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Abstract

This report study the mechanism and fabrication of temperature sensor that have several
type. In this project will scope in double diode temperature sensor which uses the principle of
PTAT (Proportional To Absolute Tempcrature). The current constant circuit is uses for bias a
double diode. The current flows through the double is not equal. Resistor is used for set the
current diodes which have the current ratio 5 times and 10 times respeatively, and the increasing

temperature between

KT [ 1
27°-85°C, The different forward voltage AV, ( AV, =——In (72-]) is measured as the output
q t

voltage. From the basic characteristic of p-n junction if the p-n junction has the constant current
when it warming voltage across the junection is increasing too. Plot the characteristic of AVgp-
T(°C) found that AV, is linearity increasing with temperature.

In a display part , we change output voltage from analog to digital by A/D circuit and

display by LCD which is controlled by microcontroller.
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wihnowdamvevssvauandldfe il 2.17 nasiFensaesin “lvsveedyenudy

a

oy
ARFUUA

0+

jﬁ

311 2.16 NesvwdygIUHama



Vi © Vo1
o -
‘% R: B> o+
Ry vy +
- R Rs V,
AN
Ra4 _
,358 1 I
v, O—— Voz

51 2.17 23 vonedygaduaaguud

1inees gl 2.7 Aesannuduiussznine v, fo (v, -v,) fiesuee

14
Foygyraumasna TaaodoRuguoInaums 2.15 9218

Vo= E;‘-(Voa ~V,) (2.16)
Taoh v, -V, )=I(R, +2R,) @17
uag I= Vszl 4 (2.18)
St v,-v, ):{VZ;V' ](R] +2R,) (2.19)
o V., V)= [1 . 21':2 ](Vz ) .20

unue (¥, —V,,) amaunis 2.19 asluaunts 2.20 9214

v = (1 + E&}[%&J(VQ -V) 2.21)

! 3

tufe A, Ve [ 2R R (2.22)
(Vz - V1) JR] R3
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ot 1w as ) = o g o
lumnlfuuAdnnmsvnousdiuvesnesvnedyapuduaaguudi ¥ lummansil M

Tagmaidendt R, R, uaz R, Tdaai udahmsidSuar R, melf1dsasinsvnomud

Apans

gasINueeidsamafe 10 1 iHendanudumu R, R, uaz R, Waauminufe

1 MO uasnnaumsn 2.22

, v 2x1x10° Y 1MQ
2219 10 = =1+
W, ~V) R AIMQ
R, = 2324Q

»
@ o

dariuag 1desniFlunmismanes uanelddsgaliiz s wasdygnoneinni 1dnn

[ a o a o 1 L4
wvmeezgnas lfnasdivanudunasdumiagud

+9V
V1 - V01
+358 MO
AAVAY
[ A Ve +oV
MO -
3/ >0 +
R 232 Ml A, +
W 1MO =a Vi
v S 1w o-
Vo O Vo2 = -

U7 2.18 1vsvnedyanaduanguudi ¥ lunmivaaes
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2.5) W3S umnnuduasdumdsgud

r 1 Qs ) ] t:ll.d. o ¥ ‘é
'N‘i]'i‘]J'iUﬂ'lﬂTl‘lJ‘]I‘l-JlLﬁ$ﬂ'lLl‘r‘iHijuaiﬁu’]\‘]ﬂiﬂMﬂ?WNﬁWﬂﬂJ?Qﬂﬁﬂu@iHi%Uﬂ

insesdioauazguanszusuns Tasshuhidein uozluasdygn seniedyyia

o

o v A o= v w & P ¥ & g o ¥ o
L'E]TﬂﬂﬂﬂﬂﬂuT‘jﬂiﬂllﬂ'J'Illﬁllwuﬁ!,‘ﬂuhlﬂﬂ’ll“-ﬁﬂuhhl“l"lit‘l]ﬁﬂﬂﬂﬂ'lﬁ HFIMNTTHITNIWUHIN

P o @ o ] o« v w 1 & o w
Lﬂﬁﬂuuﬂﬁﬂﬂ?’]ﬂﬁfu llﬁﬁﬂiﬂﬂ“l“ﬁuQﬂuU ‘Uﬂﬂﬂ'ﬂllﬂﬁwuﬁﬁzﬂq']qamoﬂ]u1mLﬂTﬂﬂﬂﬂU

GOTLIGINTY
Ros R
R
AV
Vv, O WhY—— R
Ri =
Ver LA O

R/2 o= Vot

. ] jj—v

P Y o o
117 2,19 2eesvnedygiuduaaguudaldluntinaaes

[ J ar o ' a arey ] [y o (Y
'N‘i]iﬂiﬂﬂ'lﬂ’ﬂl]‘BNL!.ﬂ%ﬂ'luﬂNﬂﬂummzﬂi'Iﬂﬂﬂ.!'ﬂll‘ljﬂ‘i&’H'J'Idllﬁﬂﬂutﬂ'lﬂﬂﬁ V, N

]
=

wisdudumna v, Aldlumsnaaesiivandlddezin 219 Falsznovdvasesndyae A,

ar

v ¥
wazNTVBTYInUUUUNauMa A, flidanmsvneniiy -1 Aafunssdueinaves

A,(V,) Baiin iy

v R 1% & 1%
- — 4+
vl Rl i ROS (222)

: ar [ - as o o &
nniudyaneneminain 140 A, sxgnilendiudyanadunnlidn A, Fetedhy

1
L) o 1

NIveedyyInildanmsuniiiu -1 dliussdueninaves A (v) Tauvidy

V = - Rf Rf
o VU? - (_I)Val - -}—Q_V' Ly (2.23)

ROS

i
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1 14
aumsh 223 uaaldiRudmduiutsenin v, fu v, sesseniuegiugilues
¥ @ ¥
aumsiduasatazngluuuna veseumsidunsa

JA— (2.24)

Al leinsnSemAsnaunis 2.23 fuaums 2.24 ud1 wuh

A AUFUVNI I 38 SRIINITVINBVDI1905

Rf ] ol A g 1 o
uaz b =——(£V) fio yAAauNU y 10N HIDAUIHUITUY
os

& ¥ o ' a J [y a o 1 9 )
gauaadlmiini mrlfumanudunumuiseiinisdfoudaidandinay
s ! o ] o o o d o v ~
funu R, fu R, voeees lusaizfidumisguiveanniwamudusiugez s 145
1 e g = v Y oa
AMAMTUMU R, MIDUTIAUDNEI +V
- Y = =y o Y d.w t w A L]
TavnnaseshlFlunisnaassluSyandwutaiui dwsswudlodiuasesvee
o =3 o Y =00 & ° ] ] )
Yo uaudAjIURDDANLNIENAN sz m 1.9 - 2.92 V Favzii lddunsenlSusany

o o ] o A Yy o’ '3 oy 1
Funazfmuntsguime 19 TAussdueiyaiilinsena o -5 v

v
=

Pl [ n!' ] 9 9 WY oas :f o ]
IFNTATHIMADNIANIANIUATUNIUN 15 1T uaad 1anedl 1asa1n2995d5uan

o o 1 o LY ]
ANUFULATAWNIAND ATNTURADIMIAD

ﬂ)w _ Vo(max) - Vo(min] _ 5V -0V

m = = = =
V." Vz(max} - Vr’(min) 292V - 19V
130 m==-L= 4.9 Tamden R =100k
" R, = 490kQ)
N y = mx+b wiommsalewldiu ¥ =mb +b
St V=19V ud2 vV, = 0¥

fufa 0=(4.9)x(1.9)+ b

b=-931W
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- E!y
Bon IWasaty o v

R,
10 b=——(V)=-9.31
08
490 x 10 }(—9
\lﬁ' ROS - ( X )( )
-931
R, = 4734kQ
uay Reonr = R, 1/ R I Ry
= 4904kQ /7 10042 /7 47342

SR = 70kQ

2.6) PIC luTnsnouTnsaiand

PIC 1D microcontroller aﬂﬂizgﬁ ﬂfjd 4o Peripheral Interface Controller é&
{oAves microcontroller AszqafiAfe woewsmeIMshauynenue Bnosluda lidies
ilu PROGRAM MEMORY, RAM, EEPROM, SERIAL, 12C, PWM, AD a4 laol]
$uiludosdequnsaiiasuninatousn Tudaves PIC wifledsuildlumsysziana s

T s 2 o W :(:lv o ¥ - o 2
nen U G i pic lulasnouTnsameddamisovien 1§imiion CPU §anily

2.6.1) PIC Microcontroller ¥UAA14 9

Tulasaew Insamefluaseqa PIC Suvseenmusilauas Program Memory 11418
Ju 3 wudte

1. OTP (one time programmable)

OTP 19 chip ﬁﬁﬂmgnﬁqﬂ Tumuyszian aungAu191nda chip uu OTP o8
annsoins TsunsylAusafadoaiu niann chip TdgnTlsunsuliludree limuise
Tlsunsudh T Inad 1880 farfy chip ﬂmnwﬁyﬁ]xﬁuﬂ%ﬁﬁ’amn"lﬁ'ﬁmmIﬂmnimuﬂszﬁ"a
vunnsedn1en Tulilsunsy hifidauds msweefidunuduiiofous memory szinnay

WHAIBNYI C LARIUURY chip 19U 1608416074
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2. EPROM (erasable programmable ROM)
EPROM 1]y chip % program memory Midiad@ouTilsunsudr liludrguise

lilsunsulnidasnsavTisunsudn Taolduas uv (ultra Viclet) doedinnta s chip

>
ar

Usganm 5-10 WA AVTUAMIUVLYDI chip szinsaunszInD 1R uaAs uV A5 Dd0IR Y
Qs 1da o 3 (Y q
1l chip 14 uantsmaunselunmsan Tlsunsumudy deau TuUsunsudeuas uv
v o a ¥ oM Y e & ¥
w1n9 wWineziiaeImsam e Tlsunsulidniuee sxifdnus sw wSomusog lduinms

a 1 s E) '
in3en3zanaguu chip n3o 14l

3. EEPROM / Flash (electronically erasable programmable ROM)
EEPROM / Flash 111 chip H09n11019@ AIUVDI program memory ANMWITOBIUNTH
Woudwdygamalii arluns audeyalif5und uazemnsoay uaziFoulvilld

nawunsa Rduniouiige u 3 Ussan G88nws FSudwen 19 16Fs4,16F877

o o
2.6.2 PIC TuTasaouTnsamesivesa o
fogifululnsneuInsaans vea pic Tnarnnamved ualuniuiusiauds ms
1 = ] - cql ] A ] 1
oantues Iniq eemnldfimsdmuadamisiinivey Fusirmnn wurisesmiiy 6 nqu

18un

- PICI2CXXX, PIC12FXXX (FLASH MCUs)
- PIC16C5X

- PIC16CXXX

- PIC17CXXX

- PICI6FXXX (FLASH MCUs)

- PIC18CXXX, PIC18FXXX (FLASH MCUs)

PIC16CSX

- fitdalunin assembly 33 A1A

-1 I/O, Timer, Watch dog

- 1] feature Aioud1alon 22 lnifl 12¢ w¥e SERIAL s wiily chip foonurlugausng

VN microchip
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18-pin PICmicro® MCU Family 20-pin PICmicro™ MGU Family
RAZAMZNREFA)) wamie O 12} e RATAME RALXANO =-s [ 1 o Ht-ee ALCOPT P 1A
RAZANI CMP 1 AKE Fit ~a—tae- [ 7 | T[] ae—te- RACVAND . N oo s
RALTOCKAC P2 ﬂg 3 B OS5 GO T RALANILIDIN e [§ 2 10 e RRZSOK 58
FCLRYeRASTHY —= 4 © 2 = 157 ]—e OSC2CLKOUTRAG Ra4TOCK] ] 3 12 oo FLAOIHCY A LKA
RBOIT =+ ¢ £ 5 5 19 TN RAS TR or e [ 4 e PASOSCELLKOUT
1:h 2 B3 HT10S oo ’
REI'RADT w7 & 1200w RBUTIOS0TICK Wit —a [ 53 % o Vuts
REZTXOK ~—e 12 11‘] [1 -~ RE e . 7 e ALt
: 4 () <= FD. 4 PG -
RewceP! =2 Ht RB-4PGH RAZANZA ot 4P o (] 3 e REZTICNPID
RAJAMI VR «VAH - {18 i e RBAT 1OSOTICKER 12
e J. g s RBOAMHAANT - [113 i 2[Jea RAXGLOPIB
PG e NA FlnCEL 2y P16 CT 0 PlCASFRAA AR AHSSS e [ 10 11 [Jese RB4SOLS0A
PIC 16071 PIC1EFR1E
FC1ACTe Fir; ]
RICALT TS ; FIC1RF 10240
PRG3R 1 2000

