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Automatic Curtain

Mr.Sarun Mukayawongsc ID: 47010744
Assoc. Prof. Pichai Koosirivanichakorn Advisor

Educational Year 2007

Abstract

This thesis describes a design and construction of an Automatic Curtain system. The circuits
used in this system consist-of three main parts which are light detectors; processing circuits and a
driving DC motor /circuit. “Fhe- system -detects “the / sunlight-by photo ‘diodes through
Tran-conductance circuits. Signals-are processed by processing circuits which are A/D converter
and microcontroller (MCS-51). Then, microcontroller controls a driving IDC motor circuit
to adjust the curtain. In the case of dim light, the curtain can be slide up to the top and it can be
closed automatically at night. In addition, Automatic Curtain-can be controlled by user through
manual mode when -the automatic mode does not function. Finally, ‘a few curtains can be

controtled by enesystem.,
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Pin

input/output/impedance (Z)

¥ A o
HUM /NI

P0.0 -P0.7

input/output/impedance (Z)

- Port 0 1Tl Open drain bidirectional I/O Port 8
bit

4 o o
- i 13T output 1aI0TY (sink) RIZUA
Y84 input LU LS TTL 14 8 é1
- M5 U Port 0 bit HYnAIAT “1” (high) 91l

& g . & v o .
vrdwilu Float e uisalseuily High
impedance input e
- nthidiu Address Bus\@1u¥84 Low byte

s ar AAs 9
(PCL) @8UNY Data Bus JuAsENNNIS THau
b 4
External Memory lumsti logic 1 %xgﬂﬁ‘?N 91N
strong internal pull-up
9 1t ¥ q'd 1 R

- Port 0 whmﬂmnagiu internal | program
memory | @8ANUNBNITATIIT8Y (Program

; . B ) v
verification) LA SABIAD External pull-up A8

PLO-PL17

input/output

= WEW! _ ~
- Port 1 111 bidirectional /O Port 8 bit nelul
internal puli-up
S ailelFidlly odput  vv@wsaTu/A0
{sink/source) NITUAVD input 1411 .S TTL 16 4
é1

a or . ~ v 1 4 es o Y &’
- 2Ty Port 1'bit NGNAIAT “17 3zl niy
= . ; 4 ¥
1if-high 910-internal pull-up Feausa léau
ofs . 9/ g . ar
1 input ‘18 iazitiegniloudoe logic “0” iiuez

¥ 9 & [t
Wnszuaeenutld Fenszuae lnanion

internal pull-up

P2.0-P2.7

input/output

- Port 2 17)1 bidirectional O Port 8 bit n1elull
internal pull-up
- ieldidv output  ITAIWITNTU/AY

(sink/source) NSELAYD4 input 4UL LS TTI, 14 4




o

Al

o o r X
- Hmdiiy Address Bus luaiuve High
byte (PCH) TunsdiNniin1s 19911 External
Memory 119115819 Address 4V 16 bit Tums

i logic 1 ﬁ]tqﬂﬁ?ﬂ 0 strong internal pull-up

P3.0-P3.7 input/output -Port 3 1ihu bidirectional IO Port 8 bit nwlull
internal pull-up
- uenvINGud) VIA199) V94 Port 3 viin1s e
gnuihs special feature Y89 MCS-51 §ega’lg
input P3.0 - RXD {Serial input port)
output P3.1 : TXD (Serial-output port)
input P3.2 { INTO (External interrupt 0)
input P33 : INTL (External interrupt 1)
input P3.4 : TO (Timer 0 cxternal input)
input P3.5.: T1 (Timer | external input)
output P3.6 : WR (External data memory ‘write strobe)
output P3.7 . RD (External data memory read strobe)
RST input Reset i Anmratlonbivy Mcsiaihuns
FAIMLASAE LR 199 11397 Reser Togdai
nn@é@ﬁdm"lﬂ‘lﬁﬁ’ﬂﬂa 95 lun 15 Reset daiyat
RST noiliagaginiay 2 Machine/Cycles T492
Manis-Reset 18
ALE output Address Latch Enable, (T Wmumu'lm vz Tl e
494 PCL QAU Lateh Wusznirafinives
PCL-OMIRP0 T ALE flafieemn
fA09ALIAN ('hh'w:ﬁmﬂ‘l’f External memory
w38 la) ifhunmid 116 vesdaa Clock %4
annsm I fug e duseeinisuen
18 ustona'l5Ad IunsdhiilumisAade External
data memory é’f’ﬂgmﬂm ALE ﬂ:ﬂ’fﬂflﬂﬂﬁd@ﬂ
PSEN output Program Store Enable daysyies PSEN Cﬁdrlﬂu

Ayarunldluniy rech A199910 External




3 ' o A [
program memory UU ilz"lumﬂummﬂums

Fetch #199910 internal program  menory

1 4
as I=]

a 4 o s Pt

ﬁiyﬂ‘ﬂm PSEN UIZINARUVUTBIAIIADH LU
. . P A g a oW
Machine Cycle ﬂnnuclu mmmﬂummﬂmaﬂu

External data memory 5@@1&1 PSEN vzt

input

External Access lagatsAendagia EAflu
‘High® A3 Feich fA47 Address ¥i0n1 OFFFh
(4 kbyte) @iy 80csl) zld21n internal
program memory uazduilu Address éduﬁi
1000k 2241115814910 External  program
memory SIRBVTEA A ‘Low’ N7 Fetch
RIH AN amia12n58 M 1R External  program

memory

XTALI

input

f f s ‘ &
Input ' to. inverfing.oscitlator amplifier nazly

dms umsilon Cxtemat clock

XTAL2

output

Output to inverting oscillator amplifier




A ' o o 4
2.1.4 MatvannegUnseify MCS-51ifssdu
v A o EUER P 9F ~ A ' &
Aavud lulasaouInsavieamdsunsad 185 mua'll 15 Mesdinsiendenilnsal

F1AUNBY 19U Clock 1a% Reset tiudy

CPU Timing
1 o o 1 & < s
Tu MCS-51 sxfiduuesrsesiniia clock gn1aluuda Fsewsolfithudyya
»
il cpu 18 Tuniz 14 uues On-Chip Osciliator WU AIREIAB crystal M58 cerami

resonator 711 XTAL1 iU XTAL2 uazAnfiuilizy

Qscillator Connections

c2

A

XTALZ

C
XTAL1

£
h =R}

GND

31N 22 nsi¥eudaniaan iy MCS 51

= as < a £ e
A fweems 19dgann Clock DIanigusn Aegvdiid lnleenisas dya e

o

28

ag18 s

4

External Clock 1910%1 XTAT1

=2

External Clock Dyive Conliguration

NG — = “xTaLe
EXTERNAL
OSCILLATGR ————  XTAL1

SIGHAL

GND

i

317 2.3 misi¥eusiadayanas clock 11 MCS-51



Reset
deyarud miuns Reset MCS-51 9zaoidhfiv1 RST Taeilaaes Schmitt trigger 8
o 3 . . ¥ o o 9 .

MoTunT Reset 32911A8n 1519 logic high 191%1 RST 1$hina19619%08 2 machine cycle

v ¥
TuvaizAdyg I Clock 89A9M1IUBE 91MIU CPU 3291715 Reset n1s¥iamivessaiealy
1 q = J 1 g r L'
$3UIA19D Cycle 1 2 UAZAT Reset ¥21AATUNNT Cycle Av MhiToum sunidyana RST ae
Ay Low

Qr A 1 d' 9 Q a : 4 ‘;

nagd ML Intenal RAM 992 Tifinmuasundas 1fienin1g Reset detiudiasy
J ¥V a v ¥ o LR ’ v A o A
fe I ldAUszuY Avedeyaszifiuagu udszonifuillan1svi Reset 1lesensn Power

é e 1 A o9 (=Y
down mode #alunidifiadoyan1an T internal RAM sefanuAy

Power-on reset
P & 3/ ° ot A e Y ar A 9 -4
11n1IN1T Reset AI0AB M WPATIMITU Y IRA IS N5 Reset U 3za 15091 14
2019010 TAsnsna299ifazl
o o ) /, 1@ o 1
Taol48afiur)srauing LE 0 Rise Time 189 Vi 1AL 1 AR (a8 112903
A o 1o £y Ay A L L=y o ;
clock (Faviaulifiu10 Hed3uii a15%emUBS Power-on reset 8110 ld At
i 2 t Y y =3 Yo @ o
WasuiwIWlriuszoy nszuadlnadiilugs RST Asziiunisissalddudaufu
@ oA :g o o U v a o T w
Us2y uI R UNARTUNN RST s Thiman 195 sn NV, AuissaunanaseNaununlszy uay
" P & o d
slifaandTed wien A uilZInn charge
' o a 9 ' 1 Y . o y
AISIAUTY RST 92A8 11AMINATT Lower threshold Y89 Schmitt trigger 1Hua1

i s o \ ., L
wune ez Wi Reset @38l (Oscillator start-up time + 2 machine eycles)

R~

MCS-51
RST

Vvss

3171 2.4 n1s1¥feuAp Power-on Resel



i0

22 aalsunsuldiuszay
a ¢ Y W - o & q Wu o o
mshszunlulasaouinsames wiaw ldwdedinisougadda i naniy
fdavaneg Mdanaeid nsduSonh e Tdsunie Taonmue manndfieduiluniun
J 1 ﬂ' o L -] hsd
wugwngane I luInsneuInsamesvien luilgiuldtinmshnsedvganldluam
o J A =1 v b ar o =
lulnsneuInsaiaafuindu ifesninamisaidou1dwadrofun1uuyud niadouy
Ed T ]
Tisunasudreniyssdugaiuzdesliaulaniui (Compiler) iWauanisndouliiihy
i Ao o o H o SR
myunTeavasFldniudniivii Tasezeglugues hex file trdni I Tsunsn g
AMNsZAUGIN IR Y MCS-51 fimateniut 19y w7 BASIC 111 C aen LM Fhudu
= oy Hq ¥ a o as =] Y a1
adiunei lsdsuszuulFians UNIX uaniflumymticnusmaRisunyy
Tassadre emnsaldudilygmlvsunsunlinnmdudeulan Tassadsvemmioulalsunsuy
' : 3 A a9 Y o
wagniwlunieamng { P Adlbaai9ss Matimasulanwmalunis@ouTdsunsu vy
s s Pt as v . 1q 3/
TulnsnouInsaaasiied 8051 egir1ainanenmiass (Compilen Ald lunsudaniun
Wity lulaseoulnsainaiaguansin
a A S g We o o
1 PLM ihen i e sdwmaiiiu gy ntismiaa fiua 8080 jdtuunuie
b'd o et ¢ v v o & < Y * 3
adwiumenhasta el lassad Wit d usnsewimidssiilasignams ldaunmn
o 9o o< @ 3 19 Voo
iy Mcss1 szdsuTlsunsuIiiinunnsiaaiami nlaududou 1914 1dduls
= o s 1 ¥ a o
writion nazReidumaend Inathle ma 1$nnd uazner peM Ao i TsaeuInsanes
e 9/ -~ o 9 ' 9 =] ) o A g
sy nsdenldsunsiniAnenns len i wemeuud uatesnnyaaan iy
@ ¥ W e @ o G I A Ay pd
AsEADEINT [ dedidunlanmmlddlunisunie s i saneuadeen 1an
= a9 1 ) 5/ Ady ¥
21992 A NNFUFIULN AR NINTIAEUA I IBUS T TNTRD 1A
o i A A ~ o
Tusdnnyr BASICHlunsandouly lumssuamuiewldsunsuunpeniamas
A o & Vv u @ i o Ao 4
pC iianndidaasamenunuine Tuilegiudiss awiidroulyIasneuInsamasd
v ow o yar a * v A oa ' ol
MCS-51 15Uy ua 1y 1a3 e nuioui iningaRannmgran 19 el
=1
Usznsuin fe msiidan syl interpreted Tnonattilaninniut Basic 1n
A o A A o a 9 a ¥ 3 91 a =
WunnnSacgiuiialinisms Sulasinmediiseriien 84w uilvgiueedins
utan 1 BASIC 4111 compiled tduaf Tdamnse I5auiy Mcs-51 18
5 [y s 1 o o
Yszmanaas lunmwouTilsunsudnalyndiszgniddoutludanil suuu Floating-
- 9 g ¥g v o o ¥ ¥
point ¥z it ldmizsanuinnn waznatunsfuldsunsug 1udae
PYegriumsiannaulas Insamefaiins 1 wszdugelunndouTusunsy
& = Y A Aa g A -
Ny sazinur Iduunduiseeg nuidsudieniyeasuuan Tusunsulanuss
Uszuin 10 Mihnszaty ileifoudionimsedugandleaiiianusianieiios 2

@ ) = a P - = o o
TUINTTATHIVTUU Tﬂﬂﬂ'ﬁ1"Uﬂuiﬂiuﬂ3“ﬂ$liﬂi}"}ﬂlﬂE!'LlUulﬂiﬂ\iﬂ@uwmﬂﬂ5 PC ua:uﬂaiw
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o ! & o
ihuniyunseddugduuy hex file vintiuih TdsunsuasuululasneouInsames sz vy
o [y “a Yo gAM oA - =1
i Tagnwissaugention]siu ffa neid idesnniidadaien natvdszms nisiliou
'Y ad A ' ay v d P A o
TdsunsudronmuEianniadaudesunivueaanud Wlusdied dissnn 1w dnis
o Yva  ow o - o q ¥ = v a a
Hnlndifssduniuemsuudinaiga M1 lvnsveuTdsunsudsnuFansaitou
=1 9 :s' r=1 e 1 . 3 =1 v
A meanyasn 1y 14 NiSuaiudi In-line Assembly taziitasnamy@iuninmidng
1 o 9 a o ot -3
wouTalsunnsunuuTaTeadn (structured tanguage) s misnaefedduaieq i3
° os 3 o a 1 o ] o J
uazaiwSonldlunendadld mhinswann Tusunsyngs Mi1d6e uazidaau
a’ Y o o a o 1 o Y agy o v 9
TuilestiulasidmeuTnnafnudisa numateda urazdesiiveAdaidouana ey
b d
Tunms@euTdsunsiniu dnainnensdeunlamiun e asuudneutaldsunsy
TovlulasaeuInsaaeila nislénen lmassudazareei I Idswan e auaruud

