruf edilmis olunur.
ADCO’1n okumas bitince olusturacagi kesme ile LPM3 modundan ¢ikilir. Olgiilen
ADC degeri mmHg’ya dontistiiriiliir bu sirada da pompa ¢alistirilir. Pompa mansetin
icindeki basing 170 mmHg olana kadar agik tutulur. Her 6l¢iim beklenirken islemci
uyutulur. Islemcinin uyanma siiresi ve DCO’nun stabil hale gelme siireleri ¢ok kisa
oldugundan islemcinin LPM3 moduna girmesi 6l¢lim sirasinda bir aksamaya veya
gecikmeye neden olmamaktadir. Manget icindeki basing istenen deger ulasinca

dongiiden ¢ikilir ve pompa susturulur.

3.2. Kan Basmcinin Olciimii

Genellikle, doktorlar hastanin atardamarindaki kan basincini 6lgiimii esnasinda kolluk ve
stethoscope kullanirlar. Olgiim esnasinda ilk olarak kolluga hava pompalarlar. Tabii
bunu belli bir basing degerine kadar yaparlar. Daha sonra hastanin kan basincini
dinlemek icin stethoscope denilen aleti kullanirlar. Baslangicta pompalanan hava
basincinin, degeri yiiksek (systolic) tansiyon degerinden fazla olacak sekilde olmalidir.
Bu asamada doktor stethoscopetan her hangi bir ses duymaz. Basing degeri diistiriildiikge
doktor stethoscopetan kalp atisin1 duymaya baslar. Bu asamada olgiilen deger yiiksek
tansiyondur. Hava basinci diisiiriildiikge doktor farkli karakteristikte kalp atis degerleri
duymaya baslar. Her hangi bir noktada ses kaybolmaya baslar. iste bu nokta diisiik

(diastolic) tansiyon degerine ulasilir [4].
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Olgiim esnasinda sistemde osilometrik 6l¢iim sekli kullanilmistir. Hava, ortalama yiiksek
tansiyon degeri olan 120 mmHg basincindan 50 mmHg fazla olacak sekilde kolluga
pompalanmistir (170 mmHg). Bundan sonra ise hava basinci yavasca diisiiriilmeye
baglanir. Bu diisiiriilme esnasinda sistem koldaki hava basincindaki kiiciik
dalgalanmalar1 (osilasyonlar1) 6lgmeye baslar. Yiiksek tansiyon nabiz atimlarinin
basladig1 esnada olur. Bu arada MCU nabzin hangi noktada basladigin1 ve kolluktaki
basinci kaydeder. Kolluktaki hava basinci diisiiriilmeye devam edilir. Diisiik tansiyon ise

kolluktaki nabzin dalgalanmasinin kaybolmaya basladig1 anda alinmaya baslanilir.

3.3. Yiiksek Tansiyonun Ol¢iimii

Kolluga hava pompalama islemi, 170 mmHg nin {izerinde gerceklestirildikten sonra
kollukta bulunan hava bosaltma tinitesi devreye girdigi anda (asag1 yukari saglikli bir
insanin yliksek tansiyon degerinden fazla olmalidir) sistem yiiksekt (basinc f2)
konumuna gecer. Bu durumda, program ADCO pinindeki, AC dalga formuna bakar.
Kolluktaki basing degeri azaltildig1 anda kesin bir degere geldigi zaman kan koldan
akmaya baslar. Bu noktada yiiksek tansiyon degeri elde edilir.

AC dalga formu i¢in 3,3 Volt degeri esik degeri olarak se¢ilmistir. Baslangicta, sabit
deger 2,5 Volt olan ADCO pininde darbe yada gerilim degeri yoktur. Yiiksek
tansiyon degeri Olgiiliinceye kadar kollukta basing degeri diiser. Osilasyon bu
noktada baglar ve yiikselir. Bu noktadan sonra esik geriliminden yiiksek degerlerdeki
maximum darbeler sayilmaya baslar. Eger program 4’ten fazla sayarsa program
basinc_buffer durumuna girer. Bu durumda program ADCI1 numarali pinden DC
gerilimi kaydeder. Daha sonra bu DC gerilim hastanin yiiksek tansiyonun degerine

doniistirilir.

Basing sensoriiniin transfer karakteristikleri ve DC yiikseltecin DC kazanct ADCI
numarali pinin ucundaki DC gerilime bakilarak 6grenilir. ADC1 pininden okunan
DC gerilim degeri “ADC12MEMO x 3,3 Volt” ve adimlama araligi desimal olarak
4095 (12 bit) olarak belirtilmistir. Boylece DC yiikseltegten gelen diferansiyel

gerilim degerti;
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Dontistiirme gerilimi = ADC12MEMO x 3,3

4095
(3.1)
Doniistiirme oran1 =_3.3 =8x10™ V/kPa
4095
3.2)
seklinde bulunur. Boylece koldaki basing degeri kPa birimi {izerinden;
Basing (kPa) = ( Doniistiirme gerilimi - 0,04) / 0,018 (3.3)
5
seklinde bulunur. Ardindan, elde edilen deger mmHg’ya ¢evirmek icin;
760 mmHg
101,325 kPa (3.4)
ile carpilir. Boylece basing mmHg seklinde tam olarak sdyle hesaplanir;
Basing (mmHg) = Basing (kPa) x 760 mmHg
101,325 kPa
(3.5)

Burada ADC’ye gelen gerilim basing sensoriiniin veri yapraklarinda transfer
fonksiyonu kullanilarak yazilimsal olarak civa basincina donistiriilip LCD’ye
aktarilmistir. Bu formiiller Ek-III’de MPX5050 veri yapraklarinda

gosterilmektedir.

3. 4. Nabiz Olciimii

Program yliiksek tansiyon degerini Olctiikten sonra hastanin darbe oranini gostermeye
baslar. Bu calismada darbe orani yiliksek tansiyon degeri Olgiildiikten sonra
hesaplanmasi uygun goriilmistiir. Bunun sebebi ise osilasyonun bu noktadaki dalga
formunun en gilicli olmasidir. Bu formdaki genlik degeri icin ayarlanan referans
gerilimine bagl olarak farksal ylikseltecin referans gerilimi ile karsilastirilan isaret
her periyodunda bir isaret olusturur. Bu isaret de islemci i¢inde bir kesme olusturur.

Olusan kesmelerin aralarindaki zaman 6l¢iildiigiinde nabiz atisinin periyodu bulunur.
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3.5. Diisiik Tansiyonun Olciilmesi

Darbe orani1 bulunduktan sonra program diisiikt (basinc v _2) durumuna gecer. Bu
durumda program her 450 ms’de bir isareti 6rneklemeyi stirdiiriir. Ardindan diisiik
tansiyon i¢in esik gerilimi belirlenir. Kolluktaki basing degeri diisliriiliince, diisiik
tansiyon basing degerine gelmeden bir noktada, osilasyon degerindeki gerilim degeri
diismeye baslar. Diisiik tansiyon degerinin belirlenmesi i¢in osilasyonun gerilim
degeri esik gerilim degerinin altina diistiigii zaman bu noktadaki DC deger
kaydedilir. DC deger yiiksek tansiyon degerinin Ol¢iim asamalarinda da belirtilen

sekilde basing degeri mmHg cinsinden bulunur.

Diistik tansiyon degerinin Slgiilmesi zor olup esik degeri kisiden kisiye degisiklik
gosterir. Boylece, sisteminde genel olarak kullanilan 6l¢giim elemanlarinda alinan esik

degerleri ile gerekli dlgtimler saglikli bir sekilde gergeklestirilmistir.

Programin diisiik tansiyon degerinin Ol¢iim islemi bittikten sonra LCD’de dSlgiilen
degerler gosterilir. Daha sonra program kollugun valfini agarak icerisindeki havanin

hizli bir sekilde bosalmasini saglar. Boylece 6l¢iim islemi sonlanir.

Bu durumlar asagida birbirinin devami olan Sekil 3.2 - Sekil 3.5 algoritmalarinda
gosterilmigtir. Algoritmalar1 sirayla aciklayacak olursak, tansiyon 6l¢iim butonuna
basili ise  TIMERA aktif duruma gelecektir. TIMERA’dan dolay1 13 ms bekleme
stiresinden sonra TACLK ucundan motor g¢alisarak kafi sisirmeye baslayacaktir. Bu
durumda kafi bosaltan selenoid valf kapalidir. Mikrodenetleyici selenoid valfin tikali
olup olmadigin1t ADC bayragindan kontrol ederek bir geri beslemeli kompanizasyon
yapar. Selenoid valf tikali ise kaf siserken kaf basinci hesaplanip LCD’de
gosterilmeye baslanir. Basing maksimum oldugunda motor durdurulur. Selenoid
acilmadan once kafin hava kagirip kagirmadigi kaf basinci kontrol edilerek izlenir.
Daha sonra selenoid belirli araliklarla agilip kapanarak kafin ic¢indeki osilasyon
sinyali hesaplanir. Kaf basinct minimum oldugundadiastolik basing algilanarak,

sistolik basing, diastolik basing ve nabiz degerleri kaydedilerek LCD’ye yazilir.
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Mikrodenetleyici diisiik giic moduna (LPM3) gecerek oOlg¢lim butonuna basilip

basilmadigini tekrar kontrol etmeye baslar.

Basla

Butona Basih ma?

Hayir :

Evet

Timer On

!

Motoru Calistir

)

Selenoudi Kapat

Hayir

I f{ADC Bayrak)
True

Sekil 3.2. Kan basing 6l¢tim algoritmasi 1



Kaf Basincin Hesapla

:

Kaf Basincin Goster

Kaf Basincl Hayir
(Basing maksimum mu?)
Motoru Kapat
: Hayir

Kaf osilasyon bayrag 1

Valfi ag (Selonoid bayrag 1

Sekil 3.3. Kan basing 6l¢tim algoritmasi 2

33



Kaf Basmc1 Kontrol Hayir

Et Azaliyor mu?

Evet l

Selenoid_Kapals;
Delay ms; Sglenoid Acik

}

Osilasyon Sinyalini Hesapla

Kaf Basinc1
Minimum mu?

Selenoid Kapal1; Timer Kapal1;
Ortalama Degeri Hesapla;
Sistolik Basinc1 Kaydet;

Diastolic Basinci ve Nabzi1 Kaydet

Sekil 3.4. Kan basing 6l¢tim algoritmasi 3
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LCD
(Ortalama Deger; Sistolik; Diastolik;Nab1z )

|

Buzzer’1 Kapat

'

GOTO Basla

Diistik Gili¢ Modu

Sekil 3.5. Kan basing 6l¢tim algoritmasi 4
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Sekil 3.6°da ise I°C arayiizii ile calisan sicaklik Sl¢iim algoritmasi gosterilmistir. ilk
anda TMP100 uyuma modundadir. Butona basildiginda TMP100 Slave’e (kole)
cekilerek okunmaya baglanir. Veriler LCD’ye aktarilarak TMP100 Master (efendi)
moduna alinir. Mikrodenetleyici diisiik giic moduna (LPM3) gecerek butona basilip

basilmadigin1 kontrol eder.

MSP430’u Baslat

}

(XMIT) TMP100’ii Master
Moduna Al

}

Dusuk Gi¢ Modu(LPM3
CPU&DCO Giciuni Kapat.)

l

(XMIT) TMP100’ii oku

|

Verileri Isle/LCD’ye Aktar.

l

(XMIT) TMP100’ii Master
Moduna Al

Sekil 3.6. Sicaklik 6l¢tim algoritm
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Sekil 3.7°de cihazin besleme devresi gosterilmistir. Devrede mikrodenetleyicinin
beslemesi igin gerekli 3,3 voltluk gerilim LM117 entegresi ile yapilmis kararli bir
devre yapisi sayesinde saglanir. LCD modiill ve MPX5050GP basing sensorii igin
gerekli besleme gerilimi LM7805 entegresi ile olusturulmus kararli devre yapisi
sayesindedir. Mikrodenetleyicinin ADC modiilii i¢in 2,5 Volt referans gerilim
gerekmektedir. Bu referans gerilim de 2,5 Volt ¢ikisli LT1461 azaltic1 entegresinden

saglanir.

4

L 1
|||
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T - A
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iz 1UF 1UF
= LT1461 I_

Sekil 3.7. Cihazin besleme devresi

Sekil 3.8’de sistemin tasariminda kullanilan mikrodenetleyici baglantist
gosterilmigtir. Gerilim dalgalanmalarin1 engellemek i¢in besleme ile sase arasina
dekuplaj kondansatorleri atilmistir. Devrenin ¢alisir durumda kalibrasyonunun
yapilabilmesi i¢in programlama devresi (Jtag Debugger) konulmustur. Programlama
devresi (Jtag Debugger) mikrodenetleyiciye TDO, TDI, TMS, TCK ve RST/NMI
uclarindan baglanmistir. Diisiik ve yiiksek frekans caligmalart i¢in 32 KHz’lik ve 8

Mhz’lik osilatorler kullanilmistir
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Sekil 3.8. Sistemin tasariminda kullanilan mikrodenetleyici baglantisi
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MZP_LED

03
CHCOB05-LED

Sekil 3.9°da LCD baglantis1 gosterilmektedir. LCD wuglar1 mikrodenetleyicinin

36’dan 42’ye kadar olan portlarina baglanmistir.

S25

9 pin connector

Sekil 3.9. LCD baglantis1
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Sekil 3.10°da T°C arayiizli TMP100 sicaklik sensorii baglantis1 goriilmektedir.
Besleme ile SDA ve SCL uglart arasina 10 KQ’luk Pull-Up direngleri atilmistir.

3.3
R7S
1K 423
BCL -

R4
R 6 pin connector
33V

Sekil 3.10. TMP100 baglantisi

P | fan o i

Sekil 3.11°de ise basing sensoriinden gelen sinyaller thevenin esdeger devresi ile 3
Volt seviyesine diisiiriilerek band geciren filtreye uygulanmaktadir. Ciinkii band
geciren filtre 3,3 Volt’luk beslemeyle calistigi i¢in bu gerilimin iist seviyelerinin
kirpacaktir. Sinyalin islenebilmesi basin sensériinden gelen isaretlerin 3,3 Volt’un

altinda olmasi gerekmektedir.

= 5%
11 |
= cCi4
ot T e
J2E
H
= W
I
-!- &
= >, J_ 116 RTE
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L= ==
SOLLUE_BASINGI
B pin conmecfor RTT
28

Sekil 3.11. Sensorden kolluk basincinin alinmasi
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Sekil 3.12. Kolluk basincinin filtrelenmesi (bant gegiren filtre)

Band gegiren filtre i¢in Texas Instruments’in tek beslemeli OPA337 ve OPA2340
opamplart  iizerinde duruldu. Iki opampin da elektriksel karakteristikleri ve
karakteristik egrileri incelenerek OPA2340’in kullanilmasina karar verildi. Sekil
3.12°de band geciren filtre devre yapist goriilmektedir. OPA2340’in datasheet
bilgileri Ek-V’te verilmistir.

Band geciren filtre kullanilmasinin sebebi gerekli olan frekans degerlerini goz
oniinde bulundurmak istememizdir. Bu deger ise kalbin damar duvarlarina yaptigi
basincin sonucunda olusan frekans degerleridir. Devre elemanlarinin degerleri ilgili
kesim frekansin1 saglayacak sekilde hesaplanarak bulunmustur. Hesaplar pratik
uygulamada test edilerek gerekli olan degerler olmasi gereken degerlere cekilerek

bulunmustur. Alt ve list kesim frekanslar esitlik 3.6’da belirtildigi gibidir.

P1= 1 P2 = 1
2nR82(C48 x C49/(C48+C49) ) 2nx R84 x C118 (3.6)
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formiilleri ile hesaplanmigtir [10].

Sekil 3.13°de kan basing israetlerinin BGF ¢ikisindan elde edilmesi gosterilmektedir.
Mikrodenetleyici 2,5 Volt'u gecen ilk analog deger yiiksek tansiyon, 3,3 Volt
seviyesinde ortalama deger ve 2,1 Volt seviyesinin altina diisen ilk deger diisiik

tansiyon olarak kaydedilecektir.

35
Ortalama
- Deger
3 -
Yiiksek — I
Tansiyon I > Diisiik
25 | Tansiyon
| l l
o I |
: 1 _5 i\k LM J 1 A Ly A-M
) . 2 [.— r W M ot
1 1 [ 1 1 T
05
0
10 15 20 25 30 35

Sekil 3.13.Kan basing isaretlerinin algilanmasi

Guralta Darbelen

-85 83 8.1 79 1.7 7.5

Jaman (sanive)

Sekil 3.14. ADC’de kan basing isaretlerindeki giiriiltii ve spikelarin eliminasyonu

Sekil 3.14°’de de goriildiigii gibi ADC’de kan basing isaretlerindeki spike ve

giirtiltileri yok etmek i¢in 1,75 Volt gerilim seviyesinin alt1 elimine edilmistir.
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Sekil 3.15°de vana siirme devresi, Sekil 3.16’da motor siirme devresi ve Sekil
3.17°de buzzer siirme devresi gosterilmistir. Vishay firmasinin S19928dy biitiinleyici
mosfeti lizerinde duruldu. Fakat devreyi daha optimize ve sade hale getirmek ig¢in
birbirine paralel 2n7002LT1 fet transistorleri ile vana, motor ve buzzerin

surtlmesine karar verildi.

