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Project title Temperature Meter Using Infrared Sensor.
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Abstract
\ This project presents the design and construction of a temperature meter using infrared
‘ sensor. The sensor used in this system is a thermopile infrared sensor SMTIR 9902, The output
voltage from sensor is sent (o instrumentation amplifiers for increase output voltage and digitized
by an 10 bit A/D convertor. The digital signals are processed by a microcontroller to produce
temperature values which will be show on LCD display. This system can storage temperature,
date and time when human temperature is measured.
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/ Sensor surface

L/

—
l:
| | o All sizes in mm.
44 N

SMTR9901 Boitom view
1 =det(-)
4 W @51
3=NC. / 55

4=GND N @ S,
SMTR9902 i -
1 =det(-)
2 =det (+)

3 =NI1000 = T
45°

4 = NI1000/GND

2.2.1 fuENiiives SMTIR9902
iuiesouvsusa SMTIR9902 gneenuufiidInsoesuge (High Pass Filter)
w ¥ A L] =4 A A 3 1 ] ] 1
mulusies Tageonldnduuiman Iuihitinnueedudaud 5.5 Tulases Faglubm

w0959 faun s usanu 114 Gagilfl 2.6 drunaerntiadug uaad i luainem 2.2
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4 5 6 7 8

9 10 11 12
wavelength{micrometer)
gﬂ'ﬁ 2.6 AMaNAGINTOAIUGY (High Pass Filter) Y311%03 017 5115A SMTIR 9902

13 14 15

M99 2.2 guaniiAvoaarueessunsusa SMTIR9902

Parameters Typical Unl¢
Number of thermojunctions 100
Active area 0.50 mn
Die Size 2.2x2.2 mm?*
Resistance of thermopile 50 £15 K
Sensitivity 110 20 V/ W
Temperature Coefficient of sensitivity -5.2 +£0.08 %/ K

] Specific Detectivity . B 2.1x10 B MTI{Z}?

Noise equivalent power 0.35 nW
Noise voltage 37 nV/H, Y
Time Constant 40 10 ms (63%)
Temperature range (sensor) -20—100 o
Storage temperature -40 — 100 oC
Filter (High Pass) 5.5 L
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2.2.2 mni ¥

o ooy o 9 o a I's T
M3 MU UNIUTA SMTIR 9902 o ldTas hdwanaevinnsenang
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110 uAu9vsulasoutaeniludiaeavedlylasneuInsame fifiovdssuauay

waraanase 11l degalin 2.7

)

7 =] J ° o A o ] ar
o awadnnnd) uasinumedyanaaiaii hihszanasede 1l Tnevdnnisudezdesi]

————————————{(Instrumentation—Amplifiers

Z I 77 i *
:-:’// <
“ < T
f <
7 <
_ S N

SR
uc

black body source

911 2.7 maiumuareSoususa SMTIR 9902 hilldan

2.3 2995 YeNaBUANUN (Instrumentation Amplifiers)
WIFIYFYRUB AN (Instrumentation Amplifiers) #3899 5U0T Y00

W¥runSesiio Tadyainnuuandisvnadnmn Wy fyanamime 910319010104

uyud Tasldasesvomanuuandiaviersesuensavivlomudoa (Ditferential Amplifiers) u

ar 1

! i o 1 o = é
dayg a2 A1fideamsuaziinnalSonfvumianuuand v esdyanudurnaadl

L)

] ¥
msdanieviadygraruniuesn lilifeneunedimisveredyyio dafuisesune
= LS o A w &
Avldersuidun (Differential Amplifiers) Sauiluosaisznaunaniidvgy lumai ladhaily

= 4 o = 4
WITVNUDUANFIUUN (Instrumentation  Amplifiers) mﬁlﬁ’ima%iwwauﬁﬂgmuﬂ

(Differential Amplifiers) $1HIUWINNIT 1 ANTUD
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31l 2.8 295V dygaduanguun

~ -~ s 3 o {
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2VTMABIANNE LT (Second stage 170 Output stage) Tasdns1weneva9199511 191N

A{H&J(&J 22)
R, R,

@ o o o 3 .
A ¥, uaz 7, iWuussduduynues 4, uay 4, i ussdumeninnues 4,

AUMIN 2.2
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MIOUIIAUDIMWNYB2995 V,,,, Mldenaumsdi 2.3

_ | - o
“[1+25 [ 22 |, -7,
Vour (” %, J(RIJ% ) ()

=AW, -7)

E .Y 3 ﬂ af = 1 e
asmnnussuduyn ¥ uag ¥, vesaweniugniloulasasadimenduynlindy
2 o Y = o’a?d. (=Y a oA 4
LﬂﬁﬂjmﬂaﬂuauﬂNﬂﬂmwwmﬂauﬁmgmummm'auwwauwuﬂummmwwqwm
1 e A = L4 o dyw [
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o d'l ar k) d A =~
MINAHUATBIAMHYNMBIT TR Ty HAD U I 1A

3.1 lulnsnouInsaned

3.1.1 Ue3AnAnse CP-PIC877

dalszneumeluvesniosiagungil zilluInsaeuInsamesithiialandniu

¥ & g , [— - —as i
. ST IS TTHHiRen 13 Tesavinaesd 1393110903 5N ETT 31 CP-PIC877 V.1 Aagii

A = s gf dv
3.1 FIUYUANUANIY

- 19110 CPU nszqa PIC wef PIC16F877

“X'TAL 4 MHz A215 2 JHAT5 17911 250 nS #oR1ed
- ON CHIP FLASH PROGRAM MEMORY 8 KWORDS
- ON CHIP 368 BYTES RAM / 256 BYTES EEPROM
- ADC 10 BIT 8 CHANNEL
- 14 INTERNAL / EXTERNAL INTERRUPT
- SPI & 12C MASTER ON SLAVE MODE
- POWER ON RESET
-RS232 | CHANNEL
- RS422 / 485 1 CHANNEL (OPTION)
- REAL TIME CLOCK.DS107 (OPTION)
- EEPROM 24XX (OPTION)
) -ET - BUS 34 PIN

-LCD PORT 14 PIN (4 BIT INTERFACE)
-5 VOLT REGULATE ON BOARD
»
_ L uagﬂwﬂamgu CP-PIC877 Hawinii lodg1unn1a39 (Real Time Clock) DS1307 -

