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BODY THERMOMETER SYSTEM BY THERMOPILE

Chumporn  Saetang

Anuwat Srisen

Asst.Prof.Dr. Kongsak Anuntahiranrat Advisor
Academic year 2004

Abstract

The purpose of this project is to create a Body Thermometer System by Thermopile this
thermometer will be able to connect to a computer and will be able to measure the body
temperature and record the temperature directly to a data base, and this would enable doctors to
perform a check up faster. This thesis contains the project outline, boundary of the project the
theory behind the method used to do this project. We use infrared thermopile sensor to measure
temperature and condition in voltage. The control and the assessment by microcontroller can
display the result on the LCD, sending data for directly to the data base and they are able to

display on the monitor.
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mnaf 32 mantasnusaduduagungiilunisvesmiaradod

usasu (Taad) doyaavguie gavgll (°C)
0.600 07AE 30.0
0.616 07E2 30.1
0.632 0816 30.2
0.648 084A 30.3
0.664 087E 304
0.680 08B2 30.5
0.696 08E6 30.6
0.712 091A 30.7
0.728 094E 30.8
0.744 0982 30.9
0.760 09B6 31.0
0.776 09EA 31.1
0.792 0A1lE 31.2
0.808 0AS2 31.3
0.824 0A86 314
0.840 0ABA 31.5
0.856 OAEE 31.6
0.872 0B22 31.7
0.888 0B56 31.8
0.904 0BSA 31.9
0.920 0BBE 32.0
0.936 OBF2 32.1
0.952 0C26 322
0.968 0CSA 323
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e 3.2(0) maudasawssuilusgamaiilumizesrusadve

usedu (Tad) Joyarnvgule guvgil (°C)
0.984 O0C8E 324
1.000 0CC2 325
1.016 0CF6 32.6
1.032 0D2A 32.7
1.048 ODSE 32.8
1.064 0D92 329
1.080 0DC6 33.0
1.096 ODFA 33.1
1.112 OE2E 33.2
1.128 0E62 33.3
1.144 0E%6 33.4
1.160 OECA 335
1.176 OEFE 33.6
1.192 0F32 33.7
1.208 OF66 33.8
1.224 OF9A 339
1.240 OFCE 340
1.256 1002 34.1
1272 1036 34.2
1.288 106A 343
1304 109E 34.4
1320 10D2 345
1.336 1106 34.6
1.352 113A 34.7
1368 116E 34.8
1.384 11A2 349
1.400 11D6 35.0
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mafl 3.2(8) msuasnussdudiumgungilumiesrusadva

usasu (Taad) doyamvgIuie panpi (°C)
1.416 120A 35.1
1432 123E 352
1.448 1272 353
1.464 12A6 35.4
1.480 12DA 35.5
1.496 130E 35.6
1512 1342 35.7
1528 1376 35.8
1.544 13AA 35.9
1560 13DE 36.0
1576 1412 36.1
1592 1446 36.2
1.608 147A 36.3
1.624 14AE 36.4
1.640 14E2 36.5
1.656 1516 36.6
1.672 154A 36.7
1.688 1S7E 36.8
1.704 1582 369
1.720 15E6 37.0
1.736 161A 37.1
1752 164E 37.2
1.768 1682 37.3
1.784 16B6 37.4
1.800 16EA 37.5
1.816 171E 37.6
1.832 1752 37.7
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m1ah 3.2(30) Mmanlasnwssuiusgungiilumiesrusadod

usedu (Taad) doynavyu1e qavgil (°C)
1.848 1786 37.8
1.864 17BA 379
1.880 17EE 38.0
1.896 1822 38.1
1.912 1856 38.2
1.928 188 38.3
1.944 18BE 38.4
1.960 18F2 38.5
1.976 1926 38.6
1.992 195A 38.7
2.008 198E 38.8
2.024 19C2 389
2,040 19F6 39.0
2,056 1A24 39.1
2,072 1ASE 39.2
2.088 1A92 39.3
2.104 1AC6 39.4
2.120 1AFA 39.5
2.136 1B2E 39.6
2.152 1B62 39.7
2.168 1B96 39.8
2.184 1BCA 39.9
2200 IBFE 40.0
2216 1C32 40.1
2232 1C66 402
2.248 109A 40.3
2.264 1CCE 404
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mnan 3.2(¢e) Mmaulasnusduilumgungilumissesrusado

