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Abstract

This project presents a study and implementation of handheld contactless digital
thermometer based on pyro-electrical technique. This equipment can be measured the
temperature by line of sight between a target and a sensor especially the untouchable or
unreachable. This equipment uses a radiation level of infrared which radiated from
different targets. The received infrared signmal is actually detected by thermopile infrared
sensors and is digitized by electronic parts. The temperature is displayed and calculated by

microcontroller.
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T

=300 K

surface

T =400 K

spot

Calculation example of averaging

10% of surface =400 K

90% of surface =300 K

Measured on sensor = 0.9*300 +0.1*400 = 310
——.

the phenomena of radiatibn

T=400
/ T=350 T=300
[ /

|4

N K7
\j LIV
Wt

Wave

Radiation

= ,[ Below curve is absorbed by the biack sensor receiving plate

= Change of filter will change optimal temperature sensitivity
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2.5 lulnsneuinsames MCs- 51
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DISPLAY ON/OFF 0 0 ¢ 0 0 0 i D C B 40 us
DISPLAY SHIFT 0 0 0 0 0 | S/IC | RIL * * 40 us
FUNCTION SET 0 0 0 0 1 | DL | N F * * 40 us
SETCGRAMADD | 0 | 0 | 0 | 1 . CGRAM ADDRESS 40 us
SET DDRAM ADD 1] 0 1 DDRAM ADDRESS Ous
BUSY, ADD. READ 0 1 BF ADDRESS Ous
WR CGRAM,DDRAM. 1 0 WRITE DATA 40 us
RD CGRAM,DDRAM 1 1 READ DATA 40 us

vz lahimndoudoyalddy LeD Tuga srfimpsanuuzAodlufiridaazidiu
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MaI (HEX) Msnnu
01 NAvIVLIoIERING
; I3 ¢ o v v ¥
02 Tinesirosndugdumisdivge (HOME)
. J -
04 HARINE lRohounes e lun1eae
05 oyl
- o

06 uerasma lamdowae e lniswan
07 dou ln1ede

] I's L4
08 Janrsuamana linaauneiioses

[ o
0A Pamsuanina Langanesiwes
0C HETAIND U8 BiLTaunDT DT
OF LA RINAUASUARAUNDS 1D
OF LA INALASUAAUNDS 0T NTENSY
10 @ownnsas lniedhy
14 @ewnesiwas luniavn
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[1] 20] v+ OR Ve
RD [2] 19] cLK R
[3] ' 18] 08¢ (i 58
CLKIN[4 17] DB4
INTR [5 16| 08,
Vin (+) [] 15] 08,
Vin (-} [7] 14] DB,
AGND [ 8] 13] 0B85
Vrer/2 [9) 12] DB,

DGND [0 11} 987 (msB)

319 2.6 M3¥AIWIWDL ADC 0804

A159N 2.4 ATTUMUIVUALN TS NI TULDIUAAZVIVO ADC 0804

WAL ANTUHINSNAZNITHNY
D, - D, 471 Data 919" § 1in
cs Y1 Chip select Anstlouanin “0”
Vee winEos sv
DGND Digital Ground
AGND Analog Ground
V.., uag v, @iy differential analog input laefi V. = v .V

in{+) in{-)

in(+) in(+} ¥ in(-)

1 5 o ° ' v o 1
lagdn v, Afndiindr v, ., nierenanng uazde Vv,

in(+)

@ ar - 8
AUTYYIUNADINT

CLKR uaz CLKIN

2 nilvzfosnatdy R uaz ¢ wevildiRansooadan
muluainnuasIauen £=(i/1.1) RC
8119 R=10 KQ uaz C = 150 PF zooadianiiniud 606
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v 0 Ed
19 Start A/D WoI3uMs Conversion 1HE0NITEAUAIY Low

WR
iifindefy WR w89 CPU edrwlunseonuuy

RD 48 mdeyanin ap ThiuTastloudrs Low wiiithezsody
RD %839 CPU sladwlumseenuu

Vref/2 ;

niifimuagisnhaussduduynidh A/D (Span ADD) d19)d00
o

apenLFUBUWNG 19N 198 SV
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3.2 MTVONULUINVTVENY HAZAINTIVINQUNI
999 Instrumentation Amplifier