A 1 o 3 ar G4 S A 1 1 o
u.a:'l@c_]muatlﬂ's’lm”lﬂizmﬂ I2C klﬂ!ﬁﬂ ﬂ'ﬁﬂﬂ'ﬂﬁf}ﬂﬂiﬂ!uﬁx'ﬂﬂiﬂﬂfﬂﬂﬂﬂﬂﬁﬁ"] vOdlBIa

NARDY UaAsAsgln 3.2
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Ky \ R
llah: thad . - ‘I. j

FEEA N TY Y ¥ ol
BV GO AP T e @27 W iR

T 31 3.1 vefAnaADy CP-PIC877 V.L
ETT CO.,LTD. zezsy  ZZbSH/GBESY
ncharmwcsm E 4 GHD O
u H ~
ET-PSPI IIZI,,K_ A N _ 1 Q 3
i Q)
w ™ (=] QuF
1 U r‘l:| 9 o * 470uF 2502
n 3 QUUF o B
BC557 N < ¥ g
N DuF mu
D @ poueg
I L\B Rg\q.’gz & 10uF 47ufs16v U IN
RESET 27 R ~ H vl lof =3 + g
N — ~1 )
U osekl 2 BE BE :
vee erE(I]) = 95435,n5ﬁ3;_1~U_UJ§ _ GND
o o o o O o] | |
; w8 [ 2] 51
.
_ . ::;n - [l ~ — 422 URIOK
we RTC EEPRD soL ', &
oo 333 BRBELLDBOEPEE 1933 —sa
RE1
\VCC [
_ _ _ @D - - — — —_ ~ . B §'
S33 pHiE 3§88 gk _V-
ETT CON 34 PIN FPIC877 V10 RI O

cl_l‘ﬁ iz ﬂ’lﬁ"i]ﬂ'J'NEJ‘]Jﬂ'iﬂleWWS‘i‘I’ll‘h’f]ﬂﬂﬂﬂ"l\'l”'] Uuﬂﬂﬁﬂﬂﬂﬂﬂﬁ CP-PIC877 V.1
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3.1.2 lulnsneulinsamed PIC16F877
e =1 é [
W'l Tasneunsamesasega PIC voeu3tmluTasdn (Microship) #4'ld5uany

S 1 1 o o ¢ e
! EJ:UEJUNL!,W-f.i-‘i’i-ﬁﬂfl-t‘hlﬂ\‘lmﬂlﬂuylﬂiﬂ 5ﬂﬂu'}n ELG L'ﬁﬂillﬂﬂlliﬂﬂ'wuﬂq?ﬂiziJQﬂ HAUUURISC

- Processor (Reduced Insttiiction Set Computer) laglffidanisuszuianafios 33— 35 f1ds
] ] ¥
uazlda lumsdssuanafidufios 1 159 2 Machine Cycle aofrdumiiiy msiszalana
o < </ g . . [ Q ar o 3 @ =
Adautudnyue Pipe Line Anvszdszuianamidausnszyiim: Inaamideda lluundouse

¥ o Pt o = ] 3 o Y 9 J o o ar
1 ilisimsinunsad wennimiuluda lnseaddulseneudwarsaufilansu Tuga

—————-Fmfuldaufimydnaunui1dun-lugaAmatog o Digital —Comverter, "USART,

Timer/Counter, SPI, Compare/Capture/PWM, 12C fludu Tugaimanil Audindannuaimso

A1 1ded1amaion gnovfuiinsol sieiieunsou quana
T Tl dre ] a1e dsgneuduiinsesiiolunisy Wouwiow gaaua

Fy
= oar (A

vaglyTasaor vy aaas PICTsFR77 imgiiD

-—

1
i

- fisd s lunmuemdnud 35 Mda
- Mmfesadimaed1dqaga 20 Mz
- Inaea 11 15unsu FLASH Memory Y1410 8K Word (14 bit words)
- Hmdreanuidioyaunn RAM 368 Bytes
- Imisennudidosauun BEPROM 256 Bytes
_finaeumiesBumedSninanim 14 i
- enaaidenszaunsilesiudoya (Code Protection) 1A
- fiTnualssudand s (Sleep Mode)
- snsaidenumasdygnaiint ldvate Tvue XT, RC uazeoafiamainaeaiug
- fifasdusnyuaaosnmn1sian 16us POR (Power-on rest), PWRT (Power-up

% Timer}, OST (Oscillator Start-up Timer), BOR (Brown-out reset) (a2 WDT (Watchdog

Timer)

- 115 1Usunsua%nutL ICSP (In-Circuit Serial Programming)
T 4 -4

-ansann i Ididomam 20 -55v .

L4 4 ar 1
- VDTN 1O Uiazu aunsoiunazildesnszua lagage 25 ma

}
- W luaa Timer/Counter 141U laNaviua 3 @7 Timer 0, Timer 1118 Timer 2
- ﬁhlﬂa CCP (Compare/Capture/PWM) I 2 zA
-7Tuga Analog to Digital Converter 2110z 100A 8 bit LAY 10 bit 111U 8 ¥4

meludsn
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- ﬁiuﬂaﬁ’ﬂmsauﬂsmmu USART (Universal Synchronous Asynchronous Receiver

Transmitter)

= &

o o | 4 or
- HnoIN Lo f1uIn-swesn lAun wesn-A, B, C D-uaz-E-Nv1-/0-590f 339

v Pa
- - o peife
PORTAT{ 6 U1 fi0 RAO 514 RAS
PORTB I 8 91 70 RBO 114 RB7

PORTC1] 8 41 A0 RCO 614 RC7

— PORTD3i-8-13-Ain-RDO-D4RD7 —

PORTE 1 3 41 910 REO 04 RE2

vV di .
- T __3;2"ﬂ1iﬂ51~11ﬂ1ﬂ\1']ﬂqmﬁ{]ﬁ
> % »
VesANATBaTU CP-PIC877 V.1 W soannsadindduy eanuuuldusiyeqdlu
v
NEOINATAN ATUNTINADIAAAIIDUTAIHALDATA (LCD) YUIA 16 RIOANT 2 UTTNA LA
=S « =S 1 W 9 ar o s 8 4 ar o
amduuunadaldesauiau 3 @1 dmiuldnruquosiauveuniotiagumaii udn
w ¥ ¥ A o f -
arslaanszuen Idnnedionisneanaea IWeenudsfadusiaes Tagunnll (SMTIR 9902)
Puny druedngvos mendunuudeu uaswiumnededdessy I9dmiunaile