RB9
10

a3 Qs
VANAL > INTOR2  VANA[ 2NT002

J3

2 pin connector

Sekil 3.15. Vana siirme devresi

RE8
10

I Q1 sl
MOTOR [ 2NTDO0Z MOTOR > INTOD2

Jar

D2
DIODE

2 pin connector

Sekil 3.16. Motor siirme devresi



43

Sekil 3.17. Buzzer siirme devresi

Sekil 3.18 ve 3.19°da tasarlanan devrenin alttan ve iistten goriiniisleri verilmektedir.

Resim 3.1, Resim 3.2, Resim 3.3 ve Resim 3.4’de tasarlanan devrenin resimlerini

gostermektedir.

Sekil 3.17. Tasarlanan devre semasi (alt Goriiniis)



Resim 3.1. Tasarlanan cihazin iistten goriiniisi
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Resim 3.2. Tasarlanan cihazin yandan gortiniisii
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Resim 3.3. Tasarlanan cihazin montajlanmis devre resmi
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4. UYGULAMA SONUCLARI VE IRDELEME

Tasarlanan devre 20 farkli denekte a¢ ve tok karnina olarak uygulanmistir.
Cizelgelerdeki ilk 5 denek diisiik tansiyon (hipotansiyon), ikinci 5 denek yiiksek
tansiyon (hipertansiyon) ve son 10 denek de normal tansiyon degerlerine sahiptir.
Labaratuvar ortaminda kalibre edilen Erka marka oskiiltasyon yontemiyle 6l¢iim
yapan cihaz ve piyasada bulunan Omron ve Sinbo marka tansiyon Oolgerlerle
karsilastirilarak  sonuclar kaydedilmistir. Olgiimler deneklerde 10 dakikada bir
pespese ikiser 6l¢lim olarak toplamda 10’u a¢ karnina ve 10’u da tok karnina olarak

gerceklestirilmistir.

Olgiim sonuglar1 Cizelge 4.1 - Cizelge 4.8°de gosterilmistir.



Cizelge 4.1. Oskiiltasyon yontemi tansiyon ve nabiz 6l¢iim sonuglari (aglik)

Denekler Yiiksek Tansiyon | Diisiik Tansiyon Nabiz
Denek 1 97 mmhg 65 mmHg 90
Denek 2 95 mmHg 74 mmHg 76
Denek 3 100 mmHg 65 mmHg 66
Denek 4 105 mmHg 67 mmHg 60
Denek 5 95 mmHg 62 mmHg 68
Denek 6 135 mmHg 96 mmHg 86
Denek 7 142 mmHg 100 mmHg 82
Denek 8 130 mmHg 102 mmHg 85
Denek 9 139 mmHg 97 mmHg 78
Denek 10 136 mmHg 100 mmHg 70
Denek 11 114 mmHg 75 mmHg 74
Denek 12 116 mmHg 70 mmHg 72
Denek 13 115 mmHg 72 mmHg 66
Denek 14 108 mmHg 74 mmHg 72
Denek 15 115 mmHg 70 mmHg 70
Denek 16 120 mmHg 82 mmHg 68
Denek 17 118 mmHg 81 mmHg 70
Denek 18 115 mmHg 79 mmHg 76
Denek 19 116 mmHg 69 mmHg 66
Denek 20 113 mmHg 67 mmHg 60




Cizelge 4.2. Omron marka dijital tansiyon aleti tansiyon ve nabiz 6l¢iim

sonuglar1 (aclik)

Denekler Yiiksek Tansiyon | Diisiik Tansiyon Nabiz
Denek 1 105 mmHg 85 mmHg 77
Denek 2 90 mmHg 65 mmHg 76
Denek 3 105 mmHg 70 mmHg 66
Denek 4 95 mmHg 67 mmHg 60
Denek 5 105 mmHg 75 mmHg 75
Denek 6 132 mmHg 90 mmHg 64
Denek 7 135 mmHg 95 mmHg 82
Denek 8 130 mmHg 100 mmHg 85
Denek 9 144 mmHg 105 mmHg 80
Denek 10 140 mmHg 105 mmHg 70
Denek 11 122 mmHg 83 mmHg 72
Denek 12 110 mmHg 70 mmHg 73
Denek 13 115 mmHg 80 mmHg 69
Denek 14 110 mmHg 70 mmHg 72
Denek 15 115 mmHg 70 mmHg 70
Denek 16 115 mmHg 85 mmHg 70
Denek 17 120 mmHg 78 mmHg 68
Denek 18 115 mmHG 75 mmHg 75
Denek 19 111 mmHg 65 mmHg 66
Denek 20 113 mmHg 66 mmHg 59




Cizelge 4.3. Sinbo marka dijital tansiyon aleti tansiyon ve nabiz 6l¢iim

sonuglar1 (aclik)

Denekler Yiiksek Tansiyon | Diisiik Tansiyon Nabiz
Denek 1 97 mmHg 63 mmHg 86
Denek 2 92 mmHg 77 mmHg 76
Denek 3 94 mmHg 69 mmHg 75
Denek 4 103 mmHg 72 mmHg 60
Denek 5 95 mmHg 65 mmHg 67
Denek 6 140 mmHg 93 mmHg 83
Denek 7 138 mmHg 96 mmHG 80
Denek 8 134 mmHg 108 mmHg 85
Denek 9 133 mmHg 100 mmHg 83
Denek 10 138 mmHg 108 mmHg 70
Denek 11 115 mmHg 75 mmHg 76
Denek 12 116 mmHg 71 mmHg 72
Denek 13 115 mmHg 70 mmHg 74
Denek 14 110 mmHg 74 mmHg 91
Denek 15 110 mmHg 68 mmHg 67
Denek 16 120 mmHg 83 mmHg 70
Denek 17 115 mmHg 80 mmHg 70
Denek 18 120 mmHg 82 mmHg 78
Denek 19 116 mmHg 67 mmHg 65
Denek 20 118 mmHg 70 mmHg 78
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Cizelge 4.4. Tasarlanan sistemin tansiyon ve nabiz 6l¢iim sonuglari (aglik)

Denekler Yiiksek Tansiyon | Diigiik Tansiyon | Nabiz
Denek 1 95 mmHg 65 mmHg 88
Denek 2 93 mmHg 75 mmHg 75
Denek 3 96 mmHg 65 mmHg 78
Denek 4 105 mmHg 65 mmHg 63
Denek 5 95 mmHg 66 mmHg 68
Denek 6 137 mmHg 96 mmHg 85
Denek 7 141 mmHg 101 mmHg 84
Denek 8 135 mmHg 104 mmHg 86
Denek 9 140 mmHg 96 mmHg 78
Denek 10 133 mmHg 95 mmHg 66
Denek 11 115 mmHg 75 mmHg 74
Denek 12 115 mmHg 70 mmHg 72
Denek 13 115 mmHg 71 mmHg 69
Denek 14 108 mmHg 75 mmHg 70
Denek 15 113 mmHg 70 mmHg 69
Denek 16 120 mmHg 80 mmHg 71
Denek 17 118 mmHg 81 mmHg 69
Denek 18 117 mmHg 80 mmHg 73
Denek 19 115 mmHg 66 mmHg 62
Denek 20 114 mmHg 70 mmHg 60




Cizelge 4.5. Oskiiltasyon yontemi tansiyon ve nabiz 6l¢iim sonuglari (tokluk)

Denekler Yiiksek Tansiyon | Diisiik Tansiyon Nabiz
Denek 1 105 mmHg 68 mmHg 85
Denek 2 103 mmHg 75 mmHg 76
Denek 3 100 mmHg 70 mmHg 84
Denek 4 110 mmHg 72 mmHg 62
Denek 5 95 mmHg 65 mmHg 68
Denek 6 145 mmHg 105 mmHg 86
Denek 7 145 mmHg 108 mmHg 85
Denek 8 140 mmHg 102 mmHg 91
Denek 9 148 mmHg 107 mmHg 82
Denek 10 150 mmHg 108 mmHg 68
Denek 11 125 mmHg 75 mmHg 74
Denek 12 127 mmHg 74 mmHg 74
Denek 13 122 mmHg 78 mmHg 66
Denek 14 120 mmHg 80 mmHg 72
Denek 15 122 mmHg 80 mmHg 70
Denek 16 125 mmHg 85 mmHg 66
Denek 17 121 mmHg 82 mmHg 72
Denek 18 123 mmHg 84 mmHg 78
Denek 19 126 mmHg 78 mmHg 72
Denek 20 118 mmHg 82 mmHg 66
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Cizelge 4.6. Omron marka dijital tansiyon aleti tansiyon ve nabiz 6l¢iim

sonuglar1 (tokluk)
Denekler Yiiksek Tansiyon | Diisiik Tansiyon Nabiz
Denek 1 110 mmHg 77 mmHg 91
Denek 2 100 mmHg 75 mmHg 77
Denek 3 95 mmHg 78 mmHg 84
Denek 4 120 mmHg 82 mmHg 63
Denek 5 95 mmHg 65 mmHg 72
Denek 6 143 mmHg 100 mmHg 83
Denek 7 152 mmHg 112 mmHg 84
Denek 8 138 mmHg 105 mmHg 83
Denek 9 148 mmHg 100 mmHg 82
Denek 10 147 mmHg 112 mmHg 70
Denek 11 130 mmHg 78 mmHg 73
Denek 12 123 mmHg 80 mmHg 74
Denek 13 130 mmHg 85 mmHg 66
Denek 14 126 mmHg 78 mmHg 78
Denek 15 118 mmHg 76 mmHg 68
Denek 16 132 mmHg 94 mmHg 72
Denek 17 129 mmHg 88 mmHg 72
Denek 18 135 mmHg 95 mmHg 77
Denek 19 115 mmHg 80 mmHg 69
Denek 20 125 mmHg 87 mmHg 66
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Cizelge 4.7. Sinbo marka dijital tansiyon aleti tansiyon ve nabiz 6l¢iim

sonuglar1 (tokluk)

Denekler Yiiksek Tansiyon | Diisiik Tansiyon Nabiz
Denek 1 106 mmHg 66 mmHg 90
Denek 2 105 mmHg 75 mmHg 75
Denek 3 100 mmHg 69 mmHg 84
Denek 4 110 mmHg 73 mmHg 60
Denek 5 93 mmHg 62 mmHg 68
Denek 6 145 mmHg 104 mmHg 92
Denek 7 150 mmHg 112 mmHg 83
Denek 8 139 mmHg 105 mmHg 88
Denek 9 152 mmHg 105 mmHg 82
Denek 10 147 mmHg 110 mmHg 70
Denek 11 123 mmHg 74 mmHg 80
Denek 12 129 mmHg 80 mmHg 77
Denek 13 120 mmHg 77 mmHg 78
Denek 14 123 mmHg 83 mmHg 69
Denek 15 119 mmHg 78 mmHg 72
Denek 16 125 mmHg 85 mmHg 66
Denek 17 120 mmHg 80 mmHg 63
Denek 18 125 mmHg 86 mmHg 78
Denek 19 125 mmHg 80 mmHg 72
Denek 20 115 mmHg 80 mmHg 66
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Cizelge 4.8. Tasarlanan sistemin tansiyon ve nabiz 6lgiim sonuglari (tokluk)

Denekler Yiiksek Tansiyon | Diisiik Tansiyon Nabiz
Denek 1 105 mmHg 66 mmHg 87
Denek 2 104 mmHg 75 mmHg 76
Denek 3 98 mmHg 68 mmHg 84
Denek 4 110 mmHg 70 mmHg 60
Denek 5 95 mmHg 66 mmHg 70
Denek 6 146 mmHg 107 mmHg 86
Denek 7 143 mmHg 110 mmHg 83
Denek 8 143 mmHg 105 mmHg 89
Denek 9 153 mmHg 108 mmHg 83
Denek 10 148 mmHG 109 mmHg 68
Denek 11 124 mmHg 75 mmHg 73
Denek 12 126 mmHg 77 mmHg 70
Denek 13 120 mmHg 75 mmHg 68
Denek 14 125 mmHg 76 mmHg 72
Denek 15 120 mmHg 80 mmHg 71
Denek 16 126 mmHg 87 mmHg 67
Denek 17 119 mmHg 83 mmHg 74
Denek 18 128 mmHg 88 mmHg 75
Denek 19 123 mmHg 78 mmHg 72
Denek 20 120 mmHg 82 mmHg 70
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Erka marka oskiiltasyon cihazina gore a¢ ve tok karnina yapilan dlgiimlerdeki olusan

farklarin ortalamalari

Ol¢iimlerde ortalama deger, Esitlik 3.7 ile bulunur.

Cizelge 4.9 ve Cizelge 4.10°da gosterilmistir. Yapilan

(3.7)
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Cizelge 4.9. A¢ karnina yapilan tansiyon ve nabiz dlglimlerinde olusan farklarin
ortalama degerleri

Cihazlar Yiiksek Tansiyon | Diisiik Tansiyon Nabiz
Omron 4,25 53 2,8
Sinbo 2,5 2,8 4,55
Tasarlanan Cihaz 1,4 1,35 2,15

Cizelge 4.10. Tok karnina yapilan tansiyon dl¢iimlerindeki olusan farklarin
ortalama degerleri

Cihazlar Yiiksek Tansiyon | Diisiik Tansiyon Nabiz
Omron 53 5,25 2,25
Sinbo 1,85 2 2,3
Tasarlanan Cihaz 2 1,65 1,45

Ag ve tok karnina olarak gerceklestirilen tansiyon 6l¢iimlerinde oskiiltasyon cihazina

gore olusan farklarin standart sapma degerleri alinarak sonuglar kaydedilmistir.

Yapilan 6l¢imlerde standart sapma Es. 3.7 ile bulunur.

Standart sapma sonuglar1 Cizelge 4.11 ve Cizelge 4.12°de gosterilmistir.

Cizelge 4.11. A¢ karnina yapilan tansiyon ve nabiz dl¢timlerinde olusan farklarin

standart sapma degerleri

Cihazlar Yiiksek Tansiyon | Diisiik Tansiyon Nabiz
Omron 3,24 4,81 5,35
Sinbo 2,11 1,91 5,64
Tasarlanan Cihaz 1,35 1,42 2,53




Cizelge 4.12. Tok karnina yapilan tansiyon ve nabiz 6l¢limlerinde olusan
farklarin standart sapma degerleri

Cihazlar Yiiksek Tansiyon | Diisiik Tansiyon Nabiz
Omron 3,16 3,08 2,42
Sinbo 1,35 1,34 2,45
Tasarlanan Cihaz 1,51 1,27 1,24

A¢ ve tok karnina olarak gerceklestirilen Olg¢iimlerin standart sapma degerleri
alinarak sonuglar kaydedilmistir. Yapilan 6l¢iimlerde varyans degerleri Es. 3.9 ile
bulunur. Tansiyon 6lgiim sonuglarinda oskiiltasyon cihazina goére olusan farklarin

varyans degerleri Cizelge 4.13 ve Cizelge 4.14°de gosterilmistir.

(3.9)

Cizelge 4.13. A¢ karnina yapilan tansiyon ve nabiz dl¢iimlerinde olusan farklarin
varyans degerleri

Cihazlar Yiiksek Tansiyon | Diisiik Tansiyon Nabiz
Omron 10,5 3,08 2,42
Sinbo 4,45 3,64 31,8
Tasarlanan Cihaz 1,82 2,01 6,4

Cizelge 4.14. Tok karnina yapilan tansiyon ve nabiz dl¢iimlerinde olusan
farklarin varyans degerleri

Cihazlar Yiiksek Tansiyon | Diisiik Tansiyon Nabiz
Omron 9,99 9,5 5,85
Sinbo 1,82 18 6
Tasarlanan Cihaz 2,28 1,61 1,54

Sicaklik Olgiimii de 15 farkli denek {lizerinde gergeklestirilmistir. Cihaz Ol¢tim

karsilastirmalari i¢in piyasada kullanilan Norditalia alin kulak termometresi ve Acura
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AC 1000 termometresi ile karsilastirildi. Sicaklik 6l¢iim sonuglart da Cizelge 4.15°de

gosterilmistir.

