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Special Project Title A Study and Development of a Microwave Doppler
Speedometer
Name Mr.Khampom Taweetanasap
Mr. Sasipong Ngamnusonkit
Department Applied Physics
Academic Year 200§
Special Project Advisor Assoc.Prof Annupong  Songprapa
Assoc.Prof.Suwan Kusumran
Abstract

This special project is the design and development of a speedometer based on microwave
Doppler effect. The system consists of 10 GHz Gunnplexer with power of 10 mW, pyramidal hom
antenna of directivity 21.4 dB , signal filtering with high pass cutoff at 300 Hz and amplifier with
gain of 2,495, PIC16F877 microcontroller processes the signal and displays speed in kilometer per
hour. The effective distance of this system for 120 kmvhr car speed is in the range of 35-45 meters

with 5% uncertainty.
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2.2.2 WO MAHUVIOTH (Horn Antenna)
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2.3.1 Yueunlaivioas (Preamplifier)
29s3unantd Iniensifurvesiianlumsondy g asunuuazvene
dygaufteaudndon 2eusfi 19ifugegaii 2.10

i O T
-p..._.“o__

L#]

b

11 210 nerpaaes S uemldtviens

23.2 woutlaTwieed (Amplifier)
F] o o = e ] " = ] °
Wesnndgyguidnivnaanonue uniuy livaou Sidealinsing
s A G i L3
voedgna el ldvinadayeuamde s 2esvoioi ¥eeihumunduma

A dy ar 1
(Inverting amplifier) #329v5fl9g 1 dggnainniuduvionn (Oupunaraualyen

suwn 180" dagal 2.10Tmell Vo == =V, | 0



14

cli
I 40 =
H -

57"
! ol

710 2. 11 urasasesvwLLRG L

2.3.3 299TAIBININD (Filter)

a & s a Y da ¥ o o
1\1ﬁ5ﬂ5'ﬂ~3ﬂ')1ﬂﬂ“5B'N%ﬁﬂﬂlﬂﬂﬁ“3”1‘1”1“7’“}0@”1“5@@1'&“3\”\1'H.lﬂ‘n

-

¥ 1 3/ s e o Al - - oo
maﬁﬂ’liﬂ’luﬂlﬂl'lﬂ]lﬁ 11"1&13!@&1ﬂuﬂﬂzfni]ﬁ'ﬂﬂﬂﬂuﬂ']’ulﬂﬂu“uﬂﬂlﬁuf]ﬂ’lﬂﬂ’nnﬂﬂ

» 4 p P r 48 : dd 9
doans Taia lessiivansesnseenauiige anwdid1 vismmizyaanudiidesms
o adn et ﬁ da Ao t . ¢ nléra
gan i lidesnts lulns sowfifeziluanuddfdensadminsesun ldnse
] » ¥
anutused inarii Iidgygneliduldawdesns Aniudsdesiiiesnsesnnud
¥ 1
Qe U(High-Pass  Filter) AuarutiAvosasesfinaas1ddsgild 2.11 uaasnswlons
AouausuFvuIavesdyy v Tanfullszuansiinisaouausudsvuiayes
fygnalungauad druduiiuurasfimsasunusudwinavesdggnaiuni
a e 1 4 : 4 o o
Ufifd  daugald 2.12 szuaataesinyesnnudgesenvesdufnlszy C uazda

A o i [ e
Aumu R munsossnuuuiuanuie asandsstuaudndssnsnses1ddedl

2 ; R
= Tau¥ =R, uay R =—*
4 47RC =4 )



15

Ideol

pe—— Stopbond Possband ——e
|
|
|

o

Actual

V63

IHtiw

W (rodions/second)

U7 2.12 uameanTMITRBLTUBITDININTBIAUDYS

O
0

*_[.
e
L.
T

=<
T
, L]
e
B
3
) 5
-

717 2.13 ueiAa2993nIBINNUNYAHigh-Pass Filter)

2.3.4 1993TBUTBUN IR U(Voltage Comparators )

wihfverssnSoufsuisadu e imsuSouivuussiuduyniidend
1 ¥ [}
2095fuussdudedafige BudminfiRaus sdue niynvesasesldsuilasegass
1 L4
anay Ae an1azg (high) fu 0n13zd1 dow) (MU NesilFondvuussduuas
sy 3 F o el o a o
asguauidvensesnaaslddegy 2.13 Ssmsinivenasiniuduiusagy

¥
1ddaiine



16

‘.u.' }f—_—j_-\"m,
) ! ‘“:\_.-._, - F )
AR o u
i 'II
A
V‘tﬁ VDH e
I
4
g T
s ot
; )
/4R =
b e e ’ 3 v L
, Sty =) Jovd WIS LS. N .\ NG
-
LT
g
& I e
v

V., =V, b v

X VREF iﬂ (1')
U 2.14 yvansesnfEsudounus siunasns A rulidvesaees
d i i
iiie v, uaz v, Asussdueniyndudivessruenil (OP-AMP saturation

s o _ & ol = v o
voltages) Tuannizgauazanagdr amudidu  2esnlSoufisuussduiilfosiims

[ 1 'l o
meuihusssuser e o0laad uaz 5s1aa



« 4
THAROTYARA N WizseNndImAn T 17
+¥Ce Vref
. +c nd * ‘” T
Vm-o-l _ Vo

p2 ]
vee

=

U0 2.15 uerasesnfS suifiouis sAy

23.4.1 e uuifauuseduiues 331 (IC Comparator)

TednlToudouus sufifimsiunledaumsnaonniigaweivits dde
wod LM311 #siiswazBoaniwhinssuazdadsledi 1 dduanslugilfiz.sn ms
Feunrelursesamnsassue dneduvd 188 dine 299 nduyndumi
dsznougisasesvendygudinmesay (emitter follower) Q, uas Q, Favimihil
Fhuraesiivires Sudyanaduynuazivdidyanaliaulses vnodygiananie
(differential amplifier) Q, Uaz Q, iy Q, 1Az Q, vy g uneudIne M
Q,, Fmihitveedygrasnaimimdeuiumiaidyg ey
{307 (single-ended outpun) tiedunsuFanes Q, inszud (on) wienya

¥
WINTEUA (off) HUIDY

62286



18

v
£C
Q
¥
:IR"
Q, 37500 R
T 60002

Quiput

Inputs

GiND

() swazduanielu

Dualin-Line Package

Tmitivr ..
Ouitpa E-l \&
{Coilscior
Qutpur
) Balance:
L1 Sirabe

i
Iapun [3— L \\*“‘\_’__r B

Toput 5 b—1-

v )_aT

TOP VIEW

_:J Balange

Can package

Cirouand

Batance’

/ -

1)
1 Strabe

V-

TOP VIFW

(v) @29 1%L DIP (dual-in-line-package) uazuuUnIzilo (can package)

U9 2.16 nass lednFsufisuussduued LM311



19

¥
o o

A o -y ] L 1] ] Q' 4 -~ W
whwilons iWuuduwn linduma v Santesndimsduiividuynaduy
wa (V) mie (Vi<v) uag Q, wrdwnszudualdfu Q,, ¥ld Q, wyahami
Winszuauiy Ssgumehauvenses 1A

Q,=off s V>V

4 .
on 1348 V < V¥

Hay Q,,

vaiziinsudmnesd Q, uaw R, Awmdhitdesiunsmdanes Q, omwnsdiia
nszualnaru Q,, niduRsaftrunzanuld ndnife dedeansuualnadi Q, g
nntueuqezi s sduannion R , (iiaffe v,, vo1 Q,) iutuauhidaoon
nIzRausIRUAT oY R, fannaweiivedt ¥ @, thnszuautinssurannssumyd
V81 Q,, (1, Auhuile I, anassailunal¥nazuanasiimg Qu( Iy, = Bl T8

o r a aw
anasdauSaannsatlosiu @, umudissnnnszuaivaiuiifald

2.4 PIC16F87X Microcontroller
A4 o @ 4 g d g a o
isfhinsesnussuumahnueuaieunds  HimadeniulasneuIniaaei
LY a P & 1 1 a < o o «f
TWimngauiuau wesvnteu e lihezdlu szeznimaveunios anudsasud 3
P { i i o & o
SuilufiezdeldnouTnsamefiinnui lunsdszswanags Wil piciers77 &l

Toyanautiny 20 MHz uazlimsnssideniFunds 1la (pipeline) H1ltamrsonday

]
o o

2 E!'.o ar s o ﬂ’l ar 1 o Al J‘
fdadall luvazidifudedfdmdadutlipiu dweldanudlumsiemusivineiu

]

thidalvFvmesmammuselumsassidade 1 mdamoludygennim 1 gn (dad
(fetch)  iiumsendrdseeninninmizonruiilisunsudaunladhuavymdunn iy
@l dounsBadAag (executeriumsnssiddaifanadnsandisdndufnme )

TuTnsnou Tnsaiaes PIc16Ce7X udndilding TuTad SuencMos)Fsilsraignud
W figuam g¢ Pici6ce7x huranilaonisuwyersleead RISC) Tnolyafidaiios 33
Srdudes Mdsrmuadladader 200 Wi snduddei1lums aszlaaday
Tsunsuazld 2 lfandnfuai@ilddn piciscs7x seiliquinuusiimie Fvnadunu
youszvuiazlsindaln Aedaiininsfle (oo wneRssmImY ud uemaons
(assembler) WoHIITFylain0d (software simulator) Tasfindesiomdilaunsalfigumades
Toflidu /% (1BM PC)



20

o A o y
PIC16C87X  nizdmiuldamluinTes Snsnafidean1snanniaga (high-speed

A L]
automotive) 1ag 1950314 finruquiuueimes malulatdnsey (EPROM) Milvimisldau

Iﬂ‘a‘uﬂmﬂi:qnﬁ‘ (transmitter codes, motor speeds, receiver frequencies, etc.) il ed

d
TIATWASATANABW

P i - o i j’ 3 o o
woarinuRmned 193w PIC16C87X Suiada Suminzdmsunundes1ilondida

] > v ]
wazdnoamiign Bovis HaiuIdlles Sudtunsdreiiez1d Fn prc16ce7x uiluandia lime

#ms 19 Insnou Insaaes wineumuday

Ry
AR von lnv; ! mpRRIean
RA: AN : P . RE P
rant| |3 AL
RALAN i ‘f T4 SR;;]RM
Ra g | [ Jamanve
[T D B! TR
msanel 2 B ) e
v |8 s i :;]nsu.-l"rﬁ
ot s @ & e
LLROUTOSCE i 14 : e
Reo/Tr0S0/ Mok 18 aormon
rcumosi_ . e[ Jeeean s
b =
RL2/TP1: |12 t __Jﬂl 5
[ il ra
SDIP-2c

M’([i:vup,’ml 1

MCURADETT Y
USRI
b=
BAYiANL ] |
=
RAT AN erd

e
RADIANY Va1
VRN
AsAN
Akuans P[]
e 5
REL v R
ary G 10
w1

ERLY

]

i

RS
st i
ROM IO T‘(-}fc-: 38
BOTIEN ] i

ac; copl

Wil

i

LT TRl
app e Lo

o Crsr g
i J A, Iy,
LIRED
o[ o
LY LU
B
ub

if B ANT

T T

T

148491014
T T

T

[

anmioser
Bl
e
22| aniages
B jf(i PR

=
] M T
||
af Tace
bt Y
=
2 tenvesen
s Cenier

FOIP-45

waiano |2

raran [0

Rk BN am Cdaret ] A -

gAY ]
=

MA4 TN T

- =
RAL A%3SE 000
<
vas; dr
|
BTN
=
[TRERSE *HE T
EE S )

=
AL LPLY

gt
LI A SRR E)

[ jrer
2| remeep

2 | e

A X

[ ALY wh

s R T

-

o e

~ ==

LIRS

g [
Lif | HBUrTh

L

- ey MJ". :

LI

‘e W : f“

3 it = LTI

£ o jmenn
e[ arsso
4 '_‘gum A1 50A

S0P 28p

*PICRFET 1AM Tk

py
Wik e il wema
s ani | o[
malanit f B
= =
RALANS Yrpe | B4 “p o
= =
e B sl jasner
ans ks [k 5 1 Jea
dan AT w o af lea
“5{-- R s 2 jlw-l'h"
IR Nooa[ e
LT TE I LN L L L] T%u;
retisaTion[ ] ¢ g e
i | o LS
K- » T =
LRSS lbl:%i LR ILY
- Y e .
RO SCSL A Sp | RASLLslh

SOHF g

v el |
WIM{: N
whraw [ ]

RAZ AN] VoL S
gk Aty ey

R POORLLACT T e

A, B2 s

m.ms‘iﬁzw H

RET/ANGTWR | |4

nf:vwﬁ; I

vep e

1 AE

i

vt} |17
CURINAOSELL L1

=
T RETYELE) I

S T PR N
(RUR S FEEHE [
Tl ERLN ]

AT LR L It

YILB/LLB/WVLB/ W LBASTEDNd

uﬁlﬂbﬁi’u
=
!ﬁt#'in‘-
red T
=

wE ABL
F oo

5[ AR

s[ e

q1lii 2.17 urmamsiavveslu InsneuTnsniaes PIC16F877



Ly -

2.4.1 ayuamanaunved PIC16F87x

[ S 4

auUAHIN

=] o

FAgunun RISC (Reduced Instruction-Set Computer) Hf1¥aldauifloe 35
fde
e a & y
anninntzvimidelaelddgygneifivanilagn sndudifinszTaa
[ o
ANuD Ay anauEng dwud Inas iy 20 MHz
miwanusi Ilsunsy
2 AlaB{a @Sy PIC16F870/871/872
4 Alarfa #1150 PICI16F873(A)/874(A)
8 flaifa d MU PICI6FR76/876A/877/877A
wianufeyausunioiimans
128 Tud #1510 PICI6F870/871/872
192 Tud § IS PIC16F873(A)/874(A)
368 Tud A s PICI6F876(A)/877(A)
yiannnu§ deyaddnsou
64 lu@ § 151 PIC16F870/871/872
128 'lUd d1m5u PIC16F873(A)/874(A)
256 Tud 43U PICI6F876(AY877(A)

1 2y oo | o r- 1 J [-7] o
apuausumasd undumes Tdgegade 15 uvas Yufuwesves
YulasnouInsans
Haudn 8 seeu
- o =t
VTN UIDTOBUI A (POR)
meyoU Ines (PWRT) nazesadiames aainsy Inmes (OST)
s endasn lmues (WDT) filasssedaiamed luad v ida

] A - a
vuvetalumshags
o
@entlsasudoymislmisnnud Weyamusmdenszdunistiosinld
= . o
1 vunailseudandasiu
ansellsunsulaeldusedu +5v 18
ud lvdeyalumizsnnusi Tdsunsudasnszuaums ICD (In-circuit

Debugger) H1UWB3 ALTES 2 U1

21



22

- FRgaunsoswsazdoumbesrdi lsunsuld

- dsss2Baessv

- nrsundanuazreiTveIne A 25 mA

- s Mdmdsen It lunsd liduTvaa
Peun 2 mA A Tidve +5V nasdyaniin 4 MHz
20 ua P03 +3v nazdoygenniin 32 kiz
doonh 1 pa W insadszndandsnunSsauauduie

242 auifRriuin

- lvuwed 3 & Ae Imued 0 vina 8 da TS maamefuuia 8 dalud  lnwed
1 va 16 9 wieuFmnaiaes uaznues 2 vuna 8 da Ilfmnaiaed
Tnadinoiand uag S3aweTA1UIA1 (period register) YA 8 finluda

- #Tuga ccp2 g Tavdunrsiudygnamioumlives(Capture) Sivna 16
iin anuazBsagaga 12.5 1 Tudunidauaffeudioydays s (Compare) i

v11@ 16 {ia ArwaziBuagaga 2007 T3 2395 PWM Hanuazibue
gaga 10 n

- Thavsmlasdyg aewasadiudlaoavus 10 i (5 Yaedmiy
PIC16F873(A)/876(A) Haz 8 $83 niy PICI6E8T4(A)BTT(A))