HANANNU

Taona lihinkaun TulasasuInsames My sudemu e manuReyinn s ou
o o ¢ o
Tilunsy uazutlaliiueeithsnd Iva rwana .0BY) w3e1En WS (uaudna \HEX) vimiu
L
vl Tsunsuasuusil lulasaeulnsman  uanisi@ou lsunsudasniasiiduaauy
P19 WINTUAST
o @ ' 9 o
1. dwstgadidsuulidsansu editor TWtuwanaihl c
2. Avans Insieaiaes (preprocessor) dms ud muansaey Ind 1ulsingy Fsee
o A o g ¢
fmviua 13T source code nSammuaasunan Inan 1a
' - <
3. eound 1) supsu e 1R Ideaiiund fliuiuanaitu oBI sonua
H [ @ o ~ L & a a a1 1 9 o2 a
4. 1¥euARAAS 1AUASH (ink) FI9ZRINITINYAR1A9A197 NETIBADINY LAz
Tusnnsutwadweaiend Ilanauysoioeni

&
5. wlaalMihy @ hexadecimal file ave 18 TWldu ena HEX sanu
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o & X " -
2.3 Midanug i tazmadsemadnnl svesn 1
dmivdamednuinsdouTdsunsumu@vuneuiune SAduudreznuh

{ a 1 3 a Fd P=1 Q y
Tdsunsuusndrs marmannuuziin @ ou (Hud sl

#include<stdio.h>
main()
{
printf(*Hello Program C\n™);

o fuTdsunsunouniiaesaziaaaf191 Hello Propmam. C 29ANINIBN N 910
t LY o =) o = Qe 1w 3
Tdsunsueznunussisusn etlumaBonfaidunladanedy ls leasg iesmn nimiu
g a 3 o " q‘: o ar
Aen1d printt Mdgedu sidio h i dmiunmideuTdsunsudylulnsnaulnsamesnig
o 1 =’ ° o o ] o T o A o o
Mtuenee witlumsnssyimieia Ivemed tazvilsrare g delinadwianmsieu

& 3/ @ ¥ 5/ 1 e o a (] Boo o ] 1
‘Uﬂﬂﬂiuﬂ‘iu%mﬂ’l‘ﬂﬂﬁﬂ'ljﬂ'ﬁt]'lﬂ‘!lil'lgﬁizﬁfﬂﬁ'ilmﬂﬂiﬂﬂﬂuﬁﬂﬂ’!'mmﬂ%?f] Lﬂumu‘lmy

SmnswesmsiveuTsunsa i Ly Insasu Insataasasnisaia 0 09 255 senly

o a o Ay 9or ay
NNHDIR Pl 151 veu Talsuns i n s 1dasi

#include<req52.h>
main()
{
unsigned char'i;
for (i =0; 1.<=255; 1++)

Pl =1

TupssNALINIZAA AU U TNALINAA WAL INALTAYBINITIT U 115 unT NULY
inTewneniuma’ Tavszvanlinen lndiindls uazsimnaiaer vae Mcs-s1 Taesly

A reqs52.h sz ussg¥eisiaimed uazmizoanwing ves sos2 13
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a A o A o o o ar N o o + ]
yssnahaeziuyeaitumsieundn (main) Inefidsnisiiiaiua e aguu
; o ' o o . <) a *
nseamnglanita uazilanita aexazithumsdszammannds i Whilududsuuy char 1
Py 4 & a2 e’: [ Gt o o & o
ArinTeerueasIziudoya laRue o f 255 saviane Tathilsz Tonddougildei

. ¥
Wldsunsuiauseieslaotiin 0 61 255 deen linaneis P1 afeazal

2.4 Inssadaveannd
aenmudduniyfenteuldsunsudhouyTasead e e TaoTusunsuezu e
¥
a2 ' [l a ar 1 ar é‘ 1
msiauseg senitiungun vieRansu TaefsddumaniuawsaSenduanldhnild u

v
madiou Tlsunsusranaszy BhluTilsunsiniufifaddula gt uamn Tlsunsuizdes

]
o o

T ¥
TR TurdAnn¥o 11 main() 1erue Rsadetelaseadsveslsunsuse 11

#include<reg52.h> [*Preprocessor®/
void funcl {void), {*Pro-10 type™/

int func? (int x):

void main() PR IATURAR
{

int a: AsznimRanalst

PL=0x0FF;

funcl(); rrronlanansus/

o o c:n T 1

a =func? (4); PWINFUNRNNIT AT/
}

. o o as 4' Lr=1 - 1
void funcl(void) FRanFuN ludinsaua
{
¥
int func2 (int x) /*ﬂaﬁ‘iuﬁﬁmiﬁufh*/
{

Return(x*2);
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¥ v
nnTdsunsueznuhanysemaIng o lntlizven M ldsuns i iNed Sude funct

} )
19 uazRessuil sz diuTusunsudammszil void v uaglifed$uds func2

. & o J Y ] as =1 i\ 3 o o
(int x) FezSuauin Trduls x uazduaeanuutuswiueu

w ¥ d;
Auls vazanan

Y] Y ' B ¥ A A 1 A A A

M5 ludanls uazairaia 199 waesiin1sdsgnmded s yuundensubiol

o ar o o d!y = [} o ¥ o a o ar

nsaan IWd Tdsunsudnen Twaes smas sununlumisvanuiwsuor dmsudud

l :s' t : ar B Y o dy
u1ls nazansimaniulunsilsznmedwdsannsomlasstl

Uszinmypeveyn Foauils;

v 3y 4 P
msdsznimzasusudotietlszinnyesioyd azaTuaoyedans Tavss sz me

b
ar

nrv o 9 1 4'( or 3 : (Y 1 9/ 3 vo” (% d'{ o
assaznaafnld daudsuassanalsdiuezdiiu 1ila nazdsa lus 1 ugove ef 1wy

o s Q,J’ a o or o v ¥
(Keywords) vasaan lmaasaniug dmiulszinnvestayalumslsemedunniludsil

A 9 a
AT N 2.2 ﬂ'i' ANy @Q%@yﬁﬂﬂﬂﬁ’luﬂi

Uszinnyssdoyo W19 (1) AT
int ] 0fia1
char 3 128 B4 127
unsigned char 8 0 04 255
int 16 -32768 D14 +32767
unsigned int 16 09149 65535
long 32 “2147483648 §9.+2 147483647
unsigned long 32 014 +4294967295
float 32 -1.17549¢ -38 §14 +3 402823¢ 438




2.5 A3 WHEM TS

@ o I= o A ¥ o @ o t At v =4 roet LY

dadutumsiudnidnsziiduaants anehang Wramiuaudsdulases

° o g A o Y- = 9/ du‘u’ ar

ATENINeAtiamaas nionszRinasInn ia lumneuldsunsudron iy a9
o o ] o 1 ] o o F=y i o W @ s o
fuunts szueemiluassnguings s Aadutiumsiinseiiudignnszimndend
(Single operand operators) uazﬁaﬁuﬁuﬂﬁﬁﬂszﬁﬁuﬁagﬂnszﬁmaaﬁa (two operands
operators)

@ o m

2.5.1 fdniiumsinseifudagnnszidaite)

v o o

suitumstsunanilznsziifudignniziufissd ufen dssnaudedaduiiuns
¥

A9 Adll

LY g
aaianyal AITHKHUIE

- a1l (negate)

ar 4 o 9 H .
~ ﬂaumaa?ﬂmawmau‘a (bit wise complement)

i ARUAMI9aA N (ogical complement)

YR ATNAY
4+ WAV UUIA T (increment)

T é | |
X aARIAINLaR] (decrement)

o B

) o o
) ATANUUTINNWDTLUABDT

& Anmusvl sgaudwseaInils

2,52 A uiumshnss N sagnns s e i
: 4

o o [=Y 0 @ © as 9 LY ° ar
wutiumssgmntsshseiuagnnIziaeds 0ImnTaIgansziimaion 47

o = o (=4 91(.5 9 o o z:l o v s
aunsomimndeusiduiulyelon 1a Geizneplidreaadnuunisn i vuan 2
o A ] £ o o ¥ =3 a =3 v o =y A o
gntiunIsnaao ua sz I Na AN ST UAMINa030.(339,1910) F41TTuUN 1 NIsAsiasans

a

o o = [V dy
IANUUNTITNINGDIN ﬂﬁﬁﬁ]\’lﬂu
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i s [.% dar o [~ 5 o @ ar o Qs
ﬂ'l'i'N:Y:I 24 ﬂmﬂﬁﬂ}lﬁlﬂ’)ﬂ'Il‘uuﬂﬁ‘?lﬂiﬁ‘ﬂ'lﬂHﬂ’JQﬂﬂiz‘ﬂ]ﬁﬂx‘lﬂ’J

ar  ar d
aanyal

ATINHHI

Amuan1iudsz Toa (assignment)

+

vIn

ay

fu

¥13 {division)

MITUUB UIN (modulo)

ATIBUA (logical AND)

o
115897 (logical OR)

o = 1 o
NS LA UULARD U (bit wise AND)

4 ~ v A
N5 5L LUsHD He (bit-wise OR)

=3 o o 1 oo
N1ONAINe oI Y Insietin (it wise exclusive OR)

@autie T

Hanuta ldneun

VaaaLTImAuUNMS 8 1

nans I luIn U e T

NAADLIININNTHG © W

Lo 4 * = ]
NATDUITUR EJﬂ’JTH‘iﬂul?J

VAR LI NNANTIHI BN UWS S 13

L 1 =1 1 cv_ = )
‘maammasmmsammuma"ln

& v
1nLaL 1Ny

v 1w
avuaz lvminy

Y 1
gautaz TNy

¥ ot W
msuazimny

¥ v a
HITUULUIN !Lﬁ$1'ﬂl7|'lﬂ‘l!

. o Y o e
Mmsueud naz lwminy

a 3

Winiess uaz vy

a o

=1 o 8 1 ar
mmnaﬂﬂq%ﬂaas uaz“lmmﬂ‘u

<<=

Hi = 7 W v oar
dautia limaedne uaz lvidu

>>=

H‘i =) 3 v oo
@auta lilmaun uaz sy
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2.6 Yszlaanrumiluannd

3
s o & 0t g

L4 .
msdeee Tlsunsuiuszdisdadazdidaussedaudu 1y uazsaunsn s

24

o =y '] o ‘b : 4 1 o
Tsunsudaaululunisdsninlf wia e laaunitgg amidau lvidmuald Tay

'
ar

' ¥ v ¥
T snugulunydiuszlidss ToasrdemuaulumsiBonih uazvienudng Asil

Wselan IFELSE

+ 1 4
szToadmdsiloz ldmauguiiemiamsieuvesldsunsulagszgnuiassnuuily

o

G'I = o dv . . . . . ~ L3 o'l e J
e lun T weayNuRA jz, jnz, jb, jnb, jc ag jnc Taedigtuuyilss Tond1densil

if (expression)

statement;

expression

statement

o et

v

717 2.5 flow chart 55z Ton if

dy N o o = | L ) . o
Uiz Toati W lumanamendiseiiaaauug ne 1k us 'l 9181w expression tHu
a 1 . o ° o o b o (- o M re
a3evsedia lilusubsehdmauudne naa g wihinenielian Tugudss T uazmas
i e o & T g ¥ GuY Y am

piuanezantiuen tulse Toasdedse Toader viathimpanudadsun 16 @adiilhm
A\

Y o o - ° - A [ o - ’ 1 A

dmadlunisiruideniuuuiias udan tagdssnmIitnumess s laseanile

4 o
a3 14lsz Ton it-else Faily iy asil

if {expression)
statement!;
else
statement?2;

82446




i3

expression

statement1

statement? .

D
\J

3% 2.6 flow chart 3115z Toadiou ifelse

Usedon for

(-] C'l d’ dt!lﬂa o : l:' 1 =1 ar q',"
ﬂiﬁ]ﬂﬂﬂ'lﬂ\‘illi]:,‘nhﬂuﬂiﬂl“ﬂlﬁﬂu'JHiBU\J@Qﬂ”IiVI'W']TIL!uu@u Tﬂﬂll:i‘ﬂllljnﬂﬂu

for (initialization ; condition :-increment)

statement;

n{ e _ i [=] r B a ¥ Qs al ™ n P~
Taoh Initiatization | 1Hug amuas udulyAnauysvaanisiigy condition 15y

& dq o Jos? (40 o ) o s L | o MR gve
wou lvildmamauidini el dezitlunisnsziinain increment Idtin 13 iaA 167

A .:‘ " n’: o ! 4 9 @ = ° :’
a5 lumsdeuaazass S statement 3T MARRUIvRIE RSN 0 K1

l

initialization

5, true
= condition? 1

increment

A

statement

—

711 2.7 flow chart 31li/sz Ten for
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15zlan while
9 : C‘f 4.1 3 9 uy k4 A =1 o o sa
msiduuuiiszasasasuidau luasunisyviEhd udeu lufluaf seihamaudan

o 4 v A o <3 a au o A 1
Amua gaznaaeuiou lyimi dulsuluihufizasnnnnmsddhind Teeligduuy

L dy
Agil
while (expression)
statement;
expression
statement1
1
31/% 2.8 flow chart 3152 Tua while
v [ Y IALST
M rdaalsuue 15 s
Tumaideu Tasunsuf agmed@iimnde ants 14 us awtlsvatod a1 o
sznwdanulssanunnaesa 1 wuxt) «2,x3, 2, o dadadantlinadaidifudeya

dszinnAniEawnsndsenmbudsnlsine 13158 (aray) 16 msdsgmadandsuuu

¥
asisdamusainlade thivuae

9 4 & o
ﬂimﬂﬂ%@%‘iﬁ)‘ﬂ"ﬂ %BBWT!?ET[“UHW]?J'ISLiﬂ]

o ¢  da o 19 9 ar o« g
amsorfisddeamsadmuandeyadr i) ludualser s dldame

" . 4 ;
Uszinnvesdaya Foarf1sd [ ] = (Yayah 1, doyah

] k3

9/ o
... YBYAN n}

¥

d A

lussvululasaeuInsatass talin1sUsenirdaudse15156 seuvUIz 9D

b4

wiawaeh dmimAvdnlsersisdiu danlslszinndannsni lhlszond 1 ums

Weouldsunsuusudanisgla




2.7 uexq (Light)
v . a ' a wa oA A
na9lizne uAweYNIA (particle) 13un11 “Iraeu” Tauautamiouniuves
(Y ﬂ’f, " g ' A < a,
WA99TU (wave of energy) W@ wee Ty uaduiiu'la Ae uas TWasuiAaInnIs
9 YA a g - 1 s a 9 " Y (] [ a a
nszduIvdianasauiindesugeningdulnd udnlaessWnduney lussduindnuau

= 3 ti v ti =) ' A
Wﬂﬂﬂii“ﬂﬂ\iiﬂﬂﬂﬂﬂﬂ]ﬂﬂﬁu (wave) 320238 ¥M1988AAAY (crest) L3N “AULIIAAU”