Cizelge 4.15. Sicaklik 6l¢tim sonuglarinin karsilastirilmast

Denekler Acura AC 1000 Norditalia Cihaz
Denek 1 36,5 36,6 36,565
Denek 2 36,9 36,9 36,882
Denek 3 36,2 36,3 36,195
Denek 4 37,2 37,3 37,382
Denek 5 38,9 39 39.112
Denek 6 39,3 39,1 39,485
Denek 7 38,6 38,6 38,612
Denek 8 38 37,8 37,923
Denek 9 38.2 38,5 38,213
Denek 10 37,6 37,7 37,682
Denek 11 35,7 35,4 35,674
Denek 12 36,1 36,4 36,010
Denek 13 35,3 35,2 35,315
Denek 14 36,5 36,5 36,515
Denek 15 36,4 36,2 36,325

Tasarlanan cihazda Valf’in kafi agma araligi diger cihazlara nazaran biraz yiiksek

tutularak degerlerin daha iyi algilanmasi saglandi. Fakat osilometrik yontem ne kadar

hassas da olsa klasik yontemdeki veriler tutturulamiyor. 0 ile £5 mmHg aras1 bir

dl¢iim farki olusuyor. 1°C arayiizlii sicaklik sensdriinde Slgiim hassasiyeti 0,0625 °C

artis aralif1 verilerek hassasiyeti arttirildi. Sicaklik artis araliginin dar tutulmasi ve

I°C seri haberlesme arayiiziinden dolayr TMP100 diger sicaklik dlgen cihazlara gore

biraz daha yavas cevap vermistir (20-30sn arasi). Ancak Ol¢limler daha optimize

olmustur.
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5. SONUCLAR ve ONERILER

Cihazda ilk 6nce 3,3 Volt’luk basing sensorii denenmistir. Fakat sicaklik kompanizeli
olmadig1 i¢in 6l¢limde karsilastirilan diger cihazlara gore asir1 sapmalar olmustur. Bu
yiizden 5 Volt’luk basing sensorii kullanilmigtir. Cihazda led ve basing sensorii 5
voltluk besleme gerilimine ihtiya¢ duydugu icin 9 Volt pile gereksinim duyulmustur.
Cihazin en 6nemli 6zelligi sicaklik ve tansiyon Sl¢limiiniin bileklik tipi bir cihazda
ilk defa tasarlanmis olmasidir. Cihazda sicaklik 6l¢iimii I°C seri iletisim arayliziinden
yapilmaktadir. I’C seri iletisim araylizii, cihazi diger cihazlardan ayiran Snemli
ozelliklerden bir digeridir. I°C seri iletisim arayliziiniin kullanilmasinin nedeni
cihazda yakinsamaya yonelik diizenlemeler yapilabilmesi i¢indir. Deneysel calisma
oldugu igin ve siirekli programlanarak (debug) kalibre edilmesi gerektiginden jtag
programlayic1 (debugger) devreye eklenmistir. Ticari amagli kullanimlar igin
debugger devreden kaldirilabilir. Bunun yaninda 5 Volt’ luk basing sensorii ve LCD
yerine 3,3 Volt’ luk sicaklik kompanizeli basing sensérii ve LCD kullanilabilir.

Devreye kayit amach bir hafiza entegresi eklenebilir.

Sistemin beslemesinin daha optimize olmasi i¢in pil ile besleme yerine batarya ile
besleme yapilabilir. Cilinkii pilin belirli bir siire sonra enerjisi azaldiginda cihaz
diizensiz besleme aldigindan, 6l¢iimii hatali yapmaya baglamaktadir. Bataryali bir
sistemde, besleme enerjisi eklenecek kiiciik bir devre ile kontrol edilebileceginden

enerji diismelerinde cihazin zarar gérmemesi i¢in besleme kesilebilir.

Sistem ileriki uygulamalarda ihtiyaca bagli olarak viicuttaki kanin oksijen miktari,
viicuttan kan almadan kan sekeri dl¢iimii vb. gibi parametreler sisteme entegre
edilebilir. Cihazin yapimi i¢in harcanan malzeme bedeli yaklasik 56 TL’dir. Seri

tiretimde ise iiretim fiyat1 15 TL’ye kadar diismektedir.
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Ek-1 Cihazin program kodlar:

Sicaklik ve tansiyon 6lgen sistemin program kodlar1 asagida gosterilmistir.

Ana Program

#include <msp430x16x.h>
#include "MSP430_LCD.h"
#include "fonksiyonlar.h"
#include "adc.h"

#include "i2c.h"

#include "stdio.h™

float basinc_v; //basinc sensoru cikis gerilimi

float basinc_v_2; //basinc sensoru cikis gerilimi filtrelenmis

float basinc_f; //basinc floating degeri kpascal cinsinden

float basinc_f2; /Ibasinc floating degeri mmHg cinsinden

float basinc_buffer[10]; //basinc floating degeri mmHg cinsinden

float yuksekt, dusukt, nabiz; //Diislik Tansiyon ve Yiiksek Tansiyon ve
nabiz Degerleri buraya yazilir.

int temp2; //Gegici Deger

unsigned

char i,index,nabizok,olcumaktif,olcumaktif2,sicaklikaktif,sicaklikaktif2,hataaktif,

sonucaktif,sonucaktif2,pulseflag,pulseflag3,pulseflag2,dusuktflag,nabizflag,vanaf

lag; //Gegici Deger

volatile unsigned int sayici, sayici3,sayicinabiz,sayici2, initflag, nabizsayici,
vanasayici=0; //Sayag

char str[4][16]; // LCD 'deki gdsterimler igin

int main(void)

{

volatile unsigned int i, k;

//Degiskenleri sifirla



Ek-1 Cihazin program koedlar: (devam)

sayici=0;
sayici2=0;
sayici3=0;
basinc_v =0;
basinc_ v 2 =0;
basinc_f =0;
basinc_f2 =0;
temp2 = 0;
initflag=0;
olcumaktif=0;
olcumaktif2=0;
sicaklikaktif=0;
sicaklikaktif2=0;
hataaktif=0;
sonucaktif=0;
sonucaktif2=0;
yuksekt=0;
dusukt=0;
nabiz=0;
pulseflag=0;
pulseflag2=0;
pulseflag3=0;
nabizsayici=0;
dusuktflag=0;
nabizflag=0;
sayicinabiz=0;
nabizok = 0;
vanasayici = 0;

vanaflag=0;
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Ek-1 Cihazin program kodlar: (devam)

WDTCTL = WDTPW + WDTHOLD,; I/ Stop WDT

Init_ports(); //Port Ayarlari

InitLCD(); //LCD Ayarlar1

Init adc(); //ADC Ayarlar1

init_i2¢(); //12C Ayarlari - Sicaklik Sensoru

CCRO = 5000; //Vana agma peryodunu ayarlayan zaman sayag
deperi

TACTL = TASSEL 2+ MC 1; // SMCLK, contmode siirekli mod

TBCCRO = 5000; //Vana agma peryodunu ayarlayan zaman
sayag deperi

TBCTL =TBSSEL_2 + MC_1; Il SMCLK, contmode siirekli mod

SEND CMD (DD_RAM ADDR); //Agilig mesajini gonder

for (i=0; i<16; i++)

{
SEND_CHAR(LCD_Messagel[i]);

¥

SEND_CMD (DD_RAM_ADDR?2);
for (i=0; i<16; i++)

{
SEND_CHAR(LCD_Message2[i]);
¥
Ses(1); //Bip Sesi Ver.
CCTLO = CCIE; // CCRO interrupt enabled
while(initflag<10){_BIS_SR(GIE); } /IBekle
Ses(0); //Sesi Kapat

initflag=0;
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Ek-1 Cihazin program kodlar1 (devam)

while(initflag<10){_BIS_SR(GIE); } //Bekle
Ses(1); //Sesi Ag

initflag=0;

while(initflag<10){ BIS_SR(GIE); } //Bekle
Ses(0); //Sesi Kapat
initflag=0;

while(initflag<10){ BIS_SR(GIE); } //Bekle
Ses(1); //Sesi A¢

initflag=0;

while(initflag<10){ BIS_SR(GIE); } //Bekle
Ses(0); //Sesi Kapat
initflag=0;

while(initflag<300){ BIS_SR(GIE); } //Bekle
CCTLO = CCID; // CCRO interrupt disabled

SEND_CMD (CLR_DISP);

for(i=0; i<16; i++)
{
str[O][i]=""
ste[1][i]='"";
}

olcumaktif=1;
Vana(l);
Motor(1);

//Ekran1 Temizle

//1. Ekran Gosterimi
//2. Ekran GOsterimi

//Vanay1 kapat. Hava gecisini engelle

//Motoru calistir. Sisteme enerji verilir verilmez

nabis 6l¢limii i¢in motor kilifi sisirir.
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Ek-1 Cihazin program kodlar1 (devam)

while(1) //ana Dongii

{
if(!(P2IN & 0x04)) //Eger Sicaklik Olgiimii i¢in butona basilmigsa

{
sicaklikaktif =1;
olcumaktif=0;
Vana(0); //Vana Motor ve Sesi Kapat
Motor(0);
Ses(0);

if(sicaklikaktif)

{

if(!sicaklikaktif2) //Sicaklik i¢in butona basilmigsa SICAKLIK yaz
{

sicaklikaktif2=1;

SEND_CMD (DD_RAM_ADDR);

for (i=0; i<16; i++)

{

SEND_CHAR(LCD_Message5[i]);

b
¥
read_temp(); //Sicaklik Oku
sprintf(str[2], "%2.3f", sicaklik);  //Sicaklik degerini karakter olarak al
SEND_CMD (DD_RAM_ADDR?2); /2. satir se¢
str[1][0]="%

str[L][1]="";



Ek-1 Cihazin program kodlar: (devam)

str[1][2]="";
str[1][3]=""
str[1][4]="";
str[1][5]= str[2][O];
str[1][6]= str[2][1];
str[1][7]= str[2][2];
str[1][8]= str[2][3];
str[1][9]= str[2][4];
str[1][10]= str[2][5];
str[1][11]="";
str[1][12]="";
str[1][13]="";
str[1][14]="";
str[1][15]="";

for (i=0; i<16; i++)
{

SEND_CHAR(Str[1][i]);
}

¥

else

{
if(olcumaktif)

{

ADCI2CTLO |= ADC12SC;
_BIS_SR(GIE);

if(!olcumaktif2)

/I ADC Basla
// LPMO, ADC12_ISR'da loopdan ¢ik

//1. Satira Bekleyin yazdir
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Ek-1 Cihazin program kodlar1 (devam)

olcumaktif2=1;

SEND_CMD (DD_RAM_ADDR);
for (i=0; i<16; i++)
{
SEND_CHAR(LCD_Message6[i]);
¥
}

sprintf(str[0], "%3.1{", basinc_f2);  //kilif basinct
for (i=0; i<16; i++)
{
str[1][i] ="
¥

if(basinc_f2>100)
{
k=5;
}
else if(basinc_f2>10)
{
k=4;
¥
else
{
k=3;
¥
for (i=6; i<k+6; i++)

{

67
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Ek-1 Cihazin program kodlar1 (devam)

str[1][i] = str[0][i-6];
}

SEND CMD (DD_RAM ADDR?2); //Kilif Basincini 2. satira yazdir
for (i=0; i<16; i++)
{
SEND_CHAR(str[1][i]);
¥

for(i=0; i<3; i++)

{
basinc_buffer[i] = basinc_buffer[i+1];
}
basinc_buffer[4]=basinc v 2; //Miltrelenmis degeri buffer a at
if(nabizflag) //Nabiz 6lgmeye basla kilif tam basingla dolu
{
if(basinc_v_2>2.5) //eger basinc 2.5 V iistiine ¢ikmigsa
{
if((yuksekt == 0)) /2.4 den biiylikse
{
yuksekt=Dbasinc_f2; //Yiiksek tansiyon kaydet
[[TBCCTLO = CCIE; /l CCRO interrupt enabled
}
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Ek-1 Cihazin program kodlar1 (devam)

if((basinc_v_2>2.5) && (pulseflag==0) && (nabizok==0))
{

pulseflag=1;

pulseflag2=1,

if(pulseflag2)

{
if((basinc_v_2>2.1)) //Son 3 basinc 2.4 den kiiclikse

{
dusuktflag=1;

¥
¥

if(pulseflag)
{

sayici=0;

if((basinc_v_2>2) && (Ipulseflagd))

{
TBCCTLO = CCIE; // CCRO interrupt enabled
sayicinabiz=0;
pulseflag3 =1;
nabizsayici++; //1 nabiz alind1
¥
if(sayicinabiz >20) //Vana agma siklik siiresi

{
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Ek-1 Cihazin program kodlar1 (devam)

sayicinabiz = 0;
pulseflag3 =0;
¥

if(nabizsayici >6)

{
TBCCTLO = CCID; // TimerB 1 kapat
pulseflag = 0;

nabizok=1;

if(basinc_f2 >170) //Basinc 170 den biiyiikse motoru durdur
{
Motor(0);
CCTLO = CCIE; // TimerA Ag
nabizflag=1;
1/Ses(1);
b
if((basinc_f2 <45) && (nabizflag==1)) /[Basinc 45 den

kiiclikse hata verir

{

olcumaktif = 0;

nabizflag=0;

hataaktif = 1;



Ek-1 Cihazin program kodlar1 (devam)
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if(sayici3 >600) //Vana agma siklik siiresi

{
sayici3 =0;
if(dusuktflag==1)
{
dusuktflag = 0;

}
else if (pulseflag?)

{
dusukt=basinc_f2;
olcumaktif = 0;

sonucaktif=1;

}

}
if((sayici >300) && (nabizflag==1)
stiresi

{
CCTLO = CCID;

sayici = 0;

if((basinc_v_2>2) && (lvanaflag))
{
vanasayici=0;
vanaflag =1;

¥

) //Vana agma siklik

/I CCRO interrupt disabled
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Ek-1 Cihazin program kodlar1 (devam)

if(vanasayici >5) //Vana agma siklik siiresi

{
sayicinabiz = 0;
vanaflag =0;
Vana(0);
Delayx100us(180); //Vana agik kalma siiresi
Vana(l);

CCTLO = CCIE; /l CCRO interrupt enabled

else

}+ /' TF Aktif 6l¢lim sonu

else if(hataaktif) //Olgiim yapilamadi hata yaz
{

Motor(0);

Vana(0);

SEND CMD (CLR_DISP); //Ekran1 Temizle

SEND_CMD (DD_RAM_ADDR);

for (i=0; i<16; i++)

{
SEND_CHAR(LCD_Message7[i]);

}
hataaktif=0;
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Ek-1 Cihazin program kodlar1 (devam)

}

else if(sonucaktif) //Ol¢iim bitti sonuglar1 yaz
{

if(!sonucaktif2)

{

sonucaktif2=1;

Vana(0);
Motor(0);

SEND CMD (CLR _DISP); //Ekran1 Temizle

for(i=0; i<16; i++)
{
str[0][i]=LCD_Message3][i] ; /1. Ekran Gosterimi
str[1][1]J=LCD_Message4][i]; //2. Ekran GOsterimi
}
sprintf(str[2], "%3d", (int)(yuksekt-8));  //kilif basinct
str[0][4] = str[2][O];
str[0][5] = str[2][1];
str[0][6] = str[2][2];

sprintf(str[2], "%3d", (int)dusukt); //kilif basinel
str[1][4] = str[2][0];
str[1][5] = str[2][4];
str[1][6] = str[2][2];

basinc_v = (float)(65535.0/8000000.0)*(float)sayici2;  // 4 nabiz siiresi
nabiz = (60*7)/basinc_v;
sprintf(str[2], "%3d", (int)nabiz); //Sicaklik degerini karakter olarak al
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Ek-1 Cihazin program kodlar1 (devam)

str[0][13] = str[2][0];
str[0][14] = str[2][1];
str[0][15] = str[2][2];

read_temp(); //Sicaklik Oku

sprintf(str[2], "%2.1f", sicaklik); //Sicaklik degerini karakter olarak al
str[1][12] = str[2][O];

str[1][13] = str[2][1];

str[1][14] = str[2][2];

str[1][15] = str[2][3];

SEND CMD (DD_RAM ADDR); //1. Satir
for (i=0; i<16; i++)
{

SEND_CHAR(str[O][i]);
¥
SEND CMD (DD _RAM_ADDR?2); /2. Satir
for (i=0; i<16; i++)
{

SEND_CHAR(str[1][i]);
}
Ses(1); /IBip Sesi Ver.
initflag=0;
while(initflag<10){_ BIS_SR(GIE); } //Bekle
Ses(0); //Sesi Kapat
initflag=0;
while(initflag<10){ BIS_SR(GIE); } //Bekle
Ses(1); //Sesi Ag
initflag=0;
while(initflag<10){_BIS_SR(GIE); } //Bekle



Ek-1 Cihazin program kodlar1 (devam)

Ses(0);

} //While Ana Dongii Sonu

// ADC12 kesne rutini
#pragma vector=ADC12_VECTOR

__interrupt void ADC12_ISR (void)
{

while ((ADCI2IFG & BIT0)==0);
temp2= ADC12MEMO;

basinc_v = ((temp2)*3.3)/4095;
basinc_f = basinc_v/5 - 0.04;
basinc_f = basinc_f/0.018;
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//Sadece basinct okuma

//Sensor geriliminin hesaplanmasi
//basincin pascal degeri hesaplama
//basincin pascal degeri hesaplama
// 760 mmHg = 101.325 kPa

basinc 2 = (basinc_f * 760)/101.325; //pascal degerinden mmHg hesaplama



Ek-1 Cihazin program kodlar1 (devam)
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while ((ADC12IFG & BIT1)==0); //filtrelenmis kalp atiglarin1 okuma

temp2= ADC12MEM1;

basinc_v_2 = ((temp2)*3.3)/4095; //Gerilim hesaplama

}

// Timer AO interrupt service routine
#pragma vector=TIMERAO_VECTOR
__interrupt void Timer_A (void)
{
sayici++;
sayici3++;
sayicinabiz++;
vanasayici++;
if(initflag<500){initflag++;}

}

// Timer BO interrupt service routine
#pragma vector=TIMERBO_VECTOR
__interrupt void Timer_B (void)
{

sayici2++,;
ADC Programi

void Init_adc(void)

{

P6SEL = 0x05;
ADCI12CTLO = ADC120N+MSC+SHTO 8;

ayarla

// Port6 y1 ADC olarak ayarla
/I ADC12 ag, 6rnekleme zamani



7

Ek-1 Cihazin program kodlar1 (devam)