- awsdevdegunsafeynsinis sP uas T EC

- gvsdtecnsdoyneynsu (USART) wieumsasinduieansd 9 i

wanIminvinvesnitealusieduldsunsuy feya Famed uas
, . 4
wiagausasnwsen Tu'lyTarreu Insmed PICIers7X Amundu Tavamisa
Qe = ﬂl ] o ]
aqplmunianamaiia Tuase® 2.1 dlusweziBsavesmsdravluudarndyona
=
vodlyInsneu Insiaes PIC16F87X Tauiiu11l#i PIC16F873/876 ung PIC16F874/877
duaviurndufedumianves PICI6F874/877  A1svie ez 1 idyg o

¥
sivuavesluInsneuInsiaes PICI6F87x



23

¢
m3n 2.1 managmamauviwesaanuaveslu InsaeuInsames PIC16F87x

o 3 o |
19TA1NY (UAD)

QSCI/CLKIN V{13 Tumm nfipdrianpi Gean Y [ewestarsaiudyganantntainninuen
05C2/CLROUT AT R L - npeataren lulvie RC Dun e 1dnm
&gty nanfne et 14 o sy 0SCH
MCLRVpp : Eunn wiwininined -mfL e ry nFieendn Master Ciear inpolt
VAlunssdn o ;
| LTI W T rngramming valtage) i
wnedn A Dhewmibi 2 fums
RAD/ANQ 2 | B sine FRupa- ol BB N
fumprsssuda i - uaru- aen dudiees 4090
RA /AN j EunA D AN FFups BILIADE v wede RA
- BumsaesaitadboyyinuesuisenduRSsen 1e 1
RAZ/AN2/V REF -/ B R LU ] Whuta gCLOBa" u nadr RAY
CVrer* Fume sk, inebod senuRReen 9 2
Bumraaviug B s e ez utenilufines
S FmEanLd Hrurluaswiibudls OIC16FATAL
RAZ/ANI/VREF+ 7 FYuta gruAgn Y omy i A
Fuvw sty rassendlupines 16 3
Evnegdad 800 1m0 noataLestiy g ot nsnd ultinen
RA4/TOCKL/ " Tuns s alwdninngf % mede A crildnsimnoingd larmbauty enadle
ciour* ! Fmads 1 e Aeasiraef o
g AL RELL FLET L AEega 1P TAFBTRA)
RAS/ANA/SS/ ; fums - Ane FV WO HTI AN « el RAS
Qout: Frunriaasa by nesune s Tuplnen e 4

% fiLig b Sidvm Seeer l1ﬂun1:§gn'-ﬁngae~.'nnuuu!—:'m
S FyeanaffusiBctunduprunannees 2 (PIC16FET AL

BT Al Rt )

T Py A ; 1 p I
RBO/INT F 33 TURE LB HNE Funambafyrioned Y ingdm RBO

Sunsdudiyty duenihlfanaouen

"Bl 054y EINCRT NS RIS 4 wadn RB1
RB2 {38} Funm g PnR Fhuna wmnde BE2
RB3/LVP 4 (36) fiunm 8 e fifdan s medn /B3
- fuwrRiussiuhinunmen sy Sufuedaly
‘ = " oy - - d
RB4 20 (37) ELWE 6N vHugn -pmefe R84 unrarmTniietume HAdinean
- -3 . & o
A iy Rvunlease SnduRe il wrnduedels
RBS 2 (38) Fump 1 i Fiuea - v wefR RBS wazarwnifisfumefiiddesn
o X -
L ALl seeedntuie il viniduedald
RB6/PGC <7{39) B L 1dine Fhuen piefvinned S |- vowade RBE
- e dgn kR e itintusser 4CD)
- f arnfeR e fRUE s nrndfvuadng
R . a
apAntufel vinduedalt
#B7/PGD i (40) Blaws b mH Fupaanadvicned O | vowete RAY

! urfyondeyatenmdunluase 0cD)

i - arwisedeiumethifde o nn ndfuuadss
4 oo -

arinfeid viniduedalt




24

4
M1 2.1 mTnagdmahinuvmesmisuavasluTnsaenInsamed PIC16F87x

o 1 a9
197149 (UAB)

T s saverslavecisanivivied roanifuanteiien

VINRFR C Duvnedn 2 S

RCO/TI0S0Y T s T i el
T1CKI

vt ds ROL
Cinodwe aseRataaniaE Y G

AR TR T LRI IV S

RCLTIONY (1163 Fumt 8 by cad e b b

o . . o
Buwp s peatic e nive team]
< Fuwsratumbaes o RnesIsTaE LN,
wdne PWh Soud s DR

RC2CLPY 7 AN TCREE T RS S NS v PR

B T R A LR MY AR

EA LR

B WM A

i TLEEYIeE) nowd dE RO

RCI/SCR/SCL R}

ardo, e AR e LR SO wasann A O

RC4/SDI/SDA 1 (23) Frosge g
T T s 1ag S

R GE NIRRT
RCS/SDO " {24} e 1 s EI I TP s RO

ERL AU LIRS
RCE/TxD . {25) fr o Fwe LR EInU IRELE R

Vi PR OSART A winidenseneiesynn,

;

&C7/RxD ‘ |26} Foowim i gy 25 eEYInng ] Cnndde R

v une 233 USART dmiadnusensineyniy

wimatn O (Dusiwefn 2 howis wuoraldiDudriswmweissumenulehaistivusioliu Willlv pict

= 5 1 - . Yy o -
RDN/PSP) 118} BLWEL L4 o shmfrTonel e v woia RDO
onb owndng 1 e o
RDIL/PSPL 1201 e T R R L L ywede RO
LR URN OB R T T
ROD2/PSP2 2n SLWE ‘;"\f"‘ MR e s AR LR = - wms fp R

R L NCTb R TR

RDI/PSPI £ PWAFrinewd Faan TR RO
! "o, R LT
| -
ADA!PSPA (27 T T R TR Vv RO
AL LRI RLLLY WA 4
RDS/PSPS 128} P e el et Fhara < wile DY

oRr OWERELY AN TR

RI6/PSPE 129! Fuwe oF e et ol e i R

LR IR (1T TR PR Ry

ROZ/PSP? 130) '.‘h‘.ﬂ"i.'" i F’\'!.-’ U e R v owsiF RIT

T NS TR L LT L




25

¥
A1319 2.1 mInagdamshnuvwesanauaves luTnsaeuInsians PIC16F87x

wefA199)

- s mpfe REC
Bunmsntutmedtynnesumeniiuileos 895
- andityeyru RD dradudsvmer mwefauyuaumy

- ﬁ.ﬁuaﬁ{\ o

REQ/ANS/RD (8) Fumminiy

RE1/ANG/WR ] funrinwine | aledvinned #Rusasl | gweda REY
- Bunprssuumisgoy uesioaenidubines d8e 6
- ey WR Awhusinamewefaunueui

RE2/ANY/CS (10) fumarime | sdedivinined : Aluea® |, g meds RE2
- Funrisstainsdgnr aenreenidubdeoes os 7
-y CF Awiusruesnawefauiumon

o e R b 9 o BTN - ‘ - e .
voo 20 {11, 32) - eweinine Wikka +2 0 +5.5v

Vs 8.19 (12, 31) - apanil
WRTHIMA

(11 funpsesainviedssdhpuiadvinesd deliouduniusiudygaaiuneufanoeen

(2) Bunrvnrrartiiivafasdlusvuaiadvionef a‘éu-ﬁum’lul‘uwm:umuhyawnm (Senal programming moce)

(3) Sunprrarinmivis s D ndninned def-uusiiisnduemedmind wsduuudficesdiermualdem
Dt twedmusum (PSP A Fudunsarurzuininty e iunesme B

(4) Ay PIC16FBT4/877 funpresassnisfssduay vafimirinined nrrwanitinuiuins RC sasifiusendin
voamlulwunty

2.4.3 doyanindmivdmuamamayvedlulaineuininioes PIC
3 = & J : .3 L4 2
PICI6F87x  Ii3maeiAiAudaniieiuss (tloyadwiudmuamaiay

¥ ]
nanuaer 13y Ao Configuration word Tasnsluazussydeyavesmsidentlesiu

] = ol o wa A d’ . o
msgmdeyasdenanuensonisTyasa Tuiddie Iidsiaaddedifidmue,
auguMsRIIuvevIoasaen lmued uisaszienisidenyiiavesisesfiia
ar = 4 o - o/ lad & d’
fygraninmesluTasaouTnsamed nisdmuadeyadmiviimaeidriiense
32114 2 nefie dawdads _CONFIG ludududnivesInsunsunmwiuomeuyd

=4 A L]

udrwemauvdudweauwuuaeidis MPASM  Faussyogluyavealusunsy
MPLAB suilureddinifwmiuiannlulninouTnsamed PIC 483 Microchip
fudnlulnasaouinsaimes PIC Wuies nsfivesfie Smuafigondiafilylums

TlsunsurdavanudwedluInsnou Insamed msdmuamunsanszilunnla



26

- - 3 -] 1 ™ 5 ] ar a.i
mwuwsamﬂmman"lﬁ' llﬂﬁ'"lﬂ'liﬂ1ﬂuﬂﬂ\1ﬁﬂﬂﬂ1~‘llmﬂﬂ‘mﬂu nMifnuan

d L4 o 1
wondlasvounios Ilsunsuozihfodiggand

-y J d & d
2.4.4 IUAADTHDINDUNAN TBIANA

e \{4’ a4 N ) o
Raaesdmuisagnifisuuazdumeldmsniuquues Tsunsumvilendy
Tmmed W8 Mdiom 9 MOVE, PORTB, W TanlndazsiminuBuvneierdye
¥
Taohimulviwniuasdmua i SunanToordna
A A v oa 4 e N yi‘.l a
inuiuTisanisalninesa anuazgnimualdiudunn (Inus aa
Munuge) uagidmasinruguiunaie iy (TRISA, TRISB, TRISC) 9gnidan
b4
i 17 vievue

Ards TRIsF vz AU LGS maes w l i immesnedadunaewina
ﬂyl e ] 1] 5." J
33 woda Aafmualt w il "o” frds TRIst sz Idungridaliuviednalan £
Aofwesnesn A,B uax C
o o g o <y o& = 1
-woin A iThisSamesBunaserdnauuie 4 a Favzldianiz 4 dean
] ﬂvf £ 1 A L] L] |} y I
Winiu (RAO-RA3) Tia 4-7 a2 Lildiles weiamand ezl uilu vor
o A, o' o o
-nefa B iuitamerdunaiediaviis 8 On (RAO-RA7)
-wefa C ludn PICi6Cs5/Cs7 veiiluiVamosvuna 8 O daulu

PIC16C54/C56 92y’ Saimas 1991 1ul

2.4.5 nrsdwmasiaiuneiadunaso iy

Jevsdmiuiiadaniweanen Suyaierina uaasluguthedil
awnsadmualdimesalvusziiudunaniemdnn  asldouduneiaduna
dgygnmez hignuaadienld msfloudyg uduwa Aosnasaunszianinisen Tae
fdBumm TuRTY ($u MOV PORTB, W) uadmiumsIdamudhumesaeninnifu
foyavzgnuandierl’ uazz Wifimsulfoussuningdinsndoudeyalmidaundn
ate madmuaneda Judumisnaieg Wiluenmesdesdaldiia muguiteme
(TRISA, TRISB, TRISC) fifiuilu o' uaddeamsldifuvidunaszdeadnin

g liauiiu 11



27

2.4.6 SomapFanatalu dus
f08h-£1Fh : Taemes ¥ ausia Tl aawie PIC16CS7 gridentdam Tau'lsi
Fuiu unedfigniden)

£10h-F1Fh : 33ena0$ M Tl lumidaen s uiued o

f20h-F2Fh : mileuiy f00h-fOFh

£30h-63Fh : $9m@nd 190ty 1 lumaaamdwued 1

£40h-f4Fh : t¥iioufiu f00h-fOFh

£50h-£5Fh : Soemmed 1 aunta T lumiaenuduined 2

f60h-f6Fh : IMjoUAY FOOh-FOFh

£70h-£7Fh : Se iAoy 1992 T lumiron nus wuad 3

2.4.7 Somaedl¥audiny 1dun

W (working register)

dud Teweusud e lufideiil 2 Tenlousud Gazmie miy mpuns
ndeutodoyanolu)

TRISA

AILAUBUNRADINA AT uWesA A fim0De3 winhud 1914 Mo
wonndoeiunesn Bunnio iy (15) e 4 a

TRISB

puguBuNAL0AYA duTunesa B

TRISC

muudNYAIeAYRA S nTunesa C

e J d - o ¢
2.4.8 Ao InIUGUNB IADUAYITONDINIIANYA
1 - A Y ] { 1 g
wgnInandaoaluiimans w dielimsihiinda TRIS Tasdr 1" Aldlu3s
o = 1 o é
anesauqusi fuduyasedna agluaoiuzanudmmugaimiidue
= 1 g 18 ae L4 o ¥ = Ié - A '
ouna uaza "0” MldluiTmmes avguesildnduyaierayafignidenvemeda

& - o
vuilroziluuuedye



28

2.4.9 Sommedeet$u (OPTION), RTCC, Wmnaiaed
SPmmeseorliulds muai S mnaoese 198U38 maed RTCC Mio WDT,
Armuasinludadaen, Amuagiuuvesdyges tazvenvwesdggnaiitleutius
RTCC Tommetonrldu fivia 6 Gn weiinsihidids oPTION AhusSamed w vz
anindsututh IS mnedosilduil Fommestraduiiosadion et wies uas

o
o 4
segaira Ty 1" Mamwadiehnisidn

2.4.10 anIziivn
ANLIBABINUAATIN
- msisadlow IWiBoa T una
- flousrassn "o" Wil MCLR
- (innnd WDT 1na lnidierd

Sozedluaniziiamas unhiin MR &nsiidaein "0" n3ad OST
(oscillator start up timer) LENHN

# 0ST szuenfitiudifinn MELRIdesay "1 aqyl 18 Tunsdins’
waiiiesnnmation s il lasmgn METRS RN VDD uasd OST v
Fuaumdmnilowinides lunsdd woT falndlierd # osT Suvhanailod
wDT A lniow (uvuziinn MCTRIsme9n "1 lunsdiidivav) MCLA A2 OST
s uhOuBnne iev1 MCTRTIA00n "1 ) Tasndda OST sxdisaeaunm
Wi 18 Taa311R SnsnanaevazBeaves OST Bnntslumeumdeluaniad
1@ PICI6CSX defimonuzdai]

- opaFaimmos s n i udihe deulWidsmieavusin nua
SLEEP)

- VIYBINET ABUNAAB YN (RAO-RA3, RBO-RB7, RCO-RCY) az0glu
anmzanudumugs TaoeeSiralisdmans "Tris" DAl "1 Faviua (Tnua
dunA)

- Tlsunsualinesgmamily "1 Y (1FFh 14 PIC16C54/55, 3FFh 11
PIC16C56 uae 3FFh 1u PIC16C57)

- Feawmesonufugnsadi "1 Hanun

- #2 WDT nazfSmnaiaed azgnindy



-3 v [{imdonme) uidames anuzgandudly "o
- mwzdii leeaFaiamesiiun RC daygne CLKOUT Al 0SC2 sedim

iuassn 0"

29



30

unn3

o ) = oS
MIAUHHITHINE

mnmsﬁﬂumqyﬁuazwﬁ’nmsﬁlﬁmﬁmﬁmm Hilvinswiimahausssszuy
tﬂu‘lﬂmn;ﬂﬁ 2.2 ﬁq'lﬁ'%'ﬂm‘s’uuqﬂm'ni'ua:aaﬂuumhuﬂisﬂanﬁwqmmssumﬁmﬁu 9
oo iiud g 188t
3.1 szuvlaulns

moluszunluTasnrdssneudruamdsenoudvaesdu fe dauusnfusinan
105 Semolutlsznendos soadiamed ies 139 unziinwe? daudines fie mwdsemin

o ot -
UHUEDTUNTEUA

3.1.1 fliNanI¥e3 (Gunn Plexer)

