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Abstract
This Project is used to control the electric device in the office via computer network by
using, embedded network controller, Ethernet /0. This system is comfortable for user to turn on or turmn

off the electronic devices remotely and in local area network.
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1 a = - o
3. wiwanuhideyausumeluiivuie 1 Alalus

62550



18

4. munsallsunsudoyavwinaslunisenanudi Tdsunsuunnluans wiely
32U (ISP : In-system programming)

5. AnuddyuEmgege 33 MHz Tumdhihnudedyguundnnelu 12 gn
a8 uny¥u lwhanaz 20 MHz Tunsdlaudedyguudniniolu 6 gndsi

¥
v#u laifia PROCSIRD2BN  Idsumsdinualdiisnuiiosdulu Ivuadayaiu
a 1 ~ = =] E < o = ' =)
w1 12 gn Avuusiu lwda mansodonaouiiu 6 fyananndnmdonyriu
lwfa’ld Taviannsoulaoundulunduunla
- 4 = , & a

6. vwoia 8 Un 4 wosa unUNIRANII (quisi-bifirectional) 11 1d e uyauoy

191N
o = o o o i o

7. gilnssimesdasannlulyTnsneulnsmaadmuisohianiudonrimis 12
dyanuudnidanustu lada ldminddigsedinudiennuii 6 daygiu
wiimns luaeuuaiu lniaduquandafmiu@ud i lwes PSOCSIRD2BN
5! : g o

8. Inesdemsoynyununyaginand

9. Tnwasinmivuuia 16 dn 3 &1 ( Inwed 0,1uaz 2)

&
10. T3Samasdrddwniadayania DPTR 2 72
o 1 g a a S g

1. auninTadiuunanuidadumeisudla 7 Usznn

12. fimuadudAgusinsrouaoIduwesTUA 1A 4 sy

13. mnsofadomianuiinieusnldgage 64 flalud
5] o' o

14. Treadaonlnues

15. WTuga9niuTsunsula (PCA-Programmable Counter Array) 413392903
A7 UF Yo (capture) 113 bUiNBUT YU ( Compare) 29V VOAAFURIIATIY

¥ e L .
AIIHAT (PWM) HAZIAY 1NLDT (watchdog timer)

2.8 naftomrdeyorumedneynsu veslulnineuninined Mcs-s1 fulsuntuan c

» 1
Twyniniueuemi@uuTsunsuniy ¢ rineld luTasaeuTniaiass MCS-51 Anaofy

o

- X v 4o 4 ] 3 ¥
asuRuAedIunInasaoynsu aelululasneulnyaed MCS-51 oo sdeyaldnsy

pazdalunanfendu niehFenuilunuugagmdnd (Full Duplex) Tauldui 3.0 wndhisu

¥

4030 (RxD) uaz1 P3.1 imTiidadoya (TxD) giluuumsdeansdeyaszdeadydunudoifusia

T

a Suilsznovdaedasiiuminionendeyaniedasuaa Nivaudrate) Taisudu (Start bin) findoya

»
(data bit), TAATIVADUNITA (Parity bot) wazTarya (Stop bit)
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2.8.1 Smaeshimerdodlunademsdoynoyniu

28.1.1 FRamedniugumsticiuvesneineyniunio SCON ( Serial port Control

Register)
a7 19 6 i@ 5 a4 1in 3 19 2 i 1 1A 0
SMO/FE SM1 SM2 REN | TB8 RBS Tl RI

~ - A 1 I Ed
717 2.8 namatiamsireudovod lulnsnouTnsaaos

1. SMO/FE { Serial port mode bit 0/Framing error bit) :
Undez i wiude sMI s mua Tnuanisiinuusawesaeynsy Msiddediatioz

P 4 < i a - s & s A o ot
ety ldfaaiialimsmaosia SMOD F9A0 1in 6 w93 3MAds PCON lunsaiilennuaiuiio

b d
oA oA

s . 3 9 Y a o a -éw o) o o oM
agnduanudanmaveunsudoya Tatlez 1Fudinnuiafifedu Tavazaaiu <17 vuiide
] ' @ = G 5 LY o 9 = )
wu hignseamedudanganiodaafivvesdoyavoinasnayninld msduueida
» >
anumusoin 1alavnisimaiin sSMod  1uimwod PCON miTmiuvitatidninsziima
o d ::
FoWaLITINILTU
2. SMI (Serial port mode bit 1)
14390iuda sMo lumissmua TnuamsiouvesnesaoynsululuTasnouInsames

P8OCS5IRD2 Aasazidundal1lil

o

SMO SM1 Tnua i"lUfIﬁl.aUﬂ DRI TUaR

0 0 0 N PO G anuddyaaIRn /6

(JuTnua 6 lwRadygronnidn

0 1 | UART 8 i Usunla

0 0 2 UART 9 iin AMAF g IMUIRN32

(uTvua 6 lwiadyanonnini)

I 1 3 UART 9 a1 Usum'la

d'i ] o
A13149 2.10 uand Tvuanmsweudowe 1 lu InsnouInsaaos
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3. SM2 (Serial port mode bit 2) :
¥ o “ ar - 1w wa A o 4 1
1lumsiwadannuansanisiviueswsalunsdadedn Tulia idelinigifouna
ul'I I 4 o W ue[ & Clylllvﬁlé‘l ¢
ulasaguinsamaivawainionu lasanummsatisz1slandedioasaswaiaoynsuues
TulasnouTnsamosiamiuinum 2 wie 3 Hrila sm2dh 17 fia r1 vzl hunddayadnd
da [ a 1y ¥ Ao oW a Ry a
9 Asudhundlu «1> Fundadr sunsodade lduazdoyaiisudinde a1 veawsaiidonsinse
] _
A
o o o r ] = i = 1
TunsaiinesnaynsuitauegluTuua 1 A1ia sM2 1m0 9a r1 02 lin/Aountlasaundy
Y = A = v 3/ A4 v g o Ay a 1w
wlaiudeyaliongavsodnlano uazdoyait Idvezilutayauonmsafidoansfndefe
TunsdinnsswesnoynsusiauIulnua o a sM2 il «o-
4, REN  (Receiverd enable bit)

ar

d o o = Y
Idoweifianwaunselunniudoyavensoswesaoynsy <1" Bueidiamssudoya

L)
14

a a o A Lo a
“0” Amaamsiutaya mannsemios inlidoanssiidwnizuiunsma aomnas

5. TBS8( Transmit data bit 8)

b

a = - a 4 a g
THiiudeyaila 8 nieiiad 9 idasnmsesnmenainoynsy WosialuTnua 2uaz 3

6. RB8 (Receive data bit 8)

a o A

Mifiudioyaiin 8 vostayatisuduveamesnoynsmioiamlulvum 2 uaz 3 TuTnua

U

=

L] ) i dy g 8 =3 ¥
t thiia sM2 = 0 Yayavoadiaugaszidu et Lildaudiadluinue o
7. TI{ Transmit interrupt flag) :
JaumaamsifindunesssilanamsdsdoyasennimesaeynsuionauluTvun o a
A A A P . A oA 1Y g & e A A A &y
tiszmialnidedoyada 7 v da 8 sanTl uadvhautuTvuadu daihvzsaiedinigsudy
14

- A da a8 o ¥ o o
ﬂQUﬂHQﬂﬁﬁﬂUﬂﬂﬂﬂ1U ﬂ?ﬁlﬂﬁﬂﬁﬂﬂuﬂﬂﬂﬂix‘ﬂ1ﬂ'3ﬂﬂ'§$ﬂ'Juﬂ'}'iﬂ'lﬂ"ﬁﬂﬂﬂll']'j

8. RI{(Receive interrupt flag) :

d A Qs

= LS o o 4 4 9
Tauaaamaiindumessdiloaninnisfudoyadiuveanesasyniy ioiiamly
a o A o @ a A s o ] 4 V¥ o 3 4w A
Tnwa 0 datiszsdioivdoyaiin 7 nSedaii 8 wiveuysel nadrhoululnuady datlaziae
diamistadlaieduiull1das e ueavninfimusatiafidaliGoulvidmua Tasda sM25uda0
o ga Ay o ¥ s
msndus datidoansedhidronszuaumsmaaeviangs
TouduIngjudaninazasniups SCON fail
o a [ ¥ 1 el
SCON = 0x40 : =2 woiaeynsuiinuluTiua | aunsodstoyaldasiaudon
o o 13 Qs 3
SCON = 0x50 ; =2 wesmeynsuhamlulnua 1| musadedoyanasiv’ld
- o o o
2.8.2 mavenldauntunin C AasefuneineyninveslulnineuTninined Msc-s1
2.8.21 madeuldunsuwuasereuiinuvan

add‘ = 1 i o o ] & 1
HinlA Tilsunsums waeuiiauraniifisadeosfums sudedoya 18



- = o g Y [ .o o ¥ VoA oy
1. U9 RI 1‘1Ju°]J¢]°ﬂi“lfﬂ‘iTH]ET'[‘J‘]Jﬂ'I‘j'51JﬂJ@1JmﬁﬁJ']1ﬂT]WW'f]5ﬂ 171 RI="1" ¥uA1uNUUDUa

u

| daa o

i a ¥ E o ¥ o _ o u ¥ ¥
Wimweiaeynsuud uazdoyagninuednsiames SBUF didesmstiidayallidaudes
a da - o ' o { o =
wavsiauran R Tasouiids ; udremdoyanin SBUF wuiy il idesms
- d & gy o ¥ ¥ S v
2. Ia 11 dudailiasieasumssudeyatumianeda 171 = «1" mwennud
3/ =4 9] : o = = o QlJ
doyar TudeoanimesmoyniuSoudoond ndamiuiinsmioiTaudan T d1d10i1da
4 | o 1 ' - ~1
TL=0; Womsounmonlumsddayaluddely Taelumsdadoyaosminvzdosdvudoya

s

T¥A1USSames SBUF
- adAa Y Ady 1o W " ) o '
Moy TUsinsuTdidead ududounsmmnziuaniavestoyadmonliinn
dasr g o
2.8.2.2 Wpulsunsulaaldduine s51a
d'l o o Y Qi = o o I 3 - o []
dlasanlumsmanuveswesaoynsvamusoad udygiudunei a8 Taoddunia

a o oS b W . T d ¥ - a a da | o
aummsﬂnnmmag“lusmn 4 (lnterrupt 4} UAIZHUDANNLANUDUATIN ﬂTil,ﬂﬂ'ﬂl.lLW'O'iiﬂﬂﬂJ'EN

o a a A a o A a A 1w o
‘Wﬂi’ﬂﬂﬂﬂ'ﬁ‘ﬂ'ﬂﬁﬂxlﬂﬂ'ﬂ]ﬂﬂﬁl“]]’ﬂﬂﬂuﬂﬁﬂ Rl manmsm‘uaya HID 1IPUE TI lﬂJ'E'JﬁN‘Uﬂlﬂlﬂ 1 I‘].llﬂ

w T
=] a Y =

=] : gy ¥ 4 o : ar o - o a o o w A g [
widunle Fadeurania 2 drflagvimihfuuranveinsdmes sUaludiay 4 viud Judiu

¥
o ar 2 A

= - o ar : o oA o o
"IJ'ENIﬂ'ﬂlﬂiuﬂ?ﬂTﬁﬂum'ﬂi'i‘lJ@]uu‘i]&ﬁﬂﬂQllﬂTﬁﬂﬁ'JTIET'BU’UBWHNE‘IT'WN 2 auauNn auwmes 51]ﬁ

¥
ar a

= ,; = ar ‘ = o o :: 3 -a'l Y A 4 a P}
naAUINNSRvoIlaunana 1 la onuRimsimdssudandaiude e IiaSoundousunse

dedoyaluniane

2.9 szuuife /°C

I*C oW1 Inter-IC Communication ¥iu8e msdadodoa1sszniialed Tavtia
e 1#sumsianiulas #3Ud (philips) #r09asamiandnde doanis1ilednse Tuga
awsedade Faam uazasuquniolumodynafoaroudy Wunilsieaodoya Sniduniis
fio mudggannimaldlunisdmuniongmsihn msdosuiuvesgunsaiudazdrvuiu
wiownAuld drumssmuanonasanledwntsdmivdadegunsaludazdy wldsviadoya
ua:m'sﬁmuﬂﬁmaznaﬁﬂﬁwmmmﬁﬂumqalﬂsnfmiaxﬁa

mwdeyauiin 12C iFodunadrudiuniamsi mudoyaoynsunie SDA (Serial Data
line) Aumedy g uIRNITFeG T modyaesnfinoynsunie SCL (Serial Clock line) T
msa%’muﬁa"lﬂﬁﬂsﬁUﬂmuﬁ’momumﬁ"mmﬁ @10 SDA WAy SCL

29.1 qamuiRTauiivestie /7C

v SDA uny SCL fumodyg e 2 firna (bi-direction line) Aplimsmod @ umiuna
Swuussdu s Toadldnnoanar Welimelinniuzasdngaluvaziliinsandeldo b
Pawlumsfosiudggmsunuiteniid i lumodyguimes wsenin woagUninifide
aguuia 7°C Fesdidnsuziuinisnimile (open-drain) H3oneaimaasiila (open-collector)

dasimstwmaadoyavutia /°C gade 100 AlafindeduriluTnumlnduazqaia 400

AlafiadodnfiluTnuna nudogegilnsaifdeswegunia 7°C  sxdeafisinnugiisiui
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ifiodiuszviaatu SDA uaz SCL Titfiu 400 pF misihilsgunseluie 12C 1ddeyadimiuns

19154 2 F1AD 7 119 (7-bit addressing ) W30 10 11a (10-bit addressing)

2.9.2 inmsveavn /°C

4

i 7°C  dsznovdasmodgygin 21dufo SDA  uax SCL gulnTein

1 1

AW IV

oy v P oE Yy a o - o A g vwaw '
ffn.l"l'iﬂll"l?]UWﬂﬂJWU ﬂ\juuﬂﬂﬁ'ﬂﬁﬂﬂ"ﬁn1ﬁuﬂEﬂllﬂﬂﬂ]@@ﬂ’]i‘ﬂﬂ‘ﬂalluﬂﬂ lWﬂlﬂH]‘D’Tlu'ﬂi’lU’ﬂﬂW

o - R s o H e w A w1 4y A = o ¥ o

i gilnsalladanaiuey uasginsaidmiladudrfuniedads aellilszveoBuudnvay wihd
= Pad 1 1 ar 4 ' = o ar S

uastinwvoaginsaindaguuiia 1°C wedludoanasieusiuwmsiiauveania 72C as'td

P A VI VR -y a e .
gUnsaindludaiisvoyaniodedoya iTund1 4283 (ransmitter)

¥
rel o oo a1

sd g o ' R @ \ o
qﬂmmmﬂuﬁsu%gm N1 A5 (receiver) QUnsHi vt 72C musmiulavade

G

@ []

@ a Y =1 1o 3 , 4. = as
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[ ¥
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msdoyanessny1doya 13 o Idinansnlasundadtiu@ane Tazdu dayoie
6; = -3 ¥ ar of| o
ffadues AT umsulassrumnoiudyanunuguuny
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o = ° o 3
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4 [} = 9 ar ~ v w o as - |
weraoldms@ouTlsunsunien ¢ dwmsunsdadeduginselszuutio 7°C dads