ADC12CTL1 = SHP+CONSEQ_1;
ADC12MCTLO = SREF_2+INCH_O;
ADCI12MCTL1 = SREF 2+INCH 2+EOS;

se¢imi
ADCI12IE = 0x05;
ADC12CTLO |= ENC;

ky

Fonksiyonlar Kiitliphanesi

#include <msp430x16x.h>

#define CCID

void Vana(unsigned int ac)

{
if(ac == 0)
{
P10OUT &= 0xfb;
}
else
{
P1OUT |= 0x04;
}
}

void Motor(unsigned int ac)

{
if(ac ==0)

// Siralt okuma
/I Referans gerilim ve giris kanal se¢imi

/I Referans gerilim ve giris kanal

/I Interrupt ag
// Doniistimii aktif yap

(0x0000) /* Capture/compare interrupt enable */

//Vana y1 agip kapayan fonksiyon

//Motoru ag1p kapayan fonksiyon



Ek-1 Cihazin program kodlar: (devam)

{
P1OUT &= Oxfe;
¥
else
{
P1OUT |= 0x01;
¥
}

void Ses(unsigned int ac)

{
if(ac ==0)
{
P1OUT &= Oxef;
}
else
{
P1OUT |= 0x10;
}
}

void Init_ports(void)
{
P1DIR = Oxff;
P10OUT = 0x00;
P2DIR = 0x01;
P20UT = 0x00;

//Sesi ag1p kapayan fonksiyon

//Port Ayarlar1

/1 P1 out

/I Cikis1 kapat

// P2.1 out digerleri in
// ¢ikis1 kapat



Ek-1 Cihazin program kodlar1 (devam)
1>C Arayiiz Programi
#include <msp430x16x.h>

unsigned short tmp1,tmp2 =0;
float sicaklik =0;

void init_i2c(void)

{

P3SEL |= Ox0A;
UOCTL |= 12C + SYNC;
UOCTL &= ~I2CEN;
I2CTCTL |= 12CSSEL1,;
I2CNDAT = 0x02;
I2CSA = 0x48;

UOCTL |= I2CEN;

UOCTL |= MST;

I2CTCTL |= I2CSTT + I2CSTP + 12CTRX;
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/11'12C Pinlerini Sec

/I 12C baslangi¢ prosediirii

// 12C baglangig¢ prosediirii

// SMCLK sec¢

// 2 byte gonderilecek

/I Slave Adresi TMP100 048h
/1 12C Etkin

/I Master Mode

/I Gonderimi aktif yap

while ((I2CIFG & TXRDYIFG) == 0); // GOnderici (transmitter) aktif olana dek

bekle

I12CDRB = 0x01; // Byte yaz (burada gonderilen tmp100 pointer

register 1 - tmp100 configuration register segildi.)

while (I2CIFG & TXRDYIFG) == 0);

I2CDRB = 0x60:;

I2CTCTL |= 12CSTP;

// GOnderici (transmitter) aktif olana dek
bekle

/I Byte yaz (burada gonderilen tmp100

configuration register1 - R1 RO 1 seg¢ildi.

Yani Sicaklik okuma 12 bit olacak. )
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Ek-1 Cihazin program kodlar1 (devam)

while (I2CTCTL & I12CSTP) == 0x02);  // Koruma Amagh

d

I2CNDAT = 0x01;
UOCTL |= MST;

I2CTCTL |= I2CSTT + I2CSTP + 12CTRX;

while ((I2CIFG & TXRDYIFG) == 0);
ek bekle
I2CDRB = 0x00:;

I2CTCTL |= I12CSTP;
while (I2CTCTL & I2CSTP) == 0x02);

}

void read_temp(void)

{

UOCTL =0;

UOCTL |= 12C + SYNC;

UOCTL &= ~I12CEN;

I2CTCTL = 12CSSEL_1 + 12CWORD,;

//'1 byte gonderilecek
I/ Master mode
// Gonderimi aktif yap

// GOnderici (transmitter) aktif olana

// Byte yaz (burada gonderilen tmp100
pointer register 1 - tmp100

sicaklik okuma olarak secildi.)

// Koruma Amagl

// USART" 12C olarak ayarla
/I 12C baslangi¢ prosediirii
[/ SMCLK + word modu

I2CSCLH = 0x03; // SCL High

I2CSCLL = 0x03; /' SCL Low

[2CNDAT = 0x02; /I 2 byte okunacak

I2CSA = 0x48; Il Slave Adresi TMP100 048h
UOCTL |= I12CEN; /1 12C Etkin

UOCTL |= MST; /I Master

I2CTCTL |= 12CSTT + I12CSTP; /I Sicaklik Oku

while (12CTCTL & I12CSTP) == 0x02);
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tmpl = I2CDRW, //Sicaklik degerini al
tmp2 = tmp1,

tmpl &= Ox00FF; //Ondalik kismi yiikle
tmp2 >>=8§;

tmp2 &= Ox00FF; //Virgiilden sonrasin1 yiikle

sicaklik = ((float)tmp2 / 256.0);
sicaklik +=tmp1,; //Sicaklik Degeri

LCD Tanitma VE LCD’ ye Yazdirma

//LCD MODULU

[*
MSP430 pinleri LCD_Modulu
P40 E
P41 RW
P42 RS
P43 D4
P44 D5
P45 D6
P46 D7
GND GND
*/

#include <msp430x16x.h>



Ek-1 Cihazin program kodlar1 (devam)

#include "MSP430_LCD.h"

unsigned char temp;

/I---Functions difinitions------------------

void Delay (unsigned int a)

{

unsigned char k;
for (k=0 ; k 1= a; ++k);
¥

void Delayx100us(unsigned char b)
{

unsigned char j;
for (j=0; j'=b; ++j) Delay (_100us);
}

void _E(void)
{

E_HIGH;
_NOP();
_NOP();
E_LOW:;

b

void SEND_CHAR (unsigned char d)
{

Delayx100us(5);

temp = d & Oxf0;

82

/120+a*12 cycles (for 1MHz)

/ltoggle E for LCD

//.5ms
/lget upper nibble



Ek-1 Cihazin program kodlar1 (devam)

LCD_Data &= 0x07;
LCD_Data |=temp >>1;

RS_HIGH; //set LCD to data mode
_E(Q); /ltoggle E for LCD
temp = d & OxOf;

temp = temp << 4; //get down nibble

LCD_Data &= 0x07;

LCD_Data |= temp>>1;

RS HIGH; //set LCD to data mode
_EQ; /Itoggle E for LCD

}

void SEND_CMD (unsigned char e)

{

Delayx100us(10); //10ms

temp = e & 0xf0; //get upper nibble
LCD_Data &= 0x07;

LCD_Data |= temp>>1; /l[send CMD to LCD
RS_LOW; //set LCD to CMD mode
_EQ; /ltoggle E for LCD

temp = e & 0xOf;

temp = temp << 4; /lget down nibble
LCD_Data &= 0x07;

LCD_Data |= temp>>1;

RS_LOW; /Iset LCD to CMD mode
_E(); /ltoggle E for LCD

}

void InitLCD(void)
{



Ek-1 Cihazin program kodlar1 (devam)

RS_LOW;

Delayx100us(250);
Delayx100us(250);
Delayx100us(250);
Delayx100us(250);

LCD_Data |= BIT3 | BIT4;
LCD_Data &= ~BIT5 & ~BIT6;

_EQ;
Delayx100us(100);
_EO;
Delayx100us(100);
_EQ;
Delayx100us(100);
LCD_Data &=~BIT3;
_EQ;

SEND_CMD(DISP_ON);
SEND_CMD(CLR_DISP);
SEND_CMD(DD_RAM_ADDR);
Delayx100us(300);

¥
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/[Delay 100ms

//D7-D4 = 0011

/ltoggle E for LCD
//10ms
/Itoggle E for LCD
//10ms
/ltoggle E for LCD
//10ms
//ID7-D4 = 0010
/Itoggle E for LCD
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MSP430x15x, MSP430x16x, MSP430x161x
MIXED SIGNAL MICROCONTROLLER

SLAS368D- OCTOBER 2002- REVISED MARCH 2005

Low Supply-Voltage Range, 1.8V ... 3.6V

Ultralow-Power Consumption:

- Active Mode: 330 pA at1 MHz, 2.2V

- Standby Mode: 1.1 pA

- Off Mode (RAM Retention): 0.2 pA

® Five Power-Saving Modes

® Wake-Up From Standby Mode in less
than 6 us

® 16-Bit RISC Architecture, 125-ns
Instruction Cycle Time

® Three-Channel Internal DMA

® 12-Bit A/D Converter With Internal
Reference, Sample-and-Hold and Autoscan
Feature

® Dual 12-Bit D/A Converters With
Synchronization

® 16-Bit Timer_A With Three
Capture/Compare Registers

® 16-Bit Timer_B With Three or Seven
Capture/Compare-With-Shadow Registers

® On-Chip Comparator

® Serial Communication Interface (USARTO),
Functions as Asynchronous UART or
Synchronous SPI or 12CTM Interface

® Serial Communication Interface (USART1),
Functions as Asynchronous UART or
Synchronous SPI Interface

® Supply Voltage Supervisor/Monitor With
Programmable Level Detection

® Brownout Detector

® Bootstrap Loader

12C is a registered trademark of Philips Incorporated.

description

Serial Onboard Programming,

No External Programming Voltage Needed
Programmable Code Protection by Security
Fuse

Family Members Include:
- MSP430F155:
16KB+256B Flash Memory
512B RAM
MSP430F156:
24KB+256B Flash Memory
1KB RAM
- MSP430F157:
32KB+256B Flash Memory,
1KB RAM
- MSP430F167:
32KB+256B Flash Memory,
1KB RAM
- MSP430F168:
48KB+256B Flash Memory,
2KB RAM
- MSP430F169:
B60KB+256B Flash Memory,
2KB RAM
- MSP430F1610:
32KB+256B Flash Memory
5KB RAM
- MSP430F1611:
48KB+256B Flash Memory
10KB RAM
- MSP430F1612:
55KB+256B Flash Memory
5KB RAM

Available in 64-Pin Quad Flat Pack (QFP)
and 64-pin QFN (see Available Options)

For Complete Module Descriptions, See the
MSP430x1xx Family User’'s Guide,
Literature Number SLAU049

The Texas Instruments MSP430 family of ultralow power microcontrollers consist of several devices featuring
different sets of peripherals targeted for various applications. The architecture, combined with five low power
modes is optimized to achieve extended battery life in portable measurement applications. The device features
a powerful 16-bit RISC CPU, 16-bit registers, and constant generators that attribute to maximum code efficiency.
The digitally controlled oscillator (DCO) allows wake-up from low-power modes to active mode in less than 6ps.
The MSP430x15x/16x/161x series are microcontroller configurations with two built-in 16-bit timers, a fast 12-bit
A/D converter, dual 12-bit D/A converter, one or two universal serial synchronous/asynchronous
communication interfaces (USART), 12C, DMA, and 48 I/O pins. In addition, the MSP430x161x series offers
extended RAM addressing for memory-intensive applications and large C-stack requirements.

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

iTyrpical applications include sensor systems, industrial control applications, hand-held meters, etc.

PRODUCTION DATA informason is current = of publication date.
Products conform to specificstions per the terms of Texas Instruments
sndard w: does not arily Include
westing of all parameters.

Copyright & 2002 — 2005, Texas Instruments Incorporated

*&‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1
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pin designation, MSP430F167, MSP430F168, MSP430F169

PM, RTD PACKAGE
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functional block diagrams

MSP430x15x
XN XOUT DVgz DWss  MVpg  AVss FSTINM Pl P2 P3 P& P5 PE
Iy Y A 4 Y Y A 4 4
v B 8 Ja s Js Fa
RosC r—— Oscillator [ ACLK | 32KE Flash| | 1KB RAM ADC12 DACTZ 0 Port 172 [ 10 Port /4| | 170 Port 56
18 11Ds, 18 10s 16 0=
21N — )
XT2IN Sg'i;:" [ SMCLK | 2448 Flash| | 1kB RAM 12-Bit 12:8# wih || 4
XT20UT b— 8 Channels | | 2 Channels ntemupt
16KE Flash| | 5128 RAM | [<10us Conu | Voltage out Capaility [ H
MCLE P s £ & + . £
A
; MAE,
] ™= MAB, 16-Bit 4B 3 4 N
JTAG
cPU MCE
16 Reg - i *
£8 =, -4 =,
1 &8 [ AV S NP L
¥ s -
] g5 [ _MDB. 168t > MDB. & Bit )
—m U OIgIgI 0
™S L v
TCK CMA Watchdog [ Timer_B3 [ Tmer_A3 POR [[|Comparator [] USARTO
Controller H ~ Timer H 5Vs H A H
3CCReg 3CCReg Brownout UART Mode|
TDITCLK 3 Channels| | 15188 | | Shadow SPI Mode
TDOTD Reg 12C Mode
MSP430x16x
XN XOUT DVgz  DWss  AVpg  AVgs FSTINM Pl P2 P3 P4 P5 PE
) L L
» Y A J A J v A\ L
hd ] @ s sl ta
Rosc p—— Oscillator |+ ACLK  [60KB Flash| | 2B RaM || aDC12 DACI2 1O Port 112 | | 10 Port 34| | 10 Port 56
o 18 11Ds, 18 10s 16 Ui
AT2IN Sysiem 1 SMCLK |4skE Flash| | 2¢BRAM || 1281 1284 wih || L
XT20UT F— 8 Channels | | 2 Channels ntemupt
22KE Flash| | 1KB RAM | [<10us Conv) | Voltage out Capaility [ H
MCLK - p i
A J
; MAE,
] Test MAB, 16-Bit R2=3s ¥ -
| s
cPU
ncl. 16 Reg. = | J
S
g2 .
= E§ MDB 1681 MOE. 3 it
— w uCﬂU
™S o L
Tk Multipher DM& [ Watchdog [ Timer B7 [] Tmer_A2 POR  [Comparator[| USARTD [] USARTI
Controller H  Timer  H H 5Vs H A H H —
MPY, MPYS TCCReg 3CCReg Brownout UART Mode| (UART Mode
TOICLK MACMACE 3 Channels| | 151881 | | Shadow SPI Mode | | SPIMode
TDOTDI Reg 12C Mode
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functional block diagrams (continued)

MSP430x161x
XN XOUuT DVge  DVss  AVge  AVss FSTINMI Pi P2 P P4 P5 P8
] ] ] ] L
r L 4 A A § L 4 L\ L J
¥ 2 s L s Fa ts
Rosc - Oscilator | ACLK | 55KE Flash| | 5KB RaM ADC1Z DAC12 VO Port 1/2| | VO Port 34 | |10 Port 516
XT2IN System 16 LOs, 16 UOs 16 0
ik [ SMCLK | 45KB Fiash| | 10KE RAM 12-8it 128it with || H
XT20UT p— 8 Channels | | 2 Channels. Interrupt
32KB Flash| | 5KB RAM | |<10us Conv| | Voltage cut Capability [ H

“MCLK s | T s . 1 P N
UTTUTIUTY, o

cPU

Incd. 16 Reg

AR =]

S S
< MDE, 18-Bit MDE, & Bit
| Comy| "

gugtalon=glal g

Ul

™S
Hardware H t t | H e [ -
Tex Motipher DMA Watchdog [ Timer_B7 [ Timer_A3 POR Comparator [] USARTO [ USART1
Controller H{ Timer [H H Svs H A H H
= - TCCReg | | 3CCReg Brownout UART Mode| |UART Mode|
TDITCLK mié m;ég 3 Channels| | 16/16-Bit | | Shadow SPiMode | [ SPIMode
TDOTDI ' Reg 12C Mode
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Terminal Functions

