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wann'I&asy 32 ase TagluTmiaisSamesalfiuios 13 dn 8 fialusdmaes TLx 391
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H ° a @ A A P H
Tvie 2 TJuTnuadiszimuassmass1daulunsiiudios 8 da (11n3imaes TLOR

[ a

v ' a t 4 Ju  da
s T lussames THx msldeTnuaiii Hileaiedyaudunessnani

Ana1nd
3 v Y v o o o A 4
Tvinia 3 TuTnuad lnswes 1 oz lifimsduna Indwesedisnuldsvames TLO voq

Tnfwed 0 galdifulnduedifissediudes msvhendnua 3 Hl¥elfaundesnts

ul o s A s J Sl A
NUUBTHIDMUIADIVYUIA 8 UAUINUYU

15197 3.3 uaasauSenpes TMOD A1A e d 15U Timer 0

Taua | flerdundwes o | sauguownTusunsy | TMOD maugunnaIfamimeuen
0 13 bit Timer 00H 08H
1 16 bit Timer 01H 09H
2 8 bit Auto Reload 02H 0AH
3 Two 8 bit Counter 03H 0BH

M3197 3.4 naasa U3 dames TMOD A1d1e9 d115U Counter O

Taua | fleddlnifued 0 | muguenTisunsy | TMOD mauguemasanIimeven
0 13 bit Timer 04H 0CH
1 16 bit Timer 05H ODH
2 8 bit Auto Reload 06H 0EH
3 Two 8 bit Counter 07H OFH

A5197 3.5 naasa1us Iaaes TMOD fA16199) d1%3 Timer 1

o C4 &
Tvua | Heddulndwes 1 | asuaunlisunsy TMODmnqmmaﬁmn%’mﬂuﬂﬂ

0 13 bit Timer 00H 80H
1 16 bit Timer 10H 90H
2 8 bit Auto Reload 20H AOH

3 Two 8 bit Counter 30H BOH
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15197 3.6 uaasa 11U Iaaes TMOD A9 e d1M35U Counter 1

Tiwa | fledulniued 1 | suquernTsunsy | TMOD mIuguenasaIsneuen
0 13 bit Timer 40H COH
1 16 bit Timer 50H DOH
2 8 bit Auto Reload 60H EOH
3 Two 8 bit Counter o =

A d o [ Q:I
Famesanduldaunaliflu Mcs-51

Aaa 'd aa Jq 9 @ 2 v ' 0 .0 =3 9
33ame3 A B uazivaaes1¥auna i Ro-R7 Geedluniitganuiidimsunuveya

' 9 %

Faldmelusiusng 128 ludisn Smaeildnunald Ro-R7 Tu McS-51 Hegaen

U4

v v v 9J aan o 9 2 Ah A Al [
NIYuA 4 NQu !!ﬁﬂ:ﬂﬁ}lﬂizﬂ@ﬂﬂ’)ﬁli%ﬁm@iﬂ1u?u 8 93 (RO-R7) “UFDUTININUBUNU

e

Qe

9
LY

Aa /9 9 o 2 |lace o A PPN o
S samedlfausia liro-R7luMes-513aiianua 32 @2 lumsihnuvnzlag S9maed

e

9
v v o a J '
W 4 ngu (RO-R7) szgnldanudisanguideaniniu msidenldimiavmass RO-R7 ndula

v P 1 o A A da aa Jdq 9
nqumilslu 4 ngunszsinTasmswavseindesiia RSORS1 lusdmmaeslsanuanis PSW

Famesilanduiiayly MCS-51
an 4 k) v o a v & aa 'd
11! MCS-51 i%ﬁ!ﬁﬂ‘iﬂzi‘ﬂﬁu?ﬂﬂ’ﬂﬂﬂ'l RAM ﬂ'lfﬂu‘lfﬂ Tﬂﬂmuwmtﬂumﬁmm
Ju A - Y : 2 Y7 o aa P4 Ju A
HenF¥uNIAY (Special Function Register: SFR) #IUNIHUA 12 A Tag3vaaes Hansuniay
v A A ] o 3 v 2 do’: o v v aAa 4 S
AN ZITUNY AUV IR SOH-FFH FIUNIHUA 128 AMHUN umzs‘fluiﬂﬁmaiﬂaﬂ‘uu

Fieuifes 21 d s naduily ATS9C51/AT89CS2 9214 26 A umieniodl SFR 26 ¢3

M990 3.7 53mA03 191R N PSW (Program Status Word) i1diedoya ldluszauia

19 Foin AN AUNUTY

PSW.7 CY D7H Carry Flag

PSW.6 AC D6H Auxiliary Flag

PSW.5 FO D5H Flag 0

PSW.4 | RSI D4H Tadmsuien Somaes 1uea 1

PSW.3 | RSO D3H Tadmsuien STaaas 1U9A 0
00 = bank 0;Address 00H-07H
01 = bank 0;Address 0S8H-OFH
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i Foiia AN ANUNNNY
10 = bank 0;Address 10H-17H
11 = bank 0;Address 18H-1FH
PSW.2 ov D2H OverFlow Flag
PSW.1 5 DI1H Reserved
PSW.0 P DOH Even Parity Flag

A v d
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Fuiavs iiteikeusedan ez umenidifunesaeynsy Tasldled apc Aldilluwes

é =S H \ o/
PCF8591 Fafigauuumsifenaanuiia 1°C

ms1Sumuaznisaanves IC PCF8591

sunvudeyaimuateansaildnisdredaumy 7 ia deyaivvaneaased 4 Tauy

9 H ]
wiiluseamsaveseunsaidaniugiidmuamninguaa  FlFouliamnsmlaounlad’d
& w3y 1C PCF8s9l vxdiAmmify 1001, Yeya 3 dadant wilusweweansanglda

I3 9y Jd Jd 1 a '3 r 9 4 A A 9 9
annsaimua’ld nmearsauds dawudie LsB 1Flunisimuaidesmseiunievsuveya o

=2 9 Ay v =2 9 1= i
zﬂu 0 HUIYDNABINITIVIUUBY A msflu 1 ©UYDIABNINITDTIUYDYA

FoianIvun
o r 9 o 9 le) oyl v A o
nisnndedeyammuansamsandidesddoyanivauamlidis e muagw

auiiaved IC PCF8591 T1wazdaananindgili 3.5



51 35 nraswaziBoadeyanauaufidsuadlustmmesauaumeluled PCF8s9L

i) LSE
0 X X X 0 X x X CONTROL BYTE
T
A/D CHANNEL NUMBEF:

00 channel D
o1 channel 1
1 channel 2
11 channel 3

AUTOINCAEMENT FLAG:
[switched on if 1)

L ANALOGUE INPUT PROGAAMMING:

a0 Eour singie ended inpuls
AING mmem—————— charinel O
ANt ————— chanpal 1
AINZ channel 2
AN channei 3

01 Three differential inputs

AING
- channel 0
AINY
channel 1
i d

AlNZ
AIN3

channel 2

i Single ended and dillerential mixed

AIND ehanfel 0
AINT channel 1

AIN2 —p
¥ channel 2
AIN3 =

11 Two differential inputs

channel 0

AINT

g >—- channel 1
AIN3 =

b ANALOGUE QUTPUT ENABLE FLAG
{analogue output active if 1) TZE0A8)

N13814UBYADUNABZUIABNIN PCF85913ldwuduneudsne 114

1.
2:

dedy I Start

dadeyaimuaueaIas Tafidmuaueasaannsafmualdinnzdadeny IC
PCF85916%0 191 19 A0,A1,A2 TiaedmiTu 000 uazliieluTnuadsudeyn

#o LSB flnesmiilu <0” sz 18deyadmuaneaasmilu 10010000, w3eririy 90H

sedayan ACK ¥3983935UMIABUNNLIN IC PCF8591

24



25

[ @ v v a a d o 4
4. dedeyaniunu IC PCF8sIIAI0g 1T UABINISBUITARZUINDNIBINNA, fmualv
sunaeyuaenihnuluy Tnuadana, smualil¥nsewdeyanuuderiias uazisy

v 9
g1udeyannyesdi 1 9z lddeyanruguasil 01000101,

[

5. s@suUdy M ACK 910 PCF8591

[

aadya I Stop

[

f9dya I Start
9

a

9/ 9 9
dedouadmuaueamsasanss TasaseiidmualififiuTnuadwdeyadelsi LsB &

a

© =&

a

aednilu “1”

9. F95UdQY YU ACK 910 PCF8591

10. 81UAININVIBUNAYDIIIBUIAY ”ﬂujmu1mazu1aaﬂnﬂuﬁ§maﬂﬁmﬁ 1 TagTasunsuy
goofildluntasus