H s L

(wave length) 5nﬁnmauﬂgﬂnsw’fuﬁszﬂuwawmqa (high energy level) vz1lanlans Inaou

au

Aa A o ' A g ad ~ ) @ ' Y
NUANNYNIAAUAUNI I‘V‘lﬂ@u‘m]ﬁaUﬁnf‘tmﬁﬂﬂiau“nQﬂﬂizﬁ!‘uﬂﬁlmd‘u"liﬁ%ﬂﬂﬂm’n
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2.11 malszananadgyanawiiaani¥adi (Linear- Analog Signal Processing)
a ' Aea o La9 1 ' ¥
mntinseetueuiluruarg Rimniuer lilszgea Wedsunsnaeluaudw
asilszuianadyyaeuImen (Analog signal processing) anpazaenudu lussuuniesile
ar 1 & 4 o o ¥ d'd" Y o
Ia szunauquaInssuIums wieluszundaarana bl iuau lunitleineessed
uonthn ¥ lunsvnedygnusinasn el ldviin tagvuavesdyniaiimmizhsni i
szunanade 1 lasldr9esasrlneuilniia nuduiussenind gy iusuyndudoy gy o
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2.11.1 2asiiffsnns sueniluus 18U (Current-to- Voltage Converters)
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ar e o by
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v s & i e T @
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A!y 9 = a Qs - 4 °
2993 I-v fug i lAuans ilsofenuantiAve wedueniliz 14 v = ouaz 1 =1,
Tius sdueiymuesnes tawmsy

V_=-1R, (2.2)

wininsidasudadun R Wdusuuaud ) w'la
Vout = -IinZ (23)
= dyl T a o g . . d"
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¥ a £ A a A o .
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¥
2.11.2 Nsvoodyemwugiulasldeoueui (Basic Amplifier Configurations
Using Op-Amps)
as o . . A A o v
WITUNwTYR oo 1ieuil (Operational Amplifier, Op-Amp) n3ai5enaus 1 “asl
a1, u‘: o g g o =y ~ & '}
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a aa o 4 oa o <q % ' ' 4
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dapnINIAEI9T AR WALV ad R TR A uadnn iz uR s i@ Uy
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t 3 @ u’l’ alyd =S 1 a a A o ~ L] o o
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2.12 manlastiyanaewasniludyaadidnea (Analog-to-Digital Converters)

Y o A o vy =) : ] =)
TuTanveasiiffunamaidndate hitnweiu gamgil afumimin lif umre &

1 o t @ o o
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nazumsinle sigmmeasnliludusa@dnsa
Taewliaves ADC annsatvsesnlaamaasaam 1T lumsudasdyanalfiiu 3
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1. L13)\Daal-Slope Integrating “ADE™ Tag1smsti oz 1eaar lunisidasdya
U3z 300 ws
v 9 an e = R o aa
2. uvulssama W T AW (Successive approximation ADC) e l4anlu
o 4 Y o 1 a o4
Asudasdayrudauvitzani 2 Tuntaersd ps_doulglunisdszuina
Ay I deirmea (digitizeaudio signal)
o 1 =
3. wuwmWay (Flash ADC) nFeuuuvuy (Parallel ADC) 1unuvitlairanisehiga
1= ~ o a ar a ot
AR wmannfgarunu dn ¥ lumsilsznanadugioia Tedsmen (digtz
video signal)
::; dy 1 = 1 b1 o w - .
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ADC wvilszainamn 038 Frivadv (Successive Approximation ADC)
AIRNIUYBY ADC uuvi’:uﬁﬂa‘lﬁ'ﬁ"agﬂ Jalszoudauaass DAC, 2esilfoudioy
Yayey 101 (comparator) Unz3SAABIULY successive approximation 138 SAR 1aufitaiy
ﬁ'iymumﬁuwﬁtﬂu:mﬁ'uamaan?iuww v,) ﬂﬁ«‘]’ﬁiymm wozfidya AT
amnsntheen 1yl ldMuu vy (parallel digital output) LAZULUBYNIY (serial digital
output) FygmIuAguMIiNIvessuulsznaudwdyyaT YA Ao
L. ﬁmmmﬁuﬂummﬂmﬂmmm (Start of conversion) Lﬂuﬁiyw1mmi’]au‘lnnu
ADC ilafaiadunszuuns dygramuaenldifudyy adinea
2. ﬁfgtuumauqnmmﬂmmgmum (End of conversion) 1¥udgygufideuiviy
ADC oupn i hnsziumsunsdaana e sfuaysaluds
3. dyansuiinnisueaClock in) Hudyanatniiennwueniideuldiy

ADC e mudguan s Idiunsauamsulasdyyn

Timing Diagram
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)
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2.12.1 ANNISHINMU (Circuit Operation)

Block Diagram

STARI aock

BWIECH TALL

i Geo A kit adostoeh |
@ I
o ENDCF CONVERSION
o i CONTAGE & IMING RTEARWPTH
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b | l |
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o i o ! w o
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toTPuT o YT OutRTE
Ly t LAICY
¥ SUFEER PO
o
g | =
|

i1

37 ADDREST { oo st -

o 1ATEH ] i ]
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ADGAESS g |

CoOER

LATEN Eha 2867 RESISTOA CADDER

{ | I
NgDEND MER-b L T T mes(-1 ouiver
EHABLE

3171 2.33 nanN N IUYBT ADC

v
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a o . o o A g
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o = o o & ar | >
aszuaunswlasdyaeituledansn SSamed SAR Fweasty DAC Taussadoyn
0 @ 1 =y n’: o :; oo o
Amduinsasinues DAC 1My DAC Minsildgasudayadiaean luiimiaes sar
o o
Thihiussdupuiasnevign v,
o w’ =y ar " as < =

wawmiu T fTeuieudyais i wiswineneiyn v, S sudoy
ar @ a a, o Sy Y P= o o
AUUTIRUBIABABUYN Y, Y9Ia3 dggiue i IR nnassalfmihoydaa aaih
as =Y o T r 0 v 1 o °
dyqavenWitamas SAR w3101 v, Tdnnnadruiedesnii v, #1830 DAC eih
1 0‘; = o [ =< ar an o ey o
aniulihSouieundrdsesalliihidyeiuaineaieminnve weisnidatneaoinm

o o a o J c’;
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1 v r
TaemanfSsuiieuiuduainiin MSB (More Significant Bit) Tuvudugafitn LsB
T T b d

(Less sign bit) iilon1siTeuieuiiun LSB dugaas SAR szdadya)1al end of conversion

A v ' Ad & Y 4 a @ v
panyuneuen I asituneumsulasdygaves AbC ldaf uSoufounda uas

o oy o 4 o 1 ar -] a
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2.12.2 mistlszanuaidedidaradn (Successive Approximation Analogy)

nniruRaamanns Ussinuimd et daeadvivuia 3 Tn isdayia star Su
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asin 0" dusunwusiavesnsutasdaaaniis v, 6.5 v Suaasnsnfomionidaadu
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tazvuETiATABAIO YINNYEa SAR M IRL 110

mmfu SAK #vhn1sdan 110 (insimine 2' < 2713711 Wi pAC Fewazil
D, UFuauihu <1 DAacHniasadsaea 110 Wil v, =6 v

1A V) £ 6,5 V-aIeaddis mNanm V. = 6 VB SAR Sidapa T uanAnimin
=2"= 1l 1y DAC taz mmmﬂaemﬂ Saea 110 Whihuv = 7v sl V. =65
v Salianfoonit v, 27 v Selili b, i uatiaathe o7 uazmwa‘lﬁ'ﬁtymmﬁ%aaa

Mum

1B mamwmmamﬁu 110 189
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2.12.3 §YAULAVBI ADC (ADC Characteristics)
2.12.3.1 AUMIIBUNT - 1BIMHN (Output — Input Fquation)

o L2

dydnuel uazgumiiRTznINdyyusuaanduyniudyg ufIneae HiNNUes
2993 ADC vun 4 iin szneudieveeudygueuiasndunn 1 Jesdya i uazyesiie
FoyauATnoa 1IN 4 Yo Fauaaiiadnuazyeeaees ADC vuIa 4 Tn tazly
WMusudvatuduiees DAC a15lagiuveass ADC amisadmuaniumeldaes

o ] s ar t:fd
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1. a3legdu ADC vuran Un Imduiuduauiingegavesdygudinea
o &4 = bkl
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Resolution =2° (2.5)

] o & W o ar = A o 3/
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o an o 1 XA (Y] u‘: 1 1 a
dymiuaweaeImuni/den Tdviiain LSB duhiniamsnds s duy
o =] » = o ¥ o any
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o a u’: o IS (=" O
eviymildnzaeimiy “1r Aommann el wawnso daama s lvg oy
¥ v e
Y9 97995 Iemny

Vif S

Resolution = (2.6)

o

e
o Qs = o g A A av
3. TIIVAUNTOUUN — 1R IMNWNUBINIT ADC mmmm"lmmmmﬁuwu'ﬁ Adu

TR0 UA SO DINN = 1pT A D389 D (2.7)
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2.12.3.2 9299219 3utlasdaygy1at (Conversion Time)

o @ ¥ o t Y ad e = P> 1 9
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o l T o “ ]
anmzlunsulasdyguves Apc sdein bt lulns Tnsimaasnsw I Taodn
NNVITYYIUAD UL NTBVT “status™ (status terminal) AAIAB Yz NNTTUIUMITULAS
o e w g = ' o d' di a A
dyanamidsduiumaeg Midyaau “staus” wilAsuaniizithuasin <0” ievenltlulas

Insieaainiuihdoyadinsaiinnugnde naznieuliidnne e doyald

2.13 loF e

Y a/

g =3 1 ~ o = a ar o
gunsalBiaAnsBlind 11U seadaianes aafuliadygyraiad dyanuusuil #3e
Qs = a o a4 A =) & A A ar o 9 b as
iy Aduiedyyauioimilignadu nieansasaeuTiadine Audess e
¥ o o < 4 aw A& de  ga
AeEInvaslizinnaieriuiaiedu aesdud ity leddwmilandeunfe
¥ o ] Y ] 1 4 ) P g
leFiues 555 lod 555 Thih ledh ¥ Iidsssnroudaeniionn uazifiosninled sss fith
a da ¥ Py o o oA A
ledannsndszynd i ladio s gn mumu nazdslinimuingafievsarsesgann
4 "
mulu'led 555 alszhe udagdsunug e ag 54 fie Aadumniiiisuiiu
el o & e =y ol
3 &2 yanesilSoudounssdu SethignaudisaeNvaiimes 2 @1 Walvael 1 @7

A o @ o o o
NIMUF MR MIFURAREATNIOUDN 2 A1 LAY NITA UMD WA

FUNCTIONAL BLOCK DIAGRAM

Vec RESET
8 CONT 4
Il
<
5 <IR1
THRES
3
R b OuT
) s
2
TRIG —————0)

> .

7 DISCH

']

GND

31 2.34 2993meluve 555

2.13.1 Yszinnveanisvia s 1o 555

a a P v A Y o A a
Hlf’)“]f 555 ‘JJﬂ']TY?'N'IH?Jg 2 ﬂﬁmﬂ‘ﬂ 18 ﬂﬁﬁtﬂﬂﬂﬁTQ YUY IUAABALIRNT TSI UTIN

¢ g
:
[

« oo & n’” 9 o = - :iq 1 Qs @ A
azﬁmmauam"hmsmai !Lﬁ:ﬂi&’&ﬂ‘l’lﬁﬂiﬁﬂgi\ﬁﬂllﬂﬂﬁ 1 gRARUNIBNLTBIN T “RIIDANGR

o P=1 S e A o o
Trnvnwes™ nie lnlumabaas usaestiuies



2132 winvesuled 555
o 555 HidamelhAenay 2 yiia Ae TO-99 uag DIP 919 1 wiiiuvinTiud w1 8
¥ ¥ »
Wunwides Taslwidesszannandlouslddaus +s fa +18 Trad e nawise
szgng lediifiuisesAtmeansuiaune a1y subeiesddgg #ldnolusooud18dae
LS b4 o 8 t ¥ o @ = =1
wruiu wesneludesmisnsaua sz 0.7 Taduenilde Toad mdsganfonielueedl

ArgagAIiies 600 dinaied

GND[] i U allv..

TRIG[] 2 7 DiscH

QUT[] 3 64] THRES
RESET[} ¢ & | CONT

5U%M2.35 yidaiuveslew 555
d
VIR MHD
o ¢ 9}: Q8 1 5 [ YR |
e mnartuTai i I8N IR 4ns iuad (sink. curcent) wagaldwnTELTROA
A‘l L P o aor ; P o Y ot =
(source current) Tagiilodaygnaa Mnadiatd 1 idesnnsesmausniee Tvadgen lad
£ . _ N . T AL
555 TavTusiziiu Suna1ninan (foating supply load) H4ia Teugnanastsy sisavitau
Tﬁuﬁmﬁﬁtﬂuﬁadmnmmmn'lﬂ:.ﬁmnwuami’hdﬁ'a‘la% wasilad ya i Mwaiien
g9 lad 555 nziwailudlinszua landasanszua W luasently «niusivan®
& c:' [] ar qv& Y oar ¢:§ - o
(grounded load) v78lvaangusniiraagnueiiuwe ¢ Jedunaszaisnily fe s
o A4 P o N\ o M APy ¥ RS e o
amtnd o el wmtlumsaded niaiaenldssniesunais vae wazns U Inaa
1 + & LK ~ o q‘ 9’: o' Qs
stwlnegwniinaue uag hiseveelinasalszgnd la i ldiens 1oud Inae uasFunai Tuas
weudulunandon
é ::nﬂ 9t q' 1 r=1 4 14 Y o ' 9
stsnsziaiaadn tasisigeanamled weiiniangile 200 laauend udinar 14y
winulszniu 40 fadueni] Tasvashidnalisigee T8A wssdud i MG led
o A o = ; ar 4 ~ ar
sz 0.5 Taad uazfiemnaindiee Wussdurlszun 0.1 Taad Waieusuns iud ny

fanszumdilseam 25 Saaueni



45

o
W51
“ A &£ o g% a “a b 2w o @ A
At 4 $amE sss awrsnomin nededmadyusideninna
) 1 4 . ¥
YmSnineyaunm (rigger input) Tuvmz i@ 1gutinisRzdadduivitesuin uazih

