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ABSTRACT

This project is the design and fabrication of the alcohol meter. As to application alcohol
sensor number TGS 822 with microcontroller number PIC 16F877A has function is analog to
digital converter before send to LCD display section. This alcohel meter can be measures
concentration of alcohol gas between 50 - 5000 ppm. Moreover in this project has fabrication of

alcohol sensor test system.
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Circuit Voltage (V) 5.0£02V DC {Max. 24 V)
Heater Voltage (V) 5002V DC/AC
Heater Current (I,) 130 4 mA

Heater Resistance (R,))

38.0+3.0£2 at room temp. (typical}

Load Resistance (Rv)

Variable 0.45 k{2 min.

Power Dissipation (Ps})

Less than 15 mW

Heater Power Consumption (Px)

Approx, 660 mW

Sensor Resistance (Rs)

1 ~10 k€ in 300 ppm Ethanol

Typical Detection Range

50 ~ 5000 ppm

Operating & Storage Temperature

-40 °C~+70°C
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Tulnsneulnsaaes PIC nazlassadanieaians

3.1 PIC Aoaxls
. A o 1 . 5
PIC 9 Microcontroller 9n#13 AU Y91U191NA1I1 Peripheral Interface Controller 54
-4
Microcontroller  @szfafiffie  worwiwiswemnosiuer 13 ludrve i lddezilu

PROGRAM, MEMROY RAM, EEPROM, SERIAL, I'C, PWM, A/D 4a9 1ae lududludsano

rd =S Qs A ny;
gUnsoltgTuainnieuen Tudauns PIc  aziifandunldlumisdszuiana s2uns
NUwAMNS Fai 1 Tumileudy CPU Awiluaeife)

ANM3Ived PIC Mavadnamadygsunin  Tagiuaunsaiidgyanauiim

v ) T 3 ) o a4
144 20 MHz Faildwilafdaune PIC THnawies 0.25 ps udeelsinmu 180 imdula

¥
o Q(

] 9
FaavaNT PIC 970 Microchip Uaz laa$13 Chip Al 1wy ldwnniudvan lldn

I

WiEaNNE1wes PIC lyeAaviienud1ves PIC  vzdeudeins fAe o
52NN 512 words 9 4 kwords 115819955 EN Microchip Fudindmos pic e
115 Memory 189 PIC ﬁf-ummfiuwmaﬁ‘uﬁia“luﬁtxazﬁﬂﬁ1&1%%1&"15114qjﬂﬁ‘uﬁaﬂq
luSesveamstiuvuinvesiiunuiwes Pic sxfubimioudnd Taeh wilsdrdawes
PIC 9:fiv11A 14 bits §a5 19530091 1 word 994 PIC 955M1R 14 bits 131 PICI6F84A
seyhiiniaen I 1k @eaneds 1 kword 818120 IR0 1 byt = 8 bit 131491 1 x
1,024 x 14 = 14336 bits F31LARD 14,336/(8 x 1,024) = 1.75 kbytes 111194

F0INENTIHYES PIC  ROUDT 3 Argnans guanoullLAase Ao Sudude
16xxx,1 7xxx oz Tinid1gafe 18xo dmainuauiafmidonhdesnndesanldinngad
7016 = 17 -> 18 A1¥9 Assembly 104 17 ude 18 9ziiunnnd 16 ¥ ldFeuTisunsy1ddw

v = roog = = a =) ey
N7 IINTTFINTIRNY Lmﬂ&‘ﬁuﬁuﬂﬂﬂ’lﬂﬂf}'ﬁ AY A0 16xxx

3.2 PIC Han13q
Microcontroller TuAsz0a PIC 8141/309nA10B1A109 PROGRAM MEMORY 41114
18 3 uuw Ao
1. OTP (One Time Programmable)
2. EPROM (Erasable Programmable ROM)

3. EEPROM/Flash (Electrically Erasable Programmable ROM)
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1. OTP (One Time Programmable) 131 Chip ﬁﬁmmgﬂﬁqﬂiu 3U3Eian aunafon
Chip LUV OTP szaunsniims Tilsunsalduansudonminiy wénen chip  lAgn
Tsunsyludog awso Tsunsudn Tl imi 1880 dariu Chip dszinmil sxfiontd
ndenn1dWann Tsunsusunsziagaunws osang Tuldsunsnbiiidnuds msrzesd
ﬁunuﬁnﬁmﬁwﬁa Memory Uszinnauagiif18nus C uaasuusa Chip 194 16C84, 16C74

2. EPROM (Erasable Programmable ROM) 15y Chip 11} Program Memory itiieiiau
Tdsuasudn ldudrawnsaldsunsulnddsonisav TtlsunswmanTaelduas UV Ul
Violet) aagr g 183 Chip Yszam 5-10 1 ERVITL L ITnTee Chip 2inIauUATLIN

3
el o o

welduans v ansadesdinud il lud chip 14 aadlswmasilumsauTilsunsu

F )

i o Y =4 o 1 o
wuiy divav Tdsunsudieues UV uing dhissifiaenisdw e Tsunselud ey e

o

0AINY3 TW #39219191910NTOUNSLINBGIY Chip 150 b

3. EEPROM/Flash (Electronically Erasable Programmable ROM) T Chip ﬁaamﬂﬁﬁﬂﬁ
199 8IUUB9 Program Memory @1%71508 U5 oiliousodayaianis i 1dnalumsan
Foya'hid Suf wazaunsony wazd@oulng ldnaeuasy miviluftoufaal 3

Uszinn UAI8nss F Wudiuanay 16F874, 16F877

3.3 PIC 1936149
1939171 Microcontroller 483 PIC Hinanumoes wumnuazidonld lige ualuanu
Jussawdr  mseemueiivig vomnldiamadmuafisnefiniuoy Sus1E11500
vomihu 6 ngu 1éuA
- PIC12Cxxx, PIC12Fxxx (Flash Microcontrolier)
- PIC16C5x
- PIC16Cxxx
- PIC17Cxxx
- PIC16Fxxx (Flash Microcontroller)

- PIC18Cxxx, PIC18Fxxx {Flash Microcontroller )
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PIC12Cxxx dax PICi2Fxxx

0o

a8

- Tdalun 1B Assembly WIVuA 33 139 35 Aa
- 31 /0, Timer, Watch dog

-1191053) Internal EEPROM
= . ' o . o kY 13/ =t . '
- 321 4 MHz Oscillator 'ﬂQﬂ'\EIGLUﬁ'é Chlp Ll e 7]']1?1!31“111@95'“ Oscillator NYUDN (Lm‘ﬂ”lﬂ

97 1 a S o o ¥ ¥ .
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$-pin PiCmicro™ MCU Family
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GPADSCZANNCLKOUT w13 2 £ 5 6 [ GPI/ANI ARer
GPAMCLRNVEE —m 14 2 ' 35 [Je—t GPUTOCKIANZINT

FIC12C508A PICT2CERfu PIC12CEE!

PIC1 205088 PICA2CAT PICT 2GEGTY
PIC1Z0R3uGA,  PIC120E72 PIC 1 2FE2%

PIC12CFE A% PIC12F67S

3% 3.1 AnEmzaas PIC #5008 97

PIC16C5x
- U9 lun e Assembly 33 A1eT9
- 3] /O, Timer, Watch dog

- 1} Feature Aoudnetioy 921l I'c 30 Serial m31zidlu Chip Aeonurlugausng voq

Microchip
A o R =Y des
Luﬁ]ﬂ%’lmﬂumﬂﬁ“If'l'ﬂﬂﬂlﬂu"ﬂﬂl’lﬂuﬁ’l WWULALUY OTP udg EPROM Feature AUy

2 A =y 1y 4y oo Py . : < Y, i o
I'C 38 USART il hidsayadsdeslionmsdue Microchip aurugasasasaiiimonfoy

assna i mife PIC16Cxxx
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18-pin PICmicro™ MCU Family

RAZANZAEFOIT et 153 e RAT/AN]
RAIANIICMP 1 VRE FIN -a—tm~ L] 2 17 i RALVAMNO
RANTOCK /CMPZ -—m= ] 2 s VO] m— OGS G CLK IN/RAY
MCLRAMPPRASTHY — =04 = B 2 A5 OSCZCLKOUT/RAG
Vg =[] 5 B2 E 14 ]l VD
REQAMT e ¢ = 5 7 13 ]-~a=-RR7T10G6

RRI/RX/DT -G 7 120 RBGTIOSOT 1CKI
RB2/ TR CK, ~a—tee ] & 11[] -t~ RBS
RB3/CCP1 -aw-L]0 107 st RE4P G 1

FIC A 208, PG R0 2L PO el PRzt eabed A
CRCROZ0A  FIC el GEY (2 [ Vi S B Pl &SRS
R 1606214 Ptk ess Pl ([0 ] = B
FIC 160RZ2A Flo1aFa22A FICHGC A0 PICYaRET
FICTGCERZL PlCABERZ A PICIRGTG PICIEFRE

FICAOCERS S

31¥1 3.2 dnwaizved PIC ATena 18 U1

20-pin PICmicro™ MCU Family
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RALTOCHK w1 3 18 e RATDSCCLKIN
RASHICLRA pp e 4 % 17 [ RABOSC2CLKOLIT
Wis—ae []35 8 F 16 [Ja——uu
At e [] GE‘ E E 15 [ Avpr”
RAZAMZMREF-VAL e [[ 7 T 14 [ RBTTI0SIPID
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KB AMAAMT st [ 12 [fowe RBESDOPTE
RB1ANSSS e [] 1 11 [Fe RB4SDISDA
FICH G177 PICAGSTT PICTIEF 12207
PICAGsT 7 PlIC18TRY FHo1aF 13200

[PCTei TR

T8 pinsdevie s Sess el Avpo ane nol walid pins or his Jesdcs

517 3.3 AnumEwad PIC 13200 20 41
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PIC16Cxxx
- Hif1aaTunIyT Assembly 35 e
-1 /O, # Timer ¥10A71 1 #7, Watch dog, I'C, USART, SPI, PWM
_ [ d? q 9/ a o a 1IN css{

- 5udl Feature lad11anna¥u ¥ld¥ms Interface Augnsaineuenih ladwiu

¥

WU Feature TN I°C, USART, PWM taolumnifoudsunsuldinn
= w A Y 4 o ey o ¥
Maey vaemmiua lasonnsena PIC12Caex 0001 Fuily PIC Hlias & 11 guauning
a 3 1 P=3 ! A o
AUIIANT JARUABY Oscillator Y119 4 MHz n18u Uil Data Memory tauniluily
EEPROM agmia 1y
¥

&1 ualud M99 Program Memory Suili OTP 1iag EPROM 0¢) naa9Intiu PIC12Fxxx 18
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PIC16Fxxx (Flash Microcontrolier)
~figdelun1sn Assembly 35 fads
-§1 /0, § Timer 119771 1 @7, Watch dog, I'C, USART, SPI, PWM
-1 A/D 4178 10 bits
- 1} Program Memory {1/UiUY Flash flamnse W sunsuln 18narenss
-3 EEPROM nmalu
Tunszqa 16F87x AifUayy In Circuit Debugger (1CD) 1iunash ¥ 1u§ ufudosde Emulator
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PIC16F8xx il PIC #15unmidowmin Huiisosuwsizify chip gansng i
Program Memory ﬁ]mmu Flash 1t8i2d) Data Memory 'ﬁrﬂu EEPROM Lﬁmﬁmiﬁm ’:"nﬁﬁaﬁa

Program Chip mwtsaadildan dldngy HOBBY waznguinfnwy) dunldinsizau
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28-pin PICmicro™ MCU Family
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PIC18Cxxx, PIC18Fxxx (Flash Microcontroller)

- lunmn Assembly 77 14

- 11 /0, 3 Timer 410071 1 @, Watch dog, I'C, USART, SPL, PWM, CAN

-3 A/D U119 10 bits
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40-pin PICmicro™ MCU Family
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PiCAaFas
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FICT8F 4220
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FICART 4431
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FICARR452
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3.4 ¥1iave4d Oscillator
. =) . ¥ 9/ 2
Microcontroller 1Wszna PIC #131301800 Oscillator 1873192 15uun71811%5
0w . < . 4 4 4 4
MBUDNF NI Oscillator 71811 PIC aziluilszinn RC Oscillator 1010799 4 MHz #1

Vo = 5V figungll 25 esrmuwaiFod NResryuvgiing1zd Oscillator l531n0 RC

Do

Azl foundasmugungll @91 Oscillator Meupn PIC dansouiia tdawd (fu MCU

A ddg sy ¥ s o
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1. Ceramic Resonator 11on 1% unsdinarudga luain veusy Error vasn1wd laneoaunds
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o

gﬂﬁ 3.6 ANEUEAOY Ceramic Resonator

2. Quartz Crystal Oscillator 92 115299 5v10dyg 00Ty Ui Crystal A wladyg

&
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ANudMHdI00n1 912A09l Capacitor #oad GND 483N 2 V1n1ugl) nazns 2 vrdadiy
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71 3.7 AnBAZO3 Quartz Crystal Oscillator
& =) v 9 & '
3. TTL Crystal Square-Wave Oscillator 79 Oscillator 1 Crystal agmtﬂuwa OUNIDTDY
nweluds Mildenudfvemniigdosammunnuaidnaume dnuazmsas Ao ¥114 @o
1 1 g [ ' =1 1
V., 5V, %17 @8 GND, 118 @iy CLKIN dauw1 1 lail#a1u 41 CLKOUT vas PIC A lsides
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A K am— 7

3 119 3.8 Anyuzuad TTL Crystal Square-Wave Oscillator

3.5 guuuumsiannmylsunsuuy Microcontroller
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T 11510 Tu1Y Microcontroller WHa137150% 1dvanualenty luiesdlu
. A 9 o P Yo P =) & =
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2 g VoA
Assembly 911199119INVRUHA1YS 10 A9
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W
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1
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[T =} [T Ll o oos g [ ar = @ kY
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4. In circuit debug IW312797 Emulator 11518109110 é’wﬁm Microcontroller ﬁﬁﬁﬁﬁﬂmﬁﬂ Al
m3 Ta395u190813 1311 Microcontroller ¥l aansanaunu Microcontroller Run Code #iag
ussHavdevgafidumtanils luvasfisdohaudulenie