usaku (Toad) Joyanugnle gamngll (°C)
2280 1D02 40.5
2.296 1D36 40.6
2312 1D6A 40.7
2.328 1D9E 40.8
2.344 1DD2 40.9
2.360 1E06 41.0
2.376 1E3A 41.1
2.392 1E6E 41.2
2.408 1EA2 41.3
2424 1ED6 414
2.440 1FOA 41.5
2.456 1F3E 41.6
2472 1F72 41.7
2.488 1FA6 41.8
2.504 1FDA 419
2.520 200E 42.0
2.536 2042 42.1
2.552 2076 42.2
2.568 20AA 423
2.584 20DE 424
2.600 2112 42.5
2.616 2146 42.6
2.632 217A 42.7
2.648 21AE 42.8
2.664 21E2 429
2.680 2216 43.0
2.696 224A 43.1
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anah 3.2(00) maudasrusesudiungangiilumiwesmuzaso

usadu (Trad) Joyaaugiuie qungil (°C)
2.712 227E 432
2.728 22B2 433
2.744 22E6 43.4
2.760 231A 43.5
2.776 23AE 43.6
2.792 2382 43.7
2.808 23B6 43.8
2.824 23EA 43.9
2.840 241E 44.0
2.856 2452 44.1
2.872 2486 4.2
2.888 24BA 443
2.904 24EE 4.4
2.920 2522 44.5
2.936 2556 44.6
2.952 258A 4.7
2.968 25BE 44.8
2.984 25F2 449
3.000 2626 45.0
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'* Name

" By

: Anuwat Srisen

: Thermometer..BAS

** Notice : Copyright (c) 2003 [set under view...options ]

"* Date

All Rights Reserved
: 12/03/2005

** Version : 1.0

'* Notes : This program for Anuwat's Project

INCLUDE "modedefs.bas"

(FTTTT223 22232222 2222 L L L) conﬁguraﬁon AR EREEKEEEAKKKKEE R R LA AR R R EE KR

BO
Bl
B2
B3
B4
B6
B7
B8
B10
Bl11
B12
B13
B14
B17
B18
B19
B20
B21
B22
B23
B24

VARBYTE
VAR BYTE
VARBYTE
VAR BYTE
VARBYTE
VAR BYTE
VAR BYTE
VAR BYTE
VARBYTE
VAR BYTE
VARBYTE
VARBYTE
VAR BYTE
VARBYTE
VAR BYTE
VARBYTE
VAR BYTE
VAR BYTE
VAR BYTE
VAR BYTE
VARBYTE

"‘Use show data on LCD with pointer position
‘General Register
'General Register
'General Register
'‘General Register

"Used Count people in Subrutine store data Program

'Config Buffer B 10
'‘Config buffer B 11
'‘Config buffer B 12
'Config buffer B 13
'Config buffer B 14
'Fix ,Start Address 10 on EEProm in Store Program
'Fix ,End, Address 23 on EEProm in Store Program
‘General Register
‘General Register
'ON-OFF Black Light for LCD
'Fix,Store Hex Data Byte Low
'Fix,Store Hex Data Byte High

'‘Used counter people in Send Program

69



W0 VAR WORD
Wi VAR WORD
W2 VAR WORD
W3 VAR WORD
W4 VAR WORD

70

'Store Time maximum

DPIN VAR PORTC.4 'DPIN=SDA for 12C Bus

CPIN VAR PORTC.3 'CPIN = SCL for I12C Bus sound 1

VAR PORTB.2
VAR PORTB.O
VAR PORTE.2

BBYTE VAR PORTB.1

Rowl VARPORTC.0

Row2 VARPORTC.1

Row3 VARPORTC.2

Row4 VAR PORTC.5

In0 VAR PORTB4

Inl VAR PORTB.5

2

VAR PORTB.6

B

VAR PORTB.7
Bl =0
B2 =0
B4 =0
B6 =1
Bl11=0
B12=0
B24=0
Main: B0=0

B7 =0
B13=1
Bl14 =21

‘Initial portb. 2 = sound out Bussy

'‘Bussy Status R_C

'Set cursor on second line and third location
'Clear buffer register B 2

'Clear buffer register B 4

'Start Address 1 on EEprom

'Clear buffer register B 11

'Clear buffer register B 12

‘Clear Counter people in Subrutine of'store Data Program .