£7907147997

C1I :

+
ol

1‘1]"{1 3.2 7197 Instrumentation Amplifier [3]

o = o \| B u’: o 1
Tun 151115 3ATI1ZH 993 Instrumentation Amplifier WHEHINILUY9799500MTY 2
v
AIUFAUAIT
= s o ¥ [ - v
321 Msawsieiaesvondygiuuuy linduidefioglut9es  instrumentation

Amplifier

Vo1

‘ Vo2

31 3.3 2esvmedggnoawy linduma

P = « . .
N191un1531n 31219995 Instrumentation Amplifier {3]
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msnsed dmuald 1= vin/Rx: Vin=v2-v1
Differential output voltage
Vo = VRx+2*VRI1
= [*Rx+2*(1*R2)

Vo = [*(Rx+2*R1)
UNUATT = VinRx Tuznnisdi 3.1) 0214
Vo = (Vin/Rx) *(Rx+2*R1)
= (1+2*(R1/Rx))*(V2-V1)
e Vo=Vor-vol unualu (3.2) 9218

Vo2-Vol = (1+2*(RI/RxD*(V2-V1)

- o ar t = 1 . .
3.2.2 D1TURNTIBH VTV q‘lﬁlu‘lﬁlﬂﬁﬂ'liﬂﬂgiu'lw‘l‘i}‘i Instrumentation Amplifier

Vol @&——ANA—-—ANN—

i ———o Vout

Vo2 e——AAN—O
R2 R3

UM 3.4 2395uwdygIunan

§ P o .
Aldlumsiinsizriaaes Instrumentation Amplifier {3]

1uﬂ'|'.i3Lﬂ513?{ﬁﬂﬂiﬁyﬂz1%ﬂf]ﬂa1lﬂd Supper position 3¢ 1@

Vo = -(R3/R2)*(Vo2-Vol) (3.4)
uny 3.4) Tuaunsi (3.3) oe'ld

Vo = (14+2%R1/Rx)}*(V2-V1)¥R3/R2)
ﬁ'ufué’mﬂmwmwanws Instrumentation Amplifier (Ad)

Ad = Vo/(Vo2-Vol) = (1+2*(R1/Rx))*(R3/R2) (3.5)

18
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lunsdli R2=R3 9214

Ad = (1+2*(R2/R1))

8T INITVIUDI2995 Instrumentation Amplifier T1150MHURlda08a5 18 11v04
®R2RD Tzl 33 el 1&sasimaveoaudeanis mstionldminamiumiugesd
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31U 3.5 2993981WUUY Instrumentation amplifier ilFluaua5e [3]
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Tulasenuiive 1@ leFes ACD - 0804 lasazviinisaosndy lulnsaouInsaass
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nuy VO port Iasaglvinesa 0 iilu Data Bustiosudeyauuuvuuvindaulasdya e
sutaeniluATADa (ADC - 0804)
daumeindygiuniugueziinisnesy RD . wes ADC  Wnfuvi P25 voq
o ar ] ar o o w
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+5V
[ ]
e |
l_
30pF
sy |__.Lm X1 Reset
bz 1/50
! | &
150 pF 10k Ohm L 30pF =
Vin{-) h
MCS - 51
Vin w P2.5
. —f Vin(+)} WR P2.6
™R P27
ADC

Dy PL.0
0804 ™ iy
> P12
o1 P13
’, Pld
—— Vin{-} X £1.3
i ™ Pl.6
2 |vrem g ~

N AGND C§

J_ T “( E

a A_ 3 ' o o«
JUN 3.6 msireNsBIzviIn ADC 0804 A 'lulnsnauInsaiass

ningl 3.6 WumsAadeuun 10 Port Tas'lévimsdeur €S wes ADC 0804 a9
A3 KatuesimsEuminen Sa AD §28ns1d MCS- 51 dareug Low 0on
ne P26 M WR ves aD wdnihmsaniuia dygnaidiunit P27 Fervegiy
INTR 404 AD 41110 AD wlasdaana hideviiiondin High wduionlosataoziiy
Low fniudeldvmsifouTulsunsuld Mcs - si wsesuninzulouada lnvgaaiuzfin
P27 siowlauaoudaAly Mcs - 51 wvdosds Low 11 RD wes AD ifinazliildon

doynvenavhidmunld Mcs - 51 Mmsiszulann wazdienuaana

3.4 MIBLNUUUTINMAAINAAIE LCD Module

dmiumsuaamaveuniosfagumngl wldmsuaninadis LCD Module ¥11A 16
o oW ar =2 9 3 o o ¢ o Qs
@803 2 UIsha Feldennuuuld wesa po veslulnsaeulnsamss Wunesndmsy
Wt lumsSudadoyaiy LCD Module

