IHINOTYANAI WIzRONInAIMANSE T

iy
lﬂiﬂﬂn‘igﬂlﬂuﬂﬂﬂ

THE PROTECTER BOMB

TRy

T

gAYl AN

a o
WeANHD Wyad

ﬂ%‘ﬂgmwﬁwufﬁzﬂudauﬂﬁwmmiﬁﬂmmnﬂﬁ'ﬂqﬁﬁmmsuﬁmvﬁﬁ
mﬂ%ﬁsﬁmnisnmsﬁmﬂﬁ

Az dranTsumans
aoiuma T Tatnszsoundudgunmsmansy il

msenun 2544

i e
TLOYY it
unznm. 36422 T USRI
9, g;wnﬁ}lﬁ.ﬂ’ 2546 Rl O M e




TuauelSaaniinus

w Y a a o A - a A

Wademeninug n3eefsuilaiionn

HnAnw wig§AAl Mo sHalsgdida 43015722
wieewa wyad senlsedidn 43015752

¢y a a d a Y
plsEAAIUMInentinus  reas dAle I
1 -4
91058 Yaypu HITNY
STALNSANY Pgngadmnssumdasinhe
a act o a Jd
meniwa Lu lagaaansaiind
AN MALAGATINNTIY

Unisanmn 2544

A a < W aly Yo =1 s (R A ¥V ¥
Vsgandinusativil dfuanuiuseunnernsdfisnunduiissuieeudy

.........................................

(metasdawa  d3nw)

psggmuguineniinug

(©19158 YUy 32Ny

4y a a d
21VIUHAIVAWINETUNUD



A o 4 a A
Forade w3eafsziiaiiona
infinmn W gaya e

a 4
W quna Wyay

p1seninm neas. UAwa g5

Jd' v . o T s
21015853 919150 YQYIUL  ITHY
wangns Frnssumand

S a o o
MV wa lulagdpnsound
Ymsanen 2544
UNAALD

a a o . 4,’ ° o o ad a d & o
Vggniinusatuithious maviweigdnsainedidamseind , Wil uaziniesna 1
L4
v a 5} o g
wadrafiufiona  Tasldeunsaindng su'ldus gilnsaimedniddansednd , mivtlwemes
. lulnsneuTnsmaes aaq gavlszearsd thonednunansihonszuy TulasaeuTnsamesmn
Usggnd  nduszuumeifhuaemena wievhuadeiiuszuunmsaauguuuusa Tuilia
s [ ‘:1” &4 3 k4 o 2
Taswalendnuesszuuil fo lulnsnouInsamesaszga Mcs - 51 inldliudniuquizuuds

a1



Thesis Title The protecter bomb
Students Mr. Thitiwut ~ sangathong

Mr.Sormipol piboon

Advisor Dr.Pitikhate sooraksa
Co-Adyvisor Mr.Boonchana pooraliong
Education Level Bachelor of industrial
PBrogram in Tecnology electronic
Academic Year 2001

ABSTRACT

This thesis presents a provide device of Electronies ,Electrical and Machanic take to build
Arm robot. in presents of Amm robot by using main device such as electronic device , Stepings moter
, Microconirolier eic. The ovjeciive for studied toaddition Microcoiitrolier systeii to apply in
Clectronics system and Machanic system .The Main purpose to used Microcoritroil

for conitrol systeiii.



a A ﬂ

AAANIINVITNIA
a =) n‘ndwo 51 v 9 = 1 = 1 a 1 ¢§
YyaniinusiidiSwgan llfefmanganusiuie $alevesaingnnelunguis

1 2,’ o o o o o o @ t 2R @ J 2 ; Yo
‘VjMWVNﬂ'Iﬁ\iﬂWﬂWﬁﬂ‘ﬂ mmﬁuamazﬁwmmwm‘i‘lunmummwﬂzm'zuu 5’21]1’1\11?15‘1]

1 1 a [ v d &
anusemasnnim weas Dawe §5n woze1nsd yysue giznes Aldmsousuas

Yo <R o o o a a d. e 4 a d'o [ a
apulddlSoy uuzthdwsawazadnlumstilSygninuseduauivas ndAgynm

a 0 vs o o i
al5euiildae uwm?mﬁmmﬂemmﬁm@"tﬁiem’dmamsﬁﬂm FINNUNDU AADAIU
a A [] a [} o o o Y a o =3
Aninerdomnvig FanstumionazimadlelumsinlSygniwusnuad seuysally

1&d00

il



NIy

UNRALD
ABSTRACT

Anmnssudsenaa

uni 1

uni 2

uni
1.1 audun

vy
1.2 ey laeduvi

NguUAZHANNIT
2.1 lulnsnea Insames McS-51

2.1.1 TuTasnoulnsamosnsenn 8051

@ a o
202 ﬂmaﬂymzmamﬂumaﬂﬂm ﬂaaimammmzqa

MCS -51 BYN31 AT89XX

2.13 prunmlumsiausesdigmelu MCS-51
22 mMsmuAuMIRABYI :

221 mImugunsRdeufituLAuNGD

222 msmuguasatouiiuuyldidtema

223 psanuqusinfouiuuy duaeBursusa

22.4 M3mugunsRdeuAinungadMmulFusn 14
2.3 mieauduazmsiFeudeiu MCS-51

2.3.1 nieanudrlsunsu (Program Memory)

2.3.2 A doys

23.3 My uiezdsudoyanuvugaui

2.3 4 n1siFeudemiaenu ity MCS-51
24 mytumliesuemes

2.4.1 auftlosusmosuungi Iwdrd

242 nsnsTduuazAIRuMsYUBsmAilouemes
2.5 M5 19911 1o PCF 8591

¥
2.5.1 Yoyaiiosduyes PCF8591

AN W

Yo

10
11
16
17
17
21
22
25
36
36
36
39
43



31y (v)

nih
2.5.2 pRTTAARDS 46
2.5.3 staeuse PCF 8591 Au'luTasneu Insamed MCS 51 47
2.6 vpsatumAvulesuoines 48
unii 3
pseRnuUUATMIIOY
3.1 dau1ls2neUN1aA U Hardware (Master) 49
3.2 dau1/52N9UN19A U Hardware (Slave) 56
3.3 dautlszasunisdinaes ik 64
3.3.1 193AUAW 65
332 10said T aeians 69
3.3.3 3395 Analog to Digital 70
3.3.4299smAne i 71
unfi 4
AMINARDIAZHANITNATDY
4.1 MINARBIIITAnalog to Digital " 72
42 minaassasIvadloamlumsryuvoeines 73
43 msnaassszneudailosAnnuuvung 74
un# 5
unagd Jayvwwd mandly
5.1 unagyl 76
5.2 Yaymuazuuamansus by 76
5.3 LUANNMS WA 79

VITAYNT



iy gyl

3Uf 2.1 minemsthansi lvesssuyluTas Tseenaes

31 22 mem‘sﬁ’muﬁugmwﬂuIﬂsﬂauimmaaf

gl 23 msfimuaniiivdaga Mcs-51

U7 2.4 msldnSamennmeuenderdifnsesesadamimeinielu MCS-51
Z‘ﬂﬁ 2.5 LLNuﬂTWL’Jﬁﬁﬁuﬁiu%@\i MCS-51

i 26 msAIUUMIIAEUTLNGY

31 27 nmugumsiadeuiiturdieama

Ui 2.8 msauquasmaeuTuuL1$ured s use

517 2.9 Wadnnyniudagudursse

317 2.10 04 Slit urAsmsInfeufivewBIABS

gﬂﬁ 2.11 nansddsiimuges stit gesudyanmuuas

gﬂﬁ 2.12 mydsdgyanaudgaliuuaes A uas B

310 2.13 uerasAindunndsiu 90 sem

7107 2.14 Fyfnuaidadmmliud 14

3104 2.15 SrdmmulSua Idsiaunumgy

510 2.16 uaasTassadrevesmizonmit ROM

51t 2.17 uermama Tu TaBuwy MOS-Transistor Tumiaea 111 ROM

gﬂff‘; 2.18 UErANANYMZY8I EPROM

51 2.19 uaasmsfudeyausas Tavenundnusy

st 220 ueraaTaseerdrenelusoauaRnusy

1 221 uﬂmmjuﬁ'tgtymﬁslé’ﬂunﬁaﬂeiaﬁuwﬂwmm bl

31 2.22 ustmadqyaasiumssmdeya

U7 2.23 uansdggalumsiFoudorya

U 2.24 unedygniua MCS-51 #l¥Radefudumismizennui
U7 2.25 werpamiasio MCS-51 fumingamud

st 2.26 wernadgyananatii Mcs-s1 Aadefumineanuiusunsumeuen
gﬂﬁ 227 uaraam SaRuAMLNEA ML 1989 MCS-51

qui 2.28 HAIASHENAD MCS-51 fUMinuAus1 ROM neuanvuIn 64K

5171 2.20 uermsmahames ledues 7415138

Vi



m3LY(A)

517 230 uaasmsiFonds MCS-51 Aumizeanudmaty q #7

111 2.31 msTamizeanuiidoyanislu

511 2.32 laezunsunamseudoumizsnnuiideyamenen

lﬂ' A \ Y . o
51/ 2.33 ms¥eudefumitsanuiidoyaniousn

5171 2.34 msiFeudeniennuiveyaniousnraty q 62

51l 2.35 msNuvaaauunyil Twa1s 4 wla

4 ° 1% a d al o
317 2.36 lnozunsunaaINsHILY8I2995 ADC nuuFNaELDUNTO NFUTY
{ o L at =] a o
517 2.37 laezunsunaiuaasmsitiauuneees ADC nuugnwasHupnTonymTu
{ @ A\ Jd
517 2.38 Ms¥aulod ADC/DAC vun 8 Ak 12C 195 PCF8591

51/ 2.39 seazBradeyamuguiitiouasusSamesnaununieluled PCE8S91

51 2.40 Mseie PCF8591 1$151 MCS-51

i 3.1 fodninfonsedmany

71 3.2 daudaRnssiiua deileuwn

51 3.3 daudedionvnmud

Ui 3.4 wd i siermmaszneudududetie
31 3.5 daudszneuvieutinngwd

5107 3.6 pdSaidethmsdsznouieununud
i 3.7 v Indvesuvnanud

U7 3.8 himsdszneudauia lndvesuuyud
317 3.9 Hieunvunagasialng

gﬁﬁ 3.10 ifevhmsszneuvieunausialug

3107 3.1 JveuABUYT Inditena

317 3.12 Uddarlszneuviounvusenaluddena
3107 3.3 Fhieuuvudedoiiovesiena

317t 3.14 Wuviounausedeiiovesiona

7107 3.15 Hug¥edovesiiona

31 3.16 pluyudlssneuaiadund

30 3.17 prhaesaugundn

510 3.18 mde'lod 8255

] v
1% 3.19 nesmaduadiaemes

Vil

31
32
33
34
35
36
39

43
44
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
62
63
66
67
68



Mgy (dn)

317 3.20 MmIAeMAvLEAS Bit
519 3.21 2esualasdiya i Analog to digital
3171 3.22 29 ne Iy Tedere q

