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OZET

Bu calismada, yenidoganlarin belirli bir siire uygun ve steril kosullarda tedavi
ve bakiminin gerc¢eklestirildigi, gelismis bir kuvoz tasariminin yapilmasi ve

gerceklestirilmesi amaclanmistir.

Yenidoganlar kuvoz ile dis ortamdan ayri1 tutulmakta ve ozel filtrelerden
gecirilmis hava verilmek suretiyle de daha steril bir ortam saglanmaktadir.
Kuvoz icerisine, bebege gereksinim duyacagi miktarda oksijen verilebilir.
Ayrica bebek icin giiriilltiiniin en aza indirildigi izole bir ortam saglanmis olur.
Ortamin 1s1, 151k ve nem degerleri de bebek icin en ideal degere

ayarlanmaktadir.

Gerektiginde kuvoz iizeri kapatilarak karanhk bir ortam saglanir. Boylece
bebek iyilesene kadar anne rahmine benzeyen bu ortamda tiim bakimlar ve

tedavileri bebege en az zarar verecek sekilde saglanmis olur.

Zamaninda dogan bebekler kisa siirede ortama uyum saglamakta ancak
zamanindan once dogan bebekler dogar dogmaz birtakim girisimlere maruz

kalmaktadirlar.



Prematiire bebekler erken doguma bagh birtakim sistemleri iyi gelismemis
oldugu icin yeni ortama uyum saglamakta giicliik cekerler. Bu calismada

tasarlanan kuvoz ile bebekler icin ideal bir ortam olusturulmustur.
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ABSTRACT

In this thesis, the aim is to design and realize an advanced incubator which
neonates are cured and treated under the convenient and sterile conditions for

a certain period of time.

Neonates are kept separate from the external environment with the incubator
and a more sterile environment is achieved by giving air passed through Special
filters. The amount of oxygen required by a baby may be given into the
incubator. In addition to this, an isolated environment for the baby which the
noise is minimized can be ensured. The temperature, light and humidity values

of the environment are also adjusted the ideal value for the baby.

If necessary, a dark environment can be provided by covering the surface of the
incubator. So all the treatments and cures are implemented at the minimum
risk level to the baby in this environment similar to the mother's uterus until the

baby is recovered.

The babies born at the expected due time adapt to the environment as soon as
possible, but prematurely born babies are exposed to a number of initiatives at

birth. The premature babies have difficulty in adapting to the new environment,
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since some systems of them are not well developed due to preterm birth. An
ideal environment for the baby is created with the incubator designed in this

study.
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SIMGELER VE KISALTMALAR

Bu calismada kullanilmis baz1 simgeler ve kisaltmalar, agiklamalari ile birlikte

asagida sunulmustur.

Simgeler

Mohm
nF

F

dB

R

C

KB

B

Hz

MHz
MQ

ms

mW

nm

\%

ps

Q

ROM
EPROM
DC
COMP
PWM
ADRESL
ADRESH

Aciklama

Megaohm, direng birimi
Nanofarad, kapasite birimi
Farad, kapasite birimi
Kazang birimi, desibel
Direng

Kondansator

Kilobyte, bellek birimi
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Frekans birimi, hertz
Frekans birimi, megahertz
Direng birimi, megaohm
Zaman birimi, milisaniye
Giig birimi, miliwatt
Uzunluk birimi, nanometre
Gerilim birimi, volt
Zaman birimi, mikrosaniye
Diren¢ birimi, ohm

Read only memory
Erasable programmable read only memory
Direct current

Comparator

Pulse width modulation
Diistik sonug kaydedicisi
Yiiksek sonug kaydedicisi



Kisaltmalar
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Osilator frekansi
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Etkin deger
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Temperature, sicaklik
Multiplexer

Kisisel bilgisayar

Isik 6l¢tim birimi

Minimum

Maksimum

Direng 1s1 detektorii
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1. GIRIS

Gilintimiizde medikal teknolojisi bircok alandan c¢ok daha fazla hizli bir sekilde
ilerlemektedir. Yenidogan bebeklerden bazilari, gesitli nedenlerden dolayi, yeni
ortama alismakta zorluk ¢ekmektedirler. Bu durumda gelisen teknolojiden
yararlanarak  bu  bebeklerin  biiyilk  ¢ogunlugunun  hayatta  kalmalar
saglanabilmektedir. Yenidogan, premature bebeklerin hayatta kalmalarin1 saglayacak

cihazlar, her gecen giin daha da gelistirilmektedir.

37 haftalik ve ya daha erken dogan bebekler premature olarak degerlendirilir. 38
hafta ile 42 hafta araliginda olan dogumlar normal olarak degerlendirilir. 32 haftalik
ve ya daha erken diinyaya gelen bebekler ise ileri derece premature olarak

degerlendirilir [1].

Bebek icin anne karni 6zel bir ortamdir. Bebek dogdugunda onceki ortamindan ¢ok
farklr bir ortam ile karsilasir. Zamaninda dogan bebekler bu yeni ortama daha kolay
adapte olurlar. Ancak, erken dogan bebekler, erken doguma bagli, bazi sistemleri iyi

gelisemediginden dolayi, ortama uyum saglamada zorluk ¢ekerler.

Yogun bakim odalarinda  kaldiklar1 zaman icinde, bu bebeklerde, 1sinin
dengelenmesinde kansizlik, enfeksiyonlar, sarilik, solunum problemleri gibi farkli
sorunlar meydana gelebilir. Bu gibi problemlere yonelik tedbirler alinarak bebeklerin

tedavileri yapilir [2].

Yenidogan, premature bebeklerin hayata tutunmalarini saglamak, onlarin bu farkl
ortama karsi direncini artiracak sekilde gelisimlerini desteklemek amaciyla farkli
cesitlerde kuvozler dizayn edilmistir.

Kuvozlerin kullanim amagclar1 su sekilde siralanabilir [3].

e Bebeklerin yeterli seviyede oksijen almalarini saglamak.

e Solunum gii¢liigii olan bebeklerin tedavi edilmeleri



e Enfeksiyon olan bebeklerin tedavilerinin yapilmasi

e Viicut sicaklik degerinin kararl bir sekilde tutulmasi

e Sarilik olan bebeklerin 151k kullanilarak tedavi edilmesi

e Nem, nabiz, ve kandaki oksijen oraninin belirli araliklarla kontrolii ve alinan

degerlerin kayit edilmesi

Yenidogan bebeklerin viicut 1silarini yiikseltmek ya da sabit tutmak i¢in ve yogun
bakim uygulamak i¢in yenidogan bakim yataklar1 diye adlandirilan alttan ya da
lambalarla yanlardan 1sitilan iizeri acik bebek yataklar1 yaygin olarak
kullanilmaktadir. Bu kuvozlerde bebegin agirligini 6lgmek igin bir tarti, bebegi
rahatsiz etmeden film ¢ekmek i¢in yatagin altinda film tepsisi, ortam i¢in uygun nem

oranini saglamak amaciyla nemlendirme birimi mevcuttur.



2. SISTEMIN GENEL YAPISI

2.1. Kuvoz Tanimi

Kuvoz, kabin, govde ve kuvoz denetlecinden olusan bebekler icin ideal olan sicaklik,
nem, oksijen degerlerini saglayan, dis ortamdan gelen havayi filtre ederek temiz bir

hava saglayan elektronik bir cihazdir.

2.2. Genel Bilgiler

Kuvozler sabit ya da hareketli olma durumuna gore Sabit kuvozler ve Transport
kuvozler olmak iizere iki grupta incelenebilir. Kuvozlerin yerlerinin sik sik
degistirilmesi gerekiyorsa bu durumda transport kuvoézler kullanilir. Kuvdézlerde
bebeklerin bakimi yapilabildigi gibi ayn1 zamanda izleme, tedavi ve koruma amaglari

icin de kuvdzler kullanilmaktadir.

Resim 2.1. Standart bir kuvoz [4].



Resim 2.2. Gozlem penceresi kullanilarak yeni doganin izlenmesi [4].

Kuvo6z tizerinde bulunan pencereden yenidogan rahatlikla izlenebilmektedir.



Resim 2.3. Gelismis izleme ve tedavi {initeleri ile donatilmis modern bir kuvoz [4].

Sekilde goruldiigii gibi kuvoz, EKG ve solunum cihazlar1 gibi cihazlar ile

desteklenerek bebek i¢in daha giivenli bir ortam ve kontrol saglanmaktadir.

Is1 sensori

Isik sensrii

Nem sensérii Sinyal isleme ve Monitér ( Olgiilen

| kontrol birimi | degerler, Alarmlar)

MNabiz sensérii L J
Alarmlar

Spol sensdrii

Sekil 2.1. Sistemin blok diyagrami



Blok diyagram iizerinde sistemin temel bilesenleri goriilmektedir. Blok diyagramda
gosterildigi gibi ortamdaki bilgiler sensorler tarafindan algilanmakta ve bu degerler
yiikselteg ile kuvvetlendirilmektedir. Bebege ait bilgiler LCD ekranda
goriintiilenmekte ve degerler normal araligin digina ¢iktiginda sistem sesli ve

goriintiilii olarak uyar1 vermektedir.

Bu calismada, sistemde, PIC16F877A mikrodenetleyicisi kulanildi. Sensorlerden
alinan bilgiler mikrodenetleyici tarafindan islendi. Kuvoz icerisindeki sicaklik, nem,
151k ile bebegin Spo2 ve nabiz bilgileri ekranda goriintiilendi ve belirlenen deger
araliginin disina ¢ikilmasi durumunda sesli ve goriintiilii uyar1 verilecek sekilde

mikrodenetleyici i¢in program yazildu.



3. MIKROISLEMCILER VE MiKRODENETLEYIiCiLER

3.1. Mikroislemciler

Mikroigslemci, sistemin beyni olarak degerlendirilen kismudir. CPU (Central
Processing Unit) veya MIB ( Merkezi islem birimi ) olarak isimlendirilmistir.
Aritmetiksel ve mantiksal islemleri yapar. Aym1 zamanda kontrol sinyalleri ile

sistemin ¢aligmasini kontrol eder.

Mikroislemciler, merkezi islem birimi, bellek ve giris-cikis birimlerinden

olusmaktadir.

Mikroislemci devre i¢in uygun yazilmig bir yazilim da gereklidir. Yazilim araciligi
ile istenilen islemler islemciye yaptirilabilir. Ornegin bir 1s1 sensoriinden alinan
analog bilgi, mikrodenetleyici tarafindan sayisal bilgiye doniistiiriilerek, islenerek
ortamin sicakligi ekranda gosterilebilir. Mikroigslemcilerin ¢alisma hizlar1 da

degistirilebilir.

3.2. Mikrodenetleyiciler

Mikrodenetleyiciler, ¢ok yaygin olarak kullanilan elemanlardir. Farkli yazilimlar
yuklenerek mikrodenetleyiciye degisik amacl isler yaptirilabilir. Mikrodenetleyici
CPU, Ram, Rom, input- output, degisik sayida zamanlayicilar’ dan olugsmaktadir.
Bilgisayar birgok programi ayni anda calistirabilir. Mikrodenetleyiciler ise bellek
biiytlikliigiine bagl olarak daha az sayida programi calistirabilir. Mikrodenetleyiciler

mW cinsinden az bir gii¢ harcarlar.



3.3. PIC16F877 Mikrodenetleyicisi Hakkinda Bilgiler

3.3.1. PIC16F877 Genel ozellikleri

e 35 tane komut ile programlar yazilir.

e 5 voltluk gerilim verilerek ¢aligtirilabilir.

e 256x8 bayt Elektrikle silinebilir programlanabilir Rom’ a sahiptir.
e Islemci hiz1 20 MHz degerine kadar artirilabilir.

e (ok az bir gii¢ harcar.
3.3.2. PIC 16F877 ile PIC 16F84’iin karsilastirilmasi
Verilen ¢izelgede Pic16F877 ile Pic16F84 mikrodenetleyicilerinin bazi 6zellikleri

karsilastirilmistir. Yapilan bu ¢alisma i¢in Pic16F877 mikrodenetleyicisinin bellegi

yeterli oldugundan dolay1 bu entegre kullanilmistir.

Cizelge 3.1. Pic16F877 ile pic16F84’ iin karsilastirilmast [5]

kontrollu

OZELLIKLER PIC 16F877 PIC 16F84
Calisma hiza DC-20 Mhz DC-10 Mhz
Program bellegi 8Kx14 word Flash ROM 1Kx14 word Flash ROM
Eeprom bellegi 256 byte 64 byte
Kullanic1 RAM 368x8 byte 68 x 8 byte
Giris/Cikis port sayisi 33 13
Timer Timer(), Timerl.Timer2 Timer0
A/D Ceviriel 8 kanal 10 bat YOK
16 bit Capture 16 bit compare
Capture/Comp/PWM . YOK
10 bit PWM e¢dziimiirlitk )
) SPI ve I'C modunda SPI portu
Seri ¢evresel arayiiz . YOK
(senkron seri port) )
Parelel slave port 8 bit, harici RD.WR ve CS YOK

USART/SCI

9 bit adreshi

YOK




3.3.3. PIC 16F877 pin numaralari ve pin isimleri

Picl16F877, 40 pinli bir mikrodenetleyici olup pin numaralar1 ve pin isimleri sekil

3.1°de gosterilmistir.

MCLRVPPITHV —)
RAOD/ANO 4—
RAT/ANT 4—

RA2/AN2/VREF- ¢

RAYANINVREF+ 4—

RA4TOCKI 4—
RAS/AN4/SS 4
REO/RD/ANG 4—
RE1/WR/ANG €
RE2/CS/AN7 4¢—

OSC1/CLKIN —
0SC2/CLKOUT 4—
RCO/T10SOM1CKI €
RC1/T10SlICCP2 €
rRc2/ccp1 4
RCISCKISCL €

RDO/PSPO
RD1/PSP1 —

Sekil 3.1. PIC 16F877’ nin ug isimleri [5]

1 > a5
o 2 ]
] 3 38
] 4 373
o 5 m
6 357
O 7 Jm
O & t 130
Oo ¢ 320
O W 313
011 © 3@
O 12 6 200
O 13 =2 280
O e o7
O 15 263
= 16 250
17 240
O] 18 23
= 19 yy]m
& 20 2141

ITITITITILTTILLLLLL

RB7/PGD
RB6/PGC
RBS

RB4
RB3/PGM
RB2

RB1
RBO/INT
VDD

VSS
RD7/PSP7
RD6/PSP6
RD5/PSP5
RD4/PSP4
RCTIRXDT
RCG6/TX/CK
RC5/SDO
RC4/SDI/SDA
RD3/PSP3
RD2/PSP2
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3.3.4. PIC 16F877’nin blok diyagram ile gosterilmesi

PortA
13 DataBus & -
Program Sayaci el
Flash Program J L {‘\J'A‘IE.:.:RE
Belledi i i
RAM L RALAND
Dosya Kaydedicileri
Program 1", , 8 Seviye Yigin PortB
Bus (13 Bit) -] :rl:.m'r
== bl =)
Komut Kaydedicisi 2 o' i
: 7, Direk Adr. ot = [
| L RETIPGD
PortC
L RCOTICEO"
- RCATICENC
%] RCHCCP1
M RCYSCHBT
8 : % RCA/SDUSDA
RCSED0
- RCETHCH
[%—®=[x] RoTRXDT
PortD
Power-up Mux.
Komut KOd —H Timer . [ sorresTRD
Gozicisu h— e "
scillator
Start-up Timer E| L
Power-on PoriE
Reset ALU
Zamanlama »[%] REVANSTD
Kaynadi . Watchdog Timer 8 | I i | HE1'.‘U-6TE
_ L ®[E] FEZANTICE
ir Brown-out Reset
| W Kayd.
OSC2ICLKOUT
OSC1/CLKIN

Sekil 3.2. PIC 16F877 blok diyagramu [5]

3.3.5. Program bellegi

PIC16F877 islemcisinde program counter vardir. Program sayicist 13 bitliktir.
14x 8KB’ lik bir bellegi vardir. Reset ile kesme vektorlerinin adresleri de asagidaki

sekilde gosterilmistir.
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| PC<12:0>
CALLRETURN E‘ 13
ERETFIE RETLW
YiZFin sevives |
¥igmn sewviyesi 2
-
:
Yigin sevives: 8
Feset Veltor D000k
E (f:
Kesme Vektoni D004
0005k
Savyfal
i 07FFh
D200k
Sayfal
Program / i OFFFh
belleg 1000k
Sayfaz
17FFh
1800k
Sayfa’
1FFFh

Sekil 3.3. PIC16F877 hafiza adresleri [5]

3.3.6. Veri bellek secimi

Ozel amaglh ve genel amaclh kaydedicilerden olusmaktadir. Bank secimini RP1 ile
RPO bitleri belirlemektedir. Dort durum mevcuttur. Bank(O ile Bank3 araliginda

secim yapilabilir.

Cizelge 3.2. Bank (Kiime) se¢imi

RP1 | RPO | Bank
(Kiime)
0 0 Kiime0
0 1 Kiimel
1 0 Kiime2
1 1 Kiime3




3.3.7. Ozel fonksiyon kaydedicileri

Cizelge 3.3. Ozel register isimleri ve bu register’ larin adresleri [5]

BANK 0 BANK 1 BANK 2
00 INDF 80 INDF 100 INDF
01 TMEO 81 OPTION REG 101 TMRO
02 PCL 32 PCL 102 PCL
03 STATUS 83 STATUS 103 STATUS
04 FSR 34 FSR 104 FSR
05 PORTA 85 TRISA 105 —
06 PORTB 86 TRISB 106 PORTB
07 PORTC 87 TRISC 107 S
08 PORTD 88 TRISD 108 S
09 PORTE 89 TRISE 109 —
0A PCLATH 8A PCLATH 10A PCLATH
0B INTCON gB INTCON 10B INTCON
0cC PIR1 8C PIE1 10C EEDATA
0D PIR2 sD PIEZ 10D EEADR
OE TMRIL SE PCON 10E EEDATH
OF TMEIH SF S 10F EEADRH
BANK 3
10 TICON 90 S 180 INDF
11 TMR2 01 SSPCON2 181 OPTION BREG
12 T2CON 02 PR2 182 PCL
13 SSPBUF 93 SSPADD 183 STATUS
14 SSPCON 94 SSPSTAT 184 SR
15 CCPRI1L 95 — 185 —
16 CCPR1H 96 S 186 TRISB
17 CCPICON 97 — 187 —
18 RCSTA 98 TXSTA 188 —
19 TXEREG 99 SPBRG 189 —
1A RCREG 9A — 18A PCLATH
1B CCPER2L 9B S 18B INTCON
1C CCPR2ZH o9C — 18C EECONI1
1D CCP2CON 9D S 18D EECON2
1E ADRESH 9E ADRESL 18E —
1F ADCONO 9F ADCONI1 18F S

STATUS ( Durum) kaydedicisi

12

Bank se¢im islemi bu kaydedici ile yapilmaktadir. Ayni zamanda matematiksel

islemler de bu kaydedici kullanilarak yapilmaktadir.
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RAWD RO RAWD R-1 R-1 RAMVEx R RAN-x
[P | RP1 | RPO | TO | PD | zZ | bc | ¢ |
Bit7 Bit6 Bit5 Bitd Bit3 Bit2 Bit1 Bit0

Sekil 3.4. Status( Durum ) kaydedicisinin bit yerlesimi

OPTION kaydedicisi

B portunu diizenleme, Timer0 ve kesmeler ile ilgili islemlerden bazilar1 bu kaydedici

ile yapilmaktadir.

R Ry 1 R 1 R 1 R R R 1 R
[ FEPU JmMnTEDG | TOCs | TOsSE [ PsA | pPsz | Pst ] pPso |
Bit7 BitG BitS Bit4 Bit3 Bit2 Bit1 Eit0

Sekil 3.5. Option register bit yerlesim durumu

INTCON Kaydedicisi

Bu kaydedicide bulunan bitler kullanilarak, biitiin interrupt ( kesme ) kontrol

islemleri yapilabilir.

RAN-0 R0 R0 R0 R0 RN RAN-O RAN:
[ e | PEE | T0E | IWTE | RBIE | ToOIF | INTF | RBIF |
Bit7 Bit5 BitS Bitd Bit3 Bit2 Bit1 Bit0

Sekil 3.6. Intcon kaydedicisi bit durumu

PIE1 Kavydedicisi

Bu kaydedici, ¢evresel kesme olustugunda yapilacak olan islemler i¢in
kullanilmaktadir.
RAVMO  RMAOD RMAD RMAD R0 RAWD RAWD RAN-0

|F‘SF'IE (le ADIE RCIE THIE SSPIE | CCPTIE | TMRZIE | TMR1TIE
Bit7 Bitb Bita Bitd Bit3 Bit2 Bit1 Bit0

Sekil 3.7. PIE1 kaydedicisi bit durumu
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PIR1 kavydedicisi

Kesme sonucunda yapilan isin devam edip etmedigi bu kaydedici kullanilarak

denetlenebilir.
RAMD RAN-D R-0 R-0 RAMD RAN-O RAMND RAN-O
|F'SF'IF (‘l]l ADIF RCIF THIF S5FIF CCP1IF TWRE2IF | TMR1IF
Bit7 BitG Bit5 Bitd Bit3 BitZ Bit1 BitD

Sekil 3.8. PIR1 kaydedicisi bit durumu

PIR2 kavdedicisi

EEPROM, CCP2 ve SSP kesmeleri ile ilgili bilgiler sunan kaydedicidir.