' o & a W

ATy IUAILANYES LCD Module FaRfip RS, R/W uaz E 92411013001U1 P2.4,

P2.3 oz P2.2 vou'luTnsnou Insamadamudigy
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+5V

30 pF

}—m X1 Reset
=

e
Mz = 1/50

b2 LCD MODULE
P23

P2.4 DODID2.......... D7

x2
30 pF

MCS - 51

P0.0 |
P.1
P0.2
P03
P04
PQ.5
PO.6
PO.7

+
P A ' . o ¢
1% 3.7 mayeudosEvitg LCD Module 1 Tulasnaw Tnsaans

3.5 Tsunsumavgumsimhamveslulnsneulnsames
;‘?usa’fum‘sﬁnmwﬂﬂsunim’humsﬁmuﬂﬁmmmﬂqwa‘lﬁﬁma LCD laumsas
Command 1@ 8 bit son TUmawesa Po Tauiieunaunisds Command fasn /e
® 3 Command &4 Port PO
® o1 P24=0 (RS =0)

® @y P23=0 (R/W = ()

® 3 P22=0 (E=0)
® @3 P2=1 (E=1)
® 93 P22=0 (E=0)

" 1 »
Tt Command N1 IunsdMuamsuannaiisadelui

- Entry Mode Set = 06H

0 0 0 0 0 1 D S

o 0 0 0 | 0 1 1 0
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= & 2 & 4 o
Ua /D = 1 Aismsfmuali ueminstues DDRAM szimuiuiioioudoyauda
. 3 . ¥
Un S =0 fedisAsudoyans IWidrdunedigeiizdon lnewn walufitosly

o o
UORIRBTINDT)

- Function Set = 3CH

0 0 1 DL N F * *

0 0 1 1 ] 1 0 0

DL = 1 Mrual¥fnnof LCD Module dluiui 8 119
. : . e
N=1 MAUAMTUTAINAF IR 2 'Uii“ﬂ'l.lu.h‘

F=1 r'imuﬂmmazzﬁummmsuﬁﬂmmﬂu 5 x 10 Dot.

- Display ON/OFF = 0CH

0 0 0 0 1 D C B

0 0 0 0 i 1 0 0

D = | Auslditlaosuanana
C =0 fmualddamefiwes

) Yy e a o« o (4
B=0 ﬂ"IHuﬂ1ﬂ1ﬂhﬂ1ﬁﬂi$ﬂiﬁ'ﬂtﬂﬂil“ﬁﬂi

mn&uTﬂiunsm:sam'sﬂﬂﬁ’iwfmmﬁ'h’hm;ﬁm’?nﬁmﬁmqﬁﬂqmani MINANI3
naadad lulasneulnsamsfoziinisdedygo TlSun1swaududasdaeio
ownenifudinen lavszdaniug Low venmie P26 Mldswn WR ves AD 9intuth
nImsIndn dyanafidund pa.7 FarpogAu INTR vos AD lavszousenindirosil
1 P2.7 faommfly Low Famnefls D Idinmsuwdasdyyanadsdeuton wdadei
msdenmy Low 1K RD el AD Wdeudeynsanin

a o

diolulasneunsamesTdfudoyann A udrfesilddnnatemidoyadisy
n’a’ 2 w o 1 1 ot - a 3 a0 | t :: o a t
Tduniudeseduus sduirng WFsudfouiuganpiindsfisuiang simiudessinmsds
¥ .
Mgunfiiueen luaaswane LCD
¥
MIUAAINAVUDD LCD WuaiiIBunna1991nn1589 Command 1183 LCD Module

o 4 [] z a J’
wvadmisu o asusin RS= 03U RS= 1 iU Sai
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a9
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P20=1
P2.1=0
P22=0
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(E=0)
E=1

(E=0)
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13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
4% :
42:
43:
44:
45:
46:
47 :
48:
49:

: THIS PROGRAM IS CONVERTED DATA FROM ADC TO TRUE TEMPERATURE.