1Y ) = |45 o 1 1 @ o
dosmsinguvgl auudlFaTndvianun 4 47 (16 s4) TaoiiTasesnadagilii 3.3

( N

7

‘I ' ) or = 8 g o oo
31]‘“ i3 Tﬂ'i\‘l'5’]\‘lEUﬂ\‘lLﬂiﬁ]ﬁ?ﬂﬁ;ﬂlﬁ{]ﬂﬂ’]ﬂl“ﬁulcﬁﬂﬁﬂiuﬂﬂu'ﬂi'l!'jﬂ
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wazaIng s4 defunesn RBS Tavassmsdeaing uaaadagiil 3.4

+5V

RB4
RBé&
RB7

[ RB5

S1@ Sz S3@ sS4

gl 3.4 2svsmsdeding s1-s4 hfuveTanaaes CP-PICST7

dmfuaeasugisenuuysssveedygrudunguuidsluund 2 1den 4ol

o 4 o ~ o =i W o~ a = 1 [y
weniwes opo7 Gufluleduun ppip $1u2u 8 41 Taviimsdaden dagdii 3.5 dauda
Ammudd R iy 1£Q, R, 511112000 way R, 5 10£Q dau R, M&ad
o 1 i or r = ti 1 ar { {
Usumld e Tiaunsedfudasivne 14Taedase dslinisdonsesdegii 3.6 ungmsan

@ o d 1 1 LY o
3A-UTAIH VU TUNUFIEUANATAIL ﬁ—’li‘l—‘lflflu—RG—!.—L—ﬁ%B R R RIR R R F R LA RalLaI RN

Buangmuun Tasdmnaneumsi 2.1

VoaTRIM[1] ® opoy 2] YosTAM

ANz 7ve
+N Ejll_‘vﬂ our
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HC = HO CONNECT

11l 3.5 ledeetlueniliued opo7
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9V
i1 3.6 msdoasesueBUaNgIUA

d'. @ ar o v 1 g ar
AT 3.1 ANUFTUHUTIEWINAIRIIUATUNIU RG Lz U

R.(Q) 8RN T1981Y R, () N5 1VYY R.(Q) DA VLY

1 100050.0 10 10050.0 100 1050,0

2 50050.0 20 5050.0 200 550.0

3 333833 30 33833 300 3833

4 250500 — 40 | 2550.0 1 400 | 300.0

5 $20050.0 50 2050.0 500 250.0

- 6 . 16716.7 . - 60 S ARV A 600 . 2167
7 14335.7 70 1478.6 700 192.9

8 12550.0 80 1300.0 800 175.0

9 11161.1 90 1161.1 900 161.1
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~ v aod =) y o ey
Taglugd# 3.7 vsuaaaunumwidiiieesdidnns elindveuniasiagangiidie

uEres Tinous A

| det-)

4

connecl to 34 pin conneclor
on PIC-CP877 V1 board

—

RAO
|

el=ally

C, —— 220uF

GND

connect Lo 34 pin conneclor
on PIC-CP877 VI board

3
2
5
A

conneel to CLCD conneclor
on PIC-CP877 V1 board

| 13]12] 1110] 9 8] 7

O —
ala|&lala|al|a

=
[a]

4 [ ad o o : o =
1M 3.7 wunmidisaesdidnnseiindveaunIosSagaingi

A ga A d . A . 8w
— upgdleilszneugilnsalddanseinddnig aumunmudsundngidinsseda

gumgdRueusesaiiadursusadegis 3.8 f93.10
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dronrasriaourlsnie Taoldll51n5y Microcode  Studic 4991155 Mecanique 111
Text Editor §1vfandieuTilsunsudaenmnuda uazly PICBASIC Pro Compiler VOINTHN
microEngincering Labs maﬂau Tnd' Mamﬁmumﬂiﬂmnm Microcode Studio El“r’iL‘]Jun‘lﬁ hex
dwfudionlunesanaass Cp-pIcs77 V.1 6o 1l

T ¥

Aountndon Ilsuasudmuniuaunisinveunsesingamgiiiu ldkins

g o da o oyyd a oy I
ﬂﬂﬂﬁ]ﬂi"lﬂ“ﬂu&“ﬂﬂﬁ SMTIR 9902 ﬂﬂﬂﬂﬁqjﬂﬂ5$ﬂﬂﬂ\lﬂﬂ']ﬂﬁEJ‘]JiﬂUL!.ﬂ'J ADNINUIIATVYE
[ = g o [ ar 4 : ar = [ 4
dyanaduam g Mnsiaussdueivnfieonniesiisuiugum)il o A1d1ee e

Wdeaalumndonlslsunsy Inedaussdueiynivnseaduianauiouw Hot Plate U

[l @
(A304 Hot Plate Juil

T faaasau gl 3. L uasn 13190 3.2 uamnamniares

oI T l
PN TN o
R S O
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Parameter Typical Unit
~Temperature measuring range max. 450 oC
‘Temperature measufing fange min. =50 oC
Temperature measurement resolution 0.1 X
Accuracy of temperature measurement 0.2 K
Heat control accuracy . 0.1 +K
Controlaceuracy-with-senser 0.5 K
Permissible ON time 100 KA
-Immersion-depth-max. 200 T
’ Dimensions (W x Hx D) 82x83x22 mm
Weight 0.2 kg
Permissible ambient temperature 0-60 o
Permissible relative moisture 80 %
Protection class according to DIN EN 60529 1P54
RS 232 interface no
Analog output 1no
DC Voltage 8-16 v
Power input 15 md

-

@ a A ¥ 3 = o o ' 1
USvaunpiiiuiuasaas 1 osrmwaFod Wusuiaed SMTIR 9902 997uny Hot Plate 15104

a L)

| o s =y

» 1
Winsnannd laoTuAsA 191 ivonTos Hot Plaie 910 30— 45 panuyaiiualay

» ¥ 1
fshamurei iagungiveunies Hot Plate Aadvag udriufinarguvgiveunsos

Hot Plate Uaziisafueinnnisssvenadamnaduan s 1ddmsed 3.3

}4
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A131411 3.3 guuvigilveun’sed Hot Platettazisadumviymnainissvensdyayial