U0  RWO  UD  RWD  RWI  UD U0 RMD
- | o | — EEF | BouF | — — | ccpar
Bit? Bit6 Bits Bitd Bit3 Bit2 Bit1 Bitd

Sekil 3.9. PIR2 kaydedicisi bit durumu

T1CON ( TIMERI1 kontrol ) kaydedicisi

TIMERI1 kontrol kaydedicisi, timerl’ de yapilan islerin denetlendigi ve bu islerin

yapilmasi sirasinda bazi bilgilendirmelerin yapildig1 kaydedicidir.

U0 -0 RAN-D RAN-D RAN-O RA-D RAN-D RAA-D
l — — T1CKPS1 |T1CKF‘SD ‘T1 OSCEM| TISYNC | TMR1CS | TMR1ON
Bit7 Bite Bit5 Bit4 Bit3 Bit2 Bit1 Bitd

Sekil 3.10. Timer1 kontrol register bit durumu

T2CON ( TIMER?2 kontrol ) kaydedicisi

TIMER2 kontrol kaydedicisi, timer2’ de yapilan islerin denetlendigi ve bu islerin

yapilmasi sirasinda bazi bilgilendirmelerin yapildig1 kaydedicidir.
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U0  RW-D RWO RW-D RMWO RW0O RWD  RMWD
| —  [rouTPs3 [TOUTPS2 [TOUTPS1 [TOUTPS0 | TMR2ON |T2CKPS1 | T2CKPS0 |
Bit7 Bit6 Bit5 Bitd Bit3 Bit2 Bit1 BitD

Sekil 3.11. Timer2 kontrol register bit durumu

Analog dijital konvertor

PIC16F877 igerisinde analog bilgileri dijital bilgilere doniistiiren ve kisaca ADC
olarak adlandirilan modil dahili olarak mevcuttur. Bu modul kullanilarak maksimum

10 bitlik doniistiirme yapilabilmektedir.

Bu analog dijital modiil igerisinde dort adet register bulunmaktadir.

Analog-Dijital ( A/D ) yiiksek sonug kaydedicisi (ADRESH), Analog-Dijital ( A/D )
diisiik sonug¢ kaydedicisi (ADRESL), Analog-Dijital ( A/D ) kontrol kaydedicisi
(ADCONO) ve Analog-dijital Kontrol kaydedicisi-1 (ADCON1) kaydedicileri bu

modiil i¢erisinde kullanilmaktadir.

ADCONO kaydedicisi

RAN-D RAN-O RAN-0 RO RAW-D RAN-O U-0 RAN-O
| ADCS1 | ADCED CH=2 CH31 CHSD |GO/DONE — ADON
Bit? Bitg Bits Bit4 Bit3 Bit2 Bit1 Bit0

Sekil 3.12. ADCONO register bit durumu

ADON: Analog bilgiyi dijitale doniistiirme islemini aktif hale getiren bittir. Bu bit 1

yapilirsa dontistiiriicti acik demektir.

CHSO0-CHS2: Déniistiirme isleminin hangi kanalda yapilacagini belirleyen bitlerdir.

A/D gevirici i¢in kanal se¢im bitlerini olusturur. Ug bit ile sekiz kanaldan biri segilir.
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ADCSO0-ADCS1: Analog-dijital doniistiiriicii saat frekansi bu iki bit ile belirlenir.

Clock frekansi se¢im bitleridir.

ADCONI1 Kaydedicisi

L-0 LU-0 RAN-0 -0 RAN-0 RAN-O RAN-O RAV-0
| ADFM — — — PCFG3 | PCFG2 | PCFG1 | PCFGO
Bit? Bitb Bit5 Eitd Bit3 Bit2 Bit1 Bit0

Sekil 3.13. ADCONI kaydedicisi bit durumu
PCFGO:PCFG3: Analog dijital doniistiiriicii i¢in kullanilan pinlerin ne olarak
kullanilacagin belirleyen bitlerdir. 4 bitin durumuna goére olusan 16 durum asagidaki

Cizelgede gosterilmistir.

Cizelge 3.4. PCFG3-PCFGO bit degerlerine gore kullanilan pinlerin durumu [5]

PCFG3:| AN7 ANG6 | ANS5 AN4 | AN3 AN2 AN1 ANO |VREF+|VREF- [KANAL/
PCFGO | RE2 RE1 REOQ RAS RA3 RAZ2 RA1 RAD REF
0000 A A A A A A A A VDD | VSS 8/0
0001 A A A A |VREF+| A A A RA3 VSsS 71
0010 D D D A A A A A VDD | V5SS 5/0
0111 D D D A |VREF+| A A A RA3 VSS 4/1
0100 D D D D A D A A VDD | V5SS 3/0
0101 D D D D (VREF+| D A A RA3 VSS 2/1
011x D D D D D D D D VDD | V5SS 0/0
1000 A A A A |VREF+| VREF- A A RA3 RA2 6/2
1001 D D A A A A A A VDD | V5SS 6/0
1010 D D A A |VREF+| A A A RA3 VSsS 5/1
1011 D D A A |VREF+|VREF- A A RA3 RA2 4/2
1100 D D D A |VREF+| VREF- A A RA3 RA2 3/2
1101 D D D D [VREF+|VREF- A A RA3 RA2 212
1110 D D D D D D D A VDD | V5SS 1/0
1111 D D D D |VREF+| VREF- D A RA3 RA2 1/2

A: Analog giris  D: Dijital giris/gikis
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4. KUVOZ PARAMETRELERININ OLCUMU

4.1. Sicakhik

4.1.1. Giris

Sicaklik, yenidoganlar i¢in en 6nemli degiskenlerden biridir. Bu nedenle kuvoz igi
sicakligin belirli bir aralikta tutulmasi gerekmektedir. Kuvoz igerisindeki sicaklik
belirli bir degerin altina diistii§linde bir rezistans ile ortam isitilmalidir. Viicut
sicakligr yaklasik olarak 36.5 derecedir. Fakat enfeksiyon, hastalik durumunda 39-
40 derecelere ¢ikabilmekte ve ya 36.5 derece altina da diisebilmektedir. Premature
bebeklerde viicut sicakligi daha biiylik 6nem arz etmektedir. Sicakliktaki degisimler

c¢esitli hastaliklarin habercisi olmaktadir.

4.1.2. Sicaklik sensorleri

Sicaklik, belirli bir skalaya gore, referanslanmis sicaklik veya sogukluk derecesi
olarak tanimlanir. Sicaklik ayni zamanda bir nesne veya sistemin 1s1 enerjisi olarak
da tanimlanabilir. Is1 enerjisi dogrudan molekiiler enerji ( bir molekiil icerisindeki
parcaciklarin titresim, siirtinme ve salinma hareketleri ) ile iligkilidir. Is1 enerjisi
yiiksek ise molekiiler enerji de yliksektir. Sicaklik medikal endiistrisinde onlarca
yildir en Onemli islem degiskenlerinden biri olarak goriilmektedir. Direncli
termometreler ve thermokupullarla sicakligin 6l¢iimii, gercekte 100 yildan daha
eskidir. Islemlerin siirekli optimizasyonu termometrelerden daha yiiksek
beklentilerin ger¢eklesmesine yol actilar. Bu beklentileri sicakligin daha hizli, daha
kesin ve bir slire boyunca tekrarlanabilirligi daha iyi olan termometrelerin
gerekliligidir. Sicaklik sensorleri bir sicaklik degisimine karsilik gelen direng veya
cikis voltaji gibi bir fiziksel parametrenin degisimini algilarlar. Temelde iki tip

sicaklik algilayici eleman vardir.
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Dokunma voluyla sicakligin dlciilmesi

Dokunma yoluyla sicaklik algilayicilarda sensor sicakligi algilanacak ortam veya
nesne ile dogrudan fiziksel olarak temas halindedir. Bu metotla katilarin, stvilarin ve
gazlarin olduk¢a genis bir genlikte sicakliklarini 6lgebiliriz. Kuvozde kullanilan
viicut sicaklik sensoriide dokunma yoluyla sicakligin 6lgiilmesinin bir yoludur.
Direngli termometreler bir elektriksel iletkenin sicaklikla elektriksel direncinin
degisimi ilkesi ile ¢alisirlar. Pozitif sicaklik katsayili ( PTC ) ve Negatif sicaklik
katsayili ( NTC ) sensorler arasindaki fark, pozitif sicaklik katsayili sensorlerde
direnc¢ degeri artan sicaklikla artarken, negatif sicaklik katsayili sensorlerde direng
degeri artan sicaklikla azalir. PTC sensorleri metalik iletkenlerdir. Yaygin olarak
kullanilan metaller platinyum, iridyum, nikel ve bakirdir. NTC sensorler ise uygun
metal oksitlerinden yapilir. NTC’ ler bazen sicak iletkenler olarak da isimlendirilir.
Ciinkii bunlar yalmizca cok yiiksek sicakliklarda iyi bir elektriksel iletkenlik
sergilerler. Genellikle sicaklikla elektriksel direncin degisimi dogrusal olmayip,

yiiksek dereceli bir polinom ile verilir.

Thermokupl’ un ¢aligmasi bir tel boyunca sicaklik gradienti var ise telin iletkenligine
bagli olarak yiiklerin yer degisimi prensibine dayanir. Eger farkli iletkenliklerdeki iki
iletken bir noktada birlestirilmis iseler, sicaklik gradientinin biiylikliigline baglh
olarak, farkl yiik yer degisiminden dolay1 bir termoelektrik emf 6lgiilebilir. Direngli
termometrelerle karsilastirdigimizda, birka¢ bin derece santigrata kadar ¢ikan ¢ok
yiiksek sicakliklarda agik bir avantaja sahiptirler. Bunlar genellikle firinlarda, erimis

metallerin ve sicakligi 250 santigratin tizerindeki degerlerin dl¢lilmesinde kullanilir.

Dokunmaksizin sicakligin dlciilmesi

Dokunmaksizin sicaklik olgen algilayicilar 1s1 kaynagindan yayilan 1s1 enerjisini
Olcerler. Bu metotla yansimanin olmadigi kat1 ve sivilarin sicakliklarini 6l¢ebiliriz,
fakat dogal olarak transparant olan gazlarda sicaklik 6l¢iimii i¢in uygun degildir. Bu

kategoride hareketli nesnelerin ve ulagilamayan nesnelerin sicaklig 6l¢iliir.
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Ornegin firindaki bir nesnenin sicakliginin uzak bir yerden &l¢iimii, bu durumda
Olciilen nesnedeki 1s1l radyasyon 6lgiilen deger olarak kullanilir. Pirometre olarak
adlandirilan dokunmasiz sicaklik 6l¢iim aletlerinin temel prensibi, sicak bir cisimden

yayilan 1s1l radyasyonun bir optik sistemle termokupl’a ulagmasi prensibine dayanir.

Sensor tipleri ve teknolojileri

Sicaklik sensorleri baslica {i¢ guruba ayrilir, bunlar elektromekanik, elektronik ve
direngli sensorlerdir. Asagidaki boliimde her bir sensor tipinin nasil olusturuldugu

ve sicakligl 6lgmek i¢in nasil kullanildigindan sz edilmistir.

Elektromekanik sensorler, bi - metal termostatlar

Bi-metal termostatlar isimlerinin ifade ettigi gibi iki farkli metalin sicaklik ve basing
altinda tek bir materyal pargasi olacak sekilde baglanmalariyla olusturulur. iki
materyalin farkli uzama oranlarindan dolayi, 1s1 enerjisi elektromekanik harekete

doniistirilir.

Elektronik silikon sensorler

Silikon sensorler yariiletken materyallerin elektriksel direng 6zelliklerini kullanirlar.
Silikon sensorler, 6zellikle ¢ok algak sicaklik degerlerinde, sicaklia karsi oldukga
lineer bir direng artig1 saglarlar. IC tipi elemanlar, dogrudan dijital bir sicaklik degeri

verebilirler, bu durumda bir A/D déniistiiriiciiye gereksinim olmaz.

Thermokupillar

Thermokupillar farklt metal veya alasimlardan yapilms iki elektriksel iletkenin bir
devrede bir uglarini birlestirilmeleri ile olusturulurlar. Thermokupillar ¢ok yiiksek
sicakliklarin ~ Ol¢iimiinde  kullanilabilir.  Tipik olarak c¢iplak iletkenlerle
olusturulmalarina ragmen seramik ile izole edilmislerdir. Biitiin thermokupillar bir

sicak baglantiya ( 6lgme baglantisi ) ve bir de soguk baglantiya ( referans baglantisi )
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sahiptirler. Thermokupillarin uglar1 farkli sicakliklarin altinda oldugunda, sicaklik
farkiyla orantili olan bir akim akacaktir. Olgme noktasindaki sicaklik, kullanilan
thermokupilin tipinin, milivolt olarak {iretilen potansiyelin degeri ve referans

baglantisinin sicakliginin bilinmesi ile belirlenebilir.

Direnc Elemanlari

Termistorler

Termistorler veya 1stya duyarli direncler, elektriksel direngleri sicaklikla degisen
elemanlardir. Tipik olarak iki veya ii¢ metal oksidin seramik bir materyal ile karigimi
ile olusturulmus ve iki u¢ lehimlenmistir. Termistorler iki farkli tipte yapilmislardir.
Bunlar Pozitif sicaklik katsayili ( PTC ) ve Negatif sicaklik katsayili ( NTC )
termistorlerdir. Pozitif sicaklik katsayili termistorlerde direng degeri artan sicaklikla
artarken, negatif sicaklik katsayili termistorlerde direng degeri artan sicaklikla azalir.
RTD’ lere benzer sekilde belirli bir sicaklik degeri i¢in termistoriin direnci £ 1

tolerans degeri ile belirtilir.

RTD’ ler:

RTD’ ler, termistorler gibi sicakligi 6lgmek veya kontrol etmek igin elektriksel
direncin degisimini kullanirlar. RTD’ ler bir algilayici eleman, eleman ve 6lgme
cihaz1 arasinda baglantiy1 saglayan teller ve elemani islemde monte etmek icin
gerekli bir destek kismina sahiptirler. Metal algilayici eleman direnci sicaklikla

degisen bir elektriksel direnctir.

Arabirimleme ve tasarim bilgisi

Herhangi bir algilama tipi teknolojisi ile ilgili en 6nemli gdz o6niinde bulundurulmasi
gereken nokta algilayicinin yerinin tespit edilmesidir. Kontrol uygulamalarinda
sicakliktaki degisim orani oldukga kiigiik ise algilayict miimkiin oldugu kadar 1s1

kaynagina yakin yerlestirilmelidir. Bu sekilde 1s1l geri kalma minimum olacaktir.
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4.1.3. Sicaklik sensor devresi

Bir sicaklik kontrol uygulamasinda dogru algilayicinin se¢imi her zaman kolay
degildir. Bu islem; sicaklik araligi, gerekli dogruluk, ortam, tepki hizi, kullanim
kolayligi, maliyet ve degistirilebilirlik gibi parametrelere baghdir. Sicaklik 6l¢limii
icin cesitli tipte algilayicilar mevcuttur. Isil¢ift (thermocouple), termistér ve RTD’ler
gibi klasik algilayicilar genis bigimde kullanim alani bulmaktadir. Entegre devre
bi¢cimindeki algilayicilar ve uzaktan sicaklik 6l¢iim (radiationthermometry) aygitlart
gibi yeni nesil algilayicilar sadece sinirli uygulamalar i¢in kullanim alani bulsalar da
popiiler olmaktadir. Bu ¢alismada sicaklik sensorii olarak SHT11 kullanilmaktadir.

SHT11 sensorii ile ayn1 zamanda kuvoz igerisindeki nem bilgisi de dl¢lilmiistiir.
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Sekil 4.1. Termistor ile sicakligin ol¢lilmesi
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Sekil 4.2. SHT11 ile yapilan 1s1 ve nem 6l¢iim devresinin baski devresi

4.2. Nem

4.2.1. Giris

Nem, havada bulunan su buhari miktaridir. Bagil nem ve mutlak nem olarak
Olciilmektedir. Mutlak nem 6l¢iim degeri daha fazla kullanilmaktadir. Su buharinin
kiitlesinin hava ve ya gazin hacmine oran1 mutlak nem olarak tanimlanir. Yogusma
noktasi bir gazin yogunlasarak sivi hale gegmeye basladig: sicaklik ve basing degeri

olarak tanimlanir.

4.2.2. Nem degiskeninin yenidogan acisindan 6nemi

% 35 ile % 55 arasindaki bagil nem orani normal olarak degerlendirilir. Nem
degerinin % 35’ den az oldugunda ortamda bulunan hava kuru olarak degerlendirilir.
Kuv6z ortamindaki toz, bakteri, viriis gibi istenilmeyen durumlarin engellenmesi

acisindan nem, yenidoganlar i¢in ¢ok dnemli bir degiskendir.
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4.2.3. Nem sensorii tipleri ve teknolojileri

Yariiletken teknolojisindeki son gelismeler nem sensorlerini olduk¢a dogru bir
sekilde dlgen, dayanikli ve maliyet olarak da uygun duruma getirdi. Yaygin olarak
kullanilan nem sensorleri kapasitif, diren¢g ve 1s1l iletkenlige bagli olarak 6l¢iim

yaparlar.

Kapasitif RH sensorler

Kapasitif RH sensorler endiistride ve ticari amagli olarak sik¢a kullanilir. Sicakligin
bu sensorlerin ¢aligmasina etkisi ¢ok az oldugundan, oldukca biiyiik bir sicaklik
genliginde sicaklik kompanzasyonu yapilmadan kullanilabilir. Kapasitif bir RH

sensorde dielektrik sabitindeki degisme ortamin bagil nemi ile dogru orantilidir.

Rezistif nem sensorleri

Rezistif nem sensorleri empedanstaki degisimi olgerler, bu degisim genellikle nem
ile tstel bir sekilde ters orantilidir. Empedanst degisen ortam ise iletken polymer

veya tuzdur.

Is1l iletkenlikle nem sensorleri

Isil iletkenlikle nem sensdrleri ( Mutlak nem sensorleri olarak da bilinirler ) kuru
hava ve su buhar1 iceren havanin 1s1l iletkenligi arasindaki farki hesaplayarak mutlak
nemi Olgerler. Bu sensdrler iki negatif sicaklik katsayili termistor elemaninin bir dc
koprii devresinde kullanilmasi ile olusturulur. Elemanlardan biri kuru nitrojen
icerisinde olurken, digeri nemi Olgiilecek ortamda bulunur. Bu iki termistoriin

direngleri arasindaki fark mutlak nem ile dogru orantilidir.
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4.2.4. Nem sensorlerinin belirlenmesi

Asagidaki kisimda bir sensorii digerinden farkli kilan sicaklik, dogruluk ve
degistirilebilirlik gibi 6zellikler iizerinde durulmus ve her bir sensoriin avantaj ve

dezavantajlar1 da belirtilmistir.

Nem sensorlerinin se¢iminde dikkate alinmasi gereken hususlar sunlardir.

a) Dogruluk

b) Degistirilebilirlik

c¢) Tekrarlanabilirlik

d) Kararlilik

e) Biiyiikliigii ve paket tipi
f) Fiyatinin uygunlugu

g) Kalibrasyonu

h) Sensoriin degistirilme maliyeti

Kapasitif RH sensorlerin secilmesi

Kapasitif RH sensorlerin uygulamasi genis bir alanda yer almaktadir. Bunlar
arasinda,

a) Yazicilar

b) Mikrodalga firin, sogutucular ve elbise kurutucular

c) HVAC

d) Meteoroloji istasyonlari

e) Endiistri ve gida isleme cihazlar sayilabilir.

Yariiletken tasarimindaki son gelismelerin sagladig1 avantajlar dolayisi ile birgok

kapasitif sensoriin uzun bir siire i¢in histerisizi minimum degerdedir.
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Direncli nem sensorlerinin secilmesi

Direngli sensorler kiiclik, diisiik maliyetli nem sensorleri olup, uzun bir zaman
araliginda kararli ve kolaylikla degistirilebilir olma gibi ozelliklere sahiptirler.
Bir¢ok endiistriyel, ticari ve konutla ilgili kontrol ve gosterge tirlinleri uygulamalari

icin uygundurlar.

Direngli sensorler nem degisikliklerine lineer olmayan bir cevap vermelerine
karsilik, bu cevaplar analog ve dijital metotlarla lineer yapilabilir. Tipik olarak direng
degerleri birka¢ kiloohm’ dan 100 Mohm’ a kadar degisir. Direnc¢li sensorlerin
calisma sicakligi —40°C ile 100°C arasindadir.

4.2.5. Arabirimleme ve tasarim bilgisi

Sicaklik ve nemin etkisi

Absorbsiyon tabanli biitiin nem sensdrlerinin ( kapasitif, rezistif ) ¢ikisi hem sicaklik
hem de % RH’ den etkilenir. Bu nedenle daha yiiksek bir dogruluk veya daha genis
bir sicaklik genligi icin sicaklik kompanzasyonu kullanmak gerekir. Nem
sensorlerini sicakligi kompanze edecek sekilde kalibrasyon ederken, en iyi yol
sicaklik Olclimiinii, nem sensoriiniin aktif alanina oldukca yakin degerlerinde

gerceklestirmektir. Ornegin, ayn1 nem derecesi icerisindeki mikro ortamlarda.