PICAaFaz:A FICAECTI0

PICTGCTRZ

18 0 Eesieal AVSS 1 AVDD ane el vl pins fue s ek

310 2.20 PIC16C5X

PIC16CXXX
- T e lun1u assembly 35 A
-§1 1O, i Timer ¥INY 1 73, Watch dog, 12C, USART, SPL PWM

4 a L . qw . " ¢ o WWi &
- 1541 feature HINBU "ﬂﬂﬂﬂﬁ interface ﬂUQﬂﬂiﬂlﬂ1UUﬂﬂﬂ11ﬂ\ﬂU'ﬂu

wuhliguanidwudiu s 12¢, USART, PwM ¥awlunsdouTdsunindunnfido

4 W 5 SAd a o
wianmiuildesnaszya PIC12CXXX sanin Fullu pic Al 8 11 msfuanudag

YALADl OSC ¥119 4 MHz nolu uazfi DATA memory dauniluiiu EEPROM atiniolu

A2 1 TUdIUYDI PROGRAM memory ffafhu OTP uax EPROM oY)

PICI12CXXX naz PICI2FXXX
STELT

- figidalunn assembly Fanue 33 wn 35 frda
- 1l 1O, Timer, Watch dog

- 119UD5 T internal EEPROM

- 921l 4MHz osciliator 881 TuA1 chip e 11 ludnail osciliator nwURA (UAMIA

1 q - .
Asamsauiudvo w AT ududaal4 Crystal oscillator n1evuan)
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PICI6CXXX uaz PIC17CXXX 920913 a1 A Lad19f U1 PICI7CXXX Ao
Wuwesalugna difdaly assembly ¥IAN TIUFIUUIAYBI PROGRAM memory 923

YWIRNND TATZRA PICI6CXXX LAZA1M150RD memory Muuens 14

8-pin PICmicro? MCU Family

e
won 1 8 []—Vss
GPYOSC1/CLKIM 2 =z g Z 7 [Jat—a-GPIYAND
GP-L'DSCZAN&"CLKOUTQ—&-L' 3 S- £EE 6 [ - GP1 AN Ay
QL
L

[ Jot—= GOZTOCKIANZINT

h

SPAMCLRA M o] ]

PICA 20000 PICT2CES Y PIC120EET A
PR 25505 PIC12CE7) PIC12CEGT 4
FIGT1 2ZR5 0 PIC1 20672 FICHA 2F 629
PICT2CES 14 PIC12FET5

JUN 2.21 PICIZFXXX
PIC17CXXX
- i1 lunun assembly 58 frds Sdrdans gai s
- MUT0AENY program memory MoUBN 1aud11 18649 64K x 16 Program memory

- 11 /0, % Timer 110N 1 #, Watch dog, 12C, USART, SPI, PWM

=l

pic16r8xxx 1 pic #ld5uanudionnn mziudilganing 7l PROGRAM
MEMORY iiluiiun FLASH uazii DATA MEMORY il EEPROM tiuiiudinn sauves
PROGRAM CHIP annseafldie Sifisenmnouusnilun pIC16F83PICI6Fs4
nianf 1deennszna PIC16F87X éaﬁa:i'ltﬂ?;uuuﬂa«:ﬂ%ﬂmj iW3121 In Circuit Debugger

; o 1o S : ' 2 o
ogmeluin 1 Tisuiludosis Emulator A 1mumedndoll Fadlunaly crp lunsegail

ua PIC16FR7X tiwyldduaeeanitauig



MCLRAY pro=———-
RAAHL &=
RAT/AH | st

RAZANIL VREL - bl
RAZAH XV ie 1+ =
RA4TOCK) = z
RASISSHAN AL v o= g9
Vg — 2 S
OSCIICLK=—s o
QSC2CLKO/RAE #—

RCOT10SGAT 1CK| e
RC1T10S/CCP2| a—n-
RCZICCP) &= 3
RCIBKCSCL =+—= [i4

28-pin PICmicro® MCU Family

28] == RET:PGO

18] = RC7RYDT
17}~ RCRTXICK
16L) =tm RCS/SDOD

15 ] == RC4:SKI'SDAD-

28

FIC1aCa2E FICAGF?E FIGIBCz42
PICIOCRES PICALCGY2 FIC18C252
FICT0CA A RIS TS PIC R 2220
I e PICTECTT2 FIC18F2320
FIC16CRT2 FICAGIFATD PIC1RF 2231
FICTECT 20 PICAGFAY 2 FIEABF24314
PICIGFT2 FIC 1587 3 FPIC16F242
FICTRGTS FICTaFR73A PIC1RF252
PICAGCTE FICHGF876 PIC18F 248
PICAEFT2 MCAGFATRA PIC18F2%8
11N 2.22 PIC17FXXX
PIC16F8XXX (FLASH MCUs)

- U3 lun 1 assembly 35 #1479
- 1 /0, 3 Timer 11AR31 1 &9, Watch dog, 12C, USART, SPI, PWM
-1 A/D ¥u1A 10 bits
b
- 1 Program memory i Flash %1 18amnsa Tdsunsu I 18nannass
-1l EEPROM nelu
b Q Y 1o 3 d?
- Tumsqa 16F87X 11 U&YU In Circuit Debugger (ICD) Lfluwﬁﬂﬂﬂ"lmuﬂuﬂmw

Emulator $19 114

iJ’lﬂQﬁﬁ”E]EJ‘UEN PIC Hifip program memory Nanymzily page N13 Microchip Lﬂ@ﬁﬂd
ituyadooasaiisaldiannoanuiiu preiscxxx da PROGRAM MEMORY liignuraiiy
page nanl uaziRufde ASSEMBLY 1§y 77 Mds saenuuyld PROGRAM
MEMORY fvwalnafiuiitesessn msdonlusunsunis c wimntuidldenn

PIC1BFXXX U1 Wioudy 1CD2



40-pin PICmicro™ MCU Family

ACLRMe =1 N/ 40— RBZPGOKB!S
RADAND wg—ae [ 2 3% 1 w—m RBAPGCKBI2
RALAN e [] 3 38 [] e RBAKBI

RAZAN2VRLARET . e [ 4 37 [} -=—e= RB4KBID
RAJANIARIARLI+ w—a [ § 36 [] wtmmie REIPGHICCP2CANRY
RALTOCK! w—aw [ 35 [0 =—w REZIHT2ICANTX
RASSS/AM Lo -7 34 [ e REB1ANT
REQRDANS -] 8 33 [] =—e= RBIVINTD
RETWRIANG w=—e-010 % 37N e yyp
REXCSANT a—w[ 10 3 > T NP =-— sy
AL —a 11 2 S 2 30[ = ROTPSP7PD
Aves 112 = 20 [] e ROGPSPGPC
OSCHCLKI e [ 13 28 [] w—s RO5PSPSPR
OSCZCLKORAS ] 14 27 [ -w—e RD4PSPAECCPA
RCG:T1OSOTICK! e[ 15 26 [J w—s RCTRXDT
RCtT108I)CCP2 e [ 16 25 [] = RCBTXCK
RCZCCP1 w—w[] 17 29 [] -a—s RC5/SKOD+
RCYSCK/SCL w—m[] 18 23 ] -w—s RC4/SDISDAD-
ROOPSPICHN+ e [ 1 2 [] a—e RD3PEPAVC2IN-
RD1/PSP1ICIIN- e [ 20 21 [ e RO2.PSPLCZIN+
HIC 1RCRAL PICI8CTEn PICASF4221
FICHIGGEER PICASCYT PIC18F 4420
FIC16CE7 RIC16FaTY RPICARF4320
FIC16L662 PIC1EFRTY PICIRF4421
FICIGCT A PHACFR74A RICABF442
PICIGCTT PICIEFR7T PIC1BF452
FICAGET4 PICAGFE7TA RPIC18F4 48
PICAGFF7 PICIRC442 PICTBF4RE

PICTBCA52

71 2.23 PICI6FX XX

PIC18CXXX, PIC18FXXX (FLASH MCUs)

= 5

- Tifalun1u assembly 77 frdfa

- 11 10, 1l Timer AN 1 §1, Watch dog, I2C, USART, SPL, PWM, CAN

-1 A/D %174 10 bits

- ANNSOABAL program memory fOHBN Iﬂmé’ﬁ'lﬁ'ﬁa 64K x 16 Program memory

¥
- 11 Program memroy 1§11 Flash i Wense Tusunsulna 18naien sy

- Tumszna 18FXXX 1 EEPROM n10Ty

- Tumsena 18FXXX anfuenu In Circuit Debugging (ICD

29
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2.6.3 1n340319903 16F876A PIC Microcontroller
2.6.3.1 AuauAv03 PICI6F876A

Fd »
dmivludSyaiwuiaiiuiiez19 16r876a Tumsviinismaass ANz YONA1ID IR

} 4
L

nuuie TaoguautiAnddywes PIC o 58

®  Ffgdluny RISC (Reduced Instruction Set) Sl am 35 A1

) ar é ¥ o =
" fdenile 9 Mnanhem 1892 cycle

" yhawldgegai 20 ki
" dympandmivate nualdiden g
Tnua RC 1%’3@%5:}1&111"1;11?}5%1:Immaa{ﬁuﬁﬂﬁtgiymmﬁn1
Tvun LP 1dnSanaandseudh ANLAgega iy 200 Khz
v ¥
Tnua XT 1¥nTanoannuiidus 100 Khz - 4 Mig
Tnue Hs 1T anaananufigse gogelaifiu 20 Mz
" {110 woswianun 3 os¥ [ PORT A (6 bits), PORT B (8 bits), PORT C (8
bits)]
® dmheanui i Tdsunsudluuuy Flash Svie sKWord (1 word=14 bits)
" 1 RAM YU 368 bytes
il EEPROM %11A 256 bytes
n o . . a 3 - o o a b 4
WY Pipe-line 119 &1 namilsanunsamifids Fecth 1y Exeeute 12
b o
Wiounu
" @suAUBINUBUMDIIH 1A 14 uviag

® 3 Stack 11?1%1??@011?] 8 52eU

®  {iszuU POR (Power On Reset), PWRT (Power Up Timer), OST(Oscillator
Start-up timer)
UsEUU WDT {(Watchdog Timer)
®  {55UY CP (Code Protection) uamIIIABATE LN Hoar]d
" {Tuuedseudandeay
n T 'l 18
Tnso lusunsuae W +5 vbe 8

" mmmiﬂmmmmu In-Circuit Serial Programming



B

X

ar

1 Timer/Counter 3 @7

B9 Iiaes 2 vdDe §95.5 vdDe

h]lliﬂﬁ Capture/Compare/PWM 2 #

15211 USART dmiumsFomsuuveynsy

L%ﬂ%ﬁg BOR (Brown-Out Reset)

2.6.3.2 Tasaarfamsiiaiumeluves PICISF876A

Current Sink (8% Current Source Y89 PORT a;iﬁ 25 mA

1 A/D Converter t401 10 1% 1124 8 Y0383 us e

31

Uszu1A32933A0 1vhAsa BODEN (Brown-Out Detection) iite ar19deygy 103

. Data Bus 5 POS™4A
& —_l 7 L [5] RAC:AND
Slash Ii fe =[x 2A1AN1
Prog-art : ‘ =] 2A2N2 RgR-CVREF
Mercey B Lewel Ttk RAK —" +—[X] AL ANIAREF+
15 bt Fe T—[x] RAeTICAIC 10T
I Regires [—=x] A8 2MATESC2OUT
Program 1 =
EN SAM sddr) p g
. 7 X
mstm.ciien reg ] L-f‘:‘*ddr—”";x‘\
IL Direct Azzr 7 | 5 | tmdirezt
[ s i Addr patin
o] 2
- e
i [ Erarn - RBHE3M
5 | Sawsmg = R4
RAE
’ o REEFEE
k! T a— TR
Power-uz o AN S RETF3D
Timer EL N
Ceciltasor i L
rstuction | - 7
Gecode & = | Star-up Tme : M}[J V
Cons! Power-¢n ) L
Rese’ ] [T-—-._. PORT
: Tiing Waicdog ] RCET: D80 TICK!
Bd: =1 Gene-aten | F5 irmer Wreg RELTI0S 2CF2
BSC VG LK 2rown-ow L H RGLCCA?
O3C2'CLKD Fese: ] g RIXBCHELL
mareid T [ RC4'3D1:504
Sebupser = RI£:500
T Tage I RIBTR-TK
Pregramry~g ] RITRXDT
Mol %Wor wes
TirerD Tirrgr! Tmel 1201 AD
I fl
1 il ! 1l
Zonehro ¢ Vi lags
23 EESSOM SCPL2 Fynanee ous J3ART Comgarater Raferonce