11. dadayayios MACK (Master ACK) ‘1189 PCF8591

12 a'mfhmﬂmﬁuvgmm’mmﬂmﬁmﬂgmazmaamﬂuﬁ%masﬁmﬁ 2

13. dadayaIon MACK (Master ACK) 11 PCF8591

14. a'mﬂ'ﬁnﬂeuﬁuwmmwﬂmﬂmﬁmﬂumazma@m‘f]uﬁ%ﬂaasﬁmﬁ 3

15. dedayana MACK (Master ACK) 1184 PCF8591

16. a'mﬂ'1mﬂmﬁummemwmﬂmﬁﬂmmazmaamﬁuﬁ%mm&mﬁ 4

17. s95udayn s ACK 910 PCF8591

18. a9 Stop

madaudeyalilineudasdanuntneatiluesuiaenves PCF8591
~ 3 (4 d"
flyuneuaAsl

y5ias

MNSaad I Start

g o

—

YR, ° 9 o = g A A P! a
2. devewaimuansaasalasldinululvuaisuyeyane Ua LSB uasan <07

U

@ [

3. J93UTYYIM ACK

v

4. dadeyaniuay 01000100, W50 44H l1/ds PCF8591

Q[ q

[ [

5. JesuanIM ACK

a

Y

[] [ Jd v oA 9 =] [ v
6. devoynlifueninaezinaen Taoafideesn lezdedinegsznin 0-255

a4

v o

7. J8suanIM ACK

o g

8. dadnyay M Stop

o
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3.5 EEPROM 2402

IC 241.C02 iy EEPROM 1w 2 Kbyte filimsfeansiuy I'C annsoaesiuiy
gilnseinuy I'c ou q IBumedyanugeatu ud hivwnsade 24.c02 Tumedyan
AIABINU 1W31Z 24LC02 fumisiinefiftesdmmiiafen fe dwmie 00H Tassadumeuen

pazudyanuuaaasgldmag

8-Pin PDIP
v/
AD L1 ROVCC
A1z 7OWP
NC O2 SO SCL
GHD 4 5[0 SDA

51lii3.6 aras Tassad e 1damves EEPROM 24L.C02

M151971 3.8 uaasd i aaz i myesv lu 24L.C02

CAGIE Yoyl 518021999
1 A0 VIMHUAR WU AD
2 Al PIMAUAR N UIAL
3 A2 PIMNUAR UL A2
4 Vss n3MA
5 SDA dganudeya I'C
6 sCl Ay auuIEn
7 WP wiilesiunisisu
8 Vee utlasgie il 5 Taand




o

wp
voo —b
@ND—»
scL START
BDA — LOBIC .
I SERIAL gy
CONTROL H.V. PUNP/TIMING
*- LOGIC
| Loap ,
4__. DEVICE | ConpP DATA REGOVERY
ADDRESS
COMPARATOR LOAD |ING
Ay AW DATA WORD ﬁ EEPROM
Ag % —* ADDR/COUNTER 5
Xy
Y DEGC BERIAL MUX
h
Din Dy #AGK
LOGIC

513.7 e Tasaardemalu EEOROM 24LC02

Device Addressing

Control Byte 921114 Byte 115n@99101# START Control Byte 921/52nBUAY Control

Code 4 bit vzegludiaf 7-4 24L.C028iANTIU1010 LinzABINDN 3 Bit s2iilu (82,81,B0) iluila

$9%/39n Bank veemieaws1 dadi 0 uda RW Inthil smuateulyn 21 VIUNSD

8 1udayaIn 24LCO2

1fo[1]e]o]|A]A rn
MSB LSB

5113.8 1aaIdn¥ULAT Device Address
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a Y}
Msautoya
= ¥ ' ° o a v A
nmﬂuﬂumagamiuﬂuaﬂmmfnwm24LC02am1snm'lé'Tﬂmmmnﬂmeu"lm Start
a ° ] £
yaza&as Control Byte 14 R/W 11 Control Byte 9zdasimuasiviilu o samsivoudeya
9/
v o v Y 4
aslumienrmswes 24Lcoz annsanisesn idiflunmsdoudeyanisas 1 lud nazns

9
Woudoynniaaz 1 Page

M3VautBYauvY Byte
a 9 4 A Pl 9 3 4 (] o
mseudeyanuulud  wfemssudeyanins 1 Tud aslumiisanusves
o d v H s
saLcor  awsanigTaeou Tsunsuldluiasneu Insamesduleuly  Strt Tiny
24LC02 11AZANA28 Control Byte 1a8fimuanA1 B2,B1,B0 11 Control Byte AUAR IS
wieaiidesnsoudeya daulia R'w wsgnamualifiiiu 0 nda91nds Control Byte
-7 L ~ Qs é ~ H -7 1
92 A89595UA LA ACKDI0 24LCO2 MUNALDBNUT ¥3UA ACK Aasundusenunazdiauiliu o
[ Yo Aa d' [ EY 9 v d o v v o P 9
nasniddudia ACK finsunsueenumds Idasludduniisvesniiignauiiniaeinis
) 9 = 4 @ n’l’ EY v A A o a
Weudeyasenlilen 1 lud ndsnniiuldseiuia ACK fluzpeundueenuuiluasin 0910
241002 ield3uiia ACK aeundueenuuds Iidemdeyaidesmyounsludumis
wiheawseenll tazsesudiia ACK 910 24LC02 a1 185Uiin ACK aeunauesn
9 9 1t d' é a a v
yudalidaseulums Stop tit@smannisnane
9 3 3 é A s sln' ¥ A' (=
Dduasulasuasuniieiliia ACK asunduesninliudeleu'ly Start 1nai an

9 v £
ﬂsauammmuﬁesmﬁu"lm

g w
T R B
A 1 T
R DEVIGE T FIRST SECOND e
T ADDRESS E  WORD ADDRESS WORD ADDRESS DATA P
| PR P EO e pesed £ | e alialsglas] AL R B B
sm\LmEIHIHD |*1' H
| [ | he] s B s et bl | il B e Bl o) el | B Roady [ el Beed |
M LARA M A L A A
8 §s/Cc 8 c 8§C G
B BWK B K B K K

51/ 3.9 @AY Timing Diagram veen3WouTeyANLY Byte



29

Mseudayauu Page
mssudioyauu Page wiemsitoudeyansans 1 Page mrf’lu 24L.C02 ummsmu
Poya’l3iflu Page Iﬁf]!lﬁ'ﬁu Page ansaifiudoya’ld 16 lud muumswaumauaﬂsm“
Page Aifemsdoudeyaniiaz 16 ludifuies
nm%w\’l’egaﬂ%&az Page %zmﬁ'auﬁ'umsﬁam’n’ayjaﬂig\aaz 1 'lud ezdesdadonly
Start 800 l1Aau ud2@1mA28 Control Byte WE9NTUT83U ACK 910 24LC02 ndann laen
ACK I sdmmiamieaawieen’ll nazsesudia ACK 91n 24LC02 Teszdsdoya
Yuddellaunsen 16 ud Taodeyatis 16 lud fn:gmﬁm’?mﬁu‘luﬁﬁaﬂmmﬁuéuﬁu%nwi
Fdwmiadignasesn’illu Byte Word Address wdandi 185uda ACK ndsnnddeyasen

3 o " A 4 a
Nalasutta 16 lud IWdsiia Stop tlesnidnnsilisudeya

8 w
iy R 8
) 1 T
] L FIRET BECON 0
T monsss E WORD ADDRESS (n) wonnmm DATA {n) ‘%\m(m W P
sm LM D—-U_-I lo I | |7 LT AT l [ B Tl ALY AP I I L (&) 1<1] 1 I T R by et i B | I D
LR A A L A AN A
870 8 [+] gC [+ C
B BWK B K BK K K
gﬂﬁ&lo #aAd Timing Diagram ﬂlmmi'éimi’l'agmmn Page
v v
NI 1UVeYA