Yogusma ve 1slaklik

Sensoriin aktif alaninin ylizey sicakligi onu cevreleyen ortamdaki gazin ¢iy
noktasinin altina diistiigli zaman yogusma baslar. Yiizey sicakligi anlik olarak da
ortamin ¢iy noktasinin altina diistiigii zaman sensor lizerinde ( veya herhangi bir
ylizeyde ) yogusma olusur. Nem seviyesinin % 95’ in iizerinde oldugu calisma
ortamlarinda sensoriin yakinlarindaki kiiciik sicaklik degisimleri sebebi bilinmeyen
bir sekilde yogusmaya sebep olur. Yogusmanin hizli bir sekilde olacagi yiiksek nemli

ortamlarda, suyun buharlagmasi yavas olur ( 6yle ki sensdriin yiizey sicakligi ortamin



¢ly noktasindan biraz biiyiik degerdedir ).

4.2.6. SHT11 sicakhik ve nem sensorii

Bagil nem ve sicaklik sensorii olan SHT11 asagidaki 6zelliklere sahiptir.

Ciy noktasi

Tamamen kalibre edilmis sayisal ¢ikis vermesi
Oldukg¢a uzun bir siire kararli olmasi

Harici dis eleman gerektirmemesi

Son derece az gii¢ tiikketmesi

Yiizeye monte edilebilir olmasi

Kiigiik hacimli olmasi

Gii¢ azaliminin otomatik olmasi

Sekil 4.3. SHT11 sensoriiniin dis goriiniisii [6]

SHT11 iiriin 6zeti

26

SHT11 tek bir yongalik bagil nem ve sicaklik sensorii olup, kalibre edilmis dijital

c¢ikis vermektedir. Patentli mikro-makinalamali ( CMOSens teknolojisi ) endiistriyel

CMOS isleminin uygulanmasi, yiiksek giivenilirlik ve miikemmel uzun siireli

karalilik saglar. Cihaz bagil nem i¢in kapasitif polimer algilayici eleman ve sicaklik
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sensorii olarak da band gecisi igermektedir. Her ikisi de ayni1 yonga tizerinde 14 bitlik
analog sayisal doniistiiriicii ve seri bir ara birim devresi ile birlestirilmistir. Bu
islemin sonucu oldukga iistiin bir sinyal kalitesi, hizli1 bir cevap zamani ve distaki
bozucu etkilere karsi ( EMC ) duyarsizhiginin ¢ok rekabet edebilir bir fiyatla

sunulmasidir.

Her bir SHT11 entegresi kesin dogruluklu bir nem ortaminda tek tek kalibre edilir.
Kalibrasyon katsayilart OTP bellek icerisine programlanir. Bu katsayilar 6l¢iim
siiresince, sensdrden gelen sinyalleri kalibre etmek igin i¢ kistmda kullanilir. Tki hatli
seri arabirim ve igteki voltaj regiilasyonu kolay ve hizli bir sekilde sistem
entegrasyonuna izin verir. Oldukea kii¢lik bir hacimde olusu ve ¢ok az gii¢ tiiketimi
onun birgok uygulamada tek segenek olmasmni saglar. Eleman yilizeye monte
edilebilir LCC ( Ugsuz yonga tasiyict ) veya takilabilir tek hatli 4 pinli paket olarak
kullanicilara sunulmustur. Istek halinde miisterilerin belirleyecegi paketleme

opsiyonu da olabilir.

Uygulamalar

e HVAC

e Otomobil

e Tiiketici tiriinleri

e Meteoroloji istasyonlari
e Nemlendiriciler

e Nem alicilar

e Test ve Ol¢iim

e Data Yiikleme

e Otomasyon

e Beyaz esya
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Sht11 sensor blok divagrami

SHT11 sensorii blok diyagraminda goriildiigii gibi bu sensor ile hem sicaklik hem de

nem degerleri Ol¢iilebilmektedir.
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Sekil 4.4. SHT11 sensoriiniin blok diyagrami [7]

Ara birimlemenin belirlenmesi

Sekil 4.5 de SHT11 sensoriiniin mikrodenetleyici ile ara birimlendigi tipik bir

uygulama devresi goriilmektedir .
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Sekil 4.5. SHT11 sensoriiniin ara birimlendigi tipik bir uygulama devresi [7]

Giig uglari

SHTI11 2.4 ile 5.5 V arasinda bir kaynak voltajina gereksinim duyar. Eleman gii¢

uygulandiktan sonra “uyku” durumuna ulasmasi i¢in 11 ms’ ye ihtiya¢ duyar. Bu
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zamandan once hi¢bir komut gonderilmeyecektir. Gii¢ kaynagi uclar1 olan Vdd ve

GND 100 nF’ ik bir kondansator ile dekuplaj edilebilir.

Seri ara birimleme

SHT11’ in seri arabirimlemesi sensdriin okumasi ve gii¢ tiikketimi i¢in en iyl duruma

getirilmigtir. Sensor [2C ara birimleme ile uyumlu degildir.

Seri saat sinyali girisi, SCK

Seri saat girisi olan SCK mikrodenetleyici ile SHT11 arasindaki haberlesmeyi
senkronize etmek icin kullanilir. Ara birimleme tamamen statik mantik icerdiginden,

SCK frekansi i¢in minimum bir deger yoktur.

Seri veri

Ug durumlu veri ucu, veriyi elemandan igeri veya elemandan disar1 transfer etmede
kullanilir. Veri seri saat sinyalinin, SCK, azalan kenardan sonra degisir ve yiikselen
kenarinda gegerli olur. Iletim siiresince SCK yiiksek degerde iken veri hatti kararl
kalmalidir. Sinyalin memnuniyetsizligini onlemek i¢in mikrodenetleyici yalnizca
alcak veri degerlerini siirecektir. Sinyali yiiksek degere ¢cekmek icin disardan bir
pull-up direnci ( 10K ) gereklidir. Pull-up direngleri mikrodenetleyicilerin 1/O

devrelerine cogunlukla dahil edilir.

Bir komutun gdnderilmesi

Bir iletimin baslatilabilmesi i¢in, bir “iletim basla” dizisinin verilmesi gerekir. Bu
dizi SCK’ nin yiiksek degerinde data hattinin algak degerde olmasi ve onu takip eden
algak bir SCK degeri ve tekrar SCK’ nin yiiksek degerinde datanin yiikselen deger

almasi. Sekil 2.4” de “iletim basla” dizisi goriilmektedir.
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Sekil 4.6 “iletim basla” dizisi [7]

Sicakligin etkisi

Bir gazin bagil nemi onun sicakligina baglhidir. Bu nedenle nem sensdrlerini bagil
nemi Olclilen havanin sicakligi ile ayni sicaklik degerinde tutmak gerekir. Eger
SHTI11 elektronik elemanlarin 1s1 verdigi bir PCB {izerinde olmasi gerekiyorsa
elemanlardan olduk¢a uzakta ve 1s1 kaynaginin altinda olmali, bulundugu boliim
oldukca iyi havalandirilmalidir. SHT11 ile PCB’ nin geri kalan kisimlarindaki bakir
tabakalardaki 1s1 iletimini azaltmak icin bu alanlar minimize edilmelidir. Sekil 4.7

SHT11’ in PCB iizerine monte edilmesini gostermektedir.

PCE den yayilan ison
mirnumuma getamek 1gmn
tu kssamler PCE' den
pucanbmalidi

Sekil 4.7. SHT11’ in PCB iizerine monte edilmesi [7]

Zar

Sensorii korumak ve kirlerin sensoriin bulundugu yuvaya girmesini 6nlemek igin
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bir zar kullanilabilir. Bu zar ayn1 zamanda kimyasal buhar konsantrasyonlarinin da
tepe degerlerine ulagsmasini Onleyecektir. Sensdriin cevap zamaninin optimum

olabilmesi i¢in zarin arkasinda tutulan hava hacminin minimumda tutulmasi gerekir.

Isik

SHT11 1518a duyarli degildir. Uzun siireli dogrudan giines 15181 altinda kalmasi veya

kuvvetli ultraviyole radyasyon altinda kalmas1 bulundugu kab1 yipratir.

4.3. Pulse Oksimetre

4.3.1. Giris

Geleneksel yasam bulgular1 viicut 1sis1, nabiz, solunum ve kan basmcindan
olugmaktadir. Son zamanlarda bu dort parametreye oksijen saturasyonu da
eklenmistir. Son on yildir acil tibbi ortamlarda pulse oksimetrelerin kullanimi artmis
ve sfingmomanometre kadar yaygin hale gelmistir. Pulse oksimetre, ilk olarak 1970’
lerin ortalarinda Takuo Aoyagi tarafindan gelistirilmistir. Pulse oksimetre
kullanilarak siirekli oksijen saturasyonunun izlenmesi ameliyathanelerde, anestezi
sonrasi bakim initelerinde, acil birimlerde, yogun bakim {initelerinde ve ev
ortamlarinda kullanilan standart bir uygulama olarak yer almaktadir. Modern tibbin
ayrilmaz bir pargasi olan pulse oksimetre, kandaki oksijen saturasyonunun

noninvaziv bir sekilde 6l¢iilmesine yarayan, kalibrasyon gerektirmeyen bir aragtir.

Literatiirde, pals oksimetre ile ilgili bircok calisma yapilmistir. Bunlar arasinda,
Reddy ve arkadaslarinin yaptigi calismada pals oksimetrenin temellerinden,
fotoelektrik pletismografi ile olan iliskisinden bahsedilmistir [8]. Reddy ve
arkadaslarinin diger bir calismasinda ise ilk ¢aligmada kullanilan kalibrasyon egrisi
birakilarak emilim katsayilar1 ile hesaplama yapilmistir [9]. Shafique ve
arkadaglarinin ¢alismasinda 20 hasta insanla deney yapilmis ve biitiin pulse

oksimetre ¢esitleri i¢in sonuglar karsilagtirilmistir [10].
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Hemoglobinin oksijen 1ile bag olusturmus bicimine oksihemoglobin adi
verilmektedir. Hemoglobine ilk oksijen molekiiliiniin baglanmasiyla, diger oksijen
molekiillerinin ~ baglanmalar1 da  kolaylagmaktadir. Oksijen baglanmasiyla
hemoglobinin oksijene olan egilimi artar. BOylece oksijen baglanmasi ile dogru
orantili olarak hemoglobin doyuma yaklasir. Kan dokularda dolasirken bulundugu
bolge ile ¢esitli madde alisverisleri gerceklestirmektedir. Hemoglobin molekiilleri ile
tasinan  oksijenin  dokulara iletilmesi ile dokularin oksijen ihtiyaglari
kargilanmaktadir. Hemoglobin ve oksijen molekiilleri arasindaki baglarin kopmasiyla
oksijenler serbest kalir ve dokuya gecisleri gerceklesir. Oksijeni bulunmayan

hemoglobine ise deoksihemoglobin adi verilir [11].

4.3.2. Puls oksimetrenin ¢calisma prensibi

Pulse oksimetre, arteriyel kanda oksijenlenmis hemoglobin yiizdesini belirlemekte
olup bu yolla elde edilen bulgu fonksiyonel oksijen saturasyonu olarak
bilinmektedir. Pulse oksimetre 151k kaynagi ve mikroislemci olmak iizere iki
fonksiyonel boliimden olugsmaktadir ve nonpulsatil (venéz kan ve doku) ve pulsatil
spektrumu (arteriyel kan) ayirma ve yasayan dokular tarafindan 1s1k absorbsiyonunun
Olciilmesi yoluyla fonksiyon goriir. Mikroislemci, absorbe edilen dalgalarin
nonpulsatil komponentinde pulsatilin oranin1 temel alarak saturasyonu hesaplar.
Pulse oksimetreler teknik olarak 660 nm ve 940 nm olarak 15181n iki dalga boyunu
kullanmaktadir ve ayr1 ayr iki dalga boyunda 1sik absorbansinin degisken
komponentini 6lgerek sonra bunu sabit komponente bolmektedir. Pulse oksimetre, bu
degerlerden bir saturasyon yiizdesinin hesaplanmasini ve bu farkli Olglimlerin
izlenmesini saglamaktadir. Oksijenize ve indirgenmis hemoglobinin kizil ve kizil
oOtesi 1siklar1 absorbe etme prensibi Lambert-Beer kanunu olarak bilinir. Bu kanun;
transparan bir maddeden ge¢en monokromatik 15181n ifade eden Beer ve Lambert

kanunlarmin bilesimidir [12].

Lambert kanunu: (Johann Lambert, Alman fizik¢i 1728-1777) ; iginden gegen

maddenin uzunlugu arttik¢a maddeden gecen 15181n giicii azalir [13].
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Beer kanunu : (August Beer, Alman fizik¢i 1825-1863) ; maddenin konsantrasyonu

arttik¢a maddeden gecen 15181n giicii azalir [13].

%

660nm 910nm

10

WP

Photodiode

01

Sekil 4.8. Hb ve Hbo2 dalga boyu egrisi ve sensor yerlesimi [13]

Sonu¢ olarak oksihemoglobin daha fazla kizil otesi 151k absorbe ederken,
deoksihemoglobin daha c¢ok kizil 151k absorbe eder. Sabit bir hemoglobin
konsantrasyonu ve 1sik yogunlugunda , puls oksimetre probunun goriis alanindaki
kanda bulunan hemoglobinin oksijen ile saturasyonu 1sik absorbsiyonunun

logaritmik bir fonksiyonu haline gelir.

( erS j

log

A Roc [10].
erS
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SpO, =10.0002R* —52.887R* +26.817R +98.293 [10]
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Sekil 4.9. Parmak probu ile spo2 6lgiim devresi

Sekil 4.10. SPO2 bask1 devresi
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4.4. Isik

Isik, renkleri ayirt etmemizi saglayan ve etrafimizdaki cisimleri gorebilmemizi
saglayan bir enerji ¢esididir. Birgok renk birleserek beyaz 15181 olusturur. Cismin

rengi, beyaz 151k i¢cindeki renklerden gecirdigi veya yansittigi renktir.

Kuvo6z igerisindeki 15181n, bebegi rahatsiz etmeyecek seviyede olmasi gerekir. Isik

miktar1 fazla oldugunda, sistem, 15181n yliksek oldugu uyarisini verecektir.

Bu ¢alismada LX1972 151k sensorii kullanildi. 1-5000 Lux 151k siddeti araliginda ¢ok
uygun bir sensordiir. LX1972 sensoriiniin 1518a verdigi tepki, insan goziiniin

spektral cevabi ile ¢ok benzerlik gostermektedir [14].

CHARACTERISTIC CURVES
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Sekil 4.11. LX1972 karakteristik egrileri [15].

Sensdr, Vdd ve Vss olmak iizere iki ucludur. Isik siddeti ile direnci ters orantili

olarak degismektedir. Devrede Vdd gerilimi 5 volt olarak kullanilmistir.
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VSS

Sekil 4.12. Sensor pinleri [15].

DD

LX1972

Ambient Light LX1872 Top View

Sekil 4.13. Sensor 6rnek baglanti semast, karakteristik egrisi ve tistten goriiniisii.
[15].

Cizelge 4.1. LX1972 elektriksel karakteristigi [15].

ELECTRICAL CHARACTERISTICS

TUnless otherwise specified. the following specifications apply over the operating ambient temperature 40°C = Ta4 = 85°C except where
otherwise noted and the following test conditions: See Note 1. Vpp =5V. Rss = 10K

o I LX1972 | r
| Parameter | Symbol | Test Conditions win | Typ [ Wax | Units |
P RESPONSE

Peak Spectral Response her 520 nm
Iog (1) Evissonm) = 292 E.o_W.n’Cm_ . Cufrent_ responsivity
Infrared Response ————— | change with additional direct light input of 5 1 5 Yo
oo (%e2) | 292uvW/em? at 910nm, Note 3
Ev = 14 6pWicm”, lss = 10pA 1.2 1.4
Minimum Operational Voltage Voo-Vss | By = 146pWicm?, les = 100pA 1.8 2.1 W
Ev = 292uW/cm®, lss = 200uA 22 26
Ey = 14 6uWicm™, Note 2 7.5 1 12.5
Light Current lss Ev = 146uW/icm?, Note 2 75 100 125
Ev = 292uW/cm’, Note 2; 150 200 250
Gain Linearity 1At_.'s,,.\.u'\.r,fcmms2 Ev < 146uW/cm” @ 25°C -15 15 %
| By = Opwiem?, T, = 25°C 0.010 50
Dark Current IoDipark) Ev = OuWW/cm 200 —
Power Supply Rejection Ratio PSRR VeierlE = 10mMVep, T= 10kHZ 295 dB
Radiant Sensitive Area 0.04 My
MNotes:

1 The input irradiance (Ev) is supplied from a white light-emitting diode (LED) optical source adjusted to impose the specified Ev at a
peak i = 550nm._

2 See Figure 1.

3 See Figure 2.




4.4.1. LX1972 ile yapilan devre
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Sekil 4.16. Mikrodenetleyici ve osilator kismi
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Sekil 4.17. Yiikselteg ve kalibrasyon devresi

Yiikselte¢ devresinde LM358N islemsel yiikselteg entegresi kullanilmistir. Bu
entegre i¢in simetrik besleme ihtiyaci yoktur. Devre evirmeyen yiikselte¢ devresidir.

Bu devrenin kazanci,

K=1+(R3/R2)
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K= 1+(12/10)
K=2.2 olmaktadir.

Isis programinda simiilasyon i¢in LX1972 sensérii yerine 2K’lik bir potansiyometre
kullanilmigtir. Sensdérden alinan sinyal 2.2 katina yiikseltilmis ve kalibrasyon
yapilarak mikrodenetleyiciye sinyal gonderilmistir. Zener diyot islemciye 5.6 volttan
fazla gerilim gitmemesi i¢in kullanilmigtir. LX1972 sensoriinde 151k siddeti ile direng
ters orantilt oldugundan, R1 direnci yerine sensOr ve potansiyometre yerine ise

10K’ lik bir diren¢ baglanmalidir.

4.5. Nabiz

Kalp belirli araliklarla kasilma ve gevseme seklinde hareketler yapar. Kasilma aninda
kanin damarlara uyguladigi basingta degisimler meydana gelir. Elimizi damar
tizerine bastirdigimizda bu basinct hissedebiliriz. Kanin damarlarda olusturdugu bu

basing nabiz denilen degiskenin ortaya ¢ikmasini saglar.

Kalbin bir dakikada pompaladigi kan miktar1 kardiyak cikis olarak adlandirilir.
Dolayisiyla kalbin bir atimda pompaladigi kan miktar1 ile atim sayisi ¢arpilirsa
kardiyak ¢ikis degerine ulasilir. Bu deger kalbin verimliligi ile ilgili parametrelerden

biridir [17].

Nabiz degeri kisinin yasina, cinsine, o andaki bulundugu ortama, hareket durumuna
vb. bagl olarak degisim gosterir. Hastalik durumlarinda da nabiz degisiminde
bozulmalar meydana gelmektedir. Yetiskinlerde nabiz degeri 60-100 araliginda iken
bebeklerde bu deger 140-150 araliginda olmaktadir. Heyecan, panik gibi durumlarda
nabiz degeri yiiksek ¢ikmaktadir. Nabiz dalga sekli ve nabiz degerlerinden kalp
rahatsizlig1 gibi hastaliklar tespit edilebilmektedir.

Sfignometre aleti ile nabiz egrisinin kagida ¢iktis1 alinabilmektedir. Biiytlik tansiyon

ile kiictlik tansiyon arasindaki fark, nabiz basing degerini vermektedir.
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4.5.1. Nabiz ol¢iimii icin yapilan devrenin besleme kati
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Sekil 4.18. Besleme kat1 devresi

4.5.2. Nabiz olciimii icin tasarlanan devre

a0

Sekil 4.19. Nabiz 6l¢iim devresi

Sekildeki devrede ilk olarak Cny70 kullanilmistir. Cny70 igerisinde infrared led ve
fototransistor vardir. Kanin yogunluguna bagli olarak fototransistdr’den gecen akim
degeri de degisir. Yiikseltme ve filtre islemleri gergeklestirilir. Kalibrasyon ayar1 bir
potansiyometre  araciligit  ile yapilir. R24  direncinden alman sinyal

mikrodenetleyicinin RBO girisine uygulanir. Yazilim ile 15 saniye boyunca nabiz
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degeri Olciiliir. Bu deger dort ile garpilarak nabiz degeri hesaplanmis olur. Benzer
sekilde 10 saniye siiresince bir dl¢clim yapilip ¢ikan deger alt1 ile ¢arpilarak nabiz
degeri hesaplanabilir. Cny70 yerine daha saglikli 6l¢lim yapabilmek igin Nellcor-
D100 probu kullanildi.