& = ¥ fu o w oA 1w J o 2 Vv ¥ A o a
LAINUU %Quﬂ]iﬁﬁ]Q‘Wﬂﬂ'ﬁuﬁ]ﬁiﬂﬂﬂﬂaﬂ‘lJQlJﬂ'iﬂ.l'SZ"UU'UfT -c 111‘531u‘ﬂ3ﬂ510ﬂ3lﬂﬂﬂ1u

ar o

Yoyandigueata I°C annzifaluauia 7°C Bdwiu 5 aniag fail

o
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v
a1 oar ]

apdnganiag tumneanu mstwneadoyamiuisoisuauinle
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sy ' Y a 4 4 = =
2, 13UaUNTIOINaAYDYa (start data transfer) INAYUILBA0 SDA umsilaounilag

» »

szauaninangs i Tuvsfiony scL Taomzaoinga Sunanizfifaiuil

T AN UAU (start)

¥ 1 4
1 Y - o4 @
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y
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f
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5. MyanTawnendoya (stop data transfer) tAaYuiloais SDA Tnsnldounias

1 ¥
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szauaeinuInd hlgeluwneime scL Tamuzasings Sonanizfufaduild
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e e
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2.9.4.1 M3t dauny 7 Om (7-bit addressing)
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header.h
#define PCF8591_ID 0x90
shit onewire=p2"7;
sbit PCF=P1"2;
unsigned char key=0;
unsigned char temp =0,temp 1=0,temp h=0C,half=0;
unsigned int i;
kit ans;
void dslB820 reset{}
{
onewire=0;
for (i=0:1i<100;:i++)
_nop_{);

onewires=0;
for(i=0;i<2;i++)
_nop_();

}

void ds81820 ans ()}

{
ans=0;
while{onewire) ;
while{~onewire);
for{i=0;i<2;i++};
_nop_();

}

kit readbit (void)

{
hit dat;
onewire=0;
_nop_{);
_nop_{);
onewire=0;
_nop_{);
_nop_{J;
_nop_{J;
_nop_{);
dat=onewire;
for(i=0;1i<8;i++)
_nop_{);
return dat;

}

unsigned char dsl820 read()

{

unsigned char i, j,dat;
dat=0;
for(i=0;i<8;i++)
{
j=readbit () ;
dat=(j<<7ﬂ(dat>>ln

}

return dat;

}

void ds1820 write(unsigned char com)

{

unsigned char j;



bit send;
for(j=0;j<B;j++)
{
gsend=comé&0x01;
com=com>>1;
if {send)
{
cnewire=0;
_nop_{};
_nop_(};
_nop_({};
_nop_();
onewire=1;
for{i=0;i<B;i++)
_nop_();

else

onewire=0;
for{i=0;i<B;i++)
_nop_(};
onewire=1;
_nop_1();
_nop_(};
_nop_(};
_nop_(};

}
}
void delay convert (unsigned int count)

{
do
{ count --;}
while (count>0j;

}

veid tempread()

{

ds1lB820_ reset () ;
ds1B820_ans () ;
ds1820 write (0xCC);
dslB820_write {(0xa);
delay convert {(u0;
ds1B820_reset();
dslB20_ans() ;
ds1B20_write (0xCC) ;
dslB20 write (oxBE) ;
temp=ds1820_ read();
half=temp & 0x01;
if(half)
half=0x35;
else half=0x30;
temp=temp>>1;
temp h=(temp/10)|0x30;
temp l=(temp%10)|0x30;
SBUF=temp_h;
while(~TI) ;



TI=0;
SBUF=temp 1;

while (~TI};
TI=0;
SBUF='_";
while(~TI);
TI=0;
SBUF=half;
while (~TI) ;
TI=0;
SBUF=' ';
while (~TI) ;
TI=0;
key=0;

}

void airtemp{unsigned char wvalue)

{

i2c_start(};

i2c_write (PCF8591_1ID);
i2c write (0x40);

i2c write(value);

i2c _stop();
}
i2c.h
sbit SDA = P170;
sbit SCL = P1°1;
void i2c wait(void}

{

void

void

void

unsigned char 1i;
for(i=0;i<30;i++) { }

i2zc_clk(void)

SCL = 1;
i2c_wait();
SCL = 0;
i2c_wait();

i2zc_Ack(void)

SDA = 0;
iz2e_clk();

i2c Nack({void)

SDA = 1;
i2e_clk();

i2c_start{void)

SCL = 0;
SDA = 1;
SCL = 1;
i2zc_wait{);

SDA = 0;

i2c_wait{);



void i2c_stop(veid)

5CL = 0;
SDA = a;
5CL = 1;
i2c waitc() ;
SDA = 1;
ize wait{);

void 1i2c_write(unsigned char Data )

unsigned char 1i;

bit out ;

SCL = C;
for {(i=0;i<8;i++)

{

out = Data & 0Ox80;
Data = Data << 1;
SDA = out;
i2c_clk();
}
SDA = 1;
i2c_clk(};

}

unsigned char i2c_read(void)

{

unsigned char Data,i;
bit out;

SCL = 0;

SDA = 1;

i2c_wait{);
for (i=0;i<8;i++)

SCL = 1;
i2c wait () ;
out = SDA;
Data = Data << 1;
Data = Data | out;
SCL = 0;
i2c wait ();
}
return{Data);

}

main.c

#include <regSlrx.h>

#include <intrins.h>

#include <i2c.h>

#include <header.h>

void service_serial(} interrupt 4

{

if (RI)
{
RI=0;
key=SBUF;
}
if (TI)

{



}

TI=0;

)

void main()

{

TMOD=0x21;

SCON=0x50;

TH1=0xFA;

TL1=0xFA;

EA=1;

ES=1;

REN=1;

TI=0;

RI=0;

TR1=1;

while {1}

{

switch (key)
{

case
case
case
case
case
case
case
case
case
case
case
case

PA!
I'Bl
Ic[
IDl
IEI
IFI
IGl
III
IJI
IKI
ILI
IHI

{PCF=1;key=0; }break;
{PCF=0;key=0; }break;
{airtemp (0x36) ;key=0;
{airtemp (0x50) ; key=0;
{airtemp (0x6B) ; key=0;
{airtemp (0x80) ; key=0;

{airtemp (0x9D) ; key=0;
{airtemp(0xB3) ; key=0;
{airtemp(0xD3) ; key=0;
{airtemp (0XE6) ; key=0;
{airtemp (0xFF) ; key=0;

; break;
; tbreak;
}break;
}break;
}break;
}break;
}break;
tbreak;
}break;

{tempread () ; key=0; }break;
default:break;
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// boardlink.h:

LELTELELTETE LTI il i i1 i i iiliisitiirirtitriiiiisirlitiiriizi
f#if

idefined (AFX_BOARDLINK H B8A39DB12 9569 488F 8836 85DB80E062168  INCL
UDED )

#define

AFX_BOARDLINK H_ 8A39DB12 9569 488F 8836 85D80E062168  INCLUDED

#if MSC VER > 1000

#pragma once

#endif // MSC_VER > 1000

#include "EtherIOComm.h"

#define WM _UPDATE CONNECTION WM USER+0x1234

#define WM _ON_DATA RECEIVE WM_USER+0x1235
#define FILE SEND 0
#define TEXT_ SEND 1

class Cboardlink : public CEtherIOComm
{
public:

Cbhoardlink() ;

virtual ~Cboardlink{();

veid SetMessageWindow (CEdit* pMsgCtrl) ;

void SetStatusMsg(CString *pStatusMsg);

void AppendMessage (LPCTSTR strText );

virtual void OnDataReceived (const LPBYTE lpBuffer, DWORD
dwCount) ;

virtual void OnEvent (UINT uEvent) ;
protected:

void DisplayData(const LPBYTE lpData, DWORD dwCount, const
SockAddrIng sfrom) ;

CEdit* m_pMsgCtrl;
CString *m StatusMsg;
Cstring m_ReceiveFileName;
BOOL m_ SaveReceiveToFile;
b
#endif //
!defined (AFX BOARDLINK H FCF4B32C ABS59 43F5 B099_6569E7623D56_ INCL
UDED }

// boardlink.cpp

JIPETETTIE PP I i 7 ifiiiiiriidiifirrridiiiiitiiriirirlirii’iig/
!

#include "stdafx.h"

#include "control.h"

#include "beocardlink.h"

#include <atlconv.h>

#include "resource.h"

#ifdef DEBUG

#undef THIS FILE

static char THIS_FILE[]l=__ FILE__;
#define new DEBUG NEW

#endif

// Construction/Destruction
Cbhboardlink: :Cbhocardlink(}

{



m_pMsgCtrl = NULL;
m_StatusMsg = NULL;
}

Cboardlink: : ~Cboardlink()

{
}

void Cboardlink::DisplayData(const LPBYTE lpData, DWORD dwCount,
const SockAddrIn& sfrom)
{
CString strData;
memcpy (strData.GetBuffer (dwCount), A2CT ({LPSTR)lpData),
dwCount) ;
strData.ReleaseBuffer{);
if (!sfrom.IsNull())
{
LONG uAddr = sfrom.GetIPAddr(};
BYTE* sAddr = (BYTE*) &uAddr;
// show port in host format
short nPort = ntohs( sfrom.GetbPort{) );
Cstring strAddr;
// Address store in network format
strAddr.Format{ T{"%u.%u.%u.%u (%d)>"},
(UINT) (sAddr [0)}), (UINT) (sAddr[1]),
(UINT) (sAddr [2}), (UINT) {sAddr[3]),

nPort) ;

}

AppendMessage( strData };

strData = strAddr + strData;

}

void Cboardlink: :AppendMessage (LPCTSTR strText )
{
if {(NULL == m_pMsgCtrl)
return;
if (::IsWindow{ m_pMsgCtrl->GetSafeHwnd(} })

{

int nlLen = m_pMsgCtrl->GetWindowTextLength() ;
if (nLen == {(m_pMsgCtrl->GetLimitText ()-10)) {
m pMsgCtrl->SetSel (0, -1);
m_pMsgCtrl->ReplaceSel{ " " };
TRACE ("Clear receive edit\n");
return;

}

m_pMsgCtrl->SetSel {nLen, nLen);
m_pMsgCtrl->ReplaceSel{ strText };

}
}
void Cboardlink: :SetMessageWindow {CEdit* pMsgCtrl)

{
}

void Cboardlink::SetStatusMsg(CString *pStatusMsg)

{
}

void Cboardlink::OnDataReceived (const LPBRYTE lpBuffer, DWORD
dwCount)

m_pMsgCtrl = pMsgCtrl;

m_StatusMsg = pStatusMsg;



static UINT byreceive= 0;
byreceive += dwCount;
TRACE ("Data receive= %d\n!",byreceive);

SockAddrIn saddr in;

LPBYTE lpData = lpBuffer;

// Write it to file

if (m_SaveReceiveToFile==TRUE)

{
CFile Rfile{m ReceiveFileName ,
CFile: :modeCreate | CFile::mocdeWrite |

CFile: :modeNoTruncate) ;

Rfile.SeekToEnd() ;
Rfile.Write( lpBuffer, dwCount) ;
Rfile.Close () ;

else

// Display data to message list
DisplayData{ lpData, dwCount, saddr_in );

}

return;

}

void Choardlink::0OnEvent (UINT uEvent)

{

TRACE { "ONEVENT\n") ;

if {NULL == m_pMsgCtrl)
return;
CWnd* pParent = m_pMsgCtrl->GetParent (};
if (!::IsWindow{ pParent->GetSafeHwnd()}))
return;
1f (NULL == m_StatusMsqg)
return;
switch( uEvent )
{
case EVT_CONSUCCESS:
m_StatusMsg—>Format("CONNECTION_ESTABLISHED");
break;
case EVT_CONFAILURE:
m_StatusMsg->Format ("CONNECTION_FAILED");
break;
case EVT_ CONDROP:
m_StatusMsg->Format ("CONN_ABADON") ;
break;
case EVT ZEROLENGTH:
m_StatusMsg->Format ("ZERO LENGTH_MSG") ;
break;
default:
m_StatusMsg->Format ( "UNKNOW_ERROR") ;
break;
}
AfxGetMainWnd () - >PostMessage ( WM_UPDATE CONNECTION, uEvent,
(LPARAM) this);

!




//boardsetting.h : header file
LPEEEETEEETT I I FEi i 777077770707 07 0777777777777 777777777777777
/

#if MSC_VER > 1000

#pragma once

#endif // MSC VER > 1000

class Cboardsetting : public CDialog

{

// Construction

public:
Cbhoardsetting({CWnd* pParent = NULL}; // standard constructor
BOOL m_EnableHWHandshak;
CComboBox m_BuadRateCombko;
CComkoBox m_ParityBitComhko;
CComboBox m_StopBitCombo;
CComboBox m DataBitCombo;
BYTE m_DataBits;
BYTE m_StopBits;
BYTE m_ParityBits;
DWORD m_BuadRate;
BYTE m_IP{4;
BYTE m_Subnet [4];
BYTE m_Gateway [4];
BYTE m_Mac [6];

//Dialog Data
//{{AFX_DATA (Cboardsetting)
enum { IDD = IDD BOARDSETTING DIALOG };

CIPAddressCtrl m_IPSubnet;
CIPAddressCtrl m_IPGateway;
CIPAddressctrl m_IPconfig;
CString m_Macaddr;
#} }AFX_DATA

#Qverrides

#ClassWizard generated virtual function overrides

#{ {AFX_VIRTUAL (Cboardsetting)
protected:
virtual void DoDataExchange (CDataExchange* pDX) ; // DDX/DDV

support

#} }JAFX VIRTUAL
#Implementation
protected:

#Generated message map functions
#{ {AFX_MSG (Cboardsetting)
virtual void OnOK(};
virtual veoid OnCancel() ;
virtual BOOL OnInitDialog() ;
#} }AFX MSG
DECLARE MESSAGE_MAP ()
}i
#{ {AFX_ INSERT LOCATION} }
rMicrosoft Visual C++ will insert additional declarations immediately
before the previous line.
#endif //
ldefined (AFX BOARDSETTING_H_ A24Bocs_a9E2_4Asi_swD_EsEsF1sE7457 __ INCLUDED_)



i/boardsetting.cpp
JILITTLETT TP 770 0707 7700777777077 7770 077707707 770777
/

#include "stdafx.h"
#include "contrecl.h"
#include "boardsetting.h"

#ifdef DEBUG

#define new DEBUG_ NEW

#undef THIS FILE

static char THIS FILE[] = _ FILE ;

#endif

#Choardsetting dialeg

Cbhoardsetting: :Cboardsetting (CWnd* pParent /*=NULL*/)
:CDialog(Choardsetting: : IDD, pParent)

#{ {AFX_DATA INIT(Cboardsetting)
#NOTE: the ClassWizard will add member initializaticn
here
#} JAFX DATA INIT

}

vold Cbhoardsetting::DoDataExchange (CDataExchange* pDX})
{
Chialog: :DoDataExchange {pDX) ;
#{ {AFX_DATA MAP {Cboardsetting)
DDX_Control (pDX, IDC_ IPSUBNET, m_IPSubnet);
DDX_Control (pDX, IDC_IPGATEWAY, m_IPGateway) ;
DDX Control (pDX, IDC_IPCONFIG, m_IPconfig);
DDX Text (pDX, IDC MACADDRESS, m_Macaddr);
DDX_Check {pDX, IDC_CHECK, m_EnableHWHandshak]) ;
¥NOTE: the ClassWizard will add DDX and DDV calls here
#} }AFX_ DATA MAP
DDX_Control (pDX, IDC_BAUDRATE COMBO, m_BuadRateCombo) ;
DDX_Control (pDX, IDC_DATABIT_COMBO, m_DataBitCombo} ;
DDX_Control (pDX, IDC_STOPBIT COMBO, m_StopBitCombo) ;
DDX_Control (pDX, IDC_PARITY COMBO, m_ParityBitCombo);
}
BEGIN MESSAGE MAP (Cboardsetting, CDialog)
#{ {AFX_MSG_MAP{Cboardsetting)}
#} }AFX_MSG_MAP
END_MESSAGE_MAP()
PITEIEILIII il iiliilrry

