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INTEGRAL CONTROL SYSTEM BY INTER-IC COMMUNICATION

Miss. Kritsana Kenharaj
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Mr. Arjin Numsoomran Advisor

Abstract

This thesis is presents an application of Integral Control System by I'C
communication system.This system shows that many processes can be control by only one
computer.The standard from of data in RS-232 will be convert into I'C standard.
Therefore, the convenience can be obtained since only two control lines are used, which

are SDA and SCL. This kind of controller can be applied to wire complicated systems.



Mstiny

(18P

MIVYAITN

iy
Mytyglnm
I
w1 wmi
wndi 2 NaNMSUAZNOYY
2.1 MyderIsHULeynTY
2.2 ATFIUNDIABYNIULLY RS-232
23 WAsyIuMsFondeuty £C
-AuauAves I°C
“HANMTVOIVE I°C
2.4 m'iﬁsamiaﬁuﬁnumymazma@ﬂvhuwa?mgﬂm
2.5 23nelinszuans, 2eseudyaaus e lnifh
SudaanunszuaifhuazsesGeunseiulnlih
910 1995 Taast fu 08 5 Taant
15w lWnszuanse
evsReudyaaussiulWfhuiudyananszua i
“gsiAsuusedullfhen 1 e s o fe s Taavt
26 asiouTilsunsudan Visual Basic itoAndemefneynsu
wazfigdaounou Insa
-ApuInsa MSComm
2.7 MIAIUANUUY CLOSED-LOOP Uagiiy OPEN-LOOP
-Ms1SuadInIugy PID
uni 3 msaigilnsal uaz Tusunsu
3.1 neasaung
32 naugonag
321 mseulsuunsufersumasgmre

3.22 Mgy lUsunsumssuaaz Maeaues IC PCF8591

10
10

11
11
17
20
25
25
26
26
28



-mygudoyatuynezUIneNIN PCF8S9L
-ms@eudoyalifsesulasdynuiiaea
{luegrnaenues PCF 8591

3.2.3 dun1s PID

3.2.4 MSUAAINANONT I

3.2.5 Mstiufing

3.2.6 Data base

3.27 msadaTusunsufivanmsaauny 1 nszuaums

3.2.8 Myadwlsunsuniugy 4 n5zUIUMS

3.2.9 TsunsuAIuANUDLY Cascade

Undl 4 MINAABY

msnaaedd 1 M3l e IC PCFSs91

msnanesi 1101519 1C PCF8591 Sausedufigasiuesdennin

msnanesii 12m519 1 PCF8s91 Jaussdunnunasiie

msnanesii 13 M3l IC PCF8s91 reusssuudal9iinesia

mynaaesii 2 msnanesdauassadusius e
wazduausatutiunseua

msnaaesdi 2.1 Msnaassfutaus sy (VIV)

AMInaaned 2.2 mnaassmsudasussaudunseue

v
o

msnanesii 3 manaaesTusunsunszuIUMsAILAUSE AU
MINAGDIfi 4 MIAILAUNTZLIUMSUUY ICS

MINAADIR 5 AIAIUANATIUINNTUL Cascade
aywamInaasg
A3UMANMINNNIUYRINITAIUANNIZUIUNS

FDIAUDLUUY

30

32
33
33
34
34
36

49
51
51
51
53
54

55
56
58
59
62
68
71
71
72

MARUIN
AaanssulsEMe

PNENIDINDI



vy m

LAAYD LAY IATIU

F-ov]
=
=).
o=

sUuuDvesdoyaeynsuLVezFe Insiia

ea
B
=h.
(S
[y

M3ABAIAIUNTU Rs tioaadyanasunvvinavafenadrunlutea r'c

R
=3
=h.
)
[S]

h

31 23 guuvvvesdeyadmuaueawsanlslumssiawy 7 da

i 2.4 gluuvvesdoyneynsuildnadeduginsaita r'c
4 q9 Y2 a
woeldniydwdauuy 7 da

sinuuvesdeynoynsuldiadeiuginsaite I'c

e
B
=)h.
]
O

A qu Y = a
Welsmssedauy 10 9a

299308 IWnIZuaas

el
E2.
=),

Qo

6

7 wusndsudayanauseiu Inftudiudyananseua i
.8

9

)
s
=h.

a9sulasuuseau Iwdhon 1 89 5 Ju o 895 Taavt

&l
[l
=),

Qalt
B2
=)

FEVUAIUAULUD closed-loop

NSRS S A ]

=h.

1
31
1l
1)
1)
1
1
1
1
1)
1)

10 szuuAURuuuUilounay manual vessTUUANNTOU

&l

o o wa Y
2.11 szuummuﬂauﬂauLmuwiuummﬁzuummmu

=h.

et
=Sh.

12 52UUMIURULLLY OPEN LOOP

13 BLOCK DIAGRAM 98403 UIUNTT

&l
=h.

Y
=h.

2.
2.
2.14 WORBUTUBNUDINTSUIUNIT
2.

=h.

15 AOARUAUBIVBINTSUIUNIT

&l

=h.

2.16 BLOCK DIAGRAM 984032 UIUNT

et

=h.

2.17 HaABUTUDIVBINTEUIUNT

&l

=h.

2.18 WOABUTUBDNUBDINTZUIUNIT

&all

3.1 vesauasdyanauuy I°C du RS 232

=h.

e
=h.

32 UBIA DUNN-DWIUN

el

el
=1
).

3.

s18aLPsAYDY IC PCF8591

&t
sl
=h.
w

&
e
=h.
w

3
4
5 uuuWeSudmSumsaiugy 1 AsTUIUMS
6

3.6 wuuesudmiumsaluauATY

el
=
).

uaaeswazBeadeyanruguiiiounsus Tmaesaauaunelu IC PCF8591

[

N W

10
10
18
18
19
20
21
21
22
23
23
24
25
26

30
37
48



E4
o

31N 4.1 waaswanisnaaed lsunsunIzUIUMIAILANITALNN

e SV=05 K,=7 Ti=100, Td=0

s1lfi 4.2 uﬁmwamimaaﬂﬂsLmiuﬂizmumﬁmmm:ﬁuﬁyﬁ
e SV=05 K,=7 Ti=50, Td=0

Uit 4.3 LEAINSADIITAIUAUNTZUIUMTAILANDATING 11D

1

JUN 4.5 UAAINIABINIIAILAUATZUIUNIAILANIZAL

&t

4.4 LLaeN ﬂ‘igﬂ’lluﬂ"ﬁﬂ?ﬂﬂué’ﬂi'lﬂ'li Tva

R. =Sh.

';‘1]1’7; 4.6 BAAINIIAIUANNITUIUNTAIUAUILAY
gﬂ*?i 4.7 HAMINANIIAIUANNIZUIUNIAIUANILAL SV=50%, Kp=8,Ti=25,Td=0
gﬂﬁ 48 LEAAINANISAILANNIZUIUNMSTAIUANEATIANS Tria Tnesn
SV=50%, Kp=8,Ti=25,Td=0 Taaidudlenuans MV,
iWudmanaang SV, Gudhiduueas PV
gﬂﬁ 49 UAAINANIINARBIVDINTTUIUMIAILAN 2 AszLIUMINSoUAU
il 410 wrmsmvediosuiulsunsuniugy 4 szuaums
;ﬂﬁ 4.11 UEAAIHANTIAIUANIZAULLY Cascade

U7 412 waARIWANISAIVANBATING INAUDY Cascade

QG

61

61
64
64
65
65
66

66
67
69
70
70



I VYA

¥
i

A15197 4.1 AT NLEAIHANITNARBY M3 1F IC PCF 8591 SALSIAUNA1T 10990 0nNT 52

@159 4.2 waaIwamsl¥ IC PCF 8591 7AL59AUINUHAI91Y 53
A5 19N 4.3 waneNams e IC PCF 8591 deusssuudqldnimesin 55
A5 19N 4.4 uansRamsnaasdalaussdudiunssdu (v/v) 57

MINN 4.5 AussauuaznIzude iy nduRui iU Uy 59



unii 1
uni
PagtiudimainemeuiuaesunlFlumsauquaszuiums ud luaeeiilaslduins-
grumaFondouuy IC 5issIdauanle fezdnmn wozrhanlFlumsauguaszuiums
Tagilszasn
1. fefnumasgumsFendenuy r'o

2. ASFIUMIFONABILY I'C 1NAILANATZUIUMITUUY ICS

YOUAUDY IATIIU
computer
L 1
| msew—T! |
= B Rrs2s21c
91— CONVERTER
RSZ32
L ]
| 1
] | | |
L ANALOG 1/0 , l ANALOG 1/0

~& 4 PROCESS L

719 1.1 uaasvouwavesInseay
Y o 4
- PNAUIITALNS
5 4
2Wesa Input/Output 915z noud e
D autlasusedusuusedu
2) dwlasussudiunseue
3) IC PCF8591
4) uraene nnsuanss
k) o
- meuseias
wiweu lilsunsumenruguaszuIums 4 aszuammsuuy ICS Tagldlisunsunim
Visual Basic

sz Tvaminaianee a5y

Il
o

A Y ' 914' o -9 A A k) ’
maﬁlumaymmgwﬁu%m"lﬂ‘wmuﬂumﬁmmumzmumsauwmnm@umﬂmi

uaz lueraneivziimsthszuy wnldlumsaiuguedieniieuns



unil 2
L= a G; ‘ﬂ' v U
M3fnENguHMqihelTesiulnseau
d" ' = A = o Yo o :::’
Tuuntiisenandmgeate Nezihunldihlassaudsd
2.1 gulunumsieaisuuueynsy
22 MAIFIUMSFENABILIL RS-232 ipsninmidneuiiaaes lumsaiuguaszuiums
g/ a a v oW a 4 ] o 9 A v
deslinnsAadefunBuNInes lasdunesnoynsuuas l9masgumsisoudsiuy RS-232
23 52U I'C wagmauasnnnasgd Rs-232 §lu I yaiisaulsfemswoudeuuur’c
b4
aaiudsAnsfnmieswazBonves I'C wagmsudasnnsgiu Rs-232 W 1°c
o an L7 an A Q
24 fwlasdyanaezuneniluddaeauazilasdyanaaiseaiiuezuiaen iHeennda
Teginsaiaauguigeiie  dedyanaunzSudyanauduesuiasn uARDNRUNDT 1
[ aa 2 9 A w [ Y o o
dyguadnen Jedolidumlasdyain s1ld1c Prssol Wudulasdayan
25 daulasussrudiunsein  uazdutlasussiudlunszua esnndyanmussiuuias-
4% 1 @ W 4
guvesginsaiinediul-s Tad ud 1C PCF8591 azSudaygnald 0-5 Toad el 1c
] <3 { o o 4 g
PCF8591 gnldednudun Jefidaulasussdu 1-5 Toadiiiue-s Toad uaziiivanindagilnsal
awgudaganelddyguuasg 420 Jadueud ue1c PCFsso1 Tewiymiluus i
¥
0-5Trad aniusedidunlasussdiu 0-5 Toadldidunssua 4-20 Jaduoud
v 9y
2.6 Tisunsy Visual Basic N1¥AaAefUszuL I'C uag PCF8591 aaufiianudfiaumsy
nfezmugUsEUIUNS 1A AsuduaesApsaInIasumBUNNIIN  PCFS591 ldias
esadadyaruniuny lUfaa Pcrssol 18
2.7 nuRMIMLAUATTLIIUMS el
- ngufmeauguuuutioundu

- msdsSua PID

HANNIIUAZNGHS)
2.1 MIdemsUULBYNTY

msaemsuuveynsuue Idiiu 2 nuvAenuuds lastiauasuuvesde lasiiauuy
b4
FqIastiaegldyanauidnsivegiumssuuazdsdyanuals  daiumsaadetuudalas

W 9 v A ' vy oA Yy A a Y] s
HITU ﬁ]gﬂﬂqﬁlﬂfﬁ']ﬂiuﬂ'ﬁlfﬁauﬁa @mmaam’jﬂ 31U 7D ﬁﬂgjfmiu’]Wﬂ’]ﬁl@HﬁLmzﬂi'nﬂ