@ o 4

futinanaes #laduvesuSimdy # uoa TaRurd)i)uM.P.L Tokyo Japan)
1 - ) A 4 - = -
{1 181 A - 107 10 19u(MP-10GOM) vzHAnnduaNd 10 SnnIENTB(GH2) fid1ds
10 Hadadad(mw) nwlurzlszneudae Ml lales e lsvimesqaimed uas
o
H

a < w i
e Fwesdaguh 3.1

zﬂﬁ 3.1 48R4 Gunn Plexer



31

3.1.2 Mo MALUUEBTUNIZIiA (Pyramidal Horn Antenna)

S a a AR e a A a
ﬂ"lU'E)'Iﬂ'tﬁll‘]J!J8?)5““53319?11‘51111!"Iﬁ’flﬂﬂﬂflﬁlﬁﬂ\i mmmn‘nmmmuflu

e

aniwadmivlulasio TasiialadnATa 21,4205 dB Fagii 3.3

5111 3.2 uerasmsenAuLL sos uRsEila

2D FarField{Directivity }(alpha) in dBi
psi=0 phi=0 theta=0 at 1e+010Hz Tot directivity

189)
-3 -2 -10 0 10

-

225 \ 1§
p]

7141 3.3 uamer1 e nA%A



32

313 uﬂuﬁan11ﬁanun:i’uﬂﬁuvaaﬁuﬁmnmﬂlm' {Gunn Plexer) D@00 1AL
apiunsziin (Pyramidal Horn Antenna)

-y 4 o

r o d &

Tunsdedfgapanduvesinimanwesiazaweimauuugesufisziin Mol

- e a A 1 o/ s s 4 s o 1
soadiamesvziinsnianduoenuidslfunes lsiimesgmmnimanedadi 1 s

\1 ¢ o ' o L] s A o/ A 9
inefait 2 udreangmosimageiu daumsiudgg undu dygrunduazien
Whunfaweimegeiu delidunes lsiaeigamesnunesadl 2 wiuliwesafl 3

L] ) A4 1 a [ o 4’" o
dhgiines  awluselimsnSoudoudyopai 18Fvundudygraisnnnafad

& o i
pordinns Foimhidludeg udiedaReference)

Oscillator

F

Ferrites Circulartor

A 4

Horn Antenna

1141 3.4 urasuwudims ded o siuniinanans (Gunn plexer)

Hom Antenna

‘

Ferrites Circulartor

Reference l

l > Mixer

51 3.5 uamuwuinsfudygavesiuiivanses (Guan plexer)



33

3.2 m3lfuanmdysyia (Signal Conditioning)
9 4 @ a o ] a:f
i lumstensdgeru il ldaudeins saludiufiszlsznaudsnanenn

o = r's o G P = s A . ] g
dwfu e 15 iuemld ke fudygruniunntinediNevimsunafsudnmios
o r i A -] aF L3
(Uﬁ1ﬂﬂ1ﬂﬂ11ﬁﬁi§fg'lﬂl'iUﬂ’JlﬂﬂﬂﬂTll) Llﬁ')gﬂﬂ']ﬂ'l\‘lilﬁﬂiﬂﬂﬂ'l'lﬂﬁlﬂ0ﬂ1%ﬂﬂﬁum1ﬂl‘iﬂﬂ'3u

¥
LY o ar o at ‘4
vimiuSsarnnovoiedggulavaesvedygu dwwudegii 3.6

Preamplifier

!

High Pass Filter

!

Amplifier

17 3.6 uoraswurIN iU day e 1o (Signal Conditioning)

- aunBBuewnldlviess (Preamplifier) v mil i lumsvonefggramazaise
nsasdggesunu 1 Taohda ledi e iluued LM 833 fillquiannid fe &
NS L= « B
Fygnasunudunaduazdmsoerianis wudt 20esiifudagai 3.7 Hwwann
- 1A a - -~ - § a
msdyaanyinlietloudynagylend usilage 20 fiad 1aad A21ud 700 @sed

ASAIIMIvEIY0I 3T 60 111 e 35 1adiua Azl 3.8

s

]
L~ _\I_—_ [=%]
13'3 ca s ' 4TLF
__I I b %) I |+.70F
25—

e _—

U7 3.7 uaaeraenSusunldIvions (Preamplifier)



34

Z‘ﬂ'ﬁ 3.8 ASINLARY Gain Response

1ngUfl 3.8 namdyonagl B uassdgaavudiuesnesiivig 20 fad
Taad 9 011D 700 @Bsad wardyanagy A taasdg auviesnveaesiiving 1.7

[ T {
Thad in210d 700 (F5AS

- 29930509 NND (Filter) Timsif lumsnsesdggnaunnuddinesn i sinms
fameoniuulesilfilulsesnsesn1udigerie (High Pass Filter) inawd

- Al il & = o P
40018504 (Hz) Taofilodh Mesdlumed LM 741 Faaaesididudagiii 3.9

e ';|3
Q.——ﬂ——»—4.
e 3.3 aF J.JVaF

717 3.9 4aA929950TBIDYINY (High pass Filter)



35

- VIV AYY D (Amplifier) ﬁﬁmﬁﬁ'iumwmuﬁq;tgmﬁﬂwmﬁﬂ"lﬁinfu
ABATINTVY 'é'mffaﬁﬂﬁﬁ'ﬂgmmmmsmr'a"lﬂ‘lﬁ"lﬂm‘fuﬁ"w Tavesiluouild
Wifuwed or-orc Aiquania Ao ildiovinalidygnasuniud uasling
ﬂavlmnﬁ'cgtym@ﬁ‘l ﬁqgﬂﬁ 3.10 wamsAamsasImsvoudgye e (gain) 1

3,150 111

<o

4 J o L g 1
717 3.10 uaRs sV Ty IR (Amplifier) NUBAT IWEIBITIAY 3,150 1M1

3.3 neanlnafgygnaevneniudyaafines (Analog to Digital(AD) W330Sy
AU (Comparator)

S lunsudasdygnui 8o lupifad wie dyanugudimaosditn
usedu 5 Toadilterflouns1ad e W W1 w luTasnew Insine 14 Taedygnaiid
%’uuw1nﬁ1ummmsﬂ§'mmmﬁ'a;q;m;i‘.luﬁmtgm;ﬂ‘hsﬁnﬂuﬁ'mﬂﬁuu"lﬂsﬂuﬁ'mtmm;ﬂ
fnfondeglil 3.1 daaeesildifludepildi 3,12 uazlediliiulediued Lv 311 &

ansaldnwad1sduna 1&idlu 30 89 +30 Toad



Sine Wave

Y

Square Wave

36

317 3.11 narmsusuianshiauveesu)atewiaeniiufiaen (Analog to Digital(A/D))

n3e29vafTouiiouus 1y (Comparator)

»

]
bal
kg

*

c2
aTuF

-5y —r
“1a

g\ [ .

7U# 3.12 uamasesutlaseutaenilu@taea (Analog to Digital (A/D)) wivesilFeuiiey

1459AU (Comparator)



37

3.4 aovininned {Controller)
- a Y a o W & o o o ]
imhiisuguasmsimlssuanadggraiomn s radudas i vas
auqumsiaa lassefudygagil@maouninissneuwis uaeiudrhmsiudygm
anwdvesdygaudni lilfnnunailuaidasidwansuuee Lep TuTasnouInsaedd
14 i PIC16F877 Microcontroller Myvietuidludsgildi 3.13

Square Wave

;

Count Frequency

Y

Calculate Speed

v

Display

7111 3.13 namamuinshsveney Insamed (Controller)

3.4.1 MusANIs
dudwenssrmuaildlululnsasu Insamed nuludsznendaedau
wpupTANIMIEuABAUMIBE oA (serial port) LAz davfinefu LCD Jasvanuauaasld
#agUf 3.14 uazgyl 3.15 Tnoligilnsaifidrdny Ao 1od pic 167877 duluTnsnou Insames
10§ Max232 fugiinsaitanlumsiFeudofuneuRunes uazwofaduyniaziorina il

A 1 LY I oA L] @ 3
ginsalidouse 19 lunsfumdnguuazdioenuaainan1aee LCD Auginaalaiag



38

b S
gt _ E " 7 )
g | Gl e fraden il e TN
§ L
=3

Eiabick Jq‘-’-‘ﬁﬁﬂ A9

2w |1
vl 93
SEN SEhe
= 0
o o
%M 5w
19N Tau
(o1 MO
v 33
Y W12, e
£va o
vy ka4 Y] S WTON Sremmnt
iV 7y <
v oy m S
7o, - :
v 1ETeNE =
4 A o o—7J
I—l ——
A5+ & RS

PIC 16F877

¢
TR

717 3.14 uaAeN9TVBIYD



39

STPPLY

PIC 161877

PR § G

31# 3.15 uARsUBTA PIC 16F877

3.4.2 auseriing
v E )
Hudauvealsunsuil¥lululasaou Insamesvavue  Usznaudivau
woalilsunsuwdnfild  Aodmfumdygpannutudninndandasisa uay

duvesTlsuunsunansnan1we LCD



40

Tadvidn (Flowehart) maviramvesldsunsu

- A simITesuAmnastamsdgygna 11lusar 1 3w
S o y 4 & 4 ) o 4 S dd
iulidygadunnas fdh 1 High) s1ivzldnnudn amiufiny
Annudi 3 mudahimaedenazilszuiana hinesnuaaing uoaAsgy
#3.16

FuA01n Signal

conditioning

A 4

v
Hinu[a

X=(R1+R2+R3)/3

+

HImdas I

V= (0.015)x(X)

naasNassnnIy LCD

h

indesa1 R1,R2,R3=0

711 3.16 uaAA Flowchart Tlsunsumdniild



41

- insdald Lep Sudeyandaioundluiiones (Registen Mds
) 3 » ¥
FIMSABNUDAATH (Address) Tatisuf 00H 2 1MTMBuuwnisu (Pattern) 7
l-'-i -3 ] ‘; ] dg o =4
dpamIaeamsaidiiua udhimsifivaweamssiudiay 1 msiieu
o d o -l'l | - d lla‘ - o Qo
unmAsudn Wedvuunnifisusuasy 8 afs fezeduddnus1d 1 &2 uaas

AN 3.17

(@ONRegisterfIFIVDILCD

FdudonAddressUnIRAM

=

4
[WeuPatternNADINTS <

i

A P 4 &
INUAMIRAMYY 1 AT4

. > 1ile
INUATRAMAIUEATY >

///

it

msaddnueysel ‘

A 4
( WNIFHIN )
A, /

UM 3.17 uerdd Flowchart 6IuIANA



42

unt 4

MINAadNUATHANIINANDY

A & i [-] 1 =l

diefaszun 1t i8mugiliuudisimual’ luudazdauvesszuudesiinisnaans
4 ¥ ' [ & L4 3 R am 1 ¥
wolinswhmunsohawldantagusyad nmiudilimsnaassluduteouaznaaou

2 4 ) o o
sruuTwanye Famnsoutaiiuneug 1dded

4.1 m3¥adganamldainfnimaniaed (Gunn Plexer)
» ]
Tumimpassneuiihnis fadggnafivinduimanges (Gunn plexer) Tavl¥gndy
] o o o - 1 S e Y Ao <
nsenanvAduRMgUINe18 S muAns Tafiszuzvie 50 wuAmas vasiignduildainta

- ' o ' ar i
0.12 wasdendl i ldnswhdgopan ideudrelvnadndwealugiii 4.1

1 4.1 nansgddyauh TdoinMaimaniees (Gunn Plexer)



43

4.2 m3iadgaauilenureniiuomldivhee (Preamplifier)
¥ [
TunsnaaewmeniihinisasaouineesifSusuilaiiessHaumiaawf ldeonuuy

L 9/ 3 4 ] ‘g L3 T
navesdggnuuiuduezviosnuans 1d&egilfl 4.2 Fawuinesiilisarvoedu 5035 o

117 4.2 taaswavesdgyg evith (duuw) uar dygaieen (Viesn) veserniuend

1viond



44
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200 . ©68.2
240 83.4
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320 113.1
360 1134
400 113
440 113
480 112.8
520 113.2
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640 1132
680 112.8
720 112.8
760 113
800 112.6
840 143
880 113
920 113.5
960 113.2
1000 113.2
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AR 4.2 urnanavestidas uTvesgnduii Ianms Janazmsasudandmon 1400

nqugnamany
AN anuaaednled (Hz) anudai | pwd | e | aledidud
gt ats | ave | nsa | ats | ade | mag | Aonld #'15““ #1&mu | naunaie
: InTe3a - 4
tdes | 4 (&, ldsldalds 1A C | newg) | indeu
v , 4 | faruia
LEGE (Lerh w/s) (m/s) (%)
(m) 270
Oscilloscope
(m/s)
01 | 94 | 96| 91| 93|93 934 1.40 140 | 140 0
0.15 | 111 | 115 | 112 | 116 | 114 | 113.6 1.70 171 1.71 0.58
02 {137 ]128 [ 129 | 131 | 133 | 131.6 1.97 1.98 1.98 0.51
025 | 149 | 152 | 150 | 147 | 148 | 1492 2.24 22 | 221 0.90
03 | 159|160 | 159 | 165 | 162 | 161 242 242 | 24 0
035 {167 | 172 ] 177 | 169 | 175 | 172 2.60 262 | 263 1.14
0.4 | 189 | 185 | 182 | 185 | 188 | 185.2 2.78 273 | 273 1.83
0.45 | 196 | 201 | 200 | 199 | 200 | 199.2 2.99 297 | 297 0.67
0.5 | 214 | 208 | 205 | 209 | 212 | 209.6 3.14 311 | 313 0.32
0.55 | 217 | 220 | 218 | 200 | 220 | 215 3.23 326 | 3.8 1.52
0.6 | 222|233 231|230 211 | 2254 338 340 | 3.43 1.46
0.65 | 238 | 238 | 230 | 235 | 235 | 23522 3.53 354 | 356 0.84
0.7 | 244 [ 250 | 249 | 248 | 245 | 2472 3.71 370 | 3.70 0.27
0.75 | 256 | 256 | 255 | 250 | 251 | 253.6 3.80 381 | 3.83 0.78
0.8 | 263 | 267 | 260 | 263 | 266 | 263.8 3.96 396 | 3.95 0.25
0.85 | 270 | 263 | 269 | 269 | 264 | 267 4.01 405 | 408 1.72
0.9 | 280 {283 | 284 | 280 | 285 | 282.4 4.24 416 | 420 0.95
0.95 | 290 | 287 | 290 | 288 | 283 | 287.6 431 430 | 431 0
10 | 305 | 301 [ 300 | 305 | 301 | 3024 454 445 | 442 2.71
mau 1.06
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(knvhn)/(a/s) InFoN(%)
20/5.56 5.64 6.12 5.88 481 522 5.53 0.54
30/8.33 8.25 8.55 8.48 8.01 8.18 8.29 0.48
40/11.11 1035 | 1176 | 1131 | 1068 | 1094 | 1101 0.9
iy 0.64

Y LY [ - g v o o (4
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define osc 10

define '

define LCD_DREG PORTD 'PORTD is DATA pin'
DEFINE LCD _DBIT 0 'PORTD.A-PORTD.T
DEFINE LCD_RSREG PORTC
DEFINE LCD RSBIT ¢ 'PORTC.0is RS pin'
DEFINE LCD_EREG PORTC
DPEFINE LCD EBIT1  'PORTC.11s E pin’
DEFINELCD BITS8  'LED mode 8 bit’
DEFINE LCD_LINES2
DEFINE LCD_COMMANDUS 3600
DEFINE LCD_DATAUS 50
RO var byte
fd var word[10]
Y var byte
X var word
V VAR word
U var word
symbol COUNTPULSE = PORTC.2
symbol switS = PORTA.0
Define LCD Constants—-—'
I conSFE
Clr conl
Linel con $80
Line2 con $C0

wemm—er—reaefnpitial comdition '

TRISA = %00000081
ADCON1 = 306

TRISD = %00000000
TRISB = % 00000000
TRISC = %11111100



symbol SO=PORTC.6 ' Set RC6 as TX pin
symbol SI=PORTC.7 ' Set RC7 as RX pin

! MAIN '
Main :
ledout LClr
pause 1000
lcdout Linel ,"PRESS START"
Switch: B0=0
button swit$,0,255,0,B0,1,Cout
goto Switch

end

' Qe '
il gk

Cout: for Y=0to 3
count COUNTPULSE,100.fd[Y]
next Y
=(fd[0]+fd[1]+fd[2])/3
V = (540*X)/1000
U = (540*x)//1000
lcdout L,Clr
lcdout Llinel," Velocity™
ledout 1,8¢7,dec V,"." dec U,$14,"km/hr"

goto Cout
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National
Semiconductor
LM833

General Description

The LM833 is a dual general purpose operatfonal amplifier
dssigned with particular emphasis on performance in audic
systems.