> @ |
=

o

€

@
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Sekil 4.20. Prob pin numaralari

Pin aciklamasi su sekildedir:

2: IR. Led’in anodu, kirmizi led’in katodu
3: IR. Led’in katodu, kirmiz1 led’in anodu
5: Fotodiyot anot ucu

7: Sase

9: Fotodiyot katot ucu
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5. SISTEM iCIN HAZIRLANMIS BASKI DEVRE

Sekil 5.1. Sistemin baski devresi

Sistem tasarimi yapilirken ilk olarak 1s1 ve nem 6l¢iim devresi tasarlandi ve ayri bir
kart tizerine baski devresi ¢ikarildi. Is1 ve nem degerleri shtl1 sensorii ile Slgiildii.
Ikinci asamada 151k dl¢iimii igin ayr1 bir devre tasarlandi. Nabiz iginde farkli bir kart
tizerinde tasarim yapildi. Is1, nem, 151k ve nabiz devreleri sekil 5.1 de verilen baski

devre ile tek bir karta aktarild.
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6. MIKRODENETLEYICI iCiN YAZILMIS PROGRAM

@ DEVICE picl16F877A

@ DEVICE pic16F877A, WDT OFF

@ DEVICE pic16F877A, PWRT_OFF

@ DEVICE pic16F877A, PROTECT OFF

@ DEVICE pic16F877A, XT_OSC

DEFINE OSC 4

ADCON 1=%10000000 'REF:VDD, AN0,AN1,AN3 ANALOG DIGERLERI
DIJITAL, SONUCU SAGA YASLA 10 BIT

DEFINE ADC_BITS 10 'A/D ¢evirim sonucu 10 bit
DEFINE ADC CLOCK 3 'Clock kaynag1 (3=rc)
DEFINE ADC_SAMPLEUS 100 'Ornekleme zamani 100 mikro saniye cinsinden.

DEFINE LCD_DREG PORTD 'LCD data port
DEFINE LCD DBIT 4 'LCD data starting bit 0 or 4
DEFINE LCD_RSREG PORTB 'LCD register select port
DEFINE LCD_RSBIT 1 'LCD register select bit
DEFINE LCD_EREG PORTC 'LCD enable port
DEFINE LCD_EBIT 7 'LCD enable bit
;DEFINE LCD RWREG PORTC 'LCD read/write port
;DEFINE LCD RWBIT 1 'LCD read/write bit
DEFINE LCD_BITS 4 'LCD bus size 4 or 8
DEFINE LCD_LINES 4 'Number lines on LCD

; Low PORTC.1 'LCD R/W line low (W)

; Pause 100 ' Wait for LCD to start up

LCDOUT $FE,$40,$6,$9,$9,$6,$0.$0,$0,$0 'derece isareti datalar
LCDOUT $FE,$48,504,50¢,50e,$0¢e,$11,$04,$04,50
LCDOUT $FE,$50,10,0,14,17,17,17,14,0
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LCDOUT S$FE,$58, 15, 16, 16, 14, 1, 13, 30, 0 'S KARAKTERI BILGISI (SIRA

NO:3)

TRISC.6=0
;OPTION_REG.7=0
trisB=%11110001
;portB=0
;trisa=%00000000
PORTA=0

SES VAR PORTC.6

ISIB var byte

ISION var byte
NEMB VAR BYTE
NEMON VAR BYTE
AA var byte

BB var byte

CC var byte

DD var byte

degiskenler

Y VAR BIT
KONTROL VAR BYTE
ISI1 VAR BYTE

ISI2 VAR BYTE

Ul VAR BYTE

U2 VAR BYTE

CO0 VAR BYTE

4 VAR BYTE

HO VAR HAM.BYTEO
H1 VAR HAM.BYTEI
HAM VAR WORD
RAW var word



ISI VAR WORD
RUT VAR WORD
P1 VAR WORD
P2 VAR WORD
P3 VAR WORD
C VAR WORD
B VAR WORD
W VAR WORD
CLKK VAR PORTB.2
DTAA VAR PORTB.3
ISARET VAR BIT 'sensor degeri O ise art1, 1 ise eksi
SIGN VAR BIT ‘'isiisareti 0 ise art1 1 ise eksi
HATA var BIT
LCDOUT $FE,1, "GAZi UNiVERSITESi "
LCDOUT $FE,$C0,"BiYOKAM "
LCDOUT $FE.$D4,3,"ERiF CALI",3,"KAN "
LCDOUT $FE,$94,"KUV",2,"Z KONTROL "
PAUSE 4000
SETSA VAR BYTE
SETSU VAR BYTE
EEPROM 0,[20,25]
ROLE VAR PORTC.0
ROLE=0
TRISC.0=0
TRISE.2=1
X VAR WORD
X1 VAR WORD

' BASLANGIC

TUS VAR BYTE
TUS=50
CLEAR
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READ 0,SETSA
READ I,SETSU
PAUSE 500:ISARET=0

gosub reset :GOSUB T _START

1

INTCON=%10110000 'BO VE TMRO ACIK
OPTION_REG=%10000100 '"PRE=1/32 YUKSELEN KENAR - PULLUP YOK
ON INTERRUPT GOTO KESME

SAYAC VAR BYTE

SURE VAR WORD[10]

ATIS VAR WORD

TMRO=5

I var byte

II VAR BYTE

11=0

=0

NAB VAR WORD[10]

NAB=0

NABIZ VAR WORD

S VAR WORD

1

BASLA:
KONTROL=%00000011:HAM=0 'SICAKLIK OLCME
GOSUB OLCUMAL
Gosub ISTHESAP:GOSUB EKRANI
FOR S=0 TO 250
PAUSE 1
NEXT S
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KONTROL=%00000101:HAM=0 'RUTUBET OLCME
GOSUB OLCUMAL
GOSUB RUTHESAP:GOSUB EKRAN2
FOR S=0 TO 300
pause 1

NEXT S

: LCDOUT $FE,$94,"NABIZ=",DEC3 NABIZ
GOSUB TUSAL
IF TUS=1 THEN SETSA=SETSA+1
IF TUS=2 THEN SETSA=SETSA-1
IF TUS=3 THEN SETSU=SETSU+1
IF TUS=4 THEN SETSU=SETSU-1
IF SETSA<19 THEN SETSA=19
IF SETSU<25 THEN SETSU=25
IF ISI1<=SETSA THEN ROLE=1:LCDOUT $FE,$E0,"ISL. ACIK"
IF ISI1>=SETSU THEN ROLE=0:LCDOUT $FE,$E0," "
S ISIK OKUMA
FOR S=0 TO 100
PAUSE 1
NEXT S

ADCIN 7,X "7 nolu kanaldan ISIK oku ve X degiskenine aktar.
FOR S=0 TO 500

PAUSE 1

NEXT S

BEKLE:

IF ADCONO.2=1 THEN BEKLE 'AKTARMA BITMEDIYSE BEKLE

IF X=X1 THEN BASLA 'OKUNAN DEGER ONCEKIYLE ESITSE TEKRAR
OKU

DISPLAY:



X1=X

IF X<=5 THEN

LCDOUT $FE,$D4, "DU",3,"UKI",3,"IK"
GOTO BASLA

ENDIF

IF X>1000 THEN

LCDOUT $FE,$D4, "YUKSEK I",3,"IK"
GOTO BASLA

ENDIF

LCDOUT $FE,$D4, "ISIK=", #X," LUX"

; GOTO OKU

goto basla

TUSAL:

TUS=50

S1:IF PORTB.7=0 THEN TUS=1:GOTO Sl1
S2:1IF PORTB.6=0 THEN TUS=2:GOTO S2
S3:IF PORTB.5=0 THEN TUS=3:GOTO S3
S4:1F PORTB.4=0 THEN TUS=4:.GOTO S4

IF TUS<>50 THEN SOUND SES,[120,10,127,10]
RETURN

;BASLA:
vtttk okokolok kool QICAKLIK GOSTERME ##kskskssestesteok
; KONTROL=%00000011:HAM=0 'SICAKLIK OLCME
; GOSUB OLCUMAL
; Gosub ISIHESAP
; if ISARET=1 THEN

48



49

;LCDOUT $FE,1,"SICAKLIK = -",DECI ISION,DECI1 ISIB

; LCDOut "SICAKLIK :-",DEC3 ISI1 , "," , DECI ISI2," ",0,"C "
;GOSUB DISPLAY

; ELSE
;GOSUB DISPLAY?2

;LCDOUT $FE,1,"SICAKLIK =",DEC1 ISION,DEC1 ISIB," "

- ENDIF
PAUSE 2000

2

;  KONTROL=%00000101:HAM=0 'RUTUBET OLCME
; GOSUB OLCUMAL
GOSUB RUTHESAP
;GOSUB DISPLAY3
;LCDOUT $FE,$C0,"NEM = %",DEC1 NEMON,DEC1 NEMB
; pause 2000
; goto basla

EEEEEEEEEEELEEEEEERNITY | G(")RGNTULENiYOR****************

2

' EKRANA YAZ
EKRANI1:  LCDOut $FE,2

if ISARET=1 THEN

LCDOut "ISL-".DEC ISIl1 , ",” , DEC1 ISI2,0,"C ","T ALT=",DEC2
SETSA:RETURN

endIF

LCDOut "ISI: ".DEC ISI1 , ") , DEC1 ISI2,0,"C ","T ALT=",DEC2
SETSA:RETURN

EKRAN2: LCDOut $FE,$CO0:
LCDOut "NEM: ".DEC U1, "," , DEC1 U2," % ","T UST=",DEC2 SETSU
RETURN



' ISLEM START

T START:
OUTPUT DTAA:OUTPUT CLKK
HIGH DTAA
LOW CLKK
PAUSE 1
HIGH CLKK
LOW DTAA
PAUSE 1
LOW CLKK
PAUSE 1
HIGH CLKK
PAUSE 1
HIGH DTAA
LOW CLKK
RETURN

' RESET

RESET: OUTPUT DTAA:OUTPUT CLKK"TRISA.0=0:TRISA.1=0'
high DTAA=1
FOR W=0TO 9
HIGH CLKK
pause 1
LOW CLKK
Next W
Return

' SENSORE KOMUT GONDER

OLCUMAL: GOSUB T _Start
SHIFTOUT DTAA,CLKK,1,[KONTROL]
INPUT DTAA
PULSOUT CLKK,10



HATA=0
FOR W=0 to 65500
IF DTAA=0 then EXIT
NEXT W
HATA=1
EXIT: IF HATA=1 then
gosub SENSORYOK
endif
SHIFTIN DTAA,CLKK,0,[H1]
OUTPUT DTAA
LOW DTAA
PULSOUT CLKK,10
INPUT DTAA
SHIFTIN DTAA,CLKK,0,[HO]
PULSOUT CLKK,10

RETURN
' IS HESAP ALT PROGRAMI
ISIHESAP:
if ham<4000 then

ISARET=1 'sicaklik eksi degerde demek
IST1=(4000-HAM)/100
[S12=((4000-ham)//100)/10
goto ISISON
endif
ISI1=(HAM-4000)/100
ISI2=((HAM-4000)//100)/10
ISISON: if HAM>16384 then
IS11=0:IS12=0
endif
ISIB=ISI1 MOD 10
ISION=ISI1/10
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RETURN

' RUTUBET HESAP ALT PROGRAMI

RUTHESAP:
ISI=ISI1*10+ISI2
p1=(26542-(54722**ham+ham))**ham-40
P2=655+(HAM*5)+(HAM**15917)

P3=(P2**(1S1/10+2480))-(P2**2730)+P1 'kompanse edilmis deger

Ul=p3/10:U2=p3//10
IF ham>3710 THEN
ul=0:U2=0
GOTO SENSORYOK
ENDIF
NEMB=U1 MOD 10
NEMON=U1/10

return
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SENSORYOK: LCDOUT $FE,$02," SENSOR YOK "
LCDOUT $FE,$C0," LUTFEN TAKINIZ "
PAUSE 1500
RETURN

1

DISABLE

KESME:

IF INTCON.2=1 THEN 'TMRO GELDIYSE
TMRO=5
SAYAC=SAYAC+1 '8 MSN GECTIYSE sayaci 1 artir
INTCON.2=0

ENDIF

IF INTCON.1=1 THEN 'BO INT GELDiYSE



IF SAYAC<50 OR SAYAC>100 THEN SAYAC=0:GOTO ALA

SURE[I]=SAYAC
=1+1

IF I=10 THEN I=0
: SURE=SAYAC
SAYAC=0

ATIS=(SURE[0]+SURE[1]+SURE[2]+SURE[3]+SURE[4]+SURE[5]+SURE[6]+S

URE[7]+SURE[8]+SURE[9])/10
NAB[I]=60000/(ATIS*8)
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NABIZ=(NAB[0]+NAB[1]+NAB[2]+NAB[3]+NAB[4]+NAB[5]+NAB[6]+NAB[7]

+NAB[8]+NABI[9])/10

LCDOUT $FE,$94,"NABIZ=",DEC3 NABIZ

ALA:

INTCON.1=0

;pause 200
ENDIF
RESUME
ENABLE

END
NABIZ VE SPO2 ICIN YAZILIM

BAS:

Symbol BU = PORTB.0
Symbol SW = PORTB.1
Symbol LED = PORTA.O
Dim Sayac As Byte
Dim SPO As Byte

Dim j As Byte

Dim B As Byte

j=0

B=0

SPO=0



Sayac=0
DelayMS 100
TRISB = %00000011
Cls
Print At 1,1," NABIZ "
Print At2,1," SPO2 "
Sayac=0
DelayMS 100
AA:
IF SW =1 THEN GOTO AA
=1
If Sayac =0 Then
EndIf
While 1=1
Sayac=0
DelayMS 100
Sayac = Counter PORTB.0,900
Sayac= 50 * Sayac
DelayMS 100
Cls
If SPO <60 Then
Elself SPO > 100 Then
Else
EndIf
Print At 1,1," NABIZ=", Dec Sayac,
Sayac=0
DelayMS 1000
GH3:
GOTO GH3
Wend
ERRI:
Print At 1,1," ERR"
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Print At2,1," "

SS2:
GOTO SS2

GH2:

Cls

Print At2,1," SPO2 "

DelayMS 200

Cls

B=1
If SPO =0 Then
EndIf

While 1=1

SPO=0

DelayMS 500

SPO = Counter PORTB.0,3000

DelayMS 500

SPO=2 * SPO

asm
ADDWF PCL,F
RETLW 0x80
RETLW 0xE6
RETLW 0x12
RETLW 0x42
RETLW 0x64
RETLW 0x48
RETLW 0x08
RETLW 0xE2
RETLW 0x00
RETLW 0x40
RETLW 0x18
RETLW 0x3E
RETLW 0x70



RETLW 0x7E
RETLW 0x24
RETLW 0xBE
RETLW OxFE
RETLW 0x1C
endasm
Cls
Print At2,1," SPO2=","%", Dec SPO,
B=B+1
SS1:
GOTO SS1
Wend

End
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7. SONUC VE ONERILER

Yenidogan bebeklerden bazilari, ¢esitli nedenlerden dolayi, yeni ortama aligmakta
zorluk ¢ekmektedirler. Bu durumda gelisen teknolojiden yararlanarak bu bebeklerin
bliyiilk cogunlugunun hayatta kalmalar1 saglanabilir. Yeni dogan, premature
bebeklerin hayatta kalmalarini saglayacak cihazlar, her gecen giin daha da
gelismektedir. Bu tezde yeni dogan iinitelerine 06zgli bir kuvdz tasarimi

gergeklestirildi.

Sicaklik ve nem degerleri, bebekler i¢in ¢ok oOnemli iki parametredir. Kuvoz
icerisindeki bu degerlerin Olgiilmesi saglandi. Bu olglimler i¢in Shtll sensorii
kullanildi. Mikrodenetleyici sicakliga bagli olarak bir role vasitasi ile rezistansi
devreye sokmakta veya devreden g¢ikarmaktadir. Tus takimi ile belirli bir sicaklik

degeri girilmekte ve sistem ortam sicakligini1 bu degerde tutulur.

Ortam 151811n Olglilmesi i¢in Lx1972 sensorii kullanildi. Gerekli yiikselte¢ ve filtre
devreleri tasarlanarak ortam 15181 hassas bir sekilde 6l¢iildii. Ortamdaki 151k miktari

istenilen araligin disina ¢iktiginda sistem sesli ve goriintiilii uyar1 vermektedir.

Bebeklerde bir diger 6nemli parametre ise nabizdir. Tasarlanan devre ile parmaktan

nabiz ve spo2 Ol¢limleri basarili bir sekilde gergeklestirildi.

Piyasada, kullanilan bu sensorlerden ¢ok daha hassas olarak dl¢iim yapan sensorler
bulunmaktadir. Sensor kalitesi arttik¢a sistemin maliyeti de ¢ok artar. Daha hassas

Ol¢tim gereken durumlarda bu sensdrler kullanilabilir.
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EK-1. Lx1972 1s1k sensorii datasheet

& Microsemi,

DESCRIPTION

The LX1972 15 a low cost silicon
light sensor with spectral response that
closely emulates the human eye.

Patented circuttry produces peak
spectral response at 520nm. with IR
response less than +£5%. of the peak
response. above 200nm.

The photo sensor is a PIN diode array
with a linear. accurate, and very
repeatable current transfer function
High gamn current mirrors on the chip
multiply the PIN diode photo-current
to a sensitivity level that can be
voltage scaled with a standard value
external resistor. Output current from
this simple to use two-pin device can
be used directly or converted to a
voltage by placing it in series with a
single resistor at either of its two pins.

LX1972

DD

Dynamic range is determined by the
resistors (typically in the range of 10K
to 100K) and power supply wvalues.
Typically the LX1972 needs only 1.8V
of headroom to operate at 1000 Lux
illumination.

Internal temperature compensation
allows dark current to be kept below
200nA over the full specification
temperature range (-40 to +85°C),
providing high accuracy at low light
levels. Usable ambient light conditions
range is from 1 to more than 5000 Lux.

The LXI1972 is optimzed for
controlling back lighting systems in low
cost consumer products such as LCD
TV. portable computers. and digital
cameras.

IMPORTANT: For the most current data, consult MICROSEMI s website: http:/ ' www.microzemmi.com

PRODUCT HIGHLIGHT

——

Ambient Light Detector
PRODUCTION SPECIFICATION

LX1972

d___KEY FEATURES |

Ambient Light

PACKAGE ORDER INFO
Plastic 1206

11 (0) 2-Pin
4010 85 LX19721BC

Mote: Available in Tape & Reel. Append the letters "“TR" to

the part number. (i.e. LX1972IBC-TR)

Near Human Eye Spectral
Response

Very Low IR Sensitivity

Highly Accurate & Repeatable
Output Current vs. Light
Scalable Output Voltage
Temperature Stable
Integrated High Gain Photo
Current Amplifiers

No Optical Filters Needed

d___arriications |

Portable Electronic Displays
LCD TV Backlight Systems
Digital Still Cameras (DSC)
Desk top Monitors
MNotebook Computers

LX1972 Top View
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Ek-1. (Devam) Lx1972 1s1k sensorii datasheet

&> Microsemi i

Ambient Light Detector

PRODUCTION SPECIFICATION

’ ABSOLUTE MAXIMUM RATINGS ’ PACKAGE PIN OUT

Supply Input Voltage o033V 10 6V VDD
Ground Current. ... . Internally Limited
Operating Temperature Range . -40°C to 85°C

Maximum Operating Junction Temperature .. 150°C
Storage Temperature Range. ... 65°C to 150°C
Peak Package Solder Reflow Temp. (40 second max. exposure) ... 255°C (+5, -0)

AY

Note: Exceeding these ratings could cause damage to the device. All voltages are with respect to
Ground. Currents are positive into, negative out of specified terminal.

4 THERMALDATA | Lﬂl

Plastic 1206 2-Pin
THERMAL RESISTANCE-JUNCTION TO AMBIENT, 6, | 850°C/w VSS
BC PACKAGE
Junction Temperature Calculation: Ty =Ty + (Ppx 8a). (Top View)
The 674 numbers are gudelines for the thermal performance of the device/pe-board system. All of the
above assume no ambient airflow. Pb-free Gold Lead Finish
’ FUNCTIONAL PIN DESCRIPTION
Name Description
VDD | Positive Terminal
VSS | Negative Terminal
} CHARACTERISTIC CURVES
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’ ELECTRICAL CHARACTERISTICS

otherwise noted and the following test conditions: See Note 1. Vpp =5V, Rgs = 10K

LX1972

& Microsemi

PRODUCTION SPECIFICATION

Unless otherwise specified, the following specifications apply over the operating ambient temperature 40°C < Ty < 85°C except where

Ey = 14.6uW/cm®, Note 2

Light Current Iss Ev= 146!.1chm2, Note 2
Ev = 292uW/cm’, Note 2,
Gain Linearity 14.6uWicm” < Ey < 146pWicm” @ 25°C

Ey = DuWicny?, T, = 25°C
Ey = OpWicm®
Power Supply Rejection Ratio PSRR [ Vmipre = 10mVperp, T = 10kHZ

Radiant Sensitive Area
Notes:

Dark Current looioark)

peak k. = 550nm.
2. See Figure 1.
3.  See Figure 2.

