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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 circuils
used in this system consist of three main parts which are light detectors, processing circuits and a
driving DC motor circuit. The 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 DC 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 one system.
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2.1.1 A auiiniiaddu va4 Microcontroller 95¥AA MCS-51

s c; o 9 o A

® 1l Core CPU Wiilu 8 bit tazgafrdanmunzluauniuqu sageanse
ilszananans Logic Audayaluszay bit 18

e fwintearwiiTusunsu 4 kbyte iazsoaiuns IFauveantinendui
Tsunsu 1464 64 kbyte

e imitsanuirdoya (RAM) 128 byte nazsasiumsldaiuves

v o ¥ Yo
migaudfoyalan 64 kbyte
{ o ng n’: o

® iport iuihu1ave 1O Wanum 4 port uazarmnsnldan 18 lusedy bit

® 117995 Counter/Timer YUIA 16 bit #0aya dmivuldlunisdunar uSeriy
U
= g Yo v @

® inv9sdemsoynTuuLL Full duplex UART 195wasdoyauuusynsu

®  §12995 interrupt 6 umadiuila Taedl 5 # MUY ISR LATANT interrupt
Taonnsadaszauanudng1d 2 seay

® e uuan1g clock nelu



2.1.2 weantden laezunsuves MCS-51
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: PORT § DRIVERS PORT 2 DRAIVERS
GND | F T 3 ry
‘ i
‘
£ 3 v
o RAM ADDR. PORT 0 P
! REGISTER {—# Ram L ATeH 2 FLASH b
i
3 4 3 4
V
: A 1 v y
' 4 Y [
.
! J ]
: B STACK FROGRAM
: ADDRESS
; REGISTER acc oK ADDRESS
H
;
! v
‘: <«  BUFFER  |[¢—
i TMP2 TP
;
s — .
; AU INCRAEMENTER
: INTERRUPT, SERIAL PORT
: AND TIMER BLOCKS
“ ’ 1 PROGAAK N
: PSWY COUNTER
:
:
: r
PSEN #—]
PROG -] TMG
HEPROG 4 ang " [MEERCTON v . »| cumorra }e
ER ¢ Vep —1—M GONTROL [ 1 1
RsT ——m
3 4 ¥ .
: VT PORT 3 PCAT 1 ise PROGRAM
f Do LATCH Laen || eoRT [+ Tlodie
i y y
;
; OsC v Y 4

P30 - P07

P20 - P27

et

|

PORT 3 DRIVERS

POAT 1 DRIVERS

holl
R

Pac - Pa7

P10 -

P17

11l 2.1 wdenlaazunsuya MCS-51

l

:



2.1.3 AWMUL LAZHTNNT YR 181U MCS-51

A1INA 2.1 VAN WA ¥84 tuasneu Insaimes aszna 51

Pin

input/output/impedance (Z)

¥ A o
HUM/ MITNINY

PO.0 -P0.7

input/output/impedance (7)

- Port 0 1Tl Open drain bidirectional /O Port 8
bil

el output AIMIINTY (sink) ATZUA
Y84 input LU LS TTL 19 8 &2

- M Port 0 bit Hignaan “1” (high) w¥ 1
vl Floar avenuisaldennily High
impedance input 18

- Rmtifiilu Address Bus #3UU9 Low byte
(PCL) a&ui Data Bus lunsdifning1fau
External Memory Clumiﬁw logic 1 %Qﬂﬁ%’N 10
strong internal pull-up

- Port 0 ﬂz‘l%’dﬁhﬁﬁagflu internal program
memory aanmgﬁaﬂﬁﬂmﬂﬁau(ﬁogmm

verification) 1191 9¢A89A® External pull-up fu

P1.0-P1.7

inpul/output

< - . . ~
- Port 1 11U bidirectional VO Port 8 bit n1aluil
internal pull-up
A Y o '
- adielFidu output  vzamiTaiU/AE
(sink/source) NITLTVDY input 11UV LS TTL 14 4
a7
o or a' T 1 o v ;
- @MTU Port 1 bit NQAAIAT “1” sz lAuiu
g . . 4 £
13U high 910 internal pull-up Feeuse lFau
o Ny a
1T input 18 iazitiegniloud e logic “0m fuez
1Y ¥ & u
Inszuaeanuld Fenszud ez Inanian

internal pull-up

P20-p2.7

mput/output

- Port 2 1714 bidirectional /O Port 8 bit n1luil
internal puil-up

d'l b s +
- !.ll@:l‘iﬂﬂu output PYAIUITIDIU/DY

(sink/source) NFZLAYDA input UV LS TTI, 14 4




or

P

- Aty Address Bus Tuauvea High

T
oA A A

byte (PCH) Tunsdiniinis1da 1y External
Memory 119117819 Address Uy 16 bit Tuns

4 i ¥ .
1 logic 1 9YNATIIIN strong internal pull-up

P3.0-P37 input/output - Port 3 1D bidirectional /O Port 8 bit eyl
internal pull-up
J ¥ v =1 ¥
- UBNIAULAT VIR YD Port 3 i]:’;llﬂ"l'jtl‘h'
o . a1 qy
i special feature Y84 MCS-51 aana T
input P3.0 : RXD (Serial input port)
output P3.1 : TXD (Serial output port)
input P3.2 : INTO (External interrupt 0)
input P3.3 : INT1 (External interrupt 1)
input P3.4: TO (Timcr 0 extemal input)
input P3.5: T1 (Timer 1 external input)
output P3.6 : WR (External data memory write strobe)
output P3.7 : RD (External data memory read strobe)
RST input Reset tHudganauilouldsu mcs iweilunis
AMUARUTUAUAIS N1TA Reset 1102H 0991
n‘j A 8 or a
wnasanae I Ifnuases lunis Reser dynm
RST A8943ia(9t191100 2 Machine Cycles 1492
© 9
I3 Reset 1A
o @ o Y
ALE outpui Address Latch Enable 11/u GRNRLY EANPRI TR
194 PCL gl uid 19 Larch Tuszvidnefinivas
PCL ®8N31M PO dyg i ALE Hazliaanu)
aaaanal (18919281314 Extemnal  memory
-~ ] [ A a . £
n38 lai) 1funa1d 1716 vesdyayet Clock ¥4
o o o
annsmh I duguna Wduwesniouen
18 w1357 lunsdiflunisAass External
a 9/ 4
data memory IV ALE i]:ﬁJ”llﬂ'lJ‘HlNgﬂ
- o —— 4 d
PSEN output Program Store Enable @¥yqy1l PSEN Faifu

o A 9 o @
g el luny Feeh f1d9910 External




3 ' g A o
program memory UU i]:"lumﬂummﬂums

Fetch A1d991A internal program  memory

»
s =]

o & 2. a4

dyine PSEN UagiNadudadniaaantiy
. . ¥ A d a v w
Machine Cycle aniulunsaindunisaasany

External data memory ﬁ’illuilpm PSEN vzt

input

External Access lagn1sAevidays EA Ty
‘High® A3 Feich fA4R Address ¥ioon1 OFFFh
(4 kbyte) d@m3u 80Cs1) a21d9A internal
program  memory ua:ﬁ'u‘ﬂu Address gmd
1000h  92t5uN1581491N External program
memory 9198971 EA 147U ‘Low’ A5 Fetch

A1AININUAIENTENIAY External  program

mnemory

XTALI

input

. . . . &
Input to inverting oscillator amplifier nazly

dmiumstleu External clock

XTAL2

output

Output to inverting oscillator amplifier




4 . o ar 4§
2.1.4 m3euseginsainy MCS-51 1ssdu
v A o S Yo bl b d ~ A ] o
asud luTasaeu Tnsaviauam Tdsunsudi ladmua’ld 15 Wesdinsideudsgnsal

F1AunNBY 19U Clock 1a% Reset tiudy

CPU Timing

o o = 1 & [ as
Tu MCS-51 szfidiuveansesfniia clock sgnaluuda Hsemnsolfithudyaa

-~

v
wiRn¥R Y cpu 14 Tun13 141 vee On-Chip Osciliator 114 AR89 crystal M8 ceramic

resonator V1 XTAL1 iy XTAL2 uazdnfvilisy

Qscillator Connections

c2

A

XTALZ

C
XTAL1

]
——

GND

31% 2.2 nsi¥aussnSaAn AL MCS-51

a ¥ 9 1%“:&

v d =3 a S/ 9 e
821413MA 1A IATS 7% Clock MAN1BUBA AzR 1R 1A Taen13ne dyyw

o
(]

External Clock 1979191 XTALI

Externat Clock Drive Configuration

HC —uw——{ XTALZ
EXTERNAL
OSCILLATOR ——  XTAL1

SIGHAL

GND

i

31 2.3 nasifeusiadya e clock 11 MCS-51



Reset

deyanud miung Reset MCS-51 92017111 RST 1aeiinees Schmitt trigger o
Melun1s Reset 92911A0n15 19 logic high 1917v1 RST iThina196191700 2 machine cycle

[ ¥
Tuvaizdyyra Clock 83neiTueg 91IMiU CPU 92¥11015 Reset Msvauvessiuesly
1 1 = J 1 g r o
$29201984 Cycle 1 2 UAZAT Reset ¥21AATUNNTG Cycle Av 115009 suniidyaal RST a2
aduilu Low

o & 1o A A, o & A 4

nagd M3V Intenal RAM F32 Tilnudasunag 15eviinig Reset aatiuiiiasy
' Y a v 9 =1 [ R 1 td A o A
Sl ld i us Uy Avesoyasiflumigu uaszoniiuiian1svh Reset 1ifopon 91N Power

] Y, 1 . ar a
down mode Faluns difiardoyaa1aq Tu intenal RAM weéisnudn

Power-on reset
a & Y . & 44 Vo a o W
21NMN15 Reset 49zAn i mnaTamisuo ¥ sz Uy M3 Reset 1 aza o lé
2019310 Tasnmssia9vsaegy)
o o . . +a o aa =1 a
Taolauiutlsyguuta 1 F 41 Rise Time v0¢ v, Tiifiu 1 Tad 3w uazaifiages
A o = Aan ° A 9 iy
clock Faniramu iR 10 a@IuTi N13919U89 Power-on reset 85118 1RA 1]
' A ' a i d Yo o o
weasune i usz vy nszuad lnard lue RST Asziflumsdseyldduduiu
o A a tg P =1 v v o w A M o o
Usey usadunnavuiel RST witlunaa9senin v, Auussduiinaaseuduiuilszq uaz
a o - & o d
glifaanuses oA nAUYszygn charge
' o A A [} . . o i
AUTIAUNYT RST 22AD95A121AN91 Lower threshold ¥849 Schmitt trigger e

i o 4 . . .
uunen oz N3 Reset Uy (Oscillator start-up time + 2 machine cycles)