=] @ Y

A a a a1 W ow P ' s o e
e lanyiSiatins 10 UNI1IUA NIBUTTAVLIIAULIBENIT 0.4 178A Hav R 3 uaz 7 (V1

v
=

o« o o o I= 3K} @ 8w
LONAA UAZVIATET ) MITUAULTIAUATNUN

NAaNT
a & o A ¥ A a A o A - I 7
vy uiluun 7 nive suitiswmilsunuyevedui Nafalie dyn e Hna
a g o 4 a o o d o o o a4 Y A
Hnd vtineg e snszuavesdnnulszy @ufulssyiativegdminnedy
] A o o = 4’d ° Vot ey Vo o
M3 ) tasle dy s MyaNAge v Aesial Miaa9es uaseyyw Ivduny
zgRanmImiwnszuannuraesis Iinoueahdnnulsgyaunszius sduvesdniy
o A& A a 3
dszglinmilandmual)
VA IURUUTIAY
a o A o ¥ o 2y o as a 9 oA t:lylgl
dunvdszgmiwnihidiuilameivune 0.0 - lulasdhia dnisgmiananiuiiye
[ o] as o a o A o voA a" 9 o = g v as
Wi s dunimud Snudszaminidanyii i imhnuomia nie deiudyy i
1 (] 1 4 ¥
JUAIY naZUI sRUN IR HBNTNITINIY 8391819 (ipple voltage) adns U4 1Y Nadin 1
ar o Y P~ | 9 a A 4=;. a a’ o o
HIIRUMS T 18ad UATNADY M58 INAIALIAIAIITI88NIU UL MATR TIMFUAI IR UM
¥ v v ar ¥ é i e o = =
salead nenwadalvdladied 11 ussdu o dmdsasui mAsnaalfouuilasaniuzves
» » 3 T 1
WA venIndinaIuANls ALl SN ol 18 el Asuiassy A uussauivims a
¢ =) o Fd ] 9 o, w3 & o t 1
Taad uazninnes lapnaJe vy auwi AU INIWIA 10N 1a TouaR 85811891 5
- w9 o o ¥ A ¢ o A
HATY1 8 (TR U BRI UMIUVUIUAVAIA NI S AlTaloruaausnnagmeluaail
o o q ¥ o g (A a g a a
woud) Avzviiussdums algadnfounndy 2vs3 Tihiu 075V uagissduninined
{ o ¥ § o o 1 "
whdeu b 0.375v,, sethesidt IS i@ wnsndmuadadiuyednia laasealmild w4

¥ 0]
wueziihu 2/3 uaz 173 vea v, ) asviniuithedaneiiisasnn

vin3nnes sazmsalaan

o o oo 1 o

1o 555 fiamumaalvinu 2 anwe uazlanumsuiiieg 2 aotug Guniv 4
1 1 dy 3 1 as 3

anuz) Tavanuzaeg marliwivegivuaeswifne ymsmned (i 2) uazeunse
Taan (111 6) Fygrudunanflouldfuumsninefwgnuosudvudunsumisunesnuy

& o 9 =t N o1 A =&
10 2 Fegniua S emnsunaunsalaadnids v3e v, (Lower threshold voltage) 49

a8 v o o @ s “ A Y o I8 t a
uawiiy v, /3 dmiudygasuneiieudivy unsalead wzgnafoufvuduseumn



46

o .& ° 9 f=1 At o -1 v a 1 ~
wasmneay 1 FaimusmuSsuneunaunyalaadnigs (13191991 UN A NIIAUA TN
a o = 1 v & T v o
i lifemsffounlasseanwziening) seliswviio 2v,3

o 0 :;’ 1 Qs c.{ 9/ ql: [~ ya‘ ~ 1 -
Tunisfleusunauaazade Awsesrundlewdumiuiuly18feisuna nie

9/ v - v oar [ 43 ar o 9 A J o A b 1
UBYNIT NIBIMINUAUNTA Jgaanedaduzm IINaoo U 4 a1z Iulad lanai

EY é . ° @ o P2 [ oo o' [l a9 = n’:
wwa? Tnadieag lumsiauy A ussdusunaftdeudmiindinius wudresms

a o PP @ A s - o af v ~
VMINABT uazmia laad AnTuussdunv e mMinavesled 555 fezlvaige luvasdinig
o o A 1 [ ] ) =y : @ o o
Yamuuy D ussduduwaRtlowd wiiagendus WusBniEewsIduiv e mnavey

& o
lo% 555 Naz e
ar ~ a o g o A0 oa a
dminlunsdineviaunuy B uag ¢ dussdluaniuzyiiahlod 555 dinssadian
uzifvey Tavdloussuloudnnanasninsrvs-ladifeuda v, wieanus B uaziie

s d' b3 A J U r=1 = = o = ° 1

wssmuntlowdndmauning Vo7 Tilifeuis v, nieaanizc Maszazdinedinis oadien

anuzAue oy

2.13.3 AUy tesmalaaf LI usiaes

= o [} ~ LY o & 9 i
1o 555 aaursehi wsoithineses maitasan lausiaes deesimiiade

g v

o 1 & 1 e R, 4 o a9 o
dygemanraianT AN 2, 08391 6. .98iia 1WIn 181 V,, = V.3 el
¢ A

* n’: 5 o’ o ar e’.: yd
@ IiNANY1 3 g Tnvaeitueiiva 7 ssiiauiugnilenssssen sniudunulizyas

q

Wiz lasshu R, uny R,

Veo
(5 Vo 15 V)

001 pF L
Cpen =
R & {see Note A} , 5
6, CONT Ve <
=« Ry
C‘1 RESET
{
 GE—— (LI 3
< OUT Output
o 6
Re = | THRES
TRIG
GHND
C T 11_

1 2.36 msiireuasgilnsainuled sss



47

Ro=56ki2 | Ry =1KQ '
- Rp =3k See Figure 12
C=0.15uF
2
3
=
Y
QL
=)
o
S
P L
1] # — | OCutput Voltage
AN AALANL AN
/YT VT VN
Capacitor Voltage
MW A

Time ~ 0.5 msidiv

t:; Qf oy LT =Y o
719 237 T ua e yamiiaias luuieeinages 555

¥ © id o o 4 = K
Tugsnm Afy B T8d 555 sximiiiv e Fan ey nagilie v, daigada

= '« =t g @ 1 W v a FA
Vi =2V, /3 teamuiinuge B 1o% 555 navdnganug haudgaaz s wsedaminas v1 7

i A a 9/ At o + o d'. [

yos leFeimilinametssenegnisua annilsggesn K mumiu R, Lasiiiaus sy
A1 e QT o wa o g g Al g A & &
v, fisidiauiienus svuseee v, danualsganasimiulseivnasa Taewn 7 va9led

A o a < o o N A v
wrilowateesdanis mevhauve s turuit hihies) lifiuge

ANUAIUNITEDATAER
ar o a’ = r [] o d ar F.g 2
dyanoueiyaertead tua e sevarmaun Uy wdandenssna’ v /3 De 2v, 3
TN OATUIRHIEINOIRTANA T IRagil
Tha = 0-693(R+R,)C (2.10)

o =1 o v [] 1o o s
saziemya 1lin sz s anulszgaatedizgen 2v_ /3 e v /3 A

auns

T, = 0.693R,C (2.11)

low

¥ Fd
AN IIWNINNA HIBATLNA T MNY
T=t,, +1=0693(R, +2R,)C (2.12)

high o



48

£ A o o 1 aa
YUUINAVA YA VT IUUDIA TULIAN %z“lﬁmmn fd

1
f= — = L44/[(R, + 2R )C] (213
T

4 o 9y { N ar &
dietherunmsiadtns W uaglimaidaoust R, + 2R, Az M@ mdagy el

s [] v =1
sz TominnlunsgssanuuiwisgesIas)

100 k

}—Ra+2Rp=1ku
~— Ry +2Rp= 10k
N 0K B f T
x \\/ \RA*2R3= 100 ke
> e
Q i
g 1k : =
= 5
EL ’
@
; \\ \
2 7160 P = P, P
E
w
gﬂ 10 M e, b
1
1 N - Py hy
Ra~ 2Ry = 1 W0 -5 \\
1
=30 Ml T
g1 RA.*ﬁB sk N Py
0.001 0.01 0A 1 10 100

C = Capachance ~uf

A~ a ) o
3119 2,38 AN A AUULIAD INRRARBAIANAS U 555

aa@ luAa
a a a A @ o ' @ A a ' A w J Y
ﬂ’.lﬁl‘lmﬂa NI INTH NN NIU AD BRI IUVRNIAT !ﬂﬂﬁﬂ‘!iuu'lﬂﬂﬂ‘iﬂwwn‘ﬂ']ﬂ‘]

1 g é - o £ 4
(t,.,) ABATLNAWNVUA(T) Faaun1IAq1

b R
DL: low - B (2.14)

T R, +2Ry

At o 1 A Al o, dyr‘g 3 M 2 an o a
AUNANANIRMUARIRIA ItRatIuniie hotunsdemsitninfioy uazia

1 d' d’ [=3 J d' c; d' 4 cly L] ' c; & =Y o 3 v
AADAGNNAYU NINAAUTMATNATY 15U AURAUVBINIZUABUAAINATI 187 1 AL A2887
aoa o b o 9y ] ° 1 a o oS At
y89a1@ Iifa sudu 9101995 uazaumy awviu a8 3us lias e daa.@ T adien

T o = ] d 9t .;’! P o E R == | == B T
AU ¥IauINnI 50 Lﬂﬁ]il"]ﬂlﬁﬂﬂmﬂ miwﬂ:uumﬁmazm‘l‘nﬂmm"lwmaummnnm



49

s o Vo Y o q ¥y a4y A ¥ . gy o o & o
50 !ﬂﬂil‘ﬁu@ﬂ.ﬂuu ﬁ]Zﬂﬂ\iﬂ']‘lHﬁ'JUT’nillﬂ'IﬂUQUaﬂ ﬂiaﬂ'ﬂ\i‘ﬂfhﬁ lhlgh HATAADY ANHULTITY

o ' o a ] {o o 2 o
ilaTeaudovumudiu R, nah 18 Ao drsnamianfvszaldluminswmizur sz fuasiag

Ty = 0.693(R,, + R,) (2.15)
Tppe = 0.693R,C (2.16)
T =ty tt,, =0.693(R, +2R,)C (2.17)

Y o 9 14 =] a ot 1 e o o I
mﬂﬂ’ummﬁm‘lﬂmumm R, =R, ua7 mmﬁ"lcmaﬂ:ummmn 50 Lﬂﬂil‘]ﬁlﬂ L

9 1 =S v 9 vt T A ot o oo a ot v o o o
011 R, UAIUBLNIIAT RB mmmhmamznmmnnm 50 !ﬂ@iwuﬂ

<

2.14 gilasaina

2.14.1 HBIRDSNIZMARTS LA ATAILAY

ueme FUVUNSEHaARI (DC motor) Tuihatumushduunsanu iguaiolsziam
4 T ot Yy s ar a ¥ .
FuegiuItmsad wauay dmsunmsmyuvssuaeesnIznams ez 19nTeua Tda s (direct

' 9 @ = 4
current) 1R vvaaaman i vSeunatananusundau T Guotor armature) n1oly
o as =y o J o 1 = v o o o
dmivussiinvewema Tezdunudis uaivan simnduus unmaninseyi s ebage
o | vy o o a a 3w ¥ g s o

uBIAD IATTUAR I U IV DL R 3gaez Tug silindy SmyuaenBus 18107

useliags

MINIVYUAIINGD
o YA Al 9 o a @ ar Y
Taoialdudaddesniwnizia M IMTuamesnszuaas s daiyagmyuda
< - Vg 'Y r o 4 o g an
AT agagafin s ladmssau il asmusa s i l# Tavaaugu
o s A Y ar o 1 a J o 1 ar 9 o o
srAuus iy IR heldR e e s uamsihmntiiszdestions Wu i s uueme s
é o Y a =) o . = ¥ o J
aeaaaT F9aevi1 Itifan sgandei 189Nt (Power consumptions) Az a1 autfiaiiu
[ u’/’ 2 ghq 1 as o3 1 9 ar o o ]
AnaANA 1 ANIUINNT 19903 heisea i R Mdtuewe sunu S mingenis
T as 1 Qs 1 ar < q 9 o & a
UsIAL uazugaTIon TR uuana iy TRszdh e i vesmsmpuvsauamasiieiuy
¥ g ¥ ooy dyq ¥ . o A
Tddas nmsasuguaunidisitinms idauegassdnyus fe uuy pulse-frequency

modulation (PFM) 481U pulse-width modulation (PWM)



50

¥
1. WU pulse-frequency modulation n3e PFIM mi'ﬁnmuunu%xmmnmimu
o ' Qs A o o o o ' o zav o £
UIAU azvganous U thetdlatlauawaniiluyieg msdiinuuuniiesily
LY o o o] Yoo a1t N o o
szauus wu It fivemes T ulidwanaisiull aonSrveemsmyuves
3 J ¥ o n’ay
vaweTIrvuNUeaIIMItaitausme sl
o 4 A
2. WYY pulse-width modulation ¥38 PWM A13AILANNBIAGS [UIULLL PFM A1AINE
¥
vasdyy AU liuuueu nanIRIuguuuy PWM v lgaulums
4' d' T a ) Y o o oo [ =) :1" =y
AILANNALN nasz Ui uus swuiiseIvivuemes lagdinis S un1aaa landa
'qu v - 1=
(Duty cycle) ianilas Miuanudganng s
-1 & o oo A a ¥ o s ~ sy
Advemestiugynsaiinldsunlasmdsen i ifundssunaid Taslinauatia
- ! an o o o o o a o aa
A9 UIILANINA 1D SATUBNBTIIYIHUATIAUATSHASTFING T usilaTina1veIad
1 r g o g
yownedez IAnnnasznd et utvan agvaaIadatii
44 = o g Y A I, .
Tuitinszuai Tva luvaatadnhezaduauinmilsznes uaanduuseutitman uaz
1
YAAIRA NI UM A DEUINNINFAUENA TOITHUINO T
=Y o‘: o o 1 @ v <
ussdiaveamanivithidadulsons snunaguesaduns LniiMinuazaszua Tay
A& @ o 4 ] o g a 9 ar 1 @ ar A w
wovaaad i tadeu tuauamiman i lmfauspuannsaua e Tnonmusiay

d & o« @ o o Y
uQxll’uaﬂﬂ'luﬂﬂﬂ'ﬂuﬁ'ﬂlﬂquﬂl'ﬂai llﬁ“&ﬂ'\uﬂ'\shlﬂﬂ‘uf‘)ﬂﬂixuﬁ



51

-
UNn 3

KANMTOBNULY HATAITAI

29950 utS una 180 Twild Ulnuan1sve 2 Tnua fs Tnuaaluauen Tula uay
¥ 1 * o [l =Y ]
Truaauaulasdly udaz Tvuadszneudiodundn 3 dau Ae nwduwn diuszunana