[

msdemistoyauuuezdensfamssuuazdedyanaldduiindedicmedygnauiinudee

L) o9

Yt v 1 H

) ° Y 3 o v Y v & a o S A1 W A
T¥mssmuadisasuirlumssunaz dedeyalididwiiu dFendeiGaliigasiuen vie
Us eI ¢(baudrate) Imiedluiadedui (bit per second:bps)

stuuvvesdoyadlFlumsSudauuues e Insalsznoudie 4 daudenude
1. DaiEuAU(start bit)
2. Tadoyauuueynsy

b4

3. IAATIVEOUNIS A(parity bit)
4. datlatenIodanga(stop bit)

) 9

Wo lufimsdedoyau data vzdlaoiuzasdn “1” Sondaugiindnugnyaso(waiting

A ¥ 1w A ) A a ¥ ' B AL A A A

stage) MIISUAUAIBYAIZISUINNS 1H1 data TaoTn “0” Arewdenm 1 Ua Fondaild Ua

[ v v v v
Sudu ntuiiadeyaczgndwvenlyTaesunndanivedwydige vie da LSB Aouan
5 Yy a P . ¥ A v A A A Y A a 0o q ¥ a
Humualedensa dagamenzdeno Ualamensodangalasaziinlian data Danuzoo

}%4 v 9
0«17 Bnasedaeszezna 1 0a 1.5 da vie 2 Oa wedlunsuaashidugadoyauda
[ < [ L a [ A W A Yo LY 4 =
sasusrlumssunazdsdoyauuvezdi lasiianseoasivea NlFdmsunesa RS-232 §

Frafuratear Taun 110,150,300,600,1,200,2,400,4800,9,6006a% 19,200 1ia@n I

fin LSB MSB
" - i doyadin | doyndin | Zpyada | Toyadn | Toyala [deyain fa i Sawsd | fang
anuzvgass Sydu | oyadin | 0¥ i pyata | 104 5 ) foyaiin 30 Hotuzvigase
2 4
7

30 21 giuuvvesdeyneynsunLUeds Tastia

2.2 ATTIUNDIABYATUMLY RS-232

wasgu RS-232  galFlumsimuagiuuums femsdeyatuszninglnsaiifou
Aodioya (Data Terminal Equipment : DTE) f12995490yalalon1s (Data Circuit Terminating
:DCE) gunsai DTE szAvuiluginseiszuranaludd wu lulnsaeulnsamesvielulns
a ¢ & a Yy a 9 Y 4 3 9 =
aeufiaes defianuemisalumsadedadeynoyninla daugilnsel DCE iy
v 9
issdrsudeyaidewon DTE winiu
[ [ a 4 4 -7 <
dwmsumsiFlunouiuees wosaoynsu RS-232 galdieendenu @ nnd

Log nFesnuRNa s nAndemManesnoynsu 1@



€

9’& <3 o =) 1 9 ~ 9/ v a [y < o
AINHIADLUUNAD TLI DB-25 wmma‘lmmmm 0 U UAEINUADULUNNDT LI
=

DB-9 iflesninudugiimefimslFinaniuefalidesiaruddapnninegenidnly
. A ~ ' . o A 1A A

@31 Data Carrier Detect : DCD #139919i38091 Carrier Detect : CD  ¥1Haguananiisiinis

T W 4 [} < o o a 4 [

dadgrunmznnglnssidemsdoya wu Twdw dwiumsldaulnfuiies lignld

UNNTIN

[FieSudynmeynsudindneuiunel Taeh

Fouanom 181801353 maesvimed

£
" I=9 A 1 a
®471 Transmitter Data: TD W38 TXD anillfiilededoyaoynsnesnuinnneniiunes

Tavmsthdeyafidueglusiviesdedeyasenlyl

®y1 Data Terminal Ready : DTR uvnewimnilslumsdidyanudoyasenain

] LY

aouiaees  eldgunselaensiuiidesmsaadenugdnsaitaems  Tasvn DTR

flwdouToudefu DSR vosgunsaitarenis  waza1 DTR wvesgunsaiatonisezdos

[ v
v w a

' » 99
ieussfiuyl DSR vosnuRInDS Liﬁuﬂ'i |¥msi¥enseiLL
Y
9

o
=™
-
(e
=3
[0}
oé_p
A
o2)
z
.
a5
]
-
T
o)
23

J Yy 9 @

ez DSR wnswasmaynsudndeiu wazazdeadeudiiuan DOD daalunsdinTilsunsy

& 6 9K o
Foers T lumsasreaeudayammnime

@47 Signal Ground: GND fluvnsmdvesdayan

o

Y Yo 4 A
@1 Data Set Ready : DSR wiflazl¥miuafiua DTR  Weasiaaeumsieude

u

3 a -5 s & ::J < [ vy
sgrInAeuNwesiugUnsalatenie #9971 DSR Hazdlundmiusuiveyannneuen

@91 Request To Send : RTS duemyndmsudidyan

R

A

‘ili’]iJmJ'Wl'NﬂE]iJW’Jm'ﬁ]iiﬂﬂ‘lﬂﬂiﬂﬁm N9 RTS fd'lﬁfliﬂ CTS cvﬂuﬂimmmiwammmu

3 e 9zdoudoudout RTS wag CTS Whdaefu Lﬁa“lﬁ’mﬁmmzdﬁmgaLﬁmu'lﬁ

FAaDALIN
. ;IO N— S Y T Nem— T A T
47 Clear To Send : CTS (LUHVIBUVHRTITHHINIOTLAYQYIWUNTUIIVT  WBUATITON
Q 0 g

@41 Ring Indicator : RI lHuaasanuzdayanuSonnnaeinsdng  Undlumsfoas

' A

< & ' ¥ < Yy v Y
Taevta lenefiez lignldon  sxldnuideiefimsdeudetu Tuduuds ffianudesms

msarvaeudyanuSenonaieInsing



Q2 ainmaer LR lﬂ! 2,‘
23 uiwawﬂmﬂal’bad iC

I’C (Inter-IC Communication) An  msAnaademsseninglad Taate 1’ Taatigaijs
Y S oA a v [} 9 [ Y A
el lodnso lugaaunsndadedasu wazmuquaelamedayann 2 dude
1. medeyneynsunse SDA (Serial Data Line)
2. MeFYIMUIRNIBYNIUNTD SCL(Serial Clock Line)
AaaNlAves I'C
- SDA wazeny SCL Wuenedaanaaesiianis
-AoAAunuRag (R)) fuussdu 5 volt Haneanm e elianuzaningaluvmy
nd' = a 1 9/ ] [ 73
nhifinsAedeldnu uayszaedlestudyausuniu
{1 L] o [ I< 2 s,

-wvsiynvesUnsaifidesguuiia I'c desfidnuaziihuasesinsuila (Open-Drain) foa
< a

Bnees il (Open-Collector)

l )

-oarnsaeneadeya 100 Aladadetnilulvuan® (Standard Mode) uaw 993400
a a 1A a <
flada ﬁmum“l,u‘[wmmmmq\i (Fast Mode)

1 v ¥
-gunsaifidesaueguuiia e mnnugifhsawiifaiussniemeo sDA fUSCL exdeq
laiifiu 400 pF

-mnsi’hﬁamlmtﬁuuﬁﬁ rc lddoyadmsumsidhie 2 e 7 Oa (7-Bit Addressing) ¥io

9 )
-mmimﬂmuﬂaqﬂﬂﬁmw“hf"lwLﬁm"lmmﬂumaaﬂmiﬁams”lﬁ' Tagmsdomie SDA  uag
< (] Y Y Y] 9 v v Y [ Y w [
SCL wesginsnideviudidieiu  uazdesdedadmmunady R ) dfuussdu +5 volt
TARuaue

Y ) Y
gnsaliazdadedrdumueynsy (R) Whduan SDA way SCL fewdhdsla r'c

wioflosiulrlnszannunalng
| |
ginsal 2c ginsal 12¢
ey ey

S 2 Eata L.+
Rp § §Rp %R3§RS TRS <<




nanmsveiia I'C
[l 14

roududesiluslanea (Protocal) doanasiugu
-9¢l4 (Transmitter) Aogunsalfidudatiumiodedoya

v . { [
-3 (Receiver) AvgunsainifiugSudoyn
-gunseluuta e amnsndiuldvediunaz i

A | ~n /A o Y A N - =) 2 1 o 2

wmaed (Master) Ao gunsaimihfintuguienzasicuniensfadeuutiy I’

-aie (Slave) Aogilnsaliignaduguusenilnsalidaviaadh lluutie e

0 o

o a 2 . A
VBN UANT ft’ﬁlmmaﬁﬂﬁaﬁ“ ETIC it

d’\e

r Y a é’ Y & ' ' 3
NMINNDNYA m%zmmu'lﬂmaua’mmmu

r—

2. luszndumsdeneadeyn  elafamdias scL tromziuoednge medeyades
[ 9 9 ) Y a
Smundeyald ednldiAamswdeunlasiugaug mzuuﬁmutymmﬂﬂmmz‘lm‘umi

wlanrunmneldidudyananvuguumy

o Ada d o
ANIETNATULNLE I°C § 5 an?

o/ 1

Tadie Aeee SDA uay SCL oo a%mg«a

[a—y

2. aamgsudu feme SDA nlAsunndaiugae angaludr vazfiae scL Taous
avINg4

3.anmevga fems SDA wheunnasindiligs vazficns scL Taouzaedngs
v ¥

4. doyadisseguuiia Madannanizisudu Taoes SDA Lﬂuma%’amﬁ%mmaumﬁa

LY

ve

91 SCL fiouzaedngs Tuvmsfions SCL Saowizaedngs dousfios SDA s:doens

=h.

QU a 4 QU 4 X 1 v v ow a é’ v
Suidoyn mmdiuwmmﬂ‘ﬁmﬁmﬂmﬂ%mmﬂmmmmmimﬂﬂmuammumd Tng

b

€

’Jﬂ\ﬁ‘ﬂ“’ﬂ\?ﬂﬁi‘ﬂg (acknowledge bit )‘VliJfI'ﬂTu”ﬁE)%ﬂﬁﬂ @ﬂﬂimﬂ%’fm@iﬂ%%ﬁﬂﬁfgigiﬂl’i

o Qo

Wiy “I)’ﬂﬁilWH‘ﬁﬂ‘]JfoUﬂJ’lﬂlHWWﬂ'] m@muaummsug%mmm mmmmamzm‘ﬁ Ju

0
Li o

v
ﬁmmﬁa%ﬂﬁmquuuﬁaﬂmmﬁmﬂwgﬂ'emm‘lumsﬁﬂmmammmmaagiumm“uu

n-mge

Do e

=) 9 9 o
BUUIBGLGT  ATVNINITHLU

v J
1

ssfmuaiiniuifensumieclin nuh s udeyaludas jud

o
€

e I°c dedhdgauduusnuasmsvhauuuta 1°c Aemseefegiinsaludazdad 2 s1lu

Qu



Y K a
1. MIoNauy 7 ua

1in2 i1 1in0

x | x X x|A2|A1 AO R/w]

~a las ’\’)NIt i) N r\%’c‘.\.a.oq AI.f‘..‘—..d'iyi'!l "fa’ﬂaé 19 r_-Q
LV 2.3 JUUUUIBNUBYANATHUAUBRIATON 1 ¥ LUMTBWNONUUY 7 U

oyaludi 1 foyaludd 2
denusansayesqunsaifidemsiado dayaniuqumahvegUnse doynTudde ik lu)
'< uazganjimnetumsdnde(enmiediou) | '< #ikoansAnsionio Control Word >l $oyasdsiRoimsdiona '
lowl o Jwelw] v Towlw]  ww [ wi [ ]

{ { v @ o o 4 a
71l 2.4 plunmesdeyaeynsuilsaadetugingaiiie ' i ldmsgeiann 7 fn

2. msdedwuy 1o

- -
Goya'lugdil Foya'luill 2 Goyaludi 3
midndwyioidadoynde Foyauennse 8 dadoyaniugunsriauvegingal
111100z Tnexx Aediaueamsaziinuu) Sadn fideamsAndende Control Word