Lo

MCS-51
RST

Vss

zﬂ_ﬁ 2.4 mm’?ausia Power-on Reset
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2.2 malilsupanlvnussua
a ¢ ¥ ¥ oa o & g Wu o o
mshszuululnsaeuInsames wian A wdedinstleugaddaldimiu aniy
MFanaten mdanaessnuisonh <msTilsunsy Iaoneueaawuasodutiuniu
y . v nya . .
wugwngane W luInsneuTnsawe i luilpiuldlimaihnessduganldlua
o J A =] oy b ar o =
lulasasuInsatasfuindu iesnnamnsa@ou lddwadredunivuy sl nsdioy
¥ T ¥
Tilsupsudronieiszdugaiuszdaalisulan1s (Compiler) tWanlaniviiouldiily
Y oY o : =1 é ' o = Q
myunipavesFUiniudniivii Tavazaglugilues hex file udni 1 Tsunsuldg 1w
nuszAugen 19ty MCS-51 Tnaenien 19U M1 BASIC A1 C nw PLM Thidu
=1 ol - 9 A a am = EERY o
mediumehlsdsuszuylfiidns UNIX sasitlumemanysmsdisunuy
Taseerd e awnaldudilymililsunsuntianududeulda TassadnvenimdouTsunsy
svagnisluniaamuny { } lull aa.198s 1adinasuldnmdlumsouTlsunsulidy
o o o Y o o R 5
TulnsnauInsaaesiues 8051 eyt 1aianen nass (Compiler) H1Flunsudaniy
Widululaseeuinsaassaguatsda
a aa ¥ o o o
A PLAM funmevesdumaiisu gy Insaeaefiues 8080 juluuuntuiey
[T al (=1 9 @ - v v o J, o 9 ] Y
adefunhanta uall Tassad uunu® uanisewidessi 1daena ms o
Yo ¥ o a o5 o 9 W ¥aa
fify Mcs-s1 sdouTdsunsuivinaunundinmaasninnudugeu Tula 14duls
=Y o o =) v 4 = a <
meitioy uagandunans Inaluls a1 ldnmd wazamw pLM Ao lulsasulnsaned
° £ ~ o b ' k4 a 1A o A g
wiimsdouTilsuarui Idhenimaldmuwe smsuud uasiiasainsasaniuniiily
ar ¥ ¥ Ao ¥ o A A a & 4 4 Ay wd
muszdugins lsnudesddwdan i lmilunmuaiesdninis anmuniown 1At
£ Y ' ] ¥ Ady ¥
219zl F UG I UNINAIINMIA BUR BN BB EBNUAN 1A
1a a =) o
TusAnn1 BASIC lunuwsaiitenlFlumsududoulsunsununaununes
P o 4 9 Y @ o E ;w o
pC osnnmidaazadeduntbma luflvgiudnigldmemiduan lulasneuInsames
1 ar ' ' Qs ) T LY A = 1 o 3
MCS-51 rufiu ua hi ldsunmutisumadindauia ninmauasie) A
dsznisusn Aa anidanas duny nterpreted Tnon13uasinniz BASIC 1%
A o A A [ a ¥ a F A 9 o/ =t
unmuaTeseziudelinismsiulsunsy ldszmmivn iddud i luileetueeiinng
. [ 1cd [] k' s 9
utan1 BASIC 11y compiled udwan hisunse 19aunu Mcs-51 1a
= =] as o ] [ LY .
Yizgnishaes lumassuTdsunsuannlpnalssgnil@erdudanilsuuy Floating-
- o q WY v o o 3 Y
point ¥9azi i lamiseawinnn uazoa lunmssuTusunsudn e
PagiumsAannaulas Insaaedalins IenwszaugelunindouTdsunsy
& = b 4 R | A a g aa ~
WU taztuua uwnduse s udeudssn iy weasuuan 1dsunsuiinue)
szuiu 10 Mihnszany ileifoudrenimiszdugadeiauenunieifios

3 . = A a - a o o
HUINTZATHINTUU TﬂUﬂ'ﬁl“‘JUUTﬂiuﬂﬁUﬂﬁlﬁﬂﬂ']ﬂﬂlﬂuUulﬂﬁ@ﬂﬂ@ﬂ‘ﬂ')!ﬂﬂi PC l!ﬁﬁlﬂjﬂclﬂ
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o 4 ® o o
iWunyuaiealugduuy hex file st TisunsuasoululasnouInsames Iszuy
o as aAn Yo oA o aY A =1
i Tasaszduganionldiu ffe nund ilesnniidadsen natwszns msifou
9 ::u:r ‘i t e ay Y d T =1 .2'1 r=1
Tilsupsudrentiannsaeudenunyuesarnud laduedied dlasnnnuidns
o lrdifssiunywemanudinaga Mbinndsu ldsupsudenmdamnsadou
=1 9/ n=' - LY | . 3 P - v
aymemanudsin 1 1A AiSeniud In-line Assembly uaziiissninn i@ iunwmlgng
9 9 £ as @t [
Wou TanmnsunTasada (structured language) 1A @ msnaiaiteddusen 1iu'll
o o ¥ o LY 1 g ] -1 J

uaztiuTon 1 lun1ondald i ldnsiann Tusunsngq 1840 uaziSivy

Tuilegtiu Iiidameulmasinudesnmaied urazdseiideateidouanaeiu

ko

Tums@ouTdsunsniu denianldauedeanlailun e awuvdneusa lusunsy
Wrvlulasneulnsaaesld nsl¥aenlmasiudazdreei W 1A svan we auaryud

HANANNY

Taa lhiawann lulnsneu nsame Sl sudruny e mauud i indou
Tunsy uazulalfifhueetindIvd (umana .0BY) n3ein IWE rwana HEX) nimiu
szl TsunsuaandilulasneuTnsames uamadou Tusunsuden mid e iduasy
A9 snRuRe
L deugadidavuTliuns editor Wimanaih
2. fivuans Inswaiwes (preprocessor) dmiurimuamanon g Tsunsu Fse
fimua 13y source code viafmuanaunsy lndn 18

3. senlndTusunsu s218 M8 eethnd fiwanaifiu oBI eonn

4, L“f}amimgﬂf‘hf?ua?u (tink) FeozRin1Isamgafidente fdredeneiu uas
Tlsunsuawad oot nd Indfauysoloamn

4
5. wlaaliu WA hexadecimat file Havz' 18 Iduwana HEX sarn
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e o X o -
23 mdaiug e razmadazmanunl svesa
ar d' =Y o~ 1
dwmivdmefnuimndouTdsunsumuFvunsuiune SAGuE 9 W U

1 a i 1 o o s y
Tdsunsuusnidrsmareauiuuzti g ou (Sudedl

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

1 o =Y o o T
WoiuTdsunsuneunume 981 aAdf131 Hello Program C 89NN19997TW 910
1 LY oy = PR Yo 1w q”{

TUsunsueenuins iiannwilumsSeafsdiuiladedadule Tenms grueonur siniu
o a 3 d " n‘: ar s
AiFen1d printf MAve gl stdioh 1iu dmivrmidouTsunsuduluTnsnouInsamesng
o 1 o a o ] o T o -:lw a o
WA swtlunenszimeda Tames uazgmiionuiwieg duinadnsnnniem

] % 1 A as ] o T oy ] ]
vadlhsunsueinertesiunmstodeyasznieiimesiumizsanuiwieg (Wuaulngy

fmmswesmadeuTdsunsu i lulasnouInsaaa saen1aaud 064 255 son 'y

o = o aly ¥ar qv
nanesa P ssramnsaeu Tdsunsuiuniualdae

#include<req52.h>

main()
{
unsigned char t;
for (i=0; 1 <=255; 1++)
Pl =g
H

Tuyssiausnezadwivussvausnndwiuussnausnyesnmadou Tlsunsuuy
nsesnaunumed Tnoszveninentndiindns uazivmassanen ves Mcs-s1 Taslu

W4 req52.h szussy¥ersiaime unemizeanuivieg ves sos2 14
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| o A o oo a o N o @ o + ]
vssanaeziuyeadsumsvineumndn (main) Tasfidaniadiaus1e aguu
4 =] o ' < LY . o) a +
wInavanoilanida uazilnnitla aeurezidhunis dseaedands i Wnihudadsuuy char 14
Py 4 P G‘: [ Q ] o o @ & o
ArnTosmnosaniuioya Tadum o 61 255 ussvaae Ttz Tonddsuguesein

1 k4
I ldsunsuinausetie s lasgiiie 0 64 255 deeenTdmanesa PL aseazan

2.4 Inssafraveanmnd
araomudtun e mdeuTdsunsufunvulnaseadeld TasTusunuszny
L . o) 1 =1 o o o ar 1 : =] -3 v
M3iauseq eemifungug nseRangu Tassngumanivawnsaconduinlelmila Tu
¥
madieu Tlsunsuasaszy BhuTilsuasiniuiifesdulalfldihe uayn Tusunsuszdes

IR FUMENN¥0 91 main() e Karsarwaetielassadwuealdsunsuse T

#include<req52.h> /*Preprocessor®/
void funcl (void); /*Pro to Lype*/
int func? (int x);
void main() /A Aansundn
{
int a: r*lszmaaus*
Pl = 0xGFF;
funclQ; /*I?Uﬂﬂl%'ﬂxif‘{ﬁ?u*/
a = func2 (4); FRsSuRTims e/
}
void funcl(void) e Fuilaifinisfuss
{
1
int func2 {int x) /*Wdﬁ‘ﬁ'uﬁﬁmiﬁuﬁ?/
{

Return(x*2);
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IS

»
vinTdsunsuezwuandszmalng Ta Intlzuen T sunsuil iR  Yude funct
} )
1991 uazedsuil szsienutiuTisunsuteams12il void vl uaghifed¥ude func2

. & o 1 g N g = d| o o
(int x) FaazFuand Uk udnds x uazAumeenuutluiunuan

o 4
Ads vazanan
Y] as t a [ | A @ 4 A A A
51Uy uaza1rena g aesnisdsznndod ulsyuundenaudiol
o s '8 = d!v P2 ] o ¥ o o o ar
msnan g Tisunsudlnen Twaes windsudun lumilsauswsuwer g miumiudn

1 1 1 n’: o B ¥ ar 4
nils nazepsimaniulunmisilsznmed s annsoilassy

Ussinmesatoya Foaunls;

¥ oA WA Y § o
mslsznirszReasudediellssinnvesdoya uazamdvdea s Tavezlszme
k4 Aw diy 1 - @ k4 ¥y o oW ) Y. A °
adaaznnlnld arudsvesdanisvuszdiiululd nazdealudidudove sfimeaau

o o : a s o o o ¥
(Keywords) vosnau Iwinasaniug dmivilszinnvestoyalumsbsemedlniludsil

A Y a
A1319% 2.2 Ysznnyestoyavesdus

Uszinnyssioyn YU (1in) At 1d
int 1 04 1
char 8 -128 §19 +127
unsigned char 8 0 14 255
int 16 -32768 014 +32767
unsigned int 16 0014 65535
long 32 -2147483648 §14 42147483647
unsigned long 32 0 D14 +4294967295
float 32 -1.17549¢ -38 §1¢ +3.402823¢ +38