//boardsetting message handlers

BOOL Cboardsetting::0OnInitDialog(}
{
Chialog::0OnInitDialog{);
UpdateData {FALSE} ;
int i=0;
int index=0;
#Set ComboBox
CString ComboBoxMsg;
for(i = IDS _BUADRATE OPT1; ic= IDS BUADRATE OPT15; i++)

{



ComboBoxMsg. LoadString (i) ;
m_BuadRateCombo.AddString({ ComboBoxMsg) ;
for( i= IDS DATABIT OPT1; i<= IDS DATABIT OPT2; i++)
{
ComboBoxMsg. LoadString (i) ;
m_DataBitCombo.AddString (ComboBoxMsg) ;
}
for{ 1 = IDS _STOPEBIT OPT1; i<= IDS_STOPBIT_QPTZ2; i+4)
ComboBoxMag . LoadString{i);
m_StopBitCombo.AddString{ ComboBoxMsqg) ;
for( i = IDS_PARITY OPT1; i<= IDS_PARITY OPT3; i++)
{
ComboBoxMsg. LoadString (i) ;
m_ ParityBitCombo.AddString( ComboBoxMsg) ;
}
{//Load old config from Default setting
m DataBitCombo.SetCurSel (0y;
Cstring ComboBoxMsg;
#Data Bit
index = 0;
for{ i= IDS DATABIT OPTI1; i<= IDS DATABIT_COPT2; 1++)
{
ComboBoxMsg . LoadString (i) ;
if { m_DataBits ==atoi (CombocBoxMsg })

{
)

index++;

m DataBitCombo.SetCurSel (index) ;

}
#Stop bit
index = 0;
for( i= IDS_STOPBIT OPT1; i<= IDS_STOFBIT OPT2; i++)
{
CombcBoxMsg. LoadString (i) ;
if ( m_StopBits == atoi{ComboBoxMsg ))

{
}

index++;

m_StopBitCeombe.SetCurSel (index} ;

}

#Parity bit no->0, odd-»>1, even->2
m_ParityBitCombc.SetCurSel (m_ParityBits );
#/Baud rate
index = 0;
for( i= IDSﬁBUADRATE_OPTl; lec= IDS _BUADRATE OPT15; 1++)
{

ComboBoxMsg.LeoadString (i) ;

if { m_BuadRate == {DWORD)atocil(ComboBoxMsg ) )

{
}

index++;

m_BuadRateCombo.SetCurSel (index) ;

}

m_EnableHWHandshak ;



UpdateData (FALSE) ;
/Load Network config

UpdateData (FALSE) ;
m_IPconfig.SetAddress(m IP[0],m IP[1] ,m IP[2],m_IP[3]);

m_IPSubnet.SetAddress (m_Subnet [0],m_Subnet [1],m_Subnet [2] ,m_Su
bnet [3]);
m_IPGateway.SetAddress (m_Gateway [0],
m_Gateway[1l] ,m_Gateway [2],m_Gateway[3] );
m_Macaddr.Format ("%¥02X%02X%02X%02X%02X%02X",
m_Mac[0],
m Mac [1],
m_Mac[2],
m_Mac {3},
m Mac{4],
m_Mac [5]};
UpdateData (FALSE) ;

return TRUE; // return TRUE unless you set the focus
to a control

}

int get hex value{char* buf,char* str,int len)
{
int i;
char c¢,val;
for (i=o;i<len;i++) |
1if{ !{c = telower{*str++))) return -1;
if(isdigit(c))} val = ¢c-'0"';
else if(c >= 'a' &&k ¢ <= 'f£'} val = ¢c-'a'+10;
else return -1;
buf = val << 4;

if( l{c = tolower(*str++))) return -1;
if({isdigit{c)} val = c-'0"';
else if(c »>= 'a' &&k ¢ <= 'f'} val = c-'a'+10;
else return -1;

sbuf++ = val;
if( (*str == ':')||(*str == ', "} |{{*str == '."))

sCr++;

}

return 0;

}

void Choardsetting::OnCK(}

{

UpdateData (TRUE) ;

{
int i=0;
int index=0;
UpdateData (FALSE) ;
¢string DataBits, StopBit, Parity, BaudRate;
m DataBitCombo.GetLBText ( m_DataBitCombo.GetCursel(),
DataBits);

m_StopBitCombo.GetLBText ( m_StopBitCombo.GetlursSel (),
StopBit ) ;



m_BuadRateCombo.GetLBText ( m_BuadRateCombo.GetlurSel (),
BaudRate };

/Data Bit

m_DataBits = atoi(DataBits );

#Stop bit

m_StopBits = atoi{StopBit);

#Parity bit no-=0, odd->1, even-»2

m ParityBits = m_ParityBitCombo.GetCurSel () ;

#Baud rate

m_BuadRate = (DWORD) atoi {BaudRate) ;

m_EnableHWHandshak ;

#save Network config

#IP address
BYTE IP1l,IP2,IP3,IP4;

m_IPconfig.GetAddress (IP1, IPz, IP3, IP#;

m _IP[0] -IP1;

m IP[1] -IP2;

m_IP[2] =IP3;

m_IP[3]-IP4;

#Sub address

m_IPSubnet.GetAddress (IPl, IP2, IP3, IP4);

m_Subnet [0] =TF1;

m_Subnet [1] =IP2;

m_Subnet (2] -IP3;

m_Subnet [3] =TP4;

HGateway

m_ IPGateway.GetAddress{IPFl, IP2,IP3, IP4);

m_Gateway [0] =IP1l;

m_Gateway[1l] -IP2;

m Gateway[2] =IP3;

m_Gateway [3] =IF4;

BYTE MacAdd[6]:

LPTSTR p = m Macaddr.GetBuffer (256);

if (get_hex value{ {char*)&MacAdd[0], p , 6)==(-1)){
AfxMessageBox ("Error Mac address valuel");
Cbhialog: :OnCancel () ;

}

m Mac [0] -MacAdd[0] ;

m Mac [1] =Machdd [1] ;

m_Mac [2] =MacAdd [2];

m_Mac [3] =MacAdd [3];

m Mac[4] -Machdd [4];

m_Mac[5] -MachAdd [5] ;

UpdateData (TRUE) ;

}

Chialog: :OnOK () ;

}

void Cboardsetting::OnCancel()

{
}

CDhialog: :CnCancel () ;

#FILE : CEtherIOComm.h



rAuthor
BT R B0
#ifndef CEtherIOComm H_
#define CEtherIOComm H
#include <list>

Ernest Laurentin

#include <stdlib.h>

$if (_ WIN»2 WINNT >= 0x0400;
#include <winsockzh>
#include <mawsock.h>
#else

#include <winsock.h>

#Connection established

#General failure - Wait

#Connection dropped
#Zero length message

Copy{ sin ); }

{ memset {&sockAddrIn, 0, sizeof (sockAddrIn)}; }

#endif /* WIN:z WINNT >= 0x0400w

#pragma comment (lib, "ws: 327

i#/Event value

#define EVT CONSUCCESS 0x0000

#define EVT CONFAILURE 0x0001

Connection failed

#define EVT_ CONDROP 0x0002

#define EVT_ZEROLENGTH 0x0003

#define BUFFER_SIZE MAX PATH

#define HOSTNAME SIZE MAX PATH

#define STRING LENGTH 40

#define MAX HOSTNAME 256

#define MAX HOSTADDR 40

/EtherIO HW define

#define DEFAULT DATA BIT B

#define DEFAULT STOP BIT 1

#define DEFAULT PARITY 0

#define DEFAULT_HW_HANDSHA 0

#define DEFAULT BAUD RATE 8600

#define MAX PACKET SZ 1024

#define PORT_A 0x0020

#define PORT B 0x0024

#define PORT C 0x0028

#define PORT_D 0x002C

#define PORT_E 0x0030

#define PORT F 0x0034

#define PORT G 0x0038

#define UART SET CMD 0x11

#define SETBIT_CMD 0x12

#define CLEARBIT_ CMD 0x13

#define OUT_PORT CMD 0x14

#define READ PORT_CMD 0x15

#define READ ADC CMD 0x16

#define READ BIT CMD 0x17

struct AFX_EXT CLASS SockAddrIn {

public:
SockAddrIn() { Clear(); }
SockaddrIn{const SockAddrIn& sin)
~SockaddrIn() { }
SockAddrIng Copy (const SockaddrIng sinj;
void Clear(}
bool IsEqual{const SockAddrIn& sin);
bool IsGreater{const SockaAddrIn& sin);
bool IsLower (const ScckaAddrIné& pm);



bool 1IsNull{) const { return
{{sockArddrIn.sin_addr.s_addr==¢L) && (sockAddrIn.sin port==om; }

ULONG GetIPAddr() const { return sockAddrIn.sin addr.s_addr; }

short GetPort{) const { return sockAddrIn.sin port; }

bool CreateFrom{LPCTSTR sAddr, LPCTSTR sService);

SockAddrIn& operator=(const SockAddrIn& sin) { return Copy!

sin ); }

bool operator==(const SockAddrIn& sin) { return IsEqual( sin
Ji o}

bool operator!=(const SockAddrIns sin) { return !IsEqual{ sin
Vi o}

bool operator<(const SockAddrIn& sin) { return IsLower( sin
Yi}

boal operators{const SockAddrIn& sin) | return IsGreater(
sin }; }

bool operator<={censt SockAddrIn& sin) { return !IsGreater(
sin ); }

bool operator>={const SockAddrIn& sin) { return !IsLower{ sin
Yio}

operator LPSOCKADDR() { return (LPSOCKADDR) (&sockAddrIn); }

gize_t Size() const { return sizeof (sockAddrIn); }

void SetAddr (SOCKADDR IN* psin) { memepy (&sockAddrIn, psin,
Size{)}; }

SOCKADDR_IN sockAddriIn;
bi
typedef std::list<SockAddrIn> CSockAddrList;
class AFX_EXT_ CLASS CEtherIOComm

{

public:
CEtherIoComm ()} ;
virtual ~CEtherIOComm()} ;
bool IsOpen() const; // Is Socket wvalid?
bool Isstart{) const; // Is Thread started?

bool IsServer() const; // Is running in server mode
bool IsBroadcast{) const; // Is UDP Broadcast active

bool IsSmartAddressing() const; // Is Smart Addressing mode
support

SOCKET GetSocket () const; // return socket handle

void SetServerState(bool bServer); // Run as server mode if

true
void SetSmartAddressing{bool bSmartAddressing); // Set Smart

addressing mode

bool GetSockName (SockaddrIn& saddr_in); // Get Socket name -
address

bool GetPeerName (SockAddrIn&g saddr in}; // Get Peer Socket
name - address

void AddToList (const ScockAddrIng saddr in); // add an
address to the list

void RemoveFromList (const SockAddrIn& saddr_in) ; // Remove
an address from the list

void CloseComm() ; // Close Socket

bool WatchComm() ; // Start Socket thread

void StopComm() ; // Stop Socket thread
#Create a Socket - Server side

bool CreateSocket (LPCTSTR strServiceName, int nProtocol, int
nType, UINT uOptions = 0j;
#Create a socket, connect to (Client side)



bool ConnectTo (LPCTSTR strDestination);
#Bvent function - overwrite to get data

virtual void OnDataReceived{const LPBYTE lpBuffer, DWORD
dwCount) ;

virtual void OnEvent (UINT uEvent);
#Run function - overwrite to implement a new behaviour

virtual wvoid Run{);
#Data function

DWORD ReadComm (LPBYTE lpBuffer, DWORD dwSize, DWORD
dwTimeout} ;

DWORD WriteComm{const LPBYTE lpBuffer, DWORD dwCount, DWORD
dwTimeout) ;
#Utility functicns

static SOCKET WaitForConnection(SOCKET sock); // Wait For a
new connection {(Server side)

static bool ShutdownConnection (SOCKET sock); // Shutdown a
connection

static USHORT GetPortNumber{ LPCTSTR strServiceName ); /Y
Get service port number

static ULONG GetIPAddress( LPCTSTR strHostName ) ; // Get IP

address of a host
static bool GetlocalName (LPTSTR strName, UINT nSize); //
GetLocalName
static bool GetLocalAddress (LPTSTR strAddress, UINT nSize); //
GetLocalAddress
#sBtherIO IO port addition function
BOOL SetUartOpt (unsigned char DataBit= DEFAULT_DATA_BIT,
unsigned char StopBit = DEFAULT STOP BIT,
unsigned char ParityBit = DEFAULT_PARITY,
BOOL HwHandshak = DEFAULT_ HW HANDSHA,
DWORD BaudRate = DEFAULT_BAUD RATE

)i

BOOL SetBit { unsigned char port,unsigned char pin);

BOOL ClearBit {unsigned char port, unsigned char pin);

BOOL OutPort {(unsigned char port, BYTE SendByte};

BOOL ReadBit {unsigned char port, unsigned char pin,unsigned

char *bit);

BOOL ReadPort {(unsigned char port, BYTE *ReadByte);

BOOL ReadADC {(unsigned unsigned char channel, unsigned short

*ADCValue) ;

BOOL FifoWrite (unsigned char addr, const LPBYTE lpBuffer,

unsigned short dwCount ) ;

BOOL FifoRead({ unsigned char addr, const LPBYTE lpBuffer,

unsigned short dwCount ) ;

BOOL ChangeIP{ unsigned char *NewlP);

BOOL ChangeMAC( unsigned char *NewIP);

BOOL WRUserFlash{unsigned short addr , const LPBYTE lpBuffer,

unsigned short dwCount};

BOOL RDUserFlash{unsigned short addr , const LPBYTE lpBuffer,

unsigned short dwCount};

BOOL SystemSoftReset (void) ;

BOOL LoadConfig{ unsigned char *DataBit,
unsigned char *StopBit ,
ungigned char *ParityBit .,
BOOL *HwHandshak ,

DWORD *BaudRate L



unsigned char *Ql1dIP,
unsigned char *SupnetIP,
unsigned char *GatewaylIP,
unsigned char *MacAdd
5
BOOL SaveConfig( unsigned char DataBit= DEFAULT DATA BIT,
unsigned char StopBit = DEFAULT_STOP_EIT,
unsigned char ParityBit = DEFAULT PARITY,
BOOL HwHandshak = DEFAULT HW_HANDSHA,
DWORD BaudRate = DEFAULT_BAUD RATE,
unsigned char =*0ldIPF =NULL,
unsigned char *SupnetIP = NULL,
unsigned char *GatewayIP = NULL,
unsigned char *MacAdd=NULL
IH
#CEtherIOComm - data

protected:
HANDLE m_hComm ; // Serial Comm handle
HANDLE m_hThread; // Thread Comm handle
bool m_bServer; // Server mode (true)
boeol m_bSmartAddressing; // Smart Addressing mode
{true) - many listeners
bool m_bBroadcast; // Broadcast mode
CSockaddrList m AddrList; // Connection address list for
broadcast
HANDLE m_hMutex; // Mutex object
#CEtherIOComm - function
protected:
#Synchronizaticn function
void LockList () ; // Lock the object
void UnlockList () ; // Unlock the object

static UINT WINAPI SocketThreadProc (LPVOID pParam);

scontrol socket

SOCKET m_ControlSock;

bool ConnectToControl {LPCTSTR strDestination };

BOOL IsValidCmdPacket { unsigned char *CommanOPT) ;

void MakeSignature( unsigned char #*CommanOPT);