[ — et

] ui I R l

[Fudu ] 11104948 [pw=o [ 5y [ A0a7 [ 5] ce-co | rw [5ug ] D6-DO

G o
T damingUnsdimadf

Lﬂmmﬁmaﬁwmwﬂ—-l L A
midadedas

Wimidadady

U 2.5 guvvvesdeyneynsuildiadedugunsaltea I'c deldmsddauwy 10 Oa

a W I
3

a a < o
jYuuunde 7 da Tae 5 Seusaflidoyaliu 11110 2 dadau HLBARTNYDIQUNI TN

) a o ' 1 A A Y
andNITeaae LSB ﬂ’muﬂ’n%muﬁ’imﬂmumﬂga

L d
msreginsaiszuy I'C Auwedneynsuy

1991 cTs dwsudeyandeowdundenouiumed funie SDA

<

141 RTS dwfudadoyannaeuiumes luSigunsaisa e dumeun SpA
191 DTR dmSudedyapanineonnnaeuiiuses €l uszuita 'c man scL

o 1 dy 9 o 4 A o 4 v 1 1 o
mi‘wwm“lumumz“l%ﬁmnunmmmwm ﬁﬁ)l;}ﬂiiJﬂN'lu’N%’i‘]JW!,Wﬁiil'll,m’mi’)i IUNY

a A o o a & a
ﬂirﬁ%’ﬁlﬂag W"aﬂ'}"ﬁuﬁﬁﬂ’]ugﬁuﬁﬁiuﬁﬂﬁi’sgﬂﬂﬁ ﬁf;’i’mumﬂuﬁa%ﬂijﬁ“ﬁ?@i‘ﬂu?{mu&:

'
v %

a1ty



2.4 m3oudsiudaanuesaenfuUNeSaeunTY

9 Y Y
UnAuddeyalumsandefuneinoynsuvesasuiiunesiiuiludyaunlneansdu
uadiehwiFoudenuglnsaintsusnuda  deudpuseudeuazilszuanadyanuezuiasn
9 A 1t v W kY 9 A a A o ¥ A o
e Tumswendenudygaezutanondesld lednmuivimrhnlunsulasdaygnuesin
I Aan A v 1 1 [
asniluavaeansefiGoniled Apc  Tumsneassdelivzdlumsldle® Apc  aufu
4 ‘5" 1 QU 5 ~ 4
vesa ST-29 reeudedyamezwaendfunesaeynsy lasled Apc aldihuwes
é = 4 1 L4
PCF8591%3ii1uuumsionasunuiia I'C
Yo3aIiiodiuvey PCF8591
AuleFulasdygruezuneniudineanazulasdyanunineadudyanuesuiasn
v A @ o ° & i a [ H
Tudamegnui ldaunsath sz gndldauldegnsnienans TasliseasBoadail
o101 TnelFundesne Irlyaifen
o d’ U = 4
®iUTLsIAU 2.5 D9 6 T2aa
efuNIUAYNL B IUN I ALAULEAA
eananry lulasneuiunesvse lulasnouInsamesiussuuia I'c

=

e NI NAILMUMBARI AN NS N hldaunsasenetuldasaate 8 &2

U

2

(33

v
o5asIMsdudeya(Samping) IuegiuanuSvesdygnanzuiaonld 4 Fos viedudonld
Nhuuuuuengesnsetnuuuusaiiesudea
enserummIsaf nua ldinousedunn laoda Tusia 1a
[ a 1 o g v =2
oy mezaenisyauussauAwa Vg T v,

o 3 Aaa o a ) a
easulndygnuesuaeniiudleeadlunuudnwady wodnieaduduing 8 da
eiisssulasdyanundneaiiuesuiaenvua 8 9a 1 09
PCF8591  emnsavimthidiuleFulasdyanuesinaeniudinearina 8 Ia 4 309

o ¥ A a [ aa [ kY a o
wazenmsatimihnduledulasdyaudiseadiudyaiueruiasn 1dluasufefu
aemsmuguiuszuula ' shldeunsadenaeled Pcrssol Idgsgais 8 @1 50951
Mo MTy ez InenduNn Idgegats 32 Fo9 uazannsadsdngInesUaoAN-

9
wngega 1At 8 FesdiemstmuaLeARIINY AOAL WAz A2 TeyanIUgNRanLALL

gty Blusimamesaruguaielu Pcrssol WiotelWliua PCFsso1 afausn dadques

9 aAa 4 I
‘ll?)?g_ﬁﬂ”lﬂil&’i INADIAIVANIS {u «0”



a d
00T WIANDT

7

2vseeadiamesnielu PCFss9l  azadudyamundmdmiuulasdyaiuesin

o o

& aa A g v a s Y ' ¢ ¥ Y
ﬁﬂﬂtﬂuﬂﬂﬁ@ﬂ L?J@ﬂﬂ\?ﬂ?isl"]ﬂ\‘iﬂi@ﬁ]ﬂ“mﬁmﬁ]iﬂ'lﬂslu V1 EXT Q99000303190 9189899013

4 1 [ [ a 4
ldooadiamesnnaeuenyt EXT  desaeniulvuan  uazdleudayanauninudin
0SC 499 PCF8591 Iaeanuivesdayananimgegaitoulinuicsesadameswify
1.25 MHz

25 asesselnszuaase, 2evsnldsudyanaussiulihdudaano

nszue IR ez 299snlasuussdu liion 1 89 5 8w 0 89 5 Taan

290508 Innszuanss
T a v 3 v v =3 Aa
Tumsesnuuuuvasne Iinszuaasesiaaien dawuuude Tl fauuuniinees
v 9 v
3ﬂ’hl'lig’;ﬂ‘]_lLL?QﬂuiﬁlﬂQW(VOTAGE REGURATOR)’VNLLUUﬁL%Vl‘i'lu‘]fﬁLﬁﬂ'g%uﬂig‘Vl\?ﬁ\‘l"l't‘)m
[ o [y [ Ad [ o [ A v
jamanevesmsineszauusaulininfe  msiamszdunseiueviynliasitudi
I's [ v Aa A 3 T A a ]

nIZLAVRe Inane iy seauusIiURUNNIHSosTrosed RIMseunas Ui 91ngal

o [ [y o A a 9 a 4
2.6 Lﬂmwssﬂmszﬂummuw“l%’"lammu 3 N ‘]J'igﬂfl‘]Jﬂ’JfJ‘U”lf:]uT!‘ﬂ VUDINUN LA

I'4
3130
. <ﬁ -
( "‘ 7805 [T °
</ .
220V ( . e _ T
«<) - ‘L +15
=== L_‘ ——t —0.1/50V
2200/50V 0.1/50V
S N N S s
e —— 0.1/50V
2200/50V 0.1/50V
7915 -15

U7 2.6 westelinszuanss



10

Nwﬂ?{ﬂu&’mumumsmé’u"lﬂﬁnﬂuﬁmm1mnszsm“lﬂﬁ1

nnglfl 2.6 MussdueniwnvessesundesieTrnszudassiifimsnuseduus ey
TWasd mldaulusesduusndalszneudie lod 74105usetueud).arudumus
A14e) ﬁmmmﬁumtmsﬂ%ﬂﬁﬂﬁ, ﬁ’JLﬁﬁJﬂizﬂ‘t’\l‘l%h(CAPACITOR)ﬁ’:QLL‘IJ“U“hjﬁ%’umzwu‘uﬁ
# Iﬂsflmemf:ﬁ)z%’uﬁuwwmmn"la%ﬁmw 8591(PCF 859D Wudayanaussduliase 0-5
Tadannsafhimsd§uuas 1§ Taemstiu 313 7 SKZERO) wazamufi 50 K(ZERO-SPAN)
Taoumdeedyanuussiuiicnnsoysusld ecreroiiios

-15Vv

100K

5K AN
+15V
100K
7 -
&
L)
= 200K m lout
100K 2N3904 200K
2%
Vin 100K

Ut 2.7 nesnlfeudaanausedulithdiudyananssualidh

2esaguussauIvihon 1895 18w 0 895 Tan
b
=1 v A Y] & oy [ [
9ngY 2.8 299319z 5uBURnNINgUnsal Tavesnszutums Faelinegszrig 1 i
5 Taat wazdimsnlasuussdiu Indudlu 0 89 5 Taavt TnermuloTuoady 324 (LM 324) a1

v
anudumuaee Nawuvdsua lduazdSumlild  aunsoviimsid$y zero 1d1aems

o 1

Yfumanudumusuudsuald 1K wazawsedSu sPaN 1d TnemsdSuainnudiunu

o

wutlsuald 50K uazshdganaeinnludhled pcr 8591 edmuamasgiumsdede

0o

yaidhu leauans@@’co)

10K

6.4
15K 50K(26.4K)

15K

517 2.8 2svsifasuusenulndhonn 1 8¢ 561 0 &9 5 Taavt



11

26 msdeulisunsudae Visual Basic ipAadenasaaynsulazadaaunayInsa

AN

1. snandefunes aeynsuiumMIdou Tisunsudae Visual Basic 18
2. awsathdaaouneuInsa MSComm lif1d1/5e Tomilununiugu
AoINIa MSComm
dmiumsldan Visual Basic  Aaudnesdu 2 Fuduin Ty Visual Basic 92

famouneu Insadmiumsdemsoynsurmumanesneynsuvesnoniiunesainld  laoly
Visual Basic 10331 2 wazedsu 3 1ldgedn MSCOMMVBX daunesdu 4 Waeth
MSCOMM.OCX dwfumsieuduszuulfianms 32 da dmiuluvisual Basic nefdu
5 9z 3ites MSCOMM32.0CX whﬂ,"ums'lzqﬂaammuuﬂﬁ'ﬂl%’amﬁmzwﬂﬁﬁami 32 iin

MSComm  Sawseumaidenien]3 2 maitennuazanlumsdessdeyn mausnie
mydeasdeyafinszdudanmamsal(event-driven communications)ugUuuumslfnuiia
UszdnSamanndmiunseevaussuuiuiiiula  wu lesausgndaniinesasynay
vioiamsi/Aeuntnefinn Data Carrier(DCD) w5041 Request To Send (RTS ) a3l
ONCOMM w84 MSComm wrenusaasdndudygnaiiuldiuivule  Feezndniene
azdenluiadenuautd CommEvent Ao’y daumadent 2 dumsaseasieaeudung
msn‘ﬁm:mmﬁﬂwamﬁsﬁﬂﬁuﬁwnﬁﬂmﬁgﬂéﬂuuﬂmmﬂiuﬂmﬁuﬁa CommEvent #A91N
Wdsunsuieluileddudeg luGeudoandn Fe3i%9 188 luns @R Wsunsufivua
@n  aoulnsa MSComm 1 ewnsaAdugumsiUvemesaoynsuld 1 wesadlu
Tsunsuilnudesmsfndefunesneynsuuinndt 1 nesa szdoeld MSComm wna 1
& ioauguweineynsuluLAaE DR  LOANTTVBINDI ABYNIUINZLBANITYBINIIAA
SumesTUamusan/feuntasi§annmsudlaf Control Panel

i3 aoulnsa MSComm vzfiguauiid (Property) WANIBUABAT  LATINITAT
anudnle 18 lienng i
®CommPort
Wumssmuauazeiudmosaeynsuiidest(COMI,COM2,COM3,COM4)
sy ldau
object. CommPort[=value]

3 1 4 a 1< 1 o
Tae Value @umueawesnoynsu vilavesdoyaidlu Integer A1 Value dmisasmua’ld

Tu
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F291-16(@NTUAURmMua 1IN leln1ssmuas wdmiimsidanesalaeldauauiia

k4
PortOpen  uddmesatiulifegluszuy MSCOMM wafedayamuaastofianaia  error

t4
wdlllld

2 & =< o ' i ~ 2 o & Y o
68 %HNW“KQWNW&QQQﬂﬂ‘Jmﬁ’JH meﬂmz'uu ﬂﬁuuﬂﬂiﬂlﬂuiﬂiuﬂi‘ﬂ‘Nil“ﬂilﬁl'ﬂﬂﬂ'lﬁuﬂ

'
Sq ¥

fumisveswesaoynsunouildgaauild PortOpen

9

®Setting
o v v o dea a 9 o a A 9
Hlumstmuauazsmmoasiuenm3a,suiuvesiadeya, nauvesdailame
~gulupumsldau
Object.Settings[=value]
' A a9y ﬂ % - 1d-' L% ﬂ v a‘:y 3
#1 Value lwtiadoyailuuuy “BBBB,P,D,S” Tau BBBBEluA8ns 100, PElUAMISA, D 11U
9y
$Swuvesiindoyaunz s dludwiuvesieladelndudamiigndmualiidu “os00,N,8,17
@®PortOpen
Hlumssmuauazewsmaauzvewesnoynsy tiedlauasTanesnoynsu
~stuums g
Object.PortOpen[=value]
v a a g | a A @ =2 d
#1 Value Hwtiadoyalluuunydufe True U False Tao True vunsdamsidlanesasynsy
=< a 4 o [ 4 g a A Jdo Jo Y
Az False nuedenistlanesnoynsn  dwiumstanesmiuseimamdesinmessuude
t d v 9 a 4 [y wva &
yauaztivlosdedoyn noulnsa MSComm zilaneinoyniulavsn TuiAdiononnn
Tilsunsu nouiez l9nmauiia PortOpen Apsnsioaeuliinilanouiguantd  CommPort
9 v
i lddmssmuadumisvesnesaoynsyligndeamie T luwuriu MSComm wuansde
Aawaa Error 68 udwwnflday  quentA DTREnable 150  RTSEnable gnimualiifiu
True feuilszinsdlanesa  AnmauiAves DTREnable 50 RTSEnable 9zgniaiiiu
False nasontlanesa uaduwailu Fase nasontlalusunasuudamiidmua PBezduaudy
®Input
1 1 1 Y o 4 [
gwawazaumuLIutoyanniimesniasy
~silupumsldau
Object.Input
CZ3 < ) o v A ' wa o '
AaeruA InputLen Wudmuadwivvesdronysnezew Ineguauila nput Mfivuam
k4
A InputLen wiriv 0 iWumsimunaligaueniid mput shimssmdeyaluimlofFudoyans

Hue
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~

Auaulid InpuMode  ludrdmuasilavesdoyanigueautid mputiuidin nputMode gn
fmuaiiiu

ComInputModeText Aaauiia Input ezdsAnduulugiuuudennuriadoyadiuuuy
Varaint #1 InputMode Smuaiiiu commputModeBinary faueruiid Input sz dsdoyanduinlu
ilvesluuBuazsiadoyafiuuuy Varaint ludretuldsunsufivandddiiuiadlumsiy
Foyanntivmessudoyn

Private Sub Command_Click()

Dim InString as String

‘Retrieve all available data.