2.5 A UHUM I N1 T

@ o

I=% o g ¥ o o W t A Y [=§ P o
ﬂ’Jﬂ"lluuﬂ"l'ilﬂuﬁ’lﬂi‘iiﬂ'izﬂ"lﬂﬂﬂ’n!ﬂﬁ ATAINAI 1Hi3ﬂlﬂuﬂ1lﬂﬂ’lﬂuiﬂﬂﬂ1ﬂ

a a - | a a dy ¥ = 9 oo a
ATEMNINAUATIONT H‘iﬂﬂig“I’IT‘v’INﬁ@"i}ﬂﬂv‘[ﬂ qluﬂﬁﬁ]tllli‘l]ﬂ!ﬂillﬂ?ﬂﬂ"I‘H"I‘]ﬂl‘u #1

0 @ W o

8 a v =1 1 v @ a0~ { a
Antlunts zuseemiluaengulvge s Adutumsiinszgiiuaignnszianded
(Single operand operators) uﬁ:ﬁ’)ﬁuﬂuﬂ1iﬁﬂizﬁ15Uﬁﬂgﬂﬂi$ﬁ1ﬁadﬁﬂ (two operands

operators)

o o ~

2.5.1 Aduilumsinszidudgnnszindu@ed

v o o

duilumsdsanniivznszmdudagnnsziufivsufe) dsznaudsaaduiiunisg
1 4

A4 Aatl

aaanyel ANHHUE

- AU (negate)

a v a a W . .
~ AAUAINBINYBIVAUBYA (bit wise complement)

! NAUAIMNIADIN {logical complement)

A X &,
++ WAV U UNIAT (increment)

T é L
-- aAf1AINUIAT (decrement)

o o

~ o o
* AIABPUUANTITN NN OUIADT

& AntvusnusaNnudIvesnuls

2.5.2 aduiiumsinseMdudagans gviere s
' d
eitumstiznniliznsziifuaigansziidesdi dmnlagnnsziimate 69
o = o [={ 9 é W @ o [=Y t:i 8 o 4 s
aunsmimousudutudszToald Fadszreulddrsard uidumsiledmuan a9
'S ~ [ é 9 o o ¥ - [=3 =3 o o F=9% F=Y o
gutlumsnaasuniasz Mradntidumnieassn (334, M9) Aadufiunsnenadinmans

o o

AR utunInasiIn aae il
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@ g o =

A3 Wil 2.4 Fyanseinduiiumsiinssinuagnaseiiassds

asr  as <
aanya ANNHUHID

= Amuan1iudse Toa (assignment)

+ 1P|

- au

* A

/ ¥15 {division)

% MITLUVUIN (modulo)
&& ATTUBUA (logical AND)

1 n15887 (logical OR)

o o 1 o
& AEUIUALUVURND U (bit wise AND)

o = t o~
] N1399 T UVUANDUA (bil wise OR)

P~ o F=Y T . . -
A 1318 nﬂqé’iﬂaamuumﬂam (bit wise exclusive OR)
PR "
<< iouiin Tnedne
A A
>> @auia lilmaun
T [ -4 '
== 'ﬂﬂﬁﬂll’ﬂﬁﬂﬂu‘ﬂiﬂ‘h.l

] 1 LY =] ]
1= nagauN luminunie 1

> nagauInnnImse li
[ ' - [
< nagaUNUBIN NI B I
[ 1 =} 1 o =1 1
>= nATUNMINNIMIoNUnT Ti
h 1 Y 1 =} 1 ;: =} w ) T
<« VA UIMIaeN M TN NN B 11
Y v o
+= vz Wiy
y 1 s e o
-= avuaz viminy
Y 1
*= guuaz Ty
Y ot oW
J= wisuaz Wmny
Y v e
%= HITUUULIN Loz W
o o Y o oa
&= HAnsueun uaz min

a o

Y or o
1= inIee T uazlwminu

o =4 =] o Y 1 a
A fhmagnagivess uazlmmiiy

Hi = £ WY v oar
<<= dautia lmaedne uaz 1ivadu

A =) ¥ v oo
- Wauta linieun wazldmindy
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2.6 Yazlmaaugpluannd

+
s _o_ & N ]

L4 .
msienvesllsunsumivedimidudazddassadwuduly vazisawnsnld

24

ar L= o L] ‘& : ' ﬂ' o
Tsunsudaaululunisidsnin1d wSalimieulasunitadg awidau lundmua 1 Tas

8o 0" o 3 = a ‘.’ b3 o : b ‘;’
lefdenuguluniudiuesiilsz Toaddenruanlumadanii uazviaus Asil

1Js¢lam IF/ELSE

+ 1 4
szToaddsiioz IdauguiiemianisiavesldiunsuTaeszgnudassnuuihy

°

<& a e d’ . . . . . = o & o :}’
mdslunmwemsuuadstl jz joz, jb, jnb, jc 1Az jnc Taelighuvuilss ToafdeAail

if (expression)

statement;

expression

statement

ot

\J

31 2.5 flow chart 3115z Ten if

sz Toaii M lunisnaaeuiseiamamuanmunmie lal 18114 expression 1

a A o P ¢ ° oy RN T N A g ¢ W te
515\31"15auﬂflntﬂuﬂuﬂﬂz‘ﬂ1ﬁlﬂﬂluuﬂﬂﬂ1nn1 ﬂuﬂurﬂﬂ HiaNﬂ‘lEﬂuﬂuﬂQ: ]1““'] RS AIAA

4 e < g o & g Y GuY, Y an
wuanszautiuetntulsz Toasdelss Teader viafluawauddaud 1 @aeliilnm
AU\

[y g ° - ° = A Y] ° ~ ’ 1 A
dmnithinsinudeniuuuiiasudan tazdsanaviumisse s laosavia

¢§ = & ﬂw
v1d1l52Ton itclse Faiigiuuu dail

if (expression)
statement!;
else
statement2;

82446




I8

expression

statement1

statement?2 .

D
\j

3U% 2.6 flow chart 311l5z Tondiow igelse

1slon for

o @ d’ ﬂ-diﬂn [ : ti N = o C'l."
ﬂi:iﬂﬂﬂ1ﬁaun:lﬁunsmwmmauiauummimemmmuau Tﬂaugﬂuunmu

for (initialization ; condition ; increment)

statement;

n{ . _ . [=] f o a 9 Qs al o . o
Tag# Iitialization 1iud it muasuAauIifvAmUsYeIN15%131 condition 15lu

% a o : e‘: T P =1 o a _ =1 a 1 o
doulynldnaasuvidnswe li dae1Thinisnsziaain increment 1unmsiina1lian

9 : v n’: o =7 4 g @ A o :’
ydslunismanuaazase d1M5Y statement 321U AIARINUN YDA 1IN TN

l

initialization

N true
= condition? i

increment

A

statement

—

7UN 2.7 flow chart 3113z Ten for




15

1s5zlan while
. o g P ' s o ¥ A 4 o o /4
Mg uuulaze e oy luasunmsvisd udou luthiaS sesihmwamuan

o 4 v YA d <3 o : e 1 1
Amua gazneaeuiton luimi duleu luthufivzeanmnnnmsiidind Teelizluuy

o d’
Aqil
while (expression)
statement;
expression
statement1
1
51% 2.8 flow chart 311132 Tus while
vV o é d
masndal suuve i
lums@ouldsunsudron1w1@dimindesnis IFaudulsnagdusiamise
Usznrderuilssanumatsda 1 wu x1, x2, x3, ., xn uadwauilinadaldifudeya

sznnideniu s ensailsenmfudualsuuueisisd Garay) 19 nisdlsemasandsuuy

pistamsamladegaliuuae lali

¥ 4 ¢ o
Uszinnuesdoya Fop13150 [ViAe15d]

o ¢ da 9 19 kY a o kY
anlsornsddmmsaimuantoyadt W luduilserfis dldine

3 4 s o Y { Y 1
izinnvevaya Fo15154 [ | = {(Yayah 1, Yayah

O] k3

¥ A
L UBYAN 0}

d A =

[ o
TuszvululasaeuInsataes talinisdseniaaauilse1s1sd sz uuazeny

[
o o

T o g @ o 3 o ¢ a
wuawmh dmFufudndserfisdiu Sudsilszinnfiawsni lillszond 1 luns

WeouTsunsuunmilaniseld




dy ~ - ) o N A = ' gj . N ) - o N
wnansiiduenarsianubidmsunslvnuiensnyiniiu lweygislmilulsdsslosuaunisan

luansalla vy Bnnanuiludnuadilon uazneendidaaivesonalsnasaniinisuiluly
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ar 1 o .

2.7.2 unuisdnaweaiu 18 (Optical Spectrum)

@ o4 M a d 9 o g ¥ v A ' o Ad o

Fatmilonne uasiotu 18 nazad18uag (nfrared) M Gon uousedfue iy

é o o : 1 Qs o 1
14 (Optical Spectrum) esfaiNiMIUEIIHa lantldos nTeiusedlndiuas 1wy
aa [ 1 =1 +or LY | b1 i
Fanoufuuasnueaiuld uadnannez ldeSedlnduas (Aweandudszuis 800 nm)
¢ o & o . > o o a u’: 1

mggUnsaniininasiwnimatamianaty wiumahautsasiveariuld uas

F3781nduas Taoma l3ed 198 9T i@ Induaq

UJ 3 ar
2.8 gulnsainliRmas (Optical Components)
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2.12 msinlasdyanaeiiaeniludqaafdnea (Analog-to-Digital Converters)
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2.12.1 MANN1SH MU (Circuit Operation)
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2.12.3 AYAULAYEI ADC (ADC Characteristics)
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3.1.3 MaNA1I0RALIUL LAZATUIY Analog to Digital: ADC
ADC #iidon1d Ae ADC0809 (ilu ADC ¥iin 8 1 uaziadimanised 8 vaq
parsiifiossiutas ADC0809
[l [ A v o o
1. dwasmuyonsonululas Innwasainnaa
2. 18 UaRnAnseIAIUANAIY address logic
[] o o 9 [ - [ |
3. $990unn 0 -5 11aa Adsuvasiw TWnsmaauRe)
4. 1ulmsUTuna R M zero M5B full-scale
gaentfianIzue ADC0809
1. Resolution 8 {in
2. Total Unadjusted Error %LSB uaz +1 LS8
3. uvastwIn s Toasuvaafen
4. Mdsgaudod 15 Tadiea

5. Conversion Time 100 lulasum
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HanmM MU INUENTIRYad ADC
1. Resolution

NS 2.5) 1w1d

Resolution = 2
Tauh n = S ruutingegavesdyyruaines
unual n = 8 1
Resolution = 2" = 256 A