This dual amplifier IC utilizes new circuit and processing
techniques to deliver low noise, high speed and wide band-
width without increasing external componsnts or decreasing
stability. The |.M833 is internalty compensated for all ¢losed
loop gains and is therefore optimized for all preamp and high
levei stages in PCM and HiFi systems.

The LM833 is pin-for-pin compatible with industry standard
dual operational amplifiers.

Dual Audio Operational Amplifier

Features

B Wide dynamic range:
B Low input noise
voltage:

High slew rate:

High gain bandwidth:
Wide power bandwidth;
Low distortion:

Low offset voltage:
Large phase margin:
Avaifable in 8 pin MSOP
package

7 Vs (typ); 5V/ps (min)
15MHz (typ); 10MHz (min)

January 2003

>140d8

4 5nVAHz

120KHz
0.002%
0.3mV
60"

Schematic Diagram (172 umaas)

+Vee . 77

360
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—VeE

20623801

© 2004 National Semiconductor Corporation DS005218

www.national.com
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LM833

Connection Diagram

|8— +Vcc

—?—DUTB

6

—INB

—VEE-i 2—+|NB

00521502

Order Number LMB3I3M, LM833MX, LM833N, LM833MM or LM833MMX
See NS Package Number
MOS8A, NOSE or MUAOBA

www.national.com 2




Absolute Maximum Ratings (Note 1) Storage Temperature Range Tgrg -60 - 150°C

f Military/Aerospace specified devices are required, Soldering Information

please centact the National Semiconductor Sales Office/ Dual-In-Line Package

Distributors for availabllity and specifications. Soldering (10 secands) 260°C

Supply Voltage Vec—Vee 36v Small Cutline Package

Differential nput Valtage (Note 3) V, £30V (SOIC and MSOP)

Input Veoltage Range (Note 3) Vs +15V Vapor Phase (60 seconds) 215°C

Power Dissipation {Note 4) Py 500 mw Infrared (15 seconds} 220°C

Operating Temperature Range Topr -40 - 85°C ESD tolerance (Note 5) 1600V

DC Electrical Characteristics (nots 1. 2)

(Ta = 25°C, Vg = 215V)

Symbol Parameter Conditions Min Typ Max Units
Vos Input Otfset Voltage Rs = 10Q 03 5 mv
los Input Offset Current 10 200 nA
s Input Bias Current 500 1000 nA
Ay Voltage Gain R, =2 k@2, V5 = =10V 90 110 dB
Vom Qutput Voltage Swing R, = 10 kQ 12 +13.5 v

R =2 kQ £10 *13.4 v
Vem Input Common-Mode Range +12 +14.0 v
CMRR Commaon-Mode Rejaction Rafio Vi = 212V 80 100 de
PSRR Power Supply Rejection Ratio Vg = 15-5V, -15--BY 80 100 dB
Ia Supply Current Vg = 0V, Both Amps 5 8 mA

AC Electrical Characteristics

(Ta=25C, Vg = 215V, B = 2 ki}}

Symbol Parameter Conditions Min Typ Max Units
SR Slew Rate A= 2k} 5 7 Vius
GBW Gain Bandwidth Product f= 100 kHz 10 15 MHz

Design Electrical Characteristics

(T, = 25°C, Vg = £15V) The following parameters are not tested or guarantead,

Symbol Parameter Conditions Typ Units
AVog/AT Average Temperature Coefficient 2 VI C

of input Offset Voltage
THD Distortion R, = 2 kQ, f = 20~20 kHz 0.002 %
Vour =3 Vims, A, = 1
e Input Referred Noise Voltage Rg = 1000, t = 1 kHz 45 v/ Fz
In Input Referred Noisa Current t=1kHz 0.7 pA/FZ
PBW Power Bandwidth Vo = 27 Vi, R = 2 ki}, THD < 1% 120 kHz
fu Unity Galn Freguency Open Loop 9 MHz
D Phase Margin Open Loop 60 deg
Input Referred Cross Talk f = 20~-20 kHz -120 dB

www.national.com

EE8NT



L.M833

Design Electrical Characteristics (continued)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage 1o the device may occur. Opsrating Ratings indicata conditions fer which the device is
functional, but do not guarantee specific performance limits. Electrica! Characteristics state DC and AC electrical specifications under particular test conditions which
guarantae specific performance limits. This assumes that the device is within tha Operating Ratings. Specifications are not guaranteed far parameters where no limit
Is given, howaver, the typical value is a good indication of device performance.

Note 2: Ali voltagss are measured with raspect io the ground pin, unlass olherwiss specified,
Note 3: If supply voltage is lass than 15V, it is aqual 1o sUpply voitags,

Note 4: This is the parmissible vaiue at T, < 85°C.

Note 5: Human body model, 1.5 kit in series with 100 pF.

Typical Performance Characteristics

Maximum Power input Bias Current vs
Dissipation Ambient Temperature
vs Ambient Temperature
~ 1000 800 T T
£ Vs= *15V
= 700
Z 800 _ I
g g 50 J:""--
% 600 = 500 -
= E 400
S . s
] \ § 300
5 J00 N Z 200
= \
= \ 100
= 0 0
—50 0 50 100 150 -50-25 0 25 50 75 100 125
TEMPERATURE {°C) TEMPERATLIRE (°C)
cosR1and 0521805
Input Bias Current vs
Supply Voltage Supply Current vs
Supply Voltage
0 T bl
A= A =25°
700 - 1tella )71 L
2 /70
E 600 E. ' mA
= 500 = B
&= & =
é 400 § 5 e
= 300 A l'
T T 3
Z 200 5
w2
100 1
0 0
5 10 15 20 o 5 10 15 20
SUPPLY VOLTAGE (£ V) SUPPLY VOLTAGE (1 V)
00521800 oosR1807
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Typical Performance Characteristics (continued)

VOLTAGE GAIN (dB}

OC VOLTAGE GAIN (dB)

120
100

80

a0

20

GAIN BANDWIDTH (MHz)

DC Voltage Gain
vs Ambient Temperature

120 T T
V5= +15YV
RL=2kQ 1
10 [
ke
100
9
]
~-50-25 0 25 50 75 0D 125
TEMPERATURE (°C)
00521808
Voltage Gain & Phase
vs Frequency
v 0
" RL=2 k{1 _30
GAIN
N —~B0 g
). 4 . "
N[ PHASE M€
. B [~]
A a 120 E
- m
@
-150
—180
1 10 100 1k 10k 100k 1M 10M
FREQUENCY {Hz}
0521810
Gain Bandwidth
vs Supply Voltage
kTi] v v
Ta=25°C
| 1=100 kHz
20
10
1]
5 10 15 20

SUPPLY VOLTAGE (£ V)

00521812

DC VOLTAGE GAIN (dB)

GAIN BANDWIDTH PRODUCT (MHz)

SLEW RATE (V/as)

120

110

100

80

80

DC Voltage Gain
vs Supply Voltage

TA='25°C

FAL=2k(}

|ammpnte == =}

-~ el

|

5 10

15 20

SUPPLY VOLTAGE (+V)

00521809

Gain Bandwidth Product
vs Ambiant Yemperature

30
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0

| =100 kHz

V= t15V

i

\\

P -

-50-25 0 25
TEMPERATURE {°C)

-
=]

O w WO ~ oW

50 75 100 125

Q0521811

Slew Rate vs
Ambient Temperature

Vs = +15¢

[ RL=2 k(2 Ay =1

FALLING

1 AI;-—

RISING

[

-60-25 0 25
TEMPERATURE (°C)

50 75 100 126

00521813
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Typical Performance Characteristics (continued)

SLEW RATE (V/u5)

CMR (dB)

PSRR (dB)

Slew Rate vs
Supply Voltage

Power Bandwidth

—_
=

Ta=25°C
3 fRu=2kn
8 TAy=1 T FALLING
! T
6 | MSING i
5 -
4 -ﬂvl '_-UD-
3 F <
<& 2K
2 | ¥
1+ i -
0 ] L " T
5 10 15 20
SUPPLY VOLTAGE {1 V)
gos21814
CMR vs Frequency
120 ~
V5= 15V
100
80 — —VW —
60 — SN b= Vg
0 -3 32 32 —
$Vi=1Vms
20 A\ —
n ?I i 1 s L
100 1k 10k 100k 1M 10M

120

100

80

60

a0

20

FREQUENCY (Hz}

PSRR vs Frequency

Q0521818

N

LpgAR Vs = T15V

|
—PSRR

N\

100 1k 10k 100k

FREQUENCY {Hz)

M 1M

00521818
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THD 1%
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\
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100 1k

10k

100k

M

10M
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Distortion vs Frequency
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Typical Performance Characteristics (continues)

Maximum

Qutput Voitage vs

Ambient Temperature

15
[ Vs = 15V
RL=10 k@
g 14 +Vom eyl
8 — Vo
g 13
[~
-
£ 12
=
2
1
10
-506-25 0 25 580 75 10C 125
TEMPERATURE (°C)
a0521817
Spot Noise Current
vs Frequency
0 e =5
5 [TA=25°C
w Vg =15V
an
=5 2
28
TR====
0.5
58
=
0.2
0.1
10 100 1k 10k 100k
FREQUENCY (Hz)
onB21822

WAVEFORMS (50 mv/DiV)

Noninverting Amp

TIME (0.2 us/DIV)

00521824

1
0 LME33 -
Ta=25°C ]
w Vs = +15V
% 5
oM
=
a2
=Z
&
22
[ ey E' 2
28
z
1
10 100 1k 10k 100K

Input Referred Nolse Voltage

100

—
=

—_

INPUT REFERRED NOISE
VOLTAGE (V)

21

DUTPUT WAVE (5V/BIV)

Spot Noise Voltage
vs Frequency

FREQUENCY (Hz)

cos2a1

vs Source Resistance

AA
YW

3 1ok

=,

Py
AUDID

-4
ARA

= .l

" 2 | 4_
™ LMB33
T =25°C
Vg = 15V
100 1k 10k 100k 1M
SOURCE RESISTANCE (1)

00521823

“A’ WEIGHTED?
11 1

Noninverting Amp

TIME (2 x5/DIV)

00521825
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VISHAY

4N25/ 4N26/ AN27/ 4N28

Vishay Semiconductors

Optocoupler, Phototransistor Output, With Base Connection

Features

» |solation Test Voltage 5300 Vrus

* interfaces with Common Logic Families

+ Input-output Coupling Capacitance < 0.5 pF
* Industry Standard Dual-in-line 6-pin Package
+ |ead-free componant

« Component in accordance to RoHS 2002/95/EC
and WEEE 2002/96/EC

Agency Approvals

¢ UL1577, File No. E52744 System Code H or J,
DPouble Protection

¢ DIN EN 60747-5-2 (VDEOBB4)
DIN EN 60747-5-5 pending
Availablg with Option 1

Applications

AC Mains Detection

Reead relay driving

Switch Mode Power Supply Feedback

Telsphone Ring Detection

Logic Ground Isolation

Logic Coupling with High Frequency Noise Rsjection

Description

The 4N25 family is an Industry Standard Single Chan-
nel Phototransistor Coupler.This family includes the
4N25/ 4N26/ 4N27/ 4AN28. Each optocoupler consists
of gallium arsenide infrared LED and a silicon NPN
phototransistor.

These couplers are Underwriters Laboratories (UL)
listed to comply with a 5300 Vg isolation test volt-
age. This Isolation performance is accomplished
through special Vishay manufacturing process.

Compliance to DIN EN 60747-5-2(VDE0884)/ DIN EN
80747-5-5 pending partial discharge isolation specifi-
cation is available by ordering option1.

AE} [€]B
c [7] [5]c
NG [E] L [ 4]E

These isolation processes and the Vishay {SQ%001
quality program results in the highest isolation perfor-
mance available for a commercial plastic phototrans-
istor optocoupler.

The devices are also available in Isad formed config-
uration suitable for surface mounting and are avail-
able either on tape and reel, or in standard tube
shipping containers.

Note:

For additional design information see Application
Note 45 Normalized Curves

Order Information

Part , Remarks

4N25 CTR > 20 %, DIP-6

4N28§ CTR > 20 %, DIP-6

4N27 CTR > 10 %, DIP-6

4N28 CTR > 10 %, DIP-6

4N25-X006 CTR > 20 %, DIP-6 400 mil {option 6)
4N25-X007 CTR > 20 %, SMD-6 {option 7)
4N25-X009 CTR > 20 %, SMD-6 {option 9)
4N26-X006 CTR > 20 %, DIP-6 400 mil (option 6)
4N26-X007 CTR > 20 %, SMD-6 (option 7)
4N26-X009 CTR > 20 %, SMD-6 (option 9)
4N27-X007 CTR > 10 %, SMD-6 {option 7)
4N27-X009 CTR > 10 %, SMD-6 (option 9)
AN28-X009 CTR > 10 %, SMD-6 (optian 9)

For additional information on the available options refer to
Option Information.

Dacument Number 83725
Rev. 1.4, 26-Jan-05

www.vishay.com
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4N25/ 4N26/ AN27/ AN28

Vishay Semiconductors

Absolute Maximum Ratings

Tamp = 25 °C, unless atherwise specified
Stresses in excess of the absolute Maximum Ratings can cause permanent damage to the device. Functional operation of the device is
not implied at these ar any other conditions in excess of those given in the operational sections of this document. Exposure fo absolute
Maximum Rating for extended periods of the time can adversely affect reiiability.

Input

Y Parameter . ‘Fest condition Symbol Valug Ginit
Reverse voliage VR 6.0 v
Forward current I3 60 mA
Surge current t<10ps lrsm 2.5 A
Power dissipation Paics 100 mW

Output

L %l:a sler Test condition _ Symbol Valua. . Lnit..
Colisctor-emitter breakdown voltage Veen 70 v
Emitter-base breakdown voltage Vero 7.0 v
Collecter currant c 50 mA
Collector currrent t<1.0ms Iz 100 mA
Power dissipation Paiss 160 mW

Coupler
o Parameter Test condition Symbol Value Unit
Isolation test voltage Viso 5300 Vams
Croepage 27.0 mm
Clearance 270 mm
Isolation thickness between 204 mm
emitter and detector
Comparative tracking index DIN IEC 112/VDE0303, part 1 175
Isolation reslstance Vip =500V, Tgmp =25 °C R 1012 Q
Vig =500V, Tamp = 100 °C Rio oM Q
Storage temperature Tetg -55t0 + 150 °C
Operating temperature Tamb - 55 to + 100 °C
Junction temperature T 100 °C
Soldering temperature max.10 s, dip soldering: Teid 260 °C
distance to seating plane
z1.5mm
www.vishay.com Document Number 83725

2
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VISHAY

4N25/ 4N26/ AN27/ AN28

Electrical Characteristics
Tamp = 25 °C, unless otherwise specified

Minimum and maximum values are testing requirements. Typical values are characteristics of the device and are the result of engineering

evaluation. Typical values are for information only and are not part of the testing requirements.