B17=21 'Fix ,Start Address 21 on EEProm
B18 =41 'Fix ,End, Address 40 on EEProm
LCDOut $FE,1," "
Call Delay 100
Loopl: LCDOut $FE,$80," Infrared "
LCDOut $FE,$C0," Thermometer "
Pause 500 '
LCDOut $FE,$80," "

LCDOut $FE,$C0," "
Pause 500

B0=B0+1

IF B0=2 Then Loop2

GoTo Loopl

Loop2: LCDOut $FE,$80," Measure Temp "

Pause 100
LCDOut $FE,$C0," Press Enter "
Call Delay_100

TRISC.5=0

TRISB.7=1

High Row4

Low Row4
IF In3=0 Then Loop3 'Press Enter
High Row4

GoTo Loop2

in Store Program
in Store Program

Loop3: B20 =3$0CS 'Index position 4 on LCD

B19 =1

'Address 1-6 on EEProm
B6 =BI19
Bl =B20
LCDOut $FE,1," "
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LCDOut $FE,$80," ID Numberis "  'Show "ID Numberis " on first line .

Call Delay_100 Delay 100 mS
LCDOut $FE $C4,":" 'show ":"
LCDOut $FE,$0F "Tum on Cursor

Call Delay_100 Delay 100 mS GoTo Scanl

Loop4: LCDOut $FE,$C2,"ID"
LCDOut,$FE,$80," Measure : Enter "
Call Delay_100
TRISC.5=0
TRISB.7=1
Loop44: High Row4
Low Row4
IF In3=0 Then AtoD Press Enter ,receive data from A /D
High Row4
GoTo Loop44
Loop5: TRISB.7=0
TRISB.4=1
High In3
Low In3
IF In1=0 Then Loop3  Press ESC
High In3
TRISC.5=0
TRISB.4=1
High Row4
Low Row4
IF In0=0 Then Loop6 "Press ADD
IF W3 >=$16EA Then sound_0 Turn on Sound
High Row4
GoTo Loop5
Loop6: LCDOut,$FE,$80," Save Send Back "
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LCDOut,SFE,$C0," F1 F2 F3 "
Call Delay 100
TRISC.0=0
TRISC.1=1
TRISC.2=1
High Rowl
Low Rowl
IF Row2=0 Then Send 'Press 2
IF Row3=0 Then DMY "Press 1
High Rowl
TRISC.0=0
TRISB.7=1
High Rowl
Low Rowl
IF In3=0 Then Cel "Press 3
High Rowl
GoTo Loop6
skxkxk:% Qubroutine of Program Read Data From Analog to Digital
AERERRERERERERKEREE
AtoD: High sound 1 'Delay complete ,Turn ON Sound
Call Delay 100
Low  sound !
Call Delay_100
ADO: B2=0
AD1l: HighR C
'‘Conversion OFF when R_C = high,
Call Delay 100

Low R C 'Start Conversion when R C =Low ,

Input Bussy
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AD2: IF Bussy =1 Then AD3 'Conversion Complete when Byte =1
GoTo AD2
AD3: High R_C

Low BBYTE 'SetR_C = High ,Byte =Low forread Low Byte
Input PORTD ‘Read data from Analog to digital converter

B22 = PORTD '‘Save data of Low Byte in B 22

High R C '

High BBYTE 'SetR_C=High Byte = High for read High Byte
Input PORTD "Read data from Analog to digital converter

B23 =PORTD 'Save data of High Byte inB 23

B2 =B2+1

IFB2=3 Then AD4  'Readdata 15times?  YES Goto AD 4

GoTo AD1

AD4: W1=B23 "W1 store data Hex code high byte
W2 =B22 "W2 store data Hex code low byte
W1=WI1<<8 'Shift W 1 8 positionn
W3 =WI1+W2

Com0: IF W3 >=$0000 Then Com!
Coml: IF W3 < $07AE Then Error_1 If voltage less than 0.6 volts show Temperature
lower range .
IF W3 >= $07AE Then Com2
Com2: IF W3 <=$2626 Then Cel "No Error,Goto check Unit
IF W3 > $2626 Then Com3
Com3: IF W3 <= $7FFF Then Ermor 2 'If voltage more than 3.00 volts show Temperature
Higher range .
IF W3 > $7FFF Then Com#
Com4: IF W3 <=$FFFF Then Error | ' Voltage is negative. range .
GoTo ADO