9 9 .
Suasunssdeyazmifeutuiuneumsioudeyaszuandniuiin R/W 9

Y < & v w iy v
ABIPNITA ﬁ]u 1 mmmsmmaanymzmsmuﬁuaga‘lﬂ 3 Uy

nse1udeyaludmmiaileqiys (Current Address Read)
9 9y v
molu2aLcoeziidadumisvesniasau1 yaaseimded sl u24Lc02
3 4 o/ dy d' ' o v A ? 9 3 d'd = 9
Yuswesind szgaidsuamawesdwmisigndadi’ll uagnaasentinsdoudilu
24LC02 m'e]mumam’emnmﬂ24L002°lunmaw"lmﬂwmmammmmﬁu 1 ﬂﬂﬂaeﬁium
Fntunsemdeyalugumisilogiufenisemdeyanin 24.co2 o FumieRing
of #aamnsain 18 Taonsdaiden’lu Start aza W& Control Byte Tagrmualviida R/W i

v [ ;’,’ Y v A -4 :5 Yo A 9 9 v 9 Y
mﬁ‘lu 1 mamnuuimamm ACK ‘Hﬁ\i‘iﬂﬂ‘ﬂ]lﬂi‘l]‘ljﬁ ACK !!ﬁ’J(lﬁ’f)'lualJﬂQﬁﬂﬂ‘U@ﬂﬂM'l
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o ¢ R e L da s a s A ul
910 24LC02 91UU 1 "l‘lm naamnuu‘lnmm NO ACK #4nNADa90990 1 HasNoU 1

Stop 1Y 24LC02
s
T A 8
A E T
R DEVICE A o
T ADDRESS D P
1 | fo e P S
smunellll”b l_l
1 (sl M e o] B e
M LA A DATA
[ g§i C
B BEWEK

mO» Q2

q#3.11 nseudeyaludwmisilegiv

M50 1udayaNY YN (Random Read)

msondeyauuugueziunissumiam Address isgyfidumishdeamse Ta
k4

4
fitumeumssumdeyalumizeniudiasil

iy % 4
defouly Start itazaMIgI8 Control Byte TaglHia R/W iilu 0 uaz Work Address %9

_

] £ [l
Sudumisvesmisanusidesnsemdeya ndeniuldseduia ACK iielAsuiia

Y KR v F s X 9 o ) v o g A @ v
ACK U039491UU8099nlN 1 l|1‘1]13‘1 mrﬂu‘uagamnmmmtl’Jmeai ¥0g ﬂﬂ\iﬁ]"lﬂvlﬂﬂlﬂlm

“

9
asURe 8 dnudalidaiin NO ACK 1agdin Stop 1911 24L.C02

1at, 2nd WORD

ADDRESS n DEVICE

=12 »-a
a»m3o

DEVICE

>0

[ | 70—

o=

R
ADDRESS ~_E \
mmllll'lu:l*;l'l;/::: it o N BOEE0RE
8 7
w

DATA n
I

xO»
wE
AD»
Eth

AO»

511 3.12 18R Timing Diagram ¥8Ins8UdoyANDVAN

mse1udeyailud 19y (Sequential Read)
9/
assudeyalumizmnusmundwy  Tduseumssndeyaludduideniuiy
mseudeyauuugy wiandiinmsedeyanuuduzeudeyasenuuiios ludiRer ud

9
msewdeyanuudduszsudeyneenin X sunsensdeiia NO ACK naziia Stop oon 1
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9 s
v A4 v

2 g 1 9, z \ Q' 1 3 \
Fannasaniinseudeyasensin 24L.C02 11y AwesdIriaglu 24L.C02 azuMAUU 1 A1

k4 [] ]
mswaviudeyaiiemesmnldtuiludeyafiegaeiluddude o fusenld

R 8
E A A A T
DEVICE A G G [>; (s}
ADDRESS D K K K P
enlroted g | P PR e T R P | ERL BF B e, B ) j IS Rt 0D [ R ) Tl = ) o 1
8DA LINE '_I U

Sl i) S K [ K Y 5 B Bl T RS ol WY [0 (5 [ o e L] s L Jial| B0 (e e O i I

7.3 DATA n DATAn + 1 DATAn+2 DATAn+ 3

WK

AQ» O=

5 3.13 UerA3 Timing Diagram veamss mdoyanuud AL

3.6 Tuga LCD 1@ 16 AI8nYS 2 U53NALCD 16x2)

O ooooouunuoooooud O

LCD MODULE 16X2 LINE

®) ©)

51 3.14 naasgilsanazmaiaviTuga LCD HuuSnYsy

y 9 []
Tuga LCD 9un 16x2 TndelFaumsdu 14 vilimsdnuniAagiii 3.6 dmsune
v
suBgamIiIIuveIAnz VI
v 4
V@) :  @9nanIma
E4
V,,@12) : aeld@e+sv
vV, @3) : fundumaiuussduiediuanuduvesnsuaaiia
rRs @) : uvdunalFlunsusnsiiavesdeyaininmsdszusanaluymz
3,’ [ o & v Aaa o A 9 o v AaAa o
wfluidedmsuitames IR wiailudeyadmsuiTames DR
v 9 v v 9 v
Tagfiniidu <o deyandanszfiusids uadrwniiily <17 deyan
damziiudeyadmSunisuaas
RW @5 : funiifidenmssumsedoudeyadiuluga Lep duilu <07 dlu

mstmualfideudeya uaduiu <17 sudunsendeya
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o v o o o/ < a o
E@e : Sundmiuiudyaaiadduedaluga Lep Tihau

dq 9 ' 3 ' o ¢
D0-D7 7): T Idumeruvesdeyaszning LeD Augilnsaimenen

YUIA § A

3.7 MSN1HY89 PID

' v A s Ayy A
mihelsznanananildlulasaeulnsmes  Aildesnuuuiteniugunizuiunis
$UA19I0 1B1WTHA VB9 Process N9ziIMIAILANTINGS Buna YBUATBIAIVANNALZUD
w3eenrunuuazsinslszaanadeyn Input awTsunsungldinsesmunu 18 Tusunsy
v T 9 &y v 0 A o ¢ A
1% iazdsdoyaii lWnnnnannuveuniesnaunu il erina e lumivgunizuaunts
AINAM
v 9 v v
1o Bune veunTesmuguiiuesSudayan 4-20 mA 131910 Process TGEIGET
o = P A [ o 4 ] 4
Sudaana 05 vde Tasll 1C RCV420 RlFlumsnlasudyguainan muweImMHAves
4 z 1 Q 3 é o/
m?mmnﬂuuu%zmamumum'hjmuﬂluﬂszmumsmuﬁg’ﬂi’ﬂmﬂmﬂsaﬂ’i' a0
Jd A 9 A 3 [ @ 2 9 o A o
prinai I nnnsesmuguiiesiiudyananssdu 05 vde dsdeninslasudyy s
aeanarududaan 420 mA Tasl$ees V o I iethmsalasudyanaiiez lilaugu
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3.8 Main 1Jsunsuvan

Start

A

Define Port&Register

Set Baudrate&Interupt

Title Menu

<

Main Program

Show PID Value

Check Key

Setpoint

No

Check Key
KP

No

Check Key
K1

No

Check Key
KD

No

Loop Interupt

51 3.15 FLOW CHARTuaas lsunsundn

Title Menu

Enter Setpoint

Enter KP

Enter KI

Enter KD
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3.9 Tilsunsuges PID

Fluid Level (PV1)

Ratio

v

Fluid Level PV2)

l

e=SP-PV2

I SP-PV" | <e?

YES

NO

PID Compensated

}

Lookup Table

l¢

Control Valve

l

Fluid Level

511 3.16 FLOW CHARTHaas T1/sunsudes PID
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314 3.18 BAAINITLIUMIINBIATVAVITTAVYBUNDD
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unh 4

N1INAaddaSNaN1INAADN

Tagsmsiasouasesiaflflunsnanewdazaszuiunsfie n5zUIUMITIA0

NIAILANTEAVYDIVBAUNAT

MsNAasen 1
ammm‘sﬂmqunizmun1s§1ammuﬂmsﬁ'ﬁiﬂmim Computer HaZHAAINE

)
N1HN1N Computer

gilnsaiildlumamnanes
& v - : Y '
1. 1A593 Computer woulusunsw Visual Basic WIBNTIIABN I
2. 183APC- Interfacing With I°C Bus Microcontroller Application
3! ﬂ‘i%ﬂ’]uﬂTiﬁ1ﬂﬂﬂﬂ’)ﬂﬂﬂi$ﬁﬂﬂlﬂﬂﬂlﬂﬂ!ﬂﬁ?
TUABUN1INARDA
o d' v o 9 o 9 o o o
1. UuAI93 Computer @l’e]ﬂ"lﬂﬁﬂluﬂlu']iu!“lﬂﬂil!‘lﬂﬂUWﬂﬁ’l RS323 Uﬂiﬂuliljﬂi
1 g H v Q o Qv
aou Insames Nad 19T IFPUABNUNTLUIUNTTINDIAIUANIZAY

2 FMUARINIS NN TN ANAUNTZUIUNIS

SP = 50%
KP =4
KI =0
KD =5

3. qhnsnaassanTilsunsuTasld Tdsunsu Visual Basic ifluddunanisaindou

nilasasgii 4.1



w. PC-Inteifacing

£ Ve (e Mok
aly| o]
- Tank Level Control

51l 4.1 n3 it dnd SP=50%

o A v a o
Hamsasuamniiives

SP =75%
KP =2
Kl =0
KD =5

§ { 4 a J [ 1
naf 1donmslasunlassmnsiiinesuaasdagali 4.2
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w PC-Interfacing
Fle View Comm Mode
Az el =
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1 FEATURES

Single povier supply
Operating supply voltage 25 V1D 6 Y
» Low standby current

» Serial input/output via PC-bus

» Address by 3 hardware address pins 2 GENERAL DESCRIPTION

» Sampling rate given by PCbus speet The PCF8591 is asinglechip, single-supply low power

» 4 analog inputs programmable as single-snded or 8-bit CMOS data acnuisition device with four analog
differential inputs inputs, one analog output and a serial 2C-bus interface.