‘ Parameter ‘ Symbol ‘ Test Conditions | o IU'(I'1y9|:2| . | Units ‘
P RESPONSE
Peak Spectral Response her 520 nm
I (1) Evizstnm) = 29-2!_.¢Wa’cm%, Current_ responsivity
Infrared Response ——=—— | change with additional direct light input of 5 1 5 %
loo(he=) | 292u\WWiem? at 910nm, Note 3
Ev = 14 6uWicn?, lss = 10uA 12 | 14
Minimum Operational Voltage | Vpo-Ves | Ey = 146!.1chm2, lss = 100pA 18 21 A
Ev = 292uWicnT’, Iss = 200uA 22 26

75 10 | 125 |
75 100 | 125 | uA
150 | 200 | 250

-15 15 | %
0.010 | 50
200 | ™
25 dB_
0.04 mm*

1. The input irradiance (Ev) is supplied from a white light-emitting diode (LED) optical source adjusted to impose the specified Ev ata

VDD

]

LX1972

VSS
10kQ

VD:
I
LX1972
White %
3 Y3
White
910nm
- © Vss  LED
10kQ 1
- =
Figure 1 = Operational Voltage Measurement Circuit Figure 2 - IR Sensitivity Measurement Circuit
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’ PACKAGE DIMENSIONS

2-Pin 1206 Standard Carrier

M ol
|1
i —
T Side Lx [ P 1 ineater
} N 1
1.50mm “}-: C
0.06in _p'/
{ f i 1.50mm
L 0.06in
— el 20mm [FSS—
1. 50mm 0.08in
0.08in

[0 Superimposed
1206 Package

Ambient Light Detector
PRODUCTION SPECIFICATION

LX1972

Note:

I VLuMETERS | INCHES |
Dim [ MIN | MAX | MIN | MAX
A 095 | 1.25 | 0.037 | 0.049
B 40 70 | 0.016 | 0.028
D 305 | 335 | 0.120 | 0.132
E 1.85 | 2.15 | 0.073 | 0.085
H 035 | 065 | 0.014 | 0.026
M 3% nom 3% nom
P 145 | 175 | 0.057 [ 0.069
R 0.25 nom 0.010 nom
X | 002 | 004 | 0.0008 |0.0016

Dimensions do not include protrusions; these shall not excee
0.155mm (.0067) on any side.

Recommended Soldering Pattern for reflow soldering of the
BC (1206) package.

Basic specification is < 5 seconds @ 260°C when applying

solder.
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Datasheet SHT1x (SHT10, SHT11, SHT19)

Humidity and Temperature Sensor

= Fully calibrated

= Digital output

= | ow power consumption

» Excellent long term stability

» SMD type package - reflow solderable

Product Summary

SHT1x (including SHT10, SHT11 and SHT15) is
Sensirion's family of surface mountable relative humidity
and temperature sensors. The sensors integrate sensor
elements plus signal processing on a tiny foot print and
provide a fully calibrated digital output A unique
capacitive sensor element is used for measuring relative
humidity while temperature is measured by a band-gap
sensor. The applied CMOSens® technology guarantees
excellent reliability and long term stability. Both sensors
are seamlessly coupled to a 14bit analog to digital
converter and a serial interface circuit. This results in
superior signal quality, a fast response time and
insensitivity to external disturbances (EMC).

Dimensions
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Figure 1: Drawing of SHT1x sensor packaging, dimensions in
mm (1mm = 0.03%inch). Sensor label gives “11" for SHT11 as
an example. Contacts are assigned as follows: 1:GND, 2:DATA,
3:SCK, 4vDD.

Each SHT1x is individually calibrated in a precision
humidity chamber. The calibration coefficients are
programmed into an OTP memory on the chip. These
coefficients are used fo internally calibrate the signals
from the sensors. The 2-wire serial interface and internal
voltage regulation allows for easy and fast system
integration. The tiny size and low power consumption
makes SHT1x the ultimate choice for even the most
demanding applications.

SHT1x is supplied in a surface-mountable LCC (Leadless
Chip Carrier) which is approved for standard reflow
soldering processes. The same sensor is also available
with pins (SHT7x) or on flex print (SHTA1).

Sensor Chip

SHT1x V4 - for which this datasheet applies - features a
version 4 Silicon sensor chip. Besides the humidity and
temperature sensors the chip contains an amplifier, AID
converter, OTP memory and a digital interface. V4 sensors
can be identified by the alpha-numeric traceability code on
the sensor cap - see example “A5Z" code on Figure 1.

Material Contents

While the sensor is made of a CMOS chip the sensor
housing consists of an LCP cap with epoxy glob top on an
FR4 substrate. The device is fully RoHS and WEEE
compliant, thus it is free of Pb, Cd, Hg, Cr(6+), PBB and
PBDE.

Evaluation Kits

For sensor trial measurements, for qualification of the
sensor or even experimental application (data logging) of
the sensor there is an evaluation kit EK-H4 available
including SHT71 (same sensor chip as SHT1x) and 4
sensor channels, hard and software to interface with a
computer, For other evaluation kits please check
www.sensirion.com/humidity.

www.sensirion.com
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Sensor Performance
Relative Humidity
Parameter Condition min | typ | max | Units
Resolution 04 | 0.05 | 0.05 | %RH
8 12 | 12 bit

Accuracy ? typical +4.5 %RH
SHT10 maximal see Figure 2
Accuracy ? typical | +3.0 | %RH
SHT1 maximel see Figure 2
Accuracy 2 typical | +2.0 | %RH
SHT1S maximal see Figure 2
Repeatability 0.1 %RH
Hysteresis +1 %RH
Non-linearity linearized << %RH
Response time * |t (63%) 8 s
Operating Range 0 100 | %RH
Long term drift 4 |normal <05 %RHAT

+10

+8 -
g +6 -
£ SHT10
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< \ SHT11 /

27 SHT15

+0 T T T

0 10 20 30 40 50 60 70 80 90 100
Relative Humidity (%RH)

Figure 2: Maximal RH-tclerance at 25°C per sensor type.

Electrical and General Items

Parameter Condition | min | typ | max | Units

Source Voltage 24 | 33 | 55 v
sleep 2 5 W

Power ‘

Consumption s |Measuring 3 mwW
average 90 uw

Communication |digital 2-wire interface, see Communication

Storage 10 - 50°C (0 - 125°C peak), 20 - 60%RH

The defaull measurement resolution of is 14bit for temperature and 12bit for
humidity. It can be reduced to 12/8bit by command to status register.
Accuracies are tested at Outgoing Quality Control at 25°C (77°F) and 3.3V
Values exclude hysteresis and are applicable to non-condensing environments
anly

Time for reaching 63% of a step function, valid at 25°C and 1 mis airflow

~

w
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Temperature
Parameter Condition | min | typ | max | Units
miealiiaA s 0.04 | 001|001 °C
12 14 14 | bit
Accuracy 2 typical +0.5 °C
SHT10 maximal see Figure 3
Accuracy ? typical ‘ +0.4 | °C
SHT11 maximal see Figure 3
Accuracy?  [typical | 103 ] °C
SHT15 maximal see Figure 3
Repeatability +0.1 °C
Operating Range 40 L]
-40 2549 | °F
Response Time © |z (63%) b 30 s
Long term drift <0.04 °Chyr

-40 -20 0 20 40 60 80 100
Temperature (°C)

Figure 3: Maximal T-tolerance per sensor type.

Packaging Information

Sensor Type Packaging | Quantity | Order Number
SHT10 Tape & Reel 2000 1-100218-04
Tape & Reel 100 1-100051-04
SHT11 Tape & Reel 400 1-100098-04
Tape & Reel 2000 1-100524-04
SHT15 Tape & Reel 100 1-100085-04
Tape & Reel 400 1-100093-04

This datasheet is subject to change and may be
amended without prior notice.

rs

Value may be higher in environmenls with high contents of volatile crganic
compounds. See Section 1.3 of Users Guide

Values for VDD=3.3V at 256°C, average value at one 12bit measurement
per second

Response time depends on heat capacity of and thermal resistance to
sensor substrate

o

-

www.sensirion.com

Version 4.3 - May 2010 211
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Users Guide SHT1x

1 Application Information

1.1 Operating Conditions

Sensor works stable within recommended normal range -
see Figure 4. Long term exposures to conditions outside
normal range, especially at humidity >80%RH, may
temporarily offset the RH signal (+3 %RH after 60h). After
return to normal range it will slowly return towards
calibration state by itself. See Section 1.4 "Reconditioning
Procedure” to accelerate eliminating the offset. Prolonged
exposure fo extreme conditions may accelerate ageing.
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Figure 4: Operating Conditions

1.2 Soldering instructions

For soldering SHT1x standard reflow soldering ovens may
be used. The sensor is qualified to withstand soldering
profile according to IPC/JEDEC J-STD-020D with peak
temperatures at 260°C during up to 40sec including Pb-
free assembly in IR/Convection reflow ovens.
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la—critical zone— _.
Time

Figure 5: Soldering profile according to JEDEC standard. Te <=

260°C and tr < 40sec for Pb-free assembly. Ty <220°C and t, <
150sec. Ramp-up/down speeds shall be < 5°C/sec.

For soldering in Vapor Phase Reflow (VPR) ovens the
peak conditions are limited to Tp < 233°C during te <
60sec and ramp-up/down speeds shall be limited to
10°Clsec. For manual soldering contact time must be
limited to 5 seconds at up to 350°C’.

T 233°C = 451°F, 260°C = 500°F, 350°C = 662°F

SENSIRION
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IMPORTANT: After scldering the devices should be stored
at >75%RH for at least 12h to allow the polymer to re-
hydrate. Otherwise the sensor may read an offset that
slowly disappears if exposed to ambient conditions.
Alternatively the re-hydration process may be performed at
ambient conditions (>40%RH) during more than 5 days.

In no case, neither after manual nor reflow scldering, a
board wash shall be applied. Therefore it is strongly
recommended to use “no-clean” solder paste. In case of
application with exposure of the sensor to corrosive gases
or condensed water (i.e. environments with high relative
humidity) the soldering pads shall be sealed (e.g.
conformal coating) to prevent loose contacts or short cuts.

For the design of the SHT1x footprint it is recommended to
use dimensions according to Figure 7. Sensor pads are
coated with 35um Cu, 5um Ni and 0.1pm Au.

<24

|..L97> _.|107F

747
rt@ —{ 138 fe—

- ——

L

274127 11271
750

461
No copper in this field

Figure 7: Recommended footprint for SHT1x. Values in mm.

1.3  Storage Conditions and Handling Instructions

It is of great importance to understand that a humidity
sensor is not a normal electronic component and needs to
be handled with care. Chemical vapors at high
concentration in combination with long exposure times
may offset the sensor reading.

For these reasons it is recommended to store the sensors
in original packaging including the sealed ESD bag at

www.sensirion.com
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following conditions: Temperature shall be in the range of
10°C - 50°C (0 - 125°C for limited time) and humidity at
20 - 60%RH (sensors that are not stored in ESD bags).
For sensors that have been removed from the original
packaging we recommend to store them in ESD bags
made of metal-in PE-HD®,

In manufacturing and transport the sensors shall be
prevented of high concentration of chemical solvents and
long exposure times. Out-gassing of glues, adhesive tapes
and stickers or out-gassing packaging material such as
bubble foils, foams, etc. shall be avoided. Manufacturing
area shall be well ventilated.

For more detailed information please consult the
document “Handling Instructions” or contact Sensirion.

1.4  Reconditioning Procedure

As stated above extreme conditions or exposure to solvent
vapors may offset the sensar. The following reconditioning
procedure may bring the sensor back to calibration state:

Baking: 100 - 105°C at < 5%RH for 10h
Re-Hydration:  20-30°C at ~ 75%RH for 12h ©,

1.5 Temperature Effects

Relative humidity reading sfrongly depends on
temperalure. Therefore, it is essential to keep humidity
sensors al the same temperalure as the air of which the
relative humidity is to be measured. In case of testing or
qualification the reference sensor and test sensor must
show equal temperature to allow for comparing humidity
readings.

If the SHT1x shares a PCB with electronic components
that produce heat it should be mounted in a way that
prevents heat fransfer or keeps it as low as possible.
Measures to reduce heat fransfer can be ventilation,
reduction of copper layers between the SHT1x and the
rest of the PCB or milling a slit into the PCB around the
sensor (see Figure 8).

Figure 8: Top view of example of mounted SHT1x with slits
milled into PCB to minimize heat transfer.

8 For example, 3M anfistatic bag, product “1910" with zipper

8 75%RH can conveniently be generated with saturated MaCl solution
100 - 105°C correspond to 212 - 221°F, 20 - 30°C correspond to 68 - 86°F

SENSIRION

THE SENSOR COMPANY

Furthermore, there are self-heating effects in case the
measurement frequency is too high. Please refer to
Section 3.3 for detailed information.

16 Light

The SHT1x is not light sensitive. Prolonged direct
exposure to sunshine or strong UV radiation may age the
housing.

1.7 Membranes

SHT1x does not contain a membrane at the sensor
opening. However, a membrane may be added to prevent
dirt and droplets from entering the housing and to protect
the sensor. It will also reduce peak concentrations of
chemical vapors. For optimal response times the air
volume behind the membrane must be kept minimal.
Sensirion recommends and supplies the SF1 filter cap for
optimal IP54 protection (for higher protecticn - i.e. IP67 -
SF1 must be sealed to the PCB with epoxy). Please
compare Figure 9.

{

- membrane L~ o-fing

g housing S

N _ <

&% Melted plastic pin

Figure 9: Side view of SF1 filter cap mounted between PCB and
housing wall. Volume below membrane is kept minimal.

1.8  Materials Used for Sealing / Mounting

Many materials absorb humidity and will act as a buffer
increasing response times and hysteresis. Materials in the
vicinity of the sensor must therefore be carefully chosen.
Recommended materials are; Any metals, LCP, POM
(Delrin), PTFE (Teflon), PE, PEEK, PP, FB, PPS, PSU,
PVDF, PVF.

For sealing and gluing (use sparingly): Use high filled
epoxy for electronic packaging (e.g. glob top, underfill),
and Silicone. Out-gassing of these materials may also
contaminate the SHT1x (see Section 1.3). Therefore try to
add the sensor as a last manufacturing step to the
assembly, store the assembly well ventilated after
manufacturing or bake at >50°C for 24h to outgas
contaminants before packing.

1.9  Wiring Considerations and Signal Integrity

Carrying the SCK and DATA signal parallel and in close
proximity (e.g. in wires) for more than 10cm may result in
cross ltalk and loss of communication. This may be

WWW.sensirion.com
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resolved by routing VDD andfor GND between the two
data signals andfor using shielded cables. Furthermore,
slowing down SCK frequency will possibly improve signal
integrity. Power supply pins (VDD, GND) must be
decoupled with a 100nF capacitor if wires are used.
Capacitor should be placed as close to the sensor as
possible. Please see the Application Note ‘ESD, Latch-up
and EMC” for more information.

1.10 ESD (Electrostatic Discharge)
ESD immunity is qualified according to MIL STD 883E,
method 3015 (Human Body Model at +2 kV).

Latch-up immunity is provided at a force current of
+100mA with Tams = 80°C according to JEDECT78A. See
Application Note "ESD, Latch-up and EMC" for more
information.

2 Interface Specifications

Pin | Name Comment

1| GND |Ground

2 | DATA |[Serial Data, bidirectional
SCK  |Serial Clock, input only
4 | VDD |[Source Voltage

NC| NC |Mustbe left unconnected

NC

FNGERRE S

Table 1: SHT1x pin assignment, NC remain floating.

21  Power Pins (VDD, GND)

The supply voltage of SHT1x must be in the range of 2.4 —
5.5V, recommended supply voltage is 3.3V. Power supply
pins Supply Voltage (VDD) and Ground (GND) must be
decoupled with a 100 nF capacitor - see Figure 10.

The serial interface of the SHT1x is optimized for sensor
readout and effective power consumption. The sensor
cannot be addressed by I2C protocol; however, the sensor
can be connected to an °C bus without interference with
other devices connected to the bus. The controller must
switch between the protocols.

VoD GND

Micro-
Controller
(Master)

LLLLLILLELLNE
(TR

24-55V GND

Figure 10: Typical application circuit, including pull up resistor
Re and decoupling of VDD and GND by a capacitor.

SENSIRION
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2.2 Serial clock input (SCK)

SCK is used to synchronize the communication between
microcontroller and SHT1x. Since the interface consists of
fully static logic there is no minimum SCK frequency.

23  Serial data (DATA)

The DATA tri-state pin is used to transfer data in and out
of the sensor. For sending a command to the sensor,
DATA is valid on the rising edge of the serial clock (SCK)
and must remain stable while SCK is high. After the falling
edge of SCK the DATA value may be changed. For safe
communication DATA valid shall be extended Tsy and Tho
before the rising and after the falling edge of SCK,
respectively — see Figure 11, For reading data from the
sensor, DATA is valid Ty after SCK has gone low and
remains valid until the next falling edge of SCK.

To avoid signal contention the microcontroller must cnly
drive DATA low. An external pull-up resistor (e.g. 10kQ) is
required to pull the signal high - it should be noted that
pull-up resistors may be included in /O circuits of
microcontrollers. See Table 2 for detailed 1/O characteristic
of the sensor.

24 Electrical Characteristics

The electrical characteristics such as power consumption,
low and high level input and output voltages depend on
the supply voltage. Table 2 gives elecfrical characteristics
of SHT1x with the assumption of 5V supply voltage if not
stated otherwise.

Parameter Conditions min | typ | max Units
Power supply DC'0 24 133|565V
measuring 055 1 mA
Supply current average'! 2 28 pA
sleep 03] 15  pA
Low level output
voltage loL < 4 mA 0 250 mV
High level output —|p <25k | 90% 100% VDD
voltage
Low level input s .
voltage Negative going| 0% 20% VDD
High level input o ; o 4
voltage Positive going | 80% 100% VDD
Input current on pads 1 pA
Output current on. 4| A
Tri-stated (off) 10 | 20 pA

Table 2: SHT1x DC characteristics. Rp stands for pull up
resistor, while lov is low level output current.

10 Recommended voltage supply for highest accuracy is 33V, due to sensor
calibration

1 Minimum value with ane measurement of Bbit resolution without OTP reload
per second. Typical value with one measurement of 12bit resolution per
second

WWWw.sensirion.com
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Absolute maximum ratings for VDD versus GND are +7V
and -03V. Exposure to absolute maximum rating
conditions for extended periods may affect the sensor
reliability (e.g. hot carrier degradation, oxide breakdown).
For proper communication with the sensor it is essential to
make sure that signal design is strictly within the limits
given in Table 3 and Figure 11.

Tsox

] Tro
] Tro

e W ey == 80%
2 S T KL 2
Figure 11: Timing Diagram, abbreviations are explained in

Table 3. Bold DATA line is controlled by the sensor, plain DATA
line is controlled by the micro-controller. Note that DATA valid

SENSIRION

THE SENSOR COMPANY

3.2 Sending a Command

To initiate a transmission, a Transmission Start sequence
has to be issued. It consists of a lowering of the DATA line
while SCK is high, followed by a low pulse on SCK and
raising DATA again while SCK is sfill high — see Figure 12.

SCK

i (]
Figure 12: "Transmission Start" sequence

The subsequent command consists of three address bits
(only ‘000" is supported) and five command bits. The
SHT1x indicates the proper reception of a command by
pulling the DATA pin low (ACK bit) after the falling edge of
the 8th SCK clock. The DATA line is released (and goes
high) after the falling edge of the 9th SCK clock.

read time is triggered by falling edge of anterior toggle. Command Code
Reserved 0000x

Parameter Conditions | min | typ | max | Units Measure Temperature 00011
VDD>45V| 0 | 01| 5 |MHz Measure Relative Humidity 00101

Fsck |SCK Freguency -
VDD <45v| 0 [ 01| 1 |MHz Read Status Register 00111
Teok |SCK hilow time 100 ns \;{V“‘e 3:‘“5 Reghtor 2%10 —
; " - eserv x-1110x
SN (ECknaEi e 1|20 ns Soft reset, resets the interface, clears the 11110
Teo |DATA fall ime OL=5F |35(10 | 20 | ns status register to default values. Wait minimum
FO
OL=100pF| 30 | 40 [200] ns 11 ms before next command

Tro [DATA rise time =™ g
Ty |DATA valid time 200 | 250 | ** | ns
Tsu  |DATA setup time 100 {150 | ** | ns
Tuo |DATA hold time 10 | 15 | ***| ns

Tr max + Tr max= (Fsox)* — Tsorn — Tsere
Tro 1s determined by the Re*Cew time-constant at DATA line

Tv_max and Tsu max depend on external pull-up resistor (Re) and total bus
line capacitance (Cbus) at DATA line

wahn

Tro max < Tv—max (Tro, Tro)

Table 3: SHT1x I/O signal characteristics, OL stands for Output
Load, entities are displayed in Figure 11.

3 Communication with Sensor

3.1  Startup Sensor

As a first step the sensor is powered up to chosen supply
voltage VDD. The slew rate during power up shall not fall
below 1Vims. After power-up the sensor needs 11ms to
get to Sleep State. No commands must be sent before
that time.