'exs2ss%% Subroutine of Program Sound

EXEEER KR EERER KRR RE R R R R SRR AR EERE XXX RR LR R RS R KRS



sound_0: High sound_1 'Sound
Call Delay_100
Low sound 1
Call Delay_100
GoTo Loop5
sxxx3x55% Qubroutine of Program Set Date - /Month /Year & Set Hour /Minute ********
DMY: LCDOut $FE,1,"" ’
LCDOut $FE,$80,” Date-Month-Year"
Call Delay_100
LCDOut $FE,$C4
LCDOut $FE,$0F "Turn on cursor
Call Delay 100 Delay 100 mS
B20 = $0C4 "Position 4 on LCD
B19=07 'Address 7-12 on EEprom
B1 =B20
B6 =B19
GoTo Scanl
MT: LCDOut $FE,1," "
LCDOut $FE,$80," Hour - Minute "

LCDOut $FE,$C6

LCDOut $FE,$0F "Turn on cursor

Call Delay 1 'Delay 100 mS

B20 = $0C6 "Position 6 on LCD
B19=13 'Address 13-16 on EEprom
B1 =B20

B6 =BI19

GoTo Scanl

xsxkks* Qubroutine of Store Hex Code

ettt YT TTI RIS AR RIS AL LSS S S L AL L2 L b

S_Hex: B19 =17 'Store HEX code start address  17-20
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B6 =BI19 ‘Start, B 6 index Address 17 on EEPROM

B2 =B23 'Store data High Byte from B 23 to Address 17-18

CallS_LO 'Call Shift left

B2 =B23

Call S_RO 'Call Shift Righ

B2 =B22 'Get data Low Byte from B 22 to Address 19-20

Call S_LO 'Call Shift left

B2 =B22

Call S RO 'Call Shift Righ

GoTo Store 'Store Hex code Complete, Goto store
S 10: B2=B2>>4 'Shift B 2 to left 4 position

Call SO_F

[2CWrite DPIN,CPIN SA0,B6,[B11] 'Write Top Byte from B 2toB6

Call Delay 10
B6 =B6+1 'Next Address on EEprom
Return
S RO: B2=B2<<4 'Shift B 2 to Righ 4 position
B2 =B2>>4 'Shift B 2 to left 4 position
Call SO_F

I2CWrite DPIN,CPIN.SA0,B6,[B11] "Write Bottom Byte from B 2to B 6
Call Delay 10
B6 =B6+1 "Next Address on EEprom
Return

SO_F: Branch B2,[S0,S1,52,53.84,55,56,57,58,89,SA,SB,SC.SD,SE,SF]

S0: B11="0" Return

S1: B11="1" Retumn

S2: B11="2" Return

S3: B11="3" Return

S4: B11 ="4" Retumn

S5 B11 ="5" Return
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Sé6: B11 ="6" Return
S7: B11="7" Return
S8: B11="8" Return
S9: B11 ="9" Return
SA: Bll="A"Return
SB: B11="B" Return
SC: B11="C" Return
SD: Bl11="D" Return
SE: B11 ="E" Return
SF: B11="F" Retumn
thkkkkkk¥ submuﬁne ngram Write data on EEprom PRSI EE 2 2222222222 22222 22 2
Store: LCDOut $FE,1," "
LCDOut $FE,$80," Saving "
Call Delay_100
B7 =B7+1
IF B7 > 20 Then Error 3  'Goto Show Error _ 3
IF B7 >=11 Then ST3 '‘Goto Write on High order Address
B3 =$A0 'Control word for EEPROM
B6=1
ST1: 12CRead DPIN,CPIN,B3,B6,[B8] 'Read data fromB 6toB 8
Call Delay_10
B6 =B6+1
[2CWrite DPIN,CPIN,B3,B17,[B8] "Write data from B 8to B 17
Call Delay 10
B17=B17+1
IFB17=B18 Then ST2  'Store Complete ? ,Yes Goto Next
address
GoTo ST1 'No ,GoTo Next Adderss
ST2: B18=BI18 +20
GoTo Cel
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ST3: B3=8A2 '‘Control word for High order Address EEPROM
B6=1