U7 2.24 uudan1s¥hiemvea PIC 16F876A
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¥iia vilnres
‘ i -y
e AUHKHIN a4 107 Nunzioua
1iviviad
QSCUCLKI 9 STICMOSH | Cmeil ator crysta: of external ¢ 'ock rput.
QsCH | Osch iator erystal inour or exte mal ciock soures input. ST
oufer when configureg in RT mode; otherwisa CMOS.
CLK] | Extema: ¢ock sourca srput. A ways assceiated with pin
functon DSC T jese TSC1CLKI, OSC2CLKD pins).
DECHCLKS w0 -— Oscil ator erysta or clock !,
Qs5C2 Q Oscifator erystal output. Connects e crystal or resoratar
in Crystal Oezillator mode.
CLKC 0 Ir RC mode, OSC2 pin outputs CLKD, whick kas 174 the
frequency of GSC 1 and denates the instructon tyzierate.
MCLRApS 5T bAaster Chear [“nputh or programiming vo'tage {outputi
MOIR ! Master Ciear (Reset) inpul. This pin's an active ‘ow Reset
to the dev.ce.
\pa P Programiming valtage input,
PORTS is a bidrectiona VO port.
RAD/AND 2 TTL
RAZ fs] Cigital 112,
AND I Analog inowt 0.
RANAN 3 TTL
RaA b Cigital 12,
AM1 [ Anglog ingut 1
RA2IAN2/RES. 4 TiL
CVREF (E{n] Cigital 1§10,
RAZ i Anajog inaut 2.
AN2 | &40 reference voitage (Low; input.
UL o] Conparator YREF output,
VREF
RAZIANIVRE=+ ) TTL
RA2 O Cighal K.
AM3 | Analog insut 3.
WREF+ | &0 neference voltage {High input.
Ra4/TOCKIKCICUT ] ST
Ras e Cigital G - Cpen-gran: when configured as output,
TOCK! | TimerZ extemnal clock input.
C1ouT 6] Comparstor 1 output,
RASIAN4/SSIC20UT 7 ™
RAL KO Cigital ¥O.
ANg | Analog input 4.
55 | SPI =:ave select input.
CIoUT 0 Comparetor 2 output.
PORTE 5 a bidirsctional 70 pon. PORTBE can be software
progran:med for intema’ weak sull-ups on a: inguts.
RBOAKT 24 TTusTl
RB: Iro Cigital 1O,
INT } Externat interrupt.
RB1 22 Ha) TL Cigital 1¥0.
RB2 23 e} TTL Cigital 150,
RB3/PGM 24 TTL
RB3 Ha) Cigital 130,
PGAM ! Low-voitage (single-supply) KoSP progranyming enable pin.

#13199 2.1 51082B8AUDIY7 PIC 16F876A
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¥ila ¥iifveq
& 5
Jou fMiuntan | vesm 2999 NoozibYA
Uriled
R54 25 iQ TTL Cigital 113,
RBS 25 o T7L Cigiral 3.
RBS/PGC 27 TTLSTS
RSB 140 Cigizal 113,
PGC | Ir-gireuis debugger ang ICSP progra=inyrg cloch.
RB7/FGD 2% TTLsTA
RET 1 Cigitml 110,
PGD O In-cireuit debugger and ICSP prograninng data.
PORTC ia o ivdirectional 4G sort,
RCYTIOSOTICK: 11 5T
REO o] Cigital 170,
T1C50 0 Timer ! escdator cutput,
T1CKI ! Timar1 extemal clock input.
CUT108KCCP2 12 5T
RCH irQ Cigial 1T,
T1GE) | Timer1 sscilator input.
CCP2 (Ha) CaprureZ input, Compare2 output. PWA2 output.
RCICCPY 13 ST
RC2 X0 Cigital IFO.
ccP [rQ Caprrel input. Compared output. PAAN output,
RCH¥SCK/SCL 4 5T
RCS 11O Cigital 3.
SCK Hel Synchronous serial clock inputioutput for SPI mode.
SCL Hu) Synchronous gerial clack inpuvoLtput for 12C mode.
RC4/SDIrSCa 15 5T
RC4 IO Cigital 'O,
ST | | SPldam in,
SDA HO C data Q.
RCYSCO 15 ST
RC5 (1 Cigital 1:0.
SCOo 0 SPI data out,
RCBTXICK 17 5T
RCB HQ Digital ¥0.
™ Q USART asynchronous transmit.
CK 1Cr USART! synchronous ciock,
RCT/RXDT 18 ST
RC e Cigitaf 1710,
Rx ! USART asynchronous receive,
CT [Z]®] USART synchrenous data.
V55 3.19 F — Greund reference for fogic and O pens.
Voo 20 P — Positve supply for 'ogic and KO ping.

A1 2.1 (A19) 31802BEA V9317 PIC
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2.6.3.3 MIAATIHUWANUT1TYTUNTUVBY PIC16F8T6A

=) <
PICT6F876A 93 UAUIAVUDY Program Memory %4

Pl il

am130819 1854 8K byte Tnn PICI6F876A vziivnia S
. e e 4. ' RETFIE, RETLW s =
HHIUANUINNINY 8 K x 14 bits FIA WU Reset Vector R
Thack _ever
ﬂz@éﬁ 0004]’) Zack Lawvei 2
IC 92101] M i Page % :
PIC 921114 Program Memory 880141 Page %4 o
’ =3 = & & o
iaae Page N92NYUIA 2 Kbytes FIA199 CALL U
, Sesat Vectss T2A0h
GOTO aan3ada1# Program Counter n3g Tna Talun 14 - »
[ [ 3 19 A 4 -
29 Page iminuaduilodnanisnss Tnann Page | e——T—" 22an
jmaget], |
o e & . =
1158 Page nils Aoalinanunu PCLATH<4:3> (Bit Pags C -
ZTFFh
{ f 1 "=._
Address 1 12 une 13) 14511184 Page HdoamnFonon e Pags Fe3on
@ A R - . Progrars -, EFFFh
HEINUUIIGUNAE I CALL #1358 GOTO mudni Memary -zaon
Paga 2
*FFFh
240N
Page 3
“EFFR

Ui 2.25 msdaassnuawnawdr 1 sunsuves PIC 16F876A

] 0 Ao 4
M3180N Page vosnaunnus lsunsy vwdoudeoniSames PCLATH Tagmsszy

=

1A 3 uazla 4

9 1

o
ATLEHHIN

PCLATH<4:3> Page
00 0
01 1
10 2
11 3

M3WN 2.2 A1 PCLATH<4:3> Tumani@on Page 494 16F876A

4 0 o a & 0 W
dioldM1ds CALL 117 Routine 10 Routine wilauds v21ids RETURN lumis

¥
o

[ »
ndu lddumiadu ms RETURN ndusiulusududoads PCLATH 18318, Page o
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nrh#AvzBen CALL 31z Address mﬂmnuﬂﬂmn"lﬂu STACK omsm J.mmﬁsumm

GOTO (12197Y Page %“’ﬂﬂ»ﬂf’fﬂﬂ PCLATH 3 15 Page ‘nmmmswﬂﬂsq

2.6.3.4 M3TAATIHUIIANMUTITOA RAM 104 PICI6FR76A
PIC16F876A fivviasanudidoya RAM dm5uldamia1138s bytes uazilismmnod
o418 bits 57 52 G931 2.25 uday Bank flvwAgage 128 bytes uATms 10 180T uudaz

¥ [ 2
Bank #1304 lagluufas Bank Tn155aas snufd e

™ Bank 0 %39 Address 0x00-0x7F
Address 0x00-0x1F 1iluu#issonos g
I 1 ]
Address 0x20-0x7F iluiufiveantasanuifeyadimivldantalu os

bytes

" Bank 1 11379 Address 0x80-0xFF
Address 0x80-0x9F (Tuitwiivesisemas I uafine Addross 1119
Address 0xAQ-OxEF Lﬂuﬁuﬁmmwu'wﬂ:umﬁﬁ’waﬁm%’ui%’amﬁﬂﬂ 80
bytes
Address O0xFO-OXFF Us3ydayamilounulu Address 0x70-0x7F 14 Bank 0
aﬁaﬁﬂ‘lﬁamﬁﬂ‘lﬁaym}m Address 0x70-0x7F 1dd164y TaoTaide

ey Bank

" Bank 2 1933 Address 0x100-0x 17F
-Address 0x100-0x 10F iiuuiivesisemnes I 1eifitng Address Tildfam
-Address 0x110-0x11F udJuﬁuﬁmﬂwﬁwmmi‘h%’ayaﬁm%’n‘l*ﬁ’amﬁ"'s'hl 16
bytes
-Address 0x120-0x16F ai‘luﬁfuﬁmmwmumm%ﬁ'agaf‘hﬁ?uiﬂi’amv‘i"'s'hl 80
bytes
-Address 0x170-0x17F U3 ydioyamiouiulu Address 0x70-0x7F 1y Bank 0
Lﬁaﬁ'sﬂiﬁmmmiﬁay’mm Address  0x70-0x7F 1431041 TanTigoq
L“IJ?;U‘LI Bank

" Bank 3 31%99 Address 0x180-0x1FF

Address 0x180-0x18F iluiufivess Samad 10 uaiiung Address 1319971,
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-Address 0x190-0x 19F aﬂuﬁuﬁmmﬁﬁauaa1nﬁ1ﬁagaﬁ1u§nH'amﬁ"a"lﬂ 16
bytes

-Address 0x1A0-Ox1EF Lﬂuﬁru*ﬁﬂuawﬁUUﬂams‘iﬁagaﬁm%ﬂ%’muﬁ";"lﬂ
80 bytes

-Address 0x1F0-0x IFF w33 yfoyamiflourulu Address 0x70-0x76F 11 Bank
0 ot liannsaldoynn ox70-0x76F 1&iwdu Tao hidewldon

Bank

Muden Bank wosniwanuifoya RAM 1deudonisames STATUS Tauns

sEyAwMUINiIR 5 uazila 6 (RPO,RPI)