H

v

ENTRY MODE SET

FUNCTION SET DL=1,

DISPLAY=ON,

; BY Mr. CHALERMWUTT RATCHAKHOM

: Mr. JIRAT PANYAYONG

; BACHELOR'S DEGREE IN TELECOMMUNICATIONS ENGINEERING.

; START OF PORT INITIAL.
ORG 0000R

: TEMP1 EQU 31H
: TEMP2 EQU 32H

TEMP3 EQU 33H

TEMPA4 EQU 34R

MODE_BUF EQU 35H

DIST_BUF EQU 36H

UNIT EQU 37H

BUFF1 EQU 38H

BUFF2 EQU 39H

SW_RESET BIT P2.0

SW_START BIT P2.1

LCD_ENABLE BIT P2.2

LCD_RW BIT P2.3

1CD_RS BIT P2.4

ADC_RD BIT P2.5

ADC_WR BIT P2.6

ADC_INTR BIT P2.7

; END OF PORT INITIAL.

; START OF LCD INITIAL.
ORG 0100K
MOV MODE_BUF, #00H
MOV UNIT, #'C’
MOV DIST_BUF, §31H
MOV BUFF1, HOTEH
MOV BUFFZ, 4' *
MOV R2, $04H
ACALL  DELAY
MOV A, #00000110B
ACALL  LCD_INS
MOV A, #001111008
ACALL  LCD_INS
MOV A, #00001100B
ACALL  LCD_INS

; END OF LID INITIAL.

I/D=1

N=1,

CURSOR=QFF,

F=01{5*8)

BLINK=0OFF




51: ; START OF LCD INTRODUCTION DISPLAY.

52:

53: INTRO: MOV A, #0000000C1B i CLEARR DISPLAY
54: ACALL LCD_INS

55: MOV RZ2,#01H

56: ACALL DELAY

57:

58: MOV DPTR, #TEXT_01
59: MOV R2Z, #11

60: MOV A, #80H

61: ACALL LCD_INs

62: DISP1: CLR A

63: MOVC A, BA+DPTR

64: ACALL LCD_DATA

€65: INC DPTR

66: DINZ RZ2,DISP1

67:

68: MOV A, MODE_BUF
69: JB ACC.1,F1

T0: MOV TEMP1, #30H
71: MOV TEMP2, #30H
12 MOV TEME3, %' '
73: MOV TEMP4, ' °
74: AJMP SHOW 1

T5:

76: Fl: MOV TEMP1, #30H
77 MOV TEMPZ2, #3341
78: MOV TEMP3, #37H
75: MoV TEMP4, #32H
BO:

Bl: SHOW 1: ACALL  SHOW

82:

83: ; END OF LCD INTRODUCTION DISPLAY.
B e e —— e
85: ; START OF MAIN PROGRAM.

86:

§7: MAIN: JNB SW_START, NEXT_KEY
88: MOV RZ, #02H

89: ACALL DELAY

90: WAIT_RESET: JNB SW_RESET, PASS
91: MOV R2, #02H

92: ACALL DELAY

93: JB SW_START, $
94: MOV R2, #02H

&5: ACALL DELAY

36: JB SW_RESET, $
g7: MOV R2Z, #02RH

88 ACALL DELAY

9%: ACALL MODE

100: AJMP INTRO



101:

102: PASS: JB SW_START,WAIT_RESET
103: MOV R2, #02H
104: ACALL DELAY

105: ACALL  GET_DATA
106: ACALL CONVERTED
107: ACALL SHOW

108: JB SW_START, $
109: MOV R2, #02H
110: ACALL DELAY

111:

112: NEXT _KEY: JNB SW_RESET, MAIN
113: MOV R2, #02H
114: ACALL DELAY

115:

116: MODE CHK: MOV A,MODE_BUF
117: JB ACC.1,F2
118: MOV TEMP1, #30H
119: MOV TEMP2Z, #30H
120: MOV TEMP3, #"'
121: MOV TEMP4, %' '
122: AJMP SHOW_2
123:

124: F2: MOV TEMP1, #30H
125: MOV TEMP2, $33H
126: MOV TEMP3, #37H
127: MOV TEMP4, #32H
128:

129: SHOW_2: ACALL SHOW

130: JB SW_RESET, §
131: MOV R2, #02H
132: ACALL DELAY

133: AJMP MAIN

134:

135: ; END OF MAIN PROGRAM.