Table 4: SHT1x list of commands
3.3 Measurementof RHand T

After issuing a measurement command (‘00000101 for
relative  humidity, ‘00000011" for temperature) the
controller has to wait for the measurement to complete.
This takes a maximum of 20/80/320 ms for a 8/12/14bit
measurement. The time varies with the speed of the
internal oscillator and can be lower by up to 30%. To
signal the completion of a measurement, the SHT1x pulls
data line low and enters Idle Mode. The controller must
wait for this Data Ready signal before restarting SCK to
readout the data. Measurement data is stored until
readout, therefore the controller can continue with other
tasks and readout at its convenience.

Two bytes of measurement data and one byte of CRC
checksum (optional) will then be transmitted. The micro
controller must acknowledge each byte by pulling the
DATA line low. All values are MSB first, right justified (e.g.
the 5t SCK is MSB for a 12bit value, for a 8bit result the
first byte is not used).

WWw.sensirion.com
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Communication terminates after the acknowledge bit of
the CRC data. If CRC-8 checksum is not used the
controller may terminate the communication after the
measurement data LSB by keeping ACK high. The device
automatically returns to Sleep Mode after measurement
and communication are completed.

Important; To keep self heating below 0.1°C, SHT1x
should not be active for more than 10% of the time - e.g.
maximum one measurement per second at 12bit accuracy
shall be made.

34 Connection reset sequence

If communication with the device is lost the following signal
sequence will reset the serial interface: While leaving
DATA high, toggle SCK nine or more times — see Figure
13. This must be followed by a Transmission Start
sequence preceding the next command. This sequence
resets the interface only. The status register preserves its
content.

Figure 13: Connection Reset Sequence

3.5 CRC Checksum calculation

The whole digital transmission is secured by an 8bit
checksum. It ensures that any wrong data can be detected
and eliminated. As described above this is an additional
feature of which may be used or abandoned. Please
consult Application Note “CRC Checksum" for information
on how to calculate the CRC.

SENSIRION
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3.6  Status Register

Some of the advanced functions of the SHT1x such as
selecting measurement resolution, end-of-battery notice,
use of OTP reload or using the heater may be activated by
sending a command to the status register. The following
section gives a brief overview of these features.

After the command Status Register Read or Status
Register Write — see Table 4 — the content of 8 bits of the
status register may be read out or written. For the
communication compare Figure 14 and Figure 15 - the
assignation of the bits is displayed in Table 5.

[TTTT
200000110§% SlalusReglsleré
[
Figure 14: Status Register Write
o TTTTTTILJTITTTT,
afojajolofaj11]1 Sz StalusRIeg;ster Sz {Checksum g
[EEEENE [

Figure 15: Status Register Read

Examples of full communication cycle are displayed in
Figure 16 and Figure 17.

Wait for ‘l[llx

£10]0|0| Command DATAreadyo J|MI‘SBI| =]
[TTTTTI TTTTTTI

LS8 8|8|  ochecksim |3
L] LI

Figure 16. Overview of Measurement Sequence. TS = Trans-
mission Start, MSB = Most Significant Byte, LSB = Last
Significant Byte, LSb = Last Significant Bit.

Transmission Start Address = ‘000" Command = ‘00101 Measurement
A2 A1 AD|IC4 C3 C2 C1 CO |ACK (80ms for 12bit)
SCK
— : Sensor pulls DATA i lowafler
i AN\ e
Idle Bits Msb 12bit Humidity Data 15D | e S cainateson
15 14 13 1211 ACK 7 6 0 ACK
SCK
DATA [\ I / \ | \i
an T
MSb CRC-8 Checksum LSb Sleep (wait for next Transmission Start
7 6 5 4 3 2 1 0 ACK measurement)
SCK

DATA / \/\.‘

Ny

Figure 17: Example RH measurement sequence for value "0000'0100°0011°0001" = 1073 = 3550%RH (without temperature
compensation). DATA valid times are given and referenced in boxes on DATA line. Bold DATA lines are controlled by sensor while plain

lines are controlled by the micro-controller.
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Bit |Type |Description Default
7 reserved 0
End of Battery (low voltage No default value,
6 IR detection) ¥ bit is only updated
‘0" for VDD > 2.47 aftera
1" for VDD < 2.47 measurement
5 reserved 0
4 reserved 0
3 For Testing only, do notuse | 0
2 |RW |Heater 0 |off
1 |[RW |no reload from OTP 0 |reload
"1"= 8bit RH/ 12bit Temp.
resolution 12bit RH
O 1RW = 126t RH / 14bit Temp. | O [14bit Temp.
resolution

Table 5: Status Register Bits

Measurement _resolution: The default measurement
resolution of 14bit (temperature) and 12bit (humidity) can
be reduced to 12 and 8bit. This is especially useful in high
speed or extreme low power applications.

End of Battery function detects and notifies VDD voltages
below 2.47V. Accuracy is +0.05V.

Heater: An on chip heating element can be addressed by
writihg a command into status register. The heater may
increase the temperature of the sensor by 5 — 10°C*2
beyond ambient temperature. The heater draws roughly
8mA @ 5V supply voltage.

For example the heater can be helpful for functionality
analysis: Humidity and temperature readings before and
after applying the heater are compared. Temperature shall
increase while relative humidity decreases at the same
time. Dew point shall remain the same.

Please note: The temperature reading wil display the
temperature of the heated sensor element and not
ambient temperature. Furthermore, the sensor is not
qualified for continuous application of the heater.

OTP reload: With this operation the calibration data is
uploaded to the register before each measurement. This
may be deactivated for reducing measurement time by
about 10ms.

4 Conversion of Signal Output

41  Relative Humidity

For compensating non-linearity of the humidity sensor -
see Figure 18 — and for obtaining the full accuracy of the
sensor it is recommended to convert the humidity readout

12 Corresponds to 9 - 18°F

SENSIRION

S ENSOR COMPANY

(SOrw) with the following formula with coefficients given in
Table 6:

RH,.. =C,+C, SO +C;-S0,," (%RH)
SOrH Ct c2 C3
12 bit -2.0468 0.0367 -1.5955E-6
8 bit -2.0468 0.5872 -4.0845E-4

Table 6: V4 humidity conversion coefficients

The values given in Table 6 are optimized coefficients for
V4 sensors. The parameter set for V3 sensors, which has
been proposed in earlier datasheets, still applies and is
provided by Sensirion upon request.

Values higher than 99% RH indicate fully saturated air and
must be processed and displayed as 100%RH™. Please
note that the humidity sensor has no significant voltage
dependency.

100%

80% -

60% -

40% -

20%
0% + : | T T i

0 500 1000 1500 2000 2500 3000 3500

SOgy sensor readout (12bit)

Relative Humidity

Figure 18: Conversion from SOgw to relative humidity

42 Temperature compensation of Humidity Signal
For temperatures significantly different from 25°C (~77°F)
the humidity signal requires temperature compensation.
The temperature correction corresponds roughly to
0.12%RH/°C @ 50%RH. Coefficients for the temperature
compensation are given in Table 7.

RH1rue = (T"C - 25) (11 +12 g SORH )+ RHinear
SOrx b t2
12 bit 0.01 0.00008
8 bit 0.01 0.00128

Table 7: Temperature compensation coefficients'

43 Temperature

The band-gap PTAT (Proportional To Absolute
Temperature) temperature sensor is very linear by design.

13 If welted excessively (strong condensation of waler on sensor surface),
sensor autput signal can drop below 100%RH (even below 0%RH in some
cases), but the sensor will recover completely when waler droplets
evaporate. The sensor is not damaged by water immersion or condensation

14 Coefficients apply both to V3 as well as to V4 sensors
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Use the following formula to convert digital readout (SOr)
to temperature value, with coefficients given in Table 8:

T=d,+d,-SO,

voD | di°C) | ai(°F) | [sor | @c) | a(°F)
57 | 401 | -402 | [14bit | 001 | 0.018
& | 398 | 396 | [12bit | 004 | 0072
35V | 3e7 | 395
vV | 396 | 393
25V | 334 | 389

Table 8: Temperature conversion coefficients's.

44 Dew Point

SHT1x is not measuring dew point directly, however dew
point can be derived from humidity and temperature
readings. Since humidity and temperature are both
measured on the same monolithic chip, the SHT1x allows
superb dew point measurements.

For dew point (Tq) calculations there are various formulas
to be applied, most of them quite complicated. For the
temperature range of -40 - 50°C the following
approximation provides good accuracy with parameters
given in Table 9;

RH m-T
" f00%) T 4T
T,RHT)=T,- v
RH m-T
m-n —— [———
100%,) T +T

Temperature Range Tn (°C) m
Above water, 0-50°C 243.12 17.62
Aboveice, -40-0°C 272.62 22.46

Table 9: Parameters for dew point (T4) calculation.

Please note that “In(...)" denotes the natural logarithm. For
RH and T the linearized and compensated values for
relative humidity and temperature shall be applied.

For more information on dew point calculation see
Application Note “Introduction to Humidity".

5 Environmental Stability

If sensors are qualified for assemblies or devices, please
make sure that they experience same conditions as the
reference sensor. It should be taken into account that
response fimes in assemblies may be longer, hence

15 Temperature coefficients have slightly been adjusted compared to dalasheet
SHTxx version 3.01. Coefficients apply to V3 as well as V4 sensors

SENSIRION

SENSOR COMPANY

enough dwell time for the measurement shall be granted.
For detailed information please consult Application Note
“Qualification Guide".

The SHT1x sensor series were tested according to AEC-
Q100 Rev. G qualification test method. Sensor
specifications are tested to prevail under the AEC-Q100
temperature grade 2 test conditions listed in Table 1076,
Sensor performance under other test conditions cannot be
guaranteed and is not part of the sensor specifications.
Especially, no guarantee can be given for sensor
performance in the field or for customer's specific
application.

Please contact Sensirion for detailed information.

Environment |Standard Results'?
HTSL 125°C, 1000 hours Within
specifications
TC -50°C - 125°C, 1000 cycles  |Within
Acc. JESD22-A104-C specifications
UHST 130°C / 85%RH / =2.3bar, Within
96h specifications
THU 85°C / 85%RH, 1000h Within
specifications
ESD immunity [MIL STD 883E, method 3015 | Qualified
(Human Body Model at +2kV)
Latch-up force current of £100mA with  |Qualified
Tams = 80°C, acc. JEDEC 17

Table 10: Qualification tests: HTSL = High Temperature Storage
Lifetime, TC = Temperature Cycles, UHST = Unbiased Highly
accelerated Stress Test, THB = Temperature Humidity Unbiased

6 Packaging

6.1  Packaging type

SHT1x are supplied in a surface mountable LCC
(Leadless Chip Carrier) type package. The sensor housing
consists of a Liquid Crystal Polymer (LCP) cap with epoxy
glob top on a standard 0.8mm FR4 substrate. The device
is fully RoHS and WEEE compliant - it is free of Pb, Cd,
Hg, Cr(6+), PBB and PBDE.

Device size is 7.47 x 4.93 x 2.5 mm (0.29 x 0.19 x 0.1
inch), see Figure 1, weight is 100 mg.

6.2  Traceability Information

All SHT1x are marked with an alphanumeric, three digit
code on the chip cap (for reference: V3 sensors were
labeled with numeric codes) — see "ASZ" on Figure 1. The
lot numbers allow full traceability through production,

18 Sensor operation temperature range is -40 1o 105°C according to AEC-Q100
temperature grade 2
17 According to accuracy and long term drift specification given on Page 2
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calibration and testng. No information can be desved from
the code direclly; respectve dals is shomed ot Sensinon

and is provided upaon request.
Lasels on the resls am displayed i Figures 19 and 20,
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6.3 Shpping Package
&HT1x are shipped i 12mm fape at 100pcs, 400pcs and
2000gcs - for defnils s2e Figure 21 and Table 11. Resls

are indwduslly labeled wilh barcode and human readaile
Iz,

theyy ok give Paceabily infzemaion.

e Tige | Fociagng | Querkty | Oriebumber
|Fl.-.-L Ba.:  XNO-NW-YRRRTTTTT ) S LB
Quantity: RERR Tepefifed | 10 | HI0OEHM
RS ! Compliant EHTI Tape bRl | 200 -1 000560
ol b, Tepefifeed | 2000 | 1S3
L
Fiqure 13: Firet bl on reed: XX = Gemor Type (11 for EHT1H), Tabie 11: Packaging ypes per sensor bpe

WM = Chip Version 4. for V), ¥ = lmst digd of year, RRR =
marber of sensors on reed e B 10 (200 for 200 wrils],
TTTIT = Tmceability Code:
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Device Type  1-100FPRAM
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OnderCodes 48CCCCTD
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Revision History
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THE SENSOR COMPANY

Date Version Page(s) |Changes

July 2008 40 1-11 New release, rework of datasheet

September 2008 41 34 Adjustment of normal operating range and recommendation for antistatic bag

April 2009 42 2,7 Amended foot note 2, communication diagram updated (Figure 17).

May 2010 43 1-1 Various errars corrected and additional information given (ask for change protocol).

Important Notices

Warning, Personal Injury

Do not use this product as safety or emergency stop devices or in
any other application where failure of the product could result in
personal injury. Do not use this product for applications other
than its intended and authorized use. Before installing, handling,
using or servicing this product, please consult the data sheet and
application notes. Failure to comply with these instructions could
result in death or serious injury.

If the Buyer shall purchase or use SENSIRION products for any
unintended or unauthorized application, Buyer shall defend, indemnify
and hold harmless SENSIRION and its officers, employees,
subsidiaries, affiiates and distributors against all claims, costs,
damages and expenses, and reasonable attorney fees arising out of,
directly or indirectly, any claim of personal injury or death associated
with such unintended or unauthorized use, even if SENSIRION shall be
allegedly negligent with respect to the design or the manufacture of the
product.

ESD Precautions

The inherent design of this component causes it to be sensitive to
electrostatic discharge (ESD). To prevent ESD-induced damage and/or
degradation, take customary and statutory ESD precautions when
handling this product.

See application note "ESD, Latchup and EMC” for more information.

Warranty

SENSIRION warrants solely to the original purchaser of this product for
a period of 12 months (one year) from the date of delivery that this
product shall be of the quality, material and workmanship defined in
SENSIRION's published specifications of the product Within such
period, if proven to be defective, SENSIRION shall repair and/or
replace this product, in SENSIRION's discretion, free of charge to the
Buyer, provided that:

e notice in writing describing the defects shall be given to

SENSIRION within fourteen (14) days after their appearance;

e such defects shall be found, to SENSIRION's reasonable
satisfaction, to have arisen from SENSIRION's faulty design,
material, or workmanship;

*  the defective product shall be returned to SENSIRION's factory at
the Buyer's expense; and

»  the warranty period for any repaired or replaced product shall be
limited to the unexpired portion of the original period.

This warranty does not apply fo any equipment which has not been
installed and used within the specifications recommended by
SENSIRION for the intended and proper use of the equipment
EXCEPT FOR THE WARRANTIES EXPRESSLY SET FORTH
HEREIN, SENSIRION MAKES NO WARRANTIES, EITHER EXPRESS
OR IMPLIED, WITH RESPECT TO THE PRODUCT. ANY AND ALL
WARRANTIES, INCLUDING WITHOUT LIMITATION, WARRANTIES
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE, ARE EXPRESSLY EXCLUDED AND DECLINED.
SENSIRION is only liable for defects of this product arising under the
conditions of operation provided for in the data sheet and proper use of
the goods. SENSIRION explicitly disclaims all warranties, express or
implied, for any period during which the goods are operated or stored
not in accordance with the technical specifications.
SENSIRION does not assume any liability arising out of any application
or use of any product or circuit and specifically disclaims any and all
liability, including without limitation consequential or incidental
damages. All operating parameters, including without limitation
recommended parameters, must be validated for each customer's
applications by customer's technical experts. Recommended
parameters can and do vary in different applications.

SENSIRION reserves the right, without further notice, (i) to change the

product specifications and/or the information in this document and (i) to

improve reliability, functions and design of this product.

Copyright® 2009, SENSIRION.
CMOSens® is a trademark of Sensirion

All rights reserved
Headquarter and Sales Offices
Headquarter Sales Office Korea:
SENSIRION AG Phone +41 44306 40 00 SENSIRION KOREA Co. Ltd Phone: +82 31 440 8925~27
Laubisruetistr. 50 Fax +41 44 306 40 30 #1414, Anyang Construction Tower B/D,  Fax +82 31 440 9927
CH-8712 Staefa ZH info@sensirion.com 11121, Bisan-dong, Anyang-city info@sensirion.co ke
Switzerland hittp:/www.sensirion.com/ Gyeonggi-Province http-fwww sensirion.co .kt
South Korea
Sales Office USA:
SENSIRION Inc Phone +1 805 409 4900 Sales Office China:
2801 Townsgale Rd., Suite 204 Fax +1 805 435 0467 Sensirion China Co. Ltd. phone +86 795 8262 1501
Westlake Village, CA 91361 michael karst@sensinon com Room 2411, Main Tower fax; +86 755 8252 1580

hitp Iwww sensirion com/

Sales Office Japan:
SENSIRION JAPAN Co. Litd Phone +81 33444 4940
Postal Code: 108-0074 Fax +813 3444 4839

Shinagawa Station Bldg. 7F,
4-23-5, Takanawa, Minato-ku
Tokyo, Japan

info@sensirion.co jp
http: {www sensirion co.jp

Jin Zhong Huan Business Building,
Futian District, Shenzhen,

Postal Code 518048

PR China

info@sensirion com.cn

WWW Sensirion com.cn

Find your local representative at: hitp:/fwww sensirion.com/reps
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LM158/LM258/LM358/LM2904 Low Power Dual Operational Amplifiers

Check for Samples: LM158-N, LM258-N, LM29304-N, LM358-N

FEATURES

+ Available in 8-Bump DSBGA Chip-
Sized Package, (See AN-1112 (SNVA009))

* Internally Frequency Compensated for Unity
Gain

= Large DC Voltage Gain: 100 dB

« Wide Bandwidth (Unity Gain): 1 MHz
(Temperature Compensated)

= Wide Power Supply Range:
— Single Supply: 3V to 32V
— Or Dual Supplies: 1.5V to 16V

= Very Low Supply Current Drain (500
pA)—Essentially Independent of Supply
Voltage

* Low Input Offset Voltage: 2 mV

* Input Common-Mode Voltage Range Includes
Ground

« Differential Input Voltage Range Equal to the
Power Supply Voltage

* Large Output Voltage Swing
UNIQUE CHARACTERISTICS

* In the Llinear Mode the Input Common-Mode
Voltage Range Includes Ground and the
Output Voltage Can Also Swing to Ground,
even though Operated from Only a Single
Power Supply Voltage.

* The Unity Gain Cross Frequency is
Temperature Compensated.

* The Input Bias Current is also Temperature
Compensated.

ADVANTAGES

* Two Internally Compensated Op Amps
* Eliminates Need for Dual Supplies

* Allows Direct Sensing Near GND and Vgyr
Also Goes to GND

« Compatible with All Forms of Logic
* Power Drain Suitable for Battery Operation

DESCRIPTION

The LM158 series consists of two independent, high
gain, internally frequency compensated operational
amplifiers which were designed specifically to operate
from a single power supply over a wide range of
voltages. Operation from split power supplies is also
possible and the low power supply current drain is
independent of the magnitude of the power supply
voltage.

Application areas include transducer amplifiers, dc
gain blocks and all the conventional op amp circuits
which now can be more easily implemented in single
power supply systems. For example, the LM158
series can be directly operated off of the standard
+5V power supply voltage which is used in digital
systems and will easily provide the required interface
electronics without requiring the additional 15V
power supplies.

The LM358 and LM2904 are available in a chip sized
package (8-Bump DSBGA) using TI's DSBGA
package technology.

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.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.

Copyright ©® 2000-2013, Texas Instrumentis Incorporated
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ABSOLUTE MAXIMUM RATINGS™M@

LM158/LM258/L M358 LM2904
LM1568A/LM258A/LM3
58A
Supply Voltage, V* 32v 26V
Differential Input Voltage 32V 26V
Input Voltage -0.3V to +32V -0.3V to +26V
Power Dissipation )
PDIP (P) 830 mw 830 mW
TO-99 (LMC) 550 mW
SOIC (D) 530 mW 530 mwW
DSBGA (YPB) 435mwW
Output Short-Circuit to GND  (One V' =15V and T, = 25°C Continuous Continuous
Amplifier) @
Input Current (V;y < -0.3V)® 50 mA 50 mA

Operating Temperature Range

LM358 0°C to +70°C -40°C to +85°C
LM258 -25°C to +85°C
LM158 ~55°C to +125°C

Storage Temperature Range

-65°C to +150°C

-65°C to +150°C

Lead Temperature, PDIP (P)

(Soldering, 10 seconds) 260°C 260°C
Lead Temperature, TO-99 (LMC)
(Soldering, 10 seconds) 300°C 300°C
Soldering Information
PDIP Package (P)
Soldering (10 seconds) 260°C 260°C
SOIC Package (D)
Vapor Phase (60 seconds) 215°C 215°C
Infrared (15 seconds) 220°C 220°C
ESD Tolerance® 250V 250V

(1) Referto RETS158AX for LM158A military specifications and to RETS158X for LM 158 military specifications.

(2)
(3)

4

5)

(6)

If Military/Aerospace specified devices are required, please contact the Tl Sales Office/Distributors for availability and specifications.