ST4: 12CRead DPIN,CPIN,$A0,B6,[B8] ‘Read data fromB 6to B 8
Call Delay_10
B6 =B6+1

12CWrite DPIN,CPIN,B3,B13,[B8] "Write data from B 8to B 13
. Call Delay 10

B13=B13+1
IFB13 =B14 Then ST5 ‘Store Complete ? ,Yes Goto Next address

GoTo ST4 No ,GoTo Next Adderss

STs: B14=B14 +20 GoTo Cel
xsxxx¥% Qubroutine Program Send Data viaRS 232 port **ssxxxesexsssss
Send: LCDOut $FE,1,""
LCDOut $FE,$80," Sending "

Call Delay 100
B3=3A0 'Control word for EEPROM
B10=21 'Start,Send data form Address 21
B12 =41 'End,Addresss 41
B24=0 ‘Send data first people

Sel: I2CRead DPIN,CPIN,B3,B10,[B8] ‘Read data from B 10to B 8

HSerout [B8,0] 'Send Ascii tors_ 232 port
B10=B10+!1 'Next Address on EEPROM
IF B10 = B12 Then Se2
GoTo Sel

Se2:  HSerout {":",0] '‘Send Complete
B12=B12+20
B24=B24 +1
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IF B24 = B7 Then Cel 'B24 = all people ? Yes goto Func 4

IF B24 >=10 Then Se3 'Goto High order Address

GoTo Sel
Se3: B3=%A2 'Control word for High order Address
EEPROM
B10=1 ‘Start,Send data form Address 21
B12=21 ' 'End,Addresss 41
Se4: I2CRead DPIN,CPIN,B3,B10,[B8] 'Read data from B 10to B 8
HSerout [B8,0] 'Send Ascii tors_ 232 port
B10=B10+1 'Next Addresson EEPROM
IF B10 = B12 Then Se5
GoTo Se4
Se5:  HSerout [":",0] '‘Send Complete
B12=B12+20
B24 =B24 +1

IF B24 =B7 Then Cel 'B24 =all people ? Yes goto Func 4

GoTo Se4

ek kkkkkEkE subrouﬁne OfFuDCtion Delay 3223333333233 22233222222 2 28

Delay 10: Pause 10 'Delay 10 ms
Return

Delay 100: Pause 100 'Delay 100 ms
Return

1333312233332 23222222 1 (3333323323 33332 2333333222 34
Subroutine of Program Scand Key

scanl: TRISC.0=0
TRISC.1=0
TRISC.2=0
TRISC.5=0
TRISB.4=1



TRISB.5=1
TRISB.6=1
TRISB.7=1
High Rowl
High Row2
High Row3
High Row4
loopal: Low Rowl
IF In0=0 Then Num0
IF In3=0 Then Num3
High Rowl
loopbl: Low Row2
IF In2=0 Then Num6
High Row2
loopcl: Low Row3
IF In1=0 Then Num9
IF In2=0 Then Num5
High Row3
loopdl: Low Row4
High Row4
scan2: TRISC.0=0
TRISC.1=1
TRISC.2=1
TRISC.5= 0
TRISB.4=0
TRISB.5=1
TRISB.6=1
TRISB.7=0
High Rowl
High Row4
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High In0
High In3

loopa2: Low Rowl
IF Row2=0 Then Num2
IF Row3=0 Then Numl
High Rowl

loopb2: Low Row4
High Row4

loopc2: Low In0
IF In1=0 Then Num38
IF In2=0 Then Num4
High In0

loopd2: Low In3
IF In1=0 Then Cir
IF In2=0 Then Num?7
High In3
GoTo scanl

Numl: Bll1="1"
Call Delay 100
LCDOut $FE,B1,"1"
Call Delay_100
Call Config_1
GoTo scanl

Num2: Bl1="2"
Call Delay_100
LCDOut $FE,B1,"2"
Call Delay_100
Call Config_1
GoTo scanl

Num3: Bl1="3"



Call Delay_100
LCDOut $FE,B1,"3"
Call Delay_100
Call Config_1
GoTo scanl

Num4: B11="4"
Call Delay_100
LCDOut $FE,B1,"4"
Call Delay_100
Call Config_1
GoTo scanl