MSComml.InputLen =0

‘Check for data.

If MSComm]1.InBufferCount Then

‘Read data.

InString = MSComm 1.Input

End If

End Sub

®QutPut

Hlumsdevuuvesdoya lufadwmesdedoya

stlupumsldau

Object.Output[=value]

A Value iShumvosiasnusiidou lufiilmesdedoyn qauautd output amseldlunts
Foudsdoyadsnysvsedoyaluniinld Taomsdedoyadiugluuuddnusezdossimun
siinvosdoyaiiunuivaraint unzddoyanieludiuuy String dmiumsdedoyaluniFes
dosthrunaiiavesdeyafiunyvaraint uazfidoyaneludluuuy  Byte Faodalasunsy
#i Hunsdeiiidounnaduesanndalumesaeynsy

Private Sub Form_KeyPress(KeyAscii As Integer)

Dim Buffer as Varaint

‘Set and open port

MSComm1.CommPort = 1
MSComml.PortOpen = True
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Buffer = Chr$(KeyAscii)

MSComm1.Output = Buffer

End Sub

@®DTREnable

19lunsdundaw Data Terminal Ready(DTR) lpodaygnaivesun  DTR 92aain

a o [ (3 A v a d Y a [) FY a 9 <

Aowiuaes Mi Tupumeuaasineuiuneswiouisudoyauds silavesdoyaduuuy

Bollean

-stupunmsldau

Object. DTREnable[=value]

1 Value WUa914g True 50 False tNoduiiay DTR Tag True viunede ouudavIDTR

False vunefie Amewdiavt DTR(Susnlad) Wea DTR godmuaaaiug iy True finn
a a A o o a a A o o

DTR egiigniuzandn “1” weimsdenese uazszlianuzanin <07 Weohnmstanesa

A o 1< A = a [ Yo

ifio1 DIR gafmuadntuzidiu False v DTRegHianuzandn “0” aasanal lidiee 14

dutlanesansotlaneose

dwSumsidausuTudn msihlde DR duasin “0” dlumssnidamsaads(aney)

@®RTSEnable

14iweduulav Requst To Send(RTS) Tagan RTS willudyanufidennaeuiiunes ld

Tuhuiedosvedsdoya siladoyaiiuuuy Boolean

~stlupumsldau

Object.RTSEnable[=value]

A1 Value 1UA1901US True M5 False iodunansafaoiiian RTS Tag

True ¥U189 dUUDAVT RTS

False 11899 aaiaiiav RTS@ualng)

A o Y & a a A 4 =1

11991 RTSEnable gafmualiifiu  True 91 RTS sxildnuzanin  “1"iledlanasauazil
a ‘é ay 4

ao1uzanIn 0 iolanosa

@®EQOFEnable

v W d

fhumsfmuald MScomm sefudydnusiuansdmiogauedlid (End of file:EOF)
v t4

sgrdmssudunndn  dmudydneel BOF mnduwnszngaiudeya  uazmamsel

o

OnComm 92gnnszduldiau guauiia CommEvent 92U WAL 7 W50 ComEVEOF

-giuuumsldau
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Object. EOFEnable[=value]
I~ 4 a a a a o
lng Value 1Wluaoug True W50 False iWodundawseaawibamsiauveargsal

o o 4

A
OnComm tieas9wndadnual EOF lag
True HEHY (1N508] OnComm 2 gnnTeAUlAaLAI8 EOF
False H059 @n158] OnComm 1 lignnszdulivihnudae Boruiluslnf)
A o M 1] Q U
il BOFEnable Smualdillu False dauniuguey lifimsasivaeudydnysi EOF
®CTSHolding
AlFnuminsnas19eeUnsHIUYeIT Clear To Send(CTS) ldiianuzanin omvse
“r"Tagmfie Rezifluy@u  True uag  False $1A1 CTSHolding W True 91 CTS a2l
aouzandnilu “1”§181 CTSHolding U Falsew1 CTS afianuzandndu <o
-suvumsldau
object. CTSHolding
iiow TS Wluaodn “0” (CTSHolding=False)uazifiamiied asuInsaMSComm
%xﬁmuﬂﬂmﬁuﬁﬁ CommEvent JA Ui comEventCTSTO(Clear To Send Timeout)
vy Y a o
saznszqulvinamgMsal OnComm
®CDHolding
Y ) Yr a
é’lmmmmmms’mﬁaum‘smmummﬂn Data Carrter Detect(DCD) l@iiianugasdnidiu
“1” w5o “0” Tasane s Idezidluydu True uag False §1A1 CDHolding 1511 True 41 DCD
92an1uzanIn “1” §1A1 CDHolding 14 False 91 DCD 9:idn1uzandn “0”
-stuumsldau
object.CDHolding
A A a . a '3 7 o v
1B IDCD Wavdn “1"(CDHolding = True) uazifa lndiordaouInsa MSCommazfvuald
fAueud CommEvent JA iy comEventCDTO(Carrier Detect Timeout Error) uaznszdu
Thifamgnsal OnComm
®DSRHolding
2 o Yr A a A oAl
AlFaumusansiedeumsiiauvess DSR 1ddilaa1uzasin <17 wie “o”lasAfigu
18vzifluyAuTrue uag False 8161 DSRHolding (H4 True 91 DSR9zHd0Mza0dn “17 41817
DSRHolding (/1 False %1 DSR 9¢ilan1uzanin «0”
-ytums ldau

Object. DSRHolding
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o1 DSR fuae$n “1"(DSRHolding=True) uaziAa lniiond aowulnsa MSComm 92 fmue
ﬂﬂlﬁﬂﬁ@CommEvent Hanutlu comEventDSRTO(Data Set Ready Timeout)LmSﬂ‘iz%uiﬁLﬁﬂ
m@ﬂﬁﬂf OnComm
®Break
1 lumsimauazindesadyann Break vilavestoyailuuuy Boolean
-stuvumsldau
Object.Break[=value]
Tng Value WluA1 Boolean 81 Value=True Waned mscdayanas  Break oon’ll
Value=False M1089mM3nnosdaya ot Break

g & .

A o Y v [ 1 ~ &
LﬂJ’é]ﬂ'lﬂuﬂiﬁﬁiyﬂlu"lm Break ﬁlu True ‘ﬂglfl_luﬂ"!‘i‘l’ifélﬂﬂﬁﬂ'ﬁﬂlE]iJﬂ‘If’Jﬂ‘i"I’J‘DMﬂ'J'I%&‘ﬂJf’ﬂ‘iﬁ\‘l

Y

Tdayann Break flu Faise o Tdsunsuit fudimsdedygn Break oonlilifug
nmguq"‘?; 1/10 ¥89311N

‘Set the Break condition.
MSComm1.Break=True

‘Set duration to 1/10 second.
Duration!=Timer+.1

‘Wait for the duration to pass.
Do Until Timer > Duration!
Dummy = DoEvents()

Loop

‘Clear the Break condition.
MSComm]1.Break = False
0m¢;mmi' OnComm

t4 9 g A Y wAa ~ = A
WANINM OnComm WYPNATNVYUNDIANUTULA CommEvent umsnlasundasneaasmg

A Y A

.d' ] n’/’ v A W d' a g
mslasunlasraninsuunuinnulanssuansdoranaiaiina iy

9 A a T w d d
mﬂ“ﬂ MSComm (WBAAABNUINIALII
a A ' £ u’/’ < Y1 an A ' 4 A
NIYILLIAVDY MSComm wnm’;"lﬂ“lumumuuu i]zmu'lmn‘ﬁmw%zmummmﬂmu
' o ¢ oy Y Yo o v A
mlddsanuzuazamivgurssmesneynsuansomldhenn Tasldmdaunai

DTREnable dwsudaldivn DTR faodn “0” 5o «17
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RTSEnable dmiudaldan RTS fiaedn “omie “17

CTSHolding §1M5U8UAADIULIINY CTS 13iandn “0” Use “1”
CDHolding §1115U8A191NE U CD 13lasdn “0” H3p “1”
DSRHolding §15U81Us191nd011g DSR 110asin “0” v3e “1”

Break Fmsumsdalivn TxD Uavdn “0” viso “17

2.7 MIAWANLUY CLOSED-LOOP 1agiiiill OPEN-LOOP
srUUAIUAUDILseEen o Ml uaRUUABIYULAIAULIY closed-loop AT T
AILAULUULY  open-loop
4 & o a
FTUUAIUAUUUY  closed-loop  Wuszuusuguuuunilidsdayanaueniynesing lag
k4 v
AIIADNITAIUAN AITUSTUUAILANULY closed-loop  NABszuUAUNiloundutiues
o T 4 . . 24 ¥ 1 ' [
dyanumanuaaIniou (actuating eror signal ) Fufiudaamuandeseviedayanu
Bunnuuutloundu (feedback signal) wzgniloulindudiniunu (controller)  tafazan
1 A 9 Y o 9 4 v d'sl [y [ dy
manuamamdoulidesawaziliiowviwnvesszuulisaundesms dygdleundudl
3 v d’ A g [ P J o o d A
onwudygraeniynleoaswsodludyapanduiledfuvesdyanueninvn - vse
1 o 3 1< . { ¥ @
Husheyiutvesdyanamewiyndla 5129 Wi block diagram MuaasdenNUFURUT
1 A £ ' ]
SYUINDUNNUALIOIWNVBITTULAIUANULY closed-loop Heziinlddunen closed-loop fi
2 o At o v A ' A o 4 qvug K
nnedamsieismsileundumnlfiioaasanuamamasuiiues  uaziveliidhleds
yad & va = o v
STUVVAIAUUVY closed-loop TARBIAIL  TARITANBeszUURIANUTOU (thermal system)
P v 4 v { o A
Farananagl210  TunsdiflansznSevaiiowdudniugn  wrdesmsiierSnugung
:‘ 9 YA 1 a 9 [ n,: I8 dyd 1 Qd'y
veurhseulnumaaundesns  Anluevinnvessuuiiie  mvesgungindeens
a R ) Iy A s 4 a yyd Jdy
MynIUANEMNYN Ut ldmes lulines(thermometer) deAalINvion1veBnUDIifoU
WugilnselIagaungil (measuring element)  Adpauguwuiunes luiimesuaasmgungil

gy ' ady 2 Y o a >4 Yo
‘1]?)\311’]5@uq@ﬂ'ﬂqmﬂgﬂﬂﬁ@ﬁﬂ'ﬁ W"lﬂil%ﬂfN'V]"Iﬂ"I'i'ﬁﬂ‘lJﬂJ']iLl"llﬁ)ﬁll@u']‘ﬂ‘ﬂﬂu‘lﬂﬂﬂizﬂﬂ