For operating at high temperatures, the LM358/LM358A, LM2904 must be derated based on a +125°C maximum junction temperature
and a thermal resistance of 120°C/W for PDIP, 182°C/W for TO-99, 189°C/W for SOIC package, and 230°C/W for DSBGA, which
applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be
derated based on a +150°C maximum juncticn temperature. The dissipation is the total of both amplifiers—use external resistors, where
possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit.

Short circuits from the output to V" can cause excessive heating and eventual destruction. When considering short circuits to ground,
the maximum output current is approximately 40 mA independent of the magnitude of V*. At values of supply voltage in excess of +15V,
continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result
from simultaneous shorts on all amplifiers.

This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of
the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is
also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the op amps to go to
the V*voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and
normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3V (at 25°C).
Human body model, 1.5 kQ} in series with 100 pF.

Copyright © 2000-2013, Texas Instruments Incorporated

Submit Documentation Feedback 3
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ABSOLUTE MAXIMUM RATINGS™M@

LM158/LM258/L M358 LM2904
LM1568A/LM258A/LM3
58A
Supply Voltage, V* 32v 26V
Differential Input Voltage 32V 26V
Input Voltage -0.3V to +32V -0.3V to +26V
Power Dissipation )
PDIP (P) 830 mw 830 mW
TO-99 (LMC) 550 mW
SOIC (D) 530 mW 530 mwW
DSBGA (YPB) 435mwW
Output Short-Circuit to GND  (One V' =15V and T, = 25°C Continuous Continuous
Amplifier) @
Input Current (V;y < -0.3V)® 50 mA 50 mA

Operating Temperature Range

LM358 0°C to +70°C -40°C to +85°C
LM258 -25°C to +85°C
LM158 ~55°C to +125°C

Storage Temperature Range

-65°C to +150°C

-65°C to +150°C

Lead Temperature, PDIP (P)

(Soldering, 10 seconds) 260°C 260°C
Lead Temperature, TO-99 (LMC)
(Soldering, 10 seconds) 300°C 300°C
Soldering Information
PDIP Package (P)
Soldering (10 seconds) 260°C 260°C
SOIC Package (D)
Vapor Phase (60 seconds) 215°C 215°C
Infrared (15 seconds) 220°C 220°C
ESD Tolerance® 250V 250V

(1) Referto RETS158AX for LM158A military specifications and to RETS158X for LM 158 military specifications.

(2)
(3)

4

5)

(6)

If Military/Aerospace specified devices are required, please contact the Tl Sales Office/Distributors for availability and specifications.

For operating at high temperatures, the LM358/LM358A, LM2904 must be derated based on a +125°C maximum junction temperature
and a thermal resistance of 120°C/W for PDIP, 182°C/W for TO-99, 189°C/W for SOIC package, and 230°C/W for DSBGA, which
applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be
derated based on a +150°C maximum juncticn temperature. The dissipation is the total of both amplifiers—use external resistors, where
possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit.

Short circuits from the output to V" can cause excessive heating and eventual destruction. When considering short circuits to ground,
the maximum output current is approximately 40 mA independent of the magnitude of V*. At values of supply voltage in excess of +15V,
continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result
from simultaneous shorts on all amplifiers.

This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of
the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is
also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the op amps to go to
the V*voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and
normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3V (at 25°C).
Human body model, 1.5 kQ} in series with 100 pF.

Copyright © 2000-2013, Texas Instruments Incorporated
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ABSOLUTE MAXIMUM RATINGS™M@

LM158/LM258/L M358 LM2904
LM1568A/LM258A/LM3
58A
Supply Voltage, V* 32v 26V
Differential Input Voltage 32V 26V
Input Voltage -0.3V to +32V -0.3V to +26V
Power Dissipation )
PDIP (P) 830 mw 830 mW
TO-99 (LMC) 550 mW
SOIC (D) 530 mW 530 mwW
DSBGA (YPB) 435mwW
Output Short-Circuit to GND  (One V' =15V and T, = 25°C Continuous Continuous
Amplifier) @
Input Current (V;y < -0.3V)® 50 mA 50 mA

Operating Temperature Range

LM358 0°C to +70°C -40°C to +85°C
LM258 -25°C to +85°C
LM158 ~55°C to +125°C

Storage Temperature Range

-65°C to +150°C

-65°C to +150°C

Lead Temperature, PDIP (P)

(Soldering, 10 seconds) 260°C 260°C
Lead Temperature, TO-99 (LMC)
(Soldering, 10 seconds) 300°C 300°C
Soldering Information
PDIP Package (P)
Soldering (10 seconds) 260°C 260°C
SOIC Package (D)
Vapor Phase (60 seconds) 215°C 215°C
Infrared (15 seconds) 220°C 220°C
ESD Tolerance® 250V 250V

(1) Referto RETS158AX for LM158A military specifications and to RETS158X for LM 158 military specifications.

(2)
(3)

4

5)

(6)

If Military/Aerospace specified devices are required, please contact the Tl Sales Office/Distributors for availability and specifications.

For operating at high temperatures, the LM358/LM358A, LM2904 must be derated based on a +125°C maximum junction temperature
and a thermal resistance of 120°C/W for PDIP, 182°C/W for TO-99, 189°C/W for SOIC package, and 230°C/W for DSBGA, which
applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be
derated based on a +150°C maximum juncticn temperature. The dissipation is the total of both amplifiers—use external resistors, where
possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit.

Short circuits from the output to V" can cause excessive heating and eventual destruction. When considering short circuits to ground,
the maximum output current is approximately 40 mA independent of the magnitude of V*. At values of supply voltage in excess of +15V,
continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result
from simultaneous shorts on all amplifiers.

This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of
the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is
also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the op amps to go to
the V*voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and
normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3V (at 25°C).
Human body model, 1.5 kQ} in series with 100 pF.

Copyright © 2000-2013, Texas Instruments Incorporated
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LM158-N, LM258-N, LM2904-N, LM358-N
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ABSOLUTE MAXIMUM RATINGS™M@

LM158/LM258/L M358 LM2904
LM1568A/LM258A/LM3
58A
Supply Voltage, V* 32v 26V
Differential Input Voltage 32V 26V
Input Voltage -0.3V to +32V -0.3V to +26V
Power Dissipation )
PDIP (P) 830 mw 830 mW
TO-99 (LMC) 550 mW
SOIC (D) 530 mW 530 mwW
DSBGA (YPB) 435mwW
Output Short-Circuit to GND  (One V' =15V and T, = 25°C Continuous Continuous
Amplifier) @
Input Current (V;y < -0.3V)® 50 mA 50 mA

Operating Temperature Range

LM358 0°C to +70°C -40°C to +85°C
LM258 -25°C to +85°C
LM158 ~55°C to +125°C

Storage Temperature Range

-65°C to +150°C

-65°C to +150°C

Lead Temperature, PDIP (P)

(Soldering, 10 seconds) 260°C 260°C
Lead Temperature, TO-99 (LMC)
(Soldering, 10 seconds) 300°C 300°C
Soldering Information
PDIP Package (P)
Soldering (10 seconds) 260°C 260°C
SOIC Package (D)
Vapor Phase (60 seconds) 215°C 215°C
Infrared (15 seconds) 220°C 220°C
ESD Tolerance® 250V 250V

(1) Referto RETS158AX for LM158A military specifications and to RETS158X for LM 158 military specifications.

(2)
(3)

4

5)

(6)

If Military/Aerospace specified devices are required, please contact the Tl Sales Office/Distributors for availability and specifications.

For operating at high temperatures, the LM358/LM358A, LM2904 must be derated based on a +125°C maximum junction temperature
and a thermal resistance of 120°C/W for PDIP, 182°C/W for TO-99, 189°C/W for SOIC package, and 230°C/W for DSBGA, which
applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be
derated based on a +150°C maximum juncticn temperature. The dissipation is the total of both amplifiers—use external resistors, where
possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit.

Short circuits from the output to V" can cause excessive heating and eventual destruction. When considering short circuits to ground,
the maximum output current is approximately 40 mA independent of the magnitude of V*. At values of supply voltage in excess of +15V,
continuous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result
from simultaneous shorts on all amplifiers.

This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of
the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is
also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the op amps to go to
the V*voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is not destructive and
normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3V (at 25°C).
Human body model, 1.5 kQ} in series with 100 pF.

Copyright © 2000-2013, Texas Instruments Incorporated
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Low Cost Low Power
Instrumentation Amplifier

AD620

FEATURES
Easy to use
Gain set with one external resistor
(Gain range 1 to 10,000)
Wide power supply range (+2.3Vto +18V)
Higher performance than 3 op amp |A designs
Available in 8-lead DIP and SOIC packaging
Low power, 1.3 mA max supply current
Excellent dc performance (B grade)
50 pV max, input offset voltage
0.6 pV/°C max, input offset drift
1.0 nA max, input bias current
100 dB min common-mode rejection ratio (G = 10)
Low noise
9 nV/A/Hz @ 1 kHz, input voltage noise
0.28 pV p-p noise (0.1 Hz to 10 Hz)
Excellent ac specifications
120 kHz bandwidth (G = 100)
15 ps settling time to 0.01%

APPLICATIONS

Weigh scales

ECG and medical instrumentation
Transducer interface

Data acquisition systems

Industrial process controls
Battery-powered and portable equipment

Table 1. Next Generation Upgrades for AD620

Part Comment

AD8221 Better spacs at lower price

AD8222 Dual channel or differential out

AD8226 Low power, wide input range

AD8220 JFET input

AD8228 Best gain accuracy

AD8295 +2 precision op amps or differential out

AD8429 Ultra low noise

Rev.H

Information furnished by Analog Devices is believed to be accurate and reliable.
H , no responsibility is d by Analog Devices for its use, nor for any

infringements of patents or other rights of third parties that may result from its use.
Specifications subject to change without notice. No license is granted by implication
or otherwise under any patent or patent rights of Analog Devices. Trademarks and
registered trademarks are the property of their respective owners.

CONNECTION DIAGRAM

RGE ERG

-IN E 3 +Vg
+IN E 3 OuTPUT
-Vg E AD620 3 REF

TOP VIEW E

Figure 1. 8-Lead PDIP (N), CERDIP (Q)}, and SOIC (R) Packages
PRODUCT DESCRIPTION

The AD620 is alow cost, high accuracy instrumentation
amplifier that requires only one external resistor to set gains of
1 to 10,000. Furthermore, the AD620 features 8-lead SOIC and
DIP packaging that is smaller than discrete designs and offers
lower power (only 1.3 mA max supply current), making it a
good fit for battery-powered, portable (or remote) applications.

The AD620, with its high accuracy of 40 ppm maximum
nonlinearity, low offset voltage of 50 pV max, and offset drift of
0.6 pV/°C max, is ideal for use in precision data acquisition
systems, such as weigh scales and transducer interfaces,
Furthermore, the low noise, low input bias current, and low power
of the AD620 make it well suited for medical applications, such
as ECG and noninvasive blood pressure monitors.

The low input bias current of 1.0 nA max is made possible with
the use of SuperBeta processing in the input stage. The AD620
works well as a preamplifier due to its low input voltage noise of
9nV/Hzat 1 kHz, 0.28 uV p-p in the 0.1 Hz to 10 Hz band,
and 0.1 pA/VHz input current noise. Also, the AD620 is well
suited for multiplexed applications with its settling time of 15 ps
to 0.01%, and its cost is low enough to enable designs with one
in-amp per channel.

30,000

25,000 30P AMP

20,000 -

15,000

10,000 |— _ -

TOTAL ERROR, PPM OF FULL SCALE

] [ 10 15
SUPPLY CURRENT (ma)

Figure 2. Three Op Amp IA Designs vs. AD620

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781.329.4700 www.analog.com
Fax: 781.326.8703© 2003-2011 Analog Devices, inc. All rights reserved.
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ADG20

SPECIFICATIONS

Lypical ¢ 25°C, V= 415 ¥, and R = 2 k02, unless otherwise noted.

Table 2.
AD620A AD620B AD620S!
Parameter Conditions | Min Typ Max Min Typ Max Min Typ Max Unit
GAIN G=1+1{49.4 k{¥R:)
Gain Range 1 10,000 1 10,000 1 10,000
Gain Error? Vou =210V
G=1 003 0.0 001 002 003 010 %
G=10 015 030 Q10 015 015 030 %
G=100 015 030 10 015 015 030 %
G=1000 040 070 0.35 050 040 070 %
Nenlinearity Vo =-10V 1o 410V
G=1-1000 f=10kD 10 40 10 40 10 40 ppm
G=1-100 B=2ki 10 a5 10 a5 10 g5 ppm
Gain vs. Temperature
G=1 10 10 0 ppmi°C
Gain »17 -50 -50 -50 ppm/C
YOLTAGE OFFSET {Total ATIEmer = Ve + Veso/G)
Input Offset, Yoy Vi=25Y ED] 125 15 50 0 125 iy
w15
Overtemperature V=15V 185 85 225 ny
015V
Average TC V=15V 03 10 o1 06 03 10 [RUSY
15V
Output Offset, Yo Ve=215V 400 1000 200 500 400 1000 Yy
Vi=x5V 1500 750 1500 Yy
Qvertemperature V=25V 2000 1000 2000 Y
w15
Average TC V=25V 50 15 5 70 50 15 WG
015V
Offset Refarred to the
Input vs. Supply (PSR | Vo =223V
w18V
G=1 80 100 80 100 80 100 dB
G=10 a5 120 100 120 95 120 dB
G =100 1o 140 120 140 1o 140 dB
G =1000 L 140 120 140 10 140 dB
INPUT CURRENT
Input Bias Current 05 20 0s 10 05 2 nA
Overtemperature 25 15 4 nA
Average TC 30 30 2.0 pPASC
Input Offset Current 03 10 93 05 03 10 nA
Overtemperature 1.5 0.75 20 nA
Average TC 1.5 15 8.0 pASC
INPUT
Input Impedance
Differential 02 1|2 10]12 GO_pF
Common-Mode 102 102 10|12 GO_pk
Input Veltage Range’ Vi=223¥ |-Vi+19 H-12 | -V:+18 W -1.2 -W+18 Hh-12 |V
w5V
Overtemperature -V, +21 +W, - 13 V. + 2 +V, - 1.3 -V, +21 +,-13 |V
v=15Y | -Vi+19 HW-14 | V419 +Wh-14 -V, +19 14 | Y
018V
Overtemperature -V + 2.1 HWh-14 | ¥+ 21 o+ 21 -Vt 23 HW-14 |V

Rev. H | Page 3 of 20
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AD620

TYPICAL PERFORMANCE CHARACTERISTICS

(@ 25°C, Vs = 15 V, Ru = 2 k€, unless otherwise noted.)

< 2
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40 =
@ i 1.0 -===: +g
5 3 —ip —
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3 5
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Figure 3. Typical Distribution of Input Offset Voitage Figure 6. Input Bias Current vs. Temperature
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Figure 4. Typical Distribution of input Bias Current Figure 7. Change in Input Offset Voltage vs. Warm-Up Time
50 1
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Figure 5. Typical Distribution of Input Offset Current Figure 8. Voltage Noise Spectral Density vs. Frequency (G = 1-1000)
Input Voltage Range? V=223V |-Vo+19 Hh-12 | -V:+18 W12 W+ 18 Hh-12 |V
o +5V
Overtemperature -V, +21 +W, - 13 V. + 2 +V, - 1.3 -V, +21 +,-13 |V
V=25V | -Vi+19 =14 | V418 +V - 14 -V.+19 HW-14 |V
1018V
Overtemperature -V + 2.1 HWh-14 | ¥+ 21 o+ 21 -Vt 23 HW-14 |V
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MICROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLLASH Microcontrollers

Devices Included in this Data Sheet:

= PIC16F873
= PIC16F874

- PIC16F&78
« PIC16F&77

Micrecontroller Core Features:

High performance RISC CPU
Cnly 35 single word instructions to learn

All single cycle instructions except for program
branches which are two cycle
Cperating speed: DC - 20 MHz clock input

DC - 200 ns instructien cycle

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

Pinout compatible to the PIC18C73B/74B/76/77
Interrupt capability (up to 14 sources)

Eight level deep hardware stack

Direct, indirect and relative addressing modes
Power-on Reset (POR)

Power-up Timer (PWRT) and
Cscillator Start-up Timer (OST)

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

Programmable code protection

Pewer saving SLEEP mode

Selectable oscillator options

Low power, high speed CMOS FLASH/EEPROM
technology

Fully static design

In-Circuit Serial Programming™ (ICSP) via two
pins

Single 5V In-Circuit Serial Programming capability
In-Circuit Debugging via two pins

Processor read/write access to program memary
Wide operating voltage range: 2.0V to 5.5V

High Sink/Source Current: 25 mA

Commercial, Industrial and Extended temperature
ranges

Low-power consumption:

- <06 mAtypical @ 3V, 4 MHz

- 20 pA typical @ 3V, 32 kHz

- <1 pAtypical standby current

Pin Diagram
PDIP

\_J 40 [1 =—= RET/PGD
39 [] =—e RE&FOC

MClRvEr —=[] 1
RAQAND - [ 2
RA1/ANT =[] 2 38 []=—= RES
RAZIANZWVREF- w—m [ d 37 []=—= RE4
RAIAMIVREF+ w—m [ 5 36 []=—= REIPGM
RAANTOCK! e ] & 35 [] -—= REBZ
RASIANASS e ] 7 34 [] =—w RE1
REQRD/AMS -—e[] 8 33 [ =—w REOANT
REVAVRANMS w—=[] o 32 [J=-— voo
REZTS/ANT w—= ] 10 31 [J -— vss
VoD —= [ 11 [] w—= RO7FSFT
WEs — o [ 12 28 [] =—= ROGFPSFS
QSCTCLKIN ——e ] 13 28 [] =—= RDSPSPS
QECHTLKOUT -—[] 14 27 [] =—w RDAPSP4

PIC16F877/874

RCOT1OSOMICK! w—a [ 15 28 [ w—w~ RCTRXDT
RCUT1OSHCCP2 w—m [] 18 25 [ == RCBTXCK
RCZCCP! - [ 17 24 []=—= RCSSOO
RCA/SCKISCL =—m= [ 18 23 [] == RCASDISDA
RDOIPSFO —— [] 19 22 [J =—w RDIFSF3
RD1/PSP1 w—e ] 20 21 [ =—w RD2PSF2

Peripheral Features:

Timer0: 8-bit timerfcounter with 8-bit prescaler
Timer1: 18-bit timer/counter with prescaler,

can be incremented during SLEEP via external
crystal/clock

Timer2: 8-bit timerfcounter with 8-bit period
register, prescaler and postscaler

Two Capture, Compare, PWM modules

- Capture is 18-bit, max. resolution is 12.5 ns

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

- PWM max. resclution is 10-bit

10-bit multi-channel Analog-to-Digital converter
Synchronous Serial Port (S5P) with SPI'™ (Master
mode} and 2c™ (Master/Slave)

Universal Synchronous Asynchronous Receiver
Transmitter {USART/SCI) with 9-bit address
detection

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

Brown-out Reset {BOR)

& 2001 Microchip Technology Inc.
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PIC16F87X

Key Features
PICmicro™ Mid-Range Reference | PIC16F873 | PIC16F874 | PIC16F876 | PIC16F877
Manual (D833023)
Cperating Frequency DC-20MHz | DC-20MHz | DC-20MHz | CC-20MHz
RESETS (and Delays) POR, BOR PCR, BOR PCR, BCR POR, BOR
(PART, OST) | (PWRT,QST) | (PWRT OST) | (PWRT, OST)
FLASHE_E?E; dT)emO'y oK 4K 8K 8K
Data Memary {oytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
O Ports PorsABC |[PortsABCDE | PorsABC |PosABCDE
Timers 3 3 3 3
Captura/Compare/PYWM Modules 2 2 2 2
Serial Communications MSSP USART [ MSSP USART | MSSP USART | MSSP USART
Parallel Communications - PSP - PSP
10-bit Analog-to-Digital Module 5 input channels | 8 input channels | 5 input channgls | 8 input channels
Instruction Set 35 Instructions | 35instructions | 35instructions | 35instructions
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PIC16F87X

1.0 DEVICE OVERVIEW

This document contains device specific information
Additional information may be found in the PICmicro™
Mid-Range Reference Manual (DS33023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a complemen-
tary document to this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral medules.

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

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

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
. Pragram Data
Device FLASH Data Memory EEPROM
PIC16F873 4K 182 Bytes 128 Bytes
PIC16F&76 8K 368 Bytes 256 Bytes
13 Data Bus 8 PORTA
Pragram Counter d RANAND
FLASH 4 RAT/AN1
Program = RAZ/ANZ/VREF-
Memmory aL RAM v 4 RAzAN2VREF+
evel Stack File
(13-bi) Reqis! -4 RA4ITOCKI
o agistars s RAS/AN4/SS
Frogram
Bus 1Y RAM Addd™} 43 PORTE
tl M RBUINT
Tnstuction o3 - RS
) ~ RB2
Dirgct Addr 7 H RB3/PGM
] H R4
- RBS
I RB&PGC
4 RB7/PGD
&
PORTC
3 =4 RCO/T1OSOMICKI
Fower-up = RC1/TIOSICCR2
Timer | RC2/CCPA1
| nstruch Osei ! 5 RC3/SCK/SCL
Do Startup Timer Pt / o M RC4/SDI/SDA
Control Fower-on 4 RC5/SDC
Reset 8 e RCEB/TXCK
. Iy RCT/RXDT
T Watchdog
Rk=1 @eneration [ Timer Wrag
O3C1/CLKIN Brown-out
OSC2/CLKOUT Reset
In-Circuit
Debugger
Lov: Valtage
Pragramming
MCLR VDD, Vss
Timer0 Timer1 Timer2 10-bit A/D
Synchronous
Data EEPROM CCP1,2 Serial Port USART
Note 1: Higher order bits are from the STATUS register.