Num5: Bl11="5"
Call Delay_100
LCDOut $FE,B1,"5"
Call Delay 100
Call Config 1
GoTo scanl

Numé: B11="6"
Call Delay_100
LCDOut SFE,B1,"6"
Call Delay_100
Call Config 1
GoTo scanl

Num7: BI11="7"
Call Delay 100
LCDOut SFE,B1,”7"
Call Delay_100
Call Config 1
GoTo scanl

Num8: BI11="8"
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Call Delay_100
LCDOut $FE,B1,"8"
Call Delay 100
Call Config_l
GoTo scanl
Num9: Bl11="9"
Call Delay_100
LCDOut $FE,B1,"9"
Call Delay 100
Call Config_1
GoTo scanl
NumO: B11="0"
Call Delay 100
LCDOut $FE,B1,"0"
Call Delay 100
Call Config 1
GoTo scanl
Clr: B1=B20
B6=BI19
w0=0
LCDOut $FE,B1," " 'Clear LCD on second lines
LCDOut $FE,B1
Call Delay 100
LCDOut $FE,$OF
‘Turn on cursor
Call Delay_100
GoTo scanl
Config_1:12CWrite DPIN,CPIN,$A0,B6,[B11]  'Write data fromB 11toB 6
Call Delay_10



B1=B1+l
‘Next cursor
B6 = B6+1
Next Address on EEprom
IF B6 = 07 Then Loop4 'Store ID complete ,Goto Press Enter
IF B6 =13 Then MT
'Store Date,Month,Year completé ,Goto Measure Time
IFB6=17 Then S Hex ‘Store Measure Time complete ,Goto Store
Return
IEXXEERREERERE Subrouﬁne Of ShOW EITU‘I' **3—8****ttt****ttt**‘**tt***
Error_1:LCDOut,$FE,$80," Temperature is "
Call Delay 100
LCDOut,$FE,$C1," lower range. ~
Call Delay_100
TRISB.7=0
TRISB.4=1
Low In3
IF In1=0 Then Loop2 Press ESC
GoTo Error_1
Error_2:LCDOut,$FE,$80," Temperature is "
Call Delay 100
LCDOut,$FE,$C1," higher range. "
Call Delay 100
TRISB.7=0
TRISB.4=1
Low In3

IF In1=0 Then Loop2 "Press ESC

GoTo Error_2

Error_3:LCDOut,$FE,1," " 'Clear LCD Display
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Err3: LCDOut,$FE,$80,” Full Memory " ‘Show " Full Memory "
LCDOut,$FE,$C0," Back = ESC"
Call Delay 100
TRISB.7=0

TRISB.4=1
Low In3

IFIni=0 ThenCel 'press ESC Goto to Cel
GoTo Err3

IR RKRXEER Subrouﬁne ShOW Temperature in Cel.Siu.S Unit ERREEXRRE AR RREERRKEKRKEX

Cel: LCDOut,$FE,1," " 'Clear LCD Display
LCDOut,$FE,$80," Temperature "  'Show " Themperature " on first line

LCDOut,$FE,$0C

‘Turn off cursor .
LCDOut $FE,$C5," Celsius " 'Show temperature in celsius .
Call Delay 10
IF W3 = $2626 Then
GoTo N45
EndIF
IF W3 >= $241E Then
GoTo N44
EndIF
IF W3 >= $2216 Then
GoTo N43
EndIF
IF W3 >= $200E Then
GoTo N42
EndIF
IF W3 >= $1E06 Then
GoTo N41
EndIF



IF W3 >= $1BFE Then
GoTo N40

EndIF

IF W3 >=$19F6 Then
GoTo N39

EndIF

IF W3 >= $17EE Then

GoTo N38

EndIF

IF W3 >= $15E6 Then

GoTo N37

EndIF

IF W3 >= $13DE Then
GoTo N36

EndIF

IF W3 >=$11D6 Then

GoTo N35

EndIF

IF W3 >= $0FCE Then
GoTo N34

EndIF

IF W3 >=$0DC6 Then
GoTo N33

EndiF

IF W3 >=$0BBE Then
GoTo N32

EndIF

IF W3 >=$09B6 Then

GoTo N31

EndiF
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N45:

N44:

N43:

N42:

N41:

N40:

N39:

N38:

N37:

N36:

N35:

N34:

N33:

N32:

IF W3 >= $07AE Then

GoTo N30
EndIF

LCDOut,$FE,$C1,"45.0"

GoTo Loop5
Call N44p

GoTo Point
Call N43p

GoTo Point
Call N42p

GoTo Point
Call N41p

GoTo Point
Call N40p

GoTo Point
Call N39p

GoTo Point
Cali N38p

GoTo Point
Call N37p

GoTo Point
Cali N36p

GoTo Point
Call N35p

GoTo Point
Call N34p

GoTo Point
Call N33p

GoTo Point
Call N32p

‘Show number " 45.0."

'Goto show

'Goto show

'‘Goto show

'Goto show

'‘Goto show

‘Goto show

'Goto show

'Goto show

'Goto show

'Goto show

'Goto show

'Goto show

'Goto show

"44."

"43."

"42."

"41."

"40."

"39."

“38."

"37."

N36."

"35."

"34'"

N33.|l

"32."
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N31:

N30:

Point:

PO_0:

GoTo Point
CallN31p
GoTo Point
Call N30p
GoTo Point
W1=W3
W2=$07E1
IF W1<=W2 Then
GoTo NO
EndIF
W2=W2+$34
IF W1<=W2 Then
GoTo N1
EndIF
W2=W2+3$34
IF W1<=W2 Then
GoTo N2
EndIF
W2=W2+$34
IF W1<=W2 Then
GoTo N3
EndIF
W2=W2+$34
IF W1<=W2 Then
GoTo N4
EndIF
W2=W2+$§34
IF W1<=W2 Then
GoTo N5
EndIF

'Goto show

'Goto show

'Goto show

'Goto show

'Goto show

'Goto show

'Goto show

'Goto show

ﬂ3l."

"30."

HO"

Nl"

N2"

"3"

"4"

"5"

88



N30p:

N31p:

N32p:

N33p:

N34p:

N35p:

W2=W2+3§34

IF W1<=W2 Then

GoTo N6
EndIF
W2=W2+$34

IF W1<=W2 Then

GoTo N7
EndIF
W2=W2+3$34

IF W1<=W2 Then

GoTo N8
EndIF
W2=W2+3$34

IF W1<=W2 Then

GoTo N9
EndIF
W2=W2+$34
GoTo PO 0
LCDOut,$FE,$C1,"30."
Return
LCDOut,$FE,$C1,"31."
Return
LCDOut,$FE,$C1,"32."
Return
LCDOut,$FE,$C1,"33."
Return
LCDOut,$FE,$C1,"34."
Return
LCDOut,$FE,$C1,"35."

Retum

'‘Goto show "6"

'‘Goto show "7"

'Goto show "8"

'Goto show "9"

‘Show number " 30."

‘Show number " 31."

‘Show number " 32."

'Show number " 33."

‘Show number " 34."

‘Show number " 35."
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N36p:

N37p:

N38p:

N39%p:

NA40p:

N4lp:

N42p:

N43p:

N44p:

NO:

NI1:

N2:

N3:

N4:

LCDOut,$FE,$C1,"36."
Return
LCDOut $FE,$C1,"37."
Return
LCDOut,$FE,$C1,"38."
Return
LCDOut,$FE,$C1,"39."
Return
LCDOut,$FE,$C1,"40."
Return
LCDOut,$FE,$C1,"41."
Return
LCDOut,$FE,$C1,"42."
Return
LCDOut,$FE,$C1,"43."
Return
LCDOut,$FE,$C1,"44."

Return

LCDOut,$FE,$C4,"0"

GoTo Loop5

LCDOut,$FE,$C4,"1"

GoTo Loop5

LCDOut,$FE,$C4,"2"

GoTo Loop5

LCDOut,$FE,$C4,"3"

GoTo Loop5

LCDOut,$FE,$C4,"4"

GoTo Loop5

LCDOut,SFE,$C4,"5"

GoTo Loop5

*Show number " 36. "

‘Show mumber " 37."

‘Show mumber " 38."

‘Show number " 39."

'‘Show number " 40."

'Show number " 41.7

'Show number "42.°

'Show number " 43."

'Show number " 44."