136: je-—--——-

137: ; START OF TEMPERATURE DISPLAY.
138:

139: SHOW: MOV A, #0C4H
140: ACALL  LCD_INS
141: MOV A, TEMP4
142: ACALL LCD_DATA
143: MOV A, TEMP3
144: ACALL LCD_DATA
145: MOV A, TEMP2
146: ACALL  LCD_DATA
147: MOV A Rt
148: ACALL  LCD DATA
149: MOV A, TEMP1
150: ACALL LCD DATA

GET DATA FROM ADC AND HOLD IN RO.
CONVERTING DATA IN RO TO ASCII CODE.




151: MoV A %' !

152: ACALL  LCD_DATA
153: MOV A, 30DFH
154: ACALL  LCD_DATA
155: MoV A, UNIT
156: ACALL  LCD_DATA
157: RET

158:

159: ; END OF TEMPERATURE DISPLAY.

180 e e e
161: ; START OF CONVERTED DATA TO ASCII.
162:

163: CONVERTED: MOV A,MODE_BUF
164: JB ACC.1,F3
165: MOV TEMPL, $0
166: MoV TEMP3, #0
167: AJMP LooP

168:

169: F3: MOV TEMP1, # 30H
170: MoV TEMP3, #27H
171:

172: LOOP: MOV A, TEMP1
173: ADD A, %04H
174: ' DA A

175: MOV TEMP1, A
176: JNC NEXT

177 MOV A, TEMP3
178: ADD A, #01H
179: DA A

180: MOV TEMP3, A
181: NEXT: DJINZ RO, LOOP
182:

183: MOV A, TEMP1
184: MOV TEMP2, A
185: ANL A, #0FH
186: ORL A, #30H
187: MoV TEMP1, A
188:

189: MOV A, TEMP2
190: SWAP A

191: ANL A, $0FH
192: ORL A, #30H
193: MOV TEMPZ, A
194:

195: MOV A, TEMP3
196: MOV TEMP4, A
197: CJINE A, 400H, BLANK 1
198: MOV TEMB3, §' '
199: MOV TEMP4, §' °

200: RET




201:

202: BLANK 1: ANL A, #0FH
203: ORL A, #30H

204: MOV TEMP3, A

205: '
206: MOV A, TEMP4

207: SWAP A

208: ANL A, #0FH

209: ORL A, #30H

210: CJNE A, #30H, BLANK 2

211: MOV A4 ¢

212: BLANK 2: MoV TEMP4, A

213: RET

214:

215: ; END OF TEMPERATURE DISPLAY.

2B e e e
217: ; SETUP MODE.

218:

219%: MODE: MOV A, #00000001RB ; CLEAR DISPLAY
220: ACALL  LCD_INS

221: MOV R2, #01H

222: ACALL  DELAY

223: MOV DPTR,#TEXT_OZ

224: ' MOV R2,$13

225: MOV A, #80H

226: . ACALL  LCD INS

227: DISP2: CLR A

228: MOVC A, @A+DPTR

229: ACALL LCD_DATA

230: INC DPTR

231: DINZ R2,DISP2

232:

233: MoV A, #0CeH

234: ACALL  LCD_INS

235: MoV A, DIST_BUF

236: ACALL LCD_DATRA

237: MoV Akt

238: ACALL  LCD_DATA

239: MOV A, E#'m’

240: ACALL LCD_DATA

241:

242: CHK_SELECT: JNB SW_START,CHK_ENTER
243: MOV R2, #02H

244; ACALL DELAY

245: MoV A, #0C6H

24¢: ACALL  LCD_INS

267: MOV A,DIST‘BUF

242 INC A

249: CJINE A,#36H,DISP_DISTANCE

2590: MOV A, #31H



251: DISP_DISTANCE:
252:
253:
254:
255:
256:
257: CHK_ENTER:
258:
259:
260:
261:
262:
263:
264:
265:
266:
267:
268:
269:
270:
271:
272: DISP3:
273:
274:
275:
276:
277:
278:
279:
280:
2B1:
282:
283:
284:
285:
2B6:
287:
288:
289:
290:
291:
292:
293:
294:
295: CK_SELECT:
296:
297;
298:
299:
300:

MOV
ACALL

MOV
ACALL

JNB
MOV
ACALL
JB
MOV
ACALL

MOV
ACALL
MOV
ACALL
MOV
MOV
MOV
ACALL
CLR
MOVC
ACALL
INC
DJNZ

MOV
ACALL
MOV
ACRLL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL

JNB
MOV
ACALL
MOV
XCH
MOV

DIST_BUF,A
LCD_DATA
SW_START, §
R2, #02H
DELAY

SW_RESET, CHK_SELECT
RZ, $02H

DELRY

SW_RESET, $

R2, #02H

DELAY

A, $00000001B i CLEAR DISPLAY
LCD_INS

R2, #01H

DELAY

DPTR, #TEXT 03
R2, 49

A, #B0OH
LCD_INS

A

A, @A+DPTR
LCD_DATA

DPTR

R2, DISP3

A, #0C4H
LCD_INS
A, BUFF1
LCD_DATA
A, $0DFH
LCD_DATA
B 4'C
LCD_DATA
A, 40CAH
LCC_INS
A, BUFF2
LCD_DATA
A, $0DFH
LCD_DATA
A 4'F'
LCD_DATA

SW_START, CK_ENTER
R2, $02H

DELAY

A, BUFF1

A, BUFF2

BUFF1,A



301:

302: MOV A,MODE_BUF
303: JNB ACC.1, CHARGE
304: CLR ACC.1

305: MOV UNIT,#'C*
306: SJMP XXX

307:

308: CHRENGE: SETB acc.1

309: MoV UNIT, §'F’
310: XXX: MOV MODE_BUF, A
311:

312: MOV h, #0C4H

313: ACALL  LCD_INS

314: MoV A, BUFF1

315: ACALL  LCD_DATA
316:

317: MOV A, $0CAH

318: ACALL  LCD_INS

319: MoV A, BUFF2

320: ACALL  LCD_DATA
321:

322: JB SW_START, $
323: MOV R2, $02H

324: ' ACALL  DELAY

325:

326: CK_ENTER: JNB SW_RESET, CK_SELECT .
327: MOV R2, #02H

328: ACALL  DELAY

329: JB SW_RESET, $
330:

331: RET

332:

333 e e e
334: ; START OF LCD ENABLE INSTRUCTION CODE.
335:

336: LCD_INS: MoV P1,A

337: CLR LCD_RS

338: CLR LCD_RW

339: CLR LCD_ENABLE
340: SETB LCD_ENABLE
341: NCP

342: NOP

343: CLR LCD ENABLE
344: MOV A, #0

345: LCDINS: DEC A

346: JNZ LCDINS

347: RET

348:

349: ; END OF LCD ENABLE INSTRUCTION CODE.
B R et o U



351: ; START OF LCD ENABLE DATA.

3352:
353: LCD DATA: MOV Pl,A

354: SETB LCD RS

355: CLR LCD_RW

356: CLR LCD ENABLE

357: SETB LCD _ENABLE

358: NOP

359: NOP

360: CLR LCD_ENABLE

361: MoV A, #0

362: LCDDATA: DEC A

363: JNZ LCDDATA

364: RET

365:

366: ; END OF LCD ENABLE DATA.

36T o T T e e
368: ; START OF GET DATA FROM ADC.

369:

370: GET_DATA: MOV PO, #0FFH

371: SETB  ADC_RD

372: SETB ADC_WR

373: CLR ADC_WR

374: NOP '

375: SETB  ADC_WR

376: FINISH: JB ADC_INTR, FINISH
377: CLR ADC_RD

378: MOV a, PO

379: MOV RO, A

380: SETB  ADC_RD

381: RET

3g2:

383: ; END OF GET DATA FROM ADC.

3B oo e
385: ; START OF DELAY.