BOOL FlashRead( unsiqned short addr , const LPBYTE lpBuffer,
unsigned short dwCount };

BOOL FlashWrite{unsigned short addr , const LPBYTE lpBuffer,
unsigned short dwCount };
private:
bi

#endif // CEtherIOComm_H_

#controlDlg.h : header file
dfLITTTTIE LTI P E7 7777 ii 7 iii7iii777710777007777

#if

tdefined (AFX CONTROLDLG H_E937M4F_7538_4AdA_sFBs_CEsEs«99AFs0__ INCLUDED_)
#define AFX CONTROLDLG_H__ EomaruF_7538_4A4A_ 9FBs_CEsEawAFsi  INCLUDED
#1f MSC_VER > 1000

#pragma once

#$endif // MSC_VER > 1000

#include "boardlink.hn

#include "beardsetting.h"



f#define DEFAULT IP "161,.246.18.133"

#CControlDlyg dialog
class CControlDlg : public CDialog

{

#Construction
public:
CControlDlg (CWnd* pParent = NULL); // standard constructor
Cboardlink m_EthernetIO;
Cstring m_Statusstr;
CEdit m ReceiveEditCtrl;
CString m_RecelveStr;

#Dialog Data

#{ {AFX DATA (CControlDlg)
enum { IDD = IDD CONTROL DIALOG };

CIPAddressCtrl m IPaddress;
unsigned char v;lue;

Cstring m Value;
CString m Valuei;
CString m_ Value:;
Cstring m_Values;
CString m_Values;
CComboBox _Eemp;

#} }AFX_DATA

#ClassWizard generated virtual function overrides
#{ {AFX_VIRTUAL (CControlDlg)
protected:
virtual void DoDataExchange (ChataExchange* pDX) ; I/
DDX/DDV support
#} }AFX_ VIRTUAL
#Implementation
protected:
HICON m_hIcon;
Choardsetting m_SettingDlyg;
sGenerated message map functions
#{ {AFX_MSG{CControlDlg)
virtual BOOL OnInitDialog();
afx msg veid OnSysCommand (UINT nID, LPARAM lParam) ;
afx msg void OnPaint();
afx msg HCURSOR OnQueryDragIcon{);
afx_msg veid OnConnect (};
afx msg void OnbDiscen();
afx msg void OnQuit () ;
afx msg veoid OnSetting(};
afx msg veid OnCkac();
afx msg void OnOnlo;
afx msg veid OnOffly;
afx msg veid OnOnao;
afx msg void OnOff20;
afx msg void OnOn3g;
afx msg void OnOff3y;
afx msg void OnOn4o;
afx_msg void OnOff4n;
afx msg void OnOnall(};
afx wmsg void OnOffall () ;



afx msg void OnCkall({);
afx msg void CnOnair{);
afx msg void OnOffair();
afx_msg void OnReadtemp () ;
afx msg void OnSendtemp({) ;
afx_msg void Ckl{);
afx_msg void Ck2{};
afx msg void Ck2(};
afx msg void Ck4({};
#} }JAFX_MSG
DECLARE_MESSAGE MAP ()

Yi

#{ {AFX_INSERT LOCATION}}

#endif //

tdefined (AFX CONTROLDLG H  sFiFsCs EsFi_4F14_AABD FowEsBsiCF_ INCLUDED_)

#controlDlg.cpp

Gl L1 TELTTTITIT T 0007077887077 i 07 iiiieiririiiiiiiigiidy
1117177
#include "stdafx.h"
#include "control.h"
#include "controlDlg.h"
#ifdef DEBUG
#define new DEBUG NEW
#undef THIS_FILE
static char THIS_FILE[] = _ FILE_ ;
#endif
#ChboutDlg dialog used for App About
class CAboutDlg : public CDialog
{
public:
CaboutDlg{);
#Dialog Data
#{{AFX_DATA (CAboutDlg)
enum { IDD = IDD ABOUTBOX };
7} }AFX_DATA

#ClassWizard generated virtual function overrides
#{ {AFX_VIRTUAL {CAboutDlg)
protected:
virtual wvoid DoDataExchange (CDataExchange* pDX) ; // DDX/DDV
support
#} }AFX_VIRTUAL
#Implementation
protected:
#{ {AFX_MSG(CAboutDlg)
#} }AFX_MSG
DECLARE _MESSAGE_MAP ()
éAboutDlg::CAboutDlg() : CDialog(CAboutDlg::IDD)
{
#{ {AFX_DATA INIT{CAboutDlg)
#} JAFX_DATA INIT

}

void CaboutDlg: :DoDataExchange (CDataExchange* pDX)



CDialog: :DoDataExchange (pDX) ;
#{ {AFX_DATA_MAP {CAboutDlg)
#} }AFX_DATA MAP

}

BEGIN MESSAGE MAP (CAboutDlg, CDialog}
#{ {AFX MSG MAP (CAboutDlg)
#No message handlers

#} }AFX_MSG_MAP
END_MESSAGE_MAP ()

#CControlDlg dialog
CControlDlg: : CControlDlg (CWnd* pParent /*=NULL*/)

:CDialog (CControlDlg: : IDD, pParent}

#{{AFX_DATA INIT (CControlDlg)
4NOTE: the ClassWizard will add member initialization

here

n} }AFX_DATA_INIT

#Note that LoadIcon does not require a subsequent DestroyIcon
in Winx:

m_hIcon = AfxGetApp()->LoadIcon(IDR _MAINFRAME) ;

}

void CControlDlg: :DoDataExchange {CDataExchange* pDX)

{

CDialog: :DoDataExchange (pDX) ;

#{ {AFX_DATA MAP (CContrclDlg)

#} }AFX_DATA_MAP

DDX_Text (pDX, IDC_VALUE, m_Value);

DDX Text (pDX, IDC_VALUEI, m_Valuen;

DDX Text (pDX, IDC_VALUE2, m_Valuen;

DDX Text (pDX, 1IDC_VALUE3, m_Valuey;

DDX_ Text (pDX, IDC_VALUE4, m Value4;

DDX_Text (pDX, IDC_STATICI, m_StatusStr);

DDX_ Text (pDX, IDC_AIRTEMP, m_ ReceiveStr) ;

DDX_Control {pDX, IDC_IPADDRESSI, m_IPaddress);

DDX_Control {pDX, IDC_AIRTEMF, m_ReceiveEditCtrl);

DDX_Control {(pDX, IDC_TEMP_COMBO, m_Temp) ;
;EGIN_MESSAGE_MAP(CControlDlg, CDhialog)

#{ {AFX_MSG_MAP (CControlDlg)

ON_WM_SYSCOMMAND ()

ON_WM_PAINT ()

ON WM _QUERYDRAGICON ()

ON BN _CLICKED({IDC_CONNECT, OnConnect)

ON BN CLICKED{IDC_DISCON, OnDiscon)

ON_ BN _CLICKED({IDC_QUIT, OnQuit)

ON_BN_CLICKED{IDC_SETTING, OnSetting)

ON_BN_CLICKED (IDC_CKAC, OnCkac)

ON _BN_CLICKED (IDC_ON1, OnOnl

ON_BN_CLICKED{IDC_OFF1l, ©CnOffl)

ON BN CLICKED(IDC_ON2, OnOn2)

ON_BN CLICKED(IDC_OFF2, OnOff2)

ON_BN_CLICKED(IDC_ON3, OnOn3)

ON_BN_CLICKED(IDC OFF3, OnOff3)



ON_BN_CLICKED(IDC_ON4, OnoOn4)

ON_BN CLICKED({IDC_OFF4, OnOffa)
ON_BN_CLICKED(IDC_ONALL, OnOnall)

ON_BN CLICKED(IDC_OFFALL, CnCffall)
ON_BN CLICKED(IDC_CKALL, OnCkall)

ON BN CLICKED(IDC_ONAIR, OnOnair)

ON_BN CLICKED(IDC OFFAIR, OnOffair)
ON_EN CLICKED(IDC_ READTEMP, OnReadtemp)
ON_EN CLICKED(IDC SENDTEMP, OnSendtemp)

#} }JAFX_MSG_MAP

END_MESSAGE MAP()

#CControlDlg message handlers
BOOL CControlDlg::OnInitDialog()

{

CDhialeog::OnInitDialeg();

#Add "About..." menu item to system menu.

#IDM_ ABOUTBOX must be in the system command range.
ASSERT ( (IDM_ABOUTBOX & OXFFFa = IDM_ABOUTBOX) ;

ASSERT (IDM ABOUTBOX < OxFO0O);

CMenu* pSysMenu = GetSystemMenu (FALSE) ;

if {(pSysMenu != NULL)

{
CString straboutMenu;
straboutMenu.LoadString (IDS_ABOUTBOX) ;
if (!strAboutMenu.IsEmpty())

{

pSysMenu->AppendMenu (MF_SEPARATOR) ;

pSysMenu->AppendMenu (MF_STRING, IDM_ABOUTEOX,

straboutMenu) ;

}
}

#Set the icon for this dialeg.
automatically

The framework does this

#when the application's main window is neot a dialog

SetIcon(m hIcon, TRUE);
SetIcon(m_hIcon, FALSE);

#Program_initial

// Set big icon
// Set small icon

m_Temp.AddString("21");
m_Temp.AddString("22");
m_Temp.AddString("23");
m Temp.AddString("24"};
m Temp.AddsString("25"});
m_Temp.AddString("26"});
m_Temp.AddString("27"});
m_Temp.AddString("28");
m_Temp.AddString("29"});
m_Temp.SetCurSel (0);

GetDlgItem(IDC CONNECT) ->EnableWindow{ TRUE ) ;
GetDlgItem(IDC DISCON) ->EnableWindow( FALSE )
GetDlgItem(IDC SETTING) ->EnableWindow{ FALSE ) ;
GetDlgIltem{IDC CKAC) -»>EnableWindow{ FALSE )};

(

{
GetDlgItem{IDC ONn->EnableWindow( FALSE };
GetDlgIltem(IDC_OFFn->EnableWindow{ FALSE };
GetDlgItem(IDC ONz->EnableWindow( FALSE );
GetDlgItem(IDC OFFn-»EnableWindow( FALSE };



server

GetDlgItem(IDC ON3-»>EnableWindow( FALSE };
GetDlgItem(IDC_OFF3-»EnableWindow ( FALSE );
GetDlgItem(IDC_ONs+>EnableWindow( FALSE );
GetDlgItem(IDC_OFF4->EnableWindow( FALSE );
GetDlgItem(IDC ONALL) ->EnableWindow({ FALSE );
GetDlgItem(IDC OFFALL} ->EnableWindow( FALSE );
GetDlgItem{IDC CKALL)->EnableWindow( FALSE );
GetDlgItem{IDC_ONAIR) ->EnableWindow( FALSE };
GetDlgItem(IDC_OFFAIR)->EnableWindow( FALSE );
GetDlgItem{IDC READTEMP)}->EnableWindow{ FALSE ) ;
GetDlgItem(IDC SENDTEMP} ->EnableWindow{ FALSE ) ;
#Ether initial
m_IPaddress.SetWindowText (_T(DEFAULT_IP));
SetMessageWindow( &m_ReceiveEditCtrl);

m_EthernetIO.

m_EthernetIO.SetStatusMsg( &am_Value);

m EthernetIO.SetStatusMsg( &m Valuel);
m_EthernetIO.SetStatusMsg( &m Valuel);
m_EthernetIO.SetStatusMsg( &m _Valueld);
m_EthernetIO.SetStatusMsg( &m Valued);
m_EthernetIO.SetStatusMsg( &m_StatussStr);
m_EthernetIO.SetServerState( false ); // run as client
m_EthernetIO.SetSmartAddressing( false ); // always send to

return TRUE;

control

}

// return TRUE

unless you set the focus to a

void CControlDlyg: :0nSysCommand (UINT nID, LPARAM lParam)

{

if {((nID & OxFFF0)—IDM_ABOUTBOX)

{

CAboutDlg dlgabout;
dlgAbout .DoModal () ;

CDialog: :OnSysCommand (nID,

}

lParam) ;

#If you add a minimize button to your dialog, you will need the cocde
below

#to draw the icon. For MFC applications using the document/view
model,

#this is automatically done for you by the framework.

void CControlDlg: :0OnPaint ()

{

if (IsIconic()}

{

CPaintDC dc{this); // device context for painting

SendMessage {WM_ICONERASEBKGND, (WPARAM) dc.GetSafeHdc(),

)}
#Center icon in client rectangle
int cxIcon = GetSystemMetrics(SM _CXICON);
int cylcon = GetSystemMetrics(SM _CYICON);
CRect rect;



GetClientRect (&rect) ;

int x = (rect.width() - exIcon + 1) /2;
int y = (rect.Height () - cyIcon + 1} /2;
#Draw the icon

dc.DrawIcon{x, ¥y, m_hIcon);

CDhialog: :OnPaint () ;

#The system calls this to obtain the cursor to display while the user
drags

# the minimized window.

HCURSOR CControlDlg: :0OnQueryDragIcon()

{
)

void CControlDlg::OnConnect ()

{

return (HCURSOR) m_hIcon;

UpdateData (TRUE} ;

CString IPServerStr;

m_IPaddress.GetWindowText ( IPServerStr );

bool bSuccess;

m_StatusStr.LoadString(IDS_CONNECTING _MSG};

UpdateData (FALSE) ;

bSuccess = m_EthernetIO.ConnectTo{ IPServerStr ); // TCP

if {bSuccess && m_EthernetIO.WatchComm({]})

{
m_StatusStr = _T("Connected at IP : "} + IPServerStr;
GetDlgItem(IDC CONNECT} ->EnableWindow{ FALSE };
GetDlgItem(IDC DISCON) ->EnableWindow( TRUE };
GetDlgItem(IDC_SETTING) ->EnableWindow{ TRUE ) ;
GetDlgItem(IDC_CKAC) ->EnableWindow({ TRUE );
GetDlgItem(IDC ONALL) ->EnableWindow{ TRUE } ;
GetDlgItem(IDC_OFFALL) ->EnableWindow( TRUE };
GetDlgItem(IDC CKALL) ->EnableWindow({ TRUE );
GetDlgItem( IDC_ONAIR) ->EnableWindow{ TRUE )} ;
GetDlgItem(IDC_OFFAIR) -»>EnableWindow( TRUE };
GetDlgItem(IDC READTEMP) - >EnableWindow( TRUE )} ;
GetDlgItem(IDC SENDTEMP) ->EnableWindow( TRUE ) ;
CControlDlg: :OnCkall() ;
UpdateData (FALSE} ;

else

m_StatusStr.LoadsString (IDS_CONN_FAILED) ;
UpdateData (FALSE) ;
}
}
void CControlDlg::0OnDiscent()
{
m_EthernetIO.StopComm() ;
m_StatusStr=_T("Disconnected")};
GetDlgItem{IDC_CONNECT) ->EnableWindow({ TRUE ) ;

)
GetDlgItem(IDC DISCON) -»EnableWindow( FALSE );
GetDlgItem{IDC SETTING) ->EnableWindow( FALSE ] ;