'Show number

'Show number

'Show number

'‘Show number

‘Show number

'‘Show number

ﬂON

"1"

"2"

"3"

"4"



Né6:

N7

N8:

‘N9:

LCDOut,$FE,$C4,"6"
GoTo LoopS
LCDOut,$FE,$C4,"7"
GoTo Loop5
LCDOut,$FE,$C4,"8"

GoTo Loop5

LCDOut,$FE,$C4,"9"

GoTo Loop5

'Show number

‘Show number

'‘Show number

'Show number

[P T T T T 111 s ta 2222 2R T2 RS2 S22 2 222 S22ttt 2

End

"6"

ﬂ7"

ﬂ8"

ﬂ9"
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Thermopile Infrared Sensor TP336

| Features

The thermopile sensor consists of a series of 116 thermoelements, forming a sensitive
region size of 545um (diameter). The sensor is hermetically sealed into a TO-5 metal
housing, with an optical filter. This standard filter allows measurements to be made in the
spectral range above 5um wavelength. The thermosensor exhibits an almost white noise,
comparable to an ohmic resistance. It has a constant signal versus frequency up to its
frequency limit, and is directly proportional to incident radiation.

J Applications

*

Ear thermometers; clinic thermometers

*

Infrared thermometers
* Consumer applications: hair dryer, micro-wave oven, air conditioner, refrigerator
Continuous temperature control of manufacturing

* Security system

Radiation monitor switch system

Absorbing measurement for gas analysis

Thermoelectric converter
* Heat flux flowmeter



Thermopile Infrared Sensor
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TP336

f§ Electrical Characteristics

Thermopile

Number of thermojunctions — 116 —

Chip size — | 17401740 | — nm?

Active region size ::ytzference - Diasr::t er — pm

Thickness of substrate Silicon- 600 625 650 rmM
substrate

Resistance of thermopile 25 50 65 80 Ka

Sensitivity :nf:: Stum | g 85 100 | viw

Detecctivity 1.0410%| 1.310° }1.7*10°|cm*Hz""W

Time constant — 16 — ms

Noise voltage 28 32 36 nV/Hz"?

NEP 0.28 0.36 048 | nWI/HZ'

Temperature range Operation -20 — 100 *

Measured at 1 Hz chopper frequency, within spectral range 5-14um, using a blackbody

radiator of 500K temperature.
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Thermopile Infrared Sensor TP336

E Themmopile volitage vs. blackbody temperature

9 DOE4

Ambient Temperature = 23C

3 00E-04

700E04

600E04

SO0E04

400E-04

Quiput Voltage (V)

I00E04

200E04

1D0E04

000E+00

% 27 2 B/ W MR M MW XYW B W N 4 RS ML
Target Temperature (O)

§ Frequency response

Normalized output voltage

10 100
Frequency (Hz)
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Thermopile Infrared Sensor TP336

fi Field of view

1) window size: 2.57mm (diameter)

Normalized output voltage

Incident angle of radiatior (degree;

2) window size: 3.80mm (diameter)

10

08 -
064 — S

0.4 -

Normelized output voltage

0.2

00 1 . , : : .
0 & 40 0 0 > o & 80

incident angle of radiatia~ {degres}
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TP336

E Pin assignment & description
1 thermopile output pin (+)
3 thermopile output pin (-)

/ Thermopile

L R ! -
olo Bz u
2(R) 3(V-) .
, I
1(V+) 4(GND) l
|
- B u_
BACKSIDE VIEW SIDE VIEW
B Orderinformation : TP3360
O : A : Standard fitter (5-14pm), window size=2.57mm (diameter).
B Silicon filter with flat band transmission, window size=2.57mm (diameter).
E : Standard fitter (5-14pm), window size=3.80mm (diameter).
F Silicon filter with flat band transmission, window size=3.80mm (diameter).
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Thermopile Infrared Sensor TP336

E Transmission of filter

Transmission of optical filter is measured by FTIR from 2um

100

80 - —
— Standard Fiter
— —— Flat Band Fiter
=
= 60 T T T -
.
oy
@
&
c 40 4 — —
=
—
20 ]
a T
] 5 10 15 20 25
Wavelength (xm)
B Package

The sensor is hermetically sealed into a TO-5 metal housing, with an optical filter. This
standard fitter allows measurements to be made in the spectral range above S5um
wavelength. The dimensions of header and cap are shown below.