Vishay Semiconductors

Input
: Parameter Tast-condition Symbol Min Typ. Max Unit
Forward V°|tage1] |F =50 mA VF 1.3 1.5 A
Raverse current’ Vp=3.0V In 0.1 100 LA
Capacitance Vp=0V Co 25 pF
" Indicates JEDEC registered values
Output
.. Paamster Tast conditien Pat | Symbol Min Typ. Max Unit
Collector-base breakdown I = 100 uA BVceo 70 v
voltage™
Collactor-emitter breakdown Ic=1.0mA BVeeo 30 v
voltags™
Emitter-colisctor breakdown lg =100 pA BVeco 7.0 v
voltage™
Igeo(dark)" Veg = 10 V, (base open) 4N25 50 50 nA
4N26 5.0 50 nA
4N27 5.0 50 nA
4N28 10 100 nA
Icaoldark)" Veg = 10V, (emitter open) 2.0 20 nA
Coilector-emitter capacitance  |Veg=0 Cce 6.0 pF
1 Indicates JEDEC registered values
Coupler
* Fatameter Tost condiion Part | Symbol Min Typ. Max | Unit
|solation Vo'taga’) Peak, 60 Hz 4N25 V|0 2500 v
4N26 Vio 1500 v
4N27 Vio 1500 v
aN28 Vio 500 v
Saturation veltage, collector- lge =2.0mA, ip =50 mA VeE(sat) 0.5 v
emitter
Resistance, input output? Vig=500V Rio 100 GQ
Capacitance (input-output} f=1.0 MHz Cio 0.5 pF
") Indicates JEDEC registered values
Current Transfer Ratio
_ Pafameter Test condition Part Symbol Min Typ. Max it
DC Currert Transfer Ratio' Voe =10V g =10 mA 4N25 | CTRpg 20 50 EC
4N26 CTRpg 20 50 %
4N27 CTRpg 10 30 %
4N28 CTRpe 10 30 %
W Indicates JEDEC registerad value
Document Number B3725 www.vishay.com

Rev. 1.4, 26-Jan-05
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4N25/ 4AN26/ 4N27/ 4AN28

Vishay Semiconductors

Switching Characteristics

" Parametar Test condition

Symbol Min Typ. Max Unit

Rise and fall times  |Vee=10V,lp=10mA R =1000

t 2.0 us

Typical Characteristics (Tamb = 25 °C unless otherwise specified)

14

13 Ta =-55C
> 3 A=
1 1 2 /
% e 25
5 11 2=25C ]
> L
B 10
g 1
E /
g 08 Tp=85C
& 08

0-7 FU T I R Y [ B A N L Ll

A i 10 100
{g - Forward Current - mA
wn2s 01
Figure 1. Forward Voltage vs. Forward Current
1.5
Nomalizad to: |
Vee=10 V¥, Ir=10 mA, Ta=25°C
E CTRce{sat) Vea=0.4 V
(3]
7 1.0
N Ta=25°C
E
[+]
2
c 08
]
z / —O— | NCTR(SAT)
oG | NGTR
0.0
0 1 10 100
I - LED Current - mA

W5 02

Figure 2. Normalized Non-Saturated and Saturated CTR vs. LED
Current

1.5
- Narmalized o |
L Voe=10 V, IF=10 mA, Ta=25°C
E b CTRce(sal) Vee=04 V
3 10 i
" | Ta=50°C
E
[+]
z L
e« 05 i hs]
5 —r-| NCTR{(SAT)
z —o— NCTR
0.0 et it ] Lo R TIT
1 1 10 100

Ig= LED Current - mA

23,01

Figure 3. Normalized Non-saturated and Saturated CTR vs. LED
Current

1.5

| Naermalized to: i
- Vea=10 V, iF=10 mA, Ta=25°C
[ CTRea(sal) Vee=0.4 V

P

1.0
[ Ta=70°C /

0.5

NCTR{SAT)
NCTR

NCTR - Normalized CTR

A 1 10 100
Ig- LED Current - mA

Hn23_od

Figure 4. Normalized Non-saturated and saturated CTR vs. LED
Current

www.vishay.com
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AN25/ 4N26/ 4AN27/ 4N28

v Vishay Semiconductors
15 . 15
[ Nomalizes to: | o Normalized to: I
i - Vee=10 ¥, Ip=10 mA, Ta=25°C & Veb=8.3V, [F=10 mA, Ta=25C
= F CTHca(sal) Vee = 0.4 ¥ =
(] I * 0]
g 10 ® 10
5 [ Tasssc / 3 —
E : / —
2 - 2
0 ~ N7
L 25T
g L NCTR(SAT) £ 50°G ,4/
- NCTR Q [
0.0— I — T 00 bl 1L L b bl
A 1 10 100 | 1 10 100
Ir- LED Current - mA IF - LED Currant - mA
HnZ6 D6 5 g
Figure 5. Normalized Non-saturated and saturated CTR vs. LED Figure 8. Normalized CTReb vs. LED Current and Temp.
Current
35 10 r
o - Normalized to:
E 30 = © IE=10 mA, Tp=25°C
x % ] £
50°C E
g 2 ?é = 3 TE
5 s //4,4 o .
25°C 85°C
% 10 // / E 01
" o - Nib, Ta=-20°C
g 5 E N, Ta= 25°C
= 2 Nib, Ta= 50°C
0 i Nity, Ta= 70°C
0 10 20 30 40 B0 60 0.01 . AN
. Ig-LED Current - mA A 100
wns. o0 ) Ir - LED Current - mA
Figure 6. Collector-Emitter Current vs. Tempsrature and LED Figure 8. Nomalized Photocurrent vs. |g and Temp.
Current
5 1.2
0 N7 N 70°C
4
10 72 ) 5 q
; L 49 -
~ : wE|
i} |
E 4n2 p! & -20°C
w 10 T
g o /v/qa=1ov E 08
L~ Typical = Normalized to:
8 10° // w =20 PA, Voe=10 V, T4=25C
g 107! < \Q
T . . , N \
- 0.4 1 1 Ll i1l 1 b Ll 11} 1 Ll L1l
20 0 20 40 60 80 100 1 10 100 1000
Ta - Ambient Temperature - °C Ib - Base Current - pA
L1 N1g MnZs_10
Figure 7. Collector-Emitter Leakage Current vs. Temp. Figure 10. Normalized Non-saturated HFE vs. Base Current and
Temperature
Document Number 83725 www.vishay.com
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4N25/ 4N26/ 4N27/ 4N28

Vishay Semiconductors
o1 1
I Narmalized to:
k3 Vee=10V, 1b=20 A Voo =50V
g —— TA=25C
é 10 F=10KHz, A
§ 5T DF=50%
g 20C Vo
2 05
A Ir=10mA —h
§ Vee=0.4 V
i
I L
Z 00 T PR P
1 10 100 1000
ozt st Ib - Base Current - pA s
Figure 11. Normalized HFE vs. Base Current and Temp. Figure 14. Switching Schematic
1000 F 25
E IF =10 A TA=25C 9
g' F VOCO=5.0V, ih=15V .
1 b
% [ 1PHL / §
4 100 5 2.0
- =
- o
=7 2
& 10 - — 1.5 a.'
! - tPLH o
1 i deerbeebebbl L PR b
A 1 10 100
AL - Coliector Load Resistor - k2
R2S_12
Figure 12. Propagation Delay vs. Collector Load Resistor
le
4o
Vo ta -
\\ Vn=1.5\V
926,11
Figure 13. Switching Timing
www.vishay.com Document Number 83725
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National
Semiconductor

LM111/LM211/LM311

Voltage Comparator

1.0 General Description

Tha LM111, LM211 and LM311 are voltage comparators that
have input currents nearly a thousand times lower than
devices like the LM106 or LM710. They are also designed to
operale ovaer a wider range of supply voltages: from standard
115V op amp supplies down to the single 5V supply used for
IC logic. Their output is compatible with RTL, DTL and TTL
as well as MOS circuits. Further, they can drive lamps or
relays, switching voltages up to 50V at currents as high as
50 mA.

Both the inputs and the outputs of the LM111, LM211 or the
LM311 can be isolated from system ground, and the output
can drive foads referred to ground, the positive supply or the
negative supply. Offset balancing and strobe capability are
provided and outputs can be wire OR'ed. Although slower
than the LM106 and LM710 (200 ns response time vs 40 ns)

January 2001

the devices are also much |less prene to spurious oscilla-
tions. The LM111 has the same pin configuration as the
LM106 and LM710.

The LM211 is identical to the LM111, except that its perfor-
mance is specified over a -25°C to +85'C temperature range
instead of -55'C to +125°C. The LM311 has a temperaturs
range of 0°C to +70°C.

2.0 Features

® Operates from single 5V supply

B |nput current: 150 nA max. over temperature
= Offset current: 20 nA max. over temperature
= Differential input voltage range: =30V

® Power consumption: 135 mW at +15V

3.0 Typical Applications (ote 3)

Offset Balancing

A2
10k

OBT04E

Increasing Input Stage Current (Note 1}

DO570438
Nota 1: increasas fypical common mode siew from 7 .9Y/ps to 18vis.

Strobing

DOBTR437
Note: Do Nol Ground Strobe Pin. Output Is iurned off when curreni Is
pulled trom Strobe Pin,

Detector for Magnetic Transducer

MAGNETIC
PICKUP

0570439

© 2004 National Semiconductor Corporation DS005704

www.national.com
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LM111/LM211/LM311

3.0 Typical Applications (Note 3) (Continued)

Digital Transmission Isolator Relay Driver with Strobe

v

(13
vt a5V F—O
e * ]

o

00570440 TTL
STROBE

00570441
*Absarbs Inductive kickback of ralay and protects iC from savere voltage
transients on V** line.

Note: Do Mot Ground Strobe Pin,

Strobing off Both Input and Output Stages (Note 2}

FAOM 0/A NETWORK

123

m
SA NI222 STROBE

00570442
Note: Do Not Ground Strobe Fin,

Note 2: Typical Input current is 50 pA with inputs sirobad oft.

Nete 3; Pin connections shown on schematic diegram and typicat appiications are for HOB8 metal can package.

Positive Peak Detector Zero Crossing Detector Driving MOS Logic
15y

R2

3.0k

INPUT
vt=sov

TO MOS LDGIC

R3
10k

Vo= -10v

OUSD424

00570423

*Solid tantalum

www.national.com 2




4.0 Absolute Maximum Ratings for LM111 -55°C to 125'C
the LM111/1LM211 (Note 10) LM211 ~25'C to B5'C
if Military/Aerospace specified devices are required, Lead Temperature (Soidering, 10 sec) 2860°C
please contact the National Semiconductor Sales Office/ Voltage at Strobe Pin V-5V
Distributors for availability and specifications. Saldering Information
Total Supply Voltage (Vg,) 38v Dual-In-Line Package
QOutput to Negative Supply Voltage Soldering (10 seconds) 260°C
(V7a) sov Small Qutline Package
Ground to Negative Supply Voltage Vapor Phase (60 seconds) 215°C
V1a) 3ov Infrared (15 seconds) 220°C
Differential input Voltage £30V See AN-450 “Surface Mounting Methods and Their Effect
Input Voltage (Note 4) £15V on Product Reliability” for other methods of soldeting
Qutput Short Circuit Duration 10 sec surface mount devices.
Operating Temperature Range ESD Rating (Note 11) 300V
Electrical Characteristics (ot ¢) for the LM111 and LM211
Parameter Conditions Min Typ Max Units
Input Offset Voltage (Note 7) Tx=25"C, Rg<50k 0.7 3.0 my
Input Offset Current Ta=25'C 4.0 10 nA
Input Blas Currant Ta=25C 60 100 nA
Voltage Gain TA=25C 40 200 Vimy
Response Time (Note 8} TA=25°C 200 ns
Saturation Voltage Vins—5 mV, lgur=50 mA 0.75 1.5 v
TA=25'C
Strobe ON Current (Note 9) Ta=25'C 2.0 5.0 mA
Qutput Leakage Current V25 MV, Vg r=35V 0.2 10 nA
Ta=25"C, lgtrope=3 MA
input Offset Voitage (Note 7) RAg<50 k 4.0 my
Input Offset Current {Nota 7) 20 nA
input Bias Current 150 nA
Input Voltage Range V=18V, V=15V, Pin 7 -14.5 13.8,-14.7 13.0 v
Pull-Up May Go To 5V
Saturation Voltage V24 5V, V=0 0.23 0.4 Vv
Vins=6 mV, loyr<8 mA
Output Leakage Currant Vin25 mV, Vo 1=35V Q.1 0.5 UA
Positive Supply Current TA=25C 5.1 6.0 mA
Nagative Supply Current Ta=25°C 4.1 5.0 mA

Note 4; This rating applies for £15 supplies. The positive input voltage limit is 30V above the negalive supply. The negative input voltaga imit is equal to the
negative supply voliage or 30V below the positive supply, whichever is less.

Note 5: The meximum junction temperature of the LM111 is 150°C, while that of the LM211 is 110°C. For operating at elevaled temperatures. devices in the HOB
package must be derated based on a thermal resistance of 165°C/W, junction to ambient, or 20°CAW, junction to case. The thermal resistance of the duakn-iine
package Is 110°C/W, junction to ambignt.

Nots 6: These specilications apply for Vgz+15V and Ground pin at ground, and -55'C<T<+125'C, unless otherwise stated. With the LM211, however, all
temparature specifications ara limited to 25 C<Tas+85°C. The ofisat voltage, offset current and bias current specifications apply for any supply voltage from a single
5V supply up to £15V supplies.

Nole 7: The offset vollages and offset currents given are the maxlmum values required e drive the cutpu! within a volt of either supply with a 1 mAload. Thus, these
parameters define an error band and take into account the worsi-case effects of voltage gain anc Rs.

Nota 8: The response lime specilied (sae definitions) is for a 100 mV input step with 5 mV overdrive.

Nots 8: This spacification gives the range of current which must be drawn from the strobe pin to ensure the output is propery disabled. Do not shor the strobe pin
o greund; it should be currenl driven at 3 fo 5 mA.

Note 10: Refer to RETS111X for the LM111H, LtM111J and LM111J-8 military speciications,
Note 11: Human body modal, 1.5 KLl in seties with 100 pF.

3 www.national.com

HENTVIHICNT/LEENT



LM111/LM211/LM311

5.0 Absolute Maximum Ratings for Cutput Short Circuit Duration 10 sec
the LM311(note 12) Operating Temperature Range 0" to 70'C
i Military/Aerospace specified devices are required, Storage Temperature Range -65°C to 150°C
please contact the National Semiconductor Sales Office/ Lead Temperature (soldering, 10 sec) 260°C
Distributors for availability and specifications. Voltage at Strobe Pin o5y
Total Supply Voltage (Vga,) 38Y Soldering Information

QOutput to Negative Supply Voltage Dual-In-Line Package

(V7a) 40v Soldering (10 seconds) 260°C
Ground to Negative Supply Voltage Small Qutline Package

Via) 30V Vapor Phase (60 seconds) 215°C
Differential Input Voltage =30V Infrared (15 seconds) 200°C
Input Voltage {Note 13) £15Y Sea AN-450 “Surface Mounting Methods and Their Effect
Power Dissipation (Note 14) 500 mw on Product Reliabillty” for other methods of soldering

ESD Rating {Note 19} 300V surface mount devices.

Electrical Characteristics mowe 15 for the LM311

Parameter Conditions Min Typ Max Units
Input Cffset Voitage (Note 16} Ta=25"C, Rgs50k 2.0 7.5 mv
Input Offset Current{Note 18) Ta=25"C 6.0 50 nA
Input Bias Current Ta=25°C 100 250 nA
Voltage Gain T,=25C 40 200 VimV
Response Time {Note 17) T,=25C 200 ns
Saturation Voltage Ving=10 mV, lg7=50 mA 0.75 1.5 v
Ta=25'C
Strobe ON Current (Note 18) Ta=25C 20 50 mA
Output Leakage Current Vin210 mV, Vg 1=35V
Ta=25'C, lsrrose=3 MA 0.2 50 nA
V> =Pin1 = -5V
Input Offset Voltage (Note 16} Rg<50K 10 my
Input Offsat Current (Note 16} 70 nA
Input Bias Current 300 nA
Input Voltage Range -14.5 13.8,~14.7 13.0 v
Saturation Voltage V*24.5V, V=0 0.23 04 v
Vins=10 mV, lo+<8 mA
Positive Supply Current TA=25'C 5.1 75 mA
Negative Supply Current Tx=25"C 4.1 5.0 mA

Note 12: “Absolute Mexdmum Ratings indicate limits bayond which damage 1o the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not quarantes specific performance limits.”