Yo 31a1 hiunawn uafdumsgiomonssnhaiunmiy Dollar

3

Yorde 1510 3Fy Memory U981 V11411994 Microcontroller Y81z #1919117113 Debug D1l
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Llﬁﬂilﬂﬂﬁglﬂﬂ‘ﬂaq Microcontroller YDILADTUTHN
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3.7 AMANUAMANAAULA PIC16F87x/87xA
AMANTINYAN
3.7.1 %ﬁglﬂmmu RISC (Reduced Instruction Set Computer) ﬁﬁiﬁ;ﬂ%ﬂmﬁﬂd 35 ﬂDTE'f’J
372 aunsanssindda laslddygafieaiiogn snfudidensnse Tan
3.7.3 Anuadyaauinm Fauid DC B3 20 MHz
3.7.4 vieaud ldsungu
-2 Aladsa dmsy PICI6F870/872
-4 flaia §mTy PICI6F873(A)874(A)
-8 Alasa dndy PICI6EST6(ANSTT(A)
3.7.5 MwAUS M INT B3 T enmes
- 128 Tod dm5u PIC16F870/872
- 192 lud dwsU PICI6F87 (A)/874(A)
- 368 '1ud d1M¥U PIC16F876(AN8TT(A)
3.7.6 niawamudeyaddnsoy
- 64 1A dMU PIC16F870/872
- 128 1U@ §m5u PICI6FST3(ANST4(A)
- 258 'lud M3y PIC16F876(A)/877(A)
3,77 myneU e HAsTIasumes WA sade 15 undatungfuuoduosla Tasaoy
Tnsaiaes
3.7.8 HTuAn 8 52U
3.7.9 TinI0T 0915 Isa (POR)
3.7.10 fmnesswInmes (PWRT) uazesadameludiiiddanudedelumsiamd
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3.7.11 Lﬁaﬂmiﬁmﬁu%yaﬁﬂuwﬁ’mmmﬁ'iﬁﬂnmsmmwﬂmmmi'iﬁ’fmga FuNIMABN
seaumstloanuld
3.7.12 U Ivuatlsendanneau
3.7.13 nsn Tdsunsu Taeldusady s v 1a
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1/ Port 114617903 PIC 15usin Multiplexed F310ih37e 1O e Peripheral Feature
1 b] & 4 ' ; 1 1 o
(U A/D, Serial, I'C) Fuilo vyunari 1 ludu Peripheral fiog lausoloauludnuae
484 [/0 1R Port A Uz TRIS A Register
= P = Y ¥ oA
Port A 10179 6 Un Fuilu Port Milu1AN Input 1oz Output Tasdaadoniuy lauuy
< a4 yy - dosd 4w . 5 s
Wil ansaaen lHoin Register MUY 37 TRIS A 7387 TRIS A Bit A Set 10U 1" Port A Rl
=y ar 3 g o a g 1 Y 1
wineaiaRonuiiuARiawdy nput (1117 Port Tuaglusa1uy High Impedance) dufn
] 1
TRIS A Bit gn Set iy <0° Port A fiflnaaaviin@erduiiufiagsienail outpur (Port 9z
Tuan1ug Output Latch) NM58TUAT Port A Register A9 N15OMUAIAN UL VDU Port A UV
Wy dumsdeuat Ui Port A flo maden U8 Lacch w81 Port dnvaismiafonaiuuuy
- = é ' a9r Q‘ 1 t
Read Modify Write Operations ¥1v18n71331 Tumsieon l1lgs Port 9215ud 300158 11A7 Port
o ' Y o = ' o e & = a o o > &
Hunouuannlasunlasa vasnintduanimstoundy 11ds Port Lateh nnsanila
s 4 :
U1 RA4 9% Multiplexed 71U Timer 0 Module Clock Input 925003 I N
RA4/TOCKI Tae# 41 RA4/TOCKT vuiiludnuoiy Input LU Schmitt Trigger 110 Output WY
¥
Open Drain Port RA 191uA23 TTL Input Level gz Output LU Fuli CMOS Drivers #74
Port A 119U 3% Multiplex N1 Analog Inputs 8% Vref 189 A/D Input FINIINIHUANT
Mamvoaaaznasniond 1 Clear 30 Set Control Bit 14 ADCONI Register 134
1 ¢
YL Power-on Reset YINA111929n Config 111 Analog Input uazazeua 18iilu o
e = ] [ o
TRIS A Register i11191A70A331971 Port A Tzl mput/Output lunsainld port A

iU Analog Input TRIS A Register 97ABIRN Set f99414015 Initializing Port A
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FIGURE BLOGK DIAGRAM OF FIGURE BLOCK DIAGRAM OF RA4!
RAJRAD AND RAS FING TOCKIPIN
gJata Data
- L Q bus D a
. 2] | -
Mort PORT
on cKk W ——pekta m 1O pni1)
N
Defta LATH Gtz Latah
o b o] 1Q pint1l p— O 0 Ves
WR WR
RS ok IRE | poictn [ 4  Sehmi
Trigger ?1
TRIS Calcly TRIS Latch [ =11
- buffer
.
1L
’ED TRIG N pui ROTRIS
_,.:I buffer
—_
~ L a D
FM EN
KD HOR [* . RO PORT _1
l.u-‘f._b k. Dﬂ
Tir AR Convrd |y TMRO clock input
Nata 1; 1 pine havo protoction ¢iodee to VoD and \ /
Vas. Nota 1: 12 pin has pmtection diodes tc Vas only,
. 4.
= ¥
5191 3.11 133319904 Port A Tu PIC16F87x
W o
fl. Iﬂ‘iﬂ'ﬁﬁﬁf’l RAOQ-RA3 LB RAS UDINOTH A
) ¢
4. 19599351991 RA4 Y0an0sa A
TABLE FORTA FUNCTIONS
Name Bit Buffer |Function
RA_UI‘AND hitQ TTL Inputfoutput or analog input
FAT/ANT hit1 TTL Inputfoutput or analog input
RA2/ANZ hit2 TTL Imput/output or analog input
RAVANIVREF | bit3 TTL Inputioutput ar analog inpul or WREF
RALTOCKE bitd ST input‘output or external slock [nput for Timerd
Outpul is open drain type
RASSSIANA bit5 TTL Inputfoutput or stave select inpul for synchronous serial port or analog Inpul

Legend: TTL = TTL input, 3T = Schrnitt Trigger inpul

TABLE SUMMARY OF REGISTERS ASSOCIATED WITH PORTA
Value on; Valug on all
Address | Mame Bitr [Bité 1Bits Bit 4 Bit3 Bit 2 Bit 1 Bit D Egl?é othar resats
05k PORTA —_ — RAS RA4 RA3 RAZ FA1 R&Q | ~-px oooe | --ou ogon
8sh TRISA — — PORTA Data Diraction Regisler --11 1111 ) --11 1133
OFh | AGCON! [aDFM| — | — | ~ |Pcra3| Pore2 |PCFG1|POFGD| -t eoec | - - 0139
Legend: x = unkncwn, u = unchanged, - = unimplemented locations rgad as '0'. Shaded calls are nat used by PORTA

m1319% 3.1 agUmsrhau Port A veelulasneu Insamed PICI6FS7x
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Port B Ty PIC16F87x
o = <4 = v o i
Port B Lﬂuﬁﬂﬂm$ Port LWUYTEINANIN B3 Register mzﬁ"Jummwuma Port lae

Wuuuy Input/Output ilxtfl“ﬂﬁ”muféﬁﬂﬂ TRIS B Register 1 Set TRIS B Bit 1n (=1) Port B f11n

LA

ufazily input §1 Clear TRIS B Bit 1a (=0) Port B Tifiaufeziflu Output 11a w1
Port B 92 Multiplexed 11 Low Voltage Programming Function Gélf gldun RB3/PGM, RB6/PGC
Az RB7/PGD

Port B t#ag Port 938 Weak pull-up agniolu (f1¢@ams pull-up udee Avadedses
Muuen) 1ansedmuadnzly pull-up melunialuainms set wie Clear RBPUY
(OPTION Register 11a 7) Taud 131 Clear RBPU\ 95M11884 131911715 Disable pull-up nolu

¥ 4 ¥ ! o : a W
uazfuii1viuali Port B 1 Output u&3 pull-up 9290 Disable Tavdn TusiA

FIGURE BLOCK DIAGRAM OF FIGURE BLOCK DIAGRAM OF
REB3:RBO PINS B/ NSRS
Voo i
. RERLIA E‘ N
RerUiZ =5 (s I e
pulk-ip Data Laich
Data bus
Daw bus Diata Latch ey oL o r—r@
- o A Friers
WR Pert (o '
CK T = ]
Tms::- YA T NS
" pa— dl| WRTRIS KTy 4 :‘7 i
W It 7 Buffer uﬂST
R TRiS oKy Buffer 4 L BuFer
RO TRIS Latch
wb———fi —ﬁ } Q o] 3
RDTRIS RD Pert EM [=3]
ﬁj a D Set RB
RD P EM ES'?F?E}“ L o O o po
: pins
REDAT o3
! < RBY:REE in senial progamming mods
Schmitt Trigger | R0 Borl
Buffer Mo 1: 10 pins hava diods protection ko Voo and Waz ‘
Note 1: G pins have dinde protsction to Vo and Vas. F Esréf:rmfk UII'LP:;SE#:B’;?PEES._E Ie‘ TRIS bitis)
2: To anable weak pul-ups st the 5 rigte TRIS HE)
and clear H\BREFU&I [1e] PTION_PEE:E\‘??-).
f1. .

51191 3.12 Tnsaer3 19909 Port B lu PIC16F87x
A, TA599373%71 RRO-RB3 494We 54 B

9. Tn39a313991 RB4-RB7 499nase B
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819130 Port B 19 41 RB4-RB7 9231 Feature iiiuifuaie ATAMUA LIRS Interrupt
doamsfouudasvesgamsveadyniaithiiv RB4rB7 (asfvnlasmilafe
wiasuanug Az e RB Port Change Interrupt $u Favzynld RBIF (INTCON.0)} Flag
97 Set Au Interrupt Uszanilannnsniims “Wake®  Microcontroller 91089142 Slocp
Mode 14
RBIF Flag 9390 Clear 19 2 N6 fip

1. im1soruvsoliou Port B

2. 11N15 Clear RBIF Flag a8

w1 Interrupt on Port B Change 1d3313n 7392 Enable pull-up %9049 Port B

TABLE FORTB FUNCTIONS

MName Bitk Buffer Function

RBCANT hitd TTUsTH Inputfoutput pin or exbernal interrupt input. Internal software
programmatie weak pull-up.

RB1 bit1 TTL Inputioutput pin. Internal software programmable weak pull-up.

RB2 bitZ TTL inputfoutput pin. Internal software programmable weak pull-up,

RB3FGM bit3 FTL Inputioutput pin or programming pinin LVP mode. internal sofiware pro-
grarnmable weak pull-up.

RE4 bit4 TTL Input/output pin (with inierrup{ on changal, Internal software programmabie
weak pull-up,

RES hits TTL nput/outpast pin {with interrupt an change). Inter nal software programmable
weak pull-up.

RB6.PGC bits TTLST® Inputioutput pin (with intemupt on change) or In-Circuit Debugger gin. nter-
nal software programmable: weak puli-up. Serial pragramming clock.

RBTPRGD bit? TTI/S TR inputfoutput pin wwith interrupt or change) or In-Circuit Debugger pin. Inter-
nal software programmahle weak puli-up. Serial programming data.

Legend: TTL = TTLinput, 3T = Schmitt Trigger input
Nota 1. This buffar is a Schmitt Triggar input ‘when configurad as the exiarnal inbsrupt.
2. This buffer iz a Schmitt Trigger input whan usad in senal pregramming rmode.

TABLE SUMMARY OF REGISTERS ASSOCIATED WITH PORTB

Value on:

Address |Name |Bit? |BIRE |BHS |Bir4 Bk3|Bit2 |Bitt |Bito |POR. Valua on all
othar resets
BOR
06h, 106h PORTH RAT REE HB35 RE4 | RE3 | RE? | RB1 | RBO | szmy wuws HUHL UULEL
86h, 186h TRISE PORTB Data Dinection Raglslar 1111 311t 1111 111:
21h, $81h | OPTION. | REBPU | INTEDG | TOCS | TOSE | PRA | P82 | PS1 | PSR | 1111 1111 1111 1111
REG

Legend: x = uniknown, u = unchanged, Shaded ceils arz not used by PORTB.

9199 3.2 @51ln3viaru Port B wee luTasnouInsawmes PIC16F87x



Port C 13 PIC16F87x

< = & . 4 =1 w o 1
Port C 1ufnyME Port LLUADIAANII B9 Register Roziftudafmuaii port laoe

(Y Input/Output 92 gnR1MUATAY TRIS C Register 81 Set TRIS C Bit 18 (=1) Port B 11a

g o y . da o d g o a
WAz Input §1 Clear TRIS C Bit 18 (=0) Port C NUANNN21LU Output 7 Port C %1

AuautANuAY 151 [C, USART, SPI, PWM, CAPTURE Fuagfiumndonlfau Taodiein

' v 1 v
#1713 Enable Aaiaui@imuAna1a9 A Port C 199d0952 31 1115999039m1361381 TRIS C V0au#

1
L]

ey o a 1 @ ar =]
Az Port C 1312 1415 Enable Anarutifiy 18 3919g# Port C (34 USART) Anuteanee

' ¥ ' ETl
F115:/8eu Bit TRIS ¢ Jaoda luiia aaiu luaisfezden TRIS ¢ Tasasanuuilaund

Port C M1%11115 Enable Assauiiainay

FIGURE PORTC BLOCK DIAGRAM
{PERIPHERAL QUTPUT
OVERRIDE) RC<0:2> RC<5:7>

FIGURE PORTC BLOCK DIAGRAM
{(PERIPHERAL QUTPUT
OVERRIBE)} RC<3:4>

PORT/PERIPHERAL Selacti21

Peripheral Data Our
Data bus

Vo

Dala Latch
— 0 n}

TEE cRwO
TRIS Lalch

10
png

Wes

Schmitt Y
Th

ROTRIS
Fenipharal
OEi3 . o 0

EM

RO

Perigheral inpui -
Mots 1: 1O pins have diode'p:ﬁotection lo Voo and vss.
2 PortParipheral select signal selects between port
data and peripheral output.
3 Peripheral OE (outpul enable) is only activated if
peripheral saledt is active.

PORT!PERIFHERAL Selscti2

Peripharal Dats S o
Diata bue
iR D 1 e
PCRT CRA_G

Data Latch
D s}

'I.‘.R
RIS CRCo & 0
TRIE Loizh

Schmitt W%
ROTRIS Trigger \? ‘I
Peripheral §7
OE(3) rd a

RO
FORT
S5Plinput

4. SEPETAT <5

Mols 1: LO ping haws dicde protection to Voo and Vss.
2: PortPedphenal select signal selects betawean port
data and perpheral oulpul.
3 Perpharal OE foutput enabley is only activated if

pafipherat select is aclive.