UHNAN-(°C) 5B NN TUB A Y 10U (V)

315 - ' " 1740

32.0 1780

33.0 2010

34.5 2320

— 351 ' 2420

36.1 2520

37.0 2760

N 38.0 ~ 2900
: 39.0 3090
40.0 3120

41.0 3260

42.0 3450

43.0 3700

44.0 4100

45.0 4320

w o 1

nndoyalumad 3.3 hndsunsrlugannuduiufszniuoumgiifunsedu

¥ ] H
winman i Iuszrhegamgilazussduiinanss 1883107 3.12 sinduma Tdui

Y

TansemaumaFaduvsadunur i ldasaunisf 3.1
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»=0.0055% +22.135 3.1)
Taed y  =eumgil CO)
¥ =ussdueniynenlssunedygio mv)

a_ 3 2 ~ o & [ = 9 &
ideyan 14 1deuTdsunsunivgumisiiauveansesinguugiidromnusesyiia

P

a P! [ ar s
sunsusadae Talsunsy Microcode  Studio TnoidouTilsunsuidFuaussdueiviynon

¥ 1 ¢ o - o A
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o o G =aa 3 .. i 1 q
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- fruaguIUUNISFBUA 09D LCD--
DEFINE LCD_DREG PORTD
DEFINE L.CD DBIT 4

-DEEINE LCD-RSREG-RORTD

DEFINE LCD_RSBIT 2
DEFINE LCD EREG PORTD

-DEFINE-LCD-EBIT-3
DEFINE LCD BITS 4
DEFINE LCD LINES 2

-Amualimamlasornasnidluftasadsa nuazdeaving 10 fin---

DEFINE ADC_BITS 10

o A 1 o dor o
—fruamayeunegIngny lulasnou Insames-—

Sl VAR PORTB 4
s2 VAR PORTB.6

183 VAR PORIB.7
54 VAR PORTB.S '---Sensor SW
SCL - VARPORTC.3 '—-12C Pin
SDA VAR PORTC.4 '---12C Pin

Ty ey

BE VAR PORTED
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- vuadualsuazrtavoan s luTalsunsy---

Unit VAR BIT *---Temperature Unit, 0 For Celsius, 1 For Fahrenheit
Light VAR BIT '---Backlight Status, 0 For Off, 1 For On
-RSec VAR BYTE
RMin VAR BYTE
RHr VAR BYTE
RDay VAR BYTE
_RDate__ VAR BYTE
RMonth VAR BYTE
RYear VAR BYTE
-RCtrl — VAR BYTE
SSec VAR BYTE
SMin VAR BYTE
SHr VAR BYTE
SDate VAR BYTE
SMonth VAR BYTE
SYear VAR BYTE
b0 VAR BYTE
D1 VAR BYTE
MO VAR WORD
M1 VAR WORD
i VAR WORD

J MemAdde VAR WORD

LogAddr VAR WORD
Volt VAR WORD
Voltl VAR WORD
Yolt2 VAR-WORD
Volt3 VAR WORD
Volt4 VAR WORD
A2D VAR WORD
A2D1 VAR WORD
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TO VAR WORD
Tl VAR WORD
T2 VAR WORD,
T3 . . . VARWORD.. .. ... . . -
T4 VAR WORD
T5 VAR WORD
T6 VAR WORD
T7— VARWORD
TS VAR WORD
T9 VAR WORD
-|-GtrlR————— CON-%11010000————'-—-Control-code FOR-DS1307

° -3 d o 4 4
-fmuasusnuazieunilizimoesnves lulnsaouIninans--

TRISA — %1111t '-RAO-RAS is input
TRISB =%11111111 --RBO-RB7 is input
TRISE = %000 ' "--REO-RE2 is output
ADCONI1 =%10001111 ---RAO=Analog, RA3=Vreft, RA2=Vref-

- ua I suseu1Hifa Interrupt NW03N RB4 59 RB7-
ON INTERRUPT GOTO Start

INTCON— =%00001000—— —'---Enable RB4-RB7 to-interrupt

—--gves llsunsundnuaasiuivesnmilagiu---

Foopt: BE=10
WRITE 253,0
Loop2: GOSUB LCDA

LCDOUT 3FE,$80,"Body Temperature"
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PAUSE 2000
READ 255,T4
GOSUB.LCDA

LCDOUT $FE,$80,"MEM 255 = ".DEC4 T4
PAUSE 1000

READ 254,T4

GOSUB LCDA

LCDOUT-$EE;$80,"MEM-254-=-DEC4-T4

Loop3:

PAUSE 1000
READ 253,T4

GOSUB-LEDA:
LCDOUT $FE,$80,"MEM 253 = ",DEC4 T4
PAUSE 1000

GOSUB ReadTime
GOSUB ConvertTime
GOSUB ShowTime
PAUSE 1000

GOTO Loop3

END

—u TUsunsunan-—

-DISABLE

---tloan151Aa Interrupt Fou

x ¥
——duves llsunsuuimsiilena Interrupt drufums Sagainpiiuasaminisiiaumie -

Start:

IF §2=0 THEN S2Chk

S2Chk:

IFS4=0 THEN S4Chk
IF (S81=0 and $3=0) THEN S183Chk
GOTO Exit

PAUSE 1500
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IF §2=0 THEN
TOGGLE BL
WRITE 253,BL

ELSE - -
GOTO Start

ENDIF

RETURN

S4Chk:

IF S4=0 THEN
READ 255,Unit

GOTO-AZBE

S5183Chk:

ELSE

GOTO Start
ENDIF
RETURN

PAUSE 2000
IF (S1=0 and $3=0) THEN
GOTO M11D
ELSE
GOTO Start
ENDIF
RETURN

A2DC:

o & o
~--FuMeU1anNINeIN RAC i anlauituddtaea-—

GOSUB LCDE

FORT=11010
ADCIN 0,A2D
PAUSE 50
IFi=1THEN
A2D1=A2D
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ELSE
A2D1 = A2D1 + A2D
ENDIF

NEXT i . : -
A2D =A2D1/10

Volt = A2D

Voltl = Volt*4

Volt2 _= (Volt*8)/10

Volt3 = (Volt*8)/ 100
Voltd = Voli2+Volt3

Volt—=Volt}-+Vol4— .