Three address pins £0, &1 and A2 are used for
programming the hardware address, allowing the use of
» Analog voltage range from Vss 10 Voo up to eight devices connected 1o the PC-bus without
On-chip track and hold circuit addiional hardware. &ddress, control and datate andfrom
the device are transfemad serially via the tuo-line
bidirectional PC-bus.

» Auto-incremented channel selection

» 8-bit successive approximation £/D conversion
Rultiplying DAC with one analog output.

The functions of the device incdude analog input
mulliplexing. en-chip track and hold function, 8-bit
2 APPLICATICNS analog-to-digital corwersion and an 8-bit digital-to-analog
» Closad loop control systems conversion. The maximum conversion rats is given by the
maximum speed of the 1°C-bus.

Low power converter for remote data acquisition
Battery operated equipment

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

4 ORDERING INFORMATION

TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
PCASEOMP DIP16 plastic dual in-line package; 16 leads {300 mil); 1ong body SOT38-1
PCARSOT S016 plastic small outline package; 16 leads; body width 7.5 mm S0OT162-1

1998 Jul 02
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6 PINNING

SYMBOL | PIN DESCRIPTICN

AIND 1

AlN1 2 analog inpts

AINZ 3 {AD converer) im0 [ U %] Voo
AIN3 4 C l_il NS
0 B AINT | 2

a1 3 hardware address amvz 3] 14] Ve
A2 7 an3 (2] 13] aGND
- = PCFA591

Vs g negative supply voltage 0 E .l—il EXT
SDa 9 I?C-bus data inputoutput

3 Al E 11§ OSC

SCL 10 | PC-bus clock input

0SC 11 [oscillator input/output az [7] 10] sct
EXT 12 |extemaliintemal switch for oscillator vss [e] Bk

input
TZBOESE. !

AGND 13 | analog ground

YREF 14 | voltage reference input

ADUT 15 | analog output {DVA converler) Fig.2 Pinning diagram.
Yoo 16 | positive supply voltage

1998 Jul 02
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7 FUNCTIONAL DESCRIPTION
7.1  Addressing

Each PCF8591 device inan IPC-bus systemis activated by
sending a valid address 1 the device. The adidress
consists of a fixed part and a programmable part.

The programmable part must be set according o the
address pins &0, A1 and A2. The addressalways has 1o
be sent as the first byte after the stant condition in the
C-bus protocol. The last bit of the address biple is the
readiwrite-bit which sets the diredtion of thefollowing data
transfer {see Figs 3, 15 and 16).

D[R [=5

Tixed part programr;atm car
Fig.2 Address byle.

JZapssd

1998 Jul 02

7.2  Control byte

The second byle sent o a PCFB591 device will be stored
in its control register and is required o control the device
function.

The uppernibble of the control register is used for enabling
the analog output, and for programming the analog inpuls
as single-ended or differential inputs. The lovaer nibble
seleds one of the analog input channels defined by the
upper nibble {see Fig.4). If the auto-increment flag is set
the channel numbser is incremented automnatically after
each A/D conversion.

If the aun-dncrement mode is desired in applications
whera tha intemal oscillator is used, the analog oulput
anable flag in the conirol byte ibit 6) should be set. This
allows the internal escillator 1o run continuously, theraby
preventing conversion ermrs resulting from osci llator
start-up delay. The analog output enable flag may be reset
at other fimes to reduce quiescent power consumplion.

The selection of a2 non-exising input channel resulisin the
highest available channel number being allocated.
Thersfora, if the auto-increment flag is set, the next
selected channel will be akvays channel D. The most
significant bits of both nibbles are reserved for fulure
functions and have 1o be sat 1o 0. Afler a Power-on reset
rondition all bits of the contnol register are reset 1o 0.

The D/& converterand the oscillator are disabled forpower
saving. Theanalog output is switched to a high-impadance
stale.
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L5B

CONTROL BYTE

T T >

L1_J—— A /D CHANNEL NUMBER:

00 channel D
Ot channel 1
10 channgl 2
11 channel 3

AUTOINCAREMENT FLAG:
{switched on if 1)

L ANALOGUE INPUT PROGRANMING:

ace  Four singie ended inpuls

AIND channel B
AN channel 1
AINZ channel 2
AIN3 channel 3

01  Three difterential inputs

ANG
‘_j>—— channel 0

AlNY =

channel 1
AJNZ

channel 2
Am rcsren &

10 Single ended gnd dillerential mixed

AIND ehannzl 0
AINT channel 1
AINZ >

T = channel 2
AIN3

1A Two cifferential mnputs

AIND i

channel O
AN ——1=
h‘Nz B it Fe

channal 1
AN =

ANALOGUE QUTPUT EMABLE FLAG

(analogue output active if 1) TZE0ASY

Fig.4 Control byle.
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7.3 DA conversion

The third byle sent to a PCF8591 device is stored inthe
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 o
the DAC output line {see Fig.5).

The analog oulput voltage is buffersd by an auto-zeroed
unity gain amplifier. This buffer amplifier may be swilched
on or off by satting the analog output enable flag of the
contmol register. In the active state the output vollage is
held until a further data biyte is sent.

The on-chip D/A converter is also used for successive
approximation A/D corwersion. In order o release the
DAC for an &/D conversion cycle the unity gain amplifier is
equippad with a track and hold circuit. This circuit holds the
output voltage while executing the A/D conversion.

The oulput voltage supplied to the analog output AOUTis
given by the formula shown in Fig 6. The waveformns ofa
Di& conversion sequence are shown in Fig.7.

VagF ———# DAC OUT
R256
L
R255 A
[¢— D7
lq—— DB
TAP ]
DECODER "
e [30
AGND
7280962

Fig5 DAC resistor divider chain.

1998 Jul 02
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LSE TZHOBE3

M
DAC data
(D?ID‘S‘DS}D"D!ID?!D?IDQ register

VaouTa

VRer ~VaGnD & i
& Vaour = Vaeno* — s % DixZ
oo+ : i=o

VREF T o

VagnpT—®

i 3 1 P I

L i
00 01 02 03 0 FE FF HEX CODE

Fin.é DAC data and DC conversion characlaristics.

14
PRDTOCOLi s l ADDRESS I o l A[ GCONTAOL BYTE ‘ ﬂ\i DATA BYTE 1 I Al DATABYTE 2 l AL

I
o W AT\ Y/ T\ [

Vaour
______________ PREVIOUS VALUE WALUE OF
HELD IN DAC DAT& BYTE 1
HIGH IMPEDANCE STATE OR REGISTER
PRAEVIOUS VALUE HELD IN DAC REGISTER
FTLACPES time

Fig.7 DA conversion sequence.
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7.4

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

A/D conversion

&n &/D conversion cycle is akvays started after sending a
valid read mode address 1o a PCF8591 device. The AD
conversion cycle is tiggenad at the trailing edge of the
acknowledge clock pulse and is executed while
transmitting the result of the previous conversion ises
Fig.8).

Once a conversion cycle is triggered an input voltage
sample of the selected channel is stored onthe chip and is
coreerled 1o the corresponding 8-bit binary code. Samples
picked up from differential inputs are convertad to an 8-bit
two's complement code {ses Figs 9 and 10).

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

The first byte transmittzd in a ead cycle contains the
conversion result code of the previous read cycle. After a
Povrer-on reset condition the first byle readis a
hexadecimal 80. The protocol of an I2C-bus read cycle is
shown in Chapter 8, Figs 15 and 16.