317 43 uaasmsnadouiesnlsy

Vil

69
70

71

75



MIUYMNIN

A1519% 2.1 113 XOR THTN A uaz B

a15197 2.2 aTauansi Ml e AR stz deyam@ug AUMn
3197 2.3 msrudasi e an st deyamugmdumn
131971 2.4 uaasdyaAILANA B LT MIWEUmiten
137197 2.5 wermemsnonstiues lod 74LS138

a15197 2.6 uamueARsTMsAB ST o 7415138
m519h 2.7 Sdumsinuseswamaile lasumsnszdu 1 vl
13197 2.8 M3Tamwesvanaaiie s unsnssduaia 2 mle
13197 2.9 ammﬁﬁumsﬁwmmmMﬂmﬂ‘lﬂﬂnszﬁmmm‘i&amﬁﬂ
15790 4.1 MsnAasmFsa AT 19 Tumsa g
A1519% 4.2 udaeA§1uan STER Al lumsaugy

[ v
A157199 4.3 NANINAADI LUFITIIMHNAN

15
18
19
26
29
30
37
38
38
73
74



< g
1.1 anniluan
A Y a 9 [ 24 aa o ¥ A 4da d? 3 A
e lulnsnou Insames IWuduidiudiunilwedindsedriu fehifaduiie
d a :/' @ G v g o s a A
ANueEzaInEIsYByEd dnsdiitaulasaslumsihauiinnudesgamsiziasos
o < 0 [ ° 9y (] & s Y ~t A Y
Inssziianuuuiige uozdiernseoulaunldmleunyydndosimsmilesduns
9
Yorawaiadios Ty Insnou Insames lifesidluaugaamassuminiu dsfims 19 ludu
sl 9 =t 9 Y A @ 2o o
MILNNENABINIANNALBEATY MINUNIINNT Aasasu luihunTedeausndellssuy
Jd 1Y w dY 9 2 3w a
luTasnouInsamesegain u'luTasaeu Insamestusadmassudusmensninagfa
o 4 ‘:‘ (3 -~ . 4 @ 4 1 é
mumshevsunsesnafigaslumssia v nseeinsftldmlsenouuuna Feszuu
aIt:i a G v q 39 w ay A o a g
syuHimsmuguuuuszulla tazlvia naiun llums Suduanuusedagay Tums
Ag A ¢ 3 =S A\V DN T G w A T -
avguuUuineluewesdIfeteuneseluns R seryUuYUna lUddumish
y VYO q Vi o o OOT. O P
AvIM 3 uvunalszinntiszims llsupsulnlidouaeinudi ene lMrnaadudivanun
> : v o . P
ruannn laslidnuasmilouny enmsmauesunaidianiegassmsmhaunu
qGY a o A 1 o v o W o S :'
naven l4wey Iudwes uansiausunayesrtatie: livans Tdsunsuuunds wuy

Yy
suuna 59 wAe MO Ts s TUegNUMSAIUANYBIZAILAY

1.2 TOANNANITOURIINTINY
v v
Tassnuiidannuaunsngedl
AT woA Ve v v A
1. fﬁiﬂiﬂﬁﬂ‘ﬂﬂﬂﬁﬁﬁladiﬂu—lﬁuﬂllwlﬂu ......

2. Yszezasweusyldinu....,

v
=1
1.3 1ifevlaaduvil
v
demnelulsznovludie
A:; = U = ‘&l d‘ Y :&, ]
N 2 nguRuaznannIs azliilionuneINUNUF MY UIBsEuIaNa MCS-51,
d [ o o I'd
sTUUWEDS, MIvuallosuomes
v 9 1]
YN 3 MIBBALLY MIA5I UaTMIIaU sziliisrfefumsoonuuy Tasauvy

w I~} o d
Aa 29T vuaallesuewes



] v
Un#l 4 MmInaasauaramInaaes Useneulidesmsnaassinauesvesuuuna,
o =3 o o
MsnaasNITIUmAlloTuemes
0 I o 8 % b4
unh 5 unagy Yoy wwamand v uaziann lunmsdmionaneslfinallymiay
¥
wnmneag WWaueuumiemsud luilamn sawsaamemswann Mddsans

K] vy
NNABIAU



UNN 2

ngHYUASHANMS

d
2.1 lulnsnsulnames MCS-51
o o <ty 1 ¢ 9 Qs Qr A o v o
luTasasuInsameioneziliui i lisesdunstiuinain WenSeuweududiily
o~ o 22 9 [ v (Y2 =1 1 ‘i‘_l Y] ‘ =
Ias Tsrasasdatinms lanumsvatsuinni Tasiinaziseniniuailseuiananaiy vise
A o o ot Q' =Y
Ffy (cru) vesszuy delmah lilFauiuliusedesdlodls neumeuenmu@ud 1y
4 o ] ] o Qs 4
Tszuvfieuysel wu mianui uag wesanrugy Wudu dumuamlu 309 1.1 Tag
amdszﬂamm"luiﬂﬂﬂms'msaa‘ﬂwLi‘lumaﬂmwmagma“luﬁuﬂ 2UADAYDINTITNIUY
tﬂ
U Sl meueniizdeumududn W i¥asumunihiindesnsdms luTas
I'd =¥=1 [ d ] =t o = ¥ r's ° U a./
aoulnsaes  ANVANMSHUPUEUALINUY  HodABIALszna UMM IINIaY
v
YY) <
daulasumseenuuy’ wusaqagmﬂiu"lamwmmmmﬂummu aatumsildldaun
' 1] ~ v ¥ v .-.’/' =3
ﬂaumafnzazmﬂmmmsm@ﬂmmmwmﬁugmnamammmﬁm I ldmiufssiiuszuy
a s A P d e ~ J ‘i‘j I
AouiAes NeIUAILANATuYsal luleassseeaisen lulasneu Insamesintuy 1 chip
3 3y Y
mlcrocomputer ﬂllﬂ
pene lsBmuienSsumenduluTas Tsweawe Sudantrenshinumelululas
d g 1 1 o L7 T o/ 1 T = 1 o
aouInsamesuumuns ol ldetasudeiifianinndl fediasy Yndeanuiwuy
v Aa a ) o 4 1
ROM uiaz EPROM moluvwna lidu 4 fla'lud wiaeanusuuy RAM vua 256 Tua v
g =1 4 = 7 Y D) 51 L= 9
T uazdiwesauuuruulsEun 3 09 4 wosa Wudu seslsfmumailianudeanisee
Aas e ' o 9 A q o o 7 Y2
Ay Siuuvesmiehensas Joya tie lduiduglnsalinasguaisuenla
Snvamsrinuimuzauiumstii lulasaeunsawes I idou  dnezduan
{ = ) Y] v s P a g a 4
dszgnaninedesiumnuqumIesnmsdygnudunaieminaveeesddnnselinduas
an v v 2 A [ A Y
103ATMBAANY  IUSTULNEAING  MIeTzuReufy  syuuaiuguatelumTedld v
ﬁ ] & Bt = = aAw W ) ] ke
Wudu Fsnuaugumartitne: lWimsAadnuidugeunninug. asemsnuiyeuag

Qs

2NIIAVAUN NN



WUIBAITNAN wiEAIHan
; Waunsa doun

= =

Inmuad WY IR HRNANS R
—% AGIAA s
wenthisnd | N (CPU) @

I

PR LTON

¢ «
HBTALDTAWRA

N

VUIEATUIUNT

Gl

L

[

Aygyrinuiin

51t 2.1 mhsmahauirvesszuululasldnaaaes

2.1.1 luTnsneuinsamasnszna 8051
' 9
ysse lulnsnou Insataesallmsuinninus Enaeg $ramnminlulas
aouInsames NS AUNAUNTEL COPORATION) Tuaszga Mcs-51 Tatmstihlyls
> { =1 J=V=3 a o l
aufusmsrasnmiuawal ae. 1980 Wuduin Tuszezimumnidisanarsusem wu
a o 9 n Y a a d{ ad” o ] 3y Y 2
U587 PHILLIPS uay SIEMENS iiudu 1a5udedinslumslindadmiouas lanmsmy
a a 1 ‘:;dr_‘? J awv a [
Uszdninmeen Aldugmannnlulasaeulnsamed Mcs-51 vesuSindumangily
$uun
nlasneulnsameiasega MCS-51 dszaeudis lulasaouInsamesnamogy
:& IS 3y 1:' g ~ v o v o
(VERSION) dsilganenssuiuguimilounu doudivuansaimauvesnizeviy
1 o A i) 9/ =Y
melumandtueenly weanumnzavlunulszgnaae q awanudesms el
o P ~ a = 4
anvaziildma Tuladmsndaledaessauanuggeuin (LSD uuy HMOS 158 CHMOS &4

01

= dy : = oo b3 v
Audnuuziiganniu wazdunlfesdas Iwdiniosndmn

)}



(Y a d
2.1.2 panyszmamainvedlulnsnealnsamesaszga MCS —51 ayn I

AT89IXX

Fygnaduneiila
[INAEUBR

1 l u;naa"nwn FAmmeian
, dsunsu i ; . = = B T
NITRIAN Rt WHIBATIUAINT Inwef 1 e fyyungrau
fumnisan aeludy Trwai 0 le—— anmeuen
3 f
; Pt —,
IR
: ; i E
| L
s <z <
21asrindie : L, 4 wadnduna .
KAUAILANUR AR WATABUNTH
S aunm : L81ANA
1 t T ﬁ i i
r 17 1
sl | S d , |
L“I? B0 P2 PITREI <O RxD
a5
[(OLIES- 1)
TRYR

P Y o =2 ! ° & 3 : < g1
31N 2.2 yeraaldiuBanihemsmaunuguvesiulnsasulnsamesiuasne g

] v
g1l 2.2 thlsgnendae

1.
2:

NUIeUsEUIaNana IR 8 A
y
meluiimissanuiNdsuasuduuuuursvenus nautas@enln 1dwunss
v

miheanuiteyaiugnadiumissa nuiwuuusy lwinaueswiimiieanuiuwy 9
DNTOUNUIAY

d o3 a 9 9/ 0’/‘ a o
ymesailunuuaesiame mmsnldouiiuldnBunaauaziondye
=} A g 4
12993 00MIPYNINUV LY aQInanT

4 Y ¢ o a t EY s
Tnwesuazidnivesvua 16 Tndetion 2 @2

1Y) L B TN - e 7o 14

AUNTATBITVUNAIRUTAD LRI IS 10 6 Uszian
Hasesfutedyananiniegmelugy

finsesdomsoynsuuuy SPI dmsulusynsu ATSISXX



Tﬂﬂmﬂua”ﬂnTﬂiﬂauiwsataa§msxqaf: Uneziigilireveslediluwyy DIP e
40 Furuamlugld 23 Fudozndyanuesidoye uesiindifissydanua
Fodnuaideseiimiiulusazn  eulsfamesiinandyaadfienesini 1§mn
ket @afioumiu13h Altemate Functions Tugilit 2.3) Faeelienunsoldinu
Tunmifeaiulddedasu vidyanuies 0 vesmwesa 3 (IFaedadiu P3.0) oreeld
FundyanonednaunzBunaamnd vieesimihiidiundyg asunauesdoya
Fomsuuueynsu RxD) TWisesdemsuuveynsuues 80s1 14 Fansdmunariam
Tudnyue mﬁ?}yuadﬁumn%awimqﬁm%ﬁumﬁm@muazIﬂmﬂmmuammszuu