] 14 L4 v
seangamglveniidouns Tunwessiudwdgungiveniidoudniimgumgin

]

9 < o d A : ] 9 g o 3
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L
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input

Y

Controller—{ Plant or process| QutRut

4

Measuring|
element

71U 2.9 sEVVRILRUUUY closed-loop

Steam

Cold

Drai

JU# 2.10 szvvauguuuVTloundy manual veeTEUUANNS DY
-::ydl 3 dy Y )

msnuguuesszuulugy 2.0 fdedlumsaiuauiuy cosed-loop Mafimsz 1dTnsiue
o g ) 3‘ o P o a Y Aa @ P
dygraeniym@ungivenn ) deundyliiieudyanaduynsredunzdmaugulunsd
csydd A o Y A 4 ) < z:ygs
tnaeauihmhnde-tanalr wiedelsinuszuuniuguuuy cosed-loop Hoolluszuu
AWANLUY manual N IFszUVAIUAUSE TUTR

Y o w [ A % 9y 2L 5 9 IS

ahAImIuguuUUea Ul (automatic controller) M 1FunuAUFMTATa-Ta

v
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7l 1 Process Reaction Curve
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LK IND
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E‘IJ‘VI 3.2 1U893a ﬂuw“lﬂ-lﬂ"m?!ﬂ

3.2 maguaeriiag
32.1  nsideuTdsunsufieafiuinasgu e
- Tasunsugosmsadredaanm start WA e aomzBuduves °C sEun
1) ¥ SCL uaza SDA Aeaiinoin “1” deuresmualiedluanme s
2) fmualdan SDA Tasin “0” fou

v
3) nniulssmualian SCL Jasdn “0” auun

9
~

awnsodoullsunsulans
Private Sub I2CStart()
MSComm1.RTSEnable = True ‘SDA =1
MSCommI1.DTREnable = True ‘SCL=1
MSComm1l. RTSEnable = False ‘SDA =0
MSComm]l. DTREnable = False ‘SCL=0
End Sub
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k4 v

-Tusunsugesmseasadayana Stop WAL I°C fivunsudail
1) fualiv SDA faedn «0” Aou
2) el scL faedndh «1°
3) ¥ SDA ferouzandsnidiu «1”
FouTdsunsudon laaei
Private Sub I2CStop()
MSComml. RTSEnable = False ‘SDA =0
MSComm1.DTREnable = True ‘SCL =1
MSComm1.RTSEnable = True ‘SDA =1
End Sub
Tusunsugeaoaraaaus Sunusia e
Tdsunsudosaniug ACK
Private Sub ACK()
MSComm1.RTSEnable = True ‘SDA =1
MSComm1.DTREnable = True ‘SCL =1
MSComm]l. DTREnable = False ‘SCL =0
End Sub
-Tisunsugooaniug MACK
Private Sub MAck()
MSComm1.RTSEnable = False 'SDA=0
MSComm1.DTREnable = True 'SCL=1
MSCommI1.DTREnable = False 'SCL=0
MSComm1.RTSEnable = True 'SDA=1
End Sub
-Tsunsudesdsdoyannin “0”
Private Sub Send0 ()
MSComml. RTSEnable = False ‘SDA =0
MSCommI1.DTREnable = True ‘SCL =1
MSComml. DTREnable = False ‘SCL=0
End Sub



-Tilsunsudeadedoyanadn «17
Private Sub Sendl ()
MSComm1.RTSEnable = True ‘SDA =1
MSComm1.DTREnable = True ‘SCL=1
MSComml. DTREnable = False ‘SCL=0
End Sub
-Tilsunsudoslumsdsdoya 8 Ua
Private Sub Send8BIT(Add As Integer)
ForI=7To 0 Step -1 'Loop 7 Cycle
If(Add And2"1)=2~1Then 'TestBitOOR 1
Call Send1
Else
Call send0
End If
Next I
End Sub

322 MSSummazmsaamves IC PCF8591

sazBenlaniua19Y0e IC PCF8591
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M2 IYRYAR U NBYINABNAIN PCF8591 Téwuduneusd

1) aadgyaal Start

2) detoyatmuauennsa dafifmuaueamsaannsasmunldnezdnsedy 1c
PCF859187 10 11 1an A0,A1,A2 Handnidu 000 wazldiaululnuadouds
yo fio LSB Tnedndlu 0~ vz lddeyasmuausamsaiiu 10010000, 3oy
90H

s

3) seSudge I ACK #50505UMIABLNGLIN IC PCF8591

o

t 9

d
4) mMU93anIuAN IC PCF8591
feduguAInsdsutiaeg uaene iy, mualisunnesuasniiau

TuTnuadafa, fmualdldmadeusudeyauvudeiiios uazduemdeynsn
Fouft 1 1zddeyantuauaeil 01000101, viewidy 4sH

5) 393Uy ACK 910 PCF8591

6) aaeyIn Stop

7) eladayay o Start

8) dedoyafmunuennsadnade Iﬂﬂﬂ%’yaﬁyﬁmuﬂblﬁlﬂuimﬂém%yaﬁaiﬁ' LSB

Hoodnidlu <17

9) ¥9FUTYYIM ACK 910 PCF8591



10) SrumnnnBunnvesnIsasdyaesunenduftaoatedii 1
Tosunsugesiildlumssuan

11) ey MACK (Master ACK) 11l PCF8591

12) SumeInBuNnvesNIsulasdyaaesuaendudtnoatedd 2

13) dadQyay 1 MACK (Master ACK) 11/éi PCF8591

14) SumnnuBunnves Ly aesunendiufsaeagoi 3

15) dadgyey1 MACK (Master ACK) 118l PCF8591

16) SrumnBuynvesnsulasdyamesaensiuAsaoadesd 4

17) s93udgM ACK

18) el9dyay 19 STOP

nntuseusinanasaFeuTisunsudeslgiad

Private Sub Timerl_Timer()

Call I2CStart

Call Send8BIT(&H90)

Call Ack

Call Send8BIT(&H45)

Call Ack

Call 12CStop

Call 12CStart

Call Send8BIT(&H91)

Call Ack

'Debug.Print DAT

Textl.Text = (DAT * 5) / 255

Call MAck

Text2.Text = (DAT * 5) / 255

Call MAck

Text3.Text = (DAT * 5) / 255

Call MAck

Text4.Text = (DAT * 5) / 255

Call Ack



Call I2CStop
End Sub
Tusunsuvesilafsu DAT udsi
Private Function DAT()
For1=7To 0 Step -1
MSComm1.RTSEnable = True 'SDA=1
MSComm1.DTREnable = True 'SCL=1
If Not MSComm1.CTSHolding Then 'Read SDA
DAT1=2"10rDATI
End If
MSComm1.DTREnable = False 'SCL=0
Next I
DAT =DATI 'Data 8 Bit

End Function

maveudeyaliinesmlasduyanafdneaiivezinasnves PCF 8591

ad o &
VIUHABUAIU

1. MMMsasduaal START

oo

dedeyaimuauenmsalaglivonluTnuadioudoyade da LSB Tasdn “0”

T9FUT YW ACK

> W

595UT YN ACK

v
l J

dedoyaluduewinnezunnon Taedriidsenn lilszdoiimegsyring 0-255

503 UdYyQM ACK

@ =N o W

dadyny 101 STOP

o q’: o U o v Y o d”
musnthvussusenau et ldsunsudos lansil
Tsunsudovdsdoyaliiiozuaenoninn
Private Sub Text5_Change()
If Val(Text5.Text) > 5 Then Text5.Text = 5

Call I12CStart

dedioyanIugy 01000100, w3e 44 11)fs PCF 8591 iedudinv Bz MR YINY
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Call Send8BIT(&H90)
Call Ack
Call Send8BIT(&H44)
Call Ack
'Debug.Print Val(Text5.Text)
Call Send8BIT(CInt(Val(Text5.Text) * 51))
Call Ack
Call 12CStop
End Sub
323  aumsPID
nnde 3.2.1 uag 3.2.2 151ehinIaURuATTIIUMIes e Tula Tasszihdeyaiisuish
in'ldmnaluaums PID  uazdsifiduon 18 ldmuquaszuoums  wwideuTilsunsy
e P 188
Private Function PID(b As Single) As Single
Mvp=Kp *(SV - b)
Mvi=((Kp*0.5)/(2*Ti)) *((2* SV) - (3 * b) + PV1) + Mvi
Mvd=Kp * Td * (PV1 - b)
¢=Mvp + Mvi + Mvd
PV1=b»b
If ¢> 5 Then
c=5
EndIf
PID=c
End Function
32.4  Msuaaananensm

welimsSurdeyauazdnnmlugums PID uazimsdealuniuquassuaums

]
ISR

wdy sxhimdeyaiSuey) Jeyaiidsmvinazadoyaidesns (sv) luaaswadaons
9
Tz tigluuvves Tusunsuasil

TChart1.Series(Mu1et@vveuduATIN).Add MAdeans Ifuaas, . Fidmun
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U 7
nstuNnm
9
sunsaliufindwesnsdlegluuuves Tusunsudedl
TChartl.Export.SaveToFile (¢funivuag doves IWdndaemsins i 1uify)
Data base
Y @ 9
MIaTeAEMITaNgIudoya
9 " Y 9y o Y Y
1919219 Visual Data Manager Tumsadhegmdoyauazihnisadumsslugudoya
Y 9 o Yo d’)
Mg uteya laned
1. Walsunsu Visual Data Manager Tntifonmyf1ds Add-Insudaden Visual Data

Manager 921/51nQ¥11199999 Visual Data Manager

J
[

2. nsadhegmdeyn ndsnnfidlalusunsy Visual Data Manager Thidenmydds
File ud21don New udufion Microsoft Access 1132138 Version 7.0 MDB

- den’ladi, lasaveiidesnseradrugudeya udldegmdoyaiidosmsly

%94 File name AANWIE Save

3. Myadems Lﬁ@ﬁ%’”ﬁgm%@gﬁuﬁ'ﬂmﬁﬁ;ﬁﬂﬂmgﬁﬁa File W&o Open
Database UUA400N Microsoft Access taonladi, laisanesuas afideemsila
udananijy Open

adnundluvninuled1dlu Database Window ndenniudonsids New Table

Td%oms1efidosnslugos Table Name Adnily Add Field tioriuflad iailuaag

Td%oRadiidosmsluses Name donviinvosiinidoimsluges Type leuuinveq

doyaiidoantslusos size adniy OK smsmiudladinaivifidesns Tulnssad

18a$19 Database q‘.71'D:\Da'rabase\Process uazﬁmnﬁ%’nman%a ProcessControl éﬁ

Uszneudaeiad 3 Nadfe Plant,DATE 1ag Time

M3damagIudoya

1. matudindadlugudeyas  aansa@eulisunsulneld DAOData Access
Obiects) I4&aTt

f‘imuﬂé'hs,z,ﬂs@heqﬁaf:

Public ProcessWs As Workspace, ProcessDb As Database, ProcessDyn As Recordset

Dim R2 As Date, R3 As Variant

@ouTdsunsudai

Private Sub Command5_Click()
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Text6.Text = Date

Text7.Text = Time

A1l = Format(Text6.Text, "mmmddyyyy")

A21 = Format(Text7.Text, "hhmmss")

A31="c:\" & Labell.Caption & All & A21 & ".tee"
TChartl.Export.SaveToFile (A31)
Set ProcessWs = DBEngine.Workspaces(0)
Set ProcessDb = ProcessWs.OpenDatabase("D:\Database\Process.mdb", False, False)
Set ProcessDyn = ProcessDb.OpenRecordset("SELECT * FROM ProcessControl ",
dbOpenDynaset, dbAppendOnly)
ProcessDyn.AddNew
R2 = Text6.Text
R3 = Text7.Text
ProcessDyn("Plant") = Label1.Caption
ProcessDyn("DATE") = R2
ProcessDyn("Time") = R3
ProcessDyn.Update
ProcessDyn.Requery
ProcessDyn.Close
End Sub

eSweTusunsu definisaaniiilu RECORD #i Text 6 asfmsuamsiufi Text7

ugrmanm ez finisidla Database nMslamsg uagl9ide AddNew
mmfu%uﬁwhmiﬂﬂﬁaﬁ Plant 92501970 Labell #9uAA¥e Plant, Aags DATE
225UANNIN Text 6 FauaasTuil unzilad Time 923uAmI9N Text 7 Faueaaaan
i ldds Update ietiufinsaslumsie 18da Close hmsdlamsng
2. msdedeyannmseeedigtiuy Tsunsusel
‘ﬁ Form Load ﬁuﬁﬁﬁ}'ﬂ