The maximum &/D conversion rate is given by the actual
spead of the FC-bus.

morocm[ s l ADDAESS ! 1 I A l DATA BYTE D

l A l CATABYTE 1 I A I DATABYTEZ l A i

R IRE O o R I PSS 1

[_ SAMPLING

L FZBOOSS
SAMPLING SAMPLING
ayTER

BYTE 1 BYTE3
CONVERSION CONVERSION CONVERSION
OF HYTE 1 QF BYTE 2 OF BYTE3

t i = 4 = ==
TRANSMISSION TRANSMISSION TAANSMISSION
OF PREVIDUSLY OF BYTE1 OF BYTE 2
CONVERTED BYTE

Fig.8 AD conversion sequence.

1998 Jul 02
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CP(%KE 1280366

FE+ _Vaer ~ VacnD
“Lse 758

031

3
¥ T

QL PN AR TS B S v Vacad
Vi sB

Fig.9 AD conversion charaderistics of single-ended inpuls.

HEX
CODE ITRCREF
774 — ¥
TET 7A7
L] ’
i
02 4
g14
: : a0 . G
28 ~1z7~===2 =1 Vo 1o 2 mv= 128 127 0y~ Van—
Wi Vise
+FE
& ]
! ~ Vaer ~ VagND
Visa ™ 756
T 81
- 480

Fig.10 AD conversion charadteristics of differential inputs.
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7.5 Reference voltage

For the D/A and A/D conversion either a slable external
voltage reference of the supply voltage has to be applied
10 the resistor divider ehain (pins ¥ger and AGND).

The AGND pin has to be connected to the system analod
ground and may have a DC ofi-set with reference 1o ¥ss.

A low frequency may be applied to the Vrer and AGHD
pins. This allows the vse of the DiA converler as a
one-cuadrant multiplier; see Chapter 15 and Fig.6.

The A/D converler may also be used as a one of two
quadrant analog divider. The analod input voltage is
divicked by the reference voltage. Theresull is converlad o
a binary code. Inthis applieation the userhas to keep the
relerence volage slable duiing the conversion cyele.

1998 Jul 02

12

7.6  Oscillator

An on-chip ossillalor generates the clock signal required
for the A/D conversion cyele and for refreshing the
auto-zeroed buffer ampiifier. ¥hen using this oscillator the
EXT pin has to be connected to ¥ss. Atthe 0SC pin the
oscillator frequency is available.

If the EXT pin is conneated to ¥pp the oscillator output
050 is switched 1o a high-impedanece stale allowing the:
user to feed an external clock signal to OSC.
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8 CHARACTERISTICS OF THE 12C-BUS

The 12C-bus is for bidirectional, byo-ine communication between different 1Cs or modules. The two lines are a sefial dala
line (SDA) and a serial elock fine (SCL). Both lines must be connected to a positive supply via a pull-up resistor. Data
Iransfer may be intialed only when 1he bus is nol busy.

8.1 Bittransfer

One data bit is transferred doring eachelock pulse. The data on 1he SDA line must remain stable durina the HIGH period
of the clock pulse as changes in the data line at this time will be interpreted as a control sianal.

I

| clala lins : change :

| slable; | of data |

| dalavdid | allwed | MECEZ T

Fig.11 Biltransfer.

8.2  Start and stop conditiens

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-0-LOW transition of the data line, while the
clock is HIGH, is clefined as the start eondition {S). A LOW-to-HIGH transition of the data line while the elock Is HIGH, is
defined as the slop condition (P).

e o oy
N T &

e —

START condilion STOP condition

QT

I
n
2

SCL

AECE2

Fig.12 Definition of START and STOP eondition.

1998 Jul 02 13
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8.3  System configuration

Adevice generaling a messaie is a transmitter’, a device receiving a message is 1he ‘receiver. The device thal conlols
the message is the ‘master’ and the devices which are controlled by the master are the ‘slaves’.

spA
o [ [ | |
MASTER SLAVE MASTER
TRAMSMITTER/ O e TRAHSMITTER/ SRS TRAHEMITTER!
RECEIVER . RECENMER RECEIVER

AR ASAS

Fig.123 System configuration.

54  Acknowlsdge

The number of dala bytes transferred between the start and stop condilions from fransmitler 1o receiver is not imited.
Each dala byle of 2ight bils is followed by one acknowledge bil. The acknowlegge bit is @ HIGH level put on the bus by
Ihe Iransmitler whereas the masler also generales an extra acknowledae related clock pulse. A slave receiver which is
addressed must generale an acknowledlge after the receplion of each byte. Also 2 masler must generale an
acknowledge afler the reception of each byle thal has been clocked oul of the slave Iransmitter. The device that
acknowledges has 1o pull down the SDA line during the acknowledie elock pulse, so that the SDA line is slable LOW
during the HIGH period of the acknowledge related clock pulse. A master receiver must signal an end of data 1o the
transmitter by not generating an acknowledge on the last byta that has been clocked out of the slave. In this event the
\ransmitter must leave the data line HIGH to enable the master to generate a stop condition.

r—

Ao J:\ ) A P I

T
| | not aclmowlec:b:-‘

DATA OUTPUT )

BY RECEWER | |
| l acknowledye

SCL FROM .
WASTER | | . < o8 8 2
I'EJ dack pulse for
O‘Z‘;';f.gn acknowledgament

MECSA2

Fig.14 Acknowledgement on the 12C-bus.

1998 Jul D2 14
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8.5  12C-bus protocol

After a stant eondition a valid hardware address has to be sent 1o a PCF8591 device. The readiwrile bit defines the
direction of the following single or mulliple byle data transfer. For the format and the timing of the start condition (2), the
stop conciition (P) and the acknowledge bit {A) refer to the 12C:-bus characteristics. In the write mode a dala transfer is
terminated by sending either a stop condiilion or the start condition of the next dala transfer.

Acknowledge Acknowledge Acknowledge
irom PCFa591 from PCFB591 from PCFB591
|
L ! -
5 ADDRESS B A CONTROL BYTE A DATA BYTE l A l P.S l
1 it

N=DloM
DATA BYTES N andes
Fig.15 Bus protocol for write mode, DA conversion.
Acknowledge Acknowlecge No acknowledge

1tom PCFBS91 Trom maste:

!

1 I A l DATA BYTE l A [ LAST DATA BYTE 1 1 l P-I

12806966
N=0to M

DATA BYTES

E & l ADDRESS

Fig.15 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

VoD supply voltage ipin 18) 0.5 ) v

) inpul voltage {any inpul) -0.5 Vpp 0.5 v

Iy DT inpul current - +10 mA

ln DC oulpul current - +20 mA

Ipp. Iss Yppor ¥ss current - +50 mA

Plat 1otal power dissipalion per package - 200 mw

Po power dissipation per output - 100 mw
Tamb operaling ambient lemperature —40 +35 C

Teig storage lemperature -65 +150 C

10 HANDLING

Inputs and outpuls are protectad against electiostalic discharge in normal handling. However, to be tolally safe, itis
desirable to take precautions appropriate o handling MOS devices. Advies can be found in Data Handbcok IC12 under
‘Handhing MOS8 Devices”.

1998 Jul 02 16
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11 DC CHARACTERISTICS
Ypp= 2.5V10 B Y, Vg = OV, Tamp = -40°C 10 +85 "C unless olherwise specified.

sYMBOL | PARAMETER CONDITIONS | mn | TYR MAX. | UNIT
Supply
Yoo supply vollage (operaling) 25 - 6.0 v
oo supply current
slandby W) = Vas O Wpp: No Ioad - 1 15 uA
operating, ADUT ofl fecp = 100 kHz - 125 250 uA
operaling, ADUT active fegL = 100 kHz - D45 1.0 mA
Vpor Power-on reset level note 1 0.8 = 2.0 v
Digital inputs/output: SCL, SDA, AD, A1, AZ
Wi LOW level input voltage 0 b 0.3x%pp |V
YIH HIGH Ievel input vollage 0.7 x¥p |- Yop Y
I leakage currenl
AD AT AZ V)= Vas 1o Vpp —250 - +250 N,
SCL, SDA V1= Vsslo Vpp -1 - +1 A
Ci input capacitonze - - 5 pF
loL LW level SDA oulput current [ VoL = 04 Y 3.0 - - ma
Reference voltags inputs
VREF reference vollage YREF > VagnD: nole 2 Ve + 15 |- Yoo Y
VaznD analog ground vokage YREF = Vagnp: hole 2 e - YVpp — 0.8 |V
I inpul leakage current =250 — +250 na.
_Rni inpul resislance pins VEFE na AGHD - 100 - k2
Oscillator: 3SC, EXT
Iy input I2akage current - - 250 né,
Tosc oscillator freduency 075 - 1.25 MHz
Notes