}

GetLlgItem(IDC CKAC)->EnableWindow({ FALSE };
GetDlgItem(IDC ONn->EnableWindow( FALSE ) ;
GetDlgItem(IDC OFFi->EnableWindow({ FALSE };
GetDlgItem (IDC ONz->EnableWindow{ FALSE ) ;
GetDlgItem(IDC_OFF»n->EnableWindow{ FALSE ) ;
GetDlgItem(IDC ONs-»EnableWindow( FALSE };
GetDlgItem (IDC OFF3->EnableWindow( FALSE ) ;
GetDlgItem{IDC_ON#->EnableWindow( FALSE };
GetDlgItem {IDC OFFar>EnableWindow( FALSE ) ;
GetDlgItem{IDCWONALL)—>EnableWindow( FALSE ) ;
GetDlgItem{IDC_OFFALL)—>Enablewindow( FALSE ) ;
GetDlgItem(IDC CKALL)-s>EnableWindow( FALSE );
GetDlgItem(IDC:ONAIR)->EnableWindow( FALSE };
GetDlgItem(IDC OFFAIR)->EnableWindow( FALSE ) ;
GetDlgItem(IDC_REARDTEMP) ->EnableWindow({ FALSE ) ;
GetDlgItem(IDCwSENDTEMP)—>EnableWindow( FALSE ) ;
UpdateData (FALSE) ;

void CControlDlg: :OnQuit ()

{

}

CControlDlg: :OnDiscon() ;
CDhialeg: :0OnCancel () ;

void CControlDllg: :OnSetting()

{

TRUE}

if (m_EthernetlIO.IsOpen{} )
{
v“Load old config
if{ m EthernetI0O.LoadConfig( &m SettingDlg.m DataBits,
&m_SettingDlg.m_StopBits ,
&m_SettingDlg.m ParityBits ,
&m_SettingDlg.m EnableHWHandshak,
&m SettingDlg.m BuadRate ;
m_SettingDlg.m_IP,
m_SettingDlg.m_ Subnet,
m_SettingDlg.m_Gateway,
m_SettingDlg.m_Mac ) =

AfxMessageBox ("Load 0ld config fail!\n");
return;

}

int nRet = -i;
nRet = m_SettingDlg.DoModal();
switch ( nRet )
{
case -1
AfxMessageBox {"Dialog box could not be created!");
break;
case IDABORT:
break;
case IDOK:
if (m_EthernetIO.SaveConfig(
m_SettingDlg.m DataBits,
m_SettingDlg.m StopBits ,
m_SettingDlg.m ParityBits ,



m_SettingDlg.m_EnableHWHandshak ,

m SettingDlg.m BuadRate
m SettingDlg.m IP,
m_SettingDlg.m Subnet,

m SettingDlg.m_Gateway,

m_SettingDlg.m Mac } != TRUE)

AfxMessageBox ("Save config fail!"};

return;
}
m_EthernetIO.SystemSoftReset () ;
CControlDlg: :OnDiscon () ;
break;
case IDCANCEL:
break;
default:
break;
}i

}
}
void CControlDlg::0nCkac{)

{

char *tmpHex;

value = (BYTE} strtoul ( (LPCTSTR) m Value,

m_EthernetIO.ReadBit (PORT_F, 7 , &;alue);

if {value==1)

{
m EthernetIO.SetBit (PORT F, 7);
m:Value.Format( _T("OK")T;
UpdateData (FALSE) ;

else

m_EthernetIO.ClearBit (PORT_F, 7);
m Value.Format( _T("NOT HAVE"));
UpdateData (FALSE} ;

}

void CControlDlg: :0noniH

{
m_EthernetIO.SetBit (PORT_E, 0);
CControlDlg: :Ckl{) ;

}

void CControlDlg: :0nOffl(}

{
m_EthernetIO.ClearBit (PORT_E, 0);
CControlDlg: :Ckl{};

}

void CControlDlg::Ck1l{)

{

char *tmpHex;

value = (BYTE) strtoul{(LPCTSTR) m Value,
m EthernetIC.ReadBit (PORT_E, 0 , &value);
if (value==1)

{

m _EthernetI0.SetBit (PORT E, 0);
m ValuerFormat{ _T("ON"));

&tmpHex,

&tmpHex,

ley;

16);



GetDlgItem(IDC ON1)->EnableWindow{ FALSE ) ;
GetDlgItem(IDC_OFFl)->EnableWindow{ TRUE };

else
{
m_EthernetIC.ClearBit (PORT E, 0);
m ValuerLFormat({ T{("OFF"));
GetDlgItem(IDC_ONn-»EnableWindow( TRUE ) ;
GetDlgItem(IDC OFFI->EnableWindow{ FALSE };
épdateData(FALSE);

)

void CControlDlg::Ck2 ()

{

char *tmpHex;
value = (BYTE) strtoul ((LPCTSTR} m Value, &tmpHex, 16);
m_EthernetIO.ReadBit (PORT E, 1 , &value);

if (value==1)

{

m_EthernetIO.SetBit (PORT E, 1);
m_Value:Format{ _T("ON")};

GetDlgItem{1DC ONz->EnableWindow{ FALSE ) ;
GetDlgItem (IDC_CFF2->EnableWindow( TRUE };

else

m_EthernetIO.ClearBit (PORT_E, 1);
m_ValuerFormat{ _T("OFF"));

GetDlgItem{IDC ON2Z)->EnableWindow{ TRUE );
GetDlgItem{IDC COFF2)-»>EnableWindow{ FALSE ) ;

}

UpdateData (FALSE) ;

}

void CControlDlg::Ck3(}

{
char *tmpHex;
value = (BYTE) strtoul{(LPCTSTR) m_Value, &stmpHex, 16);
m EthernetIO.ReadBit (PORT_E, 2 , &value);
if (value==1})

{

m_EthernetIO.SetBit (PORT E, 2);
m_ValuesFormat{ _T("ON")]};

GetDlgIltem(IDC CN3->EnableWindow({ FALSE ];
GetDlgItem{IDC OFF3»->EnableWindow({ TRUE ) ;

else

m_EthernetIO.ClearBit (PORT_E, 2);
m_ValueiFermat{ _T("OFF"));

GetDlgIltem(IDC CN3y->EnableWindow{ TRUE };
GetDlgItem(IDC CFFuy->EnableWindow{ FALSE );

}

UpdateData (FALSE) ;

}

vold CControlDlg: :Ck4 ()



void

void

void

char *tmpHex;

value = (BYTE) strtoul ({LPCTSTR} m Value, &tmpHex,
m_EthernetIO.ReadBit (PORT_E, 4 , &value);

if (value==1)

{

m_EthernetIO.SetBit (PORT_E, 4);

m ValuesFormat{ _T("ON")};
GetDlgItem (IDC ON4->EnableWindow{ FALSE );
GetDlgItem(IDC OFF4->EnableWindow( TRUE };

else

m_EthernetIO.ClearBit (PORT_E, 4);
m_ValuesFormat{ _T("OFF"));

GetDlgItem(IDC ON4)-»EnableWindow{ TRUE );
GetDlgItem(IDC_OFF4)->EnableWindow( FALSE ) ;

}

UpdateData (FALSE) ;
CControlbDlg: :0nOnz ()
m_EthernetIC.SetBit (PORT_E, 1};
CControlDlg::Ck2{) ;

CControlDlg: :OnOff2 ()

m_EthernetIO.ClearBit (PORT_E, 1};
CControlDlg::Ck2 () ;

CControlDlg: :0noOn3 (}

m_EthernetIO.SetBit (PORT_E, 3);
CControlDlg: :Ck3 () ;

CControlDlg: :OnOf£3 ()

m _EthernetIO.ClearBit (PORT_E, 2);
CControlDlg: :Ck3 () ;

CControlDlg: :0nCn4 ()

m EthernetIO.SetBit (PORT E, 4);
CControlDlg::Ck4 () ;

CControlDlg: ;OnCEf4 ()

m_EthernetIO.ClearBit (PORT_E, 4 };
CControlDlg: :Cka () ;

CControlDlg: :OnOnall ()

CControlDlg: :0nOnl () ;
CControlDlg: :OnOn2 () ;
CControlDlg: :0nOn3 () ;
CControlDlg: :0noOn4 () ;

1l6) ;



}

void CControlDlg::0nOffall(}

{
CControlDlg: :0n0ffl () ;
CControlDlg: :0nOff2 () ;
CControlDlg: :0nQff3 () ;
CControlDlg: :0nOff4 () ;

}

void CControlDlg::0nCkall{)

{
CControlDlg: :Ckl{);
CControlDlg: :Ck2({};
CControlDlg: :Ck3 () ;
CControlDlg: :Ck4 () ;

}

void CControlDlg::0nCOnair ()
{
char message[)="A";
if (m EthernetIO.IsOpen())

{
if(m EthernetIO.WriteComm({ (unsigned char*} &message[0],
sizeof {message), INFINITE} <= 0L}
{
m_StatusStr.Format ("Send fail");
UpdateData (FALSE) ;

}
}
void CControlDlg: :0nOffair()
{

char message[]="B";
if (m_EthernetIO.IsOpen())

{
f{m EthernetIO.WriteComm( (unsigned char*) &message[0],
sizeof (message), INFINITE) <= O0L)
{
m_StatusStr.Format{"Send fail");
UpdateData (FALSE) ;

}

}

void CControlDlg: :OnReadtemp ()

{
char message[]="H";
UpdateData (TRUE} ;
m_ReceiveEditCtrl.Clear({);
m_ReceiveStr = T("");
UpdateData (FALSE) ;
if (m_EthernetIO.IsOpen())

{

INFINITE) ;
}
}
void CControlDlg: :OnSendtemp ()

{

m_EthernetIO.WriteComm{ (unsigned char*) &messagel([0], 7,



char temp;
switch(m_Temp.GetCursel ())

{

case 0: temp = 'C'; break;
case 1: temp = 'D'; break;
case 2: temp = 'E'; break;
case 3: temp = 'F'; break;
case 4: temp = 'G'; break;
case 5: temp = 'I'; break;
case 6: temp = 'J'; break;
case 7: temp = 'K'; break;

default :TRACE{ "Unknow Temprature\n");
ASSERT (FALSE) ;
break;

}

if (m_EthernetIO.IsOpen{))
{
if (m_EthernetIO.WriteComm{{unsigned char*) &temp,
sizeof (temp), INFINITE) <= QL)
{
m_ StatusStr.Format ("Send fail");
UpdateData (FALSE) ;
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ULN2001A-ULN2002A
ULN2003A-ULN2004A

SEVEN DARLINGTON ARRAYS

» SEVEN DARLINGTONS PER PACKAGE

« OUTPUT CURRENT 500mA PER DRIVER
(600mA PEAK)

» OUTPUT VOLTAGE 50V

= INTEGRATED SUPPRESSION DIODES FOR
INDUCTIVE LOADS

= OUTPUTS CAN BE PARALLELED FOR
HIGHER CURRENT

» TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS

» INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFY LAYOUT

DESCRIPTION

The ULN2001A, ULN2002A, ULN2003 and
LULN2004A are high voltage, high current darlington
arrays each containing seven open collector dar-
lington pairs with common emitters. Each channel
rated at 500mA and can withstand peak currents of
600mA. Suppression diodes are included for induc-
tive load driving and the inputs are pinned opposite
the outputs to simplify board layout.
The four versions interface to all common logic fami-
lies :

ULN2001A General Purpose, DTL, TTL, PMQOS,
CMOS

ULNZ2002A 14-25V PMOS
ULN2003A 5V TTL, CMOS
ULN2004A 6-15v CMOS, PMOQS

These versatile devices are useful for driving a wide
range of loads including solenoids, relays DC mo-
tors, LED displays filament lamps, thermal print-
heads and high power buffers.

The ULN2001A/2002A/2003A and 2004A are sup-
plied in 16 pin plastic DIP packages with a copper
leadframe to reduce thermal resistance. They are
available also in small outline package (S0-16) as
ULN2001D/2002D/2003D/2004D.

February 2002

DIP16

-

ORDERING NUMBERS: ULN2001A/2A/3A/4A

-

5018

ORDERING NUMBERS: ULN2001D/2D/3D/4D

PIN CONNECTION

z

15

5-18711

16 0UT 1

15 oUY 2

14 OUT 23

13 OUT 4

12 OUT §

1 ouT B

10 OUT 7

g COMMON FREE
WHEELING DIQDES
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

SCHEMATIC DIAGRAM

com J—N——ocou
T
N 10.5k0 r—Oout
i IN |
i | !
| |
] | T2k kN *
1 | |
""""""" ] I
EACH DRIYER $- 3 L - — = ——— =~ —d
EACH DRIVER §-1584
Saries ULN-2001A Saries ULN-2002A
(each driver) (each driver)
l—-bl—ocou ‘—N—ocou
27x0 +r—Ooout 0.540 +—oour
N ) N I
t ! I I
i I
| 7.2 )1 ? ] %2x0 ?
: J : f
L e ———— = - L - —emm——— 1]
EACH DRIYER - 1089 EACH DRIVER S-15%
Series ULN-2003A Series ULN-2004A
{each driver) {each driver)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Va QOutput Voltage 50 v
Vin Input Voltage (for ULN2002A/D - 2003A/D - 2004A/D) 30 v
ke Centinuous Caollectar Current 500 mA
tp Continuous Base Cumrent 25 mA
Tamb Operating Ambient Temperature Range ~ 20 to 85 °C
Tsg Storage Temperature Range - 55to 150 °C
T Junction Temperature 150 °C
THERMAL DATA
Symbol Parameter DIP16 s0O16 Unit
Rth j-amb Thermal Resistance Junction-ambient Max. 70 120 “Cw
2/8 ‘7’




ULN2001A - ULN2002A - ULN2003A - ULN2004A

ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified)

Symbol Paramater Test Conditions Min. Typ. Max. | Unit | Fig.
lcex Output Leakage Current Vce = 50V 50 HA 1a
Tamo = 70°C, Ve = 50V 100 uA | 1a
Tams = 70°C
for ULN2002A
Vce = 50V, Vj = 6V 500 pA | 1b
for ULN2004A
Vce = 50V, Vi = 1V 500 pA | 1b
VCE(saty Collector-emitter Saturation Ic = 100mA, Is = 250pA 0.9 1.1 \ 2
Voltage Iz = 200 mA, |g = 350pA 1.1 1.3 \Y 2
lc = 350mA, I = 500uA 1.3 1.6 v 2
lion} Input Current for ULN2002A, V; = 17V 0.82 125 | mA 3
for ULN2003A, V; = 3.85V 0.93 1.35 mA 3
for ULN2004A, Vi = 5V 0.35 0.5 mA 3
Vi=12v 1 145 | mA 3
litarn Input Current Tamb = 70°C, Ic = 500uA 50 65 HA 4
Vifon} Input Voltage Vce = 2V \ 5
for ULN2002A
Ic = 300mA 13
for ULNZ2003A
Ic = 200mA 24
Ic = 250mA 27
Ic = 300mA 3
for ULN2004A
Ic = 125mA 5
Ic = 200mA 6
Ic = 275mA 7
Ic = 350mA B
hre DC Forward Current Gain for ULN2001A
Vce = 2V, Ic = 350mA 1000 2
Ci Input Capacitance 15 25 pF
teLH Turn-en Delay Time 05Vt0 0.5V, 0.25 1 us
trHL Turn-off Delay Time 0.5 Vito 0.5V, 0.25 1 us
IR Clamp Diode Leakage Current | Vg = 50V 50 pA 6
Tamb = 70°C, VR = 50V 100 PA 6
Ve Clamp Diode Forward Voltage IF = 350mA 1.7 2 \ 7
"’ kY]




ULN2001A - ULN2002A - ULN2003A - ULN2004A

TEST CIRCUITS

Figure 1a. Figure 1b.
OPEN  V¢e OPEN Vee
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Figure 2. Figure 3.
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

Figure 8: Collector Current versus Input Current
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Figure 10: Peak Coltector Current versus Duty
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Figure 9: Collector Current versus Saturation
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ULN2001A - ULN2002A - ULN2003A - ULN2004A

mm Inch
DIM. OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. MECHANICAL DATA
al 0.51 0.020
B 0.77 1.65 | 0.030 0.065
b 0.5 0.020
b1 0.25 0.010
D 20 0.787
E 8.5 0.335
e 2.54 0.100
a3 17.78 0.700
F 7.1 0.280
| 5.1 0.201
L a3 0.130
DIP16
z 1.27 0.050
['
- = -
y

b1

—
L

D
A Y Y Y O I O O
% L]
_) N
1 8

| S D [ N Y B U DO B
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DALLAS

SEMICONDUCTOR

051820

DS1820
t-Wire™ Digital Thermometer

FEATURES

* Unique 1-Wire™ interface raquires only one port pin
for communication

* Multidrep capability simplifies distributed temperature
sansing applications

* Requires no external companants
» Can be powered from daia line
* Zaro standby power requirad

® Measures temperatures from -55°C to +125°C in
0.5°C incremants. Fahrenheait equivalent is -57°F te
+257°F in 0.9°F increments

* Temperature is read as a 9-bit digital value.
+ Convaerls tamperature to digital word in 200 ms (typ.)