TERMINAL
NAME NO. 1o DESCRIPTION
AVee 64 Analog supply voltage, positive terminal. Supplies only the analog portion of ADC12 and DAC12.
AVgg 62 Analog supply voltage, negative terminal. Supplies only the analog portion of ADC12 and DAC12.
DVee 1 Digital supply voltage, positive terminal. Supplies all digital parts.
DVgg 63 Digital supply voltage, negative terminal. Supplies all digital parts.
P1.OMACLK 12 IO | General-purpose digital I/O pinTimer_A, clock signal TACLK input
P1.1/TAD 13 O | General-purpose digital IfO pin/Timer_A, capture: CCI0A input, compare: Outd output/BSL transmit
P1.2ITA1 14 0 | General-purpose digital IF0 pin/Mimer_A, capture: CCHA input, compare: Out output
P1.3/MAZ 15 0 | General-purpose digital 110 pinMimer_A, capture: CCI2A input, compare: Out2 output
P1.4/SMCLK 16 IO | General-purpose digital IfO pin/SMCLK signal output
P1.5/TAD 17 0 | General-purpose digital IF0 pinMimer_A, compare: Out0 output
P1.6/TA1 18 IO | General-purpose digital If0 pinMimer_A, compare: Out1 output
P1.7/TAZ 19 /O | General-purpose digital IF'O pinfTimer_A, compare: Out2 output
P20/ACLK 20 0 | General-purpose digital 110 pinfACLK output
P2 1MAINCLE 21 O | General-purpose digital IO pin/Timer_A, clock signal at INCLK
P22ICAOUTITAD 22 0 | General-purpose digital IfO pinTimer_A, capture: CCI0B input/Comparator_A oufput/BSL receive
P2.3ICADITA 23 /0 | General-purpose digital If0 pinMimer_A, compare: Out1 outputfComparator_A input
P2 4ICA1TAZ 24 IO | General-purpose digital If0 pin/Timer_A, compare: Out2 output/Comparator_A input
P2 5/Rosc 25 0 | General-purpose digital IFO pinfinput for external resistor defining the DCO nominal frequency
P26/ADC12CLKS 26 MO | General-purpose digital I/O pinfconversion clock — 12-bit ADC/DMA channel 0 external frigger
DMAED
P2.7ITAD 27 IO | General-purpose digital If0 pinMimer_A, compare: Out0 output
P3.0/STED 28 0 | General-purpose digital If'0 pinfslave transmit enable — USARTO/SPI mode
P3.1/SIMO0ISDA 29 /0 | General-purpose digital IFO pin/slave in/master out of USARTO/SPI mode, 12C data - USARTO/IZC mode
P3.2/SOMID 30 /O | General-purpose digital IfO pin/slave out/master in of USARTO/SPI mode
P3.3/UCLKOSCL 31 /0 | General-purpose digital /O pinfexternal clock input — USARTO/UART or SPI mode, clock output —
USARTO/SPI mode, 12C clock - USARTO/2C mode
P3.4/UTXD0O 32 0 | General-purpose digital 1F0 pinftransmit data out — USARTO/UART mode
P3.5/URXDO 33 /O | General-purpose digital I/O pinfreceive data in — USARTO/UART mode
PasUTXD1T 34 /O | General-purpose digital IO pinftransmit data out — USART1/UART mode
P3TIURXD1T 35 /0 | General-purpose digital I/O pinfreceive data in — USART1/UART mode
P4.0/mB0O 36 WO | General-purpose digital 'O pin/Timer_E, capture: CCI0A/B input, compare: Outd output
P4.1/TB1 a7 0 | General-purpose digital 110 pin/Timer_B, capture: CCHA/B input, compare: Out! output
P4.2/TB2 38 0 | General-purpose digital 110 pinMimer_B, capture: CCIZA/B input, compare: Oui2 output
P4.3MB3T 39 IO | General-purpose digital IfO pin/Timer_B, capture: CCI3A/B input, compare: Out3 output
P4 4/TB4T 40 0 | General-purpose digital 110 pin/Timer_B, capture: CC4A/B input, compare: Outd output
P4 5/TB5T 41 O | General-purpose digital If0 pin/Mimer_B, capture: CCISA/B input, compare: Outs output
P4.6/TB6T 42 /O | General-purpose digital IO pin/Timer_B, capture: CCIGA input, compare: Outf output
P4 T7MBCLK 43 /0 | General-purpose digital If0 pinMimer_B, clock signal TBCLK input
PS.OSTET 44 VO | General-purpose digital IfO pin/slave transmit enable — USART1/5PI mode
P5.A/SIMO1T 45 0 | General-purpose digital If0 pinfslave in/master out of USART1/SPI mode
P52ISOMITT 46 0 | General-purpose digital If0 pinfslave out/master in of USART1/SPI mode
P5.3MUCLK1T 47 /O | General-purpose digital /O pinfexternal clock input — USART1/UART or SPI mode, clock output —
USART1/SPI mode

T 16x, 161x devices only

*5’ TeEXAas
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Terminal Functions (Continued)

TERMINAL
le] DESCRIPTION
NAME NO.
P5.4/MCLK 48 IfO | General-purpose digital /O pin/main system clock MCLEK output
P5.5/SMCLK 49 IfO | General-purpose digital I/O pinfsubmain system clock SMCLK output
P5.6IACLK 50 IfO | General-purpose digital I/O pinfauxiliary clock ACLK output
P5.7ITBOUTH/ L] IO | General-purpose digital I/O pinfswitch all P\WM digital output ports to high impedance — Timer_B TBO to
SVsSouUT TBG/SVS comparator output
P6.0/AD 54 /O | General-purpose digital /O pin/analog input a0 — 12-bit ADC
P6.1/A1 60 IfO | General-purpose digital /O pin/analog input a1 — 12-bit ADC
P6.2/1A2 61 IfO | General-purpose digital /O pin/analog input a2 — 12-bit ADC
P6.3/A3 2 /O | General-purpose digital /O pin/analog input a3 — 12-bit ADC
P6.4/A4 3 /O | General-purpose digital /O pin/analog input a4 — 12-bit ADC
P6.5/AS 4 /O | General-purpose digital /O pin/analog input a5 — 12-bit ADC
P6.6/AB/DACD 5 IfO | General-purpose digital /O pin/analog input a6 — 12-bit ADC/DAC12.0 oufput
PE.TIATIDACA 6 IfO | General-purpose digital /O pinfanalog input a7 — 12-hit ADC/DAC12.1 output/SVS input
SVSIN
RSTINMI 58 | Reset input, nonmaskable interrupt input port, or bootstrap loader start (in Flash devices).
TCK 57 | Test clock. TCK is the clock input port for device programming test and bootstrap loader start
TDWTCLK 55 | Test data input or test clock input. The device protection fuse is connected to TDITCLEK.
TDOITDI 54 IfO | Test data output port. TDOITDI data output or programming data input terminal
™S 56 | Test mode select. TMS is used as an input port for device programming and test.
Verers 10 | Input for an external reference voltage
Vaer+ 7 o] QOutput of positive terminal of the reference voltage in the ADC12
VeerVegee- " | MNegative terminal for the reference voltage for both sources, the internal reference voltage, or an external
applied reference voltage
XIN 8 | Input port for crystal oscillator XT1. Standard or watch crystals can be connected.
Xout 9 o] QOutput terminal of crystal oscillator XT1
XT2IN 53 | Input port for crystal oscillator XT2. Only standard crystals can be connected.
XT20UT 52 o] QOutput terminal of crystal oscillator XT2
QFN Pad MA NA | QFN package pad connection to DV g5 recommended (RTD package only)
3 1,
EXAS
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short-form description

The M5P430 CPU has a 16-bit RISC architecture | Program Counter | PCIRD
that is highly transparent to the application. All
operations, other than program-flow instructions, | Stack Pointer | SP/R1
are. pel_'forme_d as register _operatlons in | Statis Register | SRICGAR2
conjunction with seven addressing modes for
source operand and four addressing modes for | Constant Generator | Ce2R3
destination operand.
o . ) General-P Register | R4
The CPU is integrated with 16 registers that | neralTurpose Reqister |
provide reduced instruction execution time. The | General Purpose Register | RS
register-to-register operation execution time is
one cycle of the CPU clock. | General-Purpose Register | RE
Four of the registers, R0 to _R3, are dedlcate_d as | General Purpose Register | R7
program counter, stack pointer, status register,
and constant generator respectively. The | General-Purpose Register | R8
remaining registers are  general-purpose
registers_ | General-Purpose Register | RS
Peripherals are connected to the CPU using data N
’ General-Purpose Register R10
address, and control buses, and can be handled | |
with all instructions. | General-Purpose Register | R11
instruction set -
| General-Purpose Register | Ri2
The instruction set consists of 51 instructions with
three formats and seven address modes. Each | General-Purpose Register | R13
instruction can operate on word and byte data. -
Table 1 shows examples of the three types of | General-Purpose Register | Ri4
!nstructlon formats; the address modes are listed | General Purpose Register | R15
in Table 2.
Table 1. Instruction Word Formats
Dual operands, source-destination eg ADD R4 RS R4 +R5 —>=R5
Single operands, destination only eg CALL RS PC ——=(TOS), R&—=>PC
Relative jump, un/conditional e.g. JNE Jump-on-equal hit=0
Table 2. Address Mode Descriptions
ADDRESS MODE S|D SYNTAX EXAMPLE OPERATION
Register e e MOV Rs,Rd MOV R10,R11 R10 -—=R11
Indexed e e MOV X(Rn),Y(Rm) MOV 2(R5),6(R6) M(2+R5)——= M(6+R6)
Symbolic (PC relative) | ® | @ MOV EDE, TONI M(EDE) —= M{TONI)
Absolute ®|® MOVAMEMATCDAT M{MEM) ——= M{TCDAT)
Indirect L] MOV @Rn,Y(Rm) MOV @R10,Tab(RE) M(R10) —= M(Tab+RE)
Indirect M(R10) —> R11
]
autoincrement MOV @Rn+.Rm MOV @R10+.R11 R10 + 2-——=R10
Immediate Ld MOV #X, TONI MOV #45 TONI #45 ——= M{TONI)

NOTE: S = source D = destination

*:'P TEXAS
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operating modes

The MSP430 has one active mode and five software selectable low-power modes of operation. An interrupt
event can wake up the device from any of the five low-power modes, service the request and restore back to

the low-power mode on return from the interrupt program.
The following six operating modes can be configured by software:
® Active mode AM;
- Al clocks are active
® | ow-power mode 0 (LPMO);

- (CPU is disabled
ACLK and SMCLK remain active. MCLK is disabled

® | ow-power mode 1 (LPM1);

- (CPU is disabled
ACLK and SMCLK remain active. MCLK is disabled
DCO's de-generator is disabled if DCO not used in active mode

® | ow-power mode 2 (LPM2);

- (CPU is disabled
MCLK and SMCLK are disabled
DCO's dc-generator remains enabled
ACLK remains active

® | ow-power mode 3 (LPM3);

- (CPU is disabled
MCLK and SMCLK are disabled
DCO's de-generator is disabled
ACLK remains active

® | ow-power mode 4 (LPM4);

- CPU s disabled
ACLK is disabled
MCLK and SMCLK are disabled
DCO's de-generator is disabled
Crystal oscillator is stopped
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interrupt vector addresses

The interrupt vectors and the power-up starting address are located in the address range OFFFFh — OFFEOh.

The vector contains the 16-bit address of the appropriate interrupt-handler instruction sequence.

DMADIFG, DMA1IFG,
DMAZ2IFG (see Notes 1 & 2)

INTERRUPT SOURCE INTERRUPT FLAG SYSTEM INTERRUPT WORD ADDRESS PRIORITY
FPower-up WDTIFG Reset OFFFEh 15, highest
External Reset KEYV
‘Watchdog (see Note 1)
Flash memory
NMI MMIIFG (see Notes 1 & 3) (Mon)maskable
Oscillator Fault OFIFG (see Notes 1 & 3) (Non)maskable OFFFCh 14
Flash memory access violation ACCVIFG (see Notes 1 & 3) (Mon)maskable
Timer_B7 (see Note &) TBCCRO CCIFG Maskahle OFFFAR 13
(see Note 2)
TBCCR1 to TBCCRG
Timer_B7 (see Note &) CCIFGs, TBIFG Maskahle OFFF&h 12
(see Notes 1 & 2)
Comparator_A CAIFG Maskable OFFFGh 11
Watchdog timer WDTIFG Maskahle OFFF4h 10
USARTO receive URXIFGO Maskable OFFF2h 9
USARTO transmit UTXIFGOD Maskable OFFFOh a
12C transmit/receive/others I2CIFG (see Note 4)
ADC12 ADC12IFG Maskable OFFEEh 7
(see Notes 1 & 2)
Timer_A3 TACCRO CCIFG Maskable OFFECh g
(see Note 2)
TACCR1 and TACCR2
Timer_A3 CCIFGs, TAIFG Maskable OFFEAR 5
(see Notes 1 & 2)
) P1IFG.0 to P1IFG.7
IfO port P1 (eight flags) (see Notes 1 & 2) Maskahle OFFESh 4
USART1 receive URXIFG1 Maskable OFFE6h 3
USART1 transmit UTXIFG1 Maskable OFFE4h 2
) P2IFG.0 to P2IFG.7
IfO port P2 (eight flags) (see Notes 1 & 2) Maskahle OFFEZh 1
DAC12 DAC12_0IFG, Maskable OFFEOh 0, lowest
DMA DAC12_1IFG

MNOTES: Multiple source flags

DR W

Interrupt flags are located in the module.
(Non)maskable: the individual interrupt-enable bit can disable an interrupt event, but the generakinterrupt enable cannot disable it.
I2C interrupt flags located in the module
Timer_B7 in MSP430x16x/161x family has 7 CCRs; Timer_B3 in MSP430x15x family has 3 CCRs; in Timer_B3 there are only

interrupt flags TBCCRO, 1 and 2 CCIFGs and the interrupt-enable bits TBCCRO, 1 and 2 CCIEs.
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special function registers
Most interrupt and module-enable bits are collected in the lowest address space. Special-function register bits

not allocated to a functional purpose are not physically present in the device. This arrangement provides simple
software access.

interrupt enable 1 and 2

Address 7 ] 5 4 3 2 1 0
0Oh ‘ UTXIED ‘ URXIED ‘ ACCVIE ‘ NMIIE ‘ ‘ ‘ OFIE ‘ WDTIE ‘
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
WDTIE: Watchdog timer interrupt enable. Inactive if watchdog mode is selected.
Active if watchdog timer is configured as general-purpose timer.
OFIE: Oscillator-fault-interrupt enable
NMIIE: Monmaskable-interrupt enable
ACCVIE: Flash memory access violation interrupt enable

URXIED: USARTO: UART and SPI receive-interrupt enable
UTXIEO: USARTO: UART and SPI transmit-interrupt enable

Address T 6 5 4 3 2 1 0
01h ‘ ‘ ‘ UTXIET ‘ URXIE1 ‘ ‘ ‘ ‘ ‘

rw-0 rw-0

URXIETT: USART1: UART and SPI receive-interrupt enable

UTXIE1f: USART1: UART and SPI transmit-interrupt enable
T URXIE1 and UTXIE1 are not present in MSP430x15x devices.

interrupt flag register 1 and 2

Address T 6 5 4 3 2 1 0
02h ‘ UTXIFGO ‘URKIFGU ‘ ‘ NMIIFG ‘ ‘ ‘ OFIFG ‘ WDTIFG‘

rw-1 rw-0 rw-0 rw-1 rw-{0)
WDTIFG: Set on watchdog-timer overflow (in watchdog mode) or security key violation
Reset on V¢ power-on, or a reset condition at the RST/NMI pin in reset mode
OFIFG: Flag set on oscillator fault
NMIIFG: Set via RST/NMI pin
URXIFGO: USARTO: UART and SFI receive flag
UTXIFGO: USARTO: UART and SPI transmit flag

Address T 6 5 4 3 2 1 0
03h ‘ ‘ ‘ UTXIFG1 ‘ URXIFG1 ‘ ‘ ‘ ‘ ‘

rw-1 rw-0
URXIFG1#: USART1: UART and SFI receive flag

UTXIFG11: USART1: UART and SPI transmit flag
¥ URXIFG1 and UTXIFG1 are not present in MSP430x15x devices.
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module enable registers 1 and 2

Address 7 6 5 4 3 2 1 0
UTXEO URXED
04h ‘ ‘ USPIEQ ‘ ‘ ‘ ‘ ‘ ‘ ‘
rw-0 rw-0

URXED: USARTO: UART mode receive enable
UTXED: USARTO: UART mode transmit enable
USPIED: USARTO: SPI mode transmit and receive enable

Address 7 6 5 4 3 2 1 i
UTXE1 URXE1

o | | | [ 58 | | | | |
rw-0 rw-0

URXE11: USART1: UART mode receive enable
UTXE1t: USART1: UART mode transmit enable

USPIE1T:  USART1: SPI mode transmit and receive enable
TURXE1, UTXE1, and USPIE1 are not present in MSP430x15x devices.
Legend: rw: Bit Can Be Read and Written
rw-0:

Bit Can Be Read and Written. It Is Reset by PUC.
SFR Bit Not Present in Device

*:" TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 13



Ek-11 Msp430f169 datasheet bilgileri (devam)

MSP430x15x, MSP430x16x, MSP430x161x
MIXED SIGNAL MICROCONTROLLER

SLAS368D- OCTOBER 2002- REVISED MARCH 2005

memory organization (MSP430F15x)

MSP430F155 MSP430F156 MSP430F157
Memory Size 16KB 24KB 32KB
Main: interrupt vector Flash OFFFFh - OFFECh OFFFFh — OFFEOh OFFFFh - OFFEOh
Main: code memory Flash OFFFFh - DCO00h OFFFFh — 0ADOOR OFFFFh - 08000h
Information memory Size 256 Byte 256 Byte 256 Byte
Flash 010FFh — 01000h 010FFh — 01000h 010FFh — 01000h
Boot memaory Size 1KB 1KB 1KB
ROM OFFFh — 0C00h OFFFh — 0C00h OFFFh — 0CO0h
RAM Size 512B 1KB 1KB
03FFh - 0200h 05FFh — 0200h 05FFh — 0200h
Peripherals 16-bit 01FFh - 0100h 01FFh - 0100h 01FFh - 0100h
8-bit OFFh - 010h OFFh — 010h OFFh - 010h
8-bit SFR 0OFh — 00h OFh — 00h OFh - 00h
memory organization (MSP430F16x)
MSP430F167 MSP430F168 MSP430F169
Memory Size 32KB 48KB GOKB
Main: interrupt vector Flash OFFFFh - OFFEDh OFFFFh — OFFEOh OFFFFh - OFFEQh
Main: code memory Flash OFFFFh — 020000 OFFFFh - 04000h OFFFFh - 01100h
Information memory Size 256 Byte 256 Byte 256 Byte
Flash 010FFh — 01000h 010FFh — 01000h 010FFh — 01000h
Boot memaory Size 1KB 1KB 1KB
ROM OFFFh — 0C00h 0FFFh — 0C00h OFFFh — 0CO0Oh
RAM Size 1KB 2KB 2KB
05FFh — 0200h 09FFh — 0200h 09FFh — 0200h
Peripherals 16-bit 01FFh - 0100h 01FFh - 0100h 01FFh - 0100h
8-hit OFFh - 010h OFFh-010h O0FFh - 010h
8-bit SFR. OFh - 00h 0Fh — 00h 0OFh - 00h
memory organization (MSP430F161x)
MSP430F1610 MSP430F1611 MSP430F1612
Memory Size 32KB 48KB S5KB
Main: interrupt vector Flash OFFFFh - OFFECh OFFFFh — OFFEOh OFFFFh - OFFEOh
Main: code memory Flash OFFFFh - 08000h OFFFFh — 04000h OFFFFh - 02500h
RAM (Total) Size 5KB 10KB 5KB
024FFh - 01100h 038FFh — 01100h 024FFh - 01100h
Extended Size 3KB 8KB 3KB
024FFh - 01900h 038FFh — 01900h 024FFh — 01900h
Mirrored Size 2KB 2KB 2KB
018FFh - 01100h 018FFh — 01100h 018FFh — 01100h
Information memaory Size 256 Byte 256 Byte 256 Byte
Flash 010FFh - 010000 010FFh — 01000h 010FFh - 01000h
Boot memory Size 1KB 1KB 1KB
ROM OFFFh - 0CO0h OFFFh - 0C00h OFFFh - 0CO0h
RAM Size 2KB 2KB 2KB
(mirrored at 09FFh - 0200h 09FFh — 0200h 09FFh - 0200h
018FFh - 01100h)
Peripherals 16-bit 01FFh - 0100h 01FFh - 0100h 01FFh - D100h
8-hit OFFh - 010h OFFh - 010h 0OFFh - 010h
8-bit SFR 0Fh - 00h 0Fh — 00h OFh - 00h
'
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bootstrap loader (BSL)

The MSP430 bootstrap loader (BSL) enables users to program the flash memory or RAM using a UART serial
interface. Access to the MSP430 memory via the BSL is protected by user-defined password. For complete
description of the features of the BSL and its implementation, see the Application report Features of the MSP430

97

Bootstrap Loader, Literature Number SLAADS9.