51091 3.13 Tng9e319u949 Port C 11 PIC16F87x
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TABLE PORTC FUNCTIONS

3t

Name BH& [BufferType |Functlon

RCUTI0SOMICK! | bitg [ST Inputiowtpul peart pin or Timerd ascillator output Timer1 clock input

RC1TIO8ICCP2 bit1 [ST Inputioutpul port pin or Timer oscillator input or Caplure2 inpolf
Compars2 outpub P2 output

RC2/CCP1 bitz | ST Input'output part pin or Capturs 1 inpulompare! sutpuliPyesdl
output

RC3/SCKISCL bits |ST RC3 can alsa e Ihe synchronous serial dock for both SPHand 1
micdes,

RC4/5D1S0A bity | ST RC4 can also ba the SPI Data tn (SPI made) or data V0 (20 modsi.

RCES00 bits | ST inputroulput port pin or Synchronous Serfal Port data output

RCETHCK hits ST inputioutput port pin or USART Asynchronous Transmil or Synehro-
nous Clock

RCTIRX/DT hily |57 Imputioutput pot pin or USART Asynehronous Receive or Syrchno-
nous Data

Legend: ST = Schmift Trigger input
TABLE SUMMARY OF REGISTERS ASSQCIATED WITH PORTC

. |Valug on
Valve o all
Address | Name BitT | Bite | Bit5 | Bit4 | Bit3 | B2 | Bit1 | B o {POR. t
BOR other
resels
Qrh PGRTC | RC7 RC6 RCE RC4 RC3 REC2 RC1 RCO | moewoe pooe | wuuw uuuu
87h TRISC PORTC Data Direction Ragister 1111 II11 4 13311 ii11l

Legend: = = unknawn, u = unchanged.

A15141 3.3 agUmaiiaiu Port ¢ woaluTasnenInsataes PIC16F87x

Port D uaz Port E 134 PIC16F87x

3
=l

¥ 1
#1131 Port D waw Port E uus lufieylu pic Tuasznatindivuee 28 11 neuduy

UYANUDS Port D AU

Port D

= 4 S . R 1 a P
Port D 124 Port 4117 8 19 Fa9z8 Schmitt Trigger Input Butfer ﬂgglum Tasss1

o i = 9 S N
AansnfimuaLdazdaved Port 11IU Input #39 Output 1A TadarszaIniu Port D 811150

= o ar  r3 1y =y 5/} . 4
9N 1@uilU Parallel Slave Port 1A0nA78 1ABATT Set PSP Mode Bit (TRIS E <4>) %3l

Mode i1 Buffer n1aluaznatedunyuy TTL
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FIGURE PORTD BLOCK DIAGRAM (IN
IO PORT MODE)
Clata
bus ) . ,_@
X 1O pin'ts
PART oK 4 P
a
0 o
‘WR
B Schmitt
E GEA Triggar ?}7
RIS Lan:h1 i
-~
RDTRIS
G ]
EM
RO PORT [~ j
> lfm_
Hote 1; /0 pins have profaction diodes 1o VoD and Ve,

7111 3.14 Tnsead1aa09 Port D 1 PIC16F87x

TABLE PORTD FUNCTIONS

Nome Bitk Buffer Type Function

ROOAFSPFO nitd ST/TTL Input/outplst port pin or parallel skave port bitQ
RO1/PSPY mt1 STTTLY Inputioutput port pin or parallel slave port bit1
RDz2/PEP2 hit? STATLIY Input/cutput port pin or parallel slave port bit2
RD3/PEP3 bit3 ST/TTLMN Inputiutput port pin or parallel slave port bitd
RD4/F3 P4 bitd STATLM Inputsoutput port pin or paraliel slave port bit4
RD5/PSP5 bits ST/TTLM Inputiouiput port pin or paraliel slave port bits
RDG/PSPS bite STATLIN Inputioutput port pin or parallel slave port bité
RO7/PIPT bt STATLM Input/output port pin or parallel slave port bit7

Legend: ST = Schmitt Trigger Input TTL = TTL input

Note 1. Input buffors are Schmitt Triggers when in 182 made and TTL buffer when in Perallel Stave Port Moda.
TABLE SUMMARY OF REGISTERS ASSOCIATED WITH PORTD
Value on: | Value an ali
Address |Name |Bit? |Bité [Bits Bit4 B3 8itz2 Bt 1 Bitg | POR, other
BOR nasots
D3h PORTD | #RD7 | RDE | RCs RD4 RD3 RD2 RN RGD WNEHK kXX |l uouu
B3h TRISE PORTD Data Direction Ragistar 1111 1111 | 1111 1111
s | TRisE | BF | oBF [IBov|PSPMODE [ — | PORTE Date Dirction @it | oncr -111 | sros 111
Legend: x = unknown, u = unchanged, - = unimplemented read as "0 Shaded cells ara not used by PORTD

15199 3.4 970M3997u Port D vesluInsnou Insaians PICI6FSTx
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Part E

5/
~ w

Port E 9271¥191u@ 3 91 A9 REQJANS, REI/ANG iz RE2/ANT §3928) Schmitt Trigger
Input Buffer B¢ luA7 Tnofusmunind muaudasinuns Pornt THS Input ¥38 Output
1/O Port E ansanatenily Control Input #1131 Microprocessor Port Lf}@ﬁ‘fm‘;‘ Set PSP Mode
(TRIS E <4>) Bit %ﬂﬂ’;ﬁ'ﬁﬁuﬁaagﬂuiﬂmﬁﬁﬁa Ap1n31991HAI TRIS E fuaiin 02 QN
Set (0 umormy Input) umzdoanilair ADCONI g Ser 1Hay1u Mode Digital 10 &3l
Mode ‘f‘: Input Buffer fuzﬁJu TTL

Port E 92 lanyaIzfle 9 Multiplex U Analog Input Tﬂﬂlﬁﬂ Port E §f1 Set il Analog
Tnput A7 viniilainisdwswe iy 0 dau TRIS E Fuiy Control Register u

92799 Set TliTly Input 134D Set 1%‘8;}'1‘14 Mode Analog Input

FIGURE PORTE BLOCK DIAGRAM (IN
/O PORT MODE)

[tJuata
3 Do '_L?’_—"'

FeRT T%‘"

PORT | arowC '

Data Lakzh

| O Q

WHR
IRIS | Sehmitt
—tCK_'i_ Trigger s‘l\}7
Inpul
TRIS Latch mﬁmr
. <I |

ROTRIS

&

a u]

|
RO FORT T{>C EN]

Note 1: KO pins have profection diodes Lo Voo and Vas.

119 3.15 Taseariaved Port E 1u PIC16F87x



TABLE

PORTE FUNCTIONS

34

Name

B

Buffar Type

Function

REORDYANS

EdtQ

s

Inputratitput gort pin or read contral input in paralls! staws port mode or
analog input:

1 = Mat a read operation
0 = Read cperation. Reads PORTD register (if chip sefectad)

RE1AVRIANG

bit1

STTLLY

tnputiautput ot pin ar write: control input in parallel sfave port maods or
analog input:

1 =Wat a write operation
D =Write aperation. Writes PORTD register iif chip selectead,

RE2TTEMANT

bit2

ST/TTL!

tmput'outpul port pin or chip select contnod input in parallel stave port
mode: of analog input:

[

1 = Device is not selected

2 = Device is selected

Legend: ST = Schmitt THager input TTL = TTL input
Hote 1 Input buffars are Schmitt Triggers whan in O mode and TTL buffers whan in Parallal Slave Porl Mode.

TABLE SUMMARY OF REGISTERS ASSOCIATED WITH PORTE
Valdg Qg Value on ail
Addr | Name Bit7 |[Bite|[Bit5 [Bit4d Bit3 Br 2 Bit1 Bit O POR,
ather resets
BOR
08h PORTE —A — - — — REZ RE1 RED 1 sy
88h TRISE IBF | OBF | IBOV | PSPMODE — PORTE Data Dircction Bifs Taaa 21311
grh | apcott [aDrm| — | — — | Pcres | PorG2 | PCFGY | PCFED s

Legend: x = unknown, u = unchanged,

- = unimpismented read as ‘0. Shaded cells are nol used by PORTE.

13137 3.5 agilnisiau Port E waslu Tnsaou Insames PICT6FS7x
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4.1 mﬁ'nﬂaaumamammaaéﬁmn%’uﬁwuaﬂaaaﬁ

. o o w o o
Block Diagram LLﬁ3Q’ﬁ‘iﬂTN’ZIﬂﬂuﬂﬁ%ﬂﬁ’tﬂﬂﬁﬂﬁl'j’mﬁ]ﬂﬂ’]“}mﬂﬁﬂﬂ goa

N'Z
—
Flow Meter (Q,,) Alcohol
N2
N,+Ethanol Sensor
Chamber
Mass Flow (Q,g,.....) B N —
Alcohol Vapor

i ar w oY o
311 4.1 Block Diagram 1UAI3NAANIAINTINTUNTBUDAND DA

A195118 Block Diagram
) g gty w o o
N, Ao i lu Tasudlfidumawimz lumsnaaoedims i me
o o a=
Flow Meter(Q,,) s dnlfunnududuveloszmonsanesadiidn 1 lu Chamber
s as { o' eq ) 1
Mass Flow(Q,,..) #19 dl5ufia TuTasiunldw loszmeuaanaganviianm
o=t
Alcohol Vapor fiD M¥ULITTILOANDEOAT 1% 1UATNADDY
Alcohol Sensor Chamber #1D MBUzLITIRMTITUMAUOanssaduazIteshlFly
AINABDA

gaanlsannalumsnaaes

(24.5%10°)W.
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s

[ 4 [N 4
Q, #noanimsinavesiie lulasiaud Lk leszmeusanasnd (liter/minute)

]

[

3 o
Quepny 70 0051015 Iaveames I Tanauiininlossimeusanoesd (iter/minute)
ar o
Q,  #ndams aveslesemeusnnoead (litr/minute)
o
W, fewnvesueansgeanszmeiiule (gram/minute)
o
M flo ¥7d lUDNAYBILDANBdBa (gram/mole)
=] = 3 g [ 4
C o Usunaenudiyduvasiauennegsa (ppm)

P e 2 ar ' [ ' P 9 1
Taod ppm (Part per Million} A9 8RT 1 IUVDINILADHUIATUA I

ol o
4.1.1 Minaagamiavedeanagannszmaiiule (W)
o et 3 ¥y I <5 Qs
Tunisnaassniniaveaoansgaansymeody lowy az19me Tu Tasinudiudw le
o ar A
seivpyaauaanoesad 11y Chamber Taolddasinis Inavesmalulasouiniu loszive
s (-3 . . ]
LBAADEBR (Qupy,,) WAL 0.01 litevminute 1ot lunisnanes lugiausnnsssinoves
o ar ] at 9 ] =~ ¥ ° @ = ;’ ar
weanagoate luasf aossoraisiu lddsyuia 10 wiH A sty AndM Ny

o et = o o P
woanagaanmie 1 lunid 10 -20 ldnanisnaasinaa1s1eh 4.1

Time (minute) Weight (g)
10 196.039
11 196.036
12 196.030
13 196.032
14 196.033
15 196.025
16 196.020
17 196.024
18 196.029
19 196.020
20 196.022

P ot
AT 19N 4.1 mimaaa‘ﬂwmammuaaﬂaaaamgmmﬂu"l,@
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AN NARBIMILIAYDILDANDEDST IAUTNADANT W IWDWIIaYeUPaNaas

Aszmaiihule dag1)
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2 19603 >
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= |
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196015
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L]

P
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' roor 4 . Y 1 7 el 3
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1w -3 . & o o 1 ¥ o
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o A e g |
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3 s o = ¢
4.1.2 Junouluminaasiiiasnitmeinnududuteanssodniaie
ar ar o 3 dy .
Tumsneassdminiumaeansged luaseil 19 Tdsunsu Labview Tunis
uaaawamsilaswlasmanudiununeluresiaiinha®y) tazussduan
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asoudadumulnan (V) Fedfldunoulunisnaaoy deil
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4121 Hmsaonemydifugaioudonisy MiGsuisouazwegmediliing
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4122 T0U59UV, = SV uazl, = 130 mA TAAUFnAivesaIns 19U

a

L] y ar w oY 9 dl.
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T o L T 1 Q. é d o {
4.1.2.3 ussdu v, = 5 v Iifuasvsuazeua s iy v, aRfe usaeu v, #
UITINAN O
1 [ v £ A w 1 . . ] ¥
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13 r ey o A 3 1
el TnnaulaMasiindu9on11n Chamber IHHUANBUMITNATO
1 o
UdesfMaeanosad
4 [ - =) T 1 Y ¥
4.1.2.5 diadassfmaiulasaulddseuin 5 Wi udisudr v, Weadus
= ~ w 1=t 3 w o
nffeufeuiumiivaaed ldnintiaoanssea
3 ] [} 4 ¥
4.1.2.6 Yoo luTpanus1u Mass Flow meldima lu lasioun loszimavay
uaane@aa 1§ Chamber laodsasins Inavedlulasauashie 10 scem
d‘ 9 = 9/ r 1 Q & ar ¥
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usadu v, Anmlen 131ullsuunsw Excel ifmun 13 1aoda luia
4128 #ovq aadn31nis avesiialulasmui Tuan i Flow Meter aai3a89)
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35000.0-
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25000041 f e : s
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317 4.5 nrwlnsnoualamnudnmumolufinnududuieanssed 1890-4985 ppm
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A w = 3oy 4
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s o oY P [N
Wﬁﬂﬁﬂﬂﬁ?)W‘I'm‘i'm’l}‘]_lﬂ’l“lﬂ.mﬁﬂﬂﬁﬂﬁﬂﬂﬂ'mﬁ’l’ﬂ%uﬂ?ﬂwr]

V, =5V, I,=130mA, V.= 5V, R, =1k{2 £ 5% 1/4 W, Temperature =25 °C

Concentration Time N, at Flow Meter Ve R
RJ/R,
(ppm) (s) (liter/minute) (V) Q)

Air 100 - 0.0250 199k 79.6
N, 100 5 0.0950 5163k 20.652
170 100 5 0.5312 8.41 k 3.364
180 100 4,72 0.5912 746k 2984
190 100 4.47 0.6954 6.19k 2476
200 100 4.25 0.7601 558k 2.232
210 100 4.05 0.7993 526k 2.104
230 100 3.70 0.8961 4.58 k 1.832
240 100 3.54 0.9002 455k 1.820
260 100 327 1.2586 297k 1.188
280 100 3.03 1.3834 261k 1.044
300 100 2.83 1.4285 250k 1.000
310 100 2.74 1.4815 237k 0.948
339 100 2.5 1.5852 215k 0.860
380 100 2.23 1.6455 204k 0.816
419 100 2.02 1.7572 1.85k 0.70
481 100 1.76 1.8279 1.74 k 0.696
549 100 1.54 1.9367 1.58 k 0.632