P- |
e
g
NAANNTT (2.6) 32 1891
V.
Resolution = S
2 -1
a T [ od = [=1
Taeh Vs = AMTIAUDUIABNDUNNIANALNG
aa 2
Tunti Ve = 5 Tiad
n = 8 ﬁﬂ
HNUAT
) 5
Resolution = ;
2" —1
Resolution = 19,6078 mV/LSB

2. AUATIBUNN — B TINNUB12393 ADC

& w oWy w;
AWHAMIARIHTURUT 1ATINAUATS (2.7) Uag (2.8) Aail

N Vs
resolution

i

Digital Output Signal Binary Number of D

Taan D = Uy A LYR Iy A IR eI YN

= §1uu LSB vesfu A Tanamun
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PRI Amunald v, = 1 V resolution = 19.6078 mV/LSB ~20 mV/LSB
, 1
LUTIUAN D = E——
20mV /LSB
D = 50

Digital Output Signal Binary Number of D

S. Digital Output Signal 00110010

3. Yaunawesnanlasdgyeal (Conversion Time)

Rnauns 2.9) 18

T, = T(n+1)
Tavdi T. = Frm i i¥dmivnsuasdyy
T = auawesdaeauinifillues
n - ITUULINYD91993 ADC
@en =100 kHz Tel e 1o s
f 100kHz
T GTGY
T, = 10 fs(8+1)
T. = 90 Us

o o oA oA o
3. 1.4 NRNMIDDNLUD LAZATUIUIY ﬁﬁ@:ﬂlﬁLUﬁuﬁﬂqﬂlﬂﬂﬂ@i
- a v n o A s & o ¥ oA Y
"la‘b' 555 ﬁ7n15ﬂu1u1ﬁ'ﬂlﬂuﬁq 23 Bzﬁlﬂiﬂﬁuﬁﬁqﬂlﬂﬂﬂﬂi HIVE NI UINT I N

@

dygunasanat ufitivzin1ed sss a1y cock Wiy ADC faoanud 100
kiz Tumseenuuudiiaiennud luniseaadaime, Duty Cycle, ¥79981 ON 1AL OFF
nanmsAnnalwsesmaialan lnusne s
1. mwilumseeadaien
Tunserdedygyie Clock ardiilsgna 100 kitz vamsiFenagdnsalsinns w

5213719 91N data sheet NE555
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Veo
(5Vio15V)
0.01 ptF
Open
Ra < {see Note A} I 5
7 . CONT
S RESET 7
 SE— (L 3
< ouTt Output
> 6
Re = ——{hRes
TRIG
GND
C -1~ 1]
31U 3.5 msiyousegnsaliuled sss
100 k T

\\/,—-RM 2Rg = 1k
— Ra+2Rg=10ks

\hp 2 Rg = 100 ks?
//

100

77
S

N
AN

M,
N
P
N,

t ~ Free-Running Frequency - Mz

10 \ \
1 ., S,

Ra+2Rg=1Mu
Ra+2Rp =10 M}

///

0.1
0.001 0.01 0.1 1

€ - Capacitance ~ uF

g 100

31 3.6 namneenuuuR I WHeBaSMAmE fuB e 555

nnnsidenagUnsel s R =1k R,=5kuag C = laF
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o [ ' v Aa o ar
fygraueminnuzdinuiiunig ssnididaiulszefnanisnn v, /3 a2y 3

»
IR IUMIEINNAAINA TR 1INaNA1S (2.15) Al ($DYAN data sheet NESS5)

Ty = 0.695(R, +R,)C
UnuUA

Ty = 0.695(1k+5K)1nF)

Ty = 4158 s

o A ' ] A« o = o
HZIEIMYAINA WTEHI NI WA s U)sEgRae1sEaIn 2V /3 09 V. /3 A

AUMS (2.16) (9832910 data sheet NESS5)

T,, = 0.693R,C

UnUAI

0.693(5k)(InF)
= 3.465 Ms

s : ] n’: . roar 9/
ANTUTIMIAITIUNINUA N30AWIA T (Period) NN (2.17) (TOYANIN data

sheet NE555)

T(Period) = s+ b = 0.693(R, + 2R,)C
UNRUA

T (Period) = 4.158 fls+3.465 s =0.693(1k +2(5k))(InF)
T (Period) = 7.623 Ls

& A as as r 3/ A = i
aflondueund uaauvadn il 12 laanud 1nauns (2.17) As (180910 data

sheet NE555)
1 1.44
f = _— = —_—
T (R, +2R,)C
UNUAN
1 1.44
f = —-——_6 =
7.623 X10 (1k + 2(5k))(1nF)
. f = 130.9091 kilz
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2.4 lufa (Duty Cycle)

=Y o o o r o (-9 ] 4 Q o 1
a1@ lada n3eipinsyaedinu As dasiduvswial iedyanane 1vinaling

b d
t Qs & a
(L,..) POATUIDINAMNA (T) FaTAaNN1T (2.14) (VoA dala shect NE5S5)

t R

DL — L — B
t, +t, R, +2R,
HNUAT
3.465 5k
D[, = — = —_——
4.158+ 3.465 1k + 2(5k)
s D = 0.454

¥
wazdyn e MR iinga (, ) FOALIATIVNA (T) (Y0320 data sheet NESSS)

t R

D, = - = - —2— (.2)
t, tt, R, +2R,
Hnus
4.158 5k
DH = ——— = 1 - —_—
4158+ 3.465 ik + 2(5k)
. D, = 0.545

21N A7 1 1AR1 Low-to-High ratio (§83a 10 data sheet NES5S)

Low-to-high ratto = L = —— B 33
t, R, +R,
UNUAT
3465 3k
Low-to-high ratio = = —_—
4158 ik + 5k

Low-to-high ratio = (.833
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} a4 adp ¥ s A ¥ o a9 o o9 ¥
driver Nognwnlodn laviinmadenld e misnaugumsdieuveweme f v,

=] =) 3 a Ay de o
Mga nIsnauniemsnsnyu e awasinflasuenlulnsneuTnsaaes

Us QuTi OouT3a Uss
10 Vs 3 13
2
IN1T C ) IN3
ENABLE1 ¢ L ) ENABLE 2
Us
INZ 3 > INd4
4,5,6,7
8 18 14.15.16.17
M2 28301081 OUT? OUTA l

517 3.7 visa laesunsuvesled 12930

L

ENABLE ! 5] Vss
INPUT 5l INFUTG
outPUT Y 1% QUYTPUT &
GND 12{] o~o

GND 2 6no
OUTPUT 2 nil outeurs
INPUT2 w]l meyra
Yo sf] enaBLE 2

4o
=
~n.

3.8 VIdyIuAN veelad 1293D
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TRUTH TABLE {one channel)

Input Enable (7} Cutput
H H H
L H L
H L Z
L L Z

Z = High owtput impedance
"% Relative to the cons:dered channel

71 3.9 M3 waeInd MTLAILAUMT MY UYBILBIADS

o - | 9 ol = . .
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@ a o« & o [] =1 9 = dd’w 9 14
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A o o d oa L2 P Y ') a a
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#1514 3.1 N5 UITNAILAY

Yuannu NI
] A'. J Y
swl UMRBUU gAY
swi vmlSuuaaile
] ._4:| 19 T
sw2 WMABUANEA U
sw3 mulsuuaaila
swd 1aen Inuan1591197U Auto/Manual

druveanislszananavesdyaa sznanaiielulnsreuTnsaiaes (AT89S52)

ar

Tauld wedn o (o) ifunesnsunwivdyana Wsdl¥niunu dnnwTunemed (1293D)
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A1InNaasd LazHan1IiNaded

4.1 Mmanmae il Suserenluin

4.1.1 minaaeua N luuaaz Ju

nageulasnsiansnnes (Luxmeter) MM sTaarmuduvesnaslundazTu Tae
M3t 1hanatned (Luxmeter) ¥iaisTannudurasuaanng 1 uii udratiunnauiy

[} ¥
WUILANY (fux) N1AINNTT I TIWTTOLIB NI IATIIVNA 120 JU

412 minadeuguauliaves IWId lalen
naeulasmanidndumes (Luxmeted) Minsianinmndunaauiiumioo ux uaz
1117493R 3393 U0as (light detectors) N1F W1hnsfuuasnnaseadnsondu udr¥anm

Taadvi 1dnmeas Taearsildlunasiefunas dagl

7119 4.1 2995R529TLLLAS

o =2 o 2 1 LY o a ] o e : " o
AT TIUNN TUNATEHINMAENS (ux) AUA1 1984 (voltage) vi1iaaesn liwdsnns i
: [ e’d'q.v LR 1 o as v as g
1 TasupusaiumTasnia 1d uazunuuswiuaidnd (ux) A ialdsudu e

nfoudeuinIvidlaTeanldiamnihafadunumguiisimie i Tasaumammoug e

v =l1+2 (ipRr) (a1)
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ajilwanmaaes uaziasal

5.1 agdwamanaaes

MINNITIBNLLL @319 uazmaaqmm’?au"lmdnq AT Ul usa
salulidlassivagluszdud druniuausaTuild (Automatic Mode) 93eMATOT 0%
maﬂ%unmﬂﬁiﬂ‘u1]%‘1J1mmamﬂmﬂﬂ"lﬂwuﬁ";mmmmlumiﬁ]ﬂ—?lﬂ uazdivuulsuas
¥o9i 18 NMsThauve12993@I 298 LI (light detector), 2T THANa Ty W LAz
rudunemesTidnuusasiauia uazdufAou Tmsamaimeududauaivgulaod 14
(Manual Mode) Musngeannsaan Idiihuilndiamarudesms vesf148ndae nazifas
Frenumisave s uazquauiAve  1v 18 1a Ten (photo diode) H1Fa1u Tidairialusaa
AT RaUR | 39 15000 304 (lux) @19 insaseiuvaa lidnhiinay fidii

=Y 9 T o ’ o ar oy zi ]
ARWaIRINY uA laesunsTiausa S vasen Tuld anadlunuimels

5.2 dyriiny uazmanianly
) b b )
- myned e urwiwaidlinse unguiaNuNve s winlidaguitiee
9 b3 9 o b d
midmsiuRewain 14
- Tusanainandu wieanadug Hauai vieuaesdug 7 lwivuaaean
annIznaas 91 I seniauRawaa g
Al @ s [ =1 g 4 39 ~
- TisunsuilAsenuundshinsavaaulunng anizieawe aniudedesiing
2OALUL HAZAMUARDU luHuaAw
Y s e K = [ a 1 =1 °
- esnnatlersuvewaaiinnuyien lueouwduynduss o0 Id WS
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- TWidlaTeamaelden lusseiingluneswmaran'ly
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‘Count = 0

v ——

-

AN

Wait 1 minutes

UHURIM SR IIUYB U uLeadn lula dauniunusa Tulia (Automatic Mode)