Nole 13: This rating applies for £15V supplies. The pesitive input vollage kimit is 30V abave the negative supply, The negative input voilage limit is equal to the
negalive supply voitage or 30V below the positive supply, whichaver is less,

Note 14: The maximum juncticn temperature of the LM311 is 110°C. For aperating at elevated temperature, devices in tha HOB package must be derated based
on a thermal resistance of t65°CAV, junction to ambient, or 20°C/W, junclion to case. The thermal resistance of the duai-in-line package is 100" C/W, junction 1o
ambisnt,

Nots 15: These spacifications apply for Vg=+15V and Pin 1 al ground, and 0°C < Ty, < +70°C, unless otherwise specified, The offset voltage, offset cutrent and
bias current specifications apply for any supply valtage from a single 5V supply up to =15V supplies.

Note 16: The offset vollages and offsat currents given are the maximum values required to drive the output within a volt of eithar supply with 1 mA |cad, Thus, these
paramaters define an error band and take into account the worst-case effects of voltage gain and Rg.

Nots 17: The response time specified {see dalinitions) is for a 100 mV input step with 5 mV overdrive.

Note 18: This specification gives the range of current which must be drawn from the stroba pin to ensure the output Is properly disabled. Do nol shart the strobe
pin to ground; it should be current driven al 3 ta 5 mA.

Nots 18: Human body maodel, 1.5 kil in series with 100 pF.
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6.0 LM111/L.M211 Typical Performance Cha.ractélristics
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LM111/LM211/LM3 1
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6.0 LM111/LM211 Typical Performance Characteristics (continued)
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6.0 LM111/LM211 Typical Performance Characteristics (continued)
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7.0 LM311 Typical Performance Characteristics
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LM111/LM211/LM311

7.0 LM311 Typical Performance Characteristics (continueq)
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7.0 LM311 Typical Performance Characteristics (continued)
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LM111/LM211/LM311

7.0 LM311 Typical Performance Characteristics (continued)

Leakage Currents
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8.0 Application Hints

8.1 CIRCUIT TECHNIQUES FOR AVOIDING
OSCILLATIONS IN COMPARATOR APPLICATIONS

When a high-speed comparator such as the LM111 is used
with fast input signals and low source impedances, the out-
put response will normally be fast and stable, assuming that
the power supplies have been bypassed (with 0.1 pF disc
capacitors), and that the output signal is routed well away
from the inputs (pins 2 and 3) and also away from pins 5 and
6.

However, when the input signal is a voltage ramp or a slow
sine wave, or if the signal source impedance is high (1 k{2 to
100 k€2), the comparator may burst into oscillation near the
crossing-point. This is due to the high gain and wide band-
width of comparators like the LM111. To avoid oscillation or
instability in such a usage, several precautions are recom-
mended, as shown in Figure 1 below.

1. The trim pins (pins 5 and 6) act as unwanted auxiliary
inputs. If these pins are not connected to a trim-pot, they
should be shorted together. If they are connected to a
trim-pot, a 0.01 pF capacitor C1 between pins 5 and 6
will minimize the susceptibility to AC coupling. A smaller
capacitor is used if pin 5 is used for positive feedback as
in Figure 1.

2. Certain sources will produce a cleaner comparator out-
put waveform if a 100 pF to 1000 pF capacitor C2 is
connected directly across the input pins.

3. When the signal source is applied through a resistive
network, R, it is usually advantageous to choose an Rg'
of substantially the same value, both for DC and for
dynamic (AC) considerations. Carbon, tin-oxide, and
metal-film resistors have all been used successfully in
comparator input circuitry. Inductive wirewound resistors
are not suitable.

4. When comparator circuits use input resistors (eg. sum-
ming resistors), their value and placement are particu-
larly important. In all cases the body of the resistor
should be close to the device or socket. In other words
there should be very little lead length or printed-circuit
foil run between comparator and resistor to radiate or
pick up signals. The same applies to capacitors, pots,
etc. For example, if Rg=10 k€, as little as 5 inches of

lead between the resistors and the input pins can result
in oscillations that are very hard to damp. Twisting these
input leads tightly is the only (second best) alternative to
placing resistors close to the comparator.

Since feedback to almost any pin of a comparator can
result in oscillation, the printed-circuit layout should be
engineered thoughtfully, Preferably there should be a
groundplane under the LM111 circuitry, for example, one
side of a double-layer circuit card. Ground foil (or, posi-
tive supply or negative supply foil) should extend be-
tween the output and the inputs, to act as a guard. The
foil connections for the inputs should be as small and
compact as possible, and should be essentially sur-
rounded by ground foil on all sides, to guard against
capacitive coupling from any high-level signals (such as
the output). If pins 5 and 6 are not used, they should be
shorted together. If they are connected to a trim-pot, the
trim-pot should be located, at most, a few inches away
from the LM111, and the 0.01 pF capacitor should be
installed. f this capacitor cannot be used, a shielding
printed-circuit foil may be advisable between pins 6 and
7. The power supply bypass capacitors should be lo-
cated within a couple inches of the LM111. (Some other
comparators require the power-supply bypass to be lo-
cated immediately adjacent to the comparator.)

It is a standard procedure to use hysteresis (positive
feedback) around a comparator, to prevent oscillation,
and to avoid excessive noise on the output because the
comparator is a good amplifier for its own noise. In the
circuit of Figure 2, the feedback from the output fo the
positive input will cause about 3 mV of hysteresis. How-
ever, if Rg is larger than 100£2, such as 50 k<2, it would
not be reasonable to simply increase the value of the
positive feedback resistor above 510 k(1. The circuit of
Figure 3 could be used, but it is rather awkward. See the
notes in paragraph 7 below.

www.national.com
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8.0 Application Hints (continued)

7.

Whan both inputs of the LM111 are connected to active
signals, or if a high-impedance signal is driving the
positive input of the EM111 so that positive feedback
would be disruptive, the circuit of Figure 1 is ideal. The
positive feedback is to pin 5 (one of the offset adjust-
ment pins). It is sufficient to cause 1 to 2 mV hysteresis
and sharp transitions with input triangle waves from a
few Hz to hundreds of kHz. The positive-feedback signal
across the 82 resistor swings 240 mV below the posi-

Pin connactions shown are far LM1114H in the HOB harmaetic package

8.

tive supply. This signal is centered around the nominal
voltage at pin 5, so this feedback does not add to the
Vg of the comparator. As much as 8 mV of Vg can be
trimmed out, using the 5 k& pot and 3 kQ resistor as
shown.

These application notes apply specitically to the LM111,
LM211, LM311, and LF111 families of comparators, and
are applicable to all high-speed comparators in general,
{with the exception that not all comparators have trim
pins).

15V

BO50439

FIGURE 1. Improved Positive Feedback

O 0UTPUT

Pin connactions shown are for LM111H in the H08 hermetic package

00670430

FIGURE 2. Conventional Positive Feedback
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LM111/LM211/LM311

8.0 Application Hints {Continued)

lr-() 15V

O 0UTPUT

BO6T0431

FIGURE 3. Positive Feedback with High Source Resistance

9.0 Typical Applications pin numbers

refer to HO8 package)

Zero Crossing Detector Driving MOS Switch
—v*

00570413

100 kHz Free Running Multivibrator

o0570414
*TTL or DTL fanout of two

www. national.com
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9.0 Typical Applications (pin numbers refer to H08 package) (Continued)

10 Hz to 10 kHz Voltage Controlled Oscillator

C1
1000 pFt
Il
cz W OR7
10M
L
150 pF —
) I +15vy~
- 7 8 TRIANGULAR
LM101A 4 WAVE
1 - pu OUTRUT
RE 1N751
RS 5.1M o4
22K
\!\ 1N751
- SQUARE
WAVE
QUTPUT
Q0570415
*Adjust for symmatrical square wave time when Vyy = 5 mV
tMinimum eapacitance 20 pF Maximum trequency 50 kHz
Driving Ground-Referred toad Using Clamp Diodes to Improve Response
FROM 2
LADDER
-] NETWORK L ITJ{JLTPUT
INPUTS® 3
3
R1
ANALOCG INPUT

00570417

00570416
“Input potarlty is raversed whan using pin 1 as output.

TTL Interface with High Level Logic
v* 5y

RS
1K

TO TIL LOGIC

00570418
"Values shown are for a O ko 30V logic swing and a 15V threshold.
+tMay be added to control speed and reduce susceplibifity to noise spikes.

13 www.national.com
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LM111/LM211/LM311

9.0 Typical Applications {Pin numbers refer to HOB package) (Continued)

Crystal Oscillator

0b7a18

Comparator and Socienoid Driver

QUTPUT
1A

2N3740

Q05704206

Precision Squarer

vt BV

oUTPOT

T
INPUT

*Sollg tantalum
tadjust to set clamp level

00570421
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9.0 Typical Applications {Pin numbers refer to HO8 package) (Continued)

Low Voltage Adjustable Reference Supply

Rl V=50V Ra

a2
IN2222

i

00570422
*Solid tantalum

Positive Peak Detector

+15v

auTeut

-15¥ ) —

00570423
*Solid tantalum

Negative Peak Detector
+15V

*Solid tantalum

Zero Crossing Detector Driving MOS Logic

00570425

570424

www.national.com
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LM111/LM211/1LM311

9.0 Typical Applications (Pin numbers refer to HOB package) (Continued)

Precision Photodiode Comparator

+5V

R3
1.0k

TTL
QUTPUT

COST0MZE
*R2 sets the comparisen fevel. At comparison, the photodiode has less than 5 mV across it, decreasing leakagas by an order of magnitudie.

Switching Power Amplifier

r =3 v
3 ] RB
- 620
5 al
M1 ZNITE3
1 A7
2] 300
4
A2 -
00K —
A
@— 0uTRUT
L kS +
1004 v
1 L]
+
8,
M1
R 1
10K 2
INFUT M : a2
N335
. < < #s A6
_V- 0L Sar ip 300 620
-~

0DET0427
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9.0 Typical Applications {Pin numbers refer to HO8 package) (Continued)

Switching Power Ampilifier

v{

]

o a2
2N3163 2N3763

R12
620

Rt
620

ouTPUT

L)
15k

00570428

17
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LM111/LM211/LM311

10.0 Schematic Diagram (Note 20)

BALANCE/STHGBE  BALANCE
6 §
A2 £ [
e > 300 b
Al RZ (114 RS
1.3 1.3k 58
AG
1]
RE S RY
“‘H 1S 1
9 p—l mz
O—Kma
0 A1 S
+ ik S
1
INPUTS v
04
2
a2
023
A19 ns
250 200

Nots 20: Pin connections shown on schematic diagram are for H08 package.

—v

QUTPUT
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11.0 Connection Diagrams

Metal Can Package

STROBE

00670406
Note: Pin 4 connected to case

Top View
Order Number LM111H, LM111H/883(Note 21) , LM211H or LM311H

See NS Package Number HO8C

Dual-In-Line Package Dual-in-Line Package
U LI U pumss 14 NC
GROUND § o p—v*

GND % e 1] NC

INPUT 2 ey e T QUTPYT NPT 3 S T

INFUT 3 sy e § BALANGE/ INPUT & =, 1 V*

STROBE - N

V7 4 e e § BALANLCE rl= A N\
LALANCE 7 =i e m.:::y
570434
7 e 00570435
Order Number LM1114-8, LM111J-8/883(Note 21), Top View
LM311MgLIA31IMX o EMILLA Order Number LM111J/883(Note 21)
See NS Packege Number JOSBA, MOSA or NOSE See NS Package Number J14A or N14A
1 14
] ===
INPUT+ I:! _B:I OUTPUT

WeuT-CTTT LM111W w—— |,

4 7
NG I::_;' s:I BALANCE STROBE
y-C——] 1 BALANCE
00570433

Order Number LM111W/883(Note 21), LM111WG/883
See NS Package Number W10A, WG10A

Note 21: Atso available per JM38510/40304

19
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&National Semiconductor .

LM741 Operational Amplifier
General Description

The LM741 series are genseral purpose operational amplifi-
ara which feature Improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1438 and 748 in most applications. except that the LM741C/LM741E
The amplifiers ofter many features which maks their appli-
cation nearly foolproof: overload protection on the input and  staad of —55°C to +125°C.

Nevember 1994

output, no latch-up when the common mode range is ex-
ceedad, as well as freadom from oscillations.

The LM741C/EMT41E are identical 1o the LM741/LM7Y41A

have their performance

guaranteed over a 0°C to +70°C temperature range, in-

Schematic Diagram

- - - - vt
08 ] Q2 i3
. —||/0u
3 ?
HOM=PIVERTING [RVERTING L
al a2 < RS
WRUY INPUT 2 ok e
R7? Q15 I——1
. 45K
[sh] 30 pF R3 &R
/{ F\ Q4 75K :: 25
AA
I‘/ 6
|_ED7 Q15 p=OUTPUT
}\A < R10
50
[ Q17
a6 010
QS\I l/ an Q22 IrQEO
1
OFFSET NUI OFFSET
X HULL
M SR SM R4 € rzt S A
K ¥ sk 31K 5K Shy 3 :,,',
& -
TL/H/B341-1
Offset Nulling Circult
b QUTPUT
Vg TL/H/E341-7

€11005 National Ssmiconductor Corporation

TLIHAAG4

RRD-B30M115/Prinlad in . §. A,

Jsydwy jeuonetado Ly ZNT



Absolute Maximum Ratings

It Military/Aerospace specified devices are required, please contact the
Distributors for avallabllity and specifications.

National Semiconductor Sales Offlce/

(Note 5)
LM741A LM741E LM741 LM731C
Supply Voltage 22y Ta2v +22v +18V
Power Dissipation (Note 1} 500 mwW 500 mW 500 mwW 500 mw
Ditfarantial Input Voitage 130V +aov + 3oV +30V
Input Voltage (Note 2) 116V 15V +15v 15V
Output Short Cireuit Duration Continuous Continuous Continuous Conlinuous
Operating Température Range —85°Cto +125°C 0°Cto +70°C —55°Cto +125°C O*Cto +70°C
Storaga Tempergture Range —65"Cto +150°C —-65°Cto +160°C —85°Cto +160°C —65°Cto +150°C
Junction Temperature 150°C 100°C 150°C 100*C
Soldering Information
N-Package (10 saconds) 260°C 260°C 260°C 260°C
J- or H-Package (10 seconds} 300°C 300°C 300°C 300°C
M-Package
Vapor Phase (60 ssconds) 215°C 215°C 215°C 215°C
Infrared {15 seconds) 215°C 215°C 2158°C 215°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliahility” for other methods of soldering
surface mount devices.
£SD Tolerance (Note 6) 400V 400V 400V 400V
Electrical Characteristics (ot 3)
Parameter Condltlons LM741A/LM741E LM741 LM741C Units
Min | Typ | Mex | Min | Typ | Max | Min | Typ | Max
Input Offset Vollage Tp = 25°C
Rg < 10k 1.0 5.0 20 6.0 mV
Rg < 5011 08| 30 my
TamiN = Ta < Tamax
Rs < 500 4.0 mv
Rg = 10 k2 8.0 7.5 my
Average Input Otfset .
Voltage Drift R pVIC
Input Cffset Voltage Ta = 25°C, Vg = 120V +10 115 £15 Y
Adjusimant Ranga
input Offset Current Ta = 25°C 3.0 | 30 20 | 200 20 | 200 nA
TamiN = Ta < Tapax 70 B5 | 500 00 nA
Average Input Offast a
Current Drift 0.5 nA/C
Input Blas Current Ta = 25°C 30 80 80 | 500 80 | 500 nA
Tamin < Ta < Tamax 0.210 1.5 0.8 pA
Input Resistance Tp = 26°C, Vg = +20v | 10 | 6.0 03 | 20 03 | 20 M
Tamin = Ta < Tamax.
Ve = 220V 0.5 M
Input Voltage Range Ta = 25°C 12 | £13 v
Tamine = Ta < Tamax 12 £13 v
Large Signal Voltage Gain | T4 = 25°C, R = 2kt
Vg = t20V,Vp = 15V | 50 Vimy
Vg = £15V, Vg = 210V 50 | 200 20 | 200 V/mvy
TAMIN = Ta < TamAx
R = 2k,
Vg = £20V, Vo= 16V | 32 Vimv
Vg = 18V, V= 10V 25 15 v/mv
Vg = £5V,Vg = 12V 10 vimy