uazaAuUTUNBIRa S

3.1 HaNNTBALLY HAZN 1ININUYRIETIHAILRNBA TR
1 a wad ' o an 1y
Tudumuguss Tuf@iisenuuuMihuannsamaulaes Tash lidewniuquas
fuesnndld duarugumpiniiselnifamnsesainuaishauveain e vie
o a 4 o ]
Hmied1d TaoaruquaisiisunislulasasuInsaae’ lunmdunnvesdiuniugu
+ ¥
oo Tutid oz 14 W I e Isaunuaisdn ldnanhiiade 3.1 wanmadanlu Tnuail fe
InTnsneuInsaaed s dsdym el Abc e ¥ ApC wiladdygy neuidoni 18vin
o o an ! o o
ssnrvswas tianililudua udtaea wald lulaseouInsaias fasmhdya e
an ° Ay ¥ e o o ) PR o v
Amemnilszanana uaziwan lMurdussiassnauaumiute Ui e 18
mnzauae il
3.1.1 PAAUNn
= A s oo A A = s ¢ a
AMABUNI VS A ANIUIFeT T LA DT BRI TN MSWEOS 1958 Toz1Ra
A D I = = = a
nszuailo10InNAS (Photo current: 1) Wisvits tedSanaiinefinnns snuuin s Iiguae §
v ulsi dy 5 A n é‘ g = o ar
PONTLUA N INYUR R g Az aRRTu i gaaslasunsE U TulsIAY (Trans-
impedance circuit) KA Yo 10U VL INNAVING (Non-invérting Amplifier) i ayo1od a1
ey IJ o '
Tabilivuia vy nazdit lthlszundnada il
v !
aadunnil Tadenlfismasssuuas o 1114 lalsailinanisnavaveslndd
. . ¥ 9/ A @ A~ 1
Visible light (330 nm 14 780 nm) Yeave 17 1A A Tentia nuiliuaadusuTnauashan
4 A dd da & 4 . 4
AITNY YU IAN HMIaeuTueT ATEImnaYile s nAnaa (1) 1k uaendasu
Aszuaiiuns 19U 38 Trans-impedance circuit & R, 1Tugnswens anuduiusizndi

IMWNALB UM fe

v, = LR, G.D



53

S
Al 2

= 3
71191 3.2 2935UBILAIBIFIES

a e i ¥ e : b 9 |J
uagtiwssdud 1A nsesvtiesnr linfomasanfuiove e W ngliuawisa

) r J as o 1] o =Y
i hlssnanade U188 u Taesruduiu ssnhsewvinvdusurnanauns 2.4) fe

Rl
1+ — |V,

(] m

It

v

R, \(
]

R g

—

511 3 3 2sveedaEaLL e uwa

3.1.2 auilszusana

I 4
nmianuiunueniugusa Tuliail AauANAI ADC (Analog to Digital Converter)

* o

fu'lyTasneuInsamey Suanlulasaeuinsame s wasduanul¥ou Apc e ld ADC

L7 v

A o a < y @ ~ 4 aa [ ar
Suhimsulasdyanusiubeni ldsvnnmasunnitudygiudines uazdaminduin

L7}

o o ¢ o o Aw w
Tulnseaulnsameimaneia p1 lulasaeuInsamed sxiinislszuanadygui ldan

Tilsunsunladmuald



54

dndszuanaszmiiousuly Tmuaniugulaodld MowalnmsiuAudiuves
ADC uw el lunsutasdygusineundenliiiudygymasasain U 19ee 1y
TulrsneuTnsameifdenld Ao MCS-51 1wy AT89SS2 Taefinueruimamii idnaugad
wonBUYMIB NN Werun 4 we i ualu Tnumauqusa luus 1 difemesa p1, P2 uaz

o o [ 4 as o o o} o o 3/ g
p3 wosn P1 (fhumesawiynidlumsiunemes weie r2 Wuwedadunnldiunsiy

o Aan

JoymAtreann ADC wdszuians uaznesa P3 Huneiawemynidlumsdinua

v o

o

1 A cduy
AYYIUA NG uanmuaﬂ‘lﬂnanm

o

w7
Ty 3L 011 20y
e AR « P 3
w1 28f=iN2 a3 3t
Hi—{z 27 =Nt :'E; :“;
c 4 3
ke & 26110 2veg)s 3¢ 1964 402
me—14 2500 A e i= 3{130.01a0%5
WI—3 24=al0 B Bt s 1] 3PP 04 A5
R2T O3 32 F1%0: 205
STEr={6 23f—100'C o 3 hEare
=7 2 NE 32 [JALEPREG
e uf-2""ust =3 DETEN
— fe =2 24 (3327 idg)
CUTPY] [HASLE—9 W=7 Fol -3 TSP
cLece =10 (F] b €
Ve —{1¢ 13- '_"i -
Vagz (4) =2 vl rtse [
o —{13 16— Yggy (-] 5 [
e 7 154=1"6 24 [2 320 iAgy
(m ()
a
3 [i] 0 2

3.1.3 MANNITBBALILY KAZATUIY Analog to Digital: ADC
ADC Tidenld Ao ADC0809 1 Thi ADC ¥iia 8 Tin iaETaRmaNIB 8 Y09

feuanRtewAe ADCO8D9

L fwmemidemenulilss Inssmes i

2. % 8 WaMnAnIBeIRIUANAIU address logic

3. ¥8uny 0 —5.13ad g 6umasiig IWiioaumnadiaen

4. hitinsS s zero s full-scale
AAUTNLAIRMNIZYD ADCO809

1. Resolution 8 1in

2. Total Unadjusted Error & %LSB waz +1LSB

3. unaeneIn 5 Taasuvasden
4. Mdegeded 1s Tadded
5. Conversion Time 100 a1 Ins3ui



55
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U
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¥ o Y3 3465 s

W F
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T {Period) 4:158  fis+3.465 Lis =0.693(1k +2(5k))(InF)
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& A as [ ¥ 9/ A = 9
FHiIONAUWAHNA VA INYDIADLIIAN L LR INA ITANN S {2:17) Av (YBYD N data
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2,49 lufAa (Duty Cycle)

= = A o o r o A o H A @ o a
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¥
t Qs t§ a
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¥
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t R
B A= 4 < =t (3.2)

1N Ry 2R,

unud
415% 5k
DH == ————— -] 1 -—
4.158 +3 465 1+ 2(5k)
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91713 AT 17 1AR Tow-10-Tiigh ratio (§83a 10 data shéet NESSS)

"L RB
Low-to-highratio e = < — N Z (3.3)
ty R, + R,
VALY
3465 S5k
Low-to-high ratio = = e
4.158 1k + 5k

Low-to-high ratio = 0.833
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#include<reg51.h>
#define s 50
#define m 60
#define d 100
unsigned char count, i, drive, c, w, y;
unsigned char add[] = {0x00,0x01,0x02,0x03,0x04,0x05,0x06,0x07};
unsigned int sum, avg, value{8];
sbit swO = PORO;
sbit sw1 = POM;
sbit sw2 = PO"2;
shit sw3 = PO"3;
shit swd = P04,
sbit sw5 = PO*5;
sbit sw6 = PO"G;
sbit sw7 = P07,
sbit start = P3"3;
R T R ey

void wait(unsigned char w)

{
for (y = O;ysw;y++)
{
unsigned char/x;
for (x=0;x<w;x++)
{
THO = Ox4c;
TLO = 0x00;
TFO =0;
TRO = 4;
while (TFO==0);
TRO=¢;
}
}



Iititttitii funcﬁm delay kttt**t*iil

void delay(unsigned char fiftyms)

unsigned char x;
for (x=0;x<fiftyms;x++)

{

THO = Ox4c;
TLO = 0x00;
TFO =0;

TRO = 1;

while (TFO==0);

}

avg = sum/8;
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frrewemeres function curtain open *+++Hessy
void mopen(drive)
{
P2 = 0x22;
for (i=1;i<=driveji++)
{
P2 = Ox2A,
delay(m),
P2 = 0x22;
delay(5);

count--;

void mup()

{
P2 = 0x22;
while (sw5 1= 0)

{
P2 = OxA2;

P2 = 0x22;

dy I dl Y o U 14 d‘ [=3 1 gj 1 Y o ¥ € Y 1
wnanstiluenansianulidmsunisidaumenistnwintuy ldeyanlimiluldusslewisunisen

ludnsallagsau Snvivhudlvidawdasilon wazsesedadadivesenarsynasainisinluly



Il’i—*tﬂ*itt mnction curtain down tki*tttﬁ:t,
void mdown()
{
P2 = 0x22;
while (sw6 !'= 0)
{
P2 = Ox62,

}
P2 = 0x22;

Iit*iﬂtt.t funcﬁ on_prepare curtain ttittttt’

void ready()
{

while (sw7 1= 0

{

mdown();

ready();

while(1)
{

dy I dl Y o U 14 d‘ [=3 1 gj 1 Y o ¥ € Y 1
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ltkktﬂtl—ti Automaﬁc Mode ikl—ii‘ttkt,

if (swd == 0)
{
walt(d), Jresreneres wait for new scan ey
scan();
mdown(); Jresaxeeers check curtain ready down  ********/
if (avg >= 0x(C8) Jrerareress Iight L5 (4V) *rrresreny
{
c=5:
if {c > count)
{
drive = ¢ - count;
mclose(drive);
t
}
else
{
if (avg = 0)(96) Y oot light L4 (3V) exakrsaang
{
c =4
if {c > count)
{
drive = ¢ - count;
mclose(drive);
}
else
{
drive = count - c;
mopen(drive);
}
}
else
{
if (avg >= 0X64) JrrEEanEnen "ght L3 (ZV) ]
{
c=3

if (¢ > count)

{



drive = ¢ - count;

mclose(drive),
}
else
{
drive = count - ¢;
mapen(drive);
}
}
else
{
if (avg >= 0X32) Jrrerrt s Ilght L2 (>1V) hhherah wh

drive = ¢ - count;

mclose(drive);
else

drive = count - C;

mopen(drive);

dy I dl Y o U 14 d‘ [=3 1 gj 1 Y o ¥ € Y 1
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}
else
{
if (avg > Ox01) froveeereight less (>0.02V) ey
{
c=0;
drive = count - c;
mopen(drive);
mup();
}

}
}
}
}
}
if (swd == 1)
{
if (sw2 == presssretiress button curtain down e+
{ v
delay(10);
if (sw2 ==0)
{
mdown();
mclose(3);
ready();
}

dy I dl Y o U 14 d‘ [=3 1 gj 1 Y o ¥ € Y 1
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if (sw8 == 0)
{

if (sw1 == 0) [reseeeses press button curtain dose ******++**/
{
delay(10);
if (sw1 == Q)
{
if (count < 5)
{
mclose(1);
}

}

p t\uts\-*t*axl

} lttt**t**** end program tkitkttn\tl

dy I dl Y o U 14 d‘ [=3 1 gj 1 Y o ¥ € Y 1
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®

LM224 -

LM124
LM324

LOW POWER QUAD OPERATIONAL AMPLIFIERS

B WIDE GAIN BANDWIDTH : 1.3MHz

B INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

B LARGE VOLTAGE GAIN : 100dB

W VERY LOW SUPPLY CURRENT/AMPLI :
375pA

B LOW INPUT BIAS CURRENT »#20nA

B LOW INPUT OFFSET VOETAGE : 5mV._max.
(for more accurate applications, uséthe-equiv-
alent parts LM124A-LM224A-EM324A Which
feature 3mV max.)

B LOW INPUT OFFSET CURRENTS 2nA

B WIDE POWER SUPPLY RANGE
SINGLE SUPPLY!: 3V TO#30V
DUAL SUPPLIES : £4,5V TO£15Y

DESCRIPTION

These circuits consist of four indegendent, rhigh
gain, internally frequency tompensated-operation-
al amplifiers. They operate from @ 'single power
supply over a wide range‘of svoltages:. Operation
from split power supplies. is also possiblé.and the
low power supply current drai’is independent of
the magnitude of the powar supply yMoltage.

ORDER CODE

(Plastic

l

N
DIP14

(Plastic Package)

=

D
SO14

Micropackage)

b,

P
TSSOP14

(Thin"Shrink \Smallk.Outline Backage)

PIN CONNECTIONS [top vieWw)

Part Temperature Rackage
Number Range N D P
LM124 -55°C, +125°C . ® ©
LM224 -40°C, +105°C . . .
LM324 0°C, +70°C . . .

Example : LM224N

N = Dual in Line Package (DIP)

D = Small Outline Package (SO) - also available in Tape & Reel (DT)

P = Thin Shrink Small Outline Package (TSSOP) - only available in Tape
&Reel (PT}

December 2001

Outpyt © 1 {Eh

Voot 4[]

fvertipdigpitts 2 [ 14 i

Non-nverting dnpt1_3+7] 1‘,‘ :
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LM124.LM224-LM324

SCHEMATIC DIAGRAM (1/4 LM124)
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ABSOLUTE MAXIMUM RATINGS
Symbol Paramater LM124 LM224 LM324 Unit
Vee | Supply voltage 116 or 32 Y
Vi Input Voitage -03to +32 \
Via  |Differential Input Voltage " +32 v
P Power Dissipation N-Suffix 500 500 500 mw
tol D Suffix 400 400 mw
Output Shart-¢ircuit Duration 2) Infinite
bn  |input Current 3 50 50 50 mA
Toper | Opearting Free-air Temperaiure Range -55t0+1251-40to0 +105 | /Q'to+70 °C
Tstg Storage Temperature Range -65 to +150 *C

3. Either or both input voltages must not exceed the magnitude of Veg' or Vee ™
2. Short-clreults fram the cutput to VCC can causa excessiva heating If Vi<¢ > 15V, The maximum output current.is approximately 40mA independent

of the magnitude of V. Destrctive dissipation can resuk from simuf@@neous short-clreuit on alt amplifiers.
3. This input current only exists when the voltage at any of the input leads is driven negative.lt Is due to the collector-base junction of the input PNP

transisior becoming forward biased and lhereby acling as input-diades clamps. In addition ta this diode action. there is also NPN parasitic action on

the IC chip. this transistor action can cause the output voltages of the Op-amps b go to the V¢ voltage level (or ta ground for a large overdrive)

for the time duration than an input is driven negative.

This is not destructive and normal cutput will set up.again fof input voltage higher than -0.3V.

2113
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LM124-LM224-LM324

ELECTRICAL CHARACTERISTICS

Vect = +5V, Vo= Ground, V, = 1.4V, T, = +25°C (unless otherwise specified)

Symbol

Parameter

Min.