RP1:RPO Bank
00 0
01 1
10 2
11 3

A319% 2.3 A1 RPO Laz RP1 Jun15180n Bank 189 16F876A
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File File ' File File
Address Address Address Address
indiraat scartt | oo ing rect s2ler Y| oo Indireet acdrit | 100h inciect 39drt7{ 189h
TRIRS L DPTIZHN_ES | &7 TMAC 1¢1h SPTiCM RES| 181h
PCL C2n FC. E2n PCL 10Ch Fll 1€2h
STATUS | £aa STATIZ 30 STATLS 103h STATUS 183h
TR C4n F5E 249 S3R 104h F5R 183h
PCATA | CEn TR:SA | €5n 105h 1€5h
PCATE Csn TRSE i SCRTR 103k “RIZB 1£3h
PORTES o) TRISC | &7n W57h 187h
poaToil | can RN | gz 105h 1£3h
PoORTEIN | Cén TRIZEY | 2t 10dh 123h
CToATH | Can PLLATH 24h FC_4TH 104k PLLATH 1£4h
MTCON | £5n INTCOK | ash INTECN 108k 1N TCON 1280
SIR- itaie FZ: acr EZDATA | 12Cn EECCH" 18Cr
2iR2 Co 2|=2 EXk EEADR 100 FECCMN2 180h
TMRI- | CEx PLC £zh EEDCATh | 10ER Reserved® | 1€ER
VR CFr L EEADRK | 10Fk Reservedd | 18FK
TICCHY | 10n £in 13 163h
ThRZ 1h 55°25OM2 | £tn 11°n 1€1h
T2CCM 12n Faz €2n 1125 182h
SEPBUF tan 5200 &3n 1131 163h
SEPCCY | t4a SE5TA Gdn 112n 1&dh
CCPRIL 15n €5n 1150 165h
ZCPR"H L] Cin 1181 1680
coPICoN | 17 ™ seraral | {171 Sereal | ypop
= R — - 2urpase Surpose
RCSTA =Y Tr5TE s Register 118+ Register 165h
“YREG 19 ZOBRG £ 12 Bytes 11gh 12 Bytes 169h
RCREG 1A% Eah 114R 164h
CCPRZ, 18n E3h 11Bh 1EBh
CCFRR2H ] 1Ch CMCCK R 11Ch 165k
SCRPICoN | 1ok CVREION | gom 11Dh 16Ch
ASRESH | 1En ADRES. €ch 11En 1GEh
AZCOND | 1FF ADCON" €ch 11Fh A
<0n ADh 120h 1A2h
Seneral Gereral Sereryl
- Furpose Purpase Surpose
;im Reg ser Register Register
Reg-ster €0 Zytes 8C Bytes 53C Bytes
G5 Sytes EFR 162h 1EFh
acoesses | P accesses | 170 Accesses 1F2R
TCh-7F TCh-TFh 7m - 7Fh
7=k FFh 17Fh 1FFR
Sark Sark 1 Sark 2 Bank 3

[ Unimpiemened 4253 memory Iozations, reac as 'o'.
*  Not aphysical “egister
Mote 1. Tnese negisters are rot imp<emerted on te PICIRFSTRA,
: These registers are res=rved: mairiain these regisere caar

1 226 msdaasimiennudidoya RAM uasdumisismaesvea PIC 16F876A
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2.63.5 39cABSMANYE PICIGFR76A

Simans Configuration word

UUMIA 14 bits Eltm Address 2007h 1y Program Memory Taunsiiam

mmﬁmm PIC ﬂ”ﬂﬂmwuﬂﬂﬂmummmmm Taidemily Enabie/Disable Power-up timer
Enable/Disable Watchdog timer, Oscillator Selection bits (ﬂmuﬂmwmﬁmmmmwm)
wiwn e s il o ﬂmmﬁuﬂimmvmmsswﬂﬂﬁuﬂmmﬁ Flash Memory 84
PIC

Fmeed STATUS

Wussman iR udoyouansaomsmsiaues PIC 168876

ROAG  RAND  RW-C Rt R-1 Wx RAW-K R
L re [ mrer | R0 | 70 P | z [ bc [ ¢ |
kit 7 kit G

U1 2.27 S3mmes sTATUS

e 7 IRP (Indirect Register Bank Select bit) 1ddon Bank ‘LIENﬁu?IEJﬂ’Jm‘BW’EJﬂJﬁ
RAM iie19n1s 8198 M Tnodoy
1 = Bank 2,3 (100h-1FFh)
0 = Bank 0,1 (00h-FFh)
A 65  RP1:RPO(Register Bank Selection bits) 1%&0n Bank YDINU WA
doya RAM diol¥msdredumisTavass
11 = Bank 3 (180h-1FFh)
10 = Bank 2 (100h-17Fh)
01 = Bank 1 (80h-FFh)
00 = Bank 0 (00h-7Fh)
1in 4 TO (Time-out bit} DPLAAINIIAA Time Out Lﬁﬂ Watchdog Timer %1974
ATLIMRA A
1 = After power-up, CLRWDT instruction, or SLEEP instruction
0= A WDT time-out occured
@3  PD(Power-down bit) Uaneraansiom Tmuadsendand ey

I = After power-up or by the CLRWDT instruction

0 = By execution of the SLEEP instruction
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02  Z(Zero bit) Huaamanisnssimidmendinmand
| = The result of an arithmetic or logic operation is zero
0 = The result of an arithmetic or logic operation is not zero
ual  DC(Digit carry/borrow bit) 1¥uananisnansetussn handnlunsdidds
ADDWF %30 ADDLW
1 = A carry-out from the 4" low order bit of the result occurred
0 = No carry-out from the 4" low order bit of the result
iozuaRsrINduRwiienszid 1§ SUBWF nio SUBLW
A0 C(Camybomow bit) IHuarninisnanioiuuosiia MSB
lunsdif1ds ADDWF #io ADDLW
1 = A carry-out from the Most Significant bit of the result occurred
0 =No carry-out from the Most Significant bit of the result occurred

sezuansrnduiudonseidids SUBWE vie SUBLW

Program counter (PC) Lﬂu?ﬁmmﬁ’ﬁmyl%’szu Address U3 Program

]
-]

= o £ . M Y a dy
Memory i 109¥ 1M1 Useaaana Faoziflu Counter 411 13 bits Taesialuuds Counter A3
2 & S A a AP | o 4 1 4 d4 o 1

VHUTU 1 N0 9 A dielimslszuanafhiduiiniu 1 a5t Feiinanddedumicung
mdsie lUnwzdhmslssuana umidolssuaos1ds JuMp @1 Counter 9z uMIAUA LML
] ] »
NAE9 TUMP 11ud1984

Stack Lffluwu"mmms‘hﬁnmﬁm%’mﬁuﬁwm OC YU 13 bits TasAy

a a a ] Y o o L ] ]
foyald s szay Taufudumisves re dudlefidds carL wazdamdmmuiaify '3
aonl1lds PC lofis1ds RETURN TaomsitezBuuuy LIFO (Last In First Out)

¥
PORTA, PORTS, ... iiUA170112494 PORT 1} q
¥
TRISA, TRIB, ... l9fmuafianiavesvives PORT 1y q M ladu mput

159 Output Taod i mual¥ifiu 0 vefiu outpu 11y 1 2zl Input
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HaNINARng

Tuitumouisn \“P'IENr”'{ﬂHﬂuﬂ’m‘ﬂﬂd’Ni]'il,!.‘Hmi]wﬂ'jwllﬁﬂﬁﬂiﬂﬂﬂﬁﬂ'ﬁnﬁﬁﬂﬂgﬂ“ﬂ

=\ - 1

41 Fafnunlinse uﬁﬂllﬁamummcmmawaﬁmm:uﬂﬂmmnu Taul¥ain1u

mumuai‘lummﬂuﬂmnmmn'lwamummmmmﬂwm’mammﬁuﬂnmﬁmi‘lu 519

taz 10 1 awdaiy Minduiin sl uinsudmaois.o Ngaumgiiszning
A oy
27° 85°C Tﬂunﬁiﬂm“lﬂ“lummummiau udriamnnumieing A7, Fe0nquautia

-4 L o o :
‘W'Llj'lu‘tlENiﬂﬂﬂﬂw muwm1 Luﬂsaﬂﬂ@w L'E]‘Llhlﬂ’i‘]JEliu“ﬁ SVINTRTETEY %zﬂﬂﬂmaﬂuﬂmﬂﬂ‘iau

1
S'EJUG]'E]LW&J“UHWJU
Y1 Rs!
T Q2N3%06 " Q2MN3806
Q1 Q2
. b
Q2N3904 F’J Q2N3904
Q3 b Q4
12 | > R2 RT N
- . . .
53 B3
1

JU7 4.1 uﬁﬂnwnmmmunswsmﬂaﬁﬁi% nanudumutiudid s nsuad

Twarunsmusmand

ﬂmmsm"lﬂaammmws“1’Jumumwﬂ“lwwamsmamw‘lmi‘lu"l,ﬂammﬂmmmﬂ
Bedu daifu foumsnanserannesis e IMineesiioonuuy 131U s simolaton Iy
Tsunsu PSPICE  Taomisaeaansdazulfia.l dmualden vi=s v rRs=1 kO R1= 100 Q
R2=500 (2 nisnnszuamariy s i uﬁ"m'S"mﬂ‘ﬁ;uuﬁ1qmwgﬁs:wi1q27°-85°c Faune1n

M3 simulation Taon1s amnaumedng AV, annsousad 1adagIig.
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Av,. (V)

0.238

0.285

0.2a //
il

0.27
0.265. /

0.26 | T T T

T(°C)

0 20 40 60 80 100

d' a J v a o o = E
142 nimurmamsuloulasmnmueednd Av, fiaamginisie ildnnms

simulation 14 TUsun 50 PSPICE Ainszuadiady 5 i

1 ; a A J ¥ 1 o o Ao A1 oA J
vinnsaziuldh dequmgliiudu dnawdedng Av,, #i3a 18t uiudy :
) ‘Ii:j wa A « a g A v w - '
aan Fuiu llaugueuddfugvesosdof-Bu uazideiasasnisildeunlassnmu
3 o o ] o 1 ar & e {
ANANG AV, Avgaivigll Taumsmmmmuduveansdannnsee 188nsnsildounlas
iy 0.377 mv/°C
[ ]
VINHUIMSARIAMELT 4. 109uu T Taueda Tasdivualdan vi=sy Re=1 k0 :
L4 r
RI= 100 0 R2= 500 Q wleminszuadiady s i nnduImMaugangdvun 5
=Y o a r LI 3 ¥ T ;
NITUFAADT (UNYNIZY19 27°-85°C Y Taoms Tedn T humeuanudou udriasay

’ o A &t d'
maﬁntTAVBE INHRANIINADDY mmmuﬁm"lﬁ’mgﬂw 4.3

Av,. (V)

0.1585

0.15

0.145

0.14

0.135

0.13

0.125 a!/

0.12 ——
0 10 20 30 40 50 60 70 BO 90

1(°C)

1M 4.3 namuamsmanlfouutlasminnudradng Av, Hgungiiniaee 1ag

ATZULARNIINU 5 1417
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nAnTMazA A snnududad Ay, veumuguugleiaududadunas
d' ar  ar a T 1 o o r a I ar 4
wlaennmMsnaoulasannuaredng AV, a0 laemsmaIn 1uTuUeIns 1
vnns ez lddasnmaasuwalaaiiu 04 mv/°c

nntdunmsasumanudumudiy re=1 kO ri- 100 Q r2- 1000 Qua
mnszuaany 101 Tnelunaunsn MININADY 1AenS simulation 1u T15unss PSPICE

A o 1 1 s o .
TIHANINNTG simulation laumsTnmmnusmadng AV, annsouaas ladagia.a
Av,. (V)

0.32
0315

0.3 /
0.305 /

0.3
0.295 /
0.29 s o
T(7C)
0.285 . T r T
0 20 40 60 80 100

jUn4.4 s aaImsalaounlasmnnusidng Av, figaumgimee i1dvnms
simulation Tul1lsunss PSPICE finszuaenafiy 10 wh
I 4 =y ‘; J ] 1 [ E;W 1 ‘a‘
s ez 18 Wegungiiiuiy menuadng Av,, #ialdvliswivii
4 A s s = ] T Qs o 1 = §
38 uazieiaensIMslasunasiinnudisind AV, dequng g 188a 31013
warumlaudy 0.457 mv/oc
¥ ]
nniuhimsaeasasuuTnlaveda Taowdousmniudumiy Re1 kQ Rri-
»
' 1 ar ' YR a ot 3 @ &
100 Q R2=1000 Q wSefnszuadaiu 10 wh nniuhmsiamanudsdnd Ay,

VINHAMINABDY A s ouans Idagiia.s
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Av, (V)

0.18
0.175 Nad

0.17 e
0.165
0.16
0.155

0.15 7.4/
0.145

D.14 1 T T 1 i I T L)
O 10 20 30 40 50 60 70 &0 80

T(°C)

31Un4.5 nﬂﬂuﬁmmnﬂﬁuuuﬂmmmm#wﬁ'ﬂﬁAvﬁﬁﬁqmﬁgﬁm@mqiﬂu

ATZUAAINY 10 1917

4
NNz 189 AIANNAINNGAY, ﬂwmuﬂuumuamﬂﬂnaumi‘lummuua‘v
mmﬂammmﬂauuuﬂmmﬂ'smfmaﬁﬂuaV » A0guYi Taemsmmanusuveans s

vnns ez MEnsnsasunlaaiiy 0.5 mv/oc
J [ 1 r Q)
mﬂwan15mam'ﬂw1ummwum~mu'nmaamwnmwwmvm“lﬁmmmmwmf