Set ProcessWs = DBEngine.Workspaces(0)

Set ProcessDb = ProcessWs.OpenDatabase("D:\Database\Process.Mdb", False, False)
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Private Sub CmdOKDATE_Click()

If Combo2.Text <>"" Then

D = Combo2.Text

Combo2.Enabled = False

SQLCommand = "SELECT Plant,DATE,Time FROM ProcessControl"

Set ProcessSnap = ProcessDb.OpenRecordset(SQLCommand, dbOpenSnapshot)
ProcessSnap.MoveFirst

Combo3.Clear

Do While Not ProcessSnap.EOF

If ProcessSnap.Fields("Plant") = P And ProcessSnap.Fields("DATE") = D Then
Combo3.AddItem (ProcessSnap.Fields("Time"))

End If

ProcessSnap.MoveNext

Loop

End If

End Sub

o5weTUsunsn i Form Load ntsillalusunsuuazansis anlalsunsudedudie
ims1den PlantDATE %Tﬂ‘lfuﬂﬂﬂu OK wgihinsdsdoyanal  Time 011116y

Combo3

ynldsunsudesragiiaivet Imunsadeulsunsufihmamugy 1 nszuu
Y t4
mImnuTuaeude 1

1) eonuuuresulilddsg
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2) TsunsuFonldaail

Dim K, DA, PAT, A As Integer

Dim SV As Single, ¢ As Single, PV1 As Single

Dim Kp As Single, Ti As Single, Td As Single, T As Single

Dim Mvi As Single, Mvp As Single, Mvd As Single, G As Single, H As Single
Dim A1 As String, A2 As String, A3 As String

Private Sub Commandl_Click() 'ﬂ 1 STARTY IAngiadl

If Optionl.Value = True Then insiaon Auto

SV = CSng(Text2.Text)

Kp = CSng(Text4.Text)
Ti = CSng(Text5.Text)
Td = CSng(Text6.Text)

If HScrolll.Enabled = True Then

37



HScrolll.Enabled = False

End If

MSComml.PortOpen = True
Timerl.Enabled = True

Elself Option2.Value = True Then '3 A5180N Manual
SV = CSng(Text2.Text)
If HScroll1.Enabled = False Then
HScrolll.Enabled = True

End If

MSComm!.PortOpen = True
Text3 Change

Timer2.Enabled = True

End If

End Sub

v
Y v A

Private Sub Command2_Click() '1Js BREAK #1Annsil
Call I2CStart
Call Send8BIT(&H90)
Call Ack
Call Send8BIT(&H40)
Call Ack
Call Send8BIT(0)
Call Ack
Call 12CStop
Timer2.Enabled = False
Timerl.Enabled = False
If MSComm1.PortOpen = True Then
MSComm1.PortOpen = False
End If
End Sub
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Private Sub Command3_Click() '1jutaeunisy & lnnasil

SV = CSng(Text2.Text)

End Sub
Private Sub Command4_Click() "Jutlfeun1Kp CEEREY
Kp = CSng(Text4.Text)
End Sub

U a v asy o dy
Private Sub Command5_Click() 'tjut)@eunTi 3 Tanseil
Ti = CSng(Text5.Text)
End Sub

9
Y v A

Private Sub Command6_Click() 'tJu/aous Td i iadad]
Td = CSng(Text6.Text)
End Sub
Private Sub Command7_Click() ') STOP T 18ngail
If MSComm1.PortOpen Then
Call I2CStart

Call Send8BIT(&H90)
Call Ack
Call Send8BIT(&H40)
Call Ack
Call Send8BIT(0)
Call Ack
Call 12CStop

Timer2.Enabled = False
MSComm1.PortOpen = False
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End If
Unload Me
End Sub

£ 4
-

Private Sub Command8_Click() 'ﬂuﬁuﬁ na 3 TAadadl
Text8.Text = Date
Text9.Text = Time
Al = Format(Text8.Text, "mmmddyyyy")
A2 = Format(Text9.Text, "hhmmss")
A3 ="c:\" & Label10.Caption & Al & A2 & ".tee"
TChartl.Export.SaveToFile (A3)
End Sub
Private Sub Command9 Click()
End Sub
Private Sub HScroll1_Change()
Text3.Text = HScrolll.Value / 10
End Sub
Private Sub Mexit_Click()
Unload Me
End Sub
Private Sub Send8BIT(Add As Integer)
Fori="7To 0 Step -1 'Loop 7 Cycle
If (Add And2"i)=2"1iThen 'TestBit0OR 1
Call Sendl
Else
Call send0
End If
Next i
End Sub

Private Function DAT()

40



41

Fori=7To 0 Step -1
MSComm1.RTSEnable = True 'SDA=1
MSComm1.DTREnable = True 'SCL=1
If Not MSComm1.CTSHolding Then 'Read SDA
datl =2~ 1iOr datl
End If
MSComm1.DTREnable = False 'SCL=0
Next i
DAT = datl 'Data 8 Bit
End Function
Private Sub I2CStart()
MSComm1.RTSEnable = True 'SDA=1
MSComm1.DTREnable = False 'SCL=0
MSComm1.DTREnable = True 'SCL=1
MSComm1.RTSEnable = False 'SDA=0
MSComm1.DTREnable = False 'SCL=0
End Sub
Private Sub I2CStop()
MSComm1.RTSEnable = False 'SDA=0
MSComm1.DTREnable = True 'SCL=1
MSComm1.RTSEnable = True 'SDA=1
End Sub
Private Sub send0()
MSComm1.RTSEnable = False 'SDA=0
MSComm1.DTREnable = True 'SCL=1
MSComm1.DTREnable = False 'SCL=0
End Sub
Private Sub Send1()
MSComm1.RTSEnable = True 'SDA=1
MSComm1.DTREnable = True 'SCL=1



MSComm1.DTREnable = False 'SCL=0
End Sub

Private Sub Ack()
MSComm1.RTSEnable = True 'SDA=1
MSComml.DTREnable = True 'SCL=1
MSComm1.DTREnable = False 'SCL=0
End Sub

Private Sub MAck()
MSComm1.RTSEnable = False 'SDA=0
MSCommI1.DTREnable = True 'SCL=1
MSCommI1.DTREnable = False 'SCL=0
MSComm1.RTSEnable = True 'SDA=1
End Sub

Private Sub mnuclose2_Click()
Form1.Hide

End Sub

Private Sub mnuopen2_Click()
Form1.Show

End Sub
Private Sub Optionl_Click()
End Sub

Private Sub Text3 Change() "§1U text MuaAIAT MV 493 Manual
o d‘ a c{ 1

"i]ZVI'N”IHLS.I@NﬂTSL‘]JﬂfJULL‘]JﬁQﬂ'I

If Val(Text3.Text) > 5 Then Text3.Text =5

Call I2CStart

Call Send8BIT(&H90)



Call Ack

Call Send8BIT(&H40)

Call Ack

'Debug.Print Val(Text5.Text)

K = Val(Text3.Text)

Call Send8BIT(K * 51)

Call Ack

Call I2CStop

End Sub

Private Sub Timer]_Timer()' Timer 7114143 3uSuwnues Auto
G=0

Fori=1To5

Call I2CStart

Call Send8BIT(&H90)

Call Ack

Call Send8BIT(&H40)

Call Ack

Call I2CStop

Call I2CStart

Call Send8BIT(&H91)

Call Ack

A =DAT

Call Ack

Call I2CStop

G=A+G

Next i

H=G/5 'mﬁ'ﬂﬂ'ﬁnput

Textl.Text = Round((H * 5) / 255, 3)
TChart1.Series(0).Add (H * 5) / 255, "", clTeeColor
TChart1.Series(2).Add SV * 5, "", cITeeColor
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If Val(Text1.Text) > 5 Then Text1.Text = 5
Timerl.Enabled = False
SendOutput
End Sub
Private Function PID(b As Single) As Single
Mvp=Kp * (SV - b)
Mvi=((Kp *0.5) /(2 *Ti)) * (2 * SV) - (3 * b) + PV1) + Mvi
Mvd=Kp * Td * (PV1 - b)
¢=Mvp + Mvi + Mvd
PVl1=b
If c> 5 Then
c=5
End If
PID=c
End Function
Private Sub Form_Load()
If MSComm1.PortOpen Then ~ 'Open Port
MSComm1.PortOpen = False
End If
With Timer1
.Enabled = False
Interval = 1000
End With
Mvi=0:Mvp=0:Mvd=0:SV=0.5:Kp=7:Td=0: Ti =100
PV1=0
With Timer2
.Enabled = False
nterval = 1000
End With
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End Sub
Private Sub Form_UnLoad(Cancel As Integer)
If MSComm1.PortOpen Then 'Close Port
MSCommI.PortOpen = False
End If
End Sub
Private Sub SendOutput() 'n5e40utputyv9Auto
Call I2CStart
Call Send8BIT(&H90)
Call Ack
Call Send8BIT(&H40)
Call Ack
Call Send8BIT(CInt(PID((H * 5/ 255) * 0.2) * 51))
T =PID((H * 5/ 255) * 0.2)
Text7.Text=T
TChartl.Series(1).Add T, "", clTeeColor
Call Ack
Call 12CStop
Timer1.Enabled = True
End Sub

Private Sub Timer2_Timer() 'Timer ﬁi‘]ﬁumi 3 uﬁuwmm Manual
G=0

Fori=1To5

Call I2CStart

Call Send8BIT(&H90)

Call Ack

Call Send8BIT(&H40)

Call Ack

Call I12CStop
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Call I12CStart

Call Send8BIT(&H91)

Call Ack

A =DAT

Call Ack

Call 12CStop

G=A+G

Next i

H=G/5 'Laﬁafi1input

Text1.Text = Round((H * 5) / 255, 3)

PvTime = Time

TChart1.Series(0).Add (H * 5) / 255, "", clTeeColor
TChart1.Series(2).Add SV * 5,"", cITeeColor
TChart1.Series(1).Add K, "", clTeeColor

If Val(Text1.Text) > 5 Then Textl.Text =5
End Sub

Private Sub Text3_Click()

Text3.SelStart =0

Text3.SelLength = Len(Text5.Text)

End Sub

Y
ﬂ"l‘Sfl’iNI‘lJi!lﬂiNﬂ’J‘]Jﬂ‘N 4 NITUIUNT
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1) @379 Main Form #1514 MDI Form a2l MDI Form 11925 Timer uag MSComm 1ag

. 3 v & . a o a o A
Main Form s¢flunesuniuaundn &9 Timer WUMIMOWUNNY 1 W Wo timer
Mz dmaasiudaarinssuaumsladinmsne Start

= [~ o v o1 A T 1 a oal’ F4
Auto Y139 Manual NWMNITUMBDUNNUAS TNADUNNUDINTSUIUNITUU Llﬁﬂﬁllﬂ

aa lalsunsy

Private Sub Timerl_ Timer()

If LevelForm.LEVSTART And LevelForm.Optionl.Value Then

If MSComm1.PortOpen = False Then

MSComml1.PortOpen = True

LLﬁZﬁﬂTiLﬁ'ﬂﬂﬂﬁﬁNWuuUU



End If
LevelForm.Recivelnputl
LevelForm.SendOutputAutol
End If
If LevelForm.LEVSTART And LevelForm.Option2.Value Then
If MSComm1.PortOpen = False Then
MSComml.PortOpen = True
End If
LevelForm.Recivelnputl
LevelForm.SendOutputManual 1
End If
If LevelForm.LEVSTOP Then
If MSComm1.PortOpen = False Then
MSComm1.PortOpen = True
End If
Call 12CStart
Call Send8BIT(&H90)
Call Ack
Call Send8BIT(&H44)
Call Ack
Call Send8BIT(0)
Call Ack
Call I2CStop
End If

If FlowForm.FLOWSTART And FlowForm.Optionl.Value Then
If MSComm1.PortOpen = False Then
MSComm1.PortOpen = True
End If

FlowForm.Recivelnput2
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FlowForm.SendOutputAuto2

End If

If FlowForm. FLOWSTART And FlowForm.Option2.Value Then

If MSComm1.PortOpen = False Then

MSComm]1.PortOpen = True
End If

FlowForm.ReciveInput2

FlowForm.SendOutputManual2
End If

Timerl.Enabled = False

Timerl.Enabled = True

End Sub

2)
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Public Function PIDIC(b1L As Single, b1F As Single) As Single