Typ.

Max.

Unit

Vio

input Offset Voltage - note V)

Tamp = +25°C

LM324
Tmin < Tamb < Tmax

LM324

w~N~NW,

mV

Input Offset Current
Tamb = +25°C
Tmiﬁ £ Tamb < Tmax

100

nA

Input Bias Current - note 2
Tamb = +25°C
Tm'rn < Tamb < Tmax

20

150
300

nA

Ayg

Large Signal Voltage Gain
Vg’ = +15V, Ry = 2kQ, V, = 1.4V o114V
Tamp = +25°C
Tmin < Tamb < Tmax

50

100

Vimv

SVR

Supply Voltage Rejection Ratio (R <10kQ)
VCC+ =5V to 30V
Tamp = +26°C
Tmin < Tamb F Tmax

65
65

110

dB

e

Supply Current, all Amp, no load
Tamb = #26°C Ve =#5V
Vg = $30V
Tnin < Tamt S Trax Voo = 8V
Voo = +30V

1.2

1.2

Input Common-Mode Voltage Range
Vee = £30V0 - note 3
Tambp = 125°C
Tein € Tamb < Trmax

Vee-15
Vee -2

CMR

Common Mode Rejection Ratio (Rg < 10k(2)
Tamp = ¥25°C
Thin € Tamb < Tmax

70
60

80

dB

Isource

Output Current Source (Viy = +1V)
Ve = +15V Vi, = 42V

20

49

70

mA

lsink

Output Sink Current (V4 = <1V)
Vee = +18V, Vg = +2V
Vee = +15V, V, = +0.2V

10
12

20
50

mA
uA

High Level Output Voltage
VCC = +30V
Tamp = +25°C Ry-= 2k
Trnin < Tamb S Trmax
Tamb = 425°C RL = 10kQ
Tmln < Tamb S Tmax
VCC = +5V, RL = 2kQ
Tamp = +25°C

Tmin < Tamb = Tmax

26
26
27

35

27

28

3
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| M124-LM224-L M324

Symbol Parameter Min. Typ. Max. Unit
L ow Level Output Voltage (R, = 10kQ)
VoL Tamp = t25°C 5 20 mv
Tmin s Tamb < Tmax 20
Slew Rate
SR Ve = 15V, V, = 0.5 1o 3V, R, = 2k, C, = 100pF, unity Gain 0.4 Vius
Gain Bandwidth Product
GBP Vg = 30V, f =100kHz,Vi, = 10mV, Ry = 2k, C; = 100pF 13 MHz
CcC in L L
THD Total Harmonic Distortion %
f=1kHz, A, = 20dB, R = 2kQ, Vi, = 2V, C = 100pF, V¢ = 30V 0.015 o
e Equivalent Input Noise Voltage nv
n f = 1kHz, Ry = 1000, V¢ = 30V 40 Hz
DV, 1input Offset Voltage Drift 7 30 uvrc
Dl linput Offset Current Driit 10 200 pA°C
. 4)
v_./v., | Channel Separation - note
o¥¥02 | ™ 1kHz < f < 20kHZ 120 a8

1. Vg =1.4V,R =00, 5V < Vo' <30V,0< Vi < V' - 1.5V

2. Thedirection of the input current is out of the IC. This curentis essentially constant, independent of the state of the outpt so no leading change

exists on the input lines.

3. Theinput common-mode voltage of ejther input signatvoltage should not be allowed to go-negative by more than 0.3V. The upper end of the
common-mede vokage range is Ve * - 1.5V, but either or Bath inputs can go ta +32V without damage.

4.  Due to the proximity of external components insure that coupling is not originating via stray capacitance between these external parts. This typically

can be detected as this type of capacitance increases at higher frequences.
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ADCO0808/ADC0809

Multiplexer

General Description

The ADCOB08, ADCOA09 data acquisition componeni is a
monolithic CMOS device with an 8-bit analog-to-digital con-
verter, B-channel multiplexer and microprocessor compatiblie
control togic. The 8-bit A'D converter usas successive ap-
proximation as the conversion tachnique. The canvarter fea-
tures a high impedance chopper slabilized comparator, a
256R vollage divider with analog swiltch tree and'a succes=
sive approximation register. The 8-channe! multiplexer can
directly access any of 8-single-ended analog signais.

The davice eliminates the need for external. zero and
{ull-scale adjustments. Easy interfacing to microprocessors
is provided by the laiched and decoded-multiplexer address
inputs and latched TTL TRI-STATE® outputs.

The design of the ADCD808, ADC0809 has been oplimized
by incorporating the most desirable aspects of several A/D
conversion techniques. The ADCG808, ADCO809 offers high
speed, high accuracy, minimal temperature dependence, ex-
cellent long-term acecuracy and repealability, and consumes
minimal power. These fealures make this device ideally
suited to applications from procass and machine control to
consumer and automotive applications. For 16-channel mul-
tiplexer with common output {samplefhold port) see
ADCO0816 data sheet. (See AN-247 for more information.)

National Semiconductor

8-Bit uP Compatible A/D Converters with 8-Channel

Features

s Easy interface to all microprocessors

s Operates ratiometrically or with 5 V¢ or analog span
adjusted voltage reference

8 No zero or full-scale adjust required

® B-channe! multiplexer with address logic

8 _0V to 5V input-range with single 5V power supply

= Oufpuls meet TTL voltage level specifications

u Standard hermetic or meided. 28-pin DIP package

®m 28-pin molded chip camer package

B ADCO0808 equivalent o MM74C949

B ADCOB0Y equivalent to MM74C949-1

Key Specifications

® Resolution

& Yotat Unadjusted Error
® Single Supply

a Low Power

m Conversion Time

October 1999

8 Bits
+1%: LSB and 21 LSB
5 Vo
15 mwW
100 pys
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ADCO0808/ADC0809

Connection Diagrams

Dual-In-Line Package

“— 28}—w2
N2 27w
s —3 26}—m0
Ne—14 25}~ 400 A
N5 24}-Av0 B
START =6 23}—A00 ¢
foc—{7 22f—ALE
Pl ] 212" Yuse
OUTPUT ENABLE —J9 20}-2"2
cLock =410 [} St
Yee =11 18f-274
Ve (43 =412 17}—2"%58
o413 18]~ Vg ()
73du 15776
DS00S672-11

Order Number ADCOB08CCN or ADCO809CCN
See NS Package J2BA or N2BA

Ordering Information

Molded Chip Carrier Package

INT
START

QUIPUT ENABLE

DSD03672-12

Order Number ADCO808CCV or ADC0809CCV

See NS Package V2BA

TEMPERATURE RANGE —40°C to +85°C -55'C to +125°C
Error *1% LSB Unadjusted-{ ADCOB08CCN ADCO0808CLCV ADCO0808CCJ ADCO08G8CJ
11 LSB Unadjusted ADCO309CCN ADCO808CCV
Package Outline N28A Molded DIP " V28A Molded Chip Garrier J28A Ceramic DIP [ J28A Ceramic DIP

www national com 2




Absolute Maximum Ratings {Notes 2, 1) Dual-In-Line Package (ceramic) 300°C
if Military/Aerospace specified devices are required, Molded Chip Carrier Package
please contact the National Semiconducter Sales Office/ Vapor Phase (60 seconds) 215'C
Distributors for availability and specifications. Infrared (15 seconds) 220°C
Supply Voltage {Vcc) (Note 3) 6.5V ESD Susceptibility (Note 8) 400V
Voltage at Any Pin =0.3V to (V+0.3V) . agr

Except Control Inputs Operating Conditions (Notes 1, 2)
Voltage at Contro! Inputs =0.3V to +15V Temperature Range (Note 1) T ST a<Trnx

(START, OE. CLOCK, ALE, ADD A, ADD B, ADD C) ADCO808CCN,ADCO809CCN =40 C<TA<+85°C
Storage Temperature Range ~65°C o +150°C ADC0808CCV, ADCO809CCV -40°C < T, < +85°C
Package Dissipation at T,=25°C 875 mw Range of V. {Note 1) 4.5 Ve 10 6.0 Ve
Lead Temp. (Soidering, 10 seconds)

Dual-In-Line Package (plastic) 260°C

Electrical Characteristics
Converter Specifications: Voe=5 Voo ™Vrer.. Vrer-~GND, Tuin$TaSTyax and fq =640 kHz unless otherwise stated.

Symbot Parameter Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error 25'C k3% LSB
{Note 5) Towes 10 Tk +34 LSB
ADC0809
Total Unadjusted. Emor 0Cio70'C % T Lse
{Note 5) Taun 16 Tiaax 1% LS8
Input Resistance From Relf(+) to Ref{—) 1.0 2.5 k()
Analog Input Voltage Range (Nole 4) V(+) or V(=) GND-D.10 Veet0.10 Vpe
VREF(+) Voltage, Top of Ladder Measured at Ref(+) Vec Vee*0.1 v
VREE( +1+ VRee(- Voltage, Center of Ladder Vec/2-0.1 Veol2 | Vecl240.1 v
2
Veer- Voltage, Botiom of Ladder Maasurad at Rei{-) 0.1 0 v
Iing Comparator input Currant f,¥640 kHz, {Note 6) =2 05 2 A

Electrical Characteristics

Digitai Levels and DC Specifications: ADCO3808CCN, ADC0808CCV, ADCO802CCN and ADCO809CCV, 4.75<V<5.25V,
-40"C<T,<+85'C unless otherwise noted

Symbol | Parameter I Conditions Min Typ Max Units
ANALOG MULTIPLEXER
lorr(s OFF Channel Leakage Current VoS5V, Vin=5V,
Ta=25'C 10 200 nA
T 80 Tianx 10 pA
loFr(-y OFF Channel Leakage Current Ve =5V, Vi=0,
TA=25°C -200 -10 nA
Taang 10 Tunx -1.0 uA
CONTROL INPUTS
Ving Logical *1" Input Voitage Vee— 1.5 Vv
Vi Logical "0" (nput Voltage 1.5 v
lingny Logical “17 Input Current V=15V 10 HA
{The Control Inputs)
oy Logical “9" Input Current V=0 -1.0 HA
(The Control Inputs)
lec Supply Current fc =640 kHz 03 36 mA

3 www.national.com
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ADCO0808/ADC(809

Electrical Characteristics (contnued)

Digital Levels and DC Specifications: ADCO80BCCN, ADCOB08CCY, ADCO803CCN and ADCOB09CCVY, 4.755Vc<5.25V,
-40°C<T,<+85°C uniess otherwise noted

Symbol f Parameter 1 Conditions Min l Typ Max E Units
DATA GUTPUTS AND EOC {INTERRUPT)
Vouri) Logical “1” Output Voltage Vee = 475V
lopt = —360LA 2.4 V(min)
iour = —10pA 4.5 V{min)
Vourmo Lagica! “0" Output Voltage i5=1.6 mA 0.45 v
Vourio) Logica! “0" Output Voltage EOC 16=1.2 mA 0.45 v
louT TRI-STATE Output Current V=5V 3 uA
Vo=0 -3 uA

Electrical Characteristics

Timing Specifications Voo™ Vrerp, *5Y, Verer ), "GND, =420 ns and T,=25"C unless otherwise noted.

Symbol Parameter Conditions Min Typ Max Units
tws Minimum Start Pulse Width (Figure 5) 100 200 ns
tware Minimum ALE Pulse Width {Figure 5) 100 200 ns
ty Minirum Address Set-Up Time |-(Figure 5) 25 50 ns
ta Minimum Address Hold-Time (Figure 5) 25 50 ns
tp Analog MUX Delay Time Rg=0Q (Figure 5) 1 2.5 ys

From ALE
LIS QE Control to Q Logic State Cy =50 pF, R =10k (Figure 8) 125 250 ns
tie ton OE Contro} to Hi-Z C =10 pF, R =10k (Figure. 8) 125 250 ns
t. Convarsion Time =640 kHz, (Figure 5) (Note 7) 90 100 116 us
fe Clock Frequency 10 640 1280 kHz
teoc EOC Delay Time (Figure 5) (4] 8+2'uS Clock
Periods
Cin Input, Capacitance At Controtinputs 10 15 pF
Cour TRI-STATE Output At TRI-SSTATE Qulputs 10 15 pF
Capacitance

Mote 1: Ahsolute Maximum Ratings indicals Iimits beyond which damage 1o the device may ocowr. DC-and AC elechical specifications do rot apply when operating
the device beyond its specified operating conditons.
Note 2: All veltages are measured with respect ta GND. unless othewase specified.
Note 3. A zener dioda exists, internally, from Vier 10 GND and has @ typical breakdown vottags of 7 Vpe.
Note 4: Twe on-chip diodes are tind to each analog input which will forward conduet for analoginput voltages one diode drop betow ground or one diode drop greater
thar tha Veen supply. The spec allows 100 mV forward bias of either diode. This means that as long as the anzlog V,y does not exceed the supply voltage by more
than 100 mv, the oulpul code will be cormect To achieve an absolute (Ve o SVpe input vollage range will tharefore require a misimun supply voltage of 4 900 Vpe
over temperature variations. initial tolerance and foading:

Note 5: Tolat unadjusted errorinciudes offsel, fidl-scale, linaarity, and multiplerer errors. See Figure 3, None of these A/Ds requires a zeroor full -scale adjust. Hove
aver, if an all zero code i3 desired for an analog input other than G0V, or if @ narrow full-scala span exists {for examnple: §.5V to 4 5V full scale} the rafarence vollagas
can he adjusied to achieve this. Sae Figure 13,

Note 6: Comparator input current is a bias current into or aut of the chopper statbzed comparator: The bias current vanes directly with clock frequency and has iittie
temperature dependsnce {Figure 6). See paragraph 4.0

Note 7: The oulputs of the data ragister are updated one clock cyde befora the rising edge of EOC
Note 8: Human body mode!, 108 pF discharged through a:1.5 k2 resistor

www national.com




Functional Description

Multiplexer. The device contains an 8-channet single-ended
analog signal muttiplexer. A particular input channel is se-
{ected by using the address deccder. Table 1 shows the input
slates for the address lines to select any channel. The ad-
dress is latched into the decoder on the low-to-high transition
of the address latch enable signal.

TABLE 1.
SELECTED ADDRESS LINE
ANALOG c B A
CHANNEL
INO L L L
iN1 L L H
IN2 L H 1
IN3 L H H
IN4 H L L
INS H L H
ING H H L
IN7 H H H

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its
8-bil analog-to-digitat converter. The convetter is designed to
give tast, accurate, and repealable conversions over a wide
range of temperatures. The converter is partitioned into 3
major sections: the 256R ladder network, the successive ap-
proximation register, and the comparator. The converter's
digital outpuls are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
menotonicity, which guarantees no missing digial-codes.
Monotonicily is particularly important in closed loop feedback
control systems. A nen-monotonic relationship can cause os-
ciltations that will be catastrophic for the system. Additionally,
the 256R network does not cause ioad variations on the ref-
erence voltage.