A

T

/ False /gwxlch . T @ True .
Curtain is\ T N \ : :
ready? - - he Curtaln \The Curtaln/-- B 5
; / down 0K‘7 close OK?2-
~. / \-/
True False False
hd b4 k. J .
Drive motor Drive motor :
Sensor scan To down the To close the
curtain curtain
v
Average Light - Drive motor ne = "
Value .. . ve mo reas
Pgs;hgn - CD_négu at | " _Toclose »| Countvalue
I ) The curtain = Position
- Y
‘
SN
“Switch™~. False [ Dri ;
- Switch ™, Falsé . Drive motor Drive motor
<_ The curtain > To down the To down the
“Down OK?- curtain curtain
N - i
T True False
A
] g \_\
SlOp - 2
DrivTr—J »<, \Al noon .// >
\\" -
True
RN ' -~
/ N Fa\ // . \\. False . Fasse .~ False /\ N
A7 Light ..~ Light Light % tght N7 7 Light ™S
= Level 52 7 .2 Level 47 / o =level 377 "\ =Level 22 . " Level 17 o
" ,-/ . ~. e
~. N N S S \\w/
; v v v v
Position Position |7 Position Position Position
C=5 C=4 l Cc =3 C=2 C=1
v v . v v o v
L4
e -
True False
Drive o 2 Drive
=Count-C ..\..(t."-ounl >C o =C - Count
; :
Drive motor Drive motor
To open To close
The curtain The curtain
v v
décrease increase
Count value Count value
= Position = Position
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(Automatic Mode)

( START )

-
t o

A
Wait ~/ Scan
/

1 minute [ sensor

False

True

Y
Average
Light level

A
Check light
level

— Drive motor

False

True

To manual-
mode
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Count=0

Curtain is
ready?

False

-» Curtain down?

True

Curtain open?

Z i
. False : False |
i ¥ Y
Drive motor Dnive motor
True To down the To open the
curtain curtain
L I
|
- - A .
L4

Press
Curtain up
Button ?

Curtain down

Button ?

Button ?

Curtain close

True True | i ’
i ¥ !
Y Y ;
Drive motor Drive motor | False Faise Check i
1 » Toupthe ; To down the The curtain >+ - The curtain i
i curtain i curtain ready ? i
| | | |
i ; ! \ !
i False False | True | True | ;
T v v y :
| Switch Switch True
~—<_ The curtain —< The curtain —— »
Up OK?

True i : '

d False ! False |

Y L4 Y

Drive motor Drive mator
Stop To open To close
Drive motor 99 ¢
1 time 1 time

v v
Stop Stop 5
: Drive Motor Crive Motor i
4 Y :
, Decrease Increase !
Count Value Count Value
|
i i
v._ ¥, v . !




To Automatic
mode

AARUIN urufanmsiursaiuliuuasa uiad daunivanlaedlduude
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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 = PO"0;
sbit sw1 = POM;
sbit sw2 = PO"2;
sbit sw3 = POA3;
sbit sw4 = P0*4;
sbit sw5 = PO*5;
sbit swb = POG;
sbit sw7 = PO*7;
sbit start = P373;
[rrerereens fnation wait dreesreeeey

void wait{unsigned char w)

{
for (y = O,y<w;y++)
{
unsigned char x;
for (x=0;x<w;x++)
{
THO = Ox4c;
TLO = 0x00;
TFO =0
TRO = 1;
while (TFO==0);
TRO =0;
}
H



Ittitttiili funcﬁm delay itiiittli.l

void delay(unsigned char fiftyms)

{
unsigned char x;
for (x=0;x<fiftyms;x++)
{
THO = Oxdc;
TLO = Ox00;
TFO=0;
TRO = 1;
while (TF0O==0);
TRO =0;
}
}
[revtensens finction SCAn SENSOr *tHeriessf
void scan()
{
sum = 0,
for (iI=0ji<=T7;i++)
{
P3 = add|i];
delay(d);
start = 1;
delay(s);
start = Q;
valueli] = P1;
sum = sum + value[i};
}
avg = sum/8;



,nwt-ntttt function curtain ope,.| lttiti—l.tl—l

void mopen(drive)

{
P2 = 0x22;
for (i=1;i<=driveji++)
{
P2 = Ox2A,
delay(m);
P2 = 0x22;
delay(5);
count--;
}
}

[t function curtain close ***ersssyf

void mclose(drive)

{
P2 = 0x22;
for (i=1;i<=drive;i++)
{
P2 = 0x26;
detay(m);
P2 = 0x22;
delay(5);
count++;
}
}
I-tttitttti funch'on (:‘thain up ihﬁlrl-tttkl',
void mup()
{
P2 = 0x22;
while (sw5 = 0)
{
P2 = 0xAZ;
}
P2 = 0x22;



void mdown()

{
P2 = 0x22;
while (swé !'= 0)
{

P2 = 0x62,

}
P2 = 0x22;

}

void ready()

{
while (sw7 != 0)

P2 = Ox2A;

mclose(5);
P2 = 0x22;
count = 5;
drive = 0,

}

void main()

{
PO = OxFF;
P1 = 0xFF;
P2 = 0x22;
P3 = 0x00;
mdown();
ready();
while(1)

{

Ill—iiﬂiitt function Curtain down tt*tt!l'tll

I-li.ﬁ't-t funcﬁm prepare Curtain tnm-taal

Itltttttttl— function main program liﬁtiitiiil



lttt.ﬂt-&l—i Automaﬁc Mode ikl—iiittill

if (swd == 0)
{
wait(d); lﬁtl’l!l!l’l' wait for ne\v scan I’ﬁlllktit!
scan();
rndovJ'n()I Jessresarex checke curtain ready down ey
if (avg >= 0xC8) feereeseer ight LS (4V) ey
{
c=5
if {c > count)
{
drive = ¢ - count;
mclose(drive),
'
}
else
{
If (avg >= Oxgs) Itttthttt. 'ight L4 (3V) ua-*tugnl
{
c=4;
if (c > count)
{
drive = ¢ - count;
mclose(drive);
}
else
{
drive = count - c;
mopen(drive);
}
}
else
{
if (an >= 0X64) Jreerrewnes "ght L3 (ZV) sasereeaisy
{
c=3

if (c > count)

{



drive = ¢ - count;

mclose(drive);

}
else
{
drive = count - c;
mopen(drive);
}
}
else
{
if (avg >= 0X32) FRLAELLEE L Ilght L2 (>1V) by u’
{
c=2;
if {c > count)
{
drive = ¢ - count;
mclose(drive),
}
else
{
drive = count - ¢;
mopen(drive);
}
}
else
{
lf (avg >= OXOS) Ii—il‘iiitl—l—i— llght L1 (>016V) Wbk ek **l
{
c=1;

if (¢ > count}

{
drive = ¢ - count;
mclose(drive);

}

else

{

drive = count - c;

mopen(drive);



,l-ittﬂ&tii "ght IeSS (>0.02V) itlttiint-,

{ttttiitktt at n‘ght (<0.02V) AhEEIREL n-{

el bintbdd Manual Mode iltitil!att,

}
else
{
if (avg > Ox01)
{
c=0
drive = count - c;
mopen(drive);
mup();
}
efse
{
mdowni);
c=5
drive = ¢ - count;
mciose(drive);
}
}
}
}
}
}
}
if (swd4 ==1)
{
if (sw2 == 0)
{
delay(10);
if (sw2 == 0)
{
mdowny();
mclose(3);
ready();
}

Iiid—l—i—ttiti pl’eSS button Curtain mwn ARk SRR RANS



if (sw8 == 0)
{

if (sw1 == 0)
{
delay(10);
if (sw1 == Q)
{
if (count < 5)
{
mclose(1);
}
}
}
if (sw3 == 0)
{
delay{10y;
if (sw3 == 0)
{
if (count > 0)
{
mopen(1);
}
}
}
if (sw0 ==0)
{
delay(10);
if (swQ == Q)
{
while (sw7 1= 0)
maopen(t);
count = Q;
mup().
}
}

F ik obei preSS buﬂon CUrtaln dose tllliitttil

I-ttttt-ttt ﬂ'ess button Curtain qﬁn itttnt-nnt’

l**tthttl—t press button Curtain Up itlka—tt*nal

ltttttttt*i— end program ikiitttlitl
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LM124.L M224-LM324

SCHEMATIC DIAGRAM (1/4 LM124)
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ABSOLUTE MAXIMUM RATINGS
Symbol Paramaeter LM124 LM224 LM324 Unit
Vee Supply voltage 116 or 32 Y
Vi Input Voltage -0.3to +32 v
Via  |Differential Input Voltage V) +32 v
p Power Dissipation N Suffix 500 500 500 mw
tot D Suffix 400 400 mw
Output Short-circuit Duration 2) Infinite
bn  {Input Current 50 50 50 mA
Toper | Opearting Free-air Temperature Range -55to+125 | -40to +105| 0to+70 °C
Tstg Storage Temperature Range -65 to +150 °C

3. Either or both input voltages must nat exceed the magnitude of V' or Ve

2. Shortclreults from the output to VCC can cause excessiva heating If V- > 15V. The maximum output current is approximately 40mA independent
of the magnitude of V. Destnuctive dissipation can rasuk from simuffaneous shert-clreuit on alt amplifiers.

3. This input current onty exists when the voliage at any of the input leads is driven negalive. It s due to the collector-base junction of the input PNP
transisior becoming forward biased and Ihereby ecting as input diodes clamps. In addition to this dioda action, there is also NPN parasitic action on
the IC chip. this ransistor action can cause the output voltages of the Op-amps b go to the V¢ voltage level (or to ground for a large overdrive)
for the tme duration than an input is driven negative.

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

4
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LM124-LM224-LM324

ELECTRICAL CHARACTERISTICS
Vee* = +5V, V= Ground, V, = 1.4V, T, = +25°C (unless atherwise specified)

Symbol

Parameter

Min.