¢ User—definable, nonvolatile temperature alarm set-
tings

® Alarm search command identifies and addresses
devices whose temperature is outside of pro-
grammed limits (temperature alarm condition)

® Applications include thermastatic controls, industrial
systems, consumer products, thermometars, or any
thermally sensitive systam

DESCRIPTION

The DS1820 Digital Thermometer provides 8-bit tem-
perature readings which indicate the temperature of the
davice.

Infermation is sent to/from the DS1820 over a 1-Wirg
interface, so thatonly one wire {(and ground) needs tobe
connacted from a central microprocessor to a DS1820.
Pawer for reading, writing, and parforming temperature
conversions can be denived from the data line itself with
no need for an external power source.

PIN ASSIGNMENT

BOTTOM VIEW
ne e B2 NG
e 15 F= NC
NC = 3 14 NG
NG = 4 133 NE
= 1253 NG
NG = & 153 Ne
g9 VDD = 7 1w Ke
z § pac=t8 9 =1 GND
D51820 D31e20s
PR35 PACKAGE 16-FIN 550P

Sae Mach, Drawings See Mech. Drawings
Section Sectlon

PIN DESCRIPTION

GND ~ Ground

DQ — Data InfOut
Voo — Optional Vg
NC — Nao Connect

Because each DS16820 containg a unique silicon serial
number, multiple DS1820s can exist on the same
1-Wire bus. This allows for placing tempareture sen-
sors in many different places. Applications where this
feature is useful include HVAC environmantal controls,
sensing temparatures inside buildings, equipment or
machinery, and in process monitoring and control.

CCopynghl 1995 by Delas Sarmiconductor Corporaiion

A I?Eyhh Flmrv::r For important imformation regaming
palents and olher inteleclua! proparty rights, please rafer In
Datas Samiconductor data books.

D147 1/27



DS1820

DETAILED PIN DESCRIPTION

PIiN PIN
168-PIN SSQOP PR35 SYMBOL DESCRIPTION
9 1 GND Ground.
B 2 DQ Data Input/Qutput pin. For 1-Wire operation: Open drain. (See
“Parasite Power” saction.)
7 3 Vop Optienal Vpp pin. See “Parasite Power” section for details of
connection.

DS1820S (16-pin SSOP): All pins not specified in this table are not to be connacted.

OVERVIEW

The block diagram of Figura 1 shows tha major compo-
nants of the DS1820, The DS1820 has three main data
componants: 1) B4-bit lasered ROM, 2) temperaiure
sensor, and 3) nonvolatile temperature alarm triggers
TH and TL. The device derives its power from the
1-Wire communication lina by storing energy on an
internal capaciter during periocds of time when the signal
line is high and continues to operate off this power
source during Lhe low times of the 1-Wire line until it
returns high to replenish the parasite {capaciter) supply.
As an alternative, the DS1820 may also be powered
frerm an axternal 5 volts supply.

Communicationtothe DS1820is via a 1-Wire port. With
tha 1-Wire port, the memory and controi functions will
not be available before the ROM function protocol has
been astablished. The master must first provide ona of
five ROM function commands: 1) Read ROM, 2}Match
ROM, 3) Search ROM, 4) Skip ROM, or 5) Alarm
Search. Thesa commands operate on the 64-bit
lasered ROM portion of each device and can single out

D$1820 BLOCK DIAGRAM Figure 1

a specific device if rany are present on the 1-Wire line
as well as indicate to the Bus Master how many and
whai types of devices are present. After a ROM function
sequence has been succassfully executed, the memory
and c¢ontral funclions are accessible and the master
may then provide any one of the six memory and control
function commands.

One control function command instructs the DS1820 to
perform a tempereture measurement. The result of this
measurement will be placed in the DS$1820's scratch-
pad memory, and may be read by issuing a memory
function command which reads the contents of the
scraichpad memory. The tempereture alarm triggers
TH and TL consist of one byte EEPROM each. If the
alarm search command is not applied to the DS1820,
thase ragisters may be used as general purpose user
meamory. Writing TH and TL is done using a memory
function command. Read access to these registers is
through tha scratchpad. All data is read and written
least significant bit first.

64-BIT ROM
AND
1-WIRE PORT

SENSE

MEMORY AND
CAONTROL LOGIC
- TEMPERATURE SENSOR
SCRATCHPAD
- HIGH TEMPERATURE
TRIGGER, TH
» LOW TEMPERATURE
TRIGGER, TL
B8-BIT CRC
GEMNERATOR

021497 2727



Ds1820

USING Vpp TO SUPPLY TEMPERATURE CONVERSION CURRENT Figure 3

TO OTHER 1-WIRE

+5V

4.TK

DEVICES
051820

é V
o HL0. O ExTERNAL +5V SUPPLY

uP

OPERATION - MEASURING TEMPERATURE
The DS1820 measuraes temperature through the use of
an on~board proprietary temperature measurement
technique. A block diagram of the temperature mea-
suremant circuitry is shown in Figure 4,

The DS1820 measures temperature by counting the
number of clock cycles that an oscillator with a low tem-
perature coefficient goes through durng a gate period
determined by a high temperature coefficient oscillator.
The counder is preset with a base count thal corre-
spends 1o —55°C. If the counter reaches zero before the
gate period is aver, the temperature registar, which is
also preset to the —55°C value, is incremented, indicat-
ing that the temperature is higher than —55°C.

Atthe same time, the counter is then praset with a vatue
determined by the slope eccumulator circuitry. This cir-
cuitry is needed to compensate for the parabolic behav-
ior of the oscillators over temperature. The counter is
then clocked again until it reaches zero. If the gate
pariod is still not finished, then this process repeats.

The slope accumulator is used to compensate for the
non-linear behavior of the oscillators over temperature,
yielding a high resolution temperature measurement,
This is done by changing the number of counts necas-
sary for the counter to go through for each incremental
degraain fermperature. To obtain the desired resolution,
therefare, both the value of the counter and tha number
of counta per degree C (the value of the slope accumu-
lator) at a given temperature must be known,

Internally, this calculation is done Insida the DS1820 to
provide 0.5°C resolution. The tamperature reading is

provided in a 16-bit, sign—extended two's complemeant
reading. Table 1 describes the exact relationship of out-
put data to measured temperature. The data is trans-
mitted serially over the 1-Wire intarface. The DS1820
can measure temparature over the range of -55°C to
+125°C in 0.5°C increments. For Fahrenheit usage, a
lookup table or conversion factor must be used.

Note that tamperature is representad in the DS1820 in
terms of a 1/,°C LSB, yielding the following 9-bit farmat:

) LT ]

The most significant (sign) bit is duplicated into all of the
bits in the upper MSB of the two—-byte temparature reg-
ister in memory. This “sign—extension” yields the 16—bit
tamparature readings as shown in Teble 1.

Higher resciutions may be obtained by the following
procedure. First, read the temperaturs, and truncate
the 0.5°C bit (the LS B} from the read value. This value is
TEMP_READ. The value left in the counter may then be
tead. This wvalue is the count remaining
(COUNT_REMAIN) after the gate period has ceased.
The last value needed is the number of counts per
degree C (COUNT_PER_C) at that lemperature. The
aclyal temperature may be then be calculated by the
usar using the following:

{COUNT_PER_C - COUNT_REMAIN}

p = -
TEMPERATURE = TEMP_READ - 0.25 + COUNT FERLC
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TEMPERATURE MEASURING CIRCUITRY Figure 4

SLOPE ACCUMULATOR
PRESET COMPARE
SET/CLEAR
LOW TEMPERATURE PRESET I
COEFFICIENT OSCILLATOR > COUNTER B
INC
=0 TEMPERATURE REGISTER
HIGH TEMPERATURE
COEFFICIENT OSCILLATOR COUNTER
STOP
=0

TEMPERATURE/DATA RELATIONSHIPS Table 1

DIGITAL OUTPUT DIGITAL OUTPUT

TEMPERATURE {Binary) {Hex)
+125°C 00000000 11111010 00FA
+25°C 00000000 00110010 0032h
+1°C 00000000 CODGO0D 000th
+0°C 00O0QO0A KODOO0OD 0000h
~1°C 1111119 11491114 FFFFh
-25°C 11111111 11001110 FFCEh
-55°C 11111111 10010010 FF92h

OPERATION — ALARM SIGNALING

After the DS1820 has performed a temperaiure conver-
sion, the temperalure value is comparad to the frigger
values stored in TH and TL. Since these registers are
B-bit only, the 0.5°C bitis ighored for comparison. The
most significant bit of TH or TL directly corresponds 1o
the sign bit of the 16-bit temperature register. If the
result of a temperature measurement is higher than TH
ar lower than TL, an alarm Rag inside the device is set.

This flag is updated with every temperature measure-
ment. As long s the alarm Rag is set, the DS1820 will
respond to the alarm search command. This allows
many 51820s o be connected in parallel doing simul-
{aneous temperature measurements, if somewhere the
temperature exceads tha limits, the alarming device(s)
can be identified and read immediately without having to
read non-alarming devices.
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64~BIT LASERED ROM

Each D51820 contains a uniqua ROM code that is
64-bits long. The first eight bits are a 1-Wire family
code (DS1820 code is 10h). The next 48 bits are a
unique serial nurmber. The last sight bits are a CRC of
the first 56 bits. (See Figure 5.) The 64-bit ROM and
ROM Function Control section allow the DS1820 to
operate as a 1-Wire device and foliow the 1-Wire prato-
col detailed in the section “1-Wire Bus System™ The
functions required to control sections of the DS 1820 are
not accessible until the ROM function protocol has bean
satisfied. This protecol is described in the ROM function
protocol llowchart (Figure 6). The 1-Wire bus master
must first provide one of five ROM function commands:
1) Read ROM, 2) Maich ROM, 3) Search ROM, 4) Skip
ROM, or 5) Alarm Search. After a ROM functions
sequence has been successfully executed, the func-
tions spacific io the DS1820 are accessible and the bus
master may then provide and one ofthe six memory and
control function commands.

CRC GENERATION

The D51820 has an B-bit CRC stored in the mast signif-
icant byte of the 64—bit ROM. The bus master can com-
pute a CRC value from the first 56—bits of the 84—bit
ROM and compare it to the value stared within the
DS1820 to determine if the ROM data has been
received error—frea by the bus master, The equivalent
palynomial function of this CRC is:

CRC=XB+ X5+ x4+

The DS1820 also generates an B-bit CRC value using
the same polynamial function shown above and pro-

64-BIT LASERED ROM Figure 5

vides this vajue to the bus master to validate the transfer
ofdata bytes. In each cese where a CRCis used for data
transfar validation, the bus master must calculate a
CRC value using the palynomial function givan above
and compare the calculated value 1o either the 8--bit
CRC value stored in the 84—bit ROM portion of the
DS1820 (for ROM reads) or the 8-bit CRC value com-
puted within the DS1820 (which is read as a ninth byte
whan the scretchpad is read). The comparison of CRC
values and decision to continue with an opaeration are
determined entirely by the bus mester. There is no cir-
cuitry inside the 0S1820 that pravents a command
sequance from proceeding if the CRC stored in or calcu-
lated by tha DS 1820 does not match the valug gener-
ated by the bus master.

The 1-Wire CRC can be genarated using a polynomial
generator consisting of a shift register and XOR gatas
as shown in Figure 7. Additional infermation about the
Dallas 1-Wira Cyclic Redundancy Check is available in
Application Note 27 entitled "Understanding and Using
Cyclic Redundancy Checks with Dallas Semiconductor
Touch Memory Products™.

The shift ragister bits are initialized {o zero. Then stari-
ing with the least significant bit of the family code, one bit
at a time is shifted in. After the Bth bit of the family code
has been entered, then the serial number is entered.
After tha 481h bit ofthe serial number has been entered,
the shift register contains the CRC value. Shifting in the
aight bits of CRC should return the shift register to all
ZOros.

8-BIT CRC CODE

48-BIT SERIAL NUMBER

8-BIT FAMILY CODE (10h)

MS8 LSB MsSB

LSB MsB LsB
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1-WIRE CRC CODE Figure 7

INPUT

’_. (MSB)

(Ls|)

MEMORY

The DS1820's memary is organized as shown in
Figure 8. The memory consists of & scratchpad RAM
and a nenvolatile, electrically erasable {E2) RAM, which
stores the high and low temperature triggers TH and TL.
The scraichpad helps insure data intagrity when com-
municating over the 1-Wire bus. Data is first written to
the scratchpad where it can ba read back. ARer the data
has been verified, 8 copy scratchpad command will
transfer the data to the nonvolatile (E4) RAM. This pro-
cess insures data integrity when modifying the memory.

The scratchpad is organized as eight bytes of memary.
The first two bytes contain the measured temperature

DS1820 MEMORY MAP Figure 8

SCRATCHPAD
BYTE

TEMPERATURE (58 [
TEMPERATURE M58 1
THIUSER BYTE 1 2
TLAJSER BYTE 2 a
RESERVED 4
RESERVED 5
COUNT REMAIN B
COUNT PER °C 7
CRC a

information. The third and fourth bytes are volatile
copies of TH and TL and ere refreshed with every pow-
ar—on reset. The next two byles are not used; upon
reading back, howevar, they will appear as all logic t's.
The sevanth and eighth bytes are countregisters, which
may be used in obtaining higher temperature resolution
{see “Operation—-measuring Temperature™ section),

There is a ninth byta which may be read with a Read
Scratchpad command. This byte confains a cyclic
redundancy check (CRC)byte whichis the CRC over all
of the eight previous bytes. This CRC is implemented in
the fashion described in the section titled “CRC Genera-
tion”.

E? RAM

THMASER RYTE 1

TUWUSER BYTE 2
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1-WIRE BUS SYSTEM

The 1-Wire bus is a systerm which has a single bus mas-
ter and one or more slaves. The D51820 bahaves as &
slave. The discussion of this bus systemis broken down
into three topics: hardware configuration, transaction
saquenca, and 1-Wire signaling (signal types and tim-
ing).

HARDWARE CONFIGURATION
The 1-Wira bus has only a single line by definition; it is
impartant that each device on the bus be able to drive it

HARDWARE CONFIGURATION Figure 9
<5

BUS MASTER e

& 4K
>

<

at the appropriate time. To facilitate this, each device
attached fo the 1-Wire bus must have open drain or
3-state outputs. The 1-Wire port of the DS1820 (/0
pin} is opan drain with an intemal circuit equivalent to
that shown in Figura 9. A multidrop bus consists of a
1-Wire bus with multiple slaves attached. The 1-Wire
bus requires a pullup resistor of approximately SK$x

DE1820 1-WIRE PORT

R_XOQ

-

Ryx = RECEIVE
Ty = TRANSMIT

Theidle state forthe 1-Wire bus is high. Ifforanyreason
atransaction needs to be suspended, the bus MUST be
leftin the idle state if the trensactionis to resume. Infinite
recovery time can occur between bits so long as the
1-Wire bus is in the inactive (high) state during the re-
covery period. if this does not occur and the bus is left
low for more than 480 us, all components on the bus will
be reset.