{ Y LY oo VE
A13199 4.2 NANIINATDIRININTUR 1B ANDIDANA NUTUTUAIATIA




43

Concentration Time N, at Flow Meter Vi R,

{ppm) (s) {liter/minute) V) (@) o
698 100 1.21 2.1563 132k 0.528
851 100 0.99 2.2912 1.18k 0.472
1105 100 0.76 2.4769 1.02k 0.408
1668 100 0.50 2.5607 952.59 0.381
1890 100 0.44 2.6509 886.13 0.354
2125 100 0.39 29272 833.38 0.333
2297 100 0.36 2.7979 787.05 0.315
2740 100 0.30 2.8367 762.61 0.305
3265 100 0.25 2.8663 744.41 0.298
4040 100 0.20 2.9120 717.03 0.287
4465 100 0.18 2.9369 702.48 0.281
4985 100 0.16 2.9607 688.79 0.276

= @ V.- o= P 1
MIN 4.3 Nﬁﬂ']‘i‘Ylﬂﬂi’]ﬂ@l'lﬂﬁ’m‘i]ﬂﬂ']“]ﬂlﬂﬂﬂﬂE’lﬂﬂﬁﬂ?"lill‘ﬁﬂ%uﬂ'lﬂ'l&"] (w2)
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y =0.7149Ln(x) - 2.8069

0] 1000 2000 3000 4000 5000 6000

Concentration (ppm)

- w @ Y PRI Ay 9
E‘]J“ﬂ 4.9 ﬂ‘i’ﬁ/‘hliﬁﬂu VR]_ AUA AU AN DIDANTAG ﬂllﬂi]'lﬂﬂ'liﬂﬂﬁaﬂ

10

Rs/Ro

Ethanol

10 100 1000 10000
Concentration {ppm)

-~ @ ' = v w ¥y ¥ o
51t 4.10 nsWSandaunsdenamnudmumeludua nuguduieansgen



45

4.2 uyamalumseanuuy
inanionai WanInaaadiansadu v, 11AN15NA00IN1SHIIUYDIAIATIRIL
oy ‘o P & " < 1 P o T a8 o
Matoansgeaty  tanunaiawmdsusguni ldmsaiezhaf lannnsnaaeiasan
8 '
THanld dafudaldansedu v, 351U Data Sheet Tamimanudumu rg 711d01n
o P 1S ¢ & aor Y A 3 =3 1
n3iavmzfi biflueansaed Gevzilisnaudumunigadlszuna 200 k(2 v1ntufsuA e
Rs/Ro 31nn3 1410 Data Sheet finnuidutuusansgodniaian 1d1nd Rs s 1ummia
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AN Rs V.
{ppm) YARRALAL y k€2 (V)

Alr 78571 2000 0.0249
50 2 4710 7350 0.6060
60 33300 5.750 0.6450
70 2 2300 5.000 0.7140
80 3 1200 5.500 0.7690
90 20000 5.000 0.8330
100 1.9500 4.880 08510
200 14500 3630 1.0000
300 1.0000 2.500 14300
400 0.8300 2.080 1.6300
500 0.7000 1.750 1.8200
600 0.6500 1,630 1.8000
700 0.5900 1.500 2.0000
800 0.5300 1.340 2.1400
600 0.4900 1.230 2.2500
7000 0.4600 460 2.3100
2000 0.2900 0.725 39000
3000 0.2200 0.550 3.2300
4000 0.1800 0463 3.4200
5000 0.1600 0413 3.5400
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A1 A A AT
v v v v
i ol gy o dudn i W K
w | (V) V) V)
{ppm) (ppm) {ppm) {ppm)
50 0.631 1100 | 2423 | 2600 3135 4100 3.452

60 0.731 1200 2.490 2700 3.169 4200 3.462

70 0.818 1300 2.558 2800 3.199 4300 3.480

80 0.895 1400 2.596 2900 3224 4400 3.491

a0 0.957 1500 2.679 3000 3.254 4500 3.505
100 1.017 1600 2.737 3100 327 4600 3.516
200 1.143 1700 2.785 3200 3.294 4700 3.520
300 1.645 1800 2.813 3300 3311 4800 3.538

400 1.802 1500 2.871 3400 3.338 4900 3.549

500 1.920 2000 2.925 3500 3.355 5000 3.556

600 2.040 2100 2.967 3600 3.377

700 2121 2200 3.002 3700 3.389

800 2.221 2300 3.035 3800 3.407

900 2.261 2400 3.072 3900 3.426

1000 2.333 2500 3.102 4000 3.452

] ¥ .
A15197 4.5 WAMINARDILTIAY V,, Auanududunoanoesed 50 - 5000 ppm (531 1)
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ar

0 1000 2000 v 3900 4000 5000 6000
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g1l 4.21 nsvdusadu v, fuanudutuneanseed 50-5000 ppm (A5IR 1)
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AL Rs AT Rs A Rs anududu Rs
(ppm) (€2) (ppm) ) (ppm) (€2) (ppm) €2
50 6.955 k 1100 1.071 k 2600 601 4100 454
60 5.867k 1200 1016 k 2700 584 4200 450
70 5.136k 1300 962 2800 569 4300 442
80 4.608 k 1400 933 2900 557 4400 437
90 4245k 1500 873 3000 542 4500 432
100 3.936k 1600 834 3100 530 4600 427
200 2552k 1700 802 3200 523 4700 426
300 2051k 1800 773 3300 516 4800 418
400 1.785 k 1900 748 3400 503 4900 414,
500 1614k 2000 716 3500 496 5000 411
600 1,460 k 2100 691 3600 486
700 1.366 k 2200 672 3700 481
860 1.258 k 2300 654 3800 473
900 1220k 2400 634 3900 465
1000 1151k 2500 618 4000 458

1 i i
A1519% 4.6 HAMINAREIA1 Rs AUATUENTULDANDIDS 50-5000 ppm (AT 99 1)
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51/ 4.22 n379lsi1 Rs Aunmduduieansged 50-5000 ppm (A3 1)
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QRN A7 AT 7273
Vv vV Vv vV
Wdhy ot R Y 21 1Y, KL Wi Rt
v (V) {V) v)
{ppm} {ppm) (ppm) (ppm)
50 0.626 1100 2.424 2600 3.135 4100 3.450

60 0.727 1200 2.496 2700 3164 4200 3.461

70 0.815 1300 2.539 2800 3.194 4300 3.484

80 0.890 1400 2.597 2900 3.225 4400 3.493

90 0.959 1500 2.675 3000 3.254 4500 3.505

100 1.017 1600 2734 3100 3.273 4600 3518

200 1,146 1700 2782 3200 3.297 4700 3.523

300 1.649 1800 2.811 3300 3315 4800 3.539
400 1.803 1900 2.876 3400 3.335 4900 3.547
500 1.925 2000 2.924 3500 3.354 5600 3.557

600 2.041 2100 2.964 3600 3.372

700 2123 2200 3.001 3700 3.388

800 2.215 2300 3.036 3800 3.404

900 2.260 2400 3.077 3500 3.428

1000 2324 2500 3105 4600 3.451

¥ 1
Qs el

ATA 4.7 WANITNARBATIAU V,, ATIATudIeaneeod SO - 5000 ppm (537 2)
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AT Rs Amududu Rs Ariududu Rs MUy Rs
(ppm) (€2 (ppm) (€2) (ppm) €2 (ppm) €2
50 7.019k 1100 1.070 2600 601 4100 488
60 5.905k 1200 1011 2700 586 4200 481
70 5.159k 1300 961 2800 571 4300 474
80 4640k 1400 932 2900 556 4400 464
90 4.234k 1500 876 3000 542 4500 454
100 3.936k 1600 836 3100 533 4600 455
200 3380k 1700 804 3200 522 4700 450
300 2.044 k 1800 785 3300 514 4300 440
400 1.784 k 1900 745 3400 505 4900 437
500 1.607 k 2000 716 3500 496 5000 432
600 1.459 k 2100 693 3600 601
700 1364k 2200 672 3700 586
800 1.266 k 2300 653 3800 571
900 1221k 2400 631 3900 556
1000 1.160 k 2500 616 4000 542

i 1 ar o 3 4
#1319% 4.8 NAMINARDIMN Rs AUANUANIHLOANDIOR 50-5000 ppm (AFIN 2)
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AL A1 A A
Vv V V \Y%
Wiy Bl i R ity 8L i i
(v} V) (V) (V)
(ppm) (ppm) (ppm) (ppm)
50 0.640 | 1100 | 2425 | 2600 3132 4100 3.457

60 0.725 1200 2.440 2700 J.165 4200 3.468

70 0.824 1300 2.543 2800 3.200 4300 3487

g0 0.891 1400 2.591 2900 3.221 4400 3.495

90 0.949 1500 2.672 3000 3.253 4500 3.504

100 0.998 1600 2.743 3100 3276 4600 3512

200 1.420 1700 2,788 3200 3295 4700 3.526

300 1.648 1800 2.833 3300 3310 4800 3.534

400 1810 1900 2.875 3400 3332 4900 3.542

500 1.915 2000 2919 3500 3352 5000 3556

600 1.999 2100 2.962 3600 3.378

700 2.115 2200 2.997 3700 3.385

800 2.228 2300 3.030 3800 3.410

200 2.269 2400 3.079 3900 3.421

1000 2,337 2500 3.100 4000 3.448

M13197 4.9 wamsnansLsaiy vV, fuanududuieaneasd 50 - 5000 ppm (531 3)

x“"”"-

—* Ethanol
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51U 4.25 n3ussdu v, Auanudiuduiennssed 50-5000 ppm (A597 3)
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AL Rs AT U Rs AL Rs anuedud Rs
(ppm) (9} (ppm) {93 (ppm) (€2 (ppm) )
50 6.843 k 1100 1.070k 2600 602 4100 452
60 5924k 1200 1.057 k 2700 586 4200 447
70 5.092k 1300 974 2800 568 4300 439
80 4.634k 1400 937 2600 558 4400 436
90 4289k 1500 878 3000 543 4500 432
100 4.030k 1600 830 3100 532 4600 429
200 2535k 1700 800 3200 523 4700 423
300 2.046 k 1800 771 3300 516 4800 420
400 1773 k 1900 746 3400 506 4900 417
500 1.621 k 2000 719 3500 497 5000 411
600 1511k 2100 694 3600 486
700 1373k 2200 675 3700 483
800 1.253 k 2300 656 3800 472
900 1212k 2400 630 3900 467
1000 1.148 k 2500 619 4000 455

4 1 o o 3 4
A13197 4.10 ¥AN1INARDIAT Rs HUANUAUTULOANDIDA 50-5000 ppm (ASH 3)
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i Vo VINAIAIAN |V, 91N1TNARSY ATUAANAIN
(ppm) (V) (V) (%}
50 0.606 0.623 -2.80
60 0.645 0.727 -12.7
70 0.714 0.819 -14.7
80 0.769 0.892 -16
90 0.833 0.955 -14.6
100 0.851 1.01 -18.7
200 1.08 1.326 227
300 1.43 1.647 -15.3
400 1.63 1.805 -11
506 1.82 1.92 -5.68
600 1.90 2.026 -6.37
700 2.00 2.119 -5.74
800 2.14 2.222 -3.86
900 2.25 2.263 -0.703
1600 2 2331 -0.839
2000 2.90 2,922 -0.809
3000 3.23 3.253 -0.843
4000 3.42 3447 -0.825
3000 3.54 3.556 -0.457

A15199 5.1 1fFeundonn1sidu v, Af1u781910 Data Sheet AR 1R31DNITNAG0S
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amndndu Rs 910151190 Rs 910A1INAREY AUAANAIR
(ppm) «d (9)) (%)
50 723k 7.06 k 3.09
60 6.78 k 591k 12.9
70 6.03 k 513k 14.9
80 553k 463Kk 16.3
99 5.02k 426k 15.3
100 4.90 k 397k 18.9
200 364k 279k 235
300 251k 2.05k 18.5
400 2.09 k 1.78 14.7
500 1.76 k 1.61 k 8.42
600 1.64 k 1.48k 9.64
700 150k 137k 9.03
800 135k 1.26k 6.47
900 1.23k 122k 1.26
1000 117k 115k 1.54
2000 732 718 1.90
3000 556 543 2.34
4000 468 456 2.56
5000 418 412 1.54

A15199 5.2 1T ewneuaIvng Rs Afma91910 Data Sheet AU 1@ 1nn15naaed
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Tsunsunsesinlsmasiivueanesed
#define PIC16F877A
#include <16F877A h>
#tuses HS,NOLVPE,NOWDT NOPROTECT
#device ADC=10
#use delay(clock=20000000)
#define use_portb_led
#include "led.c"
#include <math.h>
#define STRING SIZE 17
#define msg0 " Engineer KMITL "
#define msgl "Test Alcohol Gas "
#define msg? "Show Gas  ppm "
f#idefine msg3 " No Detected "
#define VREF1 0.00213910 //2.348(2.31)-0.606=1.742v=>1.742/1023=0.001702834
#define VREF2 0.000494489//2.913(2.90)-2.308=0.592=>0.605/1023=0.0005917
#define VREF3 0.000289280//3.237(3.23)-2.899=0.34=>0.338/1023=0.0003304
#define VREF4 0.000205188//3.424(3.42)-3.229=0.195=>0.191/1023=0.000190615
#define VREF5 0.000159250//3.543(3.54)-3.419=0.124=>0.13/1023=0.000121212
T e e
void LCD_command(int em),
void strepy(char *s1,char *s2);
void LCD_string{char *s,int dly);
void LCD_show{void);
void Show_Range(byte r.float value);
void Alam():
I
void LCD_command(int cm)
{
led_send byte{Q,em);
}
e



void strepy(char *s1,char *s2)
{
while(*s1++ = *s52++);
}
e T
void LCD_string(char *s,int dly)
{
while(*s!=0)
{LCD putc(*st+),
delay_ms(dly);
}
}
N e i
void LCD show(void)
{
nt 1
char str[17];
LCD_command(0x80);
strepy(str,msg0);
LCD string(str,100),
LCD command(0xCO),
strepy(str,msg1);
LCD_string(str,100);
delay_ms{1000),
LCD command(0x01);