15 ] ]
AVBE ianiunedruduFadu uag mawin'smmwmAvBE ﬂm"lmzwmwﬂwmAv

=

ﬂﬂﬁuuﬁﬂ']\iﬂu101?11%$1Jﬂ1ﬁ\iﬂ’3'|'ﬂﬂSwllﬁﬂ13ﬂu5£ﬂ’]“53ﬁ1n’lSQW‘i]'I‘im'I}lﬂi]'lﬂ

kT ] Qs 3 ¥ o = 1 I ar 1
qAUMIT AV, =—-In72- dstulumsnanesss hhvedmua I9ians suadedule (1
1

¥
3 ) F W -2

$ o, Ao &

Lﬁ'amxmiﬂﬂmm"1ﬂnmqua°m"lmwmams:ummwuu'nﬂwamnuwu
ﬂ'a‘lﬂ%wﬁm'smmawmmﬂsmmﬂs ufm'lﬂamummmmmmiTﬂumsaﬂﬂﬁmm

ﬂswuﬁw'lﬂamuawem'lﬂIﬂumszﬂauummmmummi‘lu Rs=1 MO uazldiany

AumuRi= 100 Q 2= 1000 Q iy auwmwammﬂnaquﬁm"lﬁ'ﬁ'egﬂﬁ 4.6
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Av,, (v)

0.185
0.18

0.175
0.17 o
0.165 74/
0.16

0.155 M{,/

0.15 »

0.145

0.14 T ] I T ] 1 T T
O 10 20 30 40 50 60 70 80 SO

T(°C)

= { J ' o o i oy
1 4.6 namluamemsAsualasmanusedng Av, gamaiiaiaieg

= Yo = ] =y 2= (B ] ] ]
vz lddudienssuailnaiums wdanesfimannces lidemasores
1 ar é ﬂl & T Qe dl 1 I r ! =)
mmmaﬁﬂt‘fAvBEmmmﬂmammmﬂauuuﬂmmﬂ’Jmmaﬁnt‘faVE Avgunglhaz 18Ty

0.5mVv/°C My mmmmﬂammm’mﬂmﬂ1nuﬂ°lﬂuﬂm1mns suaa st us

= k ] r ' I o ! J LY
FuiloRvsmminaums AV, = LZIS ]—2 wnunmandindA v, W lduediy
1

&
‘]Ji‘lﬂﬂlf‘l'j Llﬁ"ﬂ‘lﬁﬂH'IH“v’IS'IHGIfme‘BSMGIi]‘“U“L!Elgllﬂ‘lji]'m’J‘L!M']‘Uﬂ@ﬂﬁ“’!.!.ﬁﬂﬂNﬂHﬂQH‘L!'Nil:i
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Source code for LCD function

// DO enable

/I DI rs
/D2 rw
/D4 D4
/t D5 D5
/t D6 D6
/1 D7 D7
/

// LCD pins D0-D3 are not used and PIC D3 is not used.

// Un-comment the following define to use port B
// #define use_portb led TRUE

struct led_pin_map { // This structure is overlayed
BOOLEAN enable; /f on to an 1/0 port to gain
BOOLEAN rs; // access to the LCD pins.
BOOLEAN rw; // The bits are allocated from
BOOLEAN unused; // low order up. ENABLE will
int data: 4; // be pin BO.
} led,
#if defined(  PCH_ )
#if defined use_portb led
#byte led = OxF81 // This puts the entire structure
#else
#byte lcd = 0xF83 // This puts the entire structure
#endif
Helse
#if defined use portb_led
#byte led =6 // on to port B (at address 6)
#else
#byte lcd = 8 /f on to port D (at address 8)
#endif
#endif

#if defined use_portb lcd
#define set_tris_lcd(x) set_tris b(x)

#else
#define set_tris led(x) set_tris_d(x)
#endif
#define led_type 2 /1 0=5x7, 1=5x10, 2=2 lines

#define Jcd_line_two 0x40 // LCD RAM address for the second line



BYTE const LCD_INIT_STRING[4] = {0x20 | (lcd_type << 2), Oxc, 1, 6};
// These bytes need to be sent to the LCD
// to start it up.

// The following are used for setting
/1 the /O port direction register.

struct led_pin_map const LCD_WRITE = {0,0,0,0,0}; // For write mode all pins are
out

struct led_pin_map const LCD_READ = {0,0,0,0,15}; // For read mode data pins are
in

BYTE lcd_read_byte() {
BYTE low,high;
set_tris_led(LCD READ);
ledrw=1;
delay cycles(1);
lcd.enable = 1;
delay_cycles(1);
high = Icd.data;

Icd.enable = 0;

delay cycles(1);

led.enable = 1;

delay us(1);

low = lcd.data;

led.enable = 0;
set_tris_lcd(LCD WRITE);
return( (high<<4} | low);

void led_send nibble( BYTEn) {
lcd.data = n;
delay cycles(1);
led.enable = 1;
delay us(2);
lcd.enable = 0;

void led_send_byte( BYTE address, BYTEn) {
ledrs =0;

while ( bit_test(lcd_read byte(),7) ) ;

led.rs = address;

delay cycles(1);

led.rw=0;



delay cycles(1);
lcd.enable = 0;

lcd send nibble(n >> 4),
led_send nibble(n & Oxf);

void led_init() {
BYTE i;
set_tris_led(LCD_WRITE);
ledrs =0,
led.rw =0,
Icd.enable = Q;
delay ms(15);
for(i=1;1<=3;++1) {
led _send nibble(3);
delay ms(5);
H
led_send nibble(2);
for(i=0;1<=3;++i)
led send byte(0,LCD_INIT STRING[i]);

void led_gotoxy( BYTE x, BYTE y) {
BYTE address;

if(y!=1)
address=lcd_line two;
else
address=0;
address+=x-1;
led_send byte(0,0x80|address);

}

void led_putc( char ¢} {
switch (c) {
case \f' :lcd send byte(0.1);
delay ms(2);
break;
case '\n' :lcd gotoxy(1,2); break;
case \b' :lcd send byte(0,0x10), break;
default :led send byte(l,c); break;
}
}

char led gete( BYTE x, BYTE y) {
char value;

led_gotoxy(x.y):



while ( bit_test(led _read byte(),7) ); // wait until busy flag is low
led.rs=1;

value = lcd_read byte();

lcd.rs=0;

return(value);

Source code for Program

#Hinclude<161876a.h>

#define CLOCK_SP 4000000

#fuses HS,NOWDT,NOPROTECT,NOLVP
#device ADC=16

#use delay (clock=CLOCK_SP)

#define use PORTB_LCD

#include "led.c"

#define STRING_SIZE 17

#include <stdlib.h>

float value,data;
float volt,temp;

void main() {
led init();
setup_port_a{ ALL_ANALOG );
setup_adc(ADC_CLOCK_INTERNAL);
printf(led_pute,"Diode TEMP Meter");
set adc_channel(0);

do{
output_high(PIN_C0);
value = Read ADC();
data=value;
volt=value/13094 4;
temp=(33.04*volt)-9.1;
led _gotoxy(1,2);
printf(led_putc,"TEMP: %G" temp);

} while(TRUE);
}
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2N3904

SMALL SIGNAL NPN TRANSISTOR

PRELIMINARY DATA

Ordering Code | Marking | Package / Shipment

2N3904 2N3804 | TG-92 / Bulk

2N3904-AP 2N3804 |TO-92 [/ Ammopack

s SILICON EPITAXIAL PLANAR NPN
TRANSISTOR

= TO-92 PACKAGE SUITABLE FOR
THROUGH-HOLE PCB ASSEMBLY

» THE PNP COMPLEMENTARY TYPE IS
2N3906

APPLICATIONS
» WELL SUITABLE FOR TV AND HOME
APPLIANCE EQUIPMENT

= SMALL LOAD SWITCH TRANSISTOR WITH

HIGH GAIN AND LOW SATURATION
VOLTAGE

TO-92 TO-92
Bulk Ammopack

INTERNAL SCHEMATIC DIAGRAM

Co{3)
(2) @)
B
EO(1)
DS10%30
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vceo Collector-Base Voltage (Ig = Q) 60 A
Vceo Collector-Emitter Voltage (lg = 0) 40 \'
Veso |Emitter-Base Voltage (Ic = 0) 6 \4
le Collector Current 200 mA
Piot Total Dissipation at T¢c = 25 °C 625 mwW
Tstg Storage Temperature -65 to 150 °c
T Max. Operating Junction Temperature 150 °C

February 2003

115




2N3904

THERMAL DATA

Rinj-amb ® [Thermal Resistance Junction-Ambient Max 200 °Ciw
Rinj-case ® |Thermal Resistance Junction-Case Max B3.3 °crw
ELECTRICAL CHARACTERISTICS (Tcase =25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. | Max. | Unit
IcEX Collector Cut-off Vee=30V 50 nA
Current (Ve = -3 V)
leEX Base Cut-off Current Vee= 30V 50 nA
(Ve = -3 V)
V(8r)ceo* [Collector-Emitter fc =1 mA 40 \
Breakdown Voltage
(g = 0)
V(sriceo |Collector-Base Ic =10 pA 60 v
Breakdown Voltage
(le=0)
Vier)eso |Emitter-Base e = 10 pA ] v
Breakdown Voltage
{lc = 0)
Veegsaty* | Collector-Emitter lc =10 mA le = 1mA 0.2 \%
Saturation Voltage lc = 50 mA I = 5 mA 0.2 v
VBE(san* |Base-Emitter Ic =10 mA lg =1 mA 0.85 vV
Saturation Voltage Ic = 50 mA fa =5 mA 0.65 0.95 v
hpe* DC Current Gain I[c=0.1 mA Vee=1V 60
lc =1 mA Vee=1V 80
lc =10 mA Vee=1V 100 300
le = 50 mA Vee=1V 60
Ic = 100 mA Vee=1V 30
fr Transition Frequency lg=10mA Vce=20V =100 MHz | 250 270 MHz
Cceo Collector-Base le=0 Veg =10V f=1 MHz 4 pF
Capacitance
Ceso Emitter-Base lc=0 VEB=0.5V f=1MHz 18 pF
Capacitance
NF Noise Figure Vee=5V lec=0.1mA f=10Hz 5 dB
to 15.7 KHz Rg=1KQ
ta Delay Time Ilc = 10 mA le = 1 mA 35 ns
tr Rise Time Vee =30V 35 ns
1s Storage Time le = 10 mA g1 = -lgz = 1 mA 200 ns
te Fall Time Ve =30V S0 ns

*« Pulsed: Pulse duration = 300 ps, duty cycle < 2 %

2/5
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2N3904

TO-92 MECHANICAL DATA

mm inch
DIM.

MIN. TYP. MAX. MIN. TYP. MAX.

A 4.32 4.95 0.170 0.195

b 0.36 0.51 0.014 0.020

D 4.45 4.95 0.175 0.194

E 3.30 3.84 0.130 0.155

e 2.4 2.67 0.095 0.105

el 1.14 1.40 0.045 0.055

L 12.70 15.49 0.500 0.609

R 2.16 2.41 0.085 0.094

S1 1.14 1.52 0.045 0.059

W 0.41 0.56 0.016 0.022
vV 4 degree 6 degree 4 degree 6 degree

b
S1 T ‘
! :
. A
v
} W el
e coo by
D P ! &
— L

J
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2N3904

TO-92 AMMOPACK SHIPMENT (Suffix"-AP") MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A1 4.80 0.189
T 3.80 0.150
T1 1.60 0.063
T2 2.30 0.091
d 0.48 0.019
PO 12.50 12.70 12.90 0.492 0.500 0.508
p2 5.65 £6.35 7.05 0.222 0.250 0.278
F1,F2 2.44 2.54 2.94 0.096 0.100 0.116
delta H -2.00 2.00 -0.079 0.079
W 17.50 18.00 19.00 0.689 0.709 0,748
WO 5.70 6.00 6.30 0.224 0.236 0.248
w1 8.50 9.00 9.25 0.335 0.354 0.364
W2 0.50 0.020
H 18.50 20.50 0.728 0.807
HO 15.50 16.00 16.50 0.610 0.630 0.650
H1 25.00 0.984
DO 3.80 4.00 4.20 0.150 0.157 0.165
t 0.90 0.035
L 11.00 0.433
K 3.00 0.118
deta P -1,00 1.00 -0,039 0.039
deita 7 T
W Al o
—
i’ delta H -
! |
y
ale 7 ZIN\
L
. i W2
v \ 4
Il I ! . { I
|,
vy P P ~_ w0y [V
)
ey » |e
FTIF2 DO
Nl 4
TO-82 AMMOPACK PO ] (] =]
¢ ——h | ]

415
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2N3904

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumas no responsibility for the consequences
of use of such information nor for any infringement of patents ar other rights of third parties which may result from its use. No license is
granied by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this publication are
subject to change without notice. This pubfication supersedes and replaces all information previously supplied. STMicroelectronics products
are not authorized for use as critical components in life support devices or systems without express written approval of STMicroelectronics.