TRANSACTION SEQUENCE
The protocal for accessing the D51820 via the t-Wire
port is as follows:

® initialization
* ROM Function Command
# Memory Function Command

* Transaction/Data

[ R
5uA ‘
Typ. | T
100 OHM
MOSFET
INITIALIZATION

All transactions on the 1-Wire bus bagin with an initiai-
ization sequence. The initialization sequence consists
of a reset pulse transmitted by the bus master followed
by presence pulse(s) transmitted by the slave(s).

The presence pulse lets the bus mastar know that the
DS1820 is on the bus and is ready to operate. For more
details, sea the “1-Wire Signaling” section.

ROM FUNCTION COMMANDS

Once the bus master has detected a presence, it can
issue one of the five ROM function commands. AliROM
function commands are 8—bits long. A list of these com-
mands follows (refer to Rowchart in Figure 6):
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Read ROM [33h]

This carmmand allows the bus master to read the
D$1820's 8-bit family code, unique 48—bit serial num-
ber, and 8-bit CRC. This command can only be used if
there is a single DS1820 on the bus. If more than one
stava is present on the bus, a dafa collision will ocour
whan all slaves try to transmit at the same time (opean
drain will produca a wired AND result).

Match ROM [55h]

The match RCM command, followed by a 64—bit ROM
sequence, allows the bus master to address a specific
DS1820 on a multidrop bus, Only the DS1820 that
exactly matches the 64-bit ROM sequence will respond
1o the following memory function command. All slaves
that do not match the 64—bit ROM seguenca wili wait for
a reset pulse. This command can be used with a single
of multiple devices on the bus.

Skip ROM [CCh]

This command can save time in a single drop bus sys-
tem by allowing the bus master 10 access the memory
functions without providing the 64-bit ROM code. If
more than one siave is present on the bus and a read
command is issued following the Skip ROM command,
data collision will occur on the bus es multiple slaves
transmit simultaneously (open drain pulldowns will pro-
ducs a wired AND result).

Search ROM [FOh]

Whan a systern is initially brought up, the bus master
might not know the nurnber of devices on the 1-Wire
bus or their 64~bit ROM codes. The search ROM com-
mand allows the bus masterto use a process of alimina-
tionta identify the 64—bit ROM codes of all slave devices
an the bus.

Alarm Search [ECh]

The flowcharl of this command s identical to the Search
ROM command. However, the DS1820 will respond to
this command only if an alarm condition hes been
encountered at the last temperature measurement. An
alarrn condition is defined as a temperature higher than
THor lowerthan TL. Thealarm condition remains set as
long as the DS1820 is powered up, or until another tem-
perature mesasurement reveals a non-—-alarming valua.
For alarming, the trigger values stored in EEPROM are
taken into account. If an alarm condition exists and the
TH or TL settings are changed, another temperature

conversion should be done to validate any alarm condi-
tions.

Example of a ROM Search

The ROM search process is the repaetition of a simple
3-step routine: read a bit, read the complement of the
bit, then write the desired value of that bit. The bus rmas-
ter performs this simple, 3—step routine on each bit of
the ROM. After one complete pass, the bus master
knows the contents of the ROM in one device. The
remaining number of devices and their ROM codes may
be identified by additionel passes.

The following example of the ROM search process
assumes four different devices are connecied to the
same T-Wire bus. The ROM data of the four davices is
as shown:

ROM1  00110101...
ROMZ  10101010...
ROM2  11110101...
ROM4  00010001...

The search process is as follows:

1. The bus masterbeginsthe inilialization sequence by
issuing a reset pulse. The slave devices respond by
issuing simultaneous presance pulses.

2. The bus master will then issue the Search ROM
command on the 1—Wire bus.

3. The bus master reads a bit from the 1-Wire bus.
Each davice will respond by placing the value of the
first bit of their respective ROM data onto the 1-Wire
bus. ROM1 and ROM4 will place a 0 onto the
t-Wire bus, i.e., pull it low. ROM2 and ROM3 will
place a 1 onto the 1-Wire bus by allowing the line ta
stay high. The resultis the logical AMD of all devices
on the line, therefore the bus rmaster sees a 0. The
bus master reads another bit. Since the Search
ROM data command is being executed, all of the
devices on tha 1-Wire bus respond to this second
read by placing the complement of the first bit of thair
respective ROM data onto the 1-Wire bus. ROM1
and ROMA4 will place a 1 onto the 1-Wire, allowing
tha line to stay high. ROM2 and ROM3 will place a
0 onto the 1-Wire, thus it will be pulled low. The bus
masteragain observes a ( for the complement of the
first ROM data bit. The bus mastar has determined
that there are some devices on the 1-\Wire bus that
have a 0 in the first position and others that hava a 1.
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The data obtained from the two reads of the 3—step
rautine have the following interpretations:

D0 There are still devices attached which have
conflicting bits in this position.

01 Al devices still coupled have a 0--bit in this
bit position.

10 All devices still coupled have a 1-bit in this
bit positien.

11 There are no davices attached to the 1-Wire
bus.

4. The bus master writes a 0. This deselects ROM2
and ROM?3 for the remainder of this search pass,
leaving only ROM1 and ROM4 connecled to the
1-Wire bus.

5. The bus master performs two more reads and
recaives a 0-bit followed by a 1-bil. This indicates
that all devices still coupled to the bus have 0's as
their second ROM data bit.

6. The bus master then writes a O to keep both ROM1
and ROM4 coupled.

7. The bus master executes two reads and receives
two O-bits. This indicates that bath 1-bits and 0~-bits
exist as the third bit of the ROM data of the attached
devices.

8. The bus master writes a 0-bit. This daselacts ROM1
leaving ROM4 as the only davice still connected.

9. Thebus masterreads the remainder of tha ROM bits

for ROM4 and continues to access the part if
desirad. This completes the first pass and uniquely
identifies cna part on the 1-Wire bus,

. The bus master starts a new ROM search sequence

by repeating steps 1 through 7.

1

(=1

11. The bus master writes a 1-bil. This dacouples
ROM4, lsaving only ROM1 still coupled.

12. The bus mastar reads the remainder of the ROM bits
for ROM1 and communicates to the underlying logic
if desired. This completes the second ROM search
pass, in which another of the ROMs was found.

13. The bus master starts a new ROM search by repeat-
ing steps 1 through 3.

14.The bus master writes a 1-bit. This deselecis
ROM1 and ROM4 for the remainder of this search
pass, leaving only ROMZ2 and ROM3 coupled to the
systam,

15, The bus master executes two read time slots and
receives two zeros.

16.The bus master writes a 0-bit. This decouples
ROM3, and leaving only ROM2.

17. The bus master reads the ramainder of the ROM biis
for ROM2 and communicates to the underiying logic
if desired. This completes the third ROM search
pass, in which another of the ROMs was found.

18. The bus master starts a new ROM search by repeat-
ing steps 13 through 15.

19.The bus master writes a 1-bit.
ROM2, leaving only ROM3.

20. The bus master reads the remainder of the ROM bits
for ROM3 and communicates to the underlying logic
if desirad. This completss the fourth ROM search
pass, in which another of the ROMs was found.

This decouples

Note the following:

The bus masler leams the unique ID number (ROM data
pattern) of one 1-Wire device on each ROM Search
operation. The lime required to derive the part's unique
ROM cods is:

G0 pus + (B +3x64)61us=13.16 ms

The bus master is therefore capable ofidentifying 75 dif-
ferent 1-Wire devices per second.

1/C SIGNALING

The DS1820 requires strict profocols to insure data
integrity. The protocol consists of several types of
signaling on one line: reset puise, presence pulse, write
0, write 1, read D, and read 1. All of these signals, with
the exception of the presence pulse, are initialed by the
bus master.

The initialization sequence raquired to begin any com-
municetion with the DS1820 is shown in Figure 11. A
resel pulse followed by a presence pulse indicates the
D51820 is ready to send or receive data given the cor-
rect ROM command and memory function command.

The bus master trensmits {TX) a reset pulse (& low sig-
nal for a minimum of 480 ps). The bus master then
releases the line and goes into a raceive mode (RX).
The 1-Wire bus is pulled to a high state via the 5K
pull-up resistor . Afler detacting the rising edge on the

az1487 11/27



Ds1ig20

IO pin, tha DS1820 waits 1560 ps and then transmits
the prasance pulse (a low signal for 60-240 ps).

MEMORY COMMAND FUNCTIONS
The following command protocols are summarized in
Table 2, and by the flowchart of Figure 10.

Write Scratchpad [4Eh]

This cormmand writes to the scratchpad of the DS1820,
starting at address 2. The next two bytes written will be
saved in scratchpad memory, at address locations 2
and 3. Writing may be terminated at any point by issuing
a resel.
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INITIALIZATION PROCEDURE “RESET AND PRESENCE PULSES” Figure 11

—

Mastar Ty ‘reset pulse”
480 g5 minimum
9ECQ pg maximum

Ds1820

Master Ry
4B0 Js minimum

DS51820 Ty
“presence puise”
60 - 240 us

LINE TYPE LEGEND:

Bus master active low

O 051820 active low
- gg'?ﬁ%%sarglai\?;al:::vnd Resistor pullup
DS1820 COMMAND SET Table 2
1-WIRE BUS
AFTER ISSUING
INSTRUCTION DESCRIPTION PROTOCOL PROTOCOL NOTES
TEMPERATURE CONVERSION COMMANDS
Convert T Initiates temperature conversion. 44h <read tamperature 1

MEMORY COMMANDS

busy status>

power supply to the master.

Read Scratchpad Raads bytes from scratchpad and BEh <read dataup to 9
reads CRC byte. bytas>

Write Scratchpad Writes bytes into scraichpad at 4Eh <write data into 2
addresses 2 and 3 (THand TL bytes at addr. 2 and
temperature triggers). addr. 2>

Copy Scratchpad Copies scratchpad into nonvolalile 48h <read copy status> 2
memery (addresses 2 and 3 only).

Recall E2 Recalls values stored in nonvolatile B8h <read tamperature
memory into scratchpad (tempera- busy status>
tura triggars).

Read Power Supply Signals the mode of DS1820 B4h <read supply status>

NOQTES:

1. Temperature conversion takes up to 500 ms. After receiving the Convert T protocol, if the part does not
racelve power from the Vgp pin, tha 170 line for the DS1820 must be held high for et least 500 ms to provide
power during the conversion process. As such, no other activity may take place on the 1-Wire bus for at feast
this period after a Convert T command has been issued,

5]

. After receiving the Copy Scratchpad protocol, if the part does not receive power from the Vpp pin, the I/Q line

for the ©S51820 must be held high for at least 10 ms to provide power during the copy process. As such, no
ather activity may take place on the 1-\Wire bus for at least this period afier a Copy Scratchpad command has

been issued.
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Read Scratchpad [BEh]

This command reads the contents of the scratchpad.
Reading will commenca at byle 0, and will continue
through the scratchpad until the Sth (byle—8, CRC) byle
is read. If not all locations are to be read, the master may
issue a reset to terminate reeding et any time.

Copy Scratchpad [48h]

This command copies the scratchpad into the E2
memory of the DS 1820, storing the temperaturs trigger
bytas in nonvolatile memory. If the bus master issues
read time slots following this command, the DS1820 will
output “0” on the bus as long as it is busy copying the
scratchpad to E2; it will return a "1” when the copy pro-
cess s complete. If parasite powered, the bus master
has to anable a strong pull-up for at feast 10 ms immedi-
etely after issuing this command.

Convert T [44h]

This command begins a temperature conversion, No
further data is required. The temperatura conversion will
be performed and then the DS1820 will remain idle, If
the bus master issues read time slots following this com-
mand, the DS1820 will output 0" on the bus as leng as it
is busy making a temperature conversion; it will retum a
“1"when the temperature conversion is complete. If par-
agite powared, the bus master has o enable a strong
pullup for 500 ms immediately afer issuing this com-
mand.

Recall E2 [B8h]

This command recalls the temperature trigger values
storedin E2to the scratchpad. This recall operation hap-
pens automatically upon power—-up to the DS1820 as
well, so valid date is available in the scratchpad as spon
as the device has power applied. With every read data
time slot issued after this command has been sent, the
device will output its temperature converter busy flag
“0"=busy, *1"=ready.

Read Power Supply [B4h]

With every read dala time slot issued after this com-
mand has baen sent to the DS1820, the device will sig-
nal its power mode: “0"=parasite power, “1’=external
power supply provided.

READ/WRITE TIME SLOTS

DS1820 data is read and written through the use of time
slots to manipulate bits and a commend word 1o specify
the fransaction.

Write Time Slots

Awrite time siot is initiated when the host puils the data
line from a high logic level fo a low logic level. There are
two types of write time slots: Write One time slots and
Write Zero time slots. All write time slots must be a mini-
mum of §0 ps in duration with 8 minimum of & one ps
recovery time between individual write cycles.

The DS1820 samples the /O line in awindow of 15 psto
60 usafterthe /0 line falls. Ifthe line is high, e Write One
occurs. if the line is low, a Write Zero occurs (see
Figure 12).

For the host to generate a Write One time siot. the data
line must be pulled to a logiclow level and then released,
allowing the data line to pull up to a high level within
15 us after the start of tha write time slot.

For the host to generate a Write Zero time siot, the data
line must be pulled o a logic low level and remain low for
60 ps.

Read Time Siots

The host generates read time slots when data is to be
read from the DS 1820, A read time slot is initiatled when
the host puils the date line from a logic high level to logic
low level. The data line must remain at a low logic level
for a minimum of one ps; output data fromthe DS 1820 is
valid for 15 ps after the falling edge of the read time slot.
The host therefore must stop driving the I/O pin low in
orderto readits state 15 us from the start of the read slot
(see Figure 12). By the end of the read time slot, the 11D
pinwill pull back high via the external putl-up resistor. All
read time slots must be a minimum of 60 ps in duration
with a8 minimum of a one ps recovery time between indi-
vidusl read slots.

Figure 13 shows that the sum of Tyt Tre, and
TsampLe must be less than 15 ps. Figure 14 shows that
system timing margin is maximized by keeping Tyt
end Trc as small es possible and by locating the master
sempie time towards the end of the 15 ps period.

021497 17727



ps1820

READ/WRITE TIMING DIAGRAM Figure 12

MASTER WRITE "0" SLOT
60 pa<Ty “0"<120 ps.