Typ. Max. Unit

Vi

input Offset Voltage - note V)
Tamp = +25°C

LM324
Tmin < Tamb < Tmax

LM324

my

0~~~

Input Offset Current
Tamp = +25°C
Tmin < Tamb < Tmax

100

Input Bias Current - note 2
Tamb = +25°C

Tmin < Tamb < Tmax

20 150 nA
300

Avd

Large Signal Voltage Gain
Vee' = H15V, R = 2kQ, V, = 1.4V 0 11.4V
Tamp = #25°C
Tmin < Tamb < Tmax

50

100 VimVv

SVR

Supply Voltage Rejection Ratio (Rg < 10kQ)
Voot =5V to 30V
Tamp = #25°C
Tmin < Tamb < Tmax

65
65

110 e

lec

Supply Current, all Amp, no load
Tamb = +25°C VCC = +HV
Vee = +30V
Voo = +5V

VCC = +30V

Tmin < Tamb < Tmax

0.7 1.2

0.8 1.2

Input Common Mode Voltage Range
VCC =+30V - note 3
Tamp = +25°C
Tmin s Tamb = Tmax

Vee-15 | v
VCC _2

CMR

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

70
60

80 dB

ISDUFGG

Output Current Source (Viy = +1V)
Voo = +15V, V, = +2V

20

40 70 mA

Isink

Output Sink Current (Vig = -1V)
Voo = H15V, V, = +2V
Voo = +18V, V, = +0.2V

10
12

20 mA
50 uA

High Level Output Voltage
VCC = +30V
Tamp = +25°C
Tmin < Tamb S Trmax
Tamp = +25°C
Tmln < Tamb < Tmax
Vcc = +5V, RL = 2kQ
Tamb = +25°C
Tmin < Tamb < Tmax

RL=2|(Q

R, = 10kQ

26
26
27

35

27

28

3
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L M124-L M224-LM324

Symbol Parameter Min. Typ. Max. Unit
L ow Level Output Voltage (R, = 10kQ)
VoL Tamp = +25°C 5 20 mv
Tmin < Tamb < Tmax 20
Slew Rate
SR Vee = 15V, V, = 0.5 to 3V, R, = 2k, C, = 100pF, unity Gain 0.4 Viis
Gain Bandwidth Product
GBP | vic = 30V, f =100KHZ,V;, = 10mV, R, = 2k, C, = 100pF 13 MHz
HD Total Harmonic Distortion %
T f=1kHz, A, = 20dB, R, = 2kQ, V, = 2V, C; = 100pF, Vi = 30V 0.015 °
e Equivalent Input Noise Voltage nV
n f = 1kHz, Ry = 1004, Vi = 30V 40 Hz
DVie {input Offset Voltage Drift 7 30 uvrc
Dl | Input Offset Current Drift 10 200 pA/fC
. 4)
V_./V., | Channel Separation - nole
01¥02 | ™ 4KHz < f < 20kHZ 120 a8

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

2. Thedirection of the input current is out of the IC. This current is essentially constant, independent of the state of the outpLt so no loading change

exists on the input lines.

3. Theinput common-mode voltage of efther input signat voltage should not be allowed to go negative by more than 0.3V. The upper end of the
common-mode voltage range is Vo™ - 1.5V, but either or Both inputs can go to +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 ADCO808, ADCO0A09 data acquisition component is a
monolithic CMOS daevice with an 8-bit analog-to-digital con-
verter, B-channel multiplexer and microprocessor compatible
control togic. The B-bit A/D converter uses successive ap-
proximation as the conversion tachnique. The converter fea-
tures a high impedance chopper stabilized comparator, a
256R vollage divider with analog swilch tree and a succes-
sive approximation register. The 8-channe! muttiplexer can
directly access any of 8-single-ended analog signals.

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

The design of the ADCOB0B, ADCOB09 has been optimized
by incorporating the most desirable aspects of several A/D
conversion technigues. The ADC0808, ADC0809 offers high
speed, high accuracy, minimal temperature dependence, ex-
cellent long-term accuracy and repeatability, and consumes
minimal power. These fealures make this device ideally
suited to applications from process and machine control to
consumer and automotive applications. For 16-channel mul-
tiplexer with commeon output {sample/hold port}) see
ADCO0816 data sheet. (See AN-247 for more information.)

October 1999

National Semiconductor

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

Features

s Easy interface to all microprocessors

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

® No zero or full-scale adjust required

% 8-channe! multiplexer with address lagic

8 0V to 5V input range with single 5V power supply

= Oufpuls meet TTL voltage level specifications

u Standard hermetic or moided 28-pin DIP package

a 28-pin molded chip camer package

m ADCOB08 equivalent to MM74C849

m ADCOB09 equivalent to MM74C943-1

Key Specifications

& Resolution 8 Bits
u Totat Unadjusted Error +1% LSB and 21 LSB
u Single Supply 5 Vpe
& Low Power 15 mw
& Conversion Time 100 ps

Block Diagram
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i 1 1 N gF
o] H EONTROL & TENING 1 BNTERBUPT)
I ]
han t I t
8 CHANNELS I i
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o—i ] o
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o—t LATCH
1 wmefeR [0
—o
0 1 o
SWIEH TREE '
o] ! 1
2T AQOATES Ia—.—- ouness | I'
' o ADGRS ———— f\r
L WATEH ] |
Aub
ADDAESY o ] |
DECODER
LATCHERASLE l_'_ 164 RIBETOR LADDER !
H i
vic &Ko Ml AEFC1 OUTRUT
tanE
DS005672-
See Ordering
Information
TRi STATE® is a regi of Nationak Carp

© 1999 National Semiconductor Corporation DS005872

www.natonal.com
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ADC0808/ADC0809

Connection Diagrams

Dual-In-Line Package

“— 28}—w2
N2 27w
s —3 26}—m0
Ne—14 25}~ 400 &
N5 24}-av0 B
START —{6 23}—A00 ¢
foc—{7 22f—ALE
Pl ] 212" Yuse
QUTPUT ENABLE —J9 20}-2"2
cLock =410 [} S
Yee =411 18}-274
Vagr (43 =412 17}-2"%5
o —J13 18]~ Vo ()
73u 154776
DSmsarz-1

Order Number ADCOB0SCCN or ADCO809CCN
See NS Package J28A or N2BA

Ordering Information

Molded Chip Carrier Package

L -3

0 e ADD A
[ SyLY:]
mi-anbc
[v]
2"
gf-1?
:

o
5

E
w

CUTPUT ENABLE

DS00S672-12

Order Number ADCOS808CCV or ADCO809CCV

See NS Package V2BA

TEMPERATURE RANGE -40°C to +85°C -55'C to +125°C
Error *15 LSB Unadjusted { ADCO8BD8CCN ADC0808CCV ADC0808CCJ ADC0808CJ
+1 LSB Unadjusted ADCO0809CCN ADC0803CCV
Package Outline NZ28A Molded DIP | V28A Molded Chip Carrier J28A Ceramic DIP J28A Ceramic DIP

www national.com 2




Absolute Maximum Ratings (votes 2, 1) Dual-In-Line Packaga (ceramic) 300°C
If Military/Aerospace specified devices are required, Molded Chip Carier Package
please contact the National Semiconductor Sales Office/ Vapor Phase (60 seconds) 215°C
Distributors for availability and specifications. Infrared (15 seconds) 220°C
Supply Voltage (Vec) (Note 3) 6.5V ESD Susceptibility (Note 8) 400V
Voltage at Any Pin —0.3V to (V+0.3V} . s

Except Control inputs Operating Conditions (Notes 1, 2)
Voltage at Contro! Inputs -0.3V to +15V Temperature Range (Note 1) TS T A% Tiax

(START, OE. CLOCK, ALE, ADD A, ADD B, ADD C) ADC0808CCN,ADCOS09CCN -40°C<T ,<+85°C
Storage Temperature Range -65°C fo +150°C ADCO0808CCV, ADCOBIICCV -40°C < T, < +85°C
Package Dissipation at T,=25°C 875 mw Range of V¢ {Note 1) 4.5 Vpe 10 6.0 Ve
Lead Temp. (Soidering, 10 seconds)

Dual-In-Line Package (plastic) 260°C

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

Symbot Parameter Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error 25'C h3/) LSB
{Note 5) Toaw 10 Thaax +34 LSB
ADC0809
Total Unadjusted Error 0Cio70°C +1 LSB
{Note 5) Tasn 10 Toanx 1t LSB
Input Resistance From Ref(+) tc Rei{-) 1.0 25 k0
Analog Input Voltage Range (Nole 4) V(+) or V(-) GND-0.10 Vect0.10 Voc
VReF(+) Voltage, Top of Ladder Measurad at Ref(+) Vee Vee+0.1 v
VREE( +1+ VReg(- Vollage, Center of Ladder Vecf2-0.1 Veol2 | Vecf2+0.1 v
2
Veer- Voltags, Bottom of Ladder Meaasurad at Ref(-) =-0.1 0 v
Iing Comparator input Current f,=640 kHz, (Note 6) -2 *.5 2 pA

Electrical Characteristics

Digitai Levels and DC Specifications: ADC0808CCN, ADC0308CCV, ADCOBOSCCN and ADCOB09CCV, 4.75<V o<5.25V,
=40’C<T,5+85°C unless otherwise noted

Symbol —! Parameter l Conditions Min Typ Max Units
ANALOG MULTIPLEXER
loFr(s) OFF Channel Leakage Current Ve85V, Vi =5V,
TA=25'C 10 200 nA
Tram 10 Tranx 1.0 pA
loFr(-y OFF Channel Leakage Current Ve =5, Vin=0,
TA=25°C -200 -10 nA
Tonny t0 Tpuax ~-1.0 WA
CONTROL INPUTS
Ving Logical *1” Input Voltage Vee— 1.5 v
Vi Logical "0" (nput Voltage 1.5 v
lingry Logical “17 input Current V=15V 1.0 HA
{The Control Inputs)
gy Logical “0" Input Current Vin=0 -1.0 RA
(The Control Inputs)
lec Supply Gurrent fo =640 kHz 6.3 30 mA

3 www.national.com
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ADCO0808/ADCO0809

Electrical Characteristics continued)

Digital Levels and DC Specifications: ADCOBOBCCN, ADCOB08CCY, ADCO809CCN and ADCO809CCV, 4.754Vc<5.25V,
-40°C<T,s+85°C uniess otherwise noted

Symbol f Parameter 1 Conditions Min l Typ Max E Units
DATA OUTPUTS AND EOC {INTERRUPT)
Vouri) Logical “1" Output Voltage Vee = 475V
Ioptr = ~360pA 2.4 V(min}
iour = —10pA 4.5 V{min)
Vouro) Lagica! “0" Output Voltage i5=1.6 mA 0.45 v
Vour) Logica! “0" Output Voltage EOC 16=1.2 mA 0.45 \
louTt TRI-STATE Output Current Vo=5V 3 pA
V=0 -3 uA

Electrical Characteristics

Timing Specifications Voo™ Vrerp, *5V, Veer"GND, 4,420 ns and T,=25C 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
t, Minimum Address Set-Up Tirme | (Figure 5) 25 50 ns
ta Minimum Address Hold Time (Figure 5) 25 50 ns
to Analog MUX Delay Time Rg=0% (Figure 5) 1 25 ys

From ALE
LIS OE Controi ta Q Logic State C, =50 pF, R =10k (Figure 8) 125 250 ns
tiee ton OE Contro} to Hi-Z C, =10 pF, R =10k (Figure 8) 125 250 ns
t. Conversion Time {.=640 kHz, (Figure 5) (Note 7) 90 100 116 us
fe Clock Frequency 10 640 1280 kHz
teoc EOC Delay Time (Figure 5) 0 8+2 usS Clock
Periods
Cin Input Capacitance At Controt inputs 10 15 pF
Cour TRI-STATE Output At TRI-STATE Oulputs 10 15 pF
Capacitance

Hote 1: Absolute Maxirmum Ratings indicate imits beyond which damage o the device may occur. DC and AC eleclical specifications do rot apply when operating
the device beyord ils specified operating conditons.
Note 2: All voltages are measured with respect 1o GHD, unless othewise specified.
Note 3. A zener diade exists, intemally, from Viee 1o GND and has a typcal breakdown vottage of 7 Vpe.