MvplL =KplL * (SV1 - blL)

MvilL = ((KplL * 0.5) / (2 * TilL)) * ((2 * SV1) - (3 * blL) + PV11IL) + MvilL

MvdlL = KplL * TdIL * (PV11L - blL)

clL = MvplL + MvilL + MvdIL

PV11L =blL

SVIF =clL

MvplF = KplF * (SVIF - b1F)

MvilF = ((KplF * 0.5) / (2 * TilF)) * ((2 * SVIF) - (3 * blF) + PV11F) + MvilF

Mvd1F = KplF * Td1F * (PV11F - blF)

c1F = MvplF + MvilF + MvdlF

If c1F > 5 Then

clF=5
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Elself c1F < 0 Then
clF=0

End If

PV1IF =blF

PIDIC =clF

End Function
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2. deveda ST-29 fu Computer

3. WaTilsunsy Visual Basic 5on11/51n54 PCF8591.VBP  Suld¥ieu

4, GiE)SHW%@%N'mﬂﬂ‘ﬁﬂ 3 $9a9n3 e sl CH4 ofueinmlunsey PC-based
Voltage Source fivuaf1 Voltage lusgoafiniionliiiar 0-5v thufinsiieuldan
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HANIINAODY

Output ifuALINARNRIABS | Input HuAAUMT90ABURINDS
19910 CH4
1 0.98
1.5 1.47
2 1.98
2.5 2.49
3 2.98
3.5 347
4 3.98
45 4.49
5 498

A15199 4.1 AT WLUTAINDNITINAD DI ﬂ'licl‘f,fl IC PCF 8591 Jaussauifiniuesainnnin



53

MIsNAaRIN 1.2

m3l¥ IC PCF 85913aus9suaInLmassie

Jonilszeaen
iegauissnselumsiamued IC PCF 8591
ailnsal
o 4
1. u®3a ST-29 Serail port interfacing starter board
A ' A o ' ) o
2. ABNWUABS PC Wineinoynsueiatios 1 wesn
3. @UAD2999
4. praene ussuasa

Y
YUABUNITNARDY

1. @owesa ST-29 fu Computer

2. geelrlunvesumasiieduyes cHI TWaunSensarefudes GND diusesdude
NI A

3. Walisunsy Visual Basic Senlysunsu PCF8591.VBF Sulvivieu

4. elnnuraseussduass 0-5 1ad wdtiuiinwa

NANITNADDN

Output INUNAINIIAWUDA Tnput Auaasuunoe

0.51 0.509
0.90 0.921
0.99 1.0

1.49 1.50
1.50 1.52
1.95 1.95
2.06 2.07
2.35 2.37




2.50
3.01
3.45
3.47
3.96
4.52
4.45
487
5.09

2.52
3.0
3.49
3.5
4.0
4.56
4.49
4.92
5.0

Q15199 4.2 waawamsly IC PCF 8591 ALSIAunLHad91e

Msnaaedn 1-3

n1314 IC_PCF 8591 tsussautdldimesia

Sanilszered

oA WINEAT UM 1BUT$AUYR IC PCF 8591

2Unsal

1. U®SA ST-29 Serail port interfacing starter board

a 4 Aa 4 v Y 7
2. ADNNIADT PC NUNDINOYUNINDYNUBY 1 WOIN
3

H1UADI0T

4. Uwosiauss

AU

Y
JUADUNITNANDY

54

1. uesa ST-29 Idendunlesnldtmuauoamsaues PCF8s591 137dumus

v
000 ( AO,A1,A2 ABAINITIIANINLA)

2. ABYNTDIDUNN(nput) AN 1IN

3. wlalalsunsy



55
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MInaaead 2.1 dulaussiudluusadu (Vv/v)
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MInaaedi 2.1
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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 2.5V to 6 V

e Low standby current

« Serial input/output via 12C-bus

* Address by 3 hardware address pins

e Sampling rate given by [2C-bus speed

¢ 4 analog inputs programmable as single-ended or
differential inputs

e Auto-incremented channel selection

e Analog voltage range from Vgg to Vpp

¢ On-chip track and hold circuit

* 8-bit successive approximation A/D conversion
¢ Multiplying DAC with one analog output.

2 APPLICATIONS

Closed loop control systems
Low power converter for remote data acquisition

Battery operated equipment

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

4 ORDERING INFORMATION

3 GENERAL DESCRIPTION

The PCF8591 is a single-chip, single-supply low power
8-bit CMOS data acquisition device with four analog
inputs, one analog output and a serial 12C-bus interface.
Three address pins A0, A1 and A2 are used for
programming the hardware address, allowing the use of
up to eight devices connected to the 12C-bus without
additional hardware. Address, control and data to and from
the device are transferred serially via the two-line
bidirectional 12C-bus.

The functions of the device include analog input
multiplexing, on-chip track and hold function, 8-bit
analog-to-digital conversion and an 8-bit digital-to-analog
conversion. The maximum conversion rate is given by the
maximum speed of the 12C-bus.

TYPE PACKAGE |
NUMBER | NAME DESCRIPTION VERSION
PCA8591P DIP16 plastic dual in-line package; 16 leads (800 mil); long body SOT38-1
PCA8591T SO16 plastic small outline package; 16 leads: body width 7.5 mm SOT162-1

1998 Jul 02
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8-bit A/D and D/A converter PCF8591
6 PINNING
SYMBOL | PIN DESCRIPTION
AINO 1
AINT 2 analog inputs
A/D converter
e fe e i T g
0 = ANt [ 2] 15] AQuT
Al 6 hardware address AIN2 E [14] Vaer
A2 7 AIN3 | 4 T_ﬂ AGND
Vss 8 negative supply voltage an,TE PeFed) 21 ExT
SDA 9 12C-bus data input/output -
o
ScL 10 [12C-bus clock input ALe B
0sC 11 |oscillator input/output A2 | 7 10] scu
EXT 12 | externalfinternal switch for oscillator Vssg E‘_ E] SDA
inpUt 7Z80959.1
Z8 2
AGND 13 |analog ground
Vrer 14  |voltage reference input
AOUT 15 |analog output (D/A converter) Fig.2 Pinning diagram.
Voo 16 positive supply voltage

1998 Jul 02
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7 FUNCTIONAL DESCRIPTION

71  Addressing

EachPCF8591 device in an I2C-bus system is activated by
sending a valid address to the device. The address
consists of a fixed part and a programmable part.

The programmable part must be set according to the
address pins A0, A1 and A2. The address always has to
be sent as the first byte after the start co=dition in the
[2C-bus protocol. The last 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).

Mse LSB
1100 1]|A2|A1]A0lR/W

fixed part programmable part
- Fig.3 Address byte.

7280860

1998 Jul 02

7.2  Control byte

The second byte sent to a PCF8591 device will be stored
in its control 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 incremented automatically after
each A/D conversion.

If the auto-increment mode is desired in applications
where the internal oscillator is used, the analog output
enable flag in the control byte (bit 6) should be set. This
allows the internal oscillator to run continuously, thereby
preventing conversion errors resulting from oscillator
start-up delay. The analog output enable flag 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, thé next
selected channel will 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-on reset
condition all bits of the control register are reset to 0.

The D/A converter and the oscillator are disabled for power
saving. The analog outputis switched to a high-impedance
state.
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8-bit A/D and D/A converter PCF8591
MSB LS8
0 X X X 0 X X X CONTROL BYTE
LI
l—E:'— A/D CHANNEL NUMBER:

00 channel 0
01 channel 1
10 channel 2
11 channel 3

- AUTOINCREMENT FLAG:
(switched on if 1)

— ANALOGUE INPUT PROGRAMMING:

00 Four single ended inputs
AINO channel 0
AIN1 channel 1
AIN2 ———————— channel 2
AIN3 ————————— channel 3

01 Three differential inputs

AINO

} channel 0
AINT ——

> channel 1
AIN2 ~

i channel 2
AIN3

10 Single ended and differential mixed

AINO ———————— channel 0
AIN} ———————— channel 1

AIN2
>—- channel 2

AIN3
11 Two differential inputs

AINO 3
channel 0
AIN1T —&
AIN2 —
* >——— channel 1
AIN3 —&
ANALOGUE OUTPUT ENABLE FLAG:
(analogue output active if 1) 7280861

Fig.4 Control byte.

1998 Jul 02 7
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7.3 D/A conversion

The third byte sent to a PCF8591 device is stored in the
DAC data register and is converted to the corresponding
analog voltage using the on-chip D/A converter. This D/A
converter consists of a resistor 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 bufiered 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 successive
approximation A/D conversion. In order to release the
DAC for an A/D conversion cycle the unity gain amplifier is
equipped with a track and hold circuit. This circuit holds the
output voltage while executing the A/D 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 r—f DAC OUT
FF
1 1 i
l l 1
{ 1 |
<¢—— D7
R3 [¢—— D6
TAP |
DECODER :
02
R2
] ¢—— DO
1
R1 B
AGND 4——
00
7280962

Fig.5 DAC resistor divider chain.

1998 Jul 02
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MSB LS8 7280963
D7 |06 | Ds|p4|03|02|D1]D0 g’;ﬁg?""
vaouT, VRer — VaGND < i
v =v + 3 Dix2
AOUT = VAGN
Voo+ ) col 256 i=q
VREF: &
] ./
R ~
o
~
-
-
/
/°/
1 e
+ .-/
< o
VAGND"_T
Vsg o 4 —1 -
00 01 02 03 04 FE FF HEX CODE

Fig.6 DAC data and DC conversion characteristics.

PROTOCOL| S ADDRESS 0] A CONTROL BYTE A DATA BYTE 1 A DATA BYTE 2 A

|
“TULL AL U _/U\:ﬂ_ nn
T T T T T/

VaouT

VALUE OF
DATA BYTE 1

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

7280964 time

Fig.7 D/A conversion sequence.
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74  A/D conversion

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

An A/D conversion cycle is always started after 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 e€xecuted while
transmitting the result of the previous conversion (see
Fig.8).

Once a conversion cycle is triggered an input voltage
sample of the selected channel is stored on the chip and is
convertedto the corresponding 8-bit binary code. 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 byte read is a
hexadecimal 80. The protocol of an 12C-bus read cycle is
shown in Chapter 8, Figs 15 and 16.

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

PROTOCOL | S ADDRESS 1 DATA BYTE O

DATA BYTE 2

DATA BYTE 1

VA NRAVEEEAWEEREWE AW

L SAMPLING

7280965
SAMPLING SAMPLING

BYTE 1 BYTE 2 BYTE 3
CONVERSION CONVERSION CONVERSION
OF BYTE 1 OF BYTE 2 OF BYTE 3
1 { { { t y
I 1 r — T 1
TRANSMISSION TRANSMISSION TRANSMISSION
OF PREVIOUSLY OF BYTE 1 OF BYTE 2

CONVERTED BYTE

Fig.8 A/D conversion sequence.
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HEX
cooe {

FF+
FET v .= 'REF ~ VAGND 7]
LS8~ 256

7280966

\

04 + v
03+ /
024 /
ot 4
00 t + t t t 1 +—— t
o 1 2 3 4  ______ 254 255 . Vo — VAGND

Viss

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

HEX L
CODE 7280967

7F+ %

TE+ 74

1 .

{ .

of A

o1+
3 i 4 3 OO i i 1 i
T T T T L 1 T T _
=128 =127 ==« =2 =4 Q 1 2 —-=— 126 927 VAIN+—VA1N—-
Ve Viss
7Z +FE
. i
,' : _ Veer ~Vacno
Vise™= 7 286
181
L/ + 80

Fig.10 A/D conversion characteristics of differential 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 Vgg.

A low frequency may be applied to the Vygr and 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
quadrant analog divider. The analog input voltage is
divided by the reference voltage. The resultis converted to
a binary code. In this application the user has to keep the
reference voltage stable during the conversion cycle.

1998 Jul 02

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. When 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.

12
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8 CHARACTERISTICS OF THE I12C-BUS

The I2C-bus is-for bidirectional, two-line 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
ofthe clock pulse as changes in the data line at this time will be interpreted as a control signal.

o\

SDA / ;3( §

l |
data line | change |

|

|

{ stable; | ofdata |

| data valid | allowed | MBCE21

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).

i | g Trus——y

/ | SDA

|
l
|
|
|

7 5

I
[
{
l
|
1
| SCL
{

scL | ,] \ / \ /
1S P

A it [ |

START condition STOP condition MBC622

Fig.12 Definition of START and STOP condition.