The bottom resistor and the top resistor of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network. The difference in these resistors causes the
output characteristic o be symmetrical with the zero and
full-scate poirds of the transfer curve. The first output transi-
tion accurs when the analog signal has reached +% LSB
and succeeding output transitions occur every 1 LSB later up
to full-scale.

The successive approximation register (SAR) performs 8 it-
erations to approximate the input voitage. For any SAR type
converter, n-terations are required for an n-bit converter.
Figure 2 shows a typical example of a 3-bit converter. In the
ADCO0808, ADCO0809, the approximation technique is ex-
tended lo 8 bits using the 256R network.

The A/D converler's successive approximation register
(SAR) is resel on the posilive edge of the start conversion
{SC) pulse. The conversicn is begun on the faliing edge of
the start conversion pulse. A conversicn in process will be in-
terrupted by receipt of a new start conversion puise. Con-
tinuous conversion may be accomplished by tying the
end-of-conversion (EOC) output to the SC input. if used in
this mode, an external start conversion pulse should be ap-
plied after poweruip. End-of conversion will go low between
O.and 8 clock pulses after the rising edge of start conversion.
The most important section of the A/D converter is the com-
parator. itis this section which is responsible for the ultimate
accuracy of the entire converter. It is also the comparator
drift which has the greatestinfluence on the repeatability of
the device. A chopper-siabilized comparator provides the
most effeclive method of salisfying ali the convertar require-
ments.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed through a
high gain AC amplifier and has the DC level restored. This
technigue limits the drift component of the amolifier since the
drift.is a,DC component which is not passed by the AC am-
plifier. This makes the entire A/D converter extremely insen-
sitive to temperature, long term drift and input-offset ercors.
Figure 4 shows a typical eron curve for the ADCO808 as
measured using the procedures agutlined in AN-179.

www national com
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ADC0808/ADC0B09

REF(+) O——y

Functional Description (Coatinueq)
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FIGURE 2. 3-Bit A/D Transfer Curve
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Timing Diagram
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‘U TEXAS NA555, NE555, SA555, SE555

INSTRUMENTS PRECISION TIMERS
www.ti.com SLFS022F - SEPTEMBER 1973 REVISED JUNE 2006

FEATURES

¢ Timing From Microseconds to Hours « Adjustable Duty Cycle

* Astable or Monostable Operation » TTL-Compatible Output Can Sink or Source

up to 200 mA

DESCRIPTION/ORDERING INFORMATION

These devices are precision timing circuits capable of preducing accurate time delays or oscillation. in the
time-delay or monostable mode of operation, the timed intervatl is controlled by a single exiernai resistor and
capacitor network. In the astable mode of operation, the frequency and duty cycle can be controlled
independently with twc external resistors and a single external capacitor.

The threshold and trigger levels normally are two-thirds and one-third, respectively, of V.. These levels can be
altered by use of the control-voltage terminal. When the trigger input falls below the trigger level, the flip-flop is
sel, and the output goes high. If the trigger input is above the trigger level and the threshold input is above the
threshold level, the flip-flop is reset and the output is low. The reset (RESET) input can override all other inputs
and can be used to initiate a new timing cycle. When RESET goes low, the flip-flop is reset, and the output goes
low. When the oulput is low, a low-impedance path-is provided between discharge (DISCH) and ground.

The output circuit is capable of sinking or sourcing current up to 200 mA. Operation is specified for supplies of
5V to 18 V. With a 5-V supply, output levels are compatible with TTL inputs.

NAS555...0 OR P PACKAGE

AC
NES55...D, P, PS, OR PW PACKAGE A CKAGY

SA555...0 OR P PACKAGE prOE VW)
SE555..D, JG, OR P PACKAGE = s
(TOP VIEW) CI5IY S
=] p i Y | = N ) -
GNDf} 1 EY 1AV NC]43 2 529 19 M S
TRIG[] 2 71} DISCH TRIGH 5 17} DiscH
OUTE 3 6] THRES NG s i e
NC |} 8 14§ NC
! 9,10 411213 I
[ § e o oo ¥
- Ok
cufze
Y\
g

Please be aware that an important notice conceming availability, standard warranty, and use in critical applications of Texas

NE — No internal connection

Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the lems of the Texas
Instruments standand warranly. Produdtion processing does nat
necessanly include testing of all paramieters.

Copyright © 1973-2006, Texas Instruments Incorporated
On products complianl to MIL-PRF-38535, all parameters are
tested unless otherwise noted. On all other products, production
processing dees nol necessarily mclude testing of all parameters,



NAS555, NE555, SA555, SE555 R Texas
PRECISION TIMERS INSTRUMENTS

www.ti.com
SLFS022F--SEPTEMBER 1973-REVISED JUNE 2006

APPLICATION INFORMATION (continued)

10

1 |
= I
| Ra=9.1k0 Ra = 10 MQ
CL=0.01pF
| RL=1kQ 1
See Figure 9 Ra=1MQ
0
i i i L o107 A
8
> input Voltage B / /
o 3
g Q 10'2 . y.
~ — pre——— p- 3
! =
@ a
g 3 40
5 a 10~ A
s 3 N R, =100 kQ
Output Voltage ! Ra =10 k2
2 104 y. Vs
/ / / /
A BRIV A=W, i
- 1075 A
 Capacitor Voltage 0.601 0.01 0.1 1 10 100

Time - 0.1 msfdiv C - Capacitance ~ iF

Figure 10. Typical Monostable Waveform Figure 11. Output Pulse Duration vs Capacitance
d P
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Y
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Astable Operation

As shown in Figure 12, adding a second resisior, Ry, to the circuit of Figure 9 and connecting the trigger input to
the threshold input causes the timer ta self-trigger and run as a multivibrator. The ‘capacitor C charges through
R, and Rg and then discharges through Rg anly. Therefore, the duty cycle is controlled by the values of R, and

Rg.
This astable conneclion results in capacitor C charging and discharging between the threshold-voltage level

(=0.67 x V¢¢) and the trigger-voltage level (=0.33 x Vo). As in the monostable circuit, charge and discharge
times (and, therefore, the frequency. and duty cycle) are independent of the supply voltage:

Vee il ) T L T
(5V t015.V) RaA=5kQ R\_—1.|(Q
r Rg=3kQ2 See Figure 12
. C=0.15uF
B0V PRI
€
Open -
>
Ra (see Note A) I 5 8 l';
CONT Vee -,
4 Ry i
——TC RESET g
DISCH 3 £
& 6 out Qutput S
8 , | THRES Y
TRIG — — | Output Voltage
GND t P s
= > //\\/ AN
Pin numbers shown are for the D, JG, P, PS, and PW packages. Capacitor Voltage
NOTE A: Decoupling CONT voltage to ground with a capacitor can } i | 1 i
improve operation. This should be evaluated for individual
applications. Time - 0.5 ms/div
Figure 12. Circuit for Astable Operation Figure 13. Typicat Astable Waveforms
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APPLICATION INFORMATION (continued)

Figure 13 shows typical waveforms generated during astable operation. The output high-level duration t,; and
low-level duration t; can be calculated as foliows:

tH = 0.693 (RA + R, C 100 k

t, — 0.693 (R

B} ’—RA+2RB 1k.0

f RA*ZRB 10'(5.1
RA+2RB—100kQ

B)C

Other useful relationships are shown below.

10k

period = tH +14 = 0693(R, + 2RB) c 1k
1.44
frequency =
(RA + ZRB) Cc

100

Y
S S LAL
V///%

Output driver duty cycle = =
10

- Free-Running Frequengy ~ Hz

Output waveform duty cycle
_ tH o RB ]
2

I
N

Rp+2Rg=1MQ A

+ 1 R, + 1

H L A B Rp + 2 Rg = 10 Mg \
tL RB 04 . A

Low-to-high ratio = R TR 0.001 €.01 0.1 1 10 100
H -~ RatRg

C — Capacitance — uF

Figure 14. Free-Running Frequency

Missing-Pulse Detector

The circuit shown in Figure 15 can be used to detect a missing pulse or abnormally long spacing between
consecutive pulses in a train of pulses. The timing interval of the monostable circuit-is retriggered continuously
by the input pulse train as long as the pulse spacing is less than the timing intervai. A fonger pulse spacing,
missing pulse, or terminated pulse frain permits the timing interval to be completed, thereby generating an
output pulse as shown in Figure 16.

Ve (5 Vto15V) T T T

Vcc =5V
= Ra=1kQ
| C=01uF
a [ 8 Ry Ra See Figure 15
Input RESET . V¢c 3
2 ouT - Qutput = i
TRIG z 3 .
> Input Voltage
7 o~
DISCH »
g
CONT THRES s >°
0.01 UF aND iy Output Voltage
T I /
= 1T ~ // V4\Vaivalh AN/
A5T3644 I/](V f \__//y’ﬁ
|Capaicrtor4\loltajge
Pin numbers shawn are shown for the D, JG, P, PS, and PW packages. Time ~ @.1 ms/div
Figure 15. Circuit for Missing-Puise Detector Figure 16. Completed Timing Waveforms for

Missing-Putse Detector
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Features

* Compatible with MCS®-51 Products

* 8K Bytes of in-System Programmable (ISP) Flash Memory
— Endurance: 1000 Write/Erase Cycles

* 4.0V to 5.5V Operating Range

* Fuily Static Operation: 0 Hz to 33 MHz

* Three-level Program Memory Lock

* 256 x 8-bit Internal RAM

¢ 32 Programmable /O Lines

¢ Three 16-bit Timer/Countets

* Eight interrupt Sources

* Full Duplex UART Serial Channel

* Low-power ldle and Power-down Modes

* Interrupt Recovery from Power-down Mode

* Watchdog Timer

* Dual Data Pointer

* Power-off Flag

* Fast Programming Time

* Flexible ISP Programming {Byte and Page Mode)

* Green (Pb/Halide-free) Packaging Option

1. Description

The AT839S52 is a low-power, high-performance CMOS 8-bit' microcontralier with 8K
bytes of in-system programmable Flash memory. The device is manufaciured.using
Atmel’s high-density nonvolatile memory technalogy and is compatible with the indus-
try-standard 80C51 instruction set and pinout. The on-chip Flash allows the program
memory to be reprogrammed in-system or by a conventional nonvolatile memory pro-
grammer. By combining a versatile 8-bit CPU with in-system programmable Flash on
a monolithic chip, the Atmel AT89552 is a powerful micracontroller which provides a
highly-fiexible and cest-effective solution tc many embedded control applications.

The AT89S52 provides the following standard features: 8K bytes of Flash, 256 bytes
of RAM, 32 I/O lines, Watchdog timer, two data pointers, three 16-bit timer/counters, a
six-vector two-ievel interrupt architecture, afull duplex serial port, on-chip-oscillator,
and clock circuitry. In addition, the AT89S52 is-designed with static logic for operation
down to zero frequency and supports two software selectable power saving modes,
The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port,.and
interrupt system to continue funclioning. The Power-down mode saves the RAM con-
tents but freezes the oscillator, disabling alt other chip functions until the next interrupt
or hardware reset.

|h
lll|

Y )

8-bit
Microcontroller
with 8K Bytes
In-System
Programmable
Flash

AT89S52
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2. Pin Configurations
2.1 40-lead PDIP 23 44-lead PLCC
< . oc-sa
(ryProg1 A0 HVCe o 2222
mexeridz 39 [1 P0.0 {ADO) ToN~9 g5 -uo
P120]a 38 1 P0.1 (AD1) Laaaa?YPPRE
P34 a7 11 P0.2 {AD2) A0 OO0 OO
P140s 36 {1 P0.3 (AD3) wosyPisd7 o~ T T ¥ ahroatany
(MOS) P1.546 35 [ P0.4 (AD4) (MIsOyP1848 38 [1P0.5 (AD5)
(MISO) P1.6(] 7 34 {1 PO.5 (ADS) (SCKyP1.7]9 37 [1 P06 (ADB)
(SCKyP1.7[]8 3371 P06 (ADB) RSTL]10 36 [1P0.7 (AD7)
rsTe a2 3 Po7 (a07) (RXD) P3.0 O] 11 a5 1 EAVPP
= NC {12 4 [INC
(Rxg) :'OE 10 H :iEANPmP Moy Paides 32 [1 ALE/PROG
(TXD}P3.103 11 303_ (iNTO)P32]14 32 [1PSEN
(INTD) P3.2C1 12 29 P PSEN {iNTyP33]1s 3t P27 (A15)
(iNTi)P33C]13 28 [1P2.7 (A15) oy paais 20 P26 (A14)
(To) P34 ] 14 27 D P2.6 (A14) moeasdiz, o 29[1P25(A13)
myPasdis 26 [J P2.5 (A13) GGSSSSESSSS
(WR)P36[]16 25 P24 (A1) ery-gQo-anw
(AD) P27 0017 24[1P2.3 (A1 1) Eiéeéz&ﬁﬁg&
XTAaL2 (] 18 23D P22 (A10) lt?[é" BTN
S T So a g
XTAL1 O] 19 22 3 P2.1 (A9) [ ==
GND [} =0 21 A P20 (A8}
22 44-lead TQFP 2.4  42-lead PDIP
2 c-ao ~7
o8 §ggg AST O 421P1.7 (SCK)
o N~ 8 o oM (RXDyP3.0L]2 41 1 P1.6 (MISO)
ELLaia258888 X0} P34 13 40 F1P1.5 (MOSH)
/_Wm_vmm—cmgnomv (INTO) P32 4 30 0P14
o T e M ;MmN om Ly g
(iNTHP3305 3s[OPr1a
st i s esete: (i
(scK)P1 703 31 (1P0 6 (ADB) HULRGE L 36,41 P11 (T2EX)
RsTC]a a0 P07 (A7) (WR)P3.6 18 3511P1.0(T2)
(RXD) PA.0C{5 201 ERVPP (RDY P37} 9 34[1vDD
ncds 28 [ING XTAL2L 10 331 PWRVDD
[0 kR 27 DALE/PROG XTAL1 E: 11 32 11 P00 (ADD)
o ozcl <y aiogiie o et ooy

(To) P34 0o 20 FIEADiA1 4 PWRGND [ 13 30 {1 P0.2 (AD2)

F) Paso 23 Fip2s (A1) (AB) PZ.OE 14 2903 P0.3 (AD3)
gl & B
|ERSRSERERRERAEDREREY K| (Aﬂ)) o 16 ( )