SensorC:

CalTempC:

GOSUB LCDA
LCDOUT $FE,$80,"A2D : ".DEC4 A2D
LCDOUT $FE,$C0,DEC4 Volt," ",DEC4 Voltl," ",DEC4 Volt4

IF 83=0 THEN CalTempC

GOTO SensorC

IF Unit=0 THEN
GOSUB CalCel
ELSE
GDSUELCaLCel

GOSUB CalFar
ENDIF

GOSUB ReadTime
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CalCel:

——hidsaeamudauiudgavgl mhedhesraade--
TO == (27*A2D)/1000
T1 ={27*A2D)//1000

T2=TI+135 : -

IF T2=999 THEN
T3 =T2//100
T4=T2DIG2

T5-=T2DIG3

IF T3>49 THEN
T6 = T4+1

ELSE
T6 = T4+0
ENDIF
IF T6>9 THEN
T7=T5+1
T8 = T6//10
T6=T8
ELSE
T7 = T5+0
ENDIF
ENDIF
IF (T2<1000) AND (T2>99) THEN

T3 ="T2/100

T4=T2DIG?2
T5=0
IF T3 > 49 THEN

To=Td+t1
ELSE

T6 =T4+0
ENDIF
IF T6 > 9 THEN
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T7=T5+1
T8 =T6/10
T6 =TS8

ELSE

T7=T5+0

CalFar:

—-wilasgungiininmitesrsadomiluosmvua la---
TO = (T9*18)/10
T1 = (T9*18)//10
T2 = T6*18
IF T2>99 THEN

T3 = T2 dig 0

T4 = (T2 DIG 1)+TI

T5=T2 DIG 2

IF T3>4 THEN

T6 = T4+1

ELSE

T6 = T4+0
ENDIF
IF T6>9 THEN

n

TT="T5+1
T8 =T6/10
T6 =TS8
ELSE
T7=T5+0
ENDIF
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ENDIF
IF¥ T2<100 THEN
T3=T2dig 0

- —— — TR J—
g o ) g

IF T3>4 THEN

T6 = Td+1

T6 = T4+0
ENDIF
IF T6>9 THEN
T7 =T5+1
T8 = T6//10
T6 =TS
ELSE
T7 = T5+0
ENDIF
ENDIF
T9 = 32+T0+T7
RETURN

TempD:

AR TUNALIA TN IAN 1D LCD---
GOSUB LCDA

IF Unit =0 THEN

IF T9<10 THEN
LCDOUT $FE,$82,DECI T9,".",DECI T6," C @ ",DEC2

SHr,":",DEC2 SMin

ELSE
LCDOUT $FE,$81,DEC2 T9,".",.DEC1 T6," C @ ",DEC2

SHr,":" DEC2 SMin
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ENDIF
ELSE
IF T9<100 THEN
_ LCDOUT $EE,$81,DRC2 19, DECH 6" E- @ DEC2
SHr,":",DEC2 SMin
ELSE

 LCDOUT $FE,$80,DEC3 T9,"." DEC1 T6," F @ ",DEC2

“SHp"" DECLSMin— — - —

-

ENDIF
ENDIF
LCDOUT $FE,$C0,"Exit",$FE,$CA,DEC2 SDate,"/",DEC2 SMonth

TempDC: IF S1=0 THEN
GOSUB TMemo
GOTO Exit
ENDIF

GOTO TempDC

- tufindigaugd Tunaznaiida aglumissnnudr---
TMemo: READ 254 MemAddr

PAUSE 50

MO=MemAddr
WRITE M0Q,A2D.BYTEQ
PAUSE 50

WRITE MO+1,A2D:BYTE1
PAUSE 50

WRITE M0+2,SHr

PAUSE 50

WRITE M0+3,SMin
PAUSE 50
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WRITE M0+4,SDate
PAUSE 50
WRITE M0+5,SMonth

PRPATICSE S0
L A4

ITXOOE0

MemAddr = M0+6
IF MemAddr = 120 THEN

e

Log:

LogShowD:

WRITE 254,MemAddr
RETURN

READ 254,LogAddr
MO = LogAddr

IF M0=60 THEN
M0=120

ENDIF

i=0

AR aMgN Juuaza1iing fadoundmiee LeD---
READ 255,Unit

GOSUB LogRead

TE-Unit=0-THEN
GOSUB CalCel
ELSE

GOSUB CalCel
GOSUB CalFar
ENDIF
LCDOUT $FE,1
IF Unit = 0 THEN
LCDOUT $FE,$80,DEC2 i,": ",DEC2 T9,".".DECI1 T6," C ",DEC2
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SHr,":",DEC2 SMin

ELSE
L.CDOUT $FE,$80,DEC2 i,": ",DEC2 T9,".",DEC1 T6," F ",DEC2

SHe W DEC2 SMin

~ PAUSE 500

ENDIF
LCDOUT $FE,$C0,"Exit NEXT ",DEC2 SDate,"/",DEC2 SMonth

LogShowC:

LogRead:

IF S1=0 THEN M11D
IF §2=0 THEN LogShowD
GOTO LogShowC

dumgaimgll Tutnznmitnmsdafeundannian i
READ MO0-1,SMonth

PAUSE 50

READ M0-2,5Date

PAUSE 50

READ M0-3,SMin

PAUSE 50

READ M0-4,SHr

PAUSE 50

READ M0-5,A2D.BYTE1
PAUSE 50
READ M0-6,A2D.BYTED

PAUSE 50

MO =MO0-6

IF M0=60 THEN
MO=120

ENDIF

i =i+l
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IF i=11 THEN
i=1

—GOSUB-LEPDA———

_q%__] A T T e T T .__T =y
—-UYMSAAUNBAIANMITIINYBUNT B TAgMNYII---

el

M11C:

MI12D:

MI12C:— [ES1=0 THEN Exit

LCDOUT $FE,$82,"[ View Logs]"
GOSUB LCDB
PAUSE 500

IF S1=-0 THEN Exit
IF S2-0 THEN Log
IF 83=0 THEN M12D
GOTO M11C

GOSUB LCDA

LCDOUT $EE,$83,"[Settings]"
GOSUB LCDB

PAUSE 500

IF S2=0 THEN M21D
iF 83=0 THEN M11D

M21D:

GOTOM12C

GOSUB LCDA

LCDOUT $FE,$83,"[Set Date]"
GOSUB LCDB

PAUSE 500
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M21C: IF S1=0 THEN M12D

IF 52=0 THEN SetDateYD

IE Q20 THEM AMAYTY
P S v ZZ17

GOTO M21C

GOSUB LCDA

M22D:

- = = = _r_ﬁTTﬁTlT'@UE 077 llroet_'I:i e ]t

LU= o0y [ e

A

GOSUB LCDB
PAUSE 500
M22C: IF S1=0 THEN MI12D
IF $2=0 THEN SetTimeHD
IF $3=0 THEN M23D
GOTO M22C
M23D: GOSUB LCDA
LCDOUT $FE,$80,"[Set Temp. Unit]"
GOSUB LCDB
PAUSE 500

M23C: IIF S1=0 THEN M12D

TES2=0-THEN-TUnit

IF 83=0 THEN M24D
GOTO M23C

M24D: GOSUB LCDA
LCDOUT $FE,$81,"[Set Backlight]"
GOSUB LCDB

PAUSE 500
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M24C; IF §1=0 THEN M12D
IF S2=0 THEN BLight
IF 33=0 THEN M25D

M25D: GOSUB LCDA

LCDOUT $EE-,$84,"[Reset]“_

————————GOSUB-LCDB—

e

PAUSE 500

M25C: IF 51-0 THEN M12D
IF S2=0 THEN ResetD
IF S3=0 THEN M21D
GOTO M25C

'---mw'?\whnamaﬁuﬁmmm‘%‘aﬁﬂqmﬂqﬁ-—ﬂ
SetDateYD:  GOSUB ReadTime

GOSUB ConvertTime

Ml1=0

GOSUB LCDA

LCDOUT $FE,$80,"Year:" $FE,$8A,"20", DEC2 SYear
GOSUB-LCDBC

PAUSE 500

SctDateYC: IF 81=0 THEN GOSUB TucYear
IF S2=0 THEN SetDateMD
IF §3=0 THEN GOSUB DECYecar

GOTO SetDateYC
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SetDateMD:

GOSUB LCDA

LCDOUT $FE,$80,"Month:",$FE,$8B,DEC2 SMonth

GOSUB LCDC

SetDateMC:

———————IFS83=0-THEN-GOSUB-DeeMonth———

IF $1=0 THEN GOSUB IncMonth
IF $2=0 THEN SetDateDD

SetDateDD:

SetDateDC:

IncYear:

GOTO SetDateMC

GOSUB LCDA
LCDOUT $FE,$80,"Date:",SFE,$8B,DEC2 SDate
GOSUB LCDC
PAUSE 500

IF $1=0 THEN GOSUB IncDate
IF 32=0 THEN CalDT
IF 83=0 THEN GOSUB DecDate

GOTO SetDateDC

IF SYear>=99 THEN

SYear=0

ELSE
SYear=38Year+1
ENDIF

DecYear:

LCDOUT $FE,$8C,DEC2 SYear
PAUSE 250
RETURN

IF (SYear=0 or SYear>99) THEN

SYear=99
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ELSE
SYear=SYear-1

PAUSE 250
RETURN
—IneMeonth———IF-SMenth>=12THEN——————
SMonth=1
ELSE

SMonth=SMonth+1
ENDIF
L.CDOUT $FE,$8B,DEC2 SMonth
PAUSE 250
RETURN
DecMonth: IF (SMonth=1 OR SMenth>12) THEN
SMonth=12
ELSE
SMonth=8Month-1
ENDIE
I.CDOUT $FE,$8B,DEC2 SMonth

PAUSE250

RETURN

IncDate: IF SDate>=31 THEN
SDate=1
ELSE
SDate=SDate+1
ENDIF

LCDOUT $FE,$8B,DEC2 SDate
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PAUSE 250

RETURN

DecDate: IE (SDate=l or SDate>31) THEN

Clottior TSN

SDate=31

~ SDate=SDate-1

- —ENppp— -— - - - - - e - T T

LCDOUT $FE,$8B,DEC2 SDate
PAUSE 250
RETURN

SetTimelID:  GOSUB ReadTime
GOSUB ConvertTime
Ml=1
GOSUB LCDA
LCDOUT $FE,$80,"Hour:",$FE $8B,DEC2 SHr
GOSUB LCDC
PAUSE 500

SetTimeHC: IF S1=0 THEN GOSUB IncHr

IF §2=0 THEN SetTimeMD

TE-53=0-THEN-GOSUB DecHr

GOTO SetTimeHC

4

~SetTimeMD:—GOSUB LCDA

LCDOUT $FE,$80,"Minute:" $FE,$8B,DEC2 SMin
GOSUB LCDC
PAUSE 500
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SetTimeMC:

IF S1=0 THEN GOSUB IncMin
IF §2=0 THEN CalDT
IF §3=0 THEN GOSUB DecMin

IncHl_':

P \d
L

=

. h W Fal
TIICIVIC

7]
4]
a

IF SHr>=23 THEN

DecHr:

SHr=SHr+1
ENDIF
LCDOUT $FE,$8B,DEC2 SHr

'PAUSE 250

RETURN

IF (SHr=0 or SHr>23) THEN
SHr=23

ELSE
SHr=SHi-1

ENDIF

LCDOUT $FE,$8B,DEC2 SHr

PAUSE 250

RETURN

IncMin:

IF SMin>=59 THEN
SMin=0

e

ELSE
SMin=SMin+1

ENDIF

LCDOUT $FE,$8B,DEC2 SMin

PAUSE 250

RETURN
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DecMin:

IF (SMin=0 or SMin>59) THEN
SMin=59
ELSE

). W, N

Shhn=Siin1
ENDIE
LCDOUT $FE,$8B,DECZ SMin

PAUSE250

RPRITTORN—  —— T

INL UMY

CalDT:

D0=SYear dig 0:D1=SYear dig 1
D1=D1<<4

SYear=D1|D0

D0=SMonth dig 0:D1=SMonth dig 1
D1=Dl<<4

SMonth=D1|D0

DO0=SDate dig 0:D1=8Date dig 1
D1=Dl<<4

SDate=D1|DQ

DO=8Hr dig 0:D1=SHr dig 1
D1=D1=<4

SHr=D1|D0

D0=SMin dig 0:D1=SMin dig 1

DI=D1<<4
SMin=D1|D0

MemDate:

KYear =oaYear

RMonth = SMonth

RDate = SDate
RHr =SHr
RMin = SMin

GOSUB WriteTime
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PAUSE 50
IF M1-0 THEN
GOTO M21D

ELSE

GOTO M22D

BLight:

BLOfD:

anshailata o
READ 253, light
IF Light=0 THEN
GOTO BLOFD
ELSE
GOTO BLOnD
ENDIF

GOSUB LCDA

LCDOUT $FE,$80,"Backlight:",$FE,$8C,"Off"
GOSUB LCDD

BL=0

WRITE 253,0

PAUSE 500

BLOAEC:

IF S1=0 THEN M24D
IF 52=0 THEN M24D

BLOnD:

IF S3=0"THEN BLOnD

GOTO BLOSIC

GOSUB LCDA
LCDOUT $FE,$80,"Backlight:",$FE,$8C,"On"
GOSUB LCDD
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BL=1
WRITE 253,1
PAUSE 500

BLOnC:

IF $1=0 THEN M24D
IF $2=0 THEN M24D
IF $3=0 THEN BLOfD

—GOTO-BEONC——

TUnit:

TUnitCelD:

'—~-ms€?\‘1ﬂ'mﬂ1fJﬂ'li"J'ﬂQm‘nqﬁiz11ﬁwm?nmmLchﬁﬁ'umﬁ”lmLm“laﬁ—--'
READ 255,Unit
IF Unit=0 THEN
GOTO TUnitCelD
ELSE
GOTO TUnitFahD
ENDIF

GOSUB LCDA

LCDOUT $FE,$80,"Unit:",$FE,$87,"Celsius"
GOSUB LCDD

PAUSE 500

TUnitCelC:

IF S1=0 THEN M23D

IF S2=0 THEN TUnitCel

TUnitCel:

IF S3=0 THEN TUnitFahD

GOTO TUnitCelC

Unii=0
WRITE 255,Unit
PAUSE 50
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GOTO M23D

TUnitFahD: GOSUB LCDA

—-FUnitFahC—IF-SI=0-FHEN-M23D—————

GOSUB LCDD
PAUSE 500

IF S2-0 THEN TUnitFah
IF S3=0 THEN TUnitCelD
GOTO TUnitFahC

TUnitFah: Unit=1
WRITE 255,Unit
PAUSE 50
GOTO M23D

iudinanarasduled DS 1307
WriteTime: I2CWRITE SDA,SCIL.,CirlR,$00,[RSec, RMin,RHr,RDay,RDate,RMonth,
RYear,RCirl]

RETURN

-9 UANIA19N 1oF DS 1307

“ReadTime:  I2CREAD SDA,SCL,CtrIR;$00,[RSee,RMin,RHr,RDay,RDate,RMonth,
RYear,RCirl]

RETURN
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-UEAIAIAIIN 19F DS 1307 11999 LCD---

ShowTime:  GOSUB LCDA
LCDOUT $FE,$84,DEC2 SHr,":",$FE,$87,DEC2 SMin,":" $FE,$8A,DEC2
55ee
LCDOUT $FE,$C3,DEC2 SDate,"/",$FE,$C6,DEC2 SMonth,"/" $FE,$C9,"20",
DEC2 SYear o
. S e e
—-msaudeyalunitesnnudiveslylnsnou Insames—
ResetD: GOSUB LCDA
R LCDOUT $FE,$81,"Are you sure?"
LCDOUT $FE,$C0,"Yes",$FE,$CE,"No"
PAUSE 500
ResetC: IF 81=0 THEN Reset
IF $3=0 THEN M25D
GOTO ResetC
Reset: GOSUB LCDE

FOR i=0 to 252
WRITE i,0

PAUSE 50

NEXT i
WRITE 255,0

PAUSE 50
WRITE 254,60
PAUSE 50
WRITE 253,0
PAUSE 50
GOSUB LCDA
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LCDOUT $FE,$84,"Complete"
PAUSE 1500
BL=0

LCDA:

L.CDOUT $FE,l
- N — e _

L.CDB: LCDOUT $FE,$C0,"Exit",$FE,$C7,"OK" $FE,$CC,"NEXT"
RETURN

LCDC: LCDOUT $FE,$C0,"Up(+)",$FE,$C7,"OK" ,$FE,$CB,"(-)Dn"
RETURN

LCDD: LCDOUT $FE,$C0,"Exit",$FE,$C7,"0OK" $FE,$CC,"Swap"
RETURN

LCDE: LCDOUT $FE, 1
LCDOUT $FE,$82,"Please Wait"
RETURN
-mspasmiuiiuasnaninnug e duavgiu 10—

ConvertTime: M1 =RHr

GOSUB Convert

SHr =Ml

M1 =RMin
GOSUB Convert
SMin =M1

M1l =RSec

GOSUB Convert
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SSec =Ml
M1 =RDate

GOSUB Convert

SBate—W
M1 =RMonth

GOSUB Convert___

i EMonth =_1\E

M1 BYear— -

Al

GOSUB Convert
SYear =M1
RETURN

Convert: LOOKDOWN M1,[0,1,2,3,4,5,6,7,8,9,$10,$11,$12,$13,$14,$15,816,$17,518,
$19,$20,821,$22,$23,824,$25,$26,$27,$28,$29,$30,$31,$32,%33,$34,$35,$36,$37,38,$39,$40,
$41,542,343,844,345,546,347,$48,849,3$50,851,$52,$53,$54,855,$56,$57,$58,$59,860,$6 1,62,
$63,864,565,566,$67,868,$69,870,$71,$72,873,$74,%$75,$76,$77,$78,$79,$80,581,$82,$83,$84,
$85, $86,387,$88,$89,$90,891,$92,$93,$94,$95,$96,$97, $98,$99],M1

RETURN

a d1 e 1 ] = A =
—-aaiRIal 199 nousenain llsunsunimsiioma Interrupt---

. Exit: INTCON.0 =0 '---Clear INTCON BIT 0 to 0 before finish interrupt
CLEAR: '---Clearall-variable
RESUME '---Back fo main program

: i B iiame .
=y ldsunsuusmaiiene Interrupt—
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wuwmﬂnuﬂauwmm SMTIR9901/02

Typical applications

contactless measurement of
_ surface temperatures or Infrared radiation
temperature measurement on moving objects.
continuous temperature control of manufactunng

therrmalalaim-systems —
climate control

medical instruments
home appliances.