BSL Function PM, RTD Package Pins
Data Transmit 12-P1.1
Data Receive 22-P22

flash memory

The flash memory can be programmed via the JTAG port, the bootstrap loader, or in-system by the CPU. The
CPU can perform single-byte and single-word writes to the flash memory. Features of the flash memory include:

16KB

OFFFFh

O0FE0Oh
OFDFFh

0FCO0h
OFBFFh

O0FADOh
0F9FFh

0C400h
0C3FFh

0C200h
0C1FFh

0C000h

010FFh

01080h
0107Fh

01000h

Flash memory has n segments of main memory and two segments of information memory (A and B) of 128
bytes each. Each segment in main memory is 512 bytes in size.

Segments 0 to n may be erased in one step, or each segment may be individually erased.

Segments A and B can be erased individually, or as a group with segments 0—n.
Segments A and B are also called information memory.

New devices may have some bytes programmed in the information memory (needed for test during
manufacturing). The user should perform an erase of the information memory prior to the first use.

MSP430F15x and MSP430F16x MSP430F161x
24KB JZKB 48KB GOKB 32KB 48KB 55KB
OFFFFh  OFFFFh  OFFFFh  OFFFFh OFFFFh OFFFFh  OFFFFh Segment 0
w/ Interrupt Vectors
OFEOOh OFEOOh  OFEOOh  OFEOOh OFE0OOh OFEOOh OFEOOh
OFDFFh  OFDFFh  OFDFFh  OFDFFh OFDFFh  OFDFFh  OFDFFh Segment 1
OFCO00h OFC00h  OFCOOh  OFCOOh OFCO0h OFCO0h OFCO00h
OFBFFh  OFBFFh OFBFFh  OFBFFh OFBFFh  OFBFFh  OFBFFh Segment 2
OFAQOh  OFAOOh  OFAOOh  OFAOOh OFA00R OFAOOR OFAOOR .. Main
0OF9FFh 0OF9FFh  OF9FFh  OF9FFh 0OF9FFh 0OF9FFh OF9FFh . Memory
ety - ey
[ ]
0A400h  08400h 04400h 01400h 08400h 04400h 02800h
0A3FFh  083FFh 043FFh  013FFh 083FFh 043FFh 027FFh
Segment n-1
0A200h  08200h 04200h 01200h 08200h 04200h 02600h
0A1FFh  081FFh 041FFh  011FFh 081FFh 041FFh 025FFh
Segment nt
0A000h 08000~  04000h  01100h 08000h 04000h 02500h
024FFh 038FFh 024FFh l RAM
r'('F161x
01100h 01100h 01100h - only)
010FFh  010FFh  010FFh  010FFh 010FFh 010FFh 010FFh
Segment A
01080h 01080h 01080h 01080h 01080h 01080h 01080h Info
0107Fh 0107Fh 0107Fh  0107Fh 0107Fh 0107Fh 0107Fh Memory
‘ Segment B
01000h  01000h  01000h  01000h 01000h 01000h 01000h

T MSP430F169 and MSP430F1612 flash segment n = 256 bytes.
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peripherals

Peripherals are connected to the CPU through data, address, and control busses and can be handled using
all instructions. For complete module descriptions, see the MSP430x1xx Family User's Guide, literature number
SLAUOD49.

DMA controller

The DMA controller allows movement of data from one memory address to another without CPU intervention.
For example, the DMA controller can be used to move data from the ADC12 conversion memory to RAM. Using
the DMA controller can increase the throughput of peripheral modules. The DMA controller reduces system
power consumption by allowing the CPU to remain in sleep mode without having to awaken to move data to
or from a peripheral.

oscillator and system clock

The clock system in the MSP430x15x and MSP430x16x(x) family of devices is supported by the basic clock
module that includes support for a 32768-Hz watch crystal oscillator, an internal digitally-controlled oscillator
(DCO) and a high frequency crystal oscillator. The basic clock module is designed to meet the requirements
of both low system cost and low-power consumption. The internal DCO provides a fast turn-on clock source
and stabilizes in less than 6 ps. The basic clock module provides the following clock signals:

®  Auxiliary clock (ACLK), sourced from a 32768-Hz watch crystal or a high frequency crystal.
® Main clock (MCLK), the system clock used by the CPU.
® Sub-Main clock (SMCLK), the sub-system clock used by the peripheral modules.

brownout, supply voltage supervisor

The brownout circuit is implemented to provide the proper internal reset signal to the device during power on
and power off. The supply voltage supervisor (SVS) circuitry detects if the supply voltage drops below a user
selectable level and supports both supply voltage supervision (the device is automatically reset) and supply
voltage monitoring (SVM, the device is not automatically reset).

The CPU begins code execution after the brownout circuit releases the device reset. However, V¢ may not
have ramped to Vegminy at that time. The user must insure the default DCO settings are not changed until Ve
reaches Veminy. If desired, the SVS circuit can be used to determine when V¢ reaches Vegmin)-

digital /0

There are six 8-bit /O ports implemented—ports P1 through P6:

® Al individual I/O bits are independently programmable.

® Any combination of input, output, and interrupt conditions is possible.

® FEdge-selectable interrupt input capability for all the eight bits of ports P1 and P2.
® Read/write access to port-control registers is supported by all instructions.

watchdog timer

The primary function of the watchdog timer (WDT) module is to perform a controlled system restart after a
software problem occurs. If the selected time interval expires, a system reset is generated. If the watchdog
function is not needed in an application, the module can be configured as an interval timer and can generate
interrupts at selected time intervals.

hardware multiplier (MSP430x16x/161x Only)

The multiplication operation is supported by a dedicated peripheral module. The module performs 16 x 16,
16 8, 8x 16, and 8 x B bit operations. The module is capable of supporting signed and unsigned multiplication
as well as signed and unsigned multiply and accumulate operations. The result of an operation can be accessed
immediately after the operands have been loaded into the peripheral registers. No additional clock cycles are
required.
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USARTO

The MSP430x15x and the MSP430x16x(x) have one hardware universal synchronous/asynchronous receive
transmit (USARTO) peripheral module that is used for serial data communication. The USART supports
synchronous SFP1 (3 or 4 pin), asynchronous UART and 12C communication protocols using double-buffered
transmit and receive channels.

The 12C support is compliant with the Philips 12C specification version 2.1 and supports standard mode (up to
100 kbps) and fast mode (up to 400 kbps). In addition, 7-bit and 10-bit device addressing modes are supported,
as well as master and slave modes. The USARTO also supports 16-bit-wide 12C data transfers and has two
dedicated DMA channels to maximize bus throughput. Extensive interrupt capability is also given in the I2C
mode.

USART1 (MSP430x16x/161x Only)

The MSP430x16x(x) devices have a second hardware universal synchronous/asynchronous receive transmit
(USART1) peripheral module that is used for serial data communication. The USART supports synchronous
SPI (3 or 4 pin) and asynchronous UART communication protocols, using double-buffered transmit and receive
channels. With the exception of 12C support, operation of USART1 is identical to USARTO.

timer_A3

Timer_A3 is a 16-bit timer/counter with three capture/compare registers. Timer_A3 can support multiple
capture/compares, PWM outputs, and interval timing. Timer_A3 also has extensive interrupt capabilities.
Interrupts may be generated from the counter on overflow conditions and from each of the capture/compare

registers.
Timer_A3 Signal Connections
Input Pin Number | Device Input Signal | Module Input Name | Module Block Module Qutput Signal Cutput Pin Number
12-P1.0 TACLK TACLK
ACLK ACLK
SMCLK SMCLK Timer NA
21-P21 TAINCLK INCLK
13-P1.1 TAD CCIDA 13-P11
22-P22 TAD CCI0B 17-P15
DVss GND CCRO TAD 27-P27
DVec Vec
14 -P1.2 TA1 CCHA 14-P1.2
CAOQUT (intemal) CCHB 16-P1.6
DVas GND CeR1 A 23-P23
DVec Vee ADC12 (internal)
15-P13 TA2 CCI2A 15-P1.3
ACLK (internal) CCl2B 19-P1.7
DVgg GND ceR2 T2 24-P24
DVee Vee

timer_B3 (MSP430x15x Only)

Timer_B3 is a 16-bit timer/counter with three capture/compare registers. Timer_B3 can support multiple
capture/compares, PWM outputs, and interval timing. Timer_B3 also has extensive interrupt capabilities.
Interrupts may be generated from the counter on overflow conditions and from each of the capture/compare
registers.
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comparator_A

The primary function of the comparator_A module is to support precision slope analog—to—digital conversions,
battery—voltage supervision, and monitoring of external analog signals.

ADC12
The ADC12 module supports fast, 12-bit analog-to-digital conversions. The module implements a 12-bit SAR
core, sample select control, reference generator and a 16 word conversion-and-control buffer. The
conversion-and-control buffer allows up to 16 independent ADC samples to be converted and stored without
any CPU intervention.

DAC12

The DAC12 module is a 12-bit, R-ladder, voltage output DAC. The DAC12 may be used in 8- or 12-bit mode,
and may be used in conjunction with the DMA controller. When multiple DAC12 modules are present, they may
be grouped together for synchronous operation.
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peripheral file map

PERIPHERAL FILE MAP

DMA DMA channel 2 transfer size DMA2SZ 01F6h
DMA channel 2 destination address DMA2DA 01F4h
DMA channel 2 source address DMA2SA 01F2h
DMA channel 2 control DMA2CTL 01F0h
DMA channel 1 transfer size DMA1SZ 01EER
DMA channel 1 destination address DMA1DA 01ECh
DMA channel 1 source address DMA1SA 01EAR
DMA channel 1 control DMA1CTL 01E8h
DMA channel O transfer size DMADSZ 01EGh
DMA channel O destination address DMADDA 01E4h
DMA channel O source address DMADSA 01E2h
DMA channel O control DMADCTL 01EOh
DMA module control 1 DMACTLA 0124h
DMA module control O DMACTLO 0122h

DAC12 DAC12_1 data DAC12_1DAT 01CAR
DAC12_1 control DAC12_1CTL 01C2h
DAC12_0 data DAC12_0DAT 01C8h
DAC12_0 control DAC12_0CTL 01COh

ADC12 Interrupt-vector-word register ADC12IV 01A8h
Inerrupt-enable register ADC12IE 01A6h
Inerrupt-flag register ADC12IFG 01A4h
Control register 1 ADC12CTL1 01A2h
Control register 0 ADC12CTLO 01ADh
Conversion memory 15 ADC12MEM15 | D15Eh
Conversion memory 14 ADC12ZMEM14 | 015Ch
Conversion memory 13 ADC12MEM13 | D15Ah
Conversion memory 12 ADC12ZMEM12 | 0158h
Conversion memory 11 ADC1ZMEM11 | 0156h
Conversion memory 10 ADC12ZMEM10 | 0154h
Conversion memory 9 ADC12ZMEMS 0152h
Conversion memory 8 ADC12ZMEME 0150h
Conversion memory 7 ADC12ZMEMT 014Eh
Conversion memory & ADC12ZMEME 014Ch
Conversion memory 5 ADC12MEME 014Ah
Conversion memory 4 ADC12MEM4 0148h
Conversion memory 3 ADC12ZMEM3 0146h
Conversion memory 2 ADC12ZMEMZ2 0144h
Conversion memory 1 ADC1ZMEMA1 0142h
Conversion memory 0 ADC12ZMEMOD 0140h

20
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peripheral file map (continued)

PERIPHERAL FILE MAP (CONTINUED)
ADC12 ADC memory-control register1s ADC12ZMCTL15 | DO8Fh
(continued) ADC memory-control register1d ADC12MCTL14 | 08ER
ADC memory-control register13 ADCA2ZMCTL13 | 08Dh
ADC memaory-control register12 ADCA12ZMCTL12 | 0BCh
ADC memaory-control registerit ADCAZMCTL11 | 08Bh
ADC memory-control register10 ADCAZMCTL10 | 08AR
ADC memaory-control registerd ADCAZMCTLY | 08%h
ADC memory-control register8 ADCA12ZMCTLE | 088h
ADC memaory-control register? ADCAZMCTLT? | 087h
ADC memory-control registers ADCA12ZMCTLE | 086h
ADC memory-control registers ADCAZMCTLS | 085h
ADC memory-control registerd ADC12ZMCTL4 | 084h
ADC memory-control register3 ADCAZMCTL3 | 083h
ADC memory-control register2 ADCA12ZMCTL2 | 082h
ADC memory-control registert ADCAZMCTL1 | 081h
ADC memory-control registerd ADCAZMCTLO | 080h
Timer_B7/ Capture/compare register 6 TBCCRE 019Eh
Timer_B3 Capture/compare register 5 TBCCRS 019Ch
(see Note 1) Capture/compare register 4 TBCCR4 019Ah
Capture/compare register 3 TBCCR3 0198h
Capture/compare register 2 TBCCR2 0196h
Capture/compare register 1 TBCCR1 0194h
Capture/compare register 0 TBCCRO 0192h
Timer_B register TBR 0180h
Capture/compare control 6 TBCCTLE 018Eh
Capture/compare control 5 TBCCTLS 018Ch
Capture/compare control 4 TBCCTL4 018Ah
Capture/compare control 3 TBCCTL3 0188h
Capture/compare control 2 TBCCTL2 0186h
Capture/compare control 1 TBCCTL1 0184h
Capture/compare control 0 TBCCTLOD 0182h
Timer_B control TBCTL 0180h
Timer_B interrupt vector TBIV 011Eh
Timer_A3 Reserved 017Eh
Reserved 017Ch
Reserved 017AR
Reserved 0178h
Capture/compare register 2 TACCR2 0176h
Capture/compare register 1 TACCR1 0174h
Capture/compare register 0 TACCRO 0172h
Timer_A register TAR 0170h
Reserved 016Eh
Reserved 016Ch
Reserved 016AhN
Reserved 0168h

NOTE 1: Timer_B7 in MSP430x16x/161x family has 7 CCRs, Timer_B3 in MSP430x15x family has 3 CCRs.
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peripheral file map (continued)

PERIPHERAL FILE MAP (CONTINUED)