Ld
o

U

£1.0 E Q E +Vec
P11 [3] E PO.0/ADC
P12 E '3_’_{} 80,1803
P13 E 37} #0.2/288
FLAp3] Ef
F13 (%] 35 $6. 44204
PL 7] 7] P0.5/A05
PL7 ] [37] PO.6/ADE
RESET [ 32] PO.7/407
P1.G/RXD {19 i1 73
ra.1/%ce (] ATESOx 5] ALE
£4.2/THTD 32 75} FSER
#3,3/TN71 {13 8} 2.2/215
¥2.4/10 [13] |37} P2.6iAL%
?3.5/11 [15] |26] P2.5/A12
P3.6/WR i8] 28] P24ALZ
RFRG {7 3] P2.3/800
xTAL2 (T3] ) p2.2/810
xTALL [13] B PL.1/A8
GHO [‘i 3] P2.0jaR

L‘ﬂugmnm

3U9 2.3 nsimuami i ndeaUMCs-51

2.1.3 grunatlumaiiauvedngnelu MCS-51
~ -~ ] ) s Y % a A [}
8051 iseadammesegawiu  dmsumsaduwadussdyanuniamdsegtily

v =
NIBAIHIMUATINIZMTRINUVDINUIEMITNNIUNIMLA 1 F ooandoeiu



(Sinchronization) Iasiaaudainezyiilasmslsnsaneaisousodnudygin XTALL uag
oFari= ol o o 1 os a
XTAL 2 wioufudnnulse gdnuagasgiil 2.4 veeniludyagnuuiimonnisuen
[V 4 = [ a = [ Yo o o 3 ¥
WodaudvesdaynuuinieiSenn Puse (dyanualiiudidnys P) uazauues
14
[ a =1 =t . a 2 a 4
youuIRnE Send Munaeeadamans (Oscillator period) ATUNINIOBATAMIADS
[ U [ LY o W -é o ¥ §
fuauaesny Gonh stat (Sdaydnpaliduddnys s) Feeethlyidfiusrsnariugums
fauosyes lulasaeu Insanes wu msthimds , msneannunuiy, MIdseuianauay
~ v £
ms@eudoyn Wudu dwanslugli 2.5 $29081989 State Swumnase wiSondumadu
3
Aa ; 3 LR 1 P a a 1
laifia (Machine cycle) Aariummiuusdu lsnnasz 14ian 12 munaesadanes Ao
- A e Ay e, e, : R0
wwdu lmdaiiaduiudrsnmidesigalumsiimdelasidamilsieamniniumdaniduy

Y ity ¥ < =
FOULINAILADI IHIATUIUTDIDITNLUNTTU

Lokl

Xl ettt \dd 2

: P (] = < :
311 2.4 mslansSaneamevendeinnuI9seRaTAAING SMETH MCS-51

o T { o o o (= 4:? v o o :l‘ 3
msgmamrinam i lunsihddelasuededu wwdowghddaiulddwaumey

Fulwdadiuwi s lumsdseuana nanildezduiunugas

5 Ccx12
CrystalFrequency




Tao ¢ Wumdnummsdulafave siide

Crystal Frequency BiUAIATNAv0IRIaAsoaT 195 MCS-51 0619 lsAau Tunnente
pnaenuiumsldmvesniameaiiu 11059  wngi@sad ﬁ”'afhﬂﬂﬁmqwmﬂmmﬂ
annsathean 18 M lumsdugunmdmiumsadeanwi lumsfuuagdedoyn

gé 1 (-] 1 4 QL A
synsudaiiumieihaumely Mcs-s1 WldadladiRsstusmnasgune 19200,

9600, 4800, 2400, 1200, g 300 UAADIUN

84iSSiSﬁ‘S?$S2f53l'54i55"36i57;
i H i
i

[ig1] s s
PT P2!P( PZ!P! PZ[P? PZIF‘? P?} [=&1 P?!F‘i PEJ

i
= !ps Pzpt p2lpP2ler P2lP1 B2|P1 P2

W [r g O NN 71 : 1t &1 ]
w1 UAAT AN AT U INN U U U UL
' el R 9Ty AN\ ]

ety

- siusediAn

1
1
:
t
’ D) spsulAadnil
1

SR ISR R,

[ BB @\ D)
s[5 |5 [ 55 ] e

1
a2 &vda 1 Tud 1 TR du INC A

|
1
f : 2 i
7 grusziilan : S
h{ H drunaiilaa ¢ ‘ —— ]
1 , T udn 2 i = suenldadall
1l ¢ \ & ! plismarntermi |
[ 81 | s2 | S8 [s4 | 85 | s6 | :

25 A 2 TUA 1 mﬁ:p 19U ADD A#data
) I—ﬁ"nuamﬁﬁn

'I ! i
A\ % UG _ L A
NNs1Dsa [ 5 s tiGs Dot o k2 153 O Jsf [ss |

. « !
smi Aake 1 lusl 2 ViR e i INC DPTR

i

1
4 T - ar "
srusmilAndniu)

1
t
1

i

- 2 g . f o
lsfinng 1aisinas ?‘luﬂﬁuxﬂﬂ .
wiad Lilldgann (Wng 07 i
! ;e ALE '
! sl i ’ :
Voo v R, JE e

E — suenlan
3
Tl ls s P75z | S8 | s¢ |85 | se]
’ | ADD ‘
{

Z
[ (MOVO :
t

ADDR | DATA

.. e

o1 MOVX (ARafivuna 1 1ud 2 Tods )

| W fautegaiudinteuen

51 2.5 uumMNMINUgIMYRa MCS-51 Hazd AU Yed1IaIM State Tumsinmdanila

Tua



A -

2.2 MIMUYRAN AR UN
MIMOUATUMIAILAUMIIARDUN (Motion Cotrol) ¥Bedea1eq ithuluamawy
¥/ T 5 é’i a :': o o o 1 & =t
dpams luhezfiuluGesvesismevosmsmdoun anusa dwnis uazlumsindoun
:/’ a :; vyl ¢ a 9 o w P 1 Y a A d‘g é 1 3 @ ‘ 9/
Husznavuldnded  dudids  Fiszrelifamsmdeuivuw  Fedmunudiine 19

4 Y o w a&' & = < [ 3 &

vomes Wudumds vemesiufina1nvalewsiia U AC MOTOR DC MOTOR iHufu &3

[

~ 2 ¢ a P Gy s A4 o
lumsnezienewewesyialaunldnuiufvuiugalssasd  wazgluuuvsuniesing
-‘3 o WY & 3 Y & P -

HU LA AN 191ﬂﬁ1’31’?11&@01&@14“51’3’31ﬂ"l‘iﬂ’JUﬂiJﬂ’l'ilﬂﬁi’)u‘ﬂk‘ﬂuﬂﬁﬂ’lﬁﬂﬂ NANINUDI

P 3 & Ve ——— ! o) Aode e
MIAABUN  ANUGT AUHUN muuinuJuamwm@muqumsmaauwuu ABNTIVITD

xyl'sJe = P P < Q 1 3 S ﬂ 1 \1
ATIVFOU AT NAMINUBINTATDOUN AITWLII ALHUN 111‘11&!3111‘!11?11!, HUINT LT hm'liﬂ'ﬂﬂ

A w i a7 g upsa & 4 S 2
HUIATP9NTA19Y WHNlFIINIRILALMTIAaPURLLILSEUULA (Close loop control) #9
‘ﬂ = 1y o = A - ot £ = Y
3 uﬂ'liﬂ’JUﬂiJLLUU‘JJﬂ'liﬁS’J‘ilfff:)‘l_lﬂ"lil'ﬂuﬂﬂﬂ ﬂaﬂmuqﬂﬂimaﬂwummwmﬁummm

[ J~; p=3 n’dyr d d’:l’ dAa e v T
AOUANUNT IHLS'ILSEJﬂQ’IJﬂimu'ﬂ FUEEDS (sensor) LAY WUBBIUU AUNA8TUA 1FU Limit

2 3 a = ° 1 [ o
switch, Opto detector, Sonar resistor Li‘lué’{u mammwmsfmmmimmusmﬂummqﬂﬂsm
v o
MaTUaAN U

2.2.1 MISAIVANN AUV UHNINAL

D SENSOR

SENSOR MOTOR

\\uﬂu SCREW
=
Funu A

K\SUPPORT
= A A a
gﬂ‘n 2.6 NITIAIUAUNTIINABDUNMDLIN AL
- : 1 9 w a & 1 Y <
ﬂ'lﬂ?lﬂ‘ﬂ 2.6 ¥UANU A QNABLUINULAULNDEYN (Screw) SHIABLLNAUIIUNULAUNDIADT

-Qy Y v s & oty o Y ) t 3 5
uazduau A gaoe Brunveasuwes Fluddudadunudiualduuy side Tay

A s R e A o < a A g
Qﬂﬂ‘iﬂd‘ﬂﬁﬂﬂﬂugﬂﬂﬂ\l?ﬂﬂiﬂiﬂ (Support) Luauammwuumuwumwm HIBYHUATUIYY



10

) = o v a 9/ [l 91::’ a A P 9
wiimAnweziliunundeamyuaullde dewalisuau A nansedoud ldmadne
& - 4 A A A e 0 q W v
M3ONNYNAUAANIIMINYUIBWOIMDS uazilipFuau A waoun b wdldannudn

[ a 1 n' ] Q” 1 g/
muvesdamumudsua Infouas ldemudumisvesduau A uazamanuau
2 A o Yy < ) (] tzl o ¥ P alaf} Y e~
il e Ifdmugunnuis fumiswesuau A wenhdeyain lad ISy anusa
a d & ﬁltg S a A a <
FOUUAZNANNMIHYUIDWDIRDS WD INFUNU A UNANNMTAAEUN  ANGILAY
o v Y 9
AuMuenIunudDINs 1A
L% 3 & o a Y a 1 U I3 ¥ 5’ § Y
fariuteduiuiezdesiivese umvo e wazderiuIN 191995ALgU
_ vy J )
(controller Tunil o190 2995 Logic, Microprocessor, 31493 Analog) Mmsiszuana iods
a1 llaruguasssauguamvuvssueines An T liludusio1sutistlsznnaes
s Y =y 3/ ¢ A oot '
RS AWANYAE Output 1 1A MnIsuaesoanidiy 2 1y Ao winwesni Output Hua
et ' L= ' ¥ ¥ ot
Analog (aZUEEesNE Output e Digital Tusdussmsldauudumuiaesnd Output du
1 1 (Y] 4 1 ot
A Analog H19EMNNE AUTZUVAUANTTNIIDT Analog MINNT M3 BLWIEDIAY Output 1l
diari Y : D . ! . :
A1 Digital ﬂmlﬂzﬂUSZUUﬂ’JUQUﬁLﬂu’N% Digital (%U 193 Logic , Microprocessor [udu
O,J’ :{y A < PR A ] v A w (] st ’cj v
Netlmszide lsnauninsAo@suAuLLUATNYHAAY 15U @UEBIAY - Output U
o T 4 o 1 2 N 7ot t g
Analog 11 l1Aei¥enfiussuuauauiiiiues Digital M5 oo Ny Output Wua1 Digital
o v A (Y] Py 3 o oI ¥ =t Qs
ildseweuiusruauguiiiiuises Analog nuintuapanaswlasdyaiu
(Converter) ~ MIAUAANIININIUNDS LAZITZVLAIUAN FUIDT Analog to Digital