O O00Q N0 T (A1) P23 {17 2601 P0.6 (ADS)

Il T = Z Z NN NN

IR OO RN (M2 P2ACias 25 [1P0.7 (AD7)

33 22222 (A13),P2.5T] 19 24 O EANVEPP
{A14) P2.6 {20 2311 ALEfPROG
(A15) P27 021 22 {1 PSEN

2 AT 8OS 5 2 e ——————
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3. Block Diagram

POO PO7 P2.0 - P27
$ T I | 4 A4 A 4 A
| Ty TYyeiY ;
: PORT 0 DRIVERS PORT 2 DRIVERS
GND 4 A A :
[ ? :
| :
— 5 .
= RAM ADDR. PORT 0 PORT 2 ;
' REGISTER [P RAM LATCH LATCH FLASH - :
: A X :
! :
: 4 v :
: T ] :
i 4 :
: PROGRAM ‘
. B STACK ;
: REGISTER ACC POINTER Qggg%gsﬁ :
: h 4 h 4 :
: <P BUFFER 4 — P !
: TMP2 TMP1 :
: PC :
: Al INCREMENTER [€ P :
: 4 S
' INTERRUPT, SERIAL PORT, '
: AND TIMER BLOCKS :
: \ ! PROGRAM » :
: PSW 1 COUNTER > 5
s | i °
. : f :
PSEN <4 T i : :
CROG € — TIMING i :
ALEPROG < TIMIN INSTRUCTION | ) Wil % > Y Dol buaiorr lad
— : REGISTER y
EA / V,, —i—®| CONTROL T 4 :
RST —— M | :
: . 4 Y ¥ :
: | wareH PORT 3 POHT 1 15P Ng o] PROGRAM :
: DOG LATCH LATCH PORT LOGIC :
: 0sC :
: | PORT 3 DRIVERS - PORT + DRIVERS :
\ T ,
' A H
Lol IR X 2 L I S 3 3 S .
[ | | v .
4|U|i v v + v + + v
T T P3.0 - P37 P10 - P17
_—1—._

AIMEL 3
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14. Oscillator Characteristics

15. Idle Mode

XTAL1 and XTAL2 are the input and output, respectively, of an inverting amplifier that can be
configured for use as an on-chip oscillator, as shown in Figure 16-1. Either a quariz crystal or
ceramic resonator may be used. To drive the device from an external clock source, XTAL2
should be left unconnected while XTAL1 is driven, as shown in Figure 16-2. There are no
requirements aon the duly cycle of the external clock signal, since the input to the internal clock-
ing circuitry is through a divide-by-two flip-flop, but minimum and maximum voltage high and low
time specifications must be observed.

in idle mode, the CPU puts itself to sleep while all the on-chip peripherals remain active. The
mode is invoked by software. The content of the on-chip RAM and ali the special functions regis-
ters remain unchanged during this mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware reset, the device normally resumes pro-
gram execution from-where it left off, up to two machine cycles before the internal reset
algorithm takes control. On-chip hardware inhibits access to internal RAM in this event, but
access o the port pins-is_not.inhibited. To eliminate the possibility of an unexpected write to a
port pin when idle mode is terminated by a reset, the instruction following the one that invokes
idle mode should not write to-a port pin orto external memory.

16. Power-down Mode

1919C-MICRO-3/05

In the Power-down mode, the oscillator is stopped, and the instruction that invokes Power-down
is the last instruction executed. The on-chip RAM and Special Function Registers retain their
values-until the Power-down mode is terminated. Exit from Power-down mode can be initiated
either by a hardware reset or by an enabled external interrupt. Reset redefines the SFRs but
does not change the on-chip RAM. The reset should not be activated before V. is restored to
its normal operating ievel and must be held active-long enough to allow the oscillator to restart
and stabilize.

Figure 16-1. Oscillator Connections

c2
N\ XTALZ
i ¥
| e
| [
Loc1 T

‘—I}—i— XTALA

JT‘ GND

Note: 1. C1,C2 30 pF + 10 pF for Crystals

40 pF + 10 pF for Ceramic Resonators

AIMEL 19
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Figure 16-2. Extermnal Clock Drive Configuration

Table 16-1.  Status of External Pins During Idle and Power-down Modes

EXTERNAL

OSCILLATOR ————

SIGNAL

T

-
=

XTALZ

XTALA

GND

Program -
Mode Memory ALE PSEN PORTO PORT1 PORT2 PORT3
idle Internal 1 1 Data Data Data Data
idie External 1 1 Foat Data Address Data
Power-down internal (¢ 0 Data Data Data Data
Power-down External ; -0 Hoat Data Data Data

17. Program Memory Lock Bits

The AT89S52 has three lock bits that can be left unprogrammed (U).or can be programmed {P)
to obtain-the additional features listed in Table 17-1.

Table 17-1." Lock Bit Protection Modes

Program Lock Bits

LB1 LB2 LB3 Protection Type

1 U Y] U No program lock leatures
MOVC instructions executed from external program memory_

2 p U U are disabled from fetching code bytes from internal memory, EA
is sampled and laiched on reset, and further programming of
the Flash memory is disabled

3 Same as mode 2, but verify is also disabled

4 P Same-as mode 3, but external execution is also disabled

When lock bit 1 is programmed, the logic level at the EA pin is sampled and latched during reset.
If the device is powered up without a reselt, the latch initializes to a random value and holds that
value until reset is activated. The latched value of EA must agree with the current logic level at
that pin in order for the device to function properly.

20 AT 80 S 5 2 e —
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26. Absolute Maximum Ratings*

Operating Temperature ..............ocueveveveeeeennn. -55°C t0 +125°C *NOTICE:
Storage Temperature ..........ccccccevececeneecercnnn, -65°C to +150°C

Voltage on Any Pin

with Respect to Ground .......cccccveececvniceccrcncnes -1.0Vto +7.0V

Maximum Operating VOItage ........cccoeeceionmeiniecveses e 6.6V

DC Output GUITENt. ..ot 15.0 mA

27. DC Characteristics

Stresses beyond those listed under “Absolute
Maximum Ratings™ may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absclute maximum rating
conditions for extended periods may affect
device reliability.

The values shown in this table are valid for T, = -40°C to 85°C and V¢ = 4.0V to 5.5V, uniess otherwise noted.

Symbol Parameter Condition Min Max Units
Vi Input Low Voltage {Except EA) -0.5 0.2 V0.1 v
Vi Input Low Voltage (EA) -0.5 0.2 V0.3 v
Vin Input High Voltage (Except XTALT, RST) 0.2 V1409 Vect0.5 \
Vint Input High Vottage (XTAL1, RST) 0.7 Ve Vect0.5 \Y
2 Qutput Low Voltage™ (Ports 1,2,3) lor = 1.6 MA 0.45 v
Vou glgzlg,'f:;g—sn%%;” .= 3.2mA 0.45 v
loy =-80 PA, Ve = BV + 10% 2.4 v
Vo, g‘:ﬁ:t 1”59; ﬂzgi%ﬁ) o = <25 pA 0.75Vce v
lon=-10pA 0.9 Vg v
loy = -800 WA, Ve =5V £ 10% 2;47. v
Vorr (oPl:fguOt i':gE':d\:r)::?gus Mode} Jorls RO 0F5Wee v
loy = -80 pA 09 Ve v
n Logical O Input Current (Ports 1,2.3) | Vy=0.45V -50 A
- l(.gg::sag '122)0 Transition Current Vi =2V Ve = 5V =10% -300 bA
Iy input Leakage Current (Port 0, EA) | 0.45<Viy< Ve +10 pA
RRST Reset Pulldown Resistor 50 ) 300 KQ
Cio Pin Capacitance 7T.e-§t Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current
lec Idle Mode, 12 MHz 6.5 mA
Power-down Mode!" Vee = 5.5V 50 pA
Notes: 1. Under steady state (non-transient) conditions, lo, must be externally fimited as follows:

Maximum Iy, per port pin: 10 mA
Maximum ly_per 8-bit port:
Port 0: 26 mA

Ports 1, 2, 3: 15 mA

Maximum total I,y for all output pins: 71 mA
If 1o, exceeds the test condition, V5 may exceed the related specification. Pins are not guaranteed 1o sink current greater

than the listed test conditions.
2. Minimum V. for Power-down is 2V.

1915C-MICRO-3/05
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L293D
L293DD

PUSH-PULL FOUR CHANNEL DRIVER WITH DIODES

600mA OUTPUT CURRENT CAPABILITY

PER CHANNEL

= 1.2A PEAK QUTPUT CURRENT (non repeti-
tive) PER CHANNEL

= ENABLE FACILITY

s OVERTEMPERATURE PROTECTION

s LOGICAL “0" INPUT VOLTAGE UP TO 15 V
(HIGH NOISE IMMUNITY)

= INTERNAL CLAMP DIODES

DESCRIPTION

The Device is a monolithig/integratedhigh, volt-
age, high current four ehannel driver designed (o
accept standard DTL or T TL logic levels-and drive
inductive loads (such /as relays solenoides, DC
and stepping motors) and switching-power trafs=
sistors.

To simplify use as two bridggs eachpair of chan-
nels is equipped with an enable input A separate
supply input is provided for the logic, allowing-op-
eration at a lower voliage and. internal clamp. di-
odes are included.

This device is suitable for use iniswitching, appli-
cations at frequencies up to5 KHz:

BLOCK DIAGRAM

SO(12+4+3) Powerdip (12+2+2)
ORDERINGINUMBERS:
1-293DD L293D

The, L'293D7is, assembledlin, a 916 lead plastic
packaage which has 4 cepter pins-connected to-
gether and used.for heatsinking
The 129800 is assembled in)a 20.lead| surface
mount rwhich has—8-center/ pins ‘connected to-
getherand used.forheatsinking.

IN1
ENABLE1 J
IN2

Us ouTi¥ OUT3 Uss

18

A

28

y ANS

f ENABLE?2

19
\I \r IN4
4.5.6.7
14,15.16.17

——
n92L29301-61

A 4
out2 outa L

June 1996
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L293D - L293DD

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vg Supply Voltage 36 V'
Vssg Logic Supply Voitage 36 Vv
Vi input Voltage 7 v
Ven Enable Voltage 7 \'
b Peak Output Current (100 ps non repetitive) 1.2 A
Pt Total Power Dissipation at Tpins = 90 °C 4 w
Tstg, Tj Storage and Junction Temperature —40 1o 150 °Cc
PIN CONNECTIONS (Top view)
NS
ENABLE 1 16y} Vss
o
ENﬂBLE 1 a 1 29 D USS INPUT1 15 INPUT &
INPUT 1 (T 2 19 [TD INPUT -4
OuTPUT 1 (T 3 18 [T QUTPUT 4 QUTPUT § ®{l ourPut .
GND 4 17 GND
i~ . GND 12 GND
GND (O] 5 16 {1} GND
GND (I} 6 15 {13 GND GNO il \ako
GND T 7 14 [T GND
ouThPutT 2 (T4 8 13 % ouTPLUT 3 QUTPUT 2 "l ouseuta
INPUT 2 (L] 9 12 INPUT. 3
INPUTZ2
us (] 10 11 1D ENABLE 2 3 ol
n92L29301-82 ¥s sl] EnaBLE2
S:e814
SO(12+4+4) Powerdip(12+2+2)
THERMAL DATA
Symbol Decription DIP SO Unit
Rinj-oins Thermal Resistance Junction-pins max. - 14 *CIW
Rib j-am Thermal Resistance junction-ambient max. 80 50 () °C/wW
Ritnjcase Thermal Resistance Junction-case max. 14 -

{*) With 6sq. cm on board heatsink.

27
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L293D - L293DD

ELECTRICAL CHARACTERISTICS (for each channel, Vs =24 V, Vss =5V, Tamb = 25 °C, unless
otherwise specified)

Symbeol Parameter Test Conditions Min. Typ. Max. Unit
Vs Supply Voitage (pin 10) Vss 38 \'4
Vss Logic Supply Voltage (pin 20) 4.5 36 vV
Is Total Quiescent Supply Current | Vi=L; lo=0; Vaa=H 2 6 mA
{pin 10) Vi=H; lg=0; Vaen=H 16 24 mA
Ven =L 4 mA
Iss Total Quiescent Logic Supply Vi=L:lg=0; Van=H 44 60 mA
Current (pin 20) Vi=H: lo=0; Ve, = H 16 2 mA
Ven =L 16 24 mA
Vi !nggut Low Voltage (pin 2, 9, 12, -03 15 \'
1
Vin Input High Voltage {pin 2, 9, Vsss7V 2.3 Vss v
12.19) Vsg > 7.V 23 7 v
he Low Voltage Input Current (pin-| Vie=15V - 10 nA
2, 9,12,19)
lin High Voltage Input Current {pin | 2.3V <Viy < Vs~ 06V 30 100 pA
2,9, 12, 19)
Vent Enable Low Voliage =03 15 \%
(pin 1, 11)
Ven H Enable High Voitage Vsss 7V 2.3 Vss Vv
(pin1. 1) Veg > 7V 2.3 7 v
lanL Low Voltage Enable Current Vel =15V -30 | =100 pA
(pin 1, 11)
len 1 High Voltage Enable Current 23V <E&VensVss— 06V +10 nA
(pin1, 11)
Veegsam | Source Output Saturation lo=-06A 14 148 vV
Voltage (pins 3, 8. 13,-18)
VeE(san Sink Output Saturation Voltage lo=+ 068 A 1.2 18 \'4
(pins 3, 8, 13, 18)
Ve Clamp Diede Forward Voltage lg = 600nA 13 v
Y Rise Time {*) 0.1 10 0.9 Vo 250 ns
t Fall Time (") 0.9t0 0.1 Vo 230 ns
ton Turn-on Delay (*) 0.5V;100.5Vo 750 ns
to Tum-off Delay (*) 0.5 Vito 0.5V 200 ns
(") See fig. 1.
377
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L293D -1293DD

TRUTH TABLE (one channel) Figure 1: Switching Times

Input Enable () Qutput

rIrI
r—XIXI
NN I

i
E

Z = High output impedance
(*} Ralative to the considered channel

St

Figure 2: Junction to ambient thermal resistance vs. area on board heatsink {SO12+4+4 package)

Rth- jamb n9zL293pD1-83
*Csu)

DIE PAD -148x22Bsq.mils
—— DIE SI1ZE.12Bx138sqQ-mils

Pd-1u
75 \
78
\

68

55 <
=3 ]

45

B 1 2 3 4 5 6.7 8lsq.cm}
HI2L 29301 -84
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