Note 4: Two on-chip dicdes are tied to each analog input which will forward conduel for analog input voltages one dicde drop betow ground or one diode drop greater
than the Veen supply. The spec allows 100 mV forward bias of either diode. This means that as lang as the anzlog Vi does not exceed the supply voltage by more
than 100 mV, the outpul code will be comect. To achisve an absclute IWpc to 5Vpc input voitage range will tharefore require @ minimum supply vollaga of 4 900 Vpe
over lemperature vanations, initial tolerance and foading.

Note 5: Talal unadjusted ervor inciudes affset, full-scale, linaarity. and multiplerer errors. See Figure 3. Mone of these A/Ds requires a zero or full scale adjust. How-
aver, if an all zero code is desired for an analog input other than 0.0V, or if a narow full-scale span exists {for example: 0.5V to 4.5V hull scale} the refarence vollages
can be adjusted to achieve this. Sae Figure 13,

Note 6: Comparator input currant is a bias current mto or aut of the chopper statilized comparator. The bias current varies directly with clack frequency and has iitde
temperatre dependance {Figure 6). See paragraph 4.0

Note 7: The oulputs of the dala ragister are updated ona clock cyde befora the rising edge of EOC

Note 8: Human body model, 100 pF discharged through a 1.5 k(2 resistor.

www national.com 4




Functional Description

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

TABLE 1.
SELECTED ADDRESS LINE
ANALOG c B A
CHANNEL
ING L L L
iN1 L L H
IN2 L H L
IN3 L H H
IN4 H L L
IN§ H L H
ING H H L
INT 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 converter is designed to
give fast, accurate, and repealable conversions ovar 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 convarter's
digital outpuls are positive true,

The 256R ladder network approach {Figure 1) was chosen
aver the conventiona! R/ZR ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicily is particularly important in closed loop feedback
control systems. A non-monotonic relationship can cause os-
ciltations that will be catastrophic for the system. Additionally,
the 256R network does not cause load 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 characieristic o be symmetrical with the zero and
full-scate points of the transfer curve. The first output transi-
tion gccurs 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 exampile of a 3-bit converter. In the
ADCO0808, ADCOB0DY, the approximation technique is ex-
tended lo 8 bits using the 256R network.

The A/D converter's successive approximation register
(SAR) is resel on the positive edge of the start conversion
(SC) pulse. The convarsion is begun on the faliing edge of
the start conversion pulse. A conversion in procass 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 extemnal start conversion pulse should be ap-
plied after power up. End-of-conversion will go low between
0 and 8 clock puises afler the rising edge of start conversion.
The most imporiant section of the A/D converter is the com-
parator. It is this section which is responsible for the ultimate
accuracy of the entire converter. It is also the comparator
drift which has the greatest influence on the repeatability of
the device. A chopper-stabilized comparator provides the
most effective method of satisfying 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
technique limits the dnfl component of the amplifier since the
drift is a BC 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 errors.
Figure 4 shows a typical error curve for the ADC0808 as
measured using the procedures outlined in AN-179.
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ADC(0808/ADCO0B09

A/D OUTPUT CODE

mn IDEAL CURVE
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Functional Description (Continueq)
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FIGURE 1. Resistor Ladder and Switch Tree
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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.fi.com $LFS022F - SEPTEMBER 1973 REVISED JUNE 2006

FEATURES

¢ Timing From Microseconds to Hours s 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 exiernal resistor and
capacitor network. In the astable mode of operation, the frequency and duty cycle can be controlled
independently with two 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
set, 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 resel, and the output goes
low. When the output 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 15 V. With a 5-V supply, output levels are compatible with TTL inputs.

NAS555...0 OR P PACKAGE

5 ACH
NESS5...D, P, PS, OR PW PACKAGE ESS5..FK PACKAGE

SAS555..D OR P PACKAGE (TOP VIEW)
SE555...D, JG, OR P PACKAGE % N
(TOP VIEW) 5282
w P g 'S | N - -
GNDJ} 1 g]vcc NC]43 2 120 1918[ NG
TRIG[] 2 7{} DISCH TRIGH] 5 170 DiscH
OUTE 3 6] THRES i sl Ne
RESET(+  s[ICONT ouTf 7 15[] THRES
NC|}8 14§ NC
] 9 10 11 12 13 E
(o Vo o o T |
— [
SL2z2
“wTQ
o | &}

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

NC - 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.
Producls conform to specifications per the lems of the Texas
insiruments standard warranty. Produclion processing does not
necessanly include testing of all parameters.

Copyright © 1973-2006, Texas Instruments Incorporated
On products compliant to MIL-PRF-38535, all parameters are
tested unless otherwise noted. On all other products, production
pracessing does nol necessanly imclude tesling of all parameters,
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APPLICATION INFORMATION (continued)

T T 10

= T
| Ra=9.1 k() Ra =18 MQ
CL=0.01 pF
| RL=1KkQ .
See Figure 9 Rp=1MQ
“
1 1 i L o107 A

2

> input Voltage 3 / /
3

g =] 10'2 V. Y.

o~ 1 T - 3

: 35

& a

g 3 3 A

° a 10~

5 3 N R, =100 kQ

Output Voltage ' Rh =10 k2
} 104 V. Vs A
1
/ / / )
/ / J — Ra=1k(2
- 1075 Z
 Gapacitor Voltage 8.001  0.01 0.1 1 10 100
Time = 0.1 ms/div . C - Capacitance - pF
Figure 10. Typical Monostable Wave!orn:l\ Figure 11. Output Pulse Duration vs Capacitance

',
h,

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

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

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

Vee T T T T I T
Ra=5kQ Ry =1kQ
5Vto15 A L
BVie1sV)  Rg=3kQ See Figure 12
. C=0.15uF
0.01 }iF l
T
Open = 4
R (see Note A) I 5 8 %
A pS
CONT Vee -
4 Ru i
——TC RESET g
DISCH 3 =
R 6 out Output >
8 , | THRES Y
TRIG — “— | Output Yoltage
GND tL P g
= = //\\/ 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 }
improve operation. This should be evaluated for individual
applications. Time - 0.5 ms/div
Figure 12. Circuit for Astable Operation Figure 13. Typical 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 + RB C 100 k

t, = 0.693 Ry, C

}

L—Rp+2Rg=1kQ

f Ra+2Rg=10kQ
I |
Ra +2 Rg =100 kQ

10k
Other useful relationships are shown below.

period = hyt+tt = 0693 (R, + ZRB) C 1k
1.44
fi PO B = B
requency R 2R C
- B 100
Y Rg

/S
S ALAL
AL

Output driver duty cycle =
10

f - Free-Running Frequengy ~ Hz

Output waveform duty cycle

Vi
i

t R
- H  _ - B 1 = ]
tH+tL 1 RA+2RB R”z'?B 1M
Ry +2 Rg = 10 Mg}
tL RB 01 L h,
Low-to-highratio = — = ——— 0.001 0.01 0.1 1 10 100
tH RA + RB : ) ;

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 longer pulse spacing,
missing pulse, or terminated pulse train permits the timing interval to be completed, thereby generating an
output pulse as shown in Figure 16.

Vec (5Vto15V) VCIC=51V T
~ Rp = 1kQ
| C=0.1yF
a [ 8 RL Ra See Figure 15
input RESET  Vec 3
2 ouT — Output E- ]
TRIG he) ) .
> Input Voltage
7 N
DISCH g
2
CONY 6 g
0.011F on THRES g
01} GNO L. Output Voitage
T I /
T T ~ // V4Vaivalh AN/
AS5T3644 I/](V i \__//y’ﬁ
|CapaicrtorJ\laltane
Pin numbers shown 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-Puise 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

* Fuity Static Operation: 0 Hz to 33 MHz

* Three-level Program Memory Lock

* 256 x 8-bit Internal RAM

s 32 Programmable /O Lines

¢ Three 16-bit Timer/Counters

= Eight interrupt Sources

* Full Duplex UART Serial Channel

* Low-power Idle 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 AT89S52 is a low-power, high-performance CMOS 8-bit microcontrolier with 8K
bytes of in-system programmable Flash memory. The device is manulfactured using
Atmel’s high-density nonvolatile memory technology 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 microcontroller which provides a
highly-flexible and cost-effective solution to many embedded control applications.

The ATB9S52 provides the following standard features: 8K bytes of Fiash, 256 bytes
of RAM, 32 I/O lines, Watchdog timer, two data pointers, three 16-bit timer/counters, a
six-vector two-leve! interrupt architecture, a full 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 functioning. The Power-down mode saves the RAM con-
tents but freezes the oscillator, disabling alt other chip functions until the riext interrupt
or hardware reset.

Y )

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

AT89S52
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2. Pin Configurations
21 40-lead PDIP 2.3 44-lead PLCC
~ = . SoE®
(T2 P10 a0 vee pE 2922
mEexprigz 39 [1P0.0 (ADD} ToNds oS oNe
P23 aa P Po.1 (AD1) iaaaadPERPER
pads  wfiroceoy ~oonnnooanon
P1.405 36 {1 P0.3 (AD3) (MoshP15(7 o] 39 1 P0.4 {AD4)
(MOS) P1.5046 as [1 P0.4 (AD4) (MISO) P16 {8 38 [ 1PG.5 (ADS)
MISO) P16 (] 7 34 {1 P0.5 (AD5) (SCKyP1.7]9 37 [1 P06 (AD6)
(scx) P1.70]8 331 PO.6 (AD6) RST{ 10 36 P07 (AD7)
nsTds a2 Po7 a07) (AXD) P3.0 11 a5 1 EAVPP
bk ne 1z a4 [INC
(Rxg) Z?E :? % :L;lENVPmP (MpyP31d13 33 [JALE/PROG
(TXD) P3. bl (iNTO)P32{]14 a2 [1PSEN
{iNTO) P3.2[] 12 29 PSEN @NTHy P3al]1s 3t QP27 (A15)
(INTi} P33 13 28 [1P2.7 (A15) (To} P34 16 30 [1P2.6 (A14)
(To) P34 014 27 QP26 (A14) myrasdir 20 [1P2.5 (A13)
myprasdis xpeas @iy PZRARARINERE
(WR) P3.6 CJ 16 2 [P2a(a12) e R
(f5) P3.7C]17 24[1P23 (A1 1) Eﬁéééz&ﬁﬁa&
XTAL2([] 18 2ap P22 (A1D) EE g5y
XTAL1 ] 19 22 A P2.1 (A9) == =<
GND 20 21 [1P2.0 (AB}
2.2 44-lead TQFP 24  42-lead PDIP
x STas ~
g8 8888 RSTO 1 42{1P1.7 (SCK)
vn(\gv—coS;:;; XDy P30z 411 P1.6 (MISO)
Esiadaazs8E88 (TxD} P31 43 403 P1.5 (MOSH
/_Wm_:euseggsggg (NTOY P32 4 390 P1.4
(iNTH)P33[]5 38[1P1.3
(MQSI) P1.50]1 33 [1P0.4 (AD4) (TO) P3.4L]6 37[2P12
MIso)P16[0]2 3z P05 (ADS)
{scKyP1.703 31 1 PO 6 (ADB) E) P35L47 36LIP1A (T2EX)
rsTC]4 30 [1P0.7 (AD7) (WH)P3.6L 8 35 P1.0(T2)
(RXD) PA.OC{5 20 N EAVPP (RD)P3.7(]9 3asvop
ncds 28 [ING XTAL2[ 10 33 0 PWRVDD
g% ’:: ; E; Z gS;E:ROG XTAL1E] 11 321 P0.0 (ADD)
TP GND [ 12 31 [3 PO.1 (AD1
(NT1) P339 25 P27 (A15) ( !
(o) P3aliio 24 [1p25 (A14) PWRGND [ 13 30 {0 F0.2 (AD2)
P35t 2af1p25 (A13) (aB)P2.0014 291 P0.3 (AD3)
N o oo oo (A9yp2.10]15 28 [1 P0.4 (AD4)
ShTCErEFrREN (Ato) P22 16 271 P0.5 (ADS)
ey o008 N0 (A1) P23 17 26 01 P06 (ADS)
coFgooaaaaa (m12)P2.40]18 2511P0.7 (AD7)
o - o J—
Elg 22ZcCz (A1 P25 19 24 [QEANEP
(A14) P26 4 20 23] ALE/PROG
A5y P70 21 22 PSEN