}
HEHEE T T T

void Show_Range(byte R, float value)

t
led_Command(0x80);
led_gotoxy(0,1);

printf(led pute, (" %d

"),r);



led gotoxy(1,2);
printflled_pute,(” Alcohol=%1.0f "),value);
led gotoxy(14.,2);
printf{led_pute, ("ppm"));
LCD_Command(0x0E);
b
S LT T
void Alam()
d
output_high{pin_dl1);
delay ms(50);
output_low{pin_d1);
delay ms(50);
}
i
void Range()
1int16 dec;
float v,ppm,x;
led init(};
setup_port A(ANALOG RA3_RA2 RET);
setup_adc(ADC_CLOCK_INTERNAL);
set_adc_channel(1);

while (true)

{
FHTE I Start Range | /10T

* Rangel =1 ppm To 1000 ppm */
/¥ */
Wi Start Range U 00T
if(tinput(pin c0))
{dec=0;x=0;v=0;ppm=0;
output_ HIGH(pin_AD0);

white(!input(pin_c0})



{dec=0;x=0;v=0;ppm=0;
dec=read_adc();
x=(VREF1*(float)dec);
v=x1+0.23935;
ppm=(35.646*exp(1.4021*v));//dec[0];
delay_ms(100);
Show Range(ppm,ppm);
if (ppm=<50)
{
while(ppm>50);
{
led_gotoxy(1,2);
printf{led putc,(msg3));
LCD_Command(0x0E);
output_low(pin d6);
delay ms(100);
output_high(pin_d6),
delay ms(100);

Alam();

i
if (ppm>1001)
{
while(ppm<1001);
{lcd_gotoxy(0,1);
/iprintf{led_pute,(" Over Range '1'"));
led gotoxy(9.,2);
printflled_pute,("1000 ppm™));
LCD Command(0x0E);
output_low(pin_d7);
delay ms(100);

output_high(pin_d7);



delay_ms(100);

Alam();

3
toutput_low(pin_AQ);
}
Hi i End Range 1 A0
JH T Start Range 2 A0
/*  Range2 = 1000 ppm To 2000 ppm =
* */
I Start Range 2 TN ]
if(!input{pin_c1))
{dec=0;x=0;v=0:ppm=0;
output_high(pin_AS);
while(!input(pin_c1)}
{dec=0;x=0;v=0;ppm=0;
dec=read_adc(),
x={VREF2*(float)dec);
v=x+2.37817;
ppm=(35.646*exp(1.4021%v));
delay ms(100);
Show Range(ppm,ppm);
if (ppm<1001)
{
while(ppm>1001);
{
led_gotoxy(9.2);
printflled_pute,(" 1000 ppm"));
LCD_Command{0x0E);
output_low(pin_d4);
delay_ms(100);

output_high(pin_d4};



delay _ms(100};

Alam();

'
if (ppm>2001)
{
while(ppm<2001};
{led_gotoxy{(0.1);
/printf{led putc,(" Over Range '2' "));
led gotoxy(9,2);
printf{led_putc,("2000 ppm_ "))
LCD_Command(0x0E);
output_low(pin_d5);
delay _ms(100);
output_high(pin_d5);
delay ms(100);

Atam();

h
toutput_low(pin_AS5);

Hiiini End Range 2 AT T
T Start Range 3 A0
* Rang3 = 2000 ppm To 3000 ppm */
i* ¥/
HEii ] Start Range 3 /10011

if(linput{pin_c2))

{dec=0:x=0;v=0;ppm=0;

output_high(pin EOQ);

while('input(pin_c2))

{

dec=read_adc();



x=(VREF3*(float)dec);
v=x+2.87238;
ppm=(35.646*exp(1.4021*v)),
delay ms(100);
Show_Range(ppm.ppm);
if (ppm<2001)
¢
while(ppm>2001);
{
led gotoxy(9,2);
printf{led_pute,("2000 ppm")):
LCD_Command(0x0E);
output_low(pin_C6);
delay ms(100);
output_high(pin_C6);
delay _ms(100);
Alam();

1
if (ppm>3001)
{
while(ppm<3001};
{led_gotoxy(0,1);
/printf(led_pute,(" Over Range '3' "))
led_gotoxy(9,2);
printf{lcd putc,("3000 ppm "))
LCD_Command(0x0E),
output low(pin_C7);
delay ms(100);
output_high{pin_C7);
delay ms(100);

Alam{);



}

toutput low(pin_EQ);

—

i End Range 3 /H0HTITTTI T
fittiii Start Range 4 /000700
* Rang4 = 3000 ppm To 4000 ppm *f
o !
J i Start Range 4 [0
if(!input(pin_c3)}
{dec=0:x=0;v=0;ppm=0;
output_high(pin_E1);
while(linput(pin_c3))
{
dec=read adec();
x=(VREF3*(float}dec);
v=x+3.1616;
ppm=(35.646*exp(1.4021*v));
delay ms(100);
Show Range(ppm,ppm);
if (ppm<3001}
{
while(ppm>3001);
{
led_gotoxy(9.2);
printf{lcd_pute,("3000 ppm”));

LCD Command(0xOE);
output_low(pin c4);
delay_ms(100);
output_high(pin_c4);
delay ms(100),

Alam();



H
il {(ppm>4001)
{
while(ppm<4001);
{led gotoxy(0,1);
/printf{led putc,(" Over Range '4' "));
led_gotoxy(9,2);
printflled_putc,("4000 ppm "))
LCD Command(0x0E);
output_low(pin c5);
delay ms(100);
output_high{pin c5);
delay ms(100);
Alam();

'
toutput_low(pin_E1);

MU Bnd Range 4 T
I Start Range S JEHTTTTT T
* Rang5 = 4000 ppm To 5000 ppm */
* */
A Start Range 5 /(7T
if(!input(pin_d0}))

{dec=0;x=0;v=0;ppm=0;

output_high(pin_E2);

while(!input(pin_d0})
{
dec=read adc();
x=(VREF3*(float)dec);

v=x+3.3667;



ppm=(35.646*cxp(1.4021*v)),
delay_ms(100);
Show Range(ppm,ppm);
if (ppm<4001)
{
while(ppm>4001);
{
led_gotoxy(9,2);
printf{lcd_pute,("4000 ppm"));
LCD_Command(0x0E);
output_low(pin_d2);
delay ms(100);
output_high(pin_d2);
delay_ms(100);

Alam(};

}
if (ppm>5001}
{
while(ppm<5001);
{led gotoxy(0,1);
fprintf{led pute,(" Over Range'5' ")),
led gotoxy(7,2);
printf{led pute,("5000 ppm ")),
LCD Command(0x0E);
output_low(pin_d3);
delay _ms(100);
output_high(pin_d3);
delay ms(100);
Alam();



toutput_low(pin_E2);

—

i End Range 5 AT

}
HHIEEE
void main{void)
{
led init();
LCD_Show();
delay ms(100);

range(),
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PRODUCT INFORMATION

Rs/Ro

TGS 822 - for the detection of Organic Solvent Vapors

Features:

* High sensitivity to organic solvent vapors
such as ethancl

* High stability and reliability over a long
period

* Long life and low cost

* Uses simple electrical circuit

The sensing element of Figaro gas sensors is a tin dioxide (SnOz) semicondugtor
which has low conductivity in ¢lean air. In the presence of a detectable gas, the
sensor's conductivity increases depending on the gas concentration in the air. A
simple electrical circuit can convert the change in conductivity to an output signal

which corresponds to the gas concentration.

The TGS 822 has high sensitivity to the vapors of organic solvents as well as other
voiatile vapors. 1t also has sensitivity to a variety of combustible gases such as
carbon monoxide, making it a good general purpose sensor. Also available with a
ceramic base which is highly resistant to severe environments as high as 200°C

(model# TGS 823).

The figure below represents typical sensitivity char-acteristics,
all data having been gathered at standard fest conditions {see
reverse side of this sheet). The Y-axis is indicated as sensor
resistance rafio (Rs/Re) which is defined as foliows:
Rs = Sensor resistance of displayed gases at
various concentrations
Ro = Sensor resistance in 200ppm ethanaol

Applications:

* Breath alcohol detectors

* Gas leak detectors/alarms

* Solvent detectors for factories, dry clean-
ers, and semiconductor industries

The figure below represents typical temperature and humidity
dependency characteristics. Again, the Y-axis is indicated as
sensor resistance ratio {(Rs/Ro), defined as follows:
Rs = Sensor resistance at 300ppm of ethanol
at various temperatures/humidities
Ro = Sensor resistance at 300ppm of ethanal
at 20°C and 65% R.M.

Sensitivity Characteristics: Temperature/Humidity Dependency:
AN & RNy T T
L § S
5 k :
Ao
e ! o ~ T
‘ Met.hane ! 2 7o T\
C 2 T ::_::L_\
e I S e
; \'Carbon- : = Hk“‘rr‘;::_?‘
[ LT monoxide |
N [ Isobutane L
7 ! - ‘J n-Hexare
' L . Benzene i B
- [ et ~ ... 1| Ethanol | |
= | Acetone S : ‘ i
[‘.._..V.,___,,i 1 ST 01 — 1 | L 1 b ,‘_j
50 100 500 1000 5000 20 .10 0 10 20 30 40 50
Concentration (ppm) Ambient Temperature (°C)
IMPORTANT NQTE: OPERATING CONDITIONS IN WHICH FIGARO SENSORS ARE USED WILL VARY WITH EACH CUSTOMER'S SPECIFIC APPLICATIONS. FIGARO STRONGLY

RECOMMENDS CONSULTING QUR TECHNICAL STAFF BEFORE DEPLOYING FIGARO SENSORS IN YOUR APPLICATION AND, INPARTICULAR, WHEN CUSTOMER'S TARGET GASES
ARE NOT LISTEDHEREIN, FIGARD CANMNOT ASSUME ANY RESPONSIBILITY FOR ANY USE OF ITS SENSORS IN A PRODUCT OR APPLICATION FORWHICH SENSOR HASNOTBEEN
SPECIFICALLY TESTED BY FIGARO.



Structure and Dimensions:

16.510.5 —»

i um: mm

Sensing Element;

Sn(:2 is sintered to form a thick film on
the surface of an alumina ceramic tube
which contains an internal heater,

@ Cap:
Nyton 66

Sensor Base:
Nylon 66
Flame Arrestor:

Pin Connection and Basic Measuri ircuit:

The numbers shown around the sensor symbol in the circuit diagram at the right
correspond with the pin numbers shown in the sensor’s structure drawing (above).

100 mesh SUS 316 double gauze

Basic Measuring Circuyit:

When the sensor is connected as shown in the basic ¢ircuit, output across the iLoad
Resistor (VrL) increases as the sensor's resistance (Rs) decreases, depending on

gas concentration. VAL
Standard Circuit Conditions:
ftemn Symbot Rated Values Remarks
Heater Voltage VH 5.0:0.2v AC or DC
— DC only
Circuit Voltage Ve Max. 24V Paci5mwW
Load Resistance RL Variabie 0.45k0Q min.
GND 60— *—c 0
Elecfrical Characteristics:
Item Symbo! Condition Specification
Sensor Resistance Rs Ethanol at 300ppm/air Tk ~ 10kQ
Change Ratio of Rs{Ethanal at 300ppmy/air)
Sensor Resistance e Rs{Ethanal at 50ppm/air} iy & A
Heater Resistance RH Raoom temperature 380+ 3.0Q
Heater Power 5 .
Consumption P YH=5.0V 660mW (typical}

Standard Test Conditions:
TGS 822 complies with the above electrical characteristics
when the sensor is tested in standard conditions as specified
below:
Test Gas Conditions:
Circuit Conditions:

20°£2°C, 65+5%R H.

Ve = 10.040.1V (AC or DC),
Vh = 5.04£0.05V (AC or DC),
R = 10.0kN+=1%
Preheating period before testing: More than 7 days

FIGARQ USA, INC.

3703 West Lake Ave. Suite 203
Gienview, lllinais 60025

Phone; (847)-832-1701

Fax: (847}-832-1705

email: figarousa@figarosensor.com

REV: 09/02

Sensor Resistance (Rs) is calculated by
the following formula:

Rs = (- -1) x R

Power dissipation across sensor electrodes (Ps)
is caleulated by the following formula:

Ve? x Rs

PS= e RS

For information on warranty, please refer to Standard Terms and
Conditions of Sale of Figaro USA Inc.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet,

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditicns.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner cutside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their cade.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code, Code protection does nat

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving, We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other capyrighted wark, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is intended through suggestion onty
and may be superseded by updates. 1t is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no Eability is
assumed by Microchip Technelogy Incorporated with respect
to the accuracy or use of such information, o Infringement of
patents or other intellectual property rights arising from such
use ar ctherwise. Use of Microchip's products as critical
components in fife support systems is not authorized except
with express written approvail by Microchip. No licenses are
conveyed, impiicitty or otherwise, under any intellectual
property rights.

DNV Caertification, Inc. DNV MSC
USA The Netharlands
Accradited by the RvA

DN (
~—"

IS0 9041 / QS-5000
REG!STERED FIRM

ailiaiyddy

Trademarks

The Microchip name and logo, the Microchip logo, Accuron,
dsPIC, KeeLoa, MPLAB, PIC, PICmicro, PICSTART,

PRQ MATE and PowerSmart are registered trademarks of
Micrechip Technology incorporated in the U.S.A. and other
countries.

AmpLab, FilterLab, microll}, MXDEV, MXLAB, PICMASTER,
SEEVAL and The Embedded Control Sofutions Company are
registered trademarks of Microchip Technaiogy Incorporated
inthe U.5.A.

Application Maestro, dsPICDEM, dsPICDEM.net, ECAN,
ECONOMONITOR, FanSense, FiexROM, fuzzyLAB,
In-Circuit Serial Programming, ICSP, ICEPIC, microPort,
Migratable Memory, MPASM, MPLIB, MPLINK, MPSIM,
PICkit, PICDEM, PICDEM.net, PowerCal, Powerlnfo,
PowerMate, PowerTool, rfLAB, fPIC, Select Mode,
SmartSensor, SmartShunt, SmartTe! and Total Endurance are
trademarks of Microchip Technology Ingerperated in the
U.S.A. and other countries.

Serialized Quick Turn Programming {SQTP) is a service mark
of Microchip Technolegy Incorporated in the U.S.A.

All other tradermarks mentianed herein are property of their
respective companies,

© 2003, Micrechip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

{2 Printed on recycled paper.

Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities irt
Chandler and Tempe, Arizona i July 1998
and Mountain View, California in March 2002,
The Company’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® §-bit MCls, KEELOG® code hopping
devices, Serial EEPROMSs, microperipherals,
non-volatile memory and analeg products. in
addition, Microchip’s qualily system for the
design and manufaciure of development
systems is SO 9001 certified.
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MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

+ PIC16FB73A
+ PIC16F874A

« PIC16FB76A
= PIC16FB77A

High-Performance RISC CPU:

* Only 35 singie-word instructions to leamn
= All single-cycle instructions except for program
branches, which are two-cycle
+ Operating speed: DC — 20 MHz clock input
DC - 200 ns instruction 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 other 28-pin or 40/44-pin
PIC16CXXX and PIC16FXXX microcontrollers

Peripheral Features:

» TimerQ: 8-bit timer/counter with B-bit prescaler

» Timer1: 16-bif timer/counter with prascaler,
can be incremented during Sleep via external
crystal/clock

- Timer2: B-bit timer/counter with 8-bit period
register, prescaler and postscaler

+ Two Capture, Compare, PWM modules
- Capture is 16-bit, max, resolution is 12.5 ns
- Compare is 16-bit, max. resoclution is 200 ns
- PWM max. resolution is 10-bit

+ Synchronous Serial Port (SSP) with SPI™
(Master mode) and 12C™ {Master/Slave)

« Universal Synchronous Asynchronous Recelver
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)

Analog Features:

+ 10-bit, up to 8-channel Analog-to-Digital
Converter (A/D)

+ Brown-out Reset (BOR)

+ Analog Comparator module with:
- Two analog comparators

- Programmabie on-chip voltage reference
{VREF} module

- Programmable input multiplexing from device
inputs and internal voltage reference

- Comparator outputs are externally accessible

Special Microcontroller Features:

« 100,000 erase/write cycle Enhanced Flash
program memory typical

« 1,000,000 erase/write cycle Data EEPROM
memory typical

+ Data EEPROM Retention > 40 years

« Seif-reprogrammable under software control

« In-Circuit Serial Programming™ {ICSP™)
via two pins

« Single-supply 5V In-Circuit Serial Programming

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

« Programmable code protection

+ Power saving Sleep made

« Selectable oscillator options

+ In-Circuit Debug (ICD) via two pins

CMOS Technology:

+ Low-power, high-speed Flash/EEPROM
technology

+ Fully static design

= Wide operating voltage range (2.0V to 5.5V)

= Commercial and Industrial temperature ranges

» Low-power consumption

. Program Memory | Data | ceopom 1k | cep e Timers
DEVIZE | ytes | Single Word| SRAM |/ iayies) | YO |aiD (ch) (PWM)  p | Master | DSART | graguoie Comparsters
Instructions IC
PICI6FB73A| 7.2K 4096 92 | 128 l22| 5 2 Yes| Yes | Yes | 21 2
PICIEFBT4A | 7.2K 4036 192 | 128 (33| 8 2 |Yes| VYes | Yes | ont 2
PICIGESTEA | 143K | 8192 388 | 256 | 22| 5 2 |Yes| Yes | Yes | 2nt 2
PIC1GFBT7A| 14.3K| 8192 368 | 256 | 33| & 2 Yes| Yes | Yes | 21 2

© 2003 Microchip Technology Inc.

D539582B-page 1




PIC16F87XA

Pin Diagrams

28-Pin PDIP, SOIC, SSOP
wetrvee —+= []°1 ~ 28] ] == RBV/PGD
rag/ang =[] 2 z7[] =~ RBG/IPGC
rataNt — [ 3 26[] = RBS
RAZ/AN2/VREF-JCVREF =" 4 g 25( ] == RB4
rAzANIVREF+ =[] 5 - 24[ ] == R8IPGM
Ra4TocKIC10UT =L 6 2 23] - Raz
RAsIANSSSIC20UT =~ ] 7 o 22[] = RBi
vss—=[] 8 5 210 = RBOANT
oscictk —= 9 & 20 =— vop
osczicLko — 10 S 19[ ] =— vss
RCOT10SOMICK =] 11 & 180 =—= RC7T/RX/DT
RC1T1CSHCCP2 =—[]12 17[7] == RCBAX/CK
RC2/CCP1 =— 13 16 ] == RCE/SDO
RC3SCKISCL =[] 14 15[] == RCA/SDISDA
28-Pin QFN
RAZ/ANZAREF-ICVREF =—
RAJANIIVREF+ =
RAHTOCKICIOUT +—
RAS/ANA/SS/C20UT =
VEE ———-
QSCUCLKI e
OSC2ICLKG =
. o X
44-Pin QFN a0
‘acd
< o ok
x 2 B9
Co g 2 E LY E 2 . fal 8
RODONBENOW - 2
Eo@oina oL
DU NN ON O
QOOUDDDLAO00CQ
rrrrroered
IQYTSRBEEER
RCT/RXDT =—= [1@ 23] —= OSCZICLKO
RD4/PSPY a—w 2 321 «—— OSCHY/CLKI
RDS/PSPS ~— 33 31| =—— Vss
ROEPSPE ~— )4 301 -—— V3§
RD7/PSPT w—w 5 261 ~— NOD
Ves — = 16 PIC16F874A 8] -—— VDO __
VoD —= |7 PIC16FBTTA 7| «— RE2[CSIANT
Voo —= B 26K - RE”\EUANS
RBOANT ——m |9 251 =—- REO/RD/ANS
RE1 = | 10 241 =—= RAS/ANASSICZOUT
RB2 = 111 om0 @ o 23 = RAYTOCKICIOUT
e e o NS
=0 g o0 & oD 4t
bZprgesziLey
3 gEE5-02
m DAl EE LS
v oo = u <Z(
§2
% 74

281 - RA1/AN1
27 =— RAO/AND
261 =~— MCLR/NPP
251 «— RB7/PGD
244 == RB&/PGC
231 =—= RB5

22 =— RB4

21
20

PIC16F873A 12

PIC16F876A ,;

wmmhmm—-o

RCO/T10SO/T1CK| =8
RC1/T10SI/ICCP2 =—=-39
RC2/CCP1 =—=}10
RC3/SCKISCL =11
RC4/SDI/SDA =—=012
RC5/SD0O =—=113
RCB/TX/CK w—a

-—= RBIPGM
-— RB2

- RB1

- RBO/JINT
- VDD

- Vss

-—= RCT/RX/DT

D539582B-page 2
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PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP

U 40 [} =«+—» RB7/IPGD
39[] =—= RB&/PGC
38 [J =—= RB5
37 [0 =—= RB4
36 [] =—e RBIPGM
35[] -~ RB2
34 [] -—= RB1
330 =—= RBOINT
320 =— Voo
[]-+— Vss
30 [} =—= RD7/PSPT
29 [ -— RDS/PSPB
28 [] =— RDSPSP5S

MCLRAPP -——— ]

RAG/ANQ a— []

RA1/ANT -—= ]
RAZ/AN2VREF-/CVREF e—p ]
RAJ/AN3/VREF+ w— []
RA4/TOCKIC1OUT -]
RASIANASSIC2ZOUT -—[]
REQ/RD/ANS w—s [
RE1MWR/ANG =—
RE2/CSIANT +— [

VDD — [

Vas . [112

OSCHCLKI —= (5 13

o~ DB AWM =

w

23
PIC16F874A/8TTA
@

OSCZICLKO «——— [0 14 27 [ =—s RD4/PSP4 E
RCOIT1OSOITICK! e— [} 15 26 [] == RCTRXDOT 3
RC1/T1OSVCCP2 w—s [ 16 251 == RCEIXCK EE
RC2/CCP1 e [T 17 24 [ =—s RCHS5D0 g 4 .
RCHSCKISCL =— [ 18 23 [] =—= RC4/SDI/SDA 8 §E g& 39
RDO/PSPY -— ] 19 22 [ =—= RD3/PSP3 e AN T
RDA/PSP1 =[] 20 21 [] =—a ROZPSE2 Egig%%éﬁé%%
44-Pin PLCC IIIH HH
i T | ot
QWIS N O
RA4TOCKICTOUT = v [ 7 o YT T390 - RBUPGM
RAS/ANAISSIC20UT o o [ g A8[] == RBZ
REVWNRANS < O] Se0 = RBoNT
AR -— 19 g
RE2ICSIANT -——E 11 PIC16F874A 33%% 500
DD —= -—— /S5
vss —w 13 PICI6FBTTA 335 Ro7meser
0SC1/CLKI — [ 14 320 == RD6/PSPS
OSCZCLKO =— [ 15 310 =—= RDS5/PSP5
Rcomosomcr?é —= [ 15 00 - RD4IPSP4T
Yeagmnggeng |
g I |
8197791 ¢ BESERRE
g [12] b=
XRapssaa0 2 Y 3RERPSL%S
e Ts) (L S e T DUPUB DD GRS
R R R = S DCwhnaa=gx
QUCOODRLLLC SESe-qgaoiE
FEFEXFrEEEoc =z B3HCDoaaEs
. gn: 'S crrrsty
44-Pin TQFP I 1 E'g g
£
OIS ITIEEHEER
RC7/RX/DT == 1 = NC
RDA/PSP4 = 2 I3 =—= RCOT10SOTICKI
RD5/PSP5 = 3 AT~ OSC2ICLKO
RD&/PSPE ™ 4 FL3 = OSC1/CLKI
RO7/PSPT = 5 PIC16F874A ggi‘f—' N 388
Vss — 6 I =—— Voo __
Voo —= 7 PIC1BF8TTA  rirr e RE2/CSIANT
RBOANT = a8 26T +—= RE1/WR/ANS
RB1 = 9 25170 =—= REQ/RD/ANS
RB2 = 10 24[T70 = RAS/AN4/SS/C20UT
RBAPGM ~—s 11 N xS azs:nz -—= RA4TOCKIICIOUT
CUITQUORES D L
2Regglaact
EEF?EQ%
(@] w
[l = ow gg
82
E [r4
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TO OUR VALUED CUSTOMERS

it is our intention to provide our vaiued customers with the best documentation possible to ensure successful use of your Micrachip
products. To this end, we will continue to improve our publications to better suit your needs. Cur publications will be refined and
enhanced as new voiumes and updates are introduced.

if you have any questions of comments regarding this publication, please cantact the Marketing Communications Department via
E-mail at docerrors@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to {480) 792-4150.
We welcome your feedback,

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
hitp://www.micrachip.com

You can determine the version of a data sheet by examining its literature number found on the bottem outside corner of any page.
The last character of the literature number is the version number, {e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
davices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document te which it applies.

Te determine if an errata sheet exists for a particular device, please check with one of the following:
= Microchip's Worldwide Web site; http://www.microchip.com

« Your local Microchip sates office (see last page)

« The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277

When contacting & sales office or the literature center, please specify which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Customer Notification System

Register on our Web site at www.microchip.com/cn to receive the most current infermation on all of our products.

DS39582B-page 4 © 2003 Microchip Technology Inc.



PIC16F87XA

1.0 DEVICE OVERVIEW

This document contains device specific information
about the following devices:
= PIC16F873A
+ PIC16F874A
= PIC16F876A
= PIC16F877A
PIC16F873A/876A devices are available only in 28-pin
packages, while PIC16FB74A/877A devices are avail-
able in 40-pin and 44-pin packages. All devices in the
PIC16F87XA family share common architecture with
the following differences:
» The PIC16F873A and PIC16F874A have one-half
of the total on-chip memary of the PIC16F876A
and PIC16F877A
+ The 28-pin devices have three /O ports, while the
40/44-pin devices have five
» The 28-pin devices have fourteen interrupts, while
the 40/44-pin devices have fifteen
» The 28-pin devices have five A/D input channels,
while the 40/44-pin devices have gight
» The Parallel Slave Port is implemented only on
the 40/44-pin devices

The available features are summarized in Table 1-1.
Block diagrams of the PIC186F873A/B76A and
PIC16F874A/877A devices are provided in Figure 1-1
and Figure 1-2, respectively. The pinouts for these
device families are listed in Table 1-2 and Table 1-3.

Additional information may be found in the PICmicro®
Mid-Range Reference Manual (D3S33023), which may
be obtained from your locai Microchip Sales Represen-
tative or downlpaded from the Microchip web site. 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 modules.

TABLE 1-1: PIC16F87XA DEVICE FEATURES
Key Features PIC16FB73A PIC16F874A PIC16F876A PIC16F877A
Operating Frequency DC - 20 MHz BC - 20 MHz PC - 20 MHz DC - 20 MHz
Resets (and Delays} POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) {PWRT, OST} {(PWRT, O3T) (PWRT, OST)
Flash Program Memoaory 4K 4K 8K 8K
(14-bit words)
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory (bytes) 128 128 256 256
Interrupts 14 15 14 15
/O Ports Ports A, B, C Ports A,B,C,D, E Ports A, B, C Ports A, B, C, D, E
Timers 3 3 3 3
Capture/Compare/PWM modules 2 2 2 2
Serial Communications MSSP, USART MSSP, USART MSSP, USART MSSP, USART
Parallel Communications — PSP — PSP
10-bit Analog-to-Digital Modute 5 input channels | 8input channels | 5input channels | 8 input channels
Analog Comparators 2 2 2 2
Instruction Set 35 Instructions 35 Instructions 35 Instructions 35 Instructions
Packages 28-pin PDIP 40-pin PDIP 28-pin PDIP 40-pin PDIP
28-pin SOIC 44-pin PLCC 28-pin S0IC 44-pin PLCC
28-pin SSOP 44-pin TQFP 28-pin SSOP 44-pin TQFP
28-pin QFN 44-pin QFN 28-pin QFN 44-pin QFN

® 2003 Microchip Technolagy Inc.
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PIC16F87XA

FIGURE 1-1: PIC16F873A/876A BLOCK DIAGRAM
13 Data Bus 8 PORTA
< "" FI L RAO/AND
Fiash W » RA1/AN1
Pregram 3 -4 RAZ/AN2NVREF-CVREF
Memary RAM ™ |- RA3/AN3/NVREF+
8 L;V:Jb?!;ECk F_:‘Ie -~ RA4TOC lﬂcﬂ cuT
. Registers » RAS/ANA/SSIC20UT
i
Program i >
Bus ¢ RAM Addrt) £p g
Addr MUX
| Direct Addr 7 Indirect PORTB
& Addr = RBO/INT
r RB1
H RB2
n RB3/PGM
8 ™ RB4
4+ RB5
- RB&/PGC
Power-up 1 RB7/PGD
v Timer
Instructi Oscillator
82{‘.332"; K | Start-up Timer
Control Power-on
Reset PORTC
Timing Watchdog 4 RCO/T10SOTICKI
B Generafion [~ | Timer b RC1/T108)CCP2
O8C1/CLKI Brown-out 4 RGC2/CCP1
O8C2/CLKO Reset 4 RC3/SCKISCL
In-Circuit 1 a RC4/SDISDA
Debugger = RC5/SDO
Low-Voitage B RCBTX/CK
Programming n RCP/RX/DT
MCLR VoD, Vss
Timer0 Timer1 Timer2 10-bit AID
\ A p 5
L i I i
H Hi
i )
v & { 5 b
Synchronous Vollage
Data EEPROM ceel.2 Bertal Port USART Comparator Reference
Device Program Flash Data Memory Data EEFPROM
PIC16F873A 4K words 192 Bytes 128 Bytes
PIC16F878A BK words 368 Bytes 256 Bytes
Note 1: Higher crder bits are from the Status register.
[0539582B-page 6 @ 2003 Microchip Technoiogy Inc.