Features
N High accuracy
. High sensitivity (110 VW)
Low resistance {50 KQ) and therefore
Very good signal-to-noise-ratio
Good response time (40 ms)
Low cost thin film technology

Introduction

The Smartec infrared sensor SMTIR9901 and SMTIR9902 are sophisticated full silicon
infrared sensors. The sensors can be used in measuring the radiation temperature without
any contact. For the different radiation temperature ranges various filters are available. The
sensor type SMTIR9902 contains a temperature sensor for measuring the temperature of
the sensor itself. The temperature range of the sensor-element is between - 40 to 100 °C.
The sensor is available in a standard TO-06 encapsulation and with a 5.5. pym. high pass
filter. Easy and accurate measuring of ihe sensors temperature by means of a built-in
temperature sensor {only for type SMTIR8902).

Pin-out and housing (TO 5)

N :
// Sensor surface |

5MTIR§902 Bottom view

1=del-
2=del+ |

— _ 4 T 3 = NI10G) < N

)

—,—

4=NI1 GND
3.9 815 mq/ ;@I ~7 N\

—
S

(

SMTIRG90L

—— —FL " ’ 1

f=det-
2=del+
3=N.C.

~¥ s All sizes in mm, 4=GND

| 4
45y

K SMARTEC BV, Delpratsingel 26 WWW.SMARTEC.NL
4811 AP BREDA, The Netherlands . Tel: +31 (0)76 5205353
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SMATLEC
-

I Infrared sensor type: SMTIR9901/9902
Version :3.1

Product description.
B— —Thermopiles are based-on the-Seebeck effect, which-can-be-considered-ever since-a-long
- t{imeasstandardforconventonaHthermocouplesTheapplicationoHhinfilrHechnology—— ————
allows the production of miniaturized and low cost sensor elements.
A series connection of thermo junctions deposited on a silicon substrate forms the
thermopile. The hot junctions are thermally isolated from the cold junctions on the substrate
by etching an extremely thin membrane. A black absorbing layer on the hot junctions
— 7 ~ transforms the incoming radiation into heat A voltageproportional to theradiation is— — —— — —~
generated by the thermoelectric effect.
———— — - — The-used-thermopiles-are-processed-on 400 pum-silicon substrates using-BiSb-and-NiGr for— . — .———

the thermo junctions.
For different radiation spectra various filters are avaitable to find the optimat solution:
Specifications
! Parameters |typical | units
Number of thermojunctions 100
Aclive area 0.50 mm?
Die Size 2.2*2.2 mm’ .
Resistance of thermopile 50 +15 K
Sensitivily 110 £20 viw*
Temp. Coeff.of sensitivity -0.52 £0.08 Yo/ K
Specific Deteclivity 2.1 * 10e8 cim.Hzel /W *
Noise equivalent power 0.35 nw#* .
Noise voltage 37 nV/Hz's
Time Constant 40 +£10 ms (63%)
Temperature range (sensor} -20 - 100 °C '
Storage temperature -40 - 100 °C
Filter (high Pass) 5.5 pm
+ al 500 K,.DC
Reference Thermistor (SMTIR9902 only)
. | Resistance |1.000+0.004 |k (@0C) |
L _2.

SMARTEC BV, Delpratsingel 26
4811 AP BREDA, The Netherlands

SMARTEC. NI
Tel: +31 (0)76 5205353
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SIARLEC
P

FILTER (characteristic)

100

90

i (1
60 1 /

or BN o V i
Y0—39—F

40 feepp b

20 .
10 4

8

9 10 11

12 13 14 15

wavelength(micrometer)

Understanding the specifications

Sensitive area.

The sensitive area is a square of 0.5 mm?Z By using the distance between the sensor
glement and the glass filter and its diameter the field of view can be determined. The field of
view can be changed by using special lenses. In case lenses are used the emissivity and the

spectrum has to be considered.

Filter.

The sensors are standard wise equipped with a hlgh pass filter. From the theory it is well
known that each body has a radiation at a certain temperature. This radiation temperature
has a frequency related to that temperature. For general use the filler used is a high pass

filter with a cut-off wavelength of 5.5 pm.

Sensor resistance.

it must be clear that this type of thermopile has a reasohable output resistance. This

resistance has to be considered when designing the lnput amplifier to prevent off-setts, etc.

Time constant.

The time constant is the time needed to reach an output voltage of 63 % of the final signal
level. This time constant only depends on the physical construction.

SMARTEC BV, Delpratsingel 26
4811 AP BREDA, The Netherlands

WWW.SMARTEC.NL
Tel: +31 (0)76 5205353
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) Infrared sensor type: SMTIR9901/9902 ’mﬁc
———

Version :3.1

Temperature reference resistor (SMTIR9902).
‘4mﬁwelLanaMMpphcauﬂmmnﬁamd$enmheiempemlum_oﬂh&sensor—
must be considered in the calculation of the radiation temperature. The used resistor Is a

standard Ni resistor with a value of 1000 Q @ 0 °C.

- The relation between the resistance value of the temperature sensor and the
— temperature-is-given-below: — — — — —_— e e

___ R(M=RO*(A+A*T+B*THC¥T*+D*T°) __ foleranceclassB_

1

——————— Rf@=resistarce @BC=0602— — — — — — —

T = Temperature in §C
A =5485*10°

B =6.650*10°

C =2805* 10"

D =-2.000* 107

Ordering information

SMTIR9201 Infrared sensor without Ni temperature sensor
SMTIR9902 Infrared sensor with Ni temperalure sensor
h ‘ ""
'
"\I
, -4
SMARTEC BV, Delpratsingel 26 WWW.SMARTEC.NL

4811 AP BREDA, The Netherlands Tel: +31 (0)76 5205353
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