The ST logo is a trademark of STMicroelectronics

© 2003 STMicroelectronics — Printed in Italy - All Rights Reserved
STMicroelectronics GROUP OF COMPANIES

Australia - Brazil - Canada - China - Finland - France - Germany - Hong Kong - india - Israel - |taly - Japan - Malaysia - Malta - Moroceo -
Singapore - Spain - Sweden - Switzerland - United Kingdom - United States.

hitp:/fwww.st.com
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[S72

2N3906

SMALL SIGNAL PNP TRANSISTOR

PRELIMINARY DATA

Ordering Code | Marking Paci&age ! Shipment

2N3206 2N3806 |TO-92/Bulk

2N3906-AP 2N3906 [TO-82 /[ Ammopack

» SILICON EPITAXIAL PLANAR NPN
TRANSISTOR

s TO-92 PACKAGE SUITABLE FOR
THROUGH-HOLE PCB ASSEMBLY

= THE NPN COMPLEMENTARY TYPE IS
2N3904

APPLICATIONS

s WELL SUITABLE FOR TV AND HOME
APPLIANCE EQUIPMENT

» SMALL LOAD SWITCH TRANSISTOR WITH
HIGH GAIN AND LOW SATURATION
VOLTAGE

TO-92 TO-92
Buik Ammopack

INTERNAL SCHEMATIC DIAGRAM

Co(3)
(2) 62)
B
EO(1)
D510120
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value U nit
Vceo |Collector-Base Voltage (le = 0) -60 v
Vceo |Collector-Emitter Voltage (lg = 0) -40 \
Veso |Emitter-Base Voltage (Ic = 0) -8 v
e Collector Current -200 mA
Piot  |Total Dissipation at Tc = 25 °C 625 mw
Tag |Storage Temperature -85 to 150 °c
T Max. Operating Junclion Temperature 150 °c

February 2003
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2N3906

THERMAL DATA
Rinj-ams ® | Thermal Resistance Junction-Ambient Max 200 ciw
Rinj-case » |Thermal Resistance Junction-Case Max 83.3 ‘crw
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. | Max Unit
lcEx Coliector Cut-off Vee=-30V -50 nA
Current (Vge = 3 V)
IBEX Base Cut-off Current Vee=-30V -50 nA
(Vee = 3 V)
Vericeo* |Collector-Emitter le = -1 mA -40 v
Breakdown Voltage
{ls = 0}
Vigriceo [Collector-Base Ic = -10 pA -60 v
Breakdown Voltage
(le=0)
V(srjeso |Emitter-Base fe = -10 pA -6 vV
Breakdown Voltage
(lc=0)
Vcetsan* |Collector-Emitter le =-10 mA g =-1mA -0.25 v
Saturation Voltage le = -50 mA Iz = -5 mA -0.4 v
VeE(sary* |Base-Emitter Ig =-10 mA Ig = =1 mA -0.85 A
Saturation Voltage Ic = -50 mA la = -5 mA -0.85 -0.95 Vv
hre* DC Current Gain ic =-0.1 mA Vee=-1V 60
Ic = -1 mA Vee=-1V 80
e = -10 mA Vee=-1V 100 300
lc = -50 mA Vee=-1V 860
lc =-100 mA Vee=-1V 30
fr Transition Freguency |lc =-10mA Vce = -20 V f=100 MHz | 250 MHz
NF Noise Figure Vce=-5V teg=-0.1mA f=10Hz 4 dB
t0 15.7 KHz Rg=1KQ
Ccro Collector-Base le=0 Vep=-5V f=100KHz 6 pF
Capacitance
Ceso Emitter-Base ic=0 Ves=-05V f=100KHz 25 pF
Capacitance
tg Delay Time le = -10 mA lg = -1 mA 35 ns
' |Rise Time Vee = -3V 35 | ns
ts Storage Time lc = -10 mA g1 = -lgz = -1 mA 225 ns
t  (Fall Time Vee = -3V 72 | ns

* Pulsed: Pulse duration = 300 us, duty cycle <2 %

2/5
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2N3906

TO-92 MECHANICAL DATA

BIM. mm inch

MIN. TYP. MAX. MIN. TYP. MAX,

A 4.32 4.95 0.170 0.195
b 0.36 0.51 0.014 0.020
D 4.45 4.95 0.175 0.194
E 3.30 3.94 0.130 0.155
e 241 267 0.095 0.105
el 1.14 1.40 0.045 0.055
L 12.70 15.49 0.500 0.609
R 2.16 2.41 0.085 0.094
51 1.14 1.52 0.045 0.059
w 0.41 0.56 0.0186 0.022
v 4 degree 6 degree 4 degree 6 degree

S 1 [_M-] b
+ —
1
— A
V
] v
A S S
O -
i RRE
|
] |

q
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2N3906

TO-92 AMMOPACK SHIPMENT (Suffix"-AP") MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
Al 4.80 0.189
T 3.80 0.1580
T1 1.60 0.063
T2 2.30 0.091
d 0.48 0.019
PO 12.50 12.70 12.90 0.492 0.500 0.508
P2 5.65 6.35 7.05 0.222 0.250 0.278
F1,F2 2.44 2.54 2.94 0.096 0.100 0.116
delta H -2.00 2.00 -0.079 0.079
W 17.50 18.00 19.00 0.689 0.709 0.748
WO 5.70 6.00 6.30 0.224 0.236 0.248
W1 8.50 9.00 9.25 0.335 0.354 0.384
W2 0.50 0.020
H 18.50 20.50 0.728 0.807
HO 15.50 16.00 16.50 0.610 0.630 0.650
H1 25.00 (.984
[B]4] 3.80 4.00 4.20 0.150 0.157 0.165
t 0.90 0.035
L 11.00 0.433
1 3.00 0.118
delta P -1.00 1.00 -0.039 0.039
delta P <I+
W Al 72 T
-
iW deltc H
H ]
F 1
<0 PUINS N\
<<
. i W2
v 4
1 | i | | {
L,
wy Py P ~_ oy |W
/ T e
2 —
‘_F. "2 DO
K !
TO—92 AMMOFACK FO (] O
[ € ]
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2N3906

Infarmation furnished is believed to be accurate and refiable. However, STMicroelectronics assumes no responsibility for the consequéences
of use of such information nor for any infringement of patents ar 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. Specificalion mentioned in this publication are
subject to change without natice. This publication supersedes and replaces all information previously supplied. STMicroelectronics products
are not authorized for use as critical components in life support devices or systems without express written approvai of STMicroelectronics.

The ST logo is a trademark of STMicroelectronics

© 2003 STMicroelectronics — Printed in italy — All Rights Reserved
STMicroelectronics GROUP OF COMPANIES

Australia - Brazil - Canada - China - Finiand - France - Germany - Hong Kong - India - Israal - ltaly - Japan - Malaysia - Malta - Morocco -
Singapare - Spain - Sweden - Switzerland - United Kingdom - United States.
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1N4001 THRU 1N4007

GENERAL PURPOSE PLASTIC RECTIFIER
Reverse Voltage - 50 to 1000 Volts Forward Current - 1.0 Ampere

DO-204AL

- FEATURES
T ¢ The plastic package carries Underwriters Laboratory
Flammability Classification 84V-0
1o + Construction utilizes void-free
molded plastic technique =
%H ’1— l + Low reverse leakage .
DiA. . + High forward surge current capability S
m?(m + High temperature soldering guaranteed:
ATeTET) 250°C/10 seconds, 0.375" (9.5mm) lead length,
v 5 Ibs. (2.3kg) tension
T MECHANICAL DATA
roi284) Case: JEDEC DO-204AL molded plastic body
Terminais: Plated axial leads, solderable per MIL-STD-750,
oy > [+ Method 2026
Dia. 4 Polarity: Color band denotes cathode end

Mounting Position: Any
NOTE: Laad b i BO26(BBE) fopgtmx £" part numbers )
e wEEmE T Weight: 0.012 ounce, 0.3 gram

Dimensions in inches and (millimeters)

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS

ings at 25°C ambient femperature unless otherwise specified.

N ™ 1IN N 1N N IN
SYMBOLS | 400 4002 4003 | 4004 4005 | 4006 | 4007 | UNITS
aximum repetitive peak reverse voltage VRRM 50 100 200 400 600 | 800 | 1000 | Volts
aximum RMS voltage VRMS 35 70 140 280 420 | 560 | 700 | Volts
aximum DC blocking voitage Voo 50 100 200 400 600 | 800 | 1000 | Volts
aximum average forward rectified current | 1.0 Am
}75" (9.5mm) lead length at TA=75°C (AV) . p
ak forward surge current
ims single half sine-wave superimposed on IFsm 30.0 Amps
2d load (JEDEC Method) TA=75°C
iximum instantaneous forward voltage at 1.0A VF 1.1 Volts
iximum fuil load reverse current
cycle average 0.375" (9.5mm) lead length at IR(AV) 30.0 uA
TL=75°C
ximum DC reverse current Ta=25°C | 5.0
ated DC blocking voltage Ta=100°C R 50.0 HA
ical reverse recovery time (NOTE 1) trr 30.0 Us
ical junction capacitance (NOTE 2) CJ 15.0 pF
ical thermal resistance (NOTE 3) Reua 50.0 "CAV
ReJL 25.0
dmum DC blocking voitage temperature Ta +150 ‘C
rrating junction and storage temperature range Ty, TsTG -50 to +175 °C

5:
asured on Tektronix Type "S" recovery plug-in. Tektronix 545 Scope or equivalent, IFM=20mA, IRM=1mA
rasured at 1.0 MHz and applied reverse voltage of 4.0 Volis

armal resistance from junction to ambient and from junction to fead at 0.375" (9.5mm) lead length, P.C.B. mounted
C registerad value

GENERAL _
SEMICONDUCTOR'



RATINGS AND CHARACTERISTIC CURVES 1N4001 THRU 1N4007

AVERAGE FORWARD RECTIFIED CURRENT,
AMPERES

FiG.1 - FORWARD CURRENT DERATING CURVE

1.0 y Py
\ RESISTIVE OR
INDUCTIVE LOAD
08—
| N
0.2x 02" {5.0 % 5.0mm) \
COPPER PADS

0.6 \
0.4 \\
0.2 \

£.375" (9.5mm) LEAD LENGTH \

0 1 I ! !
0 25 50 75 100 125 150 175

AMBIENT TEMPERATURE, °C

FIG. 3 - TYPICAL INSTANTANEOUS FORWARD

CHARACTERISTICS
20
10 %E
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1% DUTY CYCLE =
n 1
v 7
u r A
L v
4
0.1
¥
f
y 4
0.01 /
0.6 0.8 1.0 1.2 14 1.6 1.8
INSTANTANEOUS FORWARD VOLTAGE,
VOLTS
FIG. 5 - TYPICAL JUNCTION CAPACITANCE
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FIG. 2 - MAXIMUM NON-REPETITIVE PEAK

FORWARD SURGE CURRENT
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LM158,A-LM258,A

LM358,A

LOW POWER DUAL OPERATIONAL AMPLIFIERS

INTERNALLY FREQUENCY COMPENSATED
LARGE DC VOLTAGE GAIN: 100d8

WIDE BANDWIDTH (unity gain): 1.1MHz
(temperature compensated)

VERY LOW SUPPLY CURRENT/OP (500pA)
ESSENTIALLY INDEPENDENT OF SUPPLY
VOLTAGE

LOW INPUT BIAS CURRENT: 20nA
(temperature compensated)

LOW INPUT OFFSET VOLTAGE: 2mV

LOW INPUT OFFSET CURRENT: 2nA
INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

DIFFERENTIAL INPUT VOLTAGE RANGE
EQUAL TO THE POWER SUPPLY VOLTAGE

LARGE QUTPUT VOLTAGE SWING 0V TO
(Vce - 1.5V)

DESCRIPTION

These circuits consist of two independent, high
gain, internally frequency compensated which
were designed specifically to operate from a sin-
gle power supply over a wide range of voltages.
The low power supply drain is independent of the
magnitude of the power supply voltage.