Converter (A/D) 11923393 Digital to Analog (D/A) 1fuéu

2.2.2 msmugumandeuituylfena
° ' 9 /o < v Y v n’/’ o ]
siuunvesnsaugui i lag lduamesninwznumuny lddes Hulinezeg
& qngl’ w Yy o w >y = [ v Y o v o
Tugiunnves Servo motor Fe9ziineArAuMawaziesagluganliu lasaIauiaen
A 4 e‘z 1 v a (YY) Jd o A t
flo wewes uaz WU AILNUTIWALINUAUUAUYRIWBINBS (A93UR 2.7) udlu

Servo motor LNFTIARDIVABLAUS TN AULAUYBUNDINAYDILDINDS



11

ALY

st 2.7 msmaugumsmdeninuyldiaana

2.2.3. msnmununiamaeuiuuulFuadunsuse
P u’/‘ 9/ s A 1 A v [
Servo motor Glu‘g‘ﬂ‘n 2.8 Wiz e sNIFenI Rotary encoder Tdnuuziuuiu
naufiunuegasenan  uazfuunauszivesdnfugsannsodesim Idduimanns
= T L A A 2 ' bagivt) i a v w
Sungosiid Fo9 Slit GeRMunilwes uiunaudl sxlidadewasdunlsusa (nfared) 1dsda

o/ o = A 1 o o/ 1
Sudanauasdurlsusadieozoglusiuassnudiu degih 2.8



LA

'I.m.ﬁ'l}ﬁf!t'g'lﬁluﬂi

/

ey am L

unuHU \\

P24 SLIT

51t 2.8 msmangumsnaeuiinuulduadunn

'

9

'
=1 [ o/ g

12

iWenyunnunyuh Tudunaunyu llandwasdudsusaduivgafuuas

q
a =< <KX o

durlsuse Jelumamnnsznudiuang 9 I pluse) amdsnaghuasrmses Slit 999

4 o L)

o v dos =
aYyI8d Output ‘UEN"quﬂi‘ULtﬁﬂﬂuﬂﬁﬁﬂﬁﬁﬂ‘HmSLﬂuWﬂﬁﬂQ}:ﬂﬂ 2.9

o

OUTPUT luFiaua i uF0 4 SLIT

\

PLUS $7u74 1 PLUS /
OUTPUT lugauaaqniia

u

~ v ¢ o a
319 2.9 WadenyaSudaya e ILIn

v

o v gy Y ot ‘]Lj o oA s d' A A 4
ﬂ']u’luwaﬁwulﬂ@f]ﬂﬁ']u UL uﬂ')‘ns}f‘ﬂQ’J13J@L¢]@3Wuuvlﬂﬂﬂ\3ﬁ1 HIDNTOU WILT

awnsadwauldnngas

o a ¢ o o ¢
mmmammama‘mgu'lﬂ = THIHUNAA

19



13

[l v
AINIUALIDIAYD S Rotary encoder 1R8N AINNALIDEAUDY Rotary encoder Hie)
Tdmiaeidiu Plus/ round M58 ppr 134 1000 ppr AMINEAII auamasmu"lﬂ 1 souasiiwad

oo 1000 Plus iudu damluSefiduseeniuifes s iweme gy Tfmvmalaiiu

drulnaudane 1935 adades stit iy 2 ga mAouiu 90 o fa31lf 2.10

undadnnnLe \ 'Eﬁ/lfi‘ﬂ_’tg’mlt I# A
i \,

HAURY L =

2 o\ Al o :
517 2.10 w04 slit vamIMIINADUN VB INBIADS

e Fryninua THTLARO MU A

PRI LA TYIEUIEA I B

T9d SLIT

‘l.lﬁ 2.11 l!ﬁﬂda"lB!ﬁQﬂNTNW’N slit amsnammmum



14

w3o0199¢ 19904 Slit 1ive | g ualmsdaNegRsUdgauLreRegldaudde

@

G =R R R
3 lﬂmuﬂw:wmmﬂ'nm&ﬂu 90 D3N

3N 2.12 msdedyanasdngaIsuuas A tas B

[
=

Y
v oo o (3 v d
Atiudayey 10 Output 91 Servo motor 34% 2 3 e A uaz B lashidyg awadan
< 4 o v 1 @ 1 v
A oz B fagmasumin 90 83 Ae 9190a13 ladidayans Output 910 Servo motor WAL

e R R AR ey H/AY s
A1 2 Bit ADM LY Bit 41910 A Layen1iy Bit 11910 B mgﬂ‘n 2408

2

4] ! s PLUS YW A
n |

PLUS 1 B
/

P3|{P1|F2

4 v
317 2.13 raasmWaduANA19INU 90 B3AN



15

S IRad lug29 High Haudly “17 uagwadlugna Low anuilu “o” wemnsaly
MdanaIA AR Servo motor iU 14&e18AEMIMeATaon Ao mstheii
81u181¥1m3 Exclusive OR ( XOR ) fu Taem3th Bit n19unveeA A1 XOR AU Bit 19
Frevesarlnifions 14 ’

aunAluAB LT Servo motor BYTid ML P1 myzaztiumvesiuay e
1§0n99saensie (Encoder) 92l 11 #1 Servo motor My lufidumia P3 ezvhldan
wpaaaylunTs e 18910 Encoder sxfisiiu 10 fafudniswiuerdmern snefiem
1%unfausn (11) Safide 111 XOR Ausmsdisfien18lunfssonn (10) Fefide 102 1dwa

v Jd ot oW Q’: * ' A v o o
ansiIiy 0 ms1zaziiua 0 SuflusmfAuenil Servo motor nynltnisun lumenduiud

¥
tal o '

TumoULSA Servo motor BENA WM P1 LazdBI Servo motor wyu lulfidumis P2 dusnh
1 T d' T Q’; A o t { U : 1
wis e ninmnewldluaiausa (11) Fadfe 1 471 XOR dusnednenaulaluaise
& Qs ] Qs 3 1 y 4 3
11 (01) H4AAe 0 12 Idmadwimidy 1 marzrziiuat 1 Sadlumfiuenin Servo motor mayu'lal

N8 A azn13 XOR Ae1q lauaas 13dea1s1aa 1 dnans

A B AxORB
0 0 0
0 1 1
1 0 1
1 1 0

A15199 2.1 715 XOR 321N A ias B

o gy ¥ [} A N Y o v @ o = °
WadN 191N Rotary encoder 229l lUizounoidnueesiunad n3e2995M I
A d' 1 ~ ' $ o r Qo 4 g
[WeNIZATINEABUN Servo motor vy lilianialauazeg Ndwmidla awisnldndan13dhs
v b4 v
du Tasdaunnuda Servo motor 7119 Rotary encoder uuiuiil 9zfiduinson vosnisnyu Al

o o { < 4 10 CY V4 °
$1ia Tngeznyulifseun 14 Jusgiuarmmansavesiesiuind wagaeesfuau



16

2.2.4 msaduguMsRasuinuuf IR MY Sumla
v A ¢ A & a o w 9 as ] = . A o Y
galnesimwes danihaiiaiiinee 19iutieeqAs LU potentiometer T8 AIATU

a 1 & e 1 o d‘
nuuuplSum 19 s laozunsunansdegilf 2.14 uaziigluansdegyh 2.15

< d as
517 2.14 Fydnwaadmmulsumla

UITHH N

B> dyand output

7 2.5 Mdnmmnlsumlaeiiaun g
& () a i< a A 2 a =1
dioununyuganyulihezduludsmemudvinfnmsenudmniimiaee
Midemnnudumuiidaldsenigs A - B uazga B - ¢ fawddeuly dufediainiu
{ ¥ { v
sunmunialdszninga A - B Tawniu denudumuiialdsznings B —C i
o - VY] Y v 9/ o 1 A v 9 v Y
vegas niolunenduiu drmanudunu Maldseninga A - B fisnlosas Annudu
. v . t
muidaldseniege B -C sefidwiniu dudadudiuiumiueu Fauneanuidmaw
v ¥
Aumuueega A - B diniunsauiy manudumuresya B - C wiinuvindumue daiy
3 dy % d' (] a:‘ o [l
AANUAMUMUIENINgA A — B uazga B — C fesziludiiitedtedumises Servo

[ ) =3 PRy t;‘ A o n:io &
motor LLFIE’]UN‘IiﬂﬂﬂJ Servo motor 7]1‘11 Encoder LL‘IJ‘U‘WDZ?J%THQUiBUﬂJBQﬂﬁﬁuu‘Wmﬂﬂiﬂﬂ



leﬂﬁ@?Mﬂnalﬁ N3 ﬂoufrn11ﬂnﬁzns
17

a v 1 @ o o 7 2 c:‘ .
UMggarInU§MIUTBUT Potentiometer #1109z YU 17 Ins01992TAA 1 - 25 SBU

J 1o a x a A 9
YUDYNUFUAUDY Potentiometer ﬂlﬁﬂﬂﬁlﬂf

2.3 vihannwud wasn1sidensedy MCS-51

asaduszuy i lasaeuInsames laelddn  Mcss1 $ufludesdimsuemenmiag
anusimeusndmiwiy Tlsunsmazdudoyannmsilszuiann ms1EhiEn MCS-51 U
fusz lifimbeanud lsuasunwly  wnawefimennuinslusnadnislinede
m3 i e iy TdsunsuBend mibsanud lusunsu (Program Memory) 3
y '3 [ A4 A v a 4
MCS=51 O\ s mamﬁUmnﬂuiﬂmﬂsunaumas

(Monitor Program) ¥iaea 1 §1iienefiegnmioludwaes MCS-51 1awed wiedlumisanuy
V

Sfideveneiuninniouenila ﬁm%nnu'zﬂmmmmuﬂﬂua (Data Memory) 22 1101

o a'
nyuaya
v ¥ Boom. i1 o T, J /el \ & £ N, L

m‘ﬂ’]ﬂﬂ'ﬁﬂi SUIAWAVYI MCS-31 1Q‘Nuﬂ ﬁl‘ﬁ'ﬂﬂﬂ'ﬂ MCS-51 mmu U LY 1T IEJ‘L&E)H‘!N'IH

aturateviinges wanyre 1)

e
1L

IR 1 a
B

A-H-_.---..E-
PHUITAITHI T

oy

3y
ﬁJ i Q'vaqﬁl

2.3.1 viuse nuéﬂﬂsrmsufr agram Memory)

, a -2 4
BIOS (Basic Imput Qutput Q‘r&ms)ﬁ" suvasudnmed Talunsuuefives luueiaaiugu