Veo
1-WIRE
BUS

GHD

DS1B20 SAMPLES
MIN TYP

f— 15 ps 15F5——|-— 30 pa

MASTER READ "0" SLOT
Vee )
1-WIRE
BUS
GND - - Mo Y

—i
— MASTER SAMPLES
15 s 15ps—-|<— 30 ps

MASTER WRITE "1” SLOT
1 p8< tRep <o
g

> us
DS1820 SAMPLES
MIN TYP Max
g— 15 s 15|,m——|-— 30us —
1 pa< tpg <=

MASTER READ *1" SLOT

»1ps
MASTER SAMPLES

- 15 g

LINE TYPE LEGEND:

O Bus master active low

Both bus master and

e 051820 active law

DS1820 active low

Rasistor puyll-up
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DETAILED MASTER READ “1" TIMING Figure 13

Ve ——
1-WIRE V....OF‘/_-/MA;FT—-’———_
BUS
GND
f— Tinr>1 uS ‘—'~—— Tre MASTER SAMPLES ‘
15us =|

RECOMMENDED MASTER READ *“1" TIMING Figure 14

Voo J—
4-WIRE V4 OF MASTER
BUS
GND
Taars | T MASTER
INIT = RC = PLES
SMALL  SMALL SAM
16 ps -]
LINE TYPE LEGEND:
—— Bus master active iow . DS1820 active low
Bath bus master and
S 551820 active low ———  Resistor pull-up
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Ground

Cperating Temperature

Sterage Temperature

Soldering Tempearature

—0.5V to +7.0Vv
-55°C to +125°C
—55"C to +125°C
260°C for 10 seconds

* Thigis a stress rating enly and functional operation ofthe device atthese or any other cenditions above those
indicated in the operation sections of this specification is notimplied. Exposure to absalute maximum rating
conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL | CONDITION MIN TYP MAX | UNITS | NOTES
Supply Voltage Voo /C Functions 28 50 55 1,2
+1,°C Acourate | 4.3 55 v
Temperature
Conversions
Data Pin o -0.5 +5.5 2
Logic 1 Vin 2.0 Veo+.3 2,3
Logic 0 ViL -0.3 0.8 2,4
DC ELECTRICAL CHARACTERISTICS {~66°C to +125°C; Vpp=3.6V to 5.5V)
PARAMETER SYMBOL | CONDITION MIN TYP MAX UNITS | NOTES
Thermometer Error teRR -0°C to +70°C 1y °C
~55°C ta 0°C
and +70°C 1o Sea Typical Curve 1,910
+125°C
Input Logic High ViH 22 55 2,3
Input Logic Low ViL -0.3 +0.8 2,4
Sink Current I Vyo=0.4V —4.0 mA 2
Standby Current g 200 350 nA 8
Active Current lnp 1 1.5 mA 5.6
Input Load Current I 5 HA 7
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AC ELECTRICAL CHARACTERISTICS: (~55°C to +125°C; Vpp=3.6V to 5.5V)
PARAMETER EYMBOL MIN TYP MAX UNITS NOTES
Temperature Conversion Time teony 200 500 ms
Time Slot tsLoT 60 120 s
Recovery Time tREG 1 WS
Write 0 Low Time rLOWo 80 120 us
Write 1 Low Time L owr 1 15 Hs
Read Data Valid ROV 15 us
Reset Time High tReTH 480 us
Reset Tima Low R5TL 480 4800 us
Presence Detect High tRDHIGH 15 80 ue
Presence Detect Low troLow 60 240 us
Capacitance Cinvout 25 pF

NOTES:

1. Temperature conversion will wark with =2°C accuracy down to Vpp = 3.4 volis,

2. All vpitages are refarenced to ground.

3. Logic ona voltages are specified at a source current of 1 mA.

4. Logic zero voltages are specified at a sink current of 4 mA,

5. Ipp specified with Vg at 5.0 voits.

6. Activa current refers to either temperature conversion or writing to the E2 memory. Writing to E2 memory con-

sumes approximately 200 pA for up 10 10 ms.

7. Inputload is to ground.

8. Standby current specified up to 70°C. Standby current typically is 5 A at 125°C.

8. See Typicat Curve for specification limits outside the 0°C to 70°C range. Thermometer error reflacts sensor accu-

racy as tasted during calibration.

10. Typical accuracy curve valid for 4.3V < Vpp < 5.5V,

1-WIRE WRITE ONE TIME SLOT

START OF NEXT CYCLE
f—— tREC
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1-WIRE WRITE ZEROQ TIME SLOT

lsar

—— |t—— REC

1-WIRE READ ZERO TIME SLOT

START OF NEXT CYCLE

[ 1Rec

tsLor

troy ——

1-WIRE RESET PULSE

RESET PULSE FRQM HOST

e

RS

START GF NEXT CYCLE

1-WIRE PRESENCE DETECT

remrrer—ie]

ag™

IPDHIGH

PRESENGE DETECT

tPoLow
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TYPICAL PERFORMANCE CURVE

051620 DIGITAL TERMOMETER AND THERMOSTAT
TEMPERATURE READING ERROR

ERROR (dag. C)

LOWER LIMIT
SPECIFICATION

I UPPER LIMIT
SPECIFICATION

1

24

-3

TEMPERATURE {deg. C}

125

TYPICAL
ERROR
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Philips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF85%91

1 FEATURES

« Single power supply

» Operating supply voltage 2.5 Vto 6 V
* Low standby current

» Serial input/output via 12C-bus

» Address by 3 hardware address pins
» Sampling rate given by 12C-bus speed

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

¢ Auto-incremented channel selection

¢ Analog voitage range from Vgg 1o Vpp

s On-chip track and hold circuit

= B-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 PCFB591 is a single-chip, single-supply low power
8-bit CMOS data acquisition device with four analog
inputs, one analog output and a serial 2C-bus interface.
Three address pins A0, A1 and A2 are used for
programming the hardware address, allowing the use of
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 I2C-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
PCF8591P DIP16 | plastic dual in-line package; 16 leads (300 mil); long body S0OT38-1
PCF8591T 5016 plastic small outline package; 16 leads; body width 7.5 mm 50T7162-1
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6 PINNING
SYMBOL | PIN DESCRIPTION
AINO 1
AIN1 2 |analoginputs
A/D
2::; j {(A/D converter) ano 1] U %] oo
0 : ant [2] 15] aouT
At 6 | hardware address Az [3] [14] Vrer
A2 7 ANa [4] [13] aGND
Vss 8 | negative supply voltage " E PCFB591 E]'EXT
SDA 9 | 12C-bus data input/output ] osc
1
scL 10 | 12C-bus clock input s [g]
0SsC 11 | oscillator input/output az [7] [10] scL
EXT 12 faxternaliinternal switch for oscillator Vgg E E] SDA
anUt 22809581
AGND 13 | analog ground
VREF 14 | voltage reference input
AQUT 15 | analog output (O/A converter) Fig.2 Pinning diagram.
Voo 16 | positive supply voltage
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7 FUNCTIONAL DESCRIPTION
7.1 Addressing

Each PCF8591 device in an 12C-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 AD, A1 and AZ. The address always has to
be sent as the first byte after the start condition in the
I2C-bus protocol. The last bit of the address byle is the
read/write-bit which sets the direction of the following data
transfer (see Figs 3, 15 and 16).

MSB LS8
100 |1 |az]|A1] a0 |R/W

[N . "
— —

fixed part programmable part
Fig.3 Address byte.

1280860

2001 Dec 13

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 cutput 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 autc-increment flag is set, the 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 conirol register are reset to 0.

The D/A converter and the oscillator are disabled for power
saving. The analog output is switched to a high-impedance
state.
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MSB LSB
o] X X x 0 x x X CONTROL BYTE

1

A/D CHANNEL NUMBER:

00 channel 0
[4]] channel 1
10 channel 2
1 channgl 3

AUTOINCREMENT FLAG:
(switched on if 1}

= ANALOGUE INPUT PROGRAMMING:

00 Four single anded inputs
AINO ~——————— channel 0
ANl ————eeeooooooeoe. chaningl 1
AIN2? ————eee chanNR 2
AIN] —————sssammun channsi 3

1)} Threa differentlal inputs

AINO
¢hannel 0

7

AlNT -
channel 1

AIN2
AIN3

channel 2

b

10  Single ended and differsntial mixed

AINO channel
AIN1t channel 1
AIN2 —T
- channeal 2
AIN3
1" Two ditferentlal inputs
AINQ Iy
channel 0
AINY ————i
AIN2 >
>— channel t
AIN3 ——1~
ANALOGUE QUTPUT ENABLE FLAG:
{analogue output active if 1) 7280081

Fig.4 Control byte.
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7.3 D/A conversion

The third byte sent to a PCF8591 device is stored in the
DAC dala 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 buffered by an auto-zerced
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 voitage 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 AQUT is
given by the formula shown in Fig.8. The waveforms of a
D/A conversion sequence are shown in Fig.7,

VHEF —# DAC QUT
RA256
RA255 i
1 | |
| I I
1 I ]
] e DT
R3 l— D6
T TAP |
1 DECODER | |
02 !
R2
I [ ] fp—— DD
A1 o
AGND I
00
7280062
Fig.5 DAC resistor divider chain.
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MSB
o7

LS8
Do

7Zaoonl

DAC data
Cea | D5|D4 | D3| D2 D1 reglster

v
AOUT 4 VaoUT = Vag D+VREF ~VAGND i o x 2
= Vagnp + PEF —VAGND
Yoo+ : IR X
v -
REF 1 _

VAGND T "‘T/

Vss y =t + I -
00 01 02 03 04 FE FF HEX CODE

Fig.6 DAC data and DC conversion characteristics.

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

Ve e el e s a S s el s we el

Vaour
—————————————— PREVIOUS VALUE VALLE OF
HELD IN DAC DATA BYTE 1
HIGH IMPEDANCE STATE OR REGISTER
PREVIOUS VALUE HELD IN DAC REGISTER
7ZB0084 tims
Fig.7 D!A conversion sequence.
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HEX
CODE

FF

FE

7280866

VLse

- YREF ~ VagND
256

A

! ' L .

-— -

T ¥ T
254 255 VaIN — YAGND

Vi se

Fig.8 A/D conversion characteristics of single-ended inputs,

HEX
CODE

TR+

7Zsoas?

TE+

021+

[ o
00

-128 =127 --- -2 -

e
o

s B
-+

A1
74 FF

+ ¥
--— 126 127

Visa

Vain+ ~ Vain-
Viss

= YREF ~ YAGND

258

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 Vgrer and AGND).

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

A low frequency may be applied to the Vrgr 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.

2001 Dec 13
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7.6

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.

Oscillator

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

The 12C-bus is for bidirectional, two-line communication between different ICs or modules. The two fines are a serial data
line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply via a pull-up resistor. Data
transfer may be initiated only when the bus is not busy.

8.1 Bit transfer

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

1
SDA / :
i
|
|

|

! data éine | change |

| stable; | ofdata |

! data valid | allowad | MBCs21

Fig.11 Bit transfer.

8.2  Start and stop conditions

Both data and clock fines 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).

r——m re——
- | R | -
SDA : \ I / \ : / : SDA
l [ T | |
I 1 e l | -
scL T\ / \ / b scL
- L
START condition STOP condition MaCE22

Fig.12 Definition of START and STOP condition.

8.3  System conflguration

A device generating a message is a 'transmitter’, a device receiving a message is the ‘recelver’. The device that controls
the message Is the ‘master’ and the devices which are controlled by the master are the ‘slaves’.
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SDA
SCL
MASTER SLAVE MASTER
SLAVE MASTER
TRANSMITTER / TRANSMITTER / TRANSMITTER /
RECEIVER RECEIVER RECEIVER TRANSMITTER RECEIVER

MBAGDS

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,

"
DATA QUTPUT | \

BY TRANSMITTER |

I

|

|

|

|

[ X X X7

not acknowladge %

DATA QUTRUT

|
#
|
i
|
I

BY RECEIVER \7_._/
acknowledge
SCL FROM
MASTER

| .

5] !

START
condition

clock pulse for
acknowledgament

MBC502

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

Acknowledpe Acknowledge Acknowledge
from PCFa591 from PCFB591 from PCFB8591
| l l i
g ADDRESS 0 A CONTROL BYTE A DATA BYTE A PS
1 ——
NaltoM
DATA BYTES 7280088

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

Acknowlsdge
from PCFa591

l

Acknowledge
from master

|

No acknowledge

ADDRESS 1 A DATA BYTE A LAST DATA BYTE 1 P
P 1260089
N=0toM
DATA BYTES

Fig.16 Bus protocol for read mode, A/D conversion.
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® LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER MIN. MAX. UNIT

Vop supply voliage (pin 16) -0.5 +8.0 v

(] input voltage (any input) -0.5 Vpp +0.5 v

I DC input current - +10 mA

lo DC output current - 120 mA

lbp Iss Vpp or Vgg current - +50 mA

Ptot total power dissipation per package - 300 mw

Po power dissipation per output - 100 mwW
Tamb operating ambient temperature —40 +85 °C

Tsig 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 1C12 under
“Handling MOS Devices”,

2001 Dec 13
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11 DC CHARACTERISTICS
Vop=25V1to 6 V; Vss =0V, Tamy = —40 °C to +85 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX, UNIT
Supply
Voo supply voltage (operating) 25 - 6.0 vV
lop supply current
standby V) = Vgs or Vpp; no load - 1 15 HA
operating, AOUT off fgeoL = 100 kHz - 125 250 HA
operating, ACUT active fsoL = 100 kHz - 0.45 1.0 mA
Vpor Power-on reset level note 1 0.8 - 2.0 vV
Digital inputs/output: SCL, SDA, A0, A1, A2
Vi LOW level input voltage 0 - 0.3xVpp {V
Vig HIGH level input voltage 0.7%xVpp |- Voo v
I leakage current
A0, A1, A2 Vi =Vgs to Vop -250 - +250 nA
SCL, SDA Vi =Vss to Vpp -1 - +1 LA
Ci input capacitance - - 5 nF
loL LOW level SDA output current |V = 0.4V 3.0 - - mA
Reference voltage inputs
VREF reference voltage VRer > Vacenp; note 2 Vegg+ 1.6 |- Voo v
VAGND analog ground voltage VREr > Vaenp, note 2 Vss - Vpp -0.8(|V
I input leakage current -250 - +250 nA
Rrer input resistance pins Vrer 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 Vpeg.

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

Veer +

2001 Dec 1
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12 D/A CHARACTERISTICS
Voo =5.0V;Vgg =0V, Vrer = 5.0 V; Vagnp = 0V R = 10 k€2; C) = 100 pF; Tamp = 40 °C to +85 °C unless otherwise

specified.
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Anaiog output
Voa output voltage no resistive load Vgg - Voo Vv
R =10kQ Vss - 09xVpp |V
o output leakage current AQUT disabled - - 250 nA
Accuracy
0S5, offset error Tamb = 25 °C - - 50 mV
Lg lingarity error - - 1.5 LSB
Ge gain error no resistive load - - 1 %
pac settling time to 14 LSB full scale step - - 80 HS
foac conversion rate - - 11.1 kHz
SNRR supply noise rejection ratioc | f= 100 Hz; - 40 - dB
Vpon= 0.1 X Vpp

13 A/D CHARACTERISTICS
Vpp = 5.0V, Vgg =0V, Vrer = 8.0 V; Vagnp = 0 V; Rg = 10 k€2 Tamp = —40 °C to +85 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MiN. TYP. MAX. UNIT

Analog inputs

Via analog input voltage Vss - Voo v

lua analog input leakage current - - 100 nA

Ca analog input capacitance - 10 - pF

Cio differential input capacitance - 10 - pF

Vis single-ended voltage measuring range VaGND - VRer vV

Vio differential voltage measuring range; ~Veg - +Veg vV
VFs = VRrer =~ VagnD = 3

Accuracy

08, offset error Tamp = 25 °C - - 20 my

Le linearity error - - +1.5 LSB

Gg gain error - - 1 %

GS, small-signal gain error AV, =16 LSB - - 5 %

CMRR commaon-mode rejection - 60 dB

ratio

SNRR supply noise rejection ratic | f= 100 Hz; - 40 - dB
Vopn = 0.1 X Vpp

tanc conversion time - - 80 Hs

fanc sampling/conversion rate - - 11.1 kHz

2001 Dec 13
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“Ethernet 10 User’s Manual”, Design Gateway Co., Ltd.

“Ethernet 10 Programming Manual”, Design Gateway Co., Ltd.
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