386:

387: DELAY: MOV R3, #0084

388: DELAY1: MoV R4, $00H

389: DJNZ R4, $

390: DJINZ R3,DELAY1

391: DJNZ R2,DELAY

392: RET

393:

394: ; START OF DELAY.

385 e e e
396: TEXT_O1: DB ‘Temperature’
397: TEXT_02: DB '‘Distance mode'
398: TEXT 03: DB '‘Unit mode’
:99: END

400: : END OF PROGRAM.
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SMARTEC B.V.

Infrared sensor type: SMTIR9901/9902

Version : 2.1
Date  : March 2002
1
1 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 vanous
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-05
encapsulation and with a 5.5. pm high pass filter.
2 Typical applications
. Contactless measurement of surface temperatures or Infrared radiation
. temperature measurement on moving objects.
. Continuous temperature control of manufacturing.
. Thermal alarmsystems
. Climate control
. Medical instruments
. Home appliances.
Easy and accurate measuring of the sensors temperature by means of a built-in
temperature sensor(only for type SMTIR9902).
The main characteristics of the infrared sensor are:
. High accuracy
. High sensitivity (110 V/W)
. Low resistance (50 KQ) and therefore
. Very good signal-to-noise-ratio
. Good response time (40 ms)
Low cost thin film technology
3 Pin-out and housing (TO 5)
Sensor surface
SMTIR9902 « >
1 =det - '
2=det +
3 =NI11000
[ 4 = NI1000
o I
{ —-?-19 o SMTIR9901
| S———
b =det -
l 2 = det +
3=N.C.
4=GND
All sizes in mm. Bottom view
e as —H
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4 Product description.

Thermopiles are based on the Seebeck effect, which can be considered ever since a
long time as standard for conventional thermocouples. The application of thin film
technology allows the production of miniaturized and low cost sensor elements.

A series connection of thermojunctions 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 transform the incoming radiation into heat. A voltage proportional to the
radiation is generated by the thermoelectric effect.

The used thermopiles are processed on 400 pum silicon substrates using BiSb and NiCr
for the thermojunctions.

For different radiation spectra various filters are available to find the optimal solution,

5 Specifications

Parameters typical units
Number of thermojunctions 100

Active area 0.50 mm?

Die size 25l mm?
Resistance of thermopile 50+15 KQ
Sensitivity 110 £ 20 VW 1)
Temp coeff of sensitivity -0.52 = 0.08 %/K
Specific Detectivity 2.1 * 10¢8 cm.Hz!%/'W 1)
Noise equivalent power 0.35 nW 1)
Noise Voltage 37 nV/HzY%
Time constant 40+ 10 ms {63 %)
Temperature range (sensor) -20 - 100 e,

Storage temperature -40 - 100 °C

Filter (high Pass) 5.5 pum

1) at 500 K,DC

Reference thermistor (SMTIR9902 only)

Resistance

1.000 = 0.004

KQ (@ 25°C)
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3
FILTER (characteristic)
100
90 :
70 i \‘“"\\Vﬁ/
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60 H
40 \!
30 |
20
10
0 T T T T L 1 T T T T T
4 5 6 7 8 9 10 11 12 13 14 15
wavelength(micrometer)
6 Understanding the specifications

Sensitive area.

The sensitive area is a square of .5 mm?. By using the distance between the sensor
element 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 standardwise equipped with a high 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 filter used
is a high pass filter with a cut-off wavelength of 5.5 um.

Sensor resistance.
It must be clear that this type of thermopile has a reasonable output resistance. This

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

Time constant.

The time constant is the time needed to reach an output voltage of 66 % of the final
level. This time constant only depends on the physical construction.

Temperature reference resistor(SMTIR9902).

It is well known that for application on a infrared sensor the temperature of the 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 @ 25 °C.




The relation between the resistance value and the temperature is given below:
R(T)=RO*(1+A*T+B*T2HC*T++D*Tée) tolerance class B
RO=resistance @ 0°C = 876.20 Q

T = Temperature in °C

A=5485%* 103

B=6.650* 106

C=2805*10-n

D =2.000 * 1017

6 Ordering information

SMTIR9901 Infraredsensor without temperature sensor
SMTIR9902 Infraredsensor with temperature sensor
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