A 9 wmieamuinlznniui i dnaesiaudEons 9 71 ROM

1 M (Read Only Memory)
el e i eI L B,
Yoijei el ideanui 'wnu CPU WU B INIRYTT I04aN hhﬁnugm ROM
b4
segn lhsunsu Tae Tseaniduan 197 mnmﬁﬂmmiﬂmmﬂﬁm e u I emil
v []
LNATIIEEEN 3T D Viask-prograrmmed ROM TnslataaFiedio 9 ¥89 ROM uaad lnna ’g'i_"?i 2.16
Taamelule® RoM sewmﬁﬂuﬂmwsmmm Lm'lﬂiemﬂﬂuegmﬂuw nngalezdin

o i ' ' o 9
3%:141111:1&?91 ..mu’;a‘ﬁiﬂa‘m'ﬁmd'u 11 'r-*.".mm:’lmm alondosgesihlis

syafiapsmiwiiu «0” fag1l

46422



18

00

2
e AL A LA

4-line
Decoder
Ax 10

Ag——i

Y
| V |
> R R Ny D D
e 1) Sl
FAL
Data Output

31U 2.16 natalnssadavosmitenud ROM

Aumvupansd Yoynmug ey Joynnygudun

D0 D1 D2 D3 D4 D5 D6 D7

00 0 & 15 JdemiseOanrine O <41 55
01 g M0 31 ([l 6 2A
10 L\, €\ lp=0 0 07/0 FO
11 050(¢0g/ 1 0N \3 50 [ 11

A19191 2.2 N9 WAOIWHHINDAA ST HAZTIOYAIA Y IHALTHA

TuilegtiumaTuladlumsade RoM ez ldma Tuladuuy MOS - Transistor unu'la
‘§ o P= | ) 1 s
Toadaszililed rRoM Aunszualvdnies uazluudazaedinies Pul-up d28 MOS -

[ bd []
Transistor Gates s ugaaesaalalithassuaes 1asin «17 Adwmuaiu fagudi 2.17



19

Veo

=7 - B S e ‘T e
L ,‘—J ] ‘ ‘J
— L“ L..i I - il 8 __,{ ;»_‘ 3
00 ——-’>\, 8 g ' 2 T ,_‘___4,‘
A0 ] y I | L,_,..q- ,__.J l-—..—-<- ——-——T—L-<‘ -—J i—"—«{ 'l‘
01 ——{/\,O T M B '
2-10 4-line —_J"““i ﬁl“*‘f __J:[__1 ] Td:L‘ ’E“_"
decoder = i e o i R ) = T“—E
10 (_/)(} s s o ‘L —-::
Ay el s 4»—] ot 0——_]’._[—0 ! L———- "'[—_.
Eion 1‘.,'—{:::)\" I e ‘[— g o —
3 I & & _Tm['__—d nﬂi [ S L--—A
= =R 2 N/ X7
\T/ \ / 23 / \!/
{ 1
D, B Dg D,

511 2.17 veraamn Tuladuuy MOS - Transistor 1HHHIBN1ME1I ROM

Amrdaeansd Joynavg e Joyaavg maumn
DO DI D2 D3
00 0 Sy (B0 4
10 ¢4 S0 oA 2
01 kY PP A E
11 00001 ] 3

A15197 2.3 M NMEAIIHYIBAIATE taz PRI YF IHAL YA

2) PROM (Programmable Read-only Memory)

Sumiraru$ rRoM  Ffldamnsn lsunsudeyaldiesTnemstlowiadituse
AU (High Voltage Pulsed) ¥hlsilasserumeludalodnanannniu mldidaaatn «1
vde “0” assadumisiifiua de PROM galdsunsuudadeyaneluliaunsondou
uilae1ddin



20

3) EPROM (Erasable Programmable ROM)

Bundnecranilvil  PROM  fiemnsoay'ld i’:’euanw‘lumﬁwmm*ﬁwﬁﬂﬁvﬁl%
smnselsunswldies  udeyameluamnsonlfeunlasld Tasmsaudeyaeenlinun
1§ Ilsunsuas i iminsaudeyaild lasnsaouasgaatrlilenad 1 lud lodlae
‘l'aﬁ?sﬂzﬁaimwmfrﬁﬂﬁﬁmﬁ'nmsumu’fﬂ‘hJsumnmuu‘la«?ﬁfﬁﬂf:ué’qﬂaﬂ%ﬁ'ﬂqﬁuuﬁﬁlﬂ
o1ld minsmmiwiatmane e 9 lueuit lemaesdudge Tsunsyimiuaeidu
mireanu i Tilsunsulminazdumisoanui Wsunsuiion dunadusudunis
&nunizvos EPROM uaaslddgtfl 2.8 Tnsdmuuvesdnezisomanfnanzegions

uea UV aglifdmSudredeoya

WIANRAHIUR I

A
Plastic Housing | | Plastic Housing
 —— e T Y} i 3 S e———
Suicon Chip
fy : 1
L Ceramic Substraie }

=t {1121 I i bt 3 LS 1Al

o

O BRI TT T U LT O TN T LA,

51lii 2.18 uamsAnYaIZ¥eI EPROM

4) EEPROM (Electrically Erasable ROM)

4
nimsa LS et adwiy EPROM  uagunsoaula lnglgnszua i lnela

aoelduas UV



21

2.3.2 wieanudiieya

mizwamudwied CPU amnsnezouuaziloudoyald Suni1 RAM (Random
Access Memory) iunissanuiildifudeyannmatszuimmaves cPu doyaniolu
RAM szasagaasanaifiiundenelifeedfumiznnud damiwnimé RAM fluvs
sonldlluaesriinlug Ao

- TUARNLIY (Static RAM)

- lewlinusy (Dynamic RAM)

1) auAAnUIH (Static RAM)

Fumieamuh RAM frmnsasuuazidsudeyald unsdoynsznsodanendiil
"Mﬁyﬂﬂmqﬁé’wmﬂuiumsLﬁ‘uingamiazﬁmzﬁ%’mi‘luwﬁﬂﬂaaﬁ wlmsinudoyoud
azdinszfesniunnnnudmesssonmaesafeglii 2.19 uanslassadiwesaundnusy

Tumsiiudoya 1 de

¢ 2 iy
] )
1t G
e 10 Jwa 170
NN O ‘—""‘“"‘"—“\>// )
-_1 4 \\ ] i
i v iGN |
' |
o i
. i
. e i
WBona L

JUf 2.19 srasm s udeyauaiaz invesaundnu N

> Vo



22
,8:‘;:
v

3
a. PYaIN

&

HAWADIUNMTNITAUNTONIT

¥
15z

9

¥
a

1
‘L!

A

VA NATIUMIVIUVDYATUND

|

v
o

> ol
Al

¥

=

14
o

T Twiaea
9

=

T a
HBELE:

a
¥

aa

HAINUD

9.

01092AIBIAADA

aal

vneanui g

2) lawndinusa (Dynamic RAM)

dun

«
191ANA

y
1818

o

Gl

o
1N

A U

o

A AQ— A9

A

3

e 10 U
AU

o
o

-

wmgag 1 1y

lunea

1
o

#él

one e

&

yald

a318n1

Y

Ud AueaRs o

dlu
fiude

o
o

AQUAYYINY 3 NN ABLBANIALN VYD

Q
&
TN 3 SSULL

e
<«

LNBLUAEY

o1

DWAUN
UNLY

- J
9

ey

U

DO - D7 iyttt

¢
ue

v1aluns

Alal
P}
fi

Tadezals

e

nga
9/
Ay
N7

=)
uin 10

UpUToRanUMHIBA NN

~
«

<

Tegnueanud iag
Ayoua 8 1du

Teaunaasa
14 2"
51}

¥ ot
U 07U

bJ

2.3.3 MIgivia
AT WAUNALUY

v

Uauagiaanigu

u



23

UBRATI LT > vadeya
2

Memory

LGRMLEY J\
l/

:; ¥ el y A I v °
U7 221 uem angadganaiililumsaasedurmien nus
Taeiala) lodntissnnuineedion CE (Chip Enable) Pdwiuidenivleddndesnsls
wa lunsaig ledvuaeanudmate 9 &3 91 OE (Output Enable) 92 19@efiy leGnenas e
dmivendoyn frvueaiivl Soyafiagluledmirsnaminzdeeonmmaladeya’ld

nseudoyannnieauizivl CE (Chip Enable) Vidmiwdenlileddn
Foams 1 Tunsaifa ledviiuarus§mats 9 #2 11 OF (Output Enable) 92 9wenule

¥ (]
Foaoasvadmiveudeya Switivenni deyaniagluledmitennuiezdeoninmevd
;3 L4
doynla
1 9/ 1 o & o W 3 [ dy

AMIBIULoANINYUBAINTT D wUdUAl

1. dednmienezeulineunusamsaiia

2. ddenaRILguNABINTIZEY

3. feyamululedmianuigndsesnmatiadeya

asewmdeyanamionuienisadoudulessunsunatlddegli 2.22



24

/! ) 74
\&' waARTau P
i Foytjiudidoyo

i

dadpyalivmioyn

/’A*-&—“— o
L ey

1 2.22 namsdeygnadunsemdoya

-4 9
midsudeyanamiseawi Sdwuuded

() (]

1. deduomisfezfoudayasen linounauesmsalia
' d a o

2. dedeyanez@euliniadeya

3. dedgoraniioudeyn

msiReudeynWiumheanuihmunsadoudiuleezunsumidaegui 2.23

o

— davoyaliiadoya

(
TS A

dygnondsudya

X GOAATIT >(’

‘

31/ 223 i adayanaduma@audeya



25

2.3.4 M3itouAONIHEM WG IRY MCS-51

nndyanumsiaseniasanuinlsenoudie weawsald Vadeyouaziaaiy
aqu lu MCS-51 aunsofarefumicsanuimeouen’d 64 Alalud Taveeldmodyn u
AR ald 16 13U d998MNITN 10N 0 waz wosn 2 Taewein 0 9214 Multiplexed 521919

upasatie uaztiadoyn Tasueamsainezidiuiind A0 - A7 Agii 2.24

Port ¢ Address [7:0} and Data {7:0}
MSC-51
D~ NN P
Port 2 > Address [15:8]
N7 TR

d' u 3 Ya I @ o 7 T °
‘31.]7! 2.24 a3y neyes MCS-51 flsAanenudmianIEnINg

TumsFeusafiumireauitzdesiigUnsainouenus Lach Fannmueamsate

ildnnwesa 0 disiiezldwesa o dhuiadeyadely) lugud 3.10 szuaasmisdsmitenu

§15210 ROM RAM #u MCS-51 Tasiigunsaimeusnin Latch Auemasataluddue1ld

5o “Address Latching”

]
=

gunsalfiflon1Fldun lod TTL wed 741.5373 Tosdoyanuiild Lach Aodaygnw

g

ALE 910 MCS-51 7971 18inendnnumudn



26

B—Bhbata Bus

Lower i
/" Latch 8-bit of

MCSra1 Address

ALE oty

Maultiplexed Address

N
Data Bus _.._l/ Memory

Upper 8=bit of Address

1141 2.25 naaansde MCS-51 fuviheanud

Tumssumiasamui Ilsunsuuazmssudsumiasnansideyansiseuden
upas el dunz adoyaazmioniv ﬁmLhumm%W'T’mmagiﬁmnﬂmﬁmﬁu LA LENAL
fedaanualugunn laezitasunm nuhmsassenissanuduilumsasdeny ROM s
Wéoona pSNE witAndedy RAM e l¥faone RD uas WR Huidasdaninves

3

dayg lanadl
PSNE RD WR
sruntiwanusldsunsy | 0 -1 1
g1udoyaneuen L1
Weudoyameusn - 0

MI1N 2.4 IFAITRYRYINUAIUANM S IHIDZVEURIIBA NN

1) Maouda MCS-51 nunganudildsunsumeuen
wieanunddmSuau llsunsuoz ldviasanudlszion - ROM  misdada
521919 MCS-51 Aunveanui Tusunsumeuen swldwudayg 10901 (Time Diagram) A9

10 2.26



27

ALE =t
e .