Electrical Characteristlcs (vots 3) (Continuad)

Parameter Conditions LM741A/LM741E LM741 LM741C Units
Min |{ Typ [ Max | Min | Typ | Max | Min | Typ | Max
Output Voltage Swing Vg = 120V
Ry = 10k2 118 v
R 2 2k 116 \
Vg = 156V
Ay = 10 kil 12| £14 +12 | 14 A
AL = 2k +10 | £13 +10 | 13 v
Cutput Short Circuit Ta = 25°C 10 25 a5 25 25 mA
Currant Tamin = Ta < Tamax 10 40 mA
Common-Mode Tamin = Ta < Tamax
Rejaction Ratio RAg < 10 k{1, Vg = 12V 70 o0 70 a0 dB
Rg < 5001, Vo = +12V BO 95 d8
Supply Valtage Rejection | Tapin < Ta < TaMAX.
Ratlo Vg = +20VioVg = 15V
Rg < 500 88 96 dB
Rg < 10kN 77 96 77 86 dB
Transient Response Ta = 25°C, Unity Gain
Rise Time 025| 0.8 0.3 0.3 ns
Overshoot 80 [ 20 5 5 %
Bandwidth (Note 4) Ta = 25°C 0437 [ 1.5 MHz
Slaw Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 V/us
Supply Current Ta = 25°C 1.7 | 28 1.7 | 28 | mA
Power Consumption Ta = 25°C
Vg = t20V BO | 150 mw
Vg = 115V 50 85 50 85 mwW
LM741A Vg = 120V
Ta = Tamin 165 mw
Ta = Tapax 135 mw
LM741E Vg = 120V
Ta = Tamin 150 mW
Ta = Tamax 150 mw
LM741 Vg = 15V
Ta = Tamin 60 | 100 mw
Ta = Tamax 45 75 mwW
Note 1: For oparation al 8l d tamp these devices must be deraled based on tharmal resistance, and Tj max. (lisied under “Absolia Maximum
Ratings"). Ty = Ty + (B2 Pob
Tharmal Resistanca Cordip (J} DIP (N) HO8 (H) S0-8 (M)
8ja (Junction to Ambiant) 100°Crw 100°C/w 170"C/W 195°C/W
#c (Junction 1o Case) N/A N/A 28'CAW N/A

Note 2: For supply voliages jess than + 15V, the absolule maximum input voltage is sgual 1o the supply voliage.

Note 3: Unless otherwise specified, these specilications apply for Vg =

specifications are limited 16 0°C < Ty, < +70°C.

Nots 4 Calculated value fom: BW (MH2) = 0.395/Rise Time(us).
Note 5: For military spacifications ses RETS741X for LM741 and RETS741AX for LM741A.
Nots 6: Human body maodel, 1.5 kil in series with 100 pF.

+15Y, —55'C < Tp < +125°C (LM741/LM741A). For tha LM741C/LM741E, these




Connection Diagrams

Metal Can Package

TL/H/2341-2

Order Number LM741H, LM741H/883",
LM741AH/883 or LM741CH
Sea NS Package Number HO6C

Duakin-Line or S.0. Package

./
OFFSET NULL={ 1 Bj=NC
INVERTING INPUT = 2 7=v
NON=MYERTING =] 3 6 =OUuTPUT
NFYT
Y {4 & |—OFFSET NULL

TL/H/9341-3
Order Numbar LM741J, LM7414/883,
LM741CM, LM7$1CN or LM741EN
Ses NS Package Number JOBA, MOSA or NOBE

*LM741H Is avaliable per JM38510/1010%

Ceramic Dual-In-Line Package

Ny
Ne =1 14 =NC
NG —f 2 13— NC
+OFFSET NULL —{ 3 12f=He
-N—f4 11f=v+
+N =45 10 = out
v-—48 9|~ - OFFSET NULL
Ne —{7 sl-nC
TL/H/QMI-6
Order Number LM741J-14/883*, LM741AJ-14/883**
See NS Package Number J14A
*also availabla per JMIBE10/10101
**al3p available per JMIBS10/10102
Ceramic Flatpak
1 1]
NC 1:;‘ L ':I NC
+OFFSET HULL (=T m— v

-INPUT !ﬁ.r LMraw Ve
+[NPUT ::5 "'a:I OUTRUT
V- I———] -OFFSET NULL
TL/H/BI41 -6

Order Numbsr LM741W/863
Soa NS Package Number W10A




OP07C, OPO7D
PRECISION OPERATIONAL AMPLIFIERS

SLOS089D — OCTOBER 1983 -~ REVISED FEBRUARY 2002

® Low Noise OPO7C ... D OR P PACKAGE
...0,P, CKAGE
® No External Components Required oPaTD g-:,,?,ﬁiﬁ PACKAG
® Replace Chopper Amplifiers at a Lower W)
Cost OFFSET N1[] 1 8 a OFFSET N2
& Wide Input-Voltage Range IN-[} 2 7l Vee+
...0to+14 V Typ IN+[} 3 s out
® Wide Supply-Voltage Range Vee-[I 4 SHNC
... X3 Vte18V

® Essentially Equivalent to Fairchild uA714 NG -No intemal connection

Operational Amplifiers

® Direct Raplacaments for PMI OP07C and
OPOTD

description

These devices offer low offset and fong-term stability by means of a low-noise, chopperless,
bipolar-input-transistor amplifier circuit. For most applications, external components are not required for offset
nulling and frequency compensation. The true differential input, with a wide input-voltage range and outstanding
common-mode rejection, provides maximum flexibility and performance in high-noise environments and in
noninverting applications. Low bias currents and extremely high input impedances are maintained over the
entire temperature range. The OPO07 is unsurpassed for low-noise, high-accuracy amplification of very-low-level
signals.

These devices are characterized for operation from 0°C to 70°C.

AVAILABLE OPTIONS
Nk PACKAGE
A AT 25°c | SMALL OUTLINE | PLASTIC DIP
(D, PS) {P)
OPO7CD OPO7CP
0°C to 70°C 150 pv
b R OPO7DP

The D package is available taped and resied. Add the suffix R to the dsvice type
(e.g., OPO7CDR). The PS package is available only taped and resled.

symbol

OFFSET N1
N+

IN-
OFFSET N2

Please be aware that an important notice concerning availabllity, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet,

PRODUCTION DATA Information is current as of publication dets, Copyright © 2002, Texas Instruments Incorporated

Products cohtorm to spechications per the tarma of Texas Instrumsnts

t'.:nl‘-:rgf mm?cmn procassing doss not necassarlly Include ¢ TEXAS
INSTRUMENTS

PFOST OFFICE BOX 6585303 ® DALLAS, TEXAS 75265 1
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schematic

-~ Vees

OFFSET N1

=
e

OFFSET N2

it —s 6

our

[

¥
F

]
4 ?_.r
IN+ +— 4 F_< ) _ hd i 1

9 J
32
2

4
o

COMPONENT COUNT

Resistors 28
Transistors 39 I
Capacitors 4

4 Veo-

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage: Vs (SBE8 NOE 1) ... oo i i i e 2V
Moy (setNotortirrrs TN /. . A000\ /P PrvrrerqgCY. .20 00...... =22V

Differential input valtage (see NOt@ 2) .. ... . i 130V
input voltage, V| (eitherinput, see Note 3) ... ..o i e +22 vV
Duration of output short circuit {see Note 4) ... ... .. i e i Unlimited
Package thermal impedance, B (see Note 5): Dpackage .. ... .. ... i iiiiiiinniiinnains 97°Cw
Plpackagalogd . .. wlleyw .. ..~ 44 .. ... 85°C/wW

PSpackage ............... ... ... . ... ... ..., 95°C/W

Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ... . ... ... .ccovriiiiinnnns 260°C
Storage temperature range, Jotig - NV G (ST S BN A -65°C to 150°C

1 Stresses beyond those listed under “absalute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indlcated under “recommended operating conditlons” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect davice reliability.

NOTES: 1. All veltage values, unless otherwise noted, are with respect to tha midpoint between Voo and Voo-.

Differential voltages are at IN+ with respect to IN-.

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.

The output may be shorted to ground or either power supply,

The package thermal impedarnice is calculated in accordance with JESD 51-7.

;b

recommended operating conditions

MIN  MAX | UNIT
Voot Supply voltage 3 +18 v
Vic Common-moda Input voltage |vece=t15v -3 13| v
TA Operating free-air temperature o 70 °C

{" Texas
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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electrical characteristics at specified free-air temperature, Vo4 = 215 V (unless otherwise notec

PARAMETER TEST GONDITIONST T orare
A MIN _TYP  MAX
v Input offset volt Vo=@ Rg=580Q 25°C 50 1%
nput ¢ age =, =
10 P 9 © S 0°C 0 70°C 85 250
Oyio Temparature coefficient of input offset voltage Vo=0, Rg=500Q 0°Cto 70°C 0.5 1.8
Long-term drift of input offset voltage See Note 6 0.4
Offset adjustment range Rg =20 k0, See Figure 1 25°C 14
25°C 0.8 6
ho Input offset current
0°C to 70°C 1.6 8
LT Temperature coefficient of input offset current 0°Cto 70°C 12 50
) 25°C +1.8 27
g Input bias current
0°C to 70°C 12.2 19
Oy Temperature coefficient of input bias currant 0°C to 70°C 18 50
V Common-mode input voltge range 257G 13 114
ICR i °Clo70°C | +13 135
Rz 10kQ +12  +13
R z22kQ 25°C 1.5 t12.8
Voum Peak output voltage
Rz 1k 12
[RLz2 ko 0°Cto 70°C | <13 +126
Voo =13V, Vo =105V, e,
R( & 500 kO 25°C 100 400
Ayvn Large-signal differential voltage amplification 25°C 120 400
Vo =+10V, RL =2 k2
0°C to 70°C 100 400
B4 Unlty-gain bandwidth 25°C 04 0.6
n Input resistance 25°C 8 33
) i 25°C 100 120
CMRR  Common-mods rejection ratio Vic =313V, Rg=50Q
0°C to 70°C a7 120
4 Vece=+3Vio 18V, 25°C 7 32
k Supply-voltage sensitivity (AV|o/AV
SVS pply g ty (AVIQ/AVCE) Rg =50 (2 0°C 10 70°C 10 51
Vo =0, No load 80 180
P Power dissipati = = 25°C
D er dissipalion Ve =13V, Vo =0, 4 a
No load

T All characteristics ara measured under open-loop canditions with zero common-moda input voltage, unless otharwise noted.
NCTE 6. Since long-term drift cannot be measured on the individual devices prior to shipment, this spacification Is not intended to be a warran
averaged trend line of drift versus time over extended periods after the first thirty days of cperation.




OP07C, OP07D
PRECISION OPERATIONAL AMPLIFIERS

SLOS06OD — OCTOBER 1083 - REVISED FEBRUARY 2002

operating characteristics, Voo+ =15V, T = 25°C

TEST

OPO7C

OPO7D

PARAMETER CONDITIONST P = UNIT

f=10Hz 10.5 10.5

Vi Equivalent input noise voltage f=100Hz 10.2 10.3 | nvnHz
f=1kHz 9.8 9.8

VN(PP) Peak-to-peak equivalent input noise voltage f=01Hzto 10 Hz 0.38 0.38 pv
f=10Hz 0.35 0.35

In Equivalent input noise current f=100Hz 0.15 0.15 pANE
f=1kHz 0.13 013

IN(PP)  Peak-to-peak equivalent input noise current f=0.1Hzto 10 Hz 15 15 pA

SR Slew rate RL 2 2k 0.3 03} Vips

T All characteristics are measured under open-loop conditions with zero common-mode input voltage, unless otherwise noted.

L ™™ e W WY Y . .~ |
APPLICATION INFORMATION

OFFSET N1

Vece-
Figure 1. Input Offset-Voltage Null Circuit

Q‘ TEXAS
INSTRUMENTS
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MICROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

+ PIC16FB73 » PIC16F876
+ PIC16FB74 + PIC16F877

Microcontroller Core Features:

.

-

High performance RISC CPU
Only 35 single word instructions to leam

Alt 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 the PIC16C73B/74B/76/77
interrupt capability (up to 14 sources)

Eight level deep hardware stack

Direct, indirect and relative addressing modes
Power-on Reset (POR)

Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

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

Programmabie code protection

Power saving SLEEP mode

Selectable oscillator options

Low powsr, high speed CMOS FLASH/EEPROM
technology

Fully static design

In-Circult Serial Programming™ {ICSP} via two
pins

Single 5V In-Circuit Serial Programming capability
In-Circult Debugging via two pins

Processor read/write access to program memory
Wide operating voltage range: 2.0V to 5.5V

High Sink/Source Current: 25 mA

Commercial, Industrial and Extended temperature
ranges

Low-power consumption:

- < 0.6 mA typical @ 3V, 4 MHz

- 20 pA typical @ 3V, 32 kHz

- <1 pA typical standby current

Pin Diagram
PDIP
MCLRvep — [ ¢ U 40 [] w+—» RB7/FGD
RAQAND ~—[] 2 138 ] «——» RBBIPGC
RA1/AN1 +—=[] 3 38 [] <~—e RBS
RAZ/ANZ/VREF- w—u-[] 4 37 [0 = RBM
RAJIANIVREF+ a— [T § 36 [] =—» RBIPGM
RA4TOCK! w—[] 6 35 [] w—» RB2
RAS/ANA/SS +—-[] 7 < ¥ ] -—s RB1
REC/RD/ANS ~—[] 8 M~  33[3 s RBOINT
RE1ANFUANG +—=[] g D pe—voo
RE2/CS/ANT w—[] 10 ,.": M [J - vas
Voo — [ 11 {0 30 =— ROTPSF7
Vss — o [ 12 ©  20[]-=—s RDSIPSPE
OSCHCLKIN — [ 13 B 28 [] =—» RDS/PSPS
OSCACLKOUT w—[T] 14 - 27 [] +—» RD4IPSP4
RCOTIOSOTICK! w— [ 15 A 26 [[] +—» RC7TRX/DT
RCHT10SI/CCP2 e[ 16 25 [] w—e RCATXCK
RC2/CCP1 wa—=[] 47 24 [] = RCSSDO
RCHSCK/SCL =—[] 18 23 [] =— RC4/SDI/SDA
RDOPSFD ——a= ] 19 23 [] e RDIPSPI
RD¥PSP1 «+—=[1 20 21 [J =— RD2/PS5P2

Peripheral Features:

+ TimerQ; 8-bit timer/counter with 8-bit prescaler

+ Timer1: 16-bit timer/counter with prescaler,
can be incremented during SLEEP via external
crystal/clock

+ Timer2; 8-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. resolution is 200 ns
- PWM max. resolution is 10-bit

* 10-bit multi-channel Analog-to-Digital converter

» Synchronous Serial Port (SSP) with SPI™ (Master
mode) and 2C™ (Master/Stave)

* Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

+ Parallei Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controts (40/44-pin only)

+ Brown-out detection circuitry for
Brown-out Reset (BOR)

© 2001 Microchip Technology inc.