PIC16F87XA

FIGURE 1-2:

PIC16F874A/877A BLOCK DIAGRAM
13 Data Bus 8 PORTA
Program Counter ; u RAQ/AND
Flash \,I, = RA1/AN1
Program J 4 RAZ2/AN2NREF-ICVREF
Memory RAM — -— RA3/ANI/VREF+
8 Lavgbﬁtfd‘ Fiie - RA4/TOCKIC10UT
Registers 4 RAS/ANA/SS/IC20UT
Program
Bus RAM Adar) %) g FORTE -
oL Addr MUX i RB1
Instruction reg \ 4 RB2
H Direct Addr 7 indirect | __| X RB3/PGM
il Addr [l
7 B RB4
— 2 RB5
‘ ] - RB&/PGC
| = T-rbd o
i B i
L , j PORTC
I RCO/T10SOT1CKI
- [ RCA/T10SIFCCP2
¢ Pgr‘l\’vni!rerup |- RC2/CCP1
I Osciliat - RC3/SCK/SCL
nstruction scillator | RC4/SDIFSDA
Decode & o= | Start-up Timer " RC5/SDO
Contral Bower-on = RCB/TX/CK
Reset - RCT/RXDT
Timing - Watchdog
E@D Generation & Timer PORTD
OSCHCLKI Brown-out s ROC/PSPO
QSC2CLKO Reset et RD1/PSP1
in-Circuit » RD2/PSP2
Debugger = RD3/PSP3
Low-Valtage " » RD4/PSP4
Programming :_" Sgg}gggg
r RD7/PSPT
PORTE
MCLR VoD, Vss le—+[] REO/RDIANS
— =D RE1/WRIANSG
—[<] RE2(CSIANT
X i Parallei
Timer( Timert Timer2 10-bit A/D Stave Port
} 7 TISAEzi( = 7
y s I I I V/;
5, N AN i
Voltage
Synchronous
Data TEPROM CCP1.2 éerial Port USART Comparator Reference
Device Program Flash Data Memory Data EEPROM
PIC16FB74A 4K words 192 Bytes 128 Bytes
PIC1E6FBTTA 8K words 368 Bytes 256 Byles

Note t: Higher order bits are fom the Status register

@ 2003 Microchip Technology Inc.
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PIC16F87XA

TABLE 1-2: PIC16F873A/876A PINOUT DESCRIPTION
. PDIP, SOIC, | QFN | I/O/P Buffer _—
Pin Name SSOP Pin# | Pin# | Type Type Description
OSC1/GLKI g 6 ST/CMOS® | Oscillator crystal or extemal clack input.
0sC1 | Osclllator crystal input or external ciock saurce input. ST
buffer when configured in RC mode; otherwise CMO3.
CLK! | External clock saurce input. Always associated with pin
function OSC1 {see OSC1/CLKI, OSC2Z/CLKO pins).
OSC2/CLKO 10 7 — Oscillator crystal or clock output.
QS8C2 0 Oscillator crystal output. Connects to crystal or resonator
in Crystal Oscillator mode.
CLKO (o] In RC mode, OSC2 pin outputs CLKO, which has 1/4 the
frequency of OSC1 and denctes the instruction cycle rate.
MCLR/VPP 1 26 ST Master Clear (input) or programming voltage (output).
MCLR | Master Clear (Reset) input. This pin is an active low Reset
to the device.
Ve P Programming voltage input.
PORTA is a bidirectional 1/C port.
RAD/AND 2 27 TTL
RAD HO Digital 1/O.
ANO | Analog input 0.
RAT/AN1 3 28 TTL
RA1 110 Digital Q.
AN1 I Analeg input 1.
RAZ/AN2/VREF-/ 4 1 TTL
CVREF I18] Digital 1/0.
RA2 | Analog input 2.
ANZ | AJD referencea voltage (Low) input.
VREF- o} Comparator VREF output.
CVREF
RA3/AN3/VREF+ 5 2 TTL
RA3 (o] Digital HO.
AN3 | Analog input 3.
VREF+ ! A/D reference voltage (High} input.
RA4/TOCKHC1OUT 6 3 57
RA4 I{e] Digital YO - Open-drain when configured as cutput,
TOCKI { Timer0 external clock input.
C10UT O Comparator 1 output.
RAS/AN4/SS/CZOUT 7 4 TTL
RAS e} Digital 1/Q.
AN4 | Analog input 4.
S35 | SP| slave select input.
C20UT 0 Comparator 2 output,
Legend: | =input O = output WO = input/output P = power
— =Nptused TTL=TTL input ST = Schmitt Trigger input
Naote 4 This buffer is a Schritt Trigger input when configured as the external interrupt.

2:  This buffer is a Schmitt Trigger input when used in Serial Pragramming mode.
3. This buffer is a Schmitt Trigger input when configured in RC Oscillator made and a CMOS input otherwise.

0539582B-page 8
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PIC16F87XA

TABLE 1-2: PIC16F873A/876A PINOUT DESCRIPTION (CONTINUED)
Pin Name PDIP,SOIC, | QFN | 1IQ/P Buffer Description
SSOP Pin# | Pin# | Type | Type P
PORTE is a bidirectiona! I/C port. PORTB can be saftware
programmed for intemal weak pull-ups on all inputs.
RBO/INT 21 18 TTLST
RBO o Digital 1/O.
INT | External interrupt.
RB1 22 19 o TTL Digital 1/Q.
| RB2 23 20 e} TTL Digital 1/O.
RB3/PGM 24 21 TTL
RB3 [Ts] Digitai 1/Q.
PGM | Low-voltage (single-supply) ICSP programming enable pin.
RB4 25 22 110 TTL Digital 170,
RBS 26 23 1i0 TTL Digital /0.
RBEPGC 27 24 TTLSTE®
RB6 110 Digital 1/O.
PGC | In-circuit debugger and ICSP pregramming clock.
RB7/PGD 28 25 TTUSTE
RB7 fe] Digital I/O.
PGD WO In-girguit debugger and ICSP programming data.
PORTC is a bidirectional I/O port.
RCOM1OSO/T1CK] 11 8 ST
RCO 10 Digital 1/O.
T1080 e} Timer1 ascillator output.
T1CKI | Timer1 external clock input.
RCA/T108I/CCP2 1z 9 ST
RC1 HO Digital I1O.
T1035I | Timer1 oscillator input.
CCP2 lie] Capture?2 input, Compare2 output, PWMZ2 output.
RC2/CCP1 13 10 ST
RC2 [ls} Digital I/Q.
CCP1 (18] Capture1 input, Campare1 autput, PWM1 output.
RC3/SCKISCL 14 1 ST
RC3 o Digital 1/0.
SCK e} Synchranous serial clock inputfoutput for SPI mode.
SCL o Synchronous serial clock inputfoutput for 12C mode.
RC4/SDISDA 15 12 ST
RC4 e} Digital /0.
sSDI | SPI data in.
SDA 1fO 1C data /O
RCS5/SDO 16 13 ST
RC5 [{e] Digital /0.
SoC o} 3P| data out.
RCBTX/CK 17 14 ST
RC6& 11Q Digital ¥Q.
> o] USART asynchronous fransmit.
CK lie] USART1 synchronous clock.
RC7/RX/DT 18 15 . ST
RC? l{e] Digital 1/0.
RX | USART asynchronous receive.
DT [[i8] USART synchronous data.
Vss 8,19 56 P — Ground reference for logic and 1/O pins.
VoD 20 17 P — Pasitive supply for logic and I/Q pins.
Legend: |=input O = output O = inputioutput P = power
— = Notused TTL=TTL input ST = Schmitt Trigger input
Note This buffer is a Schmitt Trigger input when configured as the external interrupt.

1
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3

This buffer is a Schmitt Trigger input when cenfigured in RC Oscillator mode and a CMOS input otherwise.

® 2003 Microchip Technology Inc.
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PIC16F87XA

TABLE 1-3: PIC16F874A/87TA PINOUT DESCRIPTION
Pin Name PDIP | PLCC |TQFP| QFN | I/O/P Buffer Description
Pin# | Pin# | Pin# | Pin# | Type Type
QOSCI1/CLKI 13 14 30 32 sTicMOSHY | Oscillator crystal or external clock input.

OSC1 | Oscillator crystal input or external clock source
input. 8T buffer when configured in RC mode;
atherwise CMOS,

CLKI | External clock source input. Always associated
with pin functicn OSC1 {see OSC1/CLKI,
OSC2/CLKQ pins).

OSC2/CLKO 14 15 31 33 — Oscillator crystal or clock output.

QsC2 o} QOscillator crystal output.

Connacts ta crystal or resonater in Crystal
Cscillator mode.

CLKO O in RC mode, CSC2 pin outputs CLKEC, which
has 1/4 the frequency of OSC1 and denotes the
instruction cycle rate.

MCLR/VPP 1 2 18 18 ST Master Clear (input) or programming voltage (output).

MCLR. | Master Ciear (Reset) input. This pin is an active
low Reset to the device.

VPP P Programming voltage input.

PORTA is a bidirectional /O port.

RAD/AND 2 3 19 19 TTL

RAD e} Digital IY0.

AND ! Analog input 0.
RAT/AN1 3 4 20 20 TTL

RAY 171G Digital I/0.

AN1 I Analog input 1.
RAZIAN2IVREF-/CVREF | 4 5 21 21 TTL

RAZ 1o Digital 40.

ANZ2 | Analog input 2.

VREF- | A/D reference voltage (Lew) input.

CVREF @] Comparator VREF output.

RA3/AN3/VREF+ 5 6 22 22 TTL

RA3 (e} Digital FO.

AN3 | Analog input 3.

VREF+ | AJD reference voltage (High) input.

RA4TOCKICIOUT 5 7 23 23 ST

RA4 I} Digital IO — Open-drain when configured as
output.

TOCKI | TimerD external clock input.

c1ouT 0] Comparator 1 output.

RAS/AN4/SS/C20UT 7 ] 24 24 TTL

RAS 1O Digital I/0.

AN4 I Analog input 4.

EE | SPI slave select input.

c20UT 0] Comparater Z output.

Legend: | =input O = output I/C = inputfoutput P = power
— =Notused TTE =TTL input ST = Schmitt Trigger input
Note 1: This bufferis a Schmitt Trigger input when configured as the extarnal interrupt.

2. This buffer is a Schmitt Trigger input when used in Serial Proagramming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

DS39582B-page 10
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PIC16F87XA

TABLE 1-3: PiC16F874A/877A PINOUT DESCRIPTION (CONTINUED)
Pin Name PDIP | PLCC | TQFP | QFN | I/O/P Buffer Description
Pin# | Pin# | Pin# | Pin# | Type | Type P
PORTB is a bidirectional 1/O part. PORTB can be
software programmed for internal weak pull-up on all
inputs.
RBOJANT 33 36 8 9 TTUST!
RBO 10 Digital I1O.
INT | External interrupt.
RB1 34 37 g 10 [1e] TTL Digital I/Q,
RB2 35 38 10 1 11O TTL Digitat 1/0.
RB3/PGM 36 39 1 12 TTL
RB3 110 Digital /0.
PGM I Low-voltage ICSP programming enable pin.
RB4 37 41 14 14 1o TTL Digital /0.
RB5 38 42 15 15 le; TTL Digital 1/O.
RB6/PGC 39 | 43 16 15 TTUSTR
RB& o Digital /0.
PGC | In-circuit debugger and ICSP programming clock.
RB7/PGD 40 44 17 17 TTLSTR
RB7 IO Digital I/O.
PGD l{e] In-circuit debugger and (CSP pregramming data.
Legend: | =input 0 = output IfO = inputfoutput P = pawer
— = Notused TTL =TIL input 8T = Schmitt Trigger input
Note 1: This buffer 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 Cscillator mode and a CMOS input otherwise.

® 2003 Microchip Technology Inc.
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION {CONTINUED)
R PBIP | PLCC |TQFP| QFN | IIOQIP Buffer -
Pin Name Pin# | Pin# | Pin# | Pink | Type | Type Description
PORTC is a bidirectional 1/O port.
RCO/T1OSO/TICKI 15 16 32 34 ST
RCOD [lie] Digital O
T10SQ 8] Timer1 oscillator output.
T1CKI | Timer1 external clock input.
RCH/T1Q3NCCP2 16 18 35 35 5T
RC1 10 Digital I10.
T108I | Timer1 oscillator input.
CCP2 110 Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 17 19 36 36 ST
RC2 /O Digital 173
CCP1 11Q Capturet input, Compare output, PWM1 output.
RC3I/SCKISCL 18 20 37 37 ST
RC3 lie] Digital I/C.
SCK I} Synchranous serial clock input/output for SPI
mode,
SCL [ie] Synchronous serial clock input/output for c
maode.
RC4/SDUSDA 23 25 42 42 8T
RC4 10 Digital #O.
SDi I SPI data in.
SDA 1o 12C data /0.
RC5/SDO 24 26 43 43 8T
RCS& le} Digitat 1O.
SDO (8] SPI data out,
RCB/TX/CK 25 27 44 a4 ST
RCE o Digital O.
TX Q USART asynchronous transmit.
CK HO USART1 synchronaus clock.
RC7/RX/DT 26 29 1 1 5T
RC7 lie] Digital IfO.
RX | USART asynchronous receive.
oT f{®] USART synchronous data.
Legend: | =input O = output 11Q = inputfoutput P = power
— =Notused TTL=TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when canfigured as the extemnal interrupt.