[A\'LL

PSEN /
V

Port 0 :>——/ Ao-A7 — INSTRIN A0-AT7 >—<

Port 2 >< Ao-A1s X Ag-A1s

External Program Memory Read Cycle

51/ 2.26 tamedyapamai MCS-51 Aageiunilsanudilaunsumenen

ninglit 226 Shumssndoyanamisanui ldsunsumeouen §1 MCS-51
deanmssmdeyamirenauioyamousn srannwsnezdidyya ALE Tt 1 uag
PSNE 1waglunnigiln@fie du 1 NATUNON 0 uazHe 2 szdamsumisvesitEAIY
$190011 91T ALE sznduiiudn 0 gulnsalmonenss Latch Soynuesmedn 013masdos
Tdwesn o Wlunesudeyadan nntunmeeumein 0 szedluniizardumigs (High
Impedance) #0910 PSNE azueafinifiunsdn “0” mneai MCS-51 doaniseudids
(Fetch Instruction) mmfu%’eqaﬁﬁamnﬂﬁwmmi‘iﬂﬂmmmzqmﬁm’fﬂu Instruction
Register 7014 MCS-51 9InTu ALE wag PSNE sgndauiiy «1 auify mstafuiiniae
arwd llsunsunansidnegi 227 TeenAuds Mcs-s1 o maveiiedimitsanud
Tsunsuegmeluday  dmuiwesii lifminsanuii ltsunsumely  fumisveamize

anud TUsunsunieusnazisui 0000H



28
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Philips Semiconductors Product specification

8-bit A/D and D/A converter PCF8591

1 FEATURES

Single power supply
Operating supply voltage 2.5 Vto 6 V

Low standby current

Serial input/output via 12C-bus

¢ Address by 3 hardware address pins 3 GENERAL DESCRIPTION
» Sampling rate given by 12C-bus speed The PCF8591 is a single-chip, sin: le-supply low power
g g
* 4 analog inputs programmable as single-ended or 8-bit CMOS data acquisition device with four analog
differential inputs inputs, one analog output and a serial [2C-bus interface.

Three address pins A0, A1 and A2 are used for
programming the hardware address, allowing the use of
Analog voltage range from Vss io Vpp up to eight devices connected to the 12C-bus without
On-chip track and hold circuit additional hardware. Address, control and data to and from
the device are transferred serially via the two-line
bidirectional 12C-bus.

Auto-incremented channel selection

8-bit successive approximation A/D conversion

Multiplying DAC with one analog output.
The functions of the device include analog input

multiplexing, on-chip track and hold function, 8-bit
APPLICATIONS analog-to-digital conversion and an 8-bit digital-to-analog
Closed loop control systems conversion. The maximum conversicn rate is given by the
maximum speed of the [2C-bus.

N

Low power converter for remote data acquisition

Battery operated equipment

Acquisition of analog values in automotive, audio and
TV applications.

4 ORDERING INFORMATION

—mE PACKAGE
NUMBER NAME DESCRIPTION VERSION
PCF8591P DIP16 plastic dual inine package; 16 leads (300 mil); long body SOT38-1
PCF8591T SO16 plastic small outline package; 16 leads; body width 7.5 mm SOT162-1

2001 Dec 13 3
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8-bit A/D and D/A converter PCF8591

6 PINNING
| symsoL | Pin DESCRIPTION

AINO 1

AIN1 2 | analog inputs

AIN2 3 | (AID converter) P E U 6] oo
AIN3 4

A0 5 AINT E E] AQUT
A1 6 | hardware address Az [3} 114] VRer
A2 7 AN [ ] 13] AGND
Vss 8 | negative supply voltage pos E i E'EXT
SDA 9 | 12C-bus data input/output =2

A 11] osc

SCL 10 | 12C-bus clock input gas m

osc 11 | oscillator input/output 4% E 10] sct
EXT 12 | externalfinternal switch for oscillator Vss E _T_] SDA

mput 22809591

AGND 13 | analog ground

Vger 14 | voitage reference input

AQUT 15 |analog output (D/A converter) Fig.2 Pinning diagram.
lDD 16 | positive supply voltage

2001 Dec 13
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7 FUNCTIONAL DESCRIPTION
7.4 Addressing

Each PCF8591 device in an I2C-bus system is activated by
sending a valid address w the device. The address
consists of a fixed part and a programm™able part.

The programmable part must be set a2ccording to the
address pins A0, A1 and A2. The address always has to
be sent as the first byte after the start condition in the
12C-bus protocol. The Iast bit of the address byte is the
read/write-bit which sets the direction of the following data
transfer (see Figs 3, 15 and 16).

MS8

O el [ R[]

fixed part programmable part
Fig.3 Address byte.

1280860

2001 Dec 13

7.2  Control byte

The second byte sent to a PCF8531 device will be stored
in its contrl register and is required to control the device
function.

The upper nibble of the control register is used for enabling
the analog output, and for programming the analog inputs
as single-ended or differential inputs. The lower nibble
selects one of the analog input channels defined by the
upper nibble (see Fig.4). If the auto-increment flag is set
the channel number is incrementec automatically after
each A/D conversion.

If the auto-increment mode is desired in applicaticns
where the intemal oscillator is used, the analog output
enable flag in the control byte (bit 6) should be set. This
allows the intemal oscillator to run continuously, thereby
preventing conversion errors resulting from oscillator
start-up delay. The analog output enable fiag may be reset
at other times to reduce quiescent power consumption.

The selection of a non-existing input channel results in the
highest available channel number being allocated.
Therefore, if the auto-increment flag is set, the next
selected channel wili be always channel 0. The most
significant bits of both nibbles are reserved for future
functions and have to be set to 0. After a Power-cn reset
condition all bits of the cenirol register are reset to 0.

The D/A converter and the oscillator are disabled for power
saving. The analog output is switched to a high-impecance
state.
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X

A/D CHANNEL NUMBER:

0 channel 0
01 channel 1
10 channel 2

11 channel 3
AUTOINCREMENT FLAG:

(switched on if 1)

— ANALOGUE INPUT PROGRAMMING:

00 Four single enced inputs
AIN0 ———————— channsl 0

AIN1 ——————— —  channel 1
AINZ ————————— channel 2
AIN3 ————————— channel 3

a1 Three differential inputs

AINO ~
X channel 0
LTl bt X
channel 1
AIN2 —
channel 2
Al\l" —_—

10 Single ended and differential mixed

R0 — 78—~ 7~ cHannel)0
AIN1 —————————— chiannei 1
AlN2

chaanel 2

AIN3

1 Twao ditfecential inputs

channel 1

AINO s

channel 0
AINT ~
i

AIN3

ANALOGUE OUTPUT ENABLE FLAG:
(analogue output active if 1) 7z80861

Fig.4 Control byte.
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73 DI/A conversion

The third byte sent to a PCF8591 device is stored in the
DAC data register and is converted to the comesponding
analog voltage using the on-chip D/A converter This D/A
converter consists of a resis*~r divider chain connected to
the external reference voltage with 256 taps and selection
switches. The tap-decoder switches one of these taps to
the DAC output line (see Fig.5).

The analog output voltage is buffered by an auto-zeroed
unity gain amplifier. This buffer amplifier may be switched
on or off by setting the analog output enable flag of the
control register. In the active state the output voltage is
held until a further data byte is sent.

The on-chip D/A converter is also used for sti~essive
approximation A/D conversion. In order to release the
DAC for an A/D conversion cycle the unity gain amplitier is
equipped with a track and hold circuit. This circuit holds the
output voltage while executing the A/U conversion.

The output voltage supplied to the analog output AOUT is
given by the formula shown in Fig.6. The waveforms of a
D/A conversion sequence are shown in Fig.7.

VReF —— DAC OUT
1
R256
R255 FF
I
i 1 i
i 1 ! |
1 1 1 |
e D7 |
R3 l¢——— D6
TAP 1
DECODER ‘l
R2 02
(¢—— DO
1
R1 g i
AGND ;
00
7280962 i
E
Fig.5 DAC resistor divider chain. :

2001 Dec 13
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MSB LS8 7780963
| DAC data
[;7]05]05 I D4 ’ 03 l D2 Lm [DOJ e
vaout Vrer ~ VagnD }7: i
\Y =V +t— Dix2
AOUT = VAGND
Voot ; 236 i=0
VReF | 2
./
/
-
=
e
L
%t
/°/
/C
T &
. ./
5]
VAGND‘"_?
Vgg e —t
00 01 02 03 04 FE FF HEX CODE
Fig.6 DAC data and DC conversion characteristics.
PROTOCOLE I ADDRESS [ 0 l A ] CONTROL BYTE I A , DATA BYTE 1 ] A , DATA BYTE 2 | A }

N SRRrae e e,

Vaout

—————————————— PREVIOUS VALUE
HELD IN DAC
HIGH IMPEDANCE STATE OR REGISTER
PREVIOUS VALUE HELD IN DAC REGISTER \

VALUE OF
DATA BYTE 1

7280964

Fig.7 D/A conversion sequence.

2001 Dec 13 9
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7.4  AID conversion

The A/D converter makes use of the successive
approximation conversion technique. The on ~hip D/A
converter and a high-gain comparator are used
tempcrarily during an A/D conversion cycle.

An A/D conversion cycle is always started afier sending a
valid read mode address to a PCF8591 device. The A/D
conversion cycle is triggered at the trailing edge of the
acknowledge clock pulse and is executed while
transmitting the result of the previcus conversion (see
Fig.8).

Once a conversion cycle is triggered an input voitage
sample of the selected channe! is stored on the chip and is
converted to the corresponding 8-bit binary cede. Samples
picked up from differential inputs are converted to an 8-bit
two's complement code (see Figs 9 and 10).

The conversion result is stored in the ADC data register
and awaits transmission. If the auto-increment flag is set
the next channel is selected.

The first byte transmitted in a read cycle contains the
conversion result code of the previous read cycle. After a
Power-on reset condition the first by read is a
hexadecimal 80. The protoco! of an 12C-bus read cycle is
shown in Chapter 8, Figs 15 and 16.

The maximum A/D conversion rate is given by the actuai
speed of the 12C-bus.