DS30292C-page 1



PIC16F87X

p—

@ Diagrams

PDIP, SOIC
MCLRNPe =~ []* 1 ~ 28] ] == RB7/PGD
Rap/AND=— L] 2 27{] = REE&HPGC
RAVUANT —= [ 3 - 26[] =— RBS5
RAZIANZIVHEF-=—= ] 4 f 25[ ] == RB4
RAVAN3NVREF+ =[] 5 © 24[] = RBIIPGM
Ra4rTocKi=—=L] & = 23] =~ RB2
RAS/AN4/SS =[] 7 Fri 22[[] = RB1
vss—>[] 8 © 21[] == RBO/INT
oscicLKIN—[] 9 O 20[] =— voo
osczreLrkouT=— [ 10 o 19[] =— vss
RCOTIOSOMICKI =— L] 11 18[] == RC7TRX/DT
RCAMIOSICCP2+— [ 12 17[] = RCE/TX/ICK
RC2/CCP1=—=[[13 18[] =— RCE/SDO
RCI/SCH/SCL=—=[]14 15[] =+ RC4/SDISDA
ha
£ .t
hald =] oQ
Z2EZEL (G0
£ g a
PLCC  3958d.58ex,
=EZrorroez
OWwITmnN 3 g (:rl
RAATOCK] w— ] 7 390 -— RBIPGM
RASIAN4/SS e [ 3 38 = RE2
REO/RD/ANS w—s [ g 370] == RB1
RE1AYR/ANE w—s [ 1o 4600 +—= RBOANT
REZ‘CS‘Q}:E 011  PIC16F877 350 =— VoD
— 112 34[] +— Vss
VSS _—w[ 13 PIC16F874 ;5. . rozpser
OSCUCLKIN _ 4 [T 44 32(] == RDE/PSFE
OSC2/CLKOUT &[] 15 31[] == RDS/PSPS
RCO/T10S80/TICKT w—-[] 1g 30[0 =— RD4/PSP4
NC e/l Aon @29 =—= RC7/RXDT
LR JIRENT
IO IO ]
X ERRRRNL RS
< D 8 NrdfrNpLoxY
vy g cal 3 ALOEADO ARG Z
CRaEEERRES 552002822
£ ZQuerdand
%9%%&“‘%%’= DopgagoPsg s
EBIBNE88800 QEsEEEES ™Y
QFF cGceczZrEEEez £ 0 Q
O
P “
NG00 00000
AHHHHHHHHH
297988588
RCTIRWDT =111 NC
RO4/PSP4 ~—CIE] 2 32/ =—= RCOMI0SOMICKI
RDS/IPSP5 =1 3 M — OSC2/CLKOUT
ROG/PSPE = X0 4 [T - OSC1/CLKIN
RD7/PSPT =11 Plc16F877 29[0T =— V53
Vgg ~ I PIC16F874 2801 =— \/pD | ©
Voo —=CI0 7 27HIT «— REZ/AN7CS
RBO/INT =—+=CIT] 8 26T =—= RE1ANB/WR
RB1 <=—+[CIT|9 2513 =+—= REQ/ANG/RD
RB2 =—~[TT] 10 24 =— RAS/AN4/SS
RBIPGM s [T 11 2 == RA4TOCK!
Teergaggy
AEEHHBEHEAH
U Godouadd
URILOARYT ik
225%88§§§§g
o~ [
o m
[ a:,g X z §
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PIC16F87X

Key Features

PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual (DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) {(PWRT, OST) (PWRT, OST) (PWRT, OST)
FLASHE_E?::;“ rd"s"fm"ry 4K 4K 8K 8K
Data Memory {bytes) 192 192 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
I/O Ports Ports AB,C Ports AB,C,.D E Forts A,B,C Ports AB,C,.D.E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 P 2
Serial Communications MSSP, USART | MSSP, USART | MSSP, USART | MSSP, USART
Parallel Communications — PSP — PSP

10-bit Analog-to-Digital Module

5 input channels

8 input channels

5 input channels

8 input channels

Instruction Set

35 instructions

35 instructions

35 instructions

35 instructions

@ 2001 Microchip Technology Inc.
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PIC16F87X
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1.0 DEVICE OVERVIEW

This document contains device specific information.
Additional information may be found in the PICmicro™
Mid-Range Reference Manual (DS33023), which may
be obtained from your iocal Microchip Sales Represen-
tative or downioaded from the Microchip website. The
Refersnce Manual should be considered a complemen-
tary document to this data sheet, and is highly recom-
mended reading for a better understanding of the davice
architecture and operation of the peripheral madules.

There are four devices (PIC16F873, PIC16F874,
PIC16F876 and PIC16F877) covered by this data
sheet. The PIC16FB76/873 devices come in 28-pin
packages and the PIC16FBY7/874 devices come in
40-pin packages. The Parallel Slave Port is not
implemented on the 28-pin devices.

The following device block diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
Pragram Data
Device FLASH Data Memory EEPROM
PIC16F873 4K 192 Bytes 128 Bytes
PIC16F8T6 8K 368 Bytas 256 Bytes
13 Data Bus 8 PORTA
‘-_ 7 RAO/ANO
FLASH RA1/AN1
Program RAZ2/AN2/VREF-
Mamory 5 RAM ] 4[5 RAIANIVREFF
Level Stack File
St ¢ N RA4/TOCKI
=iy L e RAS/AN4/SS
Program 4, PORTB
B RAM Adarlt 97 9
¥ RBOAINT
i RE1
of
Instruction reg Lo
“ Direct Addr 7 RB3/PGM
7 RB4
RB5
RB6/PGC
RB7/PGD
8 L
7 PORTC
RCOMIOSOIT1CK]
Power-up RCAMIOSICCP2
& Timer RCZICCP1
i Oscillator RCI/SCK/SCL
instruction’ k] | start-up Timer M7 RCA4/SDUSDA
Caontrol Power-on RC5/SDO
Rasat RCE/TXICK
RC7RY/DT
Timin, Watchdog
&‘Q‘:D Ganeragon = Timer
QSCHCLKIN Brown-out
OSC2/CLKOUT Reset
In-Circuit
Dabugger
Low Voltage
Programming
MCLR VDD, Vss
Timer) Timerq Tirner2 10-bit A/D
Synchronous
Data EEPROM cCP1.2 Sarial Port USARTY
Note 1: Higher order bits are from the STATUS register.

-

© 2001 Microchip Technology Inc.
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PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
Program Data
Device FLASH Data Memory EEPROM
PIC16FB74 4K 192 Bytes 128 Bytes
PIC16F877 8K 368 Bytes 256 Byles
13 Data Bus 8 PORTA
FLASH Program Counter RADAND
RA1/AN1
l:{eo%r:rr; RAM i RAZ/ANZ/VREF-
8 Level Stack Fila 4 [4—e mf.?ggll(\:nsﬁ
(13-bit) Registers RAS/AN4/SS
Prggu?m 14 PORTB
RBOANT
Instruction rag gg;
Direct Addr 7 RBYPGM
7 RB4
RBS
RB&/PGC
RB7/PGD
8
7 PORTC
RCOTTOSOMICKI
- RC1/TtOSKCCP2
'{; PQF\:(nelgrup RC2/CCP1
Instructi Cscillator RE3/SCKISCL
nstruction
Decods & [ | Start-up Timer gggigggsm
Control Power-on RCE/TX/ICK
Reset RCT/RX/DT
Timin Watchdog
k=1 ceneration [+ Timer PORTD
OSC1/CLKIN Brown-aut RDO/PSPO
OSC2/CLKOUT Reset RD1/PSP1
In-Cirguit RD2/PSP2
— e
Low-Voliage ROG/PSPS
Programming Parallg| Slave Port C‘ ROBPSPE
RD7/FSPT
E PORTE
MCLR VDD, Vss B3 REGIANS/AD
B RE1/ANBAVR
B4 RE2iAN?ICS
Timer0 Timer1 Timer2 10-bit AT
Synchronous
Data EEPROM CCP1,2 Sarial Port USART
Nota 1: Highar order bits are from the STATUS register.

e Tv———— e
M
DS30292C-page 6 © 2001 Microchip Technology Inc.



PIC16F87X

TABLE 1-1: PIC16F873 AND PIC16F876 PINOUT DESCRIPTION
DIP s0IC 11oiP Buffer .
Pln Name Pin# Pin# Type Type Description
OSC1/CLKIN 9 9 [ ST/CMOS®) | Oscillator crystal input/external clock source input.
OSC2/ICLKOUT 10 10 o) — Oscillator crystal output. Connects to crystal or resonator in
crystal osciilator mode. In RC made, the O8C2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate,
MCLRANPP 1 1 /P ST Master Clear (Reset) input or programiming voltage input. This
pin is an active low RESET to the davice.
PORTA is a bi-directional /0 port.
RAD/ANO 2 2 1O TTL RAQ can also be analog input0.
RA1/AN1 3 3 Ho TTL RA1 can also be analog inputi.
RAZ/AN2/\/REF- 4 4 1o TTL RAZ2 can also be analog input2 or negative analog
reference voltage.
RAZ/ANINVREF+ & 5 [l TTL RA3 can also be analog input3 or positive analog
referance voltage.
RA4TOCKI! -] 8 o &7 RA4 can also be the clock input to the Timerd
module. OQutput is open drain type.
RAS/SS/ANS 7 7 1o TTL RAS can also be analeg inputd or the slave select
for the synchronous serial port.
PORTE is a bi-directional KO port. PORTE can be software
proegrammed for internal weak puli-up on ali inputs.
RBO/INT 21 21 e} TTL/IST RBO can also be the external interrupt pin.
RB1 22 22 o TTL
RB2 23 23 110 TTL
RB3/PGM 24 24 o TTL RB3 can also be the low voltage programming input.
RBe4 25 25 1o TTL Interrupt-on-change pin.
RBS 26 26 110 TTL Interrupt-on-change pin.
RBE/PGC 27 27 Ts] TTLISTE Interrupt-on-change pin or In-Circuit Debugger pin. Serial
programming clock.
RB7/PGD 28 28 Vo TTLSTR Interrupt-on-change pin or In-Circult Debugger pin. Serial
programming data.
PORTC is a bi-directional 1/O port.
RCO/T1QSO/TICKI 11 11 f{o] ST RCD can also be the Timer1 oscillator output or Timer1
clock input,
RCUT10SI/ICCP2 12 12 Vo ST RC1 can also be the Timer1 oscillator input or Capture2
i input/Compare2 output/PWMZ2 output.
RC2/CCP1 13 13 o ST RC2 can also be the Capture1 input/Compare1 output/
PWM1 output.
RC3/SCK/SCL 14 14 110 8T RC3 can also be the synchronous serial clock input/output
for bath SPI and 1°C modes.
RCA4/SDI/SDA 15 15 O §T RC4 can also be the SPI Data In (SPI mode) or
data /O (2C mode).
RC5/SDO 16 16 T} ST RCS5 can also ba the SPI Data Out (SPI mode).
RCB/TX/CK 17 17 1O ST RCS can also be the USART Asynchronous Transmit or
Synchronous Clock.
RC7/RX/DT 18 18 f[e] ST RC7 can also be the USART Asynchronous Receive or
Synchronous Data.
Vss 8,19 8,19 P — Ground reference for logic and I/Q pins.
VoD 20 20 P — Positive supply for logic and /O pins,
Legend: I=input O = output /O = input/output P = power
— = Not used TTL =TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmilt Trigger input when configured as the exiernal interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode,
3: This buffer is a Schmitt Trigger input when configurad in RC oscillator mode and a CMOS input otherwise.

pr—————— = e e
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PIC16F87X
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TABLE 1-2: PIC16F374 AND PIC16F877 PINOUT DESCRIPTION
DiP | PLCC | QFP | fOP Buffer
Pin Name Pin# Pin# Pin# | Type Type Description
OSCUCLKIN 12 14 30 | sTICMOSY! | Oscillator crystal inputiexternal clock source input.
QB8C2/ICLKOUT 14 15 31 o — Osgillator crystal output. Connects to crystal or resonator
in crystal escillator made. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.
MCLRNPP 1 2 18 I/P 8T Master Clear (Reset) input or programming voitage input.
This pin is an active low RESET to the device.
PORTA is a bi-directionat I/O port.
RAQ/AND 2 19 1+O TTL RAD can also be analog input0.
RAT/AN1 3 20 1o TTL RA1 can also be analog input1.
RA2/AN2/VREF- 4 5 21 o] TTL RAZ can also be analog input2 or nagative
analog reference voltage.
RAI/ANINREF+ 5 6 22 1o TTL RA3 can also be analog input3 or positive
anafog reference voltage.
RA4TOCKI 6 7 23 1o 8T RA4 can also be the clock input to the Timer0 timer/
counter. Qutput is open drain type.
RA5/SSIAN4 7 8 24 WO TTL RAS can also be analog input4 or the slave select for
the synchronous searial port.
PORTB is a bi-directional I/O port. PORTB can be soft-
ware programmed for internal weak puli-up on ali inputs.
RBO/INT 33 36 8 10 TTLST RBO can also be the external interrupt pin.
RB1 34 37 9 o] TTL
RB2 35 38 10 [{e] TTL
RB3I/PGM 36 39 11 /O TTL RB3 can also be the low voltage programming input.
RB4 37 41 14 o TTL Interrupt-on-change pin.
RB5 38 42 15 11O TTL Interrupt-on-change pin,
RB&/PGC 39 43 16 1o TTLST® Interrupt-on-change pin or In-Circuit Debugger pin.
Serial programming clock.
RB7/PGD 40 44 17 Wo TTUSTR interrupt-on-change pin or in-Circuit Debugger pin.
Serial programming data.
Legend: |=input 0 = output I/Q = inputfoutput P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an 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 as general purpose 1/O and a TTL input when used in the Parallel

Slave Port mode {for interfacing to a microprocessar bus).

4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and 8 CMOS input otherwise.

DS30292C-page 8
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PIC16F87X

TABLE1-2:  PIC16F874 AND PIC16F877 PINOUT DESCRIPTION {(CONTINUED)

DIP | PLCC | QFP | VO/IP Buffer
Pin Name Pin# Pin# Ping | Type Type Descripticn
PORTC is a bi-directional I/0O port.
RCOMIOSOTICKI | 15 16 32 fle] 8T RCO can also be the Timert oscillator output or a
Timer1 clock input.
RCYT108I/CCP2 16 18 35 l{e] ST RC1 can also be the Timer1 oscillator input or
Capture2 input/Compare2 output/PWM2 output.
RC2/CCP1 17 19 36 1o ST RC2 can also be the Capture? input/Compare1
outpul/PWM1 output.
RC3/SCK/SCL 18 20 a7 11O 8T RC3 can also be the synchronous serial clock input/
output for both SP| and 1°C modes.
RC4/SDI/SDA 23 25 42 110 sT RC4 can also be the SPI Data in (SPI mode) or
data O (1°C made).
RC5/SDO 24 26 43 110 ST RCS can also be the SPI Data Out (SPI mode).
RCB/TX/CK 25 27 44 10 ST RCE can also be the USART Asynchronous Transmit
or Synchronous Clock.
RCT/RX/DT 26 29 1 o ST RC7 can also be the USART Asynchronous Receive
or Synchronous Data.
PORTD is a bi-directional I/O port or parallel slave port
when interfacing to a microprocessor bus.
RDO/PSPO 19 21 38 e} STITTLE
RD1/PSP1 20 22 39 Fis) STATLA
RD2/PSP2 21 23 40 10 STATL®
RD3I/PSP3 22 24 41 1o STATLS
RD4/PSP4 27 30 2 1o STTTLR
RDS/PSP5 28 3t 3 o] ST/TTLE
RDB/PSPE 29 32 4 o STATLR
RD7/PSPT 30 33 5 [fe} STTTLE
PORTE is a bi-directional /O pant.
REO/RD/ANS 8 9 25 10 STTTLR REO can also be read control for the parallel slave
port, or analeg inputs.
RE1AWR/ANG 9 10 26 o | STTL® RE1 can also be write control for the paralle| slave
port, or analog inputé.
RE2/CS/ANT 10 1 a7 1o STATLE) RE2 can also be selact control for the parallel slave
pert, or analog input?.
Vss 1231 13,34 | 6,29 P — Ground reference for fogic and I/O pins.
VoD 11,32 | 12,35 7.28 P — Pasitive supply for logic and /O pins.
NC — {1,17.28, [ 12,13, — These pins are not intemally connected. These pins
40 33,34 should be 1eft unconnected.
Legend: | =input O = oulput O = inputfoutput P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an 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 as general purpose I/Q and a TTL input when used in the Parallel
Slave Port mode (for interfacing o @ microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.
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