1. The poweron resel circuil resetsthe 12C-bus logic when Yppis less than ¥pog.
2. Afunther extension of the range is possible, if the following conditions are Tulfille<:

V +% . W +\V g
REF AGHD . 0.8V, ,"’DD . REF AGHND 0.4y

2 gl 7 =

1998 Jul 02 17
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12 D/ACHARACTERISTICS
Wpp = 5.0 Vi ¥gg = OV YRer = 5.0V Wagup = D V; R = 10 ki2; Cy = 100 pF; Tamp = —40 °C 10 +85 °C unless plhervise
specified.

sYmBoL | PARAMETER CONDITIONS [ mn | Tve | max | uwit
Analog output
Yoa output vollage no resistive load Vss - Yoo A4
RL =10 k2 Vs - 0.9« Vpp |V
o outpul leakage current ADUT disabled - - 250 nA
Accuracy
08, offsel error Tanb=25°C ~ — 50 my
I linearity error - - +1.5 LSB
Ga gJjain ermr no resistive load - - 1 %
lpac seltling time 1o 15 LSB full scale slep = = ) us
Ipac conversion rate - - 141 kHz
SNRR supply noise rejection ratio  |1= 100 Hz; - 40 - dB
Vpon= 0.1 % Vpp

13 AID CHARACTERISTICS
Vpp = 5.0V Ves = DV, ¥Rrer = 5.0V, Vagnp = 0V Rs = 10 KL Tamp = —40 °C 1o +85 °C unless olhenyise specified.

sYmBoL | PARAMETER CONDITIONS [ mn | 1vP | max UNIT

Analog inputs

Via analog input voltage Vas - Voo W

I analog inpul leakage current - - 100 nA

Cia analog input capacitance - 10 - pF

Cip differential input capacilance - 10 - pF

Vie single-ended vollage measuring range WaGHD - VREF W

Yo differential vollage {11193 Eu rjng ra IJI[J 2] NMes - +Veg '/
YFS = YREF ~ YAGND <77 7

Accuracy

08, offsel error Tanb=25°C - ' 20 mYy

I linearity ermor - - +1.5 LSB

Ga dain error - - 1 %

[E12 small-signal gain error AV = 16 LSB - - 3) %

CMRR common-mode rejection - 50 = dB

ratio

SNRR supply noise rejeclion ratio | 1= 100 Hz; - 40 - dB
Vpon= 0.1 Vpp

lapc conversion lime = = oD us

fapc sampling/oonversion rate - - 1A kHz

1998 Jul 02 18
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200 7Z8775 160 } ITP4737

Iop !' op X|
1A} J {0A)
150 : 1 120
1 = 7 | B (é
-40°%
100 dies » 80 I A,///
B e i ‘ “es9c
| .- 1 \ -
] + 279
50 . ] 40 g',l/
“ i ! ot
2 3 4 5 6 3 3
Vpg V) Voo IVl
ta) Internal osdlllator; Toms = 427 0. { b} External oscillator.

Fig.17 Opemling supply current as a function of supply voltage {analog output disablad).

7254728

= 500 : [ 1 500 : TZR4TIS
= : =] ‘
3 ¢ v o
~§ 400 ; g i

1 400
2 i {
i | i
3 ; 3 z
2 200 & acn ‘
< N : ' < i
o | = !

200 N - 5 /
i 200 + 7
{ ! /
00 1 ’
'\.\ [s1] t
e wmy el
o . 0 =
e o2 o4 o . oA B0 "0 o0 EO FO  FF
hex input coce hex input code
{a) Dulpul impedance nsar negalive power rail; T, =+27 °C. {b) Oulpul impedance near positive power rail; T,y = 427 °C.

The x-axis represents the hex input-cods equivalent of the oulput voltage.

Fig.12 Output impedance of analog output buffer (near power rails).
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14 AC CHARACTERISTICS

All timing values are valid wilhin the operaling supply ¥olkage and ambient lemperature range and reference 1o ¥y and

W with an input voltage swing of Vss to Ypp.

SYMBOL PARAMETER [ min | oTve | max | unm
2C-bus timing {see Fig.19; nole 1)
Tent SCL clock frequency - - 100 kHz
lep tolerable spike wich on bus - - 100 ns
teuF bus free time 4.7 - - us
leusTa START condition set-up lime 47 - - us
lHorsTA START condition hold time 40 - - us
low SCL LOW lime 47 - - us
IHEH SCL HIGH time 4.0 - - us
I SCL and SDA rise time - - 1.0 us
Iy SCL and SDA falltime - - 0.3 us
leupat data s&l-up time 250 - - ns
HDDaT data hold time 0 - B ns
bypDAT SCL LOW-o<ata oul v alid - - 34 us
_Lg_lﬁo STOP condition sel-up lime 40 - - us
Note

1. Acdetailed deseription of the 12C-bus speeilicalion, with applications. is given in brochure “7ha P-hus and how lo
use (7. This brochure may be ordenzi using the code 9398 392 40011,

Fig.19 2C-bustiming diagram; rise and fall times refer 1oy and V.

START BIT7 BT 6 BTG | ACKNOWLEDGE STOP
PROTOCOL CONDITION 1B {AB) LSB [y CONDITION
i9) {27 {RAT) iP)
'sisTa "vow  'HIGH &
q = SCL—
4 -
scL : / \ \
} § 1 i 1
Sy s
'BUF [+ 1y o2
o X ¥
SOA
t
HDsTA 'sirpat  'HD;DAT vopaT His 'susTO
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15 APPLICATION INFORMATION
Inputs must be connacted 10 Yss o Ypp when not in use. Analog inpuls may also be conneclad 1o AGND or VRer.

In order to prevent excessive ground and supply noise and 1o minimize cross-talk of the digital lo analog signal paths the
usar has 1o design the printed-cirzuit board layoul very carefully. Supply ines common 1o a PCFRED device and noisy
digital cireuits and ground loops should be avoided. Decoupling capacitors (=10 uF) are recommended for power supply
and reference vollage inpuls.

Voo Voo
VDD % 1 +m__'
W, Yoo
¢ i AIND AouT —Your
AT Vags
= AlNZ AGND —F *
pv AING EXT —] l
- - "o PCPESOT el
Al SCL
AZ SDA
Vss
r ]
V[in
V
AIND O aout F—Vour
AINT VREF
g—- ANZ AGND —§
vo v, §— AIN3 exT i Vo
Vpo— A6 PCF8s81 0OSC |— z
Al sCL
A2 SDA
Vsg
V?D
ANALOGUE GROUND
1 L MASTER
| DIGITAL GROUND R
+ ¥
2
|: O 12¢ BUS
Fig.20 Application diagram.
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16 PACKAGE OUTLINES
S0T38-1

DIP16: plastic dual in-line packags; 16 leads {300 mil); long body

|<a—s2aing planz

e

b

A i Y

pin 1index 1

i

|
[N = L S R R e e

1 8

0 5 10 mm
1KY, 1N, \ED 6

scale

DIMEHSICNS jinch dimensions are derived from the original mim dimensions)

unrr | A | A1 TR I Th Sy c | o [ e | e e e ||l e 2N
o |7 [om [ o |08 2 (28|20 [0 o 2 | 3 | B | B o= 22
s | o0 | aoae | o | o3 |00 | 0| 22 [ oo | o0 | 5 | 030 | o | o | oo
Note
1. Plaslic or metal prtrusions of 0.25 mm maximum per side are nolincluded.
VERSION IEC JEDE: =T HAJ PROJECTION | ISSUEDATE
SOT23-1 pE0G0 MO-D01AE .E_:_}@ e
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S016: plastic small cutline package: 16 leads; body width 7.5 mm S0T162-1
D : —&]
s o
AMANGREAT 4 )
o] Fl. e =]
—-12
18 [
fEH HAIH A A
¥
2

| : P

PN s N < s VST
>Pnlmdex * ¥R F*‘?D
¥ j r P
H ij tFLH b H s 15
B by
? ) ? \©.9) 7 1]0mm
scake

DIMEHSIONS jinch dimensions are derived from the eriginal mm dimensicns)
| o¥] Heylol

Ly 5] v W y zi

a3 by [~ -DtM

[I75T) ol sl - -4
020 | 245 043 | 632 | 105 | 78 | 1. | 1085 11| 11 09

mm | 265 | g0 | 558 | 025 | o35 [e25 | o | 74 | 127 [ 1000 M4 | aa | 10 | 05025 | O | o4 | g

— 1 a1 |0012| 0098 2012|0013 | 041 | 230 0410 5042 | 0.042 ooas| O°

inohes | 0.10 | oo | oee | ©91 | ama 0009 | 040 | 020 |50 | 5304 [ 2955 | nors |a.0m0 | 001 | 201 | 0O Joimg

Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are notincludsd.
DUTLIHE REFERENCES EUROPEAH
VERSION Eo JEDEC TN PROJECHON); | TLEDATE
B 050124
SOT16241 O75E03 MS-01384 == @ g
23
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17 SCLDERING
171

There is no soklering method that is ideal for all IZ
packages. Wave soldering is oflen preferred when
through-hole and surface mounted components are mixed
on one printed-circuit board. However, wave solerng is
nol always suitable for surface mounted ICs, or for
printed-circuils with high population densilies. In these
situations reflow soldering is often vsed.