PROTOCOL’ Sl ADDAESS l‘l ]A] CATA BYTE O I

Al DATA BYTE 1 ‘ A[ DATA BYTE 2 IA]

=3 (Pehaien |/ ol N o/ Fremad e UL

1
1
| SAMPUING

I Sl RN Y @0 B S

7280085
l_ SAMPLING SAMPLING

CONVERTED B8YTE

BYTE 1 BYTE 2 BYTE 3
CONVERSIGiN CONVERSION CONVERSION
OF BYTE 1! Of BYTE 2 OF BYTE 3

t 1 L5 { t i
TRANSMISSION TRANSMISSION TRANSMISSION
OF PREVICUSLY OF BYTE 1 Of BYTE 2

Fig.8 A/D conversion sequence.
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HEX
CODE

FF 4

FE+

03 1

02+

[ o

7280966

_ VRer ~ VaGgND

V.
1S58 256

—

Vain
Viss

Fig.9 A/D conversion characteristics of single-ended inputs.

~YaGND

HEX

74

7280387

76+

VAIN + ~ VAIN=
Vise

Fig.10 A/D conversion characterisiics of differentiai inputs.
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7.5 Reference voltage

For the D/A and A/D conversion either a stable external
voltage reference or the supply voltage has to be applied
to the resistor divider chain (pins Vger and AGND).

The AGND pin has to be connected to the system analog
ground and may have a DC off-set with reference to Vgs.

A low frequency may be applied to the Vgegand AGND
pins. This allows the use of the D/A converter as a
one-quadrant multiplier; see Chapter 15 and Fig.6.

The A/D converter may also be used as a one or two
guadrant analog divider. The analog input voliage is
divided by the reference voltage. The result is converted to
a binary code. In this application the user has to keep the
reference voltage stable during the conversion cycle.

7.6 Oscillator

An on-chip oscillator generates the clock signal required
for the A/D conversion cycle and for refreshing the
auto-zeroed buffer amplifier. W _.. using this oscillator the
EXT pin has to be connected to Vgs. At the OSC pin the
oscillator frequency is available.

If the EXT pin is connected to Vpp the oscillator output
OSC is switched to a high-impedance state allowing the
user to feed an external clock signal to OSC.
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8 CHARACTERISTICS OF THE I2C-BUS

The I2C-bus is for bidirectional, two-ine communication between different ICs or modules. The two lines are a serial data
line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply via a pull-up resistor. Data
transfer may be initiated only when the bus is not busy.

8.1 Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable during the HIGH period
of the clock pulse as changes in the data line at this time will be interpreted as a control signal.

7 1

SDA / :
|

|

|

{ 1 !
1 data line | change |
1 stabte | ofdata |
1 data valid 1 allowed | MBCEZ1

Fig.11 Bit transfer.

8.2  Start and stop conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the
clock is HIGH, is defined as the start condition {S). A LOW-to-HIGH transition of the data line while the clock is HIGH, is
defined as the stop condition (P).

scL " i W / \ / | scL
s P

START ~sndition STOP condition
148C822

Fig.12 Definition of START and STOP condition.

8.3  System configuration

A device generating a message is a ‘transmitter’, a device receiving a message is the ‘receiver’. The device that controls
the message is the ‘master’ and the devices which are controlled by the master are the ‘slaves'.
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SDA
i [ I l [
MASTER & SLAVE MASTER
TRANSMITTER / SLAVE TRANSMITTER / MASTER TRANSMITTER /
RECEIVER RECEIVER RECEIVER TRANSMITTER RECEIVER
PBAL0S

Fig.13 System configuration.

8.4  Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to receiver is not limited.
Each data byte of eight bits is followed by one acknowledge bit. The acknowledge bit is a HIGH ievel put on the bus by
the transmitter whereas the master also generates an extra ackniowledge related clock pulse. A slave receiver which is
addressed must generate an acknowiedge after the reception of each byte. Also a master must generate an
acknowledge after the reception of each byte that has been clocked out of the slave transmitter. The device that
acknowledges has to pull down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW
during the HIGH period of the acknowledge related clock pulse. A master receiver must signal an end of data to the
transmitter by not generating an acknowledge on the last byte that has been clocked out of the slave. In this event the
transmitter must leave the data line HIGH to enable the master to generate a stop condition.

DATA QUTPUT
BY TRANSMITTER

%

1)) S|4

'

DATA OUTPUT
BY RECEIVER
acknowledge 7
SCL FROM
wdien A, 1\ S Y/ Q¥ S
[}
£ !
STi;h clock pulse for
Riog acknowledgement

PECROD

Fig.14 Acknowledgement on the I2C-bus.
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8.5  12C-bus protocol

After a start condition a valid hardware address has to be sent to a PCF8591 device. The read/write bit defines the
direction of the following sing'z or multiple byte data transfer. For the format and the timing of the start condition (S), the
stop condition (P) and the acknowledge bit (A) refer to the 12C-hnis characteristics. In the write mode a data transfer is
terminated by sending either a stop condition or the start cendition of the next data transfer.

Acknowledge Acknowledge Acknowiedge
from PCF8591 from PCF8581 from PCFB591
|

5 l i
A ] DATA BYTE l A l PS T
|

T

{ S] ADDRESS OI A l CONTROL 8YTE I

1 1

N=0toM
DATA BYTES - WY
Fig.15 Bus protocol for write mode, D/A conversion.
Acknowledge Acknowledge No acknowledge

from PCF8591 from master

1 l

rS I ADORESS 1 l A ! DATA BYTE J A l LAST DATA BYTE ] 1T FJ
s ¥ 8 o 1
72809689
N=0toM
1 DATA BYTES

Fig.16 Bus protocol for read mode, A/D conversion.
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S LIMITING VALUES
In accordance with the Absolute Maximum Raling System (IEC 134).
SYMBOL PARAMETER MIN. MA>L. UNIT
Voo supply voltage (pin 16) -0.5 +8.0 N
Vi input voltage (any input) -0.5 Vpp + 0.5 \
i DC input current - +10 mA
lo DC output current - +20 mA
Ipo, lss Vpp or Vss current - +50 mA
Ptot total power dissipation per package - 300 mwW
Po power dissipation per output - 100 mW
Tamb operating ambient temperature -40 +85 °C
Tstg storage temperature —-65 +150 °c
10 HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is
desirable to take precautions appropriate to handling MOS devices. Advice can be found in Data Handbook IC12 under
“Handling MOS Devices".
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11 DC CHARACTERISTICS
Vop=2.5V 106 V; Vgs =0V, Tamp = —40 °C to +85 °C unless otherwise specified.

syMsoL | PARAMETER CONDITIONS min. | tve | max. | uwir |
Supply N
Voo supply voltage (operating) 2.5 - 6.0 Vv
loo supply current :
standby Vi = Vsgs or Vpp; no load - 1 15 HA
operating, AOUT off fscL = 100 kHz - 125 250 HA
operating, AOUT active fscL = 100 kHz - 0.45 1.0 mA
Veor Power-on reset level note 1 0.8 - 2.0 \%
Digital inputs/output: SCL, SDA, AQ, A1, A2
ViL LOW level input voltage 0 - 0.3xVpp |V
Vin HIGH level input voltage 0.7xVpp |- Voo \%
I leakage curient
AQ, A1, A2 Vi =Vss to Vpp -250 - +250 nA
SCL, SDA Vi = Vgs to Vpp -1 - +1 A
(6] input capacitance - - 5 pF
loL LOW level SDA output current | Vg, =0.4 V 3.0 - ~ mA
Reference voltage inputs
VRer reference voltage Vrer > Vagnp: note 2 Vss +1.6 |— Voo Y
Vacno analog ground voltage Vres > Vacnp; nNote 2 Vss - Vpp -0.8|V
L input leakage current -250 - +250 nA
Rger input resistance pins Vrer and AGND - 100 - kQ
Oscillatc,. OSC, EXT
I input leakage current - - 250 nA
fosc oscillator frequency 0.75 = 125 . |MHz
Notes

1. The power on reset circuit res~*~ *he I2C-bus iogic when Vpp is less than VpoR-
2. Afurther extension of the range is possible, if the following conditions are fuffilled:

Vrer +Vacno Vier T Vagno
—RELASNE 5 0.8V, Vg - ~FLTAGND 5 g 4y
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12 D/A CHARACTERISTICS
Voo =5.0V; Vgg =0V; Vger =5.0V; Vagnp =0 V; R = 10 kQ; C = 100 pF; Tamp = —40 °C to +85 °C unless otherwise
specified.

SYMBOL PARAMCTER |  conpmons | . | tve [ max | uwit
Analog output
Voa output voltage no resistive load Vss - Voo \Y
R =10kQ Vss - 09xVpp |V
Lo output leakage current AOUT disabled - - 250 nA
Accuracy
0S. offset error Tw5=25°C - - 50 mV
Lo linearity error = - = +1.5 LsSB
Ge gain error no resistive load ~ - 1 %
toac settling time to ¥, LSB full scale step - - 90 us
foac conversion rate - - 4.1 kHz
SNRR supply noise rejection ratio | f =100 Hz; - 40 - dB
Vpon = 0.1 xVpp

13 A/D CHARACTERISTICS
Vpp =5.0V; Vgs =0V; Vger =5.0V; Vagnp =0 V; Rg = 10 kQ; Tomp = —40 °C to +85 °C unless otherwise specified.

symsoL | PARAMETER | conoiions | mn | 1y | max | uniT
Analog inputs
Via analog input voltage Vss - Voo \
lLia analog input leakage current = — 100 nA
Cia analog input capacitance - 10 - pF
Cio differential input capacitance B) 10 2 pF
Vis single-ended voltage - measuring range Vacnp - VRer \%
Vip differential voltage measuring range; s - +Veg vV
Vs = VRrer — Vagno 72 T8
Accuracy
OS, offset error Jint @285C - - 20 mV
&% linearity error - - #15 LSB
Ge gain error - - 1 %
GS. small-signal gain error AV, = 16 LSB - - 5 %
CMRR common-mode rejection - 60 - dB
ratio
SNRR supply noise rejection ratio | f=100 Hz; — 40 - dB
Voon = 0.1 x Vep
tanc conversion time = - 90 us
fanc sampling/conversion rate - - 11.1 kHz
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200 1294726 160 7294727
gt
100 | 'op
(uA} (uA}
150 120
/,,é
-40°C
] - EpZa
| +85°C
e AP
50 40 L —
0 0
2 3 4 5 6 > 3 4 6
Vpp (V1 Vpp (V)
(a) intema! osdillator; Ty-s = +27 °C. (b) Extemal osdillator.

Fig.17 Operating supply current as a function of supply voltage {(analog output disabled).

7294728

5 2 7294729
=000 b ¢ _ 500
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2 \ 2 4%
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= i 5
£ 300 T & 300
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N\ a /
200 200 ”
/
100
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\
L—
-\T\ 3
N 0
S0 92 0% 06 "Nl o 80 co 0o €0 Fo FF
hex input coce Rasli
(3) Output impedance rear negative power rail; Ty, = +27 °C. (b) Output impedance near positive power rail; Tymy = +27 “C.

The x-axis represents the hex input-code equivatent of the output voltage.