™

N
DiP8

(Plastic Package)

e »

D&S
S08 & minisSo8
(Plastic Micropackage)

®

P

. TSSOP8
(Thin Shrink Small Outline Package)

Application areas include transducer amplifiers, ORDER CODE
dc gain blocks and alt the conventional op-amp Package
circuits which now can be more easily implement- len?lger T"’"I‘QI;%"‘;”“’ g
ed in single power supply systems. For example, 9 S |D)|P
these circuits can be directly supplied with the LM158 A -55°C, +125°C o | o
st_andarq +5V \fvhich is useq in !ogic syste'ms and LM258 A 40°C, +105°C .
s wihoutreqonng any Sachoms posr e [W¥ES5A ] 55706 [ T+
) q 9 ) y P PPly. Example : LM258N
Inthe linear mode the input common-mode voltage
range m_c!udes ground and the OU'[pUt VOItage can g: gﬂlf’b‘ﬂ?ﬂﬁ%ﬁﬁ%ém@) - also available in Tape & Reel (DT&
also swing to ground, even though operated from § = Small Outline Package fm»mSO) only availabie in ?ape_& Resl (O)
only a single power supply voltage. P= E'EZS'}F"T'; $mall Outline Packege {TSSOP} - only available in Tape
PIN CONNECTIONS (top view)
1 - Output 1
1 [] ~— BE 2 - Inverting input
3 - Non-inverting input
2 [H: —]7 4-Veg
> r 5 - Non-inverting input 2
a [ [ H]e 6 - Inverting input 2
] 7 - Output 2

4[] ~*H s 8-Vee'
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LM158,A-LM258,A-LM358,A

SCHEMATIC DIAGRAM (1/2 LM158)

Vee
BpA @
4nA 100
-|- bA Q5
Ce T Q6
- Q2 Q3
Inverting Q7
input Q1 Q4
Rse
inverti +——an
Non‘-lnverllng — ) Output
input
I) Q13
! 1310 Q12
QB Q9
50pA
'L 'L . GND
ABSOLUTE MAXIMUM RATINGS

Symbol Parameter LM158,A LMm258,A LM358,A Unit

Vee | Supply voltage +-16 or 32 v

V; Input Voitage -0.3to +32 v

Via Differential Input Voltage +32 v
Pit | Power Dissipation " 500 mw

Output Short-circuit Duration 2) infinite

lin Input Current 3 50 mA
Toper | Opearting Free-air Temperature Range -50 0 +125 | -40to +105 | Oto +70 *C
Tsig | Storage Temperature Range -85 to +150 °C

-

2112

Power dissipation must ba considerad to ensuse maximum junction temperature (Tj) is not exceeded.

Short-circuits from the output to V, c €8N causs excessive haating if V.c > 15V. The maximum output currant is approximately 40mA independent
of the magnitude of Vee- estrucﬁva dissipation can result from simuﬁaneous shori-circuit on all amplifiers.

This input current only exisis when the vollage at any of the input leads is driven nac‘galive. It is due 1o the collector-base junction of the input PNP
trangistor becoming forward biased and thereby aciin? as inqudiodes clamps. In additicon to this diode action, there is also NPN parasitic action on
the C chip. this transisior action can cause the outpul voltages of the Op-amps to go to the Ve vollage level (or to ground for a large overdrive)
for the time duration than an input is driven negative,

This is not destructive and norrnal outpul will set up again for input voltage higher than -0.2V.

)




LM158,A-LM258,A-LM358 A

ELECTRICAL CHARACTERISTICS

VCC+ = +5V, VCC-: Ground. VO = 14vs T

amb = +25°C (uniess otherwise specified)

Symbol

Parameter

LM158A-LM258A
LM358A

LM158-LM258
LM358

Typ.

Max.

Min.

Typ.

Max.

Unit

Input Offset Voltage - note V)
Tamb = +25°C
LM158, LM258
LM158A
TJ'nr'n £ Tamb £ Tmax

LM158, LM258

Bl (6]

-~

~ ©

mv

Input Offset Current
Tamb = +25°C

Tnm'n = Tamb = Tmax

10
30

30
40

nA

Input Bias Current - note 2)
Tamb =+25°C
Tmin < Tamb £ Tmax

20

50
100

20

150
200

nA

Large Signal Voltage Gain
Veo = +15V, R = 2k, Vo= 1.4V t0 11.4v
Tamb = +25°C

Tmin = Tamb Y Tmax

50
25

100

50
25

100

vimv

SVR

Supply Voltage Rejection Ratio {Rs < 10kQ)
Vee =5V to 30v

Tamp = +25°C

Tmin = Tamb b3 Tmax

65
65

100

65
65

100

dB

Supply Current, all Amp, no load
Tmin = Tamh = Tmax VCC = +5V

Trnin < Tamb < Tax Vee = +30v

0.7

1.2

0.7

1.2

mA

Vicm

Input Common Mode Voltage Range
Ve = +30V - note 3

Tamb = +25°C

Tmin < Tamb = Tmax

(=]

Veet-15

Vee' -2

Veet-1.5

Vee© -2

CMR

Common Mode Rejection Ratio (Rg < 10k2)
Tamb = 4+25°C
Tmin < Tamb B Tmax

70
60

85

70
60

85

dB

'Bouroe

Qutput Current Source
Vee = +15V, v, = +2V, Vig = +1V

20

40

60

20

40

60

mA

Isink

Output Sink Current (Vig = -1V)
Vee = +15V, V, = +2v
Voo = #16V, V, = +0.2v

10
12

20
50

10
12

20
50

mA
HA

Vopp

Output Voltage Swing (R = 2kQ)
Tamp = +25°C
Tmin £ Tamb = Tmax

Veet-1.5

Vee* -2

(= ]

Veet-1.5

Veg® -2

3

32




LM158,A-LM258,A-L M358 A

[ LM158A-LM258A LM158-LM258
Symbeol Parameter LM358A LM3s5e Unit
Min. | Typ. Max. Min. | Typ. Max.
High Level Output Voltage {(Vee™ = 30v)
Tarh, = +25°C = 2k§2
y amb = *+2 R 26 | 27 26 | 27
OH Trin & Tamp < Trmax 28 26 \
Tamp = +25°C Ry = 10kQ2 27 | 28 27 | 28
Tmin € Tamb Tmax 27 27
low Level Output Voltage (R, = 10kQ)
Vo Tamb = +25°C 5 20 5 20 mv
Trnin < Tarnb < Tmax 20 20
Slew Rate
SR Vec =15V, V= 0.510 3V, Ry = 2k(, Vius
C\ = 100pF, unity Gain 03 | 06 03 ] 06
Gain Bandwidth Producl
GBP Voo = 30V, f =100kHz,V;, = 10mV, R, = 2k, MHz
C_ = 100pF 0.7 | 1.1 07 | 11
Total Harmonic Distortion
THD f=1kHz, A, = 20dB, R =2ki2, V, = 2V, o
Cp = 100pF, Vo = 2Vpp 0.02 0.02
e Equivalent input Noise Voltage nv
n f=1kHz, R, = 1000, Veo = 30V 55 55 JHz
DVis |input Offset Voltage Drift 7 15 7 30 pv/oc
Dlyie  {Input Offset Current Dnift 10 200 10 300 pA/°C
. N 4)
Y, Channel Separation - note
ooz | <1 o 20kHZ 120 120 dB8

T Vo= 14ViR =00, 8V < Vo <30V, 0 < Vig < Voo? - 1.5V

The diraction of the i
exists on the input |j

3. Theinput common-mode voltaga of ejther in
common-mods voltage range s Vee =15

4. Dustothe proximity of extarnat componants insure that cou

ut signal voltage should n
» but either or both Inputs

pling is not origin

nput current is out of the IC. This current is essantially constant, independent of tha stata of the oyt
nes.

ot bs allowsd to go nagative by more
can go to +32V without damaga.

ating via strey capacitance betwaen these exiernal parts. This typicaily

can ba detected as this type of capacitance increases at highar frequences.

VOLTAGE GAIN (dB)

OPEN LOCP FREQUENCY RESPONSE {NOTE 3)

140 T T T T
120

100 A,

sl 1N\

Voo =30V e
556 € Tamp € +126°C

\\
\\
[ veo =+10t0 + 15va \

55°C {Tamp € +125°C h
| ]
19 10 100 1k

FREQUENCY (Hz)

%

L3
L=

[a*)
o

(=}

A\

10k 100K

™ 10Mm

put s© no loading change

than 0.3V. The upper end of the

LARGE SIGNAL FREQUENCY RESPONSE
20

=
SIRE
o
=
=
% 10
[
2 \
5 N
o 5 X
\I
0 ™~
1k 10k 100k ™
FREQUENCY (Hz)
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LM158,A-LM258,A-LM358 A

VOLAGE FOLLOWER PULSE RESPONSE

QUTPUT CHARACTERISTICS

4 T T T 10 A
ol VCC = +5v "
5 > 3 CcL:éwav i - VCC = +15v i
& & ) VCC = +30v 3 I
3k [ 1/ \ 8 I
3 <
> ' g i
11 v
0 \> 1) i b~ Voo i2 ¢ H
>
= 3 B 04 :
2 2> :
2 O N
5 & 71, ]
L y Tamb = +25°C
%. 5 0.01 i 11 “lmbu '
9 0 10 20 10 40 0001 001 01 1 100
TIME ( s) OUTPUT SINK CURRENT (mA)
VOLTAGE FOLLOWER PULSSE RESPONSE QUTPUT CHARACTERISTICS
(SMALL SIGNAL) B 8 LELELLI L L T LELELLE B |
Sao T T 1 8 Veo
5 w ThR
£ 450 i )
% [:1a] Llh 6| Voo 2 V?
< al T e ﬂ x < 5
o~ - |
61 400 : ) Y g +L) 0
> Input = >U 4 T : 2
5 a0 3o Mmoo
a 3 - Independent of Vo
5 Output = 3 -t
O g \v 'og 2 Tamb =+35°C
U Tamb = +25°C =
250 \{CC L 20 Y © 1
) 2 3 4 5 8 7 8 00 001 o4 1 100
TIME { s) OUTPUT SOURCE CURRENT {mA)
INPUT CURRENT {Note 1) CURRENT LIMITING (Nate 1)
80 T 80 | Y R
— o—- [
o V) =0V — z BO o
T 70 = 70 —
= 0 Vg = +30V Z 60 O+ —
T | ] l I s e g s ]
T 40 Vecc=+15V 3 w0 S
QO ——r— ] 5 [
L o3 & 30
E ] = [~
Z Voo =+5V [~ 3
10 10
0 Q
66 35 15 5 25 45 &5 85 105 425 -55 35 15 5 25 45 G5 B5 105 125

TEMPERATURE {°C)

TEMPERATURE (°C)
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LM158,A-L M258,A-LM358,A

INPUT VOLTAGE RANGE SUPPLY CURRENT
15 4 T T
Voo
E / E s ™ s}
1] A -
9 10 =
E Négative / woor
8 / S 2
e - 2 L *
; 5 / Positive %‘ Tamb = 0°C to +125°C
= 1 L.
/| ? |
Tamp = -55["0
o 5 10 18 0 10 20 a0
POWER SUPPLY VOLTAGE (1V) POSITIVE SUPPLY VOLTAGE (V)
160 I 100 | |
[ | _ [
) ' | <
Sl T A .
= | Z i
I .
80 L= . £ 50 ' ;
2
§ [ | | ! O L~
ar 40 J ' E 25 —T ]
g | l I £ Ta-lrnb: +25°C
[ ] | 1
| | ]
0 10 20 30 40 0 10 20 30
POSITIVE SUPPLY VOLTAGE (V) POSITIVE SUPPLY VOLTAGE (V)
160 l T T %" 1.5
|
L] R =20k - € 135 ]
4] e - [] . P—
5120 [~ TS g 12 N
rd — 0O 1.05 Y
< Q h
o 80 - R =2k - E 03 —
o | T 075 Vg = 15V
= o 08 { B
_I T
o 40 ' i £ 045
’ Z 03 !
| zo1s ! T B
< 9
0 10 20 30 o -55-35-15 5 254565 85 105 125
POSITIVE SUPPLY VOLTAGE (V) TEMPERATURE (°C}
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LM158,A-LM258, A-LM358,A