Timer_A3 Capture/compare control 2 TACCTL2 0166h
(continued) Capture/compare control 1 TACCTL1 0164h
Capture/compare control 0 TACCTLO 0162h
Timer_A control TACTL 0160h
Timer_A interrupt vector TAIV 012Eh
Hardware Sum extend SUMEXT 013Eh
Multiplier Result high word RESHI 013Ch
::?PF_"‘;%”;T;:’;a"d Result low word RESLO 013Ah
only) Second operand QP2 0138h
Multiply signed +accumulate/operand1 MACS 0136h
Multiply+accumulate/operandi MAC 0134h
Multiply signedfoperand1 MPYS 0132h
Multiply unsigned/operandi MPY 0130h
Flash Flash control 3 FCTL3 012Ch
Flash contrel 2 FCTL2 012Ah
Flash control 1 FCTL1 0128h
Watchdog ‘Watchdog Timer control WDTCTL 0120h
USART1 Transmit buffer U1TXBUF 07Fh
%ﬁ‘%ﬂxfﬁfﬁﬂ“d Recsive buffer U1RXBUF 07Eh
only) Baud rate U1BR1 07Dh
Baud rate U1BRO a7ch
Medulation control U1MCTL 07Bh
Receive control U1RCTL 07Ah
Transmit control U1TCTL 07%h
USART control U1CTL 078h
USARTO Transmit buffer UOTXBUF 077h
(UART or Receive buffer UDRXBUF 076h
SPI mode) Baud rate UOBRA 075h
Baud rate UDBRO 074h
Modulation control UOMCTL 073h
Receive control UORCTL 072h
Transmit control UOTCTL 071h
USART control UaCcTL 070h
USARTO 12C interrupt vector 12CIV 011Ch
(12C mode) 12C slave address 12CSA 011Ah
12C own address 12COA 0118h
12C data 12CDR 076h
12C SCLL 12CSCLL 075h
12C SCLH 12CSCLH 074h
12CPSC 12CPSC 073h
12C data control 12CDCTL 072h
12C transfer control I2CTCTL 071h
USART control UaCcTL 070h
12C data count I2CNDAT 052h
12C interrupt flag 12CIFG 051h
12C interrupt enable 12CIE 050h
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MSP430x15x, MSP430x16x, MSP430x161x
MIXED SIGNAL MICROCONTROLLER

SLAS368D- OCTOBER 2002- REVISED MARCH 2005

peripheral file map (continued)

PERIPHERAL FILE MAP (CONTINUED)

Comparator_A Comparator_A port disable CAPD 05Bh
Comparator_A control2 CACTL2 05Ah
Comparator_A control1 CACTL1 059h
Basic Clock Basic clock system control2 BCSCTL2 058h
Basic clock system control1 BCSCTL1 057h
DCO clock frequency control DCOCTL 056h
BrownOUT, SVS SVS control register (reset by brownout signal) | SVSCTL 055h
Port P6 Port P6 selection PBSEL 037h
Port P6 direction PEDIR 036h
Port P6 output PEOUT 035h
Port P6 input PGIN 034h
Port P5 Port P5 selection P5SEL 033h
Port P5 direction P5DIR 032h
Port P5 output P5OUT 031h
Port P5 input P5IN 030h
Port P4 Port P4 selection P4SEL 01Fh
Port P4 direction P4DIR 01Eh
Port P4 output P40UT 01Dh
Port P4 input P4IN 01Ch
Port P3 Part P3 selection P3SEL 01Bh
Port P3 direction P3DIR 01Ah
Port P3 output P30OUT 019h
Port P3 input P3IN 018h
Port P2 Port P2 selection P2SEL 02Eh
Port P2 interrupt enable P2IE 02Dh
Port P2 interrupt-edge select P2IES 02Ch
Port P2 interrupt flag P2IFG 02Bh
Port P2 direction P2DIR 02Ah
Port P2 output P20UT 025h
Port P2 input P2IN 028h
Port P1 Port P1 selection P1SEL 026h
Port P1 interrupt enable P1IE 025h
Port P1 interrupt-edge select P1IES 024h
Port P1 interrupt flag P1IFG 023h
Port P1 direction P1DIR 022h
Port P1 output P10OUT 021h
Port P1 input P1IN 020h
Special Functions SFR module enable 2 ME2 005h
SFR module enable 1 ME1 004h
SFR interrupt flag2 IFG2 003h
SFR interrupt flag1 IFG1 002h
SFR interrupt enable2 IE2 001h
SFR interrupt enable 1 IE1 000h

{‘? TEXAS
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MSP430x15x, MSP430x16x, MSP430x161x
MIXED SIGNAL MICROCONTROLLER
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

Voltage applied at Ve to Vs - o -03Vtod1V
Voltage applied to any pin (see Note) . ... ... . . ... ............. -03VtoVee+03V
Diode current at any device terminal . ... ... +2 mA
Storage temperature, Tgtg? (Unprogrammed device) ... ... ... ... —55°C to 150°C

(programmed device) ... ... ... ..., -40°C to 85°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE: All voltages referenced to Vss. The JTAG fuse-blow voltage, Veg, is allowed to exceed the absolute maximum rating. The voltage is applied

to the TDITCLK pin when blowing the JTAG fuse.

recommended operating conditions

MIN NOM MAX [ UNITS
Supply voltage during program execution, MSP430F15x/16x/ 18 36 v
Voo (AVec = DVee = Vee) 161x . i
Supply voltage during flash memory programming, Vec MSP430F15x/16x/ 27 36 v
(AVee = DVee = Vec) 161x : -
Supply voltage during program execution, SVS enabled (see MSP430F15x/16x/ 5 36 v
Note 1), Vec (AVee = DVee = Veel) 161x :
Supply voltage, Vss (AVgg = DVgg =Vsg) 0 0 v
Operating free-air temperature range, Ty, %812430':1 Suex -40 a5 “KC
LF selected, XTS=0 | Watch crystal 32768 kHz
LFXT1 crystal frequency, fiuexr) XT1 selecied, XTS=1 | Ceramic resonator 450 8000 | kHz
(see Notes 2 and 3)
XT1 selected, XTS=1 | Crystal 1000 8000 kHz
Ceramic resonator 450 8000
XT2 crystal frequency, '[x‘rz] Crystal 1000 2000 kHz
] V=18V DC 415
Processor frequency (signal MCLK), fts,.m",] Voo =36V oo a MHz

MOTES: 1. The minimum operating supply voltage is defined according to the trip point where POR is going active by decreasing the supply
voltage. POR is going inactive when the V¢ is raised above the minimum supply voltage plus the hysteresis of the SVS circuitry.
2. InLF mode, the LFXT1 oscillator requires a watch crystal. A 5.1M resistor from XOUT to Vgg is recommended when Ve <
2.5V In XT1 mode, the LFXT1 and XT2 oscillators accept a ceramic resonafor or crystal up to 4. 15MHz at Ve 2 2.2 V. In XT1 mode,
the LFXT1 and XT2 oscillators accept a ceramic resonator or crystal up to BMHz at Ve 22 8V,
3. In LF mode, the LFXT1 oscillator requires a watch crystal. In XT1 mode, LFXT1 accepts a ceramic resonator or a crystal.

fmHz) 4
8.0 MHz __Su_pﬁr;)[ag_e ;nge_ -
*F15x/16x/161x, during bply oK age range,
program execution Y\ during flash memory programming
415 MHZT — k
|
| AN
|
1 >

1.8V 27V 3V 3.6V
Supply Voltage - V

Figure 1. Frequency vs Supply Voltage, MSP430F15x/16x/161x
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Format-l (Double Operand) Instruction Cycles and Lengths
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Instruction Set

Table 3-16 lists the length and CPU cycles for all addressing modes of format-|

instructions.

Table 3-16.Format 1 Instruction Cycles and Lengths

Addressing Mode No. of Length of
Sre Dst Cycles Instruction Example
Rn Rm 1 1 MOV  RS,R8
PC 2 1 BR R9
x(Rm) 4 2 ADD  RS,4(R6)
EDE 4 2 HOR R&,EDE
&EDE - 2 MOV RS, &EDE
@Rn Rm 2 1 AND @R4,R5
PC 2 1 BR a@aRB8
x(Rm) 5 2 XOR @R5, 8 (R6)
EDE 5 2 MOV @RS, EDE
&EDE 5 2 XOR @RS, &EDE
@Rn+ Rm 2 1 ADD @R5+,R6
PC 3 1 BR @R9+
x(Rm) 5 2 XOR @R5, 8 (R6)
EDE 5 2 MOV  @R9+,EDE
&EDE 5 2 MOV  @R9+, REDE
#N Rm 2 2 MOV #20,R9
PC 3 2 BR #2AEn
x(Rm) 5 3 MOV  #0300h, 0(EP)
EDE 5 3 ADD  #33,EDE
&EDE 5 3 ADD #33, EDE
*(Rn) Rm 3 2 MOV 2(RS),R7
PC 3 2 BR 2(Re6)
TONI 6 3 MOV  4(R7),TONI
x(Rm) 6 3 ADD 4(R4) ,6(R9)
&TONI 6 3 MOV ~ 2(R4),&TONI
EDE Rm 3 2 AND EDE,R6
PC 3 2 ER EDE
TONI 6 3 CMP  EDE,TONI
x(Rm) 6 3 MOV  EDE,O0(SP)
&TONI 6 3 MOV ~ EDE, &TONI
&EDE Rm 3 2 MOV  &EDE,R8
PC 3 2 BRL  &EDE
TONI 6 3 MOV &EDE, TONI
x(Rm) 6 3 MOV  &EDE, 0(SD)
&TONI 6 3 MOV  &EDE, &TONI
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Insfruction Set
Table 3—17. MSP430 Instruction Set
Mnemonic Description v H rd C
apc(.m)T dst Add C to destination dst+ C — dst * * * *
ADD( .B) src,dst Add source to destination src + dst — dst * * * *
ADDC(.B) src,dest  Add source and C to destination sre +dst + C — dst * * ® *
BND(.B) src,det AND source and destination src .and. dst — dst a * * *
BIC(.B) src,det  Clear bits in destination not.src .and. dst — dst - - - -
BIS(.B) src,det  Set bits in destination sre .or. dst — dst - - - -
BIT(.B) src,det  Test bits in destination src .and. dst a * * *
BrT dst Branch to destination dst — PC - - - -
CALL dst Call destination PC+2 — stack, dst — PC - - - -
cLr(.m)T 4=t Clear destination 0 — dst - - - -
cLret Clear C 0—=cC - - - 0
cLrut Clear N 0—=N - o - -
cLrzl Clear Z 02 - - 0 -
CME(.B) src,det  Compare scurce and destination dst — sre * * * *
papc(.B) T dst Add C decimally to destination dst + C — dst (decimally) * * * *
DADD(.B) src,dst  Add source and C decimally to dst. sre + dst + C — dst (decimally) * * * *
pec(.B)T dst Decrement destination dst—1 — dst * * * *
pECD(.B)T  ast Double-decrement destination dst — 2 — dst * * * *
pInTt Disable interrupts 0— GIE - - - -
foantud Enable interrupts 1—GIE - - - -
mc(.B)T dst Increment destination dst +1 — dst * * * *
mco(.B)T  ast Double-increment destination dst+2 — dst * * * *
INV( _BJT dst Inwert destination -not.dst — dst * * * *
JC/JTHS label Jump if C set/Jump if higher or same - - - -
JEQ/JE label Jump if equal/Jump if Z set - - - -
JGE label Jump if greater or equal - - - -
JL label Jump if less - - - -
JMP label Jump PC + 2 x offset — PC - - - -
JH label Jump if M set - - - -
JNC/TLO label Jump if C not setiJump if lower - - - -
JNE,/JNE label Jump if not equal/Jump if Z not set - - - -
MOV (.B) src,det  Move source to destination sre — dst - - - -
wopT Mo operation - - - -
pop(.m)T dst Pop item from stack to destination @SSP — dst, SP+2 — SP = - - -
FUSH(.B) sro Push source onto stack SP -2 - SP, src — @sP - - - -
RETT Retumn from subroutine @SP - PC,SP+2 5P - - - -
RETI Return from intermupt * * * *
rea(.B)T dst Rotate left arithmetically * * * *
rLo(.m)T  ast Rotate left through C * * * *
REA(.B) dst Rotate right arithmetically a * * *
RRC(.B) dst Rotate right through C * * * *
sec(.B)T dst Subtract not{C) from destination dst + OFFFFh + C — dst * * * *
seTCT SetC 1C - - - 1
sETNT SetN 1—+N - 1 - -
seTzl SetZ 1¢C - - 1 -
SUB(.B) src,dst  Subtract source from destination dst + not.src + 1 — dst * * ® *
SUBC(.B) src,det  Subtract source and not(C) from dst. dst + notsrc + C — dst * * * *
SWPE dst Swap bytes - - - -
SXT dst Extend sign [1] * * *
TsT(.B)T dst Test destination dst + OFFFFh + 1 a * ® 1
XOR(.B) src,det Exclusive OR source and destination sre _xor. dst — dst * * * *

1 Emulated Instruction
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Freescale Semiconductor
Technical Data

Integrated Silicon Pressure Sensor
On-Chip Signal Conditioned,
Temperature Compensated and
Calibrated

The MPX5050/MPXV5050G series piezoresistive transducer is a state-of-the-
art monglithic silicon pressure sensor designed for a wide range of applications,
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 Unibedy Element

- Easy-to-Use Chip Carrier Option

ORDERING INFORMATION

Device Options Case | MPX Series Order Pac!(ing Devi_t.e
Type No. No. Options Marking
SMALL OUTLINE PACKAGE (MPXV5050G SERIES)
Forted Side Port 1369 (MPXVE050GP Trays MPX\VED50G
Element 1531 Port 1351 |MPXV5050DP Trays  |MPXV5050G
Axial Port 482A |MPXV5050GCEU Trays MPXV5050G

482A |MPXVE050GCET
UNIBODY PACKAGE (MPX5050 SERIES)

Tape & Reel | MPXV5050G

108

MPX5050
Rev 9, 05/2007

MPX5050
MPXV5050G
SERIES

INTEGRATED
PRESSURE SENSOR
0 to 50 kPa (0 to 7.25 psi)
0.2 to 4.7 V Output

SMALL OUTLINE PACKAGE
SURFACE MOUNT

e

S
MPXV5050GP
CASE 1369-01

MPXV5050DP
CASE 1351-01

=

MPXV5050GC6U

W m CASE 482A-01
1]

SMALL OUTLINE PACKAGE
PIN NUMBERS!"

1 NIC 5 NIC
2 Vs 6 NIC
3 Gnd 7 NIC
2 Vout ] NIC

1. Pins 1, 5, 6, 7, and 8 are internal device
connections. Do not connect to external
circuitry or ground. Pin 1 is noted by the
notch in the lead.

UNIBODY PACKAGE PIN NUMBERS!"

UNIBODY PACKAGES

CASE 867-08

MPX5050GP
CASE 867B-04

@ Freescale Semiconductor, Inc., 2007 . All rights reserved.

Basic  |Differential 867 |MPX5050D — MPX5050D 1 Vout 4 NIC
Element 2 Gnd 5 NIC
Ported  |Differential Dual | 867C [MPX5050DP — MPX5050DP 3 Vs 6 NIC
Element |Ports 1. Pins 4, 5, and 6 are intermnal device
Gauge 867B |MPX5050GP — MPX5050GP connections. Do not connect to external

circuitry or ground. Pin 1 is noted by the
notch in the lead.

MPX5050DP
CASE BGTC-05

-

-
>~ freescale

semiconductor
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| Sensing
Element

Thin Film
Temperature
Compensation
and
(Gain Stage #1

Gain Stage #2
and
Ground
Reference
Shift Circuitry

_'_ chl

Pins 4, 5, and 6 are NO CONNECTS

for Unibody Device

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

Figure 1. Fully Integrated Pressure Sensor Schematic

Table 1. Maximum Ratings!!

Rating Symbol Value Unit
Maximum Pressure (P1 = P2) Pmax 200 kPa
Storage Temperature TE‘Q —40° to +125° °C
Operating Temperature Ta —40° to +125° °C
1. Exposure beyond the specified limits may cause permanent damage or degradation to the device.
MPX5050
Sensors
2 Freescale Semiconductor
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Table 2.. 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 475 5.0 525 vde
Supply Current I, — 7.0 10 mAdc
Minimum Pressure Offset’® (010 85°C) Vot 0.088 02 0313 Vdc
@ V= =50 Volts
Full Scale Output(® (0 to 85°C) Veso 4 587 47 4813 Vdc
@ V= =50 Volts
Full Scale Span'® (0 to 85°C) Vess — 45 — Ve
@ Vs =5.0 Voits
Accuracy® (0 to 85°C) - - - 25 | %Vesg
Sensitivity VIP — 80 — mW/kPa
Response Time!™ iy — 10 — ms
Output Source Current at Full Scale Output lo+ — 01 —_ 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 (Vg 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 (Vegg) is defined as the algebraic difference between the output voltage at full rated pressure and the output voltage at the
minimum rated pressure.
. Accuracy (error budget) consists of the following:
» Linearity: QOutput 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: QOutput deviation over the temperature range of 0° to 85°C, relative to 25°C.
» TeOffset: QOutput 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 Vpgg 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. Offset Stability is the product’s output deviation when subjected to 1000 hours of Pulsed Pressure, Temperature Cycling with Bias Test.

o

MPX5050

Sensors
Freescale Semiconductor 3
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Burr-Brown Products
from Texas Instruments

TMP100

TMP101
e

S5B05731G - JANUARY 2002 - REVISED NOVEMBER 2007

Digital Temperature Sensor
with I2C™ Interface

FEATURES
[ ]

DIGITAL OUTPUT: I2C Serial 2-Wire
® RESOLUTION: 9-to 12-Bits, User-Selectable
® ACCURACY:
+2.0°C from -25°C to +85°C (max)
+3.0°C from -55°C to +125°C (max)
® | OW QUIESCENT CURRENT:
45uA, 0.1pA Standby
® WIDE SUPPLY RANGE: 2.7V to 5.5V
® TINY SOT23-6 PACKAGE

APPLICATIONS

® POWER-SUPPLY TEMPERATURE

MONITORING
® COMPUTER PERIPHERAL THERMAL
PROTECTION
® NOTEBOOK COMPUTERS
® CELL PHONES
® BATTERY MANAGEMENT
® OFFICE MACHINES
® THERMOSTAT CONTROLS
® ENVIRONMENTAL MONITORING AND HVAC
® FELECTROMECHANICAL DEVICE
TEMPERATURE
Temperature
Diode
1 Control L]
scL O— Temp. ; O sba
Sensor Logie
AT
2 Serial 5
GND C—| Cmﬂgm Interface | [~ ADDO
3 Config 4
ADD1 O 0sC and Temp O Ve
Register

TMP100

DESCRIPTION

The TMP100 and TMP101 are two-wire, senal output
temperature sensors available in SOT23-6 packages.
Requiring no external components, the TMP100 and
TMP101 are capable of reading temperatures with a
resolution of 0.0625°C.