2:  This buffer is & Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

J839582B-page 12
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PIC16F87XA

TABLE 1-3: PIC16F874A/87TA PINOUT DESCRIPTION (CONTINUED)
\ PDIP | PLCC | TQFP | QFN | I/O/P Buffer -
Pin Name Pin# | Pin# | Pink | Pin# | Type | Type Description
PORTD is a bidirectional I/O port or Parallel Slave
Port when interfacing te a microprocessor bus.
RDO/PSPO 19 21 38 38 STATLE
RDO e} Digital I/G.
PSPQ WG Parallei Siave Port data.
RD1/PSP1 20 22 39 39 sSTTTLE
RDA1 110 Digital I/C.
PSP1 110 Parallel Siave Port data.
RO2/PSP2 21 23 | 40 40 STTTLE
RO2 110 Digital 1/0.
PSP2 11O Parallel Stave Part data.
RO3/PSP3 22 24 | 41 a1 STATLS
RD3 110 Digital 1F0.
PSP3 li8] Parallel Slave Port data.
RD4/PSP4 27 | 30 2 2 sTTTLE
RD4 11Q Oigital V0.
PSP4 110 Parallel Slave Port data.
RD5/PSPS5 28 | 31 3 3 STTTLR
RD5 110 Digital YO.
PSP5 17Q Parallel Slave Port data.
RD6IPSPE 29 32 4 4 STATLE
RD& 11 Digital /O.
PSPB 110 Parallel Slave Port data.
RD7/PSP7 30 33 5 5 STTTLE
RD7 l{e] Digital 1/O.
PSP7 o Parallel Slave Port data.
PORTE is a bidirectional /O port.
REQ/RD/ANS 8 g 25 25 sTATLR
REOQ [He) Digital I/O.
RD | Read control for Parallei Slave Port.
ANS I Analog input 5.
RE1AWR/ANG 9 10 26 26 STTTL®
REt o Digital ¥O.
WR | Write control for Parallei Slave Port.
ANG I Analog input &,
RE2/CS/ANT 10 11 27 27 STTTLR
RE2 le} Digital /0.
Cs | Chip se'ect control for Parailel Slave Port.
AN7 | Analog input 7.
Vss 12,31113,34 | 6,29 | 6, 30, P - Ground reference for logic and I/0 pins.
N
Voo 11,32 112,35| 7,28 | 7,8, P — Pasitive supply for fogic and I/O pins.
28,29
NC — 1,17, 112,13, 13 —_ — These pins are not internally connected. These pins
28,40 33, 34 shouid be {eft unconnecied.
Legend: [=input Q = autput /0 = input/output & = power
—=Ngtused TTL=TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the extemal interrupt.

2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Schmitt Trigger input when canfigured in RC Oscitlator mode and a CMOS input otherwise.

® 2003 Microchip Technalogy inc.
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PIC16F87XA

18.0 DC AND AC CHARACTERISTICS GRAPHS AND TABLES

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range {e.g., outside specified power supply range) and therefore, outside the warranted range.

“Typical” represents the mean of the distribution at 25°C. "Maximum?” or “minimum” represents (mean + 3o} or (mean — 30)
respectively, where g is a standard deviation, over the whole temperature range.

FIGURE 18-1: TYPICAL Ipp vs. Fosc OVER Vobp {HS MODE)
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FIGURE 18-2: MAXIMUM Ibp vs. Fosc OVER Vob (HS MODE)
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Minimum: mean - 3o {40°C to +125°C)

&
o
o
=
]
2
2
&
b

FOSC (MHz)

@ 2003 Microchip Technology Inc. 0$39582B-page 197



PIC16F87XA

FIGURE 18-3:

TYPICAL lob vs. Fosc OVER Voo (XT MODE)
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FIGURE 18-4:

MAXIMUM ipp vs. Fosc OVER Vo (XT MODE)
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PIC16F87XA

FIGURE 18-5; TYPICAL IpD vs. Fosc OVER Vob {LP MODE)
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FIGURE 18-6; MAXIMUM Ipb vs. Fosc OVER Vob (LP MODE)
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FIGURE 18-7: AVERAGE Fosc vs. VDb FOR VARIOUS VALUES OF R (RC MODE, C = 20 pF, +25°C)
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FIGURE 18-8: AVERAGE Fosc vs. Vob FOR VARIOUS VALUES OF R
(RC MODE, C = 100 pF, +25°C)
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PIC16F87XA

FIGURE 18-9: AVERAGE Fosc¢ vs. VDD FOR VARIOUS VALUES OF R
{RC MODE, C = 300 pF, +25°C)
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FIGURE 18-10: IPD vs. VDD, -40°C TO +125°C (SLEEP MODE, ALL PERIPHERALS DISABLED])
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FIGURE 18-11:

TYPICAL AND MAXIMUM AITMR1 vs. VDD OVER TEMPERATURE (-10°C TO +70°C,

TIMER1 WITH OSCILLATOR, XTAL = 32 kHz, C1 AND C2 = 47 pF)
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FIGURE 18-12:

TYPICAL AND MAXIMUM AlwDT vs. VoD OVER TEMPERATURE (WDT ENABLED)
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FIGURE 18-13: AIBOR vs. VDD OVER TEMPERATURE
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FIGURE 18-14:

TYPICAL, MINIMUM AND MAXIMUM WDT PERIOD vs. VDD {-40°C TO +125°C)
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FIGURE 18-15:

AVERAGE WDT PERIOD vs. Vbpo OVER TEMPERATURE (-40°C TO +125°C)
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FIGURE 18-16:

TYPICAL, MINIMUM AND MAXIMUM VoH vs. loH {Vbp = 5V, -40°C TO +125°C)
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FIGURE 18-17: TYPICAL, MINIMUM AND MAXIMUM Vor vs, loH (VDD = 3V, 40°C TO +125°C)
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FIGURE 18-18: TYPICAL, MINIMUM AND MAXIMUM VoL vs. loL (VoD = 5V, -40°C TO +125°C)
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FIGURE 18-19: TYPICAL, MINIMUM AND MAXIMUM VoL vs. loL (VDD = 3V, -40°C TO +125°C)
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FIGURE 18-20: MINIMUM AND MAXIMUM ViN vs. VDD (TTL INPUT, -40°C TO +125°C)
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FIGURE 18-21:

MINIMUM AND MAXIMUM VIN vs. VDD (ST INPUT, -40°C TO +125°C)
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FIGURE 18-22:

MINIMUM AND MAXIMUM VIN vs. VoD {I°C INPUT, -40°C TO +125°C)
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FIGURE 18-23:

A/D NONLINEARITY vs. VREFH (VDD = VREFH, -40°C TO +125°C)
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FIGURE 18-24:

A/D NONLINEARITY vs. VREFH (VDD = 5V, 40°C TO +125°C)
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ULN2001A-ULN2002A
ULN2003A-ULN2004A

SEVEN DARLINGTON ARRAYS

» SEVEN DARLINGTONS PER PACKAGE

s OUTPUT CURRENT 500mA PER DRIVER
{600mA PEAK)

s QUTPUT VOLTAGE 50V

» INTEGRATED SUPPRESSION DIODES FOR
INDUCTIVE LOADS

» OUTPUTS CAN BE PARALLELED FOR
HIGHER CURRENT

= TTUCMOS/PMOS/DTL COMPATIBLE INPUTS

« INPUTS PINNED OPPQSITE OUTPUTS TO
SIMPLIFY LAYOUT

DESCRIPTION

The ULN2001A, ULN2002A, ULN2003 and
ULN2004A are high voltage, high current darlington
arrays each containing seven open collector dar-
lington pairs with common emitters. Each channel
rated at 500mA and can withstand peak currents of
600mA. Suppression diodes are inciuded for induc-
tive ioad driving and the inputs are pinned opposite
the outputs to simplify board layout.
The four versions interface to all common logic fami-
lies :

ULN2001A General Purpose, DTL, TTL, PMOS,
CMOS
ULN2002A 14-25V PMOS
ULN2003A 5V TTL, CMOS
ULNZ2004A 6-15V CMOS, PMOS

These versatile devices are useful for driving a wide
range of loads including solenoids, relays DC mo-
tors, LED displays filament lamps, thermal print-
heads and high power buffers.

The ULNZ2001A/2002A/2003A and 2004A are sup-
plied in 16 pin plastic DIP packages with a copper
leadframe to reduce thermal resistance. They are
available afso in small outline package (80-16) as
ULN2001D/2002D/2003D/2004D.

February 2002

DIP16

5016

ORDERING NUMBERS: ULN2001A/2A/3AMA

ORDERING NUMBERS: ULN20010/2D/3D/4D

PIN CONNECTION

Ve
1~

el
LWJIQ

5-197711

ouUT

our

ouT

ouT

ourt

ouTt

ouT

6

7

COMMON

WHEELING DIODES

FREE
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

SCHEMATIC DIAGRAM

|
|
§
|
|

COM

ouT

L

Series ULN-2001A
(each driver)

COM

ouT

Series ULN-2003A
{each driver)

EACH DRIVER

cOM

out

Series ULN-2002A
(each driver)

0.5k0 T
IN I
| !
i
| 7.2k0 ELT1) ?
|
| {
L - —-———-———- L - ————— ——— -4
EACH DRIVER 5- 1909 EACH DRIVER 5-25%

Series ULN-2004A
(each driver)

ABSOLUTE MAXIMUM RATINGS

H

Symbol Parameter Value Unit
Vo Output Voltage 50 A
Vin Input Voltage {for ULN2002A/D - 2003A/D - 2004A/D) 30 v
e Continuous Collecter Current 500 mA
Iy Continuous Base Current 25 mA
Tamb Operating Ambient Temperature Range - 20 to 85 °C
Tatg Storage Temperature Range - 55t0 150 °C
T Junction Temperature 150 °C
THERMAL DATA
Symbol Parameter DIP16 5016 Unit
Rih j-amb Thermal Resistance Junction-ambient Max. 70 120 STV
2i8 "l




ULN2001A - ULN2002A - ULN2003A - ULN2004A

ELECTRICAL CHARACTERISTICS (Tams = 25°C unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. | Unit | Fig.
Icex Output Leakage Current Ve = 50V 50 HA | 1a
Tambw = 70°C, Vce = 50V 100 pA | 1a
Tamt = 70°C
for ULN2002A
Vee = 50V, Vi = 6V 500 pA | b
for ULN20D04A
Vce = 50V, V= 1V 500 pA | 1B
V¢E(sat) Coliector-emitter Saturation Ic = 100mA, Iz = 250pA 0.9 1.1 v 2
Voltage lc = 200 mA, Is = 350uA 1.1 1.3 W 2
Ig = 350mA, Ig = 500pA 1.3 1.6 v 2
lion) Input Current for ULN2002A, V; = 17V 0.82 1.25 mA 3
for ULN2003A, V= 3.85V 0.93 135 | mA | 3
for ULN200O4A, Vi = &V 0.35 0.5 mA | 3
Vi= 12V 1 145 | mA | 3
bigon Input Current Tamp = 70°C, Ic = 500pA 50 65 pA 4
Viion) Input Voltage Vee = 2V v 5
for ULN2002A
Iz = 300mA 13
for ULN2003A
Ic = 200mA 24
Ic = 250mA 27
Ic = 300mA 3
for ULN2004A
lg = 125mA 5
Ic = 200mA 6
Ic = 275mA 7
Ic = 350mA 8
hre DC Forward Current Gain for ULN2001A
Vee = 2V, Ic = 350mA 1000 2
Ci Input Capacitance 15 25 pF
toLH Turn-on Delay Time 0.5Vito 0.5V, 0.25 1 Hs
tPHL Turn-off Delay Time 0.5 Vito 0.5V, 0.25 1 Hs
Ir Clamp Diode Leakage Current | Vg = 50V 50 pA B
Famp = 70°C, Vg = 50V 100 uA B8
VE Clamp Dicde Forward Voltage [ = 350mA 1.7 2 vV 7
"I 3/8




ULN2001A - ULN2002A - ULN2003A - ULN2004A

TEST CIRCUITS
Figure 1a.

Figure 1b.
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Figure 2.
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Figure 4. Figure 5.
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Figure 6. Figure 7.
Vr
r
OPEN
5-5717
418 IS7]




ULN2001A - ULN2002A - ULN2003A - ULN2004A

Figure 8: Collector Current versus Input Current
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Figure 10: Peak Collector Current versus Duty
Cycle
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Figure 9: Collector Current versus Saturation
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Figure 11: Peak Collector Current versus Duty
Cycle

le peak
(mA) Tamb=70"C

"\
300 \\\ :
N

D96IN4S2A

200
100 -
NUMBER OF ACTIVE OQUTPUT

YA [ AF | |
0 20 40 60 a0 1060 DC

5/8




ULN2001A - ULN2002A - ULN2003A - ULN2004A

DIM. mm inch OUTLINE AND
MIN. | TYP. | MAX. | MIN. TYP. | MAX. MECHANICAL DATA
al 0.51 D.020
B 0.77 1.65 | 0.030 0.065
b 0.5 0.020
b1 0.25 0.010
D 20 0.787
E 8.5 0.335
e 2.54 0.100
el 17.78 0.700
F 7.1 0.280
| 5.1 0.201
L 3.3 0.130
DIP16
Z 1.27 0.050
F
| B -
/7 b
. r
‘ b P I—i- E
z
e |
D
0 1] 111 ‘
% s
S .
1 8
4
1 O I Y O

6/8
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ULN2001A - ULN2002A - ULN20G3A - ULN2004A

DIM. mm inch
MIN. | TYP. | MAX. | MIN. | TYP. | MAX,
A 1.75 0.069
al 0.1 0.25 | 0.004 0.009
a2 1.6 0.063
b 0.35 0.48 | 0.014 0.018
b1 0.18 0.25 | 0.007 0.010
C 0.5 0.02¢
¢l 45’ (typ.)

D{1) | 98 10 | 0.386 0.394
E 5.8 6.2 | 0.228 0.244
e 1.27 0.050
el 8.89 0.350

F(1) | 3.8 4 |0.150 0.157
G 4.6 53 | 0.181 0.209
L 04 127 [ 0.018 0.050
M 0.62 0.024
S 8°{max.)

OUTLINE AND
MECHANICAL DATA

SO16 Narrow

{1} D and F da not include molg flash or protrusians. Mold flash or potrusions shall not exceed 0.15mm (.006inch).

™=

LA

00 [0 11 [1 [

(% s )
[1 B
TOoUoDouoououo

==

7

4
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

Infarmation furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
quences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. STMi-
croelecironics products are not authorized for use as critical compenents in life support devices or sysiems withoul express written
approval of STMicroelectronics.
The ST logo is a registered trademark of STMicroglectronics
© 2002 STMicroelectronics — Printed in ltaly ~ All Rights Reserved
STMicroetectronics GROQUP OF COMPANIES
Australia - Brazil - Canada - China - Finland - France - Germany - Hong Kong - India - Israel - Italy - Japan - Malaysia - Malta - Morocco -
Singapore - Spain - Sweden - Swilzerland - United Kingdom - United States.
http:/iwww.st.com
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This datasheet has been download from:

www.datasheetcatalog.com

Datasheets for electronics components.
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