N

2001 Microchip Technology Inc.
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PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
n Program Data
Device FLASH Data Memory EEPROM
PIC16F&874 4K 192 Bytes 128 Bytes
PIC1BF377 8K 368 Byles 256 Bytes
il P~ DataBus 8 PORTA
FLASH rogram ounter @ 1 RAE}'ANQ
| RATIANT
Fn:,l'gg_:;';‘ Y o RAZIANZVREF-
3 Lovel Stack iy I la—= 3¢ RAZIANIVREF+
(13-bity Registers [ RA4TOCKI
= RASANYEE
Program
o 14 RAM Addri? 23 @ PORTB
i H RBOINT
Instruction reg Ackdr MUX M RB1
t+—=[¥ rB2
Direct Addr 7 Indirect |4 RB3PGEM
7 4 RB4
H RBS
H RB&PGC
H RB7/PGD
8
PORTC
14 RCOTI0OSOTICK
Power-up r RC1/T10SICCRP2
Timer - RCZICCPT
4 RC3/SCK/SCL
Instruction Cscillator — RO4/SDISDA
Decode & Start-up Ti M
o || [t e -5 rosisco
Povier on M RCBTXCK
- 4 RCZRXDT
ming Watchdog
D= Generalion [ Timer PORTD
OSC1CLKIN Brown-out (e RDO/PSFO
OSCCLKOUT Resel n RO1/PSF
In-Circuit et RD2/PSF2
Debugger ol = RD3PSP3
Low-Vokage " o RO4/PSP4
Programming Parallel Slave Portk r RDSIPSPS
u RDE/PSPE
- RD7/PSF7
PORTE
MCLR Voo, Vss t4+—{] REC/ANSRD
r+—={x] RE1ANBWR
H—=4] RE2MANTICE
TimerD Timer1 Timer2 10-bit AD

ir i ft
’ 4 & &

amecerm || ocprz

Nete 1: Higher order hits are from the STATUS register.

DS30292C-page & 2 2001 Microchip Technology Inc.
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PIC16F87X

TABLE 1-1: PIC16F873 AND PIC16F376 PINOUT DESCRIPTION
Pin Name I:!IP S.OIC voip Buffer Description
Pin# Pin# Type Type
OSC1/CGLKIN 9 ] | sT/eMes! | oscilator crystal input/external clock source input,
OSC2/CLKOUT 10 10 L] — Oscillatar crystal autput. Connects to crystal or resonatorin
crystal oscillator mode. In RC mode, the OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate.
MCLRAVPP 1 1 VP 5T Master Clear (Reset) input ar programming voltage input. This
pin is an active low RESET te the device
PORTA is a bi-directional 1/O port
RAO/AND 2 2 o TTL RAQ can alsa be analog inputd.
RAT/ANT 3 3 fle] TTL RA1 can also be analog input1.
RA2IANZ/VREF- 4 4 fie] TTL RAZ can also be analog input2 or negative analog
reference voltage.
RAS/ANINVREF+ S 5 (o] TTL RA3J can alsa be analog input3 or positive analog
reference voltage.
RAATOCKI & <] (o] 5T RA4 can alsa be the clock input to the Timer0
madule. Qutput is open drain type
RAS/SS/AN4 T 7 o] TTL RAS can alsa be analog input4 or the slave select
for the synchranous serial port
PORTB is a bi-directional /O port. PORTE can be software
pragrammed for internal weak pull-up on all inputs.
RBO/ANT 21 21 o) TTLET RED can also be the external interrupt pin.
RB1 22 22 tle] TTL
RB2 23 23 [lle] TTL
RB3/PGM 24 24 o] TTL REBE3 can alsa be the low valtage programming input.
RB4 25 25 fis} TTL Interrupt-an-change pin.
RBS 26 26 0 TTL Interrupt-an-change pin.
RB6/PGC 27 27 fla} TTL/ST® Interrupt-on-change pin ar In-Circuit Debugger pin. Serial
programming clock.
RB7/PGD 28 28 fla] TTL/STE Interrupt-en-change pin or In-Circuit Debugger pin. Serial
programming data
PORTC is a bi-directional /O paort.
RCOT1OSOITICKI 11 1 o ST RCO can also be the Timer1 ascillatar output or Timer1
clock input.
RC1U/T108IICCP2 12 12 [l 5T RCA1 can also be the Timer1 oscillatar input or Capture?
input/Compare2 output/PWM2 output
RC2/CCP1 13 13 [He] 5T RC2 can also be the Capture1 input/‘Compare1 output/
PWWM1 autput.
RC3/SCKISCL 14 14 (] 5T RC3 can also be the synchronous serial clock input/output
for both SPI and 1°C mades
RC4/SDIISDA 15 15 [He] 5T RC4 can also be the 8P| Data In (8P| mode) or
data 'O {I°C made).
RCS/SDO 16 16 fle} ST RC5 can also be the SPI Data Out (SP| mode).
RC&/TX/CK 17 17 [[e] 5T RCH can also be the USART Asynchronous Transmit or
Synchranous Clock.
RCY/RX/DT 18 18 [fle} ST RCY can also be the USART Asynchronous Receive or
Synchranous Data.
Vss & 19 8,19 P — Ground reference for logic and /O pins.
VoD 20 20 P — Pasitive supply far logic and I/O pins.
Legend: |=input 0 = output /O = input/output P = power
— = Not used TTL=TTL input ST = Schmitt Trigger input

Note 1: This huffer is a Schmitt Trigger input when configured as the external interrupt,
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3: This buffer

is a Schmitt Trigger input when configured in RC oscillater mode and a CMOS input otherwise.

£ 2001 Microchip Technalogy Inc
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TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION
Pin Name DIP PLCC QFp lfo/mP Buffer Description
Pin# | Pin# | Pin# | Type Type P
OSC1/CLKIN 13 14 30 | ST/CMOSH! | Oscillator erystal inputiexternal clock source input.
OSC2/CLKOUT 14 15 31 o] — Oscillator crystal output. Connects to crystal or resonator
in crystal oscillator mede. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denctes the instruction cycle rate.
MCLRAPP 1 2 18 I/P ST Master Clear (Reset) input or programming voltage input.
This pin is an active low RESET to the device.
PORTA is a bi-directional /0 port.
RAQ/ANG 2 3 19 lie] TTL RAQ can also be analog input0
RAT/ANT 3 4 20 o] TTL RA1 can also be analog inputt
RA2/ANZ/VREF- 4 5 21 o] TTL RAZ can alse be analog input2 or negative
analeg reference voltage.
RA3/ANS3MNREF+ 5 6 22 ljs] TTL RA3 can alse be analog input3 or positive
analog reference voltage.
RA4/TOCKI & 7 23 [l{e] sT RA4 can alse be the clock input to the Timer0 timer/
counter. Cutput is open drain type.
RAS/SS/ANA T 8 24 fje] TTL RAS can alse be analog input4 or the slave select for
the synchronous serial port.
FORTR is 2 bi-directional IO port. PORTE can be soft-
ware programmed for internal weak pull-up on all inputs.
RBO/NT 33 36 8 [lie] TTLST RBO can also be the external interrupt pin.
RB1 34 37 9 I¥Q TTL
RB2 35 38 10 ljs] TTL
RB3/PGM 36 38 11 ljs] TTL RB3 can also be the low voltage programming input.
RB4 37 41 14 lje] TTL Interrupt-en-change pin.
RBS 38 42 15 o TTL Interrupt-on-change pin.
RBG&/PGC 39 43 16 lje] TTLSTE Interrupt-cn-change pin or In-Circuit Debugger pin.
Serial programming clock.
RB7/PGD 40 44 17 lje] TTL/STR) Interrupt-cn-change pin or In-Circuit Debugger pin.
Serial pregramming data.
Legend: | =input O = output YO = inputfoutput P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose 11O and a TTL input when used in the Parallel
Slave Port mode {for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillater mode and a CMOS input otherwise.

DS30292C-page 8
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TABLE 1-2:  PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED}

DIP | PLGC | QFP | lO/P Buffer

Pin Name Pinit Pintt Fin# | Type Type Description
PORTC is a bi-directional 11O pert.
RCOT1OSO/TICKI| 15 16 az lle] ST RCO can also be the Timer! oscillator output or a
Timer1 clock input.
RC1/T1OSI/ICCP2 16 18 35 le] ST RC1 can also be the Timer1 oscillator input or
Capture2 input/Compare2 output/PVWM2 output.
RC2/CCP1 17 19 36 e} ST RC2 can also be the Capture! input/Compare1
output/PWM1 output.
RC3/SCK/SCL 18 20 37 s ST RC3 can also be the synchronous serial clock input/
output for both SF| and 12G modes.
RC4/SDI/SDA 23 25 42 fe] ST RC4 can also be the SPI Data In (SPI mede) or
data 110 (1°C mode],
RCS/S0O 24 26 43 fe] ST RCH can also be the SPI Data Out (SPI moge).
RCBITXICK 25 27 44 [Re] 8T RCE can also be the USART Asynchronous Transmit
or Synchronous Clock,
RC7IRX/DT 26 29 1 8] ST RC7 ¢an also be the USART Asynchronous Receive

or Synchronous Data.

PORTD is a bi-directional [/Q port or parallel slave port
when interfacing to a microprocessor bus.

ROOPSPO 19 21 38 o | sTATL®

RD1/PSP1 20 2 a9 1o STTTLE

RD2IPSP2 21 23 a0 o STATLR

RD3/PSP3 22 24 41 1o STATLE

RD4/IPSP4 27 30 2 Vo sTITTL®

ROS/PSPS 28 31 3 vo | sTTTL®

RDB/IPSPE 29 32 4 lls} STITTLS

RD7/PSPT 30 33 5 ] STITTLE

PORTE s a bi-directional /O ponrt.

REO/RD/ANS 8 9 25 lls} STITTLS REO can also be read control for the parallel slave
pont, or analog input

RE1ANR/ANG 9 10 26 lls} STITTLS RE1 can also be write control for the paraliel slave
pont, or anzalog inputd

RE2/CS/ANT 10 1 27 lle} STITTLS RE?2 can also be select control for the parallel slave
pont, or analog input?

vss 1231 1334 6,29 P — Ground reference for logic and I/Q pins.

VoD 11,32 | 1235 7.28 P — Positive supply for lagic and I/Q pins

NC — | 1.17.28 [ 1213, — These pins are not internally connected. These pins

40 33.34 should be leR unconnected.
Legend: |=input O = output /O = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is @ Schmitt Trigger input when configured as general purpose IYQ and a TTL input when used in the Farallel
Slave Pert mede (for interfacing to a microprecessor bus}.
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and & CMOS input otherwise,
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20 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16F87X MCUs. The Program Memory and Data
Memory have separate buses so that concurrent
access can occur and is detailed in this section. The
EEPROM data memory block is detailed in Section 4.0.
Additional information on device memory may be found

in the PICmicro™ Mid-Range Reference Manual,
(DS33023)

FIGURE 2-1: PIC16F877/876 PROGRAM
MEMORY MAP AND
STACK
PC<12:0>
CALL, RETURN 13
RETFIE, RETLW {5
Stack Level 1
Stack Level 2
L]
L]
L]
Stack Level 8
RESET Vector 0000h
-
- q:
.
Interrupt Vector 0004h
0005h
Page 0
07FFh
0800h
Page 1
On-Chip
OFFFh
Program
Memory 1000h
Page 2
17FFh
1800h
Page 3
1FFFh

2.1 Program Memory Organization

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

The RESET vector is at 0000h and the interrupt vector
is at 0004h

FIGURE 2-2: PIC16F874/873 PROGRAM
MEMORY MAP AND
STACK
PC=<12:0>
CALL, RETURN 13
RETFIE, RETLW
Stack Level 1
Stack Level 2
-
.
.
Stack Level 8
RESET Vector 0000h
-
. <:
.
Interrupt Vector 0004h
ooosh
On-Chip Page.0
Program @TFEh
Memory 0800h
Page 1
OFFFh
1000h
1FFFh
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20 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC16F87X MCUs. The Program Memory and Data
Memory have separate buses so that concurrent
access can occur and is detailed in this section. The
EEPROM data memory block is detailed in Section 4.0.
Additional information on device memory may be found

in the PICmicro™ Mid-Range Reference Manual,
(DS33023)
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2.1 Program Memory Organization

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

The RESET vector is at 0000h and the interrupt vector
is at 0004h

FIGURE 2-2: PIC16F874/873 PROGRAM
MEMORY MAP AND
STACK
PC=<12:0>
CALL, RETURN 13
RETFIE, RETLW
Stack Level 1
Stack Level 2
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FIGURE 2-3: PIC16F877/876 REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.(" | 00h Indirect addr.")| gon Indirect addr.}| 100n | Indirect addr.")| 1g0h
TMRO 01h OPTION_REG| 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PoRTDM | 08h TRISD | g8h 108h 188h
pPORTEM | 09h TRISEM | 8on 108h 188h
PCLATH DAh PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2 18Dh
TMRAL OEh PCON 8Eh EEDATH | 10Eh Reserved® | 18Eh
TMR1H OFh 8Fh EEADRH | 10Fh Reserved® | 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCON2 | 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD 93h 113h 193h
SSPCON 14h SSPSTAT 94h 114h 194h
CCPR1L 15h 95h 115h 195h
CCPR1H 16h 96h 116h 196h
CCP1CON | 17h 97h General 117h gener&l 197h
RCSTA | 18h TXSTA | 98h E‘;;%;’;;? 118h Register | 198h
TXREG 19h SPBRG 9%h 16 Bytes 118h 16 Bytes 19%h
RCREG 1Ah 9Ah 11Ah 19Ah
CCPR2L 1Bh 9Bh 11Bh 19Bh
CCPR2H 1Ch 9Ch 11Ch 19Ch
CCP2CON | 1Dh 9bh 11Dh 19Dh
ADRESH 1Eh ADRESL 9Eh 11Eh 19Eh
ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
20h ACh 120h 1A0h
General General General General
Purpose Purpose Purpose Purpose
Register Register Register Register
96 Bytes 80 Bytes EFh 80 Bytes 16Fh 80 Bytes 1EFh
accesses Foh accesses 170h accesses 1FOh
70h-7Fh 70h-7Fh 70h - 7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
[ unimplemented data memory locations, read as ‘0"
* Not a physical register.
Note 1: These registers are not implemented on the PIC16F876.
2: These registers are reserved, maintain these registers clear.
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FIGURE 2-4: PIC16F874/873 REGISTER FILE MAP
File File File File
Address Address Address Address
Indirect addr.(") | oon Indirect addr{"| gon Indirect addr.(™ | 100h Indirect addr.| 180n
TMRO 01h OPTION_REG | 81h TMRO 101h OPTION_REG| 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h 107h 187h
PORTD(" | 08h TRISD!V | 88h 108h 188h
PORTE(" | 09n TRISE") | 8oh 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10AR PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDATA 10Ch EECONA1 18Ch
PIR2 0Dh PIE2 80h EEADR 10Dh EECON2 18Dh
TMR1L OEh PCON 8Eh EEDATH 10Eh Reserved® | 18Eh
TMR1H 0Fh 8Fh EEADRH 10Fh Reserved® | 18Fh
T1CON 10h 90h 110h 190h
TMR2 11h SSPCON2 91h
T2CON 12h PR2 92h
SSPBUF 13h SSPADD 93h
SSPCON 14h SSPSTAT 94h
CCPR1L 15h 95h
CCPR1H 16h 96h
CCP1CON 17h 97h
RCSTA 18h TXSTA 98h
TXREG 19h SPBRG 99h
RCREG 1Ah 9Ah
CCPR2L 1Bh 9Bh
CCPR2H 1Ch 9Ch
CCP2CON 1Dh 9Dh
ADRESH 1Eh ADRESL 9Eh
ADCONO 1Fh ADCON1 9Fh 120h 1AOR
20h ACh
General General
ngpose Purpose accesses accesses
gister Register 20nh-7Fh AOh - FFh
96 Bytes 96 Bytes 16Fh 1EFh
170h 1F0h
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
] Unimplemented data memory locations, read as '0".
* Not a physical register.
Note 1: These registers are not implemented on the PIC16F873.
2: These registers are reserved, maintain these registers clear.
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222

SPECIAL FUNCTION REGISTERS

The Special Function Registers are registers used by
the CPU and peripheral modules for controlling the
desired operation of the device. These registers are
implemented as static RAM. A list of these registers is

given in Table 2-1.

The Special Function Registers can be classified into

two sets: core (CPU) and peripheral. Those registers

peripheral features section.

associated with the core functions are described in
detail in this section. Those related to the operation of
the peripheral features are described in detail in the

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY
Value on: | Details
Address Name Bit 7 Bit6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit0 POR, on
BOR page:
Bank 0
00h® INDF Addressing this location uses contents of FSR to address data memory (not a physical register) 0000 0000 27
01h TVMRO Timer0 Module Register KXKX KXKK 47
0zh® PCL Program Counter (PC) Least Significant Byte 0000 0000 26
0an® | sTaTUS RP | RP1 Rro | To | P | z [ oc | ¢ o001 axxx| 18
04h® FSR Indirect Data Memory Address Pointer KXKX HXKK 27
05h PORTA — | — ] PORTA Data Latch when written: PORTA pins when read --0x 0000 29
06h PORTB PORTB Data Latch when written: PORTB pins when read HAAK KXXK 31
07h PORTC PORTC Data Latch when written: PORTC pins when read HAKK XXX 33
08h4) PORTD PORTD Data Latch when written: PORTD pins when read oo ook | 35
09h@ PORTE — — = = [ RE2 RE1 REO  [---- -sox| 36
DAR(™3) PCLATH — — — Write Buffer for the upper 5 bits of the Program Counter ---0 0000 26
0Bh) INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF [ 0000 000x 20
0Ch PIR1 PSPIF®) ADIF RCIF TXIF SSPIF CCP1IF TMR2IF | TMR1IF | 0000 0000 22
0Dh PIR2 - (5) — EEIF BCLIF — — CCP2IF | -r-0 0--0 24
OEh TMR1L Holding register for the Least Significant Byte of the 16-bit TMR1 Register KXKX XXKX 52
OFh TMR1H Holding register for the Most Significant Byte of the 16-bit TMR1 Register KXKX XXKX 52
10h TICON — | — [mickes1] Tickeso [ T1oscen ] Tisync [ TMRics [ TMR1ON | --00 ooso| 51
11h TMR2Z Timer2 Module Register 0000 0000 55
12h T2CON — [ Toutpsa] Toutes2 [ TouTps1 | ToutPso | TMR20N [ T2ckPs1 | T2ckPS0 | -000 cooo| 55
13h SSPBUF Synchronous Serial Port Receive Buffer/Transmit Register xxxx xxxx | 70,73
14h SSPCON weoL | sspov | sspen | ckp | ssems | ssemz | ssPmi | ssPmo |00 oooo| 67
15h CCPR1IL Capture/Compare/PVWM Register1 (LSB) HAAK KXXK 57
16h CCPR1H Capture/Compare/PWM Register! (MSB) KAXK XXXX 57
17h CCP1CON = — | cepix | ccpiy | ccpima [ copimz [ ccpimt [ copimo [ oo cooo| 58
18h RCSTA SPEN | RXa | SREN CREN | ADDEN | FERR | ©OERR | Rx9D [oooo ooox| 96
19h TXREG USART Transmit Data Register 0000 0000 99
1Ah RCREG USART Receive Data Register 0000 0000 101
1Bh CCPR2L Caplure/Compare/PWM Register2 (LSBE) XXXX XXXK 57
1Ch CCPR2H Capture/Compare/PVWM Register2 (MSB) KXKX KKKX 57
10h CCP2CON — — | copex | copey | ccpama | copamz [ copamt [ copamo |00 oooo [ 58
1Eh ADRESH A/D Result Register High Byte HAXK HAXX 116
1Fh ADCONO ADCS1 | ADcso | cHs2 | cHS1 | cHso | GO/DONE | — | ADON |oooo co-o] 111
Legend:  x =unknown, u= unchanged, g = value depends on condition, - = unimplemented, read as '0', r = reserved.
Shaded locations are unimplemented, read as ‘0.
Note 1: The upper byte of the program counter is not directly accessible. PCLATH is a holding register for the PC<12:8> whose
contents are transferred to the upper byte of the program counter.
2: Bits PSPIE and PSPIF are reserved on PIC16F873/876 devices; always maintain these bits clear.
3: These registers can be addressed from any bank.
4: PORTD, PORTE, TRISD, and TRISE are not physically implemented on PIC16F873/876 devices; read as ‘0’
6: PIR2<6> and PIE2<6> are reserved on these devices; always maintain these bits clear.
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