2 AT 89S 52 0000 ——————————
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3. Biock Diagram

0 - PO.T P2.0 - P27
$ T I | 4 A4 A 4 A
v | Yy TYyeiY |
: | PORT 0 DRIVERS PORT 2 DRIVERS
GND ¢ y Y A 5
[ ? :
| :
— 5 .
= RAM ADDR. PORT 0 PORT 2 ;
' REGISTER [P RAM LATCH LATCH FLASH - - :
: A X :
! :
: 4 4 :
: T ] :
! y ;
[ PRoGEA |
: REGISTER ACC FOINTER REGISTER :
: h 4 h 4 :
; «—P BUFFER 4 — P !
: TMP2 TMP1 :
: e s
: ALU INCREMENTER [¥ ™ :
: T S
' INTERRUPT, SERIAL PORT, '
: AND TIMER BLOCKS :
: \ ! PROGRAM 3 :
: PSW 1 COUNTER > 5
s | i :
. 1 f :
PSEN < T i ‘ :
PROG 4— TIMING = '
ALEPROG ‘_'_ AND INSEGH%GFEF?N DU S { N ; it ) ouaLoPTR (€ :
EA / v ——#] CONTROL T 4 :
RST ——W 1 :
: 4 Y v :
: | warcH POHT 3 POAT 1 ISP g p] PROGRAM :
: DOG LATCH LATCH PORT LOGIC :
: 0sc :
: | PORT 3 DRIVERS . POAT 1 DRIVERS ;
: T .
: 7'y '
Lol IR X 3 L I S 3 3 S .
[ | | v .
4|U|i v v + v + + v
T T P3.0 - P37 P1.0 - P1.7
_—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 externa! clock source, XTAL2
should be left unconnected while XTAL1 is driven, as shown in Figure 16-2. There are no
requirements on the duty 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 fow
time specifications must be observed.

in idle mode, the CPU puts itself to sleep while all the on-chip peripherals remain active. The
maode 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 to 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 or to 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. Exil 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 aclivated belore V¢ is restored to
its normal operating ievel and must be held active long enough ta allow the oscillator to restart
and stabilize.

Figure 16-1. Oscillator Connections

Cc2
o T XTAL2
|
‘ 4
| ]
LG T

‘—I}—i— XTALY

JT‘ GND

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

40 pF £ 10 pF for Ceramic Resonators

ANMEL 19



AlINEL

Figure 16-2. Extemal Clock Drive Configuration

NG ——— | XTAL2
EXTERNAL
OSCILLATOR ————  XTALT
SIGNAL
p——-==— GND
i
-

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

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 0 Data Data Data Data
Power-down External o 0 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 U U No program lock {eatures

MOVC instructions executed from external program memory
are disabled from fetching code bytes frominternal memory, EA

2 P v Y is sampled and latched on reset, and further programming of
the Flash memaory is disabled

3 P P v Same as mode 2, but verify is aiso disabled

4 P P P Same as mode 3, but externa! 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 reset, 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 iogic level at
that pin in order for the device to function properly.

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

Operating Temperature.................ceeeureenvennne -55°C to +125°C *NOTICE:
Storage Temperature ...........cccccceeecrcenvecercnnn, -65°C to +150°C

Voltage on Any Pin

with Respect to Ground ........ccccoeevecninnccrnrnnn -1.0V to +7.0V

Maximum Operating Voltage ........ccooeeceiiimeiniecveses e 6.6V

DC Output CUITeNt. ..ot 15.0 mA

27. DC Characteristics

The values shown in this table are valid for T,

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 absolute maximum rating
conditions for extended periods may affect
device reliability.

= -40°C to 85°C and V¢ = 4.0V 1o 5.5V, unless otherwise noted.

Symbol Parameter Candition Min Max Units
vy Input Low Voltage (Except EA) 05 0.2 V0.1 v
Vi Input Low Voltage (EA) 05 0.2 V0.3 v
Vi Input High Voltage (Except XTAL1, RST) 0.2 Vo +0.9 Veet0.5 v
ViHt Input High Vottage {(XTAL1, RST) 0.7 Ve Vect05 v
VoL QOutput Low Voltage'"! (Ports 1,2,3) lo = 1.6 MA 045 v
Vous f.’;;f,‘:"(,‘ﬁ;’&f";—s“%,%;” lo, = 3.2 mA 0.45 v
low = 60 PA, Vg = 5V + 10% 2.4 v
Vo ggﬁ:t 1"'2‘9;' \/'\T."ég%m) low = 25 pA 0.75 Vee v
lo = -10 pA 09V v
lon = -800 pA, Voo =5V £10% 2»4“ v
Vorr ggglg i';:‘gE':d\;?::iggus Mode) on = -300 uA 0.75 Veo v
loy = 80 pA 09 Ve v
n Logical O Input Current (Ports 1,2,3) | V=045V o -50 pA
- :_:3::::2 :Iztg)ﬂ Transition Current Vi = 2V, Ve = 5V £ 10% -300 yA
Iy input Leakage Current (Port 0, EA) | 0.45 < Vi < Ve +10 pA
RRST Reset Pulldown Resistor 50 ) 300 KQ
Co Pin Capacitance 7f€st 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 Made'" Voo = 5.5V 50 pA
Notes: 1. Under steady state (non-transient) conditions, I, must be externally limited as follows:

Maximum I, per port pin: 10 mA
Maximum |y, per 8-bit port:
Port 0: 26 mA

Ports 1,2, 3: 15 mA

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

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

1919C-MICRO-3/05
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L293D - L293DD

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vg Supply Voltage 36 \Y
Vssg Logic Supply Voitage 36 v
Vi input Voltage 7 v
Ven Enable Voltage 7 v
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 —40to 150 °C
PIN CONNECTIONS (Top view)
NS
EMNABLE 1 163] Vsg
J
ENRBLE 1 (T]1 20 {13 vss INPUT 151 INPUT &
INPUT 1 CT] 2 19 [TJ INPUT 4
ouTPUT 1 (4 3 18 [TJ OuTPUT 4 OUTPUT 1 w(l outPuts
GND 4 17 GND
i~ — GND 12 GND
GND (T 5 16 T GND
GND (TO 6 15 [TJ GHD GND 12 GNO
GND (T 7 14 [T GHD
ouThuUT 2 (T{ 8 13 % auTPUT 3 QUTPYT 2 ni] outeuld
INPUT 2 (] 9 12 INPUT 3
INPUT2
us (1] 10 11 [T ENABLE 2 ol NPuT 3
n32L29301-82 ¥s 9l] EnaBLEZ
S.657%
SO(12+4+4) Powerdip(12+2+2)
THERMAL DATA
Symbol Decription DIP SO Unit
Rinj-oins Thermal Resistance Junction-pins max. - °CIW
Rib jam Thermal Resistance junction-ambient max. 80 50 (M) °C/IW
Rinjcase Theimal Resistance Junclion-case max. 14 -

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

27
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L293D - L233DD

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 36 )
Vss Logic Supply Voltage (pin 20) 4.5 36 vV
s Total Quiescent Supply Current | Vi=L; lo=0; Van=H 2 6 mA
{pin 10) Vi=H; lo=0; Vea=H 16 24 mA
Ven =L 4 mA
Iss Total Quiescent Logic Supply Vi=L; lo=0; Vaa=H 44 60 mA
Current (pin 20) Vi=H: lp=0; Vea=H 16 2 mA
Ven = L 16 24 mA
Vi !ng;;ut Low Voltage (pin 2, 9, 12, -03 15 \
1
Vi Input High Veltage (pin 2, 9, Vsss 7V 2.3 Vss Vv
12,19) Vss> 7V 2.3 7 Vv
he Low Voltage Input Current {pin V=15V -~ 10 pA
2, 9,12,19)
™ High Veitage Input Current (pin | 2.3V <Viu <Vss—-06V 30 100 pA
2,9, 12, 19)
VanL Enable Low Voltage -03 15 v
(pin 1, 11)
Ven H Enable High Voltage Vsss7V 2.3 Vss \
(pin1. 11) Vsg>7 V 2.3 7 v
lenL Low Voltage Enable Current Ve =15V -30 | -100 pA
(pin1, 11)
lenH High Voltage Enable Current 23V<VenHsVss—06V +10 uA
(pin1, 11)
Veesan | Source Output Saturation lo=-06A 1.4 18 v
Valtage (pins 3, 8. 13, 18)
VeE(san Sink Output Saturation Voltage lo=+06A 1.2 18 \4
(pins 3, 8, 13, 18)
Ve Clamp Dicde Forward Voltage lg = 600nA 1.3 v
t Rise Time {*) 01t009Vo 250 ns
i Fall Time ("} 0.9100.1 Vo 250 ns
ton Turn-on Delay (*) 05Vito0.5Vo 750 ns
Lot Tum-off Delay (*) 0.5V;t00.5Vp 200 ns
{*) Seefig. 1.
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TRUTH TABLE (one channei) Figure 1: Switching Times
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Figure 2: Junction to ambient thermal resistance vs. area on board heatsink (5012+4+4 package)
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