Introduction

This 1ex1 gives avery brief insight1o a complex lechnology.
A more in=lepth account of soldering 1Cs can be found in
our “Data Handbook IC26; Integrated Clewtt Padkages”
jorder code 5392 652 9001 1).

172 DIP
1721

The maximum permissible temperature of the solder is
260 “C; solder al this lemperature must not be in contact
with the joint for more than & seconds. The tolal contact
time of successive solder waves must nol exceed

5 seconds.

SOLDERING BY DIPPING OR BY WAVE

The device may be mounted up 1o Ihe sealing plans, but
the temperature of the plastic body musl not exceed the
specified maximum storage temperalure (Tgg max)- he
printed-cireuit board has been pre-heated, foreed cooling
may be necessary immediately after soldering 1o keep the
temperatura within the permissible limil.

1722 REPAIRING SOLDERED JOINTS

Apply a low vollage soldering ion {less than 24 %) 1o the
leadis) of the package, below the seating plane or not
more than 2 mm above i. If the lemperature of the
soldering iron bit is le2ss than 300 °C it may remain in
contact for up 10 10 seconds. I the bit tlemperature is

between 300 and 400 °C, contact may be uplo 5 seconds.

17350
17321 REFLOW SOLDERING

Reflow solering techniques are suilable for all S0
packages.

Reflow soklering redquires solder paste (a suspension of
fine solder parlicles, flux and binding agent) 1o be applied
tothe printed-cireuit board by sereen printing, stencilling or
pressure-syringe dispensing before package placement.

1998 Jul 02

Several techniques exist for reflowing; for example,
thermal conduction by healed bell. Dwell limes vary
between 50 and 30D seconds depending on healing
method. Typical reflow temperatures range from
21510 250 °C.

Preheating is necessary 1o dry the paste and evaporale
the binding agent. Preheating duration: 45 minutes at
45°C.

17.3.2

Wave soldering techniques can be used for all SO

packages if the following conditions are observed:

o Adouble-wave {a turbulent wave with high vpward
pressure followed by a smoolh laminar wave) soldering
technigue should be used.

« The longitudinal axis of the packade foolprint must be
parallel 1o the solder flow.

» The package Toot print must incorporale solcler thisves al
the downstrzam end.

WAVE SOLDERING

During placzement and before sokdering, the package musl
bafized with a dioplel of adhesive. The adhesive can be
applied by sersen printing, pin ransfer or syringe
cispansing. The package can be soldered after the
adhesive is cursd.

Mazimum permissible sokler lemperaturs is 260 °C, and
maximum duration of packade immersion in solder is

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

6 seoconds. Typical chwell time is 4 seconds al 260 °C.

A mildly-activated flux Wil eliminate the need for removal
of corrosive residues in most applicalions.

17.3.3 REPAIRING SOLDERED JOINTS

Fix the component by first soldering two diagonally-
opposile end leads. Use only a low voltage soldering iron
ilessthan 24 V) applied tothe flal pan of the lead. Contact
lime musl be limied 1o 10 seconds al vp 1o 300 “C. When
using a dedicated lool, all other leads can be solderad in
one operalion within 2 1o 5 seconds behween

270 and 320 °C.
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18 DEFINITIONS

Data sheet status

Objective specification This data sheel contains target or goal specifications for product development.
Preliminary specificalion This elala sheel eontains preliminary dala; supplementary dala may be published later.
Product specification This dlata sheel contains final product specificalions.

Limiting values

Limiting values given are in accordance wilh the Absolule KMaximum Rating Syslem {IEC 134). Siress above one or
more of the limiling values may cause permanant damage 1o the device. These are siress rlings only and operation
of 1he device al these or al any other condilions above Those givenin the Characleristics seclions of the specificalion
is not impliecl. Exposure to limiling values for extended periocls may affect deviee reliability.

Application information
Where application informalion is given, it is advisory and does not form part of the specification.

19 LIFE SUPPORT APPLICATIONS

Thesa poducts are not designed for usein lile supponl appliances, devices, or systems where malfunction of thess
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so al their own risk and agres 1o fully indemnify Philips for any damages resulting from such
improper use or sale.

20 PURCHASE OF PHILIPS BC CCMPONENTS

Purchase of Philips 125 componenls conveys a license under the Philips I2C patentio use lhe
componenls in the 12C system provided Ihe system conformns 1o the 12 spesificalion defined by
Philips. This specification can be ordered using The code 5398 353 40011,
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Programming a 24LC00 EEPROM using the EZ-USB 12C Port

Introduction

The Cypress EZ-USB family contains a general-purpose 1?c
interfacs through which the 8051 accesses standard 12C de-
vices oconnected 1o the SCL and SDA pins. In normal opera-
lion, a small EEPROK connectedd to the BC port suppliss
vendor-specific ID information to the operaling syslem 1o en-
able it 1o Ibad the proper software driver associaled with the
device. These ID lags, called Yendor 1D (VID), Product ID
{PID), and Devios 1D (DID), occupy he fist seven byles of the
EEPROM, as shown in Tabie ¢ below.

Table 1. Contents of 18-byte 24LC00 EEPRCM

EEPROM Address Value

0 DxBD

VIDIL)

VID{H)

PIDiL)

PID{H)

DID{L)y

DID{H}

~N| A=W =

available

The EZ-LJSB chip uses the oonstanl DxBO in the first bie lo
idenlify the subsequent byles as VID/PIDDID information.

An excellent choice for the EEPROM is the Kicrochip
241.C0D-OT, a 16-byle serial EEPRGM in a 5-lead SOT-23
package. This device is similar 10 the widely available 24 se-
ries of EEPROMS such as the 24LC 01 {128 byles) and the
24LC02. The "LC" designation denoles lv-wollage operalion
{2.5-6 D volts) making the part ideal for a 3.3V USB periph-
eral. At this writing the Microchip 24LC00 is the only version
available in the very small SOT-23 package.

The Microchip 24LC00 is used on lhe Cypress EZ-USB De-
velopment Board. It is prowided in an 8-pin socketed DIP
package so thal other EEPROM types may be plugged in for
sludy and debugging.

Two sublle differences belween the 24LC0D and the other
EEPROMS in the family {lack of address pins and lack of
*page wrike’) are mentioned in this note. This note concludes
with a set of gensral-purposs 8051 subroutines that perform
byle reads and wriles 1o the 24LC0D on the EZ-USE Devel-
opment Board. The roulines assume the lowesl common
funclionality in the 24LC family, making them usable for any
of the family devices (00, '01, and 'D2).

EEPROM Details

The 24L.C00 responds to the 12C slave address 1010xxxd,
whenz "t is the direction bit (d=1 for read, d=0 for write). The
s indicates that the device responds to all eight slave ad-

Cypress Semiconductor Corporation  *

3901 North First Street  «

dresses between 1010 000 and 1010 111. This is due to the
facd that the 24LC00 lacks the A[2..0] pins found on the
24LC01 and 24LC02 devioes.

The 24LC0O0 contains an internal address counter that must
be wiilten before reading or writing an EEPROM byle. This
address counler aulomatically incremenls for sequential
EEPROM byle reads, bul it doss notincrement for sequential
byle wrilzs. This is the major difference between the 24LC00
and the 24LC01/02 devices. The 24LCD1/02 devices also
have a “page write” mechanism lhal allovws loading eight
byles al alime, where each load automatically increments the
internal address counter. By wriling the exampls routines 1o
explicilly write an address before each EEPROM byle vrite,
the code is compatiblz wilh all three parl lypes.

Although the 24LC series is called ‘eleclrically erasable”,
there is no explicit erase operation. Writing a byle: firsl erases
lhe byte, then reprograms it.