1998 Jul 02 13



Philips Semiconductors Product specificaticn

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

8.3 System configuration

Adevice 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’.

SDA

SCL

MASTER SLAVE I MasTER
TRANSMITTER / RS&QXIEEH TRANSMITTER / TRX’;\’J‘SSJE%R TRANSMITTER /
RECEIVER RECEIVER RECEIVER

MBA60S

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 level put on the bus by
the transmitter whereas the master also generates an extra acknowledge related clock pulse. A slave receiver which is
addressed must generate an acknowledge 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.

-
I
o

DATA OUTPUT
BY TRANSMITTER

not acknowledge %
acknowledge ’
SCL FROM
_ MASTER [ 1 2 N M

s !
L——I clock pulse for
START acknowledgement

condition
MBC602

DATA OUTPUT
BY RECEIVER

Fig.14 Acknowledgement on the 12C-bus.
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8.5 [2C-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 single 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 [2C-bus characteristics. In the write mode a data transfer is
terminated by sending either a stop condition or the start condition of the next data transfer.

Acknowledge Acknowledge Acknowledge
from PCF8591 from PCF8591 from PCF8591

| | o

S ADDRESS 0 A CONTROL BYTE A DATA BYTE A PS
1

N=0toM
DATA BYTES 7280968

Fig.15 Bus protocol for write-mode, D/A conversion.

Acknowledge Acknowledge No acknowledge
from PCF8591 from master
L 1 |
S ADDRESS 1 A DATA BYTE A LAST DATA BYTE 1 P
7280969
N=0toM
DATA BYTES

Fig.16 Bus protocol for read mode, A/D conversion.
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9 LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER MIN. MAX. UNIT
Voo supply voltage (pin 16) -0.5 +8.0 \
" input voltage (any input) -0.5 Vpp + 0.5 V
I DC input current - +10 mA
lo DC output current - +20 mA
Ioo, Iss Vpp or Vgg current . +50 mA
Piot total power dissipation per package - 300 mwW
Po power dissipation per output - 100 mW
Tamb operating ambient temperature —40 +85 °C
Tsyg 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”.

1998 Jul 02
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11 DC CHARACTERISTICS
Vpp=2.5V 106 V; Vgs=0V; Tamp = —40 °C to +85 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Supply
Voo supply voltage (operating) 2.5 - 6.0 \
Ipp supply current
standby V= Vgg or Vpp; no load - 1 15 . LA
operating, AOUT off fscL = 100 kHz - 125 250 A
operating, AOUT active fscL = 100 kHz - 0.45 1.0 mA
Veor Power-on reset level note 1 0.8 - 2.0 Vv
Digital inputs/output: SCL, SDA, A0, A1, A2
ViL LOW level input voltage 0 - 0.3xVpp |V
ViH HIGH level input voltage 0.7xVpp |- Vop \
I leakage current
AQ, A1, A2 . V)= Vgs to Vpp -250 - +250 nA
SCL, SDA V)= Vgs to Vpp -1 - +1 pA
Ci input capacitance - — 5 pF
loL LOW level SDA output current | Vo = 0.4 V 3.0 - - mA
Reference voltage inputs ‘
VRer reference voltage VRee > Vagnp; note 2 Vss+1.6 |- Vpp Vv
VaGND analog ground voltage VRer > Vagnp; note 2 Vss - Vpp = 0.8V
I, input leakage current -250 - +250 nA
RRer input resistance pins Vgegr and AGND - 100 - kQ
Oscillator: OSC, EXT '
I input leakage current - - 250 nA
fosc oscillator frequency 0.75 - 1.25 MHz
Notes

1. The power on reset circuit resets the 12C-bus logic when Vpp is less than Vpog.

2. Afurther extension of the range is possible, if the following conditions are fulfilled:

Vage +V Vier +V
REF AGND REF AGND
S5t 208V, V- AR 5 g 4y
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12 D/A CHARACTERISTICS
Vop =5.0V; Vss=0V; Veer = 5.0 V; Vagnp =0 V; RL =10 kQ; CL =100 pF; Tamp = —40 °C to +85 °C unless otherwise
specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Analog output
Voa output voltage no resistive load Vss [ = Vop V

, R =10kQ Vss - 0.9x%xVpp (V
lo output leakage current AOUT disabled - - 250 nA
‘Accuracy
0S4 offset error Tamb =25 °C - - 5C mV
Le linearity error - - +1.5 LSB
Gg gain error no resistive load - - |1 %
toac settling time to ¥, LSB full scale step - - 90 us
foac conversion rate - - 1.1 kHz
SNRR supply noise rejection ratio | f =100 Hz; - 40 - dB

Voon=0.1 X Vpp

13 A/D CHARACTERISTICS
Vpp=5.0V;Vgs =0 V; Vggr =5.0 V; Vagno =0V; Rg = 10 k€2; Tams = —40 °C to +85 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. } TYP. MAX. UNIT
Analog inputs
Via analog input voltage Vss - Voo \Y
lua analog input leakage current - - ~ | 100 nA
Cia analog input capacitance - 10 - pF
Cip differential input capacitance - 10 - pF
Vis single-ended voltage measuring range VacnD N VRer Vv
Vio differential voltage measuring range; Ve - +Veg \Y
| Ves = VRer ~ Vaano N 5
Accuracy
0S, offset error Tanb:= 25 °C - - 20 mV
Le linearity error - - +1.5 LSB
Ge gain error - - 1 %o
GS, small-signal gain error AVi=16 LSB - - 5 Yo
CMRR common-mode rejection = 60 - dB
ratio
SNRR supply noise rejection ratio | f =100 Hz; - 40 - dB
Vppon = 0.1 x Vpp
tanc conversion time - - 90 us
fapc sampling/conversion rate - - 111 kHz
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7294726
200
lop
(kA)
150 /Z
|~
L
100 T
L]
50
0
2 3 4 5 6
Vpp (V)

(a) Internal oscillator; Tamp = +27 °C.

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

160 7294727
pp
(uA)
120
,5
-40°C 2
80 ,///
+85°C
/,4 \
+27:9¢
40 ,1/
0
2 3 4 5 6
Vpp (V)

(b) External oscillator.

728
500 729472
G
3
S 400
i
Q
E
5
2 300
e |
Lo}
<
3 N
200 ™
100
'\
—~—]
0
00 02 04 06 08 0A

hex input code

(a) Output impedance near negative power rail; Tamp =+27 °C.

The x-axis represents the hex Input-code equivalent of the output voltage.

Fig.18 Outputimpedance of analog output buffer (near power rails).

7294729
__ 500
Q
o
Q
c
g 400
E
g 300
3 /
=
3 /

200 7

100

80 CcO DO EO FO FF
hex input code

(b) Output impedance near positive power rail; Tamp = +27 °C.
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14 AC CHARACTERISTICS
All timing values are valid within the operating supply voltage and ambient temperature range and reference to V. and

Vg with an input voltage swing of Vss to Vpp.

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
I2C-bus timing (see Fig.19; note 1)
fscL SCL clock frequency - - 100 kHz
tsp tolerable spike width o bus - - 100 . ns
tsur bus free time 4.7 - - us
tsusTA START condition set-up time 4.7 - - us
tHo:STA START condition hold time 4.0 - - us
tLow SCL LOW time 47 - - ps
tHiGH SCL HIGH time 4.0 - - us
t SCL and SDA rise time - - 1.0 us
t SCL and SDA fall time - - 0.3 us
tsu.DAT data set-up time 250 - - ns
tHD.DAT data hold time 0 - - ns
tVD;DAT ECL 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 I2C-bus specification, with applications, is given in brochure “The £C-bus and how to
use it”. This brochure may be ordered using the code 9398 393 40011.

START BIT7 BIT6 BITO | ACKNOWLEDGE STOP
PROTOCOL CONDITION MSB (A6) Ls8 ) CONDITION
()] (A7) (R/W) (P)
tsu;sTa trow  tHIGH

~— <—1lrSCL—>

Sl aawals
)

> IBUF <t tr—> -l ey
| B
4 I JoL Ul L JoL
YHD;STA 'suDAT  'HD,DAT 'VD,DAT . tsu;sTO

Fig.19 12C-bus timing diagram; rise and fall times refer to V,_ and Vy.
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15 APPLICATION INFORMATION
Inputs must be connected to Vsg or Vpp when not in use. Analog inputs may also be connected to AGND or VRer-

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 printed-circuit board layout very carefully. Supply lines common to a PCF8591 device and noisy
digital circuits and ground loops should be avoided. Decoupling capacitors (>10 uF) are recommended for power supply
and reference voltage inputs.

Vbo
X
VOD ’\/ l +[”—-——-l
Vo Jy Voo
; . AINO AOUT
AINT VRerF
AIN2 AGND
v,
£n AIN3 EXT
. .5 AQ PCF8591 oo
A1 SCL
A2 SDA
Vss
+0 T
, & L
Vbbb
Voo
AINO AOUT —Vour
AINT VRer
§— ANz AGND —R
Vo vy ¥ AIN3 EXT — Vo
7’ & VDD——' AQ PCFB531 OSC — &
Al sCLf——m————
A2 SDA
Vss
Voo
:;Jz ANALOGUE GROUND MASTER
TRANSMITTER
_L DIGITAL GROUND
v v
2
_I_ 7280970.1 1“C BUS
Fig.20 Application diagram.
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16 PACKAGE OUTLINES

DIP16: plastic dual in-line package; 16 leads (300 mil); long body SOT38-1

l- seating plane

l’<—r‘—>

ATt

/pln 1 index

~— M —

scale

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

A Aq Az ) Q) zM
UNIT max. min. max. b b1 (o] D E e €4 L ME MH w max.
140 | 053 | 032 | 218 | 648 39 | 825 | o5
AT 0ST3T s | o3s | 023 | 214 | 620 | 254 | 782 | 34 | 7eo gg 1 e | B2
- 0055 | 0021 | 0013 | 086 | 026 015 | 032 | 047
inches | 018 | 0020 | 015 | ;oo | 0% | 000s | o84 | eae | 040 | 030 o013 | oar | 9% | 001 | 0cer
Note .
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
REFERENCES
OUTLINE Pi%‘j‘é‘éi‘;m ISSUE DATE
VERSION IEC JEDEC EIAJ
91602
SOT36-1 050G09 MO-001AE = @ L J
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S0O16: plastic small cutline package; 16 leads; body width 7.5 mm SOT162-1
: : b—{a]
! |
=1 1 1 ——; \{\ N
1 /
T
L S AW
T
| te—= =" Evaa)
——»IZ
16’ HHHIHHHHQ
! 1
Y
T N o]
A2
lAf b g 1‘
i t=e
—- Lp |—a— f
<— | —|
0 5 10 mm
L 1 I 1 ij n ‘ 1 J
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
A
UNIT | o | At | A2 | A3 | bp c | oM M} o | He L L | a v w y | zM | e
0.30 | 2.45 049 | 032 | 105 | 76 10.65 id | 44 09
mm | 265 1 30 | 225 | %25 | 036 | 023 | 101 | 7.4 | 27 |1000| 4 | 04 | 10 | 0|05 0T | oy | oo
00
) 0.012 | 0.096 0.019 | 0.013 | 0.41 | 0.30 0.419 0.043 | 0.043 0.035
inches | 010} 004 | 0.085 | %O1 | 0014 | 0.008 | 0.40 | 029 | %050 | 0’394 | 9055 | 0016 | 0.039 | 001 | 001 [ 0004 15016
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEG EIAY PROJECTION
95-04-24-
SOT162-1 075E03 MS-013AA =& o522 |
23
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17 SOLDERING

171 Introduction

There is no soldering method that is ideal for all IC
packages. Wave soldering is often preferred when
through-hole and surface mounted components are mixed
on one printed-circuit bcard. 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.

Thistextgives 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).

172 DIP
17.2.4

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.

SOLDERING BY DIPPING OR BY WAVE

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

17.22 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 techniques are suitable for all SO
packages.

REFLOW SOLDERING

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

1998 Jul 02

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
21510 250 °C.

Preheating is necessary to dry the paste 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 observed:

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

¢ The longitudinal axis of the package footprint must be
parallel to the solder fiow.

¢ The package footprint mustincorporate 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 solder 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 mildly-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 twc 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
one operation within 2 to 5 seconds between

270 and 320 °C.
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