115 I [ |
110
105 SVR
100 \
95 ‘
90
85
80
75
70 |
65 L
60-55-35-15 5 25 45 65 85 105 125
TEMPERATURE (°C)

POWER SUPPLY REJECTION RATIO (dB)

115 |
110 ‘
105
100 | /T | '

o5 /. ' \\‘
90 ‘ ~.
85
80
75
70
65 ; 1
60-55-35-15 5 25 45 65 85 105 125

TEMPERATURE (°C)

COMMON MODE REJECTION RATIO (dB)

TYPICAL APPLICATIONS (single supply voltage) Vee = +5Vg,

AC COUPLED INVERTING AMPLIFIER

AC COUPLED NON-INVERTING AMPLIFIER

Ry¢
100k Rl

(as shown A, = -10)

R
10Ck ™ R2

A =1+
v R1
&1 , {as shown A, = 11}
o

NON-INVERTING DC AMPLIFIER

DC SUMMING AMPLIFIER

R2
R1
(As shown A, = 101)

Ay=1+

8 (mV)

e, 100k
J
L1}
e, 100k
84 10Dk

8,76y tez-e3-8y
where {e1 + ee > (ea+ ey)

to keep e, 2 0

3
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LM158,A-LM258,A-LM358,A

HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER USING SYMMETRICAL AMPLIFIERS TO
REDUCE INPUT CURRENT

100k 100K i R ] oe
o
RI = T R
100k l e Oy -
o ‘ 100K 's 2N 929
LM158 T
1 &—W LM158¥OV l 'T'—o;n F 1
wee— TO "
if R1 = RS and R3 = R4 = R6 = R7 j. el Y
g =l1+ 2R1]((e;+ey) =
R2 I " Input current compensation
As shown g, = 101 (e, + e4) 1.5M B
‘-

HIGH INPUT Z ADJUSTABLE GAIN DC

INSTRUMENTATION AMPLIFIER LOW DRIFT PEAK DETECTOR
N 1DOI|
Wz 100!: ﬂ]llk
‘i}" '>L s o
1”7 i T
M““ = Ly 2 T. --—l——oveo
1001( 1M158
-8, 1 F+ ¢
- =
" ‘
! : 2l
ifR1=R5and R3 =R4 = R6 = R7
ea=[1+ 2R1 ] ((ey+ 1) "
R2
L Input current
compensation
As shown e, = 101 (e, + &)
ACTIVE BAND-PASS FILTER
100k
..__:_ ,,,,,,,, e
H s30pF l
100k L:anms r‘ll—j
W1o- {::H[ [ - arox

10M -
s B *1’ LM1s8
—AEE e |

R3 330p 470K
100K oV
I 172 R7
LM158 100k
e — ——— :Lm Voo
c3

812
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LM741
Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM7089. They ara direct, plug-in replacements
forthe 708C, LM201, MC1439 and 748 in most applications.
The amplifiers offer many faatures which make their applica-
tion naarly foolproof: overload protection on the input and
output, no latch-up when the common mode range is ex-
ceaded, as well as freedom from oscillations.

May 1998

National Semiconductor

The LM741C/LMT41E are identical to the LMTA1/LM741A
axcept that the LM741C/LMT41E hava thair performance
guarantaed aver a 0°C ta +70'C temperature range, instead
of =55°C to +125'C.

Schematic Diagram

7
e - “-
08 Y 012 013 J
4 —}\‘014
3 2 INVERTING
NOH=NVERTNG >
o1 Q2 < RS
INPUT JWPUT :: 9K !
J R? o1 !
45K
L
30pF
Q3 p RS > pg
04 73K b3
A
WA
V ' $Eourpyr
' s
S R0
< 50
J m7
010
] on az2 ! oo
OFFSET NULL
R1 R4 Rz S en
1% 5K Tk ¥
4 -

!

D500a3 11

Offset Nulling Circuit

p QUTPUT

DE00Ad1.T

© 1989 National Semiconductor Corporation DS00934 11

www national.com
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Absolute Maximum Ratings (ote 1)
If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Offices
Distributors for availability and specifications.
{Note B)
LM741A LM741E LM741 LM741C
Suppty Voltage t22v tazv t22v 18V
Power Dissipation (Note 2) 500 mw 500 mw 500 mwW 500 mw
Differential Input Voltage 130V T30v 30V 130V
Input Veltage (Note 3) t15v 115V T15v 15V
Qutput Short Circuit Duration Confinuous Continuous Continuous Continuous
Operating Temparatura Range ~55°C to +125°C 0°C o +70°C ~55°C to +125°C 0°C to +70°C
Storage Temperature Range -65°C to +150°C ~65°C to +150'C ~85'C to +150°C -65'C to +150°C
Junciion Temperature 150°C 100'C 150°C 100°C
Soldering Infarmatian
N-Package (10 seconds) 260°C 260°C 260°C 260°C
J- ar H-Package (10 seconds) 300°C 300°C 300°C 300°C
M-Package
Vapor Phase (60 seconds) 215°C 215'C 215°C 215°C
Infrared (15 seconds) 215°C 215°C 215°C 215°C
See AN-450 “Surface Mounting Methods and Their Effect an Product Reliability” for other methods of soldaring
surface mount devices.
ESD Tolerance {Note 7) 400V 400V 400V 400v
Electrical Characteristics noie 4)
Parameter Conditions LMT41ANLMI4E LM741 LM741C Units
Min | Typ | Max | Min Typ [Max | Min [ Typ | Max
input Offset Voltage Ta=25C
Rgs £ 10 kQ) 1.0 | 50 20 [ 60} mv
Rg < 500 0.8 3.0 mv
Tarani £ T £ Tappax
Rg < 500 4.0 my
Rg < 10 k(2 6.0 7.5 my
Average Input Offset 15 WG
Voltage Drifl
Input Offset Voltage Ta = 25°C, Vg = 120V +10 +15 ti5 mv
Adjustment Range
Input Offset Current Ta =25°C 3.0 30 20 | 200 20 | 200 nA
Tamin € Ta € Tamax 70 B85 | 500 300 | nA
Average Input Offset 0.5 nASC
Current Drift
fnput Bias Current Ta =25°C 30 80 80 [ 500 B0 | 500 nA
Tamin S Ta € Tapax 0.210 15 0.8 uA
Input Resistance Ta = 25°C, Vg = 20V 10 | 6.0 03] 20 03 (20 MQ
Tamin = Ta € Tapaax: 05 MG
Ve = 220V
Input Voitage Range Ta=25C 12 | 13 v
Tamin € Ta € Tapanx 12 [ £13 \

www.national.com



Electrical Characteristics (Note 4) (Continued)

Parametsr Conditions LM741A/LM741E LM741 LM741C Units
Min | Typ | Max | Min | Typ [Max | Min | Typ | Max
Large Signal Voltage Gain Ta=25C, R 22kQ
Vg = 120V, V, = 15V 50 vimv
Vg = £15V, V5 = 210V 50 | 200 20 | 200 Vimv
Tamin £ Ta £ Tapax,
Ry 2 2 ki},
Vg = 120V, Vo = 15V 32 Vimv
Vg = £15V, V5 = £10V 25 15 Vimv
Vg = 15V, Vg = 12V 10 Vimy
Output Vaoltage Swing Vg = 120V
R, =210 k() 16 \Y
R, 22 ki 15 v
Vg = 115V
R, 2 10 kG 12 | 14 12 | £14 A
Ry 22 k2 10 | 13 110 | £13 v
Output Short Circuit T, =25C 10 25 35 25 25 mA
Current Tamin S Ta € Tamax 10 40 mA
Common-Mode Tamin S Ta £ Tapax
Rejection Ratio Rg < 10 k2, Vioy = 12V 70 | 90 70 | 90 dB
Rg € 5000, Vg = 212V 80 95 dB
Supply Vollage Rejection Tamm £ Ta £ Tapars
Ratio Vg = 20V to Vg = 15V
Rg < 5002 86 96 dB
Rs <10 k2 77 | 96 T | 26 dB
Transient Response Ta = 25'C, Unity Gain
Rise Time D.25| 08 0.3 0.3 Hs
Overshoot 6.0 20 5 5 %
Bandwidth (Note 5) Ta = 25°C 0,437 | 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 03 | 07 0.5 6.5 Vips
Supply Current Ta =25C 17 | 28 171 28 mA
Powsar Cansumption Ta =25C
Vg = 120V B0 150 mw
Vg = 15V 50 | BS 50 | 85 mw
LM741A Vg = 220V
Ta = Tamm 165 v
Ta = Tamax 135 mw
LM741E Vg = 20V
Ta = Tamn 150 mw
TA = TAMAX 150 mvyY
LM741 Vg = 15V
Ta = Tamm 60 | 100 mw
Ta = Tamax 45 | 75 mw

Hofa 1: “Absalite Maximum Ratings” indicate limits beyond which damage to the devica may cccur. Operating Ratings indicate conditions for which the device is
functional, bui do not guarentse spacific periormance limits.
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Electrical Characteristics (Note 4) (Continued)

Nots 2: For operation al elevaled tlemperalures, these devices must ba deraled based an themai resistance, and T;-max. {lisled under “Absalute Maximum Rat-

ings™). Ty = Ty + (8 Pp).

Thermal Resistance Cerdlp {J) DIF (N) HOS8 {H) S0-8 (M)
B, (Junction to Ambient) 100°CAY 100°Cny | 170°CAW 185°C/W
8 (Junclion to Case) NiA N/A 5'Cw N/A

Note 3: For suppiy vollages less than 15V, the absolute maximum inpul voltage is equal to the supply voltage.

Note 4: Linless otherwise specifiec, these specifications apply for Vg = $15V, -65°C € T, £ +125°C (LM741/LM751A), For the LM751CALMY41E, ihesa specifica-

tions are limitad 1o Q'C € Ty < +70'C,
Note 5: Calcuialed value from: BW (MHz) = 0.35/Rise Time{ys).

Hote 8: For miltary specifications see RETST41X for LM741 and RETST41AX for LM741A.

Note 7: Human body model, 1,5 k(2 in senes wilh 100 pF.

Connection Diagram

Metal Can Package

OFFSET NULL (1)

NYERTING INPUT 9‘} OUTRUT
NON=INVERTING HNPUT rrsn NULL
(D)

v

DSMW341-2
Note B: |M741H is available per JM38510/10101
Order Number LM741H, LMT41H/8683 (Note 8),
LM741AH/883 or LM741CH
See NS Package Number HOBC

Dual-In-Line or 5.0. Package

p—y
OFFSET HULL = B—NC
NVERTING INPUT —f 2 v
NOM-INVERTING —{ 3 & |=0uTPUT
iNPUT
v —4 5 [—OFFSET NULL

CSoDeEa 1-3

Order Number LM741.J, LM741J/683,
LM743CM, LM741CN or LM741EN
See NS Package Number JOBA, MOBA or NOBE

Ceramlic Dual-in-Line Package

NS
NC =11 14 = HNC
NC =— 2 13 = NC
+OFFSET NULL — 3 12 = HC
-IN=—14 11 =¥+
LR B 10 p= OUT
¥-=—16 9} - OFFSET WULL
NC =17 3p—NC

DSO0AM 1.5
Note 9: also available per JM3B8510/10107
Nota 10: also avaitable par JM38510/10102
Order Numbar LM741J-14/883 (Note 9},

LM741AJ)-14/883 (Note 10)
Sae NS Package Number J14A

Ceramlc Flatpak

HC :'_—;_ . "::l NC
+OFFSET NULL r—_—_s, . BZI NC
NPT LM7AIW ———
+INPUT l:5 GZI OuTPUT
'S w— 3 -OFFSET NULL

DS0RH -8

Order Number LM741W/8823
See NS Package Numbar W10A
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