An EEPROM write operation consists of sending the byles
shown in Tebie 2 1o the 24LC00.

Table 2. 24LC00 Write Operation

Byte Valua Meaning
1 10100000 Command byle—Wrile
2 DD aaaa EEPROM address 1o wrilte
2 Dedddeldel Data 1o wiite

An 12C START condition precedes the first byte, and a STOP
eondilion Bllows the final byte. The STOP condilion iniiales
lhe emaseferile cycle, which lakes a maximum of 4 millisec-
onds o complete in the 24LC00.

The 8051 checks for completion of an emsefwrile cyde by
repealedly sending “byle vaile” commands ibyle 1 in Tebe 2)
1o the EEPROM, and checking the ACK bit. During 1he
EEPROM programming cycle the EEPROM responds with
ACK=D {not acknowAedge) onihe 12C bus. When the program-
ming cycle is plete it responds with ACK=1 {acknowl-
edge) on the I°C bus. (These wo conditions are shown in
Figure 3.y Note thal the PC bus polarities are the opposite
sense of the ACK bil in the 12ZCS regisler {12C5.1), so the
8051 poliing moutine wails while 12€5.1=0 and exils when
12CS:1=1.

12C Data Transfers

The 8051 communicales with the 12C bus using ko registers,
shown belov:

CA 95134 -+ 4089432600

Febmary 2, 2000

San Jose

0
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12cs 12C Control and Status TFAS
b7 b& b5 bd b3 b2 b1 b
START STOP LASTRD D1 D0 BERR ACK DONE
RIW R RAAY R R R R R
0 0 1] b4 X 1] 1} 1]
12DAT EC Data TFAG
b7 b5 bs bd 3 b2 b1 b
D7 D6 D5 D4 D2 D2 D1 D2
R/ R RAN W R/Y R R AN
X % x X X x X X
The 8051 initiales a transfer by seling the START bit 1D1-1D0
(12C.5.7), and then wiiting a command bifle o the ZDAT reg- These bils. which indicale the EEPROM type ¢
A Al % e } e . e the ype delected by the
isker. When the C contmoller is ready, the 8051 then wiites or EZUSB PC bofMegiemay be safely ignored for hese ex-

reads datalo/iom 12DAT. Finally, the 8051 sels the STOP bil
to terminale the lransaclion.

The 12CS register bils operale as bllows:
DONE

When the 8051 intiales an 1°C transfer, the DONE bit
(12C5.0) goes LOW, and relurns HIGH when the transker
compleles and the EZ-USB 12C contmller is ready. The DONE
bil is automatically cleared when the 8051 reads or wriles
IZDAT.

STOP

The 8051 terminates an BC transfer by setting STOP=1. This
bit slays HIGH until the I2C controller finishes sending the
STOP condition on the I°C bus, at which time it clears the
STOP bil. Completion of the STOP condition on the 12C bus
has no effect on the DONE bit.

For an C read operalion, the 8051 musl read the last data
byle from 1ZDAT belore the STOP conelition compleles {vithin
about 11 microseconds). Therzfore the 8051 code should
read 1he 12DAT register immedialsly alter selting_the STOP
bil. It is therefore geod practics 1o begin every PC transter
rouling with a chedk for STOP=0, indicaling that any previous
STOP eondition has completed and the 1°C contreller is “lis-
t=ning.”

LasIRD

The 8051 sels the LASTRD bit {12CS.5) before clocking inthe
last byte in a read operalion. This insirucls the EZ-USB e
coniroller not 1o generale an ACK for the last transfer. The
lack of an ACK from the BC masier ithe EZ-USB 12C control-
ler signals the PC peripheral to stop sending.

ACK BERR

ARer every ransfer (when DONE goes HIGH), two slatus bits
indicale if 1he transfer was acknovdedged (ACK, 12CS.1) and
ilanolher I2C device interfensd by driving 1he bus at the same
time as the EZ-USB contmller (BERR, 1225 .2). The example
oode checks the ACK bil for completion of an erase/program
cycle. For simplicity, and because no Other 1°C device is
present on the EZ-USB Dewelopment board, the example
oode does not chedk the BERR bit.

amples. For reference, Chapler 4 of the EZ-USB Technical
Reference Manual describes the meaning of these read-only
bits.

Code Description

The eode listing at the end of this nole contains several sub-

moulines:

1. Reset EEPROM address to 0000 (‘reset_address’, line
218).

2. Readfirst eight byles fromihe EEPROR {‘read8 _eaprom’,

line 63). The 8051 code stores these byles in internal reg-
isters at Dx80-0x87.

3. 'Wiile the sixteen EEPROM byles wilh the data in 8051
inlernal registers al Ox80-Dx8F {'wrile16_eseprom’, line
125).

4. Testthe above routines (test’, line 39), as bllows. Call{1)
o reset the EEPROM address pointer to zero, call routine
2) 1o read the first eight EEPROM byles inlo Dx80-0x37,
fill 1he eight byles at Dx88-Dx8F vilh Ihe values
8,7.6.54,2,2.1, and finally call {3) 1o write the EEPROM
using the sixtzen byles al Dx80-Ox&F.

The result is an EEPROM that conlains the first eight bytes
previousty stored inthe EEPROM. and the count 8->1 in the
last eight byles. It should be easy 1o modify the example tes!
routing o write any desired data.

Pregramming the LastRD Bit

The LasIRD bitin I2ZC 5.5 instrucls 1he EZ-UJSB 12C conroller
1o floatthe SDA line at "ACK time ithe ninth SCL of the byle
Iransfer) o aler the slave (EEPROR) 1o slop sending. Look-
ing at the oode | it may appear thal the LastRD bil is aclually
set two byles before the lasl transker, since the oode se-
fquencs 1o read eight bytes is as bllows:

1. Perform a dummy read of 12DAT 1o send out the first nine
SCL pulses which clock the first byle into the 1ZDAT
register.

2. Read the first six bytes from IZDAT.
3. Sel the LastRD hit.
4. Read the seventh byte from I2DATL
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O —wm

sor PP VPP PRPEERT

=1

&l
L

s [T

Readbye 8in 2DAT, which
inilales nexd 9 SCL pulses.

i

1

[
Read byle 7 in I2DAT, which Rzad bytz &
inifiales next 8 SCL pulses in I2DAT

Sel LasiRD=1

Figure 1. The 8051 Sats LastRD=1 Bafors Reading the Second-to-last byte frem 12DAT

5. Read the eighth byle from 2ZDAT.
6. Set STOP=1.

The reason the LasiRD is s&t o one before reading the sev-
enth, and not the eighth byle, is thal the 8051 musl set
LastRD=1 before the last nine clock pulsss are sent oul by
the EZ-USB oontroller. Therefore LasiRD must be set 1o 1
before the 8051 reads [2DAT 1o relrieve the second-lo-lasl
byle ibyle 7). This is illustraled in Figue 1.

Waveforms

Figure 2 Mlusirates the sixle=n EEPROH byle wrils opera-
lions. Trace 2 is the port pin PORTA.D, which is programmeid
10 be HI while a write cycle is in poogress (sel HI in lings
174-176, and LD in lines 128-200). The sixleen byle wrile
times can clearly be s=en in trace 2. Mole that the 16-bye
write takes less than 40 miliseconds. Figwe 3 (nex] page)
shows the same dala magnifizd to show the last wrile com-

mand bite that relurns a non-AC K (EEPROR still busy wril-
ing)) followed by the command byle that returns ACK 1o indi-
cale thal the write cycle has finished.

The 8051 sends the command byte “10100000" in both Irans-
fers in Figure 3. Inthe first transfer the 24LC00 sends ACK=1
inot-acknowdedge) 1o indicate that a wrile cycle is slill in
progress. In the second transfer it sends ACK=0D {acknow-
edge) to indicals that the wrile cycle has completed and an-
other byl= can be erasedivriti=n.

Ang L/ Mg U )P = B0

i

12 .50 5,008, Sngl¥Di STOP

Trace 0: SDA, Trace 1: SCL

Trace 2: PORTA.U-HI while waiting for EEPROM write cycle 1o complete.

Figure 2. Scope Traces for Listing A
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=7 CYPRESS o e e
(o e PG g1 £ 17.2% 25.08~ snsuun_ STOP
' : i g ACK=HI : : ACK=LD

1

Tracc 0: SDA. Tracc 1: SCL
Trace 2: PORTA.0-HI while waiting for EEPROM cycle to complete

J

Figure 3. Two Command Bytes Indicate ‘busy’ and “dene’.