Fig.18 Output impedance of analog output buffer {near power rails).
]
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14 AC CHARACTERISTICS

All timing vaiues are valid within the operating supply voitage anc ambient temperature range and reference tc V. and

Vi with an input voltage swing of Vgg to Vpg.

symeoL | PARAMETER BRI
2C-bus timing (see Fig.19; note 1)
fscL SCL clock frequency - - 100 kHz
tsp tolerable spike width on bus - - 100 ns
taur bus free time 4.7 - - us
tsu:sta START condition set-up time 4.7 - - us
tHD:STA START condition hold time 4.0 - - us
tiow SCL LOW time 4.7 - - us
tHicH SCL HIGH time 4.0 o - us
te SCL and SDA rise time - - 1.0 us
t SCL and SDA fall time = = 03 us
tsu:paT data set-up time 250 - - ns
tHD:DAT data hold time 0 - - ns
tvo.0aT SCL LOW-to-data out valid - - 3.4 us
tsu:sto STOP condition set-up time 4.0 - - us
Note

1. A detailed description of the 12C-bus specification, with applications, is given in brechure “The (2C-bus and how to
use it". This brochure may be ordered using the code 9398 393 40011.

SsCL

H
il

START . BT7 BIT6 BITO | ACKNOWLEDGE STOP
PROTOCOL CONDITION MSB (A6) Ls8 (A) CONDITION
(S) (A7) (RIW) (P)
tsu;sTa 'tow tHicH

/

Ei

'su:pAT

e

e

! Ho:DAT

1 %
Vet SU:STO

Fig.19 1?C-bus timing diagram; rise and fall times refer tc V; and V;;;.
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15 APPLICATION INFORMATION
Inputs must be connected to Vsg or Vpp when net in use. Analog inputs may also be connected to AGND or Vgee.

In order to prevent excessive ground and supply noise and to minimize cross-talk of the digital to analog signal paths the
user has to design the printedcir.uit board layout very carefully. Supply lines common to a PC 2591 device and noisy
digital circuits and ground loops should be avoided. Decoupling capacitors (>10 uF) are recommended tor power supply
and reference voltage inputs.

% Yoo
Voo SN i"im—l
LU
Yo i L_ Voo
; ol AINO AOUT
AIN1 VREF
AIN2 AGND
Vi
DO AIN3 EXT
: 0 —{ao PCFESIT o
Al sCL
A2 SDA
Vss
5 190
VTO
v,
Do
AINO AOUT —Vout
AIN1 VRer __]
AIN2 AGND —f
AIN3 EXT — VZ?
A0 PCFB591  OSC |— 1
Al ScL
A2 SDA
Vss
Voo
|
I
JrMOGUE GROUND MASTER
4 TRANSMITTER
_LDIG!TAL GROUND
v v
_L 12¢c BUS
7280970.1
Fig.20 Application diagram.
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16 PACKAGE OUTLINES

DIP16: plastic dual in-line package; 16 leads (300 mii); long body

SOT38-%

1-4—- sealing plane

|

-

adh,

ﬁ%ﬁ i

it
|
|
|
|

I
S LI LALE A Ah)

S 10 mm
PO I,

Loy

scale

DIMENSIONS (inch dimensions are derived from the orginal mm dimensions)

A Ay Az . 1) (4] z!l
UNIT ax mind B L} by c 0 E e 04 L Mg My w s
140 | 053 [ 032 | 218 | 648 39 | 825 | 95
mem | 47 | 051 | S Vel SR 023 | 214 | 620 | 254 | W2 gy By | g0 e | 0250 | 22
: 0.055 | 0021 | 0.013 | 086 | 0.26 015 | 032 | 037
inches 0.19 0.020 0.15 0045 | 0015 | 0.009 0.84 0.24 0.10 0.3C 013 0.31 013 0.01 0.087
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not indluded.
REFERENCES
VERSION PROJECTION | SSUEDATE
IEC JEDEC ElIAJ
856445
SOT38-1 050G09 MO-001 SC-503-16 == @ R
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SO16: plastic small outline package; 16 leads; body width 7.5 mm SOT162-1

[s) —
B
= } ﬁ
1 M
I@E
-.]z
I E’ H HIH H H H :
l '
’ i | \ .
: T \ A ‘
o e + -~ V] B A2 i
A, (Ala) T
pin 1index ; f T f ‘e'
l I ANTIGIN,
v 4 : Q P
558 HEERE. M
] | |
: ;
il O J - Us
[E]x.._ _.LL,{Q, w @)
P
0 S 10 mm
| "l 4 n 1 1 n 1 1 1]
scale
DIMENSIONS (inch dimensions are derived from the original mm dimenslons)
A I
UNIT | | A !A; As¥ o c | oft | pdha[Wy He ™ Lp Q v w y L g
030|245 o049 032 105] 76 10.65 1 |1 ] 03
™ [ 2% | 030 ' 225 B M3 P laos | 79 | 127 1000 " | o4 | 1o [025] 025 01 | Y 8°
o
: 0.012 | 0.096 0.019]0.013 | 041 | 0.30 0.419 0.043 | 0.043 003s5| O
nehes | 010 15002 | 0089 | %07 | 0’014 | 0/008 | o040 029 [ %050 5394 [0.055 | § 015 | 0'gag | 0-01 | 0.01 | 0.004 0.016
Note }
1. Plastic or metal protrusons of 0.15 mm maximum per side are not included
OUTUINE REFERENCES EUROPEAN 1ssUsioaTe
VERSION 1eC oo EAS PROJECTION
£7-95-22
SOT162-1 075E03 MS013 , @
| G 99-12-27
| )
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17 SULDERING
171  Introduction

There is no soldering method that is ideal for a; iC
~cckages. Wave soldering is often preferred when
through-nole and surface mounted components are mixed
on one printed-circuit board. However, wave soldering is
not always suitable for surface mounted ICs, or for
printed-circuits with high population densities. In these
situations reflow soldering is often used.

This text gives a very brief insight to a complex technology.
A more in-depth account of soldering ICs can be found in
our “Data Handbook IC26; Integrated Circuit Packages™
(order code 9398 652 90011).

17.2 DIP

17.2.1  SOLDERING BY DIPPING OR BY WAVE

The maximum permissible temperature of the solder is
260 °C; solder at this temperature must not be in contact
with the joint for more than 5 seconds. The total contact
time of successive solder waves must not exceed

5 seconds.

The device may be mounted up to the seating pianc, but
the temperature of the plastic body must not exceed the
specified maximum storage temperature (Tstgmax)- If the
printed-circuit board has been pre-heated, forced cooling
may be necesscyimmediately after soldering tc keep the
temperature within the permissible limit.

17.2.2 - REPAIRING SOLDERED JOINTS

Apply a low voltage soldering iron (less than 24 V) to the
lead(s) of the package, below the seating plane or not
more than 2 mm above it. If the temperature of the
soldering iron bit is less than 300 °C it may remain in
contact for up to 10 seconds. If the bit temperature is
between 300 and 400 °C, contact may be up to 5 seconds
173 SO

17.3.1 REFLOW SOLDERING

Reflow soldering techniques are suitable for all SO
packages.

Reflow soldering requires solder paste (a suspension of
fine solder particles, flux and binding agent) to be applied
to the printed-circuit board by screen printing, stencilling or
pressure-syringe dispensing before package placement.

2001 Dec 13

Several techniques exist for reflowing; for example,
thermal conduction by heated belt. Dwell times vary
between 50 and 300 seconds depending on heating
method. Typical reflow temperatures range from
215 to 250 °C.

Preheating is necessary to dry the pac:z and evaporate
the binding agent. Preheating duration: 45 minutes at
45 °C.

17.3.2 WAVE SOLDERING

Wave soldering techniques can be used for all SO
packages if the following conditions are obsenved:

* A double-wave (a turbulent wave with high upward
pressure followed by a smooth laminar wave) soldering
technique should be used.

e The longitudinal axis of the package footprint must be
parallel to the solder flow.

= The package footprint mustincerporate solder thieves at
the downstream end.

During placement and before soldering, the package must
be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe
dispensing. The package can be soldered after the
adhesive is cured.

Maximum permissible soider temperature is 260 °C, and
maximum duration of package immersion in solder is

10 seconds, if cooled to less than 150 °C within

6 seconds. Typical dwell time is 4 seconds at 250 °C.

A miidly-activated flux will eliminate the need for removal
of corrosive residues in most applications.

17.3.3 REPAIRING SOLDERED JOINTS

Fix the component by first soldering two diagonally-
opposite end leads. Use only a low voltage soldering iron
(less than 24 V) applied to the flat part of the lead. Contact
time must be limited to 10 seconds at up to 300 °C. When
using a dedicated tool, all other leads can be soldered in
cne operation within 2 to 5 seconds between

270 and 320 °C.
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18 DATA SHEET STATUS

PRODUCT

I
()
DATA SHEET STATUS } STATUS®

DEFINITIONS

Objective Lata bevelopment

This data sheet contains dz*z “om the objective specification for product
development. Philips Semiconductors reserves the right to change the
‘| specification in any manner without notice.

Preliminary data Qualification

product.

This data sheet contains data from the preliminary specification.
Supplementary data will be published at a later date. Philips
Semiconductors reserves the right to change the spedification without
notice, in order to improve the design and supply the best possibie

Product data Production

This data sheet contains data from the product specification. Philips
Semiconductors reserves the right to make changes at any time in order
to improve the design, manufacturing and supply. Changes will be
communicated according to the Customer Product/Process Change
Notifizction (CPCN) procedure SNW-SQ-650A.

Notes

1. Please consult the most recently issued data sheet before initiating or completing a design.

2. The product status of the device(s) described in this data sheet may have changed since this data sheet was
published. The latest information is available on the Intemet at URL http//www.semiconductors.philips.com.

19 DEFINITIONS

Short-form specification — The data in a short-form
specification is extracted from a full data sheet with the
same type number and title. For detailed information see
the relevant data sheet or data handbook.

Limiting values definition — Limiting v iues given are in
accordance with the Absolute Maximum Rating System
(IEC 60134). Stress above one or more of the limiting
values may cause permanent damage to the device.
These are stress ratings only and operation of the device
atthese or at any other conditions above those given in the
Characteristics sections of the specificationis not implied.
Exposure to limiting values for extended periods may
affect device reliability.

Application information — Applications that are
described herein for any of these products are for
illustrative purposes only. Philips Semiconductors make
no representation or warranty that such applications will be
suitable for the specified use without further testing or
modification.
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20 DISCLAIMERS

Life support appiications — These products are not
designed for use in life support appliances, devices, or
systems where mz!function of these products can
reasonably be expected to resultin personal injury. Philips
Semiconductors customers using or selling these products
for use in such applications do so at their own risk and
agree to fully indemnify Philips Semiconductors for any
damages resulting from such application.

Right to make changes — Philips Semiconductors
reserves the right to make changes, without notice, in the
products, including circuits, standard cells, and/or
software, described or contained herein in order to
improve design and/or performance. Philips
Semiconductors assumes no responsibility or liability for
the use of any of these products, conveys no licence or title
under any patent, copyright, or mask work right to these
products, and makes no representations or warranties that
these products are free from patent, copyright, or mask
work right infringement, uniess otherwisa specified.
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21 PURCHASE OF PHILIPS I2C COMPONENTS

Purchase of Philips I2C components conveys a license under the Philips’ I12C patent to use the
components in the 12C system provided the system conforms to the 12C specification defined by
Philips. This specification can be ordered using the code 9398 393 40011.
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