The TMP100 and TMP101 feature SMBus and 12C
interface compatibility, with the TMP100 allowing up to
eight devices on one bus. The TMP101 offers SMBus alert
function with up to three devices per bus.

The TMP100 and TMP101 are ideal for extended
temperature measurement in a variety of communication,
computer, consumer, environmental, industnal, and
instrumentation applications.

The TMP100 and TMP101 are specified for operation over
a temperature range of —55°C to +125°C.

Temperature
—
Dicde
scL O-H | Temp. comol | 120 soa
Sensor °9
AE
2 Seri 5
GND O AD | ‘t’;;':' O ADDD
Converter n o
3 Config 4
ALERT O QsC and Temp SRV
Register

TMP101

Flease be aware that an important notice conceming availability, standard warranty, and use in critical applications of Texas Instruments
(f!ll semiconductor products and disclaimers thereto appears at the end of this data sheet.
12C is a trademark of NXP Semiconductors. All other trademarks are the property of their respective owners.

PRODUCTION DATA informstion is current as of publicsfion daie. Products
conform 10 specifications per the terms of Texas Instuments sEndard wamanty.
i ing does not arily include testing of all parameters.

“‘5 TEXAS

INSTRUMENTS

Copyright @ 2002-2007, Texas Instruments incorporated

www.ti.com
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TMP100
TMP101

SBOS2316 — JANUARY 2002 — REVISED NOVEMEBER 2007
A —

*9 TexAs
INSTRUMENTS

www.ti.com

ABSOLUTE MAXIMUM RATINGS(1)

Power Supply, Y+ . e 7.8V
Input Voltagel2) -05V 1o 7.5V
Operating Temperature Range .. ............. —B55°C to +125°C
Storage Temperature Range .. .. ... ... ...... -G60°C to +150°C
Junction Temperature (Tymax) . ... ... .. ... ..... +150°C
ESD Rating, Human Body Model .. .. ... ... ......_... 2000V

MachineModel .. ... ... . . .. _._ ... __ 200V

(1) stresses above these ratings may cause permanent damage.
Exposure to absolute maximum conditions for extended periods
may degrade device reliability. These are stress ratings only, and
functional operation of the device at these or any other conditions
beyond those specified is not supported.

(2) Input voltage rating applies to all TMP100 and TMP101 input
voltages.

ORDERING INFORMATION(1)

A This integrated circuit can be damaged by ESD. Texas
‘v \ Instruments recommends that all integrated circuits be
handled with appropriate precautions. Failure to observe

proper handling and installation procedures can cause damage.

ESD damage can range from subtle performance degradation to
complete device failure. Precision integrated circuits may be more
susceptible to damage hecause very small parametric changes could
cause the device not to meet its published specifications.

PRODUCT PACKAGE-LEAD PACKAGE DESIGNATOR PACKAGE MARKING
TMP100 SOT23-6 DBY T100
TMP101 507236 DEV T101

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl weh site

at www ti_com.

PIN CONFIGURATION

Top View

SCL| 1 I 6 | SDA
GHND | 2 5 |ADDO
ADD1| 3 o 4 |v+
TMP100

S0T23

Top View S0T23

SCL| 1 _l 6 |SDA
GND | 2 Co 5 |ADDO
ALERT | 3 c 4 v+
—
TMP101
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TMP100
TMP101

SB05231G - JANUARY 2002 — REVISED NOWVEMBER 2007

ELECTRICAL CHARACTERISTICS
At Tp =—-55°C to +125°C and V+ = 2.7V to 5.5V, unless otherwise noted.

TMP100, TMP101
PARAMETER TEST CONDITIONS N D MAX UNIT
TEMPERATURE INPUT
Range —55 +125 °C
Accuracy (temperature error) —25°C to +85°C .5 +2.0 °C
—-55°C to +125°C +1.0 +3.0 °C
Resolution Selectable +0.0625 “C
DIGITAL INPUT/OUTPUT
Input Logic Levels:
ViH 0.7(V+) 6.0 v
ViL -0.5 0.3(V+) v
Input Current, Ijy W=Vy=6Y 1 pA
Output Logic Levels:
VoL SDA loL =3mA 0 0.15 0.4 v
VoL ALERT loL =4mA 0 0.15 0.4 v
Resolution Selectable 9to12 Bits
Conversion Time 9-Bit 40 75 ms
10-Bit 80 150 ms
11-Bit 160 300 ms
12-Bit 320 600 ms
Conversion Rate 9-Bit 25 sls
10-Bit 12 sls
11-Bit 6 sls
12-Bit 3 sls
POWER SUPPLY
Operating Range 27 55 W
Quiescent Current o Serial Bus Inactive 45 75 A
Serial Bus Active, SCL Frequency = 400kHz 70 A
Serial Bus Active, SCL Frequency = 3.4MHz 150 A
Shutdown Current Isp Serial Bus Inactive 01 1 pA
Serial Bus Active, SCL Freguency = 400kHz 20 LA
Serial Bus Active, SCL Frequency = 3.4MHz 100 A
TEMPERATURE RANGE
Specified Range -55 +125 °C
Storage Range —60 +150 °C
Thermal Resistance T S0T23-6 Surface-Mount 200 “CIW




114

Ek-V Opa2340 datasheet bilgileri

Burr-Brown Products oy OPA340
‘from Texas Instruments hghg o PA2 340
b OPA4340

SBOS0738_SEPTEMBER 1997 —REVISED NOVEMBER 2007

SINGLE-SUPPLY, RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS
MicroAmplifier™ Series

FEATURES DESCRIPTION
* RAIL-TO-RAIL INPUT OPA340 series rail-torail  CMOS  operational
* RAIL-TO-RAIL OUTPUT (within 1mV) amplifiers are optimized for low-voltage, single-supply
« MicroSIZE PACKAGES operation. Rail-to-rail input/output and high-speed
] operation make them ideal for driving sampling
» WIDE BANDWIDTH: 56.5MHz analog-to-digital (A/D) converters. They are also
+ HIGH SLEW RATE: 6V/us well-suited for general purpose and audio
* LOWTHD:NOISE: 0.0007% (f = tkiz] ouiput of dighal-to-anaiog. (DIA) converters. Single,
* LOW QUIESCENT CURRENT: 750pA/channel dual, and quad versions have identical specifications
+ SINGLE, DUAL, AND QUAD VERSIONS for design flexibility
The OPA340 series operate on a single supply as low
APPLICATIONS as 2.5Y with an input common-mode voltage range
« DRIVING A/D CONVERTERS that extends 500mV below ground and 500mV above
+ PCMCIA CARDS the positive supply Output voltage swing is to within
« DATA ACQUISITION 1mV of the supply rails with a 100kQ load. They offer

excellent dynamic response (BW = 55MHz, SR =

* PROCESS CONTROL 6Y/us), vet quiescent current is only 750pA. Dual and

* AUDIO PROCESSING quad designs feature completely independent
« COMMUNICATIONS circuitry for lowest crosstalk and freedom from
 ACTIVE FILTERS interaction.

» TEST EQUIPMENT The single (OPA340) packages are the tiny 5-lead

S0T23-5 surface mount, SO-8 surface mount, and
DIP-8. The dual (OPAZ2340) comes in the miniature
MSOP-8 surface mount, SO-8 surface mount, and
DIP-8 packages. The quad (OPA4340) packages are
the space-saving SS0P-16 surface mount and S0O-14
surface mount. All are specified from —40°C to +85C
and operate from -55°C to +125°C. A SPICE
macromodel is available for design analysis

OPA43M0 OpAsz0

opass opals oPazs0 oun T ] owo o IIO 6] ouo
[2 BT R s o P Y ot EI|>J %3
v-[2] 2] [7 ] w ,mE% [7]oas wna E El wp E %::'
2] [+ ] on[2] Zl“’?_“‘“E @E-'\E v [4] [11] v ws [5] 7] e
p— v-[<] [ 5 | nc” v-[<] o E } E WG dnB E:b‘ (7] e

DiRe, S0.8 DIP4, S04, MSORE g E EI nG C”'E E EO‘"C

OB (7 E‘ ouig MO E El nc™

Please be aware that an important notice conceming availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
MicroAmplifier is a frademark of Texas Instruments, Inc.
All other trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. 5 ] o o

Prod conform lo specfications per the terms of the Texas Copyright & 1997-2007, Texas Instruments Incorporated
Instruments standard wamanty. Production processing does not

necessarily include testing of all parameters.
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A

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more

susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

ABSOLUTE MAXIMUM RATINGS™

VALUE UNIT

Supply Voltage 5.5 v
Signal Input Terminals

Valtage'® (V=) -05to (V+)+ 05 W

Current(®) 10 ma
Qutput Short-Circuit ! Continuous
Operating Temperature -35to +125 °C
Storage Temperature -55to +125 °C
Junction Temperature +150 aC

()]

Stresses above these ratings may cause permanent damage. Exposure to absolute maximum conditions for extended periods may
degrade device reliability. These are stress ratings only, and functional operation of the device at these or any other conditions beyond
those specified is not implied.

(2) Input terminals are diode-clamped fo the power-supply rails. Input signals that can swing more than 0.5V beyond the supply rails should
be current limited to 10mA or less.
(3) Short-circuit to ground, one amplifier per package.
PACKAGE/ORDERING INFORMATION
SPECIFIED
PACKAGE TEMPERATURE PACKAGE ORDERING TRANSPORT MEDIA,
PRODUCT PACKAGE-LEAD DESIGNATOR RANGE MARKING NUMBER®! QUANTITY
Single
OPAI40NAZSD
QPAI40NA 5-Lead 50T-23-5 DBV —40°C to +85°C A40 Tape and Reel
OPA3ADNA/IK
OPA3I40PA B8-Pin DIP P —40°C to +85°C OPAZ40PA OPA340PA Rails
COPAZ40UA -
OPA340UA 50-8 Surface-Mount D —40°C to +85°C OPA340UA Rails !
OPA340UAZKS
Dual
OPAZ340EA/250
OPAZI40EA MSOP-8 Surface-Mount DGK —40°C to +85°C A404 Tape and Reel
OPAZ340EAZKS
OPAZI40PA 8-Pin DIP P —40°C to +85°C ORAZI40PA OPA2340PA Rails
OPA2340UA 50-8 Surface-Mount D —40°C to +B5°C OPA2340UA OPA2340UA Rails
Quad
OPA4340EA/250
OPA4340EA S550P-16 Surface-Mount DBQ —40°C to +85°C OPA4340EA Tape and Reel
OPA4340EAIZKS
OPA4340UA .
OPA4340UA S50-14 Surface Mount D —40°C to +85°C OPA4340UA Rails ™!
OPA4340UAZKS
(1) For the most current package and ordering information see the Package Option Addendum at the end of this document, or see the Tl
web site at www.ti.com.
(2) Models with /250, /2500, and /3K are available only in tape and reel in the quantities indicated (e.g., /250 indicates 250 devices per
reel). Ordening 3000 pieces of GPA340NA/3K will get a single 3000 piece tape and reel.
(3) S0-8 and SO-14 models also available in tape and reel.
2 Submit Documentation Feedback Copyright @ 1997—2007, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS: V; = 2.7V to 5V

BOLDFACE limits apply over the specified temperature range, T, = -40°C to +85°C. V¢ = 5V.
At T, = +25°C, R, = 10kQ connected to V</2, and Vg r = Va/2, unless otherwise noted.

OPA340NA, PA, UA
OPAZ340EA, PA, UA
OPA4340EA, UA
PARAMETER CONDITIONS MIN TYp!l MAX unNIT
OFFSET VOLTAGE
Input Offset Voltage Vas Vg =5V *150 +500 v
vs Temperature dVge/dT 2.5 uvirc
vs Power Supply PSRR Vg = 2.7V to 5.5V, Vey = OV a0 120 v
Over Temperature Vg = 2.7V to 5.5V, Vo = OV 120 A
Channel Separation, dc 0.2 iy
INPUT BIAS CURRENT
Input Bias Current lg 02 +10 pA
Over Temperature +60 PA
Input Offset Current las 02 +10 pA
NOISE
Input Voltage Noise, f = 0_1kHz to S0kHz 8 uVrms
Input Voltage Noise Density, f = 1kHz en 25 nVWiNHz
Current Moise Density, f = 1kHz in 3 fANHZ
INPUT VOLTAGE RANGE
Common-Mode Voltage Range Ve -0.3 V+)+03 v
Common-Mode Rejection Ratio CMRR —0.3V < Vey < (V+) - 1.8V 80 92 dB
Ve =5V, —0.3V < Vgy < 5.3V 70 84 ]
Vg =27V, -0.3V < Vgy < 3V 86 80 dB
INPUT IMPEDANCE
Differential 10° |3 a |lpF
Common-Mode 107 || 8 o |l pF
OPEN-LOOP GAIN
Open-Loop Voltage Gain AoL Ry = 100kQ, 5mY < Vg < (V+) - SmV 106 124 dB
Over Temperature Ry =100k, 5mV < Vg < (V+) - 5mV 106 dB
Ry = 10kQ, 5mV < Vg < (V+) — 50mV 100 120 dB
Over Temperature Ry =10k, 5mV < Vg < (V+) - 50mV 100 dB
R = 2K, 200mV = Vg < (V+) — 200mV 94 114 dB
Over Temperature R = 2k}, 200mV < Vg < (V+) — 200mV 94 dB
FREQUENCY RESPONSE
Gain-Bandwidth Product GBW G=1 55 MHz
Slew Rate SR Vg =5V, G =1, C_=100pF 5 Vis
Settling Time, 0.1% Ve = 5V, 2V Step, C, = 100pF 1 us
Settling Time, 0.01% Ve = 5V, 2V Step, C, = 100pF 16 us
Overload Recovery Time Vin *G=Vg 0.2 us
Total Harmonic Distortion + Moise THD+N| Vg=5V, Vg=3Vpp®, G =1,1= 1kHz 0.0007 %

(1) Vg=+5V.
(2) Vour= 025V to 3.25V.

Copyright @ 1997-2007, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS: V, = 2.7V to 5V (continued)
BOLDFACE limits apply over the specified temperature range, T, = —40°C to +85°C. Vg = 5V.
At T, = +25°C, R_ = 10kQ connected to V¢/2, and Vo = Ve/2, unless otherwise noted.
OPA340NA, PA, UA
OPAZ3I40EA, PA, UA
OPA4340EA, UA
PARAMETER CONDITIONS MIN TYpM MAX UNIT
OuUTPUT
Woltage Output Swing from Rail 4} R_ = 100k, Ag. = 106dB 1 =1 my
Over Temperature Ry = 100k}, Ay = 106dB 5 mV
Ry = 10k, Ao, = 100dB 10 50 my
Over Temperature Ry = 10k}, Ag. 2 100dB &0 mV
R, = 2k), Ag, =94dB 40 200 my
Owver Temperature Ry = 2k}, Ag. = 94dB 200 my
Short-Circuit Current [ %50 mA
Capacitive Load Drive CLoan See Typical Characteristics
POWER SUPPLY
Specified Yoltage Range Vg 27 5 W
Operating Voltage Range 251055 W
Quiescent Current (per amplifier) lg lo=0, Vg = +5V 750 950 pA
Over Temperature lo=10, Vg = +5V 1100 uA
TEMPERATURE RANGE
Specified Range —40 +85 °C
Operating Range -55 +125 °C
Storage Range -55 +125 °C
Thermal Resistance (=%
S0T23-5 Surface Mount 200 CIW
MSOP-8 Surface Mount 150 “CIW
S0-8 Surface Mount 150 CIW
DIP-8 Surface Mount 100 CIW
SS50P-16 Surface Mount 100 CIW
50-14 Surface Mount 100 "CIW
(3) Vs=+bV.
(4) Output voltage swings are measured between the output and power supply rails.
4 Submit Documentation Feedback Copyright @ 1997-2007, Texas Instruments Incorporated
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TYPICAL CHARACTERISTICS
At T, = +25°C, Vs = +5V, and R, = 10kQ connected to V3/2, unless otherwise noted.

OPEN-LOOP GAIN/PHASE
vs FREQUENCY

POWER-SUPPLY AND COMMON-MODE REJECTION
vs FREQUENCY
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Figure 1. Figure 2.
INPUT VOLTAGE AND CURRENT NOISE
SPECTRAL DENSITY vs FREQUENCY CHANNEL SEPARATION vs FREQUENCY
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Figure 3. Figure 4.
TOTAL HARMONIC DISTORTION + NOISE CLOSED-LOOP OUTPUT IMPEDANCE
vs FREQUENCY vs FREQUENCY
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Figure 5. Figure 6.
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